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Foundations;  Pneumatic  Caissons  for  Con- 

structing    
Foundations;    Quebec,    Construction    Fea- tures     
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La  Colle  Junction,  Que   532,  542, 
Labor  and  Material;  Unit  Costs   
Larz    Anderson;    Charles    River,     Boston, 

IVTn  ̂ ^ 

Laying  (Jut'  5,327  Ft.  Viaduct  '.'.'.'.'.'.'.W 
'.'.'.'.'. 

Lethbridge,   Alta   
Loads  and  Stresses     240,  492, 
Long-Span;    Vanadium    Steel,    Properties 

and   Use  in      
Metropolis,  111.,  Design,  Features  of   
Mud   Lake,   Ontario      
North  Side  Point,  Pittsburgh;  Approaches; 

Design  of     
Painting;  Labor  and  Material  Costs   
Piers   296,  391,  426,  431. 
Piers;  Caisson  Foundations     542, 
Piers;    (Concrete,    Specifications    of    Illinois 

Highway  Commission     
Piers;    Costs   of   Materials   and   Construc- tion     
Piers;   Pivot     542, 
Piers;  Steel  and  Masonry   
Piers ;   Wood  Pile      
Pile  Highway;    Standard  Iowa  State   
Piles  and  Pile  Driving  Costs   
Piles;    Concrete      
Pontoon  ;    Reconstruction     of    Prairie     du 

Chien,    Wis   
Pony  Truss;  Failure  Caused  by  Springing 

the  Trusses     
Protection  of  Works  at  Ends     
Quebec;  Foundation  Construction    
Railing  and  Light  Poles    
Red   River.    Canada      
Reinforcement      338, 
Renewal  Under  Traffic     531, 
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Richelieu  River;   Quebec   532,  542, 
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Steel;   Painting      
Steel;   Possibilities   of  High-Alloy   
Steel:    Specifications    of    Illinois   Highway 

Commission     
Steel:  Three-Centered  Arch  Span   
Steel;  Vanadium;   Properties  and  Use   
Steelwork;  Time  Required  for  Erection... 
Waterproofing  Concrete    

Brooklyn: 

Asphalt  Pavement  Resurfacing  Work   
Experimental  Sewage  Treatment  Plant... 
Granite  Block  Pavement   

Buckets;  Bituminous  Distributor;  Hand   

Building  Codes: 
Effect  of  Unbalanced     
Illinois:  Proposed  State  Code     
Present  and  Future   Status      
^^riting  of;  Data  and  Recommendations.? 
Writing  of;  Principles  Governing   

Buildings: 

Accidents;  Failure  of  Theater  at  Youngs- 
town,  Ohio    

Architects'    License    Law    in   Illinois. .  .397, 
Basement    Excavation;     Etfect    of    Bonus 

System       
Beams:    Concrete,    Reinforced;    Deflection 

Formula       
Beams;    Design    of    Reinforced;    Causes    of 

Failures      
Beams;    Reinforced    Concrete;    Chart    for 

Designing      121, 
Beams;       Reinforced      Concrete;       Tensile 

Stress       
Beams:  Safe  Eccentric  Loads   512, 
Bed   Rock   Underlying   Chicago   
Car    Shops    of    Canadian    Pacific    Railway 

at    Montreal      
Cinder  Concrete:  Reinforced,  for  Floors... 
Classification    of    Materials    and    Methods 

of  Construction     
Coaling  Station      
Codes;  Illinois  State.   Proposed     
Codes;  Present  and  Future  Status    
Codes;    Principles    Governing    the   Writing of     

Codes;   Unbalanced;   Effect  of     
Codes;   Writing  of;  Data  and   Recommen- 

dations     222, 
Columns;   Efficient   Reinforcement   
Columns;   Reinforced  Concrete;    Causes  of 

Failures    

Columns;  Reinforced  Concrete;  Design.... 
  220,    450. 

Commissions;  Refiuirem.ents  and  Personnel 
Commonwealth   Pier,   No.   1,   East  Boston, Mass   
Concrete  Block  Molding     
Concrete   Form;    Wire   Tightener  for   
Concrete;   Reinforced:   Design  Features  of 

Ford  Assembling   Plant   
Construction    Plant    and    Equipment    De- 

scribed     82,   222, 
Costs';   Basement  E.xcavation     
Costs:  Power  House  Construction   262, 
Design ;  Car  Shops    
Design;  Factories     
Design   Power  House      
Design:     Relative    Positions    of    Architect 

and   Engineer     
Domes;  Design  of  Steel     305, 
Doors ;   Rolling  Steel      
Klevators:  Freight,  in  Office  Building   
Erection     of     Steelwork     by     Locomotive 

Crane      
Estimators;   Checking  Lists  for   
factories:    E'conomical  Design   
Fire  Escapes  for  Charitable  Institutions... 

585 
585 

334 
6 
6 

544 

.495 

148 
300 

196 

65 

542 

544 
391 

586 

546 

479 
335 
103 
586 
492 

392 
107 

478 
300 

242 

290 

494 

542 

492 
585 

2 
65 

492 

4 

.390 

403 
104 
242 
243 

390 
63 

495 
4 

149 

483 

527 
360 
236 

373 
451 
219 

222 

265 

515 

411 

80 
516 

135 

366 

513 

605 

406 

512 

225 

39 
451 

219 

265 
373 

265 

597 

516 

516 
265 

170 

30S 
266 

220 

264 
80 

264 

406 
138 

262 

306 

314 

447 
447 

433 
364 

138 
261 



Engineering   and    Contracting 
Buildings:    (continued) 

Fireproof    Construction       597 
Fires;     Edison    Plant;    Facts    Emphasized 
^    by       597 
Floors;  "Akme"  Type,  Design   220 Floors;  Concrete,  Power  House   ZK 
Floors;  Design  of  Flat  Slab.  Chicago  Build- 

Department.  Ruling  of    330 
Floors;  Flat  Slab,  Mushroom  Type,  Ware- 

house       449 
Floors;  Paints  for  Cement     138 
Foors;   Reinforced  Cinder  Concrete     512 
noors;  Reinforced  Concrete;  Office  Build- 

ing,   Design          S3 
Floors;  Shore  and  Mat  Lagging  for  Con- 

crete   Forms       119 
Ford  Motor  Co.,  Chicago;  Details  of  De- 

sign and   Construction       220 
Foundations;     Methods     Used     to     Protect 

During  Adjacent  Subway  Construction  601 
Foundations;   Power  House,   Design       262 
Foundations;  Reinforced  Concrete  Mat       80 
Foundations;  Warehouse  and  OfBce  Struc- 

ture       449 
Grain  Conveyor  Gallery     172 
Height,    Limiting          26 
Houses  Per  Acre  in  Cities        58 
Ice  Storage  Houses  for  Railroad;  De- 

sign of        563 
Inscription  on   Structures    597 
Inspection;  City;  Organization  and  Ad- 

ministrations      222 
Labor  Cost,  Power  House  Construction...  264 
Laws;    Requirements  and  Legal  Status...   265 
Locomotive  Terminal         37 
Michigan  Central  Station  and  OfBce  Build- 

ing, Detroit          SO 
Mortar,  Lime;  Strength  Specifications....  73 
Office  and  Warehouse  Combined.  Seattle..   446 
Open  Hearth;  Pennsylvania  Steel  Co     602 
Paints  for  Portland  Cement  Surfaces    138 
Palace  of  Horticulture,   San   Francisco     314 
Power  House;  Arizona  Copper  Co   262,  360 
Power  Houses      37,  362 
Public;  Procedure  in  Authorizing  and  Con- 

struction    239 
Public;      Proposed      Federal      Bureau      for 

Standardizing           1 
Retaining  Walls  for  Basements  of  Large 

Structures;  Improved  Methods  of  Con- 
struction     351,  362 

Riveted   Connections;  Formula  for  Design 
of  Eccentric       512,  513 

Roofs;  Monitor;  Design  and  Construction.  221 
Roofs;  Power  House,  Reinforced  Concrete.  264 
Roofs;  Proposed  System  of  Reinforcement, 

Westminster  Hall       172 
Roofs;  Selection  of  Type  Suitable  for  Fac- 

tory     140 
Roundhouses          38 
Smelter;  Cost  Data     560 

Special  Privileges.  Granting  o'f       26 Standardization  of  Public         1 
Steel    Reinforcement;    Maximum    Stresses 

in    Tension        366 
Street  Building  Line  and  Required  Front- 

ages         58 
Terminals;       Locomotive.       Communipaw, 

N.  J       37 
Theater  and  Arcade,  Failure,  at  Youngs- 

town.  Ohio     515 
Walls;    Choice    of  Materials   for  Factory..   140 
Walls;  Exterior  Tile,  Power  House      263 
Walls;  Tie  Rod  Clamp  for  Forms    120 
Walls;   Warehouse        450 
Warehouse;    Reinforced   Concrete,   Seattle.  446 
Water     Supph'     for     Construction     Opera- 

tions,  Cost        310 
Westminster  Hall;  Proposed  Reconstruc- 

tion   of   Roof        172 
Wind    Forces    on    . .,.       40 

Bulkheads; 
Mine;  Construction  Methods  and  Costs...  309 
Reinforced  Concrete;  Building  Foundations  448 
Timber:    Commonwealtli   Pier  No.    1,   East 

Boston.   Mass    170 
Timber;    Pipe    Line   Tunnel.    Boston     452 
Walls;  Concrete;  Barge  Canal  Specifica- tions         91 

Bureau  of  Standards        291 
Burlington,  Iowa;  Intake  Crib  and  Pipe  Line.     52 

Cable   Sheaths;    Electrolysis       291 
Caissons: 

Bridge  Foundations   104,  298,  478.  542,  546 
Costs;    Open   Timber     586 
Double    Wall;    Bridge    Pier    Construction.. 
  543.  544 

Pneumatic;     Use     in     Bridge     Foundation 
Construction   in   Canada        298 

Quebec  Bridge  Construction        104 
Single     Wall:     Used     in     Shallow    Water; 

Bridge  Piers        543 
Steel:    Costs       427,  432 

California: 
Bituminous   Surfaces  for  County  Roads...     93 
Concrete    Base    Construction    by    Highway 

Commission         235 
Highway    Commission;     Method     of    Pre- 

paring Plans       194 
Pavements  in  Southern,   Bituminous  Mac- adam          13 
Roads:    San   Joaquin  County.   Maintenance 

and   Costs      121.  122 
W'ater      Rights.      Decision      liy      Supreme 

Court      25.     36 
Cambridge,    Mass.,    Sewer   Siphon,    Inverted, 

Desi.gn   and   Maintenance          67 
Camelback   Bridge,   Pekin.   China     •       6 
Camera   Equipped   for   Recording   Date   and 

Title  on  Negative       470 

Camp;  Convict  Labor,  Arrangement  of   
Canada;      Pneumatic      Caissons     in     Bridge 

Foundation   Construction      
Canals : 
Flow  Measurement  by  Diaphragm  Method. 
Irrigation;    Gate    Structures      
Panama   (see   "Panama  Canal"). 
Steam  Shovel  for  Construction,  Large  Re- volving     

Capitalized  Value;    Errors   in   Calculating... 
Carbonic  Acid  Removal  from  Well  Water   
Carlisle,  Pa.,  Inverted  Sewer  Siphon,  Stream Crossing      
Cars: 

Electric ;  Tractive  Resistance     
Rail   Clamp  for      
Shops  for  Building,  C.  P.  Ry.,  Montreal. . . 
Steel ;  Tunnel  Construction     

Cast  Iron  Pipe  (see  "Pipe"). Catch  Basins: 
Cleaning;  Portable  Mechanical  Device  for. 
Grating;  Standards  of  New  York  Highway 

Commission      
New  York  Standards     

Cedar  Rapids,  Iowa.  Third  Ave.  Bridge   
Cement: 

Costs  of  Mortar  for  Waterproofing     
Grouting;  Foundations  for  Concrete  Dam. 
Grouting;  Reservoir  Design,  British  Prac- tice    
Grouting;    Tunnel    Construction,    Methods 

and    Costs      
Lining  Water  Pipe,  Apparatus  for   
Paints   for   Portland   Cement   Surfaces.... 
Proportioning  Concrete  Aggregate   
Road  Construction  Materials,   Sampling. . . 
Tunnel  Lining,  Costs     

Centering,  Arch   149.  337, 
Central  Railroad  of  New  Jersey,  Terminal. . 
Chain  of  Rocks  Pumping  Station;  St.  Louis. 
Channels;    Hydraulics   of   Drainage,    Irriga- 

tion,  etc   284, 
Chelsea  Creek;   Water  Main  Crossing.  ..129, 
Chicago: 

Bituminous    Concrete;    South    Park    Com- missioners     
Building  Department  Ruling  on  Flat  Slab 

Floor  Construction      
Building    Limit      
Causes  of  Breaks  in  Large  Water  Mains.. 
Chicago    Ave.    Bridge.    Design    and    Con- 

struction   3S8,  421. 
Employment;    Preference    to    Residents   of 

City,   Proposed  Plan      
Refuse    Collection   and  Disposal      
Resurfacing  Old  Macadam  with  Bitumi- nous Concrete     
Springfield  Avenue  Pumping  Station;  In- stallation of  Pump    
Topography  of  Bed  Rock  Underlying   
Water  Supply  Tunnels  and  Shafts   

Chimnevs:    Construction   Costs     
Chutes.  Concrete   222,432,  494, 
Cincinnati,  Ohio: 

Relocation    Survey    of    Underground    Pipe 
Lines       

Street  Openings;   Control  of,   and   Cost  of Restoration      
Water  Meter  Repairs    

Cinder   Pits      
Cinder  Concrete     447. 
CircleviUe,  Ohio,  Typhoid  Epidemic  Caused 

by  Leaky  Check  Valve    
Citv  Managers: 

Abilene,   Kansas;  Results  of  Trial   
Dayton,   Ohio.   Results     
Early    Difflculties    Encountered    by    These 

New   Officials      
Inglewood,  Cal.,  Experience  of   

Clamps: 
Adjustable  Tie  Rod     
Rail    for  Steam  Shovels  and  Cars   23, 
Tightener,  and  Wire  Ties  for  Concrete Forms      

Clav  Products: 
Drain  Tile;  Specifications  and  Recom- mended Practice     
Natco  Lock  Joint  Sewer  and  Culvert  Tile. 
Tile   Roofing      
Vitrified  Block   Pavements   344, 
Vitrified  Pipe:  Watertight  Joints   

Clay-Sand  Roads     97,   107, 
Cleveland  Engineerins  Society   o73, 
Clifton,  Ariz.;  Arizona  Copper  Co..  Construc- tion  Data      262, 
Coagulating  Basin     
Coaling  Stations     -..VA-;  •  UV- 
Codes.  Building   219,  222,  265,  373, 
Cofferdams: 

Costs;   Chicago  Ave.   Bridge  Construction.   ."   427,    429,    430, 
Sheet  Piling;  Bridge  Construction   
Steel   Pilmg      426, 
Timber  Sheeting     ■   
Wood  Piles  and  Sheeting;  Drivmg  Costs.. 

Columbus.    Ga. :    Improved    Water    Supply; 
Proposed  Works      

Columns: 
Design;  Causes  of  Failure     
Reinforced  Concrete:  Design  Features   
Reinforced  Concrete;  Design,  for  Ware- house     !■  ■■■: ■ ■ ■ 
Reinforced    Concrete:    Lessons    of   Edison 

Fire       J\r"-':'\ 
Commission-Manager     Form     of     Municipal Government     297,  465,  o03. 
Commonwealth    Pier,    No.    1.    East    Boston, 

Mass   ,;,•••■:■■;■": 
Communipaw,  N.  J.,  Locomotive  Terminal  at Compressed  Air:                       .,„  ̂        ,,   . 

Caulking  Lead  Joints  in  Water  Mains. Concrete  Mixing  and  Placing  Machine. 
Hoisting  Engines;   Data  for  Operation. 
Rock  Drills;  Data  on  Volume  of  Air   

16 

298 

414 
185 

21 

121 

50 

151 

24 
23 

406 
372 

69 

94 

94 

148 

433 
34 

547 

138 

150 
139 

87 

494 
37 

422 

451 

62 

330 
26 

416 

426 

491 
377 357 

424 

605 
500 

561 
495 

153 

347 

165 
40 

512 

177 

503 
297 

551 
465 

120 

72 372 
181 

168 
140 
345 
357 
505 

574 

560 
498 
39 

451 

431 

33.^. 

429 
493 
431 

496 516 

220 450 

597 

551 

170 

37 

290 
386 
175 
175 

Concrete: 
Use  in  Construction  Worl^;  Data  for     175 
Volume:   Estimating      175 
Abutments:  Bridge      492 
Abutments;    Specifications        391 
Aggregate   36,  150,  446,  492,  519 
Arch   Centering       494 
Arch   Span   Over  Navigable   Stream    493 
Arched  Bridges;  Construction  Features...  149 
Asphaltic:  Methods  and  Costs  of  Surfacing  532 
Balustrade :  Reinforced      493 
Beams;  Reinforced;  Chart  for  Design.. 121,  135 
Beams:  Reinforced;  Deflection  Formula..  78 
Bituminous;      English     Specifications     for 

iMixing  Plant    325 
Bituminous;    South    Park    Commissioners, 

Chicago          62 
Blast  Furnace  Slag  as  Aggregate     363 
Block   Molding   for   Panama  Canal   Build- ings       308 
Bridges;  Costs  of  Materials  and  Labor    586 
Bridges;    Costs;    Wisconsin   Highway     486 
Bridges;    Illinois   State   Highway  Commis- sion       390 
Bridges;   Reinforced  Arch     148,  334 
Bridges;  Reinforced;  Arch  Span  Over  Nav- igable   Stream       492 
Buildings;     Reinforced;    Ford    Motor    Co., 
Design  Features       220 

Buildings;  Reinforced,  Warehouse  and  Of- fice,  Seattle       446 
Bullihead;  Reinforced,  at  Mine    309 
Chutes    222,  432,  494,  495 
Cinder      447 
Cinder;  Reinforced;  Use  for  Floors    512 
Columns;    Reinforced,    Design   220,  450 
(Conduit,    Reinforced        578 
Construction  Plant  Described     149,  221 
Core-Wall  Construction  in  Permeable  Ma- 

terial         30 
Costs;    Culverts        486 
Costs;  Foundations  for  Bridge     431 
Costs;   Plant        428 
Costs;  Protection  for  Water  Pipe     131 
Costs;  Roads;  California     235 
Costs;     Sewer,    Diverting    and     Extending 

Around  Bridge  Construction  Work....   433 
Culverts;   Costs;   Milwaukee  County.   Wis.   486' 
Culverts;  Iowa  Standards      57,  60,     61" 
Culverts;  Light  Metal  Form  for       72 
Culverts:   Maine  Highways;   Specifications 

and  Standards       277 
Culverts;   Wisconsin  Standards       402 
Curb    42,  238,  345 
Curbs;  Types  Built  Integral  with  Concrete 

Pavement      534,  596 
Dams;  Construction  Methods  in  Permeable 

Material          30 
Dams;  Water  Supply.  Toulon,  France       30 
Dock  Structures;   Reinforced;   Costs       92 
Effects  of  Water  on  Strength      244 
Encasing  Cast  Iron  Sewer  Pipe     151 
Failures;  Determinate  Causes         50 
Fence;   Reservoir;   Design  and  Cost     489 
Fireproof   Construction;    Lesson  of  Edison 

Fire       597 
Floors;    Adjustable    Shore    and    Mat    Lag- 

ging for  Forms        119 
Floors;  Akme  Type,  Flat  Slab     220 
Floors;  Flat  Slab.  Mushroom,  Reinforced.  449 
Floors;  Reinforced  Bridge;  Iowa  Standards  102 
Floors;    Reinforced    Flat    Slab;    Ruling    by 

Chicago  Building  Department     330 
Forms   (see  "Forms  for  Concrete  Work"). Foundations :   Bridge      431,  432 
Foundations;  Pavements  in  Baltimore....  345 
Foundations;   Reinforced  Mat  Under  Office 

Building         80 
Fountain;  Waterproofed      282 
Hoisting  Towers   432,  470,  494,  495 
Hoisting  Towers:   Telescoping       470 
Hopper     and     Flexible     Spout     for     Shaft 

Lining      253 
Materials;  Building,  Aggregate       446 
Materials   for   McKeesport   Works;    Selec- tion and   Use          35 
Maximum  Stresses  in   Tension   Reinforce- ment        366 
Mixers;   Construction  Plant  Described.  .23,  432 
Mi.\ers;    Kerosene    Engine    Operated;    Ira- 

proved  Cast  Drum      237 
Mixers;   Rail-Track      328 
Mixers;    Removable  Discharge  Hopper. ...     72 
Mixing  and  Placing  Jl.achinery   
  253,  25S,  337,  3S6,  509,  568,  578 

Mixing  Plant  for  Road  Construction,  Bitu- minous or  Asphaltic       549 
Pavement  Bases,   Oakland,   Cal    461 
Pavement;  Curbs  Built  Integral  with.. 534,  596 
Pavement;    Design    and    Construction    at 

Glencoe,    111     393 
Pavement;  Joint  Plate  for       23 
Pavement;  Street  and  Alley,  Gary,  Ind....  596 
Pavement,   Reinforced.  Morgan  Park,  111..   212 
Piers;    Bloomfield   Bridge       296 
Piers;    Reinforced:    Design   of  Foundation 

for  Office  Building         80 
Piers:  Reinforced.  Seattle  Warehouse.  .447,  449 
Piers;    Specifications        391 
Piles:    Bloomfield   Bridge   295 
Piles;    Design.    Casting  and   Driving. .  .492.  493 
Piles;    Reinforced:    Machine   for  Manufac- 

turing by  Rolling       22 
Piles;     Reinforced;     Warehouse    Founda- tion    447 
Pipe:  Reinforced,  Water  Supply     577 
Pipes;   Reinforced:   ElectroU'sis  of     291 Plant     428 
Poles;    Reinforced:    Machine   for  Manufac- 

turing   by    Rolling       22 
Proportioning;    Percentage  of  Water;    Ex- periments    244 
Protection  for  Water  Pipe     131 
Reinforced:   Selection  of  Materials       36 
Reinforcing   (see   "Reinforcement  for  Con- 

crete  Construction"). 



Engineering   and    Contracting 
Concrete:  (continued) 

Reservoirs;    Reinforced:     British    Practice 
in    Design     519 

Reservoirs;     Water    Works;     Construction 
Notes       54 

Retaining  Walls,  Construction   351,  3li2,  ivi 
Retaining    Walls;    Plain    and    Reinforced, 

.uaiiie  tiiaiiuards     277 
Retaining   Walls;    Reinforced;    Designing.. 
  ■   IJll,    :.7T,  5S1 

Roads;  Armor  Plate  for  Expansion  Joints.   469 
Roads;     California    State    Highway     Com- 

mission    235 
Roads;    Construction   in   1913        14 
Roads;  Costs  in  California     235 
Roads;    Cross-sections,    Iowa    Standards...     56 
Roads;   Cube  Tests  for  New  Yorii     349 
Roads;   Finishing  Machine     550 
Roads;   Illinois  Standard  Cross-sections...  112 
Roads;    Industrial    Railway    Used    in    Con- 

struction of       2.)S 
Roads;  Maintenance    459,  o92 
Roads;    Ohio;    Construction    Methods    and 

Costs   and   Service  Records     160 
Roads;   Reinforced,  Morgan  Park,   111     212 
Roads;   Sampling  Materials.  New  York....   159 
Roads;   Wayne  County,   Michigan   25S,  457 
Roads;     Wisconsin    Highway    Commission 

Standards     400 
Roofs;    Reinforced,    Monitor     221 
Setthng  Basins;  Construction  Notes       54 
Sewer    Construction   Plant     568 
Sewers;   Diverting  and  Extending   Around 

Bridge  Work     433 
Sign    Posts       95 
Specifications     389 
Tests;  Effects  of  Water  on  Strength     244 
Tests;   New    I'ork   Road   Material     34; 
Towers   432,  470,  494.  495 
Tunnel  Lining;  Forms.  Methods  and  Costs     87 
Tunnel  Lining;  Placing  by  Compressed  Air  386 
Walls;   Insulation   450 
Washe'-  for  Sand  and  Gravel;  Portable,  70,  4i« 
Well;   Atlantic   City     355 

Conduits;   Formulas  for  Determining  Veloc- 
itv   of   Flow     285 

Connecticut  Ave.   Bridge,  Washington,  D.  C.       6 

Construction  Plant;  Machines,  Devices,  Ma- 
terials: 

Air  Compressor  for  Caulking  Lead  Joints 
in    Water    Pipe     290 

Armor  Plate  for  Concrete  Roads.    469 
Asphalt  Mixing  Plant   282,  550,  59J 
Asphalt   Paving   Surface   Heater     48! 
Asphalt    Resurfacing,    Hand    Burner     483 
Bitumen    Distributor;    Cone-Shaped   Deliv- 

ery   for    Hand     236 
Bitumen      Distributor,      Pressure,      Trailer 
Type        24 

Bituminous    Concrete   Mixing   Plant,    Chi- 
cago    358 

Bituminous   Concrete   Mixing  Plant,   Eng- 
lish  Specifications     325 

Bituminous  Roads;    Sand   Spreader  for     371 
Block  and   Hook,    Fifty-Ton           71 
Bridge  i.';rection   Plant   Described   
  2.  64,  106,  148,  337,  426,  478,  480,  494 

Buildings;    Power   House,    Clifton,   Ariz     264 
Camera;   Autographic   Kodak     470 
Canal       Construction;       Large       Revolving 

Steam    Shovel   and    Steel  Tipple        21 
Car  Building  and  Handling  of  Equipment, 

C.    P.    Shops,    Montreal     409 
Clamp  for  Wire  Ties  for  Concrete  Forms.   372 
Compressed  Air  for  Operating  Machinery.   175 
Concrete    Fountain,    Waterproofing     282 
Concrete   Hoisting  Tower,    Telescoping     470 
Concrete  Mixer  and  Atomizer     509 

Concrete    Mixer;     Kerosene    Engine;    im- 
proved   Cast    Drum     237 

Concrete    Jlixer.    Rail-Track     32J 
Concrete     Mixer,      Removable      Discharge 

Hopper       72 
Concrete   Mixer;    Truck   Mounted;    Adjust- 

able   Legs    to    Reduce   Vibration       23 
-Concrete  Pavement.  Joint  Plate  for       23 
Concrete   Poles  or  Piles.    Reinforced;   Ma- 

chine   for    Manufacturing       22 
Concrete;      Portable      Sand      and      Gravel 

Washer     70,  470 
Concrete;   Reinforcing  Rod   Bender       72 
Concrete  Reservoir  Construction     57* 
Concrete  Roads;  Industrial  Railway    258 
Crane,    150-Ton   Floating     168 
Crane,  Locomotive       32S 
Crushing  Outfit.  Fort  Wayne  Portable       71 
Culvert  Form,  Light  Metal       22 
Curb  Bar,  Continuous  Bond     238 
Dam   Construction;   Toulon  Water  Supply, 

France       33 
Derrick,     Portable,      for     Installation     on 

Motor   Truck       22 
Dippers  for  Panama  Canal  Dredges    510 
T3ump     Trucks,      Motor;      Attachment      to 

Spread  Stone  Evenly     120 
Elevator  for  Loading  Wagons,  Portable...   120 
Excavator;     Drag     Scraper     and     Wagon 

Loader     548 
Excavator,   Largest  Electric  Dragline    547 
Excavator;  Light  Portable     372 
Factory  Buildings     139 
Floor    Forms;   Adjustable    Shore   and    Mat 

Lagging     119 
Fuel  Oil  Engine;   Low  Grade,  for  General 

Service    371 
Gasoline   Tractor,  General  Purpose     167 
Gravel  Washing  Machine.   Portable   70.  470 
Hoist;     Air     Operated,     for     Construction 

Work     281 
Hoist.  Electric,  Designed  for  Heavy  Serv- 
ice  549 

Hoist:  Improved  Large  Gasoline    469 
Hydraulic  Dumping  Hoist  on  Motor  Truck  16S 
Land-Clearing   Machine,   Powerful   Steam.   166 

Construction  Plant;   (continued) 

Lining  Wrought  Steel  and  Cast-iron  Pipe 
with   Cement   ■  •   547 

Locomotive    Crane    for    New    York    Navy 
Yard   •  •  ■  •   32S 

Locomotive,   Gasoline,   for  Tunnels,   Indus- trial Plants,  etc       l\ 

Malleable  Coupling  for  Reinforcing  Bars..   3i^2 
Manhole    Cov  er.    Improved     282 
Meridiograph      ^i' y  I'    '      '^ 
Metal      Spraying     Process     ot      Protecting 

Against    Corrosion     ^26 
Motor  Truck,   Quadruple  Drive     16i 

Oil   Spraver;    Compact   Trailing   •■■   2d8 
Oxy-Acetylene    Torch,    Welding    Malleable 

Castings     28 j 
Paving   Mixer,    Non-Tilting     J^' 
Pavement    Picking    and    Trench    Tamping 

\larhinp           32S 

Piles;   Concrete;   Machine  for  Manufactur- 
ing   by    Rolling      22 

Piling;   Cold  Rolled  Steel  Sheet     470 
Pipe;   Cast-iron;  Threaded     2J8 
Pipe  Cutter;  Hand-Operated  Ratchet     Ib8 
Pipe  Laving   Device     "49 
Portable    Plant    for    Preparing    Bituminous 

Concrete     u4y 
Pumps;  Drainage  ot  Lake  Mareotis,  Egypt  118 
Pumps  Used  in  Draining  Kerr  Lake,  Ont..  141 
Rail  Clamp  for  Steam  Shovels  and  Cars.2o,     72 

Recording    Temperature    Device    for    Bitu- minous  Paving  Work   ■  •   548 

Reinforcing    Rod    Bender,    Truck-Mounted, Power-Operated       J2 
Rivet  Set  Retainer  for  Pneumatic  Riveters     72 

Riveting  Hammer;  Safety  Device  for  Pneu- 

Road   Finishing  Machine,    Concrete     550 
Road  Roller,   Steam;    Care   of     509 
Roads;   Equipment  Used  in   Building     532 
Roads;    Portable    Crusher        '1 
Roads;  Problems  of  Contractor     4il 
Rule  and  Level,  Pocket     510 
Sand  and  Gravel  Washing  Plant    .lO,  4.0 

Scraper,  Power;  Apphcation  to  Gravel  Pit 
Excavation    1°° 

Sewer  Work;    Concreting  Equipment   5bS 
Sewers    and    Culverts;    Hollow    Lock    Joint 

Vitrified    Clay   Tile     168 
Shaft  Sinking;  Palms  Mine,  Mich    2d2 
Slack  Belt  Drive.  Example  of     32. 
Slings  for  Handling  Loads,  Data  on     338 
Spreader   for   Sanding    Streets,    Mechanical  3.1 
Sprinkler    Head    for    Automatic    Sprinkler 

Installations     37- 
Stadia   Circle    for   Transit   Head       24 
Steam   Shovel,   Revolving,   for  Canal  Work     21 
Steel  Cars   for  Tunnel   Construction     372 
Storage     Bins;     Unit     System;     for     Con- 

tractors     23 . 
Street   Sweeper;    Baker   Pick-up     469 
Street  Sweeper,  Motor     550 
Tie  Tamper,  Pneumatic   509 
Tamping  and  Picking  Machine     328 
Tamping  Machine;   Self-Propelled  Power..  237 
Tape  Threader;  Metallic     238 
Tie  Rod  Clamp,  Adjustable     120 
Tin  Lining  or  Coattng,   New  Method     468 
Tractor  and  Bottom  Dumping  Trailer     166 
Truck    for   Refuse   Removal;    Underslung..   236 
Tunnel   Construction;   Steel  Cars   for     372 
Tunnels;   Brick-Lined  Water  Supply,   Bos- 

ton     131.  3o4 

Vibration     Absorber     for     Truck-Mounted     - 
(Concrete  Mixers       23 

Wagon    Loading    Devices   
  120,  238,  372,  469,  510,  548 

Water    Supply    Tunnel    and    Shafts,    Bos-  ̂ ^ 
ton.  Mass   131,  3j1 

Wire-Cut-Lug  Paving   Brick  and  Machine 
for  Making  It     120 

Wire   Tightener  for  Concrete  Forms    206 
Contact  Beds     ^^3 
Contract    Price;     Chicago    Avenue     Bridge; 

Bid  and  Actual  Costs   Compared     426 

Contractors: 

Equipment   (see  "Construction  Plant"). Faults    of    the    Engineer    from   the   View- 
point  of   ■504 

Management      Engineering,      Adoption     of 
Principles  by      57o 

Publ'cation  ot  Costs,  Value  of     329 
Road;  Bids;  Reasons  for  Dearth  of     113 
Road;   Lack   of   Bidders  and   Opportunities 

for      /S 
Road;  Requirements  of  Construction  Plant  471 

Conventions;  Road;  Benefits  Derived  from..   373 

Convict  Labor: 

Arrangement  of  Camp       16 
Georgia;  Sand-Clay  Road  Construction  and 

Maintenance     107 
Louisiana    Roads.     Mileage    and    Average 

Costs       S" 
Road  Building  in  Fulton  County,  Georgia  440 
Road    Maintenance,    San    Joaquin    County, 

Cost  Keeping; 

Bridge  Foundation;   Chicago  Avenue,  Chi- cago   ^21 
St.    Louis   Park  Department.    Unit   Costs..   3(4 
Water    Works    Accounting;    Discussion    of 

Elements        ^^^ Costs:  ,  .„ 

Asphalt   Repairs    in    St.    Paul         62 
Bituminous  Carpet  on  Concrete  Roads     t>6» 

Bituminous    Surfaces,    Maintenance,    Cali- 
fornia   .l:.l,  122 

Boiler    and    Blacksmith    Shop;    Construc- 
tion and  Equipment  of   •  •  •  •   561 

Brick;    Tunnel  Lining   130,  304 
Bridge;  Abutments      i>^' 

Biidge;    Approaches;    Materials     19» 

Bridge;   Concrete  Highway,   Wisconsin    4Sb 

Bridge;    Contract    Prices,    Reinforced   Con- Crete    A  roll      ,,......•...■••••■••••■••**   ""^ 

Bridge;    Foundation   Work.    Data     421 
Bridge;    Foundations,    Chicago  Avenue     42b 

Bridge;    Ganges    River   ■.••   481 
Bridge;   Highway,    in  Alaska   387,  3S8 

Bridge;  Highway:  Records  of  IlUnois  Com- mission.    .    .........•..•••■■■••-•••■••■•   «'-'" 

Bridge ;   Highway,   Wisconsin     402 
Briuge;    Labor         '■^^i 
Bridge;   Materials       =»^ 
Bridge;   Painting       bs 
Building;  Basement  Excavation       »w 

Bulkhead   Construction  at  Mine   .••.   309 

Cs.  is  sons     •    .......•..•••■•••••■•"'•••■•'''^^'  ^o»« 
Cement    Mortar    for    Waterprofing    Bridge 

Cal. 
Core-Wall  Construction       30 
Corpus    C:hristl,    Texas,    Water    Supply    and 

Purification   Works,    Design    of     599 

Corrosion: 

Cast-Iron   Pipe;   Preventive  Measures     377 
Metal     Spraying    Process     for    Protection 

Against   326 
Reinforced  Concrete    326 
Tin    Lining   as    Coating;    New    Method    of 

Prevention     468 

Cost   Estimates: 
Checking  Lists  for  Builders     364 
Panama   Canal     351 

Structure. 

433 

Chimney;  Construction  of   .■••■•/„V    .o} 

Cofferdams;  Labor   429,  430,  431 
Concrete  Base;   California  Highways    23b 
Concrete;  Bridges   480,  586,  5b, Concrete;    Caissons         •  aH 

Concrete;  Culverts   .■  •  •   48b 
Concrete;     Labor    on    Bridge     Foundation 

^Vork   428,  432,  433,  oS.i 
Concrete;  Protection  for  Water  Pipe     131 

Concrete;    Roads   •■■•   "'" 
Concrete;    Shaft   Foundations   431,  43.i 
Culverts;   Concrete,   Wisconsin     48b 

Dams;   Grouting  Foundations    18b 
Docks;  Reinforced  Concrete       92 

Drainage;    Cleaning   Ditches    41b 

Draining  of  Overirrigated  Lands    39. 
Dredging;    Labor     431 
Drilling     463 
Drills;   Repairs   ■•■•       '' 
Excavation;   Basement;   Bonus  System       80 

Excavation;   Earth  and  Rock       354 

Excavation;  Earth,  Tunnel  Construction..  130 

Excavation;   Labor;    Bridge   Foundations..   431 
Excavation;  Trenches  for  Water  Mains       So 
Fences;  Concrete  and  Steel   W  ' ' 
Filters;   Operation  of  Pressure  Type;  New 

Canaan,   Conn     13- 
Filtration ;  Mechanical     313 
Filtration;   Slow  Sand   -.-   ••  313 

Flumes;  Timber  Logging,  Construction  of.   184 
Grouting  Dam  Foundations     ISb 
Haulage,   Steam   Tractor,   Scotland       45 
Hauling;  Country  Road   ■■■■;   ;  ̂^^ 
Hauling    Gravel    with    Motor    Truck    and 

Trailer   •     535 

HauUng  Machinery;   Rock   Materials.    195 
Incinerator,    Operation,    Regina,    Sask       2( 

Labor;    Brick-Lined    Tunnel    Construction for  Water  Main   •  •  •,•   i;? 

Labor;   Bridge  Construction   426,  ajn 
Labor;  Concrete  Plant   428,  432 

Labor;  Construction  of  Smelter    bbl 
Labor;   Convict    1»8 
Labor;  Derrick  Plant     4zs 
Labor;  Roads   •   •     1"8 

Machine    and    Carpenter    Shop    Construc- tion. 

562 Painting    St.    Louis   Municipal   Bridge       65 Pavement;    Asphalt       b^ 

Pavement;  Asphaltic  Concrete     534 
Pavement;  Bituminous  Macadam        i-^ 

Pavement;    Brick;    Reconstruction...^     53. 
Pavement;   Macadam   and   Concrete   Bases  461 
Pavement;  New  Bedford,  Mass       96 

Pavement:    Patching   Sheet  Asphalt     59) 

Pavement;  Philadelphia   ••■•  361 

Pavement;   Relative  Costs  of  Various  Ma- teritils   *    49— 

Pavement;    Repairs   62,160,347 
Pavement;   Southern  California.       13 

Photographic   and    Blue   Print   Work   48b Piers;    Bridge      'aW-' ini'Vin'iXk 
Pile  Driving   *''■  j^!'  il°n    «fi 

Piles;    Wood   428,    430,  5S6 

Piling;    Steel   Sheet   431,  432 
Piling;   Wooden   Sheet   430,  431 

Pipe;    Cast  Iron,   Laying   ■••   641 

Pipe;   Steel,   Laying    541 Pipe ;  Wood  Stave.    ■•■■■■•.   • -fiV   til 

Power     House     Construction   ....262    264 

Power  Plant;  Construction  and  Equipment  bbO 

Publication;    Danger  to   Contractor^......   329 

Pumping  Plants   in   Small  Water  Works..   312. 
Refuse    Collection    and    Disposal..........   37b 

Reinforcing  Bars:   Furnishing  and  Placing  433 Reservoirs:  Distributing   31^ 
Roads;   Alaska.    .    . .  •   •    f"* 
Roads;   Bituminous  Carpet    bZ4 

Roads:   Bituminous  Macadam  by  Penetra- tion   Method   U'V   °^* 
Roads:   Bituminous,    San   Joaquin   County, 

n^i}       ■■   121,  1^- 

Roads ; '  Concrete,    Aurora     111 . . . . ;     304 
Roads:   Concrete  Bases:   Cahfornia     235 
Roads:    Concrete.    Ohio     ibu 

Roads:    Convict   Labor     44J 
Roads;    Earth         "1- Roads;    Gravel   •.   V/ V' 1" ' '  coc 

Roads;    Hauling    Construction   Materials..  53b 
Roads:   Hauling  Machinery.    19& 
Roads:    Louisiana   Convict    Labor       »b 



Engineering   and    Contracting 
vu Costs:    (continued) 

Roads;   Macadam  and  Gravel,  Wisconsin..  402 
Roads;     Maintenance,     Bituminous,     Cali- 

fornia  121,  122 
Roads;    Maintenance;    Iowa     01;; 
Roads;    Maintenance;    Massachusetts     607 
Roads;  Maintenance  of  Park,  Boston     234 
Roads;  Resurfacing  Asplialtic  Macadam...  532 
Roads;  Resurfacing  Waterbound  Macadam  536 
Roads;    liocmac        537 
Roads;    Sand-Clay     108 
Roads:  State- Aid  Construction  in  Alabama  508 
Roads;  Supervision  by  Ohio  State  Depart- 

ment    487 
Rock  Excavation   c     354 
Sewage    Treatment;    Remodeling    Plant...  475 
Sewers;    Diverting    and    Extending     433 
Sewers;    Effect    of   Water    Waste   329,  330 
Sewers;  House  Connections,  New  Orleans  203 
Sewers;  Inverted  Siphon,  Cast  Iron  Pipe.  151 
Sewers;   Underground   Surveys.   Cincinnati  153 
Shaft,    Water    Supply,     Construction     500 
Smelter  Construction;  Unit  Costs  of  Vari- 

ous  Parts    560 
Steam   Tractor   Hauling   in   Scotland       45 
Stone  Crushing       87 
Street  Cleaning,   St.  Paul       94 
Street  Lighting     485 
Street   Maintenance;   Horses  and   Traction 

Outfit     444 
Street    Sprinkling   and    Flushing     485 
Structural    Steel    for    Bridge   427,  432,  433 
Supervision  of  Highway  Work  in  Ohio   487 
Surveys.    Underground,    Cincinnati     153 
Track;    Surfacing       75 
Transmission  Line     308 
Tree   Planting   571 
Tunnels;    Brick   Lining   129,354 
Tunnels ;    Drill    Repairs       77 
Tunnels;    Water    Works       84 
Ultra-violet    Sterilization    Plants,    Opera- 

tion   of    501 
Water  Mains,  Lowering,  San  Diego,  Cal. .   419 
Warehouse;   Construction   561 
Water  Pipe,  Cast  Iron,  Cost  of  Laying  for 

Railway  Service    383 

Water  Pipe.  Laying  and  Concrete  Protec- tion for     131 
Water    Pipe    Lines,    Portland,    Ore.,    Con- 

structing   and    Repairing    Submerged.  538 
Waterproofing  Concrete     433 
Water   Supply;   Uses  Difficult  to  Control..   310 
Water  Works;  Effect  of  Waste   329.  330 
Water  Works;   Installing  Service   Connec- 

tions.   New   Orleans     164 
Water  Works;    Pipe   Laying       85 
Water  Works;  Pressure  Tunnel  Construc- 
tion  „?5 

Water  Works;  Small  Massachusetts  Towns  312 
Water   Works   Tunnels   and    Shafts.  ..  .129,  3d4 

County  Engineers;   Developing  Field  for.   73.  421 

Coupling   lor   Reinforcing   Bars,    Malleable..  372 
Cranes:  „       .  ,„„ 

Floating;  150-Ton.  for  Government  Service  168 
Locomotive;    Erection  of  Steelwork  by    433 
Locomotive,    50-Ton,    for   New    York   Navy 

Yard    32b 
Steel    Plant    Equipment   ■  •  ■  ■  "O. 
Traveling,     Ford     Motor    Co.     Assemblmg 

Works    221 
Creosoted    Timber;    Tests   of   Oregon    Fir    to 

Determine    Effect    of    Treatment    481 

Cribs:  .  „,„ 
Filter;    Use   Along  the   Ohio    River    250 

Intake   ■■■■ 'H'  f' 
Crushing   Plants   '1.  460,  461 
Culebra   Slide;    Rapid    Excavation    466 
Culverts:  „     ̂   , 

Administrative    and    Design    Features    of         ̂  
Hlghwav  Work   •■    ■''^■' 

Alabama    Highway    Commissions'    Stand- 2LT(is   506,   50a 

Box;    Iowa    Standard   57,62,     63  1' 
Concrete;     Costs;    in    Milwaukee    County,  , 

Wisconsin   •  •  •   ̂^i 
Concrete;    Iowa   Standards   60,     6i 
Concrete ;  Maine     ino 
Concrete;    Mississippi   f"'- 
Concrete;   Wi.sconsin  Standard  Type......   4«- 
Corrugated  Iron  Pipe     1»*'  l^' v 
Corrugated   Metal;    Specifications   in   Min- 

nosottV   .,......■■•■•     *'^ 

Country  Roads;   Selection  of  Type      ...   2S«- 
Design;    Standard  Iowa      o-'-     ̂ ^ Forms ;   Light  Metal          f f^ 

Headwalls  for  Metal  Pipe     •  •  •  •   J?^;^ 
Highway;   Alabama  Standards      506,  50S- - 
Illinois   State  Highways   11''.  57/ 
Iowa  Standards     ■,'  •  ■  j  • 
Maine     Highway     Commission     Standards 

and    Specifications        ^'i^ 
Mississippi  Roads        •'Of; 
New  York   Standard      •  ■     ̂ ^ 
Pennsylvania        Highway        Departments 

Standards     ISS.  192.  193- 
Pipe;   Iowa  Specifications     5i.   60.     bi 
Pine;   Maine      ,;,■•■■ 
Reinforced  Concrete,  Slab  and  Beam  Type. 

Pennsylvania      l'*^-   ■^^■^^ 
Siphon;  For  Irrigation  and  Drainage  Ditch 

Crossings      ■  ■  •   J^J 
Specifications;   Alabama   State-Aid  Roads.   50x 

Specification^;    Maine    Highway    Commis- sion      •  •    ̂ ' ' 
Specifications    of    Pennsylvania    Highway 

Department      ••••    Jjc 
Tile;  Hollow.  Lock  Joint.  Vitrified  Clay...   168 
Vitrified  Pipe.  Maine   •  •   'SI 

Wisconsin    Highway    Commission.    Stand- 
ards      401.  486 
Curb:  „,. 

Armored    Concrete;    Baltimore.    Md     J4= 

Bar;  Continuous  Bond     •     '^^* 
Concrete;    Newburgh,    N.    T       4- 

<.url3;    (continued) 

Concrete;    Type    Built   integral    with    Con- 
crete Pavement   534,  596 

Gary,'  Ind   596 fttone;    New    York   Standards          94 

30 
30 

31 

Dams: 

Concrete;  Construction  Methods  in  Perme- 
able  Material      

Dardennes  Valley,  France     
Design;      Concrete,      with      Supplementary 

Core- Wall     
Failures;       TuUahoma,       Tenn. ;       Lessons 

Taught        454 
Foundations;   Cost  of  Grouting    186 
loundations;    Design        144 
Toulon ;    Water   Supply          30 
Spillway         456 
TuUahoma,   Tenn.,   Construction  and  Fail- 

ure of  Small  Structure  Near     454 
Water  Supply;  Toulon,  France        30 

Dardennes  Valley  Dam,   France       30 
Day  l,abor  System   397,  573.  589 
Dayton,    Ohio:   City  Manager  Form  of  Gov- 

ernment    297 
Daytona,  Fla.,   Sewage  Treatment  Plant   .524 
Depreciation;    Errors    in    Calculating    Worth 

of  Annual  Gain,  on  Capitalized  Value.   121 
Derricks: 

Costs  of  Labor  with       428 
Hand   Operated          22 
Portable;  For  Installation  on  Motor  Trucks     22 

Design: 
Abutments;  Bridge   296,  335,  492,  646 
Arch  Spans;  North  Side  Point  Bridge..  197.  198 
Arches,     Concrete    335 
Balustrade;   Concrete,   Bridge     493 
Beams;    Reinforced    Concrete;    Causes    of 

Failures        516 
Beams;    Reinforced   Concrete;   Chart  for.. 
  121,  135 

Bridge:  Aesthetic:  Fundamental  Principles      5 
Bridge;   Approaches   19G,   295.  336,   478,  492 
Bridge;  Arch  Span  Over  Navigable  Stream  493 
Bridge;   Bloomfield,    Pittsburgh,    Pa   240.  295 
Bridge;     Discussion     of     Several     Existing 

Structures             5 
Bridge;   Double-Leaf  Trunnion   Bascule...   388 
Bridge;   Foundation:    Chicago   Avenue     426 
Bridge;    Foundation;    Selection   of   Type...   298 
Bridge;      Instructions      to      Illinois      Road 

Superintendents        114 
Bridge;   Larz  Anderson  Concrete  Arch....   334 
Bridge;  Long  Simple  Truss  Span     148 
Bridge;   Lower  Ganges  in   India     478 
Bridge.    Piers   296.  542 
Bridge;   Reinforced  Concrete  Arch;  Dupli- 

cate       148 
Bride-e:    Retaining    Walls     296 
Bridge;  Richelieu  River.  Quebec     542 
Bridge;    St.   Lawrence  River         2 
Bridge;      San      Jacinto     Street;      Houston. 

Texas        492 
Bridge;    Superstructure;    Selection  of  Type       5 
Bridge:  250-ft.   Swing  Span    543 
Building;  Failure  of  Theater:  Causes     515 
Euildins-:     Michigan    Central    Station    and 

Oflice   Building  at   Detroit       SO 
Building;      Palace     of     Horticulture,      San 

Francisco       314 
Building;    Reinforced    Concrete     220 
Building:    Relative   Positions   of   Architect 

and    Engineer    •  ■ .  ■  ■  •  ■  •  306 
Caissons   299.   542.  543 
Caissons.     Pneumatic.     Types    for    Bridge 

Foundation  Work     299 
Car  Shops   :aa-/„V   !SS 
Cofferdams   426,  427,  429 
(^oUimns-   Lessons  of  the  Edison  I-ire     n9i 
Columns;   Reinforced  Concrete   220,  516 
Dams;    Foundations   .•   ■  •  ■  •   "] 
Domes;  Data  on   305,  314 

Factory   Buildings;   Economical    13S 
Fence;    Concrete   and   Metal,   Reservoir     489 
Filters;      Pressure     Type.      New      Canaan. 

Conn            132 
T-nitration    Plant.    Corpus    Christi    599 

Filtration    Plant.    Rapid    Sand;    New    Ken- 

Design:    (continued) 

Reservoirs:    Reinforced    Concrete:    British  ̂  
Practice      •    ^}~ 

Reservoiis;  Water  Works.  Pittsburgh   .   ol. 
Retaining  Wall   146,   197,  351,  362.  581 
Riveted  Connections;  Eccentric;   Formulas 

and    Data   512.  513 
Road  Drag.   Wooden   •  •  •  ■   -" 

Roads;    Country   239,  255 Roads:    Gravel,    in   Mississippi   j 

Roads:    Relative    Crowns    on    Grades    and 
on    Level     j"* Roofs:     Monitor   ^J 

Settling    Basins   A' ' '•i"  V-' ;    r.tt 

Sewage  Treatment  Plant,   ResidenUal. . . . .   565 

Sewerage   System   for  the  Panama-Pacific 
Exposition   Vr.      ks 

Sewers:    Intercepting   -".     °? 
Sewers;  Inverted  Siphon       b. 

Shaft;  Vertical.  Palms  Mine.  Mich    251 
Storm    Water    Regulators     156 
Viaducts;    Bietschtal.    Switzerland       63 
Water  Mains  and   Pipes     20S 

Water   Tanks;    Elevated   ••     ''"b 

Water  Supply  and  Filtration  Plant;  Corpus Christi.    Texas        »^^ 
Water  Works   Systems.   Small   •■;•;••  ?"I 

Weirs;  Overfall  and  Leaping;  Storm  Water  156 ■Detroit.   Mich.:  „  ,   ., 

Asphaltic      Macadam      Road      Relaid      on 
Asphaltic   Concrete   •  ■  ■  ■   53- 

Michigan  Central  Station  and  Office  Build- ing    :  •     **" 

Diaphragm    Method    of    Flow    Measurements 

in  Open  Channels     ''l'' 
Dippers:     Dredge:     10-cu.     yd.     Manganese 

Steel;    Panama    Canal    Service    610 
Distributors    for    Bituminous    Products   

  13.    24.    59.    236.  238 
District    of    Columbia;    Dust    Prevention    on 

Suburban    Roads   ■     59 
Ditches:    Drainage:    Cleaning    Methods    and 

Costs         4l3 
Dock  Wall:  Concrete;  Specifications       91 

Docks;   Concrete   Structures,   Costs   of  Rein- forced      

Domes,  Steel,  Design  of   305,  314 
Doors,    RoUing   Steel     **• 
Drag  Line  Excavators: 

sington.    Pa   j,-\----A   
Filtration      Plant;      Rapid      Sand;      Some 

Features    of    Detail   .•  •  •   --» 
Filtration    Plant;    Selection   of   Reinforcing 

and    Concreting   Materials....       36 

Filtration   Plant;   Wilmington,   Del     nn 
Floors;  Akme  Type   V  ;,' '  • '   "^ 

Floors;    Office    Building:    Reinforced    Con- Qi-ete      

Foundation,    Bridge     335 
Foundation;   Dams   •  v  IL" 'J   -Ji 

From  the   Soil  Up:   a  New  Method     "M 

Ice  Storage   Houses:   for  Railroad    5b3 
Intake    Crib     Burlington,    Iowa       62 

Intake.    Water    Supply   ^     .•  ■   ■■>•)» 
Open     Heavth     Buildin.a     of    Pennsylvania  ^^^ 

Pavenfent:    (?oncVe'te.'.'.'.V .'.■......•  .212,   393.  571 Pavement;    Reinforced   Concrete. ........ ..   212 

Piers;  Boston.  Mass..  Commonwealth  No.  1  170 Piers:    Bridge   •••■    ^J^ 

Piers;    Caisson    Foundation     "'^ 
Piles;    Concrete   .L,''i:i'y 

Pipe    Line.    Submerged.    Flexible    Jointed, 
Burlington,    Iowa   ■■■  •.-  ■  •  ■   • 

Pipe:     Water:     Thickness.     Weight      and 

Loads.  Determination  of. 52 

208 

Electric 

547 

510 135 

463 

29 

tau&,      j^ctci  <.■..■".'.'■'•    ,nn 

Pipe;    Wooden    Stave..  ^   ••    4-- 
Power  House:  .A.rizona  Copper  Co    262 
Pumping  Machinery.   St.    l.ouis   l^j  ■  ■  •  ■  " 

PumninS   Plants    for    Small  Water  Works Systems    ■   •.  ■  ■  ■    -,2 
Railway    Locomotive    Terminals    ^' 
Refuse  Incinerator.  Regina.  S%^^:,- ■^■■■■-  ,Si 

Reservoirs;  Distributing,  for  Small  Towns  
208 

Method  of'  Planking  Over  Soft  Ground....  555 
Drag.  Wooden  Road,  Construction  and  Use  ii6 Drainage:  ,„ 

Channels:    Hydraulics   of   284,422 
City;  New  York,  Proposed  Plan       17 
Ditches;  Cleaning  Methods  and  Costs....  415 
Drag    Line    Excavation    Work;    Method    of 

Planking.    Over    Soft    Ground     555 
Drain   Tile    Specifications     181 

Illinois;  Muscatine  Louisa  District.  No.  13  412 
Kerr  Lake,  Ont. ;  Methods  and  Plant  Used  141 
Lake  Mareotis,  Egypt,  Large  Pumps   ..   118 
Overirrigated     Lands;     Costs     on     U.      S. 

Projects     39  c 
Pumping    Plant;    Comparative    Steam    and Electric  Layouts     JIZ 

Pumping  Plant;  Humphrey  Installation...  118 
Pumping  Plant;  Kerr  Lake,  Cobalt,  Ont...  14^ 
Reservoir:  System  to  Carry  Off  Overflow.  .   o.  i 
Road;   Brick    533 
Road;  Fulton  County,  Georgia    440 
Road;    New   Jersey   Highway   Department 

Practice    346 
Road ;  Pennsylvania     590 
Siphon   Culvert   Ditch   Crossing    194 
Tile     Drain     Construction,     Recommended 

!Pr3,ctJ  C6   .,........■■    lol 

Dredging;    Costs;    Within    Cofferdam    431 

Dredges:    Manganese    Steel    Dippers;    10-cu. yd.    Capacity   Drilling:                                                       ,         „ 

Comparative  Speeds  at  Twenty-four  Tun- nels     
Costs;    Mine   

Depth   of  Holes:    Tunnel  Driving   
Number  of  Holes  in  Driving  Headings  for 

Tunnels           30 

Quebec    Bridge    Substructure     104 
Shaft   Sinking,   Palms  Mine,  Mich     251 
Testing    Drill    Efficiency     463 Drills:  .  ,.. 

Hammer:  Cuts  in  Pavement  for  Repairs..  160 
Hammer,   Repair  Costs        i7 
Rock;    Compressed    Air.    Volume    Required 

to  rpprate        !'•.> 
Rock:    Testing    Efficiency     463 

Duluth;      Concrete      Paving     Between     Car 
Tracks       260 

Dump  Cars.  Carts  and  Wagons: 
Device   for  Spreading  Stone   Evenly     120 
loading  and  Unloading  Devices   

...      120.  238,  372,  469,  510.  548 
Truck  for  Refuse   Removal     236 

Dust  Prevention: 
District   of   Columbia   Suburban   Roads       59 
Memphi.":,    Tenn.,    Methods     392 

Bads  Bridge.    St.   Louis   • .  ■       •> 
Earth  Roads;  Iowa   55,  56,  612 
Earth  Slides;   Culebra;   Rapid  Removal   _.   466 

Earthwork      (see     "Excavation,"      "Canals," 

etc.) 

Fast  Orange,  N.   J..   Meterage  Notes     209^ 
Eden  Park  Bridge,  Cincinnati.  Ohio         b 
Edison  Co.'s  Fire.  Facts  Emphasized  by     59. 
Electricity  and   Electrical  Apparatus: 

Cost  of  a  Kilowatt-Hour     55.) 
Detecting   Leak    in    Deep   Well   Casing   by Electric  Light        J? 

Dragline  Excavator      51 . 
Pumping  Plant  for  Drainage  District     412 



Engineering   and    Contracting 
Electricity:    ^continued) 

Transmission    Line    Costs    for    Power    for 
Tunneling        308 

Electrolysis:   Pipe  Line,   Destructive  Effects 
on  and  Mitigation     291 

Elevators;    Office   Building     447 
Employment; 

Inefficiency  of  Present  Methods     471 
Preference  to  Residents  in  Cities     4ai 

Engineering; 
Autiiorsriip;  Neglected  Field  of       49 
City    Departments;     Principles    Governing 

Organization        25J 
Cost  of  Photographic  and  Blue  Print  Work 

for  Salt  Lake  Department     4SG 
Designing;     From     the     Soil    Up;     a    New 

Method         bSl 
Inadequate  Funds  and  Failure  of  Work     445 
Inscriptions  on  Structures     597 
Literature;  Indexing  and  Filing  JVIethods. . 
  ;   305,  307 

Management;    Adoption    of    Principles    by 
Contractors        673 

Mistakes:    Lessons  Learned   from   240,  246 
Municipal;   Educating  the  Public     ^175 
Prefei-ential   Vote   on    Problem   at   Wheel- 

ing,   W.    Va   239,247 
Sewage  Disposal  for  Kesidences;   Problem 

of        552 
Societies:    Value  of  Membership    445 
Theses;    Suggesting    Subjects    tor    Under- 

graduate       240 
Unpublished  Studies        195 

Engineering   and   Contracting;    Planning   for 
Easy  Reference        305 

Engineers: 
And  Other  Men;  Ethics  of  the  Profession..   305 
Building    Design;     Relative      Positions     of 

Architect  and  Engineer    SOil 
City  Managers;   Difficulties   Encountered..   551 
City  Managers;   Experience   of  Inglewood, 

Calif     465 
City    Managership;    Results     at     Abilene, 

Kans     503 

Contractor's  Advice  Useful  to  Young.. 240,  246 
Co-operation  Among     445 
County  and  Municipal;  Developing  Field..   421 
County;    Importance  of  Position       73 
Duties    and    Liabilities....;     554 
Employment  of  Experts  by  Cities    39.S 

Faults   from   the  Contractor's  Viewpoint..  504 Laws  Affecting    551,  552 
Member    of   Maine    Public    Utilities    Com- 

mission        531 
Moral  Status  of  the  Profession     306 
Municipal;      Application     of     Geology     to 

Problems  of     179 
Public   Service   Commissioners   472,  531 
Publicity  Measures;  Advisability  of  Adop- 

tion     573  574 
Reading  and  Studying   284,  377 
Road  Legislation;   Influence  on     471 
Technical  Journals,  Utilization  of   305,  306 
Technical    Literature,    Value   of   Current..       1 
Uniform  License  Laws  for       97 

Engines: 
Fuel  Oil,  Low-grade,  for  General  Service..   371 
Gas;   Installation  of       53 

Locomotives  (see  "Locomotives.") England : 
Bituminous  Concrete  Mixing  Plant,   Spec- 

ifications       325 
Bituminous    Surfaced    Roads;    Design   and 

Construction        258 
Traffic  Conditions  and  Road  Maintenance.   607 
Traffic  Statistics  and  Life  of  Roads     594 

Epicassit;   Metal  Coating  to  Prevent  Corro- 
sion       46S 

Excavation: 
Basement:    Effect    of    Bonus    System    on 

Quantity  and  Cost  of       SO 
Calumet-Sag      Canal,      Large      Excavator 

Used        547 
Canals;    Revolving  Steam  Shovel  for       22 
Clay  and  Shale;  Reservoir  Foundation     577 
Costs;    Bridge    Foundations   429,431 
Costs;   Earth.  Boston  Water  Works     130 
Costs;  Trenches  for  Water  Mains       S5 
Dragline  Excavator;    Electric     547 
Dragline;    Method   of   Planking   Over   Soft 

Ground        555 
Earth ;    Costs      130,  354 
Earth  Slide  at  Culebra.  Rapid  Removal...   4';6 
Earth;  Water  Supply  Tunnel   130,  354 
Gravel  P*it;  Application  of  Power  Scraper.   468 
Machine  for  Excavating  and  Loading  Into 

Wagons        54S 
Machinery;    Portable   Excavator   for   Sand 

and  Gravel        37-> 
Roads;  Maine  Specifications   276,  277 
Rock ;  Costs       354 
Rock;   Water  Supply  Tunnel  and   Shaft...   354 
Sewer   Trenches       56S 
Steam  Shovel;  Old  Gravel  Macadam  Pave- 

ment         43 
Expansion  Joints: 

Concrete  Roads;  Armor  Plate  for    469 
Reinforced  Concrete  Pavement  at  Morgan 

Park,    111   :. ..   213 
Experience:    Utilizing    Others'         1 
Experts:    Employment   by   Cities    398 
Explosions: 

Boiler:    Data   on    179 
Sewer;  Apparatus  for  Detecting  Gases   273 
Sewer;  Problem  of  Prevention;  Pittsburgh 

Investigation        476 

F 
Factories: 

Construction    Plant         139 
Design  of  Buildings;  Economical     138 
Labor:   Inefficient   Methods   of  Hiring  and 

Discharging        471 
Location ;  Points  in  Choice  of     139 
Types  of  Buildings;   Points  for  Considera- 

tion      140 

Failures:  . 

Bridge;   Ponv  Truss  Highway,  Wisconsin.   lOi 
Building;    Arcade    and    Theater;    Youngs- 

town,   Ohio       515 
Concrete;  Determinate  Causes       5U 
Dam;    Tullahoma,    Tenn     4o4 
Well  Casing,  Deep       '■^ 

Farm    Produce;   Haulage,   Relation   to   Road 
Maintenance       215 

Fences;   Concrete  and  Metal   Reservoir;   De- 
sign   and    Cost     489 

Filter  Beds:   Sand.   Economic  Size  of     1(9 
Filters;    Sewage;    Economics    of.    Discussion 

of  Types        370 
Filtration: 

Blaisdell  Filter  Sand  Washing  Machine   210 
Blowers;    Design       229 
Chemical  Mixing  Tanks,  Design  Features.   22( 
Chemical    Solution    Lines    228 
Cleaning  Sand;   Time  Studies  at  Philadel- 

phia        5(9 
Columbus,   Ga. ;    Plant   497,  49S 
Conveying  Machinery   for  Plants;    Design.   228 
Corpus  Christ!,  Texas,  Design  of  Plant   59;i 
Costs;    Comparative        313 
Crib  System;  Ohio   River  Towns     250 
Design    of   Plants   210,  219,  225 
Hydraulic  Valves        22 ( 
McKeesport,    Pa..    Plant,    Concreting    Ma- terials        35 
Mechanical;  Effect  of  Coagulation         9 
New  Canaan.  Conn.,  Design  and  Operating 

Cost.    Pressure   Type  Filters     132 
Overflow    Troughs        226 
Plant    Performance,    Reasonable    Require- 

ments        249 
Pollution  of  Raw  Water,  Permissible   3oij 
Pumps;   Design  for  Plants     229 
Queen   Lane   Filters,   Philadelphia,   Design 

Features        22S 
Rapid  Sand;   New  Kensington.  Pa.,   Plant.     98 
Rapid    Sand;    Vital    Details   of   Design    of 

Plant       219 
Sand  Beds ;  Economic  Size  of    1(9 
Sand   Testing        226 
Slow    Sand;    Comparative    Capacity,    Cost 

Data       31:; 
Slow    Sand;    Design    and    Operation,    Wil- 

mington, Del.,  Plant     210 
Slow  Sand;   Smith  System  of  Natural     249 
Smith  System  at  Wheeling,  W.  Va     24S 
Statistics;    Uniformity    in    Compiling    and 

Reporting        332 
Strainer  Systems;  Design  Features    226 
Washing  Filters;  New  Canaan,  Conn     132 
Wheeling,   W.  Va.,   Preferential  Vote  on.. 

    239,  247 

Welisan(i' Cribs,    Filter;   Use   Along  Ohio River        250 
Wilmington,  Del.,  Design  and  Operation  of 

Plant        210 
Fire  Alarm  Attachment  for  Recording  Pres- 

sure Gage.  Ripon,  Wis    453 
Fire  Escapes  for  Charitable  Institutions  and 

Hospitals         261 
Fire  Protection: 

Hydrants;    Abuses   and   Regulations,   New 
Orleans         52 

Service   Mains;   High    Pressure;    Insulated 
Joint  Used  at  Providence,  R.  1     451 

Small   City  Requirements     207 
Tanks  for;   Design  of    269 

Fires;  Edison  Plant,  West  Orange.  N.  J     597 
Flint  Roads;  Maintenance  in  Pennsylvania..   592 
Floors:  - 
Akme  Type       22j 
Bridge;  Design  of  Bloomfield     242 
Bridge:  Reinforced  Concrete;  Iowa  Stand- 

ards       102 
Cement;   Points  for    13S 
Cinder   Concrete;    Reinforced    512 
Concrete.    Reinforced;    Design     for     Ofiice 

Building           -3 
Concrete;   Reinforced  Flat  Slab   220,  449 
Concrete;    Shore    and     Mat     Lagging     for 

Forms       119 
Flat    Slab;    Akme    Type.    Reinforced    Con- 

crete     ,220 
Flat    Slab:    Reinforced     Concrete;     Mush- 

room Tvpe        449 
Flat  Slab.  Reinforced  Con(;rete;  Ruling  by 

Chicago   Building  Department     330 
Pier;  Commonwealth  No.  1,  Boston,  Mass.   172 
Power   House:    Design     263 
Warehouse:    Flat    Slab,    Mushroom    Type, 

Reinforced   Concrete       449 
Flumes;   Timber  Logging,   Construction  and 

Costs         183 
Ford    Motor    Co.     Assembling    and     Service 

Building,   Chicago       220 
Forms  for  Concrete  Work: 
Arch  Centering      149,  337,  494 
Bridge   Construction      149,  432,  494 
Bridge  Foundations.  Costs    432 
Culverts:    Light  Metal       22 
Floors:  Adjustable  Shore  and  Mat  Lagging  113 
Repairing     Leaks     in     Submerged     Water 

Main         164 
Sewer;    Collapsible  Steel       568 
Tie  Rods:  Adjustable  Clamp    120 
Timber;    Bridge   Work     494 

Tunnel  Lining       j" Wire   Tightener  for     266 
Forth   Bridge,   Scotland         6 
Foundations: 

Bridge;     Cost    Data    421 
Bridge;  Design  of  Bloomfield     29.t 
Bridge;    Laying    Out         S 
Bridge;    Quebec:    Construction   Features...   104 
Bridge:  Pneumatic  Caissons  for  Construc- 

tion, Use  in  Canada    298 
Bridge;   St.   Lawrence  River         2 
Bridge:   Selection  of  Type    298 
Bridge;    Specifications    of    Illinois    Highway 

Commission        392 
Building;  Warehouse  and  Office,  Seattle..   449 
Dams:  Cost  of  Grouting    186 

Foundations:    (continued) 
Dams ;  Design      l^* 
Ice  Storage  Houses   •  •  •  oo* 
Pavement;  Concrete   43,  345 
Pavement;    Stone          13 
Piers ;    Boston,   Mass     1^0 
Power    House,    Design     262 
Protection  During  Adjacent  Subway  Con- 

struction     "04 
Roads;  Design  of  Country    256 
Roads;  Prevention  of  Movements    39b 
Seawall;    Rubble          90 
Station  and  Office  Building,  Detroit.:       so 
Water  Tank ;  Design      268 

Foundry  Products: 
Cast    Iron    Pipe   r      ,„,, 

131,  151,  163.  238,  312,  374,  377,  383,  499,  53S 
Shoes   or  Couplings  for  Wood   Stave   Pipe 

Bands      423,  51S 
Fountains: 

Concrete;   Waterproofed       '■^- 
Drinking.   Somerville.   Mass     490 

France;   Traffic  Conditions  and  Road  Main-       _ tenance     ^^i 

Freight  Rate  Decision   •   14^ 
Fulton  County.  Georgia;  Road  Building  with 

Convict   Labor        440 
Funds;  Relation  of  Inadequate,  to  Poor  Work 

and   Damaged    Reputations     44;. 
Furnaces;   Open  Hearth,   Pennsylvania  Steel 

Co      "02 

Fuse  for  Eliminating  Misfires  in  Blasting..  4Ij2 

Galveston   Harbor,    Texas;    Repairing  Leaks 
in   Water   Main    163 

Ganges    River    Bridge     47S 
Gangway  Plans         91 
Garbage    Can    Installed    at    Panama    City; 

Standard    Sanitary       77 

Garbage   Collection   and   Disposal    (see   "Re- 

fuse"). Garbage    Incinerator;    Regina,    Sask       2( 
Gary,   Ind..  Concrete  Street  and  Alley  Pave- 

ment and   Curb  Construction     596 
Gas;    Illuminating;    Effect    of    Leaking,    on 

Bituminous    Pavement    405 
Gas  Engines ;  Installation  of       53 

Gas  Meters;  Bonus  System  of  Paying  Read- 
ers     552,  558 

Gasoline    Locomotive       Jl 
Gate  Structures  for  Irrigation  Canals    185 
Geology;    Application    to    Problems    of    Mu- 

nicipal   Engineer    179 
Georgia: 

Road     Building    with    Convict    Labor     in 
Fulton    County     440 

Sand-Clay   Road   Construction   and   Main- 
tenance      107 

Georgetown  Reservoir  Fence     489 Germany: 

Sewage    Disposal;    Experience    with    Sedi- 
mentation and  Sludge  Digestion  Tanks  339 

Sewage  Treatment;   Rlensch-Wurl  Screen.    273 
Glencoe,     111.,     Concrete     Pavement,     Design 

and    Construction    393 
Glendale,  Cal. ;  Costs  of  Bituminous  Surface     13 

Grading  (see  "Roads"  and  "Pavement"). Grand     Rapids;      Boulevard     Lighting     and 
Street  Sprinkling  and  Flushing  Costs.   485 

Granite  Block  Pavement: 
Baltimore        344 Philadelphia          jj 

Reclipped,   Use   in   Various   Cities     358 Gravel:  ,   „     .,  .„, 

Hauling  with  Motor  Truck  and  Trailers..   535 
Pit     Excavation;     Application     of     Power 

Scraper        468 
Portable    Excavator    for    372 
Roads;   Alabama  State  Aid     505 
Roads;   Iowa;   Construction  of     21 1 
Roads ;    Iowa    Standards       56 
Roads:     Maine    Standards    and    Specifica- 

tions      276,  281 
Roads;  Maintenance  in  Pennsylvania     M)i 
Roads:  Mississippi;  Lowndes  County     301 
Roads;   Spike-Tooth  Harrow  for       l-i 
Washing   Machines,    Portable   70,470 

Grosvenor  Dee  Bridge,   Derby,   England         6 
Ground     Water;     Springfield,     111.,     Supply, 

Works   for  Development    333 Grouting: 

Brick    Pavement   •  "•s' 

Cement;    Reservoir    Construction;    British Practice         519 
Costs          1* - 

Cracked  Sewage  Tanks,   Belfast    344 
Dam  Foundations,   Concrete       34 
Dam    Foundations.    Cost     186 
Foundation   Protection        bOo 
Tunnels;    Lining   •   ••••■    ,»» 

Gutters;   Fulton   County,    Georgia  Standards  441 

H. 

HandUng    Equipment    (see    also    "Construction 
Plant")-  „,.., 

Ice-    Platforms,    Hoists.    Elevators,    Shdes, 
'Etc     564 

Slings:  Data  on  Use  for  Handling  Loads..   338 
Weights.    Volumes    and    Dumping    Angles 

of    Various    Materials   u^- •  •  ■   ̂''" 
Harbor    Beach,    Mich.;    Breakwater;    Wave Damage      V'^'    ' 

Harbors;    $20,000,000   Appropriation   by   Con- SF6SS        ,.......••.•--•    o  I S 

Harrison  Miils  Bridge.   British   Columbia     300 
Harrow  for  Gravel  Road  Work,  Spike-Tooth     15 Haulage  and  Transportation:           .      .,.^     .  „„„ 

Country  Roads;  Cost  as  Factor  m  Design.   239 

Farm  Produce;  Relation  to  Road  Construc- tion and  Maintenance     215 
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Haulage:   (continued) 
Gasoline  Locomotive  for       7;^ 
Machinery,    Koad,   Salvage  on         iVs'   361 Motor  Truck;  Road  Construction  Materials  535 
Municipal    Refuse          37g 

Road  Materials;  Salvage  of  Machinery.  195',  361 Road  Work  in  Wayne  County,  Mich       45g 
Steam  Tractor  Hauling  Costs  in  Scotland.     45 

Hell    Gate    Bridge,    New    York           5 
Hibernia  Mine,  N.  J.,  Concrete  Bulkhead...  309 
Highways: 
Administration  of  Maintenance    194 
Alabama  Commission,  Work  of    491    504 
Bridge  and  Culvert  Work;  Administrative 

and    Design    Features     589 
California     Commission;      Concrete     Base 

Construction       235 
California    Commission;    Method    of    Pre- 

paring Plans    194 
City    Engineering   Department,    Organiza- 

tion      254 
Commissions;  Influence  on  Bridge  Work..  511 
Economic   Theory;    Difficulties   Involved  in 

Development   of    511 
Illinois  Commission;  Bridge  Cost  Record..   200 
Illinois    Commission;     Bridge     Design    and 

Specifications      114,  390 
Illinois    Commission;    Bridge    Plans     349 
Illinois   Commission;    Culvert   Standards...   572 
Iowa  State  Commission,  Standard  Bridges  102 
Iowa    System   49,     55 
Kentucky   Commission       96 
Location;   Use  of  Hand  Level       44 
Location,  Width  and  Right-of-Way    522 
Maine    Commission     Work    of   261,  276 
Massachusetts:   ^laintenance  Costs     Gi)8 
Minnesota    State    Commission       16 
New    Jersey    State    Commission   14,  346 
New     York     State     Commission;     Division 

Organization        235 
New    York     State    Commission;    Labeling 

and    Filing    Plans     324 
New   York    State   Commission;   Method   of 

Sampling    Materials    158 
New  York  State  Commission;  Recent  Re- 

vision of  Standards       94 
Pennsylvania     State     Department;     Work 

of      169,  1S6 
Road  Standards,  Use  and  .\buse  of     145 
Wisconsin;  Costs  of  Concrete  Culverts  and 

Bridges         4S6 
Wisconsin  State  Commission;  Organization 

and  Work   of   397,  398 
Hoists  and  Hoisting  Apparatus: 
Air-Operated   Hoist  for  Light  Service     281 
Compressed  Air-Engines;   Data  on  Opera- 

tion       175 
Concrete  Towers;   Telescoping     470 
Concreting     Towers     494 
Electric  Hoist:   Type   Designed   for  Heavy 

Service       549 
Gasoline  Hoist;   Improved  Large,  for  Con- 

tractors'   Use     469 
Hydraulic  Dumping  Hoist  on  Motor  Truck  168 
Portable   Hoist,   for  Mines.   Contract  Work 

and    Manufacturing    Plants     2S1 
Holyoke,    Mass.;    Maintenance    of   Hydrants 

and  Gates     270 
Hongkong;   Additional  Water  Works       77 
Hook  and  Block.  50-Ton       71 
Hopper  for  Concrete  Mixer,  Removable  Dis- 

charge         72 
Horses;   Costs  for  Street  Maintenance  Work  444 
Housing:    Advisable   Number  of   Houses   Per 

Acre           ."S 
Houston.   Texas;   San  Jacinto  Street  Bridge  492 
Hydrants: 

Fire;      Abuses      and      Regulations,      New 
Orleans         52 

Holyoke,  Mass.;  Maintenance  and  Inspec- 
tion  of   Valves, and     270 

Pressure    and    Spacing,    tor    Small    Town 
Water    System     207 

Water   Supply,    Milton.    Mass   312 
Hydraulics  of  Irrigation,  Drainage  and  Other 

Channels      284,  422 
Hydro-Chronograph       115 

I. 

Ice   Storage  Houses,   Design   for  Railroad...  563 
Illinois: 

Architects'  License  Law,   Effect  of   397,  411 
Bridge  Cost  Record  of  Highway  Commis- 

sion       200 
Bridge    Specifications    of    Highway    Com- 

mission     349,  390 
Building  Code:   Proposed   State     451 
Drainage  District  No.  13.  Pumping  Plant..  412 
Highway   Commission,    Bridge   Plans   
  114,   200.    349.  390 

Highway     Commission;      Standard     Small 
Culverts         572 

Road      Superintendents'     Instructions     for 
Bridge  Design     114 

Roads;    Concrete;    Costs    304 
Roads;    Costs    of    Bituminous    Carpet   and 

Bituminous   Macadam    524 
Roads:    Standard    Cross    Sections     Ill 

Imhoft   Tanks   339,    528,  565 
Incinerator,    Garbage;    Regina,    Sask. ;    New 

Plant           27 
Indexing;  E.  &  C.  Method     305 
Inglewood.     Cal.,     City     Manager    Form    of 

Government     465 
Inscriptions  on  Engineering  Structures    597 
Inspection;     Sewerage     Plumbing     at     New 

Orleans          69 
Intakes,  Water  Supply: 

Burlington.    la.;    Design   of   Crib  and    Pipe 
Line           52 

Columbus,     Ga    497 
Corpus  Christi,   Texas,  Design     ;i9S 
Irrigation:   Sand  and   Silt  Separation;  Im- 

proved    Method     184 

Intercepting  Sewers:   (See  "Sewers"). Iowa : 
Bridges;       State      Highway      Commission Standards         102 

Earth    Roads;    Costs    of    Maintenance"  by Patrol  System,  Clayton  Countv     612 

Highway    System   ."   49      55 Roads;   Construction  of  Gravel   I  217 
Iron: 

Corrosion.   Preventive  Measures    377 
Electrolytic   Corrosion   in   Soils...  292 
Exports       169 
L-ake   Superior  Ore  Shipments     576 
Removal  Plant,   Lowell,   Mass    101 

Irrigation: 
Channels;   Hydraulics  of   284,  422 
Draining    of    Over-Irrigated    Lands;    Costs 

on   U.    S.    Projects    397 
Gate    Structures    for    Canals     185 
Intake  From  Silt  Laden  Streams,  Improved  184 
Siphon  Culverts  for  Canal  Crossings   194 
Wells;   Method   of   Sealing    143 

Joints: 
Expansion;  Armor  Plate  for     469 
Expansion:      Concrete     Pavement,      Rein- 

forced.   Morgan   Park.    Ill     213 
Pipe;    Flexible   52,    452,539 
Pipe :    Insulating      293,  454 
Pipe;  Lead;  Caulking  by  Compressed  Air.  290 
Pipe;  Vitrified  Clay,  Making  Watertight..  357 
Plate  for  Concrete  Pavement  Joints       23 

K. 

Kalamazoo  vs.  Standard  Paper  Co.,  Su-i-eme 
Court     Decision     487 

Kearny,  N.  J.,  Granite  Block  Pavement     360 
Kensington    Water    Co       98 
Kentucky,    Highway   Commission       96 
Kerr    Lake,     Ont.,     Drainage    Methods    and 

Plant         141 
Kilowatt-Hour,  Cost  of    555 
Knoxville  Bridge.  Tenn         6 L. 

Labor: 
Convict;  Arrangement  of  Camp   
Convict;   Road  Building  in  Fulton  County, 

Georgia      
Convict;    Road   Maintenance   
Convict;   Sand-Clay   Road  Construction  in 

Georgia      
Costs ;  Bridge  Construction   
Costs;  Power  House  Construction   
Costs ;   Road  Work   
Costs;    Smelter    Construction   
Costs;    Water    Supply    Tunnel   and    Shaft 

Construction   130,    354, 
Day;  Construction  of  Water  Supply  Tunnel 
Day ;  Road  Construction   
Day:    vs.    Contract   System   573, 
Inefficiency     in     Hiring     and     Discharging 

Men      
Painting      St.      Louis      Municipal      Bridge, 

Costs      
Park     Department     of     St.     Louis.     Cost 

Keeping    System   
Preference    of    Employment    to    Residents 

of    Cities   
Roads;    Convicts   108, 
Roads;  System  of  Day  Labor  in  Wisconsin 
Time      Studies;    Filter    Sand    Cleaning    at 

Philadelphia      
Track  Raising  Costs   

LacoUe    Junction    Bridge,    Richelieu    River, 
Quebec     532.  542, 

Lagging  for  Concrete  Floor  Forms.  Adjust- able  Shore  and   Mat   
Lake    Mareotis,    Egypt.    Drainage    Pumping 

Plant       
Lake  Superior  Iron  Ore  Shipments   
Land-Clearing   Machine,   Powerful  Steam... 
Larz    Anderson    Bridge.    Design    and    Con- 

struction     •_■ 
Lawn    Sprinkling    Data   165, 
Legislation: 
Engineering  Law.   Discussion  of   551, 
Railways;    "Full-Crew"   Bill  in   Missouri.. 
Road;    Economic    Considerations   
Road;   Part   the   Engineer   Should   Take  in 

Present   Day   
Road;  Right-of-Way;  Securing  and  Control 
Water  Bills,   Lien  on  Real  Property;   Dis- cussion    of   

Water  Suit;  Michigan  Supreme  Court  De- 
cision  in  Kalamazoo  Case   

Lethbridge  Viaduct,  Alberta,  Canada   
Letort  Snring.   Carlisle,  Pa.,   Sewer  Crossing 
Level.  Hand,  in  Highway  Location,  Abney. . 
License  Laws   for   Engineers,    Uniform   
Lime  Mortar;   Strength  Specifications   
Loading  Wagons;  Devices  for   

.7   120,  238.  372,  469,  510, 
Locomotive     Cranes   328, 
Locomotive.    Gasoline,    for    Mines.    Tunnels, 

Contractors'   Haulaije,   Etc     
Locomotive    Terminal:     Design    and    Equip- 

ment.   Communipaw,    N.    J   
Louisiana;  Roads;  Mileage  and  Average  Cost 
Lowell.      Mass..      Decarbonation      of      Well 

Water   Supply   • 
Lowell,  Mass.,  Iron  and  Manganese  Removal 

from  Well  Water   
Lumber  Exchange  Building.  Chicago   
Lytham,    England,   Width  and   Arrangement of  Streets   

16 

440 
125 107 

426 
264 

lOS 

561 

451 
129 
397 
5S0 

471 

65 
374 491 

125 
397 

579 
75 

585 119 

118 
576 
166 

334 

311 

552 
472 
521 

471 
523 425 

487 
6 

151 
44 
97 
73 

548 
433 

Macadam: 

Asphaltic  Oil  Treatment     325 
Asphaltic;  Removing  Surface,  Methods  and 

Costs     532 
Asphaltic;  Reworking  Into  Asphaltic  Con- 

crete      532 
Asphaltic;   Ftoads  in  Fulton  County,  Geor- 

gia      441 
Bituminous;    Penetration   Method   524,  692 
Bituminous;    Repair    and    Maintenance    in 

Pennsylvania         591 
Bituminous;    Southern    California;    Methods 

and  Costs         13 
Bituminous   Surfaced;    Maintenance,    Cali- 

fornia     ,     122 
Definition  of  Terms  Applied  to  Pavement.   491 
Illinois,   Standard  Cross   Sections     114 
Maintenance   of  Old   Roads       14 
Oiled;  Roads  in  Fulton  County,  Georgia...  441 
Pavements;     Traffic     Limits     on     County 

Roads       445 
Preservation    of    Waterbound     404 
Pressure  of  Loads;   French  Experiments..   571 
Resurfacing  Waterbound    536,  537 
Resurfacing  Worn  or  Obsolete  Pavements 

on  Country  Roads   351,  357 
Road  Construction  in  Texas     325 
Roads;   Iowa  Standard  Cross-Sections        36 
Surfacing  with  Bituminous  Cai-pet.   Costs.   524 
Treatment     of    Worn-out    Ravelled     Sur- 

faces         14 
Waterbound,    Construction   Methods     325 
Wateroound;  Design  of  Country  Roads....   257 
Waterbound;    Maintenance;    Pennsylvania.   592 
Waterbound;   Preservation  of     404 
Waterbound;   Resurfacing    536,  537 
Waterbound:     Specifications    with     Refer- 

ence to  Rolling     595 
Machine    Shops   39,  560 

Machinery  and  Appliances: 

Air  Compressors  for  Caulking  Lead  Joints 
in  Water  Pipe   

Apparatus  for  Taking  Samples  of  Air  In- side Sewer     
Asphalt   Hand    Burners   
Asphalt  Mixing  Plant   282,  550, 
Asphalt   Plant;    Portable   
Bender  for  Reinforcing  Rods   
Bituminous    Concrete    Mixer   
Bitumen  Distributor,  Hand;  Cone-shaped 

Delivery      ".   Bitumen  Distributor;  Pressure,  Trailer 
Type      

Bituminous    Distributors,    Other   13, 
Blaisdell  Filter  Sand  Washing  Machine. 210, 
Block  and  Hook,  Fifty-ton   
Boilers,  Steam;  Maintenance  and  Inspec- tion     
CJamera;   .t^utographic   Kodak   
(iatch  Basin  Cleaning  Machine,  Portable. . . 
(ilamp;   Adjustable  for  Tie   Rods   
Clamp  and  Tightener  for  Wire  Ties   
(Compressed  Air;  Data  on  Volume  Re- 

quired, etc   
Concrete  Hoisting  Tower,   Telescoping   
Concrete  Mixer  and  Atomizer   
Concrete  Mixer;  Kerosene-engine  Oper- 

ated; Improved  Cast  Drum   
Concrete  Mixer,  Rail  Track   
Concrete  Mixer;  Removable  Discharge 

Hopper       
Concrete  Mixing  and  Placing  Equipment.. 
  253,  258, 

Concrete  Road  Finishing  Machine   
CTranes;    Locomotive      328, 
Cranes:  150-ton  Floating   
(iranes;    Traveling      
(brusher;    Fort    Wayne    Portable   
Curb  Bar;   Continuous  Bond   
Derricks;  Portable.  Mounted  on  Motor 

Trucks      

Dipper;  Dredge;  Manganese,  10-cu.  yd. 
Capacity      

Drills;  Hammer,  Repair  Costs   
Drills;   Rock;  Data  on  Compressed  Air.... 
Engine;   Low  Grade  Fuel  Oil,    for  Genera! 

Service      ._. . . 
Drag     Scraper     and     Wagon 

Large    Electric    Dragline   
Light  Portable,   for  Sand  and 

96 

50 

101 
362 

Excavator; 
Loader 

Excavator; Excavator: 

Gravel Fire  Alarm  Attachment  for  Pressure  Re- 
cording Gage   

Gas  Engines:  Notes  on  Installation   

Gasoline      Locomotive      for      Contractor's Haulage       
Gravel  Washer.    Portable   70, 
Hoist:    Electric    for  Heavy   Service   
Hoist:    Hydraulic    Dumping,    on    Packard 

Truck      
Hoist:   Large  Size  Gasoline   
Hoist:     Portable.     Air-operated   
Hoisting  Engines;  Compressed  Air.  Data.  . 
Land  Clearing  Machine.  Powerful  Steam.. 
LininsT  Wrought  Steel  and  Cast  Iron  Pipe 

With   Cement.  Apparatus  for   

Locomotives   (see  "Locomotives"). Locomotive    Crane;    Erection    of    Building 
Steelwork      

Locomotive    Crane,    Fifty-ton,      for     New 
York  Navy  Yard   

Malleable  Coupling  for  Reinforcing  Bnrs.. 
Measuring    Apparatus    for    Run-off    From Sewered  Areas    
Meridiograph   
Metal  Spraying  Pistol   
Mixing    Plant:    Combination    Concrete   and 

Hot.  Bituminous  or  Asphalt   
Motor      Dump      Truck;      Attachment      for 

Spreading  Stone  Evenly   
Motor-truck  Attachment  for  Rapid  Closing 

of  Large  Gate  Valves   

290 

476 
483 
593 

550 

72 

325 

236 

24 

59 
211 
71 

178 
470 
69 

120 

372 

175 
470 
509 

237 

328 

72 
386 

550 
433 

16S 

221 

71 

238 

22 

510 
77 

17.5 

371 

548 

547 

372 

453 

53 

71 
470 

549 

168 

469 
281 

17.T 

166 

547 433 

328 
372 

115 

70 

326 

549 

120 

454 



Engineering   and    Contracting 
Machinery  and  Appliances:   (continued) 

Motor    Truck;    Hydraulic    Dumping    Hoist 
Mounted  on       164 

Motor  Truck;   Quadruple  Drive     167 
Oil   Sprayer;    Compact  Trailing     23s 
Paving  Mixer,    ̂ ;on-tilting     327 
Pavement  Pickiner  Machine     32S 
Pipe  Cutter,  Hand-operated  Ratchet     IBS 
i-umping;  Booster,  Rapid  Installation       11 
Pumping;   Design            9 
Pumps,    Centrifugal    Drainage     142 
Pumps;  Humphrey;  Large  Di'ainage  Plant 

in  Egypt        US 
Rail  Clamp  for  Steam  Shovel       72 
Recording    Temperature    Device    for   Bitu- 

minous  Paving  Work     549 
Rivet  Set  Retainer  for  Pneumatic  Riveters     72 
Riveting  Hammer;   Safety   Device  for     23S 
Road  Drag;  Wooden,  Construction  and  Use  213 
Road  Hauling;  Salvage  of   195,  361 
Road  Rollers    259,  361,  509 
Rolls    for   Manufacturing   Reinforced    Con- 

crete Poles  or  Piles       22 
Sand  and  Grave!  Washer.  Portaole   70,  470 
Scraper,  Power;  Application  to  Gravel  Pit 

Excavation       46S 
Sewer    Atmosphere    Tests,    Apparatus    for 

Making       273 
Sewer  Pipe  Layer     54'J 
Slack  Belt  Drive,  Example  of    327 
Spike-tooth  Harrow  In  Road  Construction.     15 
Spreader    for    Sanding    Streets     371 
Sprinkler    Head.    Automatic     372 
Steam   Shovel;   Revolving,   for  Canal  Con- 

struction         21 
Steam  Tractor,  Hauling  Costs       45 
Steel  Cars   for  Tunnel  Construction     372 
Street  Sweeper,  Baker  Pick-up     469 
Street    Sweeper,    Motor     550 
Surface  Heaters,  Asphalt  Paving     483 
Tamping  Machine:   Self-Propelled  Power..   237 
Tape  Threader;  Metallic    23S 
Tie   Tamper,    Pneumatic     509 
Tractors;  Gasoline  General  Purpose     167 
Tractors:   With  Bottom  Dumping  Trailer.   166 
Trench    Tamper       328 
Trucks;   Underslung,   for  City  Refuse  Re- 

moval      236 
Wagon    Loading    Device   
  120,  238.  372,   469.  510,  54S 

■Wire-cut-lug  Brick;  Machine  for  Making.   120 Wire   Tightener  for  Concrete   Forms     260 
Madison,  Wis.:  Meterage  Notes     209 
Maine: 
Highway  Commission.  Work  of   261,  276 
I»ublic    Utilities    Commission,    Civil    Engi- 

neer  Member        531 

Mains,  W'ater: Breaks:   Causes  of;    Chicago     416 
Cast  Iron;  Allowable  Leakage  From     499 
Caulking  Lead  Joints  with  Compressed  Air  290 
Cleaning,  Demonstration  of  Mechanical     313 
Crossing  Chelsea  Creek.   Boston,   Mass....   129 
Designing  Small  Town  System     20S 
Extensions:    Provisions   Governing,    in    135 

American    Cities     381 
Galveston,  Tex     163 
Lowering   Methods   and    Cost     Data,     San 

Diego,  Cal    419 
Repairing  Leaks  in  40-ft.  of  Water     163 
Tunnel    for   Carrying;    Construction   Meth- 

ods and  Costs   73,   84.   129.  352,  451 
Weston  Aqueduct,    Boston,   Supply  Mains.     S4 

Management: 
City;    Abilene,    Kans     503 
City;    Dayton,    Ohio     297 
City;  Early  Difficulties  Encountered  Under 

New   Form   of    Government     551 
City;    Inglewood.    Calif     465 
City  Paving   Problems   552,  569 
Engineering;  Adoption  by  Contractors     573 
Inefficiency  in  Hiring  and  Discharging  Men  471 

Manganese  Removal  From  Well  Water  Sup- 
ply at  Lowell,  Mass     10] 

Manhattan    Bridge,    New    York         5 
Manhole    Cover.    Improved     282 
Maps;    County  Road,   Iowa   56,     58 
Market  Street  Bridge,  Youngstown,  Ohio. ...       6 
Maryland;  Bituminous  Shell  Roads     349 
Massachusetts: 
Road  Maintenance,  Division  Organization.     62 
Traffic  Conditions  and  Road  Maintenance..   607 
Water  Works  Costs;  Small  Plants     312 

Massena,   N.   Y.,   Stream  Flow  Tests  by  Ti- 
tration       261 

McKeesport,   Pa..   W'ater  Softening  and   Fil- tration Plant        33 

Memphis,   Tenn.: 
Bridge;    Design    of         6 
Dust    Laying   Methods     392 
Meterage    Notes        209 

Meridian.    Miss..    Joints     in     Vitrified     Clay 
Pipe,    Watertight   357 

Meridiograph          70 
Metal      Spraying      Process     for     Protection 

Against  Corrosion      326 
Meters;  Current;  Gaging  Stream  Flow      272 

Meters;  Water: 

Bonus    System    of    Paying    Readers   552,  558 
Consumption     and     Cost     of     Unmetered 

Water    Supply        310 
Costs  of  Installation  at  New  Orleans     165 
Milton,    Mass     312 
Milwaukee,    Wis..     tMirtailment    of    Water 

Waste,  and  Selection  of  Type     176 
Notes    from   Various    Cities    209 
Oregon;    Rules    Governing     Public     Utility 

Operations        177 
Repairs;    Cincinnati     163 
San   D.ego,   Cal.,    Specifications  Governing 

Purchase        291 

Selections    of    T^•pes,    Considerations    Af- 
fecting      175 

Meters;    Vv'ater:    (continued) 
Should  the  Unit  of  Measurement  Be  Gal- 

lon or  Cubic  Foot?    501 
Testing,  Rules  for,  in  Oregon     177 

Metropolis,   111.,   Bridge,   Across   Ohio   River, 
Design   Features        148 

Metropolitan    Water   District    of   Massachu- 
setts     73,    84,    129.    352,  451 

Mex,  Egypt,  Drainage  Pumping  Plant     118 
Michigan;  Concrete  Roads  in  Wayne  County  457 
Michigan   Central   Station   and  Office   Build- 

ing at  Detroit       SO 
Milton.    Mass.:   Water   Department   Methods 

of  Limiting  Water  Consumption     311 
Milwaukee: 

Sewerage     Problem     and     Sewage     Treat- 
ment  Testing  Station   367,  478 

Water  Works;   Curtailment  of  Waste  and 
Selection  of  Meters     176 

Milwaukee   County,   Wis.,    Cost  of  Concrete 
Culverts  and  Bridges    486 

Mining: 

Blasting  Fuse  for  Eliminating  Misfires   462 
Bulkhead.   Reinforced  Concrete;    Construc- 

tion Methods  and  Costs     309 
Drilling  Speeds  at  Twenty-four  Tunnels..   135 
Drills;    Rock,   Tests  of  Efficiency     463 
Shaft   Sinking  Methods     251 

Minnesota;   Culverts;  Specifications  for  Cor- 
rugated Metal         16 

Miraflores:  Aeration  Basin  of  Water  Purifi- 
cation Plant     489 

Mississippi;     Gravel    Road    Construction    in 
Lowndes  County      301 

Missouri:    "Full-crew"    Bill;    Significance   of 
Voting   Down        472 

Mixers;   A.sphalt     282,  550 
Mixers;   Bituminous      282,  549 
Mixers;  Concrete: 
Atomizer  and   Mixer     509 
Kerosene  Engine  Operated;  Improved  Cast 

Drum         237 
Mixing  and  Placing  Machines   253,  258,  386 
Rail  Track        328 
Removable   Discharge   Hopper       72 
Truck-Mounted;  Vibration  Absorber       23 

Montana;  W'ater  Supply;   Chemical  Stand- ards for  Purity  of      178 
Montreal,  Que.: 

Canadian    Pacific   Car   Shops.   Design   and 

Operation      '-     406 St.   Lawrence  River  Bridge         2 
Tunnel  .Surveys  of  Canadian  Pacific  Rail- 

way      383 
Monuments;   Street:   St.   Paul.   Standard       46 
Moorestown.      N.      J.,      Remodeling     Sewage 

Treatment  Plant       47.1 
Morgan      Park.      III.,      Reinforced      Concrete 

Pavement       212 
Mortar : 

Lime:    Strength   Specifications       73 
Lining  Steel   Pipe       SS 
Proportioning   Concrete   Aggregate    150 

Motor  Trucks: 
Attachment   for   Rapid     Closing    of    Gate 

Valves       454 
Derrick   Mounted  on       22 
Dumping:  Attachment  for  Spreading  Stone 

Evenly        120 
Hauling  Gravel;  Test  at  Kenosha,  Wis     535 

Massachusetts   Traffic  Statistics     609 
Jeffrey  Quadruple  Drive     167 
Packard:   Hydraulic  Dumping  Hoist  on...   168 
Refuse  Collection       376 
Road  Maintenance  Work  in  California.  123,  124 
Underslung;  for  City  Refuse  Removal     236 
Water  W'orks  Service  at  Worcester,  Mass.  333 

Mount    Royal    Tunnel     383 
Mover  Joint  Plate  for  Concrete  Pavement..     23 
Mud  Lake  Bridge,  Ontario     300 
Municipal: 

City  Manager  Form  of  Government:    Re- 
sults     297.  465,  503 

Commission-Manager  Government;  Results 
at  Abilene.  Kans     503 

Competitive  Bidding  Between  Hired  Forces 

of  City        19.5' Engineers;  Developing  Field  for     421 
Engineering  Departments;  Principles  Gov- 

erning Organization       253 
Engineering;   Educating  the  Public     573 
Engineering  Problems:  Application  of  Ge- 

ology       179 
Improvements:    War   Effect    on     283 
Pavements;   Need  of  Expert  Advice     196 

Muscatine-Louisa   Drainage   District.   Illinois  412 
Mystic  River  Tunnel     352 N. 

Nashville,   Tenn.;   Water  Meterage   Notes...  209 
New   Bedford,   Mass.;   Paving  Cost       96 
New   Canaan,    Conn.;    Pressure   Type   Filters 

.    Design  and  Operating  Costs     132 

New  England  Water  W'orks  Association....   220 New     Kensington,     Pa.;     Water     Filtration 
Plant       98 

New    Orleans: 
Fire    Hydrants,    Regulations       52 
Sewage     System;     Methods     and     Cost     of 

Making   House  Connections      203 
S'^werae-e   Plumbing   Inspection       69 
Water   Service   Connections;   Methods   and 

Costs    of    Installing     164 
New  York  City: 
Drainage  System  Recommended       17 
Sewerage;    Report    of    Metropolitan    Com- 

mission     1,     17 
Vault  Space  Under  Streets,   Ownership  of  195 

New  York  State: 
Highway  Commission:   Division  Organiza- 

tion      235 

New  Y'ork  State  (continued): 
Highway  Commission,  Methods  of  Labeling 

and  Filing  Plans     324 
Highway  Commission;  Method  of  Sampling 

Materials        158 
Highway  Commission;  Recent  Revision  of 

Standards         94 
Public   Service   Commission;    Engineer  for  472 
Road    Construction   Materials,   Methods   of 

Sampling         159 
Road   Maintenance     349 
Road     Standards       94 

Newark,    N.    J.,    Granite   Block  Pavement...   360 
Newburgh.    N.    T. ;    Asphalt   Block   Pavement     43 
Newton,   Mass.;   Water  Supply  Tunnel       84 
Newport.    R.    1.,     Street    Sprinkling;    Water 

Used        596 
Niagara    River   Road;    Resurfacing   Methods 

and    Costs   536,  537 
North  Side  Point  Bridge.  Pittsburgh.  Pa     196 
North    Star   Mine,    California,    Drilling   Costs 

and   Tests     463 

O. 
Ohio: 

Concrete     Roads;     Construction     Methods 
and  Costs  and  Service  Records    160 

Highway    Department     487 
Road    Supervision    Costs     487 

Ohio  River;  Filter  Wells  and  Cribs,  Use  of..  250 

Oil: Road;  Specifications;  San  Joaquin  County, 
Cal.       129 

Sprayer;    Compact   Trailing     23S 
Spraying  Machines       59 

Ontario,    Canada;    Roads,    Economics;    Rela- 
tion to  Hauling  of  Farm  Produce     215 

Open  Hearth  Building  of  Pennsylvania  Steel 
Co   ■     602 Oregon;  Water  Utility  Operation.   Rules  for  li7 

Oxy-Acetvlene;     Welding     Equipment     and 
Process   175,    199,  282 

Ozone;  Eftects  on  Algae  Growths       53 

P. 

Paints: 
Bridge;    Cost   of   Labor   and   Material;    St. 

Louis    Municipal       65 
Bridge    Steelwork     242 
Exposure    Tests     138 
Floors;    Cement     138 
Portland    Cement    Surfaces     138 

Palms   Mine,    Bessemer,    Mich.,    Shaft   Sink- 
ing  at     251 

Panama  Canal: 
Concrete     Block    Molding    for    Permanent 

Buildings         30s 

Cost  Estimates;  Interest  Durin''  Construc- tion       351 
Dredges,  New;  10-cu.  yd.  Dippers  for    510 
Slide  at  Culebra,  Rapid  Excavation     466 

Panama  City.   Standard  Garbage  Can       77 
Panama  Pacific  Exposition: 
Dome  of  Horticultural  Building   305,  314 
Sewerage    System   421,  434 

Road     Repair     and     Maintenance     Costs; 
Boston       234 

St.  Louis;  Unit  Cost  Keeping  System    374 
Pavements: 
Albany,  N.   T.,  Unit  Prices    96 
Asphalt   Block;    Characteristics   and   Costs  443 
Asphalt   Block;   Methods  of   SampUng  Ma- terials :   New  York    159 

Asphalt  Block.   Newburgh,   N.  Y    ';2 
Asphalt;    Characteristics    and    Advantages of   Type   X- :  ;!?- 

Asphalt:  Differentiation  of  Natural  and  Oil  34i 
Asphalt;    Length   of   Guarantee    47 
Asphalt  Macadam,   Georgia    441 
Asphalt;    Philadelphia    92 
Asphalt;    Resurfacing   Methods   and    Costs 

in    Brooklyn    483 
Asphalt,   Rock;   Salt  Lake  City    460 
Asphalt;   St.   Paul.   Minn..   Costs    62 
Asphalt;    Sheet;    Baltimore.   Md   344  345 
Asphalt;  Sheet;  Patching  with  Bituminous 

Conci'ctG       i>H.) 
Asphalt;   Sheet:   Salt  Lake   City    460 
Asphalt:   Triple   Roller  for    361 
Asphaltic  Concrete.   Specifications    189 
Asphaltic  Macadam,   Resurfacing    532 
Assessments;    City    Problem   551  569 
Baltimore,    Md..    Methods    344 
Bitulithic;     Characteristics    443 
Bituminous  Binder;  Properties  and  Appli- 

cation      13 
Bituminous   Concrete;    Baltimore,   Md    345 

Bituminous:    Elimination   of   "Waves"    361 
Bituminous    Macadam    Specifications    190 
Bituminous      Macadam.      Tamped      Earth 

Base,    Southern    California    13 
Bituminous:   Nomenclature    491 
Bituminous;      Sampling      Materials;      New 

York       159 
Bituminous  Surface  Treatments    93 
Bituminous,    Temperature    Recording    De- 

vice      548 
Brick;    Characteristics   and   Advantages  of 

Type       412 
Brick;  Construction  Notes    533 
Brick;   Reconstructing  by  Turning    537 
Brick;    Sampling;    Methods    of    New    York 

Highway   Commission.    159 
Brick;      Specifications      of      Pennsylvania 

Highway   Department    188 
Brick;     Rpeciflcations    with    Reference    to 

Rolling       595 
i^nck;    Wire-Cut-Lug    120 
California:    Bituminous    Macadam,    Meth- 

ods  and   Costs    13 

Concrete    and   Macadam    Bases-    Oakland, 
Cal    461 

I 



Engineering   and    Contracting 
Pa\"ements;    (continued) 

Concrete;     Armor     Plate      tor     Expansion 
Joints           4(59 

Concrete;    Design      '"   570 
Concrete;    Foundations   ••-••   ̂ ^^ 
Concrete;    Glencoe,    III..    Design   and  "con- struction              393 
Concrete;  Joint  Plate  for       23 
Concrete;   Reinforced,   Morgan  Park,   111        212 
Concrete;    Sampling   Materials;   New   York 

State        159 

Concrete;   Street  and  Alley,  Garv.  Ind. !.    '   596 Concrete;    Treatment   of  Car   Tracks     260 
Conorete;    Types   of   Concrete   Curbs   Built 

Integral   with   534    595 
Concrete:    Wayne    County.   Michigan   .'457 Convict  Labor.   Pulton  County,    Georgia...  441 
Costs;    Asphalt     Repairs       62 
Costs;   Asphalt.   Resurfacing     483 
Costs;    Bituminous    Surface       13 

Costs;     Brick;    Reconstruction   ...'.  537 Costs;    New    Bedfora,   Mass       96 
Costs;    Philadelphia    Average    361 
Curb;    Concrete   42.  534 
Curbing;    Baltimore,    Md   .'  345 Cutting  for  Repair.  Concrete  Base    160 
Design ;    Concrete     57O 
Excavation;     Steam     Shovel,     Old     Gravel 

Macadam          43 
Expansion  Joints  in  Reinforced  Concrete.!  212 
Foundations;    Concrete       43 
Foundations;     Stone       13 
Glendale.     Cal       13 
Grades;   Limiting,   for   Various  Pavements 

in    Pennsylvania    537 
Granite   Block;   Asphalt   Surfacing    485 
Granite   Block;    Baltimore   Methods     3.4 
Granite    Block;    Philadelphia       99 
Granite  Block;   Reclipped,   Use  in  Various 

Cities         358 
Macadam:  Concrete  Base;  Oakland,  Cal...  461 
aiacadam;    Definition    of    Term     491 
Macadam ;   Philadelphia       92 
Macadam:   Preservation  of  Waterbound. . .   404 
Macadam;    Resurfacing    Waterbound     536 
Macadam;   Resurfacing  Worn,   on   Country 

Roads      351    357 
Machine    for    Street    openings   and    Tamp- 

intr     Trenches     328 
Maintenance;       Procedure      in      American 

Cities     552,  569 
Maintenance;    Relative   Economy   of   Vari- 

ous Types    444 
Mixer  and   Paver.    Non-Tilting  Type     327 
Mixer;    Rail   Track    328 
Morgan   Park.    111.,   Reinforced   Concrete...   212 
Municipal;   Need  of  Expert  Advice     196 
Newburgh,    N.    T       42 
Oakland,    Cal.,    Adaptability    and    Cost    of 

Concrete    and    Macadam    Bases     461 
Oiled    Macadam;    Georgia     441 
Openings;   Control  in  Small  Cities    329 
Openings;  Control  of,  and  Cost  of  Restora- 

tion   in    Cincinnati     347 
Philadelphia;   Notes  on  Reconstruction       92 
Relative   Values  of  Paving  Materials     442 
Repairs;  Use  of  Hammer  Drill  for  Cutting  160 
St.  Paul,  Minn.,  Cost  of  Repairs  to  Asphalt  62 
Savannah.     Ga.,     Cost    of    Reconstructing 

Brick       537 
Selection   of   Type;    City  Problem   552,  569 
Selection  of  Type  for  Country  Roads;  Im- 

portance   of    Trafnc    Statistics     531 
Sheet  Asphalt;   Characteristics  and  Costs.   443 
Specifications;   Pennsylvania  Highway  De- 

partment        188 
.Specifications  with  Reference  to  Rolling...   595 
.Stone  Block;    Asphalt   Surfacing     4S.'. 
Stone  Block;  Value  of  Materials     442 
Stone:    Quarrying    and    Crushing.    Convict 

Labo"   in    Georgia. ._     440 
Stone;     SampUng;     New     York     Highway 

Commission         159 
Street   Car  Tracks:    Baltimore,    Md     346 
Sub-Grade:    Preparation    of       13 
Surfaces;  Bituminous  Methods  and  Costs.  13 
Syracuse,   N.   T.,  Investigation  of  Problem 
     552,  569 

Traffic   Conditions;    Selection   of   Type  Ac- 
cording  to     443 

Traffic   Limits   on   Countr'-    Roads     445 
Traffic    Limits   of  Various   Types     403 
University  Report  on  Akron's  Streets     196 
Vitrified  Block:  Baltimore.  Md   344,  345 
Wood  Block ;   Baltimore.  Md    345 
Wood   Block:  Characteristics  and  Economic 

Value        442 
Wood    Block:    Long-Leaf   and    Short-Leaf 

Pine          93 
Wood  Block;  Oil  Treatment.  Light       93 
Wood   Block;   Philadelphia,   Reconstruction 

Notes          92 
Pawtucket,  R.  I.,  Device  for  Cleaning  Catch 

Basins           69 
Pennsylvania: 
Highway  Department    Work  of   169,  186 
Location    and    Limiting    Grades    on    State 

Roads        537 
Roads;  Maintenance  and  Repair  of  State..   590 

Pennsylvania    Steel    Co.,    Plant    at    Steelton, 
Pa     602 

Philadelphia: 
Cle.Tnine  of  Filter  Sand;   Time  Studies   57;i 
Clean-Un    Week,    Results       47 
Competitive  Bidding  Between  Hired  Forces 

of  City     195 
Excavation  on  Paved  Streets;  Control  of..     47 
Granite    Block    Pavement    359 
Pavement    Construction    and   Repair    Cost 

for    1913    361 
Recording    Sub-Surface    Structures       24 
Repaying    Notes   ;       92 
Sewage    Collection    and    Treatm.ent     205 
Sewers;    Intercepting       GS 

Philadelphia:    1  continued  .1 

Street    Traffic    Control    391 Photographic    and   Blue    Print   Work,    Costs 
tor  Salt  Lake  Engineering  Department  486 Piers: 

Bridge;    Chicago    Ave    4')7    431 

Bridge;   Costs        ''  5^6 
Endge;  Illinois  State  Highways   '.liV,  o'M Bridge;    Larz   Anderson    335 
Bridge;    Specifications     390 
Bridge;   Steel  and   Masonry,   Ganges  River  478 Commonwealth,      Boston,      Mass.,      Design Features       170 

Concrete;    Reinforced,    Office    Building.'!,'!.'     SO Design ;   Bloomfleld   Bridge    296 
Design;    Boston,    Mass.,    Commonwealth...    1,'J 
Foundations;  Concrete.  Supported  on  Piles  170 
Quebec  Bridge,    Construction   Features     104 Reservoir;    British    Design    519 Piles: 

Concrete;    Bridge   Abutments     492 
Concrete;   Casting  and  Driving     493 
Concrete;    Reinforced     447 
Concrete;    Reinforced;   Machine  for  Manu- 

tacturin-  by  Rolling       22 
Costs;  Oak  and  Pine     428 
Driving  Costs  and  Equipment   427,  42S,  .Sbo 
Spruce;  Chelsea  Creek  Pipe  Line  Tunnel..   452 
Wood ;    Bridge  Foundation     335 
Wood;  Commonwealth  Pier  No.   1,  Boston, 

Mass    170 

Piling:  
...   iiu Costs;    Driving  and   Furnishing   430    432 

Oregon  Fir;  Tests  to  Determine  Effects  of 
Creosoting            431 

Sheet;    Well,    Atlantic    City   !!   355 
Steel    Sheet;    Cofferdam   427,431 
Steel    Sheet;    Cold    Rolled     470 
Steel  Sheeting;  Foundation  Protection     003 
Wood;  Abutment;  Steel  Highway  Bridges; 

Iowa   Standards     104 
Wood:   Pier  Foundations,   Seattle   Building  447 
Wooden    Sheet     430 

Pine;    Long   Leaf  and   Short  Leaf   for  Wood 
Blocks           93 Pipe: 

Cast    Iron   
131,  151,  163,  238,  312,  374,  377,  383,  499,  538 

Concrete;    Reinforced;    Electrolysis;    Study 
of    Effects     291 

Concrete;  Reinforced  Reservoir.,     677 
Cutter   for   Iron    or   Steel;    Hand   Operated 

Ratchet       168 
Drain    Tile;    Specifications   and   Construc- 

tion  Practice    182 
Drainage;  Spiral  Riveted;  Kerr  Lake,  Ont.  143 
Geology;  Application  to  Engineering  Prob- 

lems in  Laying  Sewer  and  Water     180 
Sewer;     Cast     Iron,     Inverted    Siphon     for 

Stream    Crossing     151 
Sewer;    Machine    for  Laying    549 
Sewer;  Relocation  Survey  of  Underground, 

Cincinnati       153 
Sewer;    Wood    Stave    437 
Steel   SS,  538,  547,  577,  598,  599 
Threaded    Cast-iron     238 
Underground;    Electrolysis     291 
Vitrified    Clay     357 
Wood  Stave   421,  422,  437,  511,  516 

Pipe,    Water: 
Burlington.   Iowa       52 
Cast  Iron  and  Specials.   Costs     131 
Cast  Iron;  Corrosion.  Prevention  of    377 
Cast    Iron;    Cost    of    Laying    for    Railway 

Service        383 
Cast  Iron;   Lengthening  the  Life  of     374 
Cast  Iron,   Milton.   Mass    312 
Cast  Iron;  Repairing  Leaks  in  Sub-Merged 

Water  Main     163 
Cast-iron,    Threaded     238 
Caulking  Lead  Joints  by  Compressed  Air.   290 
Cement  Lining;   Apparatus  for  Applying..  547 
Cleaning,    Mechanical,    Boston    313 
Corpus  Christi.   Texas.   Supply  Line     599 
Costs  of  Laying  36-in     131 
Costs  of  Laying  Weston  Aqueduct       84 
Design:    Submerged.    Flexible    Jointed       52 
Design  of  Wooden  Stave,  Machine  Banded  422 
Design;    Thickness.    Weight.   Loads;    Small 

Town   System     208 
Electrolysis;   Destructive  Effects  and  Pos- 

sibilities   of    Mitigation     292 
Excavation   for  Trenches.   Costs       86 
Gravity   Line;    Leakage;   Novel  Method    of 

Measurement         521 
Installation    of   Service.    Proper     501 
Joints;    Chelsea    Creek    Line     453 
Joints:    Flexible   52,    452,  539 
Joints;   Insulated;  Providence.  R.   1     454 
Joints ;    Insulating   293.  454 
Joints;     Method    of    Making    in    Vitrified 

Clay        357 
Loads        208 
Meridian.   Miss    357 
San  Diego.  Cal.;  Rapid  Installation       11 
Steel;  Lining  with  Mortar       88 
Steel;    Lining  with  Cement    547 
Steel;  Pittsburarh  Reservoir     577 
Steel:   Protection  of  Riveted     593 
Submerged    Line   at    Portland.    Ore.,    Con- 

struction  Methods  and  Costs    538 
Tunnel  Construction  for  Boston,  Mass   
  73,    S4,   129,    352,  451 

Tunnel  Under  Chelsea  Creek,  Design     451 
Vitrified    Clay:    Joints    357 
Wood  Stave:   Increasing  Life  of     511 
Wood  Stave;  Series  of  Articles  on    421 
Wood  Stave;  Use,  Design  and  Durability..  516 
Wood  Stave:  Uses  and  Misuses    422 

Pittsburgh.   Pa.: 
Bloomfleld    Bridge   240.  295 
Meterage   Notes     209 
North    Side    Point    Bridge.    Design   of   Ap- 

proaches       196 

Pittsbui.gh:   (continued) 
North    Side    Reservoir;    Design    and    Con- 

struction       577 
Sewer    Explosion    Investigations     476 

Plumbing  Inspection  at   New   Orleans       69 
Poles;     Concrete;     Reinforced:    Machine    tor 

Manufacturing   by   Rolling       22 
Portland.     Ore..     Water     Pipe     Line.     Sub- 

merged;   (Construction   and   Repair   538 

Portland  Cement  (see  "Cement"). Posts;  Sign;  Concrete,  New  York  Standards    94 
Power  Houses: 
Arizona  Copper  Co.,   Design,   Construction 

and   Unit   Costs    262 
Design;     Locomotive     Terminal     at     Com- 

munipaw,   N.   J       37 
Power;   Transmission   Line  Costs     308 
Prairie  du  Chien,  Wis.,  Pontoon  Bridge     392 
Pressure    Gage,    Recording,    Fire   Alarm    At- 

tachment        453 
Pressure   Type   Filters     132 
Provdence,    R.    I.:    Type    of    Insulated    Pipe 

Joint    Successfully    Used     454 
Public    Buildings;    Procedure   in   Authorizing 

and    Construction     239 
Public   Buildings;    Proposed   Federal   Bureau 

for  Standardization   of         1 
Public  Utilities  Commissions; 

Maine;   Civil  Engineer  Member     531 
New   York   State,   Engineer   for     472 
Rules  for  Operation  of  Utilities  in  Oregon  177 

Public  t^tilities  Valuation  (see  "Appraisal"). 
Publicity  Work   of  the   Cleveland   Engineer- 

ing Society     573,  574 
Pumping    Engines;    Designing    Small    Town 

Water   Works   System    208 
Pumping  Machinery: 
Drainage;  Steam  vs.  Electric    413 
St.     Louis;     Design     of     Turbine     Driven 

Centrifugal    Pumps         8 
Tests;    St.    Louis         9 
Water   Works    in   Massachusetts,    Cost   of 

Small       312 
Pumping  Plants: 

Chicago     Water     Works;     Installation     of 
Centrifugal     Pumps     424 

Drainage;    Comparative    Steam    and    Elec- 
tric   Layouts    412 

Drainage;  Kerr  Lake,  Cobalt,  Ont     141 
Drainage,    Mex.,    Egypt     118 
Gas   Engine   Installations       53 
St.  Louis,   Mo         8 
San   Diego,    Cal       11 

Sewage ;   Day tona,  Fla   '.     525 Steam   vs.    Electric;    Illinois   District,    No. 
13        412 

Water   Works;    Columbus,    Ga     497 
Water  Works,   Small  Town   Costs     312 Pumps: 

Booster;  Rapid  Installation,  at   San  Diego    11 
Centrifugal;     Chicago    Water    Works,    In- 

stallation         424 
Centrifugal  Drainage;   Kerr  Lake,  Ont....   142 
Centrifugal;    Turbine    Driven,    Design;    St. 

Louis             8 
Drainage    Plant    at    Mex,    Egypt;    Large 

Humphrey   Installation     118 
Filtration  Plants,  Design  tor    229 
High   Lift,    Water   Supplv,   Corpus  Christi, 

Texas       599 

Quebec  Bridge: 
Construction  Features  of  Substructure. 
Foundation    Construction   

104 
300 

Rail  Clamp  for  Steam  Shovels  and  Cars.. 23,     72 
Railways : 

Appraisal:   Adverse  Freight  Rate  Decision 
.as   Incentive   for  Haste     145 

Appraisal;    Development    Cost     169 

Bridges    (see   "Bridges"). Car   Shops;    C.    P.    Ry.,   Montreal;    Design 
and    Operation    406 

Cars;   Steel,  for  Tunnel  Construction    372 
Cars;  Tractive  Resistance  of  Electric       24 
Cinder    Pits       40 
Coaling    Station       39 
Develoment  Cost;  Earliest  Recorded  Esti- 

mate        169 

Engines    (see   "Locomotives"). "Full  Crew"  Bill  in  Missouri     472 
Industrial;    Concrete   Road    Construction.. 
   258,  458 

Locomotive     Terminal    at     Communipaw, 
N.   J       37 

Ivocomotives  (see  "Locomotives"). 
Machine  and   Blacksmith   Shops       39 
Michigan  Central  Station  and  Office  Build- 

ing  at   Detroit       80 
Rail  Clamp  for  Steam  Shovels  or  Cars.. 23,     72 
Raising  Tracks.   Costs       75 
Rate.  Freight.  Decision  and  Completion  of 

Appraisals        145 
Roundhouses          38 
Securities;    Soliciting  Public  Confidence...   261 
Stations:   Michigan  Central.   Detroit       80 
Street;    Concrete    Paving   Between    Tracks  260 
Tie   Tamper;   Pneumatic     509 
Tunnel  Surveys;   Mount  Royal:   C.    N.  Ry.  383 

Tunnels    (see   "Tunnels"). Turntables          39 
Water   Pipe.    Cast   Iron    Service;    Cost   of 

Laying        383 
Rainfall: 

San    Francisco    436 
Sun    Spots   and    Sequoia    Trees;    Interrela- 

tion      397 



xu Engineering   and    Contracting 
Rates: 

PYeight;    Adverse    Decision    and    Railway 
Appraisals         145 

Water;  Data  Compiled  by  American  Water 
Works  Association     169 

Water;  Value  of  Water  Rights,  California 
     26,     36 

Record  Keeping  Methods: 
California    Highway    Commission     194 
Highway  Bridge  Costs.  Illinois  Commission  200 

Red  River  Bridge,  Canada     299 
Refuse  Collection  and  Disposal: 

Chicago       377 
Costs,      Municipal;      Collecting,      Hauling, 

Transferring    and    Transporting     376 
Destructors;    Design   and   Operation   Feat- 

ures       501 
Engineering    Department,    City    255 
Incinerators;    Design.    Test   and    Operating 

Cost.    Regina,    Sask       27 
Motor  Truck  and  Barge  Transportation . . .   377 
Odors:   Elimination   During  Collection  and 

Disposal    Process       570 
Regina.  Saskatchewan,  New  Incinerator  at    27 
Underslung  Truck  for  City  Collection    236 

Regina,    Sask.,    New    Municipal    Refuse    In- 
cinerator          27 

Reinforcement: 
Beam     and     Column     Design;     Causes    of 

Failures       516 
Bender;  Truck-Mounted,  Power  Operated.     72 
Bridge    Construction   148,   433,  494 
Columns;  Concrete;  Lessons  of  the  Edison 

Fire       597 
Concrete   Arch   148,    337,338 
Corrosion    of     512 
Costs;   Bars  for  Bridge  Substructure    433 
Curb   Bar;    Continuous  Bond     238 
Defection   Formula  for  Beams       78 
Malleable  Coupling  for  Bars  or  Rods     372 
Reservoirs:    British    Design    519 
Roads :   Morgan    Park.    Ill     212 
Roof   Monitor;    Ford    Motor   Building     220 
Roof;  Westminster  Hall,  Proposed  Recon- 

struction        172 
Selection    of   Materials       36 
Steel;    Tensile    Stresses     366 

Reports: 
New  York  City;  Sewerage  Commission.  .1,     17 
Pavements;  Municipal  University  of  Akron, 

Ohio,   Investigation     190 
Sewerage;  New  York  City  Commission.  .1,     17 

Sewerage;    Scope  of  Engineer's   Report  at Saskatchewan        155 
Water  Department,  Annual,  Value  of         1 
Water  Purification;  Effort  to  Secure  Uni- 

formity      332 
Water  Supply;  Saskatchewan;  Regulations 

Governing    Preparation     131 
Water  Works;  Data  Collected  by  American 

Association         169 
Research;  Work  of  American  Society  for  Test- 

ing Materials          74 
Reservoirs: 

Concrete;    Water   Works,    Notes    on    Con- 
struction         54 

Concreting   Plant     57.S 
Design;    British    Practice    519 
Design;    Circular  vs.   Rectangular    519 
Distributing;  Costs  of  Massachusetts  Small 

Town  Water   Works   312 
Distributing;      Design      for      Small      Town 

Water   Works    System    208 
Filtration  Plant;   Columbus,   Ga    498 
Impounding;    Toulon.   France,    Water   Sup- 
^ .  .p'y       35 
Lming         57^ 
Reinforced    Concrete;    British    Practice    in 

Design    of     519 
Water  Supply;  Columbus,  Ga    497 
Water  Supply;  Notes  on  Construction       54 
Water  Works;  Pittsburgh,  North  Side;  De- 

sign  and    Construction     r>T7 
Watertightness         519 

Retaining  Walls: 
Basement;     Improvement    in    Methods    of 

Construction     351,  362 
Bridge;   Design    493 
Concrete;  Maine  Specifications  and  Stand- 

ards      276 
Design;    Bloomfield    Bridge     296 
Design;   Monolithic  Construction   351,  362 
Design;    Reinforced    Concrete   146,581 
Reservou'        577 

Rhine  River  Bridge,   Bonn,  Germany. ..'....".       6 Richmond,   Va.,   Water  Meterage  Notes    209 
RicheUeu    River    Bridge,    LaCoUe    Junction, 

Quebec   532.    .S42,  5S5 
Riensch-Wurl  Sewage  Screens   273,   525,  530 Ripon,    Wis.;    Fire    Alarm    Attachment    for 

Pressure  Recording  Gage    453 
Rivers  and  HarDors: 

Appropriations;    Reform    in    Making       25 
Bulkhead  Wall  Construction;  Barge  Canal    91 
Dock  Structures,  Costs  of  Reinforced  Con- 

crete         92 
Innovation  in  Legislation    373 
Seawall  Foundation,  Rip  Rap  Embankment    90 
Stream    Flow;    Gaging    by    Titration   
„,       261,   270,  397 
W^ave  Damage   to  Breakwater       92 Rivet  Set  Retainer  for  Pneumatic  Riveters..     72 

Riveted    Connections,    Design    of    Eccentric, 
Formulas   for   512,  513 

Riveting  Hammer;  Safety  Device  for  Pneu- 
matic       238 

Road  Rollers: 

Crompton  Triple  Roller  for  Asphalt  Pave- 
ment      361 

Steam.    Care  of    509 

Tamping;   Preparing  Sub-Grade   '...'..'.     13 

Roads: 
Administration;  Merit  System     444 
Alabama;    State   Aid,    Construction   Meth- 

ods  and    Costs    504 
Alabama;    Work   of   State   Highway   Com- 

mission      491,  504 
Alaska;  Construction  of  Trails  and... 231,  302 

Asphalt;  Repairing  With  Hot  Mixing  Plj,nt  .Si)3 
Asphalt;   Resurfacing  Methods  and   Costs.   483 
Asphalt;    Selection   of   Materials     161 
Asphalt;    Standardization   of    Terms     234 
Asphalt ;     Terminology    304 
Asphaltic    Concrete;     Maintenance,     Penn- 

sylvania        591 
Asphaltic  Concrete;  Repaying  Old  Macad- am   with     532 
Asphaltic    Concrete,    Specifications    189 
Asphaltic    Macadam    and    Asphaltic    Con- 

crete,   Georgia     441 
Asphaltic  Macadam,   Specifications,  Penn- 

sylvania       191 
Asphaltic     Macadam     Surface;     Removing, 

Methods    and    Costs     532 

Bidders;    Desirability  of   Specific   Informa- tion       114 
Bidders;  I,ack  of  and  Opportunities  for...  49 
Bituminous    Binder;    Specifications.    Maine  276 
Bituminous;    Carpet    Treatment     524 
Bituminous    Concrete    Mixing   Plant,    Chi- 

cago     357,  359 
Bituminous  Concrete  Plant;  English  Speci- 

fications      325 
Bituminous     Concrete     Surfaces     for     Old 

Macadam        357 
Bituminous    Concrete    LTsing   Oyster    Shell 

Aggregate         349 
Bituminous;    Costs    524 
Bituminous     Distributors;     Hand;      Cone- 

Shaped    Delivery      236 
Eiturairous      Macadam      by      Penetration 

Method      524,  592 
Bituminous    Macadam,    Penetration    Meth- 

od.   Specifications     190 
Bituminous    Macadam;    Repair   and    Main- 

tenance   in    Pennsylvania     .191 
Bituminous;    Maintenance,    England     259 
Bituminous;     Maintenance;     San     Joaquin 

County.     Cal   121,  122 
Bituminous  Materials,   Proposed   Standard 

Terms      234,  304 
Bituminous    Mortar    Macadam,    Specifica- 

tion       190 
Bituminous:   Nomenclature   234,   304,  491 
Bituminous;    Relaying     532 
Bituminous;    Resurfacing    Costs     536 
Bituminous;    Sand   Spreader    371 
Bituminous    Surfaced,    England,    Design...   258 
Bituminous   Surfaces   for   County;   Perma- 

nence and   Desirability       95 
Boston,    Mass.;    Repair    and    Maintenance 

Costs         234 
Brick;  Illinois  Standard  Cross  Sections     112 
Brick;    TNtaintenance;    Pennsylvania     591 
Brick:    Pennsylvania    Standard,    Specifica- 

tions       188 
Brick;  Practical  Notes  on  Construction...  532 
Bridge  Plans:  Hints  to  Superintendents...  349 
Bridges;  Alabama  Standard  Designs.  .506.  507 
Bridges.    Bank    Protection    for   Approaches     96 
Bridges:   Concrete;   Costs;  Wisconsin     4S6 
Bridges:    Cost  Record   of  Illinois  Highway 

Commission        200 
Bridges;    Influence    of    Highway    Commis- 

sion   on    Design   and    Construction. ..  .\  511 
Bridges;    Instructions    to    Superintendents 

for    Design,    Illinois     114 
Bridges;  Selection  of  Type  for  Country...  256 
Bridges:     Wisconsin     Standards     401 
California:   Bituminous  Surfaced   County..     95 
California  Commission,  Method  of  Prepar- 

ing^   Plans      194 
California:     Concrete     and     Macadam     in 

Oakland       461 
California;  Concrete  Base  on  Highways...  235 
California;       Maintenance      Methods      and 

Costs;    San    Joaquin    County   121,  122 
California:     Protection     for     Bridge     Ap-' 

preaches           96 
Catch  Basins:  New  York  State       95 
Chert,     Specifications,     Alabama     508 
Chicago;    Re-surfacing    Old    Macadam     357 
Concrete;     Armor     Plate     for     Expansion 

Joints       469 
Concrete ;    Aurora,    111    304 
Concrete    Bases:    Brick   Pavement     532 
Concrete:     Bituminous     Carpet;     Methods 

and    Cost    of    Constructing     569 
Concrete;    California    State    Highways     235 
Concrete:   Construction  in   1913       14 
Concrete;     Construction    Methods.     Indus- 

trial   Railway     258 
Concrete :    Costs   304,  486 
Concrete;   Cross  Sections:  Iowa  Standard.     57 
Concrete:    Finishing  Machine     550 
Concrete:     Illinois;     Standard    Cross    Sec- 

tions       112 
Concrete:  Maintenance  and  Repair,  Penn- 

sylvania       592 
Concrete;  New  York,  Tests  of  Cubes     349 
Concrete:  Ohio;   Construction  Methods  and 

Costs  and   .Slervice  Records     160 
Concrete;  Reinforced.  Morgan  Park.  III...  212 

Concrete:   W^ayne   County.    Michigan. .  .258,  45-7 Concrete:    Wisconsin    Standards     400 
Construction  Enuipment   459,  532,  535 
Construction   Plant   and   the   Contractor...   471 
Contractors;   Equipment   Problems     471 
Conventions;    Benefits   Derived    from    373 
Convict   Labor   16.    107,   125,  440 
Costs:   Alaska     304 
Costs:    Asphaltic    Concrete   Wearing    Sur- 

face      532.  533 
Costs:   -isphaltic  Macadam;  Repairing. 483,  532 
Costs;    Bituminous   524,    536,569 
Costs;    Bridges     200 

Roads:   (continued) 
Costs;    Concrete   160,    304,  486 
Costs;   Concrete   Base     235 
Costs;  Convict  Labor     108 
Costs ;    Gravel     302 
Costs;    Hauling   239,  535 
Costs;      Hauling     Materials,      Salvage     of 

Machinery         195 
Costs;   Maintenance.    Boston,    Mass     234 
Costs:   Maintenance,   San  Joaquin   County, 

Cal   121,  122 
Costs;  Sand-Clay;  Construction  and  Main- 

tenance        109 
Costs;    State   Aid   Work   in    Alabama......    50S 
Costs:  Wisconsin    Highway    Commission..   402 
County   Administrative    Unit   in    Construc- 

tion  and    Maintenance       25 
County     Engineers       73 
Country;      Bituminous      Concrete      Mixing 

Plant     549 
Country,   Economics  of   255,  511 
Country;     Designing;     Width,     Alignment, 

Grade   and   Drainage     346 
Country;    New    Types     of     Surfaces    and 

Bad    Weather    Factor       97 

Country;    Profitable    Return    for   Expendi- 
ture       511 

Country ;  Rational  Design   239,  255 
Country;   Traffic  and  Maintenance     597 
Country;   Traffic  Control     283 
Country;     Traffic    Limits     of     Pavements 

Used       445 
Cross   Sections;    Iowa   Standards   55,     56 
Culverts;  Alabama  Standard  Designs.  .506,  507 
Culverts:     Box       94 
Culverts;   Concrete;   Costs;   Wisconsin     486 
Culverts;    Corrugated   Metal       16 
Culverts;    Illinois   Standards    572 
Culverts;    Specifications   16,  188 
Culverts;   Type  for  Country     256 
Culverts;   Wisconsin  Standards    401 
Curbing.     Stone       94 
Day  Labor,   Construction  by     397 
Design;    Bituminous    Surface,    England....   258 
Design;  Country;  Traffic  and  Hauling  Cost 

as   Factors      239,  255 
Design;  Country;  Width,  Alignment,  Grade 

and  Drainage    346 
Design;  Gravel  and  Sand-Clay  Surfacing..   301 
Design;  Relative  Crowns  on  Grades  and  on 

Level       301 
District  of  Columbia,  Suburban;  Dust  Pre- 

vention         59 
Drag;   Use  of  Wooden     213 
Drainage;    Brick   Pavement     532 
Drainage:   Georgia      440 
Drainage;  Maine  Specifications  and  Stand- 

ards     278,  279,  281 
Drainage;    New  Jersey   Practice     346 
Drainage;    Pennsylvania   Standards   190,  590 
Dust  Prevention  Methods       69 
Earth;  Cross  Sections,  Iowa  Standard.  .55,     56 
Earth;      Maintenance,      Patrol    System     in 

Iowa         612 
Earth;    Specifications    for    Alabama    State 

Aid       506 
Earth;  Use  of  Wooden  Drag    213 
Earthwork,   Country        256 
Economic  Factors  in  Rural  Construction..  255 
Economic   Factors    Entering   Into   Perma- 

nent Plans      215 
Economics  and  Legislation    521 
Economics;    Development   of    Theory     511 
Economics;     Financing    and    Selection    of 

Paving      ■     531 
Economics;  Traffic  Segregation  and  Analy- 

sis       283 
England;   Bituminous  Surface,  Design  and 

Construction        25S 
England;  Life  of;  Traffic  Statistics     594 
England;   Maintenance  and   Traffic  Condi- 

tions       610 
England;     Specifications     for     Bituminous 

Concrete  Mixing  Plant     325 
Engineers;    Part   In  Legislation     471 
Equipment   for   Construction   and   Mainte- 

nance         15 
Equipment;  Construction  and  Maintenance  122 
Excavation;    Maine,    Specifications   276,  277 
Financing  Improvements       531 
Flint   and   Gravel;    Maintenance,    Pennsyl- 

vania        592 
Foundations;  Factors  in  Design     256 
Foundations;  Prevention  of  Movements  in.   396 
Geology;   Value  of  Practical  Knowledge  in 

L/Ocation        181 
Georgia;  Fulton  County  Convict  Labor     440 
Georgia;     Sand-clay,       Construction      and 

Maintenance       107 
Grading;   Brick;   Construction  Hints     532 
Grading;    Methods    and    Standards;    Wis- 

consin    399 
Grading;  Mississippi  Gravel    301 
Grading:  New  Jersey  Practice    346 
Gravel  and  Chert;   Alabama     504 
Gravel;  Costs   302,  402 
Gravel;    Iowa      56,217 
Gravel;   Maine,   Specifications   and   Stand- 

ard     276,  281 
Gravel;  Mississippi,  Methods  and  Costs...  301 
Gravel;    Pennsylvania     592 
Gravel:  Specifications:  Alabama  State  Aid  507 
Gravel;    Spike-tooth   Harrow   in   Construc- 

tion         15 
Gravel;   Wisconsin        402 
Guard    Rails    and    Snow    Fence,    Pennsyl- 

vania     :     189 
Gutters;  Georgia       441 
Gutters:  Pennsylvania  Standard    190 
Hard  Times  and  Hard  Roads   49,  114 
Haulage:  Costs;  Factor  in  Design  of  Coun- 

try Roads       239 
Haulage:  Farm  Produce;  Relation  to  Road 

Improvement     215 
Hauling    Gravel   with     Motor    Truck     and 

Trailers        536 
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Uoads:    icontinued) 
Hauling  Machinery,   Salvage  of   195,  361 
Hauling;  Motor  Truck,  Kegulation  o£    u3s 
Illinois;  Bituminous;  Costs     524 
Illinois;    Bridge    Design     114 
Illinois;  Concrete,  Detailed  Costs     304 
Illinois;  Hints  to  Superintendents  on  Pre- 

paring Bridge  Plans    349 
Illinois;   Standard  Cross  Sections     Ill 
Illinois;  Standard  Small  Culverts   572 
Inspection  of  State  Am;  Wisconsin     4B2 
Iowa;   County  Maps   56,     5b 
Iowa;  Gravel       217 
Iowa;    Highway   System   49,     55 
Iowa;  Maintenance  Costs;  Patrol  System..   612 
Daws;      Fundamental      Considerations      in 

Making     521 

Degislation;  Engineer's  Part  in    471 Docation   and   Width    522 
Docation;    Grades  for  Various  Pavements.  537 
Location;  Use  of  Hand  Devel       44 
Louisiana;  Mileage  and  Average  Cost       96 
Macadam,  Asphaltic,  Georgia     441 
Macadam;     Asphaltic;     Removing    Surface 

and  KeworKing  Material     532 
Macadam;    Bituminous,    Specifications     190 
Macadam;    Concrete    Bases     461 
Macadam;   Costs;  Wisconsin    402 
Macadam,    Country;    Resurfacing   351,  357 
Macadam;  Illinois  Standard  Cross  Sections  114 
Macadam;   Iowa  Standard  Cross  Sections.     56 
Macadam ;  Life  of  English    594 
Macadam;      Maintenance       Methods       and 

Costs,   San  Joaquin  County,   California  122 
Macadam;    Maintenance;    Worn    Out    and 

Ravelled,   Treatment          14 
Macadam;  Oiled,  Fulton  County,  Georgia..  441 
Macadam;  Pressure  of  Loads     571 
Macadam;  Resurfacing    536,  537 
Macadam;   Texas,   Construction  Notes     325 
Macadam;   Traffic  Limits     445 
Macadam,  Waterbound;  Choice  of  Type  for 

Country    . .  ̂.   -    257 
Macadam;    Waterbound;    Maintenance    in 

Pennsylvania         592 
Macadam;  Waterbound,  Preservation  of .. .  404 
Maine;  Work  of  Highway  Commission. 261,  276 
Maintenance;  Administration  of    194 
Maintenance;  Asphaltic  Concrete    591 
Maintenance;  Bituminous  Concrete    569 
Maintenance;    Bituminous,    England     2oJ 

.     Maintenance;    Bituminous;    Pennsylvania..   o91 
Maintenance;    Bituminous   Surfaces   121,  122 
Maintenance;    Brick     591 
Maintenance;    California      121,12- 
Maintenande;   Concrete;   Pennsylvania   591 
Maintenance;     Concrete;     Wayne    County, 

Michigan      .•  •  •  459 
Maintenance;   Costs;  Horses  and  Traction 

Outfit        444 
Maintenance;    Costs    in    Country     o9. 
Maintenance;    Costs;   Iowa     61- 
Maintenance;  Costs  of  Park;  Boston     234 
Maintenance;  County  Unit  of  Administra- tion          -5 
Maintenance;  Financing,  Country  Improve- 

ments       257 
Maintenance;   Flint  and  Gravel    591 
Maintenance;    Macadam      14,  d91 
Maintenance;    Massachusetts  Division  Or- 

ganization       6_ 
"Maintenance;  Massachusetts:  Comparisons 

with  France  and  England   597,  60 1 
Maintenance:  New  York  State   •.•   349 
Maintenance;   Organization  in   Iowa   49,     55 
Maintenance;  Pennsylvania    59i 
Maintenance:    Sand-clay,   Georgia    lO.i 
Maintenance;  Use  of  Road  Drag   214,  215 
Maps;    Iowa,    County   56,     bS 
Marking  Through,   South  Dakota       16 
Maryland;    Bituminous    Shell    34J 
Masonry     Abutments    and    Wood     Super- 

structure     —  ■'i;' 
Massachusetts;     Maintenajnce    and    Trathc 

Conditions       •  •  ■ '  • 

Massachusetts;    Maintenance  Division  Or- 
ganization     .u-'V 

Materials;  Methods  of  Sampling.  New  York 
Highway  Commission       15S 

Materials;   Weights.   Volumes   and  Dump- 
ing Angles   ••••   ;••  ̂^" 

Michigan;  Concrete,  Industrial  Railway  for 
Construction      ■•   ;•   '''» 

Michigan:     Relaying     Asphaltic     Concrete Near  Detroit     

Michigan;    Wayne'County:    Concrete    457 
Minnesota:    Culvert    Specifications.........     l>> 
Mississippi;     Gravel.       Lowndes      County, 

Methods  and  Costs   i;-;-'   '^ 
New  Jersey   Highway  Department;   Notes 

on  Design     ••■■•     ^^b 
New  York  State;  Concrete  Tests   ..   •   •>^i' 
New  York  State;   Division  Organization  ot 

Highway    Commission   ;■•,•"■" 
New    York  '  State    Highway    Commission; 

Labeling  and   Filing   of   Plans     «4 
New  York  State;  Maintenance   ;••;•• 
New   York    State;    Sampling   Materials   for 

Construction        ^"^ 
New   York    State;    Standards   of  Highway 

Commission      •  •  ■  ■   -Xj 
Niagara  River  Road.   Costs   ;;,•••??!'• 
Ohio-   Concrete;   Construction  and   Service 

Records      ;--^--":4" 
Ohio:  Cost  of  Supervision  by  State  Depart-  ^^^ ment        9i>Q 

Oil  Sprayer:  Compact  Trailing.  ..:■■■•■■■•  •   -■>» 
Oiling:  Methods,  Costs  and  Specifications, 

San  Joaquin  County,  California....^-  l-^i 
Ontario;    Pronosed    Apportionment   of   Ex- 

pense  of  Construction  and  Maintenance  21
6 

Park:     Repair     and     Maintenance     Costs; 
Boston      •      , ,, 

Paving  Materials;   Relative  Value  or......   
«■»- 

Pennsvlvan-a:    Location    Notes,    and   Llm-  _ 

Itihg  Grades        ^'' 

Roads:  (continued) 

Pennsylvania;   Maintenance  and  Repair...   590 
Pennsylvania;  Work  of   Highway  Depart- 

ment      169,  186 
Plans,  Labeling  and  Filing    324 
Quarrying   and    Crushing   Stone   for   Pav- 

ing.   Georgia        440 
Repairing;  Iowa  Gravel      218 
Repairing  Over  Trenches    593 
Retaining  Walls;  Maine  Specifications  and 

Standards      276.  277 
Retaining  Walls;  Pennsylvania  Standards.   190 
Right-of-Way;   Difficulties  in  Securing     522 
Rocmac ;  Resurfacing  Costs   537 
Rollers       259.  509 
Rolling  and  Grouting  Brick    534 
Rolling  and  Tamping,    Specifications   189 
Rolling   Specifications       595 
"Safety  First"  in  Construction  and  Traffic 

Handling       220 
San    Joaquin    County.    Cal.,    Maintenance 

and    Costs   121,  122 
Sand   .ind  Gravel  Washer   70,  470 
Sand-Clay;    Alabama,    Typical    Construc- 

tion      504,  506 
Sand-Clay;      Construction      in      Southern 

States      97.  107 
Sand-Clay;     Georgia;     Construction     and 

Maintenance      107 
Sand-Clay;    Virginia      ,...593 
Selection   ot   Pavement   for  Heavy   Traffic  537 
Selection  of  Type  of  Pavement  for  Coun- 

try      531 
Sign   Posts.    Concrete       95 
Sled;  Alaska,  Specifications    303 
South  Dakota;  Methods  of  Marking       16 
Specifications;  Alabama  State  Aid    506 
Specifications;   Asphaltic  Concrete    189 
Specifications:  Bituminous  Macadam,  Pen- 

etration   Method     190 
Specifications;    Brick,    Pennsylvania    State  188 
Specifications;    Brick;    With    Reference    to 

Rolling        595 
Specifications;    English.    Bituminous    Con- 

crete  Mixing   Plant     325 

Specifications;   Maine  Highway   -276 
Specifications;    Sled,    in   Alaska     303 
Specifications;    Waterbound    Macadam....   595 
Specifications  With  Refer^noe  to  Rolling. .   594 
Standards:  Use  and  Abuse  of    145 
Suburban ;  Dust  Prevention       59 
Supervision   Costs;    Ohio    487 
Surfaces;   Asphaltic  Concrete     532 
Surfaces;    Asphaltic   Macadam    532 
Surfaces;  Bad  Weather  Factor       97 
Surfaces;   Selection  ot  Type  for  Country..  257 
Surfaces;    Tar    Treatment,    England    259 
Surfaces;   Tarvia     459 
Surfaces;     Treatment    of    Worn    Out    and 

Raveled    Macadam       14 
Surveys;  Alaska,  Methods  and  Costs   303 
Surveys;   Hand   Level       44 
Tars;  English  Specifications  for       96 
Terminology  Report.  American  Society  for 

Testing  Materials    304 
Texas;    Macadam    Construction   325 
Top-Soil    Construction    108 
Traffic  and  Hauling  Costs;  Factors  in  De- 

sign       239 
Traffic  and  Maintenance,  Relation   597.  607 
Traffic    Conditions:     Massachusetts    Com- 

pared with  English  and  French     607 
Traffic   Control;    Painted   Lines   for     236 
Traffic  Limits  of  Various  Types  ot  Pave- 

ment      404.  445 
Traffic  Segregation  and  Analysis     2S3 
Traffic   Statistics,   England   260,  594 
Traffic  Statistics;  Importance  in  Financing 

Improvements    and    Selection    of    Type 

of     Pavement   ."    531 Utah;   Rock  Asphalt    460 
Virginia;     Sand-Clay     m^ 
Wagon;  Construction  in  Alaska    231 
Wagon  Loading  Devices     120 
Warrenite   Surface   •  •_•  •  jj^ 
Wavne    County,    Mich   2o8,  4d7 
Width  and  Cross  Section.  Country     2o6 
Width;  New  Jersey  Standards     346 
"U'i.'sconsin;  Bridge  and  Culvert  Costs   ..  486 

Wisconsin;  Highway  Commission:  Organi- 
zation  and    Standards   397,  398 

Wisconsin;  Inspection  of  State  Aid    462 
Wisconsin;  Milwaukee  County;  Bituminous 

Carpet    Construction    569 
Rock  Excavation; 

Borings;   Quebec  Bridge   Substructure   104 
Costs    

Crushing  Outfit.  Portable,  Truck-Mounted     71 
Drill   Holes;    Advantageous  Depth       29 
Drilling;    Repair  Costs       " 
Drilling  Speeds  at  Tunnels    "2 
Drills:  Compressed  Air,  Data     l'» 
Open    Trench.    Costs   •  ■  •     |6 
Tunnels,   Water   Supply   •     'a.     S4 
Tunnel  Costs.  Boston  Water  Supply       84 
Water  Supply  Tunnel  '^"'J-f|^f/^*Y2'9,' 352,  451 

Rocniac'  Macadam.'  Cost  of  Resurfacing  with  537 Roebling  Bridge.   New  York.         » 

Rollers,   Road  (see  "Road  Rollers  ). 

^Factory  Buildings.  Selection  of  Type    140 
Ice  Storage  Houses.  ..........■..••••■■••■■  •  SS? 

Reinforced    Concrete;    Monitor     De^sign... .  221 

Reinforcement    of    Timbers,     Westminster Hall,    England    ^'j 

Reservoir;    British   Design    »i» 

Water' Tanks';' Design  of.  .........••••••  ••■   267 
Roundhouses;    Design    and    Construction     ot Communipaw,   N.   J--.     -Vn 

Rule  and  Level.  Pocket  FpJ'^'"^;- -^V  '  V„-  " 

Run-Off;    Measurement:    Methods    and    Ap- paratus      

St.  Lawrence  River  Bridge         2 
St.  Louis: 

Municipal    Bridge;    Painting       65 
Parks;  Unit  Cost  Keeping  System  for   374 
Pumping  Machinery;  Design  of  New         8 

St.   Paul,   Minn  : 
Asphalt  Paving  Repair  Costs       62 
Street    Cleaning    Costs       94 
Street   Monuments,    Standard       46 

Salt  Lake  City: 
Cost  of  Photographic  and  Blue  Print  Work 

in    Engineering    Department    486 
Rock  Asphalt  Pavements    460 

San    Diego,    Cal. : 
Lowering  Water  Mains  and  Cost  of  Laying  419 
Pumping      Plant;      Rapid     Installation     of 

Auxiliary           11 
Water     Department;     Standard     Form     of 

Correspondence    Used    520 
Water    Meters;     Specifications    Governing 

Purchase     291 
San   Francisco: 

Palace   of  Horticulture   305,  314 
Sewerage  System  for  the  E.xposition   434 
Water  Supply;  Probable  Utilization  of  Pri- vately   Owned    Plants    230 

San  Jacinto  Street  Bridge,  Houston,  Texas.   492 
San   Joaquin   &    Kings   River   Canal   &    Irri- 

gation Co.   Water  Rights  Decision.  .26,     36 
San    Joaquin    County,     Cal..    Road    Mainte- 

nance and    Costs   121.  122 
Sand-Clay  Roads   97,  107.  504.  593 
Sand: 

Filter;  Cleaning;  Time  Studies  at  Philadel- 
phia       579 

Portable    Excavator    for     372 
Soreader   for   Bituminous   Road   Construc- 

tion       371 
Washing    Machine,    Portable   70,  470 

Sanitary   District   of   Chicago     568 

Sanitation    (see    also    "Water   Purification," "Sewage  Disposal,"  etc.): 
Garbage     Can.     Standard    Installation    at 

Panama    City          77 
Relative   Values;   Discussion  of    133 

Saskatchewan: 
Refuse  Incinerator  at  Regina       27 
Sewerage    and    Sewage    Disposal    Reports; 

Scope    of     155 
Water   Supply   Reports;   Regulations   Gov- 

erning   Preparation     131 
Savannah.    Ga.,     Reconstructing    Old    Brick 

Pavements      537 
Scotland;    Steam   Tractor   Hauling  Costs       45 
Scraper,    Power;    Application    to    Gravel   Pit 

Excavation        468 
Screens;    Riensch-Wurl   Sewage   273,   525.  530 
Seattle.  Wash.,  Warehouse,  Warm  and  Cold 

Storage.   Port  Commission     446 
Seawall;  Rubble  Foundation       90 
Sedimentation     Basins     497 
Septic    Tanks     473 
Setthng  Basins: Concrete;    Construction   Notes       54 
Design:  New  Kensington.  Pa       98 

Sewage   Treatment   and   Disposal: 
Brooklyn    Experimental    Plant    527 
Clarification        204 
Contact     Beds    473 
Costs;    Remodeling  Plant    475 
Cotton   Disc   Sediment   Records   420 
Daytona,    Fla. ;    Pumping,    Screening,    and 

Sterilizing   Station       525 
Design    of    Plant;    Remodeled,    Two-Story 

Tank  and  Sprinkling  Filters....   473 

Filters;  Economics  of;  Discussion  of  Types '^69 Forecast  ot  Next  Decade    351 
Germany:     Combined     Sedimentation     and,.^ 

Digestion  Tanks  and  Separate   Sliidgfe.'-V. 
Tanks    "3S9 Imhoff  Tanks   339,   473,  528 

Methods;    Probable   Future   ot  Various....  204 
Milwaukee,     Wis.,    Problem,    and    Experi- 

mental  Plant   367,  478 
Moorestown.  N.   J.,   Plant;   Remodeling     473 
New  York  Citv;   Artificial  Island  for       18 
New  York  City;  Proposed  Plant       19 

Operation   of   Plants;    Recommended   Pro- cedure       567 
Oxidation     Methods    204 
Philadelphia;     Collection     and     Treatment 

Methods         205 
Plant   Attendants;    Licensing     219 
Residential;  .\n  Engineering  Problem.  .552,  565 
Residential    Treatment    Plants;    Design    of 

Two   in   Small  Town     565 
Riensch-Wurl  Screen   273.  525,  530 
Samples  of  Effluents;  Methods  of  Taking..   342 
Saskatchewan;    Engineering   Reports   155 
Screens;   Riensch-Wurl  in  Germany     273 
Screens:    Riensch-Wurl;    Specifications   at 

Daytona,     Fla    525 
Sedimentation  and  Digestion  Tanks  Com- bined        339 
Sludge  Digestion  Tanks;  Separate    339 
Sludge    Disposal   205,  473 
Sprinkling     Filters     473 
Tanks;   Repairing  Cracked,  by  Grouting..  344 
Trade    Wastes     344 

Sewers: 
Baltimore;  Securing  Low  Bids    157 
Cambridge.  Mass.,  Inverted  Siphon       67 
Catch  Basins:  Portable  Mechanical  Device 

for    Cleaning       69 
Cincinnati;    Relocation    Surveys;    Methods 

and    Costs     153 
City     Managership;     Results    at     Abilene, 

Kansas       503 

Concrete:   Costs  of  Directing  and  Extend- 
ing Around  Bridge  Work     433 
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Sewers:  (continued) 
Costs;  House  Connections     ^"•5 

Design:  Intercepting,  American  and  Euro- 68 

254 
pean   Practice   

Engineering  Department,  Organization  or City        

Explosion's':'  Apparatus  for  Detecting  Gases  273 
Explosions:  Problem  of  Preventihg:  Pitts- 

burgh   Investigation     47b 

Flushing:  Cost  and  Consumption  of  ̂ \  ater  310 

Geology:  Application  to  Engineering  Prob- 
lems      A"  1'  "  e 

House  Connections:   Methods  and  Costs  ot 
Making:  New  Orleans     ^UJ 

Intercepting;      American      and      European —         -  68 

568 

Practice 

Intercepting:       Construction      Plant      and 
Methods      ■  ■  •  •  •  •  •  • 

Intercepting;   Design  to  Minimize  Infiltra- tion        ,2o 
Intercepting;    Milwaukee     ^o» 
Interceptine:    San   Francisco   ■•   *<i° 
Inverted  Siphon:   Cast  Iron  Pipe;  Beneath 

Stream,   Carlisle,   Pa     l&i 
Inverted  Siphon:  Design  and  Maintenance     67 
Milwaukee,  Conditions  and  Plans   367.  47S 
New  Orleans;  House  Connections      ^03 

New  Orleans:  Plumbing  Inspection....       6a 
New    York    City:    Report   of    Metropolitan 

Commission       :  •.■  •!•     '■' 
Panama-Pacific    International   Exposition; 

System   for      .••••;,■  V  V '^^ '  ••'  ̂ ^q 
Pawtucket,  R.  I.,  Cleaning  Catch  Basins..     69 

Pipe    Laying    Device   ..........  ■■     54J 
Pipe;  Load  Tests  and  Specifications     1»^ 

Pipe-    Wood   Stave,  Panama- Pacific  Expo- sition 438 

Plumbing  Inspection  at  New  Orleans       69 

Run-Off    Measurement;    Methods   and   Ap- 
paratus      ■  •  •  •  •,   ll" 

Sanitary    District    of    Chicago;    Work    on 

North    Shore   ^    obS 
Saskatchewan;   Engineering  Reports     155 
Sea-Outfall,  West  Grove,  N.  J.       ^9 
Steel  Forms:   Use  of  Coll.apsible     obs 

Storm    Water    Overflows    and    Regulators, 
Design    of. 156 

Spraying    Machines   .■••,•••   „5? 
Spreader  for  Sanding  Streets,  Mechanical...  371 
fcpring    Valley    Water    Co.,    Cal.,    Steel    Pipe 

Protection  Methods        5^° 
Springfield.      111.,      Ground      Water     Supply, 

Work   for  Development  of     333 
Sprinkler     Head      for      Automatic     Sprinkler Installations       •  •  •   ?!„ 

Sprinkling     Filters   ^73,  529 
Sprinkling,    Lawn;    Victoria,    B.    C... .....   165 
Spriiiklins  Streets  and  Lawns   310,  485,  596 
Stadia  Circle  for  Transit  Head   ■     24 
Steam    Boilers;    Notes   on   Maintenance   and 

Inspection         178 
Steam   Rollers ;   Care  of     509 Steam  Shovels:  ,    ,,        ,  <, 

Excavating   Old   Gravel  Macadam   •■■     43 
Rail   Clamps   for   23,     7^ 
Revolving;  for  Canal  Construction       ^l 

Steel: 
Arch    Centers   •/„•„•  f?- 
Bands  for  Wood  Stave  Pipe   yA^^r   Ai 

Bridge  Construction;  Quantities  and  Cost.   4Si 

Bridges  (see  also  "Bridges"). Bridges;  Specifications  of  Illinois  Highway Commission       JYo 

Bridges;  Use  of  High-Alloy  Steels   .243 
Cars:    C.    P.    Shops   for   Making   Passenget 

and    Freight   at   Montreal     40b 

Cars;   For  Tunnel  Construction     3(2 
Classification  of  Production  in  1913........   145 

Cofferdam   427,    429.  431 
Corrosion    of    Reinforcement    in    Concrete 

Floors     v;,'  ■  ■  •"  ■  ■ 
Costs.   Structural.  Furnishing  and  Placing 

  427,   432.  433 
Domes;   Design  of   ^^^'  307 Exports      

Fence:  Concrete  and;  Design  and  Cost     4S9 

Forms;  Collapsible,  for  Sewer  Construction  568 

Machine  Banded  Wood  Stave  Pipe   422,  -51, 
Paints  for  Bridges   ■•     ;■  ̂t'^  ■ 

Open     Hearth     Building    of    Pennsylvania 
Steel  Co      6"- Pipe  (see  "Pipe").  „        ̂         ,.  j 

Pipe   Line:    Submerged,    Construction    and 

Tile-   Hollow  Lock  .Joint  Vitrified  Clay     168 

Underground   Surveys;   Methods  and  Costs 
of    Making   ■  ■  •  •  •   ■■■■   "^ 

Water  Waste.  Effect  on  Costs   329,  330 
West  Grove,  N.  J       »» 

Shafts - 
Design,  Constructi

on  Plant  and  Methods..
   251 

Watir  Supply;  Boston   73,  84,  129,  352.  451 
Water      Supply;      Chicago;      Construction 

Methods  and   Costs    500 
Shops:  .,  „        .      ,  QQ 

Blacksmith;   Railway  Terminal    •     39 
Car;     Design    and    Operation;    C.    P.    Ry.. 

Montreal      -406 
Construction    Costs:    Machine,    Boiler    and 

Blacksmith   ■   obi 
Labor:    Inefficient   Methods  of   Hiring  and 

Discharging        471 
Machine:    Railway   Terminal       39 
Roofs;   Selection  of  Suitable  Type     140 

Shovels,    Steam:  ,  ,,        ̂   ., 
Excavating  Old  Gravel  Macadam       43 
Rail   Clamp  for   -3.      i2 
Revolving:  for  Canal  Construction       21 

Siphon    Aeration 

529 Siphon  Culverts  for  Irrigation  and  Drainage 
Ditch   Crossings     194 

Siphon.    Inverted.    Design    and   Maintenance, 
Cambridge,   Mass.,   Sewers       67 

Siphon:  Inverted  Sewer,  Construction  Meth- ods  and    Costs    151 
Slack    Belt    Drive   ,,......327 

Slag,   Blast   Furnace,   as  Aggregate  In  Con- crete      ■   ■  •  •    3b3 
Slings  for  Hant'ling  Loads.  Data  on     338 
Sludge  Disposal  or  Treatment     474 
Smelter,    .^irizona    Copper    Co.,    Construction 

of   Power   Mouse      -b2 
Soils;  Electrical  Resistance      -92 
Somervile,    Mass.,     Drinking     Fountain     for 

Men  and  Animals     490 
South   America;   Trade  Opportunities     306 
South   Dakota;   Roads:   Methods   of  Marking 

Through          1" 
Specifications: 

A.sphalt        Ill 
Asphaltic   Concrete    Pavement     189 
Bituminous   Concrete   Mixing  Plant,   Eng- 

lish        325 
Bitimiinniis  Macadam,  Penetration  Method  T'O 
Bituminous     Materials     192 
Brick  Pavement     188 
Bridges:    Concrete    Highway     508 
Bridges;   Illinois   State  Highway   Commis- 

sion       390 
Bulkhead    Wall;    Gangway    and .  Gangway 

Bridge       "■■■".       91 Concrete  Aggregate     3SS 
(Culverts;    Concrete     508 
Culverts:  Corrugated  Metal,  Minnesota       16 
Drain    Tile     181 
Expansion  Joints,   Brick  Pavement     1S9 
Tlishwavs:     Pennsylvania   187,  188 
Lime   Mortar,    Strength   of       73 
Oil  for  Roads  in   California     129 
■pavement;  Asphaltic  Concrete     1S9 
Pavement,    Bituminous    Macadam    190 

P.Tvement;    Bricl'   188.  59" Road   Tars.  English       96 
Roads;   .Alabama  State-Aid.   Standards    506 
Roads;   Maine  Highway  Commission     276 
Roads:     Pennsylvania     Highway     Depart- 

ment     188 
Roads;    Requirements   with   Special   Refer- 

ence   to    Rolling     595 
Sewage  Screens.  Davtona,  Fla   -. . .  525 
Sled   Roads   in   Alaska    303 
Water  Meters;   San  Diego,  Cal    291 

Repair 
538 Reinforced     Concrete     Beams;     Deflection 

Formulas       -,•,:•      '*■ 
Reinforcement  (see  also  "Reinforcement   ) ; 

Tensile  Stresses   ■  •  ■  ■  •  ■  •  •  3bb 
Sheet  Piling   427,   429.  431 

Sheet  Piling:  Cold  Rolled     470 

Vanadium;    Properties    and    Use    in   Long- 
Span    Bridges     49B 

TVater  Tanks,  Design   ■,  2b( 
Steelton.     Pa.,     Open     Hearth     Building     ot 

Pennsylvania  Steel  Co     "«- 

Block  Pavement;  Characteristics  and  Cost  442 
Crushing    Costs       S7 
Curbing;   New  York  Standards    •     »4 

Quarrying  and  Crushing  for  Paving;  Con- Vict   Labor  in   Georgia     440 
Spreading  Evenly:    Attachment   for  Motor Dump  Trucks   •,-;•••  ??„ 
Road    Construction;    Sampling   Materials..   159 
Wagon  Loading  Device   •  •  •.  •   120 

Storage     Bins    for    Contractor's    Use;    Unit 

Subway  Construction,   Boston.   Mass     605 
Sun  Spots;  Relation  to  Rainfall     397 
Superior,     Wis.,    Concrete    Paving    Between 

Car  Tracks       260 
Surveys: 

Abney    Hand   Level       44 
Highway  Location;  Use  of  Hand  Level       44 

Laying  Out  the  5,327-ft.  Viaduct  at  Leth- bridge            » 
Meridiograph         '" 
Roads;   Alaska        303 
Sanitary;   Philadelphia     20b 
Stadia  Circle  for  Transit  Head       24 
Tunnels:    Methods    and    Instruments    Used 

in    Montreal     383 
Underground,      Cincinnati;      Methods     and 

Costs  of  Making     153 
Switzerland;   Bietschtal  Viaduct       63 

Syracuse,    N.    Y. : 
Investigation   of   Paving   Problems   552,  5b» 
Meterage   Notes     209 

Talbot,    Arthur    N   :  •  •  ■  •   J* 

Tampa,   Fla.,  Water  Meterage  Notes   ....   209 
Tamping   Machines   -37,  3-s 

"^limhoff   339,  473,  528,  565 
Sedimentation  and  Digestion,   Combined..  339 
Septic        473 
Settling        4(3 
Sewage:  Design  at  Experimental  Plant     52S 
Sludge  Digestion,    Separate     339 
Two-Story    Settling,    Remodeled     473 
Water;     Design     of     Elevated     Steel     and 

Wooden      ■  ■     266 
Water  Supply:  Corpus  Christi,  Texas     jj99 

Tape  Threader;  Metallic     238 
Tars;   Road;   English  Specifications       9b 
Tarvia       "0,  569 
Taslina     Bridge    38  ( 
Technical    Journals; 

Indexing;   Method  Used  in  E.   &  C     305 
Indexing  and  Filing  Methods     30i 
Utilization   by  Engineers   305.  30b 
Value  of  Current  Technical  Literature         1 

Tests  of  Materials  and  Appliances: 

Asphaltic  Materials  for  Road  Construction  161 
Asphalts;    Natural   and    Oil     348 
Beams:     Reinf  creed    Concrete.    Deflections     78 
Bituminous  Ccncrete  Mixing  Plant      325 
Bituminous  Road  Materials    •  ■   304 

Building   Codes;    Data   and    Recommenda- 

System 

237 

Storm"  Water   Measuring  Methods  and   Ap- paratus   ■  }l^ 
Storm  Water  Sewers;  Regulators;  Design  ot,  15b 
Stream    Flow: 

Chemical   Method   of   Gaging   261,  2i0 

Gaging  by   Titration   , . .  ■     397 
Measurement  Ijy  Diaphragm  Methods     414 
Measuring   Velocity     -84 

Street  Cleaning: 
Appliances;    Exhibit   of     39b 
Bituminous  Pavements;   Cleaning  Without 

Sprinkling         360 
Costs;    St.   Paul       94 
Development  of  Methods,  Notes  on    394 

Street    Railways;    Concrete    Pavement    Be- 
tween  Tracks   -"" 

Street    Sweepers: 
Motor      

Simple  Pick-Up   

Streets: 
Accidents:  New  York  City   
Asphalt  Mixing  Plant   
Curbs;    Concrete   

Engineering    Department,    Principles    Gov- 
erning Organization  of  City   

Excavations-   Philadelphia,   Control  of   
Flushing;  Consumption  and  Cost  of  Water 

Gary,   liid.;   Concrete  Paving  and  Curb   
Lighting:  Costs  in  Grand  Rapids   
Maintenance;  Comparative  Costs  of  Horses 

and    Traction    Outfit   
Manhole    Cover,    Improved   
Monumenting:   St.   Paul;   Standard  Method 
Openings  in  Pavements;  Control  and  Cost 

of   Repairs,    Cincinnati   
Openings    in    Pavement;    Control   in    Small (Cities      

Openings:  Machine  for  Cutting  Pavements 
and    Tamping   Trenches   

Patching    Sheet    Asphalt   with    Bituminous Concrete       

Paving    (see    "Pavements"). Sprinkling  and   Flushing.    Costs   in    Grand 
Rapids      

Pprinkling;   Quantity  of  Wnter   
Traffic  Control  in   Philadelphia   
Traffic  Control;  Painted  Lines  for   
Vault  Space  Under;   Ownership  of   
Width  and  Arrangement  in  Small  English Town       

Width.    Building    Line    and    Frontage    Re- 
quirements  

550 
469 

444 
282 

534 

254 
47 

310 
596 
485 

tions 

223 

Cinder  Concrete;   Reinforced;   for  Floors..  512 

Compressed  Air;   Data  for   Operating  Ma- chines       1^^ 

Concrete  Aggregates     1=0 
Concrete;    Blast    Furnace    Slag   as    Aggre- 

gate       363 

Concrete   Cubes;    for  New  Y'ork  Roads     349 
Concrete;    Effects   of  Water  on  Strength..   244 
Drain   Tile      •  •  •  .■•  •  •  ■   -181 
Electrolysis     Effects,     and     Mitigation     ot Same       

Hauling:   Motor  Truck  and  Trailer     535 
Incinerator.  Refuse;   Regina.  Sask       2. 
Lime   Mortar.    Strength       73 
Macadam:    Pressure   of   Loads     5a 

Oxy-Acetylene  Welds;   Strength  of     Ii5 
Paints;    Exposure   •  •  •  •  ••-■■;  13» 

Piling:  Oregon  Fir;  Treated  and  Untreated  481 Pumping  Machinery,   St.   Louis    .       9 

Sewer  Atmosphere:  Apparatus  for  Detect- ing  Explosive   Gases     273 
Turbine  Plant,   Titration  Method      271 
Water;   Algae   Growths,   Effect   of  Ozone..     53 
Water  Mafns:  Water  Hammer  Tests     417 
Water     Meters     166 
Water  Meters:   Oregon  Rules     li' 
Well;  Deep:  Verticality     5W 
Well  Water;  Decarbonation  of       50 
Wind  Forces  on   Buildings       40 

Texas:  Roads;  Notes  on  Macadam  Construc- tion       325 
Thebes   Bridges.    Tenn         b 

Tie  Tamper ;  Pneumatic  Railroad     "0» 

Tile- 

Drain  
   

Constru
ction: 

     

Specifi
cations

     

and 
Recommendations       181 

Natco  Lock  Joint     168 

Vitrified   Clay.   Sewer  and  Culvert     lbs 
Work   in  Large  Building   447.  450 

Timber  Products: 
Arch    Centering. 

494 

444 
282 
46 

347 

329 328 

593 

485 

321 

236 
195 

158 

58 

Cofferdams       493 
Flumes:  Construction  of  Logging     l»3 
Forms    for    Concrete    Bridge     494 

Piling;   Abutments   for  Steel  Bridges     104 
Piling-    Oregon    Fir:    Tests    to    Determine 

Effect  of  Steaming  Process     481 
Piles:    Douglas  Fir     447 
Piles:    Spruce      ■•     Jb- 

Road   Drag;    Construction   and   Use. .......   213 
Standing  Timber.  Estimating  Small  Tracts     77 
Tanks;  Wooden  W.ater.  Design  of     226 Wood   Block  Pavement   v^w-.H'   rif'  c?? 

Wood   Stave  Pipe   421,   422,    437,   511,  516 

Tin  Lining  or  Coating:  New  Method     4bS 
Titration;    Stream  Gaging  by     397 
Toulon.    France;   Water   Supply  Dam       30 
Tower  Bridge.   London   ■.^" '  •,- •   „.S 

Towers;  Water;   Design  for  Elevated  Tanks  267 
T^T'T  pics  * 

(Concrete  Pavement  Between   Street  Car..   260 

Cost  of  Surfacing   -,  ■  •   •  •  •  •  •     "^ 
Traction  Outfit  for  Street  Maintenance;  Cost  444 

Trjictors " 
Bottom'  Dumping  Trailer.   Knox..     166 
Gasoline-  General  Purpose;  Farquhar     167 

Steam:  Costs  of  Hauling  in  Scotland       45 

Trade  Opportunities  in  South  America     3Ub 
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Traffic-  Conditions   and   Regulation: 
Bituminous  Roads  in  Bngiand     260 
Country  Road  Design,  Factors  in  Rational  239 
Country -Roads;   Neglected  Factor     283 
English  Roads,  Life  of,  as  Shown  by  Traf- 

fic  Statistics        594 
Limits    of    Pavements    Used    on    Country 

Roads        445 
Limits  of  Various  Types  of  Pavement     403 
Massachusetts;    Comparison    with    English 

and  French   Roads     607 
Painted  Lines   for  Street  Traffic  Control..   236 
Philadelphia  Methods  of  Control    321 
Road  Maintenance:  Relation  to   597,  607 
"Safetv  First"   in   the   Highway  Field     220 
San  Jo'aquin,  Cal.,  County  Road  Census...  129 Segregation  and  Analysis  of  Local  Traffic  2S3 
Selection  of  Pavement  Materials,  Influence 

by        443 
Statistics;    Importance    in    Financing   Im- 

provements    and     Selection     of     Road 
Pavement      531 

Types    of    Pavement    Suitable    for    Heavy 
Traffic         53S 

"Width  of  City  Streets       58 
Trail  Construction  in  Alaska     302 
Transit;    Stadia   Circle       24 
Transmission  Lines;  Cost  of  Short,  for  Elec- tric Power  for  Tunneling     308 

Transportation    and    Haulage     (see     "Haul- 

Trees:     Cost    of    Planting,     Queen    Victoria 
Park.   Canada    571 

Trench    Tamping    Machine     and     Pavement 
Picker     328 

Trenching    Costs   ,•••,■•■   1     .5„ 
Trenton,  N.  J.:   Granite  Block  Pavement   360 

Troy    N.   T. ;   Granite   Block  Pavement     359 

Trucks;    Motor    (see    "Motor  Trucks"). Tunnels: 
Air  Pressure  Used  at  Various       24 
Arminto,  Wyo..   C.   B.  &  Q.  Ry   •■■■•■   5?? 
Boston  Water  Supply   73.   84,  129,  3o2,  4d1 
Brick  Lining:   Methods  and  Costs    130 
Chelsea  Creek,   Boston,  Mass.,   Crossing...  129 
Construction  by   Day   Labor     129 
Construction  Plant  Described   .85,  131 
Costs:    Brick    Lining   ••   129,  354 
Costs:  Water  Supply,  Boston,  Mass   129,  3o4 
Drill   Holes;   Advantageous   Depth       29 
Drill      Holes;      Number    Used    in    Driving 

American       .•  •  •  ■ 
Drilling  Speeds  at  Twenty-tour  American Tunnels        

Drills;  Cost  of  Repairs   -A--;-- 
Electric  Power.   Transmission  Line  Cost.. 
Excavation   Methods  and  Costs   86, 

Lining;  Brick.  Methods  and  Costs   
Lining;      Concrete     Forms,     Methods     and 

Costs    •  ■   • 
Lining:   Concrete;   Placing  by  Compressed 

Mon'treai;"Surface"and   Underground   Sur- vevs       

Mount  Roval.  Canadian  Northern  Railway  383 

Pressure:  "Construction    in    Rock    Through Waban    Hill       2* 
Steel   Cars   for   Construction   •  ■  ■   ̂   i  - 
Stream  Flow  in  Water  Tunnels:  Formulas  j>i.i 
Suction:    Connecting    to    Wet    Well........   424 
Surveys;  Methods  and  Instruments  Used.. 
Timbering;  Methods  and  Costs   

Water  Supply;   Boston,  Mass   ......... .... 
  ii,    o4.    L^y,    liOi. 

Water" Supply:    Chicago.   Lake   View   Sta- tion.   (Construction      

Water  Supply;  Series  of  Articles  on...... 
Flow   Tests  bv  Titration   '.bl 
Steam.   St.   Louis  Pumping  Station 

30 
135 

77 

308 
130 

354 
87 

386 

383 

86 

451 

500 

73 

270 

9 

Turntables     '" 

U-V 

Ultra-VioIet  Ray  SteriUzation  Plant,  Operat- 
ing  Cost   ■■   ■.■  S"l 

Valuation   of  Public  Utilities   (see   "Apprai- 
sal"). _^. 

Valve    Boxes;    Location    by    Magnetic    Dip 
Needle        ^OO 

Valves:  ,   ., 

Holvoke,   Mass.,  Maintenance  and  Inspec- 
tion  of  Hydrants  and   ■■■■  ■   - '" 

Motor  Truck  Attachment  for  Rapid  Clos- 
ing  of  Large  Gate   •  ■   ;  ■   *" 

Vanadium     Steel.     Properties    and    Use    m 
Long-Span    Bridges   .••■•;••  Joe 

Vault  Space  Under  Streets,   Ownership,  of . .  I9b 
Viaducts:  ,    _ 

Bietschtal;    Switzerland,   Design  and  Con- struction  Features      ■■■•.•■■     ° 
Lethbridge  Alta.,  Methods  Used  m  Laying 

Out       .•■•;.     ieJ 
Victoria,  B.  C,  Data  on  Lawn  Spnnkhng. . . .   Ib-^ 
Virginia:    Sand-CIav  Road   Construction.....   »»_• 
Vitrified  Block  Paving  in  Baltimore   344,  6i3 

Vitrified  Clay  Water  Pipe    "' ' 

W 

Waban  Hill  Tunnel   

Wagon  Loading  Devices. ......  ■•■•■  ■•• 
  120,    238,    372,    469 

Walls:  „      ̂ . 
Bulkhead;    Concrete,   Specifications Canal      
Pactorv:  Choice  of  Materials   
Power   House:    Design   of   Exterior 
Reservoir:    British    Design. .....  ■■   
Retaining  (see  "Retaining  Walls    ). 
Tile:   Office  Building  in  Seattle....-   •-• 

Walthnm,  Mass..  Caulking  Lead  Joints  with 
Compressed  Mr   .•■•;;■■  -U- ' 

War.  European;  Effect  on  American  Munici-
 

pal Improvements   

510, 

,   Barge 

Tile!.. 

84 

548 

91 

140 263 
519 
447 

290 

283 

Warehouse: 
Construction  Costs      561 
Warm   and    Cold    Storage,    Seattle,    Design 

and  Structural  Features     446 
Washing  Machines  for  Sand  and  Gravel.  .70,  470 
Washington  Bridge,   New  York         5 
Water    Bills;    Lien    on    Real    Property,    Dis- 

cussion of       425 
Water  Consumption: 

Milton,  Mass.,  Methods  of  Limiting     311 
Uses  Difficult  to  Control,  Data  on     310 

Water  Filtration  (see  "Filtration"). Water  Mains; 
Cast  Iron;  Allowable  Leakage    499 
Caulking  Lead  Joints  with  Compressed  Air  290 
Causes  of  Breaks ;  Chicago     416 
Cleaning,    Demonstration    of   Mechanical.  .   313 
Crossing  Chelsea  Creek,   Boston,   Mass....   129 
Design  of  Small  Systems     208 
Extensions;    Provisions    Governing,    in    135 

American  Cities     381 
Galveston,    Texas    163 
Lowering    Methods    and    Cost    Data,    San 

i.iego,    Cal     419 
Repairing  Leaks.  Galveston  Harbor,  Texas  163 
Tunnel  Construction  for,   Brick-Lined   
  73,  84,  129,  352,  451 

Weston  Aqueduct.   Boston  Supply  Mains..     84 
Water  Meters: 

Bonus   System   of  Paying  Readers   552,  558 
Consumption     and     Cost     of     Unmetered 

Water  Supply    310 
Gallons  or  Cubic  Feet?  Preferable  Unit  of 

Measurement      501 
Milton,  Mass     312 
Milwaukee,   Wis.,    Selection     176 
New  Orleans;  Cost  of  Installing     165 
Notes   from    Various   Cities     209 
Oregon;  Rules  for  Testing  and  Operation..  177 
Repairs:    Cincinnati     165 
San    Diego,    Cal.,    Specification    Governing 

Purchase         291 
Testing:  Oregon  Rules     177 

Water  Pipe; 
Burlington,     Iowa       51 
Cast  Iron  and  Specials,   Costs     1^1 
Cast  Iron;  Corrosion,  Preventive  Measures  377 
Cast    Iron:    Cost    of    Laying    for    Railway 

Service      383 
Cast  Iron;  Lengthening  Life  of     374 
Cast   Iron.    Milton.    Mass   312 
Cast  Iron:   Repairing  Leaks  in  Submerged 

Water    Main     163 
Cast  Iron,   Threaded     238 
Caulking  Lead  Joints  by  Compressed  Air..   290 
Cement  Lining,  Apparatus  for  Applying...  547 
Cleaning;  Mechanical:   Boston    313 
Corpu.5   Chiisti    Supply   Line     099 
Costs  of  Laying  36-in     131 
Costs  of  Laving,  Weston  Aqueduct       84 
Design      of     Submerged    Flexible    Jointed, 

Burlington,  Iowa,  Intake       52 
Design  of  Wooden  Stave:  Machine  Banded  422 

Designing  Small  Water  Systems    208 
Electrolysis    of     291 
Excavation  of  Trenches  Costs       »5 
Installation  of  Service  Pipes;   Proper     501 
Joints;   Insulated:   Providence.   R    1     4.;i 
Joints:  Method  of  Making  in  Vitrified  Clay  3di 
Leakage     in     Gravity     Pipe     Line;     Novel  _ 

Method  of  Measurement    o21 
Loads        208 
Meridian,  Miss    gj?' 

Protection  of  Riveted  Steel     59s 
San  Diego,  Cal..  Rapid  Installation       11 
Steel;  Lining  with  Mortar       »» 
Steel;  Lining  with  Cement    547 

Steel;    Pittsburgh    Reservoir     "'' 
Steel-  Protection  of   -.•   59S 
Submerged;       Construction      and       Repair 

Methods  and   Costs  at  Portland,  Ore..   538 

Thickness;    Determination    of   Weight    and  20S 
Tunnel  Under  Chelsea  Creek,  Design    451 

Tunnels  and  Shafts,  Bostom^Mass. . . . .  .^.^.^.   ̂^^^ 

Vitrified   ciay;   Joints    357 
Wood  Stave:  Increasing  Life  of     oij 
Wood   Stave;   Series  of  Articles  on.    ..... .   421 
Wood  Stave;  Use,  Design  and  Durability..   516 

Wood  Stave;  Uses  and  Misuses    422 
Waterproofing: 
Cement  Mortar  Costs   Ceresit      
Concrete    Bridges   
Concrete   Fountain   ^;;\:'y:' 

Method    Used    on    Concrete    Bulkhead    m 
Mine      ;.;.■,     '  I  ."■  ,',V  ' ' 

Water  Purification   fsee  also  "Filtration    ): 
Aeration  Basin,  Miraflores,  Panama   

Algae  Growth:  Effect  of  Ozone  on.   

Aurora,  Ind.,  Works,  Efficiency  Examina- 

Bacteriologicai' Examination;    Object    and Limitations      ,■•;;•■■.   

Chemical  Standards  for  Supply,  Montaim. . 

Coagulation  and  Its  Effects  on  Filter  Efflu-       ̂  

Corpu^  ̂   Chri'^u; '  Texas'. '  Plant     59^ 
Cotton  Disc  Sediment  Records. .........  •-.   4iii 
Decarbonation    of   Well    Water   at    Lowell, 

J^Jj^Cg     
'>^ 

Industrial    Supply    Connected    with   Public, 
Causes  Typhoid   •   ■•  •  • 

Lowell,    Mass..    Well    Water    Supply,     Re- 
moval  of  Iron  and  Manganese     101 

Miraflores    Plant... ^   ■.■ ' 'i,- • 'iiUi;^^ '• 

Pollution   of   Raw   Water   to   Be   Filtered. Permissible       .•  •  •  u;  •  ■  •  •  -•,■.   --^A 

Statistics:    Uniformity    in    Compihng    and Reporting      V'**   ». 

Ultra-Violet  Sterilization  Plants;  Operating Co?!fs    

Well  Water  Supply;   Iron  and  Manganese 
Removal        ^"^ 

433 
282 

149 
282 

309 
53 

250 
178 

177 

332 

501 

Water   Rates;    Data    Compiled   by   American 
Association         169 

Water  Rights;  Decision  by  Supreme  Court.. 

  25,     36 
Water    Softening:    McKeesport   Plant;    Con- creting    Materials       33 
Water   Supply: 

Building  Operations      310 
Burlington,    Iowa       52 
Chemical  Standards  for  Purity  of;  Montana  178 
Contamination      Through      Leaky      Check 

Valve,   Circleville,   Ohio    Ii7 
Costs;  Effect  of  Waste   329,  330 
Costs  of  Unmetered     310 
Dams;    Dardennes   Valley,    France     30 
Decarbonation  of  Well  Water       50 
Dual  System  of  Distribution  and       12 
Drinking  Fountain,  Somerville,  Mass    490 
Fire   Alarm    Attachment    to    Pressure    Re- 

cording Gage    •  •  453 

Ground;  Springfield,  111.,  Works  for  Devel- ment   of     333 

Industrial;-  Contamination    of   Public   Sup- 
ply    177 

Lawn   Sprinkling  Data   165,  310 
Lowell,  Mass..  Decarbonation  Data       oC 

Michigan  Supreme  Court  Decision  in  Kala- mazoo  Case     487 

Montana ;  Analysis    1"° 
Reports;    Saskatchewan,   Regulations  Gov- erning Prejjaration    131 
Sewer  and  Street  Flushing,   Data  on    310 
Toulon,   France;   Dam,   Construction  of       30 
Tunnels:   Series  of  Articles  on       73 
Tunnels  and  Shafts;  Boston,  Mass   
  73,    84,    129,   352,  451 

Wheeling,    W.    Va.,    Preferential   Vote    on 
Engineering  Problem   239,  247 

Water  Waste; 

Economics  of   329,  330 

Effect  on  Cost  of  Water  and  Sewer  Serv- 
ice     329,  330 

Fountain  for  Prevention;  Somerville.  Mass.  490 
Milwaukee.  Wis..  Method  of  Curtailment..   17S 

Water  Works: 

Accounting;  Discussion  of  Elements     600' -Annual  Reports;  Increasing  Value  of         1 
Automobiles.  Use  of.  at  Worcester,  Mass..   333 
Boston,    Mass.,    Tunnel    Construction    and 

Costs   73,   84,  129,   352,  451 

Chelsea  Creek  Crossing  for  Water  Main..   129- Circlevile,  Ohio;  Typhoid  Epidemic     177 
City  Manager;  Results  at  Abilene,  Kan     503 
Columbus,   Ga.;  Improved  Supply  for    49S 
Construction  Plant  Described       85 

Corpus   Christi.   Texas;   New    Plant      M^ 
Costs;  Distributing  Reservoirs     312 
Costs;  Installing  Meters  and  Service  Con- 

nections     164 
Costs;  Massachusetts.   Small  Towns    312 
Costs;  Pumping  Stations  and  Machinery..   312 
Costs;   Tunnel  Construction,   Boston   
  73,  84,  129,  352.  451 

Data   of   Exceptional  Value.    Comment  on 
Report        169 

Departments;  San  Diego.  Cal,,  Correspond- ence   Forms     520 
Designing  Small  Systems     207 
Distribution  and   Supply;  Dual  System       12 
Engineering  Mistakes,  and  Their  Lessons.   246 
Filtration   Plants    (see    "Filtration"). Fire    Protection    Requirements     in     Small 

Towns         207 
Gas   Engine    Installations       53 
Gate  Valves;  Motor  Truck  Attachment  for 

Rapid  Closing     454 
Geology:       Application      to      Engineering 

Problems        1"9 Holyoke,     Mass.;     Hydrants      and      Gates, 
Maintenance  '    270 

Hong  Kong  Additions       77 
Hydrant  Control,  Milton,  Mass   -.   312 
Hydrants:      Fire;      Regulations     in     New 

Orleans        52 
Industrial  Supply;   Case  of  Kalamazoo  vs. 

Paper  Co     487 
Intake  Crib  and  Supply  Line   52.  497 
Leaky    Check    Valve    Between    Public   and 

Contaminated  Industrial  Supply     177 
Massachusetts  Small  Towns;  Costs    312 
Meterage;  Notes  from  Various  Cities    209 
Milwaukee.   Wis..    Curtailment   of  Waste..   176 
New    Orleans:      .Service      Connections    and 

Meters        164 
Oregon;  Operation  of  Public  Utihties     177 
Pipe     Line     Leakage:     Novel     Method     of 

Measurement        521 
Pittsburgh.    Pa..    North    Side  Reservoir   577 
Portland.  Ore..  Submerged  Pipe  Line;  Con- 

structing and   Repairing    538 
Pumping  Engines  for  Small  Systems    208 
Pumping  Machinery;    Booster;    San   Diego. 

Cal       11 
Pumping  Machinery.  Design.  St.  Louis....       8 
Pumping    Station   and   Machinery.    Costs.. 

....       312.  497 
Reservoirs;    British    Practice   in   Design  of 

Reinforced    Concrete     519 
Reservoirs;    Columbus.    Ga    497 
Reservoirs:   Costs  of  Large    5;^9 
Reservoirs;  Design  and  Construction    577 
Reservoirs;  Distributing.  Costs,  of  Small..  312 
Reservoirs  for  Small  Systems;  Designing..   208 
Reservoirs:  Notes  on  Construction       54 
Reservoirs:  Pittsburgh,  North  Side     5.7 
St.  Louis;  Pumping  Station         8 
San    Diego:    Rapid    Installation   of   Booster 

Pumping  Plant  and  Pipe  Lines       11 
San    Francisco:     Probable    Utilization     of 

Private    Plants     230 
Sedimentation  Reservoir      49 1 



Engineering   and    Contracting 

Water  Works:   (continued) 

Service  Connections:  Installations  at  New 
Orleans      •  1*^ 

Settling  Basins:  Construction  Notes       54 
Suction    Tunnel,    Connecting    to   Wet   Well 

Witiiout  Draining     424 

Superintendents'   Day  at  Convention    220 
Tanks;    Design   and    Construction   of   Ele- vated        266 
Tunnels;  Brick-Lined.  Boston.  Mass     129 
Tunnels   and   Shafts:   Chicago.   Lake  View 

Station        500 
Tunnels;  Construction,  Metropolitan  Water 

District.  Mass   73.  S4.  129,  332,  4.51 
Valuation;  Some  Observations  on     556 
Valve    and    Shut-Off    Boxes;    Location    by 

Magnetic    Needle     500 
Waltham.      Mass..      Compressed      Air     (or 

Construction    Work        290 
Wells;  Dug;  Sinking  in  Quicksand     290 

Waterloo,  Iowa,  Water  Meterage  Notes     209 
Wave  Damage         92 

Wayne    County.     Michigan.    Concrete    Road 
Construction       25S.  457 

Weirs: 
Storm  Water  Regulators;  Design  of  Over- 

fall and  Leaping  Weirs    156 
Stream  Flow  Gaging    272 

Welds.    Oxv-Acetvlene   Process   175,    199,  2S2 
Weller  Unit  System  Storage  Bins    237 
Wells: 

Deep;    Testing   Verticality   of    559 
Dug;  Engineering  Mistake  and  Its  Lesson.  246 
Dug;  Sinking,  Difficulties.  Atlantic  City...  355 
Dug;  Sinking  in  Quicksand    290 
Filter;  Use  Along  the  Ohio  River    250 
Galva,   111.,   Detecting  Leak    12 
Ground  Water  Supply,  Springfield,  111    333 
Irrigation:  Method  of  Sealing    143 
Leak    in    Casing    of    Deep,    Detecting    by 

Electric   Light    12 
Lowell.   Mass.,   Decarbonation  of  Water...  5U 
Suction      Tunnel:       Connecting      Without 

Draining  Wet  Well    424 
West  Grove,  N.  J.,  Sea  Outfall  Sewer    69 
Westminster  Hall.  England.  Proposed  Recon- 

struction   of   Roof    172 
Weston    Aqueduct,    Massachusetts    84 
Wharf    Construction;    Commonwealth    Pier, 

No.  1.  East  Boston,  Mass    170 
Wheeling,   W.   Va. :   Preferential  Vote   on  Water 

Supply  Problem   239,  247 

Wilkinsbui'g,  Pa.,  Water  Meterage  Notes....   209 
Williamsburg  Bridge,  New  York         5 
Wind  Forces  on  Buildings       40 
Wire-Cut-Lug  Paving  Brick     120 
Wire  Tightness  for  Concrete  Forms     266 
Wisconsin: 

Bituminous    Carpet    on    Concrete   Road    in 
Milwaukee  County     569 

Concrete    Culverts    and    Bridges    in    Mil- 
waukee County;   Costs     486 

Highway    Commission;     Organization    and 
Work  of   397,  398,  486 

State  Aid  Road  Inspection     462 
Wood  Block  Pavement: 

Baltimore,  Md     345 
Characteristics   and   Costs    442 
Long-Leaf  and  Short-Leaf  Pine  and  Light 

Oil  Treatment       93 
Philadelphia,   Reconstruction  Notes       92 

Wood  Stave  Pipe   421.  422,   437.  511,  516 
Worcester.     Mass..     Automobiles     in    Water 

Works  Service     333 

Youngstown,  Ohio,  Theater  Failure    515 
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The  Standardization   of  Public  Build- 
ings. 

The  enormous   expenditure  by  the   Govern- 
ment   for    public    buildings    and    their    sites   

$163,085,431  in  the  last  twelve  years — em- 
phasizes the  need  of  high  efficiency  in  this 

class  of  construction.  The  necessity  of  more 
systematic  work  in  connection  with  the  design 
and  construction  of  government  buildings  has 
long  been  felt,  and  it  is  gratifying  to  note 

that  the  committee  which  was  app'ointed  by Congress  to  report  on  the  subject  of  national 
building  construction  has  recommended  the 
creation  of  a  Federal  Bureau  of  Public  Build- 

ings. This  committee  consisted  of  Secretarv 
McAdoo,  Attorney  General  McReynolds,  Post- 

master General  Burleson,  Senators  Swanson 
and  Sutherland,  Representatives  Clark  and 
Austin,  and  Sherman  .\llen,  former  assistant 
secretary  of  the  treasury,  and  the  weight  of 
their  recommendations  probably  will  result  in 

the  creation  of  such  a  bureau.' 
The  great  saving  which  should  result  from 

the  creation  of  an  efficient  bureau,  in  charge  of 
men  who  possess  not  only  a  knowledge  of 
aesthetic  building  design  but  also  thoroughly 
understand  modern  construction  methods,  ma- 

terials and  equipment,  is  evident  to  all.  On 
account  of  the  similarity  of  the  government 
work  in  various  cities  it  should  be  possible  to 
adopt  standards  of  construction  which  would 
result  in  a  large  ultimate  saving.  In  addition 
to  this  it  will  be  possible  to  create  designs  for 
cities  of  various  sizes  which  will  do  much 
to  overcome  the  present  inequality  of  expendi- 

tures due  to  the  eflforts  of  those  directly  in- 
terested in  buildings  in  certain  localities.  De- 

signers of  public  buildings  may  rightlv  be  ex- 

pected to  point  the  way  in  aesthetic  "building design,  yet  it  is  essentia!  that  such  buildings 
be  planned  for  the  efficient  conduct  of  federal 
business  and  the  certain  protection  of  govern- 

ment records.  Not  only  must  the  buildings 
be  of  fireproof  construction,  but  the  spread  of 
a  fire  originating  within  a  building  must  be 
rendered  impossible.  The  creation  of  this  bu- 

reau \vill  do  much  toward  guaranteeing  better 
public  buildings  by  fixing  directly  the  respon- 

sibility for  such  construction,  iforeover,  bet- 
ter public  buildings  will  act  as  an  incentive 

to  designers  of  commercial  buildings,  the  edu- 
cational value  of  such  a  bureau  being  one  of 

its  greatest  assets. 

The  New  York  Sewerage  Report. 
Tn  the  sewerage  section  of  this  issue  we 

publish  an  article  outlining  the  chief  features 
of  the  main  drainage  and  sewage  disposal 
works  proposed  for  New  York  City  by  the 
IVIetropolitan  Sewerage  Commission.  The 
article  is  based  upon  the  final  report  of  the 
Commission.  The  importance  of  this  report 
warrants  a  brief  review  of  it  in  these  columns. 
The  report  contains  about  750  pages  and  is 

the  third  bound  volume  issued  by  the  Commis- 
sion to  describe  its  investigations,  to  record 

its  opinions  and  to  state  its  recommendations. 
There  have  also  been  issued,  at  various  times, 
seventeen  preliminary  reports.  The  final  re- 

port summarizes  the  work  done  from  1906  to 
1914,  describes  the  plans  for  main  drainage  and 
sewage  disposal  works  recommended  for  the 
protection  of  the  harbor  water,  contains  the 
reports  of  experts  consulted  by  the  Commis- 

sion, and  contains  data  relating  to  the  protec- 
tion of  the  harbor.  The  reports  by  experts 

include  five  critical  reports  and  four  reports 
upon  special  topics,  with  digests  of  these  re- 

ports and  the  inclusion  of  explanatory  matter « 
by  the  Commission.  Analytical  results  not 
previously  published,   relative  to   the  effect  of 

sewage  on  the  harbor  water,  are  included. 
1  here  is  also  a  discussion  of  the  present  status 
of  the  various  methods  of  sewage  disposal 
and  numerous  practical  examples  are  given, by  illustrations  and  descriptive  matter,  of  the 
mam  drainage  and  sewage  disposal  works  of 
various  large  European  and  American  cities. 
A  chapter  of  special  interest  relates  to  the 
utilization  of  sewage  with  particular  reference 
to  the  possibility  of  deriving  a  financial  re- 

turn from  the  sewage  of  the'citv.  This  chap- ter contains  a  very  thorough  study  of  the  com- 
position of  sewage,  the  value  of  sewage  as  a 

fertilizer,  the  utilization  of  sewage  in  agricul- 
ture, and  of  sludge  and  its  disposal. 

The  report  will  prove  interesting  reading  to 
all  sewerage  engineers.  It  is  notable  for 
the  plan  of  presentation  consistently  fol- lowed whereby  the  Commissioners  state 
the  reasoning  which  caused  them  to  ad- 

vocate certain  plans  in  preference  to  the  va- 
rious alternatives  considered.  The  advantages 

and  disadvantages  of  the  alternatives  are  also 
given  in  a  consistent  degree  of  detail.  This 
feature  of  the  report  makes  it  of  high  value 
to  the  sewerage  engineer.  The  report  is  con- 

servative in  its  recommendation  of  expendi- 
tures, of  treatment  processes  and  of  the  de- 

gree  of  purification   to  be   sought. 
The  outlet  island  project  is  given  special 

attention  in  our  article  above  mentioned.  This 
feature  will  appeal  to  the  general  interest  of 
all  our  readers  for  it  possesses,  at  first  sight, 
many  of  the  spectacular  elements  characteristic 
of  the  feat  of  engineering  skill  equally  at- 

tractive to  the  engineer  and  the  layman.'  On clo.^er  examination,  however,  one  is  impressed 
by  the  fact  that  this  project  possesses  no  un- 

tried or  unprecedented  feature  and  reallv  is 

conservative  engineering.  Aside  from  "the island  project  all  of  the  measures  proposed  are 
commonplace  and.  while  extensive,  are  exceed- 

ingly simple  in  principle. 

Concerning  Experience. 
Speaking  from  the  standpoint  of  the  individ- 

ual there  are  two  kinds  of  e.xperience,  one's 
own  and  that  of  others.  Each  type,  when 
properly  interpreted,  classified  and  recorded, 
adds  to  the  knowledge  of  the  individual.  Hav- 

ing observed  a  tendency  on  the  part  of  manv 
engineers  to  ignore,  overlook  or  to  make  slight 
use  of  the  second  type  named,  we  desire  to 
suggestits  extreme  value  and  to  urge  its  full- 

est utilization. 

The  young  engineer,  impressed  by  the  value 
of  experience,  ordinarily  will  make  sacrifices 
to  attain  it.  Frequently  after  years  of  work, 
he  finds  it  hard  to  market  to  advantage  the 
experience  he  has  gained.  He  is  perplexed 
and  begins  to  doubt  its  value.  It  is  inter- 

esting to  examine  the  cause  of  his  predicament. 
Very  commonly,  in  such  cases,  the  individual 
is  the  victim  of  a  confusion  of  ideas:  he  has 
mistaken  service  for  e.xperience.  He  has  per- 

formed the  same  kind  of  work  from  day  to 
day,  learning  very  little  new  once  he  had  his 
job  well  in  hand.  It  should  be  borne  in  mind 
that  length  of  service  does  not  proportionately 

add  to  one's  fund  of  experience  unless  he  seeks it  constantly. 

In  the  majority  of  minor  engineering  posi- 
tions the  duties  are  largely  routine  and  are 

soon  learned.  If  he  would  advance  the  worker 
must  then  turn  a  part  of  his  attention  to  the 
work  of  others  and  learn  all  possible  concern- 

ing it.  He  must  observe  and  he  must  weigh 
and  record  what  he  observes.  This  is  learning 
from  the  e.xperience  of  others.  In  addition  to 
direct  observation  much  of  this  type  of  e.xpe- 

rience may  be  gained  by  the  engineer  who  has 
self-interest  enough  to  read  technical  literature, 
particularly  current  literature. 

1 

These  thoughts  are  suggested  at  this  time 
by  our  knowledge  of  a  recent  decision  bv  the 
head  of  the  civil  service  bureau  of  one  of  the 
largest  cities  in  this  country.  Engineer  can- 

didates for  promotion  will  be  tested  to  deter- 
niine  what  they  know  of  recent  developments 
in  their  field.  In  other  words,  thev  will  he  ex- 

amined as  to  their  willingness  and  ability  to 
learn  from  the  experience  of  others  through reading. 

The  Increasing  "Value  of  Annual  V/a- 
ter  Reports. 

From  the  viewpoint  of  those  who  receive 
and  examine  the  annual  reports  of  the  water 
departments  of  our  larger  and  secondary  cities 
the  value  of  such  reports  is  increasing.  We 
have  several  times  urged  the  advisabilitv  of 
including  in  such  reports  specific  information 
of  general  interest  and  it  is  in  this  respect  that 
their  value  may  fairly  be  said  to  be  increasing. 
While  recording  our  conviction  on  this  point 
we  desire  once  more  to  point  out  the  wisdom 
of  including  in  annual  reports  information  of 
direct  value  and  interest  to  water  works  en- 

gineers and  superintendents  generally. 
Every  department  of  sufficient  size  and  im- 

portance to  warrant  the  publication  of  an  an- 

nual report  must  surely,  during  the'  course  of 
a  year,  learn  something  which  should  be  made 
a  matter  of  record  available  to  those  engaged 
in  the  business  in  other  localities.  From  the 
standpoint  of  local  requirements  it  is  doubt- 

less necessarv  and,  in  fact,  is  frequentlv  re- 
quired by  ordinance,  that  full  statements  of  the 

departmental  finances  be  published  in  the  re- 
port. Similarly,  where  record  keeping  systems 

are  incomplete  or  faulty,  it  is  doubtlessadvis- 
able  to  incorporate  many  pages  giving  the 
location  of  valves  and  hydrants,  stating  the 
Iength_  and  location  of  extensions  to  the  pipe 
lines  in  the  distribution  system,  and  giving 
somewhat  similar  data  relative  to  meters  and 
service  connections.  The  compiler  of  the  re- 

port should  bear  in  mind,  however,  that  such 
matter  is  almost  entirely,  if  not  quite,  valueless 

to  those  on  the  department's  exchanse  list.  Un- less something  more  than  information  of  this 
character  is  included  in  reports  their  exchange 
is  an  unwarranted   expense. 

We  do  not  wish  to  discourage  the  inclusion 
of  whatsoever  matter  local  customs,  rules  or 
laws  may  require,  but  we  desire  to  reiterate 
our  previous  statements  that  specific  informa- 

tion of  general  interest  must  be  included  to 
make  such  reports  of  any  value  to  those  in 
other  localities.  If  only  a  half  dozen  pages 
are  utilized  for  reporting  unit  costs,  construc- 

tion methods,  ingenious  methods  of  making 
repairs,  improved  methods  of  keeping  records, 
or  the  results  of  special  studies  made  during 
the  year,  the  report  assumes  value  at  once  as 
an  exchange. 

It  is  probably  unnecessary  to  do  more  than 
state  that  each  department  owes  a  debt  to  the 
water  works  fraternity  which  can  best  be  paid 
by  reporting  its  own  progress  in  methods  or 
the  results  of  its  researches.  The  annual  re- 

port is  a  proper  vehicle  for  the  dissemination 
of  such   information. 

To  return  to  local  requirements,  we  take  it 
that  all  pros'ressive  and  competent  water  de- 

partment officials  desire  the  interest  of  the 

water  takers  in  the  department's  activities. 
We  believe  that  these  very  points  of  specific 
interest  to  which  we  have  made  reference  will 

also  prove  of  vastly  more  interest  to  local  peo- 
ple than  many  pages  of  tabulated  statistics. 

The  subject  is  a  very  important  one,  and  is 
worthy  of  the  attention  of  all  departments 
issuing  annual  reports. 
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Design    and    Construction    of    the    St. 

Lawrence  River  Bridge  near  Mont- 
real,   Canada,    With    Particular 

Reference    to    the     Erection 

of  the  408-Ft.  Spans. 
The  St.  Lawrence  River  bridge  of  the  Cana- 

<lian  Pacific  Ry.,  which  crosses  the  St.  Law- 
rence River  about  seven  miles  from  Montreal, 

near  the  village  of  Caughnawaga,  is  a  double- 
track  structure  consisting  of  two  single-track 

the  ends  of  both  the  upper  and  lower  chords 
of  the  408-ft.  through  spans  were  curved. 

This  procedure  is  open  to  criticism  from  a 
mathematical  point  of  view,  but,  considering 
that  the  pier  supports  were  founded  on  rock 
and  in  addition  had  adjusting  screws  so  that 
the  ideal  conditions  upon  which  the  calcula- 

tions had  been  made  could  be  at  all  times 

maintained  (if  necessary),  the  design  was  con- 
sidered justifiable.  The  engine  loads  for  which 

the  old  structure  was  designed  were  equal 

approximately  to   Cooper's  E-35  loading,   fol- 

types  instead  of  the  continuous  spans  between 
piers  Nos.  11  and  15.  The  new  second  track 
was  placed  on  the  downstream  side  of  the 
existing  bridge.  The  added  masonry  was 
bonded  into  the  old  above  the  water  line, 
while  below  the  water  line  open  caissons  were 
sunk  to  the  same  hard  bottom  to  which  the 

original  masonry  was  carried,  except  in  the 
case  of  piers  Nos.  9  to  13,  where  pneumatic 
caissons  were  found  necessary.  Caisson  No. 
13  was  square  ended  where  it  butted  against 
the  old  masonry,  and  was  pointed  at  the  down- 

'|f  16'3'C  toC  Tracks 
North  Abufrnenf 

(b)  Plan 

Fig.   1.      Elevation   and    Plan   of   St.   Lawrence    River   Bridge    Near    IVlontreal,    Can., 

structures  on  common  piers.  The  methods 
used  in  erecting  this  bridge  are  of  special  in- 

terest, due  to  the  fact  that  the  current  was 
swift  and  it  was  necessary  to  maintain  traffic. 
As  the  old  single-track  bridge  vvas  an  excep- 

tional structure  some  data  will  also  be  given 
relative  to  it.  This  article  is  based  on  a  paper 
by  P.  B.  Motley,  in  Proceedings,  Canadian  So- 

ciety of  Civil  Engineers. 
THE    OLD    BRIDGE. 

The  Caughnawaga  crossing  was  adopted  for 
the  site  of  the  old  bridge  after  a  thorough  in- 

vestigation of  several  possible  lines,  as  it  gave 
the  most  economical  location  and  best  suited 
the  requirements  of  navigation.  The  bridge 
was  approximately  %  mile  long,  and  the  navi- 

gation requirements  were  taken  care  of  by 
using  two  through  spans  of  408  ft.  each  over 
the  deepest  portion  of  the  river,  a  clearance  of 
60  ft.  above  high  water  being  maintained.  The 
span  lengths  for  the  remainder  of  the  bridge 
were  generally  270  ft.  and  240  ft.,  these  lengths 
being  dictated  by  the  judgment  of  the  engi- 
tieers  with  respect  to  ice  flow  in  the  river. 

The  substructure  of  the  bridge  was  begun  in 
the  spring  of  1885,  and  the  erection  of  the 
steelwork  was  carried  on  during  the  winter  of 
1880-1887.  The  superstructure  was  designed 
by  the  late  C.  Shaler  Smith  and  was  fabricated 
and  erected  by  the  Dominion  Bridge  Co.  It 
was  especially  designed  with  a  view  to  quick 
and  simple  erection,  as  it  was  impossible  to 
place  falsework  in  the  deeper  portions  of  the 
river  where  the  408-ft.  spans  were  located.  To 
meet  the  conditions  the  designer  decided  upon 
a  peculiar  type  of  bridge.  The  structure  con- 

sisted of  four  spans  (two  deck  and  two 
through),  continuous  over  five  supports,  which 
enabled  the  steelwork  on  the  side  or  flanking 
spans  to  be  erected  first  on  falsework  and  the 
main  channel  spans  to  be  erected  by  the  canti- 

lever method,  the  flanking  spans  being  used 
as  anchors.  Some  of  the  steelwork  was  also 
cantilevercd  in  both  directions  from  the  pier 
located  in  the  center  of  the  channel.  When 
these  several  spans  were  connected  they 
formed  a  continuous  span  over  five  supports, 
fixed  at  the  center  pier  and  extending  in  both 
directions  therefrom.  The  channel  spans  were 
made  of  through  design  to  allow  steamers  to 
pass,  and  Mr.  Smith  solved  the  problem  of 
combining  the  deck  and  through  spans  by  a 
very  beautiful  and  interesting  design,  in  which 

lowed  by  a  train  load  of  2,500  lbs.  per  lineal 
foot.  The  material  in  the  structure  was  steel, 
except  the  stringers,  counters  and  wind  bracing 
which  were  iron.  The  design  lent  itself  ad- 

mirably to  rapid  erection,  which  was  borne  out 
by  the  fact  that  the  steel  took  only  twelve 
months  to  erect. 

THE    NEW    BRIDGE — GENER.\L    REQUIREMENTS. 

By  1910  the  requirements  of  traffic  had  neces- 
sitated the  use  of  much  heavier  engines  than 

were  considered  in  the  original  design,  and  the 
increasing  volume  of  traffic  made  it  advisable 
to  double  track  the  line  from  Montreal  east- 

wards. Bids  were  accordingly  called  for  on 

designs  prepared  by  the  railway  company's 
engineers,  and  a  contract  was  subsequently" en- tered into  with  the  Dominion  Bridge  Co.  for 
the  removal  of  the  old  spans  and  the  erection 
of  the  new  ones.  A  contract  was  also  made 
with  The  Foundation  Co.  for  the  extension  of 
the  substructure  to  accommodate  the  extra 
steelwork. 

In  the  old  structure  there  was  no  traffic  to 
be  taken  care  of  during  construction,  but  in 
the  new  one  it  was  not  allowable  to  inter- 

fere with  the  regularity  of  passing  trains.  This 
considerably  complicated  the  problem,  and  it 
was  decided  that  tlie  only  possible  way  of 
meeting  all  the  requirements  was  to  build  two 
independent  single-track  bridges,  and  to  re- 

move the  old  bridge  in  sections,  transferring 
traffic  from  side  to  side,  as  will  be  described 
later. 

SUBSTRUCTURE   OF    NEW    BRIDGE. 

From  observations  made  during  the  life  of 
the  old  bridge  it  was  noted  that  the  ice  of 
Lake  St.  Louis  generally  grounded  on  the 
Lachine  side  of  the  river  in  shallow  water 

and  after  breaking  up  floated  under  the  La- 
chine  end  of  the  bridge  in  small  pieces  in  a 
manner  which  did  not  seem  to  justify  the  ex- 

istence of  four  240-ft.  spans  between  piers 
Nos.  3  and  7  (see  Fig.  1).  It  was  therefore 
decided  to  bisect  these  spans  by  building  new 
intermediate  piers  (Nos.  3A,  4A,  5 A  and  6.\), 
and  to  use  eight  120-ft.  spans  instead  of  four 
240-ft.  ones.  This  resulted  in  considerable 
economy  in  cost.  Between  piers  Nos.  7  and 
11,  it  was  not  considered  advisable  to  make  a 
change.  With  these  exceptions,  the  structure 
was  renewed  in  span  lengths  similar  to  those 
which  originally  existed;  but  it  was  decided  to 
us  simple  spans  of  ordinary  deck  and  through 

stream  end.  It  was  carried  about  7  ft.  lower 
than  the  bottom  of  the  qld  pier,  because  it 
was  found  that  the  shale  immediately  under 
the  pier  was  of  such  character  as  to  make  it 
advisable  to  go  deeper  in  order  to  avoid  any 
possibility  of  settlement,  which  would  result 
in  serious  cracks  in  the  bond  above  the  water 
line.  The  work  at  piers  Nos.  8  to  14  was 
carried  on  in  still  water,  which  was  obtained 

by  the  use  of  wing  dams  composed  of  rock- 
filled  cribs  sunk  a  short  distance  upstream  at 

an  angle  of  about  45°.  Pneumatic  caissons 
were  used  for  constructing  pier  No.  13.  Mason- 

ry work  was  started  in  June,  1910,  and  was 
finished  in  November,  1911,  except  the  up- 

stream end  of  pier  No.  13,  which  was  left 
until  the  removal  of  the  old  steelwork,  after 

which  it  was  built  up  by  the  railway  company's 
forces. 

SUPERSTRUCTURE    OF    NEW    BRIDGE. 

The  80-ft.  deck  plate  girders  at  the  Lachine 
end  of  the  bridge  (see  Fig.  1)  are  the  Can- 

adian Pacific  Ry.  standard  design,  and  are 
single-track  spans  placed  alongside  of  each 
other.  The  r20-ft.  spans  are  Warren  deck 
truss  spans  with  riveted  connections,  their 
ties  resting  upon  the  top  chords.  These  spans 

are  also  simple  single-track  spans  laid  abreast 
of  each  other.  The  240-ft.  and  the  270-ft. 
spans  are  Warren  trusses  with  riveted  con- 

nections, and  have  the  usual  floor  system  of 
stringers  and  fioorbeams  (two  stringers  per 
track)  riveted  against  the  vertical  posts 

directly  under  the  top  chord.  The  upper  lat- 
erals are  also  riveted  directly  below  the  top 

chord,  and  they  are  connected  to  the  top 
flanges  of  the  stringers,  where  they  intersect 
the  same. 

The  general  dimensions  and  the  type  of  truss 
used  for  the  408-ft.  spans  are  shown  in  Fig.  1. 
These  spans  are  of  the  sub-paneled  Pratt  trcs? 
type,  and  the  top  chords  are  curved  to  an  ap- 

proximate parabola.  In  the  web  members, 

solid  web  plates  have  been  largely  used  in- 
stead of  lattice  bars.  The  vertical  posts  are 

all  of  I-sections,  composed  in  most  cases  of 

bulb  angles  and  web  plates,  and  where  neces- 
sary there  are  stiflfeners  on  the  webs,  especially 

on  the  longer  vertical  posts.  The  top  and  bot- 
tom chords  are  very  stiff  sections,  partly  to 

•  allow  them  to  be  cantilevercd  out  during  erec- 
tion. The  408-ft.  spans  were  also  calculated 

for  the  stresses  caused  b'.    the  special  method 
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of  cantilevering  and  launching,  which  will  be 
described  later.  The  portal  and  other  subsidiary 
bracing  is  generally  of  a  stiff  design,  consistent 
with  the  main  trusses  to  which  it  is  attached. 
The  270-ft.  spans  were  also  calculated  for  the 
concentrated  weight  of  one  end  of  the  408-ft. 
spans,  which  was  to  be  carried  upon  them  dur- 

ing the  nrocess  of  launching. 
The  alignment  on  the  bridge  is  ruled  by  the 

overall  width  of  the  408-ft.  spans.  At  pier  No. 
11  and  at  the  south  abutment  the  two  single- 
track  bridges  are  27  ft.  0  in.,  center  to  center, 
and  from  pier  No.  11  to  the  north  abutment 
the  spans  come  closer  together  until  they  are 
16  ft.  4  ins.  at  the  north  abutment.  This  slight 

"kink"  in  the  alignment  is  Quite  immaterial 
from  an  operating  point  of  view,  and  per- 

mitted a  great  saving  in  masonry  from  pier 
No.  11  northward. 
The  following  table  gives  the  actual  weights 

south  abutment  were  then  erected.  Aiter  these 

were  finished  the  408-ft.  downstream  spans 
were  erected  on  top  of  the  270-ft.  spans. 
The  method  used  in  connection  with  the 

erection  of  the  408-ft.  spans  constitute  one  of 
the  most  interesting  features  of  the  work.  The 
scheme  was  to  launch  the  span  endwise  with 
its  rear  end  supported  upon  an  ingenious 
truck,  or  bugg}',  while  the  forward  end  was 
supported  on  a  large  scow  of  special  design. 
In  order  to  avoid  overstressing  the  adjacent 
270-ft.  span  by  the  concentrated  loads  of  the 
sliding  gear,  an  ingenious  framed  structure 
was  devised  by  which  it  was  possible  so  to 
distribute  the  end  reaction  over  the  floor  sys- 

tem of  the  carrying  span  that  no  part  would 
be  overstressed.  A  diagram  of  this  truck  or 
buggy  is  shown  in  Fig.  2,  from  which  it  will 
be  noted  that  the  efficiency  of  the  construc- 

tion is  due  to  the  fact  that  there  is  no  vertical 

The  270-ft.  spans  were  erected  by  means  of 
these  same  120-ft.  temporary  trusses  supported 
on  a  temporary  tower  about  30  ft.  wide.  The 

temporary  towers  used  for  erecting  the  240-ft. 
and  the  270-ft.  spans  constituted  the  only 
falsework  permitted.  The  railway  company 
further  specified  that  no  traffic  was  to  be 
borne  by  these  towers. 

The  four  408-ft.  spans  are  alike,  but  two 
methods  differing  somewhat  in  detail  were 
used  in  launching  them.  The  two  downstream 

spans  were  launched  on  the  same  set  of  car- 
rj'ing  scows,  but  with  a  pilot  scow  upstream  to 
take  up  the  slack  in  the  cables  and  to  control 
the  movement  of  the  spans  during  launching. 
The  experience  gained  in  launching  the  two 
downstreams  408-ft.  spans  led  to  the  abandon- 

ment of  the  pilot  scow  for  the  placing  of  the 
upstream  ones.  Under  this  arrangement  the 
new  spans  were  allowed,  while  traveling,   to 
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of  the  various  spans  and  the  total  weight  of 
the  superstructure : 

Double-track  f^pans —  Wt.,  lbs. 
3  SO-tt.  decl-    plate  girder  spans         613.672 
S  120-ft.   deck  truss  spans     3,91-1.781 
4  240-ft.  deck  truss  spans    7,710,077 
2  270-ft.  deck  truss  srans     5,414,681 
2  408-ft.  through  truss  spans   10,291,135 
2  122-ft.  deck  truss  spans   ,        518,585 

Total   weight   of  superstructure   28,462,931 

ERECTION    FE.\TURES. 

One  of  the  most  important  problems  in  the 
work  was  the  maintenance  of  traffic  during 
the  erection  of  the  steelwork.  There  were  on 
an  average  ten  trains  between  the  hours  of 
8  a.  m.  and  noon,  and  sometimes  an  average 
of  eight  trains  in  the  afternoon  during  the 
usual  working  hours.  In  order  to  carry  out 
the  work  without  interfering  with  traffic  it 
was  decided  to  erect  first  all  of  the  spans 
on  the  downstream  side-  from  the  north  abut- 

ment to  pier  No.  7  (see  Fig.  1).  After  this 
was  done  the  two  new  120-ft.  spans  between 
piers  Nos.  6  and  7  were  moved  bodily  into 
the  location  of  the  old  240-span,  and  the  latter 
was  moved  upstream  upon  timber  towers  pre- 

pared for  it.  The  new  downstream  spans  be- 
tween pier  Nos.  6  and  7  were  then  erected. 

Traffic  was  then  diverted  over  the  four  new 
spans  between  piers  Nos.  6  and  7  by  means  of 
a  cross-over  laid  on  suitable  wooden  ties 
bridging  from  span  to  span,  all  the  old  spans 
between  pier  No.  7  and  the  north  abutment 
being  thus  released.  These  old  spans  then  were 
taken  down  and  new  spans  were  erected.  Next, 
the  new  spans  on  the  downstream  side  between 
piers  Nos.  7  and  11  were  erected. 

In  order  to  release  the  other  upstream  spans 

it  was  only  necessary  to  slew  over  the  240-ft. 
span  between  piers  Nos.  10  and  11,  all  new- 
spans  between  the  north  abutment  and  pier 
No.  11  now  being  under  traffic  and  all  old 
spans  between  these  points  being  released. 
After  the  new  spans  on  the  upstream  side  be- 

tween the  north  abutment  and  pier  No.  10  had 
been  erected  it  w-as  only  necessary  to  pull  into 
alignment  the  span  between  piers  Nos.  10  and 
11,  and  thereby  put  the  traffic  on  all  new  spans 
between  the  north  abutment  and  pier  No  U, 
the  old  spans  between  pier  No.  11  and  the 
south  abutment  being  still  under  traffic.  The 
spans  between  piers  Nos.  10  and  11,  Nos.  11 
and  12,  Nos.   14  and  15,  and  No.  15  and  the 

tie  inside  the  triangulation.  In  place  of  such 
a  tie  there  is  an  exterior  strut  which,  by  reason 
of  the  proportions  of  the  members,  carries  a 
reaction  which  is  equal  to  that  at  each  of  the 
outer  ends  of  the  triangulation.  Thus,  there  is 
a  three-point  bearing,  with  equal  reactions. 
The  skidways  consisted  of  eight  lOU-lb.  greased 
rails  (2  sets  of  4),  on  which  cast-steel  skids 
or  slippers  were  placed.  The  scheme  was  to 
move  the  span  forward  until  it  came  to  the 
last  panel  of  the  270-ft.  span,  where  the  front 
bearing  of  the  three  would  naturally  tend  to 

rub  along  a  specially  prepared  vertical  skid- 
way  bolted  to  the  lower  chords  of  the  down- 

stream spans  already  in  place.  Details  of  the 
actual  operation  of  launching  are  shown  in 
the  Figs.  2  and  3. 
The  carrying  scow  was  really  composed  of 

two  independent  scows  (see  Fig.  2),  with  two 
100-ft.  deck  plate  girder  spans  (four  girders) 
placed  on  them  to  equalize  the  load  over  the 
two  scows.  On  these  equalizing  girder  spans 
was  erected  a  stiff  timber  tower,  upon  which 
the  spans  themselves  were  carried. 

240  Span 

Fig.  2.    Diagram  Showing  Manner  of  Erecting   and    Launching  408-ft.   Channel   Spans  of   St. Lawrence    River   Bridge. 

pass  overboard.  In  order  to  satisfy  all  condi- 
tions the  two  outer  bearings  were  here  aban- 

doned, and  the  span  was  wedged  up  on  the 

center  bearing  only.  As  the  whole  reaction 
was  thus  concentrated  on  one  point,  it  was 

necessary  to  reinforce  the  end  panel  of  string- 
ers in  the  270-ft.  spans.  Details  of  this  float- 

ing operation  will  be  referred  to  later. 

The  120-ft.  spans  were  erected  by  means  of 

a  temporarv  r20-ft.  deck  span,  which  was 

swung  front  the  abutments  in  such  a  maniier 

that  its  top  chord  was  practically  in  line  with 

the  top  of  the  abutments. 

The  240-ft.  spans  were  erected  by  means  of 

two  120-ft.  temporary  trusses,  which  were  sup- 

ported upon  the  regular  piers  and  upon  a  tem- 
porary wooden  pier  placed  midway  between these  piers. 

The  following  weights  and  reactions  were 
determined  before  the  floating  operations  were 
carried  out ; 

Item—  Wt..  lbs. 
Steel  in  each  408-ft.  span   2,550,000- 
Floor  at  250  lbs.  per  foot      100,000 

Total      2,650,000 
Traveler             90,000- Loading  truss  and  sundries        ^^'ASn 

Scow     reaction-span   ^'"^^'52 Traveler   cantilever        90,000 

TotaJ       1,855.000- 
Loading    truss   reaction-span      885,000 
Truss  and  sundries        99,000 

Total        984.000 
Floor  and  track  on   270-ft.   span: 

9  panels  at  660  lbs.  per  foot   ,  165,000 
1  panel  at  800  lbs.  per  foot    20,000 

Total       185,000 
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The  following  computations  were  made  to 
determine  the  displacement  of  the  scow  ; 

Weight    of    span,    pounds   1,850,000 
Tare  of  scow,  pounds       700,000 
Falsework         400,OOC 
Engrines,  borders,  pumps,  etc        30,000 

Total  weight,  pounds   2,985,000 
2,985.000 

Draft     of     scow  =    =  7.15  ft.,  or 
ISO  X  37  X  62.5 

84   ins. 
2,985,000 

Displacement  per  inch   of  immersion  =   84 
=  35,400  lbs. 

Anchors,  each  composed  of  concrete  blocks 

securely  strung  together,  weighing  approxi- 
mately 70  tons  out  of  water  or  52  under  water, 

were  placed  about  1,500  ft.  upstream  from  the 
bridge.  These  anchors  were  generally  in  line 
with  piers  Nos.  12  and  13,  respectively,  but  on 

the  land  above  pier  No.  14  a  "dead  man,"  con- 
sisting of  an  I-beam  embedded  in  the  rock 

was  used. 

mg  bodies  to  be  current  in  the  river.  They  also 

agreed  generally  with  Froude's   formula. 
R  =  fs 

il) 
where 

7?^  resistance  in  pounds; 
,f  =^  wetted  surface  in  square  feet ; 
V  =  current  velocity  in  miles  per  hour ; 

/=  constant    (by  experiment  =^0.925). 
For  the  erection  barges  in  the  Lachine  cur- 

rent, 

J  =10,800  (for  8-ft.  (i-in.  draft)  ; 
V  =9.5   (7.5  actual)  ; 
li  =  19,000  lbs. 

A  dynamometer  placed  in  1  part  of  a  14- 
part  iackle  showed,  during  the  launching  of 
the  span,  a  maximum  reading  of  1,200  lbs. ; 
representing  a  total  pull  of  16,800,  and  an 
average  reading  of  1,000  lbs.,  representing  a 
total  pull  of  14,000  lbs. 
The  current  in  the  river  varied  between  live 
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Diagram    Showing    Equipment    Used    and   IVlanner  of  Anchoring  Scows  and  Launch- 
ing 408-ft.   Spans  of  St.   Lawrence   River    Bridge. 

mafl  in  charge  of  the  Lidgerwood  engine,  those 
in  charge  on  the  scows,  and  the  man  in  full 

charge  of  the  operations,  by  means  of  a  sys- 
tem of  flag  signals.  The  movement  of  the 

span  was  started  by  a  number  of  jacks,  after 
which  the  Lidgerwood  engine  controlled  the 
whole  of  the  movement;  at  no  time  was  there 
any  unexpected  trouble.  While  the  span  moved 
forward  the  anchor  cables  allowed  the  anchor 
scow  to  float  across  the  current  with  a  radial 

TABLE     II.— TIME     REQUIRED     TO     ERECT 
THE    STEELWORK. 

Operation. .Erection  started  at  north  end. 
.New  120-ft.  spans  moved  into 

upstream  alignment,  replacing 
old  210-ft.  span  between  piers 
Xos.  6  and  7. 

.Traffic  diverted  to  downstream 
tracU  between  piers  Nos.  6 and  7. 

.  New  downstream  span  between 
piers  Nos.  10  and  11  slewed 
over,  thereby  releasing  old 
spans  between  piers  Nos.  7 
and  11. 

.Spans  between  piers  Nos.  10  and 
11  moved  into  upstream  align- 

ment, allowing  erection  to  pro- 
ceed on  downstream  spans 

between  piers  Nos.  10  and  11. 
.Spans  between  piers  Nos.  14 

and  15  and  between  pier  15 
and  south  abutment  erected. 

.  Downstream  spans  between 
piers  Nos.  10  and  11  and  be- tween piers  Nos.  11  and  12 
erected. .  Downstream     408-ft.     span     be- 

tween   piers    Nos     13    and    14 floated. 

, .  Downstream     408-ft.     span    be- 
tween   piers    Nos.    13    and    13 floated. 

. .  Started    taking   down    old    spans 
between  pier  No.  11  and  south 
abutment. 

..All   old   steel  dismantled. 

..Upstream   408-ft.    span   between 
piers  Nos.  12  and  13  floated. 

..  Upstream  .40S-ft.    span   between 
piers  Nos.   13  and  14  floated. .  .  .\11  new  steel  erected  and  double 
track  put  into  service. 

In  estimating  the  wind  pressure  against  the 
span  (and  the  required  anchorage)  the  area  of 
two  trusses  was  computed  as  13,000  sq.  ft.  The 
area  resisted  by  the  scow  was  %  X  13,000  = 
8,700  sq.  ft.  The  wind  pressure  for  a  velocity 
of  25  miles  per  hour  =  2.5  X  8,700=21,800 
lbs.;  for  a  velocitv  of  35  miles  per  hour  — 
5.0  X  8.700  =  43,500  lbs. ;  and  for  50  miles  per 
hour=  10  X  8,700  =  87,000  lbs.   The  design  of 

and  eight  miles  an  hour,  according  to  the  loca- 
tion where  the  meter  was  used. 
DET,\ILS     OF     LAUNCHING     0PER.\T10NS. 

After  all  the  preliminary  arrangements  had 

been  completed  an  ordinary  Lidgerwood  un- 
loader,  such  as  is  used  on  railway  work,  was 
located  and  strutted  in  a  position  where  a 
direct  pull  could  be  made  from  the  drum  of 
the  engine. 

TABLE  I.— DATA  ON  FLOATING  OF  408-FT.  SPANS. 
Net  time 

Elapsed         occupied  Total 
Between                 Date  floated                 time.          in  moving.  distance 

Span.                            piers  Nos.              Into  position.         Hrs.  Mins.     Hrs.  Mins.  floated,  ft. 
Downstream— 408-ft.     span        13  and  14             Nov.     4,     1912.             3       0               10  275 
Downstream— 40S-ft.     span        12  and  13             Nov.     22,1912.             2       30            0       28%  275 
Upstream— 408-ft.    span       12  and  13             Sept.    18,  1913.             1       30             0       22%  275 
Upstream— 408-ft.    span        13  and  14             Oct.      6.     1913.             2       0               0       16  275 

all  anchorage  was  based  on  the   scow  resist- 
ance of  100,000  lbs. 

On  the  main  carrying  scow  a  dynamometer 
was  inserted  in  the  reaving  of  a  14-rope  tackle 
attached  to  the  main  anchor  line,  in  order  to 

record  the  pull  on  the  anchor  ropes.  The  read- 
ings taken  from  this  dynamometer  fully  cor- 

roborated the  experiments  which  had  previous- 
ly been  made  regarding  the  resistance  of  float- 

Date. 
March,     1911.. 
Mav    28,    1911. 

July  6,  1911.. 

Nov.    12.   1911. 

Mar.    31,    1912. 

June  IS,  1912. 

July    13,    1912. 

Nov.  4,  1912.. 

Nov.  22,  1912. 

April,     1913... 

June   10,   1913. 

Sept.  IS,  1913. 

Oct.  G,  1913... 

Nov.   4,  1913.. 

Assuming  friction  at  a  maximum  of  18% 
per  cent  the  pull  was  180,000  lbs.  The  unloader 
capacity  with  a  two-part  purchase  was  240,000 
lbs.,  and  the  load  on  the  1%-in.  cable  was 
90,000  lbs.  The  compression  in  the  rails,  per 
rail,  was  3,600  lbs.;  or  3,670  lbs.  per  square 
inch  :  and  the  pressure  on  rails  per  inch  (as- 

suming a  shoe  6  ft.  long)  was  670  lbs. 
Communication  was  maintained  between  the 

motion.  This  made  it  necessary  for  the  cable 
which  connected  the  anchor  scow  with  the 
main  scows  to  be  constantly  shortened  in  order 
to  maintain  the  true  alignment  of  the  span, 
.^s  has  already  been  stated,  these  anchor 
scows  were  used  only  in  connection  with  the 

floating  of  the  two  downstream  408-ft.  spans. 
They  were  omitted  when  floating  the  upstream 
408-ft.  spans,  which  were  allowed  to  rub 

against  the  neighboring  spans  already  in  posi- 
tion. The  adjustment  of  the  anchor  cables 

was  made  as  required. 
The  time  occupied  in  the  floating  operations 

is  of  considerable  interest,  these  data  being 
shown  in  Table  I. 

The  total  weight  of  each  408-ft.  span  while 
launching  was  1,300  tons. 

During  each  of  these  operations  all  of  the 
regular  trains  of  the  railway  company  were 
allowed  to  pass  on  the  adjoining  span,  which 
necessitated  stopping  the  floating  operations 
because  the  work  of  signaling  and  superintend- 

ence was  interfered  with.  The  dift'erence between  the  net  time  and  the  gross  was  oc- 
cupied in  overhauling  cables,  taking  up  slack, 

and  in  dismantling  some  of  the  steelwork  con- 
nected with  the  special  truck  when  it  reached 

the  last  panel  of  the  270- ft.  span.  At  this 
point  it  was  necessary  to  remove  certain  steel- 

work which  became  no  longer  necessary  on 

account  of  the  load  being  shifted  from  a  three- 
point  to  a  one-point  bearing.  A  diagram  of 
this  buggy  is  shown  in  Fig.  2.  The  perfection 
of  the  control,  under  which  the  span  was  at 
all  times,  is  exemplified  by  an  incident  which 
occurred  during  one  of  the  floating  operations. 

The  span  had  "reached  a  point  3  ins.  short  of its  correct  location,  and  after  the  necessary 

signaling  over  the  intervening  distance  of 
nearly  800  ft.  the  Lidgerwood  engine  driver 
made  exactly  the  3-in.  movement  called  for. 
This  is  reniarkable  considering  the  tonnage 
which  was  handled.  As  has  already  been 

stated,  the  408-ft.  spans  were  skidded  upon 
the  deck  of  the  adjacent  270-ft.  deck  spans, 
and  after  each  pair  of  the  large  spans  (on  one 

track)  was  floated  into  its  correct  location 
they  were  at  an  elevation  approximately  12  ft 



July  1,  1914. Engineering    and    Contracting 
higher  than  their  permanent  levels.  This  re- 

quired that  they  be  jacked  down  to  their  cor- 
rect bridge  seat  levels,  which  was  done  by 

means  of  150-ton  jacks  and  blocking,  the  end 
floorbeams  having  been  designed  for  this  pur- 

pose, as  were  also  the  end  cross-beams  of  the 
270-ft.  spans.  The  •240-ft.  spans  were  also  pro- 

vided with  special  end  bracing  to  enable  them 
to  be  jacked  up  on  the  piers  (if  necessary) 
during  erection. 

SUMM.\RY. 

The  time  occupied  in  erecting  the  steelwork 
for  the  various  spans  is  shown  in  Table  II. 
The  total  weight  of  steelwork  in  the  old 

single-track  bridge  was  about  4,10u  tons;  in 
the  new  double-track  structure  it  was  14,231 
tons. 

The  total  quantity  of  masonry  and  concrete 
in  the  original  piers  and  abutments  was  ap- 

proximately 12,400  cu.  yds.,  while  that  in  the 
additions  to  old  piers  and  in  new  piers  was 
13,300  cu.  yds. 

The  total  length  of  the  bridge  and  the  height 
above  watermarks  were  not  changed. 
The  number  of  rivets  in  the  new  bridge  is 

approximately  3,500,000. 
As  far  as  can  be  ascertained  from  the  rec- 

ords, about  3.500  cars  were  used  in  transport- 
ing stone  and  steel  to  the  structure. 

One  of  the  noteworthy  performances  during 
erection  was  the  speed  with  which  the  five  old 
spans  between  pier  No.  11  and  the  south  abut- 

ment were  dismantled  and  the  new  spans 
erected.  This  work  was  done  dujuig  the 

period  April  22-Oct.  31.  1913,  i.  e.,  4,100  tons 
of  steel  were  erected  in  six  months,  or  683 

tons  per  month,  without  interrupting  the  rail- 

way company's  traffic. The  cost  of  the  work  was  slightly  under 
$2,000,000. 

PERSONNEL. 

In  charge  for  the  Foundation  Company  were 
John  W.  Doty,  chief  engineer,  and  W.  B. 
Taylor.  superintendent.  Representing  the 
Dominion  Bridge  Company  were  F.  P.  Shear- 
wood,  James  Finley  and  David  Bell,  in  charge 
of  the  design,  superintendence  and  erection, 
respectively,  under  the  direction  of  G.  H. 
Duggan,  chief  engineer.  C.  C.  Schneider  was 
connected  with  the  work  as  consulting  en- 

gineer. Representing  the  railway  company 
were  J.  M.  R.  Fairbairn,  assistant  chief  en- 

gineer, and  the  writer,  who,  as  engineer  of 
bridges,  was  responsible  for  the  design  and 
approval  of  all  detail  plans. 

Fundamental    Principles    of    Aesthetic 
Bridge  Design. 

As  our  bridges  are  becoming  more  perma- 
nent in  character,  and  as  their  minor  fea- 
tures are  becoming  Standardized,  engineers 

can  well  afford  to  give  increased  attention  to 
the  aesthetic  design  of  such  structures.  The 
engineer  should  not  jronsider  his  problem 
solved  when  he  has  provided  a  structure 
which  will  economically  carry  the  required 
loads ;  he  should  not  authorize  its  construc- 

tion until  he  has  carefully  studied  the  struc- 
ture with  a  view  of  improving  its  appearance. 

In  many  cases  the  increased  cost  of  an 
aesthetic  design  is  relatively  very  small.  The 
followm.g  article,  which  was  abstracted  from 
a  paper  by  Charles  Evan  Fowler,  in  Proceed- 

ings, Pacific  Northwest  Society  of  Engineers', considers  some  basic  principles  applicable  to 
the  aesthetic   design   of  bridges. 
The  designing  of  a  bridge  is  not  merely  a 

matter  of  figuring  the  stresses,  fixing  the 
sizes  of  members,  and  making  a  set  of  draw- 

ings. This  may  all  be  completed  and  a  de- 
sign may  result,  but  the  design  may  be  one 

which  is  not  suitable  for  the  location  and  is 
not  such  as  it  should  be  architecturally. 
The  true  design  to  adopt  must  come  very 

largely  as  an  inspiration  to  the  designer,  who 
must  have  the  necessary  talent  or  imagination 
to  conceive  a  bridge  that  will  be  the  most 
appropriate  and  harmonious  for  a  given  lo- 

cation, and  for  the  existing  or  future  sur- 
roundings. 

DISCUSSION    OF    SOME    IMPORT.ANT   BRIDGES. 

The  Tower  Bridge  in  London,  considered  by 
many  writers   to   be   a   monstrosity,   was   con- 

ceived by  the  engineer  Sir  John  Wolf-Barry 
to  harmonize  with  the  surroundings,  and  par- 

ticularly with  the  old  Tower  of  London  in 
the  immediate  vicinity.  When  considered  in 
this  light  it  is  an  appropriate  and  harmonious 
design ;  the  mediaeval  tow'ers  are  monumental 
and  the  steelwork  graceful. 

The  great  suspension  bridges  of  New  York 
are  of  the  same  class  and  are  mostly  in  har- 

mony with  the  towering  buildings  in  the  ad- 
jacent territory.  The  details,  however,  have 

not  always  been  carried  out  in  the  proper 
spirit,  the  towers  of  rhe  Roebling  Bridge,  never 
having  been  completed,  and  are  thus  lacking  as 
truly  monumental  or  architectural  features. 
The  towers  of  the  nearby  Manhattan  Bridge 
are  too  light  to  harmonize  with  those  of  the 
Roebling  Bridge  or  with  the  nearby  buildings, 
although  considered  alone  it  is  a  complete 
and  pleasing  design.  The  Williamsburg 
Bridge  is  entirely  lacking  in  architectural 
features,  it  is  out  of  harmony  with  the  pres- 

ent or  probable  future  surroundings,  and  is 
only  notable  in  design  by  reason  of  its  mag- 

nitude  and   the   graceful   sweep   of   its   cables. 
The  great  arch  at  Hell  Gate,  over  East 

River  in  New  York,  is,  with  its  1,000-ft.  span 
and  carefully  designed  abutment  towers,  a 

truly  monumental  structure,  and  the  abut- 
ment towers  are  well  designed  and  appro- 

priate, the  great  arch  demanding  this  mass 
for  backing  to  satisfy  the  impression  of  a 
great    thrust    properly    cared    for   or    resisted. 
The  Washington  Bridge  across  the  Harlem, 

one  of  the  great  bridges  of  the  world,  is 
wonderful  in  its  architectural  detail,  but  is 
lacking  in  the  great  essentials  for  a  work  of 
architecture.  The  main  structure  consists  of 
two  spans,  instead  of  three,  thus  giving  a 
pier  in  the  middle ;  and  the  approaches  are 
not  balanced,  thus  causing  the  structure  to 
lack  in  symmetry.  Some  of  the  other  de- 

signs for  this  structure,  while  more  simple  in 
detail,  would  have  made  a  much  better  struc- 

ture and  a  more  pleasing  one.  as  they  pos- 
sessed "the  fundamental  features  that  are  nec- 
essary to  any  real  work  of  architcture — sim- 
plicity, symmetry,  harmony  and  proportion. 

This  is  well  illustrated  by  the  Eads  Bridge, 
at  St.  Louis,  with  its  three  great  arch  spans 

and  appropriate  approaches.  Although  the  de- 
tails of  the  structure  are  very  simple,  it  is 

one  of  the  most  pleasing  and  dignified  of  the 
world's  bridges. 

GOVERNING  CONSIDERATIONS. 

The  conception  of  a  design  depends  upon 
no  rules,  but  upon  the  inherent  ability  of  the 
designer,  limited  as  we  shall  see  hereafter  by 
certain  theoretical  and  practical  requirements. 
There  may  be  conceived  a  number  of  designs 
for  a  given  location  of  different  types,  any 

one  of  which  would  be  appropriate  and  beauti- 
ful, but  the  final  decision  as  to  which  one  of 

these  to  adopt  must  be  made  on  the  basis  of 
relative  cost,  the  most  economical  being  usual- 

ly selected.  On  the  other  hand  the  most 
economical  should  not  always  be  selected,  but 
the  best  design  architecturally  should  be 
adopted,  especially  where  the  difference  in 
cost   is  not  very  large. 

The  cost,  for  example,  of  a  four-span  struc- 
ture for  a  given  crossing  might  be  found  to 

be  somewhat  less  than  for  a  three-span  bridge, 
yet  it  would  be  wise  from  any  architectural 
standpoint  to  adopt  the  three-span  design.  The 
four-span  design  would  have  to  be  very  much 
cheaper  than  three  spans  to  call  for  its  adop- 

tion. The  reason  for  adopting  a  three-span 
design  in  place  of  a  two-span  bridge  might, 
on  the  other  hand,  be  based  entirely  on  the 
architectural  features,  as  the  cost  and  risk  of 
the  three-span  structure  might  be  much  the 

greater. There  are,  then,  two  considerations  that 

govern  in  making  a  decision  as  to  what  de- 
sign to  adopt  for  any  location — the  architec- 
tural features  and  the  economy  of  construc- 
tion, which  latter  may  well  be  discussed  in 

full  before  considering  the  architecture  of 
bridges,  and  entirely  aside  from  the  aesthetics 
of  the  problem. 

The  loads  on  the  piers  for  various  lengths 
of  spans  must  first  be  determined  in  order 
that    the    foundations,    abutments,    and    piers 

may  be  designed  and  the  costs  determined  as 
factors  in  the  cost  of  complete  structures  witB 
different  numbers  of  spans.  The  load  on  the 
pier  and  the  weight  of  the  pier  having  been 
determined,  the  size  of  the  base  of  the  pier 
may  be  arrived  at  by  using  the  formula  for 
the  allowable  pressure  on  the  foundation  bed, 

as  given  in  the  writer's  treatise  on  "Sub- 
Aqueous  Foundations,"  the  character  of  the 
foundation  bed  having  been  determined  pre- 

viously by  careful  core  borings.  Several  trials 
may  be  necessary  before  the  proper  size  of 
a  pier  is  determined,  and  then  careful  calcu- 

lations as  to  the  stability  of  the  pier  must  be 
made.  Should  the  size  be  found  deficient,  as 
is  often  the  case  with  deep  trusses,  or  where 
bascul'e  or  lift  spans  are  employed,  then  it 
must  be  increased  in  length  of  base  until  the 
maximum  allowable  stresses  and  pressures 
are  not  exceeded.  Then,  by  means  of  the 

cost  of  abutments,  piers  and  spans,  the  rela- 
tive costs  of  various  designs  may  be  deter- 

mined, the  weight  of  the  spans  being  calcu- 
lated from  reliable  formulas  or  from  actual 

stress  and  section  diagrams.  The  whole  proc- 
ess may  be  somewhat  shortened  by  using  the 

"Ottew-ell"  formula  given  in  the  writer's 

treatise,  or  that  given  in  "Merriman's"  Vol. III.  The  design  of  the  approaches  may  be  a 
factor  in  the  relative  costs,  and  in  such  cases 
must  be  included  in  making  the  comparisons. 
TYPE  OF  SUPERSTRUCTURE  .VXD  DET.MLS  OF  DESIGN. 

The  type  and  design  of  the  superstructure 
are  such  a  large  factor  in  its  cost  that  they 
must  be  fully  decided  upon  before  beginning 
any  of  the  above  investigations,  and  then  all 
designs  can  be  compared  upon  a  common  ba- 

sis. Where  the  grade  is  high  above  the 
stream,  with  plenty  of  clearance  for  floods 
and  navigation,  deck  spans  of  some  type  are 
of  course  the  most  economical  to  employ. 

Where  the  bridge  is  high  or  where  the  false- 
work is  e.xpensive  for  other  reasons,  it  may 

be  best  and  cheapest  to  use  an  arch  or  a 
cantilever  design.  Where  very  long  spans  are 
necessary  either  the  cantilever  or  suspension 
bridge  must  be  used.  Where  the  clearance 
for  high  water  or  navigation  is  limited  through 
trusses  must  be  used,  although  it  will  often 

be  best  to  use  cantilever  spans  instead  of  sim- 
ple trusses.  Through  arches  or  half-through 

arches  may  often  be  employed  with  good  re- 
sults,   both    architecturally    and    economically. 

The  economical  design  of  the  superstruc- 
ture of  a  bridge  requires  careful  considera- 
tion as  to  the  style  of  trussing,  panel  length 

and  truss  depths.  Longer  panels  and  deeper 
trusses  are  more  economical  for  modern 

heavy  loads,  but  for  plate  and  riveted  lattice 
girders  the  depths  are  usually  much  less  than 
for  regular  trusses.  Tlie  span  lengths  for 
cantilever  bridges  should  always  be  decided 
by  careful  mathematical  analysis,  as  well  as 
the  lengths  of  the  cantilever  arms,  suspended 
spans  and  depths.  The  height  of  towers  and 
the  depth  of  stiffening  trusses  for  suspension 
bridges  must  also  be  carefully  analyzed. 

The  design  of  movable  spans  should  be 
carefully  considered,  not  only  with  regard  to 
first  cost,  but  as  to  cost  of  operation  and 
maintenance  as  well :  but  one  should  not  get 
the  idea  that  revolving  draw  spans  are  out 
of  date,  for  in  many  locations  they  are  the 
cheapest  and  the  best  to  employ.  Then  there 
are  locations  where  bascule  spans  are  the 
best  from  every  point  of  view,  but  where  used 
they  should  harmonize  with  the  remainder  of 
the  structure  if  there  are  additional  spans; 
but  in  any  case  those  forms  must  be  abandoned 
that  have  no  pretensions  to  architecture  or 
beauty,  and  the  same  thing  may  be  said  with 
regard  to  other  types  of  movable  spans. 

The  details  for  ordinary  spans  have  reached 

a  practically  permanent  basis,  so  that  stand- 
ards, at  least  as  to  type,  are  usual.  Where 

the  structure  is  of  unusual  size  like  the  Black- 
wells  Island  Bridge,  the  Forth  Bridge,  or 
the  Hell  Gate  Arch,  each  member  must  be 
the  subject  of  critical  analysis  and  study.  Lack 
of  such  study  and  analysis  was  the  cause  of 
the  failure  of  the  first  Quebec  Bridge.  Great 
suspension  bridges  are  of  necessity  special 
problems  throughout  and  must  be  studied 
with  greater  care  than  any  other  type. 

The   floors  of  railway  spans  are  usually  of 
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a  standard  type,  either  having  steel  stringers 
and  ties  or  a  steel  trough  floor  with  ties  laid 
on  the  ballast ;  but  the  types  of  floor  and 
paving  for  highway  bridges  are  so  numerous 
that  it  is  often  a  grave  question  what  type  to 
adopt.  The  cheapest  floor  that  should  in  any 
case  be  used  on  a  good  bridge  is  one  having 
steel  joist  with  spiking  strips  bolted  to  them, 
to  which  the  floor  plank  is  spiked.  The  very 
best  floor  is  undoubtedly  a  reinforced  con- 

crete slab,  with  from  1%  to  2  ins.  of  sheet 
asphalt  surface,  although  it  may  be  wise  to 
use  a  creosoted  block  surface,  the  thin  blocks 
being  set  directly  in  asphalt  on  the  concrete 
and  filled  with  sand  or  grouted. 
Having  discussed  those  things  which  have 

to  do  directly  with  the  economy  of  bridges, 
with  masonry  piers  and  steel  superstructures, 
we  may  well  discuss  structures  built  entirely  of 
stone,  of  concrete,  or  of  reinforced  concrete. 
Such  structures  must  be  fully  designed  and 
a  careful  estimate  of  cost  made  in  order  to 
make  any  reliable  comparisons.  The  cost  of 
stone  bridges  is,  of  course,  the  greatest  of 
•any  type  which  might  be  considered,  and  in 
the  case  of  the  Kno.xville  Bridge  where  the 
cost  of  the  arched  cantilever  was  only  $250,- 
000  the  bids  for  the  stone  arch  design  were 
about  $1,500,000.  thus  tuaking  it  out  of  the 
question  to  use  stone  where  low  first  cost  was 
a  necessity.  The  same  is  true  to  a  very  great 
degree  with  concrete  arches,  but  when  rein- 

forced concrete  arches  are  considered,  they 
may  be  designed  to  cost  but  slightly  more  in 
many  instances  than  steel  bridges,  and  should 
be  carefully  considered  where  a  permanent 
and   artistic   structure   is   demanded. 

BASIC    PRINCIPLES    OF    AESTHETIC    DESIGNING. 

There  are,  it  is  true,  no  orders  of  archi- 
tecture for  bridges  as  for  buildings,  nor  is 

there  possible  any  classification  of  styles  for 
particular  ages,  as  in  the  case  of  building 
architecture,  but  basic  rules  must  be  observed, 
whether  the  design  be  for  a  building  or  for  a 
bridge. 

Simplicity,  harmony,  symmetry,  and  pro- 
portion must  be  regarded  in  any  design  that 

would  have  any  pretensions  to  beauty  or  to 
architectural  effect.  They  are  the  fundamen- 

tals of  true  architecture,  no  matter  what  the 
structure  may  be  to  which  thought  is  to  be 
applied   in   its   design. 

Simplicity  means  first  a  truth  telling  struc- 
ture, no  subterfuges  about  the  lines  of  stress, 

no  covering  up  of  a  concrete  structure  with 
a  stone  facing,  no  frivolous  or  inappropriate 
details,  but  a  strict  adherence  to  the  neces- 

sary features,  whether  they  are  to  carry  the 
loads  or  to  ornament  the  bridge. 
Harmony  is  essential  to  a  pleasing  design, 

for  without  it  the  structure  would  be  distaste- 
ful. Harmony  not  only  as  between  substruc- 
ture and  superstructure,  between  the  various 

spans,  between  the  spans  and  the  approaches, 
between  the  utilitarian  features  and  the  orna- 

mental details,  but  also  with  the  surroundings. 
.Symmetry  may  or  may  not  be  essential  to 

a  pleasing  design,  although  it  usually  is  neces- 
sary if  a  truly  architectural  structure  is  to  re- 

sult. Where  the  bridge  has  a  great  length, 
unsymmetrical  features  are  not  so  noticeable 
as  in  a  shorter  one  which  may  be  all  taken 
in  at  a  glance.  As  is  often  true  in  a  landscape, 
balance  may  frequently  be  secured  by  includ- 

ing unsymmetrical  features.  For  example,  in  a 
bridge  which  contains  a  draw  span  or  other  un- 

balanced feature,  some  feature  may  well  be  in- 
troduced in  another  part  which  will  tend  to 

restore  the  balance,  even  though  symmetry 
does  not  result. 

Proportion  is  necessary  in  order  that  the 
three  preceding  principles  may  be  realized; 
and  usually  when  the  economical  proportions 
have  been  determined,  they  are  pleasing. 
However,  in  many  cases  modifications  must 
be  made  to  reach  the  point  where  economy 
and  beauty  can  both  be  satisfied.  Proportion 
of  details  employed  for  ornamentation  is  quite 
another  thing,  and  to  be  harmonious  bridges 
must  have  the  proper  proportion. 
Examples  may  be  seen  in  very  structure  of 

the  proper  application  of  some  of  these  prin- 
ciples, but  more  often  we  find  one  or  the 

other  flagrantly  violated,  so  that  the  remark 
of  C.   Shaler   Smith,   that   Dean   of  American 

bridge  engineers,  to  one  of  his  assistants 
should  be  well  remembered  by  him  who  would 

reach  high  rank  in  his  profession — "most 
bridges  are  examples  of  what  not  to  do."  Sel- dom if  ever  do  we  find  a  structure  that  com- 

plies with  all  of  the  fundamentals,  although 
many  bridges  approach  so  nearly  to  the  ideal 
that  careful  consideration  and  analysis  is 
necessary  to  determine  just  where  improve- 

ment could  be  effected. 

Simplicity  is  best  illustrated  in  its  pleas- 
antest  features  by  suspension  bridges  and 
arches  with  no  decorations  or  embellishments 
of  any  kind.  Harmony  is  best  exhibited  where 
no  part  of  the  structure  seems  to  be  extraneous, 
and  where  the  structure  seems  part  of  the 
surroundings.  Symmetry  in  its  simplest  form 
is  where  one-half  of  the  structure  is  exactly 
like  the  other.  Proportion  is  most  nearly 
reached  when  the  structure  is  most  pleasing 
and  the  truth  expressed  most  accurately. 
The  basis  for  a  real  architectural  system 

for  bridges  must  come  of  course  from  build- 
ing architecture,  and  on  studying  the  col- 

umned or  arched  facades  of  buildings  we  find 
an  uneven  number  of  openings  or  arches  are 

employed  in  the  great  majority  of  the  world's notable  and  best  pieces  of  architecture.  Where 
there  is  an  entrance  it  is  nearly  always  in 
the  center,  with  one  or  more  arches  sym- 

metrically  disposed   on   each   side. 
Careful  study  and  analysis  of  the  examples 

of  Egyptian,  Roman  and  mediaeval  buildings 
discloses  the  fact  that  such  an  arrangement 
is  most  pleasing  to  the  senses,  and  where  it 
has  been  violated  the  design  is  unpleasant. 
This,  then,  we  may  take  as  the  starting  point 
of  any  design,  an  opening  instead  of  a  pier 
at  the  center,  with  the  remainder  of  the.  struc- 

ture arranged  symmetrically  on  each  side.  Car- 
ried to  its  logical  conclusion,  where  there  is 

an  approach  it  should  have  an  uneven  number 
of  openings,  and  where  there  are  spandrel 
arches  employed  in  an  arch  bridge,  they 
should  be  of  an  uneven  number. 

DISCUSSION     OF    SOME    EXISTING     BRIDGES. 

The  Knoxville  arched  cantilever,  designed 
by  the  writer,  was  of  five  main  spans  and  two 
anchor  arms,  thus  giving  an  opening  at  the 
center  and  a  perfectly  symmetrical  structure, 
except  that  one  abutment  was  longer  than 
the  other,  but  this  is  not  apparent  to  the  eye 
in  a  structure  a  third  of  a  mile  long.  Econ- 

omy was  violated  in  the  depth  of  the  anchor 
spans  in  order  to  make  the  bridge  harmonious 
and  the  basic  rules  were  all  as  nearly  adhered 
to  as  is  often  the  case. 
The  Market  St.  arch,  at  Youngstown,  Oliio. 

designed  by  the  writer,  was  a  very  difficult 
problem  to  solve,  both  on  account  of  the  side 
spans  having  to  clear  the  railway  tracks  and 
on  account  of  the  4  per  cent  grade  of  the  road- 

way. The  design,  however,  is  symmetrical 
with  the  e.xception  of  the  grade  and  the  ap- 

proaches, and  it  was  made  quite  harmonious 
by  carrying  the  sub-trussing  of  the  side  spans 
through  at  the  same  elevation  as  the  lattice 
truss  over  the  arch. 

Comparing  the  Memphis  Bridge,  by  Morri- 
son, with  the  Thebes  Bridge,  by  Modjeski.  we 

can  readily  see  how  inuch  is  gained  in  archi- 
tectural appearance  by  the  symmetrical  ar- 

rangement of  the  spans  in  the  Thebes  Bridge. 
Comparing  the  approaches  of  the  Thebes 
Bridge  with  the  approaches  of  the  Forth 
Bridge,  we  see  how  much  more  in  harmony 
with  the  main  structure  are  the  approaches 
of  the  Forth  Bridge  than  those  of  the  Thebes 
Bridge,  although  considered  alone  the  latter 
are  of  the  best  design  architecturally. 
The  Grosvenor  Dee  Bridge,  at  Derby,  Eng- 

land, with  its  200-ft.  masonry  span,  is  one  of 
the  great  bridges  of  the  world,  but  the  panel- 

ing of  the  abutments  and  spandrels,  and  in- 
deed all  the  decorations,  are  so  out  of  har- 
mony with  the  great  span  that  they  dwarf  it 

and  ruin  the  design.  Compared  with  similar 
details  of  the  Eden  Park  reinforced  concrete 

arch,  Cincinnati,  Ohio,  we  find  such  ornamen- 
tation entirely  appropriate  and  harmonious 

for  the  smaller  span. 
European  bridges  are  more  often  well  de- 

signed architecturally  than  those  of  other 
countries  and  the  great  bridge  over  the  Rhine, 
at  Bonn,  Germany,  is  an  example  where  sim- 

plicity, harmony,  symmetry  and  proportion 
are  all  as  fully  met  and  satisfied  as  has  ever 
been   the  case  in  any  bridge  structure. 

The  Camelback  Bridge  in  the  Imperial  Pal- 
ace grounds  at  Pekin,  China,  is  also  one  of 

the  most  perfect  of  the  world's  bridges  from the  architectural  point  of  view  and  satisfies 
the  cardinal  requirements  of  design. 

The  best  design  in  the  United  States,  in  the 

writer's  opinion,  is  the  Connecticut  Ave. 
Bridge,  in  Washington,  D.  C.,  with  its  five 
great  concrete  arches.  Very  little  fault  can 
be  found  with  the  design,  except  the  inap- 

propriate decoration  of  the  wing  walls  of  the 
abutments.  The  designing  of  harmonious  and 
appropriate  details  in  the  proper  proportion 
is  a  study  in  itself  and  is  entirely  beyond  the 
scope  of  this  paper.  However,  should  design- 

ers carefully  observe  the  cardinal  principles 
herein  laid  down  much  more  pleasing  struc- 

tures would  result  and  a  great  stride  forward- 
be  made  in  bridge  engineering  and  architec- 
ture. 
The  necessity  for  good  construction,  es- 

pecially of  foundations,  must  not  be  over- 
looked, and  no  matter  how  chaste  and  beauti- 

ful the  design,  it  is  as  nothing  if  not  of  first- 
class    engineering    and    construction. 

Laying   Out   the   5,327-Ft.   Lethbridge 
Viaduct  in  Alberta,  Canada. 

The  laying  out  of  a  long  viaduct  is  an  im- 
portant factor  in  its  construction,  yet  engineers 

seldorn  record  the  methods  and  equipment  used 
for  this  part  of  the  work.  It  is  necessary  that 
the  pedestals  and  abutments  be  very  accurately 

located,  and  to  secure  this  high  degree  of  ac-' curacy  requires  the  greatest  care  and  the  use 
of  special  equipment  for  each  project.  The 
following  article  on  the  procedure  adopted  irt 
connection  with  the  laying  out  of  the  Leth- 

bridge Viaduct,  in  Alberta,  Can.,  is  based  on 
data  taken  from  a  paper,  by  Mr.  B.  Ripley^ 
engineer  of  grade  separation,  Canadian  Pacific 
Ry.,  in  a  recent  issue  of  the  Canadian  Engi- 

neer. This  viaduct  is  a  steel  structure  having 
a  total  length  of  5,327  ft.  6  ins.  and  a  luaxi- 
mum  height  of  about  320  ft.  above  the  bed  of 
the  stream.  It  consists  of  a  series  of  67-ft. 
deck  girder  tower  spans  and  100-ft.  interme- 

diate spans.  .An  outline  drawing  of  this  struc- 
ture is  given  in  the  May  20,  1914  issue  of 

Engineering  and  Contracting. 
LOCATING    HUBS   AND  RUNNING   BASE   LINE. 

On  the  center  line,  which  was  tangent 
throughout,  permanent  hubs  were  established 
at  IV  and  F  (see  Fig.  1).  These  points  were 
near  enough  to  the  ends  of  the  viaduct  to  be 
of  value  throughout  the  building  of  the  bridge, 
but  were  far  enough  from  the  structure  so  that 
they  would  not  be  disturbed  during  construc- 

tion. Holes,  similar  to  post  holes,  were  dug  to 
a  depth  of  between  4  and  5  ft.,  and  pieces  of 
8x8-in.  timbers  were  inserted  in  these,  so  that 
about  2  ins.  projected  above  the  surface  of 
the  ground,  which  had  been  carefully  leveled 
off.  These  were  firmly  tamped  around  with 
concrete,  and  after  being  centered  they  con- 

stituted the  hubs  from  which  the  true  center 
line  was  established. 

These  hubs  were  securely  fenced,  leaving  a 
sufficient  space  within  the  enclosure  to  permit 
the  setting  up  of  a  transit.  By  means  of  a 
special  construction  a  sighting  rod  was  always 
left  standing  over  the  center  of  each  hub,  the 
former  being  established  on  a  small  brass  brad. 
This  sighting  arrangement  saved  considerable 
time,  as  otherwise  it  would  have  been  neces- 

sary to  have  sent  a  picket  man  to  the  hubs 
every  time  they  were  used.  As  it  was,  the 
sighting  rods  were  inspected  from  time  to  time 
to  see  that  they  were  in  true  position,  and 
were  always  carefully  replaced  after  having 
been  removed  for  a  transit  set-up. 

After  having  carefully  adjusted  the  transit, 
it  was  set  up  on  point  F  (see  Fig.  1).  Hubs 

E,  C  and  A'  were  established  by  using  point  IV 
as  a  foresight,  then  T,  S  and  R  were  estab- 

lished from  the  west  end  of  the  line,  using  F 
as  the  foresight.  All  hubs  were  established  in 
a  manner  similar  to  that  used  in  placing  hubs 
\V  and  F. 

In  centering  these  points  there  was  often 

found  a  great  difference  between  their  eleva- 
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tions;  therefore,  in  addition  to  having  the 
lining  hair  of  the  transit  truly  vertical  and  the 
standards  carefully  adjusted  (so  that  a  vertical 
plane  would  be  followed  in  depressing  or  ele- 

vating the  telescope),  double  centering  was 
used  to  eliminate  errors. 

After  having  these  main  hubs  or  stations  set 
up  at  the  most  commanding  or  useful  points, 

station  A"  was  chosen  as  the  starting  point  for all  measurements.  There  were  several  reasons 
for  this.  From  X  there  was  an  excellent  op- 

portunity to  get  a  sufficiently  long  base  line  for 
triangulation.  More  of  the  center  line  could 
be  seen  from  this  station  than  from  any  other 
point.  At  it,  also,  the  triangulation  base  could 
be  laid  out  at  right  angles  to  the  center  line 
of  the  bridge,  making  it  equally  valuable  for 
work  in  the  direction  of  W  as  in  the  direction 
of  F.  The  ground  was  fairly  level,  affording  a 
good  opportunity  for  measuring  and  checking 

tions.  About  3  ins.  from  the  end  of  the  rod, 
the  first  one  of  these  was  placed  so  that  the 
surface  of  the  plate  was  flush  with  the  surface 
of  the  rod.  This  was  marked  with  a  very  fine 
scratched  line  terminating  at  the  beveled  edge 
and  designated  zero.  A  plate  was  then  put 
on  at  the  12-ft.  mark,  and  from  this  point  to 
the  end  of  the  rod  plates  were  put  on  at  in- 

tervals so  as  to  receive  graduations  at  every 
tenth  of  a  foot  from  the  12-ft.  mark  to  the 
end  of  the  rod. 

A  100-ft.  steel  tape  was  obtained,  and  this 
was  compared  with  the  standard  of  the  com- 

pany. When  supported  throughout  its  entire 

length,  at  a  temperature  of  70°  F.,  with  a  10-lb. 
pull,  it  was  found  to  be  100.02.5  ft.  in  length. 
With  this  it  was  decided  to  establish  a  90-ft. 
base,  from  which  to  graduate  the  measuring 
rod  for  l.j-ft.  measurements.  A  suitable  piece 
of  ground  was   found,  and  a  heavy   12xl2-in. 

of  stations  had  been  set  for  about  600  ft.,  to 
raise  the  remainder  of  the  distance  to  a  higher 
level.  Measurement  was  carried  from  one 

level  to  another  by  using  a  fine  plumb-bob  pro- 
tected by  a  canvas  wind  shield. 

The  method  of  measurement  was  as  follows : 

Hub  A',  the  initial  point,  was  set  in  concrete, 
being  deeply  planted  in  the  ground  as  a  safe- 

guard against  its  being  shifted,  and  a  fine  tack 
with  a  scratch  across  its  face  was  made  to  in- 

dicate its  chainage.  The  first  set  of  level  sta- 
tions was  measured  after  two  transit  points  had 

been  taken  on  the  head  of  each  stake  and 
these  joined  by  a  pencil  line.  This  was  done  in 
order  that  the  transit  need  not  be  used  while 

the  measuring  was  being  done — the  transitman 
could  therefore  keep  notes  carefully  and  could 
watch  the  work.  With  the  zero  end  of  the  rod 
at  the  starting  point,  a  tack  was  placed  in  the 
first  station  so  that  the  1.5-ft.  distance  would 

E  5/J7.S34'    f  Actual  Measurements 

Triangulation 

Total  Ctiainage 

By  actual  measurement  5516.908' 

By  triangulation  5516. 860' 

Diff'O'.'OW 

Fig.  1.  Triangulation  Chart  Showing  IVleasured  Distances  and   Those  Obtained   by  Triangulation  for  Lethbridge  Viaduct.  Alberta,  Canada 

the  base  line;  and  as  it  was  of  the  most  im- 
portance to  have  the  river  work  started  first, 

hub  A'  would  be  close  at  hand  and  no  delay 
would  be  occasioned  in  laying  out  excavations 
for  the  river  piers,  the  contractors  for  the  sub- 

structure being  already  on  the  ground. 
Although  the  center  line  of  the  bridge  had 

been  measured  both  by  the  locating  engineer 
and  by  the  engineer  making  the  preliminary 
survey  from  which  the  bridge  was  designed,  no 
measurement  across  the  gorge  was  made  with 
sufficient  accuracy  for  the  construction  of  the 
foundations.  It  is  of  interest  to  note  that, 

•during  the  winter  of  1906-1907,  a  special  party 
was  put  into  the  field  to  make  a  preliminary 
survey  of  the  site  just  referred  to,  and,  even 
though  extreme  care  was  used,  the  final 
measurement,  made  with  a  steel  tape,  was 
slightly  over  .3  ft.  in  error,  as  was  found  after 
the  final  measurement  had  been  made. 
The  banks  of  the  gorge  were  very  steep 

and  irregular  in  places,  and  it  was  decided  to 
start  measurements  in  both  directions  from  X, 
so  that  any  error  in  the  measurement  of  the 
center  line  would  be  distributed  on  both  banks 

— instead  of  being  thrown  upon  one. 
The  actual  work  in  connection  with  the  lay- 

ing out  of  tlie  substructure  was  commenced 
during  September,  1907,  but  at  that  time  no 
detailed  plans  of  the  structure  were  available. 
Therefore,  it  w^as  not  safe  to  figure  on  any 
small  errors  in  the  total  length  of  the  viaduct 
being  taken  up  by  the  erection  of  steel.  It  was 
therefore  decided  that  nothing  would  be  left 
undone  in  the  matter  of  securing  a  correct 
chainage  throughout  the  whole  length  of  the 
bridge,  and  that  nothing  in  the  way  of  laying 
out  the  different  piers  or  bents  should  be  done 
until  this  length  was  finally  decided  upon. 

Various  systems  of  measuring  were  consid- 
ered. An  unsupported  steel  tape  was  consid- 

ered of  little  value,  on  account  of  the  prevalent 
high  winds.  (It  should  be  mentioned  here  that 
the  laying  out  of  the  work  was  commenced 
during  a  windy  period,  which  lasted  until  late 
in  the  following  April.)  Neither  was  it  con- 

sidered advisable  to  use  a  supported  tape. 
Therefore,  both  on  account  of  the  wind  and 
the  fluctuations  in  temperature,  something  less 
sensitive  to  both  was  required;  and  a  graduated 
wooden  rod  was  chosen. 

STANDARDS  OF  MEASUREMENT. 

A  well-seasoned  piece  of  cedar,  16  ft.  long 
and  2x4  ins.  in  section,  was  obtained,  and  this 
was  dressed  to  IVaxS  ins.  A  supply  of  brass 
plates  2%  ins.  long,  1  in.  wide,  and  about  3/32 
in.  in  thickness,  beveled  on  one  long  side,  was 
made  and  set  into  the  rod  to  receive  gradua- 

post,  about  6  ft.  long,  was  set  about  o  ft.  into 
the  ground,  so  that  the  top  projected  12  ins. 
above  the  ground  surface.  A  similar  post  was 
then  placed  at  the  90-ft.  mark.  Between  these, 
other  smaller  stakes  were  firmly  set  and  on 
these  2x4-in.  scantlings  were  nailed  so  that  a 
straight  line  could  be  run  on  the  level  surface. 
The  scantlings  were  left  free  from  the  12x12- 
in.  end  posts,  so  that  any  contraction  or  ex- 

pansion caused  by  differences  of  humidity 
would  not  affect  the  main  hubs  on  which  the 
90-ft.  standard  base  was  laid  out.  A  fine  brass 
tack  or  brad,  similar  to  those  used  by  a  shoe- 

maker, was  placed  in  the  first  post  and  a  fine 
scratch  was  made  across  its  face.  This  was 
the  zero  of  the  standard  90-ft.  base.  The  tack 
at  the  90-ft.  point  was  set  after  the  tape  was 
stretched  with  the  proper  tension,  and  after 
calculations  were  made  for  any  error  in  its 
length  and  for  differences  of  temperature.  It 
was  marked,  as  was  the  zero  end,  by  making 
a  very  fine  scratch  across  the  tack.  Tacks  were 
then  lined  in  at  lo-ft.  intervals  on  the  scantling 

edge  which  had  previously  been  used  to  sup- 
port the  tape. 

The  l.j-ft.  point  was  marked  very  lightly  on 
the  proper  plate  on  the  measuring  rod,  as 
accurately  as  it  could  be  done  with  the  steel 
tape.  The  measurement  of  the  90-ft.  base  was 
then  attempted  with  the  rod,  and  the  15-ft. 
graduation  was  changed  until  six  lengths  of 
the  rod  exactly  reached  the  90-ft.  mark  on  the 
standard  base.  When  this  was  accomplished, 
the  rod  was  considered  correct  at  its  15-ft. 
length.  The  other  graduations  were  then  put 

on  by  using  tlie  common  engineers'  boxwood scale.  The  intention  in  measuring  the  length 

of  the  bridge  was  to  place  stakes  at  1.5-ft.  in- 
tervals, thereby  using  the  1.5-ft.  graduation,  as 

it  was  considered  the  most  accurate  of  the 

graduations.  Stakes  were  placed  at  other  in- 
tervals from  12  ft.  to  15.5  ft.  only  when  it  was 

impossible  to  place  the  regular  15-ft.  stakes. 
The  rod  was  also  fitted  with  a  reliable  level 
bubble. 

MEAStJREMENT  OF  BASE  UNE. 

The  measurement  of  the  distance  X  to  C 
was  then  attempted,  and  as  the  ground  was 

fairly  level  it  was  possible  to  measure  horizon- 
tally and  without  the  use  of  a  plumb-bob,  with 

one  or  two  exceptions.  Stakes  were  carefully 

lined  in,  being  stationed  at  15-ft.  centers  and 
leveled  at  the  same  time.  After  about  500  ft.  of 

the  15-ft.  stations  were  set,  it  was  found  neces- 
sary to  start  a  new  level  of  stakes  about  2  ft. 

lower  than  the  first  set,  as  the  ground  was 

found  to  be  falling  slightly  in  the  direction  of 

C.   It  was  also  found  necessary,  after  this  level 

come  upon  its  head,  a  fine  scratch  in  the  form 
of  a  sharp  arrow  was  made  on  the  tack  with 
the  small  blade  of  a  pocket  knife,  and  this  was 
checked  to  see  that  the  15-ft.  graduation  on 
the  rod  exactly  coincided  with  the  point  of 
the  arrow  on  the  tack.  To  avoid  gonfusion,  no 
two  marks  were  made  on  the  same  tack.  The 
rod  was  then  moved  ahead  to  the  second  pair 
of  stakes,  and  so  on,  until  a  portion  of  the 
line  was  measured;  but  in  no  case  was  this 
distance  too  great  to  be  checked  three  times 
during  the  same  day.  The  measurements  were 
recorded  by  the  transitman.  The  man  at  the 
zero  end  of  the  rod  was  then  moved  to  the 
front  end,  the  front-end  man  was  moved  back 
to  take  the  rear  end,  and  the  measurement  was 

checked  carefully  throughout.  If  any  discrep- 
ancy was  found  the  recorder  took  one  end  of 

the  rod  and  both  rodmen  jointly  took  the  other 

end.  When  any  differences  were  found  new- tacks  were  used  to  receive  the  scratches.  After 
a  chainage  was  decided  upon  the  measuring  rod 
was  again  checked  on  the  standard  90-ft.  base, 
and,  if  found  to  be  correct,  the  chainage  pre- 

viously agreed  upon  was  allowed  to  stand. 
After  a  final  measurement  had  been  agreed 

upon  as  far  as  hub  C.  a  triangulation  base, 
X-A,  was  laid  off  south  of  and  at  an  angle  of 

90°  with  the  center  line  of  hub  A',  and  this  was 
carefully  measured  and  was  found  to  be 
759.270  ft.  in  length.  By  triangulation.  X-C 
was  found  to  be  1639.115  ft.  long  as  against 
1639.110  ft.  as  measured  with  the  measuring 
rod  (see  Fig.  1). 

From  c  to  £  a  great  deal  of  steep  and  ir- 
regular ground  was  encountered,  and  for  sev- 

eral reasons  it  was  decided  that  no  horizontal 
measurements  should  be  taken.  Some  of  the 
ground  was  as  steep  as  1  to  1%,  and  it  would 
not  have  been  practicable  to  have  shielded  the 
plumb  line  each  time  a  measurement  was 
taken.  Slope  measurements  were  taken  in  all 

cases,  careful  levels  being  taken  over  the  sta- 
tions and  the  horizontal  measurements  cal- 

culated. Wherever  it  was  possible  with  a 
little  grading  to  get  two  or  more  stations  on 
the  same  slope,  this  was  done.  This  procedure 
simplified  calculations  and  also  reduced  the 
liability  of  error.  On  some  slopes,  which  were 
somewhat  uniform,  it  was  possible,  with  a 
little  grading,  to  get  as  many  as  five  or  six 
stations  on  the  same  slope.  The  tops  of  these 
stakes  were  carefully  lined  in  to  the  uniform 

slope  by  using  a  level  and  a  target  rod.  Wher- 
ever a  change  was  made  from  one  slope  to 

another,  the  station  where  the  change  took 

place  was  called  a  "change,"  and  this  word  was written  on  the  stake  so  that  when  levels  were 
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taken  for  calculation  of  the  horizontal  meas- 
urements the  respective  elevations  of  the 

changes  only  were  required.  The  measured 
chainage  of  this  portion  of  the  bridge  length 
was  1421.790  ft.,  as  compared  with  1421.805  ft. 
which  was  computed   from  triangulation. 
From  E  to  F,  the  distance  measured  with 

the  measuring  rod  was  547.834  ft.,  while  that 
obtained  by  triangulation  was  547.740  ft.  The 
west  end  of  tlie  work,  which  was  in  the  direc- 

tion of  X-\V,  was  measured  and  triangulated 
in  a  similar  manner,  the  only  difference  being 

that  point  W  was  not  visible  from  either  A'  or 
A.  For  this  reason,  a  secondary  base  line  had 
to  be  established  by  triangulation.  From  this 
secondary  base,  the  distance  from  T  to  W  was 
obtained.  The  fact  that  W  was  not  accessible 
from  X  will  perhaps  explain  the  discrepancy 
of  0.079  ft.  between  the  actual  and  triangulated 
distances  between  T  and  W,  as  a  very  slight 
error  in  the  alignment  of  T  (which  was  ac- 

cessible)  would  account  for  this  difference. 
Actual  measurements  were  relied  upon  for 

laying  out  the  work,  and  triangulation  was 
used  as  a  means  of  detecting  any  large  errors 
which  might  possibly  have  come  into  the 
actual  measurements  due  to  the  shortness  of 
the  measuring  standard  used.  The  actual  dis- 

tance measured  with  the  rod  was  5516.908  ft., 
which  compared  favorably  with  the  triangu- 

lated distance,  5516.800  ft.,  the  difference  be- 
ing only  0.048  ft.  The  measuring  of  the  cen- 

ter line  was  considered  the  most  difficult  part 
of  the  work,  and  the  actual  measuring  of  the 
length  of  the  bridge  (slightly  over  a  mile  in 
length)  took  about  six  weeks  of  very  trying 
time,  the  high  winds  proving  especially  trouble- 
some. 

L.WING  OUT  THE   FOUND.\TIONS. 

As  it  vifas  necessary  to  proceed  at  once  with 
the  excavations,  a  great  many  of  these  were 
laid  out  immediately.  The  "bent"  hubs  were 
established  hy  laying  ofif  the  proper  distances 
from  the  ''change"  stakes,  the  chainage  of 
which  had  already  been  established.  Owing  to 
the  number  of  haulage  roads  that  were  to  have 
been  opened  and  to  the  number  of  sightseers 

■who  were  constantly  walking  about  it  was  de- 
cided to  have  all  "bent"  hubs  protected  by  a 

railing  supported  on  four  good  posts  set  firmly 
into  the  ground.  This  enclosed  a  space  suf- 

ficiently  large   to   allow   the   setting   up   of   a 

transit.  All  intermediate  stakes  were  pulled 
out,  both  to  avoid  confusion  and  to  give  the 
workmen,  teams,  etc.,  an  opportunity  of  work- 
mg  without  disturbmg  the  stakes.  The  pres- 

ervation of  permanent  stakes  and  hubs  was 
an  important  factor  on  this  work,  and  a  great 
deal  of  pains  was  taken  to  protect  them.  The 
"bent"  hubs  were  also  referenced  by  means  of 
other  hubs  set  out  at  considerable  distances 
and  approximately  at  right  angles  to  the  center 
line. 

In  laying  out  the  foundations  it  was  only 

necessary  to  turn  off  an  angle  of  90°  from 
the  center  line,  and  to  measure  the  .given  dis- 

tance to  the  center  of  the  particular  founda- 
tion. This  was  done  with  the  tape,  on  fairly 

level  ground,  but  the  measuring  rod  and 
plumbing  device  were  used  on  irregular 
.ground.  This  work  was  generally  done  before 
the  ground  had  been  disturbed.  By  setting  up 
the  transit  over  the  center  of  the  foundations 

and  turning  off  other  angles  of  90°,  four  hubs 
were  set  which  were  sufficient  for  the  con- 

tractors to  carry  out  the  work.  When  the  ice 
was  out  of  the  river,  the  river  piers  were  lo- 

cated by  triangulation.  When  it  was  possible 
to  lay  out  piers  from  the  ice,  this  work  was 
done  in  a  similar  manner  to  that  used  for  the 
land  piers. 

LEVELING   PROCEDURE. 

The  initial  bench  mark  was  established  from 
preliminary  location  bench  marks,  and  inside 

the  enclosure  at  hub  A'  a  hole  (similar  to  one 
which  would  have  been  dug  for  a  telephone 
post),  was  made.  Into  this  a  %-in.  steel  rod 
was  driven  so  that  its  top  would  be  slightly 
below  the  original  ground.  Then  concrete  was 
dumped  into  the  hole  around  the  steel  rod. 
The  hole  was  then  filled  with  earth,  and  the 

bar  was  carefully  referenced,  so  that  no  un- 
necessary digging  would  have  to  be  done  in 

finding  the  rod.  After  the  concrete  had  firmly 
set  the  rod  was  examined  to  see  that  it  had 
a  well  defined  top,  and  a  bench  mark  was  then 
established  on  it.  Other  bench  marks  were 
established  at  convenient  points,  from  which, 

with  one  "turn,"  elevations  could  be  given  for 
the  finishing  of  a  pedestal  near  them.  It  was 
so  arranged  that  it  was  never  necessary  to 
make  more  than  one  turn  from  any  bench 
mark  in  setting  elevations  for  the  finishing  of 
the  tops  of  any  of  the  pedestals. 

In  leveling  to  establish  a  system  of  benches, 
difficulty  was  had  in  getting  fine  calm  days, 
and  it  was  rarely  possible  to  get  two  good  days 

in  succession.  A  "Gurley"  level  and  a  sliding 
target  rod  were  used.  The  levelman,  after 
reading  the  rod,  directed  the  rodman  to  set 
the  target.  This  was  then  read  again  by  the 
leveler,  and,  if  correct,  both  rodmen  were  in- 

structed to  read  the  target  as  a  check  on  the 
leveler  himself.  As  another  precaution,  after 
taking  the  final  reading  on  the  rod,  the  leveler 
was  instructed  to  see  that  the  bubble  of  the 
level  was  in  the  center  and  that  in  focusing  no 
jarring  was  done  to  the  level.  The  level  was 
always  tested  for  adjustment  every  time  be- 

fore using — twice  a  day. 

The  levels  were  checked,  from  one  side  of 
the  gorge  to  the  other,  several  times,  and  the 
results  were  found  to  be  entirely  satisfactory. 
The  writer  considers,  for  similar  work,  that 

a  one-piece  target  rod  is  superior  to  the  two- 
piece  one  which  was  used.  With  the  former 
there  would  be  no  danger  of  the  slipping 

w;hich  has  to  be  guarded  against  with  the  two- 
piece  rod.  Constant  use  also  has  a  tendency 
to  wear  the  mechanism  of  the  two-piece  rod, 
thereby  making  it  less  accurate  for  careful 
work.  As  the  sun  was  fairly  dull  at  this  time 
of  the  season,  no  sun  shade  was  used.  Pre- 

cautions were  taken  to  keep  the  leveling  rod 
in  a  place  where  the  humidity  was  practically constant. 

Owing  to  the  design  of  the  steelwork  it  was 
necessary  to  have  a  precision  of  %  in.  in  the 
finishing  top  of  the  piers.  Points  were  set 
for  the  forms,  and  after  considerable  concrete 
had  been  put  in  points  were  set  with  fine  nails 
for  the  finishing  of  the  top  of  the  pier. 

The  transit  used  was  a  "Gurley"  light  moun- tain transit.  The  horizontal  limb  and  verniers 

were  graduated  to  read  to  20  seconds,  and  at- 
tached to  the  standards  were  special  magni- 

fiers for  reading  both  limbs.  These  were  at- 
tached to  the  standards  by  means  of  universal 

three-joint  arms,  thus  allowing  the  lens  to  be 
placed  over  any  point  on  either  vernier.  To 
facilitate  further  the  measuring  of  the  angles 

required  in  triangulation,  the  process  of  "repe- 
tition" was  used,  so  as  to  distribute  any  inac- 

curacies of  the  graduations  of  the  horizontal 
limbs  over  several  readings. 

WATEM  WORK 
Design  of  New  Steam  Turbine  Driven 

Centrifugal    Pumping     Machinery 
of  the  St.  Louis  Water  Works. 

The  Chain  of  Rocks  pumping  station,  lo- 
cated about  seven  miles  north  of  the  Mer- 
chants Bridge,  is  the  low  service  station  for 

the  city  of  St.  Louis.  The  water  is  pumped 
from  the  river  at  this  station  to  the  clarifi- 

cation and  filtration  works,  thence  flows  by 
gravity  to  three  high  service  pumping  stations, 
where  it  is  delivered  into  city  mains  under 
pressures  varying  from  80  to  125  lbs.  per 
square  inch. 
The  pumping  equipment  at  the  Chain  of 

Rocks  stati(m  originally  consisted  of  two 
Worthington  direct  acting  compound  pump- 

ing engines,  each  having  a  capacity  of  20,000,- 
000  gals,  in  24  hours,  and  four  Allis-Chalmers 
crank  and  fly  wheel  compound  pumping  en- 

gines, each  having  a  capacity  of  .30,000,000 
gals,    in   24   hours. 

The  safe  working  capacity  of  this  station 
havmg  been  reached,  it  was  decided  to  re- 

place the  20,000,000  gal.  Worthington  pumps 
with  pumps  of  greater  capacity.  The  design 
of  the  new  steam  turbine  driven  centrifugal 
pumps  installed  is  here  described  from  infor- 

mation taken  from  a  paper  by  Mr.  L.  A.  Day 
before  the  Engineers'  Club  of  St.  Louis  as published  in  the  Journal  of  the  Association 
of    Engineering   Societies    for   May,    1914. 

It  is  only  in  recent  years  that  the  attention 
of  water  works  engineers  has  been  directed 
toward    centrifugal    pumps.      Their    low    first 

co=t,  small  maintenance  charges,  simplicity 
and   compactness,    compel    instant   recognition. 

In  considering  relative  values,  not  only  first 
costs,  but  operative,  maintenance  and  interest 
charges,  as  well,  must  be  taken  into  account. 
Progress  in  the  design  of  centrifugal  pumping 
units  has  reached  a  point  where  serious  doubt 

is  created  as  to  the  wisdom  of  invariably 'in- 
stalling enormous  piston  pumping  engines,  for 

in  installing  large  pumping  engines  entailing 
a  considerable  expenditure,  it  seems  wise  to 

consider  not  only  the  possible  life  of  the  ma- 
chinery, but  its  probable  duration  in  view  of 

present  developments.  It  is  true  that  the 

high  duty  steam  pump.ing  engines,  with  ca- 
pacities for  pumping  large  quantities  of  water, 

are  superior  to  turbine  driven  centrifugal 
pumps  in  economy.  However,  a  careful  com- 

parison between  the  two  types  of  pumping 
units  led  us  to  choose  the  turbine  driven  type 
of  pump. 

Two  40,000,000-gal.  reciprocating  pumps  for 
this  service  would  have  cost  approximately 

$230,000,  or  $115,000  each.  The  duty  in  foot'- pounds  of  work  per  1,000  lbs.  of  steam  of  the 
reciprocating  type  of  pump  would  have  been 
approximately  150,000,000.  Two  40.000,000 
gal.  turbine  driven  centrifugal  pumps  cost 
$55,000,  or  $27,500  each,  with  an  average  duty 
of  94,000,000.  The  average  maintenance  costs 
of  reciprocating  units,  according  to  station 
records  as  kept  on  the  Allis-Chalmers  30,000,- 
000  gal.  pumps  is  $780  each  per  year.  It  is 
safe  to  assume  a  maintenance  cost  not  exceed- 

ing 2  per  cent   of  cost   of  turbine  pumps  per 

number    of    gallons    pumped    per 

water. in     feet    pumped 

year,  or  $550  each  per  year.  The  operating 
charges  are  considered  the  same  for  each  type 
of  pump. 

In  capitalizing  the  investment  the  following 
formula  was  derived : 

A    X  W  X  H  X  P  +  F  a  +  d )  +  L  +  M  =  C. 

D 
in  which 
A  =  Total 

year. 

/['  =  Weight  of  a  gallon  of 
H  =  Average     total     head 

against. P  =Cost  of  steam  per  1,000  lbs.  (13.4  cts.). 
£'  =  --\verage    duty    in    foot-pounds    per    1,000 

lbs.  of  steam. 
F  ̂ =  Total   investment. 

J    =Rate  of  interest  on  investment. 
d  =^  Rate  of  depreciation. 
L  =  Yearly  cost  of  operating  labor. 
71/  =  Yearly  cost  of  miscellaneous  expenses  of 

operation. C=^  Total  cost  per  year. 

Solving  for  C  with  both  types  of  pumps  we 
obtained  a  difference  of  $13,000  per  year  in 
favor  of  the  turbine  driven  pump,  which 
means  that  in  a  little  more  than  four  years  the 

centrifugal  pumps  will  have  paid  for  them- 
selves. It  is  proposed  to  install  a  third  tur- 

bine driven  pump  of  40  or  50  million  gallon 
capacity  in  this  station  in  the  next  two  years, 
in  order  to  bring  the  safe  working  capacity  up 

to  150,000,000  gals,  per  day,  and  if  reciprocat- 
ing ptunps  were  necessary  it  would  necessitate 
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the  erection  of  an  additional  building  owing  to 
the  space  they  require.  Needle  ice  suspended 
in  the  river  water  during  the  winter  months 

and  sand  throughout  the  }-ear  are  additional 
important  reasons  for  installing  centrifugal 
pumps  at  this  station,  as  this  type  of  pump  is 
admirably  adapted  to  handle  water  under  these 
conditions  with  practically  no  trouble. 

In  July,  1911,  a  contract  was  awarded  to 
the  Dravo-Doyle  Co.,  of  Pittsburgh,  for  two 
De  Lavel  5"2-5  HP.  Steam  Turbine  Driven  Cen- 

trifugal Pumping  Units,  each  to  have  a  capac- 
ity of  42,000,000  gals,  in  24  hours,  working 

under  a  total  head,  including  friction  in  the 
suction  and  discharge  pipes,  of  46  ft. ;  a  ca- 
pacitv  of  40,000,000  gals,  under  a  total  head 
of  :j()  ft.,  and  a  capacity  of  30,000,000  gals, 
under  a  total  head  of  63  ft.  The  46  and  62 
ft.  heads  are  the  minimum  and  maximum 
heads  at  this  station  due  to  the  different  stages 
of  the  river  throughout  the  year. 

STEAM   TURBINE. 

The  De  Lavel  turbine  is  fundamentally  the 
turbine  invented  by  Branca,  an  Italian,  in 
1629,  designed  and  constructed  to  suit  the  pre- 

vailing conditions,  and  consists  essentially  of 
a  series  of  diverging  nozzles  from  which  the 
steam  jets  impinge  upon  blades  fixed  in  the 
periphery  of  a  wheel.  The  velocity  of  steam 
upon  leaving  the  nozzles  is  very  high,  the  speed 
of  the  wheel  on  these  machines  being  approxi- 

mately 10,250  r.  p.  m.  In  order  to  give  the 
pumps  the  desired  speed  of  approximately  610 
r.  p.  m.,  the  two  shafts  are  connected  by  spur 
gears.  These  are  of  the  double  helical  type, 

with  the  teeth  cut  at  an  angle  of  45°,  the  pitch 
being  small  in  order  to  produce  quiet  running 
and  prevent  vibration.  The  double  helical 
iype  of  gear  eliminates  end  thrust,  and  the 
small  pitch  of  the  gears  brings  a  large  num- 

ber of  teeth  in  contact  at  one  time,  which  very 
considerably  reduces  the  fiber  stress  on  the 
teeth  as  well  as  the  pressure  on  their  surfaces. 
The  pressure  is  extremely  light,  and  does  not 
tend  to  squeeze  out  the  film  of  oil,  so  there  is 
no  tendency  to  abrade  the  metal.  The  gears 
are  set  in  a  cast  iron  case  with  a  tight  cover. 
The  noise  is  very  much  less  than  would  be 
supposed,  as  the  gears  are  cut  and  ground  with 
the  greatest  care  and  accuracy. 
The  turbine  wheel,  the  weight  of  which  is 

275  lbs.,  and  diameter  31%  ins.,  is  mounted  on 
a  very  small  flexible  shaft  (1-9/16  in.).  The 
flexibility  of  the  shaft  is.  obtained  by  so  pro- 

portioning the  diameter  to  the  length  that  the 
shaft  will  stand  considerable  bending  without 
straining  the  metal  beyond  its  elastic  limit. 

The  shaft  is  rigidly  supported  in  the  two  re- 
duction gear  pinion  bearings,  but  is  without 

support  from  the  inner  pinion  bearing  to  the 
outboard  ball-seated  bearing,  and  on  this  sec- 

tion of  shaft  the  turbine  wheel  is  mounted. 

The  construction  of  the  w-heel  is  such  that  it 
is  practically  of  uniform  strength  to  resist 
centrifugal  force.  Directly  under  the  rim  of 
the  wheel  a  small  groove  is  turned,  which 
makes  this  section  the  weakest  part  in  order 
to  prevent  the  wheel  bursting  in  case  of  any 
accident  which  would  allow  the  wheel  to  run 
away.  This  safety  groove  protects  the  wheel 
case  and  all  parts  of  the  machine  from  dam- 

age, so  that  the  wheel  in  running  away  and 
bursting  at  the  rim  can  cause  no  greater  dam- 

age than  the  destruction  of  the  rim  and 
buckets.  The  buckets  are  held  in  the  wheel 
by  driving  them  in  from  one  side.  The  buckets 
are  drop  forgings  of  high  carbon  steel  Monel 
metal  buckets  were  tried  in  these  machines 
but  were  found  entirely  unsuitable  for  St. 
Louis  conditions,  no  less  than  six  sets  of 
buckets  having  been  ruined  due  to  the  cutting 
action  of  the  steam.  The  steam  at  the  throttle 
of  these  machines  is  commercially  dry,  but  not 
superheated,  but  when  it  is  considered  that 
approximately  20%  per  cent  of  steam  when 
expanding  adiabatically  in  a  perfect  nozzle 
from  140  lbs.,  absolute  pressure  down  to  a 
27-in.  vacuum  is  converted  into  moisture,  it 

at  once  appears  very  evident  that  the  selec- 
tion of  a  proper  bucket  metal  for  a  single  im- 

pulse wheel  is  very  important.  The  steel 
buckets  which  are  now  in  use  seem  to  have 
solved  the  difficulty.  The  probable  life  of  a 
steel    bucket    running    continuously    is    about 

two   years   and   the   cost  of    rebucketing    the 
same  is  approximately  $85. 

The  speed  regulation  of  these  turbines  is  ac- 
complished by  a  governor  valve  which  throt- 

tles the  steam  supply.  The  governor  valve  is 
a  double  disc  balanced  valve  and  is  actuated 
by  a  bell  crank  lever  from  the  governor  shaft. 
The  governor  itself  consists  of  two  small 
weights  which  are  pivoted  on  knife  edges  and 
held  in  position  bj'  a  spiral  spring.  When  the 
speed  rises  above  normal  these  weights  spread 
apart  and  push  forward  the  governor  pin, 
which  acts  on  the  bell  crank  lever,  closing  the 
governor  valve.  An  automatic  safety  stop  is 
also  provided  in  case  of  failure  or  damage 
to  the  main  governor  valve.  It  consists  of  a 
butterfly  valve  in  the  exhaust  pipe  controlled 
by  the  governor,  so  that  in  case  of  accident  to 
governor  valve,  the  butterfly  valve  is  auto- 

matically closed,  which  confines  the  steam  in 
the  wheel  case,  creates  a  back  pressure,  and 
checks  the  speed  of  the  turbine. 

CENTRIFUGAL  PUMPS. 

Each  pumping  unit  consists  of  two  single 
stage  double  suction  24-in.  volute  pumps.  The 
centrifugal  pumps  are  of  the  simple  type 
without  diffusion  vanes.  The  impellers  are  of 

the  closed  type.  The  water  enters  at  the  cen- 
ter and  discharges  at  the  periphery  directly 

into  the  spiral  casing  which  terminates  in  the 
delivery  pipe.  The  volute  or  spiral  case  is 
given  a  variable  cross  section,  increasing  grad- 

ually toward  the  discharge  opening,  so  that  the 

lineal  velocity  of  flow'  will  remain  constant, 
in  spite  of  the  increments  of  volume  added 

opposite  each  point  in  the  periphery  of  the  im- 
peller. While  the  double  suction  impeller 

practically  eliminates  end  thrust  a  marine 
thrust  bearing  is  provided  at  the  end  of  the 
pump  shaft  to  take  care  of  any  thrust  which 
might  occur,  if  for  instance  something  should 
become  lodged  in  one  side  of  the  impeller  and 
prevent  the  proper  filling  of  pump  on  that  side. 
The  material  used  for  these  impellers  is  man- 

ganese bronze  and  this  metal  has  proved  to  be 

very  satisfactory.  However,  one  of  the  orig- 
inal set  of  impellers  was  cast  of  Government 

bronze  and  owing  to  the  fact  that  a  much 
better  casting  can  be  obtained  with  Govern- 

ment bronze  than  with  manganese  bronze,  it 
is  very  likely  that  Government  bronze  will  be 
used  when  the  impellers  require  renewal.  So 
far  as  wear  is  concerned  both  metals  show 

practically  no  effects  of  the  cutting  action  of 
sand  after  having  been  in  service  about  18 
months.  The  impellers  are  finished  on  all  sur- 

faces, and  the  vanes  are  filed  and  polished  by 
hand  to  templets.  They  are  balanced  for  static 

and  running  balance.  The  pump  case  is  hori- 
zontally divided  through  the  center  of  the 

main  shaft,  and  when  the  pump  case  cover  is 
removed  an  examination  of  all  working  parts 
can  be  made  without  disturbing  them,  or  any 
of  the  pipe  connections.  The  only  moving 
parts  are  the  shaft  and  impeller,  and  the  only 
wearing  parts  are  the  wearing  rings,  bearings, 
and  shaft  protecting  sleeves.  The  pump  shafts 
are  made  from  hammer  forged  steel  carefully 
finished.  Leakage  of  water  out  of  the  pump 
or  air  into  the  pump  is  prevented  by  stuffing 
boxes  on  the  shafts.  The  boxes  contain  soft 
packing,  with  a  hollow  skeleton  ring  in  the 
middle  of  the  packing  to  which  clear  water 
under  pressure  is  admitted,  forming  an  air 
tight  seal  and  preventing  a  loss  of  suction. 
The  shaft  in  the  stuffing  boxes  is  protected 
by  a  bronze  sleeve  which  forms  a  bearing  for 
the  packing  and  can  be  easily  removed  when 
worn  or  scored,  which  means  that  the  shaft 

proper  is  subject  to  no  wear. 
In  order  to  prevent  leakage  from  the  dis- 

charge chamber  back  past  the  impeller  to  the 
suction  chamber  a  water  tight  joint  is  pro- 

vided which  consists  of  a  removable  wearing 

ring  attached  to  the  pump  case  and  another  re- 
movable ring  screwed  on  to  the  revolving  im- 

peller, the  inter-meshing  grooves  form  a  laby- 
rinth type  of  joirt.  The  path  of  the  water 

through  the  ring  is  tortuous  and  the  loss  of 
head  at  each  turn  prevents  rapid  flow,  besides 

the  water  in  the  rin^  is  set  in  rotation  creating 

a  counter  centrifugal  force  opposing  the  leak- 

age. The  rings  are  matU-  of  Government 
bronze. 

The   pump   shaft  bearings  are  of  the   hori- 

zontally, split,  babbitt  lined,  ring  oiled  type. 
The  babbitt  lined  bearings  are  not  integral 
with  the  pump  frame  or  shaft  pedestal,  but 
are  formed  in  separate  shells  resting  in  the 
brackets  or  pedestals.  The  latter  are  separate 
and  distinct  from  the  pump  case  stuffing  boxes, 

which  prevents  any  possibility  of  water  leak- 
ing past  the  stuffing  boxes,  and  finding  its  way 

into  the  bearings  and  oil  reservoirs. 
Since  it  is  practically  impossible  to  maintain 

three  or  more  bearings  in  alignment  with  a 
rapidly  turning  shaft,  a  flexible  coupling  is 
provided  which  divides  the  shaft  into  two 
parts,  each  part  being  supported  by  two  sep- 

arate bearings.  The  coupling  consists  of  two 
separate  steel  flanges,  one  of  which  is  furnished 
with  a  number  of  steel  studs  extending  into 
holes  in  the  other,  the  driving  force  being 
transmitted  through  the  medium  of  steel  lined 
rubber  cushions. 

TEST   DATA. 

Both  of  the  pumping  units  were  tested  at 

the  contractor's  shops.  Tfie  shop  tests  were 
conducted  with  the  suction  and  discharge  of 
each  pump  arranged  independent  of  each 

other  and  the  quantity  of  water  was  measuT-ed 
by  the  use  of  calibrated  nozzles  and  Pitot 
tubes.  The  first  unit  when  pumping  at  the 
rate  of  31,420  gals,  per  minute  or  45,250, 
000  gals,  per  24  hours  under  a  head  of  57.19 
ft.  developed  a  duty  of  111,600,000  ft.-lbs.  The 
second  unit  when  pumping  at  the  rate  of  24,- 
735  gals,  per  minute,  or  37,050,000  gals,  per 
24  hours,  under  a  head  of  61.45  ft.  de- 

veloped a  duty  of  101,000,000  ft.4bs.  A  test 
on  the  final  foundations  was  run  on  the  first 

pumping  unit  on  April  3,  1913,  and  the  fol- 
lowing results  were  obtained :  head  53.06  ft., 

delivery  42,900,000  (29.800  gals,  per  min.), 
duty  96,800,000.  On  April  4.  1913,  the  follow- 

ing results  were  obtained  ;  head  55.46  ft.,  de- 
livery 39,040,000  (27,100  gals,  per  min.),  duty 

93,800,000.  The  delivery  was  measured  bv  a 
Venturi  meter  which  had  been  standardized 
by  basin  measurement.  The  original  impellers, 
i.  e.,  the  impellers  that  were  in  the  pumps 

when  tested  in  the  contractor's  shop,  were  de- 
signed to  work  with  a  suction  lift  of  10  to  12 

ft.,  and  were  designed  to  show  maximum  effi- 
ciency under  this  suction  condition.  The 

pumps,  however,  when  placed  on  their  founda- 
tions operated  under  a  minimum  suction  head 

of  2  ft.  This  necessitated  a  change  in  the  de- 
sign of  impeller,  which  consisted  in  slightly 

changing  the  vane  angles  and  reducing  the 
number  of  vanes  to  six  instead  of  eight,  also 
increasing  the  diameter  of  the  impellers 
slightly.  After  changing  impellers  a  test  was 
run  on  July  21,  1913,  and  the  following  re- 

sults were  obtained :  head  58.86  ft.,  delivery 
38,480,000  (26,720  gals,  per  min.),  duty  104,- 
100,000.  The  head  was  then  changed  to  62.15 
ft.,  resulting  in  a  delivery  of  36,4.58.3-33 
(25,-300  gals,  per  min.),  and  a  dutv  of  101.- 
600,000. 

Water  Coagulation  and  Its  Effect  on 
Character    of     Mechanical     Filter 

Effluents. 

One  of  the  earliest  objections  to  the  rapid 
sand  filtration  of  public  water  supplies  arose 
from  the  preparatory  treatment  of  the  raw 
water  by  a  coagulating  chemical  before  filtra- 

tion. Laymen  generally,  some  sanitarians  and 
many  physicians  viewed  with  apprehension  the 
use  of  alum  and  iron  salts  in  connection  with 
the  purification  of  water,  fearing  that  some 
of  the  chemical  so  introduced  finally  reached 
the  consumer  to  his  detriment.  This  view 
is  still  held  by  many,  particularly,  of  course, 
in  communities  using  unfiltered  supplies.  This 
objection  is  very  commonly  raised  when  the 
filtration  of  previously  untreated  surface  sup- 
olies  is  under  consideration.  In  addition  to 
the  hygienic  objection  above  stated  it  has 
been  claimed  that  the  use  of  coagulating 
chemicals  impairs  the  water  supply  for  steam- 

insr  purposes.  More  recently  "red  water" troubles  have  been  discussed  at  considerable 

length.  Red  water,  so-called,  is  water  to 
which  a  reddish  brown  color  is  given  by  sus- 

pended particles  of  iron  oxide.  Some  claim 
that    most    complaints    concerning    red    water 
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come  from  cities  using  a  coagulated  and  til- 
lered supply.  The  present  article  discusses 

the  actual  elTect  of  coagulating  chemicals  upon 

the  quality  of  the  filtered  water.  This  is  an 

exceptionally  clear  exposition  of  the  subject 

and  the  discussion  and  data  will  be  very  use- 
ful to  water  engineers  and  superintendents 

who  find  it  expedient  to  recommend  the  rapid 

sand  filtration  of  public  water  supplies.  The 

matter  here  given  is  taken  from. the  report  on 

the  Improved  Water  Supply  for  the  city  of 

Wheeling,  W.  Va.,  by  Messrs.  George  A. 

Johnson,  J.  Richard  Kommer  and  C.  B.  Cooke, 
members  of  the  filtration  commission  for  that 
citv.  . 

Definition  of  Coagulation.— By  coagulation 
is  meant  the  use  of  certain  harmless  chemicals 

which,  upon  being  added  in  minute  quantities 

to  water,  produce  a  gelatinous  precipitate  that 

envelopes  the  mud,  clay,  organic  matter  and 

bacteria,  and  causes  them  to  form  into  ag- 
gregates of  such  size  that  they  can  be  much 

more  easily  removed,  either  by  sedimentation 

or  bv  filtration,  than  is  the  case  with  uncoagu- 

lated'  water.  This  treatment  makes  possible 
the  adequate  preparation  of  muddy  water  for 
final  filtration,  without  the  construction  of 

large  sedimentation  reservoirs,  wherein  the 
removal  of  the  mud  in  the  water  takes  place 

very  slowly  and^  more  or  less  incompletely. 

Coagulating  Chemicals. — The  chemicals  most 
commonly  used  for  the  coagulation  of  water 

are  compounds  of  aluminum  and  iron,  and  of 

these  potash  alum,  sulphate  of  alumina,  and 

sulphate  of  iron  are  the  most  extensively  em- oloved. 

The  manufacture  of  alum  is  of  great  an- 
tiquity, and  for  many  centuries  this  chemical 

has  been  used  for  coagulating  water,  as  an 

aid  to  speedy  clarification.  The  manufacture 

of  alumina  sulphate  from  bauxite  and  lime- 
clay  is  of  more  recent  orgin.  The  sulphate  of 
iron  used  in  water  coagulation  is,  for  the 

most  part,  a  by-product  of  iron  and  steel  in- •  dustries. 

The  choice  between  the  different  coagulat- 

ing chemicals  is  partly  based  upon  their  ef- 
ficiency as  coagulants,  and  this  refers  directly 

to  the  percentage  of  available  alumina  or  iron 

TABLE  I.  —  APPROXIIVIATE  PERCENTAGE 

COMPOSITION  OF  COAGULATING  CHEMI- 
CALS. „    , 

Sul- 

Pure  Sulphate  phate 
potash       of  of 

Constituent.  alum,  alumina,   iron. 
Matter  insoluble   in  water           0.30         0.50 
.\lumina    (Al-Oa)     10.77       17.00         
lion    (FeoOa  and   FeO)           0.25       57.50 
Potash    (K.O)          9.93         
Sulphuric   acid    (SO3)    ....   33.76       38.70       2S.S0 
Water    (H-O)        45.54      43.75       13.20 

wVich  they  contain.  In  a  general  way  it  may 
be  said  that  potash  alum,  and  sulphate  of 
alumina  cost  about  1  ct.  a  pound,  w'hile  sul- 

phate of  iron  costs  about  %  ct.  a  pound.  In 
this  country  the  sulphates  of  alumina  and  iron 
are  the  most  widely  employed  in  water  puri- 
fication. 

In  composition  these  chemicals  show  con- 
siderable variatioir,  but  they  may  be  bought 

on  a  basis  of  a  guaranteed  percentage  of 
available  alumina  or  iron.  The  essential  fea- 

ture is  that  the  chemical  shall  be  basic,  namely, 
that  it  shall  contain  more  available  alumina 
or  iron  than  is  required  to  combine  with  the 
dissolved  sulphuric  acid,  and  that  it  shall  con- 

tain no  free  sulphuric  acid.  The  approximate 
composition  of  these  chemicals  is  as  shown 
in  Table  I. 

ACTION     FOLLOWING     .\DDITI0N     OF     COAGUL.^TINC 

CHEMICALS    TO    WATER. 

When  either  pota.sh  alum  or  sulphate  of 
iliimina  is  annlipfl  tn  i^/ntpr.  the  chemical  is 
rapidly  and  completely  decomposed  by  the 
alkaline  compounds  naturally  present  in  the 
water.  Ordinarily  this  alkalinity  is  due  to 
carbonates  and  bicarbonates  of  lime  and  mag- 

nesia. The  sulphuric  acid  portion  of  the  co- 
agulating chemical  displaces  the  weak  carbonic 

acid  of  the  alkaline  compounds  above  men- 
tioned. As  a  result  soluble  sulphates  of  lime 

and  magnesia  are  formed  and  equivalent 
amounts  of  carbonic  acid  and  alumina  are  lib- 

erated. The  latter  unites  with  the  water  and 

forms  the  white,  insoluble  and  gelatinous  pre- 
cipitate, known  as  aluminum  hydrate,  and 

which  has  the  property  of  massing  together 
various  impurities  as  mentioned  above. 

The  amount  of  coagulating  chemical  that  it 

is  necessary  to  use  depends  upon  the  charac- 
ter of  the  water  to  be  treated,  especially  the 

turbidity  or  color  of  such  water.  Very  turbid 

or  very  highly  colored  waters  frequently  re- 
quire several  grains  of  coagulating  chemical 

per  gallon  of  water.  At  most  plants,  however, 
the  annual  average  is  not  greatly  in  excess  of 

one  grain  per  gallon.  This  quantity  is  eqiiiva- 
lent  to  about  17  parts  per  million  by  weight, 
or  14.3  lbs.  per  1,000,000  gals,  of  water  treated. 

One  grain  per  gallon  of  sulphate  of  alumina 
requires  for  its  decomposition  about  7  p.p. 111. of 
alkalinity,  depending  upon  the  precise  strength 
of  the  chemical  used.  This  means,  as  ex- 

plained above,  that  7  p.p.m.  of  the  carbonates 
and  bicarbonates  of  lime  and  magnesia  nat- 

urally present  in  the  untreated  water  are  con- 
verted into  the  sulphates  of  lime  and  magne- sia. 

The  total  hardness  of  the  water  is  unaffect- 
ed by  the  application  of  coagulating  chemicals, 

such  as  sulphate  of  alumina,  when  decomposed 
by  the  natural  alkaline  compounds  of  the 
water  to  be  treated. 

The  amount  of  carbonic  acid  which  is  liber- 
ated for  each  grain  of  applied  sulphate  of 

alumina  is  equal  to  about  3.5  p.p.m.,  or, 

roughly,  one-fifth  of  a  grain  per  gallon. 
Under  some  circumstances  the  liberation  of 

carbonic  acid  seems  to  increase  somewhat  the 
rate  at  which  clear  filtered  and  oxygenated 
water  corrodes  certain  forms  of  uncoated 
(unprotected)  metal.  It  is  not  a  factor  to  be 
regarded  with  apprehension  because  the  con- 

ditions are  no  more  conducive  to  corrosion 

than  are  found  in  some  of  the  best  ground- 
water supplies  of  the  country.  If  thought  ad- 

visable, this  carbonic  acid  may  be  removed  by 
the  addition  of  lime. 

The  average  consumer  cannot  ordinarily  de- 
tect any  effect  due  to  the  addition  of  coagulat- 
ing chemicals  as  they  are  bound  to  be  decom- 

posed in  order  to  become  effective.  Neither 
can  the  ordinary  consumer  detect  any  changes 

as  regards  hardness,  because  the  total  hard- 
ness of  the  water  is  unchanged. 

Where  water  is  boiled  or  is  used  for  steam- 

raising  purposes,  a  water  treated  with  a  co- 
agulating chemical  is  a  little  less  satisfactory 

than  one  not  so  treated,  but  the  effect  is  mere- 
ly nominal  when  consideration  is  given  to  the 

large  diminution  in  the  accumulations  formed 
within  the  boiler  due  to  the  elimination  of 
mud  where  treated  water  is  used. 

As  a  general  proposition  all  surface  waters 
naturally  contain  a  sufficient  quantity  of  al- 

kalinity to  completely  decompose  all  of  the 
chemical  which  is  applied  for  coagulating  pur- 

poses. In  some  waters,  however,  the  natural 
alkalinity  is  so  low,  particularly  at  times  of 
floods,  that  it  is  necessary  to  make  up  the  de- 

ficiency by  applying  soda  ash  or  lime  to  the 
water. 

Sulphate  of  iron  is  the  ordinary  commer- 
cial by-product  in  iron  and  steel  industries.  A 

somewhat  higher  grade  of  sulphate  of  iron 
is  manufactured  lay  a  vacuum  crystallizing 

process. 
The  use  of  sulphate  of  iron  in  water  purifi- 

cation ordinarily  requires  for  the  precipita- 
tion of  the  iron  the  addition  of  lime.  When 

added  to  a  natural  water,  the  chemical  is  de- 
composed in  a  manner  somewhat  similar  to 

alum,  except  that  the  resulting  bicarbonate  of 
iron  is  partly  soluble  and  more  or  less  gran- 

ular. By  adding  lime  bicarbonate  of  iron  is 
changed  to  the  gelatinous  ferrous  hydrate, 
which  in  turn  is  oxidized  into  ferric  hydrate. 
The  latter  is  insoluble  and  gelatinous,  serving 
well  in  the  massing  together  of  impurities.  To 
obtain  satisfactory  results  from  the  use  of 
lime  and  iron  as  coagulants  it  is  necessary  to 
add  sufficient  lime  to  neutralize  and  precipitate 
the  iron.  This  must  be  done  carefully.  The 

use  of  too  little  lime  results  in  poor  coagula- 
tion, caused  by  the  incomplete  precipitation 

of  the  iron,  some  of  which  is  usually  left  in 

solution,  appearing  in  the  effluent  of  the  co- 
agulating basin.     The   use   of   too   much   lime 

results  in  the  formation  of  lime  incrustants, 

which  are  liable  to  cause  trouble  through  de- 
position in  the  sand  bed  and  in  pipes  and 

valves. 
COAGULATION    IN    THE    PREPARATORY    TREATMENT 

OF  WATER  FOR  FILTRATION. 

Where  waters  in  their  raw  state  are  nor- 
mally clear  and  colorless,  as  is  true  in  some 

parts  of  northeastern  United  States,  practical- 
ly no  prepatory  treatment  is  required  before 

filtration.  It  is  in  connection  with  such  waters 

as  these,  which  more  nearly  approach  in  char- 
acter the  waters  of  western  Europe,  that 

purification  by  slow  sand  filtration,  whose 
birthplace  was  in  England,  may  be  success- 

fully practiced. Waters  which  are  comparatively  clear,  but 
highly  stained  by  decaying  vegetation,  and 
which  require  treatment  for  the  removal  of 
bacterial  life,  may  be  purified  by  slow  sand 
filtration.  Such  treatment,  however,  will  re- 

move only  a  relatively  small  part  of  the  color 
dissolved  in  the  water,  and  if  it  is  desired  to- 
remove  all  of  this  color  a  coagulating  chem- 

ical must  be  used.  To  use  coagulants  effec- 
tively and  economically  in  connection  with 

sand  filters  the  period  of  preliminary  coagu- 
lation and  sedimentation  should  be  at  least 

18  hours,  and  preferably  24  hours. 
Many  waters  in  the  South  and  Central 

West  are  almost  always  more  or  less  muddy. 
The  waters  of  the  Missouri,  Mississippi  and 
lower  Ohio  rivers  are  good  examples  of  this- 
class  of  water.  The  suspended  matters  which, 
cause  these  waters  to  be  muddy  are  largely 
mineral,  but  vary  greatly  in  the  size  of  the 
particles.  Some  are  comparatively  coarse  and 
settle  out  readily  when  the  water  is  allowed 
to  stand.  Others  are  of  exceeding  fineness, 
many  of  them  less  than  1/100,000  of  an  inch 
in  average  diameter,  which  is  smaller  than 
the  ordinary  bacterium.  Turbid  waters  such, 
as  these,  applied  to  filters  without  preliminary 
treatment,  cannot  be  satisfactorily  purified  to- 
the  degree  now  demanded  in  this  country. 

It  is  in  the  purification  of  these  muddy  wa- 
ters that  some  of  the  most  difficult  problems- 

are  found.  The  turbidity  of  many  river  wa- 
ters show  abrupt  changes  from  that  of  com- 

parative clearness  following  long  periods  of 

drought,  when  the  amount  of  suspended  mat- 
ter it  contains  may  be  less  than  -50  p.p.m.  (430' 

lbs.  of  dry  mud  per  1,000,000  gals.)  to  periods 
of  great  muddiness  during  freshets,  when  it 
mav  contain  as  much  as  2,000  or  more  p.p.m. 

(17",000  lbs.  or  more  per  1,000,000  gals.).  At 
Pittsburgh  the  highest  amount  of  suspended 
matter  recorded  in  1909  was  1,300  p.p.m..  equal 
to  11,000  lbs.  of  dry  mud  per  1.000,000  gals. 
Changes  from  comparatively  clear  to  very 
muddy  water  occur  very  suddenly  at  times, 
and  the  character  of  the  suspended  particles  is- 
subject   to   great   variation. 
To  remove  the  great  bulk  of  this  suspended 

matter  prior  to  filtration  and  to  do  it  econom- 
ically is  not  a  simple  problem.  If  it  is  done 

by  plain  sedimentation,  then  the  basins  in 
which  subsidence  takes  place  must  be  large- 
enough  to  deal  satisfactorily  with  the  water 
when  in  its  worst  condition.  If  sedimentation 
is  to  be  aided  by  preliminary  coagulation,  then 
the  basins  must  be  large  enough  to  permit 

of  adequate  subsidence  of  the  coagulated  mat- 
ters before  the  water  reaches  the  filters.  Other- 

wise the  surface  of  the  sand  becomes  clogged 
too  quickly,  requiring  cleaning  at  prohibitively 
frequent  intervals.  Well  baffled  settling  ba-; 

sins  should  have  a  capacity  of  18  to  24  hours" 
flow,  and  if  the  basins  are  not  well  baffled' 
their  required  capacity  may  be  several  days' flow   in   order  to  provide  satisfactory   results. 

At  Cincinnati  and  New  Orleans  careful  in- 
vestigation with  a  view  of  ascertaining  the 

feasibility  of  using  coagulants  in  connection 
with  the  clarification  of  water  passed  through 
quite  large  settling  basins  before  application 
to  sand  filters  showed  the  process  to  be  en- 

tirely feasible,  although  its  expense  was  sub- 
stantially greater  than  for  mechanical  filters. 

It  was  found  necessary  to  have  a  settling  ca- 
pacity following  the  application  of  the  coagu- 
lating chemical  equal  at  least  to  an  average 

flow  of  18  hours  and  preferably  24  hours, 
otherwise  some  of  the  gelatinous  precipitate 

would   remain   in   the  water  as  it  entered  the- 
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sand  filters  and  would  clog  the  layer  imme- 
diately at  the  surface  so  frequently  as  to  make 

the  cost  of  cleaning  burdensome  and  abnorm- 
ally expensive,  as  already  stated. 

The  use  of  coagulants  in  connection  with 
the  preparatory  treatment  of  water  prior  to  its 
application  to  slow  sand  filters  is  quite  suc- 

cessfully practiced  in  this  country  at  Spring- 
field, Mass.,  Ferncliff  and  Poughkeepsie,  N. 

Y.,  Indianapolis,  Ind.,  Washington,  D.  C,  and 
elsewhere. 

E.xclusive  of  filters  of  any  kind  and  with 
sedimentation  alone,  coagulation  is  used  for 
the  clarification  and  purification  of  quite  a 
number  of  water  supplies  of  considerable  size 
in  the  United  States,  among  which  may  be 
-mentioned  Omaha,  Neb.,  Leavenworth.  Kan., 
Kansas  City,  Mo.,  and  Nashville,  Tenn.  In 
<:onnection  with  rapid  sand  filter  plants  co- 

agulants are  always  used,  and  at  the  present 
■time  there  are  some  450  such  works  in  actual 
operation. 

In  the  regular  slow  sand  filtration  processes, 
as  practiced  at  Lawrence,  Mass.,  New  Haven. 
Conn.,  and  a  few  other  smaller  places,  no 
<:oagulants  are  made  use  of,  and  there  should 
not  be  caused  by  such  filtration  any  change 
in  the  hardness  of  the  water.  In  slow  sand 
filtration  as  practiced  at  Washington.  D.  C, 
Indianapolis.  Ind.,  and  other  places,  where 
•coagulants  are  used  in  the  preparation  of  the 
water  for  slow  sand  filtration  the  effect  of 
-the  added  coagulants  is,  or  should  be,  the 
same    as    that    noted    in    rapid    sand   filtration 

Thus  more  or  less  recently  there  has  been  a 

great  deal  of  discussion  of  the  so-called  "red 

water  plague." It  is  a  well  established  fact  that  pure  iron 
is  in  some  considerable  measure  soluble  in 
pure  water;  also  that  the  presence  of  oxygen 
enhances  the  corrosive  action  of  water  on 
iron.  The  oxygen  of  course  oxidizes  the  iron 
dissolved  in  water  and  forms  iron-rust,  and 
this  imparts  a  reddish  color  to  the  water. 

All  surface  waters  in  the  absence  of  gross 
pollution  or  complete  stagnation,  contain 
some  dissolved  oxygen,  in  amounts  ranging 
up  to  8  to  10  p.p.m.  In  ground  waters  the 
amount  of  dissolved  oxygen  is  generally  less 
than  in  surface  waters.  Pure  soft  waters  will 

corrode  metal  pipes,  as  will  even  pure  rain  wa- 
ter. Neutral  sahs  in  water  will  also  cause  corro- 

sion, but  are  of  considerable  significance  from 
the  standpoint  of  the  aid  they  offer  in  the  for- 

mation of  protective  coatings  in  pipe. 
Free  carbonic  acid  increases  the  corrosive 

action  of  water  on  metals,  and  is  usually 

present  in  all  ground  waters  and  in  the  ma- 
jority of  surface  waters.  The  ground  water 

supplies  of  Lowell,  Framingham  and  Maiden, 
Mass.,  contain  from  7  to  25  p.p.m.  of  carbonic 
acid ;  and  the  surface  supplies  of  other  cities 
in.  the  same  state  contain  as  high  as  15  parts 
at  times.  At  Pittsburgh,  in  1912,  the  free 
carbonic  acid  in  the  Allegheny  River  water 
was  at  times  as  high  as  18  p.p.m.,  and  the 

averas"e  for  the  year  was  about  T  parts.  At 
Springfield,  Mass.,  in  1912,  at  the  West  Par- 

TABLE    IL— HARDNESS OF RI^^R   WATERS   AT    VARIOUS    PLACES    BEFORE   AXD    AFTER 
COAGUL.\TIOX AND  FILTRATION. 

City.                    for  year. Increase  of 
incrustant 
in  filtered 

Amount  of 
coagulant 
used  grain 

per  gal. 

Total  hardness. 
River  Filtered 
water,    water. 

water 

Incrustants.    due  to 
Fil-  use  of  co- 

River,  tered.  agulants. 
Springneld,    Mass...  1912 
Ijttle  Falls,   N.   J...   1903 
Xouisville.  Ky   1912 
■Cincinnati,   Ohio    ...   1910 

Slow  sand 
Rapid  sand 
Rapid  sand 
Rapid  sand 

(d)     .24 
(Q)   1.3S 
fd)  1.73 
(a)  0.S4 

(b)  1.7-3 (a)  4.41 
(b)  0.33 
(a)  7.5 
(c)  4.3 (d>  1.57 

Sulphate  of 

11 
31 

95 
76 11 

30 
91 
S9 

7             14              7 
29            3S            9 
32            41            9 

New   Orleans,    La...   1912 

■Columbus,    Ohio    . . .  1910 

Rapid  sand 

Rapid  Band 

111 

270 

60 

S.5 

21             25             4 

111            35    Softened. 

(a>   Lime.     (b1   Iron. (c) 
Soda  ash.     (d) Ammina . 

processes.  In  any  event  the  total  hardness, 
and  hence  the  soap-consuming  quality  of  the 
water,  is  neither  increased  or  decreased,  but 
the  incrustants  are  slightly  increased.  Such 
increase  in  incrustants  could  hardly  be  de- 

tected by  steam-raisers,  judged  by  incrusta- 

tions in  'steam  boilers.  In  fact,  it  is  decidedly 
probable  that  the  elimination  of  the  fine  clay 
and  silt  obtained  by  co?.gulation  would  make 
the  filtered  water  a  more  desirable  boiler  water 
■than    unclarified    water. 

The  data  in  Table  IT  are  given  as  illustra- 
tive of  the  actual  changes  in  hardness  which 

takes  place  at  some  of  the  filtration  plants. 
The  data  in  Table  II  show  practically  all 

there  is  to  the  proposition  that  coagulation 
seriously  affects  the  water  for  steam  raising 
purposes.  The  data  show  positively  that  this 
cannot  possibly  be  so.  The  only  detrimental 
change  which  takes  place  is  the  formation  in 
the  water  of  some  6  or  8  p.p.m.  of  incrustants 
for  every  grain  per  gallon  of  coagulant  used. 
Such  srriall  increase  could  not  be  measured 

•detrimentally  by  the  steam  user,  and  the  un- 
desirable features  surrounding  their  presence 

in  the  filtered  water  are  more  than  offset  by 
the  advantages  inherent  in  a  boiler  water 
which  is  free  from  silt  and  clay. 

THE   RED   \V.\TER   QUESTION. 

Although  the  entire  question  of  corrosion 
•of  metals  by  water  has  been  given  consider- 

able attention  by  chemists  and  engineers  ever 
since  the  general  introduction  of  public  water 
supplies  in  this  country,  of  late  years  there  has 
Tjeen  considerable  active  consideration  of  the 
red  water  question  and  a  tendency  has  been 
shown  to  attach  a  large  measure  of  responsi- 
"bility  for  the  appearance  of  iron-rust  in  water 
to  alleged  increases  in  the  corrosive  proper- 

ties of  water  caused  b^  -the  use  of  certain 
■chemicals    in    the    course    of    its    purification. 

ish  filter  plant,  the  river  water  contained  from 

2  to  3  parts.  The  Scioto  River  water  at  Co- 
lumbus, Ohio,  contains  about  the  same  amount.. 

.A.t  Little  Falls,  N.  J.,  the  colored  Passaic 
River  water  in  1912  contaiiied  on  an  average 
2  p.p.m.  of  free  carbonic  acid.  On  some  days 
it  contained  as  much  as  15  parts. 

So  far  as  filtration  processes  are  concerned, 
where  slow  sand  filters  are  used  without  the 

aid  of  a  coagulant,  and  where  the  water  con- 
tains substantial  quantities  of  carbonaceous 

organic  matter,  the  bacterial  processes  active 
in  these  filters  cause  an  oxidation  of  such 
matter.  An  increase  in  the  amount  of  car- 

bonic acid  in  the  water  is  the  result.  In  the 
case  of  rapid  sand  filters,  or  slow  sand  filters, 
where  sulphates  of  iron  or  alumina  are  used 
in  the  preparation  of  the  water  for  filtration, 
and  where  lime  or  soda  are  not  also  used, 
there  is  an  increase  in  the  amount  of  car- 

bonic acid  to  the  extent  of  some  .3  to  4  p.p.m. 
for  each  grain  of  coagulant  used  per  gallon 
of  water  treated.  .At  Little  Falls,  N.  J.,  in 
1912,  the  river  water  contained  on  an  average 
8  p.p.m.  of  free  carbonic  acid,  and  due  to  the 
use  of  1.5  grains  of  sulphate  of  alumina  per 
gallon  of  water  the  free  carbonic  acid  in  the 
filtered  water  as  it  left  the  plant  averaged 

15  parts  for  the  year,  an  increase  of  some- 
thing less  than  5  p.p.m.  for  each  grain  of  sul- 
phate of  alumina  used  per  gallon  of  water 

treated. 

Within  the  limits  of  ordinary  practice  in 
the  use  of  coagulating  chemicals  in  water 

purification  in  this  country,  the  assumption 
that  the  increase  in  free  carbonic  acid  caused 

by  such  chemical  treatment  is  responsible  for 

the  more  or  less  common  run  of  red-water 

troubles  cannot  be  substantiated.  Such  trou- 
bles are  encountered  in  citie?  having  piire 

ground    water    supplies,    as    well    as    in    cities 

using  the  old  styls  slow  sand  filtration,  The 
cause  is  not  one  common  to  all  cases  or  lo- 

calities, but  is  due  as  much,  and  in  many  in- 
stances more,  to  the  natural  character  of  the 

water  supply  itself,  regardless  of  the  way  in 
which  it  is  purified. 

Rapid  Installation  of  Auxiliary  Booster 
Pumping  Plant  and  Pipe  Lines 

at  San  Diego,  Cal. 
In  the  early  part  of  May,  1913,  it  becairie 

apparent  that  a  shortage  of  water  in  the  city 
of  San  Diego  was  imminent.  By  the  middle 
of  the  month  the  water  level  in  the  distributing 
reservoir  was  falling  rapidly.  There  was  plenty 
of  water  in  the  impounding  reservoirs  but  the 
pipe  line  capacity  under  gravity  flow  was  not 
sufficient  to  bring  the  water  into  the  city.  The 
normal  diflference  in  elevation  between  the 
water  levels  of  the  lower  impounding  reservoir 
and  the  distributing  reservoir  is  53  ft.  This 
gives  a  hydraulic  grade  of  1  in  2,000  which 

produced  a  flow  of  7,-200,000  gals,  per  day.  This 
quantity  was  somewhat  below  the  consumption 
so  the  installation  of  a  booster  pump  was  de- 

termined upon.  The  rapid  installation  of  the 

pump  and  pipe  lines  is  here  described  from  in- formation taken  from  the  latest  annual  report 
of  Mr.  H.  A.  Whitney,  assistant  superintendent 
and  hydraulic  engineer  of  the  department  of 
water  of  San  Diego. 
The  problem  was  to  go  back  far  enough 

along  the  24-in.  wood  stave  gravity  supply  line 
to  be  sure  that  suction  would  not  cause  a 
vacuum  on  the  line  which  would  result  in  its 
collapse.  It  was  figured  that  to  go  back  12,000 
ft.  would  give  sufficient  static  head  to  insure  a 

pressure  at  all  times  on  the  pump  suction.  An- 
other 200  ft.  were  added  for  safety,  as  it  was 

of  the  utmost  importance  that  nothing  should 
happen  to  this  only  supply  line  to  the  city.  A 
10-in.  wrought  iron  pipe  was  laid  on  the  sur- 

face of  the  ground  parallel  with  the  wood 
stave  pipe.  It  connected  at  its  upper  end  with 
the  latter  pipe  as  above  stated  and  connected 
at  its  lower  end  with  the  high  pressure  dis- 

tribution pipes  leading  from  the  distributing 
reservoir. 

It  took  exactly  one  week  to  get  the  ma- 
chinery, install  it,  connect  the  suction  -with  the 

24-in.  wood-stave  pipe,  lay  12,200  ft.  of  10-in. 
wrought-iron  pipe,  lay  350  ft.  of  12-in.  cast- 
iron  pipe,  and  connect  it  with  a  30-in.  main. 
The  pipe  for  the  work  was  ordered,  hauled  and 
laid  within  this  period  by  six  gangs  of  15  men 
each,  working  two  shifts  per  day.  A  loan  of 
8,000  ft.  of  10-in.  wrought-iron  pipe,  intended 
for  gas  mains,  was  obtained  from  the  San 
Diego  Consolidated  Gas  &  Electric  Co.,  4,175 
ft.  were  purchased  by  wire  and  shipped  from 
Los  Angeles,  and  the  remainder  was  on  hand. 
On  Saturday,  l\Iay  17,  an  order  was  given 

to  the  owner  of  a  5-ton  truck  to  haul  a  150 
HP.  motor  and  pump  from  a  point  five  miles 
away,  which  was  loaned  by  the  Cuyamaca  Wa- 

ter Co.  Through  some  misunderstanding  the 
truck  driver  failed  to  locate  the  pump  and  the 
water  department  took  over  the  job  and  loaded 
the  equipment  on  a  3-ton  Packard  truck  and 
had  it  on  the  site  with  the  suction  connected  by 
Sunday  morning.  During  this  time  it  was 
found  that  the  electric  company  had  no  trans- 

former on  hand  to  step  the  2,200-volt  current 
down  to  the  440-volt  motor,  so  another  trip 

was  made  and  a  75  HP.  motor  using  current  ■ 
at  2,200  volts  was  obtained.^  About  3,.500  ft. 
of  transmission  line  was  laid  while  the  pipe 

was  being  installed. 
Connection  with  the  wood  pipe  was  made 

by  a  10-in.  saddle  cast  at  the  Standard  Iron 
Works  on  the  same  day  it  was  ordered.  The 

specials  used  to  reduce  to  the  6-in.  pump  suc- 
tion and  to  increase  again  to  the  10-in.  wrought 

iron  pipe  were  made  up  of  material  on  hand. 
The  final  joint  to  the  10-in.  pipe,  which  had 
been  laid  previously,  was  made  by  slipping  a 

piece  of  l"2-in.  cast-iron  pipe  over  the  outside 
of  the  10-in.  main  and  calking  the  space  be- 

tween the  two. 
Five  guUeys,  some  of  them  very  steep,  were 

crossed  i)v  the  pipe  line.  In  order  to  have  the 
pipe  conform  to  the  contour  of  the  ground  it 
had  to  be  heated  and  bent  in  position.  There 
w-ere  very  few  pipe  tongs  of  a  size  necessary 
for  assembling  this  pipe,  the  consequence  was 
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the  city  had  to  borrow  from  the  Sweetwater 
Water  Co.  and  the  gas  company  and  lengthen 
its  8-in.  size  pipe  tongs  so  they  accommodated 
the  additional  diameter. 

Sharp  bends  were  made  by  a  number  of 
short  lengths  of  bell-and-spigot  pipe.  Where 
the  sections  being  laid  by  the  different  gangs 
met  cast  iron  pipes  were  used  as  sleeves.  These 
acted  as  contraction  and  expansion  joints.  In 
fact,  there  was  so  much  contraction  when  the 
water  was  turned  in  that  one  of  the  joints  pulled 
apart  about  2  ins.  and  was  repaired,  without 
taking  out  all  of  the  water,  by  using  a  12-in. 
pipe  as  a  sleeve.  To  put  this  on  it  was  neces- 

sary to  jack  one  section  out  of  line.  Kerosene 
was  poured  in  and  as  much  lead  was  poured 
as  possible.  Lead  wool  was  then  calked  in  on 
the  lower  side  to  effect  absolute  tightness. 

The  starting  of  the  pump  was  felt  imme- 
diately ;  the  consumers  who  liad  previously 

been  without  water,  obtained  a  sufficient  supply 
for  all  practical  purposes.  Before  starting  the 
pump  the  pressure  in  the  pipe  line  was  19% 
lbs.  at  the  site  of  the  pump  and  11%  lbs.  at  the 
far  end.  Following  the  installation  the  reser- 

voir began  to  fill,  showing  a  gain  of  7-50,000 
gals.,  which  settled  the  difficulty  until  the  per- 

manent new  booster  pump  was  installed. 

The  Dual  System  of  Water  Supply  and 
Distribution. 

The  dual  system  of  water  supply  and  dis- 
tribution has  frequently  been  discussed  in  tech- 

nical literature.  Whenever  the  subject  has 

been  brought  up  the  more  or  less  obvious  dis- 
advantages of  the  system  have  been  pointed 

out.  The  subject  is  an  attractive  one  ap- 
parently, however,  and  water  works  men  show 

a  disposition  to  revert  to  it  from  time  to  time 
in  their  discussions  before  the  several  water 
works  associations.  The  latest  discussion  of 
the  subject  was  by  Mr.  Henry  C.  Hodgkins 
of  Syracuse,  N.  Y.,  in  his  paper  before  the 
recent  annual  convention  of  the  American 
Water  Works  x\ssociation.  The  following 
matter  is  taken  from  his  paper  and  from  the 
discussion  brought  out  by  it. 

The  daily  average  consumption  per  capita 
for  cities  in  this  country  will  run  from  100 
to  as  high  as  200  gals.  Very  few  large  places 
will  average  less  than  100  gals.  The  maxi- 

mum per  capita  consumption  will  run  from 
two  to  four  times  the  average.  The  average 
daily  consumption  per  capita  for  domestic 
purposes  will  amount  to  from  2-5  to  30  per 
cent  of  the  total  average,  and  the  amount  re- 

quired for  culinary  and  drinking  purposes  will 
amount  to  from  3  to  5  per  cent  of  the  total. 
The  amount  of  potable  water  thus  required 
is  very  nearly  a  constant  quantity  from  day 
to  day.  Filtration  plants  cost  from  12  to  20 
per  cent  of  the  total  cost  of  the  remaining 
portion  of  the  water  works  in  the  case  of 
mechanical  filters  and  20  to  30  per  cent  in 
the  case  of  slow  sand  filters.  In  Pittsburgh, 
the  estimated  cost  was  30  per  cent  and  iii 
Toronto  20  per  cent  of  the  previous  cost  of 
the  works. 

In  a  city  of  100,000,  Mr.  Leonard  Metcalf 
estimates  the  cost  of  that  portion  of  a  distri- 

bution system  due  to  domestic  consumption 
at  21  per  cent,  that  due  to  industrial  consump- 

tion at  32  per  cent  and  that  due  to  fire  protec- 
tion at  47  per  cent.  If  the  division  is  carried 

farther  that  portion  due  to  culinary  and  drink- 
ing purposes  would  be  about  4  per  cent. 

If  the  distribution  system  could  be  separat- 
ed into  distinct  systems  and  at  the  above  pro- 

portionate costs  the  problem  of  dual  systems 
would  be  easy.  But  such  is  not  the  case.  The 
cost  of  a  dual  system  in  terms  for  a  com- 

plete system  would  vary  widely,  but  as  a  gen- 
eral proposition  I  think  it  a  fair  statement 

that  a  separate  system  to  supply  the  inhabi- 
tants of  a  city  with  potable  water  would  cost 

from  25  to  .30  per  cent  of  the  distribution  svs- 
tem  as  generally  constructed.  In  other  words, 
that  the  cost  of  the  dual  system  would  be 
from  70  to  150  per  cent  of  the  cost  of  the  fil- 

tration plant,  varying  widely  according  to  con- 
ditions and  according  to  which  system  of  fil- 
tration is  used. 

There  is  a  wide  range  in  the  cost  of  filter- 
ing water.     Making  due  allowance   for  main- 

tenance of  plant,  interest  and  depreciation,  the 
cost  would  probably  fall  between  1  ct.  and 
1.5  cts.  per  1,000  gals.  Assuming  a  cost  of 
1.2  cts.  per  1,000  gals.,  the  cost  of  filtering 
1,000,000  gals,  per  day  would  be   $12.00 

40,000  gals,  per  day  would  be   48 

Difference  per  day  due  to  filtration   $11.52 

That  is,  if  instead  of  filtering  all  of  the 
water  only  the  portion  furnished  through  the 
dual  system  was  filtered,  the  saving  in  the 
cost  of  filtration  would  amount  to  $11.52  per 
million.  From  this  would  have  to  be  deducted 
the  interest,  depreciation  and  maintenance  of 
the  dual  system  which  in  a  medium  sized 
city  would  require  not  to  exceed  half  of  this 
saving,  leaving  the  remainder  for  the  addi- 

tional cost  of  administration  and  saving  to 
the  department. 

The  pure  water  should  sell  at  a  much  higher 
rate  than  the  raw  water  for  two  reasons :  first, 
to  provide  ample  revenue  to  cover  all  charges 
due  to  the  dual  system,  including  service  pipes 
and  meters;  and  second,  the  price  should  be 
high  enough  to  prevent  the  use  of  pure  water 
for  other  purposes   than  those   intended. 
These  figures  are  merely  illustrative,  but 

they  are  sufficient  to  show  that  the  dual  sys- 
tem is  not  impossible  from  a  cost  point  of 

view,  but  that  it  is  entirely  feasible"  and  in 
many  instances  the  solution  of  a  very  difficult 
situation. 

It  is  not  claimed  that  the  dual  system  should 
be  universally  adopted,  but  in  places  where 
there  is  a  supply  of  naturally  pure  water  suf- 

ficient to  meet  the  culinary  and  drinking  re- 
quirements, it  is  urged  that  it  be  supplied 

through  a  separate  system,  leaving  the  larger 

requirements  to  be  furnished  from  the  near- 
est and  cheapest  source  of  reasonably  clean 

w;iter. 

■  There  are  many  instances  where  towns 
have  outgrown  their  water  supply.  The  pres- 

ent supply  being  excellent  in  quality,  but  in- 
sufficient in  quantity.  Just  such  an  instance 

exists  in  the  writer's  practice.  The  demands 
have  increased  beyond  the  supply  and  the 
capacity  of  the  distribution  mains.  It  has 
been  recommended  and  considered  with  favor, 
that  a  duplicate  system  covering  nearly  half 
of  the  town  be  installed,  furnishing  a  water 
more  suitable  for  manufacturing  purposes, 

but  not  fit  for  drinking.  The  original  distri- 
bution to  supply  all  of  the  needs  of  a  por- 

tion of  the  residential  section  from  the  original 
source,  and  with  the  smaller  mains  extended 

to  all  parts  of  the  town,  supplying  all  the  in- 
habitants with  the  excellent  drinking  \vater, 

it  being  the  expectation  that  as  the  city  grows 
the  dual  system  would  be  extended  until  the 
entire   city  is   covered. 

Because  the  industrial  growth  of  the  town 
has  caused  a  demand  beyond  the  capacity  of 
the  supply,  but  which  is  still  sufficient  for  all 
house  supplies  for  even  a  much  larger  town, 

should  the  best  of  nature's  supplies  be  dis- 
carded and  replaced  by  a  filtered  supply? 

The  difficulties  of  supplying  the  ever  in- 
creasing demand  with  a  potable  water  are 

such  that  all  naturally  pure  waters  should  be 
conserved,  and  it  would  seem  that  it  is  time 
that  the  scientific  planning  of  dual  systems 
should  be  commenced.  It  is  not  the  purpose 
of  this  paper  to  criticise  work  that  has  been 
done  or  that  is  under  way;  but  to  emphasize 
a  new  departure  in  water  works  construction 
and  management.  There  is  no  reason  why 
the  bottled  purveyors  should  have  the  best 
of  the  business.  Pure  water,  like  other  food 
products,  should  be  conserved  and  delivered 
in   the  best   possible  manner. 
The  great  argument  against  the  dual  sup- 

ply has  been  the  difficulty  of  controlling  its 
use.  It  has  been  argued  that  poor  people 
would  use  the  cheaper  water,  and  that  many, 

especially  new  arrivals  in  the  city,  from  ig- 
norance would  use  the  contaminated  water. 

Every  precaution  should,  of  course,  1)C  taken 
to  prevent  the  wrong  use  of  either  water.  The 
drinking  faucets  should  be  of  one  handsome, 
Tirnamental  design,  properly  labeled.  .'\11  other 
faucets  should  be  of  the  same  and  an  entirely 
different  and  distinctive  design.  Greater  care 

and  inspection  of  all  fixtures  would  be  neces- 
.sary,  which  would  certainly  be  progress  in 
the  right  direction. 

In  discussing  the  paper,  Mr.  Frank  C.  Kim- 
ball related  the  classic  Lawrence,  Mass.,  case 

as  an  argument  against  the  dual  system.  In 
that  case  there  was  a  filtered  water  supply  for 
drinking  and  culinary  purposes.  The  polluted 
river  water  was  piped  through  the  mills  for 
ordinary  use  in  washing  and  similar  purposes. 
The  polluted  river  water  was  piped  through 

the  mills  for  ordinary  use  in  washing  and  sim- 
ilar purposes.  The  pipes  carrying  the  polluted 

water  were  of  one  uniform  color  and  were 
labeled.  A  penalty  was  imposed  on  the  use 

of  this  water  for  drinking.  Despite  these  pre- 
cautions the  mill  operatives  drew  water  from 

the  polluted  supply  whenever  it  was  more 
convenient  to  do  so  than  to  draw  on  the  pure 

supply.  This  resulted  in  considerable  sickness 
and  several  deaths  and  the  polluted  supply 
was  abandoned  by  the  mill  owners. 

Mr.  F.  W.  Cappelen,  city  engineer  of  Min- 
neapolis, said  that  it  is  the  duty  of  every  city 

to  furnish  a  pure  water  supply  to  all  its  in- 
habitants. The  quality  of  this  supply  must 

be  so  good  that  a  child  can  drink  it ;  so  that 
anyone  can  open  a  faucet  anywhere  and  be 
sate  in  doing  so.  Every  inhabitant  must  be 
protected  against  his  ignorance  or  carelessness. 
This  cannot  be  done  with  a  dual  system. 

Use    of    Electric    Light    for    Detecting 
Leak  in  Casing  of  Deep  Well 

at  Galva,  III. 
The  following  description  of  the  detection 

of  a  leak  in  the  casing  of  a  deep  well  at  Galva, 
111.,  by  means  of  electric  light  is  taken  from 
the  paper  on  that  subject  by  Loyd  Z.  Jones, 
city  engineer,  as  published  in  the  Proceedings 
of  the  Illinois  Water  Supplv  Association  for 
1914: 

The  city  of  Galva  is  situated  on  the  divide 
between  the  Illinois  and  the  Mississippi  Rivers. 
It  draws  its  water  supply  from  the  St.  Peter 
sandstone  which  is  found  at  a  depth  of  1,381 
ft.,  and  the  wells  are  drilled  to  depths  of  from 
1.477  to  1,525  ft.  The  log  of  the  wells  is  as 
follows : 

Materials   traversed.  Depth  in  ft. 
Soil     and     clay        62 
Coal  measures              455 
Niagara  limestone             SS2 
Vtica   shale          1,030 
Hudson  River  shale       1,055 
Trenton    limestone          1,381 
St.    Peter   sandstone   1,475-1,525 

.A.  Study  of  the  logs  of  wells  at  Rockford 
shows  that  the  St.  Peter  stratum  falls  15  ft. 
per  mile  from  Rockford  to  Galva. 
When  the  well  was  first  drilled,  20  years 

ago,  the  water  rose  to  within  150  ft.  of  the 
surface,  but  for  some  time  it  has  stood  at 
240-24(3  ft.  below  the  surface.  The  pump  cyl- 

inders are  300  ft.  below  the  surface,  and  are 
always  covered  with  water.  The  well  is  cased 
.110  ft.  with  12-in.  tubing,  and  below  this  level 
it  is  cased  with  9-in.  tubing  to  bottom.  The 
joint  between  the  casings  is  of  lead. 

In  1906  the  quality  of  the  water  in  the  wells 
seemed  to  have  changed,  and  it  was  thought 
that  a  leak  had  developed  in  the  casing.  .Ac- 

cordingly, the  pump  was  taken  out.  and  a 
cluster  of  three  electric  light  bulbs  was  lowered 
into  the  well.  The  lamps  were  connected  by 
a  long  wire  to  the  lighting  circuit,  and  were 
provided  with  a  shade  above.  The  lowering  of 
this  light  into  the  well  was  followed  by  the 
aid  of  a  field  glass.  It  was  found  that  water 
was  entering  through  a  leak  in  the  casing  at 
the  lead  packed  reducing  joint,  110  ft.  below 
the  surface  of  the  ground.    This  was  repaired. 

In  1911  there  were  indications  of  another 

leak  in  the  casing.  The  above  process  was  re- 
peated, and  it  was  found  that  a  leak  had  de- 
veloped again  in  the  lead  joint. 

The  cause  of  the  failure  in  the  casing  at  this 
point  is  explained  by  the  continual  vibration 
of  the  earth,  which  is  brought  about  by  the 
running  of  heavy  trains  on  the  main  line  of 
the  Chicago,  Burlington  &  Quincy  Railroad 
only  100  ft.  away,  and  by  the  jar  of  our  own 
pumps.  The  upper  strata  are  of  soft  water 
soaked  material.  The  pump  and  heavy  masonry 
base  are  fastened  to  the  top  of  the  casing  and 

the  result  is  a  rather  top  heavy  structure  some- 
what analogous  to  a  top  heavy  flag  pole.  The 

vibrations  consequently  tend  to  break  the  cas- 
ing at  its  weakest  point- 
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»S  AND  STREETS 
Methods    snd     Cost    of    Constructing 

Tamped  Earth  Base  Bituminous 
Macadam  Pavements  in  South- 

ern California. 
Contiibuted  by  Allen  Hoar,   C.   E..   Long  Beach. 

Caliloinia. 

The  development  of  bituminous  macadam 
pavements  in  Southern  California  has  been 
extensive.  This  is  possibly  due  to  the  facts 
that  here  the  climatic  conditions  make  diffi- 

cult the  maintenance  of  water-bound  ma- 
cadam and  here  the  most,  suitable  material 

for  this  type  of  pavement  is  found.  The 
long,  hot  and  dry  season  robs  the  ordinary 
macaaam  road  of  its  essential  factors  of  life. 

Fig.    1.     Tamping    Roller    in    Operation    Con- 
solidating  Subgrade. 

drying  it  out  and  causing  an  excessive  dust 
nuisance  accompanied  by  rapid  disintegra- 
tion. 

PREP.\R.\TI0X    OF    SUB-GR.\DE, 

A  permanent  pavement  should  never  be  laid 
upon  a  new  fill.  No  amount  of  rolling  and 
watering  will  give  the  settlement  which  will 
take  place  naturally  in  the  course  of  time.  In 
making  fills,  all  organic  or  vegetable  matters 
should  be  thrown  out,,  and  as  nearly  a  uni- 

form material  used  as  can  be  economically 
obtained,  in  order  to  get  an  even   settlement. 
The  best  method  of  preparing  the  sub- 

grade  is  to  plough  to  a  depth  of  C  or  8  ins., 
and  compact  by  alternately  sprinkling  and 
rolling  with  a  tamping  roller,  Fig.  1,  until 
the  soil  is  compacted  to  within  an  inch  of 
the  surface.  The  action  of  the  tamping  roller 

is  to  pack  the  earth  into  a  hard  crust,  form- 
ing a  solid  earth  arch,  upon  which  the  load 

is  borne.  The  surface  should  be  kept  to  cross- 
section  by  dragging,  while  tamping  is  going 
on.  After  tamping  within  an  inch  of  the 
top,  smooth  by  rolling  with  a  10-ton  roller. 

STONE     FOUND.^TION. 

The  foundation  stone  should  be  tested  for 
hardness  and  abrasion.  It  must  be  clean  and 
free  from  all  clayey  and  organic  matters  that 
might  prevent  the  uniform  penetration  of  the 
binder.  The  size  of  the  aggregate  should 
lange  from  1%  in.  to  3  ins.  Care  must  be 
used  while  spreading  to  prevent  the  segrega- 

tion of  sizes.  A  uniformity  of  size  of  stone 
used  makes  impossible  a  good  mechanical 
locking  of  the  aggregate.  The  best  results 
have  been  obtained  by  the  use  of  the  crusher 
run  of  rock  with  all  the  %-in.  stone  screened 
out. 

The  necessary  thickness  of  the  foundation 
depends  entirely  upon  the  traffic  conditions  to 
which  the  road  or  street  will  be  subjected. 
.•\fter  the  proper  thickness  of  stone  has  been 
spread  Callowing  for  compression)  it  is  rolled 
dry.  Rolled  drv.  the  stones  are  well  locked 
toffether  mechanically,  and  the  interstices  are 

left  open  to  permit  a  deep  and  even  penetra- 
tion of  the  bituminous  material  into  _  the 

foundation,   forming  a  perfect  film  of  binder 

over  all  parts  of  the  aggregate  and  thoroughlv 
binding   them   together. 

BITUMINOUS  BINDER. 

Properties.~To  obtain  the  best  results  only 
liquid  asphalts  (the  residuum  of  natural  as- 
phaltic  petroleums,  having  the  lighter  volatile 
matters  removed  by  distillation)  should  be 
used  as  binders.  These  products  should  con- 

tain from  90  to  98  per  cent  of  solid  asphalt, 
but  should  not  be  made  by  fluxing  solid 
asphalt  with  a  lighter  oil.  They  must  have 
high  ductile  and  viscol  qualities  and  become 
solid  when  cold,  and  must  not  contain  to  any 
appreciable  extent,  highly  volatile  matters  or 
free  carbon.  The  presence  of  free  carbon 
denotes  an  unstable  composition,  due  to  its 
chemical  and  physical  characteristics,  and 
gives  to  the  bitumen  a  false  consistency. 
Any  great  percentage  of  highly  volatile  matter 
causes  the  binder  to  remain  soft  and  sticky, 

and  prevent  the  "set"  taking  place.  Tlie 
liquid  asphalt,  when  exposed  to  the  air. 
should  begin  to  set,  or  harden,  but  it  must 
also  retain  its  adhesiveness  and  resiliency. 
These  are  the  three  essential  qualities  of  a 
successful  bituminous  binder:  hardness,  giv- 

ing the  durability  and  wearing  quality ;  great 
adhesive  powers,  in  order  to  hold  the  road 
metals  to.gether :  and  reailiency.  promoting  the 
general  satisfaction  and  success  of  the  fin- 

ished pavement. 

Application. — Liquid  asphalt  should  be  de- 
livered for  application  at  a  temperature  of 

not  less  than  3-50°  F.  The  danger  of  burning 
has  been  found  to  be  small  by  those  experienced 
in  this  class  of  work,  and  it  has  been  estab- 

lished that  only  at  a  high  temperature  can 
these  heavier  grades  of  asphaltic  oils  be  lique- 

fied sufficiently  to  allow  proper  penetration. 
A  bituminous  material  injured  by  the  appli- 

cation of  heat  at  a  temperature  of  from  -"lO to  75  degrees  F.  below  its  flash  point,  should 
be  discarded  as  unfit  for  use.  as  it  denotes 
unstable  physical  properties  and  the  presence 
of  free  carbon.  The  formation  of  carbenes 
as  a  result  oi  heating,  is  looked  upon  with 
suspicion.  It  is  certain  that  when  contained 
to  any  appreciable  extent,  they  cause  a  short- 

ness or  brittleness  which  atifects  the  durability 
of  the  pavement. 

enough  liquid  asphalt  should  be  used  for  per- 
fect penetration  and  to  cover  every  particle 

of  the  aggregate  with  a  film  sufficient  to  bind 
them  together.  Too  much  binder  results  in 
a  soft  doughy  mat,  in  which  the  stones  are 
only  loosely  held,  owing  to  the  fact  that  the 
thickness  of  the  bituminous  mat  allows  only 
a  small  part  of  its  bulk  to  come  in  contact 
with  the  air  and  thus  take  its  set;  the  bulk 
of    the    binder    remaining    soft    and    spongy, 

TABLE  L— UNIT  COSTS  OF  14,000  SQ.  YDS  OF 
BITUMINOUS  SURFACE  IN  GLENDALE. CALIFORNIA. 

..  Cost  per Item.  sq  yd. 
Bottom  course — 

Broken    stone,    0.12S    cu.    yd.     at 
_,?l-55       $0.1975 Cost    of    hauling,    spreading    and 

rolling       043 

$0.2405 

  $0.2405 

Oilmg — First   aoplication — 
\i    gal.   oil   at   $0.0£25   $0.0115 
Hauling      00o6 
Applying     0014 
%-in.    crushed    stone   0510 
Laying      0243 

$0.0938 

,       ..    $0.0933 
Second  application — "4  gal.  oil     $0.0058 
Hauling     002*; 
Applying     0014 
%-in.  stone     0370 
Spreading     0170 

$0.0540 

  $0.0540 

Surface    treatment — 
Oil      $0.00.".S Hauling     O02S 
Applying     0014 
Screenings      0210 
Spreading      0096 

$0.0406 

  $0.040S 

Total  cost  per  square  yard  of  surface. $0.4289 

allowing  the  stones  to  rock  under  traffic,  and 
eventually  causing  the  road  to  ravel  and  rap- 

idly disintegrate.  Practice  has  shown  that 

for  the  first  application   %   gal.  of  liquid  as- 

Fig.   2.     Applying    Bituminous    Binder    With    an     Atomizing   Machine. 

To  secure  the  most  satisfactory  results,  the 
binder  must  be  applied  under  pressure,  in  a 

veritable  spray.  Although  there  are  several 
pressure  distributors  on  the  market,  the 
writer  has  secured  the  greatest  satisfaction 

by  the  use  of  the  Ward  Atomizer.  The 
liquid  asphalt  is  applied  by  this  machine.  Fig. 
2.  under  a  pressure  of  4-5  lbs.  per  square  inch, 

in  a  very  finely  atomized  condition  which  in- 
sures the  greatest  possible  penetration  and 

an  even  distribution.  The  binder  must  be 
distributed   in   an   absolutely   even   coat.     Just 

ohalt   to   the    square   yard   gives   the   best    re- 
sults. 

WE.\RIXG   SURF..\CE. 

.After  the  foundation  has  received  its  first 
application  of  binder,  just  enough  crushed 
rock,  ranging  from  %  to  V4  in.  in  size,  is 
spread  to  lightly  cover  the  entire  surface. 
This  course  should  be  well  broomed  into  the 
interstices  of  the  foundation  and  then  rolled. 
Next  apply  the  second  coat  of  binder,  using 
%  gal.  to  the  square  yard,  and  cover  with 
just  enough  %-in.  stone  to  prevent  the  roller 
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from  picking  up  the  surface  as  it  passes  over 
it.  The  seal  coat  should  now  be  apphed  using 
%  gal.  to  the  square  yard  and  covering  with 
enough  Vi-in.  screenings  to  absorb  all  ex- 

cess binder.  All  spots  which  show  evidence 

of  bleeding  after  being  rolled  should  be  cov- 
ered with  more  screenings  and  the  road 

thrown  open  to  travel. 
Care  must  be  taken  the  first  month  or  two 

to  watch  for  any  evidence  of  bleeding,  and,  if 
it  appears,  to  immediately  cover  the  spot  with 
fresh  screenings  before  the  traffic  has  a 
chance  to  pick  it  up.  The  writer  has  seen 
the  destruction  of  the  intersection  of  a  new 
street   by   the   neglect   of   those   in   charge   to 

An  Analysis  of  Worn  Out  and  Ravelled 
Macadam    Surfaces   with    Sugges- 

tions as  to   Treatment. 

The  treatment  of  wornout  and  ravelled 

macadam  surfaces  is  engaging  the  attention  of 
many  engineers  at  this  season.  Surfaces  in 
many  cases  have  become  rough  and  irregular 
to  such  an  extent  that  traveling  over  them  is 
very  disagreeable.  Yet  with  their  apparent 
defects  thev  undoubtedly  have  a  definite 
value  if  properly  treated.  An  analysis  of 
the  causes  of  this  condition  was  made  by  E.  A. 
Stevens,    State    Highwav      Commissioner      of 

18'curb 
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Fig.   3.    Cross   Section   of   Street   in   Glendale,     California. 

cover  up  a  very  small  patch  where  bleeding 
had  occurred.  The  tires  of  an  automobile 
picked  up  a  few  of  the  sticky  stones,  leaving 
a  small  hole  which  gradually  became  larger 
as  more  vehicles  passed  over  it.  This  was 
not  cared  for,  and  in  less  than  three  months 
after  the  street  had  been  finished  the  vifhole 

intersection  was  very  badly  in  need  of  re- 
surfacing. 

COST    OF    CONSTRUCTION. 

In  Table  I  is  given  the  cost  of  constructing 
about  14,000  sq.  yds.  of  this  pavement  in 
Glendale,  Calif.  The  roadway  is  50  ft.  wide 
tetween  curbs,  Fig.  3,  and  has  a  macadam 
Taase  4%  ins.  at  the  crown  and  3%  ins.  at  the 

-curb.  One  gallon  of  93  per  cent  liquid  as- 
-phalt  was  used  in  three  applications.  Crushed 
rstone  ranging  from  %  to  %  in.  in  size  was 
used  for  the  wearing  coat,  and  the  top  cov- 
■ering  was  of  Vi-\n.  screenings.     The  contract 

•TABLE  II.— COST  OF  CONSTRUCTING  ONB 
MILE  OF  THE  FOOTHILL  BOULEVARD  IN 
LOS  ANGELES    COUNTY.    CALIFORNIA. 

Cost  per 
Item.  Total,     sq.  yd. 

'Grading      $    534.89     $0,057 
Stone,  2,253  cu.  yds.  at  $1.65   3,717.12         .397 
Hauling  and   spreading           694.42         .074 
Rolling            118.24         .0126 
■Oil.  9.381  g.ils.  at  $0.0225         211.16         .0225 
Hauling  and  distributing           52.55         .0056 
.Screenings,   97  cu.   yds.  at  $1.60.      154.61         .016 
:Spreading              49.74         .0053 
IRolIing              28.15         .003 

■Totals      $5,560.88     $0,536 
:Note. — Labor  at  $2.50  per  day  of  9  hrs.,  and 

teams  at  4.50  per  day. 

price  for  this  work  was  $0,047  per  square  foot. 
A  motor  truck  distributor  was  used  for  haul- 

ing and  applying  the  binder.  The  average 
haul  for  the  oil  was  six  miles,  and  for  the 
stone  one  mile.  Labor  was  $2.50  per  9  hr. 
day  and  team-s  $4.50.  The  work  was  done 
under  the  supervision  of  Mr,  Harry  Lynch, 
city    engineer. 

Table  II  gives  the  cost  of  constructing  one 
mile  of  the  Foothill  Boulevard,  Figs.  4  and  5, 
in  Los  Angeles  County.  This  road  is  one  of 
the  main  traveled  automobile  roads  in  South- 

ern California,  and  has  been  down  four  years. 

-—5-0'   i-    T-0'   -^■ 

New  Jersey,  in  a  paper  before  the  3rd  Ameri- 
can Road  Congress  which  is  short  and  as 

complete  as  information  available  warrants. 
The  word  ravelling  is  used  rather  loosely. 

1  shall  consider  it  as  the  loosening  of  the 
bond  of  a  road  surface  until  the  macadam 
stone  lies  loose  and  free  on  the  road.  By 
macadam  stone,  is  meant,  not  the  small  stone 
used  to  fill  voids  and  give  a  smooth  finish  to 
the  surface,  but  the  stone  that  constitutes  the 

body  of  the  road's  surface.  In  macadam  work this  stone  when  compressed  to  its  final  form 
occupies  about  60  per  cent  of  the  volume  of 
the  road  surface.     The  40  per  cent  of   voids 

.A  motor  truck  weighing,  loaded,  16,000  lbs. 
and  e.xerting  at  the  wheel  rims  say  30  H.  P. 
at  10  miles  an  hour,  will  with  60  per  cent  of 
load  on  rear  axle,  -exert  a  vertical  force  of 
4,800  pounds  and  a  horizontal  of  562.5  lbs. 
at  each  rear  rim,  the  resultant  being  about 

800   lbs.   per   lineal   inch   for  6-in.   tire. 
For  a  pleasure  car  weighing  4,000  lbs.  with 

60  per  cent  of  weight  on  rear  axle  and  exert- 
ing 40  HP.  at  the  wheel  rims  with  a  speed  of 

35  miles,  the  vertical  force  at  each  wheel  is 
1,200  and  the  horizontal  214.  The  resultant 
is  about  400  per  linear  inch  for  a  bearing 
width  of  3  ins. 

-At  curves  with  high  speed  cars,  the  hori- 
zontal force  is  considerably  increased,  for  it 

is  impossible  to  so  ''bank''  a  curve  as  to  suit 
the  speed  of  all  classes  of  traffic.  In  the  case 
of  wheels  trasmitting  vertical  loads  only,  ob- 

servation indicates  but  little  dust  raising  from 
a  road  not  overlaid  with  loose  dust.  Such  a 

wheel  will  at  the  point  of  mathematical  tan- 
gency  have  no  velocity  relative  to  the  road ; 
a  vertical  velocity  is  imparted  to  it  and  as  any 
section  leaves  the  surface  it  will  raise  with  it 
any  of  the  lighter  particles  that  are  loose  and 
may  come  into  contact  with  it.  At  the  driv- 

ing wheel  there  is  a  slight  slip  which  in  ad- 
dition to  lifting  will  throw  particles  back- 

wards. 
These  are  the  forces  tearing  at  the  road 

surface.  In  some  cases  they  are  more  than 

the  road  can  stand.  The  horse's  calk  acts 
somewhat  like  a  chisel.  It  will  pry  out  the 
binding  material  between  the  stones  as  well 
as    the    latter    themselves    when    the    bond    is 
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Fig.  5.    View  Showing  Surface  of  Foothill    Boulevard  After  Four  Years  of  Service. 

is  filled  in  varying  proportion  with  surface 
stone,  screenings,  stone  dust,  sand,  earthy  ma- 

terials and  any  chemical  binder  used  to  "hold 
the  road."  The  mixture  of  fine  stone,  sand 
and  earth  filling  the  voids  has  no  appreciable 
tensile  strength.  Its  duty  is  to  wedge  the 
macadam  stone  in  place  and  prevent  internal 
movement.  Such  a  structure  is  called  on  to 
carry  loads,  to  receive  and  absorb  propelling 
thrusts.  The  road  should  be  of  sufficient 
depth  to  transfer  the  stresses  thus  imposed  to 
the  sub-base  without  serious  internal  move- 

ment and  at  unit  pressure  less  than  the  re- 
sisting power  of  the  soil.  It  is  thus  subjected 

to    vertical    and    horizontal    forces    that    con- 
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Fig.  4.    Cross   Section   of   Foothill   Boulevard,    Los    Angeles   County,   California. 

Nothing  has  been  spent  on  it  for  repairs  and 
it    is   in   excellent   condition. 

Nine  million  square  yards  of  concrete  roads 
and  streets  were  constructed  in  1913  and  were 
widely  distributed,  the  Northwest  Central 

States  leading  w-ith  922,.522  sq.  yds.  and  the 
Northeast  Central  division  coming  next  with 
5.38,000  sq.  yds.  The  three  Pacific  Coast  States 
constructed  423,000  sq.  yds.  Among  the  cities, 
Kansas  City,  Missouri,  led  with  250,000;  Fort 
Smith,  Arkansas.  163,000,  and  Sioux  Citv, 
llowa,  120.000  sq.  yds. 

tribute    largely    to    ravelling.      Let    us    briefly 
consider  these. 
A  draft  horse  weighing  1,200  lbs.  will  have 

all  his  weight  at  one  time  on  two  feet.  He 
will  exert  say  1  HP.  at  a  speed  of  4  miles. 
The  vertical  forces  at  the  foot  is  600  lbs.,  the 

horizontal 
23,000 

2X4Xi 
=  47  lbs.    These  forces 

are  or  may  well  be  concentrated  on  a  toe 
calk  2  ins.  in  width ;  the  resultant  force 

slightly   exceeding  300  lbs.  per  linear  inch. 

weakened.  The  driving  wheels  of  motor  ve- 
hicles push  or  suck  any  material  thus  loosened 

out  of  place.  The  binder  loses  weight  as  it 
parts  with  moisture ;  besides  this,  without 
moisture  it  also  loses,  not  only  its  property 
of  recementing  itself  under  pressure  but  to 
a  great  e.xtent,  its  binding  power  as  well.  The 
real  work  of  transmitting  the  stresses  due  to 
traffic  must  be  borne  by  the  stone.  These 
are  merely  held  in  place  by  the  binder.  The 
latter  is  gouged  out  by  the  horse,  drawn  or 
pushed  out  by  the  automobile  tire,  blown 
away  by  the  wind,  or  washed  off  by  the  ram 
and  a  loosening  of  the  upper  stone  results. 
Even  on  a  well  consolidated  road  climate 

stresses  impose  a  heavy  duty.  If,  howev'er, 
there  be  voids  the  risk  of  failure  increases. 
Voids  may  be  due  to  deficient  rolling  or  to 
the  rise  of  too  much  clay  in  the  earthy  binder. 
Lumps  of  this  material  will  bridge  the  spaces 
between  stones  even  under  hard  rolling.  The 
bridge  will  break  down  eventually  either  from 
pressure  or  moisture  or  a  combination  of 
them.  A  void  forms  where  the  bridge  was 
and  continues  rising  until  near  the  surface 
when  ravellmg  results.  The  same  may  be 
true  in  the  cases  of  too  light  rolling. 
An  ordinary  water  bound  macadam  mav 

lose  material  by  wear  up  to  a  thickness  i.f 
about  a  half  an  inch  a  year  without  being 
overloaded.  The  thickness  that  can  thus  be 
lost  will  vary  with  conditions,  one  of  which 
probably  is  the  ratio  of  the  maximum  wheel 
load   to   the  total  tonnage  borne  by  the  road. 

Whatever  the  rate  of  waste_  it  must  be  re- 
placed il  the  road  is  to  be  maintained. 

To    summarize    the    foregoing,    roads    ravel 
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from:  (1)  Improper  construction,  (2)  over-  splashed  off  as  mud.  Its  place  is  supplied  to load,  (o;  neglect.  In  all  cases  these  affect  the  some  extent  by  detritus,  the  result  of  the 
binder.  ,  ,  .  .  .  wear  of  the  larger  and  heavier  materials. 
Poor  workmanship  m  construction  can  These  also  blow  or  wash  away  and  the  road only  be  cured  by  remedying  the  original  de-  loses  its  bond.  If  our  road  is  not  overloaded 

fects.  These  generally  show  themselves  by  we  can  retain  its  usefulness  In-  making  good 
small  local  depressions  m  the  surface  from  its  losses,  with  proper  materials  in  their 
which  ravelling  spreads,  in  certain  cases  at  an  needed  proportion.  It  is  here  that  the  trained 
almost  incredible  speed.  In  bituminous  sur-  road  man  is  most  needed.  Nothing  can  re- 
face  faulty  material  and  thin  spots  generally  place  his  experienced  judgment, 
show  up  clearly.  In  both  cases  the  only  In  the  case  of  a  ravelled  road  having  first remedy  is  to  rebuild  the  work  properly,  if  determined  that  the  road  was  well  built  we 
necessary,  from  the  sub-base  up.  This  is  not  must  decide  whether  the  traffic  is  too  great 
strictly  repair  work.  for  the  tj'pe  of  surface,  or  whether  the  fail- 

In  considering  the  effect  of  overloading  and  ure  was  due  to  neglect.  If  the  former  we 
neglect  it  must  be  borne  in  mind  that  any  must  resurface  with  some  better  type.  If  the 
given  type  of  construction  may  be  so  main-  latter  we  can  repair  the  old  surface, 
tained  as  to  vastly  increase  its  carrying  ca-  Resurfacing  should  always  be  preceded  by 
pacity.  The  problem  is  largely  one  of  scarifying  and  by  bringing  the  road  up  to 
economics  and  administration.  As  an  illus-  the  necessary  depth  of  stone.  For  water 
tration,  assume  in  two  cases  the  same  bound  macadam  needing  greater  surface 
foundation — let  one  road  have  a  water  bound  strength  several  classes  of  chemical  binder 
macadam  surface  dressed  with  a  heavy  may  be  used  of  which  I  shall  discuss  two — 
bitumen  forming  a  sheet  about  %-in.  in  thick-  bitumen  and  lignin. 
ness   and    the    other   a     bituminous     concrete  The  bitumen  may  be  applied  either  by  pene- 
(mixed  method)  surface  of  say  2  ins.  The  tration  or  mixing  methods.  The  former  is  the 
former  will  cost  about  $0.40  for  stone  and 
$0.15  for  dressing,  or  $0.55  per  square  yard, 
and  the  latter  about  $1  (both  exclusive  of  the 
foundations).  With  proper  care  the  higher 
surface  will  last  about  three  years  under  fairly 
heavy  traffic,  the  heavier  one  an  unknown 
period,  but  let  us  assume  twelve  years.  The 
total  yearly  charges  against  the  two  may 
then  be  stated  about  as  follows : 
Dressed  Macadam —                                               Cts. 
Interest  on  cost,  55  cts.  at  4  per  cent   2.2  i  . 

Depreciation,   one-third  of  15  cts    5.0  "-j^tj' , Labor     I  patrol    system)    1.9  ̂ -F- 
Materials:  ;    • 

Stone,    %    cu.   ft.   at  9   cts     3.4 
Bitumen,    %    gal.   at   12   cts     1.5 

Total      14.0 
Bituminous  Concrete — 

Interest  on  cost.  ?1  at  4  per  cent    4.0 
Depreciation,    1/12     S.3 
Labor         0.» 
Material        O.S 

Total    .  .'     '.   14.0 
The   fixed  charges   are  7.2  cts.   against  12.3 

cts. 

The    operating   charges   6.8   cts.   against    1.7 
cts. 

I  do  not  claim  that  these  figures  are  more        -^^    ,^ 
than    illustrations    of    the    principle    involved.  \i_p±J 

They     show     a     great     saving     in     operating  T^^S 
charges,  those  that  show  up  in  the  yearly  tax 
bill.  The  fi.xed  charges,  however,  are  just  as 
real  and   must  be   met   at  some  date.  Elevation 

For  a  road  with  9,500  sq    yds_  per  mile  the  ^       Spike-tooth    Harrow  for    Use    in 
costs  as  shown  in  yearly  tax  charges,  where  "^  >>         ̂ .n.^^        .       *„„ 
depreciation  and  interest  are  not  visible,  would  Gravel    Road   Construction, 
in  this  case  be. 

For  the  dressed  macadam,  per  mile   ^?^?-§S       cheaper     the    latter      the      more      trustworthy. 
For  the  bituminous  concrete.     161.»0       ̂ ^^^.^^^  '^^^j^^^   j^   ̂ ^  1^^  ̂ ^^^  ̂ ,jl,^   ̂ {^^^   ̂ ^„_ yet  as  shown  above  the  real  cost  of  the  two  sjderation   of  the   care  the   road   will   receive, 
road?  is  the  same.    This  case  aflfects  our  sub-  jgpend   on   the   estimate   of   the   overload,    as 
ject  because  the  treatment  of  a  ravelled  road  ^^^j,]   ̂ j^^  ̂ ^^   j^p^j^   ̂ ^  jj,g   bituminous   sheet, 
surface  must  depend  on  the  system  ot  mam-  jyjy  ̂ ^^  observation  leads  me  to  question  the 
tenance.  .  wisdom  of  attempting  to  get  any  thickness  ex- 

In  most  communities  the  great  consideration  (-ggding  one-half  incli  bv  penetration  methods, 
is  the   next  yearly   tax   bill.      If   that   can   be  j^.  ̂ Iso'leads  me  for  this  class  of  work  to  pre- 
kept  down  for  a  period  the  ultimate  economy  ^^^  ̂ ^^  ̂ ^  asphalt.     The  former  material  ap- 
i)f  such  a  policy  receives  but  slight  attention.  pg2.Ts  less   sensitive   to   injury  bv  dirt   and  to 
It    is    generally    easier    to    get    money    for    a  ̂ .j^jj  better   results   in  repair  work, 

new  road  than  for  repairs.     A  road  requiring  •    j-^^^  lignin  binders  are  derived     from     the 
a    large    yearly    repair    charge    is    condemned  ^^^^^  products  of  wood  pulp  or  tanin  manu- 
without    a    hearing.      The    road    calling    tor  facture.      They   are   cements   being   also   used 

heavy   interest   and   depreciation   charges   may  ^^  ̂ -^^^  ̂ ^^^  '^^^^   jn   foundry   work  and  im- 
be   an   equally   or  even   more   expensive   solu-  ̂ ^^^   ̂   tensile   strength  to   the     binding     ma- 
tion;    but   the    interest   charge   is   not    so    ap-  tgrials.    They  will  not  act  on  materials  soaked 
parent   and   the   depreciation    charge     is     not  -^^  the  so-called  road  oils.    The  action  of  some 
made.     This  is  simply  putting  off  the  day  of  ̂ £   iY\ese   materials   on   slag   and    red    shale   is 
reckoning  which  is  sure  to  come.     However,  quj^g    remarkable.      Thev   are    slightly    soluble 
the    troubles    of    those    in    charge    ten    vears  -^^   water  and   will   therefore     need     renewal, 
hence  are  usually  lightly  borne  by  the  officials  -pheir  application,  however,  is  easy  and  inex- 
of  today.  pensive   and   the   effect   of   successive   applica- 

If   we   consider   the    structure   of   the   road  (jons    seems    cumulative,    increasing    not    only 
surface  we  can  easily  see  that  the  40  per  cent  ^.j^^  depth  of  penetration  but   the  strength  of 
of  voids  in  the  macadam   stone  will  be  fillei,  ̂ .j^^  bond.  The  water  prooling  of  lignin  bound 
somewhat  as  follows :  roads  w-ith   bituminous   tops  has  been  carried 

Percent  ^^   j,.,   Connecticut   but   I   am   unable   to  give 

^eau^htorvt-irnn.?    '■'"■    ""^...^.15  10  20  any  facts  as  to  the  results.  ^      ,,, 
Screenings,   passin/S-in:  ring   15  to  10  For  water  bound  macadam   roads  that  have 

When  dry  the  clav  is  driven  off  to  a  greater  failed   through   neglect   a   t
hin   «at"f  gravel 

or   less   extent   as    'dust,     washed     away     or  carrying  some  earthy  matter  or  o
f  screenings  or 

coarse  sand  mi.xed  with  earth  will  usually  cure 
cases  that  have  not  gone  too  far.  In  some  of  the 
counties  of  New  Jersey  it  is  usual  to  fill  all 
ruts,  etc.,  with  fine  stone  and  to  give  the 
middle  of  the  road  a  coat  of  the  same  mi.xed 
with  a  little  clay.  Much  of  this  material  is 
wasted  by  being  thrown  off  the  road  by  the 
traffic,  and  old  ruts  almost  invariably  reap- 

pear. This  method,  however,  is  very  success- 
ful in  preventing  ravelling.  It  seems  a  false 

economy  to  omit  rolling  and  wet  rolling,  at 
that.  The  same  is  true  of  patching  holes  with 
anything  but  macadam  size  stone.  The  roads 
treated  with  small  stone  are  yearly  losing 
depth.  The  moisture  for  wet  rolling  is  usually 
bountifully  supplied  by  nature  in  the  early 
spring.  It  can  also  be  had  by  the  use  of 
hygroscopic  salts  where  water  is  hard  to  get. 
Traffic  will  usually  throw  off  from  the  road 
surface  enough  stone  to  pay  for  rolling. 
A  treatment  of  clay,  without  rolling,  will 

often  give  astonishing  results.  Such  treat- 
ment, however,  seems  only  a  palliative  not  a 

cure.  Roads  thus  treated  become  dusty  or 

muddy  according  to  the  weather,  show  a  tend- 
ency to  ravel  again  and  are  hard  to  properly 

treat  with  bitumens.  They  will,  however,  take 
the  lignin  binders  with  good  results,  if  the 
dose  of  clay  has  not  been  excessive,  or  if  the 
excess  is   swept  off  before  treatment. 
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A    Spike    Tooth    Harrow    for    Use    in 
Gravel  Road  Construction. 

(Staff  Article.) 
In  gravel  road  construction  the  quality  of 

surface  obtained  may  be  materially  improved 
by  harrowing  the  loose  gravel  thoroughly  with 
a  heavy  spike  tooth  harrow.  This  is  especially 
true  where  the  gravel  used  is  not  uniform  in 
quality.  Thorough  harrowing  gives  a  uniform 
surface  and  is  helpful  in  preventing  pockets  of 
one-sized  material  which  are  liable  to  occur. 
In  case  it  is  necessary  to  incorporate  clay  bin- 

der in  gravel  of  a  sandy  nature  this  tool  will 
be  found  especially  useful. 

The  ordinary  farm  harrow  is  too  weak  in 
construction  to  use  for  this  purpose.  The  tool 
should  be  so  heavy  that  the  spikes  will  be  ef- 

fective to  a  depth  of  several  inches  and  strong 
enough  to  withstand  the  rough  usage  to  which 
it  is  subjected. 

The  figure  illustrates  a  type  of  harrow 
recommended  by  the  Utah  highway  commis- 

sion. Two.  four  and  sometimes  si.x  horses  are 
necessary  for  operation,  depending  on  the 
depth  of  penetration  desired  and  the  degree 
of  compactness  of  the  gravel.  Additional 
penetration  may  be  secured  by  weighting.  The 
weight  of  the  harrow  alone  is  about  350  lbs. 
The  method  of  harrowing  ordinarily  used 

is,  briefly,  as  follows :  After  the  gravel  is 
dumped  in  the  sub-grade  it  is  spread  with 
shovels  and  stone  rakes  having  the  tines  about 
1%  ins.  apart  or  with  a  road  machine.  Stones 
which  the  rake  collects  are  pulled  forward  onto 

the  earth  sub-grade.  After  spreading  the  har- 
row is  dragged  over  the  loose  gravel  until  a 

uniform  mixture  is  obtained.  As  a  rule,  four 
or  five  trips  are  sufficient  to  accomplish  this. 
If  the  road  is  narrow  teams  may  be  hitched 
so  that  they  can  walk  on  the  earth  shoulders, 
which  is  an  advantage.  When  gravel  is  laid 
in  two  courses  the  top  course  should  receive 
the  more  thorough  harrowing.  Great  care 
should  be  used  to  rake  all  over-size  Jtones  out 
of  this  course.  This  is  best  accomplished 
while  the  harrow  is  in  operation. 

In  incorporating  clay  or  loam  binder  in  a 
sandy  gravel  great  care  should  be  observed  to 
see  that  the  binder  is  in  a  dry  and  thoroughly 
pulverized  condition.  Damp  clay  cannot  be 
harrowed  in  without  leaving  lumps  to  cause 
trouble  in  the  future.  Binder  is  best  spread 
with  shovels  from  a  wagon  or  piles  at  the  side 
of  the  road.  It  should  never  be  dumped  on 
the  gravel.  .A.n  even  coat  from  %  to  %  in. 
thick  should  be  spread  uniformly  and  the 
spike-tooth  harrow  used  to  mix  it  with  gravel 

below.  The  quantity  of  binder  to  use  is  de- 
pendent upon  the  condition  of  the  gravel  and 

is  best  determined  by  trial  on  a  short  sectioa 
of  road. 
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Method  of  Marking  Through  Roads  in 
South   Dakota. 

In  South  Dakota  many  of  the  roads  are 
marked  by  highway  association  ot  various 

kinds  under  the  supervision  of  the  State  |-ligh- 
way  Commission.  The  following  abstract  trom 
the  first  report  of  the  commission  describes  the 
method  used : 

We  do  not  approve  of  boards  with  arrow 

points  painted  on  them,  or  signs  fastened  on 
posts  or  fences.  The  experience  with  these 
in  other  states  has  been  that  vandals  destroy 

them  bv  shooting  to  pieces  or  reverse  them 

and  seiid  the  traveler  in  the  w^rong  direction. 
We  have  but  one  rule,  and  that  is  to  paint 
the  emblems  adopted  by  any  particular  road 
association  on  telegraph,  telephone  or  fence 

posts,  where  such  posts  exist.  Where  nothing 
exists  that  can  be  plainly  marked  with  paint, 
then  the  setting  of  posts  with  the  upper  part 
painted  with  the  sign  adopted,  is  the  only 
solution.  The  commission  has  requested  all 

highway  associations  in  the  state  to  mark  by 
painting. 
On  a  straight  trail  (Fig.  la)  where  the 

driver  travels  beyond  the  crossroads  to  con- 
tinue straight  ahead,  mark  with  two  posts  each 

100  ft.  from  the  corners  on  one  side  or  the 

other  and  parallel  with  the  trail  to  be  traveled. 
When  the  main  trail  (Fig.  lb)  turns  at  a 

corner  mark  one  post  100  ft.  before  reaching 

the  corner,  one  at  the  corner,  and  another  lUO 
ft.  on  the  road  to  be  followed  and  on  the  same 

side  of  the  road  as  post  on  the  corner.  Where 

telephone,  telegraph  or  fence  posts  exist  paint 
the  one  standing  nearest  to  point  described 
above  but  not  nearer  than  25  ft.  to  the  corner 
or  more  than  300  ft. 

In  case  of  a  straight  road  with  a  fork  lead- 

ing off.  Fig.  Ic  marked  w'ith  one  post  not  in  the 
fork  but  on  main  line  opposite  the  fork  along 
the  unbroken  side  of  the  road  to  be  traveled. 

100  ft.  beyond  the  acute  angle  of  the  fork. 
Posts  must  be  set  outside  the  fence  on 

ground  belonging  to  the  road  in  such  a  manne, 
that  the  view  is  not  obstructed. 

These  road  markers  are  to  be  placed  ever\ 
mile  unless  at  some  cross  road  which  has  beei. 

legally  vacated.  This  gives  the  public  con- 
fidence for  they  are  constantly  on  the  watch 

for  markings.  Also  the  traveler  knows  when 
he  strikes  the  trail  from  a  cross  section  road. 

We  believe  this  system  of  marking  will  cover 
every  road  condition  in  our  state. 

conducted    in    an    approved    manner    by    the    in- 
spection   bureau. 

Rivets   and    Riveting.— All   rivets    shall   be    of 
the   same   material  as  specitied  for  the  culvert. 
They  shall  be  well  galvanized.     Rivets  shall  be 
of  the   following  dimensions; 
No.  16  gauge  material,  5/16  in.  diameter  x  %  in. long. 

Xo.    14    gauge    material     (two     thicknesses     ol 
sheets),   5/16x%   in. 

Recent    Specifications    for    Corrugated 

Metal  Culverts  in  Minnesota. 

A  recent  bulletin  of  the  Minnesota  highway 
commission,  Geo.  W,  Cooley,  state  engineer, 
gives  detailed  specifications  as  to  dimensions, 
materials  and  fabrication  of  corrugated  metal 
culverts  to  be  used  on  roads  within  the  state. 
Their  type  of  culvert  is  not  permitted  on  state 
aided  roads  but  may  be  used  on  other  roads. 
The  bulletin  states  that  ordinarily  metal  cul- 

verts should  be  laid  on  a  compacted  foundation 

with  a  fall  of  not  less  than  3  ins.  in  -24  ft. 
Backfilling  must  be  free  from  organic  matter 
and  tamped  to  the  height  of  the  culvert. 

Mill  inspection  is  required,  or  a  test  piece 
with  a  certificate  from  the  mill  laboratory 
may  be  submitted  by  the  contractor.  Either 
pure  iron  or  steel  may  be  used,  two  tenths  of 
one  per  cent  impurities  being  allowed  in  iron 
and  seven-tenths  in  steel.  Metal  must  be 
manufactured  by  the  basic  open  hearth  process 
and  sheets  after  proper  annealing  must  have  a 
tensile  strength  of  not  less  than  40,000  lbs. 
per  square  inch  and  an  elastic  limit  not  less 
than  25,000  lbs. 

Galvanizing. — All  material  entering  into  the 
construction  of  the  culvert  shall  be  galvanized 
in  such  a  manner  that  the  galvanizing  forms  a 

continuous,  impervious,  pure  zinc  coating,  uni- 
form in  thickness.  It  shall  be  so  applied  that 

It  will  adhere  firmly  to  the  metal.  Plates  hav- 
ing blisters  or  other  imperfections  in  the  gal- 

vanizing after  corrugating  shall  be  rejected. 
The  galvanizing  coating  shall  contain  not  less 
than  one  ounce  of  zinc  per  square  foot  of  sur- 

face so  that  two  ounces  of  zinc  are  required 
for  the  two  sides  of  1  sq.  ft.  of  metal.  The 
amount  of  spelter  shall  be  determined  by  test 
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Fig.   1.    Method  of   Marking  Through    Roads. 

(a)      Continue    past    cross-road:      ( b)   turn;     (c) 
continue  past   intersecting   road. 

No.     14    gauge    material     (three    thicknesses    ot 
sheets),  5/16x%  in. 

No.    12    gauge    material      i  two     thicknesses      of 
sheets).  %x%  in. 

No.     12    gauge    material    (three    thicknesses    ot 
sheets),    %x%   in. 

No.     10    gauge    material      (two      thicknesses     of 
sheets),    %xl    in. 

No.     10    gauge     m-t^rlal     (three    thicknesses    "i 
sheets),   %xlV«   in. 

All  rivets  shall  be  driven  cold  in  such  a  man- 
ner that  the  plates  shall  be  drawn  tight  to- 

gether throughout  the  width  ot  the  seam.  No 
rivet  shall  be  closer  than  1  in.  from  the  edge 
of  the  metal.  All  rivets  shall  have  neat,  work- 

manlike and  full  size  heads.  They  must  be 
f1r'\'en  without  bending  and  must  fully  fill  the 
hole. 

Corrugations. — All  corrugations  shall  be  not 
less  than  2\i  ins.,  center  to  center,  nor  more 
than  3  ins.  The  corrugations  shall  have  a 
depth  of  not  less  than  %  in.  for  2%  in.  and 
not    less    than    %    in.    for   3    in.    corrugations. 
End  Reinforcement. — The  ends  of  all  corru- 

gated metal  culverts  shall  be  reinforced  with 
a  galvanized  iron  band,  riveted  to  the  culvert 
at  intervals  of  10  ins.  or  less.  This  band  shall 
be  equivalent  in  cross  section  to  %xl  in.  for  No. 
16  metal,  %xiy2  in.  for  No.  14  and  No.  12 
metal,  and  %x2  ins.  for  No.  10  metal.  Any 
other  style  of  reinforcement  may  be  used  that 
will  furnish  equal  strength  with  the  above, 

and  that  may  be  approved  by  the  State  En- 

gineer. Workmanship. — All  material  and  workman- 
ship shall  be  first  class  in  every  particular. 

Culverts  shall  have  a  truly  circular  cross  sec- 

tion. They  shall  be  truly  straight  through- 
out their  entire  length  and  free  from  all  im- 

perfections such  as  bends,  dents,  or  crimps  in 
the   metal. 
Thickness  of  Metal.— Culverts  shall  be  made 

of  sheets  of  the  following  thickness  before  gal- vanizing: 

Minimum 
weight  per  sq. 

Clear  inside  V.  S.        ft.  of  corru- 
diameter.  gauge,      gated  sheet. 

18-in.  and  smaller   No.  16  2  71   lbs. 
Over  IS-in.  up  to  and 

eluding   30-in   No.  11 
Over  30-in.  up  to  and  in- 

cluding   48-in   No.  12 
Over  48-in.  up  to  60-in...  No.  10 

3.39   lbs. 

4.74  lbs. 
5.80  lbs. 

Metal  culverts  over  4S  ins.  will  not  be  used 
without  special  strengthening,  the  design  fcr 
which  must  be  approved  by  the  engineer  of 
the    State   Highway   Commission. 
Seams.— All  joints  shall  be  lap  joints.  Longi- 

tudinal seams  shall  lap  not  less  than  2  ins. 
They  shall  be  riveted  with  one  rivet  in  each 

outward  projecting  corrugation.  Circumfer- 
ential shop  riveted  seams  shall  lap  at  least  one 

full  corrugation.  Rivets  in  circumferential 
seams  shall   be   not  more   than   10   ins.   apart. 

Field  Joints. — Field  Joints  shall  be  made  with 
bands  of  the  same  material  as  the  i?ulvert  and 
shall  be  not  less  than  8  ins.  wide  for  culverts 
up  to  30  ins.  in  diameter,  and  11  ins.  wide  for 
larger  sizes — such  bands  shall  be  connected  at 
the  ends  by  angles  or  straps  having  a  cross- 
section  equal  to  IxVi  in.  and  fastened  by  bolts 
not  less  than  14  in.  in  diameter.  All  such  con- 

nections shall   be   made  of  galvanized  iron. 

Arrangement  of  a  Temporary  Convict Camp. 

The  living  arrangements  in  a  temporary 
convict  camp  are  described  by  J.  H.  Pratt  in 
a  paper  before  the  American  Road  Congress. 

The  camp  in  mind  is  located  near  the  Broad 
River  in  Henderson  County,  N.  C.  It  consists 
of  a  bunk  house,  or  cell  house  as  it  is  some- 

times called,  30  ft.  by  00  ft.  in  outside  dimen- 
sions. In  the  center  of  this  house  is  a  double 

decked  platform  called  the  cell  upon  which  are 
arranged  the  beds  of  the  convicts.  There  is 
a  clear  space  of  12  ft.  between  each  end  of 
the  building  and  double  platform,  and  6  or  8  ft. 
clear  between  the  cell  and  the  side  walls.  The 

space  between  the  two  platforms  is  approxi- 
mately 5  ft.  Each  man  is  allowed  a  single  mat- 

tress.'so  that  he  has  plenty  of  room  for  sleep- 
ing purposes.  Four  chains  run  the  length  of 

the  platform  cell — one  each  side  for  the  lower 
tier,  and  one  each  side  for  the  upper  tier.  To 
these  chains  the  convict  is  fastened  at  night  by 

a  light  weight  ankle  chain.  This  is  so  ar- 
ranged that  there  is  little  or  no  weight  on  the 

ankle  and  he  can  turn  in  any  position  he  wishes 

while  sleeping.  The  construction  of  such  a 
Inink  house  depends  on  the  time  of  the  year  and 
length  of  time  it  is  to  be  occupied;  Ijut  is  is 

always  built  so  that  there  is  plenty  of  air  cir- 
culation through  the  building  and  that  it  may 

be  kept  warm  and  comfortable  in  cold  weather. 
Guards  are  on  duty  in  this  building  at  night, 
one  at  each  end. 

Near  to  this  building  is  the  dining  hall, 
kitchen  and  store  house.  Surrounding  these 

two  buildings  and  enclosing  an  erea  of  about 
one-fifth  of  an  acre  is  a  six-strand  barbed 
wire  fence.  Just  outside  of  this  fence  at  oppo- 

site corners  armed  guards  are  stationed  dur- 
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ing  the  day.  At  night  the  only  guards  are 
within  the  bunk  house.  The  sleeping  houses 
for  the  superintendent,  steward  and  guards 
are  a  little  distant  from  the  enclosed  area.  The 
food  supplied  to  the  prisoners  is  the  same  qual- 

ity as  that  supplied  the  guards  and  the  steward. 
It  is  necessary  that  pure,  wholesome  food,  clean 
and  well-cooked  should  be  furnished  to  prison- 

ers, and  that  is  what  this  camp  tries  to  do. 

In  a  camp  of  this  sort  the  men  have  free 
run  of  the  building  and  of  the  area  within  the 
fence  during  the  daytime.  At  the  present  time 
one  week  out  of  every  four  is  remitted  from 
the  prison  sentence  for  good  work.  In  Vir- 

ginia and  in  certain  parts  of  North  CaroHna 
men  who  formerly  worked  on  the  roads  are 
now  foremen  in  charge  of  free  labor  in  build- 

ing roads.  Likewise,  men  are  now  employed  by 

farmers  who  watched  them  at  work  on  public 
roads,  kept  track  of  them  when  their  sentence 
was  over  and  offered  them  work  on  the  farm 
because  they  knew  they  were  good  laborers. 
The  idea  is  to  build  up  men  capable  of  becom- 

ing citizens  of  the  community  after  their  sen- 
tence has  expired,  which  is  one  fvmction  of 

the  state  with  regard  to  the  treatment  of  its 

convicts. 

WER ' The  Main  Drainage  and  Sewage  Dis- 

posal Works  Proposed  for  New 
York  City. 

The  final  report  of  the  Metropolitan  Sewer- 
age Commission  of  the  City  of  New  York, 

dated  April  3I\  1914,  has  been  printed  and 

some  copies  have  been  distributed.  The  re- 

port describes  the  plans  for  main  draniage  and 
sewage  disposal  works  which  the  Commission 

recommends  the  city  to  construct  for  the  pro- 
tection of  the  harbor.  The  present  article, 

based  on  the  report,  describes  the  general 

nature  of  the  oroposed  works  and  has  special 

reference  to  the  outlet  and  disposal  island 

whith  is  by  far  the  most  interesting  feature 
of  the  project. 

The  plans  outlined  in  the  report  are  suffi- 
ciently definite  to  show  the  nature,  extent  and 

approximate  cost  of  the  recommended  works. 
Detailed  studies  of  design  will  be  worked  out 

by  those  entrusted  with  the  construction.  The 

■  Metropolitan  Commission  did  not  seek  au- 
thority to  carry  its  recommendations  into 

effect.' THE  SYSTEM   RECOMMENDED, 

The  system  recommended  consists  largely  of 

intercepting  sewers,  running  approximately 

parallel  to  the  water  front,  to  collect  the  sew- 
age from  the  local  sewerage  systems,  to  a 

number  of  centrally  situated  disposal  plants 

where  sufficient  of  the  impurities  can  be  re- 
moved to  permit  the  effluent  to  be  discharged 

into  the  waters  without  danger  or  offense. _  To 

facilitate  the  diffusion  and  assimilation  of  the 

sewage  materials  by  the  water,  it  is  consid- 

ered desirable  to  place  the  outlets  at  the  bot- 

tom of  the  deep  and  swiftly-flowing  channels. 

The  system  of  main  drainage  which  the 

Commission  recommends  is  presented  for 

adoption  bv  the  city  both  as  a  plan  and  policy 

for  future'constructicn  and  should  be  carried 
out  in  successive  stages  and  not  as  one  under- 

taking. The  immediate  construction  of  the 

whole  scheme  is  not  necessary  from  a  sani- 

tary standpoint.  '  Such  -•arts  of  the  system  as 
are  needed  for  the  immediate  future  should  be 

taken  in  hand  at  once  and  the  remainder  built 

as  required.  The  plans  are  sufficiently  flexible 

to  permit  of  the  adoption  of  any  discoveries 

or  improvements  in  the  art  of  sewage  disposal 
which  mav  be  made  in  the  future. 

When  complete,  the  works  will  constitute  a 

systematic  and  well  co-ordinated  scheme  of 

main  drainage  for  the  whole  city  which  will 

utilize  the  absorptive  capacity  of  the  harbor 

waters  to  the  greatest  extent  consistent  with 

public  health  requirements  and  with  a  view  to 
the  prevention  of  nuisance. 

THE    FOUR    MAIN    DRAINAGE    DIVISIONS. 

The  four  main  drainage  districts,  illustrated 
in  Fig.  1,  arc  as  follows : 
The  territorv  on  ̂ Manhattan  Island  and  in 

Brooklvn  which  naturally  drains  into  the 

Lower"  East  and  Lower  Hudson  Rivers  and 
Upper  New  York  Bay  constitutes  the  Lower 
East  River,  Hudson  and  Bay  Division. 

The  areas  in  the  Boroughs  of  Queens  and 

the  Bronx  which  naturally  drain  into  the  Lp- 

per  East  River,  and  those  parts  of  the  Bor- 

oughs of  Manhattan  and  the  Bronx  which  nat- 
urallv  drain  into  the  Harlem  River  constitute 

the  Upper  East  River  and  Harlem  Division. 
The  territorv  whose  drainage  flows  or  can 

readily  be  made  to  flow  into  Jamaica  Bay  is 
called  the  Jamaica  Bay  Division. 

Tha  territory  in  the  Borough  of  Richmond. 

or,   as    it   is   more    generally     termed,     Staten 
Island,  constitutes  the  Richmond   Division. 

SELECTION    OF    POINTS    FOR   DISl-OSAL. 

Having  tentatively  settled  upon  the  main 
divisions,  the  selection  of  the  central  points 
to   which   the   sewage   should   be  collected  for 

should  be  near  the  ocean  or  Long  Island 
Sound  or  close  to  deep  tidal  channels.  Points 
of  outlet  for  untreated  sewage,  if  any  sewage 
was  to  be  discharged  in  crude  condition, 
should  never  be  situated  in  shallow,  stagnant, 
land-locked    or    remote    parts    of   the    harbor. 

Fig.  1.    General   Plan  Showing  Main   Drainage   and    Sewage    Disposal    Works    Proposed    for 
New    York   City    by   the    Metropolitan    Sewerage   Commission,   1914. 

treatment  and  disposal  became  a  matter  of 

principal  importance.  Upon  the  choice  of  these 

points  depends  not  only  the  cost  of  collecting 
the  sewage,  but  the  method  of  treating  it  and 

the  facility  with  which  the  effluent  can  be  dis- 
posed of  after  treatment.  . 

It   was   considered  by  the  Commission   that 

as    far    as    practicable,     the     collection     point 

Favorable  conditions  for  a  prompt  dispersion 

and  digestion  of  the  sewage  matters  should  be 

sought.  Where  facilities  were  lacking  for  the 
disposal  of  the  sewage  through  dilution  by 

large  volumes  of  freely  flowing  tidal  water, 

compensation  for  this  lack  should  be  made  in 
the  degree  of  treatment  given  to  the  sewage 
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for  the  removal  of  its  organic  ingredients  be- 
fore the  discharge. 

It  was  considered  desirable  to  make  the 

number  of  central  points  as  small  as  practi- 
cable in  order  to  simplify  the  problem  of  ad- 

ministration and  to  facilitate  the  ultimate  dis- 
posal of  the  sewage,  due  attention  being  given 

to  the  probability  that  pumping  would  have  to 
be  employed  to  some  extent  and  to  the  fact 
that  for  purposes  of  economy  of  operation  the 
works  should  be  as  compact  and  concentrated 
as  is  consistent  with  due  regard  to  the  first 
cost. 
The  exact  degree  of  purification  required 

for  the  sewage  could  not  be  stated  when  this 
method  of  designing  the  works  was  decided 

upon,  but  it  was  the  opinion  of  the  Commis- 
sion that  elaborate  processes  and  those  which 

required  much  land,  extensive  apparatus,  pat- 
ents and  untried  or  experimental  features 

should  be  avoided  as  far  as  practicable.     As 

THE    UPPER    EAST    RIVER    AND    HARLEM    DIVISION. 

The  location  of  this  main  drainage  division 
is  shown  in  Fig.  1,  which  also  shows  the  loca- 

tion of  interceptors  and  outfalls.  The  division 
will  have  five  outlets.  After  a  careful  study 
of  the  question  of  the  form  of  treatment  re- 

quired for  the  sewage  of  this  division,  due  re- 
gard being  had  to  the  needs  of  each  of  the 

five  outlets,  the  conclusion  has  been  reached 
that  fine  screening  or  coarse  screening  and 
sedimentation  will,  for  some  years,  give  an 
effluent  of  satisfactory  character  for  discharge 
into  the  water  of  the  East  River. 
Where  sedimentation  tanks  are  to  be  used, 

coarse  screens  will  be  employed  to  protect  the 
pumping  machinery  and  to  keep  large  floating 
matters  from  causing  trouble  in  the  tanks  and 
from  passing  out  through  the  outfall. 

In  all  cases  grit  chambers  will  be  placed  on 
the  lines  of  the  main  trunk  sewers  at  or  near 
the  treatment  works.     In  these  chambers   the 
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Fig.  2.     Plan    of   Proposed   Outlet   Island  for  Sewage   Disposal   Works  to  Treat  a   Flow,  of 
200,000,000   Gals.    Per    Day    from     Lower   East    River,    Hudson    and     Bay    Division. 

between  large  first  cost  and  low  running  ex- 
penses, or  small  first  cost  and  high  mainte- 

nance charges,  the  Commission  favored  the 
former  as  likely  to  lead  to  more  satisfactory 
results,  since  the  expenditure  represented  by 
the  large  investment  would  be  made  up  chiefly 
of  interest  charges  which  could  be  reckoned 
with  in  a  definite  manner  and  so  free  from 
the  uncertainties  of  such  elements  of  expense 
as  are  involved  where  large  quantities  of  sup- 

plies and  labor  are  concerned.  So  far  as 
methods  of  purifying  the  sewage  are  con- 

cerned, the  object  was  to  make  good  use  of 
the  absorptive  capacity  of  the  harbor  waters 
and  purify  the  sewage  no  more  completely  than 
was  necessary  in  order  to  satisfy  a  reasonable 
standard  of  cleanness.  By  good  use  is  here 
meant  such  use  as  would  do  no  material  Iiarm 
to  the  public  health  and  welfare  either  through 
the  production  of  disease  or  nuisance.  To  a 
large  extent,  screens,  grit  chambers  and  simi- 

lar methods  of  so-called  preliminary  treatment 
should  be  employed.  Only  in  exceptional  cases 
would  the  utmost  degree  of  purification  be  re- 
quired. 

sewage  will  be  given  a  settlling  period  of  from 
one  to  two  minutes,  the  velocity  being  reduced 
sufficiently  to  allow  the  heavy  mineral  detritus 
borne  by  the  sewage  to  be  deposited,  but  not 
enough  to  permit  much  organic  matter  to  set- 
tle. 

The  grit  chambers  will  afTord  protection  to 
the  pumps  and  will  keep  the  proposed  long 
and  deep  outfall  pipes  clear  of  gritty  deposits 
wherever  sedimentation  tanks  are  not  used. 
Whare  sedimentation  tanks  are  planned,  the 
grit  chambers  will  first  rid  the  sewage  of  sus- 

pended matter  of  a  kind  which  would  cause 
trouble  ,Tnd  be  difficult  to  handle  if  allowed  to 

settle  in  the  tanks.  Grit  chambers  are  espe- 
cially useful  where  combined  sewers  are  in- 

tercepted or  form  a  part  of  the  collecting  sys- 
tem, as  will  largely  be  the  case  with  the  main 

draina.ee  system?  as  here  proposed  for  New 
York  City. 

The  sewage  will  be  discharged  in  every  case 
at  a  distance  from  the  shore,  the  position  of 
the  outfall  depending  upon  the  nearest  point 
at  which  water  of  suitable  depth  can  be  found. 
It  is  proposd  always  to  have  the  sewage  dis- 

charged at  depths  of  from  30  to  50  ft.,  and  in. 
such  manner  as  to  give  a  favorable  opportu- 

nity for  its  admixture  with  the  water  of  the 
river.  In  order  to  facilitate  dilTusion,  it  will 
be  desirable  to  discharge  the  sewage  from  each 
point  at  more  than  one  outlet. 

THE   RICHMOND  DIVISION. 

The  location  of  the  Richmond  main  drainage 

division  and  of  the  interceptors  for  the  divi- 
sion are  shown  in  Fig.  1.  The  division  is  fur- 
ther subdivided  into  five  parts.  In  one  of  the 

subdivisions  the  intercepted  sewage  w-ill  be 
passed  through  coarse  screens,  grit  chambers 
and  fine  screens.  In  the  other  four  subdivisions 
the  intercepted  sewage  will  be  passed  through 

coarse  screens  and  settling  tanks  and  then  dis- 
charged into  water  30  ft.  deep.  A  period  of 

about  two  hours  will  be  allowed  for  settle- 
ment. The  settling  period  in  the  grit  cham- 

bers W'ill  be  from  one  to  two  minutes.  The 
treatment  works  in  the  district  are  so  placed 
that  the  sludge  can  be  transported  by  water 
or  rail.  It  w'ould  be  possible,  therefore,  to 
dispose  of  it  either  at  sea  or  on  land.  The 
presence  of  two  garbage  incinerators,  both 
almost  directly  on  railroad  lines,  would  make 
it  feasible  to  burn  the  sludge  and  garbage 
together.  Centrifugal  dryers  might  be  placed 
at  each  disposal  plant  to  dry  the  sludge  before 

transportation,  or  it  might  be  more  econom- 
ical to  install  such  dryers  at  one  or  both  in- 

cinerators and  transport  the  larger  volume  of 
wet  sludge  to  the  incinerators  in  proper  cars. 

THE    JAMAICA    BAY    DIVISION. 

This  division,  shown  in  Fig.  1,  is  further  di- 
vided into  two  parts — Eastern  Jamaica  and  the 

Western  Jamaica  subdivisions.  Each  will  have 
a  distinct  system  of  collection  and  disposal. 
The  sewage  from  the  latter  subdivision  will 
probably  be  conveyed  to  the  outlet  island  in 
connection  with  that  from  portions  of  the 
Lower  East  River,  Hudson  and  Bay  Division 
as  described  more  fully  later.  The  sewage 
from  the  Eastern  Jamaica  subdivision  will  be 

pumped  through  submerged  mains  to  a  treat- 
ment plant  on  Jo  Cos  marsh.  This  plant  will 

consist  of  settling  tanks,  sprinkling  niters  and 
settling  basins. 

THE    LOWER    EAST    RIVER,    HUDSON    AND    BAY 
DIVISION. 

Briefly,  the  works  which  the  Commission's studies  indicate  should  be  constructed  to  pro- 
tect the  waters  of  the  Lower  East  River,  Hud- 
son and  Bay  Division  consist  of  intercepting 

sewers  to  collect  the  sewage,  screening  plants 
to  remove  the  coarser  solids,  and  submerged 
outlets  to  discharge  the  effluent  into  the  main 
tidal  channels  at  a  distance  from  shore.  Should 

this  form  of  treatment  prove  insufficient  for  ' 
the  Lower  East  River  Section,  it  will  be  de- 

sirable to  remove  a  large  part  of  the  sewage 
tributary  to  the  Lower  East  River  by  means 
of  a  tunnel  discharging  at  an  artificial  island 
at  sea  about  three  miles  off  the  Coney  Island 
shore.  If  the  sewage  is  to  be  carried  to  sea, 
Dortmund  tanks  should  be  constructed  upon 

the  island  and  the  sewage  subjected  to  sedi- 
mentation for  a  period  of  about  two  hours. 

After  this  short  and  inoffensive  treatment  the 

sewage  can  be  discharged  into  the  ocean  w-ith 
confidence  that  the  putrescible  matters  will  be 

promptly  rendered  inert. This  division  contains  the  largest  population, 
and  the  most  densely  settled  sections  of  any 
of  the  four  divisions  into  which  the  Commis- 

sion has  divided  New  York  for  the  purpose  of 

planning  the  main  drainage  and  sewage  dis- 
posal works  which  will  be  required.  Within 

it  lies  the  major  part  of  the  Boroughs  of  Man- 
hattan and  Brooklyn. 

The  Plan  Recommended. — The  plan  recom- 
mended by  the  Commission  contemplates  the 

collection  of  the  Manhattan  sewage  tributary 
to  the  East  River  below  26th  St.  at  Corlears 

Hook,  and  that  part  of  the  sewage  of  Brook- 
lyn which  is  tributary  to  the  East  River  from 

Classen  Ave.  to  Newtown  Creek  at  South  5th 
St.  At  Corlears  Hook  and  South  5th  St.  the 
sewage  will  pass  through  grit  chambers  and 
fine  screens  and  will  be  discharged  into  the 
East  River  through  multiple  submerged  out- 

lets. This  is  the  first  stage  in  the  larger 
project  of  taking  the  sewage  of  the  Lower 
East  River  section  directly  to  the  sea,  which  is; 
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the  plan  the  Commission  recommends  for  ul- 
timate construction. 

Advantages  of  Disposal  at  Sea. — In  accord- 
ance with  the  ultimate  plan  proposed  for  the 

Lower  East  River  section,  the  sewage  will 
be  tributary  to  a  general  central  station,  to 
which  point  will  be  gathered  such  part  of  the 
sewage  as  reeds  to  be  carried  to  a  distance. 
Pumps   will   be   located   at   the  central   station 

Wards  Island,  increases  to  such  an  extent  as 
again  to  place  an  excessive  burden  upon  the 
waters  of  the  East  River,  the  sewers  can  be 
extended  and  finally  the  Wards  Island  works 
can  be  connected  with  a  main  sewer  to  the 
artificial  island  for  disposal. 
The  plan  of  relieving  the  harbor  of  its 

heaviest  burden  by  taking  to  sea  a  large  part 
of  the  sewage  which  flows  to  the  Lower  East 
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and  from  it  a  main  will  run  directly  to  an 

outfall  island  to  be  built  about  three  miles 

from  land  on  a  sandv  reef.  This  reef  is  one 

•of  a  series  of  shallow  areas,  interspersed  with 

channels,  which  once  formed  the  bar  to  New 

York  harbor.  The  outfall  will  be  about  li 

miles  from  the  New  York  City  Hall,  6  miles 

from  the  Narrows,'  over  4  miles  from  Sandy 

Hook  and  about  3  miles  from  Coney  Island. 

The  point  selected  for  this  island  is  shown  in 
Fig.   1. 

As  much  sewage  as  it  is  necessary  to  carry 

to  a  distance  from  the  Lower  East  River, 

Hudson  and  Bav  Division  can  be  taken  to  the 

island  for  disposal.  As  time  proceeds  and  the 

•quantity  of  sewage  increases,  the  mam  sewer 

can  be  duplicated  and  the  provisions  for  treat- 

ing and  discharging  the  sewage  at  the  island can  be  enlarged.  ... 

A  large  part  of  tbe  sewage  of  this  divisi
on 

is  now  discharged  into  the  waters  of  the 

Lower  East  River.  If  this  sewage  is  taken 

awav  for  disposal,  it  will  for  some  time,  at 

least,  be  possible  to  discharge  the  sewage  from 

the  rest  of  this  division  with  no  other  tre
at- 

ment than  screening  and  passage  through  grit 

chambers.  The  water  of  the  Hudson  will  be 

capable  of  assimilating  the  sewage  produce
d 

on  the  west  side  of  Manhattan  Island  and  t
he 

water  of  the  Upper  Bay  could  take  the  sewag
e 

produced  along  the  Brooklyn  water  front  f
rom 

Governor's  Island  southward. 

All  the  sewage  from  this  division,  except 

that  part  which  is  taken  away,  should  be
 

passed  through  grit  chambers  and  screens  
and 

-the  drv-weather  flow  discharged  through  sub- 

merged outlets.  In  course  of  tune,  it  tne 

quantity  of  sewage  from  this  division,  a
s  well 

as  from  that  part  of  the  Upper  River  and  
Har- 

lem Division  which  would  be  concentrated  at 

River  and  increasing  the  scope  and  magni- 
tude of  the  work  as  necessity  arises,  appears 

to  this  Commission  to  be  a  necessary  and  suf- 
ficient solution  of  the  problem.  In  no  other 

way  can  the  sewage  be  disposed  of  with  so 

little  chance  of  danger  or  offense.  The  project 

has  the  advantages  that  it  will  afford,  at  mini- 

mum expense,  all  the  relief  that  is  needed  for 

the  near  future  and  is  capable  of  expansion. 

There  are  no  shellfish  industries  in  the  vi- 

cinity of  the  proposed  island  and  no  currents 
which  would  carrv  any  of  the  sewage  to  a 

bathing  beach.  The  sewage  will  not  be  ex- 

posed long  enough  to  the  air  to  cause  annoy- 
ing odors  to  be  given  off  and  there  will  be 

no  opportunity  for  flies  to  breed. 

The  plan  is  in  accordance  with  the  best  en- 

gineering precedent.  There  is  no  feature  coii- 

nected  with  it  which  is  untried  or  experi- 
mental. It  avoids  offensive,  complicated  and 

uncertain  processes  of  purification.  It  is 

based  upon  a  careful  consideration  of  the 

needs  of  the  whole  harbor.  It  leaves  the 

waters  of  the  inner  harbor  in  a  sufficiently 

improved  condition  for  the  assimilation  of  such 

sewage  as  cannot  be  kept  out  of  the  waters 

without  wellnigh  prohibitive  expense. 

At  first  the  form  of  treatment  needed  at 

the  island  will  be  settlement  in  tanks,  perhaps 

aided  at  times,  bv  precipitants.  In  addition,
 

it  may  be  practicable  to  disinfect  the  sewage
 

and  produce  a  considerable  amount  of  oxi
da- 

tion bv  addition  of  bleach  or  eloctrolytically 

produced  hypochlorite.  If  at  any  time  in  
the 

future  it  becomes  desirable  to  completely  pur
i- 

fv  the  sewage,  no  such  favorable  location  
for 

the  necessary  works  can  be  found  in  the  
met- 

ropolitan district  than  this  artificial  island. 

Owing  to  the  shallowness  of  the  water  and  
the 

ease  with  which  filling  can  be  obtained,  la
nd 

can  be  made  here  for  less  money  than  an  equal 
area  can  be  bought  on  shore  at  any  point  not 
more  distant  from  the  New  York  City  Hall. 

The  Inverted  Siphon  from  Manhattan  to 
Brooklyn.— In  the  completed  installation  an 
inverted  siphon  will  be  required  to  carry  the 
sewage  from  Manhattan  to  Brooklyn  beneath 
the  Lower  East  River.  The  point  selected  for 
the  crossing  is  at  a  narrow  part  of  the  river 
where  solid  rock  may  be  anticipated.  The 

siphon  which  will  be  required  to  take  the  sew- 
age produced  in  191-5  will  have  a  diameter  of 

7  ft.  8  ins.  The  depth  will  be  110  ft.  beneath 
the  surface  of  mean  low  water.  The  siphon 
will  be  2,400  ft.  long  and  extend  from  Corlears 
Hook  to  South  5th  St.  The  velocities  in  this 
siphon  will  range  between  2  and  5  ft.  per 
second. 

The  General  Pumping  Station.— The  sewage 
collected  at  the  general  pumping  station, 
amounting  to  about  200,000,000  gals,  a  day. 
will  have  been  passed  through  grit  chambers 
and  screens  and  will  be  in  reasonably  fresh 
condition.  The  pumps  will  be  required  to 
raise  the  sewage  at  times  of  mean  flow  from 
an  elevation  of  about  5  ft.  below  mean  tide 
and  pump  it  under  a  head  of  about  29  ft.  to 
the  artificial  island  at  sea.  The  distance  to 

be  pumped  will  be  about  12.9  miles  and  the 
head  to  be  overcome  will  be  that  which  is 
necessary  in  order  to  raise  the  sewage  from 
the  level  at  which  it  is  delivered  to  the  pumps 
to  the  level  of  the  tanks  where  it  is  to  be 
treated  on  the  island,  plus  the  head  required  to 
overcome  the  frictional  resistance  offered  to 
the  passage  of  the  sewage  through  the  long 
main.  Tne  pumps  can  be  operated  by  steam, 
oil  or  by  purchased  electric  current.  It  would 
seem  feasible  and  desirable  to  drive  the  pumps 

with  electric  power  to  be  obtained  from  burn- 
ing the  solid  refuse  of  the  city  in  destructors, 

as"  is  commonly  done  in  England  and  in  cer- 
tain large  cities  on  the  continent. 

The  Sezt'Oge  Main  to  Sea.— The  force  main 
through  which  the  sewage  will  be  pumped  to 
the  island  will  be  built,  for  the  most  part,  in 
tunnel.  There  will  be  three  shafts  so  situated 
as  to  permit  the  work  of  construction  being 
pushed   with   expedition  and   economy. 

The  Artificial  Island.— The  tunnel  to  the 
island,  if  sewage  from  the  Western  Jamaica 
subdivision  is  admitted,  will  be  14  ft.  in  diam- 

eter and  will  be  constructed  at  a  depth  of 

about  60  ft.,  the  material  to  be  penetrated  be- 
ing sand.  It  will  be  possible  to  construct  the 

tunnel  with  two  headings,  one  from  the  shore 
and  one  from  the  island,  the  two  meeting  and 
being  properly  joined. 
The  point  selected   for  the  island  has  been 

Fig.    4.    Sectional      Elevation     of     Proposed 
Dortmund    Settling   Tank   of   Type    Rec- 

ommended    for     Use   on    New   York 
Artificial    Sewage    Disposal  Island. 

^Capacity  500,000  gals,  per  day  with  three  hours retention.) 

carefully  chosen  with  reference  to  economy  of 

construction,  resistance  to  the  destructive  in- 
fluences of  tidal  currents  and  storms,  freedom 

of  obstruction  to  the  free  flow  of  tidal  water 

in  and  out  of  the  harbor  and  absence  of  sani- 
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tary  objections.  The  location  lies  to  the  north 
of  Sandy  Hook  and  to  the  south  of  Coney 
Island.  The  water  within  a  mile  from  the 
island  in  all  directions  varies  between  T  and  40 
ft.  in  depth,  the  average  being  about  20  ft.  at 
mean  low  tide. 
Ihe  plan  of  the  island  is  approximately 

rectangular,  the  seaward  side  being  rounded 
as  shown  in  Fig.  2.  The  area  at  the  start  will 
be  about  20  acres.  This  can  be  extended  as 
required. 

The  outer  face  of  the  island  will  be  a  wall 
of  riprap  composed  of  large  pieces  of  broken 
stone  carried  to  the  site  on  boats  and  laid 
upon  the  hard  sandy  bottom.  (See  Fig.  3.)  It 
is  expected  that  some  settlement  will  occur, 
due  to  the  water  cutting  sand  away  from  un- 

der the  stone.  When  sulficient  riprap  has  been 
bedded  to  stop  this  action  of  the  water,  no 
more  settlement  is  to  be  expected.  The  main 
bulk  of  the  island  will  be  composed  of  sand 
supplied  from  a  suction  dredge,  which  will 
take  its  supply  from  the  bottom  of  the  sea  in 
the  vicinity. 

The  height  of  the  island  above  mean  low 
water  will  be  about  18  ft.  The  length  will  be 
1,300  ft.  and  the  width  1,000  ft.  The  side  of 
the  riprap  wall  which  is  exposed  to  the  sea 
will  have  a  slope  of  1  vertical  upon  3  hori- 

zontal below  mean  high  water,  and  1  upon  2 
above,  while  the  other  sides  will  have  a  slope 
of  about  1  on  2.  The  cost  of  constructing 
the  island  has  been  estimated  at  about  $615,- 
000. 
The  landward  side  of  the  island  will  be 

provided  with  a  quay  wall  for  the  accommo- 
dation of  vessels  engaged  in  taking  supplies  and 

other  materials  to  and  from  the  island.  Shel- 
ter from  the  sea  will  be  provided  by  a  break- 

water, which  will  enclose  a  small  harbor. 
The  island  will  contain  a  plant  of  settling 

tanks  in  which  the  sewage  will  have  an  oppor- 
tunity to  deposit  its  solid  matters  during  a 

period  of  about  two  hours.  These  tanks  will 
be  of  modified  Dortmund  tank  construction,  as 

shown  in  Fig.  4,  similar  to  those  recently  con- 
structed at  Toronto,  Canada.  This  cut  is  from 

a  paper  by  George  A.  Soper,  published  in  the 
Journal  of  the  Boston  Society  of  Civil  Engi- 

neers for  February,  1914.  Provision  will  be 
made  for  treating  the  sewage  if  necessary 
with  a  coagulant  before  passing  it  into  the 
tanks. 

After  treatment,  the  sewage  will  be  dis- 
charged through  a  number  of  outlets  arranged 

radially  on  the  seaward  side  of  the  island.  If 
desirable,  it  will  be  feasible  to  pump  sea 
water  into  the  sewage  and  provide  for  the 
mixture  of  the  two  before  the  discharge  takes 
place.  Such  admixture  would  facilitate  the 
immediate  dififusion  of  the  sewage  in  the  sea 

water,  but  the  active  agitation  and  free  move- 
ment of  the  great  volume  of  water  in  the  vi- 

cinity of  the  island  will  probably  make  the 
preliminary  admixture  of  sea  water  and  sew- 

age by  pumping  unnecessary.  The  materia! 
which  settles  out  in  the  tanks  will  be  carried 
to  sea  in  boats  and  dumped. 

Recomnhendation  of  the  Commission  as  to 
the  First  Installation. — In  the  opinion  of  the 
Commission,  it  would  be  desirable  but  not 
necessary  to  carry  out  the  island  project  as  a 
first  installation.  The  fine  screening  proposed, 
although  the  most  thorough  treatment  prac- 

ticable in  this  section,  would  afford  relief  to 
the  Lower  East  River  only  for  a  time.  The 
improvement  effected  by  discharging  through 
submerged  outfalls  instead  of  at  the  pierhead 
line  would  alleviate  conditions  in  the  slips  and 
along  the  shore,  but  would  not  make  the  water 
permanently  satisfactory  nor  alter  the  dilution 
ratios  of  sewage  to  water  in  the  river  as  a 
whole.  Any  benefit  accruing  from  this  pro- 

cedure would  be  neutralized  later  by  the  in- 
crease in  the  volume  of  sewage  to  be  disposed 

of. 

In  comparing  the  projects  for  local  sedim.en- 
tation  treatment  as  considered  at  one  time  by 
the  Commission,  with  that  in  which  the  entire 
200,000,000  gals,  per  day  is  taken  to  the  ocean, 
it  must  be  remembered  that  by  the  former 
project  the  tank  effliuent  would  carry  to  the 
East  River  70  per  cent  of  the  organic  matter 
contained  in  the  sewage.  Now,  if  it  is  as- 

sumed, as  seems  fair,  that  but  2-5  per  cent  of 

the  total  organic  matter  capable  of  reducing 
the  dissolved  oxygen  of  the  harbor  is  removed 
by  this  process,  it  follows  that,  to  produce  an 
improvement  of  the  water  equivalent  to  the 
removal  of  200,000,000  gals,  per  day  of  sew- 

age to  the  ocean,  it  would  be  necessary  to 
treat  800,000,000  gals,  per  day  by  screening. 
This  is  more  sewage  than  will  be  produced  in 
the  whole  city  in  1915. 

In  other  words,  if  all  the  sewage  of  Greater 
New  York  were  treated  by  fine  screening,  it 
would  not  improve  the  general  condition  of 
waters  of  the  harbor  as  much-  as  the  entire 
removal  of  the  200,000,000  gals,  per  day. 

METROPOUTAN   COMMISSION  RECOMMENDS  A  CON- 
STRUCTING   COMMISSION. 

.•\s  stated  previously  the  Metropolitan  Com- 
mission did  not  seek  authority  to  carry  out 

its  plans.  It  is  the  opinion  of  the  Commission 
that  the  construction  and  maintenance  of  the 

works  should  be  placed  in  the  hands  of  a  spe- 
cial commission  existing  for  that  purpose.  It 

is  possible  that  where  parts  of  the  system 
would  be  situated  wholly  within  a  borough,  it 
might  be  desirable  to  turn  those  parts  over 
to  that  borough  to  operate  under  the  regula- 

tion and  control  of  the  central  commission. 
If  a  commission  were  created  to  construct 

such  sewerage  works  as  New  York  requires,  it 
should  take  over  the  effects  of  the  Metropolitan 
Sewerage  Commission,  make  the  final  detailed 
plans  and  estimates  required  and,  after  duly 
submitting  its  projects  to  the  Board  of  Esti- 

mate for  approval,  proceed  with  the  construc- 
tion. 

PERSONNEL. 

The  members  of  the  Metropolitan  Sewerage 
Commission  of  New  York  were  George  A. 
Soper,  president;  James  H.  Fuertes,  secretary; 
H.  de  B.  Parsons,  Charles  Sooysmith  and 
Linsly  R.  Williams.  Chief  among  the  several 
assistants  employed  by  the  Commission  were 
engineers,  Kenneth  .Allen,  D.  S.  Merritt,  Wm. 
B.  Fuller,  John  H.  Gregory  and  David  Lowen- 
solm ;  chemists,  Wm.  R.  Copeland  and  Payn 
B.  Parsons;  and  biologists.  Raymond  H.  Pond 
and  R.  N.  Hoyt.  Among  the  experts  who 
made  special  investigations  and  reports  for  the 
Commission  were :  Dr.  Gilbert  J.  Fowler, 
John  D.  Watson,  Rudolph  Hering,  George  W. 
Fuller,  George  E.  Datesman.  Samuel  Rideal, 
Karl  Imhofif,  and  X.  H.  Goodnough. 

Notes  on  the  Design  and  Construction 
of     Intercepting     Sewers     with 

Special  Reference  to  Mini- 
mizing Infiltration. 

Although  many  sewerage  engineers  consider 
extremely  flat  grades  practicable  for  inter- 

cepting sewers,  because  of  the  depth  of  flow 
and  the  macerated  condition  of  sewage  on 
reaching  intercepters,  an  occasional  warning 
against  too  fiat  grades  is  sounded.  Thus  in  a 
paper  before  the  American  Association  for  the 
Advancement  of  Science  Mr.  J.  N.  Ambler, 
of  Winston-Salem,  N.  C,  urged  the  advisabil- 

ity of  utilizing  all  the  available  fall.  The  fol- 
lowing excerpts  from  the  paper,  relating  chiefly 

to  the  minimizing  of  infiltration,  are  here  re- 
published: 

All  the  sand,  mud  and  illegitimate  matter 
nf  all  kinds  which  enter  the  collecting  sewers 
is  pushed  down  their  sharper  grades  and  is 
finally   deposited   in   the   intercepter. 

The  writer  once  removed  some  twelve  or  fif- 
teen hundred  bushels  of  such  substances  from 

about  half  a  mile  of  old  intercepter.  Most  of 
this  was  sand,  but  bottles,  rags,  straw  hats, 
overalls,  stones,  wooden  articles,  etc.,  were 
present,  and  the  capacity  of  the  sewer  was 
greatly  reduced. 
Of  course,  hard  and  fast  rules  cannot  be 

laid  down,  but  the  writer  does  not  approve 
laying  a  grade  as  flat  as  1  ft.  per  1.000.  It  is 
his  endeavor,  in  the  light  of  experience  with 
cleaning,  to  get  all  the  fall  possible. 

From  the  very  nature  of  the  low  level  inter- 
cepter, it  is  usually  located  where  the  ground 

is  alluvial,  and  with  the  ground  water  level 
near  the  surface.  In  many  cases  the  ground 
to  be  traversed  is  marshy,  and  in  nearly  every 
instance  the   sewer  is   laid  below  the  ground 

water  level.  These  conditions  are  distinctive 
for  intercepters  and  require  special  methods 
of  treatmnt. 

Unless  the  joints  are  laid  very  perfectly  and 
are  so  maintained  at  the  flat  grade  as  to  util- 

ize all  the  fall,  without  pockets,  the  infiltra- 
tion of  ground  water  will  be  so  great  as  to 

greatly  reduce  the  carrying  capacity  of  the 
sewer,  or  even,  in  the  case  of  a  long  line,  to 
completely  destroy  its  usefulness. 

Settling  of  the  joints  will,  of  course,  ren- 
der the  conditions  worse,  and  may  result  in 

the  inflow  of  quicksand  until  the  sewer  is  put 
out  of  commission,  as  in  a  case  which  once 

came  under  the  writer's  charge  for  correction. 
It  is,  therefore,  of  the  utmost  importance  not 
only  to  have  perfect  joints,  reducing  the  inflow 
of  the  ground  water  to  a  minimum,  but  also 
to  provide  means  to  maintain  the  grade  as  a 
perfectly  straight  and  rigid  barrel,  free  from 
settlement. 

The  difficulties  of  meeting  this  last  require- 
ment are  often  very  great,  as  usually  the  bot- 

tom of  the  trench  is  a  water-soaked  quagmire 
and  frequently  quicksand. 

Considering,  first,  the  question  of  perfection 
in  the  joints,  the  writer  has  specified  a  mortar 
of  neat  Portland  cement,  on  account  of  its 
density  and  imperviousness.  The  shrinkage  of 
neat  cement  mortar  being  considerable  after 
the  mortar  is  set,  a  wash  of  thick  grout  is 
used  to  fill  the  cracks.  The  entire  circumfer- 

ence of  each  joint  is  rigidly  inspected  by  hand, 
and  no  imperfect  joint  is  left  on  the  work. 

Special  compounds,  as  melted  sulphur,  and 
the  various  elastic  compounds  from  which  it 
is  claimed  that  perfect  joints  may  be  made, 
even  in  water,  were  not  tried,  either  on  ac- 

count of  the  expense,  or  because  there  was 
doubt  felt  as  to  the  durability  of  such  sub- 
stances. 

Feeling  the  -necessity  of  having  some  cri- 

terion upon  w-hich  to  base  the  engineer's  ac-* 
ceptance  of  the  w-ork,  so  far  as  ground  w-ater 
is  concerned,  the  writer  read  up  all  available 
data  on  ground  water  flows,  and  came  to  the 
conclusion  that  it  is  a  subject  about  which  too- 
little  is  known,  and  that  many  of  the  existing 
data  are  conflicting. 
There  should,  however,  be  some  criterion 

to,  apply  to  work  done  by  contract,  and  it 
seemed  that  nothing  better  could  be  done  than 
to  determine  how  much  water  the  sewer  might 

be  allowed  to  carry  without  materially  injur- 
ing its  usefulness.  The  criterion  should  not  be 

so  severe  as  to  greatly  affect  contractors'  bids. Such  a  criterion,  it  would  seem,  should  be 
based  upon  the  number  and  circumference  of 
the  joints. 
The  following  clause  appears  in  one  of  the 

writer's  specifications,  and  is  offered  for  what 
it  is  worth,  until  something  better  can  be  sub- 

stituted. It  at  least  has  had  the  efifect  of 

securing  some  very  careful  work,  and  con- 
tractors were  not  disposed  to  regard  it  as 

severe  when  it  was  thoroughly  explained  to 
them. 
The  clause  is  as  follows : 

It  is  the  intent  of  these  specifications  that  no 
more  lealiage  of  ground  water  into  the  sewer  be 
allowed  than  is  admissible  -with  a  first-class 
piece  of  work,  in  which  care  has  been  exercised 
to  get  as  near  as  possible  to  a  water-tight  re- sult. 

To  determine  the  admissible  amount  of  leak- 
age, the  length  of  a  joint  will  be  considered 

as  the  outside  circumference  of  the  spigot  end of  a  pipe. 

Leakage  not  in  excess  of  2  gals,  per  day  of 
24  hours  lor  each  foot  of  circumference  of  every 
Joint  will  be  considered  admissible,  the  amount 

of  flow  to  be  determined  by  the  engineer's  gag- 
ing in  each  section,  by  means  of  a  notch  board. 

The  contractor  agrees  that  for  each  10,000 

gals,  per  day  of  24  hours  by  whicii  the  total 
flo-vV'  of  sewer  exceeds  -what  the  total  flow  should 
be,  when  figured  on  the  basis  already  given, 
a  deduction  of  $100  from  the  contract  price  will 

be  made. 
This  will  not  apply  further  than  to  a  total 

flow  resulting  from  3  gals,  per  day  of  24  hours, 
from  each  foot  of  joint  length,  beyond  which 
figure  the  sewer  will  be  regarded  as  not  in  com- 

pliance with  this  contract. 
The   writer's   opinion   is   that  the   above   re- 
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quirement  is  a  very  mild  one,  as  he  once  laid 
a  mile  of  large  sewer  through  exceedingly 
swampy  land,  passing  under  several  streams, 
etc.,  with  a  result  that  not  more  than  a  stream 
%  in.  deep  was  flowing  in  the  bottom  of  the 
pipe  at  the  lower  end  on  completion.  How- 

ever mild  the  criterion  may  be,  it  has  had  a 
powerful   effect   against   bad   work. 

It  is  extremely  important  that  the  manholes 
should  not  leak.  To  prevent  this,  the  best 
hard  bricks  are  used,  each  being  dipped  in  a 
pail  of  water,  as  handed  to  the  mason.  The 
brick  work  rests  on  a  cement  bottom  12  ins. 
thick  with  a  solid  cement  invert  and  the  con- 

tact of  the  pipe  with  the  masonry  is  an  object 
of  especial  care.  Manholes  are  built  up  suffi- 

ciently high  above  the  meadow  to  prevent 
being  stopped  by  floods.  The  caps  are 
secured  to  the  covers  by  two  set  screw!  to 

prevent  malicious  persons  from  placing  for- 
eign  substances   in   the  sewer. 

The  handling  of  water  in  the  trench  during 
construction  is  usually  less  serious  than  the 

inexperienced    are    apt    to     imagine.     A    dia- 

phragm pump  connected  to  a  small  gasoline 
engine  is  the  cheapest  and  best  way  known  to 
the  writer  for  removing  the  water.  A  small 
trench  is  excavated  along  the  side  wall  of  the 
main  trench  which  conducts  all  accumulated 

water  to  a  pump,  where  it  is  promptly  re- 
moved by  pumps,  without  being  allowed  to 

rise  on  the   freshly  constructed  sewer  line. 
The  writer  has  used  the  pile  and  platform 

method  of  founding,  and  finds  it  of  very  gen- 
eral application,  of  moderate  cost  to  handle, 

and  very  satisfactory  in  result.  Two  piles,  4 
by  4  ins.,  bluntly  sharpened,  are  driven  oppo- 

site each  other  in  the  trench.  Two  more 
piles  are  driven  at  a  distance  of  2%  ft.  up  the 
trench,  and  so  on,  wherever  a  thoroughly  firm 
bearing  for  the  sewer  cannot  be  found. 

Across  the  heads  of  these  piles  a  1  by  4-in. 
batten  is  spiked,  and  a  platform  of  two  1%-in. 
planks  is  laid  on  and  spiked  to  the  various 
battens  over  each  pair  of  piles. 

Piles  are  driven  to  practical  refusal  by 
means  of  a  rammer,  consisting  of  a  cast  iron 
disc  8  ins.  in  diameter,  3  ins.  thick,   into  the 

center  of  which  a  2-in.  iron  rod  is  screwed. 
This  makes  a  very  heavy  rammer,  resembling 
the  piston  rod  and  head  of  a  steam  engine. 
It  taJces  three  or  four  strong  men  to  operate 
it,  but  it  is  the  quickest  and  most  economical 
way  the  writer  has  been  able  to  find  for  this 
work. 

The  piles  vary  in  length  from  18  ins.  to  9  ft. 
Even  where  the  short  ones  are  used,  the 
ground  being  tolerably  firm,  a  far  superior 
foundation  results  than  is  to  be  had  by  laying 

loose  planks  in  the  bottom  of  the  trench. 
The  platform  was  laid  to  a  more  or  less 

regular  grade  about  0.3  ft.  below  the  flow 
grade  of  the  sewer,  the  pipe  being  supported 
in  a  cradle  of  two  wedges  cut  from  1%-in. 
plank,  and  driven  under  the  nipe  from  oppo- 

site sides  until  the  flow  line  was  precisely  at 

grade. 

The  wedges  were  then  spiked  to  the  plat- 
form to  hold  them  in  position,  and  about  % 

gal.  of  concrete  was  placed  behind  them  to 

prevent  a  tendency  for  the  back-fill  to  crush the  pipe. 

cx 
MACUrM 

i'iUiCi'lON  PLANT 
DEVd J MKTVmA 

Large    Revolving     Steam     Shovel    for 
Canal  Construction. 

Contributed  By  Jean  M.   Allen,  Consulting  En- 
gineer,   Chicago,    111. 

The  large  size  revolving  steam  shovel, 
while  a  comparatively  new  development  in 
steam  shovel  construction,  is  quite  well  known 

of  this  plant  is  its  ability  to  excavate  the 
entire  prism  of  the  canal  at  one  cut  (except 
the  solid  rock  at  the  bottom)  and  place  the 
material  in  the  spoil  bank  at  one  operation. 
The  Calumet  Sag  Canal  at  this  point  has 

a  bottom  width  of  36  ft.,  a  depth  of  cut  of 
36  ft.  and  slopes  of  2  horizontal  to  1  vertical, 
thus  giving  a  top  width  of  180  ft.     There  are 

of  the  canal  prism  and  the  general  dimen- 
sions of  the  shovel  and  tipple.  The  steam 

shovel  is  a  Marion  model  251  with  a  3%  cu. 

yd.  dipper  and  a  7-5-ft.  boom.  The  extreme 
height  of  dump  is  53  ft.  above  rails ;  extreme 
radius  of  dump  83  ft.;  and  the  radius  of  cut 
at  34  ft.  above  rails  is  88  ft.  The  working 

weight  of  the  shovel  is  355,000  lbs.     The  tip- 

■   36-0'  ■    --       Pock 

Diagram  Showing  Arrangement  of  Revolving  Steam  Shovel  and  Steel  Tipple  for  Canal  Excavation. 

pie  consists  of  a  cantilever  incline  of  struc- 
tural steel,  which  is  carried  by  two  parallel 

standard  gage  tracks  on  the  canal  berni 
with  a  hinged  apron  extending  down  the 
slope  into  the  prism.     On  this  incline  are  two 

for  its  performance  in  coal  stripping  work. 

It  is  only  recently,  however,  that  coritract- 
ors  have  begun  to  realize  its  possibilities  as 

an  excavating  tool.  It  is  interesting  there- 
fore  to   note   that   Byrne   Brothers    Dredging 

about  6  or  8  ft.  of  solid  rock  in  the  bottom 
of  the  cut,  the  remainder  being  a  glacial  drift 
consisting  of  sand,  gravel,  boulders  and  clay. 

The  length  of  the  "contract  is  5,.500  ft.  and there   are    approximately   875,000   cu.   yds.   of 

View  of  3J/z  Cu.   Yd.    Revolving   Steam   Shovel. 

Excavating    Canal. 

View  of    Revolving   Steam    Shovel   and    Steel   Tipple 

Excavating  Canal. 

^   .                        •  1  „-.,i  A^\ii    anH  ''.OOOO  CU    vds    of  solid  rock  standard    gage    tracks,    which    carry    the    two 

&    Engineering   Co.   of    Chicago   are    using   a  f'^^?^'^'  ̂rif     and  o(\00U  ̂ U;^>^/-  °\^°  ^           ̂ ^^^  gf    10   <-u.   yds.   nominal   capacity, 
machine   of   this   type   in   connection   with   an  to  be  excaN^ted.     this   incluaes           p  ^^v^^    ̂ ^^^    ̂ ^^    operated    independently    of 

CaSt  ""It  (^"anal"ln"fnterestin"g'feltur:  '""^'^Tfo.  Tshows  a  typical  cross
  section  each  other  by  a  double  cylinder  double  drum 
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engine,    with 
12  ins.   strok 
cial  design. 
in  diameter, 
etcr.      The    f 

cylinders  lOVi 
e.     This  engine 
The  gears  are 
and  the  drums 
rictions   are   of 

ins.  diameter  by 

is  of  heavy  spe- 
of  cut  steel  6  ft. 

are  4  ft.  in  diam- 
the   outside  band 

The  base  section  consists  of  a  steel  post  ribbed 
inside  for  strength  and  having  a  truck  collar. 
Tliis  part  is  mounted  on  a  channel  steel  right 
angle  base  braced  to  the  post  as  shown.  The 
beam  carries  the  drum  and  has  a   ruig  which 

Hand  Operated     Derrick    Mounted   on    Motor  Truck. 

type  actuated  by  steam  rams.  A  H'li  h.p.  lo- 
comotive boiler  furnishes  steam  for  the  en- 

gine at  liio  lbs.  pressure. 
The  method  of  operation  is  as  follows: 

The  car  is  lowered  into  the  pit  on  the  in- 
clined apron  and  filled  with  two  loads  of  the 

3%  cu.  yd.  dipper,  then  hauled  to  the  top  of 
the  incline,  where  it  runs  onto  a  steel  tipple 
frame,  which  is  hinged  to  the  top  of  the  in- 

cline by  a  heavy  shaft.  The  car  is  securely 
held  on  this  frame  by  dogs  which  engage 
automatically.  As  the  car  reaches  its  posi- 

tion on  the  tipple  frame  it  releases  a  latch 
which  permits  the  frame  with  the  car  to  tip 
outward,  tluis  dumping  the  load.  A  pendu- 

lum counterweight  attached  to  the  tail  of 
the  tipple  frame  by  a  wire  cable  prevents  it 
from  tipping  too  far  and  also  returns  it  to 
its  normal  position  after  the  load  is  dumped. 
The  car  is  then  lowered  to  the  bottom  of 
the  incline  by  the  foot  brake.  While  one 
car  is  being  dumped  the  second  car  is  being 
loaded  by  the  shovel,  thus  there  are  no  delays 
waiting  for  cars. 
The  complete  weight  of  the  tipple  with 

cars,  engine,  boiler,  fuel  and  counterweights 
is  approximately  300,000  lbs.,  but  as  nearly 
all  of  this  weight  is  carried  by  the  rear  truck, 
which  is  over  80  ft.  from  the  edge  of  the 
slope,  no  trouble  has  been  experienced  by 
caving  of  banks  due  to  the  weight  of  the 
machine. 

In  the  accompanying  views.  Figs,  2  and  3, 
the  shovel  has  not  yet  worked  down  to  grade 
or  rather  to  the  rock,  for  it  is  proposed  to 
excavate  to  the  rock  at  one  cut  and  then 
blast  the  rock  and  spoil  it  on  the  slopes  as 
rip  rap. 
The  plant  was  installed  in  March  and 

.April  of  this  year  and  started  work  about 
May  1,  and  has  been  working  in  a  very  sat- 

isfactory manner,  the  average  output  being 
from  1,800  to  2,000  cu.  yds.  per  10  hour  shift. 
The  plant  was  designed  under  the  super- 

vision of  Mr.  Thos.  Byrne,  who  successfully 
developed  this  style  of  tipple  in  connection 
with  the  standard  shovel  or  the  Chicago 
Drinage  Canal.  The  tipple  was  designed  by 
the  Page  Engineering  Co.  of  Chicago,  and 
was   installed  bv   the  writer. 

drops  over  the  head  of  the  post  and  also  has 
two  rings  which  straddle  the  post  and  carry 
rollers  which  ride  on  the  truck  collar.  The 

beam  has  a  full  circle  swing.  The  drum  car- 
ries 300  ft.  %-in.  steel  cable,  and  is  operated 

by  hand  cranks.  From  the  drum  the  cable 
passes  to  the  beam   head   shown   and   then   to 

Single  Double:  Triple: 

Rope  Arrangements  for  Hand-Operated   Der- 

rick. 

the  block,  the  different  arrangements  being  as 
indicated  by  the  beam  head  sketches:  Single: 
Pass  cable  over  top  sheave  and  under  roller 
and  then  to  the  block ;  hoists  ,300  lbs.  70  ft.  per 
minute.  Double:  Pass  cable  over  top  sheave, 
under  roller,  around  sheave  in  block,  connect 
to    sw'ivel    shackle    and    attach    swivel    shackle 

shackle  and  attach  swivel  shackle  to  the  head 

of  block ;  hoists  900  lbs.  2.5  ft.  per  minute. 
By  wrapping  the  cable  around  the  lower 
sheave  the  hoist  is  geared  treble  and  for  short 
lifts  one  man  can  hoist  1,800  lbs.  The  der- 

rick is  tested  to  1,900  lbs.  in  the  shop.  The 
derrick  is  mounted  on  the  truck  by  simply 

bolting  the  bars  to  the  truck  frame  or  floor- 
ing. The  list  price  of  the  derrick  for  motor 

trucks  is  $.50.  It  is  made  bv  the  Tavlor  Port- 

able Steel  Derrick  Co.,  1034  West 'Lake  St., Chicago. 

A  Light  Concrete  Culvert  Form. 
The  metal  concrete  culvert  form  illustrated 

by  the  accompanying  drawing  and  view  is 

manufactured  by  the  C.  F.  Co.,  L'nion  BIdg.. 
Syracuse,   N.   Y.,  to  be    used    in   constructing 

Detail  at 'A 

Details    of    Metal    Concrete    Form. 

culverts  which  conform  to  the  requirements 
of  the  New  York  State  Highway  Com- 

mission, It  is  built  of  12  or  18  gage  metal, 
in  four  sections — two  7  ft.  end  sections  with 
walls  and  two  5-ft.  barrel  sections.  Pressed 
metal  end  walls  and  parapet  forms  are  pro- 

vided. The  approximate  weight  of  the  form 
complete,  24  ft.  long,  24  ins.  wide,  and  27  ins. 
high,  is  1,600  lbs.  This  form  is  also  con- 

structed with  a  flat  top.  The  end  forms  are 
designed  so  that  skew  culverts  may  be  built. 
Metal  or  wooden  side  forms  of  any  height 
ma\-  be  used. 

A    Machine    for    Manufacturing    Rein- 
forced   Concrete     Poles    or 

Piles  by  Rolling. 
(Contributed.) 

.A  concrete  pole  hollow  or  solid,  straight  or 
tapered,    reinforced   as   desired,   in   all   lengths 

A  Portable  Derrick  for  Installation  on 
Motor  Trucks. 

A  motor  truck  equipped  with  a  hand  op- 
erated derrick  for  handling  loads  up  to  %  ton 

is  illustrated  here.  This  derrick  is  in  two 

parts,  a  "base"  weighing  100  lbs.  and  a  "beam" weighing  128  lbs.  The  reach  of  the  beam  is 
3  ft.  4  ins.,  and  the  height  to  the  block  is  5  ft. 

View    of    Erected    Metal    Culvert    Form. 

to  lower  sheave;  hoists  600  lbs.  35  ft.  per 
minute.  Treble:  Pass  cable  over  top  sheave, 
under  roller,  around  sheave  in  block,  around 
lower    sheave    in     beam,     around     to      swivel 

no  to  35  ft.  is  made  by  rolling  by  the  machine 
illustrated  here.  Referring  to  the  illustration, 
the  compression  rolls  are  made  on  the  same 
ratio   of   taper   that   the   manufactured   article 
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will  be.  When  pipe  is  made,  straight  rolls  are 
used.  A  very  heavy  canvas  belt  is  placed  on 
the  top  of  the  compression  rolls,  and  the  rein- 

forcements and  the  inner  core  are  laid  on 
this  and  between  the  rolls.  Each  end  of  the 
belt  is  weighted  down  with  an  iron  bar  along 
its  entire  width.  These  weights  operate  as 
counterbalances  and  maintain  a  tightening 
effect  throughout. 
The  compression  rolls  are  opened  by  the 

cylinders  shown,  the  top  rolls  are  turned  in- 
wardly by  suitable  driving  equipment,  the 

counterbalance  weights  rise,  and  the  reinforce- 
ment and  inner  core  are  lowered  to  contact 

with  the  idler  rolls  below.  The  air  or  steam  is 
then  reversed,  imposing  a  compression  upon 
the  collars  at  each  end  of  the  reinforcement 
and  core.  The  concrete  is  fed  in  from  the  top 
by  means  of  a  measuring  and  distributing  box, 
and  one  compression  roll  is  then  driven  very 

Rolls   for    Manufacturing    Reinforced   Con- 
crete Poles  and  Piles. 

slowlv,  not  exceeding  10  ft.  travel  per  minute. 

The  product  is  turned  with  the  concrete  ap- 

plied, approximately  two  and  one-half  revolu- 
tions in  one  direction;  the  driving  power  con- 

necting this  roll  is  then  disengaged  by  clutch. 
and  the  other  compression  roll  is  driven  in  the 
opposite  direction.  These  reverse  operations 
continue  until  the  product  being  formed  is  in 
shape  and  thoroughly  compressed. 
The  vertical  steel  standards  composing  the 

frame,  in  combination  with  the  pressure  ap- 
plied by  the  air  or  steam  cylinders  and  the 

tension  constantly  retained  by  the  weights 

upon  the  belt,  cause  a  more  thorough  com- 
pression effect  than  a  hydraulic  press,  because 

the  aggregates  composing  the  concrete  mass 

receive  their  compression  from  dififerent  direc- 
tions in  succession,  and  the  compression  is 

'maintained  by  the  belt. 

Adjustable      Legs    to     Reduce     Vibration    of 
Concrete  Mixer. 

It  is  found  in  practice  that  this  peculiar 

rolling  compression  will  expel  all  water  that 

is  not  actually  needed  in  filling  the  voids. 
More  water  is  unnecessary  until  the  curing 

period  is  reached,  the  concrete  should  then  be 
treated  with  ample  water. 

The  pole,  pile,  or  pipe  becomes  a  hard  and 
true  surface  within  five  minutes  from  the 

time' the  concrete  is  applied,  but  in  order  to 
retain  the  moisture  in  the  product  during  its 
original  setting  period,  a  sheet  of  canvas  wide 

enough  to  encircle  the  product  tw'o  turns  and 
a  lap,  coated  with  a  mineral  rubber  paint,  is 
fed  between  the  belt  and  the  outer  surface  of 
the  product  by  placing  its  edge  between  them, 

and  revolving  the  article  tw-o  turns.  Brads 
with  small  heads  are  then  driven  through  the 
three  thicknesses  of  canvas  and  into  the  con- 

crete, and  the  product  is  discharged  from  the 
forming  machine  in  the  following  manner : 
The  pressure  is  reversed,  thus  partmg  the  top 
compression  rolls.  These  top  rolls  are  then 
turned  in  opposite  directions  and  the  counter- 

balance w-eights  on  the  belt  bring  the  finished 
product  to  the  top  of  the  rolls  wdience  it  is 
rolled  away  to  a  distant  point  on  the  circular 
curing  table.  After  24  hours  have  elapsed, 
the  canvas  cover  is  removed  and  the  product 
is  kept  wet  until  thoroughly  cured. 

This  rolling  process  in  compression  causes 
better  tamping  effect  than  can  be  accomplished 
in  any  other  manner.  The  concrete  mix  is 
quite  dry,  but  the  compression  is  sufficient  to 
cause  water  to  run  from  the  surface. 
The  core  is  composed  of  sheet  steel  made 

collapsible  and  remains  in  the  pole  until  the 
concrete  becomes  set.  The  core  is  then  re- 

moved ;  the  pole  rests  in  an  undisturbed  posi- 
tion for  five  or  six  days,  on  the  curing  table 

with  ample  water  given  to  it. 
The  ratio  of  taper  adopted  is  1  in.  in  diam- 

eter for  each  6  ft.  in  length,  as  applied  to 

poles  6  ins.  top  diameter.  The  minimum  thick- 
ness of  the  concrete  wall  is  1%  ins.,  but  '2  ins. 

are  preferable.  Poles  35  ft.  in  length  should 
lie  12  ins.  diameter  at  the  butt  and  G  ins.  at 

the  top,  or  1-1  ins.  butt  and  7  ins.  top,  or  16 
ins.  butt  and  8  ins.  top. 
The  reinforcement  is  centrally  located  in 

the  concrete  wall  and  composed  of  M,,  5/16. 

%,  T/16  or  %  in.  square  twisted  steel  rein- 
forcing bars,  woven  with  steel  wire  warp  at 

desired  intervals. 
The  five  sizes  named  will  accomplish  the 

desired  dilTerences  in  strengths  for  application 
to  various  services.  Reinforcement  consists  of 
111  bars  of  any  selected  size  and  the  entire 
length,  18  bars  two-thirds  of  the  length,  and 
26  bars  one-third  the  length  of  the  poles. 
The  reinforcement  is  woven  on  a  tapered 
mandrel  in  a  specially  prepared  loom  and 

after  being  woven  and  taken  from  the  man- 
drel, is  placed  upon  the  forming  core,  and  the 

warp  which  forms  the  circumferential  rein- 
forcement is  united  by  twisting  one  wire  end 

around  the  other.  The  warp  may  vary  in  size 
frlim  No.  6  to  Xo.  10  steel  wire  spaced  at 
intervals  as  required  for  producing  the  desired 

strengths.  The  w-oven  reinforcement  is  held 
centrally  between  the  inner  core  and  the  outer 
circle,  by  pole-step  sockets  woven  between 
two  bars  of  the  reinforcement.  A  scheme  is 

also  provided  for  centralizing  the  reinforce- 
ments at  other  points  around  the  pole. 

"These  poles  may  be  formed  just  as  desired, 
and  the  reinforcements  may  be  heavy  or  light 

and  spaced  as  desired.  The  labor  and  con- 
crete cost  is  the  same  for  all  strengths,  there- 
fore the  steel  used  is  the  only  element  that 

governs  the  difference  in  strength  and  cost. 
This  method  of  making  reinforced  concrete 

poles  is  the  invention  of  R.  M.  Jones  of  Den- 
ver, Colo.,  who  states  that  the  National  Rein- 

forced Concrete  Pole  &  Pipe  Co.  having  all 
of  the  patents  of  Mr.  Jones  in  the  United 
States  excepting  California  and  Territories, 
has  made  arrangements  by  which  the  company 

will  immediately  install  a  pole  and  pile  manu- 
facturing plant  in  the  near  vicinity  of  Chi- 

cago, to'  be  in  operation  by  the  first  of  Sep- tember, 1914.  Shop  work  on  equipment  is 
now  being  done.  R.  M.  Tones.  1644  First 
National  Bank  Building,  Chicago,  111. 

magnitude  depending  on  the  stifTnese  of  the 
frame  girders.  To  reduce  this  vibration  the 
makers  of  the  Atlas  concrete  mixer  have  as 
illustrated  here  provided  adjustable  legs,  one 
under  each  side  girder  about  midway  between 
axies.  The  shaft  of  the  leg  is  lengthened  or 
shortened  by  turnbuckles,  it  is  hinged  to  the 
flat  shoe  to  permit  standing  firmly  on  slope, 
and  it  is  hinged  to  the  frame  so  that  it  can 
be  swung  up  and  fastened  clear  when  moving 
the  mixer.  The  -•Xtlas  mixer  is  made  by  the 
Atlas  Engineering  Co.,  780  Thirteenth  St., 
Milwaukee.  Wis. 

Rail   Clamp   for    Steam    Shovels    and 
Cars. 

An  adjustnble  rail  clamp  w'hich  w-ill  fit  any 
rail  from  60  to  100  lbs.  is  shown  by  the  ac- 

companying sketches.  This  clamp  is  made  in 
two    styles    for    33-in.    and    28-in.    wheels.     It 

A     Vibration     Absorber     for     Truck 
Mounted  Concrete  Mixers. 

Light  concrete  mixers  mounted  on  front 
and  rear  wheels  have  a  considerable  length  of 
unsupported  frame  between  axles,  and  the 
spring  of  this  frame  under  the  beat  of  the  en- 

gine   results    ifi    vibration    of    greater   or   less 

Bottom  View  of  Box 
Side  View  of  Box 

Adjustable     Rail    Clamp    for    Steam     Shovel 
and   Cars. 

clamps  the  head  of  the  rail  and  so  can  be  at- 
tached anyv.here  regardless  of  tie  spacing. 

The  bottom  bar  of  the  box  holds  the  jaws 
spread  when  the  clamp  is  being  placed  on  or 
lifted  from  the  rail;  a  hammer  blow  loosens 
or  tightens  the  wedge.  All  parts  are  made  of 
cast  steel.  The  price  of  the  clamp  is  $15.  It  is 
made  bv  the  M.  &  M.  Rail  Clamp  Co.,  Room 
415  Oliver  Building,  Pittsburgh,  Pa. 

A  Ne'w  Joint  Plate  for  Concrete  Pave- ment. 

A  joint  plate  which  requires  no  special  de- 
vice or  machine  for  its  installation  is  illus- 

trated here.  The  plate  is  of  soft  steel  and 
when  shipped  the  legs  and  lugs  produced  by 

shipping  are  flat  with  the  plate.  For  installa- 
tion the  legs  are  bent  down  and  the  side 

tongues  bent  outward  by  means  of  a  piece  of 
short  pipe.  This  is  done  on  the  job.  They  are 
then  wired  together  and  clamped  with  the  tar 
paper  in  between,  as  shown  by  the  drawing. 
The  legs  are  driven  into  the  sub-base  of  the 

Crowned  Tioridb  of  total  lenath" 
'  6'  punched  out  every  15 

Ciomp  II  long  xg  thick, 
ondayerticol  grip . 

'  WirelNrapping 

Tar  Feit  §'to^'thia< 

Moyer  Joint   Plate  for  Concrete   Pavements. 

road  so  that  the  top  of  the  plate  will  be  the 
grade  of  the  top  of  the  finished  concrete. 
This  is  made  certain  by  using  a  duplicate  of 
the  template  which  will  be  used  in  crowning 
the  concrete.  This  template  is  merely  set  on 
the  side  forms  and  the  plate  hammered  down 
until  the  bottom  of  the  template  will  rest  ac- 
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curately  on  the  top  of  the  plate.  The  joint 

cannot  settle  and  is  convenient  to  the  con- 
tractor, as  it  can  he  placed  as  far  ahead  of 

the  concrete  gang  as  the  sub-base  has  been 
prepared.  If  concrete  is  placed  over  old 
macadam  this  joint  may  be  used  by  bending 

the  legs  out  so  as  to  form  a  chair.  This 
joint  plate  is  manufactured  by  .Xlbert  Moyer, 
200  Fifth  Ave.,   New  York. 

A  Stadia  Circle  for  the  Transit  Head. 
The    Keufifel    and    Esser    Co.    of    Hoboken, 

N.   J.,    has    recently    applied    to   the   transit    a 

A    Pressure    Bitumen    Distributor    of 
Simple  Design. 

There  are  many  types  of  pressure  bitumen 
distributors  varying  in  completeness  of  equip- 

ment from  a  simple  tank  and  pump  to  a  self 
driven  machine  with  many  accessories.  The 
simpler  machines  are  used  primarily  in  the 
construction  of  bituminous  macadam  and  the 
more  complicated  types  for  maintenance  and 
repair  work  at  isolated  and  widely  separated 

points. The  distributor  illustrated  is  of  the  simple 
tensive  repairs  where  the  use  of  a  road  roller 

left.  The  e.xtended  arms  of  the  spray  pipe 

are  on  swing  joints  permitting  their  ends  to 
fold  in  within  the  wheel  tracks,  eliminating 
danger  of  striking  objects  and  permitting 
close  storage.  The  compactness  and  sim- 

plicity of  detail  of  their  outfit  is  worthy  of note. 

Air  Pressures  Used  in  Tunneling.— The 
pressures  of  air  employed  at  different  tun- 

nels as  compiled  in  Bureau  of  Mines  Bulletin 
■57  by  D.  W.  Brunton  and  J.  A.  Davis  have 
been  as  follows : 

Tunnel —  Lbs.  I      Tunnel —  Lbs. 
Carter        112|Xesqually      90-93 
Central        120.Ra\vlev         100 
Gold    Links     lUOlIlaymond           90 
Gunnison           90|Rondout        100 
Laramie-Peridre    ..   12UiRoosevelt        lio 
Mauch    Chunk     lU01.-5iwatch          80 
Los    Angeles   Aque-         iSnaKe   Creek     lio 

duct        lOOiStilwell         100 
Lucamie         ll.ijstiawberry          So 
Maishall    Russell...   llOiUtah    Metals     110 
Mission        lUOi«alkill        110 
Modern     9D-100lTak          90 
Newhouse        llul    

Avera.?e        102 

Recording  Sub-Surface  Structure  in  Phila- 
delphia.— The  use  of  field  books  in  record- 

ing sub-surface  structures  has  been  discon- 
tinued in  Philadelphia.  An  8%xll-in.  sketch 

card  is  used  in  the  held  on  which  data  are 
plotted.  These  cards  are  forwarded  to  the 
office  where  they  are  properly  colored  and 
inked  in  by  the  draughting  force  and  filed  as 
an  office  record.  This  system  does  away  with 
much  labor  and  possibility  of  error  in  trans- 

ferring the  field  notes  to  office  records. 

A  Stadia  Circle   for  the  Transit   Head. 

stadia  circle,  here  illustrated,  which  facili- 
tates the  taking  of  field  notes  and  makes  all 

subsequent  computations  of  a  simple  arithmet- 
ical nature.  The  stadia  circle  is  a  inoditica- 

tion  of  the  regular  transit  circle  in  which  the 
degree  graduations  on  two  opposite  segments 
are  replaced  by  special  graduations  which  give 
directly  the  per  cent  of  the  observed  stadia 
distance  represented  by  the  horizontal  and  ver- 

tical   components. 

Through  an  arc  of  appro.N.imately  00°  at 
the  right  and  left-hand  sides  of  the  circle  the 
degree  graduations  are  replaced  by  the  special 
stadia  graduations.  At  the  index  marked  Hor. 
is  read  the  percentage  factor  to  be  applied  to 
the  observed  stadia  distance  to  obtain  the  cor- 

rect horizontal  distance.  At  the  index  marked 

\'ert.  is  read  the  percentage  factor  to  be  ap- 
plied to  the  observed  stadia  distance  to  ob- 

tain the  difference  in  elevation  between  the 

rod  and  instrument.  Subsequent  complica- 
tion in  the  calculations  is  avoided  by  bringing 

the  center  cross  hair  of  the  telescope  to  the 
level  target  or  to  a  mark  on  the  level  rod 
which  has  been  placed  at  the  instrument 
height  before  reading  H  and  V. 

Over  a  long  series  of  tests  of  the  circle  by 
different  observers  the  average  error  in  the 
reading  of  the  horizontal  correction  factor  was 
found  to  be  O.O-i.  which  in  a  -500- ft.  sight 
would  introduce  an  error  of  0.2-5  ft.  in  the 
computed  horizontal  distance.  The  same  trials 
applied  in  the  reading  of  the  Vertical  correc- 

tion factor  disclosed  an  average  error  of  0.02, 
which  in  a  500-ft.  sight  would  introduce  an 
error  of  0.10  ft.  By  the  method  of  least 
squares  the  average  error  in  reading  was  com- 

puted to  be:     horizontal +0.09;   and   vertical 

-1-0.07.    These  larger  errors,  in  a  oOO-ft.  sight, 

would  affect  the  computation  of  the  horizontal 

and  vertical  distances  by  +  0.4-5  and  -f-O.3.5  ft., 

respectively,  and  as  the  allowable  error  in 
stadia  work  is  1  per  cent,  it  is  seen  that,  in 
accuracy,  the  stadia  circle  compares  favorably 
with  any  method  of  computation  now  used. 

The  greatest  advantage  of  the  device,  how- 
ever, obviously  lies  in  the  rapidity  with  which 

field  notes  and  the  subsequent  calculations  can 
be  used,  and  it  is  this  saving  that  promises 
to  popularize  the  device  among  engineers. 

is  desirable.  It  is  manufactured  by  the  Stand- 
ard Mfg.  Co.,  184  Union  St.,  Worcester,  Mass. 

This  machine  in  its  present  form  is  the  re- 
sult of  several  years'  development  and  the 

mechanism  of  it  has  been  reduced  to  a  mini- 
mum. 

The    complete    machine    weighs     -i.-DOO     lbs. 

Tractive  Resistance  of  28-Ton  Electric 
Car. — The  Engineering  E.xperiment  Station 
of  the  University  of  Illinois  has  just  issued  a 

bulletin.  No.  74,  on  "The  Tractive  Resistance 
of  a  2S-Ton  Electric  Car,"  by  Harold  H. Dunn. 

This  bulletin  records  the  results  of  tests 
made  to  determine  the  tractive  resistance  of 
a  28-ton  electric  car  when  running  on  straight 
track  in  still  air.  The  tests  were  planned  so 
as   to   eliminate   wind   resistance.     The   results 

Standard     Pressure     Bitumen     Distributor — Trailer  Type. 

type  suitable  for  construction  work  and  ex- 
The  tank  holds  700  gals.  The  outfit  is  drawn 
by  a  steam  roller  which  supplies  steam  to  the 
pressure  pump  and  the  steam  heating  coils  in 
the  tank.  The  relief  valve  is  set  at  80  to  90 
lbs.,  and  unusually  high  pressure.  The  spray 
liipe  is  hung  on  swing  joints  which  permit  a 
lateral  motion,  controlled  by  a  lever  from  the 

operator's   platform,   of   .3    ft.  to   the   right   or 

are  finally  expressed  in  the  form  of  a  curve 
whose  co-ordinates  are  car  resistance  and 
speed,  which  shows  that  the  resistance  varied 
between  3.2.5  pounds  per  ton  at  .5  miles  per 
hour,  and  20.12  pounds  per  ton  at  4-5  miles  per 
hour.  The  bulletin  contains  also  a  descrip- 

tion of  the  car.  Copies  may  be  obtained  by 
writing  to  the  director  of  the  Experiment 

Station. 
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Reform  in  Making  River  and  Harbor 

Appropriations. 
The  river  and  harbor  bill  of  1914  appropri- 

ates $43,289,000.  Of  this  amount  some  |5,- 
000,000  are  alloted  for  beginning  works  whose 
completion  will  necessitate  a  further  expendi- 

ture of  $33,000,000.  There  is  no  essential  dif- 
ference between  this  bill  and  the  river  and 

harbor  appropriation  bills  of  many  previous 
years.  It  is  no  more  nor  any  less  illogical 
and  wasteful.  Like  previous  bills  it  will  very 
likely  be  passed  by  congress.  There  is  no 
word  that  it  will  not  be  approved  by  the  pres- 

ident. It  will,  however,  not  become  law  with- 
out contest,  and  this  is  the  point  on  which 

for  several  reasons  comment  is  pertinent. 

The  present  contest  against  the  river  and 
harbor  bill  is  unique  in  the  degree  to  which 
it  is  directed  against  the  system  bv  which  ap- 

propriations are  determined.  It  is  notable 
also  because  in  congress  the  attack  is  perhaps 
more  concerted  than  ever  before,  and  because 

it  has  enlisted  to  a  greater  extent  than  previ- 
ously the  support  of  powerful  newspapers. 

The  contention  by  the  bill's  opponents  in  con- 
.gress  and  by  the  papers  which  uphold  their 
objections  is  not  that  federal  expenditure  for 
river  and  harbor  improvement  is  unwarrant- 

ed ;  it  is  not  primarily  an  attack  on  specific 
itefns ;  it  is  an  argument  against  continuing  a 
vicious  procedure  in  formulating  such  bills. 
This  statement  is  needed  to  clear  the  ground. 
Contractors  and  engineers  who  draw  business 
from  river  and  harbor  work  naturally  regard 
with  disfavor  any  action  which  may  curtail 
its  volume.  They  are  apt  to  conclude  with- 

out much  consideration  that  opposition, 
whether  within  or  outside  of  congress,  to  river 
and  harbor  appropriations,  is  designed  directly 
or  indirectly  to  decrease  federal  expenditure 
for  river  and  harbor  improvement.  It  is  im- 

portant, then,  to  make  it  plain  that  this  con- 
clusion is  erroneous. 

The  present  method  of  making  federal  ap- 
propriations for  river  and  harbor  improve- 

ment is  vicious.  Consider  the  procedure  fol- 
lowed, and  put  to  oneself  only  the  two  fiinda- 

mental  questions  which  follow :  Where  is  the 
line  drawn  between  streams  and  harbors  that 
are  worth  improvement  and  those  that  are 
not?  What  proportion  is  deemed  proper  be- 

tween the  commerce  benefited  and  the  amount 
ot  money  expended  on  a  given  improvement? 
.The  answers  must  be  that  there  is  no  rule  or 
principle  followed  ;  that  both  choice  of  work 
to  be  done  and  allotment  of  expenditure  de- 

pend upon  the  power  of  local  lobbies  and  the 
members  of  congress  from  different  localities. 

But,  it  will  be  urged,  every  project  for  im- 
provement is  passed  upon  by  the  army  engi- 

neers. This  is  true,  but  disapproval  by  the 

army  engineers  by  no  means  prevents  adop- 
tion by  congress  of  a  project.  Many  instances 

can  be  mentioned  of  appropriations  made  for 
improvements  not  approved  by  the  army  engi- 

neers. The  army  engineer  does  not  initiate 
the  various  items  composing  the  appropria- 

tions bill.  His  labor  is  restricted  to  carrying 

out  in  the  field  the  work  which  congress  auth- 
orizes. In  making  recommendations  he  is  re- 
stricted to  approval  or  non-approval  of  the 

item  of  work  specified,  without  regard  to  the 
claims  of  other  items.  The  congressman  asks 
that  surveys  be  made  and  a  report  presented; 
a  complacent  congress  grants  his  request ; 
then  army  engineers  make  the  surveys  and 
the  report  ordered  by  congress ;  the  congress- 

man then  sets  about  getting  the  improvement 
included  in  the  river  and  harbor  appropriation 
bill  and  seeing  that  it  is  not  afterwards  cast 
out.   and  if   he  has   influence   enough   he    suc- 

ceeds, even  against  an  unfavorable  army  engi- 

neers' report ;  congress  passes  the  appropria- 
tion bill ;  the  army  engineers  then  plan  and 

construct  the  improvement  which  the  con- 
gressman sought.  As  amusingly  put  by  Con- 
gressman Frear  in  his  speech  of  March  26 

against  the  1914  appropriation  bill : 
Responsibility,  like  a  caged  squirrel,  runs 

round  and  round  from  the  congressional  recom- 

mendation for  a  survey  to  the  engineer's  re- 
port, based  on  the  recommendation,  and  after 

it  is  all  over  the  engineer  takes  the  blame  be- 
cause, although  acting  at  the  behest  of  the  local 

member,  as  shown  by  these  reports,  he  cannot 
squeal  for  fear  of  losing  his  job. 

Nor  is  the  congressman  so  much  to  blame 
for,  as  he  is  the  victim  of,  the  system.  He  is 
more  often  than  not  judged  bv  his  constituents 
on  the  basis  of  the  amounts  of  local  appropria- 

tions secured,  and  so  is  compelled,  whatever 

his  opinion  is  of  their  justification  to  seek  ap- 

propriations. 
As  already  said,  the  present  method  of 

making  appropriations  for  river  and  harbor 
improvements  is  vicious,  and  any  sincere  and 
sensible  attempt  to  improve  the  method  de- 

serves encouragement.  Of  what  form  the  im- 
provement shall  be  is  a  moot  question.  Sen- 

ator Burton  in  his  recent  minority  report 

against  the  1914  appropriation  bill  recom- mends : 

1.  Provision  for  the  completion  of  an  im- 
provement in   the  bill  in  which  it  is  adopted. 

2.  Careful  review  of  pending  projects  in  the 
light  of  present  conditions  and  the  omission  of 
all  improvements  which  are  no  longer  profit- 
able. 

3.  A  more  careful  consideration  before  the 
adoption  of  prOjCots.  There  should  be  especial 
care  to  avoid  lock  and  dam  construction  save 

in  streams  which  are  capable  of  being-  made 
important  arteries  of  commerce. 

4.  A  division  of  expense  when  exceptional 
advantages  accrue  to  private  property  or  spec- 

ific localities,  or  when  the  protection  of  private 

property  is  the  main  object  and  navigation  sub- 
ordinate. 

5.  The  exclusion  fiom  the  bill  of  proposed 
improvements  which  do  not  have  to  do  with 
navigation. 

6.  A  genera!  policy  of  improving  the  main 
stream  before  attention  is  given  to  branch 
streams,  and  the  adjustment  of  depths  and 
dimensions,  with  a  view  to  a  uniform  and  com- 

prehensive plan  for  the  development  of  such 
waterways  as  can  be  utilized. 

7.  Such  adjustment  of  the  relations  between 
railways  and  waterways  as  will  secure  the  utili- 

zation of  routes  partly  by  land  and  partly  b.v 
water  when  co-operation  and  utilization  by 
both  routes  can  be  made  profitable  as  a  means 
of  transportation. 
No  thinking  man,  we  imagine,  will  find  any 

statement  in  this  quotation  of  which  he  cannot 

approve.  The  question  is  how  are  we  to  ar- rive at  these  reforms?  The  only  way  is  the 
creation  of  a  department  or  a  bureau  which 

shall  initiate  and  plan  river  and  harbor  im- 

provements, and  against  whose  recommenda- 
tions congress  will  proceed  only  upon  strong 

justification.  Such  directing  authority  may 

be  a  new  federal  department  of  public  works 
or  it  mav  take  some  other  form,  but  it  is  only 

by  such'  means  that  present  faults  can  be 
avoided. 

The    County    Administrative    Unit    in 
Road  Construction  and 

Maintenance. 
Students  of  economic  problems  connected 

with  country  road  building  have  noted  in  re- 
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cent  years  a  marked  tendency  toward  strength- 
ening the  authority  of  the  county  as  a  unit  in 

liighway  maintenance  and  construction.  This 
is  indicated  by  the  recently  enacted  state  high- 

way laws  of  Iowa,  Wisconsin  and  Kentucky 
and  the  strengthening  of  the  New  York  and 
Illinois  laws.  This  trend  of  legislation  shows 
a  healthy  condition  in  road  affairs  and,  it  is 
possible,  may  result  in  eventually  placing  our 
highway  laws  on  the  sound  basis  so  badly needed. 

Road  officials  and  legislators  in  attempting 
to  follow  too  closely  successful  European 

systems  of  organization — notably  that  of 
France — neglected  to  some  extent  the  old 
established  and  strongly  organized  county  unit 

(which  is  an  English  institution)  and  repro- 
duced in  certain  instances  as  faithful  copies 

of  this  foreign  system  as  local  conditions 
would  permit.  As  in  all  copies  important  de- 

tails of  the  original  were  lost. 

Perhaps,  also,  the  early  development  of 
modern  highway  construction  in  some  of  the 
smaller  states  in  which  the  county  unit  is  not 
so  strongly  organized  as  in  the  average  state 
of  this  country,  and  the  success  of  the  system 

adopted  there,  may  have  influenced  the  fram- 
ers  of  highway  laws.  Notwithstanding  the 
success  of  some  of  these  organizations,  the 
return  to  a  distinctly  American  and  English 

type  of  organization  is  to  be  commended.  Its 
simplicity  is  undoubtedly  preferable  to  a  pil- 

ing up  of  commissions  and  officers  each  having 
authority  over  a  phase  of  the  same  general 
work — a  condition  of  afifairs  which  exists  in 
several   state  highway   organizations. 

In  this  connection,  an  important  point  in 
favor  of  the  selection  of  the  county  as  the 
unit  of  administration  which  will  become  more 

important  in  the  course  of  time,  is  the  neces- 

sity for  strongly  organized  maintenance  dis- tricts. Political  units  gather  strength  not  so 
much  bv  laws  of  establishment  as  by  age  and 

the  habits  of  thinking  of  the  citizens  of  the 
unit.  It  is  probable  that  by  the  selection  of 
suitable  officials  under  the  regulation  of  thfe 
state  commissions  efficient  executives  may  be 

secured.  For  maintenance  work  the  continu- 
ous, personal  supervision  of  a  resident  county 

engineer  who  is  also  a  capable  executive  is 
desirable.  A  study  of  maintenance  work  in 
English  counties  and  the  importance  of  the 
duties  of  the  county  engineer  is  enlightening. 

On  the  other  hand,  the  desirability  of  under- 
taking new  construction  except  under  the  close 

supervision  of  a  state  commission  is  perhaps 

open   to  question. 
It  would  seem  that  the  logical  and  common 

sense  plan  of  organization  to  which,  accord- 
ing to  all  indications,  the  larger  states  having 

a  largely  rural  population  are  coming,  is  the 

plan  by  which  a  small,  efficient  state  commis- 
sion supervises  the  work  of  the  various  coun- 

ties: a  simple  plan  and  one  adapted  to  Amer- ican conditions. 

Methods  of  Appraising  Water  Rights 
and  an  Important  Court  Decision 

Relating  to  'Water  Rights  'Val- ues in  Rate  Making  Cases. 
Since   the   tendency   of   public   service   com- 

missions, other  than  those  of  Wisconsin   and 
Washington,   has   been  to    regard   water   right 
values  as  being  analogous  to  franchise  values, 
and  therefore  not  to  be  considered  in  a  rate 
case,   the   decision   rendered   April   27    by   the 
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Supreme  Court  is  far  reaching  in  its  import- 
ance, for  it  affirms  that  water  rights  must  be 

vaKied  in  a  rate  case.  Just  two  weeks  prior 
to  this  decision  the  Public  Utilities  Commis- 

sion   of    Idaho    had    said : 
What  has  been  heretofore  said  concerning  the 

Inclusion  of  other  intangible  value,  such  as 
"going  concern,"  "good  will"  and  "franchise 
value  [All  of  which  the  Commission  excluded. — 
Editor]  would  apply  to  the  inclusion  of  what  is 
termed  "vmeai'ued  increment  value,"  accruing 
by  reason  of  the  right  to  the  use  of  water  for 
the  purposes  to  which  it  has  been  dedicated. 
We  find,  from  a  careful  examination  of  the  au- 

thorities cited,  and  these  examined  in  our  own 
research,  that  the  courts  and  public  utilities 
commission  refuse  to  allow  a  valuation  of  this 
ciiaracter  other  than  the  actual  cost  thereof  for 
the  purpose  of  fixing  rates  (Appl.  of  Focatello 
Water   Co.). 

The  Idaho  Commission  apparently  over- 
looked two  decisions  of  the  Wisconsin  Rail- 

road Commission  on  water  right  values. 

On  Jan.  29,  1914,  the  Public  Service  Com- 
mission of  Nevada  rendered  an  opinion  in 

the  case  of  the  Nevada-California  Power  Co., 
involving  the  water  right  values  of  that  com- 

pany. The  opinion  was  unanimous  except  as 
to  water  right  values.  One  member  of  the 
commission  held  that  water  right  values 
should  be  excluded,  except  in  so  far  as  ac- 

tual cost  of  securing  them  was  concerned.  But 
the  other  two  members  dissented ;  and  Mr. 
Bartine,  Chief  Commissioner,  wrote  an  ex- 

cellent summary  of  the  law  of  water  rights, 
from  which  he  concluded  that  water  right 
values  could  not  be  excluded. 

In  the  Trtickee  River  General  Electric  Co. 
case,  decided  May  27,  1914,  by  the  Nevada 
Commission,  water  right  values  were  also  in- 

volved. In  this  case,  as  well  as  in  the  one 
previously  mentioned,  the  water  right  values 
had  been  appraised  by  Mr.  H.  P.  Gillette,  con- 

sulting engineer  for  the  companies.  While  the 
majority  of  the  commission  favored  allowing 
a  value  for  water  rights,  they  did  not  indi- 

cate what  value  nor  how  to  ascertain  it. 
From  the  last  named  decision  we  quote : 

It  does  not  appear  that  the  water  controlled 
by  the  company,  and  used  in  rendering  the  ser- 

vice now  under  consideration,  could  be  used  in 
any  other  way  that  would  give  it  a  value  even 
approximating  the  estimate  of  Mr.  Gillette. 
Clearly,  a  water  right,  for  whitfh  there  is  only 
one  use,  and,  consequently,  one  demand,  is  not 
so  valuable  as  it  would  be  with  many  uses  and 
many  demands  ^for  it.  If  the  present  patronage 
of  this  company  were  to  be  withdrawn,  it  is 
difficult  to  see  any  other  use  to  which  its  water 
rights  and  privileges  could  be  put  that  would 
bring  it  more  than  a  small  fraction  of  its  pres- 

ent earnings. 

Does  not  this  line  of  reasoning  "prove  too 
much  ?"  "1  f  the  present  patronage  of  this 
company  were  to  be  withdrawn,"  not  only 
would  the  value  of  its  water  rights  suffer,  but 
most  of  its  power  plant  would  lose  its  value. 

In  other  w'ords,  a  reason  that  is  tenable  as 
an  argument  against  the  estimated  value  of  a 

company's  water  rights  is  equally  tenable 
against  the  estimated  value  of  its-  entire  plant 
— generating  stations  and  transmission  and 
distribution  system.     The  Commission  says : 

In  a  number  of  such  cases  the  courts,  while 
recognizing  the  fact  that  a  franchise  has  value, 
have  been  unable  to  say  how  much  that  value 
w-as.  for  the  reason  that  there  was  no  satis- 

factory evidence  going  to  that  point.  The  same 
difficulty  exists  with  respect  to  the  respondent 
company's  water  rights. 
We  fail  to  see  the  analogy  between  vague 

franchise  values  and  definite  water  right 
values.  Mr.  (iillette  calculated  the  water 

right  values  in  these  cases,  using  several  dif- 
ferent methods,  which  were  fully  described  by 

him  m  two  articles  that  were  published  in 
Engineering  and  Contracting,  Apr.  17  and 
Dec.  4,  1912.  No  evidence  was  submitted  to 

controvert  Mr.  Gillette's  methods  or  his  final 
conclusion   as   to   water   right  values. 

We  might  quote  from  the  decision  (Jan. 
13,  1912)  of  the  Railroad  Commission  of 
California  in  the  Northern  California  Power 
case,  as  also  indicating  opposition  to  including 
water  right  values  as  a  basis  for  estimating 
adequate  net  earnings.  Similar  opposition 
has  appeared   in  one  of  the  decisions  of   the 

New  Hampshire  Commission  in  a  capitaliza- 
tion case.  In  general,  then,  the  attitude  of 

public  service  commissions  has  been  unfavor- 
able to  capitalizing  the  profits  derived  from 

the  ownership  of  water  rights.  Therefore  the 
recent  decision  of  the  Supreme  Court,  given 
in  full  in  another  column,  is  of  particular  in- 

terest to  companies  owning  water  rights  used 
or  usable  for  power,  irrigation  or  municipal 
supply.  In  brief,  the  court  decision  makes 
it  compulsory  to  estimate  water  right  values 
and  to  include  them  with  the  value  of  the 
rest  of  the  property  in  arriving  at  a  base  upon 

which   to  calculate  the   "fair   return.'' 
We  have  never  been  able  to  understand  the 

position  of  those  who  concede  that  the  "un- 
earned increment"  on  land  belongs  to  a  utility 

company  yet  who  deny  its  right  to  the  "un- 
earned increment"  on  water  rights.  The  Su- 
preme Court  has  now  settled  this  question, 

but  there  still  remains  in  controversy  the 
method  to  be  used  in  estimating  water  right 
values. 

Mr.  Gillette  has  proposed  what  he  calls  the 

"capitalized  profit  method,"  and  has  used 
other  methods  as  a  check  upon  the  reasonable- 

ness of  the  conclusions  reached  by  this 
method.  Among  these  other  methods  is  the 

"next  available  source  of  supply"  method. 
This  latter  method,  by  the  way,  was  entirely 
misinterpreted  by  the  California  Railroad 
Commission  in  the  Eureka  Water  Co.  ap- 

praisal decision  of  Mar.  23,   1914. 

The  company's  representative  testified  that 
to  go  to  Mad  River,  the  next  available  source, 
would  cost  $100,000  more  than  to  use  the 
existing  source  of  water  supply.  Elk  River. 
From  this  the  inference  was  drawn  that  the 

Elk  River  water  rights  were  w^orth  $100,000. 
Curiously  enough  the  Commission  failed  to 
grasp  the  logic  of  this  inference,  for  it  says: 

But.  of  course,  the  $100,000  excess  cost  has  no 
reference  whatsoever  to  the  value  of  any  right 
to  take  water  from  Elk  River,  and  is  purely  the 
relative  computation  and  gives  no  light  what- 

soever upon  the  proper  value  to  be  put  upon  the 
Elk  River  right,  if  such  right  is  to  have  value 
at  all.  For.  plainly,  if  cost  is  to  be  the  criterion, 
as  here  urged,  and  the  cost  of  the  Elk  River 
rights  is  $2S,000,  then  the  cost  of  the  Mad  River 
rights  would  be  $125,000.  While  if  the  cost  of 
the  Elk  River  rights  is  $100,000.  the  cost  of  the 
Mad  River  rights  would  be  $200,000,  and  only  in 
the  event  that  the  cost  of  the  Elk  River  rights 
is  nothing,  is  the  cost  of  the  next  available 
source  of  Mad  River  to  be  assessed  at  $100,000. 
And  we  have  here  a  situation  where  the  net 
result  of  the  reasoning  of  the  applicant  is  that 
if  cost  is  to  be  the  criterion  of  value,  its-  Elk 
r;iver  rights  have  no  value,  and  if  cost  is  not  to 
be  the  criterion  of  value,  then  the  excess  cost 
to  develop  the  Mad  River  supply  can  not  be 
considered.  Because  of  the  fact  that  this  theory 
is  being  urged  in  other  cases,  as  w'ell  as  this one,  I  believe  it  well  to  state  definitely  that 
whatever  shall  be  the  final  determination  of  the 
Commission  on  this  question,  that  certainly  the 
theory  of  the  next  available  source  must  be 
rejected  as  being  absolutely  untenable  for  any 
purpose  whatsoever. 

The  Commission  has  erred  in  reaching'  its 
conclusion.  First,  it  has  erred  because  it  in- 

ferred that  the  $100,000  was  to  be  added  to 
the  cost  of  the  water  rights  of  Elk  River, 
when,  in  fact,  it  should  be  added  to  the  valuc 
of  the  water  rights  of  Mad  River,  in  order 
to  arrive  at  the  value  of  the  water  rights  of 
Elk  River.  Thus,  if  the  Mad  River  water 
rights  had  neither  a  positive  nor  a  negative 
value,  but  had  a  zero  value,  the  Elk  River 
water  rights  would  have  a  value  of  $100,000. 
But  it  might  be  that  the  ]\lad  River  water 
rights  actually  had  a  minus  value  as  a  supply 
for  the  city  of  Eureka,  as  would  be  the  case 
if  the  total  annual  income  from  the  sale  of 
the  Mad  River  water  would  not  equal  the 

operating  expenses  and  fi.xed  charges  on  the 

plant  used  to  deliver  the  water.  The  Com- 
mission did  not  undertake  to  show  a  minus 

value  for  the  Mad  River  water  rights,  which 
was  the  only  logical  method  of  attacking  the 
$100,000  valuation  of  the  Elk  River  water 
rights.  On  the  contrary,  the  Commission  fell 
into  a  curious  error  through  failure  to  under- 

stand the  method  it  was  criticising. 

Perhaps   the  error  originated   from   lack   of 

understanding  of  the  principle  of  capitalizing 
annual  costs  as  means  of  determining  the  dif- 

ference in  value  between  two  alternative  in- 
struments of  production.  To  illustrate,  if  it 

costs  $120  a  year  more  to  haul  farm  produce 
from  farm  A  than  from  farm  B.  and  if  money 

IS  worth  G  per  cent,  then  the  capitalized  value 
of  this  $120  annual  difference  is  $2,000. 
Hence,  if  all  other  things  are  equal,  farm  B 

has  a  value  $2,000  in  excess  of  farm  A.  Simi- 
larly if  a  distant  water  supply  A  causes  an 

annual  cost  that  is  $6,000  greater  than  is  in- 
curred with  supply  B,  then  supply  B  has  a 

value  of  $100,000  in  excess  of  supply  A,  if 
money  is  worth  ti  per  cent.  The  Commission 
missed  the  reasoning  entirely,  for  it  speaks  of 
the  cost  of  Mad  River  water  rights  when  it 
should  be  speaking  of  the  excess  cost  of  the 
Mad  River  plant.  It  is  this  excess  cost  of  the 

Mad  River  plant  that  should  be  used  as  a  cri- 
terion by  which  to  judge  the  value  of  the  Elk 

River  water  rights. 

This  is  not  the  first  instance  of  a  Commis- 
sion's failure  to  understand  the  principle  of 

capitalizing  annual  costs  as  a  means  of  deter- 
mining the  relative  value  of  alternative  plants 

or  properties.  Engineers,  therefore,  should  be 
particularly  careful  to  explain  every  step  in 

such  a  process,  for  what  seems  quite  elemen- 
tary to  an  engineer  is  often  confusing  to  an 

attorney  or  to  a  business  man  unaccustomed 
to   engineering   problems   in   economics. 

Concerning  Special  Building  Privileges 
Building  ordinances  should,  above  all  things, 

stand  for  safe  construction  and  impartiality. 
.\s  so  many  interests  are  concerned  in  such 
ordinances  it  is  evidently  an  exceedingly  diflS- 
cult  task  to  frame  a  building  code  which  will 
he  fair  to  all  concerned.  It  therefore  follows 
that  wide  publicity  should  be  given  to  such 
ordinances  before  a  final  vote  is  taken  to  adopt 
them.  After  they  become  law  no  violation  of 
their  provisions  should  be  permitted  without 
equal  consideration  and  publicity.  It  is  doubt- 

ful if  the  interests  of  the  public  are  best  pro- 
tected by  giving  a  small  committee  the  power 

to  permit  infractions  of  the  provisions  of  a 
building  code. 

There  is,  of  course,  difference  of  opinion 
as  to  the  limiting  height  of  buildings  and  as  to 

the  fairness  of  the  "zone"  system.  In  consid- 
ering such  matters  as  these  the  rights  of  the 

entire  population  of  the  city  must  be  given 
careful  consideration,  even  though  individual 

interests  may  be  seriously  affected.  Great  pres- 
sure is  often  brought  to  bear  upon  building 

committees  to  permit  modifications  and  slight 
violations  of  building  provisions,  and  any  tend- 

ency to  rush  such  infractions  without  permit- 
ting wide  publicity  may  well  be  looked  upon 

with   suspicion. 

The  recent  action  of  the  city  council  of  Chi- 
cago in  defeating  by  a  decisive  vote  an  ordi- 
nance intended  to  remove  the  200-ft,  building 

limit  in  a  very  restricted  "zone"  along  Michi- 
gan Ave.,  and  to  permit  buildings  in  this  dis- 

trict to  build  to  260  ft,,  is  to  be  commended. 
The  ordinance  was  introduced  at  the  behest  of 
the  owners  of  a  hotel  property  on  Michigan 
Ave.,  and  it  had  received  the  recommendation 
of  the  committee  on  buildings  by  a  vote  of 
nine  to  three.  This  ordir^ance  specified  that 
buildings  260  ft.  high  could  be  built  on  streets 
130  ft.  or  more  in  width  adjoining  parks  or 

public  grounds,  the  dedication  of  which  was 
such  that  buildings  could  not  be  erected  there- 

on. It  is  evident  that  such  restrictions  made 
the  ordinance  one  of  exceedingly  limited  scope 
—it  is  claimed  that  Michigan  Ave.,  facing 
Grant  Park,  is  the  only  street  in  Chicago 
which  meets  the  provisions  of  this  ordinance. 
The  fact  that  the  ordinance  was  introduced  at 
the  last  meeting  of  the  city  council  before 
summer  adjournment — the  same  day  that  it 

was  approved  by  the  building  committee — is sufficient  cause  for  its  defeat:  as  an  ordinance 
of  such  importance  to  the  public  should  have 
full  consideration  before  a  final  vote  is  taken. 
We  believe  that  the  overwhelming  defeat  of 
this  ordinance,  under  the  stated  conditions, 

will  do  much  to  prevent  the  granting  of  spe- 
cial privileges  in  the  future. 



July  8,   1914. Engineering   and    Contracting 
27 

GENEF ^ 

Design  of  and  Test  and  Operating  Cost 
Data  for  New  Municipal  Refuse  In- 

cinerator at  Regina,  Saskatchewan. 
In  the  early  part  of  19i)7  the  City  Commis- 

sion of  Regina,  Saskatchewan,  decided  to  erect 
an  incinerating  plant  to  care  for  the  refuse  of 
their  city.  The  contract  was  let  to  the  Decarie 
Incinerator  Co.  of  Minneapolis,  Minn.,  and  a 
50-ton,  single-unit  plant  of  the  steel  water- 
jacketed  type  was  installed  at  that  time.  The 
incinerating  furnace  proper  was  constructed 
entirely  of  steel  10  ft.  square  by  12  ft.  6  ins. 
high,  in  side  dimensions,  with  a  4-in.  water 
space  on  all  four  sides  and  with  a  S-ft.  steam 
and  water  space  above  the  crown  sheet,  .^long 
two  sides  of  the  furnace  were  placed  1%-in 
extra  heavy  pipes  connected  to  the  crown 
sheet  at  the  top  and  to  the  firebox  sheets  at 
the  bottom.  The  pipes  were  spaced  at  9-in. 
centers  and  bent  so  as  to  form  a  basket  grate 
to  receive  the  refuse  which  was  charged  in 

from  the  w-agons  on  the  floor  above  through 
four  3-ft.  square  hopper  openings  in  the 
crown  sheet.  By  this  means  the  refuse  was 
suspended  in  an  indestructible  grate  about  3 
ft.  above  the  lower  or  cast-iron  shaking  grates 
on  which  the  material  was  finally  consumed, 
giving  the  fire  free  access  to  all  parts  of  the 

energy  in  many  European  cities  and  used  to 
produce  a  source  of  revenue.  It  was  also 
knowii  that  the  incinerating  plant  built  by  the 
Decarie  Incinerator  Co.,  at  Minneapolis,  had 
for  years  been  furnishing  the  power  to  light 
several  wards  of  the  city,  and,  consequently. 
It  was  decided  to  investigate  the  feasibility  of 
such  an  arrangement  in  connection  with  the 
sewage   plant. 

Owing  to  the  satisfactory  results  obtained 
by  the  original  incinerator  it  was  decided  to 
let  the  Decarie  Co.  make  the  city  a  proposi- 

tion on  a  plant  of  larger  capacity  installed  at 
the  sewage  disposal  works  with  means  pro- 

vided for  converting  the  heat  generated  into 
electrical  power.  The  company  agreed  to  con- 

struct a  modern  plant  at  the  site  of  the  sew- 
age disposal  works  for  the  sum  of  $64,000,  the 

plant  to  consist  of  a  new  60-ton  unit  and  the 
old  50-ton  unit  renovated  and  moved  into 
the  same  building  with  the  new  one,  making 
in  all  a  plant  with  a  guaranteed  capacity  of 
110  tons  in  24  hours.  The  plant  also  was  to 
be  equipped  with  two  100-HP.  Babcock  and 
Wilcox  water  tube  boilers,  together  with 
forced  and  induced  mechanical  draft. 

In  May,  191.3,  the  contract  was  awarded  to 
the  Decarie  Incinerator  Co.  at  the  above  fig- 

ure.     On    December    1    the    new    plant    com- 

large  percentage  of  manure  that  had  to  be 
handled.  However,  as  will  be  noted  from  the 
results  of  the  final  tests  here  given,  this  was 
a  safe  guarantee  as  the  operating  cost  came 
to  only  40  cts.  per  ton  when  burning  60  per 
cent  of  manure.  The  old  plant  had  a  guaran- 

teed cost  of  50  cts.  per  ton  and  operated  at  an 
average  of  30  cts.  per  ton  for  the  five  previous 
years.  The  old  plant  handled  no  such  per- 

centage of  manure  as  the  new  plant  was  re- 
quired to  handle.  In  fact  in  the  old  plant  the 

city  had  difficulty  in  consuming  the  manure 
without  additional  fuel,  as  this  plant  was 
equipped  with  no  mechanical  draft  whatever. 

DESIGN  OF  PL.^NT.  , 

The  new  plant  is  located  on  the  bank  of 
Wascana  Creek,  the  building  being  of  concrete, 
brick  and  steel  construction  44  ft.  by  54  ft 
inside  dimensions.  Two  sides  of  the  first 

floor  of  the  building  were  formed  by  the  con- 
crete retaining  walls.  The  remainder  of  the 

building  walls  are  of  brick.  The  hopper  or 

charging  floor  is  of  reinforced  concrete  sup- 
ported on  steel  beams.  The  standard  gage 

steel  car  track,  on  which  the  refuse  is  de- 
livered to  the  plant  in  special  dump-cars, 

passes  through  the  building  at  the  hopper 
floor  level.  A  plan  of  the  operating  floor  is 
shown   in  Fig.   1. 

Fig.  1.     Plan  of  Operating  Floor  of   New   Municipal    Refuse   Incin- 
erating  Plant   at   Regina,  Saskatchewan. 

Fig.  2.     Longitudinal  Section  of    Regina  Refuse  Incinerator. 

newly  charged  material  without  in  any  way 
obstructing  the  draft,  or  deadening  the  fire 
below. 

This  one  50-ton  unit  was  installed  in  a  brick 

building  with  wooden  drivewaj'S  to  the  upper 
floor,  enabling  the  refuse  wagons  to  come  in 
on  the  floor  above  and  deposit  their  loads  di- 
rectl}'  into  the  furnace.  Nothing  but  natural 
draft  was  provided  and  that  was  furnished  by 
a  steel  stack  135  ft.  high  by  4  ft.  diameter  at 
the  top. 

At  that  time  it  was  thought  that  a  plant  of 
50  tons  daily  capacity  would  be  amply  large 
for  several  >ears  to  come:  but  Regina  has 
shown  a  phenomenal  growth  during  the  past 
few  years  and  late  in  1912  it  was  plainly  seen 
that  in  a  few  months  the  plant  would  need 
to  have  additional  capacity.  Consequently, 
steps  were  immediately  taken  by  the  city  com- 

missioners to  outline  a  larger  refuse  disposal 
system  for  the  city  and  one  of  sufficient  size 
to  care  for  future  requirements.  The  city 
already  had  under  construction  additions  to 
their  2,500,000-ga!.  sewage  disposal  plant  which 
is  located  in  the  e.xtreme  northwestern  portion 
of  the  city.  The  pumps  to  be  installed  here 
were  to  be  electrically  operated,  and  imme- 

diately the  question  arose  as  to  the  advisability 
of  utilizing  the  heat  generated  by  the  burning 
refuse  to  help  furnish  the  power  for  operating 
these  pumps.  It  was  known  that  the  heat 

from  a  city's  refuse  is  converted  into  electrical 

menced  operation.  The  essential  terms  of  the 
proposal  as  furnished  by  the  contractors  to 
the  city  were  as  follows : 

contr.\ctor's  gu.\k.\ntee. 
The  new  unit  to  be  installed  should  have 

a  capacity  of  incinerating  60  tons  of  refuse  in 
24  hours  and  the  old  unit  after  being  re- 

modeled and  installed  in  the  new  plant  should 
have  a  capacity  of  incinerating  50  tons  of 
refuse  in  24  hours.  The  refuse  was  understood 

to  consist  of  kitchen  garbage,  combustible  ma- 
terial, manure,  and  dead  animals  mixed  to- 
gether in  proportions  as  created  by  the  city 

of  Regina  from  day  to  day,  no  attention  being 
paid  as  to  the  selection  of  any  particular  kind 
of  refuse  or  garbage.  It  was  understood  that 
manure  would  constitute  60  per  cent  of  the 
refuse  to  be  destroyed.  All  material  delivered 
to  the  incinerator  to  be  destroyed  without 
creating  any  noxious  odors  or  gases. 

The  total  cost  of  operation  was  not  to  ex- 
ceed 65  cts.  per  ton  and  if  credit  were  given 

for  power  developed  by  the  boilers,  at  the 
rate  of  70  cts.  per  1,000  lbs.  of  steam,  the 
cost  to  be  reduced  by  one-half,  and  if  30  per 
cent  of  the  total  refuse  proved  to  be  dry  com- 

bustible the  addition  of  fuel  would  be  unneces- sary. 

It  will  be  noted  that  the  guaranteed  cost  of 
operation  is  somewhat  higher  than  this  firm 

usually    guarantees.     This    w-as    due    to    the 

The  roof  is  of  3-in.  concrete  slab  construc- 
tion covered  with  tar  and  gravel  roofing  sup- 

ported on  steel  purlins  and  trusses.  I-beam 
trolley  tracks  are  attached  to  the  under  side 
of  the  trusses  over  each  unit,  on  which  chain 
blocks  operate  to  raise  the  heavy  cast  iron 
hopper  covers  and  also  the  carcasses  that  are 
brought  to  the  plant  for  destruction. 

All  material  as  it  is  delivered  to  the  plant 
is  dumped  directly  into  the  furnaces  from  the 
cars,  without  storage  of  the  refuse  being 
necessary.  Drain  connections  to  the  sewer  as 
well  as  water  and  steam  connections  are  pro- 

vided on  the  charging  floor  for  keeping  the 
cars  and  the  floor  in  a  sanitary  condition.  The 
incinerating  furnaces  and  boilers,  together 
with  all  the  other  necessary  machinery,  are 
located  on  the  lower  or  operating  floor.  The 
general  arrangement  of  the  plant  is  shown  by 
longitudinal  and  transverse  sections  in  Figs. 
2  and  3. 

The  two  separate  units  are  of  60  and  50  tons 
capacity  as  stated  above.  Each  unit  consists 
of  an  incinerator,  combustion  chamber  and 
one  100-HP.  Babcock  &  Wilcox  boiler.  A 
pre-heater  or  regenerator  for  heating  the 
forced  draft  fan,  direct  connected  to  a 

the  chimney.  An  American  Blower  Co.'s  in- 
duced draft  fan,  direct  connected  to  a  11-in. 

.X  8-in.  automatic  high  speed  self-oiling  steam 
engine,  is  provided,  as  well  as  an  American 
forced    draft    fan,    direct    connected      to      a 
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9-in.  X  7-in.  steam  engine  of  similar  con- 
struction. Four  .5V->  X  3%  X  6-in.  March  feed 

pumps  are  provided ;  one  for  each  incinerator 
and  one  for  each  boiler. 

The  chimney  is  -5  ft.  diameter  at  the  top  and 
125  ft.  high,  of  radial  brick  construction  with 
octagonal,  common  brick,  base  set  on  a  heavy 
concrete  foundation  just  outside  the  building 
wall. 

As  can  be  noted  from  the  illustrations  the 

new  mcinerator  is  made  with  larger  and  nar- 
rower dimensions  than  the  old  unit ;  being  fi 

ft.  wide  by  18  ft.  long  by  10  ft.  high,  inside 
dimensions.  It  has  4-in.  water  legs  and  a  2- 
ft.  steam  and  water  space  above  the  crown 
sheet.  With  these  proportions  the  labor  neces- 

sary for  stoking  is  materially  reduced,  and  as 
the  number  of  stoking  doors  is  much  smaller. 
not  nearly  as  much  cold  air  is  drawn  into 
the  furnace. 
The  longitudinal  header,  connecting  the 

two  end  water  spaces  and  into  which  all  the 
2-in.  basket  pipes  are  connected  at  their  lower 
ends,  is  made  of  12-in.  e.xtra  heavy  pipe  in 
the  new  incinerator  and  8-in.  extra  heavy 
pipe  in  the  old  one.  As  will  also  be  noted 
from  the  sectional  illustrations  the  pipes  form- 

ing the  basket  grate  do  not  connect  into   the 

the  two  units  if  only  one  unit  is  in  operation. 
The  pre-heater  contains  740  2V4-in.  boiler 
tubes  expended  into  %-in.  steel  plate  heads, 
the  gases  passing  through  these  tubes  on  their 
way  to  the  stack.  The  air  supply  for  the 
forced  draft  fan  is  taken  through  a  duct  lead- 

ing from  the  ceiling  of  the  upper  floor  to  the 
pre-heater,  thus  removing  all  the  foul  air  from 
the  building  that  might  come  from  the  refuse 
as  delivered.  This  air  is  drawn  through  the 
pre-heater  around  the  tubes  through  which 
the  hot  gases  are  passing,  taking  up  enough 
of  this  heat  from  the  waste  gases  to  raise 
the  temperature  of  the  air  going  into  the 
forced  draft  fan  to  the  temperature  of  from 
1-50°  to  400°  F.  The  forced  draft  fan  forces 
this  heated  air  through  concrete  ducts  below 
the  floor  as  indicated  in  Fig.  1  to  the  ash  pits 
of  the  two  incinerators.  It  enters  the  pits 
directly  under  the  grates  through  suitable 
control  nozzles  at  a  maximum  pressure  of  4M; 
ins.  It  might  be  stated  that  the  ash  pits  of 
each  incinerator  are  divided  into  sections  so 
that  the  forced  draft  can  be  shut  off  entirely, 
in  any  one  section  and  the  tire  cleaned  on  that 
section  of  grates  without  hindering  the  op- 

eration of  the  other  sections  of  the  grate. 
The   use  of  this  hot   forced  draft  has  shown 

Fig.   3.     Transverse   Section   of    Reglna  Refuse  Incinerator. 

inside  plates  but  come  through  the  water  leg 
and  by  means  of  union  tees  and  elbows  con- 

nect into  the  outside  sheets.  This  arrange- 
ment enables  these  pipes  to  be  kept  thoroughly 

clean  by  means  of  plugs  located  in  the  tees. 
0PER.\TI0N  OF   PL.\NT. 

■  The  refuse  enters  from  the  upper  floor 
through  the  balanced  doors  in  the  brick  lined 
hoppers  and  drops  into  the  basket  grate.  .A.s 
it  burns  in  this  position,  and  on  the  shaking 
grates  directly  beneath,  the  gases  pass  into 
each  respective  brick-lined,  steel-cased  cum- 
bustion  chamber  where  they  are  thoroughly 
mixed  and  burned  before  entering  the  boilers 
through  the  side  wall  directly  over  the  boiler 
grates.  The  gases  then  pass  around  the  water 
tubes  of  the  boiler  giving  up  a  large  amount 
of  their  heat  to  the  generation  of  steam  in 
these  tubes.  It  will  be  noted  that  by  this  ar- 

rangement the  boilers  can  be  operated  simul- 
taneously with  the  waste  gases  and  with  coal 

in  case  the  heat  from  the  refuse  is  not  suffi- 
cient to  maintain  a  constant  pressure.  This 

condition  is  likely  to  occur  in  wet  weather  or 
when  the  heat  value  of  the  refuse  is  excep- 

tionally low. 
After  leaving  the  boilers  the  gases  pass 

under  the  floor  and  up  through  the  pre-heater, 
or  generator,  direct  to  the  chimney;  or  they 
may  be  drawn  through  the  induced  draft  fan 
to  the  chimney  as  the  conditions  may  require. 
The  one  pre-heater  and  the  induced  draft 

fan  serves  for  both  units  or  for  either  one  of 

Itself  to  be  the  most  essential  feature  in  the 

burning  of  manure  and  the  saving  of  addi- 
tional fuel.  In  case  only  natural  draft  is 

used,  as  in  starting  up  when  the  steam  pres- 
sure is  down,  an  opening  is  provided  to'  the 

outside  of  the  building  so  that  air  can  be 
drawn  directly  into  the  ash-pit,  thereby  re- 

moving the  necessity  of  opening  the  ash-pit 
doors.  This  feature  is  especially  valuable  in 
the  winter  time  when  the  lower  floor  is  well 

sealed  up  to  prevent  the  cold  air  from  com- 
ing into  the  building. 

Each  unit  is  also  provided  with  a  by-pass 
direct  from  the  respective  combustion  cham- 

bers to  the  chimney,  thereby  enabling  the 
boilers  and  pre-heater  to  be  entirely  cut  out  in 
case,  for  any  reason,  repairs  should  be  neces- 

sary, or  if  occasion  should  arise,  the  boilers 
and  incinerators  can  be  operated  entirely  in- 

dependent of  each  other. 
The  boilers  are  installed  to  work  at  160  lbs. 

pressure  per  square  inch ;  the  ultimate  plan  be- 
ing, as  stated,  to  use  the  steam  from  the 

boilers  for  the  generation  of  the  electric  cur- 
rent for  the  sewage  pumps.  The  generator 

set  has  not  yet  been  installed,  but  very  likely 
will  be  in  the  near  future. 
The  incinerators  are  designed  to  operate  at 

100  lbs.  per  square  inch  steam  pressure,  but 
in  the  continuous  operation  of  the  plant  as  a 
steam  generating  station  each  incinerator  op- 

erates as  a  feed  water  heater  for  its  re- 
spective boiler,  the  fans  being  operated  by  the 

steam  from  the  boilers.  The  piping  is  ar- 
ranged so  that  in  starting  up  the  plant,  or, 

when  the  boilers  are  shut  down,  the  incinera- 
tors can  furnish  the  necessary  steam  for  the 

fans  and  pumps. 

The  blow-offs  from  the  incinerators  lead 
into  the  respective  combustion  chambers  and 
those  from  the  boilers  lead  to  the  atmosphere 
through  a  .j-in.  pipe.  The  exhausts  from 
the  pumps  and  fan  engines  pass  through  a 
6-in.  pipe  directly  into  the  base  of  the chimney. 

A  men's  room  containing  toilets,  wash 
stands  and  lockers,  as  well  as  other  modern 
conveniences  is  provided  on  the  operating floor. 

The  installation  of  the  complete  equipment, 
except  the  old  incinerator,  was  completed 

Dec.  1,  1913,  and  the  plant  commenced  op- 
eration that  day.  It  was  agreed  by  the  city 

that  a  test  of  the  capacity  for  the  60-ton  unit 
would  determine  the  fulfillment  of  the  guar- 

antees as  the  city  could  not  without  great 
inconvenience  supply  more  than  60  tons  of 
refuse  m  24  hours.  The  50-ton  unit  could 
not  be  dismantled  at  the  old  plant  until  the 
new  plant  was  in  operation  and  consequently 
the  installation  of  the  old  unit  in  the  new 

plant  has  just  recently  been  completed  after 
It  has  been  overhauled  and  equipped  with  the 
new  system  of  piping. 

REFUSE    H.\ULING. 

Near  the  site  of  the  street  car  barns  the 
city  has  erected  a  loading  station  and  a  stable, 
and  it  is  here  thai  collection  wagons  deliver 
their  loads  of  refuse  into  the  dump-cars. 

The  loading  station  is  a  brick  and  reinforced 
concrete  building  two  stories  high  46  ft.  x  146 
ft.,  and  was  erected  at  a  cost  of  $16,000.  A 
siding  of  the  Municipal  Street  Railway  runs 
through  the  building  at  ground  level  and  in 
this  siding  are  placed  the  .5-cu.  yd.  steel  dump- 
cars  especially  designed  for  this  service.  The 
loaded  collection  wagons  enter  on  the  second 
floor  by  means  of  an  approach  at  the  end  of 
the  building  and  dump  their  contents  directly 
into  the  cars. 
The  stable  is  also  of  brick  construction 

erected  at  a  cost  of  $23,000  and  provided  with 
single  stalls  for  32  teams,  together  with  4  box 

stalls.  The  wagons  are  housed  under  the  sec- 
ond floor  of  the  loading  station. 

TEST  D.\TA. 

The  first  of  the  three  test  periods  held  on 
the  new  plant  occurred  on  Dec.  1,  1913,  under 

the  supervision  of  the  builders,  with  the  fol- 
lowing  results : 

Date  ot  test— Dec.  1,  1913. 
Duration  of  test,  hours — 22 
Grate  area.   sq.    ft. — lOS. 
Material  incinerated — 
Manure,  lbs    57,240 
Garbage,    lbs    55,480 
Fruit,  lbs    2,800 
Fish,   lbs    3,500 
Horses,  lbs    1,500 

Total  material  destroyed,  tons    60.26 
Percentage  ot  manure    47.5 
Percentage  ot  ash    10.0 
Refuse  burned  per  hour,   tons    2.74 
Equiv.  incineration  in  24  hours,  tons    65.76 
Labor  required — 1  engineer  22  hrs.  at  50  cts    $11.00 

3  firemen  22  hrs.  at  30  cts    19. SO 
Labor  cost  per  ton,  cts    51.1 
Cost  of  fuel  required — 200  lbs.  coal  and  Vt. 

cord  kindling      J3.00 
Total  cost  of  fuel    $3.00 
Fuel  cost  per  ton  refuse,  cts   049 
Total  cost  of  operation  per  ton  refuse,  cts.  .56 

Although  this  first  test  fulfilled  the  guaran- 
tees  of   the   builders   the  city   desired   to   run 

another   test    with   the   regular   city   crew    op- 
erating the  plant.     They  also  desired  to  have 

the   requisite  quantity  of  manure   on  hand  to 
make  up  the  60  per  cent   that  was  stipulated 
in    the    contract.      Consequently    on    Dec.    12, 

1913,   a   second   test   was   run   with   the   city's 
crew    operating     the    fires,    the    following    re- 

sults being  obtained: 
Date  of  test— Dec.   12,  1913. 
Duration  ot  test,  hours — 9.5. 
Grate  area,  sq.  ft. — 108. 
Material  incinerated — Manure,  lbs     23,310 
Garbage  and  refuse,  lbs     24,460 

Total,  lbs     47,770 
Total    material    destroyed,    hrs       23.S9 
Percentage  of  manure       48.8 
Percentage  of  ash       10.0 
Refuse  burned  per  hour,  tons         2.51 
Equiv.  incineration  in  24  hours,  tons       60.24 
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Refuse  burned  per  sq.   ft.  grate  per  hour, 
ibs   

Xiabor  required — 
Engiri'jer.  9%   hours  at  50  cts   
3  firemen  SVi  hours  each  at  25  cts   

46.5 

$  4.75 

Xabor  cost  per  ton.    cts    49  7 
Fuel      required— No      coal      used.        Small 
amount  kindling  wood  to  start. 

Total   cost  fuel  required,    dollars    0  50 
Total   cost  per  ton   refuse,    cts    2  1 
Total  cost  of  operation,  per  ton,  cts    5l!s 
The  plant  demonstrated  in  this  second  test 

that  It  could   be  operated  within  the  guaran- 

teed cost  by  the  city's  men,  but  again  the  60 per  cent  of  manure  was  not  available.     Con- 
sequently a  third  and  final  test  was  held  on 

Jan.  7,  1914,  the  results  being  as  follows: 
Date  of  test— Jan.  7-S,  1914. 
Duration  of  test,  hours — 19.0. 
<Jrate  area  in  sq.   ft. — 108. 
Material  incinerated — 
Garbage  and  refuse,  lbs    4S,S70 
Manure,  lbs    74400 

Total,   lbs   122,970 
Total  material  destroyed,  tons       61.49 
Percentage  of  manure   
Percentage  of  ash   
Refuse  burned  per  hour,  tons   
Equiv.  incineration  in  24  hours,  tons   
Befuse  burned  per  sq.  ft.  grate  per  hour, 

lbs   
Xabor  required — 

1  engineer  19  hours  at  50  cts   
2  firemen  19  hours  at  25  cts   

60.3 

10 

3.24 
77.76 

60,0 

$9.50 9.50 

$19.00 30.9 Xabor  cost  per  ton,  cts   
Fuel  required — 

hi  cord  mood    $4.00 
200  lbs.  coal         l.Oo 

Total  cost  of  fuel  required,  dollars         5.00 
Fuel  cost  per  ton  refuse,  cts         R.l 
Total  cost  operation  per  ton  refuse,  cts..  39.0 
The  information  given  in  this  article  was 

furnished  this  journal  by  the  Stacy-Bates  Co. 
iof   Minneapolis. 

Discussion    of    Depth    of    Drill    Holes 

Most  Advantageous  in  Driving 
Tunnel  Heading. 

Accompanying  a  tabulation  of  the  depths 
of  drill  holes  employed  in  driving  heading 
for  a  number  of  American  tunnels,  Mr.  D.  W. 
Brunton  and  Mr.  J.  A.  Davis  in  Bureau  of 
Mines  Bulletin  57  present  a  discussion  of 
the  advantages  of  shallow  and  deep  holes 
■which,  with  the  tabulation,  we  abstract  as follows : 

During  the  past  four,  or  five  years  there 
has  been  some  difference  of  opinion  among 
students  of  the  problems  of  tunnel  driving, 
as  to  the  proper  depth  for  drill  holes  in  tun- 

nel headings.  In  view  of  some  of  the  re- 
markable results  attained  in  driving  the  Sim- 

plon  and  Loetschberg  tunnels,  where,  as  is 
agreed  by  everyone,  the  holes  were  much 
shallower  than  those  in  American  practice, 
the  question  lias  been  raised  as  to  whether 
the  holes  in  the  tunnels  of  this  country  are 
drilled  too  deep.  Numerous  tables  have  been 
prepared  in  support  of  this  argument,  from 
which  it  appears  that  at  most  European  tun- 

nels the  progress  is  much  greater  (in  some 
cases  more  than  twice  greater)  than  that  of 
tunnels  in  America.  At  the  same  time  con- 

sideration is  not  always  given  the  fact  that 
in  many  instances  the  records  are  by  nature 
m  no  wise  comparable ;  for  in  Europe,  at  the 
majority  of  tunnels  cited,  the  work  was  con- 

ducted throughout  the  entire  24  hours  of 
each  day,  whereas  in  America  in  many  in- 

stances only  two  shifts  (and,  indeed,  in  some 
only  one)  were  employed  daily.  Then,  again. 
the  nature  of  the  rock  exerts  an  all-impor- 

tant influence  upon  progress,  and  in  many 
cases  this  has  been  to  the  advantage  of  the 
European  tunnels.  A  notable  example  of  the 
influence  of  tlie  rock  encountered  is  found  at 
the  Loetschberg  Tunnel,  where  the  same 
methods  and  practically  the  same  equipment 
were  employed  at  the  different  ends,  the 
north  end  working  in  limestone  and  the  south 
end  in  gneiss  and  schist.  The  progress  at- 

tained at  the  south  end  was  much  less  than 
that  at  the  nortli.  in  some  months  the  prog- 

ress in  the  north  end  being  nearly  double 
that  in  the  south.  Other  considerations,  also, 
especially  the  labor  and  the  cost  of  driving, 
enter  into  the  problem  in  such  a  manner  as 
to   make    it    impossible    to    say    (when   every- 

thmg  is  taken  into  account)  that  the  greater 
speed  in  European  tunnels  is  due  solely  to 
the  use  of  extremely  shallow  holes.  That  in 
many  instances  the  holes  in  American  tunnel 
headings  are  too  deep,  however,  is  impossible 
of  denial,  and  hence  a  discussion  of  tlie  fac- 

tors that  enter  into  the  determination  of  the 
proper  depth  of  holes  is  extremely  desirable. 
One  of  the  chief  advantages  arising  from 

the  use  of  shallow  rounds  is  (when  the  holes 
are  properly  directed)  the  increased  efficiency 
obtainable  from  a  given  charge  of  explosive; 
for,  as  the  width  of  the  heading  is  for  all 
practical  purposes  constant,  the  angle  be- 

tween the  line  of  least  resistance  and  the 
axis  of  the  bore  hole  becomes  a  function  of 
the  depth  of  round,  the  width  of  the  angle 
increasing  with  shallow  holes.  This  advantage 
obtains  especially  with  the  wedge-cut  and  with 
the  pyramid-cut,  and  it  should  be  a  funda- 

mental consideration  with  the  bottom-cut 
method  of  drilling  the  holes.  Strangely 
enough,  however,  in  the  Loetschberg  and  the 
Simplon  tunnels,  which  are  so  often  cited  as 

examples  of  the  "highly  desirable"  European 
practice  of  using  shallow  holes,  this  advan- 

tage was  almost  if  not  entirely  thrown  away 
because    the    holes    were    drilled    in    vertical 

enabling  its  concentration  at  the  point  where 
it  is  most  needed.  This  feature  makes  pos- 

sible the  European  practice  of  employing  ex- 
tremely shallow  hole.=;,  but  it  can  hardly  be 

denied  that  much  more  effective  results  in 
blasting  might  be  accomplished  by  a  change 
in  the  direction  of  the  cut  holes.  Then,  too, 
as  in  America  at  least,  the  holes  are  rarely 
charged  with  explosive  to  their  full  extent; 
the  mass  of  rock  belween  the  ends  of  the 
charges  of  explosive  in  the  different  holes 
and  the  free  face  of  the  heading  (which  can 
be  considered  as  a  measure  of  the  amount  of 
resistance  to  be  overcome)  is  not  so  great 
with  the  shallow  holes.  This  fact  or  the  cus- 

tomary use  of  relatively  heavier  charges  in 
shallow  holes  may  explain,  perhaps,  why  in 
such  cases  the  major  part  of  the  rock  is 
usually  thrown  farther  down  the  tunnel  in- 

stead of  being  piled  high  immediately  in 
front  of  the  new  face,  with  the  double  ad- 

vantage of  making  loading  of  the  rock  easier 
and  saving  time  in  getting  the  drills  mount- 

ed. It  is  fairly  well  established,  also,  that 
the  rock  tends  to  break  into  smaller  frag- 

ments if  shallow  holes  are  employed.  Again, 
if  deep  holes  are  not  employed  the  same  care 
in   starting  them  exactly  at  a  given  point  is 

TABLE    I.— DEPTH   OP  DRILJL.  HOLES   USED   IN  AMERICAN  TUNNELS. 

Name  of 
tunnel. 

a 

Buffalo    (water) . .  ..Wedge    . . 
Carter      Bottom    . 
Catskill   Aqueduct: 
Rondout   (siphon). Wedge     . 
Wallkill    (siphon)  .Wedge     . 
Moodna    (siphon)  .Wedge     . 
Yonkers    (siphon). Wedge     . 

Central      Wedge     . 
Ft. William    (water) Bottom    . 
Gold    Links   Bottom    . 
Gunnison     Wedge    .. 
Joker    (drainage). .  \Vedge    .. 
Laramie-Poudre    ..Wedge    .. 
Lausanne      Wedge    . . 
Lucania      Wedge    .. 
Marshall-Russell    ..Pyramid   . 
Mission      Bottom    . . 
Mission!       Pyramid    . 
Newhouse      Pyramid   . 
Nisqually      Bottom    . . 
Northwest    (water)Wedge    .. 
Ophelia     Wedge    .. 
Rawley      :Wedge    .. 
Raymond      Wedge    .. 
Roosevelt      Wedge    . . 
Siwatch      Bottom    .. 
Snake   Creek   Wedge    .. 
Spiral      Wedge    . . 
Stilwell      Wedge    .. 
Strawberry      Wedge    .. 
Utah   metals   Bottom    .. 
Yak       Pyramid    . 

♦The  height  of  the  heading, 
employed.     fHard  ground. 
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Shale. 
S 14 10 8 8 57 Sandstone  and  shale. 
s 14 8 6 6 48 Gneiss. 
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Gneiss. 
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D 6 i> 5 

•77 

Basalt. 
8 6 6 5 5 

•62.5 

Granite  and  gneiss. 
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7 6 6 

60 

Altered  granite. 
11 12 

10% 

9 9 75 

61A 

9fe 

s 7 7 

74 

Close-grained  granite. 
8 12 8 7 I 

58 

Conglomerate  shale  and  coal. 
8 S 9 8 8 

100 

Hard  granite. 
9 S 10 9 9 112 Granite  and  gneiss. 
7 5 g 7 7 

♦100 

Shale  and  slate. 
V 5 8 7 i 140 Sandstone. 
8 8 

6^ 
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bVr 

G9 

Gneiss. 

11 
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ev, 

ev, 

•59 

Rhyollte. 

10 13 

10 9 9 69 Sedimentary. 
9 9 ( 6 6 

67 

Granite. 
7 

•?>/4 

9 8 8 106 Andesite. 
9 9 12 10 

10 

111 Gneiss  and  granite. 
6 10 7 6 6 60 Hard  granite. m 6 5 5 5 

•67 

Granite. 

6% Hhi 

6% bV, 

6 

63 

Diabase. 

10 

16 12 

10 

10 63 Limestone. 
( 7 

6V. 

6 6 

86 

Conglomerate  and  andesite. 
6 8 6 6 75 Limestone,  sandstone  and  shale. 
S 

10 

6V, 

6 6 

♦75 

Quartzite. 7 ( 5 4 4 57 Limestone,  sandstone,  shale  and 

granite. 
tead 

of  its 
width is  considered  in this  ratio  when  the  bottom  cut  la 

rows  and  were  nearly  parallel  to  the  bore  of 
the  tunnel.  In  such  a  case  the  line  of  least 
resistance  and  the  axis  of  the  bore  hole  are 
nearly  coincident,  a  condition  that  results  in 
the  production  of  the  least  possible  efficiency 
from  the  charge  of  explosive,  and  it  can  not 
be  gainsaid  even  by  the  advocates  of  this 
method  that  a  much  greater  quantity  of  ex- 

plosive was  required  to  break  the  same 
amount  of  rock  than  is  usual  in  American 
practice.  If  to  this  is  added  the  fact  that 
such  a  system  utterly  ignores  the  advantage 
to  be  obtained  from  connected  drill  holes  by 
the  concentration  of  explosive  at  the  apex 
of  the  core  of  rock  to  be  removed,  there  is 
strong  ground  for  rational  suspicion  that 
the  extreme  shallowness  of  the  holes  used 
in  these  tunnels  was  adopted  from  necessity 
rather  than  from  desirability;  with  this  sys- 

tem of  drilling  and  directing  the  holes  the 
difficulty  of  blasting  out  the  rock  with  deep- 

er rounds  could  not  fail  to  be  greatly  in- 
creased. 

.Among  other  advantages  of  the  use  of  rea- 
sonably shallow  holes  may  he  mentioned  the 

fact- that  such  a  method  allows  the  holes  to 
be  of  larger  diameter  at  their  farther  end, 
increasing    their    capacity    for    explosive    and 

not  required,  nor  is  it  necessary  to  direct 
them  with  such  great  accuracy,  although  of 
course  the  need  of  connecting  the  cut  holes 
must   not   be   overlooked. 
The  principal  and  unavoidable  disadvantage 

in  using  the  shallow  hole  round,  on  the  other 
hand,  is  the  fact  that  in  order  to  obtain  the 
same  daily  advance  a  proportionately  greater 
number  of  drilling  attacks  must  be  made. 
This  results  in  a  waste  of  time  in  drilling, 
for  it  is  possible  under  ordinary  circumstances 
to  drill  one  hole  of  a  given  depth  more  rap- 

idly than  it  is  two  holes  of  the  same  aggre- 
gate footage,  because  of  the  time  lost  in 

changing  to  a  new  position,  starting,  etc.  But 
even  granting  that  the  difference  in  drilling 
time  (perhaps  because  it  is  too  small  or  be- 

cause in  either  case  the  drilling  can  be  com- 
pleted before  the  heading  can  be  cleared  of 

debris)  is  not  an  appreciable  factor,  each  ex- 
tra drilling  attack  required  to  obtain  the 

same  progress  causes  a  corresponding  loss  of 
time  in  loading  and  blasting  the  holes,  in 
waiting  for  the  smoke  and  gases  to  be  re- 

moved, in  clearing  the  debris  from  imme- 
diately in  front  of  the  face,  and  in  setting  up 

the  drills,  all  of  which  is  ordinarily  dead 
work  and  can  not  be  avoided.     This  loss  was 
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seriously  felt  at  the  Loetschberg  Tunnel,  be- 
cause in  the  endeavor  to  compensate  for  it 

four  drills  had  to  be  employed  in  the  heading 
(6x10  ft.),  and  as  a  result  the  holes  had  to 
be  drilled  nearly  straight,  with  disadvantages 
already  described,  because  otherwise  the  drills 

in  the  center  interfered  seriously  with  the  op- 
eration of  those  at  the  side. 

On  the  other  hand,  if  the  holes  are  too 

deep  the  angle  between  the  cut  holes  may  be 
so  narrow  and  the  mass  of  rock  in  front  of 
the  charge  of  explosive  may  be  so  great  that 
it  will  be  impossible  for  the  cuts  to  break 
bottom  on  the  lirst  blast,  and  thus  the  entire 

round  is  spoiled.  The  usual  remedy  in  such 
cases  is  to  blast  the  cuts  separately  and  not 

to  fire  the  remainder  of  the  round  until  in- 
spection has  shown  that  the  proper  depth  has 

been  reached  by  the  cut  holes.  Some  delay 
can  not  be  avoided  when  this  method  is  em- 

ployed, even  if  the  holes  break  to  the  end,  for 
it  is  never  possible  to  return  to  the  breast  for 
such  inspection  immediately  after  the  cuts 
have  been  detonated.  But  if  the  cut  holes 

fail  to  break,  the  delay  is  greath'  increased, 
because  the  remaining  parts  must  be  cleaned 
out,  reloaded  and  fired,  with  an  additional 
delay  in  waiting  for  the  smoke  to  clear. 

This  system  was  used  at  one  of  the  Colo- 
rado tunnels,  which  at  the  time  of  first  ex- 

amination was  being  driven  through  some 
very  tough  rock.  A  round  of  holes  slightly 
deeper  than  the  average  width  of  the  heading 

was  used,  and  it  had  given  satisfactory  re- 
sults in  the  somewhat  more  frangible  ground 

previously  penetrated,  the  round  being  drilled 
and  blasted  in  an  8-hour  shift  without  diffi- 

culty, but  when  the  harder  rock  was  struck 

it  became  necessary  to  blast  the  cuts  sep- 
arately, and  frequently  to  reload  and  shoot 

them  for  the  second  and  occasionally  for  the 
third  time,  the  cycle  being  lengthened  to  about 
10  hours,  and  several  times  at  least  14  hours 
was  needed.  If  three  drilling  shifts  had  been 
employed  at  the  time,  such  a  condition  would 
have  been  fatal,  but  as  only  two  attacks  were 

being  made  the  difTerence  was  not  so  notice- 
able, though  even  in  this  case  the  cost  of  the 

extra  explosives  required  and  the  overtime 

wages  of  the  men  added  a  considerable  ex- 
pense to  the  tunnel  work.  Shortly  after  the 

first  examination  of  this  tunnel  by  the  authors, 

however,  the  depth  of  the  rounds  was  re- 
duced to  about  75  per  cent  of  the  width  of 

the  heading. 
This  made  it  unnecessary  to  load  and  shoot 

the  cuts  separately,  snd  instead  of  getting 

two  7^-ft.  rounds  in  20  to  22  hours,  by  work- 
ing three  S-hour  shifts  it  was  possible  to 

drill  and  blast  four,  and  sometimes  five,  5-ft. 
rounds  per  day,  thus  increasing  the  daily 
tunnel  progress  from  15  to  nearly  23  ft.  with 

only  a  small  extra  cost  for  labor.  The  con- 
sumption of  explosive,  a  considerable  item 

with  the  old  system,  was  also  decreased  fully 
25  per  cent,  and  the  total  cost  of  the  tunnel 
per   foot  was  considerably  reduced. 
The  disadvantage  of  too  deep  holes  was 

strikinglv  brought  out  in  the  construction  of 

the  Laramie-Poudre  Tunnel.  During  the  first 
part  of  the  work  a  10-ft.  round  was  drilled 
in  a  heading  9%  ft.  wide,  but  the  round  was 

later  changed  to  one  of  7-ft.  depth  with 
much  better  results.  To  be  more  specific, 
during  the  seven  months  from  April   1,  1910, 

to  Oct.  ̂ 1,  1910,  at  the  east  end  of  tlie  tun- 
nel, 3,171  ft.  was  driven,  an  average  of  453 

ft.  per  month,  with  a  10-ft.  round ;  but  dur- 
ing the  next  8  4/5  months,  from  Nov.  1,  1910, 

to  July  24,  1911,  when  the  tunnel  holed 
through,  4,798  ft.  was  driven,  or  an  average 
of  545  ft.,  with  a  7-ft.  round.  This  is  an 
increase  of  over  20  per  cent  in  spite  of  the 

fact  that  the  greater  speed  was  made  when 
the  work  was  at  a  greater  distance  from  the 

portal ;  and,  as  there  was  no  essential  change 
in  the  methods  or  the  equipment,  or  in  the 
character  of  the  rock  penetrated,  the  increase 
is  attributable  solely  to  the  use  of  shallower 
holes  When  the  10-ft.  holes  were  employed 
to  obtain  an  advancement  of  8%  to  9  ft.  it 
was  unusual  to  be  able  to  drill  and  blast  more 
than  two  rounds  in  24  hours,  and  oftentimes 

not  that  rriany,  as  the  average  of  14%  ft. 

daily  testifies;  but  with  the  7-ft.  round  not 
only  could  three  attacks  be  made,  advancing 
on  an  average  of  6.5  ft.  per  attack,  but  a 

comfortable  margin  of  time  was  left  to  pro- 
vide for  delays,  and  under  favorable  condi- 
tions this  extra  time  meant  extra  footage. 

Thus,  in  March,  1911,  the  American  hard- 
rock  record  of  653  ft.,  or  over  21  ft.  per  day, 
was  established.  This  advantage  of  being 

able  to  complete  an  entire  cycle  of  operations 

during  a  single  shift  should  be  given  the 
weight  it  deserves  in  the  problem.  If  crews 
of  men  could  be  found  who  would  work  as 

well  without  rivalry  and  without  special  in- 
centive to  push  the  work,  it  might  be  per- 

fectly feasible  to  choose  a  depth  of  round  that 

would  require  10  or  even  12  hours  for  prep- 
aration, but  under  the  present  working  con- 
ditions,  where    it   is   necessary   to   have   some 

accurate  measure  of  the  work  performed  by 

each  crew,  a  round  is  required  for  which  the 
entire  cycle  can  be  completed  during  a  single 
shift,  with  a  sufficient  margin  of  safety  to 
provide  for  any  ordinary  delay. 

It  is,  of  course,  impossible  to  set  any  defi- 
nite standard  or  guide  for  the  proper  depth 

of  hole  that  will  be  applicable  to  all  cases. 

There  are  too  many  variables  influencing  the 

result.  The  proper  depth  must  be  determined 

by  experiment  in  each  individual  case.  How 

ever,  from  an  extended  examination  of  the 
results  obtained  from  the  methods  employed 

in  American  practice,  from  a  careful  analy- 

sis of  European  practice  as  outlined  in  avail- 
able published  accounts,  and  from  a  study 

of  all  other  procurable  modern  authority,  the 

authors  are  of  the  opinion  that  for  the  ma- 

jority of  cases  the  proper  depth  of  drill  hole, 

the  one  that  most  equitably  balances  the  ad- 

vantages and  disadvantages  inseparable  from 

the  problem,  is  60  to  80  per  cent  of  the  width 
of  the  tunnel  heading.  Table  I  gives  an 

analvsis  of  American  practice  in  this  respect . 

The   Number  of  Holes    Employed    in 

Driving  Heading  for  Thirty-Six 
Tunnels. 

Determination  of  the  number  of  holes 

which  secures  the  best  results  in  driving  tun- 

nel heading  is  affected  by  too  many  condi- 

tions to  permit  in  any  work  of  precisely  fol- 

lowing previous  experience.  Such  experience, 

however,  furnishes  hints  which  are  of  use 

and  there  is  interest  in  the  tabulation  follow- 

ing, which  is  quoted  from  Bulletin  57,  Bureau 

of  Mines,  by  D.  W.  Brunton  and  J.  A.  Davis. 

TABLK   I.— NUMBER   OF  HOLES  USED   IN    DRIVING  TUNNEL  HEADINGS  IN  VARIOUS 

AMERICAN    TUNNELS. 

Name  of  tunnel. Number 
of  holes. 

Character  of   rook   penetrated. 

16 Burleigh      
Buffalo    (water)    22 
Carter      10-11 
Catskill  Aqueduct: 
Rondout  Siphon      22 
VYallkill    Siphon    24 
Moodna  Siphon      24 
Yonkers   Siphon    21 

Central       18-24 
Chipeta      15-19 
Fort  William  (water).  14-20 
Gold    Links    12 
Grand   Central  sewer..  18 
Gunnison       24 
Joker      19-21 
Laramie-Poudre       21-26 
Lausanne       15-21 
Los  Angeles  Aqueduct; 
Elizabeth    Lake    25 
Little  Lake  division.  14-16 
Grape  Vine  division.  20-21 Lucania       25 

Marshall-Russell       lS-20 
Mission       12-14 
Newhouse       19 
Nisqually       18 
Northwest    (water)    22 
Ophelia       20-24 
Rawley       25-27 Raymond       14 
Roosevelt       24-26 
Siwatch       12 
Snake    Creek    16 
Spiral       21 
Stihvell       16 
Strawberry       16-18 
Utah   Metals    12-16 
Yak       18 

area  of heading 

Sq.  ft. Granite  and  gneiss         42 
.'jimestone            \^^ 

Gneiss,   granite  and   porphyry         41 

Limestone,  sandstone  and  shale    120 

Shale         
* Sandstone  and  shale    120 

Gneiss       1^0 

Square  feet  of  head- 
ing per  hole. 

Approximate 

Sedi- 

mentary Ignepus 
rocks,      rocks. 
   2.6 

3.7-4.1'
 

5.5 
5.5 
5.0 

5.0 
Gneiss 

Basalt      

Gneiss  and  granite   
Gneiss    ...  ̂    Altered  granite      

Close-grained  granite      
Shale,   conglomerate  and   coal. 

35 

57 

35 
48 
40 

60 

130 

70 

145 
90 

90 

65 

Granite      
Medium  hard  granite   
Hard  granite    
Hard  granite    
Granite  and  gneiss    7J 
Shale  and  slate    i' 
Gneiss       ^5 
Rhyolite       9= 
Sedimentary  rock     110 
Granite        =9 
Andesite       5a 
Gneiss  and  granite    ^O 
Hard  granite     °2 
Granite       j" Diabase       ^r 

Limestone       1J5 
Conglomerate  and  andesite    50 
Limeston.?,  sandstone  and  shale    oO 
Quartzite       fO 
Limestone,  sandstone,  shale  and  granite.  50 

6.2-6.9 

■i.o-'sVe 

2.6-3.1 

5.7 

1.5-1.9 

3.0-3.8 1.7-2.5 4.0 

2.2 

2.5 

2.'7-3.'3 

5.8 
5.6-6.4 4.3-4.5 2.6 

3.6-1.0 

3.4 
5.2 3.6-4.0 

2.0-2.2 5.7 

2.3-2.5 3.7 

4.0 

8.4 

3.1 

2.S-3.1 
5.0-6.6 2.8 

W  /\TF,E 
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Method   of   Constructing    a    Concrete 
Dam  and  Supplementary  Core  Wall 
in     Permeable     Material    for    the 

Water  Supply  of  Toulon,  France. 
Abstracted    by   Alfred   W.    Hoffmann    from    An- 

nates   des   Fonts   et   Chaussees    for   Jan- 
uary-February,   1914. 

A  large  dam  presenting  interesting  and 
somewhat  unusual  features  of  design  and 
construction,  was  recently  finished  in  France. 
This   structure   was  built    for   the   purpose   of 

supplying  the  city  of  Toulon,  one  of  the 
largest  cities  in  southern  France,  and  the 

chief  port  of  the  French  navy  on  the  coast  of 
the  Mediterranean,  with  water,  and  is  re- 

markable for  the  preliminary  work  which  led 

to  the  adoption  of  the  final  plans.  Compre- 
hensive geological  and  hydrographic  studies 

were  made  to  determine  the  most  favorable 

location  for  the  dam,  so  as  to  insure  a  suffi- 
cient supply  of  pure  water,  and  also  to  solve 

the  engineering  problems  involved.  As  will  be 
shown  later,  the  chief  difficulty  to  be  overcome 
was    the    danger    of    considerable      losses     of 

water  through  the  subsoil  on  which  the  dam 

was  to  be  erected.  These  losses,  it  was  feared, 

might  become  a  danger  to  the  stability  of  the 

structure,  and  every  precaution  was  taken  in 
order  to  minimize  this  danger. 

GEOLOGY    AND    HYDROLOGY. 

The  valley  of  the  Dardennes  extending  in 

a  north  and  south  direction  is  dominated, 

in  the  north,  by  a  wide  plateau  formed  by 
fissured  limestones  (Calcaire  urgonien).  From 

the  foot  of  this  plateau  to  a  point  near  an 

old   mill,   about   five-eighths   of   a   mile   away. 
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31 where  the  valley  turns  northwest-southeast, 
the  ravine  is  formed  by  various  formations 
of  chalk,  belonging  to  different  periods, 
these  various  layers  being  named  after  places 
and  people,  not  generally  known  except  by 
engineers  familiar  with  local  conditions.  It 

is  sufficient  to  remember  that  the  "Aptian" 
stratum  (named  after  the  small  town  of 
.^pt)  is  a  chalk  rich  in  marl,  this  stratum 
being  more  impervious  than  the  others  in  this 

of  1,500,000  cu.  m.   (^about  V»)X   .'»><}  gals.)  a 
dam   3-5   m.    (115    ft.)     high    w-ould     suffice. 
To  supply  water  to  Toulon  before  the  con- 

struction of  the  dam,  the  Ragas  tunnel, 
Figs.  1  and  2,  had  been  constructed.  This 
tunnel  had  been  e.xtended  to  w-ithin  a  few 
feet  of  the  pit  of  the  Ragas,  the  top  of 
which  is  the  highest  discharge  opening  of 
the  underground  waters.  It  was  connected 
with   the  pit   by  two   pipes   of  20  cm.    (about 

Fig.  fl.    General   Plan   of  Site   and   Contiguous   Topographical    Features    of 
Dam  for  the  Water  Supply  of  Toulon,    France. 

tne    Dardennes 

■group.  The  "Turonian"  (named  after  the 
city  of  Tours)  and  the  "Cenomanian"  (named 
after  a  Celtic  tribe)  are  of  similar  descrip- 

tion as  the  Aptian,  but  contain  less  marl. 

The  "Neocomian"  contains  much  marl  and 
a  green  hard  sandstone  and  is  practically 

impervious.  The  "Urgonian"  stratum  is  full 
of  fissures,  and  more  spongv-  than  the  others. 
Near  the  old  mill,  a  large  fold  running  from 
east  to  west  bars  completely  the  geological 
strata  forming  the  valley,  and  below  this 
fold  more  ancient  formations  of  the  jura 
age    crop    out    at    the    surface. 
The  location  of  the  dam  is  shown  by  Fig. 

1,  and  the  longitudinal  section  through  the 
valley.  Fig.  2,  illustrates  very  clearly  the 
somewhat  comple.x  geological  condition  of 
the  subsoil  above  the  down  creek  fold  near 
the  old  mill.  It  will  be  seen  that  the  Neocom- 

ian forms  an  impervious  basin.  Directly  on 
top  of  the  Neocomian  is  a  layer  of  variable 
but  always  considerable  depth,  of  the  same 
fissured  Urgonian  which  forms  the  plateau. 
This  stratum  is  covered  by  thick  layers  of 
the  more  or  less  impervious  Turonians,  Ap- 
tians    and    Cenomanians. 

The  hydrologic  action  of  this  region  is 
easily  explained  by  the  geological  conditions. 
When  rain  falls  upon  the  Urgonian  plateau, 
the  water  filters  down  through  the  cracks  and 
fissures  until  it  is  stopped  by  the  impervious 
Neocomian.  It  then  follows  the  surface  of 
the  Neocomian  down  to  the  bottom  of  the 
basin  in  which  it  slowly  rises.  If  enough 
rain  falls,  the  water  level  rises  to  the  sloping 
surface,  in  cracks  which,  in  ancient  geologi- 

cal epochs,  opened  up  under  the  pressure  of 
these  waters.  The  water  then  flows  out  as 
springs.  As  the  water  rises  higher  it  comes 
to  the  surface  through  similar  cracks  lo- 

cated above  the  first  one,  until  finally  the 

pit  of  the  Ragas  is  filled,  and  the  latter  dis- 
charges in  addition  to  all  the  lower  cracks  or 

pits.  When  the  rain  stops,  the  water  level  is 
lowered,  the  pits  cease  to  discharge,  beginning 
with  the  Ragas,  and  following  in  inverse  or- 

der that  in  which  they  commenced  to  dis- 
charge.  See  Fig.  2. 

During  the  rainy  season,  from  the  end  of 
September  to  the  end  of  May,  the  Dardennes 
is  frequently  fed,  and  carries  sufficient  water 

for  the  supply  of  the  city  of  Toulon,  pro- 
vided it  can  be  stored  for  distribution  dur- 

ing the  dry  season,  when  the  river  carries  no 
water  at  all.     To  store  the  required  quantity 

8  ins.)  diameter  which  were  combined  into 
a  pipe  of  30  cm.  (about  12  ins.)  diameter, 
this  latter  pipe  discharging  into  the  tunnel. 
The  tunnel  connected  with  the  surface  by  an 
inclined  subway  300  m.  (about  985  ft.)  long, 
which  could  be  closed  by  a  gate.  The  12-in. 
pipe  discharging  the  water  taken  from  the 
pit  of  the  Ragas  was  operated  from  the  foot 
of  this  subway.  The  lower  end  of  the  tun- 

nel was  closed  by   a  wall  which  retained  the 

ian  under  the  dam  and  around  the  ends  would 
have  become  a  certainty.  A  location  lower 
down  would  have  meant  a  considerable  in- 

crease in  the  cost  of  the  structure,  and  the 
storage  of  a  large  quantity  of  water  that 
would  not  be  required  for  a  long  time  to 
come. 

The  foundation  of  the  dam  at  the  bottom 
of  the  ravine,  and  on  the  west  bank  of  the 
river  is  near  the  edge  of  the  Neocomian  marl 
which  forms  the  impervious  bottom  of  the 
basin.  On  the  east  bank,  the  foundation  is 
on  an  ancient  formation  of  boulders  on  top 
of  which  smaller  boulders  are  found.  This 
condition  necessitated  a  special  structure  for 
the  prevention  of  water  losses  on  the  east 
bank  and  which  may  be  called  a  cut-off  wall. 
The  center  line  of  the  crown  of  the  dam 

is  a  circular  arc  300  m.  (985  ft.)  radius: 
the  overall  length  at  the  crown  is  154.28  m. 
(505  ft.  10  ins.).  The  cross  section  of  the 
dam  is  shown  by  Fig.  4,  and  is  computed 
for  a  head  of  water  2  m.  (6  ft.  7  ins.)  in 
excess  of  the  normal  water  level.  The  maxi- 

mum soil  pressure  under  the  toe  of  the  dam 
is  slightly  higher  than  130  lbs.  per  square 

inch,  or  '9.35  tons  per  square  foot,  which  is reasonable  on  this  foundation.  The  height 
of  the  dam  is  33.6  m.  (110  ft.  2  ins.)  ;  the 
normal  head  of  water  is  31.6  m.    (103  ft.). 

The  dam  is,  in  its  lower  part,  traversed  by 
rhree  cast-iron  drain  pipes  of  80  cm.  (2  ft. 
7%  ins.)  diameter  which  were  used  during 
construction  to  carry  off  the  flood  waters. 
It  is  estimated  that  each  of  the  three  drain 

pipes  can  carry  off  10  cu.  m.  (about  353  cu. 

ft.)  per  second,  if  the  water  level  is  at  ele- 
vation 123.0  (403.5  ft.  above  datum).  In  ad- 
dition, a  spillway  70  m.  (229  ft.  6  ins.)  long 

with  the  crown  at  elevation  123.0  (403.5  ft.) 
has  been  provided  on  the  west  bank  of  the 
river.  The  spillway  was  figured  to  allow  100 
cu.  m.  {3..500  cu.  ft.)  per  second  to  run  off.  the 
water  level  being  assumed  raised  80  cm.  ( 2  ft. 
IV2  ins.)  above  the  crown  of  the  spillway. 
Since  even  the  highest  floods  of  the  Dardennes 
have  never  attained  100  cu.  m.  per  second, 
there  is  absolutely  no  danger  to  the  stability  of 
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Fig.   2.      Vertical    Geological    Section   of    the    Dardennes   Valley   Above   the    Dam. 

water,  and  through  which  extended  the  80 
cm.  (2  ft.  ty^  ins.)  diameter  cenifnt  pipe 
carrying  the  water  to  the  city. 

D.\M   AND  AUXILI.^RY   STRL'CTURES. 

Upon  examination  of  Fig.  3,  which  is  a  sec- 
tion along  the  bottom  of  the  valley  of  the  Dar- 

dennes, it  is  apparent  that  the  location  of  the 
dam  could  not  be  varied  much  either  way.  By 

placing  the  structure  higher  up  in  the  val- 
ley, filtration  of  the  water  through  the  Urgon- 

the  dam,  even  if  the  drain  pipes  should  become 
clogged.  To  prevent  contamination  of  the 
reservoir  by  surface  water  a  ditch  indicated 
in  Fig.  1  was  built  around  its  edge.  Also 
the  mouth  of  the  inclined  gallery  to  the 
Ragas   tunnel   was   closed   with   masonry. 

CUT-OFF    WALL    DESIGN. 

It  has  been  mentioned  before  that  the  east 
bank  consists  of  a  layer  of  boulders  on  top  of 

an    impervious    Aptian    strata.      It    was    evi- 
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dent  that  the  storage  water  would  leak 
through  the  boulders  unless  some  cut-off 
structure  was  constructed.  While  excava- 

ting for  the  foundation  of  the  dam  local 
studies  of  a  very  comprehensive  and  thorough 
nature  were  made  of  various  methods  for 
the  protection  of  the  east  end  of  the  dam. 
A  complete  search  of  the  Hterature  on  this 
subject  was  made  and  it  was  found  that  no 
dam  of  the  height  and  magnitude  of  the  dam 
contemplated  had  ever  been  constructed  on 
geological  formations  of  equally  questionable 
character.  The  only  structures  resembling 
this  dam,  in  respect  to  geological  conditions, 
in  France,  were  some  structures  erected  for 
the  purpose  of  storing  a  water  reserve  for 
the  operation  of  the  Marne-Saone  canal.  A 
study  of  the  difficulties  encountered  in  con- 

nection with  these  structures  and  the  meth- 
ods employed  there,  resulted  in  the  design 

of  the  cut-off  wall  as  used. 
Preliminary  information  was  secured  by 

digging  test  pits  A,  B  and  C,  located  on 
the  east  bank  as  shown  on  Fig.  5.  These 
pits  indicated  at  various  depths  impervious 
Aptian  marl  covered  with  boulders.  It  was 
apparent  that  the  dam  and  the  cut-off  wall 
would  have  to  rest  partly  on  the  Neocoqiian, 
at  the  west  end  of  the  dam  and  at  the  bot- 

tom of  the  ravine,  and  partly  on  the  Aptian. 
at  the  east  end  of  the  structure.  Neither 
the  Urgonian  nor  the  Neocomian   rocks  were 

surface.  It  was  plain  that,  on  the  east  bank, 
the  Aptian  leaned,  at  the  surface,  against  the 
jura,  separated  from  it  by  a  zone  of  mixed 
character.  This  condition  was  essentially  dif- 

ferent from  the  west  bank  where  the  suc- 
cession  of   Neocomian,   Urgonian  and  Aptian 

tain  measures  to  reduce  the  loss  of  storage 
water  through  the  soil  under  the  dam.  Aside 
from  the  necessity  of  taking  such  precau- 

tions, the  situation  was  not  considered  a  dan- 
gerous one  for  the  following  reasons : 

Similar  junctuies   between     the     Urgonian 

East 

Fig.  5.  Plan  of  Cut-off  Wall  and  Embankment   at  East  End  of  Dardennes  Dam. 

appeared   undisturbed   at   the   surface.     These 
conditions  are  illustrated  by  Figs.  6  and  7. 
The  foundation  of  the  dam  was  to  be  set, 

partly  on  the  Urgonian  at  its  juncture  with 
the  impervious  Neocomian  (on  the  west 
bank)  and  partly  on  the  equally  impervious 
.'\ptian  rock  (in  the  ravine  and  on  the  east 
bank).     From    the    standpoint    both    of     sta- 

and  the  Aptian  were  plainly  discernible  on  the 
west  bank,  and  disclosed  a  somewhat  dis- 

turbed region  of  a  rather  tissured  nature.  The 
fissures  were,  however,  not  deep,  and  did  not 
appear  to  be  dangerous.  It  seemed  logical  to 
assume  a  similar  condition  to  prevail  at  the 
subterranean  juncture  X. 

Another,   more   important   reason      for     not 

Fig.  3.  Vertical  Geological  Section  Along  the 
Bottom   of  the   Dardennes  Valley. 

found  exposed  at  the  surface  anywhere ;  it 
was  evident,  therefore,  that  the  Aptian  for- 

mation, near  the  surface,  leaned  against  the 

jura  which  cropped  out  at  the  surface,  im- 
mediately below  the  large  fold  separating  the 

chalk  from  the  jura. 
A  similar  condition  was  found  to  exist  un- 

Fig.  6.    Sketch  Showing  the   Exposed   Areas 
of   the    Various    Rock    Formations    Near 

the   Dam    Site. 

bility  and  watertightness  this  foundation  of- 
fered ail  reasonable  guarantees.  There  re- 

mained, however,  some  doubt  regarding  the 
subterranean  juncture  of  the  Neocomian  with 

the  Aptian.  It  was  feared,  and  this  'fear 
proved  to  be  well  founded,  that  at  this  junc- 
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Fig.  4.    Stability   Diagram  of  the   Dardennes    Dam,    with    Intensities    of    Pressure    at    Each Joint. 

der  the  dam  proper  on  the  east  bank,  ex- 
tending almost  to  the  bottom  of  the  ravine. 

Nowhere  was  an  exposed  surface  of  Urgon- 
ian character  found,  nor  of  Neocomian,  al- 

though it  was  positively  certain  that  both  the 
latter   existed    at   a   certain    depth    below    the 

lure,  slightly  below  the  dam,  a  rather  thin 

layer  of  the  porous  Urogian  occurred  separat- 
ing the  two  other  formations,  as  shown  in 

Fig.  3.  The  critical  point  where  the  three 
formations  join  is  indicated  by  an  X. 

This  condition  led   to  the  adoption  of  cer- 

Fig.  7.    Geological  Section  Along  the  Axis  of 
the   Dam  and   Cut-off  Structure. 

anticipating  any  serious  consequences  from 
this  juncture  was  the  fact  that,  even  when  the 
subterranean  waters  had  risen  to  the  top  of 
the  pit  of  the  R^igas,  i.  e..  under  a  pressure 
considerably  higher  than  the  pressure  of  the 
storage  water  would  ever  be,  no  pits  had  ever 
been  found  discharging  water  below  the  pit 

of  the  "Petite  Foux,"  which  is  near  the  bot- 
tom end  of  the  Turonian.  quite  a  distance 

above  the  Aptian  and  Urgonian.  It  seemed 
logical  to  assume  that  if  these  surface  junc- 

tures remained  tight  before  the  water  was 
stored  behind  the  dam,  any  juncture  between 

Aptian  and  Urgonian  would  remain  reason- 
ably watertight  after  the  basin  was  filled.  It 

will  be  seen,  later,  that  some  trouble  resulted 

from  this  point ;  it  could,  however,  be  over- 
come by  rather  simple  means. 

The  cut-off  wall  on  the  east  bank  is  shown 
in  Figs,  5  and  8,  and  is  a  monolithic  structure 
of  compressed  hydraulic  (maritime)  lime 
concrete,  174.725  m.  (about  573  ft.)  long.  The 
width  is  uniform,  and  is  2.10  m.  (6  ft.  10% 
ins).  It  is  built  on  a  foundation  of  impervious 

Aptian  rock,  and  the  crown,  which  is  at  ele- 
vation 123.0  (403.5  ft.)  at  the  juncture  with 

the  dam,  is  lowered  25  cm.  (about  10  ins.) 

every  50  m.  (about  164  ft). 
For  the  drainage  of  water  penetrating 

through  the  masonry  of  the  cut-off  wall  62 
vertical  pits  of  75  cm.  (2  ft.  5%  ins.)  diameter 
were  provided  in  the  structure,  as  shown  in 
Fig.  8.  These  pits  are  connected  at  the  bottom 
by  a  cast  iron  pipe  of  15  cm.  (about  6  ins.) 
diameter  which  drains  into  a  central  pit,  called 

pit  '"Paul,"  after  the  contractor  who  built  it. 
Each  pit  in  the  cut-off  wall  is  topped  by  a 
concrete  funnel  and  closed  by  a  steel  sheet 
cover  at  elevation  125.0   (410.0  ft.). 

The  adopted  design  of  the  cut-off  wall  which 
is  one  of  the  most  important  parts  of  the 
whole  structure  was  the  result  of  extraordi- 

narily careful  and  comprehensive  study.  Pre- 
liminary  designs   were   made,    for   a   dam    of 



July  8,  1914. Engineering   and    Contracting 
33 

clayey  materials,  and  for  a  cellular  dam  of 
reinforced  concrete,  and  the  merits  of  these 
alternatives  were  very  thoroughly  weighed  be- 

fore the  final  decision  was  reached.  The 
main  argument  against  an  impervious  earth 
or  clav  dam  was  the  difficulty  of  locating 
leaks  and  making  repairs.  A  cellular  struc- 

ture  of    reinforced   concrete   did   not   promise 
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Fig.    8.     Vertical    Section     of     Cut-off     Wall 
Showing  Inspection   Pit. 

good  results-  on  account  of  the  difficulties  of 
driving  sheet  piling  to  a  great  depth  through  a 
soil  consisting  of  boulders,  and  the  cost  of 

cofferdams  and  other  auxiliary  work  was  con- 
sidered prohibitive.  Besides,  a  cellular  structure 

with  walls  4  to  5  ins.  thick  did  not  seem  to 

insure  perfect  watertightness  under  a  head 
of  water  of  more  than  67  ft.  In  makmg 

the  tinal  decision  in  favor  of  the  plain  con- 
crete wall,  some  weight  was  also  given  to 

th'e  fact  that  the  only  structure  in  France 
where  similar  difficulties  were  met  with,  and 

also  another  structure  in  Scotland,  were  treated 
in  a  similar  way. 

The  high  cost  of  Portland  cement  delivered 

on  the  ground  led  the  engineers  in  charge 
of  this  work  to  consider  a  substitute.  Such  a 

substitute  was  found  in  the  so-called  com- 

pressed maritime  lime,  a  greatly  improved 

hydraulic  lime.  This  material  was  to  be  had. 

at  a  reasonable  price,  ih  uniform  quality.  It 

may  be  mentioned  here  that  the  hydraulic 
limes  of  southern  France  are  of  exceptionally 

fine  quality,  and  are  generally  used  near  the 
Mediterranean  coast  for  high  grade  work. 

This  writer,  when  in  charge  of  a  government 

contract  in  Barcelona,  Spain,  a  number  of 

years  ago,  used  hydraulic  lime  from  southern 
France  almost  exclusively,  and  with  the  very 

best  results.  It  is,  therefore,  not  surprising 

that  this  excellent  material  was  taken  into 

consideration  when  this  question  came  up. 

Before  an  opinion  was  formed  regarding  the 

water  proofing  qualities  of  the  plain  hydraulK- 
lime  concrete,  extensive  tests  were  made  with 

different  mixtures,  and  under  the  sanie  con- 
ditions as  were  to  be  expected  in  the  finished 

structure. 

In  the  lower  rart  of  a  cast-iron  cylinder  of 

40  cm.  d  ft.  3%  ins.)  diameter  a  test  block 

of  concrete  was  cast  7.5  cm.  (2  ft.  5/2  ms.) 

high,  on  top  of  which  any  desired  water 

pressure  could  be  applied.  The  first  test  was 
made  with  a  mortar  consisting  of  350  kg- 

(about  770  lbs.)  maritime  lime  per  cubic 

meter  (about  1.3  cu.  \d.)  of  sand  from  the 

sea,  five  davs  after  the  mortar  was  deposited 

in  the  cvlinder.  The  pressure  applied  was 

equal  to  'a  head  of  20  m.  (about  67  ft.)  ot 
water.  It  took  about  two  days  for  the  water 

to  penetrate  the  cvlinder  of  mortar.  .A.fter 

the  water  had  worked  itself  through  the  mor- 

tar, the  leakage  through  the  latter  became  a 

maximum  very  rapidly;  this  maximum  being 

about  1-10  c.c.  (.035  gal.)  per  24  hours.  Then 
the  leakage  diminished  steadily,  on  account 
of  the  pores  in  the  mortar  being  filled  by  the 
mineral  substances  contained  in  the  water, 
until,   after  one  month,  it  practically   stopped. 

This  test  had  satisfactorily  established  the 
fact  that  masonry  of  a  mortar,  or  concrete,  of 
the  above  proportions,  mixed  and  deposited 
with  the  same  precautions,  as  were  used  for 
the  test  specimen,  would  practically  stop  all 
leakage.  Another  test  was  then  made  with  a 
mortar  consisting  of  300  kg.  (about  660  lbs.) 
of  maritime  lime  per  cubic  meter  (about  1.3  cu. 
yds.)  of  sand  made  of  finely  crushed  lime 
stone  such  as  it  was  contemplated  to  use  in  the 
cut-off  wall.  The  same  water  pressure  was 
applied,  and  the  water  was  forced  through  the 
mortar  the  first  day.  The  losses  reached  a 
maximum  of  2.95  liters  (0.74  gal.)  per  24 
hours  very  rapidly,  and  were  reduced  to  1.20 

liters  (0-3"gal.)  pe'r  24  hours,  at  the  end  of  ten days. 

A  third  test  was  made  with  a  five  days'  old 
mortar  mixed  of  350  kg.  (770  lbs.)  of  mari- 

time lime  v.-ith  1  cu.  m.  of  the  same  aggre- 

gate as  used  for  t)ie  second  test,  and  sub- 
jected to  the  same  water  pressure.  The  water 

leaked  through  the  sample  the  second  day, 
the  maximum  loss,  which  was  attained  very 
rapidly,  did  not  exceed  1.75  liters  (.44  gal.) 
per  24  hours,  and  was  reduced  to  .34  liter 

(.08  gal.)  per  24  hours,  at  the  end  of  one month. 

The  proportion  used  for  the  second  test  was 

considered  to  satisfy  all  reasonable  require- 

ments concerning  watertightness  of  the  cut- 
off wall  and  was,  therefore,  selected  for  this 

work.  The  tests  demonstrated  plainly  that 

the  pores  of  the  structure  were  rapidly  closed 

by  the  waters  of  the  Ragas.  to  the  action  of 
which  the  structure  would  be  subjected  when 

completed. 

CONSTRUCTION    PLANT    AND    METHODS- 

The  water  company  specified  the  use  of 

Urgonian  lime  stone  for  the  ashlar  masonry 

of  the  dam  as  well  as  for  the  fabrication  of 

the  fine  aggregate  to  be  used  in  place  of 
sand.  The  quarry  was  located  on  the  west 

bank,  in  the  ravine  of  the  Fierraquet.  In  or- 
der to  facilitate  the  handling  and  moving  of 

to  sou  liters  (.65  to  1.05  cu.  yds.)  capacity,  and 
of  15  platform  trucks.  On  account  of  the  light 
grade,  one  horse  was  sufficient  to  pull  a  train 
of  8  to  12  loaded  cars  down  grade  from  the 
quarry  to  the  plant,  and  the  empties  upgrade 
again.     Two  men  operated  the  brakes. 
The  stones  were  lowered  to  the  foot  of  the 

dam,  on  an  inclined  track  operated  by  a  steel 
cable  of  about  %  in.  diameter.  The  grade 
of  the  incline  was  50  per  cent,  the  length  was 
luO  m.  (about  328  ft.).  The  incline  extended 
between  points  A  and  B,  as  shown  in  Fig.  9. 
which  is  a  sketch  of  the  general  arrangement 
of  the  plant.  The  loaded  cars  were,  at  point 
A,  placed  on  platforms  to  which  the  ends  of 
the  cables  which  passed  over  a  pulley  were 
fastened :  these  platforms  moved  up  and 
down  the  incline,  on  the  principle  of  an  end- 

less chain.  At  the  bottom  of  the  incline,  at 

point  B.  the  load  was  delivered  to  cars  run- 
ning on  a  track  laid  upon  the  dam.  These 

cars  carried  the  load  of  stones  to  the  place 

where  they  were  to  be  set.  .'\s  the  height  of 
the  dam  rose,  the  incline  and  also  the  length 
of  the  cable  were  shortened  accordingly.  The 
maximum  load  carried  down  was  about  one 
ton. 

This  arrangement  for  conveying  the  stone 

to  the  dam  gave  full  satisfaction  until  the 
dam  was  completed. 

The  cars  loaded  with  the  stones  which  were 
intended  to  be  crushed  for  fine  aggregates, 

dumped  their  charge  into  the  crusher  which 
was  installed  near  and  at  the  elevation  of  the 
track  coming  from  the  quarry.  The  resulting 

pieces  of  crushed  stone,  not  exceeding  the 
size  of  the  fist,  were  conveyed  to  one  of  the 

two  grinding  mills  which  ground  them  to  a 
fine  sand,  the  finished  product  dropped  into 
a  silo.  The  dust  was  sucked,  by  fans,  into 
the  dust  chambers. 
An  elevator  lifted  the  sand  from  the  bot- 

tom of  the  silo  to  a  height  of  about  9  m. 

(29  ft.  6  ins.),  into  a  drum  where  all  grains 

of  larger  size  than  .01  mm.  (.0039  in.)  were 

separated  from  the  fine  sand.  The  latter  was 
conveyed  to  the  mixers,  or  to  the  storage 

room.'  at  the  south  end  of  the  building.  The 
former  were  returned  to  the  grinding  mills. 

The  average  output  of     the     crushing     and 

Fig.   9.     Arrangement   of    Contractor's    Plant   for  the   C
onstruction   of  the   Dardennes   Dam 

the  stone,  the  contractor  opened  the  quarry 

a*-  a  somewhat  lower  elevation  than  that 

recommended  bv  the  water  company.  The 

top  layers  of  rock  were  of  fine  quality:  later, 

however,  clav  pockets  were  encountered  which 

rendered  the  production  of  stone  rather  diffi- 
cult, especially  during  the  rainy  seasons. 

A  narrow  gage  track  500  m.  (about  l,fa'»» 

ft  )  long  was  bid  from  the  quarry  to  the 

mechanical  plant,  on  a  down  grade  of  1.92 

per  cent  the  plant  being  installed  on  an  ele- 
vation of  128.40  (421.0  ft.).  The  elevation  of 

the  track  at  the  quarry  was  l.«  (4dl5.U  tt.l. 

The  rolling  stock  consisted  of  35  cars  ot  ouu 

grinding  plant  was  about  3  cu.  m.  (3.9  cu. 

yds.)  of  sand,  or  fine  aggregate,  per  hour. 
The  hammers  of  the  grinding  mills  had  to  be 

replaced  after  from  .50  to  60  days  of  work. 
The  fine  dust  caused  extraordinarily  heavy 
wear  on  the  transmission  belts. 

The  cement  and  lime  were  hauled  in  sacks 

from  the  vards  at  Toulon  to  point  C.  whence 

they  were'  lowered  to  the  cement  and  lime 
stores  by  means  of  two  wooden  chutes.  The 

capacity  of  the  stores  was  30,000  sacks.  These 
materials  were  conveyed  to  the  mixers  over 

a  small  bridge  across  the  service  tracks. 
The   water   required    for   the     mortar     was 
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furnished  by  the  water  company,  from  the 
old  pipe  Hne  which  ran  to  the  city,  at  the  ele- 

vation 01.0  (298.0  ft.),  and  at  a  distance  of 
aCiout  3U0  m.  (about  98-5  ft.)  from  the  nearest 
point  of  the  plant.  A  pump  which  was  run 
by  a  4-HP.  oil  motor  lifted  the  water  from 
out  of  the  pipe,  through  a  cast-iron  pipe  of 
8  cm.  (about  3  ins.)  diameter,  into  three  sheet 
metal  tanks,  near  the  mixers,  at  an  elevation 
128.11  (428.0  ft.),  of  a  total  capacity  of  30 
cu.  m.  (about  8,000  gals.).  The  ma.ximum 
amount  of  water  required  for  all  purposes 
was  about  15  cu.  m.  (4,000  gals.)  per  day. 
One  of  the  three  tanks  was  used  to  supply 
a  pipe  running  along  the  top  of  the  dam,  for 
flushing  the  same. 
The  mortar  for  the  dam  was  prepared  in 

two  mixers  where  the  fine  aggregate  and  the 
cement  were  mixed  dry,  and  the  supply  of 
water  was  regulated  to  be  uniform.  The  out- 

put of  each  of  the  mixers  was  about  30  cu. 
m.  (about  39.3  cu.  yds.)  per  day  of  10  hours. 
The  mortar  dropped  directly  into  the  buckets 
of  the  cableway,  which  consisted  of  two  steel 
cables  of  about  %  in.  diameter  and  of  205 
m.  (about  672  ft.)  length.  The  buckets  had 
a  capacity  of  350  liters  (1.25  cu.  ft.),  or  about 
hi  ton  of  mortar. 
The  anchorage  of  the  cableway  has  been 

successively  moved  from  the  first  to  the  sec- 
ond and  then  to  the  third  and  final  position, 

as  indicated  in  Fig.  9.  The  aerial  cableway 
was  operated  by  gravity,  and  controlled  by 
brakes,  the  average  speed  of  the  buckets  was 

All  excavated  material,  about  26,000  cu.  m. 
(34.000  cu.  yds.)  was  hauled  away  by  horse 
teams,  a  distance  of  about  500  m.  (about  % mile). 

The  flow  of  the  Dardennes  River  being 
very  irregular  and  of  a  somewhat  torrential 
character,  it  was  necessary  to  divert  the  bed 
of  the  river,  as  shown  in  Fig.  10,  in  order  to 
avoid  damage  to  the  structure  during  con- 

struction. The  masonry  cofferdams,  A-B-C 
and  F-G,  and  the  tunnel,  C-D,  through  the 
rock  are  the  most  interesting  parts  of  this 
work.  At  K,  a  cast-iron  pipe  used  for  irri- 

gation purposes  which  had  to  be  maintained 
during  construction,  entered  the  canal.  The 
work  on  the  canal,  which  was  started  in  July, 
1909,  was  interrupted  by  two  heavy  floods  in 
the  fall  of  1909.  It  was  completed  by  the  end 
of  December,  1909.  This  canal  was  closed 
by  cement  concrete  masonry  in  .\ugust  and 
September,  1911,  when  the  three  pipes  of  80 
cm.  (2  ft.  7%  ins.)  diameter  were  ready  to 
carry  off  the  water. 

The  excavation  of  the  dam  was  drained  by 
a  steam  pump  installed  at  point  L  in  Fig.  10. 
The  water  was  pumped  into  the  sump  N  at 
elevation  87.0  (285.5  ft.),  which  was  drained 

by  an  8-in.  drain  pipe.  In  order  to  permit  the 
masonry  for  the  dam  foundation  to  be  placed, 
entirely  without  disturbance  by  ground  water, 
the  latter  was  collected  in  the  cast  iron  pipe, 
P-iV,  on  the  west  bank,  and  then  discharged 
into  the  sump  N. 

Lalec,   after   the   dam   was   built     up     to     a 

Fig.    10.     Plan    Showing   Works   for   the   Diversion    of   the    River    During     the     Construction 
of  the   Dam. 

about  2  m.  (6  ft.  6V2  ins.)  per  second.  The 
buckets  discharged  into  small  cars  running  on 
the   track  on  the  dam  itself. 

For  the  construction  of  the  cut-off  wall,  the 
above  described  plant  was  supplemented  by  a 
crushing  plant  consisting  of  a  crusher  and  a 
grinding  mill,  also  by  a  mi.xer,  and  another 
aerial  cableway  of  similar  description  as  the 
above.  In  addition  to  the  plant  on  the  west 
bank  of  the  river,  an  inclined  plane  M-N  (see 
V:g.  9)  was  installed  on  the  east  bank,  on 
which  all  fittings  and  machinery  required  for 
the  construction  of  the  cut-off  wall  were 
hoisted  up  to  the  plateau,  in  a  truck  connected 
with  a  steel  cable  operated  by  hand.  A  self- 
propelling  steam  derrick  was  operated  on  a 
special  track  along  the  top  of  the  cut-off  wall. 
The  power  required  for  the  plant  on  the 

west  bank,  i.  e.,  for  the  crushers,  mixers  and 
cableways.  was  generated  by  3  steam  engines. 

one  of  '40  HP.  and  two  of '25  HP.  each. 
The  employes  and  a  large  number  of  the 

workmen  found  board  and  lodgings  in  the 
near  village  of  Revest.  Since  the  number  of 
workmen  rose,  at  times  to  300,  however,  the 
contractors  considered  it  necessary  to  build  a 
restaurant  and  dormitory  with  60  beds  (K 
on   Fig.  9)    immediately  below  the  dam. 
The  excavation  did  not  offer  any  unusual 

difficulties  except  in  the  big  trench  at  the 
east  end  of  the  dam  where  the  excavation  had 
to  be  made  about  24  m.  (about  79  ft.)  deep. 
There  the  heavy  rains  in  the  fall,  1910,  and 
spring,  1911,  had  caused  considerable  move- 

ment of  the  rock  at  the  sides  of  the  trench. 

height  which  made  it  impossible  to  maintain 
the  drain  pipe  P-N,  the  ground  water  was 
collected  in  a  sump,  and  then  pumped  by  a 
gasoline  motor  pump  Q  into  the  canal. 

This  drainage  had  to  be  maintained  until 
July,  1910,  when  the  dam  was  completed  to 
elevation  93.0  (305.0  ft.),  i.  e.,  when  one  of 

the  three  2  ft.  7%  ins.  drain  pipes  was  avail- 
able  for  this  purpose. 

The  diversion  of  the  roads  affected  by  the 
construction  of  the  dam  presented  no  unusual 
features,  and  will,  therefore,  not  be  discussed 
here. 

GROUTING    PERVIOUS    ROCK    .^ND   EXCAVATING    CUT- 
OFF   W.ALL. 

The  bottom  rock  was  prepared  for  the  foun- 
dation of  the  dam  by  filling  the  pores  with 

cement,  under  pressure.  This  preparatory  work 
has  given  excellent  results,  and  is  to  be  recom- 

mended in  all  cases  where  a  high  degree  of 
imperviousness  is  required,  and  where  the 
natural  foundation  is  not  strictly  impervious, 
like  all  chalks. 

With  a  view  to  prevent  the  water  of  the  pit 
of  Ragas,  which  was  used  to  supply  the  city 
of  Toulon,  to  be  mixed  with  the  water  to  be 
retained  in  the  basin,  a  50-cm.  (about  1  ft.  8 
in.)  diameter  drain  pipe  was  installed. 
This  work  presented  considerable  difiiculties 
because  the  bottom  of  the  pit  Ragas  was  ac- 

cessible only  by  the  steep  incline  which  has 
been  described  before,  in  connection  with  the 

description  of  the  water  supply  of  Toulon  be- 
fore the  dam  was  built.  The  canalization  of 

the  Ragas  had  to  be  done  very  rapidly,  more- 

over, to  shorten  the  period  during  which  the 
city  depended  on  other  sources  of  supply. 

In  order  to  prevent  water  losses  through  the 
Urgonian  forming  the  subterranean  bed  of 
the  Ragas,  it  was  necessary  to  make  some 
provision  for  waterproofing  by  the  construc- 

tion of  concrete  walls,  placed  where  required 
in  the  Urgonian.  A  cement  concrete  wall,  10 
m.  (32  ft.  8  ins.)  thick  was  built  193  m.  (632 
ft.  8  ins.)  above  the  bottom  edge  of  the 
Urgonian.  But  when  the  water  in  this  soil 
and  more  especially  when  the  water  behind  the 
dam  was  allowed  to  rise  for  the  first  time,  it 
was  found  that  this  masonry  wall  did  not  give 
sufficient  protection,  not  even  after  the  critical 
part  of  the  soil  was  well  filled  with  cement 
under  pressure. 

It  was  therefore  decided  to  build  a  second 
wall,  5.75  m.  (18  ft.  10y2  ins.)  thick,  73  m. 
(239  ft.  3  ins.)  above  the  bottom  edge  of  the 

Urgonian,  1.  e.,  near  the  pit  "Paul"  in  the 
cut-off  wall,  see  Fig.  5.  This  second  wall 
was  found  to  be  perfectly  impervious,  even 
after  the  water  had  risen  to  the  top  of  the dam. 

Before  the  narrow  trench  about  20  m.  (65 
ft.  7  ins.)  deep  for  the  cut-off  wall  could  be 
commenced  to  be  excavated,  through  the  layer 
of  loose  boulders,  it  was  necessary  to  grade 
a  strio  6  m.  (19  ft.  8  ins.)  wide,  at  elevation 
125.0  m.  (410.0  ft.)  following  the  alignment  of 
the  cut-off  wall.  The  excavation  of  the 
trench  was  then  made  in  two  sections  to  per- 

mit the  timber  which  was  used  for  the  first 

section  to  be  used  again  for  the  second  sec- 
tion. The  first  4  m.  (about  13  ft.)  from  the 

top  were  shoveled  to  the  surface,  by  means 
of  raised  platforms.  Below  this  depth,  the 
excavated  material  was  lifted  to  the  surface 
by  the  steam  derrick  operated  on  the  track 
running  alongside  the  wall. 
The  water  encountered  at  elevation  114.0 

(374.0  ft.)  was  at  first  carried  off  by  a  ditch 
in  the  bottom  of  the  trench,  toward  the  river 
below  the  structure.  But  as  it  was  apparent 
that  this  simple  method  of  draining  the 
trench  could  not  be  used  till  the  work  was 
finished,  a  vertical  pit  was  constructed,  at  the 
intersection  of  a  vertical  plane  through  the 
subterranean  flow  of  the  Ragas  and  a  vertical 

plane  through  the  center  line  of  the  cut-off 

wall.  This  pit  is  the  pit  "Paul''  repeatedly  re- ferred to  which  discharged,  by  gravity,  the 

water  collecting  in  the  trench,  into  the  sub- 
terranean flow  of  the  Ragas.  The  construc- 

tion of  the  pit  "Paul''  was  achieved  under 
very  serious  difficulties.  The  work  could  not 
be  done  by  digging  down  from  the  top,  but 
by  starting  from  the  subterranean  bed  of  the 
Ragas  and  working  upwards  through  6  m. 

(16  ft.  4"^  ins.)  of  the  .\ptian  rock.  The 
shaft  was  1  m.  (3  ft.  3  ins.)  diameter.  The 
pit  was  drilled  down  from  the  surface  to  the 
top  of  the  .\ptian. 

After  the  completion  of  the  pit  "Paul"  in October,  1911,  the  excavation  for  the  first  part 
of  the  cut-off  wall  was  completed  without  dif- 

ficulty, but  very  slowly,  on  account  of  the 
loose  nature  of  the  soil,  the  presence  of  large 
boulders,  and  the  presence  of  a  great  earth 

piessure  which  made  tight  joints  for  the  shor- 
in.g  imperative  and  necessitated  frequent  re- 

newal of  broken  pieces  of  timber.  After  the 
rock  surface  was  reached  throughout  the 

length  of  the  first  section  of  the  wall,  a  care- 
ful examination  of  the  same  was  made,  and 

the  excavation  deepened  wherever  the  sur- 
face rock  was  not  of  sound  quality. 

The  pit  "Paul"  had  originally  been  drilled 
down  to  within  about  16  ft.  4%  ins.  from  the 
bottom.  It  was  then  widened  and  the  shaft 
lined  with  concrete,  for  which  600  kg.  (1,320 

lbs.)  of  compressed  maritime  lime  were 
mixed  with  1  cu.  m.  (1.3  cu.  yds.)  of  sand. 
The  inside  diameter  of  the  pit  was  75  cm.  (2 
ft.  5%  ins.).  Concrete  of  the  same  rich  mix 
was  deposited  as  a  first  layer  of  variable 
thickness  on  the  rock,  as  a  footing  for  the 
wall.  On  this  first  layer  the  longitudinal 
drain  pipe  was  laid.  The  concrete  above  the 
first  layer  was  mixed  300  kg.  (660  lbs.)  to 
one  cu.  m.  (1.3  cu.  yds.)  of  sand,  and  the 
concreting  could  then  proceed  without  any 

particular  difficulty  aside  from  the  close  spac- 
ing and  frequent  breaking  of  shores  and 

props. 
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-The  enormous  earth  pressure  required  slight 
changes  in  the  original  design  of  the  shor- 

ing, since  it  was  not  permissible  to  leave  any 
timber  in  the  finished  wall.  Lead  pipes  were 
laid  horizontally  through  every  pit  in  the 
cut-off  wall,  these  pipes  connecting  with  both 
faces  of  the  wall.  By  means  of  these  pipes 
it  was  possible  to  inject  cement  into  the  pores 
of  the  masonry  at  the  joints  in  the  forms 
where  the  concrete  was  not  so  dense  as  de- 

sired. These  injections  had  the  best  results 
as  will  be  seen  later. 

While  the  masonry  for  the  first  section  of 
the  wall  was  being  placed,  the  excavation  was 
prepared  for  the  second  section.  This  work 
proceeded  very  rapidly  as  all  difficulties  had 
been  removed  before.  The  masonry  for  the 
cut-off  wall  was  completed  in  October  1011, 
e.xcept  a  few  feet  adjoining  the  dam  which 
could  not  be  finished  because  the  work  on  the 
dam  was  not  suflnciently  far  advanced.  The 
dam  itself,  and  the  juncture  with  the  cut- 

off wall  were  completed  in  March,  1912.  The 

remaining  work  of  raising  the  pits  to  eleva- 
tion 125.0  (410.0  ft.),  and  the  grading  of  the 

fill  were  completed  on  Aug.  5,  1912. 
FILLING    WITH    W.\TER    AND    PROVISIONS    .^G.MNST 

LOSS    OF   WATER. 

The  filling  of  the  basin  created  by  the  dam 
had,  naturally,  to  be  made  very  cautiously 
and  gradually.  Observations  of  the  losses  of 
water,  and  their  source,  were  constantly  made. 
There  was  no  danger,  in  this  case,  of  any 
losses  through  the  dam  itself,  but  of  leakage 
through  the  geological  formations  under  a 
part  of  the  dam.  and  at  the  wings,  especially 
the  plateau  of  loose  boulders  on  the  east  bank. 
Unfortunately,  the  testing  of  this  work  for 
its  imperviousness  had  to  be  spread  over  a 
long  period  on  account  of  the  long  interval 
between  rainy  seasons. 

The  first  attempt  of  filling  was  made  in 
March,  April.  May  and  June.  1911.  The  dam 
was  completed  to  elevation  110.0  (361.0  ft), 
the  waterproof  coat  had  reached  elevation 

107..5  (353.0  ft.),  the  trench  for  the  cut-off 
wall  was  excavated,  but  no  concrete  deposited, 

except  at  the  pit  "Paul."  which  was  concreted 
to  elevation  100.0  (328.0  ft.).  The  state  of  the 
work  Hmited  the  height  of  the  water  level 
at  the  first  filling  to   107.0    (351.0  ft.). 

After  a  rather  heavy  rain  on  March  15. 
1911,  and  the  following  days,  the  water  rose 
at  once  to  elevation  100.0  (328.0  ft.),  then 
slowly,  at  the  rate  of  over  3  ft.  a  day.  to 
elevation  107.0  (351.0  ft.).  As  the  dam 

progressed,  the  water  level  was  permitted  to 
rise  to  elevation  110.5  (362.5  ft.),  at  which 
level  it  was  maintained  for  about  one  month. 

The  results  of  the  first  filling  were  generally 
satisfactorv,  and  carried  out  the  assumption 

that,  at  a"  certain  elevatnon,  the  losses  were diminishing  all  the  time.  The  sum  of  the 
losses  through  the  soil  under  the  dam  attamed 
a  maximum  of  2.8  hters  (.7  gal.)  per  second 
when  the  level  110.5  (362.5  ft.)  w^as  reached, 
and  diminished  to  2.2  liters  (.55  gal.)  per 

second  after  a  month,  the  water  level  remain- 
ing the  same.  The  sum  of  the  losses  through 

the  ground,  including  filtrations  through  the 
cut-off  wall,  attained  a  maximum  of  1.5  liters 

(.37  gal.)  per  second,  which  fell  to  .65  liters 

(.16  gal.)  after  one  month,  and  the  leakage 
across  the  trench  for  the  cut-off  wall  and 

through  the  masonry  for  the  pit  "Paul"  was reduced  from  a  maximum  of  .25  liters  (.06 

gal.)  per  second  to  .1  liter  (.025  gal.)  per 
second  after  one  month.  Since  the  work  on 

the  cut-off  wall  was  not  yet  sufficiently  far  ad- 
vanced at  the  time  the  test  was  made,  to  draw 

any  final  conclusions  concerning  the  water- 
tightness  of  the  structure,  it  was  preferred  to 
wait  for  another  test  before  starting  any 
waterproofing  work. 
A  second  filling  was  decided  upon  after  a 

heavy  rain  which  occurred  in  March,  1911-. 
The  dam  was  finished,  except  the  crown,  the 

waterproofing  had  reached  elevation  123.0 

(40.3.5  ft.),  and  the  cut-off  wall  was  com- 
pleted. It  was,  therefore,  possible  to  push 

this  test  as  far  as  the  amount  of  the  flood 

on  one  hand  and  the  resistance  of  the  struc- 
ture on   the  other  hand   would   permit. 

Up  to  the  level  114.0  (374.0  ft.)  the  losses 

were  just  about  acceptable,  amounting  to  5  liters 

(1.25  gals.)  per  second  under  the  dam,  and  a 
similar  loss  through  the  ground  and  the  cut- 

off wall.  But,  beginning  at  this  level,  the 
losses  commenced  to  increase  out  of  all  pro- 

portion. The  filling  was  stopped,  and  the 
drains  opened  on  March  7,  when  the  water 
level  was  116.5  (382.5  ft.).  At  this  level  the 
losses  around  and  under  the  dam  were  10 
liters  (2.5  gals.)  per  second,  the  sum  of  the 
losses  in  the  tunnel,  and  through  the  cut-off 
wall  which  it  was  impossible  to  measure 
separately,  amounted  to  more  than  30  liters 
(7.5  gals.)  per  second. 

After  the  basin  was  drained  again,  a  series 
of  injections  of  cement  under  pressure  was 
made  into  the  soil  under  the  dam,  by  means 
of  e.xtensive  borings.  Of  greater  importance, 
however,  was  the  work  on  the  cut-off  wall 
which  deserves  a  short  discussion. 

The  results  of  the  second  filling  were  plot- 
ted graphically,  and  from  these  diagrams,  not 

reproduced  here,  it  was  evident  that  the  hori- 
zontal pipe  connecting  all  vertical  pits  at  the 

bottom  was.  during  the  test,  not  sufficient  to 
carry  off  all  the  water  that  leaked  through 
the  wall.  This  was  proved  by  the  fact  that 
the  water  level  in  the  pits  was  raised  above 
the  top  of  the  pipe.  A  close  study  led  to 
the    following  conclusions : 
Between  pits  10  and  1  the  water  flowing 

through  the  pipe  connecting  the  pits  must 
have  been  about  27  to  30  liters  (0.75  to  7.5 
gals.)  per  second,  calculated  according  to 
barcy's  formula.  As  this  flow  is  about  the 
same  near  pit  9  as  it  is  near  pit  1,  it  appears 
that  in  this  zone  no  leakage  of  any  import- 

ance   occurred. 

The  water  level  in  pit  1  was  112.6.  Under 

this  head  the  flow  into  the  pit  "Paul"  should have  been  about  75  liters  (18.75  gals.)  per 
second.  It  was,  however,  only  30  liters  (7.5 
gals.)  maximum.  It  must  be  concluded  that 
the  longitudinal  pipe  was  badly  clogged  up  in 
this  section. 

The  fact  that  the  water  level  in  pit  10  was 
114.10  (374.5  ft.),  which  was  noticeably  lower 
than  in  the  pits  9  and  11,  together  with  the 
fact  that  the  water  flowing  from  pit  10  toward 
the  pit  "Paul"  amounted  to  about  27  to  30 
liters  (6.75  to  7.5  gals.)  per  second,  demon- 

strated that  the  source  of  the  very  large 
leakage  was  to  be  looked  for  in  pit  10. 

The  relative  heights  of  the  water  levels  in 
the  pits  located  west  of  pit  10  seemed  to 
prove  that,  under  the  pressure  accidentally 
produced  by  the  waters  rising  in  the  pits, 

leakage  occurred  through  the  cut-off  wall. 
These  conclusions  drawn  from  diagrams 

were  found  to  be  correct,  after  a  thorough 
local  investigation.  The  longitudinal  pipe  was 
found  to  be  clogged  up  in  places  by  deposits 
of  lime  which  had  set.  and  in  pit  10  it  had 

been  forgotten  to  close  the  lead  pipe  men- 

tioned be'fore  which  had  been  installed  to  fa- 
cilitate future  injections  of  cement  if  such 

should  be  required. 
.\fter  the  various  faults  were  located  and 

corrected,  and  extensive  injections  of  concrete 

under  pressure  made,  a  third  filling  of  the 
basin  was  decided  upon,  which  took  place  in 

lune.  1912.  This  test  was  made  slowly  and 
cautiouslv,  and  the  water  was  permitted  to 
rise  to  elevation  120.5   (395.5  ft.). 

It  was  considered  wise  not  to  e.xceed  this 

level  at  that  time.  The  amount  of  water 

stored  behind  the  dam  was  sufficient  to  sup- 

ply the  city  during  the  summer;  on  the  other 

ha'nd.  the  losses  although  greatly  reduced  com- 

pared with  the  second  filling,  were  still  of  suf- 
ficient magnitude  to  make  additional  repairs 

imperative.  The  maximum  loss  of  water 

through  the  dam  was  about  11.5  liters  (2.87 

gals.)  per  second,  and  the  maximum  loss 

through  the  cut-off  wall  and  tunnel  combined 
was  4.9  liters  (1.22  gals.)  per  second.  The 

basin  remained  partly  filled  until  fall,  when 

the  heavv  rains  could  be  relied  upon  to  fur- 

nish sufi'iicent  water  for  the  supply  of  the 

city,  without  aid   from   the   storage  w^ater. 
Beginning  on  June  11,  when  the  level  120.5 

(395.5  ft.)  was  reached,  it  began  to  fall,  very 

slowly  at  first,  but  more  and  more  rapidly 

later.  On  Julv  1,  the  level  was  still  119.66 

(392  5  ft.):  on  .A.ugust  1  it  had  fallen  to 

115  57  (379,0  ft.)  ;  on  September  1  it  had 

fallen   to    113.67    (372.5   ft),   and   on    Septem- 

ber 28  the  level  was  as  low  as  108.73  (356.5 
ft.).  On  that  day  the  first  rainfall  occurred, 
the  basin  was  emptied,  and  the  supplementary 
work  of  waterproofing  commenced,  at  the 
foot  of  the  dam. 
The  conclusions  drawn  from  observation 

of  the  losses  of  water  during  the  time  the 
basin  was  filled  were  mainly  that  the  losses 
were  diminishing,  not  merely  as  a  function  of 
the  reduced  head,  but  on  account  of  the  filling 
of  the  pores  by  the  minerals  contained  in  the 
water.  It  was  also  concluded  that  the  losses 

through  the  cut-off  wall  were  so  low  as  to  be 
of  no  concern  at  all,  while  the  losses  through 
the  soil  below  the  dam  were  still  of  sufficient 

importance  to  require  special  attention. 
A  large  number  of  injections  of  cement 

were  made  through  drilled  holes  into  the 
soil,  most  of  them  on  the  west  bank  The 
holes  were  made  13  to  27  ft.  deep  and  filled 
with  cement  under  pressure.  Some  required 
large  quantities  of  cement ;  thus  it  was  proved 
that  large  cavities  or  extensive  cracks  ex- 

isted in  the  stone.  This  work,  begun  in 
August,  1912,  was  completed  Jan.  1,  1913. 

The  final  filling  of  the  basin  was  commenced 

.A.pril  1,  1913,  after  a  heavy  rain.  Extra- 
ordinarily heavy  rains  followed  on  .\pril  2 

and  3,  v/hich  permitted  the  water  to  rise  so 
rapidly  that  not  only  the  elevation  123.0 
(403.5  ft.)  was  reached  during  the  night  of 
April  3  to  April  4,  but  in  addition,  100  cu. 
m.  (131.0  cu.  yds.)  per  second  were  being 
carried  away  over  the  spillway  and  through 
the  overflow  canal.  The  elevation  of  the 
water  retained  by  the  dam  rose  to  a  maximum 
of  124.0  (406.5  ft.),  which  was  a  very  severe 
test  for  the  structure,  in  view  of  the  sudden- 

ness of  the  flood. 
The  results  of  this  test  were  entirely  sat- 

isfactory. Some  leaks  were  observed,  but 
they  were  of  no  importance,  and  were  later 
repaired.  Exact  measurements  were  made  to 
determine  any  deformations:  it  was,  however, 
impossible  to  detect  any. 

The  water  losses  were,  after  these  re- 
pairs were  completed,  under  the  dam  1.0  liter 

(.25  gal.)  per  second,  through  the  cut-oft'  wall 4.33  liters  (1.08  gals.)  per  second.  On  May 

27,  1913,  the  day  when  the  water  level  com- 
menced to  fall,  the  losses  were  0.73  liter  (.18 

gal.)  per  second  under  the  dam,  and  3.4  liters 
(0.85  gal.)  per  second  through  the  cut-off 
wall.  These  losses  are  insignificant,  and  of 
no  danger  to  the  structure  and  they  have 
been  diminishing  from  day  to  day.  Besides, 
another  series  of  injections  of  cement  has  in 
the  meantime  been  carried  out  which  has.  no 
doubt,  reduced  the  w^ter  losses  even  more. 

'  The  contract  price  for  the  work  here  de- 
scribed was  $316,000.  Including  all  extra  ex- 

penses not  included  in  the  contract,  like  the 
injections  of  cement,  property  damage,  etc., 
the  complete  cost  of  the  structure  was  $420,- 000. 
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Selection  and  Use  of  Concreting  Ma- 
terials at  McKeesport  Water  Soft- 

ening and  Filtration  Works. 
The  water  softening  and  filtration  plant  at 

McKeesport,  Pa.,  was  placed  in  operation  in 
October,  1908.  An  article  on  the  operation  of 
the  plant  was  published  in  this  journal  of 

May  11,  1910.  The  present  notes  on  the  selec- tioii  and  use  of  concreting  materials  for  this 
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plant  are  taken  from  a  very  complete  descrip- 
tion of  the  design,  construction  and  operation 

of  tlie  plant  as  prepared  by  E.  C.  Trax,  chern- 
ical  engineer  of  the  plant,  for  publication  in 
the  1918  annual  report  of  the  Board  of  Water 
and  Lighting  Commissioners,  Mr.  D.  M.  White 
Superintendent.  These  notes  are  of  interest 
to  all  who  have  occasion  to  seek  watertight- 
ness   in    reinforced    concrete   construction. 
The  fundamental  principles  underlying  the 

design  of  the  reinforced  concrete  were  given 
careful  consideration  from  both  the  metal  and 
the  concrete  standpoint. 

Mild  steel  was  adopted,  first,  because  of  the 
possible  vibrations  due  to  the  operating  ma- 

chinery in  the  floor  system ;  second,  because 
of  the  probability  of  securing  a  steel  of  more 
even  structure ;  third,  because  low  carbon  steel 
is   more   easily   bent,   facilitating  construction. 

The  selection  of  the  aggregates  for  the  con- 
crete was  also  given  careful  consideration,  and 

a  practice  was  adopted  a  little  out  of  the  cus- 
tomary. The  gravel  and  sand  used  for  the  con- 

crete came  from  the  Allegheny  River,  and  it 
was  necessary  to  screen  it  before  it  was  used. 
We  required  that  the  gravel  range  in  size 
from  Vi  to  2V2  in.  with  not  more  than  half 

of  it  to  pass  a  1-in.  mesh,  and  thus  insured  a 
more  uniform  mixture. 
Much  of  the  concrete  used  in  the  construc- 

tion was  for  6-in.  floor  slabs,  8-in.  tank  walls, 
and  for  work  in  general  where  the  percentage 
of  steel  was  1.2.  There  was  some  criti- 

cism from  time  to  time  because  of  the  adop- 
tion of  the  large  stone,  but  the  mixture  took 

care  of  the  large  stone  satisfactorily,  without 
voids,  due  to  the  proper  placing  of  the  con- 

crete around  the  steel  reinforcement.  This 

was  watched  very  closely,  and  upon  the  re- 
moval of  forms,  the  percentage  of  honey- 

comb was  less  than  in  other  construction  in- 
spected from  time  to  time  where  the  maximum 

size  of  stone  was  1  in.  As  this  practice  was 
more  or  less  unusual,  careful  inspections  were 
made  from  time  to  time  to  see  that  the  fin- 

ished concrete  was  satisfactory.  To  test  for 
internal  voids,  several  openings  were  cut 
through  the  walls,  and  in  no  instance  were 
any   found. 

Satisfying  ourselves  in  respect  to  the  free- 
dom from  honeycombing  by  using  larger 

stones,  we  also  satisfied  ourselves  that  this 
proportioning  of  the  aggregates  was  the  best 
for  all  practical  purposes  and  convenience  of 
construction.  As  the  general  practice  recom- 

mends a  ma.ximum  size  stone  averaging  from 
1  in.  to  1%  in.,  tests  were  therefore  made  to 
determine  also  whether  or  not  the  concrete 
was  !be  best  mixture.  These  tests  showed 
that  with  stone  of  the  maximum  size  of  2% 

in.  to  2%  in.,  a  stronger  concrete  was  pro- 
cured than  with  stone  of  a  maximum  diam- 

eter of  1  in.  and  1V4  in.  Mechanical  analyses 
were  made  of  the  sand  and  gravel,  and  from 
time  to  time  we  had  to  change  the  mixture 
due  to  the  slight  changes  in  the  proportions 
of  the  constituent  parts  of  the  gravel.  These 
tests  corroborated  the  findings  of  W.  B.  Ful- 

ler, published  in  the  Transactions  of  the  Am. 
Soc.  of  C.  E.,  in  which  he  shows  that  for  an 
equal  strength  of  concrete  with  1  in.  gravel 
it  required  17  per  cent  more  cement  than  with 
a  maximum  size  of  2%  in.,  and  that  a  con- 

crete with  a  maximum  size  of  2%  in.  required 
33  per  cent  less  cement  than  concrete  with  1 
in.  maximum  size  gravel. 

As  an  example  of  the  success  of  this  method, 
one  of  the  main  circular  walls  vvas  24  ft.  in 
height  and  13  ins.  thick,  reinforced  with  %  in. 
rods  both  horizontal  and  vertical.  An  ap- 

proximate 1 :3  :5  mixture  was  used.  It  was 
deposited  from  the  top  and  fell  the  entire 
height.  Upon  the  removing  of  the  forms,  no 
honeycomb  surfaces  were  found.  The  concrete 
was  mixed  quite  wet,  using  as  much  water  as 
it  would  hold  and  great  care  was  taken  not 
to  give   it   an  excessive  tamping. 

Proper  consideration  was  given  to  the  mat- 
ter of  building  forms.  To  build  the  forms 

part  way  up  and  deposit  the  concrete  at  differ- 
ent intervals  in  the  height,  required  a  costly 

building  and  changing  of  runways.  It  also 
made  it  absolutely  necessary  to  have  a  hori- 

zontal joint  in  the  concrete  whenever  the  run- 
way was  changed.  Horizontal  joints  should 

be   avoided    wherever   possible ;   when   vertical 

jomts  are  used  keys  should  be  placed  in  the 
forms.  In  no  instance  did  the  vertical  joints 
give  any  trouble  whatever.  In  the  few  in- 

stances where  horizontal  joints  were  necessary, 
great  care  was  taken  to  wash  the  old  concrete 
surface  thoroughly  clean  before  the  placement  . 
of  fresh  concrete.  Even  after  taking  this  pre- 

caution, however,  some  leakage  was  found  in 
the  horizontal  joints.  It  was  finally  decided 
in  all  instances  to  build  the  forms  continuous 
from  top  to  bottom  and  to  place  all  concrete 
m  the  section  of  the  wall  so  that  a  complete 

vertical  section  could  be  finished  in  one  day's 
work.  By  taking  great  care  in  the  proper  plac- 

ing and  tamping  of  the  concrete,  we  obtained 
a  wall  of  quite  even  te-xture  which  gave  good 
results  when  subjected  to  the  pressure  even 
of  clear  water. 
The  method  of  tamping  the  concrete  was 

a  little  contrary  to  ordinary  practice.  At  first 
the  spade  method  was  used  by  inserting  a 
sheet  of  steel  about  Vi  in.  thick  between  the 
concrete  and  the  form.  This  gave  a  finished 
surface  which  did  not  have  any  honeycomb, 
but  invariably  gave  a  surface  showing  a  sand 
deposit  which  could  readily  be  rubbed  off. 
This  form  of  tamping  was  finally  abandoned 
and  wooden  tampers  were  used  with  an  iron 
shoe  on  the  end  1x6  ins.,  and  instead  of  in- 

serting this  tamper  between  the  concrete  and 
forms  the  concrete  was  pushed  against  the 
forms.  This  prevented  the  separation  of  the 
cement  from  the  sand,  and  upon  the  removal 
of  the  forms  the  concrete  gave  a  harder,  more 

metallic  appearance.  In  concluding  to  con- 
struct the  forms  so  as  to  permit  the  depositing 

of  concrete  from  top  to  bottom  in  one  opera- 
tion, a  question  presented  itself,  whether  or 

not  it  would  be  better  to  build  the  forms  in 
one  piece  or  in  sections.  As  before  stated,  the 
section  scheme  was  finally  adopted.  The  sec- 

tions averaged  6  ft.  high  and  8  ft.  long.  The 
ribs  were  cut  off  to  the  radii,  and  the  lagging 
placed  on  always  in  a  vertical  direction  ;  in  a 
few  instances  the  lagging  was  placed  on  hori- 

zontally or  bent  to  the  curvature  of  the  form, 
but  the  results  were  quite  unsatisfactory;  the 

tendency  to  become  straight  pulled  the  sec- 
tion out  of  its  true  curvature. 

The  concrete  throughout  the  structure 
varies  in  classification  and  includes  groined 

and  plain  arches,  retaining  walls,  tanks,  canti- 
lever constructions,  columns,  beams,  and  floor 

slabs. 

An  Important  Supreme  Court  Decision 
on  Water  Rights. 

In  this  case  on  appeal  of  the  San  Joaquin 
&  Kings  River  Canal  &  Irrigation  Co.  v.  the 
County  of  Stanislaus,  Calif.,  the  Supreme 
Court  has  rendered  an  important  decision 
which  we  reprint  here  and  on  which  we  com- 

ment editorially  in  another  column : 
This  is  a  bill  to  restrain  the  enforcement  of 

orders  passed  by  the  Boards  of  Supervisors  of 
the  three  defendant  counties,  Stanislaus, 
Fresno  and  Merced,  establishing  water  rates 
to  be  charged  by  the  plaintiff,  the  appellant ; 
the  ground  of  the  bill  being  that  the  orders 
deprive  the  plaintiff  of  its  property  without 
due  process  of  law.  By  a  statute  of  March  12, 
1885,  the  boards  are  authorized  to  fix  these 
rates  for  their  several  counties,  but  so  that 
the  returns  to  the  parties  furnishing  the  water 
shall  be  not  less  than  6  per  cent  upon  the 

value  of  the  'canals,  ditches,  flumes,  chutes, 
and  all  other  property  actually  used  and  useful 
to  the  appropriation  and  furnishing  of  such 

water.'  The  rates  when  fixed  are  binding  for 
one  year  and  until  established  anew  or  abro- 

gated. The  bill  concerns  rates  fi.xed  in  1907, 
and  the  question  before  the  court  has  been 
narrowed  to  a  single  issue.  If  the  plaintiff  is 
entitled  to  6  per  cent  upon  its  tangible  property 
alone  it  is  agreed  that  the  orders  must  stand. 

But  if  the  plaintiff  has  w.-Jter  rights  that  are 
to  be  taken  into  account,  the  rates  fixed  will 
fall  short  of  giving  it  what  it  is  entitled  to  and 
must  be  set  aside.  The  Circuit  Court  dismissed 
the  bill,  191  Fed.  Rep.  875,  and  on  this  appeal 
figures  are  immaterial,  the  only  question  being 
whether  the  principle  adopted  is  right. 

It  was  suggested  to  be  sure  at  the  argument 
that  it  does  not  appear  that  the  plaintiff  offered 

any  evidence  as  to  water  rights  at  the  hearing 
before  the  supervisors,  and  therefore  that  it 
ought  not  to  be  allowed  to  complain  now  that 

nothing  was  allowed  for  them.  But  this  evi- 
dently is  an  afterthought.  In  general,  a  party 

may  wait  until  a  law  is  passed  or  regulation  is 
made  and  then  insist  upon  his  constitutionaJ 
rights.  Prentis  v.  Atlantic  Coast  Line  Co., 
211  U.  S.  210,  227,  229.  This  we  understand  to 
be  the  view  of  the  California  courts  as  to 
these  very  boards.  Spring  Valley  Water 
Works  V.  San  Francisco,  82  Cal.  286,  315.  San 
Diego  Water  Co.  v.  San  Diego,  118  Cal.  558, 
564.  Moreover  as  the  defendants  contend  that 
the  plaintiff  is  entitled  to  no  compensation  for 
water  rights,  to  offer  evidence  would  have 
been  an  idle  form. 

It  is  not  disputed  that  the  plaintiff  has  a 

right  as  against  riparian  proprietors  to  with- 
draw the  water  that  it  distributes  through  its- 

canals.  Whether  the  right  was  paid  for,  as 
the  plaintiff  says,  or  not,  it  has  been  confirmed 
by  prescription  and  is  now  beyond  attack.  It 
is  not  disputed  either  that  if  the  plaintiff  were 
the  owner  of  riparian  lands  to  which  its  water 
was  distributed  it  would  have  a  property  in 
the  water  that  could  not  be  taken  without  com- 

pensation. But  it  is  said  that  as  the  plaintiff 
appropriates  this  water  to  distribution  and 
sale  it  thereby  dedicates  it  to  public  use  under 
California  law  and  so  loses  its  private  right 
in  the  same.  It  appears  to  us  that  when  the 
cases  cited  for  this  proposition  are  pressed  to 
the  conclusion  reached  in  the  present  case  they 
are  misapplied.  No  doubt  it  is  true  that  such 
an  appropriation  and  use  of  the  water  entitles 
those  within  reach  of  it  to  demand  the  use  of 
a  reasonable  share  on  payment.  It  well  may 
be  true  that  if  the  waters  were  taken  for  a 
superior  use  by  eminent  domain  those  whose 
lands  were  irrigated  would  be  compensated  for 
the  loss.  But  even  if  the  rate  paid  is  not  to 
be  determined  as  upon  a  purchase  of  water 
from  the  plaintiff,  still,  at  the  lowest,  the  plain- 

tiff has  the  sole  right  to  furnish  this  water, 
the  owner  of  the  irrigated  lands  cannot  get  it 

except  through  the  plaintiff's  help,  and  it 
would  be  unjust  not  to  take  that  fact  into- 
account  in  fi.xing  the  rates.  We  are  not  called 
upon  to  decide  what  the  rate  shall  be,  or  even 
the  principle  by  which  it  shall  be  measured. 
But  it  is  proper  to  add  a  few  words. 
The  declaration  in  the  Constitution  of  187f^ 

that  water  appropriated  for  sale  is  appropri- 
ated to  a  public  use  must  be  taken  ac- 

cording to  its  subject  matter.  The  use 
is  not  by  the  public  at  large,  like  that 
of  the  ocean  for  sailing,  but  by  certain  in- 

dividuals for  their  private  benefit  respectively. 
Thayer  v.  California  Development  Co.,  164 
Cal.  117,  128.  Fallbrook  Irrigation  District  v. 
Bradley,  164  U.  S,  112,  161.  The  declaration 
therefore  does  not  necessarily  mean  more  than 
that  the  few  within  reach  of  the  supply  may 

demand  it  for  a  reasonable  price.  The  road- 
bed of  a  railroad  is  devoted  to  a  public  use 

in  a  stricter  sense,  yet  the  title  of  the  railroad 
remains,  and  the  use  though  it  may  be  de- 

manded, must  be  naid  for.  In  this  case  it  is 

said  that  a  part  of  the  water  was  appropriated' before  the  Constitution  went  into  effect,  and 
that  a  suit  now  is  pending  to  condemn  more 

as  against  a  riparian  proprietor,  for  which  of  ' course  the  plaintiff  must  pay.  It  seems  un- 
reasonable to  suppose  that  the  Constitution 

meant  that  if  a  party  instead  of  using  the 
water  on  his  own  land,  as  he  may,  sees  fit  to 
distribute  it  to  others  he  loses  the  rights  that 
he  has  bought  or  lawfully  acquired.  Recurring 
to  the  fact  that  in  every  instance  only  a  few 
specified  individuals  get  the  right  to  a  supply, 
and  that  it  clearly  appears  from  the  latest 
statement  of  the  Supreme  Court  of  California, 
Palmer  v.  Railroad  Commission,  Jan.  20,  1914, 
that  the  water  when  appropriated  is  private 
property,  it  is  unreasonable  to  suppose  that  the 
constitutional  declaration  meant  to  compel  a 
gift  from  the  former  owners  to  the  users  and 

that  in  dealing  with  water  "appropriated  for 
sale"  it  meant  that  there  should  be  nothing  to 
sell.  See  San  Diego  Water  Co.  v.  San  Diego, 
118  Cal.  556,  567.  Fresno  Canal  &  Irrigation 
Co.  V.  Park,  129  Cal.  437,  443  et  seq.  Stanislaus 
Water  Co.  v.  Bachman,  152  Cal.  716.  Leavitt 

V.  Lassen  Irrigation  Co.,  157  Cal.  82.  Decree- reversed. 
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Design  and  Construction  Features  of 
the  Central  Railroad  of  New  Jer- 

sey  Locomotive    Terminal   at 
Communipaw,  N.  J. 

(Staff  Article.) 
To  provide  increased  facilities  for  handling 

locomotives     rapidly     and     economically     the 
Central  Railroad  of  New  Jersey  has  recently 

exception  of  the  west  half  of  the  roundhouses 
where  the  ground  conditions  are  favorable 
for  footings.  The  footings  of  the  buildings 
consist  of  concrete  pile  caps  and  piers,  where 
the  concentrated  loads  are  imposed,  with  rein- 

forced concrete  wall  girders  supporting  the 
building  walls.  The  power  house,  however, 
rests  on  a  concrete  slab  4  ft.  thick,  which  ex- 

tends under  the  entire  building.     This  slab  is 

Fig.   1.    Layout  of   Buildings  and    Equipment 
tlve  Terminal   at 

had  constructed  a  modern  locomotive  terminal 

at  Communipaw,  N.  J.  The  new  plant  is  lo- 
cated on  the  south  side  of  the  main  line 

tracks  about  one  mile  west  of  the  passenger 
terminal  and  is  in  close  proximity  to  the 
freight  yards.  As  the  freight  and  passenger 
yards  are  on  opposite  sides  of  the  main  line 
tracks,  the  terminal  facilities  are  arbitrarily 

divided  so  that  the  freight  and  passenger  en- 
gines are  handled  separately.  The  track  ar- 

rangement, however,  provides  the  necessary 
flexibility  to  permit  the  free  use  of  either 
house  for  passenger  or  freight  engines.  The 
track  layout  leading  into  the  terminal  is  espe- 

cially designed  for  the  rapid  handling  of 
passenger  engines,  formerly  cared  for  in  the 
two  old  engine  houses  at  Fiddlers  and  Com- 

munipaw. These  houses  were  located  on  the 
north  side  of  the  main  track,  and  30,823  loco- 

motives were  handled  through  them  during 
the  first  four  months  of  1914,  an  average  of  2.5.5 
per  day.  During  the  summer  months  about 
300  engines   are   handled  per  day. 

The  completed  improvement  consists  of  a 
power  house  (to  serve  not  only  the  engine 
terminal  but  also  to  take  care  of  all  electrical 
requirements  of  the  railroad  from  the  Jersey 
Citv  water  front  to  Newark  Bav)  ;  one  100- 
ft.,  34-staIl  roundhouse;  one  90-ft.,  32-stall 
roundhouse:  machine  shop:  blacksmith  shop: 
storehouse  and  office,  material  platform :  oil 
house:  cinder  pits;  coaling  station:  sand 
storage ;  roundhouse  office  and  toilet  building ; 

engineers'  locker  building:  telephone  tower; 
and  all  equipment  required  for  the  building 
and  yard.  Figure  1  is  a  layout  of  the  ter- 

minal, and  shows  the  location  of  each  unit  of 
the  plant. 

CHARACTER   OF   SOIL   AND   TYPE  OF   CONSTRUCTION. 

The  ground  is  principallv  cinder  fill,  vary- 
ing in  depth  from  2  ft.  to  10  ft.,  the  under- 

lying strata  consisting  of  blue  clay,  sand  and 
bog,  except  where  the  old  shore  line  crosses 
the  west  end  of  the  site.  In  consequence  all 
buildings    rest    on   pile    foundations,   with   the 

for  Central    Railroad   of   New  Jersey   Locomo- 
Communipaw,   N.  J. 

supported  on  piles,  equally  spaced  under  the 
entire  mattress.  All  buildings  are  constructed 
of  reinforced  concrete,  steel  and  brick,  with 
steel  sash,  wooden  doors  and  concrete  floors. 

POWER    HOUSE. 

The  power  house  is  135  ft.  long  and  92 
ft.  wide,  with  concrete  boiler  and  machine 
foundations.  The  building  proper  is  of  brick, 
with  a  structural  steel  frame  for  supporting 
the  boilers,  stack  and  coal  bunkers.  It  is 
equipped  with  steel  sash  and  steel  doors. 

Six  250-HP.  "Babcock  &  Wilcox"  water 
tube  boilers  arranged  in  three  batteries  of 
two  each  are  installed,  and  space  is  provided 
for  an  additional  battery.  The  boilers  are  fed 
by  automatic  stokers  and  two  reciprocating, 

duplex,  plunger- type  pumps,  either  of  which 
is  capable  of  furnishing  the  maximum  amount 
of  water  needed  for  the  boiler  plant.  A  lined 
steel  stack  10  ft.  6  ins.  in  diameter  and  75 
ft.  in  height  above  the  roof  furnishes  natural 
draft,  aided  by  automatically  controlled  tur- 

bine blowers.  The  feed  water  and  steam  pip- 

mg  are  of  the  loop  type.  A  "Cochtane"  feed- 
water  heater  provides  feed  water  at  a  tem- 

perature of  about  200°  F. 
Hopper-bottom  cars  deliver  coal  into  a 

track  hopper,  from  which  it  is  elevated  by  a 
bucket  elevator,  discharging  into  a  flight  con- 

veyor which  distributes  the  coal  into  bunkers 
located  over  the  boiler  room.  The  coal  is  fed 

by  gravity  to  the  stokers  through  chutes,  the 
supply  being  regulated  by  gates  operated  from 
the  boiler  room  floor    (see  Fig.  2). 

The  ashes  are  dumped  from  the  stoker  into 
a  hopper  directly  underneath.  A  bucket,  sup- 

ported on  a  car  which  travels  on  an  industrial 
track,  is  pushed  underneath  the  hopper  and  is 
loaded  by  gravity  with  ashes.  It  is  then 
pushed  to  a  point  below  an  electrically  driven 
hoist,  which  elevates  the  bucket  and  automat- 

ically dumps  it  into  a  hopper  above  the  railroad 
siding.  The  ash  and  coal  handling  arrange- 

ment is  such  that  the  railroad  car  is  used  to 
bring  in  coal  and  after  being  unloaded  the 
same  car  is  loaded  with  ashes  without  chang- 

ing its  position. 
Three  600-kw..  2.200-volt  alternating  current 

turbo-generators  are  installed,  with  space  pro- 
vided for  a  fourth  unit,  together  with  one 

steam-driven    and    one    motor-driven     exciter. 

Fig.    2.    Cross-Section    of    Power    House    for   Locomotive   Terminal   Showing   Type   of  Con- 
struction and  Arrangement  of  Equipment. 

The  roofs  of  all  buildings,  except  the  coaling  Two  2,500-cu.  ft.  capacity,  two-stage  air  corn- 
station,  are  covered  with  three-ply  asbestos  pressors  furnish  air  for  the  engine  terminal, 
felt  roofing.  and  for  operating  the  switches  and  signals  in 
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the  terminal  yard  between  Communipaw  and 
Jersey  City,  and  also  to  Elizabethport  and 
Newark  on  the  main  line  and  on  the  Newark 
branch. 

each  house.  The  hot  air  is  delivered  through 
underground  ducts  and  is  discharged  through 
outlets  located  in  the  pits  and  around  the 
rear    wall.     The    floor   wearing   surfaces    are 

an  extension  of  the  system  to  the  100-ft.  house 
should  it  be  desired  later. 

Asbestos    smoke    jacks    are    at    present    in- 
stalled,   but    the    roofs    of    the    houses    were 

-  iRods 

Fig.   3.     Cross-Section   of   100-ft.    Roundhouse 

The  plant  operates  normally  as  condensing, 
although  in  cold  weather  the  exhaust  steam  is 
used  for  heating  the  buildings  of  the  terminal. 
A  mixing  condenser  is  located  in  the  engine 
room  basement.  As  the  water  used  for  con- 

densing purposes  is  taken  from  the  Jersey 
City  mains  and  is  metered,  it  is  cooled  in  a 
cooling  tower  and  is  again  used.  An  auto- 

matically controlled,  motor-driven  centrifugal 
pump  located  in  the  basement  of  the  plant  is 
used  for  raising  water  into  elevated  tanks 
when  necessary.  There  is  also  a  1,.500-gal. 
underwriters'  pump  connected  to  high-pressure 
fire  lines  in  the  yard  and  buildings.  The 
jacket  circulating  water  is  returned  to  the 
water  system  by  means  of  a  duplex  steam 
pump. 
The  main  switchboard  is  located  on  the 

engine  room  floor,  with  high  tension  switches 
in  the  basement  where  the  transformers  are 

located.  The  current  is  generated  at  2,2.5l-* 
volts  and  is  stepped  down  to  55(1,  220  and  110 
volts  for  use  at  the  terminal   proper. 

A  10-ton  "Maris"  hand-power  crane  spans 
the  engine  room  floor   (see  Fig.  2). 

ROUNDHOUSES. 

The  roundhouses  are  constructed  with  rein- 
forced concrete  columns,  piers  and  roof  gir- 

ders and  with  combination  hollow  tile  and 
concrete  roofs.  The  rear  wall  consists  of 
concrete  piers  approximately  5  ft.  wide  with 
steel  sash  between  them  and  with  an  8-in. 
brick  wall  below  the  windows.  This  arrange- 

ment permits  a  ma.ximum  window  space  both 
for  lighting  and  for  ventilating.  The  roof 
line  IS  broken  at  the  first  row  of  columns  at 
the  front  of  the  building  to  give  a  row  of 
hinged  sash  over  each  stall.  Figure  3  shows 
a -cross-section  of  the  100-ft.  roundhouse  and 
indicates  the  type  of  construction,  .\dditional 
ventilation  facilities  are  provided  by  means  of 
three-chamber  4-in.  hollow  tiles  set  in  the  rear 
■wall  above  the  windows  and  in  the  locomotive 
door  lintels.  Ventilating  openings  are  also 
placed  above  the  sash  in  the  roundhouse  moni- 

tors. This  arrangement  follows  the  Central 
Railroad  of  New  Jersey  standard  practice,  and 
provides  an  outlet  for  any  gases  which  may 
collect  underneath  the  ceiling  (which  is  flat), 
thus  giving  an  unobstructed  path  for  gases 
to  pass  out  through  the  ventilator  openings. 
Both  houses  are  heated  by  the  indirect  sys- 

tem. The  fans  and  heaters  are  located  in 
the    fan   houses,   of   which   there   are   two   in 

(b)  Pjle  Foundation 

Of    Locomotive    Terminal    Showing    Details   of   Construction  and  Types  of  Soil   Bearing  and 
Pile    Foundations. 

concrete  throughout,  and  are  reinforced  along  designed  strong  enough  for  cast-iron  jacks 
the  sides  of  the  pits  to  provide  bearing  for  should  it  be  found  desirable  to  install  them 
jacking.  later. 

Fig.  4.    Interior  View  of  ICO-ft.  Roundhouse  of   Locomotive  Terminal.    Note  Asbestos  Smoke Jacks. 

A  boiler  washing  plant  serving  .32  stalls  has  Both  houses  are  lighted  by  tungsten  lamps, 
been    installed    in   connection   with    the   90-ft.       the  wires  being  carried  in  conduits  under  the 

house.    The  piping  is  of  such  size  as  to  permit      floors  and  in  the  columns. 
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There  is  installed  in  the  OM-ft.  house  one 
driver  and  one  truck  drop-pit  and  in  the  lOU-tt. 
house  two  driver  drop-pits  and  one  truck  drop- 
pit,  each  extending  over  three  stalls.  These 
have  pneumatic  jacks  for  the  wheels  and  Vz- 
ton  cranes  for  handling  other  parts. 

In  the  southeast  corner  of  the  machine  shop, 
space  is  provided  for  pipe  work.  Besides  two 
pipe  forges  this  space  contains  an  8-in.  pipe 
machine,  pipe  racks,  benches,  etc. 
The  blacksmith  and  boiler  shop  is  located 

at  the  east  end  of  the  building,  being  separ- 

Fig.  5. 
Section  A-A 

Half  Longitudinal   Section  of  Coaling   Station 
Type   of   Construction   and 

of      Locomotive 
Dimensions. 

Terminal     Showing 

The  entrance  doors  to  the  stalls  are  hinged 
to  pintle  posts,  which  are  entirely  separate 
from  the  building  construction  proper.  They 
are  fastened  to  the  building  columns  in  such 
a  manner  that  the  accidental  wrecking  of  a 
door  will  not  damage  the  building  proper. 
Figure  4  shows  an  interior  view  of  the  round- 

house and  indicates  the  type  of  construction. 
TURNT.^BLES. 

Eich  roundhouse  is  served  with  a  100-ft. 
deck  turntable  of  heavy  construction  operated 
by  electric  tractors.  Owing  to  the  extreme 
depth  of  these  turntable  pits  and  to  the  shal- 

low grade  of  the  sewer  in  the  vicinity  it  was 

found  necessary  to  provide  against  the  con- 
tents of  the  sewer  backing  up  into  these  pits. 

This  was  accomplished  by  constructing  a  deep 
sump  into  which  both  pits  are  drained.  Auto- 

matic ejectors  discharge  this  drainage  into  the 
nearest  sewer. 

MACHINE   .^N'D    BL.ACKSMITH    SHOPS. 

Adjoming  and  directly  connected  to  the 
100-ft.  roundhouse  is  the  machine  and  black- 

smith shop  building  (see  Fig.  1).  The  total 
length  of  this  building  is  200  ft.,  its  total  width 
is  80  ft.,  and  its  total  height  is  28  ft.  A  moni- 

tor 13  it.  wide  extends  the  entire  length  of 

the  building  and  is  provided  with  a  continu- 
ous top-hunt  steel  sash,  operated  from  the 

machine  shop  floor.  Toilet  and  locker  room 
facilities  are  provided  in  a  small  extension 
located  between  the  main  building  and  the 
100-ft.  roundhouse.  Access  to  this  toilet  room 
and  to  the  locker  room  may  be  gained  either 
from  the  machine  shop  or  from  the  round- 
house. 

The  machine  shop  space  is  140  ft.  long  by  80 
ft.  wide,  with  a  concrete  floor  throughout. 
The  equipment  consists  of  small  lathes,  crank 
planers,  and  other  machines  such  as  are  re- 

quired for  light  repairs.  Two  motor-driven 
line  shafts  near  the  north  wall  furnish  power 
for  the  small  machines.  A  motor-driven  wheel 
lathe  for  driving  and  truck  wheel  work  is 
located  near  the  center  of  the  building  and 
is  served  by  a  four-ton  overhead  trolley.  One 
of  the  roundhouse  tracks  is  extended  through 
the  machine  shop  into  the  blacksmith  shop. 

ated  from  the  main  or  machine  shop  by  a 
fireproof  wall.  This  space  is  40  ft.  wide  by 
80  ft.  long,  the  south  half  being  occupied  by 
the  blacksmith  shop,  which  is  equipped  with 
five  down-draft  forges,  each  served  with  a 
V4-ton  jib  crane.  A  2,00O-lb.  steam  hammer, 
served  by  a  three-ton  jib  crane,  is  located  in 
the  center  of  the  blacksmith  shop.  The  equip- 

ment of  the  boiler  shop  consists  of  a  motor- 
driven   punch  and   shears,  hand-bending  >olls, 

construction  is  fireproof  throughout.  Steel 
bins  and  counters  are  provided  for  storing 
material,  so  that,  except  for  their  combustible 
contents,  the  fire  hazard  is  reduced  to  a  mini- 

mum. The  building  is  at  present  one  storv  in 

height,  but  the  foundation,  the  walls  and' the columns  are  designed  sufficiently  heavy  for 
a  second  story.  The  east  part  of  the  building 
is  divided  by  fireproof  partitions  into  offices 
for  the  general  foreman  and  the  storekeeper, 
and  into  the  toilet  and  wash  rooms.  The 
material  platform  is  48  ft.  wide  by  80  ft.  long, 
and  extends  12  ft.  in  width  along  the  north 
side  of  the  storehouse.  This  structure  is 
bviilt  of  reinforced  concrete  and  hollow  tile, 
with    a    concrete    wearing   surface. 

OIL    HOUSE. 

For  the  storage  of  the  various  kinds  of  oil 
which  are  used  at  the  engine  terminal,  an  oil 
house  is  located  at  the  extreme  east  end  of 
the  material  platform.  This  building  is  20  ft. 
wide  by  48  ft.  long;  it  is  one  story  in  height; 
and  is  provided  with  a  basement  10  ft.  high, 
m  which  the  various  oil  storage  tanks  are 
located. 

The  measuring  pumps  and  boxes  for  filling 
the  storage  tanks  are  located  on  the  main 
floor  where  space  is  also  provided  for  storage 
of  waste  and  grease  cakes.  The  building  is 
lighted  by  tungsten  lamps  and  is  heated  by 
direct  radiation  to  a  high  temperature  to  keep 
the  oil  in  a  fluid  condition  in  cold  weather. 

CO.^LING    ST.\TION. 

The  most  interesting  structure  of  the  group, 
both  on  account  of  its  size  and  construction, 
is  the  coaling  station.  The  main  building 
spans  eight  tracks  and  serves  an  additional 
track  at  each  end.  This  structure  is  168  ft.  long, 
34  ft.  wide  and  hh  ft.  high  and  is  of  rein- 

forced concrete  throughout.  The  bunkers  rest 
on  steel  I-beam  girders  encased  in  concrete, 
while  the  hopper  bottoms  are  built  of  rein- 

forced concrete  and  terra  cotta  tiles.  The 
sides  of  the  bunkers  are  heavily  reinforced  to 
withstand  the  lateral  pressure  of  the  coal 
when  the  bunkers  are  filled.  A  monitor,  which 
extends  the  full  length  of  the  structure,  has 
steel  trusses  with  2-in.  plastered  concrete 
sides,  and  an  asbestos  roof.  Figure  -5  shows 
a  longitudinal  section  of  the  north  half  of  the 
building  taken  on  the  center  line  of  the  struc- 

ture, and  Fig.  G  shows  a  view  of  the  com- 
pleted  structure,   looking  north. 

The  coal  is  received  from  the  cars  by  two 
receiving  hoppers,  from  which  it  is  discharged 

Fig.    6.      View     of     Coaling      Plant      (LookingNorth)    of    Locomotive   Terminal. 
Storage   Tanks  at  Top   of   Building. 

Note    Sand 

a  flange  fire  and  a  screw  flanger.  Heating  of 
the  building  is  by  direct  radiation  and  light- 

ing by  tungsten  lamps,  varying  from  2.5  to 
500  watts.  A  concrete  ramp  is  located  at  the 
northeast  corner  of  the  building.  This  leads 
to  the  material  platform,  by  means  of  which 
material  may  be  brought  directly  to  the  ma- 

chine and  blacksmith  shops  from  the  store- 
house. 

STOREHOUSE    AND    MATERIAL    PL.ATFORM. 

The  storehouse  is  100  ft.  long  by  60  ft.  wide 
and  directly  adjoins  the  blacksmith  shop.     Its 

by  means  of  reciprocating  feeders  into  bucket 

conveying  elevators.  These  conveying  eleva- 
tors carry  the  coal  to  the  top  of  the  hopper 

house,  where  it  is  discharged  onto  two  30-in. 
belt  conveyors,  which  run  up  the  conveyor 

bridge  and  over  the  top  of  the  bunkers.  Trav- 
eling trippers,  which  run  on  rails  above  the 

bunkers,  discharge  the  coal  into  the  various 

compartments. 
There  are  three  longitudinal  bunkers,  having 

capacities  of  430  tons  of  bituminous,  813  tons 
of  broken,  and  430  tons  of  buckwheat  coal,  re- 
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spectively.  These  bunkers  are  each  divided 
into  lour  compartments  by  transverse  concrete 
partitions  (see  Fig.  5).  Each  track  is  served 
by  three  coal  chutes  so  that  an  engine  on  any 
one  of  the  ten  tracks  may  be  coaled  with  either 
bituminous,  broken  or  buckwheat  coal.  The 

conveying  machinery  is  divided  into  two  sepa- 
rate units  from  the  track  hopper  to  the  tripper 

over  the  bunker,  each  unit  having  a  conveymg 
capacity  of  100  tons  per  hour.  Provisions  are 
made,  however,  whereby  either  track  hopper, 
elevator  or  conveyor  of  one  unit  may  dis- 

charge into  the  other  unit,  and  in  addition  the 
trippers  are  so  arranged  as  to  discharge  into 
either  one  of  the  three  bunkers.  This  flex- 

ibility reduces  to  a  minimum  the  possibility  of 
shutting  down  the  entire  plant  due  to  a  break- 

down or  to  any  other  emergency.  The  entire 
machinery  is  electrically  driven. 

Suitable  stairways,  platforms  and  walks  are 

provided  from  which  an  inspection  of  the  ap- 
paratus may  safely  be  made  while  the  ma- 
chinery is  in  operation.  Guards  are  placed 

over  all  exposed  gears  as  a  protection  to  the 
atleiidant.s,  nnd  in  addition  there  are  eleven 

emergency  stations  from  which  the  entire  ma- 
chinery may  be  shut  down  by  pressing  a  but- 

ton. 
West  of   the   coaling   station   and   south   of 

of  the  coaling  plant,  and  are  of  the  submerged 
type.  They  are  each  202  ft.  long,  30  ft.  wide 
and  12  ft.  deep,  and  are  built  of  reinforced 
concrete  throughout. 

Each  pit  serves  two  tracks,  spaced  26  ft. 
center  to  center  (see  Fig.  7).  The  pits  are 
parallel  and  are  Spaced  about  58  ft.  center  to 
center,  with  a  track  for  cinder  cars  between. 
The  cinders  are  cleaned  out  of  the  pits  by  a 
four-ton  electric  traveling  crane,  operating  a 
1%-cu.  yd.  clam-shell  bucket.  This  crane  is 
located  on  a  steel  runway,  240  ft.  long,  99  ft. 
6  ins.  between  girders,  and  26  ft.  above  the 
rail.  Aside  from  the  economy  and  speed  in 

handling  engines  over  the  pit  this  arrange- 
ment permits  the  coaling  of  engines  from  cars 

by  means  of  the  clam-shell  bucket  should  oc- 
casion arise. 

MISCEXL.\NEOUS   BUILDINGS. 

.■\mong  the  miscellaneous  buildings  are  the 

engineers'  tool  storage  building  and  the  round- 
house toilet  and  office  building.  These  build- 

ings are  20  ft.  wide  by  55  ft.  long  and  22^  ft. 
wide  by  52  ft.  long,  respectively.  Both  build- 

ings are  heated  by  direct  radiation  and  are 

lighted  by  Tungsten  lights.  The  engineers' tool  storage  building  is  equipped  with  steel 

lockers  of  special  design  for  storing  the  loco- 
motive engineers'  tool  chests,  etc. 

Fig.   7.    View   of   Cinder   Pits    of     LocomotiveTerminal  and  of  Runway  and  Traveling  Crane 
Serving  Same. 

the  machine  shop  and  storehouse  are  the  coal 
storage  tracks,  with  a  capacity  of  40  cars. 
Provisions  are  made  for  thawing  out  frozen 
coal  in  the  cars  on  these  tracks  by  means  of 
live  steam. 

Under  the  center  bay  of  the  coaling  station, 
at  the  ground  level,  there  is  a  toilet  and  locker 
room  for  the  use  of  hostlers,  cinder  pit  em- 

ployees and  coaling  station  emplovees  (see 
Fig.  6). 

S.\ND    HOUSE. 

Provisions  for  the  storing  and  drying  of 
sand  are  made  in  a  building  west  of  the  coal- 

ing plant.  This  building  is  of  reinforced  con- 
crete throughout,  and  is  103  ft.  long,  16  ft. 

wide  and  14  ft.  high.  The  green  sand  is  dried 

by  means  of  two  coal  stoves  of  standard  Cen- 
tral Railroad  of  Xew  Jersey  design,  located  in 

a  separate  room  in  the  east  end  of  the  build- 
ing. The  dried  sand  is  then  screened  and  ele- 

vated by  means  of  compressed  air  to  two 

storage  tanks  of  15  cu.  yds.'  capacity  each,  lo- 
cated on  top  of  the  coaling  station  (see  Fig. 

6).  From  these  tanks  the  sand  is  delivered  to 
the  locomotive  through  cast-iron  delivery  pipes 
and  wrought-iron  telescoping  spouts  which 
serve  each  of  the  ten  tracks. 

CINDER  PITS. 

The  cinder  pits  are  located  about  60  ft.  east 

The  roundhouse  office  and  toilet  building  is 
divided  by  a  tile  partition  into  an  office  room 
at  the  east  end  and  toilet  and  locker  room  with 

steel  clothes'  lockers  and  toilet  facilities  at 
the  west  end.  The  building  is  so  situated  that 
an  unobstructed  view  of  all  inbound  and  out- 

bound tracks  in  the  terminal  yard  is  obtained 
from  the  office  of  the  engine  dispatcher. 
The  telephone  tower  is  located  at  the  east 

end  of  the  yard,  from  which  the  operator  has 
full  view  of  all  outbound  engines  so  that  he 
can  notify  the  tower  man  as  to  their  location. 
This  is  a  wooden  building  with  the  operator 
located  on  the  upper  floor. 

TUNNEL  SYSTEM. 

A  tunnel  is  provided  from  the  power  house 
to  the  roundhouse  for  carrying  all  steam,  air 
and  water  service  piping,  and  also  all  light  and 
power  wires  and  cables  for  the  buildings.  This 
tunnel  is  of  heavy  reinforced  concrete  con- 

struction, waterproofed,  and  is  6  ft.  wide,  7  ft. 
high,  and  367  ft.  long,  with  a  branch  60  ft. 
long  running  to  the  90-ft.  roundhouse.  The 
tunnel  is  well  lighted  and  affords  ample  work- 

ing space  for  making  repairs. 
WATER    SERVICE. 

The  water  piping  is  divided  into  two  sys- 
tems: 

(a)     The  water  supply  is  taken  from  a  16- 

in.  main  of  the  Jersey  City  water  service  and 
is  discharged  by  city  pressure  first  through 
altitude  valves  into  two  100,000-gal.  steel  ele- 

vated tanks  and  then  through  the  low,  or 

service,  system  of  piping  to  eight  water  col- 
umns in  the  yard,  these  columns  being  used 

for  filling  the  engine  tanks  and  also  for  gen- 
eral use  in  all  of  the  buildings. 

(2)  A  high-pressure  system  of  piping  is 
carried  around  the  property  and  into  the  vari- 

ous buildings  from  the  fire  pump  in  the  power 
house  for  fire  protection. 

SEWERS. 

.A.  complete  system  of  sewers  has  been  in- 
stalled to  take  care  of  all  roof  drainage  and 

all  drainage  from  engine  pits,  power  house, 
toilets,  turntables,  etc.,  and  in  addition  catch 
basins  have  been  installed  throughout  the  yard 
for  track  drainage. 

YARD    LIGHTING. 

The  engine  terminal  yard  is  lighted  through- 
out by  fifteen  r25-vort,  alternating  current 

flaming  arc  lamps.  Four  of  these  lamps  are 

suspended  from  reinforced  concrete  poles  lo- 
cated around  the  inner  circle  of  the  round- 

houses, the  remainder  being  suspended  from 
tubular  steel  poles  located  at  convenient  points. 
Provisions  are  made  for  lowering  these  lamps 
to  the  ground  for  trimming.  All  conduits  and 
all  wires  which  supply  current  for  this  light- 

ing system  are  underground. 
FUEL  OIL  PIT. 

Fuel  oil  is  piped  from  an  oil  pit  of  8,000 
gais.  capacity  located  between  the  west  ends 
of  the  two  roundhouses. 

SU.MMARY. 

The  principal  quantities  of  materials  used 
in  the  construction  of  this  plant  are  as  fol- lows : 

Concrete  used,  cu.  yds         27,000 
.Structural  steel  erected,  tons    966.3 
Number  of  bricks  used   1,473,100 
Steel  for  reinforcing  concrete,  tons....  736.5 
Gravel  and  broken  stone  for  concrete, 

cu.   yds        26,565 
Sand   for  concrete,    cu.    yds         16,000 
Lumber  for  forms,  scaffolds,  sheet  pil- 

ing, etc.,   ft.   B.   M       841,990 
Bags  of  cement   used       175,494 
Excavation  and  fill  required,  cu.  yds. .       54,366 

The  following  dates  indicate  the  time  re- 
quired to  construct  the  plant: 

Job  authorized     Oct.    23,  1912 
Field  engineering  work  started   Nov.    S,  1912 
Demolitiou  of  old  building  started. .  .Nov.  27.  1912 
First  pile  driven   Jan.      9,  191:i 
First  concrete  poured   Jan.    17,  1913 
100-ft.  roundhouse,  power  house, 
machine  shop,  storehouse,  oil 
room,  two  turntables,  and  cool- 

ing station,    readv   for  use   Nov.  15,  1913 
aO-ft.  roundhouse  ready  for  use   Dec.  15,  1913 

PERSONNEL. 

The  locomotive  plant  was  designed  and  con- 
structed by  Westinghouse,  Church,  Kerr  &  Co., 

of  New  York,  in  co-operation  with  and  under 
the  direction  of  Mr.  Joseph  O.  Osgood,  chief 

engineer,  and  Mr.  A.  E.  Owen,  principal  as- 
sistant engineer,  of  the  Central  Railroad  of 

New  Jersey.  We  are  indebted  to  the  former 

company  for  the  data  contained  in  the  article. 

Results  of  Some  Experiments  to  Deter- 
mine the  Distribution  of  Wind 

Forces  on  a  Building. 

Our  present  assumptions  as  to  the  distribu- 
tion and  magnitudes  of  wind  loads  on  buildings 

are  undoubtedly  far  from  correct,  and  there  is 

need  of  experimental  data  on  the  distribu- 
tion of  wind  loads  for  different  types  of  build- 

ings. The  following  tests,  although  by  no 

means  exhaustive,  at  least  show  that  our  pres- 
ent methods  are  inaccurate  and  emphasize  the 

need  of  more  data.  The  experiments  were 
conducted  on  a  small  model,  at  low  wind 

velocities,  but  the  results  are  of  particular 

value  in  showing  the  distribution  of  the 

wind  pressure  and  suctions.  The  data  were 
abstracted  and  largely  rearranged  from  a  paper 

presented  before  the  Western  Society  of  En- 
gineers by  Albert  Smith. 

THE    MODEL. 

The  model  used  in  the  experiments  consisted 
of  a  roof,  stmi-circular  in  section,  having  a 

span  of  6  ft.  and  a  length  of  10  ft.  This  roof 
was  covered  with  tin,  and  was  mounted  on 

walls  5  ft.  high,  constructed  of  2x6-in.  tongue- 
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41 and-groove  lumber.  The  use  of  tongue-and- 
groove  lumber  made  the  walls  comparatively 
tight,  and  also  give  stiffness  to  the  structure 
when  an  end  or  side  was  taken  out  during 
the  course  of  the  tests.  At  a  middle  section 

of  the  building  %-in.  diameter  holes,  spaced 
about  1  ft.  apart,  were  bored  in  the  walls  and 
roof,  the  row  of  holes  extending  from  ground 
to  ground.     In   the   roof    a   short  nozzle  was 

the  recording  instrument  was  then  placed  on 
these  wedges.  The  3x3x%-in.  angle  which 
formed  the  base  of  the  instrument  was  planed 
on  the  bottom  and  also  on  the  upper  edge. 
The  twenty  %-in.  glass  tubes  (curved  at  one 
end)  of  the  instrument  were  placed  in  a  rack 
which  was  attached  to  the  base  angle,  the 
tubes  being  separated  by  spacers  of  equal  thick- 

ness.    Great  care  was  used  to  make  the  tubes 

sene.  Convenient  length  units  were  marked  off 
on  the  plaster  of  pans  surface  between  the 
tubes.  The  upper  ends  of  the  scale  tubes 
were  connected  to  the  holes  in  the  roof  and 

walls. 
In  selecting  the  scale  tubes  great  care  was 

taken  to  secure  tubes  of  the  same  inside  di- 
ameter and  of  uniform  diameter  from  end 

to   end. 

4g  Wall 
Zl  wall 3j  wall All  06s  Pressures  Mult  by  ̂ £ 

Where  V IS  tne  l/slocity  of  Otiseri-ati
on 

and  10  ihe  Reduced  velocity  forCornpanson 

Fig.    1.  Diagrams    Showing    Distribution    of    Wind    Pressures  and  Suctions  on  a  Model    Building  for  Various  Heights  of  Walls — Also 
Recommended   Distribution  and  Units. 

Recorr;'rienaea  Un 

soldered  on  the  inside.  A  series  of  hol6s  at 
various  levels  was  also  carried  completely 

around  the  building.  The  model  was  so  con- 
structed that  after  each  set  of  observations  the 

roof  could  be  lifted  and  a  6-in.  course  of  the 
walls  taken  off. 

PRESSURE    REGISTERING    APPAR.\TUS. 

The  pressure  recording  apparatus  was  con- 
structed as  follows:     A  concrete  base  was  set 
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Fig.  2.   Direction   of  Wind   and   Arrangement 
of    Tubes    for     Building     With     Open     and 

Closed   Sides. 

in  the  ground,  and  upon  it  there  was  placed 
a  cast-iron  plate.  Another  cast  plate,  planed 
on  its  upper  surface  and  equipped  with  set 
screws  in  the  corners,  was  set  on  this  plate, 
the  upper  plate  being  brought  to  a  horizontal 
plane  by  means  of  a  delicate  level.  Two  iron 

wedges,  differing  a  known  amount  in  their 

heights,  were  placed  on  the  upper  plate,  and 

straight  in  side  elevation — i.  e.,  to  turn  them 
until  all  of  their  curvature  was  in  planes  nor- 

mal to  the  rack.  The  space  between  the  backs 
of  the  tubes  was  then  filled  with  plaster  of 
paris.  Tin  reservoirs,  3  ins.  x  3  ins.  x  1  in., 
were  soldered  to  the  sheet-iron  back  of  the 
rack,  the  reservoirs  being  placed  in  sloping 
rows  on  the  back,  so  that  when  the  instrument 
was  tilted  %,  in.  in  10  ins.  a  horizontal  plane. 

OBSERVATIONS   AND  REDUCTION   OF   READINGS. 
It  was  determined  that  one  division  rise  in 

the  tube  corresponded  to  a  pressure  of  0.0546 
lb.  per  square  foot.  In  determining  the 
wind  velocity   from  the  pressure  the   formula 

V= 

\  0.003 

was  used;   where  P  =  pressure  in 

pounds  per  square  foot  on  thin,  flat  plates,  and 
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Fig.  3.  Pressure  and  Suction    Diagrams  forlVlodel   Building  with  One  and    Both  Sides 

Open. 
if  passed  through  the  center  of  any  tube,  would 

also  pass  through  the  middle  of  the  walls  of 
the  reservoir  belonging  to  that  tube. 

Connections  between  the  tubes  and  their 

reservoirs  were  made  with  bent  tubes,  which 

ran  around  the  back  of  the  instrument,  and 

were  joined  to  the  scale  tubes  at  their  lower 

ends.     The   reservoirs  were  filled  with  kero- 

K  =  velocity  of  wind  in  miles  per  hour.  The 
velocity  of  the  wind  was  determined  for  each 
observation. 

After  each  observation,  or  set  of  observa- 
tions, the  instrument  was  disconnected,  and  it 

was  noted  whether  or  not  the  fluid  in  the  tubes 
returned  to  the  zero  of  the  scale.  If  the  fluid 
in  some  of  the  tubes  did  not  return  the  tubes 
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were  readjusted,  and  duplicate  readings  were 
taken  to  insure  accuracy. 

After  the  first  set  of  readings  was  taken 
one  of  the  frames  making  up  the  side  walls 
was  removed,  thus  reducing  the  height  of  the 
wall  6  ins.  The  instrument  was  again  cori- 
nected,  and  another  reading  was  taken.  This 
operation  was  continued  until  the  height  of 
the  walls  was  reduced  to  iy2  ft.,  which  was 
as  low  in  comparison  to  the  span  of  the  roof 
as  the  observers  thought  would  be  used  in 
practice. 
After  the  readings  were  taken,  (a)  the 

pressure  or  suction  inside  of  the  building  was 
standardized,  (b)  the  result  was  reduced  to 
pounds  per  square  foot,  and  (c)  this  result 
was  then  reduced  to  that  for  a  velocity  of  10 
miles  per  hour. 
PRESSURE    OR    SUCTION    INSIDE    OF    THE    BUILDING. 

The  pressure  and  suction  readings  were  very 
unequal,  partly  because  the  observers  were 
obliged  to  work  in  a  somewhat  gusty  wind,  and 
partly  because  small  variations  in  the  direction 
of  the  wind  caused  great  changes  in  the  con- 

ditions of  exposure  of  the  various  leaks  which 
were  not  symmetrical  around  the  building. 
The  amount  of  pressure  or  suction  was  de- 

termined as  follows:  During  each  observation 
"Pitot"  tubes  were  set  up  in  front  of  the 
building  and  connected  with  two  scale  tubes 
on  the  instrument.  The  readings  of  these  two 
tubes  were  compared  with  the  readings  which 
would  have  been  given  if  there  had  been  zero 

pressure  inside  of  the  building  (which  was  ob- 
tained by  calibration).  In  calibrating  the 

Pitot  tubes,  these  tubes,  and  a  6x6-in.  plate 
were  set  up  30  ft.  in  front  of  the  house  and 
a  long  series  of  readings  was  taken.  It  was 
found  that  the  plate  readings  were  1.2  times 
the  Pitot  tube  readings,  comparing  the  sums 

of  the  pressure  and  suction  of  each  instru- 
ment. These  readings  were  taken  while  the 

house  was  very  thoroughly  calked,  therefore 
conditions  were  nearly  ideal.  The  average 
ratio  of  the  Pitot  tube  pressure  reading  to  the 
Pitot  tube  total  (pressure  plus  suction)  was 
found  to  be  0.917.  If  for  any  observation  the 
Pitot  tube  pressure  exceeded  this  percentage 
of  the  total  an  undue  rarefaction  existed  in- 

side of  the  building,  and  this  was  removed,  as 
is  shown  Dy  the  following  example : 

For  observation  No.  1  the  Pitot  tube  read- 
ings were  -f  1.8  and  —  0..5,  a  total  difference 

of  2.3. 
2.3  X  0.917  =  2.11. 
2.11  —  1.8  =  0.31,  which  is  the  excess  pressure 

inside  of  the  building.  All  pressure  readings 
were  therefore  increased  by  0.31,  and  all  suc- 

tion readings  were  diminished  by  this  amount. 

-As  has  been  noted,  one  unit  on  the  scale 
of  the  instrument  corresponds  to  0.0546  lb. 
For  observation   No.   1,  tube  No.   1,  we  have 

1.7X0.0546=0.0928  lb.  per  square   foot;   and 
0.31X0.0546=0.0169  lb.  per  square  foot. 

Total  pressure  =  0.0928  +  0.0169  =  0.1097 
lb.  per  square  foot. 

Using  the  formula  F=  0.003  F'  for  the 
pressure  on  thin  plates  (Proc.  Inst.  C.  E.,  Vol. 
CLXXI,  p.  191),  we  have  for  thin  plate 
pressures,  at  a  wind  velocity  of  10  miles  per 
hour,  P^=(}.3  lb.  From  the  ratio  determined 
by  calibration  the  Pitot  tube  pressure  will  be 

0.3 

'-■  =   =  0.25  lb.  per  square  foot.     The  ve- 
1.2 

locity,  V,  for  observation  No.  1   (given  above), 

V 
2.3  X  0.0546 

^^7.1  miles  per  hour. 0.0025 

The  total  pressure  =  2.3  X  0.0546  =  0.1256 
lb.  per  square  foot. 

For  observation  No.  1,  tube  No.  1,  we  have 
0.1097  X  0.25 

  =  0.219  lb.  per  square  foot,  when 
0.1256 

reduced  to  a  velocity  of  10  miles  per  hour. 
PRESSURE   DIAGR.\MS. 

All  of  the  observations  taken  at  one  height 

were  averaged  together  and  the  results  plot- 
ted. Figure  1  gives  the  computed  pressures, 

in  pounds  per  square  foot  at  a  velocity  of  10 
miles  per  hour,  for  various  heights  of  wall, 
together  with  the  recommended  units  and  their 
distribution. 

These  tests  do  not  give  satisfactory  data  for 
a  scientific  analysis  of  the  action  of  the  wind 
around  an  obstacle,  as  the  winds  with  which 
these  results  were  obtained  were  gusty  and  the 
exposure  was  far  from  ideal.  It  is  evident 
that  the  wind  current,  when  the  observation 
on  the  2%-ft.  wall  was  taken,  was  moving 
upward  at  a  small  angle  with  the  ground.  The 
contrary  condition  seems  to  be  traceable  in 
some  of  the  other  readings.  The  average  of 
17  such  readings,  however,  is  quite  reliable  to 
show  the  effect  in  a  horizontal  stream  of  air. 

Based  on  the  average  of  the  readings  the 
writer  proposes  a  conventional  loading  of  the 

full  wind  specification  over  90°  of  the  roof, 
applied  as  suction,  and  one-half  of  the  wind 
specification  on  the  windward  and  leaward 

walls,  applied  as  pressure  and  suction,  respec- 
tively (see  Fig.  1).  These  units  might  be 

used  conveniently  by  giving  each  panel  point 
which  fell  within  the  specified  limits  a  panel 
load  equal  to  the  area  carried  multiplied  by 
the  unit  for  those  limits. 

OBSERVATIONS     WITH      PORTIONS     OF     WALLS      RE- 
MOVED. 

A  number  of  observations  were  also  made 
on  the  model  with  different  sides  and  ends 
omitted.  Figure  2  shows  the  marking  of  the 
sides  with  reference  to  the  wind  direction  and 
also  the  arrangement  of  the  tubes.  Tubes  Nos. 

1,  3,  5,  6.  8,  10,  11  and  13  were  connected  to 
nozzles  soldered  in  the  roof,  and  therefore 
give  outside  pressures  or  suctions;  while  Nos. 
2,  4,  7,  9  and  12  were  attached  so  that  their 
open  ends  were  exposed  just  under  the  roof 
at  the  points  indicated. 

To  secure  uniform  air-pressure  conditions 
over  all  of  the  reservoirs  a  curtain  was  hung 
over  the  back  of  the  instrument,  so  that  the 

"inside  pressure,"  which  was  standardized  or 
reduced  to  ideal  conditions  in  the  observations 
on  the  closed  house,  here  represents  only  the 
pressure  conditions  inside  of  the  curtain 
around  the  instrument.  Although  the  pressure 
was  thus  made  uniform  over  all  of  the  reser- 

voirs it  is  to  be  noted  that  the  pressure  under 
the  curtain  is  not  even  approximately  the 
same  as  thai  in  a  closed  building  and  varies 

widely  in  dift'erent  observations.  A  slight  dis- 
placement of  a  fold  of  the  curtain  made  a 

great  difference  in  the  pressure  over  the  reser- 
voirs, so  the  ratio  between  pressure  and  suction 

in  the  Pitot  tube  readings  varies  widely.  The 
readings  on  the  roof  might  have  been  reduced 
by  comparison  with  the  standard  experiments 
on  thin  plates,  and  thus  made  to  show  the 

actual  pressure  or  suction,  but  the  writer  con- 
sidered the  sums  of  inside  and  outside  effects 

to  be  the  most  interesting  results  of  the  tests. 
The  results  of  these  experiments  are  shown 

in  Fig.  3.  Since  there  are  no  inside  readings 
opposite  the  points  Nos.  3  and  11  (see  Fig.  2) 
the  averages  of  the  readings  for  Nos.  2  and  4, 
and  of  Nos.  9  and  12  were  combined  with 
these  readings. 

The  values  shown  in  Fig.  3  indicate  very 
plainly  that  the  forces  on  a  building  with  one 

side  open,  although  greater  than  for  a  struc- 
ture of  the  s;m.e  height  with  the  sides  closed, 

do  not  exceed  the  proposed  units.  With  the 
wind  in  the  opposite  direction  the  pressure  on 
the  closed  wall  would  be  increased  by  a  rare- 

faction inside  of  the  building,  and  the  suctions 
over  the  roof  would  be  diminished.  In  such 
a  case  it  would  be  proper  to  make  the  wind 
loads  on  the  windward  wall  equal  to  the  total 
wind  unit. 
The  observations  on  the  model  with  both 

sides  removed  show  that  the  stresses  for  this 
case  are  less  in  magnitude  but  have  nearly  the 
same  distribution  as  for  the  closed  building. 
APPLICATION     OF     LOAD     UNITS     TO     ROOFS     OTHER 

THAN    CIRCULAR, 

In  applying  the  proposed  unit  loads  the 
writer  would  draw,  on  the  cross-section  of  the 
building,  a  semi-circle  with  the  half  span  as  a 

radius,  placing  the  center  of  the  semi-circle 
at  such  a  distance  below  the  peak  that  the  area 
of  the  cross-section  of  the  building  above  the 
base  of  the  semi-circle  is  the  same  as  that  of 

the  semi-circle;  the  90°  radii  will  then  inter- 
sect the  roof  at  the  point  of  change  in  the 

loading  units. 

mom 
Construction   Features   of  an  Asphalt 

Block  Pavement  Built  at 

Newburgh,  N.  Y. 
Contributed   by  James  L.   Kehoe,   General   Con- 

tractor, Newburgh,  N.  Y. 

The  work  described  herein  consisted  of  the 
construction  of  concrete  curbs,  the  excavation 

for  and  paving  with  asphalt  blocks  on  a  con- 
crete base  of  a  street  within  the  corporation 

of  Newburgh,  N.  Y.,  which  street  is  one  of 
the  main  approaches  to  Route  No.  3  of  the 
New  York  state  highway  system. 

The  length  paved  was  6,000  ft.  and  the  width 
40  ft.  Figure  1  shows  an  average  street  cross 
section  without  car  tracks,  which  occupied  the 
center  for  a  portion  of  the  distance.  The 
total  contract  price  was  $74,292.72  and  in- 

cluded the  following  items :  25,000  sq.  yds.  of 
excavation,  concrete  foundation  and  2  in. 
asphalt  block.  11,912  ft.  of  concrete  curb  with 
protected  corners,  3,107  cu.  yds.  extra  excava- 

tion, and  35  inlet  basins,  manholes  and  catch 
basins. 

CONCRETE     CURB. 

The  concrete  curb  was  6  ins.  wide  at  the 
top,  8  ins.  at  the  bottom,  and  24  ins.  deep,  laid 
on  a  6x12  in.  cinder  foundation.  Wainwright 
steel  corner  bar  was  used  with  expansion 
joints  every  10  ft. 

The  method  of  placing  curb  was  to  start  a 

gang  of  men  on  each  side  of  the  street  re- 
moving   old    curb,    flagstones    and    e.x.cavating 

fastened  the  parts  together.  Rails  were  joined 
longitudinally  by  a  tongue  and  socket. 

Supply  piles  of  cement,  sand  and  stone  were 
placed  every  200  ft.  containing  enough  mate- 

rial to  complete  400  ft.  of  curb.  The  concrete 
mixed  fairly  stiff  in  a  low  charging  Standard 
gasoline  mixer,  was  wheeled  in  barrows  to 
forms.  Immediately  after  concrete  was  placed 
two  men  started  leveling  and  tamping  keeping 

■■  Wainriaht  corner  bar 

e--5--l3-05pholt  Blocks 

I  H  Cement rnortor  cushion  fth 
Concr Curb 

■5'Concretebase  I  Zi  SMixture b''  12'C'nder  rouridotior^ 

Fig.    1.    Cross   Section   of  Street   Paved   with    Asphalt    Blocks,    Newburgh,    N.   Y. 

to  grade.  Two  men  followed  and  placed 
forms  in  position  from  grade  stakes  set  2  ft. 
back  from  the  curb  line.  Hotchkiss  steel 
metal  forms  were  used,  consisting  of  steel 
side  rails  10  ft.  long  and  6  ins.  wide  with 
slots  at  1  ft.  intervals  to  receive  division 
plates.    Steel  templates  and  wedge  shaped  keys 

the  concrete  back  1  in.  from  face  and  top. 
Following  this  the  face  mixture  was  placed. 
Concrete  was  mixed  quite  *:iff  with  just 
enough  water  so  that  when  tamped  into  forms 
there  was  sufficient  moisture  to  face  and  top 
finish  nicely.  Two  men  began  striking 
off   and   finishers   started    floating   and   edging 
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top  without  waiting  for  a  puddle  surface  to 
dry  out.  After  one  hour  setting,  forms  were 
taken  down  (knocking  keys  out  of  templates), 
side  rails  removed,  templates  drawn  through 
and  the  face  of  the  curb  floated  and  finished. 
Forms  were  cleaned,  oiled  and  moved  ahead! 
At  least  50  ft.  of  forms  on  each  side  of 

the  street  were  always  ready  before  pouring 
concrete  started.  Water  for  the  mixer  was 
supplied    from    a    I -in.    pipe    line    laid    bv    con- 

before  starting  in  the  morning.  In  this  way the  shovel  always  had  enough  material  to 
load  all  teams  for  the  first  trip  without  loss 
of  tmie.  Owmg  to  the  shallow  cutting  ttie shovel  was  moved  up  about  every  5  ft.  and 
when  there  were  no  teams  to  load  the  shovel 
kept  crowding  ahead  piling  material.  The 
average  loading  time  for  a  IVa  cu.  vd.  wagon 
was  1  minute.  Fifteen  teams  averaged  2.ji) 
cu.  yds.  per  day  of  material  hauled  away. 

Fig  2.     Steam    Shovel    Excavating    Old    Gravel    Macadar 

tractors  from  the  hydrants  along  the  sidewalk 
with  a  %  in.  T  at  100  ft.  intervals.  Where  car 
tracks  interfered  one  entire  side  was  finished 
at  a  time.  A  gang,  consisting  of  1  foreman,  2 
finishers  and  10  laborers,  averaged  200  ft.  of 
finished  curb  per  day. 

E.'\RTH    EXCAVATION. 

Old  macadam  was  encountered  on  the  sec- 
tion of  street  having  no  car  tracks,  on  the 

remainder,  gravel  and  hard  pan.  Owing  to  the 
short  time  allowed  to  complete  the  work,  to- 

On  the  hard  pan  and  gravel  section  the 
shovel  was  placed  between  the  trolley  tracks 
and  curb.  Fig.  2.  loading  across  the  tracks 
into  side  dumping  trolley  cars  and  dump  wag- 

ons. On  account  of  the  boom  on  the  shovel 
having  only  a  few  inches  clearance  from  the 
trolley  feed  wire,  two  e.xtra  men  were  em- 

ployed to  raise  and  lower  the  wire,  using 
notched  poles.  As  the  traction  company  main- 

tained a  25  minute  schedule  some  time  was 
lost  by  the  shovel  on  account  of  the  wire  be- 

they  were  convinced  that  it  would  excavate 
the  entire  street.  Water  for  the  shovel  was 
piped  in  the  same  manner  as  for  the  mixer, 
a    %   in.  T  being  placed  every  50  ft. 

FINE    GRADING. 

A  fine  grading  gang  of  ten  men  followed 
closely  behind  the  shovel  grading  to  stakes  set 
from  a  grade  line  stretched  from  curb  to 
curb.  About  COO  sq.  yds.  of  fine  grading  was 
the  average  per  day.  A  Buffalo  Pitts  steam 
roller  was  used   for  rolling. 

CONCRETE    FOUNDATION. 

A  concrete  base  5  ins.  deep  was  laid,  a 
1 :2%  :5  mixture  being  use.  Sand  was  screened 
and  the  maximum  size  stone  allowed  was  1% 
ins.  Concrete  was  mixed  with  a  No.  14  Koeh- 
ring  batch  mixer  of  the  traction  type,  equipped 
with  a  20-ft.  boom  and  automatic  dump  bucket. 
On  the  section  free  from  car  tracks  the  ma- 

terial was  placed  in  three  piles— a  row  of  sand 
in  the  center  and  a  row  of  stone  on  either 
side.  Cement  was  placed  on  the  sidewalk  in 
piles  at  intervals  of  50  ft.,  material  for  these 
stock  piles  being  figured  beforehand  so  as  to 
have  just  enough  material  dumped  to  supply 
the  mixer  without  extra  wheeling.  One  man 
handled  the  operating  lever  on  the  boom  and 
dumped  the  bucket.  The  boom  can  be  swung 

through  an  angle  of  180°,  and  40-ft.  width  of 
street  was  taken  care  of  easily.  The  bucket 
was  equipped  with  an  automatic  tripper  which 
dumped  and  closed  the  bucket  at  the  will  of 
the  operator.  Concrete  was  smoothed  with 
hand  shovels  to  pins  set  from  a  line  stretched 
from  curb  to  curb.  Care  was  taken  to 
have  concrete  finished  smooth,  as  only  %-in. 
cushion  was  used  to  lay  asphalt  blocks. 

The  record  day's  run  was  1,010  sq.  yds. 
'if  5-in.  concrete  laid  in  8  hours.  Owing  to 
shortage  of  material  the  average  of  this  sec- 

tion was  800  sq.  yds.  per  day.  The  gang  con- 
sisted of  1  foreman,  1  engineer,  1  fireman  and 20  laborers. 

LAYING    ASPHALT    BLOCKS. 

The  wearing  surface,  Fig.  3,  was  made  of 
asphalt  paving  blocks  2  ins.  thick,  5  ins.  wide 
and  12  ins.  long,  weighing  11  lbs.,  laid  on  a 
'/i-in.  cement  mortar  cushion  consisting  of  one 
part  cement  and  four  parts  sand.  This  bed 
was  struck  with  a  template  from  a  grade  line 
marked  on  the  curb. 

Blocks  were  laid  at  right  angle  to  the  cen- 
ter line  of  street  and  longitudinal  joints  broken 

by  a  lap  of  4  ins.  The  blocks  were  covered 
with   a  perfectly   dry,   clean,  fine  sand,    swept 

Fig.    3.       Laying    Asphalt    Blocks    at    Newburgh,   N.   Y. 

gether   with    the   hard   cutting   it   was   deemed 
advisable  to  use   a  steam  shovel. 

On  the  old  macadam  section  a  No.  0  Thew 
steam  shovel  of  the  traction  type  was  placed 
in  the  center  of  the  street  loading  from  both 
sides  into  1%  and  2  cu.  yd.  dump  wagons. 
Cuts  averaged  from  12  to  18  ins.  deep  at  the 
center  line,  and  4  to  6  ins.  at  the  curb.  A  level 
cut  to  grade  was  made  by  the  shovel  across 
tlie  street  for  a  width  of  25  ft.  The  material 
near  the  curb  was  piled  in  froni  of  shovel  by 
means  of  buck  scrapers  working  evenings,  or 

ing  raised  and  lowered  so  often.  Earth  be- 
tween the  tracks  was  ploughed  with  a  heavy 

rooter  plow  hauled  by  a  trolley  car,  the  shoe 
on  the  plow  being  set  so  that  the  point  just 
cleared  the  ties.  This  loosened  material  was 
shoveled  to  one  side  by  hand  and  left  for  the 
shovel  to  load.  On  this  section  some  hard 
shale  was  found  about  6  ins.  below  grade,  but 
the  shovel  had  no  trouble  cutting  through  it. 
Many  predictions  of  failure  were  heard  from 

the  "sidewalk  inspectors,"  but  after  the  shov- 
el   had    scooped    several   dippers   of    macadam 

into   joints   and   allowed   to    remain   on    pave- 
ment  for  30  days. 

PERSONNEL. 

The  making  of  the  mortar  bed  and  laying 
of  blocks  was  done  by  expert  pavers  under 
the  directions  of  Fletcher  Rogers,  superintend- 

ent for  the  Hastings  Pavement  Co.  of  New 
York.  William  J.  Blake.  Jr.,  city  engineer, 
supervised  the  work.  Jova  &  Kehoe,  Inc.,  64 
Second  St.,  New  York  City,  were  the  con- 

tractors, the  writer  superintending  the  con- 
struction. 
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The  Use  of  the  Abney  Hand  Level  in 

Highway  Location. 
Contributed  by  T.  F.  Hickerson    Associate  Pro- 

fessor of  Civil   Engineering.    University  of 
North  Carolina. 

The  Abney  hand  level  is  a  more  useful  in- 
strument in  road  engineering  than  the  ordinary 

Locke  level  because  with  it  both  a  level  and 
incline  line  of  sight  may  be  established.  Its 
usual  form,  Fig.  1,  consists  of  a  square  bronzed 

A.  When  the  ".^bney"  is  swung  slightly  back- 
wards or  forwards  until  the  bubble  is  in  center 

(this  position  being  shown  by  means  of  a 
prism  which  throws  a  picture  of  the  bubble 
into  the  field  of  view),  the  line  of  sight  B  C 
will  be  parallel  to  the  desired  grade  and  it  is 
only  necessary  to  have  the  rod  moved  about 
until  this  line  of  sight  strikes  the  target  in 
order  to  locate  points  at  the  bottom  of  the  rod 
so   that   they   will   be   on  grade.    Thus,   if  the 

iM»jhiiwil'i]wiHw^dMiii..iijiui]iamHl]l«Mt<aaH«]UOiaBllliUiiillullil'UlHUIrtii 

Fig.    1.     Abney    Hand    Level. 

sighting  tube  5  ins.  long,  a  vertical  arc  having 
a  radius  of  I  in.  graduated  to  single  degrees 
with  a  folding  vernier  reading  to  5  minutes,  a 
scale  of  grades  from  1 :1  to  1 :10,  and  a  bubble. 
The  price,  including  a  leather  pocket  case,  is 
about  $13.50. 

METHOD  OF   USE. 

Since  grades  are  usually  expressed  as  a  per 
cent,  that  is,  the  rise  or  fall  per  100  ft.  of 
distance,  it  is  necessary  to  know  the  relation 

target  points  C  and  C  are  in  the  line  of  sight, 

the  points  D  and  D-  are  on  the  required  grade. 
It  should  be  noticed  that  this  method  of 
establishing  grade  points  is  independent  of 
distance. 

lo  Determine  the  Slope  of  an  Existing 
Grade. — Choose  two  points  on  the  grade.  With 
the  instrument  held  above  the  first  point  in 
position  for  sighting,  place  a  target  on  the 

rod  at  the  "height  of  instrument,"  and  with 
the  rod  held  on  the  second  point,  move  the 
vernier  up  or  down  until  the  bubble   remains 

the  cross  profile  of  the  ground  on  both  sides 
of  the  point  A.  With  the  instrument  set  to 
read  zero  and  the  zero  of  the  rod  at  the 
"height  of  instrument"  (above  A)  sight  on  the 
rod  held  at  all  the  breaks  in  the  slope  of  the 
ground  at  ineasured  distances  from  .\  and  the 
rod  readings  will  give  the  elevations  of  the 
various  points  above  or  below  A.  If  the  line 
of  sight  should  run  in  the  ground  or  be  above 
the  top  of  the  rod,  move  up  to  the  last  point  or 
some  convenient  point  and  proceed  as  before, 
remembering  to  add  to  or  subtract  from  the 
reading  for  the  second  position  all  subsequent 
readings,  in  order  to  refer  all  elevations  to  the 
first  position. 
A  convenient  way  to  keep  notes  is  to  express 

the  data  in  the  form  of  a  fraction,  the  numer- 
ator representing  the  elevation  above  or  be- 

low A  and  the  denominator  the  distance  from 
A.  Thus  the  following  notes  represent  the 
conditions  shown  in  Fig.  5 : 

-1-1.7        0.0     I     —2.1        —1.0        -fl.8 
20  9.0     I         12  22  30 

According  to  the  notes,  the  point  B  is  12  ft. 
to  the  right  and  2.1  ft.  below  A:  also,  the 
point  D  is  30  ft.  to  the  right  and  1.3  ft.  above 
A. 

To  Set  Slope  Stakes. — Suppose  the  center 
fill  at  A,  Fig.  5a,  is  2  ft.  and  the  road  is  to  be 
30  ft.  wide  with  banks  sloping  1%  horizontal- 

ly to  1  vertically.  It  is  required  to  find  where 
the  slope  of  the  banks  intersects  the  surface 
of  the  ground. 

Set  the  vernier  to  read  zero  and  clamp  it. 
Use  the  rod  shown  in  Fig.  3.  With  the  in- 

strument at  the  height  of  eye  above  A,  sight 
on  the  rod  held  at  a  distance  of  at  least  15 
ft.  The  rod  readings  give  the  elevations  above 
or   below   A.    The  method  is  to  guess  at  the 
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Fig.  3. 

between  degrees  and  per  cent  slopes,  which 
should  be  remembered  as  being  in  the  ratio  of 
4  to  7.  Thus  a  7  per  cent  grade  is  equivalent 
to  a  7x4/7^  degree  grade.  The  following 

table  gives  the  degrees  and"  minutes  corre- 
sponding to  per  cent  grades  varying  from  % 

per  cent  to  10  per  cent. 

Per   cent   slope. 
% 
9i 

1 1% 

2 3% 

3 3% 

4 
.=; 

6 
7 
8 
9 

10 

To  Locate  Points  on  Grade. — Suppose  A, 
Fig.  2,  is  a  known  point  on  grade  and  it  is 
required     to     locate     a     point     D,    so     that 

Degree  slope 
Deg. 

Mln. 0 

•  17 

0 

26 

0 34 
0 52 
1 

09 

1 26 
1 

43 

2 

OO 

2 

17 

<> 

35 
9 52 
3 26 
4 

00 

4 34 
5 

09 
5 

43 

in  the  center  and  the  line  of  sight  strikes  the 
target,  then  clamp  the  scale  and  read  the 
angle.  This  gives  the  grade  expressed  in  de- 

grees which  if  multiplied  by  7/4  gives  the  per 
cent   grade. 

There  is  another  way  to  find  the  amount  of 
a  slope,  as  in  the  case  of  a  steep  bank.  Place 
the  base  of  the  level  tube  parallel  to  the  sur- 

face, move  the  vernier  until  the  bubble  comes 
in  the  center,  and  read  the  inner  scale  which 
gives  the  slope  directly  as  1  to  1,  2  to  1,  etc. 

To  Determine  Cuts  or  Fills. — A  convenient 
rod  for  use  in  connection  with  the  hand  level 
Fig.  3,  is  graduated  as  follows :  Mark  the 

height  of  eye  (same  as  "height  of  instru- 
ment") and  label  it  zero  (this  would  be  the 

approximate  height  of  eye  if  the  rod  is  made 
adjustable  at  the  bottom  so  as  to  be  adaptable 
for  persons  of  different  heights),  then  lay  .off 
distances  measured  in  feet  and  tenths  down- 

wards from  the  point  zero  to  perhaps  five  feet 
or  more,  depending  upon  the  height  of  eyes 
of  the  person  who  is  to  use  the  hand  level, 
also  lay  off  similarly  from  the  point  zero  up- 

wards to  say  six  feet,  thus  giving  a  rod  about 

12  ft.  long.  Mark  "Fill''  just  above  the  zero 
and  "Cut"  just  below  it. 

distance  and  try  the  elevation,  or  vice  versa. 
The  point  S  is  correct  because  the  rod  reading 
is  0.0  and  the  distance  is  15+2X3/2=18.0  ft. 
The   stake  S  shows  where  the  fill  begins  and 

[  FILL 

it  should  be  labeled  thus  -j      2.0  indicating  that 

[    18.0 

It   is   two    feet   below    and    18.0    ft.    from   the 

center  of  the  finished  road.    The  stake  at  S' 

[FILL 

should  be  labeled   ]      1.0 

[    16.5 Differential    Leveling. — The    "Abney"    when set  to  read  zero  can  be  used  just  as  an  ordi- 
nary level  to  determine  the   difference  in  ele- 

vation of  tvvo  or  more  points,  in  cases  where 
great    accuracy    is    not    required.        If    a    rod 
graduated   up   and    down    from  the   height   of 
eye  is  used,  the  notes  may  be  kept  as  shown 
in  the  tabic. 

-t-  - Station A  .. 

B  .. C  .. 
D   .. 4.0 

Tot.lI          4.0 

Difference  =  —  5.2 

5.0 

4.2 

9.2 .According  to  the  notes,  B  is  5  ft.  below  A, 
C  is  4.2  ft.  below  B,  arid  D  is  4  ft.  above  C, 
the  difference  in  elevation  between  A  and   D 

■-30'- 

U.J. 

^WTOTW^r^ 

4^ 

-ISO-—   *i-   '6-5-- 

Fig  5a. 
the  slope  A  D  shall  be  on  a  given  per 
cent  grade  parallel  to  the  line  of  sight  B  C. 
Set  the  vernier  to  read  the  angle  correspond- 

ing to  the  per  cent  grade  and  with  the  instru- 
ment held  at  B  in  position  for  sighting  in  the 

hand  or  on  a  Jacob  staff,  then  place  a  rod 
alongside  A  B  with  the  bottom  on  a  level  with 
the  point  A  and  place  a  target  opposite  B  on 

the  rod  at  the  "height  of   instrument"  above 

Assume  .\  and  D,  Fig.  4.  to  be  two  points 
on  grade  and  the  instrument  set  to  give  a  line 
of  sight  B  C  parallel  to  the  grade  AD.  If  the 

rod  is  held  at  D'  then  the  rod  reading  will  be 
the  fill  D'  E,  also  if  the  rod  is  held  it  D"  the 
rod  reading  will  be  the  cut  D"  E. 

To  Determine  Cross  Sections. — Suppose  A, 
Fig.  5,  is  a  point  on  the  ground  at  the  center 
of  the  proposed  road,  and  it  is  desired  to  find 

being  5.2,  the   difference  between   the   sum   of 
the  plus  and  minus  readings. 

.Adjustment. — Set  the  scale  to  read  zero  and 
raise  or  lower  one  end  until  the  bubble  re- 

mains in  the  center,  then  reverse  the  position 
of  the  instrument  end  for  end  and  if  the  bub- 

ble is  out  of  center  the  level  is  not  in  adjust- 
ment. To  adjust  it.  turn  the  capstan  headed 

screw  at  the  end  of  the  level  tube  until  the 
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45 bubble  comes  half  way  to  the  center.  In  order 
to  adjust  exactly,  several  trials  are  often 
necessary. 
A  good  way  to  test  the  adjustment  is  to 

stand  on  some  point  A  and  sight  on  a  target 

held  at  the  "height  of  instrument"  above 
another  point  B  and  note  the  angle.  Then 
stand  at  B  and  sight  on  the  target  held  above 
A  and  see  if  the  angle  is  the  same  (on  the 
other  side  of  zero). 

ADAPTABILITY  OF  THE  ABNEY  LEVEL   TO   HIGHWAY 

LOCATION. 

The  writer  has  found  the  .\bney  level  in- 
dispensable in  side  hill  location.  It  enables  one 

to  determine  grade  points  quickly  and  is  a 
time  saver  in  running  preliminary  trial  lines. 
As  to  its  accuracy,  the  readings  taken  not  over 
100  ft.  apart  (preferably  about  every  50  ft.) 
should  be  within  V2  in.  of  exactness,  provided, 
of  course  the  instrument  is  in  adjustment  and 

the  engineer  is^careful  to  keep  the  "height  of 
instrument"  constant.  The  errors  are  com- 

pensating and  for  this  reason  the  Abney,  in 
the  majority  of  cases,  will  give  a  preliminary 
line  close  enough  to  be  adopted  as  the  tinal 
location.  The  writer  has  used  this  level  in 

laying  out  fully  75  miles  of  road  in  hilly  and 
mountainous  country. 

Very  few  highway  engineers  seem  to  be  fa- 
miliar with  the  merits  of  the  .\bney  as  com- 
pared with  the  Locke  level.  It  has  all  the 

advantages  of  the  Locke  and  many  additional 
uses. 

be  required  to  meet  the  expense  of  road 
maintenance  for  their  own  traffic.  If,  on  the 
other  hand,  light  tractor  haulage  be  employed 
there  is  a  marked  saving  in  the  wear  and  tear 
to  the  road  surface  as  contrasted  with  the 

heavier  plant.  We  must,  therefore,  qualify 

our  a.xioni  that  "the  bigger  the  load  the 
cheaper   the  cost  per  ton-mile"  by  this  rider. 

evitable  and  unnecessary  cost  of  depositing 
and  relifting  the  material. 

Let  us  consider  briefly  team  labor  as  regards 
cheapness  of  transport  and   damage  to  roads. 

As  far  as  the  first  is  concerned,  team  labor 
cannot  compete  with  tractor  haulage.  But  the 
difference  in  wear  and  tear  between  light 

tractor    haulage    and    team    labor    is    a    more 

T.\BLE  II.— ABSTR.\CT  STATEMENT  OF  WORKING   OF  NO.    I    PIONEER   TRACTOR— 3   TONS 
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Cost    of    Steam    Tractor    Hauling    in 
Scotland. 

Foreign  wage  scales  are  much  lower  than 
in  this  country  especially  for  skilled  labor. 
The  effect  of  this  on  the  cost  of  haulage  of 
road  stone  is  shown  by  the  accompanying 

tables  prepared  by  W.  L.  Gibson,  county  road 

surveyor  of  Perthshire  County,  Scotland,  pre- 
sented at  a  meeting  of  the  Institution  of  Mu- 
nicipal and  County  Engineers. 

It  is  said  that  "the  bigger  the  load  the 

cheaper  the  cost  per  ton-mile."  If  this  be 
true,  haulage  by  heavy  traction  engines  is  the 
cheapest  known  method  of  road  transport  so 

far  as  cost  per  ton-mile  is  concerned.  Never- 
theless, road  surveyors  must  consider  the 

question  of  damage  to  road  by  such  haulage. 

79 
1906      244 
1907      ISO 
1908      202 
li09      220 
1910      197 
1911      234 
1912      217 
1913....    239 

♦Half  year  only. 

analysis- No.  of  days  at  work  in  SVz  years.  1,934 
Quantity  of  material  hauled  in  SM 

years     41,254  tons 
Average  quantity  hauled  per  day.  21.91    tons 
Total    distance     traveled     in     S',4, 

years     42,390  miles 
Average  distance  traveled  per  day.   23.20  miles 
•Average     cost     per     day — hauling 

road  material     $5.45 
•Average  cost  per  day — miscellan- 

eous haulage    $3.45 
Average    cost    per    ton    per    mile, 

incluJins  filling  int-^'  wagons,  etc.  11.0  cts. 
Average     quantity     of     fuel     con- 

sumed per  day     225  lbs. 
Average  saving  over  team  labor...  44.92% 
♦Depreciation  and  tear  and  wear  including  at 

the  rate  of  15  per  cent  tor  first  IVz  years  and  22 
per  cent  for  last  year. 

SUMMARY— Estimated   saving   in   favor  of  steam 
tractor  haulage      $11,500.00 

Deduct    initial    cost    of     tractor     and 
wagons         2,500.00 

$  9,000.00 
Add   produce  of  sale  of  old  plant          730.00 

Total    estimated    saving   $9,730.00 

"the  heavier  the  axle  weight  the  greater  the 

damage  to  roads,"  with  its  corollary  of  in- 
creased cost   for  maintenance. 

The  question  of  easy  working — i.  e.,  turning 
and  shunting  on  narrow  roads,  and  in  quarries 

and    loading   banks  of   railway   sidings — is   an 

TABLE   I. 

Mm 

-DETAILED   STATEMENT   OF   WORKING    EXPENSES    OF    PIONEER   TRACTOR— 3 
TONS— F(JR  YEAR  F.NDING  Uj\.Y   15,   1913;   ALSO  COMPARATIVE 

STATEMENT  OF  COST  OF  TB.\M  LiABOR. 
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SAVING  ON  SEASON'S  WORK- 

Washing  out  boiler,  cleaning  and  repairing  engine  and  wagons,  66  days,  at  $1.14 
Filling  metal  into  wagons  at  rate  of  $1.75  per  day. 
40  days  5  horses  and  carts  at  $10.80  per  day.  . 
Filling  metal  into  carts  at   roadside  depots  for  road  rollmg  operations,  .t,357  at  $0.13  pei 
analysis- 

No.  of  days  hauling    239 
Material    liauled     5.357   tons 
Material  hauled  per  day    22.4   tons 
'r'otal     distance     tra^  eled     in     239 

days    4.873    miles 
Average  distance  traveled  per  day.  20.4   miles 
•Average  cost  per  day    $6.20 
Average  cost  per  ton  per  mile....  $0.12 
Fuel  consumed  per  day     300  lbs. 
•This  includes  filling  wagons,  time  of  driver 

washing  out  boiler,  cleaning  and  repairs,  Willi 
depreciation,  etc..  estimated  at  the  rate  of  22 
per  cent. 

In 

per  cent $3,180.00     100 
1,460.00       46 

Cost  of  carting  by  team  labor.. 
Cost  of  steam  tractor  haulage. . 

Total  savingt      $1,720.00       54 
fin    addition,    the    tractor     (after     8%     years 

work)  was  sold  for  $740. 

and  it  is  therefore  necessary  for  them  to  keep 
the  axle  weights  within  reasonable  limits.  If 
heavy  plant  is  used  surveyors  must  make  and 
maintain  their  roads  to  meet  this  class  of 

traffic,  which  means  that  a  large  initial  ex- 
penditure as  well  as  a  large  annual  cost  would 

important  consideration,  for  it  must  be  re- 
membered that  in  haulage  of  road  material  the 

primary  object  is  to  ply  between  the  quarry 
or  the  railroad  siding  and  the  scene  of  steam 

road  rolling  operations  without  the  interven- 
tion  of   roadside   storing  depots,   and    the   in- 

problematical  question,  though  my  own  experi- 
ence goes  to  confirm  me  in  the  view  that  in 

some  cases — if  not  in  most — there  is  a  differ- 
ence here  also  in  favor  of  the  former.  Indeed, 

I  would  go  further  and  affirm  that  in  some 
cases  where  the  effect  of  the  use  of  team 

labor  was  to  cut  through  the  surface  and 
cause  deep  ruts,  the  substitution  of  tractors 
resulted  merely  in  a  depression,  which  was 
more  easily  remedied  by  making  up  with  metal, 
and  that  continued  use  of  the  tractor  and 

wagon  over  the  metal  in  the  course  of  haul- 
age actually  producing  a  much  stronger  road 

than  before.  It  is  naturally  to  the  advantage 
of  the  carting  contractor,  when  hauling  under 
contract,  to  load  to  the  full,  but  the  greater 
the  profit  the  greater  the  damage  to  the  road. 
1  am  thus  led  to  conclude  that  here  again, 
though  of  course  in  a  much  less  degree,  the 
two  aims  of  the  road  surveyor  cannot  be  fully 
secured  by  the  employment  of  team  labor. 

In  considering  as  to  the  adoption  of  mechan- 
ical haulage  for  West  Perthshire,  I  recognized 

that  many  of  my  roads  were  lightly  con- 
structed and  narrow,  and  the  quarries  restrict- 

ed in  area  and  not  easy  of  access.  I  consid- 
ered that  to  adopt  heavy  traction  engines 

would  be  almost  impracticable  for  the  work 

contemplated.  Under  the  heavy  motor-car 
regulations  the  use  of  self-contained  vehicles 
such  as  steam  and  petrol  wagons  is  permitted  ; 

but  from  the  author's  point  of  view  they  have 
the  disadvantage  of  the  great  axle  weight  on 
the  hind  wheels,  which  are  as  a  rule,  in  the 

case  of  the  steam  wagon,  only  about  3  ft.  fi 
in.  diameter  by  10  in.  wide,  carrying  a  legal 

weight — often,  unfortunately,  exceeded — of  S 
tons. 

This  IS  quite  an  extravagant  load  for  an 
ordinary  country  road.  This  type  of  vehicle 

has  also  another  disadvantage  to  road  authori- 
ties, in  that  the  whole  plant  must  remain  idle 

while  being  loaded,  whereas  the  tractor,  using 

two  tipping  wagons,  can  be  hauling  the  one 
while  the  other  is  loading.  The  output  of  this 
plant,  therefore,  is  greater  than  that  of  a 
steam  or  gasoline  wagon,  and  the  produce  of 
the  crusher  or  tar-macadam  mi.xer,  or  material 
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from  the  railway  siding,  is  delivered  on  the 
road  in  a  more  regular  manner.  While  the 

higher  speed — legal  ma.ximum  of  12  miles  per 
hour — of  motor  wagons  on  rubber  tires  may 
be  considered  an  advantage  for  this  type,  in 

the  present  state  of  development  of  mechan- 
ical haulage  it  appears  to  me  that  the  cost  of 

rubber  tires  alone,  which  could  be  calculated 
at  not  less  tlian  4  cts.  per  vehicle  mile,  and 

the  cost  of  gasoline  where  motor  engines  are 
used,  make  it  difficult  for  this  type  to  be 

compared  with  tractor  haulage  for  the  convey- 
ance of  road  material  irrespective  of  the  dis- 

advantages already  mentioned  of  the  self- 
contained  unit. 

Notwithstanding  rubber  tires,  the  axle 

weight  of  this  self-contained  vehicle  has 
proved  to  be  very  damaging  to  road  surfaces 

where  regular  services  of  motor  'buses,  heavy 
vans  and  chars-a-banc  are  in  operation.  It 
must,  of  course,  be  understood  that  where 
the  roads  are  strong  and  smooth,  and  where 
facilities  are  provided  for  quick  and  cheap 

loading,  the  use  of  the  fast-running  motor 

wagon— either  steam  or  gasoline— may  be  seri- 
ously considered ;  but  the  author  has  yet  to 

learri  of  instances  in  any  way  similar  to  his 
own  work  where  this  type  of  vehicle  has  been 
used  at  a  cost  which  can  be  compared  with 
his  own  experience. 

The  following  points  may  be  suggested  for 

the  consideration  of  road  engineers  and  sur- 
veyors who  may  be  contemplating  the  adoption 

of   mechanical  haulage; 

(1)  Strength  of  Roads.— Whether  capable 
of  carrying  the  maximum  axle  weight  of  the 
type  of  vehicle  it  is  proposed  to  use. 

(2)  Quantity  of  Material  to  be  Traris- 

ported.— If  the'  tonnage  is  small,  or  the   dis- 

TABLE  IV.— ABSTR.\CT  STATEMENT  OF  WORKING   OF   NO.   2   ROB   ROY   TRACTOR— 5   TONS 
—CONVERTIBLE  TO  ROLLER— 7  TONS— FOR   6  YEARS  ENDING  MAY  15,  1914. 

TABLE  III.  —  DETAILED  STATEMENT  OP 

WORKING  EXPENSES  OF  ROB  ROY  TRAC- 
TOR—5  TONS  CONVERTIBLE  TO  ROLLER 

—7  TONS— FOR  YEAR  ENDING  MAY  15, 

1914;  ALSO  COMP.A.RATIVE  STATEMENT 
OF  COST  OF  TEAM  LABOR. 
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allow  at  rate  of  $1.76   per Filling   into  wagons, 
(lay. 

\Va.shin?  out  and  cleaning  and  repairmg  engine 
and  wagons — Time  of  driver,  SO  days  $1.22. 

13  davs.  6  carts  and  horses  at  $12. 9G  per  day. 
Add    filling    and    carting    metal     from     roadside 

depots  to  rolling  operations,  3,158  tons  at  $0.13. 
ANALYSIS— 
Number  of  days'  hauling    142 
Quantity  of  material  hauled    3,15S   tons 
Average  quantity  hauled  per  day.  22.23   tons 
Average  distance  traveled  per  day.   21.95  miles 
Total  distance  traveled  in  142  days.  3,118    miles 
Average    cost    per    day,    including 

filling  into  wagons  and  time  of 
driver,     washing       out       boiler, 
cleaning  and  repairing     $5.76 
(Depreciation  and  tear  and  wear 
included  at  the  rate  of  15%.) 

Average  cost  per  ton  mile     $0,103 
Fuel  consumed  per     day     2O0   lbs. 

SAVING  ON  SEASON'S  WORK— 
Cost  of   carting  by   old   contract   sys- 
tem     $2,250.00 

Cost  of  m.otor  haulage        820.00 

Total  saving     $1,430.00 

Note  — This  tractor,  being  convertible  to  a  7- 
ton  road  roller,  was  engaged  at  rolhng  opera- 

tions for  141  days  at  an  average  cost  of  $4.41 
per  day. 

tances  unduly  short,  hire  may  be  cheaper  than 

purchase. 

(.3)  Present  Cost  of  Transport.— There  are 
still  some  districts  where  I  understand  the 

prices  of  cartage  are  still  so  cheap   that  pur- 
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Mis.  wks. 
1909.... ....    151 

3,739 

$5.24 

12.00 12 
Rolling 

$3.72 

25.00 

3,098 

19.00 400 
Very  wet 

1910....        99 

2,302 6.54 
S.2S 118 

Rolling 4.40 18.00 
2.945 

29.74 

400 

Fair 

1911   
....    145 

2.SSS 5.71 S.OO 
116 

Rolling 
4.50 19.91 

3.899 26.88 
350 Good 

1912.... ....    103 

3,318 
6.52 

10.40 146 

Ruiung 
4.40 

33.00 

2,514 

24.40 

325 

Excellent 

1913.... ....    121 2,617 6.04 9.16 162 
Rolling 

4.41 
21.62 

2.6S2 

22.16 
350 

9)0 

Very    wet 

1914.... ....    142 
3,158 

5.76 10. 2S 141 
4.41 22.23 

3,118 

21.95 Excellent 

•Engaged  as  roller  at  miscellaneous  works. 
ANALYSIS- NO.   of   days   at   work   hauling   in 

6  years     773  days 
No.  of  days  rolling  in  6  years    683   days 
Quantitv  of  material  hauled  in  6 
years     18,262    tons 

Average  quantity  hauled  per  day. ..  23.62    tons 
Total  distance  traveled  in  6  years..  18,256   miles 
Average  distance  traveled  per  day.  24.02  miles 
Average     cost     per     day     hauling 

(depreciation  and  tear  and  wear 
included  at  the  rate  of  15%)     $5.77 

Average  cost  per  day  rolling     $4.50 
Average  cc-^t  per  ton  per  mile,  in- 

cluding filling  into  wagons   $0,097 
Average    quantity    of    fuel    con- 

sumed per  day    350  lbs. 
Average  saving  over  team  labor..  42.13% 

SUMMARY— Saving    in    favor     of     steam     tractor 
haulage      $6,500.00 

Deduct  initial  cost  of  tractor  wagons 
and  rolling  gear    3,640.00 

$2,860.00 
Add   present  value   of  tractor  wagons 
and  rolling  gear    1,820.00 

Total    estimated    saving   $4,680.00 
Note. — This  engine  has  also  been  employed  at 

rolling  operations  for  683  days  during  the  past  6 
years  at  an  average  cost  of  $4. -12  per  day.  The 
value  of  this  work  is  not  included  in  tlie  esti- mated saving. 

chase  of   plant   may  not  at   present  be  justi- 
fied. 

(4)  Whether  the  work  of  the  district  suits 
the  use  of  convertible  tractor  and  roller.  (The 
author  finds  the  convertible  tractor  the  most 
useful  plant  he  has.) 

(5)  Whether  the  engine  can  be  utilized  for 

driving  small  crusher  for  tar-macadam  mixer, 
supplying  steam  for  rock  drilling,  pumping 
water  out  of  quarries,  removing  accumulations 

experts  in  general,  that  he  fully  realizes  that 
other  kinds  of  traflSc  may  be  better  undertaken 

by  other  types  of  vehicles  than  that  which  he 
advocates  for  the  haulage  of  road  material. 

Details  of  the  actual  work  and  cost  of  op- 
eration of  the  two  first  tractor  plants  pur- 

chased by  my  council  are  annexed.  The  third 
engine  replacing  3-ton  Pioneer  tractor  sold 
last  year,  has  been  in  use  less  than  one  year, 
and  little  or  no  expense  for  repairs  has  yet been  necessary. 

Tables  Nos.  1  and  3  are  given  as  examples 

of  one  year's  work,  and  the  method  of  keeping 
the  cost. 

Tables  Nos.  2  and  4  show  abstracts  and  an- 
alyses for  the  whole  of  the  years  during  which 

the   tractors  have  been   at  work. 

A  comparison  between  the  cost  of  team 
labor  and  tractor  haulage  is  shown  in  each 
statement. 

Fig.    1.     Standard    Method   of  Street    Monu- 
menting   Used    in   St.   Paul,   Minn. 

of  road  scrapings,  hauling  tar-sprayers  and 
boilers,  or  any  of  the  many  operations  for 
which  a  surveyor  requires  power  of  any  kind. 

The  author  wishes  it  to  be  understood,  lest 

he  should  be  taken  to  task  by  motor  haulage 

Standarti     Method     of     Monumenting 
Streets  at  St.  Paul,  Minn. 

The  method  of  monumenting  all  improved 
streets  at  St.  Paul,  Minn.,  is  illustrated  by  the 
accompanying  sketch  redrawn  from  data  given 

in  a  recent  report  of  the  Commissioner  of  Pub- 
lic Works. 

For  a  great  many  years  a  monument  atlas 
was  kept  up,  it  being  necessary  to  refer  to  this 
atlas  when  monuments  in  any  particular  local- 

ity were  required.  Monuments  were  numbered 
and  the  number  referred  to  the  page  of  the 
monument  record  book  on  which  were  given 
the  notes  and  ties  required.  This  monument 
record,  for  some  reason,  fell  into  disuse  and 
it  has  also  been  found  that  the  records  on  the 

standard  maps  for  the  last  few  years  are  not 

complete.  To  remedy  this  a  card  index  monu- 
ment record  has  been  started  with  the  inten- 

tion of  bringing  up  to  date  all  records  of 

monuments  in  the  city.  These  cards  are  in- 
dexed under  the  street  name.  There  are 

three  or  more  intersections  to  each  card  and 

the  cards  are  numbered  and  run  consecutively 
on  each  street  from  the  center  of  the  city 

outward. 
Specifications  in  all  contracts  for  city  work 

have  the  following  clause ;  "The  contractor 
shall  not  disturb  any  monuments  or  stakes 
found  on  the  line  of  the  improvement  until 

ordered  by  the  engineer  and  shall  reset  any 
monument  as  directed  by  the  engineer.  A 

penalty  of  $2-5  may  be  imposed  for  each  mon- 
ument disturbed  without  orders  and  the 

amount  deducted  from  the  estimate." 
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47 Notes  on  Roads  and  Streets. 
Length  of  Guarantee  on  Asphalt  Pave- 

ments.— During  1913  ihe  General  Asphalt 
Company  constructed  1,480,501  sq.  yds.  of 
asphalt  pavement,  with  an  average  guarantee 
of  2.45  years,  as  shown  in  the  following 
tables : 
LENGTH  OF  GUARANTEE  3T  TEARS. 

Average  length        Percentage 
of  guarantee  with  no 

Year  laid.  Years.  guarantee. 
1905      7.2  6.4 
1906      7.0  11.1 
1907      5.0  27.0 
1908      5.2  26.7 
1909      3.5  36.2 
1910      3.1  40.0 
1911      2.99  35.3 
1912      2.79  33.7 
1913      2.45  51.6 

YARDAGE    AND    LENGTH    OF    GUARANTEE 
OP  PAVEMENTS  CONSTRUCTED  IN   1913. 

Yards  constructed 

'  with 

Term.  guarantee  in  1913. 
1-year    674 
2-year      
3-vear    398 
5-year    725,229 
7-year      

8-year      
9-year      

10-year      
15-year      

Total       726.301 

Without  guarantee      754.200 

Total      1,480.501 

Control  of  Excavations  on  Paved  Streets 
in  Philadelphia. — .\  filing  system  showing 
by  a  "visible"  index  all  streets  under  guarantee, 
and  other  pertinent  data,  and  a  follow  up  sys- 

tem are  used  in  Philadelphia  in  maintaining 
control  over  permits  until  the  completion  of 
the  work  and  the  final  restoration  of  the  pave- 

ments, or  the  removal  of  building  material 
occupying  highways.  After  a  permit  to  open 
a  street  is  issued,  a  notice  of  such  is  sent  im- 

mediately to  the  engineer  in  charge  of  the 
district  named  in  the  permit,  with  the  request 
that  it  be  returned  to  the  central  office  when 
the  pavement  has  been  restored.  On  the  face 
of  this  return  notice  a  place  is  provided  for 
both  the  approval  of  the  district  engineer,  and 

an  endorsement  by  the  inspector  in  charge  of 
the  field  work,  that  the  pavement  has  been  re- 

placed in  a  satisfactory  manner.  All  permits 
are  valid  for  a  period  of  two  weeks  from  the 
date  of  issue;  and  the  authorized  opening  is 
required  to  be  refilled  and  repaved  before  the 

permit  expires. 

Results  of  Clean-Up  Week  in  Philadel- 
phia.— The  week  of  April  28  to  May  3,  was 

set  aside  in  Philadelphia  as  a  special  "Clean 
Up"  week,  to  better  the  health  conditions  and 
appearance  of  the  city.  In  order  to  bring  it 
to  the  attention  of  property  holders,  the  plan 
was  advertised  as  widely  as  possible,  both 
through  the  daily  papers  and  by  pamphlets 
distributed  to  householders.  In  addition,  pla- 

cards were  placed  in  store  windows,  trolley 
cars,  and  railroad  stations,  calling  attention  to 
this  movement.  Every  possible  means  of  ob- 

taining active  co-operation  was  used,  the  civic 
organizations,  public  schools,  boy  scouts,  all 
enlisted  their  services  in  this  work.  During 
"Clean  Up"  week  the  amount  of  rubbish  col- 

lected by  the  city  amounted  to  34,279  cu.  yds. 

m  EEYWM 
Masonry.— By    George    R.    Barham.    Longmans. 
Green  ,&  Co.,   New  York.     Cloth,  4%x7^4   ins.; 
ISl  pp.;   illustrated;  $0.90. 

This  is  an  English  book  written  for  students 
in  trade  schools  and  for  apprentices.  The  head- 

ings of  the  seven  chapters  are:  Tools  and 
•Machinery ;  Conversion  of  Stone ;  Drawing 
and  Setting  Out:  Construction  and  Construc- 

tional Details;  Erection  and  Fixing:  Materi- 
als—Building Stone:  and  Stereotomy.  The 

book  is  of  most  value  to  masons  and  to  stu- 
dents of   architecture. 

Rivers  and  Estuaries. — Or  Streams  and  Tides. — 

By  W.  Henry  Hunter,.  New  York.  1913.  Long- 
mans. Green  &  Co.  Cloth.  ex9  ins.;  pp.  69; 

illustrated;   $1. 

This  is  a  brief  and  very  general  but  very 

interesting  discussion  of  river  and  tide  flow 

phenomena  and  of  the  doctrine  of  estuarial 

river  regulation.  Mr.  Hunter  styles  his  re- 
marks extenuating,  and  they  are  so  in  the  re- 

spect that  they  discuss  clearly  the  elemental 
or  fundamental  phenomena  and  principles  of 

■  current  and  tide  activities.  To  do  this  is  all 
the  author  had  in  mind.  Like  most  English 

engineers  of  his  generation  he  can  write  Eng- 
lish, and  this  lends  attraction  to  his  discussion. 

One  need  not  be  an  engineer  to  read  and  un- 
derstand almost  every  chapter.  One  wishes 

that  more  .^merican  engineers  who  have  come 

to  years  of  counsel  would   write  similarly. 

Designing  and  Detailing  of  Simple  Steel  Struc- 
tures.—By  Clyde  T.  Morris.  McGraw-Hill 

Book  Co.,  New  York.  Cloth.  6x9  ins.;  249  pp.; 
illustrated;  $2.25. 

In  this,  the  third  edition  of  the  book  the 

author  has  changed  somewhat  the  arrange- 
ment of  the  text.  Several  of  the  chapters  have 

been  rewritten,  and  the  entire  book  has  been 

reset  and  brought  up  to  date.  .A.  new  chapter 

on  highwav  bridges  has  been  added,  together 

with  a  reprint  of  the  Specifications  for  Steel 

Highwav  Bridges  of  the  State  Highway  De- 
partment of  Ohio.  Many  of  the  illustrations 

have  been  redrawn  and  several  have  been 

added.  The  book  treats  of  the  designing  and 
detailing  of  simple  steel  structures,  and  is 
somewhat  elementary.  It  was  the  intention  ot 
the  author  to  present  such  material  as  can 
be  covered  in  the  limited  time  usually  given 
to  this  subject  in  engineering  schools.  The 

book  is  clearly  written,  but  is  not  well  bal- 
anced. Of  the  249  pages  of  text,  15  are  given 

to  designing  and  estimating,  29  to  riveting.  27 
to  mill  buildings,  110  to  railway  bridges,  10  to 

highway  bridges.  3.3  to  manufacture  and  erec- 
tion, and  25  to  steel  highway  bridge  specifica- 

tions. 

Laboratory  IVlanual  of  Testing  Materials. — By 
William  Kendrick  Hall  and  H.  H.  Schofield. 
McGraw-Hill  Book  Co..  New  York.  Cloth,  5x 
'%   Ins.;    135   pp.;   illustrated;   $1.25. 
The  authors  state  the  manual  is  an  outcome 

of  the  operation,  through  18  years,  of  the 
Laboratory  of  Testing  Materials  of  Purdue 
University  and  that  one  purpose  of  it  is  to 
relieve  the  instructor  from  the  necessity  of 
explaining  the  details  of  mechanical  pro- 
cedure. 

The  headings  of  the  seven  chapters  and  the 

four  appendices  are;  General;  General  In- 
structions: Definitions;  Materials  Stressed 

Beyond  the  Elastic  Limit:  Testing  and  Test- 
ing Machines;  List  of  Experiments;  Instruc- 

tions for  Performing  E.xperiraents ;  Common 
Formulae;  Strength  Specifications  for  Steel 
and  Iron;   Standard    Forms    of  Test   Pieces. 

The  text  is  well  arranged  and  the  principal 
types  of  machines  and  testing  instruments  are 
well  illustrated  by  numerous  drawings.  Al- 

though the  manual  was  written  primarily  for 
students  at  Purdue,  the  list  of  experiments 

given,  with  slight  modifications,  can  be  per- 
formed in  other  well  equipped  laboratories. 

Much  of  the  information  will  be  found  of 
value  to   the   practitioner. 

Sub-Aqueous  Foundations.— By  Charles  Evan 
Fowler.  John  V\'iley  &  Sons,  New  York.  Cloth. 
6x9   ins.;   794  pp.;   illustrated;   S7.50. 

This  is  the  third  edition  of  the  book,  the 

first  appearing  in  1898  and  the  second  in  1904_. 
In  the  present  edition,  -which  comprises  735 
pages  of  text  and  59  pages  of  selections  from 
specifications,  the  author  has  collected  a  large 
number  of  valuable  data  on  foundation  work, 

much  of  which  can  be  easily  "applied  by  the 
practicing  engineer.  There  is  included  in  the 
present  edition  sub-aqueous  foundations,  the 
cofferdam  process  for  piers,  and  dredges  and 
dredging. 

The  new  matter  consists  largely  of  prac- 
tical examples  of  work,  and  of  descriptions 

and  working  plans  of  different  kinds  of  con- 
struction plant.  New  data  have  been  added 

on  pile-driving,  on  the  use  of  concrete  piles 
and  metal  sheet-piling,  and  a  chapter  has  been 
added  describing  methods  and  equipment  for 
the  jetting  of  piles.  Additional  data  are  also 
given  on  the  use  of  compressed  air  in  caisson 
work,  and  on  the  bearing  power  of  piles.  The 
calculation  of  piers,  retaining  walls  and  foot- 

ings has  been  added,  as  has  also  a  chapter  on 
cement  and  concrete.  Entirely  new  matter  has 
been  given  on  piers  and  wharves ;  on  dams, 
seawalls  and  retaining  walls ;  on  dry  docks 
and  locks ;  and  on  the  cost  of  foundation  work. 

The  present  treatise  should  prove  of  particu- 
lar value  to  engineers  engaged  in  foundation 

work  for  bridges. 

Field  Manual  for  Plane  Surveying  and  Railroad 
Curves. — By  R.  C.  Yeoman  and  E.  A.  Tucker. 
M.  E.  Bogarte  Book  Co.,  Valparaiso.  Ind. 
Cloth,  5x8  ins.;   150  pp.;  illustrated;  $1.75. 

This  book  combines  the  features  of  the 
students  surveying  manual  and  the  ordinary 
field  book  for  recording  the  data  obtained  in 
making  transit  surveys.  It  is  a  product  of  the 
teaching  staff  of  the  Department  of  Engineer- 

ing of  Valparaiso  University.  It  contains  sam- 
ple field  notes  of  the  form  usually  recorded  in 

connection  with  students  surveying  exercises. 
These  sample  field  notes  are  followed  in  each 
case  by  blank  pages,  ruled  up  as  in  the  ordinary 
field  book,  for  recording  the  notes  taken  by 
the  student  in  solving  problems  similar  to- 
those  shown  as  examples. 
The  book  illustrates  the  solution  and  note 

keeping  for  seven  groups  of  problems  as  fol- 
lows :  Pacing  problems,  chaining  problems, 

leveling  problems,  compass  and  sextant,  tran- 
sit problems,  astronomical  surveying  and  rail- 

road curves.  The  book  will  be  used  in  the 

authors'  classes  as  supplementary  to  lectures 
and  assigned  reading  in  a  standard  text  book 
on  plane  surveying. 

The  book  promises  to  make  better  note  keep- 
ers out  of  students  and  if  it  fulfills  this  prom- 
ise it  will  be  well  worth  while.  Its  use  will 

be  restricted  to  academic  work.  Combining 
the  features  it  does  it  effects  a  saving  in  the 

student's  former  book  bill  at  "Valparaiso  Uni- 
versity. 

Rainfall    Reservoirs   and    Water  Supply. — By   Sir 
-Mexander  R.  Binnie.  D.  Van  Nostrand  Co.. 
New  York  City.  Cloth.  6x9  ins.;  150  pp.;  illus- trated; $3.00. 

This  is  not  a  comprehensive  treatise  on 
water  supply  engineering  but  a  monograph  on 
the  design  and  construction  of  reservoirs  for 
impounding  stream  flow,  with  additional 
matter  covering  the  conveyance  of  the  water 
to  the  point  of  consumption  including  the  de- 

scription of  the  necessary  conveying,  distribut- 
ing and  controlling  works. 

The  book  contains  ten  chapters  of  the  fol- 
lowing scope:  A  study  of  rainfall  data,  in- 
cluding average  rainfall  and  fluctuations  in 

the  amount,  run-off  and  evaporation  and  in- 
tensity of  flood  flows:  consumption  statistics, 

quality  of  raw  water  and  its  purification; 
sources  of  supply,  gravity  and  pumping  sys- 

tems of  supply,  pumping  works,  catchment 
areas,  deductions  from  rainfall  and  compensa- 

tion for  water  used ;  capacity  and  site  of 
reservoirs,  puddle  and  concrete  core  walls  and 
embankment  base ;  reservoir  embankments  and 
masonry  dams ;  works  for  drawing  off  water 
from  reservoirs ;  waste  works ;  aqueducts, 
service  reservoirs  and  distribution  system; 
valves,  meters  and  house  fittings. 
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This  work  is  the  outcome  of  the  author's lectures  to  the  students  of  London  University 

but  it  would  be  grossly  unjust  to  brand  it 
as  a  book  solely  for  the  student.  It  contains 
much  matter  of  interest  to  the  water  works 

engineer,  particularly  in  the  discussion  ot 
rainfall  data  and  in  the  discussions  on  tne 

construction  of  reservoir  embankments  ami 
dams. 

Foundations  of  Bridges  and  Buildings. — By 

Henry  .S.  Jacoby  and  Roland  P.  Davis.  M<:- 

Graw-HiU  Book  Co.,  New  York.  Cloth,  Cx'J 
ins.;  597  pp.;  illustrated;  $5.00. 

The  authors  state  that  their  aim  has  been  to 

treat  in  a  systematic  manner  the  entire  subject 

of  foundations  for  bridges  and  buildings  as 

represented  by  American  practice.  The  19  chap- 
ter headings  and  the  space  devoted  to  each 

of  the  subjects  covered  are:  Timber  Piles 

and  Drivers,  36  pp. ;  Driving  Timber  Piles,  38 

pp.;  Bearing  Power  of  Piles,  41  pp.;  Concrete 
Piles,  58  pp.;  Metal  and  Sheet  Piles,  24  pp.; 

Cofferdams,  41  pp. ;  Bo.k  and  Open  Caissons, 

41  pp. ;  Pneumatic  Caissons  for  Bridges,  29 

pp.;  Pneumatic  Caissons  for  Bridges  (Cont.), 

'29  pp. ;  Pneumatic  Caissons  for  Buildings,  28 

pp.;  Pier  Foundations  in  Open  Wells,  18  pp.; 
Ordinary  Bridge  Piers,  33  pp.;  Cylinder  and 
Pivot  Piers,  Iti  pp.;  Bridge  .Abutments,  19 

pp.;  Spread  Foundations,  38  pp.;  Underpin- 
ning Buildings,  28  pp.;  Explorations  and 

Unit  Loads,  20  pp.;  Pneumatic  Caisson  Prac- 
tice. 24  pp.:  and  References  to  Engineering 

Literature,  30  pp.  The  text  is  followed  by  a 
brief  index. 

As  regards  the  space  given  to  the  various 

subjects  the  book  is  not  well  balanced,  but 
the  text  is  well  arranged.  Numerous  working 

drawings  and  construction  views  are  given. 

The  compiled  data  reflect  modern  practice  and 

the  book  should  prove  of  value  to  engineers 

engaged  in  foundation  design  and  construc- 
tion. The  complete  list  of  references  to  the 

engineering  literature  on  the  subject  of  foun- dations is  a  valuable  feature  of  the  book. 

Suspension  Bridges,  Arch  Ribs  and  Cantilevers. 
—By  Wm.  H.  Burr,  John  Wiley  &  .Sons. 

New  York.  Cloth.  6x9  ins,;  Hi  pp.;  illus- 
trated;  S5.00. 

It  is  Stated  in  the  preface  that  the  book  was 

written  primarily  to  meet  the  author's  needs in  the  class-room,  although  the  tabular  data 

should  also  prove  of  value  to  the  practitioner. 
The  arrangement  of  the  book  is  logical  anu 
the  text  is  clearly  presented. 

The  scope  of  the  book  may  be  seen  from 
the  following  brief  summary ;  Chapter  I  gives 
a  discussion  of  the  suspension  bridge,  based 
on  the  assumption  that  the  problems  treated 

are  statically  determinate,  the  principles  de- 
veloped being  sufficiently  close  to  serve  the 

purpose  of  approximate  computations  and  pre- 
liminary estimates.  Chapter  II  considers  the 

theory  "of  the  stiffening  truss  with  a  center 
hinge,  which  makes  the  problems  discussed 
statically  determinate.  Chapter  III  develops 
the  theory  of  a  perfectly  flexible  cable  loaded 

vertically"  In  Chapter  'IV  there  is  developed a  more  closely  approximate  theory  of  the 
stiffening  truss  than  that  previously  given, 
based  on  the  elastic  deformation  of  the  struc- 

ture; while  Chapter  V  considers  the  theory  of 
the  straight  stiffening  truss,  based  on  the 
method  of  deflections.  In  both  of  these  theo- 

ries it  is  assumed  that  there  is  no  sensible 
variation  from  the  parabolic  form  of  cable, 
or  frame,  under  any  condition  of  loading.  The 
theory'  given  in  Chapters  III  and  IV  follows 
closely  that  developed  by  Professor  Melan. 
Chapter  VI  treats  of  the  temperature  stresses 
in  the  stiffened  suspension  bridges;  Chapter 
VII  gives  a  graphic  treatment  of  the  arch  rib, 
and  Chapter  VIII  develops  the  general  theory 
of  the  elastic  arch  according  to  the  law  of 

"Least  Work."  Chapter  IX  treats  of  the 
three-hinged  arch  rib ;  Chapter  X  of  the  braced 
spandrel  arch,  and  Chapter  XI  gives  a  short 
analytic  treatment  of  cantilevers.  Two  short 
appendices  are  added,  one  of  which  considers 
briefly  the  limiting  spans  and  depths  of  stif- 

fening trusses,  and  the  other  develops  some 
formulas   for  reinforced  concrete  beams. 

Theory  of  Arches  and  Suspension  Bridges. — By 
J.  Melan.  Translated  by  D.  B.  Steinman,  Chi- 

cago. Myron  C.  ClarU  Publishing  Co.  Cloth. 
6x9  ins.;  pp.  303;  illustrated.  Reviewed  by  H. 
G.  Tyrrell. 

Professor  Melan's  discussion  of  arches  and 
suspension  bridges,  as  it  appeared  several 

years  ago  in  the  "Handbuch  der  Ingenieurwis- 
senschaften,''  is  a  very  valuable  reference  work 
for  bridge  engineers,  and  it  is  gratifying  to 
know  that  some  one  has  taken  upon  himself 
the  task  of  translating  it  into  English. 

The  latter  part  of  the  book  dealing  with 
actual  construction  is,  of  course,  the  most  in- 

teresting and  valuable  to  practicing  engineers, 
but  the  first  part  dealing  with  theory  and  the 
methods  of  stress  computation,  a  translation 
of  which  is  presented  by  Professor  Steinman, 
is  an  essential  part  of  the  whole  and  will  be 
valuable  to  students  and  to  those  who  are 
engaged  in  the  routine  duties  of  computations, 
after  the  principal  parts  of  a  design  have  pre- 

viously  been   determined. 
While  the  solution  of  stresses  in  the  cables 

of  a  syuiiiicLrical  suspension  biidgc  is  one  oi 
the  very  simplest  mathematical  problems,  it  is 
interesting  to  see  how  many  and  varied  com- 
olications  can  be  discovered  or  imagined,  and 
then  with  what  dexterity  the  mystic  stresses 
can  be  computed. 

Like  many  other  works  written  by  the  mas- 
ters of  engineering  in  Europe,  this  book  cov- 

ers the  whole  subject  in  a  thorough  manner. 

The  fine  plates  accompanying  Professor  Me- 
lan's complete  discussion,  and  the  many  dia- 

grams throughout  the  text,  offer  abundant 
suggestion  and  will  doubtless  assist  in  leading 
the  designer  out  into  a  greater  degree  of  orig- 

inality than  is  usually  displayed  in  America, 

where  bridge  shop  standards  have,  unfortu- 
nately predominated. 

This  book  gives  considerable  space  to  the 
investigation  of  conditions  in  suspension 
bridges  with  several  spans  and  with  towers  at 
different  elevations,  and  as  illustration,  it  gives 
the  Easton  suspension  over  the  Lehigh  River, 
described  in  Engineering  News,  Nov.  22,  1900. 
It  is,  of  course,  gratifying  to  American  engi- 

neers, to  see  that  this  German  book  uses  as 
its  principal  illustrations,  those  masterpieces 

of  bridge  engineering  prepared  by  Mr.  Linden- 
thai  for  crossing  the  North  River  at  New 
York,  and  the  St.  Lawrence  River  at  Quebec. 
As  would  be  expected,  the  bibliography  is 

co'.ipiled  chiefly  from  the  literature  of  Europe, 
'jut  it  is,  perhaps,  all  the  more  valuahle  to 
.A.merican  engineers  on  that  account,  since 
some  of  our  own  books  give  references  to  the 
most  important  articles  on  these  subjects  in 
.America. 

Since  Dr.  Steinman  is  himself,  an  authority 
on  arches  and  suspensions,  his  translation  of 

Professor  Melan's  book  will  be  of  greater 
value.  The  book  is  clearly  printed  on  good 

paper  and  well  bound,  and  on  the  whole  is  an 
example  of  the  best  and  most  modern  practice 
in  American  engineering  bookmaking. 

Good  Roads  Year  Book,  1914.— By  J.  E.  Penny- 
packer.  Editor  American  Highway  Associa- 

tion. Colorado  Building,  Washington,  D.  C. 
Cloth,   6x9   ins.;   pp.   500;   $1.00. 

The  book,  which  is  the  official  year  book  of 
the  American  Highway  Association,  contains  a 
wealth  of  complete  and  reliable  information 
concerning  the  administration  of  highway  af- 

fairs and  progress  made  in  road  construction. 
.Among  the  subjects  treated  are  a  history  of 
road  building,  road  systems  in  foreign  coun- 

tries, state  aid  legislation,  bond  issue  legisla- 
tion, convict  labor  laws,  automobile  regula- 
tions, types  of  road  bridges  and  culverts,  high- 

way olficials,  road  expenditures,  bibliography 

of  road  literature,  books  and  periodicals,  high- 
way educational  facilities,  road  associations, 

manufacturers  of  materials  and  machinery 

employed  in  road  work. 

The  information  presented  is  authoritative 

in  that  it  has  been  reviewed  prior  to  publica- 
tion by  many  officials  concerned.  The  book  is 

well  indexed  and  will  be  found  very  useful 

for  reference  purposes  by  numerous  execu- tives and  manufacturers. 

Railway  Track  Hand-Book.— By  Bruce  V. 
Crandall.  Spencer  Otis  Company,  Chicago. 
Leather.   ^xiJiA   ins.;   124  pp.;  illustrated;   $2.50. 

This  book  contains  a  great  deal  of  useful 
information  concerning  railway  track,  track 
materials  and  track  work  well  arranged  in  a 
durably  bound  book  of  convenient  size  for 
the  pocket.  Quite  a  large  portion  of  the  data 
given,  especially  the  diagrams  for  obtaining 
costs,  is  original,  and  it  is  believed  that  no 
one  book  contains  all  of  the  other  informa- 

tion furnished  in  this  volume.  One  of  the 

purposes  to  which  the  book  is  especially 
adapted  is  the  preparation  of  estimates  of 
costs  of  railways,  railway  track  material  and 
railway  track  work.  A  very  complete  blank 
form  for  cost  estimating  which  occupies  five 
pages  of  the  book  provides  blank  spaces  for 
the  numerous  items  of  material  and  labor  re- 

quired for  constructing  a  railway  from  the 
first  stake  to  the  first  train.  Reference  to 
this  table  when  preparing  estimates  should 
prevent  the  omission  of  items,  a  matter  of 
considerable  importance.  A  table  of  current 
prices  of  new  and  second-hand  track  and  mis- 

cellaneous materials  for  the  years  1911  and  1913 
with  blank  spaces  for  future  years  or  for  a 
certain  railway  is  furnished  to  assist  in  pre- 

paring estimates.  Another  table  gives  the  es- 
timated costs  of  ballast  for  a  mile  of  main 

track  for  various  kinds  of  ballast  at  various 
prices  and  for  various  quantities  per  mile.  A 
similar  table  gives  the  estimated  costs  for 
various  weights  of  rail  for  a  mile  of  track  at 
various  prices.  Tables  for  ties,  tie  fastenings 
and  joint  fastenings  of  a  similar  nature,  are 
included.  A  rail  table  giving  the  weight  of 
rail  required  to  lay  one  mile  of  track,  100  ft. 
of  track,  distance  in  miles  or  feet  laid  by 
one  ton,  and  weight  of  one  30-ft.  and  one 
33-ft.  rail  of  practically  all  weights  of  rail 
in  use  on  commercial  roads,  ranging  from 
30  lbs.  to  135  lbs.  per  lineal  yard  should  save 
much  calculation.  Very  complete  tables  of 
weights  and  amounts  of  splice  bars,  track 
bolts,  hexagon  and  square  nuts,  spikes  of  all 
kinds  and  weights  of  various  substances  are 
furnished.  These  tables  are  often  quite  in- 

complete in  books  on  this  subject. 

Seven  diagrams  or  charts  show  the  cost 
of  rail  laid  and  relieved;  cost  of  joints  laid 
and  relieved;  net  cost  of  rail  relaid ;  and 
cost  of  spikes  for  relaying  rail.  Several  pages 
of  blank  forms  are  provided  for  future  or 
special  costs  for  joints  and  renewal  materials. 
A  comparative  table  of  the  dimensions  and 
properties  of  standard  rail  sections  of  the 
A.  S.  C.  E.,  A.  R.  A.,  P.  S.-Penn.,  P.  R.  R., 
Gt.  Northern,  U.  P.,  C.  &  N.  W.,  and  C„  B. 
&  Q.  types  is  one  of  the  useful  features  of  the 

book. 
An  interesting  summation  of  the  processes 

which  result  in  various  descriptions  of  prod- 
ucts from  iron  ore  to  finished  forms  by  Mr. 

Eliot  A.  Kebler,  resident  agent  at  Pittsburgh 
for  M.  A.  Hanna  &  Co.,  which  indicates  the 
line  of  processes  involved  in  the  manufacture 
of  iron  and  steel  is  followed  by  the  chemical 
analyses  and  specifications  for  iron  ore,  pii; 

iron,  semi-finished  steel  and  finished  mate- 
rials, including  the  products  of  iron  and  steel 

foundries.  A  table  of  approximate  freight 
rates  on  rail  and  fastenings  and  structural 

steel  from  Pittsburgh,  Chicago  and  Birming- 
ham to  the  various  railroad  centers  of  the 

United  States  is  given  so  that  item  of  cost 

may   be   estimated. 

Special  information  on  common  and  screw 

spikes,  tie  plate,  track  bolts  and  nut-locks 
with  illustrations  and  descriptions  of  those 
materials  as  manufactured  by  the  Spencer  Otis 

Company,  is  given  along  with  the  statements 
of  advantages  and  economies  claimed  by  the 
makers  to  be  obtained  through  the  use  of  their 

products.  A  good  index  completes  the  book 
which  contains  sufficient  information  of  per- 

manent value  to  recommend  it  as  a  supplemen- 
tary text  book  for  use  in  technical  schools 

where  instruction  in  railway  engineering  is 

given. 
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Hard  Times  and  Hard  Roads. 

In  the  last  few  months  work  has  been  ad- 
vertised and  bids  received  for  road  contracts 

aggregating  many  milhons  of  dollars.  This 
work  is  widely  distributed  and  varies  in  type 
from  graded  earth  road  construction  to  con- 

crete and  brick  road  building.  Contracts  are 
of  all  sizes  to  suit  the  capital  and  equipment 

of  both  large  and  small  '  contractors.  And 
yet  for  many  of  these  contracts  there  have 
been  no  bidders  and,  with  a  few  exceptions, 
little  competition  on  the  remainder.  Judging 
from  the  dearth  of  bidders  road  contractors 

are  all  busy,  or  there  are  an  insufficient  num- 
ber of  contractors  engaged  in  this  class  of 

work.  Is  either  of  these  suppositions  true? 
As  a  consequence  of  the  so-called  business 
depression  which  has  existed  for  the  past  two 
months  this  work  should  not  have  gone  beg- 

ging. In  the  face  of  this  at  a  recent  letting 
of  19  contracts  in  Illinois  there  was  an  aver- 

age of  one  bidder  to  the  contract.  For  a 
number  of  contracts  in  Ohio  there  were  no 
bidders,  and  in  Maine  the  same  condition 
existed.  An  unusually  large  contract  in  Texas 
was  readvertised  to  secure  bidders.  New 
York  appears  to  be  the  only  state  in  which 
there  seems  to  be  much  competition  at  the 
present  time.  This  rather  general  lack  of 
competition  would  indicate  the  reverse  of  hard 
times   conditions. 

It  is  quite  probable  that  contractors  have 
not  appreciated  the  opportunities  which  the 
road  contracting  field  offers.  In  former  years 
country  road  contracts  were  small  and  long 
drawn  out  and  the  work  was  performed  under 

political  conditions  of  supervision  distasteful 
to  a  reputable  contractor.  Within  the  last 
few  years  the  average  size  of  contracts  has 

increased  greatly  and  the  work  is  almost  in- 
variably supervised  by  well-paid,  reputable  en- 

gineers. The  increased  use  of  higher  types 
of  surfacing,  such  as  bituminous  and  Portland 
cement  concrete  and  brick,  have  opened  the 
field  of  country  road  contracting  to  the  nian 
formerly  engaged  principally  in  city  paving 
work.  Only  in  a  few  cases,  however,  have 
these  contractors  taken  proper  advantage  of 
their    opportunities. 

Several  years  were  required  in  New  York 
before  a  sufficient  number  of  road  contractors 
were  available  to  care  for  the  work  of  that 
state.  In  Wisconsin  last  year  most  of  the  road 
construction  work  was  accomplished  with 
hired  labor,  although  a  large  portion  of  it 
would  have  been  contracted  had  a  sufficient 
number  of  bids  been  received.  There  appears 

to  be  throughout  the  country  a  lack  of  ag- 
gresiveness  in  going  after  this  work,  which  is 
unusual  and  which  must  be  largely  due  to  its 
newness  and  to  the  inexperience  of  general 
contractors  in  handling  road  construction. 

If  a  general  contractor  desires  to  enter  this 
field  no  better  opportunity  will  ever  exist  than 

at  the  present  time.  Contracts  both  large  and 

small  are  plentiful,  as  a  rule  labor  is  avail- 
able, and  interest  rates  are  low  in  the  midst 

of  hard  times.  It  looks  like  a  good  oppor- tunitv. 

A     Neglected     Field    of     Engineering 
Authorship. 

In  the  later  years  of  his  life  George  S. 
Morison  published  an  essay  which  he 
entitled  "The  New  Epoch."  Mr.,  Mori- 
son's  previous  engineering  writings  had 
been  extensive.  His  reports  on  the  de- 

sign and  construction  of  great  bridges 

built  by  him  and  his  papers  on  darns  and  sus- 
pension spans  are  notable — have  indeed  be- 

come almost  classic.    We  think,  however,  that 

of  his  writings  time  will  rank  as  most  dis- 
tinctive, the  one  whose  lessons  are  of  broadest 

worth,  the  little  volume  that  he  wrote  late  in 
life.  Mr.  Morison  offered  this  book  almost 
with  diffidence,  as  if  he  felt  apology  to  be  due 
from  an  engineer  for  permitting  his  pen  to 
wander  so  far  from  the  concrete  problems  of 
his  profession.  In  this  respect  he  reflected  a 
feeling  which  is  both  a  virtue  and  a  fault  of 
engineers. 
Of  a  dozen  engineering  books  which  have 

come  to  us  within  a  few  weeks  only  one  has 
been  read.  The  eleven  were  studied;  some  of 
them  were  studied  very  carefully  because  it 

was  the  editor's  business  to  know  them ;  one 
only  was  read  and  this  was  the  one  written  by 
an  engineer  of  many  years,  to  tell,  as  he  said, 
the  young  engineer  those  things  about  tides 
and  currents  which  would  have  been  of  life- 

long service  to  himself  had  he  heard  and 
learned  them  in  "the  remote  period  when  he 
too  was  young."  The  author  claimed  no  pur- 

pose except  to  remind,  for,  he  says,  while  "to 
youth  pertains  the  inheritance  of  the  ages,  to 
youth  also  pertains  a  portentous  faculty  for 

forgetting." Our  most  remote  object  is  to  exagger.ite  the 
value  of  this  small  volume  of  example  and 
counsel,  but  the  thought  persists  that  such 

books  as  it  and  Morison's  "New  Epoch"  are 
of  the  kind  of  writings  needed  to  give  en- 

gineering a  literature,  as,  for  example,  the  legal 

profession  has  a  literature.  Law  historv',  biog- 
raphies of  great  jurists,  and  the  commenta- 

ries on  justice  and  equity  by  the  master 

practitioners  of  law  give  the  lawyer  a  real  lit- 
erature of  his  profession.  His  working  vol- 

umes are  the  bound  statutes  and  the  various 
manuals  of  legal  procedure;  they  are  a  vital 
part  of  his  literature  but  alone  they  do  not 
constitute  a  literature.  It  is  so  of  the  litera- 

ture of  architecture  and  of  every  vocation  or 

profession  having  a  real  literature  of  its  own. 
Many  engineers  write  books.  One  often 

thinks  that  there  are  too  many  engineering 
books.  Manuals  of  engineering,  treatises, 
pocketbooks,  textbooks  multiply  each  year. 
There  are  a  number  of  great  books  on  engi- 

neering. Weisbach,  Rankine,  Wellington  and 
other  men  whose  names  come  readily  to  mind 

were  great  engineering  writers.  But  all  these 
books,  or  at  least  all  but  a  few,  are  of  one  kind. 

They  are  books  of  analysis  and  exposition. 

Mos't  of  them  are  books  of  technique  of  de- 
signing and  constructing.  They  are  young 

men's  "books,  and  this  is  well,  for  young  men, 
because  the  details  of  designing  and  con- 

structing processes  constitute  their  work,  are 

the  ones  most  apt  in  the  technique  of  proc- 
esses. Now  whether  one  may  think,  as  was_ 

said  a  moment  ago,  that  there  are  too  many  of 

these  books,  it  is,  we  think,  certain  that  there 
are  too  few  books  on  the  broader  problems  of 

engineering  as  distinguished  from  the  minor 

problems  of  technical  processes  of  engineer- 
ing. 

The  point  may  be  made  clearer  perhaps  by 

being  more  specific.  There  are  few  books  on 

problems  of  engineering  planning,  for  exam- 

ple, on  the  problems  to  be  solved,  not  in  devis- 

ing processes  for  tunneling  a  ridge  for  rail- 
way, but  in  determining  whether  any  tunnel 

at  all  is  the  better  crossing,  and  if  it  be,  which 

are  the  best  elevation  and  length  for  and  the 

best  size  and  form  of  the  tunnel  to  be 

built.  One  has  to  look  through  the  books 

on  tunneling  to  understand  fully  how  little 

there  is  in  them  which  helps  to  solve  these 

larger  problems  mentioned,  and  of  this  little 

how  much  there  is  not  coordinating  with  mod- 
ern conditions.  What  we  find  in  this  respect 

to  be  true  of  tunnels  is  in  the  same  respect, 49 

though  perhaps  not  always  in  the  same  degree, 
true  of  bridges,  of  river  improvement,  of 
power  development,  of  industrial  plants,  of 

water  supply,  of  waste  disposal  and  of  en- 
gineering construction  generally  . 

Some  30  years  ago  Wellington  wrote  a  book 
on  the  Economics  of  Railway  Location.  This 
book  has  become  classic ;  it  yet  stands  alone 
in  its  field  of  railway  engineering,  in  the 
breadth  of  its  conception  and  discussion  of 
problems  of  location.  With  the  additional 
data  that  30  years  have  made  available,  Wel- 

lington would  today  write  many  parts  of  his 
"Economics"  differently,  but  it  was^  then  a 
great  book  and  is  yet  great.  River  improve- 

ment, water  supply,  sanitation,  road  building, 
have  similar  large  economic  problems  and  no 
one,  as  Wellington  did  for  railway  location, 
has  written  a  comprehensive  study  of  these 
problems.  Engineering  literature  lacks  sadly 
broad  treatises  on  economics  of  engineering 

planning. 
No  history  of  engineering  development  or 

of  the  development  of  a  specific  branch  of  en- 
gineering is  easy  to  name.  One  calls  to  mind 

one  or  two,  but  stretched  to  the  utmost  the 
list  is  short.  Engineering  has  a  notable  his- 
torv,  one  as  interesting  in  a  different  way  as 

the"  history  of  architecture,  but  engineering 
has  no  James  Fergusson. 

In  engineering  biography  there  has  been  lit- 

tle since  Samuel  Smiles  wrote,  and  the  "Lives" of  great  engineers  was  compiled  early  in  the 
last  century.  Memoirs  of  engineers  are  fewer. 
And  so  the  record  reads  in  engineering  all 
through  the  kinds  of  literature  not  strictly 
and  specifically  the  working  literature  of  the 
active  practitioner. 

The  working  literature  of  any  profession — 
the  manuals  of  practice — is  specifically  the 

voung  man's  task.  In  engineering  he  has  ful- 
filled it  well  on  the  whole.  The  task  of  en- 

gineering writing  that  has  not  been  performed 
is  that  of  producing  books  on  engineering 

planning  and  economics  and  on  engineering 
history  and  biography,  books  of  commentary 
and  synthesis.  Such  books,  except  rarely,  are 
not  within  the  capabilities  of  the  young  en- 

gineer— he  wants  the  perspective  of  years  and 
wide  experience  necessary  for  appraising  and 

apportioning  facts  and  opinions.  He  is  produc- 
ing and  the  stress  of  production  gives  scant 

time  from  the  work  immediately  in  hand.  His- 

tory, biography,  commentary,  economics  of  en- 
gineering planning  are  the  tasks  of  authorship 

of  the  old  engineer.  He  should  write  books. 
The  treatises,  the  textbooks,  the  manuals  that 
line  his  shelves  are  a  part  of  great  value  of  the 
literature  of  the  engineer,  but  they  do  not 
make  a  literature  of  engineering.  Books  of 
another  kind  are  wanted  to  complete  the 
records  of  engineering. 
One  has  asked :  who  will  publish  these 

books  of  which  you  are  speaking?  And  who, 
when  they  are  published,  will  buy  them? 
Frankly,  we  are  doubtful  if  there  will  be  very 
eager  publishers  or  purchasers.  The  engineer 
who  reads  is  not  remarkably  common.  He  buys 
books  but  they  are  chiefly  such  books  as  he 
can  use  directly  in  solving  his  immediate  prob- 

lem. We  feel  that  the  writers  of  such  books 
as  we  have  asked  to  be  written  must  perform 

their  labor  largely  for  love.  And  truly  we  don't see  clearly  how  the  publisher  can  escape  the 
same  necessity. 

The  Iowa  Highway  System. 
Perhaps  the  most  interesting  feature  of  the 

Iowa  road  system  is  its  thoroughly  American 
organization.  The  organization  is  original 
and,  so  far,  appears  to  meet  the  requirements 
of  that  state.     In  brief,  the  county  is  an  in- 
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dependent  unit  both  for  construction  and 
maintenance  work  with  a  separately  organized 
township  unit  for  maintenance  purposes.  The 
State  Highway  Commission  is  relieved  of  the 
details  connected  with  this  work  other  than 
furnishing  general  directions.  At  the  same 
time,  it  has  power  to  enforce  its  regulations ; 
summarily,  where  the  county  engineer  is  at 
fault,  and  through  the  attorney  general  of  the 
state  where  an  elective  officer  is  remiss  in  his 
duties.  The  organization  of  the  commission 

is  compact,  complete  and  fle.xible.  In  many  re- 
spects it  is  similar  to  that  of  New  Jersey, 

except  that  the  county  unit  is  more  clearly 
defined.  The  system  is  worthy  of  study  since 
the  experience  and  mistakes  of  other  states 
were  available  to  the  framers  of  the  legisla- 

tion   which   brought   it   into   being. 

A  point  of  fundamental  difference  from 
older  state  organizations  exists  in  the  provi- 

sion for  maintenance.  The  road  law  requires 
that  all  roads  shall  be  maintained,  and  makes 
definite  provision  therefor.  In  this  respect  the 
law  is  admirable. 

There  is  no  question  but  that  in  their  haste 
for  better  roads  many  states  have  overshot 
the  mark.  They  have  constructed  expensive 
roads  without  adequate  provisions  for 
maintenance.  Existing  roads  have  often  been 
neglected  with  the  idea  of  completely  rebuild- 

ing them  at  some  future  time.  We  believe 
that  the  old  neglected  roads  are  sometimes 
easier  to  travel  than  the  new  expensive  roads 
which  are  in  a  poor  state  of  repair.  It  would 
seem,  in  the  light  of  our  present  knowledge, 
to  be  folly  to  construct  an  expensive  road  sur- 

face without  providing  definitely  for  its  main- 
tenance and   renewal. 

In  undertaking  its  work  the  Iowa  Highway 
Commission  has  attempted  to  improve  general 
road  conditions  and  effect  economies  in  pres- 

ent methods  of  administration  and  construc- 
tion rather  than  proceed  with  the  construc- 
tion of  roads  radically  different  than  those 

in  general  use.  In  this  connection,  the  work 
of  the  bridge  department,  for  which  Prof.  J. 
E.  Kirkham  of  Iowa  State  College  has  been 
consulting  engineer,  has  produced  marked  re- 

sults. The  methods  of  county  bridge  construc- 
tion in  Iowa,  as  in  many  other  states,  were 

woefully  inefficient.  No  greater  economy  could 
have  been  effected  than  the  reform  of  this 
work. 

We  wish  to  call  attention  to  the  spirit  of 
co-operation  which  exists  between  the  Iowa 
Highway  Commission  and  the  people  of  the 
state.  This  spirit,  fostered  by  a  wise  choice 
of  e.xecutives,  has,  no  doubt,  been  an  impor- 

tant factor  in  the  character  and  cost  of  the 
work  already  accomplished  and,  if  continued. 
will  unquestionably  lead  to  economy  and 
efficiency  in  future  road  and  bridge  construc- 
tion. 

The   Determinate  Causes  of  Concrete 
Failures. 

In  a  paper  presented  before  the  annual  meet- 
ing of  the  American  Society  for  Testing  Ma- 

terials, Mr.  R.  S.  Greenman  discussed  the 
causes  of  concrete  failures.  As  a  basis  for 
discussion  he  proportioned  the  reasons  for 

poor  concrete  "as  being  90  per  cent  due  to 
poor  workmanship,  8  per  cent  due  to  poor 

aggregates,  and  2  per  cent  to  poor  cement." 
He  stated  further  that  "these  reasons  and  the 
additional  one  of  the  influence  of  the  water 

used  are  responsible  for  most  failures  in  con- 
crete." In  our  brief  discussion  we  shall  con- 

sider the  material  only — not  the  design  of  con- 
crete construction. 

From  the  nature  of  the  subject  under  dis- 
cussion it  is  obvious  that  it  is  impossible  to 

set  exact  percentages  for  each  contributing 
cause  to  failure  which  will  hold  true  for  con- 

crete work  in  general,  yet  approximate  per- 
centages may  prove  useful  as  a  basis  for  de- 

termining the  cause  of  any  specific  failure. 
In  fixing  the  percentage  due  to  poor  work- 

manship this  value  should  undoubtedly  be  high, 
yet  it  is  difficult  to  define  what  is  meant  by 

"poor  workmanship"  and  what  constitutes 
"good  workmanship."  What  may  be  consid- 

ered good  workmanship  for  one  type  of  struc- 
ture (because  it  results  in  safe  and  economic 

construction)  may  not  be  satisfactory  for  a 
different  structure.     It  is  undoubtedlv  true  that 

for  most  structures  sufficient  care  has  not 

been  taken  in  the  making  and  placing  of  con- 

crete. When  the  essential  element  "time"  is 
considered  it  is  probably  true  that  concrete 
has  not  been  given  a  fair  trial.  Concrete  is 
usually  made  and  placed  at  the  site,  yet  these 
two  distinct  operations  are  made  to  compete 

with  the  erection,  only,  of  other  types  of  con- 
struction. Due  to  this  fact  it  has  been  found 

impracticable  to  give  concrete  construction 
adequate  inspection  from  start  to  finish.  If 
sufficient  time  and  care  were  given  to  the  com- 

petent inspection  of  concrete  structures  the  90 

per  cent  weight  given  to  "poor  workmanship" would  be  much  too  high. 

Under  present  conditions,  the  8  per  cent  rat- 
ing given  to  poor  aggregates  is  probably  too 

low.  We  are  just  beginning  to  realize  the 
great  difference  that  exists  in  the  aggregates 
which  ordinarily  are  available  for  concrete. 
As  a  rule,  insufficient  care  is  given  to  the  in- 

spection and  testing  of  sand,  broken  stone  and 

gravel.  Unfortunately  we  still  find  specifica- 
tions which  merely  require  that  the  sand  shall 

be  "sharp"  and  "clean,"  yet  tests  have  shown 
that  "sharpness"  is  not  essential  and  that  a 
small  percentage  of  foreign  matter  is  not  par- 

ticularly objectionable,  provided  it  does  not 
form  a  coating  on  the  grains.  More  care  is 
needed  in  the  inspection  of  broken  stone  and 
gravel,  while  standard  methods  of  testing  these 
materials  are  needed. 

Although  a  carelul  examination  of  failures 
will  usually  determine  the  cause  of  failure, 
what  is  more  generally  needed  is  a  better  ap- 

preciation of  the  good  results  which  will  fol- 
low from  increased  attention  to  the  selection 

and  proportioning  of  concrete  mixtures  and  to 
the  mixing  and  placing  of  concrete.  We  believe 
that  the  lessons  to  be  drawn  from  a  study  of 
existing  failures  will  emphasize,  mainly,  the 
importance  of  factors  which  are  (or  should 
he)  commonly  understood  by  those  now  in 
charge  of  concrete  construction.  For  example, 
the  continued  practice  of  specifying  a  definite 
concrete  mixture,  without  first  determining 

the  properties  of  the  aggregates  and  the  pro- 
portions which  will  give  a  mixture  of  maxi- 

mum density,  is  not  justified  by  facts. 

WATEE  Wmm 
Experimental  Data  on  the  Removal  of 

Carbonic  Acid  from  Well  Water 

Supply  at  Lowell,  Mass. 
The  city  of  Lowell,  Mass.,  draws  its  public 

water  supply  from  two  gathering  grounds 
through  driven  wells.  The  gang  of  wells  known 
locally  as  the  Boulevard  system  furnishes  the 
greater  part  of  the  supply.  The  other  source 
of  supply  includes  two  gangs  of  driven  wells 
known  as  the  Cook  and  the  Hydraulic  sys- 

tems. The  latter  are  brought  into  service 
when  the  Boulevard  system  becomes  inade- 

quate, for  the  reason  that  in  1899  the  State 
Board  of  Health  condemned  the  Cook  wells 
because  of  the  action  of  their  water  on  lead 
pipe  and  the  consequent  danger  of  poisoning. 
With  continued  use,  and  to  a  constantly  in- 

creasing degree,  the  Boulevard  system  has 

become  unsatisfacton,-,  owing  to  the  amount 
of  iron  and  manganese  in  the  water  which 
renders  it  turbid  and  altogether  disagreeable. 
Studies  and  investigations  were  recently  made 
and  reported  by  Mr.  F.  .\.  Barbour,  consulting 
engineer,  Boston,  Mass.,  to  formulate  measures 
for  providing  the  city  with  a  more  acceptable 

supply  of  water.  Mr.  Barbour's  report. 
dated  June  4,  1914.  describes  his  investigations 
of  the  present  supply  and  gives  his  conclusions 
as  to  the  best  method  of  providing  the  city 
with  satisfactory  water.  The  portions  of  the 
report  of  most  interest  to  water  works  engi- 

neers are  those  describing  the  experimental 
work  in  the  decarbonation  of  the  Cook  well 
water,  the  experimental  work  on  the  removal 
of  iron  and  manganese  from  the  Boulevard 
wells,  and  the  description  of  the  plant  pro- 

posed for  the  removal  of  iron  and  manganese 
from  the  Boulevard  supply.   The  present  article 

relates  wholly  to  the  decarbonation  of  the 
Cook  well  water.  A  second  article  will  relate 
to  the  deferrization  and  demanganization  of 
the  Boulevard  supply  and  to  the  proposed 
works  for  the  removal  of  these  metallic 
contents. 

E.XrERIMENT.AL   WORK   IN   THE  DECARBONATION   OF 
THE  COOK  WELL  WATER. 

The  Cook  wells  were  driven  in  1893,  the 
Hydraulic  wells  one  year  later.  For  some 
years  these  wells  were  in  continuous  uie  but 
in  1897-8  complaints  of  lead  poisoning  became 
so_  frequent  that  after  an  investigation  of  the 

eft'ect  of  this  water  on  lead  pipe,  made  bv  the State  Board  of  Health  in  1899,  the  Cook  wells 

were  abandoned  for  a  time.  The  Board's  re- 
port stated  that  the  Cook  water  contained 

more  carbonic  acid  than  any  other  supply  in 
the  state,  and  stated  further  that  the  city 
should  either  remove  the  lead  service  pipes 
through  which  this  water  was  delivered  for 
cooking  and  drinking  or  extend  the  Boulevard 
system  to  supply  the  entire  city. 
As  a  result  of  this  condemnation  of  the 

Cook  wells,  the  Water  Board  further  extend- 
ed the  Boulevard  system  and  so  increased  the 

supply  obtainable  from  this  source  that  in  1902 
and  190.3  no  water  was  drawn  from  the  Cook 
wells.  Since  1904,  however,  owing  to  shortage 
or  the  poor  quality  of  the  supply  obtainable 
from  the  Boulevard  system,  it  has  been  found 
necessary  to  draw  from  the  Cook  wells  each 
year  for  short  periods — the  amounts  so  taken 
varying  from  3.2  per  cent  of  the  total  con- 

sumption in  1904  to  28  per  cent  in  1913. 
Since  1900,  when  the  independent  station  at 

the  Hydraulic  w-ells  was  dismantled,  the  wa- 
ter from  this  system  has  been  drafted  by  suc- 

tion to  the  Cook  wells  station — about  1.000,000 

gals,  daily  being  so  obtained  during  the  period 
when  this  station  has  been  in  operation.  Dur- 

ing the  experimental  work,  the  Hydraulic 
wells  were  out  of  service,  and  the  investiga- 

tion has  been  confined  to  a  study  of  the  sup- 
ply from  the  Cook  system.  The  results,  there- 

fore, apply  only  to  the  treatment  of  the  Cook 
well  water,  in  w-hich  the  important  factor  is 
the  high  carbonic  acid  content,  which  is  re- 

sponsible for  the  corrosive  action  of  this  wa- 
ter on  metals.  The  iron  in  this  water  is  low 

— less  than  .10  parts  per  million — but  in  the 
Hydraulic  well  water,  from  .30  to  .CO  parts  of 
iron  were  found  during  the  years  when  this 
supply  was  in  service,  and  it  is  reasonable 
to  conclude  that,  with  continued  use,  the 
amount  of  iron  in  this  water  would  have  in- 

creased in  somewhat  the  same  way  as  it  has 
in  the  Boulevard  well  system.  The  treatment 

of  the  Hydraulic  well  water  necessary  to  ren- 
der it  satisfactory  would  therefore  involve  a 

plant  for  the  removal  of  iron,  whereas,  in  the 
case  of  the  Cook  well  supply,  the  removal  of 
the  carbonic  acid  is  all  that  is  necessary  to 
render  it  acceptable.  As  this  latter  suppiv  is 

capable  of  furnishing  from  2,-500,000  to  4,()00.- 
000  gals,  daily,  dependent  on  the  time  of  year, 
it  has  an  obvious  value  as  an  auxiliary  to  the 

Boulevard  system,  providing  the  corrosive  ac- 
tion of  the  water  on  metals  can  be  corrected, 

and  it  was  in  an  endeavor  to  determine  how 
this  could  most  economically  be  done  that  the 
experiments  here  described  were  undertaken. 
The  most  active  agent  in  the  corrosion  of 

lead  pipe  is  the  carbonic  acid  in  the  water. 

Decarbonation,  by  the  neutralization  or  re- 
moval of  this  acid,  is  the  obvious  remedy — 

the  first  by  the  use  of  lime  or  soda,  the  second 
l)v  aeration. 



July   15.   1914. Engineering   and    Contracting 
51 

The  investigation  was  planned  to  make  pos- 
s»ble  a  comparison  of  the  lead  found  in  the 

untreated  Cook  well  water  after  passing 

through  50  ft.  of  Vz-in.  lead  service  pipe,  with 
that  found  in  the  water  after  passing  through 
similar  coils  of  pipe  when  the  carbonic  acid 

had  first  been  neutralized   to  various  degrees 

each  day,  of  the  dissolved  oxygen  and  car- 
bonic acid  of  the  raw  and  aerated  waters,  and 

of  the  lime-treated  water  at  the  time  of  col- 

lecting the  four  and  15-hour  samples ;  deter- 
minations of  the  strength  of  the  lime  water 

at  two-hour  intervals,  and  always,  when  clos- 
ing down,  for  the  four  and  1-5  hour  samples ; 

TABLE  I.— RELATION  BETWEEN  CARBONIC  ACID  AND  LEAD  CONTENT  OF  UNTREATED 
AND  LIME  TREATED  WATER  AFTER  REMAINING  IN  PIPE   FOTR    HOURS. 
Date. 

September    2-4      
September   9-11      
September  17-19      
September  23-24      
September  27     
October  2-3      
October  7     
October  10      
October  17-19     
October  22-23      
October  27-28      
November  5      
November   6-8      
November   12      
November   13      

•p.  p.  m.  —  parts  per  million. 

-Untreated  water— ^ 
aiboiue    Lead  taken 

'   

  Lime  ti 
eated  vvater 
Carbonic Lead  taken acid, 

up. 

,   Lime added   ^ 

acid, 

up. 

p.  m.* 

p.  p.  ra. 
p.  p.  m. gr.,  gal. p.  p.  m. 

p.  p.  ra. 

37.5 

.=i.000 

16.9 
0.99 

16.0 2.000 40.5 5.200 
18.5 

1.08 19.0 

1.400 38.0 
5.200 16.7 

0.98 16.0 2.200 35.5 3.000 16.8 0.98 

14.5 

1.S14 2.800 
17.2 1.00 

0.914 
31.5 4.000 

17.4 1.02 
9.0 1.828 37.5 3.600 17.7 

1.04 13.0 1.600 
45.0 5.200 38.0 2.22 1.8 1.400 41.5 6.400 

35.6 
2.08 

O.O 

0.400 
38.0 4.S00 

25.8 1.51 6.0 
0.714 

42.3 5.200 26.1 
1.53 0.0 0.257 

39.0 7.000 29.7 

1.74 
0.0 0.257 

41.5 8.000 29.1 
1.71 

1.8 0.943 

36.0 
4.600 29.5 

1.73 

0.0 

0.400 
37.5 5.200 

25.5 

1.49 0.0 0.800 

by  lime  or  removed  by  aeration.  Three  oO-f t. 

coils  of  lead  pipe  were  used — one  for  the  raw- 
water,  another  for  the  lime-treated  water,  and 
the  third  for  the  aerated  water.  The  effect  of 

the  period  of  contact  on  the  amount  of  'lead 
taken  up  by  the  water  was  determined  by  tak- 

ing samples  after  a  period  of  four  hours  stand- 
ing in  or  passing  through  the  pipe,  and  also 

after  a  period  of  1,5  hours. 

The  apparatus  for  the  addition  of  lime  con- 
sisted of  a  funnel-shaped  saturator,  24  ins. 

high  and  16  ins.  in  diameter  at  the  top.  The 
lime  was  slaked  in  a  small  receptacle  at  the 
side  of  the  saturator  and  introduced  as  milk 

of  lime  by  a  pipe  which  led  to  the  bottom  of 
the  funnel.  Water  was  introduced  from  a 

calibrated  nozzle  into  a  pipe  which  extended 
vertically  through  the  center  of  the  funnel 
to  the  bottom,  the  supply  of  water  then  rising 

slowly  through  the  milk  of  lime  and  over- 
flowing at  the  top  from  a  circular  weir.  The 

capacity  of  the  saturator  was  such  that  when 
treating  5,000  gals,  per  day  of  water  with  one 
grain  of  lime  per  gallon,  the  time  of  passage 
of  the  lime  water  through  the  saturator  was 
about  one  hour. 

The  lime  water  varied  in  strength  more  or 
less,  hut  on  the  average  contained  1,120  p.  p. 

m.  of  calcium  oxide,  or  65.5  grains  per  gal- 
lon of  this  o.xidc.  these  figures  being  based 

on  determinations  of  the  caustic  alkalinity  of 
the  lime  water  as  it  issued  from  the  saturator. 

The  flow  of  lime  water  was  maintained  at 

as  nearly  a  constant  quantity  as  possible,  and 

the  amount  of  raw-  water  was  varied  when  it 
became  necessary  to  change  the  quantity  of 
lime  added  per  gallon.  The  lime  water  was 
applied  to  the  raw  water  without  exposing  the 
latter  to  the  air,  duplicating,  as  far  as  possible, 
the  conditions  under  which,  if  this  method  of 
removing  carbonic  acid  were  adopted,  the  lime 
water  would  be  discharged  into  the  suction  pipe 
of  the  pumps. 

-■\pparatus  for  the  determination  of  hard- 
ness, alkalinity,  dissolved  oxygen,  carbonic  acid 

and  iron  was  provided,  and  these  analyses 
were  made  on  the  ground  by  Mr.  Clifton  L. 
Rice,  chemist.  The  determinations  of  lead 
were  made  by  the  State  Board  of  Health. 

In  starting  the  investigation,  such  portions 
of  the  raw.  lime-treated  and  aerated  water 

were  passed  through  the  lead  pipes  during  the 
day  that  four  hours  were  required  between 

the  time  of  entering  and  leaving  these  pipes. 
At  a  later  date,  as  always  in  the  case  of  the 

15-hour  exposure,  the  four-hour  samples  were 
collected  from  water  which  had  been  allowed 

to  stand  in  the  pipes  for  this  length  of  time. 
In  the  interim  between  the  periods  during 

which  the  w-ater  stood  in  the  pipes,  the  w-ater 
was  passed  through  at  a  rate  of  about  1  gal. 
in  five  minutes,  the  surplus  of  the  treated 

water  being  wasted  through  a  bypass.  In  gen- 
eral, the  scheme  w^as  intended  to  represent, 

as  nearly  as  possible,  the  actual  conditions  of 
a  house  service  pipe. 

The  regular  routine  of  the  experiment   sta- 
tion involved  the  determination,  several  times 

determinations  of  the  alkalinity,  total  hard- 
ness and  iron  once  each  day  during  August 

and  September,  and  once  each  week  thereafter ; 
hourly  observations  of  pressure  on  aerator 
nozzles;  and  hourly  regulation  of  the  rates 
of  flow. 
The  important  results  of  the  investigation 

are  given  in  Tables  I,  II  and  III. 
Analyses  of  the  raw  water  collected  from 

the  pumps   at  the   Cook   well   stations  showed 

ll 

•o 

}    ' 

1^ 

h 
Q> 

.c 

■^'
 

4 

s; 

J**
 

D. 

^'
 

1^ 

IS 

\ q v 
V , 

-^» 

^^ 

1 E  &.C 

Carbonic  Acid-  Parts  per  Minion 
0  20        00         60         SO         too 
Dissolved  Ojiyaen-Percentaae  of  Saturation 

Curves  Showing  Relation  Between  Pressure 
on  Aerator  Nozzles  and  Carbonic  Acid 
and  Dissolved  Oxygen  in  Aerated  Well 
Water  at   Lowell,    Mass. 

an  average  of  33.1  p.  p.  m.  of  alkalinity,  55.2 
of  total  hardness,  22.1  of  incrustants,  0.07  of 
iron  and  44.9  of  carbonic  acid.  The  average 

dissolved  oxygen  content  was  10.9  per  cent 
saturation. 

Tables  I  and  II  indicate  the  effect  of  adding 
lime  to  the  water  in  reducing  the  corrosive 

effect  on  lead  pipe.  It  should  be  first  noted 
that  0.5  parts  of  lead  per  million  of  vvater  is 
generally  considered  the  maximum  which  can 
be  permitted  in  a  potable  supply.  Referring 

to  Table  I,  showing  the  effect  of  a  four-hour 

viously,   the    Cook   well   water,   in   its   present 
condition,  is  entirely  unfit  for  use. 

Again  referring  to  these  tables,  it  appears 
that,  by  the  addition  of  approximately  one 
grain  of  lime  (100  per  cent  available),  the 
lead  taken  up  by  the  water  after  a  period  of 
four  hours  in  the  pipe,  is  reduced  to  1.5  p.  p. 
m.,  and  after  a  period  of  15  hours,  to  3.1  p. 

p.  m.,  or  respectively,  three  and  si.x  times  the 
safe  limit.  When  the  lime  is  increased  to  1% 

grains  per  gallon,  the  carbonic  acid  is  prac- 
tically neutralized,  and  the  experiments  indi- 

cated that  the  corrosive  action  on  lead  is  so 
far  reduced  that  the  lead  content  of  the  treated 

water,  after  remaining  in  the  pipe  4  or  15 

hours,  is  approximately  0.5  p.  p.  m.  Further, 
the  experiments  indicate  that  with  1.5  grains 

of  lime  per  gallon,  the  effect  of  the  water  on 
lead  would  be  sufficiently  nullified  as  to  render 

the  supply  safe  under  the  conditions  of  actual 
use — a  conclusion  based  on  the  fact  that  the 

tests  represented  more  severe  conditions  than 
occur  in  the  actual  distribution  of  the  water. 
On  the  other  hand,  it  is  believed  that  the 

experiments  show  that  a  lesser  amount  of  lime 

than  1.5  grains  per  gallon  would  not  be  suc- 
cessful— a  rather  disappointing  result,  as  the 

addition  of  this  lime  will  theoretically  increase 

the  hardness  by  45.6  p.  p.  m.,  or  would  add 

80  per  cent  to  the  present  total  hardness  of 
the  water.  The  total  hardness  of  the  treated 

water  would,  under  these  conditions,  be  about 

100  p.  p.  m. — an  amount  too  great  to  be  sat- 
isfactory to  consumers  accustomed  to  soft  New 

England  waters. 

It  had  been  hoped,  in  starting  these  experi- 
ments, that  the  addition  of  a  fraction  of  a 

gram  of  lime  per  gallon  would  so  far  reduce 
the  corrosive  effect  as  to  make  the  supply  safe, 
but  the  tests  indicate  that  such  is  not  the  case. 
It  is  also  of  interest  to  note  that  the  continued 

passage  of  the  water  through  the  lead  pipes 
does  not  appear  to  reduce  the  corrosive  effect 
by  the  formation  of  any  coating  in  the  pipes. 

It  has  been  calculated  that  the  increased 

cost  of  soap  used  bv  a  community  equals  10 

cts.  per  1,000.000  gals,  for  each  additional 
part  per  million  of  hardness  which,  for  the 
increase  in  hardness  due  to  the  addition  of 

1.5  grains  per  gallon  of  lime,  would  be  equiva- 
lent to  $4.65  per  1,000,000  gals,  of  the  treated 

water  used  in  the  city. 

Concluding  the  discussion  of  lime  treat- 
ment, it  is  believed  that  the  decarbonation  of 

the  Cook  well  supply  by  lime  has  been  proved 
to  be  undesirable  and  uneconomical  because  of 

the  resulting  increase  in  hardness. 
REM0V.\L  BY   .\ER.\TION. 

Turning  to  the  discussion  of  the  experiments 

in  removing  carbonic  acid  by  aeration,  the  re- sults are  more  satisfactory. 

Small  nozzles  %-in.  to  Vt-m.  in  diameter, 

furnished  by  the  Spray  Engineering  Co.  of 
Boston,  were  used  in  the  aeration  test.  The 
pressure  on  the  nozzle  was  obtained  by  a 

gage  tapped  into  the  supply  pipe  just  below  the 
nozzle,  or,  for  pressure  too  light  for  registra- 

tion bv  a  gage,  a  manometer  tube  was  used. 
Table  III  shows  the  relation  between  the 

carbonic  acid  in  the  aerated  water  and  the  lead 

T.ABLE  II. -REL.^TION  BETWEEN  CARBONIC    ACID  AND  LEAD  CONTENT  OF  UNTREATED 

AND  LIME  TREATED   WATER  AFTER   REMAINING  IN  PIPE   15  HOURS. 

^—Untreated  water- Date. 

August  22     
.August  27-28   
September  2-4  . . 
September  9-11  . 
September  17-19 October  2-3     
October  7      
October  10     
October  17-19  . . . 
October  22-23  . . . 
October  27-28    ... 
November  5   
November   6-8    . . 
November  12   
November  13  • . . . 

Carbonic acid, 

p.  p.  r 

34.5 

37.2 34.8 
40.6 

38.0 
37.0 

35.5 
36.0 

39.5 

34.5 34.5 
37.5 

■il.O 

34.5 
35.0 

Lead  taken 

up, 

p.  p.  m. 15.152 
6.000 
4.516 
5.200 

3.200 
5.600 

6.000 
4.344 10.000 
8.000 
7.200 

8.000 
9.000 
5.200 5.600 

p.  p.  1 

17.4 

IS.l 

17.6 
18.9 

16.7 17.6 
16.0 
36.0 32.8 

26.5 24.8 

30.9 29.1 

29.9 
25.3 

Lime  added   ^ 

r.,  gal. 
1.02 

-Lime  treated  water- 
Carbonic    Lead  taken 

1.06 1.03 

1.11 
0.98 

1.03 0.94 
2.11 

1.92 1.55 
1.45 

1.80 1.70 

1.75 

1.4S 

acid, 

p.  p.  n 

16.5 

13.0 

6.5 
9.0 

14.0 

18.0 

11.0 0.0 
0.0 

7.2 

2.6 

0.0 

1.0 
n.o 

0.0 

up. 

p.  p.  m. 
6.000 2.752 

5.000 

1.800 
1.600 
1.915 

2.600 

0.4O0 0.571 

0.800 

0.543 

0.543 
0.543 0.257 
0.400 

period  in  the  pipe,  it  appears  that  the  lead  in 
the  untreated  water  averaged  about  5  p.  p.  m., 

or  practically  10  times  the  safe  limit,  and  for 

a  15-hour  period,  as  shown  in  Table  II,  6.7 

p.  p.  m.,  or  13  times  the  safe  limit.     Very  ob- 

taken  up  by  this  water  after  standing   in  the 

pipes  for  4  or  15  hours. 

The  accompanying  diagram  shows  the  rela- 
tion between  the  pressure  on  the  nozzle  and 

the   carbonic   acid   left   in   the   aerated   water. 
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One  of  the  principal  objects  of  the  test  was 
to  determine  the  lowest  pressure  on  the  nozzles 
which  would  effect  the  desired  removal  of  the 
.carbonic  acid.  The  nozzles  were  of  a  type 
which  threw  a  very  fine  spray,  and  the  results 
indicate  that  such  a  spray  is  very  effective  in 
the  removal  of  carbonic  acid,  although  the  time 
during  which  the  spray  is  in  the  air  is  short. 
The  tests  indicate  that  by  a  pressure  of  5 

lbs.  on  the  nozzle,  the  carbonic  acid  can  be 
reduced  from  45  p.  p.  m.  in  the  raw  water 
to  about  3.-3  p.  p.  m.  in  the  aerated  water, 
and  that  with  this  reduction  the  effect  of  the 
water  on  lead  pipes  is  so  far  lessened  as  to 
render  the  supply  safe.  In  stating  this  con- 

clusion, the  fact  that,  in  the  15-hour  tests,  the 
lead  taken  up  somewhat  exceeded  0.5  p.  p.  m. 
is  not  overlooked,  because  it  is  believed  that 
the  retention  of  the  water  for  15  hours  in  the 
pipe  is  too  severe  a  test,  and  that  the  four- 
hour  period  of  contact  more  nearly  repre- 

sents the  conditions  of  actual  use. 
The  removal  of  carbonic  acid  by  aeration 

has  a  great  advantage  over  the  lime  treatment 
in  that  it  does  not  increase  the  hardness,  and 
further,  as  indicated  by  the  tests,  aeration  is 
more  effective  than  the  lime  treatment  in  re- 

ducing the  corrosive  action  when  an  equal 
amount  of  carbonic  acid  is  left  in  the  treated 
water.  This  result  is  not  what  might  be  ex- 

pected, because  by  aeration  the  dissolved  oxy- 
gen, which  has  generally  been  considered  a 

contributary  factor  in  corrosion,  is  increased, 
but  the  experiments  clearly  indicate  that,  with 
an  equal  content  of  carbonic  acid,  the  aerated 
water  takes  up  less  lead  than  the  lime-treated 
water. 

Design  of  Submerged  Intake  Crib  and 
Flexible  Jointed  Pipe  Line  at 

Burlington,  la. 

(Staff  Article.) 

A  new  water  supply  intake  consisting  of  a 
rock  filled,  submerged,  timber  intake  crib  and 
a  30-in.  cast-iron  pipe  line  with  flexible  joints 
will  be  constructed  in  the  Mississippi  River  at 
Burlington,  Iowa,  during  the  present  season. 
The  new  intake  is  for  the  water  system  of 
the  Citizens  Water  Co.  and  will  be  installed 
under  the  specifications  of  Mr.  Frank  Lawlor, 
Superintendent.  Some  of  the  features  of  the 
proposed  work  are  here  described  from  infor- 

mation  abstracted    from   the    specifications. 
The  length  of  the  proposed  pipe  line  is 

1,015  ft.  A  trench  for  this  pipe  will  be  ex- 
cavated to  an  established  grade  line.  The 

bottom  width  of  trench  will  be  not  less  than 
5  ft.  and  the  side  slopes  will  be  not  steeper 
than  two  horizontal  to  one  vertical.  This 

trench  will  be  maintained  to  the  lines  spe- 
cified until  the  pipe  is  properly  placed  and 

all  the  joints  are  thoroughly  bolted  and 
caulked.  As  a  rule  five  lengths  of  pipe  will 
be  made  up  on  shore  and  the  parts  of  a  flex- 

ible ball  joint  placed  on  each  end.  When  all 
the  joints  have  been  well  filled  with  lead  and 
thoroughly  caulked  bulkheads  will  be  placed 
on  each  end  and  the  section,  which  will  be 
about  63%  ft.  in  length,  will  be  launched  and 
placed  m  position.  The  bulkheads  will  then 
be  removed  and  the  nuts  on  the  bolts  of  the 
ball  joint  tightened.  As  a  rule,  the  pipe  will 
have  bell  and  spigot  ends  but  about  15  flexible 

\ 
TABLE   III.— RELATION   BETWEEN   CARBONIC   ACID   AND   LEAD   CONTENT   IN   AERATED 

WATER   AFTER   REMAINING  IN   PIPE  FO  R  4  AND  15-HOUR  PERIODS  AT  COOK  WELLS, 
LOWELL,   MASS. 

Date. 
,   4-hour  sample   s        ,   15-hour  sample   ^ Carbonic        Lead  taken      Carbonic        Lead  taken 
acid.  up.  acid.  up. 

September  9-11  . 
September  17-19 
September    23-24 
October  2-3      
October  7      
October  17-19  ... 
October  22-23  . . . 
October  27-2S   . . . 
October  2S      
November  C-S  . . . 
November  12  ... 
November    13    ... 

3.0 
0.114 

3.5 
0.571 

3.5 0.457 

3.0 

0.543 
4.5 0.657 3.5 0.800 

3.5 
0.457 

3.0 

0.657 
3.5 

0.400 
4.5 

1.143 4.0 

0.400 3.5 0.400 
10.0 0.400 13.0 0.743 17.0 0.600 

16.0 

0.8S6 3.0 0.343 10.0 
0,343 

9.5 

0.943 22.0 
0.043 

17.5 

1.143 

3.0 
0.257 

An  aerating  plant,  if  constructed,  would  in- 
clude a  pipe  system  into  which  the  necessary 

number  of  nozzles  would  be  tapped,  a  con- 
crete pool,  and  below  the  pool,  a  small  storage 

basin  with  a  capacity  of  perhaps  one  hour's 
run  of  the  pumps.  The  water,  as  drawn  from 
the  wells,  would  be  forced  through  the  aerator, 
and  after  falling  into  the  storage  well  would 
be  repumped  into  the  distribution  system.  It 
is  estimated  that  the  first  cost  of  an  aerator. 
storage  well  and  new  steam  turbine  centrifugal 
pumping  unit  of  4,000,000  gals,  daily  capacity 
will  be  approximately  $25,000.  Assuming  that 
the  installation  of  the  aerator  will  involve  an 
additional  lift  of  30  ft.,  the  cost  of  aerating 
the  water  will  not  exceed  $2.25  per  1,000,000 
gals.,  including  interest,  depreciation  and  the 
cost  of  extra  pumping  necessitated  by  aeration. 
This  cost  is  less  than  the  cost  to  consumers 
for  additional  soap,  which  would  necessarily 
be  used  if  the  carbonic  acid  were  neutralized 
by  lirne  treatment,  and  it  therefore  follows  that 
aeration  is  the  more  economical  method. 

The  experimental  work  above  described  has 
proved  that  the  Cook  well  water  can  be  made 
suitable  for  use  by  aeration  at  relatively  small 
cost.  When  thus  rendered  safe,  it  can  be,  in 
the  future,  utilized,  if  required,  as  an  auxiliary 
to  the  Boulevard  system  in  providing  for  the 
summer  peak  in  the  consumption  curve.  Aera- 

tion alone  is.  however,  adapted  only  to  the 
treatment  of  the  Cook  well  supply,  without 
admixture  of  water  from  the  Hydraulic  wells, 
from  which  the  iron  must  be  removed  in  order 
to  render  it  satisfactory. 

Motor  surveys  of  18  Ontario  counties  where 
highway  systems  have  not  yet  been  organized 
have  been  commenced  under  the  auspices  of 
the  Good  Roads  Commission. 

ball  joints  will  be  furnished  by  the  water  com- 
pany. An  elbow  and  a  short  piece  of  pipe 

to  extend  up  into  the  crib  will  be  placed  on 
the  outer  end  of  the  last  section. 

After  the  pipe  line  is  laid  it  will  be  in- 
spected by  a  diver  and  if  it  is  found  that  any 

joints  have  pulled  apart  or  opened  so  they 
cannot  be  caulked  to  make  a  good  job  the 
pipe  will  be  taken  up  and  relaid.  ."MI  joints 
will  be  air  tight.  To  test  for  this  condition, 
as  soon  as  the  pipe  laying  is  completed  a  plug 
or  cap  will  be  placed  over  its  outer  end  and 
air  pressure  will  be  applied  to  the  line  from 
an  air  compressor. 

Crib. — As  soon  as  the  intake  pipe  is  in 
place,  a  crib  will  be  sunk  over  its  outer  end. 
This  crib  will  be  14  ft.  long,  8  ft.  wide  and 
about  8  ft.  in  height.  It  will  be  built  of  8x8- 
in.  pine  timbers  put  together  as  customary  in 
such  structures  and  bolted  at  every  intersec- 

tion with  %-in.  round  iron  bolts  25  ins.  long. 
A  %-in.  auger  will  be  used  in  preparing  the 

holes  for  these  bolts.  Ballast  floors  of  2x4's 
spaced  2  ins.  apart  in  the  clear  will  be  placed 
on  top  of  the  second  8x8-in.  timber  from  the 
bottom  of  the  crib.  These  scantlings  will  be 
toe  nailed  to  the  main  timbers  of  the  crib 

with  40-dy.  wire  nails.  On  the  back  or  west 

side  of  the  crib,  the  lower  courses  of  8x8's will  not  be  used  near  the  center  of  the  crib 
immediately  over  the  30-in.  pipe.  Accurate 
soundings  will  be  made  so  that  the  bottom  of 
the  crib  will  conform  to  the  bottom  of  the 
river.  Before  the  crib  is  filled  with  stone,  it 
must  rest  evenly  on  the  bottom  when  its 
sides  are  plumb  and  its  top  horizontal.  Any 
inequalities  of  the  bottom  to  which  the  crib 
does  not  conform  will  be  removed  by  a  diver. 
As  soon  as  the  superintendent  is  satisfied  that 
the  crib  is  in  proper  location,  it  will  be  filled 

with  stone,  except  in  the  space  immediately 
around  the  pipe,  and  stone  will  be  piled  on 
top  of  the  crib  to  a  height  of  1  ft.  above  the 
timber  work.  In  placing  the  stone  filling,  care 
will  be  exercised  to  put  the  larger  stones  in 

the  openings  between  the  timbers  and  not  al- 
low any  stones  to  fall  into  the  pipe.  The 

stones  to  be  used  for  filling  will  be  of  a  size 
that  can  be  conveniently  handled  by  one  man. 
No  part  of  the  pipe  line  or  submerged  crib 

will  be  higher  than  6  ft.  below  low  water 
mark,  which  is  about  1  ft.  8  ins.  below  ordi- 

nary low  water  mark.  If  any  ridges  or  plies 
of  material  are  thrown  up  by  the  dredge  they 

will  be  removed  to  a  depth  of  6  ft.  below  low- water. 

Abuses  of  and  Regulations  to  Control 

Use  of  Fire  Hydrants  at  New 
Orleans,  La. 

The  use  and  waste  of  water  through  fire 
hydrants  in  the  city  of  New  Orleans  during 
the  year  1913  amounted  to  approximately  3,- 
000,000  gals,  per  day.  Observation  indicates 
that  a  very  large  proportion  of  this  quantity 
is  wasted.  Workmen  with  hydrant  wrenches 

frequently  open  hydrants  and  draw  off  enor- 
mous quantities  of  water  for  reasons  which 

are'  purely  whimsical.  Such  men,  moreover, 
are  often  exceedingly  careless  in  opening  and 
closing  hydrants,  putting  undue  strains  on  the 
moving  parts  and  otherwise  abusing  the  hy- 
drant. 

When  water  is  discharged  freely  through  an 

open  hydrant  it  loses  all  its  pres'sure,  in  excess of  atmospheric  pressure,  as  soon  as  it  reaches 
the  air.  It  then  escapes  by  the  gutters  or 
drains  with  a  minimum  flushing  effect.  All 

the  matter  that  the  flowing  water  will  trans- 
port is  removed  at  once  and  after  the  first 

few  minutes  such  flushing  is  of  no  use  what- 
ever, yet  it  is  a  common  practice  in  New 

Orleans  to  let  from  100  to  500  gals,  per  min- 
ute run  into  a  gutter  or  drain  for  a  half  hour 

at  a  time.  This  practice  is  by  no  means  pe- 
culiar to  New  Orleans  but  obtains,  probably, 

in  the  majority  of  cities.  The  amount  of  wa- 
ter thus  wasted  if  utilized  through  a  hose  and 

proper  nozzle  can  often  render  service  fully 
warranting  its  use,  but  in  general  it  does  not 
do  so  when  used  as  above  described. 

In  the  past  there  has  been  much  complaint 

in  New  Orleans  from  those  having  supervi- 
sion of  sprinkler  systems,  and  from  other 

water  consumers  as  well,  and  much  unneces- 
sary damage  has  been  sustained  by  the  hy- 

drants and  the  pipe  system  and  its  connections 

by  the  improper  use  of  fire  hydrants.  Conse- 
quently the  following  instructions  for  the  use 

of  hydrants,  with  the  reasons  therefore,  have 
been  issued  by  Mr.  George  G.  Earl,  general 
superintendent  of  the  New  Orleans  Sewerage 
and  Water  Board: 

To   Parties   Using   Fire   Hydrants: 
Tour  co-operation  in  seeing  that  the  following 

rules  for  the  use  of  fire  hydrants  are  strictly 
complied  with  is  earnestly  requested: 

1.  Open  a  fire  hydrant  slowly,  and  steadily, 
and  always  enough  to  prevent  any  chatteri  ig 
of  the  main  valve,  even  if  more  water  is  drawn 
than  is  required. 

2.  It  the  fire  hydrant  is  to  be  left  open,  with 

pressure  available,  for  self-closing  or  other 
faucet,  or  valve,  on  its  outlet,  for  intermittent 
use,  open  it  slowly,  until  the  hydrant  is  full 
open,  then  release  the  operating  nut  by  one 
turn  backwards.  Wliere  a  hose  bib  or  other 
connection  is  placed  on  hydrant,  care  must  be 
used  to  see  that  rubber  gaskets  are  placed  under 
the  nozzle  caps. 

3.  Close  a  fire  hydrant  very  slowly,  especial- 
ly as  the  valve  approaches  its  seat,  until  it 

comes  firmly  to  its  seat,  and  then  release  ten- 
sion on  valve  and  stem  by  one  turn  backwards 

of  operating  nut. 
4.  After  closing  a  fire  hydrant  see  that  the 

caps  are  properly  replaced  over  its  outlets. 
5.  Do  not  allow  a  fire  hydrant  to  run  for 

gutter  flushing  after  the  flow  in  the  gutter 
becomes  reasonably  clear. 

6.  Use  no  tools  to  operate  a  fire  hydrant 

other  than  a  close-fitting  five-sided  wrench  fur- 
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wrench  becomes  worn,  so  that  it  injures  the 
operating  nut,  turn  it  in  and  obtain  a  new 
one  in  its  place. 
The  reasons  why  it  is  essential  to  comply  with 

the  above  are  as  follows: 
There  is  considerable  complaint  by  the  sprink- 

ler supervisory  authorities,  and  others,  brought 
about  by  the  improper  handling  of  fire  hy- 

drants, and  great  damage  and  expense  in  re- 
pairs  is   being   caused  by   their  improper  use. 

The  very  rapid  opening  of  a  fire  hydrant, 
with  a  free  discharge,  causes  a  sudden  and 
momentary  drop  of  pressure,  which  sends  in  a 
low  pressure  alarm. 
The  sudden  closing  of  a  fire  hydrant  throws 

a  strain,  in  the  nature  of  a  water  hammer, 
upon  the  whole  pipe  system  in  its  locality,  and 
upon  all  connections  thereto,  that  is  often 
double  the  static  pressure  in  the  system,  and 
is  a  severe  test  upon  all  joints  and  connections. 
The  drawing  of  a  very  small  stream  from  a 

fire  hydrant  through  a  main  valve  which  is 
barely  off  its  seat,  sets  up  a  vibration  and 
noise  that  is  equally  trying  upon  all  connections 
and  upon  the  nerves  of  the  occupants  of 
buildings. 
Any  and  all  of  the  above  procedures  cause 

damage  to  the  hydrants,  and  necessitate  fre- 
quent   and   expensive   repair. 

The  leaving  of  the  openings  of  a  hydrant  un- 
capped gives  opportunity  for  the  insertion  of 

matter  into  the  hydrant  and  for  damage  to 
the  threads  of  same,  either  of  which  will  destroy 
or  retard  its  usefulness  when  it  is  needed  for 
fire   service. 

The  use  of  any  tool  in  operating  hydrant,  ex- 
cept a  well-fitting  five-sided  wrench,  furnished 

by  the  Sewerage  and  Water  Board,  very  quick- 
ly wears  the  operating  nut  past  further  use- 

fulness. 
The  leaving  of  a  hydrant  open  less  than  full 

when  it  is  supposed  to  be  open  for  supplying 
water  for  building  purposes,  etc.,  applies  full 
pressure  to  a  drip  in  its  base,  which  causes 
the  water  to  escape  around  the  base  and  soften 
same,  and  also  to  escape  at  the  surface,  thus 
damaging  the  hydrant  setting  and  pavement. 
The  flushing  of  gutters  from  fire  hydrants 

by  a  free  discharge,  without  hose  or  nozzle, 
for  considerable  lengths  of  time,  is,  in  nine 

cases  out  of  ten,  a  "waste  of  a  very  excessive 
amount  of  water  after  the  first  five  or  ten  min- 

utes, since  water  so  applied  has  no  efficiency 
in  scouring  or  removing  any  other  than  the 
lightest  matter. 

Some  Notes  on  the  Installation  of  Gas 

Engines. 
The  increasing  use  of  internal  combustion 

engines  in  small  water  works  pumping  sta- 
tions warrants  a  brief  consideration  of  the 

best  procedure  in  their  installation.  The 
notes  here  ?iven  are  taken  from  a  recent 
article  by  Mr.  T.  L.  Hobbs,  published  in  The 
Gas  Engine. 

The  acceptance  and  unloading  of  gas  en- 
gines are  important  considerations  so  it  will 

be  assumed  that  the  installation  of  the  en- 
gine begins  with  the  receipt  by  the  purchaser 

of  a  notice  from  the  railroad  company  that 
the  ordered  engine  has  arrived.  If  the  en- 

gine is  heavy  the  car  on  which  it  is  shipped 
will  usually  be  placed  on  a  siding  at  a  point 
convenient  for  unloading  to  a  wagon.  Before 
paying  the  freight  the  purchaser  should  in- 

spect the  condition  of  the  engine  in  company 
with  the  station  agent.  If  any  damage  is  dis- 

covered tlie  agent  should  be  required  by  the 
purchaser  to  make  a  full  notation  of  the  na- 

ture of  the  damage  upon  the  expense  bill.  The 
freight  may  then  be  paid. 

If  help  is  needed  in  unloading,  the  purchaser 
has  the  right  to  call  upon  the  agent  or  section 
foreman  for  this  assistance,  as  it  is  their  duty 
to  unload  the  engine  unless  it  is  large  enough 
to  be  a  minimum  carload  by  itself,  in  which 
case  the  purchaser  must  unload  it.  In  either 
case  the  agent  is  to  see  to  it  that  suitable 
timbers  are  supplied,  such  as  ties  or  other 
heavy  timbers.  Every  reasonable  effort  is 
supposed  to  be  used  to  unload  the  engine 
without  damage,  but  if  damage  should  occur 
to  the  engine  in  unloading  on  account  of 
faulty   timbers   or   lack   of   proper   assistance. 

where  the  engine  is  shipped  local,  the  railroad 
company  is  liable   for  the  damage. 
An  instance  of  this  kind  happened  to  an 

erecting  man  who  was  sent  out  to  unload  and 
install  a  12-HP.  stationary  engine.  He  asked 
the  agent  for  suitable  timbers,  and  the  assist- 

ance of  the  section  men.  The  section  men 
were  out  on  the  road  and  the  timbers  fur- 

nished were  not  good.  The  erector  refused 
them,  but  the  agent  informed  him  that  was 
all  he  had.  The  expert  accepted  the  situation 
under  protest  and  proceeded  to  unload  the 
engme.  When  it  was  about  half  way  from  the 
car  to  the  wagon  one  of  the  timbers  gave  way 
and  the  engine  went  bottom  side  up  in  the 
ditch.  He  went  to  the  long  distance  telephone 
and  called  up  his  employer  to  ask  fo.r  in- 

structions. He  was  told  that  another  engine 
would  be  immediately  loaded  and  shipped  by 
the  first  freight,  and  for  him  to  turn  the 
ditched  engine  over  to  the  agent  and  wait  for 
the  new  one.  When  the  agent  reported  the 
m.atter  to  his  superior  he  was  instructed  to 
h?ve  the  section  men  place  this  engine  on  a 
car  and  return  it  free  of  charge  to  the  fac- 

tory, where  it  was  rebuilt  and  made  as  good 
as  new  at  the  expense  of  the  railroad  com- 

pany. 
The  next  proceeding  is  the  unloading  of  the 

engine.  The  first  thing  to  consider  is  a  suit- 
able w-agon.  A  strong  flat  top  dray  wagon 

is  the  most  desirable  conveyance.  An  ordi- 
nary wagon  coupled  short  with  the  space  be- 

tween the  standards  filled  with  ties  or  any 
other  strong  timbers  is  very  good.  After  the 
engine  is  on  the  wagon  and  fastened  securely 
ihe  smoothest  road  to  the  place  of  installa- 

tion should  be  used,  avoiding  any  road  which 
is  lower  on  one  side  than  the  other.  Arriv- 

ing at  the  plant  it  may  be  wise  to  dig 
trenches  for  the  wagon  wheels  in  order  that 
the  engine  may  be   nearer   the  ground. 
The  engine  room  and  foundation  may  al- 

ready be  provided,  but  a  few  things  which 
should  be  considered  in  this  connection  will 
be  mentioned.  The  following  is  considered 
an  ideal  installation,  and  the  nearer  the  actual 

approaches  this  the  better  service  may  be  ex- 
pected from  the  engine. 

The  engine  should  be  installed  in  a  clean,  dry 
room  with  plenty  of  light,  in  such  a  way 
that  the  foundation  can  be  built  up  direct  from 
the  ground.  The  foundation  should  be  twice 
as  long  at  the  bottom  as  the  base  of  the  engine 
and  should  be  2%  times  as-  wide  as  the  frame 
of  the  engine.  There  is  no  regulai:  depth,  but 
the  deeper  the  better,  even  if  the  foundation 
goes  to  bed  rock.  The  hole  should  be  dug 
wider  at  the  bottom  if  the  ground  will  stand 
it.  If  not,  a  form  may  be  used  to  give  the 
desired  shape.  The  foundation  should  be  in 
the  form  of  a  pyramid,  being  from  2  to  6 
ins.  wider  at  the  base  of  the  engine  than  the 
bottom  of  the  engine  frame.  Anchor  bolts, 

long  enough  to  go  entirely  through  the  foun- 
dation should  be  provided  for  fastening  the 

engine  to  the  foundation.  On  the  bottom  of 
these  bolts  should  be  large,  strong  washers 
to  aid  them  in  their  task.  The  bolts  are  set 
in  proper  position  so  that  they  will,  when 
the  foundation  is  completed,  enter  the  holes  at 
the  bottom  of  the  engine  frame  provided  for 
them,  and  should  be  as  large  as  can  be  used. 
A  templet  is  generally  supplied,  made  of  wood 
with  holes  in  to  match  the  holes  in  the  bottom 
of   the  engine   frame. 
The  foundation  should  consist  of  concrete 

in  the  following  proportion:  Three  parts  of 
small  pieces  of  rock  or  gravel,  two  parts  of 
fine  sand,  and  one  bag  of  cement  thoroughly 
mixed  with  plenty  of  water  to  make  it  easy 
to  work  into  position.  It  should  be  packed 
tightly  with  a  heavy  timber  or  other  suitable 
rammer.  Old  scrap  iron  can  be  used  to  good 
advantage.  Any  scrap,  such  as  old  buggy 
springs,  cast-iron  wheels,  pieces  of  _  chain, 
heavy  pieces  of  wire,  woven  wire,  in  fact 
anything  which  will  add  to  the  .  strength  and 

prevent  the  cement  from  cracking.  This 
should  be  allowed  to  set  for  four  or  five 

days,  the  longer  the  better.  It  is  then  ready 
for  the  engine.  The  engine  should  not  set 

directly  on  the  concrete,  but  should  have  at 
least  V2  in.  of  wood  between  them,  the  more 

wood  up  to  2  ins.  in  thickness  is  better.  After 

the   engine   is   put   in   place,   the   nuts   should 

be  put  on  the  bolts  and  drawn  down  a  little 
at  a  time,  going  from  one  to  the  other  until 
they  are  as  tight  as  they  will  stand. 

It  may  be  necessary  to  install  the  engine  on 
a  floor  of  wood.  If  this  be  the  case  a  couple 
of  long  heavy  timbers  should  be  provided  and 
bolted  tightly  to  the  floor  and  the  engine 
fastened  securely  to  this,  which  will  make  a 

very  good  foundation. 
If  the  machinery  to  be  driven  is  already  in 

place  it  will  be  necessary  to  figure  out  where 
the  belt  wheel  will  have  to  be  and  to  set  the 
foundation  accordingly,  but  if  the  machinery 
is  not  in  place  it  will  be  a  very  easy  matter 
to  line  it  up  with  the  engine. 

The  water  cooling  system  for  the  cylinder 

is  generally  planned  and  provided  by  the  fac- 
tory ready  to  install  and  will  work  nicely  if 

the  proper  attention  is  given  to  the  draining 
of  the  pipes  to  prevent  freezing.  An  ideal 
system,  which  is  as  near  automatic  as  can 
be  made,  is  to  have  the  water  tank  under  the 
ground,  with  the  pump  below  the  frost  line. 
Just  above  the  pump  a  %-in.  hole  is  drilled 
in  the  pipe  so  that  every  time  the  engine  is 
stopped  it  will  be  drained  automatically,  then 
by  the  time  it  begins  to  get  warmed  up  the 
water  circulation   will   be    working. 

The  battery  box  should  be  placed  in  the 
cleanest,  dryest  place  in  the  building,  where 
there  w^ill  be  as  little  vibration  as  possible. 
The  switch  may  be  placed  near  the  engine 
where  it  will  be  handy,  and  the  battery  box 
be  placed  in  another  room  or  up  on  a  high 
shelf,  any  place  to  get  it  where  it  will  be  free 
from  moisture,  dirt  and  vibration.  This  \yill 
do  away  w-ith  the  possibility  of  a  wire  being 
broken,  or  jarred  loose  from  a  connection 
by  the  constant  vibration. 
'  A  wire  should  be  run  from  the  engine  frame 

to  the  zinc  or  outside  post  of  the  first  cell,  a 

wire  from  the  carbon  or  center  of  this-  same 
cell  to  the  zinc  of  the  next,  and  so  on  through 
the  whole  battery.  At  the  end  of  the  series 
there  will  be  a  carbon  post  unconnected.  Run 
a  wire  from  this  to  the  center  binding  post 

of  the  switch  (a  three-point  switch  should  be 
used),  another  wire  from  one  side  of  the 
switch  to  the  coil,  a  third  from  the  other 
side  or  post  of  the  coil  to  the  igniter,  and 
the  wiring  is  complete.  The  coil  may  be 
placed  inside  the  battery  box,  or  at  any  other 
convenient  place  where  it  will  be  free  from 
dirt,  .grease,  dampness  and  vibration. 

If  it  is  desired  to  use  a  magneto  with  the 
ignition  system,  all  that  is  necessary  is  ̂  to 
place  the  magneto  on  a  solid  foundation 
wdiere  the  drive  wheel  of  the  magneto  may 
come  in  contact  with  the  fly  wheel  of  the 

engine,  run  a  wire  from  one  post  of  the  mag- 
neto to  the  frame  of  the  engine,  or  it  may 

be  connected  to  the  other  wire  which  goes  to 
the  frame  of  the  engine  from  the  batteries,  if 
more  convenient.  Then  run  a  wire  from  the 
other  post  on  the  magneto  to  the  unoccupied 
post  of  the  switch  and  the  magneto  wiring  is 
completed. 

If  liquid  fuel  is  to  be  used  the  tank  should 
be  placed  outside  of  the  building;  burying  it 
in  the  ground  is  the  best  practice.  The  tank 
and  piping  are  generally  furnished  with  the 
engine,  but  it  is  generally  necessary  to  make 
some  changes  in  the  piping  which  can  easily 

be  done  by  "the  use  of  a  hack  saw  and  a  thread cutter  for  rethreading  the  pipes.  Where  it  is 
desired  to  use  a  small  quantity  of  gasoline  for 
starting  the  engine  and  a  different  fuel  for 
running  a  small  tank  can  be  placed  in  some 
convenient  place  to  hold  -enough  gasoline  for starting. 

If  natural  gas  is  to  be  used  for  fuel,  a 
special  mixer,  which  can  be  furnished  by  the 
manufacturer,  is  required.  A  small  tank  for 
the  gas,  or  a  gas  bag  to  aid  in  getting  the 

proper  quantity  of  gas  into  the  cylinder  quick- 
ly is  also  necessary. 

Observations  of  the  Effect  of  Ozone  on 

Algae  Growths. 
For  the  past  five  years  the  Baltimore  Coun- 
ty Water  and  Electric  Company,  under  the 

supervision  of  Mr.  A.  E.  Walden,  have  been 
using  ozone  as  a  sterilizing  agent  to  purify 
their  Herring  Run  water  supply.  The  system 
as   it  was   originally  installed  did  not  accom- 
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plish  the  results  that  were  expected  in  many 
ways,  so  that  it  became  necessary  to  entirely 
redesign,  as  little  information  could  be  ob- 

tained from  any  of  the  European  plants  in 
operation.  It  is  not,  however,  the  object  of 
this  article  to  recite  the  details  of  the  work 
that  has  been  done,  but  merely  to  relate  the 
effect  of  ozonization  upon  certain  types  of 
micro-organisms,  as  described  by  Mr.  S.  T. 
Powell  in  his  paper  before  the  recent  annual 
convention  of  the  American  Water  Works 
Association. 
Herring  Run  is  a  small  surface  water  stream 

that  flows  for  the  most  of  its  course  through 
a  thickly  populated  territory  and  receives  more 
or  less  surface  drainage,  so  that  there  is  al- 

ways an  appreciable  amount  of  matter  carried 
in  suspension  by  the  supply.  Before  reaching 
the  ozone  plant  the  water  is  stored  for  about 
21  days  in  two  earthen  reservoirs  from  which 
a  portion,  but  not  all,  of  the  top  soil  was  re- 

moved before  they  were  placed  in  use.  .Algae 
and  other  vegetable  growths  have  always 
been  more  or  less  prolific  in  the  supply  and 
it  has  been  necessary  to  treat  the  water  many 
times  each  year  with  copper  sulphate  to  keep 
down  these  objectionable  growths.  Up  until 
the  present  time  the  water  flows  to  the  ozone 
plant  direct  from  the  reservoirs  without  pre- 
filtration  and  for  this  reason  we  have  been 
afforded  an  opportunity  to  note  the  effect  of 
ozone  as  an  al<Taecide. 

The  method  of  mi.xing  the  ozone  and  water 
is  by  means  of  aspiration,  the  falling  water 
sucking  the  ozone  directly  from  the  genera- 

tors, and  is  ca.-ried  through  a  mixing  chamber 
and  from  there  delivered  to  the  suction  well 
of  the  pump.  This  well  is  open  to  the  atmos- 

phere so  that  the  ozone  not  used  up  during 
passage  through  the  mixing  chamber  is  al- 

lowed to  escape  at  this  point. 
It  was  noticed  that  very  soon  after  put- 

ting the  plant  in  operation  that  a  foamy  green- 
ish scum  collected  on  the  surface  of  the  water, 

which  increased  in  thickness  the  longer  the 
plant  operated  and  had  to  be  removed  by 
overflowing  the  w-ell.  Microscopic  examina- 

tion showed  that  the  accumulation  was  due 
to  algae  growths  to  which  had  adhered  small 
bubbles  of  ozonized  air  and  had  carried  the 
organisms  to  the  surface  of  the  water.  It  was 
evident  also  that  the  ozone  had  a  disintegrat- 

ing effect  on  many  of  the  organisms,  especial- 
ly the  chlorophyceae  and  cyanophyceae.  The 

analyses  of  samples  of  water  before  and  after 
ozonization  showed  that  the  treatment  had 
materially  reduced  the  total  number  of  organ- 

isms, as  well  as  the  amorphous  matter.  The 
percentage  removal  varied  from  day  to  day 
but  not  uniformly  with  the  changes  in  the 
ozone  concentration.  It  was  evident  though 
that  although  the  reduction  showed  the  ex- 

tent to  which  the  organisms  were  eliminated 
from  the  water,  this  was  by  no  means  due 
entirely  to  oxidation  by  the  ozone  but  partly 
on  account  of  breaking  up  of  the  more  deli- 

cate organisms  by  the  violent  agitation  of  the 
water  in  passing  through  the  mixing  chamber, 
and  to  the  formation  of  scum  on  the  surface 
of  the  water  in  the  suction  well. 

For  this  reason  laboratory  tests  w-ere  made 
to  determine  to  what  extent  the  algae  were 

killed  by  direct  contact  with  the  gas"  and  the general  effect  on  the  water  resulting  from 
ozonization  of  samples  impregnated  with  such 
vegetable  growths,  especially  with  reference 
to  color  and  odor. 

SOME   RESULTS    OF    LAB0R..\T0RY    TESTS. 

The  e.xperiments  indicated  that  low  concen- 
tration and  long  contact  will  usually  ensure 

as  thorough  oxidation  of  organic  niatter  as 
higher  concentration  and  short  periods  of  con- 
tact. 

Color  Removal. — Samples  of  swamp  water 
were  ozonized  for  one-half  hour  and  then  ex- 

amined microscopically.  There  appeared  to 
be  a  general  disintegration  of  all  the  organ- 

isms containing  chlorophyll  and  excepting 
where  these  growths  were  massed  in  bunches 
they  were  killed.  The  chlorophyll  was  scat- 

tered through  the  water  but  apparently  the 
ozone  had  but  a  slight,  if  any,  bleaching  effect 
upon  it.  The  diatoma.  Crustacea  and  pro- 

tozoa were  unaffected,  .\fter  ozonization  the 
samples  were  set  aside  for  24  hours  and  again 

examined.  By  this  time  the  Crustacea  and 
protozoa  were  all  dead  but  not  removed ;  the 
color  of  the  water  had  increased  and  there 
was  a  decided  increase  in  the  odor.  The  kill- 

ing of  the  Crustacea  was  probably  due  not  to 
the  oxidizing  effect  of  the  ozone  but  on  ac- 

count of  the  removal  of  the  food  supply  by 
sterilization  of  the  w-ater.  The  color  and 
odor  increase  was  caused  by  the  scattering  of 
the  chlorphyll  and  oil  globules  through  the 
water  when  the  organisms  were  broken  up. 

In  support  of  this  theory  of  the  color  in- 
crease a  weak  gasoline  solution  of  pure 

chlorophyll  was  made  up  and  through  this 
ozone  was  passed  for  five  hours.  Even  after 
this  long  period  of  contact  there  was  not  the 
slightesf  reducion  in  the  color  of  the  solution. 
The  same  concentration  of  ozone  in  20  min- 

utes removed  75  per  cent  of  the  color  in  a 
sample  of  water  which  had  been  stained  by 
boiling  a  quantity  of  dead  leaves  in  distilled 
water  and  then  riltering. 
Odor  Removed. — There  has  been  much  dis- 

cussion recently  in  reference  to  the  removal 
of  odors  b^  ozonization,  but  practically  all  of 
the  investigations  have  been  directed  to  the 
elimination  of  malodorous  compounds  that 
exist  in  the  atmosphere  so  that  the  removal  of 
odors  in  solution  touches  a  somewhat  differ- 

ent phase  of  the  subject.  .^n  attempt  was 
made  in  this  investigation  to  determine  the 
general  effect  of  ozonization  in  reference  to 
odor  removal  from  water,  particularly  those 
odors  arising  from  algae  growths.  It  was 
demonstrated  from  the  tests  that  where  the 
ozone  acted  upon  the  water  containing  living 
micro-organisms  that  the  characteristic  odors 
were  intensified.  This  condition  was  due  to 
oxidation  and  disintegration  of  the  plant  and 
scattering  the  oil  globules  through  the  solu- 

tion. These  oily  substances  were  only  acted 
upon  after  complete  oxidation  of  the  organic 
matter  present.  In  view  of  this  fact  waters 
containing  micro-organisms  were  first  filtered 
before  attempting  to  deodorize  them  with 
ozone.  At  the  time  of  conducting  these  tests 
it  was  not  possible  to  obtain  samples  of  water 
giving  all  the  characteristic  odors  of  the 
various  forms  of  algae  growths,  but  a  number 
of  substances  that  impart  a  distinctive  odor 
were  mixed  with  samples  of  tap  water  and 
the  deodorizing  effect  of  the  ozone  was  noted. 
The  data  obtained  from  the  tests,  although 
they  do  not  give  any  positive  evidence  of  the 
ability  of  ozone  to  remove  all  odors  arising 
from  micro-organisms,  give  some  idea  of 
the  value  of  the  gas  as  a  deodorizer  for  Vater 
impregnated  with  such  objectionable  sub- 
stances. 
A  distinctive  algae  odor  arising  from  a 

sample  of  stagnant  swamp  water  was  greatly 
reduced  in  10  minutes  with  an  ozone  concen- 

tration of  0.20  gm.  per  cubic  meter  and  com- 
pletely removed  in  30  minutes.  The  same 

odor  was  entirely  eliminated  by  a  concentra- 
tion of  1.69  gms.  in  one  minute. 

\  faint  fishy  odor  caused  by  algae  growths 
was  removed  in  10  minutes  with  a  concentra- 

tion of  0.18  gms.  of  the  ozone  gas. 
CONCLUSION. 

The  observations  made  demonstrate  clearly 
that  certain  forms  of  algae  are  very  readily 
removed  from  water  by  direct  oxidation  while 
certain  other  forms  are  entirely  unaffected 
even  with  protracted  periods  of  contact  with 
the  ozone.  In  addition  to  this  it  has  been 
noted  that  there  is  an  increase  in  the  odor 
arising  from  direct  ozonization  of  algae  that 
can  only  be  removed  after  complete  oxidation 
of  the  organic  content  of  the  water. 
As  has  previously  been  stated,  these  studies 

were  undertaken  not  with  the  idea  of  making 
use  of  ozone  as  an  algaecide  but  to  determine 
what  influence  such  growths  would  have  in 
maintaining  the  efficiency  of  the  sterilization 
plant,  and  to  this  extent  the  experiments  have 
been    of   considerable   value. 

At  practically  all  ozone  water  sterilization 
plants  abroad  the  raw  water  supplies  are  filt- 

ered previous  to  treatment  so  that  the  influ- 
ence of  algae  upon  the  efficiencies  of  the  sys- 
tems has  not  been  studied.  As  the  rate  of 

filtration  used  at  all  these  places  is  about  the 
same  as  emploved  by  mechanical  filters  in  this 
country  it  is  reasonable  to  suppose  that  prac- 

tically all  of  the  organisms  are  removed  by  the 
filter  beds,  but  there  is  a  possibility  of  the 
growth  of  organisms  in  the  underdrains  and 
conduits  of  the  system,  the  presence  of  which 
will  reduce  the  efficiency  of  sterilization  in 
proportion  to  their  abundance. 
The  ability  of  ozone  to  remove  or  reduce 

certain  odors  arising  from  substances  dis- 
solved in  water  is  to  the  mind  of  the  writer 

one  of  great  importance.  There  is  no  doubt 
that  ozone  is  a  powerful  deodorizing  gas  un- 

der certain  conditions  and  when  brought  into 
direct  contact  w-ith  the  substance  for  a  suf- 

ficient period.  Its  deodorizing  value  depends 
on  the  oxidizability  of  the  substance  treated, 
and  concentration  of  the  gas  as  well  as  the 
thoroughness  of  the  mix. 

Notes  on  Reservoir  Construction. 

The  following  notes  on  the  construction  of 
concrete  reservoirs  and  settling  basins  for 
water  works  service  are  abstracted  from  a 
paper  by  Mr.  T.  C.  Hughes,  city  engineer  of 
Tulsa,  Oklahoma,  before  the  recent  annual 
meetmg  of  the  Southwestern  Water  Works 
Association. 

The  most  satisfactory  mixture  of  concrete 
to  use  in  building  reservoirs  and  basins,  in 

Mr.  Hughes'  experience,  is  a  1 :2 :4.  This 
meets  the  requirements  of  density  and  non- 
porosity.  The  cement  must  stand  the  ordi- 

nary test  of  the  American  Society  for  Test- 
ing Materials.  The  sand  should  be  coarse  -and 

absolutely  clean  and  the  stone  should  be  a 
mixture  of  V^  and  1  in.  rock.  This  character 

of  aggregate  gives  the  most  satisfactory  re- 
sults and  with  the  proper  care  in  tamping  will 

produce  a  wall  absolutely  impervious  to  water 
without  any  special  protective  agency  such  as 
hydrated  limes,  waterproofing  compounds,  or 
ground  clay. 
Two  practical  difficulties  occur  in  building 

water  basins  of  this  nature  for  municipal  use. 
One  of  these  is  to  make  a  satisfactory  join- 

ing of  the  old  and  new  concrete.  This  can  be 
accomplished  where  the  connection  is  to  be 
made  between  the  old  work  and  that  several 

days  old  by  first  washing  the  old  surface  of 
the  concrete  with  strong  soda  water  or  lye 
water  to  take  any  possible  grease  and  then 
washing  the  soda  or  lye  water  with  clear 
water,  then  washing  the  surface  again  with 
about  an  eight  or  ten  per  cent  muriatic  acid 
solution,  then  flushing  this  solution  off  with 
perfectly  clean  water.  Sprinkle  on  dry  ce- 

ment and  at  once  place  and  tamp  the  new- 
concrete  material  down.  By  this  process  an 
almost  perfect  bond  will  be  furnished  between 
the  old  and  new  work. 

The  second  trouble  is  to  make  a  satisfactory 
joint  in  a  wall  where  the  same  becomes  neces- 

sary as  between  a  completed  compartment 
and  a  new  compartment.  Possibly  the  best 
construction  for  this  purpose  is  to  make  a 
dovetail  connection  and  thoroughly  paint  the 
inside  with  asphaltum  having  a  penetration 

of  about  75°  Dow  Standard  and  then  run 
the  new  concrete.  This  will  usually  make  a 
water  tight  construction.  In  making  the  con- 

nection between  old  and  new  concrete  it  must 

be  borne  in  mind  that  the  "laitance"  or  scum 
that  always  arises  on  cement  work  must  bs 
eliminated  and  cleaned  off  before  any  cohesion 
can  be  obtained  between  the  old  and  new 
work. 

In  beginning  the  construction  of  a  reservoir 
or  basin  the  foundation  upon  which  it  is  to 
be  placed  should  be  investigated  thoroughly. 
If  this  should  be  composed  entirely  of  sand, 
as  for  instance  in  the  .Arkansas  River  bot- 

toms, it  will  be  necessarv  to  drive  to  the 
solid  foundation  a  sheet  of  watertight  sheet 
piling  completely  surrounding  the  work;  and 
before  laying  the  floor  upon  this  enclosed 
foundation  of  sand  at  least  2  ft.  of  thor- 

oughly ground  and  puddled  clay  should  be 
tamped  down  so  as  to  be  impervious  to  leak- 

age. 
In  a  square  or  rectangular  structure  it  is 

perhaps  the  best  practice  to  build  a  gravity 
wall  such  that  the  section  would  be  stable 

by  its  own  weight,  especially  if  the  compart- 
ments are  larger  than  70  ft.  in  any  one  direc- 

tion. 
Where    cross    walls    occur    more    frequently 
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than  this  the  design  may  be  cut  down  such 
an  extent  as  not  to  depend  upon  a  gravity 
section  in  all  cases.  This  is  a  matter  of  detail, 
of  course,  to  be  determined  by  the  designer 
at  the  time  of  making  the  plans.  Every  wall 
should  have  a  proper  and  sufficient  footing  to 
carry  the  weight  of  the  section  imposed  upon 
it  without  a  tendency  to  crack. 
One  of  the  frequent  mistakes  at  this  point 

IS  in  failing  to  provide  a  sufficiently  large  size 
drainage  system  to  empty  the  basin  quickly 
and  save  the  time  of  the  department  in  clean- 

ing out  as  occasion  may  arise  when  this  work 
must   be   done    expeditiously,      therefore      the 

draming  and  cleaning  system  of  basins  should 
be  looked  after  with  more  care  than  is  usually 
done  by  designers  of  water  basins. 

.•\I1  basins  should  be  so  arranged,  if  a  coagu- 
lant system  is  used,  such  that  the  passing  of 

water  will  be  through  the  basin  in  as  nearly  a 
solid  column  as  practical,  as  the  proper  sedi- 

mentation will,  of  course,  depend  upon  the 
slowness  of  movement  of  water  through  the 
basins. 

During  the  construction  work  judicious  care 
should  at  all  times  be  exercised  by  the  en- 

gineer in  charge,  and  the  placing  of  the  rein- 
forcing  and    the    proper    cleaning   off    of    the 

surfaces  and  the  making  of  good  joints  should 
be  the  continuous  care  of  the  inspector. 
The  structure  after  it  has  been  completed 

should  be  very  carefully  gone  over  and  in- 
spected in  detail  and  afterward  painted  on 

the  inside  with  a  water-proofing  paint  or  a 
thin  mi.xture  of  neat  cement,  after  which  it 
should  be  filled  and  carefully  looked  after 
during  the  test  of   filling. 

All  openings  for  pipes  entering  the  basin 
should  be  square  and  in  a  pyramidal  form  with 
the  large  base  towards  the  inside  of  the  basin 
such  that  the  pressure  will  tend  to  close  up 
any  faulty  work  or  leakage. 

ID oad; STREETS 
The  Organization  and  Standards  of  the 

Iowa  Highway  Commission. 
StaiT  .Article. 

A  state  highway  commission  with  sufficient 
power  to  supervise  all  road  and  bridge  work 
was  created  by  the  Iowa  legislature  in  .\pril, 
191.3.  Briefly  stated,  the  road  law  provides 
for    a    practically    unpaid    commission     (com- 

.\  subsidiary  and  in  a  manner  independent 
organization,  although  under  the  general  su- 

pervision of  the  county  supervisors,  is  provid- 
ed in  each  township.  The  township  trustees 

appoint  a  superintendent  who  has  charge  of 
the  maintenance  and  repair  of  township  roads, 
awarding  .contracts  for  dragging  and  when 
necessary  supervising  force  account  and  con- tract work. 

of  the  county  road  system  after  the  10  to  15 
per  cent  of  the  total  mileage  of  road  first 
designated  is  completed. 

The  organization  perfected  by  the  commis- 
sion to  carr\'  out  its  work  is  shown  graphical- 

ly by  Fig.  i.  It  will  be  seen  that  the  county 
is  adopted  as  a  unit,  the  state  commission  act- 

ing in  an  advisory  capacity  with  power  to  en- 
force its   regulations  when  necessary. 

State  Highway  Commission 
A  Marsden.J  W  Holden.H  C  Beard 

Highway  Engineer 
T  H   Mac  Donald 

X 
Design 
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C  B  McCul lough 
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^  Field 

Ass't  Engineer 
r  R  White 

Office-Chief  Clerk 
J  H  Ames 
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[Lectures,  Exhibits,Schools and  Education) 
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Fig.    1.     Chart   Showing    Organization   oT      Highway   Work   in    Iowa. 

pensation  not  to  exceed  $1,000  each  per  year) 
of  three  men  who  provide  the  necessary  or- 

ganization to  supervise  the  road  and  bridge 
work  of  the  various  counties  in  the  state.  The 
duties  of  the  commission  are  general  rather 
than  specific,  although  the  power  is  vested  in 
it  to  require  work  which  conforms  to  stand- 
ard. 

The  law  further  provides  that  each  county 
shall  be  organized  as  a  separate  unit  under 
the  supervision  otf  the  commission.  The 
county  board  of  supervisors  has  direct  charge 
of  the  work  in  the  county.  It  is  required  to 
employ  as  its  agent  a  county  engineer  who 
has  direct  supervision  over  all  road  and  bridge 
work.  The  engineer  is  bonded,  his  term  of 
office  and  compensation  are  fixed  by  the  coun- 

ty board  and  he  must  be  acceptable  to  the 
State  Highway  Commission,  since  it  has 
specially  granted  power  to  discharge  him  at 
pleasure.  From  10  to  1.5  per  cent  of  the  total 
mileage  of  roads  outside  of  incorporated 
towns  are  selected  by  the  county  board  of 
supervisors  as  a  county  highway  system.  This 
system  is  modified  by  the  state  commission  if 
it  sees  fit  and  recorded  as  the  system  all  work 
on  which  must  be  done  under  the  direct  ap- 

proval of  the  state  commission.  For  the  up- 
keep of  their  county  road  system  the  county 

commissioners  are  held  responsible  to  the 
commission.  The  duties  of  the  county  en- 

gineer are  named  and  cover  the  entire  field 
of  engineering  and  supervision,  both  by  con- 

tract and  force  account  on  road  and  bridge 
construction   and    maintenance. 

Funds  are  divided  for  road  and  bridge  pur- 
poses and  are  apportioned  by  the  board  of 

supervisors,  with  the  exception  of  a  non-di- 
vertable  fund  to  provide  for  the  dragging  and 
maintenance   of   township   roads   which   is   ap- 

For  Grades  between  2%  andd'h 

General  Conditions. — The  population  of 
Iowa  is  to  a  large  extent  rural.  It  is  an  ag- 

ricultural state  of  great  wealth.  For  the  most 

part,  the  roads  are  located  on  U.  S.  Govern- 
ment   land    survey   lines   and   radical   changes 

..i5J^---i 

5  min.  depth,  ̂ f//ff/ 

For  roads  on  a  grade  of  Z%  or  less         E&,C 

5' min.  deptt '. 

Long,  tile  dram 

Fig.   2.    Cross   Sections  for   Earth    Roads. 

\ato6- 

■B'tolO' 
e:.&c. 

portioned  by  the  township  trustees.  The  law 
is  very  specific  in  regard  to  the  duties  of  the 
various  county  officials,  the  distribution  of 
funds  and  the  quality  of  work  to  be  accom- 

plished.    Provision  is  made  for  the  extension 

in  alignment  are  difficult.  The  roads  are 

generally  &fi  ft.  wide.  Little  expensive  con- 
struction exists,  the  present  roads  being  of 

the  graded  earth  type  with  little  attempt  to 
conform   to  established  grades.     Over  a  large 



56 
Engineering'   and    Contracting Vol.  XLII.    No.  3 

portion  of  the  level  section  of  the  state  the 
soil  is  of  black,  sticky  nature  rich  in  organic 
matter  and  in  need  of  drainage,  but  yielding 

supervising  construction.  Plans  show  all  im- 
portant features,  including  in  all  cases  the 

drainage  area  of  waterways,  and  are  prepared 

  ---t---       -13-0'-   -i 

[■■Surface  of  finished  macadam  road  '■ ySurface  of  oriqinal  earth  road  ! 

,  ■■8'  —"'"■-7-s^^J, ■  Lateral  droinevery  SOff  on  Depth  of  excavation  oti.- 5' 
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Half  Section  in  Cut  Half  Section  on  Fill  (surface-5^ 
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Fig.    3.     Cross    Section    for    Gravel    and   Macadam    Roads. 

readily  to  continuous  dragging.  Materials  for 
constructing  all  types  of  roads  are  available 
throughout  the  state,  but  the  most  urgent 
need  is  the  drainage,  grading  and  mainte- 

nance of  the  present  earth  roads  in  a  pass- 
able condition  and  the  construction  of  a  more 

substantial  type  of  waterways. 
Cross  Sections. — The  cross  sections  recom- 

mended by  the  commission  for  use  on  earth 
roads,  especially  in  prairie  sections,  are  shown 
by  Fig.  2.  It  will  be  noted  that  the  depth  of 
ditch  is  varied  with  the  grade  and  on  grades 
exceeding  4  per  cent  a  paved  gutter  is  used. 
This  provision  is  of  value  in  easily  eroded 
soils    and    in    level    sections    where   the   road 

TABLE  I.— TABLE  OF  SPECIFICATIONS  FOR 
SHEET   AIETAL  CULVERTS. 

Min.  Max. 
sheet  Min.  rivet 

thickness.  rivet.         spacing. 
Diameter.                    In.  In.  Ins. 
•12-in          V4,  %  6 
15-in          V4  %  6 
18-in          H  %  6 
24-in          Vi  %  6 
30-in          %  %  6 
36-in          %  H  6 
42-in        7/lG  %  6 
•Farm  crossings  only. 

ditches  are  in  effect  drainage  canals  for  large 
areas   abutting   the   road. 

Figure  3  illustrates  a  cross  section  used 
when  a  gravel  or  macadam  surface  is  ap- 

plied to  a  graded  earth  road.  The  type  of 
gravel  generally  found  is  sandy  in  nature, 
containing  only  a  small  percentage  of  large 
aggregate  and  difficulty  is  sometimes  ex- 

perienced in  bonding  it.  In  Fig.  5  is  shown 
a  gravel  road  finished  to  standard  cross  sec- 

tion. Figure  6  illustrates  cross  sections  for 
macadam  and  concrete  roads. 

in  a  standard  manner.  Fig.  7,  upon  sheets  22 
ins.  by  .34  ins.  in  size. 

County  road  maps  prepared  by  the  county 
engineer  showing  the  location  of  the  roads 
designated   as   the   county   system   with   infor- 

Loads. — For  concrete  structures  the  minj- 
muni  concentrated  load  is  assumed  as  a  15- 
ton  traction  engine,  the  load  being  distributed 
as  follows:  20.000  lbs.  on  rear  wheels,  10,- 
000  lbs.  on  front  wheels,  11  ft.  between  axles, 
G  ft.  between  center  of  back  wheels,  width  of 
wheels  22  ins.  Each  back  wheel  load  is  as- 

sumed as  distributed  over  an  area  6  ft.  wide 
and  5  ft  long.  For  thin  slabs  on  girders  the 
area  of  distribution  is  4  ft.  by  4  ft.  in  size.  An 
alternate  uniform  live  load  is  assumed  at  100 

lbs.  per  square  foot  of  roadway  and  sidewalks. 
Roadivay. — In  figuring  the  length  of  cul- 

verts side  slopes  are  taken  at  IVa  to  1  and  the 
minimum  lengths  recommended  are  as  fol- 
lows: 

County     Township 
Span,  roads,        roads, Item.  ft.  ft.  ft. 

Pipe    culverts       1 —  4  *  * Box    culverts       2—16  24  20 
Slab    bridges     16—25  20  18 
Girder    bridges     16—60  20  18 

•To  meet  side  slopes  of  fill. 

Slab  and  girder  bridges  are  cambered  l,/20 
in.  per  foot  of  length. 

Permissible  Stresses. — The  following  stress- 
es   were     used    in    designing    small     concrete 

Fig.  5.    Rolling  Gravel  Road   Built  to  Standard   Cross  Section. 

mation  concerning  them,  are  filed  \^ith  the 
commission.  In  Fig.  8  (p.  58)  is  shown  a 
standard  type  of  county  road  map. 

Waterzvays. — One  of  the  most  important 
features  of  the  work  of  the  commission  is  the 
preparation   of   plans    for   waterways  and   the 

Fig.   4.    A    Problem    Frequently    Encountered   in   the   Relocation   of   Old    Roads. 

Road  Plans  and  County  Maps. — Road  plans 
are  prepared  by  the  county  engineer  and  sub- 

mitted to  the  commission  for  approval.  The 
division  engineer  co-operates  with  the  county 
engineer  in  the  preparation  of  plans  and  in 
the  subsequent  work  of   letting  contract  and 

supervision  of  their  construction.  The  meth- 
ods and  standards  employed  in  the  construc- 
tion of  pipe  and  box  culverts  are  given  here. 

A  discussion  of  steel  and  concrete  bridges  in 
use  will  appear  at  a  later  date  in  the  Bridge 
Section   of  Engineering  and   Contracting. 

structures,  including  slab  and  girder  bridges : 
Concrete :  Compression.  600  lbs.  per  square 

inch;  tension,  none;  shear,  100  lbs.  per  square 
inch  (diagonal  tension).  Steel:  Tension, 
16.000  lbs.  per  square  inch ;  compression,  15 
times  surrounding  concrete. 

Footings. — Footings  are  ordinarily  carried 
down  4  ft.  except  for  spans  under  16  ft.,  which 
may  be  built  without  footings,  but  with  a 

heavily  reinforced  floor  distributing  the  pres- 
sure on  the  foundation.  Under  heavy  fills 

floors  are  reinforced  longitudinally  the  full 

length  of  the  structure.  The  foundation  pres- 
sure is  not  ordinarily  to  exceed  2  tons  per 

square  foot.  In  drainage  ditches  on  flat  grades 
the  top  of  the  footing  is  level  with  the  ditch 
grade  line.  Curtain  walls  at  each  end  of  the 
floor  are  used  and  a  curtain  wall  used  across 

the  end  of  the  wings  on  the  down-stream  side. 
Where  used,  piles  are  ordinarily  driven  3  ft. 
on  centers,  with  12  ins.  to  18  ins.  of 
unbruised  wood  projecting  into  the  foot- 

ing, and  are  computed  to  carry  the  full  load. 
Concrete. — .'V  1:2:4  concrete  is  used  through- 

out except  in  footings,  where  a  1 :2%  :5  con- 
crete may  be  used.  The  maximum  size  stone 

used  are  IVi  in.  for  1:2:4  and  2V2  for  l:2y2:5 

concrete.  Rubble  stone  are  permitted  in  con- 
crete sections  2  ft.  thick  or  over. 

The    following   tabulation    shows   the   quan- 
tities   of   material    specified    for   various    sand 

contents.     These  quantities  are  varied  slightly 
to  fit  conditions : 
For  1  cu.  vd.  of         Cement.        Sand,         Stone, 
concrete."  bbls.        cu.  yds.     cu.  yds. 

1:2:4          1.46  0.44  0.89 
1  :  2%  :  5          1.19  0.46  0.91 
1:3:6          1.00  0.46  0.92 
1  :  2  :  3',4           1.68  0.47  0.83 
Hand  ra'il        2.S4  1.00 
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For  gravel   concrete   the  proportions  are  as 
follows : 

Cu.   ft.   of  pit  run   gravel  re- 
quired for  1  sack  of  cement. 

1:2:4  1  :  2%  :  5 
concrete,  concrete, 
cu.  ft.  cu.  ft. 
4.50  S.5 
4.00  5.0 
3.50  4.5 
3.00  4.0 
2.50  3.5 
2.25  3.0 
2.00  2.5 

Extensive  tests  are  no<v  being  made  to  de- 
termine the  value  of  this  table,  and  it  is  sub- 

ject to  correction  after  tests  are  completed. 

Sand   passing 
'li-in.    screen, 

per    cent. 
42 
45 
55 
65 75 
So 95 

Diam- eter. 12-in.. 

15-in. IS-in. 
24-in., 
30-in. 
36-ln. 

ilin. 

gage. 
.  16 
.  14 
.  14 
.  14 
.  12 
.     12 

T.iBLE  II.— TABLE  OF  SPECIFICATIONS  FOI 
Mln. 

Max.  rivet  spacing. 

CORRUGATED  CULVERTS.* 
rivet. 

In. 
% 
% 

42-ln...    12 % 

1  rivet  in  each  corrugation. 
1  rivet  in  each  corrugation. 
1  rivet  in  each  corrugation. 
1  rivet  in  each  corrugation. 
1  rivet  in  each  corrugation. 
1  rivet  in  each  corrugation. 

2  rivets  in  each  corrugation. 

Remarlis. 

This  size  for  farm  driveways  only. 

Not  to  be  used  where  fill  over  culvert  exceeds t)  feet. 
Not  to   De  used  where  fill  over  culvert  exceeds 

4   feet. 

Note. — Corrugated  pipe  for  use  on  township  roads  and  farm  driveways  only,  or  for  temporary 
repairs  on  county  roads. 

•Adopted  for  temporary  use  pending  results  of    thorough  field  examination. 

  2a:o---           
■Z'Crown  in  surface  of  concrete 
  /6'0"   .:   f-O'- 

_°°f. 
.'Vi, 

-G'-O'-   -i 

-rx- 
-■Long  Drain  along 

eac/i  edge 
at  S.-^tgrocie- Lateral  Drain  even 

5'rnin  depth.. y       \   ̂ g^Q 

Long.  Ti/e  Drain  -yL  ]  \ 

6-0"—- 
...24-0-—-   -   

■'9-0'   i— -3-0'*! 

-6-0'— -H 

J   ^ — 

r:ot  Subgrade   - 
6'Gravel  or  macadam  shoulder 

5' mm.  depth-' 

•■3-0-'-; 

-  6-0 
Longitudinal  Tile  Drain..  _j    J— 3 

E.&C. 

Lateraidrains  every  t 

5'min  depth  -   ''^*'^^5,)^   J. 

Longituamal  Tile Drain-'^    |        ,-  -. 

Fig.   6.    Cross   Sections  for  Concrete   Roads. 

Pipe    Culverts. — Tables    I    and    II    give   the       corrugated  culverts  are  used.    Figure  9  (p.  -59) 
specifications    under    which    sheet    metal    and      gives  the  details  of  headwalls.     Note  the  dif- 

ference in  type  of  headwall  vifhen  used  under 
a  heavy  fill. 

The  standard  designs  for  reinforced  concrete 
pipes  are  shown  in  Fig.  10  (p.  60),  the  dimen- 

sions of  headwalls  being  the  same  as  those 
for  corrugated  pipe  culverts.  Wall  thickness 
and  reinforcing  are  subject  to  change  after  the 
completion  of  tests. 

Monolithic  pipe  culverts  are  shown  in  Fig. 
11  (p.  61).  Figure  12  gives  a  typical  staking 
plan  and  illustrates  the  method  of  cutting  re- 

inforcing steel  for  a  4'2-in.  culvert.  Table  III 
(p.  60)  gives  the  quantities  for  this  culvert 
and  the  dimensions  and  quantities  for  other 
sizes  of  circular  openings. 

■  Box  Culverts.— In  Figs.  13  and  14  (p.  62,  63,) 
are  shown  the  standard  type  of  box  culverts. 
Two  types  of  wing  wall  are  used,  the  straight 
wall  being  used  generally  with  a  slight  fill  and 
the  flared  type  nnHer  a  heavv  rill.  In  Table 

IV.  (p.  61),  the  quantities  of  concrete  mate- 
rials and  bill  of  reinforcing  for  the  culverts 

illustrated  in  Fig.  13  are  given. 

Il'ork  of  the  Coiiitnissioti. — Up  to  the  pres- ent time  the  efforts  of  the  commission  have 

been  directed  in  a  -large  measure  toward  per- 
fecting an  efficient  organization  in  the  various 

counties  and  the  standardization  of  bridge 
and  culvert  work.  In  addition  to  this  a  large 
amount  of  work  consequent  on  the  selection 
and  approval  of  the  various  county  road  sys- 

tems has  been  accomplished.  In  studying  the 
various  county  road  systems  much  care  was 
necessary  to  see  that  they  connected  up  prop- 

erly and  to  secure  a  thorough  distribution  of 
main  arteries  over  the  various  counties. 

iO'OO'  '--~^'      I4M5' 
Small  Scale  PlatofRooa 

Fig.  7.    Typical    Iowa    Road    Plans    Prepared   by   County    Engineer. 
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An  important  work  which  has  been  under- 
taken and  in  which  good  resuhs  appear  to 

have  been  secured,  is  tlie  abolition  of  grade 
crossings.  One  field  engineer  and  Mr.  Beard 
of  the  commission,  who  is  an  attorney-at-law, 
have  been  actively  engaged  in  this  work. 

W'e  are  indebted  to  T.  H.  MacDonald,  state 
highway  engineer  of  Iowa,  and  his  assist- 

ant, J.  S.  Dodds.  who  supervises  the  educa- 
tional work  of  the  commission,  for  the  infor- 

mation   contained    herein. 

The  Width,  Building  Line  and  Front- 
age Requirements  of  City  Streets. 

The  consideratinn  of  widtli,  building  line  and 
frontage  of  city  streets  is  often  complicated  by 
local  conditions  which  make  it  difficult  to  es- 

tablish definite  methods  and  rules  to  follow 
in  designing  pavements  and  drawing  building 
regulations.  A  study  of  the  economic  factors 
involved  and  an  analysis  of  an  ideal  arrange- 

ment is  of  value  in  establishing  principles. 

Such  an  analysis  was  made  by  Raymond  L"n- 
win  in  a  paper  before  the  Institution  of  Mu- 

ly  square  with  the  building.  Both  the  satis- 
factory placing  of  the  building  on  the  ground 

and  the  convenient  treatment  of  lawns  de- 
pend considerably  upon  this.  Not  only  is  the 

importance  of  traffic  secondary  in  these  roads, 
but  it  is  even  desirable  that  they  should  not  be 
planned  so  as  to  afford  short  cuts  for  main 
lines  of  traffic. 

The  only  way  in  which  it  is  possible,  with- 
out great  total  cost,  to  secure  adequate  width 

for  main  arterial  roads  is  to  design  the  minor 
roads  so  that  they  cannot  become  trafficways ; 
the  actual  width  of  the  carriageways  and  foot- 

ways in  these  may  then  safely  he  reduced  to 
a  minimum,  and  the  saving  in  land  and  cost 
thus  effected  can  be  set  off  against  the  extra 
width  and  cost  of  the  main  traffic  highways. 
This  does  not  mean,  of  course,  that  the  width 
between  the  building  lines  on  minor  roads 
should  be  reduced,  nor  even  that  the  width 
dedicated  to  the  roadway  should  always  be 
reduced.  There  will  be  cases  in  which  it  may 
be  desirable  either  to  provide  space  for  the 
decoration  of  the  roadways  with  grass  mar- 

gins, shrubberies,  or  trees,  or  to  provide  space 

Fig.   8.    Typical    County    Road    Ma 
Heavy    I^ines    Indicate    County    llnail    .Sy 

nicipal  Engineers  and  reprinted  in  the  London 

"Surveyor"  and  is  given  here  in  part. 
STREETS. 

Streets  accommodate  traffic  and  afford 
frontages  for  buildings.  Their  treatment  de- 

pends largely  on  the  relative  importance  of 
the  two  functions :  those  that  are  required  to 
serve  as  main  roadways  for  traffic  should  be 
planned  primarily  for  the  convenience  of  traf- 

fic, and  their  junctions  should  be  considered 
from  this  point  of  view  first;  thuse,  on  wliich 
the  traffic  is  mainly  concerned  with  the  build- 

ings fronting  upon  them,  should  be  considered 
primarily  from  the  pciint  of  view  of  affording 
economical,  serviceable,  and  therefore  valu- 

able building  frontages. 
As  far  as  possible  residence  streets  should 

either  follow  appro.ximately  the  lines  of  the 
contours  or  should  travel  at  right  angles  to 
those  lines,  so  that  the  plane  of  the  land,  in 
whichever  direction  it  may  slope,  may  be  near- 

p    Prepared   by    County    Engineer. 

turn.       S(:^l.-  cii'  (ii'i,L;inal   '.i   In.  -   1   Xtile. 

for  possible  future  widening  of  footways  or 
carriageways,  where,  owing  to  the  planning 
nf  the  roads,  an  increase  of  traffic  seems  pos- sible. 

It  is  hardly  necessary  to  emphasize  the  de- 
gree to  which  the  health  and  attractiveness  of 

dwelling  houses  depend  on  the  streets.  The 
spacing  influences  the  frontage  given  to  the 
houses,  and  the  area  of  open  ground  availalile 

to  provide  air,  light  and  outlook  for  tlie  win- 
dows. Their  adjustment  to  the  nature  of  the 

slopes  of  the  ground  will  have  a  marked  effect 
on  the  cost  of  street  per  house;  careful  plan- 

ning will  preserve  the  residential  roads  from 
through  traffic,  thus  reducing  both  noise,  dust 
and  danger,  and  will,  moreover,  keep  open 
many  attractive  views  of  open  spaces  and  dis- 

tant objects  of  interest  or  beauty.  The  order- 
ly arrangement  of  the  houses  themselves  and 

the  decoration  of  the  streets  with  trees  and 
shrubs  will  add  to  the  pleasantness  of  the 
dwellings. 

W  here  there  is  a  choice  between  cutting  and 
filling,  it  may  be  taken  as  a  general  rule  that 
rilling  is  most  objectionable  m  streets  where 
dwelling  houses  are  to  be  erected  and  cutting 
in  streets  for  business  premises.  Dwelling 
houses  are  much  better  built  above  the  road 
than  below  it.  On  the  other  hand,  business 
premises  must  be  entered  on  a  level  with  the 
street,  and  can  usually  employ  a  basement 
story  profitably;  this  means  that  when  the 
street  is  in  a  cutting,  heavy  expense  must  be 
incurred  in  e.xcavating  the  site,  and  sometimes 
also  in  sinking  cellars  still  further  below  the 
level. 

The  main  consideration  on  the  arterial  streets, 
however,  must  be  the  traffic.  Every  needless 
junction  or  crossing  on  a  main  artery  reduces 
its  efficiency  as  a  traffic  carrier.  Moreover, 
when  arterial  streets  are  broken  into  by  too 

many  minor  streets,  the  facades  of  the  build- 
ings are  apt  to  become  ragged,  to  lack  suffi- 
cient breadth  and  dignity.  In  the  minor  resi- 

dential streets  the  variations  which*  will  give 
further  adjustment  of  the  streets  to  the  site, 
and  the  limited  vistas  which  will  be  produced 

by  so  planning  the  streets  that,  while  they 
divide  up  the  land  conveniently,  they  do  not 

form  tempting  short  cuts,  will  help  the  archi- 
tectural effect  with  the  type  of  domestic  build- 

ing for  which  they  are  intended.  A  straight 
approach  on  an  axial  line  to  an  important 
building,  and  the  development  of  a  group  of 
public  buildings  on  such  an  a.xial  line,  will  be 
found  to  give  a  sense  of  order  and  dignity. 

Certain  types  of  building  are  usually  charac- 
terized by  more  handsome  architectural  treat- 

ment; it  is  desirable  that  the  most  should  be 
made  of  these  opportunities,  and  that  these 
buildings  should,  as  far  as  possible,  be  placed 
where  they  will  serve  as  central  features  for 
architectural  groupings  from  several  points  of view. 

In  raost  localities  there  are  features  con- 

nected with  the  history  of  the  city's  develop- ment in  commerce,  civilization,  or  culture, 
around  which  there  cling  the  most  cherished 
associations  of  the  people,  or  which  keep  alive 
the  memory  of  heroic  citizens  of  the  past, 
which  should  be  considered. 

NUMBER  OF  HOUSES   PER  .\CRE. 

I  am  inclined  to  think  that  the  best  arrange- 
ment for  limiting  the  number  of  houses  to 

the  acre  is  to  fix  units  of  reasonable  size,  tak- 
ing, as  far  as  possible,  areas  that  are  defined  on 

the  town  plan  by  main  roads,  railways,  streams, 
or  other  definite  features  not  likely  to  be 
changed.  There  should,  then,  in  connection 
with  each  unit,  be  fixed  a  maximum  average 

density  for  the  whole  of  the  unit,  and  a  maxi- 
mum density  for  any  one  acre  within  the  unit. 

There  is  a  pressing  reason  for  adjusting  the 
area  of  land  to  the  size  of  the  house,  and 
this  is  the  increasing  ratio  which  the  cost  of 
the  site  bears  to  the  cost  of  the  house  as  that 
cost  decreases.  In  a  house  costing  $7,000,  the 
cost  of  the  site,  including  the  cost  of  street 

paving,  will  usually  be  no  more  than  one-sixth of  the  value  of  the  house;  in  the  case  of  the 

$800  cottage,  the  value  of  the  site  will  not 
uncommonly  be  found  to  represent  one-quarter 
or  even  one-third  of  the  value  of  the  house. 
This  means  that,  relatively,  the  smaller  the 
house  the  greater  is  the  expense  of  providing 
it  with  a  site.  If,  then,  we  fix  a  given  limit 
to  the  number  of  houses  without  reference  to 

their  size,  we  shall  add  still  more  to  the  rela- 
tively higher  cost  of  site  for  smaller  dwell- 
ings. This  is  not  desirable,  for  already  there 

is  a  strong  inducement  to  the  builder  to  build 
on  each  plot  as  big  a  house  as  possible,  because 
the  bigger  house  will  carry  a  little  more  ground 
rent  or  site  value  than  a  small  one,  even  for 
the  same  actual  area  of  ground. 

For  all  these  reasons,  therefore,  it  seems  to 
me  of  importance  that  the  number  of  houses 
to  the  acre  should  be  limited  1  y  means  of  a 

schedule,  which  should  lix  the  numlier  in  rela- 
tion to  the  size  of  the  liouse,  and  for  the  pur- 
pose of  determining  the  size  of  the  house  one 

needs  to  take  the  effective  size,  and  to  t;lim- 
inate  accidental  matters,  such  as  the  difference 

between  a  high-pitched  roof  or  a  low-pitched 
roof,  or  the  diff'erence  between  a  house  that 
has  a  large  cubic  space  occupied  by  foundations 
and  one  that  has  a  minimum  of  foundations. 
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On  the  whole,  therefore,  I  think  the  besi 
plan  is  to  tix  the  number  according  to  the 
cubic  contents  of  the  building,  measured  to  the 
outside  of  external  walls,  to  the  centre  of 
party  walls,  and  excluding  from  the  measure- 

ments all  unused  space  above  the  level  of  the 
highest  ceilings  and  below  the  level  of  the 
ground  floor  of  the  building.  The  schedule 
would  then  be  somewhat  as  follows,  the  actual 
numbers  being  adapted  to  suit  the  individual 
circumstances : 

llasimum    Maximum 
Houses  containing  not     ̂       average        on  any 

more  cu.  It.  than —        '  to  the  acre,     one  acre. 5,000               15  20 
6.300        14  19 
S.OOO               13  18 

lO.OliO        12  16 
12.000        10  14 
ll.uOy  and   over    S  12 

BUILDING  LINE. 

The  building  line  has  considerable  bearing 
upon  the  building  of  houses  and  the  archi- 

tectural effect  of  the  streets,  and  it  is  not  easy 
to  frame  regulations  that  will  work  satisfac- 

torily in  all  cases.  There  are  existing  roads 
on  which  it  mav  be  desirable  to  fix  a  building 
line  for  the  purpose  of  securing  the  possibility 
of  road  widening  at  some  future  date  should 
the  traffic  on  the  road  develop  sufficiently  to 
require  it.  A  line  that  is  fixed  for  this  pur- 

pose must,  if  it  is  to  be  effective,  apply  to  all 
buildings,  and  must  not  be  subject  to  excep- 

tions on  corner  sites,  or  for  the  purpose  of  giv- 
ing a  sense  of  enclosure  to  the  street  view- 

at  certain  points.  On  the  majority  of  streets 
that  are  mainly  used  for  building  purposes,  and 
have  only  to  accommodate  local  traffic,  and  on 
new  streets  laid  out  of  ample  width,  the  ques- 

tion of  street  widening  beyond  the  limits  of 
the  street  boundaries  hardly  arises.  Here  the 
building  line  is  fixed  for  the  purpose  of  pro- 

viding adequate  width  between  the  rows  of 
houses  to  secure  light  and  air.  and  the  amenity 
of  the  streets;  for  this  last  purpose  it  is  de- 

sirable that  there  shall  be  some  opportunity 
for  varying  the  building  line.  In  some  schemes 
the  minimum  amount  of  set-back  which  could 
be  accepted  for  any  building  is  all  that  has 
been  secured,  leaving  anything  further  entirely 
to  the  option  of  the  builder;  in  other  schemes 
an  attempt  has  been  made  to  secure  a  more 
generous  depth  of  forecourt  oyer  the  general 
frontage  of  the  street,  but  at  the  same  time 
to  give  opportunities  both  to  bring  forward 
certain  limited  lengths  of  frontage  here  and 
there,  and  also  to  bring  forward,  to  some  ex- 

tent, the  houses  at  the  corner  of  two  streets, 
so  that  the  amount  of  paving  which  must 
be  wasted  at  street  corners  may  not  be 
unduly  increased.  While  it  is  desirable  that 
there  should  be  a  settled  building  line  it  is  not 
desirable  that  houses  should  be  dotted  down 
along  the  road  irregularly,  just  where  each 
individual  builder  may  think  fit.  For  this  rea- 

son, perhaps,  the  best  solution  of  the  building 
line  difficulty  is  to  require  a  minimum  length 
of  building  frontage. 
Where  the  land  slopes  steeply  it  is  not  at 

all  desirable  that  the  buildings  on  each  side 
should  have  to  be  an  equal  distance  from  the 
center  of  the  road ;  generally  speaking,  and 
where  land  in  several  ownerships  has  to  be 
dealt  with,  the  building  lines  may  need  to  be 
set  out  equidistant  from,  the  center  of  the 
road ;  but  provision  should  be  made  for  cases 
where  it  is  desirable  that  houses  should  be  set 
much  nearer  the  road  on  one  side,  generally 

W'here  the  ground  is  falling  from  the  road. 
This  may  be  compensated  for  by  setting  back 
the  houses  on  the  higher  side  of  the  road,  the 
distance  between  the  two  building  lines  re- 

maining the  same. 
Adequate  frontage  should  be  provided  for 

each  house,  and  long  projecting  w-ines  should 
not  be  permitted  in  such  a  way  as  to  block 
proper  access  of  light  and  air  to  the  windows. 
A  simple  regulation  should  require  that  all  the 
living  room  window-s  have  a  certan  angle 
of  light  vertically  and  horizontally ;  such  angles 
should  not  be  less  than  60  degrees.  This  would 
allow  reasonable  projections  to  buildings, 
but  would  prevent  their  undue  extension  in 
length,  or  their  undue  proximity  to  each  other 
in  the  manner  that  is  so  objectionable  in  a 
very  large  number  of  buildings  erected  under 
the  ordinary  building  laws. 

Where  an  attempt  is  made  to  fix  the  height 
of  buildings,  or  to  limit  the  number  of  stories, 
care  must  be  taken  that  this  is  not  effected  in 
such  a  rigid  manner  as  to  require  on  a  sloping 
road  the  stepping  down  of  every  building.  Pro- 

vision should  be  made  that  a  level  roof  may  be 
carried  over  a  group  of  four  or  six  buildings, 
and  the  extra  height  of  the  lower  buildings 
utilized  for  an  additional  story. 

Dust  Prevention  Methods  on  District 
of  Columbia  Suburban  Roads. 

There  are  from  -JO  to  To  miles  of  country 
roads  within  the  District  of  Columbia  which 
are  subjected  to  heavy  traffic  and  arc  treated 
tor    Just    prevention    during    the    spring    and 

covers  as  much  ground  as  the  f  .rmer  but  uses 
a  little  more  oil  so  that  it  is  not  quite  as 
economical. 

The  roads  have  been  treated  for  several 
years.  There  is  applied  at  each  application 
about  1-5  gal.  per  square  yard  of  asphaltic  oil 
or  light  coal  tar  heated  to  a  temperature  of  100 
to  120°.  Both  oil  and  tar  arc  used  and  they 
are  both  good.  Oil  and  tar  are  bought  by  con- 

tract, and  the  product  varies  slightly,  but  as  a 
rule  is  fairly  uniform. 

The  distributing  wagon  pulled  by  the  road 
roller  is  supplied  by  wagons  which  bring  the 
material  from  the  cars,  and  as  fast  as  one 

wagon  is  empty  it  is  dropped  and  an- 
other put  in.  and  the  roller  proceeds. 

The     roller     will     cover     about      1m,iiOO     sq. 

lO'       b-b  pcrapet  Mails 

LoNGJTupifiAL  Section 
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LvNerruoiNAL  Section 
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Fdrdameterofppe  of  IS'  -  dmvn^on  F  to  be4'-0'  ̂ . 
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PLAT' 
Fig.  9.    Headwalls  for   Metal    Pipe   Culverts. 

summer.  For  the  most  part  these  roads  have 
a  trap  or  liiuestonc  macadam  surface.  The 
methods  employed  in  dust  prevention  were  de- 

scribed by  L.  R.  Grabill,  superintendent  of 
suburban  roads.  District  of  Columbia,  during 
a  discussion  at  the  last  meeting  of  the  Amer- 

ican Road  Builders'  Association. 
Dust  prevention  work  is  started  in  the 

spring,  about  .^pril  15,  with  the  application  of 
a  heavy  asphaltic  oil.  The  work  is  accom- 

plished entirely  by  force  account.  Two  means 
of  distribution  are  used:  (I)  a  Johnson  spray- 

er attached  behind  a  tank  wagon  drawn  by  a 
steam  roller;  and  (2)  a  Monarch  spraying 

wagon  which  distributes  directly,  pressure  be- 
ing obtained  from  a  pump  geared  to  the 

wheels.     It  is  found  that  the  latter  appliance 

yds.  per  day  in  an  average  day's  work  of 8  hours.  If  oil  costs  5  cts.  per  gallon,  which 
is  about  the  average  price.  1-5  gal.  costs  one 
cent  for  oil.  Oil  is  covered  immediately  with 
sand.  One-half  of  the  width  of  the  road  is 
oiled  at  a  time,  covered  with  sand  immediately 
and  thrown  open  to  travel  while  the  other  half 
is  being  covered. 

Before  the  application  the  road  is  swept 
thoroughly  with  horse  brooms,  and  if  there 
are  any  rough  spots  or  small  dirty  spots  left, 
they  are  cleaned  up  with  hand  brooms. 

In  covering  with  the  sand,  a  coarse  torpedo 
sand,  as  coarse  as  obtainable,  is  used,  which 
costs  about  $2.00  per  cubic  yard  at  the  job, 
and  1  cu.  yd.  to  200  sq.  yds.  of  the  surface  is 

applied.     "The  sand  costs  approximately  1  ct. 
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per  square  yard.  The  roller  and  the  outfit 
which  applies  the  oil  costs  about  $35  a  day,  and 
10,000  sq.  yds.  applied  gives  a  cost  of  labor  for 
application  of  oil  and  cover,  usually,  somewhat 
less  than  V2  ct.,  so  that  the  whole  cost  of  one 
application  is  about  2%  cts.  per  square  yard. 

It  is  usually  necessary  to  make  two  applica- 
tions per  season  to  keep  the  roads  in  good  con- 

dition. In  a  few  places  more  are  required,  and 
there  are  very  few  places  that  require  less,  so 
that  the  cost  for  the  season  is  about  .5  cts.  per 
square  yard.  That  applies  either  with  asphaltic 
oil  or  with  the  light  tars,  such  as  Tarvia  B. 
Where  the  treatment  of  the  same  road  with 

the  same  class  of  material  is  continued  for  sev- 
eral years,  it  is  found  that  as  low  as  about  0.1 

gal.  per  square  yard  can  be  used  for  a  moder- 
ately traveled  road.     That  is  probably  the  low- 

/^       k  tob  parapet  walls 
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Z4in 3.00  in.   ^-JOZ"   
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All  joints  to  be  standard  bell  and  spiqat 

or  other  standard  type  to  be  appraired 

by  the  Hiqhway  Commission 

Fig.  10.   Dimensions  of   Reinforced  Concrete 

Pipe. 

est  cost  yet  reached  for  moderate  travel ;  for, 
if  oil  or  tar  costs  5  or  6  cts.  per  gallon,  and 
only  0.1  gal.  per  square  yard  is  used,  the  ma- 

terial costs  little.  The  cost  of  labor  for  such 
applications  is  about  the  same  as  where  more 
is  applied. 

As  a  rule  it  is  found  the  Tarvia  B  treatment 
requires,  on  the  moderately  traveled  roads, 
only  one  application  per  year  where  possibly 
the  oil  treatment  would  require  two. 
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LoneiTuoiNAL  Section 

Standard  Pesiijn 

Standard     Design Monolithic    Corcrete    Pipe    Culverts. 

TABLE   IV.— BILL  OF  REINFORCING  AND  QUANTITIES  OF  CONCEETE  M.^TERIAL  IN  6  FT. 
BY   6   FT.    BOX   CULVERTS. 

Flared    wing    walls.  Straight  wing  walls. 
Quantity  required  for  culvert  Quantity  required  for         Additional  amount  per 

Item.  20  ft.  b.-b.  parapet  walls.  culvert,  20  ft.   b.-b.  foot  additional  length 
parapet  walls.  barrel. 

If  sand  and  stone  are  used —  It  sand  and  stone  are  used — 
parapet  walls. Sand          16.0  cti.  yds.  16.5  cu.  yds.  0.45   cu.   yds. 

Stone           32.5  cu.  yds.  '    33      cu.   yds.  0.90  cu.  yds. 
Cement        53.5  bbls.  =  214  sacks  54  bbls.    =   216  sacks.      1.5  bbls.   equals  6  sacks. 

If  unscreened  gravel  alone  js  used —  If    unscreened    gravel    alone    is    used — 
Gravel          36.5  cu.  yds.  37    cu.    yds.  1.0    cu.    yd. 
Cement       69.5  bbls.  =  278  sacks  70  bbls.   =    2S0  sacks.  2    bbls.    =    8   sacks. 

Total  concrete.  36.4  cu.  yds.  Total    concrete.     36.8    cu. 

yds. Bill  of  Reinforcing  for  Culvert.  20  ft.  b.-b.  Parapet  Walls. 

Flared    wing   walls.  Straight  wing  walls. 
Size,  Length,  Wt ,          Remarks.  Length.  Wt.. 

Mark.                Position.                   No.  sq.       ft.  Ins.     lbs.  ft.  ins.  lbs.         Remarks. 
A     Transverse   in  slab       60     %            7     0        357  7     0  357 
B     Corner  bars   in   slab...   120     >;4            4     0        408  4     0  408 
C     Longitudinal  in  slab   ..       4     %          21     6          73  21     6  73 
D     Vertical    in    v.all        46     V.             S     3        322  8     3  323 
E;     Horizontal    in    wall       12     %  35     0        357 

Bent  around          34     0  347     B  e  n  t    around 
into  wings.  into    wings. 

F    Trans7trse    in    floor...     23     %            0     0        176  9     0  17C 
G     Longitudinal    in    floor.       4     >^          21     6          73  21     6  7S 
H     Vertical    in   wings       14     H  16     0        190 

To    be  cut    in           10     0  226     To  be  cut  once 
field.  in   field. 

I       Vertical    in    parapet...     10     V4,            1     6          13  1     6  13 
J      Footing  bars  in  wings.       4     >4            8     0          27  8     0  27 
K     Horizontal  in  parapet.       2     V4            7     0          12  20     0  34 

Total  reinforc.  steel   2,364     0     2,00.')     @  85  lbs.  per   foot.  2,420     0     2,057     ®  83  lbs.  per 
foot. 

Note.— The  table  .crives  the  theoretical  quantities  required.  To  allow  for  shrinkage  add  20  per 
cent  to  the  volume  of  sand  and  stone  and  gravel   given  in   the   table. 

General  Note. — For  each  additional  foot  of  b;.rrel  use  three  addition  bars  A,  six  additional 

bars  B,  one  ;;c"ditional  bar  F.  two  additional  bars  D,  and  Increase  bars  C.  E  and  G  each  by  one foot.    
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Fig.  12.      Typical  Plan  for  Cutting  Reinforc- 

ing Steel  and  Staking  Out  42-ln.  Pipe 

Municipal  Paving  Plant. — A  city  paving 
plant  is  to  be  established  at  Edmonton,  Alta., 
at  a  cost  of  $25,000.  It  is  planned  to  lay  at 
least  100,000  sq.  yds.  of  paving  before  the 
close  of  the  season.     This  will  provide  work 

throughout  the  summer  and  fall  months  for 
a  large  number  of  men  now  unemployed.  The 
entire  paving  program  for  this  year  involves 
a  total  expenditure  of  more  than  $1,000,000, 

part  of  which  will  be  financed  by  the  Hudson's 

Bay  Co.  The  city  will  pave  several  streets  on 

the  Hudson's  Bay  reserve,  in  the  northern  and 
eastern  portion  of  the  city,  where  more  than 
$3,000,000  worth  of  business  and  residence 
property  was  sold  two  years  ago. 

^ 
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Cost  of  Asphalt  Paving  Repair  in  St. 
Paul,  Minn. 

The  equipment  used,  operating  force  and 
cost  of  asphalt  paving  repair  by  force  account 
work  is  given  in  recent  reports  of  the  city  of 
St.  Paul.  The  city  owns  an  asphalt  plant  con- 

sisting of  a  Warren  Brothers  portable  asphalt 
plant,  one  8-ton  asphalt  steam  roller,  one 
scarifier,  one  Lutz  surface  heater,  one  tire 

wagon,  one  gyratory  stone  crusher,  two  port- 
able melting  kettles,  six  2-cu.  yd.  steel  lined 

asphalt  wagons,  four  %-cu.  yd.  concrete 

spreaders,  one  set  of  curb  cutter's  tools,  nine 
asphalt  rakes,  testing  scales  and  the  necessary 
small  tools. 

The  plant  was  operated  during  the  season  of 

in  for  public  service  corporations ;  ■240  sq.  yds. 
were  put  in  on  bridges  on  which  the  city  main- 

tained the  surface,  which  cost  $43(.l.49,  or  $1.75 
per  square  yard ;  also  8.2  sq.  yds.  were  placed 
in  openings  in  the  streets  made  by  the  sprin- 

kling department,  which  cost  $14..iJo,  or  $1.75 
per  square  yard. 

The  operating  crew  at  the  plant  consisted  of 
one  foreman,  one  engineer,  one  tank  man,  four 
laborers  and  a  night  watchman ;  four  teams 
were  employed  hauling  asphalt  from  the  plant 

to  the  W'Ork. 
The  street  crew  was  made  up  of  one  fore- 

man, one  timekeeper,  one  roller  man,  two 
rakers,  two  tampers,  one  smoother  and  one 
cement  man  laying  the  new  pavement;  and  two 
shovelers,  six  scrapers  and  two  teams  remov- 
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Fig.  13.    Standard  Design  for  a  6-ft.  by  6-ft.   Box  Culvert  v^ith  Straight  and  Flared  W ings. 

1912,  a  total  of  92  days,  and  19,428  sq.  yds.  of 
asphalt  pavement  were  turned  out,  15,040  sq. 
yds.  of  this  being  cut  out  work  and  4,388  sq. 
yds.  burner  work,  also  5,4.58.63  sq.  yds.  of 
asphalt  were  put  in  for  paving  contractors  in 
repairing  asphalt  pavements  under  guarantee; 
of  this  2,363  sq.  yds.  were  cut  out  work  and 
3,095  sq.  yds.  burner  work.  The  total  cost  was 
$0,012.96  for  repairing  guaranteed  work. 

K\\  asphalt  paving  repairs  for  the  year  1913 
were  made  by  the  municipal  asphalt  plant. 
The  plant  was  put  in  operation  March  30  and 
during  the  season  worked  178  days,  and  44,- 
193.71  sq.  yds.  of  asphalt  paving  were  turned 
out,  43,290.30  sq.  yds.  of  this  being  cut  out 
work  and  897.35  sq.  yds.  burner  work ;  also 
16,832.42  sq.  yds.  of  asphalt  were  put  in  for 
the  Barber  Asphalt  Paving  Co.  on  streets  still 
under  guarantee;  of  this  16,039.51  sq.  yds  were 
cut  out  work,  and  792.91  sq.  yds.  were  burner 
work  at  a  total  cost  of  $21,013.34. 
A  total  of  7,370.13  sq.  yds.  of  asphalt  were 

put  in  for  the  City  Ry.  Co.,  the  cost  being 
$11,031.76.  1,249.78  sq.  yds.  of  asphalt  and 
147.79  sq.  yds.  of  concrete  foundation  were  put 

ing  and  hauling  the  old  paving.     The  total  ex- 
pense was  divided  as  follows : 
Item.  Cost. 

Operation  of  plant,  labor   $  5,8S9.02 
ruel       :       1,024. 47 
Jlaullns    material           1,559.18 
Supeiintendence,  livery,  watchman,  etc.     3,164.21 
Repairs  and  supplies        1,658.05 
Material        26,876.59 
Street  crew  labor       S. 206.66 
Hauling  material  to  street       5,068.40 
Engineer  and   watchman       I,;i91.n,') Tools,    repairs,    etc           790.05 

Total       $55,628.28 
Total  labor   $25,175.66 
Total    material        30,452.62   $55,628.28 

Charged    to    outside    parties. .  34,194.23 
Charged    to    bridges          430.49 
Material    on    hand       2,512.71 

37,137.43 
Total   cost   of   city   work   $1S,490.S5 
The  following  shows  cost  and  data  regard- 

ing asphalt  repairs  for  the  year  1913: 

Total  area  of  pavements  on  "which  re- pairs  were  made,   In  sq.   yds   222,327 
Area   of    repairs,    in   sq.    yds     18,733.18 
J'er  cent   of  area  repaired    8.42 
Cost  of  repairs      $18,921.34 
Average  cost  per  sq.  yd.  of  total  area.  0.085 

Division  Organization  for  Road  Main- 
tenance in  Massachusetts. 

The  organization  for  maintenance  in  one 
division  of  the  Massachusetts  highway  system 
is  given  by  F.  C.  Pillsbury  in  a  paper  before 

the  .American  Road  Builders'  Association.  In 
this  division  ordinary  maintenance  is  separ- 

ated from  reconstruction.  This  was  done  be- 
cause reconstruction  involved  so  many  special 

problems  of  traffic  and  special  surfaces  that 
it  seemed  advisable  to  have  a  special  engineer 
to  superintend  this  work.  Much  of  tlie  recon- 

struction has  been  accomplished  by  hired  labor 
directed  by  foremen  in  the  employ  of  the  com- 

mission. This  method  was  adopted  because  it 
was  found  that  contractors  bidding  were  not 
sufficiently  skilled  in  new  methods  to  accom- 

plish the  work  economically.  This  method  of 
work  has  been  satisfactory  and  may  be  rec- 

ommended   for  comparatively  small  areas. 
Ordinary  maintenance  includes  the  care  of 

trees,  sidewalks  and  supervision  of  everything 
within  the  highway  location,  including  under- 

ground and  overhead  public  or  private  struc- 
tures, and  this  has  required  a  subdivision  of 

the  ordinary  maintenance  department.  The 
organization  of  the  maintenance  department  is 
as  follows  for  ordinary  maintenance  under  an 
engineer-superintendent. 

First  subaivision : 

(.1)  -Assistant  in  charge  of  permits,  includ- 
ing supervision  of  all  overhead  and  under- 

ground structures  other  than  those  pertaining 
to  the  structures  of  the  highway  commission 
on  the  highway  itself.  (.Under  this  assistant 
are  constantly  employed  one  or  more  inspect- 

ors, who  in  number  correspond  with  the  vol- 
ume of  the  work  and  are  obtained  by  tem- 

porary employment,  or  by  transfers  temporar- 
ily from  other  departments.) 

Second  subdivision : 

tl)  An  assistant,  being  an  engineer,  who 
has  charge  of  special  light  oiling  work,  as  well 
as  giving  assistance  wherever  possible  when 
he  has  the  time,  and  when  necessary. 

(_-)  Local  maintenance  foremen  or  repair 
agents,  as  we  have  called  them,  who  have 
charge  of  from  one  to  several  different  sec- 

tions of  roads. 

(3)  Patrol  gangs  or  section  gangs,  consist- 
ing of  a  single  team,  driver  working  with  or 

without  one  or  more  helpers,  in  charge  of 

stated  sections  of  road,  length  varying  accord- 
ing to  the  quantity  of  work. 

(4)  Two  or  more  special  repair  gangs 
doing  the  heavy  repair  work  requiring  the  use 
of  a  steam  roller,  sprayer,  etc.  (These  gangs 
are  movable ;  they  may  do  any  work  which 
would  not  require  a  regular  reconstruction 

gang,  and  are  moved  to  a  road  when  its  con- 
dition becomes  so  bad  that  the  small  section 

gang  cannot  put  it  in  proper  condition.) 

Bituminous  Concrete. — Concerning  bitu- 
minous concrete  the  following  conclusions  by 

Linn  White,  civil  engineer  for  the  South  Park 
Commissioners,  Chicago,  are  interesting:  (1) 
Bituminous  concrete  and  bituminous  macadam 
of  equal  thickness  require  the  same  amount  of 
bitumen  per  square  yard.  (2)  Considering  the 
total  thickness  of  wearing  surface  and  base, 
and  disregarding  lirst  cost  of  plant,  the  only 
difference  in  cost  between  bituminous  concrete 
and  bituminous  macadam  is  the  difference  in 
labor,  amounting  to  generally  less  than  10  cts. 

per  square  yard.  (3)  Old  macadam  is  a  dif- 
ficult and  uncertain  proposition  to  penetrate 

with  poured  bitumen  on  account  of  dirty  stone, 
and  generally  requires  a  new  top  layer  of 

stone  to  produce  a  successful  bituminous  mac- 
adam, but  if  of  substantial  thickness  may  be 

utilized  as  a  base  for  bituminous  concrete.  (4) 
The  mixing  and  laying  of  bituminous  concrete 
may  be  carried  on  during  damp  and  cool 
weather  when  it  would  not  be  practical  to  con- 

struct bituminous  macadam.  (5)  Bituminous 
concrete  is  of  even  thickness  and  even  compo- 

sition and  consequently  wears  more  evenly  than 
bituminous  macadam,  no  matter  how  well  made, 
and  costs  less  for  repair  and  maintenance.  In 
all  these  respects  the  advanta.ge  of  comparison 
is  in  favor  of  bituminous  concrete,  except  in 
the  one  of  first  cost. 
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Fig.   14.    Standard   Design   of  a   12ft.  by   12-ft.   Box   Culvert 

Blril 
Design  and   Construction   Features  of 

the  Bietschtal  Viaduct  in  Switzer- 
land. 

It  is  instructive  to  note  how  difficult  prob- 
lems of  bridge  design  and  erection  are  solved 

by  the  engineers  of  other  countries.  The 
following  article  describes  the  design  and 
erection  features  of  an  unusual  type  of 

bridge,  which  spans  a  deep  canyon  in  Switzer- 
land, the  data  being  taken  from  a  paper  by 

Adolph  Herzog,  in  Schweizerische  Bautzei- 
tung. 

The  Bietschtal  \'iaduct  is  the  latest  addi- 
tion to  the  many  bridges  on  the  Lotschberg 

Ry.,  in  which  variety  of  construction  and 
boldness  of  execution  are  salient  features. 
This  structure  spans  the  canyon  of  the 
Bietschbach,  a  stream  which  reaches  the 
valley  of  the  Rhone  at  the  ancient  village  of 
Raron.  The  accepted  design  is  the  result  of 
an  advertisement  for  bids  for  the  design  and 
construction  of  the  viaduct,  the  bids  being 

asked  for  in  June.  1910,  by  the  general  man- 
ager of  the  railroad  company.  The  structure 

is  on  a  grade  of  2.22  per  cent,  and  its  center 
line  is  on  a  curve  having  a  radius  of  983  ft. 
It  consists  of  a  steel  arch,  with  an  adjacent 
deck  truss  span  at  each  end,  one  end  of  the 
latter  resting  on  the  arch  and  the  other  on 
concrete   abutments    (see   Fig.    1). 

DESIGN    FEATURES. 

It  was  stated  in  the  specifications  that  the 

drawings  (a  plan  showmg  the  location  of  the 
center  line  of  the  bridge  and  track,  and  a 
longitudinal  section  along  the  center  line  of 
the  bridge)  were  subject  to  alteration,  and 
that  the  bidders  were  at  liberty  to  submit  their 
own  plans,  provided  they  conformed  with  the 
characteristics  of  the  locality  and  the  gov- 

ernment specifications.  It  was  not  permitted, 
however,  to  change  the  location,  the  curva- 

ture of  the  track,  or  its  elevation.  In  making 
the  stress  calculations  the  government  specili- 
cations  of  Switzerland  for  the  "Calculation  of 

Steel  Bridges  and  Roof  Construction,"  dated Aug.  19,  1892,  were  used,  the  rolling  load 
being  increased  20  per  cent,  .\fter  consider- 

ing the  various  plans  and  proposals  submitted, 
the  contract  for  the  delivery  and  erection  of 
the  steelwork  was  let  to  A.  Buss  &  Co..  of 
Basel,  who  were  to  make  the  calculations 
and  the  detailed  drawings  subject  to  the  ap- 

proval of  the  Department  of  Railroads  of 
Switzerland.  The  final  design,  for  which  the 

contractors  received  the  government's  ap- 
proval on  Dec.  8.  1911,  provided  for  a  three- 

centered  steel  arch  of  95  meters  (about  311." 
ft.)  span,  built  to  carry  two  tracks.  For  the 
present  only  a  single  track  is  used,  and  this 
track  is  carried  at  each  end  of  the  structureon 
steel  trusses  of  3.J.5  meters  (about  116..5  ft.) 

span.  For  the  intended  double-track  construc- 
tion, another  single-track  truss  span  will  be 

placed  alongside  each  existing  span.  The  dis- tance between  track  centers  is  3.G0  meters 
(about   11.8  ft.). 

The  supervising  office  laid  particular  em- 
phasis on  the  probability  of  the  use  of  heavier 

rolling  loads  by  the  time  the  road  would  be 
opened  for  traffic.  It  was  also  required  that 
a  liberal  allowance  should  be  made  for  the 

various  parts  of  the  structure,  in  order  to  in- 
sure tliat  an  overstress  should  not  immediately 

take  place. 

Figure  1  shows  a  side  elevation  of  the 

bridge  and  of  the  falsework  used  in  its  erec- 
tion. This  drawing  indicates  the  type 

of  construction  and  gives  the  general  dimen- 
sions. Figure  2  shows  a  plan,  a  side  elevation 

and  an  end  elevation  of  the  hinged  ends  of 
the  arch  span.  These  drawings  show  clearly 
the  construction   of   the  hinges  and   shoes. 

The  resultant  at  the  hinge,  due  to  dead  load, 
live  load,  centrifugal  force,  braking  effect, 
wind  pressure  and  temperature  variations, 
amounts  to  about  2,424.000  lbs.  This  force  is 
transmitted  from  the  chords  by  means  of  a 
cast-iron  hood,  which  is  fitted  into  a  milled 
head  (see  Fig.  2).  The  hood  is  shaped  like 
a  pan  to  receive  a  forged  steel  compression 
piece,  which  transmits  tlie  pressure  from  the 
hood  to  the  cast-steel'  milled  head.  Between 
this  bearing  and  tlie  cast-iron  masonry  plate 
four  pairs  of  wedges  are  inserted.  By_  means 
of  these  wedges,  which  are  100  mm.  wide  and 
•■J5  mm.  apart,  the  ball-shaped  bearings  can  be 
adjusted  to  the  correct  position.  Horizontal 
displacement  of  the  hinge  plate  on  the  moun- 

tain side  is  prevented  by  transverse  wedges, 
while   the   omission   of   these   wedges   on   the 
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valley  side  permits  the  horizontal  movement 
caused  by  temperature  changes  in  the  trans- 

verse connections  (as  far  as  the  temperature 
forces  can  overcome  the  friction  between  the 

CONSTRUCTION    FE.\TURES. 

The  arch  was  assembled  on  rigid  scaffolds 
Csee  Fig.  1.).  Both  on  account  of  the  great 
height   above    the   ground    and    to   lessen    the 

tering  was  computed.  In  all  probability  such 
satisfactory  erection  results  would  not  have 
been  obtained  by  the  use  of  an  entirely  wooden 
falsework. I 

Fig.    1.     Plan    and    Elevation    of    Bletschtal    Viaduct,    Switzerland,    Showing   Type    of   Construction    of    Viaduct    and    Falsework. 

wedges  acting  in  the  other  direction).  To 
diminish  this  friction  as  much  as  possible  the 
wedges  were  planed,  polished  and  greased.  The 
bearings  were  constructed  in  such  a  manner 
that  four  hydraulic  pumps  of  100  tons  ca- 

pacity  could   be   attached   between     the     bed 

settlement  (which  is  considerable  with  high 
wooden  scaffolds)  steel  centering,  with  tim- 

bering above  it,  was  used.  This  arrangement 
proved  to  be  very  satisfactory,  as  was  espe- 

cially evident  in  the  erection  of  the  final  arch 
members    where   openings    of    only      20      mm. 

As  far  as  the  author  knows  this  is  the  first 
time  that  high  derricks  have  been  used  for 
bridge  erection,  derricks  with  a  reach  of  34 
meters  (about  111.5  ft.)  and  a  capacity  of  6 
metric  tons  (about  132,000  lbs.)  being  set  up 
on  each  side  of  the  valley.  These  derricks 
were  operated  by  steam  engines,  and  they 
proved  to  be  very  efficient.  They  were  used 
principally  to  transport  the  steel  from  its 
storage  site  near  the  abutments  to  the  plat- 

form on  the  falsework,  or  to  the  traveling 

portal-crane  which  ran  over  the  horizontal 
part  of  the  steel  falsework.  Figure  4  shows 
a  view  of  the  site  after  the  spans  were  erected 
but  before  the  floor  system  was  placed.  This 
view  indicates  the  type  of  construction  adopted 
for  the  falsework  and  the  traveler,  and  shows 
the  difficulties  which  those  in  charge  had  to 

overcome  in  bridging  the  canyon.  The  der- 
ricks were  also  used  to  place  the  so-called 

arch  legs,  which  are  on  an  inclined  plane. 

They  also  gave  excellent  service  in  the  erec- 
tion of  the  scaffold  itself,  the  latter  being 

built  as  a  tower  without  any  falsework.     The 

Fig.   2.     Plan    and    Elevation    of    Hinged    End   and  Shoe 
of   Bletschtal   Viaduct. 

Fig.  3.    Cross-Section  at  Center  of  Arch  Span    of   Bletschtal    Viaduct. 
Track    Provided   at  This  Time. One 

plate  and  the  hood,  in  order  to  effect  an  easy 
regulation  of  the  wedges. 

Figure  3  shows  a  cross-section  at  the  center 
of  the  arch  span.  This  drawing  shows  the 
type  of  bracing  used  and  the  floor  construction 
for  the  single  track  which  is  to  be  con- 

structed at  this  time. 

(about  %  in.)  width  resulted.  These  open- 
ings were  closed  by  the  adjustment  of  the 

wedges.  After  the  difference  in  elevation  be- 
tween the  arch  bearings  and  the  top  chord  of 

the  centering  had  been  determined  by  leveling, 
the  height  of  each  splice  of  the  lower  chord 
of  the  arch  above  the  top  chord  of  the  cen- 

outer  parts  of  the  falsework  and  the  lower 
chords  were  handled  as  complete  units,  and^ 
by  means  of  these  derricks,  were  swung  out 
over  the  canyon  and  placed  in  position. 

The  field  riveting  was  done  with  compressed 
•air  riveters,  the  air  pressure  being  about  100 
lbs.  per  square  inch.    Compressed  air  was  also 
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used  tor  the  field  forges.  A  cave  was  blasted 
in  the  rock  for  the  engine  house  and  repair 
shop.  The  feed  water,  cooling  water,  and 
drinking  water  were  obtained   from  a  spring, 

sides  of  the  lower  chords  of  the  arch  were 
connected  with  the  wind  bracing  on  June  16. 
The  erection  of  the  arch  had  progressed  so 
rapidly  that  it  was  possible  to  start  the  erec- 

Fig.  4.    View  of  Bietschtal  Viaduct  and  Site — -alsework  Still   in  Place — Track  Construction 
and   Railing  Not  Yet  Placed. 

which  was  located  in  the  railroad  tunnel, 
about  630  ft.  distant. 

As  it  was  impossible  to  obtain  lodging  in 
this  wild  and  barren  country,  a  camp  was 
established  with  accommodations  for  about 

40  men.  There  were  ten  airy  and  well-lighted 
rooms  for  the  chief  engineer  and  the  work- 

men, in  addition  to  a  big  kitchen.  The  con- 
tractors provided  furniture  and  bed  linen, 

but  the  men,  under  the  direction  of  the  chief 

■engineer,  provided  the  food.  The  meals  cost' 
about  36  cts.  per  day  per  man. 
No  serious  accidents  occurred  during  the 

construction  of  the  bridge,  although  some  of 
the  erection  was  very  difficult. 

The  foundations  for  the  steel  scaffolds  were 
tegun  in  September,  1911,  and  the  work  was 

tion  of  the  outer  spans  on  the  Goppenstein 
side  at  the  beginning  of  September,  the  abut- 

ment being  completed  and  ready  for  the  steel. 
On  October  1,  1912,  the  falsework  was  moved 
to  the  Brig  side,  and  this  side  was  completed 
during  December.  The  finishing  work  and 

the  riveting  of  the  wind  bracing,  lateral  brac- 
ing and  railings,  including  the  replacing  of 

rivets  condemned  by  the  inspectors,  had  prog- 
ressed sufficiently  by  Feb.  13,  1913,  that  the 

connections  between  the  arch  and  the  false- 
work could  be  removed. 

QUANTITIES   OF   .Vr  .\TERI.\LS. 

The  following  quantities  of  materials  were 
required : 
Double-track    steel    arch,     with     stringers 

tor  one  track  only,   tons        8S0 

Cost    of    Labor    and    Materials    Used 
in  Painting  the  St.  Louis 

Municipal  Bridge. 
Contributed  by  R.   D.   Spradling,  Webster Groves,    Mo. 

The  Municipal  Bridge,  which  spans  the 

Mississippi  River  at  St.  Louis,  Mo.,  when  com- 
pleted will  consist  of  three  main  double-deck 

river  spans  and  a  long  approach  at  each  end 
of  the  structure.  The  river  spans  have  been 
completed  for  some  time,  but  the  approaches 
ire  still  uncompleted.  Each  of  the  three  main 
>pans  has  a  length,  center  to  center  of  end 
pins,  of  668  ft.  The  piers  supporting  the  center 
span  are  spaced  677  ft.,  center  to  center,  while 
those  supporting  the  end  spans  are  spaced  672 
ft.  6  ins.,  center  to  center. 

Figure  1  shows  a  view  of  the  three  mam 
spans.  It  will  be  noted,  by  referring  to  this 
view,  that  the  panel  lengths  are  unequal,  the 
lengths  increasing  from  the  end  to  the  center 
of  the  spans.  This  was  done  to  make  the 
diagonal  web  members  approximately  parallel 
throughout  each  span. 

Figure  2  shows  a  cross-section  of  the  floor 
system  of  the  river  spans.  It  will  be  noted 
that  the  bridge  is  a  double-deck  structure,  the 
distance  from  base  of  rail  of  the  railway  deck 
to  lowest  point  of  the  highway  deck  being  22 
ft.  The  trusses  are  spaced  35  ft.  apart,  center 
to  center,  and  the  distance  from  the  center  of 
the  top  chord  to  the  center  of  the  highway 
deck  (at  the  middle  of  the  span)  is  about  110 
ft.  The  upper  deck  has  a  30-ft.  clear  roadway 
and  two  6-ft.  clear  sidewalks.  The  distance 
between  track  centers  for  the  lower  deck  is 
13  ft.  By  referring  to  Fig.  2  it  will  be  noted 
that  the  upper  deck  has  a  reinforced  concrete 
and  I-beam  floor;  main  floorbeams  with  48-in. 
webs  being  placed  at  the  intermediate  posts 
and  intermediate  floorbeams  with  47-in.  webs 
between  the  panel  points.  The  construction 
of  the  floor  system  for  the  lower  deck  is  indi- 

cated by  the  drawing.  A  detail  of  the  railing 
used  for  these  spans  is  also  shown  in  Fig.  2. 

P.MXT    AND    PAINTING. 

The  specifications  required  that  the  shop 
coat  of  red  lead  should  be  retouched  where 
necessary,  and  that  in  doing  this  all  rust  and 
dirt  should  be  removed  by  scraping  thorough- 

ly and  brushing  with  wire  brushes.  After  the 
retouching  was  finished  a  coat  of  graphite 
paint  was  applied,  and  after  about  three  days 
another  coat  was  applied.  At  first,  no  drier 
(except  that  used  in  mixing  the  paint)  was 
allowed.  Later,  however,  when  on  two  or 
three  occasions  sudden  rains  had  washed  ofif 
the  fresh  paint,  the  contractor  was  permitted 
to  use  a  small  amount  of  Japan  drier.  The 
specifications  required  that  the  red  lead  should 
be  94  per  cent  pure  and  that  30  lbs.  of  red 
lead  should  be  used  to  each  gallon  of  linseed 
oil.  This  made  a  very  thick  paint,  and  it 
proved   to   be   excellent   for  retouching   rusty 

Fig.   1.    View  of  Three  668-ft.    River   Spans    of  St.  Louis  Municipal  Bridge  Showing  Type   of  Construction. 

pushed  so  rapidly  that  it  was  possible  to  start 
the  erection  of  the  derricks  and  the  scaffolds 
themselves  by  the  middle  of  October.  The 

-wooden  top  of  the  falsework  (see  Fig.  1) 
was  completed  early  in  May,  1912,  and  on 
May  18  the  bearing  plates  of  the  arch  on  the 
Goppenstein    side    were   placed.       The     inner 

Members  at  position  where  the  other  spans 
rest  on  the  arch,  including  the  trans- verse  beams,    tons          33 

Two  outer  .spans,  for  one  track  only,  tons      IS" Steel  falsework,  tons        363 
Wooden    top    of   falsework,    with    floor   and 

railing,   ft.   B.   M   92,200 
Number  of  shop   rivets   75,00i 
Number  of  field  rivets   50,008 

places.  The  first  coat  was  of  brown  graphite 
and  the  second  was  black,  which  made  it  easy 
to  determine  whether  the  structure  had  been 
thoroughly  covered  with  two  coats.  The  paint 
was  received  at  the  work  ready  mixed,  and 
required  only  a  small  amount  of  stirring  be- 

fore its  application. 
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Very  Httle  difficulty  was  experienced  in 
reaching  all  parts  of  the  structure.  In  all  cases 
where  scaffolds  were  swung  two  men  worked 
on  a  scaffold,  and  these  men  were  able  to 
move  it  without  assistance.  One  man  was 
detailed  to  keep  the  men  supplied  with  paint, 
although  at  times  two  men  were  required  for 
this  work.  The  most  difficult  part  of  the  work 
consisted   of   painting   about   12,000   sq.   ft.   of 

that  the  cost  of  labor  and  of  paint  materials 
is  not  far  from  the  same — $5,989.90  for  labor 
and  $5,812.60  for  paint  materials,  a  total  of 
$11,802.50  for  the  13,775  tons  of  steel  in  the 
three  spans.  This  cost  does  not  include  any 
overhead  expense,  nor  does  it  include  the  cost 
of  paint  brushes  and  miscellaneous  items.  The 
contractor  used  450  paint  brushes,  at  $1.00 
each,    the   total    expense    for    this   item    being 

Discipline    on    an    English    Railway. — A 
bulletm  showing  the  list  of  tines  imposed  on 
various  mechanical  employes  on  the  London 
&  Xorthwestern,  dated  Aug.  2-5,  1892,  and 
signed  by  F.  W.  Webb,  superintendent,  shows 
how  careful  this  railway  was  in  maintaining 
its  discipline.  Enginemen,  firemen  and  clean- 

ers were  fined  nominal  sums  for  various  causes 

from   passing  signals  set  at  danger  to   smok- J' Pipe  Roil 

65-0'  ...^    'Lowest  Point 
Clear        \  ,~Hiqh  'Waterofl903-EI  2043 

"-'  -^   6'c'  -         6'6'      —   6-6'    -7-3'    "--J 

Fig.  2.    Cross-Section  of  Floor  System  of  St.     Louis    Municipal     Bridge    and    Detail    of     Railing. 

cast-iron  grating  on  the  sidewalk.  As  the 
apertures  in  this  grating  were  about  1-in. 
square,  the  use  of  brushes  proved  unsatisfac- 

tory and  small  swabs  were  substituted  for  the 
brushes.  In  general  the  weather  conditions 
were  excellent. 

■    LABOR   AND    MATERIALS — COST   DATA. 
Table  I  gives  the  length  of  time  required. 

S72U.      The    estimated    cost    of    miscellaneous 
items  was  $100. 

The  great  variation  in  the  quantity  of  ma- 
terials used  and  in  the  cost  of  painting  span 

Xo.  1  and  spans  Nos.  2  and  3  was  due  to  the 
fact  that  span  No.  1  was  erected  first  and  had 
been  subjected  to  wear  incident  to  the  erec- 

tion of  the  other  two  spans.     On  spans  Nos. 

mg  in  the  shop.  The  maximum  fine  was  about 
$5  for  passing  a  signal  at  danger  and  causing 
a  mishap.  The  smallest  fines  were  two  shillings 
and  sixpence,  or  about  60  cents ;  these  latter 
fines  were  levied  for  causing  smoke  nuisance, 
smoking  a  pipe  in  a  shed,  causing  damage  to 
lubricator,  being  late  out  of  the  roundhouse, 
causing    delays    to    trains,     overrunning     pas- 

TABLE  I.—TIME  REQUIRED  AND  COSTS  OF  L,ABOR  AND 
,   Time.      ^ 

Elapsed 
Date  time, 
finished.  days. 

Item. Date  started. 

Retouching      Apr.    2S,    1914   May  25,    1914       25 
First    coat   May    20,    1914   June  14,  1914       23 
Second    coat   June   13,   1914   July  12,   1914       23 

Retouching .  June .June  27,  1914. 

First    coat   June   15,    1914   July   16,    1914. 
Second    coat   July   10.    1914   Aug.     1,1914. 

IS 

24 
21 

MATERIALS  FOR  PAINTING  ST. 
,    Labor.     v 
Elapsed  Total  cost     Cost, 
time.        Hours       at  35  cts.        cts. 
hours,     per  ton.      per  hour,  per  ton. 

  Span   No.    1.   

LOUIS  MUNICIPAL  BRIDGE. 

,   Materials. 

1,350         0.294 
3,551         0.770 
2,281         0.49S 
  Span   No. 

893 

2,103 2.296 

Retouching      June  28,   1914   July  31.   1914       28  761 

First    coat   Tuly    17,    1914   Augr.     7,1914       18  1.85.5 
Second    coat   Aug.     2,   1914   Aug.  21,  1914       16  2,024 

Totals      ;. .  17.114 

0.195 
0.457 

0.500 
Span   No. 

0.166 

0.405 

0.442 

.$472.50 
1,242.85 

798.35 

$312,55 

736.05 803.60 

$266.35 

649.25 
708.40 

$5,989.90 

10.3 

26.9 

17.5 

15.9 17.5 

5.8 
14.0 14.6 

Quantity   used. 
Unit cost. 

Cost. 

Total  cts.  per 
cost.      ton. 

r  7.000  lbs.  red  lead    $0,055 
[2.S2  M;als.  linseed  oil    0.75 
747.5  gals,  graphite  paint  1.30 
357.5  gals,  graphite  paint      1.30 

f  4,520  lbs.  red  lead    $0,055 
[ISS  gals,  linseed  oil        0.75 

(557  gals,  graphite  paint..       1.30 1 25  gals,  linseed  oil         0.75 
527  gals.  ,";raphite  paint..       1.30 

r  3.780  Ihs.  red  lead    $0,055 
(159  gals,  linseed  oil         0.75 

f '29  gals,  graphite  paint..       1.30 
L  25  gals,   linseed  oil         0.75 
514.33  gals,  graphite  paint     1.30 

$385.00') 

211.501  13.0 971.75 
724.53 21.2 

15.8 
8.5 

$248,601 141.00  J 

724.74  1 

1S.75J  16.2 
685.10     15.0 

$207,90  1 119.25  )    7.1 
687.701 
18.75  J  15.4 

668.63     14.5 

$5,812.60 

and  the  labor  and  material  costs  for  painting 
each  of  the  three  river  spans. 

COMMENTS  ON  TABfLAR  DATA. 

By   referring   to   Table   I   it   will    be   noted 

2  and  8  the  painters  were  all  Greeks,  and 
they  proved  to  be  very  efficient  workmen. 
They  were  cautioned  to  brush  the  paint  out 
thoroughly,  both  to  obtain  a  good  surface  and 
to  insure  economy  of  paint. 

senger  station  platforms  and  for  derailments 
due  to  carelessness.  Other  employes  were  dis- 

missed for  disregarding  signals,  for  damag- 
ing the  paint  on  an  engine  with  a  penknife, 

etc. 
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Data    and    Discussion    on    the    Design 

and      Maintenance      of      Inverted 

Siphons  in  Sewers. 
Contributed   by    Frank   H.    Carter.    Assoc.    Mem. 

Am.  Soc.  C.   E.,  Designing  Engineer, 
Cambridge,   Mass. 

The  recent  proposed  location  of  an  inter- 
urban  railroad  under  some  of  the  main  streets 

of  an  eastern  city  apparently  cut  the  sewer- 
age system  of  the  city  in  two  with  no  remedy 

except  the  construction  of  numerous  inverted 
siphons.  In  advancing  all  possible  reasons 
against  the  location  of  the  railroad  under  the 
streets  oT  the  city  the  claim  was  made  by  the 

objectors  that  inverted  siphons  were  im- 
practicable. The  writer  had  as  one  of  the 

engineers  for  the  petitioners  previously  de- 
signed several  inverted  siphons,  among  which 

were  four  built  undgr  similar  conditions  by  the 
city  of   Cambridge,   Mass.,     for     the     Boston 

Plympton  St 

siphons  built  by  the  city  of  Boston,  it  was 
discovered  that  most  of  these  inverted  siphons 
were  built  into  old  sewers  with  no  head  avail- 

able other  than  that  produced  by  the  backing 
up  of  the  sewage  to  produce  the  proper  head 
necessary  to  overcome  the  loss  of  head  due 
to  the  introduction  of  the  inverted  siphon. 

In  designing  the  inverted  siphons  for  the 
Boston  Elevated  Railway  Co.  for  the  Cam- 

bridge Subway,  the  writer  adopted  the  "two 
pipe  method"  for  combined  sewers  with  the 
smaller  pipe  at  the  lower  elevation.  When 
the  smaller  pipe  is  filled  the  sewage  rises  in 
the  siphon  chamber  to  fill  the  other  pipe  which 
then  comes  into  play.  For  storm  sewers  the 

one  pipe  siphon  was  used. 

As  to  the  proper  ratio  of  area  of  the  in- 
verted siphons  with  respect  to  the  area  of  the 

sewer  itself,  due  consideration  must  be  given 
to  the  velocity  in  the  siphon  to  provide  proper 

cleansing  velocities.  Where  siphons  are  in- 
troduced into  a  new  sewerage  system,  it  is  in 

posit  from  the  sewer  at  this  point  than  to 
remove   a   deposit   from   the   siphon   itself. 
From  the  standpoint  of  removal  of  sludge 

deposit,  the  siphon  pipe  should  be  as  large 
as  possible  as  contrasted  with  the  demand  for 
a  high  velocity  that  the  pipe  be  as  small  as 
consistent  with  the  allowable  loss  of  head 

necessary  to  pass  the  sewage  through  the  si- 
phon pipe. 

In  general,  too.  it  is  well  to  build  the  up- 
stream leg  of  the  inverted  siphon  as  a  verti- 

cal manhole  perhaps  rather  larger  than  the 

pipe  section  of  the  siphon  to  reduce  the  ve- 
locity in  this  part  of  the  siphon  and  thereby 

to  cause  whatever  deposit  will  occur,  if  any, 

to  take  place  in  this  upper  leg  manhole.  Then 
tlie  part  of  the  inverted  siphon  which  is 

nearly  horizontal  should  preferably  have  a  de- 
cided pitch  tow-ards  the  upper  leg  manhole  for 

drainage   towards   this   manhole. 
Another  desideratum  is  that  the  rising  or 

down    stream   leg   of    the    inverted    siphon   be 
Harvard  Couege 
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Longitudinal   and   Transverse  Sections  of  the    inverted    Sewer  Siphon    Under  the  Cambridge    Main  St.  Subv.ay,  at  Massachusetts  Ave.  and 

Plympton    St.,  Cambridge,   Mass. 

The  -I  ft    6  in    by  4  ft    6  in    combineJ  sewer  will  serve  eventually  as  a  storm     wat.-r  sewer.     The  24  in.  sewer  will  eventually  ser\-e  as  a  sanitary  sewer and  was  designed  for  present  dry  weather  flow. 

Elevated  Railway  Co.,  due  to  the  construc- 
tion of  the  Cambridge  Main  Street  Subway  in 

■Cambridge.  Mass. 
One  unaxoidable  difficulty  in  connection 

•with  the  proposal  to  build  these  inverted 
siphons,  as  was  the  case  with  the  ones  con- 

structed by  the  Boston  Elevated  Railway  for 

general  not  difficult  to  provide  the  proper  ve- 
locities especially  where  the  proper  loss  of 

head  to  overcome  the  increased  flushing  ve- 
locities is  obtainable.  Where,  however,  in- 

verted siphons  are  introduced  into  old  sewer- 
age systems  from  one  cause  or  another,  due 

consideration   must  be  given   to  the   fact  that 

TABLE  I.— INVERTED  SIPHONS  ON  THE  METROPOLITAN    SEWERS    IX    THE    VICINITY    OF 

BOSTON,  MASS. 

Shirley  Gut      248. 
Chelsea  Creek,  East  Boston    olod 
Maiden  River      235h 
Mystic  River,  Boston    90 

Mystic   River.   Charlestown 
Abbajona  River,  Medford.. 

C 

6  ft.  1%  ins. 
5  ft.  7%  ins. 
3  ft.  5  ins. 

r       24   ins.       1 
[  Akron  pipe  J 

-  ft. 44.9        I        20  ins.        ̂  
I   Akron  pipe  J 

Note.— Careful  observations  of  loss  of  head  at    all  the  sip.  „:„u„„ 
these   show   that   after  5   years'   service   no  appreciaole  deposits  exist  within  the  siphon

. 
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12.22 1.60 4.85-9.40 (1.54-2.99) 

17  OS 5.93 0.45 
3.94-6.14 (1.80-2.82) 

ons  are 
made at   frequent intervals: 

the  Cambridge  Main  Street  Subway,  was  the 
fact  that  the  inverted  siphons  must  be  built 

in  old  sewers  with  no  head  available  to  over- 
come the  extra  loss  of  head  arising  from  the 

construction  of  the  inverted  siphons. 

In  seeking  for     data     concerning     inverted 

every  increase  in  velocity  through  the  siphon 

pipe  or  pipes  is  attended  with  the  formation 
of  a  pool  above  the  siphon  due  to  the  loss  of 
head  rising  from  the  passage  of  the  sewage 

through  the  siphon  at  the  higher  velocity-.  It 
is,  however,  no  doubt  easier  to  cleanse  a  de- 

liuilt  on  an  incline  that  the  sewage  in  solu- 
tion which  is  not  deposited  in  the  larger  sec- 
tion of  the  upstream  deposit  manhole  may  be 

more  readily  carried  along  with  the  flow  of 
sewage  through  the  siphon. 

Time  may  be  profitably  spent  in  study  of 
the  hydraulic  features  of  the  location  of  the 
two  pipes  of  a  double  siphon  above  the  invert 
of  the  sewer  in  the  upstream  manhole,  such 
as  entry  head,  etc. 

TN\'ERTEU       SIPHOXS       OX       THE       METR0P0L1T.\N 
SEWERS    IX    THE   VICIXITY    OF    BOSTON,    .\t.\SS. 

Data  concerning  the  length,  diameter,  depth 
at  low  point,  loss  of  head,  available  quantity 
and  velocity  for  some  of  the  metropolitan 
sewers  near  Boston  are  given  in  Table  I.  It 
will  be  noted  that  the  greatest  range  as  well 
as  the  maximum  velocity  occur  in  the  Maiden 
River  siphon,  the  third  on  the  list,  where  the 
range  in  velocity  is  from  1.19  to  3.49  ft.  per 

second.  Careful  observations  made  at  fre- 
quent intervals  of  the  loss  of  head  on  all 

these  siphons  show  no  appreciable  deposits 

within  any  of  the  siphons  after  five  years' service. 

DAT.\     ox     IN\'E;RTED     SEWER.S    in    BOSTON. 

In  Table  II  data  are  given  relative  to  the 

inverted  sewer  siphons  in  Boston.  The  en- 
gineers of  the  engineering  department  of  the 

city  of  Boston  state  that  but  little  trouble 

has    been    experienced    and    that    the    mainte- 



6S Engineering    and     Contracting 
Vol.  XLII.     No.  3, 

TABLE  II.— DATA  ON  INVERTED  SEWER  SIPHONS  IN  BOSTON. 
Location  and  descrip-  Depth,  Outlet  lower  than 

Nq  tlon.  Length.  Diameter.  low   point.  inlet. 
1.  Tennean  or  Smelt  Brook 

crossing  of  intercept- 
ing sewer,  Dorchester, 

Mass.i          52  ft.  3 '/4  ins.  4  ft.  6  ins.  7  ft.  S  ins.  ± 
2.  Storm     overflow     siphon 

under       Met.        Sewer 
Conn.,     Saratoga     and  ,  .  „  „„  ,  „  „.  ̂ ^ 
Bennington  Sts.=        55  ft.  4  ft.  b  ins.  S.30  ft.  O.Od  ft. 

3.  Parsons  Brook  Brighton, 
N.    Beacon    St.    double  12  ins.  | 
Siphon^                lift.  ftwin  2.55  ft.  Practically    none. 36  ins.  J 

4.  Davenport  Brook.  Adams 
St.  and  Mlnot  St.,  Dor-  20  ins.  1  „  „,  „ 
Chester,  double  siphon.      20  ft.  6  ins.  J  twin  3.37  ft.  O.04  ft. 36  ins.  J 

5.  Hanover  St.,  under  sub-  „  ,     „  ,  ,  „„  <^ way^      6  ft.  6  ins.  X  3  ft.  10  Ins.         1.03  ft. 
6.  Oakland  Brook  over  Dor- 

chester high  level  in- 
tercepting sewer  on 

River   St        3S  ft.  4  ft.  9  ins.  1.50  ft.  Practically     none. 
7.  Muddy    River,     town    of  ,  ,  „  . 

Brookline'           28  ft.  4  ins.  24  ins.  1  13  ft.±  6  ins.± 
8.  Huntington      Ave.      and  36  ins.  J 

Parker        St..        Stony 
Brook  improvement'. . .     64  ft.  4S  ins.  S.6  ft.  0.02  ft. 

52  ft.  Two  4S  ins.   C.   I.   pipes       No    drops.  0.02  ft. 

'Has  .sump  manhole  at  low  point,  also  means  of  flushing  with  storm  water.  45°  incline  both 
ends. 

=Had    considerable    trouble.     Tidal   culvert   overflow. 
'Overflow  into  brook. 
•Not  used  now;   has  been  stop-planked  off.     Sewer  is  5  ft.  OVt  ins.  x  4  ft.  9  ins.  "egg." 
'11  ft.  X  7  ft.  divided  sump  manhole.  Cost  more  for  maintenance  than  any  other  in  city  of  Bos- 

ton. Much  trouble  with  manhole  from  lack  of  proper  attention,  coupled  with  the  fact  that  the 
vertical   manholes   are   perhaps   unnecessarily   large. 

"Common  sewer  overflow  provided  with  means  for  flushing  from  Stony  Brook  Brighton  Inter- 
cepter. 

TABLE    HI— INVERTED    SEWER    SIPHON   UNDER  CAMBRIDGE  SUBWAY. 

Outlet 
,\ir  Length,  ft.  Dlam.  Depth,     lower  than 

low  point.  inlet. 
a.  Portland  St.  Metropolitan  sewer    55.0+  36-in.    C.   I.    pipe 

20-in.    C.    I.   pipe  12.  0.00 
b.  Douglass  St.,   City  of  Cambridge          .... 
c.  Plympton  St..  City  of  Cambridge     59.0±        4  ft.  6  ins.  x  4  ft.  6  ins.  sq.  20.1  0.06 

Also  24-in.  pipe  for  dry 
weather  flow. 

d.  Portland  St.   (City  of  Cambridge)  sewer.   44. 0±  42  ins.  22.0  0.10 

Note. — The   "a,"   "b"   and   "c"   siphons  were   built  In  old  sewers.     The  cost  of  maintenance  of 
"a."  was  $700  to  $1,000  the  first  year,  due  mainly  to  a  settlement  of  2  ft.  in  the  old  sewer  at  the 
crossing  and  also  perhaps  partly  to  the  design  of  the  siphon  itself.  The  conditions  there  were 
verj'    difficult    and    any    design    must    have    uncertainties  until  tried  out. 

The  "b,"  "c"  and  "d"  siphons  cost  less  than  $100  yearly  for  maintenance  for  all  three.  No 
records  of  cost  kept  as  yet.  Siphons  have  been  in  operation  about  a  year,  but  little  or  no  obstruc- 

tions have  been  found,  merely  a  few  sticks  of  wood  in  one  or  two  instances. 

nance  costs  have  but  little  exceeded  those 
for  the  same  length  of  sewer  except  in  the 
case  of  the  Hanover  Street  siphon  where 
grease  from  the  hotels  caused  considerable 
trouble,  and  of  the  Muddy  River  siphon  from 
wrong  design  and  lack  of  proper  attention. 
The  terminal  manholes  were  too  large  in  the 
latter  siphon.  .-Xll  of  the  siphons  mentioned 
e.xcept  Nos.  2  and  7  were  installed  in  old 
sewers. 

INVERTED      SEWER      SIPHONS      UNDER      C.'iMEKIDGe 
SUBWAY. 

Table  III  gives  data  on  the  inverted  sewer 
siphons  constructed  under  the  Cambridge  Sub- 

way by  the  Boston  Elevated  Railway  Co.  in 
1910.  In  designing  the  inverted  siphons  for 
the  Boston  Elevated  Railway  Co.,  the  approval 
of  Mr.  Lewis  M.  Hastings,  the  city  en- 

gineer, was  required  under  the  act  of  legis- 
lature authorizing  the  construction  of  the 

subway.  The  writer  is  largely  indebted  to 
Mr.  Hastings,  under  whom  he  previously 
served  for  seven  years  as  assistant  engineer, 
and  from  whose  experience  he  obtained  much 
of  his  material  for  the  design  of  these  and 
other  inverted  sewer  siphons  as  well  as  to 
'he  late  George  A.  Kimball,  Mem.  Am.  Soc. 
C.  E.,  Chief  Engineer  Boston  Elevated  Rail- 

way, under  whose  guidance  and  direction  all 
the  design  and  construction  of  the  work  was 
executed.  Mr.  Hastings  is  authority  for  the 
maintenance  data  given  at  the  bottom  of 
Table  III.  The  principal  sections  of  the 
Plympton  St.  inverted  siphon  are  shown  in 
the  accompanying  figure. 
No  trouble  has  arisen  from  the  construc- 

tion of  three  of  these  siphons,  but  the  one 
which  had  to  pass  the  approval  of  the  Metro- 

politan Sewerage  Commission  of  Massa- 
chusetts, having  been  designed  to  operate  un- 

der the  peculiar  conditions  existing  there  is 
said  to  have  cost  from  $700  to  $1,000  the  first 
year  for  maintenance,  perhaps  largely  due  to 
the  settlement  in  the  main  sewer  in  which 
the  inverted  siphon  was  introduced  and  which 

amounted  to  2  ft.  at  this  point.  This  meant 
a  damming  of  the  sewage  with  the  conse- 

quent formation  of  a  pool  above  the  siphon 
and  the  probable  deposit  of  sludge  therein. 

Notes     on     American     and     European 

Practice   in   the    Design    of 

Intercepting  Sewers. 

Interesting  comment  on  American  and 
European  practice  in  the  design  of  intercept- 

ing sewers  is  made  in  the  final  report  of  the 
Metropolitan  Sewerage  Commission  of  New 
York  City.  In  discussing  the  proposed  sew- 

erage improvements  for  the  Lower  East  River, 
Hudson  and  Bay  Division  the  Commission 
considered  that  the  interceptors  should  be  de- 

signed according  to  European  rather  than 
American  practice.  According  to  the  .Ameri- 

can method,  the  interceptor  is  usually  con- 
structed entirely  below  the  invert  of  the  lat- 

eral sewer,  with  openings  connecting  the  two, 
leaving  the  outer  end  of  the  lateral  open  for  a 
storm  overflow.  The  flow  into  the  interceptor 
is  controlled  by  a  regulator,  which  is  operated 
by  a  float.  When  the  flow  in  the  lateral  reaches 
a  certain  amount,  say  twice  the  mean  dry- 
weather  flow,  the  regulator  closes,  cutting  off 
the  entrance  to  the  interceptor  and  permitting 
the  storm  flow  to  discharge  into  the  river  by 
way  of  the  original  outlet. 
According  to  European  practice,  the  inter- 

ceptor is  built  across  the  lateral  sewer,  its 
crown  above  the  invert  of  the  lateral.  The 

interceptor  therefore  acts  as  a  dam,  prevent- 
ing both  the  flow  of  sewage  to  the  river,  and 

the  back  flow  of  the  tide  from  the  river.  All 
the  sewage  is  diverted  until  the  water  surface 
in  the  lateral  rises  above  and  overflows  the 
crown  of  the  interceptor.  The  excess  storm 
water  then  flows  directly  into  the  river.  Where 
the  crown  of  the  interceptor  is  too  high  to 
permit  such  discharge,  a  special  section  may 
be  adopted  where  it  crosses  the  lateral. 

The  chief  advantages  of  this  arrangement 
are :  The  elimination  of  mechanical  regulators- 
which  are  not  always  reliable;  a  raising  of  the 
hydraulic  gradient  in  the  interceptor  and  con- 

sequent reduction  of  lift  at  the  pumping  sta- 
tion; and  less  depth  and  consequently  less 

excavation  for  the  interceptors.  The  system 

has  the  disadvantage  of  requiring  larger  cross- 
sections  for  the  sewers.  The  European  sys- 

tem involves  placing,  at  intervals,  overflow 
dams  with  storm  water  conduits  to  the  river 
so  that  when  the  flow  is  collected  from  a 
number  of  sewers,  to  which  has  been  added 
storm  water  from  three  to  six  times  the  dry- 
weather  flow,  the  diluted  sewage  overflows- 
the  dams  and  reaches  the  harbor.  The  only 

regulators  which  are  required  under  this  sys- 
tem are  the  dams  themselves,  automatic  tide- 

gates  being  unnecessary,  except  as  in  the  case 
of  Hamburg,  where,  by  reason  of  large  tidal 
range,  the  sewers  are  called  upon  to  act  as  a 
reservoir  for  a  part  of  the  time. 

A  system  which  is  a  modification  of  the 
principles  in  use  abroad,  which  would  admit 
of  considerable  saving  over  the  usually  applied 
American  sysfem,  has  been  developed  in  the 
case  of  the  collectors  at  Philadelphia.  This 
system  is  here  described  from  information 
contained  in  the  report  of  George  E.  Dates- 
man,  principal  assistant  engineer  of  the  Phila- 
phia  Bureau  of  Surveys,  to  the  Metropolitan 
Commission.  (Mr.  Datesman  was  employed 
by  the  Commission  to  make  an  expert  report 
upon  the  proposed  drainage  scheme  for  the 
Lower  East  River,  Hudson  and  Bay  Division.) 

It  has  been  found  economical  to  build  both 
high  and  low-level  sewers,  carrying  every 
cubic  foot  of  sewage  practicable  by  gravity  to 
the  treatment  works.  In  the  low-level  system, 
by  substituting  a  dam  to  exclude  tide  water 
in  the  combined  sewer  at  such  a  point  re- 

moved from  the  outlet  that  the  crest  will  iTot 

rise  bej'ond  two-thirds  of  its  vertical  diam- 
eter, large  tide-gates  at  the  outlets  may  be 

eliminated.  Thus  to  the  advantage  due  to 
grade  in  the  sewer,  saved  in  the  depth  of  the 
main  collector,  is  added  the  advantage  of 

carrying  the  interceptor  through  the  dam,  re- 
sulting, in  some  cases,  in  ■  raising  the  whole 

length  of  the  interceptor  from  6  to  10  ft.  over 
its  position  in  the  usual  .\merican  plan.  This^ 
of  course,  involves  the  construction  of  a  sys- 

tem of  domestic  sewage  sewers  in  streets 
tributary  to  the  main  combined  sewer  below 
the  dam  and  the  making  of  new  house  con- 
nections. 

The  eft'ect  is  to  leave  open  to  tidal  fluctua- 
tion that  portion  of  the  combined  sewer  be- 

tween the  dam  and  outlet.  If  the  sewage  is 

carried  away  from  a  river,  even  the  tide-lock- 
ing of  this  portion  of  the  sewer  should  not 

be  a  detriment  to  the  intercepting  sewers, 
which  are  not  affected  thereby  in  a  pumping 

system. 
The  benefit  in  the  item  of  cost  of  a  long 

interceptor,  by  being  able  to  raise  it  from  & 
to  10  ft.,  is  apparent ;  also  the  saving  due  to 

decreased  lift  at  pumping  stations.' 
Where  grades  of  combined  sewers  admit, 

additional  savings  may  be  made  in  depth  of 
interceptors  by  placing  them  at  some  distance 
from  the  marginal  avenue.  This  should,  how- 

ever, always  permit  of  a  house  sewage  sewer,, 

when  running  against  grade,  reaching  the  in- 
terceptor. 

Another  accessory  of  this  plan  is  the  intro- 
duction of  overflow  chambers  of  enlarged 

section  to  admit  of  carr>'ing  off  the  storm  flow 
into  the  conduit  below,  wherever  the  dams  are 
introduced. 

In  Philadelphia  it  has  been  planned  to  in- 
troduce such  dams,  even  in  low-lying  areas 

where  tidal  influence  extends  between  4,00(> 
and  8,000  ft.  from  the  outlets.  The  dams 
will  be  placed  at  about  2,500  ft.  inland  from 
the  river,  involving  the  building  of  a  separate 
system  of  sewers  in  the  territory  below  the 
dams  and  carrying  of  the  drainage  back  into 
the  main  collector.  Light  grades  may  be 
used  on  the  small  sewers,  which  may  be 
flushed  at  high  tide  from  the  river  either 
automatically    or   by   hand-operated   gates. 



July   15,   1914. Engineering    and    Contracting 

69 

An  Efficient  Portable  Mechanical  De- 

vice for  Cleaning  Catch  Basins, 
Successfully  Employed  at 

Pawtucket,  R.  I. 
Contributed    by    Joseph    Wood,    Assistant    Com- 

missioner, Department  of  Public  Worlds 
Pawtucket,   R.  I. 

Owing  to  the  steadily  increasing  cost  in 
cleaning  our  1,300  catch-basins  due  to  in- 

creasing wages  and  scarcity  of  dumping  places 
which  necessitated  long  hauls,  the  Board  of 
Public  Works  of  Pawtucket,  R.  I.,  a  city  of 
55,000  people,  decided  that  this  work  could 
be  done  more  efficiently  and  economically  by 
some  kind  of  motor  apparatus.  The  writer 
evolved  the  idea  embodied  in  the  machine 
here  illustrated  and  described.  The  machine 
was  made  and  assembled  in  our  own  shop  by 
Mr.  James  Nisbet,  mechanician  in  the  pub- 

lic works  department. 

The  device  consists  of  a  3-ton  "Standard" 
chassis  upon  which  was  mounted  a  dumping 
body  of  the  following  dimensions:  Length  in- 

side, 9  ft. ;  width  in  front,  4  ft. ;  width  in 
rear.  4  ft.  9  ins.,  and  height,  28  ins. 

This  body  is  dumped  by  a  hydraulic  lift 
operated  by  an  oil  pump  driven  by  a  chain 
from  a  jack  shaft  engaged  with  motor  by 

sliding  gear.  In  the  rear  of  the  driver's  seat, 
on  I-beams  extended  across  the  chassis  frame, 

is  mounted  a  2-HP.  "Fairbanks-Morse''  gaso- 
line engine  which  draws  its  gasoline  from  the 

into  the  main  sewer.  The  suction  and  dis- 
charge hoses  are  shown  in  Fig.  1,  coiled  up  for 

transportation,  at  the  side  of  and  beneath  the 
driver's  seat. 
The  same  view  shows  the  orange-peel  bucket 

rising  from  a  basin  containing  sand  and  leaves. 
The  operator,  standing  on  the  drop  platform, 
raises  and  lowers  the  bucket  by  moving  the 
lever  upon  which  his  right  hand  rests.  Near 
his  right  foot  is  seen  the  plunger  of  a  4-way 
valve  which  opens  the  bucket  when  pushed 
down  by  his  foot.  The  foot  being  removed 
from  the  plunger  closes  the  bucket  by  shift- 

ing the  oil  pressure  from  the  bottom  to  the 
top  of  the  piston  of  the  bucket.  In  this  illus- 

tration the  writer  and  Mr.  Nisbet  are  seen  at 
the  front  of  the  machine.  In  Fig.  2  the  truck 
is  shown  in  dumping  position  with  sw-ing  door 
open  and  bucket  and  crane  swung  aside  to 
allow  body  to  rise. 

This  outfit  cost  the  city  $4,200  and  was,  ex- 
cepting chassis  and  body,  all  built  and  as- 
sembled in  our  own  shop.  Up  to  the  present 

time  this  device  has  not  lost  two  hours  of 
working  time  and  the  city  takes  a  great  deal 
of  pride  in  this  municipal  invention. 

ocean  outfall  by  the  West  Grove  Commis- 
sioners. Subsequently  the  Camp  Meeting  As- 
sociation receded  from  its  position  and  made 

an  agreement  by  which  the  right  of  way 
through  its  property  was  granted. 
The  entire  design  and  supervision  of  the 

construction  of  the  sewage  clarification  works, 
outfall  sewer  and  ocean  outlet  were  in  charge 
of  Pugh  &  Hubbard,  of  Philadelphia,  engineers 
for  the  commission.  The  Monmouth  Contract- 

ing Co.,  of  Red  Bank,  N.  J.,  was  the  contractor 
for  the  disposal  works  and  outfall  sewer.  The 
sub-contractors  for  the  ocean  outlet  were  Mat- 

thews Brothers,  also  of  Red  Bank. 

Credit  for  Engineering  on  West  Grove, 

N.  J.,  Sea-Outfall  Sewer. 
An  article  was  published  in  this  journal  of 

April  1,  1914,  entitled:  Method  Employed  in 
Laying  a   1,000   ft.   Sea-Outlet   for     a     12-in. 

Inspection   of    Sewerage    Plumbing   at 
New  Orleans. 

The  procedure  of  the  plumbing  department 
of  the  Sewerage  and  Water  Board  of  New 
Orleans  is  here  described  from  information 
taken  from  the  latest  semi-annual  report  of 
Mr.  G.  .'X.  Middlemist,  civil  engineer  in  charge 
of  the  inspection  of  plumbing. 

Before  any  plumbing  work  at  all  is  done  it 
is  necessary  that  a  licensed  master  plumber 
file  a  plan  showing  the  character  of  plumbing 
that  is  to  be  done  in  the  premises  in  question 
( signed  by  the  property  owner,  authorizing 
the  w-ork  to  be  done),  the  plan  showing  the 
size  of  pipe,  kind  of  traps  to  be  used,  and  the 
various  methods  of  venting.  Upon  examina- 

tion, should  this  plan  be  found  to  be  in  con- 
formity with  the  rules,  it  is  approved  by  the 

supervisor  of  plumbing,  or  his  assistant,  and 
permits   are   granted   to    the   plumber,   one   to 

Fig.   1.    View  of  Portable  Machanical     Device    for    Cleaning    Sewer 
Catch    Basins  at   Pawtucket,   R.   I. 

Fig.  2.    View  of  Pawtucket  Catch    Basin     Cleaning     Machine 
in   Dunyjing   Position. 

same  tank  that  supplies  the  motor;  its  water 
circulation  is  through  the  radiator  of  the 
motor,  thus  preventing  freezing  in  cold  weath- 

er when  motor  is  stopped  for  loading  the 
truck,  and  the  exhaust  of  this  small  engine 
goes  into  the  mufifler,  thus  reducing  noise  to 
a  minimum. 

This  2-HP.  engine  furnishes  the  power  for 
raising  and  lowering  the  orange-peel  bucket, 
drives  the  oil  pump  for  opening  and  closing 
this  bucket  and  for  operating  the  70-gal.  cen- 

trifugal pump  which  empties  the  basins  of  sur- 
plus water.  The  orange-peel  bucket  has  a 

capacity  of  1%  cu.  ft.  and  makes  two  trips 
per  minute  from  the  basin  to  the  truck. 

This  apparatus  was  first  put  into  service  on 
July  17,  1913,  with  a  plain  bucket  which 
was  filled  by  a  shoveler  in  the  basin.  This 
reduced  the  cost  of  cleaning  from  $2  per  cubic 
yard  by  the  old  method  to  $1.05.  On  Novem- 

ber 17  the  orange-peel  bucket  was  installed 
with  the  result  that  the  cost  dropped  to  8(1 
cts.  pei;  cubic  yard. 

This  device  takes  the  place  of  six  men,  six 
one-horse  carts  with  drivers  and  an  inspector 
whose  work  is  now  done  by  the  driver  of  the 
truck. 

The  centrifugal  pump  in  five  minutes  emp- 
ties a  basin  of  water  that  under  the  old  meth- 

od of  bailing  by  hand  would  take  from  30  to 
40  minutes.  The  discharge  end  of  the  hose 
is    thrust    into    the    trap   and   the   water   goes 

Sewer  at  West  Grove,  N.  J.  Attention  has 
been  called  to  an  error  in  giving  credit  for 

the  engineering  work  on  this  job.  The  er- 
roneous statements  previously  made  are  here 

repeated  and  the  facts  in  the  case  are  re- 
corded as  follows : 

It  was  stated:  "Mr.  William  M.  Ai'.chison, 

who  was  the  supervising  engineer  in  charge" ; 
also  "Matthews  Brothers  of  Red  Bank,  New 
Jersey,  were  the  contractors  on  this  work. 
Clyde  Potts,  Civil  and  Sanitary  Engineer,  30 
Church  .St.,  New  York  City,  looked  after  the 
interests  of  West  Grove,  the  writer  (Mr. 

.Aitchison)    being   his   representative." The  submerged  sewer  outfall,  described  in 
the  article,  was  run  out  into  the  ocean  to  dis- 

charge the  effluent  from  the  clarification  tanks 
of  Sewer  District  No.  1.  Neptune  Township. 
The  township  comprises  what  is  commonly 
known  as  West  Grove  and  Ocean  Grove.  The 
sewer  district  is  in  West  Grove  and  the  outfall 
sewer  extends  through  property  of  the  Ocean 
Grove  Camp  Meeting  Assc'ciation.  The  com- 

missioners of  the  sewer  district  and  the  Camp 

Meeting  Association  failed  to  reach  an  amic- 
able arrangement  as  to  the  right  of  way 

through  certain  private  property  of  the  Camp 
Meeting  Association.  Mr.  Clyde  Potts  was  the 
engineer  of  the  Camp  Meeting  Association 
and  testified  for  it  in  injunction  suits  which 
were  brought  by  the  association  in  an  endeavor 
to    stop    the    construction    of    the    submerged 

do  the  work,  and  the  other  to  permit  the  prem- 
ises to  be  connected  to  the  sewer  after  the 

work  has  been  inspected  and  satisfactorily 
completed  in  accordance  with  the  rules. 

Four  inspections  are  generally  required  for 
every  job  before  it  is  declared  satisfactory  in 
its  entirety.  These  tests  consist  of  a  ball  test, 
a  house  connection  or  tie-in  test,  a  water 
test  and  a  peppermint  test. 
The  ball  test  is  an  inspection  and  test  of 

the  underground  terra  cotta  pipe  which  runs 
from  the  property-line  back,  receiving  the  dis- 

charge from  the  plumbing  fixtures  in  the  build- 
ing and  conveying  same  to  the  public  sewer  ini 

the  street. 
The  inspector  sees  that  the  pipe  is  laid  at  a 

grade  of  not  less  than  Vi  in.  to  1  ft.,  and  that- 
the  joints  are  properly  made,  caulked  and  ce- 

mented, and  that  the  proper  covering  is  main- 
tained in  accordance  with  the  plumbing  rules. 

The  line  is  then  tested  by  sending  a  woodeni 
ball.  Vz  in.  less  in  diameter  than  the  diameter 
of  the  pipe,  through  it,  from  end  to  ena. 
The  house  connection  inspection  is  made 

where  the  public  and  house  sewer  are  jomed 
together  at  or  near  the  property-line.  This 
inspection  consists  of  seeing  that  the  proper 
fittings  are  used,  clean-outs  brought  up,  so  as 
to  enable  the  proper  cleaning  out  of  the  line 
in  the  event  of  stoppage,  and  the  proper  con- 

creting of  the  whole. 
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The  water  test  is  made  after  the  phimbing 

work  inside  of  the  building  has  been  "roughed- 
in."  The  stacks  are  filled  with  water  and  al- 

lowed to  remain  in  that  condition  for  some 
hours.  The  inspector  then  examines  the  joints 
closely,  and  if  they  are  improperly  caulked, 
leaks  will  appear  at  these  points.  At  the  time 
of  this  inspection  it  is  the  duty  of  the  in- 

spector to  examine  the  kind  of  pipe  used;  i. 
e.,  whether  standard  or  extra  heavy  ( for  in 
some  instances  only  the  latter  can  be  used), 
the  depth  of  hubs,  the  size  of  pipe,  the  proper 
use  of  vents,  and.  in  fact,  to  see  that  in  every 

particular  the  work  conforms  to  the  rules  of 
the  board  and  is  sanitary  in  every  respect. 
This  is  the  severest  test  put  on  the  work,  for, 
having  passed  this  test,  the  only  thing  neces- 

sary to  be  done  is  the  setting  of  the  fixtures. 
The  fixtures  having  been  set,  the  work  is 

then  subjected  to  what  is  known  as  the  pep- 
permint test.  This  test  consists  of  pouring 

into  the  clean-out  a  mixture  of  hot  water 
and  oil  of  peppermint.  The  fumes  that  arise 
from  this  mixture  are  so  pungent  that  if  the 
work  is  not  absolutely  tight  the  odor  of  pep- 

permint  wUl   be   immediately   detected    in   the 

premises.  The  inspector  then  tries  out  all 
the  fixtures  for  the  purpose  of  ascertaining 
whether  or  not  they  are  in  good  working 
order.  .At  the  time  of  this  inspection  all  vaults 
and  cesspools  must  be  excavated,  cleaned  and 
filled,  and  the  work  as  a  whole  must  be  in 
a  completed  condition. 

It  is  only  after  these  tests  and  inspections 
have  been  made  that  what  is  known  as  a  final 
certificate  is  issued.  This  certificate  is  to  the 
effect  that  the  plumbing  has  been  inspected 
and  tested,  and  found  in  substantial  accord 
with  the  plumbing  rules  and  regulations. 

;tiom 
DEViC MATEKlAl 

The   Meridiograph. 
(Contributed.) 

The   meridiograph  is  a  new   instrument   for 
determining  true  north  accurately  and  quickly. 
With  its  aid,  anyone  who  can  read  an  angle 

may  determine  in  a  few  minutes  a  true  mer- 

Fig.  1. 

idian  at  nearly  any  hour  of  the  day,  without 
computation,  books,  tables  or  attachments.  It 

is  only  necessary  to  measure  the  sun's  alti- tude, as  shown  in  Fig.  1  ;  its  declination  is 
taken  from  the  ephemeris,  and  latitude  from 
a  map.  Two  settings  of  these  data  on  the 
meridiograph  and  a  simple  addition  give  the 
true  bearing  of  the  sun.  One  additional  set- 

ting gives,  if  desired,  accurate  astronomic 
time. 

The  meridiograph,  as  shown  in  Fig.  -.  con- 
sists of  two  circular  rotating  discs,  7  ins.  in 

tnaximum  diameter,  and  a  reading  arm.  On 
these  discs  scales  of  latitude,  altitude,  declina- 

tion and  liearing  are  graduated  to  5'  or  in' and  on  these  scales  the  data  are  set.  to  an 

accuracy  of  abimt  1',  thus: 

Fig.  2, 

Set    altitude    against    latitude   on    scales    a; 
opposite   index    read   number   A;    set   altitude 

against  latitude -on  scales  b ;  opposite  given 
declination  read  number  B ;  opposite  number 
(A  -|-  B)   read  the  true  bearing  of  the  sun. 
Figure  3  shows  the  connection  between  the 

sun's  true  bearing  and  the  true  north  line  to 
be  located  on  the  ground.' 

The  theory  is :    The  angle  scales  are  plotted 
on   the   number   scale   as   a   base,   all    of   them 
being  logarithmic.  They  are  arranged  to  solve  : 

A  =  tan  altitude  X  tan  latitude. 
B  =  sec     altitude   X   sec     latitude   X   sin 

declination. 
.\  -|-  B  :=  —  cos   bearing. 

For  determining  astronomic  time  the  scales 
solve  directly,  with  one  setting,  sin  time  ̂   sin 
bearing"  -|-  cos.   altitude  X  sec.    declination. 

The  connection  of  these  equations  with  the 
elemental  laws  of  spherical  trigonometry  and 

with  the  ordinary  principles  of  the  slide-rule 
will  be  obvious  to  the  critical  reader. 

Its  accuracy  is  within  1'  in  the  early  fore- 
noon or  late  afternoon,  and  within  2'  closer 

to  noon.  The  field  procedure  takes  "2  or  3 
minutes,  while  the  reduction  with  the  meridio- 

graph is  made  right  at  the  transit  (or  checked 
in  the  office)   in  about  a  minute. 

The  meridiograph  is  made  of  bronzed  metal, 
with  finely  etched  graduations:  a  secondary 
mcdel  is  made  of  ivory-celluloid — water  and 
sun  proof.  Clear  and  e.xplicit  directions  with 
au.xiliary  diagrams  for  obviating  all  computa- 

tion and  errors — with  an  abbreviated  ephem- 
eris— accompany  the  instrument  andL  make 

it,  in  connection  with  a  transit,  a  complete 
north-finder,  independent  of  all  books,  tables, 
or  attachments,  and  suitable  for  all  latitudes. 
The  meridiograph  has  been  invented  and  is 
manufactured  by  Louis  Ross,  Civil  Engineer, 
2fi8  Market   St.,  San  Francisco. 

illustrated  here.  The  washing  element  con- 
sists primarily  of  a  cylindrical  grizzly  of  1  in. 

round  bars  spaced  1  in.  apart,  and  outside  of 
this  a  close  fitting  perforated  metal  cylindrical 
screen.     Heavy  cast  heads  and  interior  spiders 
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Fig.   3. 

hold  the  grizzly  rods  and  the  screen  in  position 

and  support  them  on  the  longitudinal  revolv- 
ing" shaft.  This  cylindrical  body  sets  in  a  tank 

kept  filled  with  running  water  and  is  revolved 
in  the  tank;  the  fine  material  passes  through 
the    perforated    screen    into    the    tank    and    is 

A  Fortatle  Sand  and  Gravel  Washing 

Plant   For   Concrete   Construc- 
ticn  and  Road  Work. 

(Contributed.) 

.■\   portable   washing   outfit,   including   disin- 
tegrating   screen    complete 

Portable   Sand   and   Gravel   Washer. 

elevator,   hopper   bin   with   gate,   and   counter- 
shaft with  pulley  ready  for  attaching  power,  is 

lifted  out  by  the  elevator  cups  shown  attached 
to  the  screen;  the  coarse  material  retained  by 
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the  screen  is  picked  up  by  a  plow  shaped  cast- 
ing secured  to  the  discharge  head  and  is  de- 

posited into  a  chute  and  thence  into  the  boot 
of  the  bucket  elevator.  The  other  operations 
are  evident   from  the  illustratiun. 

The  disintegrating  screen  used  in  the  outfit 
shown  can  be  fitted  with  any  size  perforation 
to  suit  the  requirements  of  the  contractor. 
The  wear  and  load  of  the  material  inside  of 
the  screen  does  not  come  directly  upon  this 
perforated  metal,  for  the  reason  that  the 
screen  is  lined  on  the  inside  with  1  in.  round 
steel  bars  placed  1  in.  apart  as  previously 
described. 
The  main  elevator  has  12  in.  wide  cups 

mounted  on  No.  114  .detachable  chain.  This 

elevator  is  provided  with  adjustable  take-up 
bearings  at  the  top.  The  speed  of  the  screen 
is  20  r.p.m.;  the  speed  of  the  elevator  is  80 
ft.  per  minute;  the  speed  of  the  driving  pulley 
on  the  machine  is  120  r.p.m.  The  disinte- 

grating screen  is  42  ins.  in  diameter  and  4  ft. 
long,  that  is,  the  length  of  the  perforated  plate. 

The  machine  as  shown  is  intended  to  be 
driven  by  gasoline  engine  or  motor  located  at 
right  angles  to  the  truck.  The  makers  are 
also  contemplating  building  these  outfits  with 
a  single  or  multiple  cylinder  gas  or  gasoline 
engine  mounted  upon  the  truck  and  located 
directly  under  the  washed  sand  and  gravel  bin, 
in  which  event  the  drive  on  the  disintegrating 
screen  will  be  through  bevel  gears,  and  the 

drive  from  the  engine  to  the  screen  counter- 
shaft will  be  through  a  silent  or  roller  chain. 

The  gate  supplied  on  the  bin  is  of  the  quadrant 

type  and  easy  to  manipulate  The  water  dis- 
charged from  the  screen  carrying  the  clay  in 

suspension  can  be  settled  in  a  pond  or  basin 
olose  to  the  operation  and  pumped  back  into 
the  machine,  thereby  using  the  water  over 

again.  Fresh  water  is  fed  into  the  disinte- 
grating screen  at  the  discharging  end. 

This  sand  and  gravel  washer  will  handle  100 
tons  in  10  hours:  assuming  a  cost  of  25  cts. 

per  ton  for  handling  the  sand  and  gravel  from 
the  bank  and  delivering  it  into  the  machine, 
and  an  additional  5  cts.  per  ton  for  power, 

oil,  etc.,  would  make  a  total  cost  of  30  cts. 

per   ton,    or   $30.00   per   day   for   100   tons   of 
■^   ?y   -. 

and  gravel,  and   in  most  all  cases  this   water 
can  be  settled  in  the  pond  and  used  over  again. 

This  washer  is  made  by  the  American  Con 
centrator    Co.,    Springfield,    O.,   H.    V.    Croll, 
Sales  Manager. 

A  Fifty-Ton  Block  and  Hook. 
There  is  shown  on  this  page  a  detailed 

drawing  of  one  of  the  largest  hook  blocks 
ever  manufactured.     The  total  weight  of  the 

ins.  in  diameter.  The  sheaves  are  20  ins.  in 
diameter,  ground  smooth  in  the  groove  for 

a  %-in.  wire  cable,  and  bushed  with  "Meta- 
line"  bushings.  The  hook  and  the  beam 
which  supports  it  in  the  block  weigh  1,040 
lbs.  As  can  be  seen  by  referring  to  the  figure, 
the  hook  is  ball  bearing.  It  was  forged  from 
an  8x8-in.  special  forging  billet,  and  after 
being  flattened  measures  10%  ins.  deep  by 

li%  ins.  wide  at  the  back. 

Fort    Wayne    Portable   Crushing    Outfit    Mounted   on   a   Truck. 

block  is  2,500  lbs.,  and  it  was  designed  for 
a  working  load  of  50  tons,  with  a  stated 

factor  of  safety  of  3%.  '  The  dimensions 
given  in  the  drawing  show  the  magnitude  of 

The  block  and  hook  were  designed  by  the 
W.  W.  Patterson  Co..  56  Water  street,  Pitts- 

burgh, Pa.,  for  the  Illinois  Central  R.  R.,  and 

will  be  used  on  a  50-ton  capacity  "Mitchell'" 
de'"ric!<   car. 

■i^.--,(Oj.----lr,-;-'('z-  -  ̂ r 
1»   -20i     ^ 
ifV,  r-J-r-;-,!'i-,riViV-3' A  Compact  Portable  Crushing  Outfit. 

A  compact,  low-priced,  portable  crushing 
plant  has  been  developed  by  the  Good  Roads 
Machinery  Co.,  Ft.  Wayne,  Ind.,  which  has 
interesting  features.  It  is  especially  designed 
to  meet  the  requirements  of  contractor,  small 

villages  and  owners  of  private  estates  who  de- 
sire to  use  comparatively  small  quantities  of 

crushed  stone.  The  outfit  is  also  adapted  to 

the  use  of  bridge  contractors  on  isolated  jobs. 
When  provided  with  special  dies  stone  may 
be  reduced  to  a  fineness  suitable  for  agricul- 

tural purposes. 
The  entire  crushing  outfit,  shown  in  the 

illustration,  is  mounted  on  a  steel  truck.  The 

weight  of  the  crusher  alone  mounted  on  skids 
is  3,500  lbs. :  the  entire  outfit  shown  in  the 

illustration,  four  tons.  The  crusher  has  a  re- 
ceiving opening  8.xl2  ins.  in  size  and,  it  is 

claimed,  will  produce  from  four  to  six  tons 

per  hour  of  crushed  stone  of  a  size  suitable 
for  road  construction  work.  The  crusher  is 
built  of  steel.  An  8-HP.  engine  is  required 
to  drive  the  crusher  and  screen. 

washed 

wagons 
machine 

sand  and  gravel  delivered  into 

A  10  H.  P.  engine  will  operate  the 

The  amount  of  water  required  will 

Fifty-Ton    Block   and    Hook. 

this  hook  and  block.     The  tail  bolt   is  2  ins 

depend  upon  the  amount  of  clay  in  the  sand 

in  diameter,  the  sheave  pin  3  ms.  in  diameter, 

the  head  bolt  3  ins.  in  diameter,  and  the  lugs 

of  the  beam  which  support  the  hook  are  i& 

A    Gssoline    Locomotive    for    Mines, 

Tunnels,  Industrial  Plants  and 
Contractors'  Haulage. 

The  gasoline  locomotive  offers  distinct  ad- 
vantages wherever  a  self-contained  motor  in- 

depemlent  of  a  central  station  or  any  other 
outside  source  of  power  is  a  quality  of  value. 

In  mine  haulage  and  for  hauling  about  indus- 

trial plants  gasoline  locomotives  have  had  ex- 
tended use  and  have  pr'oved  their  utility.  They 

have  been  but  little  used  for  haulage  in  engi- 
neering construction  and  contractors  would, 

we  believe,  do  well  to  consider  their  more  ex- 
tended use.-  For  tunnel  haulage  in  particular 

thev  present  indubitable  merits.  In  the  ac- 
coinpanving  illustration  is  shown  a  gasoline 

locomot'ive"  that  is  offered  for  contractors'  use. 
use. 

This   locomotive  has   a  two-piece,  cast  iron 
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frame,  giving  weight  for  tractive  power.  The 
engine,  a  two-cylinder  approved  air-cooled  en- 

gine, operating  a  longitudinal  shaft  earning 
a   friction   disk.     This   disk   drives   by   rolling 

batch  of  concrete,  so  that  delays  in  placing  con- 
crete in  forms  by  the  wheelers  will  not  effect  a 

delay  in  the  mixing  process.  A  door  is  pro- 
vided in  the  hopper  end  and  by  operating  it 

the  concrete  flows  into  the  barrows.  This  en- 
ables the  barrows  to  be  charged  with  any  quan- 

tity desired.  The  hopper  can  be  folded  up 
against  the  drum  in  cartage  and  removed  when 

Gasoline  Locomotive  for  Contractor's   Use. 

contact  a  wheel  on  a  transverse  shaft.  A  discharging  into  wheelbarrows,  or  when  dis- 
chain  from  the  driven  wheel  shaft  to  a  jack  charging  into  forms  or  into  hoisting  elevators, 

shaft  and  another  from  the  jack  shaft  to  the  —        _-;       ;  .        _ 
driving  wheel  shaft  completes  the  driving  A  Rivet  Set  Retainer  for  Pneumatic 
mechanism.  High  efliciency  is  claimed  for  this  Riveters. 

friction  drive   and   it  is   simple,  noiseless   and  ' 
flexible.     All   operating  parts   are  particularly  (Contributed.) 
well  built    and    there    are    complete    appurte-  Several  states  are  drafting  safety  appliance 
nances  for  lubrication,  gasoline  storage,  etc.  laws,  among   the  provisions  of  which  are   re- 

This  locomotive  is  built  for  24,  30  and  36-in.      quirements   that   riveting  hammers   embody   in 
gages,  and  weighs  according  to  gage  2%,  2% 
and  3  tons ;  its  main  features  are  tabulated  as 
follows : 
Wheel    base      SS  ins. 
Gage    24  ins.  to  36  ins.        /— mniiTn-j-— ^-~ 
Wheels,    cast  steel   IS  ins.  by  3 »/4  ins.        IMRirLM. .Ill   .   .   , —  (  <.         I 
Gasoline  capacity    20  gals. 
Brakes   and   sand   Four  wheels 
jlotor   Monarch,    2  cyl. 
Cylinders     5   ins.  by  4%   ins. 
Ignition   Bosch  magneto,   start  on  spari< 
Speed   0  to  10   miles  per  hr. 
Bearings........... .Hyatt  roller  and  ball  thrust       pneumatic    Riveter    With    Spiral    Rivet    Set 
Draw  bar  pull.. 800  at  6  miles  per  hr.  for  2%  tons  f^ 
Transmission   Friction    and    chain  Retainer. 
Machinery         Coyered 
Size  of  axle   ,y  j"^'      their  construction   devices  to  prevent  the   ac- 
S'ze  of  disc.......       ...... .22  Ins,      ̂ idental  ejection  of  the  rivet  set  from  the  noz- Hiv.e  of  fiber  wheel   ^-^    ns.   D.\    1- 1   n.;-.  i         r    .i       i  r\  c    .i  i  i „       ,.  .        .         »•      ̂   J      »    1      „i        zle   of   the    hammer.     One  of   the   most  novel 
Gasoline  consumption  is  estimated  at  1  gal.  ̂ .^^^  ̂ ^^  retainers  is  that  now  put  out  with  the per  hour.     Hauling  capacity  depends  o"  speed        ..^.^^^^  ̂ ^^..^„  ,^tj^  ̂ -^.^^       ̂ f  ̂ he  Inger- grade,  curves  and  kind  of  cars,  but  based  on      ̂ ^„.R^„d  ^o..  New  York. 
40   lbs.   per   ton   resistance   is,   on    leve      rack  r^^  ■  ■  ^   ̂  ̂.     ̂ ^      ■  j 
22%   tons  at  3  miles,   15  tons  a    f.  m  les  and  ^    /        ;     , 
10  tons  at  10  miles.  Complete  tabulations  of  ̂   ̂   bne  end  of  this  spring  fits  over  the these  and  of  the  mechanics    details  can  be  se-  ^^^  ^J^^^  =^j  1^^^^    ̂ ^,^^ cured   from  Catalog  L  ot  the  manutacturers,  ■,.•■.         i       u   »i              i     -ri        .i 
T-1      T    tV  -V  T^^'S."^  „,   „^,     /~,i  •  a  projection  integral  with  the  nozzle.  Tlie  other 
The  T.  D.  Tate  Co.,  rlyinouth,  Ohio.  '^j  ■'             j  .               n       r        .         c  .     c 
'       J.  j^.       ____J__^   '  end  IS  wound  to  a  smaller  diameter.     Sets  for 
.     _,  1.1      T-v-     u  nT  T?  rivets  over  %  in.  diameter  are  formed  with  a 
A   Removable   Discharge   Hopper   For     ̂ „^^,g   j^^^^^   .,„j   ̂ ^^   3J^p,y   screwed   into 

a    Concrete    Mixer.  place     Sets   for  rivets   %  in.  in  diameter  and 

To   reduce  mixer  delays   waiting   for  wheel       ̂ H^^lier  are   formed  with   a   shoulder  and   are 

barrows    a    removable    discharge    hopper,    ar-       fPPed   into   the  retainer  whic 
  i     is  detached from  the  hammer,  the  shoulder  holding  it  in 

place.  The  device  prevents  the  rivet  set  or 
iiiston  from  being  driven  out,  even  when  the 
hammer  is  run  free. 

Removable  Discharge   Hopper  for  Standard 
Concrete   Mixers. 

ranged  as  indicated  by  the  illustration  here  is 
being  provided  by  the  Standard  Scale  &  Sup- 

ply Co.,  Chicago,  111.,  for  all  sizes  of  mixers 
made  by  it.  As  described  by  the  makers  the 
removable  discharge  hopper  is  placed  so  that 
the  entire  batch  can  be  discharged  from  the 
drum  into  the  hopper.  Then  the  wheelbarrows 
arc  loaded  from  it,  while  another  batch  is  be- 

ing mixed.     The  hopper  holds  more  than  one 

A     Truck-Mounted,     Power-Operated 
Bender  for  Reinforcing  Rods. 

(Contributed.) 
.\  bar  bending  machine  equipped  either  with 

gasoline  engine  or  electric  motor  and  mounted 
on  wheels  for  transportation  by  team  is  illus- 

trated here.  This  machine  is  designed  to  bend 
any  size  or  shape  of  reinforcing  rod  that  is 
likely  to  be  used  in  building  operations.  It 
will  bend  rods  up  to  1%  in.  diameter,  round, 
square,  or  deformed,  an<l  is  also  provided  with 
an  attachment  at  the  rear  by  means  of  which 
spirals  or  rings  of  any  diameter  from  10  ins. 
up  m:iy  be  formed.  It  is,  for  example,  used 
tre(|ucnt!y  for  turning  rings  for  column  head 
reinforcement  used  in  the  Turner  Mushroom 
system  of  reinforcing. 

The  operation  is  extremely  simple,  the  acticm 
of  the  bending  member  being  controlled  by  a 
lever  at  the  rear  of  the  machine,  which  oper- 

ates a  specially  designed  friction  clutch  inside 
and  between  two  loose  pulleys  set  on  the  rear 

shaft,  these  pulleys  being  driven  by  belts  from 
the  engine  or  motor.  A  one-piece  pinion  and 
sprocket  is  keyed  to  the  rear  shaft  but  left 
free  to  move  laterally  on  this  shaft.  When 
moved  to  mesh  with  the   gear  on  the  second 

Truck-IVlour.ted   Power  Operated   Reinforcing 

Ear    Bender, 

shaft  it  drives  the  bending  member,  and,  when 

moved  to  the  left  from  this  position,  is  con- 
nected by  a  loose  link  chain  to  a  sprocket  on 

the  spiral  former,  and  so  drives  this  mechan- 
ism. 

The  machine  is  fitted  with  gages,  scaled  in 
feet  and  inches,  so  that  no  marking  of  the  rods 
is  necessary,  and  so  that  height  of  truss  and 
angle  of  bend  can  be  set.  Wagon  trucks  and 
steel  wheels  are  provided  so  that  the  machine 
may  be  readily  moved  from  place  to  place. 
Each  rear  wheel  is  provided  with  a  square  steel 
shaft  which  fits  a  hollow  square  axle  so  that 
it  can  be  readily  removed,  should  it  be  desired 
to  have  greater  freedom  of  movement  about 
the  machine  by  having  the  wheels  out  of  the 
way.  The  front  truck  can  be  turned  under  the 
machine. 

The  to»al  cost  of  operating  this  machine  per 
ten  hour  dav  is  given  as  follows: 
Labor    (3    nien,    one    at    30,    two    at    25    cts. 

per    hr.)       $8.00 
Gasoline  (3  gals.)  and  oil   40 
Interest    and    depreciation      3d 

Total      $8.73 
One  man  is  required  to  direct  the  work  and 

operate  the  machine,  and  two  men  to  handle 

the  steel.  The  manufacturer's  statement  as  to 
performance  is  one  ton  per  hour,  average  out- 

put, at  a  cost  of  $1.00  per  ton,  but  this  output 
has  frequently  been  exceeded  at  a  correspond- 

ingly lower  cost.  The  best  achievement  has 
been  39  tons  in  9  hours  at  a  cost  of  22  cts.  per 

ton.  The  machine  is  manufactured  by  Kar- 
dong  Bros.,  and  is  for  sale  bv  Robert  B. 
Tapbn.  .514  Free  Press  Bldg..  Detroit,  Mich. 

A  Rail  Clamp  for  Steam  Shovels. 
The  steam  shovel  rail  clamp  shown  by  the 

accompanying  sketch  works  like  a  pair  of  ice 
tongs.     It  grips   the  ball  of   the  rail  and  the 

Bates   Rail   Clamp  for  Steam   Shovels. 

wedge  is  driven  across  the  top  of  the  rail;  it 
can  therefore  be  placed  anywhere  on  the  rail, 
even  directly  over  a  cross-tie  as  illustrated 
There  are  only  two  parts,  the  wedge  of  hard- 
enerl  steel  and  the  tongs  which  are  steel  cast- 

ings hinged  by  a  heavy  pin.  These  clamps  are 
made  in  three  sizes  for  50-60  lbs.,  70-80  lb., 
and  90-100  lb.  rails  by  the  Bucyrus  Co..  Post 
C;fF:ce  Box  Z.  Sorth   Aliiwaukee.  Wis. 



E peeeTiniT and  Contracting 
Devoted    to    the    Economics    of    Civil    Engineering    Design 

and    to    Methods    and    Cost    of    Construction 

Volume  XLII. CHICAGO,  ILL.,  JULY  22,  1914. Number  4. 

Concerning  Strength  Specifications  for 
Lime  Mortar. 

The  continued  use  of  lime  mortar  in  walls 
and  in  various  classes  of  work  has  resulted  in 
attempts  to  specify  its  compressive  strength 
and  other  properties.  Until  recently  the  com- 

pressive strength  of  lime  mortar  was  of  little 
importance,  as  the  conditions  under  which  it 
was  used  did  not  require  any  considerable 
degree  of  strength.  However,  the  construc- 

tion of  high  storage  buildings,  warehouses  and 
similar  structures,  in  which  the  walls  are 
sometimes  designed  to  carry  a  considerable 
part  of  the  load  in  addition  to  the  weight  of 
the  wall  itself,  has  made  the  factor  of  strength 

An    Important    Series    of    Articles    on 
Water  Tunnel  Construction. 

The  first  in  a  series  of  four  articles  on  the 
construction  of  water  supply  tunnels  in  the 
Metropolitan  Water  District  of  Massachu- 

setts is  published  in  the  Water  Works  sec- 
tion of  this  issue.  These  are  all  methods  and 

cost  construction  articles,  except  the  fourth 
which  relates  to  work  now  under  construc- 

tion and  for  which  cost  data  are  not  yet 
available  for  publication,  but  in  each  case  the 
essential  features  of  the  design  are  illustrat- 

ed and  described.  The  scope  of  the  several 
articles  is  here  indicated  as  follows : 

The  first  article  pertains  to  the  construc- 
tion, under  free  air  and  by  contract,  of  a 

land  tunnel  through  rock,  and  the  laying  of 
60-in.  cast  iron  and  80-in.  steel  pipes  and 
appurtenances.  This  article  gives  the  meth- 

ods aiid  unit  cost  of  top  soil  excavation  and 
surfacing,  earth  and  rock  excavation  in  open 
trench,  refilling  open  trenches  and  building 
embankments,  tunnel  excavation,  crushing 
stone,  placing  the  concrete  lining  in  the  tun- 

nel, placing  the  concrete  cover  over  the  large 
steel  pipe  in  open  trench,  brick  masonry, 
grputing  fissures  in  the  tunnel  hole,  placing 
the  cement  mortar  lining  in  the  80-in.  steel 
pipe,  and  laying  60-in.  cast  iron  and  80-in. 
steel  pipe.  The  wages  paid  are  stated  and 
the  general  costs  of  materials  and  miscel- 

laneous expenses  are  recorded,  and  the  con- 
struction plant  is  illustrated  and  described. 

The  second  article  gives  the  methods  and 
cost  of  constructing  a  brick-lined  tunnel  un- 

der Chelsea  Creek  for  a  36-in.  water  main. 
This  work  was  carried  on  by  the  pneumatic 
process  and  by  day  labor.  The  treatment  of 
the  subject  is  analogous  to  that  indicated  in 
the  foregoing  digest  of  the  first  article.  The 
third  article  gives  the  methods  and  cost  of 
extending  in  1912  a  24-in.  water  pipe  tunnel, 
which  was  constructed  in  190ft,  under  the 
north  channel  of  the  Mystic  River  at  Chel- 

sea Bridge,  Boston.  The  fourth  article,  as 
stated,  relates  to  the  design  features  of  a 
subaqueous  water  pipe  tunnel,  under  Chelsea 
Creek,  which  is  under  construction  at  the 
present  time. 

All  of  these  articles,  as"  may  be  inferred 
from  the  foregoing,  contain  much  specific  in- 

formation of  great  interest  and  permanent 
value  to  water  works  engineers,  to  water  de- 

partment officials  and  to  contractors,  and  to 
such  readers  the  articles  are  especiallv  com- 

mended. The  articles  are  contributed  bv  Mr. 

William  E.  Foss,  who,  throughout  the'  con- struction of  the  works  considered,  has  been 
Assistant  to  the  Chief  Engineer  of  the  Metro- 

politan Water  and  Sewerage  Board,  and  who. 
therefore,  w^rites  with  full  knowledge  of  the 
matters   discussed. 

an  important  one.  Moreover,  the  practice  of 
breaking  joints  taken  in  connection  with  wind 
pressure  and  settlement  of  foundations  may 
cause  large  shearing  or  even  tensile  stresses 
in  the  mortar.  .As  the  hardening  of  lime  mor- 

tar is  due  to  the  action  of  the  carbon  dioxide 
of  the  air  it  is  evident  that  the  rate  of  hard- 

ening and  consequently  its  strength  at  any 

age  will  depend  largely  upon  the  condition's under  which  it  is  used.  The  fact  that  lime 
mortar  has  been  forced  to  compete  with  Port- 

land cement  mortar,  coupled  with  the  realiza- 
tion that  the  factors  influencing  the  strength 

of  these  two  mortars  differ  widely,  have  made 
it  imperative  to  determine  more  definitely  the 
properties  of  lime  mortar  and  the  conditions 
under  which  it  may  be  safely  used.  Some  im- 

portant data  on  this  subject  are  given  in  a 
paper  by  W.  E.  Emley  and  S.  E.  Young,  pre- 

sented at  the  recent  annual  meeting  of  the 
.American  Society  for  Testing  Materials,  some 
of  the  conclusions  of  which  are  herewith 

given : It  was  concluded  from  numerous  tests  (a) 
that  the  compressive  strength  of  lime  mortar 
is  of  value  for  comparison  only  when  the  con- 

ditions under  which  it  was  made  and  stored 
are  known;  (b)  that  it  is  useless  to  specify 
any  value  for  the  compressive  strength  un- 

less the  method  of  measuring  it  is  also  given 
in  detail,  as  well  as  the  consistency  and  the 
condition  of  the  atmosphere  in  which  the 
specimens  are  stored;  and  (cf  that  the  real 
strength  of  the  mortar  as  used  is  probably 
greater  than  the  measured  strength,  so  that 
this  latter  value  can  only  be  comparative  at 
best  and  cannot  be  used  in  any  engineering 
calculations.  The  tests  demonstrated  that  the 
extreme  difficulty  of  maintaining  uniform  at- 

mospheric conditions  over  long  periods  of  time, 
and  the  necessity  of  specifying  every  minute 
detail  of  manipulation,  made  a  strength  speci- 

fication of  little  value,  and  did  not  warrant 
the  establishment  of  any  definite  relation  be- 

tween the  strength  as  measured  in  the  labora- 
tory and  that  which  may  be  expected  in  prac- 

tice. 
Some  tests  were  also  made  to  determine  the 

effect  of  adding  lime  to  Portland  cement  mor- 
tar. It  is  well  known  that  the  working  quali- 

ties of  cement  mortar  are  greatly  improved  by 
the  addition  of  small  proportions  of  hydrated 
lime,  and  the  practice  of  combining  these  ma- 

terials has  become  quite  common.  .'Mthough 
the  tests  are  not  conclusive  they  point  to  the 
following  conclusions:  (a)  The  addition  of 
small  quantities  of  hydrated  lime  does  produce 
a  weaker  mortar,  but  this  decrease  of  strength 
is  quite  small  if  the  volume  of  lime  is  not 
more  than  one-third  of  that  of  the  cement — 
this  statement  being  true  whether  the  mortar 
is  stored  in  air  or  under  water ;  and  (b)  the 
results  obtained  with  dolomitic  hydrate  were 
at  least  equally  as  satisfactory  as  those  using 
calcium  hydrate.  These  conclusions  are  based 
upon  the  use  of  mortars  whose  consistency 
was  much  thinner  than  that  ordinarily  used 
for  Portland  cement,  although  other  investi- 

gators using  different  consistencies  have 
reached  similar  conclusions. 

The    County    Engineer    of    Yesterday 
and  Today. 

Within  the  past  decade  the  county  engineer 
has  come  into  prominence  in  this  country.  A 
few  years  ago  the  position  of  county  surveyor, 
or  engineer,  in  the  average  county  of  the 
United  States  went  begging.  The  honor  was 
an  emptv  one.     His  chief  duties  consisted  of 
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running  an  occasional  land  line  and  selling 
county  maps.  Today  in  many  sections  the 
county  engineer  is  the  highest  salaried  officer 
of  the  county  and  his  duties  are  varied  and 
interesting.  The  increased  importance  of  the 
duties  of  this  official  is  probably  due  in  a  large 
measure  to  the  activity  in  road  construction 
of  recent  years. 

In  England  and  in  some  sections  of  this 

countr)'  this  post  has  always  been  one  of 

honor  and  importance — often'  decending  from father  to  son— and  justly  so,  for  as  a  rule  a 
man  to  successfully  fill  this  position  must  pos- 

sess a  combination  of  tact  and  engineering 
and  executive  ability  which  is  native  in  few- 
men. 

The  successful  modern  county  engineer  is 
first  of  all  an  executive.  His  work  consists 
largely  of  superintending  foremen  or  inspect- 

ors, or  both.  His  tact  and  uniformity  of  spirit 
must  be  exceptional  since  his  dealings  with 
men  in  many  different  walks  of  life  are  fre- 

quent and  of  importance.  .Affairs  pertaining 
to  the  acquisition  of  right-of-way,  the  pur- 

chase of  supplies,  the  letting  of  construction 
contracts,  the  hiring  of  labor,  the  organization 
and  regulation  of  work,  accounting  and  manv 
similar  matters  calling  for  the  exercise  of 
judgment  pass  through  his  hands. 
As  an  engineer  he  must  be  especially  familiar 

vvith  the  details  of  road  and  bridge  building, 
since  a  large  portion  of  his  work  is  in 
connection  with  these  classes  of  construction. 
The  engineering  features  connected  with  road 
maintenance  are  becoming  important  and  re- 

quire his  constant  personal  inspection  and 
judgment  as  to  proper  methods  and  tools  to 
use.  In  addition  to  this  knowledge  he  is  re- 

quired to  know  something  of  the  operation  and 
repair  of  tools  and  machinery  using  horse, 
gasoline  and  steam  power,  the  composition  and 
durability  of  paints  and  bitumens,  methods  of 
accounting,  the  properties  of  road  materials, 
the  purchase  and  care  of  horses  and  mules 
and  other  matters  small  and  large,  too  numer- 

ous to  mention. 

The  writer  has  in  mind  an  engineer  for  a 
typical  rural  county  who  receives  a  salary  of 
about_  $1,800  per  year.  He  has  under  his 
direction  three  foremen  and  two  inspectors, 
and  has  supervision  of  about  200  miles  of 
road  in  all  stages  of  improvement.  Mules, 
rnachinery  and  equipment  of  all  classes  are  in 
his  charge,  the  value  of  which  approximates 
$20,000.  During  the  course  of  a  year  he  directs 
construction  work  amounting  to  $150,000.  In 
looking  after  their  w-ork  he  travels  by  horse 
and  automobile  several  thousand  miles  a  year 
in  all  kinds  of  weather.    It  is  a  man  size  job. 
Perhaps  the  most  attractive  feature  of  this 

work  to  many  engineers  is  its  independ- 
ence. While  his  term  of  office  is,  unfortu- 
nately, uncertain,  and  many  undesirable  fac- 

tors of  local  politics  enter,  the  county  engi- 
neer is.  nevertheless,  his  own  boss.  Quite 

frequently,  also,  an  opportunity  is  afforded  for 
outside  work,  which  often  adds  materially  to 
his  income.  Moreover,  if  he  has  leanings 
toward  a  farmer's  life — as  many  county  engi- 

neers have — an  opportunity  is  afforded  of  car- 
rying on  this  class  of  work  in  addition  to  his 

regular  duties. 
It  is  desirable  that  the  standard  set  by  coun- 
ty engineers  throughout  the  country  be  high. 

Instead  of  belittling  this  class  of  work  it  be- 
hooves engineers  in  general  to  realize  its  ad- 

vantages and  lend  their  efforts  toward  the 
eradication  of  some  of  the  attendant  evils 
which  make  it  objectionable  at  the  present 
time. 
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The    Relation   Between    Research   and 

the  Activities  of  the  American  So- 

ciety for  Testing  Materials. 

Annual   Address   by   the    President,   Arthur 
N.  Talbot. 

The  American  Society  for  Testing  Mate- 
rials, in  its  16  years  of  activity,  has  had  to  do 

with  the  methods  of  testing  engineering  ma- 
terials— standardizing  methods  to  produce 

uniformity  in  testing  and  to  secure  tests 
which  will  properly  differentiate  qualities  and 
distinguish  between  acceptable  and  lejectable 
materials.  The  society  has  therefore  dis- 

cussed the  desirable  properties  of  ma- 
terisls,  and  naturally  it  has  dealt  large- 

ly with  the  qualities  and  defects  and 
with  the  nature  of  the  uses  of  mate- 

rials, and  with  the  requirements  ac- 
companynig  those  uses.  As  one  func- 

tion of  the  society  is  to  bring  the  pro- 
ducer and  the  consumer  on  common 

ground,  the  society  has  dealt  with 
specifications  and  requirements  for  the 
material ;  definite,  explicit  and  sane  re- 

quirements, acceptable  aHke  to  pro- 
ducer and  consumer,  and  these  have 

come  to  form  the  basis  for  commer- 
cial contracts  over  the  entire  country. 

To  secure  the  formulation  and  adop- 
tion of  such  specifications  has  involved 

an  intimate  contact  between  producer, 
consumer,  and  unattached  expert  in 
ways  that  have  in  themselves  resulted 
lieneficially  to  producer,  consumer,  and 
expert,  as  well  as  to  the  society  itself. 

In  considering  these  activities  of  the 
society,  it  is  apparent  that  the  con- 

structive work  of  the  society  must  be 
based  upon  information  —  definite, 
trustworthy,  complete  information,  on 
the  properties  of  materials,  their 
action  under  stress,  load,  and  time,  and 
in  combination  with  other  parts  in  a 
machine  or  structure.  Obviously,  to 
get  hold  of  this  information  and  to 
pass  upon  its  value  must  be  within  the 
province  of  the  society.  The  element 
of  investigation,  then,  is  vitally  con- 

nected with  the  activities  of  the  so- 
ciety. It  is  to  tlie  question  of  re- 

search in  engineering  materials  and  the 
relation  between  research  and  the 
activities  of  the  society  that  I  invite 
your  attention   for  a  brief  time. 

It  is  unnecessary  in  this  audience  to 
establish   the   need    for   definite,   trust- 

worthy and  complete  knowledge  of  the 
properties   and   actions   of  engineering 
materials.     There  was    a    time     when 
general  information,  common  belief,  or 
even   say-so  opinion   was  all  that  was 
available     for    outlining    specifications 
upon   which   material   was   to   be   pur- 

chased.     Since    the    formation    of   the 
society,  great   advance  has  been   made 
in    our    real    knowledge    of    materials, 

verv-  much  of  it  being  due  to  the  activ- 
ities of  the  society  itself,  and  we  are 

now  where  the  value  of   the  fruit  of 
research   is   appreciated.     As   soon   as 
the    surface    is    scratched   over,    the    need    of 
systematic      investigation     becomes     apparent. 
Ultimate  progress  involves  a  searching,  criti- 

cal,   and    thorough    inquiry    and    investigation 
into   the    facts   and   principles   relating   to   the 
subject.     Real    research    lies    at    the    basis    of 
that   complete   and   definite  knowledge   of  the 
properties    and    actions    of    engineering   mate- 

rials that  is  so  essential  in  the  formulation  of 
specifications    for    the    selection    of   materials, 
and  in  the  understanding  of  the  nature  of  the 
resistance    of    the    machines  and   engineering 
structures  in  which  they  are  used ;  and  more 
and    more   as    time   goes   on   will   the   society 
need  to  avail  itself  of  the  fruits  of  research. 

Fortunately   for   us,   the   agencies   for  gath- 

ering knowledge  and  for  conducting  research 
are  many  and  varied,  and  their  number  and 
opportunities  are  increasing.  First  in  time, 
and  in  the  past  perhaps  first  in  opportunity, 
may  be  named  the  producer  or  manufacturer. 
Next  to  the  producer  may  be  mentioned  the 
consumer,  whose  interests  in  research  should 

be  as  large  or  larger  than  the  producer's, though  neither  of  these  agencies  has  always 
realized  its  investigational  opportunities  and 
responsibilities.  The  private  laboratory  of 
the  consulting  engineer,  testing  engineer,  or 
chemist  and  the  independent  research  consti- 

tute another  agency.  The  various  govern- 
ment laboratories,  the  engineering  experiment 

stations,   and   the   laboratories   of    engineering 

r. 
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colleges  and  technological  schools  may  be 
grouped  together  as  still  another  agency.  The 
list  would  not  be  complete  without  including 

an  agency  which  has  been  especially  produc- 
tive in  effective  investigational  work  in  the 

past  few  years,  and  which  may  be  expected 
to  render  still  more  valuable  service  in  the 

future — I  refer  to  co-operative  work  by 
scientific  and  engineering  societies  and  their 
committees  in  connection  with  producer,  con- 

sumer, scientific  laboratories  and  individuals. 
It  is  not  easy  to  discuss  this  topic  along 

general  lines,  since  the  problems  to  be  con- 
sidered vary  so  greatly  in  nature  and  com- 

plexity. Many  of  the  matters  are  very  sim- 
ple— involve    only    a    description    of    common 

wants  or  of  the  product  commonly  used,  or 

comprise  only  a  statement  of  the  defects  com- 
monly found  or  of  conditions  to  be  avoided 

in  manufacture  or  fabrication.  Again,  cer- 
tain problems  involve  the  possibility  of  manu- 

facturing material  having  the  desired  quali- 
ties within  a  limit  of  cost  of  practical  pro- 

duction. Information  of  the  highest  value 
is  obtainable  by  systematic  observation  on  the 
action  of  materials  in  use,  their  action  under 
stress,  their  development  of  defects,  their  re- 

sistance to  the  effects  of  time,  provided  the 
exact  nature  of  the  materials  is  also  known. 
Another  class  of  problems  requires  the  de- 

termination of  internal  action  under  stress 
or  of  resistance  to  external  agencies,  and 

these  are  generally  complex  problems 
which  need  special  investigation,  time- 
consuming  and  expensive  research, 
diligent  examinations  and  analysis, 
sometimes  running  over  many  years. 
I  have  in  mind  a  research  on  a  topic 
that  is  generally  considered  one  of 
the  simple  matters  connected  with 
reinforced  concrete,  in  which  the  re-  , 

suits  of  the  first  two  years"  work were  thrown  away  or  used  only  as 

preliminary  information  or  as  a  re- 
connaissance survey,  and  on  which  six 

years  more  were  spent  in  a  series  of 
tests,  the  program  of  the  tests  of  each 
year  depending  directly  upon  earlier 
tests  and  the  interpretation  and  analy- 

sis of  the  results  of  the  work  of  all 
the  different  years  being  interrelated 
and  interdependent.  Many  of  the 
problems  still  before  the  society  are 
even  more  complicated  and  their  solu- 

tion will  require  long  and  careful  in- 
vestigations and  critical  and  skilful 

analysis  of  data.  In  some  lines  of 
investigation  the  outcome  may  be  only 
negative,  and  negative  results  are  to 
be  expected.  Such  tests  are  not  wasted 
work,  for  if  the  conditions,  methods, 
and  data  are  placed  on  record,  the 
results  will  be  helpful  in  clearing  the 
field  for  another  method  of  attack. 

There  was  a  time  when  the  knowl- 

edge of  the   properties  of  certain   en- 
gineering   materials    emanated    princi- 

pally from  the  producer,  or  was  even 
held    by   him    as    trade    secrets.      The 
manufacturer    has    special    opportuni- 

ties   for   learning   the  qualities   of   his 

output — in    certain   directions   at   least. 
He   needs   to   know    something   of   its 
properties,  for  during  the  initial  stage 
of  business  he  must  develop  his  prod- 

uct and  generally  he  must  work  to  de- 
velop its  field  of  usefulness  and  appli- 

cability in  order  that  his  business  may 

grow  to  proper  proportions.      Compe- 
tition compels  him  to  know  about  his 

product   and   perhaps   about   the  prod- 
uct  of   his    competitor.     There   was   a 

tendency    then    to    withhold    informa- 
tion;    the   brand     of     the     establis.ied 

house  was   held   sufficient  as   a  speci- 
fication.    Time    has    thrown    purchase 

by  brand  into  disuse  except  for  small 
purchases.     The  brand  of  a  cement  or 
of  boiler  plate   still  has   selling  value, 

but    the    producer    must    contract    to    deliver 
an        article        which      will       comply       with 

definite     specifications.      Buying     by     specifi- 
cation     is      considered     to      be      of      great 

advantage       to       the       consumer.        for  ̂     it 
permits    of    intelligent   competition   and   gives 
an   agreed   statement   of   what    properties   are 
wanted,  and  is  it  not  therefore  advantageous 
to   the   producer   also?    Granting   purchase   by 
specification,   knowledge   of   the   properties   of 

a  material  is  of  great  importance  to  the  pro- 
ducer.     And    the    producer    is    in    a    position 

to  learn  about  .his  product.     He  is  on  the  job 

continually.     His  chemist  and  his  testing  en- 
gineer   keep    tab     on    the    work,    and    these 

trained    and    experienced    men    are    able    and 
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willing  to  conduct  researches  to  learn  more 
of  the  material  and  of  its  action  under  varied 
conditions  of  service.  A  large  amount  of 
valuable  investigation  has  been  carried  on  by 
the  producer.  May  we  not  e.xpect  with  prop- 

er recognition  of  their  work  and  with  proper 
suggestion  and  co-operation  that  the  fruits 

of  the  producer's  research  laboratories  may multiply  greatly  in  amount  and  in  value  to 
the   public? 

The  consumer  is  in  a  different  position;  he 
has  to  live  with  the  material ;  he  knows  how 
it  works,  how  it  wears,  whether  it  breaks 
and  what  the  disastrous  consequences  are. 
He  comes  to  think  he  knows  what  qualities 
he  wants  in  the  material,  and  he  may  ask 
for  these  qualities.  The  producer  may  have 
to  tell  him  that  it  is  not  commercially  practi- 

cable to  make  such  a  material,  or  he  may  in- 
sist that  the  cost  would  be  prohibitive.  The 

consumer  may  find  that  it  will  be  to  his  ad- 
vantage or  to  the  advantage  of  his  client,  the 

public,  to  use  the  better  material  even  at  an 
increased  cost,  as  in  the  case  of  the  rail 
which  reduces  the  chance  for  accident  and 

loss  of  life.  The  consumer  has  many  oppor- 
tunities to  learn  the  peculiarities  of  a  mate- 

rial or  a  product :  and  the  intelligent  sys- 
tematic record  and  analysis  of  failures  or 

defects,  of  service  and  durability,  add  greatly 
to  our  knowledge  of  the  properties  of  mate- 

rials and  may  be  made  to  form  an  even  more 
important  source  of  information.  The  labora- 

tories of  the  consumer  have  been  of  great 
assistance  in  determining  properties  and  in 
formulating  adequate  requirements,  as  is  in- 

stanced in  the  work  of  the  laboratory  of  the 
Pennsylvania  Railroad  Co.,  developed  so 
highly  under  the  leadership  of  our  lamented 
former  president.  Doctor  Dudley.  But  here 
again,  with  an  increasing  number  of  labora- 

tories and  with  increased  interest  on  the 
part  of  the  consumer  in  the  work  of  their 
laboratories,  may  we  not  expect,  as  the  years 
go  on,  that  the  contributions  to  knowledge 
from  these  laboratories  will  increase  many 
fold? 

The  next  group,  the  private  research  lab- 
oratory, may  at  times  serve  the  producer  and 

at  other  times  the  consumer,  in  which  cases 

it  may  be  classified  with  the  producer's  and 
the  consumer's  laboratories ;  or  it  may  serve as  an  independent  research  laboratory  to  in- 

vestigate and  report  independently  upon  a 
research  problem  which  is  of  common  in- 

terest. This  agency  is  also  increasing  in  use- 
fulness and  we  may  expect  its  influence  to 

grow  with  the  years. 
Government  and  college  laboratories  oc- 

cupy an  independent  position.  They  enjoy 
the  very  full  confidence  of  the  public  who 
feel  that  these  laboratories  are  not  connected 
with  special  interests  and  that  research  prob- 

lems will  be  handled  with  judicial  fairness 
and  impartiality.  These  laboratories  enjoy 
the  further  privilege  of  being  able  to  devote 
time  and  money  in  researches  into  the  prin- 

ciples of  action  and  fundamental  nature  of 
materials,  which  are  seemingly  of  remote  ap- 

plicability and  do  not  appeal'  directly  to  the producer  or  consumer,  but  which  finally,  after 
a  number  of  pieces  of  work  have  been  com- 

pleted and  fitted  together,  may  prove  of  in- 
tense practical  value.  Among  these  labora- 
tories, the  testing  laboratories  of  the  national 

government  are  rapidly  assuming  a  place  of 
inestimable  value  in  the  bearing  of  their 
work  on  the  industrial  and  engineering  in- 

terests of  the  country.  A  recent  bulletin  of 
the  society  named  a  number  of  these  gov- 

ernment laboratories  which  have  expressed 
a  willingness  to  co-operate  with  the  com- 

mittees of  the  society.  The  expansion  of  the 
Bureau  of  Standards  in  recent  years  is  an 
instance  of  the  growth  of  government  test- 

ing, aiid  presages  something  of  future  op- 
portunities in  investigations  in  engineering 

materials.  In  the  field  of  college  labora- 
tories, there  has  been  a  development  that  may 

surprise  those  who  have  not  kept  informed. 
At  least  six  engineering  experiment  stations 
have  been  organized  in  connection  with  the 
engmeering  departments  of  state  universities. 
Research  laboratories  of  similar  purpose  are 
connected  with  other  engineering  schools. 
Still    other    schools   are    doing   investigational 

work  in  an  informal  way.  From  all  these 
sources  are  coming  contributions  to  engi- 

neering knowledge  of  great  value  in  the  form 
of  bulletins  and  other  papers.  As  these  labo- 

ratories become  better  organized  and  their 
staffs  acquire  training  and  skill,  is  it  not  to 
be  expected  that  this  agency  for  research 
will  become  a  powerful  factor  in  the  widen- 

ing of  our  knowledge  of  engineering  mate- rials? 

And  now  I  come  to  the  last  of  the  research 
agencies  to  be  named,  one  which  I  feel  is 
most  important  in  the  work  of  the  society, 
and  one  on  which  the  future  progress  of  tlie 
society  greatly  depends — co-operative  work 
between  the  committees  of  engineering  and 
scientific  societies  and  the  laboratories,  facili- 

ties and  store  of  information  of  the  producer, 

consumer,  and  independent  laboratory.  "This 
form  of  activity  takes  advantage  of  the 
knowledge  and  experience  of  the  man  who 
is  familiar  with  the  processes  of  manufac- 

turing and  their  peculiarities  and  limitations ; 
of  the  man  who  knows  the  needs  and  the 
shortcomings  of  the  articles  in  use;  and  of 
the  unattached  expert  who  may  be  able  to 
help  to  correlate  the  views  and  interests  of 
the  other  two.  It  gives  breadth  and  depth  to 
the  scope  of  the  inquiry  and  purpose  to  the 
method  of  testing.  It  assists  in  the  analysis 
of  data  and  the  formulation  of  conclusions, 
and  may  aid  in  making  the  action  of  the  so- 

ciety more  readily  acceptable  to  all  interests 
concerned.  Doubtless,  however,  the  element 
of  patience  may  need  to  be  developed  in  such 
an  organization.  You  are  all  familiar  with 
this  form  of  activity  in  this  society  and  in 
other  societies,  and  I  need  only  refer  to  a  few 
instances  to  bring  to  your  mind  the  results 
which  this  agency  has  already  accomplished. 
.■\  case  at  hand  is  the  report  of  the  Commit- 

tee C-6  to  be  presented  at  this  meeting,  a 
very  valuable  piece  of  co-operative  work  on 
the  methods  of  testing  and  on  the  available 
strengt,h  of  both  clay  tile  and  concrete  tile, 
made  possible  through  the  facilities  of  the 
Engineering  Experiment  Station  of  Iowa 
State  College.  Committee  C-3  has  now  avail- 

able valuable  data  on  the  strength  of  the  build- 
ing brick  that  are  now  in  use  in  various  parts 

of  the  country,  secured  through  co-operation 
with  college  laboratories,  and  the  same  com- 

mittee has  recommended  a  standard  method 
of  testing  paving  brick  based  on  a  somewhat 
similar  form  of  co-operation.  The  work  of 
the  committees  on  iron  and  steel  and  on 
preservative  coatings  furnish  many  similar 
e.xamples.  The  report  of  the  committee  on 
concrete  and  reinforced  concrete,  which 
brought  order  out  of  chaos,  was  based  on 
co-operative  research  work.  Other  societies 
are  using  the  co-operative  agencies.  Several 
recent  reports  of  committees  of  the  Amer- 

ican Concrete  Institute  include  valuable  re- 
search material  obtained  in  this  way.  The 

.'\merican  Railway  Engineering  .AiSsociation 
has  utilized  this  agency  extensively,  though 
its  most  important  research,  that  on  rail, 
which  is  destined  to  put  rail  purchase  and  rail 
use  on  a  new  basis,  has  been  carried  on  al- 

most independently.  In  the  work  of  the  com- 
mittees of  the  American  Society  of  Civil 

Engineers,  the  extensive  tests  of  steel  col- 
umns now  being  carried  out  form  an  inter- 
esting example  of  co-operative  work.  Per- 

haps the  recently  constituted  joint  committee 
of  the  two  societies  last  named  formed  to 

investigate  the  stresses  in  railroad  track — 
rail,  fastenings,  ties,  ballast  and  roadbed — 
will  prove  to  be  the  most  extensive  piece  of 
co-operative   work  yet   undertaken. 

I  have  named  these  examples  of  co-opera- 
tive work  to  freshen  your  memory  and  to 

suggest  the  possibilities  of  this  form  of  re- 
search. I  want  now  to  advocate  the  exten- 

sion of  its  use  as  an  activity  of  the  society 
and  to  urge  upon  our  committees  the  value 
of  co-operative  research  work.  It  seems  to 
me,  too,  that  members  may  well  encourage 
the  making  of  larger  appropriations  for  na- 

tional, state  and  semi-public  laboratories,  and 

may  properly  ask  manufacturers  and  consum- 

ers' themselves  to  support  liberally  research 
in  all  lines  touching  on  engineering  materials. 
The  initiative  for  this  co-operative  work  and 
its  direction  may  well  be  left  to  the  commit- 

tees of  the  society,  whose  members  are  so 
intimately  interested  in  their  work.  Possibly 
some  day  there  may  need  to  be  a  genera! 
research  commitete  of  the  society  to  co- 

ordinate work  and  to  stimulate  opportuni- 
ties. What  is  wanted  now  is  a  fuller  un- 

derstanding by  the  committees  of  their  needs 

and  opportunities  and  especially  of  a  formu- 
lation and  direction  of  the  problems  before 

them.  Make  co-operative  research  work  a 
feature  of  the  society,  and  the  fruits  will  be 
visible  everywhere. 
Research  requires  patience,  diligence,  and 

skill  as  well  as  knowledge  and  opportunity, 
from  outlining  the  problem  and  separating 
the  essentials  from  the  non-essentials  to  an- 

alyzing the  data  and  drawing  conclusions. 
See  that  men  of  ability  and  training  are  se- 

lected for  such  work.  Express  appreciation 
of  the  results  obtained  and  encourage  the  ex- 

tension of  the  work.  For  one  function  of 

the  society  is  to  widen  our;  knowledge  of  ma- terials. 

Costs  of  Surfacing  Track  and  Features 
Which  Influence  That  Cost. 

(Contributed.) 

ORGANIZATION. 

In  doing  any  kind  of  track  work  with 
common  laborers,  the  organization  or  distri- 

bution of  the  men  is  a  matter  requiring  care- 
ful consideration  and  close  attention,  for  it  is 

the  proper  disposal  of  men  which  more  than 
any  other  one  thing  effects  the  amount  and 
quality  of  work  done.  It  has  been  said  with 
truth  that  a  gang  of  poor  workers  well  or- 

ganized is  a  better  gang  and  will  accomplish 
more  than  will  a  gang  of  good  workers  poorly 
organized.  Time  and  confusion  are  saved  by 
assigning  each  man  his  task,  and  requiring 
him  to  remain  as  placed  until  otherwise 
ordered. 

The  value  of  organization  is  not  fully  ap- 
preciated by  all  track  men,  and  is  badly  mis- 

understood as  respects  track  work  by  those 
unfamiliar  with  the  subject.  The  word  not 
only  designates  placing  men  so  that  they 
will  work  harmoniously  and  advantageously, 
but  it  implies  also  that  each  man  shall  be 
placed  at  the  work  for  which  he  is  best  fitted. 
One  can  readily  see  that  this  result  cannot  be 
immediately  attained,  but  it  is  the  idea  aimed 
at ;  and  not  only  must  the  physical  makeup  of 

the  man  be  measured,  but  a  man's  disposition, 
age.  willingness,  natural  skill,  and  familiarity 
with  the  work  must  also  be  considered.  A 
man  who  shows  a  disposition  to  lag  will  many 
times  hold  his  own  against  a  more  willing 
workman  if  the  work  is  arranged  on  a  com- 

petitive basis.  For  instance,  if  a  laggard  is 
placed  where  he  must  rehandle  a  certain 
amount  of  material  which  is  being  passed  to 
him  by  another,  he  will,  in  many  cases,  do 

enough  work  to  keep  from  being  "snowed 

under." 

The  amount  of  work  accomplished  by  the 

individual  is  very  closely  related  to  gang  or- 
ganization. The  best  men  should  be  put  in 

the  lead,  and  wherever  possible  the  work 
should  be  arranged  so  that  each  man  will  have 
to  do  an  equal  share  with  the  head  man,  or 
else  fall  behind  and  be  easily  detected.  It  is 
characteristic  of  the  laborer  experienced  in 
track  work,  that  he  is  loth  to  admit  the 
superiority  of  another  man.  When  such  a  man 
is  placed  so  that  the  amount  of  work  he  ac- 

complishes is  directly  measured  by  the  amount 
some  other  man  does,  he  will  generally  do  his share. 

The  greatest  amount  of  work  will  be  ob- 
tained from  most  gangs  by  treating  them  con- 

siderately, and  this  policy  makes  the  work 
more  pleasant  for  both  laborer  and  foreman. 
"Driving"  men  is  being  done  away  with  to  a 
great  extent,  as  it  is  becoming  difficult  to  keep 
laborers  w'hen  such  a  policy  is  pursued. 
The  idea  that  men  should  be  treated  con- 

siderately does  not  mean  that  discipline  should 

be  sacrificed.  The  foreman's  discipline  should 
be  strictly  maintained  under  all  circumstances. 
He  should  personally  see  to  it  that  each  of  his 
orders  is  obeyed.  In  case  an  assistant  foreman 
is  employed  and  the  gang  is  not  separated,  all 
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orders  should  in  general  be  given  through  the 
assistant  foreman.  This  will  to  a  great  e.xtent 
prevent  conflicting  orders  being  given  to  one 
man.  The  assistant  should  be  backed  up  by 
the  foreman  in  all  cases  in  order  to  maintain 
his  authority. 

In  order  to  provide  maximum  and  easy  su- 
pervision, the  men  should  be  kept  as  close 

together  as  is  possible,  without  interfering 
with  each  other.  The  scattered  condition  of  a 
gang  may  be  due  to  poor  organization  or  to 
irregularities  occurring  in  the  work,  and  a 
foreman  will  show  his  ingenuity  in  arranging 
the  work  and  the  laborers  so  that  the  gang  is 
kept  compact. 

PREPARATION   OF   SUB-GRADE. 

The  American  Railway  Engineering  Asso- 
ciation has  specified  that  before  ballasting  a 

new  track  "all  dirt  above  the  bottom  of  the 
ties  shall  be  removed."  This  is  a  very  neces- 

sary procedure,  for  after  the  track  has  been 
ballasted,  the  part  of  the  sub-grade  directly 
under  the  track  will  be  compressed  and  will 
settle,  and  this  action  will  continue  possibly 
for  a  number  of  months.  So  that  even  if  the 
top  of  the  grade  is  made  level  before  initial 
ballasting,  the  top  of  the  dirt  sub-grade  will 
gradually  assume  a  longitudinal  trough  or 
ditch-like  surface.  The  depth  of  this  trough 
has  actually  been  found  to  be  from  8  to  10 
ins.  on  a  grade  in  Illinois,  from  which  the 
ballast  was  removed. 

Ballast  of  nearly  every  kind — gravel,  cinders, 
crushed  stone — is  much  more  pervious  to 
water  than  the  dirt  which  is  in  the  embank- 

ment. Rain  water  falling  on  these  ballasts  will 
soon  penetrate  to  the  dirt  sub-grade.  If  there 
is  a  basin  beneath  the  ballast,  water  will  be 
retained  on  top  of  the  sub-grade.  If  the 
original  depressions  made  by  the  ties  are  left 
in  the  sub-grade,  the  greatest  accumulation  of 
water  (which  will  cause  softening  of  the  track 
foundation)  is  immediately  beneath  the  tie 
where  the  greatest  pressure  comes  and  where 
the  greatest  resistance  should  be.  The  soften- 

ing of  the  grade  will  tend  to  allow  the  ballast 
and  the  track  to  settle  further  and  thus  make 
the  condition  still  worse.  All  water  which 
collects  in  this  manner  must  soak  through  the 
dirt  of  the  sub-grade  till  it  finally  finds  an 
outlet.  If,  however,  the  surface  of  the  sub- 
grade  were  higher  in  the  middle  than  on  the 
shoulders  or  even  if  it  were  level,  the  water 
which  penetrated  the  ballast  would  find  a 
natural  outlet  along  the  top  of  the  more  im- 

pervious dirt  of  the  sub-grade. 
The  usual  width  of  roadbed  for  single  track 

main  line  is  from  18  to  20  ft.  and  for  double 
track  from  30  to  33  ft.  For  double  track, 
therefore,  it  is  even  more  imperative  that  the 
surface  of  the  sub-grade  be  level,  or  better 
yet.  slope  toward  the  outside.  The  American 
Railway  Engineering  Association  specifies 
three  widths  of  roadbed,  14,  16  and  20  ft.  for 
single  track  roadbeds,  but  common  practice 
seldom  allows  anything  less  than  16  ft.  The 
distance  from  the  end  of  the  tie  to  the  edge 
of  a  16-ft.  roadbed  would  be  4  ft.:  to  the  edge 
of  a  20-ft.  roadbed  would  be  6  ft.  A  speci- 

fication for  a  sub-grade  should,  I  believe,  re- 
quire that  the  middle  10  ft.  of  the  grade  be 

6  or  8  ins.  higher  than  the  shoulder.  If  the 
width  were  made  less  than  10  ft.,  the  difficulty 
of  laying  track  would  be  unduly  increased. 

HEIGHT   OF   RAISE,    TAMPIXG,    ETC. 

Surfacing  new  track  differs  essentially  from 
raising  track  on  an  old  bed.  Track  niust  be 
raised  high,  and  because  of  great  inequalities 
in  the  solidity  of  the  roadbed,  which  will 
cause  unequal  settling,  it  is  not  quite  so  im- 

portant that  the  "top"  or  surface  of  the  track 
should  be  the  best  obtainable. 

Giving  the  new  track  a  high  lift  is  especially 
essential  if  it  is  down  and  the  mud  shows  oc- 

casionally between  the  ties.  Even  the  second 
lift  on  new  truck  will  not  be  of  much  ac- 

count if  it  is  only  2  or  3  ins.,  unless  the  sub- 
grade  is  of  unusually  good  quality.  Of  course 
care  must  always  be  taken  not  to  raise  the 
track  so  high  that  sun  kinks  will  occur.  With 
heavy,  coarse  gravel,  there  is  not  as  much 
danger  of  sun  kinks  as  with  fine  gravel.  Good 
judgmentmust  be  used  in  putting  up  the  track 
only  so  high  that  the  ballast  dressed  in  will  be 
sufficient  to  hold  it  in  surface  and  line. 

The  rule  has  been  generally  accepted  that 
tie  centers  should  not  be  tamped  beyond  aooui 
15  ins.  from  the  rail,  in  gravel  ballast,  the  idea 

being  to  prevent  what  is  called'  center  bound 
track.  This  rule  is  undoubtedly  a  good  one  in 
regular  maintenance  work.  There  is  danger 
that  the  centers  will  be  tamped  up  too  stiff, 
causing  poor  riding  track  and  broken  ties.  On 
construction  work,  however,  full  center  tamp- 

ing is  usually  advisable.  When  surfacing  is 
done  by  contract  there  is  practically  no  danger 
of  getting  the  centers  too  well  tamped,  and 
where  the  lift  is  high,  and  the  grade  new,  the 
settling  of  the  roadbed  will  be  the  most 
serious  feature  and  will  entirely  overshadow 
the  effect  caused  by  too  stiff  center  tamping. 
While  most  track  men  are  entirely  familiar 

with  surfacing  track  on  an  old  bed,  there 
are  some  differences  in  surfacing  track  on  a 
new  bed  which  should  be  brought  out,  to- 

gether with  a  suggested  organization. 

DISTRIBUTION    OF    MEN   AND   WORK    PERFORMED   BY 

EACH. 

The  gang  should  be  organized  somewhat  as 
follows,  varying  the  number  of  men  filling  in 
and  tamping  track  as  conditions  require : 
1  spot  board  man  1  level   board   man 
2  jack  hole  diggers  1  hammer   man 
6  jack  men  8  men  filling  ends 
4  jack   tampers  16  men  tamping  ends 
4  men    filling  in   for  S  men  filling  centers 

jack  tampers  12  men  tamping  centers 

The  spot  board  man  sets  up  the  board  from 
sights  made  by  the  foreman  or  competent  as- 

sistant, unless  sufficient  ballast  is  unloaded  to 
make  a  complete  raise  to  grade  stakes.  Two 
spot  boards  should  be  used,  and  the  man  sets 
one  spot  board  in  advance  and  has  it  ready 
so  there  is  no  delay  of  the  jack  men. 

Of  the  three  j'ack  men  on  each  jack,  two 
carry  the  jack  ahead  and  the  third  carries  the 
jack  board  ahead  (preferably  a  base  plate 
with  a  wire  handle),  and  places  it  in  the  next 
jack  hole.  Extra  jack  boards  and  a  man  to 
do  nothing  but  place  these  in  advance  of  the 
jack  men,  are  sometimes  advantageous  and 
nicrease  the  amount  of  work  done. 

The  level  man  levels  up  the  track  and  also 
sets  the  spot  board  block  back  for  the  fore- 

man to  sight  across,  unless  one  side  of  the 
level  is  trimmed  down  to  the  correct  height 
for  a  spot  board  block  and  is  used  for  that 
purpose.  After  the  jacks  are  let  off,  the 
hammer  man  knocks  down  track  by  hammer- 

ing the  ties  if  necessary.  He  should  also 
carry  a  spot  board  block  so  that  the  jack  men 
will  not  have  to  wait  for  blocks  while  a  joint 
is  being  knocked  down. 

It  is  perhaps  needless  to  say  that  the  men 
around  the  jacks  should  be  the  best  men,  as 
the  amount  of  work  accomplished  depends  so 

greatly  upon  them. 
The  foreman  should  sight  from  about  the 

same  distance  back  of  his  jacks  each  time, 
and  should  raise  both  centers  and  joints  with 
the  spot.  It  is  a  waste  of  time  and  energy  for 
the  jack  men  to  raise  the  joints  first  and  then 
double  back   and   raise  the  centers. 
The  tampers  should  be  organized  to  tamp 

the  track  in  the  following  manner;  if  there 
are  four  pairs  of  tampers  on  the  ends  each 
side,  have  the  head  pair  tamp  every  fourth  tie, 
the  next  pair  tamp  the  tie  behind  that,  etc. 
The  center  tampers  should  follow  a  similar 
system.  Besides  keeping  the  men  at  work 
close  together  without  interference,  this 
method  accomplishes  two  other  very  desirable 
conditions,  viz. :  it  makes  it  possible  to  get 
more  work  out  of  men  who  would  soldier  un- 

der the  old  methods ;  and  more  important  still, 
the  track  as  a  whole  is  tamped  in  a  more  uni- 

form manner.  Under  the  old  method  where 
each  pair  of  tampers  was  assigned  a  rail  or 
half  rail  length,  the  sections  tamped  by  the 
better  tampers  stood  up  better  than  the  rest. 
Where  the  good  tamping  is  mixed  with  the 
poor  the  whole  track  is  more  likely  to  settle 
uniformly. 

A  gang  of  60  or  more  men  should  have  a 
first  class  general  or  head  foreman,  and  at 
least  two  assistants,  one  of  whom  should 

"follow  the  jacks,"  that  is,  sight  the  blocks 
for  the  actual  raising  of  track ;  the  other 
should  have  charge  of  finishing  and  lining 
after  track  is  raised.  The  general  foreman 

should    personally    see    to    all    matters    per- 

taining to  organization,  and  to  the  general 
conduct  of  the  work.  And  it  will  fall  to  him 
to  see  that  the  tamping  is  properly  done,  as 
his  assistants  will  be  kept  busy  with  their 
duties  and  unable  to  look  after  this  very 
important  item.  The  placing  of  men  is  likely 
to  need  changing  several  times  every  day, 
for  conditions  change  as  the  work  moves 
along.  For  instance,  the  uneven  distribution 
of  ballast  may  make  it  necessary  to  make  a 
ch3nge  in  the  lineup.  If  gravel  is  unloaded 
too  heavily,  which  is  often  the  case,  the  num- 

ber of  jack  hole  diggers  will  have  to  be  in- 
creased, while  the  "swampers,"  or  men  filling 

in  can  be  reduced;  if  the  unloading  is 
too  light,  the  swampers  are  not  likely  to  be 
able  to  keep  ahead  of  the  tampers.  All  these 
things  and  many  others  are  matters  for  the 
foreman  to  adjust.  Highway  crossings  also 
force  a  readjustment  of  the  force,  as  they 
have  to  be  planked  and  graded  as  soon  as 

they  are  crossed.  The  foreman  who  is  "onto" his  job  can  generally  spot  some  man  in  the 
gang,  usually  some  old  man  who  has  followed 
track  work  for  years  as  a  means  of  getting 
his  living  and  whiskey,  who,  while  unable  to 
keep  pace  with  the  younger  men  at  tamping, 
is  worth  his  wages  to  look  after  such  jobs  as 
fixing  up  crossings,  and  other  items  like  that. 
The  foreman  will  find  that  there  is  enough  to 
keep  him  busy  without  having  to  stand  over  a 
crossing  that  is  being  put  in  shape,  and  will 
appreciate  an  old  man  like  this. 
The  foregoing  applies  alike  to  either  con- 

tract work,  or  work  done  by  the  company 
forces.  Contractors  nearly  always  see  the 
economy  of  having  ample  supervision,  while 
on  the  contrary  railway  companies  are  usually 
averse  to  having  enough  assistant  foremen  to 
properly  look  after  the  work.  In  these  days, 
the  laborers  being  nearly  all  foreigners  who 
do  not  understand  the  English  language,  it  is 
absolutely  necessary  to  have  more  supervision 
than  is  usually  accorded  by  the  railways  if  the 
v.ork  done  is  to  be  up  to  the  standard  it should  be. 

COSTS. 
The  costs  given  below  are  in  two  parts.  In 

the  first  portion,  the  rate  paid  laborers  was  $2 
per  day,  the  work  being  done  in  the  cool,  early 
spring  months,  from  April  17,  to  May  28,  1913. 
The  costs  in  the  second  part  represent  totals 
where  the  ordinary  rate  for  laborers  was  $2.25 
per  dav,  work  done  in  the  summer  months 
from  June  7  to  Oct.  3,  1913. 
The  total  cost  chargeable  to  track  raising 

during  the  early  period  was  $5,064  for  raising 
60.100  ft.  of  track,  average  raise  6  ins.,  with 
laborers  at  $2  per  day.  This  total  figures  out 
at  $445  per  mile,  including  lining  and  dressing 
up  the  track  to  standard. 
The  total  costs  chargeable  to  track  raising 

during  the  period  with  laborers  at  $2.25  per 
day,  was  $7,850  for  74,400  ft.,  average  raise  6 
ins.,  which  figures  out  $621  per  mile.  This 
figure  includes  dressing  track  to  standard. 
The  average  raise  was  6  ins.  Ballast  was 

good  clean  gravel,  but  was  too  fine  to  make 
the  best  ballast.  It  was  easily  and  quickly 

tamped,  however.  The  track  was  shovel- 
tamped  only,  and  was  tamped  clear  across  ties, 
as  the  softness  of  the  grade  precluded  the  pos- 

sibility of  center  bound  track. 
Especial  emphasis  should  be  given  these 

costs  as  they  give  comparison  between : 
(1)  Costs  of  doing  work  with  $2  labor 

and  $2.25  labor. 
(2)  Unit  costs  in  the  early  spring  and  unit 

costs  in  the  hot  summer  months. 
(3)  The  effect  on  costs  of  breaking  up 

and  reorganizing  a  gang. 

The  first  gang  struck  for  a  raise  of  wages 
which  was  refused.  Then  new  men  could  not 
be  obtained  at  $2  per  day,  so  it  was  necessary 
to  offer  $2.25  per  day.  A  very  poor  class  of 
labor  was  obtained  for  the  second  gang.  This 
was  due  to  the  great  demand  for  laborers  in 
the  summer  months,  and  the  resulting  scarcity 
of  good  laborers.  The  gang  hired  in  the  early 
spring  was  American  labor,  while  many  for- 

eigners were  included  in  the  second  gang. 

The  difference  in  quality  of  laborers  ob- 
tained on  this  work  bears  out  very  strongly 

the  contention  of  track  men  that  a  much  bet- 
ter class  of  labor  can  be  obtained  in  the 

spring  than  in  the  summer.    The  cool  weather 
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77 also  has  a  very  marked  effect  on  the  costs,  as 
shown  in  this  work. 
The  effect  of  breaking  in  or  organizing  a 

new  gang  is  not  generally  realized  by  many 
railway  men  and  contractors.  The  costs  were 
so  much  greater  that  the  contractor  in  this 
case  would  have  been  justified  in  raising  the 
wages  of  the  old  gang  to  $2.50  or  $2.75.  Such 
occurrences  are  all  too  frequent.  An  experi- 

enced and  reliable  man  is  refused  a  raise,  and 
then  it  is  found  necessary  to  offer  a  con- 

siderable higher  salary  to  obtain  even  a  green 
man  to  do  the  work,  frequently  one  who 
cannot  even  approach  the  efficiency  of  the 
former  man. 

It  is  safe  to  assume  that  the  difference  in 
efficiency  between  the  better  men  obtained  in 
the  spring  and  those  obtained  in  the  summer 
will  be  at  least  25  per  cent.  The  work  on  the 
above  was  42  per  cent  cheaper  in  the  spring, 
but  the  cool  weather  was  undoubtedly  re- 

sponsible for  part  of  this.  It  is  fair  to  assume, 
however,  that  the  old  gang  would  have  con- 

tinued with  at  least  as  high  effieciency  as  thev 
had  attained,  and  on  this  basis  the  last  12 
miles  put  up  at  $621  per  mile  represented  a 
loss  of  $2,032. 

The  costs,  especially  during  the  early  spring. 
are  very  low,  much  below  the  average  of 
surfacing  by  railway  forces.  There  are  two 
reasons  for  this  low  cost — ample  supervision 
and  quality  labor.  Few  railways  would  allow 
three  assistants  and  one  general  foreman  at  a 
total  of  $15.50  per  day  to  supervise  a  gang 

averaging  aboi't  70  men.  The  writer's  experi- 
ence would  indicate  that  the  usual  supervision 

would  consist  of  one  foreman  and  one  assist- 
ant, totaling  about  $6  50  per  day,  for  this  size 

railway  company  gang.  And  with  this  inade- 
quate supervision  they  pay  25  cts.  to  $1  less 

per  dav  for  laborers,  and  get  a  class  of  men 

which  is  really  in  greater  need  of  supervision.- 
There  are  two  other  features  that  attention 

should  be  drawn  to:  (1)  The  same  foreman 
handled  both  gangs:  (2)  Costs  in  each  case 
include  the  extra  cost  of  organizing,  each 
gang  being  made  up  from  new  shipments  of 
men. 

COMPARISON   OF   COSTS. 

There  are  no  other  authentic  costs  available 
with  which  to  compare  the  above.  Some  costs 

were  found  of  work  done  in  the  early  90's,  but 
these  costs  were  so  low  as  to  give  rise  to  a 

doubt  of  their  reliability.  The  writer's  ex- 
perience w-ould  indicate  that  $445  per  mile 

for  giving  a  6-in.  raise  and  dressing  up  track, 
is  one  that  it  is  impossible  for  many  railway 
company  gangs  to  even  approach,  at  the  pre- 

vailing wages  of  $1.50  to  $1.75  per  day. 
CONCLUSIONS. 

The  conclusions  to  be  deduced  from  the 
above  is  that  it  is  highly  profitable  to: 

(1)  Allow  ample  supervision — say  one  as- 
sistpnt  foreman  to  each  25  men. 

(2)  Hire  men  as  early  as  possible  in  the 
spring. 

(3)  Pay  quality  prices  and  obtain  quality 
labor. 

(4)  Push  the  work  vigorously  in  the  cool 
months. 

(5')  Use  everv  means  to  retain  an  e.xneri- 
enced  and  organized  gang — it  will  pay  well. 

(6)  Raise  the  wages  of  old  men  rather 
than   hire  inexperienced,  incompetent  men. 

Cost  of  Repairs  of  Drills  Employed  in 
Tunneling. 

From  data  collected  by  cersonal  visits  to 
and  special  reports  from  a  large  number  of 
tunnels,  Messrs.  D.  \V.  Brunton  and  J.  A. 
Davis,  in  Bulletin  57,  Bureau  of  Mines,  pre- 

sent the  following  statement : 
From  September,  1905,  to  March,  1006, 

hammer  drills  were  employed  at  the  Gunnison 
tunnel  with  a  drill-repair  cost  per  machine  of 
13  cts.  per  foot  of  hole  drilled ;  but  when 
piston  drills  were  substituted  the  repairs  were 
reduced  to  3  cts.  per  foot.  In  addition  to  the 
cost  of  materials  these  figures  include  also  a 
charge  for  the  labor  of  the  machinist  making 
the  repairs,  which  is  not  embraced  in  any  of 
the  values  which  follow.  This  fact  must  be 
considered  in  making  comparisons.  Two  years 
later    (September,   1907,   to   August,    1908),   in 

driving  the  last  3,000  ft.  of  the  Yak  Tunnel, 
the  cost  of  materials  only  for  repairs  to  the 
hammer  drills  employed  was  only  1%  cts.,  ap- 

proximately, per  foot  of  hole.  At  the  Mar- 
shall-Russell tunnel,  W'here  hammer  drills 

were  employed,  the  average  cost  of  drill  re- 
pairs from  June,  1908,  to  June,  1911,  was  Vk 

cts.  per  foot  drilled.  Piston  machines  were 
used  at  the  Strawberry  tunnel  from  Janu- 

ary, 1909,  to  September,  1911,  the  cost  for  re- 

TABLE  I.— COST  OF  REPAIRS  FOR  HAMMER 
AIR  DRIULS,  LITTLE  LAKE  DIVISION, 
LOS  ANGELES  AQUEDUCT,  JULY.  1909,  TO 
MAY,  1911. 

Cost  of  drill Total  cost  repairs  per 
Name   of           Distance         of  drill  foot  of 

tunnel.          excavated,      repairs.  tunnel. Lin.  ft. 
IB,     south       l.OSO            5160.39  $0,156 
2,    north          926               180.72  .19.i 
2.  south           419                  64.75  .154 
2.4,  north             460                  46.2S  .100 
:'A,  south           375                  55.50  .148 3,  north           S64                113.60  .131 
3.  south        2.149                505.01  .235 
4.  north          448                 67.03  .149 
4,  south           725                215.48  .297 
7.    north       1.911               399.70  .209 
7,    south       1,024               493.46  .482 
5,  north          225               146.56  .651 
S,    south       1,334               530.52  .398 
9.    north           777               230.51  .297 
9.  south       2,479               404.94  .163 
10,  north       2,626               585.78  .223 
10.    south        1,776                577.24  .325 
\f\.\.     north        1,373                303.06  .221 
lOA,    south       1,756               359.27  .204 

Average       $0.24 

pairs  being  nearly  2%  cts.  per  foot  drilled.  On 
the  Little  Lake  division  of  the  Los  .\ngeles 

aqueduct,  where 'hammer  drills  were  employed, 
the  average  cost  of  drill-repair  materials  from 
July,  1909.  to  May,  1911,  as  shown  by  Table  I, 
was  only  24  cts.  per  foot  of  tunnel  excavated. 
.'\s  each  of  the  two  machines  in  the  heading 
drills  approximately  8  ft.  of  hole  for  every 
foot  of  tunnel  excavated,  the  cost  per  machine 
per  foot  of  hole  is  1%  cts. 

For  1910  and  the  first  half  of  1911  the  repair 
cost  of  hammer  drills  at  the  Carter  tunnel 
was  2  cts.  per  foot  drilled,  .^.t  the  Lucania 
tunnel  the  repairs  cost  Vi  ct.  per  foot  drilled, 
but  the  hammer  drills  had  been  in  use  only 
one  month  at  the  time  the  tunnel  was  visited. 
The  hammer  drills  at  the  Rawley  tunnel  were 
new  also,  the  repairs  for  Tune  and  July,  1911, 
averaging  1  ct.  per  foot  of  hole. 

Standard  Installation  for  Garbage  Can 
at  Panama  City. 

The  health  officer  of  Panama  City  has  ap- 
proved, for  future  use,  the  type  of  garbage  can 

installation  here  illustrated  and  described  from 
information  published  in  a  recent  issue  of  The 
Canal  Record.  The  can  will  be  strongly  made 
of  galvanized  metal.  19  ins.  in  diameter  and 
25  ins.  deep.     It  will  be  provided  with  a  self- 
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Sketch  of  Self-Closing  Garbage  Can  and   In- 
stallation  Now  In   Use   in   Panama   City. 

closing  cover  fitting  over  the  top  of  the  can. 
These  cans  will  be  placed  in  an  approved  loca- 

tion, and  where  the  floor  is  sloping,  as  in  the 

patios  of  most  buildings,  on  a  concrete  foun- 
dation; these  bases  will  be  at  least  2  ins.  high. 

The  covers  to  the  cans  are  of  wood,  home 
made,  fitted  to  two  hinges  fastened  to  the  wall 
of  the  building,  and  to  prevent  them  from  stay- 

ing back,  when  opened,  a  wooden  check  is 
fastened  to  the  wall  at  a  point  where  it  will 
strike  the  cover  about  midway.     The  accom- 

panying sketch  shows  how  the  can  appears 
when  in  proper  position. 
Under  the  new  ̂ rangement,  it  is  mandatory 

on  the  property  owners  to  provide  their  prem- 
ises with  these  cans  at  their  expense,  whether 

occupied  by  themselves,  or  by  tenants,  and  a 
reasonable  length  of  time  from  the  posting  of 
the  notice  will  be  allowed  in  which  to  comply. 
Garbage  cans  are  sold  at  $5.25,  Panama  silver, 
each,  and  the  self-closing  covers  at  $1,  Panama 
silver,  each.  The  concrete  foundations  will 
be  installed  by  the  health  authorities  at  actual 
cost. 

The  adoption  of  a  standard  type  of  garbage 
can,  and  making  its  use  mandatory,  will  do 

away  with  the  heterogeneous  collection  of  con- 
tainers which,  in  the  past,  has  offended  the 

eyes  and  nose  of  the  passerby  on  Panama  City 

streets  at  about  10  o'clock  in  the  evening,  and 
will  tend  to  greatly  improve  the  sanitary  condi- 

tions, as  under  the  tolerated  custom  above  re- 
ferred to,  a  large  proportion  of  the  contents 

of  the  cans  fell  out,  or  the  cans  were  kicked 
over  into  the  street  before  the  garbage  wagon 
made  its  rounds. 

In  order  adequately  to  care  for  the  garbage, 
the  health  officer  has  arranged  that,  in  future, 
three  collections  in  every  24  hours  will  be 
made  in  certain  districts;  two  collections  in 
others,  and  one  in  the  residence  section.  The 
practice  indulged  in  by  the  garbage  collectors 
ever  since  the  collection  of  garbage  was  first 
begtm,  namely,  of  throwing  the  cans  to  the 
sidewalk  or  street  with  all  the  force  at  their 

command,  after  emptying  them,  has  been  dis- 
continued, and  this  historic  nuisance  is  now 

subject  to  a  fine. 

Estimating  Small  Tracts  of  Standing 
Timber. — The  following  method  of  estimat- 

ing small  tracts  of  timber  is  recommended  by 
the  New  York  State  College  of  Forestry : 

(1)  Count  all  the  trees  in  a  circle  118  ft. 
across;  Vi  acre.  (2)  Select  a  sample  tree  as 
nearly  average  as  you  can.  (3)  Determine 
how  much  of  the  tree  you  can  saw  (or  use 
for  any  purpose)  in  16-ft.  logs  (8  ft.  logs 
count  as  halves).  (4)  Add  the  top  and  bottom 
diameters  inside  the  bark,  and  divide  by  two. 
(Only  solid  wood  considered,  bark  excluded.) 
This  will  give  you  the  average  diameter  of  the 
used  length.  (5)  Square  average  diameter 
thus  obtained,  subtract  60,  multiply  by  .8  and 
you  will  have  the  contents  of  an  average  16- 
ft.  log.  (6)  Multiply  by  the  number  of  logs 
in  the  tree  and  then  by  4  times  the  number 
of  trees  on  your  plot  (since  Vi  acre  plot  was 
used)  and  you  will  have  the  contents  of  that 
acre  m  board  feet.  Example. — Basswood,  85 
ft.  total  height,  can  saw  40  ft.  of  it  (2%  logs). 
Top  diameter  inside  the  bark,  10  ins. ;  diameter 
of  lower  cut,  inside  the  bark,  20  ins.  (average 
diameter  15  ins.).  Fifteen  squared  =  225: 
(22.5—60)  X  .8  =  1.32  B.  F.  contents  of  aver- 

age log.  1.32  X  2%  logs  =  330  B.  F.  contents 
of  tree.  10  trees  on  plot  330  X  40  =  13,200 
B.  F.  per  acre.  By  selecting  8  to  10  sample 
plots  in  different  parts  of  the  tract  the  aver- 

age stand  per  acre  may  be   found. 

Additional  Waterworks  for  Hongkong. — 
The  problem  of  providing  a  sufficient  supply 
of  water  for  the  increasing  population  of 

Hongkong  has  been  a  serious  one,  and  sev- 
eral times  there  has  been  almost  a  water 

famine,  due  to  the  shortness  of  the  rainy  sea- 
son. The  Government  has  been  engaged  for  a 

few  years  in  devising  methods  whereby  the 

supply  would  be  ever  sufficient  to  meet  all  rea- 
son.ible  demands  and  two  years  ago  a  contract 
was  let  to  construct  the  Tytam  Tuk  Reservoir 
and  the  necessary  pumping  equipment. 

The  main  features  of  the  scheme  will  be  the 
construction  of  an  enormous  masonry  dam, 
160  ft.  high,  to  impound  1,500  million  gals,  of 
water,  the  extension  of  the  existing  pumping 
station  near  the  shore  of  Tytam  Bay,  and  the 
provision  of  two  sets  of  pumping  machinery 
each  capable  of  delivering  2,000,000  gals,  of 

water  per  day  of  24  hours.  The  work  w-ill  be 
completed  in  1917.  The  estimated  cost  of  this 
undertaking  is  about  $1,200,000  gold.  When  it 
is  completed  the  water  storage  and  catchment 
area  of  the  island  will  embrace  an  area  of 
over  2,000  acres. 
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A  Simplified  Formula  for  Determining 

the  Deflection  of  Reinforced 
Concrete  Beams. 

Some  difficulty  has  been  experienced  in  the 
past  in  attempting  to  check  the  deflection 
formulas  commonly  used  for  reinforced  con- 

crete beams  with  the  actual  measured  de- 
flections. The  following  article,  which  is 

based  on  a  paper  by  G.  A.  Maney,  presented 
before   the   annual   meeting   of   the   American 

Diitjnte  alorg  Neutral  Axis 

Fig.     1.      Section    Along    Beam    Before    and 

After  Bending   and   Curve   Showing  Val- 
ues  of    M  -H  El. 

Society  for  Testing  Materials,  develops  a 

comparativelv  simple  formula  for  the  deflec- 
tion of  reinforced  concrete  beams  which  gives 

results  showing  close  agreement  with  those 

found  by  experiments.  An  examination  of 
the  deflection  formulas  now  in  use  indicates 

that  considerable  uncertainty  exists  with  re- 

gard to  those  particular  features  of  the  action 
of  reinforced  concrete  beams  which  are  the 

determining  factors  in  their  deflections.  The 

use  of  existing  formulas  becomes  somewhat 

difficult  both  because  of  the  number  of  con- 
stants involved  and  because  of  the  indefinite 

nature  of  some  of  these  constants.  The  at- 
tempt is  made  in  this  article  to  shovv  that 

the  unit  deformations  in  the  steel  and  in  the 

extreme    fiber    of    the    concrete   are   the    only 

K-ec  ->( 
1         I 

Neutral   7 

  '-.Limit  of 
Tension  in  Concrete 

'^:  ;   1  I      I 

Lc        Unity       >W      e,    M  a^y 

Fig.  2.    Variation  of  Stress  and  Deformation 
Over  the  Beam   Section  and  dS. 

determining  factors  in  the  deflection,  except 

the  depth,  span  and  method  of  load  distribu- tion. 
DISCUSSION. 

The  formula  which  will  be  developed 
shows  that  the  deflection  is  equal  to  the  prod- 

uct of  a  constant  into  the  sum  of  the  defor- 

mations at  the  two  extreme  fibers.  In  any 
case  this  constant  depends  for  its  value  only 
upon  the  dimensions  of  the  beam  and  the 
method    of    loading.     The    formula    is   based 

M 

upon  a  certain  property  of  the     curve  for EI 

any  beam,  namely,  that  the  deflection  of  the 
beam  is  proportional  to  the  statical  moment 
of  the  area  under  this  curve.  The  curve  is 
obtained  hy  dividing  each  ordinate  of  the 
bending  moment  curve  by  the  product  of  the 
corresponding  values  of  E  and  /  (the  modulus 
of  elasticity  of  the  material  and  the  moment 
of  inertia  of  the  sectional  area  of  the  beam, 
respectively). 

As  a  practical  method  of  finding  deflections, 
this  property  applies  to  homogeneous  beams 
only.  A  precise  statement  of  the  property  as 
here  used,  with  certain  modifications  for  re- 

inforced concrete,  is:  The  statical  moment 
M 

of  the  area  under  the     curve  between  any 

EI 

two  points  on  the  elastic  curve,  taken  about 
one  of  these  points,  is  equal  to  the  vertical 
deflection  of  this  point  from  a  tangent  to 
the  elastic  curve  at  the  other  point.  (The 
beam  is  assumed  to  be  horizontal.)  This 
mav  be  proved  as   follows  : 
P;oo/.— The  unit  stress  on  the  extreme 

fiber  is  equal  to  Mc/I.  The  unit  deformation, 
e,  of  that  fiber  is  therefore  equal  to  Mc/EI^ 

and  the  total  deformation  m'  the  distance  dS 
along  the  elastic  curve  equals  Mc  dS/EI.  Re- 

ferring to  Fig.  1,  it  is  seen  that  this  total  de- 
formation of  the  extreme  fiber  divided  by  the 

distance,  c,  from  that  fiber  to  the  neutral  axis 
is  equal  to  the  change  of  slope,  cfS,  in  the 
distance  dS.    Or, 

Mc  dS  M  dS 
de=   -<r  =        (1) 

EI  EI 
It   will   be   seen   that  the   term   MdS/EI   is 

equal  to  the  area  under  the  M/EI  curve   for 
the  distance  dS  along  it;  that  is,  dQ  is  equal 

-  to    a    differential    element   of   the    area    under 
that  curve. 

Now  let  6'  equal  the  distance  from  any  dif- 
ferential element  dS  to  the  point  at  which 

the  deflection  is  desired.  Then,  referring  to 

Fig.  1,  it  is  clear  that  the  deflection  of  N'  from the  tangent  MN  at  M  is  equal  to  thfe  sum 

of  the  products  of  each  .S"  dQ  along  the  elastic 
curve  from  M  to  N,  S  being  measured  from iV.     Or, 

/  =  S5rfe      (2) 

But  S  dQ  is  equal  to  the  statical  moment  of 
the  differential  element  of  tlie  area  under 

the  M/EI  curve  about  A'',  by  the  definition 
of  statical  moment.  Therefore,  the  deflection 

of  any  point  from  the  tangent  to  the  elastic 
curve  at  any  other  point  is  equal  to  the  statical 
moment  of  the  area  under  the  M/EI  curve 
about   the    first   point. 

(In  this  proof,  as  in  all  treatments  of  the 

elastic  theory,  it  is  assumed  that  the  projec- 
tion of  the  neutral  axis  after  bending,  upon 

its  original  position,  is  the  same  as  its  length 
before  bending.) 

This  property  may  be  conveniently  ex- 

pressed in  the  following  form  for  homo- 
geneous beams ; 

f=kl\M/EI)      (3) 
The  value  for  M/EI  in  equation  (3)  will 

be  taken  for  the  point  in  the  beam  at  which 
the  bending  moment  is  maximum.  Then  the 

value  of  k^\s  such  that  the  statical  moment  of 
the  M/EI  area  between  any  two  points,  which 
is  equal  to  the  deflection  of  one  point  with 
respect  to  the  tangent  to  the  elastic  curve  at 

the  other,  is  expressed  in  terms  of  this  maxi- mum value  of  M/EI  and  the  span  of  the 
beam,  /. 

It  is  evident  that  the  value  of  k  for  any 

case  is  equal  to  the  coefficient  of  deflection  for 

homogeneous  beams  in  the  well-known  equa- 
tion /  =  ifei  W  F/EI  divided  by  the  coefficient 

for  the  maximum  bending  moment,  which   in 

general  may  be  expressed  as  M^=k:Wt,  from 
which  M'  =  M/ki  I.  Substituting  this  in  the 
last  equation  for  deflection,  we  have : 

•(4) 

M  ''_*>. 

~  '  '  kd  '  EI  k.  [  EI  , 

Comparing  equation  (4)  with  equation  (3) 
it  is  seen  that  k  =  ki/k^..  To  illustrate,  con- 

sider the  deflection  at  the  center  of  a  freely 

supported  beam  with  a  single  concentrated load   at   the   center;   that   is,  the   deflection   of 

/n  Fig5.5to8,ind,  l-IU";d'IO",   A  ̂  -  ZZI. 

Values     Be- 
tween   Supports    and    Center      Line     of 

Span;        (a)  Third-Point      Loading; (b)  Center   Loading;      (c)  Loads 
at  0.1875/  from  Ends  of  Span. 

the  support  with  respect  to  the  tangent  to  the 
elastic  curve  at  the  center.  The  coefficient  fei 

is  1/48,  and  fo  is  1/4.  Therefore,  the  coeffi- 
cient k  in  equation  (3)  will  become  \/\i (=0.0833;  see  Fig.  3  (b)  ). 

The  maximum  deflection  of  a  simple  beam 

is  equal  to  the  deflection  of  the  support  from 

the  horizontal  tangent  to  the  elastic  curve. 

Usually  the  maximum  deflection  occurs  at  the 
Unit  DetormaT^on. 

0         0.0005      0.001      0.0015      O.OO;      O.OOiS      0003      0.0035 

01  0,6  1 2 

Detlection.in. 

Fig.  4.    Deformation  and    Deflection   Curves 
of     Reinforced     Concrete    Beam;     1:2:5 

Concrete;  1.26  Per  Cent  Steel;  Square 

Corrugated     Bars;     and     Third- Point   Loading. 

center  of  the  beam,  as  in  all  cases  of  sym- 
metrica! loading.  With  irregular  loading  it 

usually  occurs  near  the  center  of  the  beam. 

Then,  bv  the  property    of    the    M/EI    curve 
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above  referred  to,  we  may  express  this  deflec- 
tion as  statical  moment  about  the  support  of 

the  area  under  the  M/El  curve  between  the 

point  at  or  near  the  center  of  the  span,  where 
the  slope  is  zero,  and  the  support.  If  this 
statical  moment  is  expressed  in  terms  of  the 
maximum  ordinate  of  the  M/EI  curve  and  the 
whole  span  an  expression  is  obtained  of  the 
form  of  equation  (3),  in  which  the  coefficient 

k  will  equal  k-Jk-,. 

It  may  be  of  interest  here  to  point  out  that 
M/El  equals  the  rate  of  change  of  the  slope 
of  the  elastic  curve,  or  the  change  of  slope 
per  unit  distance.     This  may  be  seen  by  di- 
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In  a  reinforced-concrete  beam   (see  Fig.  2), 
■iW                       (?c        f  s          ec  +  fs 
— -  =  de  =  _  =  _=:     ....(5) 
C.I  cc       c>  d 

Substituting  this  value  of  M/EI  in  equa- 
tion (3),  the  following  expression  for  the  de- 

flection of  a  reinforced  concrete  beam  is  ob- tained : 

F 
■f  =  k  ~  (ec  +  es)      (6) 

d 
This  is  based  on  the  usual  assumption  that  a 
plane   before   bending    remains    a   plane    after 
bending,  which  seems  justifiable  from  the  evi- 
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Figs.    5-10.      Deformation    and    Deflection        -.         - 

Concrete      Beams;       1:3:6     Concrete;    Percentage   of   Steel   and 

Loading   as    Noted. 
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Curves      of      Reinforced 

pressive  stresses  in  the  concrete  and  the  tensile 
stresses  in  the  steel.  This  means  that  we 

might  expect  a  stifter  beam  in  the  earlier 
stages  of  the  loading,  as  the  steeper  slope  of 
deflection  and  deformation  curves  show. 

For  the  reason,  therefore,  that  tension  ex- 
ists in  the  concrete  and  that  usually  near  the 

end  of  the  beam  the  rods  are  bent  up,  we 
know  that  the  value  of  the  {ec  +  es)/d  curve, 
with  which  we  deal  to  obtain  the  deflection, 
will  not  have  the  same  variation  as  the  values 
of  M. 

Near  the  supports  of  a  simple  beam  and  at 
all  points  where  the  bending  moment  is  small 
we  would  expect  considerably  smaller  values 

of  (<7c  -j-  es)/d  than  the  value  of  ̂ 1/  at  such  a 
point,  relative  to  the  value  of  M  at  the  point 
of  maximum  moment  would  indicate.  The 

values  of  {eo  -\-  ea)/d  would  probably  follow 
the  dotted  line  indicated  in  Fig.  3  (6)  be- 

cause  of   the  tension   in     the     concrete.       A 
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Figs.    11-14.     Deformation    and    Deflection      Curves      of      Reinforced 

Concrete   T-Beams;      1:2:4    Concrete:    1.04  Per  Cent  Steel;   and 
Third-Point  Loading. 

viding    equation 

i'Q/dS  =  M/El. 

(1)     by     dS ,     which     gives 

DEFLECTION   OF  REINFORCED  CONCRETE  BEAMS. 

The  application  of  this  principle  to  the  de- 
flection of  reinforced  concrete  beams  consists 

in  finding  a  convenient  e.xpression  for  the 
value  of  M/EI. 

Let  ec  and  cc  be  the  unit  deformation  in  the 

extreme  fiber  and  the  distance  from  the  ex- 
treme fiber  to  the  neutral  axis,  respectively, 

for  the  concrete,  and  let  cs  and  ts  be  the  same 
quantities  for  the  steel.  In  a  homogeneous 
beam,  as  above  indicated,  e/c  =  M/EI  ̂ dQ, 
and  is  the  same  for  both  extreme  fibers.  In 

this  case,  since  the  values  of  EI  are  constant 
throughout  the  length  of  the  beam,  e/c  varies 
directly  as  M  throughout  the  span. 

dence  of  reliable  tests  herein  referred  to. 

From  the  preceding  analysis  it  is  evident 
that  the  deformations  of  the  extreme  fibers 

are  the  only  determining  factors  in  the  de- 
flection, except  the  span,  depth  of  beam,  and 

load  distribution — these  latter  all  being  known 
for  any  given  conditions.  It  is  also  evident 
that  the  distribution  of  the  stresses  in  the 
steel  and  concrete  over  the  section  have  no 
influence  on  the  deflection,  except  in  so  far 

as  they  influence  the  deformations  of  the  ex- 
treme fibers. 

The  influence  of  tension  in  the  concrete 

might  well  be  discussed  here.  We  know  from 
the  principles  of  equilibrium  (see  Fig.  2)  that 
the  effect  of  the  tension  in  the  concrete  at  low 

stresses  is  to  reduce  to  some  extent  the  com- 

glance  at  Fig.  3  (b)  will  show,  and  compu- 
tations will  prove,  that  a  small  decrease  in 

values  of  (ec  +  es)/d  (=  c(6)  near  the  point 
about  which  moments  are  taken  (the  support, 

in  this  case),  changes  the  values  of  this  mo- 
ment only  slightly. 

E-XAMPLES    SHOWING    AGREEMENT   BETWEEN    COM- 
PUTED DEFLECTIONS  AND  THOSE  FOUND 

FROM    TESTS. 

In  all  the  curves  shown  in  Figs.  4  to  14,  in- 
clusive, which  represent  tests  on  beams  made 

by  the  Engineering  Experiment  Stations  of 
the  Universities  of  Illinois  and  Wisconsin,  de- 

formations in  the  concrete  and  the  steel  were 

measured  at  the  point  of  maximum  bending 
moment  only,  which  is  at  the  middle  for 
center  loading  and  between  loads  where  they 
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symmetrically  applied.  When  the  sum  of  the 
extreme  fiber  deformations  in  the  concrete 

and  the  steel  at  this  pomt  of  maximum  de- 
formation were  multiplied  by  the  constant  in- 

dicated in  Fig.  3  for  their  respective  condi- 
tions of  span,  depth  and  load-distribution,  a 

aeflection  curve  which  is  indicated  by  a  dotted 
line  in  each  of  Figs.  4  to  14  is  obtained, 
agreeing  very  closely  in  every  case  with  the 
actual    measured    deflection    curve. 

This  fact  indicates  that  it  is  proper  to  make 
the  deflection  a  function  of  the  deformation 
in  the  extreme  fibers  at  the  most-stressed  sec- 

tion, and  that  the  effect  of  tension  in  the  con- 
crete and  of  the  change  in  the  moment  of 

inertia  due  to  bent-up  bars  is  negligible.  Where 
such  bars  are  used  they  are  always  bent  up  at 

points  where  the  bending  moment  is  com- 
paratively small,  and  the  decrease  in  the  mo- 

ment of  inertia  of  a  section  due  to  the  bent- 
up  bars  would  be  counterbalanced  to  some 
degree  by  the  increase  of  the  moment  of  in- 

ertia due  to  the  larger  percentage  of  tensile 
stress  in  the  concrete  at  this  section. 

Figs.  4  to  10,  inclusive,  give  curves  of  ec,  et, 
and  deflection  for  some  beams  tested  by  A.  N. 
Talbot  (Bulletin  No.  4,  University  of  Illinois 
Engineering  Experiment  Station).  They 
cover  widely  varying  percentages  of  steel  and 
three  different  methods  of  application  of  load. 
The  areas  between  the  center  of  the  span  and 

the  support,  of  which  m.oments  about  the  sup- 
port are  taken  for  these  three  different  cases 

of  loading,  are  indicated  in  Fig.  3. 
When  moment-area  is  expressed  in  terms  of 

(ec  +  (?s)/rf  and  /,  we  get  the  constant  k,  in- 
dicated. The  uniformly  close  agreement  of 

the  dotted  line,  which  is  plotted  according  to 
tiie  formula,  and  of  the  deflections  actualh 
measured  is  interesting^ 

Figs.  11  to  14,  inclusive,  show  the  results 
of  tests  made  by  JM.  O.  Withey  (Bulletin  No 

197,  University  of  Wisconsin  Engineering  Ex- 
periment Station).  These  are  all  T-beam.; 

and  have  either  stirrups  of  bent-up  rods. 
Tests  of  three  large  beams  are  described  b;. 

A.  N.  Talbot  (Bulletin  No.  28,  University 
of  Illinois  Engineering  Experiment  Stf- 
tion).  These  beams  are  23  ft.  6  ins.  lone, 
6  ft.  3  ins.  wide,  30%  ins.  in  effecti\  e 

depth,  and  have  1.26  per  cent  of  rein- 
forcement. Many  of  the  rods  are  bent  up, 

and  stirrups  are  used  outside  the  third  points. 
These  beams  are  larger  than  most  beams  used 

in  practice  and  the  details  are  typical.  De- 
formations in  the  concrete  and  the  steel  were 

taken  on  50-in.  gage  lengths  at  the  middle, 
and  the  beams  were  loaded  at  the  third  points. 
The  results  for  one  of  these  beams  are 

shown  in  Fig.  4.  For  this  beam  as  for  the 
other  two,  when  the  deformations  measured 
in  the  concrete  and  in  the  steel  are  used  to 
obtain  the  deflections  by  substituting  them  in 

the  formula  proposed  in  this  paper,  a  deflec- 
tion curve  is  obtained  as  shown  by  the  dotted 

line,  which  agrees  very  closely  at  all  loads 
with  the   actual  measured   deflection. 

Values  of  k  for  maximum  deflections  under 
several  conditions  of  loading  are  here  given : 

Beam  with  uniform  load: 
Ends  freely  supported,  fe  =  .5/48  or  0.1041; 
Ends  fixed,  /t  =  l/32  or  0.0313. 

Beam  loaded  at  the  third  points: 
Ends  freely  supported,  /!;  =  23/216  or  0.1065; 
Ends  fixed,  k=^b/U\  or  0.0347. 

Beam  loaded  at  the  middle: 
Ends  f reelv  supported,  k  =  1/12  or  0.0833 ; 
Ends  fixed,  k  =  1/24  or  0.0416. 

excavation  work.  The  work  consisted  of  ex- 
cavating the  site  of  a  reinforced  concrete 

building  in  New  Haven,  Conn.  The  build- 
ing was  62  ft.  wide  by  400  ft.  long,  the  base- 

ment floor  being  about  10  ft.  below  the  nat- 
ural grade.  The  work  was  done  in  mid-win- 
ter. As  the  excavated  material  was  to  be 

used  in  bringing  up  to  grade  the  depressions 

in  other  parts  of  the  lot  the  contractors  de- 
cided to  use  wheel  scrapers.  In  addition  to 

the  excavated  earth,  quantities  of  sand,  of 
good  quality,  were  taken  out  and  placed  in 
storage  piles  for  use  later  in  concrete.  The 
loam  and  top  soil  were  first  removed  by 
means  of  plows  and   frost  wedges. 
A  study  of  the  length  of  haul  and  of  the 

number  of  wheel  scraper  loads  per  day  showed 
that  on  the  average  120  loads  constituted  a 

full  day's  work,  although  for  the  longer  hauls 
only  about  110  loads  per  day  were  made.  The 
teamsters,  when  going  about  their  work  in 
the  usual  leisurely  way  and  with  no  incentive 
for  high  performance,  at  best  were  hauling 
only  120  to  130  loads  per  day.  The  applica- 

tion of  the  bonus  system  changed  the  entire 
tone  of  the  work  from  half-hearted  endeavor 
to   enthusiastic  effort. 

In  starting  payment  for  extra  work  each 
driver  who  had  made  120  loads  or  more  dur- 

ing the  day  was  given  a  bonus  or  50  cts.  This 
bonus  was  later  increased  to  $1  for  each  man 
who  made   150  loads  during  the  day — a  mark 

Effect  of  Bonus  System  on  Quantity 
and  Unit   Cost  of  Basement 

Excavation. 
(Staff  Article.) 

It   is   unquestionably  true  that  most   work- 
men   will    put    forth    extra    effort    when    they 

are  certain  of  receiving  monetary  returns  for 
extra    performance.      If    adequate    supervision 
is  furnished  a  direct  gain  may  often  be  made 
in   construction    work,    and    this    is   especially 
true  where  the  time  element  is  of  greatest  im- 

portance.    The   following   data   show   the   re- 
sults  of    a    bonus    system    as   applied   by   the 

Aberthaw    Construction    Co.,    of    Boston,    to 
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Fig.   1.    Curves   Showing   Variation   in   Quan- 
tity of  Excavation,  Bonus  Paid,  and  Unit 

Cost    for    Basement    Excavation    in 
New    Haven,   Conn. 

which  several  reached.  It  was  expressly  stip- 
ulated that  the  horses  should  not  be  mis- 
treated and  that  loads  which  were  not  full 

would  not  be  credited  on  the  tally  board. 
While  these  instructions  were  well  followed, 

it  is  probable  that  the  horses  were  worked  to 
their  limit. 

The  curves  of  Fig.  1  show  the  variation  in 
quantity  of  excavation,  amount  of  bonus  paid, 
and  cost  per  cubic  yard  for  excavation.  No 

attempt  has  been  made  to  give  actual'  values as  comparative  values  only  were  desired.  By 
referring  to  these  curves  it  is  seen  that  the 
cost  per  cubic  yard  of  excavation  was  lowest 
when  the  quantity  of  excavation  and  conse- 

quently the  amount  of  bonus  were  highest. 
It  will  be  noted  that  increase  or  decrease  in 
cost  per  cubic  yard  of  excavation  is  in  inverse 
ratio  to  the  increase  or  decrease  of  quantity 
of  excavation  and  bonus  paid,  throughout  the 
length  of  the  curves.  The  decrease  in  cost 
from  about  35  cts.  per  cubic  yard  at  the  time 
the  bonus  was  first  applied  to  25  cts.  per  cubic 
yard  and  under  for  the  peak  of  the  excavation 
curve  involved  a  saving  of  more  than  $60  per 

day  during  the  period  of  maximum  e.xcava- tion. 

Standardizing     Concrete     Construction. — 
Three  cement  companies  of  the  northwest 
states  have  joined  in  a  movement  for  the 
standardizing  of  concrete  construction.  These 
companies  have  employed  a  firm  of  engineers 
to  inspect  and  report  on  the  quality  of  work- 

manship and  material  furnished  cement  users, 
in  order  that  uniformly  good  results  may  be 
obtained. 

Structural   Features   of   the   Michigan 
Central  Station  and  Office  Building 

at  Detroit,  Mich. 

(Staff  Article.) 

II. In  our  issue  of  June  24,  1914,  we  described 

and  illustrated  the  principal  architectural  fea- 
tures and  gave  a  general  description  of  the 

combined  station  and  office  building  recently 
completed  at  Detroit,  Mich.,  for  the  Michigan 
Central  R.  R.  In  this  issue  we  shall  treat  of 
the  structural  features  of  this  terminal,  giving 

particular  attention  to  the  foundation  of  the main  building. 

SUBSTRUCTURE. 

Design  Features. — The  type  of  foundation 
adopted  for  the  combined  station  and 
office  building  is  unusual  for  a  struc- 

ture of  this  magnitude,  consisting  of 
a  reinorced  concrete  mat  over  the  entire 
area.  The  original  design  provided  for 
caissons,  but  the  experience  of  the  Detroit 
River  Tunnel  Co.  in  the  construction  of  its 
tunnels  was  that  the  blue  clay  had  a  tendency 

to  flow  under  heavy  pressure,  while  the  bor- 
ings taken  at  the  site  showed  that  the  average 

distance  to  rock  was  110  ft.  These  conditions, 

coupled  with  the  fact  that  there  was  a  pos- 
sibility of  striking  a  sulphur  vein,  such  as  was 

found  in  constructing  the  foundation  for  the 
Ford  building,  led  to  a  very  exhaustive  series 
of  tests  to  determine  the  bearing  power  of  the 

clay  and  of  several  types  of  concrete  piles. 
After  carrying  on  the  tests  for  some  time  it 
was  concluded  that  piles  were  inadequate  and 
the  use  of  a  reinforced  concrete  mat  was  de- 

cided upon.  In  some  cases  the  clay  would 
withstand  a  pressure  of  7,000  lbs.  per  square 
foot  with  no  appreciable  settlement,  but  its 
sustaining  power  was  extremely  variable.  The 
allowable  bearing  pressure  finally  decided  up- 

on for  the  main  building  was  4,000  lbs.  per 

square  foot,  and  this  pressure  was  also  used 
for  the  spread  footings  of  the  train  shed. 
The  reinforced  concrete  mat  under  the  high 

office  portion  is  42  ins.  thick,  while  under  the 
waiting  room  and  concourse  the  thickness  is  30 
ins.  The  entire  mat  is  composed  of  1 :2  :4  con- 

crete, reinforced  in  both  directions  for  the 
bending  caused  by  the  pressure  due  to  the  flow 

of  the  clay.  Figure  1  shows  a  plan  of  the  foun- 
dation under  the  east  half  of  the  oftice  building 

and  under  a  part  of  the  main  station.  The 
construction  of  the  west  half  of  the  founda- 

tion is  similar  to  that  shown  in  Fig.  1.  '1  he 
station  and  its  reinforced  concrete  mat  foun- 

dation extends  a  considerable  distance  each 

side  of  the  portion  shown  in  Fig.  1.  By  re- 
ferring to  the  elevations  of  the  top  of  the 

mat  and  of  the  top  of  the  concrete  piers  which 
carry  the  columns  it  will  be  noted  that  the 
piers  extend  a  considerable  distance  abdve  the 
mat.  This  was  due  to  the  fact  that  the  type 

of  foundation  was  changed  after  the  material 
for  the  columns  had  been  ordered  and  par- 

tially fabricated.  It  will  be  noted  that  com- 
bined piers  were  used  for  a  number  of  the 

columns.  The  lines  along  which  the  change  in 
depth  of  footing  occurred  are  indicated  in 
Fig.  1. 
Figure  2  shows  cross-sections  of  the  mat 

and  piers  taken  at  three  different  locations. 

Figure  2  (a)  shows  a  north-and-south  cross- section  of  the  mat  taken  near  tlie  center  line 

of  the  office  building.  The  change  in  the  thick- 
ness of  the  mat  and  the  arrangement  and  size 

of  the  reinforcement  outside  of  the  oflice 

building  portion  are  shown  in  this  drawing. 

Figure  2  (b)  shows  an  east-and-west  and  a north-and-south  section  of  the  portion  of  the 

mat  at  piers  Nos.  2  and  3  (for  location  see 
Fig.  1).  To  provide  for  the  column  loads  and 
for  the  flow  of  the  underlying  clay  the  mat  is 
reinforced  at  both  top  and  bottom,  the  center 
of  the  reinforcement  being  6  ins.  from  the  bot- 

tom and  4  ins.  from  the  top  of  the  mat.  The 
arrangement  and  size  of  the  bars  are  given  in 

the  drawing.  Figure  2  (c)  shows  a  cross- section  of  the  mat  taken  through  piers  Nos. 
108,  143  and  83.  By  referring  to  this  drawing 
it  will  be  noted  that  the  reinforcement  in  the 
bottom  of  the  slab  consists  of  two  tiers  of 
bars  running  in  one  direction  and  one  tier  in 
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81 the  opposite  direction,  while  the  reinforcement 
in  the  top  of  the  mat  consists  of  one  tier  in 
each  direction.  These  drawings  show  the 
height  to  which  some  of  the  piers  were  built 
above  the  top  of  the  mat  to  accommodate  the 
steel  work. 

In  general  the  piers  rest  on  spread  footings 
which  in  some  cases  carry  the  combined  loads 
of  several  colnmns.     The  heaviest  load  on  any 

column  is  about  600  tons.  In  all  cases  where 

the  economic  depth  of  footing  is  less  than  or 
is  equal  to  the  depth  of  mat  the  piers  rest 
directly  on  the  mat,  and  the  reinforcement  is 
so  arranged  as  to  spread  the  load  over  the 
required  area.  Under  the  high  portion  of  the 
building,  however,  the  economic  depth  of  foot- 

ing is  considerably  greater  than  the  depth  of 

mat,   and    in   these   cases   the   footing  projects 

up  through  the  mat. 
Construction  Features. — The  original  inten- 

tion was  to  construct  the  mat  as  a  monolith, 
but  this  was  found  to  be  impracticable,  as  the 
concrete  would  begin  to  set  in  places  before 
it  could  again  be  freshened.  It  was  finally 
decided  to  pour  the  mat  in  sections  about  20 
ft.   wide   extending  the   full  distance  east  and 
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Fig.  1.    Foundation  Plan  of  East  Half  of  Michigan   Central   Station   and   Office   Building,    Detroit,    Mich.— Plan    Shows    Portion    Under 

Office  Building  and  Central   Part  of  Station.— Change  in  Thickness  of  Concrete  Mat  Indicated  by  Heavy  Lines. 
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west.  Dowels,  of  sufficient  cross-sectional  area 
to  resist  the  horizontal  shear,  were  provided 
for  each  pier  or  footing. 

The  entire  lot  was  excavated  to  the  required 
depth  with  two  steam  shovels,  this  work  being 

The  contractors  poured  all  of  the  concrete 
from  trestle-work,  which  rested  on  4x6-in.  tim- 

ber posts.  Figure  3  shows  a  view  from  the 
north  of  practically  one-half  of  the  site,  the 
arrangement  of  trestle-work  and  concrete  plant 

the  reinforcement,  but  proved  to  be  a  very 

efficient  scheme  for  the  handling  of  the -con- 
crete buggies.  Two.  and  sometimes  three, 

"Smith"  mixers  of  %-cu.  yd.  capacity  were 
used  day  and   night  until  the  foundation  was 
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Mat  Through  Piers  Nos.  2  and  3;    (c)   Cross-Sections  cf  Mat  'Through  Piers  Nos.  108,  143  and  83.  (See  Fig.  1.) 

done  by  the  forces  of  the  Michigan  Central. 
The  original  design  (which  provided  for  cais- 

son foundations)  did  not  contemplate  the  ex- 
cavation of  the  entire  lot,  but  the  railroad 

company  did  this  work  in  order  that  the  bot- 

being  duplicated  on  the  other  half  (not  shown 
in  the  view).  This  view  clearly  shows  the  ar- 

rangement of  the  trestle-work,  the  material 
piles,  the  concrete  plant  and  concrete  buggies 
used.      The   steel   viaduct,   upon   which   is   the 

finished.  As  will  be  noted  by  referring  to  Fig. 
3  (which  shows  one  of  the  mixing  plants)  the 
mixers  were  placed  along  the  south  side  of  the 
building,  at  an  elevation  such  that  the  loaded 
concrete    cars    would    run   gently,    by   gravity, 

Fig.  3.  View  From   North  Showing   East  Half  of  Site  of  Detroit  Station.    Note  Constructi  on    Plant    and    Concrete    Mat— Plant    and    Type    of 
Construction  for  West  Half  Similar  to  That  Shown  in    This  View. 

tom  of  the  entire  mat  would  be  on  the  same 
level.  The  bottom  of  the  mat  is  at  elevation 
92,  which  is  24  ft.  9  ins.  below  the  waiting 
room  floor.  Its  bottom  surface  is  unbroken 
except  for  the  elevator  pits. 

derrick  car,  used  for  unloading  materials,  is 
shown  in  the  background.  A  close  inspection 
of  Fig.  3  will  disclose  details  of  the  reinforced 
concrete  mat  and  piers.  The  trestle-work  not 
only  gave  a   substantial   means  of  supporting 

over  the  trestle-work  to  any  part  of  the  work. 
Two  laborers  were  easily  able  to  return  the 
cars  to  the  mixers.  The  stone,  sand  and  cem- 

ent for  the  entire  work  were  delivered  on  the 
tracks   of   the   viaducts   at   such   places   as   the 
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contractor  desired  and  were  stored  underneath 
the  viaduct.  As  the  stone  and  sand  were  un- 

loaded near  the  hopper  of  the  mixer,  the  liaul- 
ing  of  these  materials  in  wheelbarrows  was 
reduced  to  a  minimum. 

Precise  levels  have  been  taken  on  bench 
marks  established  on  the  concrete  piers,  but 
no  appreciable  settlement  has  been  noted. 
Some    cracks    have    appeared    throughout    the 

above  the  section  floor ;  above  this  is  a  lU-f  t. 

pipe  loft  storj-,  followed  by  ten  r2.o-ft.  office 
stories,  two  14-ft.  office  stories,  and  one  12-ft. 
office  story.  The  structure  is  of  steel  skeleton 
construction,  with  reinforced  concrete  floors, 
plastered  terra  cotta  partitions,  and  brick 
walls  above  the  storage  story,  which  is  the 
first  story  above  the  station  proper.  The 
walls  below  this  story  are  stone. 

Figure  0  shows  a  rear  elevation  of  the  main 
buildmg  and  indicates  a  part  of  the  erection 
procedure.  The  steel  framework  for  the  con- 

course is  shown  in  the  foreground.  The  view 
also  shows  the  manner  of  supporting  the  der- 

ricks on  the  erected  steelwork,  and  indicates 
the  type  of  cornice   framing  used. 

This  terminal  contains  about  7,000  tons  of 
structural  steel,  125,000  cu.  ft.  of  stone,  7,000,- 
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hig.  4.    Framing  Plan  of  Typical  Office  Floor   of  Michigan  Central  Office  Building  at  Cetroit,  Mich. 

building,  but  a  careful  investigation  has  shown 
them  to  be  temperature  cracks. 

SUPERSTRUCTURE. 

The  combined  station  and  office  building 
consists  of  a  lower  storv  having  a  frontage  of 
345  ft.  and  a  depth  of  266  ft.,  above  which 
rises  an  I-shaped  office  building.  The  office 
building,  which  has  a  height  from  the  curb  to 

Figure  4  shows  a  typical  office  floor  fram- 
ing plan.  The  column  spacing  and  the  type  of 

framing  used  are  shown  on  this  drawing.  It 
will  be  noted  that  the  six  elevators  for  the 

office  building  are  placed  in  one  end  of  the 

building,  the  stack  for  the  mechanical  plant 
being  located,  near  the  other  end. 

000  common  bricks,  and  1,500,000  face  bricks. 
The  foundations  and  side  walls  contain  about 
20,000  cu.  yds.  of  concrete  and  about  500  tons 
of  reinforcing  bars,  while  the  concrete  fire- 
proofing  and  floors  contain  about  5,000  cu.  yds. 
of  concrete. 

PERSONNEL. 

The  terminal  building  was  designed  by  Reed 
&  Stem  and  Warren  &  Wetmore,  architects, 
of  New  York,  under  the  direction  of  Mr. 
George  H.  Webb,  chief  engineer,  Michigan 
Central  R.  R.  and  The  Detroit  River  Tunnel 
Co.     The  steelwork  was  designed   bv   Balcom 

Fig.  5.    View   Looking   East  of   Detroit    Station    and    Office    Building      Fig.   6.    View  of   Rear  of  Detroit    Station  and  Office  Building  Show- 

Showing    Erection    Procedure — Steelwork     for     Waiting     Room  ing   Erection   Procedure — Steelwork     for     Concourse     in      Fore- 
Shown  at  Left.  ground. 

the  top  of  the  pent-houses  of  about  240  ft.,  is 
345  ft.  long,  with  a  central  stem  .54  ft.  wide 
and  two  end  wings  about  108  ft.  wide  by  56 
ft.  long.  (A  description  of  the  architectural 
features  of  this  building  is  given  in  our  June 
24,  1913,  issue). 

The   office   building   consists     of    a     11.5-ft. 
storage  story,  the  floor  of  which  is  34  ft.  3  ins. 

Figure  5  shows  an  erection  view,  looking 
east.  The  heavy  steel  construction  required 
for  the  waiting  room  is  shown  at  the  left  of 
the  view.  This  view  also  shows  a  part  of  the 
steelwork  for  the  office  building  and  indi- 

cates the  erection  procedure.  Several  of  the 
derricks  are  shown  in  place  for  erecting  parts 
of  the  structure. 

&  Darrow,  engineers,  of  New  York.  Mr.  W, 
B.  Goddard  was  engineer  in  charge  of  the  in- 

spection, assisted  by  Mr.  F.  A.  Pruitt,  to  whom 
we  are  indebted  for  some  of  the  data  contained 
in  this  article.  The  George  A.  Fuller  Co.,  of 
New  York,  was  the  general  contractors,  the 
steelwork  being  fabricated  by  the  McClintic 
Marshall  Construction  Co.,  of  Pittsburgh. 
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Construction  of  Water  Works  Tunnels 

in  the  Metropolitan  Water  District 
of  Massachusetts. 

I. 

Method  and  Cost  of  Constructing  Pressure 
Tunnel  in   Rock  Through  Waban   Hill 

in    Newton,   Mass.,   and   of    Laying 

Large  Water  Pipes  on  Section 
7  of  the  Weston  Aqueduct 

Supply   Mains. 
Contributed    by   William   E.    Foss,    Assistant   to 

the  Chief  Engineer,  Metropolitan  Water  and 
Sewerage    Board,    Boston,    Mass. 

(The  present  article  is  the  first  of  a  series 
of  four  articles  relating  to  the  construction 
of  water  works  tunnels  in  the  Metropolitan 
Water  District  of  Massachusetts.  The  first 
three  articles  contain  itemized  cost  data  taken 

from  the  inspectors'  force  account  records 
These  data  pertain  to  the  construction  of  three 
short  water  works  tunnels  as  follows : 

(1)  A  pressure  tunnel  in  rock  constructed 
through  Waban  Hill  in  Newton,  under  free 
air,  by  contract  in  1910  and  1911;  (2)  A 
subaqueous  36-in.  water  pipe  tunnel  construct- 

ed under  Chelsea  Creek  by  the  pneumatic 
process  by  day  labor  in  1910;  (3)  An  exten- 

sion, by  the  pneumatic  process  and  day  labor 
in  1912,  of  an  existing  subaqueous  24-in. 
waterpipe  tunnel  built  under  the  Mystic  River 
in   1900. 

These  tunnels  were  built  by  the  Metropoli- 
tan Water  and  Sewerage  Board  of  Massa- 

chusetts in  connection  with  the  supplying  of 
water  to  the  Metropolitan  Water  District 
which  includes  the  city  of  Boston  and  18 
other  municipalities  located  within  a  circle  of 
ten  miles  rn.dius  with  its  center  at  the  State 
House  in   Boston. 
The  fourth  article  will  relate  to  the  con- 

struction by  contract  of  a  subaqueous  water 
pipe  tunnel  under  Chelsea  Creek,  now  under 

duct  supply  main  for  the  purpose  of  increas- 
ing the  amount  of  water  supplied  from  that 

aqueduct  to  the  Metropolitan  District.  The 
present  article  relates  to  the  cost  of  con- 

structing a  pressure  tunnel  and  laying  large 
water  pipes  on  Section  7  of  this  Weston 
Aqueduct  supply  main.  A  profile  and  sections 
of    the    pipe    lines    and    pressure    tunnel    are 
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Fig.  2.    Profile   and    Sections   of    Pipe    Lines  and     Pressure    Tunnel    of    Section    7    of    the 
Weston    Aqueduct    Supply    Mains.    (Progress    Indicated    on   Profile  is  of  June  21,  1911.) 

shown  in  Fig  2.  This  work  was  carried  on 
under  contract  No.  314,  in  1910  and  1911,  and 
included  the  construction  of  2,042  ft.  of  76- 
in.  concrete  lined  pressure  tunnel  in  rock, 
the  laying  of  363  ft.  of  80-in.  steel  pipes  in 
deep  cut  and  lining  them  with  cement  mor- 

tar, and  the  laying  of  93-5  ft.  of  60-in.  cast- 
iron    water    pipe.      In    this    article    the    item 

ing  was  completed  after  6 :30  a.  m.  The 
steam  plant  was  operated  continuously 
through  the  24  hours,  the  engineers  working 
8-hour  shifts. 

After  July  1,  1911,  all  work  was  con- 
ducted on  an  8-hour  per  day  basis.  The 

work  of  lining  the  tunnel  with  concrete  was 
carried    on    continuously    for    six    days    per 

Fig.  1.    Map  of  Metropolitan  Water  District  of    Massachusetts   Showing    Location   of   Four   Water   Works    Tunnels. 

construction  by  the  pneumatic  process.  This 
tunnel  is  similar  to  the  one  built  under  the 
same  stream  by  day  labor  in  1910,  described 
in  the  second  article  of  the  series.  The  lo- 

cation of  the  four  tunnels  is  shown  in  Fig.  1. 
— Editors.) 

An  expenditure  was  authorized  in  1909  for 
the   construction   of   a  second   Weston   Aque- 

numbers  used  in  the  specifications  are  re- 
tained. 
The  work  was  begun  May  24,  1910,  and 

was  suspended  for  the  winter  on  December 
31  of  that  year.  It  was  resumed  on  April  1 
of  the  following  year  and  completed  on  Nov. 
25,    1911. 

Prior  to  July   1,   1911,  the  working  day  in- 

week.     All  wages  were  substantially  the  same 
for  the  8-hour  day  as  for  the  9-liour  day. 
Steam  plants  for  driving  air  compressors, 

for  operating  the  drills,  dynamos,  for  light- 
ing the  tunnel,  and  the  engines  for  operating 

the  stone  crushers  were  installed  at  both 

ends  of  the  tunnel,  and  the  work  was  car- 
ried   on    from    both    portals.      The    arrange- 
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ment   of   the   machinery   at   both   ends   of    the 
tunnel  is  shown  on  Figs.  3  and  4. 

CONSTRUCTION    PLANT. 

An   appro.ximate   estimate  of   the   value   of 
the  plant   when   new  is  as   follows : 

Plant  at  East  End  of  Tunnel: 
2  Erie  City  Iron  Works  75  HP.  horizon- 

tal   locomotive    type    boilers,     54     ins. 
diametei-,  IS  ft.  long   $1,800.00 

1  Buffalo  Forge  Co.  dynamo  engine         500.00 
1  30    KW.    Eddy    120-volt    D.C.    dynamo, 
with  appurtenances        500.00 

1  Rand  Drill  Co.  110  HP.  air  compressor  1,650.00 
1  Air  receiver            45.00 
1  No.    3   Austin   gyratory    stone   crusher, 

conveyor   and    screens,    complete     1,975.00 
1  Nagle  55  HP.  crusher  engine         535.00 
1  Blacksmith's    outfit,    complete           65.00 
2  2-in.  Canton  duplex  pumps        120.00 
1,200  ft.   2-in.   iron  pipe         120.00 
1,200  ft.  34 -in.  iron  pipe           40.00 
1  wooden  water  tank,  4  ft.  by  5  ft           25.00 

Total  cost  of  plant  at  East  End   $7,375.00 
Plant  at  West  End  of  Tunnel: 

2  Erie  City  Iron  Works  75  HP.  horizon- 
tal locomotive  type  boilers,  54  ins. 

diameter,    18   ft.    long      $1,800.00 
1  Nagle  32  HP.   dynamo  engine    500.00 
1  110-volt  DC.  dynamo,  with  appurten- 

ances       550.00 
1  1890  Model  Rand  Drill  Co.  110-HP.  air 
compressor       1,650.00 

1  Air   receiver       45.00 
1  No.   4   Austin  gyratory  stone  crusher, 

conveyor   and   screens,    complete    2,365.00 
1  Buckeye    Engine    Co.    50   HP.    crusher 
engine       500.00 

1  Friction  hoist     400.00 
250   ft.    %-in.    cable    45.00 
1  Blacksmith's    outfit,    complete    65.00 
1  2-in.  Canton  duplex  pump    60.00 
2,800  ft.  2-in.,  1-in.  and  %-in.  iron  pipe.  270.00 

Total  cost  of  plant  at  West  End. .  .$8,250.00 

Interest  and   depreciation  on   plant   $  7,386.81 
Labor    and    teaming,    on    payrolls     47,821.56 
Materials    and    expenses,    on    bills     43,744.74 
Expenditures  for  extra  work  not  in- 

cluded   above              504.88 

Total    expenditures      $99,457.99 
Amount   of  final    estimate   114,472.13 

Profit       $15,014.14 
Profit  per  cent  of  expenditures    15.1 

WAGES. 

The  prices  paid  for  labor  were  as  follows : 
Superintendent,   per   month      $200.00 
Clerk,    per  month       100.00 
Brick  mason,  per  day   $4.00  and  5.60 
Blacksmith,   per  day   $3.50  and  4.00 
Calker,    per  day   $3.00  and  3.60 
Carpenter,    per    day    4,50 
Drill    runner,    per    day    3.50 
Drill   runner's   helper,   per  day    2.50 
Engineer,  per  day   .'   $3.00  to  5.00 Foreman,    per  day   $4.00  and  5.00 
Sub-foreman,  per  day   $2.50  and  3.00 
Laborers    (per   day): 
Crusher  man,    lead    man.    powder   man, 

staoieman    and    teamster    2.50 
Tunnel    man        2.25 
Ordinary        2. 00 

Teams    (per  day): 

4-horse  hitch,   with  driver  and   helper..  12.00' 
2-horse    cart    and    driver    6.00 
1-horse    cart    with    one    driver    for    two 

carts        3. 00 
Mules,    cost    of   maintenance   at   contrac- 

tor's stable,  per  day    1.03 
MATERIALS      AND      MISCELLANEOUS     EXPENSES. 

The    prices    paid    for    materials    and    mis- 
cellaneous e.xpenses  on  bills  were  as  follows: 

Accidents,    damages,    etc   $        48.64 
Blacksmith    and    .iobbing           579.99 
Bond  premium  ($5  per  annum  per  $1,- 

000  on  amount  of  contract,  as  shown 
by    canvass    of    bids)           818.14 

Sand- 

coarse,  1,830,4  cu.  yds  at  $0.90 
delivered    on    work   $1,647.36 

Fine,    238.3    cu.    yds.    at    $1.25 
delivered    on    work        298.20 

      1,945.56 

Sand   blasting  steel   pipe          701.80 
Teaming           1,292.32 
Telephone              231.19 
Tools,   hardware  and  miscellaneous       4,490.28 
Transporting  plant          1,183.97 
Water              428.07 

Total  for  materials  and  miscellane- 
ous      $43,744.74 

ITEMIZED     AND     UNIT    CONSTRUCTION    COSTS. 

The  cost  of  the  various  items  of  work  un- 
der this  contract,  in  detail,  was  as  follows: 

Item  1. — Top  Soil  Excavation.  (1412  cu. 

yds.) — Under  this  item  the  top  soil  was 
excavated  from  an  area  of  about  0.95  of  an 

acre  for  an  average  depth  of  11  ins.,  where 
other  excavations  were  to  be  made  or  em- 

bankments were  to  be  built.  The  material 

was  loosened  with  plows  and  transported 

about  180  ft.  to  spoil  banks  with  slip  scrap- 
ers.    The  cost  of  the  work  was  as   follows : 

Cost     Per  cent 

per        of  total cu.  yd.        cost. 
Superintendence    and 

general    labor      $51.88         $0.04  9.2 
Labor        292.00  0.21  51.6 
Teaming         154.37  0.11  27.3 
Small    tools,    etc       33.10  0.02  5.9 
Incidental   expenses 

and    insurance          21.21  0.014  3.7 
Plant,       interest      and 

depreciation           12.96  0.01  2.3 

Total     cost   $565.52         $0,404         lOO.-O 
Value    of    work        847.20  0.60    

Profit       $281.68         $0,196  49.8 

Item  2.— Top  Soil  Surfacing.  (1.390  cu. 
yds.) — Under    this    item     an    area    of   about 

Fig.  3.    Sketch  of  Contractor's  Plant  Layout  at  East  Portal 
of  Water  Tunnel  Through  Waban   Hill,  Newton,  Mass. 

Water  Pipe  from  dtu  of  Newton  Mam  Compressed  Air  Pipe  toTunneV 

Fig.  4.    Sketch    of   Contractor's    Plant   at  West   Portal    ofl 
Waban    Hill    Water   Tunnel,   Newton,    Mass. 

Oeneral  Plant: 
15  tons    steel    rails   .....$    600.00 
1  Smith    concrete    mixer,     %     cu.     yd. 

capacity       700.U0 
13  3J4-in.    Rand    rock   drills    2,795.00 
6  %-in.    Chicago   Tool    Co.   jap   drills...  300.00 
9  columns,  arms,  etc.,  for  rock  drills...  450.00 
3  tripods  for  rock  drills    135.00 
1  Tidewater   Iron    Works    Cunniff    type 

grout  machine      200.00 
42  steel  dump  cars,  %  cu.  yd.  capacity.  2,100.00 
10  slip    scrapers       70.00 
2  single  dump   carts    150.00 
1  2-horse    wagon       150.00 
1  4-ton   differential   hoist    76.00 
1  large   vise       5.10 
1  pipe   vise       4.00 
2  2-in.   pipe   stocks  and  dies    7.20 
1  lead   heating  outfit       36.50 
1  breaking    up    plough    24.50 
6  wheelbarrows        22.50 
1  stiff  leg  pipe  derrick    56.00 

Total   cost  of  General   Plant   $7,881.80 

Total    estimated    value   of    entire    plant 
when   new      $23,506.80 

Including  an  allowance  at  the  rate  of  25 

per  cent  per  year  on  this  valuation,  for  in- 
terest and  depreciation  on  the  plant  during 

the  time  that  it  was  in  use,  the  total  cost  of 

the  work  exclusive  of  the  expense  of  the  con- 

tractor's Chicago  office,  his  personal  travel- 
ing and  other  expenses,  and  his  expenses  in 

connection  with  the  litigation  and  settlement 

of  the  claims  made  bv  several  property  own- 
ers in  the  vicinity  of  the  work  for  alleged 

■damages  from  the  blasting,  is  as  follows : 

Bricks,   at  $9.50   per  M           171. .50 
Brick    mason       49.70 
Cement,  delivered  on  work  $1.72  per 

bbl..  Including  cost  of  bags— actual 
net  cost  on  work,  including  teaming, 
stoi'age,     loss    of    bags    and    cement 
damaged,   7,308  bbl.s.   at  $1.386     10,129.21 

Coal— 
1,226  tons  bituminous  at  $3.83 

f.  o.  b.  cars  per  gross  ton.  .$4,694.02 
152  tons  at  $4.60  delivered  on 

work   per   gross   ton         698.63 
Blacksmith,  8.69  tons  at  $4.85        42.12       5,434.77 

Drills   and    incidentals       2,394.73 

Dynamite — 40%,   951   lbs.   at  $0.1225   $    116.50 
60%,   25,294  lbs.  at  $0.1625     4,110.29 
Exploders,    2,000   at    $3.43   per 

100              68.60       4,295.39 

Express              294.95 
Forms  for  concrete  and  mortar  lining, 

rental          1,617.00 
Grouting   machine,    rental    18.00 
Hay   and  grain          J'^I2'2^ 
Insurance           1,486.03 
Jute,    400   lbs.   at  $0.06    24.00 
Lead,  1.05O  tons  at  $95.00,  4.772  tons  at 

$97.50              565.10 
Livery       65.93 
Lumber— Georgia  pine  at  $35.00;  hem- 

lock boards  at  $25.00:  spruce.  8-ln. 
and  under,  at   $28.00;   spruce,  over  8- 
in.,    at    $30.00       2,516.95 

Oil— Castor  at  $0.35  per  gal,  f.  o.  b. 
Boston;  compressor  at  $0.20  per  gal, 
f.  o.  b.  Boston;  cvlinder  at  $0.21&  per 
gal.,  gasoline  at  $0.15  per  gal;  kero- 

sene   at    $0.13    per    gal,    machine    at 
$0,185    per   gal             502.94 

Repairs  to   plant          1,079.25 

1  acre  was  covered  with  loam  from  spoil 
banks  to  an  average  depth  of  6  ins.  at  the 
west  end  of  the  tunnel,  and  at  the  east  end 
an  area  of  about  0.27  acre  was  covered  to  an 

average  depth  of  1  ft.,  and  another  area  of 
about  0.27  acre  was  covered  to  an  average 
depth  of  3  ins.  The  entire  work  was  done 
with  teams.  The  haul  averaged  about  210 
ft.     The  cost  of  the  work  was  as  follows : 

Cost     Per  cent 
per        of  total cu.  yd.        cost. 

Superintendence    and 
general    labor      $62.36         $0.05  8.4 

Labor        351.00  0.25  47.3 
Teaming         263.19  0.19  35.4 
Small    tools,    etc          39.76  0.03  5.4 
Incidental   expenses 

and  insurance        25.50  0.015  3.4 
Plant,      interest      and 

depreciation             0.83  0.001  0.1 

Total    cost      $742.64         $0,536         100.0 
Value    of    work        756.80  0.546           

Profit        $14.16         $0.01  1.9 

Item  3. — Earth  Excavation  in  Open  Trench 

(4184  cu.  yds.)— Under  this  item  about  480 
lin.  ft.  of  trench  for  the  60-in.  pipe  line  and 
350  lin.  ft.  of  trench  for  80-in.  pipe  line  was 
excavated  at  both  ends  of  the  tunnel.  The 
trench  for  the  60-in.  line  averaged  about 

8  ft.  in  depth,  and  that  for  the  80- 
in.  line  was  made  in  open  cut  and  varied 
from     10     to     25     ft.     in     total     depth     in 
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earth  and  rock,  the  depth  of  the  earth  rang- 
ing from  5  to  14  feet.  The  width  of  the 

trench  was  from  20  to  35  ft.  at  the  top  and 
10    ft.    at    the    bottom,    and    no    attempt    was 

Fig.    5.     View   of    Excavation    of   Trench    for 

Steel    Pipe   at    East    Portal    of   Waban 
Hill    Tunnel. 

made  to  brace  the  sides,  which  were  allowed 
to  take  a  natural  slope.  The  earth  was 
loosened  with  picks  and  shoveled  into  cars, 
which  were  hauled  bv  mules  to  the  spoil 
banks.  The  haul  averaged  about  350  ft.  The 
earth  excavated  in  the  80-in.  pipe  trench  at 
the  east  end  of  the  tunnel  was  a  compact 
binding  gravel ;  so  hard  that  dynamite  was 
used  in  loosening  it.  The  large  percentage 
of  loss  on  this  item  was  due  to  the  ex- 

tremely hard  material  in  the  80-in.  pipe  trench 
at  the  east  end  of  the  tunnel,  and  to  the 
nature  of  the  material  in  the  60-in.  pipe 
trench  at  this  end  whicli  was  largely  a  mix- 

ture of  stone  chips  and  clay  and  was  hard  to 
excavate   and   brace.      The   cost   of   the   work 
was    as    follows ; 

Cost  Per  cent 
per  of  total Item.  cu.  yd.  cost. 

Superintendence    and 
general    labor   $    473.2.';  $0.11  12.0 Labor         2,663.66  0.64  67.4 

Teaming            206.32  0.05  5.2 
Lumber    for    bracing        30.00  0.01  O.S 
Small    tools,    etc         302.60  0.07  7.7 
Incidental    expenses 

;ind    insurance    ...       192.62  0.04  4.8 
Plant,     interest    and 
depreciation              83.05  0.02  2.1 

Total    cost      ?3.951.B0         $0.94  100  0 
Value   of   work        2,180.00  0.52    

Loss       $1.771. .50         $e.42  44.8 

Item  4. — Rock  Excavation  in  Open  Trench 
(788  cu.  yds.). — .^bout  two-thirds  of  the 
rock  excavation  under  this  item  was  in 
the  deep  open  cut  at  the  east  end  of  the 
tunnel,  where  the  rock  was  extremely  hard. 
A  view  of  this  excavation  is  shown  in  Fig.  5. 
On  account  of  the  liberal  dimensions  of  the 
trench  and  the  isolated  location,  conditions 
were  favorable  for  cxcarating  the  rock 
cheaply.  The  rock  was  loaded  on  cars  and 
transported  by  mules  to  the  cru.sher.  The 
haul  averaged  about  380  ft.  The  cost  of 
the  work  was  as  follows : 

Cost      Per  cent 
per        of  total 

Item.  cu.  yd.        cost. 
Superintendence     and 
genernl    labor   $    ]«4.97         $0.20  5.0 

Labor           872.25  1.11  36.4 

Teaming            82.53  0.10  3.2 
Explosives           150.00  0.19  5.7 
Drill  incidentals            194.73  0.25  7.5 
Small  tools,   etc         131.80  0.16  5.0 
Incidental   exp  e  n  s  e  s 

and    insurance          78.01  0.10  2.9 

Plant- Transportation,    erec- 
tion,  repairs,   opera- 
tion    and     dismant- 
ling           740.45  0.94  28.2 

Interest     and     depre- 
ciation           213.72  0.27  8.2 

Total   cost      $2,618.46         $3. 32         100.0 
Value  of  work     2,574.41  3.26           

Loss      $      44.05         $0.06    '         1.7 
Item  5. — Refilling  Open  Trenches  and 

Building  Embankments  (8,569  cu.  yds.). — In 
refilling  the  pipe  trenches  and  building  em- 

bankment? selected  fine  material  thorough- 
ly consolidated  with  rammers  and  tamp- 
ing irons  was  used  for  bedding  the  pipe. 

The  remainder  of  the  material  was  de- 
livered from  the  spoil  bank  in  cars  and 

was  spread  in  6-in.  layers.  About  one- fourth 
of  the  material  paid  for  under  this  item 
was  a  sharp  sandy  gravel  from  the  spoil 
bank  of  the  surplus  material  from  the  HO-in. 
pipe  trench  on  the  adjoining  section  to  the 
west.  The  remainder  of  the  material  was  a 
clayey  gravel  excavated  from  the  trenches. 
The  average  haul  for  this  work  was  about 
300  ft.  The  cost  of  the  work  was  as  fol- 

lows : 
Cost      Per  cent 
per        of  total 

Item.  cu.  yd.        cost. 
.Superintendence   and 

general  labor      $    482.84         $0.05  11.9 
Labor       2.717.62  0.33  67.0 
Teaming           273.51  0.03  6.7 
Small   tools,   etc        308.60  0.03  7.6 
Incidental    expe  uses 

and    insurance         196.67  0.025  4.S 
Plant,  interest  and  de- 

preciation          79.30  0.009  2.0 

Total   cost      $4,058.54         $0,474       100.0 
Value  of  work     4,757.72  0.554 

Profit      $    699.18         $0.08  17.2 

ft.  in  diameter,  and  as  the  established  line  for 
tunnel  excavation  provided  for  an  excavation 
9  ft.  in  diameter,  with  a  cross-sectional  area 
of  63.6'2  sq.  ft.  the  actual  cross-section  ex- 

ceeded the  established  section  by  17.38  sq.  ft., 
or  about  27   per  cent.     It  was   provided   that 

Fig.   6.     View   of   Timbering    in    Waban    Hill 

Water  Tunnel. 

the  excavation  should  be  trimmed  so  that 
the  minimum  distance  from  the  axis  of  the 
tunnel  to  the  rock  should  be  3  ft.  11  ins., 
which  would  leave  9  ins.  as  a  minimum 
thickness  for  the  concrete  lining.  Very  little 
trimming  was  necessary. 

For  a  distance  of  600  ft.   from  the  easterly 
portal  the  tunnel  was  excavated  in  hard  trap 

Fig.   7.    View   of   Crusher    Plant   at   Westsriy    End    of   Waban    Hill    Water   Tunnel. 

Item  (i. — Tunnel  Excavation  (2,042.5  lin. 

ft.:  0,125  cu.  yds.) — The  tunnel  was  ex- cavated in  rock  for  the  entire  length  of  2042. 5 
lin.  ft.  The  volume  of  material  excavated 
was  fi,125  cu.-  yds.,  which  is  equivalent  to  an 
average  excavation  of  3  cu.  yds.  per  lineal  foot. 
The  average  cross-sectional  area  of  81  sq. 
ft.  is  equivalent  to  the  area  of  a  circle  10.15 

rock.  For  the  remainder  of  the  distance  the 

excavation  was  in  conglomerate  with  quartz- 
ite  pebbles  varying  from  3  or  4  ins.  to  Vt  in. 
in  diameter.  The  felsite  cement  was  very 
hard  in  some  places  and  extremely  soft  at 
other  points,  where  it  had  changed  to  kaolin. 
.About  75  ft.  from  the  west  portal  ?  seam  of 

clayey    gravel    was    encountered    ir     fit    roof 
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of  the  tunnel,  and  it  was  necessary  to  sup- 
port the  roof  on  timbers  for  a  distance  of 

about  26  ft.  The  scheme  of  timbering  is 

shown  in  Fig.  6.  Timbering  was  also  neces- 
sary at  five  other  points  to  support  the  side 

of  the  tunnel  where  the  excavation  broke 
through  into  the  loosely  backfilled  shafts  of 
the  old  Cochituate  Aqueduct  tunnel,  which 
is  located  about  9  ft.  south  of  and  20  ft. 
below  the  new  tunnel.  This  old  tunnel  was 

constructed  by  the  city  of  Boston  in  1848.  At 
one  of  the  old  shafts  the  entire  filling  caved 
into  the  tunnel  and  had  to  be  removed.  Less 

drilling  and  explosives  were  required  for  the 
excavation  of  the  trap  rock  than  for  the 

conglomerate,  but  it  frequently  broke  W'ide  of 
the  desired  line  and  formed  an  unnecessarily 
large  section,  which  delayed  the  progress  of 
the  work  because  of  the  increased  quantity 
of  material  to  be  moved  and  the  caution  re- 

quired to  prevent  accidents  from  falling  rocks. 

The  work  w-as  carried  on  at  both  headings 
with  day  and  night  shifts.  From  15  to  21  holes 
from  5  to  6  ft.  in  depth  were  drilled  and 
blasted  per  shift  at  each  heading.  The  force 
usually  employed  included  about  12  men  and 
1  mule.  The  progress  averaged  about  5  ft. 
per  shift  at  each  heading.  The  drilling  was 

done  with  Ingersoll-Rand  drills  mounted  on 
vertical  columns  and  operated  by  com- 

pressed air  under  a  pressure  of  about  100  lbs. 
per  square  inch.  The  following  cost  of  the 
tunnel  excavation  includes  the  cost  of  load- 

ing the  excavated  material  on  cars  and  trans- 
porting it  to  the  crusher  or  dumps  by  mules. 

The  haul  averaged  about  T'lit  ft. 
Cost       Cost  Per  cent 
per  per    ot  total 

Item.                                        lin.  ft.  cu.  yd.     cost. 
Superintend  e  n  c  e 

and     general     la- 
bor     $2,31S.ST     $1.13     $0.38         5.fi 

Labor      13,051.60       6.40       2.13       31.4 
Teaming-        1.266.03       0.62       0  21         3.0 
Explosives        4,144.71       2.13       0.6S       10  0 
Lumber             108.25       0.05       0.02         0.3 
Drill   repairs     2,200.00       1.08       0.36         5.3 
Small  tools,  etc     1,972.00       0.S6       0.32         4.S 
Incidental   expenses 

and    insurance     1,604.39       0.7S       0.26         3.8 
Plant— 
Transporta  t  i  o  n. 
erection,     repairs, 
operation  and  dis- 

mantling     11,079.46       5.43       l.SO       26.7 
Interest  and  depre- 

ciation      3,780.22       1.85       0.62         9.1 

Total    cost   $41,525.53  $20.33     $6.78     100.0 
Value  of  work     51,074.40     25.01       8.33 

Profit      $9,548.87     $4.68     $1.55       23.0 

Item  7.— Crushing  Stone  (9,779  iii.  yds.) 
— About  80  per  cent  of  all  the  rock  ex- 

cavated was  crushed.  At  the  east  portal  the 
rock  was  delivered  directly  on  the  crusher 
platform  and  at  the  west  portal  the  rock  was 
hauled  from  the  tunnel  in  cars  which  were 
left  in  the  open  cut  at  the  foot  of  an  in- 

cline, up  which  they  were  hauled  to  the 

crusher  platform  by  a  friction  hoist  operated 
by  the  crushing  machinery.  A  view  of  the 
crusher  plant  at  the  west  portal  is  shown  in 
Fig.  7.  At  both  crushers  the  product  was 
screened  and  separated  into  three  sizes,  one 
including  stones  2  ins.  to  %  in.  in  diameter, 
another  stones  %  to  %  in.  in  diameter,  and 
the  remaining  portion  included  all  materials 
less  than  Vi  in.  in  diameter.  .At  the  east 

portal  it  was  necessary  to  haul  about  70  per 
cent  of  the  product  about  100  ft.  to  storage 
piles,  and  at  the  west  portal  the  entire  prod- 

uct was  hauled  about  12.5  ft.  to  storage  piles. 
Most  of  the  rock  was  delivered  to  the  crusher 

in  convenient  size  for  crushing  and  very 
little  hand  breaking  of  material  was  necessary. 
The  large  crusher  at  the  west  portal  was  op- 

erated during  the  day  only  and  crushed  the 

24-hour  output  from  the  tunnel  easily,  as 
there  were  ample  stora.ge  facilities  for  the 
muck  at  this  place.  At  the  east  portal,  on  ac- 

count of  the  limited  storage  facilities  and 

smaller  size  of  the  cm?her.  it  -was  necessary 
to  operate  the  crusher  during  both  shifts.  The 
cost  of  the  work  was  as  follows: 

Cost  Per  cent 
per  of  total 

Item.                                                 cu.  vd.  cost. 
Superintendence   and 

.general    labor   $    302.72         S0.03  5  1 
Labor       1,703. SR           0.17  28  9 
Teamina:          161. nfi          0.02  2  7 
Small  tools,  etc        255.50           0.03  4  3 

Incidental   expenses 
and    insurance        154.37  0.013  2  7 

Plant- Transportation,    erec- 
tion,   repairs,    oper- 
ation  ;xnd   dismant- 
ling       1,446.38  0.15  24.5 

Interest    and    depre- 
ciation        1,873.63  0.19  31.8 

Total   cost      $5,897.55         $0,603       100.0 
Value  ot  work     7,334.25  0.75 

Profit      $1,136.70         $0,147         24.4 

Item  8. — Portland  Cement  Concrete  Masonry 
in  Tunnel.  (2,330  cu.  yds.  were  placed  within 
the  line  of  the  established  excavation ;  144  cu. 
yds.  were  placed  in  old  shafts;  1,268  cu.  jds. 
were  placed  beyond  line  of  established  excava- 

tion but  only  50  per  cent  of  this  last  amount 
was  estimated  for  payment,  according  to 
terms  of  the  contract;  total,  3,742  cu.  yds.) 
The  3,742  cu.  yds.  of  concrete  placed  in 

lining  the  tunnel  is  equivalent  to  an  average 
of  1.83  cu.  yds.  per  linear  foot.  The  con- 

crete was  mixed  in  the  proportion  of  380  lbs. 

of  Portland  cement,  8  cu.  ft.  of  loosely  com- 
pacted sand,  and  15  cu.  ft.  of  loosely  com- 
pacted mixture  of  2-in.  and  %-in.  size  crushed 

stone,  giving  a  1 :2.22 :4.17  mixture.  The 
concrete  was  mixed  in  a  steam-driven  Smith 

mixer  of  %-cu.  yd.  capacity,  set  on  the  plat- 
form at  the  tunnel  so  that  the  concrete  was 

discharged  directly  into  cars  which  were  run 
through  to  the  point  where  the  lining  was 
being  placed.     The  concrete  was  dumped  upon 

Fig.  8. View   of  Concrete   Forms   for   Lining 
Waban    Hill   Water  Tunnel. 

a  temporary  floor  of  steel  plates  inside  of 
the  circular  forms  which  consisted  of  channel 
iron  ribs  spaced  5  ft.  on  centers,  to  which  the 

curved  side  plates  were  bolted.  The  con- 
crete was  shoveled  from  the  floor  into  the 

space  between  the  forms  and  the  rock  walls 
and  was  thoroughly  spaded  and  churned. 
Successive  side  plates  were  bolted  to  the 

ribs  as  the  work  progressed,  and  this  por- 
tion of  the  work  was  completed  by  filling  the 

key  space  at  the  top,  the  keying  plates  being 
2.5  ft.  in  length,  so  that  the  concrete  could 
be  firmly  packed.  The  form  for  lining  with 
concrete  is  shown  in  Fig.  8.  One  hundred 
and  fifty  linear  feet  of  forms  were  used,  and 
as  no  inside  braces  were  required  cars  could 
be  run  through  them.  The  forms  made  the 
mould  for  the  entire  cross-section  of  the  tun- 

nel, except  the  invert  strip  which  w-as  2.5  ft. 
wide.  In  placing  the  concrete  the  bottom 

layer  was  put  in  to  within  1  ft.  of  the  in- 
vert. The  side  walls  and  key  were  then 

filled  and  the  2.5  ft.  wide  invert  was  placed 
later. 

In  the  westerly  portion  of  the  tunnel  the 
bottom  layer  was  placed  on  both  sides  of 
the  track,  which  was  left  supported  on  a 

central  strip  of  muck  which  was  later  re- 
moved, just  before  placing  the  invert. 

In  the  easterly  portion  of  the  tunnel  the 
track  was  thrown  to  one  side  while  the  bot- 

tom layer  of  concrete  was  placed  on  the  op- 
posite side.  The  track  was  then  shifted  on  to 

the  concrete  already  placed  and  concrete  was 
then  placed  on  the  other  side.  The  work  was 
carried  on  in  three  8-hour  shifts.  Forms  were 
removed    and    set    up    in    one   shift    and    con- 

crete was  placed  during  the  remaining  16 
hours.  The  average  progress  per  24  hours 
was  about  35  lin.  it.  of  completed  section, 
except  for  the  2.5  ft.  invert  strip  which  was 
placed  and  finished  to  line  with  a  screed  after 
the  track  and   forms  were  removed. 

The  concrefe  was  transported  an  average 
distance  of  620  ft.  and  the  crushed  stone 
an  average  distance  of  240  ft.  from  the 
storage  pile  to  the  mixer.  The  sand  and 
cement  were  usually  delivered  to  within  a 
short   distance   of   the   mixing  platform. 
The  cost  of  this  work  has  been  sub-di- 

vided to  show  the  cost  of  forms  separate 
from  the  cost  of  mixing  and  placing  the  con- crete,  as   follows : 

Cost     Per  cent 

,.  per        of  total l'^-  cu.  yd.        cost. 

Forms- 

Superintendence  and 
general  labor     $    300.97         $0.08  5  0 Labor        1,694.00  0.45  28  4 

Teaming          237.85  0.06  4'0 Lumber             108.00  0.03  1.8 bmall  tools,  etc         255.70  0.07  4  3 Incidental    expe  n  s  e  s 
and    insurance        207.35  0.06  3  5 

Rental   and   transpor- 
tation  of  forms     1,489.48  0.40  25  0 

Plant — 
Transportation,  erec- 

tion, repairs,  opera- 
tion    and     dismant- 

'■Pg    ••     1,438.02  0.38  24.1 Interest  and  depre- 
ciation           229.38  0.06  3.9 

Total   cost      $5,960.75        Tl'sD        TooTo Mixmg  and  Placmg  Concrete- Superintendence  and 
general  labor      $    749.77         $0  20  3  7 

Labor       4,220.02  1.13  20'7 Teammg           loi.so  0.11  19 Sand       1,428.40  0.38  7  0 
Cement        7,869  40  •>  ii  35  c 
Small  tools,  etc        643.00  0.17  3'l, Incidental   expe  n  s  e  s 

and    insurance         496.61  0  13  ''4 

Plant — 

Transportation,  erec- 
tion, repairs,  opera- 
tion and  dismant- 
ling    3,601.32  0.96  17  7 

Interest  and  depre- 
ciation       1,009.90  0.27  4.9 

To,tal^_^cost      $20,420.31         $5"46         100^ Superintendence   and 
general  labor      $1,050.74         $0  28  4  0 

Labor      5,914.02  1.58         '•'2'4 
Teaming             639.74  0.17  2*4 
Limber             108.OO  0.03  o'4 

^and           1.42S.40  0  38  5^4 •dement        7,869.40  2  10  '9  9 

^mall  tools,  etc         898.70  0  24  's'i Incidental    expenses 
and  insurance          703.96  0  19  27 

Rental    and    tran.=por- 
tation  of  forms     1,488.48  0.40  5  6 

Plant — 

Transportation,  erec- 
tion, repairs,  opera- 
tion   and    dismant- ""g  ■■■■■■■■■■    5.039.34     1.35     19.1 

Interest  and  depre- 
ciation       1,239  28  0.33  4.7 

Total   cost      $26,381.06         $7'o5        ToFo ^alueof■wo^k     31,568.81  8.44 

Profit      $5,187.75        "$l".39        ~~19/7 Item  9. — Portland  Cement  Concrete  Masonry 
in  Open  Trench  (451  cu.  yrf.?.).— With  the  ex- 

ception of  a  little  concrete  used  for  an- 

chorages and  backing  on  the  fiO-in.  cast- 
iron  pipe  line,  the  concrete  masonrv  placed 
in  open  trenches  was  used  for  covering 
the  80-in.  steel  pipe  line.  The  quantity 
used  for  this  purpose  averaged  about 
0.84  cu.  yd.  per  linear  foot  of  pipe  line.  This 
concrete  was  mixed  in  the  proportion  of  380 
lbs.  of  Portland  cement  to  10  cu.  ft.  of  loose- 

ly compacted  sand  and  18  cu.  ft.  of  a  loosely 
compacted  mixture  of  2-in.  and  %-in.  size 
crushed  stone,   making  a  1 :2.78 :5  mixture. 

At  the  west  portal  the  concrete  was  hand 
mixed  and  as  the  trench  was  almost  entirely 
in  earth,  wooden  forms  were  used  for  the 
entire  section.  At  the  east  portal,  where 
the  trench  was  almost  entirely  in  rock,  the 
concrete  was  placed  up  to  the  springing  line 
of  the  arch,  without  forms,  wooden  forms 
being  used  for  the  remainder  of  the  section. 
At  this  place  the  concrete  was  mixed  in  a 
steam-driven  Smith  mixer  and  hauled  about 
100  ft.  Before  constructing  the  forms  and 
placing  concrete  around  the  steel  pipe,  it 
was  braced  inside  to  true  circular  form,  and 
the  outside  was  cleaned  to  bright  iron  with 
a   sand   blast   and   then    painted    with    a   thick 
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coat  of  cement  paint  made  by  mixing  10  lbs. 

of  cement  with  5  lbs.  of  water.  Holes  were 

left  in  the  concrete  at  the  top  of  the  pipe, 

through  which  the  cement  mortar  lining  was 
placed  later.  ,.   ■  ,    ■ 

The  cost  of  the  work  has  been  sub-divided 

to  show  the  cost  of  forms  separate  from  the 

TABLE  I.  — COST  OF  PLACIXG  2-IN.  MOHTAR    LINING  OF  SO-IN.  STEEL  PIPE. 
Cost  per 

sy.  It. surface 

covered. 

Item. 
Forms: 

Superintendence  and  general  labor   
Labor       
Teaming      
Small  tools,   etc   
Incidental  expenses  and  insurance   
Rental,   transportation  and  repairs  of  forms. 
Plant,    Interest   and   depreciation   

Fig.  9.    View  of  Forms  for  Placing   Mortar 

Lining    of   80   in.    Steel    Pipe   of   Weston 

Aqueduct    Supply    Main. 

cost   of   mixing   and   placing  the   concrete,   as 

f°""^^'^-  Cost      Percent 
per  of  total 

Item.  cu.  yd.  cost. 
Forms: 

Superintendence   a  n  d 

generallabor..         ?        1.90  $0.12  10.
1 

fe?aminW           22.63  0.05  4  3 

Lumber^           ....         91.75  0.20  17.9 
kmal^  lools;  etc           33.13  0.07  6.5 
Incidental   expe  n  s  e  s 

and   insurance             -1.18  v.^t  •'■'■ 
Plant,      interest     and 

depreciation                0-69  _^;^l  __ 

Total   cost      r  513.40  $1,131  100.0 
Mixing  and  Placing  Concrete: 

Superintendence  and       „„  „„  ,„  „-  ■  c 

general  labor      J    120-06  $0.2<  4.6 
Labor            67o.  (o  i.ou  n'n 
Tpnmin"               58.58  0.13  -.- 

Sand                          239.31  0.53  9.1 

Cew-nt"                      734.70  163  28.0 

Saml  "blasting.         350.90.  0.78  13.4 
Small    tools,    etc           90.31  0.20  i.i 
Incidental     expenses  , 

and  insurance             o&.Ji  v.ii 

Plant- 
Transportation,    erec- 

tion, repairs,  opera- 

,Vn"     ̂".''..'"."".'^"':      269.39  0.60  10.2 
Inte""reEt    and    depre- 
eiation            ^^-^l  _0j^  _j'jf 

Total   cost      $2,627.88  $5.83  100.0 
Total: 

Superintendence  a  n  d  ,.  ,„  ,- 

genera,  labor     $1.96  $0.39  ^5.o 

i^amine   .'::. ■;.■.'.         81.21  O.IS  2.6 
L^mTer     ■'.:..        91.75  0.20  2.9 
Mnnd                       239.31  0..53  7.6 
Cement  ■.■.:.:         734.70  1.63  23.4 Sand   blasting  outside      „„  „„  „  .„  ,,  , 

of  80-in.  pipe        3d0.90  0.,S  11.2 

Small   tools,  etc         123.44  0.27  3.9 
Incidental    expenses       __ 

nnd   insurance              io.4o  u.ib  i.< 

Plant- 
Transportation

,    
erec- 

tion, repairs,  opera- 

Jin"     ̂".'!.. '"."".''."':       269.39  0.60  8.6 
Interest    and    depre- 
elation             34.30  ^0.(h  ̂ i_i 

Total   cost      $3,141.28  $6.96  100.0 

Value  of  work     2.895.82  J.43    

Loss                $    245.46  $0.53  7.8 

•Cost  per  sq.  ft.  of  surface  cleaned  =  4.6  cts. 

■   Item  ]0.— Brick    Masonry  (36    cu.  yds.)  — 
This     item     included     brick  masonry     used 

in    constructing    valve    chambers    and  raising 

manholes   on   the  Cochituate  Aqueduct.     The 

cost  of  the  work  was  as  follows: 
Cost  Per  cent 

per  of  total 
Item.  "="•  yd.  cost. 

Superintendence   and 

i/bo""'"^'       .:::::    zio'oi  a:^  4o 
S«,";Vl<     °*"'''""'....°"            5.16  0.14  1.0 
r^Int           ....         78.64  2.19  14.8 

47.55 

267.62 13.30 

29.85 18.96 

278.10 0.63 

Cost  per 
lin.  It. of  pipe. 

$0.13 

0.74 C.04 
0.08 
0.05 0.77 

0.002 Total    cost       $    656.01 

Mixing  and  Pouring  Lining: 
Superintendence  and  general  labor    $      43.24 
Labor       243.38 
Sand   blasting       350.90 
Sand        76.60 
Cement       267.33 
Small    tools,   etc    2^.46 
Incidental   expenses  and   insuiance    17.63 
Plant,  interest  and  depreciation    0.58 

Total    cost       $1,027.12 

Total: 
Superintendence  and  general  labor   Latior     
Teaming      
Sand    blasting      
Sand       
Cement      
Small  tools,   etc   
Incidental  expenses  and  insurance   
Rental,  transportation  and  repair  of  forms 
Plant,  interest  and  depreciation   

Toc-J  cost 

Value  of  work. .. 

Profit 

90.79 
511.00 
13.30 3,-0.90 

76.60 267.33 
57.31 

36.59 
278.10 

1.21 

$1,683.13 2,098.90 

$    415.77 

Cost 

per 

cu.  vd. 

SI  97 11.10 0.29 

7.62 1.66 
5.80 

1.24 
0.79 
6  03 0.03 

$36.53 

45.50 

$8.97 

$1,812 

$0.12 

0.67 0.97 

0.21 
0.74 0.07 

0.05 

0.002 

$2,832 
Cost 

per 

lin.  ft. 

$0.2.1 

1.41 

0.04 

0.97 
0.21 

0.74 0.15 
0.10 
0.77 

0.004 

$4,644 

5.78 

$1,136 

$0,086 

$0,135 Cost  per 

sq.  ft.  of 
surface 
covered. 

$0,222 

0.276 

$0,054 

Per  cent 
of  total 

cost. 7.3 

40.8 

2.0 

4.5 
2.9 

42.4 
0.1 

100.0 

4.2 
23.7 

34.1 

7.5 
26.0 
2.7 

1.74 

0.06 

100.00 
Per 

cent  of 
total 

cost. 
5.4 

30.4 
0.8 

20.8 
4.5 15.9 

3.4 
2  2 

16.53 

0.07 lOO.OO 

24.7 

1^ Small  tools,  etc           19.17 
Incidental   expe  n  s  e  s 

and  insurance            12.27 
Plant,  interest  and  de- 

preciation       0  40 

Total   cost      $    532.41 
Value  of  work         561.41 

0.53  3.6 

0.34  2.3 

0.01  0.1 

$14.79         100.0 
15.59 

5.4 

$0.80 

Profit      $      29.00 

Item  11. — Cement  Grout  I'li  Tunnel  (292 
cu.  yds.)  — When  the  concrete  tunnel  lining 

was  "placed,  1%-in.  steel  pipes  with  couplings 
on  the  outer  ends,  which  were  temporarily 

plu.aged  with  wood,  were  'run  into  all seams  and  cavities  which  could  not  be 

properly  filled  with  concrete.  The  spacing  of 

the  grout  pipes  was  governed  to  a  large  ex- 
tent by  the  character  of  the  walls  of  the 

tunnel '  at  various  points.  Extra  pipes  were 
placed  at  each  of  the  old  shafts  on  the 
Cochituate  Aqueduct,  and  in  the  section 
where  the  roof  was  supported  by  timbers  in 

the  gravel  about  75  ft.  from  the  west  portal. 

Under  ordinary  conditions  the  average  dis- 
tance between  grout  pipes  was  aboiit  20  ft. 

The  pipes  and  couplings  were  furnished  by 
the  Commonwealth.  Th«  specifications  pro- 

vided that  grout  pipes  should  be  placed  so 
that  all  voids  could  be  filled  witliout  forcing 

the  grout  more  than  10  ft.  in  any  direction, 
but  it  was  found  that  the  grout  actually  trav- 

eled  much   greater  distances. 

The  grouting  was  not  begun  until  after 

the  lining  was  entirely  completed  and  the  con- 
crete had  attained  considerable  strength  and 

most  of  the  shrinkage  cracks  had  developed. 

It  was  required  that  the  sand  used  for  grout- 
ing should  all  pass  through  a  sieve  having  (i4 

meshes  per  square  inch,  and  that  at  least 

40  per  cent  should  pass  thro-jgh  a  sieve  hav- 
ing 1,600  meshes  per  square  inch.  In  making 

the  grout  4  cu.  ft.  of  sand  was  mixed  dry 
with  380  lbs.  of  Portland  cement.  The  mixed 
material  was  then  divided  into  nine  equal 

parts  and  put  up  in  bags  in  which  it  was 

transported  to  the  point  where  grout- 
ing was  in  progress.  Three  bags  of 

this  material  and  1.2  cu.  ft.  of  water 
were  used  in  charging  the  grout  machine. 
The  machine  was  a  tight  steel  cylitider  about 
4  ft.  hi.gh  and  18  ins.  in  diameter,  with  a 
1-in.  connection  for  admitting  the  compressed 

air,  and  a  2%-in,  outlet.  It  was  charged 
through  an  opening  at  the  top  provided  with 
a  heavv  cover  fitted  with  a  rubber  gasket. 

The  compressed  air  for  operating  the  ma- 
chine was  obtained  from  the  plant  at  the 

east  portal,  which  at  this  time  it  was  neces- 

sarv  to  keep  in  operation  solely  for  this  pur- 

pose. The  pressure  averaged  about  80  lbs. 
per   square   inch.     The   grout   was   mixed   by 

turning  in  compressed  air  at  the  bottom, 

which  kept  the  mixture  "boiling"  and  pre- vented the  sand  and  cement  from  settling 

and  choking  the  outlet  pipe.  About  0.14  cu. 

yd.  of  grout  was  used  per  linear  foot  of  tun- 
nel. Three  hundred  and  eighty  pounds  of 

cement  made  about  0.9  cu.  yd.  of  grout.  The 

amount  of  grout  required  was  probably  in- 
creased about  25  per  cent  on  account  of  the 

amount  required  at  the  old  Cochituate  Aque- 
duct shafts  and  at  the  point  where  timbering 

wns  required  near  the  west  portal  of  the  tun- nel. 

Fig.   10.    View  of  Connection   of  60   in.  Cast 
Iron  Pipe  with  80  in.  Steel  Pipe,  Weston 

Aqueduct  Supply   Main. 

The  cost  of  the  work  was  as   follows : 

lost 
Cost  Per  cent 

per per 

of  total Item. 
3U.  yd. lin.  ft. 

cost. Superintende  nee 
and  general  labor? 173.49 

$0.60 $0  09 

4.5 

976.50 
4.00 221.60 3.34 

0.01 

0.76 

0.48 

0.002 0.11 25.2 

0.1 

5.7 

Cement      .338.45 4.58 

0  65 

34.6 

Small  tools,   etc   
146.65 

0.50 
0.07 

3.8 

Incidental  expenses 
and    insurance   S6.92 0.30 

0.04 

2.3 

Rental,    transporta- tion   and    repairs 
of  grout  machine 

26.2(1 

0.09 

0.013 0.7 

Plant— 

Transportat  i   o  n, 
erection,     repairs. 
operation        and dismantlin.g      826.27 

2.83 
0.40 

21.4 

Interest     and     de- 
preciation     63.39 

0.22 

0.03 

1.7 

Total  cost  . . . 
Value  of  work. 

$3  863.53   $13.23     $1,884   lOO.O 
.   3.696.50     12.66       1.810 

Loss      $    167.03     $0.57     $0,074       4.3 
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llent  VI, — Cement  Mortar  Lining  of  80-In. 
Stcc!  Pipe  (303  lin.  ft.). — The  mortar  lining 
for  the  80-in.  steel  pipe  was  made  2  ins. 
thick  and  was  cast  in  place  by  pour- 

ing a  thin  mortar  into  the  space  between 
the  steel  pipe  and  a  central  collapsible  stee! 
form  of  the  Blaw  type,  which  was  held  in 
correct  position  by  means  of  adjustable  bolts, 
located  around  the  circumference  of  the  form 

and  which  were  brought  to  a  bearing  upon 
the  steel  pipe  so  as  to  provide  the  desired 
2-in.  space  for  the  mortar.  The  forms  were 

made  in  sections  7  ft.  long,  each  section  con- 
sisting of  five  circular  segments  bolted  to- 
gether with  an  adjustable  wooden  key  piece 

at  the  top,  as  shown  in  Fig.  9.  The  mortar 

was  poured  through  2-in.  holes  in  the  top 
of  the  pipe,  the  lining  being  cast  in  sections 
14  ft.  long,  without  interruption  in  the  flow 
of  mortar  after  the  pouring  of  a  section 
was  cnce  started. 

The  end  of  the  section  was  closed  by  means 

of  a  hose  extending  around  the  circum- 
ference and  e.xpanded  by  means  of  water 

pressure,  forming  a  bulkhead  at  the  end  of 
the  annular  space  between  the  steel  pipe  and 
the   form. 

Before  setting  up  the  forms,  the  interior 
of  the  pipe  was  cleaned  to  bright  iron  with 
a  sand  blast  and  it  was  then  painted  with 
a  cement  wash  in  the  same  manner  as  the 

outside  of  the  pipe,  described  under  Item  9. 
The  mortar  was  mixed  in  the  proportion  of 
1  part  of  Portland  cement,  two  parts  of 
sand  and  water  amounting  to  about  2-5  per 
cent   of   the   volume   of   these   materials. 

On  account  of  the  short  length  of  pipe  to 
be  lined,  the  mortar  was  mixed  by  hand  in 
barrels  supported  on  a  wooden  platform 
above  the  top  of  the  pipe.  One  cubic  yard 
of  mortar  required  four  barrels  of  cement, 
and  was  sufficient  for  lining  7.9  ft.  of  the 

pipe. 
The  cost  of  the  work  has  been  sub-divided 

to  show  the  cost  of  forms  separate  from  the 
cost  of  mixing  and  pouring  the  lining,  as 
shown  in  Table  I. 

Items  13  and  15. — Laying  GO-In.  Cast  Iron 
Pipe  (935  lin.  ft.). — The  work  of  laying  the 
60-in.  case  iron  pipes  included  the  teaming 
of  the  pipes  about  two  miles,  unloading  them 
from  the  wagons  and  laying  them  in  trenches, 

including  the  furnishing  of  all  materials  re- 
quired. The  excavation  and  refilling  of  the 

trenches  was  paid  for  under  Items  3,  4  and  5. 
The  cost  of  the  portion  of  the  work  included 
under  these  items  was  as  follows: 

Cost      Per  cent 
per         of  total 

Item.  lin.  ft.        cost. 
Superintendence   and 

general  labor    $    21S.54         $0.23  Mn 
Labor         1,213.1.3  1.30  47.2 
Teaming            S.tS.SO  0.3S  13.9 
Jute           24. on  0.03  0.9 
Lead          565.10  0  60  22.0 
Bloc'fing  .ind  wedges.      131.50  0.14  5.1 
Small  fools,   etc          20.67  0.02  0.8 
Incidental    expe  uses 

and    insurance           45.10  0.05  1.7 
Plant,  interest  and  de- 

preciation     2.74  0.003  0.1 

Total  cost    $2,576.58         $2,753       100.0 
Value  of  work     1,973.81  2.113 

Loss      $    602.77         $0.64  23.4 
The  cost  of  teaming  the  pipe  was  $0.38  per  ton 

mile. 

Item  li.— Laying  80-In.  Steel  Pipe  (363 
lin.  ft.). — The  80-in.  steel  pipe  was  de- 

livered to  the  contractor  in  sections  20  ft.  in 

length  and  was  hauled  by  him  to  the  work, 
a  distance  of  about  two  miles.  It  was  neces- 

sary to  roll  the  pipes  on  skids  for  an  aver- 
age distance  of  100  ft.  from  the  point  of 

delivery  to  place  them  in  position.  The  steel 
pipes  were  furnished  by  the  Hodge  Boiler 
AVorks  of  East  Boston,  and  were  placed, 
riveted  together,  lined  and  covered  by  the 
contractor  for  building  the  tunnel.  Each  20- 
ft.  section  of  the  pipe  was  made  of  three  al- 
ternatelv  large  and  small  courses,  each  course 
being  formed  of  a  single  sheet  of  flange 
steel  fi  ft.  11  ins.  wide  and  .5/16  in.  thick. 
The  longitudinal  joints  were  lapoed  4%  ins. 
and  double-riveted  with  %-in.  rivets  spaced 
2%  ins.  from  center  to  center.  The  circular 

joints  were  lapped  2%  ins.  and  single-riveted 
with  %-in.  rivets  spaced  about  2%  ins.  on 
centers.     At  intervals   of   about   40   ins.,   pads 

G  ins.  in  diameter  and  Vz  in.  in  thickness  were 

riveted  on  top  of  the  pipe,  through  each  of 
which  was  drilled  and  tapped  a  hole  for  a 

2-in.  diameter  steel  plug.  As  previously  stated 
these  2-in.  holes  were  used  for  introducing 
the  Portland  cement  mortar  for  lining  the 
steel  pipe,  .^t  the  junction  between  the  76- 
in.  mortar-liued  steel  pipes  and  the  60-in. 
cast  iron  pipes,  76x60-in.  cast  iron  branches 
were  set  and  the  60-in.  outlet  capped  for  fu- 

ture use  when  an  additional  main  shall  be  re- 
quired. Figure  10  shows  the  details  of  the 

connection  of  the  steel  and  cast  iron  pipe. 
The  cost  of  the  work  under  Item  14  was  as 
follows : 

Cost      Per  cent 
per         of  total Item.  lin.  ft.        cost. 

Superintendence   and 
general  labor      $    135. S3         $0,374         12.2 

Labor,  laying  pipes...       390.12  1.08  35.0 
Labor,   riveting            374.43  1.03  33.fi 
Teaming               73.53  0.20  6.6 
Small    tools,    etc           85.00  0.234  7.6 
Incidental    expe  n  s  e  s 

and   insurance             54.45  0.15  4,9 
Plant,      interest     and 
depreciation      1.7S  0.004  0.1 

Total   cost      $1,115.14         $3,072       100.0 
Value  of  work     1,226.21  3.376 

Profit      $    111.07         $0,304  9.9 

The  cost  of  teaming  the  pipe  was  $0.62  per ton  mile. 

Item  16. — Extra  Work. — The  extra  work 

required  under  the  contract  included  the  ex- 
cavation and  timbering  of  six  old  shafts  on 

the  Cochituate  .Aqueduct  tunnel,  where  the 
excavation  for  the  new  tunnel  broke  through 
into  these  old  shafts,  and  also  some  mis- 

cellaneous work.  For  this  work  the  con- 
tractor received  the  actual  cost  of  the  work 

plus  15  per  cent,  and  the  total  amount  paid 
under  this  item  was  $925.89. 

Results  of  an  Efficiency  Investigation 
of  the  Aurora,  Indiana  Water 

Purification  Works. 

The  water  works  system  of  Aurora,  Ind., 

was  installed  in  1904  and  is  owned  by  the  In- 
diana Public  Service  Co.  The  supply  is  drawn 

from  the  Ohio  River  and  is  subjected  to  coagu- 

lation, sedimentation,  filtration  and  hypochlor- 
ite treatment  before  it  is  delivered  to  the  con- 

sumers. This  plant  was  visited  in  June,  1911, 
by  Mr.  Jay  A.  Craven,  at  that  time  a  member 
of  the  engineering  staff  of  the  Indiana  State 
Board  of  Health,  and  samples  were  taken  of 

the  raw-,  settled  and  filtered  water.  Examina- 
tions of  these  samples  indicated  such  a  poor 

cfficiencv  of  the  filter  beds  that  the  installa- 

quest  of  W.  .A.  Winn,  general  manager  of  the 
water  company,  an  inspection  of  the  equip- 

ment and  operation  of  the  plant  was  made  by 
a  representative  of  the  Indiana  State  Board 
of  Health.  The  results  of  the  investigation 
are  here  described  from  information  in  an 
article  by  John  C.  Diggs,  assistant  engineer,  in 
the  monthly  bulletin  of  the  board  for  April, 

1914.  The  investigators'  findings  indicate  the 
importance  of  competent  technical  supervision 
of  the  operation  of  water  filtration  plants. 

DiJring  the  inspection,  washing  of  the  filters, 
feeding  of  chemical  solutions  and  general 
operations  of  the  plant  were  studied.  On 
March  3,  4  and  5  samples  were  taken  from 
various  sources  of  the  plant  and  bacterial  ex- 

aminations made.  The  results  of  the  tests  are 
given  in  Table  I.  A  laboratory  was  set  up 
above  the  office  of  the  water  company,  thereby 
permitting  an  examination  of  the  samples  soon 
after  collection. 

During  the  course  of  the  investigation  of 
the  plant  some  minor  changes  in  operation 
were  made  at  once.  Other  alterations  which 

could  not  be  made  immediately  were  recom- 
rnended  to  be  carried  out  as  soon  as  pos-. 
sible. 

Following  is  a  description  of  the  essentia! 
features  of  the  works :  Two  Van  Wie  cen- 

trifugal pumps  of  1,000,000  gals,  capacity  each 

draw  water  from  an  intake" extending  200  ft. into  the  river  and  elevate  it  to  the  two  sed- 
imentation basins  which  have  a  capacity  of 

1,000.000  gals.  The  chemicals,  iron  sulphate 
and  liiTie,  are  here  applied.  From  the  sedi- 

mentation tanks  the  water  flows  by  gravity 

into  two  New  York  Continental  Jewell  filters 

-of  500,000  gals,  capacity  each.  These  filters 
were  used  at  the  Louisiana  Purchase  Exposi- 

tion at  St.  Louis  and  after  the  close  of  the 

fair  were  moved  to  .i^urora.  Leaving  the 
filters,  the  water  flows  into  a  50,000-gal.  clear 

well  of  cypress  staves.  Two  Smith-Valle' 
pumps  of  1,000,000  gals,  capacity  each  force 
the  water  into  a  storage  tank  located  on  one 
of  the  highest  hills.  This  tank  has  a  capacity 
of  280,000  gals.  The  hypochlorite  solution  is 
added  to  the  suction  line  drawing  the  filtered 
water  from  the  clear  well. 

One  of  the  first  objectionable  features  to  be 
noted  was  the  irregular  feeding  of  the  iron 
sulphate  solution  used  as  a  coagulant  into  the 

raw  water.  The  iron  sulphate  was  put  in  solu- 

tion in  two  cypress  tanks  of  about  800*gals. 
capacity  each.  From  these  tanks  it  was  pumped 
into  the  raw  water  main  leading  to  the  sedi- 

mentation tanks.  No  definite  amount  of  the 

chemical  was  put  in  solution,  but  a  shovelful 
was   added   at   such    times    as    was    deemed 

TABLE    I.- 

Date. 
M.arch  3 
March  3 

March  ■" 
March  3 

March  ." 

March  3 
March  4 
March  4 March  4 
March  4 
March  4 
March  4 

March  ." 

March  5 
March  7 
March  5 
March  5 
March  5 
March  5 
March  5 

-B.'iCTEKIAL    EXAMINATION    OF    SAMPLES     FROM     AURORA     WATER     WORKS, 
AURORA,   IND.,    IN  MARCH,   1914. 

Sample. 
1 
2 
3 
4 

r, 

6 
7 
8 
9 

10 

11 

12 

13 
14 

15 

16 
17 

IS 

19 

20 

Bacteria 

Agar 

at  37°. 

450 

500 
160 

1.500 
40 

100 
580 
5.50 
190 

200 

85 
20 
20 

35 

450 

480 

200 
fi.OOO 

4.oon 

3,000 

per  c.c. Gelatin 

at  20°. 

s,nno 

3.nnn 

16,000 

18,000 
8,000 

ipfl.nm 40.000 
35,000 

Presumptive 
B.    Coli. 

+ 
+ 
+ 
+ 
+ 
f 
+ 
-t- 

Gas 

Gas 
+ 

-H 

-I- 

-I- -I- 
-f- 

Remarks. 
Top  of  filter  No.  1.  from  river. 
Top  of  filter  No.   2,  near  river. 
p;ffluent.    filler   No.    1. 
BJffluent,    filter    No.    2 
Tap  at  pumping  station. 
Tap   in   citv. 
Top  of  filter  No.   1. 
Top   of  filter   No.    2. 

Effluent   of   filter    No.    1.  ' Effluent  of  filter  No.    2. 
Tap  at   pumping  station. 
Tap  at  pumpin,g  station,   16  lbs.   hypo. 
Tap  at  pumping  station,   14   lbs.   hypo. 
TfiD  at  pumping  station,  7  lbs.  hypo. 
Eflluent.    filter  No.    1. 
Effluent,    filter   No    2. 
Tap  at  pumpins:  station.  9  lbs.  hypo. 
Raw  water  at  river's  edge. 
Ton  of  filter  No.    1. 
Top  of  filter  No.   2. 

tion  of  hvpochlorite  treatment  was  recom- 
mended. The  inefficient  condition  of  the  filters 

was  laid  to  the  irregular  feeding  of  the  coagu- 
lant. 

Early  in  January,  1914,  a  rather  serious  epi- 
demic of  typhoid  fever  developed  in  Aurora. 

Examinations  of  a  number  of  sets  of  samples 

taken  from  the  taps  of  the  oublic  water  sup- 
ply disclosed  the  presence  of  sewage  bacteria 

in  many  cases.  The  bacterial  content  of  the 

samples  indicated  somethins'  seriously  wrong 
with   the   purification   operations.     At  the   re- 

necessary  in  the  judgment  of  the  engineer. 
From  the  appearance  of  the  coaeulated  water, 

the  slight  turbidity  of  the  filter  effl'uent  and  the 
condition  of  the  filter  beds  upon  droppmg  the 
water  from  them,  it  appeared  that  for  a  water 
as  turbid  as  the  raw  water  was  at  the  time  of 

the  visit,  an  insufficient  amount  of  chemical 
was  used.  It  was  advised  that  the  solution 

tanks  be  moved  from  their  position  under  one 
of  the  filters  to  a  separate  room  from  which 

the  solution  could  be  fed  by  gravity  to  the  raw 
water  mains.  The  solution  should  also  be  made 
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up  to  a  definite  strength  and  this  sokition  fed 
into  the  raw  water  at  a  rate  for  proper  coagu- 

lation. The  same  condition  was  found  to  exist 
in  the  case  of  the  hme  solution. 

For  hypochlorite  treatment  a  half  per  cent 
solution  of  chloride  of  lime  was  used.  This 
was  fed  into  the  mouth  of  the  suction  line 
drawing  from  the  bottom  of  the  clear  well 
cistern  through  an  automatic  feed  tank. 
A  micrometer  screw  valve  was  used  for 
adjusting  for  difTerent  rates  of  pumpage.  This 
adjusting  screw  was  entirely  out  of  order, 
making  an  accurate  rate  of  feed  absolutely  im- 

possible. The  pumpage  varies  from  0,000  to 
30,000  gals,  per  hour  and  with  such  a  device 
for  regulating  the  solution,  the  application  of 
the  chemical  at  anything  like  a  regular  rate 
was  impossible.  This,  of  course,  resulted  in 
the  addition  of  an  excess  amount  of  hypo- 

chlorite solution  at  times,  while  at  other  times 
an  amount  too  small  for  proper  sterilization 
was  added.  To  eliminate  this  objection  the 
adjusting  screw  was  replaced  by  a  %-in.  valve. 
This  gave  very  satisfactory  control  and  by 
means  of  tables  indicating  gallons  per  hour  for 
each  rate  of  pumpage,  satisfactory  chemical 
treatment  was  obtained. 

Insofar  as  the  filtered  water  was  slightly 
turbid  and  the  bacterial  efficiency  of  the  filters 
decidedly  low,  it  seemed  wise  that  a  careful 
examination  of  the  sand  beds  be  made.  An 
examination  disclosed  the  fact  that  the  filter- 

ing materials  were  so  displaced  that  the  filter 
was  of  value  only  in  removing  the  coarser 
sediment  from  the  water.  For  the  purpose  of 
removal  of  bacteria  it  was  entirely  useless. 
Gravel  was  collected  in  the  center  of  the  sand 
bed  extending  even  above  the  surface  of  the 
surrounding  sand.  This  gravel  layer  extend- 

ed to  the  bottom  of  the  filter  and  permitted 
the  water  to  flow  freely  through  it.  Near  the 
edge  of  the  filter  were  similar  mounds  of 
gravel.  Between  the  center  of  the  filter  and 
the  outer  edge  was  a  section  which  was  in 
very  good  condition  for  a  filter,  but  of  course, 
any  efficiency  that  this  portion  may  have  had 
was  entirely  offset  by  the  condition  of  the  sur- 

rounding material.  In  addition  to  all  of  this, 
a  very  large  part  of  the  sand  had  been  washed 

out  of  the  beds.  Filters  of  this  sort  should 
have  4  ft.  to  4%  ft.  of  filtering  material.  One 
filter  had  3  ft.  and  4  ins.  of  gravel  and  sand 
and  the  other  2  ft.  6  ins.  This  fact  alone  would 
have  been  the  cause  of  very  poor  efficiency. 

Ih  an  attempt  to  break  up  these  mounds  of 
gravel  and  to  level  the  satid  stratum  over  the 
gravel  layer,  the  filter  was  washed  with  the 
wash  water  valve  open  full.  A  rise  of  water 
of  15  ins.  per  minute  was  obtained  and  this 
pressure,  with  the  rake  revolving  part  of  the 
time,  continued  for  15  minutes.  As  this  wash- 

ing continued  an  attempt  was  made  to  force 
a  rod  down  through  the  bed,  but  the  mounds 
of  gravel  could  not  be  penetrated.  The  wash 
water  failed  to  loosen  the  material  and,  for 
the  time  being,  it  seemed  wise  to  depend  on 
chemical  treatment  alone  for  bacterial  reduc- 
tion. 

This  condition  of  the  filters  may  have  taken 
its  start  from  one  of  three  causes;  the  stop- 

page of  some  of  the  strainer  caps  preventing 
the  passage  of  wash  water,  too  rapid  revolu- 

tion of  the  rake,  or  the  displacement  of  the 
sand  and  gravel  layers  when  the  strainer  sys- 

tem was  cleaned,  some  two  years  since.  It 
seemed  hardly  possible  this  displacement  of 
gravel  .was  entirely  due  to  a  stoppage  of  the 
filter  heads.  This  would  have  resulted  in  no 
such  regular  ridge  formation  as  existed  in  this 
case.  It  seemed  most  likely  that  the  condition 
can  be  attributed  to  the  last  two  causes.  When 
the  strainer  heads  were  examined  two  years 
ago  the  sand  was  thrown  back  in  any  fashion 
to  best  get  at  the  work,  without  regard  to 
gravel  and  sand.  When  the  sand  was  washed 

w-ith  the  rake  going  at  twenty  revolutions  per 
minute  the  hydraulic  sorting  took  place,  some 
strainer  heads  being  buried  so  deeply  that  it 
was  impossible  to  force  water  through  them. 
Over  these  places  the  coarser  material  gradu- 

ally accumulated  and  slowly  overspread  adja- 
cent strainer  heads.  By  continued  rapid  rak- 

ing the  gravel  was  drawn  to  the  center  until 
it  stood  even  higher  than  the  sand  immediate- 

ly surrounding  it.  It  is  quite  clear  that  such  a 
bed  would  be  a  failure  as  a  filter.  It  will  be 
necessary  that  the  gravel  be  placed  over  the 
filter  heads  and  that  the  bed  be  filled  to  the 
proper  level  with  suitable  sand. 

Rate  control  valves  designed  to  prevent  sud- 
den changes  of  the  height  of  the  water  above 

the  filters  are  so  worn  and  out  of  repair  that 
they  work  very  ineffectively. 

In  practice  the  plant  is  run  at  full  capacity 
from  six  to  eight  hours  per  day  in  which  time 
the  storage  tank  is  filled.  Continuous  running 
at  a  regular  rate  vvould  give  far  better  results 
as  far  as  filtration  and  chemical  treatment  are 
concerned. 

To  get  the  plant  in  an  efiicient  working  con- 
dition from  a  point  of  economy,  as  well  as 

water  purification,  it  seemed  advisable  that  it 
be  thoroughly  overhauled  and  remodeled  in 
agreement  with  the  more  advanced  ideas  in 
water  purification  engineering.  Certain  changes 
about  the  plant  are  already  under  way  and 
several  of  the  recommendations  which  are 

made  are  in  agreement  with  plans  already  con- 
sidered. Changes  recommended  however,  will 

cover  only  those  points  which  will  assist  in 
bettering  the  water  supply  and  will  in  no  way 
deal  W'ith  certain  other  points  which  might  be 
covered  by  tests  made  by  an  efficiency  en- 

gineer. It  does,  however,  seem  highly  advis- 
able that  such  an  engineer  be  employed  by  this 

plant  while  planning  the  alterations. 
To  get  the  plant  in  proper  working  condi- 

tion, it  is  necessary  that  the  filters  be  over- 
hauled thoroughly,  the  gravel  placed  back  in 

its  proper  position  and  the  layer  of  sand  be 
brought  back  to  a  suitable  thickness.  In  the 
meantime,  it  will  be  necessary  that  the  health 
of  the  consumers  be  safeguarded  by  treating 
the  water  with  hypochlorite  solution.  The  rate 
of  12  lbs.  of  calcium  hypochlorite  per  1,000,000 
gals,  of  water  appears  to  be  the  most  suitable 
rate  for  feeding  the  chemical.  The  coagulant 

feed  must  be  carefully  regulated.  Iron  sul- 
phate as  a  coagulant  should  be  replaced  by 

alum  as  soon  as  arrangements  can  be  made. 
During  the  investigation  30  samples  were 

collected.  Bacterial  counts  were  made  on  agar 
at  37°.  Tubes  of  lactose  broth  were  plated 
and  the  presence  of  B.  Coli  or  other  gas  form- 

ing bacteria  determined.  Judging  from  the 
results  of  this  test,  it  is  necessary  to  treat  the 
water  with  hypochlorite  at  the  rate  of  12  lbs. 
per  1,000,000  gals,  to  remove  objectionable 
bacteria. 

EIYEES  A 
Constructing  a  Submarine  Riprap  Em- 

bankment to  Retain  Sand  Fill. 

The  project  of  improving  Governor's  Island 
in  New  York  Harbor  involved  increasing  by 
103%  acres  the  area  of  the  island  by  filling 
in  behind  a  sea  wall  built  across  a  shoal 
southwest  of  the  island  at  about  2,000  ft. 
from  shore  and  connected  at  each  end  to  the 
island.  The  inclosing  dike  was  planned  to 
be  a  masonry  sea  wall  on  a  riprap  embank- 

ment foundation.  Since  the  foundation  rip- 
rap was  to  be  deposited  on  soft  bottom  and 

since  it  has  to  retain  sand  filling  the  be- 
havior of  the  embankment  is  a  matter  worth 

recording  and  the  following  statement  is  ex- 
tracted from  an  article  by  Assistant  Engineer 

H.  N.  Babcock  in  "Professional  Memoirs" 
for    May-June,    1914: 
Borings  showed  a  generally  soft  bottom 

except  close  to  the  old  island,  and  after  some 
deliberation  the  conclusion  was  readied  that 
a  foundation  of  riprap  sunk  to  a  natural 
sustaining  depth  in  the  mud  would  be  quite 
as  secure  as  crib  work,  easier  to  repair  if  re- 

quired, and  much  less  expensive.  At  that 
time  a  riprap  wall  to  retain  sand  filling  had 
not  been  tried  in  this  vicinity,  if  anywhere, 
and  doubts  were  expressed  as  to  whether  the 
embankment  would  not  run  through  the  wall. 
The  officer  in  charge  was  not  unduly  tied 
down  to  precedent,  and  with  his  approval, 
sanctioned  by  the  Chief  of  Engineers,  the  de- 

sign was  changed  to  provide  a  riprap  founda- 
tion with  masonry  wall  on  top.  The  plan 

■was  successful  and  has  since  been  adopted, 
even   to   the  extent   of   copying  the   specifica- 

tions, by  the  New  York  Dock  Department 
at  Rikers  Island  and  at  the  new  Brooklyn 
Shore  Drive  revetment. 

The  foundation  settled  during  construction 
an  average  of  about  4  ft.;  it  has  settled  some- 

what since  and  in  places  may  not  yet  have 
quite  reached  a  permanent  level.  This  is  no 
more  than  would  have  occurred  with  crib 
work,   and   perhaps  not   as   much. 

The    leakage    through    the    wall    was    very 

f^robable  Bottom  LIniiT of  Rip  Rap 

Fig.    1.    Section    of    Riprap    Foundation    Em- 
bankment   for    Sea    Wall. 

small,  roughly  estimated  at  500  cu.  yds.  It 
occurred  only  where  mud  lay  against  the 
riprap,  and  there  only  while  the  bank  of  the 
fill  was  between  low  and  high  water  and  the 
mud  was  stirred  up  by  ripples.  It  was  enough 
to  noticeably  stain  the  water  in  the  imme 
diate  vicinity,  outside  the  wall.  WHien  the 
fill  was  built  up  to  or  above  high  water,  the 
voids  in  the  stone  filled  up  permanently  and 
the  leakage  ceased. 

The    wall    was    built    of    large    and    small 
stones   mixed,   so   as  to   make   it   as   compact 

and  tight  as  practicable  for  stone  placed 
under  water. 

Riprap  fosndation  was  begun  in  Novem- 
ber, 1901,  and  finished  in  November,  1904, 

except  at  a  gap  350  ft.  wide  left  at  the  outer 
end  to  admit  scows  bringing  material  for  the 
embankment.  The  gap  was  filled  in  and  the 
foundation  finally  completed  Jan.  31,  1911. 
The  foundation  was  planned  with  side 

slopes  of  1  upon  1.  For  2,200  ft.  on  the  But- 
termilk Channel  side  and  where  exposure  to 

waves  was  least,  the  top  was  12  ft.  wide  at  2 
ft.  above  low  water.  The  rest  had  a  top 
width  of  15  ft.,  3  ft.  above  low  water.  The 
total  amount  of  stone  placed  for  this  work 
was  404.115  tons  (2,240  lbs.),  .^s  the  stone 
settled  into  the  bottom  additional  riprap  was 

put  on  the  outer  slope  to  the  amount  of  33,- 
490  tons,  making  a  total  of  437,01 1  tons.  The 
length  of  riprap  is  7,207  ft.,  and  the  depths  in 
which  the  riprap  was  placed  ranged  from 0  to  20  ft. 

While  laying  the  riprap  an  effort  was  made 
to  record  the  amount  actually  placed  in  dif- 

ferent sections  of  200-ft.  length,  so  as  to  de- 
termine the  amount  of  settlement  in  each  sec- 

tion. This  proved  impracticable.  The  stone 
was  measured  by  the  barge  load  and  when, 
as  was  usually  the  case,  a  barge  discharged 
into  the  different  sections,  there  was  no  way 
of  estimating  how  much  went  to  each.  In 
two  cases  the  amounts  as  recorded  would  in- 

dicate a  negative  settlement.  By  dividing  the 
wall  iiito  two  sections,  one  on  the  Buttermilk 
Channel  side  extending  across  the  gap  and 
3.71)3  ft.  long,  the  other  on  the  Hudson  River 

side,  3,504   ft.  long,  the  inaccuracies  of  over- 
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91 iapping  are  reduced  to  a  minimum.  The  But- 
termilk Channel  wall  averaged  45.0  tons  to 

the  linear  foot  wliich  (at  18  cu.  ft.  to  the 
ti  n)  would  build  a  wall  to  contract  dimen- 

sions in  water  20.1  ft.  deep.  The  average 
depth  in  this  section  was  16.6  ft.,  and  the 
average  settlement  on  top  of  the  masonry 
wall  to  date  is  0.6  ft.,  making  the  average 

sinking  of  riprap  into  the  bottom  (20.1 — 16.6 
-1-0.6)    4.1    ft. 
The  Hudson  River  wall  averaged  61.5  tons, 

or  1,107  cu.  ft.  to  the  linear  foot,  which 
would  be  the  estimate  for  such  a  wall  in 

water  23.6  ft.  deep.  The  average  depth  be- 
fore work  was  20.5  ft.,  and  the  average  set- 

tlement on  top  of  the  masonry  wall  is  1.0  ft., 
indicating  an  average  settlement  of  riprap 

(23.6—20.5+1.0)   4.1   ft. 
The  exact  agreement  of  these  two  is  acci- 

dental. It  would  seem  that  the  Hudson  River 
wall,  with  its  greater  weight,  would  sink 
deeper,  and  presumably  it  did,  the  exact 
slope  of  the  sides  as  built  being  difficult  to 
determine.  But  it  is  obvious  that  for  this 
structure,  or  one  under  similar  conditions, 

the  original  estimates  of  the  amount  of  rip- 
rap  required   before   it   reaches    a   fixed   level 

29'rtor  rower  TQ^  of  Pin 

$21,00  i)er  linear  foot.  It  has  settled,  with 
the  riprap,  an  average  of  0.8  ft.,  and  at  one 
point  2.4  ft.  When  it  has  reached  a  per- 

manent level — presumably  in  two  or  three 
years— the  coping  course  for  nearly  one-half 
Its  length  should  be  lifted  and  a  leveling 
course  placed   underneath. 

The  entire  cost  of  this  sea  wall  and  foun- 
dation,   exclusive    of    inspection,    was: 

Rip-rap,    437,611    tons   $195,233.50 
Masonry  wall.  7,219  linear  feet,  includ- 

ing- repair  of  damage  by  collisions..   143,543.20 

Total     $338,776.70 
Iverage    cost,    per  foot    47.00 

Dock    Wall,    Gangway   and    Gangway 
Bridge  Barge  Canal  Terminals, 

Troy,  N.  Y. 
(Staff  Article.) 

The  terminals  of  the  Barge  Canal  on  the 
east  bank  of  the  Hudson  River  at  Troy,  N.  Y., 
occupy  about  960  ft.  of  water  front  in  two 
city  blocks  between  Adams,  Washington  and 
Liberty  streets.  Along  this  waterfront  will 
be  constructed  a  concrete  bulkhead  wall  filled 
and  paved  inshore  and  having  at  its  north  end 

The  general  specifications  for  the  concrete 
work  are  as  follows : 

First-class  concrete  shall  be  made  of  1  part 
of  Portland  cement,  2  parts  of  clean  sand  and 
1  parts  of  crushed  stone.  Second-class  concrete 
shall  be  made  of  1  part  of  Portland  cement,  2V4 
parts  of  clean  sand  and  5  parts  of  crushed  stone 
or  gravel.  In  determining  the  proportions  of 
the  ingredients,  100  lbs.  of  cement  shall  be 
considered  as  1  cu.  ft. 
Stone  shall  be  free,  before  being  crushed, 

from  soil,  mud  or  dust.  Soft  or  shaly  stone 
shall  not  be  used;  stone  shall  be  of  hard,  dur- 

able, insoluble  stone.  Crushed  stone  for  flrst- 
class  concrete  shall  be  in  fragments  that  will 
pass  through  a  1^-in.  circular  hole,  and  that 
will  not  pass  through  a  ̂ -in.  circular  hole. 
Crushed  stone  for  second-class  concrete  shall 
be  in  fragments  that  will  pass  through  a  2^-ln. 
circular  hole,  and  that  will  not  pass  through  a 
%-in.    circular   hole. 
AH  sand  shall  be  composed  of  grains  varying 

in  size  from  fine  to  coarse,  not  over  %  in.  In 
size;  it  shall  be  clean,  sharp,  and  shall  be 
screened  and  washed,  if  required.  Sand  which 
contains  not  more  than  2^  per  cent  of  its 
volume    of   silt    or   loam    need    not   be    washed. 
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Fig.    1.     Wall    Section    and    Gangway    Plans,  Concrete    Dock    Wall. 

should  be  based  upon  depths  about  iVz  ft. 
greater  than  actually  observed  depths.  Figure 
1  shows  an  average  cross  section  of  the  rip- 

rap foundation   for  this  sea  wall. 
The  riprap  for  this  work  was  purchased 

under  three  contracts  at  prices  per  ton  of 

2,240  lbs.  for  stone  delivered  in  place,  3-") 
cts.,  58  cts.  and  38  cts.  The  stone  was  ob- 

tained from  Xew  A'ork  City  excavations.  The 
construction  of  the  subway  at  the  time  mide 
it  possible  to  .get  such  stone  in  large  quantity 
and  at  low  prices. 
The  masonry  wall  is  of  granite  on  a  con- 

crete base  laid  in  the  top  of  the  riprap.  The 
wall  has  a  coping  course  3  ft.  wide  laid  at 
10.4  ft.  above  low  water.  It  was  built  under 
three  contracts,  at  prices  of  $18.75,  $20.25  and 

about  at  Liberty  St.,  a  gangway  and  adjustable 
gangway  bridge.  Details  of  the  bulkhead 
wall  and  of  the  gangway  construction  are  il- 

lustrated by  the  accompanying  plans  redrawn 
from  the  official  contract  plans. 

The  bulkhead  wall  is  960  ft.  long  and  is 
divided  by  construction  joints  into  24  sections 
40  ft.  long.  For  800  ft.  this  wall  has  snubbing 
posts  spaced  50  ft.  apart ;  for  7.56  ft.  it  has  line 
hooks  48  and  50  ft.  apart  set  in  niches  and  seep 
holes  are  spaced  every  13%  ft.  The  other  details 
of  the  wall  are  indicated  by  the  drawings. 

Details  of  the  gangway  and  gangway 
bridges  are  indicated  bv  the  drawing  which 
also  shows  clearly  the  general  operation  of  the liridge. 

provided  that  the  total  amount  of  silt  or  loam 
in  the  aggregate  of  sand  and  gravel  or  sand 
and  broken  stone  does  not  exceed  3  per  cent  of 
the  volume  of  these  materials  when  mixed 
together  in  the  proportions  to  be  used  for  the 
concrete.  Sand  which  contains  not  more  than 
10  per  cent  of  its  volume  of  gravel  need  not 
have  the  gravel  removed,  provided  the  amount 
of  broken  stone  or  gravel  for  the  concrete  be 
reduced  by  an  amount  similar  to  that  contained 
in  the  sand. 

A  wet  mixture  shall  be  used,  as  tending  to 

produce  a  uniform,  dense  and  impei-idous  con- 
crete; the  amount  of  water  shall  be  such  that 

little  or  no  free  water  collects  on  the  surface. 
Concrete  upon  which  concrete  is  to  be  depos- 

ited   shall     be    thoroughly    scrubbed    with    ware 
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brooms  and  water  from  a  hose  under  sufficient 

pressure  thoroughly  to  remove  all  laitance.  loose 

and  foreign  material,  this  work  to  be  done  im- 
mediately before  depositing-  new  concrete.  In 

Joining  new  concrete  to  old.  or  to  concrete  that 

has  already  set.  the  work  already  in  place  shall 
have  its  surface  cut  over  thoroughly  with  picks 
to  remove  all  inert  material.  This  surface  shall 

then  be  washed  and  be  scrubbed  with  wire 

brooms,  and  shall  be  spread  over  with  a  thin 

layer  of  mortar  before  the  new  concrete  is 

placed.  In  order  to  bond  the  successive  courses, 
horizontal  keys  running  lengthwise  of  the  wall 

at  least  12  ins.  deep,  of  a  total  width  of  at 
least  one-fourth  of  the  width  of  the  joint,  shall 
be  formed  at  the  top  of  the  upper  layer  of  each 

day's  work,  and  at  such  other  levels  as  work 
is  Interrupted,  until  the  concrete  has  taken  its 

initial  set.  Rough  stone  may.  at  the  discretion 
of  the  Engrineer,   be  embedded,   instead  of  using 

the    office    of    the    State    Engineer,    John 
Bensel,   Albany,   N.   Y. 

Wave   Damage  to  the   Harbor   Beach 

Breakwater,  Lake  Huron. 

A  description  of  the  Harbor  Beach,  Michi- 
gan, breakwater,  with  costs  of  construction, 

was  published  in  our  issue  of  Sept.  25,  1912. 

During  the  severe  storm  of  Nov.  9-10,  1913,  this 
breakwater,  which  was  exposed  to  the  direct 
force  of  a  storm  from  the  north,  was  badly 

damaged  and  in  an  article  in  "Professional 
Memoirs"  for  May-June,  1914,  Lieut.-Col. 
Mason  M.  Patrick,  U.  S.  Engine  Corps,  de- 

scribes the  nature  of  this  damage.  We  take 

the  following  extract  from  Mr.  Patrick's  ar- ticle; 

The  main  breakwater  is  4,695  ft.  long  and 

the   superstructure   consists     of     185     blocks 

Breaks  fnm  Z'  to27'wide. 

On  nearly  all  these  blocks  there  has  been 
much  spalling.  Blocks  (31  to  101,  inclusive, 
show  some  subsidence  and  some  spalling,  but 
the  damage  to  this  portion  was  not  great. 
Blocks  162  to  172,  inclusive,  are  in  about  the 
same  condition  as  blocks  16  to  60,  the  crack  at 
the  inner  base  of  the  parapet  varying  in 
width  from  1  in.  to  over  20  ins.  Along  all 
the  portions  of  the  breakwater  where  the 
damage  is  greatest,  in  many  cases  the  footing 
blocks  on  the  outer  side  have  disappeared, 
the  nibble  filling  between  the  outer  row  of 
blocks  and  the  first  inner  row  has  been 
washed  out  and  the  mass  concrete  above  has 
settled  to  the  front. 

Table  of  Costs  of  Reinforced  Concrete 

Dock  Structures. 

The    following    tabulation    of    costs    of    re- 
inforced concrete  docks  is  taken  from  a  paper 

Like 

Fig.    1. Cross    Section    of    Concrete    Superstructure 
Harbor    Beach    Breakwater. 

Fig.  2.    Typical   Section   of  Harbor   Beach 
Breakwater  Showing  Damage  Done  by  Waves. 

the  keys,  provided  they  afford  a  bonding  area 
equivalent  to  that  specified  for  the  keys. 
Whenever  concreting  is  suspended  on  any 

section  for  more  than  one  hour,  all  edges  whicli 
will  be  exposed  in  the  finished  work  shall  be 
brought  to  a  level  and  be  struck  oft  with  a 
straight  edge  and  a  trowel.  No  concrete  shall 
be  slid  down  a  chute  or  thrown  to  the  place 
where  it  is  to  be  laid,  except  by  special  per- 

mission of  the  Engineer.  In  any  given  layer 
the  separate  batches  shall  follow  each  other  so 
closely  that  each  one  shall  be  placed  and  com- 

pacted before  the  preceding  one  has  set.  so  that 
there  shall  be  no  line  of  separate  between  the 
batches.  After  the  concrete  has  begun  to  set, 
it  shall  not  be  walked  upon  in  less  than  twelve 
hours. 
The  Engineer  may  withhold  permission  to  lay 

concrete  during  freezing  weather  until  the  work 
Is  protected  by  housing  or  until  the  Ingredients 
entering  Into  the  composition  of  the  concrete 
shall  be  heated  so  that  when  the  concrete  Is 
mixed  and  ready  to  be  deposited,  it  shall  hav 

a  temperature  of  not  less  than  T5°  F.  In  warm 
weather,  concrete  shall  be  covered  with  canvas 
or  otherwise  protected  from  the  sun.  and  kept 
wet   until    thoroughly   set. 

The   plans   as   illustrated    were   designed   in 

numbered  consecutively  from  the  upper  to 
the  lower  end.  The  cribs  had  been  leveled 
off  as  well  as  possible  and  then,  as  shown  in 
the  cross-sections.  Fig.  1,  there  were  placed 
footing  blocks  which  were  10  ft.  long,  4.5 
ft.  wide  and  4  ft.  high.  The  outer  row  was 
laid  as  headers,  the  two  interior  rows  as 
stretchers  and  under  the  joints  of  the  ad- 

jacent monolithic  blocks  were  placed  cross 
blocks  4  ft.  wide,  4  ft.  high  and  from  7.5  to 
11,5  ft.  long.  All  of  the  footing  blocks  had 
joggles  or  panels  molded  in  their  adjacent 
vertical  faces  and  in  their  upper  faces  for 
binding  them  to  each  other  and  to  the  mass 
concrete.  This  mass  concrete  in  each  block 

amounted  to  about  200  cu.  yds.,  and  is  esti- 
mated to  weigh  about  340  short  tons. 

Blocks  1  to  15,  inclusive,  suffered  little 
damage.  Blocks  16  to  60,  inclusive,  were 
all  more  or  less  damaged.  Most  of  these 
blocks  are  broken  at  the  base  of  the  parapet 
on  its  inner  side  and  have  settled  to  the 
front,  the  cracks  varying  in  width  from  about 
two  inches  to  over  a  foot.  In  a  number  of 
cases,  the  concrete  of  the  slope  from  the 
parapet  to  the  outer  edge  of  the  block  has 
been  broken  in  several  places.     (See  Fig.  2.) 

by  Harrison  S.  Taft  in  Proceedings  American 
Society  of  Civil  Engineers,  Vol.  XL,  p.  963: 

Location. 
Pier     No.     8.     Puget 
Sound  Navy  Yard. Type. Concrete  columns. 

Steel  deck-beams. 
Concrete  deck-slab 

Cost 

per 

square 
foot. 

Naval    Station.   Phil- 
ippines     Concrete  columns. 

Steel  deck-beams. 
Concrete  deck-slab. 

Balboa.  Panama  Ca- 
nal      Concrete  columns. 

Concrete  beams. 

Concrete  deck-slab. 
Oakland.    Cal   Concrete  piles. 

Concrete  beams. 
Concrete  deck-slab. 

Brunswick.    Ga   Concrete  piles. Wooden  deck  system. 
Charleston      Navy 

Yard.    S.    C   Concrete  piles. Wooden  decking. 
United     FVuit     Com- 

pany.   Panama    ...Concrete-protected 
wooden    plle^ 

Concrete  deck-beams. 
Concrete  slab. 

$3,11 

Brooklyn,        average 
of    two    docks Wooden  piles. 

Wooden  caps. 

Concrete  deck-slab. 

2.60 

3.28 

1.40 

.60 

:.13 

0.90 

Notes  on  Repaving  in  Philadelphia. 

Repaying  problems  present  many  interest- 
ing features,  since  in  their  consideration  er- 
rors of  judgment  in  laying  the  original  pave- 
ment may  be  corrected.  The  1913  report  of 

the  bureau  of  highways  of  Philadelphia,  Wm. 
H.  Connell,  chief,  discusses  some  of  these 
problems. 

It  is  considered  necessary  to  use  a  compara- 
tively noiseless  type  of  pavement  in  the  vicin- 

ity of  hospitals  and  public  schools.  For  this 
purpose  wood  block  paving  was  used  in  44 
different  localities  within  this  city.  Both  the 
schools  and  the  hospitals,  where  these  pave- 

ments have  been  laid,  praise  the  improvement 
from  the  standpoint  of  the  comfort  of  the 
patients    in    the   hospitals,   and    the    increased 

efficiency  in  school  work  due  to  the  elimina- 
tion of  noise  from  the  streets, 

A  portion  of  Market  St.  which  is  subjected 
to  extremely  heavy  traffic  and  was  formerly 
paved  with  old  and  very  rough  granite  blocks, 
was  repaved  with  a  granite  block  pavement  of 
modern  type.  The  new  type  of  granite  block. 
Fig.  1,  forms  a  pavement  almost  as  smooth  and 
easily  cleaned  as  asphalt  and  yet  sufficiently 
durable  to  withstand  the  wear  of  heavy  traffic. 

Another  improvement  that  has  received  con- 
siderable attention  in  the  business  section  of 

the  city  is  the  substitution  of  modern  dressed 
granite  blocks  for  wood  blocks,  Fig.  2,  at  the 
intersections  of  the  street  railway  tracks.  The 
wood  block  pavement  at  these  intersections 
was  constantly  being  repaired,  and  seldom 
lasted  over  six  months.     Aside  from  the  fact 

that  it  is  a  very  severe  test  on  wood  block  at 
the  intersections  of  street  railway  tracks,  the 
track  construction  in  this  city  is  extremely 
hard  on  any  type  of  pavement,  as  the  ties  are 
simply  laid  on  the  ordinary  sub-soil  on  the 
bed  of  the  street,  which  results  in  so  much 
vibration  of  the  rails  that  the  pavements 
throughout  the  city  suffer. 

Asphalt  has  been  extensively  used  to  replace 
cobble  and  rubble  pavements  and  has  resulted 
in  an  improvement  in  sanitary  conditions.  Ma- 

cadam pavements  are  treated  with  some  type 
of  bituminous  binder.  This  results  in  a  re- 

duced cost  of  maintenance,  the  elimination  of 
the  dust  nuisance,  a  reduced  cost  of  sprinkling 

and  an  improvement  in  appearance  and  smooth- 
ness. 

The    practice    adopted    in    connection    with 
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bituminous  surface  treatments  consisted  of 

applying  from  V4  to  V2  gal.  of  bituminous  ma- 
terial to  the  square  yard,  and  then  spreading 

over  the  surface  from  15  to  30  lbs.  of  tine 
washed  gravel  or  clean  trap  rock  chips,  the 
quantity  and  character  of  materials  depending 
upon  the  condition  of  the  road,  the  nature  and 
character  of  traffic  to  which  it  is  subjected, 
grades,  and  local  and  social  conditions.  In 
«ach  particular  instance  a  careful  study  is 
made  of  these  conditions  before  deciding  upon 
the  character  of  the  material  to  be  used.  In 
1912  none  of  the  macadam  roads  were  in  a 
■condition  fit  for  applying  bituminous  surface 
treatments    until    after    they   had   been    resur- 

All  the  speaker's  observations  of  experi- ments and — what  is  of  more  value — of  the 
actual  condition  of  2.50,000  sq.  yds.  of  blocks 
after  treatment,  in  charges  of  from  400  to 
500  sq.  yds.,  has  convinced  him  that,  as  the 

quantity'  of  oil  is  decreased  below  20  lbs.  per 
cu.  ft.,  it  becomes  increasingly  difficult  to  get 
either  a  uniform  distribution  of  oil  between 
the  individual  blocks  making  up  the  charge, 
or  a  satisfactory  penetration  into  all  the 
blocks.  This  difficulty  can  be  overcome  to 
some  slight  extent  by  the  slow  application 
of  the  oil,  but  this  is  not  commercially  de- 

sirable, for  the  reason  that  lengthening  the 
time    of    treatment    would    often    curtail    the 

Fig.  1.    Showing  Difference  Between  Old  Granite    Blocl<s   and    Modern    Dressed    Granite 
Blocks. 

faced  or  repaired  late  in  the  season,  conse- 
quently most  of  the  bituminous  material  used 

■consisted  merely  of  a  dust  laying  material  and 
■was  applied  to  roads  in  poor  repair  simply 
for  the  purpose  of  laying  the  dust.  In  1913  a 
tnore  permanent  character  of  bituminous  ma- 

terial was  used  which  does  away  with  the  dust 
nuisance  and  is  designed  to  preserve  the  roads. 
During  1913  40.81  miles  of  roads  were  treated 
at  an  average  cost  of  $0,073  per  square  yard. 
Plain  macadam  resurfacing  averaged  $0.46  per 
square  yard. 

Long-Leaf   and    Short-Leaf    Pine    and 
Light  Oil  Treatment  for  Wood 

Blocks. 

The  properties  of  long-leaf  and  short-leaf 
pine  and  the  danger  of  usi.ng  too  light  an  oil 
treatment  for  wood  paving  blocks  were  dis- 

cussed by  R.  E.  Beaty  in  the  Proceedings  of 
the  American  Society  of  Civil  Engineering 
pp.  780-32. 

In  European  practice  it  has  been  customary 
to  use  a  very  light  treatment  in  preparing 
blocks,  that  is,  to  treat  them  with  10  lbs.  of 
•oil  per  cubic  foot,  or  in  some  instances  merely 
to  dip  them  into  the  preservative. 
The  wood  principally  used  in  France  is 

known  as  "Landes"  pine;  in  England  "Baltic 
■deal"  is  used.  An  examination  of  some  of 
these  blocks  shows  very  uniform  wear,  and 
that  the  wood  very  much  resembles  southern 
short-leaf,  yellow  pine,  with  the  difference 
that  the  wood  is  much  more  nearly  uniform 
in  density  and  strength  of  fiber. 

Tests  made  by  the  Borough  of  Manhattan, 
•and  by  the  Department  of  Forestry,  of  the 
United  States  Department  of  Agriculture, 
show  very  clearly  that  although  some  Ameri- 
■can  pines  very  much  resemble  the  timber  used 
in  France  and  England,  they  are  of  much  less 
uniform  quality.  The  characteristics  of 
southern  pines  will  be  considered  in  more  de- 

tail later. 

In  the  speaker's  opinion,  it  will  be  taking  a 
■grave  risk  to  try  to  follow  the  European 
practice  of  using  a  light  treatment  of  oil. 
This  method  will  have  the  effect  of  leaving 
some  of  the  blocks  in  the  pavement  untreated. 
This  condition  is  indicated  to  some  extent  in 
foreign  countries,  where  numbers  of  blocks 
have  to  be  removed  on  account  of  rotting. 

output  of  plants  fully  33  per  cent.  Attempts 
at  light  treatment  have  been  observed  many 

times.  In  one  case,  16.000  sq.  yds.  ■were  be- 
ing treated  with  16  lbs.  per  cu.  ft.  The  spe- 

cific gravity  of  the  oil  used  was  1.06  at  38° C.  .\t  first  a  16-lb.  treatment  was  tried, 
but  it  was  found  necessary  to  increase  this  to 
18  lbs.,  because  many  of  the  blocks,  when  the 

lighter  treatment  was  applied,  show^ed  a  pene- 
tration of  only  Vi  in.  from  the  surface.  The 

inference  is,  that  in  injecting  10  lbs.  or  less 
into  the  blocks,  the  duration  of  time  the  pres- 

sure is  applied  to  the  treatment  cylinder  is 
too  short  to  allow  the  pressure  to  be  raised 
to  a  height  sufficient  to  cause  oil  to  penetrate 
the  denser  and  harder  blocks  before  all  the 
oil  is  used  up.  In  experiments  reported  in 
December,  1912,  on  various  samples  tested  for 
the  Department  of  Public  Works,  Manhattan, 

There  is  in  very  general  use,  by  some  wood 

block  manufacturers,  the  term  "Southern 
Yellow  Pine"  to  describe  the  timber  used  in 
manufacturing  their  product.  This  nomencla- 

ture, as  used  in  the  1913  Proceedings  of  the 
Association  for  Standardizing  Paving  Specifi- 

cations, is  intended  to  cover  all  the  five  or 
more  varieties  of  pine  found  in  the  South, 

and  it  was  so  stated  in  the  "discussion"  at  the 
time  of  their  adoption.  That  the  term  is  mis- 

leading, indefinite,  and  inaccurate  is  readily 
seen  by  a  reference  to  Bulletin  No.  13  of 
the  Division  of  Forestry,  of  the  United 
States  Department  of  Agriculture,  in  which 
five  species  of  pine,  several  of  them  occupy- 

ing large  and  definite  areas  of  the  Southern 

States,  are  given,  as  follows :  "Long-leaf" 
pine  ("Pintis  palustris".  Miller)  ;  "Cuban 
pine  ("Pinus  heterophylla")  ;  "Short-leaf" 
pine  {"Pinus  Echinata,"  Miller)  ;  "Loblolly" 
pine  ("Pinus  taeda,"  Linn)  ;  and  "Spruce" 
pine    ("Pinus   glabia,"    Walt). 

These  species  vary  widely  in  physical  char- 
acteristics, such  as  average  percentage  of 

resin,  number  of  annual  rings,  weight  per 
cubic  foot,  average  percentage  of  heart  wood, 
.■itrength  in  compression  of  fiber  parallel  to 
the  grain,  etc.  Two  of  these  definite  groups 

will  be  compared;  the  "Long-leaf  and  the 
"Short-leaf"  yellow  pine.  Tests  by  the  L^  S. 
Department  of  Agriculture  showed  the  fol- 

lowing  relative   values : 

Long-       Short- leaf,         leaf. 
Strength   In   cross-breaking,   lbs.  .10,300         9.2:J0 
btrength  in  compression,  lbs.  per 

sq.  in.: Average  lowest        5,650         4.800 
Average    highest        6,850        5,900 

In  summarizing  the  results  of  tests  on 
various  pines  the  Department  expert  states: 

"From  these  results,  though  slightly  at  vari- 
ance, we  are  justified  in  concluding  that 

Cuban  and  Long-leaf  are  nearly  alike  in 
strength  and  weight,  and  excel  Loblolly  and 

Short-leaf  by  about  20  per  cent." 
These  values  were  checked  by  experi- 

mental tests,  at  Columbia  University,  for  the 
Borough  of  Manhattan.  The  results  of  these 
tests  are  not  given  here  as  the  tests  were 
made  to  demonstrate  the  value  of  a  require- 

ment for  a  minimum  number  of  annual  rings 
in  timber  used  in  the  manufacture  of  blocks. 
It  is  interesting  to  note,  however,  that  the 
average  strength  of  three  samples  of  long- 
leaf  was  more  than  10,000  lbs.  per  sq.  in.  in 

compression,  parallel  to  the  fiber,  and  some 
samples  of  short-leaf  were  as  low  as  5,600 
lbs.  per  square  inch. 

Other  tests,  made  at  this  time  by  the  high- 

way department,  indicated  clearly  that  "short- 

Fig.  2.    Dressed  Granite  Blocks  Used   at  St reet   R.    R.   Crossings  on   Streets   Paved   with 
Wood  Blocks. 

it  was  shown  that  the  quantity  of  oil  taken  up 

per  cubic  foot  by  the  blocks,  under  a  pressure 
of  150  lbs.  per  sq.  in.,  which  pressure  was 

necessary  to  inject  an  average  of  20  lbs., 
varied  widelv  among  the  different  species  of 

southern  yeflow  pine  blocks  making  up  the 

samples.  Some  blocks  received  the  equivalent 
of  28  lbs.  per  cu.  ft.,  and  others  received  only 
12  lbs.  At  less  than  50  lbs.  cylinder  pressure, 

10  lbs.  can  be  injected.  If  thus  treated,  many 

blocks  in  a  charge  would  receive  practically 

no  oil.  This  lack  of  uniformity  in  material, 

though  not  so  marked  in  the  "Landes"  pine and  "Baltic  fir,"  indicates  a  cause  for  decay 
in  individual  blocks. 

leaf"  pine,  as  compared  with  "long-leaf,"  has 
a  greater  range  of  expansion  and  contrac- 

tion, and  is  more  difficult  to  impregnate  uni- 
formly with  preservative.  Each  of  the 

species  considered  has  its  uses,  but,  as  they 
often  vary  widely  in  price,  as  well  as  in 
physical  characteristics  (as  has  been  shown), 
then,  for  the  mutual  protection  of  the  bidder 
and  the  ultimate  user,  engineers  should  spe- 

cify clearly  the  kind  of  timber  to  be  sup- 

plied. 

It  would  be  necessary  to  use  a  certain 

quantity  of  oil  in  order  to  protect  the  blocks 

against  bulging  or  "buckling."  The  proposi- tion to  use  untreated  timber  is  also  unwise, 
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because  it  has  been  observed  that,  if  certain 
varieties  of  pine,  if  untreated,  are  exposed 
to  the  weather,  they  will  be  destroyed  by 
fungi  and  other  destructive  agents  in  less 
than  4  years. 

Recent  Revisions  in  the  Standards  of 

the-  New  York  Highway 
Commission. 

The  standards  of  the  New  York  Highway 
Commission  have  been  described  both  in  the 
technical   journals   and   in   recent   text  books. 

will  come  in  use  more  extensively  in  the 
construction  of  all  types  of  roads  for  1914. 
Sub-bottom  has  heretofore  been  used  only 
on  heavy  grades  and  occasionally  on  soft 
soil.  The  proportions  formerly  used  for 
cement  concrete  pavement  were  1  part 
cement,  2%  parts  fine  aggregate  and  5 
parts  crushed  stone  or  selected  gravel  used  as 
coarse  aggregate.  This  has  been  changed  to  1 
part  cement,  1%  parts  fine  aggregate  and  3 
parts  coarse  aggregate.  This  richer  mixture 
has  been  found  more  suitable  and  gives  a  much 
more  durable  type  of  concrete  pavement. 

Transverse    expansii:r>  joinrs,  fo  t>e  provJC/ecJ   every    30  ft,   shot!  be 
composed    o/    a    creosofed     whiFe    oak  sfrip   j?    f/^ick,  cortfornmng    fo 
fnc    cross    secfion    of  rooctwoy     £ocr^    strip    rryay   tx    corrtposecf  of 
two  pieces    of  equot    tengtfi,    t)utt  jointea,   ana    fostenccf    togetfjer  witfj 
cipproved   sp/ice  piece,   of  A^  26  iron 

(C) 

Fig.  1.    Modified  Cross  Sections  for  New  York  State  Roads, 
(a)   Payment  lines  for  excavation;   (b)   Shapes  of    embankments;    (c)    Concrete   surface. 

Recent  changes  in  these  standards  noted  in  an 
official  organ  published  by.  the  commission, 

called  the  "New  York  Highway  News,"  are 
given  here. 

A  cross-section  called  the  general  excavation 
section.  Fig.  la,  shows  the  niaxinumi  payment 
lines  for  excavation.  This  section  eliminates 
all  uncertainty  as  to  payment  for  both  earth 
and  rock  excavation.  Figure  lb  shows  in  de- 

tail  the  various  shapes   of  embankment   used. 
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Fig.  2.    Stone  Curbing. 

(a)  Xew  t.vpe;  (b)  Old  type. 

New  plane  for  concrete  roads.  Fig.  Ic,  call  for 
a  flat  sub-grade  and  thickness  of  concrete  of 
7  ins.  at  the  center  and  .5  ins.  at  the  edges.  An 
improved  form  of  edging  is  shown  in  the 
figure.  This  is  an  improvement  over  the  old 
square  and  sharp  edging  which  caused  acci- 

dents by  the  breakage  of  vehicle  wheels  when 
regaining  the  pavement. 

Figure    Ic    illustrates    a    sub-bottom    course 
used    if    required.      The    sub-bottom    course 

Slight  changes  have  been  made  in  concrete 
culverts.  Fig.  3,  namely,  frost  batter  on  side 
and  head  walls  and  the  placing  of  cut-off  or 
toe  walls  on  both  ends  of  the  culvert  bottom. 
The  quantity  of  concrete  used  has  not  been 
increased.  It  is  expected  that  this  change  will 
tend  to  prevent  cracking  and  heaving  from 
frost  action.  Humps  or  ridges  across  roads 
are  often  due  to  the  lifting  of  the  culvert  bod- 

ily at  that  point  by  frost  action.  - 
Figure  4a  shows  a  new  and  improved  type  of 

cast  iron  grating  for  leaching  basins  and  catch 
basms.  The  former  rather  complicated  design 
is  shown  in  Fig.  4b. 

Figure  5a  shows  a  new  type  of  concrete  sign 

post,  which  is  an  improvement  over  the  con- 
crete sign  post  shown  in  Fig.  5b.  The  new  post 

is  six  sided,  making  it  possible  to  place  guide 

signs  at  many  angles.  Also  the  six  rein- 
forcing rods  are  placed  near  the  sur- 

face where  the  greatest  strain  comes.  For- 
merly a  single  i-in.  pipe  in  the  center  of  the 

post,  as  shown  in  Fig.  5b,  was  the  only  rein- 
torcement  and  it  proved  to  be  inadequate. 
Figure  6  shows  a  new  type  of  catch  basins. 

The  new  specifications  state  that  catch  basins 
may  be  built  of  1  ;2%  :5  concrete  or  of  accept- 

able brick  at  the  option  of  the  contractor.  The 
brick  construction  is  shown  in  the  figure. 

The  new  specification  for  stone  curbing  calls 
for  a  concrete  saddle.  Fig.  2a,  which  runs  the 
entire  length  of  curbing  and  a  porous  under- 

Cost   of   Street   Cleaning   in    St.    Paul, 

Minn.,   in    1913. 
The  street  cleaning  service  of  St.  Paul, 

Minn.,  states  the  report  of  the  Commissioner 
of  Public  Works,  consists  of  the  regular  re- 

moval from  all  streets  and  alleys  of  vegetable, 
animal  and  other  refuse ;  the  sweeping  and 
flushing  of  paved  areas  and  the  removal  of 
snow  and  ice.  Paved  streets  in  the  business 

district  are  flushed  every  day,  weather  condi- 
tions permitting.  This  district  has  a  total 

length  of  7.12  miles  of  streets  and  an  area 
amounting  to  153,400  sq.  yds. 

Four  power  flushing  machines  are  operated 
two  shifts  a  day  of  eight  hours  each,  the  night 
shift  working  on  business  streets  and  the 
day  shift  on  other  streets.  One  squeegee 

or  street  scrubbing  machine  is  operated  dur- 
ing  the  day   on   streets  having  an  asphalt   or .± 
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Cross    Section Box   Culvert   Having   Frost  Batter  on   Side  Walls. 

filling.  Figure  2b  shows  the  old  type  which 
had  a  concrete  chair  at  the  joints  only.  Frost 
batter  on  the  saddle  is  a  new  feature. 

creosoted  block  surface.  The  operating  crew 
consists  of  one  foreman  for  each  shift,  four 
or  five  drivers  and  two  gutter  sweepers      The 
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power  flushers  clean  162  blocks  in  a  sixteen 
hour  day  or  237,000  sq.  yds.  per  day,  and  the 

squeegee  30  blocks  in  an  eight-hour  dav,  or  an 
area   of  42,000  sq.   yds. 

During  1913  flushing  was  done  in  every 

month  of  the  year  excepting  January  and  Feb- 
ruary.    The  average  cost  of  flushing  once  per 

There  are  in  this  city  469  miles  of  improved 
streets  and  20  miles  if  improved  alleys  that 

receive  regular  service  and  349  miles  of  un- 
improved streets  and  269  miles  of  unimproved 

2-Z 
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f 

Fig.  4.     Gratings  for  Catch  Basins. 
(a)    Old   type;    (b)    New   type. 

(b) 

l.CtOO   sq.  yds.   was  $0.51.     In   detail   the   cost 
was   as    follows : 

Flushing    Items.  Bills.  Labor. 
Gasoline      $2,059.73 
Repair  to  flusher     2,382.30 
Labor       $8,299.75 
Repair  to  squeegee  machine. . .      311.95 
Labor       833.90 

Totals     $4,753.98     $9,132.75 

Forty-nine  miles  of  paved  streets  or  an  area 
of  1,138,000  sq.  yds.  have  been  swept  by  hand 
each  day.  There  were  employed  on  the  work 
two  foremea,  132  sweepers,  11  shovelers  and 
11  teams  at  a  cost  of  $332.39  per  day.     The 

alleys  that  receive  attention  at  the  spring  and 

fall  cleaning  up.  The  total  cost  of  this  serv- 
ice, which  consists  of  the  cost  of  removing 

rubbish,  cutting  weeds,  cleaning  macadam 
streets,  flushing  paved  streets,  hand  sweeping, 

paper  picking,  cleaning  alleys  and  the  removal 
of  ice  from  streets,  stairways  and  sidewalks, 
and  the  removal  of  snow  and  dirt  from 

bridges  and  the  sanding  of  walks  and  bridges, 

was  $30,078.83. 

'<CiALBANY-6MS^  t   n — n      S-      '  — ^_i^ 

Bituminous      Surfaces      for      County 

Roads:     Permanence    and    De- 
sirability. 

The  question  of  the  ideal  surface  for  coun- 
try roads  is  a  moot  subject  and  reduced  to 

its  last  analysis  is  often  a  matter  of  per- 
sonal preference.  The  ideas  of  A.  B.  Fletcher, 

state  highway  engineer  of  California,  an  en- 
gineer of  broad  e.xperience  in  the  construc- 

tion of  country  roads,  as  expressed  in  a  let- 
ter  to   a   California   correspondent,    published 
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Fig.  5.     Concrete   Sign   Posts. 
(a)    New   hexagonal  type;    (b)    Old   type. 

average  daily  collection  of  street  sweepings 
amounted  to  120  cu.  yds. ;  the  average  daily 
cost  per  mile  was  6.32  or  27  cts.  per  1,000  sq. 

yds.  per  day.  The  detailed  costs  were  as  fol- 
lows: 

Hand  sweeping  items.              Bills.  Labor. 
Brooms,   etc   $1,768.28 
Superintendent   and  asst    $  1,485  00 
Sweepers    60,990.16 
Shovelers       2,244.00 
Teams       5,385.10 

Totals     $1,765.28     570,104.26 

in   an   official    organ   of    the   commission,    are 

given    here : At  the  outset  I  have  to  confess  that  T 

know  of  no  type  of  pavement  which  can 

truly  be  called  "permanent,"  and  the  expres- 
sion must  be  considered  as  only  relative.  I 

know  of  no  pavement  or  roadway  which  does 
not  require  from  the  day  it  is  constructed 
more  or  less  expenditure  for  maintenance.  If 
no  other  work  is  needed  for  the  first  few 

years  the  roadsides,  gutters  and  culverts  have 
to   be   looked   after. 

As  concerns  the  pavement  proper,  I  believe 
of  the  types  within  the  means  of  the  more 
opulent  states  and  counties  at  the  present 
time  that  most  nearly  approaching  the  ideal 
consists  of  a  concrete  base  of  thickness  suf- 

ficient to  properly  sustain  the  traffic  which 

it  must  carry  with  a  wearing  surface  of  as- 
phaltic  concrete   from  1%  to  2  ins.  thick. 

Such  a  pavement  20  ft.  in  width  and  with 
the  base  only  4  ins.  thick  would  probably 
cost  under  most  conditions  not  less  than  $14,500 

per  mile  for  the  paved  portion  of  the  road, 
assuming  that  the  concrete  can  be  laid  for 

$6.25  per  cubic  yard  and  the  asphaltic  con- 
crete surface  for  6  cts.  per  square  foot.  To 

this  must  be  added  the  cost  of  grading,  cul- 
verts, drains  and  any  special  treatment  of  the 

shoulders  or  beams  on  the  sides  of  the  pave- 
ments.    Few    of   the    states    and    hardly    any 

3asm  lo  be    2*^^  Class 

Fig.  6.    Catch   Basin  with   Brick   Side  Walls. 

of  the  counties  with  which  I  am  familiar 
can  afford  so  great  an   expenditure  per  mile. 

In  the  instance  mentioned  a  thickness  of 
concrete  base  of  4  ins.  was  assumed.  In  my 

opinion  so  thin  a  base  should  be  adopted  only 
when  the  subgrade  is  of  excellent  quality 
both  as  concerns  the  material  composing  it, 

and  the  rolling  done  upon  it  to  make  it  com- 
pact and  unyielding,  and  when  the  inspec- 

tion of  the  construction  is  adequate.  Eternal 
vigilance  is,  necessary  to  prevent  construction 
of  the  base  thinner  than  the  specifications 

provide  for.  If  the  base  be  increased  in 
thickness  to  say  5  ins.  one-fourth  must  be 
added  to  its  cost  or  about  $2,000  per  mile, 
making  a  total  probable  cost  of  $16,500  per 

mile. 
K  shortage  of  funds  lead  the  California 

commission  to  seek  a  type  of  road  cheaper 

in  first  cost,  notwithstanding  a  consequen- 
tial higher  maintenance  expenditure  during 

the  early  years  of  its  existence  and  the  type 

called  "concrete  base  with  bituminous  top'' was   adopted    rather  generally. 
In  this  method  of  construction,  the  base 

is  the  same  as  if  the  1%  to  2-in.  covering 
were  to  be  applied,  but  instead  a  thin  coating 
of   asphaltic   oil   of   special   quality   is   put   on 
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to  the  concrete  by  spraying  machines  at  the 
rate  of  about  %  gal.  to  the  square  yard.  Clean 
stone  screening  or  coarse  sand  are  then  add- 

ed in  sufficient  quantity  to  absorb  the  oil. 
The  process  requires  much  care  in  the  se- 

lection of  the  materials  used  and  in  their 
manipulation,  but  the  result  is  a  bituminized 
coating  about  %  in.  thick.  The  cost  of  such 
surface  work  ranges  from  5  to  10  cts.  per 
square  yard,  or  $600  to  $1,200  per  mile, 
roughly,  for  a  20-ft.  pavement,  depending  on 
the  cost  of  materials  and  local  conditions. 
This  means  that  more  than  90  per  cent  of 
the  cost  of  the  work  on  the  road  gees  into 
grading,  culvert  work  and  the  concrete  base, 
all  of  wl-.ich  may  be  considered  as  practically 
permanent,  and  the  remainder  into  the  thin 
wearing  surface. 

Such  a  wearing  surface  should  last  from 
two  to  four  years  before  it  requires  renewal, 
which  renewal  should  cost  considerably  less 

than  the  original  application.  The  thin  sur- 
face is  best  adapted  to  rubber-tired  vehicles, 

but  it  wears  well  under  a  considerable  vol- 
ume of  mixed  traffic  consisting  of  both  rub- 

ber and  iron-tired  vehicles.  I  would  have  no 

hesitancy  in  recommending  the  thin  road  sur- 
face for  a  road  covering  as  many  as  from 

500  to  COO  vehicles  a  day,  provided  a  con- 
siderable portion  of  the  vehicles  are  rubber 

tired. 
If  the  concrete  is  covered  with  a  thick 

1%  to  2-in.  coating  of  asphaltic  concrete,  un- 
der ordinary  conditions,  there  will  be  but 

little  cost  for  maintenance  except  on  the 
roadsides  and  for  cleaning  culverts  for  the 
first  five  years,  but  after  that  period  the  sur- 

face will  require  attention  from  time  to  time 
in  patching  and  applying  seal  coats,  and 
when  the  road  needs  a  new  surface,  it  will 
doubtless  be  found  that  the  maintenance  cost 
has  been  in  excess  of  2%  cts.  per  square  yard 
per   annum. 
Another  type  of  road  which  the  commis- 

sion has  constructed  to  the  extent  of  nearly 

20  miles  is  the  so-called  "oil  macadam"  road. 
When  properly  built,  I  consider  this  type  of 
work  worthy  of  adoption  in  many  cases,  but 
it  has  been  found,  in  this  state  at  least,  that 
it  is  very  difficult  to  secure  uniformly  good 
results.  There  are  many  contributing  causes 
to  the  failures  or  partial  failures  and  the 
commission  has  favored  the  cement  concrete 

type  because  of  the  greater  certainty  of  re- 
sult and  because  also  the  concrete  so  far 

has  cost  about  the  same  as  "oil  macadam." 
My  experience  in  the  East  leads  me  to  be- 

lieve that  the  "oil  macadam"  pavement  costs 
for  mainteance  not  much  less  per  mile  per 
year  than  the  cement  concrete  base  with  thin 
asphaltic  top,  and  this  is  borne  out  in  the 
case  of  the  San  Joaquin  County  work  in 
California. 
Much  work  is  being  done  in  the  cities  and 

to  some  extent  in  the  country  of  the  type 

known  as  "asphaltic  concrete."  This  pave- 
ment in  its  original  form  was  patented  and 

is  often  called  "bitulithic."  With  a  hard,  un- 
yielding base  a  thickness  of  4  ins.  may  be 

used  with  good  results,  but  unless  the  sub- 
grade  is  nearly  perfect,  the  upper  surface 
of  the  road  is  likely  to  become  wavy  under 
the  traffic.  This  sort  of  pavement  costs  from 

12  to  10  cts.  per  square  foot,  $12,r)00  to  $17,- 
000  per  mile,  20  ft.  wide,  for  the  pavement 
alone.  About  20  miles  of  such  pavement  was 
put  down  several  years  ago  in  San  Joaquin 
County  of  an  average  width  of  11  ft.  I  am 
told  that,  including  the  grading,  this  work 
cost    about   $11,000    per   mile. 
My  personal  preference  is  for  a  concrete 

base  with  an  asphaltic  concrete  top  from  1% 
to  2  ins.  thick  rather  than  for  the  full  thick- 

ness of  asphaltic  concrete.  In  mv  judgment 

a  "first  class  all-the-year-round  highwav" 
can  be  constructed  to  stand  the  mixed  traffic 
on  our  county  highways  and  continue  of 
durable  character  at  a  reasonable  cost  for 
upkeen,  but  I  question  if  the  cost  can  be 
kept  below  $300  ner  mile  per  annum  on  a 
20-ft.  roadwav.  Such  a  road  with  a  con- 

crete base  4  ins.  thick  and  20  ft.  wide  cov- 
ered with  the  thi!i  coat  of  asphaltic  oil  and 

screenings  will  probablv  cost  under  your  con- 
ditions not  less  than  $9,000  per  mile  for  the 

pavement    alone. 

Notes  on  Roads  and  Streets. 

Mileage  and  Average  Cost  of  Roads  in 
Louis.ana. — A  recent  report  of  the  State 
llighvvay  Commission  of  Louisiana,  W .  E. 
Atkmson,  state  highway  engineer,  gives  the 
mileage  and  average  cost  of  road  constructed 
under  the  supervision  of  the  highway  com- 

mission : 

STATEMENT  SHOWING  MILEAGE  OF  ROADS    CONSTRUCTED  WITH  CONVICT  LABOR  AND 
COST    PER   MILE   FROM   APRIL   20,    19PS,    TO     APRIL,  20,   1914. 

General  character. 

saved  by  this  practice  is  used  for  additional 
grading.  About  32  miles  of  road  have  been 
completed  and  15  additional  miles  graded. 
Gravel  and  top-soil  are  used  for  surfacing. 
M.  H.  Stacy  is  secretary  of  the  road  commis- 

sion and  R.  T.  Brown  superintendent  of 
construction. 

'Natchitoches   Earth     
^DeSoto      Sand  -clay      
K)uachita     I'i  ra.les  graveled,  13  miles  earth. 
Rapides      Earth      
*East  Baton  Rouge   Earth      
Orleans      Earth      
City  of  Baton   Rouge   Wide  gravel     
St.  John  the  Baptist   Earth      

Total  earth   roads  constructed   ■   
Total  sand-clay  roads  constructed   
Total  graveled   roads  constructed   ,^   

Average   cost Mileage. 

per   mile. 

37.23 
i    779.51 

50,39 869.17 

17.25 

1,454.44 

3.57 
916.94 

22.22 
1,053.13 15.50 1,039.36 

.82 
6,125.71 

8.00 

■900.00 

99  52 
909.45 

50.39 
S69.17 

5.07 
3,670.32 

Total      .■    154.98 

13  miles  sand-clay.  -5  miles  "natural  gravel."  =Ouachita  Parish — Average  cost  iVi  miles  grav- 
eled road.  $3,190.58;  average  cost  13  miles  earth  road.  $884.90.  'This  item  includes  the  cost  of  1.1 

miles   of  drainage   canal,    costing  approximately    $3,09J.7O. 

Kentucky  Highway  Commission. — State 
highwav  commissions  are  by  no  means  inno- 

vations' in  this  country.  In  1837  the  state 
highway  force  of  Kentucky  was  constituted  as 

follows":  Chief  engineer  at  a  salary  of  $-5,000 
per  annum;  two  engineers  at  a  salary  each 
$2,000  per  annum ;  one  engineer  at  a  salary 
of  $1,000  per  annum;  five  assistants,  salary  of 
each,  $1,500  per  annum ;  four  assistants,  sal- 

ary of  eacn,  $1,100  per  annum ;  making  a 
state  highway  corps  consisting  of  13  members. 

Cost  of  Paving  in  New  Bedford,  Mass.,  in 
1913. — A  recent  report  of  C.  F.  Lawton, 
superintendent  of  streets,  states  the  cost  of 
paving  in  New  Bedford,  Mass.,  in  1913  and 
former    years. 

COST  OF  PAVING  IN  NEW  BEDFORD, 
MASS.,   IN    1913. 

Stone  used  Cost 
Sq.  per  sq.  yd.     per 

Type.  yds.         tons.      sq.  yd. 
'New  macadam     81,757         0.35         $0.54 
Resurfacing  macadam   ..114,920         0.23  0.3S 
'Bitulithic        9,635         ....  2.74 
'Endurite       16,251         ....  2.05 
'Granite  block       16,203         ....  3.56 
Granolithic  sidewalk      12,616           _;; 
Labor  on  foundation    ....  0.75 
Concrete              ...  0.84 
Stone  curbing  per  lin.  ft           ....  1.02 
'Crushed  stone        73.830         ....     ^     1.06 

per  ton. 11912,  $0.54;  1911.  $0.60;  1910,  $0  52;  1909,  $0.53; 
190S,  JO. 54;  1907,  $0.54.  n912.  $2.53;  1911,  $2.44; 
1910,  $2.95.  =1912,  $1.63  (grading  not  included). 
'1912,  $3.57;  1911.  $3.51;  1910,  $3.68;  1909,  $3.85; 
1908,  $3.71.  'Three  permanent  municipal  plants 
and  one  portable  plant. 

Necessity  of  Bank  Protection  for  Bridge 
Approaches  in  California. — In  a  paper  on 
"County  Bridges,"  presented  before  a  meeting 
of  the  division  engineers  of  the  California 
State  Highway  Commission,  Walter  C.  Howe, 
engineer  for  Division  V,  stated  that  the  lesson 
taught  by  floods  of  last  winter  was  a  very 
valuable  one  to  the  counties.  Many  of  the 
bridge  failures  were  due  to  faulty  pile  foun- 

dations and  consequent  settling  of  piers;  oth- 
ers were  due  to  improperly  designed  abut- 

ments, but  the  principal  and  most  important 
lesson  taught  was  the  urgent  necessity  for 

proper  protection  of  the  river  banks  to  pre- 
vent continued  erosion.  On  every  river  in  this 

division  the  erosion  of  the  banks  from  the 
1914  Hoods  is  the  one  big  problem,  and  this 
problem  should  be  solved  before  the  accept- 

ance of  bridges  menaced  by  this  danger,  for  it 
may  easily  happen  that  a  700-ft.  bridge  ac- 

cepted today  may  be  an  isolated  structure  to- 
morrow, and  the  expense  of  all  the  additional 

spans  necessary  to  bridge  this  gap  made  by 
the  flood  waters  would  be  large. 

Masonry  Abutments  and  Wood  Super- 
structure.— In  tlie  construction  of  a  system 

of  improved  roads  in  Orange  County.  N.  C, 
under  a  $230,000  bond  issue,  the  practice  has 
been  adopted  on  lightly  traveled  roads  on 
which  the  average  expenditure  per  mile  has 
been  limited,  of  constructing  masonr\  abut- 

ments and  piers  suitable  for  steel  structures 
but  using  a  wood  superstructure.    The  money 

Unit  Prices  on  Street  Paving  in  Albany, 
N.  Y.,  in  1913. — .A  recent  report  of  the 
bureau  of  engineering  for  the  city  of  Albany, 
N.  Y.,  F.  R.  Lanagan,  city  engineer,  states 
that  21  contracts  for  street  improvement,  2 
contracts  for  repaying  and  1  contract  for 
curb  and  walks  were  let  during  1913.  The 
total  quantities  and  average  unit  prices  were 
as   follows : 

Quan-      Unit 
Item.  tity.       cost. 

Excavotion.  cu.   yds     56,351     $0.36 
Vitrified   block  on  concrete  founda- 

tion,   sq.    yds    47,267       1.94 
Dressed    granite    block    on    concrete 

foundation,   sq.    yds       1,852       3.55 
Toncrete  pavement,   sq.  yds       5,350       1.35 
Concrete    pavement    with    Bit.    top, 

sq.    yds       3,272       1.78 
Straight  granite  curb.   lin.   ft     25,297       0.92 
Circular  granite   curb.  lin.   ft       1,509       1.41 
Straight  concrete  cut  b,  lin.  ft       9,745       0.70 
Circular  concrete  curb,  lin.   ft          634       1.13 
Concrete    sidewalk,    sq.    ft   121,754       0  17 
Flag  sidewalk,   sq.    ft      49,555       0.22 
Brick   sidewalk,   sq.   ft   132.625       0.13 
Sod.    sq.    yds       5. 060       0.18 
Driveways,   sq.   yds       2,125       2.26 
The  cost  of  inspection  on  street  paving  and 

sewer  work  amounting  to  $402,000  was  $9,060, 
approximately  2%  per  cent. 

English    Specifications   for    Road    Tars.   
Directions  and  specifications  for  the  tar 

treatment  of  roads  issued  by  the  Road  Board  of 
Great  Britain  state  that  for  tar  No.  1  (suitable 
for  the  surface  tarring  of  roads)  the  distillate 

between  170'  and  270°  C,  or  3.38°  and  518°  F. 
(middle  oils),  shall  remain  clear  and  free  from 
solid  matter  (crystals  of  naphthalene,  etc.) 

when  maintained  at  a  temperature  of  30°  C. 
for  half  an  hour.  This  requirement,  however, 
may  be  waived  in  the  case  of  tar  supplied 
direct  from  gasworks ;  but  tar  from  wliich  the 
naphthalene  has  been  extracted  is  preferable  to 
tar  containing  much  naphthalene.  The  tar 
must  contain  not  less  than  12  per  cent  and  not 
more  than  21  per  cent  by  weight  of  free  car- 

bon. The  free  carbon  is  to  be  determined  Sy 
comoletc  extraction  with  benzol  and  carbon 
bisulobide  of  the  bituminous  matter  from  a 
weighed  portion  of  the  tar.  The  residue  left 
is  to  be  taken  as  free  carbon.  Specifications 
for  tar  No.  2  (suitable  for  making  tar  mac- 

adam, and  for  surface  tarring  in  very  hot 
weather,  when  the  road  crust  is  exceptionally 
dry)  stipulate  that  the  tar  may  contain  not 
more  than  25  per  cent  of  its  volume  of  the 
tar  (or  distillates  or  pitch  therefrom)  pro- 

duced in  the  manufacture  of  caburetted  water 
gas.  The  free  carbon  limit,  which  formerly 
was  18  per  cent  of  the  weight  of  the  tar,  has 
been  altered  to  not  less  than  12  per  cent  and 

■  not  more  than  22  per  cent  by  weight.  Pre- 
pared pitch  from  tar-  distilleries  must  contain 

not  less  than  10  per  cent  and  not  more  than  28 
per  cent  by  weight  of  free  carbon ;  and  com- 

mercial soft  pitch  not  less  than  18  per  cent 
and  not  more  than  31  per  cent.  In  the  latter 
case  the  pitch  may  contain  not  more  than  25 
per  cent  of  pitch  (formerly  10  per  cent)  de- 

rived from  tar  produced  in  tlie  manufacture  of 
carburetted  water  gas  for  both  tar  and  tar  oils. 
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Sand-Clay  Road    Construction    in    the 
Southern  States. 

A  sand-clay  road  is  a  type  of  scientifically 
constructed  earth  road.  It  is  an  earthy  hard- 
pan  produced  or  improved  by  the  skillful  com- 

bination or  manipulation  of  sand  and  clay. 
The  basic  principle  on  which  the  strength  of 
the  surface  is  founded  is  that  a  mechanically 
interlocking  aggregate  of  sand  or  gravel  is 
cemented  together  by  an  adhesive  earthy 
binder. 

Within  the  past  decade  the  sand-clay  sur- 
face for  country  roads  has  been  very  gen- 
erally adopted  throughout  the  southern  states. 

This  type  of  surface  appears  to  fit  traffic  and 
climatic  conditions  of  the  south  and  to  meet 

the  requirements  of  low  first  cost  which  dis- 
tinctly rural  and  thinly  populated  districts  de- 

mand in  road  construction.  It  is  also  being 
used  to  some  extent  in  other  sections  of  the 

country,  especially  in  the  repair  of  sandy 
stretches  of  road.  In  fact,  some  of  so-called 
gravel  roads  of  Indiana  are  nothing  more 

than  sand-clay  roads. 
There  is  nothing  new  in  the  fundamental 

theory  of  sand-clay  roads  or  in  the  ordinary 
methods  used  in  their  construction.  For 

generations  it  has  been  the  practice  in  this 

country  and  abroad  to  use  a  "packing"  earth 
both  as  road  surfacing  and  as  filler  for  stone 
roads.  However,  distinct  advances  have  been 
made  in  recent  years  in  the  development  of 
economic  methods  of  handling  the  various 
combinations  of  sand  and  clay  which  result 
in  packing  or  hardpan  earths.  In  the  last  dec- 

ade of  the  nineteenth  century.  Richland 
County,  South  Carolina,  began  the  systematic 
construction  of  this  type  of  road,  using  for 
the  most  part  a  natural  mixture  of  sand  and 
clay  which  exists  abundantly  in  that  county. 
A  few  years  later  representatives  of  the  Uni- 

ted States  Office  of  Public  Roads  constructed 

many  demonstration  sections  of  sand-clay 
road  and  developed  a  technique  of  artificial 
mixing.  Further  analyses  of  correct  mix- 

tures and  methods  of  securing  them  were 
made  quite   recently  by  various   investigators. 

In  Georgia  sand-clay  surfaces  are  more 
generally  used  and  have  probably  reached  a 
higher  stage  of  development  than  in  any  other 
state.  Hence  a  study  of  sand-clay  road  con- 

struction there  should  emphasize  the  im- 
portant points  of  construction  :  although  meth- 

ods suitable  to  Georgia  conditions  might  not 
fit  those  of  other  sections.  M  the  present 
time  convict  forces  are  used  almost  ex- 

clusively in  construction  work.  Their  use  has 
resulted  in  a  low  first  cost  since  practically 
the  entire  cost  of  building  a  sand-clay  sur- 

face is  made  up  of  labor  expense.  With  labor 
at  from  fifty  to  eighty  cents  per  actual  work- 

ing day  comparatively  low  first  costs  are  pos- 
sible. 

.^n  interesting  point  in  connection  with 
the  article  on  sand-clay  road  construction 
•contained  in  this  issue  of  Engineering  and 
CoNTR.^cTING  is  the  discussion  of  maintenance 
methods  and  costs.  Practically  no  publisher! 
data  exist  on  the  cost  of  maintaining  sand- 
clay  roads.  It  would  seem  from  the  data 

■given  that  maintenance  co.=ts  are  variable — as 
might  be  expected  with  a  friable  type  of  sur- 

facing— and  that  they  are  low  in  comparison 
with  the  cost  of  maintaining  other  types  of 
surface. 

A  quality  possessed  to  a  marked  degree  by 
an  earth  surface  is  that  of  self-healing.  That 
this   should   lead   to   economv   in   maintenance 

is  evident,  .■\nother  important  factor  in  low 
cost  of  maintenance  is  the  durability  of  the 
material.  .As  long  as  the  surfacing  material 
remains  on  the  road,  is  not  blown  or  washed 
from  the  surfaced  way,  it  is  ordinarily  good 
surfacing  material.  The  stability  of  the  sur- 

face, however,  is  inferior  to  that  of  more 
rigid  types  of   surfacing. 

It  must  be  borne  in  mind,  however,  that 
sand-clay  as  a  surfacing  is  suited  only  to 
light  traffic.  Under  heavy  traffic,  especially 
steel-tired  traffic,  it  disintegrates  rapidly  and 
it  is  almost  impossible  to  keep  the  surface  in 
a  satisfactory'  state  of  repair.  But  for  lightly 
traveled  roads  it  is  now  and  will  probably 
remain  an  ideal  surface  which  may  be  con- 

structed economically  in  sections  where  the 
cost  of  labor  is  relativelv  low. 

Uniform  License  Laws  for  Engineers. 
-A  committee  of  six  national  engineering 

societies  is  now  engaged  in  drafting  a  license 
law  for  engineers.  When  the  committee  will 
report  to  the  society  membership  is  unknown, 
but  it  will  very  likely  be  within  the  year. 
Whether  he  believes  in  licensing  engineers 
and  whether  he  may  agree  in  detail  with  the 
provisions  of  the  law  as  it  will  come  from 
this  committee,  we  thirk  that  every  engineer 
is  called  upon  to  uphold  the  hands  of  this 
committee   in   its   general   plan. 

.As  outlined,  the  main  features  of  the  li- 
cense law  planned  by  the  committee  are:  (1) 

Requirements  for  registration  of  about  the 
same  character  as  those  for  associate  mem- 

bers of  the  national  societies  of  civil  and  me- 
chanical engineers:  (2)  examinations  to  be 

made  by  a  board  of  engineering  examiners; 
this  board  to  consist  of  nine  members  ap- 

pointed by  the  Governor  and  se.-ving  without 
compensation,  but  with  expenses  reimbursed; 

a  small  number,  not  exceeding  three,  to  con- 
stitute a  quorum  for  examinations;  (3)  regis- 

tration not  required  of  those  serving  as  as- 
sistants without  professional  responsibility  to 

employers  or  clients;  (4)  a  well-paid  secre- 
tary and  an  office  always  open  at  the  capital 

of  the  state;  (5)  engineers  from  other  states 
having  similar  provisions  for  registration  and 
duly  registered  in  such  states  to  be  promptly 
admitted  to  practice  without  examination  on 
payment  of  a  small  fee;  and  (6)  engineers 
from  other  states  not  having  such  registra- 

tion, but  with  a  record  of  responsible  work 
for  a  considerable  period  to  be  permitted  to 
practice  for  a  limited  time  on  payment  of  a 
somewhat  larger  fee ;  this  is  to  permit  a  rea- 

sonable  time   for   examinations. 

Whatever  its  wisdom  the  tendency  toward 
legislation  having  the  licensing  of  engineers 
for  its  object  has  become  marked;  several 
states  have  enacted  license  laws  and  others 

are  planning  to  do  so.  It  is  extremely  im- 
portant that  this  legislation  shall  as  far  as 

possible  be  uniform  in  its  requirements.  If 
it  is  not,  the  practice  of  engineering  will  be 
hampered  by  unnecessary  restrictions  and 
communities  will  be  hindered  in  their  free- 

dom to  choose  engineers  best  qualified  to  per- 
form  the   service    required. 

New  Types  of  Country  Road  Surfaces 
and  the  Bad  Weather  Factor. 

Formerly,  perhaps  the  most  variable  and 
troublesome  element  of  risk  in  estimating  the 
cost  of  building  hard  surfaced  country  roads 
was  the  difficulty  of  determining  with  any 

degree  of  accuracy  the  effect  of  weather  con- 
ditions on   lost  time.     In  building  gravel  and 
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macadam  roads  the  experienced  contractor  es- 
timates no  item  more  liberally  than  the  item 

of  lost  time  due  to  bad  weather. 

New  types  of  pavements,  however,  which 
are  coming  into  vogue  are  reducing  the  im- 

portance of  this  factor.  Brick  and  concrete 
roads  and  bituminous  surfaces  on  a  concrete 

base  are  essentially  rigid  types  of  construc- 
tion. When  the  base  is  in  place  construction 

may  proceed  with  but  little  regard  to  the 
weather.  .Asphaltic  concrete  may  be  laid  in 
comparatively  damp  weather.  Brick  surfac- 

ing may  be  laid  under  similar  climatic  condi- 
tions, provided  the  sand  cushion  is  not  placed 

too  far  in  advance  of  brick  laying.  Ordinarily 

a  damp  subgrade  is  desirable  in  the  construc- 
tion of  either  concrete  surfacing  or  concrete base. 

Moreover,  the  percentage  of  labor  cost  to 
total  cost  has  been  materially  reduced  bv  the 
increased  use  of  relatively  more  expensive 
materials.  This  condition  undoubtedlv  leads 

to  more  accurate  estimating,  since  the  cost  of 
materials  is  a  much  more  stable  factor  than 
the  factor  of  labor  exnense.  The  importance 
of  the  foregoing  is  self-evident. 
The  adaptability  of  the  plant  required  for 

brick  and  concrete  road  building  to  other 

quite  different  uses  and  its  consequent  in- 
creased salvage  value  is  worth  considering. 

Road  rollers  and  stone  crushers  are  of  use 

only  in  road  construction.  Concrete  mixers, 
wagons  and  motor  trucks  are  used  for  many 
other  purposes. 

There  is  no  question  but  that  more  plant 
and  more  expensive  plant  is  required  in  the 

construction  of  these  higher  t>'pes  of  sur- 
faces. .A  careful  analysis,  however,  will  show 

that  the  ratio  of  plant  expense  to  total  cost 

is  no  greater  on  construction  at  $9,000  to  $15,- 
000  per  mile  than  on  construction  that  costs 

at  the  rate  of  $1,000  to  $5,000  per  mile.  More- 
over, the  reduction  in  cheap  labor  expense 

which  is  generally  effected  by  the  use  of  ma- 
chinery, permits  the  employment  of  a  much 

more  reliable  class  of  labor,  although  the  rate 
of  wage  may  be  higher. 

Country  and  suburban  road  construction  is 
rapidly  becoming  an  inviting  field  for  the 
large  contractor.  Equipment  requirements  for 
building  relatively  higher  types  of  surfaces 
are  beyond  the  credit  and  capital  of  the  small 
contractor.  .And  yet  with  this  change  the  op- 

portunities for  the  contractor  of  limited  means 
to  secure  sub-contracts  for  grading  or  hauling 

are  increasing  and  much  work  will  undoubted- 
ly be  handled  in  this  manner  in  the  future. 
These  conditions  are  doubtless  familiar  to 

all  engineers  and  contractors  actively  engaged 
in  road  building.  But  changes  have  come 
about  so  rapidly  and  are  today  taking  place 
so  fast  that  even  the  specialist  in  this  work, 
strive  as  he  may  to  keep  posted  by  assiduous 

reading  and  observation,  is  apt  to  fall  be- 
hind. Also  a  vast  number  of  men  engaged  in 

other  lines  of  work  still  cling  to  the  accepted 

notions  of  ten  years  ago,  although  develop- 
ments of  recent  years  have  materially  changed 

old  methods  and  types  of  construction. 
The  influence  of  the  use  of  new  materials 

on  the  old  variable  of  lost  time  will  be  felt. 
The  lost  time  factor  is  still  important  but 
instead  of  being  almost  entirely  dependent 
on  bad  weather,  other  factors  such  as  delayed 
shipments,  breakdowns  of  machinery,  and 
strikes  must  be  considered,  which  factors 
formerly  were  of  relatively  small  importance. J 
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WATER  work: 
Design    Features    of    the    Rapid    Sand 

Filtration  Plant  of  the  Kensington 

Water   Co.   at   New   Kensing- 
ton, Pennsylvania. 

(Staff  Article.) 
The  Kensington  Water  Co.  supplies  water 

to  the  Boroughs  of  New  Kensington,  Par- 
nassus and  .Arnold,  Pa.  These  towns  lie 

along  the  east  bank  of  the  x\llegheny  River. 
20  miles  north  of  Pittsburgh.  A  railroad  sid- 

ing from  the  Allegheny  Valley  Branch  of  the 
Pennsylvania  Railroad  was  built  to  the  site 
of  the  plant  near  the  village  of  Valley  Camp^ 
by  the  water  company  and  was  used  to  handle 
the  construction  materials,  and  is  now  used  to 
deliver  operating  supplies  to  the  plant. 
The  three  towns  are  essentially  industrial 

communities  and  have  many  large  works 
stretched  along  the  river  front  which  fur- 

nishes many  excellent  manufacturing  sites  due 
to  the  unusually  favorable  conditions  of  lying 
above  the  high  water  mark  and  having  good 
railroad  and  water  facilities.  To  all  appear- 

ances the  three  Boroughs  are  one  town  for, 
with  few  exceptions,  the  streets  extend 
through  from  one  Borough  to  the  other.  Their 
combined  population  was  12,100  in   1910. 

The  water  supply  is  obtained  from  a  pump- 
ing station  on  the  river  bank.  Water  enters 

the  pump  well  from  two  large  cribs  built  in 
the  bottom   of  the  river.    These  cribs  are  of 

take  lines  which  are  partly  closed  during 
high  water.  The  new  works  here  considered 
comprise  the  filter  plant  and  settling  basin 
which  treat  all  of  the  supply  before  it  is 
pumped  into  the  force  main. 

margin  for  future  growth  for  a  considerable 
time.  The  plant  is,  however,  so  4(Ssigned  that 
it  can  be  added  to  at  any  time. 

The  filter  plant  is  located  just  outside  of  the 
pump  station  on  the  south  side,  with  the  tops 

Fig.  1.    View  of  Water  Purification  Works  of  the  Kensington  Water  Co.  at  New  Kenslng- 
sington,   Pa. 

The  filter  plant  is  located  at  the  pump  sta- 
tion above  the  high  water  mark.  It  has  a 

capacity  of  3,000,000  gals,  per  24  hours,  or  twice 

of  the  filters  above  the  high  water  mark  and 
with  a  clear  water  basin  extending  under  all 
the  filters.    The  grade  of  the  land  around  the 
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Fig.  2.    Part  Plan  and  Longitudinal  Section  of  the  Settling  Basin  of  the  Kensington  Water  Co.  at  New  Kensington,  Pa. 
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timber  construction  and  are  rock  filled.  Water  the  present  normal  consumption,  which  permits  pump  station  was  20  ft.  below  the  grade  of 
is  admitted  to  this  well  from  the  cribs  by  the  plant  to  be  operated  under  present  condi-  the  railroad  track  in  front  of  pump  station, 
gravity  and  is  controlled  by  valves  on  the  in-      tions  on  a  12-hour  shift  and   furnishes  ample       so  that  a  retaining  wall  was  built  at  this  end 
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of  the  filter  plant,  and  the  coagulant  house  was 
constructed  behind  this  retaining  wall  with  its 
upper  floor  just  above  the  upper  grade  line 
ne.xt  to  the  railroad.     A  siding  e.xtends  from 
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uniformly  across  that  end  at  a  distance  of  2% 
ft.  above  the  flow  line.  A  wooden  float  of 

"i-in  planking  is  built  around  these  inlets  to 
assist  in  aeration  and  the  thorough  mixing  of 
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the  flow  line  and  connecting  with  a  •20-in. outlet  main  which  extends  to  the  filters.  There 
is  a  16-in.  by-pass  connection  between  inlet 
and    outlet    lines    of   settling   basin    to   permit 
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-i6.-^' "4-C'  -"&-- Fig.  3.      Longitudinal  and  Transverse  Sections  of   Filters.  Pipe,  Gallery  and  Clear  Water  Well 

of  New  Kensington  Filter  Plant. 

water.  Water  is  taken  off  from  the  opposite  water  to  by-pass  around  the  settling  basin  in 

end  of  the  settling  basin  through  four  8-in.  case  of  an  emergency.  Figure  5  shows  the 
outlets   with   flaring  tops,  located   2   ft.   below       basin  in  operation. 
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the  railroad  to  the  coagulant  house  and  to  a 
coal  pocket  located  between  coagulant  house 
and  boiler  house  so  that  materials  can  be  un- 

loaded directly  on  to  the  storage  floor  of  the 
coagulant  house. 
The  settling  basin  is  located  on  the  north 

side  of  the  pumping  station  with  its  top  above 
high  water  mark.  The  basin  is  located  far 
enough  from  the  pumping  station  to  permit 
of  a  future  addition  to  the  station  and  the 
boiler  house  in  this  direction.  A  general  view 
of  the  plant  is  shown  in  Fig.  1. 
Water  is  taken  from  the  present  wet  well 

in  the  pump  station  and  is  pumped  to  the 
settling  basin  through  a  20-in.  cast  iron  main, 
which  connects  to  the  two  new  low  service 
pumps  each  of  3,000,000  gal.  capacity  located 
in  the  old  pump  well.  The  old  Nordberg  pump 
is  used  for  high  service  pumping  and  is  con- 

nected up  by  a  16-in.  suction  line  to  the  clear 
water  basin.  The  old  Snow  pump  is  located 
in  the  pump  pit  next  to  the  Nordberg 
pump  and  is  connected  by  an  independent  suc- 

tion line  to  the  clear  water  basin.  It  is  used 
as  an  auxiliary  for  high  service  pumping.  Two 
new  triple  expanding,  direct  acting  pumps  are 
installed  for  high  service  and  low  service  re- 
spectively. 

THE    SETTLING    B.\SIN. 

The  settling  basin  is  built  of  reinforced  con- 
crete and  is  80  ft.  long  by  50  ft.  wide  by  16 

ft.  deep.  It  has  a  capacity  of  500,000  gals., 
which  permits  a  four  hours  sedimentation.  .\ 
partial  plan  and  a  longitudinal  section  of  the 
settling  basin  are  shown  in  Fig.  2.  Water  is 
admitted  at  the  end  away  from  the  pump  sta- 

tion through  two  cast  iron  grids-  extending 
across  the  entire  end  of  the  settling  basin  and 
furnishing   eight    6-in.    inlet    openings,    spaced 
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The  walls  of  the  settling  basin  are  of  the 
buttress  type  with  earth  carried  up  to  the 
coping.  The  bottom  of  the  basin  slopes  on  a 
5^2  per  cent  slope  to  the  center  where  it 
drains  through  a  16-in.  sewer  line,  controlled 
by  a  gate  valve  to  the  river.  There  is  also 
a  6-in.  overflow  pipe  of  cast  iron  located  above 
the  flow  line  and  connecting  with  this  drain 
line.  The  basin  is  baffled  with  a  1%-in.  wood- 

en baffle  located  across  the  center  half  way 
between  the  inlet  and  outlet  ends  and  e.xtend- 

is  0.35  m.  m.  and  the  uniformity  coefficient  is 
1.5.  The  gravel  has  a  greater  speciiic  gravity 
than  the  sand  and  was  screened  through  a 
%-in.  mesh  and  retained  on  a  3/16  mesh.  The 
gravel  stones  are  comparatively  round  and 
freedom  from  flat  or  light  particles  was  sought. 
Between  the  gravel  and  the  sand  there  is  a 

standard  brass  air  system  consisting  of  a  man- 
ifold of  %-in.  brass  laterals  spaced  4  ins.  cen- 

ter to  center  and  drilled  with  3/64  in.  holes 
every  2%  ins.     These  laterals  are  supplied  by 

The  collecting  system  is  designed  for  an 
even  distribution  of  not  less  than  10  gals,  of 

wash  water  per  square  foot  of  filtration  sur- 
face per  minute.  The  cast  iron  laterals  are 

so  coated  as  to  expose  no  raw  surfaces  either 
on  sides  or  ends.  The  air  system  is  designed 
for  supplying  not  less  than  3  cu.  ft.  of  free 
air  per  square  foot  of  filter  area  per  minute. 
Provision  is  made  for  introducing  filtered 
water  into  the  air  distributing  pipes.  The 
arrangement    of   pipes    conducting   air    to   the 

Fig.   5.   Close   View   of   New   Kensington   Settling    Basin    Showing    Aerating    Inlets    in   Opei'ation. 

ing  from  the  top  of  the  basin  to  a  depth  of 
7  ft.  below  the  flow  line.  This  baffie  is  se- 

curely held  in  place  by  %-in.  guy  ropes  pro- 
vided with  turnbuckles,  and  connected  to  the 

side  walls  of  the  basin. 
The  inlet  and  outlet  cast  iron  manifolds 

shown  in  Fig.  2  are  held  securely  in  place  by 
means  of  %-in.  tie  rods  bolted  to  the  con- 

crete walls.  A  3-in.  wrought  iron  pipe  col- 
umn is  placed  under  each  riser  on  the  inlet 

end.  The  wooden  baffle  built  across  the  center 
of  the  basin  is  carried  by  vertical  struts  bolted 
to  the  floor  with  angle  clips.  All  the  lumber 
used  in  bafflies  and  floats  consists  of  well-sea- 

soned, long  leaf  yellow  pine  equal  to  No.  1 
Common.  The  outlet  openings  are  funnel- 
shaped,  and  are  constructed  of  %-in.  riveted 
steel  thoroughly  coated  with  an  asphaltum 
steel  pipe  coating. 

The  expansion  joints  in  the  plant  consist  of 
No.  28  gage  copper  plate  extending  the  full 
length  of  the  joint.  Joints  between  adjacent 
sections  of  the  floor  in  the  settling  basin  and 
clear  water  basin  are  filled  with  asphaltum. 
These  joints  are  %  in.  thick  and  extend  the 
full  depth  of  the  upper  layer  of  concrete.  Be- 

fore placing  this  asphaltum,  the  joints  were 

thoroughly  dried  with  a  plumber's  torch  so 
that  the  asphaltum  would  adhere  to  the  con- 

crete, and  after  the  joints  cooled  their  surfaces 
were  burned. 

FILTER   PLANT. 

The  filters  are  rectangular  in  plan  and  con- 
sist of  six  units  each  11  ft.  x  16  ft.  in  plan 

by  8  ft.  deep.  They  are  arranged  in  two  groups 
of  three  units  each  with  a  pipe  gallery  11  ft. 
6  ins.  wide  built  between  them.  The  entire 
filter  group  covers  a  space  52  ft.  wide  by  39 
ft.  long,  with  an  additional  length  on  the  end 
next  to  the  railroad  of  16  ft.  for  the  coagu- 

lant house.  Each  filter  box  is  built  of  rein- 
forced concrete  as  a  monolith  with  12-in.  walls. 

The  filter  superstructure  extends  over  half  of 
the  filter  area  so  as  to  permit  the  entire  filter 
to  be  inspected  from  the  operating  platform. 
TIic  rest  of  tlie  filter  is  covered  with  a  rein- 

forced concrete  roofing  which  serves  as  a  sand 
platform  and  is  just  above  the  grade  line.  The 
net  area  of  the  surface  of  each  filter  is  176 
sq.  ft.,  giving  a  capacity  of  500.000  gals,  per 
24  hours  when  operated  at  a  rate  of  125,000,000 

eals.  per  acre  per  day.  The  'flow  line  in  the filter  is  1  ft.  below  the  flow  line  in  the  settling 
basin.  A  cast  iron  manhole  frame  with  a  cover 
containing  .glass  sidewalk  lights  is  placed  in 
the  reinforced  concrete  roof  of  each  filter  box. 

.'sections  of  the  filters,  clear  water  well  and 
pipe  gallery  are  shown  in  Fig.  3. 

Filtering  Medium. — The  filtering  medium 
consists  of  30  ins.  carefully  graded  quartz  sand 
resting  on  10  ins.  of  hard  flint  seashore  gravel 
and  underlaid  with  a  standard  cast  iron  mani- 

fold equipped  with  strainers  of  the  exterior 
orifice  type  spaced  6  ins.  center  to  center  in 
both  directions.    The  effective  size  of  the  sand 

a  4-in.  air  pipe  from  a  blower  located  at  the 
end  of  the  pipe  gallery.  The  wash  trough  sys- 

tem consists  of  two  steel  troughs  extending 
the  full  length  of  the  filter  and  each  is  15  ins. 
wide.  They  connect  to  a  cross  trough  of  re- 

inforced concrete  extending  across  the  end  of 
the  filter  next  to  the  operating  floor  and  to 
the  full  depth  of  the  filter  and  drain  into  the 
sewer  outlet  through  an  8-in.  connection.  The 
tops  of  the  wash  troughs  are  15  ins.  above 
the  top  of  the  sand  line  in  the  filters. 

Collection  and  IVash  System. — Raw  water  is 
admitted  to  each  filter  through  an  8-in.  valved 
connection  to  the  raw  water  main  in  the  pipe 
gallery.  It  empties  into  the  trough  system 
and  thence  overflows  onto  the  filters.  Wash 
water  is  admitted  to  the  manifold  system  in 
the  bottom  of  the  filter  through  a  6-in.  wash 
connection  to  the  high  service  main  controlled 
by  a  pressure  reducing  valve  which  limits  the 
maximum  pressure  to  25  lbs.  There  is  a  4-in. 
rewash  connection  provided  to  the  outlet  from 
each   filter  for   wasting  filtered   water  immed- 

filters  is  such  that  they  pass  an  elevation  in 
excess  of  the  highest  water  in  the  filters  to 
prevent  any  back  flooding  of  the  blower.  They 
enter  the  filters  in  a  maimer  that  does  not 
necessitate  their  passing  downward  through 
the  sand.  Openings  in  the  distributing  pipes 
are  so  arranged  as  to  first  empty  of  all  water 
The  wash  overflow  system  is  so  arranged  that 
the  horizontal  flow  at  any  point  does  not  ex- 

ceed 3%  ft.,  and  has  a  carrying  capacity  suf-  ■ 
ficient  to  convey  10  gals,  per  square  foot  of 
filter  surface  per  minute  with  a  minimum  drop 
at  the  rear  end  of  the  filters  of  1  in.  They 
are  placed  at  the  least  minimum  height  .it 
which  sand  will  not  be  carried  over  when 

washing  at  the  above  rate.  The  stren.gth  of  ' 
the  trough  was  made  sufficient  to  resist  the 

upward  thrust  of  the  water  when  empty  or  to  • 
carry  the  trough  full  of  water  or  sand,  and  in  . 
addition  a  200-lb.  concentrated  load  at  any 
point.  The  troughs  are  Iiung  by  adjustable 
rods  from  the  beams  over  the  filters  as  shown 
in  Fig.  3. 
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Fig.  6.    View  of  Chemical  Solution  Tanks  and    Mechanical   Stirring    Device   of   New   Ken- 
sington   Filter   Plant. 

lately  after  a  filter  has  been  placed  in  opera- 
tion. This  is  connected  to  the  sewer.  Each 

filter  is  controlled  by  a  standard  adjustable 
rate  controller,  located  in  the  pipe  gallery  and 
connected  by  a  draft  tube  to  the  clear  water 
basin  so  as  to  permit  of  the  use  of  negative 
head.  A  standard  loss  of  head  gage  and  sam- 

pling pump  is  located  on  the  operating  plat- 
form in  front  of  each  filter  and  all  valves  are 

operated  by  standard  wheel  stands  located  on 
this  platform. 

Pipe  Gallery. — -^  section  of  the  pipe  gallery 
is  shown  in  Fi.g.  3.  It  is  situated  between  the 
filters  and  is  connected  to  the  coagulant  house 
basement  where  a  stairway  extends  to  the  pipe 
gallery  from  the  operating  floor  above.  The 
.gallery  contains  all  piping,  valves,  and  con- 

trolling apparatus  for  the  filters  and  a  bal- 
anced float  valve  chamber  for  controlling  the 

raw  water.  This  chamber  is  built  in  the  bot- 
tom of  pipe  gallery  connecting  with  the  clear 

water  basin  below  the  floor  of  the  gallery  and 
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a  large  copper  float  in  this  chamber  is  con- 
nected to  a  balanced  valve  on  the  raw  water 

line  in  the  pipe  gallery  so  as  to  close  off  the 
raw  water  when  the  clear  water  basin  is  full. 

Clear  Water  Basin. — The  clear  water  basin 

lies  below  the  filters  and  pipe  gallen,-,  as  shown 
in  Fig.  3,  and  is  also  constructed  of  reinforced 
concrete.  It  is  50x37  ft.  in  plan  with  an  effect- 

ive depth  of  7  ft.  and  has  a  capacity  of  100,000 
gals,  or  50  minutes  supply  for  the  high  service 
pump.     The    roof    is    of    reinforced    concrete, 

a  lever.  All  the  tanks  drain  through  a  2-in. 
drain  line  connected  to  the  sewer  and  are 
piped  up  to  independent  feed  boxes  located  on 
a  platform  on  the  lower  floor  sufficiently  high 
to  feed  by  gravity  to  the  raw  water  main  in 
the  pump  station.  Each  of  these  boxes  is  con- 

trolled by  a  glass  float  and  supplies  the  solu- 
tion through  an  adjustable  orifice  with  a  sight 

feed.  The  boxes  are  standard  orifice  boxes  of 
cast  iron  with  white  porcelain  linings  and  each 
is  provided  with  a  bronze  float  inlet  valve  and 

neers,  Pittsburgh,  Pa.,  who  also  supervised 
construction  operations.  Mr.  George  Hen- 
drickson  represented  the  engineers  as  resident 
engineer  in  charge.  Mr.  H.  S.  White  was 
general  contractor.  The  filter  equipment  was 
furnished  by  the  Pittsburgh  Filter  Manufac- 

turing Co.  of  Pittsburgh,  Pa. 

Fig.  7.    View  of  New  Kensington  Filter  Plant  Orifice   Boxes. 

beam  and  slab  construction,  and  supports  the 
group  of  filters  above.  Entrance  to  the  clear 
water  basin  is  made  through  the  float  cham- 

ber in  the  bottom  of  the  pipe  gallery.  Ven- 
tilation is  obtained  by  4-in.  vent  pipes  carried 

up  above  the  operating  floor  of  the  filter  gal- 
lery and  protected  by  return  bends.  A  sump 

is  located  inside  of  the  clear  water  basin  next 
to  the  pump  house  and  is.  connected  to  the 
high  service  pumps  by  two  16-in.  suctions. 
The  clear  water  basin  is  drained  by  means  of 
a  6-in.  cast  iron  drain  line  from  the  basin  to 
the  creek.  There  is  no  by-pass  through  which 
raw  water  can  be  sent  around  the  clear  water 
basin. 

Coagulant  House. — The  coagulant  house 
is  a  three-story  structure  with  its  upper  floor 
just  above  the  grade  line  along  the  railroad, 
and  its  bottom  floor  on  a  level  with  the  oper- 

ating floor  for  the  filters.  The  floor  between 
these  is  the  charging  floor  for  chemical  tanks 
and  the  upper  floor  is  used  for  storage.  All 
floors  are  built  of  reinforced  concrete  and  the 
walls  are  of  brick  and  concrete.  On  the  upper 
floor  there  is  also  located  a  laboratory  which 
is  equipped  with  the  usual  apparatus  required 
for  making  simple  determinations  and  con- 

trolling the  operation  of  the  plant.  There  is 
a  hand  elevator  from  this  floor  to  the  charg- 

ing floor  and  to  the  lower  floor  for  trans- 
porting chemicals  to  the  coagulant  tanks  and 

materials  to  the  pump  station.  Figure  4  shows 
the  three  floor  plans  of  the  coagulant  house. 

Chemical  Apparatus. — The  chemical  appar- 
atus is  of  the  gravity  type.  There  are  five 

solution  tanks  constructed  of  reinforced  con- 
crete 4  ft.  x  4  ft.  6  ins.  in  plan  and  6  ft.  deep. 

Two  are  used  for  alum,  two  for  lime  and  one 
for  chloride.  In  the  top  of  each  tank  there 
is  built  a  dissolving  compartment  connected 
with  hot  and  cold  water  piping  in  which 
chemicals  are  mixed  by  hand  and  allowed  to 
drain  into  the  solution  tanks.  The  tanks  are 
agitated  by  a  mechanical  stirring  device  as 
shown  in  Fig.  6,  consisting  of  paddles  and 
chains  connected  to  a  vertical  shaft  in  each 

tank  and  driven  by  a  horizontal  shaft  extend- 
ing over  the  tops  of  the  tanks  to  a  water 

motor  operated  with  pressure  from  force 
main.  Each  tank  is  arranged  so  that  the  ap- 

paratus can  be  thrown  out  of  commission  by 

a  calibrated  orifice  plate  on  the  outlet  to  be 
adjusted  by  a  graduated  index  wheel.  Each 
orifice  box  feeds  by  sight  into  the  feed  lines 
to  the  raw  water  main  outside  of  the  building. 
A  view  of  the  orifice  boxes  is  shown  in  Fig.  7. 

Controlling  Apparatus. — The  clear  water 
outlet  from  each  filter  is  provided  with  a  rate 
controller  capable  of  regulation  as  to  capacity 
from  40  per  cent  overrating  to  25  per  cent 
underrating.  A  loss  of  head  gage  is  furnished 
for  each  filter.  Each  gage  is  equipped  with  a 
direct-reading  scale  graduated  in  feet  and 
tenths.  These  gages  are  of  the  manometer 
type.  They  have  brass  trimmings  and  are 
placed  on  a  cast-iron  base  in  front  of  each 
filter.  A  sampling  pump  is  furnished  for  each 
filter  and  is  located  on  the  same  stand  with 

the  loss  of  head  gage.  This  pump  is  connect- 
ed up  so  as  to  take  samples  from  the  clear 

water  outlet  of  the  filter.  A  view  of  the 
Humphreys  loss  of  head  gage  and  sample 
pump  is  shown  in  Fig.  8. 
Air  Blower. — The  air  blower  is  located  in 

the  basement  of  the  coagulant  house  at  the 

end  of  the  pipe  gallery  on  a  concrete  founda- 
tion. It  has  a  capacity  sufficient  to  deliver  525 

cu.  ft.  of  air  per  minute  against  3  lbs.  pressure. 
It  is  driven  by  a  hydraulic  motor  of  sufficient 
horsepower  to  operate  blower  at  full  capacity 
with  a  water  pressure  of  125  lbs.  A  drain 
pipe  is  laid  from  the  hydraulic  motor  to  the 
clear  w-ater  basin  and  a  connection  to  the 
motor  is  taken  off  from  the  wash  water  line 
with  suitable  piping  connections  properly 
valved.  The  motor  is  directly  connected  to 
the  blower. 
On  the  lower  floor  of  the  coagulant  house 

there  is  a  locker  room  and  a  work  room.  Both 
buildings  are  heated  by  steam  and  are  lighted 
with  electric  lights.  The  superstructures  are 
of  brick  and  are  covered  with  Spanish  tile 
roofs.  The  retaining  wall  on  the  railroad  side 

of  the  coagulant  house  is  of  reinforced  con- 
crete of  the  buttress  type,  similar  to  the  re- 

taining wall  for  the  settling  basins.  The 
pocket  between  the  coagulant  house  and  the 
boiler  house  is  also  of  similar  design. 

PERSONNEL. 

The  plant  here  described  was  designed  by 
Messrs.   Chester  &   Fleming,  consulting  engi- 

The  Removal  of  Iron  and  Manganese 

from     Well     Water     Supply     at 

Lowell,  Mass. 

An  article  published  in  this  section  for 

July  15,  1914,  described  the  results  of  ex- 
periments on  the  removal  of  carbonic  acid 

from  the  Cook  well  water  at  Lowell,  Mass. 

The  article  also  stated  the  city's  present 
water  supply  problems.  The  present  article 
describes,  briefly,  the  results  of  experiments 
on  the  removal  of  iron  and  manganese  from 
the  water  drawn  from  the  system  of  wells 
known  locally  as  the  Boulevard  Wells.  This 
article  also  gives  a  brief  description  of  the 
design  of  the  plant  proposed  for  the  removal 

of  these  metallic  substances  from  the  city's 
water  supply.     As  in  the  case  of  the   former 

Fig.  8.  View  of  Humphreys'  Loss  of  Head 
Gage  and  Sample  Pump  Installed  at  New 
Kensington,  Pa.,  Water  Filtration  Plant. 

article  the  information  here  given  is  taken 
from  the  report  on  the  improvement  of  the 

water  supply  by  Mr.  F.  A.  Barbour,  consult- 
ing engineer,   Boston,  Mass. 

Contracts  for  putting  down  169  of  the 
driven  wells  in  the  Boulevard  system  were 
awarded  in  1895.  In  1900  52  wells  were  add- 

ed and  in  1901  the  number  of  wells  was  in- 
creased by  125.  As  stated  in  the  article  above 

mentioned  the  Cook  Wells  were  condemned 
in  1899  because  of  the  action  of  their  waters 
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on  the  lead  service  pipes  in  use  in  the  city. 
This  increased  the  draft  from  the  Boulevard 
well  tield  and  coincident  with  the  increased 
draft  a  gradual  deterioration  in  the  quality 
of  this  supply  resulted,  due  to  increasing 
amounts  of  iron  and  manganese,  and  evi- 

denced "hysically  by  pronounced  color  and 
turbidity.  In  an  endeavor  to  obtain  more  and 
better  water.  118  additional  wells  were  driven 

in  1911,  the  result  being  a  temporary  improve- 
ment in  quality,  but  within  a  few  months, 

metal  contents  again  increased  to  a  point 
which  rendered  the  supply  disagreeable  and 
altogether  unsuitable  for  municipal  service. 
The  progressive  deterioration  of  the 

Boulevard  supply  is  indicated  by  the  increase 
in  iron  and  ammonia.  This  indicates  over- 

working of  the  soil  from  which  the  supply 
is  drawn.  The  report  gives  a  table  of  -a-year 
averages  of  chemical  analyses  of  the  Boule- 

vard well  water  for  the  period  from  189(5 
to  1913.  In  1896-1900  the  free  ammonia 
amounted  to  .087  and  the  albuminoid  ammo- 

nia to  .032  p. p.m.,  respectively.  The  corre- 
sponding figures  for  1911-13  were  .372  and 

.067.  The  iron  content  increased  from  .322 

p.p.m.  in  1896-1900  to  1.468  p.p.m.  in  1911-13. 
It  is  planned  to  check  this  progressive  de- 

terioration by  extending  the  well  system  and 
balancing  the  amounts  drawn  from  different 
parts  of  the  field.  * 
The  Boulevard  supply  has  always  been  hy- 

gienically  safe,  a  fact  shown  by  the  low  ty- 
phoid death  rate  of  the  city.  To  niake  it 

entirely  acceptable  it  is  necessary  to  remove 
the  iron  and  manganese,  and  to  determine 
how  this  could  be  done  most  efficiently  and 

economically  experimental  work  was  under- 
taken. .\  small  test  plant  was  erected  at  the 

Boulevard  station.  This  plant  consisted  es- 
sentially of  a  prefilter  of  coke  or  gravel  and 

a  sand  filter.  A  series  of  18  experiments 

was  performed.  During  the  first  15  experi- 
ments the  depth  of  gravel  or  coke  was  2  ft. 

6  ins.  For  the  last  three  experiments  the 
depth  of  coke  in  the  prefilter  was  7  ft.  8  ins. 
Aeration  was  employed  in  connection  with 
the  first  15  experiments  by  means  of  a  pan 
aerator  at  the  top  of  the  prefilter.  In  the 
sand  filter  the  depth  of  sand  was  2  ft.  1  in. 
The  effective  size  of  the  sand  was  f>.34  and 
its  uniformity  coefficient  was  2.56.  This  sand 
rested  upon  a  layer  of  coarse  sand  3%  ins. 
thick  and  this,  in  turn,  rested  on  6  ins.  of 
graduated    screened   gravel. 
The  reason  for  the  experimental  work  is 

found  in  the  fact  that  different  waters  con- 
taining metals  require  quite  different  treat- 

ment. Iron,  which  is  foimd  in  the  form  of 
ferrous  hydrate,  can  be  readily  oxidized,  and 
if  there  are  no  interfering  substances,  such 
as  manganese,  carbon  dioxide,  or  organic 
matter,  which  hold  the  iron  in  semi-solutiori. 
or  in  a  colloidal  condition,  it  can  be  precipi- 

tated and  removed  by  aeration  and  sand  fil- 
ters. In  some  waters,  however,  excessive 

aeration  is  possible,  and  a  retention  of  a  cer- 
tain portion  of  the  carbon  dioxide  is  neces- 
sary to  prevent  the  organic  matter  from  in- 

terfering with   the   precipitation   of   the   iron. 

Also,  it  has  been  found  that  manganese  in- 
terferes, and  the  removal  of  the  last  traces 

of  iron,  if  the  necessary  conditions  are  not 
provided  for  the  coincident  removal  of  the 
manganese,  is  impossible.  It  therefore  fol- 

lows that,  while  the  deferrization  of  some 
waters  involves  simple  aeration  and  sand 

filtration,  others  require  more  highly  devel- 
oped preliminary  treatment  by  passage 

through  coarse  filters,  operating  either  as 
tricklers  or  contact  beds.  The  experiments 

performed  therefore  comprehended  a  progres- 
sive study  leading  to  the  determination  of 

the  method  necessary  for  the  successful  treat- ment of   the  water. 

Field  analyses  made  of  the  raw-  water  dur- 
ing the  progress  of  the  week  show  that  the 

carbonic  acid  content  ranged  from  18.4  p.p.m. 
to  25.8  p.p.m. ;  the  iron  from  1.040  p.p.m.  to 
2.080  p.p.m.,  and  the  manganese  from  _  1.700 
p.p.m.  to  3.400  p.p.m.  The  amount  of  dis- 

solved oxygen  in  the  raw  water,  expressed 
as  per  cent,  saturation,  ranged  from  9.0  to  22.8. 

Until  this  investigation  was  undertaken,  no 

regular  analyses  had  been  made  for  man- 
ganese in  the  Boulevard  supply,  and  it  is  of 

interest  to  note  that  the  amount  of  this  metal 

present  in  the  water,  which  is  largely  re- 
sponsible for  its  unsatisfactory  condition  as 

delivered  to  consumers,  exceeds  the  iron  pres- 
ent by  about  40  per  cent. 

The  procedure  in  the  18  experiments  arid 
the  results  obtained  are  recorded  in  detail  in 
the  report  The  period  of  experimentation 
was  from  Aug.  19,  1913,  to  April  25,  1914, 
Enough  has  been  said  to  indicate  the  general 
sci.ipe  of  the  experiments  and  we  here  record 
the  conclusions  based  upon   them. 

CONCLUSIONS    FROM     EXPERIMENTS. 

The  experiments  indicate  that  the  iron  and 
manganese  in  the  Boulevard  water  cannot 
be  removed  by  aeration  and  direct  applica- 

tion to  sand  filters,  nor  by  aeration,  sedimen- 
tation and  sand  filters. 

That  excessive  aeration  and  the  operation 
of  the  prefilter  as  a  trickier  is  not  adapted 
to  the  treatment  of  the  Boulevard  water. 

That  the  iron  and  manganese  can  be  suc- 
cessfully and  economically  removed  by  lim- 

ited aeration,  passage  through  a  coke  pre- 
filter not  less  than  8  ft.  in  depth,  operated 

as  a  contact  bed  at  a  rate  of  67,500,000  gals, 
per  acre  dailv,  and  subsequent  filtration 
through  sand  aV  a  rate  of  10,000,000  gals,  per 
acre   daily. 

On  these  conclusions,  plans  of  a  purifica- 
tion plant  have  been  prepared,  based  on  the 

use  of,  coke  prefilters  10  ft.  deep,  an  inter- 
mediate sedimentation  basin  of  1  hour's  ca- 

pacity, and  sand  filters  3.0  ft.  deep.  The 
depths  of  both  filters  are  greater  than  in  the 
experimental  apparatus,  and  the  addition  of 
the  intermediate  sedimentation  basin  will 
serve  to  reduce  the  work  to  be  done  by  the 
sand  filter.  It  is  believed  the  experiments 
w-ere  sufficiently  prolonged,  and  on  such  a 
scale  as  to  permit  safe  conclusions  to  be 
drawn,   and  that  there  can  be  no  doubt  that 

the  plant  designed  will  sucessfuUy  remove 
the  iron  and  manganese  and  render  the 
Boulevard  supply  entirely  satisfactory. 

THE    PROPOSED    PL.\NT    FOR    REMOVING    IRON     AND 

MANG.ANESE. 

The  proposed  purification  plant  consists  of 
6  coke  prefilters,  10  ft.  in  depth  and  2/5  acre 
in  total  area;  a  settling  basin,  divided  into 
2  units,  with  a  total  capacity  of  600,000  gals.; 
6  sand  filters,  with  a  total  area  of  1  acre; 
and  a  filtered  water  reservoir  of  1,000,000 
gals,  capacity. 

Over  the  inner  walls  of  the  prefilters  a  su- 
perstructure is  to  be  built,  so  as  to  provide 

an  operating  gallery  under  cover.  Immediate- 
ly in  front  of  this  building,  and  connected 

thereto,  a  headhouse  and  laboraton,^  is  lo- 
cated, and  practically  all  the  operations  in- 

volved in  the  control  of  the  plant  are  con- 
centrated in  this  central  structure,  which  con- 

tains the  main  valves  and  the  recording  ap- 

paratus. 
The  present  Holly  pump  will  be  used  to 

draw  water  from  the  wells  and  lift  it  to  the 

prefilters.  .-Vfter  passing  through  the  coke, 
the  water  will  flow  through  orifice  boxes,  by 
which  the  prefilter  rate  will  be  determined 
and  recorded,  thence  through  the  settling  ba- 

sins to  the  sand  filters,  from  which  it  will 
return  through  effluent  pipes  and  Venturi 
meters  to  the  headhouse,  and  finally  flow 
through  a  conduit  in  the  central  wall  of  the 
settling  basins  to  the  filtered  water  reservoir, 
from  which  it  will  be  lifted  by  new  steam 
turbine  driven  centrifugal  pumps,  located  in 
a  small  extension  of  the  present  station,  into 
the  force  main. 

.\t  a  rate  of  75,000,000  gals,  per  acre  per 
dav  through  the  prefilters,  and  a  10,000,000 
gal.  rate  through  the  sand  filters  the  areas 
provided  are  equal  to  a  10,000,000  gal.  daily 
output.  .\Ilowing  for  cleaning  and  for  the 
possible  desirability  of  a  lower  rate  through 
the  coke,  the  plant  is  believed  to  be  ample 
for  an  average  daily  supply  of  7,500,000  to 
8,500,000  gals.,  or  suflicient  for  the  needs  of 
the  citv  until  1935.  It  is  to  be  noted  that 
the  depth  of  coke  is  40  per  cent  greater  and 
that  of  the  sand  50  per  cent  greater  than  the 

corresponding  dimensions  of  the  testing  ap- 
paratus, and  that  there  is  interposed  between 

the  prefilter  and  sand  filters  a  settling  basin 
which  will  materially  reduce  the  load  on 
the  final  filters.  Provision  is  made  for  elastic- 
itv  of  operation  to  meet  the  varying  condi- 

tions which  may  develop  in  the  raw  water. 

The  estimated  cost  of  the  prefilters,  set- 

tling basins,  sand  filters,  filtered  water  reser- 
voir and  superstructures  is  147,-385.  The  es- timated cost  of  the  new  low  lift  pumping 

equipment  and  pipe  connections  to  the  purifi- cation plant  is  $179,833. 

The  figures  indicate  that,  including  inter- 
est, depreciation  and  oper.iting  charges,  the 

iron  and  manganese  can  be  removed  from 
the  Boulevard  supplv  for  an  average  cost  of 
$7.65  per  1.000.000  gals,  during  the  next  25 
vears. 

Standard    I-Beam    and    Pile    Highway 

Bridges  of  the  Iowa  State  High- 
way Commission. 

(staff  .\rticle.) 

The  Iowa  State  Highway  Commission  has 

prepared  standard  plans  for  a  number  of  dif- 
ferent types  of  bridge  construction.  In  this 

article  we  shall  give  essential  data  on  the  de- 
sign of  I-beam  bridges  with  concrete  floor 

slabs,  pile  bridges,  and  wood  piling  abutments 
for  steel  highway  bridges. 

STANDARD      I-BEAM      ERIECES      WITH      REINFORCED 
CONCRETE   FLOOR  SLABS. 

The  standard  I-beam  bridges  with  reinforced 
concrete  floors  cover  clear  spans  from  16  ft. 
to  32   ft.,  inclusive. 

c 

Loads.— In  estimating  the  dead  load  the 
weight  of  the  earth  filling  is  taken  at  120 
lbs.  per  cubic  foot,  and  that  of  the  concrete 
at  150  lbs.  per  cubic  foot. 
The  live  load  for  the  beam  spans  consists 

of  a  uniform  load  of  100  lbs.  per  square  foot 
or  a  15-ton  traction  engine,  two-thirds  of  its 
weight  being  concentrated  on  the  rear  a.xle 
and  one-third  on  the  front  axle.  The  dis- 

tance between  the  front  and  rear  axles  is  11 
ft.,  and  the  distance  center  to  center  of  rear 
wheels  is  6  ft.,  these  wheels  being  22  ins.  wide. 
One-third  of  a  wheel  load  is  assumed  to  be 
carried  by  each  joist. 

Concrete  Proportions. — The  concrete  for 
the  floor  slabs  consists  of  1  part  cement,  2 
parts  sand,  and  4  parts  crushed  stone  or 
screened   pebbles   passing     a     I^-in.     screen. 

For  reinforced  concrete  abutments  and  wing 
walls  a  1 :2 :4  mi.x  is  required,  while  for  the 
footings  a  1 :2M!  :5  mix  is  used.  For  gravity 

abutments,  the  body  of  the  abutments  con- 
sists of  a  1:2%  :5  mix,  the  coping  of  a  1:2:4 

mix,  and  the  footings  of  a  1:3:6  mix. 

Allowable  Stresses. — The  allowable  unit 
stress  on  the  extreme  fibers  of  the  I-beams 
is  16,000  lbs.  For  the  reinforced  concrete 
floor  slabs  the  allowable  tension  in  the  rein- 

forcing steel  is  16,000  lbs.  per  square  inch,  and 
the  allowable  compression  in  the  concrete  is 

600  lbs.  per  square  inch.  For  the  abutments 
the  allowable  tension  in  the  steel  is  16,000  lbs. 

per  square  inch,  the  allowable  compression  in 
the  concrete.  500  lbs.  per  square  inch,  and  the 
allowable  bearing  on  the  bridge  seats,  400  lbs. 

lbs.   per  square  inch. 
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Fig.  2.    Standard  Pile  Highway  Bridge   (Class  B  Floor  Loading)   of 

the  Iowa    State  Highway  Commission. 

Design  Drawings  and  Data. — Figure  1 

gives  complete  data  for  designing  the  super- structures of  I-beam  bridges  with  reinforced 
concrete  floor  slabs  having  spans  varying 
from  16  to  32  ft.  and  widths  of  16,  18  and  20 ft. 

PILE    HIGHW.W    BRIPGF.S. 

Figure  2  shows  drawings  and  data  for  de- 
signing standard  pile  highway  bridges  with 

"Class  B"  floor  loading.  For  this  loading  the 
uniform  live  load  is  100  lbs.  per  square  foot, 
and  the  minimum  concentrated  live  load  is  a 

10-ton  traction  engine  having  the  distribution 

of  loadings  directlv  proportional  to  that  spe- 
citied   for  the  15-ton  engine  loading  given  in 
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Fig.  1.  The  data  given  in  Fig.  2  apply  to 
spans  varying  from  12  to  24  ft.  and  to  a  l6-ft. 
clear  roadway.  The  specifications  for  timber 
piles  require  that  they  sliall  have  a  minimum 
diameter  at  the  top  of  8  ins.  and  a  minimum 
diameter  at  the  butt  equal  to  1  in.  for  each 
foot  of  length.     The  safe  load  on  a  pile  is  to 

2  w  h 

be  determined   from  the   formula,  P  =   , 
s  +  \ 

in  which  w  =  weight  of  hammer,  h  —  fall  in 
feet,   and  j  =  final   penetration   in   inches. 

WOOD    PILING    ABUTMENT. 

Figure  3  shows  a  standard  design  of  a  wood 
piling  abutment  for  a  steel  highway  bridge. 
This  design  is  for  a  clear  roadway  of  16  ft. 
By  referring  to  Fig.  3  it  will  be  noted  that 
the  piles  are  capped  with  a  1.5-in.  33-lb.  chan- 

nel, which  is  connected  to  the  piles  by  means 
of  two  8-in.,  11%-lb.  channels,  the  latter  be- 

ing bolted  to  each  pile  by  a  %-in.  bolt.  Other 
details  are  clearly  shown  by  the  drawings. 

completed  is  divided  into  the  following  units: 
North  abutment  (alterations),  404..5  cu.  yds.; 
north  intermediate  pier,  1,665.(3  cu.  yds. ;  north 
anchor  pier,  17,736  cu.  yds. ;  north  main  pier, 
31,870.4  cu.  yds. ;  south  main  pier,  38,279.4  cu. 
yds. ;  south  anchor  pier,  16,073  cu.  yds. ;  south 
abutment  (alterations),  61.1  cu.  yds.;  total, 
106,090  cu.  yds. 

At  the  start  a  careful  study  was  made  by 
the  board  appointed  by  the  government,  to 
determine  whether  it  was  possible  to  use  the 
old  masonry.  After  a  thorough  investiga- 

tion it  was  found  that,  owing  to  the  increased 
weight  of  the  steelwork,  all  the  old  masonry, 
with  the  e-xception  of  the  abutments,  would 
have  to  be  taken  down  and  new  piers  con- 

structed. It  was  therefore  decided  to  move 
the  whole  bridge  to  the  south  about  65  ft., 
retaining  the  original  longitudinal  center  line. 
This  brought  the  north  main  pier  further  into 
the  water  and  the  south  main  pier  the  same 
distance    towards    shore,    the    same   center    to 

side  heavy  boulder  formation  was  encountered 
for  the  entire  depth,  the  boulders  being  close- 

ly packed  together  with  coarse  sand  and 
gravel.  On  the  south  side  the  borings  showed 
sand  formation  for  the  entire  depth  with  only 
a  sprinkling  of  boulders  at  various  points. 
The  bed  rock  was  a  hard  sandstone,  called 

"Sillery  grit,"  overlaid  with  a  red  and  gray 

shale.  '  On  the  south  side  2  ft.  of  hardpan overlaid  this  shale. 

ORIGINAL  CAISSON    FOR    NORTH    MAIN    PIER. 

The  caisson  for  the  north  main  pier  was 
started  first  and  was  constructed  at  Sillery, 
about  three  miles  down  the  river.  This  caisson 

was  180  ft.  long  by  55  ft.  wide.  It  was  con- 
structed of  12.xl2-in.  southern  pine  with  a 

cutting  edge  of  the  same  material  30  ins. 
square.  This  cutting  edge  was  shod  with  a 
6xl2-in.  oak  timber  instead  of  the  steel  shoe 
commonly  used.  It  was  claimed  in  this  case 
that  if  any  distortion  of  the  caisson  took 
place  the  steel  shoe  would  tend  to  prevent  the 

3.    Standard   Wood    Piling   Abutment  for  Steel    Highway   Bridge   of  the     Iowa  St?te  Highway  Commission. 

Mr.  Thos.  H.  MacDonald  is  highway  en- 
gineer and  Mr.  J.  E.  Kirkham  is  consulting 

bridge  engineer  of  the  Iowa  State  Highway 
Commission. 

Construction  Features  of  the   Quebec 
Bridge  Substructure. 

In  our  issues  of  Oct.  1,  1913,  and  Jan.  7, 
1914,  we  published  data  cm  the  design  and 
erection  of  the  new  Quebec  Bridge  super- 

structure. In  this  issue  we  shall  consider  the 
construction  features  of  the  substructure  of 
this  important  bridge.  The  article  is  based 
on  a  paper  by  H.  P.  Borden,  assistant  to 
chief  engineer,  Quebec  Bridge  Commission, 

in  the  "Canadian  Engineer." 
The  contract  for  the  construction  of  the 

piers  of  the  Quebec  Bridge  was  awarded  in 
February,  1910.  The  work  has  been  continued 
constantly  since  that  date,  and  is  now  prac- 

tically   completed.      The   contract     as      finally 

center  length  of  span  of  1,800  ft.  being  re- 
tained. It  was  impossible  to  place  the  south 

main  pier  nearer  the  river  on  account  of  the 
wreckage  which  lies  in  the  water  at  that 

point. 
BORINGS. 

Before  the  contract  was  awarded  a  series 

of  borings  was  made  at  and  about  the  loca- 
tion of  the  two  main  and  anchor  piers.  Nine- 
teen borings  in  all  were  taken,  each  boring 

penetrating  at  least  15  ft.  into  solid  rock  in 
order  to  make  sure  that  it  was  bed  rock  rather 
than  a  boulder  that  had  been  struck.  These 

borings  showed  that  bed  rock  would  be  en- 
countered approximately  at  elevation  0.0  on 

the  location  of  both  north  and  south  main 
piers,  which  elevation  was  about  101  ft.  below 
extreme  high  water  and  70  and  85  ft.  below 
the  bed  of  the  river  on  the  north  and  south 
sides  respectively.  The  formation  of  the  bed 
of  the  river  on  the  two  sides,  however,  was 
foimd   to  be   totallv   different.     On   the   north 

caisson  from  readily  readjusting  itself  (as 
would  he  the  case  with  a  wooden  shoe)  and 
that  the  wooden  shoe  gave  sufficient  service 
during  the  process  of  sinking.  The  caisson 
had  a  working  chamber  8  ft.  high  in  the 
clear,  divided  by  longitudinal  and  transverse 
bulkheads  into  18  compartments.  It  was 
built  in  the  winter  under  a  construction  shed, 

thus  enabling  the  men  to  work  without  inter- 
ruption. The  caisson  was  built  over  launch- 

ways  having  a  10  per  cent  grade  which  led 
out  into  deep  water.  The  walls  of  the  caisson 
were  built  uo  about  40  ft.  before  it  was 
launched.  When  ready  for  launching  the 
caisson  was  lowered  to  its  inclined  position  on 
the  launchways  by  means  of  heavy  jacks. 
When  everything  was  ready  an  impetus  was 
given  by  jacks  placed  horizontally  at  the  rear, 
the  launching  being  effected  without  mishap. 
The  caisson  was  towed  to  the  bridge  June 

14,  1910.  and  was  placed  in  position  over  the 
site,  which  had  been  previously  dredged  to  an 
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average  depth  of  about  20  ft.  in  order  to  push 
ahead  the  work  of  sinking  as  fast  as  pos- 

sible. The  work  of  lilHng  it  with  concrete 
was  started  immediately,  and  about  2,000  cu. 
yds.  of  concrete  had  been  deposited  before 
the  caisson  began  to  touch  bottom  at  its 
corners.  The  caisson  leaked  considerably,  but 
it  could  readily  be  kept  dry  by  means  of  two 
pumps.  At  this  time,  however,  an  accident 
happened  to  the  boiler  equipment  and  before 
it  could  be  repaired  the  caisson  had  been 
filled  with  water  to  such  an  extent  that  it 
grounded  on  an  uneven  bottom.  The  result 
was  that  the  caisson  was  seriously  strained 
and  the  seams  opened  up  to  such  an  extent 
that  it  was  found  impossible  to  keep  air  in 
the  working  chamber.  It  was  decided  to  re- 

move the  concrete  from  the  caisson  and  tow 
it  to  St.  Joseph  de  Levis  and  have  permanent 
repairs  made  there  during  the  coming  winter. 

In  view  of  this  accident  a  reconsideration 
of  the  masonry  design  was  made  by  the  board, 
with  the  result  that  it  was  decided  (in  conse- 

quence of  the  difficult  sinking  on  the  north 
side)  to  use  two  caissons  for  the  north  main 
pier  and  to  use  the  reconstructed  larger 
caisson  for  the  south  side,  where  the  sinking 
operations  would  be  much  simpler  and  the 
material  to  be  penetrated  would  be.  as  shown 
by  the  borings,  composed  mostly  of  sand.  This 
entailed  the  abandonment  of  the  enlargement 
of  the  south  main  pier  and  required  the  sink- 

ing of  a  caisson  south  of  the  old  pier  and 
entirely  distinct  from  it.  It  was  therefore 
decided  to  sink  this  new  large  caisson — or 
caisson  No.  1  as  it  has  been  designated — 6-5 
ft.  nearer  the  shore,  or  south  of  the  existing 
main,  pier,  and  to  sink  the  caissons  for  the 
north  main  pier  the  same  distance  towards  the 
river,  or  south  of  the  existing  north  main  pier, 
thus  making  the  span  1,800  ft. — the  same  as 
that  of  the  original  bridge.  This  change  in 
the  plans  allowed  the  board  to  keep  the  center 
line  of  the  bridge  coincident  with  that  of  the 
old  structure,  which  was  a  very  important  item 
as  it  would  avoid  the  large  expense  of  chang- 

ing the  location  of  the  railroads  approaching 
both  ends  of  the  bridge. 

It  was  found  that  caisson  No.  1  could  be 

satisfactorily  repaired  in  dry-dock,  and  on 
May  28,  1911,  it  was  floated  out  and  towed 
up  the  river  about  nine  miles  to  the  site  on 
the  south  side  which,  being  exposed  at  low 
water,  had  been  carefully  leveled  off.  At  ex- 

treme high  water  there  is  about  1.5  ft.  of  water 
over  this  prepared  bed.  As  the  caisson  (due 
to  its  construction)  had  a  very  deep  draught, 
a  false  bottom  was  constructed  with  a  view 
to  decreasing  this  draught  before  floating  into 
position.  The  result  was  that  the  caisson 
floated  with  a  draught  of  11  ft:  and  was  placed 
in  its  exact  position  for  sinking  without 
serious  difficulty.  The  openings  in  the  various 
shafts  were  then  left  unobstructed  in  order 
that  the  rise  and  fall  of  the  tide  would  not 
lift  the  caisson  from  its  permanent  bed.  The 
caisson  was  left  in  this  position  throughout 
the  season  of  1910,  the  work  of  the  contractor 
being  directed  towards  the  sinking  of  the 
caissons  on  the  north  side  of  the  river. 

CAISSONS    NOS.    2    AND    3    FOR    NORTH    MAIN    PIER. 

Caissons  Nos.  2  and  3,  for  the  north  main 
pier,  were  constructed  at  Sillery  on  the  same 
location  as  caisson  No.  1,  the  same  details  of 
construction  being  followed  throughout.  Each 
of  these  caissons  was  8.5  ft.  long  by  60  ft. 
wide.  Caisson  No.  2  was  started  June  1-5,  and 
caisson  No.  3  on  June  29,  1911.  Both  of 
these  caissons  reached  their  permanent  loca- 

tion at  elevation  20.0  about  Oct.  20,   1911. 
The  average  rate  of  progress  of  sinking 

the  westerly  caisson  (No.  2)  was  0.37  ft.  per 
day,  and  that  of  the  easterly  caisson  (No.  3), 
0.47  ft.  per  day.  It  was  the  original  intention 
to  sink  these  caissons  to  rock,  but  as  the 
work  progressed  the  sinking  became  more  dif- 

ficult, and  finally,  when  the  caissons  had 
reached  elevation  20.0,  it  was  considered  that 
the  foundations  at  this  point  were  quite  satis- 

factory for  many  times  the  load  that  the  piers 
would  be  called  upon  to  carry. 

Bearing  tests  were  made  at  this  point  to 
determine  the  supporting  value  of  the  founda- 

tion. A  cube  of  granite  2  ft.  square  was 
placed   on   an   average   section   of   the   bottom 

and  over  this  was  placed  a  lever  composed  of 
two  I-beams  supported  on  pin  bearings.  The 
short  end  of  the  I-beams  was  supported 
against  the  roof  of  the  caisson.  A  hydraulic 
jack  was  placed  to  exert  a  definite  load  at  the 
end  of  the  longer  lever  arm.  A  load  of  59 
tons  per  square  foot  showed  a  settlement  of 
only  Va  in.,  practically  no  settlement  at  all  be- 

ing noticed  at  20  to  30  tons.  As  the  average 
working  load  at  the  foot  of  this  pier  was  only 
8  tons  per  square  foot,  it  was  considered  that 
the  board  would  not  be  justified  in  carrying 
the  foundations  to  a  lower  level. 

In  the  operation  of  sinking  these  caissons 
the  contractor  met  with  considerable  difficulty 
owing  to  large  boulders  fouling  the  cutting 
edge,  and  in  several  places  this  cutting  edge 
was  forced  inward  from  6  to  10  ins.,  and, 

as  it  was  feared  that  if  the  sinking  was  con- 
tinued in  the  same  manner  the  cutting  edge 

would  be  further  distorted  and  sinking  op- 
erations endangered;  the  method  of  sinking 

was  then  changed  so  as  to  avoid  any  such 
contingency. 

Timber  blocking  was  placed  beneath  the 
bulkheads  and  also  at  the  center  of  the  cham- 

bers. A  trench  was  then  excavated  all 
around  and  below  the  cutting  edge  and  for  a 
distance  of  several  inches  outside  the  exterior 
surface  of  the  caisson.  This  trench  was  ex- 

cavated to  a  depth  of  about  2  ft.,  after  which 
it  was  filled  w-ith  blue  clay,  in  bags.  When 
all  was  ready  the  blocking  was  under-scoured 
with  water  jets,  and  the  caisson  lowered  on 
a  cushion  of  clay.  The  clay  tended  to  act  as 
a  lubricant  and  also  prevented  considerable 
air  leakage,  and  as  all  boulders  were  removed 
from  beneath  the  cutting  edge  before  the 
caisson  was  lowered,  all  further  damage  to 
the  cutting  edge  was  prevented,  and  it  w^s 
found  that  the  sinking  was  carried  on  even 
more  rapidly. 

After  the  caisson  had  reached  its  final  lo- 
cation the  working  chamber  was  filled  with 

concrete  composed  of  1  part  cement,  2  parts 
sand,  and  4  parts  small  crushed  stone.  This 
concrete  was  made  much  drier  than  the  con- 

crete used  in  the  main  caisson,  it  being  found 
that  concrete  deposited  under  compressed  air 
gave  better  results  when  very  dry  than  in  a 
more  or  less  liquid  state. 

The  concrete  was  deposited  in  terraces,  the 
men  working  towards  the  center  from  the 
sides  and  etids.  Great  care  was  taken  to  ram 

the  concrete  thoroughly  around  the  roof  tim- 
bers so  that  a  bearing  would  be  assured  under 

the  roof  of  the  working  chamber.  After  the 
working  chamber  was  filled  as  carefully  as 
possible  by  hand  the  shafts  were  filled  with 
concrete.  As  a  further  precaution,  a  rich 
grout  was  forced  in  through  4-in.  blow  pipes 
by  compressed  air,  under  a  pressure  of  100 
lbs.  per  square  inch.  One  hundred  fifty- four 
bags  of  cement  were  used  in  grouting  caisson 
No.  2,  and  274   for  caisson   No.  3. 

Caissons  Nos.  2  and  3  were  sunk  with  a 

10-ft.  space  between  the  two  ends,  thus  mak- 
ing the  overall  length  of  the  two  caissons  180 

ft.,  the  same  as  for  caisson  No.  1.  After  they 
had  been  filled  with  concrete,  the  space  be- 

tween them  was  dredged  with  a  clam-shell 
bucket  to  a  depth  of  25  ft.  below  high  water, 
the  boulders  and  hard  sand  being  excavated 
with  considerable  difficulty.  Shutters  40  ft. 
high,  made  of  12xl2-in.  timbers,  were  placed 
vertically  against  the  outside  walls  of  the  ad- 

jacent caissons  so  as  to  close  each  end  of 
the  space  between  the  caissons  and  overlap 
about  12  ins.  on  their  sides.  The  bottoms  of 
the  caissons  were  banked  on  the  outside  with 
clay  dumped  in  the  river  and  covered  with 
heavy  rip-rap.  The  shutters  were  securely 
bolted  to  the  caisson  walls  down  to  low-water 
level,  thus  forming  cofferdam  walls  which 
enclosed  the  space  between  the  caissons.  This 
space  was  then  filled  with  concrete  deposited 
under  water  up  to  an  elevation  of  7  ft.  below 
low-water  mark.  After  the  concrete  was  de- 

posited the  water  was  pumped  out,  and  the 
space  between  the  caissons  was  then  bridged 
by  six  old  steel  girders,  6  ft.  deep,  resting  in 
pockets  left  in  the  concrete  in  the  adjacent 
ends  of  the  caisson,  the  wooden  walls  of  the 
caisson  having  been  cut  away  to  allow  this  to 
be    done.      .Afterwards    the    concrete    was    de- 

posited in  a  continuous  mass  in  and  between 
both  cofferdams  and  caisson,  thus  forming  a 
monolith  upon  which  the  masonry  shaft  of  the 
pier  could  be  carried.  The  masonry  of  the 
pier  was  then  built  up  inside  of  the  crib  work, 
which  was  kept  in  place  until  the  mason  work 
had  extended  above  high  water. 

CAISSON    FOR    SOUTH    M.\IN    PIER. 

The  sinking  of  the  large  caisson  for  the 
south  main  pier  was  started  July  28,  1912,  and 
was  completed  Oct.  24,  1912,  or  at  the  rate  of 
0.75  ft.  per  day  during  the  entire  period.  The 
material  encountered  at  this  point  was,  as 
indicated  by  the  borings,  chiefly  sand,  and 
required  that  the  pier  be  carried  down  to 
rock,  which  was  reached  at  elevation  0.0,  101 
ft.  below  high  water,  and  86  ft.  below  the 
bed  of  the  river.  The  difficulty  experienced 
on  the  north  side  in  keeping  the  cutting  edge 
intact,  and  also  on  account  of  the  fact  that 
the  caisson  had  previously  been  overstrained, 
and  the  fear  that  it  might  yet  be  weak,  led 
the  contractors  to  take  unusual  precautions  to 

prevent  the  possibility  of  any  accident  hap- 
pening to  the  caisson  during  the  sinking  op- 

erations. For  this  reason,  special  appliances 
were  devised  for  relieving  the  cutting  edge 
from  carrying  all  the  load,  and  by  the  use  of 
sand  jacks  the  total  weight  of  the  caisson 
was  distributed  over  the  entire  bottom  area. 
The  manner  of  using  these  sand  jacks  was  one 
of  the  most  interesting  features  connected 
with  the  sinking  of  this  caisson,  and  merits 
a   detailed   description. 

The  jacks  themselves  were  of  very  simple 
construction.  The  cylinders  of  the  sand  jacks 
had  an  internal  diameter  of  31  ins.  and  were 

36  ins.  long.  They  were  constructed  of  %-in. 
steel  plate  with  a  4-in.  lap  joint,  two  angles 
l%xl%x%-in.  being  used  to  reinforce  each 
cylinder  at  top  and  bottom.  The  piston  was 
a  block  of  yellow  pine,  2%  ft.  square  and  5 
ft.  long.  For  a  length  of  4  ft.  at  one  end  the 
piston  was  round  with  a  diameter  of  29  ins., 
thereby  allowing  1  in.  play  in  the  cylinder.  The 
lower  end  of  the  piston  was  reinforced  with  a 
2%x%-in.  welded  iron  band.  During  its  op- 

eration the  piston  was  attached  rigidly  to  the 
roof  of  the  working  chamber  by  long  screw 
bolts,  and  remained  there  permanently  during 
the  entire  period  of  sinking. 

In  preparing  for  a  drop  the  first  step  was 
to  excavate  a  hole  under  the  piston.  The 
cylinder  was  first  filled  about  two-thirds  full 
of  sand ;  it  was  then  placed  in  position  under 
the  piston  and  was  blocked  up  hard  against 
it  by  means  of  timbers.  While  this  was  being 
done  the  caisson  was  supported  on  timber 
blocking  under  the  bulkheads  and  other 
points.  At  the  bottom  of  the  sand  jack  there 
was  a  2-in.  iron  pipe  extending  entirely  across 
the  cylinder,  the  center  of  which  was  split 
and  opened  up  to  allow  the  sand  to  escape. 
This  type  had  no  bottom  to  the  cylinder,  the 

timbers  acting  as  a  support  for  the  sand.  An- 
other type  used  had  a  steel  bottom  and  two  8- 

in.  holes,  with  sliding  cover  at  each  side  at  the 
foot  of  the  cylinder.  The  operation  in  both 
cases  was  the  same. 
When  everything  was  ready  for  a  drop  the 

timber  blocking  supporting  the  caisson  was 
undermined  by  a  water  jet,  and  the  full  load 
was  taken  by  the  sand  jacks.  A  man  was 
stationed  at  every  jack,  and  at  a  given  signal 
(made  by  the  flashing  of  electric  lights)  each 
man  turned  a  hydraulic  jet  with  60  lbs. 
pressure  into  the  hole  at  the  bottom  of  the 
cylinder,  thus  washing  out  the  sand,  which 
was  caught  in  canvas  bags  of  uniform  size. 
When  a  canvas  bag  was  full  the  lights  flashed 

again,  and  the  water  jet  was  turned  off.  An- 
other bag  was  then  obtained,  and  at  the  signal 

the  jet  was  again  turned  on  and  the  bag  filled. 
Each  cylinder  contained  about  16  bags  of 
sand.  This  operation  was  continued  until  the 
required  settlement  was  obtained.  By  adopt- 

ing the  signal  system  and  by  emptying  the 
sand  into  bags  it  was  possible  to  guarantee 
that  the  whole  caisson  was  being  sunk  at  a 

uniform  rate,  and  that  there  was  no  reason- 
able possibility  of  any  part  of  the  caisson  be- 

ing strained  due  to  its  being  sunk  more  rapidly 
than  another  portion.  As  a  rule,  a  drop  of 
from  1%  to  2  ft.  could  be  effected  at  each  op- 

eration,  the  recurrence  of  the  operations  de- 
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pending  entirely  on  the  nature  of  the  material 
to  be  removed.  When  the  drop  had  been  fin- 

ished the  blocking  was  again  placed  under  the 
bulkheads  to  take  the  load  of  the  caisson,  and 
the  holes  under  the  sand  jacks  were  deepened 
in  order  that  the  operation  might  be  repeated. 
The  greater  part  of  the  material  e.xcavated  in 
this  caisson,  which  was  sand,  was  forced  out 
through  blow  pipes. 

.\NCH0R   PIERS. 

Xo  difficult  problems  were  encountered  in 
the  construction  of  the  north  and  south  anchor 
piers  and  the  north  intermediate  pier.  Both 
anchor  piers  were  constructed  on  a  location 
south  of  the  existing  anchor  piers.  For  the 
north  anchor  pier  a  cofferdam  had  to  be  con- 

structed around  the  foundations,  since  the  foot 
of  the  pier  was  below  high-water  mark.  The 
south  anchor  pier  was  well  above  high-water 
mark,  so  that  all  excavation  was  in  the  dry. 
The  anchorage  girders  were  embedded  in 

concrete  and  the  first  length  of  anchorage  eye- 
bars  were  set  in  place,  two  shafts  being  left 
in  each  anchor  pier  for  connecting  up  the 
anchor  eyebars  of  the  main  anchorage.  It  is 
the  intention  ultimately  to  embed  tlie  bottom 
section  of  eyebars  in  concrete,  but  this  will  be 
deferred  until  they  receive  the  full  dead  load 
stress. 

CONCRETE   .■\Nn   M.SSONRY. 

The  concrete  used  in  the  caisson  and  back- 
ing of  the  piers  was  a  1 :2%  :.5  mix.  by  volume, 

except  that  used  in  the  working  chamber, 
which  was  1 :2V4  :4  mix.  The  cement  was  re- 

quired to  pass  a  tensile  test  for  neat  cement 
of  450  and  -540  lbs.,  for  7  and  2t<  days,  re- 

spectively :  and  for  1  part  of  cement  and  3 
parts  of  sand,  140  and  220  lbs.,  respectively. 
For  the  main  piers  new  quarry  cut-stone  was 
used.  For  the  anchor  and  intermediate  pier 
the  specification  allowed  the  use  of  stone 
from  the  old  piers.  The  greater  portion  of 
the  old  stone  demolished  from  the  old 
masonry  was  consequently  used  in  the  con- 

struction of  these  piers.  The  abutments  were 
not  radically  changed,  it  being  only  necessary 
to  raise  the  ballast  walls  and  to  make  minor 
alterations  to  suit  the  new  design. 
The  masonry  in  the  pier  shafts  consists  of 

grey  granite  rock-faced  ashlar,  laid  with 
alternate  headers  and  stretchers  and  backed 
with  concrete,  in  which  were  embedded  dis- 
placer  stones  usually  about  1  cu.  yd  in  size. 
Headers  were  required  to  have  a  length  of 
at  least  2\i  times  their  width,  with  a  minimum 
length  of  7  ft.  Bed  joints  were  Vi  in.  through- 

out, while  vertical  joints  were  %  in.  for  a 
distance  of  12  ins.  back  from  the  face  and 
could  not  be  more  than  4  ins.  wide  at  any 

point. 
All  stones  in  the  rounded  ends  of  the  main 

piers  were  clamped  together  and  connected 
vertically  by  dowels.  The  upper  18  ft.  of 
these  piers  were  built  with  cut  granite  back- 

ing. About  40  per  cent  of  the  .stones  in  these 
backing  courses  were  made  to  project  up 
through  the  course  above,  in  this  way  giving  a 
very  strong  vertical  bond.  The  bridge  seats 
proper  are  built  2  ft.  higher  than  the  sur- 

rounding upper  coping  course,  and  are  4  ft. 
deep,  extending  to  the  bottom  of  this  coping, 
thus  providing  heavy  stones  under  the  main 
bearings. 

The  anchor  piers  are  in  plan  about  130  ft. 
long  by  29  ft.  wide  at  the  bottom,  with  a 
batter  of  1  in  24.  and  reduced  in  section  for 
41  ft.  at  the  center  to  a  vertical  wall  18  ft. 
thick,  thus  forming  pilasters  at  the  ends, 
ihrough  which  the  anchor  wells  are  built. 

CONSTRUCTION    PLANT. 

Owing  to  the  importance  of  the  work  the 
contractor  spared  no  effort  or  expense  to 
provide  a  plant  up-to-date  in  every  respect. 
On  the  north  side  a  large  wooden  trestle 

was  built  around  the  four  sides  of  the  caissons, 

all  supported  on  piles  and  cribs.  .'\s  the  cur- 
rent here  reaches  a  velocity  of  7  miles  per 

hour,  and  as  there  is  an  average  tide  of  16  ft. 
anil  a  maximum  tide  of  20  ft.,  it  was  necessary 
to  have  this  trestle  very  strongly  built.  Plat- 

forms extended  to  the  shore  from  both  the 
upstream  and  downstream  ends  of  the  pier. 
These  platforms  carried  standard-gage  double 
tracks,      which      formed     loops     around     the 

caisson  and  connected  with  the  concrete  plant 
600  ft.  inshore  and  located  at  the  foot  of  the 
cliff. 
The  power  plant,  the  dining-room  for  the 

"sand-hogs."  and  the  two-story  bunk  house 
were  also  located  at  the  water's  edge — just  up- 

stream from  the  pier.  All  supplies  and  ma- 
terials required  were  received  by  rail  or  team 

at  the  top  of  the  cliflf,  about  160  ft.  above 
high-water  level,  from  which  point  they  were 
delivered  by  gravity  to  the  concrete  plant  and 
to  the  service  tracks  at  the  foot  of  the  cliff. 
.A.  service  elevator  was  operated  over  tracks 
by  a  cable  and  a  hoisting  engine  placed  at 
the  top  of  the  cliff  which  made  an  angle  of 

about  45°  at  this  point,  thus  affording  a  con- 
nection between  the  tracks  at  the  top  and 

those  at  the  bottom.  A  stairway  provided 
means  for  the  men  to  reach  the  upper  and 

lower  levels.  The  board  of  engineers'  office 
was  located  at  the  top  of  the  cliff. 

At  the  foot  of  the  cliff  were  situated  the 
mechanical  plants  which  furnish  the  power  for 
the  various  operations.  To  supply  compressed 

air  five  "Ingersoll-Sargeant"  compressors 
were  employed.  Four  of  these  had  a  capacity 
of  1.250  cu.  ft.  each  and  one  a  capacity  of 
2,500  cu.  ft.  per  minute.  These  compressors 
discharged  into  a  r2-in.  main,  from  which  7- 
in.  branches  led  into  the  two  caissons.  Each 
branch  was  fitted  with  a  gate  valve,  so  that 
the  air  could  be  cut  out  of  either  caisson  at 
will.  The  main  pipe  was  carried  in  a  sluice 
of  running  water  about  400  ft.  long,  which 
kept  the  temperature  of  the  air  down  to  about 

75°  F.  -As  a  consequence,  the  temperature  of 
the  working  chamber  rarely  exceeded  90°  F., although  the  service  shaft  (on  account  of  the 
heat  generated  by  the  setting  of  the  concrete 

around  it)  generally  exceeded  100°  F.  For 
this  same  reason  the  temperature  of  the  work- 

ing chamber  reached  as  high  as  110°  F.  when 
being  finally  filled  w'ith  concrete. 

The  compressors  were  at  first  supplied  with 
power  from  six  lOO-HP.  horizontal  boilers. 
.•\s  tilt  work  proceeded  it  was  found  that  the 
demand  on  the  compressors  was  greater  than 
was  anticipated.  As  a  consequence,  an  extra 
lOO-HP.  boiler  was  installed,  together  with 
one  500-HP.,  one  75-HP.  and  one  2.50-HP. 
boiler,  making  a  battery  of  10  boilers,  ag- 

gregating 1,075  HP.  These  boilers  were  all 
coupled  up.  and  in  addition  to  the  corripressor 
plant  supplied  power  to  the  power-house,  rock 
crusher  and  concrete  mixing  plant.  There 
were  also  one  100-HP.  vertical  and  two  50- 
HP.  horizontal  boilers  on  the  platform  near 
the  caissons.  These  were  used  to  furnish 

power  to  six  15-ton  stiff-leg  derricks,  which 
were  used  for  handling  stone,  concrete,  etc., 
during  the  sinking  operations.  They  also 
furnished  power  to  one  8-in.  high-pressure 
pump  used  for  washing  material  in  the,  work- 

ing chamber  and  to  two  4-in.  pumps,'  which 
supplied  water  to  the  high-level  tank  on  the 
top  of  the  hill,  thus  furnishing  the  water  sup- 

ply for  the  whole  plant. 
The  plant  was  supplied  with  electric  light 

from  its  own  power  set  situated  near  the 
boiler-house.  It  was  equipped  with  a  30-kw. 
C.  G.  E.  generator,  capable  of  operating  16  arc 
lights  and  100  incandescent  lights  (16  c.  p.). 
There  was  also  a  blacksmith  and  machine 
shop  in  connection,  so  that  all  minor  repairs 
to  plant  and  equipment  could  be  made  on  the 

job. 

The  concrete  mixing  plant  was  placed  just 
at  the  foot  of  the  cliff.  Half-way  up  the 
slope  was  the  rock  crushing  plant.  The  rock 
used  for  the  concrete  was  obtained  from  an 
adjoining  cut,  and  it  was  brmight  to  the  brow 
of  the  hill  in  cars  wdiich  dumped  into  a  chute 
leading  to  the  crusher  plant.  The  stone  was 
fed  into  two  gyratory  crushers,  which  had  a 
capacity  of  about  500  cu.  yds.  in  12  hours. 
.After  passing  through  the  crushers  the  stone 
was  led  DvcT  an  inclined  screen  of  2-in.  mesh, 
and  thence  into  a  storage  hopper  bin  of  about 

200  cu.  yds.  capacity.  "These  chutes  led  from 
this  bin  to  the  concrete  mixing  platform  be- 

low, the  mouth  of  each  chute  being  directly 
over  a  mi.xer.  From  this  platform  the  sand, 
stone,  cement  and  water  were  fed  in  the  prop- 

er proportions  to  the  mixers  underneath  the 
platform,  which  in  turn  dumped  into  self-dis- 

charging buckets  on  trucks,  which  w'ere 
hauled  to  the  caissons  by  horses.  Three 
"Ransome"  mi.xers  were  used  on  the  work,  two 
having  a  capacity  of  %  cu.  yd.  and  the  other 
1^3  cu.  yd.  Owing  to  the  conditions  under 
which  the  work  was  carried  on  the  mixers 
never  had  a  chance  to  work  to  their  full  ca- 

pacity: their  best  day's  work  being  450  cu. 
yds.  for  the  24  hours. 
The  sand  used  in  the  concrete  was  con- 

veyed to  the  concrete  mi.xing  platform  in  the 
same  manner  as  the  stone,  i.  e.,  by  means  of  a 

chute  from  the  upper  level,  where  it  was  un- 
loaded from  hopper-bottom  cars.  The  chute 

was  8  ft.  wide  by  6  ft.  high  and  was  kept 
practically  full  all  the  time,  the  sand  being 
taken  from  the  lower  end  as  required.  The 
coal  for  the  boilers  was  also  delivered  from 
the  upper  level  through  a  chute,  which  emptied 
into  2-cu.  yd.'  side-dump  cars  at  the  boiler- 
house  level.  By  means  of  a  track  these  cars 
delivered  the  coal  to  each  boiler-house  as  re- 

quired. On  the  top  of  the  coal  chute  was  a 
double  line  of  rails  with  balanced  trucks, 
which  conveyed  the  cement  from  cars  at  the 
upper  level  to  the  storage  shed  at  the  level 
of  the  concrete  mixing  platform.  The  cars 
could  therefore  be  unloaded  as  they  arrived 
and  the  cement  placed  where  required  for  use 
with  the  minimum  amount  of  handling. 

For  the  convenience  of  the  "sand  hogs,'' who  were  compelled  to  work  in  shifts  through 
the  whole  24  hours,  the  contractor  erected 
both  sleeping  and  dining  quarters  for  a  large 
number  of  his  men.  On  the  lower  level  a 

bunk-house  had  been  provided  to  accommo- 
date about  100  men,  with  a  dining  room  that 

would  seat  as  many  more.  On  the  upper  level 
was  a  similar  house  with  bunks  for  about  60 
men  and  dining  quarters  of  about  the  same 
number.  On  the  dock  the  contractor  erected 
a  number  of  buildings,  which  included  an 
office  and  bath  accommodation  for  the  in- 

spectors, a  hospital  with  a  doctor  in  continual 
attendance,  where  first  aid  could  be  adminis- 

tered in  case  of  serious  accidents,  or  regular 
treatment  in  case  of  minor  troubles.  There 
was  also  provided  a  coffee  house,  kept  at  a 

high  temperature,  where  the  "sand  hogs" could  change  their  clothes  and  receive  hot 
coffee  at  the  end  of  their  shift  in  the  working 
chamber.  In  addition  to  the  above  there 
were  the  usual  stores,  offices,  etc.,  for  the 

contractor's  own  use.  In  connection  with  the 
hospital  arrangements  there  was  also  provided 

a  steel  hospital  tank  connected  with  the  com- 
pressed air  system,  to  which  men  suffering 

from  the  "bends"  could  be  immediately  trans- ferred and  treated. 

For  serving  each  caisson  four  30-in.  shafts 
for  material  and  two  30-in.  ladder  shafts 
were  employed.  For  ejecting  the  sand  and 
smaller  stone.i  four  4-in.  blow  pipes  were 
used.  The  larger  boulders  were  broken  up 
and  hoisted  through  the  material  shaft  in 
buckets  having  a  capacity  of  %  cu.  yd.  Four 
7-in.  compressed  air  pipes  supplied  air  to  the 
working  chamber  and  served  the  blow  pipes. 

Two  (i-in.  pipes  sujiplied  the  water  for  wa  :h- 
ing  the  sand.  One  2-in.  pipe  supplied  high- 
pressure  air  for  drilling,  etc.,  and  a  second 
2-in.  pipe  carried  the  wires  for  the  electric 
lighting  of  the  working  chamber  and  ladder 
shaft. 

.'\s  soon  as  the  sinking  was  completed  on 
the  north  shore  as  much  of  the  plant  as  could 
be  spared  was  moved  to  the  south  side.  The 

men's  dining  rooms  and  sleeping  quarters 
were  placed  on  skids,  launched  into  the  river, 
floated  across,  and  placed  in  position  on  the 
other  side.  The  layout  for  the  mixing  plant, 
sand  chute,  coal  chute,  etc.,  was  practically 
the  same  as  on  the  north  side  of  the  river,  all 
the  materials  being  led  to  the  lower  level  by 
gravity.  The  stone  for  the  crushers  was 
quarried  directly  from  the  top  of  the  cliff  so 
that  one  derrick  could  pick  up  the  stone  in 

the  ([uarry  and  deposit  it  in  the  hopper  lead- 
ing to  the  crushing  plant  half-way  down  the 

cliff.  .Mthough  the  boiler  and  com|ircssor 
plants  used  on  the  south  side  were  drawn  as 
much  as  possible  from  the  north  side,  they 
nevertheless  had  to  be  increased  materially. 

The  steam  plant  included  three  I25-HP.  and 
one  250-HP.  "Heine"  boilers,  twelve  100-HP. 

« 
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locomotive  boilers,  and  seven  "Ingersoll-Rand" 
and  "Ingersoll-Sergeant"  air  compressors  de- 

livering to  two  coupled  receivers,  from  wliicli 
a  pair  of  r2-in.  mains  led  to  the  caisson  and 
were  carried  for  about  200  ft.  in  a  wooden 

flume  constantly  filled  by  water.  This  re- 
duced the  high  temperature  developed  at  the 

compressors  to  about  80°  in  the  working chamber  of  the  caisson.  There  were  also  two 

12-in.  "W'orthingtOTi"  high-pressure  pumps, which  delivered  water  to  the  caisson  for  the 
hydraulic  jets  used  for  excavation. 
On  account  of  the  very  high  tide  which 

prevailed  at  the  site,  the  air  pressure  in  the 
caissons  constantly  varied  and  was  controlled 
by  an  operator  in  the  compressor  house  who 
adjusted  it  to  correspond  with  the  indications 
of  an  automatic  register  showing  a  continuous 
tide  pressure. 
The  stone  from  the  quarry  on  the  top  of 

the  cliff  was  delivered  by  derricks  to  a  No.  S 

"McCully"  rotary  crusher  near  the  top  of 
the   bank,   which  broke   the   larger  pieces   and 

Water,  at  lOo  lbs.  pressure,  was  distributed 
around  all  four  sides  of  the  working  cham- 

ber in  a  horizontal  main  from  4  to  G  ins. 
in  diameter,  which  was  provided  in  each  of 
the  18  compartments,  with  a  valved  outlet  and 
a  jet  pipe  with  1-in.  nozzle  used  to  loosen  the 
sand  and  excavate  the  earth  and  gravel.  Eich 
chamber  was  also  orovided  with  a  6-in.  vertical 
blow-out  pipe  and  with  electric  lights.  The 
caisson  was  fitted  with  six  3-ft.  material 

shafts,  each  having  a  "Moran"  air  lock  with 
four  -S-ft.  ladder  shafts  having  simple  air 
locks  composed  of  short  upper  sections  with 
top  and  bottom  diaphragms  and  with  one  large 
man  lock.  The  latter  was  a  6-ft.  horizontal 
steel  cylinder  about  30  ft.  long,  located  on 
the  deck  of  the  caisson,  and  it  was  built 
permanently  into  the  solid  concrete  of  the 
pier,  being  approached  through  a  4.x4-ft. 
vertical  stair  shaft.  The  lock  was  large 

enough  to  accommodate  many  "sand  hogs"  at once,  thus  greatly  expediting  the  entrance  and 
exit    of    each    successive    shift,    thus   effecting 

been  found  that  the  work  can  be  done  with 
such  accuracy  that  the  variation  from  a  level 
plane  need  not  be  greater  than  0.02  in. 

PERSONXEL. 

This  work  is  under  the  supervision  of  the 
Board  of  Engineers,  Quebec  Bridge,  which  is 
composed  of  C.  N.  Monsarrat  (chairman  and 
chief  engineer).  Ralph  Modjeski  and  C.  C. 

Schneider.  The  contractors  for  the  substruc- 
ture are  M.  P.  and  J.  T.  Davis,  of  Quebec. 

Results    of    an    Attempt    to    Increase 
Temporarily  the  Clearance  of  a  Pony 
Truss  Highway  Bridge  by  Spring- 

ing the  Trusses. 
(staff  article.) 

The  importance  of  bracing  adequately  the 

trusses  of  pony  truss  bridges  is  strikingly  il- 
lustrated bv  the  failure  of  the  highway  bridge 

shown  in  Figs.  1  and  2.  The  bridge  whose 

failure  is  illustrated  by  these  views  spans  Al- 

-ig.   1.    View  of   Highway   Eridge   Failure   Near  Albany,  Wis.- 
Pcny    Trusses    Pried    Apart    to    Give    Clearance    to 

Truck    Loaded    With    Forms. 

Fig.  2.    View  Showing  Extent  of  Failure  of  Pony  Trusses 
That   Load   Did   Not  Break   Through   Floor. 

-Note 

delivered  them  through  a  chute  to  a  No.  •") 
".\llis-Chalmers''  crusher,  about  25  ft.  below 
it.  The  second  crusher  reduced  the  stone  to 
a  diameter  of  2  ins.,  and  delivered  it  through 
another  chute  to  a  storage  bin  adjacent  to  the 
sand  bin.  Both  stone  and  sand  bins  delivered 

by  gravity  through  gates  to  measured  com- 
partments in  a  triple-charging  hopper  just  be- 

low the  floor  of  the  working  platform.  This 
hopper  was  lined  with  steel  and  had  a  com- 

partment into  which  the  requisite  number  of 
bags  of  cement  were  poured  by  hand.  The 
hopper  gate  was  operated  from  the  charging 
platform  and  delivered  all  of  the  aggregate 
for  one  batch  of  concrete  to  one  of  the  two 

"Ransome"  mixers  under  the  platform,  which 
discharged  into  iy2-cu.  yd.  bottom-dunip 
"Stuebner"  steel  buckets,  which  were  set  in 
pairs  on  two  coupled  cars  drawn  by  one  horse 
on  a  600-ft.  service  track  to  the  main  pier 
caisson,  or  to  the  anchor  pier,  where  they  were 
unloaded  and  emptied  by  the  derricks  installed 
there. 
The  compressed  air,  with  a  maximum 

pressure  of  40  lbs.  per  square  inch,  was  de- 
livered to  the  working  chamber  of  the  south 

caisson  through  two  r2-in.  pipes,  as  stated 
above,  which  in  turn  was  distributed  into  four 
7-in.  mains. 

an  economy  of  air  consumption  and  consider- 
ably reducing  the  waste  of  lock  air. 

A  hospital  lock  was  also  established  on  the 

shore  near  the  "sand-hog"  house.  Under 
moderate  pressures,  100  men  worked  8  hours 
in  each  shift.  As  the  pressure  increased  the 
lengths  of  the  shifts  were  diminished  to  a 
minimum  of  1  hour.  As  many  additional 
"sand-hogs"  were  required  to  carry  on  the 
work  great  difficulty  was  experienced  in  se- 

curing enough  men,  so  that  eventually  the 
number  of  men  in  each  shift  was  considerably 
reduced.  Some  of  the  men  lived  in  an  ad- 

jacent boarding  house  provided  by  the  con- 
tractors, but  the  majority  of  them  lived  in 

local  villages  up  to  five  miles  distant. 
At  the  present  time  the  contractor  is  at 

work  pointing  the  joints  in  the  masonry  and 
cleaning  these  piers  thoroughly  by  a  sand 
blast.  There  is  also  some  work  still  to  be 
done  on  the  dressing  of  the  bridge  seats.  This 
work  is  verv  important  and  has  proved  a 

verv  difficult'  operation.  These  bridge  seats 
are' about  32  ft.  x  26%  ft.  and  it  is  necessary 
that  thev  should  be  absolutely  level  to  dis- 

tribute the  load  from  the  main  steel  pedestal, 
the  base  of  which  is  shipped  in  four  pieces. 

It  reqinres  about  six  weeks  to  complete  the 

dressing    on    one    of    these    beds,    and    it    has 

len  Creek,  near  Albany,  Wis.  It  is  a  pin-con- 
nected structure  with  a  plank  flooring  and 

has  a  span  of  about  SO  ft.  The  top  chords 
consist  of  two  channels,  cover  plate  and  lac- 

ing bars. 
The  direct  cause  of  failure  of  the  bridge 

was  the  spreading  of  the  trusses.  The  load 
consisted  of  a  traction  engine  and  a  truck 
loaded  w^ith  forms  for  a  temporary  building. 
The  forms  were  loaded  onto  the  truck  in 
such  a  manner  that  their  required  clearance 
was  slightly  greater  than  that  of  the  bridge. 
To  increase  the  clearance  of  the  bridge  the 

men  in  charge  of  transporting  the  material 

used  planks  to  prv  out  the  trusses  sufficiently 

to  allow  the  load  to  pass.  The  failure  oc- 
curred when  the  engine  was  about  in  the 

middle  of  the  bridge.  In  addition  to  WTecking 

the  bridge  one  man  was  killed  and  two  others 
were   slightly  injured. 

The  failure  would  not  have  occurred  if  the 

ponv  trusses  had  been  braced  sufficiently  to 

resi'st  an  appreciable  lateral  deflection,  as  the men  then  would  not  have  been  able  to  sprmg 
the  trusses  by  the  use  of  planks. 

We  are  indebted  to  Mr.  W.  G.  Kirchofifer, 

engineer.  Madison,  Wis.,  for  the  views  and 
data  contained  in  this  article. 

ROADS  AMD  STREET: 
Construction  and  Maintenance  of  Sand- 

Clay  Roads  in  Georgia — Meth- 
ods and  Cost. 

Contributed  by  John  C.  Koch,  1332  North  Broad- 
way.  Baltimore.   Md. 

COUNTY  0RGANIZ.\TI0X. 

One  of  the  most  important  factors  in  the 
development  of  improved  roads  in  Georgia 
has  been  the  use  of  convict  labor.  For  many 

years  the  various  county  authorities  have  em- 
ployed their  misdemeanor,  or  short-term  (^1  to 

2    years),    convicts    in    the    construction    and 

maintenance  of  public  roads.  But  until  11108 

the  felony,  or  long-term,  convicts  were  leased 

by  the  state  to  private  individuals  and  corpora- 
tions at  $25  per  annum.  In  that  year  an  act 

of  the  Georgia  legislature  abolished  the  con- 

vict lease  system  and  provided  that  all  able- 
bodied  male  felonv  convicts,  about  2,000  in 

number,  should  be  placed  at  the  disposal  of 

such  counties  as  desired  to  use  them  on  the 

public  roads. 
An  elective  Prison  Commission  of  three 

members  was  created  to  carry  out  the  pro- 
visions of  the  new  law.  The  duties  of  the 

commission    include:    the    allotment    of    state 

convicts  pro  rata  according  to  population,  to 
the  various  counties  making  application  for 

them;  the  inspection  of  convict  camps;  the 

safe-guarding  of  the  convicts'  rights,  insuring 
more  humane  treatment  than  was  possible  be- 

fore; the  regulation  of  the  hours  of  labor  and 
of  rest;  regulations  governing  punishment  of 
the  convicts  for  disobedience;  and  many  other 
details  of  like  character. 

In  return  for  the  labor  of  these  felony  con- 
victs all  expense  of  maintenance,  clothing, 

guarding,  medical  attention  and  other  ex- 
pense incident  to  their  use  on  the  roads,  is 

borne  by  the  county  using  them.   Each  county 
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is  an  independent  unit  and  can  carry  on  such 
improvements  as  seem  desirable  without  the 
necessity  of  outside  approval  or  authority. 
The  executive  business  of  the  county  is  gen- 

erally administered  by  an  elective  board  of 
county  commissioners,  who  serve  two  or  four 
years.  Such  a  board  generally  consists  of 
three  or  five  members.  The  county  board  may, 
if  it  so  desires,  divide  the  entire  county  up  into 
road  districts,  each  of  which  will  be  under  the 

CONVICT    L.\B   R. 

One  of  the  great  difficulties  in  road  work  in 
the  south  is  an  insufficient  supply  of  depend- 

able labor.  The  free  labor  that  can  be  secured 

for  road  work  is  usually  shiftless  and  in- 
efficient, and  is  hard  to  hold  for  more  than  a 

few  weeks  at  a  time.  The  experience  of  the 
south  has  been  that  convict  labor  is  quite 
efficient  and  economical.  This  is  largely  due 
to  the  fact  that  it  is  entirely  under  the  control 
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personal  charge  of  one  of  the  commissioners. 
When  this  arrangement  is  carried  out  the 
convict  gang  works  a  certain  length  of  time 
in  each  district  under  the  commissioner  having 
charge  of  that  district.  Such  a  system  is 
usually  very  inefficient,  because  ordinarily  the 
average  county  has  but  one  convict  gang  of 
from  20  to  3(1  men,  and  the  constant  changing 
of  supervising  officers  results  in  confusion. 

In  the  counties  having  exceptionally  good 
organizations,  the  direction  of  all  road  and 
bridge  construction  and  maintenance  is  placed 
under  the  charge  of  a  superintendent,  who 
also  acts  as  warden,  and  is  responsible  to  the 
county  board  for  the  safekeeping  of  the 
convicts  and  for  the  road  and  bridge  work  of 
the  county.  Sometimes  his  duties  also  include 
the  management  of  the  county  poor  farm,  on 
which  generally  there  are  from  10  to  20  pau- 

pers maintained.  The  poor  farm  is  a  tract  of 
several  himdred  acres,  and  is  often  used  for 
the  purpose  of  raising  cotton,  hay,  grain  and 

of  tlie  superintendent;  the  convicts  get  sub- 
stantial food  at  regular  hours,  something  few 

of  them  are  accustomed  to  outside  of  the 
chain  gang;  and  regular  hours  of  outdoor 
labor  and  of  rest  are  observed,  which  insures 
good  health.  Under  competent  direction  they 
quickly  acquire  a  fair  degree  of  skill  in  the 
use  of  ordinary  road  machinery. 

Cost  of  Convict  Labor. — Based  on  a  year  of 
300  working  days  the  cost  per  day  of  useful 
labor  is  as  follows  : 
Item.  Cost  per  day. 

Pood     •       $0.23 Guards      i:0 
Medical      02 
Clothing      03.T 
Miscellaneous      015 

Total   average   cost   per   convict   per 
day       $0..10 

The  above  figures  are  based  on  a  typical 
25-convict  gang,  with  two  day  guards  and  one 
night  guard  at  a  salary  of  $30  per  month 
each,   with    free   board,   estimated  at   $15   per 

cannot  be  had  at  all.  In  addition,  the  better 
discipline  possible  with  convict  labor  increases 
its  efficiency  by  10  to  15  per  cent. 

SANn-CLAY  ROAD  CONSTRUCTION. 

Sand  and  clay  are  the  two  most  widely 
distributed  materials  in  natural  soils.  A  mix- 

ture of  the  two  in  proper  proportions  will 
produce  a  surface  that  will  shed  water  reason- 

ably well,  resists  the  wearing  action  of  traffic 
to  a  marked  degree,  presents  a  hard,  smooth, 
resilient  surface,  and  is  cheap  both  in  first 
cost  and  in  maintenance  expense.  In  1909  the 
mileage  of  this  tvpe  of  road  in  11  states  as 

reported  in  Bui.  '41,  U.  S.  Office  of  Public 
Roads,  was  13,255.  At  that  time  one-half  of 
the  total  mileage  was  in  the  states  of  Georgia 
and  South  Carolina.  Since  then  the  growth 

in  mileage  has  been  phenomenal.  Ten  years' experience  with  this  type  of  construction  in 
the  southern  states  has  demonstrated  its 
economy  and  suitability  under  existing  climatic 
and  traffic  conditions. 

The  principles  underlying  the  selection  of 
sand-clay  mi.xtures,  and  methods  of  analysis 
of  such  materials  for  road  construction  were 

fully  treated  in  the  Proceedings  of  the  Amer- 
ican Society  of  Civil  Engineers,  February, 

1914.  An  abstract  of  that  discussion  appeared 
in  Engineering  and  Contracting,  p.  321, 
Vol.  XLI. 

Three  methods  of  sand-clay  road  construc- 
tion,   which    include    practically    all   cases    en- 1 

countered  in   Georgia,  will  be  discussed.    The  I 

first   method,  that  adopted  almost  exclusively' 
in  the  northern  part  of  the  state,  is  character- 

ized by  the  use  of  the  natural  top-soil  sand- 
clay  mixture  on  a  clay  foundation.   The  second 
and  third  methods  are  used  principally  in  the 
middle    and    southern    portions    of    the    state, 
where  the  foundation  is  a  sandy  loam.   In  the 
second    method    the    sand-clay    is    a    natural 
mixture,   and   in   the  third  method  artificially 
mixed  sand-clay  is  used. 

top-soil  construction. 

In  North  Georgia  there  is  a  super-abundance 
of  clay  and  the  topography  is  very  rough  and 
broken  making  it  difficult  to  secure  reasonable 
road  gradients.  The  prevailing  geological  for- 

mation is  igneous  and  metamorphic.  Granites 
and  gneisses  are  the  more  common  rock  out- 

crops.  The  surface  soil  is  composed  of  decom- ;, 

EASV  . . 

Fig.  3.    Sand-Clay    Roads   Surfaced   with   Top-Soil.    (Sand-Clay    Mixtures   Produced    by   the   Weathering   of   Surface   Soils). 

LeJt  — .SiiifMcliiK    III   |il:ic-.-   i;   hniiis.      L'ppcr— Natural   surtace   In    u.sc   about    (iO  .veais.     Lower— Six  niunlhs  old,  12  hours  after  heavy  rain.     Right — On. 

other  food  stuffs.  These  products  materially 
reduce  the  cost  of  feeding  the  paupers  and 
convicts  as  well  as  the  stock.  The  convicts 
usually  do  all  the  work  necessary  in  operating 
the  farm. 
The  superintendent  appoints  his  foremen 

and  guards  subject  to  the  approval  of  the 
county  board.  It  is  found  that  a  day  guard  of 
two  or  three  men  and  a  night  guard  of  one  or 
two  are  required  for  a  gang  of  20  to  30  men. 

week  of  traffic  with  several  rains. 

month  per  man.  Food  is  purchased  at  whole- 
sale and  raised  in  part  on  the  poor  farm,  the 

cooking,  washing  and  care  of  the  camp  is  per- 
formed by  "trusties."  Medical  attention  is 

provided  at  a  cost  of  from  $1  to  $1.50  per 
visit.  Under  "Miscellaneous"  is  included  the 
court  costs  charged  to  the  county  and  all  other 
expense  connected  with  the  trial  of  the  con- 

victs. Free  labor  costs  from  $1.25  to  $1.50  per 
day,   and   when   most   needed   in   road   work 

posed  granite  or  gneiss  and  consists  of  a  mix- 
ture of  sand  and  clay  in  varying  proportions. 

The  ratio  of  clay  to  sand  content  increases 
with  the  depth,  due  to  the  fact  that  much  of 
the  clay  near  the  surface  has  been  washed  out 
leaving  behind  the  sand  particles.  The  ordinary 
unimproved  roads  of  this  region  are  clay 
roads.  The  material  used  for  surfacing  roads 
is  a  natural  sand-clay  mixture  occurring  as  the 
top-soil  of  cultivated  fields.    Hence  the  name. 



liilv  29,   1914. Engineering   and    Contracting 
109 

"top-soil,"  has  been  generally  adopted  to  dis- 
tinguish this  type  of  construction.  The  method 

of  construction  described  is  that  used  in  Clarke 

County,  which  was  among  the  first  to  use  top- 
soil   material. 
Method  of  Construction. — It  is  assumed  that 

the  alignment  and  grades  of  the  road  are  sat- 
isfactory. The  first  step  is  the  preparation  of 

the  sub-grade,  which  should  be  brought  to  a 
cross  section  having  a  crown   of   3  or  4   ins. 

the  center  of  the  road  to  form  shoulders,  Fig. 
4,  against  the  top-soil.  By  successive  passages 
of  the  grader,  working  from  the  ditches  to- 

ward the  center,  the  road  is  brought  to  the 
parabolic  cross  section  shown  in  Fig.  1.  The 
wearing  surface  of  18  ft.  in  the  center  is  ample 
for  most  country  roads  and  the  3  ft.  shoulder 
between  the  ditch  and  the  wearing  coat  is 
ample  protection  for  the  top-soil.  The  ditches 
are  made  3  ft.  wide  and  -5  ins.  deep.    Ditches 

Fig.   4.     Forming    Ditches   and    Casting    Clay   Against   Top-Soil    to    Forn 
and   Shoulder   on    Right   Already    Formed. 

Shoulder.       Ditch 

Sometimes  the  sub-grade  is  given  a  horizontal 
cross  section.  The  sub-grade  is  consolidated 
sufficient  by  the  traffic  in  a  few  days,  without 
any  delay  in  the  construction  operations.  The 
right-of-way  of  a  typical  first-class  road  in 

this  state  is  only  30'  ft.,  but  when  high  fills or  deep  cuts  are  necessary  this  width  is  often 
exceeded. 

After  consolidation  of  the  sub-grade,  a 
layer  of  suitable  top-soil  10  to  12  ins.  thick, 
measured  loose,  and  18  ft.  wide  is  spread  over 
the  central  part  of  the  roadway.  This  is  done 
in  such  manner  that  as  the  wagons  or  wheeled 
scrapers  deliver  the  top-soil  it  is  spread  in  a 
smooth,  uniform,  continuous  layer.  Experience 
has  shown  that  if  the  material  is  dumped  in 

of  this  size  will  generally  have  sufficient  ca- 
pacity, and  they  can  be  deepened  if  necessary. 

In  Fig.  1,  the  10-in.  layer  of  top-soil  is  indi- 
cated by  the  heavy  lines,  the  actual  finished 

shape  of  the  cross  section  is  that  shown  by 
the  dashed  line. 

The  crown  of  the  finished  top-soil  road,  af- 
ter consolidation  has  been  effected  is  AV2  ins. 

for  the  central  strip  of  18  ft.  This  has  given 
much  better  results  than  the  9-in.  crown 
which  has  frequently,  in  other  sections,  been 
used  experimentally  on  such  roads.  The  steep 
crowns  cause  water  to  drain  from  the  road 

surface  so  rapidly  that  small  depressions  are 
formed  at  frequent  intervals,  making  the  road 

very  rough  and  uneven.  The  clay  shoulder 
in  time  becomes  well-incorporated  with  the 

top-soil  which  it  holds  in  place.  The  3-ft. 
shoulder  is  given  a  fall  of  iVz  ins.  On  grades 

steeper  than  four  per  cent  the  crown  is  in- 
creased proportionally  so  that  water  will 

drain  readily  from  the  road  to  the  side 
ditches. 
Wet  weather  immediately  after  placmg  and 

shaping  the  surfacing  material,  whether  it  be 

top-soil  or  any  other  sand-clay  mixture,  aids 

greatly  in  consolidating  the  surface,  although 

the  surface  becomes  compacted  as  thoroughly 
as  could  be  effected  by  any  other  means.  As 
the  consolidation  proceeds  it  is  necessary  to 
re-shape  the  cross  section  of  the  road  with  a 
2  or  4-horse  grader,  at  intervals  of  two  weeks 
for  two  or  three  months.  This  is  required 
because  irregularities  \vill  appear  in  the  road 
surface  arising  from  the  tendency  of  wagons 
to  follow  the  same  wheel  tracks.  For  best 
results  these  ruts  should  be  smoothed  out  be- 

fore the  surfacing  hardens.  If  this  care  is 
not  given  the  top-soil  surfacing  during  the 
period  of  consolidation  all  irregularities  will 
remain  in  the  finished  road  and  their  removal 
afterwards  will  be  difficult  and  expensive.  The 
layer  of  loose  top-soil  10  ins.  thick  eventually 
becomes  compacted  to  a  thickness  of  5  or  6 
ins. 

Maintenance. — There  are  roads  in  Clarke 
County  built  as  described,  which  have  carried 
a  heavy  country  traffic  for  four  to  five  years, 
on  which  scarcely  any  repairs  have  yet  been 
made.  The  maintenance  of  this  type  of  road 

is  very  inexpensive.  The  roads  are  syste- 
matically repaired  twice  a  year.  The  4-horse 

grader  is  used  to  clean  out  the  ditches  and 
remove  the  growth  of  vegetation  just  outside 
of  the  traveled  part  of  the  road.  At  these 
times  the  culverts  are  cleared  of  debris  and 
repairs  to  the  road  surfacing  made  where 
needed.  The  road  grader  with  driver,  skilled 
operator  and  three  convicts  will  clean  ditches 
and  clear  off  vegetation  at  the  rate  of  from 
six  to  eight  miles  per  day,  depending  on  local 
conditions. 

Repairs  to  the  surfacing  are  made  by  a 

"flying  squad"  of  one  guard  and  eight  con- 
victs, equipped  with  two  slat-bottomed  wagons 

and  the  necessary  shovels,  picks  and  other 
hand  tools.  The  ordinary  method  of  pro- 
ceedure  is  as  follows :  Both  wagons  start  out 
loaded  with  top-soil  for  making  the  repairs, 
one  on  each  side  of  the  road.  Wherever 

repairs  are  needed  the  top-soil  is  shoveled 

from  the  wagon,  enough  being  placed  event- 

ually to  pack  down  flush  with  the  adjacent  sur- 
face. Consolidation  is  left  to  the  traffic.  As 

needed,  additional  top-soil  is  secured  from 

convenient  points.  Under  usual  conditions, 

such  a  squad  will  repair   from  6  to  10  miles 

Fig.  5.    Sand-Clay   Roads  Surfaced  with    Natural   Sand-Clay.    (Sand-
Clay   Mixtures   Derived 

of   Rock   in   place). 
from  Sedimentary  Deposits  or  the  Weaincnng 

Left-Surface  3  years  old.     Center-Surface  2   years  old.  
   Right-Surfac-e   'J  .vtars  nl.l. 

scattered  piles  along  the  road  and  later  spread 
out  the  road  will  be  full  of  irregularities  after 
consolidation,  a  knob  or  high  point  being 
formed  where  each  load  was  dumped.  On  fills 
the  width  of  the  roadway  is  generally  20  ft. 

After  about  1.000  ft.  of  the  roadway  has 
been  covered  with  a  layer  of  top-soil,  a  4-horse 
road  grader  is  used  to  cut  shallow  ditches  at 
the  sides  of  the  30-ft.  right-of-way,  the  ma- 

terial  from  the  ditches  being  scraped  toward 

it  may  make  the  road  muddy  for  several  days. 

The  cutting  up  and  puddlmg  action  of  the 

traffic  at  such  a  time  makes  the  bond  between 

the  foundation  and  the  surfacing  quite  strong, 

and  also  mixes  the  sand  and  clay  thoroughly 

so  that  the  surface  hardens  sooner  than  with 
drv  weather   alone. 

After  the  surface  has  been  shaped  as  de- 
scribed, traffic  is  allowed  to  use  the  road  at 

once      This  saves  all  expense  of  rolling  and 

of    road    per    day,    depending    upon    the    dis- 
tances to  top-soil  deposits. 

Cost  of  Construction. — The  following  cost 

data  have  been  prepared  from  information 
furnished  bv  the  superintendent  of  roads  of 

Clarke  County.  The  salary  of  the  super- 
intendent has  been  figured  at  the  rate  of 

$1,500  per  annum,  one-third  being  charged  to 

the  operation  of  the  poor  farm  and  the  bal- 
nnce  to  the  road  work. 
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The  cost  of  construction  of  one  mile  of  the 
Athens-Jefferson  road  was  as  follows ; 
Item.  Cost. 

Top  soil  (sand-clay).  2.3  acres  at  $20   i  46.00 
Labor.  25  men  10  days  at  $0.50    125.00 
10  teams  10  days  at  $1.00     100.00 
foreman.  9  days  at  $3.60       32.40 
Superintendence,  3  days  at  $5.00       15.00 

Total  co.st  of  one  mile   $31S.40 

Based  on  the  loose  measurement  of  the  top- 
soil,  this  mile  of  road  required  3,000  cu.  yds. 

tures  suitable  for  road  construction  are  found 
both  as  surface  soils  and  as  deposits  at  a 
depth  of  from  3  to  8  ft.  below  the  surface. 
In  this  region  the  ordinary  unimproved  roads 
are  sand  or  clay  roads. 

In  South  Georgia  the  surface  layer  of  soil 

to  a  depth  of  several  feet  consists  of  a  line- 
grained  sand  mixed  with  loam.  Underlying 
this  there  is  generally  found  a  layer  of  clay 
containing  varying  proportions  of  sand, 
which  is  the  material  generally  utilized  for 
sand-clay  construction. 
Method  of  Construction. — The  sub-grade  of 

the  roadway  is  prepared  by  shaping  a  shallow 
ditch  on  each  side  of  the  roadway  w'ith  a  road 
grader,  the  material  being  drawn  toward  the 
center  of  the  road.  The  remaining  portion  of 
the  roadway  is  then  brought  to  a  level  or 
slightly  crowned  cross  section.  It  is  now 
ready  for  the  application  of  the  sand-clay, 
which  is  spread  in  a  uniform,  continuous  layer, 
10  to   12  ins.  thick  over  the  central   18   ft.  of 

heavy  rain  if  possible,  the  road  grader  should 
be  used  to  maintain  the  cross  section.  With 
such  treatment  the  road  will  consolidate  and 

present  a  hard,  smooth  surface  in  about  3 months. 

-■Xfter  consolidation  this  type  of  road  may 
show  soft  places  where  there  is  either  an 
excess  of  sand  or  of  clay.  These  may  be 
improved  by  adding  the  material  deficient, 
which  will  correct  the  trouble. 

Fig.  e.    Sand-Clay   Roads  Surfaced  with   Artificial     Sand-Clay.     (Sand-Clay     Mixtures     Produced    by    the    Mechanical    Mixing    of   Sand    and 
Clay   During   Construction). 

Ltft — .SiiifjKo  1  Va  years  old.     Centor — .Suifaoe  ::  years  old.   Right — Surface  2  y^ars  old. 

of  material.     The  cost  per  cubic  yard  of  lop- 
soil  on  this  basis  is  detailed  as  follows: 
Item.  Cost  per  cu.  yd. 

f^haplng  SI  b-grade           iO.008 
Cost  of  top  soil   "15 
Flowing      006 
Loading  wagons      023 
Hauling  (distance  av.  1.200  ft.)   027 
Unloading      003 
Spreading      008 
Foreman       010 
Superintendent      OOB 

Cost  per  cu.  yd.  of  surfacing       $0,106 

The  above  costs,  and  other  cost  data  given, 
are  based  on  the  following  information: 
Working  day  of  10  hours.  Cost  of  food, 
clothing,  guards,  medical  attention,  etc.,  per 
convict  per  working  day  $il..50.  Cost  of  main- 

tenance per  mule  per  working  day  $0."iO.  Daily 
rates  for  convicts,  mules,  foreman  and  super- 

intendent based  on  a  year  of  300  working  days, 
so  that  these  rates  include  the  non-productive 
expenses  incurred  by  sickness  and  Sundays. 
The  length  of  haul  is  probably  the  most 

variable  of  the  elements  of  cost.  .-Xt  the  rates 
given  above,  an  approximation  of  the  cost  of 
top-soil  construction  per  cubic  yard  of  ma- 

terial can  be  made  by  adding  to  a  fixed  charge 
of  8  cts.,  Vr,  ct.  for  every  100  ft.  of  haul.  On 
this  basis  the  cost  of  a  mile  of  surfacing 
where  the  average  length  of  haul  is  one-half 
mile  \Could  be  $308,  and  if  the  length  of  haul 

is  one  mile  Ihe  cost  would  be  $">.")7. 
Cost  of  Maintenance. — The   annual  cost  of 

maintenance   of  20   miles   of   top-soil   road   in 
Clarke    County    is    given    below.      Repairs    to 
culverts  and  bridges  are  not  included. 
Repairs  to  surfacing —  Cost. 

8  convicts  5  days  at  $0.50   $20.00 
2  teams  5  days  at  $1.00     10  00 
Foreman    1  day  at  $3.60       3.03 
Superintendent     1    day  at   $5.00       5.11 

•Cleaning  ditches,  etc. — 
4  convicts  3  days  at  $0.50       ChO 
4  teams  3  days  at  $1.00     12.00 
2  skilled  operators    3  days  at  $3.00    IS.'IO 

Total  for  20  miles   $74.00 
Average  cost  per  year  for  1  mile       3.73 

CONSTRUCTION   WITH   OTHER   NATVR.XL  SANr-CLAY 
.MIXTURES. 

In  Middle  Georgia  the  surface  soil  is  gen- 
erally a  sandy  loam,  or,  less  frequently,  a 

mixture  of  sand  and  clay.     The  natural  mix- 

the  road,  as  in  the  first  method  described.  Af- 
ter about  l.liOO  ft.  of  the  roadway  is  covered 

with  sand-clay,  the  road  grader  by  successive 
passages  shapes  the  surfacing  to  appro.ximate 

the  cross  section  shown  in  l-'ig.  1.  The  con- solidation is  left  to  the  traffic.  At  such  times 
as  the  condition  of  the  surface  may  require, 
the  cross  section  is  reshaped  by  the,  grader. 
With  this  class  of  material  it  is  much  easier 
to  re-shape  the  surface  when  wet  than  with 
the  top-soil  material  used  in  the  first  method 
described.  Rut  for  best  results  it  is  weH  to 

re-shape  tl]e  roadway  at  intervals  of  2  or  3 
weeks  until  cr  nsolidation  has  been  effected. 
To  reduce  the  expense  of  hauling  surfacing 

In  rolling  country  where  cuts  and  fills  of 
some  depth  have  to  be  made  to  secure  proper 
grades,  it  is  often  possible  to  utilize  the  sand- 
clay  mixture  from  cuts  to  surface  fills.  This 
effects  a  marked  reduction  in  the  cost  of  con- 

struction and  is  often  done,  .\gain,  it  may 
be  found  that  the  most  economical  method  of 
construction  is  to  secure  the  sand-clay  from 
trenches,  Fig.  _  7,  several  feet  in  depth  just 
outside  the  ditch  lines  and  parallel  to  the 
road.  In  such  cases  it  may  be  an  advantage 
to  use  the  material  overlying  the  sand-clay 
to  raise  the  roadway.  The  sand-clay  thus  se- 

cured will  cost  somewdiat  less  than  if  hauled 

from  a  pit.     The  cross-section  of  the  consoli- 

Fig.   7.     Securmq    Clay    by    Digging    Trenches   at  tne  Side  of  Road  and  Spreading  Over  Sand 
Bed    in    Center  of    Roadway. 

to  a  minimum,  pits  of  suitable  material  should 
be  located  in  advance  of  construction  work, 

as  favorably  situated  w'ith  reference  to  the 
road  to  be  improved  as  possible. 

Consolidation  is  hastened  by  wet  weather 
during  wliich  the  road  becomes  very  muddy. 
If  harrowed  while  in  this  condition  a  more 
thorough  mixing  is  secured  and  ultimately  the 
surface  will  be  more  satisfactory.  As  soon 
as    the    road    partially    dries    out,    after    each 

dated    road    should     be      approximately      iluit 
shown  in  Fig.  2. 

.Maintenance. — For  proper  maintenance  this 
type  of  road  requires  frequent  attention.  The 
linishcd  shape  of  the  cross  section  must  be 
maintained  to  drain  well.  The  clays  gen- 

erally encountered  where  this  type  of  ma- 
terial is  used,  are  of  sedimentary  origin 

and  are  therefore  of  finer  texture  and  less 
resistant    to    the    scouring    action    of    water 
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than  the  coarser  clays  found  in  top- 
soils  of  different  origin.  Also  the  sands  are 
•  if  smaller  grain  and  less  resistant  to  erosion 
than  those  of  the  top-soils  previously  de- 
scribed. 
The  maintenance  of  the  softer  varieties  .of 

natural  sand-clay  should  be  so  planned  that 
after  every  heavy  rain,  while  the  road  sur- 

face is  still  wet.  it  will  be  smoothed  with  a 
road  drag.  The  harder  varieties  will  not 
require  such   frequent   treatment. 

Tlie  usual  type  of  drag  is  made  of  two 
pieces  of  3x8  in.  pine  or  oak,  8  to  9  ft.  long, 
with  ̂ -in.  strips  of  steel  set  along  the  cut- 

ting edges,  spaced  and  bound  about  30  ins. 
apart  by  strong  wooden  struts.  Another  type 
in  common  use  is  constructed  entirely  of  metal 
and  has  three  parallel  cutting  edges.  Both 
types  give  satisfactory  service. 

In  maintaining  these  roads,  two  drags  are 
used,  drawn  at  such  an  angle  that  each  shapes 
a  strip  of  road  from  .5  to  6  ft.  wide.  In  op- 

eration, the  two  drags  first  smooth  one  side 
of  the  road ;  the  front  one  following  the 
edge  of  the  traveled  surface  and  the  other 
travelling  near  the  middle  of  the  roadway. 
A  pair  of  drags  will  average  from  8  to 
10  miles  of  road  per  day. 
Two  or  three  times  a  year  vegetation  is  cut 

and  the  ditches  cleaned  with  the  road  grader. 
In  making  repairs  to  the  surface  it  is  custom- 

ary to  use  the  road  grader  after  a  rain  has 
softened  the  surface  so  that  material  may  be 
easily  shaped.  It  is  not  often  that  new  ma- 

terial is  hauled  for  making  repairs.  .\t  in- 
tervals of  several  years  it  may  be  necessary 

to  scarify  the  old  surface  and  add  consider- 
able quantities  of  new  sand-clay  and  re-shape 

as  before. 

Cost  of  Construction. — The  cost  of  con- 
struction of  this  type  of  road  varies  consider- 

ably with  the  length  of  haul  and  the  amount 
of  stripping  necessary.  If  suitable  material 
from  cuts  or  from  shallow  trenches  along  the 
road  can  be  utilized  as  surfacing  material,  the 
expense  of  construction  is  a  minimum. 
The  following  is  the  cost  of  a  mile  of 

natural  sand-clay  construction  in  Dougherty 
County  on  the  .\lbany-Camilla  road  : 
Item.  Cost. 

Labor.  24  men  8  days  at  $0.50   %  96  oo 
9  teams.   S  davs  at  $1.00        72.00 
Foreman,  8  days  at  $3.60       28.S0 
Superintendent.    3   days   at   $5.00       15.00 
Dressing   surface   after  construction       33. CO 

Total  ?ost  of  one  mile   $244-S0 
Convict  labor  was  used  and  coilditions  were 

similar  to  those  described  in  the  cost  data 

previously  given.  In  this  instance  sand-clay 
for  surfacing  was  taken  fnim  cuts  made  to 
reduce  grades  and  consequently  the  length 
of  haul  was  low.  Part  of  the  surfacing  re- 

quired no  haul  as  it  was  in  cuts  where  ma- 
terial of  a  suitable  nature  was  in  place  after 

proper  grading.  The  actual  quantity  of  sand- 
clay  hauled  was  estimated  at  ̂ .OOO  cu.  yds.  and 
the  average  length  of  haul  was  900  ft. 

Based  on  this  yardage  an  analysis  of  the 
cost  data  per  cubic  yard  of  sand-clay  is  as 
follows : 
Item.  Cost. 

ShapiciR  sub-grade      $0.00S 
Plowing      008 
Loading  wagons   036 
Hauling       024 
Unloading      005 
Spreading      007 
Dressing      0^7 
Foreman       014 
Superintendent     OOS 

Cost  per  cu.  yd.  of  surfacing   $0,127 

Cost  of  Maintenance. — The  roads  of  Dough- 
erty County  are  dragged  an  average  of  18 

times  a  year.  In  addition  there  is  a  semi- 
annual cleaning  of  ditches,  clearing  of  weeds 

and  making  of  heavy  repairs  to  the  surfacing 
as  needed.  The  cost  of  dragging  roads  aver- 

ages $0..56  per  mile,  or  $10.08  for  the  year. 
Repairs  to  surfacing,  cleaning  ditches,  etc., 
for  one  year  on  a  10-mile  section  of  road  in 
this  county,  using  convict  labor,  cost  as  fol- 

lows : 
Item.  Cost. 

Labor.  24  men   5  days  at  $0.50   $  60.00 
6  teams  D  days  at  $1.00       30.00 
Foreman.  .=■,  davs  at  $3  60       18.00 Skilled  labor.  5  days  at  $2.50       12.50 
?iiperintendent,    2    days   at   $5.00       10  00 

Total  for  10  miles   $130.30 

Repairs — -Average    cost    per   mile       13.05 
Dragging — Average  cost  per  mile       10.08 

Total   average  cost  of  maintenance  per 
mile  per  annum   $  23. i3 

CONSTRUCTIO.V        WITH       -ARTIFICI.^L       S.\ND-CLAY 
MIXTURES. 

This  method  is  emplojed  where  it  is  no: 
feasible  to  use  natural  mi.xtures  of  sand-clay. 
To  determine  the  proportions  of  materials  to 
be  used  to  obtain  a  satisfactory  mixture, 
analyses  are  made  of  available  materials. 
From  a  studj:  of  these  analyses  the  proper 
proportion  in  which  the  materials  should  be 
used  can  be  readily  determined.  The  details 
of   analysis  have  been  previously  referred  to. 

The  basis  of  an  artificial  mixture  is  usually 
a  clay  containing  some  sand  but  not  a  suffi- 

cient quantity  to  make  a  suitable  sand-clay 
surfacing  material.  This  deficiency  is  made 
up  by  adding  the  required  quantity  of  sand. 

The  sub-grade  is  prepared  by  first  shaping 
the  ditches  and  then  bringing  the  remainder 
of  the  roadway  to  a  horizontal  cross  section 
with  the  road  grader.  A  layer  of  clay  3  to  4 
ins.  thick  is  then  spread  over  the  central  18 
to  20  ft.  of  the  road.  Over  this  is  spread  a 
layer  of  sand  of  such  thickness  as  to  bear  the 
proper  ratio  to  the  layer  of  clay.  The  unit  of 
comparison  of  the  m.aterials  is  the  number  of 
wagon  loads  of  each  kind  of  material  rather 
than  any  definite  thickness  of  layer.  An  at- 

tempt should  be  made  to  have  the  materials 
spread  out  as  uniformly  as  possible  so  that 
the  proportions  are  kept  reasonably  uniform. 
.\ti  additional  layer  of  clay  is  then  spread 
over  the  other  layers  and  a  final  one  of 
sand,  in  the  same  ratio  as  before.  The  total 
thickness  of  these  layers  measured  loosely  will 
be  from  10  to  14  inches. 

The  sand  used  for  this  mixture  is  usually 
obtained  just  outside  the  ditch  lines.  Some- 

times the  road  grader  will  be  used  to  move 
sand  from  the  middle  of  the  roadway  to  the 
ditches,  and  after  the  clay  is  placed  on  the 
road  this  sand  is  cast  back  on  top  of  the  clay 
in  proper  proportions. 
Thorough  mixture  of  the  sand  and  clay  are 

best  effected  when  wet,  by  harrowing  and 
disk  plowing.  Traffic  also  assists  to  some  ex- 

tent in  consolidating  the  mixture  into  a  firm, 
hard  surface.  Dry  mixing  of  the  sand  and 
clay  is  not  very  satisfactory.  The  surface 
should  be  shaped  from  time  to  time  after 
each  harrowing  to  the  approximate  cross  sec- 

tion shown  in  Fig.  2.  It  may  require  six 
months  for  the  road  to  become  well  compacted. 
Here  and  there  soft  spots  may  develop  in  the 
surface  due  either  to  an  excess  of  clay  or  of 
sand  in  the  mixture.  These  may  be  remedied 
by  the  application  of  the  material  deficient, 
and  left  to  the  traffic  to  consolidate. 

Maintenance. — The  maintenance  of  this 
type  of  road  differs  but  little  from  that  de- 

scribed  for  natural  mixtures. 

[In  connection  with  the  maintenance  of 
sand-clay  roads  constructed  by  artificial  mix- 

ing attention  is  called  to  the  increased  danger 

of  "pot  holes,"  or  dry  weather  ruts,  which 
occur  more  frequently  with  this  type  of  sur- 

facing than  when  a  natural  mixture  is  used 
These  ruts  occur  during  extended  periods  of 
dry  weather  and  may  result  from  several 
causes:  too  large  a  proportion  of  sand,  irregu- 

lar mixing,  lack  of  toughness  in  the  clay  bond- 
ing material,  or  the  thickness  of  surfacing 

may  be  insufficient.  These  dry  weather  ruts 
are  usually  several  inches  deep,  with  vertical 
sides  and  characteristic  sharp  edges.  When 
once  started  they  enlarge  rapidly,  generally 
longitudinally,  K  typical  hole  of  this  type 
may  be  4  or  5  ft.  long,  -5  to  10  ins.  wide  and 
3  to  ()  ins.  deep.  Once  started  it  is  quite 
difficult  to  prevent  the  enlargement  of  these 
holes  while  the  weather  remains  dry.  -A.fter 
a  rain  they  may  be  filled  by  dragging,  or  new 
material  mi.xed  jn  the  proper  proportion  added. 
?nd  in  the  course  of  time  the  point  at  which 
the  hole  occurred  cannot  be  detected. — Edi- tors.1 

Cost  of  Construction. — The  following  cost 
data  are  given  for  the  construction  of  one 
mile  of  the  Springfield-Savannah  road,  Effing- 

ham Countv,  Ga. : 

Item,  Cost, 
Labor,  24  men  19  days  at  $0.50   $22S.OO 
S    teams,    19    days   at    $1.00     152.00 
Foreman,   19  days  at  $5.00   ,.       95.00 

Total  cost  of  one  mile   $475.00 

Based  en  pit  measurement,  the  quantity  of 
clay  used  was  about  2,400  cu,  yds.,  and  of 

sand  about  300  cu.  yds,,  making  a  "total  of  2.700 cu.  yds.  of  material.  The  detailed  cost  per 
cubic  yard  is  as  follows : 
Item,  Cost  per  cu,  yd. 

Shaping  sub-grade         $0,004 
Stripping  clay     Oil 
Plowing      004 
Loading  wagons              .029 
Hauling,  av,  3.800  ft   062 
Unloading  and  spreading   Oil 
Harrowing,    etc           ,008 
Sanding  road      009 
Dressing  with  grader   , ,         .003 
Foreman              .035 

Total  cost  per  cu.  yd.  of  surfacing.     $0,176 

Cost  of  Maintenance. — The  improved  roads 
of  this  county  are  dragged  an  average  of 
lo  times  a  year,  at  an  expense  of  about  $0,60 
per  mile,  or  a  total  annual  expense  of  $9,00 

per  mile. Other  repairs  made  as  required  vary  con- 
siderably in  annual  charges.  The  following 

data  are  given  on  a  section  of  road  13  miles long: 

Item,  Cost. 
Labor,  24  men  4  davs  at  $0.50   S  48.00 
S  teams,   4  days  at  $1.00       32.00 
Foreman,  4  days  at  $5,00       20  00 

Total  for  13  miles   $100,00 
Repairs — -Average   cost  per  mile         7.69 
Dragging— .Average   cost   per   mile         9,00 

Total  average   cost  of  maintenance  per 
mile    per   annum   $  16,69 

Standard  Cross  Sections  for  Illinois 
Roads. 

Road  construction  in  progress  in  Illinois 
under  the  supervision  of  the  Illinois  Highway 
Commission  is  being  accomplished  according 
to  the  most  modern  methods.  This  work 

was  planned  for  the  most  part  by  .•\,  X,  John- 
son, former  chief  engineer,  and  is  being  car- 

ried out  at  the  present  time  bv  P.  C.  Mc.Ardle, 
acting  chief  engineer.  The  description  of  the 
cross  sections  in  use  and  the  reasons  for  their 
adoption  given  here  are  abstracted  from  an 
official  publication  of  the  commission. 

In  eeneral,  the  sections  provide  for  single 
and  double  track  roads.  \  single  track  road 
is  one  on  which  it  is  necessary  to  provide  for 
only  a  single  line  of  vehicles  and  most  of  the 
state  aid  roads  are  of  this  type.  -\  double 
track  road  is  wide  enough  to  accommodate 
two  lines  of  vehicles  moving  in  opposite  di- 
rections. 
Where  it  is  decided  that  the  traffic  will  be 

accommodated  by  a  single  track  ro^d.  the 
paved  portion  will  be  !<•  ft.  wide,  if  con- 

structed of  concrete  or  brick.  This  width  is 
sufficient  for  a  sin.gle  line  of  vehicles  and  will 
also  permit  two  vehicles  to  pass  with  only 
two  wheels  of  one  of  the  vehicles  off  the 
paved  portion  of  the  road,  the  other  vehicle 
having  all  four  wheels  on  the  paved  road. 

IVIodifications  of  this  section  offering  a 
somewhat  .greater  convenience  than  the  single 
track  road  alone  are  the  sections  which  pro- 

vide, in  addition  to  the  10  ft.  paved  oortion 
of  concrete  or  brick,  a  4  ft.  macadam  shoulder 
on  either  side.  It  is  anticioated,  however, 
that  this  section  at  first  will  be  used  onlv 

on  those  roads  w-here  it  would  appear  that 
double  track  roads  should  be  provided,  but 

owing  to  the  limited  f'-nds  that  mav  be  at 
hand,  to.gether  with  a  doubt  that  might  exist 
as  to  the  necessity  for  the  double  track  road, 
it  is  decided  not  to  build  an  18  ft.  road. 

I'suallv  the  macadam  shoulders  will  not  be 
provided  at  first,  as  thev  mav  he  olaceH  fulh' 
as  economicallv  after  the  road  is  built  and 
when  the  traffic  needs  demonstrate  their  ne- cessity. 

The  question  frenuently  is  asked,  whv  not 
build  a  14-ft,  or  IH-ft.  road.  The  answer 
to  this  question  is.  that  if  we  bad  onlv  to 
orovide  for  horse  drawn  traffic  16  ft.  wo'dd 
'e  ample  for  two  lines  of  traffic,  or  a  double 
track  road.  But  as  the  principal  roads  now 

carry  a  considerable  proportion  of  motor  traf- 
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fic,  and  moreover,  as  this  proportion  of  motor 
traffic  is  fast  increasing,  it  is  necessary  to 
tai<e  this  fact  into  consideration  in  the  proper 
design  for  the  road.  Experience  has  proved 
that  to  provide  safely  for  two  lines  of  mixed 
traffic,  l8  ft.  is  the  minimum  width.  It  is 
apparent,  therefore,  that  any  width  between 
10  ft.  and   18  ft.  is  uneconomical  because  the 

*»  S/'fxJ  ih^m/  ̂ r^ins 

SECTION  3 

XJ5A'x^  liy^na''  e7^//v 

.-.<—£?—,- J-  O  tM 

-^ 

"=7= 

SECTION  4 

!  I  ''  !  \1  "J  S'  i        __  _  ' 

io^,/i/e/,no/  al^//ja —  B/j/7</ As/era/  (^/f?4 

Fig.  1.   Standard  Cross  Sections  for  Single 

Section  1 — Ten-foot  concrete  roadway  with  4-tt.  macadam  shoulders. 
4-ft.  macadam  shoulders.  To  be  used  on  deep  fills.  For  shallow  fills  use 
In  deep  cuts  and  on  grades  that  require  grouted  gutters.  Section  -i — Ten- 
In  deep  cuts  on  grades  that  require  grouted  gutters.  Section  5 — Ten-toot 
available  for  traffic  where  width  between  fences  permits.  Especially  adap 
way.  To  be  used  in  a  level  country.  Section  7 — Eighteen-foot  concrete  ro 
fences  permits.  Especially  adaptable  for  low  lying  level  country.  Section 
fllls  use  Section  1.     Section  9— Eighteen-foot  concrete  roadway  for  double 

SECTION  B 

SECTION  9 

Track  and  Double  Track  Concrete    Roads. 

To  be  usea  in  a  level  country.  Section  2 — Ten-foot  concrete  roadway  with 
Section  1.  Section  3 — Fifteen-toot  concrete  roadway  for  single  track  road 
foot  concrete  roadway  with  4-ft.  macadam  shoulders  tor  single   track  road 
concrete  roadway  with  4-ft.  macadam  shoulders  and  broad  side  ditches 

table  for  low  lying  level  country.  Section  6 — Eighteen-foot  concrete  road- 
adway  with  broad  side  ditches  available  for  traffic  where  width  between 
8 — Eighteen-foot  concrete  roadway.     To  be  used  on  deep  fills.     For  shallow 
track  road  in  deep  cuts  and  on  grades  that  require  grouted  gutters. 
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SECTION  IT 

DETAIL  OF  CunB 

Fig.  2.    Standard  Cross  Sections  for  Single  Track  and  Double  Track  Brick    Roads. 

Section  10 — Ten-foot  roadway  with  l-tt.  macadam  shoulders.  To  be  used  in  a  level  country.  .Section  11  -Ten-foot  brick  roadway  with  4-ft. 
macadam  shoulders  and  broad  side  ditches  available  for  traffic  where  width  between  fences  permits.  Kspecially  adaptable  for  loiv  lying  level  coun- 

try. Section  12 — Ten-foot  brick  roadway  with  4-ft.  macadam  shoulders.  To  be  used  on  deep  fllls.  For  shallow  fllls  use  Section  1.  Section  13 — Fif- 
teen-foot brick  roadway  for  single  track  road  In  deep  cuts  and  on  grades  that  require  grouted  gutters.  .Section  14 — Eighteen-foot  brick  roadway. 

To  be  used  In  a  level  country.  Section  15 — Eighteen-foot  brick  roadway  with  broad  side  ditches  available  for  traflflc  where  width  between  fences 
permits.  Especially  adaptable  for  low  lylnp  level  country.  Section  16 — Eighteen-foot  brick  roadway.  To  be  used  on  deep  fllls.  For  shallow  fills 
use  Section  1.     Section  17— Eighteen- foot  brick  roadway  for  double  track  road  In  deep  cuts  and  on  grades  that  require  grouted  gutters. 

J 



July  29,  1914. Engineering    and    Contracting 113 

traffic  either  requires  the  double  track  road, 
and  therefore  the  road  is  too  narrow  for  the 
traffic ;  or  the  traffic  does  not  require  a  double 
track,  in  which  case  it  is  wider  than  is  neces- 
sary. 
The  single  track  roads  for  macadam  con- 

struction, which  will  be  used  to  some  extent 
on  the  lesser  traveled  roads  in  the  southern 
portion  of  the  state,  provide  12  ft.  for  a 
single  track  road.  The  reason  for  a  12  ft. 
macadam  rather  than  a  10  ft.  is  that  the  traf- 

fic on  the  12  ft.  road  will  tend  to  spread 
itself  somewhat  more  evenly  over  the  surface 
of  the  road,  and  therefore  not  confine  the 
wear  so  nearly  in  one  track  as  would  be  the 
case  if  a  narrower  road  were  built.  With 
the  hard  brick  or  concrete  surface,  which  will 
resist  the  wear,  it  is  not  so  important  that 
the  traffic  spread  over  the  road,  as  in  the 
case  of  a  macadam  surface. 

Where  there  are  no  deep  cuts  or  embank- 
ments to  be  made  the  cross  section  in  general 

provides   for   earth   shoulders   on   either   side, 

flood  water  may  flow  over  the  road  surface 
proper  without  damage  to  it,  and  it  will  be 
noted  by  sections  3.  9,  1.3  and  17  that  the 
gutter  proper  is  sufficient  only  to  carry  a 
small  amount  of  rainfall,  but  that  the  outer 
edges  of  the  gutter  are  raised,  so  that  in 
case  of  heavy  storms  the  road  can  care  for  a 
very  large  volume  of  water. 
Where  a  macadam  shoulder  is  used,  or  a 

macadam  road  is  built,  it  is  necessary  to  pre- 
vent the  storm  water  from  encroaching  upon 

the  road.  To  meet  this  condition  the  gutter 
must  be  designed  to  carry  by  itself  all  the 
storm  water,  as  indicated  in  sections  29,  30 
and  -1.  Under  many  soil  conditions  it  is 
usually  found  necessary  to  provide  for  under- 
drains  in  cuts,  particularly  in  deep  cuts. 
Sometimes  the  under-drainage  may  be  re- 

quired only  on  one  side  of  the  road,  which  is 
usually  the  case  on  side  hill  roads,  the  upper 
side  of  the  road  requiring  the  under-drainage. 

Hard  Times  and  Hard  Roads. 

To  THE  Editors  : — I  note  with  surprise  your 
editorial  in  this  number  (July  15)  entitled 

"Hard  Times  and  Hard  Roads."  The  condi- 
tion described,  viz.,  the  dearth  of  contractors 

in  public  road  work  does  not  apply  to  Mis- 
sissippi, nor  to  this  section  of  the  south.  The 

enclosed  clipping  gives  a  good  idea  of  the 
competition  in  road  work  here.  Every  job, 

however  small,  has  from  "four  to  forty"  bids 
from  contractors  and  about  half  that  many 
applications  from  engineers.  A  great  deal  of 
road  work  is  being  done  in  Mississippi  and 
there  are  some  large  contractors  on  this  work. C.  S.  Wood, 

Engineer,  Road  District  No.  3. 

Columbus,   Miss.,  July  16,   1914. 

To  THE  Editors: — Your  editorial  "Hard 
Times    and    Hard    Roads"    has    urged    me   to 
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Section  18 — Eighteen-foot  concrete  roadway  with  concrete  curb  and  raised  earth  shoulders.  To  be  used  on  fills  on  double  track  roads.  Section 
19 — Eighteen-foot  brick  roadway  with  concrete  curb  and  raised  earth  shoulders.  To  be  used  on  fills  on  double  track  roads.  Section  20 — Eighteen- 
foot  concrete  or  brick  roadways.  To  be  used  in  deep  cuts  where  gutters  are  not  required.  Section  21 — Ten-foot  concrete  or  brick  roadways.  To 
be  used  where  grutters  are  not  required.  Section  22 — Fifteen-foot  brick  roadway  with  grouted  curb  and  gutter,  and  raised  earth  shoulders.  Used  on 
fills  on  single  track  roads.  Section  23 — Fifteen-foot  concrete  roadway  with  grouted  curb  and  gutter  and  raised  earth  shoulders.  Used  on  fills  on 
single  track  roads.  Section  21 — Ei.jhteen-foot  brick  roadway  with  grouted  curb  and  gutter  and  raised  shoulders.  Used  on  fills  on  double  track  roads. 
Section  25 — Eighteen-foot  concrete  roadway  with  grouted  curb  and  gutter  and  raised  earth  shoulders.    Used  on  fills  on  double  track  roads. 

wide  enough  to  accommodate  vehicles.  Where 
there  are  deep  cuts  or  embankments  it  is  evi- 

dent that  if  they  were  made  wide  enough  to 
provide  for  this  side  road  traffic,  the  cost 
would  be  greatly  increased :  far  beyond  the 
cost  which  the  use  of  the  side  roads  would 
justify. 
To  meet  these  conditions,  special  sections 

have  been  devised  to  give  a  maximum  safety 
with  a  minimum  cost.  On  steep  gradients, 
where  a  considerable  amount  of  water  must 

be  carried  in  the  gutters,  it  becomes  neces- 
sary to  provide  a  paved  gutter.  Occasionally  it 

is  necessary  to  carry  the  water  from  the  gutters 
in  a  cut  on  to  a  fill,  although  usually  the  water 
may  be  diverted  from  the  road  where  the 
gutter  runs  out  of  the  cut. 

To  provide  for  the  exceptional  condition, 
where  the  water  must  be  carried  on,  the  fill 
sections  18,  19,  22,  23,  24,  25  and  30  are  used 
The  .gutters  will  be  constructed  of  grouted 
macadam ;  that  is,  macadam  which  will  be 
laid  in  place  and  then  the  crevices  filled  with 
cement  grout. 
Where  the  road  surface  is  either  brick  or 

concrete,    it    is    evident    that    the    exceptional 

Wherever  under-drains  are  required  drains 
are  placed  as  shown  in  sections  20  and  21. 

In  all  clay  soils,  in  order  to  prevent  seepage 
of  water  under  the  edge  of  the  pavement,  and 
thereby  softening  that  portion  of  the  sub- 
grade  to  a  greater  extent  than  under  the  cen- 

ter, there  are  provided  longitudinal  blind  drains 
from  which  lateral  blind  drains  branch  to  the 
gutters,  the  lateral  drains  being  placed  every 
50  ft.  Where  the  edge  of  the  road  is  pro- 

tected by  a  paved  gutter,  which  will  carry 
the  water  and  prevent  seepage  under  the 
edge  of  the  pavement,  these  blind  under- 
drains  are  not  considered  necessary. 

It  is  evident  that  the  proper  selection  of  the 
cross  section  to  use  on  a  given  stretch  of 
road  requires  judgment  based  on  a  knowledge 
of  the  conditions  and  general  experience  in 
road  construction. 

The  city  council  of  Toronto  has  adopted  a 
minimum  wage  scale  of  25  cts.  per  hour  for 
all  workmen  engaged  by  the  city.  The  present 
minimum  rate  of  18  cts.  was  established  many 
years  ago,  since  which  time  the  cost  of  living 
has  greatly  increased. 

reply  to  your  inquiry  why  no  contractors  bid 
on  "Hard  Roads"  when  so  much  work  is  of- 
fered. 
The  intention  of  county  road  superintend- 

ents is  to  get  as  good  a  road  as  possible  for 
as  little  money  as  possible.  Yet  a  perusal  of 
many  specifications  reveals  frequent  oppor- 

tunities for  the  inspector — if  one  is  provided 
— to  permit  the  contractor  to  leave  work  be- 

fore it  is  completed;  while  still  complying  with 
the  spirit  of  the  specifications. 

T  suggest  uniform  specifications  and  stand- 
ard width  and  thickness  for  all  roads  falling 

within  a  certain  classification ;  Class  \,  Class 
B  and  Class  C,  for  example.  These  classes 
to  be  determined  by  a  traffic  census. 
The  clause  usually  found  in  specifications, 

"Rock  to  be  thoroughly  wetted  and  to  be  of 
specified  thickness  after  being  thoroughly 

rolled  with  a  10-ton  roller"  should  be  modi- 
fied. If  I  were  inspecting  a  road  I  would  not 

consider  a  "thoroughly  wetted  and  rolled 
road"  as  being  such  as  easily  as  I  would  if  I 
were  a  contractor.  And  the  question  of  do- 

ing a  thing  thoroughly  might  mean  to  one  a 

certain  degree,  and  to  another,  a  difl^erent  de- 



114 Engineering   and    Contracting 
Vol.  XLII.     No.  5. 

gree  of  thoroughness.     All  of  which  adds  to 
or  lessens  the  cost. 

To  be  more  specific,  last  week  the  road 
commissioners  here  let  two  contracts  on  two 
sections  of  road  approximately  three  miles 
long  consisting  of:  9,500  cu.  yds.  earth  ex- 

cavation; 158  cu.  yds.  plain  and  reinforced 
concrete  culverts ;  14,000  sq.  yds.  of  rock  sur- 

face, 9  ins.  thick :  roadway  20  ft.  width  with 
10-ft.  rock  surface  and  5-ft.  shoulders  each 
side.  Specifications  provide  for  first  course 

5  ins.  thick  "after  being  thoroughly  wetted 
and  rolled."  Shoulders  to  be  brought  to  this 
elevation  and  thoroughly  rolled.    Then,  second 

cent  of  original  space  occupied  by  rock  in 
the  quarry — measured  by  specific  gravity  of 
rock  and  macadam.  1  then  added  10  per 
cent  profit  to  all  labor  and  arrived  at  a  bid. 
The  following  bids  were  received ; 
No.     1    (successful    bid)   $14,400 
No.    2   (my  bid)        16,700 
No.   3        16,950 
Engineer's  approximate  estimate   14,100 
Wondering  why  I  should  have  made  such 

an  error  I  consulted  a  repiesentative  of  a 
crushed  stone  company  furnishing  stone  to 
this  section — all  .stone  used  here  being  shipped 
in  by  rail.  I  found  that  the  county  superin- 

tendent had  figures  of  90  cents  per  ton  f.  o.  b. 
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Fig.  4.    standard  Macadam  Sections  for  Illinois  Roads. 

Section  26 — Twelve-foot  water  bound  macad.ain  roadway  witii  eartli  shoulders.  To  be  used 
in  a  level  country.  Section  27 — Twelve-toot  water  bound  macadam  roadwav  with  earth  shoulders 
and  broad  side  ditches  available  for  traffic  where  width  between  fences  permits.  Especially  adao- 
table  for  a  low  lying  level  country.  Section  2S— Twelve-foot  water  bound  macadam  roadwav  with 
earth  shoulders.  To  be  used  on  deep  fills.  For  shallow  fills  use  Section  1.  Section  29— Twelve- 
foot  water  bound  macadam  roadway  for  single  track  roads  in  deep  cuts  on  grades  that  require 
grouted  gutters.  Section  .'iO— Twelve-foot  water  bound  macadam  roadwav  for  single  track  roads on  deep  fills  where  grouted  gutters  are  necess.ary. 

course  4  ins.  thick,  "after  being  thoroughly 
wetted  and  rolled" :  shoulders  being  brought 
to  the  proper  elevation  to  make  the  required 
sections. 

From  experience  and  study  of  other  roads  I 
find  the  extent  of  wetting  and  rolling  required 
to  be  a  question  of  personal  opinion  rather 
than  a  study  of  the  actual  conditions  existing 
after  being  thoroughly  wetted  and  rolled.  And 
that  if  rolling  is  thoroughly  done  the  voids 
will  be  from  5  to  10  per  cent  of  the  total 
space  originally  occupied  by  the  stone. 

In  this  particular  case  I  based  my  bid  upon 
rolling  until  space  occupied  should  be  90  per 

nearest  railroad  point  to  work,  from  a  quarrv 
that  could  not  fill  a  bill  of  material  if  or- 

dered. The  quarry  representative  I  questioned 
verified  other  quarry  prices  of  $1.12  per  ton 
f.  o.  b..  continuent  on  the  non-settlement  of 
the  Eastern  railroad  rate  case,  before  signing 
contract. 

Probably  the  other  high  bidder  saw  condi- 
tions as  I  saw  them,  i.  e.,  that  if  required  to 

thoroughly  wet  and  roll  this  work  it  would 
require  from  10  to  15  per  cent  more  rock 
than  would  be  required  if  this  provision  was 
not  enforced.  The  succes.'sful  l)idder  on  the 
w6rk  was  a  contractor  of  experience  and  good 

judgment  and  his  bid  was  probably  based  on 
"usual"  happenings  and  inspection. 

Probably  other  contractors  look  at  "Hard 
Roads"  work  as  I.  To  do  a  thorough  job  re- 

quires material  and  labor  and  to  prepare  a 
bid  time  and  expense — only  to  find  the  work 
let  to  someone  willing  to  take  chances  on 
getting  off  with  less  work  and  material  than 
actually  required  by  strict  compliance  with 
loosely  drawn  specifications. 

Avi  Unsuccessful  Bidder. 

July  20,  1914. 
[The  editors  have  repeatedly  called  atten- 

tion to  the  importance  of  supplying  contrac- 
tors with  all  unofficial  information  available 

as  to  the  probable  difficulties  to  be  encoun- 
tered in  accom^llishing  the  work  proposed. 

There  is  no  one  factor  which  will  do  more 
to  bring  about  close  bidding.  It  requires  time 
and  expense  to  prepare  a  carefully  estimated 
bid.  The  average  contractor  has  no  more  in- 

stinctive ability  to  estimate  correctly  from  in- 
complete data  than  an  engineer.  Yet  he  is 

called  upon  to  estimate  correctly  the  cost  of 
work  from  data  much  less  complete  than  that 
used  bv  the  engineer  in  designing.  An  en- 

gineer likes  to  have  a  satisfied  contractor  on 
the  work  he  supervises.  The  contractor  will 
bid  lower  if  he  knows  his  profit  is  certain. 

There  are  three  possible  explanations  for 
great  variation  in  bids  (omitting  of  course 
the  plunger  whose  work  is  usually  unsatis- 

factory) :  (1)  loosely  drawn  specifications 
permitting  a  wide  variation  in  interpretation : 

(2)  lack  of  ability  on  the  part  of  the  con- 
tractor to  estimate  correctly;  and  (3)  insuffi- 

cient information  on  which  to  bid  correctly 
and  consequent  plunging  on  items  in  regard  to 
which  data  are  lacking. 

It  is  all  very  well  to  say  that  the  contractor 
should  obtain  the  information  desired  from 

other  sources,  and  that  the  engineer  has  noth- 
ing to  do  with  it,  but  the  fact  nevertheless  re- 

mains that  where  a  wide  variation  in  bid 
prices  exists  it  is  a  reflection  on  the  ability 
of  the  engineer,  either  in  estimating,  or  in 
the  quality  of  the  information  furnished  on 
the  plans,  for  it  is  impossible  to  prepare  plans 
without  giving  some  information.  Moreover, 
a  reputable  contractor  who  would  frequently 
bid  low  on  work  in  order  to  fill  in  between 

jobs,  often  does  not  consider  it  a  good  busi- 
ness proposition  to  expend  time  and  money  to 

secure  information  which  is  withheld,  and  con- 
sequently  plunges. 

This  condition  should  not  exist.  That  it 
does  exist  is  due  to  the  disposition  of  the 
average  contractor  to  gamble  and  the  dispo- 

sition of  many  engineers  to  take  advantage  of 
this  fact  to  escape  slight  additional  work.  It 
is  a  situation  which  can  be  materially  im- 

proved by  the  use  of  a  little  common  sense 
on  the  part  of  engineers, — Editors.] 

Instructions  to  Road  Superintendents  for 

the    Design    of    Bridges    in    Illinois. — The 
abutments  and  piers  of  all  bridges  shall  be 
of  concrete,  reinforced  concrete,  or  stone  ma- 

sonry. .\I1  footings  of  piers  and  abutments 
are  to  be  placed  not  less  than  4  ft.  below 
stream  bed  unless  rock  is  encountered.  If 
there  is  likelihood  that  the  stream  bed  will 

"  scour,  piling  should  be  provided  or  other 
equally  efficient  means  adopted  to  protect  the 
abutments  and  piers.  Plans  for  bridges  show- 

ing steel  tubes  or  steel  legs  will  not  be  ap- 

proved. 
.\I1  ciflvcrts  and  bridges  of  60  ft.  span  or 

less  should  be  of  concrete,  reinforced  concrete 
or  construction  that  will  insure  equal  dura- 

bility, and  no  plans  for  steel  bridges  of  spans 
less  than  60  ft.  will  be  approved,  except  it  is 
shown  the  bridge  may  be  oif  a  temporary  char- 
acter. 

.All  bridges  must  be  designed  in  accordance 
with  the  specifications  of  the  State  Highway 
Commission,  copies  of  which  will  be  furnished 
to  all   county   superintendents. 

A  Vancouver  firm  was  the  successful  bid- 
der recently  on  an  $800,000  dredging  contract 

on  the  north  arm  of  Eraser  River.  The  im- 
provement includes  building  a  4-mile  jetty  and 

dredging  a  ship  channel  300  ft.  in  width. 
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Methods   and   Apparatus   Used   in   the 
Measurement  of  Run-Off  From 

Sewered  Areas. 

The  Committee  on  Run-Off  from  Sewered 
Areas  of  the  Boston  Society  of  Civil  En- 

gineers was  appointed  on  May  1,  1907,  and 
presented   its  final    report   on   March   4.    1014. 

ME.\SUREMENT  OF  RUN-OFF. 
A  measurement  of  the  actual  volume  of 

storm-water  run-off  in  sewers  is  not  usually 
practicable.  Weirs  mstalled  in  the  sewers 
themselves   are  objectionable  on  the   score  of 

It  is,  therefore,  evident  that  the  use  of  the 
grade  of  the  sewer  as  representing  the  hy- 

draulic grade  may  result  in  serious  errors  in 
computing  the  actual  flow  in  the  sewer.  It 
is  obvious  that  correctly  to  compute  this  slope 
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Fig.    1.     Ve^ccity    Curves   for   the    Ester   Ave. 
Sev^tr,  Pawtucket,  R.  I.,  as  Obtained  from 
Float   IVleasurements,   D  =:  52   ins.;    S  :^ 

0.60  ft.   per   100.    Surface   is  Cement. 

This  report,  which  is  published  in  the  Journal 
of  the  Society  for  June,  1014,  is  divided  into 
three  parts,  namely,  methods  and  apparatus 
used  in  measuring  precipitation,  methods  and 
apparatus  used  in  measuring  run-off  showing 
the  relation  between  precipitation  and  flow  in 
sewers.  The  present  article  relates  wholly 
to  the  second  subdivision  of  the  report.  The 
descriptions  of  recording  gages  are  quoted 
from  the  manuscript  of  a  forthcoming 

"Handbook  of  .American   Sewerage   Practice." 

Fig.    2.     View    of    the    Hydro-Chronograph. 

by  Leonard  Metcalf  and  Harrison  P.  Eddy. 
The  third  portion  of  the  original  report  com- 

prises, in  tabular  and  narrative  form,  all 
available  records  of  storm-water  flow  in 
sewers. 

Fig.  3.    View  of  the   Friez  Automatic  Water   Stage    Register. 

the  head  required  and  also  because  they  cause 
a  retardation  of  velocity  and  retention  of 
sediment:  it  is  also  difficult  to  arrange  weirs 
which  give  satisfactory  results  under  wide 
variations  of  flow,  and  frequently  with  high 
velocities  of  approach.  Venturi  meters  are 
e-xpensive  if  furnished  with  recorders,  which 
are  indispensable  in  studies  of  storm  flow  ; 
they  have  an  insufficient  range  for  measuring 
the  wide  fluctuations  which  are  likely  to  oc- 

cur :  and  as  they  must  usually  be  set  in  in- 
verted siphons  in  order  to  register  properly, 

their  installation  in  sewers  already  built  in- 
volves some  difficulties.  Current  meters  for 

continuously  recording  the  flow  of  sewage  are 
not  ordinarily  practicable  on  account  of  the 
foreign  material  in  the  sewage,  which  is  likely 
to  clog  the  meter,  or  otherwise  derange  it.  As 
a  result,  gagings.  so-called,  of  storm-water 
flows  in  sewers,  have  almost  invariably  been 
made  by  recording  the  level  of  the  sewage 
flowing  and  computing  the  quantity  of  flow, 

using  Kutter's  formula,  usually  with  an  as- 
sumed coefficient  of  roughness.  In  order  to 

compute  the  flow  in  the  sewer  from  observa- 
tions of  this  kind,  it  is  necessary  to  know  the 

cross-section  of  the  flowing  stream,  the  slope, 
and  the  coefficient  of  roughness.  The  former 
can  be  readily  computed  from  the  known  or 
measured  cross-section  of  the  sewer,  having 
given  the  elevation  of  the  surface  of  the 
sewage,  which  is  easily  obtained  from  a  record 
of  the  water  level  or  flow  gage.  In  most 
observations  of  this  character,  the  hydraulic 

slope  has  been  assumed  as  parallel  to  the  in- 
vert of  the  sewer,  and  a  coefficient  of  rough- 
ness. «  in  Kutter's  formula,  has  been  assumed. 

In  many  cases  these  assumptions  have  prob- 
ably been  wide  of  the  truth. 

With  regard  to  the  hydraulic  grade  it  has 
been  noted  that  there  are  marked  differences 
between  the  grade  of  the  sewer  and  the  water 
surface   grade. 

Manv   observers  have   noted   this   condition. 

two  or  more  water  level  indicators  are  neces- 
sary, and  these  must  be  exactly  synchronized 

so   that   the   true   hydraulic   slope   correspond- 

Fig.  4.    View   of  Builders   Iron    Foundry 
Water    Level    Recorder. 

ing  to  the  depth  at  any  time  can  be  properly 
computed.  The  use  of  maximum  flow  gages, 
indicating      merelv      the      maximum      height 
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reached  by  the  flood  wave  at  any  point,  for 
the  purpose  of  determining  the  hydraulic 
slope,  is  not  to  be  comniemied.  although  such 
gages  serve  as  a  valuable  check  upon  the 
readings  of  the  automatic  gages.  The  crest 
of    the    flood    wave    progressing    down-stream 

the  sewer  and  the  resulting  changes  in  the 
hydraulic  radius. 

'In  the  study  of  run-off  at  Pawtucket  the 
following  investigations  were  made  in  an 
endeavor  to  find  the  value  for  n  in  the  Kutter 
formula   for   the  sewer     under     investigation. 

April  4,  1908.  "Observations  upon  the  sewage 
flow  in  the  main  carrier,  at  depths  up  to  the 
springing  line,  have  shown  that  the  value  of  n 

in  Kutter's  formula  when  applied  to  the  sewer 
flow  is  not  greater  than  0.010."  The  sewer  for 
which  these  values  were  obtained  was  of  re- 

Fig.  5.    View  of  the  Bristol   Recording  Gage. 

leaves  its  record  on  each  of  these  gages,  but  it 
is  obvious  that  the  hydraulic  slope  is  not  the 
slope  between  the  highest  point  reached  at  one 
gage  and  the  highest  point  reached  at  the 
succeeding  gage,  since  the  crest  of  the  flood 
was  not  at  both  of  these  points  at  the  same 
time. 

Wide  errors  may  also  be  introduced  into 
the  estimate  of  flow  by  incorrect  assumption 
of  the  value  of  the  coefficient.  It  is  only 
necessary  to  call  attention  to  the  fact  that  the 

values  of  n  in  Kutter's  formula  for  the 
classes  of  sewers  ordinarily  gaged  may  range 
from  0.009  to  0.017  in  order  to  realize  that 
assumptions  of  this  coefiicient  may  be  far 
from  the  truth.  These  two  values,  as  it  hap- 

pens, have  been  found  by  velocity  measure- 
ments at  Pawtucket  and  Philadelphia  to  apply 

to  the  particular  cases  referred  to;  but  it  is 
evident  that  the  assumption  of  such  coeffi- 

cients without  experimental  determination 
may  introduce  serious  errors,  possibly  as 
much  as  50  per  cent.     Obviously,  this  method 

Fig.  6.    View  of  the  Foxboro   Recording   Gage. 

Fig.  7.    View  of  Sanborn  Flow  Recorder. 

of  estimating  flow  can  only  be  correctly  em- 
ployed when  the  coefficient  is  experimentally 

determined  for  the  sewer  under  considera- 
tion. Either  the  coefficient  of  roughness  n  in 

Kutter's  formula,  or  the  coefiicient  C  in  the 
Hazen-Williams  formula,  may  be  determined 
and  employed  in  the  estimation  of  flow.  It  is 
not  thought  best  to  use  the  Chezy  formula  di- 

rectly, since  the  coefficient  in  this  formula 
would  not  be  constant   for  varying  depths  in 

The  diameter  of  the  sewer  was  too  small  to 
permit  of  the  use  of  current  meters  when 
measuring  storm  flows.  It  is  seldom  that  a 
depth  greater  than  1  ft.  is  reached  in  this 
sewer,  and  most  of  the  observations  had  to 
do  with  much   lesser  depths. 

Because  of  these  conditions,  floats  were 
tried  between  manholes  447  ft.  apart.  The 
surface  slope  of  the  discharge  corresponded 
with  the  slope  of  the  sewers,  as  nearly  jis  it 
was  practical  to  measure  the  depth  of  flow, 
and  the  slope  of  the  sewer,  0.006,  was  there- 

fore adopted  for  the  value  of  .r. 
The  floats  used  were  pieces  of  wood  3  ins. 

in  diameter  and  2  ins.  long,  and  the  time  taken 
for  the  passage  of  these  between  manholes 
was  recorded  by  observers.  About  170  ob- 

servations were  recorded,  during  storms  oc- 
curring between  February,  1905,  and  February, 

1906,  and  from  these  data  91  velocities  vyere 
figured  for  various  depths  of  flow  betw^een 
O.IG  and  i.l  ft.  These  velocities  have  been 
plotted  and  a  curve  drawn  which  corresponds 

very  closely  to  the  curve  of  Kutter's  formula 
when  using  a  value  for  n  of  0.0085;  see  Fig.  1. 

."Xs  the  velocity  measured  was  the  surface 
velocity  and  therefore,  for  the  shallow  depths 
observed,  w-as  very  nearly  a  maximum,  it  is 
fair  to  assume  a  somewhat  lower  figure  for 
the  average  velocity.  Mr.  Fteley,  in  his 
measurements  of  the  flow  in  the  Sudbury 
River  Conduit,  found  the  average  velocity 
there  to  be  about  88  per  cent  of  the  maximum 
velocity,  and  a  velocity  curve,  erf  of  Fig.  1, 
representing  88  per  cent  of  the  observed  ve- 

locity has  been  drawn. 
This  curve  lies  between  the  curves  of  the 

Kutter  formula  drawn  with  values,  for  ji  of 
0.010  and  0.009,  but  very  close  to  the  former 
curve.  It  is  identical  with  the  velocity  curve 
of  the  Hazen  and  Williams  formula  when 
.eiving  a  value  of  1.50  to  c  in  that  formula, 
j/_^^.«.  ^«,M  0.001-°". 
With  respect  to  this  latter  formula,  it  may 

be  said  that  c  has  a  range  of  145  to  152  wlien 
compared  with  the  experiments  of  Darcy  and 
Bazin  in  semi-circular  conduits  of  4.1  ft. 
diameter,  with  a  surface  of  pure  cement. 
The  following  quotation  is  taken  from  W. 

G.  Taylor's  article  upon  a  New  Main  Inter- 
cepting Sewer  at  Waterbury,  Conn.,  which 

was  published   in  the   Engineering  Record  of 

inforced  concrete  of  horseshoe  shape,  5  ft. 
6  ins.  X  4  ft.  5  ins.  Great  care  was  used  in 

churning  the  deposited  concrete,  and  the  in- 
terior and  exterior  surfaces  are  reported  as 

being  "very  smooth." TYPES    OF    RECORDING    G.\GES. 

Leaving  Venturi  and  current  meters  out  of 
consideration,    practically   the   only     type  of 

6' Inlet  to  Float,  Chamber 

SoctionB-B 
Fig.    8.     Plan    and    Vertical    Section    of    the 

Gaging    Manhole   on   the   Ester  Ave. 
Sewer,   Pawtucket,    R.    I. 

automatic  gage  applicable  to  gaging  storm 
water  flows  in  sewers  is  a  gage  of  the  water 

level  recorder  type.  All  of  the  gages  avail- 
able for  this  purpose  may  be  divided  into  two 

general    classes, — float    gages    and    pneumatic 
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pressure  gages.  Either  class  is  equally  ap- 
plicable to  keeping  a  continuous  record  of  the 

head  of  water  over  a  weir  in  case  it  is  prac- 
ticable to  use  a  weir  for  accurate  measure- 

ments of  flow. 

In  order  to  secure  proper  registration  with 
any  type  of  gage,  it  is  practically  essential  to 
install  the  float  or  pressure  chamber  in  a 
separate  manhole  connected  with  the  sewer, 
rather   than   in   the   sewer   itself.     This   adds 

r^^ 

Cross  Section 

^ 

n 

Gauge  without 
Zinc  Bottle 

Fig.  9.  Details  of  Gage  of  Battle  Type  for 
Indicating  Highest  Stage  Reached  by  Flow 
in   Ester  Ave.  Sewer,   Pawtucket,  R.   I. 

materially  to  the  cost  of  installing  the  gage 
and  keeping  records  of  sewer  flow,  but  it  has 
not  been  found  practicable  to  obtain  trust- 

worthy records  by  means  of  a  gage  installed 
directly   in  the  sewer  itself. 

Float  Gages. — In   this   type  of  gage   a   float 
contained  within  a  pipe  or  other  suitable  guide . 
is    connected    with      a      recording      apparatus 
through  the  medium  of  a  cord,  chain,  tape  or 
by  a  solid  rod  or  tube. 

The  Hydro-Chronograph,  illustrated  in  Fig. 
2,  made  by  the  Hydro  iVIanufacturing  Com- 

pany of  Philadelphia,  consists  of  a  float  and 
a  recorder.  The  float  is  connected  by  a 
chain  with  a  sprocket  wheel  at  the  recorder. 
The  motion  of  the  float  is  thus  transmitted, 
on  a  reduced  scale,  to  a  pen  moving  in  front 
of  a  vertical  recording  drum,  which  is  rotated 
monthly,  weekly,  or  daily,  as  desired.  The 
diameter  of  the  cylinder  is  such  that  a  time 
scale  of  about  1  in.  per  hour  may  be  em- 
ployed. 
The  cylinder  is  8  ins.  long  and  12  ins.  in 

circumference. 
The  clock  can  be  arranged  to  drive  the  pen 

the  length  of  the  cylinder  once  a  week  or  once 
a  day.  In  the  latter  case,  the  time  scale  would 
be  %  in.  to  the  hour,  and  this  is  the  largest 
scale  for  which  the  instrument  is  regularly 
made.  Sprocket  wheels  are  provided  for 

diff'erent  ranges  in  height  of  water,  as  fol- lows : 
Total  width 
(circumference  Scale   of 

of  chart).  heights. 
1  ft.  1  ft.  to  1  ft. 
1  ft.  0.2  ft.  to  1  ft. 
1  ft.  0.1  ft.  to  1  ft. 
1  ft.  0.0667  ft.  to  1  ft. 
1  ft.  0.05  ft.  to  1  ft. 

List  prices  of  these  instruments  range  from 
J115  to  $150. 
The  amount  of  reduction  in  vertical  scale 

will  depend  upon  the  range  of  motion  of  the 
float.  This  company  manufactures  a  weir 
gage  in  which  the  fluctuations  of  water  level 
are  recorded  without  reduction  ;  but  this  can 
be  employed  only  for  a  range  of  about  2  ft. 
For  large  sewers  it  is  impracticable  to  use  a 
drum  long  enough  to  cover  the  range  of  ele- 

vation, without  reduction.  The  list  prices  of 
these  instruments  range  from  $100  to  about 

$200. 
Fries's  Improved  Automatic  Water  Stage 

Register. — This  instrument  is  made  by  Julien 
P.  Friez  of  Baltimore.  As  shown  by  the  il- 

lustration. Fig.  3,  motion  of  the  float  causes 
the  drum  to  rotate,  while  the  pen  is  caused  to 
move  parallel  to  the  a.xis  of  the  drum  by 
means  of  clockwork. 

Builders  Iron  Foundry  Water  Level  Re- 
corder.— In  this  gage,  as  illustrated  in  Fig.  4. 

Range   of ■ater level 

1 
0 
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the  cord  from  the  float  moves  an  arm  carry- 
mg  a  pen  in  front  of  a  circular  chart,  which 
is  rotated  by  clockwork.  The  pen  accordingly 
moves  in  a  circular  arc,  and  the  time  scale 
varies  with  the  position  of  the  pen.  The  in- 

strument is  enclosed  in  a  cast-iron  box 
mounted  upon  a  hollow  standard  through 
which  the  float  cord  passes.  It  is  made  in 
two  sizes,  having  8-in.  and  12-in.  dials,  and 
the  prices  are  $75  and  $90,  respectively;  or 
they  can  be  obtained  with  an  iron  outer  door 
for  $5  additional. 

Obviously,  with  this  gage,  the  scale  of 
heights  as  recorded  upon  the  chart  will  de- 

pend upon  the  range  to  be  covered  and  the 
size  of  the  chart.  A  rectangular  chart  is  not 
necessary  for  records  of  this  kind,  and  the 
only  disadvantage  of  this  form  of  record  is 
that  the  time-scale  is  unduly  small  when  the 
pen   is   in   its   lowest   position. 

Builders  Iron  Foundry  has  also  in  some 
cases  constructed  a  modification  of  the  re- 

cording instrument  of  the  Venturi  meter  for 
use  with  a  float,  to  indicate  and  record  di- 

rectly the  rate  of  flow  over  a  weir,  and  also 
to  integrate  these  rates  and  show  on  a  re- 

corder the  total  quantity  passed. 
Pneumatic  Pressure  Gages. — In  these  gages 

a  diaphragm  bo-x  or  pressure  chamber  is  im- 
mersed in  the  liquid,  and  the  changes  in 

pressure  resulting  from  rising  or  falling  sur- 
face are  transmitted  through  a  small  pneu- 

matic tube  to  a  recording  apparatus  located 
at  any  convenient  point. 
Diaphragm  Gage. — The  illustrations.  Figs. 

5  and  6.  show  this  instrument,  which  is  well 
known  and  widely  used.  It  is  made  for  either 
8-in.  or  r2-in.  charts,  and  the  prices  range 
from  $55  to  $80,  including  25  ft.  of  connect- 

ing tubing.  These  instruments  are  made  by 
the  Bristol  Company  of  Waterbury,  Conn., 
and  by  the  Industrial  Instrument  Co.,  of  Fox- 
boro,  Mass.  The  Bristol  recording  instrument 
shown  in  Fig.  5  is  with  a  seven-day  chart. 
The  dark  sections  of  chart  represent  the  night 
periods.  The  flexible  connecting  tube  is  here 
shown  protected  with  flexible  copper  armor. 
The  sensitive  bulb  may  be  screwed  or  bolted 
to  a  vertical  plank. 

Sanborn  Flow  Recorder. — For  sewers,  the 
recorder,  illustrated  in  Fig.  7,  may  be  placed 
in  a  manhole,  at  the  sidewalk,  or  in  a  nearby 
building.  One-fourth  inch  copper  tubing  con- 

nects from  the  recorder  to  the  inlet  at  the 

sewer  where  is  located  a  "compensator," 
which  is  a  special  form  of  diving-bell.  It 
resembles  a  piece  of  tubing,  iVz  ins.  in 
diameter,  varying  in  length  from  a  few  inches 
for  small  sewers  to  3  ft.  for  20-ft.  sewers; 

it  is  placed  slanting,  on  an  angle  of  45°  with 
the  vertical,  in  the  direction  of  flow,  and  ex- 

tends to  within  a  few  inches  of  the  bottom  of 
the  sewer.  This  compensator  is  constructed 
smooth  outside  and  inside  so  that  sewage  is 
not  apt  to  collect.  The  inlet  is  at  the  very 
bottom.  Claims  made  for  this  device  are, 
that  no  float  is  required,  no  diaphragm  at  the 
inlet,  the  pressure  medium  is  air  and  will  not 
freeze,  and  the  recorder  may  be  placed  in  any 
convenient  location. 
The  price  complete  with  compensator  and 

25  ft.  of  tubing  is  $75.  It  is  made  by  the 
American  Steam  Gauge  &  Valve  Mfg.  Co., 

Boston. 

Installation  of  Automatic  Sewer  Gage. — A 
reliable  automatic  record  of  the  depth  of  the 
storm  flow  in  the  sewer  is  of  equal  import- 

ance with  the  record  of  the  rate  of  precipita- 
tion, but  is  even  more  difficult  to  obtain.  So 

many  difficulties  beset  the  installation  of  an 
accessible  recording  device  that  it  has  been 

very  hard  to  obtain  the  co-operation  of 
municipal  engineers  in  this  work.  In  sewers 
less  than  4  ft.  in  diameter  and  in  any  sewer 

where  the  normal  dry-weather  flow  is  of  very 

shallow  depth,  the  installation  of  a  recording 
device  in  the  sewer  itself  is  apt  to  produce 

such  an  obstruction  to  the  flow  as  will  set  up 

artificial  conditions,  which  make  a  record  of 

the  correct  depth  of  flow  impossible. 
It  is  therefore  much  better  to  construct  an 

auxiliarv  manhole,  independent  of  the  sewer, 

for  the'  special  purpose  of  installing  the  re- 
cording mechanism.  Such  a  manhole  is 

shown    in    Fig.    8.      In    this    manhole    a    float 

chamber  can  be  construcied  and  connected 
with  the  main  sewer  by  a  small  pipe,  or  pipes, 
and  these  need  be  the  only  connection  with 
the  sewer.  Under  such  a  construction  it  will 
be  possible  to  visit  and  inspect  the  recording 
mechanism  without  the  inconvenience  at- 

tendant upon  a  descent  into  a  regular  man- 
hole which  is  a  part  of  the  sewer  itself.  It 

will  still  have  the  disagreeable  feature,  how- 
ever, of  being  below  ground  and  accessible 

only  through  an  opening  in  the  street  surface. 
A  much  better  location  for  the  recording 
device  is  at  the  edge  of  the  curb  and  above 
the  level  of  the  sidewalk.  This  can  be  accom- 

plished through  a  construction  similar  to  a 
police  signal  box  and  the  chart  will  thus  be 
made  readily  accessible.  The  only  criticism 
of  such  a  method  of  installation  lies  in  the 

necessity  of  providing  some  method  of  ac- 
curately checking  the  chart  record  with  the 

depth   of   flow. 
Particular  care  should  be  taken  in  connect- 

ing the  gaging  chamber  or  float  chamber  with 
the  sewer,  to  see  that  the  connecting  pipe  is 
normal  to  the  direction  of  flow,  and  does  not 
project  into  the  sewer.  If  this  precaution  is 
not  observed,  the  recorded  heights  will  be  in 
error — too  high  if  the  connecting  pipe  is  di- 

rected upstream  or  against  the  current,  and 
too  low  if  in  the  reverse  direction.  The  pre- 

cautions taken  should  be  the  same  as  in  in- 
stalling a  piezometer  connection  to  a  water 

pipe. 

It  is  highly  necessary  that  recording  devices 
be  regularly  inspected  in  order  that  they  may 
be  sure  to  be  in  operation  when  most  needed, 
and  the  more  accessible  and  convenient  it  is 

possible  to  make  their  location,  the  more  care- 
ful attention  will  they  receive.  Maximum 

rates  of  precipitation  and  the  attendant  depth 
of  flow  in  the  sewer  are  of  infrequent  occur- 

rence, and  it  is  very  essential  that  the  record- 

Fig.   10.    View  of  Gage  Stick  for   Measuring 
Maximum   Height  Reached  by  Flow  in 

Sewers,   Pawtucket,   R.   I. 

ing   device  be   in   operation  whenever   sucli   a 
discharge  takes  place. 

Maximum  Flow  Gages. — Practically  the 
only  information  to  be  obtained  from  a  maxi- 

mum flow  gage  is  the  greatest  height  reached 
by  the  flood  wave  at  the  point  of  observation 
since  the  last  recorded  measurement.  Ordi- 

narily the  records  thus  obtained  are  of  little 
value,  but  they  may  occasionally  serve  as  a 
valuable  check  upon  the  records  of  an  auto- 

matic gage  which   may  be  out   of  order  and 
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fail  to  indicate  the  highest  point  reached  by 
the  flood.  It  is,  therefore,  advisable  to  install 
such  maximum  flow  gages  at  all  points  where 
automatic  water  level  recorders  are  installed. 

In  the  earlier  observations  of  run-off  in 
sewers,  the  maximum  gages  consisted  rnerely 
of  whitewashed  laths  set  firmly  in  position  in 
manholes,  the  expectation  being  that  the  high- 

est point  reached  by  the  sewage  would  be 
clearly  indicated  on  the  whitewash.  In  some 
cases  this  simple  type  of  gage  has  proven 
satisfactory,  although  in  many  cases  the  white- 

wash has  peeled  off  above  the  height  to  which 
the  sewage  reached,  and  in  other  cases,  for 
some  une.xplained  reason,  the  maximum  height 
could  not  be  distinguished  upon  the  gage.  The 

most  satisfactory  type  thus  far  devised  con- 
sists of  a  rod  to  which  are  firmly  fastened 

a  number  of  small  vials  having  their  mouths 
set  at  uniform  distances  apart,  usually  one- 
tenth  or  two-tenths  of  a  foot,  the  whole  be- 

ing properly  protected  from  the  flowing  cur- 
rent by  a  shield  or  perforated  tube.  On  ex- 

amining this  rod,  it  is  evident  that  the  sewage 

must  have  been  as  high  as  the  highest  vial 
which  is  found  to  be  filled  with  water.  In- 

verting the  rod  and  emptying  the  vials  is  all 
that  is  necessary  to  prepare  the  gage  for 

use  This  type  of  gage,  as  used  at  Paw- 
tucket,  R.  I.,  is  shown  in  Figs.  9  and  10.  It 
is  best  located  in  a  manhole,  with  the  bottom 

of  the  gage  slightly  above  the  normal  dry- 
weather  flow. 

In  some  cases,  gages  of  this  type  have  not 
proved  satisfactory  where  high  velocities  have 
obtained, — such  as  8  ft.  per  second. 
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D\',vuy3 l/\\TmN\:l 
Large     Humphrey     Pumps     for     the 

Drainage  of  Lake  Mareotis  at  Mex, 

Near  Alexandria,   Egypt. 

(Contributed.) 

An   installation   of      Humphrey   pumps   has 
been  ordered  by  the  Ministry  of  Public  Works 
of  the  Egyptian  Government  for  the  drainage 
of   Lake   Mareotis   at   Mex,   near   .Alexandria. 

amount  delivered  by  each  large  Humphrey 
pump  unit  installed  at  the  Metropolitan 

Water  Board's  Pumping  Station  at  Ching- ford.  It  will  be  recalled  that  the  large  pumps 
at  Chingford,  which  were  started  in  opera- 

tion in  March  of  1913.  had  an  output  of  40,- 
000.000  gallons  per  day  each.  The  pumps 
comprised  in  the  present  contract  have  been 
designed  with  the  aid  of  the  valuable  ex- 

perience obtained  with  the  Chingford  Station 

will  be  carried  upon  a  cast  steel  bend  which 
connects  to  the  play-pipe.  This  bend  will  be 

in  two  parts,  making  up  the  118.5°  required to  connect  with  the  inclined  play  pipe. 
At  Chingford  the  bend  had  an  angle  of 

90°  and  connected  to  a  horizontal  play  pipe, 

which  in  turn  connected  through  a  second  90° 
bend  to  a  vertical  conical  water  tower,  ."^t 
Mex,  however,  there  will  be  only  one  bend, 
and  the  play  pipe  is  sloped  upwards  so  as  to 
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General   Section   of   Pumping   Plant   Arrangement  at    Mex,   Egypt. 

When  completed  this  plant  will  be  one  of  the 
largest  pumping  installations  in  the  world, 
and  will  consist  of  18  pumps  each  capable  of 
delivering  100,000,000  gals,  per  day  through  a 
lift  of  20  ft.  The  present  order  includes  the 
first    ten    of    these    pumps    together   with    the 
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and  include  many  notable  improvements  al- 
though operating  on  the  same  cycle  which 

has  proved  so  successful  at  Chingford.  The 
following  approximate  dimensions  of  the 
pumps  for  Mex  will  be  of  interest. 

The  ma.ximum  internal  diameter  of  the  com- 
bustion chamber  will  be  8  ft.  8  ins.  and  its 

height  about  14  ft.  The  water  valve  box 
will  be  8  ft.  8  ins.  diameter  and  7  ft.  high, 
and  will  be  fitted  with  100  valves  of  the 
hinge  type  especially  designed  to  enable  any 
valve  to  close  upon  an  obstruction,  such  as  a 
piece  of  wood,  without  throwing  undue  strain 
on   the   hinges.     The   design    is   such   that   on 

deliver  the  water  at  the  required  elevation 
in  the  discharge  basin.  In  order  to  reduce 

the  velocity  of  the  w-ater  at  the  exit,  the  play 
pipe  ends  with  a  long  conical  portion  giving 
a  12-ft.  diameter  outlet.  Not  only  does  a 
sloping  play  pipe  eliminate  one  of  the  bends 
and  give  rise  to  a  simpler  construction,  but 
it  has  the  additional  advantage  that  the  verti- 

cal components  of  the  forces  due  to  mo- 
mentum of  the  moving  masses  of  water  in  the 

combustion  chamber  portion  and  play  pipe 

portion,    respectively,   are   balanced. 
The   pumps  will  be  started  by   forcing  into 

the  combustion  chainlicr  a     mixture     of     gas 

Section   of   Humphrey   Pump   Unit  at    Mex,   Egypt. 

necessary  gas  producer  plant,  Venturi  water 
melcr.s,  traveling  cranes,  locomotive  weigh- 

bridge, regulating  gates  and  screens,  and  a 
complete  gas-driven  electric  light  and  power 
installation. 

The  great  size  of  the  pumps  may  be  judged 
from  the  fact  that  each  unit, is  to  be  capable 
of  delivering  between  two  and  three  times  the 

the  next  stroke,  when  the  obstruction  has 
been  removed  by  the  rush  of  water,  the  valve 
will  automaticaily  re-adjust  its  position  and 
close  fairly  upon  its  seat.  This  type  of  valve 
is  a  result  of  careful  experiment  and  has 
proved  itself  thoroughlv  satisfactory  under 
test, 

.Ml  the  main  castings  will  be  of  steel,  and 

and  air  which  is  exploded  by  means  of 
the  usual  sparking  plug  and  switch  so 
as  to  give  rise  to  the  first  oscillation 
after  which  the  working  becomes  automatic. 
Compressors  capable  of  rapidly  charging  the 
pumps  for  this  purpose  and  having  separate 
cylinders  for  air  and  .gas  are  included  in  the 
contract. 

Five  of  the  pumps  will  be  made  by  Messrs. 
Wm.  Beardmore  &  Co.,  Ltd.,  of  Glasgow, 
and  five  by  Messrs.  The  Tecnomasio  Italiano 
Brown  Boveri  at  Milan, 

The  anthracite  gas  plant  capable  of  gasify- 
ing 44  tons  per  day  will  be  of  the  self-vapor- 

izing type,  and  will  be  supplied  by  the  Power 
Gas  Corporation,  Limited,  There  will  be 
nine  producers,  one  of  which  will  be  a  spare. 
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The  producers  will  be  of  the  luted  type.  The 
gas  from  the  collecting  main  will  pass  through 
two  large  gas  cooling  towers,  and  then 
through  dry  scrubbers  into  a  gas  holder  of 
10,000  cu.  ft.  capacity  which  besides  forming 
a  mixing  chamber  for  the  gas  will  be  used 
for  accurately  measuring  the  gas  during  the 
official  trials  of  the  plant,  although  for  or- 

dinary   purposes    the    gas    will    be    measured 

power  and  distribution  switchboard  panels. 
The  lighting  will  be  partly  by  arc  lamps,  part- 

ly by  incandescent  lamps,  and  the  capacity  of 
the  plant  is  such  that  one  unit  will  normally 
run  the  whole  of  the  electrically-driven  aux- 

iliaries both  at  the  producer  plant  and  at  the 
main  pump  house.  As  this  plant  has  to  start 
operation  in  order  to  supply  current  to  the 
large  overhead  traveling  crane,  and  for  work- 

motions.  The  span  will  be  about  3.5  ft.  and  the 
crane  will  be  built  and  supplied  by  Messrs. 
Jos.  Booth  &  Bros.,  Ltd.,  Rodley. 
There  are  other  items  included  in  the  in- 

stallation which  need  not  be  mentioned  in 
this  preliminary  notice,  but  it  should  be  stated 
that  the  whole  of  the  work  will  be  carried  out 
under  the  supervision  of  the  well  known  firm 
of  Messrs.  Harper  Bros.  &  Co.,  who  are  the 
Consulting  Engineers  to  the  Egyptian  Gov- 

ernment. They  have  prepared  the  specifica- 
tion and  plans,  and  have  designed  the  hand- 
some buildings  which  will  become  a  landmark 

in  the  neighborhood  of  Ale.xandria.  The 

Humphrey  pump  is  controlled  by  the  Humph- 
rey Gas  Pump  Co.,  Syracuse,  N.  Y. 
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Pian   of   Humphrey   Pump    Installation   at   Mex,    Egypt. 

through  a  rotary  meter.  The  plant  will  be 
complete  with  all  auxiliaries  and  special  care 
has  been  taken  that  the  plant  shall  be  suitable 
for  operation  under  the  climatic  conditions 
of   Egypt. 

The   plant    for   electric   power   and    lighting 
will   comprise   two   gas   engines   each    for    180 
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Mat    Lagging  for   Floor   Forms. 

B.  H.  P.  normal  load,  of  the  two-cylinder 
horizontal  type,  running  at  190  r.  p.  m.  and 
direct  coupled  to  120-k.w.  generators.  The 
current  will  be  supplied  at  220  to  230  volts, 
and  the  plant  will  be  complete  with  generator. 

ing  the  centrifugal  drainage  pumps  during 
excavation,  it  will  be  supplied  with  a  200-HP. 
suction  gas  producer  plant  for  temporary 
use,  until  the  main  plant  is  at  work. 

There  will  be  two  Venturi  meters  supplied 
by  Messrs.  George  Kent,  Ltd.,  each  arranged 
to  measure  the  water  delivered  from  one  or 

more  pumps  up  to  a  total  of  five.  These 
meters  will  be  of  square  section  and  12  x  12 
ft.  in  the  throat.  Continuous  recording  ap- 

paratus and  counters  will  be  fitted  to  show  the 
rate  of  pumping  and  the  quantity  of  water 
delivered,  and  will  be  electrically  connected 
to  the  recording  instruments  placed  in  the 
pump  house.  The  meters  are  guaranteed  to 
be  accurate  within  1%  per  cent.  Except  that 
the  throat  diameters  will  be  lined  with  gun- 
metal  to  ensure  smooth  and  accurate  stream 

lines  they  will  be  mostly  constructed  of  %-in. 
steel  plates  bolted  to  rolled  steel  joists  and 
jointed  with  lead  strips.  The  meters  will  be 

partly  supported  in  the  natural  rock  as  ex- 
cavated and  partly  by  concrete  walls. 

There  will  be  a  railway  weighbridge  placed 
at  the  entrance  to  the  sidings  for  the  main 
installation,  having  a  capacity  of  60,000  kilos 
and  made  sufficiently  strong  to  take  a  loco- 

motive up  to  7.5  tons.  It  will  be  of  the  patent 
extension  type  manufactured  by  Henry  Pooley 
&  Sons.  Ltd..  and  will  carry  a  ticket  printing 

steelyard.  The  weighbridge  will  be  a  com- 
bination of  two  self-contained  machines,  one 

weighing  up  to  40.000  kilos,  and  the  other 
up  to  20,000  kilos,  and  the  over-all  length  will 
be  42  ft. 
The  electric  crane  in  the  pump  h9use  will 

be  capable  of  lifting  up  to  30  tons  and  will 
have  separate  meters  for  the  two  lifting 
speeds    and    for    longitudinal    and    transverse 

Adjustable    Shore    and    Mat    Lagging 
for   Concrete   Floor  Forms. 

The  vertical  shores  supporting  the  joists 

and  lagging  for  floor  slab  and  beam  centers 
usually  require  considerable  cutting  to  fit  and 
finally  minor  adjustment  with  wedges.  An 
adjustable  shore  which  has  been  designed  to 
eliminate  both  of  these  tasks  is  shown  bv  the 
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accompanying  drawing.  This  shore  consists  of 
two  2.x4-in.  timbers  with  cap  and  cleats,  as 
shown,  between  which  telescopes  a  4x4-in. 
timber.  Two  tightening  clamps  hold  the 
telescoping  posts  rigid  when  they  have  been 
adjusted  to  the  length  of  shore  desired.  For 
final  adjustment  of  length  the  shore  jack  is used. 

The  mat  lagging  consists  of  a  set  of  paral- 
lel bars  connected  by  chains.  These  mats  are 

of  such  size  that  when  rolled  up  one  man  can 
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Adjustable  Shore  for   Floor   Forms. 

carry  and  adjust  one.  They  are  laid  on  the 
centering  joists  and  covered  by  a  lagging  of 
steel  plates. 
These  shores  and  lagging  mats  are  made 

by  J.  E.  Hodges  &  Co.,  405  Lincoln  Inn  Court, Cincinnati,   Ohio. 
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Device  for  Loading  Stone,  Gravel  and 
Sand  from  Stock  Pile  to  Wagons. 

(Contributed.) 

The  wagon  loader  illustrated   here  is  built 
entirely    of    steel,    and   consists    of    a    bucket 
elevator  mounted  on  a  steel  truss  frame.    The 

The  manufacturers  are  the  George  Haiss 
Manufacturing  Co.,  141st  St.  and  Rider  Ave., 
New  York  City. 

An  Adjustable  Tie  Rod  Clamp. 
Tie   rods    for   wall    or    column    forms   have 

usually  to  be  cut  to  length  and  provided  with 

Portable    Elevator   for    Loading    Wagons. 

truck  rolls  on  two  ■j4-in.  diameter  and  two 
28-in.  diameter  wheels.  These  large  wheels 
permit  the  loader  to  be  moved  by  two  men  on 
level  ground. 
The  motive  power  driving  the  elevator  is 

either  an  electric  motor  or  a  gasoline  engine, 
and  either  one  of  these  units  develops  such 
an  e.xcess  oi  power  that  if  a  bank  of  material 
should  slide  on  the  machine,  burying  ihc  eleva- 

tor, the  machine  will  not  stall  hut  will  dig 
itself  clear.  .•\n  important  feature  also  is 
that  the  elevator  can  be  pushed  into  the  ma- 

terial a  distance  of  about  30  ins.  without 
moving  the  truck  proper,  simply  by  means  of 
a  hand  lever  working  a  pawl  and  ratchet. 
The  elevator  can  also  be  tilted  down  so  that 
the  machine  can  be  pushed  into  a  bin  that  has 
an    overhead   tie-rod    obstruction. 

This  machine  will  load  broken  stone,  sand, 
or  gravel,  from  the  ground  into  wagons  at  a 
rate  of  1  cu,  yd.  per  minute,  and  at  a  cost 
of  less  than  1  ct.  per  cubic  yard  for  electric 
current  or  gasoline,  and  one  man  can  operate 
the  machine.  The  machine  can  also  be  used 

in  sand  and  gravel  pits,  to  excavate  the  ma- 
terial, and  it  can  be  spouted  into  wagons,  or 

onto  small  cars  or  conveyors.  There  is  a 
wide  field  for  their  use  among  road  contrac- 

tors, especially  when  material  is  delivered  by 
railroad.  At  such  times,  a  deflecting  board 
is  rigged  under  a  bottom  dump  car  before 
the  hopper  in  the  car  is  open,  In  this  way 
the  material  is  diverted  to  the  side  of  the 
track,  where  the  wagon  loader  elevates  it  into 
wagons, 

Ihc    over    all    dimensions    of    the    machine 

head  and  nut  or  with  a  nut  at  each  end.  The 
clamp  illustrated  is  designed  to  eliminate  the 
head  or  nut  at  one  end  and  all  cutting  to 
precise  length.  The  tie  rod  is  threaded  and 
fitted  with  the  usual  nut  at  one  end,  then  the 
rod    is    tlireaded   through   the    forms   and    the 

Adjustable  Tie  Rod  Clamp. 

clamp  is  slipped  onto  the  projecting  end  and 

fastened';  the  rod  is  then  tightened  against 
the  forms  by  turning  the  nut.  To  withdraw 
the  rod  the  clamp  is  unfastened  and  slipped 
oft  and  the  nut  end  gives  a  hold  with  which 

to  pull  the  rod  free.  This  device  is  manu- 
factured by  the  Universal  Stamping  Co..  Ltd., 

Strasburg,  Lancaster  County,   Pennsylvania. 

A  New  Form  of  Wire  Cut  Lug  Pav- 
ing Brick  and  the  Machine  for 

Making  It. 

.An  improved  form  of  wire-cut-lug  paving 
brick  is  shown  by  the  accompanying  illus- 

tration.    In  addition  to  the  wire  cut  separating 

height  of  the  end  wedge  or  bevel  is  1/16  in., 
and  the  projection  of  the  side  lugs  is  3/16  in. 
The  brick  itself  is  S^AxSV^  ins.  and  40  brick 
will  lay  1  sq.  yd.  of  pavement.  The  top  and 
ends  of  the  brick  are  molded  smooth  but  the 
sides  are  rough  as  cut  by  the  wires. 
The  machine  illustrated  here  is  one  for 

making  the  new  form  of  brick:  as  will  be 
seen  parts  of  the  platen  are  broken  away 
to  show  the  shapes  of  the  slots  that  guide  the 
cutting  wires.  The  column  of  clay,  9^2  ins. 
wide   and    iVz    ins.    high,    passes    through    the 

Attachment  to  Motor  Truck  to  Spread  Stone 
In   Dumping. 

platen  to  the  left  end  when  the  cutter  is  auto- 
matically set  in  motion  and  the  wire  frame 

travels  across  and  through  the  column,  cutting 
it  into  14  blocks.  The  slots  in  the  platen  have 
offsets,  which  deflect  the  wires,  thus  forming 
lugs  and  grooves.  The  cutter  is  mounted  on 
a  carriage  and  travels  with  the  column  of 
clay,  which  is  a  continuous  moving  column, 
while  the  cut  is  being  made.  When  the  wires 
clear  the  column  the  carriage  returns  toward 
the  auger  for  another  cut.  The  top  platen  is 
raised  while  the  cutter  is  returning. 

The  production  of  wire-cut-lug  brick  is 
controlled  by  the  Dunn  Wire-Cut-Lug  Brick 
Co.,  Conneaut,  Ohio,  which  has  licensed 
numerous  plants  throughout  the  country  to 
manufacture. 

Attachment  to  Motor  Truck  to  Spread 

Stone  to  Even  Depth  in  Dumping. 

The  operation  of  a  simple  catch  made  by 
blacksmiths  to  cause  broken  stone  or  gravel 
to  be  spread  in  an  even  layer  when  dumped 
for  road  work  is  illustrated  here.  The  catch 
permits  the  truck  tail  gate  to  swing  open  only 
a  certain  number  of  inches.  It  has  three 

steps,  one  of  which  spreads  the  load,  with 
the  truck  at  first  speed,  to  a  deptli  of  6  ins., 
one  to  a  depth  of  8  ins.,  and  one  to  a  depth 
of  10  ins.  This  catch  was  devised  for  and 
first  installed  by  a  truck  mechanic  of  the  two 
Peerless  motor  trucks  being  employed  in  coun- 

Improved    Wire-Cut-Lug    Paving    Brick. 

when  in  an  elevating  position  are  15  ft.  long, 
12  ft.  1  in.  high  and  5  ft.  8  ins.  wide.  The 
dimensions  when  the  elevating  medium  is 
tilted  down  are  1.5  ft.  6  ins.  long,  8  ft.  high. 

Machine  for   Manufacturing   Wire-Cut-Lug   Paving   Brick. 

lugs  on  one  side  of  the  brick,  one  end  is 
molded  with  a  flat  wedge  shaped  end  serving 
to  separate  the  end  joints  for  grouting  as  the 
lugs    proper    separate    the    side    joints.      The 

ty  road  work  of  Bexar  County,  Texas  The 
illustration  shows  one  of  the  trucks  operating 
on  this  work.  Peerless  Motor  Car  Co.,  93rd 

and   Quincy  Streets,  Cleveland,  O. 
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The  Maintenance  of  Bituminous  Sur- 
faced Roads  in  San  Joaquin 

County,  California. 
Methods  and  costs  of  constructing  bitu- 

minuous  road  surfaces  are  well  established. 
Methods  and  costs  of  maintaining  such  road 
surfaces  are  not  so  well  established  and  few 

accurate  data  covering  them  have  been  pub- 
lished. Perhaps  the  oldest  bituminous  work 

in  which  a  binder,  high  in  bitumens,  and  un- 
damaged by  manipulation  was  used,  is  lo- 

cated on  the  Pacific  coast.  Here  are 

found  natural  bitumens  possessing  impor- 
tant qualities  without  mechanical  treat- 
ment For  this  reason  alone  it  is  natural  to 

expect  that  bituminous  road  construction 
should  have  been  highly  developed.  Likewise, 
maintenance  methods  4iere  should  be  highly 
developed  for  similar  reasons.  Moreover, 
traffic  and  climatic  conditions  are  favorable  to 
this  type  of  construction. 

In  this  issue  of  Engineering  .•\nd  Con- 
TK.\CTiNG  is  given  a  lather  complete  discus- 

sion of  the  maintenance  conditions  and  meth- 
ods which  exist  in  a  California  county.  The 

system  has  been  in  operation  two  years — not 
long  enough  to  draw  definite  conclusions. 
Yet  the  faults  as  well  as  the  virtues  of 
bituminous  roads  have  been  discussed 
with  a  frankness  and  close  attention  to  detail 
which  should  be  appreciated  by  engineers 
and  road  superintendents  who  are  struggling 
with  maintenance  problems. 
The  article  points  out  the  fact  that  early 

maintenance  consists  largely  of  remedying 
imperfections  in  construction.  The  covering  of 
excess  oil  constituted  the  major  part  of  this 
maintenance  and  %-in.  to  M-^n.  stone  free 
from  dust  was  found  more  satisfactory 
for  this  purpose  than  sand.  On  an  adobe, 
or  clayey  soil.  it  is  believed  advis- 

able to  construct  a'  water  bound  gravel 
or  macadam  road  and  to  allow  traffic  to  com- 

pact it  thoroughly  before  placing  a  bitumin- 
ous surface.  The  width  surfaced  bears  an 

important  relation  to  the  maintenance  of  earth 
shoulders,  which  maintenance  cost  is  high ; 
and  where  there  is  sufficient  reason  to  con- 

tract the  width  of  surface  used  it  is  economy 
to  construct  a  stable  shoulder  of  some  firm 

material.  The  average  cost  of  one-man  patrol 
maintenance  for  the  first  two  years  of  the 
life  of  the  surface  varies  from  $115  to  $125, 
and  the  average  cost  of  reconstructing  the 
surface  is  from  $0,145  to  $0,195  per  square 
yard.  It  is  demonstrated  that  a  motor  patrol 

•  furnishes  a  flexible  and  economical  means 

for  repairs  beyond  the  capacity  of  the  patrol- 
man and  not  sufficiently  important  to  justi- 

fy the  use  of  a  reconstruction  gang.  The 
discussion  of  these  features  is  not  theoretical 
but  is   supported  by   figures   and  illustrations. 
We  believe  the  motor-patrol  system  to  be 

of  great  value  in  the  maintenance  of  bitu- 
minous surfaces  in  rural  sections.  It  pos- 

sesses the  good  points  of  both  the  gang  and 
one  man  patrol  systems.  The  force  is  suffi- 

ciently large  for  all  ordinary  repairs,  what- 
ever their  nature ;  it  has  a  wide  radius  of 

operation  obviating  camping  difficulties ;  and 
it  is  economical  in  operation.  On  the  other 
hand,  the  roads  traveled  should  be  uniform 
in  surface  and  the  initial  cost  of  equipment 
is  somewhat  high. 
The  importance  of  preserving  data  such 

as  that  collected  by  San  Joaquin  County  is 
worthy  of  emphasis.  The  competition  be- 

tween different  types  of  surfacing  is  so  keen 
at  the  present  time  and  for  certain  conditions 
the  advantage  and  disadvantage  are  so  near- 

ly balanced  that  the  acid  test  of  maintenance 

cost  must  be  applied.     We  have  made  an  ef- 

fort to  secure  accurate  data  on  this  subjeet 
and  it  is  hoped  that  engineers  will  devote 
the  attention  deserved  to  the  collection  of 
other  similar  data. 

Common    Errors    in    Calculating    the 
Present    Worth,    or    Capitalized 

Value,  of  an  Annual  Gain. 
The  startling  number  of  errors  in  solving 

problems  of  "capitalized  value"  serves  to  in- 
dicate poor  courses  in  engineering  economics 

at  most  of  our  engineering  colleges.  Recently 
one  of  the  most  striking  of  these  errors  was 
made  by  a  professor  of  Worcester  Polytechnic 
Institute  in  an  address  to  the  students  of  an- 

other technical  school.  In  that  address  the 
attempt  was  made  to  demonstrate  the  value  of 
the  annual  product  of  engineering  schools.  It 

was  stated  that  the  average  "technically- 
trained  graduate  of  our  engineering  colleges 

earns  annually,  on  the  average,  at  least  $3,000." 
This  was  stated  to  be  $2,200  in  excess  of  the 

average    earnings    of    a    "trade-trained    man." The  $2,200  annual  gain  was  capitalized  at 

4  per  cent,  giving  $55,000  as  the  "increased 
potential  value  to  the  community"  resulting 
from  the  engineering  training  received  by  each 
engineering  graduate. 

There  are  several  logical  errors  in  this  de- 

duction, the  first  being  that  a  man's  gain  to 
himself  by  virtue  of  an  education  has  no 
necessary  relation  to  the  gain  to  society  at 
large,  for  superior  ability  may  result  merely 
in  securing  for  its  possessor  an  unfair  share 
of  the  products  of  society.  Conversely,  su- 

perior ability  may,  and  often  is,  not  rewarded 
in  proportion  to  achievement.  Hence  persorial 
gain  is  a  rather  poor  criterion  of  social  gain. 
This,  however,  is  a  matter  that  might  be  open 
to  debate,  but  there  is  no  room  for  debate  on 
the  question  of  capitalizing  at  4  per  cent  the 

$2,200  annual  gain  in  salarv-.  That  is  demon- 
strably  false  economics. 

Theoretically  no  annual  gain  can  properly 

be  capitali::ed  at  ordinary  interest  rates  unless 
that  gain  zuill  continue  forever. 

Since  the  duration  of  the  average  engineer's 
earning  capacity  is,  say,  40  years,  the  present 
worth  of  an  average  $2,200  gain  is  not  $2,200 
^  0.01  =  $55,000,  but  $2,200  ̂   (0.04  +  0.01)  = 
$44,000.  The  1  per  cent  is  added  to  the  4  per 
cent  because  the  1  per  cent  give?  the  amount 

of  the  annuity  required  to  amortize  the  value 
in   40  years. 

Could  it  be  proved  that  the  annua!  gain  ot 

$2,200  is  perpetual,  so  far  as  society  is  con- cerned, it  would  be  proper  to  capitalize  it  at, 

say,  4  per  cent.  But  this  is  neither  subject  to 

proof  nor  is  its  proof  implied  in  the  method 
used  to  derive  the  $2,200.  Clearly,  then,  the 

deduction  of  the  $55,000  present  worth  was 

erroneous,  whether  viewed  from  the  stand- 
point of  society  or  of  the  individual. 

Capitalizing  an  annual  gain  at  ordinary  in- 
terest rates,  without  any  consideration  of  the 

functional  life  of  a  plant,  is  an  almost  univer- 
sal error  committed  by  engineers.  That  we 

are  not  speaking  too  strongly  may  be  easily 

shown  by  putting  a  problem  like  this  to  a 
number  of   engineers: 

What  is  the  capitalized  value  of  the  ad- 

vantace  that  plant  .\  has  ovei-  plant  B,  under 
the  following  conditions:  The  first  cost  of 

A  is  $150,000  and  of  B  is  $100,000. 
Annual  cost. 
A  B 

Interest  at  G  per  cent       $9,000         56,000 
Functional  depreciation  at- 4  per (.gnt               6,000  4,000 
Operating    expenses.     Including 

repairs  and  natural  renewals.       4,000        lo.ooo 

Total  annual  cost    $19,000      $20,000 
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"Functional  depreciation"  is  the  loss  of 
value  due  to  obsolescence  and  inadequacy,  and 
is  assumed  to  average  4  per  cent. 

In  solving  the  capitalized  value  of  the  $1,000 
gain  of  plant  .A  over  B,  most  engineers  will 
chvide  the  $1,000  by  6  per  cent,  giving  $16,667. 

This  is  erroneous.  "The  $1,000  gain  should 
be  capitalized  at  10  per  cent  (6  per  cent  iil- 
terest  plus  4  per  cent  functional  depreciation), 
giving  $10,000  as  the  economic  value  of  plant 
.\  over  plant  B.  That  this  is  a  correct  answer 
may  be  tested  by  adding  the  $10,00(1  to  the 
$150,000  first  cost  of  .\,  and  then  calculating 
the  annual  cost  of  the  $160,000  plant  .\.  The 
result  will  then  be  $20,000,  or  the  same  as  for 
plant  B,  thus  proving  them  to  be  on  a  parity 
when  $10,000  (or  the  $1,000  gain  capitalized 
at  10  per  cent)   is  added  to  plant  A. 

By  such  a  problem  it  is  easy  to  make  evi- 
dent' the  fact  that  the  functional  depreciation rate  must  be  added  to  the  interest  rate  to  get 

the  percentage  basis  for  capitalization.  'Vet 
how  often  has  this  been  done?  Wellington's 
admirable  treatise,  "The  Economic  Theory  of 
Railway  Location,"  nowhere  shows  the  slight- 

est recognition  of  the  fact  that  functional  de- 
preciation plays  a  part  in  capitalizing  annual 

gains  or  losses.  He  capitalizes  the  saving  ef- 
fected route  A  over  route  B  at  ordinar\-  in- 

terest rates,  though  he  himself  is  careful  else- 
where to  point  out  that  no  economically  locat- 

ed road  is  built  for  all  time.  The  writer  is  of 

the  opinion  that  the  average  railroad  in  Amer- 
ica has  had  a  functional  life  of  not  more  than 

25  years — wholly  regardless  of  its  natural 
life.  Furthermore,  it  seems  probable  that  the 

functional  life  of  existing  roads  will  not  ex- 
ceed about  25  years,  of  such  portent  are  the  ̂  

changes  due  to  electric  traction  and  the  rise 
in  terminal  land  values.  If  25  years  is  an 
average  functional  life  of  railways,  then  a 
functional  depreciation  rate  of  about  2.4  per 
cent  must  be  used  in  all  calculations,  since 
annuities  based  on  that  rate  and  compounded 

at  4  per  cent  will  amortize  the  entire  invest- ment in  25  years. 
It  is  not  our  purpose  now  to  discuss  the 

overlapping  effects  of  natural  and  functional 
depreciation,  which  are  themselves  the  cause 
of  much  confusion  among  engineers.  We  de- 

sire merely  to  emphasize  the  grave  danger  of 

capitalizing  annual  gains  at  ordinary  interest rates. 

A  Comprehensive  Chart  for  Designing 
Reinforced    Concrete   Beams. 

.\  considerable  number  of  diagrams  has 

been  platted  to  expedite  the  design  of  rein- forced concrete  beams,  some  of  which  are 

ingenious  and  effective  as  far  as  theii  appli- 
cation extends.  In  the  buildings  section  of 

this  issue  we  are  publishing  a  chart  for  use 

in  designing  reinforced  concrete  bearns,  con- 
taining either  single  or  double  reinforce- 

ment. It  is  believed  that  this  chart  is  the  first 
comprehensive  representation  in  graphical 
form  of  the  formulas  in  common  use  under- 

lying the  design  of  reinforced  concrete  beams 
containing  both  single  and  double  reinforce- 

ment. The  chart  can  be  used  to  solve  the  in- 
volved expressions  which  are  encountered  in 

the  design  of  reinforced  concrete  bea:ns.  thus 
reducing  the  algebraic  solutions  to  a  mini- 

mum. It  is  sufficiently  comprehensive  to  en- 
able the  designer  to  solve  problems  involving 

all  the  usual  variations  of  stresses  and  given 
conditions  and  requirements.  It  should  prove 

of  particular  value  to  students  of  reinforced 
concrete  design,  as  it  shows  clearly  the  effect 
of  changing  various  elements  of  the  prob- lem. 

Another    chart    by    the    same    author    will 
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be  published  in  the  near  future  for  use  in  de-  .signer  to  find  the  required  values  of  h,  d  and  tiona.1  computations  as  soon  as  the  maximutn 

signing  simple  reinforced  concrete  rectan-  />  for  any  combination  of  /.,  /c  and  v.  within  bending  moments  and  shears  have  been  dater- 

gular  beams.     This  chart  will  enable  the  de-      the  usual  range  of  these  values,  without  addi-      mined. 

ROADS  KMT)  fMV^ET, 
Methods   and    Cost    of    Road    Mainte- 

nance in  San  Joaquin  County, 

California. 

Contributed  by  W.   B.   Hogan,   Assistant  Engi- 
neer, Highway  Maintenance  Department. 

San  Joaquin  County,  California. 

•  In  March,  1909,  the  citizens  of  San  Joaquin 
County,  California,  voted  a  bond  issue  of 
$1,890,000  for  the  permanent  improvement  of 
240  miles  of  county  highways,  shown  in  Fig. 
1.  The  bond  issue  was  voted  under  a  statute 

of  political  code  known  as  the  "Savage  Act," 
which  provided  that  any  county  could  bond 
itself  to  an  amount  not  to  exceed  5  per  cent 
of  the  assessed  valuation  of  the  property, 
after  deducting  all  other  bonded  indebtedness. 
It  further  provided  for  a  highway  commis- 

sion, consisting  of  three  members  with  power, 
through  the  County  Board  of  Supervisors,  to 
advertise  for  bids  and  let  contracts  for  the 
construction  of  highways  and  bridges. 

In  October,  1909,  the  first  contract  was  let 
for  20.18  miles  of  asphalt  macadam  road.  Ad- 

ditional contracts  were  let  and  completed  un- 
til in  January,  1912,  approximately  120  miles 

of  road  were  finished  and  in  need  of  main- 
tenance. 

ORGANIZATION  FOR  MAINTENANCE. 

The  organization  for  maintenance  is  per- 
haps unique  in  that  it  is  probably  the  first 

attempt  by  an  individual  county  to  do  away 
with  the  system  whereby  the  road  money  of 
the  county  is  set  aside  into  various  road  dis- 

trict funds,  and  its  expenditure  left  to  the 
supervisor  or  commissioner  of  the  district 
with  little  attempt  to  systematize  the  work 
or  to  keep  cost  data  thereon. 

In  January,  1912,  the  Board  of  Supervisors 
adopted  a  resolution  providing  for  the  syste- 

matic maintenance  of  all  highways  completed 
and  to  be  completed  under  the  bond  issue.  The 
resolution  specifically  stated  that  the  entire 
system  should  be  maintained  as  a  unit,  and 
funds  expended  without  regard  to  mileage  or 
assessed  valuation  of  any  road  district.  It 
further  specified  that  direction  of  the  work 
be  placed  under  a  competent  chief,  who  should 
have  charge  of  the  supervision  of  the  work 
and  accounting  of  the  funds.  As  the  county 
surveyor  was  the  logical  official  to  take  charge 
of  such  work,  he  was  empowered  to  organize 
the  department  and  purchase  all  equipment 
necessary  for  the  prosecution  of  the  work; 
the  system  to  be  so  devised  and  operated  that 
at  any  time  the  amount  expended  on  any  road 
could  be  ascertained. 

In  February,  1909,  the  county  surveyor  pro- 
ceeded to  organize  the  Highway  Maintenance 

Department  of  San  Joaquin  County,  the  per- 
manent organization  of  which  is  as  follows: 

The  county  surveyor  is  the  official  head.  Next 
in  charge  and  directly  responsible  to  him  is 
the  assistant  engineer  who  has  charge  of  a 
second  assistant  engineer  and  an  accountant. 
AH  patrolmen  are  responsible  to  the  second 
assistant  engineer. 

The  equipment  purchased  consisted  of  heavy 
machinery  and  minor  equipment  necessary  to 
carry  on  the  work.  The  following  is  an  in- 

ventory list  of  the  equipment  on  hand  Jan. 
1,  1914. 
Item.  Cost. 

Blacksmith   tools      $      212.02 
Heatinff  boilers      2.017.43 
Road  drags       239  Ir, 
Office  furniture      332!75 
Oil  furnaces       240.09 
Road  graders      1,388.75 
Motor  vehicles       10,844  95 
Oil   pits       1,189.50 
Oiling  machines       2,099.67 
.Street   sweepers       905.20 
Material   wagons       1,037.77 
Oil   wagons       1,804.31 
Water  wagons      1,251.73 

Equipment  under  construction  January, 
1,   1914              106.05 

Miscellaneous  equipment,  including 
brooms,  picks,  pouring  pots,  plows, 
rakes,  shovels,  scrapers,  wrenches, 
etc           557.27 

Total    cost    of    equipment    for    main- 
tenance purposes     $24,126.70 

The  methods  of  maintenance  instituted  were 
as  follows :  One-man  patrol,  gang  system, 
motor  patrol,  prison  labor. 

ONE-MAN  PATROL  SYSTEM. 

A  patrolman  is  placed  on  a  monthly  salary 
of  $90,  and  is  required  to  devote  his  entire 
time   to   the   roads   under   his   patrol.       Each 

E«.C. 
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Fig.    1.     Map    of    Improved    Highways    in    San    Joaquin    County,    California. 

For  storing  during  the  winter  months  and 
making  necessary  repairs  on  equipment  not 
in  use,  a  corporation  yard  was  provided.  For 
housing  purposes  a  50xl00-ft.  corrugated 
sheet-iron  warehouse  and  a  16x140- ft.  open 
corrugated  sheet  iron  shed  were  constructed. 

patrolman  is  required  to  furnish  a  horse  and 
a  one-horse  wagon  of  low  running  gear.  Fig. 
2,  capable  of  carrying  at  least  2,000  lbs.  He  is 
given  charge  of  from  10  to  15  miles  of  road. 
The  following  is  a  list  of  equipment  neces- 

sary for  his  work  as  patrolman : 
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Item.  Cost, 
one-horse    wagon    (capacity    2,000    lbs., 
furnished    by    patrolman)     $40.00 

25-gallon  oil  heating  furnace       25.00 
1   pick 
1  mattock     
1  rake     
1  round  point  shovel   
1   square  point  shovel   
1  SxS-in.   cast  iron  tamper. 
1  S-in.   Tarco  pouring  pot.. 

1.00 
1.00 .85 

1.00 
1.00 
1.25 
5.00 

Total  cost  of  equipment  for  one  patrol- 
man        $76.10 

cold,   damp,   rainy  weather.    His  procedure  in 
work  of  this  class  is  as  follows: 

When  he  notices  a  spot  or  place  upon  the 
surface  of  the  roadway  where  the  sealing 
coat  has  worn  through  leaving  the  rocks  ex- 

posed, he  first  cleans  the  spot  thoroughly  of 
all  dust  and  dirt  by  means  of  a  stable  broom, 
places  a  thin  coat  of  hot,  heavy  asphaltic  oil 
over  the  surface  of  the  exposed  rock,  and 
covers  the  same  with  rock  screenings  or  fine 

Fig.  2.    Patrolman's  Equipment  and  Method  of    Patching. 

screenings.  Patrolmen  have  various  other 
duties,  such  as  keeping  the  earth  shoulders 
along  the  edges  of  the  oil  macadam  high- 

ways well  drained  so  as  not  to  allow  any 
water  to  penetrate  under  the  edge  of  the  pave- 

ment to  the  subgrade,  cutting  all  obnoxious 
weeds,  keeping  the  roadway  clear  of  rubbish, 
the  waterways  open  for  drainage,  etc. 

Cost. — The  cost  per  mile  per  year  of  main- 
tenance by  the  one-man  patrol  system  may 

almost  be  considered  as  a  fixed  sum.  For 
instance,  a  patrolman  has  charge  of  12  miles 
of  roadway,  and  receives  $1,080  per  year;  di- 

viding this  amount  by  the  number  of  miles 
in  charge  of  the  patrolman  gives  a  labor  cost 
of  $90  per  mile  per  year.  From  experience 
we  have  found  the  cost  of  material  used  will 
he  from  $25  to  $35  per  mile  per  year.  Adding 
the  above  unit  figures  shows  us  that  the  total 
maintenance  cost  per  mile  per  year  varies 
from  $115  to  $125. 

Reports. — All  patrolmen  are  required  to  ren- 
der daily  reports.  Fig.  3,  to  the  office  show- 
ing the  road,  or  roads,  upon  which  they  have 

been  working,  nature  of  the  work  performed, 
and  the  amount  of  oil  used.  A  patrolman  is 
not  expected  to  maintain  the  mileage  of  road- 

way given  him,  exclusive  of  other  assistance. 
When  the  condition  of  the  section  of  road- 

way is  such  that  it  would  be  impracticable  or 
impossible  for  him  to  maintain  the  same,  a 
larger  outfit  is  employed  for  the  work. 

MAINTENANCE    BY   GANG    SYSTEM. 

The  gang  outfit  consists  of  from  12  to  16 
men  in  charge  of  a  superintendent,  14  to  20 
horses  or  mules,  and  the  following  equip- 

ment : 
Items.  Cost. 

1  steam  road  roller   $  3,250.00 
1  portable    steam    boiler        873.80 
1  Tomer  (steam  pressure)   oiler       1,600.00 

The  heavy  asphaltic  road  oil  which  the  pa- 
trolman uses  in  his  work  of  patching,  is  kept 

in  underground  wooden  tanks  of  capacity 
varying  from  150  to  370  bbls.,  located  along 
railway  sidings  at  convenient  points. 
Where  railway  sidings  are  not  convenient 

to  roads  under  charge  of  patrolman,  small 
underground  pits  or  tanks  having  a  capacity 
of  24  bbls.  are  constructed.  The  oil  for  the 

patrolman's  use  is  delivered  to  these  pits  in 
tank  wagons.  Stone  is  placed  in  piles  of 
three  or  four  tons  each,  400  or  500  ft.  apart 
on  the  edge  of  the  road  out  of  the  way  of 
traffic. 

The   patrolman's   chief   work    in    the   warm 

PATROLMAN'S  DAILY  REPORT  TO  HIGHWAY 
MAINTENANCE    DEPARTMENT   OF  SAN 
JOAQUIN  COUNTY. 

ORIGINAL                           Date   191.. 

Name  or  Number  of  Road Mile Time Oil 

Extra  Labor,  Stock  and  Equipment 

No. Time Amt. 

Laborers   

Horses   

Wagons   

Remarks:       

      (Patrolman  states  nature  of  work  he  is'    .. .  . . 
          doing  under  heading  "Remarks")            

Signed : 

Patrolms n 

pea  gravel  in  sufficient  quantity  to  absorb  the 
oil.  The  heavy  asphaltic  oil  sticks  to  the  sur- 

face of  the  exposed  rock  and  unites  along 
the  edges  with  the  old  sealing  coat  where  it 
has  not  been  worn  through,  forming  a  patch 
which  seals  the  surface. 

In  places  where  the  sealing  coat  has  not 
been  worn  through,  but  depressions  have  de- 

veloped, the  depression  is  first  cleaned  by 
broom  of  all  dust  or  fine  materials  and  then 
given  a  very  light  coat  of  heavy  asphaltic 
oil,  after  which  rock  is  placed  in  the  depres- 

sion in  sufficient  quantity  to  bring  the  sur- 
face nearly  to  a  level  of  the  surrounding 

pavement.  The  size  of  the  rock  to  be  used 
varies  from  %  to  1%  ins.  in  size,  according 
to  the  depth  of  the  depression.     The  surface 

3   road  oil  wagons. 
3  fuel  oil  wagons   
4  dump  wagons     
2   spreader  wagons      
2  stick   wagons      
1  rotary  street  broom   
2  600-gal.    water   wagons   
2  Koad   King  graders   
1    Austin   scarifier      
1  portable  centrifugal  pumping  plant. 

IS    shovels      
6    stable   brooms   
Minor  equipment   (small  tools)   

655.20 
719.60 

617.00 
370.00 260.00 
450.00 

830.75 
847.00 
450.00 
218.57 
18.00 6.00 
25.00 

Total   cost  of  gang  equipment   $11,191.10 

The  gang  outfit  handles  work  in  which  the 
entire  sealing  coat  of  the  roadway  is  in  need 
of  replacement  or  where  the  surface  has  be- 

come so  rough  or  uneven  that  it  is  necessary 
to  reconstruct  it.  In  replacing  the  sealing 
coat,  heavy  asphaltic  oil  is  applied  in  a  fine 

spray    under    pressure,    over    the    entire    sur- 

T^T^rr^^^^s;^ 

Fig.  3.    Daily   Report  Form   Used   by  Patrol- 
men. 

(Size   i'A    ins.    by   7'^    ins.) 

weather  of  spring,  summer  and  fall  consists 
of  keeping  the  sealing  coat  of  oil  macadarri 
highways  intact.  No  attempt  is  made  to  use 
heavy  asphaltic  oil  or  do  any  patching  work 
whatsoever    in    which    oil    is    required    during 

Fig.  4.     Motor   Patrol    Outfit   Showing    Equipment    and  Gang. 

of  the  rock  is  then  given  an  additional  coat 
of  oil  and  covered  with  fine  material  to  ab- 

sorb the  same.  It  is  thoroughly  tamped, 
which   operation    completes   the   process. 
On  the  waterbound  macadam  roads  he 

keeps  all  hollows  or  depressions  filled  with 
cementing    road    gravel,    fine    rock    or    rock 

face  of  the  pavement,  and  covered  with 
screenings,  stone  chips  or  pea  gravel  in  suffi- 

cient quantity  to  absorb  the  same.  The  cost 
of  replacing  a  sealing  coat  on  an  oiled 
macadam  road  14  ft.  in  width,  using  Vi  gal. 

of  oil  per  square  yard  and  .026  tons  of  ma- terial   to   absorb   the   oil   varies   from   $0.0547 
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to  $0,073  per  square  yard,  or  from  $450  to 
$600  per  mile,  the  chief  governing  factor  be- 

ing the  f.  o.  b.  prices  of  material  and  the 
length  of  haul. 

In  places   where   the   roadway   has   become 
rough  and  uneven  in  order  to  repair  the  same 

depressions  and  hollows  are  obviated,  and 
the  road  after  completion  presents  a  smooth 
and  uniform  surface. 

The  cost  of  reconstructing  an  oiled  mac- 
adam road  14  ft.  in  width  in  the  above  man- 

ner, using  %  in.  stone  for  a  surface  layer,  and 

spongy.  The  sealing  or  wearing  coat  should 

be  kept  as  thin  as  possible  so  that  tractive  re- 
sistance, and  the  tendency  to  roll  or  creep, 

be  reduced  to  a  minimum. 

The   gang  outfit  has   disadvantages  as  well 
as   advantages.     It   is   a   large   outfit   and   in- 

TABLK  I.— ORIGINAL.  COST,    TRAFFIC,   AND  MAINTENANCE  OF      IMPROVED  ROADS  IN  SAN  JOAQUIN  COUNTY,  CALIFORNIA. 
6  ,   Traffic    record.   -^ 

,    1913,    to   Aug.   31,    1913. 
inc.,  7  a.  m.  to  7  p.  m. 
Horse  drawn.  Motor  drawn.  ^Maintenance    costs. - 

Aug. 
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year. 

3 
4 
« 

12 
19 

Waterloo    . . 
Linden     
Hogan     
N.  Stockton. 
West   Side.. 

Mileage  under 
maintenance, 
Jan.  1.  1913,  to 
July  1,  1913. 10.83 

11.58 
4.31 0.50 

23.13 

•Described  In  detail  In  the  text. 

Mileage  under 
maintenance. 
July  1,  1913,  to 
Jan.  1,   1914. 19.36 

13.39 
9.64 
0.93 
21.88 

the  entire  surface  of  the  roadway  is  scarified 
to  a  depth  of  3  or  4  ins.,  shaped  with  a  grader 
and  rolled  lightly  into  place,  after  which  the 
entire   surface   of   the   pavement   is   given   a 

oiling  with  %  gal.  of  oil  per  square  yard, 
varies  from  $1,200  to  $1,600  per  mile,  or  from 
$0.14.5  to  $0,195  per  square  yard.  Using  1% 
in.  stone  for  a  surface  layer,  the  cost  will 
vary  from  :pl,800  to  $2,400  per  mile,  or  from 
$0,219  to  $0,292  per  square  yard,  the  chief 
governing  factors,  as  before  stated,  being  the 
f.  o.  b.  prices  of  material  and  the  length  of 
haul. 

It  has  not  been  found  advisable  to  place  a 
coat  of  oil  upon  the  surface  of  an  oiled 
macadam  road  which  has  been  scarified  with- 

out first  adding  a  thin  layer  of  rock,  for  the 
reason  that  the  surface  of  the  pavement,  after 

volves  the  expenditure  of  from  $55  to  $75 
per  day.  In  order  that  it  be  worked  to  the 
best  advantage  it  must  be  kept  constantly  at 
work,  with  as  few  delays  as  possible,  which 
means  that  great  care  must  be  taken  to  have 
material  on  hand  when  needed,  work  planned 
in  advance,  and  distances  of  moving  made  as 
short  as  possible. 

MAINTENANCE   BY    MOTOR    PATROL   SYSTEM. 

The  motor  patrol  outfit  consists  of  a  three- 
ton  gasoline  truck.  Fig.  4,  having  a  bed  14  ft. 
long,  6  ft.  wide  and  14  ins.  deep.  There  is 
mounted  on  a  platform  5%  ft.  square  and  di- 

TRUCK  DRIVER'S  DAILY  REPORT  TO  HIGH- WAY  MAINTENANCE  DEPT.  OF  SAN JOAQUIN  COUNTY. 

ORIGINAL       Truck  No.. 

Hour  of  Departure  (  '  •*•"'■ 

Date   191.. 

,      p„       Hour  of  Return  {•  •»-^- Speedometer  Reading  on  Return   
Speedometer  Reading  on  Leaving        ■....'.'..'.'. 

.,     „  „     Mileage  Traveled   ~ No.  Quarts  Oil    X^y 

No.  Gallons  Gasoline  or  Distiilatc  ~  Gal." 

Name  or  NimsER  op  Road  or  Jon 

No.  of  Laborcr8_ 
Remarks .... 

.Mileage 

Time 

Driver  Sign  Here . 

Fig.  5.    Dally  Report  Form  Used  by   Motor 
Patrol. 

(Size   i'.^    ins.    by   7^4   Ins.) 

single  layer  of  y^  or  iMs-in.  stone.  This 
layer  of  stone  is  then  thoroughly  rolled  and 
forms  a  surface  upon  which  an  additional 
coat  of  oil  can  be  successfully  applied. 

Oil  is  generally  applied  in  two  applications 
of  '/4  and  M  gals,  per  square  yard,  respective- ly, covered  with  fine  material  to  absorb  the 
same,  and  thoroughly  tolled.     By  this  process 

Fig.  6.    Work   Truck   Used   in  Transporting   Prison     Labor. 

scarifying,  has  more  or  less  oil  incorporated 
in  the  fine  material  which  was  used  to  ab- 

sorb oil  at  the  time  of  construction,  and  an 
additional  coat  of  oil  without  the  addition  of 
a  coarser  rock  material  would  tend  to  give 
too  great  an  amount  of  oil  and  fine  material 
over  the  surface  of  the  upper  or  wearing 
course   of   rock,   thereby   making   it   soft   and 

rectly  in,  rear  of  the  driver's  seat,  a  4-H.P. 
steam  boiler,  a  250-gal.  oil  tank,  a  loO-gal. 
water  tank  and  a  0-ft.  x  2-ft.  x  3-ft.  steam 
pump.  Behind  the  platform  upon  which  the 
boiler,  tanks  and  pump  are  mounted,  there 
is  left  8^  ft.  of  the  bed  of  the  truck  in  which 
to  carry  material.  The  truck  is  also  equipped 
for  towing  a  1,000-gal.  tank  of  oil.     The  cost 
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of  this  outfit  with   minor  tools  necessary   for 
the  work,  is  as  follows: 
Item.  Cost. 

1  3-ton  gasoline  truck   $3,922.75 
1  patching  machine  (mounted  on  truck)      455.06 
1  1,000-gal.    oil   wagon        260.08 
4  square-point   shovels       4.00 
2  stable   brocms       2.00 
2  cast    iron    tampers    2.50 
1  pick      1.00 

Total  cost  of  automobile  patrol  equip- 
ment     $4,387.31 

In  places  where  the  condition  of  the  road- 
way is  such  that  it  is  impracticable  for  patrol- 
men to  repair,  and  at  the  same  time  would 

hardly  justify  repairing  with  the  gang  out- 
fit, the  auto  patrol  is  used.  It  requires  but 

four  men  to  operate  this  outfit,  namely : 
truck  driver,  oil  man  and  two  laborers.  The 

truck  driver's  dutj-  is  to  attend  to  the  mov- 
ing of  the  truck  back  and  forth  along  the 

road  when  engaged  in  the  application  of  oil. 
The  oilman  attends  to  the  steam  boiler  and 
spraying  the  oil  upon  the  surface  of  the  road. 
One  laborer  works  upon  the  truck  covering 
the  oil  with  fine  material  as  soon  as  it  is  ap- 

plied by  the  oilman.  The  second  laborer 
works  in  advance  of  the  truck,  sweeping  the 
dust  and  dirt  from  all  spots  to  be  oiled. 

In  the  use  of  this  outfit  it  is  necessary  that 
all  material  used  in  the  work  be  placed  along 
the  road  in  piles  in  advance  of  the  work. 
This,  however,  may  be  done  at  seasons  of  the 
year  when  it  is  impracticable  to  apply  oil. 

The  method  of  replacing  the  sealing  coat  is 

essentially  the  same  as  that  used  by  patrol- 
men, with  the  exception  that  the  oil  is  ap- 

plied in  a  thin  spray  under  pressure.  This  out- 
fit has  proven  to  be  very  handy,  and  the  ex- 

penditure per  day  for  labor  is  small,  being  as 
follows  : 

Cost 
Item.  per  day 

Foreman    (oil   man)   $  4.00 
3   laborers      .'        '=0 
Truck     exprrse     (including    oil,     gasoline, 

tires  and  repairs,  average  of  345  days)..     2.70 

Daily  cost  of  operating  motor  patrol. ..  .$14.20 

On  light  surface  work  this  outfit  will  patch 
approximately  two  miles  of  road  per  day. 
On  heavy  surface  patching  one  mile  per  day 
is  a  good  average. 

The  motor  patrol  is  able  to  move  rapidly 
when  not  engaged  in  actual  work  of  applying 
oil,  and  can  carry  a  sufficient  supply  of  oil 
in  a  trailer  wagon  to  last  three  or  four  days, 
without  returning  to  headquarters.  No  large 
expense  is  involved  in  moving  it  from  one 
part  of  the  county  to  another,  as  in  the  case 
of  a  gang  outfit.  Figure  5  shows  the  form 
of  report  used  by  this  outfit. 

MAINTENANCE    BY    PRISON    LABOR    SYSTEM. 

Two  forces,  consisting  of  from  12  to  18 
county  prisoners,  are  employed  constantly  in 
maintenance  work.  Each  of  these  forces  is 
in  charge  of  two  deputy  sheriffs,  one  of  which 
directs  the  work  upon  the  roadway,  while  the 
other  acts  as  guard.  The  following  equip- 

ment is  provided  for  the  two  forces : 
Item.  Cost. 

1  I'.'z-ton   gasoline  auto   truck   $3,401.35 
1  2-ton  gasoline  auto   truck     2,84().00 

24  square-point    shovels          24.00 
6  round-point   shovels       6.00 

IS  14-in.    rakes              15.30 
24  mattocks              24.00 
24  picks              24.00 
24  stable   brooms             24.00 

Total    cost   of  equipment   for   2   prison 
labor  gangs     $6,358.65 

One  truck.  Fig.  6,  is  light  and  fast,  capable 
of  traveling  from  2.j  to  30  miles  per  hour, 
and  works  at  as  great  a  distance  as  30  miles 
from  headquarters.  The  main  work  performed 
by  these  forces  consists  of  the  spreading  of 
screenings,  stone  chips  or  pea  gravel  upon  the 
surface  of  the  oil  macadam  highways  where 
excess  oil  has  appeared  upon  the  surface. 
They  also  work  at  times  in  conjunction  with 
the  gang  outfit  in  spreading  stone  and  cover- 

ing oil. 

In  the  winter  seasons,  when  no  difficulty  is 
experienced  with  oil  coming  to  the  surface, 
the  forces  are  kept  at  work  filling  depressions 
in  the  waterbound  macadam  roads,  opening 
up  waterways  of  culverts,  painting  bridges, 
clearing    grass    from    wings    of    bridge    abut- 

ments,   unloading    material     from     cars,     and 
various  other  odd  jobs. 

One  great  advantage  in  these  forces  is  that 
they  are  always  available  on  demand.  If 
they  were  not  available,  it  would  be  necessary 
during  the  summer  to  employ  hired  labor  for 
the  work  which  they  perform. 

MAINTENANCE     COSTS     FROM     JAN.      1,     1913,     TO 

JAN.    1,    1914. 
At  the  beginning  of  the  year  1913  there 

was  in  charge  of  the  maintenance  department 
222.33  miles  of  completed  highways.  During 
the  following  six  months,  19  additional  miles 

LOWER    SACRAMENTO   ROAD. 

Asphalt   macadam      20.  IS  miles 
In  constructing  this  road  the  cross  section 

of  which  is  shown  in  Fig.  7a,  the  following 
features  were  given  consideration  and  meth- 

ods used : 
The  road  is  one  of  the  main  arteries  lead- 

ing out  of  the  county.  It  carries  the  heaviest 
motor  travel  of  any  road,  and  the  type  of 
construction  is  higher  and  more  durable  than 
is  used  on  the  other  roads.  The  pavement  is 
asphalt  macadam,  varying  in  width  from  10 
to  14  ft.    The  natural  soil,  over  which  a  por- 
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(f)     Manteca-Ripon  Road. 

Fig.  7.    Cross  Sections  Used  on  Various  Roads  in    San  Joaquin  County,  California. 

(Note:    The  thickness  and  width  of  surfacing  varied  to  fit  soil,  traffic  and  topographic  conditions.) 

were  turned  over  to  the  department,  making 
a  total  of  241.33  miles,  or  the  entire  system 
shown  in  Fig.  1.  Table  I  gives  briefly  data 
concerning  the  various  roads  of  the  system 
and  the  cost  of  maintenance  for  the  year 
1913. 

In  order  to  study  and  understand  this  tab- 
ulation of  cost  data,  it  is  necessary  to  know 

something  of  the  t>'pe  or  construction  of  the 
roads  involved,  and  the  character  of  the  main- 

tenance work  done  upon  them.  As  the  type 
of  construction  in  a  great  many  cases  is  the 
same  it  will  not  be  necessary  to  describe  the 
method  of  construction  and  the  maintenance 
cost  of  each  road.  A  few  concrete  examples 
will   be  given. 

tion  of  the  road  passes,  is  of  a  heavy  adobe 
nature.  On  this  class  of  soil,  before  the 

placing  of  the  asphalt  macadam,  a  layer  of 
cementing  road  gravel  5  ins.  thick  was  placed 
and  thoroughly  compacted.  The  soil  over 
which  the  remaining  portion  of  the  road 
passes  is  of  a  sandy  loam  nature.  Upon  this 

section  the  asphalt  macadam  was  placed  di- 
rectly upon  the  natural  earth  subgrade.  The 

thickness  of  the  pavement  on  sections  of  the 
road  which  pass  over  heavy  soils  is  4  ins.;  of 
a  sandy  loam  nature,  3  ins. 

The  greater  portion  of  the  money  expend- 
ed on  this  road  for  the  year  was  in  the  con- 

struction of  graveled  shoulders  3  ft.  wide 
and  4  ins.   thick,   along  the  first   four  miles. 

% 
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Maintaining  earth  shoulders  flush  with  the 
edges  of  the  pavement  constituted  the  entire 
remaining  expense. 
The  highway  is  one  of  the  through  roads 

over  which  there  is  a  heavy  automobile  travel. 
The  pavement  being  too  narrow  for  vehicles 

tity  to  absorb  the  oil.  The  oil  was  allowed 
to  lap  about  6  ins.  upon  the  edge  of  the  as- 

phalt macadam  pavement.  The  results  from 
this  experiment  have  been  very  satisfactory. 
The  shoulders  are  remaining  flush  with  the 
edge  of  the  pavement,  and  the  oil  has  made  a 

Fig.    8.     Surface    Failure    on    a    Wet    Adobe    Foundation. 

to  pass  they  are  required  to  turn  off  of  the 
pavement.  As  a  result  of  this  the  earth 
shoulder  next  to  the  pavement  is  worn  away, 
leaving  a  very  noticeable  depression,  as  shown 
in  Fig.  8. 

In  the  fall  and  winter  this  depression  is 

brought  to  grade  at  the  edge  of  the  pave- 
ment with  a  road  grader.  This  method  of 

maintaining  the  earth  shoulder  flush  with  the 
edges  of  the  pavement  is  but  a  temporary  re- 

lief, for  during  the  summer  months,  owing 
to  the  lack  of  rain,  the  earth  shoulders  cut 
into   dust,   leaving   the   depression   mentioned. 
During  the  year  an  oiled  stone  shoulder 

2'A  miles  long  was  constructed  along  the  edge 
of  the  pavement.  This  work  was  in  the  na- 

ture of  an  experiment  to  ascertain  a  feasible 

Fia-  9- Peeled    Surface    Due    to    Poor 

Penetration. 

method  of  keeping  the  shoulders  flush.  The 
%-in.  stone  was  placed  along  the  edges  in  a 
layer  about  1  in.  deep  and  2  ft.  wide,  given  a 
coat  of  heavy  asphaltic  oil  applied  at  the  rate 
of  approximately  1  gal.  per  square  yard,  and 
covered  with  fine  material  in  sufficient  quan- 

subgrade.  Upon  this  oiled  subgrade  was 
placed  a  layer  of  VA  in.  stone  10  ft.  in  width 
and  4  ins.  in  thickness,  feathering  out  on  each 
side  for  a  distance  of  2  ft.  This  course  of 
stone  was  thoroughly  rolled  and  filled  with 
screenings  in  sufficient  quantity  to  fill  all 
voids,  and  thoroughly  bond  it.  Upon  this 
course  was  placed  a  wearing  surface  of  1% 
in.  stone  2  ins.  in  thickness  and  14  ft.  in  width. 
This  course  was  thoroughly  rolled,  and  the 
voids  filled,  leaving  the  uppermost  surface  of 
the  rock  exposed  to  receive  oil.  Two  applica- 

tions of  heavy  asphaltic  oil  were  applied  at 
the  rate  of  %  and  V6  gal.  each  per  square 

yard,  each  coat  being  covered  with  screen- 
ings and  thoroughly  rolled. 

The  maintenance  work  upon  this  section  of 
the  roadway  has  consisted  almost  entirely  in 
the  covering  with  fine  material,  the  excess 
oil  which  has  appeared  upon  the  surface.  Some 
maintenance  work  has  been  done  by  the 
patrolmen  in  charge  of  this  section. 
The  remaining  section  of  this  road,  8.10 

miles  in  length,  was  constructed  upon  the  nat- 
ural earth  subgrade  at  a  cost  of  $49,277.40. 

The  rock  was  placed  4  ins.  in  thickness  and 
14  ft.  in  width,  thoroughly  rolled  and  the 
voids  filled  with  rock  screenings,  leaving  but 
the  uppermost  surface  of  the  rock  exposed 
for  oil.  It  was  then  given  two  applications 
of  heavy  asphaltic  oil,  applied  at  the  rate  of 

%  and  ̂   gals,  per  square  yard,  each  coat  be- 
mg  covered  with  rock  screenings  in  sufficient 
quantity  to  absorb  the  oil. 
The  maintenance  work  on  this  section  of 

the  road  has  consisted  entirely  of  that  done 

by  the   patrolmen. 
It  is  impossible  to  draw  any  definite  con- 

clusion on  the  cost  of  maintenance  with  re- 

union with  the  asphalt  so  that  it  is  difficult  to 
detect  the  line  of  division  between  the  shoul- 

der and  the  pavement. 

As  shown  in  Table  I,  the  maintenance  cost 
per  mile  on  this  road  has  been  $282.87.  This 
entire  amount  has  been  spent  on  the  shoul- 

ders in  an  effort  to  keep  them  flush  with  the 
edges  of  the  pavement.  The  figures  seem 
high,  but  taking  into  account  the  fact  that  the 
pavement  is  narrow  and  the  motor  traffic  e.x- 
ccssive,  the  reasons  for  the  expenditure  are 

apparent. CHEROKEE    LANE    RO.\D. 
Asphalt    macadam      65  mile.'! Oiled   macadam      14.17  miles 

This  road  is  one  of  the  main  highways  con- 
necting the  two  largest  cities  in  the  county. 

It  is  not  the  heaviest  traveled  road,  but  car- 
ries more  than  the  average  amount  of  traffic, 

ranking  third  in  horse-drawn  traffic,  and  sixth 
in  motor-drawn  traffic.  It  is  one  of  the  best 
oiled  macadam  highways  in  the  system.  The 
cross  section  is  shown   in   Fig.  7b. 

A  portion  of  this  road  0.65  miles  long,  ad- 
joining the  city  of  Stockton,  was  improved 

with  asphalt  macadam  24  ft.  in  width  at  a  cost 
of  $12,972.75.  The  asphalt  macadam  was 
placed  4  ins.  in  thickness  upon  a  base  of 
cementing  road  gravel  5  ins.  in  thickness. 
The  road  is  wide  enough  to  allow  vehicles  to 
pass  without  turning  off  the  pavement  onto 
the  shoulders,  and  no  difficulty  has  been  ex- 

perienced in  the  maintaining  of  the  earth 
shoulders. 

The  pavement  required  no  actual  mainte- 
nance work  during  the  year,  and  at  present 

is  in  excellent  condition. 

Adjoining  the  asphalt  macadam  a  section 
of  oiled  macadam,  6.07  miles  in  length,  was 
constructed  over  a  heavy  adobe  soil,  at  a  cost 
of  $49,428.58,  in  the  following  manner : 

After  the  grade  had  been  prepared  and  the 

subgrade  excavated,  a  coat  of  80  per  cent  as- 
phaltic road  oil  was  applied  at  the  rate  of 

V4  gal.  per  square  yard  over  a  width  of  14 
ft.,  and- covered  with  the  natural  earth  from 
the  sides  of  the  road.  It  was  then  lightly 
rolled  and  given  an  additional  coat  of  heavy 

asphaltic  oil,  applied  at  the  rate  of  '/4  gal.  per 
square  yard. 

This  coat  was  likewise  covered  with  earth 
from  the  sides  of  the  road,  the  object  of  the 
oiled  subgrade  being  to  prevent  moisture  from 
penetrating    the    pavement    proper    from    the 

Fig.     10.       Earth     Shoulder    Along     Asphalt 
Macadam    Pavement  Worn   Away 

by    Traffic. 

spect  to  traffic  on  their  road  for  the  reason 
that  the  maintenance  work  for  the  entire 

year  has  been  more  in  the  nature  of  remedy- 
ing imperfections  of  construction,  such  as  cov- 

ering excess  oil  and  patching  places  which 
were  given  an  insufficient  amount  of  oil  at  the 
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time  of  construction,  rather  than  due  to  the 
wear  and  tear  of  traffic. 

COPPEROPOUS    ROAD. 
Asphalt   macadam       1.00  mile 
Oil   macadam        7.99  miles 

This  road.  Fig.  7c,  is  one  of  the  main 
local  traveled  roads,  and  the  best  oiled 
macadam  road  in  the  system,  notwithstand- 

ing the  fact  that  the  greater  portion  of  the 
road  is  constructed  over  a  very  heavy  adobe 
soil. 
The  first  mile  of  this  road  was  constructed 

of  asphalt  macadam  at  a  cost  of  $12,058.42. 
The  first  half  mile  was  20  ft.  in  width  and  the 
second  half  mile  16  ft.  in  width.  Asphalt 
macadam  was  placed  4  ins.  in  thickness  upon 
the  stone  macadam  base.  The  remaining  por- 

tion of  the  road,  7.99  miles  in  length,  was  con- 
structed at  a  total  cost  of  $62,668.51,  in  the 

following  manner : 
In  1910,  that  portion  of  the  roadway  six 

miles  in  length  passing  over  heavy  adobe  soil 
was  graded,  and  a  layer  of  cementing  road 
gravel  6  ins.  in  thickness  and  12  ft.  in  width 

per  day.  The  effects  of  this  traffic  have  ap- 
parently been  beneficial,  due  to  the  kneading 

effect  of  the  tires  on  the  bitumen  surface. 
The  maintenance  cost  of  $83.85  per  mile,  as 
shown  in  Table  I,  has  consisted  entirely  on 
the  overhead  expense  chargeable  to  the  road, 
and  in  covering  excess  oil  with  screenings. 

ROBERTS    ISLAND    ROAD. 

Oiled  macadam        S.96  miles 

The  greater  portion  of  this  road.  Fig.  7d, 
passes  over  reclaimed  lands.  The  nat- 

ural soils  of  an  adobe  nature  overlying  a  peat 
formation.  The  road  was  constructed  in  the 
year  1912  at  a  cost  of  $53,944.46.  It  was  con- 

structed in  the  following  manner : 
A  layer  of  cementing  road  gravel  4  ins. 

thick,  and  varying  in  width  from  10  to  12 
ft.,  was  placed  upon  the  subgrade,  watered, 
rolled  and  thoroughly  compacted,  after  which 
a  second  course  of  1%-in.  rock  2  ins.  in  thick- 

ness, varying  in  width  from  14  to  16  ft.,  was 

placed. 
This  course  of  rock  was  then  given  two  ap- 

plications  of   80   per   cent    asphaltic    road    oil 

ing  to  the  surface.  The  road  was  constructed 
in  1911  at  a  total  cost  of  $38,474.89.  The  sub- 

stance of  the  specifications  under  which  it  was 
constructed  is  as  follows:. 

A  layer  of  lyi-in.  stone  4^  ins.  in  thick- 
ness, and  varying  in  width  from  10  to  14  ft., 

was  placed  upon  the  subgrade.  This  course 
of  rock  was  thoroughly  rolled  and  the  voids 
filled  with  cementing  earth  from  the  sides  of 
the  road,  leaving  but  the  uppermost  surface 
of  the  rock  exposed  to  receive  oil.  Two  ap- 

plications of  80  per  cent  asphaltic  oil  were 
then  made  at  the  rates  of  fi  and  %  gal.  per 

square  yard,  each  coat  being  covered  with 
fine  material  in  sufficient  quantity  to  absorb 

the  oil. 
The  maintenance  work  upon  this  road  has 

consisted  entirely  of  that  done  by  patrolmen. 
The  average  cost  per  mile  of  maintenance  on 
this  road,  as  shown  in  Table  I,  has  been 

$124.43,  which  amount  includes  the  over- 
head charges  for  the  year,  amounting  to  $42.51 

per  mile.  The  pavement  at  present  is  in  ex- cellent condition. 

S.\N  JO.\0UIN  COUNTY 

HIGHWAY    MAINTEN'ANCE 
DEPARTMENT 

TRAFFIC  CENSUS  RECORD 

Weather  Conditions 

Road   

Date   

Location  of  Station. 

Kind  of  Vehicle Tally Totals 

Single  Horse  {LiBhJl, 

Two-Horse      {^^^^^ 

. 

Two-Horse       j  H- v^ 

Four  or             (  Heavy 
More  Horses  \  Vehicle 

Automobile     ( ̂ """^ 1  about 

AutomobUe     P^'yJ"^ 

Total 

Signature  of  Observer 

Observer  will  not  write  in  this  space 

INSTRUCTIONS  TO  OBSERVERS. 

1.  Examine  carefully  the  card  marked  "Sample,"  sent  to 
you  with  the  cards  upon  which  you  are  to  keep  your  records, 
and  be  sure  that  you  understand  the  method  of  keeping  the  tally. 

2.  Tour  duties  begin  promptly  at   o'clock  in  the  morn- 
ing and  end  at   o'clock  in  the  evening  for  the  seven  days. 

3.  In  recording  vehicles  which  pass  your  station,  make  a 
mark  on  the  proper  line  for  every  vehicle  of  the  kinds  called  for 
on  the  cards.  Make  an  entry  for  every  vehicle,  no  matter  In 
which  direction  it  is  going  or  whether  it  has  passed  you  pre- 

viously.    Entries  may  be  made  with  a  lead  pencil. 

4.  "Light  Vehicle"  means  a  buggj',  cart,  buckboard,  carry- 
all, spring  wagon  or  any  vehicle  other  than  motor  vehicles,  which 

are  usually  for  pleasure  or  light  business  purposes. 

"Heavy  Vehicle"  means  farm  wagon,  milk  wagon,  hay  and 
grain  wagons,  truck  wagons,  drays,  grocery  wagons,  motor 
trucks,  provision  wagons  or  any  other  vehicle,  except  motor 
vehicles,  which  are  used  for  carrying  heavy  loads. 

5.  After  you  have  recorded  all  the  vehicles  during  the  period 
from   o'clock  to   o'clock,  add  your  tally  marks  and 
place  the  totals  at  the  right  of  the  card  and  at  the  bottom. 

6.  When  you  are  sure  the  totals  are  added  correctly,  enclose 
the  card  for  the  day,  after  you  have  signed  it,  in  one  of  the  ad- 

dressed envelopes  furnished  to  you.  and  mail  at  once. 

7.  Do  not  fail  to  record  every  vehicle,  called  for  by  the  card, 
which  passes  your  station.   Do  not  record  bicycles  or  pedestrians. 

S.  If  there  is  anything  which  you  do  not  understand  about 
the  cards  or  these  instructions,  write  at  once  to  the  county  sur- 

veyor, to  whom  you  are  to  send  the  cards. 

Fig.  11.    Traffic  Census  Daily  Tally  Card. 
(Size    SVa    ins.    by    9'ii    ins.     On    cardboard    with    instructions  on  the  reverse  side,  i 

was  placed  upon  the  grade.  This  water- 
bonded  gravel  pavement  was  allowed  to  pass 
through  two  winters,  after  which  a  contract 
was  let  for  placing  an  oil  macadam  top  on 
the  same,  and  finish  the  remaining  portion  of 
the  road  with  oil  macadam.  In  placing  the 
oil  macadam  top  over  the  gravel  base  the 
gravel  was  first  thoroughly  scarified,  shaped 
with  a  grader  and  widened  to  16  ft.,  after 
which  it  was  thoroughly  rolled,  watered  and 
compacted,  and  a  layer  of  IVi-in.  rock  16  ft. 
in  width  was  placed. 
The  1%-in.  stone  was  then  given  three  ap- 

plications of  heavy  asphaltic  road  oil  ap- 
plied at  the  rate  of  %,  %  and  %  gals.,  re- 

spectively, per  square  yard,  each  application 
being  covered  with  coarse  sand  in  sufficient 
quantity  to  absorb  the  oil. 
The  effect  of  traffic  on  this  road  with  re- 

spect to  maintenance  costs  is  not  apparent. 
The  road  is  fairly  heavy  traveled,  ranking 
fifth  in  horse-drawn  traffic,  with  a  daily  aver- 

age of  136.5  vehicles,  and  eighth  in  motor- 
drawn  traffic,  with  an  average  of  93.3  vehicles 

applied  at  the  rate  of  %  and  ̂   gal.  per  square 

yard,  each  application  being  covered  with  suf- 
ficient fine  material  to  absorb  the  same,  and 

thoroughly   rolled. 
A  great  deal  of  trouble  was  exoerienced 

from  the  excess  oil  appearing  upon  the  sur- 
face, it  being  necessarj-  to  cover  the  excess 

oil  with  fine  material  several  times.  Owing 

to  the  remoteness  of  railway  sidings  the  ma- 
terial haul  was  long,  the  average  being  i'A 

miles.  The  maintenance  cost  has  necessarily 
been  high.  It  is  impossible  to  come  to  any 
definite  conclusions  on  the  cost  of  mainte- 

nance on  this  road  with  respect  to  traffic,  for 
the  reason  that  the  traffic  for  the  year  was 
exceptionally  light.  The  entire  maintenance 
cost  of  $281.31  per  mile  has  been  due  to  ex- 

cess oil  appearing  upon   the   surface. 
LODI-LAFAYETTE    ROAD. 

Oiled   macada m        6.08  miles 

This  road.  Fig.  7e,  is  an  expensive  tj-pe 
of  oiled  macadam,  and  well  adapted  to  the 

sandy  loam  soil  upon  which  it  is  placed.  Lit- 
tle or  no  trouble  has  been  caused  by  oil  com- 

MANTECA-KIPON     ROAD. 

Oiled    macadam        S.28  miles 

This  road.  Fig.  7f.  is  one  of  the  main 

roads  leading  out  of  the  county,  and  is  sub- 
jected to  a  heavy  travel.  The  road  is  one  of 

the  first  oiled  macadam  roads  built  under  the 
bond  issue.  The  first  two  miles  of  the  roao- 
way  were  constructed  in  1910,  the  remaining 
6.28  miles  being  constructed  in  the  following 

year.  Both  sections  were  constructed  in  pre- 
cisely the  same  manner,  which  is  as  follows: 

After  the  roadway  has  been  graded  and  the 

subgrade  prepared,  a  layer  of  1%-in.  stone 
4  ins.  thick  and  varying  in  width  from  14  to 
15  ft.,  was  placed  upon  the  subgrade.  The 
rock  was  thoroughly  rolled,  and  the  voids 
filled  to  within  approximately  1  in.  of  the 
surface,  after  which  it  was  given  two  coats 
of  80  per  cent  asphaltic  road  oil  applied  at 
the  rate  of  3/4  and  %  gal.  per  square  yard, 

each  application  being  covered  with  screen- ings in  sufficient  quantity  to  absorb  the  oil, 
and  rolled. 

The   maintenance   work    for   the   year   1913 
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consisted  of  constructing  an  oiled  earth  shoul- 
der 3  ft.  wide  on  each  side  of  the  pavement 

for  a  distance  of  3^  miles,  and  on  one  edge 
of  the  pavement  for  a  distance  of  approxi- 

mately 2^  miles.  This  work  was  done  in 
the  following  manner  at  an  approximate  cost 
of  $1,300.  The  earth  was  graded  away  from 
the  edges  of  the  pavement  for  a  width  of 
3  ft.  and  to  a  depth  of  !■/<  ins.,  after  which  a 
coat  of  80  per  cent  asphaltic  road  oil  was  ap- 

plied at  the  rate  of  1  gal.  per  square  yard,  and 
covered  with  the  earth  which  had  been  grad- 

ed to  the  side.  Owing  to  the  loose  sandy 
nature  of  the  soil  over  which  this  road  pass- 

es, considerable  trouble  had  been  experienced 
with  the  edges  of  the  pavement  raveling.  The 
above-noted  treatment  has  been  a  very  satis- 

factory remedy  for  this  trouble. 
Other  maintenance  work  has  consisted  en- 

tirely of  that  done  by  the  patrolmen.  The 
road,  at  present,  is  in  excellent  condition,  and 
in  need  of  no  extra  maintenance. 
The  effect  of  travel  upon  bitumen  wearing 

surface  of  this  road  is  not  noticeable.  The 
chief  maintenance  work  has  been  upon  the 
shoulders  next  to  the  oiled  macadam  pave- 

ment, in  maintaining  them  flush  with  the 
edges  of  the  pavement. 

GENERAL   OBSERVATIONS. 

During  the  past  two  years  the  study  and 
work  of   maintenance  of   oil   macadam   high- 

containing  not  less  than  60  per  cent  asphaltum 
was  then  applied  in  three  applications  with  a 
gravity  machine,  each  coat  being  covered  with 
screenings  in  sufficient  quantity  to  absorb  the 
oil. 

This  road  was  constructed  in  the  year  1908. 
The  winter  of  1909,  being  very  wet,  the 
pavement  was  flooded.  The  water,  however, 
rose  quickly  and  descended  as  rapidly, 
the  pavement  being  under  water  but  a  very 
short   time. 

In  the  summer  of  1909  the  pavement  began 
to  show  signs  of  failure,  and  upon  examina- 

tion by  digging  into  the  center  of  the  pave- 
ment, the  subgrade  was  found  to  be  very  wet. 

The  pavement  continued  to  get  worse  until 
in  1913,  the  surface  was  very  badly  rutted  as 
shown  in  Fig.  8.  Subsequent  investigations 
by  digging  into  the  surface  of  the  pavement, 
show  that  the  heavy  adobe  earth  in  the  sub- 

grade in  four  years  time  had  never  dried  out, 
and  had  worked  its  way  through  the  two 
courses  of  stone,  to  the  surface.  This  failure 
has  led  us  to  believe  that  where  oil  macadam 
highways  are  to  be  constructed  on  soil  of 
this  nature,  it  is  advisable  first  to  construct  a 

«-ater  bonded,  gravel,  macadam  pavement,  and 
open  it  to  traffic  for  two  or  three  years,  and 
then  construct  the  oiled  macadam  pavement 
upon  the  gravel  foundation.  The  gravel 
foundation  does  not  seem  to  allow  the  adobe 

Side  Elevation 

Fig.   12.    Oil    Storage   Pit  for  Use  of   Patrol- 
men. 

(Capacity,    24   bbls.) 

ways  has  led  to  a  few  general  observations 
to  which  we  invite  attention  and  criticism. 

The  Foundation  of  Oiled  Macadam  High- 
ways on  Heavy  Adobe  Soil. — .The  character- 

istic features  of  soils  of  a  heavy  adobe  nature 
are  that  upon  becoming  wet  and  water  soaked 
they  will  swell  and  expand,  and  upon  becom- 

ing thoroughly  dry  they  will  shrink  and  con- 
tract to  a  great  extent.  We  have  in  mind  a 

certain  piece  of  oiled  macadam  road  which  was 
built  in  this  county  on  heavy  adobe  soil.  A 
summary  of  the  specifications  under  which 
it  was  constructed  is  as  follows: 
The  roadway  was  first  graded,  the  sub- 

grade  prepared,  watered,  rolled  and  thor- 
oughly compacted,  after  which  the  founda- 

tion course  of  rock  was  placed.  The  size 
of  the  rock  and  foundation  course  ranged 
in  size  from  1^  to  3  ins. 

This  course  of  rock  was  thoroughly  rolled, 
and  the  voids  filled,  after  which  it  was  rolled 
and  watered  again,  A  wearing  course  was 
then  placed  Ifi  ft.  in  width  and  2  ins.  in  thick- 

ness. The  size  of  the  rock  in  this  course 
ranged  from  %  in.  to  1%  ins.  in  size.  This 
course  was  thoroughly  rolled,  and  the  voids 
filled  to  the  surface.    One  gallon  of  crude  oil 

End  Devotion 

m  the  subgrade  to  work  to  the  surface.  It 
aeems  to  act  more  as  a  concrete  foundation 
ivould. 
Some  writers  on  road  construction  have 

.ecommended  that  in  the  construction  of 
•nacadam  highways  on  heavy  soils,  that  the nne  material  be  placed  on  the  bottom  and  the 
•.oarser  stone  on  top,  the  idea  being  to  pre- 

vent the  earth  of  the  subgrade  from  working 
up  in  the  rock,  which  is  our  idea. 
Causes  for  excess  oil  appearing  upon  the 

surface  of  oiled  macadam  pavements. — We 
attribute  the  appearance  of  the  excess  oil  upon 
the  surface  of  the  oiled  macadam  pavement  to 
the  following  causes:  (a).  The  over  and  un- 

even filling  of  voids  in  the  wearing  surface 
before  the  application  of  oil,  and  (b)  weather conditons. 

In  some  instances  the  voids  in  the  wearing 
surface  were  entirely  filled,  leaving  but  the 
very  uppermost  surface  of  the  rocks  exposed 
to  receive  oil,  and  in  other  instances  there 
was  practically  no  filler  in  the  top  2  ins.  of 
the  wearing  surface.  The  filling  of  the  voids 
in  the  wearing  surface  has  varied  greatly  be- 

tween these  two  extremes.  As  a  result,  after 
the  completion  of  the  pavements,  spots  have 
developed  which  indicate  an  over  application 
of  oil,  but  which,  in  reality,  are  mainly  due 
to  over  filling  of  the  voids.  In  some  instances, 
in  the  same  pavement  within  a  few  feet  of 
each  other,  spots  have  developed  which  show 
an  excess  of  oil,  and  others  which  show  an  in- 

sufficient amount  of  oil.  As  the  amount  of 
oil  used  in  both  cases  has  been  the  same,  this 
shows  that  the  correct  amount  of  oil  to  be 
used  is  a  function  of  the  percentage  of  voids, 
as  is  generally  understood.  Figure  9  illustrates their  condition. 

In  some  instances  oil  was  applied  during 
warm  summer  months,  and  in  other  cases  dur- 

ing cold,  frosty  weather  of  spring,  winter  and 
fall.  As  a  result  of  the  application  of  oil 
during  cold  weather,  we  have  found  that  the 
oil  does  not  absorb  the  same  amount  of 
screenings      as      it      would       were      it      ap- 

plied during  warm  weather,  and  any  excess 
screenings  which  may  have  been  placed  upon 
the  surface  of  the  pavement  for  absorbing  the 
oil  have  worked  to  the  sides  of  the  road,  and 
in  a  great  many  instances  have  been  lost,  due 
to  wind  and  traffic.  In  the  warm  summer 
weather,  capillarity  and  the  kneading  effect 
of  traffic  have  caused  the  oil,  which  is  ap- 

parently lying  dormant,  to  work  to  the  sur- 
face, and  a  covering  of  fine  material  is  nec- 

essary to  absorb  it. 

A  large  percentage  of  the  cost  of  main- 
tenance of  a  greater  portion  of  the  oiled 

macadam  highways,  for  the  first  two  years 
after  their  construction,  has  been  in  the  cov- 

ering of  the  excess  oil  which  has  appeared 

upon  the  surface. 
The  proper  maintenance  and  care  of  excess 

oil  appearing  upon  the  surface. — Experience 
has  taught  us  that  where  the  excess  oil  ap- 

pears upon  the  surface  of  the  oil  macadam 
pavement,  it  is  not  advisable  to  use  fine  sand, 
screenings  or  rock  dust.  If  such  are  used,  a 
mat  or  carpet  of  oil  and  fine  material  is 

formed  over  the  surface,  the  thickness  de- 
pending upon  the  amount  of  oil  which  comes 

to  the  surface.  This  mat  or  carpet  has  in- 
sufficient coarse  material  incorporated  in  it  to 

give  it  the  proper  solidity  and  density.  It 
tends  to  squeeze  out  and  roll  under  the  wheels 

of  heavily  loaded  wagons,  and  forms  depres- 
sions in  the  wheel  tracks.  It  also  has  a 

tendency  to  roll  and  creep  into  knobs  and  de- 
pressions. Owing  to  the  crown  of  the  pave- 

ment, there  is  also  a  tendency  for  the  oil  to 
gravitate  to  the  edges  of  the  pavement,  and 
there  to  collect  in  excess,  forming  wrinkles 
on  the  edges.  Wherever  oil  appears  in  excess 
upon  the  surface,  it  is  not  advisable  to  use 
any  material  to  absorb  it  which  contains  an 
excess  of  15  to  20  per  cent  of  material  under 
%  in.  in  size.  In  our  judgment,  the  material 
best  suited  for  this  purpose  is  a  crushed  rock 

ranging  in  size  from  %  to  '■i  in.  with  dust taken  out.  The  use  of  material  of  this  class 
gives  the  road  a  hard  surface,  making  it  easier 
for  traction. 

Oiled  Earth  Shoulders.— The  commission, 
due  to  the  provisions  of  the  law  under  which 
the  work  was  accomplished,  built  a  number 
of  ronds  from  12  to  15  ft.  in  width,  with  oiled 
shoulders.  The  oiled  shoulders  were  con- 

structed by  applying  l^-J  gals  of  heavy  asphal- 
tic oil  upon  the  natural  soil  along  the  edges 

of  the  pavement,  and  covering  with  sand  or 
screenings.  This  had  apparently  the  effect  of 

widening  the  pavement,  for  the  oiled  shoul- 
ders presented  a  bitumenized  appearance  and 

resembled  the  main  surface  of  the  pavement. 
These  oiled  earth  shoulders  have  not  held  up 
under  traffic.  When  heavy  vehicles  attempt 

to  pass  upon  the  narrow  portion  of  the  pave- 
ment proper,  the  wheels  come  upon  the  shoul- 

ders and  they  have  given  way  under  the  load. 
As  a  result  nits,  Fig.  10,  have  formed  along 
the  edges  of  the  pavement.  These  ruts  allow 
the  water  in  winter  to  collect  in  pools  and 
work  under  the  edge  of  the  pavement,  thereby 
softening  the  foundation  and  causing  it  to 
fail.  This  feature  is  especially  true  where 
travel  is  heavily  congested  in  the  vicinity  of 
Stockton  and  Lodi.  However,  there  arc  cer- 

tain classes  of  soil  upon  which  we  have  con- 
structed oiled  earth  shoulders  which  have 

proven  very  satisfactory.  We  have  found, 
upon  a  coarse,  sandy  soil,  where  horse  drawn 
traffic  is  not  exceedingly  heavy,  that  it  is  pos- 

sible to  construct  oiled  earth  shoulders  which 
will  give  satisfaction.  We  have  found,  upon 
soils  of  a  loam  or  adobe  nature,  that  the  oiled 

earth  shoulder  built  in  this  w-ay  is  a  failure. 
Where  the  earth  shoulders  have  failed,  they 

must  be  remedied  by  the  construction  of  an 
oiled  gravel  or  stone  shoulders,  3  or  4  ins. 
thick,  and  from  2  to  4  ft.  in  width,  along 
both  sides  of  the  pavement.  This  will  give  the 
pavement  a  sufficient  width  to  allow  vehicles 
to  pass  without  coming  upon  the  earth  shoul- 

ders. The  cost  of  this  class  of  work  will  nec- 
essarily be  high,  and  should  be  considered  as 

a  betterment  of  conditions,  and  not  an  ordi- 
nary maintenance  charge. 

CONCLUSIONS    AS    TO    TRAFFIC. 

It  is  impossible  for  us  at  this  time  to  draw 

any   definite   conclusions   between   traffic   con- 
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ditions  and  cost  of  maintenance,  for  the  fol- 
lowing reasons: 

1.  We  have  had  charge  of  the  entire  sys- 
tem of  highways  for  a  period  of  only  two 

years,  both  of  which  were  unfavorable  years, 
owing  to  scarcity  of  rainfall.  This  naturally 
caused  a  shortage  of  crops,  and  traffic  condi- 

tions for  1912  and  1913  were  far  below  normal. 
2.  The  major  part  of  our  maintenance 

work  for  the  past  two  years  has  been  more  in 
the  nature  of  remedying  imperfections  in 
construction,  rather  than  repairing  defects 
caused  by  traffic. 

The  covering  of  excess  oil  with  rock  mar 
terial  to  absorb  it,  has  been  our  greatest  ex- 
oente.  The  work  we  have  done  in  ti>e  way 
of  patching  the  surface  of  oil  macadam  high- 

ways has  been  necessitated,  not  by  the  wear 
of  traffic,  but  by  the  imperfections  on  con- 
struction. 

We  are  not,  at  this  time,  able  to  note  any 
wear  due  to  traffic  on  the  bituminous  surfaces 
of  the  oiled  macadam  highways. 

TR.\FFIC    CENSUS. 

In  Fig.  11  is  shown  a  daily  traffic  census 
record  card.  This  card  is  Qyi  by  9%  ins.  in 
size  and  instructions  for  its  use  are  printed 
on  the  back. 

To  ascertain  the  amount  and  class  of  travel, 
and  to  study  the  maintenance  cost  with  re- 

spect to  this  feature,  and  as  an  aid  to  future 
improvements  a  yearly  traffic  census  has  been 
taken.  The  traffic  census  for  the  year  1913 
was  taken  over  a  period  of  seven  days  of 
twelve  hours  each,  from  .•\ugust  25,  1913.  to 
August  31,  1913,  which  dates  cover  the  cor- 

responding week  of  the  1912  traffic  census. 
Below  is  a  comparative  statement  of  the  1912 
and   1913  traffic  census: 
Item.  1912.         1913. 

Total  number  of  observers           21  .33 
Total  number  of  stations           29  49 
Total   number  of  vehicles  of  all 

kinds      50,155        6T,734 
Per  cent  of  motor  traffic  to  total 

trafBc              45. S  55.2 
Per  cent  of  horse-drawn  traffic 

to    total    traffic          54.2  44. S 
Motor  traffic — 

Per   cent   of   auto   runabouts   to 
total  motor  traffic            17  .J  17.1 

Per  cent  of  touring  cars  to  total 
motor    traffic              60.0  59.6 

Per  cent  of  motorcycles  to  total 
motor    traffic             21.1  19  7 

Per  cent  of  motor  trucks  to  total 
motor  traffic     1.4  3.0 
Horse-drawn  traffic — 

Per    cent    of    single-horse    light 
vehicle    to    total    horse-drawn 
traffic              57.1  63.8 

Per     cent     of     two-horse     light 
vehicle    to    total    horse-drawn 
traffic        9.4  S.O 

Per    cent    of    two-horse    heavy 
vehicle    to    total    horse-drawn 
traffic               23.5  22.7 

Per  cent  of  four  or  more  horse 
heavy  vehicle  to  total  horse- drawn  traffic     

10.0 

6.5 

SPECIFICATIONS  FOR  ROAD  OIL. 

The  following  is  an  abstract  from  the  spec- 
ifications for  road  oil  used  by  this  county : 

1.  Oil. — The  oil  shall  be  natural  oil,  with  an 
asphaltic  base,  which  may  be  treated  to  remove 
the  water  and  other  foreign  matter,  or  residuum 
of  such  oil  from  which  a  portion  of  the  vola- 

tile materials  have  been  removed  by  distilla- 
tion. It  must  not  have  been  injured  by  over- 

heating, and  It  must  not  have  been  manufac- 
tured by  adding  solid  asphalt  or  refinery  prod- 

ucts to  natural  oil  or  distillate. 
2.  Volatility.— The  oil  shall  not  loose  in  ex- 

cess of  1^  per  cent  volatile  matter  when  heat- 
ed from  a  temperature  of  77°  F.  to  220°  F.  and 

maintained  at  220°  F.  for  15  minutes.  The  time 
required  for  heating  from  77°  to  220°  F.  shall 
be  1  hour. 

3.  Water  and  Sediment. — Deduction  will  be 
made  for  water  and  sediment  in  exact  propor- 

tion to  the  percentage  of  water  and  sediment 
found  therein  in  excess  of  1  per  cent,  and  the 
oil  shall  not  contain  over  2  per  cent  of  such 
water  and  sediment. 

4.  Organic  Impurities — The  oil  shall  not  con- 
tain in  excess  of  0.2  of  1  per  cent  of  organic 

matter  insoluble  in  carbon  tetrachloride  at  or- 
dinary temperature. 

5.  Gravity. — Gravity  of  oil  shall  be  between 
10°  and  11°  Baume. 
6.  Asphalt. — After  being  freed  from  water, 

sediment  and  other  foreign  matter,  the  oil  shall 
contain  not  less  than  80  per  cent  asphalt,  hav- 

ing at  a  temperature  of  77°  F.  a  penetration 
of  SO,  District  of  Columbia  Standard.  The  per- 

centage of  residue  of  said  oil  or  residuum  ia 
determined  by  heating  in  a  crystajlizing  dish 
2V4  ins.  in  diameter  and  Ihi  ins.  high  in  an 
evaporating  oven  at  a  temperature  of  400°  F. . 
maintained  until  it  has  reached  the  proper  con- 

sistency, when  the  weight  of  the  residue  shall 
be  determ.ined  and  the  per  cent  calculated. 

7.  Measurement. — In  determining  the  quan- 
tity of  oil  delivered  the  correction  for  expansion 

by  heat  shall  be  as  follows:  From  the  meas- 
ured volume  of  oil  received  at  any  temperature 

above  60°  F.,  an  amount  equivalent  to  0.4  of 
one  per  cent  for  every  10°  F.  shall  be  sub- 

tracted as  the  correction  for  expansion  by  heat. 
For  the  purpose  of  measuring  the  oil,  a  tempera- 

ture of  60°  F.  shall  be  deemed  normal  tempera- ture. 

OIL   STORAGE. 

Patrolmen's  Oil  Pits. — The  patrolmen's  oil 
pits,  not  located  adjacent  to  railway  sidings, 
to  which  oil  is  delivered  in  tank  wagons,  are 
constructed  in  accordance  with  the  plans 
shown   in   Fig.   12.    The  inside   dimensions   of 

these  pits  are  as  follows:  Length,  7  ft.;  width, 
5  ft. ;  depth,  4  ft.  They  are  placed  approxi- 

mately 'i%  ft.  under  ground,  the  upper  8  or  10 
ins.  of  the  pit  being  allowed  to  extend  above 
the  ground.  To  prevent  the  oil  from  seeping 
out,  a  double  thickness  of  lx8-in.  lumber  is 
used,  the  outer  siding  being  made  to  lap  over 
the  cracks  of  the  inner  as  shown  in  the  draw- 
ing. 

.•^11  pits  are  provided  with  small  hinged  doors 
and  a  means  of  locking  the  same  to  prevent 
rubbish  from  being  thrown  into  the  pit.  No 
provision  is  made  for  heating  the  oil. 
The  patrolmen  dip  the  oil  in  heavy  dippers, 

during  the  warm  part  of  the  day  when  fhe  oil 
is  warm  and  soft  from  the  heat  of  the  sun. 

These  pits  have  a  capacity  of  24  bbls.,  and 
the  average  cost  of  constructing  six  of  them 
was  $2G.67;  the  highest  cost  being  $30.66,  and 
the  lowest,  $20.78. 

Siding  Pits. — At  central  points  adjacent  to 
railway  sidings  where  large  amounts  of  oil  are 
to  be  used  large  under  ground  oil  pits  are 
constructed.  A  pit  having  a  capacity  of  370 
bbls.  has  the  following  inside  dimensions: 
Length,  19  ft.  8  ins.;  width,  17  ft.  8  ins.; 
depth,  6  ft. 

They  are  placed  approximately  5%  ft.  under 
ground,  the  upper  6  or  8  ins.  extending  above 
the  ground.  At  the  time  of  construction  of 

pits  of  this  type  they  were  piped  with  %-in. 
perforated  pipe  and  live  steam  was  forced 
directly  into  the  oil  for  heating.  This  method 
of  heating  has  proven  unsatisfactory,  owing  to 
the  large  amount  of  water  which  is  deposited 
in  the  oil  by  the  condensation  of  steam,  .^s 
soon  as  emptied  they  will  be  piped  with  coils 
for  heating  purposes. 

A  heating  box  4  ft.  by  4  ft.  in  dimensions 
was  constructed  in  one  corner  of  the  pit  and 
similarly  piped.  The  idea  was  that  when  only  a 
small  amount  of  oil  was  required,  it  would  not 
be  necessary  to  heat  the  entire  pit.  Oil  in  this 
small  box  or  pit  could  be  heated  in  a  very 
short  time.  The  heating  box  was  left  open  at 
the  bottom  to  allow  oil  to  flow  in  from  the 
sides  when  oil  was  being  pumped  from  the 
heating  box.  A  small  hinged  door  with  a  lock 
on  it  is  provided  for  the  use  of  patrolmen. 

All  oil  pits  are  covered  with  2xl2-in.  planks 
with  battens,  or  tar  paper,  placed  over  the 
cracks  in  order  to  prevent  water  from  seeping 
mto  the  pits  and  have  a  substantial  rail 
around  the  sides.  The  present  pits  are  not 
floored  and  the  cracks  on  the  ends  and  sides 
are  not  covered  with  battens.  This  allows  wa- 

ter to  seep  into  the  oil  from  the  sides  and  bot- 
tom. Upon  being  emptied  they  will  be  floored 

with  2xl2-in.  lumber  and  all  cracks  will  be 
caulked  or  covered  with  battens.  The  cost  of 
pits  of  this  type  is  approximately  $175. 

Construction  of  Water  Works  Tunnels 

in   the   Metropolitan    Water    Dis- 
trict of  Massachusetts. 

II. 

Method  and  Cost  of  Constructing,  by  Day. 
Labor,  a  Brick  Lined  Tunnel  for  36-in. 

Water  Main  Under  Chelsea  Creek, 
Boston,  Mass. 

Contributed  by  William  E.  Foss,  Assistant  to  the 
Chief    Engineer,    Metropolitan    Water    and 

Sewerage    Board,    Boston,    Mass. 

The  East  Boston  low-service  district  in- 
cludes a  thickly  settled  residential  district, 

which  had  a  population  of  56,230  in  1910,  and 
much  valuable  wharf  property  along  the  water 
front.  For  40  years  this  district  was  de- 

pendent for  its  water  supply  upon  two  mains 
laid  under  the  bed  of  Chelsea  Creek,  a  tidal 
arm  of  the  ocean  separating  East  Boston 
from  the  mainland  of  Chelsea.  The  creek, 
oyer  these  pipes,  is  about  1,500  ft.  wide  at 
high  water,  while  the  low  water  channel  is 
about  300  ft.  wide.     At  the  channel  the  pipes 

are  buried  several  feet  below  the  bed  of  the 
creek,  but  on  the  flats  on  either  side  the  pipes 
are  supported  on  piles  just  above  the  surface 
of  the  mud,  and  are  exposed  twice  each  day  at 
low  tide. 

For  the  purpose  of  guarding  against  the 
interruption  of  the  supply  to  the  district  by  the 
breaking  of  these  mains,  a  new  36-in.  main 
was  laid  in  a  different  location.  This  new 

main  connects  with  e.xisting  20-in.  and  24-in. 
mains  in  Chelsea  and  extends  along  the  north- 

erly shore  of  the  creek  to  a  point  near  the 
Chelsea  Street  bridge  leading  to  East  Bos- 

ton, where  it  turns  easterly  and  crosses  under 
the  channel  through  a  tunnel  504  ft.  long  to 
the  East  Boston  shore.  It  is  to  the  methods 

and  cost  of  constructing  this  brick-lined  tun- 
nel, for  carrying  the  36-in.  cast-iron  water 

main  under  the  creek,  that  the  present  article 
relates.  This  work  was  by  day  labor  and 
was  performed  from  July,  1910,  to  January, 

1911. 
The  tunnel  is  located  about  25  ft.  down 

stream  from  the  westerly  side,  line  of  the 
Chelsea  Street  bridge,  and  includes  a  vertical 
shaft  at  each  side  of  the  creek,  9  ft.  4  ins. 
outside  diameter,  with  top  at  elevation  14  on 

the  Chelsea  shore  and  at  elevation  10  on  the 
East  Boston  shore.  The  horizontal  section 
of  the  tunnel,  joining  the  shafts,  is  400  ft. 
in  length,  8  ft.  2  ins.  outside  diameter  with 
the  top  36  ft.  below  mean  low  water  at  the 
Chelsea  end.  A  longitudinal  section  through 
shafts  and  tunnel  are  shown  in  Fig.  1.  The 
shafts  were  constructed  with  12-in.  and  the 

horizontal  portion  of  the  tunnel  with  8-in. 
brick  walls,  as  shown  in  Fig.  2. 
The  Chelsea  shaft  rises  about  12  ft.  above 

the  bed  of  the  creek  and  is  protected  by  a 
steel  casing  which  extends  about  13  ft.  into  the 
silt  bottom.  The  East  Boston  shaft  was 
sunk  through  the  earth  filling,  back  of  the 
masonry  sea  wall,  and  is  protected  by  a  steel 
casing  for  a  distance  of  8  ft.  below  the  top. 
The  axis  of  the  horizontal  section  of  the 

36-in.  pipe,  which  was  laid  in  the  tunnel,  is  at 
elevation  -40.  The  pipes  were  laid  with  %-in. 
opening  between  the  end  of  the  spigot  and  the 
bottom  of  the  socket,  and  the  joints  were  run 
solid  with  lead  and  were  calked  both  inside 
and  outside  after  the  pipe  was  laid.  A  detail 
of  the  pipe  joint  is  shown  in  Fig.  3.  The 
space  between  the  pipe  and  the  brick  wall  was 
filled  with  Portland  cement  concrete.    A  view 
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showing  the  laying  of  the  pipe  and  the  con- 
crete filling  is  shown  in  Fig.  4. 

Special  36-in.  branches  were  used  at  the 
junction  of  the  horizontal  and  vertical  por- 

tions of  the  pipe  line.  Thirty-six-inch  % 
curves  with  manholes  were  set  at  the  top  of 
the  shafts.  The  pipes  used  were  1.61  ins. 
thick. 

The  steam  plant  for  operating  the  air  com- 
pressors, hoists  and  electric  lighting  plant 

was  set  up  on  the  Chelsea  shore  of  the  creek 
during  the  latter  part  of  July,  and  the  work 
of    sinking   the    shaft   was   begun    during   the 

Boston  shaft  was  begun,  and  on  November  24 
air  pressure  was  applied. 
An  opening  was  made  from  the  bottom  of 

the  shaft  into  the  tunnel  on  December  3.  All 
excavation  and  the  brick  lining  for  the  tunnel 
were  completed  on  December  6,  and  the  air 
pressure  was  removed  on  the  morning  of  De- 

cember 9.  A  total  of  104  lin.  ft.  of  shaft  and 
400  ft.  of  tunnel  were  built.  The  tunnel  was 
cleaned  out  and  plastered  and,  after  calking 
a  few  small  leaks,  was  substantially  water- 

tight. 
The    force    employed    on    this    work    while 

The  plant  was  operated  from  7  a.  m.  Aug. 
11,  1910,  to  4  p.  m.  Jan.  11,  1911,  a  total  of 
4,017  hours.  The  cost  of  general  expenses 
per  hour  was  therefore  $4.24. 

EARTH    EXCAVATION. 

.About  1,040  cu.  yds.  of  earth  were  excavated 
under  air  pressure  of  14  to  23  lbs.  per  square 
inch.  Work  was  continuous  for  three  shifts 

per  24  hours.  The  mud  and  silt  was  ex- 
cavated just  below  the  bed  of  the  creek  at 

the  shaft  on  Chelsea  shore.  Fine  sand  and 
gravel   were   excavated   for   10    ft.   below   the 
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Fig.  1.    Longitudinal  Section  Through  Water  Tunnel  Under  Chelsea  Creek,    at  Chelsea  Street  Bridge,  Boston,  Mass. 
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week  ending  August  13.  After  August  21, 
when  the  air  lock  was  in  place,  the  work  was 
carried  cm  continuously  during  24  hours  per 
day,  with  three  shifts.  While  excavating  the 
mud  and  silt  just  below  the  bed  of  the  creek 
some  inconvenience  was  experienced  on  ac- 

count of  gas,  which  entered  the  shaft  and 
affected  the  eyes  of  the  workmen. 
The  work  of  excavating  and  lining  the 

shaft  was  completed  about  September  1.  .An 
air  lock  was  then  built  at  the  entrance  to 
the  horizontal  portion  of  the  tunnel,  and 
the  small  lock  which  had  been  used  for  sink- 

ing the  shaft  was  removed.  A  view  of  the 
air  lock  construction  is  shown  in  Fig.  5.  The 
excavation  and  lining  of  the  horizontal  por- 

tion of  the  tunnel  progressed  at  the  rate  of 
about  5  ft.  per  day.  The  air  pressure  main- 

tained varied  from  14  to  23  lbs.  per  square 
inch,  according  to  the  stage  of  the  tide  in  the 
creek  above. 

On  October  13  a  blow-out  occurred  about 
150  ft.  from  the  Chelsea  shaft  at  a  point 
where  a  pile  had  been  removed.  .As  a  result, 
the  tunnel  was  flooded  with  water  to  a  depth 
of  about  4  ft.  After  the  hole  was  stopped 
the  water  was  pumped  out,  and  the  work 
proceeded  without  further  mishap. 
On  the  East  Boston  side  of  the  creek  the 

material    excavated    was    hardpan    containing 

IZ'Brlckwork 
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Shaft  Sect;on  Tunnel  Section 

Fig.  2.    Cross  Sections  of  Shafts  and  Tunnel 
of  Chelsea  Creek  Tunnel. 

boulders,  which  re(|uired  some  blasting,  so 
that  the  rate  of  progress  was  less  than  it 
had  been  in  the  sand  and  clay  on  the  Chelsea 
side  of  the  creek.  .A  2%-in.  steel  pipe  was 
driven,  during  the  week  ending  November  12, 
on  the  center  line  of  the  tunnel  near  the  East 
Boston  end,  from  the  surface  of  the  ground 
to  the  center  of  the  tunnel,  for  use  in  supply- 

ing compressed  air  for  sinking  the  East 
Boston  shaft. 
Work  in  the  tunnel  was  discontinued  on 

November  17,  when  steel  sections  of  the  East 
Boston  shaft  and  the  hoisting  engine  were  set 
up  on  the  East  Boston  side  of  the  creek.  On 
November  18  the  work  of  excavating  the  East 

working  continuously  under  air  pressure  av- 
eraged about  1.5  men  for  each  of  the  three 

shifts.  After  the  air  pressure  was  removed 
the  work  was  carried  on  with  three  shifts 

working  si.x  days  per  week,  the  force  em- 
ployed averaging  about  16  men  per  shift.  The 

following  wages  were  paid: 

PRICES    PAID    FOR    LADOR. 

For  8-hour  day. 
Engineer  in  charge  of  plant    $5.00 
Engineer     4.00 
Fireman       2.40 
Head  miner  and  foreman    4.00 
Miner       2.80 
Tunnel  laborer      2.40 
LalMrer      2.00 
Calker       3.50 
Head  mason     7.20 
Mason       6.40 
Boy     1.60 
Double  team  with  driver    5.00 

PRICES    PAID    FOR    MATERIALS. 

The    following    prices    were    paid    for    ma- terials: 

Brick,  delivered  on  work,  per  M   $9.70 
Portland  cement,  delivered  on  work  in 
bags  (credit  for  empty  bags  returned, 
6>4  cts.  each),  per  bbl     1.68 

Coal,  delivered  on  work  (tor  14,700  B.  T.  U. 
per  pound  of  dry  coal),  per  gross  ton...   4.10 

Ipswich  sand,  delivered  on  wharf,  for  brick- 
work,  per  ton    0.75 

Plum  Island  sand,  delivered  on  wharf,  for 
concrete,  per  ton     0.75 

Bank  sand,  delivered  on  cars  at  bank,  per 
eu.  yd     0.35 

Freight,  additional,  per  cu.  yd     0.35 
Teaming,  additional,  per  cu.  yd    0.40 

Screened  gravel  for  concrete,  delivered  on 
cars  at  bank,  per  cu.  yd     0.75 

Freight,  additional,   per  cu.   yd    0.35 
Teaming,  additional,  per  cu.  yd   0.43 

Broken  stone  for  concrete,  delivered  on 
work,  per  ton     1.50 

Lead,  per  100  lbs     4.675 

GENERAL    EXPENSES. 

Following  is  an  itemized  list  of  general  and 
itemized  expenses : 

Superintendence  and  rental  of  plant   $  7,700.00 
Installing  plant; 
Labor     $    412.90 
Teaming           130.00 
Supplies            121.19          664.09 

Housing  plant: 
Labor          525.85 
Lumber,    $743.77;    $206.36    re- 

ceived for  old  lural)er        538.41 
Miscellaneous    supplies              39.78       1,104.04 

Operating  plant: 
Labor         4,234.40 
Coal        1,947.65 
Water   for   boilers   and   com- 

pressors          225.35 
Miscellaneous  supplies           538.49       6,945.89 

Removing  plant: 
Labor            230.80 
Teaming            106.00   336.80 

Rental  of  land          195.00 
Miscellaneous  expenses      88.35 

Total    general    expenses   $17,034.17 

silt,   and  the  bottom  5   ft.  of  excavation  was in  clay. 

The  shaft  on  the  East  Boston  shore  was 
excavated  through  filling  of  clay  and  ashes 
for  a  depth  of  25  ft.,  coarse  gravel  for  a 

depth  of  15  ft.,  and  below  this  line  the  ex- 
cavation was  in  hard  pan.  The  horizontal 

portion  of  the  tunnel  was  excavated  through 
stratified  sand,  clay  and  gravel,  the  strata  dip- 

ping about  6°  towards  the  Chelsea  shore,  so 
that  for  the  first  portion  of  the  work  the 
floor  was  in  clay  and  the  arch  in  sand.  As 
the  work  progressed  the  floor  was  in  gravel 
and  the  arch  in  clay,  and  at  the  East  Boston 
end  the  entire  excavation  was  in  hard  pan, 
with  some  boulders  which  required  blasting. 
The  cost  of  earth  excavation  was  as  follows : 

Per  cent 
Cost,     of  total. 

General    expenses   $10,190.40     50.0 
Stee:  casings  for  shaft          833.00       4.1 
Roof  plates  for  tunnel       1,387.31      6.8 
Lumber       98.96       0.5 
Tools             112.36       0.5 
Labor        7,778.70     38.1 

Total       $20,400.73 
Cost  per  lin.   ft.  of  tunnel    40.68 
(jost  per  cu.  yd    19.62 

BRICK    UNING. 
.Approximately  320  cu.  yds.  of  brick  masonry 

were  built  under  air  pressure  of  14  to  23  lbs. 

DETAIL   OF   JOINT    SPACER 

Fig.  3.    Detail  of  Pipe  Joint  and  Joint  Spacer, 
Chelsea  Creek  Water  Tunnel. 

|H-r   square    inch.      Work   was   continuous    for 
three  shifts  per  24  hours. 

Per  cent 
Cost,     of  total. 

General  expenses     $  3,078.64     29.2 
Brick           1,971.52     18.7 
Cement           1.129.00     10.7 
«and             331.39       3.1 
Mason          1,210.80     11.5 
Labor          2,786.25     26.5 
Miscellaneous  supplies      36.76      0.3 

Total      $10. 544.36 
Cost  per  lin.  ft.  of  tunnel    21.03 
Cost  per  cu.  yd.  of  tunnel    32.95 
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LAYING   36-IN.    PIPE. 

Five  hundred  and  three  feet  of  36-in.  pipe 
were  laid.  Work  was  continuous  for  six  days 
per  week  with  three  shifts  per  24  hours. 

Per  cent 
Cost,     of  total. 

General   expenses        ?1,70S.96     42.2 
Lead               382.41       9.4 
Calking             252.00       6.2 
Labor           1,661.10     41.0 
Tools  and   miscellaneous    50.25       1.2 

Total         $4,054.72 
Cost  per  lin.   ft.   of  tunnel    S.OS 

PORTL.\ND      CEMENT      CONCRETE      PROTECTION      FOR 

PIPE. 

Four  hundred  and  seventj--eight  yards  of 
concrete  were  placed.  Frost  was  removed 
from   the  sand  and  gravel   for  concreting,  by 

Fig.  4.    View  in  Chelsea  Creek  Water  Tunnel 

Showing   Laying   of   Cast   Iron    Pipe 

and  Concrete  Filling. 

steam.  The  materials  were  mi.xed  in  the 

following  proportions:  380  lbs.  of  cement.  10 
cu.  ft.  of  sand,  18  cu.  ft.  of  gravel.  Work 
was  continuous  for  six  days  per  week  with 
three  shifts  per  24  hours. 

Per  cent 
Cost,     of  total. 

General  expenses        $2,056.17     35.8 
Cement              917.11     16.0 
Sand   and  gravel          744.15     13.0 
Labor          1,994.70     34.8 
Miscellaneous  expenses     25.00       0.4 

Total        $5,737.13 
Cost  per  lin.  ft.  of  tunnel    11.44 
Cost  per  cu.   yd.  of  tunnel    12.00 

COST    OF    C.-\ST    IRON    PIPE    .\ND    SPECIALS. 

The  cost  of  the  cast  iron  pipe  and   special 
castings  was  as   follows : 
'ie-in.  cast  iron  pipe,  class  H: 

157.348  tons  straight  pipe,  delivered  on 
wharf,  at  $24.40  per  ton   $3,839.29 

Cost  per  lin.  ft.  of  tunnel. ."    7.65 
36-in.  cast  iron  specials: 

11.1605  tons,  delivered  on  wharf,  at  $49      546.86 
Cost  per  lin.  fL  of  tunnel    1.09 

SCMMARY    OF    COSTS. 
Cost  per 

Total       lin.  ft. 
cost,     of  tunnel. 

Earth  excavation    $20,400.73     $40.68 
Brick  lining       10,544.36       21.03 
Laying   36-in.    pipe       4,054.72         8.08 
Portland  cement  concrete  pro- 

tection for  pipe       5,737.13       11.44 

36-in.   cast  iron  pipe   
36-in.   special  castings.... 

$40,736.94     $81.23 
.     3,839.29         7.65 

546.S6         1.09 

Total*      $45,123.09     $89.97 
•Exclusive  of  land  damages  and  engineering 

and  testing  and  miscellaneous.  These  items 
amounted  to  a  sum  of  $5,687.53  additional,  mak- 

ing the  total  cost  $50,810.62. 
CONSTRUCTION    PLANT. 

Following  is  a  list  of  the  construction  plant 
units  employed  and  their  estimated  value 
when  new  : 

Est.  value 
when  new. 

1  air  compressor.  IngersoU  No.  119,  24x24- 
^4x30  ins   $  2,700 

1  air  compressor,   IngersoU  No.  82,   18x18- 
Hx24  ins       2,200 

2  75    hp.    vertical    Manning    boilers.    60x13 
ins   ,       2,400 

1  60  hp.   horizontal  Economical  boiler,   50 
ins.   x   10   ft    700 

2  air  receivers.  4x12  ft    200 
1  shaft  lock,  6x6  ft    700 
1  tunnel  lock.  6x12  ft    225 
1  4x3-in.   Worthington   duplex  pump    2O0 
1  4x3-in.    Knowles   duplex   pump    20fl 
1  head  house  and  conveyor    200 
1  12  hp.   Paine  dynamo  engine    500 
1  Crocker-Wheeler      generator,      50      am- 

peres, 110  volts,  12C0O  R.  P.  M    130 
1  two-drum.  20  hp.  double  cylinder.  Floyd 

Mfg.   Co.   hoisting  engine  and  boiler....      1,200 

1  20   hp.    double   cylinder   Kendal    &    Rob- 
erts  hoisting  engine,   without  boiler. .  600 

5  tons  steel   rails    200 
3  car  trucks,  with  wheels,  axles  and  boxes  105 
Centers,   ribs  and  lagging    100 
Pipe  and  fittings    500 

Total      $13,240 
6  skips.  5x214x2%  ft          ISO 

Regulations  Governing  Preparation  of 
Reports  on  Water  Supply  Systems 
and  Extensions  in  Saskatchewan. 

In  Engineering  and  Contracting  of  Sept. 

24,  1913,  the  rules  and  regulations  of  the  New- 
Jersey  State  Board  of  Health  relative  to  re- 

ports on  water  supply  and  water  purification 
systems  were  published.  The  need  of  set 
rules  and  regulations  to  govern  the  submis- 

sion of  water  and  sewer  plans  to  State  Boards 
of  Health  was  set  forth  in  our  issue  of  Oct. 

29,  1913,  and  need  not  be  repeated.  Follow- 
ing the  lead  of  New  Jersey  in  this  particular 

the  province  of  Saskatchewan  has  recently 
issued,  through  the  provincial  Bureau  of  Pub- 

lic Health,  a  set  of  regulations  governing  the 
preparation  of  plans  for  the  installation,  in 
that  province,  of  water  works,  sewerage  and 
sewage  disposal  systems.  Saskatchewan  is  the 
first  of  the  Canadian  provinces  to  take  this 
action.  These  regulations  differ  sufficiently 
from  those  issued  by  the  New  Jersey  Board 
to  warrant  their  publication  here.  The  Sas- 

katchewan regulations  as  to  water  works  sys- 
tems and  extensions  which  follow  contain 

many  suggestions  of  value  to  water  supply  en- 
gineers generally. 

engineer's  report. 
A  report  shall  be  submitted  prepared  by  the 

engineer  acting  for  the  municipality  giving 
information  under  the  following  heads,  in  so  far 
as  such  are  applicable  to  the  proposed  works. 

1.  Population. — The  present  population  and 
the  rate  of  increase  during  each  of  the  last  five 

years:  available  data  justifying  a  future  in- 
crease of  population  and  probable  increase  in 

next  ten  years. 
2.  Maximum  population  which  system  will 

provide  for  if  fully  developed. 

3.  Population  provided  for  by  proposed  sys- 
tem. 

4.  Area  and  topography  of  municipality. 

5.  E.-itimated  water  consumption  per  capita 

per  24   hours. 
6.  Alternative  sources  of  supply  (if  any)  and 

if  investigated. 
7.  Source  of  supply  recommended. 

8.  Present  available  water  and  how  deter- 
mined. 

9.  Estimated  supply  of  water  under  full 
development. 

10.  Quality  of  water. 
11.  Any  present  sources  of  pollution  of  source 

of  supply. 

12.  Measures  recommended  to  prevent  future 
pollution  of  source  of  supply. 

13.  Nature  and  construction  of  intake  or 
collection  works. 

14.  Wells. — The  number,  depth,  size  and  con- 
struction of  wells:  the  nature  of  the  ground 

through  whica  they  are  sunk;  the  construction 
of  collecting  galleries. 

15.  Watercourses. — Minimum  dry  weather 
flow,  approximate  watershed  area.  If  continuous 
winter  flow,  reduction  in  available  supply  during 
winter. 

16.  Catchment  Areas. — Approximate  area  of 
watershed,  character  of  watershed  surface  with 

reference  to  probable  run-off,  population,  arable 
and  stock  farming  and  all  available  data  having 
reference   to  rainfall. 

17.  Natural  Lakes. — Approximate  area  of 
watershed,  average  depth  of  lake,  area  of  lake, 
if  overflow  is  continuous,  approximate  annual 

overflow,  nature  of  watershed  relative  to  popu- 
lation, arable  and  stock  farming,  and  all  avail- 

able data  having  reference  to  rainfall.  Popula- 
tion on  shore  winter  and  summer.  If  surface  is 

used  for  traffic  in  winter. 
18.  The  capacities  and  character  of  pumps; 

duplication  of  machinery  and  energy. 
19.  Sedimentation. — The  size  and  construction 

of  basins. 
20.  Filtration.— A  full  description  of  the  pro- 

posed plant,  including  the  type  of  filter,  the 
nature  of  filtering  media,  the  maximum  rate  of 

operation  of  each  unit  of  the  plant;  the  method 
of  cleansing  filtering  media;  the  nature  and 
amount  of  coagulant  or  disinfectant  estimated 
to  be  necessary. 
21.  Provision  for  future  extensions. 

22.  Provision  for  measuring  and  recori'ng 
amount  of  water  supplied  to  municipality. 

23.  Provision  made  for  storage  and  capacity 
of  reservoir,  stand  pipes,  etc. 
24.  Size  of  force  or  gravity  mains. 

25.  Distribution  system,  especially  with  ref- 
erence to  cut  off  valves,  sluice  valves,  hydrants 

and  through  circulation:  minimum  size  of  pipes 
and  minimum  depth  of  trench:  character  of 
subsoil. 

26.  Pressure  available  for  domestic  and  fire 

purposes. 27.  Particulars  as  to  any  provision  made  for 
turning  water  other  than  the  domestic  supply 
into   mains  for   fire   protection  purposes. 

28.  Provision  to  be  made  for  inspection  of 
construction. 

29.  Control  and  operation. 

In  the  case  of  extensions  to  an  existing  sys- 
tem, the  report  shall,  in  addition  to  describing 

the  nature  of  the  proposed  extensions,  deal  with 

as  man>'  of  the  above  matters  as  are  thereby 
affected. 

ESTIM.\TES    OF   COST. 

A  statement  prepared  by  the  engineer  shall 
be  submitted  showing  the  estimated  cost  of  the 

proposed  system  or  extensions.  The  estimated 
cost  of  all  pipe  lines  shall  be  shown  in  schedule 
form   as   follows: 
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The  estimated  cost  of  all  other  sections  of  the 

work  (e.  g.,  land,  intake,  headworks,  pumps, 
reservoir,  hydrants,  valves,  etc.)  shall  be  shown 

separately  at  the  end  of  the  schedule.  The  es- 
timated operating  costs  per  annum  shall  also  be 

given. 
GENERAL    PLANS. 

The  following  plans  shall  be  submitted: 
Plan    of   fVlunlcipallty — A   general   plan   of  the 

entire  municipality  to  a  scale  of  not  greater  than 

Fig.    5.    View   of   Air    Lock,    i.^helsea    Creek 
Water  Tunnel,   Boston,   Mass. 

200  and  not  less  than  500  ft.  to  an  inch.     This 

plan  shall  show: 
1.  The   municipal   boundary. 
2.  All  streets  existing  or  proposed. 

S.  The  approximate  location  of  all  habitable 
buildings  not  served  with  water  at  the  date  of 

application. 
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4.  The  surface  elevations  at  all  existing  or 
proposed  street  intersections. 

6.  The  elevation  of  the  highest  point  in  the 
municipality. 

6.  The  location  and  size  of  all  existing  and 
proposed  water  mains. 

7.  The  location  of  stand  pipes,  valves,  hy- 
drants and  all  appurtenances. 

Location  Plan. — A  plan  to  a  suitable  scale, 
showing  the  site  of  the  municipality,  any  out- 

side territory  affected,  and  the  following: 
1.  The  source  of  supply,  intakes,  wells,  filters, 

pumps,  reservoir  and  any  special  features. 
2.  The  route  of  gravity  or  force  mains. 
3.  The  following  elevations  shall  be  shown: 
(a)       The  low,  mean  and  high  water  levels  of 

the  watercourse  or  lake  at  the  intake;  (b)  The 
highest  known  flood  elevation  of  the  watercourse 
or  lake;  (c)  Surface  and  water  elevations  at 
standpipes,  reservoirs  and  principal  points  in 
the  system;  (d)  Surface  elevations  showing  any 
Irregularities  of  route  wii.h  reference  to  the  hy- 

draulic gradient. 
This  plan  is  not  required  in  the  case  of  ex- 

tensions to  a  distributing  system. 
Analysis  of  Proposed  Source  of  Supply. — A 

sample  of  the  water  from  the  proposed  source  of 
supply  shall  be  taken  not  more  than  six  weeks 
previous  to  the  date  on  which  application  is 
made  to  the  Commissioner  of  Public  Health  for 
his  certificate  of  approval.  The  sample  shall 
be  subjected  to  chemical  analysis  and  bacteri- 

ological examination.  A  copy  of  the  result  of 
such  analysis  shall  be  submitted  to  the  Com- 

missioner of  Public  Health.  The  commissioner 
may  require  any  number  of  samples,  extending 
over  a  stated  period  of  time,  if  necessary. 

The  above  shall  also  apply  to  each  application 
for  approval  of  extensions  to  aji  existing  sys- 

tem, the  sample  being  taken  from  the  existing 
mains,  should  there  be  no  proposed  change  in 
the   source  of  supply. 

Detail  Drawings. — Detail  drawings  shall  be 
submitted  to  a  scale  which  shall  clearly  indicate 
the  design  of  all  sections  of  the  proposed  system 
or  extensions,  including  all  wells,  collecting  gal- 

leries, intakes,  filters,  settling  basins,  reser- 
voirs, conduits,  standpipes,  siphons,  blowofts, 

pumps,  machinery  buildings,  and  other  appurte- 
nances. 

Profile. — In  the  case  of  grravity  supply,  a  pro- 
file of  the  route  of  the  pipe  line  shall  be  submit- 
ted, showing  surface  elevations,  the  hydraulic 

gradient  of  pipe  line,  and  air  and  sluice  valves. 
Specifications. — Specifications  shall  be  sub- 

mitted covering  all  work  to  be  undertaken  in 
the  proposed  system  of  extensions. 

In  Saskatchewan  certain  affidavits  are  re- 
quired in  connection  with  the  foregoing.  Thus 

an  affidavit  must  accompany  any  report  ot 
water  analysis,  stating  that  the  report  of  the 
analysis  and  examination  submitted  is  a  true 
copy  of  the  report  supplied  by  the  analyst,  and 

Fig. 1.      Cross     Section     of     Strainer, 
Canaan    Filters. 

New 

that  the  water  analyzed  and  examined  was 
taken  from  the  proposed  source  of  supply. 
The  date  on  which  any  sample  was  taken  must 
also  be  stated  in  the  affidavit.  Also  all  detail 
drawings  and  specifications  must  be  accom- 

panied by  affidavits  stating  that  the  drawings 
and  specifications  are  those  to  be  used  in  the 
construction  of  the  proposed  system  or  ex- 
tensions. 

Design  Features  and  Cost  of  Operating 
Water  Filters  of  Pressure  Type 

at  New  Canaan,  Conn. 

New  Canaan,  Conn.,  is  supplied  with  wa- 
ter from  a  reservoir  situated  about  three  miles 

north  of  the  town.  The  reservoir  has  a  drain- 
age area  of  1  1/10  square  miles  and  a  storage 

capacity  at  the  present  time  of  70,000,000  gals. 
About  20  per  cent  of  the  drainage  area  con- 

sists of  swamps.  These  swamps  act  as  large 
tea  kettles,  in  which  the  leaves  and  vegetation 

Clear  Water  Tank 
10,000  Gallons 

be  taken  up  in  order  to  insert  the  Venturi- 
meter  and  branches  for  the  filters.  As  this 
12-in.  main  forms  the  only  supply  for  the 

town,  a  temporar>'  6-in.  pipe  was  tapped  in 
below  the  filter  plant  and  run  to  a  notch  cut 
in  the  concrete  spillway  of  the  dam. 

The  filter  plant  proper  consists  of  four  fil- 
ters, each  capable  of  filtering  250,000  gals,  in 

24  hours.  This  amount  is  based  on  2  gals.' 
per  minute  per  square  foot  of  horizontal  fil- 

tering area.  This  arrangement  provides  suffi- 
cient filtered  water  for  washing  one  filter  while 

■  Pumped  Warer I     ,■  Filtered  Water 

Reservoir  Water 

-Pressure  Sage 

Fitted  Water 

Fig.  2.    Elevation  of  Two  Pressure   Filter 
Conn.,   Showing   Pipini 

To  Wash  Filters   With   Reservoir   Pressure: 

Close  valves  C,  G,  F3  and  Fj.  Open  valve  D 
and  leave  Fi  and  E  open.  This  will  wash  one 
section.  As  soon  as  the  water  in  the  sight  glass 
runs  fairly  clear,  close  Fj  and  open  Fj  and  so 
on  until  all  three  sections  have  been  washed. 
Then  close  D  and  E  and  open  C,  Fi,  Fj,  Fj  and 
G.  This  will  start  filtering  the  raw  water  and 
run  it  to  waste.  As  soon  as  it  clears  up  (two 
or  three  minutes)  close  G  and  open  E.  This 
whole  operation  ought  to  take  about  15  to  20 
minutes.  The  clear  water  tank  is  filled  by 
opening  valve  H.  The  filters  should  be  washed 
every  day  and  oftener  if  the  pressure  loss 
through  the  filter  exceeds  4  lbs. 

'Raiv  Water 

from  Reservoir* Units  and    Clear  Water  Tank,    New   Canaan, 

I  for  One   Unit  Only. 
To  Wash  Filters  With  Clear  Water  Tank  and Pump: 

Close  valves  E,  C,  Fi,  F3  and  leave  B  and  O 
closed.  Open  A,  Fi  and  D.  See  that  motor 
bearings  are  oiled  and  air  out  of  pump.  Start 
motor.  This  will  raise  the  pressure  to  J5  or  30 
lbs.  Open  valve  B  until  the  pressure  drops  to 
18  or  19  lbs.  When  the  wash  water  shows  clear 
in  the  sight  glass  open  F^  and  shut  F,.  When 
again  clear  open  F3  and  ?hut  F^.  When  finished 
washing  this  last  section  shut  oft  the  motor, 
close  B.  D  and  E  and  open  Fi.  F;,  F3.  C  and  G. 
This  lets  the  filtered  water  run  to  waste.  The 
water  should  become  clear  in  about  two  min- 

utes, and  as  soon  as  it  does  close  G  and  open 
E.  Do  not  open  valve  B  before  starting  pump, 
as  it  might  be  opened  too  wide  at  first  and  ■<> 
overload  the  motor. 

are  steeped,  giving  the  water  a  high  color,  espe- 
cially when  a  heavy  rain  flushes  the  swamps 

out. In  1912  Mr.  A.  B.  Hill  of  New  Haven  was 

called  in  to  suggest  some  means  of  remedy- 
ing the  situation.  After  a  careful  investiga- 

tion he  recommended  a  series  of  marginal 
ditches  around  the  swampy  area,  to  take  the 
water  directly  from  the  hillsides  to  the  res- 

ervoir and  prevent  it  from  steeping  in  the 
swamps.  In  the  summer  and  fall  of  1912 
these  ditches  were  laid  out  and  partly  com- 

pleted, work  being  stopped  by  the  winter.  The 
entire  scheme  of  ditching  has  been  only  about 
two-thirds  completed.  The  ditches  that  were 
completed  served  to  reduce  the  color  from 
the  ditched  areas  considerably  It  is  inter- 

esting to  note,  in  this  connection,  that  since 
the  New  Haven  Water  Co.  has  done  some 
of  the  same  kind  of  ditching  around  one  of 
their  reservoirs,  that  the  color  of  the  water 
in  the  reservoir  has  been  reduced  from  around 
60  to  from  20  to  30. 

In  the  early  spring  of  1913,  the  Civic  League 
of  New  Canaan  petitioned  the  Public  Utilities 
Commission  to  have  the  New  Canaan  Water 
Co.  filter  the  water,  and  shortly  afterwards 
the  petition  was  granted,  with  permission  for 
the  water  company  to  raise  its  rates  to  com- 

pensate for  the  expense  of  the  filters. 
The  water  company  authorized  its  engineer 

to  install  a  suitable  filter  plant.  As  slow  saiid 
filters  have  not  been  markedly  successful  in 
the  removal  of  color  and  as  there  was  no 
spare  head,  a  pressure  filter  pl.Tnt  with  the 
use  of  a  coagulant  was  decided  upon.  The 
design  features  and  the  cost  of  operating  this 
filtration  plant  are  here  described  and  record- 

ed from  information  contained  in  the  paper 
presented  before  the  latest  annual  meeting 
of  the  Connecticut  Society  of  Civil  Engineers 
by  Mr.  Kenneth  W.  Leighton. 

Excavation  for  the  foundation  of  the  build- 
ing was  started  May  13,  1913,  and  water  was 

turned  through  the  filters  on  July  1,  1913. 
The  filter  plant  was  located  so  that  the  line 
of  the  old  12-in.  supply  main  came  about  2 
ft.  inside  of  the  east  wall  of  the  building. 
About  80  ft.  of  this  old  supply  main  had  to 

the  other  three  are  in  use.  and  also  allows  for 
future  growth  in  consumption.  The  consump- 

tion for  short  periods  has  run  as  high  as  600,- 
000  gals,  per  24  hours. 
The  filters  are  of  the  Continental  Jewell 

type  and  consist  of  steel  tanks  10  ft.  in  diam- 
eter and  about  7  ft.  high  with  convex  tops  and 

bottoms.  Just  above  the  convex  portion  of 
the  bottom  are  placed  a  series  of  bronze 
strainers,  about  200  in  number.  The  slits 
in  these  strainers  are  so  small  that  the  sand 
or  gravel  cannot  get  through  them.  The 
strainer  unit  is  shown  in  Fig.  1.  The  bottom 
of  the  tank  is  concreted  in  up  to  the  strainers. 
.'Vbove  the  strainers  is  a  9-in.  layer  of  gravel 
%  to  %  in.  in  size,  .^bove  the  gravel  is  a 
30-in,  layer  of  sand.  From  the  top  of  the 
sand  to  the  top  of  the  tank  there  is  just  room 

for  a  man  to  get  in  and  move  around  uncom- 

Fig.  3.    Section  of  Filter  Unit,   Pressure  Fil- 
ters,   New    Canaan,    Conn. 

fortablv.     .A  section  of  one  unit  is  shown  in 

Fig.  2.' 

Before  the  water  reaches  the  filters  some 
of  it  is  forced  by  a  back  pressure  valve  through 
either  one  of  two  tanks,  each  containing  about 
100  lbs.  of  alum.  .A  certain  amount  of  the 
alum  is  dissolved  and  carried  back  into  the 
supply  main.  The  alum  unites  with  a  portion 
of  the  alkali  in  the  water,  forminc;  a  fljiky 

precipitate     of     aluminum     hydroxide     which 
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serves  to  entangle  small  particles  and  color- 
ing matter  and  to  make  a  coating  on  top  of 

the  sand.  One  grain  of  alum  per  gallon  will 
use  up  about  eight  parts  of  alkalinity  per  mil- 

lion, so  that  if  the  water  is  deficient  in  alka- 
linity some  alkali,  such  as  sodium  carbonate, 

would  have  to  be  added. 

In  seven  months  there  has  been  used  i'/j 
tons  of  alum,  and  47.596,000  gals,  of  water 
have  been  filtered,  making  1  4/10  grains  of 
alum  per  gallon  of  water.  It  is  very  likely 
that  this  can  be  reduced  somewhat  before  long. 
The  water,  on  entering  at  the  top  of  the 

filter  unit,  is  deflected  by  a  baffle  plate,  thus 
spreading  it  evenly  over  the  top  of  the  bed. 
In  going  through  the  filters,  there  is  a  loss 
in  pressure  of  from  2  to  4  lbs.  When  it 
reaches  the  latter  figure  it  is  time  to  wash. 
The  filters  are  washed  at  least  once  a  day, 
even  if  the  loss  in  pressure  does  not  reach 
4  lbs.  The  filters  are  of  the  sectional  wash 

type  and  only  one-third  of  a  unit  is  washed  at 
a  time.  This  gives  greater  pressure  and  tends 
to  keep  the  water  from  burrowing  through 
the  filtering  material.  The  washing  is  done 
by  reversing  the  flow  of  water.  The  washing 
of  a  unit  takes  about  15  minutes,  unless  the 
bed  is  exceptionally  dirty.  The  scheme  of 
washing  a  typical  unit  is  shown  in  Fig.  3. 
When  the  reservoir  is  low  the  filters  are 

washed   bv   using   the    10.000-gal.   clear   water 

tank  and  the  pump.  The  pump  is  a  5-in.  suc- 
tion, 5-in.  discharge,  Kingsford  centrifugal 

pump  coupled  to  a  10-h.p.  Westinghouse  in- 
duction motor.  T'he  clear  water  tank  holds 

enough  to  wash  approximately  two  filter  units. 
The  water  used  for  washing  is  about  5  per 
cent  of  the  total  water  consumed  during  24 
hours.  After  passing  through  the  filters,  the 
water  is  measured  by  a  Venturi  meter,  which 
records  the  rate  of  flow  every  10  minutes 
and  the  total  amount  in  gallons. 

The  building  is  heated  by  an  ordinary  round 
station  stove  with  about  a  20-in.  fire  pot,  and 
will  bum  about  5  tons  of  coal  during  the 
winter. 

The  efficiency  of  the  plant  is  indicated  by 
the  comparative  analyses  of  the  raw  water 
in  past  years  and  of  the  filtered  water  at  the 
present.  An  examination  of  the  raw  water 
analvses  made  at  monthly  intervals  from  De- 

cember, 1911,  to  June,  191.3,  shows  that  the 
color  ranged  from  28  to  96  parts  per  million, 
the  turbidity  from  1  p.  p.  m.  to  60  p.  p  m.  and 
the  alkalinity  from  7  p.  p.  m.  to  25  p.  p.  m.  Dur- 

ing the  same  period  the  odor  has  been  char- 
acterized as  grassy,  faint,  faint  peaty,  or  dis- 

tinct peaty,  and  the  color  of  the  sediment  has 
been  termed  slight  brown,  slight  gray  or  dark 
brown.  The  last  analysis  of  the  filtered  water 
by  the  State  Board  of  Health  is  as  follows: 
Color,   0;   turbidity,   0;   nitrates,   0;    free   am- 

monia, 0;  odor,  0;  sediment,  0;  chlorine,  only 
0.1  above  normal;  hardness,  32.68  (less  than 
60  is  considered  soft  water)  ;  bacteria,  only 
175  per  c.  c.  and  no  suspicious  ones. 

Construction  and  Operation  Cost  Data. 
The  following  tabulation  gives  the  approx- 

imate  cost   of   the   filter   plant,   the   estimated 
cost  of  operating   for  a  month,  and  the  cost 

per  1,000,000  gals,  of  water: 
Cost  of  filter  plant: 
Building     t  6.000.00 
Filters      12,500.00 
Venturi-meter             600.00 
Miscellaneous          1,900.00 

$21,000.00 Cost  of  operating  per  month: 
Attendants'   salary      $  65.00 
Power  (minimum  charge)    10.00 
Light      .50 
Telephone       4.50 
Compensation  Insurance      1.00 
Coal       3.30 
Alum       27.00 
Miscellaneous      2.00 
Depreciation: 
Machinery.  10  per  cent    125.00 
Building.  2  per  cent    in.nn 

Interest  on  investment  at  6  per  cent. .  105.00 

$      353.30 Amount   of  water  filtered  per  month   equals   7.- 

000,000  gals. Cost  per  1.000.000  gals,  of  water  filtered,  $50.43. 
It  should  be  noted  that  more  water  could 

be  filtered,  if  the  occasion  demanded,  without 

increasing  the  present  cost  materially. 

GENERAL 
A   Discussion    of    Relative   Values  in 

Sanitation. 
To  maintain  a  clean  and  safe  environment 

costs  money,  often  a  good  deal  of  money. 

How  shall  one  determine  whether  a  city's 
money  expended  for  this  purpose  is  well 
spent?  The  cost  of  municipal  sanitary  meas- 

ures can  usually  be  ascertained  with  reason- 
able exactness  and  hence  their  relative  cost 

can  be  computed.  But  how  may  one  know 
that  the  value  to  the  community  of  these 
measures  is  commensurate  with  their  cost  and 
that  a  proper  allotment  of  funds  is  being 
made?  It  may  be  said  at  the  outset  that 
there  is  no  definite  means  of  ascertaining 
this.  The  question  cannot  be  answered 
categorically.  The  best  that  can  be  done  is 
to  call  attention  to  a  few  guiding  principles, 
but  if  due  consideration  is  given  to  them 
much  may  be  gained  over  present  practice. 
These  guiding  principles  were  discussed  by 
George  C.  Whipple,  consulting  engineer.  New 
York  City,  and  professor  of  sanitary  engi- 

neering at  Harvard  University,  in  a  paper 
presented  before  the  latest  annual  meeting  of 
the  Connecticut  Society  of  Civil  Engineers. 
The  following  matter  is  from  that  paper  as 
published  in  the  annual  journal  of  the  so- 
ciety. 

All  sanitary  measures  are  not  directed  to 
a  common  end.  Some  are  chiefly  and  avowed- 

ly for  the  protection  of  the  people  against 

K  disease,  as  for  example,  vaccination,  disin- 
fection processes,  and  the  sterilization  by  the 

use  of  chemicals  of  public  water  supplies. 
Some  measures  are  to  protect  people  against 
accident.      On   the   other   hand,   many   of   our 

imost  conspicuous  and  expensive  sanitary
  op- 

j  erations.  such  as  refuse  disposal,  street  clean- 
I  ing,  ventilation  of  buildings  and  cars,  pro- 

mote comfort  and  convenience  more  than 

health.  Again  we  have  the  element  of  de- 
cency which,  though  intangible,  is  neverthe- 

less an  important  factor  in  the  situation,  as 
it  merges  imperceptibly  into  morals.  The 

I  proper  disposal   of  the   excretions  of   the  hu- 
man body  is  influenced  by  this  motive.  Be- 

tween health,  comfort  and  decency  we  often 
find  it  hard  to  discriminate  and  in  attempt- 

ing to  evaluate  them  we  encounter  at  the  out- 
set a  great  variety  of  philosophical  concep- 

tions. 

Where  no  common  denominator  exists  it  is 
hard  to  make  comparisons.  .As  a  matter  of 
fact  life,  health,  comfort  and  decency  are 
prime  factors  and  we  cannot  reduce  them  tc 

lower  terms.  And  so  in  deciding  between 
measures  which  perform  one  or  the  other 
service  we  can  do  no  more  than  exercise  our 
best  judgment,  taking  into  account  the  sum 
total  of  the  advantages  to  be  derived  from 
the  measures  recommended  and  our  ability 

to  pay  for  them. 
But  in  order  to  judge  wisely  in  regard  to 

these  matters  it  is  necessary  to  be  correctly 
informed  as  to  what  can  be  accomplished  by 
sanitation  and  what  need  not  be  expected. 
This  demands  a  careful  study  of  the  facts  by 
persons  competent  to  draw  conclusions  from 
them. 

popular  misconceptions. 

The  popularization  of  sanitary  science  has 
been  both  beneficial  and  harmful.  So  rapid 
have  been  the  advances  in  certain  directions, 

so  marvelous,  for  example,  have  been  the  re- 
sults of  bacteriological  discoveries,  that  a  spirit 

of  over-confidence  in  new  ideas  has  been  de- 
veloped. A  flabby  gullibility  is  taking  the 

place  of  robust  criticism.  This  is  due  in  great 
measure  to  the  manner  in  which  scientific 

studies  are  exploited  or  "featured"  by  the 
press.  False  and  misleading  headlines  are 

read  by  the  many,-  while  the  articles  them- 
selves, often  of  a  very  different  tenor  from 

the  headlines,  are  read  by  but  few :  hence 

the  quick  reading  public  may  get  one  opin- 
ion, while  the  more  studious  reader  may  get 

an  entirely  different  opinion  from  the  same 

page.  When,  as  in  one  instance,  public  opin- 
ion is  so  influenced  by  diluted  science  as  to 

cause  the  legislature  of  one  of  our  states  to 
propose  a  law  requiring  the  sewage  of  all 
cities  to  be  purified  in  a  septic  tank,  the  mat- 

ter becomes  more  serious. 
Hence  one  of  the  most  important  things  to 

be  done  in  considering  relative  values  in  san- 
itation is  to  educate  the  public  as  to  what 

can  be  accomplished  and  what  cannot  be  ac- 
complished by  the  various  sanitarv  measures 

that  are  continually  being  proposed. 
A   FEW   comparisons. 

It  may  be  interesting  to  run  over  some 
of  the  sanitary  measures  in  common  use  with 
reference  to  the  nature  of  their  usefulness, 
bearing  in  mind  that  the  statements  made  are 

very  general  in  character  and  subject  to  mod- ification  under   exceptional   conditions. 
The  purification  of  public  water  supplies  has 

a  verv  important  influence  on  oublic  health. 
But  aoart  from  this  influence  clean  water,  as 

contrasted  with  water  which  is  turbid,  discol- 
ored, or  ill  smelling,  has  a  value  of  its  own. 

Sewerage,    that    is    the    removal    of    water 

closet  wastes  and  other  wastes  from  human 
habitations,  is  an  important  health  measure. 
Sewerage  has  also  a  value  reckoned  in  terms 
of  comfort  and  decency. 

Sewage  treatment,  sometimes  miscalled 
sewage  purification,  except  in  special  cases, 
has  but  a  small  influence  on  the  public  health. 
Nevertheless  it  may  be  very  important  when 
judged  by  standards  of  comfort  and  decency. 

Street  cleaning  has  an  mfluence  on  public 
health,  but  its  value  lies  chiefly  in  comfort 
and  convenience. 

Refuse  collection  and  disposal  has  but  lit- 
tle direct  influence  on  the  public  health.  Its 

value  lies  chiefly  in  comfort  and  convenience. 
The  ventilation  of  buildings  and  other  en- 

closed spaces  is  only  to  a  slight  extent  a 
health  measure.  It  relates  chiefly  to  per- 

sonal comfort. 

The  congestion  of  population  in  the  crowd- 
ed districts  of  cities  considered  by  itself  and 

apart  from  the  habits  of  the  people,  probably 
has  less  influence  on  the  transmission  of  dis- 

eases than  is  commonly  supposed,  yet  there 
is  reason  to  believe  that  it  has  an  important 

influence  on  what  may  be  termed  human  vi- 
tality. Room  congestion  when  associated 

with  ignorance  and  poverty,  is  an  important 
factor    in    public   health. 
The  elaborate  devices  employed  in  house 

plumbing  to  prevent  the  entrance  of  sewer  air 
and  drain  air  into  the  rooms  have  but  a  slight 

influence  on  the  public  health.  They  do,  how- 
ever, promote  comfort  and  may  perhaps  en- 
hance  human    vitality. 

The  control  of  the  mosquito  by  the  elimina- 
tion of  bodies  of  standing  water  and  the  use 

of  oil  is  in  many  places  an  important  healtli 
measure.  It  is  also  an  important  measure 
considered  from  the  standpoint  of  personal 
comfort. 

The  elimination  of  the  fly  by  the  control  of 
its  breeding  place,  chief  of  which  is  manure, 
is,  in  the  absence  of  proper  care  of  fecal  mat- 

ter and  other  body  excretions,  a  measure 
which  affects  the  public  health.  Likewise  it 
is  a  matter  of  personal  comfort. 

It  must  not  be  understood  that  street  clean- 
ing, refuse  disposal  and  sewage  treatment, 

which  are  usually  controlled  by  municipal  au- 
thorities, have  no  influence  on  public  health. 

Of  course  they  do  have  an  influence.  But 
the  minor  cleansing  operations  performed  by 
the  people  themselves  in  their  homes  and 
schools  and  places  of  business,  the  practice 
of  personal  cleanliness  and  the  exercise  of 

such  personal  habits  as  will  prevent  the  trans- 
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mission  of  living  pathogenic  organisms  from 
person  to  person  through  such  agencies  as  the 
common  use  of  papers,  pencils,  toys,  drink- 
mg  cups,  and  the  like,  have  a  greater  influ- 

ence. This  results  from  the  general  princi- 
ple that  the  most  dangerous  infection  is  re- 
cent infection  and  that  in  general  the  life  of 

pathogenic  bacteria  outside  of  the  human 
body  is  not  long. 

Municipal  cleansing  operations  began  be- 
fore the  world  knew  much  about  the  trans- 

mission of  disease  by  means  of  living  organ- 
isms. The  relation  between  filth  and  disease 

was  suspected,  however,  and  it  is  probably  fair 

ment  has  moral  shortcomings  it  is  sometimes 

used,  and  it  must  be  admitted  that  the  dol- 
lar, as  a  commensurable  unit,  has  advantages. 

The  money  standard  may  be  applied  in  two 

ways,  first  as  a  unit  measure  of  cost  and,  sec- 
ond, as  a  unit  of  value  applied  to  the  product. 

To  the  first  use  one  can  hardly  take  exception; 
the  second  is  less  exact,  but  even  so  it  may 
be  usefully  applied.  We  say  that  pure  water 
saves  lives;  that  lives  have  a  value;  and  that 
this  value  is  subject  to  calculation.  In  this 

way  we  compute  the  effect  of  a  water  filtra- 
tion plant  in  dollars  and  cents  and  compare 

this  value  with  its  cost  to  determine  whether 

TABLE  I.— COST  OF  SANITATION  AND  HEALTH  CONSERVATION  IN  AMERICAJM  CITIES. 

Number  of 
Group.                          cities  in  group.  Population. 
I                       9  500.000  and  over 
II                  9  300,000  to  500,000 
III                  38  100.000  to  .•!00,000 IV                    57  50,000  to  100,000 
V                            82  30.000  to     50,000 
All    cities               195  500.00C  to     30.000 

, — Cost  pe r  capita. — ^ 
Pel cent  of  to- Sanitation tal  municipal  costs. 

or  the  pro- 

Conser- Conser- 
motion  of vation  of vation  of 
L'leanliness. of  tiealth. Sa nitation. health. 

$1.75 

$0.44 
S.2 

2.1 

1.51 
0.41 

7.5 

2.1 1.25 

0.29 
8.S 

2.0 

1.02 
0.24 

8.4 2.0 

0.84 
0.19 7.2 1.6 

1.42 0.35 8.2 2.0 

to  say  that  most  of  the  cleansing  measures 
that  have  been  in  practice  for  many  years 
were  first  undertaken  chiefly  from  the  mo- 

tive of  protecting  tTie  people  against  disease. 
While  science  has  shown  that  their  influence 
in  this  direction  is  less  than  was  once  thought. 
yet  we  may  be  justified  in  continuing  them 
from  the  standpoint  of  comfort,  convenience 
and  decency.  It  is  evident  from  the  general 
tenor  of  current  discussions  and  from  mu- 

nicipal appropriations,  that  the  general  pub- 
lic still  regards  them  as  measures  that  re- 
late primarily  to  health. 

The  safeguarding  of  food  against  infection 
and  putrefaction  is  a  health  measure,  but  food 
sophistication  is  chiefly  an  economic  question. 

In  general  it  may  be  said  that  mankind 
needs  clean  air,  clean  water,  and  clean  food, 
and  needs  them,  too,  in  sufficient  amounts. 
The  quantity  of  food  as  well  as  its  quality 
is  important,  but  this  question  runs  away 
from  sanitation  into  economics. 

COST  OF  SANITATION  AND  HEALTH  CONSERVATION. 

In  the  recent  special  report  of  the  United 
States  Bureau  of  Census  on  the  financial  sta- 

tistics of  cities  for  1912,  figures  are  given 
which  show  the  relative  cost  of  those  meas- 

ures which  tend  to  promote  cleanliness,  and 
which  are  classed  under  the  general  term 
sanitation,  and  other  measures  which  more  di- 

rectly affect  the  health  of  the  people.  It  is 
interesting  to  notice  that  more  than  four  times 
as  much  money  is  usually  spent  for  measures 
which  affect  the  public  health  indirectly  as 
for  those  which  are  directly  intluential  in  con- 

trolling disease.  If  we  consider  all  of  the 
cities  of  the  country  which  have  populations 
higher  than  30,000,  we  find  that  the  cost  of 
sanitation  amounts  on  an  average  to  $1.42  per 
capita  per  year,  while  the  expenses  for  health 
conservation  amount  to  only  $0.3.5  per  capita 
per  year.  The  figures  in  Table  I  show  that 
the  per  capita  expenses  of  both  sanitation  and 
health  conservation  increase  considerably  as 
cities  become  larger,  but  that  the  percentages 
which  these  expenses  are  of  the  total  mu- 

nicipal expenses  remain  practically  constant 
for  all  cities  whatever  their  size,  averaging 
8  per  cent  for  sanitation  and  2  per  cent  for 
health  conservation. 

If  the  saving  of  lives  is  to  be  placed  above 
comfort  and  decency  it  would  seem  logical 
for  many  cities  to  increase  the  appropriation 
for  the  work  of  their  health  departments. 
Very  often  the  cleansing  operations  are  con- 

sidered as  a  part  of  the  health  expenditures. 
In  the  light  of  modern  bacteriology  this  is 
unwarranted. 

THE    DOLLAR    FDR    DOLLAR    STANDARD. 

Let  us  now  consider  some  of  the  standards 
that  may  be  applied  to  the  various  sanitary 
measures.  First  we  have  what  may  be  called 
the  Dollar  for  Dollar  .Standard.  If  we  in 
America  are  to  be  true  to  our  caricatures  we 
should  put  this  at  the  head.  We  should  do 
the  things  that  bring  dividends  and  keep  clean 
and  well  because  it  pays  in  dollars  and  cents, 
and  because  it  costs  money  to  be  sick  and  to 
die    and    to   be   buried       Althoueh    this    aren- 

the  filter  is  paying  a  dividend  on  the  invest- 
ment. Figured  in  this  way  we  usually  find 

that  the  filtration  of  a  polluted  water  does 

pay  a  very  good  profit.  For  example,  the  fil- 
ter in  Albany,  N.  Y.,  which  was  installed  in 

1899  reduced  the  tvphoid  fever  death-rate  in 
that  city  from  104  to  26  per  100,000,  and  also 
decreased  the  death  rate  from  other  diarrheal 
diseases.  Taking  current  assumptions  for  the 
value  of  the  lives  that  would  have  been  lost 
had  the  filter  not  been  built,  and  assuming  a 
daily  water  consumption  of  100  gals,  per 
capita,  we  arrive  at  the  result  that  the  value 
of  lives  saved  was  about  $76  for  every  1,000,- 
tiOO,000  gals,  of  water  that  was  supplied :  and 
inasmuch  as  the  cost  of  the  process  did  not 
much  exceed  $10  per  1,000,000  gals.,  the  filter 
may  have  been  said  to  have  yielded  in  its 
early  days  a  sevenfold  profit. 

In  the  same  way  we  may  study  the  various 
sanitary  and  hygienic  measures  that  relate  to 
the  saving  of  lives  of  young  children,  such 
as  motherhood  training  by  district  nurses,  the 
pasteurization  of  milk  and  the  like,  and  here 
also  we  find  that  the  value  of  the  lives  saved, 
estimated  in  dollars,  is  larger  than  the  cost 
of  the  protective  work  and  we  can  compute 
the  profit.  ."Vnd  so  we  might  go  through  the 
list  and  find  whether  the  money  spent  in  the 
eradication  of  smallpo-x  is  a  paying  proposi- 

tion and  that  for  the  suppression  of  tubercu- 
losis, and  whether  hospitals  pay  and  Red 

Cross  nurses  and  the  lighthouse  service  of  the 
United    States  Government. 

In  doing  this  we  should  come  across  some 
unexpected  results.  For  example,  does  the 
treatment  of  sewage  pay  as  a  lifcTsaving 
agency?  Most  people  at  first  thought  would 

say  "Yes,"  but  on  study  the  proof  of  this fails  to  materialize. 
In  considering  sanitary  expenses  on  the 

dollar  for  dollar  basis  we  find  that  money 
spent  for  some  forms  of  sanitation  reduces 
other  costs.  Cleansing  of  the  atmosphere 
from  smoke  reduces  the  laundry  bills,  lessens 
the  need  of  air  washing,  and  furthers  the 
growth  of  vegetation.  Money  spent  for  sew- 

age treatment  may  mean  that  streams  and 
harbors  have  added  value  as  parks  and  play- 

grounds. Money  spent  for  water  softening 
means  less  money  spent  for  soap  and  the 
care  of  boilers.  In  various  ways  one  expense 
may  be  substituted  for  another  with  the  en- 

hancement of  personal  comfort  as  an  addi- 
tional item. 

Value  of  Human  Life. — In  making  these 
calculations  we  are  in  the  habit  of  attributing 
a  certain  value  to  a  human  life.  We  say, 
perhaps,  that  a  man  of  a  certain  age  earns 
so  much  above  his  cost  of  support,  that  he 
has  a  certam  expectation  of  life  and  there- 

fore his  prospective  value  to  society  is  so 
much.  Economically  this  is  doubtless  true. 

The  man's  dependents  recognize  it,  but  does 
.■society  recognize  it?  Chapin  asks  this  per- 

tinent question.  "When  a  man  dies  do  the 
people  who  are  left  believe  that  their  own 
wages  would  have  been  hi.gher  if  the  man 
had  lived,  by  reason  of  his  worth  to  society? 
If  they  think  about  it  at  all  arc  thev  not  more 

likely  to  argue  to  the  contrary  and  say  that, 
in  accordance  with  the  law  of  supply  and 

demand,  limitation  of  wage-earners  tends  to 

increase  wages?" Thus,  however  much  we  may  compute  and 
argue  on  economic  grounds,  the  dollar  for 
dollar  standard  does  not  appeal  to  the  mass 
of  people.  Bond  issues  for  sanitary  reforms 
will  not  be  voted  in  order  to  conserve  hu- 

man life  reckoned  as  economic  wealth.  The 
saving  of  life  for  its  own  sake  is  a  far  more 
powerful  argument  for  the  establishing  of 
life-saving  agencies  than  any  appeal  to  the 
pocketbook.  Humanity,  after  all,  is  what 
counts. 

.'\gain  we  often  hear  this— I  quote  from  a 

prominent  sanitarian:  '"No  expenditure  can 
be  too  great  if  a  single  human  life  is  saved. 

Life  is  priceless."  From  an  individual  stand- 
point this  may  be  accepted,  but  the  world 

knows  that  in  the  aggregate  this  is  not  true. 

If  people  actually  believed  that  life  was  price- 
less wars  would  cease,  and  people  would  stop 

taking  chances  of  accident  in  automobiles  and 
aeroplanes.  The  theory  of  the  priceless  life 
carried  to  extremes  would  be  ridiculous.  What 

we  call  life-saving  is  in  itself  something  of 
a  misnomer.  Actually  it  is  only  life  lengthen- 

ing. This  is  recognized  in  the  new  phrase 

that  we  are  beginning  to  hear — "life  exten- 

sion." 

THE   LIFE   ST.\ND.M!I). 

There  is,  however,  a  ver>'  proper  and  very 
useful  way  to  employ  the  money  standard  in 
sanitation,  and  that  is  to  lind  in  what  direc- 

tion the  expenditure  of  a  given  sum  of  money 
will  save  the  largest  number  of  lives.  This 

is  one  of  the  greatest  questions  that  a  san- 
itarian can  consider.  It  is  today  the  most 

important  of  all  hygienic  problems  because 
it  comprehends  all  others. 
We  spend  our  money  for  life  extension 

partly  by  the  inertia  of  old  habits  and  partly 
by  the  spur  of  each  new  discovery  in  science. 
We  take  up  the  new  ideas  one  by  one  and  oft- 
times  push  them  to  extremes,  regardless  of 
their  relative  worth.  Their  newness  obscures 
their  true  value. 

If  the  life-saving  agencies  are  to  yield  their 
best  results  we  must  place  them  upon  a  quan- 

titative basis.  That  is  to  be  the  keynote  of 
the  new  era  upon  which  we  are  entering.  Some 

might  call  it  "Efficiencv  in  the  conservation  of 

life." 

THE    VITALITY    STANDARD. 

Another  standard  which  has  never  yet  been 
put  into  actual  use  relates  to  the  effect  of 
municipal  environment  on  the  physique  and 
vitality.  Do  cities  yield  as  strong  and  healthy 
men  as  the  country?  Does  good  ventilation 

add  to  one's  strength  and  stature?  Does  fac- 
tory sanitation  lessen  the  discomfort  and  the 

burden  of  toil  as  well  as  increase  the  efficiency 
of  the  laborers?  As  yet  no  means  have  been 
devised  for  applying  this  standard.  Some 
weight  should  be  given  to  it  in  comparing  the 
relative  value  of  sanitary  measures.  Health 
has  its  positive  as  well  as  its  negative  side. 
It  would  not  be  out  of  place  to  consider  ex- 

penditures for  parks,  for  fresh  air  excur- 
sions and  for  public  baths  as  health  measures. 

THE  STANDARD  OF  COMFORT. 

Money  and  length  of  life  are  not  the  only 

things  to  be  considered.  It  is  what  lies  be- 
tween one's  birth  and  death  that  really  counts. 

Of  wh.it  avail  to  add  a  few  years  to  the  length 
of  life  if  personal  comfort  and  happiness  are 
not  also  enhanced!  What,  after  all,  is  the 
chief  end  of  man,  to  live  long  upon  the  earth, 
or  to  obtain  the  best  enjoyment  from  the  best 
environment?  Whatever  may  be  our  philo- 

sophy we  must  admit  that  our  five  senses  de- 
serve consideration.  Judged  from  this  stand- 
point, some  of  the  sanitary  arts  which  do  not 

vield  a  dollar  for  dollar  profit  begin  to  loom 
large. 

Clean  streets,  clean  houses,  clean  cars,  clean- rivers  and  clean  harbors  have  a  value  because 
they  tend  to  make  life  more  comfortable,  more 
decent  and  more  moral.  Sewage  treatment. 
while  it  does  not  pay  large  vital  dividends, 

may  yet  yield  a  profit  measured  in  terms  of 
comfort  and  decency.  To  what  extent  can 
physical  comfort  and  happiness  be  secured  in 

a   tenement  house  where  people  live  crowded' 
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together  1,000  to  the  acre,  43  sq.  ft.  of  land 
for  each  person,  a  square  7  ft.  on  a  side,  not 
much  larger  than  a  respectable  lot  in  a  ceme- 

tery? The  greatest  evil  of  congestion  is  that 
true  home  life  is  rendered  impossible.  The 

greatest  evil  of  machine  labor  is  that  the  la- 
borer gets  no  mental  pleasure  from  his  work. 

The  lack  of  home  comforts  and  comfortable 
working  conditions  is  bound  to  influence  both 
vitality  and  health. 

S.ANIT-ARY   SURVEYS. 

In  applying  these  general  ideas  to  any  par- 
ticular case  it  is  necessary  first  of  all  to  ob- 

tain a  general  view  of  all  of  the  local  con- 
ditions.    This   demands  a   sanitary  survey. 

The  sanitary  survey  is  not  a  new  idea.  Such 
surveys  were  made  in  many  cities  of  Europe 
and  America  -50  and  even  100  years  ago.  The 
histories  of  the  surveys  made  in  Boston.  New 
York  and  elsewhere  are  of  great  interest  and 
deserve  careful  study  by  modern  sanitarians. 
In  our  new  surveys  we  find  history  repeating 
itself — but  with  one  difference.  We  now  have 
a  knowledge  of  the  germ  theory  of  disease 
and  this  has  resulted  in  a  changed  point  of 
view. 

The  planning  of  a  sanitan-  survey  should 
be  placed  in  the  hands  of  some  one  sufificiently 
familiar  with  all  phases  of  the  problem  to  give 
each  its  true  value.  Usually  it  is  preferable 
to  have  it  conducted  with  the  co-operation  of 
the  municipal  authorities,  for  they  alone  have 
access  to  the  most  important  statistical  ma- 

terial. For  example,  the  survey  which  is  be- 
ing conducted  in  Cambridge,  Mass..  is  in 

charge  of  a  commission  composed  of  the  city 
engineer,  the  superintendent  of  streets,  the 
health  officer  and  two  university  professors. 
The  results  of  such  surveys  are  likely  to  show 
unbalanced  allotment  of  the  funds  devoted 
to  sanitary  work.  A  slight  readjustment 
migkt  result  in  the  saving  of  many  lives. 
When  the  practice  of  sanitary  surveying  has 
progressed  somewhat  further  than  it  has.  it 
may  be  desirable  to  standardize  the  methods 
of  expressing  the  results.  Possibly  a  system 
of  grading  the  sanitary  conditions  of  cities 
may  be  devised,  similar  to  the  scoring  system 
now  applied  to  milk  farms. 

VIT.\L   STATISTICS. 

An  important  part  of  any  sanitary  survey 
is  the  study  of  the  vital  statistics  of  the  com- 

munity under  investigation.  This  must  not  be 
confined  to  a  mere  study  of  crude  death  rates. 
It  is  necessary  to  take  into  account  births  as 
well  as  deaths  and  to  consider  the  composition 
of  the  population  as  to  -age,  sex,  nationality 
and  occupation,  and  social  and  economic  con- 
ditions. 

Perhaps  no  branch  of  science  has  had  more 
misuse  than  that  of  vital  statistics.  In  this 
respect  we  are  behind,  and  not  ahead,  of  the 

statisticians  of  former  days.  We  are  too  attributed  to  improved  environmental  condi- 
much  inclined  to  deal  with  crude  death  rates  tions ;  but  it  is  only  within  a  comparatively 
and  general  averages,  quite  forgetting  that  short  time  that  infant  mortality  rates  have  de- 
the  individual  observations  are  of  more  im-  clined  and  this  decline  appears  to  be  associat- 
portance  than  the  average.  We  do  not  analyze  ed  more  closely  with  motherhood  training 
our  statistical  material  with  that  degree  of  than  with  sanitation.  In  many  ways  it  may 
care  which  is  necessary  to  a  full  understand-  be  shown  that  the  whole  subject  of  vital  sta- 
ing  of  the  facts.  We  are  likewise  inclined  to  tistics  needs  to  be  placed  upon  a  higher  plane, 
make  statistical  comparisons  of  data  between  Finally  what  is  most  needed  is  a  careful 
which  there  is  no  causal  relation.  During  the  correlation  between  vital  statistics  and  the 
last  generation  there  has  been  a  marked  de-  sanitary  conditions  of  our  cities.  This  de- 

crease in  the  crude  death  rate  in  cities  the  mands  a  minute  analysis  of  the  statistical  ma- 
world  over.  We  have  been  too  quick  to  as-  terial.  At  present  our  health  department  re- 

sume that  this  decrease  has  been  due  to  im-  ports  are  utterly  inadequate  to  enable  the 
proved  sanitation  and  the  rise  of  the  science  necessary  correlations  to  be  made.  In  order 
of  bacteriology.  To  be  sure  this  has  been  an  to  determine  relative  values  in  sanitation  it 
important  influence,  but  we  forget  that  a  large  will  therefore  be  necessary  to  develop  anew 
part  of  the  decrease  has  been  due  to  falling  the  science  of  demography,  a  science  destined 
birth  rates  and  immigration  of  people  of  mid-  to  profoundly  influence  the  health,  lives  and 
die  age  and  that  there  are  close  relations  be-  morals  of  the  race, 
tween  death  rates,  birth  rates,  marriage  rates                              

\"'!  /?v,"'J"ii''   conditions.     We    also    see   it  Comparative    Drilling   Speeds   As   Re- 
stated  that  the  sanitary  condition  of  a  city  is  '^                                  a       f 
measured  by  its   infant  mortality  rate,  a  fact  ported  at  Twenty-four  Tunnels. 
which    does    not   appear   to   be   borne   out   by  -ru      „t      c  j  -tr                      »  j     ̂   n.i  »         i 

statistical    evidence       The    death    rate    froifi  ■    The  rate  of  dnllmg  as  reporte
d  at  24  tunnels 

children's   diseases  has  been  steadilv  decreas-  ■^,  recorded  in   the   following  t
abulation  from 

ing   for   a  generation   and  this  may"  be   fairly  ̂ l^^t.^^l.^t  A-  Davis"     '"'     ''     "•     ̂^ 
DriJling 

speeds Character  of        per 
Name    of    tunnel.  Type  of  drill.  rock  muohine 

penetrated,     per  hour.        Remarks. Feet. 

Carter              Hammer  Gi-anite  10         Approximate. Catskill  Aqueduct: 
Rondout       Piston  Shale  S         A  fair  average. 
Wallkill       Piston  Shale  10.5       Normal  conditions. 

Central       Piston  Gneiss  s-16 
Fort  William  (water)    Piston  Trap  2  Phenomenally  hard   rock. 
Gold    Links           Hammer  Gneiss  8-10  Approximate. 
Joker              Hammer  Breccia         12-15 
Laramie-Poudre              Hammer  Granite  15         Ordinary  conditions. 
Los  Angeles  Aqueduct: 

Little  La.ke              Hammer  Hard  granite  15.84     Average      of      15      accurately timed  shifts. 
Grape   Vine          Hammer  Granite  10         Estimated  average. 

Lucania              Hammer  Granite  13  Average  of  3  drills. 
Marshall-Russell              Hammer  Granite  10-20 
Mission              Hammer  t  30  Medium  ground. 
Newhouse              Hammer  Gneiss  10 
Nisqually: 
Headworks  end    Piston  Rhyolite  S-10 
Discharge   end           Hammer  Rhyolite  10         Rock  is  much  harder  than  at other  end. 

Ophelia       Piston  Granite  8-10 
Rawley              Hammer  Andesite        15-20         Av'ge  of  4  accurately   timed drill  shifts,   19.7  feet. 
Raymond              Hammer  Granite  8-12 
Siwatch              Hammer  Granite         10-15 
Snake  Creek    Piston  Diabase        ♦S-12 
Stilwell       Piston  Andesite         5-10 
Strawberry       Piston  Shale  13  Test  run. 
Utah  Metals      Piston  Quartzite         6-  8 

Includes  time  used  in  setting  up  and  tearing  down  column  or  bar,  in  shifting  machine  to  new 
holes,  and  in  changing  steel,  but  does  not  include  time  used  in  mucking  for  set-up  or  in  loadingr, 
blasting  and  clearing  smoke. 

•During  a  competition  test  in  which  both  drills  were  mounted  on  the  same  bar  in  order  to 
obtain  identical  conditions  of  rock,  etc.,  the  piston  machine  drilled  21  feet  per  hour,  whereas  a 
hammer  drill  made  only  20  feet.  The  conditions  were  unusual,  however,  because  water  under  pres- 

sure was  encountered  in  practically  every  hole  drilled,  and  doubtless  influenced  the  results  greatly. 
tShale  and  sandstone. 

HUiLD 
A  Comprehensive  Chart  for  Designing 

Reinforced   Concrete  Beams.* 
Contributed    by    Ralph    R.    Leffler.    Chicago,    111. 
The  object  of  this  paper  is  to  ease  and 

expedite  the  design  of  a  reinforced  concrete 
beam  for  moment  and,  at  the  same  time,  to 

give  proper  consideration  to  economy  of  de- 
sign. Shearing  area  is  considered  but  the 

details  of  shear  reinforcement  are  not  dealt 
with.  The  writer  believes  this  to  be  the  first 
comprehensive  representation  in  chart  form 
of  the  formulas  in  common  use  underlying 

the  design  of  reinforced  concrete  beams  con- 
taining both   single  and  double  reinforcement. 

By  the  aid  of  the  chart  given  in  Fig.  2,  and 
by  the  use  of  the  methods  hereinafter  set 
forth,  the  design  of  beams  reinforced  with 
both  tensile  steel  and  compressive  steel  is 
made  easier  than  the  design  of  beams  rein- 

forced with  tensile  steel  only,  and  the  design 
of  beams  reinforced  with  tensile  steel  only  is 
made  much  easier  than  by  the  methods  in 
common     use.       The     obscure      region     that 

•Copyrighted,    1914,   by  Ralph   R.   Leffler. 

exists  between  beams  reinforced  with  ten- 
sile steel  only  and  beams  reinforced  with 

both  tensile  and  compressive  steel  is 
charted  so  that  the  designer  may  know 
his  whereabouts ;  so  also  is  the  region 
in  which  the  concrete  is  not  stressed  to  its 
allowable  working  value  and  the  tensile  steel 
is :  and  further,  the  region  is  charted  in  which 
the  tensile  steel  is  not  stressed  to  its  allow- 

able working  value  and  the  concrete  is.  In 
short  the  whole  field  of  designing  rectangular 
reinforced  concrete  beams  is  covered. 

.^s  />'  =  0  the  formulas  used  for  beams  re- 
inforced with  both  tensile  and  compressive 

steel  are  transformed  into  the  formulas  used 
for  beams  reinforced  with  tensile  steel  only. 
It  follows  that  the  designing  of  the  one  tvpe 
of  beams  properly  merges  into  the  designing 
of  the  other  type. 
With  steel  costing  2%  cts.  per  pound  in 

place  and  concrete  costing  $9.00  per  cubic  yard 
in  place,  the  cost  of  a  beam  in  cents  per  foot 

of  length  equals  (/>  +  />' -1- 0.0247)  9.^5  bd  + 
0.2314  bd".  At  the  above  rates  the  cross- 
sectional  area  of  the  concrete  can  be  in- 

creased  economically   up   to  40.5   sq.  ins.   for 

every   square   inch   that   the   steel  area   is   de- creased. 

With  the  commonly  used  values  of  fs,  ft 

and  n,  the  steel  used  as  compressive  rein- 
forcement is  never  stressed  above  something 

less  than  n  times  ft,  which  is  considerably 
less  than  /s.  Therefore,  since  the  compressive 
steel  is,  under  the  most  favorable  condition, 
working  at  only  about  75  per  cent  of  its 
allowable  working  value  and  since  steel  costs 
per  unit  volume  40.5  times  as  much  as  con- 

crete, it  follows  that  the  use  of  steel  com- 
pressive reinforcement  is  costly  and  should 

be  avoided  if  possible. 

SCOPE    AND    ADVANTAGES    OF    THE    CHART. 

The  purpose  and  scope  of  the  chart  shown 
in  Fig.  2  can  most  easily  be  grasped  from  a 
studv  of  the  chart  drawn  to  a  natural  scale 

and  shown  in  Fig.  1.  To  secure  greater  ac- 
curacy in  the  results,  the  most  used  portion 

of  the  chart  has  been  plotted  to  a  logarithmic 
scale,  as  shown  in  Fig.  2.  This  latter  chart 
is  comprehensive  and  is  recommended  for 
general  use.    Where  reference  is  made  in  the 
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text  to  "the  chart,"  the  one  shown  in  Fig.  2 is  meant. 

The  chart  solves  graphically  the  involved 
expressions  that  are  encountered  in  the  design 
of  reinforced  concrete,  thus  reducing  the 

algebraic  part  of  the  designing  to  the  solu- 
tion of  a  few  simple  equations,  in  which  a 

slide  rule  may  be  used.  It  is  as  useful  and 
all  sufficient  for  a  design  in  which  the  allow- 

able /.  is  14,000  and  the  allowable  /c  is  500 
as  for  one  in  which  the  allowable  values  of 
/.  and  /e  are  20,000  and  800,  respectively.  It 
covers  completely  all  of  the  usual  variations 
of  given  conditions  and  requirements. 

USE    OF    THE    CHART. 

The  interpolation  of  p  and  />'  curves  often 
will  be  found  necessary,  but  this  can  be  done 
easily  and  the  results  obtained  will  be  found 
amply  accurate. 

As  has  been  noted,  the  most  used  portion  of 

d'
 

the  chart  for    =  0.1  has  been  plotted  to  a 
d 

logarithmic  scale.     Results  obtained  by  its  aid 
will  be  found  of  great  accuracy. 
The  numbers  sJiown  on  the  chart  imme- 

diately under  the  curve  />'  =  0  assist,  through L         f. 
the  relationship  —  =  — ,  in  finding  the  value 

K  /. 
of  p  which  stresses  simultaneously  the  tensile 
steel  and  the  concrete  to  any  desired  working 
unit  value.  They  also  assist  in  finding  the 
actual  /c  in  a  beam  reinforced  with  tensile 
steel  only  by  simply  dividing  the  actual  /s  by 

the  number  under  the  />'=:0  curve  at  the 
curve  of  the  p  used. 
To  facilitate  the  use  of  the  chart  the  fol- 

lowing data,  which  will  be  of  service  when 
the  stated  values  are  to  be  used,  are  given : 

The  allowable  unit  values  recommended  by 

the  American  Railway  Engineering  Associa- 
tion are  /.  =  17,000,  /c  —  750,  v  =  35,  and 

n  =  15,  which  require  for  a  simultaneous  full 
stressing  of  both  the  tensile  steel  and  the 
concrete  that  ft  ̂ 0.008784,  for  which  value  of 

p,    L  =  0.17268,    /C  =  0.007618,    6  =  0.10572—, 
M 

M 
and    d  =  0.27025—. 

V 

The  allowable  unit  values  recommended  by 

the  Joint  Committee  are  /»  =  16,000,  /c  =  650, 
t'  =  35,  and  n  =  15,  which  require  for  a  simul- 

taneous full  stressing  of  both  the  tensile  steel 
and  the  concrete  that  />  =  0.007691,  for  which 
value    of    p,    L  =  0.16.542,    AT  =  0.00672,    6  = r  M 
0.08777—,   and   rf  =  0.3255—. 
M  V 

The  Design  of  Beams  in  Which  Economy 
is  the  Governing  Factor. — Given  M ,  the  allow- 

able /•,  the  allowable  /■•  and  «  =  15.  Ascer- 
tain the  maximum  total  shear  on  any  section 

of  the  beam  and  call  it  V.  Let  v  (the  allow- 
able imit  shear)  be  ,35  or  60  or  105  depcndin-.; 

on  the  nature  of  the  web  reinforcement  that 
is  to  be  used. 

V 

Then     F  =  35M    or    fcrf  =  — .      Adjust     ;• 
35 

(making  it  as  small   as  is  properly  possible"! 
and  d  (making  it  as  large  as  is  properly  pos- 

V 

sible)  so  that  with  bd:= —  the  beam  will  be  a 
35 

practical   one   consistent     in     its     dimensions 
with  good  designing. 

Then  solve  equation  /  for  K  and  equation  II 
(see  Fig.  2)  for  L,  and  plot  on  the  chart  the 
point  whose  co-ordinates  are  the  values  of 
L  and   K  thus  obtained. 

If  the  point  comes  below  or  on  the  curve 

/i'=:0,  the  concrete  will  be  stressed  below  oi 
up  to  its  allowable  working  unit  value.  The 
value  of  p  to  use  will  be  that  of  the  />  curve 

which  intersects  />'  =  0  at  the  point  whose abscisfa  is  K. 

If  the  point  falls  above  p'  =  0.  either  one  of 
three  procedures  may  be  followed. 
The  first  solution  is  to  put  in  compressive 

and  tensile  steel  reinforcement,  as  indicated 

by  the  p'  and  />  curves  on  which  the  point  falls. 

The  second  procedure  is  to  run  horizontally 

from  the  point  until  the  />'  =  0  curve  is  inter- sected. The  value  of  p,  taken  from  the  p 
(curve  passing  through  this  point  of  intersection, 
is  the  value  to  use.  This  method  avoids  the 
use  of  compressive  steel  reinforcement,  but 
actual  cost  figures  are  necessary  to  determine 
whether  it  is  more  costly  than  the  first  method 
outlined. 
The  third  solution  is  to  increase  6  and  d 

until   the   point   comes   down   onto   the   curve 

.55 

on  the  curve  p'  =  0,  no  compressive  reinforce- 
ment is  needed,  and  the  value  of  p  to  use  is 

the  one  whose  curve  intersects  the  curve  />'  =  0 at  that  point. 

If  the  point  comes  below  the  curve  ^'  =  0, 
then  the  concrete  is  not  stressed  up  to  its  al- 

lowable working  value.  To  find  the  actual 
/c,  run  vertically  up  from  the  point  to  a  point 

on  the  curve  />' ̂   0.  Read  off  the  co-ordinates 
of  this  point.  Its  co-ordinates  L  and  K  are 
to  each  other  as  /•  is  to  /c   (see  equation  III, 
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Values  of  K    ' 
Chart   for    Designing    Reinforced    Concrete    Beams    with    Either    Single    or    Double 

Reinforcement.    This   Chart   Is   Explanatory  of  That  Shown   in   Fig.  2. 

p'  —  0.  This  is  probably  tlie  best  and  cheap- est method  in  practically  all  cases. 

The  Design  of  Beams  in  Which  Economy 
is  not  the  Governiiu/  Factor. — E.xample  i. 
Given  M,  b,  d,  the  allowable  /..  and  the  allow- 

able ft.     It  is  required  to  find  p  and  />'. 
Solve  equation  /  for  K  and  equation  II  (see 

Fig.  2)  for  L. 
Locate  on  the  chart  the  point  whose  co- 

ordinates are  K  and  L.     If  the  point  comes 

Fig.  2).  The  value  of  p  to  use  is  that  of  the  /> 
curve  passing  through  the  point  found  on 

the  curve  /»' =  0. 
If  the  point  comes  above  the  curve  p'  =  0, 

the  values  of  p  and  />'  to  use  are  the  ones whose   curves   pass   through   that   point. 
If  the  point  comes  only  a  short  distance 

above  the  curve  />'  =  0,  and  it  is  desired  not 
to  use  any  compressive  reinforcement  nor  to 
over-run   the  allowable  fc,     run     horizontally 
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from  the  point  to  a  point  on  the  curve  p'  =  0. The  value  of  p  of  the  p  curve  passing  through 
this  point  will  be  the  value  to  use,  and  the 
co-ordinates  of  the  point  substituted  in  equa- 

tion III  will  give  the  actual  /». 

Example  II. — Given  M,  b,  d,  p  and  />'.  It is  required  to  find  the  actual  values  of  /•  and 

U- Read  off  on  the  chart  the  values  of  K  and  L 
given  by  the  intersection  of  the  curves  for 

p  and  p'. M  M 

Then  /.  =    and  /i  =   . 
bd'K  bd-L 

Example  ///.—Given  M,  b,  d  and  the   al- 
lowable /•.  also  p'  =  0.     It  is  required  to  find the  actual  value  of  /c 

M 
Solve   K  =   .     Read   off  on   the  chart 

biPf. 

the  ordinate  L  of  the  point     on     the     p'  =() 
curve     whose     abscissa     is     K.      Then  /c  := 
Kf. 
  .    The  value  of  p  to  use  is  the  one  whose 
L 

curve  passes  through  the  point  found  on  the' 
curve  />' =  0.  If  /c  is  found  to  be  too  high,  it 
can  be  decreased  by  changing  />',  or  see  Ex- ample IV. 
Example  IV. — Given,  M,  b.  d,  the  allowable 

/c,  and  /I'^O.     It  is  required  to  find  /». M 
Solve   L  =   .     Read   off   on   the   chart 

bdrf. 
the     abscissa     K     of     the      point      on      the 

/>'  =  0  curve  whose  ordinate  is  L.    Then  /» = 
Lf. 
    and   the   value   of   />   to   use   is   the   one 
K 
whose  curve  passes  through  the  point  found 

on  the  curve  /»'  =  0.  If  />  is  found  to 
be  too  high,  it  can  be  decreased  by  changing 

p'.  or  by  increasing  p  until  the  A'  of  the  inter- 
section of  that  p  curve  with  />' =  0  is  equal  to M 

bd'f. 
SUGGESTIONS. 

For  drafting  room  use  a  pamphlet  contain- 
d 

ing   the   discussion  with   charts   for  —  =  0.0.5, 
d 

d'  d'  d' 
—  =  0.1,  —  =  0.15  and  —  =  0.2.  made  to  a 
d  d  d 
locnrithmic  scale  and  printed  on  durable  paper 
will  be  found  convenient.  Each  chart  will 
require  the  solution  of  about  1.000  algebraic 
expressions  of  the  second  degree.     However. 
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ever,    it    would    probably    prove    too    cumber- 
some for  drafting  room  use. 

Paints  for  Portland  Cement  Surfaces. 

It  is  sometimes  desirable  to  paint  Portland 
cement  structures  with  moisture-proof  coat- 

ings, not  only  to  give  a  more  pleasing  appear- 
ance, but  also  to  protect  their  surfaces.  State- 

ments arc  occasionally  made  which  give  the 
impression  that  such  surfaces  are  highly  al- 

kaline and  cannot  be  decorated  satisfactorily 
with  oil  paints.  The  following  article,  which 
was  abstracted  from  a  napcr  by  H.  A.  Gard- 

ner, presented  before  the  annual  meeting  of 
the  American  Society  for  Testing  Materials, 
gives  some  data  on  this  subject  which  tend 
to  show  that  pure  oil  paints  give  satisfactory 
results  when  applied  to  Portland  cement 
structures.  The  article  does  not  refer  to  the 
waterproofing  of  concrete  surfaces  which  are 
subjected  to  hydrostatic  pressure. 

Probably  too  much  importance  has  been  at- 

tached to  the  alleged  destructive  action  of 
lime  upon  cement  surfaces.  It  is  well  known 
that  setting  Portland  cement  develops  free 
lime,  but  the  amount  to  be  found  upon  a 
Portland  cement  structure  should  be  consid- 

ered as  negligible  in  most  instances,  as  far 
as  it  might  affect  a  well-designed  paint.  If 
indeed  it  is  advisable  to  neutralize  this  small 

amount  of  lime,  previous  to  painting  the  ce- 
ment surface,  such  a  result  is  not  to  be  prop- 

erly accomplished  with  an  organic  substance, 
but  rather  with  an  inorganic  material  which 
readily  reacts  therewith.  A  solution  of  zinc 
sulphate  has  proved  most  efficient  for  this 
purpose  and  has  been  used  for  many  years 
with  practical  results,  especially  upon  freshly 
laid  cement.  It  might  be  well  to  point  out 
that  the  priming  or  ground-coating  of  cement 
is  often  improperly  carried  out  when  clear 
primers  of  any  kind  are  used.  If,  for  in- 

stance, a  clear  varnish  is  applied  to  a  cement 
surface,  the  primed  surface  is  difficult  to  dif- 

ferentiate from  the  untreated  area.  Conse- 
quently, the  workmen  using  clear  primers 

often  leave  untreated  laps  or  "holidays,"  as 
they  are  technically  known.  For  this  reason 
the  use  of  color  primers  should  be  adopted 
wherever  possible. 

PAINTS    FOR    CEMENT    FLOORS. 

The  dusting  of  cement  floors,  which  is 
brought  about  by  abrasion,  may  be  effectively 
stopped  through  the  use  of  oil-pigment  paints. 
If  the  floor  has  been  freshly  laid  and  is  damp 
the  possibility  of  lime  reaction  may  be  re- 

moved by  treating  the  surface  with  a  solution 
of  tinted  zinc  sulphate.  The  oil  paint  may 

then  be  applied.  Boiled  linseed  oil,  some- 
times mixed  with  Chinese  wood  oil,  may  be 

used  as  the  liquid  portion  of  the  paint.  These 
oils  have  a  remarkable  binding  action  when 
applied  to  a  cement  surface.  When  mixed 
with  pigment  they  form  paints  which  are 
eminently  suited  as  first  coaters  for  cement 
floors.  The  first  coat  will  dry  rapidly  and 
form  a  dense  surface.  Over  this  may  be  ap- 

plied a  second  coat  and,  if  a  high  gloss  sur- 
face is  desired,  a  portion  of  varnish  may  be 

added  to  this  final  coat.  The  various  floors 

of  the  author's  laboratory  were  treated  in 
this  manner,  with  prepared  floor  paints  made 
from  such  materials,  one  week  after  the 
placement  of  the  cement.  The  zinc-sulphate 
primer  was  used  only  upon  the  damp  areas. 
The  floors  have  since  been  subjected  to  much 
abrasion  from  constant  walking  and  the  mov- 

ing of  heavy  apparatus.  Oils  and  chemicals 
of  various  kinds  have  come  in  contact  with 
the  floors,  and  soap  and  water  have  been  used 
upon  them  very  often  for  cleaning  purposes. 

After  three  years'  service  the  floors  have  not dusted  and  have  never  required  repainting. 
The  paint  films  are  still  in  good  conclition. 
This  service  record  would  tend  to  show  that 
placed  Portland  cement  may  be  made  dust 
and  wear-proof  and  highly  desirable  as  a 
flooring  material,  through  the  application  of 
oil  paints. 
DESCRIPTION     .\Nn    RESULTS    OF    EXPOSURE    TESTS. 

In  April,  1012,  the  writer  instituted  a  series 
of  tests  to  determine  the  durability  of  vari- 

ous types  of  paint  upon  Portland  cement  sur- 
faces exposed  to  the  weather.  The  panels 

for  the  tests  were  prepared  by  constructing 
a  long  board  wall  to  which  was  fastened  ex- 

panded metal.  .\  mi.xture  of  1  part  Portland 
cement  and  2  parts  clean  Potomac  River  sand 
was  made  and  applied  to  the  expanded  metal, 
forming  a  cement  wall  3  ins.  in  thickness.  The 
wall  was  divided  into  Sri  sections,  or  panels, 
each  30  ins.  wide  and  40  ins.  high.  Three 
coats  of  paint  were  applied  to  each  panel  by 
a  practical  journeyman  painter.  In  order 
to  make  the  test  more  severe  nearly  all  of 
the  paints  were  applied  in  white.  (Tinted 
paints  are  known  to  be  much  more  durable 
than  white  paints.)  A  stripe  of  chrome  green, 
6  ins.  wide,  was  placed  over  the  top  of  the 
third  coat  of  paint,  to  determine  whether  the 
lime  which  might  be  present  on  the  surface 
of  the  cement  would  have  any  effect  upon  the 
paint  coating.  Fading  of  the  green  to  a  yel- 

low would  indicate  such  action. 

The  general  results  of  the  tests  at  the  end 
of  a  two-year   period,   together   with   an   out- 

line of  the  composition  of  the  paints  tested, 
is  given  as  follows : 

Class  Xo.  I. — Single-pigment  paints  made 
with  white  lead  or  zinc  oxide  ground  in  pure 
linseed  oil. 
These  paints  are  in  very  good  condition 

throughout. 
Class  Xo.  .?.^Combination-pigment  paints 

made  of  mi.xtures  of  white  lead,  zinc  oxide 
or  similar  pigments  ground  in  pure  linseed 

oil. These  paints  generally  are  in  excellent  con- 
dition. 

Class  Xo.  3. — Combination-pigment  paints 
ground  rvith  mixtures  of  raw  and  heavily- 
bodied  linseed  oil  or  with  treated  Chinese 
wood  oil.  The  viscosity  of  these  oils  requires 
the  use  of  considerable  turpentine  or  other 
thinner  in  the  manufacture  of  such  paints  in 
order  to  make  them  of  the  right  viscosity 

for  application.  Semi-flat  surfaces  are  there- 
fore   produced   during   the   drying. 

Most  of  these  paints  are  in  excellent  con- dition. 

Class  Xo.  4. — Single  and  combination  pig- 
ments ground  in  oil  varnishes  containing  acid 

resins. 

These  paints  are  checking  and  scaling  in 
many  spots.  Such  varnish  paints  apparently 
are  not  suited  to  exterior  exposure. 

Class  Xo.  5. — Paints  containing  resins  dis- 
solved in  volatile  spirits  (spirit  varnishes), 

with  or  without  pigrftents. 

These  paints  are  not  giving  very  satisfac- 
tory service,  the  clear  varnishes  having  en- 
tirely decayed  in  some  cases.  Those  to  which 

pigment  has  been  added  are  in  somewhat  bet- ter condition. 

Class  Xo.  6. — Paints  made  with  single  and 
combination  pigments  ground  in  a  water  me- 

dium containing  glue  or  casein  as  a  binder. 
These  paints  are  chalking  rapidly  and  are 

not  moisture-proofing  the  cement.  The  pig- 
ment binder  has  been  destroyed  by  the 

weather. 

CONCLUSIONS. 

Opaque  white  pigments,  such  as  basic-sul- 
phate white  lead,  basic-carbonate  white  lead, 

zinc  oxide,  and  lithopone,  were  present  in  the 
paints  which  gave  the  best  results.  In  some 
of  these  paints  there  was  also  present  a  per- 

centage of  inert  pigments,  such  as  barytes, 
asbestine,  whiting,  china  clay,  gypsum  and 
silica. 
The  results  of  these  tests  are  in  agreement 

with  those  obtained  by  Ware  and  Schott  in 
a  series  of  paint  exposure  tests  made  upon 
exterior  concrete  surfaces.  They  also  agree 

with  previous  long-time  exposure  tests  made 
by  the  author. 
As  a  result,  therefore,  it  can  be  stated  that 

concrete  surfaces  may  be  decorated  with  ex- 
cellent results  through  the  use  of  high-grade 

oil  paints.  When  the  cement  surface  is  fresh- 
ly laid  and  is  damp  such  paints  may  be  safely 

applied  after  treating  the  cement  with  a  zinc- 
sulphate  primer. 

The    Economical    Design    of    Factory 
Buildings. 

On  account  of  the  apparent  simplicity  of 
some  types  of  factory  buildings  their  design 
and  the  arrangement  of  their  machinery  and 

equipment  have  been  given  little  considera- 
tion. It  is  only  after  the  plant  has  been  in 

operation  for  some  time  that  the  importance 
of  carefully  planning  such  buildings  is  fully 
realized  by  those  in  charge.  There  has  prob- 

ably been  a  greater  waste  due  to  insufficient 
factory  building  construction  than  in  any  other 
type  of  construction.  The  following  article 
on  the  economical  design  of  factory  buildings 
was  abstracted  from  a  paper  bv  W.  E.  King, 

presented  before  the  Civil  Engineers'  Society of  .St.  Paul.  The  article  gives  emphasis  to 
a  number  of  features  which  generally  receive 
too  little  attention. 

The  economical  design  of  factories  involves 
the  solution  of  a  large  number  of  simple  en- 

gineering problems.  It  is  the  intention  of  this 
paper  to  discuss  these  problems  in  their  re- 

lation to  each  other  in  order  to  give  a  gen- 
eral view  of  the  economics  of  this  form  of 

construction. 
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Factory  design  requires  a  broader  knowl- 
edge of  engineering  than  for  most  types  of 

buildings.  For  this  reason  it  is  the  work 
of  an  industrial  engineer  rather  than  an  archi- 
tect. 

The  industrial  engineer  should  be  an  engi- 
neer with  a  fair  working  knowledge  of  archi- 

tecture, civil,  structural,  mechanical  and  elec- 
trical engineering.  It  is  essential  to  the  eco- 

nomical design  of  any  building  that  is  to 
house  machinery  and  human  beings  doing 
work  which  involves  repetition  of  the  same 
act  that  the  designer  of  that  building  should 
have  a  very  clear  working  knowledge  of  all 
the  machinery  installed  and  the  processes 
which  are  to  be  carried  on  in  the  finished 
structure. 

In  organizations  which  do  a  considerable 
industrial  engineering  business  it  is  customary 
to  maintain  engineers  familiar  with  the  vari- 

ous manufacturing  processes.  Such  an  or- 
ganization usually  maintains  mechanical,  elec- 

trical, civil  engineering  and  architectural  de- 
partments. 
A  purely  engineering  organization  will  tend 

to  minimize  the  importance  of  the  architect- 
ural requirements  of  the  work  devoting  its 

time  to  the  considerations  of  economy  of  con- 
struction and  efficiency  of  operation.  Both 

phases  of  the  question  should  be  considered 
in  the  design  of  any  building,  but  certainly 
the  esthetic  considerations  in  the  design  of 
a  factory  are  not  as  important  as  the  parts 
of  which  the  study  must  necessarily  be  made 
by  an  engineer. 

Whatever  may  be  the  title  by  which  the  de- 
signer of  such  a  building  be  called,  it  is  at 

least  fair  to  state  that  all  parts  of  the  struc- 
ture should  actually  be  designed  in  his  office 

and  such  work  be  paid  for  by  him  as  a  part 
of  the  service  for  which  his  clients  pay  him. 
The  practice  of  some  persons  in  the  business 
of  forcing  the  contractor  for  structural  steel, 
or  reinforced  concrete,  or  other  parts  of  the 
building  to  prepare  the  designs  is  certainly 
imfair  to  the  client.  There  are  other  disad- 

vantages in  allowing  the  contractor  to  do  the 
engineering. 

LOCATION. 

The  work  of  the  industrial  engineer  should 
commence,  if  possible,  before  the  location  of 
the  factory  is  determined  upon.  The  first  con- 

sideration is,  of  course,  the  proper  locality  for 
the  industry.  This  is  largely  an  economic 
problem  which  the  engineer  may  or  may  not 
be   required  to  study. 
The  cost  of  any  manufactured  commodity 

to  the  retailer  consists  of  the  following  items : 
Cost  of  raw  materials,  cost  of  the  transporta- 

tion of  these  raw  materials  to  the  factory, 
cost  of  labor  on  materials,  cost  of  power, 
overhead  charges,  including  interest  on  mone\- 
invested,  depreciation  of  plant,  insurance, 
office  time  and  advertising,  cost  of  distribu- 

tion and  profit  to  the  manufacturer. 

Assuming  the  price  to  be  received  for  any 
finished  commodity  to  be  fixed  by  competition, 
then  that  project  which  will  pay  the  largest 
profits,  is,  of  course,  the  one  where  the  sum 
of  the  first  six  charges  is  a  minimum.  This 
does  not  necessarily  mean  that  any  one  item 
should  be  reduced  to  a  minimum,  but  that  the 
sum  of  all  the  items  taken  together  is  the 
least  possible.  The  usual  difficulty  is  that 
some  one  man  almost  always  plans  each 
project  with  the  idea  of  reducing  some  one 
item  to  a  minimum.  For  instance,  a  man  who 
had  spent  the  larger  part  of  his  time  in  han- 

dling of  workmen  will  insist  that  the  plant 
be  so  located  that  there  will  be  an  abundance 
of  cheap  labor.  If  he  had  at  one  time  been 
a  purchasing  agent  he  would  plan  his  plant 
to  save  all  freight  possible  on  raw  materials. 
The  sales  manager  is  interested  in  the  loca- 

tion of  the  factorv  with  respect  to  the  mar- 
ket. The  man  who  furnishes  the  money  is 

sometimes  unduly  interested  in  cutting  the 
first  cost  down  to  a  minimum,  without  regard 
to  whether  the  interest  on  his  money  might 
he  larger  if  more  money  were  invested. 

It  should  be  the  dutv  of  the  engineer  to 
study  these  questions  and  to  present  them  so 
that  they  will  occupy  their  proper  rank  of 
importance.  This  rank  is,  of  course,  different 
in  different  kinds  of   factories.     In  the   fabri- 

cation of  structural  steel,  for  instance,  perhaps 
the  most  important  factor  is  freight.  This  in- 

cludes freight  from  the  rolhng  mill  to 
the  factory  and  freight  on  the  finished 
product  from  the  factory  to  the  con- 

sumer. In  some  parts  of  the  United  States 
this  freight  amounts  to  more  than  half  the 
cost  of  the  finished  product.  However,  in 
the  manufacture  of  candy,  for  instance,  the 
freight  is  of  small  importance  and  the  prox- 

imity to  the  market  and  the  cost  of  labor  is 
of  greater  importance. 

USE    OF    CH.\RTS. 

Where  freight  is  one  of  the  chief  consid- 
erations, charts  may  be  prepared  showing  the 

zone  in  which  a  product  may  be  profitably 
marketed.  The  boundary  of  each  zone  will 
be  determined  by  considering  the  sum  of  the 
freights  on  raw  and  finished  materials  for  the 
proposed  location  as  compared  with  other  pos- 

sible locations.  The  properly  prepared  chart 
will  show  the  overlapping  territories  where 
competing  factories  sell  on  an  equal  basis.  It 
will  show  the  area  where  the  factory  in  ques- 

tion has  the  advantage  and  it  will  also  indicate 
the  areas  which  cannot  profitably  be  reached. 
The  rnatter  of  available  market  probably 

reaches  its  greatest  importance  when  the  ca- 
pacity of  a  profitable  factory  is  about  to  be 

increased.  It  may  be  that'  the  selling  or- ganization is  now  reaching  all  of  the  profit- 
able market  zone  and  that  to  increase  the 

sales  the  product  must  be  marketed  at  a  dis- 
advantage. 

Some  industries  use  large  amounts  of  fuel 
or  power  which  requirement  is  the  deter- 

mining factor  in  their  location.  Many  of  our 
rolling  mills  are  located  at  Pittsburgh  because 
of  available  coal  supply.  The  cheap  water 
power  at  St.  Anthony  Falls  partly  determined 
the  location  of  our  flour  milling  industry.  This 
tendency  to  group  factories  around  water 
power  sites  will  probably  not  be  as  marked 
in  the  future  because  our  modern  methods 
of  electrical  transmission  allow  power  to  be 
delivered  economically  at  a  considerable  dis- 
tance. 

Having  determined  on  the  vicinity  where 
the  factory  is  to  be  built  the  next  considera- 

tion is  the  purchase  of  the  exact  site  necessary 
for  the  project.  The  exact  area  of  land  which 
is  necessary  is  usually  a  troublesome  one.  Most 
successful  projects  are  hampered  by  lack  of 
room  to  provide  for  their  growing  needs.  On 
the  other  hand,  it  is  a  serious  handicap  to  a 
young  industry  to  be  burdened  with  heavy 
interest  charges  and  taxes  on  land  not  at  the 
time  in  use. 
The  size  and  shape  of  the  area  necessary 

for  present  needs  is  usually  determined  bi,- 
m.aking  a  preliminary  plan  of  the  whole 
project.  If  the  engineer  is  unfamiliar  with 
the  need  of  the  industry  in  question,  this  will 
usually  involve  quite  an  extended  study  of  the 
methods  of  manufacture  used  by  the  par- 

ticular organization  and  of  similar  organiza- 
tions in  other  places.  If,  however,  the  de- 

signer has  already  prepared  plans  for  other 
similar  plants  the  tentative  preliminary  plans 
involve  only  a  study  of  the  peculiar  require- 

ments of  the  special  case.  This  preliminary 
plan  should  take  in  the  reasonable  growth  of 

the  industry,  w-hich  usually  may  be  approxi- 
mately obtained  by  a  comparison  with  similar 

industries  in  other  communities.  With  the  ap- 
pro.ximate  area  required  clearly  in  mind  a 
search  of  the  locality  will  usually  show  a 
number  of  available  sites.  For  projects  of 
some  importance  plats  are  usually  prepared 
showing  how  the  proposed  sites  may  be  de- 

veloped. These  plats  should  show  the  ap- 
proximate grades  and  elevations  of  all  ad- 

jacent streets,  the  location  of  sewer,  gas,  water 
and  power  connections  and  the  available  con- 

nection to  adjacent  railroads  or  sidctrncks. 
If  grading  of  streets  or  of  the  lots  will  be 
necessary  this  should  be  estimated  and  added 
to  the  comparative  price  of  the  lots.  For  the 

purposes  of  comparison  the  cost  of  the  side- 
track, including  necessary  grading,  the  cost 

of  sewer,  water,  gas  and  power  connections 
should  be  obtained.  Ven,'  often  the  owners 
will  buy  a  lot  first,  without  considering  the 
cost  of  those  items  which  must  be  added  to 
make  the  lot  available,  and  in  so  doing  they 

fail  to  get  the  most  economical  site.  Plats 
showing  the  proposed  sidetrack  should  be  sub- 

mitted to  the  railways  interested  and  assur- 
ance should  be  had  from  their  engineering 

and  contracting  departments  that  they  are 
willing  to  put  in  the  desired  connection.  If 
the  side  track  must  cross  the  public  road  it  is 
well  to  be  sure  of  the  permit  before  putting 
money  into  the  lot. 

SIDE  TRACKS. 

.\t  this  time  a  study  should  be  made  to  de- 
termine the  number  and  length,  of  side  tracks 

which  will  be  required.  In  general  the  track 
should  be  long  enough  to  hold  as  many  40-ft. 
cars  as  the  company  will  need  to  load  and  un- 

load in  any  one  day.  In  isolated  places  where 
the  cars  are  not  set  as  often  as  that,  the  side 
track  rnust  be  long  enough  to  allow  for  all  the 
unloading  and  loading  which  must  be  done 
between  each  setting  by  the  switch  engine. 
Side  tracks  for  loading  and  unloading  should 
in  general  be  level.  The  rules  of  the  railroad 
in  question,  of  the  state  and  interstate  rail- 

way commissions,  and  the  state  labor  laws 
are  the  determining  factors  in  the  amount 
of  room  required  for  side  tracks. 

BUILDING    PLANS. 

-■\fter  the  exact  location  of  'the  site  is  de- 
termined then  the  plans  of  the  buildings  may 

be  prepared.  It  is,  of  course,  a  mistake  to 
make  the  final  plans  of  any  building  before 
its  definite  location  is  settled.  The  natural 
grades  of  the  land  itself,  the  streets,  the  points 
of  the  compass,  and  the  condition  of  the  sub- 

soil almost  invariably  change  the  plans  to  such 
an  extent  that  they  must  be  revised  or  re- 

drawn. All  of  these  conditions  should  be 
determined  by  an  exact  survey  before  work 
on   the   plans   commences. 
As  before  stated,  the  basis  for  the  design 

of  the  factory  building  should  be  a  complete 
understanding  of  the  processes  to  be  carried 
on  in  the  building.  Too  many  factories  are 
built  first  and  the  machinery  just  put  in,  one 

piece  at  a  time,  after  the  building  is  com- 
pleted. This  usually  results  in  the  uneconom- 

ical use  of  the  floor  space:  unusued  spaces  oc- 
cur in  some  parts  and  a  congested  condition 

results   in   other  parts. 

The  first  plans  to  be  prepared  should  be 
complete  machinery  plans.  .A  study  should 
be  made  of  the  progress  of  the  materials 
through  the  shop.  In  general  the  manufactur- 

ing processes  should  be  so  arranged  that  there 
will  be  no  lost  motion.  The  various  materials 
which  go  to  make  the  finished  product  should 
all  travel  through  the  various  parts  of  the 
factory  in  such  a  way  that  thev  will  arrive  at 
the  assembling  room  without  having  traveled 
any  greater  distance  and  without  having  been 
transferred  more  times  than  is  absolutely 
necessary.  .After  leaving  the  assembling  room 
the  materials  should  go  by  the  shortest  possi- 

ble route  to  the  storage  and  shipping  rooms. 
This  part  of  the  work  is  best  planned  with 
the  prospective  superintendent  of  the  shop. 
It  is  sometimes  difficult  to  get  the  benefit  of 

this  man's  detailed  knowledge  and  experience 
without  letting  his  narrowness  of  view-point 
blind  the  designer  to  the  broader  phase  of 
the  question. 

-As  a  rule  a  good  factory  superintendent  has 
spent  the  larger  part  of  his  life  in  some  one 
facton,-.  He  probably  has  made  that  factory 
.1  success.  That  leads  him  to  think  that  he 
knows  all  there  is  to  know  about  that  busi- 

ness. .At  least  he  thinks  he  knows  more 
than  any  engineer  whom  the  owners  can  hire. 
That  is  generally  true,  but  his  difficulty  is 
that  he  is  so  close  to  his  job  that  his  perspec- 

tive is  warped.  For  instance,  if  ten  years 
ago  he  tried  a  belt  conveyor  in  his  factory 
which  he  bought  and  installed  improperly 
himself,  and  then  afterward  abandoned  be- 

cause it  did  not  do  the  work  required,  he  is 
convinced  that  he  does  not  want  a  belt  con- 

veyor in  his  new  factor}'.  The  fact  that  belt 
conveyors  have  been  improved  since  he  tried 
them  and  th.it  there  are  thousands  of  them 

working  satisfactorily  under  similar  condi- 
tions, will  impress  him  only  if  you  can  over- 
come his  prejudices.  If  you  can  make  him 

feel  that  he  and  the  engineer  are  working  to- 
gether to  get  the  best  possible  design  and  that 
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you  realize  the  value  of  his  suggestions,  then, 
generally,  it  is  possible  to  get  him  to  listen 
to  yours. 

It  is  a  common  thing  to  have  one  of  these 

so-called  "practical  men"  say:  "You  build  me 
a  building  so  big  and  I  will  put  the  machinery 

in  myself,  without  any  plans."  Even  with 
a  man  competent  to  do  this,  there  is  con- 

siderable advantage  in  arranging  the  machin- 
ery on  paper  first.  It  is  easier  to  see  where 

the  waste  spaces  in  the  room  occur  and  to 
correct  them  on  paper  than  it  is  with  the  full- 
sized  building.  Then,  too,  these  machines 
usually  have  foundations,  shafts,  electric  wir- 

ing, and  these  things  have  a  tendency  to  in- 
terfere with  each  other  and  to  require  the  cut- 

ting of  unsightly  holes  in  the  completed  build- 
ing. 

The  building  should  be  built  to  suit  the  ma- 
chinery. The  columns  and  beams,  the  height 

of  stories,  the  location  of  heating  and  plumb- 
ing pipes,  the  sprinkler  system,  and  the  nat- 
ural and  artificial  lighting  should  all  be  ar- 

ranged  to   suit   the   machinery. 
The  economical  arrangement  of  the  structural 

parts  of  the  building  should  also  be  taken  into 
consideration  in  the  arrangement  of  the  ma- 

chinery. If  possible  the  columns  should  not 
be  spaced  to  suit  special  machines  unless  there 
is  some  very  decided  advantage  in  doing  so. 
It  must  be  remembered  that  the  life  of  a 

building  is  several  times  the  life  of  the  ma- 
chinery installed  and  that  the  machinery  of 

the   future  may  be  entirely  different. 
TYPES    OF    FACTORY    BUILDINGS. 

There  are  two  types  of  factory  buildings 
which  are  here  considered  separately.  The 
first  is  the  ordinary  one-story  building  with 
a  hip  roof  which  may  or  may  not  be  sur- 

mounted by  a  monitor.  It  usually  has  large 
unobstructed  floor  space  to  provide  for  the 
movement  of  cranes  and  other  large  machin- 

ery. The  second  type  is  the  warehouse  type 
of  one  or  more  stories  in  height.  Industries 
which  re(|uire  a  clear  floor  space  of  more 
than  2-5  ft.  in  either  direction  are  usually 
housed  in  one-story  buildings,  because  it  is 
expensive  to  carr\-  the  weight  of  upper  floors 
on  long  spans.  Where  the  materials  manu- 

factured arc  of  such  size  that  columns  spaced 
from  16  to  25  ft.  on  centers  are  not  objection- 

able the  building  of  several  stories  is  usually 
more  economical. 

A  one-story  building  costs  the  most  per 
square  foot  of  floor  area.  This  cost  per 
square  foot  decreases  somewhat  with  the 
number  of  floors  built,  up  to  four  stories. 
Above  that  height  the  cost  per  square  foot 
gradually  increases.  There  is  comparatively 
little  difference  in  the  cost  per  square  foot  of 
floor  area  between  a  three-story  and  an  eight- 
story  building. 

If  basement  floor  space  is  suitable  it  is  the 
cheapest  which  can  be  obtained,  except  where 
the  loads  to  be  carried  on  the  first  floor  are 

extremely  heavy.  A  one-story  shop  building 
in  fireproof  construction  will  cost  from  $1.2.5 
to  $2  per  square  foot  of  floor  area,  depending 
upon  the  height  of  the  story,  depth  of  foot- 

ings, lengths  of  spans  and  kind  of  exterior 
finish  used.  Fireproof  buildings  of  more  than 
one  story  may  be  built  for  as  little  as  50  cts. 
per  square  foot  of  floor  area.  These  approxi- 

mate figures  do  not  contemplate  any  sort  of 
plaster  or  interior  finish  except  whitewash. 
They  do  include  a  properly  finished  cement 
floor.  The  cost  per  square  foot  of  course  de- 

creases as  the  size  of  the  ground  plan  in- 
creases. It  is  more  for  a  long,  narrow  build- 

ing than  for  a  square  building.  However, 
a  factory  building  should  not  be  made  too 
wide  nn  account  of  the  difficultv  in  properly 
lighting  the  interior.  For  ordinary  factory 
work  from  10  to  5'1  ft.  is  the  best  width.  A 
building  of  this  width  can  be  lighted  with  a 
story  height  of  from  12  to  14  ft.  If  the  width 
of  the  building  be  made  from  75  to  100  ft. 
then  the  stor>'  height  should  be  increased  to 
from  14  to  16  ft.,  the  windows  being  placed 
as  high  as  possible. 

One-story  shop  buildings  are  usually  built 
of  what  may  be  termed  semi-fireproof  con- 

struction. They  are  usually  built  of  materials 
which  will  not  burn  but  cannot  be  said  to  be 
entirely  fireproof  because  the  steel  trusses  are 

usually  left  unprotected,  so  that  they  might 
be  damaged  in  case  of  fire  occurring  in  the 
contents  of  the  building.  As  before  stated,  the 
one-story  plan  is  usually  adopted  where  large, 
unobstructed  floor  spaces  are  required.  This 
results  in  long-span  steel  trusses  supporting 
the  roof. 

The  most  common  type  of  roof  is  the  "A" shaped  roof.  This  roof  has  many  advantages. 
It  is  easy  to  keep  water  tight,  it  clears  itself 
of  snow  easily,  and  with  monitors  or  venti- 

lators at  the  peak  it  provides  good  ventilation 
for  the  factor)'.  If  these  monitors  are  made 
wide  enough  and  are  provided  with  windows 
they  admit  considerable  light,  but  if  the  build- 

ing is  high  and  wide,  monitor  windows  usually 
do  not  admit  a  satisfactory  light. 

A  better  type  of  roof,  where  light  is  essen- 
tial, is  the  saw-tooth  roof.  This  roof  is  made 

up  of  a  series  of  pitched  roofs,  rising  towards 
the  north  and  stepping  down  with  a  vertical 
step,  in  which  windows  are  installed.  These 
windows,  facing  towards  the  north,  admit  a 
diffused  light  which  illuminates  the  floor  be- 

low without  casting  shadows.  If  the  win- 
dews  in  the  saw-tooth  construction  are  ar- 

ranged to  swing,  they  provide  as  good  ven- 
tilation as  the  old  monitor  type.  The  disad- 
vantage with  saw-tooth  construction  is  that  it 

presents  a  number  of  valleys  where  snow  may 
lodge.  In  some  cases  steam  pipes  have  been 
installed  to  melt  the  snow.  This  serves  the 

purpose,  but  it  is  rather  expensive.  In  build- 
ings where  there  is  considerable  steam  in  the 

air  condensation  gutters  are  necessary  under 
monitor  and   saw-tooth   windows. 

THE   ROOF. 

The  most  unsatisfactory  problem  in  shop 
building  is  probably  the  roof.  It  first  must 
be  water  tight;  second,  if  the  building  is  to 
be  heated  in  winter  it  must  be  of  such  ma- 

terial that  condensation  will  not  occur  on  the 
under  side;  third,  it  should  be  fireproof: 
fourth,  it  must  compete  with  a  large  number 
of  cheap  roofs  which  are  lacking  in  one  or 
all  of  these  qualifications.  A  standard  roof 
construction  consists  of  3-in.  hollow  book 
tiles  laid  on  steel  T-beams.  These  tiles  are 
covered  with  some  good  prepared  roofing 
which  is  cemented  and  tacked  to  the  tiles.  This 
roof  is  very  expensive,  but  it  fulfills  all  the 
requirements  stated  above.  It  costs,  includ- 

ing supports,  about  30  cts.  per  square  foot. 
.Another  good  roof  consists  of  2-in.  dressed 

and  matched  sheathing,  laid  on  wood  or  steel 
purlins  and  covered  with  a  good  prepared 
roofing.  It  is  practically  as  good  and  much 
cheaper  than  a  book-tile  roof,  but,  of  course, 
is  not  fireproof.  It  will  cost  about  20  cts. 
per   square   foot,   including  supports. 

In  some  cases  a  thin  concrete  slab  laid  on 
steel  or  concrete  purlins  has  been  used.  Con- 

siderable condensation  occurs  under  such  a 
roof  in  cold  weather.  Furthermore,  it  is  very 
diflicult  to  keep  a  thin  roof  slab  from  being 
damaged  by  frost  while  being  laid  in  cold 
weather. 

If  the  shop  is  not  to  be  heated  in  winter 
corrugated  iron  laid  on  steel  purlins  makes  a 
very  inexpensive  fireproof  roof,  costing  about 
12  cts.  per  square  foot  in  place,  including  sup- 

ports. It  is  fairly  water  tight  but.  of  course, 
is  very  cold  in  winter. 
There  are.  of  course,  many  other  kinds  of 

roofs,  but  the  price  for  any  roof  conies  be- 
tween the  limits  here  given. 

There  is  not  so  much  choice  in  the  ma- 
terials for  constructing  the  side  walls  of  a 

building  as  the  roof,  although  they  may  be  of 
brick,  stone,  concrete,  corrugated  iron  or  glass. 
Buildings  with  high  stories  are  usually  made 
with  steel  frames,  the  walls  being  simplv  cur- 

tain walls,  bricked  in  between  the  columns. 
Hollow  brick  should  be  used  for  the  inside 
layer  to  prevent  condensation  of  the  side walls. 

Concrete  for  side  walls  is  often  more  ex- 
pensive and  is  less  satisfactory  than  brick. 

Concrete  blocks  are  sometimes  used  and  are 
satisfactory  where  enough  cement  is  put  in 
the  blocks.  Such  walls  are,  however,  weak, 
due  to  the  lack  of  bonding  between  the  blocks. 
A  :2-in.  common  brick  wall  in  this  part 

of  the  country  will  cost  about  -38  cts.  per  square' 
foot  in  place.    With  a  good  facing  brick  and 

some  architectural  decoration  the  cost  may  be 
increased  to  from  40  to  60  cts.  per  square  foot. 

In  the  modern  factory  building  the  selec- 
tion of  the  material  for  the  outside  walls  is 

not  such  an  important  feature  because  from 
75  to  100  per  cent  of  the  wall  area  is  occu- 

pied with  windows  and  doors.  The  old  style 
shop  building  did  not,  as  a  rule,  admit  enough 
light.  Some  of  our  new  buildings  probably 
admit  too  much.  It  is  a  mistake  to  assume 
that  a  workman  needs  as  much  light  to  work 
by  as  there  is  out  under  the  open  sky.  Too 
much  light  is  almost  as  bad  for  the  eyes  as 
too  little.  Most  of  the  inconvenience  of  work- 

ing indoors  comes  from  working  with  a  strong 
light  from  one  side  which  casts  shadows. 
Windows  should  be  so  arranged  that  light  will 
reach  every  point  from  at  least  two  direc- 

tions and  be  of  as  near  the  same  intensity  in 
both   directions   as   possible. 

Another  question  upon  which  there  is  usual- 
ly some  argument  is  the  kind  of  windows  to 

be  used.  The  three  types  most  used  are  the 
standard  wooden  sash,  the  rolled  steel  sash 

and  the  fire  underwriters'  sash  of  sheet  steel 
or  copper.  The  underwriters'  sash  is  very little  used  for  shop  buildings  because  of  its 
high  cost.  It  will,  however,  greatly  reduce 
the  insurance  rate  upon  such  walls  of  the 
building  as  have  a  bad  fire  exposure.  Under- 

writers' sash  cost  about  $1  per  square  foot, 
glazed  with  %-in.  wire  glass  and  set  in  place. 
The  most  satisfactory  sash  at  the  present 

time  for  factory  work  is  the  rolled  steel  sash. 
Where  large  areas  are  to  be  glazed  the  small 
size  of  the  steel  muntins  and  mullions  per- 

mits the  maximum  amount  of  light  to  enter 
the  building.  Several  factories  have  been 
built  with  the  side  walls  almost  entirely  of 

glass,  the  only  obstructions  in  the  walls  br- 
ing the  columns  and  the  brickwork  at  the 

floor  line.  The  cost  of  steel  sash  set  in  place 
and  glazed  with  double-strength  glass  runs 
from  40  to  45  cts.  per  square  foot,  depending 
upon  conditions.  A  steel  sash  has  a  few  dis- 

advantages which  should  be  taken  into  consid- 
eration. The  ventilation  is  usually  secured 

by  pivoting  a  part  of  the  sash  near  the  middle. 
In  factories  where  screens  are  necessary  it  is 
not  possible  to  have  ventilation  because  the 
screen  will  not  permit  the  ventilator  to  swing. 
In  northern  climates  a  storm  sash  is  desirable 
because  of  the  loss  of  heat  through  the  glass 
by  conduction.  .'\  steel  sash  is  too  heavy  and 
too  expensive  to  use  for  storm  sash.  If  wood- 

en sash  be  used  the  advantages  obtained  by 
the  use  of  steel  inside  sash  are  lost. 

The  cheapest  sash  to  use  is  undoubtedly  the 
double  hung  wooden  sash  with  which  we  are 
all  familiar.  Its  cost  is  from  25  to  50  cts.  per 
square  foot,  in  place.  It  allows  of  50  per 
cent  opening  for  ventilation.  The  details  of 
window  openings  and  their  connections  to  the 
remainder  of  the  building  have  been  worked 
out  through  long  use  and  can  be  made  to  fit 
any  opening  without  additional  cost.  Where 
the  window  areas  are  large  the  wooden  mul- 

lions and  muntins  must  be  made  of  consider- 
able size  for  strength.  This  results  in  a  con- 

siderable obstruction  of  light. 
GENERAL    CLASSES    OF    FACTORY    RUILMXGS. 

Considering  factory  buildings  of  more  than 
one  story,  they  naturally  divide  themselves 
into  four  general  classes,  according  to  the  ma- 

terials of  which  they  are  constructed.  Thi"? 
classification  is  really  made  by  the  fire  under- 

writers inasmuch  as  the  different  types  take 
different  insurance  rates.  In  fact,  the  rate  of 
insurance  is  the  consideration  which  most 
often  determines  the  type  of  construction. 
These  classes  are :  Frame  construction ; 

slow  burning  timber  construction;  structural 
steel;  and  reinforced  concrete. 

In  the  frame  construction  class  should  be 
included  all  buildings  having  either  brick  or 
timber  walls,  wherein  the  floors  are  of  wood 
and  the  joists  are  narrow  and  closely  spaced. 
Such  buildings  are,  of  course,  the  cheapest 
which  can  be  built.  Ry  far  the  larger  number 
of  the  present  factory  buildings  are  of  this 
type.  When  an  industry  is  in  an  experimental 
stage,  and  where  the  processes  of  manufacture 
and  the  machinery  are  likely  to  be  changed 
with  experience,  it  is  more  economical  to 
build   in   this   manner.     If   a   building  is   any- 

1 
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thing  more  than  a  temporary  structure  the 
extreme  fire  hazard,  the  danger  of  employes 
upon  the  upper  floors,  and  the  lack  of  rigidity 
for  supporting  machinery  are  disadvantages 
which  should  be  taken  into  consideration. 

The  insurance  rate  for  frame  constructed 
factories  without  sprinkler  systems  varies 
from  $1.25  to  $2.50  per  year  per  $100  of  in- 

surance. The  value  of  the  contents  of  the 
building  may  equal  that  of  the  buildings,  and 
the  rate  on  the  contents  will  usually  not  be  less 
than  on  the  building. 

If  the  frame  type  is  to  be  used  the  insur- 
ance rates  may  be  reduced  about  60  per  cent 

by  the  installation  of  the  standard  sprinkler 
equipment.  This  equipment  will  cost  from  5 
to  15  cts.  per  square  foot  of  floor  area,  de- 

pending upon  conditions.  That  is,  in  a  cheap 
building  the  cost  of  the  sprinkler  equipment 
will  add  to  the  cost  of  the  building  from  10 
to  20  per  cent,  but  this  cost  is  usually  paid 
for  in  the  first  few  years  by  the  decreased 
insurance  rates. 

There  is  another  loss  to  be  considered 
which  cannot  be  covered  by  fire  insurance, 
namely,  the  loss  of  profits  due  to  the  inter- 

ruption of  business.  This  includes  not  only 
the  current  profits  but  also  the  loss  of  cus- 

tomers. In  a  growing  concern  this  loss  is 
generallv  more  serious  than  the  damage  done 
by   the   fire. 

In  the  slow-burning  mill  building  construc- 
tion, as  described  by  the  fire  underwriters,  the 

walls  must  be  of  brick  or  stone.  It  differs 
from  the  frame  construction  in  that  the  joists 

are  spaced  from  3  to  6  ft.  apart  and  are  tim- 
bers of  considerable  size.  The  floors  are 

matched  planking.  All  stair  and  elevator 
hatchways  must  be  enclosed,  with  doors  at 
each  floor  opening.  This  construction  is 
somewhat  more  expensive  than  the  frame  con- 

struction. Its  principal  advantage  is  that  it 
takes  an  insurance  rate  about  20  per  cent  less 
than  frame  construction.  If  a  sprinkler  sys- 

tem is  installed  this  rate  may  be  reduced  to 
about   48  cts.     The  first   cost   of  the  building 

will   be    from    10   to   30   per   cent   more   than 
for   frame  construction,  with  brick  walls. 

Any  timber  construction  has  several  ad- 
vantages over  more  permanent  types,  such  as 

concrete  or  steel.  Alterations  in  the  build- 
ings, due  to  changes  in  processes  of  manu- 

facture and  to  the  installation  of  new  ma- 
chinery, are  much  more  cheaply  and  rapidly 

made.  The  expense  of  attaching  shafting  and 

machinery  to  the  finished  structure  is  consid- 
erably less.  Wooden  buildings  are  much  more 

rapidly  constructed  than  either  reinforced  con- 
crete or  structural  steel  buildings. 

The  columns  in  buildings  with  wood  beams 
should  be  spaced  from  12  to  18  ft.  on  centers. 
If  a  greater  column  spacing  than  this  is  re- 

quired it  is  usually  more  economical  to  make 
the  beams  which  span  the  longer  direction  of 
steel.  These  beams  may  rest  on  cast-iron  or 
steel  columns,  the  remainder  of  the  construc- 

tion being  of  wood. 
A  better  construction  consists  of  steel  col- 

umns and  beams  throughout.  The  floors  inay 
then  be  made  of  reinforced  concrete  or  tile. 
If  the  columns  and  beams  are  then  covered 

with  fireproof  material  such  as  tile  or  con- 
crete the  building  may  be  regarded  as  the 

best  type  of  building  which  modern  civiliza- 
tion has  produced.  It  is  also  the  most  ex- 

pensive, costing  from  5  to  20  per  cent  more 
than  a  reinforced  concrete  building.  In  such  a 
building  the  steel  columns  do  not  occupy  so 

large  a  percentage  of  the  floor  area  as  do  con- 
crete columns.  Exact  stresses  in  a  steel  frame 

building  are  more  easily  computed.  The  chance 
for  variation  in  the  strength  of  the  material 
due  to  faulty  workmanship  or  design  is  not 
nearlv  so  great.  Alterations  of  the  buildiiig 
are  more  economically  made  in  a  steel  than  in 
a  concrete  building.  The  insurance  rate  for 
such  a  building  is  compared  with  a  frame 

building,  taking  a  $1.50  rate,  would  be  about 

90  cts.  per  $100  without  sprinkler  system. 
With  a  sprinkler  system  this  rate  would  be 
reduced  to  something  like  36  cts.  per  $100. 
In  fact,  manv  buildings  of  this  type  take  a 

rate  of  from '10  to  20  cts.  per  $100. 

The  most  popular  type  of  factory  building 
in  the  vicinity  of  St.  Paul  and  Minneapolis 
is  reinforced  concrete.  In  this  respect  we  are 
way  in  advance  of  other  localities.  In  fact, 
we  probably  have  larger  proportion  of  rein- 

forced concrete  factory  buildings  in  the  Twin 
Cities  than  any  other  locality  in  the  United 
States.  This  is  largely  because  there  are 
a  number  of  contracting  engineers  of  unusual 

ability  in  this  vicinity  who  are  financially  in- 
terested in  the  sale  of  the  reinforcing  steel 

entering  into  these  buildings.  Their  influence 
is  evident  in  the  building  ordinances  of  the 
Twin  Cities,  which  allow  higher  unit  stresses 
in  both  the  concrete  and  the  steel  than  are 
common  in  the  cities  of  the  east. 

A  properly  designed  concrete  building  is 
the  best  building  which  can  be  put  up  for 
many  industries.  It  is  entirely  fireproof  and 
takes  the  same  rate  of  insurance  as  a  fire- 

proof steel  building.  Such  buildings  are  prob- 
ably the  most  rigid  type  which  can  be  con- 

structed. The  material  will  stand  a  large 

amount  of  abuse  in  the  way  of  faulty  work- 
manship and  design.  Other  t>-pes  of  build- 

ings deteriorate  with  age,  but  a  properly  con- 
structed concrete  building  increases  in 

strength. 

The  floor  spans  of  a  concrete  building  may 
economically  be  made  from  16  to  24  ft.  The 
exact  span  for  minimum  cost  depends  upon 

the  expense  of  the  foundations.  The  more  ex- 
pensive the  foundation  piers  the  longer  may 

be  the  economical  span.  We  find  that  the  flat 

plate  type  of  column  pier  is  considerably  less 
expensive  than  the  old-fashioned  masonry 
piers  of  the  pyramid  type. 

The  statements  made  concerning  the  ex- 
terior walls  of  one-story  buildings  are  true 

in  regard  to  buildings  with  a  greater  number 
of  stories.  It  is  usually  economical  to  build 
self-supporting,  exterior  walls  for  buildings 
up  to  three  stories  in  height.  For  buildings 
higher  than  three  stories  the  walls  are  often 
made  12  ins.  thick  and  are  carried  upon  the 
steel  or  concrete  frame  of  the  building. 

Methods     and     Plant     Employed     in 

Pumping    400,000,000    Gallons    of 

Water  and  Mud  to  Drain  Kerr 

Lake,  Cobalt,  Ont. 

The  principal  operations  described  here  are 
outlined  by  Robert  Livermore  in  Transactions, 
American  Institute  of  Mining  Engineers,  for 
July,  1914. 

Kerr  Lake  originally  covered  45  acres.  Of 
this  the  Kerr  Lake  Mining  Co.  owned  12,  the 
Drummond  Mine  7,  and  the  Crown  Reserve 
Mining  Co.  the  remainder  of  26  acres.  Since 

the  latter's  property  was  originally  entirely 
under  water,  it  was  necessary  for  the  owners 
to  make  land  for  buildings  and  shaft  room. 
Accordingly,  in  1908,  a  trench  was  blasted 
out  which  deepened  the  outlet,  and  lowered 
the  lake  8  ft. 

.As  many  of  the  rich  veins  of  the  Crown 
Reserve  and  Kerr  Lake  companies  were  under 
water,  mining  was  pursued  under  some  dis- 

advantages. Fortunately  the  rock  is  tight  and 
solid,  and  mining  has  been  done  sufficiently 
far  from  the  surface  to  avoid  unnecessary 
risk.  Nevertheless,  there  was  always  danger 
of  encountering  open  seams,  through_  which 
too  large  a  flow  of  water  for  comfortable 
working  might  come.  Careful  soundings  were 
made  over  the  veins,  by  means  of  steel-shod 
pipe,  through  mud  and  water  to  bedrock,  but 
there  was  sometimes  an  element  of  uncertainty 
as  to  whether  actual  bedrock  had  been  reached. 
Furthermore,  the  necessity  of  leavine  safe 
hacks  between  workings  and  lake  tied  up 

large  quantities  of  ore,  and  made  develop- 
ment in  certain  directions  hazardous.  The 

desirability  of  complete  draining  of  the  lake 
was  earlv  recognized,  and  several  plans  were 

proposed  for  its  accomplishment,  but  owing 
to  various  difficulties,  both  of  an  engineering 

nature,  and  of  securing  agreement  between 
the  various  companies  affected,  did  not  come 
to   fruition. 

During  the  summer  of  1912,  the  Crown  Re- 
serve and  Kerr  Lake  companies  gave  serious 

thought  to  the  subject,  and  came  to  the  con- 
clusion that  if  the  dewatering  were  to  be  done, 

it  could  best  be  accomplished  by  pumping 

rather  than  by  an  earlier  plan  of  tunneling, 

both  on  the  score  of  simplicity  and  expense. 

Preliminar>'  surveys  were  made  over  the 

route  the  water  was  to  follow,  viz.— through 
the  Kerr  Lake  outlet,  to  Glen  and  Giroux 

Lakes,  and  thence  by  the  outlet  stream  of  the 

latter  to  the  Montreal  River,  a  total  distance 

of  8  miles. 

In  April,  1913,  an  act  of  Parliament  per- 
mitted the  draining  of  such  bodies  of  water 

as  were  an  obstruction  to  mining  operations, 

which  act  removed  one  of  the  hindrances 

hitherto  existing  to  this,  and  similar  plans: 

and  in  May,  1913,  the  purchase  of  the  7  acres
 

owned  by  the  Drummond  interests,  unde
r 

Kerr  Lake,  removed  the  last  vital  objection 

to  the  undertaking.  Permission  was  granted
 

by  the  mining  commissioner  in  May,  IJUi,  and 
Work  was  begun  at  once. 

Kerr  Lake  at  this  time  covered  an  area  of 

30  35  acres  having  been  reduced  from  
the 

original  area  of  45  acres  by  the  work  
of 

the  Crown  Reserve  Co.,  above  mentioned,  
and 

bv  fiUin-r  in  bv  the  waste  dumps  of  the  two 

companies.  Of  the  total  area  18.5  a
cres  be- 

tonTed  to  the  Crown  Reserve,  654  to 
 Kerr 

Lake  and  5.31  acres  formerly  of  the  
Drum- 

mond Mine,  to  the  two  first-named  companies iointlv.  ,  ,  .  ^  .     Tj-   

There  are  no  inlets  of  importance  in   Ker
r 

Lake,  and  its  one  outlet  carried  off  watei 
running  at  the  rate  of  300  gals,  per  minute 
in  Itie  freshet  season  to  nothing  in  the  dry 
season.  It  was  not  thought  that  the  lake  was 
spring  fed  to  any  extent,  but  that  it  rnaintained 
its  level  simply  from  rain  and  melting  snow. 
Soundings  had  established  its  greatest  depth 
at  100  ft.,  nearly  20  of  which  was  soft  mud. 
It  was  estimated  that  the  lake  contained  400,- 
000,000  gals,  of  water  and  liquid  mud  in  all. 
In  anv  plan  for  dewatering,  the  mud  had  to 
be  taken  into  account,  as  a  large  deposit  of  this 
left  behind  would  leave  parts  of  the  exposed 
surface  in  as  bad  shape  as  ever  for  mining 

purposes. It  had  been  planned  in  the  first  surveys  to 

pump  water  through  the  old  outlet,  whence  it 
would  run  through  natural  channels  by  Glen 
and  Giroux  Lakes  to  the  Montreal  River,  but 
while  this  would  have  been  a  simple  and 
feasible  plan  for  the  water  only,  the  problem 
involved  by  the  proper  disposal  of  the  mud 

prevented  its  adoption.  Hence  the  final  sur- veys were  run  in  a  direct  line  from  Kerr  to 
Giroux  Lake.  A  pipe  was  to  take  the  water 
over  this  line,  crossing  the  Kerr  Lake  prop- 

erty, the  township  highway,  the  tracks  of  the 
Temiskaming  &  Northern  Ontario  Ry.,  and 

several  rights  of  way  of  power  and  com- 
pressed-air lines,  before  entering  Giroux  Lake. 

The  greatest  elevation  of  the  line  above  Kerr 
Lake  was  53  ft.,  and  the  linear  distance  from 
lake  to  lake,  2,400  ft.  The  diflference  in  ele- 

vation between  the  two  lakes  was  20  ft. 
Giroux  Lake  covers  about  230  acres,  and  is 

of  great  depth,  with  an  ample  outlet,  so  that 
the  disadvantages  and  objections  of  possible 

blocking  of  channels  and  flooding  of  other 
properties  met  with  in  the  original  plan,  were 
done  awav  with. 
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The  problem  which  then  presented  itself  was 
the  installation  of  a  pumping  plant  capable  of 
handling  both  water  and  an  indeterminate 
amount  of  solids  against  a  static  head  varying 
from  '>3  ft.  at  the  start  to  153  ft.  at  the 
end  of  operations,  when  the  lake  should  have 
been  completely  drained,  through  a  pipe  line 
large  enough  to  eliminate  the  friction  factor 
as  much  as  possible,  yet  small  enough  to  give 

sufficient  velocity  to  mud-laden  water.  Al- 

lowing an  ample  friction  factor,  it  was  esti- 
mated that  the  total  static  and  dynamic  head 

would  approximate  185  ft.  The  pumping  plant, 
further,  must  have  a  variable  base  since  the 
shore  line  would  be  constantly  changing,  and 

the  pumps  must  have  a  great  range  of  action 
to  maintain  an  even  flow  of  liquid  of  chang- 

ing  density   against   an  ever  increasing  head. 
PUMPS   PLACED  ON    SCOW. 

On  account  of  the  steep  and  irregular  shore 
and  bottom  of  the  lake,  and  the  cumbersome 

nature  of  the'  machinery,  a  plant  mounted  on 
a  movable  base  ashore  presented  obvious  dis- 

advantages, so  it  was  decided  to  place  the 
pumps  upon  a  scow.  This  scow  was  to  be 
kept  near  the  shore  because  ifi  anchored  in 
mid-lake  a  good  many  pontoons  would  have 
been  necessary  to  support  the  heavy  pipe ;  also. 

set  on  the  bed  planks  at  •2-ft.  3-in.  centers 
and  bolted  to  the  longitudinal  timbers.  The 
deck  beams,  also  6x6  ins.,  rested  on  the  latter 
at  2-ft.  .3-in.  centers,  and  were  bolted  to  them 
and  to  the  supporting  posts.  Deck  and  sides 
were  of  3-in.  planks  laid  lengthwise,  and 
spiked  and  bolted  to  the  frame.  A  2-in.  flush 
was  given  to  the  deck,  and  hatches  provided 
fore  and  aft  for  entrance  to  the  hold.  The 
whole  boat  was  thoroughly  calked  with  tar 
and  oakum.  Two  anchoring  spuds  were  placed 
at  each  side  of  the  stern,  for  holding  the  scow 
tirmly  against  the  thrust  of  the  pumps.  These 
were  16xl0-in.  fir  timbers.  30  ft.  long,  iron 
shod,  and  held  in  place  by  guides  14x10  ins., 
which  were  tied  by  iron  rods  to  each  other 
above  and  below  water.  The  spuds  were 
raised  and  lowered  by  rack  and  pinion  with 

spoke  attachment.  Beside  the  spuds  %-in. 
wire  hawsers  were  provided,  to  connect  with 
shore  at  each  corner  of  the  scow.  In  prac- 

tice it  was  found  that  on  account  of  the  shift- 
ing nature  of  the  mud,  and  the  difficulty  of 

finding  firm  bottom  for  the  spuds,  the  hawsers 
were  more  useful,  and  with  the  aid  of  small 
yacht  capstans  set  up  on  the  boat  and  on 
shore,  were  ample  to  hold  the  scow  in  any 
desired  position. 

solids  up  to  4  ins.  in  diameter.  The  shafts 
are  of  steel  extended  on  each  side  of  the 

pumps,  and  carried  by  outboard  ring  oiling 
bearings,  fitted  with  removable  babbit-lined 
shells.  .Adjustable  thrust  bearings  are  also 
provided  to  take  possible  unbalanced  end 
thrusts. 

Each  unit  was  designed  to  deliver  not  less 
than  3,000  gals,  per  minute  at  the  greatest 
elevation  encountered  during  the  operation, 
with  a  mechanical  efficiency  of  not  less  than 
00  per  cent.  At  the  start  the  four  pumps  were 
to  work  in  parallel  (Fig.  1),  each  delivering 
through  its  10-in.  discharge  into  a  central 
pipe,  the  flow  from  the  two  sternmost  pumps 
carrying  through  a  length  of  14-in.  pipe  imtil 
abreast  of  the  forward  pumps,  when  the  flow 
from  all  four  entered  the  main  20-in.  line. 

.All  pipe  connections  on  the  scow  were  spe- 
cially cast  for  the  work.  For  the  parallel  con- 

nection a  flanged  Y  joined  the  stern  pump 
discharges  to  the  14-in.  pipe  above  mentioned, 
which  extended  along  the  center  of  the  scow 
to  another  Y  bored  to  receive  it,  and  con- 

necting the  forward  pumps  to  the  main  line. 
Gate  valves  were  set  in  between  each  dis- 

charge and  the  main  line,  so  that  by  discon- 
necting the  motor  and  closing  the   valve   any 

Fig.   1.   Plan  of   Piping  for    Parallel    Operation   of   Pumps. Fig.    2.     Plan    of    Piping    for   Series    Operation    of     Pumps. 

since  flexibility  of  the  pipe  line  at  some  point 
was  essential,  on  account  of  the  changing 
level,  it  would  have  been  difficult  to  anchor 
both  scow  and  pontoons  so  as  to  be  flexible 
enough  and  yet  not  too  susceptible  to  wind 
and  movement  of  the  waters.  Further,  con- 

stant changing  of  mooring  cables  at  many 
points  would  have  been  necessary  as  the  level 
of   the   lake  changed. 

The  scow  on  which  the  pumps  were  to  be 
mounted  was  designed  to  be  as  compact  as 
possible,  yet  to  allow  plenty  of  working  room 
when  machinery  and  fittings  had  been  in- 

stalled. Stability,  rigid  construction,  light 
draft,  and  carrying  capacity  up  to  70  tons 
displacement  were  all  essential,  and  were  taken 
into  account  in   the   plans. 

The  hull  was  built  of  Western  fir  through- 
out, dimensions  over  all  being  40x20  ft.,  depth 

of  sides  4  ft.  and  dimensions  of  bottom  31 

ft.  6  ins.,  allowing  a  4-ft.  3-in.  overhang  at 
bow  and  stern.  For  the  bottom,  3-in.  planks 
laid  lengthwise  were  used;  across  these 
other  3-in.  planks  were  laid  at  2-ft.  3-in.  cen- 

ters as  sills  for  the  uprights  supporting  the 
deck  timbers.  The  boat  was  divided  longi- 

tudinally into  three  sections;  the  sides,  the 
center,  and  the  two  intermediate  divisions 
of  the  framework  were  built  of  6x6-in.  timbers 
at  top  and  bottom,  each  division  spaced  4  ft. 
9  ins.  apart.     The  uprights  were  6x6-in.  posts 

.After  launching,  wliich  was  accomplished 
witliout  trouble,  by  jacking  up  the  boat  to 
the  proper  angle,  and  placing  greased  ways 
lieneath,  it  was  towed  to  the  east  end  of  the 
lake  and  ballasted  with  about  10  tons  of 
bagged  gravel.  .A  temporary  crane  was  rigged 
on  deck  for  handling  the  pumps,  motors,  and 
heavier  pipe  and  valve  fittings,  wliich  were 
hauled  by  wagon  from  the  cars,  and  shipped 
on  board  at  this  point.  The  pumps  and  mo- 

tors were  assembled  on  their  base,  the  bed 

plates  of  each  unit  belted  through  8-in.  sills 
to  the  deck,  and  the  pipe  and  valve  connec- 

tions between  the  pumps  made.  The  scow 
was  then  towed  back  to  the  yard  for  housing 
and  final  fitting.  .A  weather-tight  house  of 
light  construction  was  erected,  to  cover  all 
of  the  deck  except  a  small  space  at  the  end, 
where  room  was  needed  for  operation  of  the 
spuds  and  capstans. 

The  plant  consists  of  four  single-stage  cen- 
trifugal pumps,  arranged  in  two  units  (Figs. 

1  and  2).  Each  unit  comprises  a  compound 
pumping  outfit  of  two  pumps,  direct  connected 
bv  a  flexible  coupling  to  the  motor  which  is 
placed  between  the  two.  These  have  12-in. 
side  suctions  leading  outboard,  and  10-in.  dis- 

charges facing  inboard.  The  pump  shells  are 
1%  in.  in  thickness,  with  removable  side 
disks.  The  runners  are  of  the  inclosed  type, 
of    heavy    design,    and    capable    of    delivering 

one  pump  could  be  closed  oft'  without  affect- 
ing the  others. 

.A  change  from  parallel  to  series  operation 

(Fig.  2")  could  be  made  at  whatever  point  ii 
the ~  undertaking  the  increase  of  head  and 
density  of  material  made  it  advisable.  This 
was  arranged  as  follows :  The  forward  siic- 
tions,  stern  Y,  and  center  length  of  14-in. 
pipe  were  to  be  removed.  Cast  U-shaped 
lengths  of  pipe  were  provided  to  carry  the 
discharge  from  the  stern  pumps  outside  and 
around  to  the  intakes  of  the  forward  pumps, 

where  a  blank  flange  fitted  to  the  14-in.  orifice 
in  the  forward  Y  threw  the  water  forward 
to  tlie  main  line.  By  this  arrangement  two 
units,  each  of  a  two-stage  tandem  pump,  were 
obtained  at  some  sacrifice  of  volume,  but  at 
a  decided  gain  in  efficiency. 

For  priniing  and  keeping  pressure  on  the 

impeller  bearings,  a  .i%x3%x5-in.  air-driven 
plunger  pump  was  installed  on  the  scow, 
which  took  its  power  from  the  mine  com- 

pressed-air supply,  and  its  water  from  Kerr 
Lake  at  the  start]  but  after  its  waters  became 
too  muddy,  from  the  auxiliarv  supply  from 
Giroux  Lake.  The  main  suction  pipes  were 

connected  to  the  pump  shell  by  00°  elbows, 
and  extended  to  the  water's  edge  where  8-ft. 
lengths  of  smooth-bore  suction  hose  continued 
tlie  intake.  The  suction?  were  fitted  with  flap 
foot   valves    and    strainers   having   3-in.    aper- 
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tures.  The  suctions  were  arranged  on  loose 
threads  to  act  as  a  swivel  joint,  which,  with 
the  aid  of  a  tackle,  allowed  the  intakes  to  act 
at  any  desired  depth  within  an  8-ft.  radius. 
The  motors  to  drive  the  pumps  are  two  in 

number,  one  for  each  unit,  and  connected  to 
the  pumps  directly,  as  above  described.  They 

are  'ioO-HP.  squirrel-cage  synchronous  in- 
duction motors,  operating  at  1,200  rev.  per 

minute,  with  2,200-volt,  three-phase,  60-cycIe 
current. 

The  power  was  obtained  from  the  line  of 
the  Xorthem  Ontario  Light  &  Power  Co., 
which  passes  through  the  property.  A  2,200- 
volt  line  was  carried  without  transforming,  to 
a  switch  house  built  for  the  purpose,  on  shore 
near  the  scow.  Here,  oil  and  knife  switches, 
meters,  etc.,  were  installed,  whence  heavily 
insulated  copper  cables  were  led  to  the  scow. 
The  connections  on  the  scow  were  made 

tlirough  oil-switch,  panel-mounted  knife 
switches,  and  starting  compensators  for  each 
motor.  Lightning  arresters  were  placed  out- 

side the  deck  house.  Cables  inside  the  house 
were  carried  in  pipe,  and  below  deck  where 
possible,  to  the  various  connections. 

MAIN   LINE   OF   SPIRAL  RI\"ETED   PIPE. 

.\  20-in.,  14-gage.  spiral  riveted  pipe  was 
used  for  the  main  drainage  line.  Bolted  steel 
joints  were  used,  except  for  a  few  flanged 
lengths  on  angles,  and  between  the  scow  and 

shore.  This  tj'pe  of  joint  was  used  on  ac- 
count of  its  great  flexibility  and  capacity  for 

taking  up  expansion  and  contraction.  These 
qualities  were  very  desirable  here,  where  ex- 

treme changes  of  temperature  occur,  and 
where  portions  of  the  line,  both  at  the  feed 
and  discharge  ends,  had  to  be  shifted  from 
time  to  time.  This  pipe  was  supplied  in  32-ft. 
lengths,  weighing  1.-500  lbs.  to  the  length.  The 
pipe  was  laid  either  on  the  ground  or  on 
simple  bents,  two  to  each  length,  keeping  it 
in  as  straight  a  Hne,  and  as  free  from  hollows 
as  possible.  What  few  angles  there  were, 
were  calculated  in  the  survey,  and  were  met 
by  specially  cast  flanged  elbows,  to  which 
lengths  of  pipe  flanged  at  one  end  were  bolted. 
.■\  little  ditch  work,  and  rock  drilling  and 
blasting  were  necessary,  especially  where  the 
line  crossed  under  the  main  highway  by  cul- 

vert, but  in  the  main,  inequalities  of  the 
ground  were  made  up  by  the  bents.  The 
chief  engineering  difficulty  met  with  was  in 
carrying  the  pipe  over  the  tracks  of  the 
Temiskaming  &  Northern  Ontario  Ry.  at  the 
minimum  height  allowed  above  rail,  of  22  ft. 
6  ins.,  an  action  made  necessary  to  avoid  caus- 

ing a  hollow  in  the  line  if  carried  under  the 
tracks. 

-At  this  point  two  wooden  towers  of  the  or- 
dinary tram  type,  built  of  8x8-in.  posts  on  a 

16-ft.  square  base,  well  tied  and  cross  braced, 
were  erected  on  each  side,  of  the  track.  The 

angle  of  crossing  made  a  span  from  one  sup- 
port to  the  other  of  90  ft.  Saddles  for  the 

pipe  were  provided  4  ft.  below  the  top  of  the 
towers.  Over  the  tops,  which  were  iron- 
shod  cross  pieces,  two  %-in.  steel-wire  cables 
were  passed.  20  ins.  apart,  and  carried  to 

ground.  These  were  anchored  by  "dead- 
men"  made  of  stout  logs  sunk  to  a  depth  of 
G  ft.,  and  weighted  with  stone.  Turnbuckles 
were  provided,  by  which  the  cables  were 
stretched  as  taut  as  possible. 
The  pipe  was  then  laid  on  the  bents  and 

joined  as  far  as  the  first  tower.  Three  flanged 
lengths  were  then  laid  alongside  on  the  bents 
and  bolted  together  to  make  the  span.  One 
end  of  the  joined  lengths  was  slung  in  a  car- 

rier, made  of  an  iron  loop  ending  in  sheaves 
to  run  on  the  two  cables,  and  pushed  out  over 
the  railway  to  the  far  tower.  Connection  was 
then  made  with  the  pipe  already  laid.  The 

span  of  pipe  across  the  railway  was  support- 
ed by  2.x%-in.  strap-iron  hangers  passing  un- 

der the  pipe  and  hooking  over  the  cables  at 
8-ft.  intervals.  Each  hanger  had  a  turn 
screw  and  nut,  to  take  out  all  sag  in  the  pipe. 
An  angle  flange  and  two  connecting  lengths 
carried  the  line  from  the  tower  to  a  rock- 
filled  crib  pier  where  another  angle  flange  was 
connected,  and  anchored  by  long  eyebolts  pass- 

ing to  a  "dead-man"  to  guard  against  displace- 
ment of  the  pipe  bv  the  force  of  the  water 

coming  over  the  sudden  drop  from  the  tower. 

The  continuing  line  was  carried  on  bents,  as 
before,  across  a  swamp  and  down  the  final  in- 

cline to  Giroux  Lake. 
Flexibility  of  connection  between  the  float- 

ing scow  and  the  fixed  pipe  on  shore  was  se- 
cured as  follows :  The  Kerr  Lake  end  of  the 

pipe,  which  reached  shore  at  an  angle  of  15°, 
was  anchored  by  strap  and  bolts  set  in  a  ce- 

ment pier  at  water  line.  The  end  of  the  pipe 
facing  the  water  was  flanged,  and  to  this  was 
bolted  a  20-in.  flexible  ball  joint  having  a 
maximum  swing  of  27.  To  this  joint  in 
turn  two  expansion  joints  giving  a  lateral  play 
of  16  ins.  were  bolted.  At  the  start,  one  32- 
ft.  length  of  flanged  pipe  was  connected  to 
these,  and  to  a  similar  ball  joint  coupled  in- 

board on  the  scow  at  the  main  discharge.  A 
12-in.  bypass,  with  a  gate  valve,  was  inserted 
on  the  flanged  length,  for  draining  the  line. 

DRAINAGE    OPERATIONS. 

The  Kerr  Lake  pumps  were  started  on  Aug. 
28,  1912.  Some  difficulties  of  a  temporary 
nature  were  met  with  at  the  start,  but  there 
were,  on  the  whole,  few  delays  or  hitches  in 
the  operation.  It  was  found  that  too  sudden 
stopping  of  the  pumps  caused  vacuums  to 
form  which  made  one  or  two  lengths  of  pipe 
show  a  tendency  to  collapse,  but  this  was  rem- 

edied by  the  insertion  of  check  valves  at 
threatened  points.  A  tendency  of  the  pipe  to 
sag  after  receiving  the  full  weight  of  water 
was  observed  on  the  span  over  the  railway, 
and  the  structure  was  strengthened  by  the 
addition  of  two  more  %-in.  cables  stretched 
and  anchored  in  the  same  way  as  the  original 
ones,  and  by  the  construction  of  arm  props 
on  each  tower,  hung  out  over  the  track  by 
%-in.  rods,  and  set  in  notches  on  the  legs, 
which  shortened  the  unsupported  span  of  pipe 

by  24  ft. 
The  water  was  lowered  steadily  until  the 

depth  under  the  scow  became  too  shallow  for 
convenience,  when  a  new  flanged  length  of 
pipe  was  inserted,  and  the  scow  moved  out  a 
corresponding  distance.  The  extra  length  was 
supported  by  trestle  bents  having  an  ad- 

justable block  and  tackle  sling  to  al- 
low for  the  falling  level  of  the  pipe. 

The  operation  was  repeated  as  often  as  it  be- 
came necessary  to  make  a  move  until  the 

suspended  line  became  too  cumbersome,  when 
the  shore  ball  joint  was  moved  out  to  a  new- 
pier  and  the  connecting  pipe  shortened  ac- cordingly. 

It  had  been  intended  to  stir  up  the  mud 
as  much  as  possible  by  agitation  while  there 
was  plenty  of  water  in  the  lake,  so  that  the 
mixture  flowing  through  the  line  might  be  as 
liquid  as  possible.  Various  methods  were 
tried,  such  as  directing  a  stream,  pumped  from 
the  lake  by  an  auxiliary  plunger  pump  of  300 
gals,  capacity,  through  a  4-in.  hose  with  mon- 

itor attachment,  into  the  mud,  both  from  shore 
and  from  a  small  scow,  but  it  was  found  im- 

practicable, since  the  mud  was  of  such  con- 
sistency that  although  the  bulk  of  that  ex- 

posed by  the  lowering  of  the  water  flowed 
into  the  deeper  part  almost  without  sluicing, 
that  under  water  had  a  gluelike  tendency  to 
stay  in  banked  masses  near  the  shores  as 
long  as  any  water  remained  in  the  lake  to 
hold  it  back.  Such  mud  as  was  left  above 
the  water  soon  dried  and  became  compact  to 
a  short  depth,  so  that  it  offered  little  difficulty 
to  mining  or  prospecting,  but  that  in  the  cen- 

ter of  the  lake  constantly  increased  in  depth 
with  the  influx  from  the  sides,  and  as  rapidly 
diminished  the  clearwater  area.  Tests  made 
on  this  mud  showed  that  its  water  content 
was  very  high,  nearly  80  per  cent,  so  that  it 
was  decided  to  pump  out  the  remaining  water 
entirely,  and  with  the  suctions  resting  in  the 
mud,  trust  to  the  pumps  handling  it  with  the 
aid  of  the  small  streams  of  water  flowing  into 
the  basin  from  the  mines  and  mills.  The 
change  of  the  pumps  from  parallel  to  tandem 
operation,  provided  for  as  above  described, 
was  made  in  order  to  obtain  better  efficiency 
with  the  heavier  material,  and  after  some  ex- 

perimenting with  the  proper  mixture  of  mud 
and  water,  and  with  the  size  of  the  strainer 
openings,  a  fairly  steady  stream  of  liquid  mud 
varying  from  6  to  20  per  cent  solids  was  main- 

tained through  the  line. 
Some  trouble  was  had   from  the  muddying 

of  the  water  in  Giroux  Lake  near  the  mine 
supply  pumps.  This  was  met  by  carrying  the 

pipe  line  on  a  curve  of  45°,  to  which  the  flex- 
ible nature  of  the  bolted  joints  adapted  it  ad- 

mirably, to  a  wooden  flume,  built  along  shore, 
and  extending  to  a  remote  cove  of  the  lake, 
after  which  no  more  trouble  was  experienced. 
At  the  time  of  the  first  proposals  for  the 

draining  it  had  been  feared  that  the  health 
of  the  people  in  the  rather  thickly  settled 
vicinity  of  Kerr  Lake  might  suffer,  but  fortu- 

nately these  fears  had  no  justification;  in 
fact,  if  an\-thing  the  reverse  was  the  case, 
since  the  more  than  doubtful  water  supply  of 
Kerr  Lake  was  replaced  by  the  purer  water 
of  Giroux.  At  one  period  when  most  of  the 
clear  water  had  been  pumped  away,  some  em- 

barrassment was  caused  by  the  large  num- 
ber of  fish  which  had  been  smothered  by  the 

mud  and  came  to  the  surface.  Great  num- 
bers ranging  in  size  from  small  perch  to  eels 

and  pike  30  ins.  long  lay  everywhere,  and  even 
clogged  the  suctions  and  entered  the  valves. 
Fortunately,  the  situation  was  well  taken  care 
of  by  the  gathering  of  great  numbers  of 
scavengering  gulls  who  soon  disposed  of  the 
fish,  to  the  mutual  advantage  of  themselves 
and  the  operators. 

The  pumps  were  run  through  September 
and  October,  and  at  intervals  during  the 
month  of  November,  but  during  the  latter 
month  the  increasing  cold  made  operation  dif- 

ficult because  of  the  freezing  of  valves  and 
of  the  surface  of  the  mud,  so  that  work  was 
stopped  for  the  season  the  last  of  the  month. 
The  operations  to  this  point  were  successful 
from  the  standpoint  of  the  companies 
concerned.  The  water  was  removed  from 

the  greater  part  of  the  important  re- 
serves of  the  mines,  thus  leaving  them  free 

for  stoping  and  development.  About  325,000,- 
000  gals,  of  mud  and  water  were  pumped,  at 
an  average  of  6,000  gals,  per  minute  for  88 
actual  working  days. 

It  was  demonstrated  that  the  liquid  mud  ly- 
ing in  the  deeper  parts  of  the  lake  could  be 

pumped,  and  that  eventually  the  ground  un- 
derlying these  deeper  parts  could  be  pros- 

pected and  mined  at  will  after  the  removal 
of  the  remaining  mud  in  the  following  open 
season. 

Method  of  Sealing  a  Battery  of  Irriga- 
tion Wells. 

Contributed    by  J.   W.    Swaren,   Hayward.   Calif. 

While  installing  a  horizontal  centrifugal 
pump  drawing  its  supply  from  a  battery  of 
wells  it  was  found  necessary  to  cut  oflt  the 
flow  of  water  from  the  wells.  The  usual  ar- 

rangement of  setting  the  pump  in  a  pit  sunk 
nearly  to  water  level  had  been  planned.  The 
wells,  which  were  16  ins.  in  diameter  and 
cased  with  stovepipe  casing,  had  been  sunk 
during  an  extremely  dry  season.  On  com- 

pletion, the  water  level  was  found  to  be  21 
ft.  below  the  surface  of  the  ground.  A  pit, 
plan  of  which  is  shown  in  sketch  Fig.  1.  was 
dug,  and  lined  with  concrete,  its  floor  being 
14  ft.  below  the  ground  level.  This  allowed 
for  a  rise  of  water  level  in  the  wells  of  7 

ft.,  which  was  thought,  based  on  past  experi- 
ence in  the  same  vicinity,  to  be  more  than 

sufficient.  No  bulkhead  was  built  between 
the  well  pit  and   the  machinery  pit. 

.An  exceptionally  heavy  rainfall  occurred 
the  following  winter,  and  fortunately  before 
the  installation  of  the  machinen,'.  .\t  the 
close  of  the  rainy  season  an  examination  of 
the  pit  showed  that  the  water  level  had  risen 
in  the  wells  until  the  water  stood  to  a  depth 
of  41  ins.  in  the  pit,  or  a  rise  of  water  table 
amounting  to  10  ft.  5  ins.  By  the  time  the 
machinery  was  assembled  at  the  pump  site  the 
water  level  had  dropped  to  37  ins.  in  the  pit 
and  still  remained,  several  weeks  later,  at 
this  point.  .As  the  driving  motor  is  mounted 
on  the  same  sub-base  with  the  pump,  not  only 
was  it  necessary  to  unwater  the  pump  pit, 
but  some  means  must  be  provided  to  keep 
the  water  from  entering  the  machinery  pit 

during   future  periods  of  high  water. 
The  specifications  called  for  a  suction  pio". 

8   ins.    in   diameter   and   -30    ft.   long,   in   each 
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well,  all  connected  to  a  common  header,  which 
in  turn,  by  a  special  side  opening  cross,  over 
the  center  well,  is  connected  directly  to  the 
suction  opening  of  the  pump.  The  center  line 
of  this  opening  was  but  22  ins.  above  the 
bottom  of  the  sub-base.  Thus  the  header 
would  be  below  the  water  level,  as  it  now 
stood,  when  installed. 

It  was  decided  to  build  a  bulkhead,  5  ft. 
high,  between  the  machinery  pit  and  the  well 
pit,  with  a  short  run  of  pipe  passing  through 
the  bulkhead,  between  pump  and  well  header. 
With  this  bulkhead  in  place,  the  machinery 
pit  easily  could  be  kept  dry.  while  the  water 
could  rise  and  fall  at  will  in  the  well  pit.  In 
order  to  build  this  bulkhead,  both  pits  had 
to  be  freed  from  water  and  the  flow  shut 
off  from  the  wells.    Several  methods  of  plug- 

fectual  seal.  This  method  was  successful 
with  all  the  wells,  except  the  center  one, 
where,  the  casing  being  flush  with  the  floor, 
the  clamp  rested  on  the  concrete.  When  the 
unwatering  pump  was  started,  it  was  found 
that  the  leakage  from  the  middle  well  was 
more  than  could  be  handled.  The  pipe  of 
this  well  was  drawn  up  and  a  gasket  made 
of  braided  oakum  and  wrapped  with  burlap 
was  fastened  to  the  under  side  of  the  clamp. 

When  again  lowered  into  position,  the  cen- 
ter well  was  found  to  be  satisfactorily  sealed. 

After  the  pit  was  unwatered,  the  bulkhead 
built,  and  the  machinerj'  installed,  the  header 
flanges  on  the  suction  pipe  were  brought  in 
line,  and  the  header  assembled.  Then  by 
simultaneously  slacking  the  through  bolts  on 
all  the  clamps,  the  header  was  gradually  low- 
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Sketches    Showing    Method    of    Sealing    a 

Battery  of  Wells. 

ging  the  wells  were  tried,  but  when  the  un- 
watering pumps  were  started,  the  pressure 

of  the  water  forced  out  the  plugs.  Finally 
the  scheme  shown  in  Fig..  2  was  evolved. 
The  stovepipe  casing  of  each  well  had  been 

separated  at  a  joint,  leaving  a  projection  of 
from  3  to  8  ins.  above  the  floor  of  the  pit, 
except  at  the  center  well,  which  casing  top 
was  nearly  flush  with  the  floor. 

Pipe  clamps,  as  shown  in  Fig.  3,  were 
made  from  '1-in.  soft  wood.  These  clamps 
being  18  ins.  over  all,  entirely  covered  the 
stovepipe  casing  when  properly  spaced.  One 
of  these  clamps  was  clamped  tightly  on  each 
run  of  suction  pipe,  spaced  approximately  4 
ft.  below  the  header  flange.  The  saddle  of 
the  clamp  was  cut  accurately,  making  a  wa- 

ter tight  joint  between  wood  and  pipe  when 
drawn  up  tight.  The  joint  between  the  halves 
of  the  clamps  was  made  %-in.  scant  so  that 
the  clamps  could  be  drawn  very  tight  by 
the  through  bolts.  Afterward,  the  opening 
at  this  joint  was  closed  by  wooden  wedges, 
dipped  in  waterproof  shingle  compound,  and 
driven   from  tlie  lower  side. 

Each  suction  pipe  was  then  lowered  into 
its  respective  well,  bein^  supported  by  the 
clamp  resting  on  the  prcjecting  portion  of 
the  stovepipe  casing.  The  weight  of  the  pipe 
forced  the  thin  edge  of  the  casing  into  the 
soft  wood  of  the  clamp,  'hus  making  an  ef- 

ered  to  place.  The  only  flange  bolted  up  un- 
der water  was  that  connecting  the  header  to 

the  suction  opening  of  the  pump. 

Dam  Foundations. 

To  THE  Editors: — I  would  like  to  say  a  few 

words  concerning  Mr.  Edward  Godfrey's  dis- cussion of  the  above  subject  on  page  692  of 
Engineering  and  Contracting,  June  17th. 

I  still  agree  with  him  that  upward  pressure 
under  dams  has  caused  or  contributed  to 
many  dam  failures,  but  contend  that  many 
successful  dams  lighter  than  he  advocates 
also  prove  that  upward  pressure  is  not  always 
dangerously  operative.  I  still  believe  there 

is  something  in  the  old  saying  about  "an  ounce 
of  prevention,"  etc.  Therefore  I  believe  that 
where  it  is  practicable  to  prevent  the  occur- 

rence of  serious  upward  pressure  under  dams, 
it  is  better  engineering  to  do  that  than  to 
blindly  design  every  dam  heavy  enough  to 
hold  down  the  upward  pressure  without  first 
taking  the  trouble  to  finil  whether  there  need 
be  any  such  serious  pressure.  It  certainly  is 
unsafe  to  assume  in  general  that  tliere  will 
be  110  upward  pressure,  but  it  also  seems  to 
me  poor  engineering  to  assume  that  there 
must  ahvays  be  serious  upward  pressure  that 
cannot   possibly   be   prevented. 
Some  engineering  superstructures  can  be 

safely  and  correctlv  designed  entirely  in  the 
office,  but  I  think  there  are  few  dams  or  en- 

gineering sub-structures  of  much  magnitude 
that  can  be  safely  and  economically  designed 
without  careful  field  investigation  of  the  foun- 
dation. 
The  more  facts  Mr.  Godfrey  and  the  rest 

of  us  can  learn  and  publish  along  these  lines 
the  better,  but  each  dam  or  substructure  is  a 
special  case  and  the  same  rule  will  not  apply 
in  all  cases. 

Mr.  Godfrey  seems  to  think  that  the  heavy 
masonry  dam  with  the  broad  base  is  a  guar- 

antee against  damaging  underflow.  In  harbor- 
ing that  theory  I  think  he  is  courting  a  danper 

second  only  to  that  of  neglecting  to  consider 
upward  pressure  under  dams.  A  dam  will 
not  compress  sandy  or  gravelly  soil  enough 
to  materially  reduce  the  volume  of  voids 
therein.  See  Engineering  News,  January  21, 
190-1,  page  62,  where  it  tells  of  the  sand  jack 
used  in  lowering  into  place  the  shaft  of  the 
Battle  Monument  at  West  Point.  It  savs 
that  the  total  pressure  on  the  sand  was  22V4 
tons  per  square  foot,  and  the  compression  of 
the  sand  only  0.78  per  cent.  Twenty-two  and 
a   half   tons   ricr   square    foot   corresponds   to 

300  feet  height  of  concrete  of  constant  hori- 
zontal section  with  no  counteracting  upward 

pressure  of  water.  I  cannot  understand  how 
any  one  could  advocate  building  a  dam  of  any 
kind  on  sand  or  gravel  (which  would  prac- 

tically always  contain  between  25  per  cent  and 
40  per  cent  of  voids)  without  a  cut-ofT  wall 
or  its  equivalent  penetrating  to  some  more 
impervious  material. 

There  are  many  places  in  the  west  where 
rivers  sink  from  sight,  flowing  below  the  sur- 

face, and  rise  again  lower  down.  I  under- 
stand a  dam  of  considerable  height  was  built 

in  southern  California  that  failed  to  impound 

any  water  because  it  had  no  cut-off  wall,  and 
the  water  continued  on  its  unobstructed  way 
through  the  dam,  doing  no  damage  to  that 
structure.  Certainly  this  dam  was  not  lifted 

by  upward  pressure  because  the  water  never 
rose  up  behind  it  to  develop  a  pressure  head. 

If  cut-oflf  walls  may  not  be  effective  in  pre- 
venting serious  upward  pressure  as  well  as 

underflow,  why  did  not  Stony  River  Dam  fail 
where  it  was  highest  and  had  the  greatest 
head  of  water  behind  it?  It  did  not  fail 
there  because  the  cut-oflf  wall  went  to  rock 
and  was  effective,  but  did  fail  where  the  cut- 

off wall  stopped  many  feet  above  the  rock, 

even  though  the  height  of  dam  was  not  maxi- 
mum at  that  point. 

Take  the  case  of  a  heavy  dam  built  on  a 
generally  good  foundation  but  with  occasional 
pockets  or  seams  of  pervious  material.  The 
weight  of  the  dam  will  be  carried  by  the  good 

foundation  and  the  dam  will  "bridge  over" the  looser  material  instead  of  compressing  it, 
thus  leaving  a  chance  for  underflow  which 
may  increase  and  undermine  the  dam,  while 
careful  examination  of  the  foundation  before- 

hand might  have  disclosed  the  danger  and  in- 
dicated   the   proper   preventive    remedy. 

It  is  true  as  Mr.  Godfrey  says  that  "springs 
in  soft  soil  have  existed  for  generations,  but 

they  carry  little  sediment."  On  the  other  hand 
those  "springs  in  soft  soil"  are  not  supplied 
by  open  water  resen'oirs  in  close  proximity, 
giving  a  great  pressure  head,  but  are  sup- 

plied by  ground  water  which  has  in  turn  gen- 
erally precolafed  long  distances  away  from 

open  bodies  of  water,  if  indeed  it  has  any  di- 
rect connection  with  such  open  bodies  of 

water. 

The  instances  I  gave  of  boiling  springs 
caused  by  high  water  against  Ohio  River 
levees  were  cases  where  considerable  sediment 
was  carried  through  by  the  water  where  the 
head  was  not  over  ten  to  eighteen  feet  and 
the    levees   were   not   lifted    either. 

Except  where  a  cut-off  wall  or  its  equivalent 
near  dozi'n  stream  toe  of  dam  prevented  the 
exit  of  water.  I  do  not  think  it  necessary  or 
even  reasonable  to  assume  that  the  dams  that 
failed  were  actually  lifted  preliminary  to  final 
destruction. 

I  think  in  mo«t  cases,  except  as  above  noted, 
that  the  dam  will  move  down  stream  or  settle 
due  to  underwash,  before  the  upward  pressure 
becomes  great  enoueh  to  actually  lift  it.  and 
certainly  the  lifting  is  not  always  a  necessary 

preliminary  to  the  passage  of  water  under- neath a  dam  resting  on  porous  soil  or  seamy 
rock. 

H.    P.    BOARDMAN, 

Professor  of  Civil  Engineering,  University  of 
Nevada. 

Reno,  Nev..  July  23,  1914. 

Joint  Meeting  of  Highway  Associations 
in  1915. — At  a  special  meeting  of  the  board 

of  directors  of  the  American  Rnad  Builders' .Association  held  in  New  York  July  17  it  was 
unanimously  voted  to  hold  a  joint  meeting 
with  the  American  Highway  -Association  in 
ini.'i.  either  in  San  Francisco  or  in  Oakland, 
during  the  Panama-Pacific  Exposition.  The 
management  of  this  jnint  meeting  will  be  in 
the  hands  of  a  committee  of  five  made  up  of 
two  members  from  each  association,  the  fifth 
member  to  be  selected  bv  these  four. 

The  city  of  Seattle  by  a  vote  of  almost  two 
to  one  defeated  the  new  city  charter  which 

provided  a  commission-city  manager  form  of 

government. 
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The  Adverse  Freight  Rate  Decision  as 
an  Incentive  to  Speedy  Completion 

of  Railway  Appraisals. 
The  time  required  to  appraise  all  the  rail- 

ways in  America  has  been  put  at  five  to  eight 
years,  according  to  those  acting  for  the  In- 

terstate Commerce  Commission.  Yet  it  is  not 
impracticable  for  every  railway  to  finish  its 
own  appraisal  within  less  than  two  years,  and 
it  would  now  seem  to  be  desirable  in  rnost 
cases  to  do  so.  The  somewhat  adverse  freight 
rate  decision  has  left  the  eastern  railways 
with  scant  hope  of  an  advance  in  rates  until 
appraisals  demonstrate  the  necessity  of  great- 

er income,  if  there  is  to  be  a  "fair  return"  on the   value  of  their  investments. 
Several  months  ago  we  expressed  doubt 

as  to  favorable  ruling  on  railway  rates  in 
general  until  such  time  as  appraisals  make 
such  rulings  imperative.  The  granting  of  a 
scant  1.5  per  cent  increase  in  average  rates 
where  5  per  cent  was  asked  bears  out  our 
prediction  and  emphasizes  the  necessity  of 
rapid  work  on  the  appraisals. 

Comparatively  few  people,  even  among  in- 
vestors in  railway  securities,  know  that  there 

exists  a  published  appraisal  of  the  New  York, 
New  Haven  &  Hartford  Ry.  (See  Engineer- 

ing .\ND  Contracting,  Feb.  21,  1912,  for  the 
unit  prices  used  in  the  appraisal  by  Prof. 
Swain.)  Still  fewer  have  taken  pains  to 
analyze  the  results,  else  there  would  be  less 
pessimism  as  to  the  ultimate  earning  power 
of  that  property.  Certainly  if  rates  are  to 

be  based  on  cost  of  reproduction,  the  "New 
Haven"  system  is  entitled  to  much  higher 
rates  than  it  now  enjoys.  We  doubt  not  that 
the  same  holds  true  of  most  railway  proper- 
ties. 

An  appraisal  of  the  Lehigh  Valley  Ry.  has 
been  completed,  and  it  has  been  rumored  that 

appraisals  of  several  other  large  railway  sys- 
tems are  practically  completed.  Even  those 

railways  that  have  thus  far  done  little  toward 
an  appraisal  could  have  a  complete  valuation 

prepared  by  the  end  of  1915.  were  the  ne- 
cessity apparent.  To  us  there  seems  to  be 

necessity  for  such  action  on  the  part  of  every 

railway.  And  as  fast  as  each  railway  com- 

pletes its  appraisal  it  should  ask  for  in- 
crements in  rates — both  interstate  and  intra- 

state—if  existing  rates  do  not  yield  a  "fair 
return."   

Classification  of  the   Steel  Production 
in    1913. 

Data  collected  by  the  Bureau  of  Statistics 
of  the  American  Iron  and  Steel  Institiite  give 
some  interesting  information  concerning  the 
production  of  steel  ingots  and  castings.  The 
total  production  of  all  kinds  of  steel  ingots 
and  castings  in  1913  was  31,300,874  tons,  as 
against  31,251,303  tons  in  1912.  Of  the  1913 

production  of  steel,  30,280,130  tons  were  in- 
gots and  1,020,744  tons  were  castings,  while 

in  1912,  30,284,682  tons  of  ingots  and  966,621 
tons  of  castings  were  produced.  The  1913 
production  of  steel  consisted  of  9,545,706  tons 
of  Bessemer  steel,  21,599,931  tons  of  open- 
hearth  steel  and  155,237  tons  of  crucible  and 
other  kinds  of  steel.  This  output  was  pro- 

duced by  .304  works  in  30  states,  the  District 
of  Columbia  and  the  Panama  Canal  Zone. 
The  increasing  use  of  alloy  steels  is  shown 
by  the  fact  that  in  1913  about  714,857  tons  of 
ingots  and  castings  were  treated  with  ferro- 
titanium.  ferro-vanadium,  ferro-chrome, 
nickel,  or  some  other  alloy,  of  which  625.4.30 
tons  were  ingots  and  88,927  tons  were  cast- 

ings. Of  the  total  production  of  alloy  steels 
in  1913,  74,924  tons  were  Bessemer  steel  in- 

gots   or    castings,    599,890    tons    were    open- 

hearth  steel,  28,279  tons  were  crucible,  11,254 
tons  were  electric,  and  10  tons  were  produced 
by   miscellaneous   processes. 
The  total  production  of  Bessemer  steel  in 

1913—9,545,706  tons— consisted  of  9,465,200 
tons  of  ingots  and  80,506  tons  of  castings. 
Of  this  tonnage,  9,465,882  tons  were  made 
by  the  standard  Bessemer  process,  42,408  tons 
bv  the  Tropenas  process,  and  37,416  tons  by 
other  modifications  of  the  standard  Bessemer 
process.  In  connection  with  this  output  it  is 
interesting  to  note  that  the  production  of 
Bessemer  steel  was  a  maximum  in  1906, 
when   12,275,830   tons   were  produced. 

The  1913  output  of  open-hearth  steel— 21,- 
599,931  tons— consisted  of  20,689,715  tons  of 
ingots  and  910,216  tons  of  castings.  In  1908 
the  production  of  open-hearth  steel  for  the 
first  time  exceeded  that  of  Bessemer  steel, 
the  excess  amounting  to  1,719,974  tons, 
or  about  28  per  cent.  In  1913  this 
excess  amounted  to  12,054.225  tons,  or 

about  126  per  cent,  which  shows  the  in- 
creasing popularity  of  open-hearth  steel. 

Of  the  total  production  of  crucible  steel 
in  1913—121,226  tons— about  28,279  tons  con- 

sisted of  various  alloy  steels,  of  which  2.5,281 
tons  were  ingots  and  2,998  tons  were  castings. 
The  maximum  production  of  crucible  steel 
was  reached  in  1907,  when  131,234  tons  were 

produced. Included  in  the  1913  output  of  electric  steel 
—30.180  tons— which  consisted  of  20,973  tons 
of  ingots  and  9,207  tons  of  castings, _  were 
about  11,254  tons  of  alloy  steels,  consisting  of 

10,821  tons  of  ingots  and  433  tons  of  cast- 
ings. The  production  of  steel  by  the  elec- 

tric process  reached  its  maximum  value — 52,- 
141  tons— in  1910.  In  1912  the  total  produc- 

tion was  only  18,309  tons.  On  Dec.  31,  1913, 
there  were  19  plants  equipped  to  manufac- 

ture steel  by  the  electric  process,  as  compared 
with  14  at  the  close  of  1912.  In  addition  to 

those  in  operation  in  1913,  3  plants  were  be- 
ing built  and  7  were  projected. 

The  production  of  open-hearth  ingots  in 
1913  by  the  basic  process  was  19,884,465  tons, 
while  the  production  by  the  acid  process  was 
only  805,250  tons.  Of  the  1913  output  of 
open-hearth  steel  castings,  460,161  tons  were 
made  by  the  basic  process  and  450,055  tons 
by  the  acid  process. 

Included  in  the  20,344,626  tons  of  basic 

open-hearth  steel  ingots  and  castings  pro- 
duced in  1913  are  2,210,718  tons,_  which  were 

produced  from  metal  partly  purified  in  Bes- 
semer converters  and  finally  reduced  in  basic 

open-hearth  steel  furnaces.  The  increase  in 
the  amount  of  steel  produced  by  this  duplex 
process  in  1913  over  that  produced  in  1912 
was  about  54  per  cent.  In  1913  duplex  steel 
ingots  and  castings  were  produced  by  nine 
works,  as  against  seven  works  in  1912. 

At  the  close  of  1913  there  were  183  com- 
pleted open-hearth  steel  plants;  while  110 

plants  were  equipped  to  make  steel  by  the 
Bessemer  process.  At  that  time  seven  open- 
hearth  steel  plants  were  being  built  and  five 
were  projected;  while  only  one  Bessemer 

plant  was  being  built,  although  eight  modi- 
fied   Bessemer   plants   were   projected. 

The  Use   and   Abuse   of   Road   Stand- 
ards. 

Standards  for  road  and  bridge  details  are 
issued  by  most  of  the  highway  commissions. 
These  standards  comprise  general  and  detailed 
plans  of  various  kinds,  illustrating  typical 
structures  frequently  encountered  in  road, 
culvert  and  bridge  design  and  are  in  effect  a 

recommended  method  of  design  and  construc- 
tion for  these  structures. 
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It  is  perhaps  somewhat  unfortunate  that  the 
word  "standards"  should  have  been  chosen  to 
designate  these  plans.  Strictly  interpreted, 
the  meaning  would  indicate  that  the 
standard  design  was  the  best  design.  This  is 
by  no  means  the  case — nor  is  it  intended  to 
mean  this.  Standards  are  merely  recommended 
designs  which  are  to  be  adhered  to  unless 
conditions  indicate  that  a  variation  in  the 
design  would  meet  them  better.  They  are 
used  to  secure  uniformity  in  laying  out  and 
building  structures  with  the  idea  that,  thereby 
simplicity  of  construction  is  furthered,  the 
work  of  designing  reduced  and  greater  effi- 

ciency and  better  workmanship  secured  in 
construction. 

And  yet  these  standards  are  accepted  as 
criterions  by  many  engineers.  Doubtless  they 
are,  in  most  cases,  excellent  designs  if  con- 

ditions under  which  it  is  proposed  to  use 
them  are  similar  to  those  for  which  they 
were  first  planned.  The  first  step  in  the 
preparation  of  any  design  is  necessarily  the 
imnosing  of  certain  limitations  such  as  cost, 
capacity,  foundation  conditions,  materials  and 
construction  plant  requirements.  These  con- 

ditions must  be  met  whether  the  design  is  a 
"standard"  or  otherwise.  For  each  different 
combination  of  conditions  there  is  perhaps  one 
design  which  fulfills  the  requirements  of  that 
combination.  The  question  arises  as  to  the 
frequency  with  which  certain  combinations  of 
conditions  occur.  If  frequently  encountered, 
then  a  standard  design  leads  to  economy  and 
one  should  be  prepared  and  used. 

If  this  point  is  kept  in  mind  there  are  many 
advantages  to  be  derived  from  a  thorough 
knowledge  of  the  standards  in  use  in  various 
sections  of  the  country.  As  a  rule  they  are 

designs  prepared  by  engineers  of  wide  ex- 
perience and  of  prominence  in  their  profes- 

sion and  they  represent  the  chrystallization  of 
ideas  tempered  by  mature  judgment  and  years 
of  observation.  A  young  engineer  and  an  old 
engineer,  inexperienced  in  the  class  of  work 
to  which  they  refer,  may  compare  and  study 
them  with  profit.  There  is  no  quicker  or 
better  method  of  becoming  familiar  with 

what  is  commonly  called  "good  practice."  But 
in  this  study  the  engineer  must  acquaint  him- 

self thoroughly  with  the  conditions  for  which 
the  standards  were  prepared. 

For  example,  selecting  the  article  on  Iowa 
road  standards,  recently  published  in  this 

journal,  a  number  of  questions  must  be  an- swered in  order  to  secure  the  greatest  benefit 
from  a  study  of  the  article.  What  are  the 
soil  and  climatic  conditions  existing  in  that 
state,  how  are  available  materials  distributed, 
what  are  the  labor  conditions,  of  what  type 

and  how  heavy  is  the  road  traffic,  what  is 
the  average  value  of  land,  in  what  occupations 
are  the  people  principally  engaged,  are  points 
which  should  be  considered.  With  a  knowl- 

edge of  conditions,  a  study  of  designs  pre- 
pared to  fulfill  them  is  very  instructive. 

There  is,  however,  a  grave  danger  attendant 
on  the  use  of  standards  of  any  kind.  The 
temptation  is  to  neglect  the  detailed  study  of 
local  conditions  and  use  a  standard  structure. 
This  often  results  not  only  in  an  unwarranted 
increase  in  the  cost  of  a  suitable  structure, 

but  may  result  in  a  type  of  construction  which 
fits  but  poorly  the  location  where  used. 

The  foregoing  are  perhaps  the  chief  in- 
dictments against  the  use  of  standards.  They 

are  old  indictments,  as  are  those  against  the 
use  of  formula-  and  cost  data.  And  yet  in 
spite  of  criticism  standards  still  remain  the 
tools  of  the  engineer,  with  a  definite  work-a- 
day  value  which  is  appreciated  by  the  practi- 

tioner. 
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The  Designing  of  Reinforced  Concrete 
Retaining    Walls   by   Comparison 
With  the  Determined  Ratios  of 
the  Various  Functions  cf  the 

Height  and  Unit  Pressures. 
Contributed    hy   .'^.    M.    Cotlcn.    ."^t^iti;    Krigineer's OfiSce,  Phoenix,  Ariz. 

Having  recently  had  occasion  to  design  a 
number  of  reinforced  concrete  retaining  ;ind 
wing  walls  of  the  cantilever  type,  for  various 
heights  and  unit  pressures,  it  occurred  to  lie 
writer  that  ratios  might  be  established  be- 

tween the  height  of  the  wall  and  the  several 
functions  of  the  height  and  between  the  unit 
pressures  and  these  functions,  which  would 
greatly  lessen  the  labor  incident  to  a  con- 

siderable number  of  designs.  To  be  more 
specific,  it  was  desired  to  establish  ratios  so 
that,  having  designed  one  wall  for  any  given 
height  and  unit  pressure,  it  would  be  possible 
to  design  a  wall  of  the  same  type  for  any 
height  or  unit  pressure  whatever,  by  using 
these  ratios  in  conjunction  with  the  properties 
determined   for  the  first  wall. 

In  the  case  where  the  unit  pressure  is  a 
constant  and  the  height  is  a  variable,  it  was, 
of  course,  desired  to  express  all  possible 
properties  of  the  wall  as  a  function  of  the 
height.  Regarding  the  height  as  a  constant 
and  the  unit  pressure  as  the  variable,  it  was 
likewise  desired  to  express  tliese  properties 
as  a  function  of  the  pressure*  It  was  found 
that  all  the  required  properties,  except  the 
quantity  of  concrete  and  the  weight  of  steel 
for  a  given  section,  could  be  so  expressed, 
and  that  the  time  and  labor  which  could  he 
saved  thereby  in  subsequent  designs  more 

than   exceeded   the   writer's   best   hopes. The  wall  under  discussion  is  constructed  of 
reinforced  concrete,  cantilever  type,  and  is 
designed  to  withstand  an  equivalent  fluid 
pressure  in  accordance  with  the  discussion 
and  determinations  given  in  Turneaure  &■ 

Maurer's  "Principles  of  Reinforced  Con- 
crete," which  will  not  be  repeated  here,  except 

such  parts  as  are  considered  necessary  to  the 

sequence  of  this  discussion.  The  type' of  wall and  the  forces  acting  upon  it,  cxce|)t  the  uji- 
ward  force  on  the  toe  whose  effect  in  tliis 
design  is  too  negligible  to  warrant  attention, 
are  shown  in  Fig.  1. 
CONSTANT        UNIT        PRKSSURE        AND        VARIABLE 

HF.IGHT. 

Discussion. — Letting  the  unit  pressure,  /<, 
rernain  constant,  with  the  height  as  the 
variable,  the  required  ratios  and  their  deriva- 

tion  are   as    follows : 
Referring  to  Fig.  1  and  to  the  formulas 

developed    in    Turneaure   &    Maurer — 
P^^/^l'h'.  Hut  />  is  constant;  hence P  cc  h'.  _ 
/  =  0.087  V/>/i.  But  />  is  constant;  hence 

I  <x  h.  , 
Likewise,  since  m  =  %l,  m  a.  I :  and  since 

/  oc  ft,  m  cc  h. 
For  a   similar  reason,   Q  a.  h, 
C'=U'>-hm  (where  !cv  =  unit  weight  of earth).     But   since  /i  oc  I,  and   m  oc  It,  C  oc  h\ 
Pressure    on     toe    per    square     foot,    £  = 

2   ,   where   U\'=-    weight  of  concrete 

and  11',  =  weight  of  earth.  But  U\  a  ap- 
proximatclv  as  /i',  and  is  small  compared  to 
IV,,  and   ly:i=C  (very  nearly).    But  Coc/r,- 

Ir 

hence  /:oc_=/,,      (The   theorv  of   this   ap- /i 

proximation  calls  for  too  long  a  discussion  to 
be  entered  into  here,  but  it  can  be  shown  by 
cases  of  independent  design  that  the  result 
obtained  by  its  use  is  sufiicientiv  in.i,-i  f,.r 
the  purpose.) 

m  m 

D^%E--  =  E—.     But  £  oc  /,  and  »i  oc  /i 
2  3 

hence  D  oc  ft'. 

.l/.>  =  PXarm.  But  P  oz  Ir  and  arm  oc /i, 
lie  nee  Mp  oc  ft^ 

Mc  =  C  X  arm.  But  C  oc  h-,  arm  cc  m, 
m  oc  ft;   hence  .Uc  oc  ft^ 

Ma  =  D  X  arm.  But  D  oc  Ir,  arm  a  m, 

III  oc  ft;   hence   M<i  oc  h-'. 
Since  M.  and  .l/,i  o:  ft'.    (.1/c  — .1/..)    oc  ft'. 

Ai  max From    Turneaure     &     Maurer,    R^   . 

Bui  since  R  is  constant  in  any  one  design  and 

b  is  constant,  tP  oc  Mmnx.  But  jl/max  oc  ft'; 

hence  d'  oclr. Also  from  Turneaure  &  Maurer,  area  of 

steel,  A=^hdp.  But  since  b  and  p  are  con- 
stants, A  oc  d. 

."Mso,  the  spacing  of  rods  varies  inversely  as 
their  area. 

Pressure  on  ■ Foundoi-ion 

Fig.    1.  Section    of    Typical    Retaining    Wall 
Showing    Reinforcement  and    Properties 

to   Which   Reference   is   Made. 

Recal'itulatioii. — The  widths  of  footing  and 
heel,  and  the  pressures  on  the  toe  vary  as  the 
heights. 

The  forces  acting  upon  tlie  wall  vary  as  the 
squares  of  the  heights. 

The  moments  of  these  forces  vary  as  the 
cubes  of  the  heights. 

The  square  of  the  depth  of  the  steel  varies 
as  the  cube  of  the  height ;  the  areas  of  steel 
vary  as  the  depths;  and  the  spacing  of  rods 
varies   inversely  as   their   area. 

A.lso,  when  .r  oc  y,  x=ky  (where  A'  is  a 
constant),  which  readily  gives  values  of  x 
for  different  values  of  y. 

Having  designed  a  wall  for  a  given  height, 
with  these  ratios  known,  one  can  easily  and 
rapidly  design  walls  of  the  same  type  for  any 
heights  whatever,  directly  from  the  properties 
of  the  one  design.  The  method  is  particularly 
applicable  to  the  computation  of  standard 
tables  for  retaining  wall  whose  height  is  not 
uniform,  and  for  wing  walls  whose  thickness 
and  footing  are  designed  to  decrease  as  their 
height    decreases. 
CONSTANT         HEIGHT         AND         VARIABLE         UNIT 

PRESSURE, 

Discussion. — Letting  the  height  remain 
constant,  with  the  unit  pressure,  p,  as  the 

variable,  the  required  ratios  and  their  deriva- 
tion are  as  follows: 

P  =  %/'ft".  But  ft  is  constant;  hence 

P  oc  /).  _ 

/  =  0X187  V/i  ft.  But  ft  is  constant;  hence /  oc   V/l. 

Likewise,  since  i»  ̂   % /,  in  cc  I :  and  since l<x  V*,   m  oc  V/".  _ 

For  a  similar  reason,   Q  cc  yj  p. 
C=^w<^liin.  But  We  and  ft  are  constant,  and 

m  oc  V/-;   hence   Coc  V/". 
Pressure  on  toe  per  square  foot,  £  = IV,  -(-  W,  I 

2   ,     But   (f,  oc  V/>   (approximately), /  _ 

and      ff\=r      (nearly),      and  oc  V  p ;      also 
_  v7 

/  oc  Y>;    hence    £  oc — —  (=  unity). 

\'p 

III  in 
D^%E  —  =E — ,     But  £  is  constant  and 

_      2  3       _ 
in  oc  V/-;  hence  D  cc  \/  p. 
Mv^P  X  arm.  But  P  o:  p  and  arm  is  con- 

stant ;  hence  Mv  cc  p.    
Mc  =  C  X  arm.    But  C  cc  V  p.  arm  oc  »i,  and 

m  cc  \/  p ;  hence  M<-  cc  p.           

M.\^D  X  arm.  But  D  oc  \' p,  arm  oc  »i,  and 
iH  oc  V  />  ,•  hence  A/.i  oc  />. 

Since   both    M>-   and    AU    oc    />,    (.!/.■  — .1/a) 

TABLE 
FLU I.— DATA  FOR   DIOSIGNING   RETAINING  WALLS  OF  TYPE  SHOWN  IN  FIG.   1   FOR  A 

ID  PRESSURE  OF  20  LBS,    PER  CPBIC   FOOT    AND   FOR   VARIOtIS  JGHTg,  _ 

h.                  1.                    m. 
ft.            ft.    ins.         ft.    ins. 

E. 

lbs,  per 

sq.  ft. 

inches 
inches 

Rods  '  a," 

size  and 
sp.icinR. 

Rods  "b," 

size  and 
spacing. Cu,  yds.  of 

concrete 

perlin.ft. 

Lbs.  of steel 

per  lin.  ft. 

,S 

1       111      1       1        .1J 

980 

4J 

2i 

1  in.  sq,  at 12  ins. i  in,  sq,  at 18  ins. 0.11 
9.71 

6 1              1         7 1,180 

4J 

2J 

J  in.  sq.  at 
12  ins. 

J  in.  sq.  at 18  ins. 

0.13 12.85 

7 

2       8J 

2       0 1,370 

*! 

2i 

J  in,  sq,  at 12  ins. J  in.  sq.  at 

14  ins- 

0.15 
16.46 

R 

3       1) 2       OJ 

2       4 

1,570 

4i 

3J 

J  in,  sq,  at 

8}  ins. 

J  in.  sq.  at 
1  1  J  ins. 

0.18 

0.20 
21,73 

9 3       6 
1,760 

1.960 

5 4 
1  in.  sq.  at 

7  J  ins. 
J  in.  sq.  at 

9J  ins. 

27,04 

10 
3      10 

2       7 6 

4J 

J  in.  sq.  at 

6}  ins. 

J  in.  sq.  at 

8  J  ins. J  in.  sq.  at 

7  ins. 

0.24 32.56 

M               4       3J 2       10 2.160 7 

5  J 

J  in.  sq.  at 12  ins. 

0.28 

4007 

12          !      4        8 

3        11 

2,360 
8 6 3  in.  sq.  at 

lOJ  ins. 
J  in.  sq.  at 

6  ins. 

0,32 

47.76 

\^ 
5       OJ 3       4j 

2.560 9 7 i  in.,sq,  at 

9!  ins. 

}  in.  sq.  at 
12}  ins. 

0,37 

Sfi.97 

14 
S       5i 

3        7J 

2,750 10 n i  in.  sq.  at 

8)  ins. 

i  in.  sq.  at 
1 1  ins. 

0.43 
66.10 

15 

5      10 

3      lOJ 

2,950 

11 

8i 

I  in.  sq.  at 

7  J  ins. 

i  in.  sq.  at 10  ins. 0.49 
76.40 

U,                   ..          ( 4       2 
3.140 

12 

9 i  in.  sq.  at 7   ins. J  in.  sq.  at 9  ins. 
0.55 

88.58 

17                                        4        5 3.340 

13 

10 \  in,  sq.  at 
fij  ins. \  in.  sq.  at 

8}  ins. 

0.63 

100.76 IS                 i                                                    ,,             R 3,540 

14 

11 J   in.  sq.  at J  in,  sq,  at 

"  \  ins. 

n.7t 

112,78 
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As  previously  stated,  d'  oc  M,     But  .1/  <x  />,■ 
hence   d-  cc  p,   or  </  oc  v />.  _ Also,  A  oc  d.     But  since  c/  oc  V  p,  A  oz  yTp, 

Also,    the    spacing    of    rods,    S, 

TABLE  II.— DATA  FOR  DESIGNING  RETAINING  WALLS  OF  TYPE  SHOWN  IN  FIG.  1  FOR  A 
FLUID  PRESSURE  OF  26.e  LBS.  PER  CUBIC   FOOT  AND  FOR  VARIOUS  HEIGHTS. 

verselv   as   A. 

varies    in- 
1 

But   since   .-/  oc  V/j,  5  oc   . 

v7 

Recapitulation. — The  widths  of  footing  and 
heel  vary  as  the  square  roots  of  the  unit 
pressures. 
The  horizontal  forces  vary  as  the  unit 

pressures. 
The  vertical  forces  vary  as  the  square  roots 

of  the  unit  pressures. 
The  depths  and  the  areas  of  steel  vary  as 

the  square  roots  of  the  unit  pressures;  and 
the  spacing  of  rods  varies  inversely  as  the 
square   roots   of  the  unit  pressures. 

Also,    when    x  cc  y,    xi    :    x^:  :yi    :    y~,    and 

y: .V:  =  j-,   =^xxk,   (where   *   is  a  constant). 

Having  designed  a  wall  of  a  given  height 
(or  any  number  of  walls  of  given  heights) 
and  of  constant  unit  pressure,  these  ratios 
enable  one  to  modify  the  design  to  correspond 
to  any  unit  pressure  whatever. 

TABUL.\R    D.^T.A. 

Another  feature  of  both  these  systems  of 
ratios,  which  is  worthy  of  comment,  fs  with 
reference  to  an  approximate  design  for  esti- 

mating purposes.  Curves  may  be  constructed, 
passing  through  only  a  few  determined  points, 
which  will  serve  a  considerable  range  of 
heights  or  of  pressures,  from  which  the  values 
for  intermediate  points  may  be  found  with 
sufficient  exactness. 

ft. 
ft.    ins. 

ft.    ins. 

E. 

lbs.  per 

sq.  ft. 

J                    J                Rods  "a." 
inches         inches          ̂ '-^^fl"^ Spacing. 

Rod?    •b."     Cu.  yds.  of 
size  and      1    concrete 

spacing.      1  perlin.  ft. 

Lbs.  of steel 

perlin.  ft. 

5        1      2     3 1      6 980 

*i 

,,  J  in.  sq.  at 
•^'                15  ins. 

Jin.sq^a.    ,        „,, 

10.60 

6         1      2      8J       1       1      9J 1,180 

*i 

21  i  in.  sq.  at 

■'i            .11}  ins. 

}in.sq^at|        0.14 

14,17 

7 3     2 2      ! 1 ,370 

4} 

3 i  in.  sq.  at 

9}  ins. 

i  'Ti.  sq.  at 
12  ins. 0.17 

18.13 

8 

9 

3     8i 2     .ss 

1,.S70 
5 

3} 

i  in.  sq.  at 

~i  ins. 

i  in.  sq.  at 

9Jins. 

0.19 

24.38 

4      0} 
2      8J 

1.760 
6 

4! 

i  in.  sq.  at 

6}  ins. 

J  in.  sq.  at 

8!  ins. 

0.23 

30.23 10 

4      6 
3      0 

1,960 
7 5 i  in.  sq.  at 

5J  ins. 

5  in.  sq.  at 7   ins. 

0.26 

36.35 
11 

4      Hi 

3      3J 2.160 8 6 i  in.  sq.  at 10',  ins. 
i  in.  sq.  at 6   ins. 

0.32 

45.76 
12 

5      4J 

3      7 2,360 9 7 i  in.  sq.  at 

9i  ins. 
i  in.  sq.  at 

5}  ins. 

0.37 54.55 

1.^ 

5       10 3       11 
2,560 

10 8 i  in.  sq.  at 

8{  ins. 

i  in.  sq.  at 
lOj  ins. 

0.43 
65.10 

14 

6   a 

4      2i 

2,7.SO 

11 9 i  in.  sq.  at 

7  J  ins. 
i  in.  sq,  at 9J  ins. 

0.50 76.93 

15 6      9 
4      6 

2,950 

l-'i 

9i 
i  in.  sq.  at 6^  ins. i  in.  sq.  at 

8{  ins. 

0.57 
89.57 

16 

7      2 
4      9 

3,140 14 

lOi 

}  in.  sq.  at 6  ins i  in.  sq.  at 

7J  ins. 

0.65 

101.90 

18 

'      7-5 5       1 

3,340 

15 

11* 

i  in  sq.  at 

5  J  ins. 

J  in.  sq.  at 7   ins. 
0.74 

117.30 

.s       1 

5      ,^ 3,140              16-1 
12; i  in.  sq.  at 5!  ins. i  in.  sq.  at 

6?  ins. 

0.82 129.46 

computed,  although  retaining  the  ratio  of  4/3 
for  the  surcharged  pressure.  The  other  values 
used  :n  the  designs  were:  weight  of  earth, 
100  lbs.  per  cubic  foot:  /,=  10,000  lbs.  per 
sqwre  inch;  fc  =  Cm  lbs.  per  square  inch; 
)i  — 15;  and  percentage  of  steel.  0.68. 

The   minimum  thickness  of  wall  was  taken 

ments  in  the  wall  vary  as  the  cubes  of  the 
distances  from  the  top,  the  quantity  of  steel 
in  the  wall  above  the  point  of  ma.ximum  mo- 

ment is  in  excess  of  the  quantity  required 
by  an  increasing  amount.  Investigations  were 
made  to  determine  the  economy  to  be  effected, 

if  any,  by  decreasing  the  area  of  steel  to  con- 
form with  the  requirement  of  some  higher 

section    and    of    lengthening    the    arm    at    the 

E&C 

c  d  6  6  10  12  14  16  Id 
/6  14  12  10  8  6  4  £  0 

Height-Feet 

Fig.    2.      Curves    Showing     Variations    with     Height,    of 

Bending    Moments  and    External    Forces  for   Equiva- 
lent   Fluid    Pressure   of  20   Lbs.   per  Cubic    Foot. 

Height- Feet 
Fig.  3.    Curves  Showing   Variations  with    Height,  of  Va- 

rious   Functions  for   Equivalent   Fluid    Pressure  of 
20    Lbs.    per   Cubic    Foot. 

Tables  I  and  II  give  the  essential  data  for 
walls  designed  to  withstand  unit  fluid 
pressures  of  20  and  26.(3  lbs.  per  Cubic  foot, 
respectively,  varying  in  height  from  .5  ft.  to 
18  ft.  These  unit  pressures  were  selected  as 
representing  the  pressures  on  a  wall  without 
and  with  surcharge  (earth,  slope  1%:1),  re- 

spectively, although  they  probably  err  slightly 
on  the  side  of  safety.  The  wedge  theory  of 
earth  pressure  gives  10  and  21  lbs.  per  cubic 
foot  equivalent  fluid  pressure,  respectively, 
the  resultant  passing  through  the  edge  of  the 
niiddle  third.  The  Illinois  Highway  Commis- 

sion uses  1.5  and  20  lbs.  per  cubic  foot  fluid 
pressure  in  its  designs,  and  states  that  the 
results  have  been  entirely  satisfactory.  It 
was  thought  best,  however,  to  increase  the 
minimum  pressure  to  20  lbs.  per  cubic  foot, 
m   the   designs    for    which    these   tables    were 

as  G  ins.,  and  the  minimum  thickness  of  foot- 
ing as  4  ins.,  although  these  values  are  in  ex- 

cess of  theoretical  requirements.  For  sur- 
charged walls  the  upper  7  ft.  have  a  constant 

thickness  of  6  ins.,  and  for  walls  without  sur- 
charge the  upper  8  ft.  have  this  minimum 

thickness  of  0  ins.  Af- the  top  of  the  footing 
the  thickness  of  the  wall  is  rfi  +  IVz  ins.  Be- 

tween these  points  the  back  wall  slopes  uni- 
ft)rmly  (see  Fig.  1).  The  front  wall  is 
vertical. 
Should  the  pressure  at  the  toe,  for  any 

Tieight,  be  too  great  for  conditions  of  con- 
struction, simply  add  to  the  length  of  toe  as 

may  be  necessary,  without  changing  the  other 
dimensions  of  the  wall. 

Since  rfi  and  the  area  of  steel  for  any 
height  of  wall  were  designed  to  resist  the 
maximum  moment,  and  since  the  bending  mo- 

point  of  maximum  moment  to  correspond 
with  this  decrease.  These  investigations 
showed  conclusively  that  such  modification 
would  not  be  economical. 
With  reference  to  the  weights  of  steel 

given  in  the  Tables  I  and  II,  the  length  of 
the  vertical  rods  was  taken  as  /i  +  Q  —  (i  ins. ; 
the  length  of  the  horizontal  rods  in  the  foot- 

ing as  in  -F  0  ins.;  while  the  longitudinal  rods 
were  in  all  cases  ',4-in.  square  bars,  spaced 
12  ins.  on  centers. 

DIAGRAMS. 

The  curves  of  Fig.  2  show  the  variations 
of  the  external  forces  and  the  maximum 
1  lending  moments  in  the  walls  and  footings, 
for  various  heights  of  wall,  for  an  equivalent 
fluid  pressure  of  20  lbs.  per  cubic  foot.  The 
curves  of  Fig.  3  show  the  variations  of  width 
of  footing,  area  of  steel  in  wall  and  footing, 
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spacing  of  rods  in  wall  and  footing,  and 
depths  of  steel  in  wall  and  footing,  for  an 
equivalent  fluid  pressure  of  20  lbs.  per  cubic 
foot. 

General   Design   Features   of  the   Me- 

tropolis Bridge  Spanning  the  Ohio 

River  at  Metropolis,  111. 

(Staff  Article.) 

The  Chicago.  Burlington  &  Quincy  R.  R. 
and  the  Nashville,  Chattanooga  &  St.  Louis 
R.  R.  have  commenced  the  construction  of  an 
important  bridge  ever  the  Ohio  River  at 
Metropolis,   111.,    the    main    feature    of    which 

Oi'f.  Grade   ^-     •   

ILLINOIS    

be  awarded  in  about  a  week,  bids  having  been 
received  July  20,   1914. 

Construction   Features   of   the    Dupli- 
cate    Reinforced     Concrete    Arch 

Bridges  at  Third  Ave.,  Cedar 

Rapids,  Iowa. 
The  two  reinforced  concrete  arch  bridges 

described  in  this  article  continue  Third  Ave. 
across  the  Cedar  River  and  connect  the  east 
and  west  sides  of  Cedar  Rapids,  Iowa.  The 
river  at  this  point  is  divided  by  an  island  into 
two  channels  of  approximately  equal  widths. 
The   new   bridges   consist   of   two   practically 

walk   brackets   are   composed   of  1   part   cement 
and  3  parts  sand  and  gravel. 

The  main  reinforcing  bars  for  the  arches 
were  1%-in.  plain  round  bars,  spaced  an  aver- 

age distance  of  12  ins.  apart,  but  corrugated 
bars  were  used  for  the  remainder  of  the  con- 

crete work.  The  plain  bars  were  received  at 
the  site  in  two  sections,  one  of  which  was  33 
ft.  and  the  other  83  ft.  in  length,  but  all  bend- 

ing was  done  at  the  site.  The  two  sections 
were  fastened  together  with  turnbuckles,  to 
permit  the  adjustment  of  the  bars.  However, 
it  was  found  that  turnbuckles  served  no  use- 

ful purpose  except  to  connect  the  two  sec- 
tions of  the  arch  bars,  as  no  adjustments were  made. 

-.0  5%  Grade 

7o'-\  L «oj  \jo\  bd  lid  L^^'j  wu  b^j  u^^J  b^ J  &Asi''jj?.dAL 
■'    JO    "  30       30       30^  JO        30       30       30        30       30  30' 
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-556-3   Fig.  1.     General  Elevation  of  the  Metropolis  Bridge  Across  the  Ohio  River 

is  a  720-ft.  simple-truss  span.  The  structure 
consists  of  six  main  through  truss  spans,  one 
deck  truss  span  and  steel  girder  approaches 
on  steel  bents.  The  bridge  is  a  double-track 
structure,  with  tracks  spaced  13  ft.  center 
to  center.  Figure  1  shows  an  elevation  of  the 
bridge  and  gives  some  essential  data  concern- 

ing its  design   features. 
The  T20-ft.  simple-truss  span  will  be  the 

longest  simple  span  ever  constructed,  exceed- 
ing in  length  that  of  the  St.  Louis  Municipal 

Bridge  by  52  ft.  Beginning  at  the  Illinois 
end  of  the  structure  the  lengths  of  the  truss 
spans,  center  to  center  of  bearings,  are:  300 
ft.  0  in.:  four  spans  at  551  ft.  3  ins. :  720  ft. 
0  in.;  and  250  ft.  0  in.  The  latter  span  is  of 
the  deck  Pratt-truss  type,  the  remaining  spans 
having  through  Petit  trusses.  The  distance 
center  to  center  of  trusses  for  the  through 
spans  are:  720-ft.  span,  37  ft.  0  in.;  551-ft. 
3-in.  spans,  33  ft.  0  in.;  and  300-ft.  span,  32  ft. 
0  in.  For  the  720-ft.  span  the  maximum 
height  of  truss,  center  to  center  of  chords,  is 
110  ft.  0  in.;  for  the  551-ft.  3-in.  spans.  83 
ft.  0  in. ;  and  for  the  300-ft.  span,  48  ft.  0  in. 
The  approximate  height  of  the  river  piers  is 
170  ft. 

The  approach  on  the  Illinois  side  is  a  1,590- 
ft.  steel  viaduct,  consisting  of  70-ft.  to  90.5-ft. 
intermediate  girder  spans  and  30-ft.  tower 
spans,  except  where  the  bridge  crosses  some 
railway  tracks,  at  which  points  concrete  abut- 

ments replace  the  steel  towers.  The  approach 
on  the  Kentucky  side  has  a  length  of  600  ft., 
and  consists  of  30-ft.  tower  spans  and  75-ft. 
intermediate  girder  spans.  Both  approaches 
have  ballasted  floors.  By  referring  to  Fig. 
1,  it  will  be  noted  that  the  track  over  the  720- 
ft.  span  is  level,  while  the  remaining  grade 
is  0.3  per  cent  except  for  a  short  distance  at 
the  Illinois  end  of  the  bridge  where  the  grade 
is  0.2  per  cent. 

The  pedestals  of  the  viaduct  approaches  are 
carried  on  pile  foundations,  while  the  founda- 

tions for  the  seven  river  piers  are  sunk,  by 
means  of  the  pneumatic  process,  through  a 
foundation  consisting  of  firm  sand  and  gravel. 
The  maximum  depth  to  which  the  founda- 

tions for  the  piers  are  carried  is  about  78  ft. 
below    low-water   level. 
The  bridge  will  form  a  part  of  a  new  15- 

mile  line  between  Metropolis,  111.,  and  Pa- 
ducah,  Ky.  The  estimated  cost  of  the  struc- 

ture is  about  $3,500,000,  and  it  will  be  com- 
pleted in  1916. 

The  bridge  is  being  constructed  by  the 
Padurah  &  Illinois  R.  R.  Co.,  a  subsidiary  of 
the  Nashville,  Chattanooga  &  St.  Louis  R.  R. 
and  the  Chicago,  Burlington  &  Quincy  R.  R., 
of  which  Mr.  C.  H.  Cirtlidge,  bridge  engineer 
of  the  latter  company  is  chief  engineer  and 
Mr.  Ralph  Modjeski,  consulting  engineer.  The 
contract  for  the  seven  river  piers  was  let  to 
the  Union  Bridge  &  Construction  Co.,  of  Kan- 
tas  City,  Mo.,  in  Ji:ne,  1914.  It  is  expected 
that  the   contract   for  'he  superstructure  will 

identical  structures,  one  over  each  branch  of 
the  river.  They  replace  an  old  steel  bridge, 
consisting  of  six  117-ft.  7-in.  bowstring 
trusses  on  masonry  piers  and  abutments,  three 
over  each  channel.  .Mthough  the  old  bridge 
was  erected  in  1872,  it  was  in  sufficiently  good 
condition  to  justify  its  re-erection  at  Eighth 
Ave.,  five  of  the  six  spans  being  used  at  that 
location.  The  article  is  based  on  data  con- 

tained in  a  paper  by  B.  J.  Sweatt,  in  the  Jour- 
nal of  the  Western  Society  of  Engineers. 

GENER.\L    DESIGN    FEATURES. 

The  following  dimensions  apply  to  the  re- 
inforced concrete  arch  bridge  over  each 

branch  of  the  river: 

Total  lengih  of  three  spans,  face  to  face  of 
abutments.  SOS  ft.  0  In. 

Clear  span  length  at  spring  line.  96  ft.  0  In. 
Rise  o(  arch  above  spring  line.  11  ft.  0  In. 
Height  of  spring  line  above  low  water,  7  ft. 

1  In. 
Width  of  solid  arch  ring,  64  ft.  0  In. 
Width  of  roadway  between  curbs,  4S  ft.   0  In. 
Clear  width  of  each  sidewalk,  10  ft.  0  in. 
Total  width  of  each  sidewalk,  11  ft.  9  Ins. 
Extreme  width  of  arches,   71  ft.   6   Ins.- 
Extreme  width  over  piers.   81  ft.  0   In. 
Thickness  of  arch  ring  at  crown.  1  ft.  11  Ins. 
Thickness  of  arch  ring  at  haunches.  5  ft.  0  In. 

The  sidewalks  are  carried  a  distance  of  3 
ft.  11  ins.  beyond  the  arch  rib  by  cantilever 
brackets,  the  portion  of  the  sidewalks  directly 
above  the  arch  ring  being  supported  on  span- 

drel walls  to  provide  space  for  gas  and  water 
mains  and  telephone  and  electric  light  con- 

duits. The  bridge  carries  concrete  lamp  and 
trolley   poles. 

All  foundations,  except  the  wing  walls  for 
the  two  main  shore  abutments,  were  carried 
to  bed  rock.  The  wing  walls  rest  on  pile 
foundations,  the  piles  being  driven  to  solid 
rock.  The  concrete  piers  are  solid,  but  the 
abutments  are  of  the  compartment  rvpe  be- 

low a  plane  10  ft.  under  the  spring  line  of 
the  arches.  The  front  walls  are  about  7  ft. 
thick,  the  side  walls  are  4  ft.  thick,  and  the 
intermediate  walls  have  a  thickness  of  3  ft. 
3  ins  The  intermediate  walls  are  spaced  6 
ft.  7%  ins.  on  centers.  The  specifications 
called  for  the  filling  of  these  compartments 
with  gravel,  but  a  very  hard  clay  was  en- 

countered in  the  excavations,  which  permitted 
trenches  to  be  excavated  for  the  walls,  and 
the  material  occupying  the  spaces  between  the 
walls  -was  left  in  its  natural   state. 

The  concrete  proportions  used  for  the  vari- 
ous parts  of  these  bridges  are  as  follows : 

(a)  Piers  below  a  plane  5  ft.  under  the  sprine 
line,  and  abutments  below  a  plane  5  ft.  6  Ins. 
under  the  spring  line  and  7  ft.  back  from  the 
face  at  the  bottom  are  a  1:3:6  mix.  crusher- 
run  stone  having  maximum  dimensions  of  3  ins. 
being  used. 

(b)  Arch  rings  and  piers,  and  abutments  above 
the  levels  indicated  above  are  a  1:2:4  mix. 
crusher-run  stone  having  maximum  dimensions 
of  H4  Ins.,  with  the  dust  screened  out,  being used. 

(c)    Spandrel   walls   and   wing   walls   of   abut- 
ments are  a  1:3:5  mix,  crusher-run  stone  hav- 

ing maximum  dimensions  of  1   in.  being  used. 
(d)  Sidewalks,  hand-rails,  lamp  posts  and  slde- 

METHODS    AND    EQUIPMENT. 

The  location  of  the  structure  was  ideal  for 
construction  purposes.  The  Iowa  Railway  & 

Light  Co.'s  line  crossed  the  island  at  Fourth 
Ave.  and  permitted  the  construction  of  a  ma- 

terial track  from  this  line  to  the  construc- 
tion track,  which  was  built  approximately  on 

the  center  line  of  the  new  bridge.  This  con- 
struction track  was  used  for  removing  the 

old  bridge,  for  handling  a  large  part  of  the 
excavation,  for  handling  falsework  material, 
and  for  driving  piles,  etc. 
The  following  equipment  was  used  in  the 

construction  of  the  two  bridges: 
A  15-ton  McMyler-Interstate  four-wheel  type 

locomotive  crane. 
A  20-HP.  American  hoisting  engine  with  boom 

swinger. 
A  16-HP.  American  hoisting  engine. 
A  22-HP.  Avery  undermounted  traction  en- 

gine. 

A  ̂ -cu.  yd.  Ransome  mixer. 
A   %-cu.   yd.   Smith   mixer. 
A  40-HP.  Westlnghouse  electric  motor. 
A  20-HP.  AlUs-Chalmers  electric  motor. 
An  8-ln.  Falrbank-Morse  vertical  centrifugal 

pump. A  6-ln.  vertical  centrifugal  pump. 
A    small   single-acting  steam   pump. 
Two  stiff-leg  derricks. 
A  barge  derrick. 
A   1-cu    yd.   Myler  clam-shell  bucket. 
Three  drop  pile  driver  hammers,  one  weigh- ing 2.800  lbs.,  one  2.000  lbs.,  and  one  1,000  lbs. 

(for  driving  sheet  piling). 

Most  of  the  concrete  was  mixed  at  a  cen- 
tral plant  and  distributed  through  .spouts  sus- 

pended from  a  1-in.  wire  cable.  The  mixing 
plant,  which  was  located  on  the  island,  con- 

sisted of: 

A  60-cu.   yd.   bin  for  crushed  stone. 
A  40-cu.  yd.  bin  for  sand. 
A   135-ft.   tower  for  chuting  the  concrete. 
A  54-cu.  ft.  receiving  hopper. 
A    30-cu.    ft.    hoisting  bucket. 

The  %-cu.  yd.  mixer,  above  referred  to. 
was  used  in  this  plant,  the  plant  being  operat- 

ed by  the  22-HP.  traction  engine,  which  was 
fitted  with  a  hoisting  drum  for  elevating  the bucket. 

The  mixing  room  was  placed  just  back  of 
the  excavation  for  the  west  island  abutment 
and  at  the  end  of  the  cement  shed.  The  stone 
and  sand  bins  were  directly  over  the  mixing 
room,  and  these  materials  were  delivered  by 

gravity  to  the  measuring  hopper  through  un- 
dercut bin  gates.  The  cement  was  also  con- 
veyed by  gravity  from  the  cement  shed  to 

the  hopper,  through  a  metal  spout.  Practically 
the  only  trouble  experienced  with  the  mixing 
plant  was  due  to  the  fact  that  the  metal  spout 

clogged  at  times.  The  sand  and  a  consider- 
able part  of  the  crushed  stone  were  obtained 

locally,  being  delivered  in  wa.gons  and  dumped 
directly  into  the  bins  through  trap  doors  in 
the  platform  above  the  bins.  About  6,000  cu. 
yds.  of  crushed  stone  were  used,  about  half 
of  which  was  unloaded  from  the  cars  into 
the  wagons  by  shovelers  (the  cars  being 
switched  to  the  island  for  unloading),  and 
the  remainder  was  unloaded  directly  from  the 
cars    into   the    storage    bin    with    a    1-cu.    yd. 
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clam-shell  bucket,  operated  by  the  locomotive 
crane. 
The  spouting  system  used  is  known  as  the 

"Mingo"  system.  The  spouts  furnished  were 
nearly  circular  in  section,  there  being  only  a 
2-in.  opening  at  the  top.  These  spouts  did 
not  work  satisfactorily,  and  it  was  necessary 
to  take  them  down  and  widen  the  opening  at 
the  top  to  T  ins.,  after  which  they  gave  fair 
satisfaction.  The  system  of  chain  blocks  used 
for  supporting  the  spouts  from  the  main  cable 
gave   satisfactory   results. 

The  average  crew  of  the  central  plant,  when 
working  at  full  capacity,  consisted  of  the  fol- 

lowing : 
1  foreman. 
1  engineer  for  hoisting  concrete. 

The  forms  for  the  abutments,  piers,  span- 
drel walls,  etc.,  were  constructed  of  2x6-in. 

studs  and  1-in.  yellow  pine  sheeting. 

Concreting. — With  two  exceptions  the  arch 
rings  of  each  arch  were  poured  in  four  lon- 

gitudinal sections,  each  section  containing  140 
to  180  cu.  yds. — an  average  of  150  cu.  yds. 
The  east  arch  of  the  west  structure  was 

poured  in  three  sections,  each  section  con- 
taining 200  cu.  yds.,  while  the  east  arch  of 

the  east  structure  was  poured  in  six  longi- 
tudinal sections.  The  concrete  for  the  latter 

arch  was  mixed  in  the  %-cu.  yd.  mixer,  which 
was  placed  on  the  east  shore,  as  the  arch  was 
out  of  reach  of  the  spouting  system. 

The  pouring  of  the  sections  was  a  continu- 

the  top  of  that  portion  of  the  hand-rail  which 
projected  into  the  cap,  with  tar  paper. 

In  pouring  the  lamp  posts  and  trolley  poles, 

provision  was  made  for  expansion  and  con- 
traction by  wrapping  the  trolley  poles  with 

one  thickness  of  corrugated  paper  and  two 
thicknesses  of  tar  paper.  The  mixture  used 
for  the  lamp  posts  and  trolley  poles  was  of 
such  consistency  as  to  permit  it  to  be  dipped 
and  poured  with  a  bucket.  .-Xs  the  concrete 
was  poured  into  the  top  of  the  mould,  a  man 
tapped  lightly  on  the  sides  with  a  wooden 
mallet  to  insure  all  parts  of  the  mould  being 
filled,  and  to  prevent,  as  much  as  possible, 
the   formation  of  air  pockets. 

Waterproofing. — The     top     surface     of     the 
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at  Metropolis,  III. — This  Structure  Contains  the  Longest  Simple  Span   Ever    Built. 

1  engineer  for   unloading   stone   with   the   crtme. 
1  fireman. 
4  men   in  the   mixing  room. 
3  men   for  handling  stone  and  sand. 
2  men  for  handling  cement. 
1  man  in   the   hoLsting  tower. 
i  men  for  distributing  concrete. 

CONSTRUCTION    FE.^TURES. 

Falsezuork,  Center'.ng  and  Forms. — The falsework  for  the  arches  consisted  of  pile 
bents,  the  first  bent  being  6  ft.  6  ins.  from 
the  face  of  the  piers  and  abutments,  the  sec- 

ond bent  12  ft.  6  ins.  from  the  first,  and  the 
intermediate  bents  being  spaced  14  ft.  6  ins. 
on  centers.  Oak  piles  were  used,  the  piles 
generally  being  driven  to  bed  rock.  The  three 
outside  piles  were  spaced  6  ft.  apart  and  the 
intermediate  ones  3  ft.  apart.  The  caps  used 
were  12xl2-in.  yellow  pine,  the  false  caps 
were  6xl0-in.,  the  joists  were  4xl4-in.  (spaced 
24  ins.  on  centers),  and  the  lagging  was  2x8- 
in.  The  proper  curve  for  the  intrados  was 
obtained  by  the  use  of  2-in.  strips,  cut  to  the 
required  curve  and  nailed  to  the  regular 
joists.      Oak   wedges   were   used   between   the 

ous  operation,  the  average  time  required  be- 
ing about  9  hours,  actual  working  time.  On 

account  of  breakdowns  three  of  the  sections 
required  about  24  hours  to  pour. 
The  spandrel  walls,  sidewalks,  hand-rails, 

pedestals,  etc.,  were  poured,  partly  from  the 
central  plant,  partly  from  the  %-cu.  yd.  mixer, 
and  partly  by  hand,  depending  on  circum- 

stances. Ihe  spindles  for  the  hand-rails  were 
made  during  the  winter,  the  dry  process  be- 

ing used.  The  materials  for  hand-rail,'^,  pedes- 
tal caps,  lamp  posts,  etc.,  were  mixed  by  hand. 

The  mam  parts  of  the  hand-rails,  the  posts, 
the  caps,  the  lamp  posts,  and  in  fact  every 
part  of  the  structure  except  the  spindles  for  the 
hand-rails  and  the  tops  for  the  trolley  poles 
were  poured  in  place.  No  attempt  was  made 
to  give  a  trowel  finish  to  the  exposed  surfaces, 
except  the  top  surface  of  the  sidewalks,  hand- 

rails, and  the  caps  of  the  pedestals.  The 
forms  for  all  the  ornamental  work  were  made 
of  white  pine,  and  they  were  painted  with 
crude  oil  just  before  being  filled  with  con- 

crete.    In   addition   to   painting   the    forms   it 

arches  was  waterproofed  by  coating  the  con- 
crete with  a  serai-fluid  raortar  composed  of 

1  part  cement,  %  part  thoroughly  slaked  lime, 
and  2  parts  sand.  After  this  coating  had 
thoroughly  dried  another  coating,  Vi  in.  in 
thickness,  of  neat  Portland  cement  mortar  was 
applied.  For  a  distance  of  15  ft.  back  from 
the  faces  of  all  piers  and  abutments,  the  top 
surface  of  the  arches,  between  curb  lines,  was 
covered  with  two  coats  of  liquid  asphaltum, 

applied  hot. 
Time  of  Completion,  Quantities  of  Mate- 

rials and  Cost. — The  construction  work  was 
started  May  1,  1911,  and  during  that  season 
the  west  structure  was  completed,  with  the 

exception  of  the  sidewalks,  hand-rails  and 
lamp  posts.  Of  the  east  structure,  there  was 
also  completed  the  two  piers,  part  of  the 
island  abutment,  the  removal  of  the  old  struc- 

ture, the  construction  of  the  temporary  track, 
and  practically  all  of  the  falsework  piles  were 
driven. 
On  March  31,  1912,  high  water  and  the 

breaking  of  an   ice  gorge  carried  away  prac- 
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Fig.   1.      Half   Side    Elevation    and    Half   Cross-section    of   Centering    Showing  Center  Bent  for  Reinforced  Concrete  Arches  at 

Cedar  Rapids,  Iowa. 
Third  Ave. 

main  and  false  caps,  these  wedges  being 
placed  in  pairs,  the  pairs  being  spaced  about 
4   ft.  apart. 

In  constructing  the  centering  an  allowance 
of  1%  in.  was  made  for  camber  and  Y^  in. 
for  settlement  after  the  centering  was  re- 

moved. The  actual  settlement  of  the  crown 

after  removing  the  centering  was  5^  in.  Fig- 
ure 1-  shows  a  half  side  elevation  of  the  cen- 

tering and  its  supports  and  a  cross-section  of 
the    centering   and    the   center    bent. 

was  often  found  advisable  to  rub  them  with 

hard  oil,  which  sealed  the  cracks  and  pre- 
vented any  ragged  appearance  at  the  corners. 

In  constructing  the  hand-rails,  th'e  pedestals 
were  poured  first,  then  the  pre-cast  spindles 
were  set  in  place  and  the  hand-rail  run ;  next 
the  caps  to  the  pedestals  were  poured.  Pro- 

vision was  made  for  expansion  and  contrac- 
tion in  the  hand-rails  by  placing  two  thick- 

nesses of  %-in.  corrugated  paper  against  the 
ends  of  the  sections  and  by  covering  this,  and 

tically  all  of  the  temporary  track  over  the 
east  branch  of  the  river,  broke  off  nearly  all 
of  the  falsework  piles,  and  filled  the  pits 
which  had  been  excavated  for  the  island  abut- 

ment. This  damage  delayed  the  completion 
of  the  work  at  least  four  months.  The  struc- 

ture was  opened  to  traffic  Dec.  14.  1912,  but 
it  was  not  entirelv  finished  until  about  May  1, 
191.3. 

The  quantities  of  the  various  classes  of  con- crete  used    for   these   two   bridges,    exclusive 
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of   hand-rails  and   lamp  posts,   were   approxi- 
mately as  follows: 

l:3:n  concrete         6,590  cu.  yds. 
1 :3 :a   concrete             960  cu.  yds. 
1:2:4    concrete          5,730  cu.   yds. 
1 :3   concrete            342  cu.  yds. 

Total       13.622  cu.  yds. 

The  cost  of  the  work  to  the  city,  not  in- 
cluding the  roadway  paving,  was  about  $148,- 

000,  or  $10.87  per  cubic  yard  of  concrete. 
PERSONNEL. 

The  two  bridges  were  designed  by  Hed- 
rick  &  Cochrane,  of  Kansas  City,  Mo.,  under 
the  direction  of  Percy  P.  Smith,  at  that  time 
commissioner  of  public  improvement,  who  was 
succeeded  in  1!U2  by  Louis  J.  Zika.  The  con- 

struction work  was  done  by  the  city  of  Cedar 
Rapids,  being  sup'irintended  by  Thomas  F. 
McCauley,  city  engineer.  The  removal  and 
re-erection  of  the  old  steel  bridge  were  in 
charge  of  T.  C.  Basset,  assistant  city  engi- 
neer. 

Some    Data    to    Facilitate   the    Proper 

Proportioning  of  Concrete 

Aggregates, 

It  is  quite  common  practice  to  specify  def- 
inite proportions  of  cement,  sand  and  broken 

stone  or  gravel  without  giving  much  attention 
to  the  properties  of  the  aggregates.  In  bridge 
and  building  work,  where  large  quantities  of 
concrete  are  ordinarily  used,  a  careful  analy- 

sis of  the  aggregates  and  of  the  proper  con- 
crete proportions  should  always  be  made  be- 

fore any  definite  proportions  are  specified.  The 
following  article,  which  gives  some  important 
data  on  proportioning  the  ingredients  of  con- 

crete, is  based  on  a  paper  by  Albert  Moyer, 
presented  bc'fore  the  recent  annual  meeting  of 
the  American  Society  for  Testing  Materials. 
The  tabular  data  given  will  greatly  facilitate 
the  determination  of  the  proper  proportions 
of  the  aggregates  available  for  any  certain 
piece  of  work. 
To  arrive  at  a  scientific  and  at  the  same 

time  practical  method  by  which  to  proportion 
properly  the  aggregates  for  Portland  cement 
concrete  we  must  examine  the  larger  available 
aggregates  and  so  graduate  them  in  size  of 
particles  that  the  smallest  percentage  of  voids 
results  and,  consequently,  that  less  mortar  is 
required  to  obtain  maximum  density  and  there- 

fore maximum  strength.  The  principal  re- 
quisite is  the  making  of  a  sufficiently  dense 

and  rich  mortar  to  bind  together  pebbles  or 
crushed  stone  by  filling  entirely  the  voids.  The 
study  of  this  subject  must  be  more  particu- 

larly directed  towards  the  proportioning  of 
sand,  cement  and  water.  The  grains  of  sand 
must  be  bound  together  and  the  voids  between 
the  grains  entirely  filled  with  cement  paste. 
It  is  the  proportioning  of  this  paste  that  we 
must  study  in  order  to  determine  the  amount 
of  cement  and  water  which  shall  be  added  to 
any  particular,  available  sand. 

In  figuring  proportions,  we  must  determine 
the  amount  of  cement  paste  required  to  fill  the 
voids  in  the  sand.  (It  will  be  noted  that  Port- 

land cement,  dry,  measured  loosely,  shrinks 
in  volume  when  water  is  added,  and  when 

measured  packed  tightly,  increases  only  slight- 

ly in 'volume  when  water  is  added.  Therefore, 
we  must  consider  the  paste  as  being  the  ele- 

ment which  must  fill  the  voids  in  any  given 
sand.)  Experiments  made  by  S.  Warren  Hart- 
well  indicate  that  110  lbs.  of  Portland  cement 
mixed  with  2.5  per  cent  of  water  are  requiriil 
to  produce  I  cu.  ft.  of  paste.  The  cement 
must  be  measured  by  weight  and  not  by  vol- 

ume, for  it  has  been  found  that  110  lbs.  of 
Portland  cement  will  occupy  1.12  cu.  ft.  if 
measured  loosely  and  dry,  while  if  packed 
tightly  it  will  occupy  only  O.OC  cu.  ft.  If  94 
lbs.  of  Portland  cement  is  figured  as  1  cu.  ft., 
there  is  not  enough  cement  in  the  concrete. 

PROPORTIONING    THE    MORTAR. 

There  arc  various  methods  of  determining 
the  amount  of  Portland  cement  paste  required 
to  fill  the  voids  in  the  sand,  among  which  arc : 
(1)  the  determination  of  the  percentage  of 
voids  by  the  specific-gravity  method;  (2)  by 
the  water  test   (that  is,  the  volume  of  water 

required  to  fill  the  voids)  ;  (3)  experiments 
to  determine  directly  the  required  amount  of 

paste  by  measuring  the  volumes  of  mortars  of 
various  proportions;  and  (l)  making  up  the 
mortars  into  briquettes  and  breaking  them  in 
7  and  28-dav  periods. 

Specific  Gravity  Method.— To  be  accurate, 
the  specific  gravity  of  the  sand  used  should 

first  be  determined.  Then  weigh  a  given  quan- 

tity of  sand,  compute  the  volume  it  would  oc- 
cupy if  solid,  and  thus  obtain  the  percentage 

of  voids.  It  is  fairly  accurate,  however,  to 

assume   that   the   specific   gravity    of   a   vvell- 

TABLE  I.— WEIGHT  OF  CEMENT  REQUIRED 
FOR  A  GIVEN   VOLUME   OF 

CEMENT  PASTE. 
(1  cu    ft.  of  paste  contains  110  lbs.  of  cement; 

therefore    100   cc.    of   paste   contains   6.22 
ozs.   of  cement.) 
Volume 

Proportions 
by  volume. 
:  m   :  1%   

2M. 

2V4. 2%. 

3... 
3^A- 

1:3%. 

1:4... 

oi  cement 
paste, cc. 

. . .  133 
. . .  115 
. . .  100 
...  89 ...  80 
...  73 ...  66 
...  62 
...  57 
...  53 
...      50 

Volume of  sand, 

cc. 

200 

200 
200 

200 
200 
200 

200 

20O 

200 

200 
200 

Weight 
of  cement 
required, ozs. 

8.27 
7.16 

6.22 
5.53 
4.97 4.55 
4.11 

3.86 3.55 3.30 

3.11 

washed  quartz  sand  is  2.65,  and  to  base  the 
computations  for  the  percentage  of  voids  in 
sands  on  this  figure. 
Water  Test. — The  water  test  for  voids  in 

sand  is  made  as  follows :  Provide  two  250-cc. 
graduated  glasses.  Dry  the  sample  of  sand  to  be 
tested  by  spreading  a  thin  layer  on  a  pan  or 
piece  of  tin  and  by  heating  to  a  temperature 

of  over  212°  F. ;  this  will  determine  as  nearly 
as  possible  an  accurate  unit  of  measurement. 

In  the  other  glass,  measure  out  100  cc.  of 
water;  pour  the  dry  sand  slowly  into  the 
glass  containing  the  water,  tapping  the  glass 
while  pouring  so  as  to  expel  as  much  of  the 
air  as  possible.  Note  the  height  to  which  the 
water  rises.  If  100  cc.  of  solid  matter  had 

been  placed  in  the  glass,  the  water  would  have 
risen  to  the  200-cc.  mark;  therefore  to  ascer- 

tain the  percentage  of  voids,  deduct  the  num- 
ber of  cubic  centimeters  to  w^hich  the  water 

has  risen  from  200. 

Experiments  zvith  Mortars  of  Various  Pro- 
portions.— Provide  several  graduated  glasses 

which  contain  250  cc.  or  over ;  also  provide  a 
balance  which  will  weigh  accurately  to  0.01  oz. 
Pour  200  cc.  of  dry  sand  into  a  glass  very 

slowly,  tapping  the  bottom  and  sides  so  that 
it  will  settle  in  as  dense  a  mass  as  possible. 
Then  pour  the  sand  out  on  the  balance  and 
determine  its  weight  to  a  0.01  oz.  Measure  out 

several  more  200-cc.  samples  of  sand,  weigh- 
ing each  time  as  a  check  on  the  quantity  of 

sand  in  each  sample.  Then  determine  the  vol- 
umes of  cement  paste  required  to  be  mixed 

with  the  200-cc.  samples  of  sand  to  give  the 

various  proportions  under  investigation,  and 
measure  out  the  necessary  amount  of  cement 

by  weight,  assuming  the  weight  of  cement  to 
be  110  lbs.  per  cubic  foot.  These  data,  for 

various  proportions,  are  given  in  Table  I.  The 

following  proportions,  by  volume,  of  cement 

paste  to  sand  are  suggested  for  investigation: 
1:1%,  1:2,  1:2%,  1 :2y2,  1:2%,  and  1:3. 

Mix  each  sample  of  cement  with  25  per  cent 

of  water.  Then  mix,  first,  the  sample  for  the 

richest  mixture  with  a  200-cc.  sample  of  sand, 

and  tamp  all  of  the  resulting  mortar  into  the 

graduated  glass,  a  little  at  a  time,  with  a  flat- end  stick.  Note  the  volume  occupied  by  the 

tamped  mortar.  Similarly  for  the  next  rich- est mixture,  and  so  on  until  all  the  samples 
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When  the  sand  is  cool,  pour  100  cc.  slowly 

iijto  a  graduated  class,  jarring  the  glass  by  tap- 
ping on  the  bottom  and  sides  while  pouring; 

this  assists  in  expelling  the  air.  Level  off  the 
top  with  a  flat-end  stick,  in  order  that  the 
reading  to  100  cc.  may  be  accurately  made. 

have  been   mixed  into   mortar   and   placed   in 

the  glasses. 
The  object  of  this  test  is  to  ascertain  what 

proportion  with  a  given  amotint  of  sand  will 
produce  maximum  density  with  a  minimum 
amount  of  cement.    Since  the  same  amount  of 

I 
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sand  is  used  in  each  sample,  it  is  evident  that 
with  too  much  cement  the  volume  of  the  mor- 

tar will  be  increased.  Therefore,  in  progres- 
sion from  the  leanest  to  the  richest  mixture, 

that  sample  which  first  starts  to  increase  the 
volume  of  the  motar  is  the  one  which  con- 

tains the  correct  proportions  for  that  par- 
ticular sand. 

Tests  of  Briqtiettes. — The  reason  for  using 
"200  cc.  of  sand  in  the  previous  experiment is  to  obtain  sufficient  mortar  to  make  three 
briquettes.  By  inverting  the  glass  and  jarring 
the  top  against  a  rigid  surface  the  mortar 
will  be  released,  usually  in  solid  mass.  Make 
up  each  sample  of  mortar  into  briquettes, 
store  in  a  moist  closet,  and  break  in  7  days. 

This  strength  test  is  a  check  upon  the  ac- 
curacy of  the  above  tests  for  the  proportions 

of  cement  to  sand  which  will  produce  maxi- 
mum density,  ma.ximum  strength  and  maxi- 
mum bonding.  The  results  of  the  four  tests 

should  agree.  If  they  do  not,  the  tests  should 
be  made  again.  If  there  is  still  a  consider- 

able variation,  wash  the  sand  and  retest. 

Coywnents. — The  reliability  of  the  four 
methods  just  described  has  been  demonstrated 
by  tests. 

It  has  been  proposed  in  various  specifica- 
tions to  test  sand  by  comparing  its  strength 

with  that  of  standard  Ottawa  sand.  This 
might  cause  the  rejection  of  a  good  sand,  for 
if  the  comparison  is  made  with  1 :3  mortar 
for  each  sand,  the  sand  under  investigation 

may  not  show  proper  strength  in  those  pro- 
portions. The  percentage  of  voids  in  each 

sand  should  be  calculated ;  the  mortars  should 
be  made  up  in  the  proportions  necessary  to 
fill  the  voids  in  each  sand ;  and  the  briquettes 
should  be  tested  for  tensile  or  crushing 

strength.  Each  mortar  will  then  be  of  maxi- 
mum density  for  its  respective  sand,  but 

different  proportions  are  of  necessity  used. 
The  comparison,  therefore,  should  be  made 
not  on  the  basis  of  mortars  of  the  same  pro- 

portions but  on  mortars  of  maximum  density. 
If  screenings  or  quarry  tailings  passing 

through  a  %-in.  mesh  sieve  are  used  in  place 
of  sand,  their  voids  are  determined  in  the 
same  manner  as  those  of  sand,  previously 
described.  The  tailings,  however,  should  be 
of  such  size  that  not  more  than  20  percent 
pass  through  a  No.  50  sieve  and  not  more 
than   10  per  cent  through  a  No.   100  sieve. 

Trap-rock  screenings  make  an  excellent  sub- 
stitute for  sand.  Poor  stone  screenings,  how- 

ever, such  as  soft  limestone,  marble,  sand- 
stone, etc.,  do  not  make  as  good  a  mortar 

for  concrete  as  does  good  sand. 

PROPORTIONING     THE     L.ARGER     .\GGREG.-\TES. 

Let  us  now  consider  the  proportioning  of 
the  larger  aggregates,  keeping  in  mind  that 
the  voids  in  these  aggregates  are  to  be  filled 
with  mortar,  as  previously  described.  It  is 
sometimes  best  to  use  two  sizes  of  stone,  a 
large    size    and    a    smaller    size;    the    smaller 

size,    however,    should    all    be    retained    on   a 
%-in.  mesh  sieve. 
To  ascertain  the  best  mixture  of  the  small- 
er and  larger  sizes  of  stone  or  pebbles  make 

a  receptacle  which  will  hold  a  little  over  4 
cu.  ft.  (or  use  a  lo-in.  sewer  pipe).  Measure 
3  cu.  ft.  of  the  larger  stone  and  1  cu  ft.  of 
the  smaller  stone.  Mix  well  together,  place 
in  the  receptacle,  and  note  the  space  which 
it  occupies  Empty  the  receptacle,  measure 
2  cu.  ft.  of  the  larger  stone  and  2  cu.  ft.  of 
the   smaller   stone,  mix  as   before,   and   mark 

parts  of  stone  required  for  various  propor- 
tions of  mortar  to  fill  the  voids  can  now  be 

found.  These  have  been  tabulated  in  Table 

HI. 

Example. — Suppose  that  the  sand  or  screen- 
ings selected  for  use  requires  a  proportion  of 

1  part  of  cement  and  2%  parts  of  sand  to 

produce  maximum  density  of  mortar  and  suf- 
ficient richness  for  a  good  bond,  and  that 

the  stone  at  hand  is  a  hard  crushed  granite 

of  1-in.  size,  graduated  in  particles,  and  weigh- 
ing 100  lbs.  per  cubic  foot.    From  Table  II  we 
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the  space  occupied.  Varv*  the  proportions  in 
this  manner,  always  adhering  to  a  total  of  4 
cu.  ft.  The  mixture  which  occupies  the  least 
space  in  the  receptacle  will  make  the  densest 
concrete. 
To  ascertain  the  percentage  of  voids  in 

crushed  stone  or  pebbles  make  a  box  of  3-cu. 
ft.  capacitv',  the  box  to  be  say  1x1  %x2  ft.  Drv 

the  sand  or  gravel,  heating  to  over  212°  F. 
Weigh  the  box  empty;  throw  the  stone  into 
the  bo.x  loose,  level  ofif  the  top  with  a  strai.ght 
edge,  and  weigh.  Deduct  the  weight  of  the 

empty  bo.x  from  th'e  gross  weight  and  divide 
the  net  weight  by  3,  which  will  give  the  actual 
weight  of  1  cu.  ft.  The  percentage  of  voids 
may  then  be  obtained  by  referring  to  Table 
II,  which  is  based  upon  the  average  specific 
gravities  of  the  stones  tabulated. 

In  determining  the  percentage  of  voids  it  is 
essential  that  the  stone  shall  contain  no 
screenings  and  shall  be  free  from  sand.  If 

any  of  the  particles  will  pass  through  a  %-in. 
mesh  sieve  they  should  be  screened  out  and 

figured  as  sand. 
The  percentage  of  voids  being  known,  the 

find  the  percentage  of  voids  in  the  larger  ag- 
gregates to  be  43.  Referring  to  Table  III  it 

w-ill  be  seen  that  the  proportions  for  maximum 
density  in  such  concrete  will  be  1  part  of 
Portland  cement  paste  (110  lbs.  of  cement  for 
1  cu.  ft.  of  paste).  2%  parts  of  sand,  and  5% 
parts  crushed  granite;  or  stated  in  another 
way,  110  lbs.  of  Portland  cement,  2%  cu.  ft. 
of  sand,  and  5%  cu.  ft.  of  stone. 

It  may  reasonablv  be  stated,  therefore,  that 
aggregates  proportioned  as  above  described 
produce  a  concrete  which  is  denser  and  strong- 

er than  aggregates  not  so  proportioned.  Thus, 
with  a  given  aggregate  and  an  arbitrary  spec- 

ification of  1  :2 :4.  a  weaker  concrete  might 
be  obtained  than  if  the  aggregates  were  prop- 

erly proportioned  in  accordance  with  the  prin- 
ciples above  described  and  the  proper  propor- 

tions proved  to  be.  for  example,  1  :2%  :4%. 
If  these  principles  are  kept  constantly  in 

view,  no  engineer,  without  previous  knowledge 
of  the  aggregates  that  are  going  to  be  used, 
can  conscientiously  write  a  specification  and 
arbitrarily  specify  1:2:4.  1:3:6,  or  whatever 
his   favorite  formula  mav  be. 

EEAGE 
Method  and  Cost  of   Constructing  an 

Inverted   Sewer   Siphon   of   12   In. 

Cast  Iron  Pipe,  Encased  in  Con- 
crete, Beneath  Small  Stream 
at   Carlisle,    Pa. 

Contributed  by  C.  A.   Bryan,  Resident 
Engineer. 

(An  article  entitled:  Method  and  Cost  of 
Constructing  an  18-in.  Inverted  Siphon  for 
Sewer  Crossing  of  Letort  Spring,  Carlisle,  Pa., 
was  published  in  this  section  for  April  29, 
1914.  In  the  siphon  there  described  a  vitri- 

fied clay  pipe  encased  in  concrete  was  em- 
ployed for  the  horizontal  portion.  The  pres- 

ent article  describes  the  method  and  cost  of 
installing  a  similar  structure  in  which  cast 
iron  pipe,  encased  in  concrete,  was  employed. — 
Editors.) 

The  10-in.  branch  sewer  serving  the  north- 
eastern section  of  the  borough  of  Carlisle,  Pa., 

joins  the  main  outfall  sewer,  constructed  along 
the  east  bank  of  the  Letort  Spring,  at  the  cor- 

ner of  North  St.  and  Porter  Ave.'  In  order to  effect  this  junction  it  was  necessary  to 
carry  the  branch  sewer  across  the  spring. 
The  original  intention  was  to  make  this  cross- 
;ng  by  carrying  the  pipe  through  on  a  straight 
grade  from  the  junction  manhole  at  North 
St.  and  Porter  .\ve.  to  the  manhole  at  the 

corner  of  North  and  East  Sts.,  the  specifica- 
tions providing  that  the  pipe  beneath  the  bed 

of  the  spring  proper  be  surrounded  with  6  ins. 
of  concrete.  These  specifications  were  fur- 

nished the  contractors  bidding  upon  the  con- 
struction of  the  lateral  sewer  svstem  at  Car- 

Hsle  in  March,  1913. 
The  Letort  Spring  is  a  shallow  stream  vary 

ing  in  width   from  12  to  30   ft.,  which  flows 

through  the  eastern  portion  of  the  borough. 
The  elevation  of  the  ground  laying  to  the 
east  of  the  spring  is  low  and  this  portion  of 
the  borough  is  at  times  subject  to  severe 
floods.  The  question  of  this  periodic  flooding 
has  been  discussed  by  the  borough  authorities 
for  several  years,  finally  an  election  was  held 
and  an  appropriation  authorized  to  remedy  it. 
A  careful  study  of  the  local  conditions  showed 
that  the  only  way  to  obtain  permanent  relief 
was  to  convert  the  present  winding  channel 
in  which  the  spring  flows  into  a  straighter 
channel  having  a  proper  gradient  and  with 

properly  sloping  sides  and  having  a  width  af 
the  water  surface  of  40  ft.  The  establishment 
of  a  proper  gradient  for  the  bed  of  the  spring 
necessitated  the  lowering  of  the  present  bed 
from  1  to  3  ft.,  and  in  order  that  these  changes 

mi.ght  be  carried  out  at  some  future  date  with^  • 
out    injury   to   the   sewer,   it   was   decided    to 
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build  an  inverted  siphon  across  the  spring  and 
also  to  provide  a  method  for  flushing  out  this 
siphon. 
A  cross-section  of  this  inverted  siphon  is 

shown  in  Fig.  1. 
The  original  design  contemplated  carrying 

the  sewer  directly  through  the  stone  arch 
bridge  crossing  the  Letort  at  this  point.  A 
careful  examination  of  the  site  convinced  the 

writer  that  it  was  unnecessary  to  put  the  con- 
tractor to  the  expense  of  constructing  this 

sewer  through  this  bridge,  especially  because 
the  bridge  foundations  were  not  solid,  and  it 
was  feared  that  the  tearing  out  necessary  to 
permit  such  construction  might  result  in  the 
complete  destruction  of  the  structure.  For 
these  reasons  it  was  decided  to  locate  the  sew- 

er on  the  center  line  of  the  sidewalk  on  the 
north  side  of  North  St.,  as  there  is  a  ford 
there  at  present.  An  examination  of  the 
stream  bed  was  also  made  and  several  bor- 

ings taken  which  showed  that  it  was  com- 
posed of  a  soft  clayey  material  for  a  depth 

of  about  4  ft.,  followed  by  a  stratum  of  a 
stifTer  clay,  and  this  last  was  underlaid  with 
rock.  On  account  of  the  proximity  of  the 
sewer  line  to  the  foundation  of  the  stone  arch 
bridge  it  was  decided  to  excavate  for  the  entire 
crossing  at  one  time  and  to  carry  the  water 
flowing  down  the  spring  across  the  excavation 
by  a  flume. 
Work  on  the  construction  of  this  crossing 

was  begun  on  Nov.  20,  191.3,  and  the  crossins; 

The  frame  work  when  completed  raised  the 
water  level  in  the  spring  at  the  crossing  about 
l.lt)  ft.  and  the  depth  of  water  flowing  through 
the  flume  was  1.2  ft.  It  is  estimated  that 
the  discharge  of  the  spring  amounted  to  25 
cu.  ft.  per  second.  It  should  be  noted  that 
under  normal  conditions  the  water  level  stood 
about  3  ins.  below  the  top  of  the  frame  on 
the  upstream  face.  Two  heavy  rains  occurred, 
however,  during  construction  which  raised 

this  level  until  the  water  stood  within  Vz-'m. of  the  top  of  the  frame.  The  flume  proved  to 
be  large  enough  to  take  care  of  the  increased 
flow  and  no  damage  resulted. 

The  trench  for  the  sewer  was  then  laid  out 
and  excavation  was  started.  It  was  found 

necessary  to  tight  sheet  the  trench  through- 
out its  length.  The  sheeting  was  held  in  place 

by  two  rows  of  horizontal  rangers  about  4  ft. 
apart,  vertically,  the  first  set  being  placed  at 
the  elevation  of  the  original  bed  of  the  spring. 

The  rangers  were  made  of  2-in.  by  10-in.  lum- 
ber, and  the  trench  was  braced  by  4-in.  by 

4-in.  braces  spaced  5  ft.  apart.  The  material 
excavated  was  deposited  on  the  downstream 
side  of  the  frame  work.  It  was  found  that 
the  leakage  into  the  ditch  was  greater  than 
the  two  gasoline  driven  diaphragm  pumps 
used  could  handle,  and  that  this  increased  as 
the  excavation  proceeded.  The  cause  of  the 
trouble  was  finally  located  on  the  downstream 
side  of  the  frame  at  the  point  where  the  flume 
returned  the  water  into  the  spring.     The  wa- '^g^ 
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Fig.  1.    Longitudinal  Cross-Section  of  Inverted    Sewer    Siphon    and    Flushing    Device    at 
Carlisle,   Pa. 

was  practically  finished  on  Dec.  3,  although 
the  work  of  finishing  the  construction  of  the 
various  manholes,  cleaning  up,  etc.,  was  not 
completed  until  Dec.  19. 

The  spring  at  the  point  where  the  crossing 
was  made  was  about  33  ft.  wide  and  about 
1.9  ft.  deep  in  the  deepest  portion.  A  timber 
frame  work  was  first  built  from  2-in.  by  10-in. 
plank.  This  frame  work  was  32  ft.  long  and 
li..5  ft.  wide  and  3.5  ft.  deep.  At  the  center 
of  the  long  sides  of  the  frame  a  flume  was 
built  across  it.  This  flume  was  5.G5  ft.  wide 
and  its  bottom  was  1  ft.  3  ins.  below  the  top 
of  the  frame  at  one  side  and  1  ft.  G  ins.  below 
it  at  the  other  side,  thus  giving  the  flume  a 
pitch  of  3  ins.  in  the  width  of  the  frame 
work.  On  the  two  long  sides  the  frame  was 
tightly  boarded  up  and  2-in.  by  10-in.  plank 
was  used  for  this  purpose.  It  was  left  open 
at  the  ends,  however.  The  frame  was  stoutly 
braced  at  its  emls  and  also  throughout  its 
length.  Two  shallow  trenches  were  tlien  ex- 

cavated across  the  stream  0.5  ft.  apart  on  cen- 
ters, and  the  frame  work  was  thrown  across 

from  bank  to  bank.  These  trenches  permitted 
the  securing  of  a  more  even  bearing  for  the 
frame  work  than  could  otherwise  have  been 
secured.  When  once  in  position  the  frame 
was  weighed  down  with  stones  and  two  stout 
piles  were  driven  at  the  two  upstream  corners 
to  serve  to  hold  it  in  place.  Ileavy  embank- 

ments built  of  a  stiff  clay  were  then  built 
from  the  ends  of  the  frame  work  to  the  banks 
of  the  stream.  To  prevent  leakage  underneath 
the  upstream  face  of  the  framework  bags  of 
sand  were  worked  into  the  bed  of  the  stream, 
both  above  and  below  it.  Stiff  red  clay  was 
then  packed  thoroughly  around  the  upstream 
face  of  the  frame  and  the  joints  between  the 
timbers  composing  this  face  were  carefully 
caulked  with  oakum  and  this  face  was  made 
as  watertight  as  possible.  Hags  of  sand  were 
also  worked  into  the  bed  of  the  stream  around 
the  foot  of  the  downstream  face  of  the  frame 
which  tended  to  prevent  water  from  leaking 
into  the  excavation  underneath  this  face.  The 
joints  in  this  face  of  the  frame  were  also 
made  water  tight. 

ter  rusiiing  through  the  Hume  and  falling 
upon  the  soft  clay  composing  the  bed  of  the 
stream  had  soon  excavated  a  deep  hole  which 
extended  nearly  to  the  foot  of  the  sheathing 
used  on  the  ditch,  and  water  was  thus  getting 
into  the  excavation  beneath  the  sheathing:  To 
remedy  this  fault  the  flume  was  lengthened  12 
ft.  and  a  pitch  of  1  ft.  given  it  in  this  dis- 

tance. After  this  had  been  completed  no 
further  difficulty  was  experienced  in  handling 
the  water  leaking  into  the  excavation  by  means 
of  the  diaphragm  pumps.  Excavation  was 
carried  to  the  depth  shown  in  Fig.  1.  Rock 
was  encountered  in  the  last  0  ins.  of  the  ex- 

cavation but  was  removed  without  resorting 
to  the  use  of  dynamite. 

It  was  decided  to  use  cast  iron  pipe  in  this 
crossing  on  account  of  the  fewer  joints  thus 
required  and  the  greater  ease  and  rapidity 
with  which  the  contractor  could  lay  it.  The 
pipe  was  purchased  from  the  Carlisle  Gas 
and  VVater  Co.  and  as  they  had  a  few  lengths 
of  12-in.  flanged  pipe  that  had  been  in  service 
but  a  short  time  and  was  in  excellent  condi- 

tion it  was  decided  to  use  this  pipe.  A  gasket 
made  from  stiff  cardboard  was  used  at  the 

joints. Excavation  was  finished  in  the  afternoon  of 
one  day  and  the  concrete  foundation  was 
placed  before  quitting  that  night.  This  founda- 

tion was  allowed  to  set  for  a  day  before  lay- 
ing the  pipe  upon  it.  The  pipe  was  surrounded 

with  0  ins.  of  concrete  as  provided  in  the  spec- 
ifications. Pumping  was  continued  luitil  the 

pipe_  laying  had  been  finished.  During  the 
placing  of  concrete,  howe\er,  the  pumping  was 
stopped  and  the  concrete  was  placed  in  the 
water  as  it  rose  in  the  ditch.  The  concrete 
was  allowed  to  set  for  about  three  days,  after 
which  the  ditch  was  refilled.  The  sheeting 
was  allowed  to  remain  in  place  both  on  ac- 

count of  the  great  difficulty  in  removing  it 
and,  again,  it  was  feared  that  its  removal 
might  endanger  and  weaken  the  foundation 
of  the  stone  bridge. 
The  excavations  for  the  two  manholes  at 

the  ends  of  the  crossing  were  then  started  and 
the   manholes   were   built   as   rapidly   as   pos- 

sible. It  was  found  necessary  to  sheet  the 
sides  of  these  excavations  as  well.  The  man- 

holes were  built  of  brick  on  a  concrete  foun- 
dation 6  ins.  thick.  As  the  manholes  were  lo- 

cated so  close  to  the  spring  it  was  decided  to 
surround  them  with  6  ins.  of  concrete  from 
bottom  to  top  in  order  to  prevent  leakage 
through  them  into  the  system.  Even  with 
these  precautions  it  has  been  found  that  the 
manholes  were  not  absolutely  tight  and  the 
contractor  has  been  put  to  some  considerable 

expense  in  reducing  the  amount  of  water  enter- 
ing the  system  through  leaks  in  these  man- holes. 

To  provide  an  adequate  method  of  flushing 
out  this  inverted  siphon  and  also  the  main 
outfall  sewer  it  was  decided  to  convey  water 
from  the  spring  to  the  manhole  on  the  west 
bank  for  this  purpose.  A  line  of  10-in.  cast 
iron  pipe  was  therefore  constructed.  It  was 
provided  at  one  end  with  a  10-in.  valve  which 
was  set  in  a  valve  box  constructed  near  the 

manhole  on  the  western  bank.  The  end  pro- 
jecting into  the  spring  was  furnished  with  a 

screen  to  prevent  foreign  matters  from  enter- 
ing and  clogging  the  pipe.  The  amount  of 

water  turned  into  the  system  could  thus  be 
regulated. 
The  itemized  cost  of  all  work  at  this  cross- 

ing was  as  follows : 

Cost  of  labor.  Amount. 
Superintendent,   16   hours  at   SO   cts   i  13.80 
Foremen,   106  hours  at  40  cts       42.40 
Foremen,    6    hours   at  30   cts         1.80 
Excavation.   651  hours  at  17V4   cts    113.93 
Sheeting  and  bracing,  100  hours  at  20  cts.  20.00 
Engineer,  gas  pumps,  82  hours  at  40  cts.     32.80 
Mason,   83  hours  at  30  cts       24.90 
Mason  helper,    S3    hours  at   17%  cts       14. o3 
Carpenter,    57    hours  at  35   cts       19.95 
Carpenter  helper,  111  hours  at  17%  cts..  19.43 
Sheeting  and  bracing,   100   hours   at   17% 

cts       17.50 
Laying  pipe,   61   hours  at  20  cts       12.20 
Laying  pipe,   50   hours  at  17%   cts         8.75 
Concreting,    147   hours  at    17%    cts       25.73 
Backfilling,   SO  hours  at  17%   cts       14.00 
Miscellaneous,    60   hours   at   17%    cts       10.50 
Cleaning  up,  3S  hours  at   17%    cts         6.65 
Hauling  material,  4  hours  at  45  cts         l.SO 

Total  cost  of  labor  to  complete  all  work 
at  this  crossing    $399.67 

Cost  of  materials: 
Bags  of  cement,  87  at  40  cts   $  34.80 
Cu.    yds.    ot  stone,    25   at   $1.25    31.25 
Cu.  yds.  of  sand.   13  at  $1.75    22.75 
Lumber    for    sheeting    and    piles,    2.0    M. 

ft.   B.   M.   at  $26    52.00 
Flanged   cast   iron  pipe,    48  lin.   ft.    12-in..  61.44 
Gaskets  separating  pipe,    6  at  5   cts   30 
Gallons  of  gasoline,   SO  at  15  cts    12.00 
Manhole  frames  and  covers,  2  at  $6.70....  13.40 
Lamphole  frame  and  cover,  1  at  $4.20....  4.20 
Cast  iron  pipe,   12  lin.  ft.  10-in    6.40 
Valve,   1  10-in.   at  $18    IS.OO 
Brick,  2,000  at  .$8.75    17.50 
Diaphragms  for  gasoline  pumps,  5  at  $3.20  16.00 
Gasoline    torches,    3    at    $1.25    3.75 
Pumping  with  gasoline  pumps,  25  days  at 

$1.00        25.00 

Total  cost  of  materials  and  plant   $318.79 
Total  cost  of  labor     399.67 
Total  cost  of  crossing  to  contractor. . . .   718.40 

The  itemized  cost  of  constructing  the  10-in. 
flushing  device  to  the  contractor  was  as  fol- 

lows: I 

Labor   building   cofferdam,    etc.,    50   hours 
at    llhi    cts   $8.75 

Mason  labor,  30  hours  at  30  cts    9.00 
Mason  helper,   30  hours  at  17%,  cts    5.25 
Gasoline,    10  gals,  at  15  cts    l.SO 
Valve.  1  10-in.  at  $18.00    18.00 
Cast  Iron  pipe,   12   Itn.   ft.   10-ln    6.40 
Lamphole  frame  and   cover,   1  at  $4.20    4.20 
Brick,  300,   $8.75  per  M    2.64 
Stone.  1.0  cu.  yds.  at  $1.25    1.88 
Sand,   %   cu.  yds.  at  $1.75    1.31 
Cement,   7  bags  at  40  cts    2.80 
Lumber,  300  ft.  B.  M.  at  $26.00    7.80 

Total  cost  of  flushing  device   $69.33 

Deducting  the  cost  of  constructing  the  flush- 
ing device  from  the  total  cost  of  the  work 

leaves  $648.03  as  the  cost  to  the  contractor  of 

making  this  crossing.'  The  length  of  this 
crossing  from  the  center  of  the  manhole  on 
the  east  bank  of  the  spring  to  the  correspond- 

ing point  on  the  west  bank  was  51.5  ft.,  or  the 
cost  of  this  crossing  per  linear  foot  amounted 

to  $12.60. 
The  method  employed  in  making  this  cross- 

ing was  very  efficient  and  it  is  doubtful  wheth- 
er it  could  have  been  installed  more  cheaply 

by  any  other  method.  A  careful  study  of  the 
conditions  as  outlined  in  this  article  has  con- 
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vinced  the  author  that  it  could  not.be  em- 
ployed successfully  in  all  instances. 

As  in  a  former  instance,  the  contractor 
asked  for  extra  remuneration  for  the  extra 
expenses  to  which  he  was  subjected  by  the 
construction  of  this  inverted  siphon,  claiming 
that  the  substitution  of  this  siphon  necessi- 

tated the  use  of  materials  and  plant  not  spe- 
cifically covered  in  the  contract.  The  decision 

rendered  by  the  chief  engineer  in  this  instance 
was  the  same  as  that  quoted  at  length  in  the 
issue  of  Engineering  &  Contr.\cting  for  April 

•29,  1914,  wherein  an  article  detailing  the  meth- 
od and  cost  of  constructing  an  inverted  siphon 

of  18-in.  terra  cotta  pipe  was  presented.  In 
accordance  with  this  decision  of  the  chief  en- 

gineer the  contractor  was  allowed  an  item  of 
$207.2.5  in  the  final  estimate  rendered  him  as 
representing  one-half  the  cost  of  the  extra 
labor  necessary-  to  complete  this  crossing.  The 
total  expense  of  the  construction  of  the  flush- 

ing device  was  assumed  by  the  borough  and 
1.5  per  cent  was  added  thereto  as  the  contract- 

or's profit. 
This  crossing  was  embraced  in  the  construc- 

tion of  the  sanitary  sewerage  system  con- 
structed at  Carlisle,  Pa.,  during  the  past  year 

under  the  supervision  of  Mr.  T.  Chalkley  Hat- 
ton,  now  chief  engineer  of  the  Milwaukee 
Sewerage  Commission,  Milwaukee,  Wis.  The 
general  contractor  for  this  work  was  the  H.  C 
Brooks  Co..  Inc..  of  Martinsburg.  W.  Va.  Mr. 
H.  yi.  Sherwood  was  superintendent  of  con- 

struction for  the  company  and  the  work  here 
described  was  carried  out  along  lines  sug- 

gested by  him  The  writer  was  resident  engi- 
neer in  charge  of  the  construction  of  the 

svstem. 

Method  and  Cost  of  Making  a  Reloca- 
tion Survey  of  Underground  Pipe 
Lines,  Cincinnati,  Ohio. 

In  the  preparation  of  a  comprehensive 
sewerage  plan  a  record  of  existing  sewers  and 
an  acci^rate  topographic  map  are  essentiid. 
Therefore,  prior  to  entering  upon  the  work 
of  ?uch  a  plan  for  Cincinnati,  a  thorough  ex- 

amination was  made  of  existing  data.  It 

was  found  that  the  city's  sewer  records  were 
both  incomplete  and  inaccurate.  Consequently 
a  survev  was  made  which  had  for  its  prime 
object  the  location  and  investigation  of  exist- 

ing sewers.  The  scope  of  the  survev  was 
broadened  to  include  the  locating  and  platting 
of  all  surface  and  sub-surface  structures  in 
citv  streets  between  property  lines.  This  ad- 

ditional work  increased  the.cost  of  the  survey 
materially,  but  not  at  all  in  proportion  to  thp 
increase  of  data  secured  and  the  ultimat'? 
value  of  the  records.  The  present  article, 
which  is  based  upon  information  taken  from 
the  recently  issued  progress  report  on  a  plan 
of  sewerage  for  the  city,  describes  the  meth- 

ods employed  in  making  this  survey  and  re- 
cords the  unit  costs  of  doing  the  work.  The 

portion  of  the  report  drawn  upon  is  entitled  : 
The  Underground  Survev  and  was  prepared 
by  Mr.  O.  E.  Carr. 

GEXER.AL   PROCEDURE. 

Initial  plans  required  the  field  party  simply 
to  locate  the  manholes  with  reference  to  the 
curb,  to  obtain  the  distance  between  manholes. 
and  to  secure  the  elevations  of  the  invert  of 
the  sewer  or  sewers  at  each  manhole.  The 
intention  at  that  time  was  to  make  all  the  plats 
from  existing  records  and  just  to  fill  in  the 
information  secured  by  the  Survev,  The  firs- 
party  in  the  field  consisted  of  the  chief  of 
party  and  two  men.  and  they  were  equipped 
with  only  a  level,  tape  and  level  rod. 

All  field  notes  were  made  on  loose  leaf 
sheets.  At  the  commencement  of  the  work  the 
chief  of  party  was  furnished  with  blank 
sheets  and  all  information  was  recorded  as 
obtained  in  the  field.  It  proved  unsatisfactorv 
not  to  have  these  sheets  numbered  in  advance, 
for  only  in  that  way  was  it  possible  to  cross 
index  properly  in  the  field. — furthermore  a 
sheet  was  frequently  held  back  for  some  cause 
and  in  that  way  lost  its  place  among  con- 

tiguous sheets.  It  was  also  found  advisable 
to  have  street  and  curb  lines  placed  on  sheets 
as  well  as  street  names  in  order  to  save  time 

of  the  party  in  the  field.  For  these  reasons 
sheets  were  first  laid  out  in  the  office  and 
numbered  before  being  given  out,  a  series  of 
numbers  being  assigned  the  sheets  of  each  field 
party.  For  instance  the  sheets  given  to  party 
Xo.  2  were  in  the  20,000  series.  The  loose  leaf 
system  proved  entirely  satisfactory  for  these field  notes. 

Change  of  Methods. — It  was  soon  evident 
that  the  city  could  not  be  covered  by  con- 

nected plats  made  from  any  existing  records. 
-All  existing  plats  of  the  city  tacitly  acknowl- 

edged this  fact  as  they  break  off  at  the  street 
line. — only  one  side  of  the  street  being  shown 
on  each  plat.  Angles  on  the  recorded  plats 
are  given  by  bearings.  Then,  too,  magnetic 
bearings  are  subject  to  change,  and  endless 
trouble  would  be  encountered  in  joining  dif- 

ferent plats,  provided  all  recorded  plats  were 

complete  and  correct  in  even.-  particular.  That 
this  last  assumption  is  a  condition  contrary  to 
fact  was  soon  discovered. 

.'\ccurate  and  connected  plats  could  not  be 
made  from  field  notes  only  referenced  to  the 
curb  of  streets,  since  the  streets  themselves 
were  often  located  by  a  plus  or  minus  dis- 

tance on  the  existing  records.  Therefore 
methods  were  at  once  changed  and  field  parties 
were  required  to  locate  all  sewer  manholes, 
curbs,  and  street  lines  with  the  transit  from 
a  closed  traverse  line.  Sufficient  information 
was  demanded  of  the  field  party  to  enable  the 

to  determine  whether  there  are  any  manholes 
which  cannot  be  found.  In  case  manholes  can- 

not be  found,  the  office  should  be  asked  for 
further  description  in  order  to  locate  the  man- 

holes in  the  field.  This  work  is  done  during  the 
running  of  bench  levels. 

Location. — Usually,  it  will  be  found  preferable 
to  complete  the  traverse  and  location  about  the 
outer  limits  of  the  assignment,  then  traverse  all 
the  streets  in  one  direction,  and  finally,  the 
streets  running  in  the  opposite  direction.  Each 
traverse  must  be  closed  by  both  angle  and 
distance.  When  the  traverse  about  the  outer 
limits  of  the  assignment  is  finished,  a  sketch 
shall  be  made  showing  all  angles  and  distances 
in  this  closed  traverse. 
Whenever  possible,  the  sewer  line  shall  be 

used  for  the  traverse  line  and  the  centers  of 

manhole  covers  for  the  traverse  points.  "When the  sewer  line  is  used  as  the  traverse  line,  all 
distances  between  manholes  shall  be  measured 
twice  and  both  the  measurements  recorded. 
Measurements  shall  be  made  to  hundredths  of  a 
foot  and  the  limiting  allowable  error  shall  be 
.01  ft.  in  100  ft. 

In  case  traffic  interferes  with  the  occupying 
of  manholes,  traverse  points  may  be  selected  as 
best  suit  conditions,  but  preferably  opposite 
manholes.  In  this  case,  both  traverse  and 
sewer  lines  shall  be  measured  once. 

In  traverse  and  location  work  the  Angle  and 
Distance  Method     must   be  used.    Angles  must 
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February ..   22.5 S4.72 191.6 
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212.5 
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48.23 
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36.94 202.0 
46.64 

23,321.42 61,372.80 
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29.4 
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69.52 488.6 61.07 

30,534.04 
16.9 

65.05 353.8 45.33 22,666.67 53.200.71 November ..     7.4 
87.47 496.0 61.46 

30.730.92 
20.3 

53.00 
374.1 

46.02 

23,010.87 53,741.79 Note. — Costs  based   on  payroll expenses  only. 

draftsman  to  have  an  absolute  check  on  all 
the  field  work.  These  later  methods  were  em- 

bodied in  Instructions  to  Field  Parties,  Under- 
ground Survey,  given  out  in  the  fall  of  1912. 

.\  summary  of  these  instructions  follows : 
INSTRUCTIONS    TO    FIELD    P.A.RTIES. 

Each  party  will  be .  assigned  to  some  portion 
of  a  drainage  district  which  must  be  entirely 
completed  before  another  assignment  is  made. 
With  each  assignment,  the  chief  of  party  will  be 

given  the  necessary  field  sheets  for  that  assign- 
ment. A  specimen  field  sheet  properly  filled  out 

is  shown  in  Fig.  1. 
Order  of  Procedure. — 1.  Bench  marks  around 

an  assignment.  2.  Surface  location  from  tra- 
verse points  and  lines  and  all  traverses  run  to 

closures.  3.  Sewer  investigations  at  outlets, 
manholes,  catch  basins,  etc.  4.  Levels  over 
manhole  tops.  The  chief  of  party  must  person- 

ally be  in  charge  of  the  above  operations. 
Bench  Levels. — To  run  bench  levels  around  an 

assignment  first,  is  usuc-illy  an  advantage.  Leave 
enough  bench  marks  to  check  levels  over  man- 

holes on  cross  streets.  Run  circuits  through  at 
least  two  previously  established  bench  marks, 
preferably  precise  level  bench  marks.  Close  tho 
circuits.  Allowable  error  .05  V^^'  where  M. 
equals  the  distance  in  miles  over  which  levels 
are  run,  for  instance  in  a  mile  circuit  the 
allowable  error  is  .05  ft.  Take  the  rod  readings 
on  bench  level  circuits  to  thousandths  of  a  foot 
Keep  level  notes  in  the  duplicating  level  book. 
When  the  levels  have  been  run  on  an  assign- 

ment, send  the  original  notes  to  the  main  office 
keeping  the  duplicates  in  the  book  retained  by 
the  chief  of  party.  The  chief  of  party  will  send 
one  or  two  rodmen  with  a  general  sewer  plat  of 
the   district  over  each  street  in  the  assignment 

always  be  turned  in  a  clockwise  direction, 
without  inverting  the  telescope.  At  each  in- 

strument station,  after  the  last  object  has  been 
located,  the  telescope  must  be  turned  on  the 
back  sight  and  the  angle  read,  which  of  course 

should  be   360°. All  streets  must  be  located  whether  sewered 
or  not.  and  all  sewers  must  be  located  whether 
on  streets  or  not.  Open  channels  for  sewage 
must  be  located  with  dimensions. 
Location  from  traverse  in  streets  must  include 

the  following:  Street  and  curb  lines,  corners, 
etc.  Sewer  center  lines.  Manholes,  sewer,  elec- 

tric, telephone,  etc.  Inlets  and  catch  basins. 
Valves,  water  and  gas.  Fire  hydrants  and  fire 
cisterns.  Culverts  (obtain  size).  Bridges.  Elec- 

tric and  steam  railroad  tracks. 
On  all  location  other  than  sewer  or  traverse, 

distances  shall  be  read  to  tenths  of  a  foot  only. 
Investigation    of   Sewers   and    Manholes   This 

investigation  shall  include  the  following:  Cover; 
depth:  diameter,  top  and  bottom:  condition. 
Sewers  entering  or  leaving  manhole;  Size  and 

shape:  material:  depth  of  flow  and  time:  condi- tion: type. 

Note  shape  and  size  of  manhole  cover.  Depth 
of  manhole  shall  be  measured  with  care.  This 
measurement  shall  be  taken  from  the  down 
stream  edge,  of  rim  of  casing  to  the  true  invert 
of  the  sewer.  In  case  there  are  other  pipes 
entering  or  leaving  the  manhole,  measure 
depths  to  each.  Diameter  top  and  bottom  shall 
be  measured.  If  the  manhole  is  a  summit  or 
terminal  manhole  this  fact  shall  be  noted  also. 
Locate  any  water  or  gas  or  conduits  passing 
through  the  manhole,  giving  size. 

Note  in  case  the  walls  are  in  need  of  repairs. 
Also  state  whether  the  manhole  shows  evidence 
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of  having  been  flooded  or  is  partially  filled.  In 
case  of  a  terminal  manhole  note  if  it  is  a 

flushing  manhole  and  state  the  nature  and  con- 
dition of  flushing  apparatus. 

Measure  horizontal  and  vertical  diameters  of 
sewer  at  outlet,  and  also  at  all  manholes,  and 
state  whenever  a  change  in  size  is  found.  In 
case  of  a  special  outlet  structure,  make  a  sketch 
showing  dimensions.  State  whether  sewer  is  of 
vitrified  pipe,  brick,  stone  or  concrete.  Depth 
of  flow  in  sewer  at  manholes  and  at  outlet 
structures  shall  be  recorded  together  with  the 
time  observed. 
Attention  shall  be  given  to  the  condition  of 

the  sewer,  both  from  a  structural  and  sanitary 
viewpoint.  Note  if  any  repairs  are  needed,  and 
especially  observe  if  the  invert  is  badly  worn. 
Note  also  if  the  sewer  indicates  stoppage  or 
flooding.  Determine  and  note  the  kind  of  sewer, 
whether  sanitary,  storm,  combined,  or  inter- 

cepting. Note  location  of  lamp  holes  and  their 
size,  and  depth  to  sewer  invert. 
The  investigation  of  sewers  at  manholes,  out- 

lets, etc.,  is  a  vitally  important  part  of  this 
survey,  and  the  chief  of  party  shall  not  leave 
any  point  of  this  work,  until  he  is  satisfied  that 
he  has  secured  and  recorded  all  the  information 
required  or  made  adequate  explanation  on  the 
field  sheet  why  such  information  cannot  be 
found.  During  the  investigation  at  manholes  the 
chief  of  party  should  examine  each  field  sheet 
carefully    to    see    that    all    data    are    clear    and 

Dally  Reports. — Daily  reports  shall  be  made 
and  sent  to  the  office  each  day  on  cards  similar 
to  the  form  shown  in  Fig.  3. 

Weekly  Reports.— Each  chief  of  party  shall 
make  a  weekly  report  showing  the  number  of 
feet  of  sewer  surveyed  during  the  week.  This 
report  is  to  be  made  street  by  street,  and  a 
copy  is  to  be  kept  by  the  chief  of  party  in  order 
to  avoid  repetition. 

In  addition  to  this  report  of  progress,  a  weekly 
report  of  defective  sewerage  conditions  as  well 
as  complaints  shall  be  made  to  the  office. 

FIELD  WORK  1913. 

A  typical  field  party,  together  with  rates 
of  pay,  as  they  were  organized  in  1913,  is  here 

given : Position.  Rate  per  month. 
Chief  of  party         *90 
fnstrumentman               60 
Rodman              50 
Hodman              50 

The  number  of  field  parties  was  gradually 
increased  from  one  on  May  1.  1912,  to  five  on 
Aug.  23,  1912,  this  number  was  continued  until 
Jan.  16,  1913,  when  the  sixth  party  was  put  in 
the  field.  The  number  of  field  parties  was 
increased  to  eight  in  May,  1913,  and  with  this 
field  force  of  32  men  working  during  the 
summer,  the  field  work  was  completed.  The 
last  field  party  was  disbanded  on  Nov.  22, 
191.3. 
The  accompanying  cost  report,  see  Table  T, 

The  plans  for  this  work  include  the  bmding 
of  cloth  prints  made  from  these  tracings  into 

loose  leaf  books.  Sheets  for  contiguous  ter- 
ritory are  to  be  bound  in  the  same  volume, 

the  sheets  are  numbered  and  cross  numbered, 
as  well  as  shown  on  a  key  map  given  on  the 
first  page  of  the  book. 

A  contract  for  the  making  of  six  white  cloth 
prints  from  each  of  these  sewer  record  plans 
was  entered  into  with  the  Lithoprint  Company 
of  New  York.  These  prints  cost  36  cts.  each, 
and  will  be  used  to  advantage  in  the  various 

city  departments. 
An  idea  of  the  extent  of  this  work  is  ob- 

tained from  a  view  of  mere  preliminaries  for 
it,  requiring:  1.  Tracings  of  the  entire  city, 

made  from  plats  in  the  County  Auditor's  office. 2.  Complete  copies  of  all  plats  in  the  office  of 
the  Gas  Co.  These  plats  show  sizes  of  gas 
main  and  their  locations  in  the  streets.  3. 
Complete  tracings  of  all  water  information, 
covering  the  entire  city  were  made  from  the 
records  of  the  Water  Works,  showing  sizes 
of  water  mains  and  their  locations  in  the 
streets.  4.  Complete  information  from  the 
telephone  company  .showing  the  location  of 
their  conduits  and  the  number  of  ducts  in 
each. 

The  plats  show  all  lot  numbers  and  front- 
ages :  street  and  curb  lines  and  also  car  tracks 

are  shown  by  continuous  lines.  Sewer  infor- 
mation is  featured,  sewer  lines  being  shown  by 
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Special  Field  Sheet  for  Important  Intersections,  Cincin- 
nati   Underground    Survey. 

complete  as  regards  location  and  Investigation. 
A  daily  record  of  defective  sewerage  complaints, 
etc..  should  be  kept  in  a  poclcet  note  boolt  and  a 
written  reports  of  these  facts  made  even'  week. 

Levels  Over  Manhole  Tops. — Run  all  levels  to 
and  from  l)onfh  marks  e.stabli.'shed  on  bench 
level  circuits.  The  elevation  of  the  down  stream 
side  of  the  manhole  casting  should  be  used  for 
the  manhole  elevation.  Rod  readings  are  to  be 
taken  to  hundredths  of  a  foot  only.  Make  no 
erasures  of  ob.servcd  readings,  but  in  case  of 
error  draw  a  line  through  the  incorrect  figures. 

Record  notes  ax  .shown  on  the  accompanying 
specimen  field  sheet.  Fig.  1.  Level  notes  must 
always  read  down  the  page.  Elevation  of  sewer 
invert  is  required,  not  the  elevation  of  the  man- 

hole top.  Chief  of  party  must  make  this  reduc- 
tion on  the  field  sheets. 

Field  sheets  should  now  be  complete.  As  each 
street  has  been  covered  at  least  three  times,  it 
is  assumed  that  all  features  are  determined. 
The  sheets  are  now  ready  to  be  turned  into  the 
ofilce  as  completed  work. 

Field  Sheets.— Each  chief  of  party  will  be 
given  field  sheets  only  after  they  are  prepared 
by  drawing  in  the  street  lines,  etc.,  and  num- 

bered. These  sheets  are  charged  to  him  and 
they,  are  either  to  be  returned  as  completed 
work  or  accounted  for  in  some  other  way.  In 
order  that  the  files  may  stand  complete. 
Blank  sheets  will  be  furni.shed  on  which  will 

be  shown  the  traverse  lines,  street  lines,  car 
tracks,  etc.,  of  those  street  Intersections  which 
contain  too  much  detail  to  be  clearly  shown  on  a 
single  sheet.    See  specimen  herewith  in  Fig.  2. 

shows  a  decrease  in  the  average  cost  per  mile 
during  this  time  from  $77..58  for  March  to 
$()1.2U  for  November  or  a  decrease  of  ̂ IS.Sy 
in  the  average  cost.  There  is  also  a  decrease 
of  $8,166.80  in  the  estimated  cost  to  complete 
the  work.  During  this  same  time  283.5  miles 
of  sewers  were  measured  at  a  cost  of  $13,- 
880.52,  which  gives  an  average  per  mile  cost 
for  this  period  of  $48.96.  The  average  costs 
are  based  on  payroll  charges  only. 

Complete  information,  as  called  for  in  In- 
structions to  Field  Parties,  was  obtained  on 

496  miles  of  sewers,  together  with  other  in- 
formation pertaining  to  the  streets  of  the  city. 

This  includes  42  miles  of  sewers  within  the 
city  limits  for  which  there  were  no  records. 

SEWER  RECORD  PLATS. 

The  primary  purpose  of  these  plats  is  to 
show  correctly  all  information  regarding  the 
sewers : — their  sizes,  grades,  location,  inlets 
and  branches.  They  include  all  improved  por- 

tions of  the  city.  These  sheets  also  give  in- 
formation regarding  all  other  underground 

structures.  They  show,  therefore,  the  best  lo- 
cation for  new  sewers  or  pipes.  Formerly,  it 

has  been  necessary  to  visit  the  various  cor- 
porations having  pipes  or  conduits  in  the 

streets  in  order  to  get  this  information. 

These  record  plans  are-23x.32  ins.,  within 
the  border  and  a  binding  edge  of  1%  ins.,  is 
left  on  the  lefthand  end  of  the  sheet.  One 
portion  of  the  city  is  platted  on  a  scale  of 
■JO  ft.  to  the  inch;  all  other  parts  of  the  city 
are  platted  on  a  scale  of  50   ft.  to  the  inch. 

very  heavy  continuous  lines,  while  all  other 
sub-surface  structures  are  named  and  shown 
by  broken  lines.  Water  and  gas  mains,  and 
electric,  telephone  and  telegraph  conduits  are 
shown  in  this  manner.  The  location  of  gas 

mains  depends  wholly  upon  information  ob- 
tained from  the  office  of  the  Gas  Company. 

All  surface  indications  of  underground  struc- 
tures, as  manholes  and  valves  were  located  in 

tlic  field  and  are  sliown  to  scale  on  these  plats. 
While  the  lines  as  laid  may  not  be  wholly 
straight  between  valves  or  manholes,  the 
deviation  probably  will  not  exceed  the  error 
in  scaling  from  the  plat  in  locating  an  in- 

termediate point  on  any  line. 
PROCEIiURE    IN    PL.MTING    SEWI^iR    RECORD    SHEETS. 

The  controlling  traverse  of  the  area  to  be 

platted  was  first  figured  and  platted  by  co- 

ordinates on  detail  paper.  R.  L.  Gurden's Traverse  Tabic,-;  were  used  in  figuring  tra- 

verses; the  latitudes  and  departures  were  af- 
terwards checked  by  the  same  tables  or  by 

means  of  the  slide  rule.  The  traverse  of  cross 
streets  was  usually  platted  by  means  of  the 
scale  and  protractor.  An  interior  traverse 
was  figured  only  when  it  failed  to  close  by 
this  method.  This  did  not  often  occur,  and 
when  it  did,  was  usually  accounted  for  by  a 
blunder  in  the  field  work.  The  method  of 

platting  by  co-ordinates  proved  to  be  a  time- saver,  while  at  the  same  time  it  was  far  more 
satisfactorv  to  the  detailer  as  it  always  gave 
him  some  definite  and  fixed  points  on  which 
to  base  his  details. 

The   platting  of  the  traverse  was   followed 
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by  the  locating  of  curbs  and  street  lines  and 
the  showing  of  other  information  obtained  in 
the  field,  as  distance  between  sewer  manholes, 
size  of  sewer,  elevations  of  invert  of  sewer, 
and  depth  and  location  of  valves  and  other 
manholes. 

The  lot  numbers  and  frontages,  together 
with  property  lines  were  then  shown  as  taken 

from  the  .Auditor's  plats.  In  case  of  disagree- 
ment the  recorded  plats  as  well  as  the  deeds 

were  examined.  In  no  event  could  any  exist- 
ing records  change  field  information  as  platted 

from  a  closed  traverse. 

The  water  sheets  were  examined,  the  size 
and  location  of  water  mains  obtained  and  the 

locations  were  checked  by  position  of  the 
valves  located  in  the  field  notes. 

The  gas  sheets  were  e.xamined  in  order  to 

obtain   the   size  and   location  of  existing  gas 

The  subway  surveys  have  utilized  the  in- 
formation contained  solely  in  the  records  of 

this  department  in  regards  to  the  depth  of 
certain  sewers  along  the  proposed  subway 
line. 

The  Street  Department  in  the  case  of  a  pro- 
posed street  improvement  can  at  once  find 

out  whether  all  the  necessary  pipes  and  con- 
duits are  already  laid  in  the  street.  This  is 

much  easier  than  to  consult  the  records  of  the 

various  public  corporations  or  to  determine 
the  same  by  inspection  of  the  street. 

The  City  Solicitor  has  made  profitable  use 
of  the  Record  Plats.  On  several  occasions  he 

has  been  able  to  show  conclusively  in  the 
courts  whether  adequate  sewerage  facilities 
were  or  were  not  provided  for  certain  parties. 

Private  individuals  have  frequently  come  to 

the  office  in  order  to  obtain  definite  informa- 

Date 
June  30. 

Party  No.  12. 

DAILY  REPORT 

Divion  of  Sewerage 
Investigations.  Designs  and  Plans 

Weather 
Cloudy. 

Rain.  3-.S. 
Kind  of  Investigation 

Underground  Surveys 

District 

Cumminsville 

Working  on  From 
Apjones  Line,  Levels  and   M.   H.   Fergus.   M.   H.   No.   4,   Mad  Anlhony 
Chase  Line.  Levels  and  M.   H..  Hamilton-Dane 
Lingo  Line,  Levels  and  M.  H.,  Fergus. 

To 

343.80 

2.01.S.4.'i 

890.00 

3.249.25 
Names 

John  Jones, 

How  Employed 

Measuring  Line  and  M.   H. 

Hours 

6 

R.  J.  Coe. •• 6 

W.   J.  Coe. 6 

M.   J.    Tape. Levels  on  M.   E. 6 

P.  S.   Cole. 6 

Expenses 

Remarks Lost  two  hours  account  of  rain. 

(Do  not  sign   here) 

Engineer  in   Charge 

Fig.  3.    Specimen   Dally   Report  of  Field  Parties,  Cincinnati   Underground    Survey. 

mains.  No  check  in  the  field  could  be  had 
on  this  information. 

Width  of  telephone  conduits  was  obtained 

from  the  company.  This  was  now  shown  to- 
gether with  location  of  manholes  as  taken 

from  field  notes. 

The  grades  of  the  sewei"s  were  then  figured, 
after  which  the  completed  detail  was  ready  to 
be  traced. 

The  operation  of  checking  was  nearly  as 
laborious  as  that  of  detailing,  since  everything 
except  the  platting  of  closed  traverse  had  to 

be  checked.  A  record  was  kept  of  the  ac- 
cession number  of  drawing,  names  of  streets 

covered,  number  of  feet  of  sewer  shown  on 

each  street,  together  with  name  of  detailer, 
tracer  and  checker. 

Elevations  of  inverts  of  sewers  at  manholes 

are  given  and  not  the  elevations  of  the  man- 
hole tops.  This  is  done  because  the  elevations 

of  the  inverts  are  fixed  while  the  elevations  of 

the  tops  are  often  changed  with  the  improve- 
ment of  the  street. 

The  progress  and  costs  of  the  year,  Decem- 
ber, 1912-\ovember,  191.3,  during  which  time 

methods  have  remained  practically  unchanged, 
are  shown  in  Table  I.  The  increase  in  the 
cost  of  the  field  work  at  the  end  of  the  season 

is  due_  wholly  to  vacation  time  and  the  locality 
in  which  most  of  this  work  was  done. 

VALUE    OF    SEWER    RECORD    PLANS. 

The  usefulness  of  these  sewer  record  plans 
has  been  clearly  demonstrated  during  the  past 
year.  Demands  have  been  made  constantly 
for  information  found  in  the  records  of  the 

department  which  is  not  readily  accessible 
elsewhere. 

The  Water  Department  has  found  the  record 
plans  highly  serviceable  in  the  making  of  plats 
of  certain  outlying  parts  of  the  city,  concern- 

ing which  little  or  no  information  could  be 
obtained  elsewhere. 

tion   regarding   depth   or   location  of   a   sewer 
adjacent  to  property  which  they  owned. 

Scope    of    Engineering    Reports    and 

Plans  for  Sewerage  and  Sewage  Dis- 
posal  Works   in    Saskatchewan. 

Suggestions  on  designing  sewage  treatment 
works  for  Saskatchewan  cities  were  published 
in  this  journal  of  April  8,  1914.  The  present 

article  relates  to  the  scope  of  engineer's  re- 
ports and  plans  in  connection  with  sewerage 

improvements  as  stipulated  by  the  Bureau  of 
Public  Health  of  the  same  province.  The 

regulations  also  cover  estimates  of  cost,  spe- 
cifications and  affidavits  but  those  provisions 

are  omitted   from  the  article. 

SANIT.^RY    SEWERAGE    SYSTEMS. 

Engineer's  Report. — A  report  shall  be  sub- 
mitted, prepared  by  the  engineer  acting  for  the 

municipalit.v,  giving  information  under  the  fol- 
lowing heads,  in  so  far  as  such  are  applicable  to 

the   proposed  works; 
1.  Population. — The  present  population  and 

the  rate  of  increase  during  each  of  the  past  five 

years.  Available  data  justifying  a  future  in- 
crease of  population  and  probable  increase 

in  next  ten  years.  2.  Maximum  popula- 
tion which  system  will  provide  for  if  fully 

developed.  3.  Population  provided  for  by  pro- 
posed works.  4.  Area  and  topography  of  muni- 

cipality. 5.  Water  consumption  in  municipality 
per  capita  per  24  hours.  6.  The  character  of 
the  sewage  (with  reference  to  surface  and  roof 

water,  trade  wastes,  etc.).  7.  Estimated  max- 
imum rate  of  flow  expressed  in  gallons  per 

hour.  8.  Estimated  normal  dry  weather  flow 
expressed  in  gallons  per  21  hours.  9.  The 

general  nature  of  subsoil  throughout  the  muni- 
cipality. 10.  Precautions  to  prevent  infiltration 

in    water-bearing    strata.      11.      The    minimum 

grades  of  all  sizes  of  sewers.  12.  Provision 
made  for  flushing  and  the  intervals  of  flushing. 
13.  Character   of   pipes  and  joints    to   be    used. 
14.  T>T)e  of  sewage  lifts  to  be  adopted.  15.  The 
maximum  distance  between  manholes.  16.  Ven- 

tilation of  system.  17.  Storm  overflow  discharges 

and  any  points  of  discharge  other  than  the  sew- 
age disposal  plant.  18.  The  areas  of  the  munici- 

pality which  cannot  drain  by  gravity  into  propos- 
ed system.  The  proposed  method  of  providing 

drainage  for  such  areas  in  the  future.  19.  Pro- 
vision to  be  made  tor  inspection  of  construction. 

20.    Control  and  operation. 
In  case  of  extensions  to  an  existing  system, 

the  report  shall  in  addition  to  describing  the 
nature  of  the  proposed  extensions,  deal  with  as 
many  of  the  above  matters  as  are  thereby 
affected. 

General  Plans. — The  "following  plans  shall  be submitted: 

Plan  of  Municipality. — A  general  plan  of  the 
entire  municipality  to  a  scale  of  not  greater 
than  200  and  not  less  than  500  ft.  to  an  inch, 
this  plan  .shall  show:  1.  Municipal  boundary. 
2.  All  streets  existing  or  proposed.  3.  The 
approximate  location  of  all  habitable  buildings 
not  connected  with  sewers  at  tiie  date  of  ap- 

plication. 4.  The  surface  elevations  of  all  ex- 
isting or  proposed  street  intersections.  5.  The 

location,  size  and  direction  of  flow  of  all  exist- 
ing proposed  sewers.  6.  The  location  of  all 

existing  and  proposed  manholes,  lampholes, 

flush  tanks,  sewage  lifts,  sewer  outlets,  over- 
flows and  other  appurtenances.  7.  An.v  areas 

from  which  it  is  proposed  to  pump  the  sewage: 
these  should  be  indicated  by  light  coloring  or shading. 

Contour  Plan. — A  contour  plan  of  the  muni- 
cipality to  a  suitable  scale. 

Detail  Drawings. — Detail  drawings  shall  be 
submitted  to  a  scale  which  shall  clearly  indicate 
the  design  of  all  parts  of  the  proposed  system 
or  extensions,  including  all  manholes,  lampholes, 
flush  tanks,  siphons,  pump  wells,  inspection 
chambers,  buildings,  iron  work,  machinery  and 
other  appurtenances.  Transverse  sections  of  all 

sewers  over  24  ins.  in  diameter  shall  be  sub- 
mitted. 

Profiles. — Profiles  Oi  all  sanitary  sewers  shall 

be  submitted.  The  following  scales  are  sug- 
gested for  general  adoption; 

Vertical.  10  ft.  to  an  inch,  or  20  ft.  to  an  inch. 

Horizontal,  80  ft.  to  an  inch,  or  100  ft.  to  an 
inch,  or  200  ft.   to  an  inch. 

Profiles  shall  show  all  manholes,  lampholes, 
flushtanks,  siphons,  river  and  railway  crossings, 
the  size  and  grade  of  sewers,  the  elevation  of 
sewer  invert  and  ground  surface  at  all  manholes 
and  changes  of  grade;  elevation  of  river  or 
stream  beds  crossing  the  line  ot  sewers. 

STORM    SEWER.\GE  SYSTEMS   AND  EXTENSIONS. 

Engineer's  Report. — A  report  shall  be  sub- 
mitted, prepared  by  the  engineer  acting  for  toe 

municipality,  giving  information  under  the  fol- 
lowing heads,  in  so  tar  as  such  are  applicable 

to  the  proposed   works: 

1.  Precipitation. — .\11  available  data  having, 
reference  to  the  maximum  precipitation  in  toe 
municipality,  particularly  with  reference  to 
short  periods  of  heavy  precipitation.  2.  Nature 

of  ground  surface. — The  areas  paved  ana  un- 
paved,  and  in  the  case  of  the  latter,  the  degree 
of  porosit.v  ot  the  ground.  3.  The  area  and 
mean  slope  of  each  district  draining  to  a  trunk 
sewer  or  point  of  discharge.  4.  The  data  and 
assumptions  upon  which  the  computation  of  the 

size  of  sewers  is  based.  5.  The  estimated  max- 
imum volume  of  flow  (in  cubic  feet  per  second) 

at  each  point  of  discharge,  and  the  estimated 
increase    when    the   system    is   fully   developed. 
6.  The  character  of  pipes  and  points  to  be  used. 
7.  The  nature  of  coating  (if  any)  to  be  used 
on  the  outside  of  pipes.  8.  Any  connections 
which  it  is  proposed  to  make  with  the  sewers, 
other  than  for  surface  water.  9.  Provision  to 

he  made  for  inspection  of  construction.  10.  Con- 
trol  and   operation. 

In  the  case  of  extensions  to  an  existing  sys- 
tem, the  report  shall,  in  addition  to  describing 

the  nature  of  the  proposed  extensions,  deal  with 
as  many  of  the  above  matters  as  are  thereby affected. 
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General  Plans. — A  general  plan  or  the  entire 
municipality  shall  be  submitted  to  a  scale  of 
not  greater  than  200  and  not  less  than  500  ft.  to 
an  inch;  this  plan  shall  show: 

1.  Municipal  boundary.  2.  All  streets  exist- 
ing or  proposed.  3.  The  surface  elevations  of 

all  existing  and  proposed  street  intersections. 
4.  The  location,  size  and  direction  ot  flow  of  all 

existing  and  proposed  storm  sewers.  5.  The  lo- 
cation  of   all    existing   and   proposed   manholes. 
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Fig.  1.    Typical  Sewage  Flow  Regulator. 

catch  basins  and  connections  to  the  storm 
sewerage  system,  also  all  points  of  discharge 
and  natural  watercourses.  6.  The  extent  of 
street  paving.  7.  The  areas  draining  to  each 
trunk  sewer  or  point  of  discharge  (these  may  be 
shown  by  distinctive  coloring  or  shading;. 

Detail  Drawings. — Detail  drawings  shall  be 
submitted  to  a  scale  which  shall  clearly  indicate 
the  design  of  all  parts  of  the  proposed  system 
or  extensions,  including  all  manholes,  catch 
basins,  valves,  etc.  Transverse  sections  of  all 
sewers  over  24  ins.  in  diameter  shall  be  sub- 
mitted. 

SEWERAGE    DISPOSAL    WORKS    AND    EXTENSIONS. 

Engineer's  Report. — A  report  shall  be  sub- 
mitted, prepared  by  the  engineer  acting  for  the 

municipality,  giving  Information  under  the  fol- 
lowing heads,  in  .so  far  as  such  are  applicable  to 

the  propoiied  works: 
1.  I'opulation. — The  present  population  and 

the  rate  of  Increase  during  each  of  the  past  Ave 
years.  Available  data  Justifying  an  increase  of 
population  and  probable  increase  in  next  ten 
years.  2.  Maximum  population  which  system 
will  provide  for  If  fully  developed.  3.  Population 
proviili'd  for  by  propo.>!pd  works.  4.  Water  con- 

sumption in  municipality  per  capita  per  24 
hours.  5.  Estimated  maximum  rate  of  flow  of 
sewage  arriving  at  works,  exprcs.scd  in  gallons 
per  hour.  6.  Estimated  daily  flow  of  sewage 
arriving  at  works.  7.  The  number  of  connec- 

tions already  made  to  sanitary  sewerage  system. 
8.  The  character  of  the  sewage  (with  reference 
to  surface  and  roof  water,  trade  wastes,  etc.). 

Any  excess  over  domestic  sewage  shall  be  esti- 
mated In  gallon.s  per  hour  under:  (a)  Roof 

water;  (bj  surface  water;  (c)  infiltration  water; 
(d)  trade  waste  water.  In  the  case  of  trade 
discharge  the  character  of  the  waste  shall  be 
irivcn.  9.  The  distance  and  location  in  relation 
to  the  works  of  any  wells  or  underground 
source  of  water  supply.  In  the  ca.se  of  the  final 
elTluent  discharging  Into  a  watercourse  or  lake. 
It  shall  be  stated  whether  such  watercourse  or 
lake  is,  or  eventually  becomes,  a  source  of 
domestic  supply  or  Is  used  for  watering  cattle. 
10.  Minimum  volume  and  velocity  of  stream  or 
river  Into  which  the  final  effluent  will  be  dis- 

charged. 11.  Area  of  land  acquired  for  sewage 
disposal  purposes.  12.  Character  of  subsoil 
through  which  sewerage  system  is  laid,  with 
particular  reference  to  the  presence  of  sand. 
13.      Character    of    treatment    processes    to    be 

adopted.  14.  Type  of  sewage  lifts  to  be  used 

at  sewage  disposal  works.  15.  Provision  for 

dealing  with  sewage  in  the  case  of  failure  of 

sewage  lifts.  16.  Type  of  screens  and  provision 
for  the  removal  of  screenings.  17.  Preliminary 

precipitation  of  mineral  particles— velocity .  of 

flow  in  detritus  tanks.  IS.  Type  of  sedimenta- 
tion tanks,  capacity  and  velocity  of  flow  in 

tanks,  inclination  of  base  of  tanks.  19.  Method 

of  drying  sludge  and  nnal  disposal.  20.  Capacity 

of  dosing  or  siphon  chamber.  21.  Type  of  filter 

beds;  character,  area  and  depth  of  filter  media. 

Rate  of  filtration.  Method  of  distribution  over 

surface  of  media.  22.  Retention  of  humus.  23. 

Disinfection  of  effluent.  24.  Provision  against 

frost.  25.  Location  of  b>-passes.  26.  Provision 
for  measuring  and  recording  flow  of  sewage.  27. 
Future  extensions.  28.  Provision  for  grading, 

surfacing,  etc.    29.    Control  and  operation. 
In  the  case  of  extensions  to  existing  works, 

the  report  shall,  in  addition  to  describing  the 
nature  of  the  proposed  extensions,  deal  with  as 
many  of  the  above  matters  as  are  thereby 
aftected. 

General  Plans. — The  following  plans  shall  be 
submitted: 

Location  Plan. — A  location  plan  to  a  suitable 
scale  showing: 

1.  The  location  of  the  works  in  relation  to 
the  site  ot  municipality.  2.  The  route  of  the 
main  outfall  sewer.  3.  The  layout  of  the  vari- 

ous units  of  the  sewage  disposal  works,  includ- 
ing all  drains,  pipe  lines,  etc.  4.  The  area  of 

land  to  be  utilized  for  sewage  disposal  pur- 
poses. 5.  The  lake,  watercourse  or  subsoil,  into 

which  the  final  effluent  will  be  discharged.  6. 
Elevation  of  high,  mean  and  low  water  in  water- 

course or  lake.  7.  Highest  known  flood  eleva- 
tion of  watercourse.  8.  Elevation  of  effluent 

drain  at  point  of  discharge  and  of  outfall  sewer 
at  entrance  to  works- 

Sketch  Plans. — Preliminary  sketch  plans  shall 
be  submitted  to  a  scale  which  shall  indicate  the 

submitted  if  the  detailed  drawings  required  ac- 
company the  application. 

Detail  Drawings. — Detail  drawings  shall  be 
submitted  to  a  scale  which  shall  clearly  indicate 
the  design  of  all  parts  of  the  proposed  works. 
Longitudinal  and  transverse  sections  of  all  tanks 
and  filters  shall  be  shown. 

Profiles. — Profiles  of  all  pipe  lines  and  drains 
shall  be  submitted  drawn  to  a  suitable  scale. 

Notes  on  the  Design  of  Regulators  and 
Storm    Water   Overflows 

for   Sewers. 

As  stated  in  the  article  on  the  design  of  the 

new  intercepting  sewers  for  the  city  of  Cin- 
cinnati, pubHshed  June  17,  1914,  adequate 

storm  water  overflows  must  be  provided  to 
convey  to  the  nearest  water  course  the  e.xcess 
storm  water  beyond  the  quantities  which  the 
intercepting  sewers  may  be  able  to  receive. 
The  subject  of  storm  water  overflows  and 
sewage  flow  regulation  is  discussed  in  the 
present  article,  the  matter  given  being  taken 
from  the  portion  of  the  Cincinnati  sewerage 

report  which  relates  to  the  design  of  inter- 
cepters.  This  portion  of  the  report  was  pre- 

pared by  Mr.  E.  J.  Miner. 
The  function  of  a  storm  water  overflow  is 

to  supply  a  means  of  removing  storm  water  in 
excess  of  a  certain  definite  flow  in  the  sewer 
to  the  nearest  water  course,  or  to  a  storm 
water  channel  provided  for  that  purpose ;  in 
other  words,  to  allow  the  escape  frorn  the 
sewer  of  all  excess  over  a  fixed  quantity  of 
sewage.  A  sewage  flow  regulator,  conversely, 
is  intended  to  prevent  surcharging  of  an  in- 

tercepting sewer  by  partly  or  wholly  closing 
the  inlet  connections  from  the  branch  trunk 
sewers.  The  general  object  to  be  attained  is 
the  same  in  both  cases,  namely,  to  allow  the 
admission  of  domestic  sewage  to  the  intercept- 

ing sewer   and   to   divert  the  storm   water   to 
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Fig.   2.     Details   of   Overfall   Weir  for   Storm    Water     Overflow,     Walworth     Sewer.     Cleve- 

land,   Ohio. 

type   and   capacity  of   the   various   tanks,    filter 
beds,  etc. 
The  principal  elevations  and  measurements  of 

the  various  parts  of  the  work  shall  be  indicated 
on  these  plans.  Such  preliminary  plans  shall 
give  sufficient  information  to  enable  the  com- 

missioner to  arrive  at  a  conclusion  as  to  the 
efflciency  of  the  proposed  processes  of  treatment 
and  design,  and  structural  details  may  be 
omitted   therefrom.     Sketch   plans   need   not   be 

other  channels;  but  an  overflow  provides  an 
outlet  for  storm  water  from  a  trunk  sewer, 
while  a  regulator  prevents  the  admission  of 
storm  water  to  an  intercepter. 

Overflows  and  regulators  are  frequently 
used  in  comliination,  the  former  allowing  the 
excess  above  a  certain  flow  to  be  discharged 
into  storm  water-  drains,  the  latter  entirely 
cutting  off  inflow  to  the  intercepter  when  the 

quantity  of  sewage  in  the  latter  has  reached 
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a  certain  point  and  when  it  is  in  danger  of 
being  surcharged. 

Regulators. — A  regulator  is  a  mechanical 
appliance  by  which  a  gate  is  automatically 
closed  by  the  rising  of  a  float  whose  motion 
is  controlled  by  the  elevation  of  the  sewage 
in  the  intercepter.  A  typical  regulator  is 
shown  in   Fig.   1. 
The  use  of  regulators  of  this  type  is  open 

to  the  objection  that  frequent  attendance  is 
required  in  order  to  keep  the  apparatus  in 
proper  working  condition.  The  regulators 
must  be  inspected  and  cleaned  at  short  inter- 

vals, and  after  each  storm  must  be  carefully 
overhauled,  if  they  are  to  be  depended  upon 
to  perform  their  function. 

HORIZONTAL      SECTION 

tion  leading  to  the  intercepting  sewer,  while 
the  storm  waters  leap  the  opening  and  pass 
on  through  the  storm  water  channel. 
A  typical  leaping  weir  is  shown  in  Fig.  3, 

which  illustrates  an  inlet  constructed  in  con- 
nection with  the  Menomonie  Intercepter  at 

Milwaukee,  Wis.,  from  designs  of  George  H. 
Benzenberg.  Like  the  overflow  weir,  this 
type  should  require  no  attention,  unless  the 
opening  becomes  clogged  by  planks  or  other 
large  substances  which  are  not  supposed  to 
find  their  way  into  sewers,  although  they 

sometimes  do.  It  is  open  to  the  same  objec- 
tion as  the  over-fall  weir,  that  the  gravel  and 

sand  are  washed  into  the  intercepter,  although 
there  is  more  likelihood  with  this  type  of 

overflow  that  a  portion  of  the  silt  may  be  dis- 
charged with  the  storm  water. 

In  view  of  the  attention  necessary  to  main- 
tain regulators  in  proper  working  order,  it 

is  desirable  to  avoid  their  use  as  far  as  possi- 
ble. Wherever  found  possible  by  studies  of 

the  details  of  design,  the  leaping  weir  type  of 
overflow  for  the  connections  of  the  smaller 
trunk  sewers  and  the  over-fall  weir  for  the 
larger  sewers  should  be  used  rather  than  float 
operated  regulators. 

It  must  not  be  forgotten  that  in  the  case  of 
trunk  sewer  outlets  which  are  below  the  level 

of  high  water  in  the  river  so-called  tide-gates 
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Fig.   3.     Details   of    Leaping   Weir   for   Storm    Water      Overflow,      Menomonie      Intercepter, 
Milwaukee,   Wis. 

Over-Fall  Weirs. — There  are  two  types  of 
storm  overflow,  over-fall  weirs  and  leaping 
weirs.  An  over-fall  weir,  as  the  name  implies, 
is  an  outlet  with  a  sill  or  crest  arranged  either 
across  the  sewer  or  longitudinally  in  one  side 
of  the  structure,  so  designed  that  the  excess 
flow,  after  the  sewage  reaches  the  height  of 
the  crest,  is  taken  to  a  storm  water  channel, 
while  the  ordinary  flow  passes  the  weir  and 
is  discharged  into  the  intercepter. 
An  excellent  example  of  an  overflow  of 

this  type  is  shown  in  Fig.  2,  which  illustrates 
the  storm  water  overflow  constructed  in  con- 

nection with  the  Walworth  sewer  in  Cleve- 
land, according  to  the  designs  of  W.  C.  Parm- 

ley.  In  the  case  of  large  sewers,  such  as  the 
one  illustrated,  an  over-fall  of  considerable 
length  is  required.  In  this  particular  example 
the  length  of  the  crest  was  approximately 
100  ft. 

An  overflow  of  this  type,  if  properly  de- 
signed, should  be  absolutely  automatic  in  its 

action  and  should  require  no  particular  atten- 
tion. The  only  objection  to  its  use  is  that 

gravel  and  sand  washes  along  the  bottom  of 
the  sewer  and  the  larger  stones  brought  dovm 
liy  storm  water  do  not  pass  over  the  weir,  but 
follow  the  line  of  the  intercepting  sewer, 
which,  therefore,  receives  practically  all  of  the 
u:rit  and  is  more  likely  to  be  obstructed  by  ac- 

cumulations than  if  the  heavy  material  brought 
down  by  storm  water  could  be  discharged 
with  the  overflow.  This  also  involves  undue 
wear  upon  the  invert  of  the  intercepter. 

Leaping  Weirs. — The  leaping  weir  type  of 
overflow  is  suitable  only  for  comparatively 

•  small  sewers.  As  the  name  implies,  it  con- 
sists of  a  weir  or  crest  over  which  the  ordi- 
nary or  dry  weather  flow  falls  into  a  connec- 

must  be  provided,  particularly  in  any  project 
which  involves  pumping  and  treating  the  sew- 

age collected  by  the  intercepters ;  otherwise 
river  water  will  at  times  enter  the  intercepter 
through  the  storm  water  overflows. 

Contest  for  Neighborhood  Center  Plans. — 
.\  competition  is  being  held  by  the  City  Club 
of  Chicago  for  plans  for  a  neighborhood 
center. 

There  is  to  be  a  preliminary  competition 
open  to  everybody,  which  will  close  on  Nov. 
9,  1914,  and  a  final  open  to  not  less  than  eight 
or  more  than  sixteen  selected  by  the  jury  in 
the  preliminary,  closing  on  Jan.  25,  1915.  The 
plans  are  to  be  shown  as  the  special  feature 
of  a  Neighborhood  Center  exhibition  and 
series  of  conferences  next  February. 

The  sum  of  $600  has  been  offered  by  one 

of  the  past  presidents  of  the  club  for  the  au- 
thor of  the  best  plans. 

A  series  of  fortnightly  meetings  of  the 
participants  for  discussion  of  the  various 
[ihases  of  the  problem  will  begin  early  in 

July  at  the  club. 
Not  only  American  architects,  city  planners, 

landscape  architects,  and  engineers  will  be  in- 
viced  to  participate  in  the  contest,  but  spe- 

cialists in  Europe  as  well. 
Last  year  in  connection  with  its  housing 

exhibition,  the  City  Club  held  a  competition 

for  plans  for  laying  out  a  typical  quarter  sec- 
tion of  land  in  the  outskirts  of  Chicago.  Thir- 

ty-eight sets  of  drawings  were  submitted,  the 
maioritv  of  which  are  now  being  prepared 
for  publication  by  the  club.  The  volume  will 
be  readv  the  coming  fall. 

Securing  Low  Bids  on  Baltimore 
Sewers. 

The  following  excerpts  from  the  annual 
report  of  the  Sewerage  Commission  of  the 
city  of  Baltimore  describe  a  method  employed 
by  the  chief  engineer,  Mr.  Calvin  W.  Hen- 
drick,  to  secure  low  bids  on  sewer  construc- tion. 

On  account  of  the  lack  of  information  re- 

garding underground  structures,  the  very  ex- 
tensive ramifications  of  the  sewerage  system, 

the  effort  to  interfere  as  little  as  possible  with 
existing  structures,  and  in  order  to  give  the 
contractor  as  much  information  as  possible  in 
making  his  bid,  the  engineering  staff  has  made 
exten.sive  investigations  of  the  records  of  all 

the  city  departments  and  public  service  cor- 
porations; and,  in  addition,  sunk  numerous 

testpits.  This  has  resulted  in  adding  to  the 
engineering  cost,  but  it  has  been  the  means 
of  effecting  large  savings  to  the  city,  by  the 
contractors  giving  lower  prices  on  account  of 
having  this  information,  and  will  result  in 
the  city  having  one  of  the  most  complete  un- 

derground maps  of  any  city  in  the  country. 
It  has  also  enabled  the  sew-erage  staff  to  do 
its  work  with  the  least  possible  interference 
with  the  structures  of  other  city  departments 

and  public  service  corporations.'  This  has  in- volved, since  the  beginning  of  the  work,  the 
preparation  of  10,500  drawings.  Included  in 
this  number  are  107  record  plats  which  have 
been  entirely  completed,  and  383  partially  com- 

pleted. These  plats,  which  form  the  founda- 
tion of  the  contract  drawings,  show  street, 

lot  and  curb  lines,  existing  sewers  and  drains, 
tracks,  pipes  and  other  structures,  with  depths, 
sizes  and  materials. 

In  planning  and  executing  such  work  as  the 
Baltimore  sewerage  system,  either  one  or  two 
diametrically  opposed  policies  may  be  fol- 

lowed : 

First — The  plans  and  preliminary  investiga- 
tions may  be  of  the  most  general  character, 

leaving  it  to  the  contractor  to  make  detailed 
investigations  and  to  assume  all  risks  of  un- 

known conditions.  If  this  plan  is  followed 

the  contractor's  prices  are  necessarily  high,  in 
order  to  cover  contingencies. 

Second — The  plans  and  preliminary  studies 
may  be  made  in  great  detail,  showing,  so  far 
as  possible,  all  underground  conditions  and 
obstructions,  and  leaving  as  few  things  as  pos- 

sible to  be  covered  by  the  contractor's  allow- 
ance for  contingencies.  This  method  results 

in  the  lowest  prices  from  the  contractors  and 
has  been  adopted  by  the  Sewerage  Commis- 

sion with  the  result  that  very  wide  compe- 
tition and  generally  low  prices  have  been  se- 
cured on  all  of  the  work  which  has  been  done. 

The  saving  secured  by  the  lower  prices  has 
been  many  times  greater  than  the  additional 
cost  of  preparing  the  plans  along  the  above lines. 

Railwfay  Ties  for  India  from  Pacific 
Coast.- — The  Indian  Railway  Board  recently 
placed  orders  for  two  shipments  of  railway 
ties  from  the  Pacific  Coast.  One  is  of  creosot- 
ed  Oregon  pine  at  a  cost  of  $1.44  per  tie,  and 
the  other  of  uncreosoted  California  redwood 

at  $1.20  per  tie.  The  Indian  government  re- 
quires between  500.000  and  1.200.000  ties  a  year 

for  the  state  railways  of  the  country.  For- 
merly Australian  jarrah  has  been  used  largely, 

but  the  cost  of  that  material  has  risen  to  $2.80 
per  tie,  and  recent  experiments  with  Pacific 
Coast  timbers  have  proved  satisfactory. 

The  steel  work  for  the  "Tower  of  Jewels" 
of  the  Panama-Pacific  International  Exposi- 

tion has  been  completed.  The  placing  of  the 
highest  steel  column  makes  the  top  435  feet 
above  the  ground.  More  than  1,.500  tons  of 
steel  have  been  used  in  the  frame  and  1,600,- 
000  board  feet  of  lumber  will  be  used  in  com- 

pleting the  structure. 

A  big  floating  dock  is  being  constructed 
at  Odessa  which  is  said  to  be  the  largest  in 
the  world.  It  will  cost  about  $2,000,000  and 

will  be  capable  of  carrj-ing  a  vessel  of  40,000 
tons. 
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Width     and     Arrangement     of     Resi- 

dential Streets  in  a  Small 

English  Town. 

Lytham,  England,  is  a  coast  town  of  about 
lO.OUO  population,  a  summer  resort  relying 
more  on  its  wealth  of  foliage,  pleasant  sur- 

roundings and  residential  qualifications  than 
upon  the  amusements  which  form  the  main 
attractions  for  the  majority  of  holiday  seekers. 
In  a  paper  before  the  Institution  of  Municipal 
and  County  Engineers  which  was  abstracted 
in  the  London  Surveyor,  Arthur  J.  Price,  city 
engineer  of  Lytham,  states  that  efforts  have 
been  made  to  preserve  the  sylvan  aspect  of 
the  town  by  planting  trees  bn  many  of  the  new 
Streets  and  protecting  those  which  now  line 
the  chief  shopping  and  residential  streets. 
The  majority  of  the  streets  are  paved  with 

tar  macadam.  On  the  principal  streets  granite 
is  used,  being  more  durable  and  less  dusty  and 
slippery  than  limestone.  In  the  purely  resi- 

dential streets  limestone  is  used,  this  material 
being  very  suitable  for  light  trafific,  as  it  wears 
very  smoothly,  and  from  the  hygienic  and  eco- 

nomic point  of  view  is  almost  an  ideal  road 
material  when  properly  mixed  and  laid. 
Much  of  the  success  of  the  tar-macadam 

work  is  due  to  the  excellent  quality  of  the  tar 
supplied  from  the  municipal  gasworks. 

The  tar  occasionally  varies  considerably,  ac- 
cording to  the  quality  of  coal  used  and  the 

amount  of  light  oils  extracted,  and  it  is  neces- 
sary for  the  road  foreman  and  man  in  charge 

of  the  boiling  to  exercise  great  care  in  the 
boiling  so  as  to  obtain  tar  of  the  proper  con- 

sistency, and  suitable  for  the  situation  in  which 
it  is  to  be  laid. 

The  position  of  the  street  with  regard  to  the 
sun  and  wind,  the  extent  and  nature  of  the 
traffic,  the  difference  of  temperature  in  winter 
and  summer,  all  make  it  difficult  to  adopt  a 
universal  standard  for  tar.  The  personal  factor 
cannot  altogether  be  eliminated,  for  the  man 
in  charge  of  the  tar  boiling  will  have  to  make 
the  tar  harder — with  more  pitch  in  its  compo- 

sition— for  a  road  where  it  is  exposed  all  day 
to  the  sun  and  is  subjected  to  a  heavy  traffic. 
In  a  back  street,  where  neither  sun  nor  much 
traffic  finds  its  way,  less  of  the  lighter  oils 
should  be  distilled  or  evaporated,  for  more 

"life"  is  required  in  the  tar  in  such  a  position, 
to  avoid  hrittlcncss  and  subsequent  disinte- 

gration of  the  road,  which  is  the  chief  danger 
in  such  a  position. 
Not  more  than  half  a  dozen  bad  consign- 

ments of  tar  during  the  past  12  years  have 
been  received  and  these  were  due  to  the  in- 

ferior quality  of  the  coal  used,  or  too  great 
a  demand  for  tar  having  led  to  the  tar  tank 
getting  too  low,  and  water  being  supplied  in- 

stead of  tar.  It  was  the  latter  cause  chiefly 
that  in  1912  led  to  a  failure  of  one  short  lengtli 
of  road  which  had  been  tar-painted,  though  a 
period  of  very  wet  weather  was  also,  to  some 
extent,  responsible. 
A  small  drying  hearth  is  used  for  drying 

stone  in  wet  weather,  but  if  possible  the  stone 
is  dried  naturally,  as  this  is  not  only  more 
economical,  but  avoids  any  danger  of  the  stone 
being  overheated  and  converting  the  tar  into 

pitch. 
In  tar  painting,  a  tar  with  a  larger  propor- 

tion of  the  lighter  oil  left  in  it  than  for  tar 
macadam  work  is  necessary.  When  tar-paint- 

ing a  new  road  we  use  an  ordinary  IfiO-gal. 
tar  boiler,  which  is  convertible  into  a  sprinkler 
with  gas  piping  perforated  to  form  a  spray; 
but  for  repairs  we  chiefly  use  a  small  80-gal. 
boiler  fitted  with  a  pump  and  movable  snray. 

In  1003  the  principal  street  was  paved  with 
4-in.  Jarrah  wood  blocks  on  a  0-in.  concrete 
foundation.  The  blocks  were  laid  with  a  close 
joint  directly  on  the  concrete  foundation,  after 
being  dipped  into  a  mixture  of  pitch  and  tar, 
and  were  grouted  with  tar.  Practically,  this 
street  has  needed  no  repairs  during  the  past 
ten  years,  and  the  blocks  are  in  so  good  a  con- 

dition that  they  will  probably  last  another  ten 

years. 
The  sidewalks  in  the  main  street  are  laid 

with  concrete  flagging,  and  portions  of  the 
other  main  streets  with  natural  stone  flag- 

ging. The  residential  streets  are  chiefly  tar-as- 
()halt,  and  country  roads  have  footpaths  of 
gravel  or  fine  clinker.  Some  very  interesting 
cobble-paved  sidewalks  are  to  be  seen  in  the 
streets  leading  from  the  beach  ;  those  in  Bath 
St.  have  the  date  at  which  they  were  laid — 
1831 — with  designs  of  a  ship,  compass,  anchor, 
rose,  etc.,  picked  out  in  white  pebbles,  and  are 
in  a  very  fine  state  of  preservation. 

Methods  of  Sampling  Materials  of  Con- 
struction Used  by  the  New  York 

Highway  Commission. 
All  materials  used  in  the  construction  of 

state  roads  in  New  York  must  be  tested  and 

accepted  by  the  Bureau  of  Tests,  State  High- 
way Commission.  .Mbany,  N.  Y.  Instruction 

for  sampling  and  forwarding  test  samples  to 
the  bureau  are  specific  and  inclusive.  Samples 
are  ordinarily  taken  by  an  employee  of  the 
bureau.  If,  however,  the  material  has  not  been 
sampled  by  a  bureau  employee  the  engineer  in 

•  ̂''^o'Sand 
■iB^i'S'-one  Eclq:nq -8' Hand  Pocked  Rubble 

-  60-0' 

--36-0'. 

J.'m?.<?  Blocks  _._     jg,(,.     ____;   ^.........ir-o:   _ 
^  street Corrracks-       6Tar Macadam-,  l-6'''4'Sett 

r  Concrete  ."^ 

S- Rubble       (,      \ 

   57-0^   -   -V--1- 
27-0'       ***"^«!;r^"     I5-0--— 

6'Tar  Macadam  •^-■6\0'——>^-   9'-0"   *• 

6'--i-Seft  ■■■ 
'!:'J-''l'\yi'!"'1".""l'-'" 

■l2''d'Edginq 8' Rubble 

W   g-o'-   »i«-   
l2-'8-Curbi    ir-e-Gutter 

■  45-0-- 
■  27-0'- 

'  8' Rubble 
*+«    9-0'   ■»-: 

■.■6''4-Setf  ; 

hU'Tri-Tfrrii! 

IZ'i-6'Curb 

'■■^'TorSond 

IZ'6-om''a'Curb 

'r>^   6-0'^ 

  -.X-o:-. 

■VI   ZO-0'-  —  - 
S'or  Macadam 

4'TorSand 

♦.^Kovi*.   aw--*) 

-IZ'^Z' Edging 

~*   a-0-—^ 

I 

■»-   JO-O-   -*: 

r^   9-0'"— «-<   2/:o"   *i    Railway 

^  IZ'yB'Curb   *i  .-e'Tar Macadam  i  orProok 

4-TarSand  ^^-^    .     . 
0  f^uboie 

—      15-0-   6'  Tar  Macadam e^b'Sefts- 

,rLr^.-6''4-3etts 

8- Rubble 

Fig.   1.    Cross   Sections  of  Typical    Residence   Streets. 

The  width  and  lay-out  of  the  streets  are 
shown  in  Fig.  1.  Widths  varv  from  60  ft.  to 

MO  ft.  for  front  streets,  with  "20-ft.  and  15-ft. back  streets. 
It  will  be  noted  that  where  the  streets  are 

4.5  ft.  or  greater  width  the  footpaths  have  a 
<l-ft.  or  .l-ft.  wide  plot  set  apart  for  the  planta- 

tion of  trees.  These  trees  have  grown  well 
in  most  situations,  and  are  much  appreciated 
bv  the  residents  in  the  avenues  where  they  are 

planted. 

charge  of  omistruction  is  notiliod  and  lie  takes 
the  samples.  \o  material  is  used  until  the  con- 

struction engineer  is  officially  notified  of  its 
acceptance  by  the  bureau.  If  during  construc- 

tion an  inspector  notes  a  variation  in  quality  of 
materials  used,  additional  samples  are  taken. 

In  unloading  bituminous  material  the  condi- 
tion of  the  shipment  shall  be  noted.  .Ml  bar- 
rels received  shall  be  consecutively  numlicred. 

beginning  with  1  ;  the  number  shall  be  painted 
on  the  barrel  in  large  white  figures,  and  the 
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barrel  number  and  gallons  contained  shall  be 
entered  in  a  proper  record  book  as  the  barrels 
are  emptied  into  the  tank.  All  barrels  de- 

stroyed must  be  so  recorded. 

.■\n  officially  sealed  car  has  both  doors  sealed 
with  a  numbered  lead  seal  and  wire.  A  card 
stating  that  the  car  has  been  officially  sealed  by 
an  inspector  of  the  bureau  will  be  tacked  to  the 
sides  of  the  car  near  the  seal.  When  the  car 
has  been  opened  by  the  engineer  these  forms 
and  seals  should  be  removed  from  both  sides 
of  the  car. 
When  an  officially  sealed  car  arrives  with  the 

seal  broken  or  in  a  damaged  condition,  and  the 
engineer  has  reason  to  believe  that  the  material 
therein  is  not  the  same  or  in  the  same  condi- 

tion as  previously  sampled,  or  if  for  any  reason 
he  believes  that  the  material  received  is  not 
satisfactory,  he  should  promptly  submit 
samples  for  test. 

S.\MPUNG. 

Sam.ples  of  material  will  be  taken  by  a  duly 
authorized  employee  of  the  department,  in  its 
place  of  occurrence  or  manufacture  or  de- 

livery by  carrier.  These  samples  must  be 
taken  from  different  parts  of  the  lot  of  ma- 

terial to  be  tested,  so  as  to  be  fairly  repre- 
sentative, and  must  be  unmi.xed  with  foreign 

substances  and  placed  in  clean  and  safe  re- 
ceptacles:  and  they  must  conform  in  all  re- 

spects to  the  requirements  given  under  the  spe- 
cial headings.  They  must  be  carefully  and  se- 

curely packed,  enclosing  notification  slip  prop- 
erly protected  from  wear  and  injury,  and  sent 

by  express  "collect"  to  the  bureau,  a  postal 
card  notice  being  mailed  at  the  same  time. 
Envelopes,  scoops,  cans,  thermometers,  etc.,  for 
use  in  taking  the  samples  are  provided. 

In  the  case  of  materials  sampled  at  place  of 
manufacture,  check  samples  may  be  required, 
these  are  to  be  taken  and  treated  the  same  as 
ordinary  samples,  except  that  the  packages 

must  be  marked  "Check  Samples,"  and  the  use 
of  the  material  need  not  be  prohibited  pend- 

ing the  results  of  the  check  tests. 

Sand  and  Craz'el. — The  character  of  the 
supply — whether  from  stream  bed.  bank,  crush- 

er bins.  etc.. — is  to  be  stated ;  also  the  use  for 
which  it  is  intended — whether  for  concrete 
foundations  or  other  structures,  binder  for 

water-bound  macadam,  filler  or  wearing  car- 
pet or  blotter  for  bituminous  macadam,  or  for 

aggregate  in  water-bound  or  bituminous  ma- 
cadam, etc. 

Material  which  will  all  pass  through  a  %-in. 
screen  will  be  considered  sand.  Each  sample 
of  sand  or  screenings  shall  be  %  cu.  ft.  in 
volume;  of  gravel  1%  cu.  ft.  A  small  sample 
shall  be  taken  from  each  test  sample  sent,  and 
be  kept  on  the  contract  as  a  measure  of  the 
quality  of  material.  Each  sample  is  to  be 
shipped  in  a  tight  box  or  in  a  clean,  closely 
woven  bag  from  which  there  will  be  no  leak- 

age: the  usual  identification  slip  is  to  be  en- 
closed. In  numbering  samples,  sand  and 

gravel  are  to  be  treated  as  one  material,  not 
as  two. 

Notification  of  acceptance  or  rejection  may 
be  expected  to  arrive  at  the  division  office  20 
days  after  submission  of  the  samples  and  data, 
providing  the  need  of  a  retest  does  not  cause 
delay. 

Cement. — One  sample  is  to  be  taken  from  at 
least  every  10  bbls.  or  every  40  bags,  care  be- 

ing taken  to  properly  distribute  the  sampling 
over  the  lot.  Each  sample  shall  be  not  less 
than  twenty-seven  cubic  inches  in  volume  or 
enough  to  fill  a  3-in.  cube.  Whenever  pos- 

sible, samples  should  be  forwarded  in  en- 
velopes furnished  by  the  commission  for  that 

purpose,  the  envelopes  being  filled  to  the  line 
marked  thereon. 

The  individual  samples  are  not  to  be  num- 
bered, but  each  group  or  lot  of  these  samples 

representing  a  single  boat  load  or  car  load  is 
to  be  given  a  lot  number,  and  these  lot  num- 

bers are  to  run  consecutively.  Not  more  than 
one  boat  load  or  car  load  is  to  be  represented 
by  one  lot  number. 

Receipt  of  notification  of  acceptance  or  re- 
jection of  cement  sampled  at  destination  may 

be  expected  to  arrive  at  the  division  engineer's 
office  20  days  after  the  submission  of  the 
samples  and  data.     Tf  cement  is  held  for  28- 

day  tests  the  division  engineer  will  be  notified accordingly. 

Concrete. — The  concrete  on  each  highway 
must  be  sampled  for  testing,  the  samples  being 
taken  at  random  from  the  batches  used  and 
being  moulded  at  the  place  and  time  of  mix- 

ing. The  work  need  not  be  delayed  pending 
the  results  of  the  tests. 

Each  sample  shall  be  a  pair  of  cubes  measur- 
ing 6  ins.  on  the  edge  or  of  cylinders  S  ins. 

in  diameter  and  16  ins.  long:  the  sample  is  to 
be  made  in  such  manner  as  to  fairly  represent 
the  concrete  going  into  the  structure.  At  least 
one  sample  is  to  be  taken,  and  as  many  more 
as  seem  to  be  required  by  changes  in  the  char- 

acter of  any  ingredient  or  by  any  other  con- 
sideration. 

In  concrete  pavement  work  (whether  foun- 
dation or  top  course)  one  pair  of  cubes  or 

cylinders  should  be  sent  for  every  500  cu.  yds. 
Not  less  than  two  pairs  are  to  be  sent,  how- 

ever small  the  pavement.  The  sample  must  re- 
main in  the  mold  two  days,  then  be  buried  in 

clean  sand  to  age  under  the  same  conditions 
as  the  material  in  the  structure.  On  the  twen- 

ty-first day  the  sample  shall  be  taken  out  and 
shipped.  Each  sample  is  to  have  its  number 
painted  on  each  piece,  and  is  to  be  shipped  in 
a  box,  properly  protected  from  breakage  and 
surface  chipping,  accompanied  by  the  usual 
included  identification  slip  and  the  postal  no- 

tification. Especially  must  the  class  of  con- 
create,  the  purpose  for  which  it  is  used  (kind 
of  structure  and  portion),  and  the  date  and 
time  of  day  when  sample  was  mixed,  be 
stated. 
Bituminous  Material. — When  material  is 

shipped  in  barrels  one  sample  is  to  be  taken 
for  every  20  or  25  barrels,  the  sampling  being 
properly  distributed  over  the  lot. 
When  material  is  shipped  in  tank  cars  one 

sample  is  to  be  taken  for  every  2,000  or  2,500 
gallons,  the  samples  being  taken  from  equally 
distributed  levels  in  the  car. 
When  mineral  bitumen  is  shipped  in  loose 

bulk,  one  sample  is  to  be  taken  for  every  5 
or  6  tons,  the  samples  being  taken  from  dif- 

ferent levels  and  different  locations  in  the  lot 
and  never  from  the  surface  of  the  material. 
Each  sample  shall  be  not  less  than  fourteen 
cubic  inches  in  volume,  which  volume  is 
slightly  less  than  one-half  pint  or  about  the 
size  of  a  one  pound  paint  can. 

It  should  be  remembered  that  the  bituminous 
material  will  flow  at  summer  temperature  or 
thereabouts,  and  consequently  great  care 
should  be  used  in  sealing  cans  and  doing  up 
packages.  Whenever  possible,  samples  should 
be  forwarded  in  the  cans  furnished  by  the 
commission  for  the  purpose. 

The  individual  samples  are  not  to  be  num- 
bered, but  each  group  or  lot  representing  ^\ 

single  boat  load  or  car  load  is  to  be  given  a 
lot  number,  and  these  lot  numbers  are  to  run 
consecutively ;  not  more  than  one  boat  load  or 
car  load  of  material  is  to  be  represented  by 
one  lot  number 

In  order  to  check  the  weighing  and  marking 
of  bituminous  materi.il  shipped  in  barrels,  one 
unopened  barrel  out  of  every  carload  of  ap- 

proximately fi5  bbls..  or  a  proportionate  num- 
ber of  barrels  for  each  boat  load,  is  to  be  se- 

lected a*-  random  and  weighed.  The  gross 
weight  found,  and  the  gross  weight  marked 
on  the  barrel,  are  to  be  entered  on  monthly 
bituminous  material  reports  or  the  informa- 

tion mav  be  recorded  elsewhere  and  submit- 
ted to  the  bureau  of  tests.  .^Kny  noticeable 

difference  between  the  gallonage  marked  on  a 
barrel  and  the  gallonage  found  therein,  must 
be  reported. 
The  unit  of  measure  for  bituminous  ma- 

terial is  the  gallon  measured  at  the  tempera- 
ture of  00°  F.  If  the  volume  of  material  is 

measured  when  hot.  allowance  should  be 

made  for  expansion  according  to  the  follow- 
ing table,  which  will  apply  approximately  to 

all  of  the  different  classes  of  bitnminous  ma^ 
terial  at  present  used  on  the  state  highways : 

Increase  in  volume  of  various  classes  of 

bituminous  material  when  heated  from  60° 
F.  to  400°  F.  is  approximately  12  per  cent;  to 
•■?50°  F.  is  approximately  10  per  cent;  to  300° 
F.  is  approximately  8  per  cent :  to  250°  F.  is 
approximately  6  per  cent ;   to  300°   F.  is  ap- 

proximately 4  per  cent;  to  1-50°  F.  is  approxi- 
mately 2  per  cent. 

Stone. — Rotten  or  partially  disintegrated 
stone,  or  weathered  specimens  from  the  sur- 

face of  a  quarry  or  ledge,  are  not  to  be  sub- 
mitted. Samples  of  quarry  or  ledge  stone 

must  be  representative  of  the  sound,  fresh,  in- 
terior stone  of  the  ledge  or  quarry.  Such 

samples  may  be  secured  either  by  blasting  or 
by  breaking  up  with  the  sledge.  If  all  ma- 

terial is  of  the  same  variety,  texture,  etc.,  one 
sample  will  suffice.  If,  however,  there  are 
different  varieties,  separate  samples  are  to  be 
taken  of  each  and  report  made  as  to  the  ex- 

tent, giving  details  as  to  location  and  position 
for  use.  .All  field  stone,  whether  in  walls, 
piles,  or  scattered  over  the  ground,  which 
mightbe  used,  must  be  examined  and  a  repre- 

sentative sample  taken.  When  two  or  more 
varieties  of  great  difference  in  quality  or 
texture  are  observed  to  exist,  separate  samples 
are  to  be  taken  of  each,  and  report  made  as 
to  the  percentage  of  each  kind,  the  amount  of 
small  stone  which  might  run  through  the 
crusher  without  action,  and  the  percentage  of 
disintegrated  or  badly  weathered  rock  pres- 
ent. 

In  taking  samples  from  the  output  of 
crushers,  fifteen  pounds  of  crushed  material 
not  smaller  than  1%  in.  in  size  shall  be  taken, 
and  also  one  piece  at  least  3.x4x5  inches  shall 
be  procured  from  the  source  of  supply. 

Each  sample  shall  weigh  not  less  than  25 
lbs.  nor  rnore  than  35  lbs.  If  the  entire  sam- 

ple submitted  is  a  single  piece  of  stone  it 
should  be  remembered  that  a  piece  about  the 

size  of  a  man's  head  will  weigh  25  or  30  lbs. 
While  not  less  than  25  lbs.  are  absolutely 
necessary  in  each  sample,  care  should  be  taken 
to  see  that  the  samples  do  not  weigh  over  35 
lbs.  One  piece  of  each  sample  shall  be  at  least 
3.x4x5  inches. 

Pacing  Brick. — A  sufficient  number  of  sam- 
ples in  even,-  case  is  to  be  taken  to  insure  the 

use  of  bricic  of  proper  quality,  but  it  should 
also  he  borne  in  mind  that  the  charges  for 
transportation  and  testing  of  brick  are  high, 
and  only  the  smallest  number  of  samples 
necessary  for  this  purpose  should  be  submit- 

ted. -At  least  one  sample  is  to  be  taken  from 
every  200.000  brick  or  less.  Each  sample  shall 
consist  of  30  bricks. 

If  in  a  shipment  or  several  shipments  of  the 
same  make  and  kind  of  brick  there  appear  to 
be  diflferent  classes  of  brick — such  as  brick  of 
different  degrees  of  burning,  for  example — a 
full  samnle  of  each  class  is  to  be  taken.  Each 
brick  selected  for  the  sample  is  to  be  free 
from  cracks  or  other  defects  which  would 
prevent  passing  inspection  at  the  road,  for 
the  sample  must  represent  bricks  which  will 
not  be  culled  out.  Especially  is  it  forbidden 
that  any  person  financially  interested  in  the 
manufacture  or  use  of  brick  be  present  when 
samples  are  taken. 

Each  sample  (consisting  of  30  bricks)  shall 
receive  a  number,  the  numbers  to  run  con- 

secutively for  each  road.  The  sample  shall 
be  shipped  in  wooden  boxes,  not  more  than  10 
or  12  bricks  being  put  in  one  box  on  account 
of  weight  and  strength  of  package. 

Notification  of  acceptance  or  rejection  of 
brick  sampled  at  destination  may  be  expected 

t«  arrive  at  the  division  engineer's  office  nine 
days  after  submission  of  samples  and  data, 
providing  the  need  of  a  retest  does  not  cause 

delay. 

Asphalt  Block. — .\  sufficient  number  of  sam- 
ples in  every  case  is  to  be  taken  to  insure  the 

use  of  block  of  proper  quality,  but  it  should 
al.so  be  borne  in  mind  that  transportation  and 
testing  costs  are  high,  and  only  the  smallest 
number  of  samples  necessary'  should  be  sub- 

mitted. .'\t  least  one  sample  is  to  be  taken 
from  every  lOO.OOO  blocks  or  less.  Each  sam- 

ple shall  con.sist  of  two  blocks. 
If  in  a  shipment  or  several  shipments  of 

the  same  make  and  kind  of  block  there  appear 
to  be  different  classes  of  block,  a  full  sample 
of  each  class  is  to  be  taken.  Each  block  se- 

lected for  the  sample  is  to  be  free  from  every 
defect  that  would  prevent  its  passing  inspec- 

tion at  the  road,  for  the  sample  must  repre- 
sent blocks  which  will  not  be  culled  out.  Each 

sample    (consisting  of   two   blocks)    shall   re- 
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ceive  a  number,  the  numbers  to  run  consecu- 

tively for  each  road.  The  sample  shall  be 

shipped  in  a  wooden  box,  with  usual  identifica
- 

tion card  and  postal  notice.  .      . 

Notification  o£  acceptance  or  rejection  of 

block  sampled  at  destination  may  be  expected 

to  reach  the  division  engineer's  office  fourteen 
davs  after  submission  of  samples  and  data, 

providing  the  need  of  a  retest  does  not  cause delay. 
ACCEPTANCE. 

Upon  completion  of  the  testing  of  any  set 

of  samples  the  division  engineer  is  notified  of 

the  acceptance  or  rejection  of  the  material, 

and  transmits  the  statement  to  the  engineer  in 

charge  of  the  contract. 

Making  Cuts  in  Pavements  Having  a 

Concrete  Base  by  Means  of  a 

Hammer  Drill. 

(Staff  Article.) 

Cutting  through  a  concrete  pavement  base 

is  slow  and  expensive  work  when  accom- 

plished by  hand  picking.  On  an  asphalt  pave- 
ment repair  job  in  progress  in  Salt  Lake  City, 

Utah,  the  contractor,  J.  P.  Moran,  has  been 

using  a  hamm.er  drill  for  this  purpose.  The 

economy  of  the  use  of  a  tool  of  this  kind 

when  working  along  a  street  car  track,  where 

a  picking  gang  is  subject  to  constant  inter- 
ruption bv  passing  street  cars,  is  apparent. 

The  method  used  in  making  these  cuts.  Fig. 

1,  was  as  follows:  A  line  marked  one  foot 

from  the  car  tracks  was  channeled  through 

the  asphalt  with  a  Sullivan  DC-19  drill  oper- 
ated bv  one  man,  a  special  fan-shaped  chan- 

neling bit  being  used.  When  a  sufficient  dis- 
tance had  been  channeled  a  gadding  bit  was 

substituted  and  the  asphalt  removed  from  the 

concrete  base.  The  exposed  concrete  base  was 

broken  up  with  the  same  bit,  holding  the  ma- 
chine in  a  nearly  vertical  position,  Fig.  2.  The 

concrete  was  broken  into  pieces  from  4  to  8 

ins.  square,  which  were  readily  thrown  out 

by  hand  or  removed  with  a  shovel. 
The  drill  broke  up  an  average  of  1  sq.  ft.  of 

asphalt  and  concrete  in  2V4  minutes.  By  the 
old  method  three  men  with  sledges  and  picks 

averaged  1  sq.  ft.  in  6%  minutes,  or  10%  min- 
utes per  man  per  square  foot  removed. 

The  drill  was  operated  bv  steam  obtained 

from  a  compressor  mounted  so  that  it  could 

be  dragged  along  the  street  and  supplied  with 
steam  by  a  portable  boiler. 

A    rough    estimate   of    the   cost   of    similar 

Fig.  1.    Method  of  Channeling  Asphalt  Pave- 
ment. 

work  using  slightly  different  equipment  and  a 

comparison  with  hand  labor  costs  is  given 
below : 

MACHINE    WORK. 
Cost      of      plant,      IncludInK      one 

"WK-S"      20-h.p.      portable     air 
■compressor,    operated    by   Kaso- 
Une    engine,    and    two    "DC-19 hammer      drills.       hose.       steel, 
blacksmith   tools,   etc..   about. .  .$2,000.00 

Interest  on  plant,  at  6  per  cent..      120.00 
Depreciation,   15  per  cent        300.00 

Total  plant  expense  per  year. . 

ODeratlnK   e.Npense.    17.'>    days    per 
year,    per    day    ($420h-17B1   

KnKlneer's  wages  per  day..   Two  drill  operators,  at  |2.60  each 
Gasoline.    20  Rals.  at  23  rts   
Oil,   waste,    etc   

M20.00 

2.40 
3.50 5.00 
4.60 .50 

$0.0416 

.0937 

Frogress  per  day  of  8  hours,   3S4 

sq.    ft. Cost  per  square  foot   
HAND    WOKK    COST. 

Six  laborers  at  $2.25  per  day          13.50 
1  regress    per    day,    8    hours,    144 

sq.   ft. Cost  per  square   foot   

Saving   in    cost   per   square    foot,    by   use 
of  portable  a)i-  compressor  and  hammer drills      $0.0521 
The   information   and   photographs   used   in 

preparing    this    article    were    furnished    by    J. 
H.  Henning  of  Salt  Lake  City,  Utah. 

Construction   Methods  and   Costs  and 

Service    Records     for     Concrete 

Roads  in  Ohio. 

Since  July,  1911,  39.63  miles  of  concrete  road 
have  been  built  under  the  supervision  of  the 
Ohio  State  Highway  Department  and  ioM 
miles  are  now  under  contract,  making  a  total 

state  mileage  of  09.64  miles.  Twenty-nine  sec- 
tions of  road  varying  from  0.7  to  2.7  miles 

in  length  were  constructed  in  different  por- 
tions of  the  state.  The  tables  and  data  given 

here  supplement  the  description  of  this  work 
contained  in  the  issue  of  Engineering  and 
Contracting  for  March  4,  1914. 

.l/a/rrio/j-.— Materials  for  concrete  aggre- 
gate are  well  distributed  throughout  the  state. 

In  character  they  vary  from  limestone  in  the 
western  half  of  the  state  to  furnace  slag  in 

the  eastern  portion,  glacial  gravel  being  abund- 
ant throughout  the  northern  and  western  sec- 

tions. It  may  be  said  that  materials  exist 
within  reasonable  hauling  distance  of  nearly 

every  mile  of  road  in  the  state.  Some  30  com- 
mercial sand  and  gravel  working  plants  and 

150  limestone  quarries  are  in  active  operation. 
In  addition  there  are  local  sand  and  gravel  de- 

posits and   small  quarries. 
All  materials  used  were  tested  in  the  state 

laboratory.  \  special  effort  was  made  to  se- 
cure good  sand,  the  specifications  requiring 

that  the  tensile  strength  of  mortar  test  bri- 
quettes made  therefrom  be  not  less  than  that 

of  briquettes  in  which  standard  Ottawa  sand 
and  the  same  cement  were  used. 

TYPES    OF    CONSTRUCTION. 

The  type  of  construction  generally  used  was 
a  single-course  plain  concrete  pavement  laid 
on  the  natural  earth  foundation  (with  the  ex- 

ception noted  in  Table  I),  and  surface  treated 
with  bitumen. 

Gross  Seclious. — Three  types  of  cross  sec- 
tion were  used,  no  set  standard  having  been 

adopted,  viz.,  (a)  uniform  thickness  with 
equal  crown  on  surface  and  subgrade,  (b) 
greater  thickness  at  center  with  slight  crown 
in  subgrade,  and  (c)  a  flat  subgrade  with 
greater  thickness  at  center.  Figure  1  shows 

graphically  the  difference  between  these  sec- tions. The  standard  crown  was  M  in.  to  1  ft., 
which  has  been  found  sufficient.    At  the  pres- 

used.  Batch  mixers  were  employed.  Some 
trouble  was  experienced  in  counteracting  the 

tendency  of  contractors  to  use  too  wet  a  mix- 
ture. On  heavy  grades  a  dryer  mixture  was 

used  avoiding  the  wavy  surface  which  results 
from  the  creeping  of  sloppy  concrete. 

Laying  Concrete  Surface.— tht  wearing 
surface  was  wood-floated  to  compact  and 

seal  the  surface.  No  depression  greater  than 

%  in.  below  a  10-ft.  straightedge  applied  par- 

allel to  the  surface  was  allowed.  Two  meth- 
ods of  curing  were  used:  (1)  the  surface  was 

covered  with  canvas  within  1  hr.  after  float- 
ing and  left  in  place  12  hrs.,  and  (2)  the 

surface   was   sprinkled    for   5   days.     In  both 

Fig.  2.    Method   of  Breaking   Concrete   Base. 

cases  a  sand,  straw,  or  dirt  covering  was  used 
to  assist  in  retaining  the  moisture. 

./otH/.?.— Joints  were  generally  spaced  30 
feet.  Failure  usually  occurred  at  poured 

joints.  Tarred  felt  joints  have  not  failed  so 
often.  Transverse  cracks  appear  in  numbers 

except  in  rare  cases,  when  the  joint  spacing 
exceeds  30  feet.  To  date  of  inspection  cracks 
do  not  show  appreciable  wear. 
A  monolithic,  12-ft.  pavement  6,946  ft.  long, 

was  completed  in  Sept.,  1912,  in  Huron  Co. 
One-half  of  the  pavement  is  6  ins.  thick  on  a 

clay  foundation,  the  remainder  o  ins.,  the 
minimum  thickness  of  cut  being  laid  on  an 

old  sandstone  macadam  foundation.  Lime- 
stone and  Canadian  sand  were  used  in  the 

concrete  allowing  6  sacks  of  cement  per  cubic 

yard  of  concrete.  An  inspection  in  January, 

1914,  showed  85  transverse  cracks  rangnig 

from  9  to  159  ft.  in  spacing.  The  general  con- 
ditions as  regards  number  and  spacing  of 

cracks  are  the  same  in  both  halves  of  the 

toad  the  cracks  being  irregular  and  several 

badly  worn. 

COST. The  average  cost  of  the  concrete  pave- 
ments completed  to  date  is  $1,128  per  square 

yard,  as  set  forth  in  Tabic  1.  This  cost 
is  the  contract  price  paid  and  does  not  include 

the  cost  and   expense   of  engineering  and   m- 
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Fig.  1.    Cross  Section  of  Typical  Concrete  Road    Built  by  the  Ohio  Highw
ay  Commission. 

Dally  cost  of  operation          $16.00 

ent  time,  the  type  of  cross  section  appears  to 
bear  little  relation  to  the  permanency  of  the 
pavement,  as  is  shown  by  Table  II,  which  was 
prepared  from  the  inspection  report  of  H.  D. 
Bruning  and  Harwood  Lcrsch,  division  engi- 

neers of  the  state  department. 

METHODS  OF  CONSTRUCTION. 

Concrete  Proportions.— -A  1:1%  :3  mixture 
of  concrete  was  generally  used,  the  proportion 

of  mortar  (1:1%)  being  maintained  uniform- 
ly but  a  slight  variation  in  the  aggregate  al- 

lowed to  secure  a  10  per  cent  excess  of  mortar. 
It  has  been  the  experience  of  the  department 
that  less  care  in  mixing  and  placing  is  required 
with  this  mixture  than  when  a  leaner  one  is 

used. 
Mi.rimi  Concrete  — Aggregate  was  usually 

measured  in  gaged  wheelbarrows  although  in 
several  cases  boxes  of  1  cu.  ft.  capacity  were 

spcctioii.  but  docs  include  the  cost  of  grading 
and  finishing  of  shoulders  and  ditches  and  a 
small  amount  of  accessories.  Deducting  from 

this  average  cost  the  average  cost  of  surface 
treatment,  which  is  9V2  cts.  per  square  yard, 
there  remains  $1,033  as  the  average  cost  per 

square  yard  of  plain  concrete  including  grad- 
ing, shoulders  and  accessories.  The  average 

cost  of  grading,  finishing  of  shoulders  and 
ditches  and  accessories  is  $0,107  per  square 

yard  of  paved  surface.  Deducting  this  from 
$1,033  we  have  86.6  cts.  as  the  average  cost 

per  square  yard  of  the  plain  pavement  alone 
exclusive  of  engineering  and  inspection  costs. 

Rubber  Paving  in  London. — Permission 

has  been  granted  by  the  (lity  of  London  Cor- 
poration to  the  acting  agent  of  the  Federated 

Malay  states  to  lay  an  experimental  strip  of 
rubber  paving  in  (Jannon  St. 
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The   Selection   of   Asphaltic   Materials 
for  Road  Construction. 

The  fundamental  requirements  of  a  bitu- 
men satisfactory  for  road  use  are  simple.  In 

digesting  the  mass  of  detail,  however,  that 
complicates  the  selection  of  the  most  suitable 
binder  the  engineer  is  apt  to  lose  sight  of 
these  fundamentals  unless  they  have  been  well 
impressed  on  his  mind. 
A  paper  discussing  the  fundamental  require- 

ments of  asphaltic  materials  by  Alfred  A. 
Berkowitz  of  the  Sheffield  Scientific  School 
is  given  here.  This  paper  was  a  prize  essay 
in  a  recent  competition  held  by  the  Barber 
Asphalt  Company. 

THE     NEED    OF     STANDARDS     OF    COMPARISON. 

To  specify  an  asphalt  by  its  chemical  or  its 
physical  properties  alone  is  not  enough.  The 
chemical  properties  of  two  asphalts  might  be 
the  same,  while  physically  they  differed  mark- 

edly. Moreover,  a  relationship  exists  among 
certain  properties,  and  there  is  danger  of  as- 

signing limitations  to  the  several  properties 
covered  in  a  given  specification  without  con- 

sidering the  effect  of  each  limitation  upon  the 
other  properties  included.  For  instance,  the 
higher  the  ductility  required  of  an  asphalt  the 
more  susceptible  it  is  to  change  in  tempera- 

ture. Furthermore,  the  engineer  cannot  be 
governed  entirely  by  theoretical  considerations, 
but  must  keep  in  mind  the  ability  of  the 
manufacturers  to  meet  his  requirements.  He 
should  avoid  making  requirements  that  are 
superfluous,  inconsistent,  unnecessarily  increase 
the  cost,  or  sometimes  even  impossible  to 
carry  out.  Numerous  instances  can  be  cited 
where  the  combinations  of  properties  required 
have  not  existed  in  any  commercial  material. 
These  impossible  requirements  usually  result 
when  the  engineer  selects  clauses  here  and 
there  from  several  other  specifications  which 
he  knows  to  have  given  satisfaction.  With 
a  view  toward  remedying  this  evil,  the  .Ameri- 

can Society  of  Civil  Engineers,  the  American 
Society  for  Testing  Materials,  etc.,  have  pre- 

pared standard  specifications  for  asphaltic 
rnaterials  in  various  kinds  of  road  construc- 

tion. These  specifications  are  very  well 
drawn  up  and  serve  their  purpose  admirably, 
provided  they  are  correctly  and  intelligently 
used.  It  is  in  this  regard  that  experience  can 
help  us.  In  cases  where  these  specifications 
have  been  used,  nearly  all  the  failures  have 
been  due  to  the  fact  that  the  specifications 
were  followed  blindly,  without  an  understand- 

ing of  their  value  and  their  interpretation; 
merely,  as  it  were,  substituting  in  a  formula 
without  considering  the  units  involved.  A 
knowledge  of  the  value  and  interpretation  of 
each  test  must  be  possessed  by  every  engineer 
who  makes  or  who  uses  specifications  before 
he  can  hope  to  obtain  success  in  the  employ- 

ment of  these  very  desirable  materials.  This 
is,  in  fact,  the  chief  lesson  of  experience. 
Then,  knowing  these  facts,  and  keeping  in 
mind  the  lessons  of  service  tests  of  similar 
materials  under  similar  conditions,  the  engi- 

neer can  employ  specifications  with  the  assur- 
ance that  his  work  will  be  a  success. 

INTERPRETATION    OF   TESTS. 

The  value  and  interpretation  of  the  more 
important  tests  required  of  asphaltic  materials 
will  be  discussed.  The  method  of  actually 
making  these  tests  will  not  be  taken  up,  since 
these  can  better  be  obtained  from  the  afore- 

mentioned  standard   specifications. 
The  individual  tests  usually  specified  may 

be  divided  into  three  groups:  (!)  They  may 
directly  indicate  the  suitability  of  the  mate- 

rial specified  for  a  given  use;  (2)  they  mav 
serve  as  a  means  of  identifying  the  material 
or  its  source,  and  (3)  they  may  serve  to 
control  uniformity  in  the  preparation  or  manu- 

facture of  a  material. 

Viscosity. — The  most  important  test  belong- 
ing to  the  first  group  is  the  determination  of 

the  consistency  or  viscosity.  The  consistency 
or  viscosity  of  a  material  is  its  degree  of  firm- 

ness as  determined,  by  measuring  its  internal 
friction.  Requiring  this  test  in  the  specifica- 

tions is  of  value  since  a  physical  test  can  gen- 
erally be  better  understood  than  any  corre- 

sponding  chemical    one.    This   test,    however. 
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can  be  of  raa.ximum  value  only  when  applied 

to  a  specific  type  of  asphaltic  material  and 
when  considered  in  connection  with  other 

tests,  which  by  themselves  may  not  directly  in- 
dicate suitability.  Thus  for  one  type  of  bitu- 

minous concrete  pavement  the  proper  penetra- 
tion at  2.5°  C.  for  a  California  asphalt  may  be 

between  7  and  9  mm.,  while  the  proper  pene- 
tration limits  for  a  fluxed  Bermudez  asphalt, 

to  be  used  in  exactly  the  same  type  of  pave- 
ment and  under  the  same  conditions,  may  be 

from  14  to  16  mm.  Again,  experience  has 

shown  that  a  harder  asphalt  cement  is  needed 

for  a  sheet  asphalt  pavement  of  sand,  pow- 
dered limestone,  and  asphalt  cement,  than  for 

a  pavement  containing  crushed  stone.  The 

amount  of  traffic  and  the  climate  are  also  im- 

portant factors  to  be  considered  in  lixing  pene- tration limits  for  any  asphaltic  material. 

Volatilization. — Another   test   serving   to   in- 
dicate   the    suitability   of    a    material    for    any 

special    purpose    is   the   volatilization    test.     A 
determination   is  made  of   the   loss   in   weight 
of  the   material   by   volatilization,   and   of   the 

consistency  of  the' residue.     It  is  of  consider- 
able value' when  applied  to  road  oils.    The  loss 

in   weight  thus   found   is  a   fair  indication  of 

the  loss  by  volatilization  suffered  by  the  ma- terial  in  the  course  of  time  when  applied  to 

the  road,  and  also  the  character  of  the  residue 
is  similar  to  that  eventually   left  in  the  road. 
The  residue  should  be  of  a  sticky  nature.     If 
the  residue   of   these   oils   are  not   sticky  and 

adhesive  they  will  produce  an  undesirable  sur- 
face in  wet  weather.     .•\  paraffin  oil  will  pro- 

duce   a    greasy    residue,    and    is    consequently 
worthless  for  road  work,  whereas  an  asphaltic 
oil  may  be  successfully  used  for  this  purpose. 

Identification    Tests.— Tht    more    important 
tests    serving   as    a    means   of    identifying   the 
source    of    a    material    or    even    the    material 
itself,   are  the   specific  gravity,   melting  point, 
solubility,   in  carbon  disulphid.  and   fixed  car- 

bon   determinations.     The    specific    gravity    of 

an   asphaltic  material  is  one  of  the  most  im- 
portant  characteristics   used   to   determine   its 

identity.     This  is  especially  true  if  its  specific 
gravity   is   considered   in   connection   with    the 
consistency    of    the    material,    and    sometimes 
its    solubility    in    carbon    disulphide.      Thus    a 
bituminous  material  witli  a  specific  gravity  of 

ii.ilO  and  a  penetration  of  7  mm.  at  25°   C.  is 
a    blown    product.     Fluid    consistency    and    a 

high  specific  gravity  of  1.25  in  a  tar  serves  to identify  it  as  a  coal  tar,  and  the  identity   is 

strcngt'hened   if  its  solubility  in  carbon  disul- 
phide is  as  low  as  75  per  cent.     .As  applied  to 

oil     and     oil     products,     the     specific     gravity 

roughly  indicates  the  amount  of  heavy  hydro- 
carbons which  give  body  to  the  material.     As 

a   rule,   paraffin   oils  have  the   lowest   specific 
gravity   and   are   of  no   value   for   road   work, 
whereas  asphaltic  oils  have  the  highest  specific 

gravity  and  are  most  desirable   for  this  pur- 
pose.    In  regard   to  solid  bitumens   as  origin- 

ally   found,    it   must   be   remembered   that   the 
specific   gravity   will   depend   largely   upon   the 

per  cent  of  mineral  matter.     Thus  the  specific' 
gravity  of  Trinidad  asphalt  (containing  .37  per 
cent  of  mineral  matter)  is  1.40,  while  Gilson- 
ite,    an    extremely    pure    native    bitumen,    has 
specific  gravity  of  1.04. 
The  rnelting  point  of  a  bitumen  is  directly 

related  to  its  hardness  and  brittleness,  but 
the  relations  for  all  classes  are  not  the  same. 
The  method  of  employing  the  material  must 
also  he  considered  in  connection  with  its 

melting  point.  If  the  penetration  method  is 
used,  the  melting  point  should  not  be  too  high, 
because  the  highly  heated  material  would  be 
solidified  by  the  cold  stone  before  it  had  pene- 

trated to  any  extent.  In  a  bituminous  con- 
crete pavement,  the  melting  point  may  be  as 

high  as  climatic  conditions  will  allow. 
The  determination  of  the  solubility  in  car- 

bon disulphide  of  an  asphaltic  material  en- 
ables the  amount  and  character  of  the  con- 

•  tained  bitumen  to  be  ascertained.  The  per- 
centage of  bitumen  thus  obtained  does  not 

alone  determine  the  value  of  an  asphalt  for 

paving  purposes.  Two  asphalts  might  contain 
the  same  amounts  of  bitumen  and  yet  pos- 

sess entirely  different  powers  of  resistance  to 
the   destructive   action   of  the   elements.     One 
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might  possess  stability,  the  other  not.  The 
character  of  the  bitumen  does,  however,  indi- 

cate, by  the  amount  of  mineral  matter  present, 
whether  an  asphalt  has  been  used.  Likewise, 
an  absence  of  mineral  matter  indicates  that 
the  material  has  been  destructively  distilled 
during  its  preparation. 
The  amount  of  fi.xed  carbon  in  asphaltic 

material  also  serves  to  identify  the  source  of 
a  material.  Thus  high  fixed  carbon  in  most 
asphaltic  cements  produced  from  Mexican  pe- 

troleums serves  to  differentiate  them  from 

asphalt  cements  of  the  same  consistency  pro- 
duced from  Californian  petroleums.  Conse- 

quently, if  the  amount  of  fixed  carbon  found 
in  a  California  asphalt  cement  were  as  high 
as  the  amount  usually  present  in  Mexican  as- 

phalts (about  16  per  cent),  the  indication 
would  be  that  it  has  been  injured  by  over- 
heating. 

Method  of  Manufacture  Tests. — The  tests 
that  serve  to  control  the  preparation  and 
manufacture  of  a  bituminous  material  are  the 
flash  point,  distillation,  and  the  solubility  in 
naphtha  tests.  The  temperature  at  which  the 
material  flashes  is  an  indication  of  the  treat- 

ment to  which  it  has  been  subjected.  Crude 
oils  have  a  low  flash  point,  while  more  highly 
distilled  products  have  correspondingly  higher 
flash  points.  The  f^ash  point  of  a  material 
must  be  considered  in  connection  with  its  pro- 

posed use.  If  the  material,  especially  a  heavy 
road  oil,  is  to  be  heated  before  application, 
the  flash  point  should  be  high  enough  to  pre- 

vent its  ignition  while  being  heated. 
The  disi  illation  test  is  a  valuable  one, 

especially  for  tars.  No  tar  containing  water 
should  be  employed  as  a  permanent  binder. 

The  extent  of  the  solubility  in  naphtha  is  an 
indication  of  the  amount  of  body-forming 
hydro-carbons  which  give  mechanical  stabil- 

ity to  the  material.  No  oil  containing  les' 
than  4  per  cent  of  bitumen  insouble  in  naphtha 
will  prove  of  service  other  than  as  a  dust  pre- 
ventative. 

Service  Tests. — To  the  valuable  data  that 
may  be  obtained  in  the  manner  described 
above  must  be  added  the  lessons  of  experience 
and  service  tests  of  various  asphaltic  mate- 

rials under  various  conditions  and  in  different 
types  of  roads  and  pavements. 

The  need  of  alleviating  the  dust  nuisance 
has  involved  the  use  of  asphaltic  oils  for  that 
purpose.  E.xperience  has  shown  that  the  oils 
used  should  show  some  degree  of  adhesiveness 
when  rubbed  between  the  fingers.  Their  resi- 

dues after  the  evaporation  test  should  be  de- 
cidedly sticky  If  oily,  they  will  act  more  as 

lubricants  than  as  dust  binders. 

It  must  be  emphasized  again  that  paraffin 
oils  are  worthless  for  this  purpose.  Engi- 

neers throughout  the  country  are  finding  that 
the  use  of  palliatives  for  dust  prevention  is 
but  a  makeshift  at  the  most,  and  that  the 

best  practice  is  tending  toward  the  construc- 
tion of  bituminous  surfaces  or  carpet  coats 

wherever  any  degree  of  satisfaction  and  per- 
manency is   desired. 

CONDITIONS     CONTROLLING     USE. 

Bituminous  surfaces  are  used  principally  on 

macadam  and  gravel  roads,  on  bituminous  and 
cement  concrete  pavements,  and  to  some  ex- 

tent on  brick  and  stone  pavements.  The  char- 
acter of  the  traffic  to  which  the  road  is  to  be 

subjected  should  be  considered  in  the  con- 
struction of  a  surface.  E.xperience  has  shown 

that  if  the  road  is  subjected  to  light  motor 
and  light  team  traffic  only,  with  the  motor 
vehicles  predominating,  an  asphaltic  oil  of 
such  viscosity  that  it  requires  heating  to  at 

least  250°  F.  before  application  forms  a  bitu- minous surface  that  withstands  the  traffic 
and  thoroughly  preserves  the  road  for  a 
period  of  time  depending  upon  the  quality  of 
■lie  material  and  workmanship  and  upon  the 
quantity  of  traffic.  The  failure  of  many  bitu- 

minous surfaces  can  be  traced  to  improper 
preparation  of  the  broken  stone  surface.  The 
adhesion  of  the  oils  to  the  stone  is  a  very 
essential  point  to  consider.  Most  engineers 
are  in  favor  of  applying  the  bituminous  ma- 

terial under  pressure  since  the  adhesion  to  the 
stone  is  much  more  satisfactory  in  this  case. 
In  order  to  get  the  best  adhesion  of  asphaltic 
oils,  the  stone  surface  should  be  a  little  moist 
rather  than  extremely  dry,  but  in  either  case, 

every  particle  of  dust  and  dirt  should  be  re- 
moved from  the  stone  by  sweeping.  With 

proper  construction  and  under  normal  traffic 
conditions,  retreatment  is  necessary  every  one 

or  two  years.  In  choosing  the  bituminous  ma- 
terial for  a  surface  which  will  have  to  be 

renewed  often,  experience  has  shown  that  care 
must  be  taken  to  select  a  material  which  will 
set  up  sufficiently  to  allow  the  application  of 
repeated  layers  without  producing  a  plastic, 
easily  moved  blanket  surface.  Properly  con- 

structed, bituminous  surfaces  are  quiet,  prac- 
tically dustless,  and  comfortable  to  use. 

With  the  advent  of  the  motor  car,  it  was 
found  that  the  water-bound  macadam  pave- 

ment did  not  stand  the  automobile  traffic  and 
that  bituminous  macadam  could  be  laid  to 

withstand  this  traffic  at  a  cost  equal  to  water- 
bound  macadam,  when  the  maintenance  of  the 
latter  is  considered.  The  bituminous  material 
used  may  be  either  asphaltic  cement  or  refined 
coal  tar.  The  former  is  preferable  because  it 
possesses  greater  stability  under  atmospheric 
action.  Here  again,  numerous  instances  can 
be  found  where  unsuitable  materials  have  been 

employed  through  the  failure  of  the  engineer 
to  understand  the  physical  and  chemical  prop- 

erties of  the  different  types  of  asphaltic  ma- 
terials, and  the  different  inethods  of  treating 

them.  For  example,  many  a  good  asphalt 
has  been  ruined  by  overheating.  Again,  as- 

phalts of  too  little  ductility  have  been  chosen. 
The  slight  displacement  of  the  mineral  aggre- 

gate of  a  pavement  due  to  the  shocks  of  hoofs 
or  wheels  makes  it  necessary  that  the  asphalt 
cementing  material  should  yield  and  stretch 
a  little  and  not  break.  On  the  other  hand,  the 
greater  the  ductility,  the  more  susceptible  is 
the  asphaltic  material  to  changes  in  temper- 

ature. Once  more  the  knowledge  of  the  rela- 
tionship among  the  various  properties  of  a 

material  enables  the  engineer  to  intelligently 
set    the   limits   in    his    specifications. 

A  series  of  experimental  sections  was  con- 
structed on  a  road  subjected  to  mixed  traffic 

of  about  100  horse  drawn  vehicles  and  from 
250  to  300  motor  cars  per  day.  These  sections 
were  constructed  with  asphalt,  refined  water 
gas  and  coal  tars,  and  combinations  of  refined 
coal  tars  and  asphalts,  in  the  form  of  bitumi- 

nous concrete  pavements,  using  the  same  ma- 
terial for  the  cement  and  the  seal  coat.  Upon 

examination  after  three  years,  it  was  found 
that  for  this  class  of  trafiic,  or  for  horse 
drawn  traffic  exclusively,  the  seal  coat  should 
consist  of  an  asphalt,  as  being  more  durable 
and  economical  than  the  other  materials.  Ex- 

perience in  another  locality  has  shown  that  an 
excess  of  flux  or  of  the  volatile  constituents  in 
asphalt  cements  has  been  a  cause  of  failure. 
Pavements  constructed  with  such  materials 
are  wavy  and  distorted  by  heavy  traffic. 

SHEET    ASPHALT. 

One  of  the  most  widely  used  pavements  is 
sheet  asphalt.  Trinidad  asphalt  was  for  many 

years  the  only  available  supply  of  such  mate- 
rial, but  in  recent  times  many  other  sources 

have  been  disclosed.  In  addition  to  the  native 
asphalts,  like  those  obtained  from  Trinidad 
and  Bermudez,  asphalts  are  obtained  by  refin- 

ing asphaltic  oils.  The  results  of  experience 
and  service  tests  in  this  kind  of  pavement 
alone  furnish  the  engineer  with  a  collection 
of  valuable  data.  The  selection  of  both  the 

aggregate  and  the  asphalt  cement  requires 
a  careful  understanding  of  the  climate,  traffic 
and  other  conditions.  Proper  drainage,  in 
this,  as  in  all  other  pavements,  is  a  primary 

requisite.  Furthermore,  certain  bitumens  re- 
quire more  skill  in  handling  than  others. 

Again,  some  require  particular  fluxing  agents 
and  result  in  failures  when  improper  ones 
are  used.  The  main  requisite  of  a  good  sheet 
asphalt  pavement  is  inherent  stability.  This 
can  only  be  obtained  if  the  mineral  aggregate 

is  properly  selected  and  if  the  bitumen  pos- 
sesses cementing  value.  Experience  has  shown 

that  the  heavier  the  traffic  to  which  the  pave- 
ment will  be  subjected,  the  finer  must  be  the 

particles  composing  the  mineral  aggregate. 
In  addition,  the  consistency  of  the  asphalt 
cement  must  be  of  the  right  degree,  that  is. 
the  newly  laid  pavement  should  not  be  too 
hard.  The  marking  up  of  a  pavement  by  the 

caulks  on  horses'  shoes  does  not  necessarily 
indicate  that  the  pavement  has  been  improp- 

erly constructed.  If  the  pavement  were  too 
hard  at  the  start  it  would  have  a  shorter  life 
than  if  a  softer  asphalt  cement  had  been  used. 
.Sheet  asphalt  pavements  properly  constructed 
with  native  asphalts,  either  from  Trinidad  or 
Bermudez,  have  given  the  highest  degree  of 
satisfaction.  The  Barber  Asphalt  Paving 

Company  recently  took  a  census  of  the  old 
asphalt  pavements.  In  New  York  City  there 
are  184,290  sq.  yds.  of  Trinidad  sheet  asphalt 
20  years  old  or  older.  A  part  of  this  is  on 
Fifth  Avenue  and  is  subjected  to  the  very 
heaviest  traffic.  The  remainder  is  also  sub- 
iected  to  heavy  travel,  yet  all  the  pavements 
are  in  very  good  condition  at  the  present 
time.  Washington,  D.  C,  has  more  than 
1,000,000  sq.  yds.  of  Trinidaa  sheet  asphalt 
pavement  laid  between  1877  and  1901.  The 
average  cost  of  maintenance  is  1.8c  per  square 

yard  per  year. 

Method       Employed       in       Repairing 
Leaks  in  Flexible  Jointed   Water 

Main  in  40  Ft.  of  Water,  Gal- 
veston Harbor,  Texas. 

About  two  years  ago  a  water  main  of  8-in. 
cast  iron  pipe  with  lead  calked  flexible  joints 
was  laid  across  Galveston  Channel,  which  is 
the  waterway  lying  along  the  wharf  front 
of  Galveston.  It  extended  from  the  wharf 
front,  where  it  connected  with  the  city  water 
main,  to  the  pile  dike  on  the  north  side  of 
the  channel,  a  distance  of  1,400  ft.,  thence 
it  was  laid  in  a  shallow  trench  along  the  dredge 
spoil    bank    to    the    Government    Immigration 
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Station.  The  portion  across  the  channel  was 
laid  in  a  trench  40  to  100  ft.  wide,  dredged 
to  a  depth  of  41  ft.  across  the  entire  width 
of  the  Galveston  Channel,  which  was  then 
about  30  ft.  deep  for  500  ft.  of  its  1,400  ft. 
width.  Cast  iron  pipe  was  used  with  flexible 
joints  of  the  ordinary  ball-and-socket  type, 
whicii  allow  a  deviation  from  a  straight  line 

of  about  12°.  The  ordinary  lead  calking  was 
used  with-yarn  packing.  The  greater  por- 

tion of  the  line  was  laid  by  calking  up  and 
low-ering  one  pipe  at  a  time,  the  line  of  pipe 
being  carried  on  an  inclined  trough  from 
the  barge  nearby  to  the  bottom  of  the  trench 
and  the  barge  being  fleeted  forward  as  the 
line   lengthened.     Soon   after  the   laying   was 

completed  and  water  had  been  turned  into 
the  main,  leaks  began  to  develop  due  partly 
to  the  method  of  laying  and  to  the  uneven 
character  of  the  bottom,  which  caused  such 
a  great  deflection  at  each  joint  that  the  lead 
calking  was  squeezed  out,  and  to  the  fact 

that  the  line  was  caught  by  a  ship's  anchor before  completion.  Efforts  were  made  to 
recalk  the  leaky  joints  by  the  aid  of  a  diver, 
but  these  efforts  were  unsuccessful,  as  it 
was  founti  the  pipe  was  deflected  at  these 

points  to  sucli  an  extent  as  to  close  the  calk- 
ing space  on  two  sides,  .\fter  considerable 

thought  and  investigation,  a  method  of  stop- 
ping  the  leaks  was  evolved  which  has  proven 
entu-ely    successful.      The   method   adopted    is 
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here  described  from  information  taken  from 

an  article  by  Mr.  N.  T.  Blockburn,  Junior 

Engineer,  in  Professional  Memoirs  for  July- August,   1914. 

The  method  was  simply  the  placmg  ot  a 

wooden  box  form  around  each  jomt  and  till- 

ing this  form  with  neat  Portland  cement 

grout  Each  form  was  supported  on  three 

3-in.  pipe,  14  ft.  long,  driven  down  through 

holes  in  the  forms  into  the  underlymg  clay 

so  as  to  form  a  pile  foundation  and  prevent 

any    settlement    at    the    joint    due    to    extra 
weight.  .      ,      .,  ,       ,       u 
The  form  is  shown  m  detail  by  the  three 

drawings  herewith,  Figs.  1-3.  It  is  3  ft.  4 

ins.  square  by  2  ft.  deep,  hinged  at  one  edge 

False  movable 
lend  closed  on ,..--'"   main 

■False  movable 
end  is  held  in 
this  position until  ready  to 

close 
E.&C 

8' Main' 

Grout  fil  ■ 
'ing_pjpe 

Bel  I  joint  of  8' Main w 
-  2'-0-- 

Fig.  1.  Plan  of  Form  Used  in  Repairing 

Leaky  Flexible  Joints  in  Submerged  Water 

Main  Under  Galveston  Harbor,  Galveston, 

Texas. 

so  that  it  opens  diagonally.  In  the  top  is  a 

4-in.  hole  with  a  pipe  flange  for  connecting 

a  4-in.  pipe  extending  to  the  top  of  the  water, 

as  shown  on  the  sketch,  and  through  wOuch 

the  grout  was  poured  from  tlie  barge  into 

the  form.  To  the  front  of  the  lower  half 

was  fastened  a  chain  which  helped  close  it 

and  held  it  closed  afterwards,  one  link  be- 

ing let  over  a  hook  attached  to  the  upper  half 
and  screwed  up  until  the  form  closed  tight. 

In  either  side,  where  the  main  passed  through, 

a  square  hole  18  ins.  by  18  ins.  was  left  m 

order  that  the  form  would  close  no  matter 

if  the  joining  pipes  were  at  their  greatest 

possible  angle,  either  vertical  or  horizontal. 
A  movable  section  consisting  of  two  pieces, 

■2  ins.  by  12  ins.  by  3  ft.,  each  cut  out  in  the 
form  of  an  8-in.  semi-circle  to  take  half  of 

the  main,  closed  around  the  main,  lightly 

covering  and  at  the  same  time  entirely  clos- 
ing the  18-in.  square  holes.  These  false  ends 

work  outside  of  the  form  and  are  held  in 

position  bv  iron  straps  under  which  they  can 

move  in  any  direction  against  its  side.  Three 

holes  large  enough  to  take  3-in.  pipe  were 
bored  through  the  top  and  bottom  of  the 

form  for  the  piling.  They  were  so  bored 

that  two  piles  would  go  on  one  side  of  the 
main  and  one  on  the  other.  After  the  pipe 

piles  were  driven  down  through  the  form  flush 

with  the  top,  a  %-in.  iron  plate  was  laid  over 

the  top  of  the  pile  and  bolted  to  the  form  to 

carry  the  weight  until  the  cement  set  around 
the   piling.  . 

The  trench  in  which  the  main  lies  harl 

been  partly  refilled  with  clay  thrown  into  it 

hy  a  dredge  and  by  the  natural  deposit  of 
sand,  mud,  and  silt  carried  in  by  the  cross 
currents  and  tides.  This  filling  was  partly 

removed  with  a  2iVin.  suction  dredge,  but 
fear  of  disturbing  the  main  kept  the  dredge 

from  working  closer  than  about  4  ft.  of  its 

top.  .\fter  tiie  dredging  was  done  the  water 
was  cut  off  the  main,  air  pressure  put  on  and 

leaks  were  located  bv  the  air  bubbles  com- 
ing to  the  surface  of  the  water.  All  leaks 

of  anv  consequence  were  marked  by  drop- 

pine  a'  weight  into  the  hole  blown  through  the mud  over  a  leak  by  the  air  and  carrying  a 
line  ashore  from  the  weight.  It  was  not 

safe  to  use  buoys  for  marking  the  leaks,  as 

thcv  were  likely  to  be  carried  away  by  ships 

and  all  leaks  had  to  be  located  and  marked 

before  repairs  were  commenced,  as  the  air 

pressure  had  to  be  taken  off  the  line  and  kept 
oflf  until  the  cement  was  thoroughly  set. 

The    plant    used    consisted    of     a     derrick 

barge   and   a   barge  with   an  8-in.  belt-dr
iven 

sand  pump.     A  diver  was  in  constant  atte
nd- 

The  method  of  placing  the  form  and  filling 

with  grout  was  as  follows :    The  barges  were 

anchored  at  the  leak  and  the  overlying  sand 

and  mud  first  pumped  off  the  pipe.     I  hen  to 

the  flange  coupling  on  the  form  was  connec
t- 

ed a  4o-ft.  length  of  4-in.  pipe.     Three  rope 

lines  were  fastened  to  the  front  of  the  lower 

jaw  of  the  form,  one  to  the  end  of  the  closing 
chain    and    one    near    each    side.     The    diver 

then    took    all    three     of     these     lines     down 

around   under   the  main  and  back  up   on   the 

barge,    where    a  man   was   stationed   at   each 
line.     Then   as   the   form   was   lowered   avyay 

by  the  derrick  with  a  line  from  the  4-in.  pipe, 

the  men  took  in  on  these  lines  and  the  lower 

half   of  the   form,  which  dropped  open  when 

the    form    was    picked    up,    was    guided    into 

place  under  the  main.     By  lowering  the  upper 

half   the   form   was  closed.     The   piling   were 

then   set   in   the   holes   provided  in  the    form 

and  were   driven   flush   with   the  top   and   the 

iron  straps  bolted  over  them.    A  jet  was  then 

put   into  the   form  through   the   18-in.  square 

openings    and    any    mud    in    the    form    driven 
out  and  the  joint  thoroughly  washed  off.     A 

piece   of    raveled,   loose  rope   yarn    was   then 
tied    securely    around    the    leak    to    keep    the 

cement    from    entering   the   main.     The    false 

forms  over  the  ends  of   the  form   were  then 

driven    into    place    around    the    pipe    and    the 

form    was    ready    for    cement.      The    cement 

was    mixed    with    salt   water    to    a    thickness 

that   would   just  pour   through   a   funnel   into 

the    l-m.    pipe    leading    down    into    the    form. 

It  was  found  necessary  to  pour  it   slowly  in 

order    to    give    it    time    to    settle.      Displaced 

water    went    out    of    the    form    through    the 

holes    around    the    piling    in    the    top    of    the 

form.     When   the   form   was   filled,    the   nuts 

on   the  bolts  in   the  flange  union    fastened   to 

;be   form   were  taken  off  and  the  4-in.   filling 

pipe  removed,  and  the  job  was  finished. 

On  the  last  leaks  which  were  closed,  pour- 

ing the  cement  through  the  pipe  was  aban- 

doned owing  to  too  much  lost  time  in  wait- 
ing for  it  to  settle.  The  pipe,  however,  was 

still  used  to  lower  the  form  and  to  hold  the 

form  in  position  until  the  piling  were  driven. 
After  this  it  was  taken  off  and  the  cement, 

which  was  mixed  as  thick  as  possible,  was 

lowered  down  to  the  diver  in  buckets  and 

poured  into  the  form  through  the  hole  at 
which   the   pipe  had   connected. 

When  repairs  were  completed,  all  cement 
was  allowed  to  set  a  week.  About  40  lbs.  of 

air  pressure  was  then  put  on  the  main  and 

kept  on  for  over  an  hour.  During  this  time 
not    a    single    air    bubble    could    be    seen    and 
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Fig.  3.  Sketch  Showing  Form  in  Place  for 

Repairing  Leaky  Flexible  Joints  in  Sub- 

merged Water  Main,  at  Galveston,  Texas, 

by  Encasing  Them  with  Neat  Portland 

Cement   Grout. 

the   water   meter   showed   the   leaks   had   been 

stopped. 
Four  leaks  were  repaired  and  the  entire 

work  was  executed  in  about  four  weeks,  in- 

cluding the  time  of  assembling  plant,  dredg- 
ing, building  forms,  etc.  By  actual  time  a 

form  was  lowered  and  fastened  around  the 

pipe  in  45  minutes.  To  close  the  false  end 

gates  of  the  form  required  50  minutes.  To 
drive  the  pile  required  from  1  to  1V6  hours, 

depending  on  how  hard  the  driving  was.  To 
mix  the  cement  and  fill  the  form  required 

1  hour  and  15  minutes.  A  good  deal  of  credit 

is  due  the  diver  for  the  rapidity  with  which 

the  form  w^as  placed.  In  this  connection  it 

is  interesting  to  note  that  during  the  entire 

work  the  diver  went  down  without  a  suit, 

simply  placing  the  diving  helmet  over  his 
head.  .      . 

With  the  proper  plant  after  the  main  is 

clear,  one  leak  a  day  can  be  repaired.  The 

total  cost  of  the  repair  work,  closing  four 
leaks,  was  $2,300.  _        ,      ,,   •     ̂     c.  . 

The  work  was  done  by  the  United  States 

Engineer  Department,  under  the  direction  of 
Lieut.  Col.  C.  .S.  Riche.  Corps  of  Engineers. 

The  plan  of  closing  the  leaks  was  devised, 

the  form  was  designed,  and  work  superin- 
tended bv  Mr.  O.  R.  Scott,  U.  S.  Inspector. 

The  force  consisted  of  one  foreman,  one 

hoisting  engineer,  six  laborers  and  one  diver, 

Mr.  Albert  Majors  of  Galveston. 

-3'-4-- Fig.  2.  Side  Elevation  of  Form  for  Repair- 
ing Leaky  Flexible  Joints  in  Submerged 

Water   Main    in   Galveston,  Texas. 

Where  the  soft  mud  and  silt  was  so  bad 
that  it  could  not  be  kept  out  of  the  form,  a 
4-in.  centrifugal  pump  with  a  flexible  suction 
end  was  used  to  clean  out  the  form  after  it 
was  in  place  and  all  closed,  the  rniid  being 
pumped  out  through  the  cement  filling  hole 
while  a  jet  alongside  stirred  it  up.  In  the 
work  of  closing  these  leaks  it  \vas  found 
necessary  to  have  the  pipe  and  inside  of  the 
form  absolutely  clean,  so  that  the  cement 
would  adhere  to  the  pipe.  It  was  found 
necessary  to  take  the  form  off  the  first  leak 
and  do  the  work  all  over  again,  as  mud  had 
been   pocketed   in   the   grout. 

Method  and  Cost  of  Installing  Water 

Service  Connections  at  New  Orleans. 

The  installation  of  water  service  connec- 

tions at  New  Orleans  is  by  force  account  un- 
der the  supcrvisiim  of  an  assistant  engineer  at 

the  head  of  a  sub-department.  The  following 

notes  on  the  methods  and  cost  of  conducting 

this  work  are  taken  from  a  recently  issued 

report  bv  Messrs.  Rudolph  Hering,  George 

W.  Fuller  and  H-arrisoh  P.  Eddy  on  the  w^ork 

and  organization  of  the  Sewerage  and  Water 
Board  of  New  Orleans. 

The  work  of  installing  house  connections 

consists  in  inserting  a  corporation  cock  into 

the  street  main  of  the  distribution  system,  the 

laying  of  a  lead  pipe  therefrom  to  the  property 

liric,  and  the  connection  therewith  of  a  rneter. 
which  has  been  properly  tested  and  which  is 

enclosed  in  a  suitable  meter  box.  This  sub- 

<lcpartment  handles  all  house  connections 

smaller  than  2-  ins.  in   diameter.     Those  con- 
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nections  larger  than  this  are  installed  by  the 
water  maintenance  sub-department,  which  also 
does  all  repair  work  other  than  the  repairing 
and  retesting  of  meters.  The  latter  work  is 
handled  by  a  crew  at  the  main  water  pump- 

ing station,  under  the  direction  of  the  me- 
chanical engineer  in  charge  of  the  operation 

and  maintenance  of  the  pumping  stations  and 
power  plants    for  water  and  sewerage. 
The  cost  of  building  these  house  connec- 

tions, including  overhead  allowance  for  the 
office  staff  and  assistant  engineer  in  charge 
of  this  sub-department,  but  without  overhead 
allowance  for  any  other  officers,  for  the  first 
live  months  of  1914  is  given  in  Table  I. 

The  records  are  kept  with  unusual  care,  not 
only  as  regards  the  description  and  location  of 
every  structure  put  under  ground,  but  also  as 
to  the  cost  data  of  this  work  and  the  checking 
systems  employed  to  account  for  all  material 
purchased  by  the  city.  Information  is  also 
kept  to  show  the  relative  efficiency  of  different 
gang  foremen. 

This  organization  consists  of  the  assistant 
engineer  in  charge,  who  has  in  his  office  one 
■chief  clerk,  one  application  clerk,  one  cost 
data  clerk  and  one  stenographer  who  jointly 
serves  four  sub-departments.  There  is  a  gen- 

eral foreman  in  the  field,  who  directs  the 
work  of  five  gang  foremen,  each  of  whom 

has  a  driver,  plumber,  plumber's  helper,  tap- 
per, and  si.x  to  eight  laborers  to  dig  the 

ditches. 

The  routine  procedure,  upon  receipt  from 
a  plumber  of  an  application  for  a  water  house 
connection,  is  that  the  application  card,  duly 
setting    forth    what    is    wanted    for    a    given 

pipe  is  attached  to  the  iron  pipe  and  pulled 
through  the  opening  made  by  the  iron  pipe. 
In  dirt  streets  or  streets  paved  with  large 
stone  block,  where  there  is  no  concrete  base, 
it  is  cheaper  to  dig  a  trench  than  to  resort  to 
the   operation   above   described. 

Each  week  an  inventory  is  made  of  all  ma- 
terial on  hand  on  each  wagon  at  the  end  of 

that  week's  work  and  sent  in  to  the  office.  A 
comparison  is  then  made  of  the  materials 
used  in  actual  construction  plus  those  on 
the  wagon  at  the  end  of  the  week  with  the 
materials  originally  furnished.  In  this  way 
misuse  or  loss  of  materials  js  rigidly  guarded 

against. 
Each  week  the  data  are  available  for  show- 

ing the  cost  of  labor  and  materia!  used  by 
each  gang  foreman  in  building  the  water 
house  connections  which  he  has  installed  dur- 

ing the  week.  These  records  are  checked  over 
and  embodied  as  monthly  records  in  the  re- 

port of  the  head  of  this  sub-department.  This 
report  shows  a  comparison  in  the  efficiency  of 
the  several  gang  foremen,  and  records  the 
average  cost  of  building  the  house  connec- 

tions, a  vast  majority  of  which  are  %  in.  in 
diameter.  In  our  judgment,  this  is  as  far  as 
it  is  worth  while  to  carry  the  cost  data,  as 
the  length  of  leads,  from  corporation  cock 
to  property  line,  while  averaging  about  25 
ft.,  vary  too  much  to  make  it  of  value  to  se- 

cure the  cost  data  for  each  individual  con- 
nection, and  the  actual  cost  of  material  on 

each  individual  connection  is  recorded  on  the 
back  of  each  job  report,  but  actual  cost  of 
labor  on  each  job  is  not  reported  on  the  job 
card. 

TABLE    I.— COST    OF    INST.'iLLING  METERS 
Month.  %"toHir services. 

January       576 
February       536 
March       783 
April        654 
May       874 

Total        3,423 

AND  SERVICES  AT  NEW  ORLEANS. 

!4"  to  1^" 

Office  and 
meters. Material. L.abor. 

supervision 5S3 $  8.813.12 $  1.975.40 
$    655 

549 
8,059.00 1.903.05 655 S04 

11.688.29 2,451.30 

673 
659 9.953.46 2.098.95 655 
889 13.310.65 

$51,824.52 

2,714.95 682 

3.484 
$11,043.65 

$3,320 
property,  and  duly  signed  by  the  owner  there- 

of, is  sent  to  the  record  office,  to  see  that  no 
mistake  has  been  made  in.  filing  an  applica- 

tion for  a  connection  to  a  property  that  has 
already  been  so  furnished.  Then  the  infor- 

mation needed  in  the  field  is  copied  onto  a 
card,  and  each  day  the  general  foreman 
comes  to  the  main  office,  receives  transcripts 
from  the  various  application  cards,  which  he 
allots  to  the  different  gang  foremen.  Each 

of  the  latter  works  in  a  'district  that  mini- 
mizes distances  in  traveling,  as  far  as  prac- 

ticable. He  also  requisitions  from  the  Wash- 
ington Avenue  Material  Yard  and  has  de- 
livered to  his  driver  for  use  on  his  various 

jobs  ample  quantities  of  the  various  ma- 
terials needed  therefor.  Each  evening,  on 

returning  to  the  yard,  each  gang  foreman 
turns  over  to  the  office,  for  delivery  to  the 
main  office,  a  card  on  which  he  fills  out  ex- 

actly the  amount  of  each  kind  of  material 
involved  in  building  each  house  connection, 
with  an  accurate  description  of  the  location 
of  the  corporation  cock  and  meter  box  duly 
referenced  to  an  easily  identified  property  line 
or  street  intersection.  He  also  records  the 
condition  in  which  he  leaves  the  excavation 
and  the  paving,  with  a  description  of  the 

latter.  Another  man,  called  the  "follow-up 
man,"  visits  these  trenches  on  the  following 
day  to  see  that  they  are  in  a  safe  and  proper 
condition,  and  also  to  verify  the  report  of  the 
gang  foreman. 
The  restoration  of  paving  is  done  by  the 

paving  sub-department,  although  mention 
should  be  made  of  the  fact  that  ordinarily 

house  connections  are  "jacked"  through  from 
the  street  main  to  curb  line  beneath  asphalt 
paving  or  other  expensive  paving  laid  on  a 
concrete  base,  thus  avoiding  the  expense  and 
inconvenience  of  disturbing  the  latter.  This 
operation  consists  in  forcing,  with  the  aid 
of  a  jack,  a  jointed  pipe  with  a  sharp  end 
on  it  from  the  curb  to  the  excavation  made 
above  the  street  pipe,  where  the  corporation 
cock  is  tapped  into  the  main.  .\s  this  jointed 
iron  pipe  is  jacked  back  through  the  hole 
through   which   it    has   been    forced   the   lead 

Our  attention  has  been  called  to  the  possi- 
bility of  building  at  one  time  all  water  house 

connections  needed  in  a  single  block.  We  do 
not  consider  this  practicable  unless  arrange- 

ments can  be  made  by  the  various  property 
owners,  after  due  conference  with  their 
plumbers,  to  decide  just  where,  at  the  curb 
line,  they  want  to  have  their  meter  box  lo- 

cated. If  this  detail  were  not  all  worked 
out  adequately  in  advance,  which  we  think 
impracticable,  misplaced  services  would  result 
and  cause  much  inconvenience  and  expense  to 
the  property  owners.  This  would  result  in 
the  laying  of  many  connections  which  would 
never  be  used  because  of  arrangements  made 

by  property  owners  to  'connect  several premises  with  a  single  lead  and  meter,  which 
arrangement,  under  the  present  system,  re- 

sults in  a  material  saving  in  expense,  both 
to  the  board   and  the  water  taker. 

It  has  also  been  suggested  that  economies 
might  result  if  the  water  house  connection 
sub-department  were  united  with  the  sewer 
house  connection  sub-department,  and  also  if 
the  two  types  of  house  connections  were  built 
in  a  single  trench.  So  far  as  uniting  these 
two  sub-departments  is  concerned,  we  think 
that  this  will  never  be  practicable  or  wise. 
.\11  men  now  employed  in  these  two  sub-de- 

partments are  busily  engaged  on  two  classes 
of  work  which  differ  quite  essentially  in  char- 
acter. 
We  do  not  favor  an  attempt  to  build  the 

two  house  service  lines  in  the  same  trench. 

Their  alignment  and  depth  are  materially  dif- 
ferent. "The  street  sewers  have  an  average 

depth  of  about  7  ft.,  whereas  the  water  pipes 
are  not  more  than  3  ft.  below  the  surface. 
The  sewer  house  connections  which  must  be 
laid  to  grade  usually  run  obliquely  from  the 
nearest  Y-branch  to  the  property  line,  where- 

as the  lead  water  pipes  run  at  right  angles 
to  the  street  water  mains,  which  are  placed 
on  the  opposite  side  of  the  street  from  the 
sewer.  It  is  highly  undesirable  to  place  a 

meter  and  meter  box  upon  the  newly  back- 
filled material  in  the  trench  in  which  a  sewer 

house    connection    has    been    built.      We    do 

not  believe  it  is  generally  practicable  to  build 
water  house  connections  on  a  bench  adjoin- 

ing the  trench  of  a  sewer  house  connection 
under  the  local  conditions. 

SKILLED   L-A^BOR— -SV^ITE. 1  Foreman  at  $3.33  per  day. 
1  Plumber  at  $3  per  day 
1  Tapper  at   $3   per  day. 
1  Helper  at  52  per  day. 
1  Driver  at  $2  per  day. 

ORDINARY   LABOR— NEGROES. 
4  Laborer.s  at  $1.75  per  day. ■I  Laborers  at  $2  per  day. 

Data  on  Quantity  of  Water   Used  in 
Lawn  Sprinkling. 

Contributed  by  H.  R.  Ferris,  Victoria.  B.  C. 

Our  company  maintains  an  estate  compris- 
ing (closely)  30  acres  in  lawns  and  1.5  acres 

in  shrubs.  The  area  is  made  up  of  approxi- 
mately 20  acres  in  long  narrow  boulevards 

cut  at  frequent  intervals  by  streets  and  pri- vate driveways,  and  of  11.5  acres  divided  into 
small  parks  varying  in  size  from  0.05  acres 
to  1.0  acres.  About  one-half  the  total  area 
has  a  sub-soil  of  light  sandv  or  gravelly  loam, 
and  the  rest  a  sub-soil  of  stiff  white  clay the  whole  covered  with  from  8  to  18  ins.  of 
rich,  black  loam.  The  w^ater  is  delivered  by 
means  of  a  %-in.  hose,  through  sprinklers  of various  designs,  the  kind  of  sprinkler  used 
depending  on  the  size  of  the  space  watered slope  of  the  ground,  etc. 

"The  water  is  metered  and  a  very  careful daily  check  is  kept  to  prevent  waste.  The 
season  has  been  an  unusually  drj'  one  for  this 
locality,  as  the  precipitation  records  in  Table 
I  will  show,  but  enough  water  has  been  used 
to  keep  the  grass  green  and  healthy. 

TABLE  I.— WATER  CONSUMPTION  IN  LAWN SPRINKLING  AT   VICTORIA,   B.   C. 

ivT     *u  ,;;   r*^"-  ̂ '-  "^^"^      Preclpita- 
Month.  Total.  Per  acre.      tionVins. 

April            15,000  476  1.04» 
Ma>'           335,000  10,635  O.lSt June.-.       205,000  6,508  1.671 •Light,  ineffective  showers.  tNo  showers  hot dry  winds.  JTwo  moderate  showers,  hot!  dry 
winds.  '       ' 

In  April  we  used  15,000  cu.  ft.,  sprinkling 
only  during  the  last  two  weeks.  In  May  an 
unusually  dry  and  rather  hot  month,  we  used 
335,000  cu.  ft.,  watering  the  entire  area  at 
least  once  daily  and  sometimes  oftener.  In 
June  we  had  two  light  showers  of  about  3t> 
and  12  hours  duration  each,  which  lowered 
the  quantity  of  water  used  to  205,000  cu.  ft. 

Making  Meter  Repairs  at  Cincinnati. 
In  the  latter  part  of  October,  1913,  the  Cin- 

cinnati water  department  established  a  meter 
repair  department.  Procedure  in  the  new 
department  is  here  described  from  information 
taken  from  the  annual  report  of  Mr.  J.  A. 
Killer,   general   superintendent. 

A  new  meter  testing  table  has  been  in- 
stalled which  permits  of  six  meters,  from  % 

in.  to  1  in.  in  size,  being  tested  at  the  same 
time,  this  work  being  handled  by  one  man, 
who  can  likewise  assist  in  meter  repairs  when 
not  engaged  in  his  special  work,  .•^s  the  city 
does  not  own  any  of  the  meters  in  use,  it  has 
been  left  optional  with  the  consumer  to  have 
his  meter  repaired  by  the  city  or  by  the 
manufacturer.  But  with  the  present  equipment 
the  department  is  prepared  to  handle  all 
meters  of  %-in.,  %-in.  and  1-in.,  exclusive  of 
the  piston  type,  and  as  over  94  per  cent  of  the 
meters  in  service  are  1-in.  or  less,  the  depart- 

ment is  in  a  position  to  take  care  of  practically 
this  entire  number.  .As  soon  as  a  meter  is  re- 

moved from  the  premises  for  test  and  exami- 
nation, and  it  is  found  in  need  of  repairs,  the 

owner  is  notified  at  once,  and  on  learning  that 
repairs  are  made  by  this  department  at  the 
cost  of  labor  and  material  only,  he  gladly 
avails  himself  of  the  opportunity  to  have  this 
work  done  by  the  city,  thus  eliminating  the 
profit  of  the  middleman  or  manufacturer.  Un- 

der former  conditions  meters  were  withheld 
from  the  premises  an  unreasonable  length  of 
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time,  owing  to  the  fact  that  in  many  in- 
stances they  were  shipped  to  factories  located 

in  distant  cities  which  exacted  payment  in 
advance  of  repairs  being  made.  Now  these 
conditions  have  been  remedied,  as  repairs  can 
be  made  by  the  city  and  tlie  meter  returned 
to  the  premises  without  needless  delay. 
Table  I  shows  the  number  of  meters  re- 

paired by  this  department,  different  sizes  and 
average  cost  of  each. 

TABLE  I.— COST  OF  REPAIRING  AND  TEST- 
ING  WATER   METERS   AT   CINCIN- 

NATI IN  1913. 
No.  Total  Average 

Size,    ins.       repaired.  cost.  cost. 
%          223  $487.41  t2.18H 
%            16  39.15  2.44% 

1                28  85.53  3.05% 

Average  cost  of  meters  repaired,  not  including 
testing  charges:  %-in..  $1.18:  %-in..  $1.45; 1-in.,  $2.06. 

By  the  introduction  of  the  meter  repair 
department  the  consumer  is  protected  from 
exorbitant  bills  he  formerly  paid  and  thus  is 
added  another  feature  that  will  contribute  to 

the  popularizing  of   meters. 
An  auto  truck  will  also  be  used  in  the  fu- 

ture for  delivering  meters,  as  in  this  manner 
a  great  saving  of  time  is  effected,  especialh 
when  long  distances  have  to  be  traversed  in 
reaching  outlying  districts. 
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A  Powerful  Steam  Land-Clearing  Ma- 
chine. 

(Contributed.) 
Development  of  the  vast  areas  of  cut-over 

land,  both  in  the  north  and  in  the  south,  is 
proceeding  at  a  pace  which  demands  improved 
appliances  and  machinery  for  pulling  stumps 
and   grubbing.     The   conversion   of   the   wild 

on  a  substantial  frame  of  structural  steel.  The 
engine  is  geared  back  through  the  medium  of 
a  suitable  clutch,  to  the  traction  mechanism ; 
while  forward  the  power  is  applied  to  two 
drums  mounted  on  the  front  end  of  the  frame, 
geared  down  to  give  a  very  powerful  pull.  An 
auxiliary  drum  mounted  on  the  gallows  frame 
at  the  sides  raises  and  lowers  the  tripod. 

The  wire  rope  which  winds  upon  one  of  the 

Pioneer   Land    Clearing    Machine. 

tracts  left  in  the  wake  of  the  lumberman,  to 
fields  ready  for  tillage,  is  becoming  recognized 
as  a  problem  in  reclamation,  to  be  solved  by 
the  application  of  engineering  principles.  The 
demand  has  clearly  been  for  a  power  ma- 

chine capable  of  pulling  the  smaller  growth 
and  grubs,  and  the  largest  stumps  as  well,  at 
a  speed  that  would  enable  the  land  to  be 
brought  under  cultivation  in  the  shortest  space 
of  time  and  at  minimum  cost. 

The  engine  shown  in  the  accompanying  illus- 
tration, the  Pioneer  land-clearing  machine, 

was  designed  with  these  requisites  in  mind, 
and  with  the  further  idea  that  such  a  machine 
ought  to  be  able  to  travel  readily  from  place 
to  place,  under  its  own  power,  to  reach  various 
jobs,  or  different  parts  of  the  game  job.  The 
difficulty  in  designing  a  light,  portable  ma- 

chine of  this  kind  was  to  obtain  sufficient 

power  and  strength  for  the  heavy  work  with- 
out exceeding  the  weight  and  size  of  the  or- 

dinary traction  engine.  This  was  accom- 
plished by  the  use  of  a  large  steel  tripod, 

which  is  swung  from  the  side  of  the  engine 
in  such  a  way  that  while  pulling  the  stump 
the  tripod  rests  solidly  on  the  ground,  en- 

tirely free  from  rigid  connection  with  the  ma- 
chine ;  while  for  moving  from  stump  to  stump 

the  tripod  is  tilted  and  raised  so  that  it  hangs 
entirely  from  the  engine  and  is  clear  and  free 
of  the  ground. 

The  machine  is  steam  power,  of  20  HP.  ca- 
pacity. It  has  a  vertical  boiler  and  a  hori- 

zontal engine  of  a  very  rugged  type,  mounted 

drums  leads  to  a  pair  of  blocks  suspended 
from  the  apex  of  the  tripod,  and  by  varying 
the  number  and  arrangement  of  the  sheaves 

practically  any  desired  power  could  be  ob- 
tained. However,  it  has  been  found  that  a 

pull   about  4.5  tons,  which   is  easily  within  the 

pujled  by  the  ropes  running  forward  direct 
off  the  drums.  Working  in  this  manner  it  is 
best  to  use  plow  steel  wire  ropes,  %  in 
diameter,  and  about  2.50  ft.  long.  The  engine 
is  located  at  a  spot  where  it  can  be  anchored 
to  a  stump  in  the  rear,  and  where  a  big  stump 
ahead  will  serve  to  attach  two  head  blocks  for 

the  purpose  of  leading  the  ropes  fairly  onto 
the  drums.  Through  these  blocks  the  two 
ropes  work  simultaneously,  covering  a  circle 
at  one  setting,  amounting  with  the  above 
length  of  rope  to  an  area  of  over  three  acres. 
The  drums  give  a  direct  pull  of  about  seven 
tons,  which  suffices  for  all  stumps  up  to  1-5 
ins.  diameter ;  and  by  doubling  back  through 
a  single  block,  which  involves  but  little  loss 
of  time,  everything  up  to  20  ins.  diameter  is 
pulled.  The  comparatively  light  rope  used 
enables  it  to  be  handled  at  maximum  speed,  a 
thing  very  essential  where  the  grubbing  is heavy. 

The  tripod  also  affords  a  means  of  piling  the 
stumps.  For  this  operation  the  rope  is  nni 
through  a  block  at  the  top  of  the  tripod,  and 
the  tripod  guyed  to  a  stump  in  the  rear.  Tlu 
stumps  can  then  be  skidded  in,  a  higher  speed 
on  the  drums  being  provided  for  this  purpose, 
and  they  are  readily  dragged  up  into  piles  of 
considerable  height. 

This  machine  is  sold  by  the  Pioneer  Land 
Clearing  Machine  Co.,  1220  First  National 
Bank  Bldg.,  Chicago.  It  is  adapted  to  the  use 

of  parties  developing  tracts  of  land  on  a  con- 
siderable £cale ;  or  for  individuals  located 

within  the  cut-over  districts  either  north  or 
south,  it  affords  an  opportunity  for  profitable 
contracting,  as  there  is  any  amount  of  work 
to  be  had  at  profitable  prices. 

The  Knox  Trailer  Tractor. 
The  molnr  tractor  illustrated  is  unique  in 

that  it  provides  the  necessary  power  fur  an> 
type  of  wagon.  The  idea  in  mind  in  designing 
this  tractor  was  to  provide  a  flexible  engine 
which  could  be  quickly  coupled  to  any  type  oi 
wagon   and   tlicrefore   could   be  operated   con- 

A   Tractor  and    Bottom    Dumping   Trailer.. 

capacity  of  the  machine  using  a  pair  of  .5- 
sheave  blocks,  is  ample  for  pulling  stumps  up 
to  4  ft.  diameter,  .^fter  the  stump  is  pulled 
it  is  but  the  work  of  a  few  moments  to  lift 
the  tripod,  locate  over  the  next  stump,  and 
drop  the  tripod  into  position  again. 

However,  it  is  not  necessary  to  use  the 
tripod  except  for  that  small  percentage  of  the 
stumps  which  are  of  the  largest  size.  All  the 
lighter  growth,  grubs  and  smaller  stumps  are 

tinuously,  avoiding  delays  incident  on  loadint; 
operations.  By  an  arrangement  of  a  fifth 
wheel  and  kingpin  on  the  rear  of  the  tractor 
the  rear  wheels  are  made  to  serve  for  the 
front  wheels  of  the  trailer.  The  important 
advantage  of  this  arrangement  is  that  the  Uiff 
rear  springs  required  by  an  ordinary  motor 
truck  to  support  loads  in  excess  of  C>  tons 
are  not  necessary.  A  ten  or  fifteen  ton  body 
may   be    used    upon    comparatively    light    rear 
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truck  springs — a  load  beyond  the  capacity  of 
springs  of  most  self-contained  trucks.  Addi- 

tional advantages  of  this  arrangement  are  that 
steel  tires  may  be  used  under  the  rear  of  tne 
load  and  a  bottom  dumping  trailer  may  be 
used.  The  illustration  shows  a  Watson  bot- 

tom   dumping    trailer    in    use    by    the    city    of 

sides  and  bolted  fast  to  friction  drums  on 
either  side  of  the  center  of  motor.  Gears  are 
made  of  nickel  steel,  machine  cut,  heat  treated, 
and  ground.  They  run  in  oil  bath  continually 
and  with  proper  care  should  last  as  long  as 
the  motor.  Only  one  lever  is  necessary  to  op- 

erate the  transmission   for  both   forward  and 

into  a  cast-iron  hub  which  is  brass  bushed. 
Edges  of  rear  wheels  are  reinforced  with 
2%x%-in.  bands.  Fifth  wheels  and  front 
cross  piece  on  the  frame  are  of  solid  steel 
castings.  The  cap  on  top  of  the  axle  is  also 
of  steel.  The  draw  bar  extends  the  full 
width  of  engine,  permitting  straight  and 
oblique  hitching.  Approximate  weight  of  en- 

gine complete  ready  for  work,  eight  tons. 
Road    speed  2  3/10   miles   per  hour. 

The   tractor  is  manufactured  by   the  A.   B. 
Fart|uhar  Co.,  Ltd.,  York,  Pa. 

A    General    Purpose    Gasoline    Road    Tractor. 

Springfield,  Mass.,  hauled  by 
factured  by  the  Knox  Motoi 
field,   Mass. 

a  tractor  mimii- 
Co.  of   Spring- 

A  General  Purpose  Gasoline  Tractor. 
(Contributed.) 

The  gasoline  tractor  illustrated  has  a  busi- 
ness like  look  that  is  interesting.  The  first 

impression  is  that  of  accessibility  of  parts  and 
simple  construction.  Each  part  shows  •  its 
purpose  clearly ;  no  attempt  having  been  made 
to  box  in  mechanism  and  produce  a  fitie  ap- 

pearing  machine. 
Briefly  stated  the  various  details  of  construc- 

tion are  as  follows:  The  .30-HP.  motor  is  of 
heavy  duty  construction  throughout.  There 
are  four  cylinders  with  G-in.  bore  and  8-in. 
stroke.  Both  cylinders  and  cylinder  heads 
are  cast  in  pairs  from  charcoal  iron.  Valves 
are  of  the  poppet  type  overhead  construction 
operated  through  rocker  arms  and  push  rods. 
They  are  drop  forged  from  a  solid  piece  and 
located  in  the  head  surrounded  by  water. 
Crank  shaft  is  vanadium  steel  hammer 
forged,  machine  and  oil  treated,  and  ground. 
The  fly  wheel  flange  is  forged  solid  to  the 
shaft.  There  are  three  crank  bearings  2% 
ins.  in  diameter.  Length  of  the  center  bear- 

ing is  6  ins.  and  of  each  of  the  end  bearings 
7%  ins.  The  crank  pins  are  2%  ins.  in 
diameter  and  5  ins.  long.  Speed  from  500 
to  •551)  revolutions  a  minute.  Ignition  is  of 

the  jump  spark  type  with  dry  cells  for  start- 
ing and  a  Remy  three-magnet  ball-bearing  R. 

F.  heavy  duty  type  magneto.  A  Kingston  2- 
in.  carburetor  regulates  the  fuel  control.  It 
has  a  throttling  ball  governor  connected  to  it. 
This  carburetor  is  suitable  for  kerosene  as 
well  as  gasoline. 

Cooling  is  by  the  water  system.  Tlie  water 
is  circulated  by  pump  having  a  capacity  of 
16  gallons  a  minute.  Water  tank  in  the  front 
on  engine  has  a  capacity  of  250  gallons.  As 
shown  in  the  illustrations  there  are  two  gaso- 

line tanks  set  on  top  of  the  water  reservoir. 
Each  tank  has  a  capacity  of  30  gallons.  Oiling 
is  by  the  splash  system  with  pump  delivering 
iVi   gallons  per  minute. 

Bevel  gear  drive  transmission  is  used.  This 
operates  through  friction  clutches  giving  the 
necessary  forward  and  backward  motions. 
There  is  a  bevel  pinion  fastened  to  the  end 
of  the  crank  shaft  which  drives  two  bevel 
gears.     These  gears  are  situated  on  opposite 

backward  motions.  Regular  belt  pulley  is  32 
ins.  in  diameter  with  o-in.  face.  It  makes 
from  250  to  275  revolutions  a  minute.  Master 
pinions  and  master  gears  are  each  4^2  ins. 
wide.  Face  of  the  engine  pinion  and  differen- 

tial 4  ins.  each.     Rear  axle  is  made  of  I-beam 

The    Jeffery    Quadruple    Drive    Motor Truck. 

The  illustration  shows  a  newly  developed 
type  of  motor  truck  manufactured  by  the  T. 
B.  Jeffery  Co.  of  Kenosha,  Wis.,  successfully 
negotiating  plowed  ground  and  a  ditch  with 
a  load  of  hay.  The  novel  feature  of  this 
truck  is  its  four-wheel  shaft  drive  l)y  which, 
it  is  claimed,  superior  tractive  ability  is  se- 

cured. Other  important  features  are  an  ar- 
rangement of  the  steering  gear  by  which  all 

four  wheels  are  turned, .  permitting  much 
shorter  turns  to  be  made ;  the  height  of  the 
carburetor  above  the  ground,  permitting  op- 

eration of  the  truck  in  water  34  ins.  deep ; 
and  both  front  and  rear  wheel  brakes,  op- 

erated  singly  or  together. 
The  IVa-ton  truck  has  an  overload  capacity 

of  20  per  cent.  The  wheel  base  is  125  ins. : 
the  chassis  frame  being  38  ins.  wide  and  191 
ins.  long.  Wheels  are  3C  ins.  in  diameter, 
tired  with  5-in;  solid  rubber  tires.  The  tread 
is  56  ins.  A  32-40-HP.,  four-cylinder  motor 
having  a  three-point  suspension  and  equipped 
with  Bosch  duplex  ignition,  magneto  and  bat- 

tery, is  used.  Gasoline  tank  capacity  is  25 
gals.,  with  5  gals,  in  reserve.  The  oil  ca- 

pacity is  3  gals.  Springs  are  semi-elliptical. 
There  are  four  speeds  forward  and  a  re- 

verse; the  normal  number  of  revolutions  per 
minute  on  the  fourth  speed  being  1,000.  The 
height  of  the  body  platform  above  the  ground 
is  45  ins.  when  empty  and  41  ins.  loaded.  The 

ground  clearance  is  15%   ins.  under  the  ax'es 

Jeffery    Quadruple    Drive    Motor    Truck. 

sectional  cast  steel,  stationary  and  rigid. 
Spindles  are  machined  to  fit  brass  bushings 
in  hubs  of  drivers. 
Rear  drivers  are  84  ins.  in  diameter,  20-in. 

rims.  High  or  flat  cleats  furnished  as  de- 
sired. Front  wheels  are  48  ins.  in  diameter 

with    9-in.    rims.      Spokes   are   round    and    set 

and  24  ins.  under  the  transmission.  The 
weight  of  the  chassis  is  4,800  lbs.  All  parts 
arc  standardized  and  interchangeable.  The 

price  of  the  chassis,  including  minor  equip- 
ment, is  quoted  at  $2,750,  f.  o.  b.  Kenosha, 

Wis. 
For  hauhng  trailers  a  draw-bar  is  provided 
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that  has  a  coil  spring  cushion  and  is  rigidly 
cross  braced  to  the  frame.  This  type  of 
draw  bar  relieves  the  starting  shock.  The 

truck  was  developed  to  meet  the  ratht-r  severe 
service  requirements  of  the  U.  S.  Quarter- 

master Department  and  a  number  of  them 
have  been  purchased  and  are  in  use  by  that 
department. 

pipe.  After  clamping  the  machine  around  the 

pipe  it  is  necessary  only  to  pump  the  handle 
to  make  the  cut.  The  cutter  here  illustrated 

weighs  about  90  lbs.  It  requires  only  3  ins. 
of  clearance.  These  cutters  are  made  and 

sold  by  W.  VV.  Stricklcr  &  Brothers,  Colum- bu.s,  O. 

A  Hand  Operated  Ratchet  Pipe  Cutter. 
The  Stricklcr  ratchet  pipe  cutter  cuts  cast 

iron,  steel  and  wrought  iron  pipe  from  %  in. 
to  30  ins.  in  diameter.  The  cutter  is  hand 
operated  and  can  be  used  equally  well  in  the 
trench  or  shop.  The  cutting  blades  make  a 
channel   cut   around    the   pipe   the    same   as   a 

Quick   Dumping   Hydraulic   Hoist  for Packard  Trucks. 

A  dumping  motor  truck  body  must  dis- 
charge from  the  sides  or  end.  The  operating 

mechanism  of  the  truck  prevents  bottom 
dumping.  To  avoid  excessive  height  of  body 
above  the  ground  and  to  provide  at  the  same 
time   a   steep   discharge  angle  is   the   problem 

Hydraulic     Dumpmcj     Hoist     on     Paclord    Tiuca 

lathe  cut.  Burrs  and  ragged  edges  are  avoided 
and  neither  filing  nor  reaming  is  required. 
The  cutter  is  made  in  eight  sizes  and  each 
size  cuts  a  range  of  pipe  sizes.  The  illustra- 

tion is  of  the  No.  5  cutter  which  cuts  pipe  from 
8  to  12  ins.  in  diameter. 

The  cutter  opens  wide  and  is  quickly  placed 
on  the  pipe.  It  centers  easily  and  is  fastened 
by  tightening  one  swing  bolt.  The  ratchet 
head,  which  holds  the  handle,  is  equipped  with 

with  which  designers  have  to  contend.  One 
solution  of  this  problem  that  provides  a  good 
dumping  angle  is  by  tipping  the  whole  body, 
using  a  hoist  or  elevating  device  at  one  end. 
The  hydraulic  hoist  illustrated  can  be  used 

on  a  3,  4,  5  or  6  ton  Packard  chassis,  and 

gives  a  46°  dumping  angle  for  dumping  sand, 
gravel,  coal,  brick,  etc.,  and  a  55°  dumping 
angle  for  dumping  asphalt  and  similar  mate- 

rial ;  the  body  being  raised,  lowered  or  held 

stationary  between  these  angles  and  a  hori- 
zontal position. 

As  may  be  seen  from  the  illustration,  the 
hoist  is  mounted  in  a  semi-vertical  position, 

rigidly  braced  behind  the  driver's  seat.  All working  parts  are  encased  and  run  m  oil,  the 
pump  being  located  in  an  accessible  position 
at  the  base  of  the  hoisting  cylinder.  The 
weight  of  the  hoist  complete  is  about  600  lbs. 

Dumping  is  accomplished  by  the  driver  with- 
out shifting  his  position  at  the  wheel. 

It  is  claimed  that  the  55°  dumping  angle  and 
tapering  steel  body  constructed  of  %  in.  of 
sheet  asbestos  between  two  shells  of  heavy 
sheet  steel  makes  a  superior  equipment  for 
handling  hot  asphalt.  At  the  present  time  the 
Barber  Asphalt  Paving  Company  is  using  si.x 
of  these  trucks  for  that  purpose  on  paving 
work  in  Chicago.  One  of  these  trucks  seen 
by  the  writer  is  now  hauling  hot  bitiuninous 
goncretc  8  miles  in  55  minutes,  delivering  the 
hot  asphalt  in  excellent  condition. 

The  No.  5  Strickler  Ratchet  Pipe  Cutter  for 
Cutting  8  to  12  in.  Cast  Iron,  Steel  or 

Wrought  Iron   Pipe. 

dogs  engaging  the  teeth  on  the  body  of  the 
machine.  The  body  holds  the  star  feed  cut- 

ting blade.  As  the  machine  rotates  around 
the  pipe  the  feeder  sends  the  cutting  tools  in 
automatically.  One  man  can  cut  8-in.  pipe 
with  this  cutter  and  two  men  can  cut  20-in. 

A   Hollow   Lock   Joint   Vitrified    Clay 
Tile  for  Sewers  and  Culverts. 

The  Natco  lock  joint  sewer  tile  is  illus- 
trated herewith.  The  view  shows  tlic  blocks 

assembled  to  form  the  circular  conduit  and 
within  this  circle  is  shown  a  detail  of  the  con- 

struction at  the  lateral  connection.  This  prod- 
uct is  manufactured  and  marketed  by  the  Na- 

tional Fire  Proofing  Co.  of  Pittsburgh,   Pa. 
As  will  be  noted  in  the  illustration,  the  com- 

plete section  is  made  up  of  blocks  of  two 
forms  known  as  the  outer  and  inner  blocks. 

The  joints  lap  from  ti  to  9  ins.,  and  are  made 
with  cement.  In  moulding  these  blocks  they 
are  made  double  and  are  broken  apart  by  a 
chisel  and  hammer  preparatory  to  their  use. 
In  excavating  a  trench  to  receive  this  form  of 
conduit  it  is  necessary  to  form  the  trench  bot- 

tom to  template  to  provide  a  supporting  sur- 
fact  for  the  outer  section.  The  radius  of  this 

template  is,  of  course,  that  of  the  outer  sur- 
face of  the  conduit.  When  the  outer  blocks 

have  been  laid  so  that  they  extend  about  one- 
quarter  of  a  block  above  the  horizontal  diam- 

eter of  the  conduit  the  inner  blocks  are  placed 
to  the  same  height.     A  center,   1  in.  thick,  is 

Cross  Section   of  "Natco"   Lock  Joint  Sewer 
and   Culvert   Tile   and    Detail   at 

Lateral  Connection. 

then  placed  within  the  conduit  and  the  arch 
blocks  are  placed.  The  center  is  then  moved 
to  the  next  section  of  blocks.  If  the  soil 
traversed  is  too  soft  to  hold  in  excavation 
the  sfiape  and  size  of  the  conduit,  the  tile  can 
be  assembled  outside  the  trench  in  sections  6 
to  8  ft.  long  and  can  be  lowered  into  the 
trench  in  half  sections  24  hours  after  as- sembling. 

That  this  type  of  construction  is  strong  is 
indicated  by  a  test  recently  made  at  Columbus, 
O.,  on  a  48-in.  sewer.  The  test  was  made  by 
piling  10  tons  of  cement  in  bags  on  top  of 
the  sewer.  The  load  was  1,000  lbs.  per  square 
foot  and  the  pressure  per  lineal  foot  was 
3,OP0  lbs.     No  signs  of  fracture  were  apparent. 
The  advantages  claimed  for  this  hollow, 

lock  joint,  vitrified  clay  tile  are  that  the  blocks 
being  in  large  units  are  quickly  laid  at  a  cor- 

respondingly low  cost  for  labor;  the  inner 
surface  is  smooth;  the  blocks  are  salt-glazed; 
and  the  construction  is  applicable  to  sizes  ov<  r 
3()  ins.  in  diameter,  the  upper  limit  of  size  for 
the  vitrified  pipe  in  ordinary  sewerage  practice. 

A  150-Ton  Floating  Crane. — There  has  re- 
cently been  placed  in  conunission  at  the  United 

States  Navy  Yard,  Boston,  Mass.,  a  150-ton 
floating  crane  for  Government  service.  The 
crane  is  electrically  operated  and  is  carried  on 
a  steel  pontoon  which  is  70  ft.  wide  by  125  ft 
long.  The  normal  draft  of  the  pontoon  is  7 
ft.  and  its  moulded  depth  is  14  ft.  The  crane 
is  of  the  cantilever  bridge  type,  with  an  over- 

hanging arm  at  each  end,  the  trolley  of  which 
travels  the  full  length  of  the  bridge.  The 
overhang  of  each  arm  is  CA  ft.  3%  ins.,  from 
end  to  center  of  block,  and  the  equipment  is 
so  arranged  that  the  crane  can  operate  from  a 
height  of  77  ft.  above  water  level  to  18  ft. 
below  water  level.  The  hoisting  equipment 
consists  of  two  main  hoists  which  are  capable 
of  operating  simultaneously,  and  an  auxiliary 
hoist  of  15  long  tons  capacity.  Each  main 

hoist  has  a  capacity  of  75  long  tons.  The  con- 
tract price  for  the  floating  crane  completely 

equipped  was  $294,397.92,  the  contractors  be- ing Wellman-Seaver-Morgan,  of  Cleveland, 
Ohio. 

\, 
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The  Earliest  Recorded  Estimate  of  the 

"Development  Cost"  of  a  Railway. 
Development  cost,  or  the  deficit  in  fair  re- 

turn that  comes  as  a  sequel  to  "interest  dur- 
ing construction,"  has  become  a  cost  item  of 

great  importance  to  appraisers.  There  are 
still  some  engineers  who  seem  to  look  upon 
this  cost  item  as  if  it  were  a  new  discovery, 
because  they  themselves  have  not  been  in  the 
habit  of  estimating  it.  Therefore  it  is  of 
more  than  ordinary  interest  to  find  that  70 
years  ago  a  definite  estimate  was. made  of 
the  probable  development  cost  of  a  railway. 

Mr.  F.  S.  Burroughs,  Chief  Engineer  of 
the  Public  Service  Commission  of  Washing- 

ton, has  called  our  attention  to  a  part  of  the 
history  of  the  \orthern  Pacific  Railroad 
wherein  probable  development  cost,  as  esti- 

mated by  Asa  Whitney,  is  given. 
In  1845  Whitney  made  a  1,500-mile  trip  up 

the  Missouri  River,  and  then  went  to  Wash- 
ington, D.  C,  with  a  scheme  for  construct- 

ing a  railroad  from  Lake  Michigan  to  the 
Pacific  Coast.  He  asked  for  certain  land 
grants  as  means  of  securing  funds  not  only 
with  which  to  build  the  road  but  to  operate 
the  road  for  ten  years.  It  is  clear  that  Whit- 

ney realized  that  the  road  could  not  pay  even 
operating   expenses  during  that  period. 

On  page  64  of  his  History  of  the  Northern 
Pacific   Railroad,  Eugene  V.   Smalley  says : 
Whitney  estimated  the  length  of  the  road  at 

2,030  miles,  and  the  cost  of  construction  at  $40,- 
600,000,  to  which  he  added  $20,000,000  for  repairs 
and  operation  until  the  road  should  pay  ex- 

penses, making  a  total  of  $60,600,000. 
Thus  it  seems  evident  that  Whitney  esti- 

mated the  development  cost  at  50  per  cent, 
even  without  including  the  interest  lost  on 
the  investment  during  the  ten-year  period. 

The  two  receiverships  that  the  Northern  Pa- 
cific went  through  prove  that  a  ver\'  heavy 

development  cost  was  incurred,  in  spite  of 
assistance  from  the  government  in  the  form 
of  land  grants. 

Water    Works    Data    of    Exceptional 
Value. 

The  most  important  compilation  of  water 
works  data  made  in  recent  years  is  that  by  the 
committee  of  the  American  Water  Works 
Association,  on  tabulation  of  water  rates  and 
other  information  of  interest  to  water  com- 

panies. This  report  was  presented  at  the 
latest  annual  convention  of  the  Association, 
and  is  published  in  full  in  the  recently  issued 
quarterly  journal  of  the  Association  for  June. 
We  understand  that  this  report,  which  occu- 

pies slightly  over  100  pages  of  the  journal, 
will  shortly  be  issue  separately  in  pamphlet 
form.  The  tabulations  are  much  too  extensive 
to  permit  of  their  publication  in  this  paper, 
but  we  desire  to  call  attention  to  their  scope 
so  that  the  reader  may  fairly  judge  of  their 
potential  interest  to  himself. 

The  first  tabulation  pertains  to  the  flat  and 
meter  rates  in  vogue  in  over  300  American 
cities.  This  tabulation  also  gives  data  on  own- 

ership of  works,  number  of  consumers  and 
meters,  and  states  whether  supply  is  treated  or 
not.  The  second  tabulation  pertains  to  the 
distribution  system  and  gives,  for  the  same 
cities  covered  by  the  first  tabulation,  the 
mileage  of  mains,  sizes  of  mains,  the  number 
of  fire  hydrants  and  drinking  fountains,  the 
average  number  of  hydrants  and  taps  per  mile 
of  main  in  each  of  the  cities,  number  of  taps 
in  service,  the  percentage  of  the  total  popula- 

tion supplied  and  the  amount  of  "free  water" 
supplied.  The  third  table  gives  information 
relative  to  electrolytic  action  on  pipes  and 
service  lines,  and  indicates  the  provisions  in 
force  in  the  various  cities  as  to  additions  to  the 

distribution  system.  The  tabulation  on  metered 
service  gives  the  number  of  meters  in  service, 
the  percentage  of  taps  metered,  data  on  owner- 

ship and  maintenance  of  meters,  frequency  of 
meter  readings,  cost  deposit  required,  if  any, 
rate  of  interest  paid,  if  any,  on  required  de- 

posit, and  states  whether  metering  is  optional 
or  not.  The  next  tabulation  pertains  to  the 
supply  itself  and  gives  very  full  information 
as  to  the  source  and  treatment  of  the  suoply, 
system  of  supply  and  operation,  average 
monthly,  daily  and  hourly  rates  of  consump- 

tion, and  pressure  carried  at  pumping  station, 
and  in  the  business  and  residence  districts. 
The  tabulation  on  public  fire  service  gives 
information  relative  to  the  percentage  of  fires 
where  steamers  are  used,  nature  and  extent  of 
separate  high  pressure  fire  system,  annual 
revenue  per  hydrant,  maintenance  of  hydrants 
and  valves,  size  of  hydrant  connections,  de- 

scription of  fire  hydrants  used,  and  whether 
hydrants  conform  to  national  standard  or  not. 
The  information  pertaining  to  private  fire 
service  covers  the  following  points :  charges 
for  service  for  automatic  sprinkler  connec- 

tions, hydrant  rentals,  maximum  size  of  fire 
service  connections,  and  meterage  of  private 
fire  lines.  The  concluding  tabulation  pertains 
to  service  connections  and  tells  by  whom  these 
are  installed,  how  paid  for,  price  per  foot,  by 
whom  maintained,  charge  for  tap  and  size  of tap. 

The  reader  will  readily  appreciate  the  fact 
that  a  wealth  of  information  is  contained  in 
the  report  under  discussion.  This  information 
is  of  the  widest  interest  to  the  operators  of 
water  utilities  and  will  be  immensely  valuable 
for  comparative  purposes.  In  introducing  the 
report  the  committee  wisely  cautioned  users  of 
the  data  presented  against  using  any  segre- 

gated item  of  information  without  due  regard 
to  the  local  operating  conditions.  This  relates, 
of  course,  with  special  emphasis  to  the  matter 
of  water  rates. 

The  report  gives  a  very  clear  presentation  of 
operation  conditions  and  methods  in  represen- 

tative cities.  A  copy  of  it  should  be  secured 
and  preserved  by  all  water  department  officials 
and  water  supply  engineers. 

The  Work  of  the  Pennsylvania  High- 
way Department. 

-At  its  inception  the  present  highway  depart- 
ment of  the  state  of  Pennsylvania  had  laid  out 

for  it  by  law  a  definite  task  to  perform.  A 
system  of  trunk  roads  comprising  nearly  9,000 
miles  of  highway  was  designated  to  be  im- 

proved, minor  roads  of  local  importance  were 
to  be  built  where  requested,  and  numerous 
administrative  duties  performed,  among  them 

the  collection  and  expending  of  the  automo- 
bile ta.x  and  the  publication  of  accurate  county 

maps. 

Briefly  stated,  main  traveled  roads  leadmg 
to  the  state  line  and  connecting  cities,  boroughs 
and  townships  are  by  law  made  state  roads, 
to  be  constructed  and  maintained  wholly  by 
the  state.  Other  roads  improved  upon  appli- 

cation of  the  political  unit  in  which  they  lie 
are  to  be  built  and  maintained  jointly  by  the 
state  and  political  unit.  This  unit  may  be  a 
township,  in  which  case  the  township  pays 
one-half  of  the  cost;  or  the  county  and  town- 

ship may  act  together,  in  which  case  each  pays 
one-fourth  of  the  cost.  In  either  case  the 

state  pays  one-half  of  the  cost,  the  total 
amount  of  aid  granted  being  dependent  upon 
the  mileage  of  road  in  the  unit. 

Thrusting  aside  details  and  considering  for 
a  moment  the  idea  upon  which  this  classifica- 

tion is  based,  the  bigness  of  the  plan  is  ap- 
parent.    Modern  conditions  demand  that  cer- 
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tain  interurban  roads  be  maintained  in  a  higher 
degree  of  improvement  than  is  necessary  to 
meet  the  demands  of  traffic  originating  along 
their  line.  That  the  cost  of  this  higher  type 
of  service  be  met  entirely  by  the  local  political 
unit  is  manifestly  unfair.  The  construction 
and  maintenance  of  these  roads — either  wholly 
or  in  part — is  distinctly  a  function  of  the  state. 
The  construction  and  maintenance  of  distinct- 

ly local  roads  is  just  as  clearly  the  function 
of  the  local  unit,  the  extent  to  which  the  state 
participates  in  meeting  the  cost  of  the  work 
depending  on  their  value  to  the  state  as  a 
whole.  The  value  of  adopting  a  definite  plan 
of  improvement  will  be  more  apparent  in  fu- 

ture years.  This  is  usually  the  case  with  large 
undertakings  which  have  in  view  future  wel- 
fare. 
The  undertaking  of  this  work  was  begun  in 

a  small  way.  First  appropriations  were  small 
to  accomplish  more  than  a  part  of  the  prelim- 

inary work  necessary.  Adjustments  with  vari- 
ous other  state  departments  affected  by  the 

highway  law  were  necessary  and  new  details 
of  organization  had  to  be  tried  out  in  actual 
practice.  The  growth  in  importance  and 
amount  of  the  work  accomplished  has,  how- 

ever, been  steady  and  a  basis  has  probably 
now  been  reached  upon  which  the  carrying  out 
of  the  work  planned  can  be  accomplished. 
Slow  growth  should,  undoubtedly,  promote 
efficiency  in  the  personnel  of  the  department. 
One  of  the  most  interesting  features  of  the 

organization  perfected  is  the  arrangement  for 
the  supervision  of  township  road  work.  The 
state  is  divided  into  districts,  each  in  charge 
of  a  superintendent,  who  supervises  repair, 
maintenance  and  construction.  This  work  is 
under  a  separate  bureau  of  the  department 

and  covers  practically  the  entire  state,  involv- 
ing all  classes  and  types  of  road  building 

and  maintenance. 
Perhaps  the  most  characteristic  feature  of 

the  work  of  the  department  is  one  which  is 

typical  of  the  people  of  the  state — thorough- 
ness. Whatever  things  are  undertaken  are  ac- 

complished in  a  thorough  manner.  This  key- 
note will  be  found  running  through  the  pub- 

lications of  the  department  and  its  efifect  is 
seen  in  the  work  completed. 

Our  Iron  and  Steel  Exports  to  Various 
Countries. 

It  is  interesting  to  note  the  volume  and 
destination  of  our  iron  and  steel  exports. 
Published  statements  usually  have  .given  the 
volume  of  such  exports  but  generally  have 
not  given  the  destination  of  these  exports.  The 
Bureau  of  Foreign  and  Domestic  Commerce 
has  recently  published  its  tables  of  exports  by 
countries,  which  extend  through  the  fiscal  year 

ending  June  30,  1913.  These  data  show  that 
our  iron  and  steel  exports  are  far  from  being 
uniformly  distributed.  The  particular  kind  of 
development  going  on  at  the  time  and  the  cost 
of  transportation  are  important  factors  which 
influence  the  volume  of  exports  and  make  it 
difficult  for  those  exporting  materials  to  keep 
closely  in  touch  with  the  various  markets. 
The  total  exports  of  iron  and  steel  in  the 

fiscal  vear  1912  amounted  to  2,.509,797  gross 
tons,  which  increased  to  3,019,142  tons  in  the 
fiscal  year  1913.  although  recent  exports  have 
been  somewhat  less. 

About  three-fourths  of  our  1913  exports  of 
102.201  tons  of  iron  and  steel  scrap  went  to 
Canada,  while  practically  all  of  the  remainder 
was  sent  to  Italy,  the  latter  having  developed 
recently  a  steel  industrj'.  largely  on  the  basis 
of  working  up  scrap.  Our  pig-iron  exports, 
which  in  1913  amounted  to  287,022  tons,  have 
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been  chiefly  to  Canada,  tlie  latter  taking  "222,- 
18t  tons.  England  took  only  aliout  one-tentli 
as  much  as  Canada,  while  Italy  imported 
from  this  country  about  20,000  tons  and  Aus- 

tria-Hungary about  8,100  tons. 
Our  total  exports  of  ingots,  blooms,  billets, 

sheet  bars,  etc.,  amounted  to  23."),000  tons  in 
1913.  Of  this  tonnage  between  loO,000  and 

17.'),000  tons  went  to  England  and  most  of  the remainder  to  Canada,  the  latter  country  using 
practically  all  our  exports  of  wire  rods  during 
the  past  four  years,  the  totals  varying  from 
about  20,000  tons  in  lltH)  to  48,06o  tons  in 
1913. 
Our  rail  exports  have  steadily  increased  since 

1900.  In  that  vear  thev  were  231,138  tons;  in 
1910  thev  were  3G!I..^78  tons:  in  1911,  391,428 

tons;  in'l912,  41T,.")47  tons;  and  in  1913,  4")2,- o4o  tons.  The  demand  of  individual  countries 
for  steel  rails  has  varied  widely,  and  it  is  not 
possible  to  build  up  a  regular  trade  with  any 
particular  country.  The  rail  exports  to  Sout'.t 

.America  in  190fl  amoi-nted  to  ."lO.OrO  tons;  in 
1910  to  l.WOnn  tons;  in  1911  to  9G.0nii  tons; 
in  1912  to  131,000  tons;  and  in  1913  to  94.000 
tons.    The  various  countries  of  South  Americ;'. 

however,  varied  widely  as  to  their  imports  of 
rails  from  tliis  country.  In  1909,  1910  and 
1911.  .Argentina  used  more  than  one-half  of 
the  total  exports  to  South  .\merica,  while 
Hra?il  was  a  moderately  close  second.  In  1912 
the  exports  to  .\rgentina  decreased,  while  those 
to  Chile  exceeded  those  either  to  Brazil  or 
-Argentina.  In  1913  the  exports  to  Brazil  were 
32,000  tons ;  those  to  Argentina  were  25,000 
tons;  to  Chile,  14,000  tons;  and  to  other  South 
.American  countries,  23,000  tons.  Our  rail  ex- 

ports to  Mexico  were  80.000  tons  in  1909,  but 
decreased  each  succeeding  year  until  they 
reached  20.0(lii  tons  in  1913,  In  1910  our  rail 
exports  to  Cuba  were  40.000  tons,  although 
this  tonnage  has  slightly  decreased  since  that 
time.  Our  exports  to  Canada  varied  from 
25,000  to  40,000  tons  in  1909,  1910  and  1911, 
but  in  1912  they  jumped  to  118,726  tons  and 
in  1913  to  138,439  tons.  Present  developments 

in  Canada,  bow-ever,  do  not  promise  a  con- 
tinuance of  such  a  large  rail  trade  to  that 

country.  Outside  of  the  .American  continent 
our  rail  exports  have  not  been  large.  In 
1913.  15  per  cent  of  the  total  went  to  Oceania, 
about   10  per  cent  to  Japan,  about  3  per  cent 

to  China  and  1  per  cent  to  Africa.  Europe 
imported  from  this  country  only  3,045  tons. 

In  1913  our  exports  of  steel  plates  were 
2(13,1100  tons,  and  of  black  sheets,  133,000  tons, 
Canada  took  75  per  cent  of  the  plates  and  81 
per  cent  of  the  sheets  exported.  Japan  and 
Australia  each  imported  from  this  country 
6  per  cent  of  the  total  tonnage  of  plates,  while 
Chile  took  8  per  cent  of  the  sheets  and  Scot- 

land 4  per  cent.  The  total  exports  of  gal- 
vanized sheets  in  1913  amounted  to  115,000 

ton^,  of  which  Canada  took  32  per  cent,  Mex- 
ico, .Argentina  and  .Australia  each  took  7  per 

cent,  the  Philippine  Islands  used  6  per  cent, 
and  Japan  came  next  with  5  per  cent.  The 
galvanized  sheets  were  exported  to  58  coun- 

tries, Europe  taking  about  5  per  cent  of  the total. 

This  summary  of  some  of  the  iron  and 
steel  products  exported  will  suffice  to  show  the 
difficulty  of  keeping  in  touch  with  the  fluc- 

tuating dem.ands  of  various  countries.  For 
some  products  it  is  possible  to  build  up  a 
somewhat  constant  trade  with  certain  coun- 

tries, while  for  other  products  the  demand  is 
only   temporary. 

Design  Features  of  the  Ccmmonwealth 
Pier  No.  1,  East  Boston,  Mass. 

(Staff  Article.) 

The  Commonwealth  of  Massachusetts  is  to 
construct  a  pier  in  East  Boston  to  be  known 

as  "Commonwealth  Pier  No,  1,"  wdiich  will 
possess  some  interesting  features.  The  main 
building  is  157  ft.  8  ins.  wide  by  882  ft.  0  in. 
long,  between  outside  column  centers,  and  is 
surrounded  by  a  concrete  platform.  The 
structure  is  two  stories  high  and  rests  mainly 
on  a  wood  pile  foundation.  The  'irst  floor 
contains  two  lines  of  tracks  near  the  center 

of  the  building,  which  run  practically,  the  en- 
tire length  of  the  pier.  The  remaining  space 

on  this  floor  is  used  as  a  wharf  and  for  stor- 
age, except  a  small  portion  at  the  shore  end, 

which  is  divided  into  several  rooms.  The  sec- 
ond floor  contains  a  large  examination  room 

for  ship  passengers  at  the  shore  end,  this  room 
being  surrounded  by  small  otfices.  .Adjacent 
to  this  there  is  a  large  room  for  steerage  pas- 

sengers, and  adjoining  this  latter  room  there 
are  accommodations  for  first  and  second  cabin 
passeiigers,  .At  the  outer  end  of  this  floor 
there  is  a  large  open  space  surrounded  by  wide 
gallery.  The  outer  end  panel  of  the  structure 
is  only  one  story  high,  the  flat  roof  of  which 
forms  a  lookout  balcotiy.  The  project  also 
includes  a  grain  conveying  gallery  and  sun- 
ports.  This  gallery  is  located  at  one  side  of 
the  pier  and  is  supported  on  the  steelwork  of 
the  main  structure.  It  connects  with  the  grain 
elevator  of  the  Boston  &  .Albany  R.  R.  The 
lowest  bid  received  for  the  entire  project  was 
$(i58,857. 

FOUNPATIONS. 

The  work  to  be  done  under  the  contract  for 
the  foundations  of  the  pier  consists  of  the 
construction  of  a  timber  bulkhead,  the  filling  of 
the  area  back  of  it,  the  construction  in  front 
of  the  bulkhead  of  a  pile  and  timljcr  wharf 
with  a  concrete  floor  slab,  and  in  connection 
with  latter  the  construction  of  concrete  foun- 

dations, supported  tjn  piles,  for  a  steel  frame 
building.  The  contract  also  provides  for  build- 

ing sewers,  drains,  pipes  and  conduits.  An- 
other contract  provides  for  the  excavation 

alongside  of  the  wharf  to  a  depth  of  40  ft. 
below  mean  low  water. 

The  estimated  quantities  of  materials  re- 
quired under  the  contract  for  the  foundations 

arc  given  in  Tabic   I, 

Bulkhead. — The  bulkhead,  which  extends 
diagonally  from  a  point  in  the  fifth  panel  from 
the  shore  on  the  cast  side  to  a  point  in  the 
seventh  panel  on  the  west  side  consists  of 
creosoted  pine  piles,  yellow  pine  stringers  and 
fi-in,  yellow  pine  grooved  and  splined  sheet- 

ing.   The  fi-in.  sheeting  !S  of  short-leaf  yellow- 

pine,  crecsoted  with  IG  lbs.  of  dead  oil  of 
coal  tar  per  cubic  foot.  The  sheets  are  grooved 
and  have  a  width  of  8  ins.  The  splines  are  of 
spruce  and  are  l%x3  ins.  x  10  ft.  long.  They 
are  fastened  to  the  sheet  piling  with  (i-in, 
spikes  driven  not  more  than  2  ft.  apart.  Fig- 

ure 1  shows  a  plan  and  elevations  of  the  bulk- 
head and  gives  details  of  its  construction.  It 

is  required  that  the  filling  inside  of  the  bulk- 
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Fig.   1.     Plan  and   Elevations  of   Bulkhead  of 

Commonwealth    Pier    No.   1,    East 
Boston,  Mass. 

head  be  placed  in  layers  in  such  a  manner  that, 
if  there  is  any  tendency  for  it  to  flow,  the  di- 

rection of  flow  will  be  away  from  the  bulkhead. 
The  portion  of  the  building  inside  of  the  bulk- 

head rests  on  an  earth  fill. 

Wharf  Coiistruclinii. — The  wharf,  which  ex- 
tends in  front  of  the  bulkhead,  rests  on  wood- 

en piles,  which  are  capped  with  timber  caps 
and  which  support  a  reinforced  concrete  deck. 

The  foundations  for  the  support  of  the  steel 
frame  building  are  constructed  within  the  area 
covered  by  the  wharf.  Cast-iron  belay  nosts 
are  set  along  the  outer  edge  of  the  platform. 
In  the  center  of  the  w-harf  there  is  a  track  pit 
containing  two  tracks,  which  terminate  near 
the  outer  end  of  the  platform, 

Tlie  foundations  supporting  the  columns  of 
the  steel  building  consist  of  clumps  of  creo- 

soted pine  piles,  cut  off  at  elevation  12,5.  .After 
cutting  the  piles  to  grade  their  heads  were 
again  creosoted.  Upon  these  pile  foundations 
are  built  concrete  piers  to  receive  the  steel 
columns.  The  tops  of  the  piers  contain  core 
holes  for  the  anchor  bolts  of  the  columns. 
Slots  are  moulded  in  these  piers  to  receive  the 
timber  caps  of  the  pile  wharf.    After  the  caps 

T.VBLE      I,— ESTIMATED     QUANTITIES      OF 
MATERIAL  IN  FOUNDATION  OF  TIER, 

Item.  Quantity. 
Rxc.Tvaticn,   cu.   yds       5.500 
Ordinary  refill,  cu.  yds     30,000 
Riprap,   tons             ^oo 
Track  ballast,  cu.  yds           200 
Plain  concrete,   1:2:4.   cu.   yds       2,000 
Plain  concrete,  1:3:0.  tu,  yds           2.53 
Reinforced  concrete.  1:2:4.  cu.  yds       S,0fi0 
Brick   manholes,   number    S 
Granolithic   surfacing,   sci.    yds       2.200 
.Spruce  or  non-treated  pine  piles,  number.        740 
Creosot?d  pine  piles  (5,41.5  piles),   lln.   ft,,2}i2.iT5 
Oak   fender  piles,   number          2S0 
Oak   bulkhead   piles,   number           170 
Hard  pine  lumber,  ft,  B.  M   700,000 
Square  oak  lumber,  ft.  B.  JI       4.500 
Rough  oak   bi-aces.   lin,   ft     4.5,000 
Railroad   ties,  number          20n 
Relnforcine   steel,    lbs   402. 00> 
Miscellaneous,    cast-iron,   lbs      15.000 
Cast-iron  belay  posts,  number    17 
Wrought -Iron  holts  and  washers.  lbs   24,5.000 

The    conti-act    also    includes    sewers,    piping, conduits,    etc. 

are  in  place  they  are  grouted  to  insure  a  uni- 
form bearing.  The  concrete  used  in  these 

piers  is  a  1 :2 :4  mix. 
Figure  2  (a)  shows  a  half  cross-section  of 

the  pile  substructure  taken  through  the  center 
of  a  line  of  column  foundations;  and  Fig.  2 
(b)  show-s  the  framing  for  a  typical  pile  bent 
between  columns,  of  w-hich  tlicre  are  tw-o  be- 

tween each  set  of  columns.  The  substructure 
framing  is  synmietrical  about  the  center  line 
of  the  track  pit.  except  that  for  the  platforms 
which  extend  beyond  the  building.  The  plat- 

form for  the  half  not  shown  in  Fig.  2  (a) 
extends  G  ft.  8  ins,  beyond  the  center  of  the 
outside  line  of  columns,  instead  of  10  ft,  8  ins., 
as  given  for  the  half  shown  in  tlic  drawing. 
The  piles  supporting  the  wharf  are  creo- 

soted short-leaf  yellow-  pine,  except  the  fen- 
der piles  along  the  outer  edge  of  the  wharf, 

which  are  oak.  It  is  specified  that  the  pine 
piles  shall  be  at  least  14  ins.  in  diameter  3  ft. 

I 

I 
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from  the  butt,  and  that  the  diameter  at  the 
tip  shall  be  at  least  7  ins.  These  piles  are  to 
be  creosoted  with  Itj  lbs.  of  creosote  oil  per 
cubic  foot  of  timber. 

cap  is  bolted  with  one  bolt,  and  is  further  se- 
cured by  bolting  a  splice  timber,  of  the  same 

section  as  the  cap  and  4  ft.  long,  with  four 
1-in.  screw  bolts.    The  fender  piles  are  capped 
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Section     Through     Column    Foundations   and    Elevation    of   Typical    Pile 

Bent    Between   Columns   of   Commonwealth    Pier  No.  1. 

piles  have  in  addition  8.xl0-in.  hard  pine  chocks 
tightly  fitted  between  them  and  bolted  to  the 
longitudinal  stringers  with  %-in.  screw  bolts, 
three  to  each  chock. 

The  main  piles  in  the  bents  are  braced  with 
spur  piles  (see  Fig.  2),  which  are  fitted  to  the 
main  piles  and  are  fastened  with  two  1%-in. 
screw  bolts,  and  with  oak  braces  and  girders 

bolted  to  the  piles  with  1-in.  screw  bolts. 
The  outer  corners  of  the  wharf  are  strength- 

ened with  timber  platforms  and  braces  bolted 
to  the  piles.  The  outer  face  of  each  corner 
has  fender  piles  of  white  oak  spaced  about  2 
ft.  apart,  with  solid  square  oak  timber  chocks "between  them. 

Figure  3  shows  a  plan,  a  cross-section  and  a 
longitudinal  section  of  a  portion  of  the  outer 
platform.  This  drawing  shows  the  location 

of  one  of  the  belay  posts  and  gives  construc- 
tion details  of  the  platform.  The  reinforced 

concrete  platforms  have  a  2-in.  granolithic surfacing. 

Track  Pit. — The  track  floor  is  supported  on 
7xl4-in.    hard    pine    stringers    resting   on    the 
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The  oak  piles  for  the  fenders  on  the  two 
sides  and  outer  end  ( e.xcept  at  the  corners) 
are  required  to  be  white  or  red  oak,  of  which 
not  less  than  20  per  cent  shall  be  white  oak. 
These  piles  shall  be  not  less  than  14  ins.  in 
diameter,  .5  ft.  from  the  butt  and  not  less  than 
'i  ins.  in  diameter  at  the  tip  (including  bark 
in  each  case).  The  corner  fender  piles  are 
white  oak,  of  the  same  dimensions  as  the  other 
oak  piles,  and  each  pile  is  bolted  to  the  fram- 

ing of  the  platform  with  three  1%-in.  screw 
bolts,  the  heads  of  which  are  countersunk  to 
a  depth  of  .5  ins.  The  bolts  are  to  be  of  dou- 

ble-refined iron. 

The  lengths  of  the  piles  are  indicated  ap- 
pro.ximately  in  Fig.  2,  but  it  is  specified  that 
the  creosoted  pine  piles  shall  penetrate  at  least 
lo  ft.  into  the  original  clay  bottom — no  pile 
to  have  a  length  less  than  4(5  ft.  It  is  required 
that  the  oak  piles  penetrate  at  least  10  ft.  into 
the  original  clay  bottom. 
The  caps  for  the  piles  are  hard  pine,  each 

timber  being  7.xl4  ins.,  with  the  butt  joint  on 
the  piles.  They  are  fastened  to  the  piles  with 
two  1-in.  screw  bolts.    At  the  butt  joints  each 

witli  12xl4-in.  hard  pine  caps,  secured  to  the 
piles  with  mortise  and  tenon  joints  and  oak 
tree-nails.  The  fender  caps  are  spliced  be- 

tween the  piles  with  a  ship  splice  2  ft.  long, 
secured  by  four  %-in.  screw  bolts  with  large 
flat  heads. 

J"'^' 
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girder  caps  of  the  bents  under  the  track  pit. 
Under  each  rail  there  is  a  double  7xl4-in. 
stringer,  the  timbers  of  which  are  bolted  to- 

gether with  1-in.  screw  bolts  having  cast-iron 
separators  2  ins.  thick  between  them.  These 
bolts  are  spaced  3V4    ft.   apart.     The  timbers 

I'Radius  h^-\^ 

Concrete  shall  be  reinforced  with  nofless 

than 4  lb  steel  per  sq  ft  S"hole 
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f 

Fig.   4.     Cross-Section    of   Track    Pit   of   Commonwealth    Pier    No.    1,    Showing 
Construction   Details. 

The  piles  are  braced  longitudinally  with  6.x 
10-in  hard  pine  timbers,  which  are  secured  to 
the  piles  with  1-in.  screw  bolts  placed  just  un- 

der the  girder  caps.    The  outer  row  of  bearing 

forming  the  double  stringers  break  joints,  the 
butts  falling  on  the  bents.  Each  stringer  is 

bolted  to  the  girder  caps  with  one  1-in.  bolt 20  ins.  long. 
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h:.rd  pine  timber  floor  4  ins.  thick,  each 
,v  extending  the  full  width  of  the  track  f.t 

except  tthere  it  butts  against  the  column  foun- 
dations, is  spiked  to  the  stringers  with  %-in. 

square  wrought-iron  ship  spikes  8  ins.  long. 

The  spikes  are  drivin  through  %-in.  holes, 
which  are  previously  bored  in  the  planks. 

.^fter  the  tracks  are  laid  on  the  timber  floor 

the  whole  track  pit  is  covered  with  a  3-in. 
concrete  slab,  reinforced  with  steel  mesh.  On 

each  side  of  the  track  pit  there  is  built  a  thm 

reinforced  concrete  wall,  in  the  top  of  which, 

at  intervals,  are  set  angles  to  form  rests  for 

bridges  across  the  track  pit.  The  concrete  for 
the  floor  and  sides  is  a  1  ;2 :4  mix. 

Figure  4  shows  a  cross-section  of  the  track 

pit  at  the  scuppers,  and  gives  details  of  its 
construction. 

Substantial  bumping  posts  are  placed  at  the 

ends  of  the  tracks,  an  elevation  and  a  cross- 
section  of  which  are  shown  in  Fig.  5. 

I-Ioor  Cuusirticlion  oj  /'ifc— The  flour  con- 
struction of  the  pier  within  the  building  con- 

sists of  a  7-in.  reinforced  concrete  slab  resting 

directly  upon  the  girder  caps,  upon  which^  is 
placed  a  3-in.  layer  of  cinder  concrete,  liie 

wearing  surface  consists  of  3-in.  yellow  pirie 

planks  nailed  to  3x4-in.  sleepers  embedded  in 

the  cinder  concrete.  (The  pine  wearing  sur- 
face and  the  cinder  concrete  fill  is  included  in 

the  contract  for  the  superstructure.)  Figure 

G  shows  a  plan  and  sections  of  the  floor  for 

the  pier  and  gives  details  of  its  construction. 
At  the  inner  end  of  the  pier  the  reinforcing 
rods  extend  about  10  ft.  over  the  bulkhead,  to 
serve  as  anchors  for  the  concrete  slab.  (The 

bulkhead  slab  is  to  be  built  later  under  a  sepa- 
rate contract.)  The  concrete  for  the  main 

floor  slab  consists  of  a  1 :2  ;4  mix. 

Foundations  for  Grain  Conveyor  Gallery. — 
.•\  grain  gallery  about  4G0  ft.  long  connects 
with  the  conveying  galleries  from  the  Boston 

&  Albany  R.  R.  elevator  on  the  shore.  This 
gallery  connects  to  the  steelwork  of  the  pier 
at  a  point  near  the  inner  end  of  the  pier  and 
continues  from  the  latter  point  a  distance  of 
over  700  ft.  along  one  side  of  the  pier.  From 
the  elevator  to  the  pier  the  gallery  is  supported 
on  concrete  piers  having  pile  foundations.  The 
portion  of  the  gallery  which  extends  along  the 
pier  is  carried  by  the  steel  superstnrcture  of 
the  pier  (see  Fig.  7).  The  foundations  for 
the  columns  of  the  grain  gallery  are  of  two 

There  are  about  2,200  tons  of  steel  in  the  su- 

perstructure. 

Shi'Wi'ms.— Figure  7  shows  a  half  crosp-sec- 
tion  of  the  steel   superstructure  and  r  the 

principal  dimensions  and  the  sizes  of  the  i.._.n- 
bers.  It  will  be  noted  that  the  colnnrns  m 

the  bent  are  spaced  39  ft.  '}  ins.  apart,  !<■  iis- 
tance  between  the  center  lines  of  outsMe  1- 

umns  being  157  ft.  8  ins.  The  buildmg  von- 

tains  42  panels  at  21  ft.  each,  its  total  length., 
between  center  lines  of  outside  columns  being 

882  ft.  Beginning  with  the  third  bent  from 

the  outer  end  of  the  pier  the  middle  line  of 

columns  "C"  is  omitted  for  a  distance  of  2.52 

ft.  (12  panels).  For  this  distance  the  second 

floor  framing  is  omitted  between  the  column 

lines  "B"  and  "D." 
The  second  floor  framing  consists  of  60-in. 

steel  girders  between  columns,  r2xl6-in.  yel- 

low pine  strirgcrs,  3-in.  yellow  pine  tongue- 
and-groovc  planks,  and  a  %-in.  maple  flooring. 

A  thickness  of  asphalt  felt  is  laid  bd -vcen  tbc 

3-in.  planks  and  the  maple  flooring.  This  floor 

is  designed  for  a  live  load  of  Li*"*  lbs.  per 
square  foot.  A  2-in.  granolithic  wearing  sur- 

face is  placed  in  the  toilet  rooms. 

The  roof  consists  of  2-in.  spruce  tonguo- 

and-groove  planks,  nailed  to  2x3-in.  nailing 

strips,  resting  on  steel  purlins,  and  a  5-plv 

a"=phalt  and  slag  roofing.  The  roof  was  de- 
signed for  a  live  load  of  30  lbs.  per  square 

foot. 
The  outer  end  panel  of  the  structure  is  only 

one  story  high,  the  roof  of  which  forms  a 

balcony.  The  balcony  has  a  reinforced  con- 
crete roof  slab  supported  on  steel  I-beams. 

The  outside  walls  of  the  shore  end  of  the 

structure,  which  here  rest  on  an  earth  fill, 

are  composed  of  8-in.  terra  cotta  blocks,  plas- 
tered on  both  sides.  The  remaining  portion  of 

the  sides  is  covered  with  corrugated  iron. 
The  shore  end  of  the  building  also  has  a  terra 

cotta  wall.  In  the  perishable  goods  room  and 

in  nart  of  the  third-class  waiting  room,  the 

corrugated  iron  siding  is  backed  with  8-in. 
terra  cotta  blocks  up  to  the  ceilings  of  these 
rooms. 

Grain  Gallery.— The  grain  gallery,  which  ex- tends for  a  distance  of  about  714  ft.  along 

one  side  of  the  pier,  has  its  floor  at  elevation 
97.0,  which  is  about  70  ft.  above  the  first  floor 
of  the  pier.     This  gallery  is  carried  oil   steel 

of  the  gallery  is  about  7  tons.  Two  of  these 

traveling  frames  and  steel  spouts  are  pro- vided for  loading  grain  into  ships. 

The    building  is   equipped    with   a   complete 

automatic  sprinkler  system  and  fire  hose  pro- 
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Fig.  5.    Elevation  and   Cross-Section   of   Bumping   Post  for  Commonwealth   Pier 
No.  1. 

types,  one  of  which  consists  of  six  piles  cut 
off  at  elevation  MO  and  capped  with  a  con- 

crete pier  2.4  ft.  high,  and  the  other,  of  nine 

piles  cut  off  at  elevation  8.."j  and  capped  with 
a  concrete  pier  7.4  ft.  high.  For  the  2.4- ft. 
pier  the  four  1%-in.  anchor  bolts  extend 
through  the  concrete  and  are  anchored  into 
12xl2-in.  blocks  placed  between  the  piles  and 
bolted  to  them:  while  for  the  7.4-ft.  piers  'lie 
anchor  bolts  extends  almost  through  the  con- 

crete and  project  2  ft.  above  the  piers. 

SUPERSTRCCTl'RE. 

The  work  included  under  the  contract  for 
the  steel  superstructure  consists  of  furnishing 
and  erecting  in  place,  on  the  foundations  pre- 

viously prepared,  the  steel  frame  and  other 
structural  steelwork  for  the  building  on  the 
pier,  including  a  grain  gallery  and  its  supports. 

bents,  the  outside  columns  of  which  are  in 
line  with  the  outside  line  of  columns  of  the 
building,  while  the  inside  line  of  the  gallery 
columns  are  carried  by  the  roof  trusses  (sec 
Fig.  7).  This  gallery  encloses  a  36-in  belt 
conveyor,  which  runs  at  a  speed  of  about  OOn 
ft.  per  minute.  Grain  is  unloaded  from  the 
belt  conveyor  into  ships  through  a  long  steel 
spout,  which  is  carried  by  a  cantilever 
A-frame.  The  latter  runs  on  a  track,  which 
is  carried  by  brackets  on  the  outside  columns 
of  the  gallery  bents,  this  track  being  at  about 
elevation  89.  A  guide  track  on  the  roof  of  the 
conveyor  gallery  holds  the  .\- frame  in  posi- 

tion and  provides  for  the  horizontal  thrust 
caused  by  supporting  the  steel  spout  at  the 
outer  end  of  the  A-frame.  The  vertical  load 
on  the  track  due  to  the  A-frame  is  about  5 
tons,  while  the  horizontal  thrust   at  the  roof 

3'Ka'Steepe'r'i . 
Cinder  concrete. 
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Commonwealth  Pier  No.  1,  Showing  De- 

tails  of   Construction. 

tecticn.  Two  electric  passenger  elevators  are 
provided,  each  elevator  having  an  area  of  80 
sq.  ft.  and  a  clear  head  room  of  9  ft.  The 
capacity  of  the  motors  is  sufficient  to  operate 
the  elevators  at  a  speed  of  l.^iO  ft.  per  minute 
when  lifting  a  superimposed  load  of  G,.500  lbs. 

Proposed  System  of  Reinforcement  for 
the  Roof  Timbers  of  Westminster 

Hall,  England. 
.■\n  interesting  report  on  the  condition  of 

the  roof  timbers  of  Westminster  Hall,  in  Eng- 
land, with  suggestions  for  maintaining  the 

sta'jilitv  of  the  roof,  has  recently  been  pre- 
pared bv  Mr.  F.  Baines,  one  of  the  architects 

in  the  H.  M.  Ofl!ice  of  Works.  This  building 
dates  from  the  year  1097,  and  the  original 
walls  still  remain,  the  width  betw<>cn  walls 
being  G7  ft.  G  ins.  It  is  believed  that  the 

original  roof  was  constructed  with  inter- 
meiliate  supports  in  the  form  of  pillars.  The 
present  roof  was  practically  completed  in 
1.3911-1400.  Many  minor  repairs  have  been 

made  from  time' to  time,  but  a  thorough  ex- 
amination of  the  h-]\\  was  not  made  until  its 

care  was  E^sumed  //the  Ancient  Monument-; 
Branch  in  'w^rch,  1912.  the  present  report  be- 

ing the  outcome  of  this  examination.  This 
following  article  contains  extracts  from  the 
report  prepared  by  Mr.  Baines. 
The  hammer  beam  roof  contains  thirteen 

trusses,  of  which  eight  have  been  selected  for 
particular  reasons  and  the  causes  of  decay 
given   as   follows: 

(rO  Dry  rot. 
(b)  Incipient  surface   decay. 
(c)  Iiecay  clue  to  the  attacks  of  the  xestobium 

tesscllatum. 
(d)  Decay  due  to  the  attacks  of  a  smaller 

anobild  beetle. 
(e)  The  ravages  of  the  goat  moth. 

Many  investigations  have  been  made  to  find 
a  remedy  in  the  form  of  a  liquid  which  would 
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preserve  the  wood  from  further  c'ccay,  but 
none  appear  to  be  practicable  or  effective  al- 

though 18  different  solutions  have  been  con- 
sidered. The  report  gives  the  results  of  a 

detailed  examination  of  the  main  members 
of  the  trusses  and  shows  that  the  defects  due 

to  decay  and  twisting  are  so  serious  tliat  col- 
lapse is  likely  to  occur  at  an  early  dan-  f  the 

trusses  are  not  reinforced.  Although  the 
method  of  piecing  the  timbers  with  modern 
oak  has  been  considered,  this  method  is  not 
advised.  The  roof  timbers,  exclusive  of  the 
roof  sheathing,  contain  about  480,000  ft.  B. 
M.,  which  shcvws  that  any  considerable  cut- 

ting away  and  reparation  would  be  very  ex- 
pensive. 

WALLS    .\ND    FOUND.\TIONS! 

An  investigation  was  first  made  to  de- 
termine the  stability  of  the  walls  of  the  hall, 

this  factor  being  very  important  inasmuch 
as  a  system  of  steel  reinforcement  might  be 
designed  which  would  e.xert  an  outward 
thrust  on  the  walls.  Holes  were  sunk  at  the 
external  faces  of  the  walls  of  the  east  and 
west  sides  to  ascertain  the  character  and 
depth  of  the  foundations  and  subsoil.     It  was 

take  some  of  the  trusses  down  and  entirely 
renew  many  of  their  members.  To  cut  and 
piece  the  hammer  beams  would  be  a  grave 
constructional  -'•ror  should  they  ever  be  called 
upon  to  c:  anrelieved  the  present  stresses 
caused  by  tlie  roof.  By  means  of  some  sys- 

tem of  stee'  einforcement  every  vestige  of 

the  origin?'  ood  which  is  unaffected  by  de- 
cay can'b  _tained,  and  only  members,  such 

as  some  o»  the  purlins,  will  have  to  be  wholly 
rene-  ed.  Such  a  system  would  prevent  the 
complete  collapse  of  the  roof  even  though 
the  timbers  should  continue  to  decay. 

In  all  cases,  however,  where  the  decay  has 
developed  into  large  cavities  and  fissures  in 
the  wood,  the  defective  timbers  will  have  to 
be  cut  and  pieced,  so  as  to  provide  a  solid 
bearing  for  the  reinforcement  on  each  side  of 
the  members.  This  piecing  up  in  oak  will 
have  to  be  done  simultaneously  with  the  work 

of  reinforcing  the  members  with  steel.  Be- 
fore this  can  be  attempted  a  carefully  de- 

signed center  or  supporting  scaffold  will  have 
to  be  built  up  from  the  floor  of  the  hall  to 
carry  fully  every  member  of  the  trusses 
treated  and  also  the  intervening  bays. 

two  other  bays  will  be  approximately  Ho  tons, 
made  up  as   follows : 

Weight, 

tons. 

Two   trusses          4-5 
One  bay        30 
Portion  of  two  other  bays       40 

Total   115 

Wind  pressure,  calculated  at  20  lbs.  per 
square  foot  over  the  whole  roof  surface,  may 
increase  this  by  another  60  tons  for  three 

bays,  giving  a  total  of  17.5  tons  to  be  carried 
by  the  center  in  the  worst  case.  Should  it 
be  found  necessary,  however,  to  center  up  at 
one  time  four  trusses  and  three  bays,  this 
load  will  be  about  doubled.  The  center, 
therefore,  together  with  its  own  weight  will 
be  carrying  a  very  heavy  load  at  the  base, 

which  the  present  floor  slabs  would  not  sus- 
tain safely.  There  is,  however,  about  18  ins. 

to  2  ft.  below  the  slabs  a  layer  of  lime  con- 
crete, which  rests  upon  made  ground  super- 

imposed over  Thames  mud  and  blue  clay. 
These  subsoils  are  not  in  themselves  satis- 

factory, but  they  are  contained  by  the  great 
walls    of    the    hall,    which    go    down    to   good 
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Fig.   7.     Cross   Section   of   Steel    Superstructure   of  Commonwealth    Pier   No.    1,   East  Boston,  Showing  Type  of 
Construction. 

found  that  the  foundations  rest  on  a  solid 
bed  of  alluvial,  gravelly  sand,  which  is  lower 
on  the  east  side  than  on  the  west  by  about 
C  ins.  The  lowest  course  of  the  wall  foot- 

ings consists  of  rough  boulders  of  Kentish 
rag,  with  a  good  ballast  filling  between  them. 
The  information  gather^  showed  that,  pro- 

vided the  walls  are  monolithir  hroughout, 
there  is  no  reason  to  e.xpect  that  they  will  nof 
be  able  to  withstand  any  dead  loads  or  thrust- 

ing stresses  which  they  may  be  called  upon 
to  bear. 

SYSTEM     OF    REINFORCEMENT    RECOMMENDED. 

The  method  recommended  to  maintain  the. 
roof  in  its  integrity  consists  of  a  scheme  of 
steel  reinforcement,  designed  to  affect  the  ap- 

pearance of  the  structure  as  little  as  possible 
and  to  afford  adequate  support  to  each  truss 
member.  The  particulars  of  this  scheme  will 
be  developed  later.  Unless  some  such  scheme 
is  adopted  it  will  not  only  be  impossible  to 
render  the  roof  safe  by  piecing  the  timbers, 
but  it  might  be  necessary  in  certain  cases  to 

F.ACTORS    TO    BE    CONSIDERED. 

It  is  proposed  to  construct  the  center  of 
steel  members  of  ordinary  commercial  sec- 

tions, and  the  major  portion  of  it  will  be 
erected  so  that  it  can  be  r.)lled  on  wheel? 
from  one  position  to  another.  This  procedure 
will  be  adopted  for  that  portion  which  clears 
the  truss  under  the  hammer  beam  and  rises 
about  half-way  up  the  arch  formed  by  the 
two  curved  struts  from  the  lower  ends  of  the 
hammer  post  to  the  center  of  the  great  curved 
rib  and  collar  beam.  Above  these  levels  the 
center  will  have  to  be  taken  down  and  rebuilt 
as  its  positions  are  altered,  and  it  may  be 
advisable  so  to  arrange  that  the  upper  stages 

of  the  center,  where  they  reach  up  to  sup- 
port the  upper  collar  and  higher  portions  of 

the  upper  principal,  together  with  the  ridge, 
should  be  constructed  of  timber  erected  from 
the  steel  center  at  the  level  of  the  middle  of 
the  hammer  post. 

The  weight  to  be  carried  by  the  steel  center 
for  two   trusses,  one  bay  and   the  portion  of 

sandy  gravel  for  their  foundation.  The  con- 
crete should  therefore  safely  carry  the  weight 

of  the  center  and  the  superimposed  load  of 

the  truss.. 

The  difficulties  of  fixing  the  center  are  very 

great.  .At  Eltham,  where  a  similar  but  much 
smaller  timber  center  has  been  constructed, 

the  condition  of  the  roof  was  such  as  to  al- 
low of  the  lifting  of  the  truss  by  wedgmg  up 

under  the  ends  of  the  main  collar  beam,  where 

it  joins  with  the  principal  rafters.  In  the 
case  of  Westminster  Hall  roof,  however,  this 

method  is  quite  impossible,  for  the  joints  be- tween the  main  collar  beams  and  the  upper 

principals  and  hammer  posts  are  so  poor,  and 
in  some  instances  so  much  affected  by  decay, 

that  if  anv  attempt  were  made  to  carry  and 

lift  the  roof  at  this  point  many  of  the  trusses 

would  collapse.  A  further  complication  arises 

from  the  fact  that  at  Westminster  Hall  the 

principal  rafters  are  in  two  sections,  and  any 

attempt  to  carrv  the  roof  at  the  main  collar 

(the  foot  of  the  upper  principals)  wnul.l  sen- 
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ously  endanger  the  stability  of  the  lower  prin- 
cipals. The  decay  generally  applies  to  almost 

every  other  structural  point  in  the  truss — 
namely,  to  the  hammer  beams  (the  timbers  of 
which  are  mostly  decayed  at  their  wall  ends 
and  some  also  at  their  free  ends),  to  the 

lower  principals  (which  are  decayed  at  their 
wall  ends)  and  to  the  purlins,  which  have  m 
some  cases  rotted  throughout  their  whole 
length.  The  steel  center  must  therefore  be 

designed  to  clip  and  carry  each  individual 
member  of  the  truss  freely  and  by  itself  at 

points  where  the  timber  is  sound.  This  has 
added  greatly  to  the  difficulty  of  designing 
the  center  and  will  necessitate  the  greatest 
care  and  foresight  in  actually  carrying  out  the 
work. 

A  further  point  which  will  have  to  be  ob- 
served carefully  with  regard  to  the  centers  is 

that  they  must  retain  the  trusses  absolutely 
in  their  present  positions.  No  wedging  up  or 
drawing  together  must  be  attempted,  and  each 

truss  must'be  strictly  maintained  in  its  exist- 
ing vertical  plane.  Should  one  of  the  trusses, 

when  freed  from  the  strut  supports  of  its  pur- 
lins while  the  latter  are  being  reinforced,  rock 

either  towards  the  north  or  south,  the  gravest 

danger  of  the  collapse  of  the  adjacent  trusses 
would  occur. 

As  the  trusses  must  not  be  jacked  or  lifted 

up  in  any  way,  it  will  be  necessary  to  make 
provision    for    drawing    together    the    various 
sections    of    the    reinforcement    in    the    most 
careful  manner  before  letting  the    truss    sink 

back   on   to   its   supports   after   the   reinforce- 
ment is  fixed.    This  point  is  an  important  one, 

as  it  will  be  seen  that  unless  the  steel  rein- 
forcement   is   tight    and    true   everywhere   on 

the    truss    it   will,   when   actually  carrjing   its 
load,  deflect  under  such  load  on  the  removal 
of  the  center,  and  possibly  open  many  joints 
in   the   timber.     This   difficulty   was   overcome 

in  part  at  Eltham  by  slightly  lifting  the  truss 

and  wedging  up,  which   has   taken  a  propor- 
tion of  the  spring  out  of  the  principal  rafters, 

so  that  the  reinforcement  will  be  fixed  on  the 

principals  in  a  more  favorable  situation  than 

the  actual  position  taken  up  by  the  latter  be- 
fore the  centering  was  fixed.     The  deflection 

due  to  the  load  when  the  reinforced   trusses 

at  Eltham  are  put  back  on  to  the  walls  can- 

not be  so  great  as  the  amount  of  the  distor- 
tion which  existed  previously  in  the  roof,  and 

which   has  been   relieved  by  the  wedgmg  up. 

Although  it  is  intended  to  reinforce  only  two 

trusses  at  one  time  and  to  complete  that  sec- 

tion of   reinforcement   throughout,  yet  to  ac- 
complish  this   the  three     double     ranges     of 

purlins  must   be   reinforced  and  connected  up 
to  the  steel  reinforcement  of  the  two  trusses 

for  three  bays.    This  will  mean  that  two  other 
trusses  (one  on  each  side  of  the  two  actually 
reinforced)  must  be  tampered  with  and  indeed 
freed    from  the  strut   supports  of  the  purlins 
for  a  time.    .After  which  the  reinforced  purlins 

must  be  temporarily   fixed  to  the  unstrcngth- 

ened  adjacent  trusses.     In  the  present  condi- 
tion of  the  roof  this  will  be  a  highly  dangerous 

operation  unless  the.se  trusses,  as  well  as  the 
two    trusses    dealt    with    and    reinforced,    are 

also  centered  and  supported  in  the  meantime. 

It  may  be  deemed  advisable,  therefore,  to  ar- 
range to  center   four  trusses  and  three  bays 

in  order  to  reinforce  at  one  time  two  trusses 
and   three  bays  only. 

In  considering  the  proposed  scheme  for  the 
steel  reinforcement  to  the  trusses,  etc.,  the 

following  m;iin   points  must  be  considered  ; 

(1)  The  steelwork  should  he  so  designed  as 
not  to  mar  seriously  the  appear.'uico  of  the  truss 
and   the  (jencrnl  proportions  of  the  structure. 

(2)  The  steelwork  .Khoiilrt  In  Itself  he  ,Tdei]iiiite. 
not  only  to  carry  effeetually  the  weight  of  the 
Irus.soa.  hut  to  support  caeh  main  member  so 
that  It  ran  be  pieced  up  where  decayed,  rather 
than   entirely  removed.  ,_    .   . 

(3)  It  should  be  designed  so  that  too  great  a 
thrusting  stress  Is  not  transferred,  to  the  wa  is. 

(1)  It  !!hoiild,  when  Inserted,  fully  provide 
against  the  possibility  of  collapse  In  any  of  the 
trusses,  should  further  dangerous  decay  take 
place: 
The  problem  would  therefore  appear  to  re- 

solve itself  into  one  of  adding  to  the  existing 
timber  work  an  entire  truss  of  steel,-  which 
would  be  able  to  support  the  whole  of  the 

present  roof  together  with  the  weight  of  the 
steelwork  itself,  so  as  to  bring  the  total  weight 

of  the  strengthened  roof  to  a  safe  and  satis- 

factory bearing  on  the  walls.  The  only  alter- 
native to  this  would  be  to  strengthen  by  in- 

dividual steel  reinforcement  each  decayed 

member  of  the  truss,  and  by  insertmg  plates 

and  bolts  to  make  up  the  deficiencies  m  the 

strength  of  the  pieced-up  structure. 

If  this  latter  method,  however,  were  car- 
ried out  a  ver\-  large  proportion  of  the  old 

timber  would  have  to  be  taken  out,  while  the 

steel  straps  which  would  be  necessar>-  t9  bind 
the  work  together  could  not  be  kept  m  the 

background,  and  would  most  seriously  affect 

the  general  appearance  of  the  structure.  In 

addition,  the  scheme,  though  very  costly, 

would  not  be  a  full  and  effective  means  of 

providing  for  the  safety  of  the  roof  in  the 

future,  should  the  decay  continue. 

This  alternative  was  therefor  abandoned  at 

the  commencement  of  the  consideration  of  this 

problem,  and  careful  thought  was  given  to  the 

question  of  selecting  the  best  form  of  steel 

reinforcing  truss  which  would  efficiently  sup- 

port the  roof  under  the  conditions  laid  down, 

and  would  interfere  in  the  least  degree  with 

the  general  appearance  of  the  timbers. 

DETAILS   OF   SYSTEM   OF  REINFORCEMENT. 

The  system  suggested  above  consists  of  a 

complete  steel  truss  which  follows  the  out- 
lines of  the  principal  rafters  on  the  top  and 

the  outlines  of  the  great  arched  rib  on  the 

underside,  and  finishes  at  the  bottom  by  hori- 
zontal members  at  the  level  of  the  wall  plate 

The  truss  is  braced  throughout  by  a  complete 

system  of  single  triangulation  with  a  few exceptions.  .  . 

Considerable    difficulty    was    experienced    in 

dealing  with  the   junction  of  the  upper  prin- 
cipal  rafter,   queen     post   and     upper     collar. 

These  three  members  do  not  meet  ina  point, 

and  in  order  to  make  the  error  in  fixing  as 

small   as   possible,   the   steel     member     which 

follows  the  upper  collar  is  placed  at  the  top 

of  the  timber,   and  the  vertical  steel  ties  are 

placed  on  the  outsides  of  the  queen  posts,  in- 
stead  of    in   their   center.     This   partly   over- 

comes  the    difficulty,   while   the   heavier   rein- 
forcing steel  plates  on     the     upper     principal 

rafters  are  placed  so  that  the  secondary  stress- 
es mav  be  satisfactorily  resisted.     In  deciding 

on  this  form  of  truss,  and  on  the  sections  to 

be   employed    very    careful   consideration    has 

been   given   to  the  absolute  necessity   for   do- 

ing everything  that  is  possible  to  keep  the  steel 
reinforcement    out    of    sight,    and    where    tins 

could  not  be  done  to  construct  the  steel  rein- 
forcement in  a  simple  and  unobtrusive  form. 

It  has  also  been  necessary  to  give  the  clos- 
est attention  to  the  question  of  building  the 

reinforcement   into   position.     The   considera- 
tion of   the   facilities   for  the  erection  of  the 

steel  reinforcement  on  the  site  is  a  most  im- 

portant one,  as  a  scheme  might  well  be   de- 
signed which  it  would  be  impossible  to  carry 

out   without  taking  down   a  large  proportion 

of  the  roof.     In  the  present  scheme,  however, 

the  work  can  be  executed  without  interfering 

unduly  with  the  existing  timbers.     It  will,  of 
course,   be   necessary   to   lift   down   on   to   the 

staging  some  of  the  members  of  the  roof  to 
allow   of    the   introduction   of   the   steel    rein- 

forcement.     The    most    important    of    these, 

however,  are  the  collar  beams     and     purlins. 

With  regard  to  the  first,  many  of  the  collar 
beams  are  in  such  a  dangerous  condition  that 
it  would  be  absolutely  necessary  to  lift  one  of 
the  two  timbers  of  this  member  out  to  repair 

the  other,  and  so  one  would  have  to  be  re- 
moved   in   any   case.     Even   if   this    were   not 

true,  the  vast  gain  to  the  roof  by  getting  the 
reinforcement  to  the  main  collar,  beam  out  of 

sight,  bv  inserting  it  between  the  two  timbers 
of  this  member,  should  make  this  method  of 
erection   an   acceptable   one.     As   regards   the 

purlins,  these  are  in  such  an  extremely  defec- 
tive and  dangerous  condition  that  without  some 

scheme  of  reinforcement  most  of  them  would 
have  to  be  renewed. 

The  members  which  it  will  be  necessary  to 
take  down  in  order  to  insert  the  reinforce- 

ment are  therefore  not  such  as  could  ordinar- 
ily be  allowed  to  remain  if  the  scheme  of 

steel  reinforcement  w-ere  not  followed.  So 
much  of  the  roof  will  be  left  in  position,  and 
indeed   must   actually   be   retained   in   position 

to  allow  the  steel  reinforcement  to  be  ap- 
plied, that  the  present  proposal  does,  in  effect, 

demand  the  retention  of  the  majority  of  the 
members  of  the  trusses  undisturbed. 

In  providing  for  the  insertion  of  this  scheme 
of  steelwork,  the  existing  reinforcing  timbers 
and  steel  tie-rods,  etc.,  can  all  be  removed, 
leaving  the  roof  in  this  respect  almost  entirely 
as  it  was  originally  built. 

The  difficulties  of  erection  and  fixing  will  be 

great,  and  these  will  only  become  apparent  as 
the  work  is  continued;  they  should  not  prove 

insuperable,  however,  if  experienced  erectors, 

who  have  had  some  knowledge  of  such  excep- 
tional work,  are  employed  in  the  execution. 

The  calculated  loading  includes  the  total 

dead  load  of  the  roof,  together  with  the  wmd 

pressure,  to  which  has  been  added  about  5-50 
lbs.  per  linear  foot  of  the  truss  to  cover  the 

additional  weight  of  the  steel  reinforcement 

in  each  bay.  In  the  calculations  for  the  steel 
reinforcement,  however,  the  allowarice  for 

wind  pressure  has  been  increased.  Xo  snow 
load  has  been  taken  in  the  calculation,  as  it 

is  unlikely  that  any  serious  weight  of  snow- would  remain  on  this  roof  at  such  a  steep 

angle.  The  addition,  however,  of  6  ins.  of 

snow  covering  the  whole  of  the  roof  w^ould 
only  increase  the  tresses  approximately  to 
the  extent  of  about  7%  per  cent,  and  the  safe 

stresses  allowed  for  on  the  whole  of  the  steel- 
work are  taken  in  the  calculation  to  give  a 

factor  of  safetv  of  .S%  generally.  Thus  the  ad- 
dition of  IV2  per  cent  to  the  stresses  would 

leave  a  very  satisfactory  margin  for  the  pos- 

sible future  depreciation  of  the  steel  by  oxida- 

tion, etc.  This  is  well  within  the  usual  ac- 
cepted safe  stresses  on  steel. 

In  selecting  suitable  sections  for  the  truss 
members  of  the  steel  reinforcement,  the 

limited  space  available,  and  the  necessity  for 

keeping  the  steelwork  as  much  out  of  sight 

as  possible  have  been  very  fully  considered. 

The  result  is  that  the  steelwork,  which  in- 
cludes forged  rods,  heavy  turned  pins,  large 

gusset  pieces  cut  to  very  irregular  sizes,  etc., 
is  not  at  all  of  a  simple  nature,  and  in  the 

working  out  of  the  details  a  vast  amount  of 

calculation  and  consideration  will  have  to  be 

given  to  the  designing  of  the  connections.  The 

complicated  and  costly  nature  of  the  steel- 
work, however,  is  necessary  to  meet  the  diflS- 

cult  and  unusual  conditions  imposed  by  the 

problem.  Whenever  bolts  are  necessary  in 

the  joining  of  the  steel  truss  they  will  have 

to  be  of  the  best  turned  steel. 

In  order  to  keep  the  section  of  the  mem- 
bers which  act  as  struts  to  neat  and  unob- 

trusive proportions,  particularly  in  the  case 

of  the  principal  rafters,  it  was  necessary  to 

calculate  the  timber  as  a  bracinp:  which  would 

prevent  the  buckling  of  the  steel  plates.  Thus 

these  plates  on  each  side  of  the  principal 
rafters  will  be  bolted  together  through  the 

thickness  of  the  timber,  and  every  portion  of 

hollow  and  decayed  wood  must  be  made  good 

bv  new  pieces  of  oak.  These  must  be  secured, 

not  by  simple  butt  jointing,  but  by  good  scarf- 
ing joints,  so  that  the  timber  itself  w;ill  hold 

the  steel  reinforcing  plates  rigidly  in  thei- 

relative  positions.  This  condition  being  at- 
tained, the  steel  alone  will  then  be  fully  cap- 

able of  resisting  the  compression  without  any 

further  assistance  from  the  timber. 

In  all  the  bearings,  in  order  to  bring  the 

load  well  on  to  the  walls  and  not  upon  their 

edges,  a  steel  girder  has  been  introduced,  held 

down' by  an  anchor  bolt  at  the  back  and  bear- 
ing upon  a  cast-iron  bed  plate,  and  thus  on 

to  the  wall. 

In  order  to  carry  out  the  erection,  which 

will  be  a  matter  of  extreme  danger  and  diffi- 

culty the  most  expeditious  manner,  as  well  as 
the  safest,  will  be  to  erect  it  from  a  traveling 

steel  stage  or  center,  which  has  been  previ- 

ously described.  On  this  stage  at  two  levels- 

just  under  the  hammer  beams  and  just  be- 
neath the  main  collar  beams— close  boarded 

platforms  will  be  fixed,  and  these  would  be 
the  two  main  working  stages  for  getting  at 

the  roof.  Smaller  platforms  would  be  neces-
 

sary to  reach  other  parts  of  the  roof  for 

taking  templates  and  for  general  purposes 
could  be  constructed  in  steel  and  timber  from 

these  platforms. 
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In  order  to  get  the  steelwork  made  in 

the  manufacturer's  yard  before  delivery,  the 
most  careful  and  accurate  full-size  templates 
would  have  to  be  taken  at  the  hall.  These 
templates  would  be  of  an  unusual  size,  and 
would  have  to  be  sent  to  the  manufacturers 
in  order  that  the  steelwork  would  fit  true  to 
its  positions  when  delivered  on  the  site. 

For  the  reinforcement  of  the  purlins  it  is 
proposed  to  use  steel  joists  with  a  wide  top 
flange  so  that  the  steel  member  shall  have 
stiffening  in  two  directions  and  thus  resist  the 
tendency  to  sag  in  the  plane  of  the  cover- 

ing of  the  roof,  which  is  so  obviously  an  ex- 
isting defect. 

It  will  be  necessary  to  take  down  the  exist- 
ing timber  purlins  (re-using  every  portion  un- 

affected by  decay),  and  cut  them  in  half  for 
their  full  length,  after  which  the  halves  will 
be  bolted  to  the  web  of  the  steel  reinforcing 
purlin  girders.  The  reinforced  purlin  will 
then  be  put  back  in  the  same  position,  and  will 
efficiently  support  the  common  rafters  with- 

out sagging.  This  operation  will  necessitate 
the  fixing  of  temporary  purlins  to  carry  the 
common  rafters,  as  it  is  undesirable  to  take 
down  the  whole  of  the  latter  members :  only 
such  of  them  as  are  perished  or  seriously  af- 

fected by  decay  would  be  removed. 

A  further  important  point  which  must  be 
considered  will  be  the  necessity  for  the  most 
accurate  fixing  of  the  steelwork  throughout 
the  truss.  It  may  even  be  necessary  to  tie  in 
the  steel  reinforcement  across  the  width  of 

the  hall,  so  as  to  stress  slightly  the  reinforce- 
ment throughout  before  it  is  let  down  upon 

the  walls.  When  completed,  and  when  the 
center  is  removed,  the  deflection  under  its  full 

load  should  not  then  be  sufficientlj'  serious  to 
cause  fracture  and  opening  of  the  timber 
joints. 

The  estimated  cost  of  the  proposed  work  is 
about  $300,000. 

Data  for  Use  in  Operating  Compressed 
Air  Hoisting  Engines  and  Rock 

Drills. 

The  use  of  compressed  air  is  an  important 
factor  in  construction  work,  yet  there  are  few 
available  data  which  give  those  in  charge  of 
building  operations  usable  information  on  this 
subject.  The  following  data  were  taken  from 
a  paper  describing  the  various  uses  of  com- 

pressed air  by  Robert  L.  Streeter,  in  the  En- 
gineering  Magazine. 

The  loss  of  power  in  transmitting  air 
through  pipes  generally  is  not  serious,  and  is 

not  to  be  compared  with  "the  losses  of  power 
in  the  operation  of  compressing  the  air  or  in 
its  re-expansion  and  final  use.  It  is  difficult 
to  derive  a  satisfactory  formula  for  the  loss 
in  pipes  due  to  friction,  as  this  loss  depends 
upon  so  many  factors,  among  which  are :  unit 
of  time,  volume  of  air,  pressure  of  air, 
diameter  of  pipe,  length  of  pipe  and  difference 
in  pressure  at  the  ends  of  the  pipe.  None  of 
these  factors  can  be  allowed  its  absolute  value, 
but  each  is  subject  to  modifications  due  to 
its  associates.  Moreover,  the  actual  diameter 
of  the  pipe,  especially  in  the  smaller  sizes,  is 
different  from  the  nominal  diameter,  while 
the  pipe  may  be  straight  or  it  may  be  crooked 
and  have  numerous  elbows  and  valves. 

FLOW    OF    AIR    THROUGH    A    PIPE. 

A  common  formula  for  the  flow  of  com- 
pressed  air   through   a   pipe   is. 

.(1) 

in  which  Q  =  volume  in  cubic  feet  per  minute, 
p  ==  difference  in  pressure  in  pounds  per 
square  inch  causing  the  flow,  d  =  diameter 
of  pipe  in  inches,  L  =  length  of  pipe  in  feet, 
w  =  density  of  the  entering  air  in  pounds 
per  cubic  feet,  and  c  is  a  constant.  The  value 
of  c  was  found  to  be  58  in  the  experiments 
made  at  the  Mt.  Cenis  tunnel,  these  experi- 

ments being  made  with  pipes  4,  8  and  l-t  ins. 
in  diameter  and  3.281  ft.  in  length.  Table  I 
shows  the  probable  loss  in  pressure  in  1,000 

ft.,  of  pipe  for  different  volumes  of  air  flow- 
ing at  80  lbs.  gage  pressure. 

The  volumes  of  the  free  air  in  cubic  feet 
given    in    Table    I    are    found    by    multiplying 
the  value  of  Q',  determined  from  equation  (1), 

80  +  14.7 

by    ,  or  the  number  of  atmospheres. 
14.7 

The  presence  of  a  globe  valve  in  the  pipe 
has   the   effect  of   increasing  its   length.     For 

same  diameter  and  the  same  speed  the  horse- 
powers and  the  air  consumption  will  be 

doubled. 
VOLUME     OF     AIR     REQUIRED     TO     OPERATE     ROCK 

BRILLS. 

In  most  types  of  rock  drills  either  steam  or 
air  can  be  used  in  the  same  machine.     Table 

TABLE  I.— LOSS  OF  PRESSURE  FOR  DIFFERENT  VOLUMES   OF  FREE  AIR   COMPRESSED 
TO  GAGE  PRESSURE  OP  SO  LBS.  AND  PASSING     THROUGH    PIPE    EACH    MINUTE. 

,— Volume  of  free  air  in   cubic   feet  compressed   to  SO  lbs.—, 
100.       200.       400.       SOO.      1,000.     1,500.    2,000.    3,000.  4,000.  5,000. 

Diameter   of   pipe   in   inches.  Loss   in   pressure   in   lbs.    per   sq.    in.   for   each   1,000    ft.    of straight  pipe. 
1%                5.S           
2                   1.05       4.3           
2'A               0.35       1.41       5.80         3     0.14       0.57       2.28         
314               0.26       1.05       4.16       6.4           
4           0.14       0.54       2.12       3.27       7.60         
0                 0.18       O.fiS       1.08       2.43         
6                 0.28       0.43       1.00       1.75       3.91       7.10     10.7 
8                 O.07       0.10       0.24      0.42       0.93       1.68       2.59 

10                 0.08       0.14       0.30       0.55       0.84 
12                 0.12       0.22       0.34 
14                 0.10       0.16 

each   globe   valve   the   length   to   be   added   is 
given  by  the  formula, 

114  X  diameter  of  pipe   in    feet 

1  4-  (3.6  -T-  diameter  of  pipe  in  inches) 
The  reduction  of  pressure  due  to  an  elbow 

or  a  tee  is  two-thirds  that  caused  by  a  globe 
valve. 
VOLUME    OF    AIR    REQUIRED   TO    OPER-^TE    HOISTIXG 

ENGINES. 

Any  engine  which  will  operate  with  steam 
will  also  operate  with  compressed  air  without 
any  changes.  Compressed  air  is  used  only  in 
small  units  and  principally  in  hoisting  en- 

gines on  construction  work. 

TABLE  II.— VOLUME  OF  FREE  AIR  RE- 
QUIRED TO  OPERATE  HOISTING  EN- 

GINES, AIR  COMPRESSED  TO  60  LBS. 
G.A.GE   PRESSURE. 

Ill  gives  the  volume  of  free  air  required  to 
operate  one  rock  drill  of  the  size  and  at  the 

pressure   stated. In  order  to  determine  the  volume  of  free 
air  required  to  operate  a  number  of  drills, 
the  values  given  in  Table  III  should  be 
multiplied  by  the   following  factors : 
Number  Number 
of  drills.          Multiplier.        of  drills.  Multiplier. 
1  1                         12  S.l 
2  1.8                      15  9.5 
3  2.7                      20  11.7 
4  3.4                      25  13.7 
5  4.1                      30  15.8 
6  4.S                      40  •      21.4 
7  6.4                      50  25.5 
8  6.0                      60  29.4 
9  6.5                      70  33.2 
10  7.1                       ..                         

The  multipliers  in  the  above  table  are  for 
use  at  the  sea  level;  for  higher  altitudes  they 
should  be  slightly  increased. 
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The  volume  of  air  required  in  an  engine 

depends  on  the  cut-off,  varying  directly  with 
it  as  does  the  horsepower.  Hence  for  any 
given  pressure  the  horsepower  determines  the 
quantity  of  air  used.  Too  often  air  is  used 
non-expansively  in  engines,  and  in  this  case 
the  volume  of  air  used  is  that  swept  through 
by  the  piston,  with  an  additional  10  per  cent 
for  leakage. 

Oxy-Acetylene   Welds. — A   paper   on   the 
strength  of  welds  made  by  the  oxy-acetylene 
process  was  presented  at  a  joint  meeting  f 
naval  architects  and  engineers  recently  held 
at  Newcastle,  England.  The  results  of  a  series 

of  repeated  impact  tests  showed  that  the  thick- 
er the  plate  the  less  reliable  was  the  weld 

and  the  greater  the  reduction  in  strength. 
Thick  material  also  generally  showed  less  iin- 
provement  by  annealing;  in  fact,  under  oijdi- 
nary  working  conditions  it  was  usually  im- 

practicable to  anneal  the  material.  As  the  re- 
sult of  a  large  number  of  tests  and  experi- 

ments upon  autogenous  welds,  the  conclusion 
was  reached  that,  although  there  was  a  wide 
field  of  usefulness  for  oxy-acetylene  and  sim- 

ilar processes  for  joining  or  repairing  steel 
plates,  bars,  etc.,  which  were  not  required  to 
resist  very  severe  stresses,  considerable  cau- 

tion should  be  exercised  and  due  regard  paid 
to  all  the  conditions  before  making  use  of 
them.  A  very  serious  responsibility  attended 
the  use  of  autogenous  welding  in  cases  where 

TABLE  III.— VOLUME  OF  FREE  AIR  REQUIRED  TO  OPERATE  ONE  ROCK  DRILL  OF  THE 
SIZE  AND  AT  THE  PRESSURE  ST.\TED. 

Gage       r— 
pressure,; lbs.    per 

sq.   in.      60  50 
70  56 
80  63 
90  70 
100  77 

  Cylinder  diameter  of  drill  in  inches 
2%           2%              2%  3  3%          3  3/16        3% 

  Cubic  feet  of  free  air  required  for  one  drill 
60              68               82  90  95              S7             100 
68              77              93  102  108            110            113 
76              86             104  114  120            123             127 
84               95             115  126  133             136            141 
92             104            126  138  146            149             154 

3% 
3% 

4^; 

108 

113 

140'
 

124 129 147 
131 143 164 
152 

159 

182 
166 

174 

199 

Table  II  gives  the  volume  of  free  air  re- 
quired to  operate  hoisting  engines  under  work- 

ing conditions,  the  air  being  delivered  to  the 
engine  at  60  lbs.  ga,ge  pressure.  In  compiling 
this  table  the  hoisting  engine  is  assumed  to 
run  only  half  of  the  time,  while  the  compres- 

sor works  continuously.  If  the  engine  runs 
less  than  half  of  the  time,  as  it  usually 
does,  the  air  required  will  be  proportionately 
less,  and  vice  versa.  The  table  is  computed 
for  maximum  loads,  which  also  vary  widely  in 

practice.  The  data  are  for  single-cylinder  en- 
gines.     For    double-cylinder    engines    of    the 

the  parts  were  likely  to  be  subjected  to  con- 
siderable mechanical  strain.  Autogenous 

welds  always  represented  a  somewhat  uncertain 
quantity,  as  there  was  no  method,  e.xcept  by 
destructive  tests,  of  ascertaining  whether  a 
weld  was  good  or  bad. 

The  establishment  of  a  state  highway  com- 
mission in  Florida  is  being  urged  by  several 

county  road  commissioners  of  that  state.  A 
system  of  trunk  lines  through  the  state  and 
state  supervision  of  county  road  work  are 

proposed. 
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Curtailment  of  Water  Waste  and  Se- 
lection of  Meters  at  Milwaukee 
Water  Works. 

The  following  notes  on  the  curtailment  of 
water  waste  and  the  selection  of  water  meters 
in  Milwaukee  are  taken  from  the  latest  an- 

nual reports  of  Mr.  H.  P.  Bohnian,  Superin- 
tendent of  Water  Works,  and  Otto  F.  Poetsch, 

Superintendent  of  Meters: 

DurinR  the  past  five  years  the  average  daily 
increases  in  the  water  consumption  over  the 
preceding  year  have  been  as  follows : 

Daily  Increase, 

gals. 1909        2.301.626 
IHIO        6,407,698 
191 1        2,259.804 
1912        2,779,178 
1913           370,424 

M  the  rate  of  increase  prior  to  1913  the  ca- 
pacity of  the  present  intake  tunnel  would  be 

inadequate  to  meet  the  demand  during  the 
period  of  maximum  consumption  long  before 
the  new  Linwood  Ave.  Intake  now  under  con- 

struction, could  be  completed.  This  wa'S  fully 
realized  by  the  department  about  two  years 
ago  and  all  efforts  since  then  have  been  di- 

rected towards  eliminating  unnecessary  waste 
of  water. 

Compulsory  meterage  of  all  unmetered  serv- 
ices, including  services  supplying  the  public 

buildings,  parks  and  grounds;  scaling  of  au- 
tomatic fire  sprinkling  systems ;  sealing  of  all 

private  fire  hydrants,  rigid  inspection  of  all 
premises  where  water  is  used  for  building 
construction  purposes  prior  to  the  setting  of 
the  meters,  and  a  general  inspection  of  the  dis- 

tribution system,  service  connections,  fire  cis- 
terns, etc.,   was  the  program   mapped  out. 

Proof  that  the  unmetered  services  and  Au- 
tomatic Fire  Sprinkling  Systems  caused  most 

of  this  excessive  increase  is  forcefully  shown 
by  the  insignificant  increase  in  the  pumpage 
for  the  year  191-3  and  the  extraordinary  in- 

crease in  the  revenue  per  1,000,000  gals, 
pumped  since  all  services  are  metered  and  the 
sealing  of  the  automatic  fire  sprinkling  sys- 
tems. 

The  revenue  per  1,000,000  gals,  pumped  for 
the  past  three  years  has  been  as  follows : 
1911      $45.80 
1912         46.76 
1913         49.S4 

.As  compared  with  1912  the  increased  rev- 

cmic_per  l.OOO.Ono  gals,  pumped  amounts  to 
$.");{,87f'.-.':i,  in  the  aggregate.  Xo  better  argu- ment can  be  adv.inced  lor  the  maintenance  of 
a  water  waste  department  and  the  efficiency 
of  water  meters  than  the  results  shown  above. 

SKLECTIOX  OF  METERS. 

There  are  at  present  ')9,233  water  meters  in 
service  in  Milwaukee.  This  includes  all  sizes 
from  %  in.  to  12  in.  of  about  .31  different 
types.  When  the  city  first  started  to  meter 
its  taps,  which  was  about  35  years  ago,  there 
were  few  makes  oi  meters  on  the  market.  At 
that  time  the  meters  were  the  property  of  the 
water  department.  Later  on  objection  was 
found  to  this  and  a  change  was  made,  so  that 
the  meter  was  required  to  be  furnished  by  the 
consumer  and  maintained  at  his  expense.  It  is 
to  be  regretted  that  this  change  was  made. 
Water  works,  both  municipal  and  private, 

throughout  the  country,  generally,  have  found 
it  advisable  to  own  and  supply  the  meters 
rather  than  have  the  consumer  supply  them 
as  is  done  in  Milwaukee 

It  is  vital  to  the  success  of  the  meter  sys- 
tem that  the  water  department  shall  determine 

the  meter  to  be  used  and  the  manner  of  set- 
ting, the  time  for  testing  and  repairs.  This 

can  liettcr  be  accomplished  when  the  meters 

are  o"wned  by  the  department,  as  the  necessary 
red  tape,  delays  and  expenses,  involved  iii 
sending  notices  to  the  owner  or  occupant  and 
such  trips  to  take  off  and  reset  the  meters,  are 
avoided.  The  department  also  can  buy  fittings 
in  wholesale  at  prices  lower  than  those  usually 

charged  by  the  pIunibtT=.  Meters  purchased 
in  large  quantities  can  be  bought  at  a  better 
discount  than  is  given  a  plumber,  who  must 
neces-sarily.  buy  them  in   smaller  numbers. 
Much  time  and  expense  would  be  saved, 

yearly,  if  the  meters  were  the  property  of  the 
department.  As  it  is  now,  when  a  meter  be- 

comes out  of  order,  it  is  necessary  to  take  it 
off,  insert  a  connection  pipe  and  average  the 
account  during  the  time  the  meter  is  off.  This 
averaging  of  the  account,  quite  frequently, 
meets  with  objection,  as  it  is  impossible  to 
determine  if  more  water  was  used  or  less  than 
ordinarily,  during  the  time  the  meter  is  off. 
.A.fter  the  meter  is  repaired  it  has  to  be  sent 

back  to  the  premises,  where  taken  off  and  re- 

set. Two  trips  are  required  for  each'  ineter, that  has  to  be  repaired ;  one  to  take  it  off,  the 
other  to  reset. 
Were  the  meter  the  property  of  the  water 

department,  when  a  meter  would  be  found 
out  of  order,  it  would  be  taken  off  and  in  its 

place  a  ineter  in  perfect  condition  would  im- 
mediately be  set,  in  place  of  the  by-pass,  as  at 

the  present  time.  These  defective  meters 
would  then  be  brought  to  the  shop  to  be  re- 

paired and  put  in  stock  and  used  to  replace 
others,  when  they  become  out  of  order.  Fully 
one-half  of  the  teaming  expense  could  thereby 
be  eliminated. 
Competition  in  the  meter  business  has 

brought  out  many  makes  and  styles.  The 
scramble  for  business  has  reduced  the  prices  of 
meters,  as  well  as  brought  on  the  market 
several  makes  of  meters  of  cheaper  construc- 

tion. Some  of  these  are  not  perfect  in  w'ork- 
manship  and  trouble  is  experienced  in  repair- 

ing these  meters,  as  the  parts  are  not  standard. 
Some  manufacturers  of  meters  change  the 
style  or  model  of  their  meters  too  often.  This 
makes  it  necessary  to  add  to  our  stock  of  re- 

pair parts.  It  has  al.so  been  found  impossible 
to  get  repair  parts  from  the  manufacturers  for 
some  of  their  models,  making  it  necessary  for 

the  department  to  condemn  the  consumer's meter  and  requesting  him  to  buy  a  new  model. 
The  department,  with  no  specifications  as  to 

the  style  and  quality  of  meters,  has,  therefore, 

received  meters  of  practically  all  makes'^  Ex- perience has  shown,  that,  sometimes,  some 
makes  of  meters  will  pass  splendid  tests,  when 
being  tried  in  the  shop  but  after  they  arc 
in  service  a  short  time,  they  do  not  retain  their 
accuracy  on  a  par  with  other  standard  makes, 
requiring  considerably  more  attention  and 
causing  innumerable  troubles.  Under  the  pres- 

ent arrangement,  it  is  a  difficult  matter  for 
those  in  charge  to  bar  or  condemn  meters  of 
such  nature. 

If  the  department  controlled  the  purchase 
of  the  meters,  this  condition  could  not  prevail. 
At  the  present  time  it  is  necessary  to  carry 
about  $10,000  worth  of  repair  stock  on  hand  at 
all  times,  in  order  to  repair  the  34  different 
styles  of  meters  in  service.  The  department, 
by  controlling  the  buying  of  meters,  would 
confine  itself  to  a  few  standard  makes,  judged 
by  their  merit  and  render  it  unnecessary  to 
carry  such  a  large  amount  of  stock,  as  at  the 

present  time. 
From  the  large  number  of  meters  coming  in 

the  shop  for  repairs  ii  was  found  that  by  far 
the  greater  number  were  brought  in  on  ac- 

count of  failure  to  register,  caused  by  corro- 
sion of  the  interior  of  the  cast  iron  outer 

housing,  which  in  time  interfered  with  the 
operation  of  the  train  gear.  The  galvanized 
coating  of  the  casing  apparently  afforded  but 
little  protection  as  meters  brought  into  the 
shop  after  a  few  months  of  service  frequently 
showed  evidence  of  corrosion.  .\s  the  water 
meter  is  the  property  of  the  consumer  and 
must  be  maintained  by  him,  meter  repair  bills 
are  not  looked  upon  with  particular  favor  by 
the  consumer.  The  department,  therefore,  de- 

cided to  prohibit  the  use  of  cast  iron  meters  of 
the  sizes  of  %  to  2  ins.  in  diameter,  feelin" 
that  in  so  doing  a  large  percentage  of  repairs 
would  be  eliminated.     With  this  in  view  the 

rules  were  changed  so  that  hereafter  meters 
of  the  sizes  of  %  to  2  ins.  inclusive  must  be 
of  the  best  bronze  composition;  meters  above 
the  size  of  2  ins.  to  be  of  the  best  grade  of 

grey  iron.  The  difference  in  the  first  cost  be- 
tween a  %-in.  bronze  and  an  iron  meter  does 

not  exceed  $1.  Bronze  meters  are  cleaner  and 
more  sanitary  than  iron  meters,  are  less  apt 
to  get  out  of  repair  and  will  serve  to  make 
water  meters  more  popular.  Unfortunately 
this  change  was  not  made  at  a  time  when  there 
were  but  few-  meters  in  service. 

In  order  to  raise  the  standard  of  the  meters 
being  offered  for  installation,  a  resolution  was 
passed  by  the  common  council,  that  meters 
must  be  of  such  a  type  or  types,  as  shall  be 

approved  by  the  water  department.  The  con- 
struction of  meters  to  be  as  follows : 

The  outer  casings  of  all  meters  of  the  sizes  of 
%-in.  to  2  ins.,  inclusive,  shall  be  made  of  .1 
good  grade  of  l>ronze  composition  and  finished 
with  a  bronze  coating  to  give  a  uniform  appear- 

ance. Cast  iron  frost  bottoms  with  interior  sur- 
face brass  lined  will  be  permitted.  The  outer 

casings  of  all  meters  in  excess  of  2  ins.  shall 
consist  of  a  good  grade  of  close  grained  gray 
iron  and  shall  be  painted  or  coated  with  a  good 
water-resisting  paint  or  coating.  The  measur- 

ing chambers  and  gear  trains  for  all  meters 
shall  be  made  of  good  wearing,  non-corrosive 
hard  bronze.  Discs  and  propeller  wheels  shall 
be  made  of  the  highest  grade  of  vulcanized  hard 
rubber. 

Experience  has  proven  tliat  an  all  brass 
meter  is  a  great  deal  more  satisfactory  than 
an  iron  casing  meter  and  the  registration  of  a 
brass  meter  is  not  impaired  by  rust,  as  was 
found  in  many  of  the  iron  casing  meters,  even 
though  thoroughly  galvanized.  .Xs  most  of  the 
outer  casings  of  meters  in  service  are  made  of 
iron,  it  will  be  the  policy  of  this  department  to 
replace  the  old  iron  parts  with  brass  instead  of 
iron,  whenever  found  necessary,  so  that,  event- 

ually, the  iron  casing  meter  will  become obsolete. 

The  different  size  services  ranging  from  % 
in.  to  12  ins.  and  the  various  uses  of  water 
makes  necessary  different  styles  of  meters. 
The  disc  type  of  meter,  which  is  the  most 
modern  and  generally  approved  meter  for 
ordinary  domestic  supplies,  is  made  in  sizes  of 
%-in.  to  4-in.  inclusive.  It  is  proving  success- 

ful on  these  services  up  to  2  ins.  The  3-in.  and 
1-in.  disc  type  meter  should  be  discouraged. 

In  large  buildings  and  manufacturing  plants, 
where  a  3-in.  or  larger  service  is  required,  a 
meter  of  current  or  compound  type  should  be 
installed.  The  current  type  meter,  which  is 
made  in  sizes  from  3  ins.  and  larger,  is  de- 

signed, primarily,  to  handle  large  volumes  of 
water  with  a  minimum  loss  of  pressure.  They 
are  so  constructed  that  the  working  parts  can 
be  inspected  or  taken  out  and  repaired  without 
removing  the  entire  meter.  They,  also,  retain 
their  accuracy  remarkably  well  and  the  ex- 

pense of  maintenance  is  considerably  less  than 
that  of  the  old  plunger  type  of  which  we  have 
fjuite  a  number  in  service.  It  is  the  best  suited 
meter,  where  large  volumes  of  water  are  con- 

stantly used,  such  as  in  large  manufacturing 
establishments,  standpipes,  etc. 

In  cases  where  small  streams  are  likely  to  be 
used,  Ihe  best  meter  would  be  a  compound 
type.  These  meters  are  designed  to  handle 
large  volumes  of  water  and  will  also  register 
on  small  flows  accurately.  They  arc  made  in 
sizes  of  2  ins.  and  up.  .\  number  of  these  have 
been  recently  installed  in  the  city  of  Milwaukee 
and  have  proven  very  satisfactory.  The  in- 

stallation of  compound  meters  should  be  en- 
couraged in  large  fiat  buildings,  oftice  buildings, 

factories,  etc.,  as  they  insure  the  maximum 
revenue,  where  there  is  a  great  fluctuation  in 
the  amount  of  water  tised. 

The  Pacific  Coast  Society  of  Engineering 
Contractors  has  been  incorporated  in  Cali- 

fornia. The  directors  are  L.  G.  Atkinson, 
G.  F.  Pennebaker,  F.  A.  Hudson.  F.  C.  .Avars, 
G.  A.  Rogers,  L.  G.  Garnsev,  W.  W.  Birer,  E. 

T.  Sherer,  C.  L.  Hyde,  W."S.  Russell,  W.  M. Ledbetter.    No  capital  stock. 
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Leaky    Check    Valve    Between    Public 
and  Contaminated  Industrial  Water 

Supplies      at      Circleville,      O., 
Causes  Typhoid  Outbreak. 

Circleville,  Ohio,  is  a  city  of  7,000  inhabi- 
tants. It  is  the  county  seat  of  Pickaway  Coun- 

ty and  is  situated  on  the  Scioto  River  '2o 
miles  downstream  from  the  city  of  Colum- 

bus. The  water  supply  of  Circleville  was  in- 
stalled in  1887  and  is  owned  by  the  Circleville 

Water  Supply  Co.  The  supply  is  obtained 
from  an  infiltration  gallery  in  the  valley  of 
Big  Darby  Creek,  about  1%  miles  from  the 
city.  The  water  from  the  gallery  flows  to  a 

tight  collecting  well  from  which  it  i-s  pumped 
to  the  distribution  system.  Thorough  exam- 

inations at  various  times  by  the  State  Board 
of  Health  have  indicated  that  the  supply  is 
of  good  quality  from  a  sanitary  standpoint 
and   safe   for   domestic  use. 

The  Circleville  board  of  health  was  alarmed 
by  the  large  number  of  cases  of  typhoid  fever 
reported  during  January,  1914,  and  requested 

aid  of  the  State  Board'  of  Health  Investiga- tions were  made  by  the  Divisions  of  Sanitary 
Engineering  and  Communicable  Diseases  and, 
based  upon  the  findings  of  these  divisions,  an 
article  relating  to  the  outbreak  was  prepared 

by  W".  H.  Dittoe  and  Frank  G.  Boudreau, directors,  respectively,  of  the  two  divisions, 
and  published  in  the  Bulletin  of  the  Ohio 
State  Board  of  Health  for  July,  1914.  The 
following  information  is  taken  from  that  ar- 

ticle ; 

During  the  entire  year  of  1913  only  7  cases 
of  typhoid  were  reported  in  Circleville.  In 
January  of  1914,  14  cases  were  reported  and 
in  February  there  were  25  additional  cases.  At 
the  time  of  the  investigation  43  cases  had  been 
reported. 

The  epidemic  was  characterized  by  a  num- 
ber of  very  mild  cases,  which  occurred  for 

the  most  part,  during  the  beginning  and  end 
of  the  outbreak.  A  number  of  severe  cases 
occurred  during  the  height.  Besides  the  two 
patients  who  died,  five  suffered  from  various 
complications. 

There  are  a  large  number  of  wells  in  Cir- 
cleville which  are  not  being  used  for  domes- 

tic purposes.  A  majority  of  them  are  of  a 
type  that  easily  admits  of  pollution,  so  it  is 
wise  to  maintain  tlit  public  confidence  in  the 
public  water  supply  in  order  that  they  may 
not  turn  to  private  supplies  of  a  doubtful  na- 

ture. There  are  also  a  large  number  of  cis- 
terns in  Circleville,  but  thev  are  not  used  for 

drinking  purposes.  Following  is  a  statement 
of  the  supplies  used  by  those  stricken  with 
the  fever : 
Number    of   patients    who   used    city   water 

only         31 
Number   of   patients   wlio   used   well   water 

only            1 
Number  of  patients  who  used  city  and  well 

water          It 

Total         43 

Plotting  these  cases  on  a  map  of  the  city 
showed  that  with  one  exception  the  cases  were 
located  south  of  a  line  dividing  the  city  into 
northern  and  southern  portions.  There  was 
no  other  peculiarity  of  grouping. 

RESULTS    OF    THE    IXVESTIG.MION. 

The  facts  to  be  taken  into  consideration  are 

briefly  these :  Circleville  is  a  city  whose  ty- 
phoid rate  is  exceptionally  low.  Only  one  out- 
break of  typhoid  fever  has  occurred  w'ithin 

the  last  five  years,  and  that  one  comprised 
only  seven  cases.  The  present  outbreak  began 
on  Jan.  9,  comprised  43  cases  and  two  deaths, 
and  terminated  on  Feb.  21.  There  was  no  pe- 

culiar age  grouping  or  occupation  distribution, 
but  the  ratio  of  males  to  females  was  much 
higher  than  usual.  The  cases  were  practically 
restricted  to  the  southern  part  of  the  city,  and 
no  relation  to  milk  supplies  could  be  found. 
Numerous  investigations  and  sanitary  analyses 
have  shown  the  public  water  supply  to  be  of 
good  sanitary  quality  as  a  .general  rule. 

No  clue  was  found  leading  to  any  satisfac- 
tory explanation  of  the  situation  until  Jan. 

31.  when  the  local  board  of  health  learned  of 

the  existence  of  a  connection  to  the  distribut- 
ing system  of  the  city  through  which  water  was 

furnished  to  the  American  Strawboard  Co. 
for  fire  protection  and  industrial  use.  It  was 
found  that  the  company  also  maintains  an  in- 

take in  the  Scioto  River  from  which  a  reg- 
ular supply  for  industrial  use  and  fire  pro- 

tection is  derived.  The  city  connection  has 
been  maintained  as  a  safeguard  in  case  of  a 
shut-down  or  failure  of  the  private  supply.  The 
water  from  the  city  mains  and  from  the  pri- 

vate supply  enter  the  same  system  of  pipes 
connecting  with  the  sprinkler  system  within 
the  factory  installed  for  fire  protection.  The 
Scioto  River  from  which  the  private  supply 
is  obtained  is  seriously  polluted,  receiving  the 
entire  discharge  of  sewage  from  the  city  of 

Columbus  at  a  point  25  miles  above  the  in- 
take. It  is,  therefore,  evident  that  the  intro- 

duction of  such  a  supply  into  the  water  mains 
of   the  city   w-ould   result  disastrously. 
A  complete  investigation  of  the  connection 

between  the  distributing  system  of  the  city 
and  the  distributing  system  of  the  American 
Strawboard  Co.  revealed  the  existence  of  a 
gate  valve  owned  by  the  Circleville  Water 
Supply  Co.  and  a  gate  valve  and  a  check  valve 
owned  by  and  on  the  property  of  the  .Amer- 

ican Strawboard  Co.  Normally  both  gate 
valves  had  been  permitted  to  remain  open  and 
the  check  valve  was  depended  upon  to  prevent 

passage  of  water  from  the  American  Straw- 
board  Co.  to  the  city  mains.  Upon  examina- 

tion it  was  found  that  the  check  valve  was  in 
a  leaky  condition  and  was  permitting  a  rather 
large  volume  of  polluted  water  to  enter  the 
mains.  Inasmuch  as  the  pressure  maintained 
in  the  mains  of  the  strawboard  company  fre- 

quently exceeds  that  on  the  distributing  sys- 
tem of  the  city,  the  passage  of  polluted  water 

into  the  mains  must  have  been  a  rather  reg- 
ular occurrence.  This  check  valve  was  re- 

moved and  repaired  and  on  Jan.  31,  under 
an  order  of  the  local  board  of  health,  the 
gate  valve  of  the  strawboard  company  was 
tightly  closed.  Immediately  following  this, 
the  mains  in  the  southerly  portion  of  the  city 

were  thoroughly  flushed,  this  operation  re- 
quiring several  days. 

Samples  from  a  number  of  points  on  the 
distributing  system  in  the  southerly  portion  of 
the  city  were  collected  Feb.  2,  after  the  gate 
valve  had  been  tightly  closed  and  the  mains 
flushed  to  a  considerable  extent.  The  results 
of  examination  of  these  samples  show  that 
the  water  supply  in  the  distributing  system 
was  of  safe  quality.  Unfortunately  no  sarn- 
ples  from  the  distributing  system  in  the  vi- 

cinity of  the  strawboard  works  were  obtained 

prior   to   the  closing  of   the   gate   valve. 
The  existence  of  this  private  connection 

through  which  sewage  contaminated  water 
could  be  introduced  into  the  water  mains  sup- 

plying the  southern  portion  of  the  city  ex- 
plains all  the  observed  features  of  the  out- 
break. This  theory  is  further  substantiated  by 

the  fact  that  no  more  cases  of  typhoid  fever 
were  reported  after  the  period  from  Feb.  12 
to  Feb.  21,  which  may  be  accepted  as  the 
longest  period  of  incubation  of  typhoid_  fever. 
The  dates  of  onset  are  only  approximately 
correct,  and  it  is  quite  possible  that  in  some 
cases  the  real,  preceded  the  supposed,  onset  by 
several  days.  .Again  it  is  possible  that  the 
infection  persisted  in  the  mains  for  several 
days  after  the  contaminated  river  water  ceased 
flowing  into  the  mains.  The  outbreak  was 
sudden  in  onset  and  decline,  the  distribution  in 
the  southern  portion  of  Circleville  showed  no 

peculiar  grouping,  and  all  other  possible 
sources  other  than  the  public  water  supply 
were  eliminated.  The  conclusion,  therefore, 

may  be  justly  drawn  that  the  outbreak  of  ty- 
phoid fever  during  January  and  February  was 

due  to  a  contamination  of  a  portion  of  the 

public  water  supply  by  raw  water  from  the 
Scioto  River,  through  a  private  connection  on 
the  premises  of  the  American  Strawboard  Co. 
This  outbreak  should  prove  a  warning  to  mu- 

nicipalities to  preserve  the  integrity  of  public 

water  supplies,  and  to  forbid  private  connec- 
tions with  contaminated  sources  except 

under  exceptional  circumstances  and  when 

under  rigid  supervision  of  the  proper  authori- ties. 

Some  Rules  for  Water  Utility  Opera- 
tion in  Oregon. 

In  May  of  this  year  the  Railroad  Commis- 
sion of  Oregon  issued  certain  rules,  orders 

and  regulations  relating  to  standards  of  qual- 
ity, pressure  and  other  service  conditions  of 

water  and  other  utilities  in  the  State.  The 

following  paragraphs,  pertaining  to  water  utili- 
ties, are  quoted  from  that  circular; 

Testing  Facilities.  Each  utility  shall  provide 
such  laboratory,  meter-testing  shop  and  other 
facilities  as  may  be  necessary  to  make  the  tests 
required  l>y  these  rules.  All  tests  made  by  any 
utility  under  these  rules  shall  be  carried  out  m 
a  manner  and  at  such  places  as  may  be  ap- 

proved by  the  Commission,  and  the  apparatus 
and  equipment  used  for  these  tests  shall  be  .it 
all  times  available  for  the  inspection  or  use  of 
any  member  or  authorized  representative  of  the 
Commission. 

Records  of  Tests  and  Meters.— A  complete 
record  of  all  tests  of  quality,  service,  or  meter 
accuracy  as  made  under  these  rules,  shall  be 
kept  by  each  utility  accessible  to  the  public  dur- 

ing business  hours  at  the  principal  office  in  the 
town  or  city  where  the  service  is  furnished,  or 
at  such  other  place  as  the  Commission  may 
designate.  The  record  so  kept  shall  contain 
complete  information  concerning  each  test,  in- 

cluding the  date  and  hour  when  the  test  was 
made,  the  name  of  the  inspector  conducting  tlie 
test,  the  number  of  any  meter  tested  and  its 
capacity,  the  point  at  which  pressure  or  other 
tests  were  made  when  not  made  at  the  regular 
testing  laboratory  of  the  utility,  the  results  of 
the  tests,  and  such  other  data  as  may  herein- 

after in  these  rules  be  specially  required,  or  as 
the  Commission  may  from  time  to  time  require, 
or  as  the  utility  making  the  test  may  deem 
desirable. 

"Whenever  any  service  meter  is  tested,  the 

original  test  record  shall  be  preseiTed,  indicat- 
ing the  information  necessary  for  identifying 

the  meter,  the  reason  for  making  the  test,  the 
reading  of  the  meter  before  being  disturbed, 
and  the  accuracy  of  measurement,  together  with 
all  data  taken  at  the  time  of  the  test,  in  suffi- 

ciently complete  form  to  permit  the  convenient 
checking  of  the  methods  employed  and  the  cal- culations. 

A  record  shall  also  be  kept,  numerically  ar- 
ranged, indicating  approximately  when  each 

meter  was  purchased,  its  size,  its  identification, 
its  various  places  of  installation  and  removal, 
and  the  dates  and  general  results  of  all  tests. 
"Meter  Testing. — E\  ery  meter  hereafter  in- 

stalled for  measuring  water  to  any  customer 
shall  be  tested  and  if  necessary  repaired  and 

adjusted  by  the  utility  installing  it  before  be- 

ing placed  in  use;  ai;d  every  meter  tested  (ex- 
cept water  meters  installed  underground)  shail 

have  nrmly  attached  thereto  a  tag  or  label,  or 
be  stencilled,  giving  the  date  of  test,  which  tag. 
label  or  stencilled  mark  shall  not  be  defaced  or 
removed  until  a  subsequent  test  shall  have  been 
made. 

Meter  Testing  on  Request  of  Customer.— Each 
utility  shall,  at  apy  time  when  requested  by  a 
customer,  test  the  accuracy  of  the  meter  in  use 

by  him  free  of  charge,  provided  such  meter  has 
not  been  tested  by  the  utility  or  by  the  Com- 

mission within  the  period  of  one  year  immedi- 
ately preceding  the  request. 

Any  customer  may  at  any  time  make  appli- 
cation to  the  Commission  for  a  test  of  his  meter 

and  shall  deposit  with  the  Commission  a  fee  for 
said  test  as  fixed  in  these  rules.  Such  fee  shall 
be  returned  to  the  customer  by  the  Commission, 
and  the  amount  thereof  paid  by  the  utility  to 
the  Commission,  if  the  meter  is  found  to  be  fast 
in  excess  of  two  per  cent. 

Adjustment  of  Bills  for  Meter  Error. — If  on 
test  of  any  meter,  for  any  cause,  either  on  re- 

moval from  or  while  in  service,  it  shall  be  found 
fast  beyond  the  limit  above  specified,  the  utility 
shall  refund  to  the  customer  such  percentage 

of  the  amount  of  the  bills  of  the  customer  for 

the  period  of  three  months  just  previous  to  sucii 
test  of  the  meter  as  the  meter  shall  have  been 
shown  to  be  in  error  at  the  time  of  said  test. 
If  the  meter  is  found  not  to  register  or  to  regis- 

ter less  than  50  per  cent  of  the  actual  consump- 
tion,   an   average   bill   may   be   rendered   to   the 
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customer  by  the  utility,  subject  to  the  approval 
of  the  Commission. 

Deposits  and  Meter  Rentals.— Any  utility  may 
require  from  any  customer  or  prospective  cus- 

tomer a  deposit  on  account  of  current  bills  (1) 
In  the  case  of  customers  whose  bills  are  payable 

in  advance,  not  to  exceed  an  estimated  30  days' 
bill;  (2)  in  the  case  of  customers  whose  bills 
are  not  payable  In  advance,  not  to  exceed  the 
estimated  60  days'  bill  of  such  customer.  In- 

terest thereon,  at  the  rate  of  six  per  cent  per 
annum,  payable  annually  or  upon  the  return 
of  the  deposit,  shall  be  paid  by  the  utility  to 
each  customer  making  such  deposit,  for  the  time 
such  deposit  was  held  by  the  utility  and  the 
customer  was  served,  unless  such  period  of  time 
be  less  than  three  months. 
No  utility  may  require  from  any  customer  or 

prospective  customer  a  deposit  to  pay  any  part 
of  the  cost  of  installation,  except  under  rules 
and  regulations  approved  by  the  Commission  and 
set  out  in  the  published  schedules  of  the  utility. 

No  rental  shall  be  charged  by  any  utility  for 
any  meter  Installed  by  it,  which  is  used  by  the 
utility  as  the  basis  for  the  rendering  of  bills. 
Interruptions  of  Service. — Each  utility  shall 

keep  a  record  of  all  Interruptions  of  service 
upon  its  entire  system  or  major  divisions  there- 

of, including  therein  a  statement  as  to  the  time, 
duration  and  cause  of  such  Interruptions.  Such 
record  shall  be  open  at  all  times  to  the  public 
Inspection,  and  the  Commission  may  at  any  time 
require  from  the  utility  a  copy  thereof. 
Complaints.— Each  utility  shall  make  full  and 

prompt  investigation  of  all  complaints  made  to 
it  by  its  customers,  either  directly  or  through 
the  Commission,  and  it  shall  keep  a  record  of 
all  complaints  which  shall  show  the  name  and 
address  of  complainant,  the  date  and  character 
of  the  complaint,  and  the  adjustment  or  dis- 

position made  thereof.  The  Information  con- 
tained In  such  record  shall  be  furnished  .the 

Commission  upon  Its  request. 
Purity  of  Supply  for  Domestic  Purposes. — 

Each  utility  delivering  water  for  domestic  pur- 
poses shall  furnish  a  supply  which  shall  at  all 

times  be  free  from  injurious  physical  elements 
and  disease-producing  bacteria,  and  shall  cause 
to  he  made  such  tests  and  take  such  precau- 

tions as  will  Insure  the  constant  purity  of  Its 
supply.  A  record  of  all  tests  and  reports  per- 

tinent to  the  water  supply  shall  be  kept. 
Adequate  Pi-essure  Required.— Each  utility 

shall  always  maintain  sufficient  pressure  at  the 
end  of  Its  services  to  supply  adequately  each 
customer  connected,  except  customers  who  have 
spcciflcally  agreed  to  permit  Interruptions  of 
service. 

Meter  Testing  Equipment. — Each  water  utility 
supplying  300  or  more  customers  through 
metered  service  shall  Install  and  maintain  a 
meter  tester  of  a  type  satisfactory  to  the  Com- 
mission. 

Installation  Tests. — Each  meter  shall  be  testesij 
for  accuracy  before  Its  Initial  Installation,  and 
no  meter  sh.all  remain  in  service  longer  than 
three  years  without  being   retested. 
Allowable  Llmlla  of  Variation  of  Meters. — No 

meter  shall  be  Installed  or  replaced  in  service 
If  It  registers  more  than  102  per  cent  or  less 
than  94  per  cent  of  the  water  passed  on  full 
capacity,  or  more  than  102  per  cent  or  less  than 
So  per  cent  on  1/lC  capacity. 

Fees   for  Tests. — The   following   fees   shall   be 
paid  by  any  customer  applying  to  the  Commis- 

sion to  make  test  of  his  meter: 

For  each  meter  not  exceeding  1-ln.  capacity. .  $2 
For  all  other  meters       5 

Pressure  Surveys. — Every  water  utility  sup- 
plying over  300  customers  shall  have  a  record- 

ing pressure  meter  which  shall  be  kept  In  con- 
tinuous 8er\'lco  on  the  system  at  some  point 

approximating  the  elevation  of  the  center  of 
distribution  of  the  district  served,  and  shall  In- 

dicate on  the  graphic  records  such  elevation 
and  causes  of  extreme  variation  In  pressure. 
Such  records  shall  be  open  for  public  Inspec- 
tion. 

The  foregoing  rules  became  effective  on  July 
1,  1914. 

The  city  of  Athens,  Ga.,  is  about  to  try  the 
commission  form  of  government.  The  bill 
providing  for  it  has  passed  both  legislative 
branches  and  will  without  doubt  be  signed  by 
the  governor. 

Chemical  Standards  for  the  Hygienic 

Purity  of   Public  Water   Supplies 

in  Montana. 

The  public  water  supplies  of  Montana  are 
taken  from  a  variety  of  sources.  The  purpose 
of  this  article,  which  is  taken  from  a  paper  by 

Prof.  \V.  M.  Cobleigh  before  the  Illinois  Wa- 

ter Supply  Association,  is  to  show  the  dif- 
ferences in  the  composition  of  the  water  from 

these  sources,  and  with  these  data  as  a  basis 

to  draw  conclusions  concerning  chemical  stand- 
ards of  purity  suitable  to  the  various  waters. 

The  discussion  is  of  great  value  in  illustrating 

the  difficulty  of  fixing  standards  suitable  to 

general   requirements  and  conditions. 
In  the  mountainous  portions  of  the  State, 

city  water  supplies  are  taken  from  streams 
above  human  habitation  as  a  rule.  These  rep- 

resent the  purest  waters  found  in  the  State 
and  the  average  of  the  analyses  of  13  of  these 

water  supplies  is  tabulated  below.  These  sam- 
ples were  collected  during  the  fall  and  winter 

months    when    the    organic    content    was    the 
lowest :  „ 

Parts  per million. 

Solids      ^^-L-o 
Free  ammonia   01=2 
Albuminoid  ammonia   028 
Nitrogen  as  nitrites        %'i'J® 
Nitrogen  as  nitrates   102 
CI   Absent  in  all  samples 

Shortly  after  the  above  results  were  ob- 
tained the  writer  attempted  to  use  them  as  a 

partial  guide  in  passing  opinions  on  the  sani- 
tary qualities  of  water  supplies  taken  from 

the'  Yellowstone  River  at  various  points  where there  was  some  reason  to  suspect  that  the 
water  was  a  menace  to  health.  The  results 
of  analyses  at  these  points  on  the  river  were 
much  higher  than  could  be  accounted  for  by 
the  amount  of  sewage  known  to  be  entering 
the  river.  Consequently,  samples  were  then 
taken  from  the  Yellowstone  River  above  the 
town  of  Gardiner  and  above  the  mouth  of  the 
Gardiner  River. 

This  is  a  point  on  the  Yellowstone  River 
above  all  sewage  contamination  and  it  was 
expected  that  the  analyses  would  give  results 
similar  to  other  mountain  streams.  That  this 
was  not  the  case  is  shown  by  a  typical  analysis 
tabulated  below : Parts  per million. 

Solids     1,50.00 
Free  ammonia   25 
Albuminoid  ammonia   09 
Nitrogen  as  nitrites   0045 
Nitrogen  as  nitrates   09 
Chlorine        11.50 
Oxygen  consumed         1.4 

This  analysis  was  checked  by  taking  other 
samples  and  it  was  learned  that  the  Yellow- 

stone River  at  points  above  sewage  contam- 
ination contains  more  free  ammonia  and  ni- 

trites and  at  times  more  albuminoid  ammonia 

than  it  does  at  the  intakes  of  any  of  the 'cities 
using  the  water,  all  of  which  are  located  at 
varying  distances  below  sewage  outlets.  In 
this  connection  it  should  be  stated  that  the 

mountain  streams  flowing  into  the  river  be- 
low Gardiner  contain  no  nitrites  and  only  a 

small  amount  of  free  ammonia.  The  dilution, 
therefore,  is  a  factor  in  decreasing  nitrites 
and   free  ammonia. 

The  results  so  far  point  to  the  conclusion 
that  the  river  water  contains  more  free  am- 

monia and  nitrites  during  the  winter  months 
when  most  of  the  water  in  the  river  comes 
from  Yellowstone  Lake  than  it  does  in  the 
spring  and  summer  when  the  flow  is  increased 
by  melting  snow.  The  varying  character  of 
the  water  above  sewage  contamination  and 
the  fact  that  the  water  normally  carries  sul)- 
stances  usually  contril)uted  by  sewage  makes 
it  very  difficult  to  give  chemical  data  obtained 
at  city  intakes  any  diagnostic  value.  While  it 
is  evident  in  this  case  that  the  free  ammonia 

and  nitrites  do  not  have  their  origin  in  sew- 
age, still  the  exact  source  has  not  been  traced 

so  far  as  the  writer  knows.  It  is  possible  they 
are  developed  by  chemical  action  in  the  gey- 

sers and  springs  of  the  Yellowstone  National 
Park. 

Water  of  still  a  different  character  is  found 
in  Northern  Montana.  The  chief  sources  for 
city  use  are  the  Milk  and  Missouri  Rivers.  The 
water  of  these  rivers  are  high  in  organic  mat- 

ter, which  is  not  derived  from  city  sewage. 
The  organic  content  increases  as  the  rivers 
flow  to  the  eastern  part  of  the  State,  where 

outcrops  of  lignite  coal  frequently  occiir.  The 

effect  of  the  coal  is  shown  in  the  following  an- 

alysis of  a  spring  in  a  sandstone  strata  which 
is  underlaid  with  lignite  coal.  The  spring  is 

far  from  any  source  of  contamination: Parts  per 
million. 

Solids    ISSO.O Free  ammonia   Jj" 
Albuminoid  ammonia        »,'° 
Nitrites         i^°"® 
Nitrates          ^J?S® 
Oxygen  consumed          6.35 
Chlorine            °l 

Water  of  this  character  flows  into  both  the 
Missouri  and  Milk  Rivers  at  numerous  places. 
It  is  evident  that  the  chemical  data  on  waters 
of  this  kind  cannot  be  compared  with  the 
data  reported  on  the  pure  mountain  streams. 

Another;  source  of  water  for  city  iise  in 
Montana  is  the  deep  well.  The  following  is 
a  typical  analysis.  The  well  was  drilled,  cased 
and  is  610  ft.  deep.  It  is  located  far  from 
anv  source  of  contamination. Parts  per 

million. 

Solids    l''°S-S„ 
Free  ammonia   235 
Albuminoid  ammonia   057 
Nitrogen  as  nitrites   "08 
Nitrogen  as  nitrates        Trace 
Oxvgen  consumed          1.-= 
Chlorine          10-70 

It  is  evident  that  there  is  a  great  variation 
in  the  organic  content  of  the  surface  waters  j 
in  Montana,  known  to  be  free  from  sewage  I 
contamination.  This  variation  is  so  great  that 
it  is  impossible  to  use  a  universal  chemical 
standard  of  purity  for  all  waters  of  the  state. 
However,  it  has  been  possible  by  carefully 

studying  the  qualities  of  the  waters  from  vari- 
ous sources  to  adopt  local  standards  of  purity, 

which  are  very  necessary  to  use  in  connection 
with  bacteriological  data 

Notes  on  the  Maintenance  and  Inspec- 
tion of  Steam  Boilers. 

The  appended  notes  on  the  maintenance  and 
inspection  of  steam  boilers  are  taken  from  a 

paper  by  Mr.  H.  A.  Baumhart  of  the  Hart- 
ford Boiler  Inspection  and  Insurance  Co.  of 

Cleveland,  O.,  before  the  latest  annual  meet- 
ing of  the  Ohio  Society  of  JMechanical,  Elec-  i 

trical  and  Steam  Engineei;s:  ^        I 

Great  progress  has  been  made  in  steam  boil-  : 
er  design  and  construction  during  the  past 
twenty  years.  In  fact,  there  are  but  few,  if 
any,  lioiler  manufacturers  who  would  today 
construct  a  boiler  for  a  given  pressure  with- 

out taking  into  consideration  safe  rules  as 

adopted  by  some  of  the  states  and  municipali- 
ties or  as  recommended  by  good  steam  engi- 

neering practice. 
The  subject  of  a  proper  retiring  age  for  old 

steam  boilers  is  one  which  comes  frequently 

to  light  and  is  a  most  fruitful  source  of  con- 
troversy. Of  course  there  can  be  no  question 

as  to  the  propriety  of  condemning  to  forced 
retirement  those  boilers  wliose  diseases  of  one 
sort  or  another  have  reached  the  chronic 
stage,  and  are  no  longer  curable,  but  there  is 
at  once  the  basis  for  a  deal  of  argument  when 
an  inspector  approaches  the  owner  of  a  boiler 
with  the  statement  that  it  must  be  replaced 
l)ccause  of  old  age,  especially  if  it  is  known 
to  have  all  the  apparent  qualifications,  except 
youth,  for  many  additional  years  of  service. 
In  the  past  many  curious  properties  have  been 
attributed  to  old  boilers:  one  of  the  most  in- 

teresting was  the  notion  that  they  could  not 
explode  violently.  It  was  supposed  that  an 
old  boiler  would  merely  rupture,  allowing  the 
pressure  to  be  relieved  much  as  if  the  safety 
valve  had  opened.  This  idea  was  definitely 
disapproved  many  years  ago  along  with  many 
other  fallacies  and  nnich  popular  mystery 
concerning  boiler  explosions. 
We  all  know  that  steel  used  in  boiler  con- 

struction will  deteriorate  with  use.  It  under- 
goes a  slow  loss  in  strength  and  ductility.  The 

process  is  hastened  by  the  presence  of  a  mod- 
crate  excess  of  phosphorus.  Deterioration  of 
this  character  cannot  be  determined  by  the 
usual  method  of  inspection.  It  is,  therefore, 
difiicult    to    state    definitely   at   what   time   in 
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service  the  boiler  should  be  abandoned.  It 

places  a  great  responsibility  upon  th?  in- 
spector. He  must  consider,  in  addition  to 

the  general  appearance  of  the  boiler,  the  con- 
ditions under  which  it  has  operated,  and  he 

must  also  make  allowance  for  defects  in  the 
material  which  are  not  visible.  Experience 
shows  that  boiler  plate,  subjected  to  the  high 
temperature  of  the  furnace,  does  deteriorate  to 

the  extent  that  after  about  20  or  2o  years' service,  the  boiler  should  (if  we  follow  the 

motto  "Safety  First")  be  taken  out  of  serv- 
ice. Because  an  inspector  reports  that  he 

considers  the  boiler  unsafe  for  further  use,  it 
does  not  imply  that  he  can  predict  the  day 
and  the  hour  when  it  will  explode;  it  does 
mean,  however,  that  the  factor  of  safety  is 
too  low,  and  to  continue  the  boiler  in  service 
for  any  considerable  length  of  time  presents 
a  hazard  too  dangerous  to  be  undertaken. 
No  mysterious  agency  enters  a  boiler  to 

cause  an  explosion.  A  steam  boiler  explodes 
or  fails  from  one  cause  only,  and  that  is  the 
fact  that  the  boiler  or  the  part  which  fails 
could  no  longer  resist  the  strain  placed  upon 
it.  The  applied  pressure  may  be  sufficient  to 
rupture  a  sound  boiler,  or  the  boiler  may  have 
reached  such  a  state  of  deterioration  that  the 

ordinary  w'orking  pressure  become.;  an  over- 
pressure. In  the  majority  of  serious  explo- 

sions, the  primary  cause  was  due  to  the  lap 
seam  form  of  construction. 
Many  accidents  are  due  to  overheating  of 

the  shell  plate  or  tubes.  The  overheating  may 
result  from  various  causes.  The  common 
cause  is  due  to  a  deposit  of  scale,  sediment, 
oil,  or  a  combination  of  oil  and  scale  on  the 
internal  surfaces.  The  presence  of  oil  or 
grease,  although  in  moderate  amounts  on  the 
internal  surface  of  a  shell  plate  or  tube,  is  a 
dangerous  condition,  and,  unless  removed 
promptly,  will  result  in  a  damaged  or  possibly 
an  exploded  boiler.  Great  care  should  be  ex- 

ercised  to  prevent  oil  entering  a  boiler. 
By  referring  to  the  records  of  the  Hartford 

Steam  Boiler  Inspection  and  Insurance  Co.,  I 
find  the  data  given  in  Table  I  on  boiler  explo- 

sions   for   the   United    States   during   1911-13. 

TABLE   I.— D.\TA   OX    BOILER   EXPLOSIONS 
IN  UNITED  STATES.   1911-13. 

Boiler      , — ;   Persons.   v Tear.  explosions.  Killed.  Injured.     Total. 
1911      499  222  416  63S 
1912      .537  278  392  670 
1913      499  180  369  549 

The  annual  property  damage  is  estimated 
at  $-5UO,iKlO.  The  above  records  include  boiler 
accidents  of  every  description,  some  of  which 
were  of  minor  importance.  This  record  is  not 

an  alarming  condition  and, "in  fact,  we  are  very 
much  encouraged  because  of  the  great  inter- 

est now  taken  by  engineers  everywhere  in- 
sisting upon  proper  construction  and  inspec- 

tion of  steam  boilers.  In  many  localities  com- 
pulsory inspection  is  required  by  law.  The 

situation  therefore  as  regards  safety  is  grad- 
ually improving.  We  have  not  yet  reached 

the  stage  of  no  boiler  accidents.  Such  a  con- 
dition will  never  exist.  There  will  be  boiler 

explosions  as  long  as  steam  boilers  are  used 
as  a  unit  of  power.  We  have  not  yet  reached 
the  stage  of  perfection  in  the  manufacture 

of  material,  neither  have  w'e  reached  perfec- 
tion in  the  art  of  boiler  design.  We  learn  as 

much  from  the  result  of  failure  as  from  the 
result  of  success.  Further  experiences  in  the 
operation  of  steam  boilers  may  teach  us  that 
some  radical  change  in  design  or  character  of 
the  material  is  required  to  make  boilers  that 
will  not  explode  under  constantly  increasing 
pressure  and  temperature. 

Another  condition  which  must  be  considered 
in  connection  with  the  safe  operation  of  steam 
boilers  is  their  care  and  management.  It  fre- 

quently happens  that  a  boiler  explosion,  or 
some  other  calamity  resulting  in  loss  of  life, 
occurs  at  places  where  it  is  least  expected. 
This  proves  that,  in  spite  of  the  advanced  pre- 

cautions that  science  has  provided,  reliance 
must  still  be  placed  in  human  intelligence  and 
faithfulness  to  a  large  degree  and  that  some- 

times these  fail. 
It  is  recommended  that  boiler  owners  and 

users  provide  every  possible  method  of  safe- 
guarding human  life  and  property  by  pur- 

chasing onlv  such  boilers  as  have  been  thor- 

oughly inspected  during  course  of  construction 
and  by  seeing  that  they  are  also  inspected  dur- 

ing the  life  of  the  boilers.  Fortunately  in  the 
State  of  Ohio  such  conditions  now  prevail.  It 
also  devolves  upon  the  owner  or  user  of  a 
boiler  to  select  only  such  persons  as  are  fitted 
to  care  for  them. 

Economic   Size  of   Sand   Filter  Beds. 

While  the  slow  sand  filtration  process  un- 
questionably is  on  the  wane  in  this  country  the 

following  notes  on  the  economic  size  of  sand 
filter  beds  are  useful  in  making  estimates  of 
cost  for  comparison  with  the  cost  of  works  for 
the  utilization  of  the  rapid  sand  process.  The 
proper  size  of  beds  is  a  question  of  economical 
construction.  The  larger  the  beds  the  less  the 

cost  per  acre.  Covered  beds,  which  are  gen- 
erally used,  vary  in  size  from  0.4  to  0.8  acres. 

The  following  calculation  from  an  article  on 
the  purification  of  public  water  supplies,  by 
C.  H.  R.  Fuller,  published  in  the  latest  issue 

of  Applied  Science,  is  of  assistance  in  deter- 
mining the  economical  number  and  size  of 

beds.  The  cost  of  a  filter  may  be  estimated  as 
made  up  of  two  items,  (1)  a  portion  propor- 

tional to  the  area,  which  would  include  cost  of 
bottom,  filling  small  drains,  covers,  and  end 
walls,  assuming  basins  rectangular  and  placed 

side  by  side,  and  (2)  a  portion  nearly  indepen- 
dent of  the  size,  such  as  cost  of  piping,  valves, 

valve  chamber,  division  walls,  etc. 
Let  f  ̂ Cost  of  first  portion  per  acre. 
and  C  =  the  cost   of  the  latter  portion   per filter. 

If  g  =  area  of  one  filter 
n  =  number  of  filters 
A  =  Total  net  area  required. 

Then,  assuming  one  filter  in  reserve 
A 

n  =  —  +  l        (1) 
Q 

The  total  cost  is 
K=Cn  +  cnq         (2) 

=  c(f+i)  +  .,(f-.) 
CA 

=   +  C  +  cA  +  cq      (3) 

<? 

dK        CA 

We  then  have   =   +  c 

dq  q^ 

When  for  a  minimum  cost 
C 

r^-A    (4) 
c 

i.  e.  the  economical  area  of  one  filter  is  propor- 

—                   1""^ 

tional  10  V  A  and  to    %j    . 
\       c 

The  larger  the  value  of  "c,"  the  smaller  is 

"C" 

"q."    The  values  of     w-ill  hardly  be  larger c 

than  1/9  or  less  than  l/16,_giying  a  value  of 

"(j"  =  %  VA  to  %  ̂   A.  Thus,  when 
^  =  9  acres,  the  capacity  q  =  %  to  1  acre 
giving  9  to  12  beds.  Where  A=^\  acre,  the 
capacity  would  be  %  to  %  acre  giving  3  to  4 
beds.  Larger  beds  than  1  acre  are  undesirable 
on  account  of  increased  difficulty  of  operation. 

Filter  beds  are  usually  rectangular  and  ar- 
ranged side  by  side.  It  is  usual  to  place  them 

in  two  rows  with  a  space  between  for  sand 
washing,  regulating  houses,  etc.  The  econom- 

ical proportions  of  the  beds  is  given  by  the 
following  formula : 

h        n  -t-  1 

where  &  =  width,  a' of  beds   in   a   row. 

2n 

length,  and  )i  =  number 

The    Application    of    Geology    to    the 
Problems  of  the  Municipal 

Engineer. 
Few  municipal  encineers  of  today  can  fail, 

after  much  experience,  to  realize  the  import- 
ance of  practical  geology  in  the  construction 

of  their  works. 
The  success  of  underground  water  supplies, 

whether  attained  by  knowledge,   trial  and   er- 

ror, or  by  a  stroke  of  luck,  is  admittedly 
dependent  in  each  case  upon  the  local  geol- 

ogy. In  works  of  sewerage,  again,  the  cost 
may  be  largely  influenced  by  the  nature  of 
the  geological  materials  met  with  in  the 
trenches  and  tunnels,  producing  as  they  may 

do  difficulties  and  expense  in  excavation,  tim- 
bering, dealing  with  ground-water,  and  modi- 
fication in  the  design  and  construction  of  the 

permanent  work.  The  same  general  princi- 
ples apply  to  all  deep  excavations  or  founda- 
tions that  may  be  carried  out  by  the  municipal 

engineer,  whether  in  the  construction  of  new 
roads  with  deep  cuttings ;  sea,  river,  and  re- 

taining walls ;  bridges,  reservoirs,  sewage 
tanks  or  large  buildings.  The  geology  of 

building  stones,  road-metals,  and  similar  ma- 
terials, though  in  a  lesser  degree,  is  of  im- 

portance in  all  those  branches  of  municipal 
work  in  which  they  are  constantly  employed. 
The  following  discussion  of  applied  geology 

in  municipal  engineering  work  is  from  a  re- 
cent paper  by  Herbert  Lapworth  before  the 

annual  conference  of  the  Institution  of  Mu- 
nicipal and  County  Engineers,  held  at  Chelten- 

ham, England,  on  June  24-27. 
One  of  the  most  striking  factors  that  has 

forced  applied  geology  upon  the  attention  of 
the  engineer  has  been  the  number  of  disputes 
which  have  arisen  between  contractors  and 
municipal  authorities  concerned  almost  solely 

with  the  "nature  of  the  ground"  encountered 
during  constniction  of  public  works.  A  few 
of  these  cases  have  been  taken  to  the  courts, 
some  to  arbitration,  while  others  have  been 
privately  settled.  In  most  instances  the  cause 
of  the  dispute  has  been  due  to  some  misunder- 

standing as  to  the  "nature  of  the  ground." 
or,  in  other  words,  the  geology  of  the' excava- 

tions :  and  almost  invariably  the  ultimate  re- sult   has    been    costly. 

Frequently  this  kind  of  trouble  has  been 
the  result  of  providing  intending  contractors 
with  inadequate  or  misleading  descriptions  of 
the  strata,  obtained  from  trial  holes  or  bor- 

ings. Another  cause  has  been  the  enforcing 
under  the  contract  of  a  type  of  construction 
unsuited  to  the  kind  of  ground  unexpectedly 
encountered  in  the  trenches  or  foundations. 

Ouite  outside  the  question  of  legal  dis- 
putes, however,  serious  difficulties  have  arisen, 

and  heavy  expense  has  been  incurred  by 
locating  works  in  bad  ground,  either  through 
lack  of  previous  geological  investigations  or 

by  wrong  deductions  from  haphazard  explora- 
tion, when  such  troubles  might  have  been 

avoided  in  the  original  location  or  largely 
anticipated  by  investigation  with  practical 
geological  knowledge. 

It  is  a  remarkable  fact  that  this  branch  of 
engineering,  common  as  it  is  to  all  classes  of 
the  profession,  and  on  which  so  much  fre- 

quently depends,  is  so  strangely  ignored  in 
our  own  engineering  literature,  and  until  re- 

cently so  little  considered  in  the  scientific 
training  of  civil  engineers.  Thus  we  find  in 
our  engineering  text-books  the  most  minute 
mathematical  investigations  of  structures,  more 
or  less  without  relation  to  the  varying  geolog- 

ical materials  on  or  in  which  they  may  be 

placed. 
As  a  minor  example,  retaining  walls,  the 

dimensions  of  which,  other  things  being  equal, 

depend  entirely  upon  the  geology,  water-bear- 
ing nature,  and  dip  of  the  materials  to  be  sup- 

ported, are  subjected  to  detailed  mathematical 
analysis  which  may,  in  the  drawing  office,  be 
slavishly  applied  to  practice  by  aritlimetical 
and  sraphical  calculations,  without  any  knowl- 

edge of  the  ground  in  which  the  walls  are  to 
be  built. 

To  a  limited  extent  the  design  of  tunnel  and 

sewer  sections,  for  example,  in  "good"  and 
"bad"  groimd,  are  considered  in  text-books ; 
but  no  account  is  given  of  the  many  types 
of  material  met  with  underground,  under  vary- 

ing conditions;  nor  of  the  principles  of  the 
occurrence  of  underground  water,  the  great 

variation  in  cost,  and  the  difficulties  of  con- 
struction under  diflferent  gcolocrical  conditions. 

Under  "earthwork"  we  find  the  usual  tables 
of  slopes,  prismoidal  formula",  and  the  like,  but 
practically  nothing  on  the  highly  important 
subject  of  "slins,"  or  treatment  of  soft,  un- 

stable, or  "bad"  ground. 
It  may  be  argued,  and  rightly,  that  these  are I 
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matters  of  actual  practice  and  experience;  but 
this  does  not  excuse  the  failure  of  these  treat- 

ises to  impress  the  student  with  the  great 
variation  in  cost  and  difficulties  of  engineer- 

ing construction  in  different  deposits,  and  the 
fact  that  efficiency  and  economy  in  construc- 

tion might  be  as  much  the  result  of  geological 
knowledge  and  investigation  as  of  skill  and 
experience  in  calculation  and  design.  In  some 
degree  this  void  in  the  engineering  text-books 
is  due  to  the  extreme  complexity  and  varia- 

tion in  the  physical  properties  of  the  geolog- 
ical deposits,  which  render  them  incapable  of 

mathematical  analysis. 
Another  inconsistency  is  sometimes  to  be 

seen  in  the  letting  of  large  contracts,  where 
we  may  have  items  in  the  schedule  of  quanti- 

ties amounting  to  only  a  few  shillings,  yet  the 
contractor  may  be  wholly  ignorant  of  the 
character  of  the  ground  in  which  the  works 
are  to  be  constructed,  and  may,  in  consequence 
underestimate  by  several  thousand  dollars  the 
cost  of  excavation. 
The  causes  which  have  contributed  to  the 

scant  consideration  of  practical  geology  among 
engineers  are  not  easy  to  determine.  Probably 
the  chief  of  these  is  the  fact  that,  whatever 
geological  difficulties  do  arise  during  construc- 

tion, it  is  always  possible  to  complete  engineer- 
ing works,  whether  economically  or  not.  with- 
out geological  knowledge,  and  the  engineer 

is  not  likely  to  be  blamed  by  his  employers 
for  what  turns  up  unexpectedly  below  ground. 

Secondly,  there  is  a  pessimism  among  cer- 
tain engineers,  some  of  whom,  though  they 

may  be  experienced  in  excavation  work,  have 
little  time  for  geology,  and  see  only  a  compara- 

tively heterogeneous  mass  of  deposits  under- 
cround  in  no  sort  of  order,  and  to  he  classi- 

fied broadly  into  two  types — "rock"  and  "muck." 
There  is  also  the  optimist,  who  expects  the 
geologist  by  surface  indications  alone  to  proph- 

esy precisely  what  will  be  met  with  in  almost 
every  yard  of  his  proposed  trench,  and  in 
consequence  loses  faith  in  the  accuracy  and 
practical   application   of  the   science. 

Thirdly,  we  have  scant  consideration  of  the 
.subject  in  the  engineering  and  geological  text- 
hooks.  The  former  have  already  been  dis- 

cussed. The  latter,  while  containing  all  the 
necessary  elements  for  the  study  of  the  sub- 

ject, rarely  present  the  applied  or  practical  side 
of  the  science,  except  on  the  very  broadest 
lines,  and  include  matter  that  is  unnecessary 
to  learn,  and  which  has  rarely  any  direct  bear- 

ing nnon   engineering  questions. 

Tn  the  writer's  opinion,  every  civil  engineer should  be  familiar  first  with  the  elements  of 
geology,  i.  e.,  the  principles  of  stratification, 
and  formation  of  rocks  and  deposits,  and  the 
various  structures  occurring  in  thorn  as  the 
result  of  formation,  change,  weathering,  or 
earth  movements.  He  should  be  able  to  rec- 

ognize and  describe  correctly  all  the  common 
solid  rocks  and  unconsolidated  deposits.  He 
ought  also  to  understand  a  geological  map 
as  he  does  a  working  drawing,  and  be  able  to 
plot  approximate  geological  sections  from  it, 
as  well  as  accurate  geological  records  from 
luirincrs.  trial  holes,  trenches,  and  tiuinels.  A 
training  in  petrology  is  desirable  for  the  road 
engineer;  but  expert  knowledge  in  this  branch 
of  geology  usually  requires  more  time  than 
the  professional  engineer  can  afford.  .\  thor- 

oughly practical  geological  training,  however, 
cannot  he  acquired  without  considerable  expe- 

rience in  the  field. 

Of  equal  importance  is  the  subject  of  hydro- 
geology  This  includes  the  principles  of  the 
occurrence  of  underground  water  in  different 
geological  deposits,  the  laws  of  flow  through 
porous  and  permeable  materials,  underground 
water-levels  and  their  fluctuations  The  math- 

ematical side  of  this  subject  has  been  consid- 
ered in  great  detail  by  foreign  scientists  and 

engineers;  but  so  far  the  quantitative  results 
have  been  of  little  direct  application  to  prac- 

tice, owing  to  the  extreme  complexity  of 
undercround  conditions.  Nevertheless,  the 
principles  arrived  at  are  of  great  value  in 

clearing  one's  ideas,  assisting  one  to  anticipate 
or  prophesy,  and  to  deal  more  rationally  with 
undeground-water  problems  where  a  certain 
amount  of  local  information  has  already  been 
secured.     The  value  of  this  science  is  not  only 

found  in  questions  of  water  supply,  but  in  the 
excavation  of  trenches,  cuttings,  deep  founda- 

tions,  tunnels,  drainage,  and  the  like. 

It  would  be  impossible  in  a  paper  of  this 
kind  to  cover  the  whole  of  that  region  in 

municipal  engineering  on  which  practical  geol- 
ogy- has  a  direct  bearing.  The  following  are 

merely  a  few  selected  instances  commonly 
occurring  in   practice. 

PRELIMINARY      CEOLOCIC.M.      INVESTIG.\TIONS      ON 

IMPORTANT    WORKS. 

In  the  majority  of  important  public  works 
it  is  desirable  to  ascertain  by  means  of  trial 
holes  or  borings  the  nature  of  the  ground  in 
which  the  works  are  to  be  constructed.  The 

object  of  these  investigations  may  be  to  de- 
termine first,  the  necessary  dimensions  of  the 

permanent  work  and  its  approximate  cost;  sec- 
ondly, the  ground-water  levels;  thirdly,  wheth- 

er any  saving  may  be  effected  by  a  change  in 
location,  if  practicable;  and  lastly,  to  enable 
contractors  to  make  a  fair  tender  for  the  cost 
of  construction.  As  regards  the  latter,  it  has 
given  rise  to  discussion  among  engineers, 
whether  data  obtained  from  trial  holes  and  bor- 

ings should  be  shown  to  tendering  contract- 
ors, because  of  the  possibility  of  future  claims 

or  litigation.  Information  of  this  kind,  how- 
ever, allows  a  contractor  to  put  in  a  fairer 

price,  and  avoids  the  necessity  of  his  protect- 
ing himself,  as  he  often  does,  by  increase.'! 

prices  for  unknown  ground.  Without  such 

knowledge,  a  contractor's  tender  must  usually be  cither  unfair  to  the  municipal  body  or  the 
contractor  himself;  but  there  are  pitf.nlls,  of 
course,  although  the  more  practical  geological 
knowledge  there  is  brovight  to  bear  on  the  in- 

vestigation, the  less  will  be  the  risk. 
.^s  regards  the  selection  of  sites  for  boring, 

etc.,  it  is  essential  that  the  number  of  holes 
should  be  sufficient  to  give  reliable  information, 
and  the  strata  must  be  correctlv  described. 
Kach  hole  should  be  sunk  to  the  full  contem- 

plated deptli  of  the  excavation,  and  located  on 
the  center-line,  or  within  the  limits  of,  and 
not  outside  the  work  itself. 

.^n  interesting  example  of  the  result  of  sink- 
ing trial  holes  clear  of  the  work  occurred  re- 

cently in  this  country  in  connection  with  a  tun- 
nel sewer.  The  trial  holes,  in  order  to  save 

expense,  were  sunk  in  a  railway  cutting  paral- 
lel to  the  sewer.  These  proved  the  ground 

to  consist  entirely  of  sandstone  and  conglom- 
erate, whereas  at  least  h.ilf  the  length  of  the 

tunnel  was  found  to  he  in  marl,  the  discrep- 
ancy being  due  to  the  cross  dip  of  the  strata. 

In  the  sandstone  and  conglomerate  the  tunnel 
was  driven  without  timber,  while  in  the  marls 
close-timbering  was  reouired  throughout,  ow- 

ing to  falls  from  the  sides  and  roof,  .An  action 
was  brought  by  the  contractor  against  the  pub- 

lic authority  on  the  basis  that  misleading  in- 
formation bad  been  supplied  to  him 

In  the  solid  rocks  the  selection  of  tlie  sites 

for  trial  holes,  etc,  can  often  be  much  as- 
sisted by  a  knowledge  of  the  surface  geol- 

ogy. This  is  especially  applicable  to  ti'.nne! 
work  and  the  like;  but  the  majority  of  munici- 

pal works  are  founded  close  to  the  surface, 
and  the  nature  of  the  cround  is  dependent 
more  on  the  character  and  depth  of  the  soils, 
sub-soils,  and  surface  deposits  of  the  districts. 
As  the  detailed  structure  and  arrangement  of 
these  surface  deposits  cannot  be  foretold  with 
any  accuracy  from  surface  indications,  trial 
holes  or  borings  are  essentia!, 

WATER  si'prr.Y. 

It  is  perhaps  in  questions  of  water  supply. 
and  especially  in  schemes  from  underground 
sources,  that  a  sound  knowledge  of  geology 
and  hydro-geolog>'  is  essential.  The  selection 
of  a  site  for  a  well  or  boring,  which  will  yield 
a  satisfactory  amount  of  oure  water  requires 
intimate  acquaintance  with  the  local  geology, 
the  order,  arrangement  and  structure  and  wa- 

ter-bearing characters  of  its  various  strata, 
both  as  regards  its  solid  rocks  and  superficial 
dcjinsits.  Familiarity  with  liydro-geological 
principles  will  also  assist  the  investigator  in 
analvzing  more  rationally  from  data  in  local 
wells  and  springs  the  existing  underground 
water  resources  of  the  district,  and  in  con- 

sidering ouestions  of  possible  pollution  from 
farms,    fields,    cesspools,   cemeteries,    and    pol- 

luted streams,     .Similar  principles  apply  large- 
ly to  water  supplies  from  springs. 
Geological  considerations  are  also  highly  im- 

portant in  the  selection  of  sites  for  impounding 
and  service  reservoirs,  dams,  and  embank- 

ments, and  in  the  location  and  construction  of 
lines  of  aqueduct,  pipes,  and  tunnels ;  but  these 
are  matters,  perhaps,  more  usually  in  the  do- 

main of  the  consultant,  dealing  with  large 

schemes,  than  in  the  routine  work  of  munici- 

pal engineers. 
LINES   OF    SEWERS   AND    PIPES. 

In  the  construction  of  lines  and  sewers  we 

find  many  questions  arising,  where  applied  ge- 
ology may  be  of  use  in  location,  design,  and 

construction.  The  most  serious  difficulties  arc 

generally  encountered  in  the  unconsolidated  de- 
posits of  alluvial,  glacial,  and  otlier  recent  or- 

igin. The  beds  of  clay,  silt,  mud,  running  sand 
and  peat,  which  so  frequently  occur  in  these 
formations,  arc  usually  capable  of  supporting 
only  relatively  low  pressures,  and  require  great 
skill  and  experience  in  the  treatment  ot  cut- 

tings or  excavations,  being  especially  liable  to 
slips,  and  to  act  as  a  semi-liquid  when  their 
existing  stability  is  disturbed  by  any  excava- 

tion within  their  mass.  Occurring  as  they  do 
in  the  low  lying  areas  in  valley  bottoms,  estu- 

aries, and  mud  flats,  they  are  liable  to  be  sat- 
urated with  ground-water,  which  further  re- 

duces their  stability,  and  adds  greatly  to  the 
difficulties  of  engineering  construction. 

In  addition  to  the  obviously  water-logged 
ground  formed  of  these  deposits  in  low-lying 
areas,  many  lines  of  pipes  and  sewers  may 
be  constructed  in  water-bearing  rocks  and  de- 

posits below  the  saturation  level.  The  opening 
out  of  a  deep  trench  in  porous  or  permeable 
materia!  below  the  saturation  level  has  the  ef- 

fect of  draining  the  measures  on  both  sides  of 
the  trench,  and  producing  a  lowering  of  the 

water-levels  in  the  vicinity.  This  ma\'  often 
give  rise  to  claims  for  damage  to  local  wells 
and  springs,  .Xny  trench  excavated  below  riv- 

er-level, in  a  valley  bottom  and  in  permeable 
strata,  will  tend  to  collect  a  large  volume  of 
water:  and  similarly  where  the  saturation  level 
rises  from  the  valley  bottom  more  or  less  par- 

allel to  the  ground  surface,  a  deep  trench,  al- 
though distant  from  the  river,  may  require 

heavy  pumping  during  construction.  In  all 
permeable  surface  deposits  and  permeable 
strata,  such  as  chalk,  sandstone,  sands,  and 
heavily  fissured  rocks,  in  which  trenches  are 
to  be  excavated,  it  may  be  often  worth  while 
to  determine  the  underground  water-levels  in 
local  wells,  in  order  to  see  whether  it  is 
possible  to  fix  the  levels  of  the  permanent 
work  above  them.  Local  wells  have  not  in- 

frequently been  drained  dn,-  during  the  con- 
struction of  a  deep  sewer,  and  sometimes  per- 

manently, so  that  it  has  been  necessary  to  deep- 
en them  in  order  to  restore  their  water  sup- 

plies. 

In  considerations  of  this  kind,  hydro-geology 
has  shown  that  the  saturation  level  is  subject 
to  seasonal  fluctuations;  hence  it  may  happen 
that  a  trench  excavated  in  dry  ground  above 
the  saturation  level  during  one  part  of  t.ie 
year  may  be  flooded  during  the  winter  and 
early  spring  seasons  when  the  ground-water  is high. 

Heavy  pumping,  and  consequent  lowering  of 
the  saturation  level  in  certain  sands,  peat-bogs 
and  marshes,  mav  also  seriously  affect  the 
foundations  of  adjacent  buildings,  producing 
cracks  and  settlement.  Cases  are  on  record 
where  the  saturation  level  has  been  lowered 
several  feet  by  pumping,  and  accompanied  at 
a  distance  of  200  ft,  bv  a  settlement  in  the 
buildincr   of   several    inches. 

In  hilly  districts,  sewers  and  lines  of  pipes 

may  require  to  be  constructed  in  steep  side- 
long ground  and  scree  slopes.  Here  there  is 

a  strong  tendency  for  the  surface  material  to 
slip  into  the  trench,  and  great  pressures  may 
be  brought  to  bear  upon  the  timbering,  and 
even  upon  the  permanent  work,  which  may  be 
forced  down  hill  and  fracture,  .Such  catas- 

trophes have  occurred  both  on  lines  of  cast 
iron  pipes  and  brick  culverts  in  this  country. 

In  certain  tyncs  of  ground  again,  such  as 
those  formed  of  steeply  diggin.g  shales  or  clay 
masses,  or  surface  materials  upon  a  highly  in- 

clined  rock   siirface,   slips  are  liable  to  occur, 



All  oust  19.  I'.'U. Engineering   and    Contracting 181 

and  e\en  the  permanent  work  may  require  to 
be  strengthened. 
Another  curious  phenomenon  is  occasionallv 

found  in  deep  trenches  wholly  in  clay  deposits, 
which  may  appear  to  be  perfectly  consolidated 
and  rirni  during  excavation.  The  weight  of 
the  material  on  both  sides  of  the  trench  may 
be  sutficient  to  cause  the  plastic  material  to 
flow,  with  the  result  that  the  timbering  must 
be  crushed  in  and  collapse,  accompanied  by  an 
uplift  of  the  bottom  of  the  trench,  and  of  the 
permanent  work.  The  writer  has  known  of 
a  length  of  over  100  yds.  of  culvert  invert,  and 
side  walls  destroyed  in  this  wav.  In  some  of 
the  glacial  clay  deposits  of  Lancashire  the 
trench  bottoms  have  been  observed  to  rise  be- 

tween the  operations  of  trimming  the  trench 
bottom  and  bedding  the  pipes. 

In  ground  of  soft  clays,  mud,  silt,  running 
sand  or  peat,  the  difficulties  of  cor.struction 
are.  of  course,  at  their  worst.  Special  pre- 

cautions must  then  be  taken  from  the  out.'^et 
in  timbering,  strengthening  the  section  of  the 
permanent  \york,  draining,  and  so  dealing  with 
the  foundations  below  formation  level,  as  to 
enable  the  ground  to  support  the  weight  of 
the  overlying  structure. 

The  subject  is  too  vast,  however,  to  discuss 
here :  but  it  may  be  taken  for  granted  that  in 
questiops  of  this  kind,  the  engineer  armed  with 
a  sound  knowledge  of  the  local  underground 
geolog}'  and  its  relation  to  the  subsiding  sur- 

face is  likely  to  be  more  efficient,  not  only  in 
dealing  with  lines  of  pipes  and  sewers,  but 
with  reservoirs,  filters,  bacteria  beds,  and  other 
works. 

RO.^DS    .XND    RO.^D    MET.\LS. 

In  the  construction  of  new  roads  practical 
geology  may  be  a  very  important  factor  in 
location,  where  the  choice  of  a  route  may  be 
guided  by  the  geology  of  the  district  to  be 
traversed.  Thus  areas  liable  to  slips,  or  formed 

of  very  soft  or  very  hard  material,  or  requir- 
ing heavy  retaining  walls,  may  sometimes  be 

avoided  by  deviation.  In  this  country,  how- 
ever, the  routes  of  the  few  new  roads  that 

are  now  being,  or  likely  t©  be,  constructed,  are 
more  or  less  fixed  within  rigid  limits.  Still, 
even  here,  practical  .geology  and  hydro-geol- 
ogy-,  when  combined  with  engineering  experi- 

ence, are  valuable  aids  in  the  excavation  and 
drainage  both  of  the  cuttings  and  the  roadbed 
itself. 

AMD  MRTGATIOM 
Proposed   Standard  Specifications   and 
Recommended  Practice  for  Drain 

Tile    and    Tile    Drain    Con- 
struction. 

Standard  tests  and  specifications  for  drain 
tile  have  been  under  investigation  since  early 
in  1911  by  a  special  committee  of  the  .Ameri- 

can Society  for  Testing  Materials.  In  this 
study  very  elaborate  experiments  have  been 
conducted  at  Iowa  State  College  and  the  Uni- 

versity of  Wisconsin.  In  its  recent  report  for 
1914  the  committee  announces  the  virtual  com- 

pletion of  its  strength  tests  at  Iowa  State  Col- 
lege and  based  on  them  reports:  Proposed 

Standard  Specifications  for  Strength  Tests  of 
Drain  Tile;  Proposed  Standard  Specifications 
for  Quality  of  Drain  Tile;  Proposed  Recom- 

mended Practice  in  Design  and  Construction 
of  Tile  Drains. 

It  also  reports  further  that  considerable 
progress  has  already  been  made  on  a  special 
experimental  investigation  of  absorption,  and 
freezing  and  thawing  tests,  and  their  rela- 

tion to  strength  and  durability,  which  the 
University  of  Wisconsin  is  making  for  the 
cornmittee.  Professor  Withey.  of  that  insti- 

tution, is  making  the  tests,  which  are  being 
applied  both  to  clay  and  to  concrete  tile,  of 
different  grades,  materials  and  processes.  The 
completion  of  these  investigations,  the  col- 

lating and  study  of  their  results,  and  the  prep- 
aration of  proposed  standaVd  specifications  for 

absorption  and  other  durability  tests,  and  for 
corresponding  requirements  for  quality  of 
drain  tile,  to  be  inserted  in  their  appropriate 
places  in  the  proposed  Standard  Specifications 
for  Strength  Tests  of  Drain  Tile  and  for 
Quality  of  Drain  Tile,  constitute  the  main 
part  of  the  program  for  the  work  of  the  com- 

mittee  for   1914-1-5. 

The  two  sets  of  specifications  and  the  rules 
of  recommended  practice  follow  : 
PROPOSED       STANDARD       SPECIFICATIONS 
FOR   STRENGTH    TESTS    OF    DRAIN   TILE. 

1.  The  specimens  shall  be  unbroken,  full- 
size  tile.  They  shall  be  carefully  selected  so  as 
to  represent  fairly  the  quality  of  the  tile. 

2.  A  standard  test  shall  comprise  five  in- 
dividual tests.  The  result  for  each  specimen 

and  the  average  of  the  five  shall  be  given  in 
the   report  of  the   te.st. 

3.  The  materials  of  the  tile  shells  shall,  at 
the  time  of  testing,  be  in  a  thoroughly  wet 
condition,  such  as  may  be  obtained  by  covering 
with  sacks  kept  wet  for  8  hours. 

4.  No  test  specimen  shall  be  exposed  to 
water  or  air  temperatures  lower  than  40°  F. 
from  the  beginning  of  artificial  wetting  until 

tested.  Frozen  tile  shal".  be  completely  thawed 
before  artificial  wetting   begins. 

5.  Each  specimen  shall,  if  practicable,  be 
weighed  on  a  reliable  scale  just  prior  to  test- 
ing. 

o.  The  load  shall  be  applied  by  any  machine 
or  hand  method  which  will  apply  the  load  con- 

tinuously, or  in  unifiirm  increments  not  ex- 
ceeding   0.05    of    the    total    load    lecessarj-    to 

break  the  tile.  The  lile  shall  not  be  allowed 
to  stand  any  considerable  lime  under  load.  All 
solid  parts  of  the  bearing  frames  or  bearing 
blocks  shall  be  so  rigid  that  the  distribution  of 
the  load  shall  not  be  appreciably  affected  by 
the  deflection  of  any  part.  All  bearings  and 
the  test  specimens  shall  be  so  accurately  cen- 

tered as  to  insure  in  every  direction  a  sym- 
metrical distribution  of  the  loading  on  each 

side  of  the  center  of  the  tile. 
7.  The  inspector,  in  specifying  test  require- 

ments for  drain  tile,  shall  prescribe  in  advance 
one  of  the  three  following  kinds  of  bearmgs: 
sand  bearings;  hydraulic  bearings;  three-point 
bearings. 

S.  The  test  results  shall  be  reported  in  terms 
of  the  ordinary  supporting  strength.  This  term 
shall  be  defined  to  mean  the  supporting 
strength  of  a  tile  when  the  load  is  applied  with 
such  a  distribution  as  to  produce  a  maximum 

RW bending  moment  of  0.20   ,  where  W=  the  ordi- 
12 

nary  supporting  strength,  and  R  =  radius  of 
middle  line  of  tile  shell,  in  inches.  The  ordinary 
supporting  strength  shall  be  obtained  by  mul- 

tiplying the  test  breaking  loads,  by  the  fol- 
lowing factors:  For  sand  bearings.  1.00;  for 

hydraulic  bearings,  1.25;  tor  three-point  bear- 
ings,   1.50. 

The  ordinary  supporting  strength  shall  be  re- 
ported   in    pounds   per   linear   foot. 

9.  The  modulus  of  rupture  shall  be  calcu- 
lated from  the  maximum  bending  moment  pre- 

scribed in  Section  8  of  the  formula 
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Five-eighths  of  the  weight  of  the  tile  per 
lineal  foot  for  sand  bearings,  or  three-fourths 
for  hydraulic  or  three-point  bearings,  shall  be 
added  to  W  in  computing  the  maximum  bend- 

ing moment,  when  such  addition  exceeds  5  per 
cent   of   W. 

10.  Where  sand  bearings  are  used,  each 
specimen  shall  be  accurately  marked  in 
quarters,  with  pencil  or  crayon  lines,  prior  to 
the  test.  Specimens  shall  be  carefully  bedded, 
above  and  below,  in  sand,  for  one-fourth  the 
circumference  of  the  pipe,  measured  on  the 
middle  line  of  the  pipe  shell.  The  depth  of 
bedding  above  and  below  the  pipe  at  the  thin- 

nest points  shall  at  each  place  be  equal  to  one- 
fourth  the  diameter  of  the  pipe,  measured  be- 

tween the  middle  lines  of  the  pipe  walls. 
The  sand  used  shall  be  clean  sand  which  will 

pass  a  No.  4  screen. 
The  top  bearing  frame  shall  not  be  allowed 

to  come  in  contact  with  the  pipe  or  with  the 
test  load.  The  upper  surface  of  the  sand  in 
the  top  bearing  shall  be  carefully  struck  level 
with  a  straight  edge,  and  shall  be  carefully 
covered  with  a  heavy,  rigid,  top  bearing  plate, 
with  lower  surface  a  true  plane,  made  of  heavy 
timbers  or  other  rigid  material,  capable  of  uni- 

formly distributing  the  test  load  without  appre- 
ciable bending.  The  test  load  shall  be  applied 

at  the  exact  center  of  this  top  bearing  plate 
in  such  a  way — either  by  the  use  of  a  spherical 
bearing,  or  by  the  use  of  two  rollers  at  right 
angles — as  to  leave  the  bearing  free  to  move 
in  both  directions.  In  case  the  test  is  made 
v>'ithout  the  use  of  a  machine,  and  by  piling 
on  weight,  the  weight  may  be  piled  directly  on 
a  platform  resting  on  the  top  bearing  plate, 
provided,  however,  that  the  weight  is  piled  in 
such  a  way  as  to  insure  uniform  distribution 
of  the  load   over  the  top  surface  of  the  sand. 
The  frames  of  the  top  and  bottom  bearings 

shall  be  composed  of  timbers  so  heavy  as  to 
avoid  appreciable  bending  by  the  side  pressure 
of  the  sand.  The  frames  shall  be  dressed  on 
their  interior  surfaces.  No  frame  shall  come 
in  contact  with  the  pipe  during  the  test.  A 
strip  of  soft  cloth  may  be  attached  to  the  in- 

side of  the  upper  frame  on  each  side  along  the 
lower  edge  to  prevent  the  escape  of  sand  be- 

tween  the   frame  and   the   tile. 

11.  Where  hydraulic  bearings  are  used,  each 
specimen  shall  be  accurately  marked  in  halves, 
with  pencil  or  crayon  lines,   prior  to  the  test. 
A  hydraulic  bearing  shall  be  composed  of  a 

wooden  platen  to  which  is  attached,  as  herein- 
after described,  a  section  of  rubber  hose.  The 

hose  shall  lie  against  the  tile,  and  the  pressure 
shall  be  applied  to  the  hose  through  the  platen. 
The  platen  shall  be  built  of  yellow  pine,  and 

shall  be  at  least  4  by  4  ins.  in  section,  and 
at  least  length  shall  be  the  length  of  the  pipe 
plus  8  ins.  One-inch  quarter  rounds  with  their 
convex  surfaces  facing  shall  be  firmly  at- 

tached to  each  edge  of  one  side.  The  straight 
portion  of  this  face  shall  extend  at  least  the 
length  of  the  pipe,  and  the  platen  beyond  this 
length  may  be  cut  to  the  arc  of  a  circle. 
Between  the  quarter  rounds  shall  be  laid  a 

piece  of  2ii-in.  hose,  which  shall  be  closed  in 
a  water-tight  manner  at  each  end  by  clamps. 
The  hose  shall  contain  a  volume  of  water  not 
less  than  one-halt  nor  more  than  two-thirds 
its  capacity,  when  completely  distended.  This 
hose  may  be  attached  to  the  platen  at  either 
end  in  any  satisfactory  manner  which  will  not 
Induce   wrinkling  when   under  test  pressure. 
The  test  load  shall  be  applied  at  the  exact 

center  of  the  top  bearing,  in  such  a  way  as  to 
leave  the  bearing  free  to  move  in  the  vertical 
plane  of  the  axis  of  the  pipe. 

It  is  recommended  that  stops  be  screwed  to 
fhe  platen  symmetrical  with  the  point  of  ap- 

plication of  the  load,  and  at  a  distance  apart 
not  greater  than  the  length  of  the  tile  plus 
Vs  in.  This  will  help  center  the  load  coming 
upon   the  pipe. 

12.  Where  three-point  bearings  are  used, 
each  specimen  shall  be  accurately  marked  in 
halves,  with  pencil  or  crayon  lines,  prior  to  the 
test. 
The  lower  bearings  shall  consist  of  two  wood- 

en strips  having  a  corner  rounded  to  a  radius 
of  approximately  M  in.  They  shall  be  straight 
and  shall  be  securely  fastened  to  a  rigid  block 
in  a  position  such  that  the  bearing  lines  of  a 

cylinder  of  24-in  diameter  laid  along  the  round-  ' 
ed  edge  of  the  strips  shall  be  2  ins.  apart. I 



182 
Engineering   and    Contracting 

Vol.  XLII.     No.  8. 

The  upper  bearing  shall  be  a  wooden  block, 
straight  and  true  from  end  to  end. 

The  test  load  shall  be  applied  through  the 

upper  bearing  block  in  such  a  way  as  to  leave 

the  bearing  free  to  move  In  a  vertical  plane 

passing    between    the   lower    bearings. 

In  testing  a  tile  which  is  "out  of  straight," 
the  lines  of  the  bearings  chosen  shall  be  from 

those  that  appear  to  give  most  favorable  con- 
ditions  for   fair   bearings. 

PROPOSED      STANDARD       SPECIFICATIONS 

FOR    QUALITY    DRAIN    TILE. 

1.  Specimens  to  be  tested  shall  be  selected 

by  the  inspector  from  the  tile  to  be  used  on 

the  work;  these  specimens  to  be  selected  at  the 

factory,  shipping  destination,  or  at  the  trench
 

location.  The  tile  shall  be  measured,  sounded 

and  e.xamlned  by  inspection.  Five  specimens 

of  each  materially  different  class  noted  shall  be 

selected  for  a  test.  If  in  the  judgment  of  the 

inspector  it  is  necessary  either  before  or  after 

the  testing  of  the  specimens,  additional  spec- 

imens may  be  selected,  but  in  no  case  shall 

these  additional  specimens  exceed  1  ft.  In 

length  for  each  100  lin.  ft.  of  tile  to  be  laid. 

These  additional  specimens  shall  be  furnished 

by  the  contractor  free  of  charge  at  the  point 

of  selection,  provided  that,  in  case  the  spec- 

imens tested  meet  the  specifications,  not  more 

than  1  per  cent  shall  be  required  to  be  fur- nished free. 

2.  Each  tile  shall  be  of  a  cylindrical  section, 

the  size  being  designated  by  the  Interior 

diameter.  The  average  diameter  shall  not  be 

more  than  3  per  cent  less  than  the  specified 

diameter.  The  maximum  and  minimum  diame- 

ters of  the  same  tile  or  average  diameters  of 

adjoining  tile  shall  not  differ  more  than  80  per 
cent  of  the  thickness  of  the  wall. 

3.  The  minimum  length  of  tile  shall  not  be 

less  than  12  ins.  In  tile  12  Ins.  or  above  in 

diameter,  up  to  30  ins.  In  diameter,  the  length 

shall  not  be  less  than  the  diameter.  Tile 

above  30  ins.  in  diameter  need  not  have  a 

greater  length    than   30    ins. 
4.  Tile  designed  to  be  straight  shall  not 

var>-  from  a  straight  line  more  than  3  per  cent 
of   its  length. 

5.  Tile  shall  be  reasonably  smooth  on  the 

inside,  and  free  from  cracks  and  checks  ex- 
tending Into  the  body  of  the  tile  in  such  a 

manner  as  to  appreciably  decrease  the  strength. 
Tile  stood  on  end  and  tapped  with  a  light 

hammer  when   dry  shrill  give  a  clear  ring. 
Tile  shall  be  free  from  chips  or  broken  pieces 

which  shall  decrease  its  strength  or  admit 
earth  Into  the  drain.  The  end  shall  be  regular 
and  smooth  and  admit  of  the  making  of  a 
close  Joint  when  properly  turned  and  pressed 
together. 

6.  In  a  standard  test,  if  one  or  more  spec- 
imens fall  more  than  25  per  cent  below  the  re- 
quired strength  as  specified,  the  class  of  tile 

represented  by  the  falling  specimens  shall  be 

rejected,  and  other  specimens  tested  to  com- 
plete the  standard   test. 

7.  (a)  Class  No.  IB.— No.  IB  tile  are  intended 
to  be  suitable  for  supporting  the  load  in  the 
worst  material  In  a  trench  having  a  grade  line 
5  ft.  deep.  They  shall  have  minimum  average 
ordinary  supporting  strengths  calculated  as 

prescribed  in  Section  S  of  the  proposcil  Stand- 
ard Specifications  for  Strength  Tests  of  Drain 

Tile,   In  accordance  with   the   following   table: 

REQUIRED      AVRUAGE      ORPINAISY      SUP- 
PORTING STRENGTH  FOR  CI^\SS 
NO.  IB  TILE. 

Dl.-imeterof  Lbs.  per 
tile.  Ins.  linear  foot. 

10        fion 
12    700 
14    800 
16    900 
18    1.001) 
20      i.ino 
22       1,100 
24       1,200 

(b>  Class  No.  lA. — No.  lA  tile  shall  be  made 
of  good  materials  by  the  most  approved  meth- 

od, and  are  Intended  to  be  suitable  for  sup- 
porting the  load  In  the  worst  material  in  a 

trench    havlnir   a  grade   line   7   ft.   deep. 
The  inner  surface  of  the  tile  shall  be  free 

from  defects.  The  outer  surface  .ihnll  he  free 
from  broken  blisters,  lumps  or  flakes  which 
are  thicker  than  20  per  cent  of  the  thicknesi 
of  the  tile,  or  whose  diameter  Is  greater  than 
15  per  cent   of   the   Inner   diameter  of   the   tile. 

and  such  defects  as  are  allowed  shall  not  be 

of  such  nature  as  to  appreciably  weaken  the 
tile  when  laid   in  the  ditch. 

The  tile  shall  have  minimum  average  ordinary 

supporting  strengths  (calculated  as  prescribed 

In  Section  8  of  the  proposed  Standard  Spec- 
ifications for  Strength  Tests  of  Drain  Tile)  in 

accordance  with  the  following  table: 

REQUIRED  A\'ER-\GE  ORDINARY  SUP- PORTING STRENGTH  FOR  CLASS 
NO.    lA  TILE. 

Diameter  of  ,.  Lbs.  per 
tile.  ins.  ''"^?;!;/°°'- 

12                        900 
14    1,000 
16.'..'."    1.200 
18    1.300 
20     l.<00 
■>2                    1,550 
24"         1.700 oj                      1,800 
•>8           1.900 
30       2,000 
32       2,050 
34               2,150 
36       2.250 

(3)  Class  No.  1  Extra  A.— No.  1  Extra  A  tile 
shall  be  extra  good,  and  are  intended  to  be 
suitable  for  supporting  the  load  in  the  worst 
material  in  a  trench  having  a  grade  line  10  ft. 

deep.  They  shall  be  either  vitrified,  salt-glazed, 
clay  tile,  or  thoroughly  seasoned  concrete  tile, 
made  of  the  best  materials,  by  the  most  ap- 

proved  method. 
The  inner  surface  of  the  tile  shall  be  free 

from  detects.     The   outer  surface  shall  be   free 

Cradle.  Generally  the  engineer  will  specify  the 

grade  of  work  required,  but  in  some  cases  It 
may  be  advisable  to  allow  the  contractor  a 
choice  between  using  a  superior  method  of 

laying,  or  a  stronger  tile. 
2.  In  Ordinary  tile  laying  the  contractor  shall 

shape  the  bottom  of  the  ditch  approximately  to 

fit  the  lowest  one-quarter  of  the  outside  cir- 
cumference of  the  tile,  taking  pains  to  secure 

an  extra  firm  bearing  near  the  outer  edges  of 

the  bearing  area.  In  hard  material  he  shall 
bed  the  tile  in  a  thin  layer  of  granular  earth 
where,  in  the  judgment  of  the  engineer,  it  is 
necessary  to  secure  a  good   bearing. 
After  the  tile  is  bedded  truly  to  line  and 

grade,  the  contractor  shall  carefully  place  the 
«erth  around  and  over  the  tile  by  hand  to  the 

depth  of  at  least  1  ft.  over  the  tile,  using 
shovels  or  other  suitable  tools  to  work  the 

earth  filling  down  the  sides,  and  underneath 
the  tile  so   far  as  practicable. 
Whenever  the  ordinary  supporting  strength  of 

the  tile,  as  determined  by  actual  tests,  and 
calculated  as  prescribed  in  Section  8  of  the 
proposed  Standard  Specifications  for  Strength 
Tests  of  Drain  Tile,  is  50  per  cent  or  more  in 
excess  of  the  strength  specified,  the  bottom  of 
the  ditch  need  not  be  shaped  to  fit  more  than 

the  lower  one-eighth  of  the  outside  circumfer- 
ence of  the  tile. 

3.  In  Flrst-Class  tile  laying  in  hard  ma- 
terial,   the    contractor    shall    shape    the    bottom 

TABLE  I.— MAXIMUM  LOADS  ON  DRAIN  TILE  AND  SEWER  PIPE  FROM  ORDINARY  DITCH- 
FILLING  MATERIALS— ORDINARY  SAND,  12  0  LBS.   PER  CU.  FT.;  THOR- 

OUGHLY WET  CLAY,  120  LBS.   PER  CU.  FT. 
Loads  in  pounds  per  linear  foot. 

fill  above                                 i   Breadth  of  ditch  a  little  below  top  of  tile.   , 
top  of  ,   1ft.   >  ,   2  ft.   ^  ,   3  ft.   ,  ,.   4  ft.   s  ,   5  ft.-   , 

tile,  ft.                Sand.  Clay.           Sand.       Clay.          Sand.       Clay.  Sand.       Clay.  Sand.  Clay. 
2                          ISO         190                410            420                660            660  890            900  1.110  1,130 

4'      '           ■       270         300                710            750             1,170         1,220  1,640         1,690  2,100  2,150 
6              310         360                910         1,000             1,590         1.680  2,270         2,400  2. 970  3,100 
8             340         4011             1,070         1,190             1,910         2,070  2,820         3,000  3,720  3,930 

10        ..'.     350         420             1,180         1,330             2,180         2,400  3,260         3,510  4,380  4.680 
12'               360         440             1,250         1,440             2,400         2.670  3.650         3,990  4,980  6,340 14   360         440             1,310         1,530             2,570         2,S90  3.990         4,380  5,490  5,940 
16                     S60         460             1,350         1,600             2.710         3,090  4,260         4.740  5,940  6,430 
18                 ..       860         450             1,380         1.650             2,820         3,250  4,490         5,050  6.330  6,930 
20            .               360         450              1.400         1,690              2,910         3,390  4,700         5,340  6,660  7,410 

22                     '     360         450             1,420         1,720             2,980         3.510  4,880         5,570  6,960  7,800 
24"                 .     360         450             1,430         1,740             3.050         3.600  5,010         5.780  7,230  8,160 26          ...         360         450              1,440         1,760              3.090         3,650  5,150         5,970  7,460  8.490 

28'                        360         450             1,440         1,780             3,120         3.750  5.240         6,120  7,670  8.760 
30  ■       360         450             1,440         1,790             3.150         3.800  5.310         6,280  7.S30  9,030 Infinity            360         450             1.450         1.820             3,270         4,090  5.820         7,280  9,090  11,370 
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from  broken  blisters,  lumps  or  fiakes  which  are 
thicker  than  16  per  cent  of  the  thickness  of 
the  tile,  or  whose  diameter  is  greater  than  12 
per  cent  of  the  inner  diameter  of  the  tile, 
and  such  defects  as  are  allowed  shall  not  ap- 

preciably weaken  the  tile  when  laid  in  the 
ditch. 

The  tile  shall  have  minimum  average  ordi- 
nary supporting  strengths  (calculated  a?  pre- 

scribed in  Section  8  of  the  proposed  Standard 
Specifications  for  Strength  Tests  of  Drain  Tile) 
In   accordance  with  the   following  table: 

ItEQUIRRD      AVER-.\GR      ORDINARY      SUP- 
PORTING   STRENGTH    FOR    CLASS 

NO.  1  EXTRA  A  TIL.E. 
Diameter  of  Lbs.  per 

tile.  ins.  linear  foot. 
12       1,000 
14       1,200 
16       1,500 
18       1.700 
20       2.100 
22       2,300 
24       2, .500 
26       2,600 
28       2.800 
30       3.000 
32       3,200 
34       3.300 
3fi        3.500 

8.  Tile  not  meeting  the  above  specifications 
shall  he   rejected. 

PROPOSED    RECOMMENDED    PR-VCTICC    IN 
DESIGN    AND    CONSTRUCTION    OP 

TILE   DRAINS. 

The    selection   of   a  class   of   tile   suited    to   a 
particular    rase    requires    a    knowledge    of    the 
pressures   to   which   the   tile   will   be   subjected. 
This  In  turn  depends  upon  the  character  of  the 
soil  and   the  manner  of  laying   the  tile  .-is  well 
as    upon    the    depth    and    width    of    ditch.      The 
following   is   recommended   as   good    practice   in 
design  and   construction: 

1.  Three  grades  of  work  are  recognized, 
namely.    Ordinary.    First    Class    and    Concrete- 

of  the  ditch  approximately  to  fit  the  lowest 
one-quarter  of  the  circumference  of  the  tile, 
taking  pains  to  secure  an  extra  firm  bearing 
near  the  outer  edges  of  the  bearing  area.  Upon 
the  concave  surface  so  prepared  the  contractor 

shall  spread  a  layer,  1  to  2  ins.  thick,  of  pul- 
verized soil,  or  sand  free  from  pebbles  larger 

than  y^  In.  diameter,  and  shall  firmly  bed  each 

tile   truly   to   line   and  grade   thereon. 
Wliere  the  bottom  of  the  ditch  is  so  wet  and 

soft  as  to  enable  the  thorough  bedding  of  the 
lowest  one-quarter  circumference  of  the  tile 
without  the  use  of  the  layer  of  pulverized 
earth  or  sand,  and  still  is  firm  enough  to  afford 

good.  .s.'ife  support  to  the  tile  and  its  load  of 
ditch  filling,  the  engineer  may  authorize  the 
omission  of  the  layer  of  granular  mateiial.  hut 
such  authorization  shall  not  excuse  imperfect bedding. 

The  space  between  the  tile  and  the  bottom 
and  sides  of  the  ditch  shall  be  filled  with  se- 

lected earth,  thoroughly  tamped  as  fast  as 
placed,  up  to  the  level  of  the  top  of  the  tile. 
The  side  filling  shall  be  carried  up  as  rapidly 
on  one  side  of  the  tile  as  on  the  other. 

The  tile  shall  then  be  covered  by  hand  with 
earth  to  a  depth  of  at  least  1  ft.  above  the 

top   of  the   tile. 

No  tile  laying  shall  be  considered  as  Flrst- 
Class  unless  the  laying  and  tamping  of  each 
tile  are  watched  and  directed  by  an  inspector 
kept  constantly  on   the   work   for  that   purpose. 

4.  Two  grades  of  Concrete-Cradle  tile  laying 
shall  be  recognized,  one  for  solid  material  and 
the   other   for   yielding   material. 

(a)  Solid  Material. — Solid  material  shall  be 
defined  as  that  which  is  as  solid  as  average, 

firm,  clay  sub-soil.  Concrete-Cradles.  Solid 
Soils,   shall   he   made  as  follows: 

The  contractor  shall  shape  the  bottom   of  the 
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ditch  to  fit  approximately  the  lowest  one-fourth 
of  the  circumference  of  the  tile.  Upon  the  con- 

cave surface  so  prepared  there  sliall  be  spread 
at  least  2  ins.  of  soft  concrete,  stiff  enough  to 
sustain  the  weight  of  the  tile,  and  the  tile 
■hall  be  firmly  bedded  truly  to  line  and  grade 
thereon. 
The  space  between  the  tile  and  the  bottom 

and  sides  of  the  ditch  shall  then  be  thoroughly 
tamped  or  spaded  full  of  soft  concrete,  up  to 
a  level  one-quarter  of  the  diameter  of  the  tile 
above  the  mid-height.  The  thickness  of  the 
concrete  at  any  point  shall  not  be  less  than 
2   Ins. 
Each  joint  shall  be  promptly  cleaned  on  the 

Inside  of  the  tile,  as  soon  as  the  concrete  is 
In   place    for   that  joint. 

The  concrete  used  in  this  method  of  strength- 
ening tile  shall  be  made  of  1  part  Portland 

cement  and  S  parts  of  gravel,  or  1  Portland 
cement,  5  parts  sand,  and  8  parts  broken  stone. 
No  pebbles  or  stone  shall  exceed  in  size  1  in. 
less  than  the   thickness   of  the  concrete. 

(b)  Yielding  Materials. — Yielding  materials 
shall  be  defined  as  including  all  material  not 
solid,   as  defined  above. 

Concrete-cradles  for  yielding  material  shall 
be  designed  by  the  engineer  to  carry  safely  to 
the  soil  foundations  both  the  vertical  load  on 
the  tile  from  the  ditch  filling  and  a  side  thrust 
at  the  mid-height  of  the  tile,  such  as  would 
exist  if  the  tile  were  cracked  at  the  top,  bottom 
and  each  side.  The  thickness  of  the  concrete 
at  the  lowest  part  of  the  bottom  of  the  tile 
shall  be  at  least  one-eighth,  and  on  each  side 
at  the  mid-height  at  least  one-fifth  the  internal 
diameter  of  the  tile,  and  the  side  concrete 
shall  extend  about  one-quarter  of  the  diameter 
above  the  mid-height  of  the  tile.  Each  joint 
shall  be  promptly  cleaned  on  the  inside  of  the 
tile  as  soon  as  the  concrete  is  in  place  for  that 
Joint. 

The  concrete  used  in  this  method  of  strength- 
ening pipe  shall  be  made  of  1  part  of  standard 

Portland  cement  and  5  parts  of  good,  coarse, 
clean  gravel,  or  1  part  of  standard  Portland 
cement,  3  parts  clean,  coarse  sand,  and  5  parts 
broken  stone.  No  pebbles  or  stone  shall  ex- 

ceed 2\^  ins.  in  greatest  diameter,  nor  exceed 
1  In.   less  than  the  thickness  of  the  concrete. 

B.  Tile  in  trench  shall  not  be  subjected  to 
freezing  weather  during  construction  without  a 
sufBclent  depth  of  cover  to  prevent  cracking. 

6.  In  Table  I  are  given  the  approximate 
values  in  pounds  per  linear  foot  of  the  ordi- 

nary maximum  loads  on  drain  tile  and  sewer 
pipe  from  common  ditch-filling  materials,  as 
determined  by  tests*  at  Ames.  Iowa,  and  Bos- 

ton, Mass.,  and  by  study  of  the  detailed  data 
of  about  90  actual  tile  drains  and  pipe  sewers, 
part   sound   and   part   cracked. 

It  is  recommended  that  for  clay  and  all  com- 
mon material  except  sand  and  loam,  the  values 

under  clay  be  used,  and  for  sand  and  loam, 
the  values  under  sand. 

6.  It  is  recommended  that  where  tile  are  to 
be  laid  according  to  the  description  for  the 
Ordinary  method,  a  factor  of  safety  of  IVi, 
applied  to  the  average  strength,  shall  be  used 
when  the  results  of  the  tests  are  reported  In 
terms  of  the  ordinary  supporting  strength,  cal- 

culated as  prescribed  in  Section  8  of  the  pro- 
posed Standard  Specifications  for  Strength 

Tests  of  Drain  Tile,  and  loads  estimated  ac- 
cording  to   Table  I. 

7.  Where  the  tile  are  to  be  laid  in  accord- 
ance with  the  method  denominated  First-Class, 

In  consideration  of  the  increased  support  fur- 
nished by  the  improved  foundations,  the  nom- 

inal factor  of  safety  to  be  employed  shall  be 
1^,  applied  to  the  average  strength,  and  with 
loads    estimated   according    to   Table   I. 

8.  In  this  case  it  is  intended  that  the  con- 
crete-cradles shall  furnish  the  strength  neces- 

sary to  carry  the  load  from  the  ditch  filling. 
It  Is  recommended,  however,  that  only  Class 
No.  1  A  or  Class  No.  1  Extra  A  tile  shall  b« 
used    In    this   case. 

Construction      of      Timber      Logging 
Flumes. 

The  construction  of  lumber  flumes  is  a 
task  which  the  professional  engineer  has  in 
the  past  been  seldom  called  upon  to  direct 
hut  one  which,  nevertheless,  involves  consid- 

erable careful  engineering  and  one  which 
in  the  future  promises  to  become  more  often 

an  engineer's  opportunity.  We  give  here, 
therefore,  from  a  recent  Bulletin  of  the  For- 

est Service,  U.  S.  Department  of  Agricul- 
ture, some  data  on  flume  construction  which 

is  valuable  for  record. 

The  V-shaped  wooden  flume  is  held  to  be 
superior  to  the  box  or  square-sided  form, 
because  it  requires  less  water  and,  on  the 
average,  less  repairs  than  the  other  type,  is 
better  adapted  to  act  as  a  slide  on  steep 
grades,  and  offers  fewer  chances  for  jams. 

Concerning  a  third  type,  the  "sectional"  metal flume,  semicircular  in  form,  the  prediction  is 
made  that  it  will  eventually  come  into  wide 
use.  Such  a  flume  is  strong  and  light,  and 
can  be  quickly  taken  apart  and  transported 
from  one  place  to  another  to  be  set  up 
again.      When    building   flumes   a    good    plan, 

•For  both  tests  and  the  data  of  actual  drains 
and  sewers,  see  the  Report  of  Committee  C-6 
on  the  Investigations  on  Drain  Tile.  American 
Society  for  Testing  Materials,  published  as  Bul- 

letin No.  S6,  Iowa  Engineering  Experiment  Sta- tion. 

P^ilk:  ""'ife«"  ̂ i^ '*■■  ̂ '^^''S' 
Fig.  1.    End  View  of  V-Shaped  Flume  Show- 

ing Method  of  Construction  and 
Double   Lined    Box. 

says  the  bulletui,  is  to  erect  a  small  sawmill 
at  or  near  the  upper  end  of  the  flume  location 
to  saw  out  the  material  needed  for  con- 

struction. Such  material  can  be  floated  down 
the  flume  as  fast  as  the  latter  is  built  and 
used   for  its   further  extension. 
Flume  lines  should  be  surveyed  with 

enough  care  to  ensure  evenness  of  grade. 
Grades  should  be  kept  below  15  per  cent 
wherever  possible,  and  the  best  results  are 
obtained  with  grades  between  2  and  10  per 
cent.  A  careful  preliminary  survey,  followed 
by  a  location  survey,  using  a  transit  and 
level,  will  make  it  possible  to  obtain  a  reliable 
profile  map  which  will  serve  to  show  the 
prospective  operator  what  the  grading  should 
be  at   different  points  along  his   line. 
Abrupt  curves  in  a  flume  should  be 

avoided,  for  they  are  likely  to  cause  jams. 
Curves  should  rarely  be  permitted  to  exceed 
20  degrees.  The  longer  the  material  to  be 
handled  in  the  flume,  the  less  abrupt  should 
the  curves  be.  It  may  be  necessary  to  blast 
out  rocks  and  boulders,  or  projecting  points 
of    bluffs,    or    to    trestle,    or    even    tunnel,    to 

eliminate  abrupt  curves  or  maintain  an  even 

grade. 

Some  flumes  are  built  with  only  the  lin- 
ing or  inside  of  the  box  of  sawed  lumber, 

the  brackets '  or  frames  which  support  the sides  of  the  V  being  made  from  round  pole 
wood  flattened  on  one  side,  and  the  sills, 
stringers,  braces  and  trestling  of  small 
round  timber  or  poles.  Sawed  material  is 
recommended  for  flume  construction,  how- 

ever, wherever  it  can  be  obtained  at  reason- 
able cost. 

The  "boxes'  or  sections  of  a  flume  vary  in 
length  from  6  to  20  ft.  Sometimes  the  boxes 
are  made  of  only  one  thickness  of  boards, 
but  more  often  of  two  thicknesses  with  the 
joints  broken  by  varying  the  width  of  the 
boards.  Sometimes,  also,  a  single  thickness 
of  boards  is  used,  with  battens  spiked  over 
the  joints  on  the  outside  in  the  sections  be- 

tween the  brackets.  In.  still  another  form 
the  battens  are  continuous.  On  curves  the 
boxes  should  be  shorter  than  on  straight- 

aways, and  the  bents,  arms,  and  braces 
correspondingly  closer  spaced.  In  general, 
on  curves  of  from  6°  to  10°  the  boxes  should 
be  joined  at  least  once  in  every  12  ft.;  on 

curves  exceeding  10°  and  less  than  15°  every 
8  ft. ;  and  on  curves  of  more  than  15°  at  least 
every  6  ft.  Very  abrupt  curves  also  require 
increased  bracing,  in  addition  to  shorter  spac- 

ing of  the  arms  and  brackets.  Flumes  should 
also  be  strongly  reinforced  at  points  where 
extensive  shipping  is  to  be  done  or  much 
material  loaded  into  the  flume  over  the  sides. 

SIZE    OF    FLUME. 

The  most  advisable  size  of  a  flume  for 
successfully  transporting  different  classes  of 
material  depends  on  the  grade,  volume  of 
water  available,  length  of  flume,  etc.  The 
class  of  material  to  be  handled  is  always  the 
principal  factor  to  be  considered,  and  upon 
this  should  depend  largely  the  decision  of 
what  type  or  size  of  flume  should  be  con- 

structed. The  capacity  of  a  24-in.  V-shaped 
flume  10  miles  in  length,  operated  on  a  grade 
that  was  neither  very  flat  nor  exceptionally 
steep,  with  plenty  of  water,  has  been  demon- 

strated as  being  capable  of  handling  25.000,000 
ft.  b.  m.  of  railroad  crossties  and  lumber  per 
annum,  under  especially   favorable  conditions. 

For  handling  small  material,  such  as  rail- 
road crossties,  cordwood,  mining  stulls  or 

props,  and  loose  lumber,  a  30-in.  V-shaped 
flume  (inside  measurement)  will  usually  be 
found  of  sufficient  capacity  for  most  any 
requirement,  provided  the  grade  is  neither 
too  flat  nor  too  steep.  Where  either  of 
these  exceptions  obtain,  the  size  of  the  flume 
should  preferably  be  increased  to  36  to  40 ins. 

For  a  log  flume  nothing  less  than  a  36-in. 
V-shaped  flume  should  be  built,  and  a  40  to 

TABLE   I. —WEIGHT    OF   WATER    IN    A    16- 
FOOT    SECTION     OF    FLUME    WHEN 

FILLED  TO  VARIOUS  DEPTHS. 
Weight  of 
water  In  a 

Slant  depth.  section   of flume   16 feet   long. 

Inches.  Pounds. 
20    1.390 
22    1.680 
24    2.000 
26    2,350 
28    2.710 
30    3.110 
32    3.560 
34    4.010 
36    4.490 
3S    5.010 
40    5.540 
42    6,110 
44    6,740 
46    7,300 
48    7,990 
50    8,670 
52    9.360 
54    in. 100 
56    10.900 
.iS   •    11.700 
60    12.500 

60-in.  V-shaped  would  be  preferable,  even 
for  medium-sized  logs,  if  there  is  a  sufficient 
volume  of  water  available.  To  operate  a  log 
flume  successfully  and  economically  there 
should  be  a  sufficient  volume  of  water  avail- 
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able  to  fill  the  flume  three-fourths  full  on  all 

moderate  grades.  It  will  be  apparent  that  if  the 
grade  of  a  large  log  Hume  were  very  steep,  a 
very  large  body  of  water  would  be  required. 
The  larger,  longer,  and  heavier  the  material 
to  be  handled,  the  larger  the  size  of  the  V 
should  be,  the  lesser  degree  of  curvature  is 

permissible,  and  the  stronger  must  be  the 
construction   work. 

Tables  I  to  IV  show  tlie  approximate 
amount  of  water  in  cubic  feet  required  to 
fill  a  V-shaped  flume  on  steady  grades  of 
diflierent  per  cents  and  gives  other  data  of 
value. 

If  a  flume  line  is  properly  constructed  on  a 
favorable  and  steady  grade  where  it  can  be 
operated  with  a  plentiful  supply  of  water, 
the  actual  cost  of  transportation  alone  is  very 
slight  after  the  flume  is  constructed.  But 
the  important  fact  should  not  be  lost  sight  of 
that  a  flume  works  only  in  one  direction  and 

that  all  supplies  intended  to  be  used  in  lum- 
bering operations  have  to  be  hauled  to  the 

head  of  the  flume  by  animal  or  other  power. 

COST    OF    CONSTRUCTION. 

The  cost  of  constructing  flumes  will  also 
vary  a  great  deal  with  the  conditions  existing 

TVBLE  11.— AMOUNT  OF  WATER  REQUIRKD    TO   FILL  FLUMES   TO  VARIOUS 
DIFFERENT  GRADES. 

.    Grade — per  cent.    

«lant  depth  (ins.)    1  2  3  I  5  6  7  8  9  10  11  12  14 siam;  aepm  u"=>-.'    Flow— Cubic    feet  per  second.   
20                                   ....  10  14  17  19  22  24  26  2S  29  31  32  34  36 
,o                  ..  13  IS  22  25  28  31  33  36  38  40  42  44  4. 
;f         .    .  16  23  28  32  36  39  42  45  48  51  53  55  60 
ol           ..  20  28  34  40  45  49  53  56  60  63  66  69  74 
;«                 .  24  34  42  48  54  59  64  68  72  76  80  84  90 
;^    29  41  50  5S  65  71  77  82  87  92  96  101  109 
Vl                     .  35  49  60  69  78  85  92  98  104  109  115  120  130 
\\             .  41  58  71  81  91  100  108  115  122  129  136  142  153 
%\         ..  48  67  82  95  107  117  126  135  143  150  158  165  178 
,s       55  78  95  110  123  135  145  156  165  174  182  190  206 
fa    63  89  109  125  140  154  166  178  1S9  199  209  218  235 
j5             ...  72  101  127  143  160  175  ISO  203  215  226  237  248  267 
j7              81  114  140  163  181  190  214  229  243  257  269  281  303 
1;           ....  91  130  158  1S3  204  223  241  258  274  289  302  316  341 
3s               ..  102  144  177  205  230  251  271  290  307  323  340  354  3S3 
VX       115  161  198  228  255  279  302  323  343  360  378  397  428 
?o       127  179  219  253  283  311  336  358  381  401  420  440  475 
2:         ..  140  198  242  281  313  342  371  396  421  443  465  484  524 
=  K              ..  156  220  269  311  348  383  412  440  467  492  517  538  583 
2r         ..  170  241  295  339  380  415  449  4S1  510  537  564  589  636 
g°              ..  186  262  322  372  415  455  492  525  558  589  616  644  695 

DEPTHS   AT 

16       18       20 

39 41 

43 

51 54 

56 

64 6S 

71 

79 84 

89 

96 102 lOS 
-i« T^3 

130 

13S 147 

155 

163 173 

183 

190 202 

212 

220 

233 245 
251 

266 

2S1 

286 304 

:!19 325 344 

36-^ 

365 

3S7 

iOS 
410 

434 

458 

456 

483 51(1 
507 537 

567 

560 594 

r.26 

621 

6in 

697 

6S1 721 

759 

744 7SS 

831 

DEPTHS  AT 

16       18       20 

TABLE  III.— VELOCITY  OF  WATER  IN  FLUMES  WHEN  FILLED  TO  VARIOUS 
DIFFERENT    GRADES. 

   Grade — per  cent.    
Slant  depth  (ins.)    1  2  3  4  56  7  8        9  10  11  12  14 

,   Velocity  of  water— Miles  per  hour.   
20                                      5  7  8  9  11       12  13  13  14  15  16  17  18 

,,                     ...  5  7  9  10  11       13  14  14  15  16  17  18  19 
24               .    .  5  8  9  11  12       13  14  15  16  17  18  19  20 
'J    5  8  10  12  13       14  15  16  17  18  19  20  22 
r,\                 6  9  10  12  14       15  16  17  18  19  20  21  23 
5o                    6  9  11  13  14       16  17  18  19  20  21  22  24 
,"                          ..  7  9  11  13  15       16  IS  19  20  21  22  23  25 
qJ    ;:;;    -  lo  12  n  is    17  is  20  21  22  23  24  26 
\l             7  10  12  14  16   18  19  20  :-2  23  24  25  27 
38            7  11  13  15  17   18  20  21  22  24  25  26  28 
JO              S  11  13  15  17   19  20  22  23  24  26  27  29 
42            8  11  14  16  18   20  21  23  24  25  26  28  30 
J.            8  12  14  IG  18   20  22  23  25  26  27  29  31 
jc         8  12  15  17  19   21  22  24  25  27  28  29  32 
48             9  12  15  IV  20   21  23  25  26  28  29  SO  33 50       9  13  16  IS  20   22  24  25  27  28  30  31  34 

r.o         9  13  16  18  21   2o  24  26  2S  29  31  32  35 54              9  13  16  19  21   23  25  27  28  30  31  33  35 

5fi           W  11  17  19  22   24  20  28  29  31  32  34  36 
r;8          10  14  17  20  22   24  26  28  30  31  33  31  37 60    10  14  IS  20  2S   25  27  29  30  32  34  35  3S 

TABLE   IV.— ESTIMATED    APPROXIMATE   AMOUNTS     OF     LUMBER     REQUIRED     FOR     V- 

19 20 

21 

21 

22 

23 

22 

23 24 

23 

24 

2fi 
24 

26 27 

25 

27 

29 

27 

28 

30 

28 

29 

31 

29 31 

33 

30 

32 

33 

31 

33 35 
32 

34 

36 
33 35 

37 

34 ;« 

MS 

35 

37 39 36 

38 

40 

37 39 

41 

38 

40 42 
39 41 

43 

40 42 44 
41 43 45 

Mud  sills    
Posts   
Caps      
Braces,  sway     
Bra<es.  lateral     
Stringers           21.120 
Sills       ""'" 
Braces      
A  rm.H      
Box  hoards     
Battens      
Running  boards    

FLUMES. 

Ft       P       ̂ T       r^*-i- 

mile.   

(4) 

(1) 

(2) 

(3) 

•(5)- 

3.190 5,060 7,4S0 13.200 
6.3S0 5.060 9,570 12.760 

19.140 
1.540 

9.570 
3,025 4,400 

9.240 

2.970 
3.025 

3,025 4.400 7.260 

'4,125 

3.025 

'4.125 '5.500 

S,250 

21.120 

'4.125 

28,160 28.160 
42.240 

3,713 28.160 
5.500 

9.900 

1S.4S0 

1.650 
5,500 

2  22s 
4.675 9.460 

3,575 
2.228 5.157 9.900 23.760 

35.640 5.157 
40.920 

48.840 

96,300 6.6S0 
54.560 

6.600 10.560 
17.600 

6,600 6.500 6.600 

6.600 

153.175 

10.560 
97.103 127.010 119.970 275.990 

2.897 
7.990 5.030 

6,S25 9.011) 
Add   for  waste   

Total          100.000  135.000  125.000  160.000  285.000 

•Ijaleral  braces  are  only  flKured  for  five-sixths   of  a  mile,  as  at  least  one-sixth  of  each  mile,  on 
nn  average,  will  be  too  close  to  the  ground  to  require  the  use  of  these  braces. 

(1)  26-ln..   1',4-ln.   battened  box:    (2)   30-ln..    i-ln.    double   box;    (3)    30-ln.,    I'^-In.    battened    box;. 
(4)   3G-ln..   1',4-ln.   battened   box;    (5)   54-ln..   2-ln.    I.iiltcncd  box. 

COST     OF     TRANSPORTING    DIFFERENT     CLASSES     OF 
MATERIAL. 

The  cost  of  transporting  material  by  flumes 
varies  greatly  according  to  the  conditions 
under  which  the  flume  is  being  operated,  the 
class  of  material,  time  of  year,  number  of 
men  necessary  to  operate  the  flume,  and  all 
the  other  factors  that  go  to  make  up  or  re- 

duce the  expense  of  operation.  Railroad 
crossties  have  been  flumed  a  distance  of 
'2n  miles  at  an  actual  cost  for  operation 
alone  of  one-half  cent  per  tic.  or  1.5  cents 
per  tliousand ;  sawed  lumber  in  cants  of 
from  2  to  C  inches  in  thickness  at  approxi- 

mately  the  same   rate. 

in  the  locality,  the  cost  of  lumber,  cost  of 
nails,  and  price  of  labor.  In  localities  where 
it  is  possible  to  get  a  boiler,  engine,  and 
rnill  to  the  upper  end  of  a  proposed  flume 
line  clicaply  and  without  being  compelled  to 
go  to  the  expense  of  constructing  a  costly 
road,  where  there  is  plenty  of  timber  easily 
accessible  to  the  mill,  which  can  be  cheaply 
manufactured  into  lumber  for  purposes  of 
construction,  with  low-priced  labor,  a  flume 
can  be  constructed  much  more  economically 
than  in  a  locality  where  all  these  conditions 
were  iust  the  contrary.  Rough  lumber  suit- 

able for  the  construction  of  a  flume  can 
ordinarily  be  cut   and    fitted    for  construction 

work  at  a  price  varying  from  $7..!)0  to  $10 
for  manufacture  alone,  exclusive  of  stump- 

age   value. So  much  depends  upon  the  locality  in 
which  a  flume  is  to  be  constructed,  the  price 
of  labor,  and  the  facilities  for  getting  the 
necessary  construction  material  cheaply,  that 
it  is  impracticable  to  attempt  any  very  close 
estimate  on  the  total  cost  of  any  flume  until 

all  of  the  surrounding  conditions  are  thor- 
oughly understood.  But  in  general,  under 

favorable  conditions,  with  a  basis  of  $'2.2.3 
per  diem  for  common  labor  and  from  $3.oO 
to  $4  per  diem  for  carpenters,  not  including 
board,  suitably  prepared  lumber  should  be 

built  into  a  Hume  for  about  $T.,"iO  per  thou- sand. This  would  be  about  the  minimum 
figure,  and  the  cost  would  be  liable  to  range 
upward  from  this  price  to  $12  or  higher, 
according  to  the  conditions  and  prices  of 
labor. 
The  cost  of  the  construction  of  the  Bear 

Canyon  flume  in  Montana,  a  20-in.  V  10  miles 
long,  was  approximately  $2,000  per  mile.  The 
lumber  cost  $8.60  per  thousand  to  manufac- 

ture and  fit  it  for  construction  purposes,  and 
it  required  about  100,000  ft.  b.  m.  to  the  mile. 
The  labor  cost  $800  per  mile,  and  %ih^  per 
mile  was  expended  for  nails,  iron  for  trusses, 
and  for  cost  of  surveying.  This  flume  was 
constructed  a  number  of  years  ago  wlien  the 
cost  of  material  and  labor  was  less  than  it  is today. 

A  flume  constructed  from  Dayton  to  Wood- 
rock  along  the  Tongue  River,  in  the  Big- 

horn National  Forest,  Wyo.,  is  said  to  have 
cost  approximately  $3,500  per  mile,  in  round 
figures,  the  cost  of  different  sections  varying 
from  $2,-500  to  $7,500  per  mile.  This  was  a 
30-in.  V  flume.  There  was  considerable  rock 
work  on  this  line;  Granite  Canyon  had  to 
be  passed  through,  where  in  some  localities 
the  flume  w-as  practically  pinned  to  the  sides 
of  the  canyon  walls;  there  were  several  rock 
tunnels  to  be  made  through  projecting  rock; 
and  there  were  necessarily  some  very  high 
trestles  to  be  constructed.  .Another  difficult 
feature  of  the  construction  of  this  flume  was 
that  of  building  the  line  across  several  miles 
of  very  soft,  spongy  ground  with  an  almost 
flat  grade  to  contend  with.  This  flume  was 
also  constructed  several  years  ago  when  the 

prices  of  labor  and  material  were  not,  in  gen- 
eral, so  high  as  at  the  present  time. 

Probably  one  of  the  best  e.xamples  of  mod- 
ern V-shaped  log-flume  construction  is  a 

flume  recently  constructed  on  Rochat  Creek, 

near  St.  Joe,  Idaho.  This  flume,  which  is  un- 
usually large  and  strongly  constructed  for  the 

purpose  of  handling  large,  heavy  logs,  and 
long  timbers,  is  said  to  have  cost  approxi- 

mately $8,000  per  mile  for  the  '<  miles  of its  length.  This  figure  includes  the  cost  of 
construction  of  a  wagon  road  and  telephone 
line   equipment. 

An    Improveci    Intake    for    Irrigation 
Water  from  a  Silt  Laden  Stream. 
The  diversion  of  irrigation  water  from 

streams  carrying  silt,  sand  and  gravel  calls 
for  works  which  will  retain  the  coarser  ma- 

terials and  allow  the  fine  silt  to  enter  the 
canal  system  and  be  distributed  over  the  land, 
where  it  serves  a  valuable  purpose.  A  dis- 

cussion of  means  for  accomplishing  this  sand 

and  silt  separation  and  a  description  of  an  im- 
proved form  of  diversion  works  are  given  by 

\.  L.  Harris  in  Proceedings  American  So- 
ciety of  Civil  Engineers.  Vol.  XL,  p.  39,  from 

which  we  abstract  as  follows : 
The  entrance  of  sand  into  the  canals  has 

been  resisted  by  using  the  principle  of  skim- 
ming the  less  turbid  water  from  near  the 

surface.  A  forebay  is  walled  off  on  two 
sides,  in  the  form  of  a  comparatively  deep 
channel  running  directly  in  front  of  the  row 
of  intake  gates;  it  is  open  at  the  upper  end 
and  given  outlet  at  the  lower  end  by  large 
sluice-gates  emptying  through  an  opening  in 
the  dam.  The  intake  gates  draw  water  from 
this  forebay  at  a  level  considerably  above  its 
l)ottoni.  and  the  sluice-gates,  which  have  large 
capacity,  draw^  from  the  very  bottom  of  the 
forebay.  which  has  a  good  slope  toward  therp. 
In    entering   the    forebay.    the   motion   of    tl 
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water  is  checked  by  the  increased  cross-section, 
and  the  heavier  sand  grains  settle  to  the  bot- 

tom. At  intervals  the  sluice-gates  are  opened 
suddenly  by  a  hydraulic  piston  and  a  pow- 

erful rush  of  water  washes  out  the  sand.  Dur- 
ing a  flood  the  water  eddies  about  and  less 

sand  is  allowed  to  settle.  With  the  gates 
placed  in  the  usual  way,  if  much  water  is 
drawn  into  the  canals  at  these  flood  times, 
sand  is  carried  in  suspension  with  it.  For 
this  reason  it  is  customary  to  build  some  kind 
of  settling  basin  or  sand-trap,  within  the  first 
mile  of  the  canal,  where  sand  may  be  caught 
and  sluiced  back  into  the  river.  It  would  be 
better  if  all  this  separation  of  the  sand  could 
be  done  at  the  headworks.  It  is  likely  that 
the  money  expended  on  sand-traps  or  settling 
basins  could,  with  equal  advantage,  be  spent 

on  the  improvement  of  the  intake  sand-sluicing 
svstem. 

'  To  operate  with  good  efTect,  the  sand-sluic- ing gates  must  draw  a  current  of  water  in 
front  of  every  intake  gate  with  enough  ve- 

locity and  agitation  to  scour  thoroughly  that 
part  of  the  forebay.  For  this  condition  care 
should  be  taken  that  the  capacity  to  enter  the 
forebay,  as  compared  with  the  discharge  of 
the  sluice-gates  be  not  so  large  that  the  high 
velocity  in  sluicing  occurs  only  close  to  the 
exit.  On  this  account  sluicing  for  the  benefit 
of  the  forebay  cannot  be  done  in  flood  time, 
although  the  sluice-gates  are  often  left  slight- 

ly open  during  a  flood  to  prevent  the  banking 
of  sand  against  them.  As  the  water  must 
alwavs    have    enough    room    in    entering    the 

Canal 

this  gate,  being  controlled  by  the  upper  part, 

called  the  "flood  gate,"  which  closes  down  on 
the  first  as  a  sill.  Gravel  rolling  along  the 
river  bottom  during  the  flood  passes  on  over 

the  dam.  finding  no  place  to  enter  or  accumu- 
late. Whatever  gravel  and  sand  does  find  its 

way  into  the  intake  gates  is  caught  in  the 
settling  chambers  (one  for  each  intake  gate) 
where  it  can  always  be  sluiced  under  uniform 
conditions  from  the  bottom,  through  the  sluic- 

ing conduit,  and  back  to  the  river  below  the 
dam.  It  is  planned  to  have  the  upper  leaf 

of  the  inside  gates  rise  and  cut  off  the  back- 
water of  the  canal  simultaneously  with  the 

opening  of  the  lower,  or  sluicing  leaf.  These 
gates,  however,  can  be  worked  independently, 
and,  in  case  of  need,  the  water  may  be  shut 
oflF  from  the  sluicing  chambers  entirely.  It  is 
believed  that  an  intake  of  this  type  can  be 
built  and  operated  as  cheaply  as  the  other. 
A  suitable  power  operating  mechanism,  which 
can  be  uncoupled  for  hand  operation,  can 
readily  be  designed  for  the  proposed  arrange- 

ment, as  it  has  already  been  done  for  the  old. 
It  is  also  believed  that  sluicing  the  collected 
materials  from  one  chamber  of  moderate  size 
at  a  time,  where  a  shallow  stream  with  sharp 
fall  can  be  secured  to  agitate  and  cut  the  de- 

posit, will  be  more  certain  and  thorough.  All 
the  sluicing  gates  discharge  into  the  same 
waste  conduit,  as  only  one  or  two  settling 
chambers  need  be  flushed  out  at  the  same 
time. 

The   most    satisfactory    sluicing   and   intake 

gates  yet  devised  are  of  the  common  rectangu- 

Apron  // 
Avuim  snt 

Sluice  Conduit 

SI  IE   5T  W   ol  S  - 

Intake  Gates 

Fig.   1.     Proposed   Intake  for   Irrigation    Water   from    Silt   Laden    Streams. 

forebay  to  fill  the  maximum  requirements  ot 
the  canal,  it  follows  that,  to  draw  the  level 
down  and  get  a  complete  scouring  at  one  op- 

eration the  sluice-gates  must  have  a  discharge 
greater  than  the  canal  requirements,  unless  in- 

deed some  device  for  controlling  the  entrance 
area  to  the  forebay  can  be  provided.  Such  a 
device  would  have  to  be  on  the  outer  ̂ vall  of 
the  forebay,  in  a  very  exposed  position  in 
flood  season,  and  would  add  one  more  com- 

plication to  the  gate  system.  In  the  best  ex- 
amples now  built  there  are  rather  heavy  and 

expensive  sluice-gates,  on  account  of  the  large 
quantities  of  water  to  be  handled.  The  writer 
has  recently  designed  diversion  works  for  a 
canal,  to  be  taken  out  of  the  Gila  River,  in 
which  he  attempts  to  improve  the  sand-sluic- 

ing equipment.  A  modified  arrangement  based 

on  that  design  is  shown  by  Fig.  1  w-hich  he 
proposes  as  an  improved  type  of  intake  works 
suitable  for  silt-laden  rivers.  In  this  design 
the  skimming  principle  is  carefully  preserved 
for  use  in  flood  time  when  most  needed.  For 
the  ordinary  low-water  conditions,  the  water 
is  clearer,  and  is  taken  from  the  river  over  a 
series  of  wide  shallow  crests  which  reduce  the 
slope  of  the  river  bottom  in  the  approaches 
to  one  so  gentle  that  coarse  materials  will 
hardlv  be  carried  close  to  the  gate  entrances. 

In  'flood  times  the  forebay  of  the  old  type fills  with  gravel  which  is  not  easity  sluiced  out 

afterward.  \\"\lh  the  proposed  arrangement, 
the  lower  part  of  the  intake  gate,  called  the 

"regular  gate"  is  closed  as  soon  as  the  flood 
rises  '2  or  3  ft.  above  the  crest  of  dam.  and 
water   for  the  canal  is  taken  over  the  top  of 

lar  sliding  type,  of  cast  iron  or  sheet  steel, 
and  operating  by  rising  screw  stems.  They 
move  on  bronze  sliding  strips,  and  close  on 
oak  or  matal  sills  at  the  bottom.  Those  at 
the  Granite  Reef  Dam,  built  by  the  U.  S. 
Reclamation  Service,  are  of  thin  cast  iron,  of 
arched  section  on  the  compression  side,  the 
tension  being  taken  by  steel  rods  at  the  back 
and  placed  across  the  bow  of  the  cast-iron 
shell.  They  are  light,  strong  and  durable.  In 
this  case  the  sluice-gates  are  operated  by  hy- 

draulic pressure  pumps,  the  transmission  being 
bv  heavy  chains  running  over  sheaves.  They 
are  weighted  with  concrete  for  closing  by 

gravity.  At  the  Granite  Reef  Dam  a  very  ex- 
cellent feature  of  all  the  gates,  which  were 

designed  by  F.  Teichman,  is  that  on  the 
pressure  side,  where  sand,  etc.,  is  likely  to 
bank  against  them,  they  present  smooth  fronts 
instead  of  a  system  of  deep  ribs,  as  often  built 
in  the  past. 

In  designing  gates  for  these  situations,  the 
question  of  the  proper  coefficient  of  starting 
frictjon  to  use  for  the  bronze  sliding  ways 
comes  up.  The  writer's  experience  has  shown 
that  this  coefficient  is  much  larger  than  pub- 

lished authorities  known  to  him  would  indi- 
cate. In  order  to  make  a  reliable  determina- 

tion of  the  coefficient  under  actual  working 
conditions,  the  writer  disconnected  the  raising 
mechanism  of  a  5xT-ft.  cast-iron  gate,  having 
machine-bronze  sliding  way.  in  the  power  canal 
at  Roosevelt,  and  in  its  place  attached  a  long 
timber  lever  resting  on  a  fulcrum  made  of  a 

piece  of  round  steel  shafting  held  between 
flat    steel    plates.     A    platform    for    carrying 

weights  was  then  suspended  from  a  definite 
point  on  the  lever  arm,  and  the  apparatus  was 
used  to  weigh  the  starting  resistance.  The 
actual  weight  of  this  particular  gate  was 

known  from  the  inspector's  weight  obtained  at the  time  of  its  receipt  from  the  manufacturers. 
The  timber  lever  was  weighed  and  its  weight 

per  lineal  foot  assumed  to  be  constant.  A  cor- 
rection for  the  weights  of  the  lever  arms  was 

then  made. 

Statement  of  Conditions   of  Test — Water   Pres- 
sure on  Only  One  Side  of  Gate. 

Size  of  gate  opening — 5  by  7  ft. 
Area   subjected  to  water  pressure  on   the  gate, 
measured  on  the  center  line  of  closing  strips — 
3S.7  sq.  ft. 

Depth  of  water  at  sill  of  gate — S  ft.  S  in. 
Head  on  center  of  pressure  area — S  ft.  0  in. 
Total  water  pressure  on  gate — 14,500  lbs. 
Weight  of  gate— 4, SCO  lbs. 
Sliding  strip.s — Machined  bronze. 

Two   experiments  w'ere  made   as   follows : 
First  Experiment. — To  determine  coefficient 

of   starting    friction   after  the   gate   had   been 
closed  tight   for  several  weeks ; 

Result— 
Frictional    resistance     9.062  lb. 
Coefficient  of  starting  friction     0.625  lb. 

Second    Experiment. — To    determine    coeffi- 
cient of  starting  friction  with  the  gate  raised 

oflf   the   sill   about    %   in.   and   water   escaping 
under  its  lower  edge : 

Result— 

Frictional   resistance      :     S.9So  lb. 
Coefflcitnt  of  starting  friction   0.62    lb. 
The  turbid  condition  of  the  water,  perhaps, 

is  the  chief  cause  of  the  increased  size  of  the 
coefficient. 

In  nearly  all  cases  it  would  probably  pay 

to  use  gasoline  engine  power  for  "operating 
the  gates.  These  engines  are  now  so  common 
that  one  suitable  for  the  power  required  may 
always  be  found,  and  speed  in  opening  and 
closing  is  essential.  They  should  be  designed 
in  such  a  way,  however,  that  hand  power  may 
be  applied  in  case  of  necessity. 

Trash-racks  and  booms,  for  protecting  the 
gates  from  driftwood,  have  not  been  found 
necessary.  Most  of  the  driftwood  comes  down 
in  flood  time,  and  then  it  is  nearly  always 
carried  in  the  middle  of  the  stream  and  over 

the  dam.  as  it  collects  in  the  stronger  cur- 
rent in  that  part  of  the  river.  If  the  dam  is 

placed  below,  or  on,  a  sharp  bend  in  the 
stream,  which  is  not  good  policy,  the  drift, 
of  course,  will  be  thrown  close  to  the  outside 
shore  and  will  need  to  be  guarded  against. 

Gate    Structures   for   Irrigation   Canals.— 
Most  of  the  gate  structures  in  American  irri- 

gation canals  a  few  years  ago  were  of  wood, 
but  more  recently  concrete,  both  plain  and 
reinforced,  has  come  into  common  use.  Wood 
has  the  advantage  of  cheapness  and  of  easy 

handling  and  the  disadvantage  of  rapid  de- 
preciation, while  concrete  which  has  the  ad- 

vantage of  permanence  is  more  costly.  The 
kind  of  material  used,  as  well  as  other  feat- 

ures of  gate  structures,  varies  in  different 
irrigated  regions  of  the  West.  One  section 
often  uses  features  especially  adapted  to  it  for 
which  other  sections,  that  could  use  them 

equally  well,  are  ignorant.  The  U.  S.  De- 
partment of  -Agriculture  is  endeavoring  to 

bring  together  such  designs  for  gate  struc- 
tures as  are  adapted  to  many  localities  so 

that  each  locality  may  profit  by  the  practices 
of  others,  and  has  just  issued  a  new  bulletin 

(No.  llo)  entitled  "Gate  Structures  for  Irri- 
gation Canals."  intended  to  be  of  assistance 

to  engineers  and  others  with  technical  knowl- 
edge of  the  subject. 

The  purpose  of  all  the  gates  considered  in 

the  new  bulletin  is  the  control  of  the  flow'  of 
water  in  the  ditches  or  canal  systems.  Head- 
gates  and  floodgates  regulate  the  water  en- 

tering the  system  from  the  source  of  supply ; 
check  gates  re.gulate  the  water  while  within 
the  canal :  sand  and  waste  gates  control  the 
water  which  is  to  be  turned  out  and  wasted : 
and  branch  canal,  lateral,  and  delivery  gates 
regulate  the  water  turned  out  to  branches  of 
the  system  or  to  users. 

Small  and  medium-sized   structures  are  for 
the   most  part   described   in   the   new  bulletin, . 
as   it   is   believed   that   most   of   the   problems 
confronting   the   engineer   located    in    isolated 
regions  of  the  West  relate  to  this  class.  The 
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bulletin  should  also  be  of  value  to  directors 

of  mutual  water  companies  who  are  them- 
selves irrigators  and  who  are  called  upon  to 

pass  upon  questions  of  construction  and 
maintenance. 

Since  the  bulletin  is  prepared  for  engineers 
and  others  who  are  familiar  with  gates  and 
gate  structures,  it  does  not  attempt  to  treat 
the  subject  fully,  but  merely  gives  examples 
of  structures  which  serve  the  purpose  for 
which  they  are  intended  better  than  many 
others  in  common  use.  Local  conditions  con- 

trol many  features  of  gate  structures,  and  the 
descriptions  given  relate  to  existing  stnic- 
tures  in  actual  use,  which  it  is  believed  will 
prove  suggestive  and  can  be  readily  adapted 
to  other  conditions  by  local  engineers  and 
ditch   owners. 
One  of  the  important  questions  dealt  with 

is  that  of  the  materials  to  be  used  for  gate 
structures.  Shall  they  be  of  wood  or  con- 

crete? The  best  practice,  according  to  the  De- 

partment's investigator,  seems  to  be  to  make  a structure  of  combined  wood  and  concrete, 

using  concrete  for  the  parts  that  are  inac- 
cessible and  not  easily  replaced,  and  wood  for 

the  accessible  parts  which  can  be  replaced 
easily.  Local  conditions  affecting  the  relative 
prices  of  these  materials  will  also  help  to 
determine   which  material  should  be  used. 

Because  of  the  high  cost  of  water  rights, 
and  the  inability  of  settlers  to  make  the  pay- 

ments required,  there  is  much  to  be  said  in 
favor  of  the  cheaper  wooden  structures  for 
original  construction  with  a  view  to  their  re- 

placement with  more  permanent  structures  of 
concrete,  as  the  wood  decays.  This  will  les- 

sen the  first  cost  and  will  bring  the  heavier 
cost  after  the  lands  have  been  put  under  cul- 

tivation. The  use  of  wood  has  the  further 
adv?ntage  that  in  case  of  mistakes  in  either 
the  type  of  structure  or  the  location  it  is 
not  so  costly.  It  frequently  happens  that 
structures  are  found  to  be  placed  too  high  or 
too  low,  or  they  are  too  small  and  not  of  the 

best  type.  A  few  year's  experience  in  their operation  will  demonstrate  these  facts  after 
which  a  more  permanent  structure  of  wood 
or  concrete  may  be  put  in. 
However,  if  the  failure  of  a  structure  will 

result  immediately  in  great  damage  to  the 
canal  system  or  to  crops,  only  the  most  near- 

ly permanent  construction  should  be  used  at 
first.  If  the  failure  merely  means  the  re- 

placement of  the  structure  itself,  the  cheaper 
construction  may  profitably  be  put   in   first. 
The  new  bulletin  contains  61  pages  and 

numerous  plates  and  figiires  illustrating  struc- 
tures that  have  already  proved  practicable. 

The  new  bulletin  is  strictly  a  professional 
paper  and  of  little  interest  to  the  farmer  in 
general,  but  the  attention  of  the  engineers 

and  directors  of  farmers'  canal  companies  in 
the  irrigated  sections  of  the  West  is  invited 

to  its  contents.  The  bulletin  may  be  had 

free  as  long  as  the  Department's  supply  lasts 
by  those  who  may  find  it  profitable  to  use. 

Some  Costs  of  Grouting  Dam  Founda- tions. 

Comparing  the  published  figures  of  costs  of 
grouting  the  foundations  of  the  Estacada  and 
Lahontan  dams,  Mr.  S.  H.  Rippey,  in  Pro- 

ceedings American  Society  of  Civil  Engineers, 
Vol.  XL,  p.  767,   obtains   the  following: 
COST  OF  DRILLING  AND  GROUTING  AT  ES- 

TACADA   AND    LAHONTAN    DAMS,    PER 
LINEAR  FOOT  OF  COMPLETED 

WORK. 
Estacada      Lahontan 

Labor  and  Dam.  Dam. 
materials.  Fisher.     Rands.     Col& 

Labor,  drilling     $0.58         $0.59         $0.93 
Labor,  grouting         0.18  O.IS  0.29 
Cement          0.12  0.12  0.31 
Repairs  and  supplies       0.17  0.17  0.23 
Plant          0.30    
Plant  depreciation    0.15  0.35 
Power          0.05     0.03 
Other  items          0.94 

$1.40  $1.21 
Salvage  on  plant,  credit.     0.17  ....  .... 
Direct  cost         $1.23  $1.21             
Total  field  cost                $3.08 
General  plant,  etc       0.32  0.45  0.12 
Coffers  and  pumpine    0.15  .... 
Engineering   and    super- intendence      0.19  0  27 
Clerical  and  office    ....  0.10 

Total  cost  per  foot     $1.55         $2.00         $3.57 

FEEEI 
Organization    and    Standards    of    the 

Pennsylvania    State    Highway 

Department. 

(Staff  Article.) 

The  present  State  Highway  Department  of 
Pennsylvania  was  organized  under  what  is 

commonly  known  as  the  "Sproul  Road  Act" 
of  the  legislature  of  1911.  This  act  called  for 
a  reorganization  of  the  existing  highway  de- 

partment and  further  provided  for  taking  over 
as  state  highway  the  roads  comprising  296 
specified  routes  which  form  connecting  links 
between  county  seats  and  principal  cities  and 
towns,  and  in  addition  furnish  trunk  lines 
through  the  state.  These  roads  were  to  be 
maintained  and  reconstructed  by  the  depart- 

ment ;  existing  contracts  completed ;  township 
roads  improved  by  state  aid  to  the  extent  of 
$2,000,000,  half  paid  by  the  state  and  half  by 
county  or  township ;  and  all  highways  in  the 
state  surveyed  and  mapped  by  counties.  The 
licensing  and  regulation  of  automobiles  was 
also  placed  under  the  supervision  of  the  high- 

way department. 

To  carry  out  the  provisions  of  this  law  the 
state  is  divided  into  15  districts,  each  in  charge 
of  an  assistant  engineer.  The  headquarters  of 
the  state  highway  department  are  at  Harris- 
burg,  and  the  executive  officers  consist  of  a 
state  highway  commissioner,  Mr.  E.  M. 
Bigelow ;  two  deputy  state  highway  commis- 

sioners, Messrs.  J.  W.  Hunter  and  K.  A. 
Jones  ;  chief  engineer,  S.  D.  Foster,  and  auditor, 
W.  R.  Main  The  field  work  is  under  the  direc- 

tion of  a  bridge  engineer,  |.j  assistant  engineers, 
and  50  superintendents.  The  auditing  depart- 

ment was  organized  with  headquarters  in  the 
Capitol  Bldg.  at  Harrisburg,  under  the  direc- 

tion of  a  certified  public  accountant.  A  main- 
tenance division  was  likewise  organized  in 

charge  of  a  maintenance  engineer,  under  whose 
direction  is  carried  on  the  maintenance  of  the 
state  highway  routes,  aggregating  8,827  miles. 
The  chart.  Fig.  1,  shows  the  organization  and 
personnel  of  the  department  at  present. 

WORK  ACCOMPLISHED. 

The  work  imposed  upon  the  department  was 
varied  and  the  funds  provided  were  totally 
inadequate.  Work  has,  however,  progressed 
steadily  in  spite  of  this,  although  the  main- 

tenance of  poorly  improved  roads,  required  by 
the  law,   has   consumed    %    large    portion    of 

funds   available.    Maintenance  of  this  type  of 
road  is  both  costly  and  difficult. 
The  total  leng:th  of  the  296  main  state  high- 

way routes  put  in  charge  of  the  state  highway 
department   is   8,827.9    miles,    in     addition    to 

which  there  are  306  additional  miles  known  as 
alternate  lines. 

The  average  expenditure  for  maintenance  of 
approximately  6,000  miles  of  these  routes  dur- 

ing  the  year   1912  was  approximately  $169.00 

l^ 

Fig.    1.    Chart  Showing  the   Organization   of  the    Pennsylvania    Highway    Department. 

* 
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per  mile.  For  the  year  1913  a  pro  rata  amount 
of  not  more  than  $168.00  per  mile  was  avail- 

able. In  addition  to  the  above  maintenance 
work  on  state  highway  routes  considerable 
maintenance  work  was  done  on  state-aid 
roads,  50  per  cent  of  which  is  returnable  by 
counties  and  townships. 

Surveys  have  been  completed  for  nearly  all 
(over  ;t5  per  cent>  of  the  routes  and  counties, 
and  information  collected  for  maps  and  plans. 
The  route  surveys  were  completed  at  an  aver- 

age cost  of  $47.87  per  mile  for  surveying  and 
$7.96  for  checking  and  tracing.  The  average 
cost  of  the  various  items  is  given  in  Table 
I.  Surveys  were  plotted  in  the  offices  of  the 
district  engineer  and  checked  and  traced  in 
the  main  office  at  Harrisburg,  Pa. 

TABLE     I— COST     OF     SURVEYING     ABOUT 
9,000    MILES    OF    HIGHWAY    IN 

PENNSYLVANIA. 

per 

Cost Item.  Total.  mile. 
Surveying  main   line   $442,597.98     $47.87 
Plotting   main    line       72,432.79       11.36 
Checking  and  tracing  main  line       8,717.79         7.97 
Surveying   alternate   line       15,461.22       50.45 
Miles  surveyed,   main  line     8,827.91 
Miles  plotted,  main  line     6,373.81 
Miles  checked  and  traced,  main  line     1,094.40 
Miles  surveyed,  alternate  line        306.36 

SURFACES  AND  DETAILS.  a  Telford  basc.     At  the  present  time  the  con- 

The  types  of  cross-sections  used  are  illus-      "^^^  base  is   coming  into  more  general  use. 
trated  in  Figs.  2  and  3.     It  will  be  noted  the      Brick  surfacing  is  also  being  used  extensively. 

In  addition  to  the  main  lines,  surveys  were 

made  and  maps  prepared  showing  the  com- 
plete surveys  of  all  roads  in  each  county 

together  with  towns,  villages  and  other  impor- 
tant features.  Printed  reproductions  of  these 

are  sold  at  25  cts.  per  copy,  which  represents 
the  cost  of  printing.  The  cost  of  this  work 
was  as  follows : 

Item.  Av.  cost. 
Engineering    and    plotting    expense    per 
county      $  3,700.00 

Number    of    counties    66 
Mileage    in    completed    maps    surveyed 

by   "stale       35,512.52 Averave  cost   per    county    of    printing 
maps     $      1S8.00 

TOWNSHIP  0RGAN"IZ.\TI0N. 

According  to  the  provision  an  act  of  the 
legislature  passed  in  1909,  the  several  counties 
having  a  cash  tax  system  are  entitled  to  re- 

ceive state  aid  amounting  "to  50  per  cent  of  the total  amount  of  road  tax  collected  in  money, 
provided  this  does  not  exceed  $20  per  mile. 

The  supervision  of  the  expenditure  of  these 
funds  is  in  charge  of  a  deputy  commissioner 
appointed  by  the  state  commissioner.  This 
division  is  known  as  the  Bureau  of  Township 
Highways.  The  state  is  divided  into  districts 
each  in  charge  of  a  superintendent  who  visits 
and  inspects,  at  least  once  a  year,  all  brid.ees 
and  roads  in  his  district  and  directs  repair,- 
maintenance  and  construction  work,  approv- 

ing all  plans  and  specifications  for  work  with- 
in his  district. 

Supervision  of  actual  work  within  the  town- 
ship is  in  the  hands  of  three  supervisors  elect- 

ed for  a  term  of  six  years.  The  road  tax 
levy  (ordinarily  about  10  mills  on  the  dollar) 
is  made  yearly  by  these  supervisors. 

The  township  is  subdivided  by  the  supervisors 
into  one  or  more  road  districts  and  a  superin- 

tendent or  road  master  employed  for  each  dis- 
trict. These  roadmasters,  who  are  subject  to 

the  regulation  of  the  state  highway  commis- 
sioner, employ  and  hire  or  purchase  teams, 

labor  and  equipment  for  the  prosecution  of 
their  work.  Contracts  exceeding  $100,  how- 

ever, must  be  approved  by  the  district  super- 
intendent. 

PLANS    AND    SPECIFICATIONS. 

The  plans  (drawn  on  a  roll)  are  to  a  scale 
of  100  ft.  to  an  inch  for  alignment,  100  ft.  to 
the  inch  in  horizontal  scale  and  20  ft.  to  the 
inch  in  vertical  scale. 

These  plans  are  approved  by  the  chief  en- 
gineer and  the  commissioner  and  returned  to 

the  various  division  engineers  after  contracts 
are  let. 

The  specifications  and  contracts  used  by  the 
department  are  bound  in  a  booklet  6x7%  in. 
in  size  and  describe  bituminous  and  brick  sur- 

faces, concrete  structures  and  various  details 
of  construction.  The  specifications  are  com- 
plete  and  call  for  first-class  work. 

Gravel  not  to  exceed  /  'in  dla.  or  [0^  of  day 
^and  free  from  a//  lumps. 

CJean  bank  grave/  to  pass  a  2i  'screen^  retained 

by  a  ̂   'screen^  £0^  of  weight  to  de  pebb/es. 

Stone  to  range  from   ̂   'ring  to  /j  'ring 

/        Stone  to  range  from  Zi  'ring  to  J  'ring 

flise  to  crown  i  'to  /  J  lAfacacfam  ̂ Scfricjent  screenings  to  bind  and  cover 

y«f»-"r''-^Sggggy;'   i- Macadam    .gJ-gg^gg"=g?-.T.,~--,  _ 

3-0 

+'-o' 

l6'-0"
 

Stone  to  pass  thro  a  i'ring,  and  b
e  retained  by  li'ring ■Sufficient  screenings  to  bind  and  cover 

li  OoiprSc;.  yd.  Bituminous  material  
'Class  B 

Sufficient  dry  dust/ess  screenings  passing  a  s  s
creen, 

evenly  spread,  to  take  up  all  exc^BUum
,'^o^s_  m,ter,al 

/Seal  coal  cf  Bit
uimnovs  cement.  -4  Oal 

 pr  .i,-  ra^ Suffiaent  dry  dustless  stone  chips
  or  Torpedo  Sand 

evenly  spread,  to  tatieupall
axcssseftuminoasnater

M 
Hise  to  cr<,wnijoric.r/-i  i^^caJam      

i                  ■-•■•  :r-*  Vi-  ,-p  ■■-    ■'  :f  x?^ 
- —  B'-o" —    -j 

2i  'Asphaliic  Concrete  (Stone  to  pass  a  f%  'r/ngj 
■See/  cost  of  B/tuminous  cement 

„-       .                '".''-/''/ X    ,^/nder  course ffi^e  to  crown  ♦  tor  to  i.  ̂   /      x   

^j?   jneltord  'ffflfg 

I       2  'Asplialtic  Concrete  f stone  to  pass  a  li  ring  J 

  |/         ̂ eal  cnat  of  Bituminous  cement 
Rise  to  crowni  tor  toli  I  *^...   

^^Contrete  '  ~     j-"'  •    -^fSv^f^. 

—  ̂ Lo  — 

jv^kfl 

i  tyalpr  S^.  Yd.  Bituminous  Material  (Class  CorOj 

Sufficient  sand  and  screenings  to  take  up  all  excess 

^Bituminous  material 

Fig.  2.  Typical  Standard  Road  Cross  Sections. 

(11  Farth  (b)  Gravel  (c)  Macadam,  (d)  Macadam  on  Telford  base,  (.e)  Bituminous 
 ma- 

cadam-penetration method.  (i)  Asphaltic  Concrete  on  Telford  base  (g)  Asphalt.c  concrete  on 
Poitland   cement   concrete  base,      (h)    Portland  cement   concrete  pamted  with  bitumen. 

construction  is  very  substantial  and  the  details  Asphaltic  concrete  and  macadam,  
however, 

conservative.  In  the  past  a  large  percentage  have  been  used  more  extensively  
than  other 

of  the  roads  built  by  the  state  have  been  on      types  of  improved  hard  surfaces.    The 
 lengths 
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of  different  classes  of  surfacing  used  between 
June  1,  1911,  and  June  1,  1913,  are  as  follows; 

Length  in  ft. 
   260,363 
    351,588 
   511,977 

804,030 

TABLE    II— DIMENSIONS    FOR    VARIOUS    HEIGHTS  OF  GRAVITY  RETAINING  WALLS. 

Type  of  surfacing— Brick      
A.sphaltlc  concrete  . . . 
Asphaltic  macadam  . . 
Water  bound  macadam   
Concrete     •     15.654 

Total  length   In  feet   1,943,602 
Total  length  in  miles        368.11 

The  general  clear  cut  appearance  of  Penn- 
sylvania stale  roads  is  shovvn  by  Fig.  4. 

Figure  5  illustrates  a  standard  type  of  wood- 
en guard  rail.  Other  types  of  rail  are  used 

to  fit  special  conditions,  among  them  a  rail 
consisting  of  6-in.  posts  7  ft.  long,  set  3  ft.  in 

Cement Masonry. Dry    Rubble    Masonry Concrete 
Masonry. 

Grcund  level Ground  level Ground  level 
with  top  of  wall. Surcharged. with  top  of  wall.      Surcharged. with  top  of  wall. Surcharged. 

H.      T.      B. H.      T.      B. 
H.      T.      B.           H.      T. B. H.      T.      B. H.      T.      B. 

4'  0"  1'  C"  1'  S" 4'  0"  2'  0"  2'  3' 
4'  0"  •>■  0"  2'  0"     4'  0"  2'  0" 

2'  7" 

4'  0"  1'  6"  1'  C" 4'  0"  1'  6"  2'  0" 
5'  0"  2'  0"  2'  0" 5'  0"  2'  0"  2'  10" 

5'  0"  2'  0"  2'  6"     5'  0"  2'  0" 

3'4" 

5'0"  r  6"  1'9" 5'  0"  1'  6"  2'  0" 6'  0"  2'  0"  2'  5" 6'  0"  2'  0"  3'  5" 
0"  0"  2'  0"  3'  0"     6'  0"  2'  0" 

4'  0" 

S'  0"  1'  6"  2'  2" G'  0"  1'  6"  2'  10- 7'  0"  2'  0"  2'  10' '  7'  0"  2'  0"  3'  10" 7'  0"  2'  0"  3'  6"      7'  0"  2'  0" 

4"  7" 

7'  0"  r  0"  2'  5" 7'  0"  1'  6"  2'  5" 
8'  0"  2'  0"  3'  3" 8'  0"  2'  0"  4'  6" 

8'  0"  2'  0"  4'  0"      8'  0"  2'  0" 

5'  4" 

8'  0"  r  6"  2'  10" 
S'  0"  1'  6"  3'  10" 9'  0"  2'  0"  3'  7" 9'  0"  2'  0"  5'  0" 

•y  0"  2'  0"  4'  6"      9'  0"  2'  0" 

5'  111" 

3"  0"  1'  6"  3'  2" 
9'0"  1'  6"  4' 4" 10'  0"  2'  0"  4'  0" 10'  0"  2'  0"  5'  7" 

10'  0"  2'  0"  5'  0"    10'  0"  2'  0" 

6' 7" 

10'  0"  1'  6"  3'  6" 10'  0"  1'  6"  4'  10" 
Cement — To p  of  wall  not  less 

than  1'  6",  2'  if  possible. Face battered;     back 

perpendicular. Weep  holes  with  blind  drain  in  wet  localities. 
Dry  rubble — Top  of  wall  not  less  than  2'.  Face  battered;  back  perpendicular.  Courses  per- 

pendicular to   face   batter.     Face  of  wall  pointed.      Weep   holes   with    blind    drain   in   wet   localities. 
Concrete— Top  of  wall  not  less  than  1'  6".  Face  battered  1:12:  back  battered  or  stepped.  Weep 

holes  with   blind   drain   in  wet  localities.     Expansion  joints  every  2.'/. All  offsets  6".  Bottom  of  footing  below  frost  line.  (Depth  of  footing  at  least  3'.)  Backnllmg 
done  with  acceptable  material  placed  in  layers  of  not  less  than  6"  and  thoroughly  rammed. 

A-^.exDa"'"'"-'"  ' v^.     I.    "...    .v-'W 
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.1'  I   i:  r:.' 
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  1   ^   " 
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r,/eDr9,n  ]' ""     '/r&nd'aiii/i 
Z-e'—     + —  —7-e' — 

/«■.<?" 

30-0" 
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^'Pii 

^"^''on Joint  ''"^6'-; 
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i  V.^ 

nsfotjjoint 

4  'Brf^'^-. 

■  Ccncrete^ 

rrinsverse  C'pansion  Joint  every  ZS  ft 

r  ■>;*» -^^^tfV 

(C) 

ind  Cushion 
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»  Transverse  Cxfitnsion Jdnr  every  2S ft.  ^l""" 

'f-3'-o'—Jf   *^—  -i. 

     is\o'   
,''                        3o'o'      I  (d) 

Fig.    3.    Typical    Standard    Cross   Sections  for    Brick    Roads. 

(a)   BritU  surface  on   concrete  base  with  separate    curbs.      (h)    and    (c)     Super-elevation    on 
curves,      id)   Brick  surface  on  concrete  base  having  curbs  combined   with   the   base. 

the  ground  at  intervals  of  8  ft.  .^  single  taper.  Another  type  of  rustic  rail  has  the 

%-in.  wire  cable  or  P/L'-in.  pipe  runs  through  sarne  overall  dimensions  except  that  rough 
them  8  ins.  from  the  tops  v.'hich  have  a  2-in.      split  rails  are  used,  the  top  rail  being  trimmed 

to  fit  the  notched  tops  of  the  posts  as  is  the 
case  of  sawed  material. 

In  Fig.  7  is  illustrated  a  type  of  paved  gut- 
ter and  types  of  blind  and  tiled  drains. 

Standard  types  of  retaining  walls  are  illus- 
trated in  Pis;.  8.  Talile  II  gives  dimension?; 

for  various  heights  of  walls  similar  to  those 
illustrated  in  Fig.  8. 

WATERWAYS. 

\\.  points  where  cast  iron  pipes  are  required 
the  standards  for  headwalls  to  be  used  arc 
shown  in  Fig.  9. 

Roads  in  the  hilly  sections  of  Pennsylvania 

are  frequently  overflowed,  due  to  their  fre- 
quent location  upon  stream  banks.  Recom- 

mended methods  of  protecting  these  roads  r.re 
shown    In    Fig.    10. 

In  Figs  11  and  12  are  illustrated  large  con- 
crete culverts. 

SPECIFIC.\TIOXS. 

The  following  is  an  abstract  of  oortions  of 
the  specifications  used  by  the  Pennsylvania 

Highway  Deiiartment : 
PIPE    CULVERTS. 

Corrugated  Iron  Pipe. — All  corrugated  iron 
pipe  shall  be  made  from  sheets  thoroughly  gal- 

vanized with  zinc  spelter  before  being  corru- 
gated, said  zinc  spelter  to  be  2  ounces  per  sij. 

ft.,  shall  be  free  from  imperfections  of  an\' 
kind,  and  shall  s:how  no  signs  of  cracking  or 
blistering.  The  corrugations  shall  be  not  more 

than  2%  ins.  in  width,  and  not  less  than  >»  in. 
in  depth. 

All  corrugated  iron  pipe  supplied  shall  be  of 
first  quality,  straight  and  true  to  form,  and 
shall  be  of  good  and  workmanlike  construction 
and  shall  be  constructed  of  such  material  as 

shall  be  approved  by  tlie  State  Highway  Com- 
missioner. 

For  corrugated  iron  pipe  21  ins.  in  diameter 
and  less,  the  metal  shall  be  not  less  than  16 
gage  U.  S.  Standard:  for  corrugated  iron  pipe 
over  24  ins.  in  diameter  and  not  over  60  ins.  in 

diameter,  the  metal  shall  be  not  less  than  14 
gage  U.  S.  Standard:  and  for  corrugated  iron 

pipe  66  ins.  in  diameter  and  over,  the  metal 
shall  t)e  not  less  than  12  gage  U.  S.  Standard. 

.Ml  corrugated    iron    pipe   to  have   tightly   riv- 
eted seams,  to  lie  full  circle,  lap  joints,  and  laid 

in  a  properly  prepared  trench,  and  all  back  lin- 
ing  shall   be    thoroughly   tamped. 

milCK  P.WRMENT. 

Brick  Block  Pavement  or  Surfacing.— .Ml  Iniik 
pavements  sliall  be  laid  on  a  concrete  base  of 
5  ins.  or  more,  as  may  be  specified,  and  shall 
have  a  cushion  of  approved  sand  or  crushed  slag 
sand  1V4  Ins.  in  depth  and  a  wearing  svnface  of 
4  Ins.  in  thickness;  the  joints  of  which  shall  be 
tilled  with  Portland  cement  filler  mixed  of  equal 

parts  of  approved  sand  and  cement.  The  brick 
block  pavement  shall  lie  paid  for  at  the  price 
bid  per  square  yard  in  place,  and  shall  include 
the  sand  cushion,  brick  block,  transverse  and 
longitudinal  expansion  joints  and  grout  nilcr: 
also  any  labor  necessary  to  complete  same  in 

place. 
Paving  bricks  shall  be  reasonably  perfect  in 

shape,  free  from  marks.  warpin,g  or  distortion. 

and  shall  be  uniform  in  size  so  as  to  tit  closel>- 
together  .'ind  make  a  smooth  pavement.  .Ml 
liricks  shall  be  homogeneous  in  texture  and 
free  from  laminations  and  seams.  They  shall 
be  evenly  burned  and  thoroughly  vitrified.  Soft, 
brittle,  cracked  or  spawled  bricks  or  kilnmarkcd 
to  a  height  or  depth  of  over  3/64  parts  of  an 
inch  shall  be  rejected.  If  bricks  have  rounded 
corners   the    radius    shall    not   be    greater    than 
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3/16  of  one  inch.  'Xhey  shall  not  have  less  than 
two  nor  more  tl'an  four  vertical  lugs,  and 
projections  shall  not  be  more  than  ̂ ,2  in.  wide 
on  one  side  of  ea?h  brick.  The  total  area  of  all 
lugs  shall  not  be  more  than  3  sq.  ins.,  so  that 
when  laid  there  shall  be  a  separation  between 
the  bricks  of  at  least  H  in.  and  not  more  than 
'4  in.  The  imprint  or  name  of  the  bricks  or 
maker,  if  used,  shall  be  by  means  of  recessed 
and  not  by  means  of  raised  letters.  The  two 
ends  of  the  bricks  shall  have  a  semi-circular 
groove  with  a  radius  of  not  less  than  %  in.  and 
not  more  tlian  14  in.  Grooves  shall  be  so  lo- 

cated that  when  the  bricks  are  laid  together  the 
grooves  shall  match  perfectly  and  shall  be 
horizontal  when  bricks  are  laid  in  pavement. 

Bricks  shall  be  approxiniateiy  o^4.\4.\9  ins.  in 
size.  All  bricks  shall  be  subject  to  the  .  tests 
for  abrasion,  impact,  absorption  and  crushing 
strength  according  to  the  standard  methods 
prescribed  by  the  National  Paving  Brick  Manu- 

facturers' Association. 
Expansion  Joints. — The  bid  price  per  square 

yard  for  brick  block  pavement  shall  include  an 
e.Kpansion  joint  £iong  each  curb  %  in.  in  width 
which  shall  be  constructed  of  bituminous  mate- 

rial approved  the  State  Highway  Commissioner. 
Price  bid  on  brick  block  pavement  shall  also 
include  a  transverse  expansion  joint;  this  form 
of  joint  w-ill  be  placed  at  intervals  of  25  ft.  and 
will  extend  from  curb  to  curb.  The  material 
used  for  this  form  of  joint  will  be  a  heavy  grade 

Fig.  4.    View  Showing  a  Brick  Surfaced  Highway.    Note  Guard   Rail  and   Hand   Rail  on  the 
Plate   Girder   Bridge. 

After  the  bricks  in  the  pavement  are  in- 
spected and  the  surface  is  swept  clean  of  spalls, 

they  must  be  well  rolled  with  a  5-ton  steam 
roller  in  the  following  manner; 

Rolling  and  Tamping. — The  brick  next  the 
i-urb  shall  be  tamped  with  a  hand  wood  tamper 
to  the  proper  gutter  grade.  The  rolling  will 

then  commence  near  the 'curb  at  a  very  slow 
pace  and  continue  back  and  forth  until  the 

center  of  the  pa\"ement  is  reached;  then  pass 
to  the  oposite  curb  and  repeat  in  the  same  man- 

ner to  the  center  of  the  street.  After  this  first 

passage  of  the  roller  the  pace  may  be  quick- 
ened and  the  rolling  continued  until  each  brick 

is    lirmlv    imbedded    in    the    sand    cushion.     The 

of  felt  paper,  approximately  Vs  in.  in  thickness, 
as  approved  by  the  State  Highway  Commis- 
sioner. 

Grouting. — After  the  inspection  has  been  com- 
pleted, the  joints  of  all  bricks  in  paving  shall 

be  filled  with  grDul.  of  a  consistency  of  one  part 
approved  sand  and  one  part  cement,  in  the 

following  manne:" The  mixture  shall  be  removed  from  the 
mixing  box  to  the  road  surface  b.v  means  of 
scoop  shovels  and  from  the  moment  it  touches 
the  brick  shall  be  thoroughly  swept  into  all 
joints  by  means  ci  push  brooms.  The  work  of 
grouting  shall  thus  be  carried  forward  the  en- 

tire   width    of    the    pavement    in    line    until    suf- 

spread  over  the  entire  surface  a  sufficient  quan- 
tity of  approved  crushed  stone  to  entirely  fill  up 

all  voids  and  depressions.  This  course  shall  be 
thoroughly  rolled  and  compacted  and  present 
a  surface  true  to  the  cross  section  of  roadway. 

Stone. — The  stone  shall  be  good,  hard,  dur- 
able granite,  trap  rock,  limestone,  gneiss,  or 

such  other  stone  as  the  State  Highway  Commis- 
sioner may  approve.  All  stone  shall  withstand 

a  crushing  test  of  20.000  lbs.  to  the  square  inch. 
The  approved  stone  shall  be  crushed  into  fairly 
uniform  cubes,  and  shall  be  clean,  dry,  free 
from  dust,  dirt,  or  vegetable  matter,  and  com- 

paratively  free   from   flakes   or   splinters. 
Mineral  Aggregate, — The  mineral  aggregate 

shall  consist  of  run  of  crusher  stone  passing 
a  one  inch  ring  and  shall  not  contain  more  than 
five  per  cent  of  dust.  Approved,  clean,  coarse 
sand  shall  be  used  as  a  filler  in  proportions 
found  necessary  and  approved  Ijy  the  State 
Highway  Commis.sioner. 

Bituminous  Cement. — The  bituminous  cement 

shall  be  Class  "A."  as  specified  herein,  and  shall 
have  a  penetration  of  50  to  60   (Dow  Method). 

Mixture. — The  a.^phaltic  concrete  mixture  shall 
contain  by  weight  between  53  and  62  per  cent 
of  crushed  stone,  30  to  37  per  cent  of  approved 
sand  and  filler  and  between  6  and  S  per  cent  of 
bituminous  cement.  (The  proportion  of  the 
mixture  given  as  bituminous  cement  shall  sig- 

nify only  the  bitum.inous  portion  of  the  asplialtic 
cement,  and  the  proportions  stated  shall  not  in- 

clude the  non-bituminous  material.) 
The  several  grades  and  sizes  of  stone,  sand, 

and  filler  composing  mineral  aggregate  shall  be 
accurately  measured  in  proportions  determined 
by  laboratory  test  to  give  the  best  results;  that 
is,  the  most  dense  mixture  and  one  having  in- 

herent stability. 

Heating. — The  mineral  aggregate  shall  be 
heated  in  an  approved  rotary  heater  to  a  tem- 

perature of  from  250°  to  350°  F. The  bituminous  cement  shall  be  heated  to  a 

temperature  of  from  300°  to  375°  F.  in  an  ap- 
proved melting  kettle  that  will  provide  for  the 

uniform  distribution  of  heat  without  burning 
or  coking  and  permit  of  the  proper  agitation. 

Mixing. — Each  batch  of  the  mineral  aggre- 
gate shall  be  mixed  in  an  approved  asphalt 

hatch  mixer  with  sufficient  bitumen  to  thor- 
oughly coat  every  particle.  The  grading  of  the 

mixture  shall  be  such  as  to  produce  a  uniform 
and  evenly  balanced  mix  so  that  the  completed 
mixture  shall  have  as  nearly  as  practicable  the 
density  of  solid  rock. 

Laying. — The  hot  mixture  shall  be  delivered 
to  the  road  at  a  temperature  of  between  225°  and 
350°  F.,  under  cover,  if  necessary-  dumped  on 
platforms,  and  forked  and  evenly  raked  over 
the  prepared  foundation  so  tliat  after  thorough 
rolling  and  compression  it  sliall  have  a  thickness 
of    at    least         inches    as    designated    on 
the  plan. 

Rolling. — Unless  otherwise  specified  the  roller 
shall  be  an  approved  10-ton  power  roller  of  the 
macadam  type.    The  roller  must  start  f.'om   the 

^'/yo/rfs  ro  be  painted  before  a^aembJing  and  all  exposed 
surfaces  to  bevetZj^no  ooatsof  IVhife  Lead  and  Linseed  Oi/  paint 

1   ^          ■    1- M                         11 

'      11                         II 
1      11                                                            1 

1                               r-f  Hemlock 1 
^    11                               II II 
1                                                                                    1 

[1                               11 
1 

II                               1! 

11 

1                                                                                     1 

)--l 

r  ̂ V  i  ■£  fl  TuritBctt  tritit  e/asfien 
\  V_\/X?ce  one  /eg  at  eacA  support 

( 

Fig.    5.     Standarid    Wood    Guard    Rail 

fence  in  position 

Plan  ^"d  yient Fig.    6.     Snow    Fence    Used    to    Prevent    Snow    Drifting    Across    Roads. 

roller  .<ihall  then  ):e  started  at  the  end  of  the 

Vilock  and  the  i)a\'ement  i-olled  transversely  at 
an  angle  of  45-  lu  the  curb;  !-epeat  the  rolling 
in  a  like  manner  in  the  oppcsite  direction.  After 
this  transverse  rolling  takes  place  all  broken  or 
injured  brick  must  be  taken  up  and  replaced 
with  perfect  ones,  and  thoroughly  tamped  into 
place. 
On  grades  of  five  per  cent  or  over  the  State 

Highway  Commissioner  may,  if  he  deems  it 
advisable  for  the  traffic,  order  the  contractor  to 
use  special  form  of  brick  suitable  for  steep 

grades  and  no  extra  allov,'ance  will  be  made  for 
the   use   of  such   brick. 

flcient  time  has  elapsed  for  the  grout  to  thor- 
oughly penetrate  all  joints  before  the  cement 

has  attained  its  initial  set.  The  entire  force 
will  then  go  over  the  portion  of  the  work  a 
second  time  using  the  same  mixture  of  grout 
except  that  it  shall  be  mixed  to  a  somewhat 
thicker  consistency,  care  being  taken  in  each 
instance  to  thoroughly  fill  all  joints  flush  with 
the  top  of  the  lirick.  To  secure  flush  joints  a 
third  coat  of  cement  shall  then  be  swept  in 
before  the  second  has  attained  its  initial  set. 

ASPHALTIC  CONCRETE. 
The  foundation  may  be  telford  or  concrete. 

When    telford   base    is   specified    there    shall   be 

side  lines  and  work  toward  the  center  of  the 
road  unless  otherwise  directed.  The  rolling 
sliall  at  all  times  be  subject  to  the  direction  and 
approval  of  the  State  Highway  Commissioner. 

Seal  Coat. — After  rolling  the  wearing  surface 
and  while  it  is  clean  and  warm,  there  shall  be 
applied  a  seal  coat  of  approved  bituminous 
cement  of  proper- consistency  to  be  flexible  when 
cold,  and  shall  ba  evenly  spread  over  the  entire 
surface  of  roadway  at  a  temperature  of  from 
300°   to   350°   F.   with  rubber  squeegees. 
Immediately  over  this  surface  a  top  dressing 

of  approved  torpedo  sand  or  suitable  clean  stone 
screenings,  free  from  dust,  thoroughly  dry,  and 
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If  neoessary  heated,  shall  be  spread  over  the 
entire  surface  of  loadway  and  thoroughly  rolled. 
A  small  surplus  of  stone  screenings  shall  be 
left  to  be  worn  in  or  away  by  the  traffic. 

Finished  Surface —The  entire  surface  of  road- 
way shall  present  an  even  and  uniform  surface, 

free  from  waves  and  depressions  that  will  hold 
water.  Porous  spots  which  remain  wet  after 
the  surrounding  surface  has  dried  shall  be 
replaced  with  proper  material. 

BITUMINOUS    MACADAM  —  PENETRATION 
METHOD. 

Stone. — The   stone   to    meet   the   requirements 
as  specified  under  Asphaltic  Concrete.    The  ap- 

proved  stone   screenings   shall   be   of   the   same 

Of*ina  ft  U  fiititJ  »r  *  iuffi^tnt  atfilfi  II  pff^rfy  Jri^n  t/if  SjHoil, 

tg  Su  conalructsd  o/ritfte/-  frei>d>  or  TUf  Omns  Jfi^  to  Bepfaced  IS' 
«  S^  oporl  to  matt  cooiittoni  of  ground. 

BITUMINOUS   MORTAR   MACADAM. 

Construction  of  this  class  shall  consist  of 
concrete  or  telford  foundation,  as  specified  and 
approved  by  the  State  Highway  Commissioner, 
a  bituminous  binder  course  of  at  least  lV4-in. 
thickness,  and  a  bituminous  mortar  wearing 
surface  of  at  least  1-in.  thickness,  or  as  may  be 
designated  and  shown  on  the  plans. 
The  foundation  shall  be  of  equal  quality,  in 

regard  to  material  and  workmanship,  as  shall 
be  specified  and  designated  on  plans  for  con- 

crete or  telford  foundations.    The  binder  course 
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.     Fig ■Arrangement  of  tile   drains 

burning  or  coking,  and  shall  permit  of  proper 

agitation. 
Proportions — How  Determined. — The  proper 

quantity  of  bituminous  cement  for  given  amount 
of  stone  shall  be  carefully  determined  by  ex- 

periments made  at  mixing  plant,  and  shall 
range  between  three  and  five  per  cent.  When 
the  proportions  are  determined  they  shall  be 
strictly  adhered  to  unless  changed  by  the  State 
Highway  Commissioner.  The  stone  and  bitu- 

minous cement  for  every  batch  must  be  care- 
fully measured.  Should  the  binder  appear  dull 

from  over-heating  or  lack  of  bituminous  cement 
it  will  be  rejected. 

Handling. — The  bituminous  mixture  shall  be 
hauled  to  the  road  under  cover,  if  necessary 
dumped  on  platform,  forked  and  evenly  raked 
upon  prepared  foundation  to  such  a  depth  that 
when  thoroughly  rolled  and  compressed  with  a 
regular  10-ton  power  tandem  roller  it  shall  not 

7.    Drainage  and   Gutter  Details  for   Pennsylvania   Roads. 

Right — Method   of  placing Center — Paved  gutter  and   stone  and    tiled   stone  drains. 
of   side-hill   roads. stone  drains   and  'ti'eatment 

quality  of  stone  as  specified  above.  Tiie  stone 
screenings  shall  be  dry,  free  from  moisture. 
clean,  dustless  screenings  passing  a  %-in. 
screen. 
Bituminous  Cement. — The  bituminous  cement 

used  shall  be  Cla.os  "B"  as  specified  herein,  and 
shall  have  a  penetration  of  90  to  100  (Dow- 
Method).  The  bituminous  cement  shall  be  heat- 

ed to  a  temperature  of  from  300°  to  350°  F.  In 
an  approved  melting  kettle  that  will  provide  for 
uniform  distribution  of  heat  without  burning  or 
cokinK.  and  permit  of  the  proper  agitation. 

Bituminous  Macadam  Penetration. — Upon  the 
foundation  specified  and  prepared  there  shall 
be  spread  a  layer  of  approved  stones  of  such 
size  that  they  will  pass  a  2-in.  circular  open- 

ing and  be  retained  on  a  %-in.  circular  opening. 
This  layer  of  stone  shall  be  dry,  free  from 

moisture  and  of  such  thickness  that  when  It  has 
been  thoroughly  rolled  and  compressed  it  shall 
have  a  uniform  thickness  of  at  least  3  ins.  over 
the  entire  roadway.  The  surface  must  be  firm 

and,  w-hen  completed,  correspond  to  grade  in 
proper  crown  of  cross  section. 

Rolling. — Unless  otherwise  specified,  the  roller 
shall  be  a  10-ton  power  roller  of  the  macadam 
type.  The  rolling  must  start  from  the  side 
lines  and  work  toward  the  center  of  the  road 
unless  otherwise  directed.  The  rolling  shall  at 
all  times  be  subject  to  the  direction  and  ap- 

proval of  the  State  Highway  Commissioner. 
Pouring.— Upon  this  surface  shall  be  evenly 

spriad  to  each  square  yard,  by  means  of  ap- 
proved pressure  distributors  or  fan  spout 

.sprinkling  pots,  1%  gals,  of  bituminous  cement. 
Immediately  thereafter  a  quantity  of  approved 
'/4-ln.  clean  stone  screenings  shall  be  spread  to 
entirely  cover  the  surface  of  the  roadway.  The 
road  shall  then  be  thoroughly  rolled  until  a 
firm,  smooth  surface  results,  and  conforms  to 
the  longitudinal  :ind  transverse  sections. 

Finish. — While  the  surface  Is  clean  and  warm 
a  seal  coat  of  approved  bituminous  cement  shall 
be  spread  In  a  (luantity  of  not  less  than  %  gal. 
to  the  square  yard,  and  while  It  Is  In  a  liquid 
state  there  must  be  spread  a  top  dressing  of 
clean,  dry.  approved  torpedo  sand,  or  dustless 
stone  chips  In  sufllclent  quantity  to  entirely 
cover  the. surface  of  the  road  and  absorb  any 
excess  bituminous  material.  Immediately  there- 

after the  road  shall  again  be  thoroughly  rolled 
and  compressed.  If  so  directed,  the  stone,  stone 
screenings,  stone  chips,  and  torpedo  sand  shall 
be  thoroughly  heated,  and  shall  be  free  from 
moisture. 
The  roadway  shall  be  of  speoined  thickness, 

true  surface,  free  from  waves  and  depressions 
that  will  hold  water.  Porous  spots  that  remain 
wet  after  the  surrounding  surface  is  dry  must 
be  replaced  with  propnr  ninterial  to  nn  even 
surface. 

shall  consist  of  clean,  broken  stone,  heated  and 
mixed  with  approved  bituminous  cement. 

Stone. — The  stone  shall  meet  the  requirements 
as  specified  under  Asphaltic  Concrete,  and  in 
addition  shall  pass  a  1-in.  circular  opening  and 
be  retained  on  a  10-mesh  screen.  The  stone 
shall  be  heated  in  approved  dryers  to  a  tempera- 

ture ranging  from  200°  to  250°  F.  The  stone  at 
the  temperature  herein  specified  shall  be  thor- 

Coticrete 

Fig.  8.    Cross  Sections  of  Gravity   Retaining 
Walls. 

oughly  inixed  In  an  approved  batch  mixer  with 
bituminou.s  cement  hereinafter  specified. 

BItumlnou*  Cement.— The  bituminous  cement 

shall  he  that  specifiid  vmder  Class  "A"— pene- 
tration 50  to  60  (Dow  Method).  The  tempera- 

ture of  bituminous  cement  when  mixed  with 
hot  stone  shall  range  lietween  300°  and  350°  F. 
The  bituminous  cement  shall  be  melted  and 
heated  In  approved  melting  kettles  that  will  pro- 

vide for  a  uniform  distribution  of  heat  without 

be,  in  any  place,  less  than  11,4  ins.  in  thickness. 
The  rolling  shall  continue  until  binder  course 
ceases  to  show  any  signs  of  further  compression. 
The  rolling  shall  at  all  times  be  subject  to  the 
approval  of  the  State  Highway  Commissioner, 
and  shall  start  from  the  side  lines  and  work 
towards  the  center  of  the  road  unless  otherwise 
directed. 

Surface. — Should  the  bituminous  binder  course 
not  show  a  proper  bond,  it  shall  be  immediately 
condemned,  removed  and  replaced  with  new 
material.  The  upper  surface  of  the  binder 
course  shall,  after  rolling  and  ramming  is  com- 

pleted, be  parallel  with  the  surface  of  the  pave- 
ment to  be  laid. 

When  it  is  not  practical  to  lay  the  binder 
continuously  and  a  joint  is  unavoidable,  the  cold 
material  shall  be  cut  off  in  a  straight  line 

across  the  road  ano  as  far  back  as  necessarj'  to 
insure  an  even  surface  of  proper  thickness.  The 
bituminous  binder  shall  not  be  laid  during  wet 
weather  and  not  unless  the  foundation  is  dry. 
The  wearing  surface  shall  be  laid  upon  the 

binder  course  while  it  is  clean  and  free  from  all 
loose  particles,  and  If  possible,  within  24  hrs. 
after    the    rolling    of    binder    course. 

Paving  Mixture  for  Wearing  Surface. — Tlie 
wearing  surface  shall  he  composed  of  approved 
bituminous  cement,  sand  and  filler. 
The  bituminous  cement  shall  he  as  specified 

hereinunder  Class  "A" — penetration  .".0  to  60 
(Dow  Method).  It  shall  be  heated  in  approved 
melting  kettles  that  will  permit  of  uniform  dis- 

tribution of  heat  without  burning  or  coking  at  St 
permit  of  the  proper  agitation,  and  shall  never 
be  heated  to  a  temperature  exceeding  .175°  F. 
The  sand  sliall  be  clean,  moderately  sharp,  hard, 
free  from  sewage,  clay,  loam,  and  all  vegetable 
matter,  and  shall  be  approved  by  the  State 
Highway    Commissioner. 
The  fdler  shall  be  fine  lime  dust.  Portland 

cement,  or  other  suitable  dust,  and  must  be  of 
such  degree  of  fineness  that  all  of  it  will  pass  a 
30-me.sh  sieve,  and  at  least  75  per  cent  of  It 
will    pass   a    100-mesh    sieve. 
The  materials  complying  with  these  specifica- 

tions shall  be  mixed  in  the  following  proportions 
by  weight:  Bituminous  cement  from  10  to  12.5 
per  cent:  sand  from  70  to  90  per  cent;  filler  from 
8  to  15  per  cent. 
The  sand  and  bituminous  cement  shall  be 

heated  separately  in  approved  dryers  and  melt- 
ing kettles  to  a  temperature  of  350°  F.  Materials 

that  have  been  injured  or  damaged  by  over- 
heating shall  be  condemned. 

Mixing. — The  filler  or  dust,  may  while  cold,  be 
mixed  with  the  hot  sand  in  the  required  propor- 

tions. Tlie  bituminous  cement,  at  the  required 
temperature  and  in  proper  proportions,  shall 
be   added    and    the    whole    mixed    in   a   suitable 
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batch    mixer    until    a    thoroughly    homogeneous 
mass  is  produced. 
The  paving  mixture  prepared  in  the  manner 

described  herein  shall  be  hauled  to  the  road 
under  cover  and  when  dumped,  if  necessary 
upon  a  platform,  shall  have  a  temperature  of 
not  less  than  250'  F. 

compression  shall  be  secured  with  an  approved 
10-ton  tandem  roller.  The  rolling  shall  be  done 
under  the  direction  of  the  State  Highway  Com- 

missioner and  shall  continue  until  all  roller 
marks  shall  have  disappeared,  and  the  surface 
ceases  to  show  any  signs  of  further  compression, 
and  shall  be  at  lest  one  inch  thick. 
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Fig.    9.     (a)    Cast    Iron    Pipe   Culverts. 

(aj  Standard  type,     (b)  Inlet  end  used  where  water  comes  from  two  direc- 
tion.s.    (c)  Inlet  end  on  a  steep  grade,     (d)  Outlet  end  used  in  a  cut. 

wearing  surface  of  at  least  one  Inch  thickness, 
or    as    may   be    designated    and    shown   on    the 

plans. 
Materials. — The  binder  course  shall  consist  of 

approved  sand,  clean,  broken  stone,  heated  and 
mi.ved  vith  approved  bituminous  cement.  The 
sand  shall  be  approved,  clean,  moderately  sharp, 
hard,  tree  from  sewage,  clay,  loam,  and  all 
vegetable  matter,  and  at  least  IS  per  cent  of  the 
sand  shall  pass  an  SO-mesh  screen,  an!  not 
more  than  40  per  cent  nor  less  than  15  per  cent 
shall  te  retained   upon  a  40-mesh  screen.    The 
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Fig.  9.    (b)  Details 

Laying. — All  surfaces  against  which  the 
wearing  surface  will  be  laid  must  be  painted 
with  bituminous  cement.  When  it  is  not  prac- 

tical to  lay  the  surface  continuously  and  a  joint 
is  unavoidable,  the  utmost  care  shall  be  e-'^er- 
cised  in  lapping  told  Joints  with  hot  mixture  in 
order  to  secure  a  thorough  bond  and  true 
surface.  It  shall  be  carefully  and  evenly  spread 
by    means    of    hot    shovels    and    iron    rakes    and 

The  roadway  must  present  an  even,  uniform 
surface,  free  from  waves  and  depressions  that 
will  hold  water,  and  shall  be  of  uniform  com- 

position. Places  which  remain  wet  after  the  surround- 
ing surface  has  dried  must  be  replaced  with 

proper   material. 
The  proportions  of  the  mixture  gi\'cn  as 

bituminous   cement   shall  signify  only   the    tntu- 

and   Quantities  for   Pipe   Culvert   End   Walls. 

stone  shall  meet  the  requirements  as  specifled 
under  Asphaltic  Concrete,  and  in  addition  shall 
pass  a  one  inch  circular  opening. 
The  sand  and  stone  shall  be  heated  in  ap- 

proved drye.rs  to  a  temperature  ranging  from 
250°  to  350°  F. 

Mixing  Asphaltic  Macadam  Binder  Course. — 
The  sand  and  stone  at  the  temperature  herein 
specified    shall    be    thoroughly    mixed    in    an    ap- 

6'  l*ttr  of  Cattcrvfe 

Fig.    10.     Methods   of    Treating    Roads     Frequently    Overflow/ed. 

In    such    a    manner    as    to    give    a    uniform    and 
regular    grade. 
The  mixture  having  been  spread  in  accord- 

ance with  specifications  shall  receive  .surface 
compression  with  an  approved  light  tandem 
roller  of  either  three  or  five-ton  capacity, 
after  which  a  .small  amount  of  Portland  cement 

shall    be    swept    o\-er    the    entire    surface.     Final 

minous  portion  of  the  asphaltic  cement.  Jtnd  the 
proportions  'Stated  shall  not  include  the  non- 
bitumitious   material. 

ASPHALTIC   MACADAM— NO.    1. 
Construction    of    this    class    shall    consi.st    of 

concrete    or    telford    foundation,    a    bituminous 

binder  course  of  at  least  li^-ln.  thickness,   and 
a     mechanically      mixed      asphaltic      macadam 

proved    batch    mixer    with     bituminous    cement 
hereinafter  specified. 
The  bituminous  cement  shall  be  that  specifled 

under  Class  "A" — penetration  50  to  60  (Dow 
Method)..  The  temperature  of  bituminous  ce- 

ment, when  mixed  with  hot  stone,  shall  range 
between  250°  and  S.tO°  F.  The  bituminous  ce- 

ment shall  be  heated  in  approved  melting  kettles 
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that  will  provide  for  a  uniform  distribution  of 
heat  without  burning  or  coking  and  shall  permit 
of  proper  agitation. 

Proportions. — The  materials  complying  with 
these  specifications  shall  be  mixed  in  the  fol- 

lowing proportions,  and  mesured  by  weight: 
Asphaltic  cement,  7  to  10  per  cent;  stone,  50  to 
65  per  cent;  sand,  30  to  45  per  cent. 

The  proper  quantity  of  bituminous  cement  for 
the  given  amount  of  sand  and  stone  shall  be 
carefully  determined  by  experiments  made  at 
the  mi.xing  plant.  When  proportions  are  deter- 

mined, they  shall  be  strictly  adhered  to,  unless 
changed  by  the  State  Highway  Commissioner. 
The  sand,  stone,  and  bituminous  cement  for 
every  batch  must  be  carefully  measured.  Should 
the  binder  appear  dull  from  overheating  or  lack 

a  proper  bond,  it  shall  immediately  be  con- 
demned, removed,  and  replaced  with  new  ma- 

terial. The  upper  surface  of  the  binder  shall, 
after  rolling  and  ramming  is  completed,  be 
parallel  with  the  surface  of  the  pavement  to  be 

laid. 
When  it  is  not  practical  to  lay  the  binder 

continuously  and  a  joint  is  unavoidable,  the  cold 
material  shall  be  cut  oft  in  a  straight  line  across 
the  road,  and  as  far  back  as  necessary  to 

insure  an  even'  surface  of  proper  thickness. 
The  bituminous  hinder  shall  not  be  laid  during 
wet  weather  and  not  unless  the  foundation  is dry. 

The  wearing  surface  shall  be  laid  upon  the 
binder  course  while  it  is  clean,  and  free  from 
moisture  and  all  loose  particles,  and  it  possible. 

H'lf  ClevAtmn  Half  Section  on   t 

Fig.    11.     Reinforced    Concrete   Culverts   of  Slab,  and   Slab  and   Beam   Types. 

of  bituminous  cement,  or  overheated.  It  shall  be 
rejected. 
Construction.— The  bituminous  mixture  shall 

be  hauled  to  the  road  under  cover,  If  necessary 
dumped  on  platform,  forked  and  evenly  raked 
upon  prepared  foundation  to  such  a  depth  that 
when  thoroughly  rolled  and  compressed  with  a 
regular  10-ton  power  tandem  roller  it  shall  not 
be,  in  any  place,  less  than  1%  ins.  in  thickness. 
The  rolling  shall  be  continued  until  the  binder 
course  ceases  to  show  signs  of  any  further  com- 

pression. The  rolling  shall  at  all  times  be 
."uhject  to  the  approval  of  the  State  Highway 
Commissioner,  and  the  roller  shall  start  from 
the  side  lines  and  work  towards  the  center  of 
road   unless  ordered. 
Should  the  bituminous  binder  course  not  ̂ hpw 

within  21  hrs.  after  the  rolling  of  binder  course. 
The  wearing  surface  shall  be  composed  of 

bituminou.s  cement  specilled  hereinunder  Class 
"A"— penetration  50  to  CO  (Dow  Method).  It 
.than  be  heated  in  approved  melting  kettles  that 
will  permit  of  unilorm  distribution  of  heat  with- 

out burnh);;  or  coking  and  permit  of  the  proper 
agitation,  .-ind  shall  never  be  heated  to  a  tem- 

perature exceeding  375°  F. 
The  approved  sand  shall  be  clean,  moderately 

sharp,  hard,  free  from  sewage,  clay,  loam,  and 
all  vegetable  matter,  and  at  least  18  per  cent 
of  the  sand  shall  pass  an  80-mesh  screen,  and 
not  more  than  40  per  cent,  nor  less  than  15  be 
retained  upon  a  40-mesh  screen.  The  stone 
screenings  shall  be  hard,  durable  trap  rock, 
limestone,  gneiss,  granite,  or  such  other  screen- 

ings as  the  State  Highway  Commissioner  may 
approve.  They  shall  be  clean,  dry,  free  from 
dusi,  dirt,  vegetable  matter,  and  shall  pass  a 
\^-\r\.   circular  opening. 
The  filler  shall  be  fine  lime  dust.  Portland 

cement,  or  other  suitable  dust,  and  must  be  of 
such  a  degree  of  fineness  that  all  of  it  will 
pass  a  30-mesh  sieve,  and  at  least  75  per  cent 
of  it  will   pass  a   100-mesh  sieve. 
The  materials  <  cmplying  with  these  specifica- 

tions shall  be  mixed  in  the  following  proportions 
and  measured  by  weight:  Bituminous  cement,  7 
to  10  per  cent;  sand,  55  to  65  per  cent;  stone, 
DC  to  40  per  cent;  filler,  S  to  10  per  cent. 

The  mineral*  ,'iggregate  and  bituminous  ce- 
ment shall  be  I'tated  separately  in  approved 

dryers  and  melting  kettles  to  a  temperature  of 
350°  B'.  Materials  that  have  been  in.iure(l  or 
damaged  by  overheating  shall  be  condemned. 
The  filler  or  dust,  may,  while  cold,  be  mixeil 
with  the  hot  mineral  aggregate  in  the  require  1 
proportions.  Th;  bituminous  cement,  while  at 
the  req''iired  temperature  and  in  proper  propor- 

tions shall  be  adued  and  the  whole  mixed  in  ."i 
suitable  batch  mixer  until  a  thoroughly 
homogeneous   m^iss   is  produced. 
The  paving  mixture  prepared  in  the  manner 

described  herein  shall  be  hauled  to  the  road 
unc^er  co\er  and  when  dumped,  if  necessary  oii 
a  platform,  shall  have  a  temperature  of  not  less 
than  250°  F.  All  surfaces  against  which  th" 
wearing  surface  will  be  laid,  must  be  painted 
with  bituminous  cement.  When  it  is  not  prac- 

tical to  lay  the  surface  continuously,  and  a 
joint  is  unavoidable,  the  utmost  care  shall  he 
exercised  in  making  joints  between  the  hot  and 
cold  mixture  in  order  to  secure  a  thorough  bond 
and   true  surface. 
The  mixture  shall  be  carefully  and  evenly 

spread  with  hot  shovels  and  iron  rakes  in  such 
a  manner  as  to  produce  a  uniform  and  regular 
grade,  and  shall  be  thoroughly  compressed  to  a 
depth  of  at  least  one  inch  in  thickness  with  an 
approved  tandem  power  roller  weighing  not  less 
than  10  tons.  The  rolling  shall  continue  until 
all  roller  marks  have  disappeared,  and  the  sur- 

face ceases  to  show  signs  of  further  compres- 
sion, and  shall  be  subject  to  the  approval  of 

the  State  Highway  Commissioner. 
Immediately  after  rolling  and  while  the  sur- 

face of  the  roadway  is  still  warm,  a  small 
amount  of  Portland  cement  shall  be  swept  over 
the  surface  of  the  roadway.  The  roadway  must 
present  an  even,  uniform  surface,  free  from 
waves  and  depressions  that  will  hold  water,  and 
shall  be  of  uniform  composition.  Places  which 
remain  wet  after  surrounding  surface  has  dried 
must  be  replaced  with  proper  material. 
The  proportions  of  the  mixture  given  as  bi- 

tuminous cement  shall  signify  only  the  bitumi- 
nous portion  of  the  asphaltic  cement  and  the 

proportions  stated  shall  not  include  the  non- 
bituminous    material. 

ASPHALTIC   MACADAM—  NO.   2. 
Construction   of   this  class   shall   be   laid    upon 

concrete  foundation  and  shall  consist  of  a  me- 
chanically   mixed    asphaltic    macadam    wearing 

surface  of  at  least  2  ins.  in  thickness    or  as  may  i 
be  designated  and  shown  on  the  plans. 

In   this  mixture   the  stone  is  limited   to   ■\i    in. 
size,   in   other  respects   it   is  similar  to  No.    1. 

SPECIFICATIONS     FOR     BITUMINOUS 
MATERIAL. 

ASPHALTIC    CONCRETE. 

Class  "A."  Hot  Mix. — Bituminous  cements 
must  be  uniform,  luiniogeneous,  and  free  from 
water.  Asphalt  cements  must  be  free  from  tar 
or-  t:n-  products. 

General  Conditions. — The  asphaltic  cement 
shall  be  prepared  by  refining  crude  native  bi- 

tumen which  is  liquid  or  which  becomes  liquid 
upon  the  application  of  heat.  The  softening  of 
native  bittimens  which  are  too  hard  for  use  be- 

fore refining  shall  be  accomplished  by  the  addi- 
tion of  a  fiux  prepared  from  native  liquid  bitu- 
men. In  no  CBse,  however,  shall  fiux  of  paralline 

base  be  used  to  the  extent  of  more  than  25 
per  cent  of  the  resulting  asphaltic  product. 
Crude  liquid  bitumen  shall  not  be  reduced  in 
refining  to  less  than  30  penetration,  and  in  soft- 

ening of  such  bitumen  only  semi-asphaltic  or 
asphaltic  fiux  shall  be  used. 
The  crude  materials  used,  the  preparation, 

and  the  refining  of  asphaltic  products  shall  be 
subject    to   such    inspection   at    the    reflnerie.-i    by 
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the  authorized  representatives  of  the  Pennsyl- 
vania State  Highway  Department,  as  will  en- 

sure compliance  with  these  specifications. 
The  asphalt  cement  under  this  class  shall 

comply  with  the  following  requirements: 
(1).  It  shall  have  a  consistency  of  50  to  90 

penetration  at  77=  F.  (No.  2  N. — 100  gr. — 5  sec.) 
(2).  The  ratio  of- consistency  at  77°  F.  (No. 

2  N. — 100  gr. — 5  sec.)  to  consistency  at  32°  F. 
(No.  2  N.— 1  min. — 200  gr.)  shall  not  be  greater 
than  as  5  is  to  1. 

(3).  When  20  grams  of  the  asphaltic  cement 
are  maintained  at  a  uniform  temperature  of 

325°  F.  in  an  oven  for  5  hrs.  in  a  tin  box  2',4 
ins.  in  diameter  and  %  to  1  in.  deep,  there  must 
not  be  volatilized  more  than  5  per  cent  by 

weight  of  the  bitumen  present,  and  the  residue 

shall  have  a  penetration  at  77°  F.  of  not  less 
than   one-half  of   the   original  penetration. 

(4).  The  asphaltic  cement  considered  apart 
from  its  native  non-bituminous  matter  shall  be 

soluble  in  cold  carbon  tetrachloride  to  the  ex- 
tent of  99  per  cent  or  more. 

(5).  The  asphaltic  cement  shall  not  flash  at 

less   than    350°    F.,    closed    cup. 
(6).  A  briquette  of  the  asphaltic  cement  or 

the  pure  bitumen  thereof,  shall,  at  77°  F.  and  at 
f.O  penetration,  elongate  at  least  40  cm.  before 
breaking.  If  the  consistency  of  the  cement  as 
used,  be  above  50  penetration,  there  shall  be 
required  additional  ductility  of  1  cm.  for  each 
unit  of  penetration  above  50. 

(7).  The  yield  of  fixed  carbon  from  the  bi- 
tumen of  the  asphaltic  cement  shall  accord  with 

either  of  the  following:  (a).  It  shall  not  exceed 

15  per  cent.  (b).  It  shall  not  exceed  by  over 
31/2  per  cent,  the  quotient  of  the  fixed  carbon 
from  the  crude  bitumen,  divided  by  the  yield  of 
asphalt   therefrom. 

(S).  If  the  asphalt  cement  contains  more  than 
5  per  cent  of  non-bituminous  material  insoluble 
in  cold  carbon  disulphide,  it  shall  when  used,  be 
subjected  to  sufficient  mechanical  agitation  to 
ensure    thorough    uniformity. 

ASPHALT    MACADAIVI. 

Class  "B."  Penetration  Method. — The  asphaltic 
cement    under   this    class   shall  accord   with   the 

general   conditions   under   Class    "A,"    and   shall, 
in  addition  meet  the  following  requirements: 

(1.)  It  shall  have  a  consistency  of  60  to  110 

penetration  at  77°  F.  (No.  2  N.— 5  sec— 100  gr.i. 
(2.)  The  ratio  of  consistency  at  77°  F.  (No.  2 

N. — 5  sec. — 100  gr.)  to  consistency  at  32°  F. 
(No.  2  N. — 1  min. — 200  gr.)  shall  not  be  greater 
than  as  5  is  to  1. 

(3.)  When  20  grams  of  the  asphaltic  cement 
are  maintained  at  a  uniform  temperature  of 

325°  F.  in  an  oven  for  5  hrs.  in  a  tin  box  214 
ins.  in  diameter  and  %  to  1  in.  deep,  there  must 
not  be  volatilized  more  than  8  per  cent  by 

weight  of  the  bitumen  present,  and  the  residue 
shall  not  be  reduced  to  less  than  40  penetra- 

tion,  at   77°   F. 
(4.)  The  asphaltic  cement  considered  apart 

from  its  native  non-bituminous  matter  shall  be 

soluble  in  cold  barbon  tetrachloride  to  the  ex- 
tent of  99  per  cent  or  more. 

(5.)  The  asphalt  cement  shall  flash  at  not 

less  than  350°  F.,  closed  cup. 
(6.)  A  briquette  of  the  asphaltic  cement  or 

the  pure  bitumen  thereof,  at  77°  F.  and  at  60 
penetration,  elongate  at  least  30  cm.  before 
breaking.  If  the  consistency  of  the  cement  as 
used  be  above  60  penetration,  there  shall  be 
required  additional  ductility  of  2  cm.  for  each 
5  units  of  penetration  above  60. 

(7.)  The  yield  of  fixed  carbon  from  the  bitu- 
men of  the  asphaltic  cement  shall  accord  with 

either  of  the  followingi  (a)  It  shall  not  ex- 
ceed 15  per  cent,  (b)  It  shall  not  exceed  by 

over  35/2  per  cent  the  quotient  of  the  fixed  car- 
bon from  the  crude  bitumen,  divided  by  the 

yield  of  asphalt   therefrom. 
(S)  If  the  .asphalt  cement  contains  more  than 

5  per  cent  of  non-bituminous  matter  insoluble 
in  cold  carbon  disulphide,  it  shall,  when  used, 
be  subjected  to  sufllcient  mechanical  agitation 
to    ensure    thorough    uniformity. 

METHODS   CLASS   "X"   and   "B." 

1    and    '-.      Consistency    shall    be    measured    by 

penetrometer,    equipped  with   a   "cambric   need- 
le,"   and  registering  in   hundredths  cm.,    at   the 

temperatures  and  with   the  constants  stated. 
3.  Loss  at  325°  F.  is  taken  in  a  New  York 

testing  laboratory  air  oven  or  its  equivalent  in 

which  a  uniform  temperature  is  maintained 
throughout.  The  temperature  is  recorded  by  a 
thermometer,  the  bulb  of  which  is  immersed 
in  bitumen  in  the  oven.  The  penetration  of 
the  residue  from  the  volatilization  test  will  be 
made  after  same  has  been  liquified  at  a  gentle 
heat  and  thoroughly  stirred. 

4.  The  solubility  in  cold  carbon  tetrachloride 
will  be  made  upon  a  sample  of  from  one  to  two 
grams  covered  with  100  ccs.  of  chemically  pure 
carbon  tetrachloride  and  allowed  to  stand  for 

15  hours  protected  from  the  light  before  filter- 
ing. Correction  is  made  for  an.v  mineral  mat- 

ter passing  through  the  filter. 
5.  The  flash  test  is  made  in  a  New  Tork 

state  closed   oil  tester  or  its  equivalent. 
6.  Briquettes  for  ductility  test  shall  be  in 

accordance  with  the  District  of  Columbia 

standard.  Test  is  made  at  77°  F.,  and  the 
briquette  is  pulled  apart  at  the  rate  of  5  cm. 

per  minute,  by  any  apparatus  capable  of  ef- 
fecting a  uniform  rate  of  elongation.  When  it 

is  necessarj-  to  prepare  pure  bitumen  for  ductil- 
ity test,  a  suitable  quantity  is  dissolved  in 

freshly  distilled  carbon  disulphide,  allowed  to 

stand  over  night,  filtered,  and  the  filtrate  dis- 
tilled  in  a  flask  with  a  thermometer.     The  last 

be    between    the    limits    70    to    85    per    cent    by 

weight. 
(5)  The  asphaltic  residue  from  the  above  dis- 

tillation shall  have  a  consistency  of  not  over 

250  or  less  than  30  penetration  at  77°  F. 
(6).  The  asphaltic  residue  from  the  above 

distillation  shall,  when  tested  tor  ductility  in 

accordance  with  section  6,  "Class  A."  elon- 
gate not  less  than  40  cm.   before  breaking. 

(7).  The  gravity  of  the  distillate  from  test 

No.  4  shall  not  be  less  than  50°  Be,  at  60°  F. 
Note. — The  distillation  test  No.  4  shall  be 

conducted  in  an  Engler  flask  described  in  "Pe- 
troleum and  Its  Products,"  by  Sir  Boverton 

Redwood,  in  Volume  2,  page  535.  The  ther- 
mometer shall  be  immersed  in  the  liquid,  and 

the  distillation  conducted  at  the  rate  of  2^4 

cm.  of  the  distillate  per  minute,  or  at  an  in- 
creasing temperature  rate  of  ten  degrees  per 

minute. 

LIQUID     ASPHALT— CLASS     "D." 
(1).  The  specific  gravity  of  the  liquid  bitumen 

shall  at  C0°  F.  be  not  less  than  .92. 
(2).  Upon  distilling  approximately  100  ccs. 

of  the  liquid  asphalt  in  an  Engler  flask  up  to 

700°  F.,  the  residue  shall  not  exceed  more  than 

Fig.     12.     View     Showing    Typical     Slab    and    Beam    Concrete    Culvert. 

remaining  traces  of  carbon  disulphide  are  re- 
moved by  carrying  the  temperature  of  the  bitu- 

men in  the  flask  to  450°  F.  and  maintaining 
there  for  half  an  hour  or  until  nothing  more 
comes  over.  The  recovered  bitumen  is  then 
tested   in   the  usual  manner. 

7.  Fixed  carbon  is  determined  according  to 
the  standard  method  given  in  the  Journal  of 
American  Society,  1899.  The  test  shall  be  made 
with  a  Bunsen  burner,  preferably  the  Chaddock 

type,  burning  illuminating  gas.  The  burner  is 
regulated  so  that  the  entire  length  of  the  flame 
is  20  cm.,  and  its  length  from  the  tip  of  the 
burner  to  the  top  of  the  inner  cone  is  8  cm. 
The  crucible  shall  be  placed  so  that  its  bottom 
is  ',2  Cff-  above  the  top  of  the  inner  cone. 

LIQUID     ASPHALT— CLASS     "C." 

Material  under  this  class  shall  meet  the  fol- 

lowing requirements: 

(1)  The  hquid  asphalt  cement  shall  be  of 

such  consistency  as  to  flow  readily  at  77°   F. 

(2)  When  a  portion  of  liquid  asphalt  is  thin- 

ly spread  over  a  sheet  of  sized  paper  and  al- 

lowed to  remain  in  a  vertical  position  for  twen- 

ty-four hours  at  room  temperature  (65  to  75° 
F. ).  the  film  of  asphalt  remaining  shall  be  dry 
and  adhesive,   and   not  liquid  or  oily. 

(3)  The  liquid  asphalt  cement  shall  be  solu- 
ble in  cold  carbon  disulphide  to  the  extent  of 

99.5   per   cent. 
(4)  Upon  distilling  approximately  100  ccs.  of 

the  liquid  asphalt  in  an  Engler  flask  up  to  700° 
F.,   the  percentage  of  residue  in  the  flask  shall 

90  per  cent  by  weight,  and  shall  have  a  specific 

gravity   of  at  least   .980  at  60°  F. 
(3).  The  viscosity  of  the  bituminous  mate- 

rial at  115°  F.  shall  not  exceed  480  seconds, 
Engler  instrument,  the  first  50  ccs.  only  being 

recorded. 

CLASS   "T." The  bituminous  material  "T"  shall  be  a  tar 
having    the    following    characteristics: 

(1).  The  tar  shall  contain  no  water  and  not 
more  than  2  per  cent  of  mineral  matter  or  dirt. 

(2).  It  shall  be  uniform  in  character,  appear- 
ance and  viscosity. 

(3).  It  shall  not  contain  over  0.5  per  cent  of 
water  soluble  material. 

(4).  It  shall  have  a  specific  gravity  of  be- 

tween 1.17  and  1.25  at  77°  F. 
(5).  It  shall  contain  no  body  that  distills  at 

a  lower  temperature  than  338°  F.,  at  least  10 
per  cent  by  weight  of  creosote  oil — having  a 

gravity  of  not  less  than  1.03  at  60°  F.  shall  dis- 
till between  338°  F.  and  568°  F.  and  at  least 

75  per  cent  by  weight  of  pitch  having  a  melting 

point  not  higher  than  165°  F.,  shall  remain  after 
all   bodies  up  to  568°   F.   have  been  distilled. 

(6).  On  extraction  with  C.  S.  2  it  shall  not 
contain  more  than  25  per  cent  of  free  carbon, 
nor  less   than  15  per  cent. 
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Method  of   Preparing   Plans   Used  by 

the    California    Highway    Com- 
mission. 

To  secure  uniformity,  standard  methods  of 
preparing  road  plans  have  been  adopted  by 
the  California  Highway  Commission,  A.  B. 
Fletcher,  highway  engineer.  A  short  discus- 

sion of  them  in  a  recent  publication  of  the 
commission   is   interesting  and   is  given   here. 
The  data  turned  in  by  the  surveyors  in- 

clude location  notes  of  all  structures,  tracks, 
trees,  poles,  and  other  similar  objects,  within 
150  ft.  of  the  base  line ;  cross-section  notes 
of  the  road  taken  at  intervals  of  oO  ft.  or 
less;  computations  of  a  traverse,  one  each 
side  of  which  is  the  base  line  of  the  sur- 

vey; and  notes  as  to  soil,  drainage,  location 
of  desirable  materials,  railroad  sidings,  local 
wages,  etc.  So  far  as  may  be  these  notes 
are  computed  and  checked  before  thev  leave 
the   field. 

section  letter  are  entered  on  all  plans  and 
papers,  and  they  are  iiled  according  to  this 
entrv. 

Siphon     Culverts    for    Irrigation    and 

Drainage  Ditch  Crossings. 

(Staff  Article.) 

In  sections  of  the  country  where  extensive 
irrigation  is  necessary  and  where  the  country 
roads  are  crossed  at  frequent  intervals  by  ir- 

rigation laterals  a  type  of  siphon  culvert 
crossing  has  been  used  in  some  cases,  which 
possesses  advantages.  For  irrigation  laterals 
this  type  of  crossing  is  often  the  only  feasible 
one. 

The  conditions  to  be  met,  in  the  case  of 
irrigation  lateral  crossings  are,  briefly,  as  fol- 

lows: ."Vt  points  where  the  flow  line  of  the 
lateral  is  at  a  higher  elevation  than  the  bot- 

tom of  the  road  drainage  ditch  provision  must 

It  is  needless  to  state  that  the  basins  ar 
the  inlet  and  outlet  ends  require  frequent 
cleaning  for  the  successful  operation  of  the 

siphon. 
The  same  type  of  construction  may  be  used 

where  it  is  necessary  to  convey  road  drainage 
water  under  a  lateral.  In  this  case  the  length 
of  pipe  is  much  shorter  and  the  size  of  pipe 
used  should  be  quite  large. 

County  Line.   

CityorTown  Limiti 

Township  Line  '\ 
Section  Line       \--" Grant  Line  ) 
Fence  or  Guard  Rail. 

Un  fenced  Property. . 
Right  of  Way  Line. . . 
Base  or  Survey  Line. 
Traveled  Way   
Railway  Tracks   
Bank  or  Retaining  Wall 

(Note  whether  Township 
Section  or  Grant  Line) 

Conventional     Signs 
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Grade  Elevation   Datum  Line    K 

i.ei'ee 

r:/iSi 
736 

17515 

Balance  Wall.. 

Conventional    Signs    Used    on   California    Highway    Commission     Plans. 

On  receipt  of  the  notes  in  the  division 
office  the  plan  and  profile  are  plotted  on  30- 
in.  brown  detail  paper  of  such  lengths  as  are 
convenient  for  flat  filing  when  folded,  and 
the  cross-sections  are  plotted  on  specially  pre- 

pared cross-section  paper.  This  specially  pre- 
pared cross-section  paper  is  of  map  bond, 

20-in.  by  30-in.  sheets,  printed  in  orange  ink 
from  a  "zinco"  engraving  with  co-ordinate 
lines  one-tenth  of  an  inch  apart.  .-Kt  one  end 
the  margin  reserved  is  wider  for  the  pur- 

pose of  binding. 
Contract  Plans. — The  contract  plans  are 

blue  prints  from  the  layout  plans  and  from 
the  cross-section  sheets,  but  for  the  con- 

venience of  the  engineering  force  pocket  size 
photographic  reductions  of  the  layout  plans 
are  made  also.  These  photographic  reduc- 

tions are  4%  ins.  by  7%  ins.  in  size,  and  are 
printed  on  glossy  velox  paper.  They  are  re- 

markably legible,  even  without  the  use  of  a 
reading  glass. 
The  layout  plans,  contract  plans,  and  cross- 

section  sheets  are  all  bound  in  temporary 
binders  for  their  protection  and  preservation. 
These  binders  are  composed  of  two  heavy 
covers  hinged  by  cloth  to  metal  strips,  and 
five  bolts  for  clamping  together  the  metal 
strips  and  the   intervening  plans. 

Binding. — The  binders  are  canvass  and 
leather  hnished.  and  the  back  or  lower  cover 
is  sufficiently  long  to  permit  of  the  steel 
binding  strip  being  folded  in  between  the 
plans  and  the  cover,  thereby  concealing  the 
holt  heads  and  insuring  a  non-scratching 
lower  surface.  The  nut  used  is  a  brass, 
round-headed  one,  with  a  threaded  '  sleeve 
projecting  one-half  inch  through  the  top 
binding  strip,  and  the  screws  are  stove  bolts 
of  the  many  varying  lengths.  Great  elasticity 
is  obtained  by  this  combination.  Binders  of 
similar  design,  but  of  lighter  weight  and 
clamped  with  paper  fasteners,  are  used  for 

the  "form"  papers,  etc.  They  are  of  two sizes,   letter  size  and   note   size. 

Filiiio  System. — The  basis  of  most  of  the 
filing  is  the  road  location,  whether  the  filing 
be  of  plans,  field  books,  papers,  letters,  or 
something  else.  The  state  has  been  divided 
into  seven  divisions,  each  of  which  is  desig- 

nated by  a  roman  numeral.  F.ach  nf  the 
trunk  lines  or  routes  as  determined  is  given 
an  arable  number,  and  within  each  county 
these  routes  are  divided  into  convenient  con- 

tract lengths  and  lettered.  The  division  num- 
ber,  county   abbreviation,   route   number,   and 

be  made  to  prevent  flooding  of  the  road 
ditches.  It  is  usually  desirable  to  exclude  road 
drainage  water  from  irrigation  laterals.  A 
type  of  crossing  must  be  provided  which  is 
certain  in  action  and  not  subject  to  stoppage 
by  drift  which  may  accumulate  in  road 
ditches.  The  cost  must  be  low-  when  frequent 
crossings  are  necessary. 

To  meet  these  conditions  the  crossing  illus- 
trated was  designed  and  used  by  the  Utah 

Highway  Commission.  It  will  be  noted  that 
the  depth  of  the  pipe  which  forms  the  bottom 
of  the  siphon  is  controlled  by  the  depth  of  the 
road  drainage  ditch  on  the  side  of  the  road 
opposite  to  the  flow  of  the  water  in  the  irri- 

gation  lateral.     A  good   slope   in   the  pipe  is 
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Administration  of  Highway  Mainte- nance. 

The  following  notes  on  the  essential  fea- 
tures of  administration  of  affairs  related  to 

the  maintenance  of  country  roads  were  ab- 
stracted from  a  paper  by  \V.  H.  Maxwell, 

before  the  Institution  of  Municipal  rmd  Coun- 
ty   Engineers. 

Good  administration,  particularly  with  ref- 
erence to  the  disposition  of  labor,  materials, 

and  plant,  is  one  of  the  leading  factors  in 
highway  maintenance  essential  to  efficient  and 
economical  work.  In  urban  areas  suitably 
placed  central  depots,  with  railway  sidings  into 
which  materials  can  be  delivered  direct,  are 
a  great  convenience,  and  involve  the  minimum 
haulage  of  materials..  In  these  days  of  fre- 

quent labor  disturbances,  as  in  the  case  of 
the  railway,  dock,  and  colliery  strikes,  the 
necessity  of  getting  all  materials  on  the  spot 
well  in  advance  of  requirements  has  been 

greatly  emphasized  of  late,  in  order  that  an- 
noying delays  may  be  avoided.  Delay  in  any 

form  means  increased  cost  of  the  work  in 
hand,  frequently  entails  loss  of  good  weather 
suitable  for  the  work,  and  always  gives  regret- 

table inconvenience  to  the  general  public. 

Wherever  much  work  is  in  progress  con- 
stant inspection  and  supervision  is  a  good  in- 

vestment, and  to  this  end  the  inspecting  staff 
should  be  provided  with  appropriate  means 
of  quick  and  convenient  locomotion.  Local 
materials  should  be  employed  wherever  of 
suitable  quality,  but  some  counties  are  par- 

ticularly deticient  in  good  quality  stone  suit- 
able for  first-class  roads  carrying  considerable traffic. 

Over-centralization  of  the  practical  work 
of  road  maintenance  is  not  desirable.  It  is 

apt  to  lead  to  so-called  "red-tape"  methods, 
costly  delays,  and  lack  of  individual  attention. 
Road  maintenance  should  be  carried  out 

through    the    responsible    highway    authorities 
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provided.  The  inlets  at  either  end  have  suffi- 
cient depth  below  the  bottom  of  the  pipe  to 

permit  some  accumulation  of  silt.  These  in- 
lets are  constructed  of  concrete,  the  same  ma- 

terial being  frequently  used  for  the  pipe ;  al- 
though vitrified  pipe  is  permitted.  The  bot- 

tom of  the  siphon  is  at  sufficient  depth  so  that 
vitrified  pipe  is  wxll  protected  from  breakage 
by  road  traftic,  but  some  danger  from  freezing 
exists. 

The  dimensions  of  the  inlets  for  various 
sizes  of  pipe  in  the  design  illustrated  are  as follows : 

D  =  dlaniPlui- of  sIphciM.  B.  C. 
Ins-  Ins.  Ins. 
1"    18  24 
12    18  24 

JS    24  SO 
II    24  SO 20    30  S6 
24    30  SC 

Ditch   Crossing. 

by  the  direct  employment  of  labor,  thus  en- 
suring a  local  interest  in  the  work,  close  super- 
vision and  prompt  attention,  which  is  almost 

impracticable  under  any  too  distant  and  high- 
ly  centralized   system   of   administration. 

Stereotyped  standardized  methods  in  many 
matters  connected  with  road-making  and  main- 

tenance are  to  he  deprecated.  Such  methods 
destroy  the  useful  application  of  personal  ex- 

perience and  judgment  to  individual  cases, 
and  so  lead  to  mere  routine  and  lack  of  in- 

terest It  is  unlikelv  that  there  can  ever  be 
any  universal  solution  of  the  road  problem, 
inasmuch  as  local  conditions  and  requirements, 
character  and  extent  of  the  traftic.  local  facil- 

ities of  obtaining  suitable  materials,  considera- 
tions of  cost  and  the  like  must  ever  be  decid- 

ing: factors  in  arriving  at  the  most  suitable 
and  satisfactory  mode  of  treatment  in  each 

particular  case. 



1\ 

\]iMmim<erms  aed  Loailractmi 
Devoted 

ami. 

^    of   Civil    F 

i    Cost    of    L 

(  ) 

Vol.  XLII. CHICAGO,  ILL.,  AUGUST  26,  1914. 
Number  9. 

The  Salvage  of  Road  Hauling 
Machinery. 

A  few  years  ago  the  cost  of  hauling  over 
country  roads  was  thought  to  be  well  estab- 

lished for  ordinary  conditions.  Accurate  cost 
data  collected  under  many  varying  conditions 
established  a  reasonably  accurate  ton-mile 
estimating  cost  of  hauling  with  teams ;  accepted 
for  earth  roads  as  varying  between  20  and  30 
cents.  New  developments  in  machinery  have, 
however,  placed  at  the  disposal  of  the  road 
contractor  and  superintendent  other  methods 
of  hauling  which,  under  proper  conditions,  are 
more  economical  than  team  hauling.  The 
steam  and  gasoline  tractor  with  wagon  train, 
the  motor  truck  alone  or  with  trailers,  and  the 
industrial  railway,  each  have  a  definite  field  in 
which  their  use  results  in  a  saving  over  any 
other  method  that  might  be  employed. 

It  is  not  our  purpose  to  discuss  these  meth- 
ods of  hauling  or  their  limitations.  Indeed, 

any  but  a  very  general  discussion  is  valueless 
unless  applied  to  a  particular  problem.  More- 

over, each  construction  problem  is  a  study  in 
itself  and  similar  conditions  do  not  recur  with 
any  great  degree  of  frequency.  A  single  factor 
introduced  in  the  problem  may  change  plant 
requirements  completely.  For  example,  an 
unusually  large  amount  of  shallow  earth  ex- 

cavation might  call  for  so  many  teams  that 
team  hauling  of  materials  would  be  most 
profitable.  Or,  vice  versa,  a  large  brick  or  con- 

crete construction  job  with  light  grading 
would  be  handled  most  economically  by  the 
use  of  mechanical  hauling  equipment. 

Experience  has  demonstrated  that  under 
most  conditions  the  use  of  machinery  results 
in  lower  hauling  costs  and  a  saving  in  time. 
There  exists,  however,  one  serious  drawback 
to  its  more  universal  use.  The  first  cost  and 
depreciation  of  mechanical  hauling  equipment 
is  greater  than  that  of  teams  and  the  salvage 
value  is  proportionately,  less,  not  only  in  the 
actual  cash  but  in  readiness  of  market.  What 
causes  contribute  to  this  condition  and  how 
may  the  condition  be  remedied?  First  cost  is 
of  small  moment  if  the  output  is  increased  and 

a  ready  salvage  market  established.  Deprecia- 
tion is  a  definite  factor  to  consider  in  first  cost. 

Manifestly  the  problem  turns  on  the  question 
of  plant  salvage. 

Probably  the  most  serious  danger  that  con- 
fronts the  modern  road  contractor  is  that  of 

over  equipment.  Plant  suitable  for  most 
economical  results  in  road  building  is  available 
but  it  is  expensive  and  a  large  amount  is  re- 

quired. The  amount  of  capital  invested  in 
plant  that  must  remain  idle,  from  the  character 
of  the  work,  for  a  portion  of  the  year  is  large. 
Unless  this  plant  can  be  disposed  of  at  a 
reasonable  price  upon  the  completion  of  the 
work,  profits  are  tied  up  in  equipment  that 
may  be  of  small  value  on  the  next  work  un- 

dertaken, or  may  become  obsolete. 
To  alleviate  this  condition  as  well  as  to 

promote  sales  many  reliable  machinery  manu- 
facturers have  established  service  departments 

and  will  redeem  used  machinery.  The  principle 
of  this  plan  is  excellent.  Second  band  machin- 

ery is,  undoubtedly,  worth  more  to  the  manu- 
facturer than  to  anyone  else.  When  rebuilt  it 

is  practically  as  good  as  new  and,  in  the  case 
of  well  standardized  machines,  sometimes  bet- 

ter. One  manufacturer  of  automobiles,  noted 
for  the  profitableness  of  his  business,  has  a 
definite  policy  of  replacement,  allowing  a  sub- 

stantial value  for  old  machines.  This  practice 
is  of  great  assistance  to  contractors  and  should 
be  developed.  The  proper  salvage  of  plant 
used  in  road  haulage  is  by  no  means  a  new 
idea,  but  the  importance  of   its  consideration 

with  reference  to  hauling  equipment  will  be- 
come more  apparent  with  the  increased  use  of 

machinery  for  this  work  which  will  un- 
doubtedly come  in  the  next  few  years. 

The  Ownership  of  Vault  Space  under 
Streets. 

The  ownership  of  vault  space  under  streets 
has  long  been  a  matter  of  dispute  between 
cities  and  abutting  property  owners.  In  cities 
where  the  street  ownership  is  in  question  the 
regulation  of  vault  space  by  these  municipali- 

ties has  often  proved  difficult.  Where  vault 
rights  have  been  granted  it  has  been  necessary 
for  the  cities  to  supervise  the  construction  of 
retaining  walls,  which  in  a  measure  has  made 
them  responsible  for  the  safe  construction  of 
these  walls.  Where  failures  have  occurred,  re- 

sulting in  the  sinking  of  streets  and  often  in 
damage  to  adjacent  structures,  the  question  of 
damages  has  often  been  a  troublesome  one. 
The  New  York  Supreme  Court  recently 

handed  dow'n  a  decision  defining  the  ownership 
of  the  vault  space  under  streets,  the  fee  of 
which  has  always  been  retained  by  the  abutting 
property  owners.  The  right  of  the  city  to  de- 

mand payment  for  vault  space  under  Cortlandt 
St.  was  denied  by  the  tenants  and  owners  of 
the  property  at  the  northwest  corner  of  that 
street  and  Broadway.  A  judgment  was  entered 
against  the  city  at  an  earlier  trial  and  the 
case  was  appealed.  In  a  unanimous  decision 
the  .'\ppellate  Division  upheld  the  right  of  the 
city  to  regulate  and  demand  payment  for  vault 
space,  irrespective  of  the  street  ownership,  the 
decision  being  based  on  the  broad  grounds  of 
public  interests. 

In  handing  down  this  decision,  Justice 
Laughlin  made  the  following  comments : 

The  city  owes  a  duty  to  the  traveling  public. 
That  duty  requires  the  city  to  supervise  the 
construction  of  vaults,  and,  regardless  of 
whether  the  city  floes  or  does  not  own  the  fee 
of  the  street,  in  permitting  an  abutting  owner 
to  construct  a  vault,  the  city  has  the  right  to 
exact  a  reasonable  fee  to  cover  the  expense  to 
which  it  will  be  subjected  in  supervising  the 
construction  of  vaults  and  in  inspecting  them. 
It.  as  the  trial  court  decided,  the  plaintiffs  have 
not  the  right  to  maintain  the  vaults  without  a 
permit  from  the  city  they  are  not  entitled  to 
enjoin  the  city  from  interfering  with  or  filling 

up  the  vaults. 
The  sound  doctrine  must  be,  and  is.  that  even 

though  the  abutting  owner  owns  the  fee  he  may 
not  open  or  undermine  the  street  without  a  per- 

mit from  the  local  authorities,  who.  if  they  de- 
termine that  it  is  compatible  with  the  public  in- 

terests to  grant  it.  may  even,  where  the  appli- 
cii't  ov/ns  the  fee,  in. pose  such  reasonable  con- 

ditions as  will  protect  the  municipality  against 
liability  to  third  parties  and  indemnify  it  against 
the  expense  to  which  it  will  be  subjected. 

Competitive    Bidding    Between    Hired 
Forces    of   the    City   of 

Philadelphia. 

The  report  of  the  Bureau  of  Highways  of 
Philadelphia  states  that  an  innovation  was 
tried  out  during  the  latter  part  of  1913  by 
having  the  foremen  of  the  bridge  repair  gangs 
bid  against  each  other  on  several  jobs.  The 
plan  seems  to  be  a  successful  cme  and  capable 

of  development  in  the  way  of  having  the  city's 
employes  bid  against  the  contractors  on  re- 

pairs to  bridges,  where  it  is  practical. 
The  scheme  had  the  effect  of  placing  the 

foremen  more  on  their  mettle  and  increasing 
their   pride   in   the   work,   and    much   to   their 
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credit  even  the  ordinary  laborers  in  the  dif- 
ferent gangs  took  more  than  a  passing  in- 

terest in  the  job  after  it  was  awarded  to  their 
foremen.  The  competition  was  keen  and  in 
one  instance  $10  represented  the  difference  in 
the  range  of  the  lump  sum  prices  submitted  by 
four  men  on  a  job,  which  the  low  bidder  agreed 
to  do  for  $410.21.  The  actual  cost  of  the  work 

was  $-393.96,  appro.ximately  four  per  cent  below 
the  figure  submitted.  This  method  is  bound 
to  create  a  healthy  condition  in  the  personnel 
of  the  repair  corps  if  it  is  properly  encouraged, 
and  will  ultimately  redound  to  the  benefit  of 
the  city  if  the  scheme  can  be  perfected  so  as 
to  have  the  men  bid  against  the  contractors 
on  the  more  extensive  repair  jobs. 
The  possibilities  here  may  be  appreciated 

when  it  is  known  that  on  account  of  the 

hazard  attending  this  kind  of  work,  contrac- 
tors invariably  add  to  their  percentage  of 

profit  a  sum  sufficient  to  cover  all  contin- 

gencies. Unpublished  Engineering  Studies. 
On  several  occasions  we  have  urged,  in  these 

columns,  that  the  results  of  departmental  ex- 
periments and  studies  be  given  publicity 

through  the  medium  of  the  annual  report  of 
the  municipal  department  under  which  such 
studies  were  made.  We  are  well  aware  that 
such  investigations  often  are  of  such  nature 
that  their  results  are  too  voluminous  to  be 
given  space  in  the  annual  report  which  must 
be  limited  in  size.  There  are  other  well 
recognized  mediums  for  the  dissemination  of 
such  information,  however,  and  it  is  to  these 
that  we  desire  to  call  attention.  In  short,  it 
is  not  from  a  lack  of  a  suitable  vehicle  that 
the  results  of  studies  are  not  given  publicity, 

but  because  those  who  could  make  them  pub- 
lic do  not  take  the  trouble  to  do   so. 

To  illustrate,  in  all  of  the  engineering  de- 
partments of  our  larger  cities  the  principal 

engineering  assistants  conduct,  at  times,  cor- 
respondence with  those  in  similar  positions  in 

other  cities  with  a  view  of  learning  the  ex- 
periences of  the  latter  in  regard  to  certain 

engineering  questions. 
Thus  an  engineer  in  the  sewerage  depart- 

ment of  a  certain  city  may  send  out,  to  other 
cities,  a  list  of  questions  drawn  to  bring  out 
the  results  of  their  experience  in  the  use  of 
patented  jointing  materials  for  use  in  laying 

pipe  sewers.  The  fraternal  spirit  existing  be- 
tween the  engineering  departments  of  the 

various  cities  ensures  satisfactory  co-opera- 
tion in  such  enquiries.  The  replies  to  the 

questions  are  usually  made  the  basis  of  a  re- 
port by  the  department  conducting  the  studv. 

These  reports,  as  a  rule,  are  not  given  the 
publicity  they  deserve.  They  are  used  by  the 
department  preparing  them  and  are  filed  after 
they  have  served  their  immediate  purpose. 
The  profession  as  a  whole  is  seldom  made 

any  better  informed  as  a  result  of  the  inves- 
tigation. This  is  an  unfortunate  and  unneces- 

sary condition  and  should  be  corrected. 
The  engineering  journals  are  continually 

looking  for  just  such  matter  for  publication. 
While  the  journals  make  many  efforts  to  col- 

lect at  first  hand  information  of  this  char- 
acter they  are  less  successful  than  1he  prac- 
ticing engineer,  since  they  do  not  enjoy  the 

same  co-operation  acccorded  by  one  engi- 
neering department  to  another.  For  this  rea- 

son investigators  will  find  the  several  journals 
willing  to  give  publicity  to  the  results  of  these 
studies. 

.'\gain.  these  matters  mav  properly  be  made 

the  subject  of  papers  before  engineering  so- 
cieties. The  desirability  of  papers  on  specific 

rather  than  general  subjects  is  well  recognized 
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by  the  secretaries  of  the  societies  and  carefully 
prepared  papers  giving  the  results  of  special 
studies  and  investigations  are  usually  eagerly 
accepted  by  societies  for  discussion  and  pub- 
lication. 
Of  course  some  investigators  make  use  of 

the  agencies  here  suggested,  but  many  others 
do  not.     All  are  urged  to  do  so. 

An  Interesting  Development  in  Munici- 

pal Research:  A  University's  Re- 
port on  a  City's  Pavements. 

Among  the  first  works  undertaken  by  the 

newly  created  Municipal  University  of  ."Vkron, 
Ohio,  was  an  investigation  of  and  report 
upon  the  pavements  of  -Akron,  made  at  the 
request  of  the  city  council.  The  council  re- 

quested a  report  on  the  present  condition,  cos'. 
and  durability  of  Akron  pavements;  the  cost 
of  various  types  of  pavements  and  the 
adaptability  of  each  type  to  different  classes 
of  traffic;  nnd  the  difference,  if  any,  between 
the  contract  and  day  labor  system  of  per- 

forming municipal  work — a  large  order  and 
inclusive. 

In  approaching  this  problem  considerable 
ingenuity  was  used.  To  secure  necessarv 
data,  in  addition  to  the  collection  of  reports 
and  information  from  other  cities,  the  follow- 

ing men  and  organizations  were  employed  and 
paid  from  funds  appropriated  by  the  Uni- 

versity for  this  work. 
Two  co-operative  students  in  civil  engineei  - 

Ing  from  the  University  of  CincinnRti  inspected 

every  pavement  in   the  city  and  classified   it  as 
to  Its  present  condition. 
Four  students  from  the  University  of  Akron 

tabulated  the  data  thus  obtained. 
The  New  York  Bureau  of  Municipal  Research 

made  a  complete  report  upon  the  paving  speci- 
fications. 

The  American  Society  of  Civil  Engineers  mado 
a  search  in  its  library  and  furnished  a  bih- 
lio^aphy  on  paving  materials  covering  publi- 

cations made  during  the  last  two  years 

In  reporting  upon  the  proper  paving  ma- 
terials to  be  used  and  whether  pavements 

should  be  laid  by  contract  or  by  labor  directly 

employed  by  the  city,  some  general  informa- 
tion is  given  but  the  report  states  that  the 

decision  of  this  problem  rests  with  the  city 

officials.  In  the  language  of  the  report.  "The 
university  is  primarily  an  educational  insti- 

tution and  cannot  assume  to  dictate  the 

policies  of  the  city  administration.'"  In  the final  summing  up,  a  number  of  excellent 
recommendations  are  submitted  for  the  con- 

sideration of  the  city  council. 
The  interesting  point  in  connection  with 

this  report,  and  others  of  a  like  nature  pre- 
pared by  research  bureaus,  is  the  consulting 

nature  of  the  work.  The  question  arises  as 
to  the  present  status  of  consulting  municipal 
engineers;  and  the  tendency  toward  the  de- 

velopment of  "research  bureaus"  for  con- 
sulting work  in  the  field  of  municipal  organi- 

zation, engineering  and  efficiency,  being 
shown  in  increasing  measure  in  the  last  few 
years.  What  is  the  future  of  this  field  of 
work?     It   is   a   commonly     accepted     notion 

among  engineers  that  there  is  small  demand 
for  e.xpert  and  accurate  advice  upon  municipal 
problems,  in  short,  that  the  field  is  limited  in 
extent.  Perhaps  this  is  true;  and  yet,  the 

appointment  of  numerous  investigating  com- 
missions, the  employment  of  research  bureaus 

to  prepare  reports  on  work  accomplished  and 
various  other  "reform  measures"  adopted  by 
cities  throughout  the  country;  the  almost  uni- 

versal, as  it  were,  locking  of  the  stable  door 
after  the  horse  is  gone,  point  out  most 
clearly  the  great  need  of  expert  planning  of  a 
city's   work. 

The  information  desired  by  the  city  coun- 
cil of  -Akron  is  similar  to  that  which  every 

city  council  should  have  with  reference  to 
its  own  particular  paving  problems.  Such  in- 

formation is  necessary  to  the  proper  appor- 

tionment and  administration  of  a  city's finances,  and  to  the  economic  solution  of  the 
larger  problems  of  construction.  How  these 
data  have  been  secured  in  the  past  is  a 
mystery.  Perhaps,  in  addition  to  other  duties 
as  numerous  as  those  of  the  illustrious  Pooh- 
Bah,  the  city  engineer  has  been  called  upon 
to  furnish  information,  often  to  his  unde- 

served undoing. 

The  development  of  the  idea  of  the  appli- 
cation of  business  methods  to  municipal  prob- 

lems has  been  rapid  in  the  past  few  years.  We 
have  city  planning  commissions  with  their 
experts,  city  managers,  research  bureaus  and 
other  plans  for  securing  efficiency  in  planning 
work.  The  field  evidently  exists,  the  lines 

along  which  it  will  develop  we  do  not  ven- 
ture   to   predict. 

lji\UL 
Design  Features  of  the  Approaches  of 

the  North  Side  Point  Bridge, 
Pittsburgh,  Pa. 
(Staff  .-Xrticle.; 

In  our  issues  of  March  2-5  and  June  17  we 
described  the  design   features  of  the  two  531- 
ft.   steel    spans   and    of   the   three    river   piers 
of  the   North   Side   Point    Bridge,    Pittsburgh, 
Pa.     In   this   issue  we   shall   consider  the  de- 

sign   features    of    the    north    and    south    ap- 
proaches of   this   bridge. 

NORTH    APPROACH. 

The    north    approach    consists    of    a    series 
of   six  rcinforeeti  concrete  arches  of  varying 

-  Sta  li  '  93  07,  El  Curb  ?««* 

longest  span  being  adjacent  to  the  o81-ft. 
river  span.  These  arches  rest  on  concrete  pile 
foundations.  The  retaining  wall  construc- 

tion has  a  length  of  about  442  ft.  and  an 

extreme  width  of  o-j  ft.  6  ins.  Figure  1  show's 
an  elevation  of  the  north  approach.  This 
drawing  indicates  the  type  of  construction  and 
gives  the  general  dimensions  of  the  various 
units  of  the  approach.  It  will  be  noted  that 
the  approach  is  on  a  4.i)383  per  cent  grade. 
To  facilitate  drainage  the  inside  faces  of  the 
retaining  walls  are  lined  with  a  !)-in.  course 
of  broken  stone.  A  system  of  tile  drains 
near  the  bases  of  the  walls  is  also  provided. 

The  retaining  walls  rest  on  an  old  fill,  which 
was    formed   by  general   dumping.     They   are 

To  decrease  the  lateral  pressure  of  the  fill 
against  the  reinforced  concrete  retaining  walls 
it  is  proposed  to  use  granulated  blast-furnace 
slag  for  the  filling  behind  them,  although  the 
central  portion  of  the  fill  is  earth.  The  weight 
of  the  granulated  slag  is  about  bo  lbs.  per 
cubic  foot,  and  it  can  be  obtained  at  a  com- 

paratively cheap  price  in  the  Pittsburgh  dis- 
trict. 

SOUTH    APPROACH. 

The  south  approach  has  a  total  length  of 
about  913  ft.  it  consists  of  two  arches,  hav- 

ing clear  spans  of  73  ft.  (i  ins.  and  8.")  ft.  0  in., 
and  about  728  ft.  of  retaining  wall  construc- 

tion. This  approach  is  on  about  a  5  per  cent 
grade.      The    portion    adjacent    to    the    river 

Grade  -4  =>?^  7  ' 

-a  Panels  946-sj^ 

Fig.  1.    Elevation  of   North   Approach  of  North   Side   Point   Bridge,   Pittsburgh,   Pa. 

spans  and  a  long  fill  between  concrete  retain- 
ing walls.  The  total  length  of  the  approach 

is  about  8G0  ft.  The  clear  spans  of  the  arches 
are :  85  ft.  U  in. ;  73  ft.  G  ins. ;  63  ft.  5  ins. ; 
54  ft.  8  ins. :  47  ft.  0  in.,  and  40  ft.  4  ins. :  the 

constructed  in  .•icclii.ns  uith  a  vertical  expan- 
sion joint  at  each  pilaster.  .A  horizimtal  tongue- 

and-groove  joint  is  also  provided  between  the 
coping  and  the  body  of  the  wall  to  prevent 
the  cracking  of  concrete  along  this  line. k/9'7- 

Showing   Type  of  Construction. 

span  b.i>  an  extreme  widtii  of  55  ft.  (i  ins. 
This  width  continues  for  about  175  ft.,  where 

the  approach  forms  a  "Y,"  one  branch  of which  joins  the  approach  to  the  adjacent 
Point   Bridge    over    the    Monongahela    River. 

% 

» 
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while   the   other  continues   in   a   direction   ap-  roadway    are    generally    unequal.      Figure    2 
pro.ximately  parallel  to  that  river.     The  latter  shows  an  elevation  and  a  plan  of  the  portion 

branch   has   an   extreme  width  of   72    ft.   and  of   the  south   approach  between   the   "Y"  and 
continues   for  a  distance  of  about  623   ft.  be-  the   river   pier. 

Present  Monongahela. 

Pli/er  Bridge  ' 

"•.A  llegheny  River 

SrPttslFuV-fll:- No.Z 

(al  Elevation 

Fig.  2.    Arch  Spans  and  Y  Connection  of  Solid  Fill   of  South  Approach   of  North   Side  Point Bridge. 

yond    the    "Y."      The    roadway    of    this    part  types   of   ret.-mning   walls. 
of  the   approach  has  a  clear  width  of  48   ft.,  As  the  height  of  the  retaining  walls  varies 

while  that  between  the  "Y''  and  the  river  span  greatly  at  different  points  three  types   of   re- 
has    a    clear    width    of    36    ft.      The    pilasters  taining  walls   are   used, 
of  the  retaining  walls  are  spaced  41   ft.  apart  Up  to  a  height  of  about   15   ft.  the  gravity 

ing  is  a  1  -^Vz  :5  mix.  The  drawing  shows  the 
details  of  the  construction  joint  between  the 

coping  and  the  body  of  the  wall.  To  facili- 
tate drainage  the  inner  face  of  the  wall  is 

lined  with  a  9-in.  layer  of  broken  stone,  while 
a  6-in.  pipe  drain  runs  parallel  to  the  wall 
near  its  base. 

For  walls  having  heights  between  about  15 

ft.  and  25  ft.  the  cantilever  type  is  used.  Fig- 

ure 8  (b)  shows  a  cross  section  of  the  can- 
tilever type  at  about  its  highest  point  in  the 

wall.  The  section  shown  has  a  height  of  25 
ft.  3%  ins.  and  a  width  of  base  of  4  ft.  The 
footing  has  a  width  of  11  ft.,  projecting  3  ft. 
beyond  the  face  and  4  ft.  beyond  the  back  of 
the  wall.  Below  a  plane  6  ft.  above  the  bottom 
of  the  footing  the  concrete  is  a  1 :2%  :5  mix; 
above  this  plane  a  1 :2 :4  mix  is  used.  The 
arrangement  and  sizes  of  the  reinforcement 
are  shown  in  the  drawing. 

For  walls  having  a  height  greater  than  25 
ft.  the  counterfort  type  is  used.  Figure  3  (c) 
shows  a  cross  section  of  the  counterfort  type 
at  about  its  highest  point  in  the  wall.  The 
section  shown  has  a  height  of  37  ft.  4%  ins. 
and  a  width  of  footing  of  14  ft.  11  ins.  The 
counterfort  extends  from  the  rear  face  of 
the  footing  to  the  under  side  of  the  copiiig. 
The  concrete  in  the  footing  is  a  1 :2y2  :5  mix, 
while  that  in  the  body  of  the  wall,  the  coping 
and  the  counterfort  is  a  1:2:4  mix.  The 
counterforts  for  the  retaining  walls  are  spaced 

about  13  ft.  8  ins.  on  centers;  their  thick- 
ness varying  with  the  height  of  the  wall. 

The  9-in.  course  of  broken  stone,  which  is 

placed  against  the  back  of  all  retaining  walls, 
contains  stones  ranging  in  size  from  3  to  9 
ins.  The  6-in.  terra  cotta  tile  drains  are  laid 

with  open  joints,  and  are  bedded  in  a  2-in. 
layer  of  clay  near  the  rear  of  the  footings. 

ARCH     SPANS. 

The  north  approach  contains  six  arches  hav- 
ing clear    span   lengths  as   follows :     85   ft.   0 

■<-3— T— ;-6~. 

iChange  of  Mix  Line 

'  —  bars  id'cc -5^o"lg 

Broken  Stone 

Drain 

1-3  3  1-3 

Broken  Stone 

-■'-   8-0-— 

(a)  Gravity  Type 

'''-§'_bars  m'cc.  5'-o"lg- 
"curtain  bars 

.-9  Broken  Stone 

Cliange  of  Mix  L  in^,  oi  i>p 

bars  6 cc 

^.._;      fbars 
(b)  Cantilever  Type 

(c)  Counter-Fort  Type 

iji)'  I  Floor  bars 

IS^SMix 

'yryS?:...'  4-i"bars 

'i-^i  --^i .  -  under  counter 

Fig.  3.    Types  of  Retaining   Walls  Used  in  the    Approacnes  of   North   Side    Point   Bridge. 

on  centers,  a  vertical  expansion  joint  being 
provided  in  the  retaining  wall  at  each  pilas- 

ter. On  account  of  the  shape  of  fill,  upon 
which  this  approach  is  built,  the  heights  of 
the   retaining  walls   on   the   two   sides   of   the 

type  of  retaining  wall  is  used.  Figure  3  (a) 
shows  a  cross  section  of  this  type  of  wall, 

designed  for  a  height  of  15  ft.  The  con- 
crete in  the  coping  is  a  1  ;2  :4  mix.  while  that 

in  the  remainder  of  the  wall  and  in  the  foot- 

in.;  73  ft.  G  ins.:  63  ft.  5  ins.:  .54  ft.  8  in.s. : 

47  ft.  0  ins.,  and  40  ft.  4  ins.  The  south  ap- 
proach contains  two  arches  having  clear  spans 

of  85  ft.  0  in.,  and  73  ft.  li  ins.  .All  arches 

have  solid  arch  rings,  the  intrados  radii  being 
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three-centered.  The  arch  rings  are  construct- 
ed in  monolithic  strips  between  construction 

joints  at  the  abutments  and  piers.  The  trans- 
verse spandrel  walls  have  construction  joints 

just  above  the  arch  ring,  except  for  the  walls 
near  the  center  of  the  arch,  where  their  heights 

are  small.  These  spandrel  walls  are  contmu- 
ous  under  the  roadway  and  are  connected  by 
means  of  a  reinforced  concrete  strut  to  the 

continuous  longitudinal  spandrel  walls  under 
the  outer  face  of  the  sidewalk.  The  arch  ring 

is  reinforced  with  a  transverse  lattice  truss 

under  each  spandrel  wall.  The  following  table 

gives  the  general  dimensions  of  each  arch 
span : 

Thickness  of 
Clear  span. Rise  of  arch, arch    at 

ft.  ins. crown,    ft. 

So— 0 
20-3% 3.49 

73—6 
26— 2V4 

3.18 
63—5 

22— 7%. 2.93 

54—8 l!i— 6 2.70 
47-0 IG— 9 2.52 
40—4 

14— 4H 2.35 

Fig.  4,  a).  .'Kt  the  expansion  joints  the  span- 
drel walls  are  capped  with  channels,  with 

their   flanges  turned   downward. 

The  facing  ring  of  the  arch,  which  sup- 
ports the  outside  of  the  sidewalk  slab,  is 

shown  in  Fig.  4  (c).  This  drawling  also 
shows  a  portion  of  a  transverse  lattice  girder 
and  indicates  the  I-beam  tie  which  connects 

the  coping  of  the  facing  ring  to  the  floor  slab. 

The  piers  which  support  the  arches  rest 
on  Ravmond  concrete  pile  foundations.  Figure 

.")  (p.  199)  shows  a  half  plan,  an  end  elevation 
and  a  half  longitudinal  section  of  the  pier  sup- 

porting one  end  of  an  85-ft.  arch  span.  These 
draw'ings  give  the  principal  dimensions  of  the 

pier  and  indicate  the  reinforcement  at  the  bot- 
tom of  the  footing.  The  average  settlement 

of  eight  piles,  due  to  a  60-ton  test  load,  left 
in  place  for  36  hours,  was  3-16  in. 

Both  approaches  are  provided  with  a  struc- 
tural iron  railing,  with  cast-iron  posts  spaced 

from  about  9  to  11  ft.  apart. 

yds     1,314 
15-in.  terra  cotta  sewer  pipe,  lin  ft        750 
Catch  basins            13 
Manholes       ^ 

The  contract  price  for  this  work,  based  on 
the  above  quantities,  was  $264,063. 

PERSONNEL. 

The  structure  was  designed  by  the  Bureau 
of  Construction,  Department  of  Public  Works 
of  Pittsburgh,  of  which  N.  S.  Sprague  is  su- 

perintendent ;  T.  J.  VVilkerson,  division  engi- 
neer, and  Emil  Swensson,  consulting  engineer. 

Booth  &  Flinn,  Ltd.,  are  tlie  contractors  for 
the  construction  of  the  approaches. 

Cast-iron  Pipe  in  England. — Cast-iron 
soil  pipes  and  pipe  fittings  for  house  drainage 
have  largely  replaced  wrought  iron  through- 

out Great  Britain.  While  the  subsidiar\'  mains 
are  constructed  of  vitrified  earthenware  pipes, 
the  conduits  leading  thereto  from  buildings  are 

now  generally  of  cast  iron.     Under  the  build- 

-'-r.xD  JO'Of-  Curb_erade_-4.9383
%_ 

(J  bars  
•"■ 

\.,f  borj  is'cc/f 

|W3..,[i^'f,.  •;  -.--t (c)   Section  SB (dJ  Transverse   Strut 

Fig.   4.     Longitudinal    and    Cross    Sections   of   85-Ft.     Reinforced  Concrete   Arch   Spans   in   Approaches   of 
North  Side   Point  Bridge,  Pittsburgh,  Pa. 

Figure  4  (a)  shows  a  longitudinal  section 
on  the  center  line  of  an  arch  having  a  clear 
span  of  8.1  ft.;  FiRure  4  (b)  shows  a  half 
cross  section  of  the  arch  at  the  center  of  the 
span;  Figure  4  (c)  shows  a  cross  section 
of  the  portion  of  the  arch  under  the  sidewalk  ; 
anrl  Fig.  4  (d)  shows  details  of  the  steel 
reinforcement  under  the  spandrel  walls. 
These  detail  drawings  show  the  size  and  ar- 

rangement of  the  reinforcement,  the  dimen- 
sions of  the  various  parts  of  the  arch,  and 

the  position  of  construction  joints. 
The  reinforced  concrete  floor  slabs  have 

transverse  expansion  joints  at  about  the  Quar- 
ter points  of  the  spans,  these  joints  being  cen- 

tered over  the  transversi-  spandrel  walls   (see 

QU.\NTITIES   OF    MATERIALS    AND   COST. 

The  approximate  quantities  of  materials 
contained  in  the  two  approaches  are  given  in 
the   following  table: 

Concrete,  except  paving  base,  cu.  yds. ..  .16,970 
Masonry,    coping,    moulding  and    pylons, 

cu.  yds          51 
Reinforcing  steel,    tons        528.7 

Structural  steel,  tons          "5.5 Excavation,    cu.    yds   13,400 
Slag  fill,  cu.  yds   12.800 
Hand  railing,  lin.  ft    3,500 
Concrete  pillnK,  lin.  ft   2S,SnO 
Concrete  sidewalks,  sq.  ft   14,192 
Stone    block    paving.    Including  base,   sq. 
yds    2,952 

Rranlte  crossings,  sq.  ft     1,220 
Concrete  curb,  Iln.  ft    1,496 
Stone    block    street    railway    paving,    sq. 

ing  laws  it  is  at  present  necessary  that  the 
drain  pipes  from  each  building  or  house  shall 
run  separately  into  the  subsidiary  street  main, 
and  not  connect  up  with  such  drains  from 
other  buildings.  For  premises  erected  prior  to 
this  requirement,  inspection  has  been  made  by 
the  local  sanitary  authorities  and  the  owners 
of  the  buildings  served  with  a  notice  requiring 
the  substitution  of  the  new  method  of  drain- 

age. According  to  a  building  trade  journal, 
the  prices  in  England  of  cast-iron  soil  pipes 
are  as  follows  per  ton :  3-in.  diameter,  $29.81 
to  $30.90 ;  4  to  6-in,  $29.20  to  $30.42 ;  7  to  24-in., 
$26.1.5  to  $29.20;  coated  with  composition,  $1.22 
per  ton  extra;  turned  and  bored  joints,  $1.22 

per  ton  extra. 
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Process    of    Oxy-Acetylene     Welding 

and  Equipment  of  Typical  Torches. 
Autogenous  welding  is  a  general  term  given 

to  welding  when  the  metal  fuses.  In  the  ordi- 

nary blacksmith's  weld  the  metal  does  not 
fuse ;  it  becomes  plastic  and  is  hammered  to- 

gether, but  unless  hammered  no  weld  would 
be  produced.  Autogenous  welding  is  carried 
on  in  several  different  ways,  but  as  here  re- 

ferred to  it  is  by  means  of  acetylene  burned 
with  oxygen.  The  use  of  oxygen  with  other 
combustible  gases,  consisting  of  an  oil  gas, 
hydrogen  and  a  few  other  forms,  is  somewhat 
common,  but  these  gases  are  not  efficient  ow- 

ing to  limitations  of  temperature.  The  process 
using  acetylene  necessarily  makes  very   much 

playing  the  flame  around  that  drop  until  it 
assumes  the  shape  D.  With  a  sharp  corner, 
such  as  at  C,  no  satisfactory  weld  would  be 
produced,  as  there  would  be  a  spot  on  each 
side  which  could  not  be  welded. 

The  theory  of  the  process  of  oxy-acetylene 

welding  is  explained  in  Fig.  2.  A  "Davis- 
Bournonville"  high-pressure,  positive-mixer 
torch  is  shown  in  Fig.  2  (a).  The  acetylene. 
Cz  Hi,  passes  in  at  the  side  orifices  and  is  ig- 

nited. When  it  is  ignited  in  air  a  reaction 
takes  place  as  shown  (2^  parts  of  oxygen 
uniting  with  1  part  of  acetylene  yield  carbon 
dioxide  and  water),  and  the  reaction  produces 
a  temperature  about  the  same  as  that  of  ordi- 

nary illuminating  gas  (about  2,500°  F.).  The 
oxygen  in  this  case  is  taken  from  the  air. 

therefore  this  reaction  must  also  take  place  in 
the  envelope.  The  additional  amount  of  oxy- 

gen is  in  both  cases  obtained  directly  from  the 
air,  if  a  satisfactory  torch  is  used. 
The  carbureting  arrangement  in  the  torch, 

which  is  generally  at  the  base  of  the  tip,  cor- 
responds to  the  carburetor  of  an  automobile, 

and  if  it  is  not  adequate  or  not  of  a  good  type 
the  mixture  and  reaction  will  not  take  place  as 
given  above.  If  too  large  a  proportion  of  oxy- 

gen is  supplied  this  additional  oxygen  cannot 
possibly  unite  with  a  combustible  element  in 
the  high  temperature  zone  of  this  reaction  be- 

cause all  the  carbon  is  used  up  by  one  part  of 
oxygen.  Therefore  the  surplus  must  pass 
through  to  the  envelope,  and,  as  shown  at  Fig. 
2  (c),  we  have  the  reaction  indicated  (2  parts 
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Fig.  5.    Half  Plan,  End  Elevation  and  Half  Longitudinal    Section    of    Pier    for    85-Ft.    Arch 
Spans  of  North  Side  Point  Bridge,  Pittsburgh,    Pa. 

the  hottest  flame,  owing  to  the  large  amount 
of  carbon  in  the  compositon  of  the  gas. 

The  following  data  on  the  process  and  con- 
trol equipment  of  typical  oxy-acetylene  torches 

were  taken  from  a  paper  by  Henry  Cave,  in 
the  Journal  of  the  .\merican  Society  of  Me- 

chanical Engineers. 
The  process  of  acetylene  welding  is  not 

generally  understood.  There  is  a  knack  in 
making  a  strong  weld  that  can  be  acquired 
only  by  the  exercise  of  considerable  judg- 

ment and  practice.  Figure  1  illustrates  the 
procedure  followed  in  making  a  typical  weld. 

The  torch  tip  here  carries  a  flame  of  6,300° 
F.  playing  on  the  metal,  and  a  pool  of  molten 
metal  is  first  formed  at  A.  The  metal  is  heated 
approximately  as  indicated  by  the  shaded 
portion  shown  in  Fig.  1.  Upon  that  spot  is 
deposited  a  drop  of  molten  metal  from  the 
rod  of  adding  metal  B,  the  end  being  fused 
into  the  melted  pool  C.  The  drop  is  then 
fused  still  further  so  as  to  adhere  thoroughly 
to  the  piece   to  which   it   is   being  welded  by 

When  oxygen  is  supplied,  from  a  cylinder 
or  other  source  of  supply  of  pure  gas,  pass- 

ing in  under  pressure  at  the  opening  indicat- 
ed at  the  end  of  the  tip  (Fig.  2,  b)  and  strik- 

ing the  acetylene,  which  is  also  under  pres- 
sure, at  right  angles,  a  thoroughly  homoge- 
neous mixture  is  produced,  and  when  a  mix- 

ture of  I  part  of  oxygen  and  1  part  of  acety- 
lene is  provided  by  the  size  of  orifices,  the  re- 

action is  as  shown  in  Fig.  2  (b),  (1  part  of 

o.xygen  uniting  with  1  part  of  acetylene  yield- 
ing hydrogen  and  carbon  monoxide). 

The  temperature  of  6,.300°  F.  is  obtained  in 
the  bright  cone  at  the  end  of  the  tip.  The 
hydrogen  cannot  burn  in  that  high  temperature 
zone  (as  it  cannot  unite  with  the  oxygen),  be- 

cause it  is  above  the  dissociation  temperature 
of  water.  It  therefore  passes  out  to  the  long 

flame,  which  is  called  "the  envelope,"  and burns  to  H=0 ;  neither  can  the  carbon  monoxide 
(the  product  of  the  first  reaction),  unite  with 
the-  additional  oxygen  to  produce  carbon  di- 
ovide    in    the    high    temperature    zone,    and 

Fig.    1.      Diagram     Illustrating     Process     of 

Making   Weld   With    Oxy-Acetylene  Torch. 

of  oxygen  uniting  with  1  part  of  acetylene 
yielding  hydrogen,  carbon  monoxide  and  a 
surplus  of  free  oxygen). 

Part  of  the  surplus  oxygen  going  to  the  en- 
velope unites  with  either  the  hydrogen  or  the 

carbon  monoxide  and  forms  carbon  dioxide  or 
water  vapor  in  the  secondary  reactions,  so  that 
a  portion  only  of  the  oxygen  required  for  these 
reactions  is  taken  from  the  air  instead  of  all 
of  it;  i.  e.,  some  of  it  is  taken  from  the  source 
of  supply,  at  a  cost  of  about  ZVi  cts.  per  cubic 
foot,  instead  of  being  obtained   from  the  air 

Fig.   2.     Diagrams    Illustrating   Theory  of 

Oxy-Acetylene   Process   and   Showing 
Several  Types      of  Torches. 

without  cost,  which  is  obviously  an  uneconom- 
ical condition. 

If  the  means  for  bringing  the  oxygen  and 

acetylene  together  are  not  such  as  will  pro- 
duce a  vortex,  and  therefore  cause  all  the 

molecules  of  oxygen  to  come  into  contact  with 
those  of  the  carbon  in  the  acetylene,  a  certain 
proportion  of  the  oxygen  will  pass  out  of  the 
tip  unconsumed,  through  the  high  temperature 
zone.  To  allow  for  this  a  larger  amount  of 

oxygen  must  be  supplied  to  obtain  the  nor- 
mal adjustment  of  the  flame,  which  is  dis- 

tinguished by  the  clear  outline  of  the  inner 
cone.  It  can  thus  be  seen  that  this  clear  out- 

line does  not  necessarily  mean  that  the  flame 
is  neutral,  as  the  flame  must  necessarily  be 
oxydizing  if  the  surplus  oxygen  is  present  as 
above  noted.  The  normal  adjustment  may 

therefore  indicate  a  proportion  of  1  part  oxy- 
gen to  1  part  of  acetylene  (1.12  to  1  is  the 

nearest  to  this  which  has  been  obtained)  or 

it  may  indicate  as  high  as  -2  parts  of  oxygen 
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to   1   part  of  acetylene    (1.8  to   1   being  very 
common). 

If  too  large  a  proportion  of  o.xygen  is  sup- 
plied through  the  tip  for  the  normal  setting 

as  given  above,  the  flame  is  shortened  and  the 
color  is  changed.  The  tlame.  condition  shown 
in  Fig.  2  (d)  indicates  too  large  a  proportion 
of  acetylene  or  a  shortage  of  oxygen  from 
the  normal  setting,  the  acetylene  showing  an 
extra  or  extended  point  on  the  bright  welding 
flame.  These  two  extreme  conditions  are 
used  by  the  operator  to  adjust  the  flame,  but 
he  can  only  adjust  it  within  the  limits  of  the 
mixing  device.  The  tip  shown  in  Figs.  2  (a) 
and  (b)  is  illustrated  because  it  is  a  simple 

representation  of  the  "high-pressure  positive- 
mixture"  carbureting  device,  but  it  has  now 
been  changed  to  tlie  form  shown  in  Fig.  2  (e), 

the  principle  of  which,  how-ever,  is  the  same. 
The  tip  is  seated  in  a  cone,  and  the  oxygen 
passes  through  the  central  orifice  and  the 
acetylene  through  the  radial  orifices,  striking 
together  so  that  there  is  no  question  of  a 
thoroughly  molecular  contact  of  the  gas  be- 

ing produced  before  the  gases  pass  out  and  arc 
ignited. 

Another  type  of  torch,  which  is  shown  dia- 
grammatically  in  Fig.  2  (f),  is  that  in  which 
the  two  gases  are  brought  together  by  what 
is  termed  the  injector  principle,  oxygen  pass- 

ing in  and  shooting  straight  through  a  cham- 
ber which  contains  acetylene  either  under 

several  pounds  pressure  or  under  a  pressure 
of  only  a  few  ounces.  The  conditions  are 
practically  the  same  in  both  cases.  The  oxy- 

gen shoots  through  and  the  capillary  attrac- 
tion or  "skin  friction"  of  the  o.xygen  draws  in 

the  acetylene  and  produces  a  condition  in 
which  there  is  pure  oxygen  in  the  center  and 
pure  acetylene  around  the  outside,  with  the 
mixture  in  a  zone  between  the  two.  The  in- 

jector is  made  just  as  smooth  as  possible  in- 
side, so  as  not  to  produce  any  vortex.  This 

torch  is  made  in  various  styles.  Sometimes 
the  injector  cone  is  a  narrow  passage  and 
sometimes  it  has  an  area  of  considerable  size. 
Frefjuently  there  are  jogs  or  enlargements  in 
the  passage  to  facilitate  a  mixture  of  the 
gases.  .All  the  gas,  however,  passes  through 
the  center. 

Another  type  of  tip  is  shown  in  Fig.  2  (g). 
This  type  differs  only  in  detail  from  the  one 
previously  described,  the  principle  being  tliat 
of  an  injector  (although  without  a  cone), 
there  being  no  control  of  the  proportion  of  the 
two  gases  which  pass  in  by  orifices — such  as 
are  shown  in  Figs.  2  (a),  (b)  and  (e) — the 
size  of  the  orifices  in  these  tips  being  accurate- 

ly determined  for  the  various  sizes  of  tips  by 
the  amount  of  gas  required,  thus  insuring  the 
correct  proportions  at  all  times. 

Another  type  is  shown  in  Fig.  2  (h),  in 
which  there  are  passages  which  regulate  the 
amount  of  gas  passing  through,  but  these 
passages  are  in  the  head  of  the  torch  instead 
of  in  the  tip.  When  a  larger  or  smaller  tip  is 
inserted,  the  mixing  passage  remains  the  same; 
therefore  only  one  of  the  set  of  tips  for  that 
torch  has  orifices  which  are  correctly  propor- 
tioned. 

Figure  2  (i)  represents  the  cutting  opera- 
tion. This  torch  tip  has  a  control  passage 

through  which  the  jet  of  oxygen  passes.  It 
also  has  a  side  passage  which  carries  an  or- 

dinary heating  flame  which  heats  the  metal  in 
advance.  There  is  also  a  following  flame,  the 
same  as  that  used  for  welding,  which  merely 
keeps  the  metal  in  a  fluid  condition  so  that  it 
will  run  out  of  the  cut. 

Bridge  Cost  Record  Used  by  the  Illi- 

nois Highway  Commission. 

(Staff  Article.) 

The  Illinois  Highwav  Commission  has  pre- 

pared a  ■Bridge  Cost  Record"  for  use  m 
keeping  data  in  the  field  and  in  determming 
the  final  cost  of  its  bridge  work  which  greatly 

facilitates  and  svstematizes  this  work.  The 

record  is  in  book  form  and  contains  87  pages. 

It  is  4yo.xT%  ins.  in  size  and  has  a  flexible 

leather  binding.  Each  inspector  in  charge  of 
the  construction  of  a  bridge  is  given  a  copy 

of  the  record.  In  addition  to  keeping  account 

of  the  quantities  of  materials  and  the  costs, 

as  outlined  hv  the  forms  contained  in  the  cost 

record,  the  inspector  is  required  to  mail  to  the 

oflice  dailv  a  report  card  showing  the  progress 

of  the  work.  This  report  card  is  post  card size.  ^    , 

The  upper  half  of  the  first  page  of  the  rec- 
ord book  contains  the  form  for  recording  gen- 

eral data  on  the  particular  bridge  under  con- 
struction, the  following  data  being  recorded: 

Date   

Removing  old  bridge   

Dry  excavation   

Wet  excavation   

Driving  sheet  piles   

Pulling  sheet  piles   

Pumping  while  excavating  . . 

Pumping  while  concreting. . . 

Driving  bearing  piles   

Building  forms   

Bending  and  placing  steel .  . 

Mixing  and  placing  concrete 

Building  falsework   

Removing  forms   

Removing  falsework   

Labor  on  New  York  Subways. — Some  12,- 
."ilT  men  are  now  at  work  ia  the  construction 
of  subway  .systems  in  Xew  York  City,  accord- 

ing to  the  last  report  of  progress  of  Alfred 
Craven,  chief  engineer  of  the  Public  Service 
Commission.  It  appears  that  more  than  half 
the  work  is  now  under  contract,  but  that  when 
all  contracts  have  been  let,  a  matter  perhaps 
of  only  a  few  months,  the  number  of  men 
will  be  almost  doubled.  The  city  has  $126,- 
•114,11(1(1  in  contracts,  in  progress  or  com- 
pleted. 

File  No   

Name  of  bridge   

County      

Township      

Span    Roadway 

Type      

Inspector      

Contractor      

Time    limil   

Total   

Schedule  of  wages. 

Fig.   1.      Left-Hand   Page   of  Form  for 
Labor  Record. 

Pages  2,  3  and  4  are  blank,  and  pages  3,  6, 

7  and  8  contain  the  following  set  of  "Instruc- 

tions'": 

\s  soon  as  work  starts  on  the  bridge  assigned 
to  you,  fill  ii-.  the  blank  spaces  on  the  cover  of this  Dook  with  ink. 

ITEM 

DATE                                                  191 
Total 

for 

Week 

Total 

Deliv'd 

Concrete 

placed  cu.  yds. 

Cement  used 

bbls. 

Cement 
del  bbls. 

Stone 
del.  cu.  yds. 

Sand 

del.  cu.  yds. 

Gravel del.  cu.  yds. 

Steel del.  lbs. 

■ 

Form  lumber 
del.  Mft.  B.  M, 
Piling 

del.  No. 

Sheet  piling 

del.  \I  ft.  B.  M. 

Falsework  timber 
del.  M  ft.  B.  M. 

Schedule  for  hauling 

Fig.  2.     Form  for  Material  Record. 
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Diagram. — On  the  first  page  following  tliese 
instructions,  draw  a  diagram  of  the  bridge 
.showing  the  abutments,  wings,  footings,  piers, 
girders  and  rails.  Show  the  north  point  and 
direction  of  stream  flow.  Use  the  following  ab- 

breviations to  denote  the  different  parts  of  the 
structure: 

N.  S,  E  and  W  =  north,  south,  east  and  west. 
A  =  abutment. 
W  =  wing. 
f  =  footing. 
P  :=  pier;  PI  =  pier  No.  1,  etc. 
S  =  span;  SI  —  span  No.  1,  etc. 
F  =  floor;  Fl  =  floor  span  No.  1,  etc. 
G  =  girder. 
R  =  rail. 
By  combining  these  abbreviations,  each  of  the 

various  parts  of  the  bridge  may  be  indicated  as 
NAf  =  north  abutment  footing;  NGl  =  nortli 
girder  span  No.  1,  etc. 

The  above  system  of  abbreviations  may  1)e  ex- 
tended or  diminished  to  suit  the  bridge  in  ques- 

tion and  is  to  be  used  in  the  labor  and  material 
records  for  the  purpose  of  designating  the  part 
of  the  structure  on  which  tlie  worlt  is  done. 

Labor  Record. — Under  "Schedule  of  wages"  at 
the  bottom  of  the  first  page  of  the  labor  record, 
make  a  schedule  showing  the  rate  of  pay  per 
hour  received  by  the  various  men  employed  on 
the  work  such  as  a  =  foreman  at  60  cents  per 
hour;    b    —   laborers  at   25   cents  per   hour;   c   = 

Material 

Cost Name  of 
Company 
Furnishing 

Same At  R.  R. 
Station 

At 
Bridge 

Stone   

Sand   

Gravel   

Steel   

Piling.. . 

Fig.   3.      Form    for    Material    Data. 

carpenters  at  40  cents  per  liour;  etc.  If  the 
i-ontractor  pays  the  iioard  of  the  men  in  addi- 

tion to  the  daily  wage,  the  cost  of  board  to  the 
men  should  be  included  in  the  rate  of  pay  per 
l.our.  Tlie  daily  labor  record  should  show  the 
part  oi-  parts  of  the  work  under  way,  the  num- 
ler  of  iiours  .at  each  rate  of  pay  and  the  total 
labor  cost.  The  foreman's  time  should  be  dis- 

tributed (-ach  day  among  the  various  items  in 
proportion  to  the  labor.  For  instance,  if  the 
schedule  of  pay  is  as  given  above  and  five  la- 

borers work  ten  hours  each  in  excavating  pier 
No.  1;  three  laborers  work  ten  hours  each  driv- 

ing sheet  piles  for  pier  No.  2,  and  two  car- 
penters work  ten  hcurs  each  building  forms  for 

the  south  abutment,  the  day's  record  would  be 
as  follows;  Opposite  the  item  of  "Dry"  or  "Wet 
excavation,"  as  the  case  may  be,  would  appear, 
PI,  50  b,  5  a  =  $15.50.  Opposite  "Driving  sheet 
piling"  would  appear  P2,  30  b.  3  a  =  $9.30;  and 
opposite  "Building  forms"  would  appear  SA,  20 
c,   2  a  =  .S9.20. 

IVIaterials. — Under  "Schedule  for  hauling"  at 
the  bottom  of  the  first  page  of  the  "Material 
Record,"  make  a  schedule  showing  the  rate  per 
day  or  per  unit  of  material  for  team  hauling, 
using  letters  x,  y,  z,  etc.,  to  avoid  confusion 
with  the  labor  schedule.  For  instance,  if  the 
hauling  is  done  by  the  day  at  $4.50  for  a  ten- 
hour  day,  at  the  bottom  of  the  page-would  ap- 

pear X  =  45  cents  per  hour  per  team.  Then  if 
on  a  given  day  three  teams  haul  gravel  for  ten 
hours  and  deliver  three  yards  each,  one  team 
hauls  cement  ten  hours  and  delivers  thirty  bar- 

rels; then  in  the  day's  record  for  hauling  would 
appear  opposite  "Cement  delivered"  30,  10  x  = 
$4.50.  and  opposite  "Gravel  delivered"  9,  30  x  = 
$13.50. 

If  the  hauling  is  done  at  a  certain  rate  per 
unit  of  m.aterial,  as,  for  instance,  50  cents  per 
cubic  yard  for  gravel,  at  the  bottom  of  the  page 
should  appear  "Gravel  hauled  at  50  cents  per 
cubic  yard,"  and  it  is  not  necessary  to  record for  the  day  anything  more  than  the  Kumber  of 
units  hauled  and  the  total  cost  for  the  day. 

If  gravel,  stone  or  sand  is  purchased  or  hauled 
by  the  ton,  the  equivalent  number  of  cubic  yards 
may  be  computed  on  the  basis  of  one  cubic  yard 
of  gravel  weighing  3,000  lbs.;  one  cubic  yard  of 

sand  weighing  2,750  lbs.;  one  cubic  yard  of 
broken  stone  weighing  2,.j00  lbs. 

On  a  succeeding  sheet  under  "Schedule"  give the  cost  of  materials  at  point  where  team  haul 
begins. 
Determine  each  day  the  amount  of  concrete 

placed  by  measurement  in  the  forms  and  in  the 
proper  space  record  this  amount  and  by  abbre- viations where  used. 
Record  the  amount  of  cement  used  each  day 

the  total  for  each  abutment  and  for  each  pier. 
The  total  lineal  feet  of  permanent  piling  left  in 
the  ground  for  the  entire  bridge  should  be  given 
at  the  end  of  the  record. 

Tests.— Record  in  a  systematic  manner  all 
gravel  and  sand  tests,  tests  on  foundation  and 
any  other  tests  which   you   may  make. 

Instructions. — Record  all  suggestions  given  to 
the  foreman  or  received  from  your  division  en- 

gineer. Cement     bbls. 

Hauling  cement    miles 

Crushed  stone     cu.   yds. 

Hauling   crushed   stone   miles 

Sand      cu.   yds. 

Washing  sand     cu.  yds. 

Hauling  sand    miles 

Gravel     cu.  yds. 

Washing    gravel   cu.  yds. 

Screening  gravel      cu.  yds. 

Hauling  gravel      miles 

Form  lumber     M.  ft.  B.  M. 

Falsework  lumber    M.  ft.  B.  M. 

Wire,    nails,    etc   lbs. 

Hauling  form  lumber   miles 

Hauling  falsework  lumber   miles 

Reinforcing  steel      lbs. 

Hauling  steel     miles 

Rockers      lbs. 

Asphalt     sals. 

Hauling  rockers  and  asphalt   miles 

  round  piles  at  bridge  site   ft.  long 

Cost  of  driving  piling   lin.  ft. 

Sheet  piling   M.  ft.  B.  M. 

Hauling  sheet  piling   miles 

Cost  of  driving   

Cost  of  removing   

Labor  on   cu.    yds.   dry  earth  exc   hrs. 

Labor  on   cu.  yds.   wet  earth  exc   hrs. 

Cost  of  pumping  during  exc   hrs. 

Cost  of  pumping  during  cone   hrs. 

Labor  building  forms   hrs. 

Labor  building  falsework   hrs. 

Labor  bending  and  placing  steel   lbs. 

Labor  mixing  and  placing  concrete   hrs. 

Labor    removing   forms   hrs. 

Labor  removing  falsework   hrs. 

Traveling  expenses    

Kxtras      

Extras      

Incidentals      

@  $   per   bbl.   =  $. 

@  $   per   bbl.  =  $. 

@  $   per  cu.  yd.  =  $. 

@  $   per  c".  yd.  =  J. 

@)  $   per  cu.  yd.   =  $. 

@  $   per  cu.  yd.   =  $. 

@  $   per  cu.  yd.  =  $ . 

@  $   per  cu.  yd.  =  $. 

@  $   per  cu.  yd.   =  $. 

@  $   per  cu.  yd.   =  $. 

@  $   per  cu.  yd.  =  $. 

@  $   per    M.   =  $. 

@  $   per   M.  =  $. 

@  $   per  cwt.  =  $. 

@  $   per   M.  =:  $. 

@  $   per   M.  =  $. 

@  $   per  cwt.  =  $. 

@  $   per  cwt.   =  $. 

@  $   per  cwt.  —  $. 

@  $   per  gal.  =  $. 
(a)  $   per  day  =  $ . 

@  $   per   pile  =  $. 

@   $   per  linear  foot  =  $. 

@  $   per    M.  =  $. 

@  $   per    M.   =  $. 
  M.  ft.  B.  M.  of  sheet  piling  =  $ . 

  M.  ft.  B.  yi.  of  sheet  piling  =  $. 

@  $   per  cu.  yd.  =  $. 

@  $   per  cu.  yd.   =  $. 

@  $   per  hr.   =  $. 

@  $   per  hr.  =  $. 

@  $   per  hr.  =  $. 

@  $   per  hr.   —  $. 

@  $   per  cwt. 

@  $   per  hr. 

@  $   per  hr. 

@  $   per  hr. 

$. 

$. 

$. 

$. 

=  $. 

=  $. 

=  $. 

=  $. 

Salvage  on  lumber  and  falsework 

Total  net  cost  to  contractor   

Total  amount  due  contractor   

Profit    or  loss   

Total . 
.  =  $. 
.  =  $. 

.  =  $. 

.    =  $. 

Fig.  4.     Form  for  Detail  Cost  of  Bridge  Work — Actual  Cost. 

and  check  against  concrete  placed,  and  amount 
required  by  the  specifications  for  the  material 
being  used. 
Falsework  lumber  includes  piles  or  posts, 

bracing,  wedges,  beams  and  stringers.  The 
lumber  for  the  floor  belongs  under  "Form  lum- 

ber." If  piling  is  used  for  the  falsework,  add  a 
sufncient  number  of  board  feet  to  the  rest  of 
the  falsework  lumber  to  make  up  for  the  cost  of 
the  piling. 
Permanent  Piles. — The  "Piling  Record"  refers 

to  piles  used  as  a  part  of  tile  permanent  work 
and  should  show  the  original  length,  eut  oft  and 
net  length   of  each   pile,   and   should  also  show 

Material  Data.— The  material  data  sheet  is  in- 
serted to  show  in  a  concise  form  al  data  on 

materials.  The  cost  should  be  for  units  of  ma- 
terial. The  column,  "Name  of  Company  Fur- 
nishing Same,"  should  show  the  brand  of  ce- ment and  the  name  and  address  of  the  company 

furnishing  stone,  sand  or  gravel,  and  steel.  For 
the  other  items,  it  will  be  sufTicient  to  give  the 

hauling  station.  Under  "Remarks"  give  the hauling  station  or  stations  of  the  cement,  stone, 
etc. 

If  the  gravel  is  used  from  a  local  pit.  make. 
it  a  point  to  visit  the  pit  at  some  convenient 
time  and  give  a  description  of  the  same  on  the 
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preceding  blank  page,  grlving  location,  name  of 
owner,  a  rough  estimate  o(  the  available  gravel 
In  pit,  etc. 

Detail  Cost  Summary. — As  soon  as  the  work  is 
nnlshed,  with  the  exception  of  removing  the 
falsework,  fill  out  the  detail  cost  sheets  at  the 

of  the  lumber  and  the  complication  of  the  form 
work.  It  the  contractor  has  work  on  which  the 
lumber  will  be  used  several  times,  this  should 
be  taken  into  consideration  in  figuring  salvage. 
For  instance,  if  the  form  lumber  can  be  used 
on   three   different   jobs,    the   salvage   would    ba 

Summation  of  cost  per  cu.  yd.  for  placing   cu.  yds.  of  concrete  and   pounds  of  steel. 

This  does  not  include  cost  of  round  piling,    expansion  rockers,  or  removing  old  bridge. 

Cost  per  cu.  yd.  of  concrete. 

Cement    bbls.   @  i   per   bbl.  =  $   

Stone    cu.  yds.   @  %   per  cu.  yd.  =  i   

Sand      cu.  yds.   @  i   per  cu.  yd.  =  $   

Gravel     cu.  yds.   @  $   per  cu.  yd.  =  $   

Liabor  on  forms  per  cu.  yd.  of  concrete     —  $   

Form  materials  per  cu.  yd.  of  concrete     —  S   

Labor  on  falsework  per  cu.  yd.  of  concrete     =  $   

Falsework  materials  per  cu.  yd.  of  concrete    =:  i   

Cost  of  steel  In  place  per  cu.  yd.  of  concrete     —  S   

Cost  of  mixing  and  placing  concrete     =  $   

Cost  of  excavation  per  cu.  yd.  of  concrete     =  $   
Total  =  i   

Cost  of  exc.  per  cu.  yd.  of  substr.  concrete     =  $   

Cost  of  falsework  per  cu.  yd.  of  superstr.  cone     =  S   

Cost  of  removing  old  bridge     =  i   

fOive  brief  description  of  old  bridge.) 

Fig.  5.     Form  for  Cost  per  Cubic  Yard. 

end  of  the  book  with  pencil.  Each  item  of  cost 
should  include  all  items  that  may  properly  be 
Included  thereunder,  as.  for  instance,  cost  of 
pumping  during  excavation  should  include  cost 
of  rigging  of  pump,  fuel.  etc..  and  cost  of  driving 
piling  should  Include  cost  of  rigging  up  driver, 
removing  sjime,  etc. 
The  item.  "Labor  Removing  Falsework,"  will 

G7  per  cent  less  the  value  of  the  lumber  wasted. 
If,  however,  the  contractor  buys  new  lumber  and 
«ells  it  when  the  work  is  finished,  the  salvage 
would  be  the  selling  price  of  the  lumber  which 
might  not  be  more  than  15  per  cent. 

In  summarizing  the  cost  per  cubic  yard  of 
concrete,  each  item  in  the  summary  should  in- 

clude all  of  the  detail  items   that  properly  be- 

Concrete  shown  on  plans   Superstr. 

Reinforcing  steel  shown  on  plans   Superstr . 

Concrete  actually   used   Supeistr. 

Reinforcing  steel  actually  used    Superstr. 

Extra  concrete  authorized  In  superstr   

  cu.    yds.     Substr   cu.   yds. 

     lbs.     Substr     lbs. 

.  ...cu.    yds.     Substr   cu.    yds. 

   lbs.     Substr     lbs. 

  19   cu.  yds. 

Extra  concrete  authorized  In  substr   19   cu.  yds 

Reduction  In  concrete  authorized  In  superstr   19   cu.  yd.s. 

Reduction  In  concrete  authorized  In  substr   19   cu.  yds. 

Piling  authorized   19   lin.   ft. 

Fig.  6.     Form  for  Summary  of  Quantities. 

inking  on  the  cost  sheets,  send  the  book  to  the 
office.  Have  this  book  with  you  on  the  job  at 
all  times  so  that  your  division  engineer  may 
examine  it  when  he  comes  to  visit  the  work. 

If  in  doubt  about  anything,  ask  your  division 
engineer. 

Pages  9  and  10  are  blank,  and  on  page  11 

there  is  the  following  heading:  "Plan  of 
Bridge,  Showing  .-Abbreviations  to  Be  Used  on 
Labor  Sheets,"  with  space  below  for  record- 

ing these  data. 
Pages  12  and  13,  to  34  and  35,  inclusive. 

which  face  each  other,  contain  duplicate  forms 

for  making  out  the  "Labor  Record."  The 
left-hand  page  contains  the  data  shown  in 
Fig.  1.  The  right-hand  page  is  ruled  in  a 
similar  manner,  the  last  column  of  which  has 

the  heading  "Total." Pages  36  to  47,  inclusive,  contain  dupli- 
cate forms  for  recording  the  "Material  Rec- 

ord." Each  form  fills  one  page  and  is  made 
up  as  shown  in  Fig.  2. 

have  to  be  estimated  in  most  cases,  as  yo<i 
will  probably  not  be  on  the  Job  when  this  work 
is  done. 
The  Item,  "Incidentals,"  should  Include  only 

such  Items  as  cannot  properly  be  applied  to  the 
detail  work  items.  Incidentals,  extras,  travel- 

ing expenses,  etc.,  are  to  be  distributed  among 

long  In  the  summary  item.  For  Instance,  forms 
per  cubic  yard  of  concrete  should  Include  lum- 

ber, nails,  wire,  etc.,  and  excavation  should  in- 
clude cost  of  sheet  piling,  excavation,  puinping, 

etc. Disposal   of  Records. — When   your  cost  record 
Is   complete,    mall    the   book    together   with    the 

r:ontract   price   superstructure      Dollais  (?. 

Extras  superstructure         Dollars  ($. 

Contract  price  substructure   Dollars  ($. 

. . .  .cu.  yds.  extra  concrete  ®  ($   )  per  cu.  yd   Dollais  ($. 

  lln.   ft.  piling  ®   (J   )   per  lln  ft      Dollars  ($. 

Total   $   

.cu.  yds.  reduction  in  cone.  iJ  ($.'. .)  per  cu.  yd   Dollars   ($   ) 
Net  amt.  due  contractor    Dollars  ($   ) 

Fig.  7.      Form   for   Payments    Recommended. 

the  cost  per  cubic  yard  items  as  may  seem  most 
appropriate,  giving  In  the  detail  Items  an  In- 

dication of  the  distribution. 
The  salvage  on  lumber  and  falsework  Is  an 

Item  subject  to  considerable  variation.  It  de- 
pends mostly  upon   the  dimensions  and  quality 

plans,  to  your  division  engineer.  He  will  check 
the  same  and  return  the  book  to  you  for  cor- 

rections If  any  are  necessary,  and  you  should 
then  letter  with  Ink  the  four  detailed  cost 
sheets.  The  other  data  mav  be  In  pencil,  but 
do   not   use  a   softer  pencil   than   a   4H.     After 

il 

  Br   1914 

Tp   County   

INSPECTOR'S   DAILY   REPORT. 

Kind  of  Work 
No.  of Mrs.  Work 

pP"«f  .     Remarks 

Complete  d 

Pier 

Floor Girder 

Pier 
Floor 

Building  False  Wk 

Hauling  Material ...1   

■■■■.      1   

Removing  Forms 
1 

  1   Material 
on  Ground 

1 

Sand  j  Gvl. Stone 
Sfl   1     Bridge 
Rods     Material 

Total  Men  Work- 

1 

  p.  0    Inspector 

Fig.  S.      Form   for   Inspector's   Daily   Report. 

The  forms  for  keeping  the  "Piling  Record" data  are  given  on  pages  50.  51.  52  and  53. 
Each  page  is  divided  into  four  columns  by 
vertical  lines,  the  heading  for  these  columns 

being  "Pile  No.";  "Length";  "Cut  Off,"  and 
"Net  Length."  Each  page  contains  space  for 
25  pile  records. 

From  page  34  to  page  74,  inclusive,  there  are 
given  blank  spaces  for  recording  such  items 
as :  Bearing  Tests  on  Foundation  (3  pages)  ; 
Gravel  and  Sand  Tests  (3  pages)  ;  Sugges- 

tions Given  to  Foreman  (4  pages,  ruled  hoi;- 
izontally)  ;  Instruction  from  Division  Engi- 

neer (4  pages,  ruled  horizontally)  ;  and  7 bl.ink  pages. 

On  page  75  there  is  given  a  "Material Data"  form  which  is  made  up  as  shown  in 

Fig.  3. 
On  pages  76,  77,  78  and  79  there  is  given 

a  form  for  determining  the  "Detail  Cost  of 
Bridge  Work— Actual  Cost."  In  the  cost  rec- ord book  the  item  and  the  quantity  are  on  the 
left-hand  page  and  the  unit  and  total  cost 
on  the  right-hand  page.  This  form  is  made 
up  as  shown  in  Fig.  4.  ^ 

Pages  80  and  81  contain  the  "Cost  Per 
Cubic  Yard"  form.  This  form  occupies  both 
the  left-hand  and  the  right-hand  pages,  a  small 
space  being   left  at   the  bottom   of  the  pages 
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for  a  brief  description  of  the  old  bridge.    This 
form  is  shown  in  Fig.  5. 

On  the  upper  half  of  pages  82  and  83,  ex- 
tending across  both  pages,  there  is  given  the 

form  for  the  ■'Summary  of  Quantities."  This 
form  is  shown  in  Fig.  6. 

The  lower  half  of  pages  82  and  83  con- 

tain the  form  for  "Payments  Recommended." 
This  form  extends  across  both  pages  and  is 

made  up  as  shown  in  Fig.  7. 

Pages  84,  85,  8G  and  87  are  blank  pages. 

D.\ILY    REPORT    FORM. 

The  form  used  by  the  inspectors  in  making 
out  their  daily  report  is  shown  in  Fig.  8. 
The  form  is  post  card  size  (3%x5%  ins.),  and 

contains  on  the  opposite  side  the  commis- 
sion address  and  a  space  for  a  1-ct.  stamp. 

Method    and    Cost    of    Making    House  Hie   property   owner   for   doing   his   plumbing. 

u     ivT         /-^  1  Such  requests  are  usually  received  from  sev- 
Connections  to  the  New  Uneans  ^^^j  plumbers,  often  as  many  as  six  or  eight, 

Seweraee  System.  for  a  single  piece  of  work. 
,  The  next  step  is  the  application  for  the  con- 

The  work  of  the  sewer  house  connection  sub-  „e(,tion.    This  application   is  made  out  by  the 
department  of  the  Sewerage  and  \\  ater  Board  plumber  on  a  printed   form   furnished  by  the 
of   New   Orleans,  consists   of  the  building  by  Board    for   this   purpose.    This    application   is 
force    account    of    connections    between    the  ̂ .^^^^  j^  ̂ j^^  record  office  and  duly  entered.    If 
public    sewers    and    the    property    lines ;    the  application  has  previouslv  been  made  by  some 
supervision   of   the   building,   by   plum_bers,   of  ̂ ^^^^^  plumber,  or  if  it  appears  that  the  prop- 
a    few    such    connections    less    than    i     ft.    in  gj.j^,_   ̂ ^   described   in  the   application,   has   al- 
length    and    furnishing    such    information    as  ^.^^Jy    ̂ ^^^    connected    with    the    sewer,    the 
mav  be  required  by  the  other  departments  ot  ̂ ^^^^  j^  returned  for  correction.    After  receiv- 
the  Sewerage  and  Water  Board,  by  plumbers  j^^^  ̂ j^^   approval  of  this  department,   the  ap- 
and   by    the   public.    The   procedure   and   cost  pifcation    is    presented    to    the    clerk    of    the 
of    conducting    this    work    is    here    described  ^ewer   house  ccmnection   sub-department,   who 
from  information  taken  from  the  recent  report  ^^^^^   ̂ ^   jj^^   location   of   the   Y-branch   with 
of  Messrs.  Rudolph  Hering,  George  W.  Fuller  v^.^ii-f^  connection  is  to  be  made,   and   checks 
and  Harrison   P.   Eddy  on  the   work  and   or-  ^^  ̂ j^j^  connection  on   his   records   as  having 
ganization    of    forces    of    the    Sewerage    and  ̂ ^^^^  ̂ ^^^     jj^j^  ̂ ^^^].  ̂ ]^^  furnishes  informa- 
Water  Board.                                             .  tion    as    to    the    locations    of    Y-branches    to 

Organisation.— The  house  connection  sub-  plumbers  and  others  requiring  such  data,  and 
department  of  sewers,  water  mains  and  con-  ^akes  such  additions  and  corrections  to  his 
nections,  is  under  the  charge  of  an  assist-  jj^j.^  ̂ j  Y's  and  T's  as  may  be  required  by 
ant  engineer,  who  is  responsible  to  the  engi-  changes  or  additions  made. 
neer  in  charge  of  the  above  mentioned  depart-  -pj^g  application,  having  received  a  serial 
ment.  His  organization,  as  of  June  18,  1914,  number,  is  next  turned  over  to  the  clerk,  who 
consisted  of  1  chief  clerk,  3  assistant  clerks  enters  the  same  in  the  Work  Record  Book, 
1  stenographer  (on  part  time),  8  foremen,  7  ̂ ^^  makes  out  instructions  upon  proper  forms 
pipe  layers,  42  laborers  and  7  teams.  Each  of  f^j.  ̂ ^^  ̂ jg  ̂ ^d  guidance  of  the  foreman  who 
the  seven  foremen  is  provided  with  three  |^  ̂ ^  ̂ ^^^  tj,e  connection.  The  Y  slip,  from 
gangs  each  consisting  of  one  pipe  layer  and  .j^.j^ich  the  foreman  can  ascertain  the  exact 
two  laborers.  Each  foreman  also  has  one  location  of  the  Y  with  which  he  is  to  connect, 

team,  serving  the  three  gangs,  keeping  them  j^  ̂ -^^^^  attached  to  the  work  slip  or  foreman's 
supplied  with  tools  and  material.  Each  fore-  report.  This  report  blank  is  so  printed  as  to 
man  is  entitled  to  an  annual  vacation  of  two  provide  blank  spaces  for  all  information  re- 
weeks.  On  June  18  one  of  the  eight  foremen  quired  as  to  the  location  and  work  done,  and 
employed  was  acting  as  substitute  for  the  ̂ j.^^  supplies  used.  This  form  is  attached  to 
foreman  who  was  then  on  vacation.  The  total  ̂ ^^  y  slip,  is  turned  over  to  the  foreman,  as 
force  employed  in  this  department  on  June  18.  j^^j^  ̂ ^^^^  for  the  work  to  be  done, 
therefore,  consisted  of  83  men,  including  Upon  the  completion  of  the  work,  the  fore- 
drivers,  on  full  time,  and  one-quarter  of  the  .^,^,.,  returns  the  work  slip  with  the  data  en- 
time  of  one  stenographer.  tered   thereon,    including   an   accurate   account 

Amount  of  Work  Done.— This  branch  of  the  of  the  quantities  of  materials  used.  The  fore- 
work  has  increased  from  year  to  year  as  the  rnan  also  makes  out  a  daily  report,  stating  the 

system  has  been  extended.  7,367  house  con-  number  of  uncompleted  connections  left  over 
nections  having  been  built  in  1913.  The  month-  from  the  day  before,  the  number  laid  and 
ly  number  of  connections  made  from  June,  completed  on  the  day  of  the  report,  and  the 
1913,  to  May.  1914,  both  inclusive,  was  as  trenches  left  open  that  night.  This  report  also 
follows:  includes   a    memorandum   of   the   time   of   the 

Month.  .  Xumbcr.  pipe  layer,  teamsters,  labofers  and  team  work- 
June,  igis         ^35  ;r,g  that  day. 

August' ■.■.■.'.'.'.■.■.'.■.'.'.'.'.'.■.'.'•'.".•'•'.^.  •'■■••  •'•'•■'■      762  Upon    the    completion    of    a    connection    the September         gSl  foreman   making  it   turns    in   a   report,   stating 

October          ^m,  ̂.j^^  condition  in" which  he  found  the  street  and 
December    '  ■.■.■.■.'.■.■.■.■.".■. '. '. '. '.'.'.'.'.'. '. '. '. '. '. '.'. '. '. '. '.      615  sidew^alk  when  he  began  work,  the  condition  in 
Janu.irv.  1911         86^  which    he    left    the    sidewalk    upon    the    com- 
February          C^g  pletion  of  his  work,  and  how  he  left  any  pav- 

Aprii        .'^'.'.'.'.'.'^.'.'.'.'/.'.'.'.'.'.'.'.'.. '.'.'.'■'■■■'■  ],07fl  ing  or  other  materials  piled   on  the  street  or 
Mav  .'.'.'.'.'.'.'.   ^016  sidewalk.   The  data  contained  upon  this  report 

,j,  (^,                                                             S  S35  card  are  turned  over  to  the  paving  sub-de
part- 

•Aportion'otthe'fo^oewas'laidofrVnNovem-  ment,    and    forms    the    basis    for    its    work    in ber  bfc.ause  of  doubt  as  to  legality  of  doing  this  maintaining     safe     conditions,     restoring     tne 

work  by  force  account.  pavement  and  cleaning  up  the  street.  ■ 

From   the   above    data   it   appears   that   the  Upon  the  completion  of  a  house  conn
ection 

number    of    house    connections    made    during  a   postal   notice   to   that   effect   is  sent   to   the 

the  oeriod  designated  averaged  -30  per  dav,  and  plumber  making  application  for  the  connection,
 

that' during   A.pril,  1914,  the  average  was  slightly  with     instructions    to    connect    the    plumbing 
more  than  43  per  day.    It   is  important  care-  therewith  within  fifteen  days, 

fullv   to    consider   these   figures,    in   order   to  Cost  /!fco»ii^.r.--The  payrolls  are  made  up 

reach  a  clear  understanding  of  the  duties  of  from  the  foremen  s  daily  reports,  and 
 bear  the 

and    the    necessity    for   the    employes    of    this  signatures  of  the  assistant  engineer  i
n  charge 

sub-department                                     '  of  the  sub-department,  the  foreman  in  charge 

Applications  for  Connections  and  OMce  of  the  men  whose  names  are  upon  th
e  pay- 

Work  Connected  Therezvith.-The  first  work  roll  sheet,  and  the  initials  of  the  cler
k  carry- 

involved  in  making  a  house  connection  is  the  ing  out  the  totals. 

result  of  a  request   for  information  as  to  the  The  foreman  s  reports,  specifying  t
he  quan- 

exact  location  of  the  Y-branch  in  the  sewer,  titles  of  materials  used  in  making  e
ach  con- 

with  which  the  connection  is  to  be  made,  by  nection.    form    the  basis    for   the   charging   o
f 

such   plumbers   as  may  be   submitting  bids  to  m.^fcriaIs  to  the  work.    .Ml  suc
h  materials  are 

entered  daily  in  a  book  account  covering  the 
individual  work  of  each  foreman.  On  the 

other  side  of  the  ledger  are  entered  the  ma- 
terials furnished  the  foreman  from  the  yard. 

At  the  end  of  the  month  the  quantity  of  ma- 
terials furnished  to  each  foreman  is  balanced 

with  the  quantity  reported  by  him  as  used  or 
on  hand  at  the  end  of  the  month,  showing  any 
deficit  or  excess.  To  this  account  is  added  the 

daily  labor  and  team  expense,  the  total  show- 
ing the  actual  expenditures  made  for  the  work 

done  by  each  foreman.  The  account  also  shows 
the  number  of  connections  which  have  been 
made  and  the  number  of  feet  of  pipe  which 
have  been  laid  during  the  month,  from  which 
the  unit  costs  per  connection  and  per  foot  of 
pipe  laid  are  computed,  thus  furnishing  an 
accurate  record  in  units,  which  are  easily  com- 

pared and  carried  in  mind.  By  aid  of  these 
accounts,  comparison  is  made  from  month  to 
month  of  the  cost  of  the  w^ork  done  by  the 
several  foremen,  who  are  advised  of  the  cost 
of  their  work.  In  this  way  a  friendly  rivalry 

may  be  established  among  the  foremen  in 
charge  of  this  work. 

The  summary  of  the  accounts  of  one  fore- 
man for  the  month  of  April,  1914,  was  as 

follows : 

Foreman's  salary     i    199-2? 
Materials            2i*-?? 
Labor           396.00 
Supervision           (b.ou 

Total       ^'^■^^VA Connections  made             »,  In 

Average  cost  per  connection          *' -"2 
Supervision,  per  cent    7 
Pipe    laid,    ft          3,704 
Cost  per  foot,  cts    -9 

To  show  the  comparative  cost  of  work  done 

by  the  several  foremen,  the  data  given  in  Table 
l'  have  been  compiled,  showing  the  costs  of 
work  done  in  December,  1913,  and  April,  1914, 

the  months  within  a  year  when  the  minimum 

TABLE  I— UNIT  COST  OF  SEWER  HOUSE 
CONNECTIONS  AT  NEW  ORLEANS  IN 
TYPICAL  MONTHS. 

DECEMBER,  1913. 
No.  of      Cost  Super- 
connec-  per  con-  Pipe  laid.  Cost  per  vision.  Fore- tions.     nection.         feet.          foot.  pet.     man. 

131            SS.el'              2,930         $0.3S  7.6            A 
141            8.1D            3,618            .32  7.1           B 
12.1              9.09             3.260              .34  8.0            C 
141              8.31              3.448              .34  7.1            D 

Worked  only  part  time  E 
APRIL,  1914. 

144  J7.48  3,382  $0.32  7.1  A 
146  7.55  3.695  .30  6.9  B 
119     8.74     3,190     .33  7.3     C 
145  7.50  3.704  .29  7.0  D 
141  7.70  3.590  .30  7.1  B 
146  7.54  3.722  .30  6.9  F 
141  7.69  3,450  .31  7.1  G 

and  maximum  numbers  of  house  connections, 

respectively,  were  made.  These  costs  do  not 
include  the  cost  of  repaying,  allowances  for 

yard  expenses,  or  overhead  expenses  other 

than  those  of  this  sub-department,  and  conse- 
quently are  not  comparable  with  the  costs 

given  in  the  annual  reports,  which  include  all 
expenses. 
From  the  data  given  in  Table  I.  it  will  be 

seen  that  there  is  some  variation  in  the  cost 

per  connection  and  cost  per  foot  of  pipe  laid 
as  between  foremen  and  as  between  different 

months  of  the  year.  The  cost  of  the  work 
done  in  December  was  found  to  be  somewhat 

higher  than  the  cost  of  work  done  in  April, 

partly  because  of  the  difference  of  the  amount 

of  w'ork  done,  615  and  1,079  connections,  re- 
spectivelv,  and  partly  because  of  the  broken 
time  due  to  the  holiday  season.  It  is  to  be 

expected  that  there  will  be  a  fluctuation  of 
costs  from  time  to  time  because  of  differences 
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in  the  difficulty  of  the  work  done.  Some  fore- 
men are  working  in  districts  where  there  are 

large  quantities  of  pavements  to  be  removed, 
which  necessarily  increases  the  cost  of  their 
work,  although  the  cost  of  replacement  of 
pavement  is  not  included  in  the  figures  given. 

Traffic  conditions  and  the  necessity  of  cross- 
ing under  car  tracks  and  the  presence  of  pipes 

and  other  structures  in  the  streets  all  affect 
the  cost  of  work  done.  These  items  and  many 
others,  however,  are  made  a  matter  of  record 
in  the  log  of  the  work  done  by  the  sewer 
house  connection  sub-department. 
SEWER  HOUSE  CONNECTIONS  M.\UE  AS  REQUESTED. 

It  has  been  suggested  that  connections  could 
be  made  at  less  cost  if  all  that  are  ever  likely 
to  be  required  in  a  given  street  are  made  at 
one  time,  instead  of  putting  in  connections  as 
requested  by  property  owners. 
A  number  of  house  connections  were  put  in 

by  this  method  ahead  of  street  paving  by  con- 
tractors upon  some  of  the  sewers.  Many  of 

these  will  never  be  used  and  substitute  con- 
nections have  had  to  be  built  on  account  of  re- 

quirements of  property  owners  and  other  con- 
ditions which  could  not  be  anticipated  at  the 

time  the  original  connections  were  built.  The 
data  on  this  subject  are  as  follows : 
Connections  brought  to  property  lines  ahead 

of  paving  by  contractors   1,510 
Number  of  above  used       673 
Number  of  above  not  yet  used       S37 
Substitute  connections  built  to  January  14, 

1914,  to  permanently  replace  original  con- 
nections which  may  never  be  used      465 

These  unused  connections  constitute  an  un- 
necessary cost  of  original  construction  and  a 

menace  to  the  sewer  system. 
It  is  possible  that  the  cost  per  connection  of 

work  done  in  such  a  way  would  be  slightly 
less  than  the  cost  per  connection  built  upon 
request.  On  the  other  hand,  a  large  number  of 
connections  made  in  this  way  have  proved  un- 

necessary, and  some  have  had  to  be  changed, 
or  new  connections  substituted  therefor.  There 
can  be  no  doubt  that  the  cost  of  unusued  con- 

nections and  connections  which  have  to  be 
changed  would  much  more  than  offset  any 
slight  apparent  saving  in  cost  due  to  putting 
in  connections  for  every  lot  in  a  l)lock  at  one 
lime. 

The  Probable  Future  of  Various  Sew- 

age Treatment  Methods. 
In  his  report  to  the  Metrnpniitan  Sewerage 

Commission  on  the  collection  and  disposal  of 
the  sewage  of  the  city  of  New  York  Mr. 
(ieorge  W.  Fuller,  at  the  request  of  the  Com- 

mission, gave  his  opinion  on  the  probable 
future  changes  in  sewage  disposal  procedure. 
The  (7i)inion  is  here  tjuoted  from  the  linal  re- 

port of  the  Commission. 
OXIDATION     .METHODS. 

These  procedures  arc  aimed  essentially  at 
the  prevention  of  putrefaction  of  sewage  mat- 

ters, and  hence  deal  particularly  with  soluble 
and  colloidal  constituents  of  sewage. 

Dilution. — This  is  the  prevailing  method 
all  over  the  world  for  securing  the  oxidation 
of  soluble  or  non-settling  sewage  matters 
wherever  there  is  ample  water  to  bring  about 
satisfactory  results.  Without  attempting  to 

state  precisely  the  digestive  capacity  of  New- 
York  harbor,  it  is  sufficient  to  say  that  for 
all  time  to  come  it  will  oxidize  under  suit- 
al)le  ccinditions  the  darilied  sewage  of  many 
Miilli(/ns  of  people.  Departures  froiri  this 
metiiod  will  be  rccjuired  solely  in  areas  where 
the  sewage  cannot  readily  be  delivered  to 
bodies  of   vvater  of   sufficient  voluine. 

The  dilution  method  has  usually  been  ap- 
plied in  this  country  under  improper  condi- 

tions. Clean  watercourses  can  be  luaintained 

with  the  dilution  methods  and  past  shortcom- 
ings should  not  inilitate  against  the  advantages 

and  economies  of  utilizing  the  digestive  capac- 
ity of  the  harbor  waters. 

I'itlralion. — Where  sewage  cannot  be  ap- 
plied to  diluting  bodies  of  water  on  account 

of  the  distance  frcmi  same  and  the  expeise 
uf  delivering  the  sewage,  filters  will  undoubt- 

edly continue  to  serve  a  useful  purpose.  I 
believe  the  future  will  show  no  radical  depart- 

ures in  the  efficiency  or  cost  of  either  sprink- 
ling or  contact  filters.  The  tendency  will  be 

towards  improvements  in  the  design  of  certain 
details.  I  am  clearly  of  the  opinion  that 
filtration  has  no  future  so  far  as  relates  to 
the  main  volume  of   New   York  sewage. 
For  certain  areas,  particularly  those  now 

comparatively  sparsely  populated,  I  think  that 
a  number  of  filter  plants  installed  and  operated 
for  a  period  of  10  to  20  years  may  in  the 
end  prove  cheaper,  even  if  then  abandoned, 
than  would  be  the  case  if  at  the  outset  the  gen- 

eral plan  should  embody  the  execution  of  col- 
lection works  for  a  central  plant  with  several 

subdivisions. 
I  look  for  improvements  in  the  preliminary 

treatment  of  sewage  to  lessen  materially  the 
odors  sometimes  attending  sprinkling  filters. 

For  certain  thickly  populated  districts  1  be- 
lieve contact  beds  are  entitled  to  careful  con- 

sideration. 
The  lessening  of  odors  requires  primarily 

the  prevention  of  putrefactive  conditions  be- 
coming established  in  the  unfiltered  sewage  by 

aeration,  oxidizing  cheinicals  and  probably  to 
some  extent  the  application  of  sewage  so  as 
to  minimize  the  opportunity  for  wind  action 
to  transport  sewage  spray. 

Aeration. — I  look  upon  aeration  as  a  prom- 
ising means  of  guarding  against  putrefaction. 

If  conditions  arise  where  it  is  necessary  to 
deal  with  sewage  which  has  to  some  extent 
undergone  putrefaction  I  consider  it  possible 
that  organic  matter  to  a  limited  extent  may 
l)e  reduced  through  oxidation  by  air.  Except 

for  limited  quantities  of  unstable  organic  sub- 
stances aeration  cannot  be  counted  upon  as 

an  oxidizing  agent  in  practice.  It  provides 
molecular  oxygen,  whereas  the  bulk  of  the 
organic  matter  of  sewage  is  oxidized  only  by 

the  atotuic  oxygen  of  certain  powerful  oxi- 
dizing agents,  or  the  slow  o.xidation  effected 

through  bacterial  action. 
The  function  of  aeration  is  essentially  one 

of  artificially  prolonging  the  period  of  de- 
composition of  sewage  on  an  inoffensive  aero- 

bic basis.  It  may  be  that  conditions  will  arise 
where  the  occasional  application  of  air  by  arti- 

ficial means  will  permit  the  dilution  method  to 
be  employed,  whereas  without  aeration  or 
some  similar  treatment  the  dilution  method 
would  present  objectionable  and  offensive 
shortcomings. 
On  the  score  of  cost  the  aeration  method 

for  general  use  does  not  look  promising ;  and 

this  is  particularly  true  of  the  New  York  con- 
ditions where  the  sewage  oscillates  back  and 

forth  for  a  period  of  time  that  makes  a  de- 
mand on  the  atmospheric  oxygen  greater 

than  is  the  case  with  many  flowing  inland 
streams. 

O.vidiziug  Chemicals. — The  cost  of  applying 
such  chemicals  as  liquid  chlorine  and  hypo- 

chlorite of  lime  or  soda  is  prohibitive  on  ac- 
count of  the  relatively  small  amount  of  or- 

ganic matter  that  is  oxidized.  The  true  func- 
tion of  such  agents  is  the  killing  of  bacteria, 

and  within  certain  limits  they  are  useful  as  a 

preservative  for  sewage  to  prevent  decomposi- 
tion rather  than  to  effect  complete  ultimate 

oxidation  of  the  nonsettling  organic  matters. 
Eleclrolylic  Treatment. — A  good  deal  is 

claimed  from  time  to  time  for  the  economical 
advantages  derived  from  the  application  of 
electricity  in  various  types  of  electrolytic  cells 
in  oxidizing  the  organic  matters  of  sewage.  In 
particular  is  this  claimed  where  the  current 

may  be  applied  to  sea  water.  While  improve- 
ments in  this  direction  may  be  possible,  I  do 

not  believe  that  they  are  promising  enough  to 
warrant  consideration  of  electrolytic  treatment 
as  a  substitute  for  the  dilution  method. 

The  electrolytic  production  of  chemicals  to 

precipitate  certain  colloidal  and  other  non- 
settling  organic  matters  may  prove  desirable 
in  the  future  and  worthy  of  adaption  under 
some  conditions.  This  method  would  be 
used,  however,  in  conjunction  with  settling 
tanks,  and  could  be  employed  supplementary 
to  such  tanks  without  requiring  material 
changes  in  the  design  of  tanks  built  for  plain 
sedimentation  alone. 

CLARIFICATION. 

The    purpose   of   clarification   devices   is   to 

prevent  unsightly  sewage  solids  appearing  in 
the  diluting  water,  or  the  formation  of  sludge 
banks  in  watercourses. 

Fine  .Screens. — Fine  screens  afford  the 
cheapest  way  of  removing  visible  objects  of 

sewage  origin  from  the  waters  receiving  sew- 
age where  such  screening  treatment  alone  is 

sufficient  for  obtaining  satisfactory  results. 
Under  conditions  where  the  limit  is  at  times 
reached  in  the  amount  of  clarified  sewage 
which  a  watercourse  will  oxidize  satisfactorily, 
settling  tanks  as  a  general  rule  are  cheaper  to 
install  than  screens,  because  for  a  given  cost 
they  will  remove  a  greater  quantity  of  organic 
matter.  Where  screens  will  suffice  for  a  term 

of  years — say  ten  or  more — it  is  quite  pos- 
sible that  it  will  prove  economical  to  install 

screens  first,  to  be  followed  later  by  settling 
basins  as  occasion  deinands. 

.A.merican  experience  with  fine  screens  is 
quite  limited  and  not  altogether  satisfactory, 
owing  to  the  devices  requiring  much  attention 
and  repair.  This  has  meant  not  only  expense, 
but  also  serious  interruptions  in  continuity  of 
service. 

Screens  are  employed  to  much  better  ad- 
vantage in  Europe,  particularly  in  Germany. 

At  Dresden,  Frankfort  and  Hamburg  experi- 
ences demonstrate  on  a  large  scale  that  it  is 

feasible  to  operate  moving  plate  screens  with 
an  opening  as  small  as  0.04  in.  Ai  present  the 
so-called  Reinsch  type  of  screen,  as  installed 
at  Dresden,  seems  to  be  most  popular.  It  is 
of  the  disc  type  with  slots  about  0.08.5  in.  wide 
and  1.2.5  ins.  long. 

As  fine  screens  come  into  service  in  America 

I  look  for  marked  improvements  in  contin- 
uity of  service  and  freedom  from  expensive 

repair  costs.  I  do  not  believe  their  efficiency 
will  be  any  greater  than  that  indicated  by 
European  evidence  unless  it  should  result  from 
applying  to  screens  sewages  which  are  fresher 
and  less  comminuted  than  has  been  the  case 
at   Dresden,   Frankfort   and   Hamburg. 

Settling  Tanks. — Sedimentation  for  a  two- 
hour  period  at  the  average  rate  of  sewage 
flow  will  give  as  good  results  as  it  is  prudent 
to  obtain  from  sedimentation.  For  local  con- 

ditions I  favor  single-story  tanks  with  hopper 
bottoms,  as  it  is  undesirable  to  septicize  the 
sludge  at  its  point  of  origin. 
The  construction  of  settling  tanks  along  the 

New  York  water  front  presents  some  diffi- 
culties on  account  of  the  high  cost  of  ground, 

complications  from  salt  water  backing  into  the 
sewers  at  high  tide,  and  the  necessity  of  caring 
for  storm  flow^s.  I  believe  these  difficulties  can 
be  overcome  by  careful  engineering  study. 

Fine  Screens  vs.  Settling  Tanks. — My  views 
have  been  already  indicated  in  the  foregoing 

paragraphs.  But  as  the  question  has  much 
significance  in  New  York  I  will  state  that, 

in  my  opinion,  screens  are  preferable  to  set- 
tling tanks  only  where  it  is  desirable  or  nec- 

essary to  remove  only  relatively  large  sewage 
matters  in  supension.  Where  settling  solids 
would  form  deposits  in  the  watercourses  if 
screening  alone  were  adopted,  to  install  set- 

tling tanks  will  prove  wiser  than  to  install  fine 
screens.  Available  data  in  this  country  are 
now  too  meager  to  allow  fine  lines  to  be 
drawn  in  this  comparison.  For  problems  of 
this  magnitude  special  study  should  be  given 
before  construction,  not  only  of  the  relative 
merits  of  the  two  systems  as  a  whole,  but 
also  of  the  local  conditions  at  each  main 
sewer  outlet  or  groups  of  outlets  which  can 
be  conveniently  united.  Both  screening  plants 

and  settling  plants  can  be  operated  for  treat- 
ing fresh  sewage  without  creating  any  nuis- 

ance. 
Chemical  Precipitation. — The  use  of  coagu- 

lating chemicals  has  been  known  for  50  years 
;is  a  helpful  adjunct  in  removing  particles  of 
suspended  matter  which  are  so  line  that  they 
will  not  subside  in  ordinary  settling  tanks. 
The  expense  of  the  added  chemicals  and  the 
large  increase  in  the  volume  of  the  resulting 
sludge  is  such  that  as  a  general  proposition 
chemical  precipitation  is  not  worth  while. 

There  may  be  exceptional  conditions  where 

plain  sedimentation  might  be  at  times  inade- 
(piate  !)reparatory  to  the  discharge  of  sewage 
into    some   arms    of    the    harbor,   and    further 
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iniriiicalion    then    resulting    from   the    applica- 
tion of  chemicals  might  be  wise. 

SLUDGE    niSPOS.\L. 

In  the  clarification  of  sewage  there  results 
in  all  cases  a  substantial  quantity  of  solid  mat- 

ters more  or  less  mixed  with  water  and  ordi- 

narily spoken  of  as  "sludge."  Experience  at 
ether  large  seaport  towns  employing  sewage 

treatment  works,  such  as  London,  'Glasgow, :\lanchester  and  Salford.  demonstrates  con- 
clusively that  the  barging  of  sludge  to  the 

open  sea  is  the  cheapest  way  of  disposing  of 
the  sludge  without  nuisance. 

Cases  may  arise  in  isolated  areas  removed 
from  the  w^ater  front  where  barging  to  sea 
will  not  be  desirable.  In  such  cases  I  advise 
the  consideration  of  two-story  tanks  of  the 
Imhoff  type,  with  the  drying  of  the  sludge  on 
drv-ing  beds  so  that  the  residue  can  be  carted off   readily. 

Use  for  Fertilizer. — For  more  than  .50  years 
efforts  have  been  made  to  emplov  sewage 
sludge  economically  as  a  fertilizer.  Rarely  if 
ever  has  the  result  been  a  commercial  suc- 

cess when  operations  were  conducted  on  a 
large  scale.  I  do  not  look  for  any  substan- 

tial change  in  the  future,  althou.eh  sewage 
sludge  may  perhaps  be  employed  as  a  "filler" 
for  fertilizers.  In  such  event  it  is  safe  to 
assume  that  the  users  of  the  material  com- 

ing from  settling  tanks  would  be  willing  to 
prepare  it  for  their  processes,  and  if  this  is 
so  it  would  simply  mean  that  New  York  would 
be  relieved  of  operating  barges  to  sea  up  to 
the  limits  to  which  sludge  is  diverted  to  fer- 

tilizer purposes.  While  some  slight  saving 
m  the  operation  of  barges  may  be  accom- 

plished, I  do  not  look  for  any  substantial 
compensation  to  the  city  from  fertilizer  manu- 

facturers who  might  use  the  sludge  as  filler. 
Incineration. — I  am  aware  that  at  Frank- 

fort. Germany,  sewage  sludge  is  freed  of 
water  by  centrifuging  and  the  application  of 
heat  in  revolving  drums,  so  that  the  dried 
sludge  may  be  burned  with  other  city  refuse 
in_  an  adjoining  municipal  incineration  plant. 
AVhile  this  procedure  may  have  a  future  for 
inland  cities,  the  expense  will  never  be  re- 

duced to  a  point  where  this  method  will  dis- 
place barging  to  sea  for  the  sludge  of  a  large 

seaport  town. 

Drstructive  Distillation. — In  a  small  way 
there  are  some  data  available  as  to  the  pro- 

duction of  combustible  gases  and  coke  by  the 
dry  distillation  of  sludge.  The  cost  of  remov- 

ing the  water  is  so  great  that  the  future  will 
never  see  this  treatment  .become  commercially 
feasible. 

Sterilization. — With  the  existing  system  of 
combined  sewers,  without  any  possibility  or 
iiecessity  of  making  the  harbor  waters  of  a 

"drinking  water"  standard  of  puritv,  steril- ization for  the  great  bulk  of  the  New  York 
sewage  need  never  be  seriously  considered. 
For  some  of  the  outlying  areas  where  there 
are  shell  fish  layings  or  bathing  beaches  I 
anticipate  a  resort  to  sterilization. 

MISCELL.\NE0US     PROCEDURES. 

Frorn  time  to  time  attention  is  attracted 
by  claims  for  unusual  efficiency  or  economy, 
or  both,  resulting  from  the  employment  of  spe- 

cial types  of  strainers  or  other  clarifying 
agents,  or  the  use  of  oxidizing  procedures 
resulting  from  the  use  of  new  chemicals  or  of 
new  applications  of  electricity. 

Presumably  such  claims  will  be  heard  from 
at  intervals  in  the  future,  and  it  may  be  that 
some  of  them  will  produce  inore  effect  for  a 
given  cost  than  could  now  be  attained. 

I  do  not  believe,  however,  that  the  business 
aspects  of  the  New  York  problem  will  ever 
be  materially  modified  by  imprcn-ements  in 
methods  or  devices  which  mav  become  avail- 
able. 

•As  time  advances  a  clearer  understanding 
will  be  obtained  as  to  just  what  is  needed  in 
certain  of  the  subdivisions  and  the  progressive 
installation  of  any  project  as  large  as  the  New 
York  sewage  disposal  problem  will  give  op- 

portunity to  adopt  in  the  designs  the  current 
improvements,  which,  as  above  stated,  will  in 
all  probability  relate  to  minor  details  rather 
than   to  underlying  principles. 

The     Collection     and     Treatment     of 

Sewage  in  Philadelphia. 

»  The  sewers  of  Philadelphia  as  originally 
built  discharged  crude  sewage  directly  into  the 
rivers  and  other  natural  water  courses.  This 
eventually  led  to  serious  stream  pollution  in 
the  Delaware  and  Schuylkill  Rivers  from  which 

the  city's  water  supply  is  drawn,  and  in  order 
to  ]irotect  public  health  it  was  necessary  to 
take  measures  to  alleviate  this  unsanitary  con- dition. 

The  first  work  of  this  character  was  com- 
menced about  1883  when  an  intercepting  sewer 

was  constructed  along  the  East  bank  of  the 
Schuylkill  River,  with  a  main  branch,  so  lo- 

cated as  to  keep  out  of  the  water  supply  from 
the  Schulkill  River  all  the  sewage  collected  in 
an  e.xtensive  systetn  of  separate  sewers.  Re- 

cently an  interceptor  has  been  constructed 

along  the  East  bai^  of  Cobbs  Creek  to  col- 
lect the  dry-weather  flow-  and  first  flush  of  the 

rain  discharged  from  the  combined  sewers 
into  that  stream ;  and  within  the  past  two 
years  an  intercepting  sewer  has  been  built 
along  Pennypack  Creek,  in  the  northeastern 
part  of  the  city,  to  collect  the  sewage  from  the 
village  of  Holmesburg  and  from  three  large 
municipal  institutions  and  convey  it  to  treat- 

ment works,  where  it  is  purified  sufficiently  to 
protect  the  water  supply  taken  from  the  Dela- ware River. 

The  city  has.  therefore,  what  may  be  con- 
sidered three  systems  of  sewers :  The  com- 

bined system  which  covers  by  far  the  larger 
part  of  the  city,  the  separate  system  which  has 
been  adopted  in  the  areas  adjacent  to  the 
portion  of  the  Schuylkill  River  from  which  the 
water  supply  is  taken,  and  the  intercepting 
sewers  along  Cobbs  Creek  and  Pennypack 
Creek. 
The  city  is  now  engaged  in  the  preparation 

of  a  comprehensive  plan  for  the  collection  and 
treatment  of  its  sewage,  for  submission  to  the 
state  department  of  health,  and  the  work 

which  is  now-  being  constructed  is  in  harmony 
with  the  plans  which  will  be  recommended. 
The  general  aspects  of  the  new  collection  and 
disposal  systems  are  here  discussed  from 
matter  taken  from  a  paper  by  Mr.  George  S. 
Webster.  Chief  Engineer  of  the  Bureau  of 
Surveys,  before  the  Sanitary  Section  of  the 
Boston  Society  of  Civil  Engineers,  as  pub- 

lished in  the  Jorurnal  of  the  Societv  for  Mav, 
1914. 
The  investigations  which  have  been  carried 

on  include  a  large  number  of  studies  of  pos- 
sible methods  of  collecting  the  sewage,  the 

operation  of  a  sewage  experiment  station, 
sanitary  surveys  of  the  w-ater  courses  and 
rivers,  and  the  construction  and  operation  of 
a  plant  to  treat  the  sewage  in  one  section  of 

the  city  adjacent  to  the  w-ater  supply.  The 
magnitude  of  the  problem  will  be  appreciated 
when  it  is  considered  that  the  area  of  the  city 
is  130  square  miles,  that  it  has  a  population  of 

1,050,000,  and  that  the  w-ater  consumption  is 
approximately  200  gals,  per  capita  daily ;  this, 
with  the  infiltrated  ground  water  from  the 
older  sewers,  produces  at  the  present  time  a 
large  volume  of  sewage  estimated  at  400,000,- 
000  gals,  a  day. 

The  problem  of  sewage  disposal  in  Philadel- 
phia is  tw-o-fold :  first,  to  collect  the  sewage 

from  the  present  system  and  abolish  the 
nuisance  which  now  exists  in  the  large  creeks 
and  lower  Schuylkill  owing  to  the  insufficiencv 
of  diluting  water,  and  to  carry  it  to  distant 
points  for  treatment :  and  second,  the  protec- 

tion of  the  public  health  by  the  treatment  of 
the  sewage,  which  is  now  and  in  the  future 
will  be  discharged  into  the  Delaw-are  River, 
this  treatment  to  be  carried  to  such  a  degree 
that  the  drinking  water  can  be  safely  and 
economically  purified  before  delivery  to  the 
consumer. 

It  is  of  great  importance,  in  preparing  de- 
signs both  for  the  collecting  system  and  the 

treatment  works,  that  relief  may  be  given  from 
the  present  objectionable  conditions  in  the 
shortest  possible  time,  that  the  work  may  be 
carried  on  economically  and  advantageously 
from  time  to  time  as  funds  become  available, 
that  each  step  taken  may  give  some  relief,  and 

that  it  will  not  be  necessary  for  the  completion 
of  the  entire  project  before  benefits  may  be 
obtained. 

It  was  found  early  in  the  investigations  that 
the  cost  of  installing  the  separate  system  in 
those  parts  of  the  city  already  sewered  on  the 
combined  plan  would  be  prohibitive,  for  in 
addition  to  the  cost  to  the  city  of  laying  sewage 
pipes  in  every  street,  the  plumbing  fixtures  in 
all  buildings  connected  to  the  sewer  system 
would  have  to  be  rearranged  so  that  the 
sew-age  and  the  rainwater  could  be  carried  in 
separate  conduits.  This  latter  expense,  which 
w-ould  amcnmt  to  many  millions  of  dollars, 
would  have  to  be  borne  by  the  individual 
owners. 

In  the  design  of  sewers  for  the  purpose  of 
carrying  sewage  only,  the  factors  used  are 

the  contributing  population,  w-ater  consumption 
and  the  amount  of  infiltrated  ground  w-ater. 
It  is  quite  common  practice  in  many  cities  in 
designing  sanitary  sewers  to  calculate  that 
they  shall  run  half  full,  when  carrying  a 

w-ater  consumption  of  150  gals,  per  capita 
from  the  population  tributary.  To  reach  a 
conclusion  as  to  the  quantity  of  sewage  to  be 

treated  by  the  cit\-  of  Philadelphia  in  the 
future,  and  to  obtain  data  for  the  design  of 
the  intercepting  sewers,  gagings  were  made 
of  the  dry  weather  flow  of  a  number  of  main 
sewers,  some  of  which  were  located  in  solidly 
built  up  areas  and  others  in  partly  built  up 
districts,  and  from  the  factors  thus  obtained 
estimates  were  prepared,  based  upon  the  prob- 

able increase  and  density  of  population,  of 

the  quantity  of  sew-age  that  must  be  cared  for 
in  the  future,  the  estimates  and  population 
curves  being  projected  to  the  year  1950. 

The  amount  of  sewage  flow  determined  by 
the  gagings  in  all  cases  included  the  infiltrated 
ground  water,  no  practical  way  appearing  by 
which  it  could  be  differentiated  from  the 

sewage  proper.  As  a  majority  of  the  sewers 
in  v.hich  gagings  were  taken  are  of  consider- 

able size  and  length,  the  variation  between 
the  maximum,  minimum  and  average  rates 
of  flow  is  not  as  great  as  in  smaller  sewers. 
The  mean  of  all  gagings  showed  that  the 
maximum  flow  was  r28  per  cent  of  the  aver- 

age, and  the  minimum  78  per  cent  of  the 
average. 

In  addition  to  the  flow  of  sew-age,  it  has 
been  decided  to  admit  into  the  intercepting 
sewers,  through  automatic  regulators,  the  first 
flush  of  the  rain,  which  is  usually  as  polluting 
as  sewage,  and  the  amount  to  be  admitted  has 
been  fixed  at  li1  per  cent  of  the  maximum  dry 
weather  flow  of  the  sewers,  but  a  much  larger 

percentage  can  be  intercepted  w-hen  the  sewage 
is  not  flowing  at  a  maximum  rate.  This  addi- 

tional 10  per  cent  makes  a  storm  maximum 
flow  of  141  per  cent  of  the  average  flow. 
When  it  is  considered  that  the  per  capita 

consumption  of  water  in  Philadelphia  is  200 
gals,  a  day  and  that  in  the  towns  of  England 
only  about  40  gals,  is  used,  it  will  be  seen 
that  by  the  arrangement  proposed  the  degree 
of  dilution  of  the  sewage,  in  time  of  storm, 
compares  well  with  the  English  practice  of 
treating  six  times  the  normal  dry  weather  flow. 

In  studying  the  methods  of  disposal  it  has 
been  found  that  the  sewage  may  be  treated 
with  much  less  offense  if  it  reaches  the  works 

in  a  comparatively  fresh  state  before  putre- 
faction has  set  in,  therefore  great  care  is  be- 

ing taken  in  the  design  of  the  sewer  system 
that  the  velocity  of  flow  .shall  not  be  less  than 
that  required  to  carry  the  materials  in  sus- 

pension. This  is  accomplished  by  providing 
proper  gradients  and  by  the  exercise  of  care 
to  secure  smooth  surfaces,  avoiding  all  rough- 

ness and  projections  on  the  interior  of  the 
sewer  where  organic  matter  might  find  lodg- 

ment and  be  retained  until  putrefaction  sets 
in  and  stench  begins.  Upon  examination  of 
many  of  the  sewers  in  Europe  there  was  no 
odor  notice.-ible  because  the  interior  surfaces 
were  smooth,  either  vitrified  tile  or  smooth 
glazed  brick  being  used,  and  all  connections 
so  made  as  to  provide  a  natural  flow  without 
the  creation  of  eddies  where  deposits  might 
occur.  It  is,  therefore,  recognized  that  a 
solution  of  a  part  of  the  problem  of  sewage 
treatment  is  to  construct  sewers  w-ith  smooth 
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interiors  and  to  keep  them  dean  and  inoffen- sive. 

In  designing  the  collecting  system,  it  is 

proposed  to  construct  intercepting  sewers  at 

two  levels,  and  in  this  way  to  utilize  the  po- 
tential energy  in  every  foot  of  head  and  carry 

to  the  treatment  works  by  the  high  level  in- 

terceptors the  greatest  possible  volume  of  sew- 
age, and  thus  reduce  to  a  minimum  the 

quantity  to  be  pumped. 

The  'collecting  systems  in  many  European 
cities  are  constructed  so  as  to  convey  the 

sewage  to  one  or  more  suitable  locations  for 

treatment,  and  care  is  exercised  in  their  de- 
signs to  secure  the  greatest  economies. 

S.\NIT.\RY    SURVEYS. 

There  are  in  Philadelphia  five  large  creeks 

and  the  Schuylkill  River,  all  of  which  are 

tributary  to  the  Delaware  River,  which  forms 

the  eastern  boundary  of  the  cit)'.  Poquessing 

Creek  flows  through  a  territory  but  little  de- 
veloped and  is  therefore  not  at  the  present 

time  polluted.  The  sewage  formerly  dis- 

charged into  Pennypack  Creek  and  Wissa- 
hickon  Creek  has  been  intercepted  and  the 

water  in  these  streams  restored  to  a  normal 

condition.  A  large  part  of  the  sewage  on  the 
Philadelphia  side  of  Cobbs  Creek  has  been 
intercepted  and  the  condition  of  the  water  in 
this  creek  greatly  improved.  Frankford  Creek, 
which  empties  into  the  Delaware  River  about 
five  miles  south  of  the  Torresdale  Water 
Filters,  flows  in  part  through  a  densely  built 
up  and  industrial  part  of  the  city  and  receives 
crude  sewage  from  about  140,000  people.  It 

has  several  dams  along  its  length  and  there- 
fore low  velocities.  The  water  is  not  only 

grossly  polluted  by  the  discharge  of  sewage 
into  it,  but  the  deposits  of  sewage  origin  upon 
the  bed  of  the  creek  add  to  the  nuisance. 
The  Schuylkill  River  flows  through  the  city 

in  a  generally  southerly  direction,  and  about 
midway  there  is  a  dam  which  forms  the  end 
of  tidal  influence.  The  section  of  the  river 
north  of  the  dam  has  been  protected  within 
the  city  limits  by  intercepting  sewers.  Into  the 
tidal  portion  of  the  river  below  the  dam, 
however,  there  is  now  being  discharged  the 
sewage  from  about  4-55,000  people.  .'\t  times 
of  drought  almost  the  entire  upstream  flow  is 
used  for  water  supply,  leaving  a  very  inade- 

quate volume  of  diluting  water  for  the  sew^age 
from  this  large  population.  The  examinations 
made  during  the  summer  months  showed  the 
water  in  this  part  of  the  river  to  be  depleted 
of  dissolved  oxygen.  Furthermore,  the  tidal 
velocities  in  the  lower  part  of  the  Schuylkill 
River  are  insufficient  to  maintain  the  sewage 
matter  in  suspension,  so  that  in  addition  to  the 
polluted  condition  of  the  water,  the  putrefying 
deposits  upon  the  bed  of  the  river  increase  the 
nuisance,  particularly  in  warm  weather;  but  as 
in  the  case  of  Frankford  Creek,  above  de- 

scribed, the  natural  sedimentation  processes 
and  the  gasification  of  the  resulting  sludge, 
together  with  the  refreshing  action  of  the  tide, 
lighten  the  load  of  organic  matter  placed  upon 
the  waters  of  the  Delaware  River. 
The  Delaware  is  one  of  the  large  rivers  of 

the  United  States,  and  forms  the  natural 

drainage  for  portions  of  the  states  of  Penn- 
sylvania, New  York  and  New  Jersey.  The 

normal  flow  of  upland  water  is  at  the  rate  of 
4,0.10  sec. -ft.,  in  addition  to  which  there  is  a 
tidal  range  of  .^^  ft.,  and  it  is  estimated  that 

during  the  ebbing  of  the  tide  2,421-,000.000  cu. 
ft.  of  water  flow  past  the  city.  As  the  sewage 
of  the  city  at  present  and  the  effluent  from  the 
treatment  works  in  the  future  must  be  disposed 
of  in  the  waters  of  this  river,  its  present  con- 

dition has  been  examined  with  considerable 
care  and  it  w.ts  found  that  with  the  exception 
of  the  docks,  where  sewers  discharged,  the 
Delaware  River  is  successfully  disposing  of 
the  crude  sewage  of  the  present  population  of 

Philadelphia  in  addition  to  that  of  the  neigh- 
boring towns.  Even  in  summer  weather  and 

in  limes  of  extreme  drought,  there  has  been 
no  nuisance  or  offense  created,  although  the 
amount  of  dissolved  oxygen  in  the  river  has 
been  small.  The  surveys  indicated  that  the 
river  water  after  passing  beyond  the  points 
of  discharge  of  the  sewage  of  the  city  gained 
rapidly    in    its    oxygen    content.     The    high 

velocities,  due  to  tidal  flow  in  the  river,  main- 
tain the  sewage  matters  in  suspension,  and  the 

examination  shows  that  the  entire  bed  ol  the 

river  (excepting  the  docks)  is  clean  and  free 
from  deposits  of  sewage  origin. 

It  must,  however,  be  realized  that,  with  the 

increase  in  the  population  and  the  consequent 

added  load  placed  upon  the  river,  its  oxidizing 

power  will  soon  be  overtaxed  and  that  the 

time  to  begin  the  building  of  the  collecting  and 
treatment  works  is  at  hand. 

TSE.\TMENT    WORKS. 

The  sanitary  surveys  of  the  water  courses  in 

Philadelphia  show  that  sewage  must  be  ex- 
cluded from  the  creeks  and  the  Schuylkill 

River,  and  that  the  treatment  works  must  be 

located  so  as  to  discharge  their  effluents  into 

the  Delaware  River  in  order  to  utilize  to  the 

fullest  extent  the  great  diluting  and  oxidizing 

capacitv  of  that  river. 

It  is'  proposed  to  locate  the  first  treatment works  in  the  northeast  section  of  the  city. 

The  collecting  system  tributary  thereto  will 

eliminate  the  pollution  of  Frankford  Creek 

and  also  prevent  the  discharge  of  crude  sewage 

into  the  Delaware  River  within  the  tidal  in- 
fluence of  the  Torresdale  Water  FiUers  which 

provide  three-fifths  of  the  city's  water  supply. 
The  degree  of  treatment  required  at  this 

works  must  therefore  be  based  upon  a  hy- 

ijienic  standard  in  order  that  the  public  health 

will  not  be  jeopardized  by  overtaxing  the 

economical  and  safe  operation  of  the  water 
filters. 

The  second  treatment  works  will  be  located 

in  the  southwest  part  of  the  city,  near  the 

mouth  of  the  Schuykill  River,  the  most  distant 

point  within  the  city  limits  from  the  source 

of  water  supply.  The  collecting  system  tribu- 
tary to  this  works  will  eliminate  the  pollution 

of  the  lower  Schuylkill  River  and  will  result 

in  concentrating  the  sewage  from  over  half 

the  population  of  the  city  at  one  point  for 
treatment.  As  the  effluent  of  this  works  will 

be  entirely  helow  the  influence  of  the  city's 
water  supply,  the  degree  of  treatment  required 

need  only  be  sufficient  to  prevent  nuisance  in 
the  Delaware  River. 

It  appears  to  be  economical  to  construct 

temporarily  a  clarification  works  in  the  south- 
cast  district,  to  care  for  the  sewage  now  dis- 

charged into  the  Delaware  River  below  the 
center  of  the  city. 

TREATMENT. 

In  selecting  methods  for  the  disposal  of 
the  great  volume  of  sewage  produced  in  large 
cities,  the  adaptability  of  the  various  processes 
to  a  comprehensive  plan  must  be  considered  so 
that  the  treatment  works  may  be  constructed 
hv  successive  steps  as  needs  arise  for  more 

refined  treatment  and  as  funds  become  avail- 
able. It  is  desirable  to  obtain  intensive  rneth- 

ods,  so  as  to  secure  a  maximum  of  efficiency 
upon  a  minimum  area  of  land,  but  in  all 
cases  exercising  care  to  prevent  nuisance  from 
odors. 

Various  methods  for  the  treatment  of  the 
sewage  of  the  city  of  Philadelphia  were 
studied,  and  those  best  adapted  to  the  local 
conditions  selected. 

It  has  been  frequently  urged  that  the  sewage 
of  the  city  could  be  purified  to  advantage  by 
applying  it  to  farm  land.  Mr.  John  D.  Watson, 
after  years  of  experience,  aptly  states  that 

this  method  of  disposing  of  sewage  "may  be 
ideal  in  theory,  but  it  is  difficult,  if  not  im- 

possible, to  obtain  the  ideal  on  a  farm  of  large 
size."  P.erlin  and  Paris  dispose  of  their 
sewage  in  this  way,  but,  owing  to  the  small 
volume  of  sewage  which  can  be  treated  per 
;icre.  large  areas  of  suitable  land  are  requ'r^c'- 
The  Metropolitan  Sewerage  Commission  of 

New  York  City  has  estimated  that  17.5  square 
miles  of  land  would  be  required  to  treat  the 
sewage  of  that  city  if  it  were  applied  at  the 
rate  of  12,000  gals,  oer  acre,  and  that  the  cost 
of  this  method  of  treatment  would  be  $153,- 
OOO.Ono,  and  therefore  dismissed  it  as  being 

impracticable.  The  city  of  Birmingham,  Eng- 
land. ha5  abandoned  its  sewage  farms  and 

substituted  the  more  intensive  biological  meth- 
od, and  the  same  course  will  probably  be  fol- 

lowed in  Paris. 

To  treat  at  the  present  time  the  sewage  of 
.Philadelphia  on  farm  land  would  require  an 
area  of  appro.ximately  60  square  miles.  To 
secure  this  amount  of  land  in  Pennsylvania 

adjacent  to  the  city  would  be  prohibitive  on 
account  of  the  cost,  and  would  be  opposed  by 

citizens  and  property  owners,  hence  this 
method  of  treatment  need  not  be  further 
considered. 

London,  the  largest  city  in  the  w^orld,  with 

a  population  of  6,0o0,o0h  people,  situated  on 
the  banks  of  a  river  with  b.ut  little  larger  flow 

of  upland  water  than  the  Schuylkijl,  disposes 
of  its  sewage  by  removing  about  75  per  cent 

of  the  suspended  matter  by  chemical  precipi- 
tation and  depends  upon  the  oxidizing  power 

of  the  river  to  accomplish  its  ultimate  purifica- 
tion. That  this  is  being  successfully  accom- 

plished may  be  seen  from  the  diagram  which 

was  prepared  by  Sir  Maurice  Fitzmaurice,  late 
chief  engineer  of  the  London  County  Council, 

showing  the  percentage  of  saturation  of  the 
Thames  River  with  dissolved  oxygen,  in  con- 

nection with  which  he  states,  "With  respect  to 
the  minimum  amount  of  dissolved  oxygen  that 

should  be  present  to  prevent  offense,  it  is 
rather  difficult  to  answer  this  exactly,  but  I 

may  say  that  the  only  complaint  in  recent 

years  was  for  a  short  time  in  1901." While  this  method  has  been  successfully 
used  in  London,  it  would  not  be  applicable  to 

Philadelphia,  on  account  of  the  long  haul  to 

dispose  of  the  sludge  in  the  ocean,  over  one 
hundred  miles  distant.  Another  objection  is 

the  large  quantity  of  sludge  produced.  From 
the  best  information  available,  it  appears  that 

the  sludge,  containing  about  95  per  cent  water, 

resulting  from  this  method  of  treatment, 
amounts  to  800  tons  per  day  for  a  population 
of  500,000  people. 

The  citj'  of  Manchester,  England,  has  prob- 
ably the  largest  installation  of  contact  beds. 

These  are  found  to  be  expensive  to  operate  and 

fail  to  produce  an  effluent  up  to  the  require- 
ments of  the  Rivers  Board.  The  consensus  of 

opinion  among  experts  in  England  seems  to  be 
that  contact  beds  for  a  large  installation  are 
not  as  efficient  as  percolating  filters. 

From  the  results  obtained  at  the  Philadel- 
phia Experiment  Station  and  from  the  plant  in 

operation  at  the  Pennypack  Creek,  confirmed 

by  the  testimony  of  the  city  engineers  who  in- 
spected a  number  of  plants  in  Germany,  it  has 

been  found  that  the  two-story  sedimentation 

tank,  known  as  the  Emscher  tank,  offers  the 
best  solution  for  the  preliminary  treatment  of 

the  sewage.  The  advantages  are  that  the  sepa- 
ration of  the  settling  sewage  from  the  digest- 

ing sludge  maintains  the  sewage  in  as  fresh  a 
condition  as  it  enters  the  tank,  that  it  is  equal 
in  efficiency  to  any  other  type  of  tank  in 

removing  the  suspended  matter  with  shorter 

retention  periods  and  that  the  sludge  with- drawn is  without  offensive  odor,  is  smaller  in 

volume  than  sludges  resulting  from  other 

processes  and  more  easily  dried,  and  is  so  thor- 
oughly decomposed  that  it  resembles  garden 

soil  and  may  be  used  for  filling  in  low  lands 
without  nuisance. 

It  is  the  purpose  to  recommend  for  the 
northeast  and  southwest  treatment  works  the 

following  processes  in  sequence:  Coarse 
screens  to  restrain  the  large  floating  objects, 

grit  chambers  designed  to  intercept  the  in- 
organic matter  only,  two-story  sedimentation 

tanks  of  the  Emscher  type,  and  percolating 

filters  or  such  other  improved  methods  of 
oxidation  as  may  be  developed  by  the  time 

this  refinement  is  needed.  .'Ml  of  these  proc- 

esses are  so  related  that  they  can  be  incorpo- 
rated in  the  work  successively;  each  one  is  the 

most  intensive  of  its  kind,  therefore  a  mini- 
mum amount  of  land  will  be  required  for  the works. 

.'\t  the  Southeast  Works  it  is  prorposed  tem- 
porarily to  clarify  the  sewage  either  by  fine 

screening  or  by  the  tankage  method  and  then 

to  discharge  it'  without  further  treatment  into 
the  river.  If  more  refined  treatment  is  re- 

quired in  the  future  the  effluent  from  this 

plant  may  be  carried  to  the  Southwest  Works, 

where  ample  area  is  being  provided  for  addi- 
tional processes. 

The  full  utilization  of  the  diluting  and  oxi- 



August  26,  1914. Engineering   and    Contracting 
207 

dizing  power  of  the  river  water  largely  de- 
pends upon  securing  a  thorough  mixture  of 

the  effluent  from  the  works  and  the  water  of 

the  river.  At  each  of  the  three  proposed  treat- 
ment works  for  Philadelphia  it  is  planned  to 

accomplish  this  by  discharging  the  effluent 

through  submerged  outlets  into  the  main  chan- 
nel of  the  river. 

The  distribution  of  sewage  over  the  surface 

of  percolating  filters  is  one  of  great  import- 
ance, as  efficient  distribution  will  allow  the 

use  of  high  rates.  At  Bolton  and  at  Hampton, 
in  England,  a  traveling  distributor  is  used. 
This  requires  but  little  head,  but  it  is  doubtful 

if  it  could  be  successfully  used  in  countries 
subject  to  severe  winter  weather.  At  Wilmers- 
dorf.  Germany,  and  in  a  number  of  English 
plants,  there  are  percolator  filter  installations 
in  which  distribution  is  effected  by  means  of 
rotary  arms.  This  method  accomplishes  good 
distribution  but  has  not  been  looked  upon  with 
favor  in  America.  At  Birmingham,  distribu- 

tion is  through  fixed  nozzles  operating  under 
a  constant  head,  and  this  method  was  followed 
in  the  early  American  installations,  but  it 
results  in  uneven  application  of  the  sewage. 
Latterly  this  has  been  improved  by  the  use  of 
the  tapered  dosing  tank  with  syphonic  dis- charge. 

At  the  Pennypack  Creek  Works  in  Phila- 
delphia there  is  in  service  a  method  of  distri- 

bution through  fixed  nozzles,  operating  under 
a  fluctuating  head,  which  yields  results  equal 
to  that  from  a  mechanical  distributor. 

The  work  so  far  accomplished  has  demon- 
strated the  feasibility  of  the  methods  sug- 

gested for  the  comprehensive  treatment  of  the 
sewage  of  the  city.  The  state  board  of  health 
having  been  in  touch  with  the  work  so  far  com- 

pleted, it  is  anticipated  that  the  plans  to  be 
recommended  will  meet  with  its  approval :  and 

it  is  hoped  that  funds  will  soon  be  available  to 
commence  the  work  on  the  larger  installations. 

Designing  Small  Water  Works 

Systems. 
As  we  have  many  times  stated,  the  proper 

design  of  a  small  water  works  system  calls 
for  the  services  of  a  good  engineer.  The  de- 

signer of  small  works  is  nearly  always  nar- 
rowly limited  as  to  funds  and  must  find  the 

best  solution  of  the  problem  consistent  with 
the  small,  fixed  sum  of  money  available  for 
his  use.  Moreover,  most  water  works  sys- 

tems are  small  ones,  and  this,  of  ccmrse,  is 
especially  true  at  this  time  when  nearly  every 
city  in  the  country  of  any  considerable  size 
is  provided  with  some  sort  of  a  public  water 

supply.  In  many  small  towns,  already  sup- 
plied, changes  must  be  made  owing  to  inade- 
quate original  installations.  To  engineers  for 

such  localities  and  for  small  towns  not  yet 

supplied,  a  consideration  of  the  sound  engi- 
neering principles  underlying  the  design  of 

small  water  works  systems  will  prove  most 
helpful.  We  are  here  giving,  in  substance,  the 
paper  on  this  subject  presented  before  the 
New  England  Water  Works  Association  by 
Mr.  William  S.  Johnson,  Hydraulic  and  San- 

itary  Engineer,   Boston,   Mass. 
In  Massachusetts  there  are  215  water  supply 

systems,  and  of  these,  152.  were  installed  be- 
fore the  population  of  the  towns  they  supply 

was  5,000,  and  111  or  more  than  half  are 

-now  still  supplying  towns  of  less  than  5,000. 
In  fact,  the  opportunity  seldom  comes  to  de- 

sign a  complete  system  of  works  tor  a  large 
<ommimity,  the  larger  systems  being  exten- 

sions of  the  system  designed  for  the  small 
town.  As  there  are  only  four  towns  in  Massa- 

chusetts having  a  population  of  more  than 
3.000.  which  remain  unsupplied  with  water,  it 
IS  likely  that,  in  that  State  at  least,  the  prob- 

lems arising  in  small  systems  will  be  more 
numerous  than  the  problems  connected  with 

-the  larger  systems  although  perhaps  not  so  in- 
-teresting  to  any  but  those  immediately  affected. 

It  has  been  my  lot  to  put  in  a  number  of 
small  waterworks  plants,  and  it  has  surprised 
me  to  see  how  easily  10  per  cent  of  the  cost 
of  construction  may  be  saved  by  a  thorough 
study  of  the  problem.  I  have  also  found  that 

many  problems  over  w'hich  I  have  worked 
liave  been  solved  by  others  who  have  kept  the 
results  to  themselves,  not  because  of  unwilling- 

ness to  part  with  the  information,  but  be- 
cause the  matter  seemed  too  small  to  be  of 

general  interest.  It  is  with  a  view  of  en- 
couraging the  discussion  of  the  problems  con- 

nected with  small  water  works  installations,  as 
well  as  to  give  a  few  of  the  results  of  ray 
own  experience,  that  this  paper  is  presented 

Provision  for  Future  Requirements. — The 
works  should  be  designed  for  a  long  time  in 
the  future,  but  the  design  should  provide  for 
as  little  immediate  construction  as  is  possible 
except  where  the  cost  of  extensions  or  in- 

creased capacity  will  be  much  more  than  the 
cost  of  doing  the  work  in  the  beginning. 
To  build  works  for  a  long  time  in  the 

future  assumes  a  power  of  prophecy  which 
most  of  us  do  not  possess.  It  is  impossible  to 
foretell  the  future  growth  of  the  whole  or 

-any  part  of  the  community.  The  advance- 
ments in  the  art  of  water  supply  engineering 

are  so  rapid  that  portions  of  the  plant  are 

likely  to  become  obsolete  before  they  are  w'Orn 
out.  The  requirements  of  the  public  which 
uses  the  water  are  changing  very  rapidly.  For 
these  reasons  it  is  desirable  to  build  only  for 

the  immediate  future,  and  to  plan  for  addi- 
tional works  to  be  constructed  as  they  become 

necessary. 

Fire  Protection  Requirements. — The  capacity 
of-  the  distributing  system  is  determined,  in 
the  case  of  the  small  town,  by  the  fire-protec- 

tion requirements  solely.  One  good  effective 
fire  stream  will  use  water  at  as  great  a  rate 
as  the  ordinary  town  of  5,000  inhabitants  will 
require  for  domestic  purposes  during  the  hours 
of  maximum  draft. 

The  quantity  of  water  which  will  be  drawn 
from  the  sources  of  supply  depends  upon  the 
population  to  be  supplied,  the  character  of  the 
residences  supplied,  the  care  taken  to  prevent 
leaks  and  other  wastes  and  the  use  of  water 
for  manufacturing  or  mechanical  purposes.  It 
is  exceedingly  difficult  to  evaluate  these  factors 
since  it  is  impossible  accurately  to  forecast  the 
industrial  development  or  retrogression  of 
the  average  small  community.  The  population 
to  be  served  depends  primarily  upon  the 

growth  of  the  community's  industries.  A 
future  per  capita  domestic  consumption  of 
from  75  to  100  gals,  per  day  for  ordinary 
small  towns  does  not  seem  unlikely  and  in  the 
case  of  towns  having  large  estates  and  a  large 
area  of  well  kept  lawns  the  consumption  may 
be  much  larger. 

Metcalf,  Kuichling  and  Hawley,  in  a  paper 
before  the  .■\merican  Water  Works  Associa- 

tion, p.ublished  in  abstract  in  Engineering 

&  Contracting  of  June  7.  1911,  state  that  "the 
cost  of  the  portion  of  the  waterworks  plant 
involved  by  fire  protection  probably  consti- 

tutes from  60  to  80  per  cent  of  the  entire  cost 

of  the  physical  property  in  the  case  of  com- 
munities having  less  than  5.000  population." 

This  is  undoubtedly  true  except  in  those  places 
where  it  is  necessary,  in  order  to  secure  water 
of  sufficient  purity  for  domestic  purposes,  to 
go  to  a  large  expense  in  obtaining  it  or  in  its 

purification. In  a  small  town  it  is  usually  necessary  to 
depend  entirely  on  hydrant  streams  without 
the  use  of  steamers  and  it  is  essential,  there- 

fore, that  the  works,  either  by  themselves  or 

assisted  by  some  outside  source,  should  fur- 
nish both  the  requisite  quantity  of  water  and 

the  proper  pressure  with  which  to  fight  the 
greatest  conflagration  which  is  likely  to  occur, 
and  to  do  this  under  the  most  unfavorable 
conditions  in  regard  to  domestic  consumption 

and  quantity  of  water  in  reservoir  or  stand- 

pipe. 

Fire  Streams. — The  standard  fire  stream  is 
now  considered  to  be  that  thrown  by  a  1%-in. 
smooth  nozzle,  discharging  250  gals,  per  min- 

ute, and  it  is  generally  considered  by  the  in- 
surance engineer  that  a  hose  stream  which 

does  not  throw  200  gals,  per  minute  is  not  a 
good  stream.  There  are  many  cases,  however, 
where  smaller  streams  throwing  from  150  to 

175  gals,  per  minute  would  furnish  reason- 
able protection  and  this  is  all  that  a  town 

would  be  justified  in  providing  in  some  dis- 
tricts.   In  the  outlying  sections  of  small  towns. 

any  fire  which  gets  sufficient  headway  in  the 
ordinary  building  so  that  it  cannot  be  con- 

trolled with  two  streams  of  150  to  175  gals, 
each  is  not  likely  to  leave  much  of  value  if  it 
is  e.xtinguished  by  using  six  streams.  In  such 
cases,  the  value  of  the  water  is  chiefly  in  sav- 

ing adjacent  buildings  and  for  this  purpose 
even  small  streams  are  of  great  value.  For 
streets  in  a  district  where  the  houses  are  small 

and  occupy  comparatively  large  lots  with  no 
prospect  of  any  considerable  increase  in  den- 

sity of  population,  and  where  extensions  of 
the  mains  are  not  likely,  a  hydrant  which  will 
furnish  300  gals,  per  min.  under  a  suitable 
head  to  any  building  in  the  territory,  supposed 
to  be  covered  by  this  hydrant  will  be  good 

fire  protection.  More  is  desirable  but  the  ad- 
vantages are  not  sufficiently  great  to  warrant 

the  expense  of  larger  mains  to  secure  it.  In 
a  district  where  the  houses  are  nearer  together 
but  where  there  are  no  businss  blocks,  apart- 

ment houses  or  other  large  buildings,  it  should 
be  possible  to  get  500  or  600  gals,  per  minute 
at  any  point.  Where  there  are  business  blocks 
and  other  large  buildings  and  where  the  build- 

ings are  very  close  together,  as  they  frequently 
are  in  the  center  of  a  small  village,  it  should 
be  possible  to  get  1,000  gals,  per  minute.  Where 
there  are  factories  or  other  special  fire  risks, 
a  much  larger  quantity  may  be  necessary  and 
a  special  study  should  be  made  of  each  case. 

Pressure  and  Hydrant  Spacing. — The  press- 
ure required  at  the  hydrants  while  the  hydrants 

are  being  used  should  be  great  enough  to 
force  the  water  through  the  greatest  length 
of  hose  which  will  be  used  and  throw  it  to  a 
sufficient  height  to  cover  any  building.  The 
hydrant  spacing,  and  the  pressure  should, 
therefore,  hear  some  relation  to  each  other. 
Table  I,  from  E.  V.  French,  gives  the  limit  of 
a  good  efficient  fire  stream  with  different 
lengths  of  good  rubber-lined  cotton  hose,  with 
a  constant  pressure  of  fiO  lbs.  at  the  hydrant, 
with  moderate  wind.  Table  I  also  gives  the 
corresponding  amount  of  water  which  would 
be  discharged. 

TABLE  I.— HEIGHT  AND  VOLirara  OF  ONE 
IH-IN.  STREAM  FLCmNG  FROM  A 
SMOOTH-BORE  NOZZLE. 

Discharge, 

Length                                         Limit  of  gals, 
of  hose.  ft.                                     height,  ft.  per  mln. 

ion               G7  250 
2110               59  222 
300               52  206 
400            44  ISS 
500                40  178 
700                33  158 

1.000               25  140 

Table  I  shows  the  importance  of  having 
hydrants  near  the  buildings  to  be  protected. 
Unless  the  hydrants  are  near  enough  to  fur- 

nish water  at  the  fire  under  a  good  pressure, 

the  expense  of  large  pipes  and  a  high.reser- 
voir  is  largely  wasted.  The  cost  of  a  two- 
way  hydrant  in  place  is  about  $40  and  in  the 
ordinary  distribution  system  about  eight 
hvdrants  are  required  per  mile  of  street  main 
to  keep  the  hydrants  within  250  ft.  of  every 
building  in  the  territory  covered :  so  that  the 

expense  of  hydrants  is  very  small  compared' with   the  expense   incurred    in   other   parts   of 
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the  system  to  obtain  efficient  fire  protection. 
In  general,  hydrants  should  not  be  more  than 
oOO  ft.  apart  in  the  outlying  sections.  In  the 
more  closely  built-up  sections  they  should  be 
so  spaced  as  to  make  it  possible  to  get  the 
number  of  streams  which  are  considered 
necessary  at  any  particular  point  with  the  use 
of  not  more  than  about  3il0  ft.  of  hose  for 
each  stream.  This  figure  may  be  modified, 
however,  if  the  pressure  is  unusually  high  and 
should  be  if  the  pressure  is  unusually  low. 
The  minimum  pressure  desirable  for  good 

fire  protection  with  hydrants  spaced  as  sug- 
gested is  about  -Vi  lbs.  per  square  inch  at  the 

hydrants  when  they  are  in  use.  This  pressure 
will  give,  with  300  ft.  of  best  quality  hose  and 
a  m-in,  nozzle,  a  stream  of  185  gals,  per  min- 

ute, which  can  be  thrown  to  a  height  of  44  ft. 

With  "JOO  ft.  of  hose,  the  quantity  thrown 
would  be  about  200  gals,  per  minute  and  the 
height  would  be  increased  to  50  ft.  There  are 
cases  where  in  the  higher  sections  of  the  town 
these  pressures  are  almost  impossible  and  in 
such  places  the  hydrants  should  be  so  located 
as  to  require  as  little  hose  as  possible.  In  the 
case  of  thickly  built  up  villages,  the  pressure 
should  be  60  lbs.  per  square  inch  at  the  hy- 

drant when  the  water  is  being  drawn  at  the 
ma.\imum  rate.  This  pressure  will  give  a 
stream  of  more  than  200  gals,  per  minute  with 
300  ft.  of  hose  and  with  200  ft.  of  hose  will 
throw  222  gals,  per  minute  to  a  height  of 
about  60  ft. 

Sice  of  Mains. — The  size  of  the  mains  de- 
pends entirely  on  the  reciuirements  determined 

on  to  give  tire  fighting  facilities  and  on  the 
head  available.  \\  hen  these  are  known,  the 
system  can  readily  be  designed.  Generally, 
however,  the  head  which  can  be  secured  is  not 
fixed  but  can  be  made  whatever  is  desired  by 
going  to  additional  expense  and  the  determina- 

tion of  the  most  economical  arrangement  of 
height  of  reservoir,  size  of  pipes  and  spacing 
of  hydrants  is  a  matter  for  careful  study. 
The  rule  adopted  in  many  places  to  put  in  no 
street  main  less  than  li  ins.  in  diameter  in 
most  cases  works  out  properly  but  there  is  no 
excuse  for  it  as  an  arbitrary  rule.  .A  short 
street  will  many  times  be  better  served  with  a 
4-in.  pipe  than  other  streets  in  the  same  system 
with  ti-in.  mains  and  the  money  saved  by  using 
the  smaller  pipe  could  well  be  expended  in 
strengthening  those  parts  of  the  system  which 
are  weaker.  The  standard  should  be  the  quan- 

tity of  water  the  pipe  will  deliver  and  the 
head  under  which  it  delivers  this  amount.  If 

a  4-in.  pipe  will  do  this  satisfactorily,  there  is 
no  good  reason  why  it  should  not  be  used. 
The  loss  of  head  due  to  friction  in  a  6-in. 

pipe  which  has  been  in  the  ground  for  some 
time,  when  water  is  being  drawn  at  the  rate 
of  300  gals,  per  minute,  is  about  10  ft.  per 
1,000  ft.  of  length,  and  this  figure,  together 
with  the  required  pressure  at  the  hydrant  of 
50  lbs.  per  square  inch  should,  in  general,  de- 

termine the  allowable  length  of  0-in.  pipe  as 
a  dead  end. 

The  maximum  desirable  pressure  is  a  mat- 
ter iin  which  there  is  much  disagreement,  but 

the  limit  is  constantly  being  extended.  If  it 
•should  prove  to  he  more  economical  to  have 
a  system  where  the  [)ressures  run  up  to  150 
Ihs.,  there  would  seem  to  be  no  good  reason 
why  this  should  not  he  done  in  a  new  system 
of  waterworks  and  it  would  he  likely  to  prove 
much  more  sat'sfactiiry  than  to  maintain  two 
levels.  In  8()  small  tnwns  in  Massachusetts 
the  average  static  pressure  in  the  central  por- 

tion of  the  town  is  7fl  Ihs.  per  square  inch. 
Nine  of  these  towns  have  pressures  of  less 
than  50  lbs. ;  .33  have  pressures  of  from  50  to 
75  lb». :  31.  from  75  to  100  lbs.,  and  in  13  the 
I)ressure  is  more  than   100  lbs. 

f'lDiifiiiifi  /Zii.r/i'iic.f,— The  development  of  the oil  and  gasoline  engine  has  done  much  to  make 
waterworks  systems  for  small  pl.ices  financial- 

ly possible.  When  the  only  available  pumping 
machinery  was  the  steam  pump,  the  cost  of 
installation  of  pumps  and  boilers,  the  cost  of 
the  pumping  station  to  house  them  and  the 
cost  of  maintaining  the  plant  made  water- 

works practically  out  of  the  question  unless  a 
gravity  supply  could  be  scc;ired.  With  the 
new   form  of  engine,  however    the  conditions 

are  quite  different.  The  cost  of  the  machinery 
has  been  greatly  reduced,  the  cost  of  the  sta- 

tion is  much  less  and  the  cost  of  operating  is 
reduced  to  a  minimum  on  acccnmt  of  the  fact 

that  with  oil  or  gasoline  there  is  no  consump- 
tion of  fuel  except  while  work  is  being  done, 

while  with  a  steam  plant  a  large  proportion  of 
the  coal  is  used  in  banking  the  tires  and  getting 
up  steam.  Electricity  is  also  becoming  an  im- 

portant factor  in  connection  with  small  pump- 
ing plants,  although  the  cost  of  current  is  so 

great  (in  \ew  England)  that  there  are  few 
places  where  oil  or  gasoline  are  not  more 
economical,  except  for  auxiliary  plants  used 
only  occasionally. 
Pumps  should  usually  be  designed  for  the 

greatest  economy  in  doing  the  work  which 
they  are  called  upon  to  do  regularly  in  supply- 

ing the  domestic  needs  of  the  town,  without 
regard  to  their  use  for  fire  protection  pur- 

poses. It  is  seldom  feasible  in  the  small  sys- 
tem to  have  pumps  of  sufficient  capacity  to  be 

of  very  great  value  in  case  of  fire,  and  de- 
pendence for  fire  protection  should  be  placed 

on  water  stored  in  a  reservoir  or  large  stand- 
pipe  or  tank,  or  on  some  connection  with  fac- 

tory pumps  through  which  a  large  supply  of 
water  can  be  quickly  secured.  With  increased 
size  of  pumps  it  is  necessary  to  have  a  larger 
force  main,  a  larger  suction  pipe,  more  wells, 
if  the  supply  is  taken  from  driven  wells;  in 
fact,  a  considerable  portion  of  the  plant  must 
be  increased  in  size  and  made  more  expensive 
in  order  to  operate  large  pumps.  Lar.gc  pumps 
are  somewhat  more  eflicient  than  small  ones 
and  if  an  attendant  remains  at  the  station 
while  the  pumps  are  in  operation  there  is  a 
saving  in  the  shorter  hours  required  with  the 
large  pump.  With  the  oil  engine,  however,  or 
with  electricity,  constant  attendance  is  un- 

necessary, especially  in  the  case  of  the  smaller 

plants. _  Pumping  machinery  should  always  be  pro- 
vided in  duplicate,  and  works,  although  de- 

signed to  run  most  economically  when  one 
unit  is  in  operation,  can  he  operated,  if  neces- 

sary, .Tt  double  capacity  with  a  somewhat  re- 
duced efficiency.  A  plant  designed  for  a  com- 

munity which  will  use  from  100,000  to  150.000 
gals,  per  day,  should  generally  have  a  capacity 
of  about  250  gals,  per  minute  for  each  unit. 
This  would  mean  the  operation  of  one  of  the 
pumps  for  from  six  to  ten  hours  each  day. 
Such  a  plant  would  give  two  large  fire  streanis 
in  case  of  lire  by  starting  both  of  the  pumps. 
Many  pumping  plants  are  undoubtedly  of  too 
large  capacity  for  economy  and  the  tendency 
in  recent  years  has  been  to  make  them  smaller, 
especially  when  the  power  used  is  some  form 
of   internal  combustion  engine. 

Disliihiitiiifi  Rcsmnir.— The  design  of  the 
distributing  reservoir  is  aflfected  chiefly  by  the 
topography,  the  requirements  for  fire  protec- 

tion and  by  facilities  for  pumping.  In  a  much 
less  degree  it  is  aflfected  by  the  consumption 
of  water.  The  effect  of  the  topography  upon 
the  design  is  generally  »o  change  the  reservoir 
from  what  is  desirable  to  what  is  practicable. 
In  a  comparatively  flat  community  it  is  prac- 

tically impossible  to  store  as  much  water  at  so 
great  an  elevation  as  is  desirable  and  in  such 
cases  the  distributing  reservoir  must  he  cut 
down  and  other  portions  of  the  system  must 
be  designed  to  do  the  work  which  should  prop- 
crlv  be  done  by  the  distributing  reservoir. 

When  the  topography  is  such  that  it  is 
feasible  to  liuild  a  reservoir  of  any  desired  size 
;md  any  height,  the  design  is  dependent  almost 
cntirelv  upon  the  requirements  for  fire  protec- 

tion. C'lei'erally  it  is  found  that  the  desirable 
static  pressure  from  the  reservoir  at  the  point 
where  there  is  likely  to  be  the  greatest  demand 
for  water  is  from  80  to  100  lbs.,  depending  to 
a  large  extent  upon  the  distance  from  the 
reservoir  to  the  center  of  distribution.  The 
reservoir  should  be.  if  practicable,  large  enough 
to  hohl  at  the  required  elevation,  in  additioti 
to  the  domestic  supply  for  24  hours,  a  suf- 

ficient quantity  of  water  with  which  to  fight 
any  fire  which  is  likely  to  occur.  A  fire  in  the 
built  up  portion  of  a  village  may  take  about 
1,000  gals,  per  minute  or  00,000  gals,  per  hour. 
In  general,  the  time  during  which  this  quantity 
\rill  he   required   will  not  be  more  than   from 

two  to  four  hours,  .\pplying  this  rule  to  the 
ordinary  town  with  no  large  fire  risks,  the 
capacitv  of  the  reservoir  or  standpipe  should 
be  from  300,000  to  400,000  gals. 

f'ifie  Thickness. — The  part  of  the  design  in 
which  theory  plays  the  smallest  part  and  in 
which  even  experience  is  likely  to  count  for 
little  is  in  the  determination  of  the  thickness 
and  weight  of  cast  iron  mains.  The  static 
pressure  which  pipes  have  to  withstand  and 
the  breaking  strength  of  the  cast  iron  are  the 
only  elements  in  determining  the  proper  thick- 

ness of  the  pipes  which  are  even  approximate- 
ly known,  and  determining  the  thickness  from 

these  elements  alone  would  give  pipes  of  about 
the  thickness  of  cardboard. 
The  formula  used  by  the  Xew  England 

U'aterworks   Association   is: 

/"■  /•'»• 
t  =   +   +  0.25 

"o  (10,500)  '/a  (10,500) 

where  /  is  the  thickness  of  the  shell  in  inches ; 
r,  is  the  radius  of  the  pipe;  />,  the  static 

pressure  in  pounds  per  square  inch;  />',  an assumed  water  hammer  in  pounds  per  square 
inch  ;  16,500  is  the  breaking  strength  of  cast 
iron    ;and  5  is  a   factor  of  safety. 
The  chief  uncertainties  in  the  determination 

of  the  proper  thickness  of  pipes  are  the  water 
hammer,  the  effect  of  corrosion,  the  possibility 
of  breakages  in  handling,  the  ̂ trains  due  to 
imperfect  foundations  or  unequal  settlement 
and  the  eccentricity  of  castings  and  other  im- 

perfections in  the  pipe.  There  is  no  reason 
why  the  water  hammer  in  a  small  system 
should  not  be  kept  below  the  figures  ordinarily 
used  in  the  formula.  There  are  few,  if  any, 
authentic  cases  where  corrosion  of  a  cast  iron 
pil)e  has  caused  its  failure.  In  fact,  if  a  pipe 
has  been  in  the  ground  long  enough  to  cor- 

rode, it  seldom  fails  from  any  cause.  The 
strains  due  to  imperfect  foundation  and  settle- 

ment, in  the  case  of  small  pipes,  can  be  neg- 
lected if  proper  precautions  are  taken  during 

construction.  The  difficulties  due  to  imper- 
fections in  the  casting  and  to  the  handling  of 

thin  pipes  are  the  most  serious  and  to  over- 
come these  is  the  duty  of  the  founders.  That 

they  will  be  overcome,  if  the  engineers  insist 
on  light  pipe,  there  is  no  doubt,  for  already 
much  has  been  done  along  these  lines;  the 
cost  per  ton  may  he  somewhat  increased  if 
lighter  pipes  are  used,  hut  this  increased  cost 
will  be  nothing  like  the  saving  accomplished 
by  the  use  of  the  lighter  pipe. 

In  my-  own  practice.  I  have  put  in  many miles  of  Class  C  pipe  wdiere  the  pressures  run 
up  to  115  lbs.  per  .scpiare  inch  and  have  never 
known  of  a  failure  which  would  have  been 
prevented  by  using  thicker  pipe.  The  breakage 
in  the  handling  may  or  nia\-  not  have  been 
greater.  In  any  case,  it  was  not  excessive. 
For  the  ordinary  conditions  in  a  small  town, 
I  would  never  use  a  heavier  pipe  than  the 
Class  C  and  lighter  pipes  niav  safely  be  used m  manv  cases. 

Peflh  of  Cover  for  Pipe  Lines.— The  depth 
to  which  street  mains  should  be  laid  has  been 
investigated  by  a  special  committee  of  the 
.\'ew  England  Waterworks  .\ssi-iciation,  see  re- port presented  at  Xovember.  1009,  meeting, 
and  the  experience  of  the  cold  winter  of  1011- 
12  has  given  valuable  experience  to  those  who 
hn\e  had  charge  of  waterworks.  The  depth 
deterrnincd  on  aflfects  the  cost  of  the  works 
materially,  especially  if  rock  is  encountered, 
and  if  it  is  safe  to  reduce  the  depth  it  cer- 

tainly should  be  done. 
Theoretically,  street  mains  miaht  be  laid  at 

difi^crent  depths  in  difTcrent  soils.  !)eing  a  foot nearer  the  surface  in  clay  .than  in  gr.ivel,  but 
in  the  average  New  England  town  there  are 
.so  many  soils  that  it  is  not  wise  to  make  any distinction.  The  only  discrimination  which  it 
would  appear  safe  to  make  is  in  the  case  of 
places  where  the  groimd  water  alwavs  stands 
near  the  surface,  where  the  pines  mav  be  laid 
in  shallow  trenches.  The  freezing  of  the  pipes 
is  such  a  serious  matter  that  it  w-ould  seem  to 
be  unwise  to  take  any  chances  in  an  attempt 
to  save  money  on  trench,  excavation.  The 
best  practice  seems  to  be.  'for  a  climate  like that  of  Massachusetts,  to  have  the  center  of 
the  pipe  from  4.75  to  5  ft.  beneath  the  surface. 
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Notes     en     Meterage     From     Various 
Cities. 

In  our  report  of  the  latest  annual  convention 
of  the  American  Water  Works  Association  we 
commented  upon  the  discussion  which  made 

"Superintendents'  Day"  so  much  of  a  success. 
The  subject  of  water  meterage  is  always  of 
immediate  interest  to  the  operators  of  water 

works  and  this  subject  brought  out  a  very  in- 
teresting discussion  at  the  session  of  the 

convention  to  which  we  have  referred.  The 

formal  questions,  introduced  under  the  Ques- 
tion Box,  which  prompted  the  discussion,  here 

presented  in  substance,  were  as  follows :  Do 
water  meters  increase  or  decrease  the  cost  of 
water  supply  to  consumers?  Should  meters 
register  in  cubic  feet  or  gallons?  How  is  the 
cost  of  installation  and  maintenance  of  meters 
borne?  What  is  the  most  economical  method 
of  reading  meters?  The  discussion  brought  out 
many  interesting  data  pertaining  to  various 
water  systems.  Some  speakers  touched  upon 
several  phases  of  the  meterage  question  and 
all,  presumably,  presented  the  most  interesting 
aspects  of  the  subject  a?  viewed  in  his  locality. 
For  that  reason  the  comments  of  several  speak- 

ers are  here  given  in  substance. 
Mr.  A.  A.  Reimer,  superintendent  of  water 

at  East  Orange,  N.  J.,  speaking  on  the  effect 

of  meterage  on  the  consumer's  bill  said  that  he 
had  taken  the  actual  records  of  several  hun- 

dred cases  from  the  old  flat  rate  system,  and 
compared  them  with  the  same  places  under  the 
meter  system.  He  finds  that  71  or  72  per  cent 
of  the  consumers  who  go  from  flat  rate  to 
meter  rate  save  money.  The  department  makes 
that  up  from  the  other  28  or  2ri  per  cent.  Thus 
the  department  breaks  even,  but  over  70  per 
cent  of  the  people  actually  save  over  the  old 
flat   rate. 

Speaking  along  the  same  lines  Mr.  J.  N. 
Chester,  of  Chester  and  FLeming,  Pittsburgh, 
Pa.,  stated  that  plants  where  he  had  made 
investigations  show  these  results :  To  big 
hotels,  saloons  and  large  consumers  generally, 
the  change  from  flat  rates  to  meters  ordinarily 
increased  the  cost  of  water ;  families  who  have 
servants  in  the  house  generally  pay  more,  and 
those  who  handle  their  own  spigots  pay  less. 
He  concluded  that  it  depends  largely  upon  the 

community.  In  a  community  of  workingmen's houses — unless  the  meter  rates  are  minimum 
or  extremely  high — he  believes  that  water 
rents  will  be  cut  down  by  putting  in  meters. 
On  the  other  hand,  in  residences  where  there 

are  servants  W'ho  are  careless,  and  who  let 
the  spigots  run  most  of  the  time,  failing  to 
report  leaky  plumbing,  etc..  the  consumer  is 
going  to  pay  more  for  the  water  metered. 

Mr.  Wirt  J.  Wills,  superintendent  of  water 
works  at  Memphis,  Tenn..  considered  that  the 
installation  of  meters  decreases  the  price  to 
consumers  since  the  people  voluntarily  asked 
for  meters  four  years  ago.  His  city  has  16,000 
meters.  Up  to  recently  the  department  had  no 
right  to  put  a  meter  on  unless  the  consumer 
asked  for  it.  Most  people  have  had  experi- 

ences with  gas,  electric  and  other  kinds  of 
meters,  and  are  naturally  prejudiced  against 
the  meter:  but  after  8,000  had  them  in  and 
got  to  talking  around  to  their  friends,  in  the 
last  four  years  2,000  a  year  were  put  in,  the 
consumers  voluntarily  asking  for  them.  The 
cost  of  installation  is  charged  up  to  construc- 

tion of  the  plant.  The  benefit  to  the  water 
plant  is  from  the  fact  that  most  of  the  water 
is  being  paid  for.  The  works  are  furnishing 
per  capita  about  90  to  O.j  gals,  per  day,  but  are 
not  pumping  as  much  water  as  ten  years  ago 
when  the  city  was  some  40.000  less  than  now 
in  population.  Mr.  Wills  believes  that  meter- 

ing has  reduced  the  consumption  approximate- 
ly 4,000.000  gals,  per  day. 
Speaking  as  to  the  ownership  of  meters  Mr. 

C.  W.  Wiles,  Secretarv  of  the  Delaware.  Ohio. 
Water  Co.,  stated  that  in  his  opinion  the 
department  should  furnish  the  meters.  It  is 
a  question  whether  the  department  should 
charge  rental  to  the  consumer.  That  is  op- 

tional ;  but  in  some  places  the  department  fur- 
nishes the  meter  and  charges  a  rate  sufficient 

to  cover  the  cost  and  maintenance  of  the 
meter.     He   does   not   believe   the    department 

should  maintain  m«^ers  against  frost  or  freez- 
ing :  he  thinks  the  consumer  should  pay  the 

cost  of  that,  because  it  is  often  due  to  his 
neglect  that  a  meter  freezes.  He  believes  the 
department  should  furnish  the  meter,  and 
should  charge  a  nominal  amount  to  maintain 
it  in  good  repair.  In  his  opinion  the  ordinary 
domestic  consumer  will  save  over  a  $16  or  $18 
flat  rate,  $4  or  $.5  every  year  by  the  use  of 
meters,  and,  on  the  other  hand,  that  the  de- 

partment will  save  in  consumption  and  wasted watef. 

Mr.  H.  C.  Hodgkins  of  Syracuse,  N.  Y., 
gave  an  effective  illustration,  drawn  from  the 

experience  of  his  city,  of  the  economy  result- 
ing from  meterage.  He  stated  that  in  the  city 

of  Syracuse  the  meter  rate  has  been  reduced 
to  12  cts.  per  100  cu.  ft.  The  consumer  pays 
for  the  meter.  The  department  charges  the 

repairs  to  the  consumer.  It  ought  to  be  self- 
evident  that  the  consumer  will  save  by  pur- 

chasing water  at  that  rate.  But  there  is  one 
other  important  saving :  On  the  conduit  line 
at  the  outset  the  estimated  cost  was  $1,000,000, 
or  something  less  than  that.  Fifteen  years 
following  the  installation  of  the  first  conduit 
a  second  one  had  to  be  built  at  a  cost  of.  say, 
another  million  dollars.  It  is  estimated  that 
in  102.5  an  additional  conduit,  or  additional 
supplv,  will  be  necessarv.  Four  per  cent  on 

$l,0n6,000  means  $40,000'  a  year  saved  to  the taxpayers ;  so  that  while  the  consumer  saves 
from  his  water  payment  the  city  budget  is  also 
saving  a  large  item  in  interest  charges  per 

year  every  year  that  another  conduit  is  post- 
poned, due  to  the  saving  of  water  through 

meters. 

Procedure  as  to  meter  charges  in  Madison, 
Wis.,  was  explained  by  Mr.  E.  E.  Parker, 

superintendent  of  w-ater  works  and  city  engi- 
neer. The  city  supplies  a  meter  for  every  serv- 

ice. Two  charges  are  made  on  the  supplies : 
the  first  charge  being  a  capacity  charge,  or  the 
charge  made  whether  any  water  is  furnished 
or  not ;  the  second  charge  is  the  output  charge, 
or  the  cost  of  supplying  the  water  used.  The 
first  charge  on  a  %-in.  meter  is  $1..50  for  six 
months.  It  represents  the  cost  of  maintaining 
the  service,  interest  on  investment,  cost  of 
reading  meters,  etc.  The  second  charge  is  6 
cts.  per  100  cu.  ft.,  and  represents  the  actual 
cost  of  supplying  the  water. 
The  saving  in  plant  effected  by  meterage 

was  commented  upon  also  by  W.  C.  Hawley. 
general  superintendent  of  the  Pennsylvania 
Water  Co.,  of  Wilkinsburg.  Pa.  He  said  that 
it  is  not  only  a  question  of  what  the  consumer 

saves  on  his' water  bill,  but  also  as  to  what  is 
saved  in  the  way  of  additional  investment  in 
the  plant.  .\t  Atlantic  City  some  years  ago  the 
consumption  per  capita  was  from  2.50  to  260 
gals.  After  meters  had  been  installed  two 
years  this  consumption  was  cut  down  to  50  or 
60  gals,  per  capita.  This  postponed  an  in- 

vestment of  more  than  a  quarter  of  a  million 
dollars  for  a  number  of  years,  and  the  saving 
in  coal  alone  at  the  pumping  station  more 
than  paid  the  cost  of  installing  meters. 

.At  the  plant  with  which  !\Ir.  Hawley  is  now- 
connected  they  are  furnishing  a  large  popula- 

tion just  inside  and  outside  of  the  city  of 
Pittsburgh.  Water  is  supplied  on  a  meter 

basis  exclusively,  or  practically  so.  The  con- 
sumers are  paying  less  at  the  rate  of  20  cts. 

per  100  cu.  ft.  than  the  people  of  Pittsburgh 
who  have  corresponding  properties  are  paying 
on  a  flat  rate.  Pittsburgh  has  a  nominal  rate 
of  18  cts.  per  1.000  gals.,  or  1.3%  cts.  per  100 
cu.  ft.,  but  is  selling  water  to  less  than  10 
per  cent  of  its  domestic  customers  by  meter. 
In  this  case  the  meter  rate  is  doubtless  too 
low  for  the  cost  of  the  service,  but  when  the 
city  docs  go  on  to  a  meter  basis,  as  it  must 
in  the  not  distant  future,  and  has  increased  its 
meter  rate  to  a  reasonable  figure,  the  great 
majority  of  those  now  paying  on  a  fiat  rate 
basis  will  save  money,  and  the  reduction  in 
waste  will  materially  reduce  the  expense  of 

operating  the  city's  plant  besides  deferring large  investment  for  increase  in  plant.  This 
is  a  concrete  illustration  of  the  saving  to  be 
effected  by  the  introduction  of  meters,  and,  as 
shown,  the  saving  is  not  alone  in  the  reduction 
of  water  bills,  but  a  material  part  of  the  saving 

of  investment  which  would  be  necessary  if  it 
were  not  for  the  meters. 

Mr.  Chester  A.  McFarland,  general  manager 
of  the  Tampa  (Fla.)  Water  Works  Co.,  pre- 

sented the  following  interesting  data  on  the 
decrease  m  operating  expenses  and  revenue 
following  the  adoption  of  meterage  in  his 
city.  His  plant  is  operating  about  1.800  meters. 
The  consumer  pays  for  the  first  installation, 
and  after  that  the  company  pays  all  repairs. 
If  that  meter  for  any  reason  wears  out  or  be- 

comes useless  the  company  installs  another 
meter  at  its  own  cost.  The  consumer  pays 
for  one  installation  only.  The  result  is  very 
satisfactory  to  the  company. 

The  revenue  is  falling  off  in  most  cases 
where  meters  have  been  installed,  but  the  fall- 

ing oft'  in  revenue  has  been  amply  compensat- 
ed by  the  saving  in  the  cost  of  additional  in- 

stallation and  in  the  consumption  of  water. 
Water  is  pumped  from  well  supplies  and  the 
securing  of  this  water  is  expensive,  so  that 

it  is  thought  w'ise  to  keep  down  the  con- 
sumption and  to  be  paid  for  what  the  works 

are  actually  serving.  The  rate  is  17  cts.  per 
100  cu.  ft.  They  do  not  use  the  term  gallons 
because  of  the  trouble  in  computing  quanti- 

ties. Therefore  they  are  using  cu.  ft.  as  a 
basis,  and  17  cts.  per  100  cu.  ft.  is  the  maxi- 

mum charge,  w'ith  a  discount  of  10  per  cent. 
The  first  5.000  ft.  consumed  in  a  month 
is  charged  at  17  cts.,  the  second  5,000  ft.  at 
15  cts..  and  so  on  down  to  9  cts.  for  the  large 
consumers.  The  consumption  is  only  about  60 
gals,  per  day  per  capita. 

.-^t  Nashville,  Tenn.,  Commissioner  of  Water 
Works  Robert  Elliott  states  the  pumpage  has 
been  reduced  15  per  cent  and  the  revenues 
have  been  increased  25  to  30  per  cent  during 
the  last  five  years.  There  are  about  18,000 
services  in  the  city,  and  1.5,000  of  these  are 
metered.  Meters  are  furnished  and  installed 
by  the  department,  but  it  does  not  install 
the  services.  The  department  keeps  the 
meter  in  repair  without  cost  to  the  consumer. 

Mr.  G.  .Shoemaker,  secretary  of  the  Water- 
loO:  la.,  water  works,  stated  that  in  his  city- 
there  are  4,600  consumers  and  4,500  meters. 
The  meter  rate  is  25  cts.  per  100  cu.  ft.  On 
the  old  flat  rate  the  average  was  $1.5  a  year. 
Out  of  the  last  1,917  consumers  who  were 
changed  from  flat  rates  to  meters,  for  97  of 
that  number  the  rates  remain  the  same,  for 
1,106  the  rate  was  reduced  an  average  of  $.3.43 
a  year,  for  714  the  rate  was  increased  an 
average  of  $4.80.  making  a  total  decrease 
for  the  1.106  consumers  of  $-3,800.68:  the 
total  increase  for  the  714  consumers  $3,429.39, 
or  a  total  loss  on  1,917  meters  of  19.4  cts. 
per  annum  each.  In  1910  there  were  3,100 
consumers,  and  the  pumpage  was  .526,000,000 
gals,  per  annum.  In  1913  there  were  4.600 
consumers,  and  the  pumpage  was  490,000.000 

gals. 

Mr.  E.  E.  Davis,  superintendent  at  Richmond. 

\'a.,  said  that  everybody  in  Richmond  was 
at  first  opposed  to  meters,  because  they  said 
people  did  not  use  water  enough  to  keep  their 
premises  clean,  and  that  the  question  of  sav- 

ing waste  was  simply  imagination  on  the  part 
of  the  head  of  the  water  department.  On 
one  occasion,  to  test  it,  Mr.  Davis  had  four 
houses  supplied  from  an  8-in.  tap  under  80  lbs. 
pressure.  The  rate  was  at  that  time  15  cts.  per 
1.000.  w-ith  no  scale.  He  put  a  first-class  meter 
on  that  tap  to  demonstrate  to  the  city  coun- 

cil that  it  was  mistaken  and  not  the  water 
works  people.  The  meter  was  started  at  3 

o'clock  on  the  31st  day  of  July.  Mr.  Davis 
sent  for  the  man  who  set  the  meter,  and  said 
to  him :  "Go  down  there  now  on  the  31st 
day  of  .■\ugust.  w-hich  will  make  it  just  31  days, 

and  bring  me  a  report  of  that  meter."  The 
report  read  456,000  s-als.  of  water  for  four 
houses  in  31  davs.  The  rates  thev  were  pav- 

ing at  that  time  were  $3.38.  $2.38.  $2.88  aiid 
$3.25  respectively  per  quarter.  We  have  never 
had  an  excess  bill  over  half  a  dozen  times  in 
three  vears  for  any  one  of  those  houses.  They 
are  all  getting  water  now  for  $2  for  three 
month?  and  using  13.500  gals.  There  is  a 
difference  between  the  flat  rate  and  the  meter 

rate,  concludes  Mr.  Davis. 
Comnienting  on  noisy  water  meters,  Mr.  .\. 
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.^.  Reimer  said  that  there  had  been  a  consider- 
able number  of  complaints  in  East  Orange  in 

this  particular.  In  fully  nine  out  of  every 
ten  cases  he  finds  that  the  fault  is  not  in  the 

meter  direct,  but  is  due  to  the  faulty  con- 
struction of  the  piping  system  in  the  house. 

which  simply  acts  as  a  telephone  or  vibrator, 
carrying  the  noise  all  o\er.  When  the  de- 

partment gets  complaints  of  that  kind  it 
sends  a  man  around  to  investigate.  He  puis  a 
few  pieces  of  felt  between  the  pipes  and  'heir 
supports,  and  then  there  is  no  more  tr  )uble 
from  noisy  meters.  In  the  few  cases  .vhere 
the  noise  is  directly  attributable  to  the  meter 
on  investigation  they  find  that  something  has 

gone  wrong,  usually  in  the  gearing,  which  al- 
lows more  play  than  there  should  he  to  the 

working  parts. 
A  method  of  economizing  time  in  reading 

meters  was  outlined  by  W.  S.  Cramer,  superin- 
tendent of  the  Lexington,  Ky.,  H\draulic  and 

Manufacturing  Co.    He  spoke  as  follows: 
We  read  5,600  meters  in  36  hours  by  two 

men  last  month.  From  the  time  we  started 
reading  those  meters  until  the  bills  were  ready 
was  seven  days.  The  meters  are  located  on 
the  sidewalk.  We  have  mostly  straight  meters, 
all  set  at  the  curbstone,  with  24-in.  covers  on 
the  meter  bo.\es  and  18-in.  extensions  on  the 
meters.  There  is  no  box  to  open.  There  is 
a  small  center  cap  on  a  large  top.  We  use  a 
20-in  concrete  box.  In  the  center  of  the 
large  top  there  is  a  small  cover  6  ins.  square. 
and  in  reading  that  a  small  stick  is  used  about 
18  ins.  long,  with  an  iron  shoe  on  the  end  of 
it.  All  that  is  necessary  is  to  leave  that  cen- 

ter cap  so  that  you  can  see  the  dial.  We  never 
leave  the  caps  down,  because  they  are  pro- 

tected by  the  iron  top.  It  is  generally  a 
question  of  reading  only  one  figure.  We  use 
the  card  system  entirely  for  preserving  the 
reading.  These  cards  are  distributed  ac- 

cording to  routes,  and  when  they  are  taken 
out  they  arc  thrown  in  route  form  in  their 
consecutive  number,  so  that  a  man  can  carry 
these  cards  in  his  hand,  just  slipping  one  over 
the  other  so  that  he  can  easily  refer  to  the 
former  reading*  We  never  read  the  odd 
feet.  We  just  read  the  nearest  hundred,  so 
that  on  the  ordinary  house  service  it  is  gen- 

erally  necessary  to   read   only  one   figure. 
We  are  troubled  very  little  with  moisture 

under  the  glass.  I  think  two  years  ago  last 
Febr'iary  in  the  extreme  cold  weather  we  had 
a  little  trouble  with  moisture,  but  we  car- 

ried an  extra  man.  who  broke  the  moisture 

loose  It  possibly  reduced  the  record  a  lit- 
tle at  that  time,  but  very  seldom  do  we  have 

anv  trouble  with  moisture. 

Water   Filtration  and  the   Mechanical 

Washing  of  Filter  Sand  at  Wil- 

mington, Del. 
The  present  article  relates  to  certain  unique 

..r  unusual  features  in  the  design  and  opera- 
tion of  the  water  filtration  works  of  Wilming- 
ton, Del.  The  article  is  based  on  a  paper  by 

Edgar  M.  Hoop'-.-,  Jr.,  and  James  M.  Caird 
before  the  latest  annual  meeting  of  the 
.Amrrii  nil  Water  Works  .\ssociation.  The 
authors  acknowledge  their  indebtedness  to 
the  notes  of  Capt.  C.  H.  Gallager,  Theodore 
.■\.  I.ciscn  and  John  A.  Kienle,  former  chief 
engineers  of  the  water  department. 

THE     PRELIMINARY     FILTER.':. 

The  source  of  supply  is  the  Brandywine 
Creek.  The  water  is  conducted  by  means  of 
a  race  from  the  dam  to  the  preliminary  filters,- 
thence  by  gravity  to  the  pumps,  thence  to  the 
sedimentation  reservoir.  After  about  three 
d.iys  in  this  reservoir  the  water  flows  by 
gravity  to  the  final  slow  sand  filter  bed,  thence 
to  the  filtered  water  reservoir,  and  finally  to 
the  IS-in.  steel  distribution  main  supplying 
the  high  service  system  direct  and  the  low 
service  reservoir. 
The  preliminary  filter  plant  consists  of  ten 

beds  of  14  ft.  5  ins.  by  100  ft.  and  a  reservoir 

10.")  ft.  9  ins.  by  30  ft.  4  ins.,  inside  dimensions, 
with  a  depth  in  each  of  approximately  8%  ft. 
The  construction  of  the  foundations  and  filter 
walls   is   of   reinforced   concrete,     the     super- 

structure being  of  brick,  with  limestone  trim- 
mings. -After  drawing  the  water  from  the 

race,  it  is  fed  to  the  beds  from  an  influent 
gallery  and,  passing  under  the  filter  medium, 
through  the  inlet  drains,  is  distributed  by 
them  over  the  area  of  the  bed.  The  system 
of  filtration  is  upward,  the  water  rising  from 
the  drains  through  6  ins.  of  gravel  of  various 
sizes,  thence  through  20  ins.  of  small  coke, 
and  finally  through  20  ins.  of  sponge  clippings, 
the  later  being  held  in  place  by  cypress  racks. 
.After  passing  the  bed,  the  water  is  delivered 
into  an  effluent  gallery  and  conveyed  thereby 
to  the  clear  well. 
The  distinguishing  feature  of  this  plant  is 

the  method  employed  in  cleaning  the  filter 
medium.  Unlike  other  plants  of  its  type  (in 
which  the  sponges  are  removed)  the  wash- 

ing of  the  coke  and  sponges  is  done  directly 
in  the  beds  with  air  and  water. 
For  this  purpose,  there  is  installed  in  the 

bed  under  the  filter  medium,  a  system  or 
manifold  of  air  pipes,  consisting  in  each  bed 
of  two  6-in.  main  headers  with  %-in.  laterals 
at  12-in.  intervals.  The  latter  pipes  are 
plugged  at  the  end  and  perforated  with  1-16- 
in.  holes  on  3-in,  centers.     The  flow  of  air  is 

The  plant  consists  of  six  covered  sand  filters, 
of  one-third-acre  each  in  area,  a  filtered  water 
reservoir,  a  sand  washing  machine  of  the 
Blaisdell  type,  in  addition  to  a  control  house, 

V'enturi  meters,  valves  and  piping,  and  was  de- 
signed for  a  daily  capacitv  of  15,000,000  gals., 

although  for  present  needs  a  12,000,000-gal.  ca- 
pacity is  ample. 

The  six  filter  units  are  superimposed  upon 
a  reservoir  of  6,000,000  gals,  capacity.  At  the 
extreme  end  of  the  works  a  dry  gallery  runs 
across  the  width  of  the  six  beds  which  contains 
the  influent  and  eflitient  pipes  and  regulating 
devices,  all  visible  and  accessible. 
One  of  the  principal  features  in  the  design 

is  that  the  filters  and  filtered  water  reservoir 
are  combined  in  one  structure  two  stories  high. 
The  reservoir  or  lower  story  has  a  groined 
arch  roof  supported  on  square  piers,  and  this 
roof  serves  also  as  the  floor  of  the  filters,  over 
which  extends  a  roof  of  concrete  slabs  sup- 

ported on  I-beams.  This  form  of  construc- 
tion effected  a  considerable  saving  in  concrete 

and  in  excavation.  If  the  two  parts  had  been 
built  separately  a  roof  would  have  been  neces- 

sary for  each.  There  is  also  the  obvious  saving 
in  land   area.     With   such   a  grouping  of  the 

View  of  Blaisdell   Filter  Sand   Washing  Machine    Installed  at   Wilmington,   Del.,   Water   Fil- tration   Plant. 

secured  from  a  rotary  blower,  and  is  dis- 
charged through  the  bed  under  .5  lbs.  pressure. 

Water  is  discharged  through  the  bed  under 
normal  operating  heads  in  either  direction,  up 
or  down,  and  the  dirty  or  wash  water  is  car- 

ried off  liy  suitable  connected  drains.  This 
system  of  cleaning  the  sponge  clippings  and 
coke  has  been  found  not  only  satisfactory,  but 
very  effective,  and  is  carried  on  at  a  greatly 
reduced  cost  of  operation  and  maintenance, 
only  one  attendant  being  required  at  all  times. 
The  preliminary  filters  were  placed  in  oo- 

eration  in  October,  1907,  two  years  before  the 
final  or  slow  sand  filters.  These  filters  are  op- 

erated at  the  rate  of  about  50,000,000  gals,  per 
acre  per  day.  During  1908-09  the  average  re- 

moval of  bacteria  was  51.69  per  cent.  During 
the  same  period  the  average  reduction  of  tur- 

bidity was  62.35  per  cent.  Thus  it  will  be  seen 
that  the  turbidity  removal  exceeded  the  bac- 

terial. .After  the  prefilters  were  in  oneration 
the  typhoid  fever  death  rate  decreased  32.2 

per  cent. 
FINAL    SLOW     SAND    FILTRATION     PLANT. 

Radical  changes  were  made  in  the  design  of 
this  plant,  these  changes  involving  a  type  of 
construction  which  is  an  innovation  in  this 
character  of  work,  no  similar  plant  having 
been  constructed  elsewhere.  .After  ni'ich  legal 
discussion  together  with  financial  difficulties, 
the  contract  for  this  work  was  finally  executed 
on  Dec.  9,  1908.  Though  the  construction 
work  was  not  entirely  completed  within  con- 

tract time,  it  has  been  possible  to  operate  the 
filter,  and  .since  Jan.  16,  1910,  fdtered  water  has 
been  distributed  throughout  the  city. 

parts  there  is,  of  course,  a  far  greater  loss 
of  head  than  in  the  case  when  the  structures 
are  built  separately.  Local  conditions  had  a 
large  influence  in  the  selection  of  this  type  of 
structure,  for  the  works  are  on  high  ground, 
and  the  loss  of  head  between  the  filters  and 
the  reservoir  is  not  a  matter  of  any  great  con- 
sequence. 

.Another  unusual  feature  is  the  shape  of  the 
beds,  which  are  long  and  narrow ;  they  meas- 

ure 362  by  40  ft.,  and  were  built  of  this  size 
in  order  to  use  the  sand  washing  machine,  later described. 

The  systein  of  underdrains  also  is  some- 
what unusual,  for  the  filter  effliient  collected 

by  a  tile  pipe  drain  passes  through  holes  in 
the  floor  into  a  discharge  pipe  hung  up  close 
to  the  roof  of  the  filtered  water  reservoir. 

This  reservoir  measures  364  by  2.52  ft.  in- 
side, and  has  a  plain  concrete  floor  of  inverted 

groined  arches.  The  piers,  which  are  spaced 
on  14-ft.  centers,  are  24  ins.  square  and  6% 
tt.  high  from  floor  to  the  springing  line  of 
the  groined  arch  vaulting.  The  minimum 
thickness  of  floor  and  roof  is  9  ins. 
The  filters  which  form  the  second  story  of 

the  concrete  structure  are  separated  from  one 
another  by  concrete  walls,  which  are  placed 
over  every  third  pier  across  the  width  of  the 
plant.  These  walls  are  24  ins.  thick  and  9  ft. 
high,  and  along  their  side  arc  bolted  cast 
iron  brackets,  which  support  rails  for  carrying 
the  trucks  of  the  sand  washing  machine.  In 
the  top  of  each  wall  a  channel  is  cast  and 
will  serve  to  convey  the  dirty  wash  water 
from  the  washer  to  the  waste  pipe  connected 
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to  a  sewer.  The  underdrainage  system  con- 
sists of  one  row  of  Brossman  tiles,  laid 

longitudinally  down  the  center  of  each  filter. 
These  tile  drains  are  2  ft.  long  and  have  a 
section  resembling  a  flat  inverted  V.  Water 

may  enter  these  through  four  openings— two 

on  "each  side.  They  are  bedded  to  the  floor  by 
a  coat  of  grout,  and  are  covered  with  a  15- 
in.  layer  of  broken  stone. 
Under  the  tile  pipe  collectors  at  14- ft.  in- 

tervals along  the  longitudinal  a.xis  of  each  filter 
compartment  holes  are  cast  in  the  concrete 
floor  and  extend  through  to  the  reservoir  be- 

low. The  purpose  of  these  holes  is  to  afford 
an  outlet  for  the  filtered  water,  and  at  the 
same  time  serve  as  a  means  of  supporting  the 
effluent  pipes,  which  are  suspended  under  the 
roof  of  the  filtered  water  reservoir,  and  extend 

the  long  way  of  each  bed,  running  directly  be- 
neath the  main  tile  collectors.  The  effluent 

pipes  are  of  cast  iron,  increasing  from  6  to  20 
ins.  in  diameter.  The  effluent  piping  suspend- 

ed at  14-ft.  intervals  for  its  entire  length,  con- 
nects with  a  main  effluent  pipe  in  the  dry  gal- 

lerv  at  the  end  of  the  plant. 
The  lower  courses  of  the  filtering  material 

are  14  ins.  of  crushed  stone  and  graded 
eravel  and  on  them  rests  a  layer  of  sand  24 
ms.  thick.  The  sand  was  dredged  from  the 
Delaware  River  and  had  an  effective  size  of 
(K23  mm.  and  a  uniformity  coefficient  of  1.83. 
The  head  of  water  on  the  sand  is  4%  ft.,  and 
the  beds  are  operated  at  a  nominal  rate  of 
(i, 000,000  gals,  per  acre  daily  for  the  present, 
although  it  is  believed  that  a  rate  of  8,000,000 
gals,  can  be  used  by  taking  precaution  tc 
sterilize  the  filtrate. 

The  roof  of  the  filters  is  concrete  with  rein- 
forced triangular  wire  mesh.  It  is  laid  in  3-in. 

slabs  upon  8-in.  I  beams,  and  supported  by  I- 
beam  columns  resting  on  the  walls  dividing 
the  filter  beds.  The  roof  has  a  slope  from  the 
center  toward  either  side  of  %  in.  in  1  ft. 

,A.t  the  southwest  end  of  the  plant,  across 
which  the  dry  gallery  extends,  the  roof  had  to 
be  raised  a  few  feet  in  order  to  afford  clear- 

ance for  the  sand-washing  machine  when  it 
is  transferred  from  one  bed  to  another.  A 
ontinuous  bracket  cast  in  each  gallery  wall 

carries  the  rails,  along  which  a  transfer  car- 
riage travels.  This  carriage  carries  a  pair 

of  rails  spaced  38  ft.  apart,  the  same  gage  as 
those  of  the  filter  beds,  so  that  the  machine 

may  pass  from  the  beds  to  the  transfer  car- 
riage and  then  be  carried  by  it  transversely 

to  any  position  in  the  gallery  which  may  be 
desired. 
At  the  northwest  end  of.  the  pipe  gallery 

there  is  a  valve  chamber  to  control  the  head 
of  water  on  the  beds.  Water  enters  it  by 

gravity  through  a  48-in.  and  30-in.  pipe  from 
the  sedimentation  reservoir,  which  ends  with 
a  30-in.  hydraulic  and  hand-operated  disc 
valve  originally  intended  to  be  operated  by  a 
float  in  the  chamber.  By  a  simple  and  occa- 

sional adjustment  of  the  hand  wheel  the  water 
is  maintained  at  a  uniform  level  on  the  filters. 

I'rnm  the  valve  chamber  the  water  enters  an 
mfluent  main  running  the  length  of  the  gal- 

lery, reducing  in  size  at  each  bed  from  30  to 
16  ins.  in  the  total  length  of  the  gallery.  This 
main  has  a  16-in.  branch  at  each  bed,  and 
water  from  it  discharges  into  a  channel  along 
the  end  of  each  filter  and  flows  over  the  inner 
ed^e,  which  acts  as  a  weir,  and  down  through 
the  sand.  The  filtered  water,  after  passing 
through  the  pipes  suspended  from  the  root 
of  the  filtered  water  reservoir,  discharges 
through  a  Venturi  meter  on  each  bed  into 
the  main  effluent  collecting  pipe  and  thence 
into  the   filtered  water  reservoir. 
The  final  or  slow  sand  filters  were  placed 

in  operation  January  16,  1010.  The  average 
number  of  bacteria  per  cubic  centimeter  in 
the  raw,  pre-filtered,  settled  and  final  efflu- 

ent water  for  the  vears  1010  to  1013  were  as 

follows:  Raw,  27,263:  pre-filtered,  16,025: 
settled,  1.5,875;  final  effluent,  464.  The  total 
percentage  removal  of  bacteria  by  the  pre- 
filters,  settling  basins  and  final  filters  was 
08.3.  The  corresponding  figure  for  B.  coli 
was  88.52.  The  average  turbidity  in  parts  per 
million  for  the  four  years  1010  to  1013  was 
for    the    raw    water,    67.2 :    pre-filtered,    37.0 ; 

settled,  27.8;  final  effluent,  0.8.  The  total 
turbidity  removed  was  98.82. 

As  a  large  portion  of  the  turbidity  is  re- 
moved by  the  pre-filters,  there  is  little  work 

for  the  settling  basin  to  do,  the  size  of  the 
particles  passing  these  filters  being  very  small, 
the  amount  that  settles  is  very  slight.  There 
is  no  mechanical  action  to  assist  in  carrying 
down  the  bacteria,  hence  the  removal  by  the 
setthng  basin  is  small. 

The  color  of  the  water  has  been  determined 
only  during  1912  and  1913.  The  average  color 
for  those  two  years,  in  parts  per  million,  was. 
in  the  raw  water,  23.0 ;  pre-filtered,  22 ;  set- 

tled, 22;  final  effluent,  8.5.  The  total  color 
removed  was  63.05.  As  no  coagulant  is  used 
the  removal  of  the  color  is  not  high  or  com- 

plete. The  final  effluent  during  eight  months  of 
1913  was  treated  with  liquid  chlorine.  The 
liquid  chlorine  removed  83.12  per  cent  of  the 
bacteria  and  76.86  per  cent  of  the  B.  coli. 
The  amount  of  liquid  chloririe  averaged  1.56 
lbs.  per  1,000,000  gals. 

During  January,  1912,  there  was  an  epidemic 
of  typhoid  fever  at  Coatesville,  Pa.  (on  the 
watershed).  No  notice  of  this  condition  was 
sent  to  the  water  department  until  the  epi- 

demic was  well  under  way,  and  before  an 

emergency  hypochlorite  plant  could  be  in- 
stalled and  placed  in  operation  the  filters  hail 

failed  to  remove  the  bacteria  and  several  cases 
of   fever  started  in  Wilmington. 
When  the  condition  of  the  watershed  was 

learned  an  emergency  hypochlorite  plant  was 
placed  in  operation,  the  hypochlorite  being 
added  to  the  vi-ater  after  it  left  the  settling 
basin  and  before  it  was  upon  the  final  filters. 
This  treatment  killed  the  bacteria  in  the  water 
and  also  those  on  the  beds,  and  it  was  several 
months  before  the  beds  returned  to  normal 
working  conditions.  In  the  meantime  a  more 
permanent  hypochlorite  plant  was  placed  in 
operation   and   the   final    effluent   was   treated. 

The  use  of  hypochlorite  prevented  a  seri- 
ous outbreak  of  typhoid  fever  in  Wilmington. 

After  this  experience  experiments  were  made 
with  liquid  chlorine,  the  results  being  so  sat- 

isfactory that  a  permanent  plant  was  installed. 
MECH.\NICAL    VV.XSHING    OF    FILTER    SAND, 

The  Blaisdell  mechanical  washing  of  filter 
sand  is  a  method  of  recent  introduction,  and 
in  consequence  is  not  as  generally  known  or 
understood  as  those  systems  and  methods 
that  have  been  heretofore  applied  for  filter 
cleaning.  Briefly,  the  washing  machine  may 
be  described  as  a  traveling  crane  spanning 
a  filter  unit  and  supporting  a  water-tight 
rectangular  chamber  containing  the  essential 
washing  machinery,  and  further  provided  with 
means  of  lowering  this  chamber  to  the  sand 
surface  and  traversing  over  the  filter  while 

the  operation  of  washing  the  sand  is  proceed- 
ing. The  washing  chamber  may  be  raised  so 

as  to  clear  the  rim  of  the  filter,  and  the  ma- 
chine removed  to  another  unit  by  the  transfer 

carriage. 

As  the  width  of  each  filter  bed  is  40  ft. 

the  span  of  tlie  main  traveling  crane  sup- 
porting the  washing  chambers  was  made  .38 

ft.  on  rail  centers.  Forty-pound  rails  were 

used,  .  supported  on  specially  designed  cast- 
iron  brackets  bolted  through  the  division  wall 
on  2%-ft.  centers. 

In  the  design  of  the  machine  the  watertight 
washing  chamber  was  made  20  ft.  long  by  4 
ft.  wide  by  5  ft.  6  ins.  deep.  .\pproximateIy 
2  ft.  above  the  sand  level  or  bottom  of  this 
chamber  there  is  a  plate  or  diaphragm  subdi- 

viding the  wasliing  chamber  into  two  com- 
partnients,  the  lower  known  as  the  suction 
chamber,  from  which  the  dirty  wash  water  is 
withdrawn,  contains  five  horizontal  stirrer 
wheels  supported  on  vertical  shafts:  the  upper 
or  drv  chamber  contains  the  driving  mechan- 

ism for  the  stirrer  wheels  and  also  the  pres- 
sure and  suction  pumps. 

As  the  width  of  the  bed  is  40  ft.  and  the 
area  washed  in  the  forward  movement  of  the 
machine  is  but  20  ft.,  the  entire  washing 
chamber  is  supported  upon  crane  beams 
mounted    upon    wheels,     for    the    purpose    of 

moving  it  laterally  across  the  width  of  the 
bed,  on  rails  supported  on  the  girders  of 
the  main  traveling  crane.  This  permits  of 
completing  the  washing  of  the  entire  bed  in 
one  rotind  trip  of  the  machine — i.  e.,  by 
moving  forward  over  the  entire  length  in  one 
position  a  width  of  20  ft.  is  cleaned,  and  by 
transferring  the  chamber  to  the  opposite  end 
of  the  main  crane,  which  transfer  is  made 
without  stopping  washing  process,  the  re- 

maining area  is  cleaned  upon  the  return  trip, 
leaving  the  entire  machine  ready  to  be  trans- 

ferred to  any  bed  without  undue  loss  of  time. 
The  stirrer  wheels  in  the  lower  or  suction 

chambers  are  supported  by  vertical  shafts  in 
a  horizontal  position  1  in.  above  the  sand 
surface.  Numerous  teeth  project  from  the 
lower  face  of  the  stirrer  wheel  rim  and  ex- 

tend into  the  sand  below  the  level  of  the 

chamber  to  any  desired  depth.  Each  ver- 
tical shaft  passes  through  a  stuffing  box  in 

the  top  of  the  chamber  to  an  upbearing  in  the 
frame  of  the  machine,  and  is  revolved  by  a 
motor-actuated  worm  gearing  at  the  upper 
«id.  Midway  of  the  shaft  there  is  a  T- 
shaped  sleeve,  with  stuffing  boxes  at  the  upper 
and  lower  ends,  which  serves  as  a  water  con- 

nection. From  this  sleeve  downward  each 
shaft  and  wheel,  including  spokes  and  rim, 
are  hollow.  The  teeth  are  hollow  and  perfor- 

ated for  the  purpose  of  creating  a  water  jet 
action  from  the  supply  delivered  by  pressure 
pump.  Water  supply  for  the  pressure  pump  is 
taken  from  the  raw  water  of  the  filter,  while 
at  the  same  time  a  suction  pump  connected  to 
the  top  chamber  withdraws  not  only  all  the 
water  the  pressure  pump  supplies  through  the 
perforated  teeth,  but  also  an  additional  quan- 

tity made  up  from  the  filtered  water  stored 
in  the  filter  sand.  In  operation  the  teeth 
scour  the  sand :  the  wash,  or  pressure  water, 
by  the  jet  action  prevailing,  drives  the  dirt  up 
into  the  suction  chamber :  the  clear  water 
stored  in  the  filter  bed  is  drawn  into  the 
washing  zone  by  the  excess  suction  over 

pressure  supply,  and  the  wash  water  is  with- 
drawn and  pumped  from  the  chamber  before 

the  machine  passes  a  given  point.  The  cham- 
ber is  sealed  to  the  sand  surface  by  wide 

hinged  shoes  extending  in  advance  and  to 
the  rear  of  the  front  and  back  plates,  while 

the  side  plates  form  a  cutting  edge  extend- 
ing down  into  the  filter  sand. 

The  maximum  speed  of  operation  is  gov- 
erned bv  the  rapidity  with  which  the  press- 

ure pump  water  may  be  displaced  by  the  filter 

bed  supply,  and  as  a  result  the  speed  of  ad- 
vance varies  with  the  length  of  teeth  used 

— or.  in  other  words,  the  depth  of  the  wash- 

ing. 

Due  to  the  fact  that  there  is  less  dirt  at 
the  lower  depths  of  the  filter  than  near  the 
surface,  it  is  necessary  when  washing  to  a 
considerable  depth — such  as  24  ins. — that  teeth 
of  proportionate  length  be  fixed  in  the  stirrer 
wheel,  and  the  wash  water  is  therefore  intro- 

duced not  only  at  the  lowest  point,  but  at 
several  points  above.  This  pressure  water 
quickly  rises  through  the  disturbed  sand  zone 
and  is  displaced  by  the  inrush  of  the  clear 
water,  the  upward  current  of  which  occurs 
well  toward  the  center  of  disturbance  created 
by  the  teeth  and  covered  by  suction  chamber. 
The  sand  grains  are  dislodged  and  forced 
apart  by  the  passage  of  the  teeth,  and  as  they 
return  to  the  cavity  in  tlie  wake  of  the  teeth 
the  strong  upward  current  of  wash  water 
creates  a  temporary  suspension  and  churning 
action  within  the  area  of  the  suction  cham- 

ber. During  this  time  the  dirt  and  light 

particles  are  swept  to  the  surface  and  with- 
drawn with  the  wash  water.  The  subsidence 

of  the  suspended  sand  takes  place  following 
the  passage  of  this  violent  upcast  and  occurs 
during  the  more  gentle  upward  passage  of  the 
clear  water,  so  that  when  the  sand  comes  to 
rest  it  is  uniformly  water  packed  and  free 
from  all  air. 

As  each  stirrer  wheel  revolves  five  times  per 
minute  and  mounts  32  teeth,  it  follows  that 
all  sand  grains  are  disturbed  several  times, 
both  by  direct  contact  with  the  teeth  as  well 
ns  Iiy  the  working  of  adjacent  sand  and  the 
horizontal  water  jets   from  the  teeth. 

A 
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The  wash  water  may  he  controlled  to  enable 

hydraulic  sizing  if  so  desired,  working  all  very 
iine  sand  to  the  surface,  and  if  sand  too  hne 

for  effective  size  is  present  it  is  possible  to 

remove  it  from  the  filter  by  increasing  the 

duty  of  the  pressure  and  suction  pumps  to 
secure  the  desired  upward  velocity  to  hold  the 

sand  in  suspension.  .-Kt  all  times  the  excess 

suction  demand  is  satisfied  by  the  supply  of 

clear  water  stored  in  the  filter  sand. 

The  dirty  wash  water  from  the  machine  is 

dischargedto  a  gutter  formed  in  the  concrete 

party  w^all  between  the  filter  sand  units,  from 
which  there  are  sewer  connections  at  cither 

end  This  gutter  is  about  18  ins.  deep,  10  ins. 

wide  at  the  top  and  6  ins.  at  the  bottom,  with 

a  flight  grade  either  way  from  the  center  of 

the  beds  to  the  drains  at  the  ends,  but  the 

slope  is  not  enough  to  allow  any  sand  raised 

to  proceed  to  the  sewer  system.  Sand  that 
collects  in  the  gutter  is  removed  with  a  spade 

and  returned  to  the  filter  or  taken  away,  as 
desired. 

The  party  walls  serve  to  support  the  brack- 
ets for  the  rails  on  which  the  washing  ma- 

chine travels,  and  also  the  steel  columns  sup- 

porting the  roof  over  the  plant.  The  wash 

water  gutter  is  placed  off  the  center  line  of 

the  wall  to  enable  the  discharge  spout  from 

the  machine  to  pass  the  columns. 

.\11  of  the  several  operations  of  the  me- 

chanical features  of  the  machine  are  actu- 
ated l)v  independent  motors  controlled  from 

the  platform  bv  one  operator.  There  are  six 

motors  mounted  on  the  machine  with  vari- 

able-speed controllers  for  operating,  as  fol- lows: 

Capac-  Mini-  Maxi- itv,  mum  mum 
HP.  HP.  HP. 

JIain  travtlliis  crane......     25.0  5.0  15.0 
Washing;  chanibtr  transfer      7.5  l.o  i-o 
Washinir  chamber  hoist...       7.o  5.5  ».» 
Stirrer  wheel  drive       20.0  5.0  20.0 
Pressure  pump  .IHve       2o.O  12.0  13." 
Suction  pump  livive       10^  _^i  ■*" 

To.O  32.0  63.0 

\ctual  experience  has  demonstrated  that 

but  ■J4  n.  P.  is  required  for  the  worst  con- 
ditions of  operation,  and  2o  H.  P.  with  short 

teeth  and  normal  conditions.  The  quantity 

of  current  consumed  in  washing  each  bed  of 

one-third  of  an  acre  in  area  has  ranged  from 

80  to  17.5  K.W.-hrs.,  and  averages  through- 

out the  vear  approximately  120  K.W.-hrs. 
The  current  consumed  and  power  required 

are  least  when  the  shortest  teeth  are  being 

used,  and  reaches  a  maximum  with  the  long- 
est teeth  during  the  winter  months,  when 

the  oil-gear  boxes  tend  to  congeal  and  the 

operation  of  the^  machine  is  hampered  by  ice 
on  the  filter  beds*.  . 

With  a  five-unit  machine  cleaning  a  strip  M 

ft.  wide,  one  operator  washes  one-lhird  of 
an  acre  in  four  hours,  including  transfer,  and 

the  bed  is  usually  back  in  service  within  five 

hours  from  the  time  of  closing  valves  for 

washing  process.  This  question  of  time  ele- 
ment naturallv  affects  the  reserve  area  of 

idant  that  must  otherwise  be  constructed  in 
order  to  maintain  normal  rates  of  filtration 

throughout.  The  experience  of  the  depart- 
ment has  been  that  the  time  out  of  service  by 

this  method  per  acre  area  ranges  from  7.-5 

per  cent  to  10  per  cent,  while  with  the  old 
method    of    hand    scraping,    ejecting    and    re- 

storing, from  1-J  per  cent  to  2-5  per  cent  of 

time  is  lost.  It  is  apparent,  therefore,  that 

the  construction  cost,  either  for  reserve  area 

or  plant  canacitv,  for  low  rates  of  filtration 

is  materially  reduced  by  this  improved  me- chanical method  of  filter  cleaning. 

The  method  also  had  a  material  effect  upon 

the  cost  of  operating  sand  filters,  effecting 

a  reduction  in  our  plant  of  approximately 

oil  per  cent  over  the  cost  of  operation  of 

plants  of  the  same  capacity  elsewhere,  not- alily   Philadelphia. 

It  was  confidently  expected  when  the  plant 

was  built  that  the  operating  cost  would  not 

be  greater  than  $1  per  1,000,000  gals,  exclus- 
ive of  laboratorv  charges.  We  have  not,  how- 

ever been  able'  to  reach  this  low  figure,  the 
cost 'in  the  vear  1910-11  being  $1.08.  As  the 

operations  of  the  plant  require  intelligent  su- 

perintendence at  all  times,  and  as  skilled  me- 
chanics must  be  employed  continuously  for 

operating  the  washing  machine,  notwithstand- 
ing that  it  is  idle  approximately  7.5  per  cent 

of  the  available  working  time,  it  is  evident 

that  with  a  larger  daily  delivery  in  million 

gallons  the  above  unit  cost,  which  involves 
a  considerable  overhead  or  fixed  expense, 

could  be  materially  decreased. 

When  the  turbiditv  of  the  settled  or  ap- 

plied water  is  above  50  p.  p.  m.  it  is  impossible 

to  get  a  filtrate  that  is  entirely  satisfactory. 
At  one  time  during  cold  weather  it  \vas 

necessary  to  use  dynamite  to  dislodge  the  ice 
from  the  filters. 

The  most  serious  trouble  is  from  "air- bound"  beds  during  the  winter  months,  when 

the  water  is  saturated  with  oxygen. 

1R:0A!)3  Km}  STREETS 
Details  of  a  Reinforced  Concrete  Pave- 

ment in  Morgan  Park,  111. 
(Staff  .\rticle.) 

The  details  of  construction  of  a  reinforced 

concrete  pavement  built  in  Morgan  Park,  a 
suburb  of  Chicago,  the  method  of  constructing 

a  difficult  street  intersection,  and  the  organiza- 
tion and  performance  of  the  concrete  crew 

used  by  the  contractor  in  laying  the  surface, 
are  described  in  this  article. 

The  street  on  which  the  pavement  was  laid 
connects  Tasso  Place  and  Belmont  Ave. 

Funds  were  provided  under  the  special  assess- 
ment law  of  the  city  of  Chicago.  While  the 

general  topography  of  the  country  is  rolling 

the  grading  on  this  street  was  very  light,  al- 
though no  previous  improvement  of  the  street 

had  been  made.  One  short  fill  was  made ;  the 

remainder  of  the  grading  consisting  of  level- 
ing and  trimming.  The  soil,  for  the  most 

part,  is  of  a  clayey  nature. 
Concrete  curbs  were  set  20  ft.  apart  m  the 

middle  of  the  right-of-way,  liberal  park  space 
being  allowed  on  either  side  between  the  curb 

and  property  line.  Where  needed  C-in.  drain 
tile  was  laid  under  the  curb.  Only  a  small 

portion  of  the  curb,  however,  was  under- drained. 
HESIGN    FEATURES    OF    SURFACE. 

The  cross  section.  Fig.  1,  shows  clearly 
the   various   details   of   the   surface.     On   ac- 

the  curbs.  In  effect  the  pavement  is  divided 

into  separate  slabs  25  ft.  long  and  20  ft.  wide, 

free  to  expand  in  any  direction.  Metal  bound 

felt  expansion  plates  were  provided  for  trans- 
verse joints.  Longitudinal  joints  along  the 

curbs  were  of  plain  Va-in.  felt.  -Ml  joints 
used  were  manufactured  by  the  Philip  Carey 
Co.  of  Cincinnati,  Ohio. 

A  total  crown  of  2%  ins.  was  allowed, 

which  is  a  rate  of  Vt  in.  to  the  foot  for  a 
half-width  of  10  ft.  The  curb  exposure  was 

1  ins.,  the  center  of  the  pavement  being  IVj 

ins.  below  the  top  of  the  curbs.  By  this  means 

ample  waterway  was  provided  to  care  for  ex- 
cess storm  water.  The  average  grade  on  which 

the  pavement  was  laid  was  about  4,Vi  per  cent. 

The  reinforcement  consisted  of  triangle 

mesh  wire  in  50-in.  and  54-in.  widths  liianu- 
factured  by  the  American  Steel  and  Wire 

(.'ompany,  and  was  designed  to  be  so  placed 
as  to  allow  an  alternate  2-in.  lap.  It  was  de- 

signed to  follow  the  center  line  of  the  pave- 
ment cross-section.  Concrete  was  of  an  un- 

usually rich  mixture,  a  1  :2  ;3  mix  being  spe- 
cified. Aggregate  consisted  of  washed  flint 

gravel  passing  a  1%-in.  screen  and  retained  on 
a  '/4-in.  screen  and  clean  Lake  Shore  torpedo 
sand. 

An  interesting  design  feature  was  the  treat- ment of  the  intersection.  Fig.  2,  which  was  a 
junction  of  two  descending  grades.  It  will  be 
noted  that  the  distance  between  transverse  ex- 

lo-o  - '29  Am  S&Wa  K<' / Zarey  Felt  Joint  ̂  a ;  ̂'    3  Concrete 
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Fig.  ̂ .    Cross-Section   of  Reinforced  Concrete    Pavement  in   IVlorgan   Parl<, 

III. 

LUiyles  to  tile  intersecting  curb  line,  and  the 

break  occurs  at  the  intersection  of  the  curb 

lines  extended.  The  distance  from  the  point 

at  which  the  break  is  made  to  the  curb  is  9 

ft.  The  crown  at  the  intersection  was  in- 
creased to  i  ins.  and  is  placed  on  the  up-grade 

side  of  the  point  of  intersection  of  the  street 
center  lines.  It  will  be  an  interesting  study 

to  watch  the  action  of  this  joint  and  note 

ihe  effect  of  time  and  temperature  changes. 

DET.Ml.S    OF    CONSTRUCTION. 

The    curbs    were    placed    throughout    before 

beginning  to  lay  surfacing,  and  sufficient  time 

count  of  the  uncertain  character  of  the  foun- 
dations it  was  decided  both  to  reinforce  the 

concrete  surface  and  to  provide  a  cinder  sub- 
base.  The  surface  was  cut  at  25-ft.  intervals 

to  provide  for  temperature'  changes.  Addi- tional expansion  joints   were  provided  along 

pansion  ioints  at  this  point  is  quite  large,  the 
length  of  slab  being  59  ft.  9  ins.  The  joint 
on  the  intersecting  street  is  broken,  as  shown 
in  the  figure.  The  distance  from  the  curb  to 

the  point  at  which  the  break  occurs  is  20  ft.— 
the  width  of  the  street.    The  joint  is  at  right 

Fig.  2.     Method  of  Mai<ing  Joints  at  an 

Oblique    Intersection. 

elapsed  to  allow  the  concrete  to  set  thor- 
oughlv,  so  that  the  curbs  were  used  as  rails 
for  the  striking  template.  Fine  grading  was 

completed  and  allowed  to  settle.  The  cinder 

base  was  placed  a  convenient  distance  ahead. 
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Water  was  supplied  through  %-in.  hose  from 
the  municipal  supply,  taps  being  made  at  con- 

venient intervals.  Some  trouble  was  experi- 
enced from  lack  of  water  pressure. 

satisfactory,  reducing  the  amount  of  finishing 
required  and  aiding  in  spreading.  A  braced 
finishing  board  straddled  the  pavement  behind 
the  template  and   from  this  the  hand  finisher 

points  marked  on  the  curb.  It  was  rigid 
throughout  its  length  and  supported  at  the 
curb  by  an  arm  which  was  removed  after 
placing.  The  joints  were  placed  rapidly,  and 
no  difficulty  e.xperienced  either  in  handling 
them,  or  during  the  placing  of  the  concrete. 
The  finished  surface  was  sprinkled  daily 

during  construction  and  for  at  least  two  weeks 
after  completion.  At  the  present  time  the 
surface  is  in  good  condition. 

PERSONNEL. 

The  contract  price  for  3,300  sq.  yds.  of 
pavement  complete  was  $1.50  per  square  yard. 
.\bout  1,300  cu.  yds.  of  grading  were  taken 
at  33  cents  per  cubic  yard.  The  contractors 
were  the  Wm.  Ahlborn  Construction  Co., 
Hammond,  Ind, ;  S.  J,  McDowell,  local  super- 

intendent. Vertus  B.  Roberts,  Blue  Island, 
III,  was  engineer;  W.  J.  Hill  inspecting  the 
work  for  the  City  of  Chicago. 
The 

Fig,    3.      Method    of    Placing    Reinforcement    and   Finishing   Surface, 

The  ordinary  procedure  in  mixing  and  lay- 
ing was  as  follows :  Aggregate  and  Universal 

Portland  cement  were  piled  at  points  con- 
venient to  a  T.  L.  Smith  1  cu.  yd.  capacity 

mi.xer.  The  concrete  gang  consisted  of  16 
men  and  a  foreman  and  was  organized  as 
follows : 

Cost  per  S- Item.  hour  day. 
Wheeling-  to  mixer,  4  men  at  $3.20   512.80 
"Wheeling  from  mixer,  3  men  at  $3.20   Loading  mixer,    1    man  at  $4.50   
?!preading    concrete,    2    men    at    S4.00    and 

$3.60      
Finishing,   1  man  at  $5.20   
.Mixer   engineer,   at   $4.30   
Setting  joints  and  reinforcing  and  smooth- 

ing grade,  4  men  at  $1.60       6.40 
Foreman     (approximately)       7.00 

worked.     Figure   3    illustrates   the 
placing  reinforcing  and  finishing. 

method   of 
Each  block 

Construction    and     Use     of    the 
Wooden  Road  Drag. 

(Staff  Article.) 

The  road  drag  is  a  device  for  maintaining 
those  types  of  road  surfaces  which  when  wet 
soften  and  become  rutted  under  traffic  but 
upon  drying  out  become  firm.  It  may  also 
be  effectively  used  during  construction  for  the 
purpose  of  smoothing  out  surfaces  composed 
of  earthy  materials.     Many  diflferent  types  of 

9.60 

4.50 

7.60 
5.20 
4.30 

Total  daily  labor  cost  of  laying  surface.  .$57.40 
,\verage   performance,    six  25-ft.   sections    (150 

lin.   ft.),  or  333  sq.  yds.  per  8-hour  day. 
Note. — The  cost  of  superintendence  charged  at 

$7.00  per  day  should  properly  be  prorated  over 
the  cost  of  hauling,  grading,  etc.,  in  addition  to 
mixing  and  placing  concrete.  The  foreman  is 
employed  on  a  monthly  salary  plus  a  bonus 
basis. 

.\  thin  layer  of  concrete  about  3  ins.  thick 
was  laid  on  the  cinder  base  for  a  short  dis 
tance  ahead  of  the  second  layer.  On  this  the 
reinforcing  was  placed  and  the  second  layer 
run  and  finished.  Owing  to  the  difference 
in  thickness  at  the  center  and  sides  it  was 
found  difficult  to  place  the  reinforcing  in  the 
center  of  the  slab,  and  on  most  of  the  work 
it  was  dropped  below  the  center.  It  was  also 
found   to  he  much   easier  to  handle  the  rein- 

AifcJitft^//nlt. 

Fig.    1.      Improved    Type   of   Split    Road    Drag. 

was  placed  continuously,  no  stop  being  mada 
for  any  purpose  until  the  joint   was   reached. 

Fig.   4.      Method    of    Setting    Transverse     Expansion  Joint. 

forcing  by  using  this  method  of  placing.  The 
striking  template  used  was  made  by  P.  Rough- 

en, Fond   du  Lac,  Wis.,  and  was   found  very 

The  plate  joint  used  and  the  method  of  set- 
ting are  shown  in  Fig.  4.  The  joint  was  set 

up  "on  trestles  and  placed  in  the  pavement  at 

drags;  built  of  both  wood  and  steel  are  in 
use.  However,  the  material  of  which  con- 

structed appears  to  have  but  little  effect  upon 
the  quality  of  work  accomplished.  A  possible 
exception  is  in  dragging  sticky,  prairie  soils 

where  weight  and  both  a  cutting  and  smear- 
ing action  are  desirable.  In  this  case  an  ad- 

justable steel  drag  is  to  be  preferred. 
In  a  recent  bulletin  of  the  United  States 

Office  of  Public  Roads  a  modified  form  of 

wooden  drag  is  described  and  instructions  for 
its  use  given.  The  following  article  has  been 
prepared  from  information  contained  in  this 
bulletin  and  data  collected  from  other  sources. 

METHOD  OF   CONSTRICTION. 

Log  Drag. — A  drag  constructed  of  the 
halves  of  a  split  log  is  illustrated  in  Fig.  1. 
The  log  selected  is  preferably  of  a  hard,  tough 
wood  to  resist  the  grinding  wear  incident  to 

dragging,  and  well  seasoned  to  secure  light- ness. The  diameter  of  the  log  may  vary  from 
7  to  10  ins.,  depending  largely  upon  the  type 
of  soil  on  which  the  drag  is  to  be  used.  For 
a  heavy,  sticky  soil  in  which  ruts  are  ant  to 
be  deep  a  good  thickness,  or  depth  of  face, 
and  extra  weight  is  desirable.  On  the  other 
hand,  in  a  sand  loam  soil  or  for  use  in  the 
construction  of  sand-clay  roads  where  a  com- 

paratively light  weight  drag  is  used,  less 
thickness  is  satisfactory.  It  is  not  necessary 
that  the  log  be  the  same  thickness  throughout 
its   length.     Some   road   builders   even   prefer 
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to  have  one  end  thicker  than  the  other,  claim- 
ing that  by  an  alternate  arrangement  of  large 

ends  on  the  front  and  rear  logs  better  con- 
trol is  secured  in  operation. 

A  convenient  method  of  constructing  the 

drag  illustrated  in  Fig.  1,  the  type  recom- 
mended by  the  U.  S.  Office  of  Public  Roads,  is 

as  follows :  The  log  is  sawed  or  split  into 
halves  and  the  better  half  selected  as  the 
front  blade.    Two-inch  auger  holes  are  bored 

flron 

Fig.  2.     Grab   Link  for  Changing  Hitch  on 
Draw   Chain. 

to  receive  the  cross-braces  or  rungs,  care  be- 
ing used  in  boring  to  see  that  all  the  holes 

are  plumb  from  one  position  of  the  log.  The 
dimensions  of  the  various  parts  are  noted 
fully  in  Fig.  1.  To  secure  better  control  and 
to  facilitate  emptying  the  drag  while  in  op- 

eration the  two  blades  are  so  arranged  that 
when  the  tool  is  drawn  at  an  angle  the  ends 
of  the  blades  are  in  a  line  parallel  to  the  cen- 

ter line  of  the  roadway. 
In  framing  a  level  surface  is  selected  and 

the  logs  forming  the  two  blades  driven  to- 
gether gradually  upon  the  cross-braces ;  the 

rear  log  having  the  round  side  for  a  front 
edge.  In  this  way  some  rigidity  is  secured  be- 

fore wedging  the  ends.  Wedges  are  driven 
across  the  grain  of  the  timber.  Two  1-in.  by 
8-in.  boards  laid  across  the  top  provide  a 
platform  on  which  the  driver  may  stand  in 
operating  the  drag. 
The  steel  plate  attached  to  the  front  log, 

Fig.  1,  should  always  be  provided  if  the  drag 
is  expected  to  accomplish  much  work  and 
wear  well.  This  plate  should  be  drawn  to  a 
sharp  edge  on  one  side  and  tempered,  .^n 
old  road  grader  blade  makes  a  very  satisfac- 

tory cutting  edge  on  account  of  the  superior 
quality  of  the  steel.  Heads  of  bolts  fastening 
the   plate   to   the   log   should   be   countersunk. 

..    ..^a    -■ 'si      '-'ng   Type. 
the   Hitching   Link. 

Note 

In  case  a  road  grader  blade  is  used  the  spac- 
ing of  bolt  holes  should  be  noted. 

For  hitching  to  the  drag  it  is  well  to  pro- 
vide a  stout  chain.  Five  or  more  long  links 

should  also  be  provided  at  one  end  for  con- 
venience in  changing  the  angle  of  draft.  A 

length  of  about  8  ft.  is  usually  necessary. 
Eye  and  hook  bolts  for  hitching  the  ends  of 
the  chain  are  to  be  preferred  both  from  the 

standpoint   of  convenience   and   security   from 
vandals  and  durability  of  the  drag. 

A  convenient  type  of  hitching  link  is  illus- 
trated in  Fig.  2.  This  type  of  grab  link,  a 

shaped  ring  one  side  of  which  is  given  a 
quarter  turn,  is  frequently  seen  on  timber 
wagons  in  logging  camps.  By  its  use  a  con- 

venient method  of  changing  the  angle  of  draft 
is  provided  without  changing  the  length  of 
hitch,   the    full   strength    of   the   chain   is   ob- 

ity  without  cumbersome  cross-bracing.  Other- 
wise, a  2-in.  thickness  of  plank  would  be  sat- 

isfactory. The  top  braces  are  quickly  framed 
and  add  materially  to  the  strength  of  the 
drag.  Frequently  two  %-in.  rods  (not  shown 
in  Fig.  3)  placed  within  a  few  inches  of  each 
cross-brace,  are  used  to  bind  together  the  two 
planks  more  securely.  Other  details  are 
similar  to  those  for  the  log  drag,  shown  in 

Fig.  1.     The  weight  of  the  plank  drag  illus- 

it//ct/i>)/inl! 

Fig.  3.     Improved  Type  of  Plank  Road  Drag. 

tained  and  a  ring  provided  for  either  a  hook 
or  clevis.  The  ordinary  clevis  hitch  without 
some  form  of  ring  is  cumbersome.  The  weight 
of  an  oak  drag  complete  (not  including  the 
draw  chain)  will  vary  from  500  to  700  lbs., 
depending  on  the  seasoning  of  the  wood.  A 
pine  drag  is  about   150  lbs.   lighter. 

The  following  is  a  list  of  the  material  need- 
ed for  the  log  drag  illustrated  in  Fig.  1: 

No.  Item.  Size. 

1  steel  plate  with  holes  as  shown. .  H"x4"xs'-0" 
2  hook  bolts  with  nuts  and  washers. ......  %"x5" 
1  welded  eye  bolt  with  nuts  and  washers. %"x5" 
6  bolts  with  nuts  and  washers  (counter- 

sunk)     %"x5" 'A  lb.   wire  nails       8d 
1  hitching  link         %," 
1  proof  coil  chain   %"  links,  6  %"  links,  S'-O" 

Lumber — 2  S"xS'-0"  half  round  logs. 
3  3"x3'-2"  cross  pieces. 
!  2H"x3'-6"  diagonal  brace. 
2  l"x6"x7'-0"  boards. 

trated  in  Fig.  3  (not  including  the  draw 
chain)  will  vary  from  225  lbs.  to  350  lbs.,  de- 

pending on  the  seasoning  of  the  wood,  when 
constructed  of  pine,  and  330  lbs.  to  450  lbs. 
when  constructed  of  oak. 

The  following  is  a  list  of  the  material  need- 
ed for  the  plank  drag  illustrated  in  Fig.  3: 

No.             Item.  Size. 

1  steel  plate  W'ith  holes  as  shown.  .V4"x4"xS'-0" S  bolts  with   nuts  and  washers  counter- 
sunk     %"x3" 

1  welded  eye  bolt  with  nuts  and  washers.  4i"x5" 
'1  hook  bolts  with  nuts  and  washers   ^''xo" \ii  lb.  wire  nails       8d 
3  lbs.  wire  spikes     30d 
1  hitching  link        Vz" 
1  proof  coil  chain... %"  links,  6  %"  links,  S'-O" 

Lumber — 3  2"x4"x3'-2". 
2  2^4"x2',4"x3'-2". 
1  2"x4"x3'-0". 
2  l"x6''x7'-0". 
2  2"x6"x8'-0". 
2  2"xl0"x8'-0''. 
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.*i»^8;C. Fig.   5.      Maintaining   a    Newly    Surfaced    Sand-Clay    Road. 

Plank  Drag. — In  Fig  3  is  illustrated  essen- 
tially the  same  type  of  drag  previously  de- 

scribed, except  that  sawed  lumber  is  used  for 
the  blades  instead  of  the  halves  of  a  log 
Either  2-in.  or  2V4-in.  lumber,  reinforced  by 
a  narrow  strip  of  2-in.  x  4-in.  lumber  may  be 
used.  A  4-in.  depth  of  bearing  for  the  cross 
braces  is  required  to  secure  the  desired  rigid- 

Other  Wooden  Drags. — Various  forms  of 
wooden  drags  arc  in  use  designed  to  fit  some 
special  soil  condition  or  local  condition  of 
labor  or  materials.  Among  these  are  the 
float,  made  of  2-in,  by  10-in.  planks  framed 
together  like  clap-board  house  siding,  which 
is  used  in  very  wet  prairie  soils;  the  sloping 
rear   blade   drag,   in   which   the   rear   plank   is 
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tilted  forward  to  increase  the  smearing  ac- 
tion of  that  blade;  and  the  hone,  in  which 

the  cross-braces  are  set  at  30°  angles  forming 
cutting  blades  (the  long  sides  merely  actmg 
as  runners),  the  hitch  being  made  from  the 
runner   ends. 

METHOD    OF    USE. 

Smoothing  an  earth  road  surface  with  a 

drag  while  in  a  damp  and  comparatively  plas- 
tic state  accomplishes  the  following  results: 

(1)  By  the  intermingling  and  kneading  to- 
gether of  porous  sections  of  soil  which  drain 

well  with  more  impervious  sections^  on  which 

water  stands  in  puddles,  a  more  uniform  dens- 
ity of  road  surface  is  obtained  after  repeated 

dragging;  (2)  an  immediate  benefit  is  derived 
from  the  filling  in  of  ruts,  and  low  places 
that  hold  water,  permitting  the  surface  to  dry 
out  and  pack  down  uniformly;  and  (3),  the 
crown  of  the  road  is  preserved.  It  is  readily 
seen  that  dragging  a  sand  road  accomplishes 
nothing  more  than  the  tilling  in  of  ruts. 
This  work  is  accomplished  more  economically 
—should  it  be  desirable— with  a  2-horse  road 
grader. 

In  operation  the  drag  is  ordinarily  drawn 

at  an  angle  of  15°  to  30°  with  the  center  line  of 
the  road,  the  nose  being  on  the  ditch  side  of 
the  road.  Further  than  this,  instructions  as 

to  use  are  valueless,  since  the  art  of  suc- 
cessfully operating  a  road  drag  may  be  learned 

only  by  experience.  Suffice  to  say  the  operator 
will  find  that  by  alternately  riding  and  walk- 

ing, by  shifting  his  standing  position  on  the 
drag,  by  varying  the  length  and  angle  of  hitch 
and  the  use  of  a  little  common  sense,  he  will 
be  able  to  change  a  badly  rutted  surface  into 
a  smooth  road — which  is  the  end  sought. 

Practice  varies  in  regard  to  the  amount  of 
dragging  after  each  rain.  Ordinarily,  a  trip 
up  one  side  of  a  section  of  road  and  down 
the  other  after  each  heavy  rain,  or  continued 
rainy  period,  is  the  method  most  commonly 
used.  More  dragging  than  this  is  usually  un- 

economical, e.xcept  in  special  cases  where  oth- 
er tools  are  not  at  hand. 

The  time  at  which  the  drag  is  most  effec- 
tive is  difficult  to  determine  in  localities  where 

many  different  soil  types  exist.  Each  soil 

type' has  a  definite  state  of  plasticity  at  which it  may  be  handled  to  best  advantage.  For 
this  reason  it  is  quite  desirable  that  mainte- 

nance dragging  districts  be  either  small 
enough  to  contain  all  one  type  of  soil,  or  if 
large,  soil  types  should  vary  in  time  of  drag- 

ging requirements.  The  time  to  drag  is 
best  determined  by  close  observation  of  each 
section. 

Maintenance  dragging  systems  have  been 
instituted  in  many  states,  notably  Iowa,  Illi- 

nois and  Kansas.  Engineering  and  Con- 
TR.\CTiNG,  in  Vol.  XLI,  p.  608,  and  Vol.  XLII, 
p.  lOT,  contains  articles  on  methods  and  cost 
of  operating  dragging  systems.  In  Benning- 

ton Co.,  Vt.,  the  cost  of  dragging,  as  de- 
termined by  the  U.  S.  Office  of  Public  Roads, 

varied  directly  with  the  price  of  labor  and 
teams.  When  the  road  was  well  shaped,  re- 

quiring only  one  trip  in  each  direction,  an 
average  rate  of  complete  dragging  was  one 
mile  per  hour.  An  experimental  section  of 
road  8  miles  long,  near  Alexandria.  Va., 
dragged  for  3  years  (2-1  draggings  during  first 
year)  cost  at  the  rate  of  $1.25  for  each  drag- 

ging ;  a  dragging  consisting  of  three  round 
trips.  The  foregoing  cost  is  below  the  aver- 

age. In  Iowa  the  average  price  of  many 
dragging  contracts  ranges  from  forty  to  fifty 
cents  per  mile  for  each  dragging.  The  length 
of  sections  dragged  by  one  man  varies  from 
3  to  6  miles. 

It  should  be  borne  in  mind  that  a  road 
drag  is  primarily  a  maintenance  tool.  If  ruts 
are  deep  and  the  road  badly  out  of  shape  it 
is  much  more  economical  to  use  a  road  grader 
to  put  it  in  good  condition  before  using  the 
drag.  The  small  2-horse  grader  is  convenient 
for  this  purpose.  A  road  grader  and  drag  are 
used  for  purposes  that  do  not  materially  over- 

lap;  and  when  properly  used  together,  earth 
road  surfaces  may  be  materially  improved  in 
an   economic  manner. 

The  Relation  of  Farm  Produce  Haul- 

ing to  Permanent  Road  Im- 

provements. 
The  economic  factors  entering  into  the  char- 

acter and  e.xtent  of  permanent  road  improve- 
ment are  varied  and  important.  Some  of  these 

factors  are  as  follows :  The  relation  of  the 
extent  to  which  the  area  surrounding  a  city 
contributes  to  its  support  and  the  bearing  of 
improved  roads  upon  the  radius  of  a  circle 
including  this  area,  the  relation  of  the 
type  and  extent  of  traffic  on  a  road 
before  improvement  to  the  type  and  extent 
of  traffic  after  improvement  and  the  fac- 

tors that  contribute  to  a  change  of  type,  if 
any;  the  extent  to  which  through  traffic  should 
control  the  type  of  improvement,  the  just  ap- 

portioning of  the  cost  of  improvement,  and  the 
type  warranted  by  economic  considerations ; 
tiie  changes  in  the  character  of  farm  crops 
raised  and  in  labor  conditions  induced  by  road 
improvement,  and  the  relation  of  these  factors 
to  the  justifiable  expenditure  of  money 
desirable   for   present  and   future   welfare. 
A  recent  report  of  the  Public  Roads  Com- 

mission of  Ontario,  W.  A.  McLean,  chief  en- 
gineer, considers  some  of  the  foregoing  ques- 

tions, which  questions  are  fundamental  to  the 
consideration  of  the  economic  improvement  of 
highways.  Portions  of  this  report  are  given here. 

GENER.-\L    C0NSIDER.\TI0NS. 

Broadly,  it  is  the  general  experience  of  all 
countries  that  roads  for  local  traffic  only  and 
lightly  traveled  can  be  managed  and  financed 
by  the  local  community  alone ;  the  function  of 
a  central  government  being,  by  well-advised 
legislation,  to  provide  effective  means  of  local 
co-operation,  with  government  assistance  only 
as  a  measure  for  stimulating  and  focusing 

local  effort  in  the  early  stages  of  a  country's development,  and  as  an  educative  step. 
On  the  other  hand,  roads  which  carry  traffic 

from  a  considerable  area  (on  which  unites  the 
traffic  of  numerous  local  roads,  serving  a 

township  or  group  of  townships)  enter  a  field 
of  construction  which  demands  large  outlay, 

scope  of  organization,  and  continuity  of  ef- 
fort beyond  the  ability  of  local  or  municipal 

organization  alone  to  carry  out.  This  has 
been  the  experience  of  every  country  which 
has  attained  a  system  of  good  roads;  and  to 
the  work  of.  building  and  maintaining  roads 

of  more  than  local  traffic,  the  control  and  fi- 
nancial co-operation  of  the  central  government 

is  in  all  cases  being  extended.  Great  Britain, 
France,  Germany,  the  United  States  owe  their 

good  roads,  where  they  exist  or  are  being 

l)uilt,  to  the  active  co-operation  of  their  cen- 
tral governments.  Equitable  distribution  of 

cost,  an  adequate  scheme  of  finance,  repre- 
sentation in  expenditure,  technical  efficiency 

and  business  management  all  demand  the 

grouping  of  roads  according  to  a  suitable  class- 
ification. For  this  reason  the  roads  are  broad- 

ly divided  into  township  roads,  or  those  of 
local  traffic;  and  county  roads,  those  which 

carry  united  traffic,  and  to  which  the  co-op- 
eration of  the  provincial  government  should 

be  more  permanently  extended. 

The  maintenance  of  the  well-built  roads  in 

particular  demands  that  they  should  be 

grouped  under  counties,  rather  than  left  with 
?he  local  roads  under  township  management. 

Otherwise  expensive  roads,  after  being  built, 

are  apt  to  be  starved  and  allowed  to  fall  into 

neglect,  in  order  that  the  local  roads  may  be 

improved.  When  a  main  road  has  been  built, 

the  tendency  is  for  residents  on  other  roads  \'t 

say  to  their  township  council :  "Don't  spend another  cent  on  that  good  road  until  my  road 

is  in  equally  good  condition."  Many  old  toll 
roads,  formerly  good,  have  been  permitted  to 

degenerate  after  passing  to  township  control 
from  this  cause. 

CITIES   .^ND   St-'BURBAN   ROM'S. 

Tliere  exists  about  the  city  a  belt  of  rural 

territory  which  is  knit  to  it  in  the  closest  fash- 

ion. Much  of  the  city's  food  is  grown  in  this 

belt:  more  would  be  if  the  means  of  commu- 
nication were  l)etter.  Sundry  industries,  due 

to  the  presence  of  the  city,  are  prosecuted  in 

this  area.  The  residents  for  some  miles  out 

are  valuable  customers  of  the  city's  shops.  In 
every  way  the  city  stands  to  gain  by  the  equip- 

ping of  this  belt  with  a  system  of  roads  able 
to  carry  a  heavy  traffic  with  speed  and  econ- 

omy. 'The  speed  of  the  motor  'bus  and  motor 
truck  would  extend  the  city's  influence ;  that 
is,  the  area  from  which  it  could  draw  food 
and  direct  trade.  Opportunities  would  be  af- 

forded for  a  specially  beneficial  development, 
the  rapid  moving  of  workers  out  into  the 
countryside  after  their  daily  task  is  over.  It 
is  understood  that  in  Belgium  one-third  of  the 
industrial  workers  live  outside  of  the  towns, 

cultivating  small  holdings  of  land,  under  con- 
ditions of  health,  which  surpass  those  of  resi- 

dence in  the  crowded  streets.  From  the  stand- 

point of  the  city's  food  supply  alone  the  im- 
provement of  the  roads  is  of  great  importance 

to  the  town-dwellers. 
Economically  speaking,  distances  are  meas- 

ured by  time,  and  if  men  trespass  too  much 
on  the  early  morning  hours  in  order  to  reach 
distant  markets,  nature  makes  her  claim  on 
them  later  on.  If  the  constant,  regular  sup- 

ply to  city  markets  is  limited  to  points,  say, 
two  hours  therefrom,  it  would  mean  leaving 
the  farm  at  6  a.  m.  in  order  to  be  on  the  mar- 

ket at  8  a.  m.  It  is  easy  to  realize,  therefore, 
that  by  cheap  motors  and  good  roads  the  sup- 

ply area  can  be  greatly  enlarged,  as  compared 
with  the  present  districts,  in  which  supplies 
are  sent  into  town  by  horse-drawn  vehicles  on 
indifferent  roads.  Further,  the  widening  of 
the  belt  means  enhancing  the  profits  per  acre, 
to  the  advantage  of  the  farmer. 

Again,  the  countryside  has  suffered  for  sev- 
eral decades  from  certain  inevitable  develop- 

ments. Forty  years  ago  a  considerable  amount 
of  industrial  work  was  carried  on  in  nearly 
every  small  town,  in  nearly  every  village,  and 
indeed  in  many  rural  communities  too  small  to 
aspire  to  the  name  and  style  of  village.  This 
caused  a  wholesome  diversion  of  industry, 
increased  the  interest  of  country  hfe  and  was 
in  most  respects  a  beneficial  social  influence. 
The  march  of  progress  has  swept  that  state 
of  things  away.  The  tendency  of  the  age  is 
towards  centralization.  Those  small  indus- 

tries, which  mean  much  to  the  sm^ill  towns, 
have  been  absorbed  into  those  operating  in 

larger  centers.  The  countryside  must  special- 
ize in  farming.  Why,  then,  should  cities,  to 

a  certain  extent,  built  up  by  rural  districts, 
which  have  lost  ta.xable  property  to  those  cities, 

not  be  prepared  to  contribute  to  the  road  sys- 

tem? In  short,  if  the  roads  of  this  suburban  belt 
should  be  brought  up  to  a  high  standard, 
suited  for  heavy  traffic,  some  of  it  carried  on 
at  considerable  speed,  and  the  principal  bene- 

ficiary would  be  the  city ;  on  whom  should 
the  burden  fall?  The  county  and  the  town- 

ship already  spend  as  much  upon  these  high- 
ways as  strictly  county  and  township  purposes 

warrant;  the  wear  and  tear  is  inflicted  by  city 
people  and  by  others  whose  residence  in  the 
suburban  area  is  due  to  the  propinquity  of  the 

city.  These  and  other  considerations  have  in- 
fluenced the  classification  shown. 

Along  the  interurban  roads  many  persons 
will  pass  who  do  not  live  in  the  municipalities 
in  which  they  are  situated.  This  is  perfectly 
natural :  from  time  immemorial,  the  highway 
has  been  for  the  use  of  the  traveler,  regardless 
of  his  residence.  It  is  necessary,  of  course, 
to  see  that  the  burdens  of  constructing  and 
maintaining  such  a  road  are  equitably  adjusted, 
.so  as  not  to  impose  an  undue  proportion  of 
them  on  the  people  of  the  locality.  Indeed,  if 
measures  of  this  sort  are  not  taken,  the  situa- 

tion will  work  itself  out,  and  disadvantageous- 
ly  to  all  concerned ;  for  the  motorists  will 
search  out  and  appropriate  to  their  use  the  best 
stretches,  and  there  will  be  motor  routes  which 

at  once  will  give  dissatisfaction  to  the  motor- 
ists and  inflict  a  sense  of  injury  upon  the 

farmers  and  tax  payers  along  them. 

SUGGESTED  CLASSIFICATION  OF  PERMANENT  ROADS. 

The  important  roads  of  each  county  carry 
about  80  per  cent  of  the  traffic,  and  amount  to 
about  l-T  per  cent  of  the  total  mileage  of  all 
roads  in  the  county. 

Thus  important  roads  called  county  roads 
have  three  functions  to  perform,  and  are  con- 
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scqiiently  divided  into  three  grades :  Suburban 
shown  on  diagram,  Fig.  1,  by  solid  black  line; 

interurban  shown  by  double  line;  and  rural 
shown  bv  broken  line. 

All  three  classes  are  used  by  the  farmers 

of  the  county,  therefore  all  have  a  county- 
function  to  perform  and  all  should  receive 

support  from  the  county.  The  suburban  road 
in  addition  has  certain  city  functions,  and  the 

interurban  has  its  additional  urban  functions 

outside  of  the  suburban  area  as  well  as  certam 

provincial,  and  in  some  cases,  national  serv- 
ices to  render  and  is  largely  used  by  motors. 

The  division  for  aid  suggested  is  shown  in 
Table  I. 

marketing.  Motors  consequently  will  be  a 

great  factor  in  the  development  of  the  coun- 
try, provided  the  roads  are  made  suitable  for 

them.  The  area  of  production  of  food  stuffs 
will  be  increased,  and  the  profits  per  acre 
increased  to  the  farmers.  In  a  very  interest- 

ing investigation  carried  on  by  Clyde  Lyndon 
King,  Ph.D.,  for  the  Mayor  of  Philadelphia, 
in  1912,  it  was  shown  that  the  spread  between 
what  the  farmer  received  for  certain  food- 

stuffs, and  what  the  consumer  paid,  varied 

from  67  per  cent  to  265  per  cent.  These  in- 
vestigations of  course  were  only  carried  on locally. 

In  dealing  with  these  figures,   in  an  article 

TABLE  I— TABLE  SHOWING  PROPOSED  ArrORTION.MEXT    OF    THE    EXPENSE    OF    CON- STRfCTlNG    AND    MAINTAINING    ONTARIO     ROADS. 

Classification  Construction   cost,  Maintenance   cost, 
part  paid  by—  part  paid  by— 

County.       City.       Province.    County.       City.      Province. 
Per  cent.  Per  cent.  Per  cent.  Per  cent.  Per  cent.  Per  cent. 

t,„„l        (;0        ..        40       60        ..        40 

SHT^'ban-      30       3D       40       33%     3314     33% 
interurbant  ■::'.::::::::.::;;::       33%       ..        66%      eo        ..         40 •If  cost  exceeds  $10,000  per  mile,  excess  to  be  met  by  local  improvement  tax.  .    ,.     ̂  

tTo   cost   not   exceeding  $12,000  per  mile,    revenue   from   motor  fees  to  supply  one-halt  of  pro- vincial aid. 

THE    COST    OF    DISTRIBUTING    FOOD    PRODUCTS. 

Highly  productive  farms  can  never  be  made 
profitable  adjoining  poor  roads,  and  the  first 
agency  towards  increasing  the  prosperity  of 
the  farmer  is  to  create  the  cheapest  outlet  for 

his  products  to  the  market.  Canadian  statis- 
tics for  1912  indicate  that  one  dollar  will  carry 

a  ton  of  the  average   freight  by  railway   130 

on  the  cost  of  distributing  food  products 

which  appeared  in  the  Annals  of  the  Amer- 
ican Academy  of  Political  and  Social  Science, 

Dr.  King,  referring  to  what  these  costs  mean 
to  the  consumer  and  farmer,  in  part  stated 
as   follows : 

It   is   difficult   for  the  imagination   to  grasp 

$430 

Suburban  mads  an  shown  thus  . 
Interurban  roads  are  shown  Ujus  , 
Rural  roads  are  shown  thus 

of  this  method  of  distributing  food  products? 

Is  it  not  clear  that  the  interests  of  every  farm- 
er and  every  consumer  point  to  that  necessity 

for  developing  a  cheaper  method  of  food  dis- 
tribution, whereby  at  least  much  of  the  han- 

dling and  the  profits  of  a  few  of  the  middle- 
men may  be  eliminated?  All  are  interested  in 

cheaper  costs  of  food  distribution.  The  farm- 
er is,  of  course,  because  it  means  higher  prices. 

The  consumer  is  because  that  is  his  only  hope 
for  lower  prices.  But  so  is  the  city ;  and  the 
labor  employer. 

It  is  mainly  in  the  development  of  direct 
shipments  to  relatively  nearby  markets  that  the 

farmer's  returns  can  be  increased  and  con- 
sumers' prices  lowered.  It  is,  however,  not 

fair  to  charge  all  of  the  great  spread,  includ- 
ing transportation  charges,  as  between  pro- 

ducer and  consumer  to  the  middleman,  as 
many  are  now  doing  when  looking  lor  the 

causes  of  the  present  cost  of  living.  The  resi- 
dents of  the  cities,  especially  the  property 

owners,  are  in  a  measure  responsible  for  some 

of  that  spread,  because  they'having  joined  the real  estate  man  in  taking  $10  bills  in  the  shape 
of  city  property,  have  committed  forgery  by 
coolly  raising  the  bills  to  $100.  That  at  once 
creates  new  conditions  for  all  the  city  dwel- 

lers, owing  to  a  return  being  immediately  de- 
manded on  that  watered  stock. 

The  cartage  of  food  products  by  the  indi- 
vidual farmer  from  the  farm  to  some  market 

as  is  now  the  custom  will  always  be  the  most 

Cost  of  Haul  Per  Ton  Mile  to  Market  $Z  60 
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Fig.    1.    Chart  Showing  a   Suggested   Method 
of  Classification  for   Highways. 

Fig.  2. 
Diagram   Showing   Relative    Profitable    Hauling    Radius   and   Variation    in 

Profit  for  a  Given  Load. 

miles,  and  on  water,  .")1.")  miles.  The  former  is 
the  average  of  high  grade  and  low  grade  traf- 
lic.  car  lot  and  less  than  car  lot,  long  haul  and 
short  haul,  while  the  latter  is  relatively  a 
limited  number  of  commodities,  moving  in 
large  bulk,  on  long  water  hauls.  As  to  the 
cost  of  haulage  per  ton  by  horse-drawn  ve- 

hicles, there  is  some  general  understanding 
that  on  very  ordinary  roads,  four  miles  is  the 
limit  for  one  dollar.  It  can  hardly  be  disputed 
that  a  team  will  haul  three  tons  easier  on  a 
hard  smooth  road,  than  one  ton  on  a  bad 
road. 

Motor  haulacc  appears  to  he  the  solu- 
tion of  the  problem.  On  good  roads  the  motor 

w-ill  make  20  miles  with  a  reasonable  load  as 
quickly  as  a  team  can  cover  6  miles  on  good 
roads,  or  say  3  Riilos  on  poor  ones.  The 

"home  market"  of  the  farmer  thereby  may 
become  enlarged  to  an  extent  he  hardly  re- 

alizes today.  Give  him  a  vehicle  which  can 
transport  a  load  cheaply  for  20  or  30  miles  in 
the  time  now  taken  for  10.  and  you  give  him 
a  choice  of  urban  centers  in  which  to  do  his 

just  what  these  costs  of  distributing  farm 
produce  mean  in  lower  prices  to  farmers  and 
higher  prices  to  consumers.  The  consumers 
of  New  York  City  pay  annually  around  $645.- 
000,000  for  food.  This  food  costs  at  the  ter- 

minal $.350,000,000.  That  is  to  sav.  the  people 
of  Xew  York  City  are  paying  over  $150,000,00(1 
each  year  to  have  their  foodstuffs  taken  from 
the  terminal  to  their  kitchens.  .'\t  a  cost  of 
II  cents  per  meal  per  person  for  all  classes  in 
Philadelphia,  high  and  low,  rich  and  poor, 
Philadelphia  citizens  are  spending  $225,000,- 
itOO  every  year  for  food.  Of  this  amount  they 
pay  something  less  than  $75,000,000  each  year 

in  carl  age  and  delivery  costs  and  in  retailers' 
profits. 

Of  the  $1 10.000,000  paid  annually  by  the  peo- 
ple of  New  York  City  for  milk,  eggs,  onions 

and  potatoes,  less  than  $50,000,000  was  re- 
ceived by  the  men  who  raised  these  crops.  For 

certain  produce  for  which  the  eastern  farmer 
last  summer  received  $1.  the  Philadelphia  con- 

sumer paid  $2.35. 

Is  it  not  needless  to  point  out  other  results 

expensive  method.  The  time  is  coiuing  when 
the  motor  will  play  an  important  part  in  co- 

operative marketing  by  farmers.  That,  how- 
ever, must  wait  until  proper  road  facilities 

exist  for  the  motor.  There  is  no  class  of  the 

people  who  need  co-operation  more  than  our 
farmers.  It  w-ill  not  alone  benefit  their  pock- 

ets, but  it  will  create  new  social  conditions, 
making  farm  life  more  agreeable  than  at  pres- 

ent. Important  strides  have  been  made  in  that 
respect  in  F.urope,  and  while  this  subject  may 
be  regarded  as  having  no  place  in  a  report 
on  roads,  still  improved  highways  and  good 
farming  must  go  hand  in  hand.  The  doing  of 
things,  whatever  they  may  be  in  this  age  of 
competition,  must  be  reduced  as  nearly  as  pos- 

sible to  a  science.  W.  present  it  is  practically 
impossible  to  get  from  tlie  farmer  clear  and 
concise  figures  of  haula.gc  cost.  This  is  not 
offered  in  any  sense  of  criticism.  If  such  fig- 

ures were  available  it  would  be  possible  to 
corapile  most  interesting  statements,  showing 
the  annual  loss  or  gain  on  roads  of  various 
grades,  to  each  township,  which   could  easily 
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be  determined  owing  to  the  total  agricultural 
production  being   fairly  well  known. 

SUPPORTING    ARE.\S    OF    ONT.^RIO    CITIES. 

Cities  are  benefited  by  general  rural  devel- 
opment as  brought  about  by  better  roads.  Ur- 

ban centers  with  good  roads  are  especially 
lienelited  by  the  main  roads  in  their  immediate 
vicinity.  It  may  in  a  general  way  be  assumed 
that  each  city  has  a  special  interest  in  an 
area  immediately  surrounding  it,  sufficient  to 
provide  a  food  supply  for  the  city,  and  the 
population  within  such  area. 

It  is  not  advanced  that  the  Suburban  Area 
referred  to  in  the  classification  of  roads  should 

necessarily  coincide  with  the  area  of  food  sup- 
ply or  Supporting  Area.  Such  an  area  is 

probably  too  great  to  meet  conditions  of  actual 
practice ;  but  it  is  of  use  as  representing  an 
extreme  standard  of  measurement. 

Before  further  explanation  is  entered  upon, 
attention  should  be  called  to  one  or  two  pre- 

liminary points.  It  is  well  known  that  cities 
are  not.  even  in  the  matter  of  home-grown 
products,  supported  altogether  by  their  imme- 

diate neighborhoods.  Thus,  for  example,  while 
potatoes  are  an  excellent  crop  in  Ontario,  New 
Brunswick  potatoes  are  quoted  throughout  the 
year  on  local  markets.  The  reason  for  this, 
of  course,  is  that  in  point  of  time  and  cost, 
the  New  Brunswick  potato-grower  is  actually 
nearer  the  Ontario  markets  than  are  the  On- 

tario growers  themselves.  Under  present  con- 
ditions farmers  within  comparatively  short 

distances  of  large  consuming  centers,  are  un- 

conimodities.  This  factor  has  its  effect  in  al- 
tering any  general  calculations  that  may  be 

made  for  cities  and  their  suporting  area  as  a 
whole.  Taking  the  case  of  any  one  support- 

ing area,  however,  while  a  certain  proportion 
of  farmers  would  be  producers  of  some  spe- 

cial commodity  for  distant  consumers  (e.  g. 
apples  for  the  northwest),  on  the  other  hand, 
a  certain  proportion  would  be  relieved  from 
producing  for  the  local  centers  by  the  fact  of 
imports  from  distant  producers  (.e.  g.,  grain 
from  the  northwest)  and,  while  it  is  not  held 
that  these  two  proportions  would  balance  each 
other,  yet  they  would  tend  to  make  any  dis- 

crepancy in  the  general  calculation  less  notice- 
able. 

Still  another  point  arises  with  the  calcula- 
tion of  a  large  supporting  area,  such  as  that 

for  the  city  of  Toronto.  .\  number  of  towns 
of  various  sizes  are  found  within  the  area. 

In  this  instance,  therefore,  a  special  calcula- 
tion has  been  made.  In  the  case  of  the  small- 

er cities,  however,  this  difficulty  is  not  in- curred. 

In  all,  calculations  have  been  made  for  the 
twenty-one  largest  centers  in  Ontario  The 
results  appear   in   Table   II. 

The  results  given  in  Table  II  are  based  upon 
calculations  in  which  both  the  general  items  of 
food  entering  into  the  dietary  of  the  average 
family  and  the  yield  of  these  items  in  the 

various  districts  respectively,  for  w'hich  es- 
timates were  made,  have  been  taken  into 

account.   The  "'average   familv'   was  taken   as 

TABLE    II.— POSSIBLE    SUPPORTING   AREAS 

Name  of  city. 

Toronto,  city  only  (census  1911)   
City,    1913    (assessment   figures)   
Witti    country    (census)   
With   country,    1913    (assessment)   
Witli  country  and  towns,   1913   (assessment). 

Ottawa   
Hamilton      
London       
Brantford       
Kin.^'Ston           Peterboro       
Windsor      
Berlin      
Guelph       
St.     Thom.as   
Stratford      
Owen     Sound   
St.     Catharines   
Cl-.atham      
Gait      .~   Sarnia     
Belleville      
Brockville      
Wood.stock       
Niagara    Falls   
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able  to  take  up  diversified  farming  to  the  ex- 
tent that  they  would,  if  they  could  market 

their  produce  readily  as  it  ripened.  Thus 
farms  in  close  proximity  to  centers  of  popu- 

lation may  be  found  devoted  to  grain  crops 
only,  because  the  farmer  cannot  afford  to  risk 
the  growing  of  crops  requiring  immediate 
marketing,  or  because  he  finds  that  the  time 
consumed  on  the  road  to  market  and  back 
makes  the  cost  of  production  on  these  classes 
of  foods  relatively  higher  than  it  is  on  other 
crops  which  keep  longer  and  can  be  marketed 
when  his  time  is  worth  less.  Thus,  while  it  is 
true  that  our  cities  do  not,  at  present,  draw 
all  their  food  from  immediate  territory,  it 
would  seem  that  the  most  potent  influence,  in 
preventing  such  an  arrangement,  has  been  the 
heretofore  inadequate  means  of  local  trans- 

portation in  marketing. 
Improvement  in  the  facilities  would,  how- 

ever, induce  the  abandoning  by  neaVby  farmers 
of  low  priced  crops,  which  have  heretofore 
carried  the  bonus  of  cheap  marketing,  for 
high  priced  crops  upon  which  marketing 
charges  will  decrease  as  the  farmer  is  brought 
closer  to  his  market. 

Then,  a.gain.  it  should  be  pointed  out  that 
some  districts  are  specially  adapted  to  the 
production  of  certain  products,  such  as  fruits, 
and  they  should  therefore  be  properly  expect- 

ed   to    specialize    in    the   production    of    these 

consisting  of  five  members.  There  was  then 
worked  out  the  acreage  required  to  supply  the 
various  food  items.  The  total  area  re- 

quired for  the  support  of  50  people  for  one 
year  was  thus  found  to  be  109.14  acres.  It  is 
to  be  noted  that  this  acreage  provides  only 
the  amounts  of  each  kind  of  food  grown  lo- 

cally and  consumed  by  the  unit  of  50  people  in 
one  year  and  no  account  is  taken  whatever  of 
other  foods,  such  as  imported  fruits,  etc., 
which  are  consumed  in  addition.  The  109.14 
acres  thus  represents  the  area  required  to 
provide  home-grown  products  only.  It  is  to 
be  further  noted  that  this  acrea.gc  represents 
only  the  net  area  required,  and  this  whole 
area  of  land  would  need  to  be  cultivated  to 
provide  the  required  amount  of  food.  In  the 
case  of  each  area  for  which  a  calculation  was 
made,  therefore,  account  was  taken  of  the 
proportion  between  cultivated  or  producing 
land  and  total  acreage. 

The  Construction  of  Gravel  Roads  in 
Iowa. 

It  has  been  found  in  recent  years  thai  a 
well-constructed  gravel  road  will  resist  de- 

structive aKtomobile  traffic  better  than  a 
macadam  road.  Furthermore,  the  cost  of  con- 

struction, repair  and  maintenance  is  less  than 

that  of  a  macadam  road,     ."^n  interesting  dis- 

cussion of  the  methods  of  l)iiilding  gravel 
roads  best  suited  to  Iowa  conditions,  by  T.  R. 

Agg,  professor  in  charge  of  highway  engi- 
neering at  the  Iowa  State  College,  presented 

in  a  recent  official  publication  of  the  Iowa 
Highway  Commission,  is  given  here  in  part. 
A  complete  description  of  the  standards  and 

methods  used  by  the  Iowa  Highway  Commis- 
sion to  which  reference  is  made  in  this  arti- 

cle will  be  found  in  the  issue  of  Engineerixg 
.■\ND  CoNTR.^CTiNG   for  July  15,   1914. 
PROPERTIES     OF     GR.WELS     SUIT.\BLE     FOR     USE    IN 

ROAD    CONSTRUCTION. 

The  ideal  gravel  for  road  construction  is 
hard  and  durable,  well  graded  from  about 
2%  or  3-in.  pieces  down  to  sand,  and  possesses 
good  bonding  properties.  Such  a  gravel  is 
rarely  encountered  in  Iowa,  but  nevertheless 
it  is  possible  by  proper  selection  and  mixing 
to  make  serviceable  roads  out  of  any  of  the 
gravels  found  in  the  state.  Good  wearing 
qualities  are,  of  course,  desirable,  and  most 
gravels  that  are  available  are  made  up  of 
fairly  hard  particles  and  will  wear  reason- 

ably well.  The  Deval  test  may  be  applied 
to  get  the  relative  durability  of  gravels,  but 
this  is  usually  unnecessary.  Good  bonding 
properties  are  also  very  desirable  and  in  the 
Iowa  gravels  the  bonding  material  is  usually 
clay.  If  the  gravel  in  the  pit  does  not  con- 

tain sufficient  clay  it  can  be  added,  as  -wiW 
be  explained  later.  The  amount  of  clay  should 
be  not  less  than  10  per  cent,  nor  more  than  25 
per  cent,  dry  measure. 
One  of  the  principal  sources  of  gravel  is 

the  terrace  deposits.  These  gravels  vary 
greatly  in  quality  and  grading,  but  are,  in  gen- 

eral, deficient  in  coarse  pieces.  Not  only  do 
the  various  deposits  differ  materially,  but  the 
individual  deposits  also  lack  uniformity.  By 
careful  selection  of  material  from  the  pit  it  is 
usually  possible  to  secure  a  material  that  will 
serve  admirably  for  road  work.  For  exam- 

ple, the  upper  portion  of  the  pit  may  contain 
much  more  clay  than  the  lower  portion  and 
consequently  have  better  bonding  properties. 
In  that  case  the  better  bonding  material  should 
be  used  for  the  surface  of  the  road.  In 
other  cases  the  upper  portion  of  the  pit  may 
contain  too  much  clay,  but  in  loading  the 
material  the  material  in  the  upper  part  of  the 
pit  can  be  allowed  continually  to  fall  down 
and  be  loaded  with  the  material  in  the  lower 

face  of  the  pit.  Thus  a  mixture  may  be  ob- 
tained that  is  very  well  adapted  to  road  pur- 

poses. 
A  great  deal  depends  upon  care  in  the 

selection  of  materials,  and  while  any  of  those 
usually  available  will  make  durable  road  sur- 

faces, they  will  not  prove  equally  so.  The 
quality  of  the  work  may  be  greatly  improved 
in  many  cases  by  an  intelligent  manipulation 
of   the   available   material. 

Washed  gravel  or  gravel  pumped  or  dredged 
from  stream  beds  or  bars  is  often  the  only 
material  available  for  road  work.  Usually 
these  gravels  are  of  very  good  quality  and 
reasonably  well  graded,  but  in  general  they 
are  all  lackin.g  in  bonding  material.  This  can 
be  remedied  by  adding  clay  when  the  road  is 
built  and  the  writer  has  constructed  many 
miles  of  excellent  road  from  gravels  of  this character. 

PREPARATION   OF  ROADBED. 

Before  a  gravel  surface  is  placed  all  grade 
reduction  work  should  have  been  completed 
and  the  road  should  have  been  under  traffic 
for  a  sufficient  time  to  thoroughly  compact  the 
fills.  If  the  road  to  be  improved  with  a  gravel 
surface  requires  but  a  small  amount  of  shap- 
in,g  to  bring  it  to  the  proper  cross-section,  that 
work  should  be  done  a  sufficient  time  in  ad- 

vance of  graveling  to  permit  the  earth  to  be- 
come well  packed  before  the  gravel  is  placed. 

.■\  gravel  road  depends  upon  the  solidity  of 
the  earth  foundation  for  its  stability.  If  the 
foundation  is  once  solid  the  gravel  covering 

will  shed  water  to  a  sufficient  extent  to  pre- 
vent the  sub-grade  from  softenin.g  much.  If, 

however,  the  gravel  is  placed  on  a  founda- 
tion of  newly  placed  earth,  neither  the  gravel 

nor  the  foundation  will  pack  readily,  and  the 
road   will   rut   badlv  under   traffic  and   in   wet 
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weather   will    likely   get    into    very    bad    con- 
dition. 

PL.\CINC    THE   GRAVEL. 

Trench  Method. — When  the  road  upon 

which  gravel  is  to  be  placed  has  a  high  crown 
so  that  the  gravel  cannot  be  placed  on  the 
surface  v/ithout  making  an  excessive  crown 
to  the  completed  road  a  trench  about  6  ins. 
deep  and  about  8  ft.  wide  is  cut  in  the  surface 
of  the  road  and  the  material  thus  removed  is 

graded  off  to  form  shoulders  to  hold  the 

gravel  in  place.  The  trench  should  be  crowned 
about  4  ins.  and  should  be  neatly  made,  hav- 

ing straight  shoulders  and  a  uniform  sub- 
grade  or  roadbed.  If  a  roller  is  available  for 
use  on  the  roadbed,  all  the  better;  but  if  it 

is  not,  a  tractor  should  be  used  to  pack  any 
loose  material  that  is  left  after  shaping.  The 
material  removed,  together  with  the  depth  of 
the  trench,  will  form  shoulders  about  8  ins. 

high  after  the  loose  earth  has  packed  down. 
The  width  of  the  trench  should  for  all  ordi- 

nary roads  be  8  ft.  Into  this  trench  the 
gravel  should  be  dumped  at  the  rate  of  about 
two  loads  (2%  cu.  yds.)  to  the  rod  (16% 

ft.).  The  gravel  should  be  spread  in  a  uni- 
form layer  having  a  crown  of  about  4  ins. 

After  the  gravel  has  been  placed  and  spread 
it    should    be   harrowed    thoroughly    so   as   to 

The  gravel  is  placed  in  the  same  manner  as 
in  the  trench  method,  and  the  same  widths  and 
quantities   used. 

FINISHING    THE    SURFACE. 

The  best  gravel  roads  are  obtained  when 
the  lower  course  is  placed  in  the  fall  or  win- 

ter and  kept  under  traffic  until  the  next  year, 
before  the  upper  course  is  placed.  The  lower 
course  must  be  dragged  frequently  to  keep 
it  smooth,  and  if  bad  ruts  or  depressions 
show  up  these  should  be  filled  to  prevent  traffic 
cutting  entirely  through  the  layer  of  gravel. 
Considerable  mud  will  work  into  the  gravel, 
but  that  does  no  harm  to  good  coarse  gravel 
and  is  very  necessary  with  fine  gravel.  In  fact 
good  surfaces  have  frequently  been  secured 
with  gravels  scarcely  coarser  than  good  sand 
when  this  method  is  followed. 

The  upper  course  may  be  placed  any  time 
the  year  following  the  placing  of  the  lower 
course,  and  when  it  has  been  dumped  and 
spread  the  construction  of  the  surface  has 
really  just  begun.  As  traffic  uses  the  road 
ruts  and  uneven  places  will  form,  and  the 
road  must  be  smoothed  repeatedly  with  a 
blade  grader  to  prevent  these  uneven  places 
from  becoming  permanent,  .\fter  a  time  the 
gravel  will  pack  so  that  a  grader  will  not  move 
any  material,  and  when  that  stage  is  reached 
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Fig.  1.   Cross  Section  of  Typical  Gravel  Road     Suitable  for  Iowa  Conditions. 

bring  the  heavier  particles  to  the  top  and  to 
secure  uniformity  in  the  layer.  The  harrow 
should  be  heavily  built  with  teeth  about  1  in. 
in  diameter  and  8  ins.  long  below  the  frame, 
the  weight  on  the  harrow  being  about  10  lbs. 
per  tooth.  Traffic,  including  gravel  hauling, 
should  be  put  onto  the  road  as  soon  as  pos- 

sible so  as  to  pack  this  lower  layer  of  gravel 
as  rapidly  as  possible. 

For  a  single-track  road  the  second  layer  of 
gravel  should  be  spread  about  10  ft.  wide,  or 
2  ft.  more  than  the  lower  course.  To  do  this 
the  loose  shoulder  material  is  pushed  back 

with  the  grader  the  proper  distance.  The  sec- 
ond layer  of  gravel  is  dumped  between  these 

shoulders  at  the  rate  of  two  loads  per  rod  and 
spread  with  a  crown  of  about  3  or  4  ins. 
Traffic  will  gradually  push  the  edge  of  the 
gravel  out  on  the  earth  shoulder,  increasing 
the  crown  slightly  and  widening  the  road  to 
a  width  of  about  13  ft. 

A  road  constructed  as  described  will  have, 
after  settling,  a  thickness  of  about  10  ins.  for 
the  middle  8  ft.  and  of  about  4  ins.  at  the 
edges.  This  gives  a  good,  serviceable  layer 
where  traffic  uses  the  road  most,  and  a  thinner 
layer  at  the  edges  which  will  be  adequate  to 
carry  the  traffic  it  receives  due  to  vehicles 
turning  out  to  pass  each  other. 

If  a  double-track  road  is  desired  the  lower 
course  should  be  placed  as  for  a  single-track 
road,  but  the  upper  course  should  be  placed 
14  ft.  wide.  This  will  require  the  use  of  four 
loads  (5  cu.  yds.)  of  gravel  per  rod  (16% 
ft.),  and  the  loads  should  be  dumped  in  two 
rows.  The  gravel  will  eventually  spread  to  a 
width  of  about  17  or  18  ft.,  and  will  have 
ample  thickness  to  sustain  the  heavier  traffic 
encountered  where  a  double-track  road  would 
be   required. 

Surface  Method. — The  surface  method  is 
followed  where  the  earth  road  is  flat  enough 
to  permit  the  additional  crown  obtained  when 
the  gravel  rnad  is  placed  on  top  of  the  exist- 

ing earth  road.  This  is  the  common  method 
followed,  and  is  cheaper  than  the  trench 
method,  and  probably  better  because  the  hard 
earth  surface  need  not  be  disturbed  in  order 
to  place  the  gravel,  and  consequently  will  be 
harder. 

In  following  this  method  earth  shoulders 
are  provided  by  drawing  materia!  from  the 
ditches  with  a  grader.  It  is  essential  to  have 
these  earth  shoulders  in  order  to  nrevent 
excessive  spreading  of  the  gravel,  particularly 
during  the  first  few  months  the  road  is  used. 

the  road  drag  should  be  used.  The  drag  will 
l)e  of  service  only  when  the  road  is  very  wet 
after  heavy  rains.  Careful  dragging  at  that 
time  will  fill  all  the  hollow  places  and  covet 
the  surface  with  the  finer  material  (mostly 
mud),  which  will  cement  the  particles  of 

gravel  together  and  maintain  a  perfect  sur- 
face. Too  much  emphasis  cannot  be  placed 

upon  the  importance  of  maintenance  during 
the  first  year  a  gravel  road  is  used.  At  the 
end  of  that  time  the  gravel  will  be  so  thor- 

oughly compacted  that  it  will  be  difficult  to 
remove  any  unevenness  in  the  surface.  A 
gravel  road  must  be  hard,  but  for  comfort 
to  traffic  it  should  also  be  smooth. 

If  the  gravel  is  deficient  in  bonding  prop- 
erties and  packs  very  slowly  on  the  road  a 

small  amount  of  black  dirt  or  clay,  free  of 
vegetable  matter,  should  be  spread  over  the 
surface.  This  can  be  done  by  a  careful  grader 
man  by  grading  on  a  small  amount  of  loam 
from  the  earth  side  roads.  It  is  probably  bet- 

ter to  push  up  a  ridge  of  loose  earth  with  the 
grader  and  throw  it  on  the  road  with  shovels. 
If  the  loose  places  appear  only  in  spots  on  tlie 
surface,  then  earth  should  be  thrown  on  the 

loose  places  until  they  pack.  .Ml  of  this  re- 
(|uircs  care  and  the  work  may  have  to  be  done 
two  or  three  times  before  it  is  satisfactory. 

If  the  gravel  contains  too  much  clay  and 
the  ro.nd  gets  sticky  when  wet,  sand  should 
be  added  to  the  surface  until  the  stickiness 

disappears.  Do  not  put  on  too  much  at  first. 
.\n  inch  is  usually  enough,  but  if  it  appears 
after  a  time  that  more  is  needed  the  necessary 
addition  can  be  made. 

When  river  gravel  is  used  the  lower  course 
should  be  placed,  and  then  covered  with  about 
2  ins.  of  clay  or  loam.  The  clay  or  loam  will 
disappear  under  traffic,  but  when  the  road 
gets  wet  it  will  work  up  into  the  voids  and 
bond  the  gravel.  Meanwhile  the  surface  must 
be  frequently  smoothed  with  a  grader  or  it 
will  get  hopelessly  out  of  shape.  When  the 
lower  course  is  well  packed  the  upper  course 
should  be  placed  in  the  same  way.  If  it  ap- 

pears that  insufficient  clay  has  been  used  add 
more,  a  little  at  a  time,  until  the  surface  is 
hard  and  smooth.  Keep  the  surface  in  shape 
by  frequent  smoothing  with  the  grader  or drag. 

Gravel  roads  may  be  placed  in  one  layer  and 
if  they  arc  kept  smooth  will  finally  become 
hard  and  serviceable,  but  the  two-course  meth- 

od is  much  better. 

A  gravel  surface  10  ins.  thick  at  the  middle 
and  4  ins.  thick  at  the  edge  will  hold  up  well 
and  be  adequate  for  all  ordinary  traffic  on  any 
of  the  soils  encountered  in  the  state. 

If  the  road  carries  heavy  traffic  the  gravel 
road  will  hold  up,  but  the  surface  will  wear 

rapidly.  This  will  necessitate  frequent  dress- 
ing of  the  surface  and  even  then  the  road  is 

apt  to  become  uneven.  The  surface  may  be 
maintained  by  incorporating  a  good  quality  of 
asphaltic  oil  with  the  gravel.  The  oil  used 
should  be  one  which  has  good  bonding  prop- 

erties, and  which  has  sufficient  body  to  hold 
the   surface  together. 

REPAIRING   WORN   GRAVEL  RO.\DS. 

When  a  gravel  road  becomes  uneven,  as  it 
will  under  continued  use,  the  surface  may  be 
restored  by  adding  a  small  amount  of  new 
material.  If,  however,  new  material  is  added 
to  the  surface  when  it  is  dry,  and  consequently 
hard,  the  new  material  will  not  bond  with  the 
old  surface,  but  will  be  scattered  by  traffic  and 
do  little  good. 

To  get  good  results  it  is  best  to  do  the  re- 
pair work  early  in  the  spring  when  the  road 

surface  is  soft  after  the  long-continued  wet 
weather  of  spring.  The  surface  can  at  this 
time  be  roughened  by  means  of  a  heavy  har- 

row so  that  the  new  material  will  bond  to  the 
old  surface.  Enough  new  material  should 
then  be  added  to  restore  the  shape  to  the  sur- 

face. The  new  material  must  be  shaped  with  a 
grader  and  be  kept  smooth  with  a  drag  until 
it  is  well  packed.  Repairs  made  in  this  way 
will  restore  an  old  road  and  the  work  is  not 
expensive.  The  surface  obtained  is  as  smooth 
and  durable  as  that  of  a  new  road. 
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Fourth  American  Read  Congress,  At- 

lanta, Ga. — Mayor  Harrison  of  Chicago  has 
been  requested  by  the  Hon.  .\.  B.  Fletcher, 
President  of  the  Fourth  American  Road  Con- 

gress and  State  Highway  Engineer  of  Cali- 
fornia, to  name  three  delegates  to  attend  the 

sessions  of  the  Congress  at  Atlanta,  Ga.,  dur- 
ing the  week  of  Nov.  9. 

Forty-seven  organizations  are  taking  part  in 
the  Congress  under  the  leadership  of  the 

.American  Highway  Association  and  the  .Amer- 
ican .\utomobile  .Association.  In  his  letter  to 

the  Mayor,  President  Fletcher  calls  attention 
to  the  fact  that  practically  every  state  highway 
commissioner  will  be  present  and  take  part  in 
discussing  the  problems  of  road  construction 
and  maintenance,  and  that  some  of  the  fore- 

most men  in  public  life  will  devote  their  at- 
tention to  the  question  of  Federal  .-Md  to  road 

improvement,  in  an  endeavor  to  work  out  a 

policy  which  may  be  submitted  to  the  Con- 
gress of  the  United  States  with  the  support  of 

the  Road  Congress.  .\n  important  move  bear- 
ing upon  state  legislation  will  be  made  at  the 

session  to  be  held  under  the  auspices  of  the 
.American  Bar  Association,  at  which  a  joint 
committee,  appointed  at  the  1913  Congress, 
will  report  progress  in  compilation  and  sug- 
sested  revision  of  state  road  laws.  The  crea- 

tion of  a  commission  participated  in  by  each 
state  to  work  out  a  revision  of  the  road  laws 
will  be  urged.  The  National  Civil  Service 
Reform  League  will  hold  a  session  on  the 
merit   system   in   road   administration. 

President  Fletcher  calls  attention  to  the  ex- 
hibits to  be  made  by  the  United  States  govern- 
ment, the  states,  and  more  than  a  hundred  of 

the  leading  manufacturers  at  the  Congress, 

which  \v'\\\  illustrate  every  known  method,  ma- 
terial and  equipment  for  road  construction 

and  maintenance.  He  urges  that  the  city  and 

countv  be  officially  represented,  as  the  Con- 
gress is  in  reality  a  training  school  where  a 

very  great  amount  of  useful  information  can 
be  obtained  through  attendance  at  lectures 
with  leading  specialists  in  road  and  street 
work,  and  the  coUcctine  of  the  many  instruc- 

tive bulletins  which  will  be  available  for  dis- 
tribution. 
The  headquarters  of  the  Congress  are  in 

the  Colorado  Building.  Washington,  D.  C,  in 

charge  of  I.  S.  Pcnnybacker,  executive  sec- 
retarv,  and  the  exposition  is  in  charge  of 
Charles   P.   Light,   business   manager. 
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The     Vital Details     of 
Filters. 

Rapid     Sand 

The  typical  article  on  the  design  of  a  rapid 
sand  water  filtration  plant  recites  the  condi- 

tions indicating  the  desirability  of  filtration, 
describes  the  general  layout  of  the  works, 
faithfully  describes  the  various  reinforced  con- 

crete boxes  which,  assembled,  form  the  bulk  of 
tlie  plant  and.  in  a  brief  paragraph,  summarizes 
certain  matters  of  detail  pertaining  to  the  con- 

trolling apparatus  and  its  auxiliaries.  Little 
has  been  published  about  the  economic  and 
service  considerations  which  should  govern 
the  designer  in  choosing  or  proportioning  these 
features  of  detail.  In  view  of  this  condition 
we  are  confident  that  the  article  entitled : 
Some  Features  of  Detail  in  the  Design  of 

Rapid  Sand  Water  Filtration  Plants,  con- 
tributed by  Mr.  George  W.  Fuller  and  pub- 

lished in  the  water  works  section  of  this 
issue,  will  be  of  great  interest  and  value  to 
water  filtration  engineers  generally. 

The  article  relates  to  the  selection  of  filter 
sand  and  gravel,  to  the  design  of  overflow 
troughs,  strainer  systems,  chemical  mixing 
tanks,  and  to  the  selection  and  proportioning 
of  hydraulic  valves,  conveying  machinery, 
cheuiical  solution  pipe  lines,  water  pumps  and 
air  blowers.  The  success  or  partial  failure  in 
operation  of  a  51ter  plant  depends  primarily 
upon  the  manner  in  which  these  features  of 
detail  perform  their  functions.  For  this  reason 
they  are  matters  of  first  importance  to  the 
designing  engineer  even  though,  as  Mr.  Fuller 
says,  they  are  often  entrusted  to  th"  expe- 

rienced engineers  of  the  filter  companies. 

Concerning    Future    Building    Codes. 
The  lack  of  uniformity  in  the  provisions  of 

the  building  codes  of  our  principal  cities  has 
undoubtedly  tended  to  retard  the  progress  of 
building  construction.  The  designer  and  the 
builder  alike  have  often  found  it  difficult  to 
engage  extensively  in  building  work  due  to  the 
wide  differences  in  the  provisions  of  the  build- 

ing codes  of  various  cities.  In  many  cases  too 
much  is  left  to  be  decided  by  building  coin- 
missions,  m.aking  it  difficult  to  determine  in 
advance  whether  or  not  certain  materials  and 
types  of  construction  will  be  permitted.  To 
be  most  effective  building  codes  should  con- 

tain ri'o\isions  which  point  out  as  fully  as 
possible  to  the  designer  and  builder  how  he 
can  best  insure  the  acceptance  of  his  work. 
On  account  of  the  great  number  of  interests 
which  are  concerned  it  is  too  much  to  expect 
any  code  to  be  sufficiently  complete  as  not  to 
require  some  explanation  and  interpretation. 
On  this  account  it  is  essential  that  men  of 
broad  judgment  and  public  interest  be  selected 
as  members  r.f  building  commissions.  Engi- 

neers and  architects  in  the  past  have  been  too 
little  concerned  as  to  the  personnel  of  such 
commissions,  although  they  have  been  most 
vitally  affected  by  its  rulings.  Even  though  the 
provisions  of  a  building  code  are  satisfactory, 
to  insure  good  building  construction,  it  is  nec- 

essary that  a  sufficient  number  of  competent 
inspectors  be  employed.  The  number  of  in- 

spectors employed  by  many  cities  is  far  too 
small  to  do  effectively  the  work  required  of 
them. 

The  need  of  a  basic  building  code  has  been 
recognized  by  the  .American  Institute  of  .Archi- 

tects as  a  guide  in  the  framing  of  specific 
codes,  and  steps  have  been  taken  to  investigate 
fully  this  subject.  A  sub-committee,  appointed 
by  the  Committee  on  Contracts  and  Specifica- 

tions, has  recently  submitted  a  report  which 
emphasizes  the  importance  of  the  preparation 
of  a  basic  building  code.    This  sub-committee, 

which  consisted  of  .A..  O.  Elzner,  Cincinnati, 
chairman;  R.  E.  Schmidt.  Chicago;  Thomas 
Xolan,  Philadelphia;  Edward  Stotz,  Pitts- 

burgh :  Ernest  Flags',  New  York ;  Norman 
Isham,  Providence:  and  L.  C.  Holden,  New 
York,  in  its  report,  proposed  that  the  Institute 
should  plan,  outline  the  general  scope,  provide 
proper  places  for  details,  and  invite  other 
societies  specializing  in  the  respective  branches 
to  co-operate  in  the  preparation  of  such  a 
code.  .A  financial  scheme  was  outlined  and  the 
following  program  of  action  suggested: 

In  regard  to  a  definite  program  for  the  con- 
duct of  its  woriv  it  is  recommended  that  the 

Dresident  of  the  Institute  appoint  a  special  com- 
mittee of  five  on  •'Basic  Building  Code."  This 

committee  should  be  charged  with  the  task  of 
maliing  a  thorough  investigation  of  the  entire 
subject  of  building  codes  and  should  thereupon 
prepare  a  definite  general  scheme  for  a  basic 
code  and  submit  such  scheme  to  the  various 
chapters,  through  duly  credited  committees  ol 
each  chapter,  foi'  consideration,  and  return  re- 

port with  suggestions.  After  such  a  scheme 
shall  have  been  finally  perfected  and  approved 
the  special  committee  shall  nominate  a  suitable 
advisory  expert  to  be  engaged  by  the  Board  of 
Directors,  who  shall  be  charged  with  the  work 
of  compiling  the  details  of  the  general  scheme. 
These  details,  having  been  classified,  shall  then 
be  transmitted  to  the  respective  societies  which 
may  be  invited  by  the  standing  committee  to 
co-operate  in  the  work.  The  advisory  expert 
shall  collate  the  various  reports  on  details  and 
submit  them  to  the  special  committee,  which 
in  turn  shall  submit  them  to  the  chapter  com- 

mittees for  consideration  and  approval.  Finally, 
the  entire  code  shall  be  edited  by  the  expert, 
subject  always  to  the  approval  of  the   Board. 

The  report  of  the  sub-committee  was  adopted 
by  the  Board  of  Directors  and  the  president  of 
the  Institute  appointed  the  following  as 

members  of  the  special  committee  on  "Basic 
Building  Code":  A.  O.  Elzner,  chairman:  E.  J. 
Russell.  Edward  Stotz,  Thomas  Nolan  and 
R.  F.  Almira.  This  committee  was  instructed 
to  carry  on  its  work  as  indicated  in  the  report 
of  the  sub-committee  and  to  report  at  the 
annual  meeting  of  the  Board. 
The  importance  of  the  work  of  such  a 

committee  will  be  appreciated  by  engineers, 
and  it  is  highly  important  that  the  engineering 
features  of  this  basic  code  be  given  full  con- 

sideration. Moreover,  engineers  should  see  to 
it  that  they  have  proper  representation  on  the 
building  commissions  of  our  cities.  The  legal 
right  of  cities  to  enforce  the  provisions  of 
building  codes,  designed  for  the  safety  and 
welfare  of  the  people,  has  been  definitely 
established.  Based  upon  broad  police  powers 
in  their  enforcement  of  laws  governing  the 
safety  and  welfare  of  the  community,  building 
cominissions  may  be  expected  to  exercise 

greater  authority  than  in  the  past.  Our  future 
building  codes  will  undoubtedly  contain  more 

provisions  designed  to  protect  the  rights  of  the 
community,  even  at  the  expense  of  individual 
interests. 

A  Suggestion  to  License  Sewage  Plant 
Attendants. 

During  the  year  1913  the  State  Board  of 

Health  of  New' Jersey  made  384  inspections  of sewage  disposal  plants.  These  inspections  were 
only  for  the  purpose  of  supervising  operation 
since  all  additions  to  and  other  structural 

changes  in  plants  are  covered  by  the  Engineer- 
ing Department  of  the  Board.  At  the  end  of 

the  year  there  were  130  sewage  disposal  plants 
in  active  operation  in  the  state.  Thus  we  see 
that  on  the  average  each  plant  was  inspected, 
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with  respect  to  its  operating  conditions,  three 
times  during  the  year.  Such  thorough  inspec- 

tion in  a  state  so  far  advanced  in  the  treatment 

of  sewage  as  is  New  Jersey  should  lead  to  in- 
teresting conclusions  relative  to  the  compe- 

tency of  those  in  charge  of  plant  operation.  It 
is.  therefore,  exceedingly  interesting  and 
illuminating  to  note  the  following  comments 
on  this  matter  by  Mr.  Francis  E.  Daniels, 
Director  of  Water  and  Sewerage  Inspection 
for  the  Board,  as  published  in  the  annual  re- 

port of  the  Board  for  1913: 

The  experiences  of  the  past  year  and  the  dif- 
ficulties encountered  in  the  field  have  served 

further  to  demonstrate  the  need  of  frequent 
expert  supervision  of  the  operation  of  sewage 

disposal  plants.  It  is  unfortunate  that  the  ma- 
jority of  the  men  in  charge  of  disposal  plants 

do  not  have  enough  knowledge  or  pride  in  the 
plants  under  their  charge  to  keep  them  in  prop- 

er condition.  Very  frequently  it  is  found  that 
an  attendant  will  permit  his  plant  to  run  on 
with  the  least  possible  amount  of  labor,  and  by 
such  men  our  assistants  find  themselves  regarded 
more  as  policemen  coming  around  to  censure 
and  complain  than  as  co-operators  ready  and 
willing  to  advise  and   help. 
The  experiences  of  the  past  year  have  also 

served  to  demonstrate  further  the  desirability 

of  having  sewage  disposal  plant  attendants  reg- 
istered or  licensed  by  the  State  Board  of  Health. 

If  such  a  licensB  was  necessary  it  would  pre- 
vent much  of  the  trouble  now  encountered,  due 

to  attendants  who  are  absolutely  ignorant  of 
the  fundamental  principles  of  sewage  disposal. 
The  need  of  intelligent  attendants  is  particular- 

ly necessary  in  disposal  plants  fitted  with  com- 
plicated dosing  or  alternating  devices.  Such 

arrangements  at  best  require  the  attention  of 
a  careful  and  capable  man.  and  much  of  our 
trouble  in  the  field  is  due  either  to  the  improper 
construction  of  the  dosing  device  or  to  the  fact 
that  the  attendant  fails  to  understand  or  com- 

prehend the  mechanical  contrivances  and  their 
operation.  It  might  be  well  at  this  time  to 
state  that  too  much  reliance  should  not  be  placed 

on  these  automatic  alternating  and  dosing  de- 
vices, for  they  easily  get  out  of  order,  and  when 

out  of  order  usually  require  the  services  of  some 

one  thoroughly  familiar  with  their  construc- 
tion and  operation. 

A  great  deal  of  trouble  is  frequently  experi- 
enced with  new  plants  shortly  after  they  are 

first  placed  in  operation,  owing  to  the  fact  that 
the  designing  engineer,  upon  the  completion  of 
the  plant,  leaves  without  giving  any  operating 
instructions,  and  gives  the  subsequent  conduct 
of  the  plant  little  if  any  attention.  It  would  be 
well  if  the  engineer  could  be  required  to  super- 

vise the  operation  of  the  plant  for  a  period  of 

one  year  after  its  completion.  This  would  re-' suit  in  the  plant  being  run  as  intended,  and 
defects  in  design  would  be  avoided  in  subse- 

quent plants. 

Few  topics  have  been  more  widely  discussed 
before  engineering  societies,  in  recent  years, 
than  the  neglect  of  sewage  treatment  plants. 
The  incompetent  and  indifferent  operation  of 
such  works,  or  even  their  absolute  neglect,  is 
a  condition  well  understood  and  widely  recog- 

nized by  engineers.  There  is  little  to  be  gained 
at  this  time  by  the  continued  reiteration,  in 
engineering  society  discussions,  of  a  matter  so 
familiar  ̂ o  the  entire  profession.  Definite  ac- 

tion to  correct  the  abuse  of  sewage  plants 
should  be  instituted  and  carried  forward  by 
engineers.  Mr.  Daniels  proposes  a  plan  and  it 
should  be  seriously  considered. 

In  states  where  a  central  authority  has  the 
power  to  pass  upon  designs  for  works,  the 
power  to  supervise  operation  should  also  be 
granted  to  the  same  authority.    This  is  clearly 



220 Engineering   and    Contracting Vol.  XLII.     No.  10. 

a  state  function,  owing  to  the  clash  of  inter- 
community interests  where  incompetent  opera- 

tion exists.  Tlie  central  authority  being  thus 
empowered  to  inspect  operation  conditions 
should  be  given  sufficient  additional  power  to 
secure  competent  operation.  Experience  has 

demonstrated  that  proper  operation  is  not  se- 
cured where  the  city  authorities  are  permitted 

to  choose  the  superintendent  as  they  please  or 
to  make  no  provision  for  operation  at  all.  This 
has  been  repeatedly  demonstrated  in  every 
state  in  the  union.  If  the  central  authority  had 
the  power  to  pass  upon  the  competency  of 
plant  operators  the  existing  abuse  would 
speedily  be  corrected.  The  issuing  of  a  license 
to  the  would  be  operator,  following  a  suitable 
examination  to  ascertain  his  qualifications. 
seems  to  be  the  most  logical  solution  yet  pro- 

posed for  this  troublesome  matter. 
Engineers  will  do  well  to  help  secure  this 

additional  power  for  state  boards  of  health  or 
similar  bodies  now  having  control  of  plant 
desi.gn.  Their  active  co-operation  will  greatly 
aid  the  central  authority  in  securing  the  greatly 
to  be  desired  additional  power.  They  have 
much  to  gain  in  taking  this  action  since  the 
average  sewage  treatment  plant  is  now  fore- 

doomed to  at  least  a  partial  failure  due  either 
to  incompetent  operation  or  total  neglect.  This 

condition  is  prejudicial  to  the  engineer's  busi- ness interests.  Moreover  he  has  an  important 
public  duty  to  perform  in  this  matter. 
The  concluding  paragraph  of  the  above 

quotation  also  brings  out  a  point  upon  which 
we  have  several  times  commented  in  these 
columns.  The  designer  should  keep  in  closer 
touch  with  his  plants,  both  to  aid  in  their 
proper  adjustment  and  operation  and  to  ob- 

serve their  shortcomings  and  thus  avoid  the 
repetition  of  his  mistakes.  If  operators  are 
licensed  there  seems  to  be  no  need  for  re- 

quiring the  designer  to  supervise  the  operation 
of  his  plants  for  any  stated  period  of  time, 
but  to  safeguard  his  own  reputation  he  should 

prepare  instructions  for  the  operator's  guid- 
ance and  should  occasionally  visit  his  plants  to 

see  how   they   are   working. 

The    Superintendents'    Day   at    Water 
Works  Convention. 

In  the  early  days  of  our  large  water  works 
associations  the  membership  consisted  chiefly  of 
superintendents  of  water  works.  Many  of  these 
men  ha(i  worked  their  way  up  through  various 
positions  in  their  denartmenial  organizations 
until,  finally,  they  become  superintendents. 

They  were  called  "practical''  water  works  men. 
These  men  were  at  that  time  chiefly  concerned 
with  the  physical  problems  connected  with  the 
collection  and  distribution  of  raw  water  and 
were  practically  untroubled  by  the  considera- 

tions of  quality  of  supply  and  strict  economy 
in  construction  and  operation  which  have  since 
been  brought  to  bear  upon  water  supply  prob- 

lems by  chemists,  bacteriologists  and  consult- 
ing  engineers.    In   recent   years   the   technical 

experts  have  rather  monopolized  the  time  of 
the  water  works  conventions  and  the  superin- 

tendents, with  the  exception  of  those  having 
technical  training,  have  usually  played  only  a 

thinking  part  at  the  conventions.  This  condi- 
tion was  not  entirely  satisfactory  to  the  super- 

intendents and,  sensing  this  dissatisfaction,  the 
program  makers  have  endeavored  of  late  to 
appeal  more  directly  to  the  interest  of  the 
superintendents  by  giving  over  a  certain  part 

of  the  convention's  time  entirely  to  a  con- 
sideration of  the  problems  of  immediate  daily 

concern  to  the  superintendent. 
We  have  previously  commented  upon  the 

success  of  the  "superintendents'  day"  at  the 
latest  annual  meeting  of  the  American  Water 
Works  Association.  This  initial  session  of  this 
kind  was  so  successful  that  hereafter  at  every 
convention  of  the  American  Association, 
Thursday  of  the  convention  week  will  be 
devoted  to  the  discussion  of  questions  pertain- 

ing to  the  practical  management  and  operation 
of  plants. 
The  New  England  Water  Works  Associa- 

tion has  taken  up  this  plan,  and  at  the  coming 
annual  convention  of  the  Association,  to  be 
held  at  Boston  on  Sept.  9-11,  two  sessions  will 
be  of  particular  value  to  water  works  super'n- 
tendents.  The  afternoon  session  of  Thursday, 
September  10th.  and  the  forenoon  session  of 
the  ne.xt  day,  will  be  known  as  the  Superin- 

tendents' Sessions  and  will  be  given  over 
entirely  to  the  reading  and  discussion  of  short 

papers  of  "live  interest  to  those  responsible  for 
the  daily  maintenance  and  operation  of  water 
works."  There  will  also  be  demonstrations  of 
the  cleaning  of  water  mains,  of  pipe  calking 
by  machine,  of  the  cleaning  of  service  pipes 
by  paper  plug  and  pressure  pump,  of  gate 
operation  by  attachment  to  motor  truck,  and 
other  contrivances  of  interest  to  superintend- 
ents. 

The  creation  of  the  superintendents'  day  is 
the  most  important  development  in  recent 
years  in  the  conduct  of  water  works  conven- 

tions. These  sessions  should  prove  very  at- 
tractive to  the  water  works  operator  and 

undoubtedly  will  greatly  widen  the  sphere  of 
wholesome  influence  and  usefulness  of  the 

water  works  associations.  The  "steering"  com- mittees of  the  associations  have  now  given  the 
superintendent  the  recognition  which  he  de- 

serves and  which  he  has  sought,  and  he  should 
now  do  his  part  to  make  these  sessions  higlily 
successful.  His  part  is  to  join  at  least  one  of 
the  large  associations,  attend  its  meetings  and 
take  part  in  its  proceedings. 

"Safety  First"  in  Road  Building  and 
Traffic  Handling. 

The  nation  wide  propaganda  to  reduce  the 
number  of  accidents,  well  summed  up  in  the 

slogan  "Safety  First,"  has  latelv  been  spread- 
ing into  the  highw-ay  field.  The  idea  that  coun- 
try   roads    would    ever    become    dangerous   to 

travelers,  except  possibly  from  highway  rob- 
bers, would  have  amused  our  forefathers.    But 

the  transition  from  the  Scylla  of  highway  rob- 
bery to  the  Charybdis  of  excessive  speed  of 

vehicles  and  heavy  traffic  has  required  but  a 
short  time.  That  danger  exists  and  is  worthy 
of  consideration  may  be  quickly  seen  by  only 

a  cursory  survey  of  current  newspapers — al- 
though at  the  present  time  fatalities  from 

other  causes  are  more  numerous. 

What  constitute  safety  measures  in  the  lay- 
out of  country  roads?  Statistics  show  that 

most  fatalities  on  country  roads  occur  at  gi'ade 
crossings.  Another  prolific  source  of  serious 
accidents  are  sharp  and  unprotected  curves  on 
heavy  grades  where  the  traveler  is  unable  to 
see  any  safe  distance  aliead,  or  where  a  high 
fill  at  that  point  is  unprotected  by  a  guard  rail. 
Defective  bridges,  the  approaches  of  which  are 
unprotected  by  guard  rails  and  culverts  that 
are  either  in  a  poor  state  of  repair,  or  are  not 
sufficiently  long  to  extend  across  the  entire 
widths  of  traveled  way,  are  the  causes  of  other 
accidents.  On  paved  roads  and  on  some  earth 
roads  slipperiness  of  surface  has  resulted  in 
disaster  to  vehicles.  These  and  other  causes, 
of  not  quite  so  frequent  occurrence,  have  led 
to  injuries  of  more  or  less  importance.  The 
conditions  mentioned  result  from  the  design 
of  the  road.  They  are  familiar  not  only  to 
engineers  but  to  all  users  of  the  road.  The 
remedy  is  obvious,  the  only  question  being  the 
extent  to  which  the  increased  cost  of  eliminat- 

ing sources  of  danger  will  be  favored  by  the 

people  as  a  whole. 
There  are,  however,  other  causes  of  serious 

accidents  that  may  be  eliminated  by  co-opera- 
tion on  the  part  of  the  road  users  themselves. 

Of  what  should  this  co-operation  consist?  The 
answer  lies  in  the  education  of  the  traveling 
public  in  the  use  and  application  of  the  rules 
of  the  road.  Disregard  of  traffic  signals  on  a 
railroad  often  results  in  a  disaster,  the  occa- 

sional disregard  of  similar  rules  on  a  high  road 
may  not  result  in  an  accident,  but  it  leads  to 
their  frequent  disregard  and  ultimate  disaster 
follows.  The  point  which  needs  the  greatest 
emphasis  is  that  traffic  rules  should  never  be 
violated ;  and  that  such  violation  results  not 
merely  in  danger  to  the  violator,  but  others 
who  are  observing  the  rules  are  endangered  to- 
a  greater  extent  than  if  there  were  no  rules  of 
the  road. 
The  cause  is  a  worthy  one  and  deserves 

the  encouragement  and  active  support  of  every 
road  builder.  More  can  be  accomplished  by 
enlisting  the  support  of  the  users  of  the  road 
than  by  the  prosecution  of  offenders.  An  ap- 

peal for  the  observance  of  the  rights  of  other 
people  undoubtedly  have  greater  eflfect  on  the 
reckless  and  thoughtless  driver — who  is  usual- 

ly the  offender — than  a  threat  or  a  fine.  The 
very  fact  of  his  recklessness  makes  any  pun- 

ishment largely  ineffective.  But  by  securing 
bis  support  this  surplus  of  daring  may  be 
made  to  serve  a  useful  purpose  in  influencing 
others  to  further  the  cause  of  safetv  first. 

W  m  MEQ 
Some   Details  cf  the  Reinforced  Con- 

crete Building  of  the  Ford  Motor 

Co.,  Chicago,  111. 

(Staff  Article.) 

The  assembling  and  Service  building  of  the 
Ford  Motor  Co.,  Chicago,  111.,  has  a  frontage 
of  1C.|  ft.  on  aoth  St.  and  extends  232  ft. 
along  Wabash  .'\ve.  The  structure  is  of  rein- 

forced concrete  construction,  the  columns  be- 

ing spaced  to  give  panels  'J.5  by  28  fi,,  except 
for  the  center  bay  of  the  building  where  the 

column  spacing  is  'i.')  ft.  The  exterior  concrete Avails  are  faced  with  brick  with  terra  cotta 
trimmings,  except  on  the  alley  side.  The 
architectural  treatment  is  especially  effective, 
and  the  lighting  facilities  are  excellent  as  ap- 

proximately 60  per  cent  of  the  exterior  of  the 
building    is    glass.     In    addition,    the    building 

''^■>     .1     1  inihin.cil     ciiMircte     monitor    with     a 
glazed  glass  roof  surface. 

DESIGN  Kli-NTl-RRS, 

The  reinforced  concrete  columns  have  spread 
footings  resting  on  a  bed  of  sand,  the  footings 

being  designed  for  a  soil  pressure  of  3,.50i'»  lbs. iicr  square  foot.  Under  the  street  sides  the 
footings  form  a  continuous  girder  .5  ft.  6  ins. 
thick  and  varying  in  width  from  7  ft.  4  ins.  to 

X  ft.,  the  top  of  the  footing  being  1.")  ins. 
below  the  floor  line.  Oi  the  alley  side  and  at 
the  south  end  of  the  building  the  tvpical  ex- 

terior columns  have  footings  M  ft.  3  ins. 
square.  Those  for  south  end  of  the  building 
were  designed  for  full  panel  loads,  as  it  is  the 
intention  later  to  extend  the  building  south- 

ward. The  footings  for  the  interior  columns 
arc  stepped  and  have  bases  varying  in  size 
from  13  ft.  C  ins.  square  to  17  ft.  9  ins. 

square. 

The  llodrs  arc  of  the  ".'Xkme"  type  of  flat 
slab  c<instruction  and  have  a  thickness  of  11 
ins.  They  are  designed  for  a  live  load  of  150 
lbs.  per  square  foot.  The  first  floor  rests 
directly  on  the  ground. 
The  octagonal  reinforced  concrete  columns 

have  outside  diameters  varying  from  21  to  40 

ins.  The  capitals  are  also  octagonal,  with  a  45° 
flare,  and  carry  a  cap  7  ft.  square  by  9  ins. 
thick. 

A  railroad  track  runs  through  the  center  of 
the  building,  the  elevation  of  which  is  suf- 
licient  to  bring  the  floors  of  the  cars  on  a 
level  with  the  second  floor  of  the  building, 

b'igurc  C)  shows  a  view  of  a  portion  of  the 
center  panel  and  indicates  the  adjacent  floor 
and  column  construction.  This  view  also 
shows  a  portion  of  the  roof  monitor.  The 
track,  which  is  in  the  center  of  the  35-ft.  bay 
is  placed  in  a  concrete  trough  5   ft.  deep  by J 
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16  ft.  wide.  The  main  track  girders  are  16 
ins.  wide  by  7  ft.  3  ins.  deep,  between  which 

there  is  a  '21-in.  slab  supporting  the  track.  One 
of   the   track   girders   is  carried   by   the   main 

rods  and  angles   used  to  reinforce  the   12-in.  construction   fe.\tures. 
end  wall.  The  concrete  materials  were  brought  to  the 

The  crane  girder  for  the  28-ft.  span  has  a  site  in  cars,  over  an  elevated  trestle,  and  were 
width  of  2  ft.  3  ins.  and  a  depth  of  3  ft.  IM  dumped   into   storage   bins   located   under  the 
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Fig.  1.     Plan  of  a  Portion  of  the  Roof  Moni- 
tor of  the  Ford  Motor  Co.  Building. 
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Fig.  2.     Cross  Section  of  Monitor  and   Beam    Details   of  the   Ford    Motor  Co.   Building,   Chi- 

cago, III. 
columns,  while  a  parallel  girder  is  carried  on 
independent  columns  which  are  spaced  28  ft. 
on  centers.    This  construction  is  designed  for 

Cooper's  E-40  loading,  with  25  per  cent  added      ins.    Figure  6   (a)   shows  an  elevation  of  this       trestle  just  south  of  the  building.    By  means 
for  impact.  girder,  and  Fig.  6   (b)    shows  a  cross  section       of  a  belt  conveyor  the  sand  and  gravel  were 

By  referring  to  Fig.  6  it  will  be  noted  that       of  it  and  of  the  portion  of  the  wall  below  a       delivered  to  bins  which  were  placed  above  the 
the  center  bay  is  open  from  the  second  floor       window   opening.    The   crane   girder   was   de-       measuring  hoppers,  the  latter  being  above  the 
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Fig.  3.     Section  Through  Peak  of  Monitor  and 
Details  of  Trusses,  Ford   Motor  Co.  Building. 
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Fig.  4.     Details  of  Side  Wall  of  Monitor  and 
Connection    Between    Wall    and    Truss,    Ford 

Motor    Co.    Building. 

10  the  roof,  except  for  the  tloor  cantilevers. 
This  open  space  is  served  by  a  traveling  crane, 
which  runs  the  entire' length  of  the  building. 
By  means  of  the  cantilever  balconies  all  floors 
are  served  bj'  this  crane.  These  balconies  are 
e-xtensions  of  the  floor  slabs  and  project  8 
It.  6  ins.  beyond  the  column  centers. 

I-'igure  1  shows  a  plan  of  a  portion  of  the 
roof  monitor  over  the  3-5  ft.  center  panel.  The 
trusses  are  spaced  28  ft.  on  centers,  there 
being  two  intermediate  rafters  in  each  panel. 
Figure  2  (a)  shows  a  cross  section  of  the  roof 
and  side  walls  of  the  monitor  and  gives  the 
general  dimensions  and  sizes  of  the  members. 
The  left-hand  portion  of  this  section  shows 
the  roof  truss  and  the  right-hand  portion,  the 
rafters.  The  rails  of  the  crane  runway  are 
spaced  33  ft.  6  ins.  on  centers,  being  carried 
on  reinforced  concrete  girders.  Figure  2  (b) 
shows  a  cross  section  of  a  rafter  and  gives  its 
dimensions  and  reinforcement;  while  Fig.  2 
(c)  shows  a  cross  section  of  the  upper  chord 
of. a  truss.  The  monitor  was  designed  for  a 
live  load  of  35  lbs.  per  square  foot. 

Figure  3  shows  details  of  the  ridge  beam,  the 
lower  chord  of  the  truss,  and  the  tie  which 
supports  the  lower  chord  at  its  center,  and 
Fig.  4  shows  a  detail  of  the  vertical  wall  of  the 
monitor  and  its  connection  to  the  truss.  Figure 
5  shows  an  elevation  of  the  end  of  the  monitor 
and   gives   the   sizes   and   arrangement   of   the 

signed  tor  a  5-ton  crane.   The  wheel  concentra-       1-cu.   yd.   concrete   mixer.     The   concrete   was 

tions   (including  impact)  were  12,000  lbs.,  the       discharged  into  a  2-cu.  yd.  hopper  which  fed 
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Fig.   5.     End    Elevation    of    Monitor   of    Ford   Motor  Co.   Building   Showing
   General    Dimen- 

sions and   Reinforcement  in    End   Wall. 

wheels  being  spaced  9  ft.  6  ins.  on  centers.  The  into    the    1-cu.    yd.    bucket    in    the    elevating 
rails  were  fastened  to  the  concrete  girder  by  tower.                                            ,  n  <      ■ 

means  of  the  American  Bridge  Co.'s  clamp  Xo.  The  concrete,  wh.ch  was  a  1 :2  ̂4  m
. x    was 

A24,  the  clamps  being  spaced  2  ft.  on  centers.  spouted  mto  place,  except  that  f
or  the  monitor. 
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The  chutes  consisted  of  a  trough  of  sheet 
steel  placed  between  two  8-in.  channels.  These 
channels  had  bottom  lacing  and  were  spaced 
12  ins.  back  to  back.  By  means  of  struts  and 
cables  a  truss  system  was  formed,  the  channels 
constituting  the  top  chord  of  the  truss.  The 
concrete  was  chuted  from  the  main  tower, 
which   was    placed   in    the   south   end   of   the 
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The  Writing  of  Building  Codes:  Some 

Specific  Data  and  Recom- 
mendations. 

It  is  highly  important  that  the  cornmissions 
having  in  charge  the  revision  of  building  codes 
secure     the     co-operation     of     engineers     and 

^   ,.  2-y  «  29-9 

Construction 

,  ( ■■   Joint 
i'fn-g  Stirrups 

(which  are  being  revised)  other  bureaus  have 
been  established  which  should  be  brought  into 
the  organizations  here  suggested  as  divisions. 
The  idea  is  to  state  simply  what  would  make 
an    efficient    organization;    to    show    how    the 

16--^  >  9^0  stirrups' ''^gyg'i-S^tiToiSfSto 

laiTypical  Span 

Bend  these  r- 

f^S'O'ftius-' 

(b)  Section  Crar^ewoy  Q'rder 

Fig.  6   Elevation  and  Cross  Section  of  Crane   Girder.   Ford   Motor  Co.   Building. 

building,  to  a  shorter  tower  placed  near  the 
center  of  the  structure,  from  which  it  was 
chuted  to  all  points  of  the  site.  The  chute 
which  extended  from  the  second  tower  was 

provided  with  gates  at  about  10-ft.  intervals, 
through  which  the  concrete  could  be  drawn 
through    flexible    pipes. 

Figure  7  shows  a  test  load  in  place  on  one 
of  the  cantilever  balconies.  The  balcony  tested 

was  42  ft.  long  and  extended  8  ft.  6  ins.  be- 
yond the  center  line  of  the  columns.  A  test 

load  of  -310  lbs.  per  square  foot,  in  addition  to 
the  weight  of  the  slab,  was  applied  and  allowed 
to  remain  for  24  hours,  at  the  end  of  which 
time  the  measured   deflection  at  the  edge  of 

6 

the  slab  was  found  to  be  —  in. 32 

Figure  8  shows  a  view  of  the  front  and  side 
of     the    completed     building.     The     effective 

architects;  and  for  the  interests  of  all  con- 
cerned it  is  essential  that  competent  engineers 

and  architects  be  chosen  as  members  of  such 
commissions.  That  many  building  codes  are 
unsatisfactory  is  due  mainly  to  the  fact  that 
those  in  charge  of  building  design  and  con- 

struction have  not  interested  themselves  suf- 
ficiently in  the  framing  and  revision  of  such 

codes.  The  following  data  on  the  writing  of 
building  laws  were  abstracted  from  a  paper  by 

John  A.  Ferguson,  engineer.  Bureau  of  Build- 
ing Inspection.  City  of  Pittsburgh,-  in  the 

Proceedings  of  the  Engineers'  Society  of Western  Pennsylvania.  The  data  apply 
specifically  to  a  building  law  for  Pittsburgh, 
although  most  of  the  provisions  are  applicable 
to  American  cities  in  general. 

0RG.\M2.\TI0X   ANt)  .\DMINISTR.\TION. 

The  administrative  portion  of  a  code  should 
come  first.  It  should  establish  the  status  of  the 
inspector  and  of  all  assistants;  it  should  name 
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Fig.  1.     Diagram  Showing  Organization  of  a 
Bureau  of  Inspection  for  such  a  City 

as  Pittsburgh. 

work  could  be  arranged  to  minimize  the  over- 
lapping of  inspections;  to  save  effort  on  the 

part  of  applicants  for  building  permits:  and  so 
to  arrange  and  co-ordinate  matters  that  all 
building  inspection  work  would  be  under  one 
organization.  One  head  of  each  division,  who 
remained  most  of  the  time  at  the  office,  could, 

by  keeping  an  effective  system  of  reports,  have 
control  over  his  particular  division,  being  held 
responsible  to  the  superintendent  for  its 
efficiency.  For  each  sub-division  one  of  the 

inspectors  should  be  regarded  as  "senior,"  his district    being    located    downtown;    and    it    is 

Fig.  7.     View  of  Center  Bay  of  Ford  Motor  Co. 

•  Building,    Showing    Floor    Cantilevers,    Roof 
Construction   and   Track. 

architectural  treatment  of  the  structure  is  well 
illustrated  by  this  view. 

I'KRSONNEL. 

The  design  of  the  building  was  in  charge  of 
John  Graham,  supervising  architect  for  the 
Ford  Motor  Co.,  the  structural  design  being 
made  by  the  Condron  Co.  of  Chicago.  E.  L. 
Schneidenhelm,  of  Chicago,  was  the  general 
contractor. 

Fig.  8.     View  of  Completed  Building  of  Ford    Motor  Co.,  Showing   Architectural  Treatment. 

salaries  which  will  attract  industrious  and 
capable  men,  and  should  outline  the  work  to  be 
done  and  the  records  to  be  kept  in  sufficient 
detail  to  give  a  capable  man  the  proper  instruc- 

tions. It  also  should  possess  such  flexibility 
that  improvements  in  methods  are  not  pre- 

vented but  are  given  every  advantage. 
Figure  1  gives  what  the  writer  considers  to 

be  a  suitable  organization  for  a  "Bureau  of 
Building  Inspection,"  for  such  a  city  as  Pitts- 

burgh. In  explanation,  it  should  be  said  that 
under  the  present  state  laws  of  Pennsylvania 

important  that  this  district  be  not  too  extended 
in  order  that  the  senior  inspector  shall  have 
time  to  confer  frequently  at  the  general  office 
witli  the  head  of  his  division. 

A  permanent  "Board  of  .Appeal."  consisting 
of  one  representative  of  each  of  the  principal 
divisions  of  the  worl^  to  be  covered  should  be 
provided  for  in  order  to  decide  appeals  from 
the  decisions  of  the  building  inspector,  to  pass 
upon  rulings  of  the  bureau,  and  to  act  as  a 
permanent  commission  for  the  advancement  of 
the  building  laws. 
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In  addition  to  the  organization,  the  general 
manner  of  arranging  the  work  should  he  laid 
down.  The  reports  to  be  made  to  the  city  and 
to  the  state  should  be  described  so  that  an 
efficient  head  of  the  office  would  be  able  to 
catch  the  correct  idea  and  do  the  work  as 

desired.  The  general  manner  of  procedure  in 

taking  out  permits,  in  serving  notice  of  viola- 
tions of  the  laws,  penalties  for  violating  the 

laws,  regulating  permits  required  for  change 
of  occupancy  and  all  such  matters  should  have 
careful  consideration. 

It  will  be  found  to  be  of  the  greatest  ad- 

vantage to  regulate  the  matter  of  building  per- 
mits in  general  as  follows ;  The  permit  given 

the  contractor,  the  engineer,  or   the  architect 

plan.s  which  cover  changes  in  construction  as 
determined  upon  after  work  has  begun.  This 

will  make  the  file  of  plans  in  the  inspector's 
office  complete  and  accurate.  Moreover,  the 
inspector  will  have  added  interest  in  checking 
the  construction  from  the  plans,  as  he  will  be 

assured  that  he  is  working  w-ith  the  approved 

plans. DEFINITIONS. 

The  part  of  the  code  which  relates  to  organi- 
zation and  administration  should  be  followed 

by  a  complete  list  of  definitions  of  every  name 
used.  These  definitions  should  be  brief  but 
accurate  and  should  not  contain  specifications. 

CL.'^SSIFIC-\TION   OF  STRUCTURES. 

The  section  relating  to  the  elassification  of 

hy  tire  resisting  materials,  and  all  walls,  par- 
titions, doors,  trim  and  sash  are  made  of  fire- 

resisting  materials,  all  of  which  will  fulfill  the 
requirements  given  in  Table  I.  and  in  which 
all  glass  in  windows,  doors  and  transoms  or 

skylights  are  made  of  wire  glass.  All  open- 
ing? through  floors  for  fire  stairs  must  be 

made  of  fire-resisting  enclosures,  as  given  in 
sub-classes  F,  G  and  H  (Table  1).  All  floor 

openings  other  than  fire  stairs,  such  as  eleva- 
tors, escalators  and  ordinary  stairways  must 

be  completely  surrounded  with  fire-resisting 
enclosures,  as  given  in  sub-class  H,  they  must 
be  provided  with  doors  made  of  incombustible 

materials  and  wire  glass,  and  must  have  au- 
tomatic fire  doors  for  every  opening.    In  other 

TABLE  I.  — STANDARD  TABLE FOR  FULL  PROTECTION. 

,   Water  test.   v 

Type    of    construction. 

o 

rt.S 

M    as 
Protection  of  structural  frame         240 
Fire   resisting  floors         240 
Fire  resisting  roofs         ISO 
Partitions,   tire  division         180 ♦»  r      A*     120 
Partitions — important       I.     Bt     120 

•«  r      C         90 
Partitions — minor       ■(      D         60 

1_      E         45 
r      F      240 

Fire   resisting   enclosures   !       G       120 
\^     H         90 

•Standard  specifications  of  National  Board  of 
tStandard  specifications  of  American  Society 
Note    that   floors    and    roofs    to    be   designed 

building. 

1700 
1700 
1700 
1700 
1700 
1700 

1700 1500 

1500 
2O0O 
1700 
1500 

2  or  more 

3  or  more 
5  or  more 
5  or  more 
4  or  more 

4  or  more 
4  or  more 
4  or  more 

6  or  more 
5  or  more 
4  or  more 

Fire  Underwriters, 
for  Testing  Materi 
for   loadings    to   su 

100  sq.  ft. 

7%X  9% 
9HX14H 
9%X14^ 
9y2Xl4% gi^xM^ 

9%Xl4i^ 9^2X14'/2 7%X   9H 

als. 

it    use 

-  OK      z  5       ° t^  Z£     d-p.      S 
10  1%       60 
10  1%        60         X 
5  H^       30         t 
5  1^       50       .. 
5  %       50       .. 
l'/4       IH       30       .. 
1%       1%       30 
1%       1%       30 
1%       1%       30       .. 
5  1%       50       .. 
5  %       50       . . 
2%         %       50       .. •*Note  that  all  parti 

will  not   support 
of  the  attachment 

tFlooding  optional. 

Remarks. 

Metal  fully  protected  from  corrosion  by  coating. 
See  notes  *  and  t. 

For  dividing  stores  and  important  floor  areas. 
For  ofBce  buildings  and  storage  warehouses. 

To   separate   ofBce   from   operating   room — factories. 
Non-bearing,   length   =  3   X   height. 
Non-bearing,  length   =  2'/4    X    height. 
Non-bearing,  length  =  2  X   height. 

To  separate  Are  exit  from  main  floor  in  workshops. 
To  separate  fire  exit  from  main  floor  in  stores. 
To  separate  flre  exit  from  main  hall  in  tenements, 

tions  are  to  be  constructed  entirely  of  materials  that 
combustion,  and  to  be  securely  keyed  to  floor  slabs, to  withstand  test. 

should  be  for  construction  only.  The  applica- 
tion for  permit  should  state,  in  addition  to 

other  information,  the  intended  use  of  the 
building,  leaving  the  classification  of  structure 
to  the  building  inspector,  under  the  law  itself. 
Upon  completion  of  the  building  operation  the 
owner  should  receive  notice  as  to  whether  or 

not  it  is  accepted  by  the  inspector  and  a  permit 
issued  for  a  specified  occupancy.  Successive 
permits  should  be  required  for  each  change  in 

kind  of  occupancy.  This  control  over  occu- 
pancy would  require  very  careful  study,  but 

could  be  worked  out. 

.'\nother  detail  which  rarely  is  found  to  be 
handled  satisfactorily  in  building  codes  is  the 
plans  for  a  structure.  In  Cleveland  duplicate 
sets  must  be   furnished  to  the   inspector,   and 

structures  is  one  of  the  most  important  sec- 
tions of  a  building  code.  There  are  many 

different  opinions  as  to  details,  and  it  is  of 
interest  to  note  that  a  perusal  of  the  criticisms 
offered  to  the  Pittsburgh  commission  on  the 
steel  and  concrete  ordinances  shows  that  not 

one  person  offered  suggestions  on  the  general 

and  broader  aspects  of  the  plan.  Each  individ- 
ual correspondent  read  the  ordinances  and 

picked  out  a  few  details  which  he  praised  or 
criticised  as  his  fancy  dictated. 
A  carefully  planned  and  well  worked  out 

building  law  will  not,  as  some  fear,  supplant 
the  work  of  the  high  class  engineer,  architect, 
or  contractor;  but  on  the  contrary  the  general 

public  will  be  led  to  appreciate  the  w'ork  that 
the    really   good   professional   men   are   doing, 

respects  all  partitions  and  enclosures  to  be 
as  specified  for  occupancy.  Occupancy  should 

then  be  defined,  and  the  description  of  the  re- 

quirements for  each  kind  should  be  given  un- 

der the  heading  "Occupancy." 
Class  II. — Buildings  in  which  all  struc- 

tural parts  carrying  loads  or  resisting  stresses 
are  made  of  incombustible  materials  protected 
bv  fire-resisting  materials,  and  in  which  all 

\vall5  and  partitions  arc  made  of  fire- 

resisting  materials  which  fulfill  the  re- 
quirements given  in  Table  I.  All  doors,  wall 

trim,  window  sash  and  floor  finish  may  be 
made  of  combustible  materials.  .-Ml  glass  may 

he  ordinary  glass.  All  openings  through 
floors  for  fire-stairs  must  be  made  of 

fire-resisting     enclosures,     as     given     in    sub- 

TABLE  11  — STA.NDAltD  TABLE  FOR  PARTIAL  PROTECTION. 
'-  ,  A  r   Water  test.   ^ ■1  5 

-  &  ir  a  -  ■ 

■3  I  "c  .  I  „•        E  £^ 
Type  of  construction.                S         s  "  '  =  "  E        '°  o)""        u                                                 Remarks. 

■3        -2  li  c"  o-g  (u  3d-       .5 

•5     as     <^         PS  <-3       P     z£    £g.     jT 
Protection  of  structural  frame    ISO  1700  1  "A  or  more     5  1%  60  ..  Metal  fully  protected  from  corrosion  by  coating. 
Fire    resisting   floors    ISO  1700  100  sq.  ft.  5  Hg  60  t 
Fire    resisting   roofs    ISO  1700  .    3  or  more  100  sq.  ft.  5  1>4  30  t 
Partitions,  fire  division    ISO  1700  5  or  more  9J,4X14%  5  \%  50  ..  For  dividing  important  fire  areas. 

r      I  90  1700  5  or  more  9>/4X14>4  1%  1%  30  ..  Bearing    length  =  3  x  height. 
Partitions— important       L    J  60  1700  4  or  more  7^4  X   9^4  1%  1%  30  ..  Bearing  length   =   2i^    X    height. 

I    K  90  1700  4  or  more  9^4X14%  1%  1%  30  ..  Non-bearing  length  =  3  X   height. 
Partitions— minor       ■     L  60  1500  4  or  more  9%X14%  1%  1%  30  ..  Non-bearing  length  =  2%   X  height. 

L   M  45  1500  4  or  more  9%X14H  1%  1%  30  ..  Non-bearing  length  =  2   X   height. 

;■    N  ISO  1700  6  or  more  9V.X14%  2%  1%  50  ..  To  separate  fire  exit  from  main  floor  in  schools. 
Fire  resisting  enclosures   ■!     O  90  1500  5  or  more  914X14%  2%  %  50  ..  To  separate  fire  exit  from  main  floor  in  theaters. 

L    P  60  1500  4  or  more  7>4  X   9'/4  1%  %  30  . .  To  separate  fire  exit  from  hall  in  office  buildings. 

N'ote. — All  partitions  are  to  be  constructed  entirely  of  materials  that   will   not  support  combustion,  attachment  to  be  secure  and  withstand  test; 
floors  are  to  be  designed   to  suit  use  of  building;   elevator  enclosures  and    doors  are  to  withstand  same  test  as  fire  division  partitions. ^Flooding  optional. 

both   sets  must  be  marked  "approved"  before  and   this   will   lead   to   their   sure   employment  class     .V      (Table    II).     All     floor     openings 

a  permit  for  construction  will  be  issued.    One  because  the  need  for  such  experienced  services  other  than  fire  stairs,  such  as  elevators,  esca- 

set  is  kept  for  the  files  of  the  inspector's  office  will  become  apparent.  lators   and   ordinary   stairways   must   be  com- 

and  the  other  is  returned  to  the  contractor  to  The  following  classification  of  structures  was  pletely    surrounded    with    fire-resisting    enclo- 

be  kept  by  him   for  the  inspector's  use.    The  arrived  at  after  considerable  work  on  the  in-  surcs,  given  in  sub-classes  O  and  P,  and  must 

inspector   can   thus   be   assured    that   when   he  srection  of  buildings  and   a  careful   study  of  be  provided  with  doors  made  of  incombustible 

goes   upon   a  job   he  has   the  particular   plans  the  laws  of  other  cities,  gleaning  the  best  from  materials   and    wire   glass   or   have   automatic 

for    which    a    nermit    has    been    issued.     This  each    and    writing    it    into    this    classification.  fire  doors   for   every  opening.     All   partitions 

procedure  would  add  largely  to  the  efficiency  Classification  is  made  according  to  the  require-  and    enclosures   otherwise   to   be   specified    for 

of  the  insnector's  work,  and  two  principal  re-  ments   for  resistance  to  fire  hazard.    Grade  is  ■■Ocrufaucv/'                         .         .  •  ■       „     , 
suits    should   be  noticed    immediately,    one    of  given  as  definition  of  kind  of  occupancy.                     Class  III.— Buildings   in  which   all   struc- 

which    relates    to    the   bureau's   reco'rd    in    the  Class    I.— Buildings    in    which    all    struc-  tural  parts  carrying  loads  or  resisting  strains 

files.     Contractors   and   architects   would   then  tural  parts  carryint?  loads  or  resisting  stresses  arc    niade    of    incornbustible    materials     pro-  ■ 

have  to  file,  in  the  office  of  the  inspector,  all  are  made  of  incombustible  materials  protected  tected    by    fire-resisting   materials.      All    walls 
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and  partitions  heing  made  of  lire-resisting 
materials  which  will  lultill  the  requirements 
given  in  Table  II;  all  other  parts  to  be  the 
same  as  in  buildings  imder  Class  II. 

Class  IV. —  Buildings  in  which  all  struc- 
tural parts  carrying  loads  or  resisting  strains 

are  made  of  incombustible  materials  unprotect- 
ed by  fire-resisting  materials.  .\11  walls  and 

partitions  being  made  of  fire-resisting  mate- 
rials which  will  fulfill  the  requirements  given 

in  Table  II :  all  other  parts  to  be  the  same  as 
in  buildings  under  Class   II. 

Class  V. — Buildings  in  which  all  the 
stnictur:'.!  frame,  including  walls,  columns, 
beams  and  girders  are  made  of  incombustible 

materials  unprotected  by  fire-resisting  mate- 
rials. .-Ml  floors  and  partitions  to  be  made  of 

fire-resisting  materials  w-hich  will  fulfill  the 
requirements  given  in  Table  III.  All  doors, 
finish,  trim,  window  frames  and  glass  to  be 
constructed  of  combustible  materials  and  ordi- 

nary gl.-iss.  All  openings  through  tloors  for 
fire  stairs  to  be  fire-resisting  enclosures,  as 

given  in  sub-classes  (/',  X  and  V  as  specified 
for  "Occupancy,"  and  to  be  provided  with  au- 

tomatic fire  doors  of  the  same  fire-resisting 
quality  as  the  enclosures  or  else  doors  made 
of  incombustible  materials.  .-Ml  partitions  and 
enclosures  otherwise  to  be  constructed  as 

specified  for    'Occufancy." 

nent  stage  upon  which  stage  scenery  and  the- 
atrical  apparatus  is  employed. 

Dkision  "E":  Detention  Buildings.— In- 
cludes all  public  or  private  hospitals,  reforma- 
tories, prisons  and  police  stations. 

Division  "F":  Public  Utility  Buildings. — 
Includes  all  other  buildings  owned  or  used  by 

the  general  public  but  not  classified  in  the  fore- 
going divisions. 

SECOND  GRADE:  Quasi-Public  Build- 
ings.—  Includes  all  buildings  used  for  public 

shelter  either  for  purposes  of  business,  or  for 
temporary  abode  or  habitation. 

Division  "A":  Hotels. — Includes  all  hotels, 
public  inns,  or  any  building  or  part  thereof  de- 

signed to  be  used  for  supplying  food  or  shelter 

to  residents  or  guests  and  having  a  public  din- 
ing room,  cafe  or  office  or  either.  .A  public 

lodging  house  or  a  building  used  only  for  the 
shelter  of  residents  or  guests  will  be  classified 
as  a  hotel. 

Division  "B":  Office  Buildings. — Includes 
any  building  designed  or  used  for  office  pur- 

poses in  the  conduct  of  general  business,  but 
may  have  a  store  or  sales  rooms  on  the  ground 
floor.  No  part  of  such  a  building  shall  be 
used  for  residence  except  by  the  janitor  and 
his  family. 

Division  "C":  Store  Buildings. — .Any  build- 
ing designed  or  used  for  the  sale  of  merchan- 

used  as  a  residence  for  more  than  two  fami- 
lies living  independently  of  each  other,  and 

m  which  every  family  or  household  shall  have 
provided  for  it  a  kitchen,  set  bath  tub  and 
water  closet  separate  and  apart  from  any 
others.  A  store  on  the  ground  floor  will  be 
classed  as  an   apartment   for  one   family. 

Division  "B":  Club  Houses. — Includes  all 
buildings  used  or  intended  for  use  by  an  or- 

ganization or  society  for  mutual  entertainment 
or  recreation  having  a  common  kitchen,  dining 

room  and  other  rooms  of  utility  and  recrea- 
tion and  containing  lodging  apartments  for 

the  use  of  the  members  of  the  organization only. 

Division  "C":  Tenement  Houses. — Includes 
all  houses,  buildings  or  portion  thereof  which 
are  designed  to  be  used  or  occupied  as  a  home 
or  residence  of  more  than  two  families  living 

independently  of  each  other  and  doing  their 
cooking  upon  the  premises  or  by  more  than 
two  upon  any  floor  so  living  and  cooking,  but 
having  a  common  right  in  the  halls,  stairways, 

yards,  or  water  closet.  A  store  on  the  first 
or  ground  floor  will  be  considered  the  same 
as  a  home  for  a  family. 

FIFTH  GRADE:  Dwellings.— Includes  all 
buildings  which  are  designed  or  used  as  the 

home  or  residence  of  not  more  than  two  sep- 
arate   families    in    which    not    more    than    ten 

TABLE   in.— .STAND.ARD  TABLE   FOR  TEMPORARY   PROTECTION. 

*;  ^  ^     I   Water  test.   ^ 

Type  of  Construction.               t  c  Sg 

So  ?   .  ''^~- 
ti  *±  «*^  .ri— * 

■S  3£  ?!*  |r 
m  QS  <■;:  E-" Protection  of  structural  frame         90  1700  1  or  more 

t       ..       90  1700               100 
Fire   leslsling   tloors   )       ..       60  1700               100 
Fhe    resisting   roofs   )       ..       90  1700  3  or  more     100 
Partitions,    fire   division   f               90  1700  4  or  more      SVi 

1       . .       fiO  loOO  4  or  more       9^i 
Partitions — important       )       . ,       45  1200  3  or  more       TVi 

"l       . .       45  1500  3  or  more       7Vi Partitions— minor     J      ..       SO  1200  3  or  more      714 
1      . .       90  1700  5  or  more      014 

Fire  resisting  enclosures   ;       ..       60  150O  4  or  more      7!4 
J       ..       45  1500  3  or  more       714 

Note. — All  partitions  except  "minor"  are  to  be  constructed  ent 
ti)  withstand  same  test;  elevator  enclosures  and  doors  to  withstand 
suit  use  of  building. 

tFloodlng  optional. 

sq.  ft. 
sq.  tt. 
sq.  ft. 

.X14M. 

Xl4>-i 

X   914 
X  914 X   914 X1414 
X   914 

X   9V4 
Irely  o same 

E- 

2% 214 

1V4 
214 

214 1% 

1% 

114 

1% 
214 
114 

1V4 

f  ni.at 
test 

OJ  3  CT 

N  "■» 

ZS  0,0. 

1%  30 

114  30 
1%  30 

114 

I'i 
1% 

% 
% 
% 

1% 

1% 

lis 
30 

30 

30 

30 

30 
30 

30 

30 
30 

Remarl^s. 

Metal   fully   protected    from   corrosion    by   costing 

erials  that 
IS  fire  divl 

will 

sion 

For  division  walls  tjetween  suites  in  tenements. 

Bearing-in. Non-bearing.   In   residences. 
Nun-1'earins  —  length  =  214   X  height. 
Non-bearing  —  length   =  2   X   height. 

To  separate  fire  exit  trom  main  floor  in  nickelodeon. 
To  separate  fire  exit  from  main  iloor — assembly  hall. 
To  separate  fire  exit  from  main  floor — hotel  or  lodging 

not  support  combustion,  attachment  to  be  secure  and 
partitions;  all  floors  are   to  be  designed  for  loadings  to 

Class  VI. —  Buildings  in  which  all  struc- 
tural parts  carrying  loads  or  resisting  stresses 

are  made  of  combustible  materials,  but  which 
fulfill  the  requirements  given  and  specified  for 
-.low  combustible  construction.  All  outside 
walls  to  he  made  of  fire  resisting  materials 
which  will  fulfill  the  requirements  given  in 
Table  I.  .Ml  lire  enclosures  and  partitions  to 

be  till-  same  as  in  buildings  under  Class  II. 
Class  VII. —  Buildings  in  which  all  struc- 

tural and  other  parts  are  made  of  combustible 
materials. 

FIRST  GRADE.— .\\\  buildings  devoted  to 
the  use  of  the  general  public  for  purposes  of 
■~tale  or  of  public  assemblage. 

Division  "A":  Public  Buildings  Proper.— 
fluildings  designed  to  be  occupied  by  state, 
ounty  or  city  administration  offices,  court 
ryoms,  libraries,  museums,  art  galleries  or 
council  chambers. 

Division  " B" :  School  Buildings. — Includes 
all  school,  college  or  other  buildings,  contain- 

ing class,  drawing  or  lecture  rooms  or  rooms 
for  the  purpose  of  education  or  instruction. 
If  any  such  building  has  an  assembly  room  of 
greater  seating  capacity  than  four  class  rooms 
such  assembly  room  will  be  considered  as  an 

assembly  hall  and  subject  to  the  requirements 
therefor. 

Division  "C":  Assembly  Halls. — Includes  all 
churches,  convention  halls,  auditoriums,  expo- 

sition buildings,  music  halls,  railroad  depart- 
ments, or  any  part  of  a  building  containing 

an  assembly  room  holding  more  than  100  peo- 

ple. 
Division  "D":  Theaters. — Includes  all  the- 

aters, opera  houses,  play  houses,  pavilions,  or 
any  assembly  hall  designed  or  used  for  the 

entertainment  of   spectators  having  a  perma- 

dise  or  objects  of  utility  or  general  supplies. 

THIRD  GRADE:  Industrial  Buildings.— 
Includes  all  buildings  designed  or  used  for  the 
manufacture  or  storage  of   merchandise. 

Division  ".4":  Factory  Buildings. — Includes 
all  buildings  designed  or  used  for  the  manu- 

facture of  merchandise  by  machinery.  All 
printing  estiblashments  will  be  classified  as 
factory  buildings. 

Division  "B":  Work  Shops. — Includes  all 
buildings  designed  or  used  for  the  manufac- 

ture of  merchandise  by  hand. 

Division  "C":  Milt  Buildings. — Includes  all 
buildings  designed  or  used  for  the  manufac- 

ture and  storage  of  heavy  machinery,  struc- 
tural steel  shapes  or  bars,  or  castings,  and  ma- chine shops. 

Division  "D":  IVarehouses. — Includes  all 
buildings  designed  or  used  for  the  storage  of 

general  merchandise  or  food  or  other  sup- 

plies. Division  "E":  Garages. — Includes  all  build- 
ings designed  or  used  for  automobile  livery  or 

.|;torage.  where  five  or  more  automobiles,  carry- 
ing tanks  containing  fuel,  any  volatile  or  in- 

flammable material,  are  kept. 

Division  "F":  Slaughter  Houses. — Includes 
all  buildings  designed  or  used  for  the  slaugh- 

ter of  animals,  the  curing,  drying  or  prepara- 
tion of  meat  or  the  by-products  thereof,  or  the 

rendering  of  fat  or  manufacture  of  soap,  bone- 
dust,  fertilizer  or  other  animal  product. 
FOURTH  GRADE:  Tcnements.—hKhides 

all  buildings  containing  suites  or  apartments 
used  for  the  permanent  habitation  by  more 
than  two  families  living  independently  of  each other. 

Division  "A":  Apartment  Houses. — Any 
building  or   any   portion   thereof   designed   or 

rooms  shall  be  used  for  the  accommodation  of 

boarders,  no  part  of  which  is  used  as  a  store 
or  for  any  business  purpose. 

Two  or  more  such  dwellings  may  be  con- 
nected on  each  story  when  used  for  boarding 

purposes  provided  the  halls  and  stairs  of  each 
house   shall   be   left   unaltered. 

Dwellings  built  in  terraces  more  than  three 
stories  high  having  two  distinct  families  living 
independently,  or  a  family  on  upper  floors 
with  a  store  below  will  be  classed  as  a  tene- ment house. 

SIXTH  (;/^.l/:)E.— Includes  all  buildings 
used  for  the  shelter  of  animals  or  vehicles. 

Division  ".-)".■  Stables.— Includes  all  build- 

ings designed  or  used  for  horse  livery,  board- 
ing or  private  stables  or  barns,  carriage  houses, 

sheds,  pens,  coops,  stockyards  with  attendant 

slaughter  pens  or  any  building  for  the  feed- 
ing or  sheltering  of  animals  or  fowls. 

Division  "B":  Garages.— Includes  all  gar- 

ages designed  or  used  for  the  shelter  or  stor- 
age of  automobiles  for  private  use  only  where 

not  more  than  l\\e  automobiles  are  kept. 

SEFEXTH  GRADE:  Tozi-ers.— Includes 
all  structures  designed  or  used  for  water  stor- 

age, for  sprinkler  systems  or  other  purposes. 
.\  w-ater  tank  for  any  purpose,  placed  in  or 
near  a  building  whether  supported  by  separate 
tower  or  not  will  be  classed  under  this  grade. 

EIGHTH  GRADE.— Includes  all  buildings 
or  structures  not  classed  in  grades  one  to 
seven.  For  the  purpose  of  this  law,  fences, 
bill  and  sign  boards  and  all  signs  shall  be 
classed  as  structures  of  this  grade. 

OCCUPAN'CY. 
Following  the  classification  of  structures 

the  name  and  definition  of  every  kind  of  use 

or  occupany  should  be  given,  naming  the  class 
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and  grade  under  which  they  must  be  con- 
structed and  specifying  all  the  additional  re- 

quirements necessary  in  order  to  provide  for 
the  hazards  occurring  in  each.  This  will  cover 
such  structures  as  tenement  houses,  theaters, 
nickelodeons,  assembly  halls,  office  buildings, 
factories,  warehouses,  etc.  These  additional 
requirements  will  cover  electric  wiring,  plumb- 

ing, etc.,  as  well  as  general  sanitary  condi- 
tions and  many  others.  This  is  the  longest, 

most  wordy  and  tedious  of  the  various  por- 
tions of  a  building  law  and  must  be  passed 

over  very  briefly  in  such  a  discussion  as  this. 
Mention,  however,  must  be  made  that  all  the 
requirements  for  each  kind  of  occupancy 
should  be  exhausted  under  its  heading,  even 

if  there  might  be  some  duplication  of  require- 
ments for  other  occupancies.  This  is  advo- 

cated simply  as  a  method  to  help  to  make  the 
laws  clear  and  easy  for  reference  for  the  con- 

venience of  those  w'ho  must  use  the  code  daily. 
It  will  be  found  that  such  an  arrangement 

renders  it  less  easy  to  make  mistakes  in  plan- 
ning a  structure,  or  in  enforcing  the  laws. 

CL.\SSIFIC.\TIOX    OF    M.\TERIALS   AND   METHODS    OF 

CONSTRLXTION. 

Following  the  classification  of  structures 
should  come  a  careful  description  and  specifi- 

cation for  the  materials  of  construction.  This 
should  be  accomplished  in  a  great  measure 
by  classifying  special  requirements  such  as: 

"A",  Fire  Resisting  Properties;  "B",  Resist- 
ance to  Stresses:  "C,"  Permanency  of  Con- 

struction :  "D,"  Maintenance  and  Preservation : 
"£■'.  Sanitary  Condition,  etc.  All  classifica- 

tions should  be  worked  out  properly  to  suit 
the  risks  involved.  Requirements  more  severe 

than  necessary  to  bring  about  proper  applica- 
tion of  construction  to  balance  evenly  the 

hazard  should  not  be  advocated.  Short  de- 
scriptions should  be  interwoven  with  the  tech- 

nical specification  in  order  to  popularly  sum- 
marize the  reasons  for  their  use  to  correspond 

with  the  hazard.  This  last  will  do  much  to- 
ward removing  popular  prejudice  against  the 

requirements  and  to  prove  that  the  specifica- 
tions are  not  more  severe  than  necessary.  All 

classifications  should  be  worked  out  with  the 
end  in  view  of  placing  the  use  of  all  materials 
and  methods  of  construction  on  a  basis  of 
merit  alone.  It  should  specify  results  only, 
since  the  result  desired  is  the  end  in  view.  It 

should  not  contain  an  endless  amount  of  ag- 
glomerate details  setting  forth  how  the  result 

must  be  obtained,  but  it  should  leave  all  this 
to  the  inventive  genius  of  engineers  and  to 
the  results  given  by  testing  apparatus.  Re- 

quirements placed  against  the  physical  testing 

apparatus  should  never  be  more  severe  than 
obtain  under  the  actual  conditions  of  service, 

and  observation  should  be  carefully  made  un- 
der  these  conditions. 

A  classification  of  materials,  covering  fire- 
resisting  qualities,  is  now  receiving  careful 

consideration  by  the  "National  Fire  Protec- 
tion Association"  and  the  "U.  S.  Bureau  of 

Standards'  at  the  Butler  St.  laboratory  in 
Pittsburgh.  It  received  its  impetus  at  the 

"International  Fire  Prevention  Congress," 
held  in  London  in  1903,  by  the  "British  Fire 
Prevention  Committee,"  and  at  the  "National 
Fire  Prevention  Convention,"  held  in  Phil- 

adelphia in   1913. 
Tables  I,  II  and  III  are  built  up  around  the 

information  gained  from  study  of  the  re- 
quirements laid  down  by  the  foregoing  organ- 

izations and  differ  from  them  only  in  two  or 

three  cases  w-here  experience  has  suggested 
that  a  sub-class  might  be  added  to  provide  for 
conditions  which  are  less  severe  than  those 
called  for  by  the  requirements.  In  addition 
to  this,  the  information  given  under  the  col- 

umn heading  "Remarks"  and  at  the  bottom 
of  the  Tables  as  notes  has  suggested  itself  to 

the  writer  as  a  brief  way  to  explain  how'  the 
difterent  parts  of  a  structure  may  be  con- 

strued to  suit  the   requirements. 
Classification  of  materials  from  other 

standpoints  has  been  given  careful  study  by 
the  writer.  However,  this  is  a  difficult  mat- 

ter to  cover  completely  in  a  short  time  and 
the  work  is  not  in  shape  to  present  at  the 
present  time.  The  progress  achieved  so  far 
by  the  writer  in  this  work  has  come  from  re- 

quiring those  interested  in  various  build- 
ing materials  to  conduct  physical  tests 

as  rapidly  as  possible  and  to  submit  re- 
ports of  all  tests,  giving  information  relative 

to  their  use.  and  to  place  in  writing  specifica- 
tions for  their  use  and  the  manner  of  conduct- 

ing calculations  for  proposed  installations. 
This  has  been  made  to  include  several  mate- 

rials for  non-bearing  partitions,  several  systems 
of  reinforced  concrete  construction  and  wa- 

terproofing compounds  for  concrete.  The  sub- 
ject of  preservative  coatings  for  steel  has  been 

brought  to  the  writer's  attention  quite  re^ cently. 

Wiien  the  information  is  at  hand  those 
points  now  covered  by  law  are  separated  from 

those  w-hich  are  not  and  a  decision  is  made' as  to  the  manner  in  which  the  inspector  will 
check  the  work  in  order  to  make  the  proposed 
construction  as  safe  as  other  types  covered 

by  ordinances.  The  principles  of  good  engi- 
neering practice  are  strictly  adhered  to.   When 

a  decision  has  been  reached  and  agreed  to  by 

those  proposing  to  use  a  new  type  of  con- 
struction, or  building  material,  a  specification 

covering  its  use  is  written  and  sent  to  the  in- 
terested party.  All  information,  tests,  reports 

and  correspondence  are  then  filed,  together 
with  the  specification  covering  its  use.  The 
advantage  of  this  procedure  is  that  users  of  a 
given  material  will  know  exactly  what  will 
be  passed  by  the  bureau  and  they  can  then 
proceed  with  confidence.  This  method  of  pro- 

cedure also  insures  uniformity  in  the  decisions 

made  by  the  bureau,  thus  avoiding  the  oft-re- 
peated claim  that  one  man  is  given  advantages 

which  are  refused  another.  •  It  also  aids  in 
correctness  of  procedure. 

In  the  tests  made  of  various  methods  of  ap- 

plying steel  reinforcement  to  concrete  strain- 
gage  tests  readings  are  required  on  steel  and 
concrete.  These  are  to  be  taken  at  the  time 
the  applied  load  (which  equals  the  live  load 

for  which  the  structure  is  designed'!  is  so 
placed  on  the  structure  as  to  produce  the  max- 

imum stresses  which  are  likely  to  occur.  How- 
ever, conditions  are  never  required  which  will 

be  more  severe  than  those  which  may  be  im- 
posed in  practice.  When  this  information  has 

been  correctly  obtained,  the  assumptions  and 
the  theory  must  be  worked  out  to  a  sufficient 

degree  of  completeness  to  insure  that  an  esti- 
mate of  strength  may  be  made  with  sufficient 

accuracy  to  come  within  the  limits  set  by  the 
uniformity  of  construction  and  the  behavior 
of  materials. 

CONCLUSION'S. 
.\lthough  a  building  code  need  not  assume 

the  proportions  of  a  text  book,  nevertheless 
considerable  information  is  needed  by  a  de- 

signer to  enable  him  to  do  his  work  correctly 
and  to  be  assured  that  it  w'ill  pass  the  re- 

quirements of  the  bureau  without  unnecessary 
annoyance  and  delay.  This  makes  it  necessary 

that  all  requirements  for  safety  be  clearly- stated.  It  should  be  remembered  always  that 

?.  building  law — not  a  specification— is  being 
prepared.  The  preparation  of  building  codes 
should  be  placed  in  charge  of  the  broadest 
minded  and  most  vigorous  men  in  the  com- 

munity, and  these  men  should  receive  suit- 
able pay  for  their  work.  The  provisions  of 

building  codes  should  be  arranged  and_  prop- 
erly indexed  in  about  the  order  which  js  fol- 

lowed in  planning  a  structure,  each  division 

being  fully  treated  before  the  next  one  is  con- 
sidered. They  should  also  provide  for  the 

constantly  progressing  state  of  the  science  of 
engineering  and  the  art  of  construction. 

Some  Features  of  Detail  in  the  Design 

of  Rapid  Sand  Water  Filtration 
Plants. 

Contributed    by    George    W.    Fuller,    ConsuUini5 
Hydraulic  Engineer  and  Sanitary  Ex- 

pert, New  York  City. 

The  construction  of  mechanical  filters  of 
the  modern  type  has  become  common  and 
many  interesting  plants  of  first-class  construc- 

tion have  been  described  in  the  technical  press 
during  the  last  dozen  years.  The  general 
principles  of  design  are  as  a  rule  well  brought 
out. 

It  is  not  uncommon,  however,  for  the  de- 
signing engineer  to  leave  much  of  the  de- 

tailed work  to  be  selected  and  installed  by 
the  experienced  filter  company  which  builds 
the  plant.  While  in  many  cases  this  may  be 
the  most  desirable  plan  to  adopt  and  will  give 

results  most  satisfactory  to  the  engineer's 
client,  it  is  well  worth  while  for  the  design- 

ing engineer  to  consider  fully  all  of  the  de- 
tails which  make  up  the  filter  construction. 

This  article  is  written  to  bring  before  the  in- 
terested public  a  few  of  the  factors  vfhich  go 

to  make  up  a  proper  design  of  these  details. 
FILTER   S.\ND  AND  GR.WEL. 

Selection  of  Sand. — At  the  time  of  the 
origin    of   mechanical    filters,   when   this    type 

of  filter  was  used  almost  entirely  for  indus- 
trial service,  coarse  sand  was  commonly  used. 

As  these  filters  became  adapted  to  municipal 
service  with  a  higher  requirement  of  bacterial 

efficiency,  finer  sand  was  gradually  substitut- 
ed. In  the  course  of  more  recent  years  the 

general  practice  has  swung  back  somewhat 
toward  the  original  practice.  Having  in  mind 

the  possibility  of  meeting  the  bacterial  re- 
quirements by  effective  sterilization  after  fil- 

tration, it  is  considered  economical  for  some 
conditions  to  use  a  relatively  coarse  sand.  The 
particular  size  selected  will  vary  mainly  with 
the  amount,  of  head  available  and  to  some 

slight  extent  with  the  character  of  water 
which  is  to  be  filtered.  For  ordinary  condi- 

tions where  the  available  head  used  for  fil- 
tration will  be  about  8  ft.,  a  sand  with  an  ef- 
fective size  of  about  0.4  millimeters  is  rnost 

commonly  used.  The  uniformity  co-efficient 
of  the  sand  for  mechanical  filters  is  a  rather 

important  item,  mainly  because  the  reverse 
washing  to  which  filter  sand  is  subjected 
causes  a  grading  of  the  sand  bed  with  the 
coarse  sand  at  the  bottom  and  the  fine  sand 

at  the  top.  To  keep  this  separation  within 
reasonable  limits  it  is  customary  to  specify 

that  the  sand  shall  have  a  uniformity  coef- 
ficient of  about  1.65. 

In   the   design   of   the   Jerome   Park   filters 
for    the    Croton    supply    of    New    York    City 

the  normal  head  for  filtration  was  4%  ft., 
and  the  sand  layer  was  composed  of  30  ins. 
in  depth  of  sand  having  an  effective  size  of 
.(50  to  .70  millimeters  and  a  uniformity  co- 

efficient of  1.65. 

It  is  common  to  require  that  there  shall  iiot 

be  veo'  much  fine  material  present;  for  in- 
stance, not  more  than  1  per  cent  shall  be  finer 

than  0.25  millimeters.  This  is  not  a  factor 
which  need  be  considered  in  the  purchase  of 
the  sand,  as  this  extremely  fine  material  may 
readilv  be  washed  out  of  the  sand  bed  by  re- 

peated washings  at  a  high  rate,  and  if  neces- 
sary scraped  from  the  surface  of  the  sand 

bed  after  it  has  been  hydraulically  graded  by 
rewashing. 

Dirt,  clay  and  organic  matter  are  usually  ex- 
cluded by  the  sand  specifications.  But  as 

these  likewise  can  readily  be  removed  by  re- 
washing,  the  strict  enforcement  of  this  clause 
should  be  called  for  only  after  a  certain 
amount  of  washing  has  been  done  by  the 
contractor. 

Limestone  is  somewhat  soluble  in  ordinary 
water,  and  for  this  reason  it  is  common  to 
limit  the  amount  of  limestone  allowed  in  the 
filter  sand.  The  usual  specification  is  that  not 
more  than  1.5  per  cent  of  lime  or  magnesia 
calculated  as  CaCO,,  will  be  permitted;  and 
not  more  than  5  per  cent  of  the  sand  shall  be 
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dissolved   by  digesting  powdered   sand   for  2t 
hours  in  warm  hydrochloric  acid. 
Sand  Testing. —  In  order  to  test  the  grading 

of  the  sand  submitted  for  approval,  a  Richie 
sand  shaker  or  its  equivalent  is  commonly 
used.  This  consists  of  a  series  of  pans  oVz 
ins.  in  diameter,  placed  one  over  the  other, 
the  pans  having  their  bottoms  of  screens  or 
wire  mesh  in  sizes  varying  from  coarsest  at 

the  top  to  the  finest  at  the  bottom.  One  hun- 
dred grams  of  the  sand  to  be  tested  are  placed 

in  the  uppermost  pan  and  the  nest  of  screens 
is  shaken  120  times,  or  some  other  number 

of  shakes  corresponding  to  the  screen  calibra- 
tion, until  each  screen  contains  that  portion 

of  the  sand  too  large  to  pass  through  it  and 

arrangement  of  the  gravel  used  will  depend 
somewhat  upon  the  type  of  washing  method 

adopted.  Where  the  low-rate  washing  meth- 
od is  used,  with  approximately  8  gals,  of  wash 

water  per  square  foot  of  filter  surface  per 
minute,  a  thickness  of  graded  gravel  of  8  to 
9  ins.  is  most  common.  This  will  be  placed 

in  four  layers  of  aboui  equal  thickness,  the  up- 
permost layer  being  graded  from  No.  20 

mesh  to  -'io;  the  second,  ■'!iu  to  %;  the 
third,  %  to  %;  and  the  fourth  %  to  1  in.  If 
high-rate  washing  is  used;  that  is,  1-5  gals,  of 
water  per  square  foot  of  filter  surface  per 
minute,  and  if,  as  is  customary  in  present 
practice,  there  is  no  wire  mesh  screen  placed 
between   the  gravel   and  the   sand,   it   is   com- 
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Fig.   1.    Sarrp.'e   Card  for   Plotting   Results  of  Test     of     Filter     Sand — Lines     Plotted     Sliow 
Allowable    Limits   of  the    Sand    Specified  fcr  i/e  Crolon   Filters. 

small  enough  to  pass  through  the  screen 
above.  The  sand  remaining  on  each  screen  is 
weighed.  A  sample  card  for  plotting  the  re- 

sults of  a  sand  test  is  shown  in  Fig.  1. 
In  calibrating  a  sieve,  the  sieve  is  shaken 

to  say  110  times,  and  after  the  sand  which  has 
passed  through  is  removed,  the  sand  passing 
through  the  sieve  during  the  last  ten  shakes 
is  collected,  weighed,  and  the  number  of  sand 
grains  counted.  It  is  assumed  that  these  last 
sand  grains  are  a  measure  of  the  separation 
of  the  wires.  The  equivalent  diameters  of 
these  sand  grains  calculated  as  spheres  is  ob- 

tained  from  the  relation 

where  d  is  the  diameter  of  the  sand  grain, 
IV   is  the  weight,  and 
G  is  the  specific  gravity. 

The  percentage  of  sand  passing  through 
each  size  of  screen  is  marked  on  the  line  op- 

posite the  screen  number  or  screen  size  on 
this  chart  and  a  curve  is  drawn  through  these 
points.  The  intersection  of  this  curve  with 
the  lower  of  the  two  cross  lines  opposite  the 
10  per  cent  horizontal  line  will  rea<l  the  ef- 

fective size  of  the  sand.  The  uniformity  co- 
efficient will  be  given  by  a  ratio  of  the  size 

of  the  CO  per  cent  line  to  the  size  of  the  10 
per  cent.  The  lines  plotted  on  Fig.  1  show 
the  allowable  limits  of  the  sand  specified  for 
the  Croton  filters. 

Filter   Gravel. — The    sizes,    thicknesses    and 

mon  to  make  the  gravel  about  14  ins.  thick. 
This  gravel  thickness  is  the  amount  e.^pcri- 
ence  has  shown  to  be  necessary  to  defiect  the 
water  jets  and  dilifuse  them  over  the  area  of 
the  filter  at  such  low  velocitv  that  the  finer 
gravel  at  the  top  of  the  gravel  bed  will  not 
be  disturbed  or  mixed  with  the  sand  when washing. 

OVERFLOW  TROUGHS. 

The  troughs  to  carry  wash  water  may  be 
built  cither  of  cast  iron,  sheet  iron  or  con- 

crete. If  of  cast  iron,  thev  are  usuallv  from 
%  to  %  in.  thick,  with  rounded  bottom;  if 
of  sheet  iron,  they  are  usually  Vi  in.  thick;  if 
of  concrete,  2  to  .3  ins.  Care  must  be  taken 
that  all  the  upper  overflow  edges  of  these 
troughs  are  straight  and  exactly  on  the  same level. 

These  troughs  are  usually  placed  about  7 
ft.  on  centers.  The  size  may  be  determined 
on  the  basis  of  a  flow  velocity  of  2V2  ft.  per 
second  at  the  largest  cross  section  with  the 
normal  amount  of  wash  water  passing  into the   trough. 

Some  special  forms  of  trough  have  been 
devised,  having  a  sand  catcher  or  other  ap- 

purtenances for  special  purposes.  There  has 
been  no  evidence  presented  that  anv  such 
special   features  have  any  marked  value. 

STRAINER   SYSTEiMS. 

The  strainer  systems  of  mechanical  filters 
can  be  divided  broadly  into  two  classes;  CI) 
those  consisting  of  a  series  of  pipes  or  chan- 

nels arranged  as  multiple  conduits,  allowing 
an  approximately  uniform  loss  of  pressure 
from  the  filter  to  the  outlet  valve  in  all  parts 

of  the  filter;  (2)  those  having  a  false  bot- 
tom separating  the  filter  from  a  large  size 

collecting  chamber,  this  false  bottom  being 
fitted  with  suitable  individual  strainers  over 

its  area.  The  former  type  is  the  more  com- 
mon, and  nearly  all  mechanical  filters  have 

been  built  this  way ;  the  latter  type  has  been 
used  at  a  number  of  plants,  such  as  Panama, 
-Alliance,  O.,  and  Birmingham,  Ala. 
Washing  by  reverse  current  is  effected  at 

varying  rates  up  to  about  1-")  gals,  per  min- ute per  square  foot  of  sand  area.  The  form 
of  construction  dilTers  for  the  various  rates 

only  in  the  areas  being  suited  to  the  vol- umes of  water. 

The  higher  rate  of  wash  systems  has  in 
the  past  more  often  than  not  been  built  of  a 
series  of  concrete  ridges  in  the  bottom  of  the 
filter,  forming  channels  which  are  covered 
with  perforated  brass  plates.  Such  a  type  of 

design  w-as  used  by  the  writer  for  Evanston, 
111.,  as  shown  in  Fig.  2.  In  this  type  of  de- 

sign the  velocities-  throughout  the  system  are 
usually  kept  very  low  and  the  velocity  through 

TABLE       I.   —  JEROME       PARK       FILTERS. 
STRAINER   AND    AIR    SYSTEM,    WORKING 
VELOCITIES,    FEET    PER    SECOND 

Filtra- 

Type  A —  tion. 
Through  Fand        0.0043 
Strainer    holes,    or    air 

holes         1.50 
Strainer  necl<        2.20 
Laterals       71 
Manifold         1.11 
10-in.    supply        1-46 
IS-in    collector        1.80 
24-in.    main        2  03 
16-ln.   air   main      

Type   B— 

Through    sand        0.00443 
Strainer    holes        1.55 
Strainer  neck        2.15 
Laterals       58 
Manifold         1.11 
10-in.   supplv        1.46 
IS-in.   collector       1.80 
24-in.    main        2.0;J 
10-in.   air   main      

Type  C— 

Through    sand        0.00443 
Strainer    holes        1.41 
Laterals       26 
Manifold  channel   40 
H-in.    suDplv       73 
24-ln.   collector   99 
24-in.    main        2.00 

Wash. 
0.02 

6.75 10.00 

3.1s 

5.00 

6.60 

8.15 

9.17 

0.02 7.10 

9.70 2.60 
5.00 

6.60 8.15 9.17 

0.0333 

10.8 
1.98 
3.08 
5.60 7.61 

15.2 

Air 

(free.) 0.0668 
260.0 

s'e'.o'"
 

79.0 

68.8 
.0668 

23.4 

360.0 
S.68 

8.32 

68.1 

the  perforations  in  the  brass  plates  is  made 

approximately  10  ft.  per  second  so  as  to  re- 
quire sufficient  loss  of  head  through  the  open- 

ings to  equalize  the  supply  of  water  to  the 
various  portions  of  the  filter  bottom. 

It  is  not  essential,  however,  for  high  rate 
of  wash  that  the  concrete  ridge  system  lie 
used,  as  it  is  quite  practicalilc  if  desired  to 
use  a  pipe  system.  Such  a  pipe  system  would 
consist  of  cast  iron  manifolds,  with  laterals 
cither  of  brass  or  iron,  these  laterals  being 
perforated  with  holes,  or  fitted  with  strainer 
cups  or  bushings.  A  desi.un  made  by  the 
writer  for  the  city  of  Baltimore,  Md.,  but  net 
used,  showing  the  pipe  .system  for  high  rate 
of  wash,  is  shown   in   Fig.  3. 
These  lateral  pipes  can  be  made  of  brass 

at  moder;\te  cost,  but  still  cheaper  and  very 
satisfactory  construction  can  be  obtained  by 

the  use  of  cast  or  galvanized  iron.  Such  con- 
struction has  been  used  at  Burlington,  Vt. ; 

Botany  Worsted  Mills,  Passaic,  N.  J. ;  Har- 
risbur.g.  Pa.;  Montreal,  Canada,  and  Torres- 
dale,    Philadelphia,    Pa. 

For  the  lower  rates  of  wash  systems  like- 
wise either  the  concrete  ridge  system  or  the 

pipe  system  may  be  used.  A  design  for  a 
concrete  ridge  system  for  low  rate  of  wash 
used  in  the  Queen  Lane  filters,  Philadelphia, 
Pa.,  is  shown  in  Fig.  4.  .'\  design  for  the  pipe 
lateral  system  intended  for  the  Croton  water 

filters.  New  York  City,  under  the  writer's 
supervision,  is  shown  in  Fi.g.  5.  W'ith  this low  rate  of  wash  there  is  often  built  an  air 
distribution  system,  such  as  is  also  shown  in 

Fig.  •">.  A  modified  form  of  the  low  rate  wash 
air  system  consists  of  the  use  of  the  same 
lateral  pipes  for  both  air  and  water.  In  this 
case  the  outlet  to  the  lateral  pipes  must  come 
from  the  bottom  of  the  pipes,  either  by  hav- 
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ing  a  hole  in  the  bottom  of  the  pipe,  or  by 
using  the  WilHamson  strainer,  as  at  Little 
Falls,  which  is  a  strainer  cup  screwed  into  the 
top  of  the  pipe  with  an  elongated  neck  project- 

ing downward  to  the  bottom  of  the  pipe. 
An   idea  of   the   sizes   of   the   various   pipes 

and  openings  used  for  the  various  designs  of 

Concrel-e  Screen  Blocks 

CHEMICAL  MIXING  TANKS. 

Chemical  mixing  tanks  are  usually  con- 
structed of  concrete  for  sulphate  of  alumina, 

iron  sulphate,  or  hypochlorite  of  lime,  and  of 
steel  plate  for  lime  and  soda.  The  size  will 
be  determined  from  consideration  of  the 
amount     of     chemical     to     be     handled,     the 

^TopofOra^el .  IZ'-Gradexl  Gravelj 

tention  is  considered  permissible  and  more 
frequent  changes  of  tank,  the  tank  may  be 
accordingly  made  smaller  for  the  shorter  run. 

Stirring  apparatus  must  be  provided,  hand- 
operated  for  very  small  tanks,  and  power-op- 

erated for  very  large  tanks.  For  these  larg- 
er  tanks   the   stirrer   can   to   advantage  be   a 

Section  F-F 
~ir^     No  14  BW&.  Holes jsdia 
"^ib^-    Bronze  plates  holes  drilled 

Oe+oil  of  Strainer  Plates 

Drill  x  Diam  hole 

'^1  - 

Fasteninq  
Bar 

For  Middle  S+roiner  
Pi 

Fig.  2.   Details  of  Strainer  System  of  Evanston,   III.,  Filters,  Designed  for  High  Rate  of  Wash. 

strainer  systems  will  be  obtained  from  Table 
I,  which  gives  the  velocities  under  various 
conditions  for  three  types  of  design.  Type  A 
in  this  table  is  for  the  design  shown  in  Fig. 
5,  the  low  rate  of  wash  with  the  separate  air 
system.  Type  B  is  a  similar  design  of  low 
rate  wash  system  using  the  Williamson  strain- 

er. Type  C  is  a  high  rate  of  wash  system 
without    any    air   supply. 

HYDRAULIC  VALVES. 

Under  present  practice  the  various  filter  op- 
erating valves  used  for  controlling  the  opera- 

tions of  the  filters  are  almost  invariably  hy- 
draulically  operated.  For  this  service  it  is 
rather  desirable  to  specify  a  double-gate  paral- 

lel-seat valve,  as  wedged-seat  valves  for  this 
type  of  service  are  more  likely  to  stick.  Valves 
should  be  bronze-fitted  throughout,  and  the 
operating  cylinders  should  be  bronze  lined. 
Operating  pistons  can  to  best  advantage  be 
fitted  with  double-cup  leathers.  In  determin- 

ing the  size  of  the  operating  cylinder,  good 
service  may  be  obtained  by  making  the  cylin- 

der of  such  size  that  under  normal  conditions 
the  total  effective  moving  force  on  the  piston 
is  equal  to  the  total  pressure  on  the  valve  disc, 
assuming  this  in  no  case  to  be  less  than  30 
ft.  This  is  roughly  equivalent  to  the  assump- 

tion that  the  coefficient  of  friction  of  the  disc. 
including  the  friction  of  stuffing  boxes  and 
piston  packing,  is  approximately   100  per  cent. 

It  is  very  desirable  that  the  rate  of  wash 
water  shall  be  capable  of  adjustment  as  de- 

termined by  trial  and  that  a  limit  stop  to  the 
wash  water  valve  be  provided.  A  design  bv 
the  writer  of  such  a  limit  stop  is  shown  in 
Fig.  (!.  In  some  places  such  stops  may  to  ad- 

vantage be  replaced  by  a  rate  controller  in 
the  water   supply  line. 

strength  of  the  solution,  and  the  length  of 
time  for  which  the  tank  is  desired  to  serve. 

I'~or  instance,  assume  a  plant  of  10,000,000 
gals,  daily  capacity,  with  sulphate  of  alumina 
used  at  the  rate  of  1.5  grains  per  gallon.  As- 

sume tliat  the  solution  will  be  kept  at  a  2 
per  cent  strength  under  normal  conditions  and 
that  there  should  be  provided  two  tanks  each 
of  which   will  run   four  hours.     The  sulphate 

small  screw  propeller  at  the  bottom  of  the 
tank,  with  a  suitable  deflecting  funnel  operat- 

ed by  a  vertical  shaft  and  a  small  Pelton 
wheel.  It  is  rather  desirable,  and  not  par- 

ticularly costly,  to  provide  an  individual  Pel- 
ton  wheel  drive  for  each  solution  tank  or 

other  piece  of  apparatus  of  this -nature.  For 
stirrers  for  lime  tanks,  best  satisfaction  is  ob- 

tained by  providing  in  the  bottom  of  the  tank 

Soldered  Cap,  J;  j 
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,        ..•  Seamless  £  Brass  Pipe  :^  Ga  p- 
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Fig.  3.   Study  for  Strainer  System  of  Baltimore   Filters.       This    Design,    Although    Not    Used, 

Shows    Pipe    System    for    High    Rate    of  Wash. 

of  alumina  used  in  four  hours  will  amount 
to  358  lbs.  and  the  tank  must  have  a  working 

capacity   of  "2,150  gals.     If   a   little   more   at- 

a  number  of  runs  of  iron  pipe  perforated  with 
small  holes  to  blow  in  a  small  amount  of  air 

through   the   solution.     A  design  for  a  hypo- 
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chlorite  stirrer,  used  by  the  writer  for  Mon- 
treal, is  shown  in   Fig.  7. 

For  dissolving  hypochlorite  of  lime,  which 
has  a  tendency  to  stick,  special  mixers  must 
be  used.  A  design  by  the  New  York  Con- 

tinental-Jewell Filtration  Co.  is  shown  in 
Fig.  8. . 
Where  lime  is  used  in  the  operation  of  the 

filters,  it  is  usually  received  in  the  form  of 
quicklime  and  must  be  slaked  before  being 
mixed  with  large  quantities  of  water.  To  get 
efficient  results  it  is  necessary  to  slake  with  a 
relatively  small  quantity  of  water  and  even 
this  water  is  sometimes  preheated  to  permit 
the  slaking  at  a  sufficiently  high  temperature. 
The  slaker  may  be  in  the  form  of  a  tank  with 
suitable  agitating  or  mixing  devices.  A  con- 

crete mixer  of  standard  design  can  be  used 
for  this  service.  One  type  of  slaker  designed 
for  the  Croton  filters  is  shown  in  Fig.  9. 

CONVEYING    MACHINERY. 

The  handling  and  conveying  of  the  chem- 
icals used  is  a  big  subject  in  itself  and  is  only 

one  branch  of  the  large  problem  of  material 
handling.  No  single  form  of  machinery  is 
suitable  for  all  conditions  and  there  are  fully 
half  a  dozen  diflFerent  styles  which  will  give 
the  best  of  satisfaction  when  properly  in- 

stalled. However,  for  small  plants  there  is 
not  much  doubt  that  an  ordinary  platform 
elevator  with  storage  for  barrels  or  boxes 
on  the  floor  is  the  most  efficient  and  satisfac- 

tory arrangement.  For  larger  plants  economy 
demands  that  the  chemicals  be  stored  in  bins 
and  handled  in  bulk.  For  such  large  plants 
clam  shell  buckets,  traveling  cranes,  elevators. 

be  provided  to  furnish  free  air  to  remove 
the  dust.  The  ventilating  system  should  be 
capable    of    changing    the   air    in    the   general 

ably  one  of  the  most  difficult  features  in  filter 
operation.  Many  of  the  chemicals,  such  as 
sulphate    of    alumina,    sulphate    of    iron,    and 
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Illustrates Fig.   4.    Transverse    Section   of    Pre-Filter  of  Sueen  Lane  Filters,  Philadelphia,  and  Sections 
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chemical    rooms    where    chemicals    are    freely 
handled  not  less  than  six  times  per  hour,  and 
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Fig.  5.    Details  of  Strainer  System  with  Separate    Air    System    Designed    for   Jerome    Park 

Filters,     New     York     City — Designed     for    Low    Rate    of    Wash. 

scraper  or  bucket  conveyors,  screw  conveyors, 
and  other  forms,  may  all  be  used  if  proper  at- 

tention be  paid  to  details.  The  general  pref 
erencc  should  always  be,  where  feasible,  for 
the  simpler  forms  and  particularly  for  those 
that  are  self-contained  and  otTer  a  smaller 
number  of  parts  for  deterioration.  It  is 
worthy  of  note,  too,  that  power  consumption 
is  in  practice  a  negligible  item,  and  that  sim- 

plicity and  reliability  of  service  and  freedom 
from  repair  must  be  the  controlling  factors 
in  the  selection  of  the  material-handling  ma- 
chinery. 

The  dust  question  is  a  serious  one  in  han- 
dling such  materials  as  lime,  soda,  or  sulphate 

of  alumina,  as  the  dust  is  very  disagreeable 
to  the  workmen  engaged  in  the  place.  K  cer- 

tain amount  of  dust  is  inevitable,  but  the  de- 
sign of  the  machinery  should  be  such  as  to 

mmimize  the  dust  that  may  be  spread,  and 
it  is  essential  that  suitable  ventilating  systems 

in    special    places   a 
should  be  provided. 

liberal   additional    supply 

hypochlorite  of  lime,  are  corrosive,  except  to 
special  materials  which  are  high  priced. 
Others,  such  as  lime,  have  a  very  strong 
tendency  to  form  incrustations  or  scale  on  the 
walls  of  the  pipes,  which  will  rapidly  reduce 
the  diameter  of  the  pipes  to  a  point  where 
insufficient  material  can  be  discharged.  For 
the  handling  of  such  materials  as  sulphate  of 
alumina,  it  is  desirable  to  use  pipes  either 
of  hard-rubber  composition  for  the  first 
choice,  or  of  lead  or  special  bronze.  There 
has  recently  been  put  on  the  market  a  new 

materia!  known  as  "Duriron,"  which  is  an  es- 
pecially hard  form  of  cast  iron  found  in  prac- 

tice to  be  practically  unafifected  by  sulphate  of 
alumina.  It  is,  however,  so  hard  that  it  can- 

not be  machined,  and  the  proper  running  of 
a  line  with  fittings  is  accordingly  rather  ex- 

pensive. In  the  design  of  such  chemical  lines, 
it  is  essential  that  all  changes  in  direction 
should  be  made  by  means  of  plugged  tecs  or 
crosses  and  only  straight  runs  of  pipe  be  per- 

mitted between  these  points,  so  that  all  pipes 
can  be  readily  cleaned.  Ample  connections 

for  flushing  with  clean  water  and  for  drain- 
ing must  also  be  provided  at  many  points.  For 

the  handling  of  lime,  ordinary  iron  pipe  can 

be  used,  as  this  is  unaft'ected  and  even  pro- tected by  the  action  of  the  lime.  It  is  not 
practicable  to  prevent  scale  forming  on  the 
inside  of  the  pipe,  and  all  pipes  must  be  du- 

plicated and  arranged  so  as  to  be  easily  ac- 
cessible for  renewal  and  cleaning.  It  will  be 

found  that  if  the  lime  solution  be  kept  as 
cold  as  possible  the  troubles  from  deposition 
of  lime  scale  will  be  sensibly  reduced. 

In  some  cases  it  is  necessary  to  use  chem- 
ical pumps,  and  these  are  subjected  to  the 

s.imc  annoyances  as  chemical  solution  lines. 
Sulphate  of  alumina  pumps  will  be  made  to 
best  advantage  of  Monel  metal. 

In  many  cases  it  will  be  found  to  advantage 
to  use  water,  eductors  or  ejectors  for  the  han- 

Fig.  6.    Details  of  Adjustable  Stop  for  Wash  Water  Valves. 

CHEMICAL  SOLUTION  LINES. 

The  handling  of  chemical  solutions  to  the 
point  of  application  of  the  chemicals  is  prob- 

dling  of  chemical  solutions.  These  eductors 
have  the  double  advantage  of  being  of  ideal 
simplicity  of  form  and  of  providing  additional 
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diluting  water  in  the  chemical  pipes  which 
will  reduce  the  objectionable  action  of  the 
chemicals.  The  proportions  of  the  eductors 
can  be  varied  practically  at  will  for  handling 

a  Wafer  Supply^ 

Z  Dr^in—'- 

Fig.  7.  Details  of  Agitator  for  Hypochlorite 
Solution  Tanks,  Designed  for  Montreal, 
Quebec,  Filtration  Plant. 

solutions  against  different  heads  and  with  dif- 
ferent working  water  pressures.  The  relations 

between  these  variables  can  be  expressed  bj- the  formula 

q       VH 

Q         h 
where  q  equals  the  quantity  of  solution  to  be 
pumped,  h  the  head  to  which  the  solution  is  to 

of  pressure  water  will  handle  1.22  volumes  of 
solution. 

,      WATER  PUMPS. 

Pumps  used  in  connection  with  filtration 
plants  are  almost  invariably  of  the  centrifugal 
type  and  are  nearly  always  used  in  pumping 
raw  water  to  the  coagulating  basin.  Other 
pumps  are  Used  for  pumping  wash  water.  The 
most  desirable  form  of  pump  has  practically 
become  standardized  in  the  shape  of  a  hori- 

zontal split  casing,  of  as  few  stages  as  possi- 
ble, according  to  the  pressure.  Because  of 

the  uncertainty  and  frequent  variability  of  the 
head  against  which  the  pump  is  to  work,  it  is 
considered  best  to  use  the  plain  volute  type 

of  pump  instead  of  the  turbine  type,  as  bet- 
ter adapted  to  a  varying  range  of  heads.  Im- 

pellers are  made  of  hard  bronze,  shafts  are 
bronze  covered  where  in  contact  with  water, 
and  all  stuffing  bo.xes  are  double  with  water 
seals  and  are  bronze-lined.  As  a  matter  of 
efficiency  it  is  usually  desirable  to  select  a 
speed  as  high  as  possible.  The  possible  speed 
will,  of  course,  vary  according  to  the  pat- 

terns and  designs  of  the  manufacturer.  A 
rough  way  of  getting  preliminary  information 
as  to  a  reasonable  speed  of  a  pump  may  be 
the   following: 

The  peripheral  speed  of  the  impeller  may 
be  approximately  represented  by  the  relation 
■v  =  kx\/  h,  where  v  equals  peripheral  velocity 
of  the  impeller  per  second,  k  the  constant 
ranging  from  T.o  to  11,  h  the  dynamic  head  in 
feet.  For  ordinarv  filter  conditions  of  low- 
lift  pumps,  k  may  be  taken  approximately  as 
10.  Given,  then,  the  head,  the  peripheral  speed 
is  determined  and  from  this  a  rough  estimate 
of  the  rotative  speed  can  be  made.  And  to 
put  this  into  figures,  assume  a  pump  is  to 
deliver  10,000,000  gals,  daily  against  a  head  of 
.36  ft.  Such  a  pump,  if  of  the  double-suction 
type,  would  have  a  discharge  opening  of  prob- 

ably 18  ins.,  and  each  suction  opening  han- 
dling .5,000,000  gals.,  may  be  14  ins.  A  14-in. 

suction  opening  and  an  18-in.  diameter  im- 
peller may  be  about  as  small  as  it  may  be  de- 

sirable to  build.  This  will  have  a  peripheral 

speed  of  4.7  ft.  for  each  revolution  per  sec- 
ond. The  peripheral  speed  for  36  ft.  of  head 

will  be  60  ft.  per  second,  and  from  this  we 
can  roughly  deduce  that  the  pump  should 
make  somewhere  in  the  neighborhood  of  12.8 
revolutions  per  second,  or  about  T.jO  revolu- 

tions per  minute. 
BLOWERS. 

Where  the  air  wash  system  is  used,  it  is 
necessary  to  provide  an  air  blower.     This  will 

i-ififted  bolts 

ni'shoft  ZI6rpm 

Ball  diameter^  ahgning  ball 

'Seated  washer  thrust  capacity  5000" 

■" .  Babbit  metal  ^  Soil  dia.^  Thrust  capacity  8C00' 

Fig.   9. 
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Details   of  Stirrer  for*  Lime  Slaking,    Designed     for    Jerome     Park     Water     Filters, 
New   York   City. 

be  pumped,  Q  the  quantity  of  pressure  water  usually  be   designed   to   deliver  air   against  4 
used,  and  H  the  available  head  of  the  pres-  lbs.  pressure  and  to  deliver  4  cu.  ft.  of  free 
sure    water;    thus,    if    the    pressure    water    is  air  per  square  foot  of  filter  surface.     In  other 
available  at  200  ft.  head,  and  the  solution  is  words,    1,440    cu.    ft.   per   minute   of    free   air 
to  be  pumped  against  40  ft.  head,  one  volume  for    a    1,000,000-gal.     filter.     The    blower    is 

usually  of  the  positive  rotary  type,  having  two 
geared  impellers,  cam-shaped,  so  that  the 
varying  space  between  the  impellers  and  casing 
discharges  the  air.  As  these  blowers  usually 
are    to    give    intermittent    service,    it    is    fully 

Fig.  8.    Details  of  a  Design  of  Special  24  in. 
Motor-Driven     Mixer    for    Dissolving 

Hypochlorite   of   Lime. 

warranted  to  run  them  at  relatively  high 

speed.  It  is  reasonable  to  figure  approximate- 
ly 85  per  cent  mechanical  efficiency  for  these 

blowers  and  85  per  cent  volumetric  efficiency 
for  small  sizes,  although  these  efficiencies  may 
be  somewhat  increased  for  the  larger  sizes. 

It  has  been  found  economical  at  some  plants, 
such  as  at  Wilkes-Barre,  Pa.;  Trenton,  X.  J., 

and  Montreal,  Canada,  to  use  a  storage  reser- 
voir of  the  gos-holder  type  to  hold  both  wash 

water  and  washing  air,  thus  permitting  the 
use  of  small,  continuously-operating  pumps, 
.^t  other  places,  such  as  Columbus,  O..  and 
Panama,  pressure  tanks  for  air  under  high 
pressure  are  used. 
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XLII.     Xo.  10. 

Probable      Utilization      of      Privately 

Owned    Water    Works    at    San 

Francisco    in    Connection 

With  New  Munici- 

pal Supply. 

In  former  articles  published  in  this  journal 
relative  to  the  new  water  supply  of  San  Fran- 

cisco it  has  been  slated  that  the  city  will  ac- 
quire the  works  of  the  Spring  Valley  Water 

Co..  which  is  now  supplying  the  city  with 
water,  and  augment  this  supply  with  the  new 
one  from  Hetch-Hetchy.  This  article  relates 
primarily  to  the  ultimate  utilization  of  the 
present  privately  owned  works  in  the  new 
scheme  for  the  water  supply  of  the  city,  and 
is  based  on  a  recent  address  by  the  city  engi- 

neer, Mr.  M.  M.  O'Shaughnessy,  before  the 
Engineers'  Club  of  San  Francisco. 

At  intervals  since  1S73  the  city  has  endeav- 
ored to  acquire  the  properties  owned  by  the 

Spring  Valley  Water  Co.  The  present  city 
administration  has  been  trying  for  two  or 
three  years  to  place  the  acquisition  of  these 
properties  before  the  citizens. 

.Many  difficulties  attend  the  supplying  of 
water  to  a  city  situated  as  is  San  Francisco. 

The  city  lies  at  the  head  of  a  very  narrow- 
peninsula  to  which  water  must  be  brought  a 
considerable  distance.  Possibly  the  only  city 
similarly  situated  and  confronted  with  the 
same  physical  conditions  is  New  York.  But 
New  York  is  fortunate  in  having  in  its  imme- 

diate vicinity  a  country  with  an  average  annual 
rainfall  of  45  ins.  whereas  the  average  rainfall 
in  San  Francisco  is  less  than  22  ins.  and  there- 

fore the  conservation  of  large  bodies  of  water 
in  storage  reservoirs  to  ov_ercome  dry  periods 
is  an  imperative  necessity  in  San  Francisco. 
This  condition,  of  ci^irse,  also  makes  the 
delivery  and  distribution  of  water  more  ex- 

pensive, the  retail  prices  of  water  in  San 

Francisco  now  averaging  about  "21  cts.  per  l.OOi) 
gals.  This  compares  favorably  with  New  Yo'k 
where  the  retail  rates  are  It!  cts.  per  l.OOO  gals. 
and  where  so  far,  they  have  gone  only  a  com- 

paratively short  distance  to  get  the  present 
supply  of  3.50,Oil0.iiOO  gals,  per  day.  They  are 
now  constructing  works  100  miles  long  to  the 
.Ashokan  system  to  get  an  additional  .500,OilO,- 
000  gals,  per  day. 

Up  to  the  time  of  the  earthquake  and  tire, 
San  Francisco  was  possibly  the  most  pros- 

perous municipality  in  the  United  States,  hav- 
ing practically  no  bonded  indebtedness.  It, 

however,  owned  no  public  utilities  such  as  a 
water  supply,  street  railways,  municipal  docks 
or  wharves,  its  only  properties  being  schools, 
fire  and  sewer  systems.  Since  that  catastrophe, 
the  citv  has  been  compelled  to  incur  the  enor- 

mous outlay  of  possibly  $2-5,000,000  to  $.30,000,- 
000.  Restoring  the  destroyed  streets  cost  about 
$S,000,000,  restoring  the  sewer  system  and 
school  and  fire  houses;  purchasing  a  civic 
center-  building  a  city  hall;  and  constructing 
the  high  pressure  fire  fighting  system,  which 
cost  $»J,000,OflO  and  is  acknowledged  by  all 
critics  to  be  the  best  in  the  world.  This  burden 
has  been  heavy  and  besides  the  catastrophe  of 
fire  and  earthquake  San  Francisco  also  had  the 
misfortune  of  being  run  by  an  undesirable  lot 
of  politicians,  so  that  a  house  cleaning  has 
had  to  take  place,  causing  with  factional  con- 

flicts a  still  heavier  burden  on  the  city.  The 
city,  however,  never  lost  sight  of  the  neces- 

sity of  acquiring  a  water  supply.  San  Fran- 
cisco is  the  only  large  city  in  the  United  States, 

with  the  exception  of  Denver,  which  does  not 
own  its  own  water  supply.  The  authorities 
are  duly  impressed  with  the  great  importance 
of  solving  this  question,  and  besides  making 
provision  for  the  future  water  supply  they  are 
also  endeavoring  to  make  provision  for  the 
present  immediate  water  supply. 

Since  the  new  charter  of  IflOO  when  water 

rates  were  reduced,  the  Spring  Vallt-y  Water 
Co.  has  made  little  extension  to  its  system.  It 
has  ceased  laying  large  distributing  pipes 
through  the  city  and  the  pipes  now  laid  in  the 
outlying  district  are  less  than  2  ins.  in  diam- 

eter. In  some  portions  of  the  city  due  to  lack 
of  water  pipes,  the  condition  is  serious,  such 
as  in  the  Richmond  section  where  a  population 

of   40,000   people    is    fed   by   one    16-in.   pipe. 

There  are  miles  and  miles  of  asphalt  streets  in 

that  section  with  property  worth  hundreds  of 

dollars  per  front  foot  dependent  on  one  water 

service  pipe.  There  are  always  two  sides  to 

every  question.  The  claim  of  the  citizens  is 
that  the  water  company  has  been  charging 

too  high  rates.  The  water  company's  conten- tion is  that  thev  have  not  been  getting  enough 

revenue ;  and  possibly,  there  is  always  a  middle 

ground  which  is  the  right  ground,  but  the 

practical  result  of  this  controversy  compels 

the  tax  pavers  to  pay  the  burden  of  legal  ex- 
pense annuallv  incurred  over  rate  contests.  _ 

In  Washington  last  year,  when  the  city  s 

representatives  were  appealing  to  the  national 

government  to  give  the  city  the  Hetch-Helchy 
grant  for  a  future  source  of  supply,  assurances 

were  given  Congress  by  the  city  officers  that 

we  propose  to  acquire  the  Spring  Valley  sys- 
tem. In  pursuance  of  this  policy,  a  condemna- 
tion suit  was  filed  against  that  company  last 

December  to  acquire  all  of  its  property  that 

was  necessary  and  useful  in  connection  with 
a  future  Sierra  supply. 

With  that  end  in  view-  I  compiled  a  report 
at  the  request  of  the  supervisors,  delineating 
all  the  properties  that  were  necessary  for  a 

municipal  supply,  and  that  included  about 
1,000  acres  of  land  in  the  city  and  county  of 
San  Francisco,  and  about  67,000  acres  outside 
of  the  citv.  This  list  includes  823  acres  around 
the  shores  of  Lake  Merced,  and  the  latter, 

together  with  eleven  other  reservoirs  conipiise 
the  service  reservoirs  within  the  city.  The  list 
also  includes  all  the  lands,  rights  of  way, 

pumping  plants,  and  reservoirs  in  the  county 
that  are  useful  for  a  future  supply.  Certain 
lands  have  been  excluded,  such  as  the  Coyote 
Creek  and  Searsville,  which  are  positively  of 

no  value  to  the  city,  and  the  efifect  of  ex- 
cluding those  lands  has  been  to  lower  the 

purchase  price  of  the  Spring  Valley  properties 
so  that  the  attorneys  for  the  city  were  able  to 
get  the  attornevs  for  the  Spring  Valley  to 

agree  to  accept  $34,500,000  for  all  the  proper- ties described  in  this  condemnation  ,juit.  This 

is  about  $3,000,000  less  than  the  price  last 
demanded  bv  the  company.  The  compjmy 
asked  $37,500.u00,  about  18  months  ago,  and  the 
citv  ofTered  $37.1^)0,000.  Since  that  offer,  about 
30,000  acres  of  land  have  been  excluded  and 
the  Spring  Valley  offered  a  portion  of  it  to  a 

water  company  in  San  Jose  for  about  $150,000, 
but  it  is  absolutely  of  no  value  to  Sari  Fran- cisco for  a  future  water  supply. 

Sixty-seven  thousand  acres  of  land  outside 
of  San  Francisco  has  very  substantial  value — 
possibly  $100  an  acre  is  a  fair  average  to  put 
on  it.  Some  of  the  lands  inside  of  the  city, 
such  as  the  Ingleside  tract  of  43  acres,  is 
worth  at  least  $i3,000  an  acre,  as  well  as  the 
sites  of  the  University  Mound,  Holly  Park, 
and  Laguna  Honda  Reservoirs,  so  that  the 

lands  which  the  city  is  acquiring  are  of 'a  very substantial  value. 

.-\t  the  present  time  the  water  system  is  de- 
veloped up  to  40,000,000  gals,  per  day.  Atout 

•20,000,000  gals,  is  taken  from  the  peninsula 
system  of  San  Francisco,  comprising  the  three 
reservoirs  of  Crystal  Springs,  San  .\ndreas, 
and  PilarcitQS  with  a  combined  capacity  of 
30,000,000  gals.  The  Crystal  Springs  dam  can 
be  increased  at  a  moderate  expense  to  nearly 
double  its  reservoir  capacity  by  raising  the 
dam  about  .50  ft.  in  height.  The  constructed 
portion  of  the  dam  is  of  sufficient  base  to  be 
able  to  stand  that  raise  without  any  great 

expense.  The  capacities  of  .Mameda.  Pleas- 
anton,  Calaveras  and  San  Antonio  sources  are 
now  20,000,000  gals,  daily. 

.At  the  present  time  the  company  has  under 
construction  a  hydraulically  filled  dam  at 
Calaveras  intended  to  be  200  ft.  high.  The  base 
is  about  1.310  ft.  wide  and  is  now  constructed, 
and  an  outlet  culvert  20  ft.  in  diameter  has 
been  built  to  carry  away  the  freshet  waters  so 
that  the  dam  will  noi  be  destroyed  during 
construction.  The  city  practically  assured  the 
company  a  return  on  this  item  of  outlay  pro- 

vided they  went  ahead  and  built  this  dam. 
About  a  year  ago  last  .August  the  Spring  Val- 

ley started  and  made  good  progress  iintil 
about  January  or  February  of  this  year.  Since 
that  time  they  have  been  proceeding  slowly, 
due  perhaps  to  the  condemnation  suit.  If  this 
proposed  purchase  is  agreed  upon  the  Spring 

Valley  will  probably  proceed  actively  with  the 
construction.  Naturally,  they  are  a  timid  coi  ■ 
poration,  susceptible  to  external  influences. 
With  the  completion  of  the  Calaveras  dam, 
that  reservoir  with  a  capacity  about  equal  to 

the  combined  capacity  of  all  the  three  penin- 
sula reservoirs,  nearly  30,000,000,000  gals.,  w:ll 

add  to  the  present  supply  about  -20,000,000  ga!s. 
a  day  more ;  so  that  with  a  comparatively  mod- 

erate expense  at  least  25,000,000  gals,  per  (lay 
can  he  taken  out  of  the  undeveloped  portions 
of  the  Spring  Valley. 

The  revenue  list  of  1912-1913  shows  that  tl-e 
total  revenue  of  the  Spring  Valley  was  $3,292.- 
riMi,  operating  expenses  $840,775,  and  taxes 
$lltj,iln0.  making  a  total  of  $1,221,000,  which 

makes  a  net  revenue  of  $2,071,iXiO  to  meet  in- 
terest on  bonds,  stock  dividends,  and  deprecia- 
tion. At  $.34,500,000  the  proposed  purchase 

price,  on  a  basis  of  -Wz  per  cent  the  interest 
charge  would  be  around  $1,.5.52,000  yearly,  and 
deducting  that  from  the  net  of  $2,071,000  would 

leave  $518,000  for  a  profit,  including  the  de- 
preciation. "The  depreciation  may  safely  be estimated  to  be  $2-50,000  to  $300,000  a  year  on  a 

plant  of  this  magnitude,  so  that  even  at  the 

present  prices  from  the  present  figures  and 
under  citv  administration  I  believe  a  small 

profit  can"  be  made  at  the  present  sale  price. 
I  figure  about  $218,000  a  year. 
The  entire  distributing  system  of  Spring 

Valley  inside  the  citv  is  about  5G8  miles,  of 
which  4-24  miles,  or  74  per  cent  is  cast  iron  pipe 
which  has  been  in  for  22  years,  11  per  cent  is 

wrought  iron  riveted  pipe  which  has  been  in 

for  27  years,  and  133  miles  small  pipe  with  an 

average  of  10  vears,  which  confirms  my  sta'e- 
meut  diat  the  policy  of  the  Spring  V.alley  for 

the  past  ten  years  has  been  to  put  in  very  small 

pipes  so  as  to  get  the  commodity  to  the  con- sumer at  a  minimum  of  expense  and  defer 

capital  expenditure  for  larger  pipe.  Of  course, 
this  situation  w-oukl  he  changed  under  a  city 

ownership,  as  the  city  would  put  in  pipes  of  a 

larger  diameter,  none  less  than  6  or  8  ins.,  and 

mail  out  a  more  generous  policy  toward  con- 
sumers. 

There  are  two  alternatives  at  hand  for  the 

city.  One  is  to  buy  Spring  Valley  and  the  other 
is  to  cease  all  negotiations  and  go  ahead  at 

once  with  the  complete  construction  of  the 

Hetch-Hetchv  svstem.  .-Ml  estimates,  including 

Mr.  Freeman's, 'figure  about  $40,000,000  to  the 
citv  boundarv  line  and  with  the  necessary  dis- 

tributing reservoirs,  land,  pipe  lines,  and 

Dumping  stations,  inside  the  city,  will  ccst 

$1-2  000,000  or  $14,000,000  more,  making  $-:i4.- 
ooo.'ooo'or  $-55,000,000  for  the  water  supply  and 

its  delivery  to  the  consumers  in  the  city,  ex- 
clusive of  'interest  during  construction. 

If  this  alternative  is  adopted  the  citv  will 

have  to  pav  interest  on  the  entire  $55,ouo,|MiO until  the  dav  of  first  delivering  water.  Eighty 

thousand  taps  now  exist  and  the  change  from 

the  private  company  to  the  public  company  will 
be  slow  and  nrolotiged  and  there  will  be  .i 

tremendous  economic  waste  during  the  transi- 
tion. .   .         .        k 

The  policv  of  the  city  administration  is. 

however,  a  broad  one;  and  it  is  endeavoring  to 

solve  this  question  on  its  business  merits  and 
treasure  no  resentment  on  account  of  past 
controversies. 

The  plan  is  to  acquire  the  company  for  about 

$34,.500.000,  sncnding  about  $8,00O,ii(i0  on  the 

"completion  of  the  Calaveras  dam  and  advanc- 
ing construction  towards  the  Hctch-Hetchy 

system,  reducing  the  total  cost  and  gradually 

developing  the  present  system.  Forty  niilhons 

of  gallons  is  to  05,000,000  of  gals,  as  $:l-200,000 

is  proportioned  to  $.5,200,000  so  that  the  pur- 
chase of  this  system  on  this  plan  and  develop- 

ing it  progressivelv.  using  receipts  from  sales 

of  water,  \vill  make  no  burden  rn  the  tax- 

payers of  San  Francisco.  In  the  meantime  the 

citv  will  proceed  to  develop  the  mountain 

w,ater  supply,  build  the  Hetch-Hetchy  dam. 

•20  miles  of  'arp-educt  and  develop  30.i»oO  HP.  as 
a  first  unit  of  hydroelectric  power  which  will 

help  to  operate  municipal  railways.  The  whole 

purpose  of  this  policv  is  to  keep  the  tax  rate 

down  and  help  acquire  other  public  utilities 

and  proceed  in  a  sound  and  reasonable  manner with  the  financial  policy  of  the  city. 

The  tax  rate  in  San  Francisco  is  $2.30  on  a 
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50  per  cent  valuation;  Los  Angeles,  $3.19; 
Oakland,  $2.97 ;  San  Diego,  $3.95 ;  Sacramento. 
$4.17;    Pasadena,    $3.90;    Stockton,    $4.04.     In 

fact,  the  tax  rate  of  San  Francisco  is  but  one- 
half  of  what  it  is  in  the  other  cities  of  the 

state.     This    will    show    that,    notwithstanding 

our  political  administration,  San  Francisco  is 
handling  its  business  matters  in  a  sound 
manner. 

Methods  and  Cost  of  Road  and  Trail 
Construction  in  Alaska. 

I. 

The  development  which  will  come  in  Alaska 
with  the  construction  of  railways  will  bring 
the  necessity  of  extensive  construction  of 
roads.  It  is  evident  that  the  conditions  af- 

fecting this  road  construction  will  for  a  long 
time  be  quite  different  than  those  in  the  States 

and  that  there  must  be  corresponding  differ- 
ences in  methods  of  construction  and  in 

structural  features.  These  facts  lend  excep- 
tional interest  to  an  article  on  road  and  trail 

construction  in  Alaska  which  appears  in 

"Professional  Memoirs"  for  April-May,  1914. 
The  author  of  this  article  is  Maj.  F.  A.  Pope, 
U.  S.  Engineer  Corps,  who  was  a  member  of 

the  .-Maska  Road  Commission.  His  description 
is  unusually  complete  in  matters  of  oulitting 
forces  for  Alaskan  construction  and  in  mat- 

ters of  methods  and  costs  of  work  in  high 
altitudes. 

The  different  kinds  of  construction  under- 
taken have  been  classified  by  the  Board  ot 

Army  Engineers  in  charge,  under  four  gen- 
eral heads:  Wagon  roads,  winter  sled  roads, 

trails,  and  staked  trails.  In  this  case  the 

greater  does  not  necessarily  include  the  lesser. 
Wagon  roads  are  not  necessarily  available  as 
sled  roads  or  even  as  trails  under  some  winter 

conditions.  The  term  "wagon  road"  is  applied 
to  roads  intended  for  use  by  double  teams  and 
wagons  carrying  considerable  loads  the  year 
round.  They  are  given  suitable  grades  and  are 
crowned,  ditched,  drained,  and  corduroyed  or 
planked  where  necessary.  Winter  sled  roads 
are  for  use  of  double  teams  and  sleds  in 

winter.  They  are  cleared  and  graded  where 
necessary,  but  not  surfaced  or  drained.  Trails 

are  of  two  kinds — for  single-horse  sleds. 
which  differ  from  winter  sled-roads  only  in 
width  and  in  the  care  put  in  their  construction, 
and  pack  trails.  Staked  trails  are  either  tem- 

porarily staked  each  winter  with  poles  or  laths 
and  cloth  streamers,  or  permanently  marked 

with  iron  stakes  to  point  "out  the  trails  and keep  people  from  getting  lost  in  treeless  and 
windy  places  where  trails  become  quickly 
obliterated  by  the  drifting  snow. 

The  standard  of  wagon  road  adopted  was 
a  good  earthen  highway,  planked  or  cor- 

duroyed where  necessary.  Although  such 
roads  are  apt  to  become  badly  cut  up  in  rainy 
weather  or  during  the  spring  thaws  if  traffic 
is  heavy,  this  was  the  most  that  the  board  felt 
justified  in  attempting  on  account  of  the  vast 

■extent  of  territory  to  be  covered,  the  expense 
■of  construction,  the  very  limited  funds  avail- 

able, and,  in  most  places,  the  limited  traffic. 
At  the  best,  it  has  been  impossible,  from  lack 

■of  money,  to  build  roads  in  many  places 
where  they  are  badly  needed.  In  some  cases 
the  standard  was  departed  from  where  traffic 
was  exceptionally  heavy  or  exceptionally  light. 

Nearly  all  work  was  done  by  day  labor,  as 
it  was  almost  impossible  in  most  cases  to  do 
it  in  any  other  way.  Few  men  could  be  found 

who  had  the  experience,  money,  and  inclina- 
tion to  do  the  work  by  contract.  On  account 

of  depending  on  taxes  collected  from  time  to 
time,  and  on  uncertain  appropriations,  it  was 
difficult  to  arrange  for  work  in  advance.  The 

■character  of  construction  was  such  as  to 
make  it  impossible,  as  a  rule,  to  determine 
quantities  and  conditions  with  sufficient  ac- 

curacy for  a  contract.  On  account  of  the 

shortness  of  the  working  season,  the  locating 
parties  were  often  followed  closely  by  the 
crjistruction  crews  in  order  to  do  the  Work 
the  same  year. 

The  followins  general  instruct'ons  were 
issued  for  guidance  in  location  work  : 

\V.\GaN    ROADS. 

2.  The  locator  should  most  ca:-efully  cruise 
and  examine  the  ground,  covering  all  possible 
routes,  select  the  best,  and  then  proceed  to  lay 

out  his  line  on  the  ground.  Preliminary  sur- 
veys  will  be  made  only  in  exceptional  cases. 

3.  The  first  consideration  must  always  be  to 
select  the  line  giving  the  cheapest  road  that 
will  fulfill  the  purpose.  Frozen  or  swampy 
ground  must  be  particularly  avoided.  Side  hill 
cuts  on  very  steep  slopes  and  lines  involving 
considerable  rock  work  will  be  avoided  where 

possible.  Deep  cuts  and  fills  will  not  be  laid 
out. 

4.  Grades.  The  grades  should  be  kept  as 

low  as  possible,  without  making  the  road  un- 
necessarily expensi\e.  As  a  general  proposi- 

tion, however,  it  will  be  found  that  low  grades 
involve  heavy  cost  of  construction,  on  account 

of  either  extensive  grading  or  wet  ground  en- 
countered.      The    maximum     grades    allowable 

■r/c 

Grade  lines  should  follow  the  natural  slope 
of  the  ground,  taking  advantage  of  favoring 
benches,    etc. 

Grades  should  never  be  guessed  at,  but  must 
be   measured. 

5.  Curves.  Sharp  curves  should  be  avoided  if 
possible,  but  where  they  can  not  be  avoided  the 
line  must  be  level.  The  minimum  curvature  is 
cf  50-ft.  radius.  Unless  the  radius  is  at  least 
100  ft.,  the  niaximum  grades  should  not  be  used. 
Curves  need  be  laid  out  only  where  the  line 
crosses  spurs  or  ravines,  or  at  the  approaches 
to  bridges,  or  to  sharp,  steep  grades,  etc.  As 
1  rule,  in  crossing  small  ravines,  etc.,  it  will  be 
preferable  to  use  a  straight,  steep  grade  rather 
than  a  sharp  curve. 

As  stated  above,  the  line  will  in  general  fol- 
low the  natural  curve  of  the  ground,  without 

reference   to   tangents  and   circular  curves. 

6.  In  general,  in  addition  to  the  above  re- 
f.uirements,    wagon    roads    should    be    laid    out 

Fig.   1.      Map   Showing    Roads   and   Tra'is    in    Alaska. 

will  be  used  if  by  so  doing  the  cost  of  construc- 
tion will  be  reduced. 

The  following  are  the  maximum  grades: 
Short  grades,  100  ft.  or  less  in  length,  with 

easy  grades  at  both  ends,  may  be  15  per  cent 

(9  degrees)  if  straight  and  with  straight  ap- 

proaches. Medium  grades,  300  ft.-  or  less  in  length,  with 
easy  grades  at  both  ends,  may  be  10  per  cent 
(6  degrees)  if  there  are  no  sharp  curves  either 

on  the  grade  or  approaches. 
Long  grades,  over  300  ft.  in  length,  uphill 

for  loaded  wagons  as  freight  is  usually  iiauled, 
should  be  kept  down  to  6  per  cent  (314  degrees) 
If  possible,  with  reasonable  expenditure.  They 
may  be  as  much  as  S  per  cent  (5  degrees),  but 
no  more,  if  a  less  grade  can  not  be  obtained 

with   reasonable  expenditure. 
For  heavy  traffic  downhill,  or  for  light  traffic 

In  general,  the  grade  should  be  kept  to  S  per 
cent,  if  possible  with  reasonable  expenditure. 
It  may  be  increased  to  10  per  cent,  but  no 
more,  if  a  lower  grade  can  not  be  constructed 

at   a    reasonable   cost. 

with  a  view  to  their  winter  use;  that  is,  they 
should  have  proper  protection  against  drifting 
snow.  (Paragraph  10.)  There  are  eases  where, 
however,  the  wagon  road  will  not  be  followed  in 
winter,  as,  when  winter  travel  will  cross  some 
level  swamp;  and  in  any  event,  the  line  for  the 

wagon  road  should  not  be  placed  on  wet  ground 
for  considerable  distances  merely  to  fit  it  for 

winter   travel. 

7.  Marks.  The  location  of  the  fine  will  be 

marked  by  stakes  set  every  100  ft.,  and  mile- 
posts  will  be  established  at  the  end  of  each 
mile.  Mile-posts  should  be  measured  from  the 
generally  accepted  center  of  the  town  of  de- 

parture. 8.  Record.  The  Board  is  required  by  law  to 

prepare  maps  of  each  road.  To  this  end',  the locator  will  take  the  necessary  magnetic  bear- 
ings and  distances,  with  such  side  notes  as  may 

I  e  necessary,  and  record  them  in  such  manner 
that  they  may  be  plotted  without  further  ex- 

planation from  him.  At  that  point  of  beginning: 
and  at  every  20  miles  thereafter,  he  will  make 
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and   record   an    observation     to     determine     the 
variation  of   the  compass. 

SLED  ROADS. 
9.  Grades,  etc.  The  grades  on  sled  roads 

wlU  depend  on  the  traffic,  to  a  more  consider- able extent  than  on   the  wagon  roads. 
If  the  traffic  Is  expected  to  be  heavy  enough 

to  keep  the  trail  well  broken,  the  grades  should 
be  at  least  as  low  as  the  maximum  specified  in 

paragraph  4  for  wagon  road.s.  and  as  much 
lower  as  possible.  Easy  grades  should  never 
be  sacrificed  to  put  the  line  on   dry  ground. 

If  the  traffic  Is  expected  to  be  light  so  that 
difficulty  is  to  be  anticipated  on  account  of 

snow,  the  grade  may  be  increased  to  as  much 

as  15  per  cent  to  keep  out  of  drifts.  This  will 

be  particularly  applied  In  crossing  divides, 
where  the  main  line  should  be  located  as  to 
cross  with  the  least  side-hill  cutting  possible. 

10.  The  first  requisite  for  sled  roads  is  prop- 
CT  protection  from  wind  and  drifting  snow. 
With  this  end  in  view,  they  should  be  located 
In  timber  if  possible,  but  never  close  to  the 

edge  of  timber.  High,  bare  ridges  should  be 

avoided,  but  the  tops  of  such  ridges  are  pref- 
erable to  a  location  just  below  the  crest  of  the 

slope.  The  foot  of  steep,  bare  slope*  is  a  par- 
ticularly bad  place  for  a  sled  trail. 

11.  While  giving  first  attention  to  protection, 
at  the  same  time  as  dry  ground  as  can  be  had 
should   be  selected   for  the  line. 

12.  The  line  of  the  sled  road  will  be  staked, 
not  blazed,  and  mile-posts  will  be  established. 
It  Is  not  necessary,  however,  to  set  the  stakes 
at   100-ft.    intervals. 

13.  The  located  line  will  be  surveyed  and  re- 
corded by  the  locator  in  the  same  manner  as 

a  wagon  road  (Paragraph  8).  but  with  less 
detailed  notes. 

PACK    TRAILS. 
14.  Pack  trails  should  be  laid  out  to  secure 

dryness  of  ground,  easy  crossing  of  streams, 
and  easy  construction.  Grades  up  to  25  per 
cent  or  30  per  cent  may  be  freely  introduced  to 
gain  these  results.  The  location  of  pack  trails 
will  be  recorded  simply  by  general  compass 
bearings   and    estimated    distances. 

These  instructions  were  necessarily  varied 
somewhat  in  special  cases,  and  it  was  found 
that  the  best  location  for  a  wagon  road  was 
not  often  best  for  a  sled  road,  and  vice  versa. 

Paragraph  G  was  therefore  changed  accord- 
ingly. These  instructions  are  given  here  com- 

plete, as  they  involve  conditions  not  met  with 

in  the  "States." 
i  «OUtHF,ASTERN    ALASKA. 

As  conditions  in  southeastern  .Maska  are 

quite  distinct  from  those  in  other  parts  of 

the  territory,  a  brief  description  of  the  work 
in  this  section  will  be  given  separately. 
The  conditions  do  not  vary  greatly  from 

those  in  some  parts  of  the  "States,"  the  main diflfcrcnrc  being  due  to  the  extremely  heavy 
rain';.  With  few  exceptions  the  whole  country 
is  heavilv  timbered  and  with  dense  underbrush. 

It  is  very  hilly  and  rocky,  with  few  level 

valleys  or  benches.  Rains  are  excessive  in 
summer  and  snow  in  winter.  Wherever  level 
countrv  exists  it  is  apt  to  be  swampy,  if  not 
properly  drained.  The  surface  of  the  ground 

is  usually  covered  with  a  thick  layer  of  decay- 
in?  vegetation,  often  several  feet  thick.  How- 

ever, supplies  can  be  delivered  by  boat  within 

a  very  few  miles  of  any  part  of  this  whole 
district.  I'Veight  rates  arc  ratlicr  high  on 
account  of  dangers  to  navigation  from  fog  or 
snow,  but  land  transportation  is  over  such 
short  distances  that  tlie  cost  of  transportation 
in  general  is  not  very  serious  on  road  work. 
Away  from  the  roads,  of  course,  the  country 
is  almost  impassable,  but  this  docs  not  affect 
the  cost  of  road  construction  greatly,  although 
it  increases  largely  the  difficulty  in  preliminary 
survcvs  and  location  Labor  in  (jencral  was 

paid  about  $'2..')0  per  day  with  board.  .Mthough 
supplies  and  labor  are  much  cheaper,  owing  to 
the  great  amount  of  work,  the  nurnber  of 
bridges  to  be  put  in,  the  cost  of  clearing  and 
grubbing,  and  the  excessive  rains,  road  work 
in  soutbeastcrn  Alaska  is,  as  a  rule.  th«  most 

expensive  in  the  territory.  Mainteniince  is 
also  very  expensive.  To  (|Uote  an  example 
of  tke  conditions  under  which  work  must  be 
done  hare — in  the  '.umm.i   of  IPOfi,  on  a  road 

on  Prince  of  Wales  Island,  out  of  126  working 

days  during  the  season,  it  rained  hard  100 
days,  with  a  slight  drizzle  and  cloudy  10  more 

days,  leaving  but  10  days  of  clear  weather  for 
work.  Of  course,  under  such  conditions  men 
work  in  the  rain,  but  their  efficiency  is  much 
reduced.  There  are  but  few  features  of  the 
work  in  this  district  of  interest  and  a  descrip- 

tion of  only  a  few  roads  will  be  given. 
The  Prince  of  Wales  Island  portage  road 

referred  to  above  is  the  most  expensive  road 
built  in  Alaska.  It  consists  of  3.9  miles  of 

wagon  road  and  7  miles  of  pack  trail.  The 
wagon  road  portion  was  cleared  24  ft.  wide. 
Corcluroy  and  culverts  were  made  13  ft.  wide. 
It  was  finally  found  necessary  to  plank  a 

very  large  portion  of  the  road,  the  excessive 
rains  making  it  almost  impossible  to  retain  any 

other  kind  of  surface.  Planks  made  from  tim- 
ber shipped  from  Seattle  were  found  to  be 

much  cheaper  than  corduroy  cut  on  the 
ground:  this  was  partly  due  to  the  difficulty 
of  getting  timber  of  suitable  size.  The  wagon 
road  portion  cost  approximately  $7,915  per 
mile,  due  to  the  extremely  bad  conditions 

already  described.  Rains  were  almost  con- 
tinuous throughout  the  working  season.  Tim- 

ber cost  $14  to  $14..50  per  thousand  delivered 
on  the  shore  at  either  end  of  the  road.  Cor- 

duroy cost  $2.18  per  foot.  Planking,  $1.2G  per 
foot.  Clearing.  $700  per  mile.  Grubbing  and 

grading  in  earth,  $1,89.")  per  mile.  These  costs 
are  approximate  only  and  do  not  include  su- 

perintendence or  surveying.  Labor  was  about 
$2.50  per  day  with  board.  Supplies  were  pur- 

chased in  Ketchikan  and  brought  over  in 
small  launches. 
A  road  connecting  Haines  with  the  Chilkat 

River  at  Hindestucki— ;104  miles— was  adver- 
tised for  contract,  but  as  no  bids  were  received 

it  was  built  by  day  labor.  It  was  graveled 
throughout  and  would  compare  favorably  with 
the  ordinary  macadamized  roads  built  in  the 

more  settled  portions  of  the  "States."  The remainder  of  the  road  is  a  specially  good 
earthen  road,  although  parts  are  graveled. 

Supplies  were  carried  up  the  river  and  de- 
livered at  the  various  camps  in  war  canoes 

with   Chilkat  Indian  boatmen. 

In  general,  the  width  of  clearing  through 
the  timber  was  made  40  ft.  The  clearing  was 
classed  as  heavy  where  the  prevailing  timber 
was  spruce  or  cottonwood.  and  light  where 
the  prevailing  timber  was  alder  or  brush.  The 
roadway  was  graded  to  a  width  of  24  ft. ;  all 
moss  and  decaying  vegetation  being  removed 
from  the  surface,  and  stumps  and  roots  being 
removed  to  a  depth  of  6  ins.  below  the 
surface.  Culverts  were  constructed  where 
needed ;  they  were  built  of  sound  spruce  logs 
at  least  C  ins.  in  diameter  at  the  smaller  end, 
except  floor  logs  which  were  allowed  to  be 
somewhat  smaller.  .Abutments  were  made  of 
log  cribbing  notched  together  with  tie  logs 
running  into  the  embankment  at  least  5  ft., 
and  the  sill  sunk  deep  into  the  ground  to  pre- 

vent undermining.  Three  stringers  were  placed 
with  5-ft.  centers.  The  width  of  the  waterway 
was  required  to  be  at  least  C  ft.,  and  the 
height  3  ft.  The  flooring  was  constructed  of 
poles  or  split  logs  at  least  4  ins.  thick  at  the 
small  end.  hewed  or  adzed  to  a  level  surface. 
The  width  of  culverts  was  12  ft.  Logs  were 
placed  over  the  outer  stringers  and  pinned  to 
ihem.  each  with  two  wooden  pins  20  ins.  in 
diameter  wedged  in  by  drift  bolts  %  in.  in 
diameter.  Many  of  these  culverts  were  placed, 
but  it  was  found  that  they  usually  became 
filled  with  solid  ice  during  tlie  winter  and  tlvat 
unless  the  ice  was  chopped  out  in  the  spring 
before  the  thaw  they  would  not  be  of  much 
benefit. 

Bridges  were  constructed  where  neces.sary 
across  small  streams.  The  abutments  were 
built  as  for  culverts.  Piers  were  made  of 

soruce  log  cribbing,  triangular  in  plan,  point- 
ing against  the  current  18  ft.  in  length  and  8 

ft,  in  width  at  the  larger  end.  The  cribs  were 
filled  with  rock.  Stringers  were  of  spruce, 

three  in  number,  and  of  the  following  dimen- 
sions: Spans  10  to  15  ft.  wide.  10  ins.  middle 

diameter:  spans  15  to  20  ft.  wide,  12  ins. 
middle  diameter;  spans  20  to  25  ft.  wide.  14 
ins.  middle  diameter ;  spans  25  to  30  ft.  w  ide. 
in  ins.  middle  diameter.   The  flooring  was  the 

same  as  in  culverts.  This,  of  course,  does  not 
include  the  large  truss  bridges  built  over rivers. 

On  wet  ground  which  could  not  be  properly 
drained,  corduroy  was  used.  The  corduroy 
was  made  of  sound  logs  or  poles  not  more 
than  10  ins.  in  diameter  and  not  less  than  2 
ins.,  and  at  least  12  ft.  in  length.  They  were 
laid  close  together  in  one  or  two  horizontal 

layers,  depending  upon  the  diameter  of  the 
poles,  at  right  angles  to  the  direction  of  the 
road,  and  covered  with  soil,  not  muck,  from 
the  ditches  to  a  depth  of  12  ins.  at  the  center 
and  6  ins.  at  the  sides.  When,  by  reason  of 
the  scarcity  of  large  trees,  it  was  found 

necessary  to  use  saplings  of  2  or  4  ins.  diam- 
eter, the  longitudinal  layer  was  first  placed 

upon  the  ground  and  the  cross-w;ise  layers 

placed  upon  top  of  this.  Log  cribbing  retain- ing walls  were  built  of  spruce  at  least  6  ins. 
in  diameter  at  the  tips.  Face  logs  were  laid  in 
horizontal  courses  with  a  batter,  depending 

upon  the  special  conditions.  Tie  logs  running 
at  least  6  ft.  into  the  embankment  were  set  at 
intervals  of  not  to  exceed  10  ft.  between  every 
two  courses.  The  top  course  was  pinned  to 
the  top  logs  as  for  culverts.  The  height  of 
cribbing  was  limited  to  8  ft.  In  some  cases 
plank  was  imported  from  the  States  and  used 
in  place  of  logs  in  bridge  or  culvert  work. 
The  unit  prices  under  the  contract  portion 

were  (1908)  as  follows:  Heavy  clearing,  per 
acre,  $125;  light  clearing,  per  acre,  $100; 

grubbing,  per  acre,  $50 ;  earth  excavation,  per 
cubic  yard,  38  cts. ;  rock  excavation,  per  cubic 

yard,  $1 ;  corduroy,  per  linear  foot,  $1 ;  crib- 
bing, per  linear  foot,  $1,50;  bridges,  per  linear 

foot,  $5;  culverts,  $10  each. 
A  bridge  built  across  the  Chilkat  River  at 

Wells  consisted  of  two  108-ft.  trusses  with 
approaches  100  to  300  ft.  in  length.  No  new  or 
unusual  difficulties  presented  themselves  in 
its  construction.  Work  was  done  by  con- 

tract at  a  cost  of  $8,620.08.  The  material 
was  brought  from  Seattle  by  boat  to  Haines 
and  hauled  up  the  road  for  a  distance  of  24 
miles  to  Wells. 

A  foot  suspension  bridge  built  at  Sitka  is 
of  interest  chiefly  because  it  was  broken  by 
tourists  crowding  on  it  and  swinging  it  for 
amusement. 

The  roads  constructed  in  southeastern 
.Alaska  are  necessarily,  on  account  of  the 
country  being  cut  up  to  such  an  extent,  local 

roads ;  except  the  road  in  the  Chilkat  V.al- 
ley  from  Haines,  which,  in  conjunction  with 
Canadian  roads  leading  from  its  terminus, 
forms  one  of  the  main  routes  to  the  interior.. 
The  main  part  of  .Alaska  lying  west  of  the 

141st  meridian  contains  the  great  mass  of 
roads  built  by  the  board.  It  is  also  the  part 
which  differs  most  from  other  countries  and 
in  which  most  of  the  new  and  unforeseen  con- 

ditions differing  from  those  met  with  outside 
were  encountered.  Of  course  many  things, 
such  as  the  high  cost  of  labor,  freight  and 

supplies,  and  some  of  the  difficulties  of  trans- 
portation, exist  in  all   frontier  countries. 

The  conditions  along  the  coastal  strip  dif- 
fer but  little  from  those  in  southeastern 

.Alaska.  Labor  and  supplies  cost  some  more, 
but  the  work  is  the  same.  The  only  work  of 
importance  in  this  section  is  the  coast  portion 
of  the  Valdez-Fairbanks  road,  which  will  be described   later. 

Road  work  around  Cook  Inlet  is,  as  a  rule, 

the  cheapest  in  Alaska,  as  the  extreme  con- 
ditions met  with  in  the  southeastern  part  and 

in  the  interior  are  lacking.  There  is  no  per- 
manent frozen  ground  as  in  the  interior,  and 

the  excessive  rains  common  to  the  coast  por- 
tion arc  lacking.  A  good  deal  of  the  coun- 

try is  fairly  level;  the  underbrush  is  light, 

and  while  there  is  a'  fairly  good  stand  of 
timber  it  is  not  as  heavy  as  in  the  southeast- 

ern part.  Where  there  is  no  timber  a  good 
growth  of  grass  is  usually  found,  except,  of 
course,  in  the  high  mountains  above  the  tim- 

ber line.  Kenai  Peninsula  is  mountainous, 
but.  as  a  rule,  there  are  good  passes  for  the 
construction  of  roads  and  trails.  In  the 
mountainous  parts  of  this  section  travel  dur- 

ing the  spring  thaw,  or  even  in  the  winter, 
after  a  scries  of  warm  winds  from  the  ocean, 
is    apt    to   be    dangerous   on    account    of   ava- 

I 
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lanches ;  the  mountains  being,  as  a  rule,  very 
steep,  and  the  valleys  quite  narrow.  The 
snow  fall  in  the  mountains  is  very  heavy. 

Supplies  are  brought  to  Seward  by  boat 
the  year  round  or  to  the  trading  posts  on 
Cook  Inlet  or  Susitna  River  in  summer. 

They  are  usually  distributed  by  sled  in  win- 
ter. Travel  in  summer  is  usually  on  foot  and 

sometimes  horseback,  and  in  winter  by  dog- 
sled  or  snow  shoes.  Freight,  when  hauled  in 
summer,  is  usually  taken  in  with  pack  horses. 
A  number  of  roads  and  trails  have  been  con- 

structed, but  they  offered  no  special  difficulty. 
On  the  ifoose  Pass  sled  road,  constructed 

in  the  Kenai  Peninsula,  grubbing  and  clearing 
cost  about  $137  per  acre;  side  hill  grading  40 
cents  per  yard,  or  about  $1,300  per  mile;  cor- 
durov  from  50  cents  to  80  cents  per  foot. 
The  width  of  the  road  was  8  feet.  This  cost 
was  about  the  lowest  in  the  whole  country. 
A  number  of  roads  and  trails  have  been 

constructed  from  Cook  Inlet,  Seward,  and 
the  .Alaska-Northern  Railroad  toward  the  in- 

terior, and  to  different  mining  camps  in  the 
vicinity.  These,  however,  will  not  be  de- 

scribed, as  they  offered  nothing  particularly 
difficult   or   unusual   in   their  construction. 
One  of  the  main  roads  to  the  interior  leads 

from  the  end  of  the  Alaska-Northern  Rail- 
road through  Knik,  Susitna.  Rainy  Pass,  and 

the  mining  camps  on  the  Iditarod  River.  As 
most  of  this  route  lies  in  the  interior,  it  will 
be  described  later. 

OUTFITTING. 

In  all  that  part  of  the  "North  Coiuntry"  to the  north  of  the  Coast  Range  conditions 
are  in  some  ways  similar,  or,  to  be  more 
accurate.  I  should  say  that  although 
they  differ  widely  in  different  sections,  these 
differences  are  so  small  compared  with  the 
difference  between  what  one  finds  in  any  one 
section  and  what  one  is  accustomed  to  on 

the  "outside,"  that  they  appear  very  similar. 
It  is  in  this  district  that  the  conditions  pecu- 

liar to  an  Arctic  or  semi-Arctic  climate  are 
met  with.  The  climate  becomes  gradually 
colder  to  the  northward  and  more  raw  to  the 
westward,  but  there  is  no  decided  break  like 

that  met  in  crossing  '.he  Coast  Range. 
Traveling  in  the  cold  in  the  North,  while 

not  by  any  means  pleasant,  is  very  far  from 
being  accompanied  by  the  extreme  hardships 
and  danger  which  one  is  led  to  believe  in 

from  the  harrowing  tales  of  would-be  "he- 
roes." told  for  the  edification  of  their  friends 

or  for  publication  in  the  newspapers.  With 
proper  clothing  and  food  there  is  little  dan- 

ger if  reasonable  precautions  are  taken.  The 
sufferings,  sometimes  resulting  in  death  even, 
of  Polar  expeditions  are  almost  invariably 
due  to  starvation  or  improper  food  on  ac- 

count of  getting  so  far  away  from  their  base 
of  supplies.  Of  course,  accidents  are  more 
apt  to  occur  where  the  ground  is  covered 
with  snow  or  ice  than  on  solid  ground,  but 

-to  travel  an  equal  distance  away  from  your 
"base,  even  in  a  temperate  climate,  if  abso- 

lutely dependent  for  food  and  fuel  on  that 
'base,  would  be  difficult  and  dangerous.  If 
properly  clothed  and  fed  almost  any  degree 
■of  cold  can  be  endured  if  there  is  no  wind. 
I  have  suffered  much  more  from  cold  at  a 

temperature  of  10°  below  zero  with  a  light 
"breeze  blowing  off  of  the  Valdez  glacier  than 
from  63°  below  in  the  interior  with  no  wind. 
The  chief  difficulty  below — 50°  is  in  breathing 
the  cold  air.  The  sensation  at  — 60°  is  a  good 
.deal  like  that  in  breathing  the  rarefied  air  at 
an  elevation  of  14,000  ft.  These  extreme 
temperatures  are  rather  uncommon,  although 

the  temperature  sometimes  drops  to  — 70°  or 
lower.  Below  — 50°  the  difficulty  in  breath- 

ing makes  it  troublesome  to  move  rapidly  or 
to  keep  warm  by  violent  exercise.  Person- 

ally. I  should  prefer  traveling  in  winter  to 
enduring  the  mosquitoes  and  gnats  and  wad- 

ing through  the  tundra  in   summer. 
Food  should  be  rich  in  carbon  and  plenti- 

ful, as  appetites  are  enormous.  For  a  trip 
bacon,  hot  cakes  and  syrup  and  beans  are 
best,  particularly  the  first  two,  as  no  other 
kind  of  food  appears  to  have  so  great  a  sus- 

taining power.  Tea  is  carried  partly  because 
it  is  lighter  and  easier  to  make  than  coffee, 
but  particularly  because  it  is  much  better  for 

prolonged  exertion,  especially  in  the  cold.  To 
drink  alcoholic  stimulants  either  before  start- 
mg  or  while  on  a  trip  is  simply  to  commit 
suicide,  as  no  man  is  strong  enough  to  resist 
both  the  cold  and  liquor  at  the  same  time.  The 
hardest  drinker  in  the  north  would  about  as 

soon  take  poison  as  alcohol  under  such  con- ditions. 

Clothing  in  winter  has  to  be  carefully  regu- 
lated. Too  much  clothing  will  make  one  per- 

spire and  then  freeze  almost  as  quickly  as 
too  little,  if  exercising.  Bathing  should  be 
fairly  frequent  if  possible,  to  keep  the  pores 
of  the  skin  open,  thus  helping  the  natural 
heat  of  the  body  to  keep  the  surface  warm.  The 
face  should  be  kept  shaven,  as  otherwise  ice 
from  the  moisture  in  the  breath  will  form  on 
the  beard  and  freeze  the  face.  The  following 
15  a  list  of  the  clothes  I  wore  in  winter,  which 

is  a  fairly  good  guide,  although  the  require- 
ments of  different  people  differ  and  each  must 

judge  for  himself;  underwear  of  medium 
weight  wool ;  flannel  shirt,  service  or  equiva- 

lent;  medium  weight  winter  suit;  if  on  foot, 
niackinaw  shirt  instead  of  coat  and  vest;  light 
khaki  trousers  as  overalls;  fur  cap  with  silk 
top,  as  solid  fur  is  too  warm ;  heavy  woolen 
mittens  or  gloves  with  leather  mittens  or  gloves 
on  the  outside  to  break  the  wind ;  three  pairs 
woolen  socks,  medium  weight,  next  the  foot, 
outside  of  these  an  extremely  heavy  pair, 
outside  these  a  still  heavier  pair  of  German 
socks;  moccasins,  or,  if  riding,  felt  shoes  with 
overshoes;  if  riding,  a  fur  overcoat,  otherwise 

a  j«rki  of  khaki  cloth  with  fur-lined  hood. 
Fur  should  be  wolverine,  as  it  is  the  only  kind 
that  will  not  collect  moisture  from  the  breath 
and  freeze.  A  parki  is  practically  a  large  shirt 
worn  outside  the  trousers  and  extending  to 

the  knees,  as  a  wind  shield.  For  some  dis- 
tance back  from  the  Bering  Sea  and  north  of 

the  Arctic  mountains,  where  the  climate  is 
more  raw  and  penetrating,  fur  parkis  are 

used.  Stiff'  collars  and  leather  shoes  are  never 
worn  except  in  town.  Moccasins  should  be 

provided  with  a  stiff  sole,  unless  one  is  accus- 
tomed to  them,  as  the  arch  of  the  foot,  ordi- 
narily supported  by  the  sole  of  a  leather  shoe, 

will  otherwise  soon  give  way  and  become  very 
painful  on  a  rough  trail.  Colored  glasses 
should  be  carried  to  protect  the  eyes  from  the 
glare  of  sunlight  reflected  from  the  snow. 

Summer  clothing  is  light,  as  the  summers 

are  fairly  warm.  I  wore  canvas,  service  leg- 
gings to  protect  my  trousers  from  the  under- 
brush and  to  keep  out  mosquitoes,  and  leather 

gloves  to  protect  the  hands  from  mosquitoes 
and  gnats.  After  many  experiments,  I  finally 
adopted  the  U.  S.  quartermaster  department 
marching  shoe  issued  in  1908,  the  best  shoe  I 
have  ever  found  for  walking  under  all  sorts 
of  conditions.  Head  nets  must  always  be 
worn  to  protect  against  mosquitoes.  They 
should  be  black  in  front,  as  other  colors  re- 

flect the  light  and  interfere  with  the  vision. 
The  number,  size  and  persistency  of  .Alaskan 
mosquitoes  exceeds  anything  I  ever  saw  in  a 
temperate  or  tropical  swamp.  They  appear  as 
soon  as  even  a  small  patch  of  ground  becomes 
bare  of  snow  in  the  spring  and  they  are  found 
in  undiminished  numbers  from  the  Co^ast 

Range  to  the  Arctic  Ocean.  Gnats  are,  if  pos- 
sible, more  troublesome  in  places,  but  they 

appear  only  for  a  short  time  in  the  fall. 
A  large  proportion  of  the  interior  is  broken 

and  rugged.  The  valleys  and  level  portions 
have  usually  a  dense  underbrush.  Where  the 

ground  is  frozen,  scrubby  spruce  timber  pre- 
vails ;  where  not  frozen,  birch  and  poplar.  Most 

of  Seward  Peninsula  is  treeless  and  there  is 
little  timber  outside  of  the  river  valleys.  The 
ground,  as  a  rule,  is  permanently  frozen  to  a 
great  and  unknown  depth,  the  surface  being 
protected  from  thawing  in  summer  by  a  thick 

blanket  of  moss  or  turf — the  "tundra"  of  Si- 
beria and  the  North  generally.  On  account  of 

this  freezing,  water  from  melting  snow  and 
rain  is  prevented  from  sinking,  and,  the 
evaporation  being  slight,  any  level  ground  is 
quite  sure  to  be  covered  with  water  or  shal- 

low swamp  in  summer.  Aside  from  this,  the 
moss  blanket  prevents  thawing  more  than  a 
few  inches  in  the  brief  summer.  Cutting  up 
this  layer  witli  wheels  or  horse  hoofs  lets  in 

warm  air  and  rain  and,  melting  the  ice,  quickly 
forms  an  impassable  quagmire.  Travel  over 
the  tundra  is,  at  best,  difficult,  and  over  the 
level  and  swampy  places  described  above  al- 

most impossible.  For  these  reasons  most 
travel,  except  on  the  rivers  and  where  roads 
have  been  built,  is  in  winter.  Supplies  are  car- 

ried 111  summer  by  boat  to  the  different  places 
along  the  rivers  and  thence,  as  a  rule,  by  sled 
in  winter  to  their  destination.  The  ice  on 
the  rivers  is  generally  used  when  possible  for 
travel  where  sied  roads  have  not  been  built 
and,  on  account  of  the  easy  grade,  often  for 
freighting  where  roads  have  been  built.  How- 

ever, the  ice  is  apt  to  be  broken  and  rough, 
the  open  river  is  often  swept  by  winds,  and 
the  frequency  of  open  water  makes  river 
travel  dangerous.  Travelers  and  mail  carriers 
always,  and  freighters  usually,  will  use  a  poor road  rather  than  the  river. 

Open  water,  often  met  with,  is  very  dan- 
gerous. To  get  wet  away  from  camp  and 

without  a  change  of  clothing  is  to  freeze  to 
death.  For  this  reason,  the  one  indispensable 
thing  that  must  be  carried  is  extra'  socks. 
Other  articles  may  be  necessarv  for  comfort' cleanliness,  or  :ommon  decencv^  but  the  extra 
socks  are  often  the  price  of  a  man's  life.  Just why  open  water  should  be  found  in  the  very coldest  weather  is  not  clear.  Of  course,  warm 
springs  exist  in  places,  but  this  does  not  ex- 

plain why  water  should  appear  in  some  places 
only  m  the  coldest  weather.  A  possible  ex- 

planation is  that  when  a  stream  freezes  solid 
in  places  clear  down  to  the  frozen  subsoil,  the 
line  of  least  resistance  for  any  water  flowing 
along  the  bottom  is  up  through  the  ice,  which 
cracks  under  the  hydrostatic  pressure  and  lets the  water  through. 

Mules  are  never  used,  as  their  small  hoofs 
cut  through  the  snow  in  winter  and  the  tundra 
in  summer.  Large  horses  are  used,  even  for 
packing,  as  the  cost  of  feeding  them  is  but 
slightly  greater  than  for  small  horses,  and 
they  can  do  so  much  more  work.  Dogs  are 
used  only  where  horses  can  not  be.  They  are 

indispensable  away  from  the  beaten  trails'  The native  Malamutes  and  Huskies  and  the  Si- 
berian Wolf  Hounds  are,  for  most  purposes, 

the  best,  as  being  natives  of  the  North  they 
know  how  to  take  care  of  themselves.  They 
are,  however,  part  wolf  and  very  treacherous, 
the  wolfish  nature  asserting  itself  at  times. 
Snowshoes  are.  of  course,  used  where  the 
snow  is  too  light  to  carry  one  otherwise.  The 
snowshoes  used  in  the  interior  are  much  larger 
than  those  used  on  the  coast,  as  the  snow  is 
light  and  powdery.  Skis  are  used  to  a  limited 
extent  where  there  is  a  crust  or  a  beaten  trail 
for  speed,  or  comfort,  or  sport.  Below — 50 
degrees  the  snow  does  not  soften  readily  un- 

der the  friction  of  the  runners  of  a  sled  so 
as  to  let  it  slip  along,  as  it  does  under  warmer 
temperatures.  The  sled  grates  and  slides 
along  much  as  though  going  over  sand,  mak- 

ing traction  much  heavier.  This  and  the  diffi- 
culty of  breathing,  before  referred  to,  make 

travel  slow  at  low  temperatures. 
The  scale  of  wages  for  common  labor  was, 

with  a  few  exceptions,  as  follows :  In  the 
Valdez  district,  which  included  the  basin  of 
the  Copper  River  and  the  Valde-Fairbanks 
Road  at  first  to  the  summit  of  the  Alaskan 
Mountains  and  later  to  the  Tanana  River, 
$3.50  per  day,  less  the  cost  of  the  provisions 
at  Valdez — about  50  cents  per  day.  This  in- 

cluded the  time  going  to  and  from  Valdez. 
In  the  interior  and  on  the  Bering  Sea  coast, 
except  aroiind  Nome,  $5.00  per  day  and  board. 
This  sometimes  included  the  time  going  to  the 
place  of  work  and  sometimes  not,  depending 
on  the  circumstances.  Provisions  at  the  bases 
of  supply  along  the  navigable  rivers  cost 

roughly  from  $1.00  to  $1.'20  per  day  more. 
.Around  Nome,  $4.00  per  day  and  board.  Pro- 

visions were  not  much  more  expensive  at 
Nome  than  at  Valdez.  Labor,  as  may  be 
seen,  was  expensive,  but  very  efficient,  as  weak- 

lings do  not  thrive  in  the  North. 
Game,  particularly  moose  and  caribou,  and 

fish,  particularly  salmon,  were  plentiful,  and 
some  working  parties  had  regular  hunters  and 
depended  entirely  on  them  for  meats.  The 
cost  of  all  kinds  of  supplies  and  equipment 
was  high  on  account  of     the     freight     rates. 
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There  is  little  rain,  and  daylight  lasts  for 

twenty-four  hours  throughout  most  of  the 

working  season.  A  common  practice  is  to  call 

baseball  games  at  midnight,  as  such  announce- 
ments look  ven-  attractive  and  impressive  in 

the  home  newspapers. 

The  equipment  used  was  usually  such  as 

might  be  expected  for  building  a  road  by 

hand,  supplemented  in  a  few  places  by  horse 

graders.  "  Mosquito  tents  were  used  for  sleep- 
mg.  These  tents  had  a  canvas  floor  continuous 

Repair  and  Maintenance  Costs  of  Park 
Roads  in  Boston,  Mass.,  in  1913. 

The  itemized  cost  vi  repairing  and  main- 
taining the  roads  and  drives  under  the  super- 

vision of  the  Boston  Metropolitan  Park  Com- 
mission in  1913,  J.  R.  Rablin,  engineer,  is 

stated  in  the  last  report  of  the  commission. 
The  work  was  accomplished  for  the  most  part 

by  contract.  Table  1  gives  a  detailed  state- ment of  the  cost. 

Proposed  Standard  Terms  for  Bitumin- 
ous Road  Materials. 

At  the  recent  meeting  of  the  .\merican 
Society  for  Testing  Materials  the  committee 
on  standard  tests  for  road  materials  submit- 

ted a  tentative  report,  a  portion  of  which  was 
referred  back  to  the  committee.  Part  of  this 

committee's  report  referring  to  road  terminol- 
ogy   is   given    here  : 

.MSfhalts. — ^Solid    or    semi-solid     native    bi- 

TABLE  I -SUMMARY  OF  COST  OF  ROAD  REPAIRS  AXD   MAIXTENAXCE  IN  BOSTON,  MASS.,   PARKS  IN  1913 

^_   .   Cost  pel   square  yard- 
-Bituminous  binder  or  dust  layer- 

c « 

1,610 

7,700
  ' 

2,550
 

1,900
 

2,600
 

1,500 
6,500 
8,500 
5,700 

220 

1.880 
9,200 
9.3UO 
2,700 
7,700 

55,715 
2.975 
3.200 
1,500 

525 

L650 400 

250 

4,620 

1.540 
1,560 
2,400 
1.740 
1,500 

410 

1,450 
4,616 
3,900 
3.704 

3,100 
2.150 

1,500 
956 

1.250 

i.ion 
2,870 
1.784 
'^766 

2.750 
1,000 
6,030 
4,300 

10.975 

?.ino 
4,.'!fO 
1.100 

26  and  30      4,962     15.12 

36 8 
26 

3G 

16 
16 
16 

16 45 

45 
40  and  60 

13 40 

34,  36,  40 

32-40 
40 

30-40 36 

30.S00 
2.267 
5.4S9 

10,400 

2,667 

11.556 
15.111 
10.133 

1.100 

S,573 
55,550 
13.500 
12.000 

31,510 

24,053 
11.972 

11,667 
6,000 

11,720       24  and  40     37,345 2j 

36 
26 36 

36 

26 36 
36 
36 
36 

63 
26 
25 
36 

18 
18 
18 
18 
20 

20 

17 
17 

40 

26 36 
40 

40 
16 

2.06 
1.90 
1.43 

.53 

.67 1.26 
2.42 

.72 9.77 

1.68 .45 
1.17 
2.18 
1.10 

.36 

3.82 

1.11 

15.38 

2.10 

Kind  of  material. 

Tarine   (American  Tar  Company)... 

Asphaltic  oil  (the  Texas  Company).. 
larme    
Asphaltic  oil  (the  Texas  Company). 
Asphaltic  oil   (the  Texas  Company). 

o 
U 

5.09 

.22 

1,633 
6,800 

1,156 
1,000 

18,489 

4  450 
6.240 

9,600 

6,960 

6,000 
2,740 

5,S00 13.332 

10,445 
14,236 

6,200 
4,300 

3,000 
1,912 
2.778 

2.445 

.'■.,120 

^.370 fi.noo 
16,600 

7.944 

4,000 
25,000 
16.772 
19,511 

.64       
1.00       

■i'.76     ".".'.■.'. 

.94 3.65 
2.47 

1.75 

1.27         .90 

26.64       
20.80       
2.08       

69.75     11.30 
3.38       

30.23 27.10 

1.16 39.76 
1.93 

'i'M 

1.45       
1.69       
1.13       
.22       

2.13       

■".36 

.52 

'iiio 

.45 

8.20       10.50 

1.27       
1.74       
1.36       
1.38       

'  i".56 

■i!62 

1.78 

.97 
1.49 

.Asphaltic  oil   (the  Texas  Company)   
Asphalt. c  oil   (the  Texas  Company)   
AsphaUic  oil   (the  Texas  Company)   
Asphaltic  oil   (the  Texas  Company)   
Tarvia  (Barrett  Manufacturing  Company). 

Tarvia     
Calcium  chloride     
Asohaltic  oil  No.  4  (Standard  Oil  Company) 
Asphaltic  oil  No.  4   
Asphalt. c  oil  No.  1  (the  Texas  Company)... 

Asphaitic  oil  No.  6  (Standard  Oil  Company)     .291 
Tarvia      275 
Tarine       264 
Tarine       267 

in 

B  >> 

'Sri. 

.650 

.219  1.18 

.295  2.43 

.219  I.IS 

.173  .93 

.112  .61 

.20S  1.12 

.278  1.50 

.lis  .64 
1.423  11.38 

.337 231 
2.70 

1.57 

1.50 
1.50 
1.30 

1.6S 
2^34 
1.85 
1.73 

Tarine .526      4.50 

Tarine        2.310 
Tarine         2.580 
Taiinc       674 
Tarine         2.268 
Tarine         l.SOO 

Tarine 

Tarine 
Tarine Tarine 
Tarine 

.270 

.150 

.040 

.030 

.420 

17.36 

19.40 

5.04 15.50 
1.37 

2.16 1.14 
.27 
.21 

3.16 

Tarme         1.860  13.98 

Asphaltic  oil  No.  6  (Standard  Oil  Company)     .414  2.38 
Asphalt  binder  A  (Standard   Oil  Company)     .379  2.61 
Asphaltic  oil  No.  6  (Standard  Oil  Company)     .370  2.13 
Tarvia      253  2.15 

3.17 
1.03 
.63 

.59 35.01 21.23     52.05 

H  10        24.00        Asphalt  binder  A   (Standard  Oil   Company)  1.600 
17  20        36.72        -Asphalt  binder  A    (Standard  Oil  Company)  1.700 
43.79        41.01        Asphalt  binder  A  (Standard  Oil  Company)  1.744 
1.17          1.08           Tarvia      280 
.68        Tarvia   B      477 

16  3,734 
18  8.600 

26  and  36       3,440 

.92 .97 

1.44 
.82 1.40 

1.80 

11.80       1.41 

   Asphaltic  oil    (the   Texas   Company)   208 
1.11        Tarine      250 
.36        Tarino      350 
.79        Tarine      306 
  18  Asphaltic  oil  (the  Texas  Company)   185 

16.10 

15.22 
12.92 2.34 
4.52 

1.12 

1.90 2.36 
2.29 1.24 

.33 

.20 

.26 

1.35 

1.27 
1.19 

.63 

.38 

1.68  Asphaltic  oil  No.  6  (Standard  Oil  Company)  .415  2.39  .68 
3.66  Asphaltic  oil  No.  6  (Standard  Oil  Company)  .467  2.69  .61 
1.31  Asphaltic  oil  No.  6  (Standard  Oil  Company)  .461  2.65  1.92 
1.29  Asphaltic  oil  No.  6  (Standard  Oil  Company)  .434  2.49  1.79 

5.30 

■  ■  '.23 

.32     Asphaltic  oil   (the  Texas  Company)   320       2. 36 

.07     Asphaltic  oil  (the  Texas  Company)   210       1.47 
;.00           Tarvia        1906     16.20 

.84 

24.03 

3.24 5.43 2.61 

1.46 

1.28 

2.38 3.92 1.36 
36.53 7.03 

2.38 

2.67 

4.51 

2.40 

4.51 

4.28 

5.70 

6.22 

6.67 74.23 
67.30 
8.2S 

138.91 

6. 68 

4.06 3.19 

1  92 

"a's 

6.69 

32.68 

6.70 

S.07 

5.61 

5.53 

7.92 
7.99 
6.51 

6.16 

108,29 

54.20 
69.10 

103.02 
4.59 5.43 

2.04 

3,9S 

4.16 

3.90 

2.82 

4.48 

2.32 36.25 

£  ■ 

?1, 192.55 

999.54 
123.01 

143.55 152.20 

Remarks. 

Patcning  ana  sur- face treatment. 
Surface  treatment. 
Surface  treatment. 
Surface  treatment. 
Surface    treatment. 

34.20  Surface    treatment. 
275.60  Surface    treatment. 
591.  Su  Surface    treatment. 
137.80  Surface    treatment. 
401.90  Reconstruction. 

602.93  Surface    treatment. 
1,324.47  Surface    treatment. 
358.94  Surface  treatment. 
541. SS  Surface  treatment. 
758.07  Surface  treatment. 

1.084.07  Surface    treatment. 
512.41  Surface   treatment. 
665.50  Surface    treatment, 
372. 95  Surface     treatment 

and    patching. 
2,493.51  Surface    treatment. 

1.212.12  Reconstruction. 
4,573.60  Reconstruction. 

95.73  Surface    treatment. 
1.3S9.26  Reconstruction. 
1.234.2G  Patching   and   sur- face treatment. 

180.25  Surface    treatment. 
199.25  Patching. 
184.77  Patching. 
29.00  Patching. 

401.89  Patching    and    sur- 
face  treatment. 

S97.49  Recon.struction  and 

surface    treatm't. 
3SS.S5  Surface    treatment. 

1.076.60  Surface    treatment. 
586.23  Surface    treatment. 
787.20  Surface    treatment. 

491.03  Surface   treatment. 
343.64  Surface  treatment 
195.37  Surface  treatment 
117.76  Surface    treatment. 

3,008.33  Reconstruction. 

1,323.76  Reconstruction. 
3.745.46  Reconstruction. 
3.471.80  Reconstruction. 

276. OS  Surface    treatment. 
904.22  Surface    treatment. 

11^2.10  Surface    treatment 
l.=8.13  Surface    treatment. 

1.139.07  Surface    treatment. 
6"4.57  Surface    treatment. 
550.65  Surface    treatment. 
'1^6.88  Surface    treatment. 

199. 2S  Surface    treatment 
1.247.00  Resurfacing. 

with  the  rest  of  the  tent,  forming  what  was 
really  a  canvas  sack  with  holes  covered  by 
mosouiln  bar  for  ventilation.  Men  lived  quite 

comfortahlv  in  canvas  tents,  even  in  the  cold- 
est weather.  Under  such  conditions,  they  usu- 

ally slept  in  slceninir  bags  made  of  canvas  or 
similar  material  lined  on  the  inside  with  wool 

or  fur,  or  preferably  eiderdown,  on  account 
of  its  warmth  and  lightness.  If  caught  out  in 
the  open  at  night  one  should  keep  movine 
unless  a  fire  can  be  built.  In  case  of  need,  it 

is  possible  to  sleep  fairly  comfortably  by  bur- 
rowinc  into  the  snow  and  sleeping  in  sleep- 

ing bags. 

( To  be  Continued.") 

More  than  4.000,(100  sq.  ft.  of  asphalt  is  be- 

ing laid  on  streets  of  the  Panama-Pacific  In- 
ternational Kxposition  at  the  rate  of  20,000 

sq.  ft.  per  day. 

Asphalt-Paper  Pipes. —  Pines  made  of  as- 
phalt paper  are  being  introduced  in  .-\ustria 

for  various  uses,  and  numerous  advantages 

are  claimed  for  them  by  the  manufacturers. 
Originally  the  paper  pipes  were  employed  for 
electric-cable  conduits,  but  other  uses  have 
now  been  found  for  them,  and  the  makers 
assert  they  can  replace  iron,  steel,  copper,  and 

clay  piping  for  all  purposes  excent  the  con- 
veyance of  hot  fluids,  concentrated  acids,  and 

petroleum  products.  The  pipes  are  made 

from  a  special  kind  of  asphalt  paper  of  Ger- 
man manufacture  (the  paper  made  in  .Xustria 

not  being  wide  enough),  are  exceedingly  liuht 

in  weight  compared  with  metallic  or  clay  pip- 
ing, and,  in  addition,  are  flexible  to  a  "^''Tht 

degree.  They  are  not  affected  by  sudden 
changes  of  temperature,  nor  do  the  stray  cur- 

rents of  electric-tramway  systems  cause  elec- 
trolysis of  buried  mains. 

tumens,  solid  or  semi-solid  bitumens  obtained 
hv  refining  petroleum,  or  solid  or  semi-solid 
bitumens  which  are  combinations  of  the  bi- 

tumens mentioned  with  petroleums  or  deriva- 
tives thereof  which  melt  upon  the  application 

of  heat,  and  which  consist  of  a  mixture  of 
hvdrocarbons  and  their  derivatives  of  com- 

plex structure,  largely  cyclic  and  bridge  com- 

poimds. 
Ast^hallencs. — The  components  of  the  bi- 

tumen in  petroleum,  petroleum  products, 
malthas,  asphalt  cements  and  solid  native  bi- 

tumens, which  are  soluble  in  carbon  disulphide 
but  insoluble  in  paraffin  naphthas. 
Blown  Pclrolcr.iiis. — Semi-solid  or  solid 

products  produced  nriman'lv  bv  the  action  of 
air  upon  originally  fluid  native  bitumens  which 
are  heated  during  the  blowing  process. 

Cdrbciics. — The  components  of  the  bitumen 
in    petroleums,    petroleum    products,    malthas. 
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asphalt  cements  and  solid  native  bitumens 
which  are  soluble  in  carbon  disulphide  but 
insoluble    in    carbon    tetrachloride. 

Cut-back  Products. — Petroleum  or  tar  res- 
iduums  which  have  been  fluxed  with  dis- 
tillates. 

Tars. — Bitumens  which  yield  pitches  upon 
fractional  distillation  and  which  are  pro- 

duced as  distillates  by  the  destructive  distil- 
lation of  bitumens,  pyrobitumens  or  organic 

materials. 

Coat  Tar. — The  mi.xture  of  hydrocarbon 
distillates,  mostly  unsaturated  ring  com- 

pounds, produced  in  the  destructive  distilla- 
tion of  coal. 

Coke-oven  Tar. — Coal  tar  produced  in  by- 
product coke  ovens  in  the  manufacture  of 

coke  from  bituminous  coal. 

Dehydrated  Tars. — Tars  from  which  all 
water  has  been  removed. 

Gas-lwnse  Coal  Tar. — Coal  tar  produced  in 
gas-house  retorts  in  the  manufacture  of  illu- 

minating gas  from  bituminous  coal. 
Oil-gas  Tars. — Tars  produced  by  cracking 

oil  vapors  at  high  temperatures  in  the  manu- 
facture of  oil  gas. 

Pitches. — Solid  residues  produced  in 
evaporation  or  distillation  of  bitumens, 
term  being  usually  applied  to  residues 
tained  from  tars. 

Refined  Tar. — Tar  freed  from  water  by 
evaporation  or  distillation  which  is  continued 
until  the  residue  is  of  desired  consistency;  or 
a  product  produced  by  flu.xing  tar  residuum 
with  tar  distillate. 

IVatcr-gas  Tars. — Tars  produced  by  crack- 
ing oil  vapors  at  high  temperatures  in  the  man- 

ufacture of  carburetted  water  gas. 

the the 

ob- 

Concrete   Base   Construction  on  Cali- 
fornia  State  Highways. 

A  large  portion  of  the  roads  under  con- 
struction by  the  California  State  Highway 

Commission  are  being  built  on  a  concrete 
base,  which  is  surfaced  with  a  thin  bitumin- 

TABLE   I.— COSTS    OF  CONCRETE   BASES   15 
FT.  WIDE  AT  VARIOUS  PRICES 

PER   CU.    YD. 
Cubic         Cost             Cost  Cost 

Depths.       yds.  per        per           per  sq.  per  sq. 
Ins.               mile.        mile.            foot.  yard. 

$5.00  per  cu.   yd. 
4              978            $4,890           $0,062  $0,536 
iVi      1,100              5,500                .069  .625 
5         1,222             6,110               .077  .694 
51/2     1,344             6,720               .085  .764 
6          1,467             7,333               .093  .833 

$5.25   per  cQ.   yd. 
4            978             5,135               .065  .584 
4%      1,100              5,775                .073  .656 
5          1,222             6,416               .081  .729 
5«^      1,344             7,056              .089  .802 
6         1.467             7.700              .097  .875 

$5.50  per  cu.  yd. 
4            97S             5,379               .068  .611 
4»/4     1.100             6,050               .076  .687 
5          1,222              6,721                .085  .764 
5V4     1,344             7,392               .093  .840 
6          1,467              8.066                .102  .917 

$5.75  per  cu.  yd. 
4              978              5,624                .071  .639 
414      1,100              6,325                .080  .719 
5         1,222             7,027               .089  .799 
5»/4      1,344             7,728               .098  .878 
6          1,467             8,433               .106  .958 

$6.00  per  cu.  yd. 
4              978              5,868                .074  .667 
4'/4     1.100             6,600               .083  .750 
5           1,222              7,332                .093  .833 
51/4     1,344              8,064                .102  .916 
6         1,467              S,800                .111  1.000 

$6.25  per  cu.  yd. 
4              978              6,113                .077  .69i 
iV-     1,100             6,875               .087  .781 
5         1,222             7.637               .096  .868 
5^     1,344              8,400                .106  .953 
6         1.467             9,166              .115  1.042 

$6.50  per  cu.  yd. 
4              978              6,357                .080  .722 
4y2      1.100              7,150                .090  .812 
5         1,222             7,943               .100  .903 
5%      1,344              8,736                .110  .993 
6         1,467             9,533               .120  1.0S3 

ous  carpet  of  asphaltic  oil  and  screenings. 
.\  timely  discussion  of  the  methods  and  cost 
of  constructing  these  thin  bases  by  J.  B. 
Woodson,  division  engineer,  presented  in  the 
California  Highway  Bulletia  is  given  here: 

Foundations. — The  4-in.  base  of  Portland 

cement  concrete,  consisting  of  a  1 :2%  :.5  mix- 
ture, if  constructed  upon  a  perfectly  pre- 

pared     subgrade,      should      afford      sufficient 

strength   to   carry  all  traffic  and   any   type   of 
road   vehicle   now   existing. 

Except  on  alkali,  quicksand  or  marsh-land 
soil,  the  4-in.  thickness  is  as  good  as  1  ft., 
so  far  as  sustaining  qualities  are  concerned. 
Upon  unstable  soil  the  pavement  should  be 
increased  in  thickness  according  to  the  de- 

gree  of    firmness   of   the   subgrade. 
Some  soils  make  a  firm  subgrade,  but  war- 

rant extra  thickness  of  pavement.  For  ex- 
ample, adobe  makes  the  hardest  kind  of  sub- 

grade  if  the  clods  are  pulverized,  but  "wet 
streaks''  in  an  adobe  fill  will,  upon  evapora- 

tion, have  a  tendency  to  settle  locally ;  this 
in  effect  requires  greater  spanning  power, 
which    virtually   means   a   heavier   beam. 
Under  the  heading  of  adobe  should  be 

classified  alkali  and  dry  bog.  This  latter, 
when  thoroughly  dry,  resembles  volcanic  ash 
and  the  difference  in  its  displacement  under 
dry  compression  and  when  it  is  wet  and 
heavy  would  produce  an  appreciable  upward 
pressure  under  the  pavement.  .All  forms  of 
adobe,  however,  have  the  cracking  qualities 
in  the  dry  season,  and  it  is  doubtful  whether 

the  e.xtra  thickness  of  concrete  would  pre- 
vent the  cracks  breaking  through  the  pave- 
ment  above. 

Pavements  constructed  on  a  low  grade  line, 

over  marsh-land  or  wet  sandy  soil,  should 
be  reinforced  by  increased  thickness  of  con- crete. 

Placing. — Concrete  for  4-in.  pavement 

should  be  mushy,  but  not  "sloppy."  It  should 
be  dry  enough  to  require  considerable  tamp- 

ing before  it  looks  wet  on  top.  When  the 
mixture  flows  out  on  the  chute  as  if  under 

pressure  resembling  a  fire  hydrant,  the  work 
should  be  stopped  until  the  water  feed  can 
be  adjusted.  Some  contractors  claim  that 
with  a  certain  type  of  mixer  the  concrete 
will  not  discharge  down  the  chute  unless  the 
mixture  is  very  wet.  This  is  a  mistake,  and 
when  the  water  runs  down  the  pavement  in 
little  rivulets  floating  away  from  the  mortar, 
it  will  not  be  long  under  traffic  until  the 
rocks  begin  to  break  loose.  The  concrete 

should  be  tamped  until  individual  rocks  dis- 
appear in  the  mortar,  and  the  final  floating 

should  leave  the  pavement  smooth  and  true 

to  section.  The  floating  is  done  with  a  wood- 
en float,  and  from  20  to  50  ft.  in  the  rear 

of  the  placing  of  concrete.  Some  men  soon 
become  skilled   in  making  a  good  finish. 
A  10-ton  roller  is  used  in  preparing  the 

subgrade.  Sufficient  rolling  is  done  to  com- 
pact the  rough  grade  firmly.  The  rough  grade 

is  left  from  %  to  1  in.  high  to  allow  for  com- 

pression. When  finished,  the  subgrade  is  theoretical- 
ly parallel  and  4  ins.  lower  than  the  desired 

elevation  of  the  surface  of  the  pavement. 
The  section  drops  %  in.  per  lineal  foot  each 
side  of  the  crown,  the  bottom  of  header 
board  being  2%  ins.  lower  than  the  crown. 

Curing. — When  the  concrete  is  sufficiently 
set,  the  time  required  varying  from  6  to  12 
hours,  according  to  the  weather,  2  to  4  ins. 
of  loose  dirt  is  thrown  over  the  pavement 
and  is  kept  wet  for  a  period  of  six  days,  and 
on  later  contracts  10  days.  During  the  hot 
weather,  great  care  should  be  exercised  to 

see  that  the  concrete  is  moist  under  the  cov- 
ering of  earth.  A  more  satisfactory  method 

of  curing  the  concrete  is  by  building  little 
dykes  about  20  ft.  apart  and  along  the  edge 
of  the  pavement,  and  flooding  the  concrete 

twice  a  day,  or  oftener  if  needed.  This  lat- 
ter method  always  shows  whether  the  con- 

crete is  wet,  is  cheaper  for  the  contractor, 
and  is  much  more  easily  cleaned  off. 

Cleaning  off  the  pavement  is  usually  ac- 
complished with  a  road  grader;  the  dirt  be- 

ing thrown  out  on  the  shoulders,  again 

shaped,  and  rolled. 
An  approximate  cost,  as  shown  by  our  rec- 

ords, of  covering  with  dirt  is  2.5  cts.  per  lin- 
eal foot,  or  13.4  cts.  per  cubic  yard  of  con- 

crete. The  cost  of  dyking  with  dirt  is  1.2"i cts.  per  lineal  foot,  or  6.75  cts.  per  cubic  yard 

of   concrete. 
When  all  the  dirt  is  taken  off  that  can  he 

removed  with  the  road  grader,  horse  brooms 
are  run  over  a  pavement.  If  the  dirt  still 
remains  in  patches,  shovels  and  stable  brooms 

are  applied. 

Cracks. — The  natural  transverse  cracks  ap- 
pear about  28  ft.  apart.  This  varies  consid- 

erably, according  to  the  materials  used  and 
the  care  in  keeping  the  concrete  wet.  With 
all  forms  of  cracking  that  have  developed  so 
far  no  serious  trouble  is  noticeable  in  wear- 

ing of  concrete  or  appearances,  and  the  bi- 
tuminous wearing  surface  enters  the  crevices 

TABLE    II.    — COST    OF 
15-FT.    CONCRETE 

PAVEMENT    ^T    VARIOUS    PRICES PER  SQ. 

YD. 79,200  sq.   ft. to  mile:   8,800  sq. 
yds.   to  mile. 

Per 

Per 

sq.  ft. 
sq.  yd. 

Per  mile. 

$0,001 $0,009 $        79.20 
.002 

.018 
158.40 .003 .027 
237.60 .004 

.036 

316.80 

.005 

.045 
396.00 

.006 

.054 
475.20 

.007 .063 
554.40 .008 

.072 633.60 .009 

.081 
712.80 

.010 

.090 

792.00 .020 .ISO 

1,584.00 .030 

.270 

2,376.00 

.040 

.360 
3,168.00 

.050 

.450 

3,960.00 
.060 

.540 
4.752.00 .070 .630 

5,544.00 
.080 

.720 

6,336.00 
.090 

.810 

7,128.00 .100 .900 7.920.00 
.105 .945 

8,316.00 

.110 

.990 8,712.00 .115 

1.035 
9,108.00 

.120 

:  OSO 9,504.00 .125 1.125 
9,900.00 

.130 
1.170 10,296.00 

.135 

1.215 

10,692.00 .140 1.260 11,088.00 .145 1.305 
11,484.00 

.150 
1.350 

11,880.00 
.155 

1.395 12,276.00 .160 
1.440 

12,672.00 .165 

1.485 13,068.00 .170 
1.530 

13,464.00 
.175 1.575 13,860.00 

.180 
1.620 

14,256.00 .185 
1.665 14,652.00 .190 
1.710 

15,048.00 

.195 

1.755 15.444.00 
.200 

1.800 

15,840.00 

and  covers  them  until  they  are  scarcely  per- 

ceptible. Artificial  construction  joints  do  not  seem 
to  warrant  the  expense  attached  to  them  in 
the  construction  of  concrete  pavements  in 
California.  Where  they  have  been  used  by 
means  of  redwood  strips  placed  between 
strips  of  tar  paper,  the  joint  wears  away 
under  traffic  and  the  regular  crack  appears  at 
its  natural  interval.  The  cost  of  steel  ex- 

pansion joints  is  practically  prohibitive  for 
the  benefit  derived,  and  they  do  not  eliminate 
the  cracks.  Steel  reinforcing  is  not  desirable 
for  pavements,  owing  to  the  expense.  It 
would  seem  more  practical  to  increase  the 
thickness  of  pavement  over  sections  of  doubt- 

ful   subgrade. 

Costs. — Out  of  five  days'  run  on  a 
contract  near  Fresno,  at  an  average  of  762 

lineal  feet  of  15-ft.  pavement,  the  following 
force  was  used : 

Item.  Cost. 
Foreman,  5  days  at  $4.00   $  20.00 
Labor,    5  days  at  $3.50       17.50 
Labor,   6   days  at  $2.50       15.00 
Labor,   132%   days  at  $2.00      265.n'> 
Wagon  and  driver,  5  days  at  $4.50       22.50 
Concrete  mixer,  fuel,  etc..  5  days  at  $5.00.  25.')0 
Water  pump  and  engineer,  5  days  at  $6.00     30.00 

Total  cost  of  operation  for  5  days   $395.00 

Total  length  of  run,  3,808  lin.  ft.,  or  705 
cu.   yds.   of  concrete;   56  cts.   per  cubic   yard. 
On  a  cubic  yard  basis  the  cement  cost  $2.17. 

the  stone  cost  71  cts.,  and  the  sand  cost  43  cts. 

The  average  cost  of  unloading  and  trans- 
portation of  material  was  6%  cts. 

The  total  cost  per  cubic  yard  of  concrete 
in  place  was  $4.55. 

Division     Organization    of    the    New 
York  State   Highway  Commission. 

(.ST.\I"F     .VRTICLE.  ) 

The  state  of  New  York  is  divided  for  the 

purpose  of  road  construction  and  administra- 
tion into  nine  divisions,  each  division  con- 

sisting of  from  four  to  ten  counties.  These 
divisions  are  in  charge  of  division  engineers 
appointed  by  the  State  Highway  Commission. 
The  division  engineer  supervises  road  and 
bridge   work  of  all  kinds  within  his   division 
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and  is  held  responsible  for  the  deportment  and 
efficiency  of  subordinate  employes.  An  as- 

sistant, known  as  the  resident  engineer,  is  pro- 

Chart  Showing   Division  Organization  of  the 
New  York  State  Highway  Commission. 

vided.  The  resident  engineer  is  next  in  au- 
thority t0  the  division  engineer  and  acts  for 

him  when  necessary.  Ordinarily  he  has  su- 
pervision over  survey  work.  The  drafting 

work  of  the  division  is  in  charge  of  an  en- 

gineer who  is  subordinate  to  the  division  and 
resident  engineer. 

Contract  construction  work,  repair  gangs 
and  patrolmen  in  each  county  are  in  charge 
of  the  county  engineer,  who  is  an  employe 
of  the  state  commission.  The  duties  of  the 
county  engineer  are  of  a  supervisory  nature, 
fie  visits  each  contract  at  least  once  a  week 
and  advises  the  resident  construction  en- 

gineer directly  in  charge  of  work  as  to  ques- 
tions which  arise  in  connection  with  the  prog- 

ress of  the  work,  e.xamining  their  records  and 
accounts  to  see  that  they  are  kept  in  a  neat 
and  workmanlike  manner  and  performing 
other  work  of  a  similar  nature.  The  county 
engineer  reports  daily  to  the  division  engineer 
upon  the  \vork  he  has  inspected,  the  unusual 
conditions  found,  suggestions  regarding  in- 

spectors and  progress  of  any  particular  phase 
of  construction,  and  the  work  to  be  inspected 
on  the  following  dav. 

within  the  spaces  marked.  Signs  are  used 
freely  for  the  information  and  instruction  of 
traffic. 

Painted      Lines      for      Street      Traffic 

Control. 
An  innovation  in  traffic  control  in  Detroit 

consists  in  marking  off  special  spaces  across 
the  streets  at  street  crossings  for  the  use  of 
pedestrians.  Lines  are  plainly  marked  with 
white  paint  in  the  positions  indicated  in  the 
accompanying  diagram.  A  space  the  width  of 
the  sidewalk  is  allowed,  usually  about  18  ft. 
Street  cars  and  all  vehicular  traffic  must  stop 
at  the  first  white  line,  the  block  system  of  traf- 

fic   regulation    being   used.     Pedestrians    cross 
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Diagram   Showing  Position  of  Painted  Lines 

Used    for   Street   Traffic   Control. 

To  provide  parking  space  for  automobiles 
on  certain  streets  a  white  line  is  marked  at  a 

distance  of  8  ft.  from  the  curb,  the  area  with- 
in which  is  to  be  used  for  this  purpose. 

Machines  are  parked  obliquely. 
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Cone-Shaped    Delivery    Applied    to    a 
Hand  Bitumen   Distributor. 

A  bucket  distributor  for  bitumen  having  a 
cone-shaped  device  for  spreading  the  material 
evenly  is  shown  in  the  illustration.  The  de- 

sign is  quite  simple.  A  heavy  bucket  with  an 
outlet  valve  in  the  bottom,  the  stem  of  which 
is    shown    c.Mending    above    the    rim    of    the 

distributing  the  material  in  an  even  film  18 
ins.  wide. 

The  bucket  may  either  be  fed  by  a  hose, 
or  may  be  filled  by  means  of  dipper,  as  in  the 
case  of  the  ordinary  type  of  hand  distributor. 
In  operation,  the  bucket  is  filled  with  bitumen 
heated  to  the  proper  temperature,  the  gate 
valve  opened  and  the  material  flows  out,  the 
man  holding  the  bucket  walking  backward  and 
forward  to  control  the  distribution.  In  using 
a  hose,  the  end  of  the  hose  is  screwed  to  the 
valve  in  the  bottom  of  the  pail  and  the  bi- 

tumen flows  directly  onto  the  cone  without 
filling  the  bucket. 
An  important  feature  of  this  device  is  the 

steady  flow  obtained.  Also,  the  material  is 
delivered  close  to  the  road  surface,  retaining 
a  large  proportion  of  its  load. 

An  Underslung  Truck  for  City  Refuse 
Removal. 

The  main  advantage  in  a  truck  of  under- 
slung construction  for  refuse  removal  lies  in 

the  comparatively  low  bed  obtained.  This 
feature  is  of  importance  in  any  vehicle  that 
must  be  loaded  from  the  ground.  The  ad- 

vantage obtained  by  this  type  of  construction 
is  increased  by  making  the  sides  in  removable 
sections,  facilitating  loading  and  making  it 
unnecessary  for  the  crew  to  lift  refuse  recep- 

tacles more  than  waist-high. 
The  body  of  the  truck  illustrated,  which  is 

manufactured  by  the  White  Co.,  Cleveland, 
O.,  is  1.3  ft.  3  ins.  long  by  7  ft.  5  ins.  wide, 
having  a  capacity  of  252  cu.  ft.  The  top  is 
covered  with  sectional  doors  for  sanitarv  rea- 

A    Hand    Bitumen    Distributor    Delivering 
Over  a   Cone   Spreader. Ui  ticiblung    Truck    for    Refuse    Removal. 

bucket,  has  attached  to  it  a  sloping  tray  IS 
ins.  wide  at  the  edge.  On  this  tray  is  support- 

ed a  half  cone  over  which  the  bitumen  flows 
onto  the  tray  and  thenre  to  the  road  surface. 

The  device  was  invented  by  S.  Sutcliffe  of 
Mytholmroyd,  and  is  manufactured  by  the 
Patent  Snowplough  Co.,  Mytholmroyd,  S.  O., 
Yorks,  England, 

sons  and  the  sides  have  the  above  mentioned 
sectional   feature. 

When    dumping    the    body    elevates    to    an 

angle   of  .53° ;   the   hoisting   mechanism  being 
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placed  horizontally  across  the  frame  in  a  po- 
sition out  of  the  way  during  operation  of  the 

truck. 
Ashes,  garbage  and  all  kinds  of  refuse  are 

transported.  A  truck  of  this  type  operated 
by  the  New  York  Street  Cleaning  Department 
is  said  to  accomplish  the  work  formerly  done 

Self-Propelled  Power  Tamper. 

by  15  one-horse  carts.  From  110  to  122  cans 
of  ashes,  the  equivalent  of  five  one-horse  cart- 

loads, is  the  capacity  of  the  truck.  In  one 
district,  with  an  average  haul  to  the  dump 
of  3  miles,  one  man  driving  and  dumping 
makes  a  round  trip  in  30  minutes. 

A      Self-Propelled      Power     Tamping 
Machine. 

A  power  tamping  machine,  which  is  self- 
propelled,  has  recently  been  placed  on  the 
market  by  the  Pawling  &  H&rnischfeger  Co  , 
Milwaukee,  Wis.  The  machine  is  equipped 
with  a  tamping  ram,  which  weighs  150  lbs.  and 
strikes  40  to  50  blows  per  minute  with  an 
average  stroke  of  22  ins.  The  tamping  head, 
which  is  9x12  ins.,  has  a  side  travel  of  20  ins., 
enabling  it  to  tamp  a  width  of  .32  ins.  The  ram 
is  operated  by  means  of  a  segmental  pulley 

"A"  (see  illustration),  brought  in  friction  con- 
tact with  a  hardwood  ram  "B,"  by  spring  pres- 
sure on  a  large  pulley  ''C"  which  is  located  on 

the  opposite  side  of  the  ram. 
The  machine  has  a  speed  of  1%  miles  per 

hour  for  road  traveling,  although  this  speed 
can  be  varied  by  changing  the  engine  governor. 

A  feeding  speed  of  from  6' to  15  ft.  per  minute is  provided   for  to   furnish  a  slow  continuous 

Kerosene    Engine   Operated    Concrete    Mixer. 

movement,  forward  or  backward,  when  at 
work.  The  machine  is  mounted  on  a  four- 
wheel  truck  having  adjustable  wheels  which 
permit  the  tread  to  be  varied  from  4  ft.  8  ins. 
to  6  ft.  8  ins.  The  wheel  base  is  5  ft.  9  ins. 
and  the  rear  wheels  are  mounted  so  that  they 

have  a  vertical  adjustment  of  10  ins.,  to  com- 
pensate   for   the    crown    of    the    road:  and    to 

enable  the  machine  to  work  where  the  ground 
at  one  side  is  higher  than  at  the  other.  The 
front  axle  is  swiveled  at  its  center  to  permit 
the  adjustment  of  this  end  of  the  machine. 

Power  is  furnished  by  a  4-HP.  water-cooled 

gasoline  engine,  "D,"  mounted  over  the 
front    axle.     The   transmission    is   by    friction 

are  only  two  adjustments  on  the  clutch  and 

brake,  consisting  of  a  T-bolt  and  nut  (or  take- 
up  ends)  for_  adjusting  clutch  and  also  the 
same  attachment  for  adjusting  brake  band. 
This  clutch  requires  no  oiling  with  the  excep- 

tion of  a  pint  or  quart  of  ordinary  black  oil 
being  placed  in  the  winding  drum,  which  will 

View  of  Weller  Unit  System  Storage  Bins. 

clutches,  gears  and  chains.  The  main  counter- 

shaft is  driven  by  a  high-speed  roller  chain  "E." 
\  second  chain  "F,"  running  from  the  counter- 

shaft, operates  the  splined  lifting  shaft.  When 

desired,  the  tamping  ram  can' be  thrown  out 
of  action  by  means  of  a  lever  "G."  The 
tamping  ram  and  its  operating  mechanism  are 
mounted  in  a  frame  supported  at  one  end  by 
the  shaft  and  at  the  other  by  a  roller,  which 
runs  on  a  track  riveted  to  the  framework  of 
the  machine.  The  tamping  frame  is  moved 

transversely  by  means  of  a  wheel  "H"  and  a 
series  of  drums  and  wire  ropes.  The  steering 

mechanism  is  controlled  by  a  wheel  "I,''  and all  operating  wheels  and  levers  are  within 

reach  of  the  operator's  seat  at  the  rear  of  the machine.  Although  the  standard  tamper  head 
is  9  xl2  ins.,  other  sizes  can  be  furnished. 

last  for  several  months.  The  shifting  collar 
however  should  be  kept  well  lubricated.  When 
mixer  is  equipped  with  gasoline  or  kerosene 
engine,  an  e.xtra  clutch  is  required  on  the 
main  countershaft  so  that  mixer  can  be  dis- 

engaged when  starting  engine.  When  bucket 
is  loaded,  pull  the  clutch  handle  toward  you 
and  bucket  is  elevated  to  the  discharging  po- 

sition. Then  throw  the  lever  in  the  opposite 
direction  and  brake  is  applied.  To  lower  the 
bucket  release  the  lever  gradually  and  the 
bucket  will  return  to  the  loading  position.  It 
requires  but  ten  seconds   for  this  operation. 

A    Kerosene    Engine    Operated    Con- 
crete Mixer  with  Improved 

Cast   Drum. 
The  special  features  of  the  concrete  mixer 

illustrated  are  the  improved  cast  drum,  the 

kerosene  driving  engine  and  the  newly  de- 
signed clutch  for  operating  the  side  loader. 

This  mixer  is  one  of  a  full  line  of  mixers 
made  by  the  Power  &  Mining  Machinery  Co. 
(Cudahy),   Milwaukee,  Wis. 
The  drum  construction  is  shown  by  the  ac- 

companying pen  drawing.  It  consists  primar- 
ily of  two  (right  and  left)  semi-steel  castings. 

These  castings  are  joined  by  bolted  outside 
flanges  and  the  bolts  through  the  flanges  also 
engage  the  rack  ring.  Except  for  the  mixing 
buckets  as  shown  there  are  no  projections 
inside  the  drum.  Outside  tl*  drum  is  en- 

circled by  two  steel  truck  rings  shrunk  onto 
and  pinned  to  the  castings. 

The  engine  is  a  horizontal,  water  cooled, four 
cvcle  engine  which  is  started  with  gasoline 
and  then  by  means  of  a  three-way  cock  is 
switched  to  kerosene  or  distillate.  The  fuel 
tank  is  in  the  base  and  has  two  compart- 

ments, a  small  one  to  hold  gasoline  for  start- 
ing and  a  larger  one  for  the  main  fuel  sup- 

ply. The  cylinder  is  cast  separately  from 
the  base  but  the  cylinder  and  water  hopper  are 

cast  in  one  piece.  The  ignition  is  make-and- 
break.  the  carbureter  is  suction  feed  and  th« 

governor  is  of  the  fly  ball  type.  .'Ml  engines 
are  completely  equipped. 
The  clutch  shown  on  the  driving  shaft  in 

the  general  view  is  known  as  a  rest  clutch  and 
is  described  as  follows:  By  pulling  the  lever 
toward  you,  the  clutch  band  is  engaged ;  by 
reversing  the  lever,  the  brake  barui  is  applied, 
which  does  away  with  the  extra  lever.     There 

A  Unit  System  Storage  Bin  for  Con- 

tractors' Use. 
The  Weller  unit  system  storage  bin  is  illus- 

trated herewith.  This  storage  system  con- 
sists of  a  bin  or  series  of  bins  made  up  of 

certain  interchangeable  units  which  may  be 

assembled,  taken  apart,  moved,  stored  or  re- 
assembled  as  many  times  as  may  be  desired. 

The  main  idea  of  the  bins  is  to  provide  suit- 
able storage  for  concrete  aggregates,  arranged 

to  feed  by  gravity  to  the  charging  box  of 
the  mixer,  or  with  suitable  and  simple  con- 

veyor system  to  carry  material  from  diff^erent bins  to  the  mi.xer. 
The  claim  is  made  that  with  one  of  these 

complete  outfits  the  material  for  1  cu.  yd.  of 
a  1  :3  ;5  mi.xture  in  place  may  be  unloaded 
from  cars,  put  into  storage,  reclaimed  and 
delivered   to   mixer   charging  bo.\   for   10  cts.. 

Drum    Construction     of      Kerosene     Engine 

Operated    Concrete    Mixer. 

including    interest,    depreciation,    repairs    and 
renewals. 

The  bins  may  be  set  up  in  a  row,  as  shown 
in  the  illustration,  or  in  an  L  or  T-shape, 
quadrangle  or  any  other  similar  position.  The 
sides  and  bottoms  of  the  bins  are  made  up  of 
sections  which  are  bolted  together  and  to  the 
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posts  and  cross  struts.  The  structure  is  A  Threaded  Cast-iron  Pipe.  shoulder  being  relied  upon  to  hold  the  sets  in 

easily  taken  down  and  loaded  for  transporta-  place.  These  hammers  are  made  either  with 

tion  The  unit  parts  are  interchangeable.  The  The  manufacturers  of  cast-iron  pipe  have  outside  or  inside  triggers  in  five  sizes.  In  ad- 

bottoms    are    made    up   of    steel-  "'-it'--    being  long  been  urged  to  make  pipe  with  threaded  dition.   two   sizes   of   jam    riveters,   which   are 

View  of  Section  of  Threaded  Cast  Iron  Pipe. 

hung  down  from  the  inside  of  the  bin  frame. 
The  bins  arc  made  in  two  regular  sizes. 

The  large  size  is  for  handling  material  in  car- 
loads, the  bins  having  a  capacity  of  about  80 

cu.  yds.  each.  This  allows  the  storing  of  an- 
other car  of  material  without  waiting  for  bin 

to  become  empty.  The  general  dimensions  of 
these  bins  are  IJ  ft.  by  12  ft.  by  12  ft.,  not 
including  the  hopper  bottom.  The  smaller 
size  is  designed  especially  for  road  building 
work  and  small  screening  and  storage  plants. 
These  bins  have  a  capacity  of  about  20  cu. 
yds.  each,  and  are  so  arranged  that  wagons 
can  be  driven  directly  under  the  bins  and 
loaded  by  the  opening  of  the  discharge  gates. 
An  interesting  feature  in  the  application  of 

these  bins  is  the  use  of  bulk  cement  which  is 
now  meeting  with  considerable  favor  by  many 
contractors. 
Theec  bins,  which  are  manufactured  and 

marketed  by  the  Weller  Manufacturing  Co.  of 
851  North  Ave.,  Chicago,  may  be  used  lor 
the  following  purposes :  Concrete  mixing 
plants,  stone-crushing  plants,  sand  and  gravel 

plants,  contractors'  coaling  system  for  coal- 
ing locomotives  and  steam  shovels,  and  road 

construction  plants. 

A  Compact  Trailing  Oil  Sprayer. 
Tilt  machine  illustrated  was  designed  as  a 

practical  substitute  for  the  expensive  sprayer 
tank  wagon  having  self-contained  pumping 
and  spraying  attachments.  The  standpipe 
shown  is  connected  by  a  suction  hose  to  any 
kind  of  tank,  or  to  a  barrel  carried  on  a  wagon. 
By  means  of  a  force  pump  geared  to  the  axle 
^hc  oil  is  drawn  from  the  tank  or  barrel  and 
forced  through  a  large  strainer  box  direct  to 
the  spraying  nozzles.  The  spraying  is  done 
under  pressure,  and  is  accomplished  evenly. 
Provision  is  made  to  engage  or  disengage  the 
gears  l)y  a  movement  of  a  lever,  and  the  pump 
flow  is  by-passed  through  a  pressure  regulator. 
so  that  damage  to  the  pump  is  prevented  in 
case  valves  arc  closed  suddenly.  An  air 
chamber  is  provided  above  the  strainer,  which 
insures  a  steady  pressure  at  the  nozzles.  Tlie 
strainer  may  be  opened,  cleaned  and  closed  in  a 

few  minutes'  time.  The  spraying  nozzles  are 
arranged  in  two  batteries  of  six  nozzles  each, 
and  are  controlled  by  two  convenient  levers 
reached   from  a  seat  so  placed  as  to  give  the 

The    Reliance   Trailing    Oil    Sprayer. 

operator  full  view  of  the  work.  A  connecting 
link  enables  the  operator  to  manipulate  all  the 
nozzles  with  one  lever,  if  desired,  and  regulate 
the  quantity  of  oil  discharged.  The  sprayer  is 

manufactured  by  the  L'nivcrsal  Road  Machin- 
yy  Co.,  Kingston,  N.  Y. 

joints.  Such  pipe  is  now  being  made  and  sold 
bv  James  B.  Clow  &  Sons  of  Chicago.  A 
view  of  a  section  of  threaded  pipe  is  shown 

in  the  accompanying  view.  In  the  manufac- 
ture of  this  new  class  of  pipe  machines  simi- 

lar to  those  for  threading  wrought  pipe  are used. 

In  assembling  a  line  of  this  pipe  cast-iron 
couplings  are  used,  with  expansion  joints  at 
intervals  suitable  to  take  up  the  expansion 
and  contraction  in  the  line.  A  line  of  all  cast 
iron  is  thus  secured  which  is  capable  of  stand- 

ing pressures  up  to  250  lbs.  per  square  inch. 
For  corrosive  soil  this  pipe  will  answer  the 

demands  of  many  who  have  had  to  replace 
other  kinds  of  pipe  at  short  intervals.  For 
wells  driven  in  corrosive  soil,  where  thin  tub- 

ing is  soon  eaten  up.  cast-iron  threaded  pipe 
has  been  used  to  great  advantage.  Gas  com- 

panies on  their  high-pressure  lines  will  find 
this  class  of  pipe  to  be  economical.  Steam- 
heating  companies  have  already  used  large 
quantities  of   it. 

A   Continuous   Bond   Curb   Bar. 

A  new  curb  bar  recently  placed  on  the  mar- 
ket by  the  Trussed  Concrete  Steel  Co.. 

Youngstown,  Ohio,  involves  a  novel  feature. 
The  bars  are  made  of  open  hearth  steel,  the 
anchorage  flange  being  punched  and  expanded 
to  the  shape  shown  in  the  illustration.     After 

A    Continuous    Bond    Curb    Bar. 

forming,  the  whole  bar  is  heavily  galvanized. 
This  expansion  increases  materially  the 
rigidity  of  the  whole  bar,  making  it  easier  to 
handle  during  construction  and  increasing-  its 
ability  to  withstand  shocks  and  distribute 
them  throughout  the  mass  of  concrete.  More- 

over, it  is  claimed  that  the  loop  provides  a 
positive  anchorage  independent  of  the  adhe- 

sion of  the  concrete.  The  open  anchorage 
reduces  the  danger  of  the  plate  separating 
from  the  concrete  and  eliminates  any  tendency 
of  the  concrete  to  split  at  the  corners.  The 
whole  curb  bar  acts  as  a  rigid  frame.  No 
special    tools    are    required    for    installation. 

^cfely  Device  for  Pneumatic  Riveting 
Hammer. 

To  comply  with  the  provisions  of  safety  ap- 
pliance laws  recently  enacted  the  Ingersoll- 

Rand  Co.,  11  Broadway,  New  York,  has  de- 

veloped a  retainer  for  use  on  its  "Little  David" 
pneumatic  riveting  hammer,  which  is  designed 
to  prevent  the  accidental  ejection  of  the  rivet 
set  from  the  nozzle  of  the  hammer.  The  re- 

tainer consists  of  a  single  piece  of  heavy 
spring  steel,  closely  wound  into  spiral  form. 
ome  end  of  which  fits  over  the  outside  of  the 
nozzle  of  hammer  and  hooks  over  a  projec- 

tion on  the  nozzle,  the  other  end  being  wound 
to  a  small  diameter.  The  sets  for  rivets  over 
%  in.  in  diameter  arc  formed  with  a  coarse 
thread  and  are  simply  screwed  into  place, 
while  those  for  smaller  sets  are  formed  with 
a  shoulder  and  are  slipped  into  the  retainer 
when    it    is   detached    from    the    hammer,    the 

Rapid    Loaders    In    Filling    Position. 

especially  .adapted  for  work  in  close  quarters, 
are  made. 

A  Tilting  Wagon  Loader  for  Use  in 
Unloading  Railroad  Cars. 

The  Rapid  loader,  illustrated  in  the  ace  im- 
panying  figures,  applies  the  tilting  principle 
to  a  car-side  wagon-loading  device,  thereby 
shortening  materially  the  time  required  for 
that  operation.  The  loader  is  designed  so 
that  it  tips  easily,  and  returns  to  the  loading 
position  automatically  by  gravity  after  dump- 

ing. It  is  constructed  entirely  of  steel  and  as 
light  as  consistent  with  proper  strength  and 
durability.  The  two  separate  parts  of  which 
it  is  made  facilitate  rapid  handling  while  mov- 

ing from  one  car  to  another,  two  men  ac- 
complishing this   task   with   ease. 

.A  brief  description  of  the  one-cubic-yard 
capacity  loader  is  as  follows:  The  pan  is  4 
ft.  wide  (parallel  with  the  car  body),  about 
3(1  ins.  deep  and  -5%  ft.  long:  and  is  made  of 
sheet  steel  reinforced  with  steel  angles.  The 
pan  is  supported  by  a  shaft  passing  through 
it,  in  turn  supported  by  steel  brackets  built 
of  structural  angle  shaped  members ;  the 
brackets  being  so  designed  as  to  hang  at  the 
car  side  and  are  separable  if  necessary.  The 
pan  and  brackets  each  weigh  about  130  lbs. ; 
the  combined  weigh  being  2ti0  lbs. 

The  loader  is  made  in  1  cu.  yd.,  1%  cu.  yd. 
and  iVfe  cu.  yd.  sizes  and  is  controlled  and  s.dd 
by  the  Bonney  Supply  Co..  371  St.  Paul  S.., 
Rochester,   N.   Y. 

Metallic  Tape  Threader. 
A  patented  measuring  tape  attachment, 

known  as  the  "threader,"  has  been  brought 
out  liy  the  Lufkin  Rule  Co.,  Saginaw.  Mich., 
which  hereafter  will  be  furnished  with  its 
mclallic  woven  tapes  without  extra  charge. 
This  device  is  a  loop  and  stud  attachment  by 
means  of  which  the  tape,  although  securely 
fastened  to  the  winding  drum  of  the  case 
when  in  use,  can  be  easily  detached   from   it 

Dumped  Position  of  Rapid   Loader. 

and  a  new  tape  as  reailily  attached,  no  manipu- 
lation of  the  case,  case  screw  or  drum  being 

required  to  do  this.  .-\s  the  case  represents 
approximately  half  of  the  cost  of  the  outfit, 
the  new  device  permits  the  fullest  measure  of 
use  of  the  case  as  well  as  of  the  tape. 

i 
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A  Preferential  Vote  on  an  Engineering 
Problem  at  Wheeling,  W.  Va. 

The  present  water  supply  of  Wheeling  is  of 
poor  quality.  It  is  pumped  from  the  Ohio 
River  into  the  water  mains.  Under  the  cir- 

cumstances it  is  not  surprising  that  for  the 
past  ten  years  the  city  has  had  a  typhoid 
fever  death  rate  of  80  per  100,000.  This  fig- 

ure is  reduced  to  56  per  100,000  when  the 
deaths  of  non-residents,  who  have  died  of 
typhoid  in  Wheeling  hospitals,  are  deducted. 
That  this  is  a  disgraceful  typhoid  rate  for  a 
city  the  size  of  Wheeling  is  fully  recognized 
by  the  citizens  of  that  city.  .An  improved 
water  supply  will  soon  be  secured ;  at  any  rate 
a  sum  of  money  sufficient  to  provide  the  city 
with  an  ample  supply  of  wholesome  water  w'ill 
undoubtedly  be  voted  by  the  people  of  Wheel- 

ing before  long.  A  considerable  controversy 
has  arisen  in  that  city  as  to  the  merits  of 
different  methods  of  purifying  the  river  water 
to  such  a  degree  that  it  will  be  fit  for  indus- 

trial and  domestic  purposes. 

That  the  quality  of  the  present  supply  is 
bad  is  well  indicated  by  the  fact  that  all  who 
can  afTord  to  do  so  use  bottled  table  waters, 
for  domestic  use,  at  a  price  ranging  from  5  to 
8  cts.  per  gallon.  The  less  well-to-do  either 
boil  the  tap  water  or  depend  on  water  drawn 
from  wells  drilled  along  the  city  streets.  The 
latter  water  often  is  nearly  as  bad  as  the  raw 
river  water.  Of  course  there  must  be  the 

usual  carelessness  about  boiling  the  w-ater  and 
the  high  typhoid  rate  indicates  that  this  is  the 
case. 

Largely  as  a  result  of  the  poor  quality  of 
the  supply  the  consumption  of  water  is  enor- 

mous, being  no  less  than  .380  gals,  per  capita 
per  day  on  the  average  throughout  the  year. 
Probably  attempts  on  the  part  of  the  house- 

holder to  draw  a  clearer  water  from  his  taps 
causes  him  to  leave  them  running  for  an  un- 

due length  of  time,  thus  greatly  increasing 
the  waste  of  water.  The  grit  in  the  water  also 
leads  to  much  leaky  plumbing.  In  the  aggre- 

gate this  large  waste  of  water  greatly  in- 
creases the  cost  of  pumping  over  what  it 

would  be  with  a  reasonable  consumption. 
This  condition  of  the  water  supply  caused 

the  Wheeling  Board  of  Control  to  appoint, 
late  last  year,  a  filtration  commission,  and  to 
instruct  this  commission  to  report  upon  the 
relative  desirability  and  cost  of  securing  an 
improved  water  supply  from  driven  wells, 
from  the  Smith  System  of  Natural  Slow  Sand 
Filtration,  and  from  the  rapid  sand  filtration 
process,  respectively.  The  commission  con- 

sisted of  reputable  and  experienced  engineers. 
Late  in  March  of  this  year  the  commission 
submitted  its  report  and  recommended  the 
rapid  sand  process  as  being  both  the  best 
and  cheapest  for  Wheeling  conditions.  This 
process  has  been  applied  with  conspicuous  suc- 

cess in  over  450  cities  in  the  United  States, 
including  several  along  the  Ohio  River,  nota- 

bly Cincinnati  and  Louisville. 
For  some  reason  not  clear  to  the  editors 

and,  it  appears,  equally  obscure  to  many  pro- 
fessional men  in  that  city,  the  Wheeling  city 

council  did  not  use  the  expert  advice  for 
which  the  city  had  paid  but  set  aside  the  re- 

port of  their  advisers.  The  choice  of  a  puri- 
fication system  was  submitted  by  the  city 

council  to  a  vote  of  the  people,  and  in  July 
of  this  year,  the  people  declared  for  the  Smith 
System.  Work  on  plans  and  specifications  for 
the  site  and  details  of  the  river  bed  plant  is 
now  going  forward  and  it  is  hoped  that  the 
vote  on  the  bond  issue  will  be  taken  this  fall. 
If  the  bond  issue  carries  work  on  the  con- 

struction of  the  plant  will  probably  be  started 
next  spring. 

In  the  waterworks  section  of  this  issue  there 
is  published  an  article  which  describes  the 
Smith  system  and  sets  forth  its  advantages  as 
seen  by  its  advocates.  Quotations  ire  also 
made  from  the  report  of  the  filtration  com- 

mission, above  mentioned,  which  unqualitiedly 
condemned  this  system  of  filtration.  Thus 
both  sides  of  the  story  are  placed  before  our 
readers  who  can  draw  their  own  conclusions 
as  to  the  merits  of  the  system  in  question. 

It  will  be  noted,  from  a  reading  of  the 
article  to  which  we  refer,  that  experts  diflfer 
widely  as  to  the  dependability  of  the  Smith 
system.  How,  then,  could  the  Wheeling  vot- 

ers be  expected  to  reach  a  wise  decision  in 
such  a  purely  technical   matter? 

In  discussing  this  phase  of  the  question.  Dr. 
S.  L.  Jepson,  Secretary  of  the  West  Virginia 
State  Board  of  Health,  recently  characterized 

as  a  "monumental  blunder"  the  action  of  the 
city  council  in  asking  the  people  generally  to 
express  their  preference  by  a  vote  as  to  what 
system  of  filtration  should  be  adopted.  He 
considered  this  a  matter  for  scientific  deter- 

mination, one  about  which  laymen  cannot  be 
expected  to  know,  and  about  which  tven  the 
best  informed  know  none  too  much. 
We  think  Dr.  Jepson  stated  the  case  mildly 

and  well.  While  it  is  true  that  the  people 
will  have  to  pay  for  the  plant  it  is  equally 
true  that  they  are  not  in  a  position  to  know 
what  is  best  for  the  city  when  it  comes  to 
choosing  between  filtration  processes.  There 
is  such  a  thing,  surely  as  carrj'ing  to  ex- 

tremes our  ideas  of  popular  government.  .A.S 
we  view  it  the  action  of  the  Wheeling  council 
in  submitting  this  proposition  to  a  popular 
vote  came  dangerously  near  reducing  our 
democratic  institutions  to  the  absurd  and  ri- 

diculous. It  would  be  but  little  more  absurd 
to  allow  the  school  children  of  Wheeling  to 

vote  on  the  advisability  of  opening  the  city's schools  this  fall. 

Traffic    and    the  Cost    of  Hauling    as 
Factors  in  the  Rational  Design 

of  Country  Roads. 
In  details  of  construction,  in  methods  used 

and  in  the  quality  of  work  accomplished  it 
may  be  stated  without  danger  of  refutation 
that  roads  constructed  in  the  United  States 
will  compare  favorably  with  those  built  in 
other  countries.  Yet  it  must  be  admitted  that 
few  roads  in  this  country  have  been  planned 
to  accomplish  a  definite  result,  or  with  a 
knowledge  of  the  effects  that  would  be  pro- 

duced as  a  consequence  of  their  construction. 
Good  roads  are  popularly  accepted  as  a  good 
thing.  The  building  of  country  roads  im- 

proves general  conditions,  increases  the  value 
of  land,  reduces  the  cost  of  hauling,  increases 
the  comfort  of  the  rural  population  and  aids 
the  business  facilities  of-  city  dwellcis.  But 
to  what  e.xtent  these  results  may  be  counted 
on  before  beginning  improvements  is,  unfor- 

tunately, largely  a  matter  of  conjecture. 
The  approximate  solution  of  such  questions 

as  a  nre'iminary  feature  of  road  improvement 
projects  and  their  consideration  in  the  laying 
out  of  routes  and  the  selection  of  surfaces 
constitutes  the  rational  design  of  country 
roads.  It  has  been  only  quite  recently  that 
the  importance  of  studies  instituted  to  secure 
data  for  this  purpose  has  been  felt.  Recently 
several  factors  have  aided  in  impressing  upon 
the  minds  of  engineers  the  great  need  for  the 
consideration  of  such  matters  in  the  develop- 

ment of  road  projects.  Of  these,  the  increased 
cost  of  road  surfaces  suitable  for  modern  traf- 

fic and  the  increased  number  of  extensive, 
well-knit  road  systems  planned  are  perhaps 
the  two  most  important. 
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Aside  from  the  convenience  and  comfort  to 
be  obtained,  the  cost  of  hauling  and  the  radius 
of  effective  hauling  are  distinctly  functions 
of  the  size  and  justifiable  cost  of  a  proposed 
road  system.  Also,  the  amount  and  type  of 
present  and  future  road  traffic  are  just  as 

distinctly  functions  of  the  tj-pe  of  surface  suit- 
able to  meet  the  requirements  of  this  traffic. 

Both  traffic  and  hauling  problems  are  inter- 
woven with  other  factors  and  are,  in  a  meas- 

ure, dependent  on  each  other.  Yet  even  a 
partial  solution  of  the  problem  of  the  re- 

quirements of  these  factors  with  regard  to  a 
given  road  problem  greatly  simplifies  and  aids 
in   economic  design. 

A  data  blank  has  been  recently  sent  to  many 

engineers  by  a  special  committee  of  the  .Amer- 
ican Society  of  Civil  Engineers  requesting 

information  in  connection  with  road  traffic 
and  its  effect  upon  bituminous  surfaces  under 
their  obsen'ation.  The  importance  of  aiding 
in  the  investigation  undertaken  by  that  so- 

ciety is  worthy  of  emphasis.  It  is  only  from 
the  gradual  accumulation  of  data  and  the 
study  of  many  men  that  principles  of  value 
may  be  established.  The  insistent  need  of 
even  fairly  well  established  principles  and 
their  considerable  value  is  felt  by  every  engi- 

neer that  has  occasion  to  approach  this  sub- 
ject. We  can  but  urge  engineers  to  lend  their 

assistance. 
The  fore.going  is  but  a  single  phase  of  the 

subject.  Its  intricacy  is  baffling  and  it  is 
complicated  by  conditions  vastly  more  com- 

plex than  those  involved  in  railroad  construc- 
tion. The  importance  of  the  subject  can  be 

estimated  from  the  fact  that  during  191-3 
there  were  expended  on  country  roads  alone 
in  the  United   States  over  $200,000,000. 

The    Procedure   and   Status  of   Public 

Building  Construction. 
It  is  interesting  to  note  the  procedure  fol- 

lowed by  the  supervising  architect  for  the 
Government  in  preparing  plans  for  and  in  con- 

structing public  buildings.  The  insistent  re- 
quests for  the  immediate  preparation  of  plans 

for  public  structures  which  have  been  author- 
ized by  existing  legislation,  irrespective  of  the 

date  of  such  authorization,  have  called  forth 
an  official  statement  from  the  supervising 
architect,  in  which  an  explanation  is  made  of 
existing  conditions.  The  attempt  of  politicians 
to  appease  their  constituents  by  securing  the 
"authorization"  of  buildings,  even  though  such 
buildings  may  not  be  built  for  many  years,  has 
resulted  in  several  hundred  buildings  being  au- 

thorized, even  though  no  funds  have  jet  been 

appropriated    for    their    construction. 
It  is  stated  that  there  are  at  this  date  ap- 

proximately $38,500,000  worth  of  authoriza- 
tions for  new  buildings  and  extensions,  exclu- 

sive of  the  value  of  the  land,  on  the  books 
in  the  office  of  the  supervising  architect,  wait- 

ing to  be  placed  under  contract.  There  is 
little  wonder  that  inquiries  are  received  by  the 
supervising  architect  when  his  present  office 
staff  is  placing  buildings  and  extensions  under 
contract  at  the  rate  of  about  $7,000,000  an- 

nually, which  means  that  at  the  present  rate 
of  progress  the  buildings  authorized  in  the 
act  of  1913  will  probably  be  placed  under  con- 

tract in  1920.  Legislators  who  have  recently 
been  able  to  secure  for  their  districts  the  au- 

thorizations for  public  buildings  will  be  luckv 
if  they  are  still  members  of  Congress  when 
such  buildings  are  dedicated.  The  current 
program  of  the  supervising  architect,  made 
up  of  the  remaining  projects  which  v. ere  au- 

thorized prior  to  the  1913  act,  includes  about 

one  year's  work  from  date,  which  means  that 
work  on  plans  for  buildings  authorized  in  the 
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act  of  1913  will  not  commence  until  about 

July  1,  1915.  The  program  of  work  con- 
tained in  this  act  has  not  yet  been  laid  out, 

and  it  is  impossible  to  state,  even  approxi- 
mately, ihe  date  when  any  building  authorized 

in  this  act  will  be  advertised  for  bids  o:  placed 
under  contract.  Some  idea  of  the  magnitude 

of  the  supervising  architect's  task — and  inci- 
dentally that  of  the  taxpayer — may  be  gained 

from  the  fact  that  the  1913  act  contained  the 
authorizations  for  304  new  buildings  and  23 
extensions  to  existing  buildings.  It  is  esti- 

mated that  the  cost  of  these  buildings  and 
their  sites  is  approximately  $42,000,000.  It 
should  be  borne  in  mind  that  these  327  new 
buildings  and  extensions  were  authorized,  but 
that  not  one  cent  was  appropriated  for  their 
construction. 

By  "authorization"  is  meant  merely  author- 
ity to  acquire  a  site,  erect  a  building,  etc., 

within  the  stated  limit  of  cost,  and  il  is  not 

an  actual  "appropriation"  of  money  out  of 
the  Treasury.  Appropriations  are  made  by 
Congress  on  a  basis  of  estimates  submitted 
by  the  Secretary  of  the  Treasury.  These  ap- 

propriations are  carried  in  one  of  the  annual 
supply  acts  and  are  intended  only  to  be  suf- 

ficient to  carry  forward  the  building  program 
for  the  fiscal  year  to  which  the  acts  apply. 
All  appropriations  for  sites,  buildings  and  ex- 

tensions are  available  until  expended,  unless 
repealed  by  act  of  Congress,  and  are  not  au- 

tomatically returned  to  the  Treasury  if  not 
expended  before  the  expiration  of  the  fiscal 
year.  If  a  subsequent  act  increases  the  limit 
of  cost,  or  otherwise  modifies  prior  legisla- 

tion for  a  building  or  extension,  before  that 
project  is  reached  in  turn,  the  position  of  the 
project  in  the  program  of  work  is  not  affect- 

ed thereby.  Moreover,  if  a  project  is  s^t  aside 
when  its  turn  is  reached  in  order  to  await 
action  upon  a  proposed  increase  in  the  limit 
of  cost,  or  for  any  other  reason,  it  is  taken 

up  whenever  "released"  in  as  near  its  original 
position  as  the  conditions  of  the  work  may 
render  it  possible.  In  determining  the  pre- 

cise order  in  which  the  plans  for  the  various 
buildings  shall  receive  attention,  those  au- 

thorized in  any  certain  act  are  first  divided 
into  groups  according  to  the  priority  of  the 
acts  in  which  their  sites  are  authorized,  and 
all  buildings  in  each  such  act-group  are  then 
arranged  in  the  order  of  the  dates  of  the  ac- 

quisition   of    their    sites.      Contracts    for    the 

construction  of  buildings  are  let  in  this  order. 
Although  extension  projects  are  included  with 
the  new  buildings  authorized  in  any  particular 
act,  discretion  is  exercised  in  determining  the 
order  in  which  extensions  shall  be  placed  un- 

der contract  for  constniction,  depending  upon 
the  urgency  of  the  need  for  the  improvement. 

The  above  order  of  procedure  which  is  fol- 
lowed in  constructing  public  buildings  ex- 
plains, in  a  measure,  why  certain  public  build- 

ings possess  inadequate  facilities  even  when 
first  constructed.  It  does  not,  however,  ex- 

plain why  some  relatively  unimportant  cities 
possess  unduly  large  and  expensive  public 
buildings. 

Learning  from  Mistakes. 

In  previous  issues  we  have  recorded  in  these 
columns  the  conviction  that  the  engineering 

profession  has  much  to  gain  from  a  frank  dis- 
cussion of  the  mistakes  of  engineers.  It  has 

been  gratifying  to  us  to  learn  that  many  of 
our  readers  agree  with  the  views  we  ex- 

pressed, for  in  this  agreement  there  'ies  the 
promise  of  substantial  contributions  to  engi- 

neering knowledge.  Thus,  ia  the  present 
issue,  we  are  publishing  an  article  in  which 
a  successful  consulting  engineer  enumerates 
and  discusses  some  mistakes  he  made,  in  his 

less  experienced  days  as  a  water  supply  con- 
sultant, and  draws  a  lesson  from  each  mis- 

take. 

The  lessons  learned  from  mistakes  are  the 

ones  longest  remembered.  The  ordinary  mis- 
takes of  the  engineer,  when  frankly  acknowl- 

edged and  carefully  studied,  eventually  be- 
come assets  rather  than  liabilities.  Our  con- 

tributor mentions  the  fact  that  his  mistake 
in  connection  with  putting  down  the  dug  well 
to  which  he  refers,  while  expensive  at  the 
time  to  his  client,  led  directly  to  improved 
methods  which  ultimately  saved,  in  the  dig- 

ging of  other  wells,  many  times  the  loss  caused 
by  the  faulty  method  first  employed  The 
editors  happen  to  know  that  in  that  city  a 
water  supply  has  long  been  drawn  from  this 
system  of  dug  wells  at  a  lower  overhead  cost 
for  construction  charges  and  at  a  lower  op- 

erating cost  per  1.000,000  gals,  than  is  the  case 
in  any  city  in  the  country  depending  on 

ground  water  supplies.  The  low  total  -con- 
struction charges  were  a  direct  result  of  the 

intensive  study  of  the  initial  difficulty  and  its 
contributing  causes. 

While  the  various  matters  discussed  are  of 

greatest  interest  to  water  works  men,  the  au- 
thor's concluding  remarks  are  of  interest  to 

all.  As  pointed  out,  the  young  engineer  can 
learn  much  from  the  honest  and  e.Kperienced 
contractor  about  construction  methods  and 
difficulties.  By  co-operating  with  this  type  of 
contractor  the  young  engineer  can  often  catch 
his  mistakes  before  they  get  beyond  a  paper 
existence,  thus  saving  his  client  money  and 

saving  himself   w^orry  and  embarrassment. 

On    Suggesting    Subjects    for    Under- 
graduate Engineering  Theses. 

Upon  the  return  of  students  to  the  engineer- 
ing colleges  the  senior  class  members  wrill 

find  themselves  confronted  with  the  necessity 
of  making  an  early  selection  of  subjects  for 
theses.  This  is  always  a  bothersome  matter 
to  the  student  since,  in  his  opinion,  so  many 

of  the  good  subjects  have  been  well  covered 
by  former  classes.  Consequently  he  is  usually 

w'illing  to  entertain  suggestions  as  to  a  siiit- able  subject.  Practicing  engineers,  having 

voung  friends  in  college,  know  that  such  sug- 
gestions often  are  solicited.  It  is  the  object 

of  this  brief  note  to  urge  engineers  to  extend 
their  co-operation  in  this  matter. 

The  graduate  engineer  knows  the  limita- tions of  the  student  investigator  and  of  the 
facilities  for  conducting  engineering  investi- 

gations at  his  alma  mater.  These  limitations 
are  not  sufficient  to  debar  the  student  from 
conducting  some  tests  and  investigations  of 
real  value  to  the  profession. 

It  must  be  a  common  experience  among 
graduate  engineers  to  note  the  lack  of  data 
on  certain  specific  points,  in  engineering  litera- 

ture, which  it  is  within  the  capabilities  of  the 
undergraduate  investigator  to  supply.  When 
such  matters  come  to  the  attention  of  the  en- 

gineer he  should  suggest  them  as  worthy  of 
consideration  as  theses  subjects.  Such  sug- 

gestions may  be  made  to  the  student  person- 
ally, where  acquaintance  exists,  and  in  other 

cases  to  the  professor  in  charge.  The  engi- 
neer may  be  sure  of  the  appreciative  co-op- 

eration in  this  matter  of  both  student  and 
teacher. 

BRIDGES 
Design  Features  of  the  Cantilever, 

Simple-Truss  and  Girder  Spans  of 

the  Bloomfield  Bridge,  Pitts- 

burgh, Pa. 

(Staff  Article.) I. 

The  Bloomfield  Bridge,  which  is  under  con- 
struction in  Pittsburgh,  Pa.,  spans  a  ravine 

and  connects  Grant  Blvd.  at  Ridgeway  St. 
A'ith  Liberty  Ave.  near  Main  St.  This  high- 

way structure,  which  possesses  some  unusual 
features,  has  a  total  length  of  about  1,740  ft., 
and  consists  of  the  following  spans:  Ten  60- 
ft.  girder  spans;  three  120-ft.  truss  spans;  two 
120-ft.  anchor  arms;  two  140-ft.  cantilever 
arms ;  one  120-ft.  suspended  span ;  and  seven 
20-ft.  tower  spans  supported  on  seven  towers 
and  six  bents.  Figure  1  shows  an  elevation  of 
the  bridge  and  a  profile  of  the  site.  This  draw- 

ing indicates  the  type  of  construction  adopted 
to  conform  to  the  topographical  conditions,  the 
bridge  being  on  a  3.907  per  cent  grade.  The 
roadway  has  a  clear  width  of  34  ft.,  and  each 
cantilcvered  sidewalk  has  a  width  of  8  ft.  The 
asphalt  roadway  paving  is  supported  on  a  steel 
buckle-plate  floor,  which  is  in  turn  supported 
on  steel  stringers  and  floorbeams.  The  side- 

walk floor  consists  of  a  reinforced  concrete 
slab,  supported  by  the  curb  girder  and  brack- 

ets, by  the  fascia  girder  and  by  the  stringers. 
The  roadway  provides  for  two  car  tracks. 

LOADS    AND   ALLOWAl'.LE   STRESSES. 

Dead  Load. — In  estimating  the  dead  load  the 
asphalt  paving  was  assumed  to  weigh  30  lbs. 
per  square  foot ;  the  concrete,  150  lbs.  per 
cubic  foot;  track  rails  and  fastenings,  160  lbs. 
per  linear  foot  of  bridge;  sidewalk  railings, 
50  lbs.  per  linear  foot  each ;  and  two  water 
pipe  lines,  150  lbs.  per  linear  foot  each. 

Live  Loads  on  Floor  System. — The  specified 
live  load  for  the  floor  system  consisted  of  a 
continuous  line  of  35-ton,  double-truck  cars 
42  ft.  long,  having  wheels  of  trucks  spaced  5 
ft.  7%  ins.  center  to  center,  trucks  of  car 
spaced  26  ft.  6  ins.  center  to  center,  and  trucks 
of  adjacent  cars  spaced  20  ft.  7%  ins.  center 
to  center,  the  two  tracks  occupving  18  ft. 
width  of  roadway.  In  addition  to  the  load  on 
the  car  tracks  a  IS-ton  truck,  occupying  an 
area  8x20  ft.,  and  having  one-third  of  its 
weight  on  the  front  axle  and  two-thirds  on  the 
rear  axle,  with  a  gage  of  5  ft.  and  with  axles 
spaced  12  ft.  center  to  center,  was  placed  on 
each  side  of  the  street  cars.  In  addition  to 
these  concentrated  loads  a  uniform  load  of  125 
lbs.  per  square  foot  was  used  on  all  of  the 
roadway  area  not  occupied  by  the  street  cars 
and  trucks.  The  live  load  for  the  sidewalks 
consisted  of  a  uniform  load  of  140  lbs.  per 
square  foot  and  a  concentrated  load  of  1,000 
lbs.  at  any  point. 

Liz'e  Load  on  Trusses. — In  computing  the 
live  load  stresses  in  the  various  truss  and  gir- 

der spans  the  loads  per   linear   foot  of  span 
varied  as  given  in  Table  I. 
TABUS I.— LIVE LOADS ON    TRUSSES    OF VARIOUS 

SPAN LENGTHS. 
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and  L  =  loaded  lengtli,  in  feet,  to  produce  the 
maximum  live  load  stress.  No  impact  was 
added  to  the  lateral  or  wind  forces  or  to  the 
floor  loads  on  the  sidewalks. 

Wind  Loads. — In  computing  the  wind  load 
stresses  the  following  loads  were  used  (a) 
30  lbs.  per  square  foot  on  exposed  surfaces  of 
all  trusses,  towers  and  floor  system  as  seen  in 
elevation,  and  in  addition  1-50  lbs.  per  linear 
foot  on  the  loaded  chord,  treated  as  live  load  ; 
or  (b)  50  lbs.  per  square  foot  on  exposed  sur- 

The  cantilever  system  is  symmetrical  about 
its  center  line,  there  are  ten  duplicate  60- ft. 
girder  spans,  four  similar  120-ft.  truss  spans 
(one  of  which  is  the  suspended  span  of  the 
cantilever  system),  and  seven  duplicate  20-ft. 
tower  spans. 
The  lengths  of  the  various  spans  of  the 

cantilever  system  and  of  the  adjacent  simple 
trusses  are  such  as  always  to  produce  an  up- 

ward reaction  at  the  anchor  bents  Nos.  4 
and  9. 

distance.  This  extension  is  sufficient  to  per- 
mit the  connection  of  the  floorbeams  above 

the  pins.  A  rigid  system  of  sway  bracing 
connects  the  truss  and  girder  spans. 
The  north  anchor  and  cantilever  arms  are 

of  similar  construction  to  those  shown  in 
Fig.  2,  the  dimensions  and  sections  being  the 
same,  although  the  stresses  in  some  of  the 
members  differ  slightly.  These  arms  are  sup- 

ported on  a  tower,  the  bents  of  which  are 
34  ft.  lP/2  ins.  and  3-5  ft.  8%  ins.  high. 

123  4 
■■120-0'-— ̂ o's^eo'^o/^-iio^o'-".   /2W- '  Expjtinffoor 

'  '        fUqhf  Poles 

5  6 
7  8  9  1011  I2IJ        14        1516        17        1819        ZO       21         22       . 

Eizazia-: 

'^m^"^- 

Fig.  1. 

--n40'-IO'OuttcOutofEriaC-''-df- 
General   Elevation  and   Profile  at  Site  of  Bloomfield  Bridge,    Pittsburgh,  Pa.,  Showing  Type  of  Structure  and  General  Dimensions. 

face  of  trusses,  towers,  and  floor  system,  with 
no  live  load. 

Allowable  Stresses. — The  allowable  unit  ten- 
sile stress  was   16,000  lbs.,  and  the  unit  com- 

/ 
pressive   stress    16,000  —  TO —    (with    a    max- 

r 

imum  of  14,000  lbs.),  where  /  is  the  length  of 
the  member  in  inches  and  r  is  the  least  radius 
of  gyration. 

SUPERSTRUCTURE  FEATURES. 

The  types  of  bridge  adopted  for  various  parts 
of  the  structure  are  indicated  in  Fig.  1.  Start- 

ing at  the  south  end  of  the  structure  there  are 
two  60-ft.  deck  girder  spans  and  a  20-ft.  tower 
span,  followed  by  a  120-ft.  deck  truss  span, 
the  north  end  of  which  rests  on  an  anchor 
bent  (No.  4,  Fig.  1).  Between  bents  Nos.  4 
and  9  there  is  a  cantilever  system,  the  outside 
anchor  arms  of  which  are  anchored  to  these 
bents.     This   cantilever   system,    which   has   a 

ANCHOR    AND    CANTILEVER    ARMS. 

The  south  anchor  and  cantilever  arms  are 
supported  on  a  tower  about  30  ft.  high.  The 
anchor  arm  has  a  length  of  120  ft.  and  the 
cantilever  arm  a  length  of  140  ft.,  the  trusses 
being  spaced  32  ft.  apart,  center  to  center. 
The  panel  length  in  both  arms  is  20  ft.  The 
height  of  these  arms,  center  to  center  of  pins, 
at  the  tower,  is  7.5  ft.  and  at  the  ends  24  ft. 
•5%  ins.  Figure  2  is  an  outline  drawing  of 
the  south  anchor  and  cantilever  arms  and  of 
the  lower  lateral  bracing  and  floor  system. 
This  drawing  gives  the  principal  dimensions, 
the  maximum  stresses  (sum  of  dead,  live  and 
impact  stresses),  and  the  composition  of  each 
truss  and  lower  lateral  member.  There  is  no 
lateral  bracing  in  the  plane  of  the  upper  chord, 
as  the  bridge  has  a  buckle-plate  floor.  It  will 
be  noted  that  the  tower  bents  have  heights  of 
30  ft.  13/16  ins.  and  30  ft.  10  9/16  ins,,  to 

conform  to  the  grade  of  the  bridge.  The  up- 
per chord  member  which   connects  the  canti- 

SIMPLE   TRUSS    SPANS. 

The  simple  deck  truss  spans  have  a  length 
of  120  ft.,  center  to  center  of  bearings,  and 
a  height  of  2.5  ft.,  center  to  center  of  chords. 
The  panel  length  is  20  ft.  and  the  trusses  have 
riveted  connections,  except  at  the  supports, 

which  are  pin-connected  to  the  tower  bents. 
The  trusses  are  spaced  32  ft.  apart,  center  to 
center.  The  floorbeams  rest  on  top  of  the 
upper  chords,  the  cantilever  sidewalk  brackets 
being  attached  to  them.  The  trusses  have 
rigid  lower  lateral  systems,  but  the  buckle 
plate  floor  takes  the  place  of  the  upper  lateral 

systems. PLATE    GIRDER    SPANS. 

The  plate  girder  ̂ spans  have  an  extreme 
length  (measured  horizontally)  of  60  ft.  10 

ins.,  and  a  length,  center  to  center  of  bear- 
ings, of  59  ft.  2  ins.  The  depth,  back  to  back 

of  flange  angles,  is  7  ft.  OVo  in.  The  flanges 
of  the  girders  are  parallel  to  the  grade  of  the 

bridge,  while  the  stiffeners  are  vertical:  there- 

Fig.    2. 
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Tower  5-6 Stress   Sheet  for   South    Anchor  and   Cantilever   Arms   of     Bloomfield  Bridge,  Pittsburgh,  Pa. 

clear  span  of  400  ft.,  consists  of  two  120-ft. 
anchor  arms,  two  140-ft.  cantilever  arms,  and 
a  120-ft.  suspended  span.  From  bent  No.  9 
(the  north  end  of  the  cantilever  system)  north- 

ward the  bridge  consists  of  a  120-ft.  deck  truss 
span  and  a  20-ft.  tower  span,  another  r20-ft. 
deck  truss  span  followed  by  a  20-ft.  tower 
span,  two  60-ft.  deck  girder  spans  and  a  20-ft. 
tower  span,  and  three  60-ft.  deck  girder  spans. 
As  regards  duplication  of  spans  it  will  be 

noted  that  the  design   is  an   economical   one. 

lever  arm  and  the  suspended  truss  span  con- 
sists of  two  6xl%-in.  bars  with  turnbuckles. 

As  the  suspended  span  has  riveted  joints,  the 
connection  is  made  by  extending  plates  be- 

yond the  upper  chord  panel  point  and  boring 
pin  holes  through  them.  To  provide  for  a 
considerable  movement  at  this  connection  the 
pin  holes  are  slotted.  By  referring  to  Fig.  2 
it  will  be  noted  that  the  intermediate  posts  of 
the  anchor  and  cantilever  arms  are  extended 
above  the  upper  chord  pins     a     considerable 

fore  the  stiffeners  are  not  at  right  angles  to 
the  flanges.  Thfe  ends  of  the  .girders  rest  on 
cast  bearings,  which  are  in  turn  supported 
either  on  the  steel  bents  or  directly  on  the 
concrete  piers.  The  sidewalk  brackets  are 
connected  to  the  stiffeners,  the  top  of  the 
bracket  being  in  line  with  top  flange  angles 

of  the  girders. 
FLOOR    SYSTEMS. 

The  flooring  for  the  roadway  consists  of  a 
concrete   slab  on  buckle-plates,  surfaced  with 
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asphalt.     The  flooring  for  the  sidewalks  is  a 
reinforced  concrete  slab. 

Figure  3  shows  a  half  cross  section  of  the 
floor  construction  used  for  the  cantilever  and 
anchor  arms.  This  drawing  shows  the  manner 
of  connecting  the  floorbeams  and  sidewalk 
brackets  to  the  extensions  of  the  intermediate 
posts.  The  crown  of  the  roadway  is  obtained 
by  varying  the  thickness  of  the  concrete  slab. 

Ornamental  lamp  posts  having  a  total  height 
of  23  ft.  11  ins.  are  spaced  as  shown  in  Fig.  1. 
These  posts  have  a  concrete  base,  a  shaft  con- 

sisting of  four  2  X  2  X  %-in.  angles  latticed  to- 
gether, and  an  ornamental  cast-iron  top.  Each 

lamp  post  carries  two  lights. 
BENTS   AND  TOWERS. 

Bv  referring  to  Fig.  1  it  will  be  noted  that, 
to  avoid  the  use  of  piers  of  great  height,  steel 

one  end  of  a  (!0-ft.  girder  span.  These  two 
bents  are  rigidly  connected  with  heavy  brac- 

ing. Bents  Nos.  15  to  20,  inclusive,  are  of 

varying  heights  and  support  the  60-ft.  girder 

spans. PAINTING   OF   STEELWORK. 

The  specifications  for  the  steelwork  require 
one  shop  coat  and  two  field  coats  of  paint, 
surfaces   inaccessible    after      erection      being 

Plate  for  light  pole  brackets  --^ 

Plate  for  all  other  brackets  — l-''^P/s 

Fly.  3.     Half  Cross  Section  cf  Floor  System  for  Cantilever  Sp-rs  of  Bloomfleld    Bridge,   Showing   Type   of  Construction,   Sections  and 
Dimensions. 

It  was  necessary,  however,  to  invert  the 
buckle-plates  between  the  curb  girder  and  the 
outside  line  of  stringers  to  obtain  sufificient 
crown  (see  Fig.  3).  The  principal  dimensions 
and  the  composition  of  each  part  of  tlic  floor 

system  are  given  in  F'ig.  :f. The  construction  for  the  floor  system  of  the 
120-ft.  deck  truss  spans  and  the  (iH-ft.  deck 
girder  spans  is  similar  to  that  for  the  canti- 

lever spans  shown  in  I^'ig.  3,  e.\cept  for  th'.' connections  at  the  ends  of  the  floorbeams. 
Figure  4  (a)  shows  a  detail  at  the  end  of  the 
floorbeams  for  the  120-ft.  truss  spans.  It  will 
be  noted  that  the  floorbeams  rest  directly  on 
the  top  cliords  of  the  trusses  and  that  the 
sidewalk  construction  is  l)racketed  to  the  end 

of  the  floorbeams.  Figure  I  (b;  shows  a  de- 
tail of  the  connection  between  the  floorbeams 
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Fig  4.  Details  Showing  Connections  of  Floor- 
beams  and  Sidewalk  Brackets  to  120-Ft. 

Truss  and   60-Ft.  Girder  Spans  of 
Bloomfleld    Bridge. 

and  the  fiO-ft.  girder  spans.  It  will  be  noted 
that  floorbeams  and  sidewalk  brackets  are 
riveted  lo  the  stiffener  angles  of  the  girder. 

RAILINGS   AND   LIGHT  POLES. 

The  liridge  has  structural  steel  railings,  the 
posts  of  which  are  spaced  20  ft.  apart.  Figure 
5  shows  a  portion  of  the  railing  and  gives 
details  of  its  construction. 

bents  and  towers  were  used,  supported  on 
low  concrete  piers.  The  bents  vary  greatly 
in  height  and  in  construction. 

.\t  the  ends  of  the  anchor  arms  of  the  canti- 
lever system  (at  piers  Nos.  4  and  9)  anchor 

bents  are  required  which  are  capable  of  re- 
sisting a  heavy  upward  reaction.  These 

lients  are  pin-connected  to  shoes  which  rest 
on  masonry  piers.  The  shoes  are  provided 
witli  wedges,  which  permit  the  adjustment  of 
the  bents.  The  pin  which  connects  the  lower 
end  of  each  of  these  bents  to  its  shoe  is  an- 

chored by  means  of  four  6xl%-in.  bars 
buried  in  the  pier.  Figure  6  shows  a  half 
elevation  of  this  bent  and  a  side  elevation 
of  a  tower  leg.  These  drawings  show  clearly 
the  shoe  details  and  the  provisions  for 
anchorage. 

.'\t  bent  No.  3  (see  Fig.  1)  the  120-ft.  truss 
span  is  pin-connected  to  a  shoe.  This  shoe 
rests  on  a  nest  of  six  9  .x  4%-in.  x  1-ft.  6-in. 
segmental  rollers,  which  are  in  turn  supported 
on  top  of  the  heavy  bent. 

The  towers  of  the  cantilever  system,  which 
are  composed  of  bents  Nos.  5  and  6  and  Nos. 
7  and  8,  are  of  similar  construction.  The 
anchor  and  cantilever  arms  are  pin-connected 
to  the  top  of  the  bents  of  these  towers,  10%- 
in.  diameter  pins  being  used.  The  tower  legs 
liave  very  heavy  sections,  each  leg  having 
three  webs,  a  cover  plate  and  heavy  lacing 
liars.  Anchorage  of  each  leg  is  secured  by 
four  2-in.  diameter  anchor  bolts.  Tlie  tower 
on  piers  Nos.  5  and  C  is  20  f t.  x  37  ft.  8  7/16 
ins.  at  the  base,  20  ft.  x  32  ft.  at  the  top  and 
28  ft.  6.3/16  ins.  high;  while  the  tower  on 
piers  Nos.  7  and  8  is  20  ft.  x  .38  ft.  8%  ins.  at 
the  base,  20  f t.  x  32  ft.  at  the  top  and  33  ft. 
4%  ins.  high. 

Bents  Nos.  10  and  11,  ivliicli  support  tlie 
ends  of  two  adjacent  120-ft.  truss  spans,  carry 
expansion  shoes,  the  roller  nests  being  similar 
to  those  used  at  bent  No.  3.  These  bents  arc 
20  ft.  X  .39  ft.  1%  ins.  at  the  liase.  20  ft.  x  .32 
ft.  at  the  top  and  35  ft.  5  7/16  ins.  high.  Each 
post  is  anchored  by  four  1%-in.  diameter  bolts. 

Bent.  No.  12,  which  is  17  ft.  4  11/16  ins. 
high,  carries  a  fixed  shoe,  to  which  one  end  of 
a  120-ft.  truss  span  is  connected.  Bent  No. 
13  is  40  ft.  7%  ins.  high,  and  directly  supports 

painted  three  coats  before  erection.  It  is  re- 
quired that  all  abrasions  of  the  shop  coat  be 

retouched  before  applying  the  field  coats,  and 
that  surfaces  inaccessible  with  brushes  or 

sw-abs  be  painted  with  a  spraying  machine. 

The  shop  paint  is  mixed  in  the  proportions 
of  80  per  cent  pigment  and  20  per  cent  vehicle, 
the  pigment  consisting  of  85  per  cent  red 
lead,  5  per  cent  neutral  zinc  chromate  and  10 
per  cent  Frencli  yellow  ochre.  The  first  field 
coat  is  mi.xcd  in  the  proportions  of  60  per 

cent  pigment  and  40  per  cent  vehicle,  the 
pigment  consisting  of  100  per  cent  blue  lead. 
The  second  field  coat  consists  of  60  per  cent 
pigment  and  40  per  cent  vehicle,  the  pigment 
being  blue  lead  with  sufficient  carbon  black  to 

'^f"-   'Angle  of  Grade         ■  -■ 

Fig.    5.      Portion    of    Railing    for    Bloomfleld 

Bridge,   Showing    Details   of   Construction. 

give  the  color  desired  by  the  Director.  The 
use  of  driers  in  the  shop  and  first  field  coats 
are  not  permitted,  while  in  the  second  field 
coat  not  more  than  %  pint  of  drier  per  gal- 

lon of  paint  is  allowed,  the  drier  to  contain  at 
least  80  per  cent  pure  turpentine  and  not 
more  than  20  per  cent  pure  refined  benzine.  It 
is  specified  that  all  drier  must  be  added  to  the 

paint  at  the  site. 

1 
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QUANTITIES   OF    MATERIALS   AND   COST. 

The  estimated  quantities  of  materials  in  the 
superstructure  of  this  bridge,  exclusive  of 
paving,  are  as   follows  : 
Structural  steel,   tons        3,497 
Hand    railing,    linear    feet    3,923 
Structural  lamp  posts,   number          IS 

The  contract  price  for  the  superstructure, 
exclusive  of  paving,  was  $248,929,  and  the 
price  for  extra  steelwork  was  3%  cts.  per 
pound. 

PERSONNEL. 

The  Bloomfield  Bridge  was  designed  by  the 
Department  of  Public  Works  of  Pittsburgh, 
Mr.  Charles  A.  Finley,  acting  director;  Mr.  N. 
S.  Spr^ue,  superintendent;  Mr.  T.  J.  Wilker- 

ed  from  the  discussions  of  Mr.  Waddell's  pa- 
per, "The  Possibilities  of  Bridge  Construction 

by  the  Use  of  High-Alloy  Steels,"  in  Proceed- 
ings, American  Society  of  Civil  Engineers, 

Vol.  XL,  p.   1997. 
DISCUSSION    BV    E.    L.    CORTHELL. 

There  is  no  doubt  that  the  spans  of  bridges 
are  increasing  and  that  there  are  many  loca- 

tions where  the  kinds  of  steel  described  and 
treated  in  this  paper  would  be  used  to  bridge 
over  wide  expanses  of  water  not  now  possi- 

ble, if  thev  could  be  manufactured  at  a  rea- 
sonable price. 

The  author  states  that  "The  live  load 
stresses  on  the  main  truss  members  will  never 

be  quite   as  great  as  they  are   computed,   be- 

Pfg.  6. Detail    Drawing   of  Anchorage    (Rocker)    Bents   Nos.  4  and  9  of  Bloomfield   Bridge 

— Note    Anchorage    and    Manner    of    Adjustment. 

son,   division  engineer,  and  Mr.   Emil  Swens- 
son,   consulting   engineer. 

Comments    on    "The    Possibilities    in 
Bridge  Construction  by  the  Use 

of  High-Alloy  Steels." 
It  is  often  difficult  to  secure  pertinent  dis- 

cussion of  broad  engineering  subjects.  Too 
often  engineers  of  ability  and  broad  experi- 

ence cannot  be  prevailed  upon  to  discuss  the 
fundamentals  of  engineering  design  and  con- 

struction. Thorough  discussion  will  often  sug- 
gest ideas  to  those  giving  intensive  study  to 

projects  which  will  aid  greatly  in  their  solu- 
tion. In  our  issue  of  June  17.  1914,  we  gave 

some  data  on  the  use  of  high-a!!oy  steel  in 
the  construction  of  large  bridges,  the  data  be- 

ing abstracted  from  a  paper  by  J.  A.  L.  Wad- 
dell.  In  this  issue  we  shall  give  abstracts 
from  the  discussions  of  this  paper  by  some 
prominent  engineers.    The  data  were  abstract- 

cause,  first,  the  trains  on  the  two  tracks  never 
advance  together  so  as  to  produce  maximum 
web  stresses ;  second,  such  trains  are  not  like- 

ly ever  to  cover  entirely  the  bridge  or  any 
individual  part  of  it,  except,  perhaps,  the  cen- 

tral span ;  and,  third,  it  is  improbable  that  any 
load  of  cars,  unless  they  be  ore  or  coal  cars, 
will  ever  be  uniformly  full  and  loaded  to  the 

assumed  limit." All  of  which  is  true  and  might  well  be  taken 
into  account  in  the  actual  design  of  long-span 
railroad  bridges. 

It  is  customarv'  at  present  to  allow  for  a 
train  load  of  5.000  lbs.  per  linear  foot.  Nol 
many  cars  weigh  (loaded)  5,000  lbs.  per  linear 
foot,  and  these  are  not  often  loaded  to  their 
full  capacitr.  A  car  having  a  capacity  of  100,- 
000  lbs.  will  weigh  about  50,000  lbs.  and  is 
40  ft.  long.  This  brings  the  actual  load  to 
3,750  lbs.  per  linear  foot,  which  is  not  much 
more  than  that  allowed  20  years  ago.  Are  de- 

signing engineers  expecting  still  larger  cars 
than  at  present?     It  would  seem  almost  im- 

possible to  increase  the  loads  per  linear  foot 
to  more  than  those  which  now  obtain. 

Certainly  safety  should  be  the  desideratum, 
but  if  the  dead  load  of  a  bridge  can  be  de- 

creased materially  by  using  judgment  in  the 
application  of  live  loads  in  designing,  a  great 
deal  of  money  would  be  saved,  so  much,  in 
fact,  that  cases  might  arise  where  the  differ- 

ence in  cost  would  make  practicable  a  project 
which  otherwise  might  be  impracticable. 

This,  and  substituting  for  carbon  steel  a 

steel  of  a  "high,  cheap  alloy,  suitable  in  every 
particular  for  bridges,"  which,  the  author 
says,  "is  now  before  metallurgists  and  the 
builders  of  large  metallic  structures,"  may  re- 

duce weights  and  consequent  costs  to  such 
an  extent  as  to  be  of  immense  advantage  in 
the  projects  of  railway  bridges  of  long  spans. 

DISCUSSION   BY   DAVID   A.    MOLITOR. 

.'\side  from  a  few  innovations,  chiefly  with 
the  aid  of  alloys,  such  as  nickel,  aluminum, 
chromium  and  manganese,  to  raise  the  elastic 
limit  and  ultimate  strength,  and  titanium  as 
a  purifying  agent,  little  has  been  accomplished 
to  improve  the  quality  of  steel  for  bridge  and 
structural  uses  since  the  introduction  of  the 

open-hearth  process.  However,  the  two  great 
defects  in  all  manufactured  steel  are  segre- 

gation and  piping,  for  which  no  remedy  is 
known  to  mill  operators  except  the  costly  and 
wasteful  method  of  discarding  from  15  to  40 
per  cent  of  the  ingot,  and,  further,  scrapping 
all  material  showing  defects  in  the  finished 

product. Both  segregation  and  piping  are  local  de- 
fects ;  the  former  is  always  hidden  in  the  fin- 

ished material,  and  the  latter  is  usually  in- 
visible except  when  it  appears  as  a  noticeable 

surface  defect.  Hence  it  follows  that  no 
specification  can  be  written  so  as  to  insure  a 
high-grade,  homogeneous  material,  in  spite  of 
the  most  painstaking  mill  inspection. 

Engineers  prescribe  both  the  chemical  purity 
and  physical  requirements  for  bridge  and 
structural  steel,  and  require  that  a  test  shall 
be  made  from  a  specimen  taken  from  each  in- 

got, and  on  the  results  of  these  tests  the  metal 
is  either  accepted  or  rejected,  reserving  the 
right  to  reject  such  of  the  accepted  material 

as  may  develop  defects  in  course  of  manufac- 
ture. The  presumption  is  that  all  material 

not  rejected  in  the  mil!  or  at  the  shops  is  uni- 
formly good  and  up  to  the  specifications. 

However,  nothing  could  be  more  erroneous, 
and,  even  if  every  single  piece  of  rolled  ma- 

terial were  tested  in  like  manner,  this  could 
not  be  accepted  as  absolute  proof  of  quality. 
For  there  might  be  a  hidden  flaw  or  pipe,  or 
spot  of  se.gregated  metalloids,  anywhere  in  the 
finished  piece,  which  would  never  be  revealed 
by  any  test,  but  might  ultimately  come  to  the 
light   through    failure. 

.Mthough  segregation  and  piping  defects  are 
likely  to  occur  in  any  or  all  material,  they  are 
less  likely  to  produce  disastrous  results  in 

bridges  than  in  rails,  owing  to  the  more  stren- 
uous service  of  the  latter.  It  is  for  this  rea- 

son that  ingots  for  rail  steel  are  cropped  about 
.30  per  cent  on  the  average,  and  bridge  steel 
is  cropped  about  20  per  cent,  on  the  average, 
with  a  minimum  of  about  12  per  cent. 

It  should  be  noted  that  Bessemer  steel  is 

less  subject  to  piping  than  is  open-hearth  steel, 
and  that  the  latter  suffers  less  segregation 
than  the  former,  owing  to  its  lesser  sulphur 
and  phosphorus  contents  and  lesser  quantity 
of  metalloids. 

.Although  these  conditions  exist  in  bridge 

steel  of  the  present  day  their  deleterious  ef- 
fects are  largely  overcome  by  using  moderate- 

ly low  working  stresses.  It  is  well,  however, 
to  reflect  on  the  conditions  which  would  in- 

evitably follow  when  the  same  basic  material 
is  raised  to  higher  strength  by  using  an  alloy 

or  higher  carbon  contents.  Unless  segrega- 
tion and  piping  can  be  effectually  eradicated, 

it  would  seem  quite  out  of  the  question  to 
consider  high-alloy  steels  safe  for  large 

bridges,  as  defects  of  this  class  would  be- 
come far  more  serious  in  slender  sections  with 

high  unit  stresses.  In  other  words,  a  condi- 
tion which  might  be  tolerated  in  medium  steel, 

might  become  prohibitive  in  the  high-alloy 

steel. The   crucial   point   of   this   discussion   rests 
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on  the  willingness  and  on  the  ability  of  the 
steel  manufacturer,  first,  to  improve  the  qual- 

ity of  the  present-day  product  by  the  preven- 
tion of  segregation  and  mternal  pipes,  and  sec- 

ond, to  raise  the  elastic  limit  and  ultimate 
strength  of  homogeneous  steel  by  the  use  of 
alloys,  taking  care  to  secure  proper  ductility 
in  the  high  steel. 

It  may  add  to  this  discussion  to  enter  some- 
what into  details  as  to  the  phenomena  of  pip- 

ing and  segregation,  as  comparatively  little  is 
known  with  certainty  and  hitherto  all  attempts 
to  overcome  these  defects  in  steel  have  proved 
only  partly  successful. 

Although  chemical  reactions  of  a  most  com- 
plex nature  are  known  to  take  place  between 

the  various  impurities,  sulphur,  phosphorus. 
silicon  and  oxygen,  with  iron,  manganese  and 
carbon,  forming  compounds  which  are  known 
as  metalloids,  it  is  practically  impossible  to 
show  the  exact  nature  and  composition  of 
these  metalloids  by  chemical  analyses.  It  is 
quite  probable  that  the  metalloids  in  the  mol- 

ten state  are  very  different  from  those  in  the 
frozen  condition.  There  is  also  a  consid- 

erable gas  formation  in  the  interior  of  the 
molten  metal,  chiefly  caused  by  the  oxidation 
of  the  carbon  and  some  of  the  impurities. 

It  is  also  known  that  the  metalloids  have  a 
lower  specific  gravity  than  iron,  and  that  their 
melting  points  are  lower  than  that  of  iron, 
which  being  the  case,  the  metalloids  will  cool 
more  slowly  than  iron,  and  will  naturally  free 
themselves,  to  a  certain  extent,  and  on  ac- 

count of  the  difference  in  specific  gravity  will 
be  forced  laterally  and  upward  into  the  lake 
of  molten  metal  and  continue  in  this  action, 
so  that  the  last  quantity  of  metal  that  is  cooled 
will  contain  a  concentration  of  these  segre- 

gated elements.  The  gases  are  similarly  dis- 
placed, and,  being  extremely  light,  will  hasten 

the  collection  of  the  metalloids  into  nodules 
which  will  travel  upward  along  lines  of  least 
resistance  as  the  metal  cools  in  the  mould.  It 
is  this  effect,  due  to  the  difference  in  melting 
points,  and .  the  gravity  displacement  of  the 
metalloids  and  gases,  which  gives  rise  to  segre- 

gation and  may,  therefore,  be  classed  as  a 
physical  phenomenon. 

Piping  is  also  a  physical  phenomenon,  being 
caused  by  the  shrinkage  of  the  metal  in  the 
mould  as  it  cools,  and  is  the  result  of  the  fol- 

lowing conditions :  The  metal  is  poured  into 
the  cold  mould,  and,  as  it  strikes  it,  it  chills 
or  freezes  to  it  at  the  bottom  and  sides,  the 
chill  being  continued  to  the  top  level  of  the 
poured  metal.  The  cooling  or  freezing  takes 
place  successivelv  toward  the  top  and  center 
of  the  mould,  and  as  the  metal  cools  it  natur- 

ally contracts  and  draws  its  supnlv  for  con- 
traction from  the  molten  lake  in  the  center 

which  sinks  as  the  demand  is  made  on  it  bv 
the  contraction  of  the  surrounding  metal,  the 
resiilt  being  the  fonnation  of  the  funnel-shaped 
cavity  which  frequently  reaches  below  the 
center  of  the  mould.  This  cavity  may  con- 

tain, in  some  instances,  hanging  walls  or 
bridges,  which  may  seal  across  the  lower  part 
of  the  pipe,  resulting  in  a  hidden  or  concealed 
pipe.  This  may  not  be  detected,  either  in  the 
bloom  or  in  the  finished  product. 

Segregation  and  piping  are  thus  seen  to  be 
physical  manifestations  which  cannot  be  pre- 

vented In  any  chemical  process  or  treatment. 
Although  a  chemically  pure  steel  would 

necessarily  be  free  from  segregation,  yet  no 
steel,  or,  in  fact,  no  metal,  can  be  poured  into 
an  ingot  mould  without  showing  a  pipe.  The 
great  necessity  of  freeing  steel  from  internal 
pipes  is  thus  made  apparent. 

The  use  of  titanium  unquestionably  improves 
steel,  and  especially  when  added  to  Bessemer 
steel,  which  is  high  in  sulphur  and  phosphorus, 
and  also  in  gases.  For  this  reason,  Bessemer 
steel  boils  more  in  the  mould.  The  addition 
of  titanium  is  especially  useful  to  quiet  the 
metal  by  preventing  the  pas  production  through 
combinations  with  nitrogen  and  oxygen,  form- 

ing light  substances  which  rapidly  rise  to  the 
surface  of  the  ladle,  purifying  the  steel  at  the 
expense  of  the  titanium,  very  little  of  which 
remains  in  the  steel.  Hence,  titanium  some- 

what reduces  segregation,  but  does  not  affect 
piping. 

More  than  a  year  ago  the  writer's  attention 
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was  drawn  to  a  process  of  casting  ingots,  by 
which  the  gases  are  all  e.xpelled,  the  metalloids 
are  prevented  from  rising,  and  the  steel  cools 
gradually  from  the  bottom  upward  instead  of 
inward  from  the  sides  of  the  mould,  thus  pre- 

venting unequal  contraction  along  different 
elements  vertically  in  the  mould.  This  is  all 
accomplished  by  one  operation,  without  loss 
of  time  in  casting  ingots,  and  at  little  or  no 
expense  outside  of  the  apparatus  on  which  the 
mould  is  placed  while  making  the  ingot  cast- 

ing. The  process  is  one  of  forging  the  liquid 
steel  by  imparting  vertical  vibration  to  the 
mould  and  its  contents,  and  is  called  by  the 

inventors.  Messrs.  Maxwell  and  Lash,  "The 
Liquid  Forged  Steel  Process." From  the  foregoing  description,  and  the 
phenomena  attending  ingot  casting,  it  is  quite 
clear  that  segregation  and  piping  can  be  com- 

pletely obviated,  thus  making  it  possible  to 
produce  a  perfectly  uniform  and  homogeneous 
steel  in  which  the  ultimate  strength  and  elastic 
limit  are  raised  about  20  per  cent  by  the  de- 
gasifying  effect  of  the  process. 
The  loss  due  to  necessary  discard  of  the 

ingots  for  bridge  steel  is  reduced  from  about 
20  per  cent  to  3  or  4  per  cent,  and  for  rail 
^teel  the  reduction  is  from  an  average  of  30 
per  cent  also  to  3  or  4  per  cent.  This  would 
result  in  an  actual  saving  of  from  $1.50  to 
$2.00  per  ton  for  steel  production ;  the  cost 
is  merely  an  interest  charge  on  the  value  of 
the  machinery  used  and  a  small  royalty  on  the 
patents,  to  say  nothing  of  the  far  greater  value 
of  the  finished  product  and  the  savings  brought 
about  by  lesser  rejections  of  the  rolled  steel. 

That  these  statements  are  correct  cannot  be 
disputed  when  the  tests  which  were  made  lasr 
year  by  the  patentees  are  examined.  Hence, 
the  introduction  of  this  process  into  the  large 
steel  mills  would  be  somewhat  of  a  revolution 
in  steel  manufacture  as  well  as  in  the  vastly 
improved  quality  of  the  finished  product. 

DISCUSSION    BY    JOHN    C.    FERGUSON. 

The  use  of  nickel  steel  cannot  be  adopted, 
generally,  as  the  best  material  for  all  classes 
of  bridgework;  its  particular  advantages  adapt 
it  more  for  use  in  bridges  of  very  long  span 
than  in  short  ones.  Its  special  advantages — 
elastic  limit  and  tensile  strength,  hence  light- 

ness— over  the  best  classes  of  open-hearth  car- 
bon steels,  are  only  obtained  in  nickel  steels 

of  the  very  highest  grades ;  and  their  cost 
would  be  prohibitive  in  ordinary  structures. 
Carbon  steels,  for  a  tensile  strength  of  80,000 
lbs.  per  square  inch,  have  advantages  over 
nickel  steels  carrying  low  percentages  of 
nickel.  The  open-hearth  carbon  steel  is  a  more 
reliable  product,  it  is  stronger  in  compression, 
has  greater  resistance  to  impact,  its  manufac- 

ture and  testing  are  extremely  simple,  and  the 
main  results  are  constant ;  whereas,  the  testing 
of  nickel  steel  during  the  process  of  manu- 

facture is  very  complicated,  the  material  is 
subject  to  great  variations;  and,  further,  the 
combinations  of  carbon,  manganese,  titanium, 
and  tungsten,  even  in  the  smallest  fractional 
percentages,  produce  most  unlike  results. 

It  has  been  found  that  the  addition  of  nickel 
to  iron  causes  the  nickel  to  act  as  a  flux  on  the 
carbon,  manganese,  and  other  minerals  in  com- 

bination with  the  iron;  and  the  anomalous  re- 
sults produced  vary  much  more  owing  to  slight 

changes  in  the  proportion  of  carbon,  manga- 
nese, or  other  metals  in  the  chemical  composi- 

tion of  the  ingot,  than  in  the  mere  change  of 
proportion  in  the  parts  of  the  nickel  to  iron. 

The  idea  of  adopting  a  standard  specification 
for  nickel  steel,  to  be  used  in  bridgework. 
seems  to  be  wrong,  because  the  conditions  re- 

quired for  various  spans  and  loads  are  so 
variable.  Would  it  not  be  wiser  for  a  civil 
engineer  to  state  his  requirements  and  see 
that  they  are  carried  out,  leaving  the  actual 
manufacture  of  the  metal  to  the  metallurgists 
and  ironmasters? 

To  use  a  nickel  steel  of  very  high  tensile 

strength,  chiefly  to  save  weight' in  the  bridge material— unless  where  the  conditions  are  im- 
perative—would seem  to  be  extravagant,  and 

even  unwise.  There  must  be  risk  in  trusting 
to  the  highest  limit  of  tensile  strength  of  a 
manufactured  steel  which  is  known  to  be  very 
variable.  The  mere  saving  of  weight  in 
bridges  of  moderate  span  would  hardly  war- 

rant the  risk,  coupled  with  the  extra  cost  of 
material  of  higher  grade.  Standard  specifica- 

tions for  nickel  steel  would  be  worthless  un- 
less they  met  the  highest  conditions  and  re- 

quirements for  the  longest  bridges  mentioned 
by  the  author.  It  is  for  bridges  of  this  class, 
of  exceptional  length,  that  he  hopes  to  find  a 
sufl^ciently  strong  and  suitable  material  in 
nickel  steel. 

The  author,  in  his  previous  paper,  states 
that  the  best  percentage  of  nickel  was  found 
to  be  3.5.  The  allowance  of  impurities  in  the 
nickel  steel  was  put  as  phosphorus,  0.03  per 
cent;  sulphur,  0.04  per  cent;  silicon,  0.04  per 
cent:  and  manganese,  0.75  to  0.85  per  cent; 
which  produced  an  elastic  limit  of  61.300  lbs. 
and  an  ultimate  strength  of  99,300  lbs.  per 
square  inch.  The  impact  was  less  than  that  of 
carbon  steel,  the  relative  values  being  87  and 
73  to  100,  for  low  and  high  nickel  steel. 
The  author  also  states  that  the  nickel  pres- 

ent in  larger  quantities  makes  the  material 
unworkable  in  the  shops. 

If  the  author  is  still  of  these  opinions,  and 
if  we  may  regard  his  present  able  paper  as 
supplementary  to  his  former  one,  the  fore- 

going statements  deserve  consideration,  be- 
cause they  do  not  agree  with  the  general  idea 

as  to  the  chemical  composition  of  a  very  high- 
class  nickel  steel  that  would  best  fill  the  re- 

quirements of  the  extraordinar>-  long  bridges 
he  has  mentioned.  The  proportion  of  3.5  per 
cent  of  nickel,  which  he  gives,  appears  to  be 
too  low.  As  he  does  not  mention  carbon  in 
his  analysis  it  may  be  presumed  that  he  has 
eliminated  it ;  surely  this  is  a  difficult  opera- 

tion in  commercial  manufacture.  This  is  a 

most  important  point,  for,  with  a  low  precent- 
age  of  nickel,  the  reduction  of  carbon  below 
0.20  becomes  essential. 

Provided  the  carbon  is  kept  low  there  is  a 
constant  rise  in  the  tensile  strength  of  nickel 
steel,  in  proportion  to  the  increase  of  the 
nickel  present,  up  to  12  or  15  per  cent.  The 
increase  of  nickel  requires  a  decrease  of  car- 

bon, together  with  an  increase  of  manganese, 
otherwise,  although  the  breaking  load  may 
be  the  same,  the  value  of  the  elastic  limit  will fall   rapidly. 

The  writer  has  pleasure  in  acknowled,ging 
that  some  of  the  earliest  and  most  successful 
workers  of  nickel  steel  are  Americans.  The 
Bethlehem  Iron  and  Steel  Co.,  the  Homstead 
Works  of  Pittsburgh,  and  others,  are  well 
known. 

There  are  a  few  points  about  which  there 
appears  to  be  considerable  difficultv  to  agree. 
The  author  states  that  steel  containing  more 
than  3.5  per  cent  of  nickel  was  unworkable, 
yet  in  Sheffield  they  found  no  difiiculty  in 
working  material  containing  nickel,  7.65  per 
cent ;  manganese.  0.68  per  cent,  and  carbon, 
0.17  per  cent,  althoiir-h  it  was  hard. 

In  America  there  is  a  preference  for  adding 
nickel  in  iron  ores,  whereas  in  England  it  is 
preferred  to  add  the  nickel  otherwise.  In 
Sheffield  it  is  found  difficult  to  produce  forge- 
able  bars  in  the  absence  of  manganese,  and  it 
appears  to  be  impossible  to  get  satisfactory 
results. 

Results  of  Some  Experiments  Made  to 

Determine  the   Effect  of  Varying 

the    Percentage    of   Water    in 

Concrete. 

The  paucity  of  published  data  on  the  effect 
of  varying  the  percentage  of  water  used  in 
concrete  mixtures  is  evidence  that  this  fea- 

ture has  not  been  given  sufficient  attention  by 
engineers.  The  development  of  rapid  mixers 
and  chuting  devices  for  placing  concrete  has 
resulted  in  the  use  of  exceedingly  wet  mix- 

tures, without  much  regard  to  the  effect  of 
large  percentages  of  water  on  the  strength 
and  other  properties  of  concrete.  Samples 
of  concrete  taken  from  the  floor  of  a  building 
in  Chicago,  in  which  the  chuting  system  was 
used,  were  recently  tested.  The  results  of 
these  tests  (as  reported  by  Mr.  McCullum) 
showed  that  the  compressive  strength  of  these 
samples  avera.gcd  only  1,491  lbs.  per  square, 
the  strongest  of  six  samples  failing  at  1,650 
lbs.  per  square  inch,  and  the  weakest  at  1,230 

i 
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lbs.  per  square  inch.  The  following  data  on 
the  results  of  experiments  made  to  deter- 

mine the  effect  of  varying  the  percentage  of 
water  in  concrete  were  taken  from  a  paper 
by  R.  K.  Skelton,  in  the  Proceeding  of  the 
Connecticut  Society  of  Engineers.  The  tests 
were  made  in  the  masonry  materials  labora- 

tory of  the  Sheffield  Scientific  School  by  Mr. 
Robinson,  under  the  direction  of  Professor 
Barney  and  with  the  assistance  of  Messrs. 
Lewis    and    Sherman. 
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Fig.   1.  Compressive   Strengths   of  6-in.   Con- 
crete   Cubes    Containing    Various 

Percentages  of  Water. 

DETAILS    OF    TESTS. 

A  1  :2  :4  mixture  was  used  in  all  of  the  tests. 
All  materials  were  mixed  dry,  and  the  amount 
of  water,  exclusive  of  that  required  to  moisten 
the  sand  and  stone,  was  varied  from  20  to  42.5 
per  cent  of  the  weight  of  the  cement.  Four 
6-in.  cubes  and  four  beams,  each  2  ins.  x  3  ins. 
X  3  ft.  long,  were  made,  the  beams  being  rein- 

forced with  two  %-in.  round  rods  and  de- 
signed to  carry  a  load  of  274  lbs.  placed  at 

the  center  of  the  span.  The  culjes  were 
broken  at  the  end  of  7,  30  and  60  days,  and 
the  beams  at  the  end  of  30  and  60  days.  Mor- 

tar briquettes,  containing  20  ozs.  of  s.:;nd  and 

12  ozs.  of  cement,  were  "made  and  broken  at 
the  end  of  7,  30  and  60  days. 
The  amount  of  water  required  to  moisten 

the  sand  was  determined  by  drying  thor- 
oughlv  a  given  quantity,  weighing  it,  flushing 
it  with  water,  draining  off  the  excess  water, 
and  again  weighing  the  sand.  The  difference 
between  the  first  and  last  weights  was  consid- 

ered to  be  the  amount  of  water  absorbed. 
Several  trials  were  made,  and  it  was  found 
that  the  sand  took  up  water  to  the  extent  of 
about  10  per  cent  of  its  weight.  In  a  similar 
manner  it  was  determined  that  the  stone  ab- 

sorbed water  to  the  amount  of  2.1  per  cent  of 
its  weight.  In  performing  the  above  tests  it 
was  found  that  the  sand  weighed  80.5  lbs.  per 
cubic    foot   and   the   stone  85.9  lbs.   per   cubic 

TABLE  I.— WEIGHTS  OF  MATERIALS  USED 
IX  CONCRETE  SPECIMENS. 

Stone, Sand,    Cement,  Water, 
Mixture. lbs. lbs. lbs. 

lbs. 
20 120.7 56.5 35.1 15.2 
22.5 120.7 56.5 35.1 16.0 25 126.2 59.1 

36.7 
17.7 

27.5 131.S 61.7 38.3 
19.4 

30 131.6 61.7 38.3 20.4 

32.5 131.6 61.7 38.3 
21.4 

35 131. G 61.7 38.3 
22.3 

37.5 131.6 61.7 38.3 23.3 

42.5 131.0 61.7 38.3 
25.3 

foot.  The  proportions  of  1:2:4  by  volume 
were  then  changed  to  1:1.61  :,3.44  by  weight. 
The  actual  weights  used  in  the  various  tests 
are  given  in  Table  1. 

The  water  in  each  case,  represented  2.1  per 
cent   of   the   weight  of  the  stone  plus   10  per 

cent  of  the  weight  of  the  sand  plus  the  per- 
centage of  the  cement  by  weight  indicated. 

The  sand  and  cement  were  mi.xed  until  the 
mixture  was  of  uniform  color.  The  stone 
was  then  added  and  the  mass  thoroughly 
mixed,  after  which  the  water  was  added  and 
the  mixing  continued.  The  concrete  was 
tamped  moderately  in  placing.  The  forms 
were  removed  from  the  cubes  at  the  end  of  24 
hours,  and  from  the  beams  at  the  end  of  48 
hours.  All  specimens  were  kept  wet  for  10 

days,  and  then  stored  in  air.  .'\t  the  same 
time  a  corresponding  series  of  briquettes  was 
made  using  the  proportions  shown  in  Table  II. 
The  water  required  to  moisten  the  sand  is 

included  in  the  gaging  water.     This  was  fig- 

TABLE  II.— WEIGHTS  OF  MATERIALS  USED 
IN    MORTAR    BRIQUETTES. 

Sand,         Cement,     Water, 
Mixture. ozs. 

ozs 

ozs. 

20 20 

12 

4.4 22.5 
20 

12 

4.7 
25 20 12 5.0 27.5 

20 12 

5.3 

30 

20 

12 5.6 32.5 

20 

12 

5.9 

35 20 

12 

6.2 37.5 

20 

12 

b.5 

42.5 

20 

12 Too  wet  to  make. 

ured  in  a  manner  similar  to  that  used  in  the 
case  of  the  concrete  for  the  beams  and  cubes. 
The  briquettes  were  stored  1  day  in  the  damp 
closet  and  the  remainder  of  the  time  in  water. 

RESULTS    OF    TESTS. 

The  beams  and  cubes  were  tested  in  an 

"Olsen"  compression  machine  of  200,000  Ibb. 
capacity.  As  the  specimens  were  made  in 
wooden  forms  they  were  carefully  measured 
before  crushing.  Table  III  shows  the  results 
of  the  compression  tests  of  the  cubes. 

The  wide  range  in  the  strength  of  the  va- 
rious mixtures  is  very  noticeable  in  Table 

III  and  in  Fig.  1.  This  must  be  due  entirely 
to  the  variation  of  the  gaging  water,  for  par- 

ticular care  was  taken  to  keep  all  other  fac- 
tors the  same.     Considering  only  the  question 

TABLE      HI.— RESULTS     OF     COMPRESSION 
TESTS    OF    CONCRETE    CUBES. 
Seven  days.     Thirty  days.      Sixty  days. 

i;S 

2  = 

.a 

0)  fc. 

SS 
J 

«B 

20 

2,052 
0.82 

22.5 
2,173 

0.87 
25 

2,277 
0.91 27.5 

2,500 
1.00 

30 
1,722 

0.69 

32.5 l.'llS 
0.56 

35 
1,222 

0.49 

37.5 1,097 0.44 42.5 

652 
0.26 

Seven -day 
Thirty-day 
Sixty-day 

£1 

2,777 

3,132 
3,277 
3,486 
2,875 
2,416 
1,977 
1,819 
1,500 

Km 0.80 
0.90 
0.94 

1.00 

0.82 

0.69 
0.57 
0.52 

0.43 

3,194 3,305 
3,388 3,597 

3,166 
2,666 2,388 

2,173 

1,888 

K  CO 

0.89 

0.92 0.94 

1.00 0.88 

0.74 0.66 

0.60 
0.52 

tests — one  specimen, 
tests — average  of  two  specimens, 

tests — one  specimen. 

of  strength,  the  27.5  per  cent  mixture  ap- 
peared to  be  the  most  desirable.  In  breaking 

the  cubes,  a  drier  mixture  than  this  w-as  no- 
ticeably weaker,  and  a  slight  increase  in  the 

amount  of  water  resulted  in  a  decided  de- 
crease in  strength.  The  20  per  cent  cube  at 

the  end  of  7  days  was  0.8  as  strong  as  the 
27.5  per  cent  cube,  and  at  the  end  of  60  days 
it  was  0.9  as  strong.  On  the  other  hand,  the 
tests  of  the  extremely  wet  mixtures  did  not 
give  nearly  as  good  results.  At  the  end  of  7 
days  the  cube  made  of  the  42.5  per  cent  mix- 

ture, which  is  of  about  the  same  consistency 
as  is  in  use  in  practice  (if  anything  a  little 
drier),  was  approximately  25  per  cent  as 
strong  as  that  made  of  the  27.5  per  cent  mix- 

ture. At  the  end  of  30  days  the  difference  was 
not  so  marked  and  at  the  60-day  tests  the 
42.5  per  cent  mixture  had  increased  190  per 
cent  in  strength,  while  the  27.5  per  cent  mix- 

ture had  increased  but  44  per  cent,  thus  mak- 
ing  the    latter   about   twice   as   strong   as   the 
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former,  instead  of  four  times  as  was  the  case 
at  the  end  of  7  days.  However,  the  42.5  per 
cent  mixture  at  this  age  was  not  quite  so 
strong  as  the  20  per  cent  mixture  at  7  days. 
Figure  1  shows  graphically  the  relative 
strengths  of  the  different  mixtures.  The 
strongest  mixture  (in  each  case  the  27.6  per 
cent  mixture)  was  taken  as  unity,  and  the 

strengths  of  the  other  specimens  were  ex- 
pressed as  percentages  of  the  strongest.  The 

effect  of  aging  is  shown  very  clearly  in  the 
flattening  of  the  curve.  This  can  be  partially 
explained  by  the  fact  that  the  age  renders 
more  constant  such  factors  as  the  personal 
eqrn*ion    ?nd    slight    differences    in   manipula- 

To      sE^SS      n-g     30      3Zi     SS      37^     40     4ej 
Water  Content 

Fig.    2.      Breaking    Strengths    of    Reinforced 
Concrete    Beams    Containing    Various 

Percentages   of   Water. 

tion  or  in  storing,  although  undoubtedly  the 
greater  part  of  the  gain  in  strength  of  the  wet 
mixtures  was  due  to  the  drying  out  of  the  ex- 

cess water.  Although  the  writer  has  no  data 
upon  which  to  base  definite  conclusions  it 
seems  reasonable  to  expect  a  further  flatten- 

ing of  the  curve,  but  it  hardly  seems  possible 
that  it  would  ever  become  a  straight  line — 
which  would  mean  that  the  mixtures  had  all 
attained  the  same  strength.  Inasmuch  as  the 
forms  were  removed  within  a  comparatively 
short  time  after  pouring,  and  the  concrete 
was  subjected  to  heavy  loads  while  green,  the 
curves  showing  the  relative  strength  at  7  and 
30  days  are  of  more  interest  to  the  engineer 
than  those  representing  the  strength  developed 
in   a  period  covering  several   months. 
The  results  of  the  tests  of  the  beams  are 

given  in  Table  IV,  and  are  shown  graphically 
in  Fig.  2. 

All  specimens  carried  the  load  for  which 
they  were  designed,  but  the  extremely  wet  and 
especially  the  extremely  dry  mixtures  had  a 
very  small  factor  of  safety.     As  in  the  cube 

T.AELE      n^— RESUI..TS      OF      TRANS'S'ERSE TESTS  OF  BEAMS. 
Mixture, 

per  cent water. 

20 

22.5 

25 27.5 

30 
32.5 

35 

37.5 
42.5 
Thirty 
Sixty 

,   Sixty  days   ^ 
Lbs.  per    Relative 

,   Thirty  days   v 
Lbs.  per     Relative 

sq.in. 

296* 

368t 

473 
637 

507 
457 

417 
360 

313 

day  tests — average  of  three  specimens, 
day  tests — one  specimen. 

strength. 
sq.  in. 

Etreng 

0.46 

300 
0.44 

0.58 
410 

0.60 

0.74 550 0.81 
1.00 

680 1.00 

0.80 

560 0.82 

0.72 
500 

0.74 
0.66 

450 

0.66 
0.56 

400 0.59 
0.49 340 

0.50 

•One  beam  broken  by  premature  removal  from 
mould. 
tTwo  beams  broken  by  premature  removal 

from  moulds. 

tests  the  27.5  per  cent  mixture  proved  the 
strongest,  both  at  the  end  of  30  and  60  days. 
The  relative  strengths  of  the  beams  which 
were  made  of  concrete  containing  27.5  to  42.5 
per  cent  of  water  were  practically  the  same 
as  for  the  cubes  of  the  same  consistency.    The 
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(Jricr  mixtures  did  not  give  as  satisfactory 
results  when  cast  into  beams.  For  example, 
the  20  per  cent  mixture  when  subjected  to 
compressive  stresses  was  0.8  as  strong  as  the 
2T..5  per  cent  mixture  at  the  end  of  30  days 
and  0.9  as  strong  at  sixty  days,  but  when 
tested  as  a  beam  the  mixture  was  somewhat 
less  than  half  as  strong  in  both  cases.  In  the 
cubes,  the  wet  mixtures  were  extremely  weak, 
but  in  the  beams  the  dry  mixtures  were  a  trifle 
weakcc  than  the  wet  ones.  This  may  be  due 
to  the  fact  that  a  beam  exposes  more  surface 
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Fig.  3.     Relative  Strengths  of  6-in.  Concrete 

Cubes    Containing    Various    Per- 

centages of  Water. 

to  the  atmosphere  per  unit  of  volume  than 
the  cube.  In  this  case,  the  former  exposed 
about  24  sq.  ft.  per  cubic  foot ;  and  the  latter 
about  10.  Undoubtedly  this  had  some  bear- 

ing upon  the  results. 
The  tensile  strengths  of  the  various  mix- 

tures are  given  in  Table  V. 
These  results  verify  those  obtained  in  the 

other  tests.  The  mixture  which  gave  the 
maximum  strength  was  a  trifle  drier,  contain- 

ing 2^>  per  cent  of  water  against  27.-5  per  cent 
for  the  tests  of  the  beams  and  cubes,  but  the 
general    relation    of    consistency    to    strength 

was  the  same.  The  wet  mixtures  seemingly 
developed  their  tensile  strength  faster  and 
therefore  showed  up  better,  especially  at  7 

days.  The  increase  in  strength  of  the  differ- 
ent mixtures  was  more  uniform  and  for  this 

TABLE       v.— TENSILE        STRENGTHS        OF 
BRIQUETTES. 

Seven  days.     Thirty  days.      Sixty  days. 

as 20 

22.5 
25 
27.5 
;iO 

32..5 

35 

37.5 

«5 

5" 

w 

A 
212 

293 300 280 

230 

170 
141 

137 

150 
505 

563 
537 
425 
305 
275 
220 

0.80 

0.90 

1.00 0.95 

0.76 0.54 

0.49 

0.39 

0.07         353         0.S4 0  as         412        0.9S 
1.00         418         1.00 
0.93         397         0.95 
U.V?         356         0.85 
0.57         227         0.54 
0.47         193         0.46 
0.40         173         0.41 

42.5  Too  wet  to  malte. 
Sevcn-d.iy  tests — one  specimen. 
Tiiirty-day  tests — average  of  tiiree  specimens. 
Sixty-day  tests — average  of  two  specimens. 

reason    the    relative    strencfth    was    practically 
constant,  regardless  of  age. 

CONCLUSIONS. 
These  tests  have  demonstrated  that  the 

percentage  of  water  has  a  direct  bearing  upon 
the  strength.  Nevertheless,  it  is  the  excep- 

tion rather  than  the  rule  that  the  engineer 
concerns  himself  with  the  question  of  mixing 
beyond  seeing  that  the  proper  pronortions 
of  sand,  stone  and  cement  are  used.  Careful 
tests  are  made  of  the  cement  and  steel,  botli 
standard  articles  put  out  by  firms  which  have 
reputations  to  maintain ;  on  rare  occasions,  the 
water  is  analyzed;  but  no  attempt  is  made  to 
control  the  mixing.  On  some  pieces  of  work 
the  contractor  is  furnished  the  cement  so  that 

there  will  be  no  temptation  to  skimp  on  mate- 
rials. He  is  then  given  the  liberty  to  mix 

these  materials  as  he  sees  fit.  He  may  aim  to 
get  the  maximum  strength  out  of  them,  but 
it  is  probable  that  he  will  strive  rather  to 
keep  the  cost  of  mixing  and  placing  at  a  mini- mum. 

Of  course,  it  must  be  admitted  that  the 
strongest  mixture  is  not  always  the  most 
desirable  or  economical.  In  preparing  the 
specimens  for  these  tests  it  was  found  neces- 

sary when  making  mixtures  containing  more 
than  27,,5  per  cent  of  water  to  increase  the 
proportions  10  per  cent  in  order  to  fill  the 
moulds.  This  indicates  an  increase  in  den- 

sity, which  was  obtained  at  a  loss  of  strength. 
However,  in  some  cases  this  is  highly  4csir- 

able.  Often  bulk  and  impermeability  are  the 

two  requisite  features.  In  reinforced  con- 
crete structures  a  moderately  wet  mixture  is 

far  more  practical  than  a  dry  one ;  but  it 
must  not  be  forgotten  that  the  use  of  wet 
mixtures  increases  the  cost  of  materials.  An 

increase  in  density  means  a  corresponding  in- 
crease in  raw  materials.  The  additional 

water  weakens  the  concrete,  and  therefore  a 
richer  mixture  or  lower  unit  stresses  must  be 
used.  The  former  is  preferable,  for  the  beams 
and  columns  in  concrete  building  are  always 
heavier  than  the  corresponding  members  of 
steel  or  wooden  structures. 

If  a  wet  mixture  is  used  the  engineer  should 
be  cautious  in  permitting  the  removal  of  the 
forms  at  an  early  date.  It  will  be  recalled 
that  in  some  of  the  tests  the  wet  mixtures 
were  very  slow  to  develop  their  strength.  The 
use    of    such    consistencies    in   practice    would 
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necessitate  extreme  care.  It  might  be  a  month 
or  more  before  the  forms  could  be  struck 
with  any  feeling  of  security. 

The  question  of  consistency  is  not  alto- 
gether a  laboratory'  question.  The  increased 

cost  of  materials  due  to  the  use  of  wet  mix- 
tures may  be  more  than  balanced  by  the  sav- 

ing in  placing:  but  the  engineer  should  bear 
in  mind  that  consistency  has  a  direct  relation 
to  strength,  and  if  he  permits  a  wet  mixture 
he  should  provide  for  the  same  in  his  design. 
In  any  event  he  should  control  the  details  of the   mixing. 

WATER  WORKS 
Some      Water      Works      Engineering 

Mistakes. 

Contributed    by   Dabney    H.    Maury,    Consulting 
Engineer,  Chicago,  III. 

Agreeing  entirely  with  the  views  of  the 
editors  of  Engineekino  and  Contracting,  ex- 

pressed in  an  editorial  published  some  months 
ago.  that  a  frank  discussion  of  engineering 
mistakes  by  those  who  have  made  them  ought 
to  be  useful  and  instructive  to  others,  the 
writer  has  decided  to  describe  a  few  of  his 
own.  A  number  of  others  might  have  been 
included;  but  the  ones  which  follow  while 
none  of  them  is  in  any  way  startling  or  sen- 

sational, are  those  which  seemed  most  likely 
to  convey  useful  lessons,  for  the  reason  that 
thev  have  doubtless  been  repeated  manv  times 
before  and  since  the  writer  made  them. 

In  1895  it  became  necessary  for  the  Peoria 
Water  Works  Co.,  of  which  the  writer  was 
then  Engineer  and  Superintendent,  to  in- 

crease its  water  supply,  and  to  do  so  as  rap- 
idly as  possible.    A  detailed  description  of  the 

way  in  which  this  was  accomplished  was  pub- 
lished in  Engineering  News  of  Tan.  13,  1898, 

under  the  title  "Supplemental  Pumping  Plant 
iif  the  Peoria  Water  Works  Co." 
As  will  be  seen  from  that  description,  this 

plant  included,  among  other  items,  in  open 
well,  11    ft.  inside  diameter. 
In  the  construction  of  this  well  the  earth 

was  first  excavated  as  far  as  the  ground-water 
would  permit,  and  a  cast  iron  well  shoe,  built 
of  circular  segments,  was  bolted  together,  and 
on  top  of  this  well  shoe  were  bolted  segments 
of  oak  designed  to  widen  the  shoe  and  to 
serve  as  a  foundation  for  the  brick  masonry 
wall  of  the  well.  Excavation  was  started  in- 

side of  the  well  shoe,  the  masonry  wall  being 
built  up  on  top  of  these  wooden  segments  as 
the  well  sunk.  It  was  the  intention  to  sink 
this  well  to  bed  rock,  seal  the  bottom  with 
concrete  so  as  to  make  a  watertight  pit,  and 
then  drive  out  push  wells  through  apertures 
in  the  wall. 

The  writer,  however,  made  the  mistake  of 
pumping  from  the  inside  of  this  well,  part  of 
the  material  being  removed  by  the  pumps  and 

part  by  buckets  which  were  filled  by  men 
standing  on  the  bottom.  The  well  sunk  rap- 

idly from  2  to  3  ft.  a  day  until  witliin  12  ft. 
of  bed  rock,  when  its  progress  was  suddenly 
diminished  and  all  efforts  failed  to  get  more 
than  4  ft.  further.  It  was  found  that  at  about 
8  ft.  from  bed  rock  the  sand  ran  in  under  the 
shoe  as  fast  as  it  could  be  removed. 
An  effort  was  then  made  to  sink  a  steel 

ring  10  ft.  in  diameter  by  5  ft.  high  bv  Vj  in. 
thick  on  the  inside  of  the  well  in  the  hope 
that  this  could  be  sent  down  to  bed  rock;  but 
after  much  time  had  been  lost  in  trying  to 
keep  ahead  of  the  incoming  sand,  the  attempt 
was  abandoned.  Oak  wedges  were  then  driven 
so  as  to  close  solidly  the  space  between  the 
ring  and  the  wall  of  the  well,  and  four  6-in. 
driven  wells  were  sunk  to  bed  rock.  Four  6- 
in.  push  wells  were  also  driven  out  through 
holes  in  the  wall  of  the  well,  and  all  eight  of 
these  6-in.  wells  were  connected  up  to  the  cen- 

trifugal pumps  and  the  plant  was  finally  put 

in  operation.  It  has  been  operated  success- 
fully, whenever  required,  during  the  past  19 

years. 
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The  reason  why  it  was  impossible  to  sink 
this  well  any  further  was  that  as  the  well 
approached  the  bed  rock,  the  area  of  the  belt 
of  water  bearing  sand  through  which  the 
water  had  to  pass  in  order  to  reach  the  pump, 
was  constantly  growing  less.  At  the  same 
time  the  rate  of  pumping  was  constantly  in- 

creasing. Consequently,  when  the  point  was 
reached  at  which  the  velocity  of  the  Jnrushing 
water  became  so  great  that  it  dragged  in  the 
sand,  this  sand  simply  continued  to  run  in  as 
fast  as  it  was  removed,  and  the  well  naturally 
could   sink  no   further. 

On  looking  back  at  the  work,  this  e.xplanation 
of  the  trouble  seems  so  simple  and  natural 
that  the  writer  has  wondered  many  times  why 
he  did  not  foresee  the  difficulty;  but  he  has 
since  seen  the  same  mistake  made  so  often 
by  others  that  he  feels  encouraeed  to  hope 
that  this  description  of  his  own  e.xoerience 
may  prevent  someone  else  from  going  wrong 
in  the  same  direction.  In  his  own  practice, 
the  lesson  has  been  of  much  service,  for  it 
has  led  to  the  construction  of  a  number  of 
wells,  in  the  design  of  which  special  attention 
was  paid  to  the  matter  of  preventing  the  in- 

flow of  sand,  not  only  during  tfie  process  of 
sinking  the  well,  but  also  after  the  well  has 
been  finished  and  put  in  operation. 
The  particular  well  first  described  could 

have  been  sunk  to  bed  rock  at  much  less  cost, 
either  by  the  pneumatic  process,  or  by  exca- 

vating from  the  inside  with  orange  peel 
bucket  without  numping,  or  by  sinking  other 
wells  outside  of  the  large  well  and  pumping 
from  these  to  lower  the  water  in  the  large 
well.  As  the  sand  was  removed,  the  well 
would  have  sunk,  provided  the  weight  of  the 
well  were  sufficient  to  overcome  the  skin  fric- 

tion. No  more  sand  would  have  run  mto  the 
well  because  of  the  fact  that  the  water  would 
have  had  no  velocity  to  cause  the  sand  to  flow. 

This  mistake  of  the  writer  was  at  the  time 
an  expensive  one  for  his  client;  but  he  has 
the  satisfaction  of  knowing  that  the  extra  cost 
of  this  well  was  saved  many  times  thereafter 
in  other  wells  sunk  in  better  fashion  for  the 
same  client. 
The  writer  made  another  mistake  in  con- 

nection with  this  same  piece  of  work.  The 
water  furnished  by  the  supplemental  well  was 
brought  down  by  gravity  to  the  main  well, 
some  3,300  ft.  away.  For  conveying  this 
water,  a  24-in.  vitrified  tile  pipe  was  built.  It 
was  hoped  that  this  tile  pipe  would  cost  much 
less  than  a  cast  iron  pipe,  and  it  was  believed 
that  the  tile  pipe  could  be  made  practically 
watertight.  Tests  of  the  watertighmess  of 
this  pipe  were  described  in  a  paper  read  be- 

fore the  Illinois  Societv  of  Engineers  and 
Surveyors,  in  January.  1896. 
The  attempt  to  make  the  pipe  practically 

tight  was  successful,  but  the  expense  was  so 
great  that  the  writer  can  now  see  that  he 
should  have  made  this  pipe  of  cast  iron  in- 

stead of  tile,  for  much  of  the  pipe  had  to  be 
laid  in  quicksand,  and  where  a  great  deal  of 
ground-water  had  to  be  taken  care  of,  mak- 

ing it  very  difficult  and  expensive  to  make 
full  cement  joints  in  the  tile,  and  to  hold  the 
pipe  and  the  joint  in  place  until  the  cement 
had  set.  Under  these  conditions,  cast  iron 
pipe  would  have  actually  cost  less,  laid  in 
place,  than  the  tile  pipe. 

Tile  oipe  has  since  been  so  often  ased  for 
watertight  work  instead  of  cast  iron,  and  so 
often  with  disappointing  results,  that  it  is 
hoped  that  a  recital  of  the  foregoing  mistake 
may  prove  of  service  to  others. 
A  third  mistake  entered  into  the  design  of 

a  small  water  works,  built  about  20  years  ago, 

and  the  writer's  first  complete  water  works installation. 
This  plant  included  an  elevated  tower  and 

steel  tank  of  about  60,000  gals,  capacity,  and 
for  every  part  of  that  structure  detailed  work- 

ing drawings  were  prepared.  With  the  de- 
sire for  originality  too  often  displayed  by 

young  men,  inventors,  and  others  lackin"  the 
wisdom  of  practical  experience,  considerable 
pains  were  taken  to  design  connections  which 
were  novel.  It  is  safe  to  say  that  the  like  of 
some  of  these  connections  has  never  been 
seen  in  anv  other  structure,  before  or  since. 

The  working /)ut  of  all  of  these  details  not 

only  multiplied  the  time  required  for  the  de- 
sign of  the  structure  by  three  or  four,  but 

the  novelty  of  the  connections  also  added 
several  hundred  dollars  to  the  contract  price, 
for  the  bidders  could  not  use  their  standard 
shop  connections,  but  were  compelled  to  fig- 

ure on  the  writer's  more  expensive  and  less practical  designs. 

The  tank  still  stands,  and  a  recent  inspec- 
tion showed  it  to  be  in  first-class  condition. 

The  total  compensation  received  by  the  writer 
for  his  services  in  connection  with  this  early 
job  was  so  small  that  his  conscience  troubles 
him  somewhat  less  than  it  otherwise  would ; 
but  whenever  he  passes  that  way  he  views 
that  tank  from  the  train  window  with 
mingled  emotions. 

The  lesson  to  be  learned  from  this  last  mis- 

take is  that  no  engineer,  if  he  has  his  client's interests  at  heart,  can  afford  to  overlook  the 

contractor's  viewpoint  when  he  prepares  his 
specifications. 

Contractors  must  be  expert  in  the  practical 
details  of  construction,  and  especially  in  cheap- 

ening construction  costs,  or  they  cannot  con- 
tinue in  business.  If  the  young  engineer 

wishes  to  learn  more  about  these  matters  than 
he  has  ever  learned  before  in  the  same  length 
of  time,  let  him,  after  he  has  prepared  a  rough 
draft  of  his  plans  and  specifications,  discuss 
these  with  a  few  of  the  more  trustworthy  and 
experienced  contractors  who  are  likely  to  bid 
on  the  work,  and  he  will  be  astonished  to  find 

how  many  changes  he  can  make  to  his  client's advantage,  without  in  any  way  impairing  the 
design  of  the  work  or  the  validity  of  the  con- 
tract. 

If  the  young  man  will  then  not  let  his  ex- 
alted ideas  of  his  dignity  as  an  engineer  pre- 

vent him  from  accepting  promptly  and  grate- 
fully the  practical  suggestions  of  the  con- 

tractors, he  will  show  that  he  is  worthy  to 
receive  much  of  the  success  which  is  almost 
sure  to  crown  his  future  efforts. 

The  Smith  System    of    Natural    Slow 
Sand     Filtration     as     Applied     at 

Parkersburg  and  Proposed  for 
Wheeling,  W.  Va. 

The  present  article  describes  the  so-called 
Smith  System  of  Natural  Slow  Sand  Fil- 

tration, with  special  reference  to  the  existing 
plant  of  this  type  at  Parkersburg,  W.  Va.,  and 
to  the  proposed  plant  at  Wheeling,  W.  Va. 
The  description  of  the  system  in  general  and 
of  the  Parkersburg  plant  in  particular,  which 
follows,  is  taken  from  a  oaper  by  Mr.  L.  E. 
Smith  of  Charleston,  W.  Va.,  the  patentee,  be- 

fore the  recent  annual  meeting  of  the  Centra! 
States  Water  Works  Association. 

THE    PARKERSBURG    PLANT. 

The  Parkersburg  plant  was  installed  under 
the  supervision  of  Mr.  Samuel  M.  Gray.  C.  E. 
of  Providence,  R.  I.,  and  has  been  in  suc- 

cessful operation  nearly  three  years.  Through 
low  and  high  water,  with  but  three-fifths  of 
the  plant  completed,  it  sunnlied  the  citv  for  13 

5' Strainer  15  Ig^- £0  Reservoir  Pipe 

Location  and  Installation. — A  plan  of  the 
piping  is  shown  in  Fig.  1.  The  beds  comprise 
five  units,  each  unit  consisting  of  twi  parts, 
the  parts  and  units  being  separated  25  ft.  by 
unexcavated  portions  of  the  bar,  are  located 
about  450  ft.  from  the  West  Virginia  shore, 
in  a  sand  bar  in  the  Ohio  River.  An  18-in. 
gravity  line  leads  from  each  of  the  units  to  a 
valve  chamber  on  the  shore,  the  effluent  en- 

tering a  manifold,  to  which  is  attached  the 
24-in.  pipe  leading  to  the  pumps. 

The  guaranteed  capacity  of  the  plant  is  4,- 
000,000  gals,  daily.  There  are  160  strainers, 
5  ins.  in  diameter  and  15  ft.  long,  each  con- 

taining 9.400  slots.  The  maximum  capacity  of 
each  strainer  is  300,000  gals,  in  24  hours.  On 
that  basis,  the  strainer  capacity  of  the  plant 
is  48,000,000  gals,  daily.  The  strainers  are 
placed  in  an  excavation  5%  ft.  deep ;  covered 
with  coarse  screened  gravel  to  a  depth  of  15 
ins.  Over  this  bed  is  a  layer  of  fine  gravel, 
of  about  3  ins.  thickness,  and  above  this  is 
sand  to  the  level  of  the  stream  bed.  All  sand 
and  gravel  is  thoroughly  washed  before  used. 

Strainers  are  attached  to  12-in.  cast  iron 
collecting  pipes  by  means  of  a  flexible  joint, 
the  point  of  contact  being  reduced  to  3  ins. 
The  collection  pipes  are  connected  with  20-in. 
reservoir  pipes  which,  in  turn,  are  attached  to 
the  gravity  lines.  There  is  thus  provided  a 
considerable  body  of  water,  upon  which  the 
pumps  operate,  positively  precluding  any  pos- 

sibility of  suction.  The  bed  of  coarse  grave! 
contains  a  vast  amount  of  filtered  water,  upon 
which  the  strainers  depend,  which  is  another 
safeguard  against  suction.  The  water  passes 
down  through  the  sand  at  the  rate  of  about 
5  ins.  per  hour. 

BackHushing. — Provision  has  been  made  for 
purifying  the  beds,  should  they  become  pol- 

luted. A  system  of  backflushing  is  provided, 

by  which  any  unit  may  be  detached  and  back- 
flushed,  without  interference  with  the  pumps 
or  the  other  units.  If  by  any  chance  pollution 
should  occur,  chloride  of  lime  mav  be  applied 
by  backflushing  and  the  bed  purified.  After 
treatment  with  chloride  of  lime  the  bed  is 

thoroughly  backflushed  and  the  chloride  dis- 
appears. This  has  never  been  necessary  at Parkersburg. 

It  may  be  advisable  to  backflush  the  beds 
if  the  waves  and  current  do  not  keep  the  sur- 

face of  the  beds  clean.  There  again  the  bed 
of  coarse  gravel  comes  into  play,  distributing 
the  pressure  from  the  backflushine  to  all  parts 
of  the  beds,  thus  gently  lifting  the  sediment, 

which  is  carried  aw-ay  by  the  current. 
In  this  particular,  the  Smith  System  is  dif- 

ferent from  the  old  slow  sand  system.  The 
accumulation  of  sediment  on  beds  of  that 

system  is  scraped  off  when  it  becomes  im- 
pervious. As  it  is  not  possible  to  backflush 

the  old  slow  sand  beds. 
Actual  Results. — There  having  been  many 

claim?  of  alleged  purification  systems  foisted 

upon  the  people,  so  I  spent  several  years  mak- 
ing all  manner  of  tests  before  offering  the 

system  to  the  public,  which  accounts  in  large 
measure  for  the  "newness"  which  is  urged 
against    it.      Manv    eminent    engineers    were 
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Plan   of   Straining   and   Collecting    Piping    of   the    Smith    System    of    Natural     Slow     Sand 
Filtration,   Installed    in   the    Ohio    River  at    Parkersburg,   W.   Va. 

months,  often  being  operated  up  to  and  above 
the  guaranteed  capacity  of  the  entire  plant.  I 
am  able  to  state  that  the  result  has  been 
beyond  mv  highest  anticipations.  It  went 
through  the  great  flood  of  March,  1913,  un- 

scathed and  when  fire  threatened  to  destroy 
the  city,  with  both  pumps  operating  to  their 
full  capacity,  supplying  double  the  guaranteed 
amount,  there  was  no  perceptible  deteriora- 

tion of  the  product,  nor  was  there  any  ap- 
parent injurious  effect  upon  the  plant. 

consulted  and  practially  all  who  gave  the  sys- 
tem fair  consideration  found  no  fault  with 

it.  If  changes  or  further  tests  were  suggested, 
thev  received  full  consideration. 

There  were  the  usual  investigations  by  en- 
gineers at  Parkersburg.  .Some  recommended 

wells,  others  declared  the  chemical  system  was 
the  only  solution.  .\U  refused  to  give  me  a 
hearing  until  Mr.  Gray  was  employed  with 
the  understanding  that  his  recommendation 
would  be  final.       In  order  to  get  to  the  hot- 
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torn  of  the  matter,  the  Water  Works  Com- 
mission submitted  to  Mr.  Gray  the  following 

questions  relative  to  the  Smith  System :  "Is 
the  Smith  System  feasible  and  practicable 

for  Parkersburg's  water  "supply?  Is  it  equal 
to  or  better  than  the  filter  system  (mechani- 

cal) as  recommended  bv  Messrs.  Fuertcs  and 
Fuller?  (a)  .\s  to  quality  of  water?  (b)  As 
to  cost  of  construction?  (c)  As  to  cost  of  op- 

eration? Is  it  equal  to  or  better  than  the 
well  system  as  recommended  by  Mr.  Knowles? 
(a)  .-Xs  to  quality  of  water?  (b>  As  to  cost 
of  construction?  (c)  As  to  cost  of  opera- 

tion?" The  result  of  Mr.  Gray's  investigation  was 
an  unqualified  recommendation  of  the  Smith 
System.  I  here  quote  briefly  from  the  re- 

port : 
After  a  thorough  study  of  the  subject,  based 

on  personal  examination  of  the  ground,  a  care- 
ful study  of  the  reports  and  other  data  fur- 

nished me,  and  after  a  careful  consideration  of 
the  points  and  features  contained  in  the  va- 

rious propositions.  I  have  to  say:  That,  in 
my  opinion,  the  so-called  Smith  System  of 
tlltration  is  both  feasible  and  practicable  for 
furnishing  an  ample  supply  of  water  of  a  suit- 

able quality  for  the  City  of  Parkersburg  for 
present  needs. 

The  annual  cost  of  operating  a  Smith  System 
similar  to  the  one  proposed  by  Mr.  Smith  is 
comparatively  small,  as  no  chemicals  will  be 
required  for  filtration  and  no  attention  beyond 
what  would  be  required  for  the  pumping  sta- 

tion. ^ 

As  to  the  quality  of  water  from  the  two  sys- 
tems: There  is  no  doubt  in  my  mind  but 

that  the  Smith  System  of  filtration,  if  properly 
built  and  operated,  will  furnish  a  better  quality 
of  water  than  that  derived  from  a  mechanical 
filter  plant,  for  the  reason  that  in  operating  a 
mechanical  filter  plant,  even  under  the  best 
of  care,  some  of  the  chemicals  will  find  their 
way  through  the  filter  and  into  the  water  sup- 

ply, causing  more  or  less  trouble  with  steam 
plants,  as  has  been  the  experience  with  this 
kind   of  works. 
FVom  a  careful  analysis  of  all  the  reports 

on  the  subject  of  well  water  .  .  .  and  from 
former  experience,  it  is  my  opinion  that  water 
derived  from  this  source  will  not  be  equal  in 
quality  to  the  Ohio  River  water  derived  from 
the   Smith   System.   .   .    . 

In  all  my  experience  I  have  found  that  ground 
water  from  driven  wells  obtained  under  con- 

ditions that  exist  along  the  Ohio  River  grows 
harder  from  year  to  year. 

After  careful  study  of  the  problem  for  supply- 
ing the  City  of  Parkersburg  with  water,  I  rec- 

ommend that  you  adopt  the  Smith  System. 

Cost  of  Operation  of  the  Smith  System. — 
No  other  system  costs  so  little  for  operation. 
The  pure  water  al)Solutcly  free  from  sediment 
of  every  character  appears  to  act  as  a  lubri- 

cant upon  the  pumps.  There  is  practically  no 
wear  on  packing.  The  fuel  bill  at  Parkers- 

burg is  cut  over  half  by  the  new  system. 
My  estimated  annual  cost  of  operation  of 

the  Parkersburg  plant  was  $10,180  or  $7  per 
1,000.000  gals.  Messrs.  Fuertes  and  Fuller  es- 

timated the  cost  of  operation  of  a  mechanical 
plant  at  $24,000  per  annum  or  $16.41  per  1,- 
000,000  gals.  The  actual  cost  of  operation  of 
the  Smith  System  plant  for  one  vear  was  $7,- 
326.fi8  which  on  a  basis  of  4.000,000  gals, 
daily  is  but  $-5.02  per  1,000,000  gals. 

Quality  of  the  iValrr. — Frequent  tests  as  to 
purity  were  made  as  the  works  of  installation 
progressed.  After  completion  I  made  daily 
tests  for  one  year.  The  city  did  likewise. 
Dr.  L.  O.  Rose,  City  Chemist  and  Bacteriolo- 

gist, at  the  expiration  of  nine  months  sub- 
mitted a  report  to  the  city.  The  daily  average 

number  of  bacteria  for  the  nine  months  was 
13.  The  highest  average  for  any  month  was 
34  and  the  lowest  9  bacteria.     Dr.  Rose  said: 
From  the  foregoing  analysis  It  will  be  found, 

therefore,  that  the  average  da'ly  bacteria 
amounted  to  nineteen  per  c.c.  This  Is,  with- 

out doubt,  most  extraordinary,  when  It  Is 
known  that  at  times  the  raw  Ohio  River  water 
contained  as  many  as  2^,000  bacteria  per  c.c. 
I  desire  to  add  that  at  no  time  have  I  found 

the  "Colon  Bacteria,"  commonly  known  as 
the  "sewage  germ,"  in  'he  filtered  water. 

The  foregoing  paragraph  concludes  the  quo- 
tation from  Mr.  Smith's  paper. 

RECENT    ANALYSES    OF   PARKERSBURG    SUPPLY. 

The  mayor  of  Wheeling  requested  infor- 
mation of  the  United  States  Public  Health 

Service  as  to  the  results  of  examinations  of 
the  Parkersburg  water  supply.  Dr.  W.  H. 
Frost,  Passed  Assistant  Surgeon,  in  charge  of 
the  sanitary  survey  of  the  Ohio  River,  re- 

ported to  Mayor  Kirk  the  results  of  the  bac- 
teriological examination  of  samples  of  the 

Parkersburg  water  supply  here  shown  in 
Table  I. 

THE    PURIFICATION    PROBLEM    AT    WHEELING. 

In  a  report  dated  March  23,  1914.  an  im- 
proved water  supply  for  the  city  of  Wheeling 

was  considered  by  the  Filtration  Commission 
composed  of  George  A.  Johnson,  J.  Richard 
Kommer  and  C.  B.  Cooke.  The  commission 

considered  the  practicability  and  cost  of  ob- 
taining the  new  supply  from  driven  wells, 

from  the  Smith  Svstem,  and  from  rapid  sand 
filters.  The  comparative  costs  per  1,000,000 
gals,  of  the  three  systems,  to  yield  20,000,000 
gals,  per  day,  were  estimated  as  follows  by 
the  commission  : CO  in  TJ  » 

o         bo  S  ci     u) 

o       .£cS     a°o? 
h        hoc    CBo£ 

System. 
Driven    wells       34.'i,600  2.S2     6. SI     9.63 Smith  sand  fillers    662,280  5.45     3.56     9.01 
liapid   sand   filters    398,000  3,28     4.97     S.25 

•Per  1,000,000  gals,   of  water. 

Conclusions  of  the  Commission. — The  com- 
mission pointed  out  the  fact  that  so  far  as 

cost    is    concerned    the    advantage    rests    with 

TABLE  I.— RESULTS  OP  BACTERIOLOGICAL 
EXAMINATION  OF.  SAMPLES  OF  MUNIC- 

IPAL WATER  SUPPLY  OF  PARKERSBURG, 
W.   VA. 

Bacteria  per 
cubic  cent. 
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rt  as        OS   oS  ao. 
691    July  7    . .    15    10  cc. 
762    July  14    9     8    10  cc. 

1,006         Aug.     4         21        31         10  cc-1  cc. 
1,097        Aug.  11        12        11        None  in  10  cc. 
Note. — All  samples  collected  from  tap  in  City 

of  Parkersburg.  promptly  iced,  shipped  on  ice 
to  Wheeling,  received  at  laboratory  and  exam- 

ined within  six  hours  of  time  of  cellectlon.  Tests 
for  bacillus  coli  always  made  in  amounts  of  10 
cc,   1  cc.  arj^  0.1  cc. 

the  rapid  sand  filtration  project  which,  on  a 
20,000,000-gal.  daily  basis,  is  cheaper  than 
tlie  Smith  System  by  about  $5,500  per  year, 
and  cheaper  than  the  driven  well  project  by 
about  $10,100  per  year.  These  differences 
represent,  at  5  per  cent,  capitalized  values 
of  $110,000  and  $202,000. 

We  quote  the  final  conclusion  of  the  com- 
mission as  follows : 

It  Is  our  final  conclusion  that  the  best  Inter- 
ests of  the  city  will  be  served  by  the  adoption 

of  the  rapid  sand  filtration  process  for  the  puri- 
fication of  the  Ohio  River  water  as  herein  rec- 

ommended, for  by  Its  adoption  there  will  be 
Insured  to  the  city  the  requisite  amount  of 
water  at  all  times,  which  cannot  be  promised  in 
the  case  of  the  other  two  projects.  Further- 

more, the  filtered  Ohio  River  water  will  be  ma- 
terially softer  than  the  water  from  either  one  of 

the  other  two  projects,  the  hardness  of  the 
filtered  water  being  that  which  the  consumers 
have  long  since  been  accustomed  to.  The  fil- 

tered water  win  always  be  clear  and  free  from 
suspended  matter  and  color,  which  cannot  be 
promised  In  the  case  of  the  Smith  System;  and 
there  is  absolute  assurance  that  it  will  always 
be  hyglenlcally  pure,  which  cannot  be  prom- 
Ired  In  the  case  of  cither  the  driven  well  supply 
or  the  supply  from  the  Smith  System. 

Our  final  recommendation  is  that  the  city 
adopt  the  rapid  sand  filtration  process  for  the 
improved  water  supply  of  the  city  of  Wheeling. 

COMMENTS   OF   THE    COMMISSION    ON    THE    SMITH 

SYSTEM. 

The  commission,  above  mentioned,  com- 
mented upon  the  efficiency  of  the  Smith  Sys- 

tem in  the  report  to  which  we  have  made 

reference.  We  have  set  forth  Mr.  Smith's 
claims,  including  his  quotations  from  Mr. 
Gray,  and  in  order  to  lay  the  opposite  side 
of  the  case  before  our  readers  are  here  giv- 

ing certain  e.xcerpts  from  the  report  of  the 
filtration  commission  composed  of  Messrs. 
Johnson,  Kommer  and  Cooke,  which  give  the 
commission's  estimate  of  the  value  of  the 
Smith  process  of  natural  slow  sand  filtration : 

It  is  the  design  in  this  system  to  allow  a 
rate  of  filtration,  downward  through  the  sand 
and  gravel  overlying  the  system  of  perforated 
pipes  of  some  3,000,000  gals,  daily  per  acre  of 
filtered  surface.  In  other  words,  it  is  expected 
that  the  downward  velocity  of  flow  of  river 
water  through  the  bed  of  sand  and  gravel  will 
be  at  the  rate  of  about  5  vertical  inches  per 
hour,  under  which  conditions  each  square  foot 
of  filter  surface  will  pass  about  70  gals,  of 
water  daily. 
The  inventor  evidently  expects  that  from  time 

to  time  the  filtering  material  over  the  system 
of  perforated  pipes  will  become  clogged  with 
mud,  silt  and  cla.v,  and  at  such  times  fail  to 
pass  the  requisite  amount  of  water.  In  freeing 
the  beds  of  this  clogging  material,  the  inventor 
forces  water  backwards  through  the  system  of 

perforated  pipes,  and  upwards  through  the  over- 
lying layers  of  gravel  and  sand,  this  flushing 

water  being  applied  at  a  rate  of  about  1  gal. 
per  square  loot  per  minute,  according  to  our 
understanding.  The  application  of  a  reverse 
current  of  water  in  this  manner  is  expected  to 
separate  the  clogging  clay  and  mud  from  the 
sand  grains  and  force  it  upwards  and  out  of 
the  filter  bed,  to  be  carried  away  by  the  water 
in  the  river  flowing  over  the  surface  thereof. 
All  these  things  are  conjectural,  however,  as 
the  filter  beds  are  submerged  in  the  river,  and 
their  action  during  such  operation  cannot  be 
observed. 

Being  familiar  with  the  manner  in  which 
rapid  .■;and  filters  are  cleaned  by  the  appli- 

cation of  a  reverse  current  of  water,  we  are 
of  the  opinion  that  such  flushing  facilities  as 
above  described  are  clearly  inadequate  to  per- 

form satisfactorily  the  desired  function,  the 
upward  velocity  of  flow  of  the  flushing  w.ater 
being  only  from  one-eighth  to  one-twentieth 
that  used  with  success  in  cleaning  rapid  sand 
filters. 

For  a  20,000,000  gal.  daily  capacity  installa- 
tion of  the  Smith  System  there  would  be  re- 

quired some  seven  acres  of  such  filter  beds,  and 
owing  to  very  uncertain  river  conditions,  in  ad- 

dition to  a  first  high  cost,  their  construction 
would  be  a  matter  of  no  little  difficulty.  Even 
if  successfully  built,  should  they  in  the  course 
of  their  operation  beccmie  clogged  and  require 
scraping  and  resanding,  the  difflculties  and  cost 
surrounding  such  oper.'itions  would  be  great. 
In  the  first  place,  such  operations  would  have 
to  be  carried  on  during  a  low  river  stage,  and 
the  beds  might  become  clogged  and  require  re- 

newal at  a  time  when  it  manifestly  would  be 
Impossible  to  get  at  them,  due  to  unfavorable 
river  conditions.  The  fact  that  the  system  Is 

not  capable  of  ready  access,  and  that  the  nor- 
mal workings  of  the  beds  are  not  open  to  the 

sight  and  consequently  amenable  to  constant 
observation  and  control.  Is,  aside  from  the 
high  first  cost  of  construction,  one  of  the  most 
serious  objections  to  this  system.  In  brief, 
after  spending  the  money  for  the  construction 
of  a  plant  of  this  type,  the  city  would  be  forced 
to  trust  to  good  fortune  for  its  ultimate  satis- 

factory performances.  The  fact  that  the  only 
plant  thus  far  constructed  by  Mr.  Smith 
(Parkersburg)  has  been  in  service  about  two 
years  and  is  apparently  giving  good  satisfac- 

tion is  not  sufficiently  convincing  that  it  will 
not  prove  otherwise  after  It  has  been  longer 
in  service.  With  the  facts  before  us  we  do 

not  feel  kindly  disposed  toward  the  Idea  of  ex- 
pending $650,000  on  the  installation  of  the  Smith 

System  at  Wheeling. 
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COMPARISON   OF   SMITH    SYSTEM   AXD  REGULATION 

SLOW    SAND    SYSTEMS    OF    FILTRATION. 

The  following  excerpts  present  the  substance 

of  the  commission's  estimate  of  the  relative 
worth  of  the  regulation  slow  sand  filtration 
process  and  the  Smith  natural  slow  sand  fil- 

tration pro.cess : 
In  the  Smith  System  the  filter  beds  proper  are 

submersed  in  the  bed  of  the  river,  are  subject 
to  disturbances  from  the  scouring  action  of 
the  river  when  in  flood,  and  the  clogging  action 
of  clay,  mud  and  silt  at  other  times,  and  are 
inaccessible  and  beyond  accurate  control.  No 
part  of  their  operation  can  be  viewed  and 
studied.  On  the  other  hand,  in  the  regulation 
slow  sand  process,  every  part  of  the  plant  is 
open  to  the  sight,  easy  of  access,  and  con- 

stantly under  observation  and  control.  When 
the  beds  become  clogged  and  require  cleaning 
the  clogged  material  is  scrapped  off.  In  the 
Smith  System  such  clogging  is  relieved,  so  far 
as  possible,  by  back  flushing,  but  such  back 
flushing  may  result  disastrously  in  bringing 
about  impaired  efficiency  of  the  filtering  process 
immediately   following   such   operations. 
We  have  made  a  rough  estimate  of  the  cost 

of  building  a  modern  slow  sand  filtration  plant 
for  the  city  of  Wheeling,  the  same  to  have  a 
capacity  of  20,000,000  gals,  per  day.  We  find 
that  to  build  such  works  following  the  same 
general  lines  as  those  observed  in  connection 
with  the  Smith  System,  the  rapid  sand  filtra- 

tion system  and  the  driven  well  system,  would, 
in  the  case  of  a  modern  slow  sand  filtration 
process  cost  about  $670,000,  which  sum  does 
not  include  the  cost  of  land  for  the  filters, 
which  would,  in  all  probability,  could  a  suitable 
site  be  obtained,  cost  upwards  of  $75,000  more. 
In  brief,  the  total  cost  of  filtered  water  from 
a  plant  of  this  type,  including  charges  on  the 
cost  of  construction,  operation  and  maintenance, 
would  amount  to  about  $10  per  1,000,000  gals, 
of  water  filtered.  It  is  seen,  therefore,  that 
such  a  project  would  be  the  most  expensive 
of  all  the  projects  under  consideration,  but 
the  high  charge  would  be  necessary  on  account 
of  special  features  of  construction  and  opera- 

tion in  a  plant  of  this  type  which  could  be 
counted  on  to  efficiently  purify  the  Ohio  River 
water. 
The  Smith  System  does  not  in  any  measure 

even  approach,  in  points  of  refinement,  in  con- 
struction and  operation,  the  slow  sand  filtra- 

tion system  we  are  discussing.  We  cannot  see, 
therefore,  where  the  Smith  System  is  applicable 
to  the  local  problem  on  any  ground  whatsoever. 
Its  only  hope  for  success  lies  in  the  possibility 
that  the  bulk  of  the  water  delivered  from  it 
might  be  drawn  from  underground  sources,  and 
not  by  filtration  of  the  Ohio  River  water 
downward  through  the  sand  and  gravel  overly- 

ing the  system  of  perforated  pipes.  In  other 
words,  the  only  grounds  upon  which  the  Smith 
System  could  be  taken  seriously  in  connection 
with  the  local  problem  would  be  to  consider  it 
in  the  light  of  a  well  supply:  and  in  the  face 
of  the  facts  and  figures  we  have  presented, 
referring  to  the  cost  of  developing  a  driven 
well  supply,  wherein  the  water  from  such  wells 
would  be  at  least  the  equal,  and  probably  the 
superior,  hygienically,  of  the  water  obtained 
from  the  Smith  System  if  it  all  came  from 
underground  sources,  although  somewhat  harder, 
it  would  appear  that  the  preference  between  the 
driven  well  system  and  the  Smith  System  dis- 

tinctly  lies   with   the   former. 
In  brief,  we  find  that  the  whole  problem 

narrows  itself  down  to  the  relative  desirability, 
on  practical  grounds  of  the  driven  well  project 
and  the  rapid  sand  filter  project. 

PREFERENTIAL    VOTE    ON    FILTRATION     SYSTEM    AT 

WHEELING. 

The  final  recommendation  of  the  commission 
was  that  the  rapid  sand  filtration  process  be 
adopted  as  stated  elsewhere  in  this  article. 
There  is  now  something  of  a  controversy  on 
in  Wheeling  between  the  advocates  of  the 
Smith  and  rapid  sand  systems.  A  preferential 
vote  was  taken  in  July  and  the  people  de- 

clared for  the  Smith  system.  It  is  planned 
to  vote  on  the  bond  issue  this  fall.  Editorial 
comrncnt  on  the  unwisdom  of  submitting  this 
question  to  popular  vote  is  made  on  the  first 
page  of  this  issue. 

Resonable  Requirements  in  Water  Fil- 
ter Performance. 

Cities  utilizing  for  their  public  water  sup- 
ply a  raw  water  polluted  by  sewage  invariably 

have  very  high  tj-phoid  rates.  The  installa- 
tion of  filter  plants  to  purify  such  polluted 

supplies  almost  without  exception  effects  a 
prompt  and  remarkable  reduction  in  the  ty- 

phoid rate.  This  reduction  is  usually  so  great 
that  municipal  officials  are  satisfied  that  their 

w-ater  supply  is  perfect  when  in  reality  there 
is  still  something  to  be  desired.  When  a  city 
with  typhoid  fever  rates  consistently  above 
100  deaths  per  100,000  population  has  a  reduc- 

tion coincident  with  the  installation  of  a  filtra- 
tion plant  to  a  rate  between  20  and  30,  there 

is  good  ground  for  general  rejoicing  because 
of  the  undeniable  saving  of  human  lives. 
Nevertheless,  the  raw  water  may  be  of  such 
a  character  that  an  unreasonable  burden  is 
imposed  on  the  filtration  plant,  and  under 
such  circumstances,  in  spite  of  fair  efficiency, 

the  plant  delivers  an  effl'uent  which  is  unsafe at  times. 

The  present  article,  which  is  based  upon  a 
report  by  Dr.  Allan  J.  McLaughlin,  Chief  San- 

itary Engineer  and  Director  of  Field  Work 
of  the  International  Joint  Commission,  at  a 
recent  conference  of  the  commission,  relates 
to  the  characteristics  of  a  safe  drinking  water 
,ind  the  requirements  which  reasonably  may  be 
exacted   in   filter   plant   performance. 
With  the  general  sanitary  conditions  which 

pertain  in  American  cities  and  a  safe  public 

lute  dictum  is  thus  most  difficult  to  secure,  it 
is  not  difficult  by  daily  bacteriologic  analysis 
to  determine  that  a  water  does  or  does  not 
give  a  reasonable  index  of  safety.  Instead 
of  attempting  to  find  the  germs  of  typhoid 
fever,  Asiatic  cholera,  and  dysentery  in  water, 
it  is  the  custom  to  accept  the  presence  of  B. 
coli  as  an  index  of  pollution  with  sewage,  for 
the  reason  that  the  chances  of  finding  B.  coli 
are  very  much  better  than  the  chances  of  find- 

ing the  specific  germs  in  the  small  quantity 
of  water  examined. 
When  we  consider  the  grossly  polluted 

water  supplies  used  by  many  of  our  large  cit- 
ies until  recent  years,  we  must  admit  that 

even  if  the  present  effluents  from  filter  plants 
do  not  show  constant  absence  of  B.  coli,  still 
they  must  be  classed  as  reasonably  safe,  or 
relatively  safe  water. 

In  order  to  secure  statistics  from  some  of 
our  largest  filtration  and  purification  plants  a 
circular  letter  was  sent  out  to  about  40  cities. 
About  15  responded,  and  in  most  instances 
the  statistics  covered  at  least  one  year.  The 
list  included  mechanical  filtration,  slow  sand 
filtration,  precipitation  and  disinfection,  and 
disinfection  alone.  Table  I  shows  the  average 
number  of  B.  coli  per  100  c.c.  in  both  raw 
water  and  filtered  or  treated  water,  as  indi- 

cated by  the   replies   received. 
Following  a  sanitary  survey  of  the  cities  and 

towns  in  the  basin  of  the  Great  Lakes,  Dr. 
McLaughlin  recommended  that  a  standard 
for  filtered  or  treated  water  be  established 
which  should  be  a  minimum  requirement  for 

TABLE   I.— A\^RAGE   NUMBER   OP  B.    COLI    PER  100  C.C.  IN  RAW  AND  PURIFIED. WATER 
IN   12   AMERICAN   CITIES. 

Number   of 
Citj-.  samples. 

Toledo,  Ohio     342 

Minneapolis,  Minn    418 
Grand  Rapids,  Mich    365 
Birmingham,  Ala    f  205 

1174 

Cincinnati,  Ohio      240 
Binghamton,  N.  T    420 
Columbus,  Ohio     365 
Washington.  D.  C    348 
Providence,   R.    1    60O 
Reading,    Pa    138 
Baltimore.  Md    306 

Richmond,  Va    237 

Type  of 
filtration. 
Mechanical 
filtration. 

Slow  sand 

Alum  and 

hypochlorite 

B.   coli  per  100  c.c.   of — Raw  Filtered   or 
water.  treated  water. 
S04  0.02 

75 
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68 
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water  supply,  there  is  no  valid  excuse  for  ty- 
phoid rates  above  20  deaths  per  100,000  popu- 

lation. There  is  excellent  evidence  to  show 

that  if  all  the  water-borne  typhoid  were  elim- 
inated in  northern  cities  the  rate  for 

typhoid  fever  would  be  less  than  10. 
As  a  matter  of  fact,  there  is  a  group 
of  American  cities  which  is  fast  ap- 

proaching European  cities  in  the  matter  of 
low  typhoid  fever  rates.  These  are  the  cities 
which  have  gone  farthest  in  making  their 
water  supply  safe,  and  while  their  yearly  ty- 

phoid fever  rates  are  not  always  expressed 
in  a  single  figure,  their  rates  are  usually  be- 

low 12.  In  these  cities  with  safe  water  sup- 
plies the  general  sanitary  conditions,  exclusive 

of  water  supply,  are  not  conspicuously  better 
and  in  some  instances  are  very  much  worse 
than  those  found  in  cities  with  polluted  water 
supplies  and  high  typhoid  fever  rates. 
There  is  a  large  group  of  cities  in  which, 

following  the  substitution  of  a  filtered  for  a 
polluted  public  water  supph',  the  rates  have 
been  greatly  reduced,  but  still  remain  too  high. 
These  cities  should  not  be  satisfied  with  ty- 

phoid fever  rates  of  from  1.5  to  30,  but  it  be- 
hooves them  to  make  a  searching  investiga- 

tion to  determine  whether  the  raw  water  im- 
poses an  unreasonable  burden  on  their  filtra- 

tion plant,  or  if  their  plant  is  elficiently  op- 
erated and  delivering  a  safe  water  at  all  times. 

This  brings  us  to  the  question  of  what  is 
safe  drinking  water.  In  order  to  say  that  a 
drinking  water  is  hygienically  safe  one  must 
be  assured  that  it  contains  no  pathogenic  bac- 

teria. The  efficiency  of  water  purification 
plants  varies  from  day  to  day  and  from  hour 
to  hour,  and  an  opinion  upon  the  absolute 
safety  of  a  given  water  supply  can  not  be  ren- 

dered unless  many  bacteriologic  analyses, 
made  at  short  intervals  during  each  24  hours, 
show  an  absence  of  B.  coli.     While  an  abso- 

the  prevention  of  the  spread  of  water-borne 
disease  in  interstate  traffic.  The  Surgeon  Gen- 

eral of  the  Public  Health  Service  appointed 
a  commission  in  January,  1913,  to  fi.x  such  a 
standard.  The  report  of-this  commission  will 
be  published  soon.  The  majority  of  the  mem- 

bers favored  a  standard  of  four  negatives 
out  of  five  10  c.c.  tests  for  B.  coli.  Dr.  Mc- 

Laughlin expressed  this  standard  in  a  dif- 
ferent way.  recommending  a  standard  of  not 

more  than  2  B.  coli  per  100  c.c.  of  water,  tak- 

ing the  average  of  many  samples  by  Phelps' method. 
.\lIowing  a  sufficient  margin  of  safety,  filter 

plants  with  a  decent  raw  water  should  pro- 
duce efHuents  of  less  than  2  B.  coli  per  100 

c.c.  and  it  is  the  opinion  of  Dr.  McLaughlin 
that  a  modern  water  purification  plant  which 
delivers  an  effluent  which  has  more  than  2 

B.  coli  per  100  c.c.  is  either  inefficiently  oper- 
ated or  is  dealing  with  a  raw  water  which 

imposes  an  unreasonable  burden  upon  the 
plant.  Accepting  tentatively  the  standard  of 
less  than  2  B.  coli  per  100  c.c.  as  a  good  drink- 

ing water,  although  perhaps  not  an  ideal  or  a 
safe  drinking  water  at  all  times,  the  results 
indicate  that  the  standard  is  attained  by  both 
rapid  and  slow  sand  plants,  even  with  a  very 
bad  raw  water.  Cincinnati  and  Washington, 
I).  C,  are  good  examples  of  each  type.  Close 
e.xamination  of  the  daily  records  at  these  cities 
shows  that  while  an  excellent  average  is  at- 

tained for  the  year,  there  are  periods  when 

the  capacity  for  purification  seems  to  be  over- 
taxed by  the  very  bad  raw  water.  At  Cin- 

cinnati the  use  of  hypochlorite  seems  to  com- 
pensate for  the  deficiency  in  purification  by 

the  standard  process,  but  in  Washington  the 
excellent  general  average  of  1.4  is  only  at- 

tained by  the  almost  perfect  purification  ef- 
fected during  periods  when  the  raw  water  is 

fairly  good. 
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There  is  a  strong  tendency  in  America  to 
accept  any  raw  water,  however  bad,  as  a 
source  for  a  municipal  filtration  plant.  This 
often  imposes  an  unreasonable  burden  and 
responsibility  upon  the  water  purilication 
plant.  Now  filter  plants  are  not  infallible. 
They  are  mechanisms  which  must  be  properly 
constructed  and  efficiently  operated  under 
careful  bacteriologic  control  in  order  to  secure 
a  safe  effluent.  They  are  operated  by  human 
agency  and  subject  to  the  results  of  human 
error.  It  is  true  that  properly  constructed 
and  efficiently  operated  filter  plants  can  pro- 

duce safe  water  from  a  very  bad  raw  water, 
especially  by  the  use  of  hypochlorite  or  liquid 
chlorine  as  an  adjuvant.  The  responsibility 
of  effecting  such  purification  every  hour  of 
every  day  in  the  year  is  unreasonable  and  un- 

fair. Many  plants  are  now  struggling  with 
a  raw  water  of  such  a  character  that  a  safe 
effluent  is  only  obtained  at  the  price  of  eternal 
vigilance,  perfect  operation  every  day  in  the 
year,  and  the  free  use  of  auxiliary  chemicals. 
The  raw  water  demanding  such  extraordinary 
treatment  is.  like  a  sword  of  Damocles,  con- 

stantly threatening  disaster.  There  is  no 
margin  of  safety  under  such  conditions. 

Dr.  McLaughlin  believes  that  a  sufficient 
margin  of  safety  should  be  given  to  all  filter 
plants  by  reducing  the  pollution  of  the  raw 
water  to  a  point  where  it  would  not  impose 
an  unreasonable  burden  or  responsibility  upon 
the  plant.  He  believes  that  in  reckoning  the 
bacterial  purifying  capacities  of  filtration 
plants  hypochlorite  or  liquid  chlorine  should 
not  be  considered,  but  that  a  raw  water  should 
be  furnished  of  such  a  character  that  the 
plant  could  turn  out  constantly  a  safe  effluent 
without  the  aid  of  chlorine.  This  would  re- 

serve the  chlorination  as  an  additional  margin 
of  safety  for  use  in  extraordinary  fluctuations 
of  the  raw  water  or  during  accidents  to  the 
plant  or  interruptions  in  its  ordinary  efficiency. 

Object  and  Limitations  of  Bacteriolog- 
ical Examination  of  Water. 

The  general  aims  of  the  bacteriological  ex- 
amination of  water  are  well  understood  by  the 

well  informed  water  works  superintendent. 
His  knowledge  of  the  subject  rarely  extends, 
however,  beyond  the  bare  generalities.  This 
is  due  to  the  fact  that  particularized  discus- 

sions are  usually  too  technical  to  be  of  help 
to  the  superintendent  Such  discussions  usu- 

ally are  encumbered  with  references  to  spe- 
cial and  alternative  tests,  kinds  of  culture 

media  and  types  of  testing  apparatus,  in  such 
a  manner  as  to  make  the  ultimate  effect  of  the 
discussion  exceedingly  confusing  to  all  but 

bacteriologists.  ]"or  the  al)Ovc  reasons  we  are 
presenting  herewith  an  unusually  lucid  and 
brief  exposition  of  the  aims  and  limitations  of 
the  bacteriological  examination  of  water.  The 
following  matter  is  from  a  report  by  Dr.  W. 
H.  Frost,  Passed  Assistant  Surgeon,  United 
States  Public  Health  Service,  in  charge  of  the 
sanitary  investigation  of  the  Ohio  River,  to 
Mr.  M.  L.  Kirk,  mayor  of  Wheeling,  W.  Va., 
with  reference  to  the  examination  of  certain 
public  water  supplies  drawn  from  the  Ohio 
River.  The  appended  notes  call  attention  to 
the  object  and  aim  of  bacteriological  examin- 

ations of  water  supplies  in  general,  and  to  their 
limitations,  especially  in  affording  conclusion', 
from  a  small  number  of  examinations. 

The  greatest  danger  to  be  feared  from 
drinking  water  is  pollution  with  disease-pro- 

ducing germs.  Bacteriological  examinations 
therefore  afford  the  most  direct  and  signifi- 

cant evidence  available  concerning  the  .'.anitary 
quality,  or  in  other  words,  the  safety  of  a 
water  supply.  Even  this  evidence  is,  however, 
rather  indirect.  .Ml  surface  waters,  all  ground 
waters  except  those  from  very  deep  and  well- 
protected  sources,  and  even  freshly-collected 
rain  waters,  show  the  presence  of  more  or  less 
numerous  bacteria.  The  vast  majority  of  these 
bacteria  are  altogether  harmless  to  the  human 
body,  and  even  when  disease  producing  germs 
arc  present  they  arc  usually  in  such  exceed- 

ingly small  proportion  as  compared  to  the 
harmless  varieties  that  it  is  rarely  possible  to 

isolate  the  actual  disease-producing  germs  and 
so  prove  their  presence  by  direct  evidence,  this 
being  the  more  difficult  because  the  disease- 
producing  bateria  are  generally  more  delicate 
and  more  difficult  to  cultivate  under  laboratory 
conditions.  In  view  of  these  difficulties,  prac- 

tical water  examinations  aim  not  to  isolate 

disease-producing  bacteria,  but  to  determine 
the  numbers  of  bacteria  belonging  to  three 
general  groups : 

1.  Bacteria  developing  on  standard  gelatine 

plates  at  the  temperature  of  20°  Centrigrade 
(about  G5°  Fahrenheit)  within  48  hours.  This 
group  of  bacteria  includes  a  large  proportion 
of  harmless  varieties  which  may  be  found  in 
water  which  is  quite  free  from  dangerous 
pollution.  In  general  water  supplies  taken 
from  rivers  and  efficiently  purified  by  filtra- 

tion should  not  show  more  than  100  bacteria 
per  cc,  as  determined  by  this  method. 

2.  Bacteria  developing  on  standard  agar- 

agar  at  37°  Centigrade  (the  temperature  of 
the  human  body).  This  group  of  bacteria  in- 

cludes a  larger  proportion  of  the  \'arieties 
which  normally  live  in  the  animal  body  and 
whose  presence  in  water  indicates  probable 
pollution  with  discharges  from  the  animal 
body.  Really  good,  pure  water  supplies  from 
deep  wells  or  from  efficient  filter  plants  will 
ordinarily  show  not  more  than  10  to  50  bac- 

teria per  cc,  as  determined  by  this  method^ 
frequently  a  smaller  number. 

3.  Bacteria  belonging  to  the  so-called  "Ba- 
cillus Coli"  group.  The  bacteria  of  this  va- 

riety, so  far  as  known,  develop  naturally  only 
in  the  intestines  of  man  and  other  warm- 

blooded animals ;  they  do  not  develop,  but 
tend  to  die  out  in  water  or  in  the  soil.  The 
presence  of  such  bacteria  in  water  is  proof 
that  the  water  has  been  polluted  with  the  in- 

testinal discharges  of  some  of  the  lower  ani- 
mals or  even  liuman  intestinal  discharges.  This 

is  not  only  the  most  disgusting  but  by  far  the 
most  dangerous  kind  of  pollution  to  which 
drinking  water  is  subject,  since  typhoid  fever 
and  other  dangerous  and  common  water-borne 
diseases  are  caused  by  bacteria  closely  re- 

lated to  the  bacillus  coli  group  and  discharged 
from  the  intestines  of  infected  people.  All 
unpurified  surface  water  (from  rivers,  shallow 
wells,  etc.)  is  contaminated  with  animal  dis- 

charges to  a  greater  or  less  extent.  Water 
from  well-protected  deep  driven  wells  should 
never  show  the  presence  of  such  bacteria,  and 
efficiently  purified  river- water  should  show,  at 
the  most,  only  occasional  traces  of  very  .slight 
pollution.  To  determine  the  degree  of  pollu- 

tion with  intestinal  discharges  the  test  for 
bacillus  coli  (which  is  somewhat  complicated) 
is  made  in  varying  amounts  of  the  water  ex- 

amined, for  example,  in  10  c.  c.  (about  two 
tcaspoonfuls),  1  cc,  0.1  cc,  0.001  cc,  etc.  Evi- 

dently the  smaller  the  amotmt  of  water  which 
shows  the  presence  of  such  bacteria,  the  more 
numerous  they  are.  The  largest  amount  com- 

monly tested  from  a  single  sample  is  10  cc. 
The  test  in  this  amount  should  usually  be 
negative  in  well-purified  river  water;  not  more 
than  10  per  cent  to  30  per  cent  of  the  sam- 

ples showing  presence  of  bacillus  coli.  The 
test  in  1  cc.  and  in  smaller  amounts  should  be 

"practically  always  negative.  This  standard  is 
based  on  experience  witli  many  municioal  sup- 

plies obtained  by  filtration,  and  is  well  main- 
tained by  the  best  of  such  supplies. 

To  form  an  accurate  estimate  of  the  quality 
of  a  water-supply  it  is  generally  necessary  to 
continue  examinations  over  a  considerable 
period  of  time.  Rivers,  for  example,  vary 
greatly  from  time  to  time;  and  purification 
plants  of  all  kinds  are  apt  to  show  the  same 
kind  of  variations,  requiring  the  most  constant 
attention  tn  maintain  a  uniformly  good  quality 
of  effluent ;  .ilso  wells  which  are  subject  to 
pollution  with  surface  water  are  very  often 
contaminated  only  occasionallv,  giving  fairly 
pure  water  in  the  intervals.  The  fact  that  a 

sample  of  w-ater  is  riollutcd  is  always  of  defi- 
nite significance,  for  even  if  this  is  merely  a 

rnre,  accidental  condition,  it  proves  the  possi- 
bilitv  and  danger  of  pollution.  On  the  other 
hand  the  fact  that  a  water  supply,  examined 
only   a    few   times,    has   shown    no    pollution. 

does  not  prove  that  the  supply  is  at  all  times 

safe. 
In  general,  conclusions  as  to  the  safety  of  a 

water  supply  should  be  drawn  not  soleiy  from 
the  results  of  examinations  of  samples,  but 
with  due  regard  to  knowledge  of  the  source 
of  the  supply  and  the  sources  of  pollution  to 
which  it  is  exposed. 

The    Use   of    Filter   Wells   and   Filter 

Cribs  Along  the  Ohio  River. 

There  are  in  use  several  methods  of  filtra- 
tion by  the  various  consumers  of  Ohio  River 

water,  namely,  the  well  system,  the  crib  sys- 
tem, slow  sand,  rapid  sand  and  the  Smith 

system.  These  systems  were  described  by  Mr. 
C.  E.  Cooke,  city  engineer  of  Wheeling,  W. 
Va.,  in  a  paper  before  the  Central  States 
Water  Works  Association.  The  well  and  crib 
systems  are  here  described  from  information 
taken  from  that  paper.  The  Smith  system  is 
described  in  a  separate  article  in  this  issue. 

THE    WELL    SYSTEM. 

The  well  system  either  takes  its  water  from 
wells  drilled  in  the  sand  and  gravel  bars  form- 

ing the  bed  of  the  river  or  from  sand  and 
gravel  banks  along  the  river,  and  in  either 
case,  the  wells  secure  a  large  percentage  of 
ground  water.  The  wells  are  usually  drilled 
wells  with  the  casing  driven  down  to  or  into 
the  bed  rock  a  short  distance.  The  bottom 
of  the  casing  is  drilled  with  holes  varying  in 
diameter  from  Vi  in.  to  V2  in.  Some  of  the 
well  systems  have  a  solid  piece  of  casing 
at  the  bottom  of  the  wells  and  then 

a  perforated  pipe  above  this  solid  piece. 
The  water  is  either  allowed  to  flow  by  gravity 
from  the  wells  to  the  pumping  station  well 

and  is  then  lifted  by  steam  pumps  to  the  con- 
sumer, or  is  lifted  by  compressed  air  out  of 

these  wells  into  a  sub-basin  and  is  then 
pumped  to  the  consumer  by  steam  pumps.  The 
local  conditions  govern  the  method  of  fur- 

nishing the  water  used.  The  casing  in  the 
wells  varies  in  diameter,  as  does  the  size  and 
number  of  the  perforations  used.  The  well 
system  generally  supplies  a  water  that  is 

hygienically  pure,  but  the  w'ater  is  nearly  al- way.^  harder  than  the  river  water,  and.  in 
some  cases,  wells  have  been  known  to  show 
contamination  after  some  years  of  use,  as 
well  as  to  show  a  considerable  decrease  in  the 
(|uantity  derived  from  the  wells.  Yet  in  some 
localities  along  the  river,  especially  where  the 
consumption  is  small,  the  well  system  seems 
to   give   satisfaction. 

THE   CRIB   SYSTEM. 

The  crib  system  is  usually  built  of  timber, 
brick  or  concrete  near  the  bank  of  the  river 
with  the  water  flowing  in  and  through  the 
sand  and  gravel  with  which  the  crib  has  been 
filled.  The  river  water  filtering  through  the 
said  sand  and  gravel  to  the  intake  pipe  of  a 
pumping  station  and  from  there  is  pumped 
to  the  consumer.  The  danger  of  contamina- 

tion is  great  in  the  crib  system  and  the  mud 
and  silt  are  drawn  through  and  into  the  sand 
and  gravel,  causing  the  crib  to  become  clogged 
and  the  supply  greatly,  if  not  wholly,  cut  off. 
The  crib  is  usually  entirely  submerged  so  that 
it  is  not  readily  accessible  and  so  cannot  be 
cleaned ;  thus  the  danger  of  contamination  is 
great,  and  after  contamination  is  found  to  exi- 
ist,  the  only  remedy  is  to  abandon  the  crib 
or  to  cofferdam  it  and  remove  the  sand  and 
gravel,  which  is  necessarily  an  expensive 
process  and  causes  the  consumer  to  use  the 
raw  river  water  during  the  execution  of  the 
work,  thus  contaminating  the  mains  and  serv- 

ices and  opening  the  way  for  typhoid  fever 
or  other  water-borne  disease. 

Contract  System  of  Road  Maintenance. — 
Several  parishes  in  Louisiana  maintain  their 
roads  by  the  contract  system.  Specifications 
are  prepared  and  contracts  let  each  year  for 
the  complete  maintenance  of  the  roads  within 
the  district  specified.  For  the  most  part  the 
work  consists  of  repairing  wooden  bridges  and 
dragging  and  repairing  earth  roads  with  a 
Made  road  machine.  .\  similar  system  of  main- 

tenance is  also  in  vogue  in  several  counties 
in   Mississippi. 
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Methods  and  Plant  Employed  in  Sink- 

ing a  Vertical  Shaft  at  the  Palms 
Mine,  Bessemer,  Mich. 

Before  the  sinking  of  the  shaft  at  the 
Palms  mine  of  the  Newport  Mining  Co.,  at 
Bessemer,  Mich.,  was  begun,  the  management 
made  a  detailed  comparison  of  the  advan- 

tages and  disadvantages  of  inclined  and  ver- 
tical shafts.  An  inclined  shaft  would  have  the 

disadvantages  of  rails,  back  runners,  skip 
wheels,  axles  and  boxes,  and  the  expense  and 
trouble  of  axle  lubrication,,  and  of  frequently 
replacing  supports  for  ropes ;  longer  ropes 
would  be  required  and  the  skips  would  have 
to  travel  a  greater  distance  and  at  limited 
speed.  There  would  be  a  constant  and  con- 

siderable e.xpense  for  the  upkeep  of  the  shaft 
and  its  equipment.  A  vertical  shaft  in  the 
foot-wall  would  have  only  the  disadvantages 
of  longer  crosscuts  from  the  ore  body  to  the 
shaft,  and  of  the  greater  distance  of  transpor- 

tation ;  but  with  transportation  by  electricity, 
distance  is  a  small  consideration.  According- 

ly a  vertical  shaft  was  decided  upon,  to  be 
lined  with  steel  and  concrete.  The  construc- 

tion plants  and  methods  employed  in  sinking 
this  shaft  were  described  by  Mr.  Frank  Black- 
well  of  Ironwood,  Mich.,  Chief  Engmeer.  in 
a  paper  before  the  recent  annual  meeting  of 
the  Lake  Superior  Mining  Institute  which 
we  here  reprint. 

DESIGN  OF  SHAFT. 

The  shaft,  shown  in  section  in  Fig.  1  and 
plan  in  Fig.  2,  is  divided  into  five  compart- 

ments ;  a  cage  compartment  6  ft.  2  ins.  by 
10  ft. :  two  skip  compartments  4  ft.  10  ins.  by 
6  ft.  each ;  a  ladder  compartment  3  ft.  8  ins. 
by  4  ft.  10  ins.  and  a  oipe  and  counterweight 
compartment  3  ft.  8  ins.  by  4  ft.  10  ins.  It  is 
10  ft.  10  ins.  by  17  ft.  6  ins.  in  outside  dimen- 

sions.    The  wall  plates,  17  ft.  6  ins.  long,  and 
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Fig.  1.  Cross  Section  Through  Shaft  at  Palms 
Mine   of  the    Newport    Mining    Co.,   at 

Bessemer,    Mich. 

the  end  pieces  and  the  two  dividers,  each  10 
ft.  long,  are  5-in.  18.7-lb.  H  sections.  The 
other  two  dividers,  4  ft.  10  ins.  long,  are  4-in. 
13.6-lb.  H  sections.  The  eight  studdles  are 
3-in.  by  3-in.  by  %-in.  angle  iron.  Most  of 
the  sets  are  placed  8  ft.  apart  center  to  cen- 

ter. Because  of  the  heavy  ground  encountered 
several  sets  are  placed  6  ft.  apart,  and  a  few 
of  them  4  ft.  The  wooden  guides  are  5%  ins. 
by  7%  ins. ;  two  of  them  are  strengthened 
by  7-in.  channel  iron. 

EQUIPMENT    FOR    SHAFT    SINKING. 

The    temporary    headframe    used    was    high 
enough   so   that   the  bucket   of   rock  could  be 

having  a  %-in.  valve  opening.  The  timber- 
men  also  used  this  for  a  hose  connection  for 
running  the  auger  machine. 

SINKING  THE  SHAFT. 

Forty  holes  were  drilled  per  cut;  10  Inger- 
soll-Rand  jack-hamers  and  four  spares  with 
J'i-m.  hollow  hexagonal  steel  were  used. 
In      the       soft       slates       8-ft.      holes       were 
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Fig.   2.    Plan   of  Vertical   Shaft  at  the    Palms    Mine. 

dumped  into  a  car  18  ft.  above  surface.  After 
a  bucket,  see  Fig.  3,  was  hoisted,  a  counter- 

weight door  was  let  down  and  the  car  run 
upon  it.  A  chain  was  hooked  to  the  bottom 
of  the  bucket  so  that  when  the  bucket  was 
lowered  it  dumped  its  contents  into  the  car. 
The  quartzite  in  the  shaft  was  dumped  from 
the  trestle  and  reserved  for  concreting,  see 
Fig,  4.  For  crushing  the  rock  for  concreting 
a  Gates  gyratory  crusher  No.  2,  driven  by  a 
20-HP.  motor,  was  used. 

Near  the  shaft  was  the  shop,  see  Fig.  4, 
where  the  drills  were  sharpened  and  the  drill- 

ing machine  repaired.  For  sharpenmg  the 
drills,  an  Ingersoll-Rand  No.  .5  Leyr.er  drill 
sharpener  was  used.  The  die  accompanying 
this  machine  very  easily  shanked  the  drills  for 
use  in  the  jack-hamers.  The  bits  ranged  in 
size  from  1%  to  1%  ins.  At  one  end  of  the 
shop  was  located  a  small  dry  and,  convenient- 

ly near,  a  powder  house. 
In  the  temporary  engine  house  was  a  dou- 

ble-drum double-gear-reduction  electric  hoist. 
The  drums  were  40  ins.  in  diameter,  and  had 
30-in.  faces,  and  were  designed  for  a  total 
load  of  6,000  lbs.  with  an  average  rooe  speed 
of  600  ft.  per  mintue.  The  motor  was  70-HP. 
with  a  speed  of  550  r.p.m.  This  operated  the 
two  26-cu.  ft.  rock  buckets  in  the  two  end 
compartments  of  the  shaft  with  a  %-in.  rope 
usually  in  balance.  Here  was  also  located  a 
geared  single-drum  50-HP.  electric  hoist,  with 
a  drum  2  ft.  6  ins.  both  in  diameter  and  in 

face,  which  operated  with  a  %-in.  wire  rope 
a  light  cage  for  timbermen  in  the  middle  com- 

partment of  the  shaft.  The  same  engineer 
fired  a  small  boiler  which  heated  the  entire 
surface   equipment   for  shaft   sinking. 
For  ventilation,  a  12-in.  pipe,  which  still 

remains  in  the  shaft  for  the  cage  counter- 
weight, was  connected  to  a  7%-HP.  electric* 

fan.  The  pipe  extended  down  to  within  15 
or  25  ft.  of  the  bottom  of  the  shaft.  Imme- 

diately after  the  blasting,  compressed  air  was 
blown  into  the  shaft  through  a  valve  on  the 
surface,  and  the  fan  was  started.  The  smoke 
and  gases  were  drawn  through  the  fan  in  this 
way   for  about  half  an   hour. 
To  the  bottom  end  of  the  air  line  was  con- 

nected a  flanged  fitting  with  eleven  %-in.  valved 
outlets  for  hose  connections.  Before  blasting, 
this  fitting  was  replaced  by  a  flanged  reducer 

drilled.  During  the  drilling  the  holes 
were  cleaned  out  with  a  blow-pipe.  This 
was  found  to  be  indispensable  for  rapid 
drilling.  When  the  drilling  was  nearly  com- 

pleted, only  about  four  of  the  machines  were 
running;  the  other  men  were  preparing  the 
explosives  and   removing   air  hose. 

Fig.   3.     Bucket    Used   for   Shaft   Sinking   at 
Palms    Mine. 

The  blasting  bo.x  used  was  a  paraffined 
pasteboard  box  9  ins.  by  3%  ins.,  and  1% 
ins.  deep.  With  an  iron  punch,  holes  just 
large  enough  for  a  fuse  to  fit  tightly  were 
made  in  the  sides  of  this  box  near  the  bot- 

tom.    In  the  first  boxes  used,  a  positive  wire 
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was  led  through  one  end  and  a  negative 
through  the  other.  The  ends  of  these  were 
connected  with  a  one-ampere  fuse.  Two  of 
these  bo.xes  \yere  used  at  the  same  lirae  to 
blast  a  whole  cut.  Two  positive  wires,  one 
for  each  bo.v,  of  copper,  No.  14  gage,  were 
strung  from  the  surface  and  the  two  nega- 

tive  wires    were    connected    to    the   air    pipe. 

However,  too  much  labor  was  reqiiired  to 
prepare  these  one-ampere  fuse  boxes,  so  that 
later  an  electric  blasting  squib  was  used  to 
ignite  the  powder  in  the  box.  A  squib  was 
placed  through  a  hole  at  each  end  of  the  box, 
two  being  used  to  insure  the  igniting  of  the 

black  powder.  The  two  boxes  were  connect- 
nected  in  series,  with  but  one  No.  14  positive 

the  sets  were  lowered  in  parts  and  bolted  to- 
gether in  the  shaft.  For  blocking  the  sets  a 

supply  of  wood  sprags  of  different  lengths 
was  always  ready  on  surface  for  immediate 
use. 
When  the  solid  rock  was  more  than  8  or  9 

ins.  from  the  steel  sets,  4-in.  tie  timbers  were 
placed   vertically   4   ins.    outside   the   :ets   and 

Fig.    4.     General     Layout     of      Construction 
Plant    and     IVIaterials    at    Surface    of 

Palms   Mine   Shaft. 

After  fuses  of  proper  length  were  inserted 
through  the  holes  in  the  box,  a  small  amount 
of  a  mixture  of  FF  rille  and  ordinary  black 

blasting  powder  was  strewn  over  the  one-am- 
pere fuse,  and  the  box  w'as  covered  with  a 

wooden  lid.  When  the  men  reached  the  sur- 
face they  could  determine  positively  ijv  means 

of  a  galvanometer  whether  they  had  made 
the  wire  connections  properly,  and  whether 
the  circuit  was  closed.  Then  the  250-volt  cur- 

rent was  thrown  on,  and  the  one-ampere  fuse 

6  Air  Line 

Loose  Coupling 

Flexible  Spout 

hung  here' 

Fig.    8.     Detail    of    Hopper    for    Lowering      Concrete    in    Palms    Mine    Shaft. 

copper  wire  from  surface,  and  with  the  nega- 
tive wire  connected  to  the  air  pipe.  Finally, 

a  Du  Pont  delay  electric  fuse-igniter  was  used 
ii.  place  of  the  squib. 
Du  Pont  80  per  cent  gelatin  1  in.  by  8  ins. 

was  used  for  blasting.  For  a  7-ft.  cut  from 
250  to  300  sticks  were  used;  for  a  5- ft.  cut, 
from  200  to  250  sticks  were  used. 

After  the  blasting,  when  the  smoke  had  been 
blown  out,  the  miners  cleaned  down  the  sets, 

trimmed  the  sides,  and  began  mucking.  To- 
ward the  end  of  the  mucking  some  of  the 

men  used  one  bucket  to  lower  the  hose,  ma- 
chines, tools,  etc.,  for  the  next  cut,  while  the 

other  men  picked  the  bottom  thoroughly  and 
finished  mucking  with  single  hoisting. 

PL.'\CING    THE    SETS. 

Some  of  the  steel  sets  were  riveted  to- 
gether on  the  surface.  Where  the  rock  was 

sufficiently  hard  so  that  a  distance  of  14  ft. 
underneath  the  last  set  was  available,  the 
set  was  lowered  entire  and  swung  into  nlace. 
Shoes    on    the   two    lower    corners   guided    it 

about  2  ft.  apart.  Between  the  steel  sets  and 
these  timbers  4-in.  wood  blocks  12  ins.  long 
were  placed.  One-inch  rough  boards  were 
placed  horizontally  outside  the  verticals  to 
act  as  outside  forms  for  pouring  concrete. 
Lagging  was  tilled  in  between  the  boards  and 
the  solid  rock.  When  the  rock  was  less  than 

8  or  9  ins.  from  the  sets,  4-in.  flat  timbers 
were  placed  between  the  flanges  of  the  H-sec- 
tion  sets,  and  lagging  was  placed  behind  to 

the  rock.  This  lagging  was  left  until  con- 
creting time,  when  it  was  removed  and  hoist- 

ed to  the  surface.  In  the  two  ends  of  the 
shaft  the  rock  was  from  2  to  8  ins.  from  the 
steel  sets  for  nearly  the  whole  distance.  In 
the  other  two  sides  the  rock  was  9  ins.  or 

less  from  the  wall  plates  for  about  one-half the   whole   distance. 

A  lengtli  of  pipe  was  connected  to  ;he  bot- 
tom end  of  the  air  line  as  follows,  see  Fig.  5: 

To  the  top  end  of  the  section  that  was  to  be 
lowered,  a  coupling  was  fastened  very  loosely 

Round 

(j\'~'S  Eye  Bolts  Eye 

Plate  6''i''l^' ' Bail&  Socket  Joirf 

Fig.    5.     Detail    Showing    Connection    of    Air 

Line  Used  in  Sinking   Palms  Mine  Shaft. 

burned  and  ignited  the  powder,  and  :his,  in 
turn,  ignited  the  fuses.  If  only  a  few  of  the 
fuses  spit  fire  at  first,  these  in  turn  ignited 
others,  and  almost  instantaneously  all  the 
fuses  threw  fire  across  the  inside  of  the  box, 
so  that  it  was  almost  impossible  for  any  one 
to  miss  fire.  The  fuses  were  cut  to  such 
lengths  that  only  one  hole  went  off  at  a  time. 

_L. 

:::nP>? 

T Fig. Slot  fits  over  flange  ■■ L^f  H  Section  "     c&c 

6.     Detail   Showing   Method   of  Support- 
ing  Pipe   in   Palms   Mine   Shaft. 

through  the  shaft.  Four  one-ton  duplex  chain 
blocks  were  used  for  swinging  it  into  place. 
To  each  corner  of  the  set  was  fastened  a 
^4-in.  sling  chain  about  3  ft.  long,  with  a 
5-m.  ring  on  one  end  and  a  3-in.  ring  on  the 
other,  and  to  these  the  hooks  of  the  chain 
blocks  were  attached.  If  the  distance  under 
the  last  set  in  the  shaft  was  less  than  14  ft. 

'5  H  Section 

Fig.  7.  Device  for  LIning-up  Guides  in  Shaft, 

by  a  very  lew  threads,  and  to  the  bottom  end 
was  attached  a  temporary  coupling  with  the 
socket  of  a  ball-and-socket  joint.  The  pipe 
was  lowered  underneath  the  bucket  with  a 
*/2-in.  chain.  A  clamp  kept  it  from  slipping. 
The  plate  of  the  ball-and-socket  joint  was  sup- 

ported underneath  the  air  line  by  two  chain 
blocks.     The     lower     end     of    the  section    of 
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pioe  was  swung  over  upon  the  plate  by  hand. 
The  chain  blocks  raised  the  section  of  pipe 
uc  to  the  end  of  the  air  line.  Then  with  a 
few  turns  of  the  loose  couplings  by  hand  the 
■connection  was  quickly  made.  The  couplings 
were  tightened  with  chain  tongs.  In  the 
couplings  every  40  to  50  ft.,  ̂ -in.  vir  con- 

nections were  made. 

To  lower  a  section  of  the  12-in.  flanged 
pipe  the  bucket  was  removed  from  the  hoist- 

ing rope ;  eye-bolts  were  inserted  in  three  of 
the  holes  of  the  flange,  and  rods  ccnnected 
these  eye-bolts  to  a  ring  in  the  device  at 
the  end  of  the  hoisting  rope.  At  the  end  of 
the  12-in.  line  two  chain  blocks  weie  hung 
and  by  means  of  two  %-in.  wire-rope  slings 
the  section  of  pipe  was  taken  from  the  hoist- 

ing rope  and  placed  in  the  proper  position  for 
connection  to  the  12-in.  line.  Figure  6  shows 
the  methods  of  supporting  this  pipe  in  the 
shaft.  The  slot  engaged  the  flange  of  the 
H-section  sets.  Every  alternate  one  of  these 
rested  upon  the  wall  plates  and  the  others 
upon   the   dividers. 

The  guides  were  lowered  either  in  or  un- 
derneath the  bucket.  When  the  proper  depth 

was  reached  a  sling  chain  was  fastened  around 
the  guide  and  a  chain  block  hung  to  the  set 
swung  it  into  place.  In  lining  the  guide  a  2x2- 
in.  wooden  gage  was  placed  between  the  wall 
plate  and  guide.  This  gage  was  supported  by 
two  hooks  hung  over  the  flange  of  the  H-sec- 

tion divider  or  end  piece.  The  bolt  holes  were 
bored  after  the  guide  was  lined  up.  In  order 
to  start  the  hole  directly  opposite  the  hole  al- 

ready drilled  in  the  steel  set.  the  device  shown 
in  Fig.  7  was  used.  The  hole  for  the  bolt 
head  was  counter-bored  by  hand  with  an 
extension  bit,  and  the  bolt  hole  was  bored 
with  an  air  auger  machine  with  a  twist  drill. 

CONXRETING. 

During  the  si  king,  every  To  to  100  ft.,  two 
or  three  adjacent  sets  were  filled  in  to  the 
solid  rock  with  concrete ;  this  made  it  un- 

necessary to  cut  hitches  and  place  steel  bear- 
ers. This  concrete  also  serves  as  a  perma- 
nent support  to  the  shaft.  It  was  mixed  on 

the  surface  and  lowered  in  a  hopper,  see  Fig. 
8,  at  the  bottom  of  which  was  a  flexible 
spout,  as  shown  in  Fig.  9. 
When  the  shaft  was  sunk  to  a  depth  of 

1,207  ft.,  it  was  thought  necessary  to  com- 
plete the  concreting  because  of  the  approach 

of  cold  weather.  Concreting  was  started  at 
a  depth  of  1,170  ft.  The  concrete  was  mixed 
in  the  proportions  of  1:3:5  in  a  %-cu.  yd. 

electric  driven  mixer,  and  "conducted  'ihrough 
a  launder  to  a  4-in.  flanged  pipe  laid  from 
surface.  The  lower  end  of  the  4-in.  pipe  tele- 

scoped into  a  o-in.  branch.  This  o-in.  branch 
took  the  blow  of  the  concrete.  To  the  bot- 

tom of  the  branch  was  connected  a  reverse 
bend  with  its  lower  end  vertical.  A  flexible 

spout  18  ft.  long  which  fitted  over  -this  con- 
ducted the  concrete  to  the  forms.  While  the 

concreting  force  was  filling  one  set,  other  men 
were  removing  the  blocking  from  the  set 
above  as  explained,  hanging  the  strands  of 
old  wire  rope  vertically  1  ft.  apart  and  hori- 

zontally about  3  ft.  apart  for  reinforcement, 
and  placing  the  outside  forms.  For  an  8-ft. 
span,  2-in.  hardwood  plank  was  used,  as 
shown  in  Fig.  9,  and  for  4-ft.  and  6-ft.  spans 
l5^-in.  hardwood  plank.  The  plank  v/as  cut 
on  a  bevel  on  the  upper  end,  so  that  the  con- 

crete came  underneath  the  steel  sets  for  a  sup- 
port. The  bottom  end  came  tight  against  the 

outside  flange  of  the  H-section.  Two-inch 
strips  of  wood  about  12  ins.  long  were  laid 
1  in.  apart  between  the  bottom  end  of  the 
plank  and  the  inside  flange  of  steel.  When 
these  strips  were  taken  out  the  planks  were 
easily   removed  from   the   concrete. 

In  all  cases  the  corners  were  left  open  for 
a  distance  of  at  least  12  ins.  from  the  cor- 

ners of  the  sets.  This  left  a  solid  column  of 
concrete  in  each  corner  for  the  entire  depth 
of  the  shaft.  Also  where  the  lagging  and 
timber  was  left  between  the  concrete  and  rock, 
openings  for  concrete  were  left  directly  back 
of  the  wall  plates  and  end  pieces  to  the  solid 
rock.  Thus  in  all  cases  the  concrete  e.xtend- 
ed  from  the  steel  set  to  the  rock.  A  6.x8-in. 
block   12   ins.   long  was   laid   in   the   concrete 

midway  between  the  8-ft.  sets  to  serve  as  a 
support  to  the  two  end  guides. 

WATER. 

Most  of  the  water  entered  the  shaft  at  15 
ft.  from  surface,  and  a  concrete  dam  built 
about  100  ft.  down  collected  most  of  it.  When 
the  dam  was  full,  the  water  was  run  into  a 
bucket  through  an  opened  valve  and  hoisted 
to  surface.  The  water  in  the  bottom  of  the 
shaft  was  also  handled  in  buckets.  On  the 
trestle  landing  a  wheeled  water  tank  was 
pushed  underneath   the  bucket. 

LABOR. 

The  day  was  divided  into  three  8-hour 
shifts.  Nine  miners  and  a  foreman  per  shift 
did  the  drilling,  blasting  and  mucking,  and  as- 

Fig.  9.    Detail  Showing  Form  of  and  Method 

of    Using    Flexible    Spout   for    Distribut- 
ing  Concrete   from    Hoppers,   Palms 
Mine    Shaft    Construction. 

sisted  the  timbermen  in  placing  the  se;s,  con- 
crete bearers,   and    12-in.   pipe. 

Three  timbermen  per  shift  for  three  shifts 
with  two  foremen  for  the  24  hours  lagged  the 
sets,  put  in  the  guides,  extended  the  air  line, 
placed  the  ladders,  and  substituted  for  absent 
miners,  etc.  During  24  hours  two  engineers 
operated  the  double-drum  hoist,  and  two  the 
single-drum.  There  were  two  top-landers  per 
12  hours  and  two  men  to  handle  the  rock, 
tram,  move  track  and  level  the  stockpile 
ground.  Two  blacksmiths  were  engaged  dur- 

ing 24  hours  with  a  helper  for  one  shift.  After 
each  cut  was  drilled  all  of  the  machines  were 
taken  apart  for  inspection  and  repairs  and 

oiled.  This  required  a  mechanic  .  for  a  few- 
hours  each  day. 

The  concreting  required  the  10  miners  for 
removing  lagging,  placing  reinforcement  and 
placing  plank  forms.  The  four  timbermen 
attended  to  the  distribution  of  the  concrete 
to  the  forms.  On  surface  three  men  wheeled 
rock  to  the  mixer,  two  men  the  sand  and  ce- 

ment, one  poured  water  and  attended  to  the 
securing  of  the  proper  mixture,  one  discharged 
the  mixer,  one  looked  after  the  launder  from 
the  mixer  to  the  4-in.  pipe  and  two  men  con- 

ducted the  concrete  down  the  4-in.  pipe.  AH 
the  men  worked  8-hour  shifts  on  the  concret- ing. 

The  approximate  time  required  for  a  7-ft. 
cut  was  as  follows : 

Hours. 
Drillins          4 
Hoisting  tools  and  blasting       1 
Blowing  smoke        % 
Lowering  men  and  cleaning  o£E  sets       1 
Trimming  the  sides       1 
Mucking  and  picking  bottom    14^4 
Placing  a  set       2 
launch        ^ 
Changing  shifts      % 

For  extending  the  shaft  equipment  the  ap- 
proximate time  required  was  as  follows : 

Hours. 
To  lower  and  place  one  length  of  air  pipe. . .   % 
To  lower  and  place  one  length  of  12-in.  pipe.     1 
To  lower  and  place  one  length  of  guide         % 
To  lower  and  place  one  length  of  7-in.   chan- 
nel       % 

Concreting  during  sinking  required  two 
shifts  to  make  a  plank  bottom  and  fill  between 
three  adjacent  sets  or  16  ft.  The  speed  of 
sinking  the  shaft,  including  the  placing  of 
steel  sets  and  lagging,  occasional  coicreting, 
etc.,  averaged  from  4  to  4.56  ft.  per  day  dur- 

ing several  months.  For  the  last  three  Weeks 
in  August,  1913,  it  averaged  5  ft.  per  day. 
The  speed  of  final  concreting  was  from  35 

to  48  ft.  per  day.  For  the  total  distance  con- 
creted 78  gondolas  of  sand  and  15,695  sacks 

or  21  carloads  of  cement  were  required. 
During  the  entire  shaft  sinking  not  a  single 

serious  accident  resulted.  Great  credit  is  due 
the  men  for  the  versatility  of  their  suggestions, 
their  willing  application  to  the  work,  and  the 
interest  they  manifested  in  the  speed  and  gen- 

eral progress  of  the  shaft  sinking. 

Some  Principles  Governing  the  Organ- 
ization of  City  Engineering 

Departments. 
The  duties  devolving  upon  the  city  engineer's 

department  vary  rather  widely  as  between 
various  American  cities.  This  variation  is  due 

in  part  to  diff'erences  in  population  but  it  is 
also  due  to  arbitrary  organization  of  public 
works  departments  and  sub-departments.  Thus 
in  some  cities  the  city  engineer  is  in  charge 
of  the  municipal  water  works  while  in  the  ma- 

jority of  cities,  it  is  believed,  he  has  little  or 
nothing  to  do  with  the  water  works  plant. 
There  are,  however,  certain  principles  which 
may  well  be  permitted  to  govern  the  organiza- 

tion of  the  engineering  department,  and  this 
article  gives  a  British  view  of  these  principles 
as  stated  by  Mr.  Edward  Willis,  of  Chiswick, 
England,  in  a  recent  paper  before  the  Institute 
of  Municipal  and  County  Engineers.  Much 
depends  on  a  good  organization  of  the  forces 
available;  much  is  to  be  gained  by  limiting  or 
eliminating  the  overlapping  of  duties  and  re- 

sponsibilities. 
In  approaching  the  subject  the  author  is  met 

with  the  initial  difficulty  of  the  large  variation 
in  the  work  and  responsibilities  that  the  mu- 

nicipal engineer  has  to  undertake,  and  he 
therefore  proposes  to  deal  briefly  with  only 
those  duties  which  appertain  to  practically  all 
appointments,  while  he  will  touch  but  very 
lightly  upon  those  branches  of  the  department 
which  in  large  towns  and  cities  are  often  placed 
under  a  separate  head,  but  which  in  the  smaller 
towns  are  usi'ally  added  to  the  multifarious 
responsibilities  placed  upon  and  undertaken 
by  the  modern  numicipal  engineer. 

.Assuming  that  it  is  possible  to  create  a  new 
and  complete  department,  the  author  would 
suggest  the  following  main  headings  as  the 
basis  of  its  organization:  Highways;  sewerage 
and  sewage  disposal  works ;  open  spaces,  parks 
and  pleasure  grounds;  collection,  removal  and 
disposal  of  house  refuse;  stores  and  depots, 
and  establishment  and  staflf. 
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The  real  essence  of  good  organization  is  the 
efficient  and  harmonious  working  of  eacli 
section  of  all  departments,  with  no  friction  or 
wasted  time  where  two  sections  overlap  or 
become  interwoven.  It  is  often  in  this  over- 

lapping between  the  separate  sections  of  a 
department  that  most  difficulties  arise,  loss  of 
time  is  incurred,  and  individual  character, 
ability,  and  tact  are  required  to  avoid  friction. 

In  the  creation  of  a  department  for  a  new 
small  urban  district  it  will  probably  be  found 
that  a  very  small  staff  will  be  allowed  for  a 
considerable  amount  of  work,  and  this  must 
result  in  several  sections  of  the  work  being 
thrown  upon  one  individual.  If,  however,  the 
scheme  is  properly  thought  out  and  organized, 
its  development  will  be  automatic  with  the  in- 

creased prosperity  of  the  district,  and  no  re- 
organization, with  its  consequent  possible  up- 

heavals and  heartburnings,  should  ever  become 
necessary. 

It  may  be  desirable  before  dealing  with  the 
above  sub-headings  to  say  a  few  words  about 
the  personnel  of  a  staff. 

In  considering  the  smallest  type  of  urban 
district,  it  may  be  assumed  the  staff  of  the 

municipal  engineer's  department  consists  of one  man,  described  in  Great  Britain,  in  that 

most  comprehensive  word,  "The  Surveyor." 
If  his  council  are  particularly  generous  he  may 
have  the  advantage  of  a  pupil  and  office  boy. 
In  this  case  but  little  organization  of  staff  will 
become  necessary,  but  the  organization  of  work 
is  a  sine  qua  non  if  the  administration  of  the 
district  is  to  be  efficient,  and  no  harm  can 
result  from  the  scheme  of  such  work  being 

considered  on  broad,  "but  definite,  lines ;  in fact,  the  man  that  can  grasp  and  deal  with  his 
work  on  broad  lines  is  individually  the  most 
useful  and  best  organizer,  provided  he  can 
likewise  appreciate  the  importance  of  detail. 

In  the  case,  however,  of  an  average  mu- 

nicipal engineer's  office  in  a  town  of,  say,  from 
10,000  to  50,000  inhabitants,  the  circumstances 
are  undoubtedly  very  different  from  the  fore- 

going. The  borough  or  district  is  probably 
already  in  a  flourishing  condition.  It  may  be 
a  quiet  town,  or  it  may  be  rapidly  developing, 
the  latter  being  probably  the  case  in  a  town  or 
suburb  immediately  adjoining  a  great  city,  or 
in  one  which  is  being  developed  owing  to  the 
creation  of  a  thriving  industry  within  its 
boundaries. 

-Arrangements  for  expansion  or  possible  de- 
centralization may  therefore  be  anticipated  and 

provided  for;  the  individual  abilities  of  each 
member  of  the  staff  should  be  appreciated  to  a 
nicety :  the  work  in  each  section  of  the  depart- 

ment should  be  defined  and  systematic;  super- 
vision should  be  accorded  to  all;  absolute 

punctuality  should  be  enforced,  and  integrity 
of  thought  as  well  as  of  deed  should  be 
fostered. 

It  might  be  here  mentioned  that  some 
officials,  while  being  absolutely  above  reproach 
in  financial  matters,  still  have  not  grasped  the 
thought  that  absolute  integrity  includes  princi- 

ples as  well  as  actions,  and  the  head  of  a 
department  who  can  feci  that  not  only  integ- 

rity, but  absolute  loyalty  to  himself  permeates 

every  member  of  his  department  is  indeed  {•-ir- 
tunate,  and  such  a  knowledge  is  very  helpful 
when  the  anxieties  and  worries  of  dealing  with 
the  numerous  members  of  a  large  corporation 
weigh  unduly  heavily  upon  him. 

It  cannot  be  too  much  emphasized  that  a  true 
espirit  dc  cnrfs  should  exist  in  every  official, 
from  the  highest  to  the  lowest,  to  ensure  that 
perfect  harmony  in  work  which  gives  the  most 
beneficial  results  to  the  council  and  taxpayers 
at  large,  and  therefore  any  scheme  which  an 
engineer  can  advance  to  further  this  spirit  will 
not  only  redound  to  his  credit,  but  will  prob- 

ably add  to  his  popularity,  and  make  every 
individual  member  of  the  staff  willingly  throw 
his  whole  energies  into  his  daily  work,  and  not 
complain  when  the  exigencies  of  the  public 
service  necessitate  hours  of  overtime,  often 
without  any  thanks  from  his  council. 
Highways. — As  the  construction  and  manage- 

ment of  highwtiys  created  the  necessity  for  the 
surveyor  and  engineer,  so  it  still  ranks  as  one 
of  the  most  important  duties  attaching  to  his 
department,  and  in  the  majority  of  districts 
it  is  organized  as  a  separate  section  or  sub- 
department. 

The  number  of  men  engaged  in  maintenance 
and  supervision  must  of  necessity  be  governed 
by  the  area  and  the  traffic  throughout  the  dis- 

trict, but  in  practice  the  author  advises  that 
existing  highways  should  be  dealt  with  sepa- 

rately from  the  construction  of  new  highways, 
since  the  latter  largely  consist  of  private  street 
works  and  street  improvements,  and  as  such 
are  subject  to  more  detailed  drawing  and 
office  work  than  the  maintenance  of  existing 
roads. 

The  author  is  of  the  opinion  that  even  in  a 
small  district  it  is  wise  to  make  one  man  re- 

sponsible for  the  administration  of  this  sub- 
department,  so  that  the  entire  maintenance  of 
the  existing  roads  and  walks  of  a  district  are 
in  his  hands.  He  would  then  have  charge  of 
sprinkling,  street  cleaning  and  repairs,  includ- 

ing all  team  labor,  manual  labor  and  supplies 
used  upon  public  highways. 
The  question  of  improvements  to  existing 

highways  and  lighting  in  a  small  district  is  also 

left  in  this  official's  hands;  but  where  the  ad- 
ministration of  a  large  town  or  city  is  to  be 

dealt  with,  he  is  of  the  opinion  that  the 
supervision  of  both  improvements  and  lighting 
can  be  relegated  to  two  other  officials,  who  can 
personally  report  to  him  and  specialize  in  their 
particular  work. 
Some  engineers  require  personal  reporting 

daily  from  the  head  of  each  sub-department, 
and  this  system  has  many  advantages.  At  the 
same  time  the  author  has  found  in  practice  that 
there  are  equally  great  disadvantages,  since  in 
his  own  experience  he  has  wasted  hours  in  ob- 

taining access  to  his  chief  to  report  sometimes 
comparatively  trivial  matters,  and  the  proced- 

ure he  has  adopted  in  his  own  office  is  to 
obtain  all  reports  in  writing  from  the  fore- 

going officials,  who  attend  for  interviews  only 
when    required. 

Before  concluding  these  observations  on 
existing  highways  the  author  would  like  to 
emphasize  the  desirability  of  not  only  record- 

ing the  materials  and  labor  expended  on  re- 
pairs through  the  outgoing  supplies  notes,  but 

also  the  advisability  of  keeping  abstracts, 
charts,  and  maps  of  the  district  showing  ex- 

actly, from  time  to  time,  with  the  date  attached, 
the  amount  of  recoating  of  roadways  or  re- 
paving  walks  carried  out  each  year,  and,  as  far 
as  possible,  the  prime  cost  should  be  kept  of 
all  such  work  and  reduced  to  a  definite 
standard. 

While  advocating  this  the  author  must  admit 
he  has  been  unable,  with  a  limited  staff,  to 
keep  entirely  to  this  standard  of  perfection; 
but  he  still  advises  the  continuance  of  such  a 
system  as  being  ultimately  conducive  to  both 
economy  and  efficiency. 
With  reference  to  sprinkling  he  has  made 

a  practice  of  attaching  to  each  water  cart  a 
small  skeleton  map  of  the  route,  with  positions 
of  all  road-watering  posts  shown  thereon,  as 
this  tends  to  prevent  the  continual  waste  of 
time  which  will  constantly  occur  where  the 
number  of  road-watering  posts  is  limited,  and 
enables  a  better  check  to  be  maintained  over 
the  employes. 

The  question  of  street  cleaning  with  gangs 
or  one-man  routes  is  a  vexed  question,  and  in 
most  districts  too  little  money  is  put  on  this 
important  work.  The  quality  of  the  labor  also 
is  often  far  from  satisfactory,  any  man  being 
considered  fit  to  handle  a  broom.  This  is  not 

the  author's  experience,  as  he  has  found  that 
one  man  can  often  do  twice  the  amount  of 
work  of  another,  and  that  such  work  is  often 
more  efficiently  performed. 

The  author  considers  new  highways,  espe- 
cially private  street  works,  can  often  in  a  large 

district  be  left  in  the  hands  of  one  capable 
assistant,  with  one  or  two  draughtsmen  to 
assist  him.  since  uniformity  in  practice  with 
private  street  work  and  apportionments  is  con- 

ducive to  lessening  of  friction  with  speculating 
builders  and  small  property  owners. 

It  is  desirable  that  provisional  and  final  ap- 
portionment books  he  kept  in  lieu  of  loose 

sheets,  and  that  such  books  should  give  full 
particulars  of  the  ownership,  frontage,  esti- 

mate, final  account  and  final  aonortionment,  so 
that  the  past  history  of  a  private  street  can 
casilv  be  traced  without  the  necessity  of  wad- 

ing through  numerous  loose  papers. 

In  some  districts  it  is  customary  to  have  an 
absolutely  standard  specification  and  drawing 
for  private  street  works ;  but  this  has  not  been 

the  author's  practice,  since  what  may  be  de- 
sirable for  one  highway  may  be  totally  unsuit- 

able for  another,  and  in  recent  years  under  this 
heading  the  author  has  used  from  9  ins.  to  21 
ins.  of  total  formation  and  the  following  fin- 

ished surfaces:  9  ins.  to  G  ins.  of  flints;  flints 
tar-painted  and  finished  with  granite  clippings; 
tarred  granite ;  tarred  clinker  finished  with 
tarred  limestone;  Guernsey  granite  with 
Tarvia  and  granite  chippings. 

One  other  point  before  leaving  this  subject 
may  be  usefully  mentioned.  Where  trees  in 
streets  are  generally  adopted,  they  may  often 
be  included  in  the  private  street  works  speci- 

fication and  estimated  with  advantage  as  well 

a^  grass  margins,  if  the  cost  of  maintenance 
can  reasonably  be  afforded. 

Careful  records  of  renaming  and  renumber- 
ing must  also  be  kept,  as  certificates  are  con- 

tinually being  required  when  property  changes 
hands. 

Sewerage  and  Sewage  Disfosal  IVorks. — In 
this  sub-department  the  author  suggests  the 
separation  of  new  and  existing  sewers  from 
sewage  disposal  works ;  in  fact,  in  all  large 
tow-ns  and  cities  such  a  separation  is  a  sine  qua 
non,  in  many  cases  the  sewage  disposal  being 
undertaken  by  a  joint  board,  and  dealt  with 
either  by  a  sea  outfall  or  bacterial  treatment works. 

The  variations  in  the  management  of  sewage 
disposal  works  are,  of  course,  entirely  gov- 

erned by  the  size  and  character  of  the  works 
and  the  quantity  of  sewage  treated;  but  it 
cannot  be  emphasized  too  strongly  that  where 
the  outfall  discharges  into  a  non-tidal  stream 
absolute  adherence  to  instructions  is  essential, 
especially  in  the  case  of  contact  beds,  where 
three  shifts  in  24  hours  is  adopted.  In  this  case 
there  is  no  excuse  for  lack  of  attention  at 

night-time,  but  when  men  are  working  12  or 
13  hours  through  the  night,  under  little  or  no 
supervision,  the  author  has  found  neglect 
sometimes  ensues. 

The  author  has  made  a  practice  of  super- 
vising or  inspecting  personally  at  all  hours  of 

the  day  and  night,  without  notice,  and  he  has 
found  this  has  eliminated  to  a  large  extent  the 
risk  of  serious  neglect  by  his  men. 

Under  the  heading  of  "Sewerage"  he  sug- 
gests separating  the  management  of  new  and 

existing  sewers  so  far  as  the  individual  staff  is 
concerned.  This,  of  course,  would  again  have 
reference  to  a  large  district,  or  one  rapidly  de- 

veloping, and  in  practice  he  has  found  that  the 
outdoor  building  department  can  well  super- 

vise the  laying  of  new  sewers  without  undue 
overlapping,  since  the  majority  of  these  are 
laid  in  new  streets  by  private  estate  owners. 
Maintenance,  flushing  and  connections  to 

sewers  should  be  as  far  as  possible  under  the 
control  of  one  man,  who  should  be  solely  re- 

sponsible for  seeing  to  the  actual  work  of  the 
sub-department,  but  in  practice  it  is  often 
found  desirable  to  arrange  for  house  connec- 

tions to  be  supervised  by  the  building  depart- 
ment, which,  as  an  inspector  should  be  upon 

the  works  daily,  saves  time  and  eliminates 
overlapping  of  inspection. 

It  is  needless  to  detail  the  many  sub-head- 
ings that  would  apply  in  this  section,  but  the 

author  would  emphasize  the  importance  of  any 
spare  time  being  spent  on  keeping  the  surveys 
and  levels  absolutely  up-to-date,  and  shown 
on  the  standard  ordnance  maps  of  the  district. 
The  surface  and  invert  levels  should  be  en- 

tered on  such  maps  at  every  manhole  or  change 
of  direction  or  gradient. 

Ofen  Spnees. — In  dealing  with  this  impor- 
tant section  of  a  municipal  engineer's  work,  it 

may  again  be  reasonably  subdivided  under  the 
following  headings  :  (1)  Maintenance  of  Exist- 

ing Open  Spaces;  and,  (2)  Provision  of  New 

Open   .'ipaces. 
Briefly  referring  to  the  latter  heading,  the 

first  consideration  is  defining  the  most  suit-  ■ 
able  position  and  negotiating  for  it.  This,  of 
course,  is  exclusively  a  matter  for  the  head 
of  the  department,  probably  in  conjunction 
with  the  clerk  of  the  council. 

The  design  and  lay-out  construction  of 
walks,   banks,   flower  beds,   shrubberies,  gym- 
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nasia,  drainage,  water  supply,  chalets,  con- 
veniences, etc.,  would  be  best  prepared  by  the 

indoor  staff  and  the  supervision  undertaken 
by  the  outdoor  staff. 
A  matter  which  is  now  continually  before 

municipal  engineers  is  the  desirability,  or 
otherwise  of  executing  certain  new  works  by 
means  of  direct  labor.  The  author  has  had  ex- 

perience of  both  the  contact  and-  day  labor 
systems  to  some  large  extent,  and  he  is  of 
opinion  that  there  are  many  works  in  which 
direct  labor  can  be  economically  adopted ;  but 
if  they  are  to  be  successful  and  economy  is  to 
result,  the  engineer  should  have  an  absolutely 
free  hand  in  regard  to  the  employment  of 
labor,  and  should  be  exonerated  from  the  risk 
of  criticism  before  the  work  starts,  should  he 
find  it  necessary  to  modify  the  labor  conditions. 

The  question  of  direct  labor  is  one  which,  at 
some  time  or  other,  is  bound  to  be  considered 
by  every  municipal  engineer,  and  no  one  should 
neglect  to  take  advantage  of  the  experience  of 
his  confreres  in  this  matter.  Personally,  the 
author  has  consistently  adopted  direct  labor  on 
new  sewerage  works  and  open  spaces  with  both 
satisfactory  and  economical  results,  while  he 
has  found  it  also  beneficial  in  the  construction 

of  open-air  baths  and  various  road  improve- 
ments :  but  where  buildings  are  to  be  erected, 

or  where  there  is  anj'  question  of  payment  by 
other  persons,  such  as  in  private  street  works, 
he  prefers  the  contract  system. 
The  systematic  upkeep  of  iron  and  wood 

work  is  often  neglected  through  carelessness, 

bad  organization,  or  false  economy,  and  there- 
fore one  cannot  be  too  careful  in  clearly  defin- 

ing the  word  "maintenance." 
Collection.  Removal  and  Disposal  of  House 

Refuse. — While  this  is  one  of  the  most  im- 
portant duties  usually  devolving  upon  the 

municipal  engineer,  it  is  equally  one  of  the 
most  unpleasant,  and  is  probably  the  cause  of 
more  complaints  than  any  other  sub-depart- 
ment. 
He  must  consider  first  the  method  of 

collection  and  disposal.  Collection  may  be  by 
contract  or  direct  labor,  and  in  each  case  by 
either  horse  haulage  or  motor  traction. 

Briefly,  motor  traction  is  beneficial  where 
the  shoot,  deposit,  or  destructor  is  at  a  dis- 

tance, or  it  can  be  economically  adopted  where 
the  refuse  cans  are  placed  on  the  sidewalks  at 
night  and  are  emptied  daily.  Direct  labor  can 
usually  be  more  efficiently  supervised  and  leads 
to  fewer  complaints  than  contract  labor  in  this 
class  of  work. 

Having  decided  on  the  system,  definite  routes 

should  be  assigned  to  certain  wagons  and 
collectors,  and  the  collection  from  each  route 
should  be  completed  each  day.  If  this  work  is 
carried  out  properly  no  complaints  should 
arise,  but  the  author  has  found  some  difficulty 
in  entirely  avoiding  these,  owing  partly  to 
the  substitution  of  other  men  during  sickness 
or  accident  and  the  interference  with  normal 
organization  during  holiday  seasons. 
Some  difficulties  are  also  experienced  in  re- 

gard to  empty  houses  or  access  to  occupied 
houses  when  no  one  is  at  home,  but  the 

author's  practice  on  such  occasions  is  to  de- 
liver a  card  stating  when  the  next  collection 

will  be  made,  and  the  men  report  on  tabulated 
sheets  the  reason  for  non-collectios.  By  this 
means  it  is  possible  to  check  whether  non- 
collection  is  through  the  carelessness  of  the 
men  or  the  temporary  absence  of  the  occupier. 

In  the  disposal  of  house  refuse,  a  proper 
record  should  be  kept  of  the  quantity  received, 
preferably  by  means  of  a  weighbridge  at  the 
destructor.  This  record  should  be  checked 
with  corresponding  periods  in  previous  years, 
and  also  with  the  average  daily  quantity, 
which  should  show  a  gradual  increase  with 
the  growth  of  the  district. 

Special  care  is  also  required  in  testing  the 
tare  weight  of  collecting  vehicles,  since  al- 

though it  is  wise  to  record  the  tare  on  every 
vehicle,  refuse  wagons  are  especially  liable 
to  be  incorrect,  owing  to  the  inclusion  of 
glasses,  cans,  shovels,  baskets,  etc.,  and  unless 
special  care  is  exercised  in  the  clearing  out 

of  the  vehicle,  a  considerable  excess  w-eight 
over  the  actual  amount  collected  may  be  shown. 
This,  in  the  case  of  piecework,  may  not  always 
be  accidental,  and  to  avoid  it  the  only  proper 
method  is  to  tare  these  vehicles  out  after 

every  load. 
In  connection  with  the  destructor,  proper 

records  should  be  kept,  preferably  in  tabulated 
form,  of  the  amount  of  steam  raised,  water 
and  coal  (if  any)  consumed,  power  used  for 
pumping  or  other  purposes,  quantity  of  clinker 
made,  amount  of  clinker  broken  in  crusher  and 
used  for  special  purposes,  such  as  mortar, 
brick  and  flag  making,  tarred  clinker  for  roads, 
etc.,  and  a  careful  analysis  of  the  cost  of  other 
materials  and  labor  throughout,  so  that  com- 

parison may  be  made  with  corresponding  fig- 
ures at  different  periods  and  those  of  other 

local  authorities,  which,  with  proper  allow- 
ances for  varying  conditions,  form  a  good 

guide  as  to  the  economy  and  efficiency  with 
which  this  section  of  the  department  is  being 
administered. 

In  the  case  of  extensive  repairs  to  chimney 
shafts,  main  flues,  etc.,  provision  will  have  to 
be  made  for  the  removal  of  the  refuse,  by 
road,  rail  or  water,  to  another  destructor  or 
shoot,  and  sufficient  foresight  must  be  exer- 

cised to  avoid  any  interference  with  the 
normal  daily  collection  and  disposal  of  refuse. 

Stores  and  Depots. — A  complete  or  even 
partial  scheme  of  reorganization  in  connection 
with  central  or  branch  depots  and  storeyards 
requires  most  careful  consideration,  since 
after  the  cost  of  buildings,  stabling,  and  other 
structural  works  for  the  reception  of  horses, 
wagons,  motors,  rollers,  etc.,  has  once  been 
incurred,  the  capital  charge  in  the  event  of 
subsequent  alteration  will  be  entirely  or  very 

largely  vi-asted.  The  greatest  care  and  ability 
must  therefore  be  exercised  by  the  engineer 
before  making  any  recommendation,  and  he 
must  not  only  consider  the  present,  but  also 
the  ultimate  possibilities  and  needs  of  the 
area  of  which  he  is  the  controlling  officer. 

It  is  difficult  to  lay  down  any  hard  or  fast 
line  as  to  centralization,  but  it  may  be  taken 
as  an  accepted  fact  that  all  horse  vehicles 
should  be  housed  within  a  reasonable  distance 
of  the  area  upon  which  they  are  to  be  used. 
At  the  same  time  the  multiplicity  of  storeyards 

or  depots  permanently  increases  the  establish- 
ment charges,  for  which,  as  a  general  rule,  a 

varying  percentage  is  required  to  be  added  to 
the  cost  of  works. 

Establishment  and  Staff. — The  author  cannot 
conclude  without  making  a  few  observations 
under  this  heading.  In  the  earlier  part  of  the 
paper  it  was  pointed  out  that  perfect  loyalty 
and  absolute  integrity  of  thought  and  deed 
would  tend  to  result  in  the  development  of  an 
excellent  staff. 

In  addition,  every  assistant  should  continue 
his  studies  by  means  of  professional  literature, 
lectures,  etc.,  and  always  strive  to  learn  and 
know  more  than  is  necessary  for  the  work 
required  of  him,  since  by  that  means  alone  he 
is  able  to  fit  himself  for  a  more  responsible 

position. Omitting  many  other  points,  one  small  one 
must  be  emphasized — viz.,  the  initialing  and 
dating  of  all  plans,  drawings,  or  documents 
by  the  assistants  or  clerks  engaged  thereon, 
and  the  checking  and  initialing  of  all  calcu- 

lations, quantities,  and  certificates,  since  it  is 
so  easy  in  the  midst  of  the  multifarious  duties 
which  devolve  upon  this  department  for  a  slip 

to  be  made,  but  so  difficult  to  restore  that  con- fidence which  all  desire  and  endeavor  to  merit. 

ROADS  AMD  STREETS 
Economic    Factors    Involved    in    Road 

Construction   in   Strictly   Rural 
Sections. 

The  economic  factors  involved  in  the  plan- 
ning and  construction  of  a  system  of  im- 

proved roads  are  intricate.  A  consideration 
of  these  factors  must  include  so  many  variable 
conditions  and  be  based,  frequently,  on  such 
incomplete  data  that  an  accurate  solution  of 
the  problem  of  economic  apportionment  of 
funds  for  construction  and  details  desirable  to 
use  is  difficult.  In  a  paper  presented  at  a 
recent  meeting  of  the  Canadian  Society  of 
Civil  Engineers.  Gabriel  Henry  discussed  the 
problem  as  applied  to  the  rural  roads  of  Que- 

bec, Canada,  and  his  paper  is  given  here  in 

part. 
PRIMARY     CONSIDERATIONS     IN     THE     APPORTION- 

MENT OF  FUNDS. 

It  is  fundamental  that  any  outlay  of  money 
must  be  made  in  such  a  manner  that  it  will 

result  in  a  paying  investment  to  the  com- 
munity. In  order  to  obtain  this  not  only  the 

first  cost  of  the  improvement  must  be  consid- 
ered but  the  funds  so  invested  must  be  pro- 

tected from  loss  by  waste  and  decay.  The 
conclusions  to  be  drawn  from  this  are:  (I) 
That  no  road  should  be  improved  without 
some  provision   for  the   maintenance  of  such 

road.  (2)  That  all  unprofitable  work  and 
works  "de  luxe"  should  be  avoided  within  cer- 

tain limits.  (3)  That  all  improvements  not 

actually  and  positively  needed  should  be  omit- 
ted or  postponed.  As  examples  of  such  im- 

provements the  author  may  cite  the  adoption 
of  costly  surfacing  for  portions  of  roads 
where  the  traffic  provided  for  will  come  at 
a  later  period,  and  all  other  unwise  selections 
of  surfacing  either  with  a  view  to  economize 
on  the  first  cost  or  to  display  some  luxury. 

(4).  That  the  choice  of  some  kind  of  pave- 
ment, the  durability  and  ease  of  maintenance 

of  which  has  not  been  ascertained  in  practice, 

be  avoided  as  much  as  possible.  (5)  That  un- 
necessary experiments  be  avoided.  It  is  bet- 

ter to  profit  by  experience  obtained  elsewhere 
and  to  make  only  those  experiments  which  are 
absolutely  necessary  for  adapting;  some  good 

recognized  product,  process  or  method  to  lo- 
cal conditions. 

Agaifi,  as  the  improvement  of  roads,  like  in- 
dustrial or  commercial  investments,  has  to  be 

a  paying  one,  the  sum  invested  should,  in  the 
author's  opinion,  be  divided  into  three  parts ; 
one  to  be  set  aside  for  work  which  does  not 

decay  and  can  be  easily  and  cheaply  main- 
tained without  loss  of  value;  one  for  work 

which  decays  and  cannot  be  maintained  with- 
out loss  of  value  and  for  which  a  deprecia- 

tion fund  is  to  be  provided;  and  a  mainte- 
nance  fund   for  annual   repairs. 

In  the  case  of  a  macadamized  road,  for  ex- 
ample, the  cost  of  the  earthwork,  of  the  drain- 

age and  underdrainage  and  of  the  foundation 
should  be  considered  as  belonging  to  the  first 
class ;  the  cost  of  the  surfacing  to  the  second 
class,  and  to  the  third  class  the  money  re- 

quired annually   for  maintenance. 
.Again,  there  should  be  no  hesitation  in 

spending  money  judiciously  and  when  need- 
ed for  earthworks,  under-drainage,  ditches, 

substantial,  well  designed  and  well  construct- 
ed concrete  bridges  and  culverts,  and  good 

and   appropriate   foundations, 
.Ml  money  so  expended  adds  value  to  the 

country,  prepares  roads  for  the  surfacing, 
even  when  the  latter  is  to  be  laid  later,  and  is 
remunerative.  Such  kind  of  work  well  planned 

and  well  made  lasts  a  ver>'  long  time  and  re- 
quires little  money  annually  for  maintenance. 

On  the  other  hand  it  is  a  waste  of  money  to 

use  costly  wearing  coats  on  a  substructure  not 
well  drained  or  a  water-bound  macadam  on 
hills  with  a  10  per  cent  slope. 

Further,  the  author's  impression  is  that  the 
improvement  of  the  roads  should  be  begun  by 
preparing  the  substructure,  lowering  grades 
or  rounding  up  hills,  drainage  surface  waters 
and  under-draining  ground  waters,  construct- 

ing   bridges,    straightening    unnecessarily    tor- 
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tuous  roads,  maintaining  these  improved  sub- 
structures as  earth  or  gravel  roads  as  the  case 

may  be  pending  the  ne.xt  step  of  the  improve- 
ment, and  the  laying  of  surfacing.  .-Ml  this 

can  be  done  economically.  Surfacing  should 
be  used  only  when  and  where  necessan.-.  This 
mode  of  procedure  would  have  a  great  ad- 

vantage which  is  worth  being  insisted  upon. 
Laying  wearing  coats  on  new  fills  not  suffi- 

ciently settled,  or  on  a  new  soil  not  sufficiently 
trampled  by  traffic  nor  well  seasoned,  .iccounts 
for  many  failures  of  good  surfacings  and  for 
expenses  of  maintenance  greatly  exceeding 
the  provisions.  Quick  work  in  road  making 
is  not  always  to  be  recommended. 
When  the  substructure  of  a  road  has  been 

prepared  and  the  foundation  laid  in  advance, 
inconvenience  is  to  be  feared.  .Another  occa- 

sional advantage  is  to  divide  the  work.  Con- 
tractors specializing  in  eartliworks  sometimes 

are  not  well  acc|uainted  with  the  laying  of 
wearing  coats,  or  have  not  at  their  disposal 
the  skilled  workmen  required  for  such  work, 
and  the  reverse  is  the  case  for  surfacing  con- 
tractors. 

WIDTH    .\ND    CROSS    SECTION. 

The  author  does  not  advocate  the  spending 
at  present  of  all  available  money  in  preparing 
substructures  of  rural  roads.  Provincial  roads 
are  badly  needed  and  for  these  the  work  must 
be  pushed  quickly :  but  stress  must  be  laid 
on  the  advisability  in  many  cases  of  preparing 
the  substructure  of  roads  in  advance,  and  on 
the  inconvenience  of  laying  surfacing  nn  im- 

proper and  unseasoned  substructures.  There 
is  no  standard  cross  section  for  substructures 
of  roads,  but  details  should  be  standardized  in 
accordance  with  the  results  furnished  by  ex- 

perience. The  width  of  24  ft.  between  ditches 
is  not  too  great,  but  just  what  is  needed  for 
two  wide  automobiles  or  two  hay  wagons  to 
pass  each  other,  or  a  hay  wagon  to  pass  a 
wide  automobile;  for  such  case.'!  plenty  of 
room  should  be  provided.  It  would  be  better 
to  widen  than  to  narrow  the  roads.  When 
a  horse  vehicle  meets  an  automobile,  if  the 
horses  are  nervous  and  deep  ditches  run 
alongside  the  road,  a  traveler  often  feels  that 
24  ft.  is  not  too  wide.  This  width  should  be 

reduced  only  in  roads  of  .secondary  impor- 
tance or  when  called  for  'hv  special  condi- 

tions. Even  for  roads  much  less  important 
than  provincial  roads  this  width  should  be 
adopted  if  an  increase  of  traffic  is  foreseen 
in  the  near  future.  In  trunk  roads  the  width 
between  ditches  may  be  increased  if  necessary 
to  32  ft.  or  more  and  should  never  be  less 
than  24  ft. 

On  cmbankmcnis  the  platform  should  re- 
ceive an  additional  width  of  3  -ft.  and  Iiave 

a  total  width  of  at  least  27  ft.  from  edge  to 
ediTe.  because  the  back  of  the  guarrl-rail  post-; 
should  be  set  at  least  1  ft.  from  the  edge  of 
the  embankment. 

In  cuts,  generally,  no  ditches  are  needed 
and  gutters  prevail ;  consequently,  the  total 
width  of  the  platform  at  the  bottom  of  the 
cut  can  usually  be  reduced  to  between  2(5  and 
28  ft.  for  a  24-ft.  wide  road. 
The  edges  of  the  embankments  should  ho 

beveled  or  rounded  when  the  engineer  has  to 
deal  with  a  clay  soil,  in  which  case  it  is  use- 

less to  try  to  get  sharp  edges. 
The  slopes  along  the  embankments  and  cut 

should  generally  he  1V4  horizontal  to  1  ver- 
tical, but  engineers  mav  avail  themselves  of 

the  nature  of  the  soil  if  well  acquainted  with 
the  natural  slope  of  one  particular  soil. 

In  this  country  it  is  necessary  to  avoid  cuts 
on  account  of  the  snow,  which,  in  winter,  fills 
them  and  renders  the  road  impracticable. 

If  the  road  is  to  receive  its  surfacing  later, 

it  should  be  given  a  transversal  crow-n  of  at 
least  1  in.  in  the  foot  in  order  to  shed  the 
rain-water  into  the  ditches  and  to  allow  main- 

tenance with  split-log  drags.  If  the  road  is 
to  immediately  receive  its  surfacing,  shoulders 
at  least  1  ft.  wide  should  be  provided.  The 
slope  of  these  shoulders  towards  the  ditches 
should  be  at  least   1%  ins.  to  the  foot. 

Such  are  the  principal  features  of  a  cross 
section  of  the  substructure. 

EARTHWORK. 

For  the  execution  of  the  earthwork  the 
same  rules  are  to  be   followed  as  in  the  case 

of  railways.  For  shrinkage  the  rates  of  fills 
to  cuts  comprise  between  1.15  and  1.30 — 1.15 
being  for  heavy  work  and  1..30  for  light  skim- 

ming work. 

In  the  author's  opinion  the  rolling  grade 
system  with  vertical  curves  should  be  adopt- 

ed, because  it  is  more  economical  and  facili- 
tates the  drainage  of  the  substructure.  It  is 

useless  to  try  to  get  at  great  cost  long  stretches 
of  horizontal  road.  The  maximum  ruling 
grade  should  not  be  more  than  5  per  cent 

whenever  possible,  6  and  7  per  cent  grades  be- 
ing resorted  to  only  in  short  patches  when  ab- 

solutely imposed  by  necessity.  .V  waterbound 
macadam  is  maintained  only  at  great  cost  in 
this  country  on  grades  of  7  per  cent  and  more, 
and  on  account  of  the  snow  filling  the  ditches 
in  the  spring  water  from  melting  snow,  in 
many  places,  injures  the  roads.  The  same 
holds  for  earth  or  gravel  roads.  It  is  better 
to  try  to  get  5  per  cent  by  turning  around  hills 
when  improving  a  road  than  by  cutting  them 
too  much.  Minimum  grades  should  not  be 
less  than  O.G  per  cent  to  ensure  the  longitudi- 

nal drainage  of  the  road. 
Curves  having  a  radius  less  than  300  ft. 

sliould  be  avoided  in  steep  grades  and  at  the 
foot  of  such  grades,  and  a  radius  less  than 
200  ft.  should  always  be  avoided  even  in  flat 
stretch.  When  it  is  necessary  to  adopt  a 
radius  less  than  200  ft.,  the  road  should  be 

widened  in  the  curve  and  be  given  a  transver- 
sal slope  towards  the  center  of  about  1  in. 

to  the  foot. 
The  end  of  the  beginning  of  a  slope  should 

not  be  found  at  a  distance  less  than  -"lO  ft. 
from  a  level  crossing  of  a  railway  or  from  the 
end  of  a  bridge.  Sight  distance  in  horizontal 
or  vertical  curves  should  be  at  least  .300  ft., 
depending  in  each  case  on  the  conditions. 
Near  a  railroad  crossing  the  sight  distance  on 
each  side  in  the  direction  of  the  track  should 
be  at  least  3,000  ft. 

In  every  case,  the  economy  of  grading 
should  not  be  the  controlling  factor.  The 
most  important  considerations  should  always 
be  kept  in  mind  in  determining  the  profile 
and  the  cross  sections.  The  standards  can  he- 
used  as  general  guides,  but  good  common 
sense  and  acquaintance  with  local  conditions 
should  have  much  to  do  with  it. 

The  earthworks  are  computed  as  for  rail- 
ways, but  for  roads  greater  exactitude  isneed- 

ed  because  in  tliis  case  tliey  consist  chiefly 
of  skimming  work,  ditching  and  shouldering, 
which  cost  more  per  cubic  yard  and  are  more 
difficult  to  estimate  exactly. 

The  draining  of  the  soil  is  the  most  impor- 
tant thing  in  road  construction,  because  the 

I)earing  power  of  the  soil  depends  unon  the 
moisture  it  contains.  In  this  countrv  this 
question  is  far  more  important  than  in  the 
southern  countries,  owing  to  the  nature  of  the climate. 

The  soil  is  soaked  by  rain-water  and  by 
ground-water.  The  rain-water  should  be  dis- 

posed of  as  quickly  as  possible  by  a  good,  sub- 
stantial system  of  ditches,  gutters  and  cul- 
verts. Deep  ditches  should  be  avoided  as 

much  as  possible  and  gutters  substituted.  Deep 
ditches  are  only  necessarv  along  flat  stretche?: 
of  road  in  order  to  get  the  necessary  slope  to 
cause  a  quick  and  complete  drainage  of  water. 
The  minimum  slope  to  be  given  to  ditches 
should  be  .5  ins.  in  100  ft.  Stagnant  water 
shoidd  never  be  found  in  a  ditch. 

The  greater  slope  depends  upon  the  resist- 
ing power  of  the  soil  to  abrasion  by  water  and 

should  never  exceed  such  power. 
The  slopes  of  the  sides  of  the  ditches  should 

he  regular  and  as  nearlv  as  possible  IVj  ft. 
horizontal  to  1  ft.  vertical.  It  is  very  difficult 
to  attain  this  in  a  flat  country  where  ditches 
have  sometimes  to  be  very  deep  and  wide  and 
would  exceed  the  portion  of  the  right  of  way 
that  it  is  possible  to  set  apart  for  them.  In 
such  cases  rip-raps  have  to  be  resorted  to. 
Gutters  along  hills  should  he  paved  with  cob- 

blestones wdiencver  the  soil  is  not  bard  enough 
to   resist   abrasion  by   running  water. 

FOUNPATION. 

Tile  underdrainaee  with  good  outlets  is 
generally  to  be  preferred  to  dccn  ditches  for 
distiosing  of  the  ground  water.  Road  under- 
drainage  should  he  made  in  the  same  way  as 

in  the  case  of  held  drainage.  Tiles  sliould  be 
laid  under  the  sides  of  the  road  rather  than 
under  the  center,  and  should  be  disposed  so 
as  to  intercept  all  water  coming  from  the 
neighboring  fields  before  they  enter  the  right 
of  way.  It  is  important  that  good  and  fre- 

quent outlets  should  be  provided.  Under- 
drainage,  in  order  to  be  a  permanent  and  use- 

ful work,  should  be  done  with  the  greatest 
care.  It  is  very  difficult  to  drain  a  road  ef- 

fectively and  completely,  and  in  many  cases 
it  is  impossible  to  get  the  ground  water  out. 
Generally,  although  the  soil  is  dry,  its  bear- 

ing power  is  not  great  enough  to  stand  con- 
centrated wheel  loads  and  it  is  impracticable 

to  sufficiently  consolidate  it;  sometimes  a  suf- 
ficient and  effective  underdrainage  is  impos- 

sible, and  then  it  is  necessary  to  resort  to  the 
use  of  a  foundation  in  order  to  distribute 
the  concentrated  wheel  loads  over  a  wider  sur- face. 

The  foundation  plays  the  same  role  in  the 
case  of  roads  as  ballast  in  the  case  of  rail- 

ways. It  is  generally  assumed  that  the  down- 
ward pressure  follows  a  line  at  an  angle  of 

45°  from  the  horizontal  and  is  distributed  over 
an  area  equal  to  the  square  of  twice  the  depth 
of  the  total  thickness  of  the  surfacing  and  of 
the  foundation.  This  is  merely  an  assump- 

tion, but  it  is  approximate  enough  in  practice, 
and  it  has  been  found  that  the  thickness  of 
the  foundation  plus  the  thickness  of  the  sur- 

facing should  not  be  less  than  9  ins.  in  com- 
mon soil  for  steel  tire  traffic. 

.■\  non-porous  soil  drained  of  ground-water 
will  support  a  load  of  about  4  lbs.  to  the 
square  inch  :  that  is,  about  1,300  lbs.  per  square 
inch  applied  to  the  surface  of  a  coating  0  ins. 
thick  per  lineal  inch  of  wagon  tire.  In  prac- 

tice a  load  of  700  to  800  lbs.  per  lineal  inch  of 
tire  is  assumed ;  that  is,  2  to  2%  ins.  per 
square  inch  on  the  substructure  with  a  0-in. 
thick  surfacing  including  the  thickness  of  the 
foundation. 

Many  good  surfacings  give  bad  results  ow- 
ing to  the  lack  of  a  substantial  foundation. 

For  a  soft  tire  traffic  a  foundation  is  not  so 
necessary  as  for  the  traffic  of  wagons  with 
narrow  tires  and  without  springs,  the  im- 

pact of  which  is  very  damaging  to  roads. 
The  foundation  should  be  composed  of 

stones  not  larger  than  4  ins.  and  a  filler  in 
the  voids  is  to  be  recommended  whenexer  it 
is  not  verv  expensive.  Gravel,  as  in  the  case 
of  the  railways,  gives  a  good  foundation  and 
is  even  lietter  than  stone.  Telford  foundation 
should  be  resorted  to  onlv  in  case  of  necessity. 
I'Mat   stones  should  not  be  used. 

WATERWAYS. 

Foundations  are  of  the  class  of  permanent 
works  mentioned  above.  Bridges  and  culverts 
should  also  be  so  constructed  as  to  be  con- 

sidered worthv  of  the  same  class. 

Good  concrete  is  well  adapted  for  thi<  kind 
of  work.  Concrete  pipes  should  not  be  used 
in  naturally  wet  clay  soils,  especially  under 
heavy  embankments.  Thev  should  be  of  ordi- 

nary thickness  and  of  a  diameter  not  larger 
than  30  ins.  under  embankments  higher  than 
14  ft.  In  these  two  cases  box  culverts  would 
be  preferable.  Sand  cushions  should  be  em- 

ployed to  protect  them  against  rock.  It  is  ab- 
solutely necessary  to  give  the  head  walls  a 

firm  seat,  especially  in  clay  soils  and  when 
the  pipes  are  under  an  embankment.  Concrete 
slab  bridges  are  very  useful  as  well  as  con- 

crete girder  bridges.  The  maximum  econom- 
ical span  of  a  slab  bridge  is  about  1-t  ft.  and 

of  a  girder  bridge  between  15  and  30  ft.  or 
more.  Under  high  embankments  arch  culverts 
should   be   ivscd. 

Concrete  trestle  bricfees  are  cspecialh  rec- 
ommended for  use  on  rivers  where  numerous 

deep  gullies  arc  found,  as  this  type  of  bridge 
spans  them  very  economicalh-  and  arli-.ticallv. 
thus  dispensing  with  heavv  embankments  and 
deep  cuts.  The  latter  ought  alwavs  to  be 
avoided  in  this  country  on  account  of  snow. 
Manv  diflM-ulties  are  encountered  in  fixing 

the  dimensionsv  of  the  culverts  because  the 

road  engineer  hny  when  deciding,  to  deal  with 
the  farmers.  The  same  difficulties  arc  met 
with  when  str^^ightcning  tortuous,  crooked 

roads  and  improving  curves.  The.se  difficul- 
ties are  not  technical,  but  are  of  common  oc- 
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currence  in  all  countries,  being  unpleasant  and 
unavoidable.  The  greatest  care  should  be 
taken  in  the  planning  and  construction  of 
bridges  and  culverts  for  which  the  same  gen- 

eral rules  have  to  be  followed  as  in  the  case 
of   railways  and  of  first  class  concrete  work. 

ROAD    SURF.\CES. 

The  cost  of  the  permanent  work,  that  is,  of 
the  part  of  the  outlay  permanently  invested 
in  the  case  of  roads,  is  a  smaller  fraction  of 
the  total  cost  than  is  generally  supposed.  Ex- 

cept in  special  cases,  it  never  exceeds  one- 
quarter  or  one-third  of  the  cost  of  the  sur- 

facing proper,  and  in  the  case  of  special  wear- 
ing coats  this  proportion  is  still  smaller;  con- 

sequently, great  care  should  be  taken  in  the 
choice  and  the  laying  of  this  part  of  the  road 
W'hich  is  short  lived  and  so  expensive. 
The  following  points  should  be  taken  into 

consideration  when  making  a  choice  : 
d)  Not  to  attempt  to  risk  surfacings  on  a 

substructure  which  is  not  sufficiently  firm  with 
or  without  foundation.  Waterbound  macadam 
is  not  excepted.  (2)  Not  to  use  surfacing  in 

places  w-here  floods  or  other  causes  could  dam- 
age same.  (3)  Not  to  use  costly  surfacing 

when  a  less  costly  could  reasonably  do  as  well 
for  the  number  of  years  the  less  costly  is  sup- 

posed to  last.  (4)  Not  to  use  costly  surfac- 
ing when  the  amount  of  the  total  sum  of  the 

first  cost  of  the  sinking  fund  and  of  the  main- 
tenance of  the  said  surfacing  is  higher  than 

with  a  less  costly  wearing  coat  which  would 
do  as  well. 

There  is  a  great  variety  of  surfacings.  Leav- 
ing aside  the  earth,  sand,  clay  and  ordinary 

gravel  roads  which  are,  as  previously  stated, 
very  convenient  in  the  majority  of  the  rural 
roads  where  traffic  is  only  local  and  light,  the 
principal  surfacings  for  highways  and  rural 
roads  are :  Waterbound  macadam  and  water- 
bound  gravel  macadam :  asphaltic  macadam, 
penetration  method;  asphaltic  concrete,  mix- 

ing method ;  tar  macadam,  penetration  meth- 
od;  tar  concrete;  cement  concrete'  surfacing, 

penetration  method  (Hassarn  process)  ;  ce- 
ment concrete  surfacing,  mixing  method;  and 

vitrified  brick. 

This  is  a  rough  classification.  Many  at- 
tempts have  been  made  elsewhere  to  properly 

classify  and  name  the  road  surfacings.  but  a 
complete  understanding  has  not  yet  been  ar- 

rived at.  Of  course,  the  composition  of  ag- 
gregate used  with  bituminous  or  tar  cement, 

for  instance,  in  the  mi.xing  and  penetration 
methods,  varies  greatly  and  sometimes  there  is 
little  difference  between  the  aggregate  used  in 
the  two  methods.  The  names  of  the  surfacing 
are  very  numerous,  depending  on  some  process 
in  the  execution  of  the  work  and  on  the  na- 

ture of  the  cement  and  aggregate  used. 
Apart  from  the  above  surfacing  some  chem- 

ical products,  such  as  rocmac,  are  found  on 
the  market,  the  function  of  these  being  to  bind 
or  help  to  bind  stone  in  the  macadam. 

Tar.  bitumen  oils  and  other  chemical  or 
residual  products  such  as  calcium  chloride  and 
glutin  should  also  be  mentioned.  Their  func- 

tions are  to  protect  the  road  surfacings  against 
tlie  wheels  of  vehicles,  to  give  them  a  longer 
life  and  to  lav  dust.  These  preventives  have 
to  be  renewed  more  or  less  frequently. 
The  author  is  merelv  speaking  here  of  the 

surfacing  and  preventives  generally  used  in 
rural  road  and  highway  w^ork  and  not  of  the 
still  more  expensive  paving  used  in  cities. 
Now  what  is  to  be  said  in  regard  to  all  the 

above  named  surfacings?  There  are  such 
ereat  and  important  interests  concerned  in 
bitumen,  tar  and  cement  surfacings,  success 
and  failure  are  in  fact  so  mixed  uo  and  the 
experiments,  as  reported,  have  given  such 
widelv  varying  results,  that  it  would  be  very 
difficult  to  give  a  categorical  opinion. 
F.CONOMIC   COXSIDERATIOXS   INVOLVED   IN   THE   SE- 

LECTION   OF    SURFACES. 

With  the  economical  aspect  of  the  question 
in  view  the  following  conclusions  can  be 
drawn  : 

There  is  not  at  present  any  surfacing  good 
for  general  purposes.  Automobile  traffic  re- 

quires certain  qualities  for  surfacing,  and  the 
narrow  steel  tires,  heavily  loaded  wagons  and 
motor  trucks  need   others. 

.-Ml    kinds    of    surfacing   can    be    used    with 

advantage  if  judiciously  and  suitably  chosen, 
well  laid  and  maintained. 
AH  surfacings  require  to  be  maintained  with 

the  greatest  care. 
A  combination  of  steel  tire  and  of  soft  tire 

traffic  in  different  proportions  requires  in  each 
case    specially    appropriate    surfacing. 

Bituminous  macadam  and  bituminous  con- 
crete macadam,  as  well  as  tar,  are  very  suit- 

able for  automobile  traflSc. 

Experiments  on  concrete  roads  point  to- 
wards a  more  general  use  of  concrete  sur- 
facing, which  does  not  seem  to  be  affected  by 

a  cold  climate. 
Waterbound  macadam,  well  built,  is  good 

for  rural  roads  where  automobile  traffic  is 
not  heavy.  Tarring  and  oiling  lengthen  its 
life  and  allow  a  medium  heavy  automobile 
traffic  on  it. 

All  that  has  been  said  above  presumes  that 
the  substructure  of  the  road  has  been  suffi- 

ciently drained,  that  a  substantial  foundation 
has  been  provided  for,  and  that  the  sum  of 
the  thickness  of  the  foundation  and  of  the 
surfacing  are  in  keeping  with  the  nature  and 
the  dryness  of  the  substructure.  The  road  is 
also  supposed  to  be  maintained  with  care. 

In  choosing  a  surfacing  the  following  should 
be  taken  into  account:  (1)  The  nature  and  im- 

portance of  the  traffic  both  present  and  fu- 
ture; (2)  the  first  cost  of  the  surfacing;  (.3) 

the  probable  life  of  the  surfacing;  (4)  the 
cost  of  its  maintenance. 

Such  information  is  now  easily  obtained, 
and  by  adding  in  each  case  the  interest  on  the 
first  cost,  the  annual  annuity  for  depreciation 
fund  and  the  probable  annual  cost  of  mainte- 

nance of  two  or  more  surfacings,  the  total 
will  indicate  the  one  to  be  chosen.  The  first 
cost  should  be  established  as   first  class. 

It  may  be  added  here  that  bituminous  and 
tar  surfacing  require  very  great  care  and  ex- 

perience to  be  laid  properly  and  that  it  is  more 
difficult  to  lay  them  in  this  country  than  in 
a  dry  climate. 

The  annual  period  of  work  in  the  Province 
of  Quebec  is  about  100  working  days;  rainy- 
days  are  frequent  as  well  as  variations  of 
temperature,  which  are  at  the  same  time  very 

great. 
For  a  good  bituminous  and  tar  surfacing 

the  stone  must  be  drv  and  not  ver>-  cold  when 
cement  is  added.  The  degree  at  which  the 
bitumen  or  tar  is  to  be  heated  depends  to  a 
certain  extent  on  the  temperature  of  the 
stone  and  of  the  atmosphere,  and  in  the  au- 

tumn the  weather  is  often  wet  and  cold. 
WATERBOUND    MACADAM. 

With  waterbound  macadam,  as  well  as  other 
pavings  and  especially  concrete  paving,  the 
quality  of  the  stone  plays  an  important  role. 
Soft  stone  should  be  avoided  as  much  as  pos- 
sible. 

In  the  Province  of  Quebec  trap  and  good 
rock  for  road  purposes  are  scarce.  Field 
stones  are  generally  employed  and  the  quality 
varies  greatly  as  they  are  generally  mixed  with 
bad  stones.  Sandstone  of  inferior  quality  is 
very  common;  in  some  districts  a  kind  of  bad 
granite  is  found,  while  gravel  and  quarries 
with  good  material  for  road  purposes  are  rare. 
For  waterbound  macadam,  the  author  ad- 

vocates the  two-course  macadam — bottom 
course,  4-ins.  loose  stones  of  2V4  ins.  ring,  well 
rolled  with  a  steam  roller  of  at  least  10  tons, 
no  filler;  top  course,  4  ins.  loose  stones  of 
2%  ins.  ring,  an  appropriate  binder  entered 
dry  in  the  course  with  broom  and  roller  in 
as  great  a  quantitv  as  possible.  The  fir.st  layer 
of  the  binder  should  be  applied  before  the 
rolling  is  begun,  and  when  it  is  not  possible 

to  enter  more  binder  without  the  roller  spray-' 
ing  is  resorted  to. 
The  road  should  be  sprinkled  until  saturat- 

ed, the  sprinkler  being  followed  by  the  roller. 
More  screenings  must  be  added  if  needed,  and 
the  sweeping,  sprinkling  and  rolling  continued 
until  a  grout  has  been  formed  of  the  screen- 

ings, stone  dust  and  water  to  fill  all  voids  and 
form  a  wave  before  the  wheels  of  the  roller. 
Aifter  that,  enough  screening^  should  be 
spread  over  the  macadam  to  leave  a  wearing 
surface  at  least  three-eighths  of  an  inch  thick. 
With  limestone  a  course-grained  sand,  as 

well  as  the  dust  of  the  crusher,  is  good,  but 

with  granite  a  limestone  binder  is  generally 
required.  In  some  districts  of  the  Province 
only  sandstone  is  available.  A  limestone  bind- 

er would  be  suitable  with  these  stones,  but, 
unfortunately,  in  these  districts  no  limestone 
is  found,  and  in  such  cases  the  dust  from  the 
crusher  or  the  sand  is  of  no  value  and  it  is  im- 

possible to  bind  the  macadam.  Thus  the  only 
way  to  obtain  a  first  bond  is  to  use  clay  and 

the  traffic  does  the  rest,  but  for  two  or'three years  it  is  necessary  to  keep  the  ruts  filled  and 
the  surface  even.  Experience  shows  that  it 
is  possible  to  obtain  good  results  in  this  way. 
The  crown  of  the  macadam  is  generally  % 

in.  for  a  16-ft.  wide  surfacing;  for  a  bitumin- 
ous or  tar  surfacing  V2  in.  is  enough ;  for  con- 

crete %   in.  is  suitable. 
The  choice  of  a  macadam  as  a  surfacing  de- 

pends not  only  upon  the  nature  and  the  im- 
portance of  the  trafl^c,  but  also  on  the  qual- 

ity and  the  price  of  the  stone.  When  the 
stone  is  of  bad  quality  and  dear,  it  is  often 
more  economical  to  use  a  more  expensive  sur- 

facing. In  the  opinion  of  the  author,  the 
best  macadam  would  be  of  one-sized  stone 
2V2  ins.  ring,  with  an  ordinary  soil,  a  total 
thickness  of  about  9  ins.  comprising  the  foun- 

dation ;  also  macadam  stone  should  not  be 
mixed  with  an  undue  quantity  of  smaller 
stones  or  sand.  For  a  wearing  course  such  a 
mixture  containing  too  great  a  proportion  of 
srnall-sized  stones  and  of  screenings  is  not 
suitable.  As  a  rule  it  is  not  uniform,  the  larg- 

er and  smaller  sizes  have  a  tendency  to  sep- 
arate arid,  if  not  mixed  with  care  and  laid 

with  shovels,  the  resulting  macadam  will  have 
a  very  irregular  wearing  quality,  and-  ruts  and 
depressions  will  consequently  follow. 

It  is  very  difficult  to  obtain  the  one-sized 
stone  at  a  suitable  price  in  the  Province  of 
Quebec  because  few  regular  quarries  sell 
macadam  stone.  It  is  necessary  to  use  trans- 

portable crushers,  but  these  give  many  flat 
chips  W'hich  must  be  utilized.  Meanwhile, 
everything  should  be  done  in  order  to  obtain 
the  standard  cubical  uniformly  sized  stone. 
The  preventives  mentioned  above  are 

serviceable  in  many  cases,  but  their  cost  com- 
pared with  results  is  rather  high  and  generally 

have  to  be  applted  at  least  every  year.  Tar- 
ring, however,  has  given  very  good  results. 

The  question  of  the  width  of  the  surfacings 
is  not  yet  completely  settled.  Meanwhile  ex- 

perience shows  that  a  width  of  16  ft.  is  suit- 
able for  a  provincial  road  and  for  less  im- 

portant roads  14  ft.  is  convenient.  Shoulders 
should  have  a  width  of  at  least  4  ft. 

FINANCING  ROAD  IMPROVEMENTS. 

The  advent  of  automobiles,  although  an  im- 
portant factor  in  the  question  of  roads,  does 

not  particularly  afl'ect  the  rural  roads  because 
automobiles  will  not  for  some  years  increase 
in  such  number  in  rural  districts  as  to  cause 
apprehension  to  the  farmers  on  account  of  ad- 

ditional expense  in  maintenance.  It  only  af- 
fects such  roads  in  the  sense  that  automobil- 

ists  ask  for  better  rural  roads ;  while  the  dif- 
ficulty lies  in  the  fact  that  they  desire  many 

highways  crossing  the  country  which  the 
farmers  contend  are  not  necessary  to  them 
and  which  they  will  not  maintain.  Who  then is  to  pay? 

The  improvement  of  rural  roads  will  benefit 
the  whole  country,  as  well  as  the  farmers, 
the  municipalities  and  the  automobilists. 

The  provincial  highways  will  also  benefit' the  country,  the  farmers  and  the  automobil- ists. 

It  thus  seems  justifiable  to  divide  the  cost 
of  improvement  and  maintenance  of  the  roads 
of  the  Province  between  the  three  interested 

parties. 
What  is  to  be  the  proportion  for  each  of 

them  ?  This  is  a  verj'  intricate  question,  but 
one  which  can  be  solved. 

For  speedy  work,  money  is  not  at  hand  here 
as  elsewhere.  The  system  of  long  term  bonds 
in  the  United  States  came  first  on  the  assump- 

tion that  the  next  generation  would  benefit 
bv  the  improvement  as  well  as  the  present 
one.  But  complaints  soon  arose.  One  thing 
had  been  overlooked,  and  that  was  the  dif- 

ference between  permanent  work  and  passing 
or  short  lived  work. 

For  permanent  work  long  term  bonds  can 
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be  used.  Short  lived  work  constitutes  the 

larger  proportion  of  surfacing.  .^  good  bitu- 
minous surfacing  is  said  to  last  from  10  to 

15  years  with  a  moderately  high  traffic  in 
spite  of  the  maintenance.  Consequently,  for 
such  surfacing  only  10-year  bonds  would  be 
advisable. 

For  this  kind  of  surfacing,  which  on  account 
of  its  high  first  cost  is  chiefly  used  on  high- 

ways with  an  important  traffic,  long-term 
bonds  should  be  avoided  because,  in  spite  of 

maintenance,  long  stretches  have  to  be  re- 
newed at  the  same  time.  A  macadam  well 

maintained  and  without  automobile  traffic  will 
last  a  long  time,  as  has  been  proved  by  many 
examples  in  the  old  countries,  provided  the 
maintenance  is  complete  and  effective,  the 
material  for  macadam  being  generally  at  hand 
and  good  road  men  being  found  easily  along 
the  road  and  put  in  charge  of  the  work.  In 
such  cases  longer  bonds  are  to  a  certain 
extent  reasonable. 

Industrial  Railway  Used  in  Concrete 
Road     Construction     in     Wayne 

County,  Michigan. 
When  road  construction  is  in  full  swing 

teams  are  usually  scarce.  Traction  outfits 
serve  when  bridges  along  the  route  are  strong, 
motor  cars  can  be  used  where  roads  are  good, 
and  industrial  railways  are  serviceable  where 
much  long  hauling  is  necessary,  .^n  industrial 
railway  is  useable  in  almost  any  country  and 
during  all  kinds  of  weather. 
The  Wayne  County  road  commissioners 

have  been  using  teams  and  traction  engines 
in  past  work,  but  this  year  an  industrial  rail- 

way has  been  installed  for  use  on  the  longer 
hauls.  The  equipment  manufactured  by  the 
Orenstein-Archer  Koppel  Co.  consists  of  lo- 

comotives, flat  cars  for  hauling  forms  and 
track  units,  steel  dump  cars  for  hauling 
cement  and  aggregate  and  standard  15-ft.  rail 
sections  with  steel  ties.  The  track  is  laid 
either  on  the  sub-grade  or  on  the  side  close 
to  the  road.  Material  is  loaded  directly  from 

gondolas  into  the  steel  dump  cars,  hauled  di- 
rectly to  the  site  and  dumped  on  the  sub- 

grade.  The  trains  consist  of  25  to  .30  cars 
and  at  present  are  making  a  haul  of  three 
miles.  With  this  system  enough  material  is 
readily  and  economically  provided  at  the  work 
to  keep  men  and  mixer  busy,  whereas,  on 
some  of  the  other  construction  projects  in 
Wayne  County  work  is  occasionally  stopped 
because  of  lack  of  material. 
Edward  N.  Hines,  chairman  of  the  Wayne 

County  road  commission,  states  that  although 
it  has  not  been  possible  to  operate  the  railway 
at  its  maximum  capacity  because  of  lack  of 
railroad    switches,    yet    the    saving     on     the 

sacks  of  Universal  Portland  cement,  4%  ft. 
of  sand  and  9  ft.  of  gravel.  The  specification 
that  the  batch  shall  receive  16  complete  turns 
and  remain  in  the  mixer  for  one  minute  is 
resulting  in  producing  an  excellent  quality  of 
concrete.  The  crew  of  30  men  is  able  to  lay 
an  average  of  approximately  500  ft.,  or  666 
sq.  yds.,  in  a  10-hour  day. 

Six  wheelers  and  shovelers  alternate  in  their 
work  for  each  successive  block  of  concrete,  a 
scheme  that   has  proved  efficient  because   the 

aesthetic      standpoint      compares     unfavorably 
with    winding    roads. 
As  a  general  rule,  it  will  be  more  advan- 

tageous to  carry  a  new  through  route  past 
the  outskirts  of  a  town,  and  connect  up  with 
some  good  branch  road  to  the  urban  area, 

rather  than  attempt  to  carr\'  the  new  main 
thoroughfare  through  the  heart  of  a  populat- 

ed center,  as  the  difficulties  and  costs  of 
widening  existing  narrow  roads  through  built- 
up   areas   are   necessarily   excessive,   owing   to 

Fig.  2.    Mixing  and   Placing  Concrete.     Note   Steel    Side    Forms    and    Method    of    Finishing 
Surface. 

variety  of  work  tends  to  prevent  its  becoming 
monotonous.  When  the  stock  piles  are  a  rela- 

tively great  distance  from  the  mi.xer,  each  of 
the  12  material  men  loads  and  wheels  his  own 
barrow. 
The  commissioners  have  installed  a  system 

of  tanks  at  the  point  where  materials  are  re- 
ceived and  are  piping  the  water  from  the 

Huron  River,  a  distance  of  10  miles,  to  the 
site  for  use  in  mi.xing  and  curing.  The  tanks 
have  sufficient  capacity  to  insure  a  constant 
supply  of  water  at  all  times  for  all  purposes — 
a  highly  important  item  in  concrete  road  work. 

Some  Practical  Notes  on  the   Design 
and    Construction    of    Bituminous 

Surfaced  Roads  in  England. 

English  practice  with  regard  to  the  con- 
struction of  tarred  roads  is  considered  to  be 

somewhat  in  advance  of  that  of  other  coun- 
tries, owing  possibly  to  the  great  amount  of 

work  accomplished  of  this  character  and  the 
excellence    of    materials    available.      A    paper 

Fig.   1.    A  Train    of  30   Cars   Hauling   Aggregate  for  Concrete. 

Eureka  Road  alone,  the  project  on  which  the 
equipment  is  now  being  used,  will  pay  for 
half  of  its  cost. 
The  lOM  Wayne  County  concrete  pavement 

is  12  ft.  wide,  6  ins.  thick  at  the  outside  and 
8  ins.  thick  in  the  center.  Instead  of  wooden 

forms  along  the  side,  li-in.  channels,  12  ft. 
long,  are  being  used.  Expansion  joints  placed 
every  2.^  ft.  are  protected  by  Raker  plates  and 
filled  with  tar  felt.  Concrete  is  mi.xed  in  a 

Mi-yd.    Austin  mixer,  a  batch  consisting  of  3 

read  at  the  last  annual  meeting  of  the  Insti- 
tution of  Municipal  and  County  Engineers  of 

England,  by  W.  H.  Maxwell,  gives  a  number 
of  practical  suggestions  for  road  work,  and 
the  paper  is  given  here  in  part. 

PESIGN  rEATURi;S. 

In  the  planning  of  new  through  routes,  di- 
rectness of  line  is  usually  an  important  fea- 

ture to  be  considered,  from  an  engineering 
and  utilitarian  point  of  view,  but  leads  to  mo- 

notony in  the  use  of  the  road,  and  from  an 

the  property  and  business  interests  disturbed. 
Very  wide  roads  are  not  favored  by  shopkeep- 

ers, as  they  are  not  conducive  to  good  trade— 
the  bulk  of  pedestrian  traffic  usually  keeping 
to  one  side  of  such  a  road. 

Curves  on  a  new  main  road  should,  of 

course,  be  as  easy  as  circumstances  will  per- 
mit, but  a  radius  of  100  ft.  should  be  the 

minimum  where  fast  through  traffic  is  to  be 
accommodated.  On  this  curve,  a  person  trav- 

eling along  the  center  line  of  a  clear  40-ft. 
roadway  could  see  approaching  traffic  within 
the  limits  of  the  road-width  about  120  ft. 
ahead.  Under  similar  conditions,  with  a  150- 
ft.  curve,  a  distance  of  about  150  ft.  ahead 
could  be  seen.  On  rural  roads,  traffic  in- 

variably uses  the  center  of  the  road  by  pref- 
erence, and  modern  high  speeds  render  an 

ample,  unobstructed   view  essential. 
The  easing  of  curves  invariably  quickens  the 

speed  and  reduces  that  degree  of  commendable 
caution  in  drivers  which  formerly  existed. 
On  a  sharp  curve  the  motorist  is  bound  to 
materially  reduce  his  speed  or   perish. 

Curves  should  in  all  cases  be  freed  from 

side  sight-blocking  obstructions,  and  for  in- 
creased safety  to  fast  traffic,  the  road  sur- 

face on  the  outside  curve  should  be  given  a 

suitable    degree   of   supcr-elcvation. 
On  some  of  his  work  Telford  adopted  ?. 

ruling  or  maximum  longitudinal  gradient  of 
1  in  35.  Such  a  moderate  gradient  will  pre- 

sent no  impediment  to  fast  driving,  either 
up-hill  or  down,  and  in  one  on  which  tar- 
macadam  and  all  modern  methods  of  sur- 

facing may  be  used  with  safety,  but  in  hilly 
country  will  be  difficult  to  maintain,  except 
by  much  contouring  and  consequent  increased 
length  of  route,  or  by  heavy  cutting  and  bridge work. 

Level  roads  arc  to  be  avoided.  If  the  lon- 
gitudinal inclination  is  less  than  about  1  irj 

100,  the  surface  water  will  be  difficult  to  drain 

awav  and  more  cross  camber  must  be  pro- 
vided. With  a  longitudinal  gradient  of  1  in 

50,  or  sharper,  the  camber  mav  be  flattened 
considerably,  as  the  needful  surface  drainage 
is  obtained  longitudinally.  This  flattening  of 
cross-section  should  not,  however,  be  carried 
too  far.  otherwise  watercourses  will  speedily 
form  down  the  center  of  the  roadway  on  steep 

gradients. Suitable  cambers  for  different  surfaces  un- 
der ordinary  conditions  are:  granite  macadam. 

1  in  25;  tar-macadam.  1  in  30  or  1  in  40  on 
incline;  creosoted  deal  paving,  1  in  36;  hard 

wood  and  granite.   1   in  45;  and  asphalt  pav- 
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ing.  1  in  50.  The  longitudinal  fall  of  water 
channels  should  not  be  less  than  1  in  100  for 
a  granite  channel,  and  1  in  150  for  asphalt. 

IMPRO\"EMENT    OF    EXISTING    ROADS. 

Inadequate  Foundations. — The  majority  of 
the  old  highways  of  this  country  have  come 
into  existence  in  a  more  or  less  haphazard 
fashion,  and  in  the  past  the  provision  made 
for  their  maintenance  has  been  uncertain  and 

inadequate.  The  entire  absence  of  founda- 
tions suitable  for  carrying  modern  weights 

brought  upon  the  surface  is  revealed  by  the 
upward  movement  of  the  sides  of  the  road- 

way into  the  ditches — a  weakness  to  be  ob- 
served generally  throughout  the  country. 

Vast  sums  are  now  being  spent  in  laying 
down  expensive  so-called  waterproof  surface 
crusts  of  various  kinds,  in  order  to  give  an 
immediate  show  for  the  money  expended,  but 
the  writer  is  of  opinion  that,  wherever  there 
is  evidence  of  underlying  weakness,  money 
may  be  more  advantageously  applied  by  first 
putting  in  proper  foundations  and  drainage. 
However  excellent,  well  laid  or  expensive  may 
be  the  surfacing  material,  it  can  never  prove 
really  satisfactory  on  a  weak  foundation. 
There  will  be  gradual  but  constant  movement 
of  the  road  crust,  local  sinkages  of  the  central 
portion  and  rising  of  the  sides,  and  generally 
the  annual  expense  of  wear  and  tear  of  the 
surface  will  be  greatly  enhanced  in  cases 
where  no  solid  and  imyielding  foundation  ex- 
ists. 

The  initial  cost  of  such  work  is,  of  course, 
necessarily  heavy,  but  where  suitable  founda- 

tions do  not  already  exist,  it  is  submitted  that 
it  is  the  only  sound  course  to  pursue,  both 
from  an  engineering  and  financial  point  of 
view. 

Thin  Crusts. — The  wisdom  of  recent  prac- 
tice in  laying  thin  surface  wearing  crusts  or 

armourings  of  asphalt  and  bituminous  prep- 
arations over  existing  macadam  surfaces  is 

open  to  great  question,  except  where  an  ab- 
solutely rigid  and  dry  foundation  can  be  re- 

lied upon.  In  the  absence  of  this,  most  ordi- 
nary road  surfaces  are  subjected  to  con- 

siderable movement  under  modern  speeds  and 
weights,  and  in  these  circumstances,  thin  wear- 

ing crusts  are  liable  to  fracture  and  disin- 
tegrate. Great  caution  in  the  selection  of  a 

suitable  site  is  necessary,  except  where  laid 

on  a  good  concrete  foundation,  which,  un- 
fortunately in  most  cases,  would  make  the 

cost  of  the  work  prohibitive. 

Bituminous  Methods. — In  what  are  now- 
known  under  the  general  name  of  "bitumin- 

ous methods,"  the  presence  of  coal-tar  and 
pitch  is  the  distinguishing  feature,  and  the 
main  object  of  all  such  processes  is  to  ex- 

clude water  from  the  crust  of  the  road.  These 

methods  consist  mainly  in  the  revival  and  ex- 
tended use  of  "tar  macadam,"  "pitch  grout- 

ing," "tar  binders."  and  other  like  forms,  and 
in  suitable  situations  and  conditions  give  very 
serviceable  surfaces  at  a  not  unreasonable 
cost,  but  much  discrimination  is  needed  in 
their  application. 
The  arch  enemy  of  the  tar  macadam  road 

is  the  traction  engine,  and  this  cumbersome 
vexatious  contrivance  is.  unfortunately,  rather 

in  evidence  in  the  writer's  district,  especially 
during  the  spring  and  early  summer  months. 
These  engines,  with  destructive  diagonal  steel 
strips  on  the  wheels,  weigh  over  16  tons  on 
the  road,  and  haul  three  lumbering  wagons 
weighing  about  12  tons  each  when  loaded. 
Under  this  burden  the  very  best  of  tar 
macadam  work  suffers  substantial  damage. 
Even  after  having  been  laid  many  months 
the  material,  owing  to  its  plastic  nature,  will 
slightly  soften  on  a  hot  day,  sufficient  to  per- 

mit of  its  being  crushed  out  of  shape  and 
torn  up  under  traffic  of  the  class  named. 

.\  well-made  granite  macadam  road  surface 
withstands  this  class  of  traffic  verv  much  bet- 

ter than  tar  macadam,  or  any  of  the  bitumin- 
ous  processes. 

To  the  enthusiast  for  tar  macadam,  in  addi- 
tion to  the  above  caution,  the  writer  suggests 

that  consideration  of  the  following  points  will 
help  to  keep  him  out  of  trouble : 

1.  The  quality  of  tar  available  for  such 
work  is  very  variable  and  unreliable,  and  re- 

quires constant  watching  to  avoid   failure.    2. 

Good,  fine  weather  is  an  important  factor  for 
successful  work.  If  the  weather  is  too  cold 
there  is  great  risk  of  too  much  tar  being  used, 
thus  causing  the  tar  macadam  to  become  very 
soft  and  easily  damaged  during  the  warm 
weather.  3.  Tar  macadam  is  hopeless  on  a 
weak,  yielding  foundation.  4.  It  cannot  be 
satisfactorily  repaired  during  wet,  cold  weath- 

er. This  is  important  in  streets  where  much 
opening  of  trenches  for  gas,  water,  electric 
and  other  services  is  likely  to  be  required.  5. 
Where  there  is  much  traffic  a  continual  watch 
must  be  kept  on  the  work  for  some  time  after 
it  has  been  completed,  which  considerably  adds 
to  its  cost.  6.  Tar  macadam  is  liable  to 

"creep"  during  hot  weather  tovi-ards  the  sides 
of  the  roads,  especially  in  country  districts, 
where  the  lateral  support  of  a  curb  and  foot- 

path is  not  usually  available,  and  some  pro- 
vision to  meet  this  tendency  should  be  made. 

7.  The  cost  of  tar  macadam  is,  as  a  rule,  much 
beyond  that  of  a  granite  macadam  tar  painted 
surface,  and  its  serviceable  life  cannot  always 
be  so  accurately  predicted. 

The  foregoing  matters  are  mentioned,  not 
with  any  desire  to  discourage  the  use  of  this 
type  of  road  surface,  but  simply  with  the  ob- 

ject of  drawing  attention  to  a  few  points 
which  require  consideration  to  ensure  suc- 

cessful work. 

With  regard  to  the  "pitch  grouting"  of  road 
macadam,  the  writer  is  of  opinion  that  this 
process  has  not  yet  been  proved  to  be  so  sat- 

isfactory under  like  conditions  of  traffic,  as 
first  class  tar  macadam  well  laid.  The  work 
is  expensive,  its  serviceable  life  is  not  great, 
the  surface  soon  becomes  deeply  corrugated 
and  carries  much  slippery  mud  during  wet 
weather. 

Coatings  of  tar  macadam  of  a  total  thick- 
ness of  4%  ins.  are  sometimes  laid  with  a 

layer  of  coarse  material  at  the  bottom,  and 
finished  with  a  fine  grade  for  the  surface.  A 
coating  of  the  thickness  named  is  best  laid 
in  two  layers,  but  there  is  no  advantage  in  sep- 

arating the  fine  and  coarse  grades:  the  same 
mixed  grade  material  should  be  used  for  both 
coats. 

Rolling  of  tar  macadam  is  best  done  with 
a  light  roller  (6  or  7  ton  weight),  and  there 
is  nothing  to  be  gained  by  an  excessive  amount 
of  rolling.  Tar  macadam  may  be  laid  on 
gradients  as  steep  as  about  1  in  25.  and  even 
sharper  if  the  surface  is  kept  clean.  The  de- 

gree of  slipperiness  experienced  depends 
greatly  on  the  weather  and  the  skill  of  the 
driver. 

It  is  a  great  mistake  to  lay  the  tar  macadam, 
or  anv  other  bituminous  road  surface,  over 

an  existing  macadam  roadway  as  a  founda- 
tion, without  first  lightly  scarifying  the  sur- 
face all  over  and  consolidating  by  rolling  to 

a  uniform  condition  before  the  bituminous 
material  is  laid.  Where  this  orecaution  has 

been  neglected  the  old  inequalities  and  "pot 
holes"  in  the  road  crust  will  soon  reappear 
on  the  surface  of  the  newly  laid  coat,  as  the 
greater  depth  of  bituminous  material  over 
the  "pot  hole"  consolidates  more  than  the 
thinner    coating    around. 
Surface  Treatment  with  Tar. — Exoerience 

of  recent  vears  has  led  to  the  settling  down  of 

much  preliminary  clamor  about  "dust-layers" 
to  the  very  general  use  of  coal-tar.  This  new- 
demand  has  brought  about  a  very  substantial 
increase  in  the  price  of  tar,  and,  with  the 
continued  extension  of  bituminous  methods  of 
road  construction,  the  demand  appears  likely 
to  exceed  the  supply,  and  to  set  a  limit  on 
this  form  of  road  improvement  unless  com- 

petitive processes  are  adopted. 
The  specially  prepared  tar  for  road  surface 

painting  used  bv  the  w-riter  weighs  12.9n  lbs. 
per  gallon,  or  17.3  srals.  to  the  ton.  This  is 
heavier  than  the  w-eights  recommended  in  the 
English  Road  Board  Specifications,  but  the 
tar  is   found  to  make  vepi-  satisfactory  w-ork. 
Tar  nainting  is  not  usually  verv  successful 

on  roads  with  damp  clayey  sub-soils,  in  shady 
situations,  or  under  trees.  .'\  drv  sandy  or 
chalkv  sub-soil  is  the  most  favorable  for  the 
work,  and  in  these  areas  operations  can  be 
started   earlier  in  the   season. 
The  heavy,  complicated,  costly  tarrine  ma- 

chines of  early  tar  painting  days  have  almost 

disappeared  in  favor  of  much  simpler  plant, 
and  hand  work — the  latter  giving  the  best  re- 

sults in  this  class  of  work. 
For  town  work  granite  chippings  J-g  in.  to 

-%  in.  gage  make  the  best  class  of  grit  for 
covering  the  tar.  Sand,  though  usually  much 
cheaper,  produces  an  increased  quantity  of 
mud  and  causes  the  tar  painting  to  tear  up 
more  readily  under  heavy  traffic. 

In  the  author's  experience  the  amount  of 
money  spent  on  road  tarrinp  is  about  equiva- 

lent to  the  saving  obtained  in  ordinary  main- 
tenance and  w-ear  and  tear  on  the  roadways, 

so  that  no  increase  on  the  total  cost  of  high- 
ways arises,  w-hile  a  greatly  improved  surface 

is  obtained  during  the  summer  and  autumn 
months.  Tar  painting  gives  most  economical 
results  on  secondary  roads,  and  other  thor- 

oughfares with  light  traffic,  as,  in  such  cases, 
the  tarred  surface  remains  in  good  condition 
for  several  years  without  repair,  and  very 
little  attention  of  any  kind  is  needed. 

Repairs. — Systematic  inspection  of  the  road- 
ways, and  regular  and  prompt  patching  of  de- 

pressions and  "pot  holes"  is  very  desirable, 
especially  on  motor  omnibus  routes.  For  this 
w-ork  the  writer  uses  a  light  roller  of  the  con- 

vertible tractor  type,  which  is  well  adapted  for 
the  purpose. 

Under  modem  traffic  conditions  the  high- 
ways require  to  be  regularly  patrolled  and 

repaired,  much  in  the  same  way  as  a  railway 
track.  Old  screened  road  metal,  of  small 
gage,  is  well  suited  for  patching,  as  it  con- 

solidates quickly.  Ordinary  macadam  sur- 
faces should  not  be  patched  with  tar  macadam 

as,  after  a  little  w-ear,  a  most  unsightly  and 
intolerably  bumpy  surface  results,  owing  to 

want  of  uniformity  in  w-ear  of  the  variegated surface. 

When  recoating  a  roadw-ay,  the  thorough- 
fare should  be  closed  wherever  possible,  and 

the  whole  width  of  road  coated  and  rolled  in 
one  operation.  Work  of  this  class  done  in 
half-widths  is  seldom  satisfactory,  as  rapid 
w-ear  invariably  occurs  at  the  central  joint. 
In  cases  where  this  system  cannot  be  avoided 
it  is  best,  if  possible,  to  first  treat  about  two- 
thirds  of  the  width,  so  as  to  keep  the  joint 
out  of  the  center  of  the  road:  but  many  road- 

ways are  too  narrow  to  permit  of  this  being 
done. 

Weather  conditions  are  among  the  most 
powerful  factors  influencing  the  wear  and  tear 
and  deterioration  of  roads.  Prolonged  rain, 

and  heav-y  traffic  following  the  break-up  of 
frost  immediately  succeeding  a  wet  period  are 
particularly  destructive. 

In  tow-n  streets  where  a  macadam  surface 
has  to  be  renewed  about  every  two  years,  and 
patched  frequently,  a  wood  paved  surface  will 

probably  be  more  advantageous.  .'\  mainte- 
nance cost  of  20  cts.  per  square  yard  per  an- 

num is  about  the  economical  limit  for  mac- 
adam, and.  from  the  point  of  view  or  traffic 

weight,  a  load  of  some  250  tons  per  yard  of 
width  per  day  is  about  the  maximum  for  an 
ordinary  macadam   surface. 

Steam  Rollers. — In  the  opinion  of  the  writer 
the  usual  so-called  "10-ton"  steam  roller  is 
much  too  heavy  for  the  majority  of  surface 

recoating  work.  These  rollers,  w-hen  loaded 
ready  for  the  road,  often  weigh  nearer  13  to 
14  tons  than  10.  and  frequently  cause  much 
damage  to  the  new  metalling  by  crushing  and 

weakening  it  during  the  process  of  consolida- 
tion. In  some  cases  metal  is  put  on  the  hard 

crust  of  the  old  road,  without  preliminary 
scarifying,  and  rolled  down  with  a  heavy 
steam  roller,  with  the  result  that  the  stone, 
being  severely  crushed  between  hard  surfaces, 
is  permanently  damaged  at  the  outset,  and  the 
serviceable  life  of  the  new  coat  thus  sadly reduced. 

For  much  of  his  work  the  writer  uses  what 

is  described  by  the  makers  as  a  7-ton  roller, 
of  the  convertible  roller-tractor  type.  This 
machine  is  found  to  be  of  the  greatest  service 
for  all  classes  of  work  as  well  as  for  haulaee. 
The  small  tractor-roller  can  be  moved  quickly 
from  job  to  jofc,  and  can  be  converted  to  a 
tractor  in  about  a  couple  of  hours.  This  roller, 
with  awning,  water,  etc.,  fitted  up  ready  for 
work  on  the  roads  actually  weighs  9.42  tons. 
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MISCELLANEOUS     DETAILS. 

Mechanical  Haulage. — Whatever  may  be  the 
views  held  as  to  the  desirability  of  public 

highway  authorities  employing  steam,  gaso- 
line or  other  motor  vehicles  for  haulage  pur- 

poses, the  writer  has  been  practically  com- 
pelled to  do  so,  on  account  of  the  difficulty 

experienced,  during  the  busy  spring  and  sum- 
mer seasons,  in  procuring  sufficient  suitable 

horses.  It  is  usually  impracticable  to  keep, 
during  the  relatively  quieter  winter  moriths,  a 
full  stud  of  horses  sufficient  to  cope  with  all 
work  during  the  busier  period  of  the  year, 
and  such  work  as  street  watering  and  road 
tar  painting  greatly  accentuates  the  variation 
between  winter  and  summer  haulage  demands. 

The  hiring  of  the  surplus  summer  require- 
ments affords  one  way  out  where  the  horses 

can  be  got,  but  horse  contractors  are  fast 
changing  to  mechanical  haulage,  thus  greatly 
limiting  the  supply. 

Slip[>ery  Road  Surfaces. — In  these  days  of 
improved  road  surfaces,  tar  painting,  tar 
macadam  and  such  like,  complaints  are  per- 

haps a  little  more  frequent  in  respect  of  slip- 
periness,  and  requests  for  gritting  or  sanding 
are  often  made.  The  best  plan  to  overcome 
slipperiness  is  to  keep  the  surface  as  clean 
as  possible,  by  removing  (and  washing  off  if 
necessary)  stiff  pasty  mud  which  is  liable  to 
accumulate  during  the  foggy,  damp  weather 
of  the  winter  months.  Gritting  and  sanding 

greatly  increases  the  production  of  this  stiff' slippery  mud,  as  the  material  is  speedily 
crushed  by  the  traffic.  The  application  of 
grit,  therefore,  should  be  as  sparingly  as  pos- 

sible, and  cleansing  of  the  surface  should  take 
its  place. 
Road  Signs. — Generally  speaking,  there  is 

room  for  improvement  in  road  direction  signs. 
Frequently  they  are  so  placed  that  an  ap- 

proaching traveler  cannot  read  the  sign  with- 
out stopping,  and  even  sometimes  dismount- 
ing. The  direction  arm  should  be  at  the  most 

favorable  angle,  the  letters  not  less  than  3 
ins.  in  height,  and  the  mileage  stated  in  bold 
block  figures  to  the  nearest  quarter.  Strangers 
motoring  long  distances  often  find  it  impossi- 

ble to  quickly  gather  the  name  of  the  place 
they  are  passing  through,  and  it  would  be  a 
great  convenience  to  have  the  name  of  the 
village  or  town  boldly  erected  on  the  through 
roads  near  the  commencement  of  the  village 
buildings. 

Street  corner  mirrors  are  costly  to  erect 
and  maintain,  and  the  moving  reflected  image 
is  liable  to  mislead  a  motorist  unaccustomed 
to  them. 

It  is  a  mistake  to  multiply  danger  and  cau- 
tion signs  unnecessarily.  They  should  be  con- 

fined to  the  most  awkward  spots,  and  be  erect- 
ed by  a  public  authority.  No  private  signs 

should  appear  on  a  public  highway.  If  too 
numerous,  the  familiarity  of  their  appeararice 
leads  to  a  general  neglect  of  the  warning  in- 

tended to  be  conveyed. 
STATISTICS    OF    TRAFFIC. 

The  expression  of  traffic  records  in  tons 
per  yard  width  of  roadway  does  not,  in  many 
cases,  give  a  true  representation  of  the  amount 
of  wear  and  tear  over  a  roadway.  On  roads 
through  rural  districts  with  a  comparatively 
small  amount  of  traffic,  a  very  large  percent- 

age of  vehicles  keep  to  the  center  of  the  road 
— in  fact,  the  less  the  volume  of  traffic  the 
higher  will  be  the  proportion  using  the  cen- 

ter of  the  roadway.  Thus  the  sides  suffer 
hut  little  wear,  while  the  centers  soon  become 
worn  out.  The  average  traffic  record  per  yard 
width  docs  not  therefore  correctly  show  the 
conditions  which  obtain  and  a  minimum  and 
maximum  record  is  necessary  to  convey  the 
true   facts. 
Much  the  same  thing  often  occurs  on  very 

wide  roads,  as  a  portion  of  the  width  only 
is  used  by  a  high  percentage  of  the  traffic. 
On  busy  town  roads  of  medium  width  the 

traffic  is  verv  fairlv  distributed,  and  it  is  main- 
ly to  this  class  of  road  that  the  average  ton- 

nage per  yard  has  anv  reliable  significance. 
On  some  roads,  owing  to  the  nature  of  local 

industries,  the  night  traffic  is  quite  an  impor- 
tant item,  and  should  not  be  omitted  if  a  true 

record  of  actual  conditions  is  to  be  obtained. 
The  collection  of  information  and  statistics. 

in  reference  to  roads,  traffic,  materials,  and 
other  like  matters,  is  a  useful  occupation  from 
many  points  of  view  so  far  as  it  goes,  but  the 
road  engineer  should  be  cautious  as  to  the 
conclusions -he  may  safely  draw  from  the  col- 

lected data  placed  before  him.  So  much  de- 
pends on  the  actual  conditions  in  any  given 

case,  and  it  does  not  by  any  means  follow 
that  because  a  road  material  lias  proved  satis- 

factory or  otherwise  in  one  place  it  will  neces- 
sarily do  so  in  another.  A  new  set  of  condi- 

tions will  produce  its  own  set  of  results,  and 
the  engineer  must  use  his  judgment  in  each 
case  according  to  his  local  knowledge  and  ex- 

perience. 

Concrete  Paving  Between  Car  Tracks. 
(Staff  Article.) 

Methods  of  treating  concrete  pavement  be- 
tween street  car  tracks  vary  in  different  cities. 

When  a  grooved  rail  is  used  the  problem  is 

comparatively  simple ;  but  with  a  T-rail  sev- 
eral designs  have  been  used.  Figure  1  illus- 

trates two  methods  that  have  been  extensively 

broomed.  A  very  slight  trimming  is  necessary 
to  form  a  good  groove  for  the  wheel  flange. 

Up  to  the  present  time  no  trouble  has  been  ex- 
perienced from  the  entrance  of  water  into 

the  pavement  along  the  joint. 
At  Mason  City,  la.,  the  concrete  is  placed 

from  curb  to  curb  at  one  operation  with  prac- 
tically no  regard  to  the  car  tracks.  Trans- 

verse expansion  joints  are  placed  between  the 
rails  in  the  same  manner  as  if  there  were  no 
car  tracks.  After  placing  the  concrete  street 
cars  should  not  be  permitted  to  use  the  tracks 
for  at  least  four  weeks.  Where  this  plan  was 
followed  on  4,000  ft.  of  pavement  having  car 
tracks,  no  trouble  has  been  experienced  from 
the  separation  of  concrete  from  the  rails  and 
the  consequent  admission  of  water  into  the 
subgrade. 
The  vibration  of  the  rails  under  heavy  traf- 

fic has  not,  so  far,  resulted  in  excessive  dam- 
age to  the  pavement.  It  would  seem  that  the 

rigid  bond  between  the  steel  and  concrete  is 
an  advantage  in  this  respect,  although  it  is 
probable  that  in  the  course  of  time  separation 

(a)  (b) 
Fig.   1.    Treatment   of   Street  Car  Tracks  on   a    Street    Paved    with    Concrete,      (a)    Duluth 

Method,     (b)   Superior     Method. 

used:  (a)  that  followed  by  the  city  of  Du- 
luth, Minn.,  and  (b)  the  Superior,  Wis., 

method. 
In  the  Dulutli  method  the  concrete  is  car- 

ried level  from  rail  to  rail,  the  depression  next 

to  the  rail  head  l)eing  at  an  angle  of  45°  and 
sufficiently  deep  to  clear  the  wheel  flange.  The 
Superior  method  is  more  commonly  used  and 

consists  of  simply  a  long  bevel  from  the  bot- 
tom of  the  rail  head  to  a  convenient  point  to- 

ward the  center  of  the  car  tracks. 
At  Sheboygan,  Wis.,  the  Duluth  method  is 

used.  The  ordinary  method  of  construction 
is  as  follows :  A  wooden  strip,  prepared  by 

cutting  diagonally  a  2x2-in.  piece,  is  tamped 
down  along  the  inner  edge  of  the  rail  head 
until  level  with  tlie  rail.  The  concrete  already 
placed  with  a  slight  crown  between  the  rails 
is  struck  with  the  strip  in  place.  .A.fter  strik- 

ing,   the    strip    is  removed    and    the    concrete 

must    occur    from    temperature    changes    and 
other   causes. 

Weights,  Volumes  and  Dumping  An- 
gles of  Various  Materials. 

The  following  table  of  the  weights  and 
volumes  of  various  bulky  materials  furnishes 
a  rapid  means  of  comparison  and  is  useful 
for  reference  purposes.  The  dumping  angles 
of  some  of  these  materials  are  as  follows : 

Dumping  angle 

In  degrees. Brick,  coal  gravel,  sand  (dry)  and 
shingle       

Rubble   and   clay   
Loose,   vegetable  earth   
Compact   earth     
Clay      
Practically  any  material   
Table  I  is  a  tabulation  of  weights  and 

volumes. 
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TABLE  I.— WEIGHTS   AND  VOLUMES  OF  VARIOUS   MATERIALS. 

,   Weight  in  pounds  of   n       ,   Number  of  cubic  yards  of- 
Aggregate.  given  material  to  weigh. 

Material. 

Ash,    clinkers    and    cinders 
(mixed)       l.TOO 

Asphalt        2,349 
Brick     (soft)    2,700 
Brick    (common)    3,000 
Brick    (hard)    3,375 
Brick    (pressed)    3,650 
Brick    (fire)    3,900 
Cement    (Rosendale)    1,620 
Cement    (Portland)    2,100 
Charcoal    (hardwood)    aOO 
Charcoal    (pine)    486 
Clay       3,200 
Coal,    anthracite    (lump)...  1,875 
Coal,    anthracite    (broken).  1,782 

Coal,   anthracite   (egg)    l."^3 Coal,    anthracite    (stove),..  1,736 
(^oal,  anthracite  (chestnut)  1.693 
CJottl,   anthracite   (pea)    1,646 
Coal     (liltuinlnous)    1.500 
Coal     (Cumberland)    1,450 
Coal     (Cannel)    1.360 
Coke       860 
Earth    (in    bank)    3,000 
Earth    (dry)    2,150 
Earth    (loose)    2,000 
Oravel    (in   bank)    3,ft«0 
nravel   (dry)       2,000 
Ov-psum       3.S00 
Lime   (quick,   In  bulk)    1.400 
Limestone        2..S00 
Mortar        2.400 
Mud    (soft    nowlns)    2.900 
Pitch          1.950 
Pln.'itor    of    parla    2.100 
Oiiart7    (broken)       2,700 
<^nnri    fdrv)    2.1«n 

Sand  (very  wet)      3,200 
Tile       3,000 
Trap    rock    4,600 
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3,400 

5,100 6. 800 
8,500 

1.18 1.76 2.35 3.53 4.70 

5.88 

7.0S 

4,698 7,047 

9,396 

11,745 
0.85 

1.27 
1.70 

2.5B 
3.40 

4.25 

b.lU 

5,400 
8,100 

10,800 11,300 
0.74 

1.11 
1.4S 2.96 

3.70 

4.44 

6,000 9,000 

12,000 
15,000 

0.67 

1.00 

1.33 

2.00 2,66 

3.33 

4.1)0 

6,750 

10.025 

13,500 

16,875 0.59 0.88 1.18 
1.77 

2.36 

2.95 
3.U 

7,300 10,950 14.600 
18.250 

0.55 

0.82 1.09 

1.64 

2.18 
2.73 

3,28 

7,800 

11,700 
15,600 19,500 

0.51 0.77 

1.03 
l.,S4 

2.06 

2.56 

3.08 

3,240 

4,860 

6,480 

8,100 
1.23 

1.85 

2.47 

3.70 4.94 
6.17 

7.40 

4.200 6,300 8.400 10,500 
0.95 

1.43 
1.90 

2.86 
3.80 4.76 

5.72 

1,000 
1,500 

2.000 
2,500 

4.00 

6.00 8.00 12.00 16,00 
20.00 

24.00 

992 
1,458 

1,984 

2,430 
4.12 6.17 

8.23 

12.34 16.46 

20.57 24.68 

6,400 
9,600 

12,800 
16,000 0,63 0.94 1.25 

1.88 

2,50 

3,12 
3,76 

3,750 5,625 
7,500 

9,375 
1.07 

1.60 

2.13 

3.20 

4,26 

5.33 

6.40 

3,564 

5,346 7,128 8,910 

1.12 
1.68 

2.24 

3.:i7 
4,48 

5.61 

6.74 

S,606 5,259 

7,012 

8,765 

1.14 

1.71 

2.28 

3.42 

4,56 

5.70 

6.84 

3,472 
5,208 6,944 8,180 

1.15 
1.72 

2.30 

3.45 4.60 

5.74 

6.90 

3,386 

5.079 

6,772 8,465 
1.18 

1.77 2.36 
3.54 

4.72 5.90 

7.08 

3,292 

4,938 
6,584 

8,230 

1.22 
1.82 

2.43 
3.65 

4,86 

6.07 

7. SO 

3,000 

4,500 
6,000 

7,500 

1.33 

2.00 

2.66 4.00 
5,33 

6.66 

8.00 

2,900 

4,350 5,800 
7,250 

1,38 

2.07 
2.76 4,14 

5,62 

6.90 

S.S8 

2,720 
4,080 

5,440 

6.S00 

1.47 

2.20 

2.94 4.41 5,88 7.35 

8,82 

1,720 
2.5S0 

3,440 

4,300 

2.33 3.49 

4.65 

6.98 

9.30 

11.63 

1S.J6 

6,000 9,000 
12,000 

15.000 

0.67 

1.00 

1.33 
2.00 

2.66 

3.33 
4.00 

4,300 
6,450 8,600 

10,750 0.93 

1.39 1.86 2.79 

3.72 
4.65 

6.68 

4.000 

6,000 

8,000 10.000 
1.00 

1.50 

2.00 

3.00 
4.00 

5.00 

6.00 

6.000 

9,000 

12,000 15.000 0.67 
1.00 

1.33 
2.00 

2,06 3.33 

4.00 

4.000 

6,000 8.000 

10.000 

1.00 

1.50 2.00 

3.00 

4,00 

5.00 
6,00 

7.600 

11,400 

15,200 

19.000 
0.53 

0.79 

1.05 
1.B8 2,10 

2.63 

3.16 

2,800 
4.200 5,600 

7.000 
1.43 

2.14 

2.86 

4.29 

5.72 7.14 
8.1)8 5,000 7.500 10,000 

12.500 

0.80 

1.20 

1.60 

2.40 

3.20 

4.00 4.80 

4,800 7.200 9,600 

12.000 0.83 

1.25 1.6V 2.50 3.33 
4. J  6 

5.00 

5,800 
8.700 

11,600 

14..SO0 0.71 
1.06 

1.41 

2.12 

2,82 

3,53 

4,24 
3.900 

5,850 

7,800 

9.750 
1.03 1.54 2.05 3.08 

4.10 5,13 «.1« 
4,200 

6.300 
8,400 

10.500 

0.95 

1.43 1.90 

2.86 

3.80 

4,76 

6. 71 5,400 
8.100 

10,800 

13,500 

0.74 

1.11 

1.48 2,22 2,96 
3.70 

4.44 

4,320 
6.480 

8.640 
10.800 0.93 

1.39 

1.85 

2,78 3,70 

4,63 

6,61 

6,400 
9.600 12, .800 16,000 0.63 

0.94 

1.25 
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A  Chemical  Method  of  Gaging  Stream 
Flow. 

Number  12. 

A  most  interesting  article  in  this  issue  ex- 
plains the  new  method  of  stream  gaging  by 

titration  with  which  a  number  of  European 
hydraulicians  have  for  three  of  four  years 
been  experimenting.  Any  summary  of  this 
article  that  can  be  made  here  would  help 
little  toward  a  clearer  understanding  of  the 
process.  A  fact  that  should  be  emphasized 
here,  however,  is  that  this  process  is  of  far 
more  than  academic  interest.  Actual  turbine 
flow  tests  by  titration  are  now  in  progress  in 
this  country.  In  a  letter  to  the  editors,  Mr. 
Blaauw,  one  of  the  translators  of  the  article 
which  we  publish,  refers  to  and  comments  on 
these  .'\merican  tests  as  follows : 

Just  now  Mr.  Ward  is  applying  this  chemical 
method  at  Massena,  X.  T.,  for  the  testing  of 
four  5,000  HP.  turbines.  In  this  case  the  meth- 

od win  be  checked  up  by  the  current  meter  and 
the  pltot  tube,  but  it  is  the  intention  to  do 
testing  in  the  future  only  by  the  chemical  meth- 

od. I  believe  that  the  chemical  method  will 
enable  engineers  to  save  considerable  time  and 
money.  Three  years  ago,  at  Massena,  N.  T., 
six  turbines  were  tested  at  the  enormous  total 
cost  of  $6,000,  representing  almost  a  whole  sum- 

mer's work.  The  accuracy  aimed  at  in  that 
case  cannot  compare  with  the  accuracy  obtained 
by  the  chemical  method,  and — so  it  seems  to 
me — the  cost  could  have  been  kept  down  at 
least  50  per  cent.  For  the  tests  for  which  Mr. 
Ward  has  gone  to  Massena,  great  accuracy  Is 
required  (one-tenth  of  1  per  cent  is  aimed  at) 
In  order  to  settle  the  question  of  bonus  or  pen- 

alty, which  in  this  case  runs  into  the  thousands 
of  dollars. 

Soliciting    Public    Confidence    in   Rail- 
way Securities. 

Prospective  railway  construction  and  re- 

newals depend  upon  the"  success  with  which railways  can  sell  their  securities.  Public  con- 
fidence in  railways  is  essential  to  the  success- 

ful marketing  of  railway  securities.  A  very 
large  number  of  people  have  lost  confidence  in 
railways  and  in  their  managers.  It  is  true  that 
a  few  maladministrators  of  railway  properties 
are  in  large  measure  responsible  for  this  con- 

dition, but  it  is  just  as  true  that  railway  man- 
agers very  generally  have  contributed  toward 

it  and  it  is  supremely  true  that  whatever  may 
be  held  to  be  the  cause  and  the  allotment  of 
responsibility  for  this  cause  the  time  has  come 
when  to  restore  public  confidence  in  railways 
a  change  is  necessary  in  their  principles  of 
financial  management. 

Any  action  by  the  railways,  which  indicates 
change  of  this  sort  is  noteworthy,  and  one 
therefore  observes  with  interest  the  meet- 

ing last  week  with  President  Wilson  of  a 
committee  of  six  high  officials  of  rail- 

ways to  urge  his  aid  in  restoring  public  con- 
fidence in  railway  securities.  This  committee 

consisted  of  Chairman  Trumbull  of  the  Chesa- 
peake &  Ohio  and  Missouri,  Kansas  &  Texas 

boards,  Samuel  Rea  of  the  Pennsvlvania, 
Daniel  Willard  of  the  Baltimore  &  Ohio,  E.  P. 
Ripley  of  the  Atchison,  Topeka  &  Santa  Fe, 
Hale  Holdcn  of  the  Chicago,  Burlington  & 
Quincy,  and  Fairfax  Harrison  of  the  Southern. 
The  specific  request  of  the  committee  as  re- 

ported in  the  dispatches  was  as  follows : 
That  the  president  will  call  the  attention  of 

the  country  to  the  pressing  necessity  for  sup- 
port of  railroad  credit  by  co-operative  and  sym- 

pathetic effort  of  the  public  and  of  all  govern- 
mental authorities,  and  that  the  railroads  be  re- 

lieved   so   far  as   possible   of   further   immediate 
burdens   involving  additional   expense. 
That  the  president  will  urge  a  practical  recog- 

nition of  the  fact  that  an  emergency  is  upon 
the  railroads  which  requires  in  the  public  in- 

terest that  they  have  additional  revenue  and 
that  the  appropriate  governmental  agencies 
seek  a  way  by  which  such  additional  revenues 
may  be  properly  and   promptly  attained. 

The  emergency  upon  the  railways  is  the 
necessity  of  meeting  a  vast  amount  of  matur- 

ing obligations  by  further  issues  of  securities. 
To  enable  themselves  to  sell  these  new  securi- 

ties, the  railways  want  permission  from  the 
Interstate  Commerce  Commission  to  increase 
rates  and  consent  of  the  Federal  Reserve 
Board  to  accept  railway  securities  at  face  value 
in  the  transaction  of  the  banking  business. 

As  their  affairs  stand  at  present  there  is  not 
much  doubt  of  the  need  of  the  railways.  In 
appealing  for  public  sympathy,  however,  it  is 
not  enough  for  the  railways  to  exhibit  the 
extent  of  their  debts  maturing;  the  public 
wants  to  know  how  this  indebtedness  came 
about,  to  know  where  the  money  owed  was 
put.  Referring  to  the  appeal  to  President  Wil- 

son of  the  committee  named  above,  the  dis- 
patches from  Washington  state  : 

Admitting  that  the  public  no  longer  has  much 
faith  in  railroads  and  their  management,  the 
committee  threw  its  cards  on  the  table  and 
asked  President  Wilson  to  address  an  appeal  to 
the  nation  and  to  government  agencies  to  be 
more  charitable  and  more  favorable  towards 
the  carriers  in   the  future. 

Doubtless  the  committee  was  less  suppliant 
than  this  statement  indicates,  but  unless  one 
misjudges  public  opinion  supplication  without 
justification  and  without  indication  of  reform 
will  not  be  very  effective  in  securing  the  faith 
which,  it  is  complained,  is  now  lacking.  Reform 
is  needed  in  the  attitude  of  the  public  toward 
the  railways,  but  it  will  not  come  permanently 
until  .some  reform  in  railway  financial  man- 

agement occurs  or  is  compelled. 

The    Work    of    the    Maine    Highway 
Commission. 

The  law  under  which  the  present  highway 
commission  of  the  state  of  Maine  is  working 
may  be  said  to  be  characterized  by  its  clear- 

ness and  correlation  between  different  sec- 
tions, avoiding  conflicts  of  authority  and  dif- 

ficulty in  interpretation.  A  number  of  its 
features  are  worthy  of  mention.  The  division 
of  the  highway  system  into  state  and  state 
aid  roads,  the  former,  to  be  constructed  whol- 

ly by  the  state,  the  latter,  jointly  by  the  state 
and  municipality,  is  in  accord  with  modem 
ideas  of  highway  economics.  The  provision 
for  maintenance,  while  insufficient,  is  definite 
and  is  to  be  commended.  The  budget  system 
of  preparing  plans  and  requesting  aid  a  year 
in  advance  of  construction  is  worthy  of  note. 
A  sliding  scale  of  state  aid  by  which  the  rela- 

tively poorer  municipalities  receive  a  larger 
proportion  of  aid  than  the  more  wealthy  com- 

munities should  tend  to  produce  uniformity  in 
type  of  construction — a  matter  of  importance 
on  through  roads.  The  provision  for  the  re- 

tirement of  bonds  with  money  derived  from 
a  vehicle  tax  is  a  direct  mettiod  of  taxation 
and  results  obtained  are  worthy  of  study. 

While  the  present  commission  has  not  been 
in  power  a  sufficient  length  of  time  to  demon- 

strate the  possibilities  of  the  highway  law,  a 
definite  conservative  beginning  has  been  made 
on  the  road  system  of  the  state.  For  the  most 
part,  Maine  is  a  sparsely  settled  state.  In 
the  southern  portion,  however,  large  cities 
exist  and  the  road  traffic  is  heavy,  consequent- 
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ly,  while  in  the  southern  section  road  sur- 
faces adapted  to  heavy  traffic  are  used,  by  far 

a  larger  portion  of  the  roads  will  be  surfaced 
with  a  material  economical  for  use  in  thinly settled  regions. 

An  excellent  type  of  gravel  road  has  been 
developed  in  this  state.  By  reference  to  the 
abstract  of  the  gravel  road  specifications  con- 

tained in  this  issue  it  will  be  noted  that  both 
a  two  and  three  course  type  of  construction are  used. 

The  system  of  state  roads  contemplated  will 
give  ready  access  to  all  portions  of  the  state. 
Direct  roads  are  provided  to  the  important 
fishing  and  hunting  regions,  a  fact  which  will 
doubtless  be  appreciated  by  sportsmen.  More- 

over, an  outlet  is  provided  for  the  produce  of 
the  residents. 

The  progress  made  by  the  state  of  Maine 
toward  a  conservative  and  effective  system  of 
roads  to  provide  for  the  needs  of  the  people 
should  furnish  an  incentive  to  other  states  to 
undertake  their  work  in  a  like  manner.  An 
excellent  start  has  been  made  and  before 

many  years  a  large  mileage  of  improved  road 
in  this  state  will  be  available  to  aid  in  the 
development  of   internal   resources. 

Fire   Escapes  for   Such  Buildings  as 
Charitable  Institutions  and 

Hospitals. 
The  difficulty  of  providing  adequate  fire 

escapes  for  various  types  of  buildings  has 

long  been  recognized  by  architects  and  engi- 
neers, yet  one  cannot  feel  that  a  satisfactory 

solution  of  the  problem  has  been  made.  It 
is  at  once  recognized  that  each  class  of  build- 

ing must  be  considered  by  itself  in  working 
out  systems  of  fire  escapes.  In  residences  and 
in  buildings  where  the  number  of  occupants 
is  relatively  small,  the  outside  stairway  and 
ladder  type  of  escape  provides  facilities  as 
elaborate  as  are  justified,  although  such  es- 

capes are  unsightly.  In  commercial  buildings, 
factories  and  charitable  institutions,  where 
the  number  of  persons  in  a  single  building 
is  large,  it  has  been  found  extremely  difficult 
to  provide  fire  escape  facilities  which  will  meet 
the  demands  made  upon  them  in  time  of 
extreme  danger.  It  is  in  charitable  institu- 

tions and  hospitals  that  the  necessity  for  the 
highest  type  of  fire  protection  devices  is  felt. 
For  such  buildings  outside  stairways,  chutes 

and  even  elevators  have  not  proved  satisfac- 
tory, as  the  inmates  are  at  least  partially 

helpless  and  cannot  make  the  best  use  of  such 
fire  escapes. 
An  important  step  toward  providing  better 

fire  escape  facilities  has  recently  been  taken 

by  John  .A..  Kingsburj-,  commissioner  of  chari- ties of  New  York,  when  he  instructed  H.  F. 

J.  Porter  and  A.  L.  A.  Himmelwright,  engi- 
neers, to  proceed  with  the  development  of  a 

special  system  of  life  prQtection  in  case  of 
fire  for  the  hospitals  and  other  buildings  of 
the  department  of  charities.  The  system  of 
"horizontal  escape"  recommended  consists  of 
introducing  a  dividing  wall  across  the  build- 

ing, extending  from  basement  to  roof,  with  a 
doorway  fitted  with  a  fireproof  door  at  each 
floor.  In  case  a  fire  should  occur  at  any  floor 
on  one  side  of  the  wall,  the  people  would 
simply  pass  through  the  doorway  into  the  safe 
section,  an  alarm  signal  being  used  to  give 
notification  of  the  fire.  The  occupants  could 
then  reach  the  ground  using  the  elevators  and 

stairways  of  the  safe  section,  as  under  nor- 
mal conditions.  This  system  of  horizontal  es- 

cape  has  been  used  to  some  extent  in  corn- 
mercial  and  factory  buildings,  although  in 

many  cases  dividing  fire  walls  have  been  pro- 
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vided  without  doorways.  The  cost  of  installa- 
tion of  such  a  system  is  usually  low,  in  fact 

the  system  can  be  installed  in  buildings  which 
contain  an  ordinary  division  wall  at  a  very 
small  expense,  the  thickness  of  the  wall  being 

increased,  where  necessary,  to  form  an  effec- 
tive fire  barrier  and  an  opening  provided  with 

a  fireproof  door.  It  is  seen  that  the  efficiency 
of   such   a   system   depends   to  a  considerable 

extent  upon  the  doorway,  the  door  for  which 
should  swing  in  both  directions. 
The  officials  of  the  department  of  charities 

and  of  the  fire  department  of  New  York  rec- 
ommended the  adoption  of  this  system  after 

an  investigation  which  has  been  carried  on 
since  the  first  of  the  year.  The  department 
of  correction  has  also  asked  permission  to 
have  the  work  extended  into  its  buildings,  and 

Bellevue  hospital  has  already  had  its  build- 
ings surveyed  and  has  asked  for  an  appro- 

priation for  a  similar  installation.  The  need 
of  better  fire  protection  facilities  is  empha- 

sized by  each  disastrous  fire:  and  the  in- 
creased activities  of  public  service  commis- 

sions in  providing  for  the  safety  of  the  public 
will  undoubtedly  result  in  the  installation  of 
more  effective  systems  of  fire  escapes  than 
those  now  in  common  use. 

Design,   Construction   and   Unit   Costs 
of  the  Power  House  for  the  New 

Smelter  of  the  Arizona  Copper 
Co.,  Ltd.,  Clifton,  Ariz. 

The  -Arizona  Copper  Co.  has  recently  con- 
structed a  new  smelter  at  Clifton,  Ariz.,  whicli 

is  one  of  the  most  complete  in  this  country. 
Construction  was  begun  in  February,  1912,  and 
the  work  was  completed  in  February,  191-1, 
the  total  cost  of  the  improvement  being  $2,- 
10.5,020.  Figure  1  shows  a  layout  of  the  smel- 

ter and  gives  some  conception  of  the  extent 
of  the  improvement.  The  drawing  also 
shows  the  Ill-ft.  contour  lines.  In  this  issue  we 
shall  describe  the  design  and  construction 
features  of  the  power  plant  and  shall  give  de- 

tailed cost  data  applicable  to  the  material  and 

in  (i-ft.  squares  with  sand  joints.  The  foun- 
dations for  the  turbines,  blowing  engines, 

compressors  and  e.xciters  extend  from  the  base- 
ment to  the  main  floor  level.  The  space  be- 
tween these  foundations  and  between  the  walls 

and  the  foundations,  at  the  main  floor  level, 
has  a  reinforced  concrete  floor  supported  on 

steel  I-beams.  The  total  weiglit  of  the  struc- 
tural steelwork  in  the  power  house  is  254.29 

tons. 

Figure  2  (a")  shows  a  plan  of  the  power liouse  and  gives  the  location  of  the  engines, 

transformers,  compressors,  pumps  and  tur- 
bines, and  Fig.  2  (b)  shows  a  cross  section  of 

the  building. 

Figure  3  (a)  shows  a  cross  section  of  the 
power  house  and  gives  details  of  the  struc- 

tural framework  and  of  the  concrete  founda- 
tion of  the  colimms.     The  columns  are  spaced 

Figure  3  (b)  shows  a  detail  of  a  typical 
column  foundation.  The  columns  are  an- 

chored to  the  concrete  foundations  with  four 
%-in.  bolts,  2  ft.  long. 

Figure  3  (c)  shows  a  detail  at  the  apex  of 
the  roof,  and  Fig.  3  (d)  shows  a  detail  at  the 
gable  end.  These  drawings  indicate  the  type 
of  roof  construction  used. 

Figure  3  (e)  shows  the  end  framing  of  the 
main  portion  of  the  power  house,  and  Fig. 
3  ff)  shows  the  end  framing  of  the  extension. 

In  general,  the  windows  were  equipped  with 

steel  sash,  and  with  No.  18  "Caldwell"  sash 
balances,  although  40  of  the  small  windows 
have  wooden  sash,  .\bout  one-half  the  con- 

crete sills  were  cast  in  place  and  the  remain- 
der were  molded  as  separate  members.  These 

sills  have  a  section  S.xlO  ins.  for  the  windows 
and  3x10  ins.  for  the  fixed  sash  at  the  top  of 

/  Depot 
Z  150-ton  Track  Scale 
3  »  N M  Main  Line 
A  Receiving  Bins 
5  Transfer  Pit 

6  Crushing  Plant 
7  Outside  Closet 
&  Samplinqtvlill 
9  Sample  Hoom 
10  Three  Spreading  Beds 
11  Reclairner  House 
IZ  BunkerBins 
13  Roaster  Flue 
M   Rooster  Dust  Chamber 
15  Roosters 
16  M-ton  Track  Scale 
n  Outside  Closet 
18  reed  Water  Purnp  House 
19  Reverberatory  hlue 
20  Chimney 
21  163 -Barrel  Oil  Tanks 
22  Bo/ler Building 
23  Reverboratories 
24  Converter  Dust  Chamber 
25  Silica  Bins 
26  Converter  Flue 
27  Converter  Building 
28  Converters 
29  Casting  Shed 
30  Bullion  Scales 

V  Co'Jing  Shed 32  Heater  House 
35  CoolingToner 
54  Machine  Shop 
J5  Boiler  Shop 
36  Warehouse 
37  Culvert 
38  Power  House 
39  Power  House  Tunnel 
no  Condensed  Water  Pump  House 
ai   Oil  Sump 
A2  I6in  Oil  Pipe . 
a  SOCOOO-gafOilTonks 
ii  Oil  Purrip  House 
is  Assay  Office   

V 

♦ Fig.  1.    Layout  of  New  Smelter  of  Arizona  Copper  Co.,  Ltd.,  Clifton,  Ariz. — Power  House  Is  Building    No.  38. 

labor  items.  The  article  is  based  on  a  paper  by 
E.  Hortiin  Jones,  in  the  Bulletin  of  the  .Amer- 

ican Institute  of  Mining  Engineers.  The  de- 
sign drawings  were  furnished  by  the  Arizona 

Ct'pper  Co. 
DESICN   FEATURES. 

The  main  portion  of  the  power 'house  (for 

location  see  l""ig.  1 )  has  a  length,  between outside  column  centers,  of  270  ft.  and  a  width 
of  .W  ft.,  with  an  extension  on  one  side  having 
dimensions  of  2(i  ft.  9  ins.  by  92  ft.  The 
height  of  the  main  portion  of  the  building, 
frotti  base  of  columns  to  lower  chord  of  truss, 
is  48  ft.,  while  that  of  the  extension  is  34  ft. 
9%  ins.  .\  traveling  crane  having  a  capacity 
of  20  tons  and  a  span  of  o«  ft.  serves  the  main 
section.  The  building  has  a  steel  frame  and 
8-in.  tile  walls,  resting  on  the  concrete  base- 

ment walls.  The  concrete  roof  is  water- 
proofed with  a  composition  of  tar,  cement  and 

coal  oil.  The  concrete  basement  floor  has  a 
thickness  of  4  ins.  and  was  cast  on  the  ground. 

23  ft.  on  centers,  the  main  part  of  the  building 
consisting  of  12  bays,  and  the  extension  oi 
4  bays.  The  width  of  the  main  section  is  52 
ft.,  center  to  center  of  colunms,  and  that  of 
the  extension,  20  ft.  9  ins.  From  the  base  up 
to  the  crane  girder,  a  distance  of  37  ft.,  the 
columns  have  a  width  of  24  ins.,  and  consist 
of  4  ox3x.5/lG-in.  angles  with  2'/.'x%-in.  dou- 

ble lacing.  .-Xbove  the  crane  girder  the  col- 
umn width  is  reduced  to  15  ins.  The  outside 

columns  of  the  extension  have  a  width  of 
15  ins.  and  consist  of  4  5x3x.5/lG-in.  angles 
with  'VixViAn.  double  lacing.  The  columns 
are  braced  longitudinally  with  two  lines  of 
horizontal  struts,  each  of  which  consists  of 
4  3%x2'-x'!i-in.  angles.  24  ins.  back  to  back, 
with  2'/4x7/IO-in.  double  lacing,  and  one  line 
of  12-in.  20.5-lb.  channels,  to  which  the  main 
flooring  framing  is  attached.  The  positions  of 
these  struts  are  indicated  in  Fig.  3  (a).  The 
crane  girder  consists  of  a  26-in.  90-lb.  Beth- 

lehem I-beam,  supporting  a  50-lb.  crane  rail. 

the  building.     They  are  reinforced  with  three %-in.   rods. 

Six  48-in.  "Burt"'  ventilators,  with  square 
bases,  are  placed  along  the  apex  of  the  roof. 

CONSTRUCTION  FE.ATURES. 

Excavation. — The  excavation  required  for 
the  power  house  was  about  55  ft.  wide,  280  ft. 

long,  and  10  ft.  deep.  The  inaterial  encoun- 
tered was  red  clay  and  boulders  on  top,  with 

sand  and  gravel  beneath,  the  latter  materials 
being  used  for  concr.ete.  Powder  was  used, 
followed  by  plowing,  picks,  shovels,  fresnos 
and  carts.  The  excavated  material  was  hauled 4.JII  ft. 

Column  foundations. — The  piers  for  the 
steel  columns  are  about  3x4x3  ft.  The  con- 

crete was  hand  mi.xed,  in  the  proportions  of  1 
part  cement  and  7  parts  sand  and  gravel,  and 
was  transported  about  150  ft.  in  wheelbarrows. 
Considerable  diflkulty  was  experienced  in 

keeping  out  the  sand  and  gravel,  which  con- 
stantly fell  into  the  pits  from  the  sides  of  the 
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excavation.    About  50  per  cent  of  the  vertical 
surface  required  the  use  of  forms. 
Foundation  Wall*. — The  concrete  for  the 

walls  below  the  inain  floor  level  was  cast  as 
a  vertical  slab,  bearing  against  the  columns  of 

"Wadsworth  Rowland  Bay  State"  cement  was 
applied  to  the  basement  walls. 
Basement  Floor. — The  basement  floor  was 

cast  on  the  ground  in  6-ft.  square  blocks,  with 
sand  joints.     The  total   thickness  of  the  floor 

tained  sufficient  lamp-black  to  give  a  pleasing 
appearance.  .All  joints  were  struck.  The  cop- 

ing of  the  wall  was  formed  by  bolting  a  2x4-in. 
timber  to  the  top  course  of  tile  and  another 
to  the   under   side    of   the   roof.     Metal   latb 

-276-0-- (a^Plan 

Fig.  2.    General   Plan  and   Cross  Section  of   Power  House  for  Smelter  of  Arizona  Copper    Co.,    Ltd.     Showing    General    Dimension   of 
Building    and    Arrangement    of    Equipment. 

the  building.  These  walls  are  12  ins.  thick  at 
the  top,  20  ins.  thick  at  the  bottom  and  11  ft. 
high.  They  were  designed  as  a  reinforced 
concrete  slab  (using  %-in.  rods)  to  withstand 
earth  pressure  on  a  20-ft.  span.     The  concrete 

is  4  ins.     After  the  concrete  was  laid  a  coat 
of    cement    grout    was   applied,    and   then    the 

floor   was    painted   with    two    coats   of    "Toch 
Bros."  cement  filler. 

Exterior  Walls. — The  exterior  tile  walls  are 

was  placed  between  these  timbers  and  plas- 
tered with  cement  mortar.  The  depth  of  the 

coping  is  18  ins. Main  Floor  Slab. — The  concrete  slab  at  the 
main  floor  level  of   the  power  house  consists 

Ca)  Cross  Section 

Fig.  3.    Cross  Section  and  Details  of  Power     House  for  Smelter  of  Arizona   Copper  Co.,    Ltd.    Showing  Structural   Features. 

was  machine  mixed  in  the  proportions  of  1 
part  cement  to  b  parts  sand  and  gravel,  and 
was  wheeled  a  distance  of  about  loO  ft.  About 
95  per  cent  of  the  vertical  surfaces  of  the 
walls  required  the  use  of  forms.     One  coat  of 

8  ins.  thick  and  about  4ll  It.  liigh.  The  tile 
walls  were  laid  directly  on  the  concrete  base- 

ment walls.  The  mortar  used  consisted  of  1 
part  cement,  1  part  lime  and  3  parts  sand, 
while  that  used  at  the  outside  of  the  wall  con- 

of  the  "Berger"  multiplex  plate  laid  on  steel 
I-beams  and  covered  witli  concrete  reinforced 
with  Vs-in.  and  %-in.  rods.  In  laying  this 
floor  the  plate  was  laid  on  the  beams  and  was 
not   wired.     The   rods  were   then   laid   in   the 
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concrete  at  right  angles  to  the  grooves  of  the 
plate.  The  concrete  was  machine  mixed  in  the 
proportions  of  1  part  cement  to  7  parts  sand 
and  gravel,  the  %-in.  top  finish  being  mixed  in 
the  proportions  of  1  part  cement  to  2  parts 
sand.  The  thickness  of  the  floor,  from  the 

bottom  of  corrugations  of  the  plate  to  the 
top  of  the  finish,  is  5  ins. 

The  "Berger"  plate,  which  is  exposed  be- 
neath the  floor,  was  cleaned  of  rust  and 

painted  with  two  coats  of  linseed  oil  and  white 
lead,  which  required  the  use  of  low  scaffolds. 
The  top  surface  of  the  floor  was  given  two 

coats  of  "Tock  Bros."  cement  filler  and  one 
coat  of  gray  cement  paint,  after  the  floor  had 
dried  out. 

Roofing— The  "Berger"  plate  used  in  the 
roof  construction  was  hoisted  by  means  of  a 

single  pulley  and  hand  rope.  When  laid  in 
position  it  was  wired  to  the  purlins  with  No. 
10  wire.  The  concrete  was  hoisted  to  the 

eaves  at  various  points  and  transported  to  po- 
sition in  hand  buckets.  The  concrete  propor- 

tions were  1  part  cement  to  5  parts  sand  and 
gravel.  The  concrete  was  troweled  smooth 
and  was  then  painted  with  a  composition  of 

tar,  cement  and  coal  oil.  For  this  waterproof- 
ing coat.  11  bbls.  of  tar,  54  gals,  of  coal  oil 

and  7  sacks  of  cement  were  used. 

The  reinforcing  plate  was  cleaned  and  paint- 
ed with  two  coats  of  linseed  oil  and  white  lead. 

The  painters  worked  from  swinging  scafltold 
attached  to  the  roof  purlins.  The  moving  of 
these  scaffolds  from  place  to  place  was  slow 
and  difficult. 

Wood  strips  were  embedded  in  the  concrete 
around  the  base  of  each  ventilator  and  across 

the  roof  at  the  juncture  of  the  rnain  building 
and  tl)e  addition.  A  cement  coating  was  then 

applied  to  the  concrete,  followed  by  an  appli- 
cation of  hot  maltha,  with  three  sheets  of  felt 

embedded  in  the  maltha.  .Another  application 
of  hot  maltha  was  tlien  applied,  followed  by 

a  course  of  three-ply  P  and  B  roofing  paper. 

Painting  Sash  and  Woodivork. — The  sash, 
doors  and  miscellaneous  woodwork  were 
coated  with  three  coats  of  linseed  oil  and 
white  lead. 

EQUIPMENT. 

The  various  engines,  compressors,  turbines, 
etc.,  were  set  on  concrete  foundations,  the  top 
of  the  foundations  being  at  about  the  main 
floor  level. 

The  equipment  in  the  power  house  includes 
the  following : 

2  Norilberg  blowers;  designed  to  compress  10.- 
000  ru.   ft.  of  free  air  to  12  lbs.  pressure. 

3  2.000-kw.  Curtis  turbines,  direct-connected 
to  2.500  k.  v.  a.,  G,600-volt,  60-cycie,  3-pliase, 
1.900-r.  p.  m.  Kenerators. 

10  flenoral  Kloi  trio.  Type  H  auto  transformers 
for  ralsInK  voltaKe  from  6.600  to  13,200  voits 

?'  Allierger  siirfacp  condensers.  3  dry  vacuum 
piimns  nnfl  3  rirculatinc  pumps  for  same. 

1  2<-:ii.  .Mberger.  Type  F  barometio  Jet  con- 
densiT.  liot  well,  motors,  pumps,  etc. 

1  ItiKerHiill-Rand.  two-stace  air  compressor, 
wltli  CoiilsH  erm'ine;  steam  cylinders  are  13  In.: 
nlr  cylliulers.  22  and  13-ln. ;  common  stroke.  36- In. 
2  RIdgeway,  tandem,  cornpound.  slide-valve 

engines,  direct-connected  to  7.T-kw.,  125-voit. 
direct-current  generators  having  speed  of  2".'i r.   p.   m. 

3  dry  vacuum   pumps  for  surface  condensers. 

'J    I'lO-kw..   syncbronous    motor-generator  sets t(i  supply  :50-volt  direct  current. 
1  snitrhhoard.  tO  ft.  i  Ins.  long,  4  ft.  wide 

ami  13  ft.   t  ins.   higb. 
Steam  piping  nnd  trestle  supports;  main  lines. 

10-ln.;  llnc-.s  from  boilers,  8-ln.;  lines  to  cngine.s, ■1  to  S-in. 
F;xhnu.st  piping,  cast  Iron  and  lap-welded 

wrought  iron:  Includes  three  20-ln.  pipes  from 
turbines:  pliies  riinge  from  3  In.  to  42-in. 

Water  pipes:  Includes  30-ln.  cast  Iron  suction 
pipe  line  from  cooling  .tower  to  pumps:  20  and 
16-ln.  wond-pipe  line.s  from  equalizing  tank  to 
moling  tower;   nnd  12-in..  8-ln.  nnd  6-ln.  lines, 

COST    DATA. 

Talilc  I  civcs,  for  each  item,  the  total  cost 

of  labor  and  of  material,  the  quantity  of  ma- 
terial and  the  total  unit  costs.  The  costs  here 

given  are  actual  costs  and  were  compiled  by 
an  efficient  cost  organization.  Each  cost  item 
has  been  iudged  solely  on  its  merits  for  use 
by  an  estimator.  All  delavs  due  to  changes 
in  plans,  delayed  shipments,  labor  troubles, 
changes  in  working  hours  and  rates,  and  vari- 
nlilc  weatlier  conditions  have  been  included. 
In  compiling  the  cost  data  the  Dewev  decimal 

-ystem   was   used   to   classify   items. 

TABLE 

Ref.  No. 

I.— TOTAL  COSTS  OF  LABOR  ANB  MATERIALS.  QUANTITIES  OF  MATERIALS 
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Excavation    $7 
Building  foundation  piers      1, 
Building  foundation  walls     3 
North  tunnel        1 
Concrete  drain     
Basement  tioor,  concrete   
Basement  painting   
Preparation  of  concrete  for  painting. 
Painting  concrete   
Steel    structure      
Tile  wails        3 
Unloading   tile      
Wall  coping    

Doors,  windows  and  fran.-es   Concrete  sills     
Ventilators     
Main  floor  columns   
Main  floor  slab  concrete      1, 
Painting  underside  of  main  floor.... 
Painting  top  of  main  floor   
Roof.   Berger  multiplex  plate   
Roof  concrete      1, 
Roof  tar   
Roof,  downspouts  and  tile  drain   
Roof  painting,   underside   
Roof,  P.  &  B.  roofing   
Painting  sash     
Painting  woodwork      
Crane      
Weil  grading        1, 
Shaft  sinking   
Timbering    
Aldrich   pump   installation   
Nordberg  blowers,  foundation   

Nordberg  blowers,  cost  and  inst'l'at'n   1, Nordberg  blowers,  painting   
Turbines,  foundation     
Turbines,  cost  and  installation      2, 
Turbines,  painting     
Turbines,  air  pipe  malving   
Turbines,  air  pipe  erection   
Transformer  trucks  and  transfer 

table      
Auto  transformers     
Condenser  foundations   
Condensers,   cost   and   installation... 
Condensers,  painting    
Jet  condenser  liot  well,  excavation... 
Jet  condenser  hot  well,  foundation. . . 
Jet  condenser  hot  well,  supporting 

structure  and    tank   
Jet  condenser  hot  well,  cost  and 

erection      
Jet  condenser  hot  well,  dry  vacuum 
pumps    

Jet  condenser  hot  well,  pumps,  paint- 
ing    ^  . 

Circulating  pumps,  foundation   
Circulating  pumps,  cost  and  erection 
Circulating  pumps,  painting   
Air    compressor   foundation   
Air  compressor,  erection   
Air  compressor,    painting   
Air  compressor,  all  piping  except 

steam      

Air  con  pressor,  wrecking  and  trans- 
portation    

Air  compressor,  installation  of  air 
receivers      

2  exciters.  2  air  pumps,  2  circulating 

pumps,   foundation      .' .    1 2  exciters,  cost  and  installation   

3  dry  v.acuum  pumps,  cost  and  in- stallation     
clr.   pumps  and  engines,   cost  and 
installation       

2  exciters,   painting   
3  air   pumps,   painting   
3  cir.   pumps,  painting   
2  motor  gen..  1  air  pump,  1  cir.  pump, 

foundation      

2  motor  generators,  cost  and  install'n 2  motor  generators,  painting   
Transfer  taljie  pit.  concrete   
Switchboard,  concrete  compartments   1 
Switchboard,  cost  and  erection     2, 
Steam  i>iping  north  and  south  mains, 

excavation      
Steam  piping,  foundation     
Stean  piping,  steel  supporting  struc- ture     
Steam  pip'ng,  hangers  and  anchors.    1 
Steam  piping,  cost  and  erection      2 
Steam  pip'ng.  covering  and  erection. 
Exhaust  pipe,  cost  and  erection      1 
Exhnust  pipe,  painting   
Exhaust  pipe,  covering  and  erection. 
Air  piping,  cost  and  erection   
Air  piping,  painting   
Exhaust  pipe,  foimdation   
Fxh<i\ist  pipe,  supporting  structure.. 
Exhnust    pipe,    excavation   
^'■nt"r  pine,  excavation  and  backfill.    1 
^Vnler  pipe,  cost  and  erection      3 
Water  pipe,  painting   

727.56 
699.92 

35. 7S 350.79 

205.68 

916.41 81.45 
891.73 

195.84 

856.83 

332.40 

372.69 
974.38 596.33 

125.60 
236.93 

,267.91 181.88 

95.56 420.83 
,723.10 172.70 
286.17 

C92.84 

577.68 290.09 

29.50 
131.89 

,558.07 
765.62 
57.61 
74.56 

774.06 
,641.62 
327.57 959.08 

,297.70 
286.15 
547.68 
232.57 

121.63 
735.60 291.08 
415.31 

30.no 

2S(.S2 
66.27 

$      69.09 
1,460.02 3. 628.81 

1,230.3V 
227.37 

1,347.78 48.81 42.69 

301.61 
4,'5i0.26 

0.17 

107.05 

3,319.93 120.96 
439.76 

626.44 
3,341.61 147.58 199.32 

3. 063. IS 958.51 
127.73 

240.44 
324.55 

1,317.08 16.72 4.06 

1,723.27 517.68 612.10 

""16.62 

3,020.83 

32,514  02 
57.65 

1,432.70 

79,586.49 

41.02 
200.75 

64.24 

538.08 

12,044  91 
285.18 

19,563.55 
5.S6 

0.90 

69.99 

•5.2 

57,796.65 

3,159.94 7.364.59 

2,581.36 

433.05 

2.264.19 130.26 

934.42 497.45 
23.773.30 

8,367.03 
332.57 

479.74 

4,294.31 
717.29 

565.36 

863.37 

4,609.52 
329.46 

284.88 
3.484.01 

2,681.61 
300.43 
526.61 

1.017.39 

1,894.76 306S1 33  56 

1.855.1.. 2.075.75 

1.377.72 
57.61 

91.18 3,794.89 
S4.i55.64 385.22 

2.391.78 
81.884.19 

327.17 748.43 
296.81 

659.71 

12.780.51 .576.26 

19,978.86 
35.86 29.72 

136.26 

c  a, 

aE 
7,313  cu.  yds. 
231.7  cu.  yds. 
508.5  cu.  yds. 
180.3  cu.yds. 
34.6  cu.  yds. 

12,130  sq.  ft. 
830  sq.  yds. 

2,459  sq.  yds. 
2,459  sq.  yds. 

254.29  tons 
14.343  cu.  ft. 522.70  tons 

732  lin.  ft 
4,044  sq.  It.  opening 
964  lin.  ft. 
6  ventilators 

68  columns 10,210  sq.  ft. 
2,679  sq.  yds. 
1.134  sq.  yds. 
214.  S3  squares 
214.83  squares 
214.83  squares 
905  ft. 
6,813  sq.  yds. 

214.83  squaies 
299  sash 
89  sq.  yds. 
1  crane  1 
2,600  cu.  yds. 45  ft. 

45  ft. 
6S6.3  cu.  yds. 
2  Nordbergs  17 
2  Nordbergs 
196.5  cu.  vds. 
3  turbines  27 
3  turbines 

103  ft. 103  ft. 

15  trucks 10  transformers      1, 
50.3  cu.  yds. 
3  condensers  6 

3  condensers 46  cu    yds. 
16.5  cu.  yds. 

128.97 

   945.74     5.76  tons 

494.68       1.078.65     1    condenser 

E- 

%  1.07 

13.64 

14.48 14.32 12.52 

0.19 
0.16 

0.38 

0.20 
93.49 

0.58 

0.64 

0.66 

1.06 
0.74 94.23 12.70 

0.45 

0.12 

0.26 

16.22 

12.48 

1.40 

0.58 

0.15 
8.S2 
1.02 

0.38 

,855.16 
0.80 

30.61 1.2S 

5.53 

,077.82 
192.61 
12.16 

,294.73 

109.06 
6.27 

2.88 

43.98 

,278.05 

11.45 

,659.62 
11.95 

0.65 
8.26 

164.18 

285.51       2,860.01       3,145.52     2  pumps 

30.00 
560.01 
366.90 
30.00 840.98 

642.90 
10.58 

298.46 

457.77 

19.47 

139.67 
491.01 

5.86 
708.93 

3,535.68 
5.86 

1,246.54 148.67 
24.49 

160.65 

1,36.06 

1.43 

1,875.43 6,118.26 

35.86 
1,268.97 
3,902.58 35.86 

2,087.52 

791. .57 
35.07 

459.11 

593.83 

50.90 

3.315.10 6.609.27 

2  pumps 

210  cu.  yds. 

2   pumps 2  pumps 
238.3   cu.   yds. 

1,078.65 

1.572.76 17.93 

6.04 

1,951.29 

17.93 

8.76 

373   cu.   yds. 
2  exciters 

147.26       3,190.10       3,337.36     3  pumps 3S9.32 86.01 

,50.00 
81.69 

269.52 

319.06 ro.on 
24  13 

472.21 

730.53 

249.6c 578.24 

8,729.37 

14.65 
8.79 

14.65 
658.91 

6,830.33 

5.86 

58.23 

510.4S 
15.520.57 

9,118.69  3  pumps 
100.66  2  exciters 
58  79  3  pumps 
96.34  3   pumps 

107  cu.  yds. 

2  generato's 
2  generators 12  cu.  vds. 

1,469  sq.  ft. 

945  97 

955.34 

7,149.39 
35.86 82.36 

1.982.69 
18,215.10 

249.P5     279  cu.  vds 
1,524.21     194.5  cu.   vds. 

8.89 
1,304,64 

,112.45 1.309.56 
50.33 

19.59 
32.11 8.93 

1,574.69 
17.93 

6.86 

1.15 

030.68 

,2S'6.31 266  71 

,745.71 85.05 318.25 
363.19 

31.56 

rs.oo 

197  27 
20.32 

.485.10 

,747.79 
230.59 

337.26 

18.622.25 
5.813  23 

8.715.66 

51.19 

830.56 

554.16 

18.66 102.81 57.93 

■       0  24 

16,437.88 
25.54 

I'oti'ls 

7.694.58 

1,367.94 20,908.56 
6.079.94 

10,461.37 
136.24 

1.148.81 
917.35 

50  22 

165.90 

255.20 20.82 

1.485.34 
20.185.87 256.13 

8382,068.91 

86.81  tons 

153  rods 3,401  ft. 
3.401  ft. 
1,541  ft. 

1.541  ft. 740  ft. 

18.3  cu.  yds. 

0.89 

7.84 
88.64 
8.94 

6.15 
1.79 
6.79 

0.09 

1.54 

9.07 29  cu.  yds. 
2,406  cu.  yds. 

0.72 

0.62 

li  a/.  iiiWc. — The  followini  average  wacc 
scale  was  paid.  The  men  worked  0  hours  per 
day.  except  the  brick  masons,  brick  tenders 
and  cement  finisher  boss.  Mexican  common 

labor   was    cin:i'oved    in    some   cases.     Where 

this  class  of  labor  was  naid  in  Mexican  money 

the  letter  "M."  precedes  the  quoted  rate  of waee. 

Ilrick  masons.   8-hr.  day   $6.50 
Brick  lenders.  8-hr.  day  (M  )     2.25 
Carpenter  boss       5.00 
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Carpenters        4.50 
Cement  finisher   boss,    S-hr.   day   $3.50  to  5.00 
Concrete  boss        4.50 
Concrete  mixers   (M.)     2.25 
Labor    bosses       4.U0 
Laborers  (M.)       2.00 
Pipe    fitter    boss     5.50 
Pipe    fitters       4.50 
Pipe    fitter    helpers    3.00 
Teamsters      $2.00  to  3.O0 
Teamsters,   fresnos  and  slips   (both  A.  and 

M.)        $2.00  to  2.50 
Teamsters,  plow   (both  A.  and  M.)     2.25 
Steam  fitters     4.50 
Steam  fitter  helpers     3.00 
E;nginemen,   compressors       3.50 
Enginemen,    stationary        3.00 
Machinists         4.30 
Machinists'   helpers   (both  A.  and  M.)     3.00 Machine    shop    boss     5.00 
Boilermaker    boss         5.50 
Boilermakers        4.50 
Boilermaker  helpers      3.00 
Electrician  boss       5.00 
Electricians         4.50 
Electrician   helpers        3.00 
Blacksmiths        4.50 
Blacksmith  helpers  (both  A.  and  M.)      
  $2.50   to  3.00 

Water  boys  (both  A.  and  M.)    2.00 
The  power  house  contains  32,096  sq.  ft.  of 

floor  space.  The  cost  of  the  building  only, 

including  items  in  Table  _I  from  9001  to  9003_61, 
inclusive  (exclusive  of  item  9002.2)  vi^as  $77,- 
452.56,  making  the  cost,  per  square  foot  of 
floor  space,  $2.41. 

The  volume  of  the  power  house  is  784,000  cu. 
ft.,  making  the  cost  of  the  building,  per  cubic 
foot,  10  cts.  The  same  items  are  here  included 
as  noted  for  the  cost  per  square  foot. 
The  total  cost  of  the  power  house  and  its 

equipment  was  $359,590.10,  making  the  cost  of 
the  building  equipped  $11.20  per  square  foot, 
or  46  cts.  per  cubic  foot.  In  these  costs  are 
included  accounts  9001  to  9004,  and  9006.01  to 
9016.01,  inclusive,  deducting  one-half  of  ac- 

counts 9014  to  9014.05,  inclusive. 

Some  General  Principles  Governing 

the  Writing  of  Building  Codes. 
The  importance  to  the  engineer  of  secur- 

ing adequate  and  impartial  buildfng  codes  for 
our  cities  is  being  realized  to  a  much  greater 
extent  than  formerly.  In  the  past  engineers 
have  not  interested  themselves  sufficiently  in 
this  work  to  secure  proper  representation  on 
committees  having  in  charge  the  drafting  of 
building  laws.  The  result  has  been  that  the 
engineering  requirements  of  the  building  codes 
of  various  cities  differ  widely  and  are  often 
unsatisfactory.  The  following  data  on  the 
writing  of  building  laws  were  abstracted  from 
a  paper  by  John  A.  Ferguson,  engineer.  Bu- 

reau of  Building  Inspection  of  Pittsburgh,  in 

the  Proceedings  of  the  Engineers'  Society  of 
Western  Pennsylvania.  The  author  also  gives 
definite  suggestions  for  a  building  code  for 

Pittsburgh,  Pa.,  w'hich  were  considered  in  our 
issue  of  Sept.  2,  1914. 

THE    LEGAL    STATUS    OF    BUILDING    LAWS. 

In  order  to  understand  thoroughly  the  con- 
stitutional power  back  of  building  laws  it  is 

well  to  glance  at  the  general  plan  of  our  gov- 
ernment. The  United  States  is  the  union,  un- 

der the  constitution,  of  the  several  states  for 
common  preservation  and  protection,  the 
government  having  the  right  only  to  regulate 
matters  in  which  the  several  states  are  inter- 

ested, such  as  the  making  of  treaties,  the  de- 
claring of  war  and  the  regulation  of  interstate 

relations.  The  United  States  government  has 
power  to  enact  only  such  laws  as  are  directly 
or  by  implication  given  to  it  by  the  constitu- 
tion. 

The  states  in  general  have  the  right  to  en- 
act all  such  laws  as  are  not  specifically  pro- 

hibited either  by  state  or  national  constitu- 
tion. However,  the  states  cannot  enact  so- 

called  "special  legislation,"  such  as  regulat- 
ing county,  village  or  township  affairs,  incor- 

porating cities  or  villages,  changing  or  amend- 
ing the  charter  of  any  town  or  village,  or 

regulating  the  jurisdiction  of  police  magis- 
trates, etc.  Consequently,  the  state  can  enact 

laws  of  a  uniform  character  throughout  the 
state,  but  must  delegate  to  the  municipality, 
etc.,  the  right  to  enact  such  legislation,  through 
the  proper  channels,  as  may  be  required  by 
purely  local  conditions. 
Among  the  various  doctrines  as  to  the  right 

to  enact  or  execute  building  laws  there  is  the 

police  power.  This  power  is  not  defined  by 
law,  as  it  would  tend  to  lessen  its  effective- 

ness. Owing  to  the  lack  of  definition  the  legis- 
lature and  those  executives  who  are  entrusted 

with  the  care  of  public  safety  can  exercise 
broad  powers.  All  regulation  by  legislation 
or  by  departmental  rule  governing  the  public 
health,  safety  and  morals  is  based  upon  this 
police  power.  It  is  about  the  broadest  power 
possessed   by   the   government. 
The  right  of  eminent  domain  is  said  to 

cover  the  right  of  the  state  to  enter  private 
property  and  suppress  or  change  its  use  where 
obnoxious  to  the  public  health,  safety  or 
morals.  If  property  is  not  taken  in  this  case 
there  can  be  no  claim  for  compensation.  This 
last  power  is  invoked  when  wrecking  a  struc- 

ture to  prevent  a  spread  of  conflagration, 
when  an  owner  refuses  to  raze  a  dangerous 
structure,  or  when  entering  a  property  for 
the  purpose  of  inspection. 
Whenever  a  series  of  acts  becomes  a  pub- 

lic nuisance  the  aggrieved  parties  have  the 

legal  right  to  abate  it.  However,  the  neces- 
sary steps  must  be  taken  through  the  properly 

constituted    authorities. 
It  has  been  a  maxim  of  common  law  and 

a  fundamental  principle  with  respect  to  real 
as  well  as  personal  property  since  the  days  of 
the  Roman  law  that  a  person  has  the  right  to 
use  his  own  property  only  to  the  extent  that 
he  does  not  thereby  injure  that  of  his  neigh- 

bor. It  will  be  seen  that  the  public  has  a 

very  definite  and  real  right  to  take  the  neces- 
saiv  steps  to  prevent,  as  far  as  possible,  the 
economic  loss,  as  well  as  the  loss  of  health, 

life  and  morals,  of  individuals.  To  accom- 
plish this  it  is  necessary  to  regulate  fire  pre- 

vention and  protection,  to  see  that  sufficient 
e.xits  are  provided  to  prevent  loss  of  life  in 

panics,  to  provide  against  overcrowding  in  ten- 
ements, sweatshops  or  places  of  public  assem- 

bly, to  conserve  the  public  health  and  morals 
and  so  to  regulate  the  business  relations  of 
individuals  as  to  conserve  equal  rights  and 
justice  to  all  in  the  making  and  enforcing  of 

laws  regulating  the  construction  and  occupa- 
tion of  buildings. 

Since  the  state  legislature  cannot  pass  spe- 
cial legislation  to  make  state  laws  different  in 

one  •section  from  those  of  another,  all  leg- 
islation passed  should  be  such  that  it  will  be 

proper  to  enforce  it  anywhere  in  the  state, 
leaving  to  the  local  governments  the  right  to 
add  the  laws  required  to  provide  for  the 
purely  local  conditions.  In  order  to  conform 
to  this  the  local  government  should  have 
the  power  to  organize  its  own  enforcing  body, 
ihe  cost  of  which  should  then  be  chargeable  to 

the  city  or  town,  and  the  personnel  be  ap- 
pointed from  those  in  the  locality  who  are 

familiar  with  its  peculiar  needs.  No  part  of 
such  cost  should  be  placed  on  the  state  to  be 
fiistributed  over  the  territory  less  able  to  pay 
for  it  and  not  benefiting  therefrom.  Every 

person  in  such  an  organization  should  be  an- 
swerable to  the  body  which  has  the  appointing 

power  for  the  proper  conduct  of  his  work. 
Reports  of  as  general  or  detailed  a  character 
as  desirable  should  be  made  to  the  state. 
An  additional  reason  for  such  arrangement 

can  now  be  brought  forward.  It  is  based 
upon  the  fact  that  any  body  organized  for 

the  purpose  of  transacting  business  will  com- 
pletely fail  to  achieve  its  proper  effective- 

ness if  that  body  is  extended  too  far  and  be- 
comes unwieldy  or  overorganized,  or  if  its 

personnel  is  chosen  from  among  those  whose 
interest  is  foreign  to  the  work  which  is  to  be 
performed.  This  would  become  true  in  the 
case  of  localities  where  a  large  amount  of 

building  work  is  done. 
Thus  it  is  easily  seen  that,  for  proper  effec- 

tiveness, any  locality  large  enough  to  afford 
its  own  police  officers  should  choose  them 
from  among  its  own  members  and  provide 
for  their  discipline  free  from  any  but  the 

most  general  supervision  by  the  state.  Per- 
sonal supervision,  such  as  giving  state  officers 

the  right  to  remove  a  city  officer  without 
formality  of  preferring  civii_  service  charges, 
could  result  in  demoralizing  influences.  Since 
this  is  not  the  case  with  the  purely  police 

officers  it  should  be  apparent  even  to  the  lay- 

man that  the  case  of  those  charged  with  the 
enforcement  of  building  laws  is  exactly  the 

same  as  any  police  officer. 
GENERAL     REQUIREMENTS     AND    PERSONNEL    OF    A 

BUILDING    COMMISSION. 

As  a  result  of  the  great  diversity  of  opin- 
ion concerning  what  should  and  what  should 

not  be  incorporated  in  building  laws  (and 
this  diversity  seems  to  be  the  result  of  the 
fact  that  there  is  so  little  widespread  exact 

knowledge  of  the  subject)  it  is  well  to  out- 
line at  the  beginning  the  kind  of  men  who 

ihould  be  chosen  to  do  this  work,  and  the 

attitude  of  mind  with  which  they  should  ap- 
proach the  work  set  before  them.  In  the  first 

place,  it  should  be  plainly  understood  that 
only  those  who  are  known  by  general  reputa- 

tion to  be  the  best  technicians  in  their  various 
lines,  as  well  as  the  broadest  minded  in  the 
community,  should  be  invited  to  assist  in  so 
exacting  a  piece  of  work.  Then  they  should 
approach  their  task  as  if  every  policy  and 
every  general  requirement  or  detail  were  to  be 
arranged  from  an  entirely  new  field  and  must 
be  studied  out  with  a  broad  view  of  the  needs 
of  the  public  rather  than  the  especial  hobbies 
of  any  individual,  keeping  in  mind  always  that 
the  law  is  only  to  conserve  to  the  general 
public,  life,  health  and  property  and  not  in  any 
way  so  to  restrain  the  individual  that  he  can- 

not exercise  the  greatest  amount  of  initiative 
possible  in  the  conduct  of  his  business. 
Members  of  a  commission  for  the  revision 

of  building  laws  should  be  so  chosen  as  to 
have  at  least  one  representative  for  every 
business  interest  which  would  be  largely  af- 

fected by  the  laws  it  is  proposed  to  formulate, 
and  too  much  stress  cannot  be  laid  upon  the 
fact  that  only  the  best  and  broadest  minded 
from  each  interest  represented  should  be 
chosen  as  members  of  such  a  commission.  If 
there  are  distinct  divisions  in  some  of  these 
interests,  then  the  commission  should  have  the 
porwer  to  employ  men  especially  versed  along 
such  lines  to  report  upon  them,  and  to  draft 
provisional  matter  in  the  proper  form  for  the 
commission  to  review  and  take  such  action  as 

they  see  fit. 
A  commission  should  have  power  to  procure 

evidence,  to  call  before  it  those  having  special 
information  upon  any  subject,  and  to  employ 
others,  having  experience,  to  advise  them  and 
even  to  provide  outlines  or  briefs  showing 
what  should  be  in  the  laws.  The  best  results 
always  seem  to  have  come  from  following  the 
method  of  having  one  man  cover  the  ground 
and  others  to  check  him  up  carefully.  A 
commission  should  have  the  power  to  subpoena 
witnesses,  and  those  especially  interested,  to 
testify  under  oath,  and  to  hear  the  cases  of 
the  various  interests,  allowing  them  to  submit 
proposed  drafts  of  the  various  portions  of  the 
building  law  affected  in  each  case. 

Examinations  of  the  various  kinds  of  organ- 
izations and  the  results  of  the  work  of  the 

various  commissions  recently  appointed  have 
shown  that  it  is  almost  always  advisable  to 

invite  various  local  technical  and  public  or- 
ganizations to  look  over  the  proposed  laws  and 

to  add  their  suggestions  and  co-operate  with 
the  commission  by  furnishing  sets  of  standard 
practice  or  any  information  of  which  they 
are  in  possession.  Ey  having  all  provisions 
fully  discussed,  any  claims  made  later  that 
partiality  was  shown  or  that  special  interests 
influenced  the  results  are  forestalled,  and 
there  is  less  occasion  for  future  amendments, 
which  may  prove  especially  troublesome.  It 
would  be  possible  to  gain  much  strength  along 

this  line  by  providing  a  permanent  "Board  of 
Appeal,"  selected  by  appointment  from  amoiig 
representative  men  of  the  broadest  ability  in 
the  community,  and  by  requiring  all  such  mat- 

ters to  pass  through  their  hands  before  the 
law-making  body  would  be  called  upon  to  act. 
If  the  building  inspector  then  had  the  power 
to  make  rulings  which  would  not  become  oper- 

ative until  endorsed  by  the  Board  of  .Appeals, 
on  all  those  matters  so  difficult  to  cover  in  the 
body  of  a  building  law.  but  which  are  bound  to 
come  up.  many  matters  now  settled  by  the 
building  inspector  would  either  be  shown  to  be 
incorrect  and  the  decision  changed,  or  would 
be  held  correct  and  enforced.    Such  a  Board 
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of  Appeal  would  then  be  a  kind  of  permanent 
commission  for  the  revision  of  building  laws. 
It  should  also  act  in  the  usual  manner  to  de- 

cide questions  when  the  interested  parties 
feel  that  the  building  inspector  has  not  ar- 

rived at  the  correct  decision.  As  is  usual, 
where  professional  services  are  performed, 
the  members  of  this  board  should  be  paid  for 
their  time  according  to  the  work  which  they 
do. 

.•\s  it  will  now  be  seen,  those  who  are  invited 
to  perform  the  work  of  writing  building  laws 
arc  not  taking  the  place  of  the  law-makers. 
Such  matters  are  not  laws  until  they  have 
passed  the  legislative  body,  either  municipal  or 
state,  as  provided  by  statute,  the  status  of  a 
commission  being  that  of  the  professional  man 
engaged  to  perform  work  which  the  legislator 
finds  himself  poorly  prepared  to  do.  In  view 
of  the  vast  amount  of  work  to  be  done  in  all 
cases  and  due  to  the  fact  that  those  who  are 
fitted  to  do  the  work  have  prepared  themselves 
at  great  expense  of  both  money  and  time  in 
order  to  sell  their  services  and  special  knowl- 
edg:e,  it  is  not  right  for  the  public  to  demand 
their  time  without  fair  return  commensurate 
with  the  service  performed.  Compensation  in 
the  form  of  a  lump  sum  would  be  found  to 
have  a  beneficial  effect.  Members  of  a  com- 

mission should  be  chosen  from  among  the 
leading  members  of  technical  and  other  so- 

cieties. The  following  professions  and  voca- 
tions should  be  represented : 

2  :i!'chltects. 
1  structural  engineer. 
1  .sanitary  enslneer. 
1  general  contractor. 
1  real  estate  dealer. 
1  physician. 
1  lawyer. 

.'\s  the  chairman  of  any  body  is  the  one 
upon  whom  the  bulk  of  the  responsibility  is 
placed  he  should  be  either  an  engineer  or  an 
architect. 

RliQUIRF.MENTS    OF    BUIl-DINC    L.\WS. 

In  the  writer's  judgment  the  best  building 
law  is  the  one  which  is  built  up  around  a  care- 

ful and  comprehensive  scries  of  definitions 
which  classify  all  building  requirements  fur 
health,  pulilic  safety,  public  morals  and  fire 
protection.  Such  a  series  of  definitions  should 
be  the  whole  attitude  of  the  law,  not  the 
idea  of  restriction  or  the  attitude  of  "thou 

shalt  not."  Each  use  to  which  a  building  is  to 
be  put,  or  may  be  put,  should  be  defined  and 
classified  according  to  the  hazard  to  be  over- 

come and  the  minimum  requirements  set 
forth  in  clear,  readable,  evervday  Fnglish. 

Delinitinns  which  classify  the  different  tynes 
of  construction  should  come  first,  while  defini- 

tions which  grade  the  various  structures  ac- 
cording to  their  intended  use  and  occupancy 

should  come  next.  These  requirements  should 

be  followed  by  a  scries  of  definitions  and  speci- 
fications governing  the  use  of  all  building  ma- 

terials, taking  each  in  turn  and  completing  the 
requirements  for  each  before  undertaking  the 
next  one.  .\  general  type  of  construction  gov- 

erning a  peculiar  combination  or  use  of  build- 
ing materials  should  be  treated  under  a  sepa- 

rate heading,  viz.:  "Steel  or  Reinforced  Con- 
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Fig.   1.    Details  of  a  Simple  Wire  Tightener 
for   Concrete    Forms. 

Crete  Structural  Framing,"  "Use  of  Terra 
Cotta  Tile  Construction,"  "Electric  Wiring," 
"Phnnbing."  etc.  • 

When  this  has  been  completed  it  should"  be followed  by  a  definition  naming  the  class  and 

grade  required  for  every  use  to  which  struc- 
tures arc  ordinarily  put.  This  section  should 

be  treated  as  a  more  detailed  classification. 

It  should  contain  all  the  requirements,  speci- 
fied as  carefully  as  may  be,  as  to  manner  of 

fireproofing,    materials    of    construction,     and 

general  safeguards  to  be  thrown  around  the 
occupants  for  their  well-being  and  safety.  This 
last  should  contain  the  requirements  as  to  safe- 

ty from  fire,  proper  entrances,  exits,  etc.,  as 
well  as  the  general  sanitary  regulations.  It 
should  also  specify  the  amount  of  space  per 
person,  ventilation,  light,  and  proper  placing 
of  conveniences,  and  the  numerous  stipulations 
covering  special  hazards,  such  as  the  storage 
of  explosives,  the  placing  of  automatic 
sprinklers,  etc. 

In  this  connection  it  will  be  found  desirable 
to  make  special  layouts  for  the  treatment  of 
such  structures  as  tenements,  apartments, 

workshops  and  factories,  places  of  public  as- 
sembly, theaters,  garages,  etc.,  which  have  a 

peculiar  hazard.  Everywhere  it  should  be 
borne  in  mind  that  an  architect,  engineer,  con- 

tractor or  owner  should  be  placed  in  posses- 
sion of  all  necessary  information  to  enable 

him  to  design  and  execute  his  work  in  con- 
formity with  the  laws  without  any  loss  of  time 

or  fear  of  refusal  of  permit  therefor. 
.\I)MINISTR.\TION. 

Finally,  the  value  of  any  law  depends,  not 
SO  much  upon  what  it  contains,  as  upon  the 
ability,  common  sense  and  eflSciency  of  those 
engaged  in  its  administration  and  enforcement. 
It  might  be  possible  to  write  a  theoretically 
perfect  law  and  not  find  one  piece  of  construc- 

tion work  correctly  done  under  it.  One  of  the 
prime  requisites  is  the  choosing  of  capable  and 
broad-minded  men  to  do  this  work,  assisted  by 
efficient,  conscientious  inspectors.  Much  can 

be  done  toward  insuring  a  proper  administra- 
tion of  the  laws  by  arranging  the  administra- 
tive portion,  so  that  an  intelligent  man  will 

catch  hold  of  the  right  idea.  Then  conditions 
will  be  favorable  for  good  building  construc- 

tion. On  this  account  the  administrative  sec- 
tions should  receive  very  careful  study. 

Wire   Tightener   for   Concrete   Forms. 
-\  number  of  devices  are  in  use  for  tighten- 

ing the  wires  used  in  concrete  forms,  several 
of  which  are  of  metal  construction  and  are 

patented. .\  simple  wire  tightener  for  concrete  forms 
which  is  easily  constructed  is  illustrated  in 
Fig.  1.  Its  cost  is  very  small,  as  short  ends  of 
form  lumber  can  be  used  in  its  construction. 

We  are  indebted  to  Mr.  J.  W.  Caldwell,  su- 
perintendent of  Public  Works  of  Hawaii,  for 

an  illustration  of  the  device  shown  in  Fig.  1. 
This  form  of  tightener  has  been  used  with 
satisfactory  results  for  several  years  on  con- 

struction work  in  Hawaii. 

A.TT,^ 
Notes  on  the  Design  and  Construction 

of  Elevated  Water  Tanks. 

.\t  the  latest  annual  convention  of  the 
American  Society  of  Mechanical  Engineers 
there  was  a  fire  protection  session.  .A.!  that 
session  there  were  several  papers  presented 
by  the  sub-committee  on  fire  protection.  One 
of  these  papers,  presented  by  Mr.  W.  O. 
Teague  of  Boston,  was  entitled,  "The  Need 
of  More  Care  in  the  Design  and  Construction 

of  Elevated  Tanks."  Mr.  Teague  discussed 
the  subject  primarily  from  the  fire  protec- 

tion standpoint,  but  the  greater  part  of  the 
abstract  of  his  paper  here  given,  as  taken 
from  the  Journal  of  the  Society  for  April. 
1914,  relates  with  equal  force  to  tanks  erected 
to  equalize  water  pressure  and  to  provide 
some  storage  in  municipal  water  works  in- 
stallations. 

Elevated  tanks  for  fire  protection  systems 
were  first  made  of  wood,  but  there  are  now 
as  many  being  made  of  steel.  Wooden  tanks 
have  been  built  up  to  KlO.ddO  gals,  capacity, 
although  they  are  rarely  larger  than  (l(»,(lO(l 
gals.,  for  above  this  capacity  the  steel  tank 
is  cheaper  and  more  practicable.  The  cost 
of  a  CO,(HiO-gal.  tank  of  wood  or  steel  erected 

on  a  7.5-ft.  steel  tower  is  about  $M,000.  Steel 
tanks  are  built  in  large  sizes,  one  of  the 
largest  being  1,200,(1(10  gals,  capacity;  this  one 
is  oO  ft.  in  diameter  and  90  ft.  high,  and  is 
supported  by  a  steel  tower  130  ft.  high. 

Failures  of  tanks  in  service,  involving  loss 
of  life  and  destruction  of  property,  have 
shown  the  need  of  more  care  in  their  design 
and  construction.  To  insure  tlie  best  results, 
the  followiuv  features  should  have  attention. 

WOODEN    TANKS. 

The  tightness  and  durability  in  the  wooden 
tank  depends  chiefly  upon  the  quality  of  the 
lumber  and  the  details  of  its  construction. 

Selected  tank  stock  only  should  be  used  con- 
sisting of  white  cedar,  cypress,  white  pine, 

Douglas  or  Washington  fir,  or  redwood,  and 
the  lumber  should  be  free  from  sap,  loose 
or  unsound  knots,  worm-holes  and  shakes, 
and  be  thoroughly  air-dried.  Both  the  staves 
and  bottom  are  usually  made  up  of  'Z'/i-tn. 
stock  dressed  both  sides,  for  tanks  up  to  16 
ft.  in  diameter  and  1(5  ft.  deep;  for  larger 
tanks  3-in.  stock  is  used.  Plank  for  this  pur- 

pose should  be  full  length  without  splices. 
The  strength  of  the  wooden  tank  depends 

principally   upon   the   size  and  spacing   of   the 

iron  hoops.  The  importance  of  the  matter 
of  the  hooping  will  be  appreciated  when  it 
is  realized  that  overstressing  of  even  one  hoop 
may  result  in  bursting  of  the  tank.  The 
wooden  tank  being  originally  merely  a  devel- 

opment of  the  barrel  where  flat  hoops  were 
necessary  to  permit  of  tightening  by  driving 
them  toward  the  enlarged  middle,  it  was  nat- 

ural to  use  also  flat  hoops  for  the  tank  and 
the  tank  was  also  made  tapered  so  that  the 
hoops  could  be  tightened  by  driving,  although 
later  they  were  tightened  principally  by  hoop 
lugs.  It  was  claimed  that  the  tapered  shape 
had  also  the  advantage  of  preventing  the 
hoops  from  dropping  down  over  the  tank, 
if  it  was  allowed  to  remain  empty  and  the 
staves  to  shrink   from  drying. 

The  tapered  shape  of  tank  is  not  important, 
however,  since  a  tank  which  has  been  allowed 
to  dry  up  has  been  seriously  damaged  thereby 
and  cannot  be  made  tight  without  extensive 
repairs,  sometimes  necessitating  the  rebuild- 

ing of  it.  In  fact,  most  tanks  are  now  made 
without  taper  and  the  hoops  are  found  to  re- 

main where  placed.  The  tapered  tank  costs 
somewhat  more  to  build  since  the  staves  must 

be  fitted  more  carefully  and  the  design  un- 
doubtedly   would   have   been   entirely   discard- 
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ed  long  ago,  except  that  some  architects  and 
purchasers  believe  a  tapered  tank  presents  a 
more  pleasing  appearance.  The  amount  of 
taper  is  so  small,  being  usually  1  in.  per  foot, 
thus  giving  a  batter  of  '/2  in.  per  foot  to  each 
side  of  tank,  that  its  absence  is  hardly  no- 

ticeable e.xcept  on  very  high  and  small  di- 
ameter tanks.  The  only  objection  to  the 

tapered   tank,   however,   is   its   extra   cost. 
In  the  early  studies  of  this  subject  many 

serious  failures  of  tanks  were  traced  to  weak- 
ening of  the  flat  hoops  by  their  rusting  at  the 

Fig.    1.     Preferable   Design   for   End    Lugs   in 
Malleable  Iron  for  Round  Rod 

Tank   Hoops. 

back  where  they  bore  against  the  staves,  due 
to  moisture  from  rain  being  retained  between 
the  surfaces  of  the  hoop  and  staves.  These 
failures  were  largely  unpreventable,  as  it  was 
difficult  properly  to  inspect  the  condition  of 
the  hoops,  and  also  impossible  to  paint  them 
while  the  tank  was  in  service.  The  use  of 

hoops  of  round  rod  without  welds  has  reme- 
died this  trouble  as  their  surface  is  nearly 

all  exposed  for  inspection  and  painting,  and 
also  they  are  not  so  subject  to  corrosion  since 
the  exposed  surface  of  a  round  rod  is  much 
less  than  that  of  a  flat  bar  or  band  of  the 
same  cross  sectional  area. 

Another  point  of  weakness  in  the  flat  hoop 
is  at  its  connection  to  the  cast  iron  lugs  which 
is  usually  made  by  riveting.  The  use  of  round 
rod  hoops,  however,  permits  of  a  satisfactory 
connection  to  the  lugs,  but  at  first  many  tank 
failures  resulted  from  the  use  of  light  cast 
iron  lugs.  These  are  now  made  of  malleable 
iron,  the  best  design  being  shown  in  Fig.  1. 
The  hoops  are  so  placed  on  the  tank  that 
the  lugs  do  not  come  in  a  vertical  line. 
Round  rod  hoops  are  so  spaced  that  the 

stress  will  not  exceed  12,500  lbs.  per  square 
inch   when   computed    from   area   at   the    root 

Fig.    3.      Detail     of     Arrangement    of     Steel 
l-Beam   Grillage  for  Support  of  Tank. 

of  the  thread.     The  proper  spacing  can  read- 
ily be   found  from  the   following  formula  : 

Spacing  of  hoops  in   inches 
Safe  load  for  given  hoops  (lbs.) 

2.6  X  diameter  (ft.)  X  depth  (ft.) 

The  depth  used  is  the  distance  from  over- 
flow to  point  where  hoop  is  to  be  located.  The 

top  hoop  is  placed  "2  ins.  from  the  top  of  the 
staves  and  the  spacing  between  hoops  sliould 
in  no  case  exceed  21  ins.  An  extra  hoop  or 

two  is  placed  at  the  croze  to  take  the  addi- 
tional strain  due  to  the  swelling  of  the  bot- 

tom planks. 
The  tank  roof,  since  it  in  no  way  serves  to 

retain  the  water,  has  usually  been  nothing 
more  than  a  makeshift  cover.  In  the  early 
days  a  single  flat  roof  was  used  on  outdoor 
tanks,  but  this  held  the  snow  and  ice  and  re- 

quired strong  joist  supports  to  keep  it  tightly 
in  place.  The  snow  also  interfered  seriously 
with  the  opening  of  the  hatch  to  give  access 
to  the  interior  of  the  tank.  A  conical  roof 
was  then  built  over  the  flat  one  which  reme- 

died these  difficulties.  It  also  greatly  in- 
creases the  efficiency  of  the  roof  in  preventing 

radiation  of  heat  from  the  tank  water  in  win- 
ter, as  it  provides  a  dead  air  space  between 

it  and  the  flat  roof  in  addition  to  the  one 

between  the  latter  and  the  water,  thus  re- 
ducing the  cost  of  heating  in  freezing  weath- 

er. The  conical  roof  also  gives  a  better  ap- 
pearance to  the  tank  top.  A  well-built  roof 

is  show-n  in  Fig.  2.  It  should  be  tightly  fitted 
around  the  tank  top  to  maintain  the  dead  air 

spaces. Much  trouble  has  resulted  from  leakage  in 

the  wooden  tank,  because  it  has  not  been  firm- 
ly supported.  The  wooden  tank  is  locally 

weak,  not  being  of  unit  construction,  and  the 
lack  of  firm  support  has  permitted  working 
of  the  joints.  It  is  supported  only  from  the 
bottom,  none  of  the  weight  being  carried  by 
the  staves.  Wooden  beams  were  first  used 
as  supporting  members,  and  these  were  placed 
on  the  roof  of  a  building  or  tower  as  a  grill- 

age, and  the  tank  bottom  set  on  them.  In 
time  the  wood  rotted  because  of  moisture 
from  the  tank  bottom,  permitting  the  tank  to 
settle  and  causing  leakage;  there  was  also 
danger  of  collapse  of  tank  because  of  this 
weakening  of  the  joists.  The  use  of  steel 
I-beams  as  grillage  members  as  shown  in 
Fig.  3  avoids  these  difficulties.  The  beams 
should  not  be  spaced  over  18  ins.  clear  be- 

tween edges  of  flanges,  and  the  tank  bot- 
tom is  placed  directly  on  the  steel. 

STEEL  TANKS. 

The  simplest  form  of  steel  tank  is  the  flat 
bottom  one  and  tanks  of  this  type  give  satis- 

factory service,  provided  the  bottom  is  sup- 
ported by  a  steel  grillage  as  in  the  case  of 

the  wooden  tank.  One  possible  source  of 
trouble  is  from  corrosion  of  the  bottom,  and 

to  prevent  this  in  so  far  as  possible  the  bot- 
tom plates  are  made  somewhat  thicker  than 

is  necessary  for  strength  alone,  and  the  grill- 
age I-beams  are  of  a  height  and  spacing  to 

permit  of  inspection  and  painting  of  the  bot- 
tom. When  the  tank  is  to  be  placed  on  a 

concrete  tower,  it  may  rest  directly  on  a  re- 
inforced concrete  slab  with  the  bottom  thor- 

oughly grouted   in  place   with   neat   cement. 
The  preferred  form  of  a  tank  to  be  placed 

on  a  steel  tower  is  that  having  a  hemispherical 
or  elliptical  bottom.  The  construction  in  this 
form  is  cheaper  than  for  the  flat  bottomed 
tank,  as  the  bottom  is  self-supporting  and  a 
steel  grillage  is  unnecessary.  The  entire  bot- 

tom is  also  accessible  for  inspection  and  paint- 
ing, and  corrosion  is  reduced  to  a  minimum 

since  the  plates  are  exposed  to  the  air. 
Plates  for  use  in  steel  tanks  are  made  some- 

what thicker  than  is  necessary  for  strength 
in  order  to  make  them  durable  against  corro- 

sion. The  minimum  thickness  is  ]4  i"->  except 
that  Vs-in.  plates  are  used  for  roots.  The 
plates  composing  the  lowest  cylindrical  ring 
are  5/16  in.  thick  for  60,000-gal.  tanks  and 
larger,  and  the  bottom  plates  5/16  in.  thick 
for   tanks   75,000   gals,   and   larger. 
One  of  the  weaknesses  of  steel  tank  con- 

struction in  the  past  has  been  poorly  designed 
connections  of  the  tank  shell  to  the  posts  of 
the  supporting  tower.  When  the  posts  have 
a  batter,  as  is  usually  the  case,  the  inward 
thrust  due  to  the  horizontal  component  of  the 
weight  is  provided  for  by  a  circular  girder 

consisting  of  a  H-'m.  plate  24  ins.  wide,  at- tached to  the  lowest  cylindrical  ring  by  an 
angle  and  stiffened  by  angles  or  a  channel  at 
the  outside  edge,  as  shown  in  Fig.  4.  The 

posts  also  connect  to  the  tank  shell  at  this 

point  and  the  design  is  such  that  the  load  will 
be  transferred  from  the  shell  to  the  center 

line  of  the  posts  so  as  to  avoid  eccentric  load- 
ing. A  number  of  tanks  built  without  cir- 

cular girders  have  failed  by  the  posts  crush- 
ing in  the  tank  plates.  Others  with  the  girder, 

biit  having  eccentrically  loaded  connections  to 

the  posts,  have  failed  by  bending  of  the  upper 

posts. 

As  the  hydrostatic  pressure  on  the  tanks  is 
comparatively  small,  it  is  not  necessary  to 
provide  standard  riveting  for  the  thickness 
of  plates  used.  The  joints  of  the  plates 
should  be  riveted  so  that  the  unit  stresses  on 
the  net  section  of  the  plates  and  rivets  will 
not  exceed  7,500  lbs.  for  shearing  and  20,000 
lbs.  for  bearing.  The  horizontal  joints  are 
single  lap   riveted,  except  between  the  lowest 

Fig.  2.     Example  of  Good   Design   of   Double 
Roof  for  an    Elevated   Water  Tank. 

cylindrical  ring  and  the  bottom,  which  are 
double  lap  riveted.  The  vertical  joints  also 
are  single  lap  riveted  except  those  in  the  low- 

est cylindrical  ring,  which  are  double  lap  riv- 
eted. The  rivets  are  entered  from  the  out- 

side and  driven  from  the  inside  and  inside 
seams  caulked.  One  of  the  strong  features 
of  the  steel  tank  is  that  when  once  made 

tight,  it  gives  practically  no  trouble  from leakage. 

TOWERS    FOR    ELEVATED    TANKS. 

Towers  to  support  wooden  tanks  were 
originally  built  of  wood,  but  with  the  increases 
in  size  of  plant,  buildings  and  extensions  of 
them,  considerably  larger  tanks  and  higher 
towers  were  required,  and  the  builders,  re- 

alizing   the    inadequacy    of    wooden    construc- 
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Fig.  4.    Detail  of  Attachment  of  Tank  Shell 
to   Tower   Post   and    Circular  Gir- 

der   Construction. 

tion  under  these  conditions,  began  to  make 

towers  of  steel.  The  managements  not  be- 
ing experienced  in  structural  steel  designing, 

naturally  selected  the  simplest  design  possi- 
ble for  "the  towers.  The  posts  and  girts  con- 

sisted usually  of  two  angle  irons,  placed  apex 

to  apex  and  strapped  together  at  intervals  of 
several  feet  by  tie-plates  shop-riveted  to  the 
angles.  The  column  sections  were  spliced  by 
angles  which  were  shop-riveted  at  one  end  to 

the  post ;  the  other  end  was  field-bolted  in 
erecting  the  tower,  as  this  was  the  simplest 
form  of  connection  and  the  easiest  one  to 
make.  Furthermore,  it  had  the  advantage 
that  the  bolting  could  be  done  by  the  regular 
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erectors,  which  made  it  unnecessary  to  have 
first-class  mechanics  in  the  erecting  gangs 
and  the  carr>ing  of  special  tools.  Tnis,  how- 

ever, was  not  good  construction  and  tlie 
manufacturers  are  now  field-riveting  these 
connections. 

The  struts  were  at  first  connected  directly 
to  the  posts  by  bolts.  This  construction  is  ob- 

jectionable because  the  bolts  are  apt  to  work 
loose  and  it  does  not  brace  the  parts.  The 
construction  now  used  is  that  of  gusset  plates 
riveted  to  the  posts  and  girts.  The  wind  rods 
were  also  connected   directly   to  the  posts   at 

\ 

Fig.  5.    Typical  Construction   of  Footing  for 
Angle  Iron  Column. 

the  girts.  The  bolt  holes,  as  originally  in- 
serted through  the  post  angles,  weakened  the 

posts,  since  they  reduced  the  net  section.  The 
rods  arc  now  connected  to  the  gusset  plates. 
The  arrangement  of  these  parts  is  shown  in 
Fig.  3.  The  diameter  of  bolt  and  thickness 
of  plate  are  proportioned  to  provide  proper 
bearing  strength.  The  posts  and  girts  of 
steel  towers  erected  to  support  steel  tanks, 
and  to  some  extent  wood  tanks,  are  now 
largely  made  of  channels  latticed  on  both 
sides  or  having  a  plate  on  one  side.  Other 
shapes  such  as  the  Bethlehem  H-beam  and 
two  channels  with  an  I-beam  between  to 
form  an  H-section  arc  also  used  to  some extent. 

Competition  in  the  manufacture  of  these 
structures  has  resulted  in  the  use  of  too 
high  unit  stresses  and  as  a  result  the  posts, 
figured  on  a  conservative  basis  as  represented 
in  case  of  other  structural  work  such  as 
bridges,  had  a  factor  of  safety  of  less  than  4 
and  sometimes  as  low  as  2^,  and  failure  has 
resulted.  To  obtain  safe  towers  it  became 
necessary,  therefore,  to  set  ma.xinuim  allow- 

able stresses.  The  loading  of  the  structure 
consists  of  the  weight  of  the  structural  and 
ornamental  steel  work,  platforms,  roof,  pip- 

ing, etc.  The  live  load  consists  of  the  weight 
of  the  total  volume  of  water;  the  movable 
load  on  the  platform  is  assumed  to  be  30  lbs. 
per  square  foot,  plus  the  wind  load.  The  winil 
pressure  is  assumed  at  30  lbs.  per  square  foot 
on  a  flat  vertical  surface  and  the  wind  load 
on  the  tank  is  taken  as  this  pressure  times 
(i/lO  the  projected  area  of  tank  and  roof, 
and  in  the  case  of  steel  tanks,  the  curved  bot- 

•tom.  The  total  wind  load  on  the  posts,  struts, 
wind  rods,  ladders  and  riser  boxing  is  as- 

sumed at  200  lbs.  per  linear  foot  of  height  of 
tower. 

.Ml  parts  of  the  structure  are  proportioned 
so  that  the  sum  of  the  dead  and  live  loads 
shall  not  cause  the  stresses  to  exceed  those 
allowable.  The  principal  stresses  in  such  a 
tower  sti^ucturc  are  axial  compression  on 
gross  section  of  columns  and  struts,  axial  ten- 

sion on  net  section  of  wind  rods,  bending  on 
extreme  fibers  or  net  section  of  rolled  shapes, 
built  sections  and  struts,  and  shearing  of 
rivets.  The  axial  compression  on  gross  sec- 

tion of  columns  and  struts  is  determined  from 
L 

the  following  expression  :   17,100—57—,  where 
R 

L  is  the  unsupported  length  of  the  members 
from  center  to  center  of  connection  in  inches, 
and  R  the  least  radius  of  gyration  in  inches ; 

the   ratio  —  should   not   exceed   125  for   col- 
R 

umns  and  150  for  struts  and  minor  members 
and  the  maximum  compression  allowable  as 
thus  determined  is  12,000  lbs.  per  square  inch. 
The  axial  tension  on  net  section  of  wind  rods 
must  not  exceed  12,500  lbs.  per  square  inch ; 
the  bending  on  extreme  fibers  or  net  section 
of  rolled  shapes,  built  sections  and  struts, 
16,000  lbs.  per  square  inch,  and  the  shearing 
for  shop-driven  rivets,  10,000  lbs.  per  square 
inch  and  field-driven  rivets  7,500  lbs.  per 
square   inch. 
The  lower  ends  of  the  posts  have  not  been 

as  carefully  designed  as  their  importance  re- 
quires. Frequently,  in  angle  iron  towers  par- 

ticularly, no  special  attempt  has  been  made 
to  properly  distribute  the  load  to  the  base 
plate  attached  to  the  post  footing.  Cast  iron 
plates  were  first  used  and  the  concentrated 
loading  caused  these  to  crack,  resulting  in  col- 

lapse or  in  throwing  the  structure  dangerous- 
ly out  of  plumb  with  possibility  of  failure  of 

the  foundation  under  this  post.  The  present 
use  of  steel  pl.Ttes  has  improved  conditions, 
but  the  design  must  be  such  as  to  distribute 
the  load  to  them  as  shown  in  Figs.  5  and  0, 
which  are  designs  that  are  being  used  quite 
generally. 

In  anchoring  the  columns  to  the  founda- 
tions, the  diameter  of  the  bolt  at  root  of 

thread  should  be  such  as  to  withstand  the 
maximum  uplift  due  to  the  wind  with  tank 
empty,  and  to  resist  the  shearing  force  at 
base  plate.  The  bolts  should  be  made  from 
round  wrought  iron  or  mild  steel  rods  with- 

out upsets. 
FOUND.VTION     AND     SUPPORTS. 

The  foundation  piers  to  support  steel  towers 
are  usually  made  of  concrete,  consisting  of 
one  part  portland  cement,  three  parts  clean 
sand  and  five  parts  broken  stone.  They  are 
usually  pyramidic.Tl  in  shape  and  proportioned 
to  suit  soil  conditions.  The  allowable  bear- 

ing pressures  on  soil  will  range  from  1  to  5 
tons  per  square  foot,  depending  on  the  qual- 

ity of  the  soil.  Where  the  soil  is  moist  or 
rather  loose,  a  girt  should  be  provided  at  the 
base  of  the  tower  to  prevent  spreading  of-the 
posts.  The  allowable  bearing  pressures  for 
footings  should  not  exceed  -100  lbs.  per  square 
inch  for  Portland  cement  concrete  .md  200 
lbs.  per  square  inch  for  ordinary  brick  work 
with  Portland  cement  mortar,  except  when 
tank  is  to  be  rested  on  building  walls,  when 
the  bearing  plate  should  be  figured  on  the 
basis  of  125  lbs.  per  square   inch. 

The  weight  of  the  foundation  pier  when 
buried  at  least  two-thirds  of  its  height  should 
be  equivalent  to  the  calculated  net  uplift  due 
to  wind  pressure  with  the  tank  emptv,  that 

will  be  transmitted  to  it;  otherwise  it 'should be  l'/<  times  that  amount. 
Where  the  tank  structure  is  above  a  build- 

mg,  and  the  building  w^alls  are  depended  upon 
to  act  as  supports,  great  care  should  be  taken 
to  determine  that  the  construction  is  safe 
against  collapse.  In  many  cases,  tanks  are 
supported  by  building  walls  not  originally 
built  to  carry  them,  but  where  a  sprinkler 
system  was  later  installed  it  was  considered 
more  convenient  and  cheaper  to  use  the  walls 
than  to  erect  a  detached  tower  for  the  tank. 
This  has  frequently  been  done  without  mak- 

ing a  thorough  inspection  first  of  the  condi- 
tion of  the  walls,  and,  largely  through  ig- 

norance, the  necessarv  care  was  not  taken  to 
distribute  the  load.  Many  failures  have  con- 

sequently resulted  and  there  are  no  doubt 
numerous  cases  of  this  kind  where  the  tanks 
are  apt  to  fall  at  nny  time. 

Inspection  should  be  made  of  the  qualitv 
and  condition  of  the  brick  and  mortar  or 
other  material  used  in  the  construction.  The 
wall  foundations  should  be  examined  as  to 
construction  and  bearing  on  soil  or  rock.  The 
condition  of  the  bond  between  abutting  walls 
should  be  noted  and  a  general  inspection made  for  sizable  cracks  in  the  walls.  The 
thickness   of   walls   and    size   and   spacing   of 

window  and  door  openings  should  be  meas- 
ured and  calculations  then  made  to  deter- 
mine if  the  load  of  tank,  water  and  trestle 

can  be  safely  distributed  over  the  walls.  AH 
unnecessary  openings  should  be  bricked  or 
otherwise  solidly  filled  in,  and  it  may  be., 
necessary  to  sacrifice  some  openings  to  ob- 

tain the  required  strength.  When  the  walls 
cannot  be  altered  to  support  the  load,  the  ad- 

ditional support  required  can  be  obtained  by 
carrying  steel  beams  down  inside  the  walls 
to  a  solid  foundation,  provided  these  do  not 
interfere  with  occupation  of  or  processes  car- 

ried on  in  the  building.  Otherwise  it  will 
be  necessary  to  provide  a  separate  steel  tower. 

The  proper  strength  of  foundations  is  es- 
pecially important  because  of  the  greater 

probability  of  loss  of  life  from  the  falling  of 
a  tank  from  above  a  building  as  compared 
with  the  falling  of  a  tank  on  a  detached 

tower.  The  monetary-  loss  is  liable,  of  course, 
to  be  also  much  greater,  a>  the  water  will  un- 

doubtedly wreck  the  building  and  cause  heavy 
water  damage.  The  building  departments  of 
cities  endeavor  to  obtain  proper  construction, 
but  unfortunately  they  do  not  always  suc- 

ceed. The  possibility  of  trouble  is  increased 
because  of  the  divided  responsibility  of  the 
tank  builder  and  the  architect.  The  former 
seldom  concerns  himself  as  to  the  strength  of 

the  supporting  walls,  assuming  that  the  lat- 
ter has  given  the  matter  proper  attention,  so 

he  goes  ahead  and  erects  the  tank  according 
to  contract. 

GENERAL    FEATURES. 

Tank  fittings  should  receive  careful  atten- 
tion to  insure  the  reliability  of  the  equipment. 

The  discharge  or  riser  pipe  is  more  service- 
able if  made  up  of  cast  or  wrought-iron  pipe. 

Hanged  or  coupled,  than  one  made  up  of  bell 
and  spigot  pipe,  since  the  latter  is  apt  to  leak 
at  the  leaded  connections,  necessitating  re- 

moval of  the  frost-proof  boxing  to  permit  of 
repairs.  A  tank  and  tower  is  constantly 
swaying  from  side  to  side  and  this  tends  to 
loosen  up  leaded  joints.  Furthermore,  the 
increased  rigidity  of  the  flanged  and  coupled 
pipe  permits  the  use  of  a  minimum  number 
of  lie  rods.  There  are  usually  four  rods  con- 

nected, one  to  each  post,  at  girt  connections. 
The  connection  of  the  discharge  or  riser 

pipe  to  wooden  tanks  haS  usually  been  made 

C'
 

Fig.  6.    Typical   Construction  of  Footing  for 
Channel   Column. 

by  extending  the  pipe  through  ordinary  cast- 
iron  slip  flanges  bolted  to  the  tank  bottom 
on  each  side  of  the  opening.  The  hole  in  the 
planks  was  cut  larger  than  the  size  of  the 
pipe  to  form  a  packing  space  which  was  filled 
when  parts  were  first  assembled. 
A  better  construction  was  used  for  steel 

tanks  having  a  stuffing  box  and  gland.  Both 

types  of  joints  were  found  to  be  unservice- 
able, however,  the  former  because  the  joint 

could  not  be  tightened  when  leakage  occurred, 
and  the  latter  principally  because  iron  to  iron 
parts    rusted   together,   which   resulted   in   the 

^,1, 
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breaking  of  some  pipe  fitting  and  the  empty- 
ing of  the  tank.  E.xamples  of  properly  de- 

signed e.xpansion  joints  forming  tank  con- 
nectfons  for  wooden  and  steel  tanks  are  shown 
in  Fig.  7.  These  have  a  bronze  gland  and 
ample  clearance  between  the  iron  parts  to 
prevent  binding  by  corrosion.  The  packing 
space  is  large  and  the  joint  is  extended  with- 

in the  tank  bottom  to  form  a  settling  basin, 
to    prevent    sediment    getting    into    the    yard 

Fig.    7.     Example    of    Proper    Design    of    Ex- 
pansion  Joint  for   Steel    Water  Tank. 

pipe  and  clogging  the  sprinklers  at  time  of 
fire. 
A  tightly  constructed  frost  boxing  should 

be  placed  around  the  discharge  or  riser  pipe, 
and  arrangements  made  for  keeping  the  water 
heated  by  a  hot  water  heater  or  a  steam  coil 
in  the  bottom  of  the  tank.  Designs  of  three- 
ply,  two  air-space  boxings  are  shown  in  Fig.  8. 

.\  tank  level  indicator  or  telltale  is  neces- 
sary to  give  a  positive  indication  that  the 

tank  is  full  at  all  times.  After  many  serious 
fires  it  has  been  learned  that  the  tank  had  been 
partially  or  wholly  empty  at  the  start  of  the 
fire,  and  the  lack  of  water  had  handicapped 
the  fire  protection  devices.  Tanks  may  be 
left  empty  due  to  neglect,  but  usually  so  be- 

cause of  false  indication  of  the  telltale.  The 
most  used  type  of  device  for  this  purpose  is 
the  float  in  the  tank  water,  operating  a  tar- 

get sliding  on  a  scale  fixed  to  the  outside  of 
tank.  Obviously,  these  are  subject  to  stick- 

ing due  to  their  mechanical  construction  and 
exposure  to  snow  and  ice  in  freezing  weather. 
The  ordinary  pressure  gage  has  been  largely 
used,  but  cannot  be  positively  depended  on. 
since  it  is  seldom,  if  ever,  tested  and  the  parts 

stick,  causing  false  readings.  There  are  sev- 
eral types  of  electrical  telltales  operated  by  a 

float,  but  these  are  complicated  and  easily  got- 
ten out  of  adjustment,  .\ttention  is  also  neces- 

sary to  maintain  the  electrical  current. 
The  most  reliable  telltale  is  undoubtedly  the 

mercury  gage,  an  adaptation  of  which  for  this 
purpose  is  shown  in  Fig.  9.  This  gage  was 
developed  by  the  laboratories  of  the  .Asso- 

ciated Factory  Mutual  Fire  Insurance  Com- 
panies. It  should  be  placed  indoors  where  it 

will  be  observed  and  cared  for.  The  mercury 
pot  is  then  piped  to  the  riser  pine  on  the  tank 
side  of  the  check  valve,  and  the  gage  board 
adjusted  after  filling  the  mercury  pot.  The 
gage  is  readily  tested  by  opening  the  pet  cock 
on  the  water  pipe.  If  water  continues  to  flow 
under  constant  pressure,  the  apparatus  is  in 
operative  condition;  otherwise,  the  pipe  is 
clogged  or  there  is  a  valve  closed. 

The  painting  of  steel  tanks  and  towers  and 
of  the  iron  hoops  of  wooden  tanks  is  very 
important  to  prevent  corrosion.  Steel  plates 
and  shapes  should  be  given  the  usual  priming 

coat  at  the  shop.  The  surface  of  the  metal 
should  be  thoroughly  cleaned  of  mill  scale, 
rust  and  grease  and  perfectly  dry  before  ap- 

plying the  paint.  A  good  paint  for  the  first 
coat  is  made  by  mixing  20  lbs.  of  red  lead 
and  10  lbs.  of  zinc  oxide  with  3  qts.  of  boiled 
linseed  oil,  the  red  lead  and  zinc  oxide  be- 

ing ground  in.  This  amount  of  paint  will 
cover  about  50  sq.  yds.  of  surface.  A  second 
coat  should  be  applied  after  structure  has 
been  erected.  For  this  a  more  durable  oil 
or  asphaltum  paint  should  be  used. 
The  inside  of  a  steel  tank  should  be  re- 

painted, usually  every  two  years,  or  oftener, 
if  the  paint  shows  signs  of  peeling  or  wear. 
The  outside  of  the  tank  and  the  tower  should 
be  repainted  at  about  five-year  intervals.  The 
surface  should  be  carefully  cleaned  either  by 
sand  blast  or  by  steel  brushes  or  scrapers. 
The  iron  hoops  of  wooden  tanks  should  re- 

ceive a  priming  coat  after  assembly.  They 
should  be  repainted  when  necessary.  The  ad- 

visability of  painting  wooden  tanks  exposed 
to  the  weather  is  an  open  question,  although 
a  large  percentage  of  the  tanks  are  painted. 
There  is  no  doubt  but  that  paint  protects 
wood  under  ordinary  conditions,  but  the  ob- 

jection raised  to  its  use  on  tanks  is  on  the 
ground  that  the  tank  water  percolates  through 
the  staves  and  is  prevented  from  evaporating 
as  it  is  held  under  the  paint  and  this  is  likely 
to  set  up  dry  rot  in  the  wood.  It  is  well 
known,  however,  that  dry  rot  does  not  oc- 

cur when  wood  is  completely  immersed,  but 
rather  when  it  is  in  a  moist  condition  in  the 
presence  of  some  heat.  This  objection  is  not 
considered  well-founded  and  as  a  rule  the 
tanks  are  undoubtedly  preserved  by  painting. 

Use  of  Fire  Protection  Tanks. — The  life 
of  properly  constructed  equipments  depends 
largely  upon  the  care  and  attention  given 
to  them  by  property  owners.  The  tanks 
should  be  cnly  for  fire  protection.  The  prac- 

tice of  using  a  foot  or  so  of  water  from  the 
top  of  the  tank  for  mill  purposes  is  objec- 

tionable as  the  tank  collects  a  larger  amount 
of  sediment  from  the  water  which  is  constant- 

ly being  supplied  than  it  does  when  used  for 
fire  service  only.  This  sediment  is  likely  to 
settle  in  the  sprinkler  pipes  and  either  clog 
them  completely,  or,  if  the  sprinklers  are 
open,  seriously  interfere  with  their  discharge. 
If  water  is  drawn  from  the  bottom  for  mill 

purposes  the  tank  may  be  empty  when  need- 
ed for  fire  service.  Furthermore,  the  fluctua- 

tion in  water  level  is  apt  to  result  in  shrink- 
age of  the  upper  ends  of  the  staves  of  wood- 

en tanks,  causing  leakage  and  hastening  cor- 
rosion in  the  steel  tank  by  the  repeated  wet- 

ting and  exposure  of  the  sides  to  the  air. 
DISCUSSION    BY    C.    S.    PILLSBURY. 

In  discussing  Mr.  Teague's  paper  Mr.  C.  S. Pillsbury    of    the    Chicago    Bridge    and    Iron 

Fig.  8.    Detail  of  Efficient  Frost-Proof  Square 
Boxing  for   Enclosure  of    Riser   Pipe 

to  Water  Tank  Connection. 

Works  referred  to  the  practice  of  his  com- 
pany in  the  design  of  tanks  and  towers.  He 

spoke  in  part  as   follows : 
It  is  of  great  importance  to  design  the  de- 

tails so  they  will  develop  the  full  strength  of 
the  main  members.  To  those  familiar  with 
railroad  bridge  shop  practice,  this  statement 
will  seem  superfluous,  but,  as  a  matter  of 
fact,   practically   every   failure   of   an   elevated 

tank  can  be  traced  to  an  eccentric  top  post 
connection,  insufiicient  provision  for  the  hori- 

zontal thrust  at  the  top  of  the  posts,  poorly 
made  column  splices,  or  some  other  oversight 
due  to  inexperience.  To  prevent  excessive 
stresses  in  the  tank  shell,  the  number  of  posts 
must  be  proportioned  to  the  diameter  and 
depth  of  the  tank,  and  provision  must  be 
made  to  resist  the  torsional  moment  due  to 
the  curvature  of  the  sides.  It  is  also  neces- 

sary to  provide  for  a  number  of  severe  forces 

The  ijauqT  tsi^r:/ shoYfr)  ;j  for:i  fanH 20'cJsep.  Similar 

Isoardi  to  be  pro- vided according  fo 

depth  of  tariff. 

Connection  to  tank 
riser  on  tanlf  lide 
of  check  Ydive  Pipe 

B  to  be  as  short  J s 

possitlle  andr^ith- 

aot  air  pockets  to  ,  C avoid  false  readircj.  \ 

Fig.  9.     Details  of  Mercury  Gage  for  Indicat- 
ing  Water   Level    in   Tank. 

other  than  gravity  and  wind  loads.  This  last 
statement  is  well  emphasized  by  the  illustra- 

tion of  a  water  tower  loaded  down  with  ice 
due  to  the  continuous  overflowing  of  the  tank 
in  cold  weather.  It  is  only  a  carefully  de- 

signed structure  that  can  undergo  such  treat- ment without  injury. 
Following  are  the  stress  formulas  used  by 

the  Chicago  Bridge  &  Iron  Works: 
Tank  Sides  and  Bottom. — The  stress  in 

pounds  per  linear  inch  in  the  sides  of  a 
cylindrical  tank  is  2.6  X  H  X  D.  where  I)  = 
the  diameter  of  the  tank  in  feet  and  // =  the 
head  of  water  in  feet.  The  maximum  stress 

in  a  hemispherical  bottom  is  1.3  X  //  X  £>  and 
in  an  elliptical  bottom  2.3  X  H  X  D.  The  last 
two  formulas  are  closely  approximate,  H  and 
D  being  the  same  as  before,  except  that  in  this 
case  H  should  be  taken  as  the  total  depth  of 

the  tank. 
Posts. — The  vertical  component  of  the  dead 

load  post  stress  is  equal  to  the  total  water  and 
metal  load  divided  by  the  number  of  posts. 
The  vertical  component  of  the  wind  stress 
equals   the    following  : 

M 

3-post   tower     0.75  D 
M 

4-post    tower     1.00  D 
M 

G-post   tower        150  D 
M 

8-post    tower         
2.00  D where  M  =  moment  of  wind  about  panel 

point  at  the  bottom  of  the  post  section  con- 
sidered and  £>  =  diagonal  of  tower  at  the 

panel  point  about  which  moments  are  taken. 
Rods. — There  is  no  dead  load  stress  in  the 

rods.     The  wind  stress  equals  the  following: 

3-post  tower   0.500  (V-V)    Sec.  A 
4-post  tower   0.707  (F-K')    Sec.  A 
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fi-post  tower   1.000  {V-V)  Sec.  A 
8-post  tower   1.307  IV-V)  Sec.  A 
where 

/^'^  vertical    component     of    post    stress    in panel  above ; 

V   ̂ =  vertical    component     of     post    stress    in 
same  panel  as  the  rod,  and 

A    =  angle  rod  makes  with  the  vertical. 

Struts. — Except  where  the  batter  of  the 
posts  changes  there  is  no  dead  load  stress 
in  the  struts.  The  wind  stress  is  approxi- 

mately the  horizontal  component  of  the  rod 
stress  in  the  panel  below. 

Maintenance  of  Hydrants  and  Gates  at 

Holyoke,  Mass. 

An  important  duty '  of  the  superintendent 
of  water  works  is  to  so  maintain  the  hydrants 
and  valves  in  the  water  system  under  his 
charge  that,  when  called  upon,  they  will  be  in 
condition  properly  to  perform  their  functions. 
To  insure  this  condition  of  preparedness  for 
emergencies  the  superintendent  should,  by 
means  of  inspections,  keep  posted  on  the  e.xact 
condition  at  any  time  of  every  hydrant  and 
valve  in  the  system.  Procedure  in  this  matter 
varies  somewhat  as  between  various  water  de- 

partments. The  present  article  describes  the 
procedure  at  Holyoke,  Mass.,  and  is  based 
upon  a  paper  before  the  annual  meeting  of 
the  New  England  Water  Works  by  Patrick 
Gear,  superintendent  of  water  works  at  Hol- 
yoke. 

In  the  city  of  Holyoke  there  is  kept  a  card 
index  of  each  of  the  TOO  hydrants.  This  in- 

dex gives  the  location,  make,  date  set,  size, 
cost,  repairs  and  date  of  repairs  for  each  hy- 

drant. Xo  one  except  a  member  of  the  fire  de- 
partment is  allowed  to  operate  liydrants.  The 

water  department  has  a  man  attend  all  fires, 
day  or  night,  to  see  that  the  hydrants  are 
working  all  right  and  to  render  such  assistance 
as  he  can  should  there  be  any  trouble  with 
them.  After  the  fire  is  over  he  is  required  to 
inspect  them  and  see  that  they  are  properly 
closed  and  file  a  report  of  the  same  on  cards 

furnished  him.  The  water  department  does 
not  allow  any  other  city  department  to  oper- 

ate the  hydrant  in  any  way  for  any  purpose. 
Its  employes  attend  to  all  the  openmg  of  hy- 

drants for  street  or  sewer  flushing  and  for 
puddling  and  charges  are  made  only  for  the 
water  used.  Contractors  and  builders  are 
charged  $1  a  day  for  the  opening  and  shutting 
of  hydrants  in  addition  to  the  cost  of  the 
water  used.  To  plumbers,  for  flushing  sewers, 
etc.,  the  department  furnishes  a  man  and 
hose  and  charges  J1.-50  for  his  time  and  for 
the  water  used  besides. 

About  twice  a  year  all  the  mains  are  flushed 
by  opening  the  hydrants  and  any  trouble  ex- 

perienced in  any  hydrant  is  reported  and  rec- 
tified. Besides  this  the  hydrant  inspector 

makes  a  general  inspection  of  all  the  hydrants 

each  spring  and  fall  and  reports  the  condi- 
tion of  each  as  he  finds  it.  For  his  conven- 
ience the  city  has  been  divided  into  four  zones. 

He  is  furnished  with  a  loose  leaf  card  book. 
During  the  winter  special  attention  is  paid 

to  such  hydrants  as  experience  has  proven 
are  most  likely  to  give  trouble.  The  inspec- 

tor takes  with  him  a  string  to  which  a  piece 
of  lead  is  attached  which  he  drops  into  the 
hydrant  to  find  out  if  there  is  any  ice  there. 
So  that  the  string  may  not  get  caught  in  the 
barrel  of  the  hydrant,  the  inspector  has  an 
eye  turned  in  a  piece  of  wire.  This  he  puts 
into  the  nozzle  of  the  hydrant  and  the  lead 
drops  without  any  trouble  as  the  string  passes 
through  the  eye.  In  ordinary  winters  there  is 
no  trouble,  but  in  severe  ones  an  occasional 
hydrant  may  freeze.  If  the  inspector  finds  ice 
in  the  barrel  he  thaws  it  out  with  hot  water. 
If  he  finds  water  he  pumps  it  out  with  a  small 
hand  pump  he  carries  for  that  purpose,  and 
then  puts  in  salt  to  keep  it  from  freezing. 
Knowing  the  depth  of  each  hydrant  he  opens 
certain  ones  which  are  not  deeply  set  to  see  if 
the  branch  leading  from  the  main  is  frozen. 
.Should  it  prove  to  be  frozen  the  department 
takes  out  a  "2.5-HP.  steam  boiler,  connects  it 
with  about  "25  ft.  of  hose  to  a  -)<4-in.  pipe,  and 
puts  steam  down  tlirough  the  ground  to  the 
frozen    pipes   in    holes   2   or  3    ft.   apart   until 

the  ground   is  warm  enough   to  thaw  out  the 

pipes. 

Where  hydrants  are  set  in  wet  ground  the 
employes  plug  the  drip  and  pump  the  water 
out  after  the  hydrant  is  used.  Whether  it  is 
good  fortune  or  good  care  that  accounts  for  it, 
Holyoke  never  yet  has  found  a  hydrant  frozen 
when  opened  for  a  fire.  About  every  five 
years  or  so  the  hydrant  barrels  are  painted  a 
bright  red  and  the  top  a  white  metallic  color. 
Where  the  operating  nut  and  stuffing  box 

are  not  brass,  the  lubricating  and  packing 
should  be  carefully  attended  to,  and  an  extra 
man  is  sent  with  the  inspector  to  do  this  as 
the  latter  is  not  able  to  do  it  alone.  Most  of 
the  trouble  comes  from  the  hydrants  of  older makes. 

The  importance  of  good  gates  is  very  fully 
realized  by  all.  They  control  the  flow  of 
water  to  the  hydrant,  to  the  meter  and  to  each 
of  the  various  fixtures  which  from  time  to 
time  have  to  be  repaired  or  replaced.  They 
ought  therefore  to  be  of  the  best  material 
and  of  the  best  workmanship. 

If  it  is  necessary  to  shut  off  water  for  any 
reason  and  the  gates  are  not  tight,  there  is 
trouble.  It  is  then  necessary  to  go  back  an- 

other block  to  shut  off.  If  the  gate  .leaks  at 
the  stuffing  bo.x  it  is  necessary  to  dig  up  the 
street  to  pack  it;  if  a  gate  closes  so  hard  that 
the  spindle  breaks  it  must  be  dug  up  and  re- 

paired. After  cleaning  out  the  rust  and  put- 
ting in  the  spindle  the  gate  is  all  right  and 

practically  as  good  as  new.  Mr.  Gear  sug- 
gests that  a  gate  would  be  longer  free  from 

rust  and  dirt  and  could  be  more  easily  taken 
apart  and  cleaned  if  it  was  constructed  with 
a  brass  gland,  brass  lined  stuffing  box,  top  of 
gate  brass  lined  where  the  shoulder  of  the 

spindle  rests,  brass  bolts  and  nuts  in  the  stuf- 
fing box  and  slotted  for  easy  removal,  the 

rings  in  the  body  set  out  ̂ -in.  or  more  and 
with  a  space  of  1-in.  on  the  sides  and  2  ins.  on 
the  bottom  to  keep  the  dirt  away  from  the 
gate  and  rings.  .\  gate  so  made  ought  to  cost 
but  little  more  than  those  at  present  on  the 
market. 

RIVERS  AND  HARBOE 
StrcEm    Gaging    By    Titration;    Com- 

parative Tests  of  New  Chemical  and 
Standard  Mechanical  Methods 

of  Gaging  Stream  Flow. 
Translated   by  Gteit   Blaauw   and   R.    E.   Ward, 

1118   Empire   Building-,    Pittsburgh,    Pa.* 

INTRODUCTION. 

It  is  known  among  hydrographers  that  the 
gaging  <if  certain  Alpine  streams  cannot  be 
effectively  and  properly  done  by  the  means  at 
present  employed.  Indeed  it  is  often  impos- 

sible to  find  a  cross  section  suitable  for  gag- 
ing by  means  of  a  current  meter.  Even  when 

a  suitable  profile  is  found,  the  possibility  of 
alluvial  deposits  changing  the  cross  section  re- 

mains. Another  effect  of  the  alluvial  material 
is  the  increased  friction  on  the  apparatus, 
thereby  changing  the  constants  for  a  longer 
or  shorter  period.  This  last  phenomenon  may 
be  observed  in  the  measurement  of  turbines, 
using  water  charged  with  alluvial  material. 
Some  of  the  current  meters  have  shown,  after 
high  water  gagings  in  .Mpine  streams,  a 
change  of  constants,  due  to  wearing  by  sand. 
Furthermore,  the  loss  of  water  by  infiltration 
in  gravel,  etc.,  cannot  be  measured  by  the  cur- 

rent meter  as  we  have  had  the  occasion  to 
observe. 
The  growing  importance  of  the  correct 

gaging  of  Alpine  streams  for  establishing 
storage  basins  has  led  me  to  look  for  some 
method  other  than  current  meter.    The  result 

•"Jaugeages  par  Titrations"  par  le  Dr.  L£on W.  Collet,  le  Dr.  R.  Mellet  et  O.  Liltschg 
Inpenleur,  "Communications  du  Service  de 
Li'Hydrographle  Natlonale,  "  Berne. 

was  "The  Chemical  Method"'  published  in  de- 
tail by  Boucher  and  Mellet  in  1910-  and  men- 

tioned in  1909  by  Cote  and  Bellet^ ;  Cote  and 
Bellet  measured  the  discharge  of  one  of  the 
turbines  in  the  plant  at  Vallorbe.  Although 
having  complete  confidence  in  the  titration 
method,  this  test  did  not  seem  conclusive  to 
me  because  the  turbine  in  question  was  -not 
tested  at  the  same  time  by  any  other  method. 
In  other  words,  the  results  were  not  compara- tive. 

The  chemical  method  has  also  been  tried  or 

mentioned  by  Van  Iterson',  E.  Lcmaire',  Ch. 
E.  Stromeyer",  etc.,  but  never  to  the  author's 
knowledge  have  comparative  tests  been  made. 
At  my  request,  Prof.  Mellet  was  willing  to 
collaborate  in  the  new  tests  which  Mr. 
Lutschg  and  1  were  to  undertake  at  the  plant 
at  Ackersand,  near  Viege. 

This  is  the  only  plant  in  Switzerland  which 
has  a  tailrace  equipped  with  a  curtain  or 
screen  for  measuring  the  total  discharge  of 
turbines  according  to  the  method  of  Prof. 
Anderson  of  Stockholm.  Moreover,  this  tail- 
race,  on  account  of  its  careful  construction, 
furnishes  an  excellent  opportunity  for  accur- 

'Descrlbed  by  Th.  Schoesing  In  1SIJ3  In  the 
"Comptes  rendus  de  I'Academle  des  Sciences" 
of  Paris.  (See  Houllle  Blanche.  Decembre,  1912, 
page  325.) 
'Gaging  by  titrations  by  S.  Boucher  and  ap- 

plication of  the  titration  of  the  chlorides  for 
discharges,  by  Dr.  R.  Mellet,  "Bulletin  technique 
de  la  Suisse  romande,"  No.  11,  10  ,Iuln  I^au- sanne,   1910. 
»R  F.  Cote  et  H.  Bellet.  "La  mesure  du 

dibit  dans  les  essals  de  turbines  hydraullques." Grenoble,   Gratler  &  Rey,   edlteurs.     1909. 
'Genie  Civil.     Tome  XUV,  No.  26,  page  111. 
K3enle  Civil.     Tome  LVIII,   No,  2>,  page  497. 
•Proceedings  of  the  Institution  of  Civil  Engi- neers,  Vol.   CL.X.     1904-1905.     Part  III 

ate  current  meter  measurement.  The  tailrace 
terminates  in  a  weir.  We  were  therefore  able 

to  make  comparative  tests  with  the  salt  solu- 
tion, the  current  meter,  the  curtain,  and  the weir. 

In  performing  the  chemical  tests,  we  chose 
the  simplest  case;  i.  e.,  the  case  where  we 
were  sure  the  mixture  was  perfect.  The  re- 

sults presented  here  are  of  the  first  series  of 
tests.  At  the  request  of  Mr.  Boucher,  the  pre- 

liminary results  of  our  study  have  been  sent 
to  the  Societe  Hydro-technique  de  France, 
meeting  Nov.  28,  1912.  The  same  results  were 
also  sent  to  the  Societe  de  Physique  de 
Geneve,  on  Dec.  4,  1912. 
To  our  minds  the  tests  have  been  made  so 

conclusive  that  we  have  decided  to  use  the 
titration  method  for  gaging  .\lpine  streams, 
in  which  the  water  is  always  in  constant  com- 

motion. We  have  already  made  gagings  by 
this  method,  but  as  we  have  not  yet  tried  it 
under  all  circumstances  we  deem  it  wise  to 

defer  publication  until  we  can  show  the  limita- 
tions of  the  new  method.  The  various  solu- 
tions resulting  from  the  tests  at  .Ackersand 

have  been  analyzed  by  Mr.  Mellet  in  his 
laboratory  at  the  school  of  chemistry  at 
Lousanne. 

C.VCING    BY    CHEMICAL    ME.^NS. 

If  a  constant  quantity  of  concentrated  solu- 
tion of  sodium  chloride  (kitchen  salt)'  be  in- 

jected into  a  stream  or  into  the  penstock  of  a 
turbine,  and  samples  of  water  be  taken  after 
the  passage  through  the  turbine,  or  at  a  cer- 

tain distance  from  the  point  of  injection  into 
the  stream,  the  degree  of  solution  may  be 
used  as  a  means  of  measuring  the  discharge. 

'This  salt  has  the  advantage  of  being  cheap 
and   easily  obtainable  everywhere. 

1 
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The  concentrated  solution  may  be  called  the 
initial  solution,  and  the  diluted  solution,  ob- 

tained in  the  samples,  the  tinal  solution.  The 
discharge  may  be  easily  determined  by  the 
fact  that  the  ratio  of  the  discharge  of  the 
initial  solution  to  the  discharge  of  the  final 
solution  is  inversely  proportional  to  the  ratio 
of   their  concentration. 

D         c 

d        C 
For  example;  if  we  pour  per  second  into 

the  stream  0.1-liter  of  initial  solution,  con- 
taining 300  grs.  of  salt  per  liter,  it  is  at  the 

rate  of  30  grs.  of  salt  per  second.  If,  after 
mixing  the  water  of  the  turbine  or  stream,  we 
find  the  final  solution  contains  only  0.3  gr. 
per  liter,  we  know  by  the  proportion  above 
that  the  discharge  is  1,000  liters  per  second. 

To  be  exact,  the  discharge  sought  is  the  dis- 
charge of  the  final  solution  diminished  by  the 

initial,  or  1,000  —  0.1  liters. 
Three  conditions  are  necessary  for  the  suc- 

cess of  the  gaging:  (1)  A  constant  rate  of 
flow  of  the  initial  solution;  (2)  perfect  mix- 

ing; (8)  accurate  titration  of  the  salt  solution. 
1.   CONSTANT    FLOW    OF    INITIAL    SOLUTION. 

One  condition  absolutely  necessary  for  suc- 
cessful applying  of  the  chemical  method  is 

that  the  flow  of  the  salt  solution  shall  be 

strictly  constant  and  exactly  determined.  Fig- 
ure 1  shows  a  home-made  apparatus  which 

insures  the  inflow  of  the  initial  solution  at  a 

constant  rate.  The  greater  the  height  h  be- 
tween the  jet  which  discharges  the  salt  solu- 

tion and  the  level  of  the  overflow,  the  greater 

the  certainty  of  obtaining  a  constant  dis- 
charge. As  a  rule,  this  difference  of  height 

should  be  at  least  1,000  times  the  allowance  of 
overflow,  in  order  to  assure  accuracy  of  0.1 
per  cent. 
Ordinary  kitchen  salt  contains  impurities 

which,  by  obstructing  the  jet,  modify  the  dis- 
charge, and  thus  vitiate  the  results.  It  is 

necessan,-,  therefore,  to  use  a  filtered  solution, 
and  absolutely  clean  containers. 

The  discharge  of  the  jet  should  be  careful- 
ly gaged,  both  before  and  after  the  tests  by 

means     of     carefully     calibrated     containers. 

means  of  the  overflow  of  cylinder  C  (see  Fig. 
1).  In  the  first  test  the  height  h  was  3.9tio 
meters,  in  the  second  only  0.350  (no  more 
was  possible). 

It  is  convenient  to  choose  the  discharge  jet 
so  that  the  ratio  of  the  discharge  of  the  ini- 

tial solution  to  the  approximate  discharge  of 

Fig.   1.   Home-made   Apparatus   for   Applying 
Solution    in    Gaging    by    Titration, 

the    turbine    or    the    stream     shalll     be     1     to 

10,000'. 

2.    PERFECT   MIXTURE. 

In  a  case  as  shown  at  K,  in  Fig.  2,  the  mix- 
ture is  perfect.  In  the  tests  on  the  plant  at 

Day,  by  MM.  Boucher  and  Mellet,  sample  No. 
1  of  the  final  solution  at  sixth  minute  gave  a 

In  Alpine  streams  there  is  almost  certain  to 
be  perfect  mixture  as  is  easily  proven  by 
fluoresceine.  As  MM.  Boucher  and  Mellet 

has  observed,  the  chemical  method  is  not  ap- 
plicable to  a  large  stream  of  slow  flowing 

water.  Tests  by  these  authors  made  with 
fluoresceine  showed  that  the  color  flows  in 
veins  and  streamers.  Under  such  circum- 

stances, no  reliable  samples  can  be  taken. 
3.   ACCURATE    TITR.4TI0N    OF   THE    SALT    SOLUTION. 

Some  years  ago  the  application  of  volu- 
metric titration  of  extremely  diluted  salt  solu- 

tions was  published  by  us."  This  method,  much 
simpler  than  the  gravimetric  method,  never- 

theless enables  us  to  obtain  results  nearly  ex- 
act. By  it  the  discharge  can  be  determined 

with  an  accuracy  of  about  0.1  per  cent. 

The  following  is  a  description  of  the  titra- 
tion method  employed  in  our  tests : 

A.  Preparation  of  the  Reactive  Agents. — 
(1)  Solution  of  silver  nitrate:  1.5  to  2  gr.  per 
litre;  (2)  solution  of  sodium  chloride:  about 
1  gr.  of  salt  per  litre;  (3)  solution  of  potas- 

sium chromate:  about  5  gr.  for  100  cm.^  of water. 

B.  Dilution  and  Preliminary  Concentration 
of  the  Solution  for  Titration. —  (1)  Initial 

solution:  Measure  with  a  burette  5  cm.^; 
dilute  to  5H0  cm.^  in  a  calibrated  flask,  and  with 
the  aid  of  a  pipette,  take  out  10  cm.^  of  this 
diluted  solution  for  titration.  (2)  Water  taken 
from  the  feed  water  of  the  turbine  or  water 

from  the  stream  to  be  gaged  :  Evaporate  ex- 
actly 1  litre  in  a  porcelain  evaporator  from  10 

to  20  cm.  in  diameter.  Evaporate  by  means  of 
a  water  bath,  pouring  the  water  in  as  fast  as 
it  evaporates  until  the  litre  is  reduced  to  about 

10  cm^  (3)  Final  solution:  Make  the  evap- 
oration in  the  same  manner  as  for  the  water 

just  described.  The  volume  to  be  taken  is  also 
a  litre,  if  care  has  been  taken  to  make  the  in- 

flow about  1/10000  of  the  discharge  sought 
(determined  approximately). 

C.  Titration  of  the  Three  Solutions. — Make 
the  titration  in  a  porcelain  evaporator  (for  the 
evaporated  solutions  use  the  same  evaporator 
which  served  for  the  evaporation).  To  the 

small  volume   (10  cm.')   to  be  titrated  in  the 

■use 

Section  atWier Longitudinal  Section 

^:::n:r:::z 

j-i-i- 
—  90,00-. 

-— 50,00- 

Plan 

flj:   Turbine  S',     ;     |„    Turbine  I 

u:^- ■'''':■  ■'■■' 
Section  A-B 

Fig.   2.     Plans   of   Turbine    Plant   Tested    by     Titration  Method. 

Water  or  a  different  salt  solution  must  not  be 
used,  because  the  density  and  viscosity  has  a 
notable  influence  on  the  discharge. 

At  Ackersand  we  made  t>vo  tests  on  the  tur- 
bines, the  first  by  injecting  the  salt  solution 

directly  into  the  turbine  and  the  second  by 

injecting  it  into  the  tailrace.  (See  A'  and  L, Fig.  2.)  In  both  cases  we  were  able  to  keep 
a   constant   inflow   of   the   initial    solution   by 

discharge  of  262.5  liters  per  second.  Sample 
No.  2  at  the  ninth  minute  gave  262.3  liters 
per  second.  The  difference  of  about  0.1  per 
cent  indicates  well  a  perfect  mixing. 

•If  the  discharge  to  be  gaged  is  very  large  one 
can  worlt  with  a  ratio  much  smaller  than  1/10.- 
000.  but  in  this  case  it  is  necessary  to  treat  the 
Finale  Solution  to  be  titrated  accordingly.  (See 
under  B,  paragraph  3,  Final  Solution.) 

evaporator,  add  two  drops  of  the  chromate 
solution,  then  allow  the  solution  of  silver 
nitrate  to  run  in  slowly  by  means  of  the 
burette. 

First  there  is   formed  in  the  liquid   colored 

•Application  of  the  titration  of  chlorides  for 
guging  of  discharges,  by  Dr.  R.  Mellet.  "Bul- 
fetin  technique  de  la  Suisse  romande."  1910. No.  11  (10  juin),  page  125. 
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lemon  by  the  chromate  a  white  precipitate. 
If  the  coloration  of  the  mixture  does  not 

change  after  the  addition  of  the  10  cm.'  of  sil- 
ver nitrate  solution  contained  in  the  burette, 

add  another  drop  of  the  chromate.  Then  con- 
tinue dropping  the  silver  solution  from  the 

burette  and  so  on,  adding  one  drop  of  chro- 
mate after  each  addition  of  10  cm.''  of  silver 

nitrate.  The  operation  is  completed  as  soon 
as  the  mixture  in  the  evaporator  shows  a  light 
orange  tint. 

In  order  to  note  this  change  accurately, 
place  beside  the  liquid  to  be  titrated  a  second 
evaporation  of  the  same  size,  containing  a  tell- 

tale liquid.  The  latter  is  prepared  by  mixing 
equal  volumes  of  the  chlorate  solution  and 
nitrate  solution,  and  adding  just  enough  chro- 

mate solution  to  give  the  mixture  a  yellow 
color  of  the  same  intensity  as  that  of  the  mix- 

ture to  be  titrated.  This  tell  tale  mixture, 
keeping  its  lemon  color,  makes  it  possible  to 
determine  the  exact  moment  when  the  other 
mixture  changes  its  tint. 
Make  note  of  the  number  of  cm.'  of  nitrate 

solution  which  is  necessary  to  titrate  each  of 

the  three  solutions.  These  numbers  of  cm." 
refer  to  1  litre  of  the  second  and  third  solu- 

tion, but  only  1/10000  litre  of  the  first.  It  is 
therefore  necessary  to  multiply  this  last  figure 
by  10,000  in  order  to  obtain  comparable 
results. 

D.  Calculation   of  Discharge.— Lei 
A',  =  Number  of   cm.'  of   silver   nitrate   solu- 

tion necessary  to  titrate  1  litre  of  ini- 
tial solution; 

»  =  Number  of  cm.'  of  silver  nitrate  solution 
necessary   to   titrate     1     litre    of    the 
water   of   the   turbine    or    from    the 
stream  taken  before  the  test; 

A'j  =  Number  of  cm.'  of  silver  nitrate  solution 
necessary  to  titrate  1  litre  of  the  final 
solution ; 

<'  =  The  discharge  of  the  initial  solution; 
£*  =  The  discharge  of  the  turbine  stream  in 

litre  per  second ; 
Then  this  formula  is  sufficient: 

A'. 
D=^d   d  liters  per  second. 

A':  — « 

liISCH.\RCE    MEASUREMENTS  OF  TURBINES   OF  THE 

.ACKERSAND    PLANT,    STALDEN,    ON    VIECE 
(VALAIS). 

The  gross  head  is  754  meters  and  the  net 
head  from  G7.5  to  700  meters.  The  turbines 
are  of  the  Pelton  type  of  5,500  HP.  and  500 
R.P.M.  Each  machine  has  its  own  tail  race 
which  discharges  into  a  common  discharge 
canal,  running  at  right  angles  to  the  individual 
races.  (See  Fig.  2.)  Samples  of  water  could 
be  taken  only  from  the  outlet  of  the  tunnel 
of  tliis  canal;  therefore  the  salt  solution  had 
to  be  poured  into  the  two  turbines  simultane- 

ously. Each  of  the  turbines  had  in  its  casing 
an  opening,  covered  by  a  mud-plug  which  per- 

mitted the  salt  jet  to  be  introduced  directly 
into  the  turbine  jet. 

1.   GAGING    BY    TITRATIONS. 

Gaging  No.  1,  11  a.  wi.— The  initial  solution 
was  introduced  into  the  two  turbines  as  fol- 

lows : 

The  one   0.080T77  lltfes  per  second 
The  other   0.033748  litres  per  second 

Total   O.llir.25 
d  =   0.1H525  litres  per  second 

Salt  solution  available  about  190  litres 
(about  57  kg.  of  salt).  Time  of  discharge  of 
salt  solution,  20  minutes.  The  samples  of  the 
final  solution  were  taken  at  the  outlet  of  the 

subterranean  canal  at  the  7th,  'Jlh,  12th,  15th, 
20th  .-ind  25th  minutes. 

Results.  1st.  Initial  Solution. — Five  cm."  of 
the  salt  solution  were  diluted  to  500  cm'.  From 
it  10  cm.  were  taken  (or  titration;  52.25  cm.'  of 
this  silver  solution  were  necessary  for  titra- 
tion. 

A"  =  422500  cm'. 
Results.   2nd.    Feed  Water  of  the  Turbines. 

— One  litre  was  evaporated  and  l.G  cm.'  of  the 
silver  solution  were  necessary  for  titration. 

M  =  1.6  cm'. 
Results.    3rd.     Final  Solution.— One  litre  of 

the  various  samples  was  evaporated. 
Sample  7lh  min.,  needed  for  titration  37.02  cm.> sil.  sol. 

Sample  ath  min.,  needed  for  titration  37.43  cm.' sil.  sol. 

Sample  12th  min.,  needed  for  titration  37.39  cm.= sil.  sol. 
Sample    15th    min..    needed    for   titration,    bottle broken  in  transport. 
Sample  20th  min.,  needed  for  titration  37.23  cm.« sil.  sol. 

Samplt  23th  min.,   needed  for  titration   1.66  cm.' sil.  sol. 

The  sample  of  the  25th  minute  (5  minutes 
after  the  salt  solution  ceased)  contained 
scarcely  more  salt  than  the  normal  amount. 
The  7th,  9th,  12th  and  20th  show  the  mixture 

perfect. 
The  mean  is  Nt  =  37.2675  cm'. 

A-. Calculation  of  discharge :  D  =  d   

rf  =  0.1 14525- 

422500 
N~  —  n 

0.n  =  1356.5. 
37.2675  —  1.6 

Note.  The  common  tail  race  of  the  two  tur- 
bines extends  back,  forming  a  cul-de-sac,  or 

pocket  (see  ,V,  Fig.  2).  This  pocket  is  filled 
with  water  and  contains  at  least  200  m'.  The 
water  is  kept  in  constant  motion  by  the  violent 
discharge  of  the  second  turbine.  There  is, 
therefore,  a  constant  mixing  of  a  small  quan- 

tity of  the  water  from  this  turbine  with  the 
water  in  the  pocket.  This  fact  was  verified  by 
putting  fluoresceine  in  the  second  turbine.  The 
green  coloring  gradually  spread  throughout 
the  water  of  the  pocket.  During  the  introduc- 

tion of  the  salt  solution  into  the  turbine,  part 
of  this  solution  is  lost  in  the  pocket,  while 
some  of  the  water  from  the  pocket  is  mixed 
in  the  discharge.  This  change  goes  on  in  a 
regular  manner  until  the  final  sample  solution 
has  the  same  content  of  salt.  The  eflfect  of  this 

process  is,  however,  the  same  as  if  the  tur- 
bines, during  the  test,  had  constantly  and  reg- 
ularly a  greater  discharge  than  the  actual.  The 

result  D — 1356.5  l/s  is  therefore  too  large. 
However,  the  samples  taken  are  concordant 
and  show  that  the  mixture  was  perfect  and 
the  method  a  good  one. 

♦   >.3   -J 
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Gaging  Xo.  2  at  4  p.  m. — The  initial  solution 
was  poured  in  the  tail  race  canal  at  the  exit 
of  the  discharge  of  the  first  turbine  (see  Fig. 
2).  The  salt  solution  was  not,  therefore,  af- 

fected by  the  dead  water  in  the  cul-de-sac, 
spoken  of  in  the  first  test.  Discharge  d  = 
0.121183  litres  per  second. 

The  salt  solution  available  was  about  TOO 
litres  (about  30  kg.  of  kitchen  salt).  Time  of 
discharge  of  solution  was  7  minutes.  Sam- 

ples of  the  final  solution  were  taken  at  the 
exit  of  the  underground  canal  (gate  lifted)  at 
the  5th.  6th,  7th,  8th,  9th  and  12th  minutes. 

Results.  \st.  Initial  Solution. — Five  cm*  of 
the  salt  solution  were  diluted  to  500  cm'  and 
10  cm'  taken  for  titration.  Necessary  for  titra- 

tion :  43.3  cm'  of  silver  solution.  A^,  =  433000 

cm'. 

Results.  2nd.  Feed  Water  of  the  Turbines. 
—One  litre  was  evaporated.  Necessary  to 
titrate:    1.6  cm'  silver  solution;  «  =  1.6  cm'. 

Rrsutts,  3rd.    Final  Solution.— One   litre  of 
each  sample  was  evaporated. 
Sample  5th   min.,  necessary  to  titrate  41.6  cm.' sil.   sol. 

Sample  6th  min.,  necessary  to  titrate  40.2  cm.' 
sil.  sol. 

Sajnple  7th  min.,   necessary  to   titrate  42.0  cm." all.  sol. 

Sample  8th   min.,   necessary  to  titrate  41.8  cm.' all.  sol. 
Sample  9th  min.,   necessary  to  titrate  31.4   cm." sil.  sol 
Sample  12(h  min.,  necessary   to  titrate  2.4   cm." sil.  sol. 

The  sample  of  the  9th  minute  (2  minutes 
after  the  salt  solution  ceased)  contained  less 
salt  than  the  preceding,  which  is  to  be  ex- 

pected. That  of  the  12th  (5  minutes  after  the 
cessation  of  the  salt  solution)  contained 
scarcely  more  than  normal  (also  to  be  ex- 

pected).    The  samples   for  the  5th,  7th  and 

8th  minutes  are  concordant,  therefore  the  mix- 
ture is  perfect. 

Among  the  concordant  samples  that  of  the 
6th  does  not  agree  as  well  as  the  other  three. 
It  contains  a  little  less,  which  can  only  be 
explained  by  a  small  increase,  sudden  and 
momentary,  in  the  discharge  of  the  turbines. 
This  difference  seems  sufficient  to  consider 
separately  two  items  as  follows : 

First,  the  mean  discharge  during  the  test, 
taking  account  of  the  four  values  below. 

Second,  the  exact  discharge  of  the  5th,  7th 
and  8th  minutes  during  which  the  discharge 
was  very  constant,  and  abstracting  that  of  the 
sixth  minute.  We  have,  therefore,  to  con- 

sider two  values  of  A'j  as  follows :  First,  total 
mean  of  the  concordant  samples:  A'!  =  41.4 
cm'.  Second,  mean  for  the  5th,  7th  and  8th 

minutes:    A^^ 41.8  cm'. 
CAlXrULATION    OF   THE    DISCHARGE. 

First,  mean  discharge  during  the  test:   D  = A',  433000 

d   (i  =  0.121183   0.12  = 
AT,  — «  41.4—1.6 

1318.3;  £)  =1318.3  — litres  per  second. 
Second,  exact  and  constant  discharge  for 

the   5th,   7th   and   8th   minutes:    I>  =  0.121183 433000 

  0.12  =  1305.2;    £>  =  1305.2    litres 

41.8—1.6 

per  second. Remark. — The  test  is  interesting  because  the 
case  is  analogous  to  an  Alpine  stream.  In 

fact,  a  perfect  mixture  was  obtained  by  pour- 
ing the  salt  solution  into  the  whirlpool  caused 

by  the  water  of  the  first  turbine  arriving  at 
right  angles  in  the  common  canal. 

2.    GAGING    BY    CURRENT    METER. 

For  the  test  a  very  sensitive  instrument  was 

used  (No.  740)  constructed  by  Ott,  at  Kemp- 
ton.  The  speeds  registered  varied  between 
0.15  m.  and  0.28  m.  per  second.  The  meter 
was  calibrated  before  and  after  the  test.  For 
a  cross  section  3.484  meters  long  we  chose 
eight  ordinates  upon  which  six  measurements 
were  taken,  making  a  total  of  48.  The  speeds 
being  very  regular,  the  cross  section  was 
divided  evenly  by  the  ordinates.  Every  five 
minutes  the  height  of  the  water  surface  was 
measured. 

We  made  only  a  single  gaging  by  the  cur- 
rent meter,  w-hich  lasted  1  hr.  and  4  mins., 

while  the  gaging  by  the  salt  solution  was  made 

in  the  morning  in  20  mins.,  and  in  the  after- 
noon in  7  mins.  On  account  of  the  variation 

of  the  water  level  during  these  tests,  w'e  were 
obliged  to  proportion  the  discharge  shown  by 
the  meter  to  the  water  level  at  the  time  of  the 

gaging  by  the  salt  solution.  This  was  done 
by  means  of  a  discharge  curve  drawn  from 
data  of  previous  gagings.  The  results  follow: 
Gaging  No.  I:  D^  1317.5  l/s.  Gaging  No.  2 : D=  1291  l/s. 

3.   CAGING    BY    MEANS    OF    THE    CURTAIN. 

The  hydroelectric  plant  at  Ackersand  is  the 
only  one  in  Switzerland  possessing  an  installa- 

tion for  gaging  by  means  of  a  curtain.  The 
principle  is  very  simple.  A  curtain  with  the 
same  section  as  the  tail  race  is  suspended  from 
a  carriage  running  on  rails.  A  pull  of  0.8  kg. 
is  sufficient  to  set  the  carriage  in  motion, 
therefore  the  resistance  offered  by  the  r.iils  is 
small.  The  curtain  is  lowered  perpendicularly 
into  the  current  and  is  carried  away  by  it. 
Every  meter  an  electric  contact  registers  on  a 
drum  the  distance  as  a  function  of  the  time. 
A  simple  reading,  therefore,  gives  the  mean velocity. 

For  a  detailed  description  of  this  device  sec 

"Vergleichsversuche  niit  Flugel  und  Schirm- 

opparate  zur  Bestimmung  von  Wassermengcn" 

by  M.  Liitschg." The  results  obtained  by  means  of  the  curtain 
are  as  follows :  Gaging  No.  1 :  D  =  1303  litres 
per  second.  Gaging  No.  2:  £'  =  1299  litres 

per  second. 4.   GAGING   BY    MEANS   OF   THE   WEIR. 

As  said  before,  the  tail  race  has  at  its  end  a 
thin  walled  weir  with  end  contractions.  Fig.  ;i. 
This  weir,  serving  as  a  gate  for  regulating  and 

"Mlttellungen  der  Abtellung  fur  Landeshvdro- graphle.     No.  2.     Bern,  1913. 
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emptying  the  tail  race,  has  two  steel  rods 
which  product  sHght  eddies  and  affect  the 
results  to  a  small  extent.  Nevertheless,  to  be 
complete,  the  results  of  the  gaging  are  pro- 

duced below.  We  have  applied  the  Frese  for- 
mula" : 

Q  =  "'anft/i  Vg^ 

«  =  no  jl  +  [0.25(1)" -fn(0- 
_  0.017  0.075 

no-  0.5705  -1-^  _|_  q  ,3- j  _^-,  35 

"Zeitstfhrift  des  Vereins  Deutscher  Ingenieure, 
1S90.     Band  XXXIV.     Hefte  No.  49-52. 

{   =  0.025  -I- 

0.0375 

ay 
+    0.02 Applying  this  formula  the  following  results 

were  obtained : 

Gaging  No.  1:  Z)  =  1339  l/s. 
Gaging  No.  2 :  £»  =  1312  l/s. 

CONCLUSION. 

Gaging  No.  1 — Salt  solution  poured  into  the turbine: 

Salt  S.         Meter.     Curtain.  Weir, 
l/s  1356.5        1317.5        1303        13.39 

Gaging  No.  2 — Salt  solution  poured  into  the 
tail  race : 

Salt  S.         Meter.  Curtain.    Weir. 
l/s  1305.2        1291        1299        1312 

We  have  explained  before  why,  in   Gaging 

No.  1,  the  result  by  the  salt  solution  is  too 
high.  From  what  precedes  we  can  draw  the 
following  conclusions: 
The  method  of  titration,  rapid  and  exact, 

permits  us  to  determine  easily  the  discharge 
of  high  head  turbines.  It  seems  applicable  in 
certain  cases  to  test  low  head  turbines.  We 
hope  to  be  able  to  try  this  out  in  the  future. 
Comparative  gagings  which  we  have  made  at 
Morge  (Valais)  and  on  the  Salanfe  (Rapids 
of  Pissevache,  Valais)  have  proven  to  us  that 
this  method  may  be  used  in  gaging  Alpine 
streams.  We  have  published  nothing  about 
this  case  yet,  because,  being  more  complicated 
than  that  of  the  turbine,  it  must  be  studied 
more  fully.  We  hope  in  the  future,  taking 
everything  into  account,  to  be  able  to  fix  the 
Rmits  of  this  method. 

EWERAGE 
Apparatus  for  Testing   Sewer  Atmos- 

phere for  Explosive  Gases. 
Laboratory  experiments  indicate  that  when 

gasoline  enters  a  sewer  in  small  amounts  it 
rapidly  passes  into  the  vapor  state.  In  such 
cases  there  probably  would  be  so  little  gaso- 

line left  in  the  sewage  that  it  could  not  be 
detected  there,  even  in  cases  where  sufficient 
gasoline  had  been  introduced  to  form  an  ex- 

plosive mixture.  In  other  words,  it  appears 
that  the  thing  to  test  is  not  the  liquid  sewage, 
but  the  atmosphere  just  above  the  sewage. 
This   point   was   brought   out   in   a   study   and 

In  testing  the  sewer  air,  as  above  suggested, 
the  investigators  first  intended  to  get  samples 
of  sewer  atmosphere  by  entering  manholes 
with  jars  filled  with  water,  then  emptying  the 
bottles  near  the  surface  of  the  liquid  sewage. 
The  jars  would  thus  be  filled  with  air  from 
below,  and,  if  immediately  closed  with  stop- 

pers fitted  with  sparking  plugs  the  contents 
could  be  tested  for  explosiveness  by  a  firing 
battery.  But  by  the  time  a  man  could  get  the 
jar  filled  with  the  suspected  atmosphere  ven- 

tilation would  have  changed  the  gaseous  con- 
dition in  that  locality  in  the  sewer.  If  the 

dangerous  gas  or  gases   were   still  present  at 

Sr^££r       .SURFACE   
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Sketch     of    Apparatus    for    Testing    Sewer    Atmosphere  for   Explosive  Gases. 

investigation  of  explosions  in  sewers  made  by 
the  Department  of  Public  Works  of  New 
Haven,  Conn.  The  results  of  this  study  were 
made  public  by  Henry  J.  Kellogg,  assistant 
city  engineer,  who  had  charge  of  the  investi- 

gation, in  a  paper  before  the  Connecticut  So- 
ciety of  Civil  Engineers.  The  substance  of 

that  paper  was  published  in  Engineering  and 
CoNTi!.\CTixc  of  Feb.  25,  1914.  The  informa- 

tion in  the  present  article  is  taken  from  the 
discussion  of  the  original  paper  by  its  author, 
Mr.  Kellogg.  The  apparatus  here  illustrated 
and  described  was  designed  by  Prof.  .Arthur 
L.  Dean  of  Yale  University,  New  Haven, 
Conn. 

the  manhole  in  sufficient  quantity  to  be  a  men- 
ace, after  such  ventilation,  it  would  be  no 

place  to  send  a  man. 
That  difficulty  has  been  overcome  by  tlie 

simple,  ingenious  and  apparently  practical  ap- 
paratus designed  by  Professor  Dean  and 

shown  in  the  accompanying  sketch.  The  long 
rubber  tube  is  let  down  into  a  manhole 
through  the  small  opening  by  just  starting 
off  the  cover,  after  sounding  for  depth  to 
find  the  length  of  tube  needed  to  reach  nearly 
to  the  surface  of  the  stream.  The  bulb  is 
worked  until  both  the  rubber  tube  and  the 
bulb  arc  filled  with  the  sewer  atmosphere. 
Then  a  small,  collapsed,  rubber  toy  balloon  is 

slipped  over  the  firing  end  of  the  short  piece 
of  brass  tubing  to  which  the  long  rubber  suc- 

tion tube  is  also  attached.  Projecting  from 
the  brass  tube  into  the  balloon  are  the  ends 

of  two  insulated  wires  from  the  dry  cell  bat- 
tery, connected  by  a  fine  platinum  wire.  When 

the  balloon  is  well  filled  by  further  pumping, 
the  stop  cock  in  the  brass  tube  is  shut,  to 
prevent  backfiring,  and  the  circuit  is  closed 
by  pressing  the  button.  When  the  platinum 
wire  becomes  heated  if  there  is  an  explosive 
mixture  in  the  sewer  the  contents  of  the  bal- 

loon are  exploded. 
The  apparatus  was  tested  at  the  laboratory 

by  holding  the  receiving  end  of  the  long  rub- 
ber tube  over  a  beaker  into  which  had  been 

poured  a  few  drops  of  gasoline,  and  it  worked 
successfully  every  time.  It  showed  further 
that  the  only  thing  that  could  be  damaged 
was  the  little  balloon. 

The  object  of  extending  the  tube  to  the 
bottom  of  the  manhole  is  to  get  the  heavier 
gasoline  vapor.  It  is  not  necessary  to  sound 
for  the  lighter  illuminating  gas.  The  odor 
of  the  latter  discloses  its  presence,  but  the 
testing  apparatus  can  be  used  to  find  out  it 
enough   were   present   to   cause   an   explosion 

Sewage    Treatment    in    Germany    by 
Means  of  the  Riensch-Wurl  Ro- 

tating Screen. 
It  is  generally  considered  in  Europe  that 

the  Riensch-Wurl  patented  rotating  screen 
represents  the  highest  development  yet 
reached  in  the  mechanical  treatment  of  sew- 

age. This  screen  has  quickly  established  it- 
self in  Germany  and  in  nearly  all  of  Europe, 

and  at  this  time  the  number  of  installations 
of  this  screen  is  over  three  times  as  great 
as  that  of  all  other  types  of  sewage  screen. 
The  Riensch-Wurl  rotating  screen  has  now 
been  introduced  into  the  United  States,  in 
fact  at  least  two  of  our  largest  cities  are  now 
experimenting  with  this  type  of  screen.  Ac- 

cordingly we  are  here  giving  a  description  of 
the  construction  and  operation  of  the  screen, 
our  information  being  derived  from  an  ar- 

ticle by  Dept.  Engineer  Endris,  Engineer  with 
the  city  of  Hamburg,  Germany.  The  present 
article  describes  the  screen  in  general  and  has 
particular  reference  to  the  experimental  and 
later  full  scale  installations  at  the  city  of 
Dresden. 

The  construction  and  method  of  operation 
of  the  screen  can  be  plainly  seen  in  Figs.  1 
and  2.  The  device  consists  of  a  circular 
screen  provided  with  slots,  the  disc  being 
suitably  located  at  an  inclined  angle  of  about 
10°  to  30°  in  the  sewer,  completely  closing 
the  cross  section  of  the  canal.  As  Fig.  2 
shows,  the  upper  part  of  the  disc  extends 
above  the  water.  The  profile  of  the  disc  al- 

ways conforms  closely  to  the  surfaces  of  the 
canals  and  has  the  advantage  that  the  surface 
offered  to  the  water  entrance  increases  in  the 
proportion  of  the  rapidity  of  the  increase  in 
the  canal  profile,  which  is  not  the  case  in  a 
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rectangular  pipe.  Tfie  diameter  of  the  screen 
is  chosen  to  suit  the  volume  of  sewage  and 
ranges  from  4  ft.  to  26  ft.  The  capacity  of 
the  screen  depends  upon  the  rapidity  of  flow, 
and  the  size  of  the  slits,  and  is  between  IJ/^ 
and  1,200  gals,  per  second.  The  effluent  of 
the  main  sewer  is  conducted  diagonally  against 
the  screen.  Shortly  after  the  immersion  of 
the  rotating  screen,  it  is  covered  with  sus- 

pended matter,  and  during  its  travel  through 

lustrated  in  Fig.  3  is  used  in  the  Riensch- 
Wurl  screen.  Plates  of  this  type  are  made 
of  bronze  or  brass  containing  slits  of  cone 
shape,  widened  out  on  the  under  side  and 
about  1/32  in.  to  7/32  in.  wide.  The  screen 
plates  are  so  arranged  on  the  iron  framework 
as  to  cause  the  least  possible  loss  of  head  in 
the  water. 

The    screen    surface,   being    made   of    large 
plates,  insures  a  smooth  and  uniform  surface 

itself,  except  when  the  water  level  is  high,  a 
steady  bearing  is  provided  for  the  lower  part 
of  the  main  shaft.  This  consists  of  a  roller 
bearing  equipped  with  stuffing  boxes. 
Thorough  lubrication,  together  with  the  slow 

rotatory  movement  (0.3  to  0.2  rotations  per 
minute )  and  the  small  power  consumed  in- 

sures  freedom    from   trouble. 
The  Brushes. — The  manner  in  which  the 

brushes  are  attached  to  a  central  brush  body 

h 

^  1 

^, 

Fig.   1. Diagramatic   Outline   of   the    Elements 
of  the   Rrensch-Wurl   Screen. 

Fig.  3.    View  of  Typical  Screening   Plates  of 
the   Riensch-Wurl    Rotating   Screen. 

the  water  forms  a  sort  of  sludge  filter,  by 
which  particles  considerably  smaller  than  the 
width  of  the  slits  are  retained.  On  its  e.xit 
from  the  water  the  screen  is  covered  with 
solid  substances  of  all  kinds,  as  shown  in 
Fig.  2.  The  solid  substances  are  cleaned  off 
above  the  surface  of  the  water  by  a  set  of 
rotating  bruslies  mounted  on  a  spider,  which 
revolve  around  the  spider  shaft  and  also  on 
their  own  axes.  In  consequence  of  a  special 
construction  the  bristles  of  the  brushes  are 
not  pressed  against  the  screen  plate  with  too 
much  force,  nor  is  the  dirt  squeezed  through 
the  slits,  but  the  screen  plate  is  gone  over 
lightly  and  every  spot  is  brushed  several 
times.  The  brushes  carry  the  sludge  into  a 
circular  trough,  from  which  it  is  further 
transported  by  buckets,  belt  conveyor,  tilting 
carts,  or  other  device. 

In   Fig.   1   the   separator  screen   consists   of 
two    firmly    connected    parts,    a    smooth    ring 

without  any  projections  on  which  sludge 

might  possibly  accumulate,  while  the  close  ar- 
rangement of  the  perforations  provides  the 

most  advantageous  possible  use  of  the  screen 
for  the  passage  of  water. 

The  Frame  IVork. — The  frame  work,  shown 
in  Fig.  1,  is  remarkably  well  arranged  and  is 

braced  rigidly  on  all  sides.  .Ml  the  load  car- 
ried in  a  single  one  of  the  arms  of  the  screen 

is  cared  for  by  a  structural  iron  framework 
and  is  borne  up  by  the  main  shaft  itself.  In 
the  smaller  and  the  medium  sizes,  up  to  Iti 
ft.  in  diameter,  the  framework  is  secured  to 

the  carrying  shaft  and  is  hung  to  a  ball-bear- 
ing support  which  is  supported  by  the  service 

bridge. 

with  radiating  arms  makes  the  cleaning  of  the 
discs  particularly  effectual.  While  in  all  other 
screen  arrangements  the  screen  surface  is 

cleaned  only  once  at  ea'ch  rotation  the  dis- 
tribution of  the  brushes  in  the  Riensch-Wufl 

system  permits  the  cleansing  of  the  screen 
plates  as  frequently  as  desired.  Normally  the 
screen  plates  are  cleaned  from  four  to  five 
times  each  rotation  in  such  a  manner  that  a 
clean  brush  passes  over  the  previously  brushed 
surface,  as  shown  in  Fig.  4.  The  brushes 
describe  intersecting  paths  on  the  plates  so 
that  no  single  spot  is  left  untouched  by  them. 

In  order  to  insure  uniformity  in  the  pres- 
sure of  the  brushes  they  are  suspended  mov- 

rbly  from  the  carrying  arm  as  shown  in  Fig. 
•").     The  middle  shaft  of  the  brush  bodv  is  ar- 

i     ̂ 'ii. 
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Fig.  2.     View  of  the   Experimental   Riensch-Wurl 
Screening  Plant  Installed  at  Dresden, 

Germany. 

Fig.  4.      Diagram  Showing  Brush  Cleaning  Sphere 

Development  of  the  Riensch-Wurl 
Screen. 

part,  which  lies  diagonally  in  the  sewage 
stream,  and  a  hat-shaped  frustum  of  a  cone. 
The  screen  cone  is  cleaned  l)y  a  special  brush, 
the  circular  screen  surface  being  in  turn 
cleaned   by    revolving  brushes. 

DETAILS    OF   CONSTRUCTION. 

The  Screen  Plates. — The  usefulness  of  the 
screen  depends  particularly  upon  the  construc- 

tion of  the  screen  plates  which  separate  the 
solids   from   the  fluids.     The  screen   plate  il- 

1  he  Boll  bearing  Support. — This  support  is 
constructed  as  a  pivot  over  the  surface  of  the 
water.  In  the  larger  types,  however,  16  ft. 
in  diameter  and  over,  the  shaft  is  stationary 
and  the  framework  of  the  plates  rotates  in  a 
ball-I)earing  support  arranged  around  the 
shaft  and  likewise  above  the  water.  In  this 

way  all  the  weiy'iU  is  taken  up  by  the  sup- 
ports outside  of  the  surface  of  the  sewage 

and  is  easily  cared  for.     In  the  sewage  water 

ranged  eccentrically  to  the  shaft  of  the  car- 
rying arm  and  is  dragged  along  with  it.  By 

means  of  this  special  construction  the 
brushes  do  not  press  agamst  the  screen  by 
the  pressure  of  the  driving  gear,  but  glide 
along  easily  over  the  screen  plates  while  the 
brushes  rotate  on  their  own  axes.  Counter- 

weights within  the  brush  body  permit  the 
regulation  of  the  pressure  of  the  brushes  on. 
the   screen   plate   so  that   all  parts  of   it  may 
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be   uniformly    and   thoroughly   cleaned.      This 
device  is  the  resuh   of  practical  experience. 
The  Conical  Brush. — This  brush  which 

cleans  the  raised  cone  attached  to  the  ring  of 
the  screen  is  attached  to  the  service  post  and 
is  adjustable.  In  -the  larger  types  there  are 
two  or  more  brushes  which  may  be  connected 
or  disconnected  as  desired,  according  to  the 
height  of  the  water.     Thus  the  single  conical 

Design      of      RIensch-Wurl 
Suspension. 

Brush 

brush  may  be  readily  dispensed  with  in  dry 
weather,  at  a  saving  of  the  mechanism  and  of 
the  brush  as  well.  The  brushes  a?  they  rotate 
push  the  sludge  in  front  of  them.  The  ec- 

centric attachment  of  the  brushes  and  their 
upward  pressure  precludes  the  possibility  of 
the    openings    being   clogged. 

The  Drking  Pon'cr  of  the  Disc. — The  driv- 
ing power  may  be  supplied  by  belt  or  by 

electricity,  according  to  local  conditions.  All 
parts  which  require  attention  are  visible  at 
all  times  and  are  arranged  on  a  platform 
which    extends   over   the   screen   :ind   contains 

machinery  is  in  motion.  In  the  smaller  types 
the  transmission  wheel  for  the  screen  frame  is 
made  of  a  simple  cast  iron  gear  and  has  been 
tound  very  satisfactory,  the  tooth  consisting 
of  easily  mterchangeable  segments.  For  the 
larger  types  a  gear  wheel  is  built  up  of  hard- 

ened steel  pins.  The  clearance  between  the 
screen  and  the  adjoining  edge  of  the  conduit 
must  be  very  exact,  so  that  the  space  between 
the  discs  and  the  stationary  rim  corresponds 
exactly  to  the  width  of  the  openings  in  the 
screen.  For  this  purpose  a  wrought  iron  ring 
is  secured  to  the  masonry  and  to  it  various 
segments  are  attached.  These  may  be  ad- 

justed exactly  to  the  circumference  of  the 
screens. 

THE     .ADVANTAGES     CLAIMED     FOR     THE    RIENSCH- 

WURL   SCREEN. 

The  screens  move  noiselessly,  and  the  ac- 
tion is  particularly  neat,  as  there  is  no  splash- 
ing or  dripping  onto  the  floor  of  the  screen 

room.  The  motion  is  a  uniform  rotatory  one. 
and  vibratory  movements  are  entirely  avoided. 

The  machinery  is  at  all  times  visible  and  ac- 
cessible to  the  attendant  and  is  easily  con- 

trolled by  him.  There  are  no  nooks  and  cor- 
ners in  which  sediment  may  decompose,  and 

the  carrying  off  of  the  screenings  is  easily 
si-pervised. 

All  rotating  parts  are  above  water  and  may 
be  easily  reached  while  the  machinery  is  in 
motion.  Only  one  single  guide  bearing  may 
occasionally  be  under  the  level  of  the  sewage, 
but  if  constructed  as  indicated  above  this 
presents  no  difficulty  and  has  proven  entirely 
satisfactory. 

The  cleansing  process  takes  place  above 
water.  Its  peculiar  mechanism  affords  fre- 
c|i'.ent   and   thorough   cleansing   of   the   screen. 
The  seal,  as  already  described,  is  most  pre- 

cise and  can  be  regulated  to  the  minutest  de- 

gree. 

is  required  by  the  Riensch-Wurl  screen  sys- 
tem. The  same  surface  is  therefore  obtained 

at   a   smaller  cost. 
The  high  efficiency  of  the  Riensch-Wurl 

separator  discs  is  especially  noteworthy. 
These  are  now  made  in  sizes,  having  capac- 

ities ranging  from  2}4  to  i,200  gals,  per  disc. 
The  working  capacity  of  the  disc  is  essentially 
greater  than  has  hitherto  been  generally  sup- 

posed. 

The  low  cost  and  the  small  amount  of 
power  used  are  additional  meritorious  features 
of  the  system.  Compared  with  other  systems, 

especially  the  wing-screens,  a  particular  ad- 
vantage presented  by  the  Riensch-Wurl  sys- 

tem is  the  small  amount  of  power  consumed. 
In  actual  use,  the  Riensch-Wurl  screens  of 
Bremen  (14  ft.  diameter)  used  0.5  HP.  In 

Dirschau  the  cost  of  18  hours'  constant  serv- 
ice for  one  month  was  only  $2.30,  so  that  the 

Riensch-Wurl  screens  required  only  0.2  HP. 
Every  one  of  the  large  Riensch-Wurl  screens 
of  Dresden  f2C  ft.  diameter)  running  at  full 
speed  used  only  2j/<  HP. 

Finally,  special  emphasis  must  be  laid  upon 
the  minimum  amount  of  loss  of  head  in  the 
stream  flow  that  the  Riensch-Wurl  screen 

effects,  a  natural  consequence  of  the'  large screen  surface.  In  most  cities  this  is  a  m.at- 
ter  of  much  importance,  since  the  fall  of  the 
principal  intercepting  sewers  is  usually  only 
a  slight  one  and  m.ust  be  used  to  the  best advantage. 

QfALITY  OF  THE  RESIDUE  LEFT  BY  THE  RIENSCH- 
WURL    SCREEN. 

The  quality  of  the  residue  and  the  case  with 
which  it  can  be  handled  is  one  of  the  most 

importam  features  of  the  Riensch-Wurl 
screen.  While  the  residue  obtained  from  basin 
or  tank  plants  and  the  like,  contains  a  high 
percentage  of  water  and  presents  an  offensive 
and  not  easily  manipulated  fluid,  the  con- 

stant brushing  of  the  screen  plates,  in  the  sys- 
tem here  under  consideration  causes  the  resi- 
due to  lose  much  of  its  water  content.  This 

sludge  is  low  in  water  content  and  is  innocu- 
ous and  easily  transported.  Unlike  the  basin 

sludge,  which  is  impregnated  with  alkaline 
salts,  the  products  of  the  screen  retain  com- 

plete manurial  value  and  are  readily  disposed 
of  to  farmers.  They  are  easily  composted 
and  take  up  little  room,  doing  away  with  the 
necessity  of  large  sewage  fields  with  their 
costly  care  and  the  unpleasant  accompaniment 
of    foul    odors    and    troublesome    flies.     The 

Fig.   6.     Interior   View    ->1   the   Sewage    Treatinert    Plant    at    Dres- 
den,   Comprising    Four    Riensch-Wurl   Screens    Each 

2o  ft.  in   Diameter. 

Fig.  7.    View  of  One  of  the    Riensch-Wurl    Separator    Screens. 
Built  for   Dresden,  while  on   Erecting  Frame  at 

the  Factory. 

the  lubricating  apparatus  as  well  as  the  prin- 
cipal parts  of  the  machinery. 

Lubrication. — Particular  '  stress  is  laid  on 
proper  lubrication.  All  rapidly  moving  bear- 

ings are  provided  with  ring  lubrication  and 
all  ball  bearings  are  continually  kept  running 
in  oil.  Central  lubrication  with  grease  i>  pro- 

vided for  the  slowly  moving  parts,  and  all 
parts  requiring  lubrication  have  special  oil 
cups  attached  which  may  be  refilled  while  the 

The  large  available  screen  surface  is  one  of 
the  greatest  advantages  of  the  system  over 
other  systems.  A  maximum  of  4/.5  of  the 
entire  filtration  surface  is  available  for  the 
flow  of  the  water,  while  in  band-screens  or 
drum-screens  at  most  only  1/3,  and  in  wing 
screens  or  the  like  only  1/5,  of  the  entire 

screen  surface  is  available.  In  other  w'ords, 
for  similar  results  other  systems  require  three 
to  five  times  as  much  area  of  screen  surface  as 

sludge  absorbs  no  moisture  from  the  air  or 
from  rains.  The  sewage  plants  of  Dirschau, 
for  example  and  of  Christiana,  in  Norway, 
are  situated  in  the  midst  of  populated  areas 
without  giving  rise  to  any  of  these  undesirable 
features.  The  sewage  purification  plant  of 
Stettin,  partially  constructed  by  Dr.  Endris, 
is  likewise  situated  in  the  midst  of  dwelling 
houses  along  the  piers  with  the  pleasure  boats, 
which  ply  between  the  watering  places  of  the 
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North  Sea.  The  residue  can  be  easily  carted 
away  in  a  cleanly  manner  by  street  carts,  in 
the  same  way  as  for  the  necessary  street  cntch 
basins,  and  at  a  low  cost.  For  instance,  sup- 

pose a  city  has  300  cubic  meters  of  dry  mate- 
rial to  dispose  of.  By  this  screening  method 

this  separated  solid  matter  would  show  an 
average  water  content  of  63  per  cent,  and 
therefore  there  would  be  only  1,130  cu.  yds. 
of  residue  to  be  disposed  of,  which  besides 
obviating  the  cost  of  transportation  would 
yield  a  small  sum  of  money.  On  the  other 
hand,  if  this  solid  material  were  separated  by 
a  basin  plant,  its  95  per  cent  of  water  would 
necessitate  disposing  of  8,000  cu.  yds.  of 
sludge  instead  of  1,130  cu.  yds.  and  moreover 
being  saturated  with  water  after  every  rain- 

fall would  require  long  periods  of  time  for 
drying. 

These  figures  adequately  demonstrate  the 
superiority  of  the  Ricnsch-Wurl  Screen  over 
a  basin  construction  in  all  large  plants,  while 
any  additional  plants  subsequently  required 
may  be  made  smaller  and  at  a  considerably 
less  expense. 

The'volume  of  the  wet  sUulgo.  accurding  to 
the  water  content  should  be  considered.  Tbus, 
sludge  with  95  per  cent  water  spreads  over 
twice  as  much  snace  as  does  that  with  a  90 

per   cent    water    content,    and    eight    times    as 
much  as  of  a  60  per  cent  water  content. 

THE   DRESDEN    rL.\NTS. 

The  first  large  plant  of  this  type  was  in- 
stalled as  a  test  plant  at  Dresden.  The  ex- 

perimental results  were  so  favorable  that  the 

city  council  decided  to  equip  the  sewage  fil- 
tration plant  of  the  city  with  Riensch-Wurl 

screens.  The  experimented  screen,  see  Fig. 
2,  had  a  diameter  of  H  ft.  and  reduced  100 
gals,  of  sewage  per  second.  The  perforations 
for  the  flow  of  the  water  were  1/I0.xl3/16  in. 
In  1909  this  disc  was  equipped  with  independ- 

ent brushes  and  found  definite  use  in  the 
abattoir  yards  of  the  city  of  Dresden. 

The  treatment  plant  at  Dresden  is  particu- 
larly interesting  on  account  of  its  large  size. 

.■\s  seen  in  Fig.  6  this  plant  consists  of  four 
screens,  each  26  ft.  in  diameter.  They  care 
for  a  maximum  flow  of  4,500  gals,  of  sewage 
per  second,  an  average  of  1,120  gals,  per 
second  for  each  screen.  The  screens  are 

made  of  perforated  bronze  plate,  the  perfora- 
tions being  1/16  in.  wide,  and  are  so  arranged 

as  to  control  a  water  level  of  f  ft.  All  the 

sewa.ee  of  Dresden  flows  through  this  mstpl- 
lation,  without  further  treatment,  into  the 
F.lbe.  It  is  the  largest  sewage  clarification 
plant  in  the  world.  The  first  two  screens  were 
placed  in  July,  1909,  and  the  remaining  two  in 

.Inly  and  September  of  1911.  During  the 
drought  of  the  summer  of  1911  the  flow  of  the 
Elbe  for  a  period  of  three  months  was  only 
1,765  cu.  ft.  per  second.  The  filtration  fully 
met  the  requirements  of  the  situation. 

FIELDS  OF  ArPLIC.\TION. 

The  screen  b.ere  described  finds  a  place  as 
a  complete  filter  for  sewage  in  all  cities  with 
favorable  river  flow.  The  Dresden  plant 
above  described  is  a  good  example  of  this 
class. 

.\  second  important  field  of  application  of 
this  screening  system  is  as  a  pre-cleanser  in 
basin  and  tank  installations.  This  form  of 
mechanical  pre-filtration  of  the  greater  part  of 
the  sludge  considerably  reduces  the  cost  of  the 
total  treatment. 

These  screens  are  also  sometimes  installed 
to  protect  sewage  pumps. 
In  the  smaller  sizes  the  Riensch-Wurl 

screen  also  serves  for  the  clarification  of  the 
wastes  of  factories  and  rnills,  as  well  as  for 
reclaiming  fibres  and  other  waste.  It  is  well 

adapted  for  wool  scouring  plants,  cloth  fac- 
tories, spinning  mills,  tanneries,  canning  fac- 
tories, and  for  the  purification  of  river  water 

for  large  condensers  in  central  power  plants. 

Mr.  William  L.  D'Olier,  503  Morris  BIdg., 
Philadelphia,  Pa.,  has  acquired  the  patent 
rights  for  this  screen  in  America. 

'RD^\y^ 
Recent    Specifications    and    Standards 
cf  the  Maine  Highway  Commission. 

(StatY  .Article.) 
An  act  of  the  Maine  legislature  passed  in 

1913  provided  for  a  highway  commission  of 
three  members  appointed  by  the  Governor,  and 
a  chief  engineer  appointed  by  the  commission. 
The  chief  engineer  is  the  executive  officer  of 
the  commission  and  employs  such  assistants 
as  are  necessary  to  supervise  road  work  in 
the  state.  A  system  of  state  roads  (built 
wholly  by  the  state  from  a  bond  issue)  and 
state  aid  roads  (built  jointly  by  the  state  and 
municipalities)  is  to  be  laid  out,  constructed 
and  maintained  by  the  commission.  A  sliding 
scale  for  state  aid  appropriations  is  provided, 
varying  from  $2  appropriated  by  the  state 
for  each  dollar  contributed  bv  a  town  having 
a  valuation  of  $200,000  or  less,  to  $0.75  foi 
towns  having  a  valuation  in  excess  of  $!,• 
600,000. 

For  the  construction  of  state  roads  serial 

'11-year  bonds,  the  interest  and  sinking  fund 
for  which  are  provided  for  by  the  automobile 
license  fees,  may  be  issued  at  a  rate  not  to 

exceed  $-"iOO,0ii(j  per  vcar,  to  the  amount  of 
$2,000,000.  An  additional  sum  of  $300,000 
yearly  is  appropriated  by  the  stale  for  con- 

struction, administration  and  maintenance 
purposes.  The  numerous  details  of  organiza- 

tion and  financing  are  well  worked  out. 
In  the  Current  News  Section  of  Engineering 

,^^•D  CoNTR.ACTiNG  for  .April  22  will  be  found 
a  description  of  work  proposed  and  under  con- 

tract and  a  map  of  125  miles  of  road,  plans 
for  which  have  been  prepared  by  the  commis- 

sion. The  specifications  and  standards  of  con- 
struction for  this  work,  while  conservative 

and  following  well  established  practice,  pre- 
sent a   number  of  interesting   features. 

'^f'ccificalitins. — The  Notice  to  Contractor, 
Proposal,  Contract,  Specifications  and  Bond 
are  bound  in  the  order  named  in  a  booklet 

8Vi  ins.  by  10  ins.  in  size.  The  notice  con- 
tains an  itemized  estimate  of  quantities  and 

the  time  honored  "rights  to  reject  any  and 
all  proposals"  is  modified  by  "whenever  in  the 
opinion  of  the  Commission  good  cause  exists 

therefor."  A  unit  price  form  of  proposal  is used. 
Excavation  is  classified  as  earth,  rock  and 

borrow  and  all  surfacing  materials  are  ircas- 
urcd  in  place  after  rolling,  gravel  being  paid 
for  by  the  cubic  yard  and  macadam  by  the 
square  yard.  Metal  and  vitrified  culvert  pipe, 
inlet    gratings    and    bituminous    material    are 

T.ABLE     1.— I 

^L,AIN 

CONOR] 

Tab 
e    of    D mensior ieight, 

Base, Footing, 

Top, 

H B F D W 
4   

..    1'-   S" 
2'-  8" 

I'-OO' 

12" 

5   

2'-00" 
3'-00" 

3'-  4- 

1'-  2" 

1"-  3" 

12" 

6   

...    2'-  4" 

12" 

. ..    2'-  9" 

3'-  9" 
!■-  4" 

12" 

8   

...    3'-  3" 
4'-  3" 1'-  6" 

12" 

9   

. ..    3'-  8- 

4'-   9" 
1'-  8" 

12" 

10   

...    4'-00" 

5'-00" 
1'-  9" 

12" 

11   

. ..   r-  4" 
5'-  4" I'-IO" 

IS" 

12   

...    4'-  9" 

5'-  9" 2'-00" 

IS" 

13   

..     5'-  3" 
6'-  3" 2'-  1" 

18" 

14   

..     5'-  8" 
6'-  8" 

2'-  2" 

18" 

16   

. ..    e'-OO" 
7'-00- 2'-  3" 

18" 

Cu.    yds.    per       Cu.    yds.    lin.       Total   cu.  yds. 
lin.  ft.  of  wall.     ft.   of  footing.         per  lin.    ft. 

0.197  0.09S  0.295 
0.277  0.125  0.402 
0.370  0.154  0.524 
0.4SG  0.185  0.671 
0.629  0.236  0.865 
0.777  0.288  1.065 
0.926  0.324  1.250 
I.ISS  0.362  1.550 
1.388  0.426              •  1.814 
1.625  0.482  2.107 
1.858  0.635  2.393 
2.083  0.583  S.IM 

furnished  by  the  commission,  the  contractor 
doing  the  unloading  and  hauling.  The  con- 

tract is  specific  and  rather  short.  In  exca- 
vation stumps  are  removed  to  a  depth  of  18 

ins.  and  rock  to  12  ins.  below  finished  grade. 

G»*vei.  Sccric* 

Fig.   1.    Standard   Cross  Sections   for   Gravel 
Roads    In    Maine. 

Vegetable  matter  is  removed  for  fills  less 
than  18  ins.  deep.  Borrow  is  measured  in  ex- 

cavation. The  free  haul  for  excavation  is 

2,000  ft.  with  %-cent.  allowance  beyond  this 
distance.     Stone  base  of  large  stones  have  out- 

lets 3  ft.  wide  into  side  ditches  at  intervals 

of  approximately  200  ft.  'V  drains  have similar  outlets.  These  outlets  in  the  case  of 
gravel  drains  are  protected  with  1  sq.  yd.  of 
sod.  Earth  shoulders  are  separately  defined 
and  are  to  be  of  selected  material.  Stones  6 
ins.  to  9  ins.  in  size  bedded  in  6  ins.  of  sand 
or  gravel  arc  used  in  cobble  gutters.  Guard 
rail  is  given  two  coats  of  white  paint.  Joints 
in  sice  drains  are  wrapped  with  a  4-in.  strip 
of  burlap.  Gravel  surfacing  is  to  contain  from 
15  to  25  per  cent  of  binding  material  and  is 
laid  in  two  or  three  courses.  Gravel  must  not 
be  dumped  on  the  roadbed.  Piles  of  5  cu. 

yds.  are  left  on  the  roadside  at  500  ft.  in- tervals  lor  maintenance  purposes. 

Bituminous  binder  is  paid  by  the  gallon 

in  place  for  penetration  work.  The  hard- 
ness, toughness  and  per  cent  of  wear  of  stone 

is  specified.  Macadam  base  is  constructed  of 
2  to  3Vi  in.  stone  and  second  course  of  1  to 
2^4  in.  stone,  circular  .gage  measure.  Binder 

is  applied  at  250°-300°  F.  for  tar  products  and 
300°-350°  F.  for  fluxed  native  and  oil  asphalt 
products.  .Application  is  made  at  the  rate 
of  IVi  gals,  per  square  yard,  using  pouring 
pots  or  a  pressure  distributer.  A  seal  coat 
of  from  %  to  %  gals,  per  square  yard 
is  used.  The  specifications  as  a  whole  are 
well   written   in    unusually   good   language. 

Cross  Sections. —  In  Fig.  1  are  shown  stand- 
ard cross  sections  for  various  types  of  roads. 

Two-course  gravel  road'  is  laid  in  courses  of 
ci|ual  thickness.  In  three-course  road  the  first 
two  courses  have  a  compacted  thickness  of  3 
itis.  and  the  third  course  2  ins.  Stones  larger 
than  IV2  ins.  in  diameter  are  not  permitted  in 
the  top  course.  For  bituminous  macadam  the 
bottom  course  is  3V4  ins.  thick  after  com- 

pacting. This  course  is  filled  with  sand  or 
screenings,  the  top  V4  in.  being  left  open.  The 
second  course  is  3  ins.  thick,  loose  measure, 
and  is  left  open  and  porous. 
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STANDARD   STRUCrURES, 

Blue  prints  of  standard  details  and  struc- 
tures are  bound  in  a  convenient  size  booklet. 

The  outside  dimensions  of  the  pages  are  11 
ins.  by  16%  ins.,  the  space  within  the  border 
lines  being  IOV2  ins.  by  15%  ins.  in  dimensions. 

Retaining  Walls. — In  Fig.  2a  is  shown  a 
type  of  gravity  retaining  wall  and  Table  I 
gives  the  quantities  and  dimension  for  walls 
of  various  heights.  Figure  2b  illustrates  a 
cantilever  type  of  wall,  data  for  this  design 
being  given  in   Table  II. 

material  shall  be  furnished  and  placed  so  as 
to  make  the  surface  conform  to  the  required 
sub-grade.  All  soft  clay  and  spongy  material 
which  will  not  consolidate  under  the  roller  shall 
be  removed  to  a  proper  depth  and  paid  for  as 
excavation.  The  space  thus  made  shall  be 

filled   with   suitable   material. 

No  allowance  will  be  made  for  excavation 

beyond  or  below  the  width,  lines  and  grades 

shown  on  the  plans  or  called  for  by  the  speci- 
fications. All  connections  with  driveways  and 

branch  roads  shall  be  excavated  to  the  lines  and 

Weep  holes  ■  5  file 

spaced  6' cc  \ 
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Side  Elevation 
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Fig.  2.     Standard   Retaining  Walls  Used   by  Maine    Highway  Commission. 

.  .Pipe  Culverts. — An  interesting  feature  of 
the  details  for  pipe  culverts  is  the  provision 
of  a  table  showing  the  length  of  pipe  needed 
with  various  rates  of  fall  from  end  to  end 

of  culvert  for  different  depths  of  fill.  This 
tabulation,  given  in  Table  III,  obviates  the 

necessity  of  computing  lengths  and  is  a  con- 
venience. Fig.  .3  shows  a  typical  pipe  culvert 

layout,  the  dimensions  of  the  headwalls  for 
various  size  pipe  being  given  in  Table  IV. 
Concrete  Culverts. — Three  mixtures  of  con- 

crete are  used:  1:2:4  for  reinforced  concrete 

and  masonry  measuring  !>  ins.  or  less  in 
thickness.  %  in.  stone  being  the  ma.ximum  size 

permitted  in  the  aggregate  ;  1  :2%  :,5  for  abut- 
ments and  wing  walls,  stones  being  limited  to 

V/2  ins.  in  size;  and  1:3:6  for  footings  and 
cut-off  walls,  stones  up  to  3%  ins.  being  per- 

mitted. Figure  4  shows  a  standard  design 
for  a  .5  ft.  by  4  ft.  box  culvert  and  Fig.  .J 
shows  details  for  culverts  of  other  sizes. 

Table  \  gives  dimensions  and  quantities  for 

till-  culverts  illustrated   in   Figs.  4  and  -j. 
The  standard  forms  of  guard  rail  in  use 

arc  shown  in  Fig.  6,  together  with  the  de- 
tails of  a  drop  inlet  used  in  town  suburbs  and 

on    side    hill    roads. 

SPECIFICATIONS. 

.\n  ali-^tract  of  the  general  specifications  of 

the  highway  commission  is  given.  The  speci- 
fications are  brief  and  clearlv  written. 

grades  given  by  the  engineer.  The  contractor 
shall  remove  all  obstructions  such  as  walls, 
fences  and  buildings  within  the  limits  of  the 
work.  All  manholes,  catch  basins,  water  gates 
and  similar  structures  which  are  below  grade 
or  project  above  grade  shall  be  raised  or 
lowered  to  fit  the  finished  grade  of  the  road. 
Except  as  hereinafter  provided,  the  item  of 
excavation  shall  include  all  such  removals  and 
alterations. 

Rock    Excavation. 

Rock  excavation  shall  include  hard  ledge 

rock  or  boulders  of  more  than  V2  cu.  yd.  vol- 
ume. Boulders  of  ̂ 2  cu.  yd.  or  less  volume  and 

soft  and  disintegrated  rock  which  can  be  re- 
moved with  pick  or  shovel  will  be  classified  and 

paid   for  as  earth   excavation. 

Rock  excavation  shall  be  made  to  the  lines 

indicated  on  the  typical  rock  cross-section 

showing  the  side  slopes,  said  slopes  to  be  one- 
quarter  to  one;  and  12  ins.  below  the  lines  in- 

dicated on  the  cross-sections  showing  the  fin- 
ished  surface. 

Rock  excavation  for  underdrains,  pipe  cul- 
verts, and  masonry  will  be  made  six  indies  in 

width  or  depth  beyond  the  outside  of  the  pipe 
or  masonry,  except  that  a  minimum  width 
allowed  for  small  pipes  shall  be  eighteen  inches. 
Allowance  for  rook  in  gutters  will  be  made 
on  the  basis  of  the  width  of  gutter  and  12  ins. 

in    depth    below    the    proposed    surface,    allow- 

ifO 

■^  ,\  Slope  ̂   onl  Subgrode..i- Finished  grade 

i^^^ 

"  \'\:  •  ■.■■;•.■    .■■■:■   ''[   s'to  It' Q'-avel     ■  .'.'.'  "^  -  •  ■ 

Longitudinall_  Section        ^     .  __  ""^<^J  End   View  Section  X-X 

Fig.    3.     Pipe    Culvert     Details     Showing     a    Method   of   Placing. 

Excavation. 

Excavation  shall  include  the  grading  of.  the 

roadway,  including  shoulders,  ditches  and  side 
slopes  the  entire  length  of  the  work,  to  conform 
to  the  lines  and  grades  shown  on  the  plans. 

.\ll  trees,  stumps,  brush,  roots  and  sods  within 
the  lines  of  the  improvement  shall  be  grubbed 
and  removed.  All  stumps  shall  be  excavated 

to  a  depth  of  at  least  IS  inches  below  finished 
grade.  Wherever  such  excavation  shall  have 
been     made,     a     sufficient     amount     of    suitable 

ance  for  rock  in  catch  basins  to  be  made  on 
the  basis  of  6  ins.  outside  of  the  outer  walls. 

Borrow. 
When  the  ni.nterial  excavated  inside  the  lo- 

cation, or  right  of  way,  suitable  for  filling,  is 
not  sufficient  in  quantity  to  properly  form  the 
subgrade  of  the  road,  including  shoulders, 

such  necessary  additional  material  shall  be  ob- 
tained and  placed  by  the  contractor  from  bor- 

row pits  or  other  sources  approved  by  the  en- 

gineer. 
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All  measuremen'.  of  earth  work  shall  be 
made  in  excavation.  Material  obtained  from 
excavation  within  the  limits  of  the  location 

or  slopes  or  in  grading  side  roads,  and  drive- 
ways and  used  in  embankments,  or  for  all  oth- 

er purposes,  shall  be  paid  for  as  excavation, 
and   all   materia!   obtained   outside    the    location 

be  left  neat  and  even  according  to  the  lines, 
grades  and  directions  given  by  the  engineer. 
Such  excavated  material  as  may  be  fit  for  the 

purpose  and  as  may  oe  necessary  shall  be 
used  to  fill  those  parts  ot  the  roadway  which 

are  below  gi-ade  or  which  have  become  so  by 
the  removal  of  rock   or  other  unsuitable  mate- 
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Fig.  4.     Type  of  Concrete  Box  Culvert    Used    by   the    Maine    Highway   Com- 
mission. 

shall  be  measured  in  excavation  and  paid  fur 
as  borrow  and  not  as  embankment.  All  sur- 

faces and  slopes  shall  be  left  in  a  neatly 
trimmed  condition. 

Overhaul. 

if  the  haul  on  any  niatt-rlal  rcciuired  for  em- 
bankment exceeds  2,00u  ft.  it  shall  be  classified 

as  overhaul  and  payment  of  H  cent  per  cubic 
yard  for  each  100  linear  feet  in  excess  of  2000 
feet  shall  be  made  on  the  material  so  hauled. 

Filling    or    Embankment. 
Embankment  shall  be  formed  of  suitable 

matiTlal.  Stone  shall  not  be  used  nearer  to 
the  bottom  course,  or  surface  of  shoulders, 
than  6  Ins.,  except  as  specified.  Where  the 
niling  Is  less  than  18  Ins.  In  depth  all  vegetable 

rial,  in  a  manner  herein  provided  and  the  item 
of  earth  excavation  is  to  include  the  proper 
placing  of  such  excavated  material  as  filling 
in  embankment,  and  the  removal  from  the 
work  of  all  such  as  is  not  utilized.  All  surplus 
excavation  or  waste  material  shall  be  used  to 

widen  embankments,  flatten  side  slopes,  or  be 
deposited  in  such  places  as  the  engineer  may 
direct. 

Preparation  of  Subgrade. 
The  subgrade  shall  be  properly  shaped,  rolled 

and  compacted  so  that  it  conforms  to  the  lines, 

grades  and  cross-sections  shown  on  plan  before 
any  surfacing  material  is  applied.  The  rolling 
shall  be  done  with  a  roller  weighing  not  less 
than    10    tons.      All    depressions    which    develop 

ordered  by  the  engineer,  the  contractor  shall 
furnish  and  place  stones,  not  exceeding  12  ins. 
in  diameter,'  on  the  subgrade  to  a  width  as 
shown  on  plans  and  in  such  a  manner  as  to 
produce  a  surface  parallel  with  the  finished 
surface  of  the  road,  using  the  larger  stones  in 
the  center  and  smaller  stones  on  the  sides.  All 

stones  sliall  be  roughly  placed  by  hand,  thfe 

larger  chinked  with  the  smaller  and  the  re- 
maining voids  filled  with  coarse  gravel.  The 

roller  shall  then  be  run  over  the  surface  until 

they  are  firmly  bedded.  The  thickness  when 

finished    shall   be  as   show"n    on  plans. 
Wherever  a  stone  base  is  used,  side  outlets 

of  stone  shall  be  built  three  feet  wide  and  of 

a  depth  and  length  which  will  drain  the  stone 
1  ase  into  a  side  ditch  or  culvert.  Sucli  outlets 

shall  also  be  built  through  the  shoulders  at  in- 

TABLi')  IV.— DIMENSIONS  AND  QUANTITIES 
FOR  PIPE  CULVERT  END  WALLS. 
Diam. 

pipe, 
ins. 12 
14 

16 

18 

20 

24 

Concrete  in 
Dimension. one   end. 
X Y cu.   vds. 

4'-6" 

4'-  3" 

0.935 

.^.'-3" 
4'-  5" 

1.127 

5'-9" 

4'-  7" 

1.271 

6--6" 

4'-  9" 

1.4S1 

7'-0" 

4'-ll" 

l.fiol 

S'-3" 

5'-  3" 

2  043 

tervals  of  approximately  200  ft.  where  ordered 
by  the  engineer.  The  average  size  of  stone 
should  be  about  eight  inches.  Payment  shall 
be  Tiade  per  cubic  yard  of  stone  and  gravel 
furnished  and  compacted  in  place  in  accordance 

with    cross-section    plans. 

Stone  'V  Drain. 

W^herever  a  stone  'V  drain  shall  be  called 
for  by  the  plans  and  specifications  or  during 

the  progress  of  the  work  it  is  considered  neces- 
sary and  is  so  ordered  by  the  engineer,  the 

contractor  will  prepare  the  bed,  furnish  all 
stone  and  gravel  and  build  the  same  according 

to  plans  and  specifications.  Wherever  prac- 
ticable the  surface  of  the  old  road  may  first 

be  plowed  or  otherwise  loosened,  the  loosened 
material  moved  toward  the  shoulders  of  the 

road  with  a  gi-ader  and  if  it  is  necessary  in 
order  to  obtain  the  required  depth,  a  second 

plowing  may  follow  and  the  grader  again  be 
used.  Stones  not  exceding  12  ins.  in  diameter 

shall  then  be  placed  on  the  bottom  of  the  ex- 
cavation so  made,  the  larger  stones  under  the 

center  of  the  road  with  sizes  diminishing  to- 
wards the  shoulders.  The  roller  shall  be  rut» 

over  the  stones  forming  the  'V  drain  until 
they  are  thorougldy  bedded  in  place.  The  top 

of  the  "V  drain  shall  be  finished  off  with  small- 
er stones  or  coarse  gravel  until  the  surface 

shall  become  parallel  with  the  finished  grade. 
Before  surface  material  is  applied  suitable 
outlets  shall  be  built  through  the  shoulders 
at  low  points  and  at  intervals  of  approximately 

TABLE  III.— SHOWING  CULVERT  LENGTHS  KOR  VARIOUS  DEPTHS    OF  Flia^S  AND  SLOPES  OF  WATER  COURSE    (23  FT.    ROADW.W). 

■4 

W 

%' 1" 

IVl 
IK- 
1^ 

2 'A 

wa 

o  go 
V-  *«  (0 

414)                                                                                        VS  iiiiii  ii^^iiiiiiiiiO* Q.»«                                                                i  ^^          '»         *•        *•        **        »v  ».i         «»*'         «k          •■•.«i»         ^*         ■>*         **         •«»          i_*>        *_■>            ■■ 
■"^                                                                          T*    .  oei        oc^        o^       100       Ow       "rtt-  coo        i^oi       OX         iOr-<         OcflirtM        c^'V        m\a        o*©       mt-         ooo       l.-cj        oo 

«g                                                                vto  -'-        r^"       «-      ci-      n'^       «'-'  ^"        V      inS        ui'^         »«     «~        f^=^       >-'=^       CO-"       00°^        cJ'^       cj""        •■'" 

&-                                                    &■=£  =11      =11       =11     =11     =11     =11  =11      =11     =11      =11       =11    =11      =11      =11      =11      =11       =11      =11       rrll 
(0.5                                      x.£-  b.<     b.<     '£<    E<    £<;    E<:  u.<     tb<    E<     E<     E<!   £<     ̂ <    £<:    £<    £<     E<    E<     f^< 

■4"                    .021                   34         36  38         40         42         44         46         48         50         52         54         5S         58         60         6» 
to     <,-"   021-.0I1  28        28         30         32         36         38  40         4!!         44         46         4S         BO         52         54         56         60         02         64         6t; 
to     \"   041-.062  28        30         32        34         38         40  42         44         46         48         50         63         56         58         60         62         64         66         68 
t')   1"       062-083  30        32         34         36         38         42  44         46         48         50         54         66         58         60         62         6i!         68         70         72 
to  l'^"   O83-.104  30        34         36         38         40         44            16         4S         50         34         56         68         60         64         66         6S           
to   H4"   I04-.125  32         36         38         40         42         46           48         50         54         56         58         62         64         6S         70         72           
to  l*i"   12ri-.146  34         .38         40         42         46         48           50         54         58         60         92         56         68         72         74         76           
to  2"       Mii-.167  36         40         42         46         48         50           54         58         62         64         66         70         72         76         78         SO           
to  254"   167-.1S7  38         42         44         48         52         54              
to  2W"   187-.208  40         44         48         52         54         58                         
to  2^"   !n8-.229  42         48         52         56         58         64                                     
to  3"       229-.2."0  41         52         56         60         62         68              
Note.— For  fills  from  4'  to  8..^'  culvert  lengths  have  been  figured  for   slopes  from  Vl"  to  2"  per  foot  for  water  corrses,  and  :or  fills  from  9'  to  10'. 

per  foot  I0  1"  per  foot.  ' 
Explanation:    To  use  the  above  table  it  Is  necessary  to  know  the  dllTerence  In  elevation  between  subgrade  and  top  of  pipe  at  inlet,  and  slope  of ter  course 

The  distance  from  center  line  of  road  to  Inlet  end  of  pipe  for  each    deplh  of  fill  niav  be  taken  from  the  table  (.A). 
A   midway  23    wide  has  beon  assumed  with  2  to  1  .ilopea  on  embankments.     Minimum  leneth  of  culvert,   26';   minimum   fill,    1';   minimum  slope, per  ft. 

matter  shall  be  removed  from  the  original  sur- 
face. Embankments  shall  be  constiucted  In 

successive  horizontal  layers  not  exceeding  12 
Ins.  In  thickness.  Each  layer  sh.ill  extend 
across  the  entire  fill  and  shall  be  thoroughly 
rolled  or  compacted.  All  surfaces  in  slopes 
and    embankments    whether    old    or    new    shall 

during  the  rolling  shall  be  filled  with  suitable 
material  and  the  subgrade  shall  again  be 
rolled  until  no  depressions  develop. 

Stone  Base. 

Wherever  a  stone  base  is  called  for  iy  the 
plans  and  specifications  or  during  the  protress 
of  the  work  it  is  considered  necessary  and  is  so 

200  ft.  where  ordered  by  the  engineer.  These 
outlets  shall  be  of  stone  and  gravel  three  feet 
wide  and  of  sufhcient  depth  and  length  to 

thoroughly  drain  the  bottom  of  the  'V  draim 
ra\ment  shall  be  made  per  cubic  yard  of  stone- 
.'ind  gravel  fvn-nished  and  compacted  in  place- 
in    accordance    with    cross-section    plans. 
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Gravel    "V"    Drain. 

Wherever  stones  suitable  for  building  "V" 
<lrain  are  not  available  a  drain  may  be  built 
of  coarse,  clean  gravel  and  land  tile  pipe.  In 
such  cases  the  excavation  shall  be  made  the 

same  as  for  a  stone  "V"  drain  excepting  that 
In  the  bottom  of  the  "V"  a  suitable  bed  of 
gravel  4  ins.  deep  shall  be  made  upon  which 
to  lay  4-in.  pipe  and  after  the  pipe  has  been 
placed  and  the  joints  wrapped  with  burlap  4 
ins.  wide,  gravel  having  a  cross-Section  as 
shown  on  plan  shall  be  placed.  No  stone 
whose  diameter  exceeds  one  (1)  inch  shall  be 
allowed  within  four  inches  of  the  pipe.  Side 
outlets    3    ft.    wide    and    of    sufBcient    depth    to 

Gravel  Base. 
Gravel  base  shall  be  built  to  conform  with 

plans,  profiles  and  cross-sections.  Gravel  shall 
be  furnished  by  the  contractor  and  shall  be  of 
a  quality  satisfactory  to  the  engineer.  In  gen- 

eral it  shall  consist  of  hard,  sound,  durable 
stone  of  various  sizes  ranging  from  pea  stone 
to  a  ma.ximum  size  of  4  ins.  The  gravel  shall 
not  contain  more  than  25  per  cent  of  binding 
material.  The  gravel  shall  be  spread  in  one 
course,  care  being  taken  that  the  various  sizes 
are  assorted  and  that  no  pockets  of  stone  or 
binding  material  occur.  This  course  of  gravel 
shall  be  rolled  while  wet,  using  a  sprinkler  if 
necessary,    until    it    becomes    thoroughly    com- 
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Fig.  5.    Details  of  Standard  Box  Culverts. 

<Irain  the  lowest  point  in  the  "V"  drain  shall 
"be  made  through  the  shoulder  of  the  road 
similar  to  the  "V"  drain,  at  intervals  of  ap- 

proximately 200  ft.  where  ordered  by  the  engi- 
neer. Each  outlet  shall  be  protected  by  about 

one  square  yard  of  sod  placed  as  directed  by 

the  engineer.  The  surface  of  the  "V"  drain 
shall  be  wet  and  rolled  until  it  has  become 
settled  and  permanently  in  place  before  the 
surfacing  material  is  applied  and  shall  be 
"parallel  with  the  finished  grade.  Payments 
"Will  be  made  per  cubic  yard  of  stone  and  gravel 
furnished  and  compacted  in  place,  including 
4-i.i.  land  tile  in  place  in  accordance  with 
cross-sections    shown    on    plans. 

pacted  and  shall  then  have  a  thickness  of  4 
ins.  Payments  for  gravel  shall  be  made  per 
cubic  yard  in  place  and  compacted  on  the 
road.  No  allowance  will  be  made  for  gravel 
driven  into  the  subgrade  by  rolling. 

Concrete  Masonry. 
Cement  concrete  masonry  culverts  and  end 

walls  for  metal  culverts  shall  be  built  in  ac- 
cordance with  plans  and  specifications  for  con- 

crete. The  price  to  be  paid  for  cement  concrete 
masonry  shall  include  the  excavation,  back  fill- 

ing, all  necessary  materials,  centers  and  forms 
and  all  work  on  the  same;  no  allowance  will 
be  made  for  cofter-dams,  pumping  or  bailing 
or   for  any   materials  or  labor  necessary  on   ac- 

count of  water.  All  concrete  shall  be  measured 
in  accordance  with  the  dimensions  shown  on 

plans. 
The  concrete  shall  be  of  the  character  as 

indicated  on  the  plans  or  as  provided  for  in 
these  specifications  and  shall  be  built  by  the 
contractor    in    accordance    therewith. 
Cement. — The  cement  shall  be  some  standard 

brand  of  Portland  Cement  and  must  meet  the 
requirements  of  the  standard  specifications 
adopted  by  the  American  Society  for  Testing 
Materials. 

Sand. — The  sand  shall  consist  of  dry,  clean, 
sharp  quartz  grains  and  shall  not  contain  more 
than  5  per  cent  of  clay,  loan,  or  other  foreign 
materials.  The  grains  shall  be  well  graded  and 
of  such  size  that  all  will  pass  a  H-in.  mesh 
screen,  and  not  more  than  20  per  cent  will 
pass  a  No.   50  sieve. 
Coarse  Aggregate. — The  coarse  aggregate 

may  consist  of  either  broken  stone  or  gravel. 
Stone  shall  be  sound,  hard  and  tough  and 
broken  to  sizes  hereinafter  specified  and  when 
used  shall  be  free  from  foreign  material.  No 
weathered  or  disintegrated  material  shall  be 
used.  Gravel  used  for  concrete  shall  consist 
of  clean,  hard  and  sound  stones,  pebbles  and 
sand,  and  shall  be  well  graded  in  size  be- 

tween   the    limits    specified    below. 
Classes  A,  B,  and  C. — Unless  otherwise  spe- 

cially provided,  there  shall  be  three  classes  of 
concrete  known  as  Class  A,  Class  B,  and  Class 
C.  Class  A  concrete  shall  consist  (by  vol- 

ume) of  1  part  of  cement,  2  parts  of  sand.  4 
parts  of  coarse  aggregate,  and  clean  water. 
The  stones  of  the  coarse  aggregate  may  vary 
in  their  longest  dimensions  from  Vi  in.  to  % 
in.  Class  B  concrete  shall  consist  (by  volume) 
of  1  part  of  cement,  2%  parts  of  sand,  5  parts 
of  coarse  aggregate  and  clean  water.  The 
stones  of  the  coarse  aggregate  may  vary  in 
their  longest  dimensions  from  Vt,  in.  to  Hi  ins. 
Class  C  concrete  shall  consist  (by  volume)  of 
1  part  of  cement,  3  parts  of  sand,  6  parts  of 
coarse  aggregate  and  clean  water.  The  stones 
of  the  coarse  aggregate  may  vary  in  their 
longest  dimensions  from  14  of  an  inch  to  31^ 
ins. 

Mixing. — The  cement  and  sand  shall  first  be 
thoroughly  mixed  dry  in  the  propc-tions  speci- 

fied, on  a  proper  mixing  platform.  Sufficient 
clean  water  shall  then  be  mixed  to  produce  a 
pasty  mortar.  To  the  mortar  thus  prepared 
shall  be  added  the  proper  proportion  of  coarse 
aggregate  previously  drenched  with  water,  and 
the  whole  shall  be  mixed  until  every  particle 
of  the  coarse  aggregate  is  thoroughly  coated 
with  mortar.  Instead  of  the  above  method,  a 
mechanical  mixer  of  approved  type  may  be  em- 

ployed. Size  of  Batch. — Concrete  shall  be  mixed  in 
batches  of  such  size  that  the  entire  batch 

may  be  placed  in  the  forms  by  the  force  em- 
ployed within  45  minutes  from  the  time  that 

the  first  water  is  applied.  No  concrete  is  to  be 
prepared  from  mortar  which  has  taken  an 
initial   set   and   would   require   retempering. 

Placing. — All  concrete  shall  be  carefully  de- 
posited in  place  and  never  allowed  to  fall  from 

a  height  greater  than  five  feet.  Concrete  shall 
never  be  deposited  in  running  water,  and  when 
still  water  it  shall  be  carefully  lowered  into 
place  by  means  of  a  chute  or  some  other  ap- 

proved   method. 
As  fast  as  concrete  is  put  into  place,  it  shall 

be  thoroughly  tamped  in  layers  not  more  than 
6  ins.  thick,  and  the  portion  next  to  the  forms 
shall  be  troweled  by  using  a  spade  or  by  other 
means  to  bring  the  mortar  into  thorough  con- 

tact with  the  forms. 
Concrete  shall  not  be  deposited  when  the 

temperature  of  any  of  the  materials  or  of  the 
ahmosphere  is  below  35°  F.,  and  if  during  the 

;  progress  of  the  work  freezing  temperature 
threatens  or  is  predicted  by  the  United  States 
Weather  Bureau,  proper  precautions  shall  be 

taken  to  protect  from  freezing  all  concrete"  laid within    the    four   preceding  days. 

Forms. — Forms  shall  be  so  constructed  as  to 
continue  rigidly  in  place  during  and  after  de- 

positing and  tamping  the  concrete.  If  during 
the  placing  of  the  concrete  the  forms  show 
signs  of  bulging  or  sagging  at  any  point,  that 
portion  of  the  concrete  causing  the  distortion 
shall    be    immediately    removed    and    the    forms 
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TABLE  v.— QUANTITIES  AND  DIMENSIONS  FOR  VABIOUS  SIZES  OF  CONCRETE  BOX  CULVERTS. 
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28    13.02 
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36    14.94 
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properly  supported  before  continuing  the  work. 
The  amount  of  concrete  to  be  removed  shall  be 
determined  by  the  engineer,  and  the  contractor 

shall  receive  no  extra  compensation  on  ac- 
count of  the  extra  worit  thus  occasioned.  Forms 

for  exposed  surfaces  shall  be  constructed  of 
dressed   lumber. 

All  forms  shall  be  left  in  place  not  less  than 
36  hours  and  all  supporting  forms  not  less 

than  10  days  after  the  concrete  has  been  de- 
posited. These  periods  may  be  increased  at  the 

discretion    of    the   engineer    in   charge. 
It  is  understood  that  all  prices  for  concrete 

masonry  sfhall  Include  furnishing  all  materials 
and    properly    constructing  all   necessary    forms. 

the  joints   shall   be   vertical  and   parallel   to  the 
main    reinforcing  bars. 

Finish. — Forms  covering  surfaces  of  the  con- 
crete masonry  which  are  to  be  exposed  shall 

be  removed  immediately  after  the  expiration 
of  the  period  of  time  necssary  for  such  forms 
to  remain  in  place,  as  fixed  by  the  engineer,  and 
ail    crevices    which    may    appear    shall    be    filled 
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Drop  Inlet  Section 

Joints. — When  the  work  of  laying  concrete  Is 
to  be  Interrupted  for  a  period  greater  than  1 
hour  and  there  are  no  reinforcing  rods  pro- 

jecting, provision  for  a  Joint  shall  be  made 
in  the  following  manner:  Square  timbers  8 

Ins.  by  S  Ins.,  or  some  other  suitable  size  ap- 
proved by  the  engineer,  shall  be  bedded  In  the 

concrete  throughout  the  length  of  the  course 
for  one-half  their  thickness  and  allowed  to  re- 

main until  the  concrete  has  taken  its  Initial  set. 
When  the  work  of  laying  concrete  is  resumed, 
the  timbers  shall  be  removed  and  the  surface 
thoroughly  wet.  No  joints  will  be  permitted  In 
reinforced    concrete    beams,    and    in    floor    slabs 

with  1;2  cement  mortar.  These  surfaces  shall 
then  be  finished  with  1:2  cement  mortar  and 

a  wooden  float,  so  as  to  present  a  smooth,  neat 

appearance. 

Reinforced  Concrete. — All  reinforced  arches, 

beams,  floors,  parapets,  guard  rails,  and  all 
concrete  masonry  measuring  less  than  9  Ins. 
in  thickness  shall  be  made  of  Class  A  concrete, 
unless  otherwise  specifled  on  the  drawings  or 
directed   by  the  engineer  In   writing. 

Abutments  and  Wing  Walls. — Unless  other- 
wise tipeclficd  on  the  drawings  or  in  writing 

by     the    engineer.     Class    B    concrete    shall     be 

used  for  all  abutments  and  wing  walls  the 
thickness    of    which    is    not    less    than    9    ins. 

Footings  and  Cut-Off  Walls. — Class  C  con- 
crete shall  be  used  for  all  fuotiiigs  and  cut-off 

walls,  unless  otherwise  specified  on  the  plans 
or    tlirected    in    writing    by    the    engineer. 

Steel  for  Reinforced  Concrete. — Unless  other- 
wise specified  on  the  drawings,  all  reinforcing 

steel  shall  consist  of  bars  which  have  been  de- 
formed in  some  approved  manner.  No  plain 

bars  will  be  permitted  except  as  shown  on  the 
drawings  or  directed  in  writing  by  the  engineer. 
The  steel  bars  shall  have  the  net  sectional 

area  and  be  placed  in  the  exact  positions  indi- 
cated on  the  drawings. 

Unless  otherwise  specified  on  the  drawings 

or  in  writing  by  the  engineer,  ail  reinforcing 
bars  shall  be  of  medium  steel  having  an  elastic 
limit  of  not  less  than  35,000  pounds  per  square 
inch,  and  shall  be  sufficiently  malleable  to 
withstand  bending  cold  with  a  radiiis  equal 
to  twice  the  diameter  or  thickness  of  the  bar 

through    180°    without    fracture. 
When  placed  in  the  concrete,  the  reinforcing 

steel  shall  be  free  from  grease,  dirt,  and  rust, 
and  it  shall  be  the  duty  of  the  contractor  to 
provide   means   for  properly   cleaning   the  steel. 
Thorough  contact  of  the  concrete  with  every 

portion  of  the  surface  of  the  steel  shall  be 
obtained. 

Splicing  Reinforcing  Bars. — I'niess  otherwise 
specified  on  the  drawings  nr  in  writing  by  the 

engineer,  necessary  splices  in  i-einforcing  bars 
shall  be  effected  by  overlapping  the  ends  of  the 
bars  a  distance  eciual  to  forty  times  their  thick- 

ness or  fiiameter. 

Cement    Stone    Masonry. 

Cement  stone  masonry  shall  be  built  in  ac- 
cordance with  the  plans  and  specifications.  The 

price  to  be  paid  for  this  itetn  shall  include  ex- 
cavation, except  rock,  back  filling,  and  all  work 

on  the  same.  No  allowance  will  be  made  for 
coffer  dams,  pumping  or  bailing  or  for  any 
materials  or  labor  necessar.v  on  account  of 
water. 
Cement  stone  masonry  shall  be  built  where 

shown  on  plans.  It  shall  be  laid  up  in  cement 
mortar  composed  of  three  parts  of  clean,  sharp, 

well-graded  sand  and  one  part  of  Portland 
cement,  the  quantities  to  be  determined  by 
measure.  No  mortar  shall  be  allowed  to  be 
used   after   it    has    begun    to   set. 
A  sutTlcicnt  number  of  headers  shall  be  in- 

troduced into  the  construction  to  firmly  and 
securely  tie  and  bond  the  entire  structure  to- 

gether. Fnlly  one-fourth  of  the  stones  shall  be 
headers,  and  each  stone  shall  be  bedded  so  that 
It   will  not  rock   but  will  be  firm  and  .solid.   Tt.e 
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stone  used  for  the  footing  course  shall  be  at 
least  12  ins.  in  thickness.  AJl  exposed  faces 
shall  be  raked  out  to  a  depth  of  2  ins.  and 

neatly  pointed  with  mortar  containing  equal 
parts  of  Portland  cement  and  clean,  sharp  sand. 

Culverts, 

Metal  pipe  and  vitrified  pipe  for  culverts  will 
be  furnished  by  the  Commission  f.  o.  b.  cars 
at  the  nearest  railroad  station.  No  demurrage 

will  be  paid  by  the  Commission.  They  shall 
be  laid  in  a  bed  of  gravel  or  sand  and  covered 

with  the  same  quality  of  material.  Such  "lied and  covering  is  to  be  not  less  than  G  ins.  in 
thickness  around  the  pipe  and  be  free  from 

stones  exceeding  1  in.  in  diameter.  Back  fill- 
ing at  and  around  all  culverts  shall  be  thor- 

oughly tamped  and  left  in  good  condition.  The 

price  to  be  paid  per  linear  foot  for  laying  cul- 
verts shall  cover  all  expense  and  all  work  of 

unloading  from  cars,  delivering  on  road,  all  ex- 
cavation and  preparation  of  bed,  setting  the 

culvert  in  place  and  back  filling  the  trench, 

excepting  that  it  rock  is  encountered  in  exca- 
vation for  culverts  it  shall  be  paid  for  under 

the  item  for  rock  exca\'ation. 
Shoulders. 

A  shoulder  of  selected  earth  or  gravel,  free 

from  vegetable  matter,  extending  to  the  gutters 

or  top  of  slope,  and  conforming  to  the  cross- 
sections  shown  on  plans,  shall  be  made  or  left 
on  each  side  of  the  surface  to  be  paved  or 

metaled.  This  shoulder  shall  be  rolled  accord- 
ing to  the  directions  of  the  engineer. 

Surface    Drainage. 

The  sid  editches  or  gutters  shall  be  built  ac- 
cording to  the  lines,  grades  and  cross-sections 

shown  on  plans  and  shall  have  a  uniform  slope 
with  suitable  side  outlets  to  carry  the  water 

quickly  away  from  the  highway  wherever 
necessar>'.  All  existing  culverts  found  on  the 
line  of  the  work,  crossing  intersecting  roads, 

driveways,  approaches,  or  bar  ways  in  front 
of  any  property  shall  be  examined,  cleaned 
out,  repaired,  extended,  raised  or  lowered  as 
each  particular  case  may  require,  so  as  to  be 
in  harmony  with  and  conform  to  the  grades 
established  for  the  conduct  of  this  work.  Pay- 

ments for  work  in  connection  with  surface 
drainage  shall  be  made  in  accordance  with 
such  items  as  excavation.  laying  or  building 
culverts  or  drains,  and  in  cases  where  pipe 

other  than  metal  culverts  is  required  the  Com- 

mission will  furnish  vitrified  pipe  f.  "O.  b.  cars 
at  the  nearest  railroad  station  and  the  con- 

tractor will  be  paid  in  accordance  with  price 
bid  per  linear  foot  for  laying  metal  culvert  pipe. 

Cobble    Gutters. 

Cobble  gutters  shall  be  constructed  where  in- 
dicated on  the  plans.  The  stones  used  shall  be 

hard,  sound  stone  set  with  the  longest  dimen- 
sions vertically  with  the  large  end  down.  The 

stones  must  be  six  inches  to  nine  inches  in 
size.  The  largest  stones  shall  be  selected  and 
set  along  the  edge  of  the  guttr.  The  cobbles 
shall  be  laid  in  a  bed  of  suitable  sand  or  gravel 
at  least  six  inches  deep  and  of  sufficient  height 
to  allow  for  thorough  ramming.  After  the 

stones  have  been  sufficiently  rammed  the  sur- 
face shall  be  covered  with  sand  and  all  joints 

broomed   full. 

Guard-Rail. 
Guard-rails  shall  be  built  according  to  the 

exact  dimensions  shown  on  detail  plans.  All 
materials  and  labor  shall  be  provided  by  the 
contractor.  They  shall  be  painted  when  dry 

with  two  coats  of  white  paint  of  a  brand  ap- 
proved   by    the    engineer. 

Side- Underd  rains. 

-■fide-underdrains  will  be  located  by  the  engi- 
neer wherever  considered  necessary  and  shall 

be  built  according  to  detail  plans.  Each  joint 
shall  be  wrapped  with  a  strip  of  burlap  4  ins. 

wide.  The  contractor  shall  furnish  all  mate- 
rials and  labor  for  the  same,  and  will  be  paid 

per   linear   foot   of   drain    complete. 
SPECIFICATIONS     FOR     GRAVEL     ROAD. 
Gravel  shall  be  furnished  by  the  contractor 

from  banks  approved  by  the  engineer  and  shall 
he  of  a  quality  satisfactory  to  the  engineer.  In 

general  it  shall  consist  of  hard,  sound,  dura- 
ble stones  of  various  sizes,  ranging  from  pea 

stone  to  a  maximum  size  of  3>,i  ins.  The  qual- 
ity of  the  binding  material  shall  be  determined 

by  the  engineer.  The  amount  of  binder  con- 

tained in  the  gravel  shall  be  not  less  than  1.") 
per  cent  nor  more  than  25  per  cent  and  in 
case  the  fine  material  which  occurs  in  the  bank 
is  deficient  or  is  not  suitable  as  a  binder  the 
contractor  will  furnish  suitable  material  and 

spread  a  layer  of  such  material  on  each  course, 
mixing  and  rolling  the  same,  as  directed  by  the 
engineer  until  it  is  thoroughly  bonded.  Gravel 
shall  be  spread  in  either  two  or  three  courses. 
The  roller  shall  weigh  at  least  ten  tons.  Any 

depressions  shall  be  filled  and  compacted,  at 
the  time  they  appear,  with  the  same  material 

which   is  being  used. 
Two-Course    Road. 

Whenever  the  smaller  sizes  of  stone  predom- 
inate,  the  bottom  course  shall  have  a  thickness 

of  4  ins.  after  rolling.  This  course  shall  be 
bonded  with  fine  material  before  the  second 

course  is  apphed.  The  second,  or  top  course 
shall  be  similar  to  the  bottom  course  and  shall 
have  the  same  thickness.  It  shall  be  bonded 
with  fine  material  until  a  firm,  hard,  smooth 
surface  is  produced.  The  rolling  of  each  course 
shall  be  done  while  the  gravel  is  wet,  using  a 
sprinkler  if  so  ordered  by  the  engineer. 

Three-Course     Road. 

Whenever  the  larger  sizes  of  stone  predom- 
inate the  bottom  course  shall  have  a  thickness 

of  3  ins.  after  rolling.  The  second  course  shall 
be  of  the  same  kind  of  mateilal  and  of  the 
same  thickness.  The  top  course  shall  have  a 
thickness  of  2  ins.  after  rolling  and  contain  stone 
not  larger  than  Hi  ins.  in  size.  Each  course 
shall  be  thoroughly  bonded  with  fine  material 
by  mixing,  rolling  and  sprinkling  until  a  firm, 
hard,  smooth  surface  is  produced. 

Spreading. 

Spreading  wagons  may  be  used  when  ap- 
proved by  the  engineer.  When  dump  carts  are 

used  t..e  gravel  shall  be  dumped  upon  plat- 
forms or  upon  the  ground  on  the  sides  and  then 

spread  uniformly  over  the  surface  to  be  built. 
It  may  be  also  spread  with  shovels  from  the 
carts.  The  contractor  shall  deposit  where  di- 

rected by  the  engineer,  along  or  near  the  edge 

of  the  road,  in  piles  neatly  formed  and  approxi- 
mately 500  ft.  apart  5  cu.  yds.  of  gravel  for  use 

in  maintenance  of  the  road.  Gravel  surface 
when  finished  shall  conform  to  the  lines  and 

grades  given  by  the  engineer  in  accordance  with 
plans  and  specifications.  Xo  allowance  will  be 
made  for  material  which  may  be  driven  into  the 
subgrade  by   rolling. 

Payment  for  gravel  road  will  be  made  per  cubic 
yard  compacted  into  place  in  accordance  with 
the   thickness  specified   on  plans. 
Gravel  for  maintenance  shall  be  paid  for  at 

the  price  bid  per  cubic  yard,  but  measured  in 
the  wagon  at  point  of  delivery  on  the  road. 

PERSONNEL. 

The  personnel  of  the  present  cominission 

is  as  follows :  Lyman  H.  Nelson,  chair- 
man, Portland,  Me.;  Philip  J.  Deering. 

Portland.  Me. ;  William  M.  Aver,  Oakland. 
Me.,  commissioners.  Paul  D.  Sargent,  chief 

engineer,  Augusta,  Me.:  Parker  L.  Hardison, 
assistant  engineer  in  charge  of  state  aid, 

.Augusta,  Me.  We  are  indebted  to  Paul  D. 
Sargeant.  chief  engineer,  for  the  data  from 
which  this  article  was  prepared. 
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MATET^IALS 
A  New  Portable  Hoist  for  Mines,  Con- 

tract  Work  and   General   Light 
Service. 

(Contributed.) 

A  new  type  of  hoist  has  been  placed  upon 

the  market  by  the  IngersoU-Rand  Co..  New 
York  City.  It  is  intended  for  light  lifting 
work,  having  a  capacity  up  to  half  a  ton  and, 
due  to  its  light  weight,  which  is  under  300 
lbs.  complete,  it  is  particularly  suitable  for 

use  as  a  portable  hoist  for  mines,  for  con- 
tract work,  for  manufacturing  plants,  for 

power  bouses  and  in  railroad  shops  and  ship 
yards.  It  is  being  used  in  structural  work  for 
raising  and  lowering  materials  and  tools,  tor 

placing  concrete  forms,  steel  beams  and  col- 
umns, and  for  shifting  light  machinery.  Con- 

tractors also  find  it  suitable  for  laying  heavy 

waler  pipe,  sewer  tile  and  for  the  other  op- 
erations of  trench  and  tunnel  work.  It  is  par- 
ticularly handy  for  moving  dump  cars  over  a 

limited  distance. 

The  main  base  of  the  hoist  is  arranged  so 
that  it  can  be  bolted  to  a  timber  and  by  means 

of  a  cap  which  comes  with  the  hoist  it  can  be 

clamped  to  a  circular  member,  as  a  mine  col- 
umn or  arm,  shaft  bar,  or  pipe.     The  adjust- 

ment can  be  made  quickly.  The  dimensions 
of  the  hoist  are  21'/xxl6y2  ins.  and  the  height 
is  '20%  ins.  The  drum  is  0  ins.  in  diameter 
with  a  space  of  7  ins.  between  flanges.  This 

will  accommodate  a  length  of  TOO  ft.  of  'A- 
in.  rope  or  4.50  ft.  of  o/16-in.   rope.     The  ca- 

Air  Operated   Hoist  for  Construction   Work. 

pacity  is  1,000  lbs.  at  a  rope  speed  of  8-j  ft. 
|)er  minute  and  a  pressure  of  80  lbs.  It  op- 

erates with  either  compressed  air  or  steam. 

The  motor  or  engine  is  of  the  reversible 

square  piston  type,  giving  four  impulses  per 
revolution  of  the  engine.  There  are  no  dead 

centers.  The  drum  is  mounted  independent 

of  ihe  engine  shaft  and  is  operated  through 
tlic  medium  of  a  clutch  and  gears.  Safety  is 

l)rovided  for  by  a  powerful  worm-operated 

l)and  brake  lined  with  "Raybestos." 
Referring  to  the  illustration  showing  the 

front  view  of  the  "Little  Tugger"  hoist,  the 
engine  is  on  the  right-hand  side,  the  gear 
case  is  on  the  left-hand  side  and  between  the 
two  are  the  brake  and  drum.  Tlie  lever  on 
the  left  controls  the  gears  and  clutch,  the  one 

on  the  right  controls  the  direction  of  opera- 
t'lm  and  the  bottom  lever  operates  the  brake. 

The  speed  of  hoisting  is  entirely  at  the  will 

of  the  operator.  When  he  releases  the  throt- 
tle it  returns  automatically  to  central  position 

shutting  off  the  power  and  stopping  the  hoist. 
Oftentimes  the  hoist  will  be  used  for  haulage 

purposes  and  the  release  feature  enables  one 
man  to  handle  this  class  of  work.  He  can 
leave  the  control  lever  and  carry  the  rope  to 
the   car.     Hoists  without  this  feature   require 
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two  men,  inasmuch  as  the  rope  has  to  be  re- 
leased under  power. 

There  are  no  moving  parts  exposed  except 
the  drum,  all  gears  and  shafts  being  covered. 
This  is  an  especially  desirable  feature  for 
underground  operation  where  the  light  is  none 
too  good  and  where  there  is  constant  danger 

The  Equitable  Asphalt  Mixing  Plant. 
.\n  asplialt  mixing  jilant  composed  of  units 

easily  moved  and  quickly  set  up  for  opera- 
tion has  been  developed  by  the  Equitable  As- 

phalt Maintenance  Co.,  Commerce  Building, 
Kansas  City,  Mo.  The  plant  comprises  the 
following   units:     A    drum    asphalt    mixer    on 

— ̂ ^ 

Equitable    Asphalt    Plant    in    Operation. 

of  workmen's  clothes  or  bodies  getting  caught 
in    machinery. 

An  Improved  Manhole  Cover. 
The  manhole  cover  illustrated  herewith  is 

designed  to  prevent  the  rattling  and  accidental 
removal  by  the  wheels  of  passing  vehicles 
sometimes  noted  in  the  use  of  manliole  covers 
of  the  ordinary  type.  The  wedges  shown  in 
the  accompanying  illustration  of  the  cover  do 
the  work  of  tightening  the  cover.  It  is  claimed 
that   the   action   of    frost   does   not   bind   this 

The  D.  &.  D.  Safety  Manhole  Cover. 

•cover  so  that  its  removal  is  .  made  difficult. 
This  claim  is  reinforced  by  the  statement 
that  covers  of  this  type  have  been  used  for 
the  past  two  winters  in  St.  Paul  without  trou- 

ble from  binding  due  to  frost.  They  are  guar- 
anteed to  be  easy  to  take  up  in  frosty  weather. 

Covers  of  this  type  are  used  for  sewer  man- 
holes, coal  hole  covers,  water  caps  and  similar 

purposes.  These  covers  are  manufactured  and 
sold  by  the  D.  &  D.  Safety  Cover  Co.  of  242.3 
University  Ave.,   St.  Paul,  Minn. 

which  is  mounted  a  hopper  and  bucket  ele- 
vator and  oil  burning  air  heater ;  an  oil  tank ; 

a  portable  steam  boiler ;  a  melting  kettle ;  and 
a  measuring  tank.  The  various  units  of  the 
plant  are  clearly  shown  in  the  illustration. 

The  mixer  proper  ha.s  an  8- ft.  steel  drying, 
melting  and  mixing  drum  mounted  on  a  frame 
made  up  of  steel  channels,  in  turn,  mounted 
on  wheels  for  use  in  transportation.  The 
drum  is  supported  upon  four  heavy  cast 
chilled  trunnion  wheels  with  steel  shafts 
turning  in  babbitted  bearings,  and  is  rotated 
by  gearing  directly  connected  with  a  vertical 
steam  engine.  The  air  heater  is  lined  witl 
fire  brick  and  provided  witli  cast  iron  doors 

and  a  steam  spraying  oil  burner.  The  eleva- 
tor buckets  are  of  malleable  iron  and  ai 

driven  by  a  sprocket  chain  and  wheel.  Th 
hopper  is  of  sufficient  size  to  hold  an  entire 
batch  and  is  provided  with  a  suitable  valve 
for  charging  material  into  the  drying  and 
mixing  drum. 

The  oil  tank  is  of  sheet  steel  and  has  a  ca- 
pacity of  200  gals.  The  steam  boiler  is  of  the 

wheel-mounted,  locomotive  firebox  type  of 
40  IIP.  A  20-HP.  vertical,  center  crank 
steam  engine  is  mounted  on  the  mi.xer.  The 
melting  kettle  of  800  gals,  capacity  is  port- 

able, mounted  on  iron  wheels  and  steel  axles 

.md  has  a  brick-lined  furnace,  hinged  smoke- 
stack and  a  hoisting  crane.  The  measuring 

tank  is  steam  jacketed  and  has  sufficient  ca- 
pacity  for  one  entire  batch. 

In  operation  the  materials  comprising  tlic 
mixture  are  charged  into  the  drum  in  a  wet 
or  dry  state  in  their  proper  proportions,  then 
a  blast  of  hot  air  without  flame  from  an  oil 
burning  air  heating  furnace  is  passed  thrmigh 
the  drying  and  mixing  drum,  which  in  re- 

volving causes  the  materials  to  be  cascaded 
through  the  large  volume  of  hot  air,  until  the 
moisture  is  .driven  from  the  sand  or  stone,  at 
the  same  time  causing  the  asphalt  to  melt 
and  adhere  to  the  mineral  aggregate,  requir- 

ing about  15  minutes  to  produce  a  perfect 
mixture.  The  rated  capacity  of  the  plant  is 
800  sq.  yds.  of  2-in.  asphaltic  surfacing  in  a day. 

It    is    claimed    this    plant    will    successfully 

heat  and  remix  old  asphalt  and  that  no 
changes  are  required  in  the  plant  in  varying 
the  proportions  of  the  asphaltic  mixture.  The 
drum  is  easily  cleaned  by  operating  the  plant 
empty  for  a  few  minutes. 
The  weights  and  dimensions  of  the  plant 

are  as  follows :  Total  weight  of  8  ft.  drum 
plant,  32,000  lbs.;  length  over  all,  18  ft.; 
height  over  all,  20  ft. ;  height  for  moving,  15 
ft.  8  ins. ;  total  width,  12  ft.  8  ins. 

Welding   Malleable  Castings  with  the 

Oxy-Acetylene  Torch. 
A  method  of  performing  the  difficult  process 

of  welding  malleable  castings  has  been  devel- 
oped by  the  Vulcan  Process  Co.,  Minneapolis, 

Minn.  The  process  is  described  .as  follows : 

In  preparing  the  work  for  mending,  the  frac- 
ture is  chipped  away  in  the  form  of  a  V 

groove  with  the.  pointed  bottom  just  coming 
to  the  surface  on  the  opposite  side,  or,  if  the 

casting  is  thick  and  the  opposite  side  acces- 
sible, two  grooves  are  cut  with  their  pointed 

bottoms  meeting  in  the  center.  The  part  sur- 
rounding the  fracture  is  then  heated  with  an 

oxy-acetylene  torch  to  a  bright  red,  and 

sprinkled  with  N'ulcan  bronze  flux  followed 
bv  a  few  drops  of  Tobin  bronze  melted  from 
the  welding  rod.  If  the  bronze  remains  in 
a  little  globule  the  work  is  not  hot  enough, 
but  if  it  spreads  and  adheres  to  the  surface, 
the  temperature  is  right,  and  the  groove 
should  be  quickly  filled.  It  is  not  advisable 
to  keep  the  work  hot  any  longer  than  is 
necessary,  but  to  make  the  mend  as  quickly 
and  at  as  low  a  temperature  as  possible.  The 
behavior  of  the  bronze  affords  a  guide  in 

regulating  the  temperature.  This  process 
i-annot  be  called  autogeneous  welding,  but  a 
malleable  casting  mended  in  this  way  is  prac- 

tically as  good  as  one  piece.  It  has  about  the 
same'  tensile  strength  and  ductility  as  the 
original  and  the  process  has  the  advantage  of 
being  very  quickly  performed. 

A    Waterproofed    Concrete    Fountain. 
A  test  of  integral  waterproofing  planned  for 

the  Panama-Pacific  Exposition  is  illustrated. 
The  water  jets  in  a  spray  from  the  ornament 
at  the  top  of  the  dome,  spreads  over  and 
flows  down  the  dome  and  is  collected  in  a 
concealed  gutter  around  its  edge,  whence  it 
flows  down  the  hollow  columns  supporting 
the  dome.  The  entire  structure  is  concrete 

waterproofed  with  Ceresit  made  by  the  Cere- 

Waterproofed   Concrete   Fountain. 

sit      Waterproofing      Co., 
Building,    Chicago,    111. 

935     Westminster 

Commission  Government  for  Frankfort, 

Ky.,  and  Wheeling,  W.  Va. — Two  of  the 
latest  cities  to  take  steps  for  the  adoption  of 
the  Commission  form  of  Municipal  Govern- 

ment at  Frankfort,  Ky.,  and  Wheeling,  W.  Va. 
In  the  first  mentioned  petitions  have  been  filed 
for  a  vote  on  the  question  at  the  November 
election.  .\t  Wheeling  a  committee  is  now 
drafting  a  charter  which  will  be  submitted  to 
the  next  session  of  the  State  Legislature, 
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War    in    Europe    Will    Not    Seriously 
Retard   Prosecution   of  American 

Municipal  Improvements. 
Municipal  improvement  work  should,  from 

evidence  collected  by  Engineering  and  Con- 
TRAcriNGj  be  ordinarily  active  during  the  year 
to  come.  Of  150  cites  whose  mayors  have 
replied  to  the  inquiry  of  this  joHmal  respect- 

ing possible  curtailment  of  city  improvements 
due  to  war  condition's, 

3%  are    expecting    that    construction    work 
will  be  decreased,  but  solely  because  of 
local  conditions. 

19%  are  having  or  expect  to  have  difficulty 
in   disposing  of   improvement   bonds. 

63%  think    that    European    conditions    will 
have  no  effect  upon  municipal  work. 

5%  have    already    financed    all    work    pro- 
posed  for  the  coming  year. 

10%  expect    to    do    even    more    work    than 
usual. 

Taken    only   at    their    face    value   these    fig- 
ures are  highly  encouraging.     We  believe  that 

a  premium  may  safely  be  placed  on  their  face 
value. 

The  normal  city  can,  we  think,  well  afford 
to  put  forth  extra  effort  to  secure  at  this 
time  means  for  constructing  public  works  to 
an  amount  beyond  the  normal.  One  reason 
is  that  by  increasing  public  works,  employ- 

ment will  be  afforded  to  any  who  may  because 
of  business  depression  in  the  industries  be 
otherwise  idle — consumers  but  not  producers. 
A  more  purely  business  reason  is  that  in  so 
far  as  war  conditions  curtail  industrial  ac- 

tivities they  cheapen  labor  and  materials.  The 
city  can  do  more  work  for  the  same  money 
than  under  normal  higher  wages  and  prices. 
The  mayor  of  an  important  eastern  city  states 
the  conditions  tersely  as  follows :  "Municipal 
undertakings  are  being  continued,  and  others 
planned  for,  with  the  same  alacrity  as  in  the 
time  when  universal  peace  existed.  Labor 
can  be  employed  at  a  decreased  wage  scale 
and  this,  in  conjunction  with  other  conditions 
now  existing,  makes  possible  the  consumma- 

tion of  municipal  undertakings  at  a  cost  15 
to  20  per  cent  less  than  could  be  expected  dur- 

ing prosperous  times."  A  final  reason  is  that 
it  is  the  duty  of  society  in  its  organized  units 
for  co-operative  action — the  city,  the  state  or 
the  nation — to  bulwark  the  individual  with 
confidence  by  unabated  vigor  in  prosecuting 
the  normal  activities  of  the  unit. 

.About  thirty  of  the  cities  which  report 
on  their  planned  improvements,  doubt  their 
ability  to  secure  means  with  which  to  pay 
for  the  work  and  therefore  their  ability  to 
undertake  this  work.  That  this  doubt  is  to 
a  large  degree  unwarranted  in  any  city  whose 
credit  is  not  for  other  reasons  than  European 
war  conditions  seriously  impaired,  is  demon- 

strated by  the  reports  received  from  the  120 
cities  that  have  realized  or  confidently  expect 
to  realize  on  their  credit.  Those  cities  that 
record  failure  to  market  bonds  have  in  most 
cases  gone  no  further  than  the  bond  houses 
for  their  market.  When  conditions  are  nor- 

mal this  is  far  enough,  but  under  exceptional 
conditions  of  war  and  interrupted  commerce 
the  city  that  goes  no  further  deserves  little 
credit    for   its   enterprise   or   courage. 
With  good  credit  there  can  be  developed 

a  market  for  city  bonds  within  the  city  itself. 
Five  cities  reporting,  one  in  Ohio,  one  in 
Illinois  ;ind  three  in  Kansas,  report  a  cer- 

tain market  for  their  bonds  among  their  own 
citizens.  There  are  a  score  of  other  cities 
ranging  in  size  from  Chicago,  111.,  which 
within  a  year  has  marketed  a  million  or  two 
in  bonds  by  direct  sale  without  special  effort, 

to  Independence,  Kans..  wdiich  reports  a  wait- 
ing list  of  citizen  buyers  on  file  at  the  City 

Hall,  which  are  successfully  selling  bonds 
"over   the   counter." 
There  are  fewer  investments  more  safe 

than  city  bonds  for  public  improvements. 
Many  of  them  are  secured  by  special  assess- 

ment, all  are  secured  by  wide  taxing  powers 
and  all  ensured  by  limited  powers  of  the  city 
to  borrow  against  its  assessed  valuation.  Co- 
incidentally  there  is  no  more  desirable  mar- 

ket for  a  city's  bonds  than  the  investing  citi- 
zenship of  that  city.  The  interest  paid  be- 

comes a  part  of  the  local  income,  the  citizen 
purchaser  is  given  a  vital  interest  in  the 

financial  management  of  the  city,  the  city's 
financial  directors  are  face  to  face  every  day 
with  their  neighbors  and  business  associates 
whose  money  the  city  has  borrowed  or  seeks 
to  borrow.  All  these  things  are  forces  to- 

ward  conservative   and   honest   financing. 
The  measures  to  be  taken  by  cities  for 

marketing  their  bonds  locally  are  two :  Bonds 
of  small  denomination,  as  $50,  $100  and  $500 
are  required  to  attract  the  small  in- 

vestor. Even  where  a  man's  savings  are 
enough  to  purchase  a  $1,000  bond  he  prefers 
to  buy  with  the  amount  a  number  of  bonds 
of  smaller  value  because  this  permits  him 
more  easily  to  cash  in  a  portion  or  the  whole 
of  his  securities  when  an  emergency  need 
arises.  Second,  the  city  must  make  known 
the  securities  it  has  to  offer  and  adopt  meth- 

ods to  encourage  purchasers.  Very  few  cities 
which  attempt  the  direct  sale  of  bonds  seek 
a  market  as  do  the  bond  houses.  For  exam- 

ple, the  writer  receives  periodically  from  bond 
houses  in  his  home  city  descriptions  of  the 

securities  they  have  for  sale  with  "statements of  the  financial  standing  of  the  borrowers. 
But  the  writer  knows  only  through  an  occa- 

sional financial  news  item  in  the  daily  papers 
that  the  city  itself  ha?  bonds  to  sell  or  of 
what  kind  and  for  what  purpose  these  bonds 
are.  In  normal  times  there  is  perhaps  no 
need  for  the  city  to  seek  bond  purchasers  as 
do  the  bond  houses,  but  in  abnormal  times 
a  wisely  conducted  campaign  for  customers  • 
may  be  a  necessity  and  no  city  should  feel 
satisfied,  until  it  has  tried  and  failed  so  to 
market  its  bonds,  to  discontinue  needed  im- 

provements. 

The  Segregation  and  Analysis  of  Local 
Traff.c:    A    Neglected    Factor    in 

Traffic  Recording  on  Country 
Roads. 

In  the  early  stages  of  the  development  of 
modern  highway  economics  the  accurate  de- 

termination of  the  character  and  extent  of  the 
trafiic  on  typical  roads  of  different  localities  is 
perhaps  all  that  can  be  expected.  By  this 
means  a  measure  by  which  the  relative  wear- 

ing qualities  of  different  road  surfaces  may 
be  determined  will  be  established.  And,  in- 

deed, even  the  approximate  determination  of 
the  amount  of  traffic  different  road  surfaces 
will  carry  economically  is  a  factor  well  worth 
establishing   at   any   reasonable    cost. 
The  ordinary  method  of  taking  a  traffic 

census  consists  in  stationing  observers  at  in- 
tervals along;  the  road  and  noting  carefully 

the  type  and  number  of  vehicles  passing  the 

stations.  F'rom  data  obtained  in  this  fashion 
"tonnage  per  yard  wide"  and  various  other 
units  of  measure  have  been  derived.  The  traf- 

fic census  is  well  enough  as  far  as  it  goes,  but 
it  does  not  go  far  enough. 
A  classification  of  traffic  generally  accepted 

by  students  of  transportation  problems  con- 
sists    of     a     division     into     two    tvpes :     (1) 283 

through  traffic  and  (2)  local  traffic.  The  for- 
mer is  variable  and  difficult  to  estimate,  but 

the  latter  may  be  determined  with  a  fair  de- 
gree of  accuracy,  especially  with  reference 

to  heavy  loads.  Determining  one  element 
makes  easier  the  determination  of  the  other. 
In  the  past,  estimates  of  the  probable  amount 
of  local  traffic  have  been  neglected,  or,  in 
many  cases,  all  traffic  has  been  assumed  as  lo- 

cal—a condition  which  is  true  on  very  few main  roads. 

For  purposes  of  economic  road  design  it  is 
necessary  to  know  the  amount  and  type  of 
present  traffic  and  to  have  some  conception  of 
the  probable  future  traffic  after  the  road  is 
improved.  The  point  most  worthy  of  em- 

phasis is  that  by  dividing  present  traffic  into 
its  two  parts  and  determining  the  maximum 
present  tonnage  of  local  traffic  and  its  possi- 

ble Auctuations,  a  rational  basis  for  the  de- 
sign of  the  road  surface  may  be  established. 

M  least  one  element  of  chance  is  eliminated. 
To  secure  these  data  more  than  a  mere  cen- 

sus is  required.  A  traffic  analysis  with  regard  to 
origin  is  necessary,  the  logical  subdivision  of 
which  into  two  parts  would  consist  of,  (1) 
traffic  from  a  distance,  and  (2)  traffic  orig- 

inating in  territory  tributary  to  the  road. 
Through  traffic  is  subject  to  wide  seasonal 

fluctuations  both  as  to  the  number  of  vehicles 
and  the  character  of  the  loads  they  contain. 
A  traffic  census  must,  therefore,  be  so  taken 
that  these  fluctuations  will  be  considered. 

-Average  values  are  satisfactory  for  determin- 
ing wear  but  ma.xim.um  values  are  also  quite 

important  in  determining  width  and  align- 
ment. These  considerations  apply  not  only  to 

pleasure  traffic  but  to  goods  hauling.  An  in- 
teresting example  of  the  variation  in  traffic  re- 

sulting from  the  hauling  of  farm  produce  is 
found  in  the  marketing  of  tobacco.  This  crop 
is  usually  sold  at  auctions  held  in  warehouses 
located  in  the  various  county  seats  throughout 

the  tobacco  growing  regions.  .-\n  increase  in 
the  prices  paid  at  a  warehouse  may  result  in 
turning  the  traffic  from  several  surrounding 
counties  toward  that  warehouse.  .-Ks  a  rule 
an  empty  return  haul  is  avoided  by  the  farm- 

er, resulting  in  increased  business  for  the  mer- 
chants in  the  town  at  which  the  tobacco  was 

sold.  The  same  rule  holds  with  many  other 
farm  crops. 

The  determination  of  the  maximum  possible 
tonnage  of  local  traffic  is  a  perfectly  feasible 
project  within  certain  limits.  In  the  words 

of  A.  M.  Wellington,  it  is  possible  "to  bring 
reasonably  near  each  other  the  maximum  and 

minimum  probabilities — 'the  limits  of  error in  either  direction,  somewhere  within  which 
lies  the  truth  and  anywhere  outside  of  which 

lies  a  certainty  of  error.'"  Studies  instituted with  this  end  in  view  must  contemplate  the 

securing  of  data  concerning  the  type  and  quan- 
tity of  farm  products  raised  within  the  tribu- 
tary area,  the  percentage  of  these  hauled,  the 

types  and  extent  of  specialized'  farm  industries, i.  e.,  dairying,  truck  growing,  etc.,  the  seasonal 
distribution  of  marketing  periods  for  differ- 

ent crops  and  the  rapidity  of  marketing,  the 
character  and  tonnage  of  loads  hauled  into 
farming  regions  from  neighboring  towns,  the 
ratio  of  pleasure  traffic  to  heavy  hauling,  the 
location  of  churches,  school  houses  and  public 

gathering  places,  and  the  traffic  facilities  af- 
forded by  branch  roads  leading  into  main  thor- 

oughfares. The  subject  of  traffic  analysis  is  too  broad 
to  discuss  fully  here,  nor  do  data  on  which 
to  base  such  a  discussion  exist.  The  possi- 

bilities of  the  subject  and  unexplored  nature 
of  the  field  should  challenge  the  thoughtful 
engineer  to  efforts  toward  the  investigation 

of  its   features-. 
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The  Engineer's  Reading  and  Study. 
It  is  sometimes  charged  that  the  young 

graduate  feels  that  his  studies  were  completed 
just  prior  to  his  graduation  and  tliat  he  con- 

siders himself  ready  to  practice  his  profes- 
sion indcfmitcly  without  further  study.  While 

many  engineers  proceed  as  if  they  held  this 
view,  and  some  doubtless  do  hold  it,  observa- 

tion indicates  that  the  majority  of  engineers 
who  do  not  remain  students  after  the  col- 

legiate period  fully  appreciate  the  importance 
of  further  study,  but  are  at  a  loss  to  know 
how  to  proceed.  The  engineer  has  learned 
to  apply  himself  to  study  while  in  college,  of 
course,  but  on  graduation  he  is  confronted 
with  two  great  obstacles  to  furtlicr  study,  the 
one  real,  the  other  largely  imaginary.  In  the 
first  place,  his  outlook  has  become  so  broad 
that  he  sees  many  things  he  would  like  to 
study,  but  finds  it  difficult  to  separate  the  es- 

sentials from  the  nonessentials.  He  finds 
such  a  wealth  of  books  of  potential  interest 
that  he  is  quite  overwhelmed  and  does  not 
know  where  to  begin.  Without  advice,  there- 

fore, he  dislikes  to  sacrifice  his  time  in  the 
hunt  for  really  good  and  useful  books  and 
quite  often  in  despair  gives  up  the  thought 
of  further  reading  and  study.  In  the  second 
place,  he  is  very  prone  to  argue  and  to  con- 

vince himself  that  he  hasn't  the  time  to  read. 
The  first  difficulty  named  is  the  greater, 

but  it  is  by  no  means  insurmountable.  Those 
who  do  read,  and  there  are  many  such,  must 
discover  the  really  good  and  helpful  books. 
and  they  should  make  known  the  results  of 
their  exploratory  tours  into  tlie  realm  of  lit- 

erature. The  engineering  specialist  who  lias 
always  been  studious  should  make  known  the 
titles  of  the  books  which  he  has  found  of 
greatest  help,  whether  such  help  be  direct  or 
indirect.  Books  of  direct  utilitv  are  more 

easily  selected  than  those  of  indirect  assist- 
ance,  in   the  nature   of   things,   but   the   latter 

are  of  equal  importance.  To  illustrate,  cer- 
tain works  on  logic,  economics,  etc.,  would 

doubtless  be  of  value  to  the  engineer  if  he 
but  knew  the  ones  to  read.  Clearly  here  is  a 
case  in  which  the  old  should  advise  the  young. 
The  experienced  and  successful  man  should 
list  the  books  which  have  done  him  the  most 
good  and  should  give  publicity  to  his  findings 
in  this  field.  This  might  be  done  through 

the  medium  of  journals,  in  addresses  to  stu- 
dents, letters  to  professors,  or  by  any  other 

equally  convenient  and  efficacious  method.  It 
would  be  a  splendid  idea  for  engineering  pro- 

fessors to  recommend  an  extended  course  in 
reading  for  the  guidance  of  those  industrious 
ones  who  desire  to  continue  their  studies  after 

graduation. 
It  is  more  difficult  to  suggest  a  plan  to  solve 

the  difficulty  of  the  man  who  lacks  the  time 
to  read,  and  it  can  here  be  attempted  in  only 

general  tertns.  In  the  first  place,  "the  lack 
of  time"  to  read  is  often  merely  an  euphemis- 

tic wav  of  expressing  a  disinclination  to  read. 
This  type  of  time  lacking  is  a  state  of  mind. 

The  man  who  really  lielieves  that  he  hasn't time  to  read  will  find  time  when  he  becomes 
convinced  of  the  importance  of  reading. 

The  importance  of  reading  can  scarcely  be 
overestimated.  This  refers,  of  course,  to  the 
man  who  aspires  to  positions  involving  duties 
which  are  not  purely  routine.  The  willingness 

to  read  is  always  an  attribute  of  the  success- 
ful engineer,  and  his  success  rests  largely 

upon  this  studious  habit.  We  here  quote  from 
the  recent  writings  of  such  an  engineer  with 
reference    to    this    subject: 

The  engineer  must  he  a  close  student  of  the 
.irt  all  of  his  professional  life.  So  soon  as  he 
begins  to  relax  his  attention  in  this  direction, 
so  soon  does  he  begin  to  drop  back  and  be  in 
danger  of  being  superseded.  No  matter  how 
busy  he  may  be,  or  with  what  great  responsi- 

bilities he  may  be  charged,  he  cannot  afford  for 

one  instant  to  relax  his  study  time.  New  meth- 
ods must  be  investigated  where  they  have  prom- 

ise. The  literature  of  his  specialty  should  all 
pass  under  his  eye.  at  least  to  the  extent  that 
he  catches  the  meaning  and  purport  of  every 

important  article,  paper  or  book  pi'esented  dur- ing the  year. 

As  far  back  as  in  the  times  of  King  Solo- 
mon some  men  were  taught  to  divide  their 

time.  The  man  who  drives  and  is  not  driven 

bv  his  work  must  so  plan  it  as  to  leave  suffi- 
cient time  for  reading  and  study.  It  has  been 

truly  said  that  the  man  who  declares  he  has 
no  time  to  read  is  unconsciously  advertising 

his  slavery  to  detail  and  his  arrested  develop- 
ment. 

Electrolysis  Mitigation  and  Engineer- 

ing Mediation. 
The  Bureau  of  Standards  has  performed  a 

valuable  service  by  its  exhaustive  field  and 
laboratory  studies  of  the  effects  of  electrolytic 
action  on  underground  structures,  and  by  its 
studies  of  practicable  measures  of  mitigation. 
We  publish  in  this  issue  an  account  of  the. 

Bureau's  investigations.  The  article  merits 
study  by  engineers  connected  with  pipe  and 
cable  ownmg  utilities  and  by  electric  railway 

engineers.  Many  of  the  specific  conclusions  re- 
corded are  of  technical  and  economic  signifi- 
cance. A  more  important  feature  of  the  Bu- 

reau's work,  to  which  special  attention  is  here 
directed,  is  the  building  up  of  a  spirit  of  co- 

operation between  the  engineers  who  represent 
the  utilities  whose  interests  clash  due  to  the 
destructive  efTects  of  electrolysis.  This  task 
of  mediation  could  perhaps  have  been  per- 

formed so  well  by  no  other  agency.  The  fact 
that  it  has  been  successfully  performed  by 
the  Bureau  of  Standards  in  at  least  two  cases 

may,  we  trust,  establish  a  precedent  that  will 
be  frequently  followed. 

)\IMHM'\\',  AMD  IRRIGATIOM The   Hydraulics   of   Irrigation,    Drain- 
age, and  Other  Channels. 

Contrlbuli'd    liy    Louis    .Srhmei-r,    San    Fernando, 
California. 

The  fundamentals  of  our  present  day  science 
of  hydraulics  are  based  on  the  laws  of  bodies 
falling  free,  first  investigated  by  Galileo  (151)4- 
U)V2)  and  first  mathematically  expressed  by 
his  disciple,  Torricelli  ( 1008-l(J8l).  While  Tor- 
ricclli  and  his  contemporaries  occupied  them- 

selves chicHy  with  the  hydraulics  of  orifices, 
later  investigators  like  Mariottc  studied  the 
phenomenon  of  the  motion  of  fluids  in  con- 

duits and  discovered  the  influence  of  the  fric- 
tional  resistance  of  the  walls  of  a  channel 
on  the  speed  of  flow.  Brahms  in  Germany  and 
Chezy  in  France  found  the  frictional  resist- 

ance to  be  proportional  to  the  wetted  circum- 
ference of  a  channel  divided  by  its  cross-sec- 

tion, a  factor  since  called  the  mean  depth  or 
the  mean  hydraulic  radius  and  denoted  by  R. 
This  discovery  led  Chezy  to  write  the  fornuila 
(177G)    

y  =  C\/RS 
in  which  K  =  the  mean  velocity  of  flow, 

•^  =  the  slope  of  the  surface  of  the 
water  in  the  channel, 

C^a  coefficient  of  velocity. 
Chezy  and  his  immediate  followers  assumed 

this  coefficient  to  be  a  constant;  it  is  now  how- 
ever known  to  be  very  variable  and  the  de- 

termination of  its  variations  is  the  chief  ob- 
ject of  present  day  investigations.  Since 

Chezy's  time  several  thousand  more  or  less 
reliable  gagings  of  flow  in  channels  of  all 
descriptions  have-  been  recorded.  The  most 
noteworthy  work  in  this  line  was  accomplished 
by  Darcy,  chief  engineer  of  roads  and  bridges 
in  France  and  by  Bazin,  his  successor.  The  re- 

sults of  their  investigations  are  embodied  in 

the  classical  works,  "Mouvement  de  I'eau  dans 
les  Tuyaux"  and  "Recherches  Hydrauliques." 

The  fo'-mer  treats  of  flow  in  conduits, under 
pressure,  the  latter  is  an  inexhaustible  mine  of 
the  tnost  precise  information  on  many  phases 
of  flow  in  semi-circular,  rectangular  and  trap- 

ezoidal open  conduits.  The  simple  formulas 
proposed  by  Darcey  and  Bazin,  based  chiefly 
on  a  graphical  analysis  of  the  data  contained 

in  "Recherches  Hydrauliques"  were  formerly 
much  in  favor,  but  have  in  recent  times  been 
superseded  by  an  equation  elaborated  by  two 
ingenious  Swiss  engineers,  Ganguillet  antl  Kut- 
ter. 
An  analysis  of  values  of  the  coefficient  C 

reveals  the  fact  that  it  varies:  (1)  With  the 
mean  hydraulic  radius  of  the  conduit,  (2) 
with  the  degree  of  roughness  of  the  surface  in 
contact  with  the  flowing  water,  (3)  with  the 
velocity  of  flow,  or,  with  the  head  to  which 
the  velocity  is  due. 

The  earlier  investigators,  like  Weisbach, 
merely  sought  to  define  the  variation  of  the 
coeflicient  with  the  velocity.  Darcy  and  Bazin 
considered  its  variation  with  the  velocity  the 
least  important  and  confined  themselves  to  a 
definition  of  the  others.  Ganguillet  and  Kutter, 
however,  aimed  to  embody  all  its  variations  in 
their  formula.  Within  certain  limits  they  were 
fairly  successful;  that  is,  their  equation  ex- 

presses the  variations  of  C  with  a  fair  degree 
of  precision  whenever  conditions  of  flow  are 
similar  to  those  on  which  the  data  at  their 
disposal  were  based. 

Besides  the  data  contained  in  "Recherches 
Hydrauliques"  Ganguillet  and  Kutter  bad  at 
their  disposal  numerous  gagings  of  flow  in 
rCuropean  rivers  and  Swiss  torrential  streams. 
These  data,  based  on  flow  in  channels  of  a  wide 
range  of  values  of  the  mean  hydraulic  depth, 
they  considered  best  suited  as  a  base  for  a 
general  equation.  The  result  is,  as  intimated 
above,  a  formula  which  gives  fairly  accurate 
and  trustworthy  values  when  applied  to  flow- 
in  channels  in  earth,  rivers,  torrents.   It  ceases 

to  be  reliable  when  applied  to  flow  in  channels 
of  a  lesser  degree  of  roughness  of  the  wet 
perimeter,  not  only  because  the  variation  of  C 
with  the  velocity  is  imperfect,  but  also  because 
its  variation  with  R  is  defective  and  entirely 
amiss  for  channels  of  small  dimensions,  such 

as  pipes  Vi  to  3  ins.  in  diameter  or  feeble 
depths  of  flow  in  open  conduits.  Nevertheless 
the  formula  is  widely  used  to  compute  the  flow 
in  channels  having  smooth  wet  perimeters;  it 

is  even  applied  to  calculations  of  flow  in  con- duits under  pressure. 

The  defects  of  the  Kutter  formula  have  been 
pointed  out  time  and  again.  Nobody,  however, 
seems  to  have  conceived  the  idea  that  some  at 
least  of  its  defects  could  be  eliminated.  Yet 

this  possibility  exists.  To  accomplish  it,  it  's only  necessary  to  use  the  most  precise  data 
available  and  subject  these  to  the  very  process 
employed  by  Ganguillet  and  Kutter  in  the 
elaboration  of  their  formula.  The  result  will 

be  a  new  equation,  like  the  original,  not  em- 
bodying any  general,  true  law  of  flow,  but  ex- 
pressing the  variations  of  C  precisely  as  they 

are  embodied  in  the  data  used.  Of  the  fol- 
lowing two  examples,  selected  because  the 

values  of  n  in  these  happen  to  be  the  same 
as  in  the  original,  the  first  is  derived  from 
data  relating  to  flow  in  the  rivers  of  the  La 
Plata  system,  South  America,  the  second  from 
data  relating  to  flowing  in  channels  having 
steeper  slopes. 

1.835       0.0007 

52.5  ̂   -^  -H  —5— 
(^)     C  —        f  O.OOOA   n 

1+ 

(2)     C  =  - 

1.785        0.007 

30.7  +  -^  +  — 5— 

1  +  1  30.7 -f- 

0.007 

J^R 
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It  will  be  observed  that  the  first  fwo  con- 
stants in  these  equations  decrease  in  value  as 

the  third  increases;  the  first  gradually  vanish- 
ing as  the  third  approaches  unity.  It  is  plain 

that  in  the  first  formula  the  third  term  above 
the  line  may  be  omitted  without  materially 
affecting  results  and  the  formula  will  then 
read 

1.835  +  52.5n         r- 

{\  R  +  52.2n)a 

which  will  be  found  a  good  substitute  for  the 
original  formula.  In  case  data  relating  to  flow 
in  very  smooth  channels  are  subjected  to  the 
process,  the  second  constant  will  have  the  value 
2.70  or  over,  indicating  that  here  the  imaginary 
dividing  line  between  C  increasing  and  de- 

creasing with  increasing  velocity  is  given  by 

i?^=  (2.7)' ^  7.29  or  over.  Such  equations, 
however,  no  matter  how  nicely  they  express 
the  variations  of  the  coefficient  C  as  embodied 
in  the  particular  set  of  data  from  which  they 
are  derived,  are  not  general,  but  special  for- 

mulas having  one  defect  or  another;  more- 
over, they  do  not  lend  themselves  to  the  vari- 

ous transformations  required  in  many  hydraul- 
ic calculations. 

This  led  the  contributor  to  an  investigation 
along  different  lines.  The  object  aimed  at 
was  a  simple,  if  possible  as  straight  line  gen- 

eral formula,  embodying  all  the  variations  of 
the  coefficient  C,  and  the  analytical  method  of 
investigation  was  chosen. 

Beginning  with  the  variation  of  the  coeffi- 
cient C  with  the  mean  hydraulic  radius,  the 

power  of  this  factor  to  which  the  velocity  of 
flow  is  proportional  is  found  by  putting 

^  _  log  V\  -  log  Vo 
log  Ri  -  log  Ro 

From  the  most  reliable  experimental  data 
relating  to  flow  in  channels  of  the  widest  range 
of  mean  depths,  that  is,  in  small  ditches  and 

great  rivers,  the  value  of  A'  was  found  to  be 
equal  to  %.  very  nearly.  Neglecting  the  varia- 

tion of  C  with  the  velocity,  this  leads  to  the 
equation 

V  =  FR^  iJJ 

in  which  F  is  a  factor  varying  with  the 
degree   of^  roughness    of   the   conduit.      Since 

R'  =  {/  R  \/  R  it  is  seen  that  the  value  of 
C  is  in  this  equation  represented  by 

C  =  F^R 

But  from  data  relating  to  flow  in  channels  not 
in  earth  other  values  of  X  are  obtained.  The 

equation  is  therefore  not  general ;  it  may,  how- 
ever, serve  as  a  suitable  basis  for  a  formula 

of  general  application.  The  variation  of  the 
coefficient  C  with  R  may  be  suitably  expressed 
by  replacing  the  variable  F  by  a  constant,  so 
that 

C  =  (constant  X  VR)  1  -i- 
VR 

in  which  m  is  a  variable,  depending  for  its 
value  on  the  degree  of  roughness  of  the  con- 

duit.    The  value  of  the  constant  is  given  by 

Constant  =  t— :   mr 
VRi  -  v/i?o 

in  which  d  and  Co  are  values  of  C  correspond- 
ing  to   a   velocity    of    1    ft.    per   second    and 

«           «        4       

VRi,  VRo,  the  corresponding  values  of  VR 

Selecting  the  most  reliable  experimental 
data  corresponding  to  different  depths  of  flow 
in  a  channel  of  large  dimensions  the  value  of 
the  constant  is  found  to  be  equal,  for  English 
measure,  to  66,  for  metric  measure,  to  50,  very 
near. 

From  the  same  data  the  value  of  the  vari- 
able m  is  found  by  putting 

C        .__ 
m  =—  -  y/R 

DO 
The  variation  of  the  coefficient  C  with  both 
the  mean  hydraulic  radius  and  the  degree  of 
roughness  of  the  conduit  is  consequently 
given  by 

C  =  66  (^^jt   +  m)  or, 

C  =  (66v'R  )  I  + 
m 

K=66  (vJJ  +m)  >/RS 

The  terms  66  (C'R  +  m)  and  66  (v'^  ♦  "») 
VRS,  holding  good  only  when  the  velocity 
of  flow  is  equal  to  1  ft.  per  second,  or  else 
when  C  does  not  vary  with  the  velocity,  may 

be  called  C  prime  and  ('  prime  and  denoted 

by  Ci  and  /',. If  the  value  of  C  corresponding  to  any  ve- 
locity   of    flow    is    divided    by   C   prime  =  66 

(C'R  +  m),  the  quotient  is  a  factor  which  may 
be  called  the  coeflScient  of  variation  of  C  with 

the  velocity  and  denoted  by  (o).  The  solu- 
tion of  the  problem  of  the  variation  of  C 

with  the  velocity  consists  in  finding  a  math- 
ematical e-xpression  for  this  coefiicient  a.  Put- 

ting 

tog   Vi   -    log   Vo 
X=   i-   —   —   it:- 

log(66WR  +  m)VRS)i-log(66WR  +  m)^RS)n 
in  which  Vi  and  Vo  are  actual  measured  ve- 

locities and  (66  (^/J^  +m  )  VRS)i  etc.,  the 
corresponding  prime  velocities,  the  value  of  X 
is  found  to  be  a  variable  power  of  the  prime 
velocity.  The  coefficient  o  is  a  root  of  the 
same  velocity  and  equal  to 

a  =  {66WR  +  m)  VRSy'  =   F,^"' 
A  comparison  of  values  of  m  and  x  —  1  re- 

veals the  fact  that  they  vary  together ;  when 
m  is  positive  x  —  1  is  positive,  when  m  =  0 
X  —  1^0,  when  nt  is  negative  x  —  1  is  neg- 
ative. 

I — EOU-'^TION    FOR    CIRCULAR    CONDUITS    RUNNING 

FUIX. 
An  analysis  of  experimental  data  relating 

to  flow  in  conduits  under  pressure  indicates 
that  X — 1  varies  chiefly  with  the  roughness 
of  the  walls  of  the  conduits,  minor  variations 
are  due  to  the  dimension  of  the  conduit,  to 
conditions  existing  at  the  entrance,  to  elbows, 
bends,  changes  of  section,  etc.  From  data 
relating  to  flow  in  pipes  of  brass,  planed  staves, 
new  asphalt  coated  cast  and  wrought  iron,  etc., 
we  find 

9 

X  =  — 

8 
hence  the  mean  velocity 

V  =  (66(n/1?  +  m)  VRS)^ 
and   since    %    —  1  =  % 

o=(66(V]?  +  m)     VRS)*    =  F,  ' 
From  the  equation  above  we  have  also 

F  '    =  Vi ,  consequently   V    ■=   Fi  ' 
In  the  manner  indicated  above  the  value  of  a 
is  found  to  be  equal  to 

V"  =  Fj"   for  new   rivited  pipes  between 
6  and  36  inches  in  diameter, 

V''  =  Fi"  for  new  riveted  pipes  exceed- 
ing 36  inches  in  diameter  and  also  for 

conduits  lined  with  cement  plaster,  con- 
crete and  brick  work, 

1.0  for  old  pipes  of  all  descriptions. 

In  calculation  of  flow  in  conduits  under  pres- 
sure it  is  frequently  necessary  to  consider  loss- 

es  of   head   due   to   the   entrance,    to  eblows, 
curves,  etc.     In   such  cases  the  equation  may 
be  put  into  the  familiar  form  due  to  Weisbach : 

rZgH
  1- 

/  +  Zo  +  Zi 4L 

D 

+    Zn 

in  which 
Zt,  ̂   &  coeflScient  denoting  the  resistance  due 

to  the  entrance  =  0.505  for  a  well 
rounded  entrance  not  protruding  into 
the  reservoir. 

Zi  =the  coeflScient  of  friction,  denoting  the 
resistance  due  to  the  walls  of  the  con- 
duit. 

Zn  =  a  coefficient  denoting  the  resistance  due 
to  an  elbow,  a  curve,  etc. 

Since 

C, 

•=^l 

we  have 

Z, 

>/2g 

[(>(>(VR  +  m)]'="V^ 
hence  the  coefficient  of  friction 

64.4  0.01478 

Z,  = 

[66(Vi?  +  »»)]•       WR  *■  my 
Inserting  this  value  of  Zx  into  the    formula 
above  we  have  for  the  conditions  most  favor- 

able to  flow,  or  :r  =  - 

-I 

2gH 
0.01478      4Z. 

505     .         .  TT  +  2i, 

(VR  +  my 
D 

and  similar  equations  for  other  values  of  — . 
2 

These  formulas  are  strictly  true,  however, 
only  for  long  conduits ;  that  is,  those  over 
1,000  diameters  long,  when  the  term  1.505  may 
be  omitted  and  when  resistances  due  to  elbows, 

curves,  etc.,  do  not  enter.  This  is  ow-ing  to  the 
fact  that  losses  of  head  due  to  the  velocity 
itself,  to  the  resistance  at  the  entrance,  to 
elbows,  bends,  etc.,  are  always  proportional  to 
V  while  those  due  to  the  frictional  resistance 
of  the  walls  of  the  conduit  are  proportional  to 

FV,  FV,  V\\  V*  ,  as  the  case  may  be.  The 
relation  between  the  losses  proportional  to  V 
and  those  proportional  to  lesser  powers  of  V 
determines  the  power  to  which  the  total  loss  is 

proportional.  On  this  account,  when  a  con- 
duit is  between  300  and  1,000  diameters  long, 

the  losses  of  head  for  the  whole  are  no  longer 
proportional  to  FV,  F.V.  but  to  the  higher 

power  F'o';  in  case  the  conduit  is  less  than 
300  diameters  long  the  loss  in  the  whole  may 
be  assumed  to  be  proportional  to  V. 

The  power  of  the  velocity  to  which  the  fric- 
tional resistance  is  proportional  is  somewhat 

uncertain  for  conduits  of  large  diameters.  Ex- 
perimental data  at  present  available  indicate 

that  FV,  FV,  VV,  hold  good  for  diameters 

up  to  and  including  9  ft.,  for  greater  dimen- 
sions considerations  of  safety  at  present  de- mand v. 

For  long  conduits  the  equation  for  the  quan- 
tity of  flow  takes  the  form 

L  WR  +  my    J 
in  which  for 

8.177,       Dy=DV 

2        16       ̂  

|=—      ̂   =  7-617,       D^  =  D',' 

9^ 

17 A  =  7.124,       £)y  =  DV 

\=  2        ̂   =  6.303,       Z)>-  =  D' The  equation  may  be  simplified  so  as  to  elim- X 

inate  this  multiplicity  of  values  of  — ,  A  and 2 

D'.    It  may  be  put  into  the  form 

2 
jHD^     rigHDV- 

in  which  the  second  term  on  the  right  hand 
side  represents  a,  the  coefficient  of  variation  of 

This  value  of  Ki  '""'  may  be  calculated ; 
in  most  cases  occurring  in  practice,  results  suf- 

ficiently accurate  will  be  obtained  by  taking  a 
value  corresponding  to  an  assumed  prime 
velocity,  thus  omitting  the  second  term  on  the 
right  hand  side  of  the  equation.    In  either  case 
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the  formula  will  then  read,  for  all  lengths  of 
the  conduit 

Q=  6.303 

nI; 

HD''
 

(Z,4
Z.\ 

/   Q  Y  I    T    
    

„    
  
Z,iL

 
+  -„     +  Z„D\ 

D  =  0.47S8r^  1.505D  +  -^   +  ZnD^ 

The  value  of  D  can  be  found  only  by  suc- 
cessive trials.  For  a  first  trial  a  value  of  Z, 

corresponding  to  £'  =  4  ft.  will  give  good  re- 
sults. Values  of  A  and  A^  corresponding  to 

the  different  prime  velocities  are  found  in 
Table  I. 

V. 

2 
3 
4 
E 
6 
8 

10 

  V.J 

A 

1.093 
1.147 
1.189 
1.223 
1.251 
1.297 
1.333 

TABLE  I. 

  V,.'.- 
-V,i' 

A" 

1.1S9 
1.316 
1.414 
1.495 
1.565 
1.682 
1.778 

A 
1.065 
1.105 
1.134 
1.158 
1.177 
1.208 
1.233 

A» 

1.13
4 

1.22
1 

1.28
6 

1.34
0 

1.38
5 

1.45
9 

1.52
0 

A 

1.042 
1.067 
1.085 
1.099 
1.111 
1.130 
1.145 

A' 

1.085 

1.138 
1.177 
1.208 
1.234 1.277 

1.342 

From  the  equation  above  it  is  seen  that  the 
variations  of  the  coefficient  of  friction  Z,  with 

the  velocity  is  given  by 
Z, 

A'
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While  the  formulas  so  far  given  are  indis- 

pensable in  cases  where  it  is  necessary  to  con- 
sider losses  of  head  due  to  the  entrance,  to 

elbows,  curves,  changes  of  section,  etc.,  or 
where  the  discharge  of  a  compound  conduit  is 

to  be  computed,  they  can  in  most  cases  oc- 
curring in  practice  be  replaced  by  far  simpler 

expressions. 

For  the  velocity  the  original  formula  reads 

K  =  66  {VR  +  m)  ■<yRS)  V,'.-' 
Substituting  D  the  diameter  for  R,  the  mean 
hydraulic   radius,  and  /  the   fall  in     feet     per 
1,000  ft.  for  5  the  slope,  the  formula  reduces 

to 

V  =  1.0435  i'y/  0.25D+  m)  VDI  F,""' 
and  for  a  prime  velocity  of  5  ft.  per  second 

V  =  1.0435  (v'0.25P  +  m)  v'/)/  5,»,  5,.'.,5,tV. 
For  the  quantity  of  flow 

g  =  0.82  (V  0725i>  +  m)  VD''!  5»,  5i'.,  5iV. 

Table  11  gives  velocity  and  quantity  constants 

Cv  =  1.043.5  F,  '  -- '  and  Cq  =  0.82  K,  '  - '  cor- 
responding to  a  prime  velocity  of  5  ft.  per 

second  and  also  the  practically  most  useful 
values  of  w  for  circular  conduits.     Values  of 

■1/0725/),  Dl  and  Ff  are  found  in  Table  III. 
Caution:  As  intimated  above,  the  experi- 

mental data  at  present  availaldc  indicate  that 

A=  V\\,  I'li'i,  I'p'  hold  good  for  diameters 
up  to  and  including  0  ft.  For  greater  diameters 
only  two  sets  of  gagings  are  known  to  the 
contributor,  one  relating  to  flow  in  a  lO-ft. 
pipe  at  Madison  River,  Montana,  the  other  to 
flow  in  a  12-ft.  brick  conduit  at  Milwaukee. 
Wis.  These  gagings  indicate  very  slight 
variations  of  C  with  the  velocity,  hut  the  two 
conduits  arc  not  strictly  long  conduits.  In 
cuch  doubtful  cases  the  unabl>reviated  formula 
should  be  used  and  allowance  made  for  the 
frictional  resistance  at  the  entrance. 

PRACTIC.\L    APPLICATIONS    OF    THE    FORMULAS    FOR 
CONnUITS    UNDER   PRESSURE. 

Wci.shach's  coefficients  for  the  resistances  due 
to  angles,  curves,  changes  of  section,  valves, 
etc.,  are  found  in  every  textbook;  space  does 
does  not  permit  to  give  them  here.  The  phe- 

nomenon of  flow  in  curves  has  during  the  last 
decade  been  investigated  by  Alexander,  Saph 
and  -Shndcr,  Williams-Iluhholl  and  Fenkell, 
Smith  and  others.  The  investigations  brought 
to  light  the  fact  that  the  resistance  due  to  a 
curve  does  not  entirely  depend  on  the  relation 
between  the  diameter  of  the  conduit  and  the 

radius  of  the  bend,  but  also  in  a  certain  degree 

TABLE  n. 
Coeflf.  of 
roughness. m. 

0.95 

0.90 
0.83 

O.SS 

0.74 

0.70 
0.S7 
0  53 

0.45 
0.30 

Velocity 

constant. 

Cv. 3.276 

1.276 

1.276 

1.208 
1.208 

1.208 

1.147 

1.H7 
1.0435 
1.0433 

Quantity constant. Cq. 

L(I9 

1.00 

Description  of  conduit. 

1.00 
0.95 

0.95 
0.95 

0.91 
0.91 
0.82 

0.82 

Straight  pipes  of  brass,   tin,  lead  or  exceptional  y  smooth  new 

asphalt-coated  cast  or  wrought  iron.     New  well-laid  pipes  of 
planed  staves  or  polished  neat  cement. 

Pipes  of  planed  staves  some  time  in  use;  velocity  not  less  than 
2  ft.  per  second.  j  ,     i  i,         -^.^^^a 

New  asphalt-coated  cast  iron,  wrought  iron  and  lockbar  riveted 
pipes.     Other   new   asphalt-coated   riveted   pipes   up   to   b   ins. in  diameter.     Welded  pipes.  ,     ,       .,.  .  „   „.v,i,. 

New  concrete  or  brick   work  washed  with   cement  or  smoothly dressed   with  cement-plaster.    

Common  service  pipe,  or  cast  and  wrought  iron  pipe  some  time 

in  use.     Asphalt-coated  new  riveted  pipes  up  to  3  ft.  in  diam- 

Pipes'of  unplaned  boards.  Pipes  of  planed  staves:  velocity  less 
than  2  ft.  per  second.  .j     ■      »ii. 

Ordinary  concrete  and  cement  pipes,  sewer  pipe,  drain  tile. Channels  lined  with  brick  work.  „   .»    .      j-    „   .   .. 

New  asphalt-coAted  riveted  pipes  exceeding  3  ft.   in  diameter. 
Old  pipes  of  all  descriptions,  fairly  clean. Incrusted  pipes. 

TABLE  II-A.— LIST  OF  AUTHORITIES  ON  FLOW      IN 
CONDUITS. 

m.  Description  of  conduits. 
0.93         Brass. 

Tin. 
Neat  cement. 
Planed   staves,   new. 

0  00        Planed  staves  in  use  for  several  years. 
0.88         New   concrete   or   brickwork   washed    with    cement 

plastered  with  cement  mortar. 

O.S"        New  asphalt-coated  cast  and  wrought  iron  pipes. 

0.74        Riveted  pipes  less  than  3  feet  in  diameter. 
0.37         Brick   conduits. 

Brick  and  concrete  conduits  washed   with   cement 
plastered    with    cement   mortar,    in    use    for   seve 

years. 0.33        New  riveted  pipes  exceeding  3  ft.  in  diameter 
•  0.45         Old   pipes    fairly   clean. 

CIRCULAR     AND     SEMI-CIRCULAR 

Authority. 

Saph    and    Shoder. 
Bossut. 

Darcy-Bazin. 
Adams,    Cochrane. 
Moritz. 
Darcy-Bazin,    Horton.    Lipplncott. Newell. 
Darcy,     Lampe. 

and   Fenkell, 
Saph   and   Shodec. 
Darcy-Bazin,    Benzenberg. 

Williams-Hubbel 

or 
ral Horton. 

Clemens   Herschel. Darcy. 

TABLE  III. 

-Coeff.  of  friction  =  Z,- 

c 

4} 

a 

9> 

c c 

C4 

II 

Q 0 

-> 

s 0.5 

0.0416 0.320 00918 
1 0.0833 

0.3S0 00S36 
1.5 

0.125 0.420 O0788 
2 0.166 0.452 

00252 

2.5 

O.20S3 0.473 
00730 

3 0.25 
0.500 

00703 3.5 0.2916 0.520 006S4 
i 0.3333 

0.537 00665 45 0.3750 
0.653 

U0654 5 0.4167 0.568 00642 
6 0.5000 0.594 00620 
7 0.5833 0.618 

00601 8 0.6667 0.639 00585 
9 0.7500 0.658 00572 

lU 0.S333 0.675 
00560 11 0.9167 

0.692 00548 
12 

-1.0 

0.707 00538 

13 

1083 
0.721 

00529 
14 1.0167 0.735 O0521 
15 1.250 0.748 00513 

16 

1.333 
0.760 

O05OG 

18 1.500 
0.782 00493 

20 
1.667 

0.803 
00481 22 1.833 0.823 00470 

21 
2.0 

0.841 00461 
26 2.167 0.859 00432 
28 2.333 0.874 00444 
30 2.5 0.S89 

00437 

32 

2.667 
0.904 

00130 

34 

2.833 
0.917 00424 

36 

3.0 

0.931 
00418 38 3.167 0.914 00412 

40 

3.333 
0.955 00407 

42 

3.5 

0.967 00402 

44 3.667 0.978 00398 46 3.833 
0.999 00393 

48 

4.0 

1.0 

0038S 
50 4.167 

1.0103 

003^54 

52 
4.333 1.0202 

00381 
54 4.5 

1.030 
00377 

56 

4.667 
1.039 

00374 
5S 4.833 l.OIS 

00370 
60 

5.0 1.037 00367 

62 

5.167 1.0G6 
00363 64 

5.333 
1.075 

00360 

66 

5.5 I.0S3 00357 
68 5.667 1.091 00354 

70 

5.833 
1.099 

00332 

72 6.0 
1.107 00349 

78 

6,5 1.129 
00342 

84 

7.0 
1.150 

00335 
90 

7.5 1.170 

00329 

96 8.0 
1.1S9 

00323 

102 8.5 
1.201 

00318 
108 9.0 

1.224 
00314 114 

9.5 

1  244 00310 

120 10.0 
1.237 

00303 

136 
10.3 

1.273 
00299 132 

11.0 

1.2SS 

00295 
138 

1L5 

1.302 00292 

114 12.0 1.316 
00288 

130 12.3 1.3,30 
00284 

156 
13.0 1.343 00281 

162 
13.5 1.335 

00278 168 
14  0 1.36S 

00275 

174 14.5 
1  3S0 

00272 

180 
15.0 

1. 392 00270 

E E s c 
00995 

01318 
01867 

.000351 

0U902 

01176 01638 
.002005 

00849 01099 01509 

.00552 
00809 

01046 01415 .01134 00784 

01005 
01359 

.01970 

00754 

00961 

01291 
.03125 00733 

00931 
01244 

.04594 00716 
00907 

01206 .06415 
U0700 00S84 

01172 

.08527 

-0068S 

00864 01142 
.1121 

00662 
0OS31 01091 

.1768 0U642 
OOS02 01048 

.2599 
00621 00779 

01012 
.3629 00609 

00256 
OOOSO .4871 

00596 

00738 
00934 .6343 005S3 

00721 oflri2,s 

.8045 00572 C0706 

00907 
1.0 

00563 
00692 

0ftS,S7 
1  322 00553 

00680 

00S6S 

1.470 

00544 
00668 0OS51 

1747 
00537 

00657 

00836 

2.053 
00523 

00638 

00S09 
2.756 

00510 

00621 
007S4 

3.586 00499 
00606 

00762 4.551 

00488 

00S91 00743 

5.656 
00478 00399 

00725 

6.910 

00470 

00567 00709 

8.317 00462 

00537 

00694 

9.882 
00454 

00547 
006S1 

11.612 00448 

00338 00669 

13.513 

00441 

n03"9 

00636 15.59 
00435 

0(1321 

00643 

17.84 
00429 

00314 

00633 

20.29 00424 

00307 00636 

22  92 00419 

00301 
00617 25!74 

00414 

00494 

O0607 

28.77 
00409 00488 00600 

32.00 

00405 O04S3 

00392 

3.5.44 00401 

00477 
00384 

39.09 

00397 

00472 

oor>77 

42.96 
00393 

00467 00371 

47.05 00390 

00463 

00365 
51.36 

00386 

00158 oor,3S 

55.88 

00882 

00453 
00332 

60.68 

00379 

00449 

00346 

65.69 

00376 

00445 
00541 

70.95 00373 

00441 
00336 

76.44 00370 

00437 

00332 

82.18 

00367 

00433 
00526 

88.18 

00359 

00423 

WT-,\2 

107.7 

00352 
00414 

00300 

129  6 

00345 

00.(05 
004SS 

154.0 
00338 

00'!97 

00498 

181.0 00332 
00390 

00468 
210.6 

00327 

O03S3 

004^-9 

243.0 
00322 

00377 

00451 

27S.2 
00318 

00371 

00443 316.3 

00313 

0036'? 

00435 

33R.1 

00309 

0031:9 

00428 
401.3 

00305 00355 

00422 

448.5 

00301 
fl03R0 

00416 498  9 

00297 

00345 
00409 R52.4 

00294 
00341 

00404 

609.2 

00291 00337 

00399 
669.5 

00289 

00.133 

00?<13 

733.3 

00285 

00329 

0030S 

S00.6 

00281 
00325 

O03S4 871.5 

p 

.0000001356 

.00000402 

.0000305 

.0001286 

.000388 .000977 

.002111 .004115 

.007416 .01254 

.03125 .06754 .1317 

.2371 .4018 

.6472 

1.0 

1.492 

2.162 

3.052 
4.214 
7.594 12.372 20.711 

32.0 

47.35 
69.02 
97.66 143.85 

184,59 243.00 318.4 

411.5 
524.9 

662.1 

827.6 
.  1024.0 

1255.9 1527.9 1S45.2 

2213.2 

2637.6 

3125.0 

3681.7 

4520.0 

6033.7 

5843.0 6754.3 

7776.0 

11602.9 16807.0 

23730.4 

32768.0 44370.5 
59049.0 

77378.1 
100000.0 

127628 
129951 

201136 
24S832 
303176 

371293 
448403 
K37R24 

640973 
739375 

^ 
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on  the  length  of  the  curve  and  consequently  on 
the  degree  of  roughness  of  the  conduit.  Weis- 
bach  did  not  investigate  this  phase  of  the  sub- 

ject and  his  coefficients  for  curves  are  in  con- 

sequence defective.  Alexander's  experimental 
conduits  were  small  wooden  pipes,  Saph  and 
Shoder  used  2-in.  pipes  of  drawn  brass,  Smith 
2-in.  pipes  of  welded  wrought-iron  and  steel 
with  cast-iron  fittings,  Williams-Hubhell  and 
Fenkell  cast-iron  mains  12-30  ins.  in  diameter. 

Smith's  experiments  were  made  with  greatest 
care  and  his  pipes  and  fittings  were  those  in 
common  use.  The  results  of  his  experiments 
are  therefore  of  practical  importance. 

From  the  data  given  by  Smith  it  appears  that 
the  loss  of  head  due  to  a  T  is  equal  to 

h  =  0.082  V^ 
and  that  the  resistance  due  to  a  curve  de- 

creases with  increasing  radius  until  the  radius 
is  equal  to  2.5  diameters  of  the  conduit  and 
increases  again  for  curves  of  greater  radius. 

From  an  analysis  of  Smith's  data  the  con- 
tributor found  that  for  bends  of  which  the 

radius  is  equal  to  2..5  diameters  and  over  the 
frictional   resistance  is 

0.65 

11.81 (I) 
times   the   resistance  in    an    equal    length    of 
straight  pipe  and  therefore  the  excess  friction- 

al resistance  due  to  a  curve 0.65 

11.81    (    -  )  -1 

(.-) 

The  results  of  the  experiments  of  Saph  and 
Shoder  may  be  expressed,  for  a  curve  of  90 
degrees,  by  the  equation 

Z.  =  Z,  6.28 1  [(2.2(1)'"')-   I.o] According  to  this  the  excess  frictional  resist- 
ance due  to  a  curve  vanishes  when 

R 
_  =  2.2V  =30.5. 

D 

Table  IV  contains  the  factors  indicating  the 
excess  of  the   frictional   resistance   due    to    a 
curve  in  comparison  with  an  equal  length  of 

0.00367  X  0.102  X  10560  X4 

Inserting   all   values   we   have   for   the velocity 

■=^.635 

prime 

-nI 

64.4  X   20 

1.505  + 1  0.00367 

26400  X  41 +  2.635 

=  4.33  ft.  per  sec. 

Hence  a  =  ̂ 4:33;  o'  =  v'4.33  =   1.442 

Consequently,  the  discharge,  inserting  values 

Q  =  6.303 

20  X  7776 ^  1.5052?  +( 
0.00367  X  26400  X  4> 

1.442 +  2.635D  =  145.06  sec.  ft. 

straight  pipe.      It   will   be   observed   that    for 
R  R 
—  =  2.5  and  —  ̂ 5   the  values  based   on   the 
D  D 

experiments  of  Smith  and  those  based  on  the 

experiments  of  Williams-Hubbell  and  Fenkell 
R 

do  not  differ  greatlv ;  for  greater  values  of  — 
D 

the  factors  based  on  Smith's  experiments  are 
most  likely  to  be  correct.  The  results  of  Saph 

and  Shoder's  experiments  may  be  applied  to 
computations  of  the  excess  resistance  due  to 

TABLE  rv. 

Omitting  the  resistances  due  to  the  entrance 
and  the  curves  the  formula  gives  Q  =  151.65 
sec. -ft.   From  the  formula 

<3  =  Cq  (VO^TSD  +  m)  Di  -Jl 

  2_ 

/  = 

LCq  (v'0.25D   + r   Q_ 

m) 

Z)»  J 

LCq  (v/0.25D  +  m)  s/I 

If,  in  the  formula  above,  H  the  actual  head  in 
feet  and  L  the  length  of  the  conduit  in  feet 
are  substituted  for  /,  the  fall  in  feet  per  1,000 
ft.,  the  formula  will  read 

«  IQ 

10 
12 15 
20 

Q  IsJ 

4.511 
3.149 
2,057 
1.644 
1.348 
1.008 
0.685 

Q  l« 

3.928 
3.208 
2.706 
2.585 
2.437 
2.264 
2.055 

Q  laj 

0.780 

0.517 

0.361 

0.293 0.240 
0.178 

0.102 

«  IQ 

25 

30 
35 
40 
45 
50 
100 

0  ip; 

0.457 
0.292 
0.171 0.074 

G  la; 

1.902 
1.782 
1.686 
1.604 
1.537 
1.473 
0.583 

Q  Itf 

0.047 
0.003 

TABLE  V. 

Description  of  conduits.  2  5 

IH-in     wooden   tubes   without   fittings    0.049 
2-in.  brass  tubes  bent  into  cur\'es    0.091 
2-in.  cast  iron  pipes  with  common  fittings    0.531 
12-in.   cast  iron  mains      0.249 
30-ln.   cast  iron  mains   :    0.270 

0.057 0.112 

0.717 0.344 

0.371 

0  059 0.121 
0.743 
0.401 0.432 

R 

D 
6  10 

0.059  0.048 
0.12S  0.137 
0.761  0.775 
0.451  0.634 
0.492  0.699 

15 

0.015 0.147 

0.712 

0.S21 0.918 

20 

0.095 0.645 
0.982 

1.111 

0.055 0.538 

1.123 

1.300 

times  the  resistance  in  a  tangent  of  equal 
length.  The  excess  frictional  resistance  due  to 
a  curi'e  vanishes  when 

1 

and 

R 

D 

0.65 

:  11.81  =44.6 

s  a  ma.ximum  when 
R    
—  =  V  2  X  44.6  =  9.45 
p 

The  equation   for  the  resistance  to  a 
of  90  degrees  may  be  written 

Z,  =  2i  6.28  7;  II  11.81  In  I        I  -1.0  I 

'D  _ 

which     
Zi^the 0.01478 

[(11  81  (1)°")-  10] coefficient     of     friction 

R   and   D   =  radius  of  curve 
(V^+  my 

and  diameter  of  conduit  in  feet. 

Although  the  experiments  of  Williams-Hub- 
bell and  Fenkell  were  made  on  the  same  class 

of  conduits  as  Smith's,  an  analysis  of  their 
data  leads  to  quite  different  results.  Accord- 

ing to  their  experiments  the  value  of  Z;  for  a 
curve  of  90  degrees  is  equal  to 

Z=  =  Z,  6285  [(6  1  (^)')-   10] hence,   in   this   case,   the   excess   frictior.al    re- 
sistance due  to  a  curve  vanishes  only  when 

R 
_  =  6.1""  =  2500 
D 

curves  in  stave  pipes  and  others  having  no  fit- 
tings. 

Table  V  gives  values  of  Zi  based  on  the 
original  experimental  data  from  which  the 
equations  given  above  are  derived.  It  will  be 
observed  that  the  values  for  the  2-in.  cast 
iron  pipe  are  nearly  six  times  as  great  as  those 

<3  = 

Cq  {y/0.25D  4-  m)  D'  VH 

iir 

"V  1000 

=  Cq  (V0.25D  +  m)  V 
(lOOOH 

"=[ 

Cq  W0.25D  +  m) 
D"  J 

L 

1000 

H  = 

1 

Cg  W0.25D  +  m)  Dh. 

L 

1000 

for  the  2-in.  brass  pipe,  hence  5/6  of  the  re- 
sistance in  the  cast  iron  pipe  is  due  to  the 

fittings. 
One  example  will  make  the  application  of 

the  curve  formulas  clear. 

Given  a  6-ft.  stave  pipe  5  miles  long  and  an 

available  head  of  20  ft.  'The  added  length  of  all 
the  curves,  which  are  short  but  numerous,  is  2 
miles,  the  radius  of  all  of  them  is  120  ft.  What 
is  the  carrying  capacity?  In  this  case,  since 
there  are  no  fittings  of  any  kind,  the  excess  of 
the  frictional  resistance  due  to  the  curves  per 
unit  length  of  the  conduit  will  be  given  by 

This  last  form  of  the  formula  will  prove  use- 

ful in  calculations  relating  to  the  distribution 

of  water  in  irrigation  systems.     Let 

L  =  the   length   of   the   section   of   a  conduit 

from  which  water  is  distributed; 

q  =  the  quantity  distributed  ; 

Q  =  the  quantity  carried  beyond  the  points  of distribution; 

M  =  the   number    of    points    equally    distant 

from   each   other,   at  which   the  total 

quantity  q  is  distributed; 
then,  the  loss  of  head  in  the  section  L 

"~  In  case  the  number  of  points  of  distribution 
1  1 

is  very   great   the   factors  —   and  —   may 

2»  6«' 

omitted  and  the  formula  reads 

be 

H 

H 

^>[(2  2(Tfo)")-0 
For  a  6-ft.  stave  pipe  Table  III  gives  Zi  = 

R 

0  00367  (m  =  0.90).   Table  I"V  for  —  =  20,  the 

factor  0.102.     This  gives  for  L  = 
the  resistance  due  to  the  curves 

D 
10560  ft. for 

lcg(V0-:2lD  +  m)Dd  IOO0I3 
    ̂ '^    ̂ J oreover  no  quantity  Q  carried  beyond 

r  1  Y   L    g2   

ICg  (.V0?25D  +  m)  DU  1000  3 One  example  will  make  the  practical  applica- 
tion of  this  formula  clear. 

Let  it  be  required  to  distribute  30  sec.-ft.  of 
water  at  six  equally  distant  points,  the  section 
to  be  5  miles  long,  the  quantity  carried  beyond 
50  sec.-ft.  and  the  available  head  24  ft.  What 
will  be  the  diameter  of  the  conduit  supposing 
it  to  be  (1)  of  planed  staves,  (2)  of  asphalt 
coated   riveted  steel?   In  the   first  case  Cq  = 
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1.0,  m  =  0.90.   Inserting  these  values,  assuming 
for  a  first  trial  D  =  4  ft. 

In  the  latter  case,  for  channels  in  earth,  if 
M  is  the  fall  in  feet  per  mile   

24000(1  +  0.9)"  t         I  3        12       216  J 
+  2  X  30  X  SO  X 

[J-;.]""-] 

i,_f— 52=1'. I  1.90  v/0.909  J 

which  gives  /?'=  1410.6,  hence  £>  =  4.265  ft. 
A  second  trial  gives  I>  =  4.251  ft.  or  51  ins. 
In  the  second  case  Cq  =  0.91,  m=0.53. 

Hence  (0.91  X  1.53)'  is  substituted  for  (1.9)  = 
in  the  above  equation.  The  first  trial  gives  D 
=  4.83  ft.,  the  second  4.77  ft.  or  57.25  ins. 

In  the  first  case  the  diameter  of  the  conduit 
above  the  points  of  distribution  will  be 

— =  I     -  4.55  ft. 
.90  v/0.909  . 

A  second  trial  gives  D  =  4.52  ft.  or  54.25  ins. 
For  the  steel  conduit  D  =  5.073  =  60.88  ins. 

OPEN  CONDUITS. 

The  laws  of  flow  which  apply  to  circular 
conduits  running  full  or  under  pressure  hold 
in  general  also  good  for  open  conduits  of  all 
descriptions.     The  value  of  the  coefficient  C  is 

in  all  cases  equal  to  66  (  V^  +  »i)  V,  '  - '. For  channels  in  earth  however  the  coefficient 
HI  has  a  negative  value  and  the  formula  is  on 
this  account  somewhat  defective  for  small 
channels  of  this  class.  The  deficiency  may  be 
eliminated  by  the  introduction  of  a  new  co- 

efficient K,  increasing  in  value  with  increas- 
ing roughness  of  the  channel,  such  that 

2 

1  +  m 

and  the  formula  will  then  read,  for  channels 

C  =  66  ̂.'Z^  "^~^    V,'-' 
y/R  +  K 

where  ' "" '  has  a  negative  value. 
The  relation  between  this  coefficient  K  and 

«,  the  coefficient  of  the  Kutter  forn>ula.  is 
given  by 

l+K 
/f  =100.1— 1;  .1=   

100 
A  straight  line  formula  may,  however,  be  re- 

tained by  putting,  for  channels  in  earth, 

C  =  66  (  VX—  (  Vl?  +  1)  0.5»i)  r,  •--' 
which  gives  very  near  the  same  values  as  the 
equation  above. 

For  aqueducts  and  artifical  channels  in  earth 
values  of  m  range  between  +  1.0  and  — 0.32, 
values  of  a  between  Vii'i  and  Vi-i'». 

a  =  Fit'i 
holds  good  for  semi-circular  channels  lined 
with  neat  cement,  cement  plaster,  concrete  and 
brickwork  washed  with  cement  and  for  both 

semi-circular  and  rectangular  channels  lined 
with   plaster  or  rough  boards. 

a  =  Vfi'r  holds  good  in  general  for  all 
trapezoidal  and  rectangular  channels  including 
those  lined  with  good  ashlar  masonry.  It  holds 
pood  also  for  the  channels  of  any  sectional  form 
lined  with  riveted  metal  plates.  a=  1.0  holds 
|;ood  for  channels  lined  with  roughly  ham- 

mered or  rubble  masonry  and  for  channels  in 
rock-work  or  cemented  gravel.  It  holds  good 
also  for  thos  enumerated  under  a  =  Vfi'i  in 
case  the  value  of  R  exceeds  3  ft. 

a  :=  Fi-iV  holds  good  in  general  for  all 
artificial  channels  in  earth  ?s  far  as  practical 
velocities  are  concerned.  For  this  class  of 
conduits  the  value  of  the  coefficient  C  increases 
with  increasing  velocity  up  to  a  certain  critical 
velocity  and  then  decreases.  This  critical 
velocity  is  the  lower  the  rougher  the  conduit ; 
for  channels  in  earth  it  is  below  the  velocity 
occurring  in  practice. 

In  the  same  manner  as  previously  for  the 
circular  conduits  we  find  from  the  general 
equation 

F  =  66  (  V~^  +  »«)  V  RS  K,  •  --  ■ 
for  y,  =  5  ft.  per  second  the  following  equa- 

tions : 

o  =  F,'/".  V  =  2AH  (  V^  +  m)  VRl 

a=-V, '/",  F  =  2.294  (  V^^^  +  m)  yfRl 

a  =  1.0     ,    F  =  2.087    (.</R  +  m)V'Rl 
a  —  V,-  '/",  F  =  1.392  (  V  X+  m)  V /?/ 

F  =  0.838  (  V  R  —  O.om  (  V  i?  +  1)  )  V/?M 

The  forms  of  the  cross  sections  of  open  con- 
duits are  so  diverse,  that  it  is  a  great  advan- 

tage to  adopt  some  simple  form  as  a  standard 
and  upon  the  flow  in  this  base  the  flow  in 
others.  Since  in  the  semi-square  of  unit  depth 
the  mean  hydraulic  radius  is  equal  to  half  the 
depth,  the  depth  equal  to  half  the  width  and 
the  velocity  in  feet  per  second  equal  to  half 
the  quantity  of  flow  in  second-feet  this  form  of 
the  section  is  well  suited  for  such  a  standard. 
Taking  velocities  and  quantities  of  flow  in  the 

semi-square  as  a  basis,  velocities  and  quanti- 
ties of  flow  in  other  rectangles  and  in  trape- 

zoids and  semi-circles  may  be  'expressed  in 
terms  of  those  in  the  semi-square.  The  result 
will  be  a  set  of  formulas  of  the  form 

V  =  FvC  (VO.bD  +  m)    V  DI 

Q  =  Fq  2C  (  V  0.5  Z)  +  m)  £»'  V  / 
in  which  Fv  and  Fg  are  factors  of  relative 

velocities  and  quantities,  C  and  2C  the  con- 
stants for  the  semi-square.  In  all  of  these 

equations  the  actual  value  of  R  does  not  enter, 
the  value  taken   is   always   that  of   the   semi- 

TABLE  VI.— COEFFICIENTS  OF  VELOCITIES 
Cv  AND  COEFFICIENTS  OF  QUANTITIES 
Cq    FOU   OPEN   CHANNELS. a  =  1.0. 

Channels 
a  =  V,  I'l.        a  =  V, ''' .         lined Channels      Channels      with  rough 
lined  lined  ashlar 

with  clean  with  concrete   or  rubble. 
cement      brickwork,  or    Channels 

or  boards,     good  ashlar,    brickwork. 
Mean  width.    Cv.       Cq.       Cv.       Cq.       Cv.       Cq. 
1  D     1.305     1.305     1.239     1.239     1.125     l.lZ.i 
1.5    D     1.542     2.313     1.499     2.197     1333     2.000 
2  D     1,710     3.420     1.622     3.244     1.476     2.952 
2.5  D    l.S.fO  4.572  1.737  4.341  1.5S0  3.949 
3  D    1.934  5  802  1.836  5.509  1.670  5.011 
•;.5  D    1.999  6.997  1.S98  6.C45  1.727  6.043 
4  D    2.072  8.2S9  1.9fiS  7.872  1.790  7. OSS 
4.6  D     2.108     9.488     2.002     9  010     1.S21     8.195 
B       D     2.156  10.78       2.047  10.235     1.S64     9.311 
6  D    2.223  13.34  2  110  12.665  1.920  ll..';2 7  D    2.279  15.95  2.164  15.155  1.969  13.78 
8  D    2.321  18.57  2.205  17.635  2.006  16.04 
10     D    2.387  23.87  2.267  22.670  2  062- 20.6-J Bcml-clrcle  1.710  2.686  1.622     2.549  1.476     2.319 

TABLE  VII.— COEFFICIENTS  OF  VELOCI- 
TIES Cv  AND  QUANTITIES  Cq  FOR 

CHANNELS  IN  EARTH. 

a  =  V|~''» 

Coefficients  for       Coefficients 
fall  In  feet  for  fall  In 

per  1,000  feet.  feet  per  mile. 
Mean  width.                 Cv.            Co.  Cv.           Cq. 
1  D      1.025         1025  0.444         0.444 

1.5    n     1.217         1.825  0.528      '  0.791 2  D     1.366         2.732  0.592         1.185 
2  5     D      1,479         3.693  0.641          1.603 
2        D      1.S51          4.653  0.679          2.036 
3.5    n     1.637         5.726  0.710         2.483 
4  n    1.702  6.808  0.738  2.951 
4.5  D    1.743  7.844  n.756  3.400 
B  D    1786  8.930  0.774  3.896 
5  n    1.854  11.124  0.804  4. 825 
7  n    1.903  13.321  0  8249  S.753 
8  n    1.944  15.552  0.8427  6.742 
10  n    2.003  20  030  0.8661  S.6S7 
12  D    2.047  24.164  0  S.871  10.645 
14  n    2.079  29  106  0.9014  12.620 
16  n    2.in4  33.664  0  9120  14.592 
15  n    2.123  38  214  0.9202  16.564 
!0  n    2.140  42  800  0.9274  1S.54S 
10  D    2inn  65.70  0.9492  28.476 
i«  D    2.214  88.56  0.9599  38.396 

square  of  equal  depth  =  0.5D. 
Tables  VI  and  VII  give  the  values  of  the 

constants  resulting  from  the  multiplication  of 
the  factors  Fzj  and  C,  Fq  and  2C.  For  chan- 

nels in  earth  for  instance,  in  case  the  width  of 
the  channel  is  equal  to  four  times  the  depth, 
the  constants  found  in  the  table  are  1.702  and 
6.808.    The  corresponding  equations  are 

V  =  1.702  (>/a5j5  -  0.5m  (>/alD  +  1))  VDI 

Q  =  6.808  "  y/D^ 

_,     ,        VOID  +  VKSD         VOSD  +  n/OSZ) 
The  term  — .           =  .   

V0.5D  +  K  V0.5D  +  lOOn  -  I 
may  be  substituted  for  the  straight  line  term 

\/0.5D    ±    0.5m    for    calculations    of    flow    in 
channels    in   earth,   rockwork,   hard   cemented 

gravel  and  rubble  masonry.  It  gives  fairly 
good  results  also  for  the  other  classes  of  open 
conduits. 

TABLE    VIII.    —    ROOTS    AND    POWERS    OF 
DEPTHS  OF  WATER  IN  OPEN  CONDUITS. 

I. 

D 
In  ft. 

V0.5D 
V0.5D 

D5'2 

0.05 0.158 
0  398 

0.000559 

0.10 
0.224 

0.473 0.00316 0.15 

0.274 
0.523 O.O08S1 

0.20 

0.316 

0.562 0.01789 0.25 

0.354 
0.595 

0.03125 
0.30 

0.3S7 

0.622 
0.0493 

0.35 

0.418 
0.647 

0.0725 0.40 

0.447 0.669 
0.1012 

0.45 

0.44 
0.689 

0.1369 

0.50 0.500 0.707 
0.1768 

0.55 
0.524 

0.724 
0.2243 

0.60 
0.548 

0.740 
0.2788 

0.65 

0.570 0.755 0.3406 0.70 

0.592 

0.769 
0.4100 

0.75 
0.612 

0.783 
0,4870 

O.80 
0.632 

0.795 
0.5724 

0.85 

0.652 
0.808 

0.6661 
0.90 

0.670 

0.819 

0.7687 

0.95 
0.689 0.830 

0.S726 

1.00 
0.707 

0.841 

1.0 1.05 

0.725 

0.852 1.130 

1.10 0.742 
0.862 1.269 

1.15 

0.7,58 

0.871 

1.417 

1.20 

0.775 0.880 
1.577 1.25 0.791 0.889 II. 1.755 

D 
nft. 

V0.5D 

V0.5D 

DB-2 

1.30 0.806 0.898 

1.927 

1.35 

0.821 

0.906 2.118 

1.40 
0.837 

0.915 

2.319 

1.45 

0.851 0.923 2.533 

1.50 

0.866 

0  931 

2.756 

1.55 0.880 

0.938 

2,991 

1.60 

0.894 
0.946 

3.238 

1.65 0  908 

0.953 

3.497 

1.70 

0  922 
0.960 

3.786 

1  75 

0.935 

0.967 

4.052 

1.80 
0.949    . 

0.974 

4.358 

1.85 

0.962 

0  981 

4.655 
1.90 

0.975 
0.987 

4.976 

1.95 

0.287 0.994 
5.310 

2.00 1.000 

1.000 

5.627 

2.05 

1.012 

1.006 

6.017 

2  10 

1  "25 

1.012 

6  391 

2.15 1  037 

1.018 

6,778 

2.20 

1.049 
1.024 

7,179 

2  25 

1.061 
1.030 

7.594 

■>  30 

1  07'> 

1.036 

8,023 

2.35 

1.084 
1.041 

8,466 
2.40 

1.095 

1.047 8,923 

2.45 

1.107 

1.052 
9  393 

2.50 

1.118 
1.057 

III. 

9.881 

2.65 
1.129 

1.038 
10.38 2.60 

1.140 
1.068 

10  90 

2.65 
1.151 1.073 

11.43 

2.70 
1.162 

1.078 11.98 
2.75 1.172 

1.083 

12.54 

2.80 
1.183 

1.0S8 

1312 

2.85 
1.194 1.093 

13.71 
2.90 

1.204 
1.097 

14.32 2.95 
1.214 

1.102 
14.95 

3.00 

1.225 1.107 15  59 

3.05 

1.235 

1.111 
16.25 

3.10 

1.245 

1.116 16.92 3.15 

1.255 1.120 17.61 

3.20 

1.265 
1.125 

1832 
3.25 1.275 

1.129 

19.04 
3.30 

1.2S5 

1.133 
19. 7S 

3.35 1.294 1.138 

20,54 
3.40 1.304 1.142 

21  32 

3.45 

1.314 
1.146 22.11 

3.50 
1.323 

1.150 
22.92 

3.55 

1.333 

1.154 
23.74 

3.60 

1.342 

1.158 24  03 3.65 
1.351 

1.162 25.45 3.70 
1.360 

1.166 

26.33- 

3.76 
1.369 

1.170 

IV. 

27.23 

3.80 
1.S78 

1.174 

28.05 3.85 
1.388 

1.178 

29.08 

3.90 

1.397 

1.182 

30.04 

3.95 

1A0:> 

1.185 

31.01 
4.00 

1.414 
1.189 

32.00 

4.05 

1.423 
1.193 

33.01 

4.10 

1.432 1.197 

34.04 
4.15 

1.441 
1.200 

35,08 

4.20 

1.449 

1.204 

36.15 
4.25 

1  458 
1.207 37.23 

4.30 

1.466 

1.211 
38.44 

4.3B 
1.475 

1.214 
39.47 

4.40 1.483 1.217 

40.61 

4.4S 

1.492 1.221 

41.77 4.50 

1  504 

1.225 
42.96 

4.55 

1.508 

1.228 

44.16 
4.S0 1.517 

1.232 
45.39 

4.65 

1.625 
1.235 

46.60 
4.70 

1.533 
1.238 

47.89 

4.7B 

1  541 1.242 
49.17 

4.80 

1.650 

1.245 50.48 

4.85 

1.5.57 1.248 51.80 
4.90 1.565 

1.251 

53.14 

4.95 

1.573 

1.254 

54.52 

5.00 1  581 1.257 

55.90 

I 
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5.1 
1.597 1.264 

58.74 
5.2 1.613 1.270 61.66 
5.3 1.628 1.276 64.67 
3.4 1.643 1.282 67.76 

5.5 1.658 1.288 70.94 
5.6 1.673 1.293 74.21 
5.7 1.688 1.299 77.56 

5.8 1.703 1.305 81.02 
5.9 1.718 1.311 84.55 
6.0 1.732 1.316 88.18 
6.1 1.746 1.321 91.90 

6.2 1.761 1.327 95.71 
6.3 1.775 1.332 99.62 
6.4 1.789 1.337 

103.6 

6.5 1.803 1.343 107.7 

6.6 1.816 1.348 111.9 
6.7 1.830 1.353 116.2 
6.8 1.844 1.358 120.6 

6.9 1.857 1.363 125.1 
7.0 1.871 1.368 

129.6 

7.1 1.884 1.373 
134  3 

7.2 1.897 1.377 139.2 
7.3 1.910 1.382 144.0 

7.4 1.924 1.387 148.9 
7.5 1,936 1.392 

VI. 
154.0 

7.6 1.949 1.396 159.2 
7.7 1.962 1.401     ' 

164.5 

7.8 1.975 1.405 
169.9 

7.9 1.987 1.410 175.4 

SO 2.0O0 1.414 181.0 

8.1 2.008 1.417 
186.7 

8.2 2.025 1.423 192.5 

8.3 2.039 1.427 198.5 

8.4 2.050 1.432 204.5 
8.5 2.062 1.436 

210.6 
8.6 2.074 1.440 216.9 
8.7 2.086 1.444 

223.3 

8.8 2.098 1.448 
229.7 

8.9 2.110 1.432 236.3 

9.0 2.121 1.456 243.0 
9.1 2.133 1.460 249.8 
9.2 2.145 1.465 256.7 
9.3 2.156 1.468 263.8 

9.4 2.168 1.472 270.9 

9.5 2.180 1.476 278.2 
9.6 2.191 1.480 285.5 
9.7 2.202 1.484 293.0 
9.8 2.213 1.488 300.6 
9.9 2.225 1.492 308.3 

10.0 2.236 1.495 

VII. 
316.3 

10.25 2.265 1.505 326.3 
10.5 2.292 1.514 358.1 
10.75 2.319 1.323 378.9 
11.0 2.345 1.531 401.3 
1125 2.371 1.540 42B.4 
11.5 2.399 1.549 448.5 
11.75 2.424 1.557 473.3 
12.0 2.450 1.563 428.9 

12.25 2.475 1.573 625.1 

12.5 2.500 1  581 552.4 
12.75 2.523 1.589 580.4 
13.0 2.550 1.597 609.2 
13.25 2.574 1.604 639.0 

13.5 2.598 1.612 669.5 
13  75 2.622 1.619 701.1 
14.0 2.646 1.626 733.3 
14.25 2.669 1.634 

766.9 

14.5 2.693 1.641 800.6 
14.75 2.715 1.648 

8:f5.7 

15.0 2.739 1  655 981.5 
15.25 2.761 1.662 908.4 

15.5 2.784 

1.6159 

945.7 
15.75 2.806 1.675 984.6 
16.0 2.828 1.682 1024.0 
1625 2.850 1.688 

VIII. 

1064.5 

16.5 2.872 1.695 1103.8 
16.75 2.894 1.701 1148.2 
17.0 2.916 1.707 1191.5 
1726 2.937 1.713 1235.8 
17.5 2.958 1.720 1281.1 
17.75 2.979 1.726 1321.3 
18.0 3.000 1.732 1374.6 
18.23 3.021 1.738 1422.8 
18.5 3.041 1  744 1472.1 
18.75 3.062 1.750 1522.3 
19.0 3. 082 1.756 1373.5 
19.25 3.102 1.761 1625.8 
19.5 3.123 1.767 1679.1 
19.75 3.142 1.773 1733.5 
20.0 3.163 1.779 1788.8 
20.6 3.200 1.989 1902.8 
21.0 3.240 l.SOO 2020.9 
21.5 3.279 1.811 2143.3 
22.0 3.317 1  821 2270.1 
22.3 3.354 1.831 2401.3 
23.0 3.391 1.S41 2537.0 
23.5 3.428 1.831 2677.1 
24.0 3.464 1.861 2821.8 
24  5 3.500 1.871 2971.1 

25.0 3.535 1.880 3125.0 

Values  of  V0.5£),  VO.hD  and  Di  are 
found  in  Table  VIII.  In  channels  in  earth 
the  side  walls  are  more  or  less  inclined  and 
the  mean  width,  that  is  the  width  of  the  chan- 

nel at  half  the  depth  of  the  water  is  taken  as 
a  basis  for  calculations  of  quantities  of  flow. 
The  area,  bottom  and  top  width  of  the  section 
are  given  by 

Area  =  mean  width  X  depth; 
Bottom  width  =  mean  width  —  D  tan  a; 

Top  width  =  mean    width  +  D     tan     a,    in which 

tan  a  =  the  tan  of  the  angle  between 
sloping  side  and  the  vertical 

=  the  horizontal  projection  per 
foot  of  rise. 

Velocities  and  quantities  of  flow  in  the  rect- 
angular section  are  either  slightly  less  or 

slightly  greater  than  those  in  the  trapezoids  of 
equal  mean  width.  Table  IX  gives  factors  of 
relative  flow  corresponding  to  different  side 
slopes  and  different  mean  widths.  For  a  mean 

width  =  6Z>  and  a  side  slope  of  2:1  the  table 
gives  the  factor  0.958.  Hence  for  this  side 
slope  the  constant  corresponding  to  M.W.  = 
6D  found  in  Table  VII  is  to  be  multiplied  by 
0.958. 

relative   width   is  indicated,  as  also  for  great 
bridge-aqueducts  of  masonry. 

For  covered  masonry  conduits  considerations 
of  economy  demand  the  most  compact  forms, 
the  circle,  the  square,  or  modifications  and 
combination  of  these.  The  walls  of  concrete 
lined  aqueducts  in  excavation  are  usually  given 
a  side  slope  of  1:10  to  1:12.  The  cover,  for 
conduits  not  intended  to  be  under  pressure,  is 
a  plane  slab,  0.5  to  1.0  ft.  above  the  water  line. 
The  bottoms  are  inverted  flat  arches  and  the 
forms  in  use  differ  only  in  the  relative  radii 
given  to  those  arches.     In  all  forms  the  width 

-[r 

1.257  +   1.5 

152
800

 

1000
 

[lOOOo(3-  +  ̂+jj5)  +  2XIOOX15o(j  +  -j^)2250o] 

One  example  will  make  the  application  of 
the  formulas  clear.  Let  it  be  required  to  find 
the  slope  for  a  channel  in  earth  of  which  the 
bottom  width  is  to  be  48  ft.,  the  depth  12  ft., 
the  inclination  of  the  sides  2:1,  the  desired 
velocity  2.7  ft.  per  second  and  the  value  of  K 
assumed  =  1.5  (k  =  0.025,  m  =  — 0.20).  In  this 
case  the  mean  width  is  8  +  12X2^72  ft., 
which  is  six  times  the  depth. 

For  a  relative  mean  width  =  6D,  Table  VIII 
gives  the  velocity  constant  1.854,  Table  IX  for 
a  side  slope  of  2:1  the  factor  0.958.  For  D  — 

12  ft..  Table  VIII  gives  Vl)3D  =  1,565, 

V  0.5D  =  2.45.  Inserting  these  values 

,  2.7     (1.564  +  1.5) 

-[ 

1'- 

I  J     12 _  (1.854  X  0.958)     (1.564  +  2.45) 
which  gives  7  =  0.1122  ft.  per  1,000,  =  0.594  ft. 

per  mile. 

of  the  section  at  the  springing  of  the  inverted 
arch  is  0.9D,  at  the  water  line  it  varies  between 
1.09  and  1.10  D,  according  to  the  side  slope 
adopted,  D  being  the  depth  of  the  water  above 
the  center  of  the  inverted  arch. 

For  the  form  Fig.  1  the  depth  of  the  arch 
at  the  center  is  equal  to  D/19,  the  mean  hy- 

draulic radius  to  0.3447Z?,  the  cross-section  up 

to  the  water  line  to  0.9679  D'. 
For  the  form  Fig.  2  the  depth  of  the  arch  at 

the  center  is  equal  to  D/8.5,  the  mean  hy- 
draulic radius  to  0.31(i5/J,  the  cross-section  up 

to  the  water  line  to  0.9204  D\ 
The  sides  of  the  tunnel  Fig.  3  are  vertical 

between  the  top  and  bottom  arches  and  their 
height  equal  to  D/2,  the  distance  of  the  water 
line  from  the  crown  and  the  depth  of  the 
lower  arch  are  equal  to  D/S.5.  The  radius  of 

the  upper  arch  is  equal  to  D/'2,  the  mean  hy- 

Fig.  1. 
Fig.  2. Fig.  3. 

Fig.  4. 
The  equations  for  the  distribution  of  water 

apply  to  channels  in  earth.  Let  it  be  required 

to  find  the  slope  for  a  channel  in  eai-th  10 
miles  long  which  is  to  carry  250  sec.-ft.,  of 
which  100  are  to  be  distributed  at  five  points 

equally  distant  from  each  other  while  the  re- 
maining 150  are  to  be  carried  beyond.  The 

desired  velocity  is  2.5  ft.  per  second,  the  mean 
width  of  the  channel  about  four  times  its 
depth,  the  side  slopes  1  :1  and  the  value  of  K 
is  assumed  =  1.50   (m=^  —  0.20). 

The  area  of  the  section  will  be  equal  to 
250 

   =  100   sq.   ft.     Hence   the   depth    of    the 
2.5 

draulic  radius  to  0.31651)  and  the  cross-section 

up  to  the  water  line  to  0.9204  D'. 
The  section  Fig.  4  is  usually  chosen  for  con- 

duits which  occasionally  run  full  or  under  a 

light   pressure.     In   it  the   width   of   the  ver- 10 

tical  section  is  equal  to  —  D  and  its  height  to 9 
5 

—  D.  The  radius  of  the  upper  circle  is  equal  to 

18 

5  1 

—  D,  the  depth  of  the  inverted  arch  to  —  D, 
9  6 
the  area  of  the  section  to  0.9086  ly. 

TABLE  IX.— FACTORS   OF   RELATIVE  VELOCITIES  AND  QUANTITIES  OF  FLOW. 

Side  /   Moan  width   
slope.                 ID                  2D                 3D                 4D  5D  6D                  SD 
u,:l  1.1482               1.0547               1.0465               1.036  1.029               1.0262              1.0208 

1  ':1  1.0925               1.033                 1.029                 1.027  1.019               1.0162              1.0130 1U:1  1.0                     1.0                     1.0                    1.0  1.0                   1.0                    1.0 
iy,:l                  0.978                0.984                0.986  0.990              0.991                 0.992 
2  1                  0.918                0.935                0.943  0.953              0.958                0.966 
2%:l                                  0.857                0.900  0.915              0.924  0.938 
3  :1                                  0.836                0.856  0.S79              0.892                 0.911 

10  D 1.017 

1.012 
1.0 

0.994 0.972 
0.948 
0.923 

channel,  for  a  mean  width  =  4D. 

1100 
D  =  ̂ ^  =  5  ft. 

For  a   mean  width  =  4D   the  quantity   con- 
stant is  6.808  and  the  factor  of  relative  flow 

for  a  side  slope  of  1:1  is  1.027.     D'    =55.90. 
Inserting  these  values 
which  gives 

H  =  13.8  ft.  or  1.38  ft.  per  mile. 
In  case  no  water  is  diverted  //  =  22.8  ft.  or 

2.28  ft.  per  mile. 

III. — COVERED  AQUEDUCTS  AND  -  JNNELS. 
For  wooden  flumes  of  moderate  dimensions 

the  most  suitable  forms  of  the  section  are  the 

semi-square  and  the  semi-circle.  Only  for 
those  of  great  dimensions  a  section  of  greater 

For  the  form  Fig.  1 

V  =  1.347  (0.7664  V^D  +  m)  VDI. 

Q  =  1.3036  (0.7664  V"^  -J-  w)  V"D7 For  the  form  Fig.  2  and  the  tunnel,  Fig.  3, 

y  =  1.29  (0.75  V'D -t-  w)  VTd7 

0=  1.188  (0.75  \/W+  m)  W'Wl For  the  form  Fig.  4 

F  =  1.168  (0.714  VO"-f-m)  V57 
Q  —  1.061  (0.714  \^D -f  m)  \U)'I 

For  these  conduits  washed  with  cement  m  = 
0.88  (n  =  0.0106),  plain  concrete  m  =  0.57  (» 
=  0.13).  For  Los  Angeles  aqueduct  n  =  0.14, 
m  =  0.45  was  taken. 
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IV. — EGC-SH.^PEU   CONDUITS. 

In  order  to  keep  the  velocity  of  flow  for  all 
quantities  of  water  carried  within  certain 
chosen  limits  sewers  over  2  ft.  in  diameter  are 

usually  given   an  egg-shaped  section. 
Three  forms  of  such  conduits  are  in  use. 

In  all  of  these  the  vertical  diameter  is  equal  to 
1.5  times  the  diameter  of  the  upper  circle. 

In  the  so-called  old  form  the  diameter  of  the 
lower  circle  is  equal  to  M,  in  the  other  forms 
equal  to  %  of  that  of  the  upper  one.  In  the 
so-called  peg-top  form  the  horizontal  diame- 

ters of  the  upper  and  lower  circles  are  united 
by  straight  lines. 

For  the  three  forms  mentioned  the  areas  of 
the  sections  and  the  mean  hydraulic  radii  are 
given  bv 

Old  f6rm.....Area=l.llTD=,  /?  =  0.28f)i!  £> 
New  form. . .  .Area  =  1.11503  D'.  R  =  0.2844  D 
Peg  top  form.  .Area  =  1.0.3354  D',  R  =  0.2680  D 
D  being  the  diameter  of  the  upper  circle. 

The  corresponding  equations  are  as  follows: 

For  the  old  form . .  K  =  1.235  (  V^-f  m)  \/  Ul 

For  the  new  form.  .P'  =  1.228  (  V^  + m)  VL>/ 

For  the  peg-top  form  ..V  =  1.188  (  V  /e  -I-  m ) 
V£)/ 

For  the  old  form .  Q  =  1.417  (  V  /?  -f-  m)  V  L»V 

For  the  new  form.Q  =  1.365  (^  R  +  m)  ̂   D'l 

For  the  peg-top  form. ..  Q  =  1.228  (  VR  -t-  m) 

For  these  conduits.  .»i  ̂ ^ 0.57 

TABL£  X.— VALUES  OF  THE  COEFFICIENTS 

m  and   a   FOR  OPEN   CONDUITS. 

m.,      a.  Description   of   the   conduit. 

1.0  V,''"  New  semi-circular  channels  lined 
with  poliihed  cement. 

0  95  V,>''  New  semi-circular  or  trapezoidal 
channels  lined  with  neat  cement  or planed  boards.  ,       ,,      j 

0.90  V,"  New  rectangular  channels  lined 
with  neat  cement  or  planed  boards. 0.S5  V.i"  New  semi-clicular  or  trapezoidal 

channels  lined  with  brick  or  con- 
crete masonry  dressed  with  ce- 
ment mortar  or  washed  with  ce- ,       ment.  ,        ,,       . 

0  SO  Vi>'  New  rectangular  channels  lined 
with  brick  or  concrete  masonry 
dressed  with  cement  mortar  or 
washed  with  cement. 

0.70  V,  II  Peml-clrcular  channels  lined  with 
unplaned  boards. 

0  70  V,<'  Rectangular  channels  lined  with 
fairly  good  brickwork  or  fairly smooth  concrete 

0.60  V,"  Rectangular  channels  lined  with 
unplaned  boards. 

0  57  V,"  Channels  lined  with  comrnon 
brickwoik,  concrete  or  smoothly 
dressed  ashlar  masonry.  Sewers  of 
.-ill  descriptions  some  time  in  use. 

0  45  V,i''  Channels  lined  with  roush  brick- work, rough  concrete  or  fairly  good 
ashlar  masonry.  Channels  in  earth 
roughly  dressed  with  cement  plas- ter. 

0  mO     10  Channels  lined   with  common   ash- 
lar or  good  rubble  masonry.  Chan- 

nels in  earth  roughly  dressed  with 
cement  plaster,  some  time  in  use. 

0,15     1.0  Channels  lined   with   roughly  ham- mered  masonry. 
0.0       1.0  Channels  lined   with   common   rub- ble masonry. 

VALUES  OF  THE  COEFFICIENTS   m.  K  AND 
a  FOR  CHANNELS  IN  EARTH. 

m        K  a  Description   of   channel. 

0.57  0.27  V,i''  Channels  of  very  regular cross-section  In  stiff  clay  or 

clayey  loam. 0.15  0.74  1.0  Channels  of  fairly  regular 
cross-section  in  fine  cement- 

ed gravel. 
0.0  1.0  1.0  Channels  of  fairly  regular 

cross-section  in  coarse  ce- 
mented gravel  or  In  rock- 

work. 

—0.10  1.2  V,i'»  Fairly  regular  channels  In sard  or  in  sand  with  gravel 
Imbedded.  Channels  as  left 

by  ditching  machines. 

—0.28  1.5  V|i'«  Fairly  regular  channels  In loose  soil,  tolerably  free  from 
stones  or  plants. -0  33     2.0 

-0.43     2.5       V,in 

Ordinary  channels  in  poor 
condition.  Channels  with 
stones,  mud,  vegetation  or 
other  Impediments  to  flow. 
Channels  as  left  by  dredging 
machines.  Somewhat  irreg- ular natural  channels,  creeks. 

Irregular  channels  in  loose 
rivers,   etc. 
cobble  stones.  Channels 
overgrown  with  weeds. 

The  governor  of  .•\rizona  has  suggested 
that  convict  labor  on  the  highways  of  Cochise 
and  Greenlee  counties  be  stopped  in  order  to 

give  employment  to  some  of  the  men  who  are 
out  of  work  owing  to  the  shutting  down  of 
many  of  the  mines  in  that  district. 

WATER n]i< iJi^ii: 
A    Method   Successfully   Employed   in 

Putting  Down  Into  Quicksand  a 
Dug  Well  10  Ft.  in  Diameter 

and  30  Ft.  Deep. 

To  the  Editors:  Mr.  Dabncy  II.  Maury's 
•irticlc  entitled.  Some  Water  Works  Engi- 

neering Mistakes,  published  in  Enginekr- 
iNc  .\.M)  CoNTRACTiNt;  of  Sept.  0.  1914,  is  very 
instructive  and  calls  to  my  mind  some  similar 
experiences. 

While  constructing  a  water  works  system 
in  New  Jersey  a  sub-contract  was  made  with 
a  builder  to  erect  the  pumping  station  and  to 
sink  a  suction  well,  and  he  was  to  be  re- 

sponsible for  the  entire  construction  and  com- 
pletion of  the  work.  As  he  was  a  man  who 

had  done  a  large  amount  of  various  kinds  of 
work  lor  us  and  was  thoroughly  reliable,  no 
rigid  inspection  was  necessary. 
The  suction  well  was  10  ft.  inside  diameUT 

and  was  to  extend  to  a  ilepth  of  30  ft.  from 
the  surface  of  the  ground,  or  about  25  ft.  be- 

low tile  base  of  the  pumping  engines,  and 
was  to  be  supplied  by  syphoning  from  five  ar- 

tesian wells  some   1*0   ft.  deep. 
It  was  suggested  to  the  contractor  that  he 

sink  the  suction  well  first,  but  he  preferred 
to  do  it  the  other  way  and  no  positive  protest 
was  made.  The  well  was  sunk  in  the  usual 
manner  with  a  wooden  curb  on  which  the 
circular  brick  wall  was  laid  and  the  material 
from   the   inside   excavated. 

After  the  contractor  had  reached  a  depth 
of  about  1(1  ft.  he  struck  quicksand  which 

caused  preat  trouble;  and  after  three  days' 
work,  in  which  no  progress  was  made  and 
the  caving  became  so  bad  that  there  was  some 
danger  of  undermining  the  walls  of  the  pump- 

ing station,  he  appealed  to  the  writer  who 
made  a  personal  examination  and  found  con- 

ditions serious. 
Various  plans  were  thought  of :  One  being 

to  sink  a  series  of  driven  wells  around  the 
proposed  suction  well  and  pump  the  level  of 
ground  water  down,  but  the  santi  was  so  fine 
that  this  would  have  been  difficult.  ,\nother 
plan  was  to  ftwce  cement  grout  into  these 
wells  and  let  it  set  for  some  time  before  re- 

suming the  suction  well  work.     Finally  a  very 

simple  plan  was  devised,  which  proved  to  be 
eminently  successful. 

The  top  of  the  weW  was  loaded  down  with 
pig  lead,  so  as  to  take  up  small  space,  and  a 
sand  centrifugal  pump  was  provided.  The 
water  in  the  well  was  maintained  about  a 
foot  above  the  surface  of  the  ground,  while 

the  pumping  continued,  keeping  the  open  suc- 
tion close  to  the  bottom  by  means  of  a  rope, 

and  the  discharge  from  the  pump,  which  con- 
tained about  6  per  cent  of  sand,  was  delivered 

into  a  box  which  overflowed  back  into  the 
well  and  the  sand  was  removed  as  fast  as  it 
accumulated.  In  order  to  keep  the  bottom 
from  packing,  a  hose  stream  was  played 
around  the  suction  of  the  pump.  In  this  way 
the  sinking  of  the  well  progressed  rapidly. 
Of  course,  under  these  conditions  no  caving 
could  take  place.  Finally  a  boulder  some  3 
ft.  in  diameter  was  encountered,  but  this  was 
readily  kept  within  the  well  until  it  had 
reached   full  depth. 

Finallv  it  was  necessary  to  place  a  bottom 
in  the  well.  For  this  purpose  10-in.  maple 
planks  were  cut  to  the  right  dimensions,  and 
a  diver  was  employed  to  place  them.  His 
first  duty  was  to  grapple  with  hooks  the  large 
boulder,  which  was  raised  by  a  block  and 
fall,  and  he  succeeded  in  putting  in  the  planks 
within  n  few  hours,  working  from  each  side 
toward  the  center.  The  well  was  then  pumped 
out  and  everything  was  found  to  be  in  first- 
class   condition. 

This  plan  would  have  been  applicable  even 
if  the  well  had  gone  to  a  much  greater  depth, 
but  it  minht  be  impracticable  in  that  case  to 
have  a  diver  put  in  the  bottom.  This,  how- 

ever, could  be  done  bv  using  a  rich  mixture 
of  concrete  and  depositing  it  under  water  by 
means  of  a  chute;  2  or  3  ft.  ought  to  be  suf- 

ficient   for   the    purpose. 
Since  that  time  the  writer  has  sunk  a  con- 

•iiderable  number  of  iron  wells  4  to  6  ft.  in 
dianutcr  by  the  same  method. 

Mr.  Maurv's  experience  with  terra  cotta 
pipe  is  coiumi  n  and  the  writer  agrees  with  his 
^i  .1,  ,.,, ,  ..  ;^|„|  would  suggest  that  if  the  pres- 

'  great  fsav  30  or  40  ft.),  and  a 
loh  is  reqiiired,  the  best  way  is  to 

make  the  joints  tight  by  caulkinc  with  tar 
hemp  and  testing  not  more  than  1.000  ft.  at 
a   time   under  the  maximum   pressure  before 

anv  cfment  is  put  in  the  joints.  Then  the 
joints  should  be  cemented  carefully,  paying 
particular  attention  to  the  bottom,  where 
leaks  invariably  take  place.  When  each  sec- 

tion is  finished  this  way,  the  trench  should 

be   immediately   back-filled. Vcrv  truly  yours, 

J.  W.  Ledoux,  Chief  Engineer. 
American   Pipe  and  Construction  Co. 

Philadelphia,   Pa.,   Sept.   12,   1914. 
(The  foregoing  letter,  like  Mr.  Maury]s 

article  to  which  our  correspondent  refers,  is 
a  contribution  to  water  works  literature  of 
the  highest  type  of  usefulness.  We  shall  be 

glad  to  receive  for  publication  similar  state- 
ments of  experiences  from  other  water  works 

encineers. — Editors.") 

Caulking     Lead     Joints     With     Com- 
pressed Air  at  Waltham,  Mass. 

During  the  vcar  1913  the  cit\  of  Waltham, 
Mass.,  laid  about  10,000  ft.  of  10-in.  water 

pipe.  The  portable  air  compressor  for  caulk- 
ini;  the  joints  appealed  to  the  supcrintenden* 
because  of  its  portability,  its  light  weight  and 
its  sufficient  power.  The  complete  air  plant 
cost  somewhat  less  than  $450  and  practically 
paid  for  itself  on  this  one  job.  So  successfully 
did  this  machine  do  its  work  that  the  super- 

intendent of  water  works.  Mr.  Daniel  J.  llig- 
giiis,  is  convinced  that  the  air  compressor  for 
caulking  lead  joints  and  for  rock  drilling  has 

passed  the  experimental  stage  in  water  \vorks 
construction.  The  following  description  of 

the  application  of  this  method  at  Waltham  is 

from  Mr.  Higgins'  paper  before  the  annual 
convention  of  the  New  England  Water  Works .\ssociation : 

The  machine  purchased  was  directly  con- 
iioted  with  a  single  cvlinder,  four  cycle  gaso- 

line engine  to  the  air  compressor,  pumping 

directly  into  a  vertical  tank  placed  on  the 
same  cliannel  iron  bed.  On  top  of  the  tank 

was  placed  a  safety  valve  and  also  an  air 
valve.  Beyond  the  air  valve  there  was  a  slip 

joint  and  a  lock  couplinq  for  the  air  hose.  We 

had  50  ft.  of  hose  and  after  placing  the  ma- 
chine on  the  street  side  of  the  ditch,  opposite 

ilie  side  where  the  gravel  was  to  be  thrown 

out,  we  found,  by  placing  the  machine  at  any 
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point  50  ft.  from  where  we  started,  that  we 
could  caulk  lOU  ft.  without  moving  the  ma- 

chine. That  is,  we  ran  50  ft.  back  of  the  ma- 
chine and  then  50  ft.  ahead  of  it.  This  put  in 

practically  eight  joints.  In  one  5.000-ft.  sec- 
tion we  ran  across  about  1,000  ft.  of  ledge  and 

lather  than  call  in  a  contractor,  or  drilling  the 
ledge  our  bv  hand,  I  decided  to  buy  an  air 
drill.  This  cost  about  $08  with  a  set  of  drills, 
and  we  removed  the  1,000  ft.  of  ledge.  We 
found  this  was  a  very  good  investment,  as  we 
liave  used  the  machine  many  times  since  then 
for  removing  ledge  and  have  also  found  it 
profitable  to  transport  it  to  various  points  in 
I  he  city  to  remove  large  boulders  when  en- 

countered in  the  trenches. 
In  caulking  we  used  the  best  Omaha  lead, 

instead  of  a  straight  ell  we  used  a  beveled 
one,  because  it  was  necessary  to  have  more 
lead  protruding  slightly  beyond  the  bell  end 
when  caulking  with  the  machine  than  when 
caulking  by  hand.  This  would  seem  to  indi- 

cate that  the  lead  was  more  firmly  forced 
into  the  joint  by  the  machine,  and  we  have 
never  split  a  bell.  The  length  of  time  neces- 

sary to  caulk  a  joint  was  nominally  about 
three  minutes  to  the  joint,  as  compared  with 
15  minutes  by  hand  tools.  Our  first  caulking 
tools  were  rnade  a  trifle  long,  and  after  ex- 

perimenting with  them  we  decided  that  a  short 
tool  was  more  practicable. 

At  first  our  caulking  gang  was  a  bit  timid  in 

using  the  machine.  They  were  under  the  im- 
pression that  it  was  going  to  cheat  them  out 

of  a  job,  but  after  a  few  demonstrations,  they 
realized  the  machine  was  a  powerful  aid  to 
them,  and  later  realized  the  wonderful  power 
liehind  the  blow  of  the  air  hammer.  We  found 
that  under-side  caulking  was  made  much 
easier  by  the  use  of  the  machine  on  account  of 
the  hard  position  and  reaching  that  caulkers 
had  to  assume  in  order  to  do  satisfacton-  work 
by  hand  methods.  The  machine  works  just  as 
well  underneath  the  joint  as  on  the  sides  and 
top  where  access  is  much  easier. 

In  my  first  crew  a  fairly  intelligent  man 
was  delegated  to  run  the  machine  and  also  to 
lend  a  hand  in  setting  the  pipe.  I  found  at 
first  that  this  man  was  addicted  to  the  very 
serious  habit  of  using  a  screw  driver  and 
monkev  wrench  on  the  machine,  and  would  not 

do  as  'he  was  told.  This  lasted  several  days and  we  finally  had  to  let  him  go.  A  high 
school  boy,  formerly  water-boy  for  the  gang, 
was  given  the  job  of  running  the  machine 
with  the  same  instructions  given  the  former 

man.  He  proved  a  complete  success  and  fol- 
lowed instructions  to  the  letter,  and  we  then 

had   much   better   results  than   at   first. 

The  portable  air  compressor  differs  from 
all  other  plants  of  this  kind.  The  engine  and 
the  compressor  are  combined  in  one  machine. 
The  air  piston  is  connected  on  the^  same  crank 
shaft  as  the  engine  piston,  making  what  is 
known  as  a  double  throw  method  which  gives 
absolutely  the  same  speed  and  power  to  the 
compressor  as  the  engine.  Another  improve- 

ment is  the  piston  discharge  valve  instead  of 
the  old  style  stem-valve,  which  makes  it  pos- 

sible to  reduce  the  valve  space  behind  the  air 
piston  to  a  minimum.  This  valve  also  increases 
the  efficiency  about  15  per  cent  and  is  prac- 

tically indestructible.  The  compressor  is  also 
equipped  with  an  unloader  which  automatically 
relieves  the  compressor  at  any  desired  pressure 
up  to  125  lbs.  The  engine  is  equipped  with  a 
magneto  which  makes  the  use  of  batteries  un- 

necessary. The  gasoline  supply  is  retained  in 
the  base  of  the  engine. 

The  requirements  of  a  properly  caulked  joint 
involve  a  rather  tedious  and  slow  operation 

when  the  work  is  performed  by  hand.  In  ad- 
dition it  is  expensive  and  lacks  uniformity 

and  reliability.  This  is  most  noticeable  on  the 
under  side  of  the  joint  due  to  its  inaccessi- 

bility. The  pneumatic  hammer  gives  an  abso- 
luteiv  uniform  joint  on  top  and  bottom. 
The  specifications  of  the  compressor  used 

are  as    follows : 

Engine.  1 5    HP.    hopper   water    cobled. 
Compressor,   4^2X6  ins.   air  cooled. 
Capacity,  23  cu.  ft.  free  air  per  mimite. 
Size  of  air  tank,  20x60  ins.  or  30x60  ins. 
Total  weight,  with  20-in.  tank,  1,650  lbs.;  with 

30-in.  tank,   1,800  lbs. 
Total  length,  6  ft. 

Total  width,   34  ins. 
Pneumatic   tool  capacity,   with  20x60-in.    tank,  1 
pneumatic    caulking    tool    or    1    pneumatic    rock 
drill;   with  30xt;ii-in.  tank,  2  pneumatic  caulking 
tools  or  1  rock  drill. 

The  cost  of  the  outfit  is  $436.60  complete 
with  a  caulking  hammer  for  caulking  pipe, 
cutting  or  chipping  bricks  or  concrete  and  a 
set  of  6  steels  and  air  hose  in  50-ft.  lengths. 
We  bought  an  Imperial  air  hammer  for  rock 
drill  work  for  $00  additional. 

Specifications   Governing  Purchase   of 
Water  Meters  of  Disc  Type  at 

San  Diego,  Cal. 

The  department  of  water  of  San  Diego, 
Cal.,  has  recently  printed  a  50  page  pamphlet 
containing  its  standard  plans  and  specifica- 

tions. These  plans  and  specifications  relate  to 
the  materials  used  in  the  distribution  system 

and  to  all  the  appurtenances  of  the  distribu- 
tion system.  The  specifications  also  cover 

workmanship  and  construction  inethods.  We 
here  quote  the  specifications  governing  the 
purchase  of  water  meters  of  the  disc  type; 
The  meter  shall  consist  of  four  units,  as 

follows:  1,  measuring  chamber;  2,  gear 
chamber ;  3,  registering  device ;  4,  meter  body. 

Measuring  Chamber. — The  measuring  chamber 
shall  be  made  in  two  parts,  and  be  so  arranged 
in  the  meter  that  the  meter  may  be  disassem- 

bled completely  without  taking  the  body  from 
the  service  line  upon  which  it  is  attached.  In 
testing  the  meters  they  shall  be  guaranteed  to 
register  not  over  100  per  cent  on  the  full  flow, 
or  the  1-32  opening,  and  they  shall  be  guaran- 

teed not  to  tall  below  SSVa  per  cent  on  the  full 
flow  and  not  less  than  96  per  cent  accuracy  on 
the  1-32  opening  at  a  pressure  of  38  pounds  per 
square  inch. 
Disc— The  disc  shall  be  made  of  the  best  class 

of  hard  rubber  with  a  specific  gravity  as  near 
as  possible  to  that  of  water,  and  shall  either 
have  some  means  of  relieving  the  pressure  or 
shall  be  well  reinforced  by  means  of  an  alum- 

inum or  otherwise  approved  reinforcement 
through  the  center  of  the  disc.  It  shall  have  a 
disc  not  less  than  2  15-16  ins.  in  diameter  for  the 
■'■R-in.  by  %-in.  size,  and  shall  be  guaranteed  to 
give  a  capacity  of  not  less  than  20  gals,  per 
minute  with  a  full  opening  and  with  a  pressure 
of  3S  lbs. 
The  disc  spindle  shall  be  made  of  phosphor 

bronze  and  the  disc  chamber  shall  be  made  of 
the  following  mixture,  unles  otherwise  ordered: 
Copper,  87.12  per  cent:  zinc,  5.44  per  cent;  tin, 
,',.44  per  cent;  lead,  2.00  per  cent. 

Strainer. — The  strainer  shall  be  made  with  an 

opening  eciuivaltnt  to  not  less  than  two  times 
the  diameter  of  ihe  inlet  pipe,  and  shall  be  made 
'of  tmned  copper  and  be  so  located  that  it  may 
be  easily  removed. 

Gear  Trains.— The  gear  trains  shall  be  strong, 
simple  and  durable  and  so  constructed  that  they 
are  easily  removable,  and  when  so  ordered  shall 
oe  made  of  the  class  of  hard  rublier  adapted  to 
this  class  of  work. 

The  spindles  shall  be  made  of  either  phosphor 
bronze  or  some  material  meeting  with  the  ap- 

proval of  the  hydraulic  engineer.  A  considera- 
tion in  awarding  the  contract  for  the  meters  will 

be  given  to  such  items  of  construction  as  rub- 
ber bearings,  jeweled  bearings  in  the  meters, 

gears  having  double  hung  bearings,  simplicity 

of  gearing  and  wide  faced  gearing  easily  oper- 
ated. 
Where  it  is  necessary  to  bolt  one  bearing  plate 

upon  another  the  screw  shall  either  be  made  of 

phosphor  bronze  or  some  metal  meeting  the 

approval  of  the  engineer.  The  bearing  cam  shall 
be  screwed  and  fastened  In  an  approved  manner. 

The  gearing  and  bearings,  unless  otherwise  ap- 
proved, shall  be  constructed  of  bronze  mixed 

from  new  metal  of  the  following  composition: 

Copper,  87.12  per  cent;  zinc,  5.44  per  cent;  tin, 
5.44  per  cent;  lead,  2.00  per  cent. 

Registering  Device.  —  The  registering  device 

shall  be  separated  from  the  gear  train  chamber 

by  means  of  an  adequate  stuffing  box,  guaran- 
teed to  be  water  tight  under  ordinary  working 

pressures.  The  teeth  of  the  gear  train  must  be 

made  of  some  non-corrosive  metal,  and  prefer- 
ence will  be  given  to  such  type  of  trains  as  work 

in  rubber  bushing. 

There  shall  be  dials  gaged  for  reading  the  ca- 
pacity of  meters  in  cubic  feet,  and  the  sum  of 

the  dials  must  give  100,000  cu.  ft. 
The  top  and  bottom  of  the  registering  device 

shall  be  a  brass  plate  not  less  than  1-16-ln.  in 
diameter.  The  registering  dial  shall  consist  of 

a  copper  plate  enameled  in  a  first-class  white 
enamel.  Straight  reading  dials 'of  approved  de- 

sign may  be  substituted  at  option  of  the  hy- 
draulic engineer. 

Meter  Body. — The  meter  body  shall  be  made  ot 

bronze,  and  the  maker  shall  submit  the  propor- 
tions of  metal  he  proposes  to  put  into  the  same. 

It  shall  be  made  in  two  or  more  parts:  the  lower 

part,  holding  the  measuring  chamber,  shall  be 
bolted  to  the  upper  part,  or  gear  chamber,  by 
four  or  more  bronze  studs  having  a  diameter  of 
not  less  than  5-16-in.  and  with  hexagonal  heads, 
or  may  be  bolted  by  through  bolts  having  a 
square  head.  These  bolts  shall  be  cinched  by 
means  of  hexagonal  bronze  nuts  operated  from 
the  top  of  the  bolt. 
The  casing  will  be  subjected  to  a  pressure  of 

250  lbs.  water  pressure  per  square  inch,  and  if 
found  to  leak  it  will  be  condemned.  The  inlet 
opening  and  outlet  opening  throuijh  the  meter 
shall  be  ̂ g-in.  in  diameter,  and  threaded  so  as 
to  take  a  ?4-in.  bronze  hexagonal  coupling, 
threaded  for  a  %-in.  pipe.  These  couplings  are 
to  be  included  in  the  bid  for  meters  and  are  to 
be  made  of  the  same  composition  as  the  meter 
body. 

There  shall  be  an  adequate  bronze  lid  on  top 

of  the  meter  to  protect  the  reading  dial,  so  de- 
signed, unless  otherwise  ordered,  that  when 

opened  it  cannot  go  beyond  3  degrees  past  a 
vertical  position.  The  serial  number  of  the 

meter  shall  be  designated  in  good  bold'  figures on  the  surface  of  the  lid. 
All  meters  shall  be  drilled  through  the  top 

portion  of  the  gear  in  some  adequate  manner 
for  sealing  purposes. 

In  submitting  bids  for  the  various  makes  of 
meters  the  makers  will  also  submit  bids  for  the 

following  spare  parts;  Measuring  chambers,  met- 
er discs,  gear  trains  and  registration  devices. 

The  city  reserves  the  right  to  make  from  time 

to  time  chemical  analysis  of  the  metals  enter- 
ing into  the  various  parts  ot  the  meters  and 

should  same  vary  from  the  specifications  the 

complete  lot  of  meters  are  subject  to  rejection 
without  any  cost  to  the  city  of  San  Diego,  and 

the  citv  n.ay  annul  the  contract  for  same. 

Mitigation  of  Destructive  Effects  of 

Electrolysis  on  Reinforced  Con- 
crete, Underground  Pipes  and  Cable 

Sheaths. 

The  present  article  gives  an  account  of  the 

work  of  the  Bureau  of  Standards  on  the  sub- 

ject of  the  destructive  effects  of  electric  cur- rent on  reinforced  concrete,  under.ground 

pipes,  and  cable  sheaths,  and  of  the  mitigation 
of  these  effects.  The  investigations  of  the 
Bureau  of  Standards  on  the  general  subject 
of  the  damage  to  underground  pipes,  cable 
sheaths  and  reinforced  concrete  by  electric 

railway  current  and  soil  corrosion  have  been 
carried  on  during  the  past  four  years. 

The  attention  of  the  Bureau  of  Standards 
was  first  called  to  the  importance  of  a  study 

of  the  effects  of  electric  current  upon  rein- 
forced concrete  by  letters  from  engineers  and 

companies  seeking  information  as  to  the  ex- 
tent of  the  damage  produced  and  the  most 

practicable  means  of  preventing  it.  Laboratory 

experiments  had  shown  that  under  certain  cir- cumstances an  electric  current  flowing  from 
the  reinforcing  material  into  the  concrete  not 

onlv  caused  serious  corrosion  of  the  rein- 
forcing metal,  but  sometimes  also  split  open 

considerable  blocks  of  solid  concrete.  These 

experiments  had  been  repeated  and  confirmed 

by  numerous  experimenters,  but  theories  to 
account  for  the  phenomenon  were  conflicting 

and  opinions  as  to  the  extent  of  the  danger 
in  practice  were  very  diverse. 
The  corrosion  of  gas  and  water  pipes  by 

electric  currents  flowing  from  street  railway 

tracks  through  the  earth  back  to  the  power- 
houses was  another  phenomenon  of  electroly- 

sis that  for  many  years  had  been  causing  seri- 

ous concern  to  "the  gas  and  water  companies, 
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and  in  more  recent  years  at  least  to  railway 
engineers  also.  It  was  recognized  at  the  Bu- 

reau that  a  thorough  investigation  of  these 
questions,  for  the  purpose,  first,  of  under- 

standing the  phenomena  better  and,  second, 
learning  tlie  best  methods  of  overcoming  the 
trouble,  would  be  of  great  practical  value,  and 
it  was  believed  that  such  a  problem  requiring 
years  of  consecutive  observation  and  research, 
could  be  undertaken  to  advantage  by  a  na- 

tional institution,  such  as  the  Bureau  of  Stand- 
ards. Accordingly,  a  special  appropriation  was 

asked  for  and  granted  by  Congress,  and  work 
was  begun  in  the  summer  of  1910.  A  number 
of  related  investigations  have  been  carried 
out  during  the  past  four  years,  and  some  are 
still  in  progress. 

The  lessons  drawn,  to  date,  from  these  in- 
vestigations are  here  recorded  as  given  by  Ed- 

ward B.  Rosa,  Chief  Physicist  of  the  Bureau 
of  Standards,  in  his  paper  before  the  annual 
convention  of  the  New  England  Water 
Works. 

CORROSION    OF    REINFORCED    CONCRETE. 

The  investigation  of  the  effects  of  electric 
current  upon  reinforced  concrete  was  one  of 
the  first  to  be  taken  up.  At  the  outset  a 
number  of  experiments  described  by  previous 
investigators  were  repeated  in  order  to  verify 
their  results  or  to  decide  between  conflicting 
conclusions.  Numerous  modifications  of  these 
experiments,  and  many  entirely  new  ones  were 
instituted,  and  a  very  careful  record  was  kept 
cT  all  details  of  the  work,  so  that  conditions 
could  be  accsrately  reproduced.  The  condi- 

tions under  which  an  electric  current  can  split 
open  a  solid  block  of  reinforced  concrete  were 
investigated  and  the  cause  of  this  important 
and  somewhat  startling  phenomenon  was  de- 

termined. It  was  also  found  that  when  an 

electric  current  flows  through  reinforced  con- 
crete toward  the  core  that  there  is  an  im- 

portant cathode  effect,  sucli  that  the  bond  be- 
tween the  concrete  and  the  reinforcing  metal 

may  be  destroyed  and  the  concrete  cease  to 
be  reinforced.  In  addition  to  ascertaining  the 
chemical  and  physical  changes  which  occur 
and  clearing  up  certain  hitherto  unexplained 
phenomena,  some  practical  conclusionss  of 
great  economic  value  resulted  from  the  Bu- 

reau's work.  I  cannot  take  time  even  to  men- 
tion the  principal  results  obtained,  but  can 

merely  refer  anyone  who  is  interested  to  our 
technological  publication.  No.  18,  an  illustrated 
paper  of  130  pages,  which  will  be  sent  free  on 
request. 

ELECTROLYTIC  CORROSION  OF  IRON  IN   SOILS. 

A  second  investigation  was  on  electrolytic 
corrosion  of  iron  in  soils,  a  subject  of  great 

practical  importance'  because  of  the  enormous 
quantity  of  iron  gas  and  water  pipe  buried 
in  the  ground.  For  convenience  we  use  the 
term  electrolytic  corrosion  to  indicate  the 
corrosion  caused  by  the  discharge  of  an  elec- 

tric current  which  enters  the  metal  from  ex- 
ternal sources.  Other  forms  of  corrosion,  in 

which  the  currents  originate  in  the  corroding 
system  from  whatever  cause,  are  designated 
as  self-corrosion.  These  two  forms  of  cor- 

rosion are  not  independent  of  one  another, 
since  the  presence  of  cither  kind  of  corrosion 

generally  afi'ects  the  extent  of  the  other.  "This mutual  influence  is  of  great  importance,  and 
must  be  carefully  taken  account  of  in  elec- 

trolysis surveys.  It  is  partly  because  of  this 
effect  that  corrosion  efficiencies  greater  than 
ISO  per  cent,  sometimes  as  much  as  1.50  per 
cent,  are  encountered;  that  is,  the  amount  of 
the  corrosion  due  to  a  given  electric  current 
may  be  as  much  as  one  and  a  half  times  as 
great  as  the  amount  calculated  from  Fara- 

day's law,  after  deducting  the  natural  corro- sion that  would  have  occurred  if  there  had 
been  no  external  current  flowing.  These  cases 
occur  with  low  current  densities.  With  high 
current  densities  the  efficiency  of  corrosion  is 
relatively  low,  the  iron  tending  to  become  pas- 

sive, and  showing  corrosion  efficiencies  some- 
times as  low  as  20  per  cent.  This  is  in  marked 

contrast  to  the  effect  in  concrete,  where  at 
high  current  densities  the  destructive  effects 
increase  more  rapidly  than  the  current  in- 
creases. 

Moisture  has  a  marked  effect,  the  efficiency 

of  corrosion  increasing  with  the  moisture  con- 
tent of  the  soil  up  to  saturation. 

Temperature  changes  within  ordinary  ranges 
have  no  important  effect  upon  the  efficiency  of 
corrosion.  Temperature  does  not  exert  an 
important  influence  in  the  total  corrosion  in 
practice  by  affecting  the  resistance  of  the 
soil. 

The  amount  of  oxygen  present  has  a  marked 
effect  upon  the  end  products  of  corrosion.  If 
the  corrosion  is  rapid  and  the  supply  of  oxy- 

gen is  limited,  there  will  be  a  preponderance 
of  magnetic  oxid ;  if  the  rate  of  corrosion 
is  slow  and  the  supply  of  oxygen  is  plentiful, 

ferric  oxid  will  predominate.  Thus  the  na- 
ture of  the  oxide  is  an  indication  whether  the 

corrosion  is  due  to  external  electric  currents, 
as  rapid  self-corrosion  is  unusual  unless  in 
the  presence  of  cinders,  coke  or  chemicals. 

Careful  experiments  were  made  to  ascer- 
tain whether  the  efficiency  of  corrosion  is  dif- 

ferent in  different  kinds  of  iron.  Eighty  speci- 
mens were  employed,  20  each  of  ingot  iron, 

machinery  steel,  wrought  iron,  and  cast  iron, 
half  of  the  latter  being  used  as  they  came 
from  the  mold  and  half  machined  to  a  clean 
surface.  The  results  showed  almost  exactly 
the  same  corrosion  due  to  the  current,  al- 

though the  self-corrosion  of  the  cast  iron  was 
greater  than  for  the  others,  being  about  10 
per  cent  of  the  electrical  loss.  (The  self-cor- 

rosion of  the  ingot  iron  was  3  per  cent ;  of  the 
machinery  steel  4  per  cent,  of  the  wrought 
iron  5  per  cent.) 

The  superiority  of  cast  iron  respecting  elec- 
trolytic and  self-corrosion  is  due  to  higher 

resistance  of  the  joints  in  the  pipe  lines,  high- 
er electrical  resistivity  of  the  iron,  heavier 

walls  of  the  pipe,  and  a  tendency  to  corrode 
more  uniformly. 

Other  subjects  investigated  were  the  causes 
of  the  efficiency  of  corrosion  exceeding  100 
per  cent ;  the  corrosion  eflnciency  at  very  low 
voltage,  and  the  effect  of  moisture  content, 
temperature  and  pressure  on  earth  resistance. 
It  was  found  that  the  corrosion  efficiency  does 
not  vary  with  voltage,  the  current  being  the 
same.  Impressed  voltages  as  low  as  0.1  volt 
gave  the  same  values  as  1.0  volt.  Corrosion 
tests  on  a  large  number  of  different  kinds  of 
soil  from  widely  different  sources  with  aver- 

age moisture  content  and  moderate  cuf'rent 
densities  showed  that  corrosion  eflSciencies  be- 

tween 50  and  110  per  cent  may  usually  be  ex- 
pected  under   meet   practical   conditions. 
ELECTRICAL   RESISTANCE   OF   SOILS. 

The  resistance  of  soils  varies  widely  ac- 
cording to  the  moisture  content,  the  resistance 

of  comparatively  dry  soil  being  several  hun- 
dred times  the  resistance  of  the  same  soil  at 

saturation.  Hence  voltage  surveys  should,  not 
be  made  at  times  when  the  earth  is  exception- 

ally wet  or  exceptionally   dry. 

"The  resistance  of  the  soil  varies  greatly  with 
the  temperature.  At  — 18°C.,  the  resistance  of 
soil  was  found  to  be  over  200  times  as  great 

as  at  -|-18°C.  At  freezing  temperature  the  re- 
sistance is  many  times  the  value  at  18°C.  This 

has  an  important  bearing  on  the  magnitude 
of  electrolysis  troubles,  and  shows  that  the 
damage  from  electrolysis  due  to  street  railway 
currents  may  be  less  in  winter  than  in  sum- 

mer, even  though  the  railway  currents  are 
then  greatest.  The  rail  resistance  is  least  in 
winter  when  the  soil  resistance  is  greatest, 

both  tending '  to  lessen  the  current  in  the 
pipes.  Electrolysis  surveys  therefore  would 
better  not  be  made  in  severely  cold  weather. 
These  results  have  an  important  bearing  on 

electrolysis  mitigation,  and  the  fixing  of  limit- 
ing values  to  the  current  density  in  rails  or 

voltage  gradients  in  the  earth,  as  well  as  an 
important  bearing  on  the  methods  employed 
in  electrolysis  surveys. 

Nearly  a  hundred  samples  of  soil  were  col- 
lected from  various  cities,  including  Philadel- 

phia, Pittsburgh,  Erie,  St.  Louis  and  Wash- 
ington, and  their  resistances  measured.  The 

soil  samples  of  each  city  were  from  widely 
different  locations,  bein^  taken  from  the  depth 
at  which  pipes  were  buried,  and  generally  near 
gas  or  water  pipes.  The  resistances  varied 
through  a  wide  range,  according  to  the  char- 

acter of  the  sample,  but  the  averages  showed 
some  interesting  results.  The  values  were 
much  more  uniform  and  lower  in  the  St.  Louis 
samples  than  in  those  from  other  cities,  the 
smallest  being  409  ohms  per  cubic  centimeter, 
and  the  largest  1800  ohms.  The  average  re- 

sistance of  35  samples  of  St.  Louis  soil  was 
five  times  less  than  of  the  20  samples  of  Phil- 

adelphia soil. 
These  results  also  have  an  important  bear- 

ing on  the  question  of  damage  from  electroly- 
sis and  the  precautions  necessary  to  protect 

gas  and  water  pipes  and  cable  sheaths  from 
destruction  by  street  railway  currents.  The 
Bureau  has  made  electrolysis  surveys  in  Phil- 

adelphia and  St.  Louis,  and  we  had  wondered 
why  the  former  city  was  relatively  so  free 
from  trouble  due  to  electrolysis.  There  were 
differences  in  conditions  in  favor  of  Philadel- 

phia in  several  particulars,  but  not  until  we 
found  the  great  difference  in  soil  resistance 
did  we  understand  the  great  difference  in 
electrolysis   troubles. 
The  proposal  to  fix  by  state  law  a  general 

requirement  as  to  voltage  drop  or  current 
density  in  the  rails  is  seen  not  to  be  very 
logical,  in  view  of  the  great  variations  in  the 
damage  which  can  result  under  different  con- 

ditions with  the  same  voltage  drops.  The 
full  results  of  this  investigation  on  electroly- 

tic corrosion  of  iron  in  soils  are  contained  in 

our  Technological  paper  No.  25.  The  meth- 
ods employed  in  measuring  the  resistance  of 

soils  and  the  results  obtained  will  be  published 
shortly  in  Technological  paper  No.  26. 

SURFACE    INSULATION    OF   PIPES. 

The  fourth  investigation  in  this  series  un- 
dertaken by  the  Bureau  was  on  the  surface 

insulation  of  pipes  as  a  means  of  preventing 
electrolysis. 
One  of  the  first  methods  resorted  to  as  a 

means  of  preventing  damage  to  buried  gas 

and  water  pipes  by  electrolysis  and  soil  cor- 
rosion, and  still  used  to  a  considerable  ex- 

tent, consists  in  covering  the  surface  of  the 
pipes  with  a  coating  intended  to  insulate  them 
from  the  surrounding  earth.  In  many  cases 

pipes  have  been  so  protected  from  soil  cor- 
rosion; but  it  is  doubtful  whether  there  is 

any  instance  on  record  where  damage  by 
electrolysis  has  been  effectually  prevented  in 
this  way  if  the  voltage  conditions  were  at 
all  severe.  On  the  contrary,  there  have  been 
cases  where  such  coatings  have  done  actual 
harm,  as  they  tend  to  fail  in  spots,  and  so 
permit  the  current  to  escape  from  the  pipes 
at  such  places  with  a  greater  current  density 
than  otherwise,  and  so  aggravate  the  local 
damage. 

To  obtain  reliable  information  as  to  the 

practicability  of  protecting  pipes  from  elec- 
trolytic corrosion  by  means  of  paints  or  wrap- 

pings the  Bureau  undertook  an  extensive  in- 
vestigation of  all  the  materials  on  the  market 

for  the  purpose.  The  materials  available  may 
be  divided  into  three  classes  as  follows: 

(1)  Paints  or  compounds  applied  at  ordi- 
nary   temperatures. 

(2)  Dips  or  compounds  to  be  applied  hot, 
such  as  asphalts,  coal  tar  pitches,  etc. 

(3)  Wrappings,  consisting  of  alternate  lay- 
ers of  compound  and  fabrics. 

(In  addition,  experiments  ar6  in  progress 
on  fiber  condiiits  used  with  or  without  pitch 
rdling  and  made  up  with  screw  joints,  and 
pipes  with   enamel  coatings.) 
Time  does  not  permit  me  to  describe  the 

experiments  carried  out  through  a  period  of 
several  years,  partly  in  the  laboratory  and 
partly  on  specimens  buried  in  the  earth,  but 
I  can  give  briefly  the  conclusion,  namely,  that 
llie  pamts,  dips  and  wrappings  tested  were 
found  to  be  of  little  or  no  value  in  protect- 

ing pipes  from  electrolysis  when  applied  to 
the  positive  areas  near  power  stations  where 
the  current  is  tending  to  leave  the  pipes.  Re- 

peated experiments  have  shown  that  all  the 
materials  tested  increase  in  weight  when  im- 
n'.crsed  in  water.  Hence  they  absorb  moisture 
in  greater  or  less  degree  when  buried  in  the 
soil,  and  so  become  slightly  conducting.  Ex- 

periments show  that  before  breaking  down 
they  begin  to  transmit  current.  This  small 
cnrrent    generates    more    or    less    gas,    which 
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soon  develops  pressure  enough  to  rupture  the 
coating.  In  the  anode  specimens,  rust  spots 
appear  at  the  places  where  failure  occurs,  and 
pits  then  rapidly  develop.  In  cathode  speci- 

mens gas  breaks  through  the  insulating  films, 
although  no  rust  occurs. 

These  coatings  would  be  of  greater  value 
in  negative  areas,  where  the  current  is  flow- 

ing toward  the  pipes,  but  in  practice  it  is  not 
possible  to  foresee  what  are  to  be  positive 
and  what  negative  areas,  for  changes  may  at 
any  time  be  made  as  the  railway  distribution 
system  is  enlarged  or  altered.  Where  there 
are  no  appreciable  earth  currents,  and  pro- 

tection against  eelf-corrosion  is  desired,  these 
coatings  and  wrappings  may  be  used. 

After  very  thorough  and  careful  study  of 
the  problem  with  the  co-operation  of  many 
manufacturers  of  the  materials  tested,  the 
Bureau  has  come  to  the  conclusion  that  money 
can  be  expended  more  profitably  in  other  di- 

rections than  in  an  attempt  to  insulate  gas 
and  water  pipes  from  the  earth.  The  full  re- 

sults of  this  investigation  are  contained  in 
our  recent  technological  paper  No.  15. 

INSUL.ATING   JOINTS. 

A  fifth  investigation  in  this  series  is  on  in- 
sulating joints  and  their  effectiveness  in  re- 

ducing trouble  due  to  electrolysis.  There  are 
great  numbers  of  insulating  joints  of  various 
kinds  in  use  in  gas  pipe  lines,  the  most  com- 

mon being  cement  joints.  This  was  one  of 
the  first  investigations  made  at  the  Bureau, 
and  consisted  in  testing  the  mechanical 
strength  of  joints,  measuring  the  resistance 
between  adjacent  lengths  of  pipes  connected 
By  such  joints,  determining  the  corrosion 
around  such  joints  when  a  given  difference 
of  potential  is  maintained  between  adjacent 
lengths  of  pipes,  or  a  given  voltage  applied 
to  a  line  containing  many  such  joints ;  finding 
the  amount  by  which  the  current  is  reduced 
when  such  joints  are  used  as  compared  with 
the  same  pipe  in  the  same  soil  with  lead  joints, 
and  making  field  studies  where  cement  joints 
and  other  kinds  of  insulating  joints  are  used, 
including  the  methods  of  making  joints  in 
piactice. 

I  cannot  discuss  the  subiect  farther  than  to 
say  that  we  have  found  insulating  joints  of 
very  great  value  in  reducing  the  current  in 
pipe  lines,  and  so  reducing  the  corrosion 
caused  by  such  current.  Where  the  potential 
gradients  are  high  the  joints  must,  of  course, 
not  be  placed  too  far  apart,  as  in  that  case 
the  potential  difference  at  each  joint  would 
be  sufficient  to  cause  considerable  joint  elec- 

trolysis. There  is  still  some  difference  of 
opinion  among  engineers  as  to  the  practical 
value  of  insulating  joints,  but  our  experience 
is  that  while  they  should  not  be  dependtd  upon 
as  the  sole  means  of  protection  to  pipes,  they 
are  economically  and  mechanically  practicable, 
;.nd  are  a  very  important  auxiliary  means  of 
protection,  particularly  in  the  case  of  gas 
pipes.  They  are  less  often  used  in  water  pipe 
lines. 

METHODS      OF      MAKING     ELECTROLYSIS      SURVEYS. 

Another  subject  to  which  we  have  given 
much  attention,  and  which  will  shortly  be  dis- 

cussed in  one  of  our  Bureau  publications,  is 
the  methods  of  making  electrolysis  surveys. 
One  of  the  objects  of  such  surveys  is  to  de- 

termine the  overall  potential  diflferences  be- 
tween different  parts  of  a  city,  due  usually 

to  the  street  railway  system  where  a  ground- 
ed return  is  used,  as  in  the  overhead  single 

trolley  system.  When  the  negative  I™?  bars 
of  the  power  supply  stations  and  substations 
are  grounded,  and  negative  cables  are  run 
oat  to  the  grounded  tracks,  there  is  established 
a  region  of  low  potential  around  the  station, 
and  large  potential  differences  are  often  pro- 

duced in  the  systems  of  gas  asd  water  pipes, 
lead  cable  sheaths,  reinforced  concrete  and 
any  other  conducting  structures  embedded  in 
the  earth.  In  consequence,  electric  currents 
of  considerable  magnitude  flow  through  the 
earth  from  tracks  to  pipes  at  points  more  or 
less  distant  from  the  stations  and  from  pipes 
back  to  tracks  or  negative  cables  in  the  re- 

gion near  the  power  stations.  It  is  in  the  re- 
gions   near    these     stations     where     currents 

sometimes  of  hundreds  of  amperes  are  leav- 
ing the  pipes  and  cables  that  electrolysis  is 

most  severe.  It  is  the  purpose  of  these  sur- 
veys, therefora,  to  determine  not  only  the 

overall  potential  differences,  but  also  the  dif- 
ferences of  potentials  between  tracks  and 

pipes,  the  current  density  and  potential  gradi- 
ents in  the  rails  of  the  tracks,  whether  the 

tracks  are  well  bonded,  and  the  location  of 
defective  joints,  the  approximate  current  flow- 

ing in  the  pipes  wherever  that  can  be  con- 
veniently done,  and  especially  where  the  dam- 

age from  the  electrolysis  is  most  serious.  The 
engineers  of  the  Bureau  have  acquired  con- 

siderable experience  in  such  work.  They  em- 
ploy methods  which  can  be  used  by  any  engi- 

neer. 

METHOPS     OF     ELECTROLYSIS     MITIGATION — TR.\CK 
DRAINAGE     AND     PIPE     DRAINAGE. 

Having  made  an  electrolysis  survey  in  any 
given  place  and  learned  the  condition  of  the 
railway  and  pipe  systems,  the  next  question 
usually  is  how  to  remedy  the  trouble.  As  al- 

ready indicated,  we  do  not  believe  it  prac- 
ticable to  insulate  the  pipe  systems  from  the 

earth,  nor  to  prevent  serious  corrosipn  to  the 
pipes  if  heavy  electric  currents  are  allowed 
to  flow  into  and  out  of  them  again.  There 
remains,  therefore,  two  possibilities.  First,  to 
bring  the  current  back  to  the  stations  by 
metallic  conductors  provided  for  the  purpose 
in  such  a  way  as  to  keep  the  current  out  of 
the  pipes  almost  entirely;  or,  second,  to  al- 

low the  current  to  get  into  the  pipes  and  cable 
sheaths  but  provide  metallic  conductors  for 
getting  out  again  without  serious  corrosion  to 
iha  pipes.  In  other  words,  drain  the  current 
out  of  the  tracks  by  insulated  negative  cables, 
keeping  the  tracks  as  nearly  at  the  normal 
earth  potential  as  possible,  and  insulate  the 
negative  bus  bars  at  the  stations,  so  they 
may  be  kept  at  any  desired  potential  differ- 

ence below  the  earth ;  or,  drain  the  current 
out  of  the  pipes  by  means  of  copper  cables 
tapped  into  the  pipes,  the  bus  bars  being 
grounded.  These  two  systems  may  be  briefly 
designated  as  the  Track  Drainage  System  and 
the   Pipe   Drainage   System,   respectively. 
No  one  will  question  that  the  first  of  these 

methods  is  to  be  preferred,  if  it  can  be  car- 
ried out  economically.  By  it  we  correct  the 

evil  at  its  source,  and  it  is  undoubtedly 
simpler  in  theory  and  on  many  accounts  bet- 

ter in  practice.  It  has,  however,  been  thought 
by  many  to  be  prohibitive  in  cost,  and  has 
been  very  little  used  in  .'\merican  cities.  The 
pipe  drainage  s.vstem,  on  the  contrary,  has 
been  strongly  advocated  and  in  one  form  or 
another  much  used.  The  investigations  of 
the  Bureau  of  Standards,  however,  which 
have  been  extended  over  several  years,  and 
have  included^  a  considerable  number  of  large 
and  small  cities,  have  convinced  us  that  the 
pipe  drainage  system  as  a  principal  method 
of  protection  is  not  only  complicated  and  ex- 

pensive to  install  and  maintain,  but  is  in  the 
long  run  not  an  adequate  remedy  for  electroly- 

sis troubles.  On  the  other  hand,  the  track 
drainage  system  when  properly  designed  and 
installed  is  found  to  be  simpler,  and  more  ef- 

fective and  far  less  expensive  than  has  been 

supposed. 
The  difference  between  the  track  drainage 

system  with  insulated  negative  feeders  and 
the  ordinary  method  of  reinforcing  the  con- 

ductance of  the  rails  by  means  of  bare  cop- 
per wires  is  very  fundamental.  In  the  latter, 

the  copper  and  tracks  must  have  a  potential 
gradient  sufficient  to  cause  the  current  to  flow 
back  to  the  station,  and  if  this  is  to  be  small 
enough  to  obviate  electrolysis  troubles  (say  0.3 
or  0.4  volt  per  1,000  ft.  as  a  24-hour  average, 
equivalent  to  about  1  volt  per  1,000  ft.  at  peak 
load),  the  joint  conductance  of  track  and  cop- 

per cables  must  be  very  high ;  that  is,  a  very 
large  quantity  of  copper  must  be  used  and 
this  generally  makes  the  cost  prohibitive.  On 
the  other  hand,  if  the  negative  cables  and 
negative  bus  are  insulated  (except  at  the  end 
connected  to  the  track)  the  drop  of  potential 
over  the  cables  can  be  such  as  to  give  max- 

imum economy.  That  is,  the  quantity  of  cop- 
per can  be  so  adjusted  that  the  loss  of  power 

per    annum    in    the    negative    return    and    the 

annual  charges  on  the  cables  shall  be  ap- 
proximately equal ;  in  other  words,  the  sum 

of  the  loss  of  power  in  the  negative  return  per 
annum  and  the  annual  charges  on  the  nega- 

tive cables  may  be  a  minimum.  This  may  re- 
quire a  drop  three  or  four  times  as  much 

on  the  insulated  cables  as  would  be  permis- 
sible on  the  tracks,  and  the  negative  bus  bar 

may  be  10  or  20  volts,  or  whatever  is  neces- 
sary, below  earth  potentials.  Resistance  taps 

would  be  inserted  in  the  shorter  cables,  so  that 
the  drop  in  potential  in  the  various  feeders 
shall  be  nearly  equal.  For  the  sake  of  economy 
it  is  usual  to  have  a  smaller  drop  in  the  short- 

er feeders  than  in  the  longer,  and  so  have  a 
potential  gradient  on  the  tracks  toward  the 
power  house.  But  this  should  be  kept  small 
so  as  to  keep  down  tKe  tendency  for  the  cnr- 
rent  to  leave  the  tracks  and  return  by  way of  the  pipes. 

_  I  should  like  to  describe  more  in  detail,  if 
time  were  available,  the  results  the  Bureau  of 
Standards  has  obtained  in  applying  insulated 
negative  feeders  to  electric  railway  systems 
for  the  purpose  of  reducing  electrolysis 
troubles.  Our  work  has  included  both  large 
and  small  systems,  urban  and  interurban,  and 
the  results  obtained  as  to  economies  that  ac- 

company and  more  or  less  offset  the  cost  of 
electrolysis  mitigation  have  sometinaes  sur- 

prised railway  officials. 

_  So  far  I  have  said  but  little  concerning  the 
pipe  drainage  system,  which  has  been  used 
in  this  country  more  than  any  other  system. 
Connecting  the  pipes  in  the  positive  areas  to 
the  tracks  by  heavy  cables  lessens  the  dam- 

age, but  it  greatly  increases  the  current  in  the 
pipes,  and  this  is  a  serious  objection.  Where 
insulating  joints  are  in  use,  and  wherever  de- 

fective joints  occur,  it  tends  to  increase  the 
joint  electrolysis.  In  repairing  gas  pipes  it 
is  necessary  to  put  a  jumper  cable  around  a 
proposed  break  in  the  pipe  in  order  to  avoid 
the  possibility  of  causing  an  explosion  by  the 
spark  or  arc  when  the  current  in  the  pipe, 
which  may  be  heavy,  is  broken.  Such  drain- 

age cables  tend  to  lower  the  potential  of  the 
pipes  drained,  and  so  attracts  current  to  thera 
from  other  pipes  and  cables,  thereby  making 
them  a  source  of  danger  to  all  other  pipes 
not  drained.  To  compiletely  drain  all  the  pipes 
in  the  comple.x  network  of  a  city  is  almost 
impossible,  and  to  keep  track  of  the  changes 
in  the  railway  system  and  readjust  these  drain- 

age cables  when  necessary,  would  be  an  im- 
mense undertaking.  The  system  has  rarely 

been  carried  into  effect  on  a  large  scale,  but 
has  been  used  to  a  greater  or  less  degree  in 
manv  olaces.  We  have  reason  to  believe  that 
in  many  places  where  pipe  drainage  has  been 
practiced  that  serious  damage  from  electroly- 

sis is  becoming  evident. 

SURVEYS    MADE    BY    THE    BUREAU    OF    ST.\NDARDS. 

The  Bureau  of  Standards  has  made  elec- 
trolysis surveys  for  St.  Louis,  Springfield, 

Ohio,  and  Springfield,  Mass.,  and  several  other 
places,  and  has  found  in  a  number  of  cases 
that  the  economies  of  power  effected  in  con- 

nection with  the  improvement  in  the  roadway, 
the  shortening  of  feeding  distances  and  pro- 

vision of  a  proper  return  for  the  current  has 
been  sufficient  to  yield  a  fair  income  on  the 
cost  of  the  changes  and  new  construction.  In 

St.  Louis  the  L'nited  Railways  Co.  equipped 
a  new  station  in  accordance  with  plans  worked 
out  by  the  Bureau  of  Standards  and  found 
that  the  results  attained  with  respect  to  cost 
and  electrolysis  protection  were  in  accordance 
with  the  advance  calculations  made  by  the 
Bureau.  The  Ann  .A.venue  station  afforded 
an  excellent  opportunity  to  test  the  theory  of 
the  insulated  return  system  and  make  a  com- 

parison with  the  pipe  drainage  system.  In  this 
station  the  negative  cables  were  used  insu- 

lated with  the  negative  bus  bar  insulated  from 
earth,  and  readings  were  taken  on  the  poten- 

tial drops  and  also  on  the  current  in  21  gas 
and  water  pipes.  Then  the  bus  bar  was 
grounded  and  the  cables  used  as  though  they 

\v(-re  bare  copper,  and  again  the  potential  dif- 
ferences were  measured,  as  well  as  the  cur- 

rent in  the  pipes.  It  was  found  that  with  the 
insulated  feeders  the  total  current  in  the  pipes 
was  65  amperes,  whereas  with  the  cables  un- 
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insulated  and  so  a  steeper  slope  of  potential 
in  the  earth,  the  total  was  273  amperes,  more 
than  four  times  as  much. 

While  no  attempt  was  made  in  this  inves- 
tigation to  install  a  complete  pipe  drainage 

system,  some  of  the  pipes  near  the  station 
were  temporarily  tied  to  the  tracks  in  order 
to  determine  the  effect  of  so  doing  on  the  cur- 

rent in  the  pipes. 
The  current  in  the  21  pipes  was  increased 

by  so  doing  from  6-5  to  85  amperes  when  the 
negative  cables  were  insulated.  When  they 
were  uninsulated,  the  current  was  increased 
by  tying  in  the  pipes  from  273  to  844  amperes. 
Thus  it  is  seen  that  with  pipe  drainage  the 
current  is  ten  times  as  great  in  the  pipes  when 
the  negative  feeders  are  uninsulated  as  when 
they  are  insulated  (844  instead  of  85).  These 
measurements  show  what  is  to  be  expected, 
namely,  that  the  current  flow  in  pipes  is  great- 

ly augmented  when  the  pipes  are  connected  to 
the  tracks  or  bus  bar  near  the  station. 
Measurements  of  differences  of  potentials 

between  pipes  and  rails  also  show  the  great 
advantage  ot  the  insulated  feeder  system.  The 
full  result  obtained  on  this  experimental  in- 

stallation has  been  published  in  Technological 
Paper  Xuniber  32. 
In  Springfield,  Ohio,  an  insulated  negative 

feeder  system  was  installed  at  the  expense  of 
the  railway  companies  in  accordance  with  the 
recommendations  of  the  bureau,  and  measure- 

ments were  then  made  to  determine  the  de- 
gree of  improvement  effected  in  overall  po- 

tential differences  in  the  earth,  and  in  the  dif- 
ferences between  rails  .and  pipes.  .-V  joint  re- 

port on  the  system  and  its  results,  addressed 

to  the  city  manager  of  Springfield,  was  pre- 
pared by  representatives  of  the  Bureau  of 

Standards  and  representatives  of  the  gas, 
water  and  telephone  companies  and  the  rail- 

way companies.  The  report  recommended  that 
the  system  of  insulated  negative  feeders  in- 

stalled by  the  railway  companies  be  continued 
and  maintained  and  that  a  system  of  pressure 
wires  be  installed  to  facilitate  measuring  po- 

tential differences  between  each  station  and 
various  points  at  a  distance  therefrom.  That 
the  railway  companies  agreed  to  this  report 
voluntarily  shows  that  they  were  satisfied  that 
the  system  installed  was  to  their  interest  as 
well  as  to  the  interest  of  the  pipe  owning 

companies.  The  .-\merican  Railways  Co.,  with 
commendable  progressiveness,  is  adopting  this 
system  on  other  railways  under  its  man- 
agement. 

The  Bureau  of  Standards  has  been  co-oper- 
ating with  the  city  of  Chicago  and  the  Board 

of  Supervising  Engineers  in  charge  of  the 
surface  railways  of  Chicago  and  we  hope  to 
see  one  station  fully  equipped  shortly  as  a 
demonstration  of  what  can  be  done  at  a  mod- 

erate expense  toward  mitigating  the  damage 
due  to  electrolysis  in  Chicago. 
The  City  of  Springfield,  Mass.,  and  the 

various  utility  companies  affected  recently 
asked  the  bureau  to  make  a  complete  elec- 

trolysis survey  of  that  city  and  render  a  re- 
port as  to  the  best  methods  of  improving  con- 

ditions with  respect  to  electrolysis.  This  work 
was  done  in  June,  but  the  final  report  has  not 
yet  been  completed,  owing  to  otlier  urgent 
work. 

CO-OPERATrON    DETWEEN   PIPE  OW.VING  COMPANIES 
AMI    RAILWAY   COMPANIES. 

One  of  the  most  important  reasons  why  elec- 
trolysis conditions  have  not  been  remedied 

oftencr  by  the  railway  companies  is  that  the 
engineers  of  the  railways  and  of  the  gas  and 
water  companies  have  no'  got  together  to 
study  the  question.  As  an  illustration  of  what 
can  be  done  by  co-operation,  I  may  cite  a  re- 

cent experience  of  our  own.  A  water  com- 
pany in  California  employed  an  engineer  to 

make  an  electrolysis  survey  of  its  system  and 
prepare  a  case  against  one  of  the  street  rail- 

way companies  of  that  city,  since  the  company 
refused  to  remedy  conditions.  The  case  was 
to  be  taken  before  the  California  State  Rail- 

way Commission,  and  the  Bureau  of  Stand- 
ards was  asked  to  send  one  of  its  engineers  to 

look  over  the  matter  and  see  if  the  claims  and 
proposals  made  by  the  water  company  were 
reasonable.     The    bureau    complied    with    the 

request  with  the  understanding  that  our  en- 
gineer was  not  serving  the  water  company 

merely,  but  would  be  impartial  as  between  the 
railway  and  w-ater  companies.  When  he  had 
examined  the  case  he  saw  that  the  system 
which  the  state  commission  was  to  be  asked 
to  order  the  railway  company  to  install  was 
not  the  most  economical  possible,  and  that 
since  two  different  railway  companies  were 
involved,  it  would  be  better  to  consider  the 
whole  problem  at  once,  instead  of  trying  to 
make  a  case  against  one  at  a  time.  He  then 
proposed  to  these  two  railway  companies  that 
instead  of  fighting  the  water  company  before 
the  state  commission  that  they  unite  with  the 
water  company  and  the  representative  of  the 
Bureau  of  Standards  in  studying  the  problem, 
and  finding  in  what  manner  and  at  what  cost 
the  railways  could  take  care  of  their  return 
current  so  as  to  eliminate  further  damage  to 
the  water  pipes.  When  the  railway  companies 
saw  that  it  was  a  clean  proposition  for  an  en- 

gineering study,  not  committing  them  in  ad- 
vance to  the  results  obtained,  they  accepted  the 

invitation,  and  after  a  most  thorough  and  de- 
tailed study  including  the  cost  of  construc- 

tion and  increased  operating  costs,  as  well  as 
economies  effected,  the  four  engineers  (one 

representative  each  of  the  two  railway  com- 
panies, the  water  company  and  the  bureau) 

agreed  on  the  plan  to  be  recommended,  with 
the  intention  of  asking  the  state  commission 
to  order  its  installation,  instead  of  making  a 
fight  before  the  commission  which  the  latter 
would  have  to  decide. 

In  another  case,  a  city  asked  the  bureau  to 
recommend  a  form  of  enforcible  ordinance 
which  the  city  could  pass  that  would  compel 
the  electric  railway  company  to  take  care  of 
its  current  so  as  to  stop  the  damage  to  the- 
city's  water  pipes.  The  bureau  advised  the 
city  that  before  passing  an  ordinance  an 
engineering  investigation  should  be  made  to  de- 

termine exactly  what  should  be  done  to  rem- 
edy electrolysis  conditions  and  ascertain  what 

it  would  cost.  Such  an  investigation  was  made 
and  a  report  submitted  by  the  bureau  to  the 
city  and  to  the  utility  companies  concerned. 
The  investigation  showed  that  the  trouble 
could  be  corrected  by  the  installation  of  a 

moderate  quantity  of  insulated  negative  cop- 
per, building  one  new  substation  and  enlarg- 
ing another.  The  cost  was  quite  appreciable, 

but  the  saving  in  power  thereby  effected  was 

large  enough  to  cover  the  extra  operating  ex- 
pense, the  interest  and  depreciation  on  that 

part  of  the  new  construction  not  otherwise 
needed  and  leave  a  small  profit,  the  correction 

of  serious  electrolysis  trouble  being  accom- 
plished without  any  real  net  expense,  and  the 

service  on  the  railway  as  regards  car  speeds 
and  car  lighting  being  improved.  The  railway 
company  was  entirely  satisfied  with  the  report, 
including  the  estimates  of  cost  of  new  con- 

struction and  operation  and  savings  of  power 
and  improvement  of  service,  and  indicated 
their  intention  to  carry  out  the  work  promptly. 
I  am  sorry  to  say,  however,  that  to  date 
nothing  has  been  done,  although  several 
months  have  elapsed.  The  relation  between 
electrolysis  mitigation  and  improved  electric 
car  service  just  alluded  to  is  a  matter  of  much 
importance. 

THE    JOINT    ELECTROLYSIS    COMMITTEE. 

In  order  to  get  some  reliable  engineering 
results  as  to  current  practice  in  this  country 
and  abroad,  and  as  to  results  achieved  by  dif- 

ferent methods,  a  joint  electrolysis  commit- 
tee was  established  about  six  months  ago  at 

the  instance  of  members  of  the  .American  In- 
stitute of  Electrical  Engineers.  This  connnit- 

tee  has  three  members  each  of  the  American 
Institute  of  Electrical  Engineers,  American 
Gas  Institute,  Natural  Gas  Association,  .Amer- 

ican Electrical  Railwav  Association,  Amer- 
ican Railway  Association,  the  American  Tele- 

phone and  Telegraph  Co.,  and  one  member 
from  the  Bureau  of  Standards.  The  chairman 
is  Mr.  B.  J.  Arnold  of  Chicago,  past  president 
of  the  Institute  of  Electrical  Engineers,  and 
the  committee  contains  many  men  prominent 
as  railway,  gas  and  electrical  engineers.  There 
can  be  no  doubt  that  the  committee  will  gather 
valuable  engineering  data,  and  do  a  good  serv- 

ice in  getting  together  representatives  of  the 
various  interests  concerned  and  having  them 

study  electrolysis  mitigation  on  an  engineer- 
ing question.  The  committee  agreed  at  the 

start  that  legal  considerations  and  all  ques- 
tions of  responsibility  for  damage  should  be 

excluded,  and  attention  given  to  the  scientific 
and  engineering  phases,  and  to  determining 
what  had  been  accomplished  in  different  coun- 

tries. It  is  to  be  regretted  that  there  are  no 
representatives  of  the  water  works  associa- 

tions on  this  committee. 

DIFFERENT         CONDITIONS         REQUIRE         DIFFERE.VT 
TREATMENT. 

Enough  has  been  said  to  show  that  condi- 
tions with  respect  to  electrolysis  are  very  dif- 

ferent in  different  places.  Precautions  that 
are  sufficient  in  one  place  are  insufficient  in 
another ;  and  changes  or  new  construction  that 
can  easily  be  afforded  by  one  company  might 
be  a  hardship  to  another.  Hence  a  uniform 
requirement  on  all  railway  companies,  passed 
by  a  state  legislature  or  by  city  councils,  is 
not  to  be  encouraged.  On  the  other  hand,  a 
general  statute  or  ordinance  holding  railway 
companies  responsible  for  the  destructive  ef- 

fects of  their  return  electric  currents  and  re- 
quiring them  to  take  suitable  precautions  to 

minimize  such  effects  would  be  reasonable.  If 
the  managers  of  utility  companies  will  treat 
the  question  in  an  enlightened  and  progressive 
manner  as  an  engineering  and  business  propo- 

sition, and  keep  out  of  the  courts  as  com- 
pletely as  possible,  city  councils  and  state  leg- 

islatures will  no  doubt  be  patient  and  give 

them  a  chance  to  solve  the  problem  in  an  eco- 
nomical and  engineering  manner.  But  if  these 

managers  assume  a  reactionary  attitude,  and 
decline  to  do  anything  until  forced  to  do  so, 
they  may  be  compelled  to  do  in  many  cases 
far  m.ore  than  is  necessary  or  reasonable. 

HOW   THE   bureau's    WORK   IS    DONE. 

In  this  work  the  Bureau  of  Standards  is 
not  acting  as  consulting  engineers  to  serve  a 
single  company  or  interest,  as  against  other 
companies  or  interests.  On  the  contrary,  all 
this  work  is  being  done  as  a  part  of  our  gen- 

eral electrolysis  investigation,  and  many  of 
the  results  obtained  are  published  for  the  ben- 

efit of  cities,  utility  companies,  consulting  en- 
gineers and   all  others   interested. 

The  records  and  information  obtained  by  the 
bureau  are  available  to  any  one  who  visits  the 
bureau  even  before  publication,  and  we  have 
frequent  calls  from  consulting  and  company 
engineers  interested  in  these  questions.  If  as 
we  expect  the  practicability  and  advantage  of 
the  insulated  negative  feeder  system  is  soon 
completely  demonstrated,  it  will  not  be  long 
before  its  use  will  become  more  or  less  gen- 

eral and  the  Bureau  of  Standards  will  be  able 
to  turn  its  attention  to  other  subjects.  But  so 
long  as  the  practicability  of  this  system  is  not 
generally  admitted,  and  nothing  better  is  de- 

vised in  is  place,  and  electrolysis  conditions 
continue  to  get  worse  every  year,  as  they  are 
now  doing  in  most  places  where  the  overhead 
trolley  system  is  in  operation,  we  expect  to 
continue  our  work  of  investigation  and  educa- 
tion. 

.At  the  beginning  the  bureau  bore  the  greater 

portion  of  the  expense  incurred  in  its  sur- 
veys nnd  reports,  and  utility  companies  that 

co-operated  with  the  bureau  generally  did  so 
as  a  favor  tn  us,  which  we  fully  appreciated. 
Now  that  the  practical  value  of  the  results 
achieved  art-  better  understood,  the  expense  is 
borne  in  larye  proportion  by  the  utility  com- 

panies, but  iiL  every  case  the  bureau  works  as 
.in  impartial  agency,  just  as  mindful  of  the 
interests  of  the  railways  as  of  the  pipe  and 
cable  owning  companies. 

CONCLUSION. 

One  peculiar  feature  of  the  electrolysis 
problem  is  that  so  many  different  interests  are 
affected.  The  gas,  water,  telephone,  electric 
light,  telegraph  and  signalling  companies  and 
often  many  private  owners  have  pipes  or 
cables  atTected  by  the  electric  current  from 
the  street  railways.  Heretofore  the  railways 
have   generally    claimed,    and    usually    I    think 
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sincerelt,  that  it  was  beyond  their  power  to 
prevent  the  damage  and  hence  they  could  not 
be  held  responsible  for  it,  at  least  to  the  de- 

gree that  they  could  if  it  was  practicable  to 
prevent  it.  Naturally  the  railways  have  fa- 

vored the  use  of  pipe  coverings  and  pipe 
drainage,  as  a  means  of  reducing  the  damage 
that  put  much  of  the  responsibility  on  the  pipe 
owning  companies.  The  cable  owning  com- 

panies have  spent  large  sums  of  money  in 
protecting  their  cables  by  drainage.  This  is 
more  practicable  for  cables  than  for  pipes,  for 
the  sheaths  are  usually  continuous  electrically, 
but  it  is  far  more  difficult  and  more  expensive 
when  the  potential  gradient  is  large  than  when 
it  is  small.  If  the  use  of  uninsulated  nega- 

tive feeders  was  the  only  method  availalile  for 
taking  care  of  the  return  current  the  railway 
companies  could  be  excused  for  not  maintain- 

ing a  low  potential  gradient  in  the  earth.  But 
the  use  of  insulated  feeders  is  so  much  more 
economical,  that  generally  speaking  there  is  no 

longer  any  excuse  for  permitting  bad  condi- 
tions. Just  as  soon  as  it  is  recognized  to  be 

practicable  it   wdll  be  deemed  as  necessary   to 

spend  money  for  negative  conductors  as  for 
the  positive  feeders. 

The  method  has  been  much  used  in  Europe 
and  to  some  extent  in  this  country,  but  so 
little  in  this  country  that  few  engineers  knew 
that  it  was  used  and  until  very  recently  there 
were  relative  few  who  believed  it  practicable. 
I  know  of  no  published  account  giving  full 
particulars  of  the  actual  results  obtained  by 
such  a  system  previous  to  the  recent  articles 
describing  the  work  done  by  the  Bureau  of 
Standards. 

I  have  laid  a  good  deal  of  emphasis  on  the 
duty  of  the  railway  companies  to  take  care  of 
their  return  current,  and  of  the  need  of  apply- 

ing the  same  kind  of  engineering  talent  and 
experience  to  this  phase  of  plant  construction 
and  operation  as  to  other  phases.  I  wish  also 

to  emphasize  the  duty  of  the  owners  and  man- 
agers of  water  works  to  co-operate  with  the 

gas  and  telephone  companies  and  railways  in 
studying  the  problem  of  electrolysis  mitiga- 

tion in  an  open-minded  and  progressive  man- 
ner. Taking  the  matter  into  the  courts  is  to 

be  deplored.     It  is  better  to  employ  engineers 

to  work  together  to  solve  the  problem  in  a 
thorough  and  efficient  manner  than  to  employ 

experts  to  testify  in  court  as  to  who  is  re- 
sponsible or  what  are  tlie  damages.  As  the 

damage  is  cumulative  from  year  to  year  and 
the  rate  increases  as  the  traffic  increases,  there 
will  be  no  better  time  than  the  present  to  take 

up  the  matter. 

City  of  Los  Angeles  Enjoined  from  De- 
livering Impure  Water. — Suit  has  been  in- 

stituted in  the  Superior  Court  to  enjoin  the 
city  of  Los  Angeles,  Cal..  from  turning  into 
the  public  mains  the  water  supply  of  the 
Owens  River  aqueduct.  The  suit  was  filed 
by  Henry  A.  Hart,  a  former  member  of  the 
.'Kqueduct  Investigating  Board.  He  alleges 
that  the  water  is  unfit  for  use,  and  is  sup- 

ported by  Dr.  Ethel  Leonard,  bacteriologist. 
The  aqueduct  has  cost  the  city  of  Los  -An- 

geles about  $30,000,000.  City  officials  claim 
that  the  suit  is  the  work  of  certain  interests 
that  have  fought  the  aqueduct  project  from 
its  inception. 

Design    Features   of   the    Substructure 
and  Approaches  of  the  Bloomfield 

Bridge,  Pittsburgh,  Pa. 
(Staff   Article.) 

II. 

The  Bloomfield  Bridge,  which  spans  a 
ravine  and  connects  Grant  Boulevard  at 
Ridgeway  St.  with  Liberty  Ave.  near  Main 
St.,  Pittsburgh,  Pa.,  is  a  highway  structure 
having  a  total  length  of  about  1,740  ft. 
and  an  extreme  width  of  49  ft.  9  ins.  It 
consists    of    a    combination     of     cantilever, 

ings.  Table  I  gives  the  type  of  bridge  and 
the  length  of  span,  center  to  center  of  bear- 

ings, for  each  span.  These  data,  together 
with  the  statement  that  the  spans,  in  gen- 

eral, are  carried  on  steel  bents,  w'ill  facili- 
tate an  understanding  of  ihe  sul)structure 

details. 
C0.»4CRETE    PROPORTIONS    AND    CONCRETE    PILES. ^ 
Concrete  Proportions. — The  concrete  in 

the  -ibutment  footings,  below  the  top  of 
the  cantilevered  base,  and  in  that  part  of 
the  piers,  pilasters  and  pedestals  having 
vertical  sides  is  a  1:2;/^  :5  mix.  For  that 
part  of  the  abutment  walls,  including  the 
coping,    above    the    cantilever   base,   and   in 

piles,  the  gravel  used  in  this  concrete  being 
that  retained  on  a  M-ii-  mesh  screen  and 
passing  a  1-in.  mesh  screen. 

Concrete  Piles. — The  specifications  require 
that  the  concrete  piles  used  shall  meet  the 
following  test:  A  load  of  30  tons  is  to  be 

placed  on  the  test  pile  and  allowed  to  re- main for  36  hours;  then  the  load  is  to  be 
increased  to  40  tons,  50  tons,  and  then  to 
t50  tons,  the  latter  load  remaining  for  36 
hours:  the  test  load  is  then  to  be  reduced 
to  30  tons,  and  then  removed.  The  piles 

to  be  acceptable  must  not  show  a  settle- 
ment exceeding  Vi  in.  after  the  30-ton  load 

has    remained    for   36    hours,    nor   more   than 
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Fig.  1.     Profile  of  Site  of  Bloomfield  Bridge,    Pittsburgh,  Pa.,  and   Elevation  of  Piers,  Pe
destals  and   Abutments. 

simple-truss  and  girder  spans  on  concrete 
pedestals,  piers  and  abutments.  -An  illus- 

trated article  describing  the  design  fea- 
tures of  the  superstructure  was  published  in 

our  Sept.  9,  1914,  issue.  In  this  issue  we 
shall  describe  the  orincipal  design  features 
of  the  substructure  and  approaches  of  this 
bridge. 

Figure  1  shows  a  profile  of  the  site  of 
the  bridge,  an  elevation  of  the  pedestals, 
piers  and  approaches,  and  gives  the  spacing 
of  the  abutments,  pedestals  and  piers.  The 
structure  is  on  a  3.907  per  cent  grade. 
Some  of  the  piers  and  pedestals  are  on  nile 
foundations,  while  others  have  spread  foot- 

ihc  battered  portions  of  piers,  pilasters  and        '•>    in.    after    the   fiO-ton     load     has     remained 

pedestals  and  their  copings  the  mix  is   1:2:4       for  36  hours,  _nor_  shall  there  be  a^  variation .A   1:2:4   mix   is  also   used  in    the    concrete       exceeding in.   between   tlie    reading    taken 

T.^BLE  I.— TYPE  OF  BRIDGE  AND  LENGTH  OF  EACH  SPAN. 

Span,    c.    to    c.    bear- 
Type  of  brirtge.  ings,    horizontal    tlii- Location    of    span    between — 

ind   pedestal   No.   1 South   abutment 
Pedestals   Nos.    1 

tt-nce,    in   ft. 
.Deck    plate    girder     GO 

and  '2   Deck    plate    girder     60 
Pedestal  No.  3  and  anchor  pier  No.  4.. .Riveted    d.-ik   truss   120 
Pier  No    4  and  pier  No.  5-f>   Pin-connected    deck    anchor  arm   .1^0 
Pier  No    5-6  and  pier  No.  7-S   J  2  pin-coniucted  deck  cantilever  arms   I  140.  each 

(1    riveted    .leek    suepended    truss   (120 
Pier   No    7-S  and   pier  No.   9   Pin-connected    deck    anchor   arm   120 
Vnchnr  pier  No.  9  and  pedestal  No.  10.  ..Riveted    dock     truss   120 
Pedestals  Nos.   11  and  12   Riveted     deck     truss   -   120 
Pedestal  No.   1.3  and  north  abutment. ..  .S  deck  plate  girder  spans     bO,  each 
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before  the  test  load  is  applied  and  imme- 
diately after  the  60-ton  load  has  been  re- 

moved. In  caae  any  pile  tested  shall  toil 
to  meet  the  above  requirements  the  sale 
capacity  of  the  entire  group  in  which  si>ch 
test  pile  is  located  shall  be  taken  at  one- 

tilever  system,  have  spread  foundations  and 
are  constructed  of  plain  cancrete.  The 
piers  supporting  bents  5  and  »  are  spaced 
37  ft.  SVs  ins.,  center  to  center,  while  those 
for  bents  7  and  8  are  spaced  38  ft.  8'/s  ins., 
center  to  center. 

ia 
;i> ;o 

;c 
■  o 

i*J 
i   J 

lo)  Bent  No.  17 

Fig.  2. Detail   Drawings  of  Concrete   Pedestals  for  Bents   Nos. 
field    Bridge. 

(b)  Bents  Nds  lO&ll 

10.  11   and 
17  of  Bloom- 

half  the  load  giving  a  'A-in.  settlement;  and 
sufficient  additional  pilw  shall  be  driven  at 

the  contractor's  expens»  to  make  up  the 
difference.  Three  satisfactory  tests  are  re- 

quired to  be  made  at  the  contractor's  ex- pense. If  straight  piles  are  used  they  ar» 
to  have  a  minimum  diameter  of  16  ins.  If 

octagonal  tapered  piles  are  used  the  mini- 
mum diameter  allowed  is  9  ins.  at  the  point, 

with  a  taper  of  1  in.  in  10  ft.;  while  if  round 
tapered  piles  are  used  the  minimum  diam- 

eter allowed  is  10  ins.  at  the  point,  with  a 
taper  of  1  in.  in  10  ft.  Premouled  piles  are 
required  to  be  fitted  With  a  cast-iron  or 
steel  pile  driving  point.  They  must  have 
thoroughly  reinforced  driving  heads,  and 
must  be  reinforced  with  longitudinal  rods 
and  with  satisfactory  hooping  or  spiral 
winding  so  as  to  resist,  without  daoiagc. 
the  blows  from  driving. 

PEDESTAL   DETAILS. 

The  concrete  pedestals  for  bents  Xos.  1, 
2  and  3  and  for  one  pedestal  each  of  bents 
Xos.  10.  11,  12  and  13  (see  Fig.  1)  have 
spread  footings;  the  remaining  pedestals 
have  concrete  pile  foundations.  The  heights 
of  these  pedestals  and  the  specified  lengths 
of  the  concrete  piles  vary  considerably.  The 
distance  between  the  pedestals  for  the 
various  bents  which  support  the  steel  spans 
also  varies  considerably. 

Figure  2  (a)  shows  details  of  the  pedes- 
tals for  bents  No.  17,  these  pedestals  rest- 
ing on  .SO-ft.  concrete  piles.  The  anchor 

bolts  for  these  pedestals  (which  are  typical 
of  those  of  all  pedestals  of  this  structure) 
are  \'/i  ins.  in  diameter  and  6  ft.  3'A  ins. 
long.  They  have  square  heads  and  hex- 

agonal nuts,  and  each  bolt  has  a  plate 
washer  6X.VIX6  ins.  The  tops  of  the  bolts 
are  set  3'/j  ins.  above  the  tops  of  the  pedes- 

tals. Figure  2  (b)  shows  details  of  the 
pedestals  for  bents  Nos.  10  and  11.  It  will 
be  noted  that  the  east  pedestals  for  these 
kents  have  pile  foundations,  while  the  west 
ones  rcsl  directly  on  the  subsoil.  The  slop- 

ing character  of  the  ground  at  these  bents 
is  indicated  by  the  drawing.  Table  II  gives 

essential  data  on  the  size,  spacing  .-ind  type 
of  foundation  for  each  pedestal  of  the 
bridge. 

PIER   BETAII-S. 

Main  Piers. — Piers  5,  6,  7  and  8  (see  Fig.  1), 
W'hich  support  the  towers  of  the  main  can- 

Piers  5  and  6  have  footings  18  ft.  8  ins. 
x38  ft.  8  ins.  x  6  ft.  high;  pier  shafts  15  ft. 
8  ins.  X  38  ft.  8  ins.  at  the  base,  7  ft.  x  27 
ft.  at  the  top.  and  52  ft.  high:  and  a  coping 
7  ft.  8  ins.  X  27  ft.  8  ins.  x  2  ft.  thick.     Each 

phragms.  The«-e  is  embedded  in  each  pier 
two  sets  of  four  anchor  bolts  each  for  an- 

choring the  tower  legs.  These  bolts  are  2 
ms.  in  diameter,  13  ft.  7yi  ins.  long,  and 
they  project  1  ft.  7%  in*,  above  the  top  of  the 

piers. 

Piers  7  and  8  have  footings  17  ft.  x  37  ft. 
X  6  ft.  high;  and  pier  shafts  14  ft.  x  34  ft. 
at  the  bottom.  7  ft.  x  27  ft.  at  the  top.  and 
42  ft.  high.  These  piers  are  spaced  38  ft. 
SVs  ins.  on  centers.  The  dimensions  of  the 

copings  and  all  other  dimensions  and  de- 
tails not  given  are  the  same  as  for  piers 

5  and  6. 
Anchorage  Piers. — To  resist  the  upward  re- 

actions at  the  ends  of  the  anchor  arms  of 
the  cantilever  system  (at  bents  Nos.  4  and 

9,  see  Fig.  1)  heavy  anchor  piers  are  re- 
quired. "These  piers  support  heavy  bents 

(see  Part  I,  in  our  July,  1914,  issue),  each 
of  which  in  turn  connect  to  an  anchor  arm 

and  an  adjacent  120-ft.  truss  span.  These 
piers  are  practically  buried  in  the  ground. 
Figure  3  shows  side  and  end  elevations  of 
one  of  these  concrete  piers  and  of  the  em- 

bedded anchorage.  "The  four  eye-bars, 
which  project  above  the  pier,  shown  in  the 
drawing,  are  connected  to  an  adjustable 
shoe  of  the  steel  bents  by  means  of  a  6;-2-in. 

pin. 

ABUTMENTS    AND    RETAINING    WALL    APPROACHES. 

At  each  end  of  the  bridge  there  is  a  re- 
inforced concrete  abutment  and  an  earth 

approach  between  reinforced  concrete  re- 
taining walls.  Each  abutment  supports  oile 

end  of  a  60-ft.  girder  span  and  acts  as  an 
end  retaining  wall. 

Figure  4  (a),  p.  297,  is  a  half  plan  of  the 
south  abutment  and  retaining  wall  approach ; 
Fig.  4  (b)  is  an  elevation  of  the  west  wing  wall 
and  a  section  through  the  center  line  of  the 

abutment;  and  Fig.  4  (c)  is  a  cross-section 
of  the  retaining  walls  and  roadway.  These 
drawings   show   the  type  of  construction  and 
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Fig.  3.     Side  and  End  Elevations  of  Anchor   Piers  of  Bents   Nos.  4  and  9  of  Bloomfield 

Bridge.      Note    Embedded    IBeams   and   Grillage. 

pier  has  embedded  in  its  coping  an  I-lieem 
grillage  consisting  of  two  20-m.  65-lb.  I- 
bcams.  26  ft.  long,  and  four  20-in.  6S-lb, 
I-beams,  6  ft.  long  (two  at  each  end  of  each 
pier).  The  four  lines  of  I-beams  in  each 
pier  are  spaced  10  ins.  on  centers,  the  26-ft. 
beams  being  placed  on  the  outside.  Th«se 
grillage     beams     are     connected     by     dia- 

ilttails  of  the  abutment  and  retaining  walls. 
It  will  be  noted  that  the  inside  of  the  walls 
is  lined  with  a  12-in.  layer  of  stone  and 
that  drains  are  provided  at  the  top  of  the 

lootings  to  facilitate  drainage.  The  abut- 
ment is  separated  from  the  retaining  walls 

by  expansion  joints,  as  shown  in  Fig.  4  (b). 
.\n  expansion  joint  is  also  provided  at  each 
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step  in  the  retaining  walls.     It  will  lie  noted  burgh,    Mr.    Charles    A.    Finley,    acting    di- 
that  the  east  and  west  retainiirg  walls  differ  rector,   Mr.   N.   S.   Sprague,   superintendent, 
somewhat    as    to    their    dimensions,   as    the  Mr.    T.   J.   Wilkerson,   division   engineer,   and 
ground  surface  is  lower  on  the  east  side.  Mr.  Emil  Swensson,  consulting  engineer.  The 

TABLE    II.— DATA    ON    SIZE, SPACING    AND  JlOUNDATIONS OF  PEDESTALS. 
Distance 

Height  of Dimensions  of between 
Type  of  foundation. pedestal,  ft. footing,  ft. Dimansions  of pedestals. Bent  No. Bast. West. East. West. East. 

West. coping,  ft. 
ft.,  ins. 

1 
Spread Spread 

S 16.5 7X7X2 8XSX2 
4-2X4-2x2 

35-  S% 

2 Spread Spread 
10 

10 

7X7X2 7X7X2 
4-2X4-2X2 

34-  114 

2 
Spread Spread 

10 

10 

7X7X2 7X7X2 4-2X4-2X2 

36-  IVi 

10  and  11 9,  20-ft.  piles Spread 

2» 38 

9X9X4 9X9X9 4-2X4-2X2 39-  11^ 
12  and  13 9,  30-ft.  piles Spread 

16 41 

9X9X4 9X»X6 
4-2X4-2X2 

35-  5% 

14 9,  40-tt.  piles 9,40-ft.  piles 

14 

14 9X9X4 9X9X4 
4-2X4-2x2 

37-  0% 

15 
6,  50-ft.  piles 6.  50-ft.  piles 14 14 6XSX4 6X9X4 

3-5X3-5X2 36-  11* 
16 6,  50-ft.  piles 6,  50-tt.  piles 14 14 6X9X4 

6X9X4 
3-5X3-5X2 

35-lHi 

17 9,  50-ft.  piles 9,  50-ft.  piles 14 14 9X9X4 9X9X4 
4-2X4-2X2 

35-  0% 
•18 

6,  50-ft.  piles 6,  50-ft.  piles 

14 

14 6X9X4 6X9X4 
3-5x3-5X2 

34-  3% 

19 
6,  50-ft,  piles 6,  50-ft.  piles 

14 

14 6X9X4 
6X9X4 

3-5X3-5x2 

34-  1%. 

20 
9,  50-ft.  piles 9,  50-ft.  piles 14 14 9X9X4 9X9X4 

4-2X4-2x2 

33-  5% 

21 
9,  SO-ft.  piles 9.  oO-ft.  piles 

ISVl 

18% 

9X9X4 9X9X4 
4-2X4-2X2 

32-  0 22 
9,  59-ft.  piles 9.  oO-ft.  piles 16 16 9x9xt 9X9X4 

4-2X4-2X2 32-  0 

The  north  abutment  is  somewhat  similar 
to  that  shown  in  Fig.  4.  but  is  supported 
on  a  concrete  pile  foundation.  This  abut- 

ment has  a  width  of  50  ft.  and  a  maximum 
height  of  24  ft.  The  combined  length  of 
the  abutment  and  retaining  walls  is  100  ft. 

substructure  was  built  by   the   Dravo  Con- 
tracting Co.,  of  Pittsburgh. 

Activities  at  Dayton,  O.,  Under  Com- 
mission-Manager Government.  —  Accord- 

ing to   a  quotation  from  the  city  manager  of 

of  vacant  lots  for  those  desiring  gardens,  and 
plowed  the  land  free  of  charge.  There  are 
nearly  10,000  vacant  lot  gardeners  within  the 
city  limits  now  because  of  this  move.  The 
city  has  also  appointed  five  district  city 

physicians  for  gratuitous  service  to  those  un- 
able to  pay;  has  a  commission  drafting  a 

building  code;  has  added  seven  patrolmen  to 
police  force  for  use  in  residence  districts;  has 
unified  the  visiting  nurses  of  the  city  under 
the  direction  of  the  welfare  department;  has 
amalgamated  the  work  of  the  playgrounds 
and  garden  associations  with  the  park  and 

playgrounds  activities  of  the  welfare  depart- 
ment; has  established  a  free  clinic  at  the 

office  of  the  division  of  health,  and  free  baby 
clinic  at  two  hospitals;  and  has  carried 
through  a  school  of  instruction  for  play- 

ground leaders. 
The  city  administration  has  taken  up  im- 

portant work  which  will  require  years  to  fin- 
ish. Surveys  of  the  water  and  garbage  situa- 
tions are  being  made,  a  vice  investigation  is  in 

progress,  an  examination  of  the  police  and 
fire  systems  has  just  been  finished,  and  all 
this  work  has  been  done  by  experts.  The 
people  of  Dayton  as  a  whole  are  behind  the 

. £/  TytpofCurb-Z95-SI _.6rao'^»  39071^ 

tof  Girder  Seats' 

(a>Ha.lf  Plan 

Fig.  4  (a).     Plan  of  South   Abutment  and   Retaining   Wall   Approach   of   Bloomfield    Bridge;    (b)  Cross  Section  of  Abutment  and  Ele- 
vation  of  West   Retaining   Wall;    (c)    Cross-Section  of  Retaining  Wall  and   Roadway. 

0  in.,  not  including  the  projecting  supports 
for  the  girder  span.  All  except  the  end  40 
ft.  of  the  retaining  \ralls  are  also  supported 
on  pile  foundations.  E.xpansion  joints,  sim- 

ilar to  those  shown  in  Fig.  4,  are  provided. 

QUANTITIES     OF     M.\TERI.\LS     AND     COST. 

The  estimated  quantities  of  materials  in 
the  substructure  are  as  follows: 
Excavation,     cu.    yds    8,2S0 
Fill,     cu.     yds    3,430 
Concrete,   cu.  yds    6,100 
Reinforcing  steel,    tons             43.5 
Anchorage  and  grillage  steel,  tons          74.0 
Concrete  piles,    lin.    ft    8.442 

The  contract  price  for  the  substructure 
was  $82,615.58. 
The  bidding  price  for  the  concrete  piles 

was  $1.50  per  linear  foot;  for  additions  or 
deductions  in  quantities  of  concrete,  $7.25 
per  cubic  yard;  and  for  extra  steel  rein- 

forcement 4  cts.  per  pound. 
PERSONNEL. 

Tile  Bloomfield  Bridge  was  designed  by 
the  Department  of  Public  Works  of  Pitts- 

Dayton,  made  by  Mr.  F.  F.  Collins,  Superin- 
tendent of  Water  Works  at  Manistee,  Mich., 

in  his  paper  before  the  Central  States  Water 
Works  Association,  the  following  are  the 

principal  municipal  activities  at  Da>'ton  since 
the   first   of   1914, : 

Since  Jan.  1,  1914,  there  has  been  installed 
an  accounting  system  which  provides  exact 
control  over  public  funds  and  gives  a  con- 

tinuous audit,  so  that  the  city  knows  exactly 
where  it  stands  financially  every  day.  There 
has  also  been  organized  a  purchasing  depart- 

ment where  all  city  supplies  are  bought  iii  the 
open  market  in  competition  at  reduced  prices; 
established  a  school  for  policemen,  which 
t^ives  instruction  in  ordinance  and  character 
of  duties  and  target  practice;  begun  regular 
lire  prevention  inspection  of  every  residence 
iuid  store  building,  which  has  greatly  reduced 
;'ie  number  of  fire  department  runs.  The  city 
has  also  clothed  the  prisoners  in  the  work- 

house in  an  adequate  manner;  used  the  pris- 
oners from  the  work-house  to  clean  up  va- 

cant lots  for  public  gardens  and  to  improve 
the   city   parks;   and   secured  a  large  number 

city  manager,  and  are  just  as  enthusiastic  as 
ever  for  the  Dayton  plan  of  municipal  gov- 
ernment. 

Manufacturers   of   Hollow   Steel   Rods. — 
The  firm  of  Dunford  &  Elliot,  Sheffield,  Eng- 

land, has  recently  introduced  a  patented  proc- 
ess for  manufacturing  hollow  metal  rods.  By 

this  process  hollow  steel  bars  from  %  in.  to 
.!  ins.  in  diameter  and  20  ft.  long  are  pro- 

duced by  rolling  from  a  drilled  ingot.  .After 
the  piece  has  been  pierced  it  is  packed  with  a 
kind  of  sand  which  is  capable  of  resisting 
high  temperatures.  The  hole  is  plugged  at 
each  end  with  metal  plugs  and  the  billet  is 
then  heated  and  submitted  to  repeated  rollings 

until  a  bar  of  the  required  dimensions  is  pro- 
duced. It  appears  that  the  packing  material 

acts  as  a  fluid  or  as  an  elastic  mandrel,  thus 
maintaining  a  hole  through  the  bar.  After 
elongation  the  core  is  removed  by  a  special 

process. 
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Bridge    Foundations    and   the    Use    of 

Pneumatic    Caissons    for    Con- 

structing Bridge  Founda- 
tions in  Canada. 

The  building  of  large  bridges  requires  the 
most  detailed  investigations  and  careful  study 
to  insure  the  selection  of  the  most  efficient 

type  of  substructure  and  the  best  procedure 
to  follow  in  constructing  the  foundations.  In 
difficult  foundation  work  the  pneumatic  proc- 

ess is  often  used,  and  the  purpose  of  this  ar- 
ticle is  to  classify  bridge  foundations  and  to 

give  some  examples  of  the  use  of  the  pneu- 
matic process  in  Canada  during  the  last  few 

years,  together  with  the  reasons  which  led 
to  its  adoption  in  each  case.  The  article  is 

based  on  a  paper  by  John  W.  Doty,  in  the  Pro- 
ceedings of  The  Canadian  Society  of  Civil 

Engineers. 
TYPES     OF     FOUNDATIONS. 

The  pneumatic  process  has  been  developed 
to  meet  treacherous  water  and  soil  condi- 

tions and  to  insure  the  founding  of  the  struc- 
ture on  a  suitable  and  properly  prepared  bot- 
tom in  the  shortest  pos.sible  time,  and  for  the 

minimum  cost   considering  the  conditions   en- 

Concrete  footings. 
Reinforced   concrete   footings. 
Steel  grillages  imbedded  in  concrete. 

Foundations  under  Class  5,  pile  structures, 

are  generallv  used  where  the  material  at  the 

bottom  of  the  footing  is  not  capable  of  sup- 

porting the  load  and  it  becomes  necessary 

to  drive  piles  to  some  better  stratum  of  ma- 
terial in  order  to  obtain  a  safe  support.  This 

class  of  foundation  may  be  subdivided  into 
the  following  types : 

Sand  piles. 
Wooden  piles. 
Concrete  piles   moulded   in   the  ground. 
Concrete    piles    built    up,    seasoned    and    then 

Steel  tubular  piles  driven  and  filled  with  con- .  Crete. 
The  foundations  under  Class  3  are  usually 

carried  a  considerable  depth  below  the  gen- 
eral ground  level  to  hardpan  or  rock,  and 

may  be  subdivided  into  the  following  types: 
Timber    sheet    pile    constructed    cofferdam. 
Steel  sheet  pile  constructeu  cofferdam. 
Timber  or  steel  boxes  built  up  and  sunk  a« 

excavation  is  made. 
Timber  lined  construction,  where  the  sides  of 

the  excavation  are  lined  with  timner  as  the  ex- cavation is  made. 
Caissons  built  and  filled  with  concrete  before sinking.  ^.  ̂   ,, 
Monolithic  concrete  caissons  which  are  mold- ed before  sinkin;?. 

(3)  Depth  to  lock  or  to  a  suitable  bearing 
material   below  the  water   lev^l. 

(4)  Elevation   3i   water  level. 
(5)  Value  of  the  structure  to  be  supported. 
(6)  Surrounding  conditions,  such  as  adjoining 

structures,  etc. 
(7)  Speed  of  completion. 
(S)  Possibility  of  the  disturbance  of  the   ma- terial  in  which   the   foundation  is  resting. 
(9)  Economy  of  construction. 
The  type  of  foundation  selected  for  any 

particular  bridge  should  be  the  one  that  safely 
fulfills  all  the  above  conditions  and  is  the 

cheapest  to   construct. 
The  importance  of  the  foundations  for 

structures  makes  it  imperative  that  the  engi- 
neer should  take  a  conservative  attitude  in 

selecting  the  type  to  be  used.  The  following 
are  some  of  the  causes  of  failure  of  the  va- 

rious classes  of   foundations: 

Class   I. — Spread   Footings. 
Overloading  the  son. 
Placing  footings  on  a  soil  overlying  one  of 

lesser  bearing  vilue. 
Designing  eccentric  footings  and  not  taking 

into  consideration  the  maximum  pressure  due  to 
the  load  not  being  evenly  distributed. 
Desiening  reinlorced  concrete  footings  on  the 

assumption  that  the  pressure  will  act  uniformly 
on  the  soil,  no  allowance  being  made  for  the 
Kck  of  uniformity  of  the  soil. 

Placing    heavy    loads    on    reinforced    concrete 
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Fig.  1.    General   Elevations  of  Four  Important    Bridges     In    Canada     in      Which      Pneumatic 

Caissons    Have    Been    Used    in    the   Construction    of    Their    Foundations. 

countered.  It  is  naturally  the  most  expensive 
method  of  construction,  but  it  is  possible  by 
means  of  it  to  build  substructures  where  all 
other  methods  would  fail. 
To  emphasize  the  importance  of  this  method 

it  will  be  of  interest  first  to  classify  founda- 
tions in  general  in  the  order  of  their  relative 

cost,  assuming  that  the  conditions  arc  favor- 
able to  the  use  of  the  type  selected.  The 

following  classification  may  he  made: 
(1)  Spread  footings. 

y\\va. 
Piers  constructed  by  the  open  method. 
Pier.")     constructed     by     the     pneumatic 

method. 
Piers    constructed    by    a   combination    of 

classes    (3)    and    (4). 
Foundations  under  Class  1,  spread  footings, 

are  usually  placed  directly  on  the  soil  a  few 
feet   below   the   ground   level.     This   class   of 
foundation    may   be   subdivided    into    the    fol- 

lowing types : 
Timber  grillages. 

(3) 
(4) 

(5) 

The  foundations  under  Class  4,  piers  con- 
structed by  pneumatic  process,  are  usually 

carried  a  considerable  depth  below  the  ground 
level  to  hardpan  or  rock,  but  the  limit  of 
depth  to  which  this  method  is  practical  is 
100  ft.  below  water  level.  This  class  may 
be  divided  into  the    following  types : 

Caissons  built  of  timber  or  steel  and  filled  v.lth 
concrete  beiore  sinking. 

Monolithic  concrete  calsi°ons  which  are  molded 
before  sinking. 

As  regards  Class  5,  it  is  'evident  that  the 
two  last  types  of  Class  .5  can  be  readily  com- 

menced by  the  open  method  and  completed  by 
the   pneumatic   method. 

SELECTION    OF   TYPE. 

The  principal  conditions  governing  the  se- 
lection of  the  type  of  foundation  for  any 

particular  bridge  are; 
fl)  Maenitude  and  distribution  of  the  loads  to 

be  supported. 
(2)  Character  of  the  soil  at  the  proposed  site. 

footings    where    they    are    extended    below water  level.  ^  _  , 

Not  carrying  footings  deep  enough  to  prevent frost  action.  ,    ̂   , 

Not  oarrvins  footings  deep  enough  to  prevent I. ndei  mining  by  scour. 
Not  carrvmg  the  footings  deep  enough  to  pro- 

vide protection  against  the  material  under  the 

footing  being  disturbed  by  adjoining  constrbc- lion   operations. 

Class  J. — Piles. 
Wood  in  piles  which  have  not  been  driven  co 

a  firm  undtrbing  stratum  or  to  a  sullicient 
penetration.  '        ,  , 

W  ooden  piles  which  are  overdriven  and 
broken. 
Where  a  great  many  piles  are  driven  at  close 

centers  it  is.  in  many  cases,  impossible  to  drive 
all  the  piles  to  a  firm  stratum  on  account  of 
compressinf,  the  upper  strata.  A  readjustment 
of  the  soil  misjiit  take  place  and  permit  the 
structure  to  settle,  as  ail  the  piles  were  not 
driven  to  a  firm  underlying  stratum. 
A  steel  tubular  pile  is  as  a  rule  overloaded, 

and  no  allowances  are  made  for  the  reduced 
bearing  value  when  the  exposed  steel  has  de- teriorated. Moreover,  failure  may  be  due  to 
the  impracticability  of  founding  the  bottom  of 
the  pile  on  a  material  capable  of  supporting  the 
usual  overload. 
Class  3-  —  Piers  Constructed  by  Open 

Method. 
Failure  of  this  class  usually  occurs  when  the 
foundations  have  not  been  founded  on  a  suitable 
bottom,  due  to  the  Impossibility  of  cleaning  It 
off  properly  on  account  of  the  large  quantities of  water  which  are  encountered. 

Failures  due,  not  to  the  completed  foundations 
themselves,  but  to  the  fact  that  the  method  of 
construction  would  not  prevent  the  (low  of  mate- 

rial which  will  probably  cause  damage  to  the 
adjoining  property,  especially  If  the  water  or 
soil   conditions  are  treacherous. 

Class  4.— Piers  Constructed  hy  Pneumatic Process. 

The  impracticability  of  constructing  this  type 
of  foundation  where  large  quantities  of  water 
are  encountered  or  where  the  nature  of  the  soil 
is  such  that  the  action  of  the  water  on  the  soil 
will  cause  it  to  How,  making  the  conditions  im- 

possible to  reach  the  assumed  bearing  elevation. 
Class  5. — Combination    of  Classes  $  <"'d   4- 
Failures   In    this   class   are    due   only   to   poor 

workmanship    or    to    unavoidable    accidents,    but 

these,   with   the  present-day  methods,   are  very- improbable. 
From  the  above  data  it  will  be  noted  that 

the  pneumatic  process  is  classified  as  the  most 
expensive,  but  it  is  the  one  that  overcomes  the 
difficulties  met  in  reaching  a  suitable  footing 
and  permits  the  proper  preparation  of  the 
bottom    on    which    the    structure    is    founded. 
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Moreover,  this  process  permits  construction 
below  adjoining  structures  where  water  and 
soil  conditions  are  serious,  without  damage  to 
the   adjoining  structures. 

The  pneumatic  process  has  developed  dur- 
ing the  past  fifty  or  sixty  years  with  the  ad- 

vent of  heavy  and  e.xpensive  structures.  It 
might  be  of  interest  to  note  that  this  method 
of  construction  is  derived  from  the  principles 
used  in  the  diving  bell.  This  appliance  was 
conceived  by  the  ancient  Greeks,  and  was  de- 

veloped and  used  in  America  for  the  first  time 
on  bridge  substructure  work  about  the  year 
1800,  the  present  method  having  been  worked 
out  during  the  last  fifty  years.  .•\  pneumatic 
pier  usually  consists  of  three  parts,  the  work- 

ing chamber,  the  shaft  and  the  cofferdam.  To 
this  structure  should  be  added  the  equipment 
necessary  to  control  the  air  pressure,  consist- 

ing of  the  air  shaft,  the  air  lock  and  the  air 
supply  pipe  line.  The  working  chamlier  is 
merely  an  inverted  box  with  an  open  bottom, 
on  which  is  placed  a  portion  of  the  concrete 
shaft,  while  extending  above  and  around  the 
perimeter  of  this  concrete  shaft  is  the  coffer- 

dam. The  steel  air  shafting  is  built  into  the 
concrete  shaft  and  connects  the  working 
chamber  with  the  air  lock.  The  working 
chamber,  air  shaft  and  air  lock  are  designed 
to  withstand  safely  pressures  of  at  least  -50 
lbs.  per  square  inch,  which  is  the  practical 
limit  of  the  pneumatic  method.  Tlie  air  lock 
consists  of  a  shell  with  two  diaphram  plates 
to  which  are  suspended  two  doors.  These 
doors  permit  the  passing  of  men  and  ma- 

terials from  the  atmospheric  pressure  to  the 
increased  pressure  in  the  working  chamber 
without  allowing  any  appreciable  decrease  of 
the  higher  air  pressure  in  the  working  cham- 

ber. In  addition  to  equipping  each  caisson 
it  is  necessary  to  operate  an  air  compressor 

plant.  Although  it  is  not  the  intention  to  dis- 
cuss, in  detail,  the  construction  or  equipmeni 

of  pneumatic  caissons,  the  above  brief  outline 
gives    the    main    features    of    the    pneumatic _L 

bridge  substructures  has  been  used  during  the 
past  few  years  in  Canada  for  the  following 
bridges : 

Two  bridges  over  Red  River,  at  Winnipeg. 
Bridge  over  St.  Lawrence  River,  near  Lacliine. 

O/c/  Construction /Vetv  Consfr 

lying  the  rock  varies  from  a  stiff  clay  at  the 
east  bank  to  a  fine  flowing  sand  at  the  west 
bank,  while  in  some  places  both  of  these  ma- 

terials were  found  in  different  strata.  In  gen- 
eral, the  soil  in  and  around  Winnipeg  flows  or 

is  displaced  by  a  surcharged  load  or  by  vibra- 
tions ;  and  even  though  some  clays  may  be 

loaded  safely  with  two  tons  per  square,  the 

use  of  spread  footings  would  have  been  im- 
practicable for  this  heavy  and  expensive  struc- 

ture. 
Pile  foundations  were  adopted  for  the  two 

abutments  and  for  piers  Nos.  1,  2,  3,  4,  8  and 

10,  which  support  the  fixed  spans ;  but  on  ac- 
count of  the  character  of  the  material  and  the 

general  movement  which  has  been  referred  to 
J  it  was  deemed  inadvisable  to  use  this  type  of 

foundation   for  piers   Nos.  5,   6  and  7,   which 

£1-639.0- 

Fig.    3.     Type    of    Caisson    Used    to    Enlarge    Pier   No.  3  of  Red   River  Bridge   No.  1.    Note 
Bonding    of   New   and    Old   Construction. 

Half  Section  A-A 
jHalf  Section  B-B 

Bridge  over  Harrison  River,  at  Harrison  Mills, 
B.   C. 
Quebec  Bridge. 
Bridge  over  Mud  Lake,  near  Perth.  Ontario. 
.A  brief  description  of  the  foundation  work 

on  each  of  the  above  bridges  will  now  be 
given,  together  with  the  conditions  which  led 
to  the  use  of  the  pneumatic  process. 

Red  River  Bridge  No.  2. — This  bridge  is  lo- 
cated at  Winnipeg  and  consists  of  si.x  deck 

plate  girder  spans,  two  through  truss  spans  and 
a  swing  span.  Figure  1  (a)  shows  a  general 
elevation  of  the  structure,  giving  the  depth  of 

Half  Section  D-D 

T.-E/  -64- 

Half  Sect  of  Pier 
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-Hardpan 

Half  Sect,  of  Pier 

Fig.  2.    Details  of  Caisson   Used   in   Constructing    Pier   No.  6  of   Red    River   Bridge     No. 
Note  Character  of  Subsoil  at  Site  of  Bridge. 

2. 

caisson  and  shows  the  reason  for  the  expense 
in  constructing  work  by  this   process. 
EXAMPLES    OF    USE    OF    PNEUMATIC    CAISSONS    IN 

C.^NADA. 

The    pneumatic     method     of     constructing 

water  and  the  depth  to  rock,  the  span  lengths, 
and  the  character  of  the  material  overlying 
the  rock.  In  general,  the  water  has  a  depth 

of  approximately  28  ft.  w^hile  the  rock  lies 
about  62  ft.  below  water  level.    The  soil  over- 

support  the  -SlO-ft.  draw  span.  It  was  there- 
fore decided  to  carrj-  piers  h,  C  and  7  to  hard- 

pan  or  rock,  w-hich  borings  indicated  would  be 
encountered  at  a  depth  of  65  ft.  below  the 
water  level. 

Dredging  types  (Class  3)  were  considered 
inadvisable  on  account  of  the  stiff  clay  and 
sand  strata  which  were  found  at  the  site  of 
these  piers.  (StifT  clay  is  a  material  which 
cannot  be  excavated  economically  from  the 
inside  of  a  box  through  any  great  depth  of 
water.)  It  was  also  considered  inadvisable  to 
use  the  open  cofferdam  type  and  to  excavate 
in  the  open,  as  numerous  water-bearing  sand 
strata  were  encountered  at  depths  which  were 
not  economical  for  unwatering.  Moreover,  on 
account  of  the  necessity  of  founding  the  piers 
on  a  uniformly  hard  bottom  in  the  hardpan, 
at  such  depths  below  the  water  level,  it  was 

thought  impracticable  to  pump  out  the  coffer- 
dam in  order  to  make  the  excavation  in  the 

open. .Another  item  which  had  to  be  taken  into 

consideration  was  the  time  allow-ed  to  com- 
plete the  bridge.  The  plans  were  approved  by 

the  government  Dec.  28,  1912,  and  it  was  re- 
quired that  this  structure  be  completed  not 

later  than  the  first  of  September.  The  open 

method,  if  possible,  with  its  numerous  con- 
tingencies in  this  depth  of  water  would  have 

made  the  date  of  completion  uncertain. 
Pier  No.  6  was  the  largest  and  last  pier  to 

be  constructed.  The  working  chamber  of  the 
caisson  for  this  pier  (see  Fig.  2)  was  built  on 
the  shore,  and  was  towed  to  the  site  June  25, 
1013.  It  was  bottomed  by  Aug.  19.  1913.  The 
caisson  had  two  air  shafts,  fitted  with  air 
locks,  and  was  constructed  and  braced  as 
shown  in  the  drawing.  This  pier,  which  con- 

tained 3,192  cu.  yds.  of  concrete,  was  com- 

pleted in  55  days'  from  the  date  the  caisson was  towed  to  the  site. 

Pier  No.  5  was  constructed  by  the  pneu- 
matic method  at  the  high  water  period,  while 

pier  No.  7  was  built  by  the  open  method  at 
the  low  water  period.  The  latter  pier  re- 

quired about  twice  the  length  of  time  to  con- 
struct   as    the    former    and    was    considerably 
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more  expensive.  The  entire  substructure  of 
this  bridge  was  completed  by  Aug.  28,  1913. 
Red  River  Bridge  No.  I. — This  bridge  is 

within  three  miles  of  the  structure  known  as 

Red  River  Bridge  No.  2,  and  the  general  con- 
ditions are  similar,  except  that  the  clay  does 

not  contain  layers  of  sand  as  at  the  site  of 
bridge  No.  2.  Figure  1  (b)  shows  a  general 
elevation  of  the  bridge,  and  gives  the  span 
lengths,  the  depth  of  water,  and  the  character 
of  the  material  overlying  the  rock. 

The  work  consisted  of  extending  the  piers 
of  an  old  bridge  for  the  purpose  of  double- 
tracking  the  structure.  The  old  piers  were  all 
carried  to  hardpan  by  the  open  dredging 
aiethod.  except  pier  No.  5  (see  Fig.  1,  b) 
which  was  founded  on  piles.  The  reason  for 
founding  this  pier  on  piles  was  that  the  ma- 

T — 1 

I        1    .^Reinforcing  Rods 

Air  Lock 

swing  span.  No.  3.  This  drawing  shows  the 
type  of  caisson  used  and  the  manner  of  bond- 

ing the  new  and  old  construction. 
Although  the  substructure  for  the  old  bridge 

required  about  two  years  to  complete,  that  of 
the  new  portion  was  completed  in  less  than 
seven  months. 

Harrison  Mills  Bridge. — This  bridge,  which 
is  under  construction  across  the  Harrison 
River,  at  Harrison  Mills,  B.  C,  consists  of  a 
series  of  deck  plate  girder  spans  and  a  swing 
span,  which  is  also  of  the  girder  type.  Fig- 

ure 1  (c)  shows  a  general  elevation  of  the 
bridge,  and  gives  the  span  lengths,  the  depth 
to  rock,  and  the  character  of  the  soil  overly- 

ing the  rock. 
As  the  subsoil  was  principally  sand  and 

gravel,  with  some  clay  at  the  east  part  of  the 
site,  it  was  deemed  practicable  to  found  the 
east  half  of  the  bridge  on  wooden  piles,  while 
the  west  portion  was  founded  on  rock,  the 
open  caisson  method  being  used,  as  the  dis- 

tance to  rock  was  not  great. 
Additional  borings  which  were  made  at  the 

site  after  the  work  had  begun  showed  that 

the' rock  near  piers  Nos.  7  and  8  (see  Fig.  1, 

c)  sloped  at  an  angle  of  from  .S0°  to  40°.  At pier  No.  8  the  depth  of  water  was  about  25 
ft.,  the  depth  to  rock  at  the  downstream  side 

the  concrete  shaft  of  the  pier  on  two  i!nde- 
pendent  caissons,  the  shaft  to  extend  to  a 
depth    approximately   6    ft.   below   low    water. 

Figure  4  shows  a  plan  and  elevations  of  the 
caissons  used  for  pier  No.  8.  The  two  inde- 

pendent caissons  were  rigidly  connected  atid 
reinforced,  and  the  pier  shaft  was  reinforced, 
as  indicated  in  the  drawing,  to  resist  the 
stresses  to  which  this  type  of  pier  would  nat- 

urally be  subjected.  The  same  type  of  con- 
struction and  methods  are  also  being  used  for 

piers  Nos.  P  and   10. 
Quebec  Bridge. — On  account  of  the  mag- 

nitude of  this   structure  it   was  necessarv'   to 
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Fig.  4.    Type   of   Caisson   Used   to   Construct   Pier    No.   8   of    Harrison    River    Bridge. 
Character   of   Subsoil    and    Slope   of    Rock  Surface. 

Note 

terial  was. such  that  it  would  flow  into  a  cais- 
son as  the  excavation  was  being  made  in  suf- 

ficient quantity  as  to  make  progress  exceetl- 
ingly  difHcult. 

The  extensions  to  piers  Nos.  1  and  2  were 
built, by  the  wooden  sheet  pile  method  (Class 
3),  which  was  practicable  on  account  of  the 
stiffness  of  the  clay. 
The  extension  to  pier  No.  5,  which  was 

founded  on  piles,  was  made  by  excavating  to 
the  depth  of  the  old  footing  by  the  use  of  a 
steel  sheet  pile  cofferdam. 
The  old  piers  Nos.  3  and  4  were  founded  on 

hardpan  by  the  open  dredging  method,  and 
the  concrete  was  deposited  under  water.  It 
was  probable  that  some  settlement  had  taken 
place  but  that  the  old  piers  had  come  to  rest, 
and  the  only  safe  manner  of  insuring  against 
even  a  slight  settlement  of  the  new  portions 
of  these  piers  was  to  carry  the  new  portions 
•to  rock.  This  necessitated  excavating  several 
feet  below  the  footings  of  the  old  piers ;  and 
to  make  this  excavation  economical,  consider- 

ing both  the  character  of  the  material  and  the 
absolute  necessity  of  leaving  undisturbed  the 
hardpan  under  the  old  piers,  the  pneumatic 
method  was  used.  Figure  3  indicates  the 
method  used  to  extend  the  center  pier  of  the 

of  the  pier  was  30  ft.,  and  the  depth  to  rock 
at  the  upstream  side,  55  ft.  The  soil  over- 

lying the  rock  was  principally  sand  and  gravel 

with  traces  of  clay.  As  it  "was  necessary  to carry  the  footing  of  the  pier  into  the  river 
bottom  at  least  8  ft.  to  protect  it  against  scour, 
this  depth  would  bring  the  downstream  end 
I'l  rock,  while  the  upstream  end  of  the  foot- 

ing would  be  approximately  25  ft.  above  rock. 
It  was  impracticable  to  use  a  spread  foot- 

ing, as  one  end  of  the  pier  would  be  resting 
on  rock  and  the  other  end  on  sand,  gravel  and 
clay,  which  no  doubt  would  cause  it  to  settle 
and  slip  out  of  line.  It  also  was  not  prac- 

ticable to  use  piles,  due  to  their  short  length 
at  the  downstream  end  of  the  pier.  More- 

over, it  was  impossible  to  construct  an  open 
dredging  caisson  as  a  unit  for  this  pier,  as  the 
steep  slope  of  the  rock  and  the  expense,  which 
would  be  incurred  by  excavating  it  sufficiently 
to  make  the  bottom  of  the  caisson  level,  was 
prohibitive.  For  these  reasons  it  was  finally 
decided  to  found  the  entire  pier  on  rock,  using 
either  an  open  caisson  or  a  pneumatic  caisson 
for  the  downstream,  or  shallow,  end  and  a 
pneumatic  caisson  for  the  upstream  end,  the 
rock  being  stepped  in  the  working  chamber  to 
prevent  sliding.     It  was  also  decided  to  build 

Section    EInd  Ele« 

Fig.  5.  Type  of  Caisson  Used  to  Construct 

Pier  No.  2  of  Mud  Lake  Bridge.  Pier  Car- 
ried to  a  Depth  of  Over  103  ft.  Below 

Water  Level. 

foiuid  the  piers  on  a  stratum  which  would  ab- 
solutely preclude  the  possibility  of  settlement, 

and  to  carry  the  footings  to  such  depths  as 
to  eliminate  any  possibility  of  scour. 
The  character  of  the  subsoil  at  the  south 

pier  was  such  that  pneumatic  caissons  could 
be  founded  on  rock,  at  an  elevation  of  ap- 

proximately 85  ft.  below  the  water  level.  The 
north  pier  was  founded  on  hardpan,  at  a 
depth  of  about  GO  ft.  below  water  level.  For 
each  pier  it  was  necessary  to  use  pneumatic 
caissons,  as  the  presence  of  large  boulders 
and  the  necessity  of  preparing  the  rock  or 
hardpan  so  as  to  preclude  any  possibility  of 
settlement,  made  the  use  of  any  other  method 
impracticable. 

( .A  full  description  of  the  construction  of 
tlic    Quebec    Bridge    substructure   is   given   in 
KxniNEERING    AND    CONTRACTING      of      July     29, 

1PM.) 

Mud  Lake  Bridge. — This  bridge  crosses 
Mud  Lake,  near  Perth,  Ontario,  and  consists 
of  lour  deck  plate  girder  spans  and  three 
deck  truss  spans.  Figure  1  (d)  shows  a  gen- 

eral elevation  of  this  bridge,  and  indicates  the 
character  of  the  subsoil. 
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The  conditions  at  the  site  of  the  Mud  Lake 
Bridge  are  unique  in  many  ways.  .\t  pier 
No.  2  (see  Fig.  1,  d)  the  water  is  only  about 
8  ft.  deep,  but  for  the  next  50  ft.  the  material 
is  a  liquid  clay.  Below  this  soft  material  there 
lies  a  r2-ft.  stratum  of  stiff  clay,  undt-r  which 
there  is  a  stratum  of  boulders,  sand  and  clay, 
which  is  very  firm  and  compact.  Under  the 
latter  structure  and  overlying  the  rock  to  a 
depth  of  about  10  ft.,  there  is  a  layer  of 
cemented  sand,  the  depth  to  rock  at  this  pier 
varying  from  108  to  115  ft.  below  the  water 
level. 

It  is  obvious  that  spread  footings  would  not 
support  the  load.  A  pile  foundation  would 
be  inadvisable,  as  the  thick  layer  of  liquid 
mud  and  the  small  penetration  which  the  piles 
would  have  in  the  stiffer  underlying  stratum 
of  clay  would  not  give  the  piles  sufficient  lat- 

eral stability.  Moreover,  it  is  probable  that 
the  piles  could  not  be  driven  beyond  the  stra- 

tum containing  boulders.  In  a  liquid  mass, 
such  as  is  here  encountered,  there  is  no  as- 

surance that  the  whole  mass  is  not  following 
some  progressive  movement,  which  in  time 
might  move  any  structure  not  fixed  to  the 
firm  underlying  material.  In  such  materials 
the  construction  should  be  such  as  would  per- 

mit the  materials  to  flow  around  the  piers 
without  any  possibility  of  displacing  them. 
For  this  reason  it  was  deemed  inadvisable  to 

found  the  piers  on  any  material  not  equiva- 
lent to  hardpan  or  possibly  rock.  An  open 

caisson  could  be  carried  to  the  stifif  clay,  but 
this  type  was  impracticable,  due  to  the  diffi- 

culties which  would  be  encountered  in  dredg- 
ing and  to  the  fact  that  the  boulder  stratum 

was  insufficient  to  support  the  piers  and  was 
at  too  great  a   depth  to  be  dredged. 

It  was  finally  decided  first  to  use  an  open 
dredging  caisson  and  to  carry  the  excavation 
to  the   stiff  clay  stratum,   at  which  elevation 

the  open  caisson  was  to  be  converted  into  a 

pneumatic  caisson  and  carried  down  to  hard- 

pa'n  or  rock.  To  give  greater  stability  to  the 
pier  the  bottom  was  spread  a  distance  of  18 
ins.  beyond  the  perimeter  of  the  caisson. 

Figure  5  shows  details  of  the  caisson  used 
to  construct  pier  No.  2.  The  excavation  for 
this  pier  was  carried  to  a  depth  of  10.3  ft.  5 
ins. — the  greatest  depth  to  which  any  pier  has 
been  carried  in  Canada. 
The  contract  for  the  construction  of  the 

.substructure  of  this  bridge  was  awarded  Dec. 
28,  1912,  with  the  proviso  that  the  work  be 
completed  by  July  15,  1913.  On  account  of  the 
delay  in  obtaining  materials,  active  construc- 

tion was  not  started  until  .^pril  1,  yet  tke  sub- 
structure was  completed  .•\ug.  10,  1913.  (The 

design  and  construction  features  of  the  Mud 
Lake  Bridge  were  described  in  detail  in  our 
Dec.  24,   1918,  issue.) 

mB  Sl'^^.T^ETS An 
Methods    and    Cost    of    Gijavel    Road 

Construction  in  a  Road  Improve- 
ment    District     in     Lowndes 

County,  Mississippi. 
(Staff  Article.) 

Lowndes  County  is  on  the  eastern  border 
of  Mississippi  and  is  included  within  the  belt 
of  fertile  farming  land  which  exists  through- 

out the  entire  length  of  the  eastern  portion 
of  that  state.  The  population  of  the  county  is 
about  35,000,  Columbus,  the  county  seat,  hav- 

ing about  12,000  inhabitants.  The  county  is 
well  watered  and  contains  within  its  borders 
the  sources  of  the  Tombigbee  River. 

In  September,  1913,  contracts  were  Ist  for 
the  improvement  of  about  20  miles  of  road 

included  within  Supervisor's  District  No.  2  of 
that  county ;  a  bond  issue  of  $50,000  having 
previously  been  voted  for  road  improvement 
purposes.  The  work  was  to  be  accomplished 
under  the  supervision  of  a  board  of  highway 
commissioner  consisting  of  three  members,  the 
board  employing  a  road  engineer  as  their 
agent  who  was  to  assume  active  charge  of  the 
work. 

DESIGN   FEATURES. 

Preliminary  plans  contemplated  the  use  of 
both  gravel  and  sand-clay  surfacing ;  gravel 
to  be  either  shipped  in  by  rail  or  taken  from 
pits  located  within  the  county.  It  was  finally 
decided,  however,  to  use  gravel  surfacing, 
and  contracts  were  let  for  gravel  construction, 
the  gravel  to  be  obtained  from  local  pits.  A 
small  amount  of  Tishimingo  gravel  was  used, 
the  quantity  being  sufficient  to  surface  1,200  ft. 
of  road. 

A  20-ft.  graded  width  was  adopted  for  con- 
struction on  all  roads  but  one,  where  a  22-ft. 

width  was  used  for  some  distance.  Referring 
to  the  cross  section.  Fig.  1,  it  will  be  seen  that 
the  roadway  is  widened  2  ft.  on  each  side  in 
cuts  to  provide  for  drainage.  This  method  of 
providing  a  constant  width  of  traveled  way 
both  in  cut  and  on  embankment  is  in  ac- 

cordance with  the  most  modern  ideas  concern- 
ing roadway  widths.  The  slope  of  1:1  used 

for  earth  on  the  sides  of  cuts  is  sufficient  in 

Reinforced  concrete  was  used  for  culverts, 
varying  from  2  to  6  ft.  in  height  and  4  to  16 
ft.  in  span.  The  general  type  of  these  culverts 
is  illustrated  in  Fig.  3.  The  bottoms  of  all 
the   culverts   were   paved   with   concrete.      No 

yard  was  provided.  Where  fences  were  to  be 
moved  and  rebuilt  the  work  was  to  be  paid 
for  by  the  linear  foot  as  shown  in  Table  I. 

Grading. — Earthwork     was     estimated     and 
paid   for  in  embankment  only.     Top  soil  and 
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Fig.  2.     View  Sho\lving   Finished   Surface 
the   Roa 

culverts  were  installed  having  a  length  be- 
tween the  insides  of  end  walls  of  less  than 

the  graded  width  of  20  ft.  The  observance  of 
this  rule  has  an  important  bearing  on  making 
the  roads  safe  to  the  traveler. 

CONSTRUCTION   FEATURES. 

Clearing  and  Fence  Moving. — The  moving 
of  telephone  poles  and  clearing  of  small  brush 
was   included   in   the   price   paid   for   grading. 

Half  Section  in  Cut     HalT"  Section  in  Fill 

Fig.  1.     Typical  Cross  Sections  Used  for  Gravel  Roads  in  Lowndes  County,  Mississippi. 

this    latitude ;    no    trouble    being    experienced 
from  frost  action. 

Vitrified  clay,  cast  iron  and  corrugated  iron 
pipe  were  used  for  small  drains,  and  provided 
with  plain  concrete  headwalls  where  necessary. 

However,  where  occasional  fence  line  trees 
were  to  be  removed  and  hedges  grubbed  such 
work  was  paid  for  at  a  unit  price  per  station 
of  100  ft.  Where  heavy  clearing  and  grubbing 
through    timber   occurred   a   price   per   square 

Note   Culvert   Headwalls  the   Full   Width   of 

d   Apart. 

vegetable  matter  was  stripped  where  necessary 
for  fills  less  than  1  ft.  in  depth.  An  average 
free  haul  of  500  ft.  was  provided,  allowing 

1  ct.  per  cubic  yard  for  each  100   ft.  of  over- 

TABLE   I.      QUANTITIES    AND    BID    PRICES 
FOR     20i<.     MILES     OF     ROAD     CON- 

STRUCTION  IN   MISSISSIPPI. 
Bid 

Item.                                           Quantity,  price. 
Moving  fences,  lin.  ft       1,000  $0.04 
Clearing  and  grubbing,  per  sta. .        100  5.00 
Clearing  and    grubbing  on   new 

location    through    timber,    per 
sq.   yd       6,000  0.05 

Earth  grading,  cu.  yds    70,400  0.195 
Culvert   pipe    (laying  only)    lin. 

ft.,  vitrified — 18-in          220  0.40 
24-in            21  0.50 

Cast  iron,  IS-in    0.40 
24-in    0.50 

Galvanized  iron,  12-in    0.12 
15-in    0.15 
IS-in    0.20 
24-in    0.25 

Plain  concrete,   cu.  yd          225  10.00 
Reinforced  concrete,  cu.  yd          150  12.51 
Sub-grade,   sq  yds   120,700  0.02 
Loading  gravel,   cu.   yds     25,100  0.125 
Hauling,    cu.    yd — mile     25,100  0.35 
Spreading   and    rolling,    cu.    yd. 
compacted        20,100  0.06 
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haul.  The  haul  was  computed  from  each  cut 

separately  and  the  balancing  of  a  short  haul 

in  one  cut  against  a  long  haul  in  another  W3' 
not  permitted. 

Sub-Grade.— Shoulders  were  formed  of  se- 
lected material  and  overlapped  at  least  1  ft. 

onto  the  sub-grade  while  rolling,  .-\fter  roll- 

ing the  overlapping  material  was  thrown  out 

with  shovels  leaving  a  trench  having  vertical 
sides. 

The  final  rolling  of  the  sub-grade  was  with 

Methods  and  Cost  of  Road  and  Trail 

Construction  in  Alaska. 
II. 

(Continued   from   page   234.) 

CONSTRUCTION   CONDITIONS. 

The  greatest  expense  of  road  building,  aside 

from  the  high  cost  of  labor,  teams  and  sup- 

plies, is  the  permanently  frozen  ground  here- 
tofore referred  to.     A  layer  of  moss  is  often 

TABLK  II —DISTRIBUTION  OF  COST  OF   GRAVEL,    ROAD     CONSTRUCTION 
    IN 

COUNTY.  MISSISSIPPI.     (WORK   ACCOMPLISHED  BY  CONTRACT.) 

LOWNDES 

Item. 

Length  graded,  miles. 
Length  surfaced,  miles 
Width   graded,    ft   

Width  surfaced,  ft   
Surfacing    material. 

4.S4 
4.S4 

20 

=  ■0 

1.83 

1.83 20 

14 

Clay- gravel. 
f  3,CSS.62 

7SS.44 

12 So 

4.62 
.70 

20 

14 

<ii 

4.03 

4.03 20 

14 

.39 

.39 

14 

4.92 

4.92 
(  22-% 

(20-'.4 
14 

4,885.5.5 
394.72 
105.00 
36.00 

Grading      
Subgrade       ........ 
Loading  and  hauling 

gravel       ,•„•••• 
Spreading  and  rolling. 
Clearing      
Fencing          ,  . ;;i; 
Concrete    culverts       l.ln.ss 

Drain  pipe     ■■•.        ll''},^ Mlscel.   const,   worlt...        3a0.99 
Tot.  amt.  of  contract.  ll,o44.Sl 
Material  purchased  by 

commission      
Mlscel.  expense  of 

commission             -'','S 
Engineering              3S2.92 
Total  cost  of  con- 

struction      12.164.98 
Average  cost  per  mile    2,513.62 

Average   haul   of   sur- 
facing   (miles)      

Gravel  hauled  from  pits  owned  by  country   ' 
$1,176.63     $3,78i;.37      *  2,934.82     $    733.76     $  3,607.95 

257.33     653.33  64.18  808.89 

2,246. 
12s. 250 

15. 

1,021.64 

88. 

186, 

4.319. 
170.72        127.53 

25.16 

146.31 

JOS,  00 
352.00 
464,00 
1S3.95 
43.24 

6,058.26 
224.12 

63.23 
206.23 

326.67 
95.00 
92.00 

338.67 

17.83 
45.00 

4,648.18       0,551.84 

2,539.88'  (  1,081.55' 

!  2,548.56- 1.23 
1.91 1,60 

116.50 132.57 

9.40S.46 
312.67 

54.98 
327.68 

10,103.77 

2,507.11 
1.56 

5,59 

40,46 

7.587.93 404.44 200.35 
48.80 

1,009.09 86.20 19.50 

3.773.15 

S98..",0 
67.63 

479.03 

1.2'-,^,49       15.218  r.l 
3,294.86    

20.63 16.51 

$15,968.15 2,573.17 

21.137.61 

1,272.32 900.35 543.80 

2.650.54 592.25 

735.11 

46,373.30=^ 1,733.52 283.12 

1,582.63 
49,972.47 

32,1 
5.1 

42.4 

2,5 

1,8 

1,1 
5,3 

1,2 
1,5 92,7 3,4 

,6 

3.2 

99.95 

1.00 2.00 

'  Grading  KJravel  surfaced.  'Tlshlmlngo  gravel  shipped  in  by  rail  for  1.200  ft.;  the  remainder 
from  county  pits.  'Included  in  cost  of  hauling,  ^Engineer's  estimate  made  June,  1913,  was  $46,- 255.05. 

a  I'l-ton  roller  on  a  portion  of  the  work.  Later 
a  heavy  horse  roller  was  used  which  was 
found  to  accomplish  the  same  results  and  to  be 
much  more  convenient  than  the  heavier  power 
roller  on  this  work. 

Gravel  Surface. — Gravel  for  surfacing  waf 

obtained  from  pits  opened  at  points  as  con- 
venient as  possible  to  the  road.  The  material 

contained  a  sufficient  amount  of  clay  to  bind 
well.  The  surfacing  was  spread  in  one  course 
8  ins,  thick,  the  large  stones  being  raked  ahead 
into  the  sub-grade.  The  surface  was  sprinkled 
and  rolled  until  compacted  to  a  thickness  of 
(!  ins.  Figure  2  shows  a  finished  portion  of 
the  Military   Road  surfaced  with  gravel. 

Cuh'erts. — In  laying  pipe  culverts  a  firm 
bed  was  required  and  in  the  case  of  vitrified 

pipe  a  pocket  scooped  out  under  the  bell  to 
prevent  excessive  bearing  at  that  point.  All 
pipe  was  purchased  by  the  road  commission, 

the  contractor  being  paid  for  unloading,  haul- 
ing and  placing. 

The  work  was  begun  in  September,  1913,  and 
completed  in  August,  1914,  requiring  about 
one  year  for  its  accomplishment. 

COSTS. 

Table  I  gives  an  itemized  statement  of  the 
distribution  of  final  costs.  It  will  be  noted 

that  engineering  amounted  to  3%  per  cent  and 
extra  expenses  about  i  per  cent. 

The  quantities  and  bid  prices  for  the  im- 
provements of  20%  miles  of  road  at  a  total 

cos:  of  approximately  $50,000  are  given  in 
Table  II.  These  prices  are  in  many  respects 
representative  of  gravel  road  construction  in 
this  section  of  Mississippi. 

PERSONNEL. 

R.  C.  Searcy  &  Co.,  of  Greenville.  Ala., 
was  the  contractor.  C.  L.  Wood  of  Colum- 

bus, Miss.,  to  whom  we  are  indebted  for  the 
information  contained  herein,  was  the  engineer 
f  ir  the  road  commission. 

found  covering  great  masses  of  solid  ice,  local- 
ly called  glaciers.  Nearly  all  the  bottom  fand 

and  lower  slopes  of  the  valleys  is  frozen,  and  a 
large  portion  of  the  higher  slopes.  The  frozen 
ground  varies  in  composition.     In  the  Tanana 

usual  and,  in  many  other  places  good  roads 

can  be  constructed  by  stripping  the  moss,  al- 
lowing the  ground  to  thaw  and  afterward 

grading  it.  Of  course,  side-hill  slopes  and 
ditches  slide  badly  when  first  exposed  to  the 
sun,  but  this  stops  after  a  while.  Where  the 
ground  is  such  that  it  will  not  form  a  good 
road  even  after  grading,  corduroy  must  be 

used.  In  this  case  it  is  best  to  leave  the  pro- 
tecting blanket  of  vegetable  matter  so  as  to 

prevent  the  ground  underneath  thawing.  For- 
tunately, where  the  ground  is  frozen  the  tim- 

ber which  grows  on  it  has  no  tap-roots  but 
grows  on  the  surface  above  the  ice,  and  it  can 
be  easily  removed.  In  fact,  it  often  happens  that 
a  fire  burning  out  the  moss  will  leave  the  roots 
of  trees  unprotected  so  that  a  very  light  wind 
will  cause  them  to  fall  over.  Trees  should  be 

grubbed  out  of  the  road  bed  and  any  hum- 
mocks of  moss  leveled  ofif.  .-\  layer  of  poles 

is  placed  a  foot  or  more  apart,  laid  lengthwise 
to  the  road,  the  larger  trees  are  used  with  the 
stiff  branches  cut  ofif.  Similar  poles  are  then 
laid  transversely  to  the  road.  Stiff  branches 
are  cut  off,  but  the  smaller  branches  are  left. 
The  corduroy  is  then  covered  with  earth  from 

the  ditches  to  protect  it  from  wear  and  to  af- 
ford a  smooth  roadway.  Moss  or  turf  should 

not  be  put  on  the  corduroy.  As  timber  decays 

very  slowly,  this  corduroy  will  last  for  a 
good  many  years.  In  the  Seward  Peninsula 
there  is  but  little  timber  suitable  for  corduroy. 
Such  roads  are  there  very  expensive.  In  some 
cases  gravel  is  used,  but  it  is  often  quickly 
beaten  down  into  the  muck  underneath.  An 

example  of  roads  constructed  under  such  con- 
ditions will  be  given  in  the  description  of  a 

Nome  local  road. 

Ditches,  as  a  rule,  must  be  wide  and  of 

gentle  slope,  otherwise  they  will  wash  and 
cut  up  badly,  particularly  in  cases  where  the 
ground  is  nearly  clear  ice.  In  some  instances 
ditches  have  cut  clear  under  the  corduroy  and 

melting  out  pieces  of  solid  ice  has  left  con- 
siderable holes  under  the  roadway.  To  pre- 

vent this  a  wide  berm  should  be  left.  Where 

a  road  can  be  constructed  along  the  bank  of  a 
river  or  small  stream  good  underdrainage  is 
provided;  the  only  difficulty  is  in  case  the 
water  should  cut  into  the  banks  and  destroy 

the  road,  as  often  happens.  In  any  case,  cul- 
verts should  be  provided  not  over  300  ft. 

apart. 
Culverts  were  constructed  of  logs  and 

poles,  except  in  the  treeless  parts  of  the  Sew- 

Flg.  3,    View  Showmy  a    lypical   Concrete  Culvert.     The  bottom  is  Paved  With  Concrete. 

Valley  it  is  mostly  mica  schist:  in  the  Seward 
Peninsula  a  peaty  muck.  Where  the  soil  is 

gravelly    it    can    be    stripped    and    graded    as 

anl  Peninsula  and  near  the  co, 
lumber  was  cheaper.  Culvert 
were  used  in  a  few  places 

ast.  where  sawed 
s  made  of  stone 
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SLED   ROADS. 

The  long  sled  roads  and  trails  connect- 
ing the  different  communities  with  each 

other  and  the  outside  world  during  the 
closed  season  (when  the  rivers  are  frozen  up) 
are  among  the  most  valuable  constructions 

made,  although,  of  course,  ven.-  much  cheaper 
than  wagon  roads.  The  objections,  to  using 
the  surface  of  frozen  rivers  have  already  been 
given.  The  main  requirement  for  a  sled  road 
is  an  easy  grade.  Protection  from  wind  must 
be  obtained  if  possible,  both  on  account  of  the 
danger  to  exposure  to  wind  in  cold  weather 
and  on  account  of  drifting  snow.  They  should 
usually  be  put  in  the  timber  where  possible, 
but  never  near  the  edge  nor  along  the  top  of 
a  ridge,  nor  along  the  side  hills  or  the  bottom 
of  slopes  on  account  of  drifts.  The  best  loca- 

tion is  along  a  fairly  flat  timbered  valley.  .An- 
other element  which  it  is  practically  impossible 

to  foresee  is  the  accumulations  of  ice,  called 

"glaciers,"  that  are  built  up  during  the  winter, 
sometimes  to  a  height  of  several  feet  by  springs 
along  the  road.  Sled  roads  can  often  be  led 
directly  across  a  pond  or  lake.  In  fact,  one 
of  the  most  important  sled  routes  in  the 
North  crosses  the  upper  end  of  Norton  Bay 
and  Golofmn  Bay  at  considerable  distance 
from  land.  However,  such  places  and  swampy 
land  should  be  avoided  if  possible,  as  there  is 
alwa\  s  a  short  period  after  the  close  of  navi- 

gation in  the  fall  before  the  freeze-up,  and 
again  in  the  spring  after  thawing  begins,  be- 

fore the  rivers  are  open  to  navigation.  The 
hauling  of  supplies  for  parties  working  on 
the  roads  and  for  the  road-houses  along 
them,  which  are  necessary  stopping  places  for 
travelers,  makes  it  desirable  to  use  good 
ground  if  possible. 
The  requirements  for  sled  trail  construction 

are  very  similar  to  those  for  sled  roads,  al- 
though not  so  strict.  The  same  may  be  said 

of  pack  trails  as  compared  with  wagon  roads. 
The  temporary  staking  of  trails  is  done  as 

heretofore  stated,  merely  to  mark  the  way  to 
keep  people  from  getting  lost.  A  great  deal 
of  this  was  done,  particularly  in  the  Seward 
Peninsula.  Poles  or  laths  were  usually  stuck 
in  the  ground  each  winter,  about  100  ft.  apart, 
with  streamers  of  red  cloth.  Staking  with 
permanent  iron  stakes  was  done  for  the  same 
reason,  but  upon  trails  that  were  much  more 
used.  -At  first  an  iron  pipe  was  used  with  an 
iron  flag  riveted  or  welded  to  it,  but  it  was 
found  that  this  flag  would  break  off  in  a  short 
time,  due  to  flapping  in  the  wind.  For  this 
reason,  on  later  work  ,of  this  kind,  the  flag 
was  fixed  so  that  it  would  revolve  around  the 

rod  or  pipe.  This  method  worked  ver\-  well, 
although  it  was  somewhat  more  expensive  than 
the  previous  one. 

Bridges  were  usually  made  of  native  timber 
hewn  into  shape  near  the  place  of  construc- 

tion, or  bought  at  sawmills,  a  few  of  whicli 
exist  in  the  territory.  Near  the  coast,  bridges 
were  sometimes  constructed  of  wood  or  steel 

brought  from  the  "States."  It  was  my  ex- 
perience that  the  wood  found  in  Alaska  was 

about  two-thirds  as  strong  as  wood  from  the 

same  species  of  tree  in  the  "States." 
Surveying  encountered  no  special  difficulties, 

except  that  due  to  the  extreme  difficulty  of 
getting  over  the  ground.  This  work,  as  well 
as  the  construction  of  sled  roads  and  trails, 

was  often  done  in  the  fall,  sometimes  neces- 
sarily so :  after  ground  was  frozen  so  that  it 

was  possible  to  travel,  but  before  the  snow 
came.  This  had  the  disadvantage  that  there 
was  no  forage  for  the  animals,  as  the  very 
first  frost  seems  to  take  all  nutriment  out  of 
the  grass  in  most  places.  However,  it  is  not 
often  that  animals  can  be  subsisted  by  forag- 

ing. In  a  few  places  around  Cook  Inlet  and 
the  Tanana  and  White  River  valleys  horses 
can  live  on  the  vegetation  the  year  round. 
Where  it  is  possible  to  travel,  surveying  was 
usually  done,  as  was  construction  work,  in 
the  summer.  The  route  from  Washburn  to 

Donnelly,  part  of  the  Valdez-Fairbanks  route, 
was  surveyed  in  the  middle  of  winter  with 
the  thermometer  at  times  as  low  as  4o  degrees 
below  zero. 

The  wagon  roads  constructed,  with  a  single 
exception — the  Valdez-Fairbanks  road — and 
the  greater  part  of  the  sled  roads  and  trails 

were  in  the  nature  of  local  roads  leading  from 
various  coast  or  river  towns  to  the  mines  in 
the  interior,  or  from  various  central  supply 
stations  to  the  mines  in  the  immediate  vicinity. 

No  attempt  will  be  made  here  even  to  name 
the  many  routes  constructed  in  .Alaska  or  even 
to  describe  all  of  the  more  important  ones. 
A  few  among  the  more  important  will  be 
briefly  described,  omitting  so  far  as  possible 
details  common  to  all  or  common  to  work  in 

the  "States."  The  general  features  existing 
in  all  parts  of  the  territory  have  already  been 

given. The  Fairbanks  local  roads  are  a  system  of 
wagon  roads  72  miles  in  aggregate  length, 
leading  from  Fairbanks  to  the  mines  in  the 
vicinity.  They  cost  an  average  of  about  $1,850 
per  mile  in  addition  to  the  local  road  tax,  not 
counting  overhead  charges. 
The  Fairbanks-Fort  Gibbon  sled  road,  160 

miles  in  length,  was  mostly  constructed  in  the 
fall  of  the  year  after  the  ground  had  frozen, 
owing  to  the  great  amount  of  wet  ground  to 
be  traversed.  Clearing  was  heavv.  The  cost 
was  $.58,440.98.  or  about  $36.5.00  per  mile.  The 
road  was  cleared  to  a  width  of  16  feet  and 
graded  where  necessary  to  a  width  of  8  feet. 
Bridges  and  culverts  were  10  feet  wide. 

.Sled  trails  are  narrow,  and  less  carefully 
constructed  than  sled  roads,  and  the  cost  is 
correspondingly  cheap,  running  from  a  few 
dollars  to  $61.00  per  mile  in  the  interior  and 
to  as  high  as  $373.00  per  mile  near  the  Pacific 
Coast  Pack  trails  along  the  coast  cost  as  high 
as  $758.00  per  mile  in  one  place.  Trails  were 
made  from  6  to  8  feet  wide,  depending  on 
conditions. 

In  the  lowland  and  swampy  sections  the 
cost  of  construction  and  maintenance  is  very 
high.  Corduroy  is  expensive,  as  it  must  be 
hauled  in  from  the  outside,  and  tundra  fires 
are  numerous  and  apt  to  bum  the  corduroy. 
The  soil,  being  largely  peat,  will  of  itself  burn 
in  many  places,  often  smouldering  for  many 

days,  as  rains  are  infrequent.  The  most  im- 
portant and  most  expensive  of  these  roads 

and,  for  its  length,  the  most  important  in 
Alaska,  is  the  Nome-Bessie  Road,  3.3  miles 
long.  This  road  was  constructed  in  1906.  The 
roadway  was  built  22  ft.  wide  between  ditches. 
The  ditches  were  ploughed  in  the  spring  when 
the  frost  was  2  or  3  ins.  from  the  surface  and 
the  material  thrown  to  the  center,  w.d.  Fresno 
scrapers  and  road  machines.  After  the  sun 
had  thawed  the  ditches  the  road  was  regularlj 
crowned  to  an  elevation  of  from  1  to  2  feet 
above  the  surrounding  country.  Gravel  having 
been  found  unsuitable,  as  it  ground  into  the 

muck,  great  quantities  of  gunny  sacks  (Nome's supply  of  coal  is  brought  in  gunny  sacks) 
were  laid  on  the  ground,  forming  a  sort  of 
mattress  and  the  gravel  placed  on  top  of  this. 
.\  great  deal  of  corru.gated  iron,  the  result  of 
a  fire  in  Nome  in  190.5,  was  used  in  the  same 
manner;  but  the  iron  worked  out  from  under 
the  gravel  in  places  and  became  dangerous  to 
traffic.  Consequently,  most  of  it  was  removed. 
Willows  were  used  in  a  few  places,  but  did 
not  give  as  good  bearing  surface  as  the  sacks 
and  were  not  as  cheap.  This  road  gave  ex- 

cellent service  up  to  1912,  when  it  was  decided 
to  build  a  gravel  road  with  telford  foundation. 

SURVEYS. 

The  cost  of  surveys  is  hard  to  separate 
from  the  cost  of  construction  in  ma;iy 
cases  for,  as  has  been  said,  the  construc- 

tion crews  often  followed  the  surveyors  very 
closely,  sometimes  in  fact  belonging  to  the 
same  party,  and  it  was  not  possible  to  keep 
the  cost  separate.  The  location  and  survey  of 
the  Donnelly- Washburn  sled  road,  55  miles, 
part  of  the  Valdez-Fairbanks  route,  cost  $4,- 
572.77.  The  location  and  survey  of  the  Fair- 
hanks-Hot  Springs  sled  road,  160  miles,  cost 
$^3. 184.81.  These  are  important  routes  and 
the  cost  of  the  surveys  is  almost  as  great  as 
for  wagon  roads.  On  the  Pacific  Coast  costs 
are  very  high,  for  the  reasons  already  given. 

The  preliminary  reconnaissance  for  the  sled 
trail  through  Kaltag,  Rainy  Pass  and  Knik 
already  described,  cost  $5.81.3.74.  covering  the 
total  expense  from  Nome  to  Seward,  a  dis- 

tance of  about  7-50  miles.  Part  of  the  country 
traversed  was  unknown,  and,  as  the  work  had 

to  be  done  in  winter  on  account  of  the  im- 
passable nature  of  the  ground,  quite  an  elabo- 

rate equipment  had  to  be  provided.  Trans- 
portation was  by  dog  sled. 

The  most  important  land  route  in  Alaska 
is  that  from  Valdez  on  Prince  William  Sound, 
an  ice-free  port  the  year  round,  to  Fairbanks, 
the  great  mining  center  of  the  interior,  on 
the  Tanana  River.  From  Fairbanks  roads  or 
trails  connect  with  practically  every  town  or 
mining  camp  of  any  importance  north  and 
west  of  the  Alaskan  Range  below  Eagle.  The 
ordinary  way  of  reaching  Eagle  and  the  Forty 
Mile  mining  district,  which  is  connected  with 
it  by  a  sled  road,  is  by  way  of  Dawson ;  al- 

though the  Yukon  River  to  Circle  makes  fairly 
good  traveling  and  Circle  is  connected  by  sled 
road  with  Fairbanks. 

Nearly  all  winter  travel  and  mail  from  the 
whole  interior  and  Bering  Sea  and  Arctic 
coasts  follows  this  route,  as  does  nearly  all 
overland  travel  in  summer. 

The  history  of  this  road  is  one  of  gradual 
evolution.  At  first  nothing  but  a  passable 
winter  trail  was  attempted.  Later  this  was 
developed  into  a  sled  road,  and  in  1909  the 
actual  construction  of  a  wagon  road  was  be- 

gun. By  the  summer  of  1912  this  roadway 
was  in  very  good  shape  for  wagon  traffic 
throughout  its  length. 

The  length  of  the  wagon  road  from  Valdez 
to  Fairbanks  is  .379.5  miles.  The  distance  by 
sled  road  is  about  25  miles  shorter.  The 
Willow  Creek-Chitina  branch  is  49  miles,  and 
the  Donnelly- Washburn  cut-off  55  miles  long. 
There  are  a  number  of  short  sled  road  cut- 

oft's  made  to  shorten  the  distance  or  to  avoid 
parts  of  the  road  not  best  suited  to  winter 
travel.  The  Donnelly-Washburn  cut-off  was 
constructed  in  1907  at  a  cost  of  $16,881.74, 
about  $3o7.00  per  mile,  including  the  survey. 
^Maintenance  to  1912  was  $3,188.11.  The  Wil- 

low Creek-Chitina  Branch  was  started  in 
1910  to  connect  with  the  Copper  River  Rail- 

road. I  give  here  the  general  specifications 
for  this  road  as  a  fair  sample  of  good  sled 
road  construction. 
SPECIFICATIONS  FOR  SLED  ROAD  CON- 

STRUCTIOX. 

Clearinir  and  Grubbing^.— The  roadway  for  8 
ft.  on  either  side  of  center  line  will  be  cleared 
of  all  trees,  brush  and  logs,  the  same  to  be  cut 
close  to  the  ground.  The  roadway  will  be 
grubbed  for  a  width  of  5  ft.  on  each  side  of  the 
center    line. 

Grading. — Where  the  ground  slopes  1  ft.  in 
10.  or  over,  the  roadway  will  be  graded  to  a 
width  of  10  ft.,  which  width  will  be  increased 
on   turns. 

Staking. — In  open  flats  stakes  will  be  planted 
at  intervals  of  not  to  exceed  100  ft.  on  alter- 

nate sides  of  the  trail.  The  stakes  will  be  sub- 
stantial poles  at  least  S  ft.  in  length  firmly 

planted   in   the   ground. 
Bridges  and  Culverts. — Bridges  and  culverts 

will  be  constructed  where  necessary  to  give  a 
smooth  and  even  roadway.  Culverts  are  to  be 
given  a  width  of  12  ft.  Width  of  bridges  will 
be  10  ft. 

Five  spruce  stringers  should  be  used  in  each 
span  sufficiently  strong  to  bear  heavy,  four- 
horse  loads.  Decking  should  be  not  less  than 
5  ins.  in  diameter  at  the  small  end.  For  spans 
over  15-ft.,  truss  bridges  should  be  constructed 

according  to  Alaska  Road  Commission's  stand- 
ard plans. 

Corduroy. — Corduroy  will  be  used  where 
necessary  on  mucky  or  marshy  ground.  The 
width   of  corduroy  to  be  10  ft. 

.Mile-Posts. — Mile-posts  to  be  set  at  each  mile 
from  the  railroad  station.  They  should  be  of 
.sijuared  or  sawed  timber  or  squared  standing 
trees,  at  least  4  ins.  square,  and  will  be  marked 
with  neat  black  figures  3  ins.  in  height. 
The  road  must  be  completed  throughout  the 

[.resent  season  if  possible,  and  any  work  re- 
■  luired  by  these  specifications  may  be  cut  down 
this  year  if  necessary  to  the  minimum  required 
for  double-ender  sleds. 

Seventeen  miles  of  this  road  have  since  been 
converted  into  a  wagon  road  by  proper  ditch- 

ing and  draining.  The  cost  was.  for  sled  road, 
$670  per  mile :  for  wagon  road,  $1,132  per 
mile.     The  main  road  follows  in  general  the 
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route  of  the  Abercrombie  Trail  and  the  Val- 
dez-Eagle  survey  as  far  as  Gulkana,  although 
very  little  of  the  actual  line  previously  laid 
out  is  now  used.  Prior  to  1909,  about  $230,000 
had  been  spent  on  this  route.  A  large  part  of 
this  should  be  charged  against  the  wagon  road, 
as  a  good  deal  of  the  expense  was  for  work 
of  use  for  a  wagon  road,  and  part  of  the  re- 

mainder was  in  the  nature  of  location  and  ex- 
periments. 

TABLE   I.— MILEAGE    AND  AVERAGE   COST 
PER  MILE  OF  ROADS  CONSTRUCTED 

IN  ALASKA. 
,   Up  to  1912   ^ 

Item.  Mileage.      Cost  per  mile. 
Wagon  roads           829  ?2,200 
Winter  sled  roads          599  250 
Trail          1,552  100 

,   1 9 13   -^ 
Wagon   roads    33  $2,489.68 
Winter  sled  roads           18  278.80 
Trail             614  90.44 

Detailed  Cost  of  a  Recently  Completed 
Concrete  Road  Near  Aurora, 

Illinois. 
A  section  of  concrete  road  on  State  Aid 

Route  No.  1  in  Kane  County,  Illinois,  begun 
on  April  15  was  recently  completed.  About 
one-fourth  of  the  grading  on  this  road  was 
completed  at  no  expense  to  the  road,  being 
accomplished  with  donated  labor.  The  coun- 

try traveled  is  somewhat  rough,  according  to 
the  official  bulletin  of  the  Illinois  Highway 
Department,  from  which  the  information  here- 

in is  abstracted,  and  considerable  work  on  the 

old  gravel  road,  which  was  replaced  by  a  con- 
crete surface,  was  necessary  in  preparing  the 

subgrade.  The  road  was  built  according  to 
the  standard  specifications  and  cross  sections 
for  state  aid  roads,  notes  of  which  appeared 
in  the  issue  of  Engixeerixc  a.vd  Coxtr.\ctinc 
for  July  29,  1914. 
Expansion  joints  were  spaced  50  ft.  and 

steel  corner  plates  were  used  for  protecting 
the  edges  of  the  joints.  In  proportioning  the 
concrete  a  definite  graduation  of  aggregate 
sizes  to  reduce  the  percentage  of  voids  to  a 

T.ABLE  I.— DETAILED  COST  OF  CONCRETE 
i:OAD  NEAR  AURORA,  ILLINOIS.  (CON- 

TRACTORS PROFIT  AND  OVERHEAD 
CltARGK  EXCLUDED.) 

Amount  of  pavement  laid   
„   1471  ft.;  sq.  yds.,  2942 
Width  of  pavement   
  18  ft.  Standard  Section  No.  6 

Thickness   of   pavement,    center,    8   Inches; 
.ildfs,  6  Inches. 

Length  of  haul  for  materials   %  mile 
Cost  of  cement  per  bbl.  f.  o.  b.  sidings   J1.12 
Cost  of  sand  per  cu.  yd.  f.  o.  b.  sidings     1.20 
Cost  of  stone  per  cu.  yds.  f.  o.  b.  sidings    1.20 
Amount  of  cement  used  per  sq.  yd.  of  pave- 
ment   0.36  bbl. 

Rate  of  pay  for  mixers.  37^4  cents;  finishers. 
60  cents;  form  setters.  55  cents;  rough  labor,  35 
cents;  teams,  70  cents  per  hour. Cost  per 
Item.  sq.  yd. 

Superintendence     $0,077 
Excavation,    shaping    road    bed   and    trim- 

ming side  roads      0.120 
Loading  sjind  and  stone     0.034 
Hauling  sand,  stone  and  cement     0.077 
Mixing  and  placing  concrete,  setting  forms 

and    niling  Joints    0.130 
Covering,  sea.snning  and  cleaning  concrete.   0.027 
Watchman  and  miscellaneous  labor    0.017 
Sand   and   stone   f.   o.   b.   siding.   Including 
demurrage        0.392 

Cement   f.   o.    b.    siding,    Including  demur- 
rage   0.406 

Expansion  Joints  f.  o.  b.  siding    0.087 
Coal  and  oil  for  mixer  and   miscellaneous 

supplies       O.OOS 
Forms  and  other  lumber    0  014 
Freight  on  equipment    0.029 

Total  cost  per  sq.  yd   J1.386 
Cost  per  sq.  yd.  excluding  excavation    1.265 

minimum  was  required  and  1.G8  bbls.  of  ce- 
ment used  to  the  cubic  yard  of  concrete  based 

on  4-?  per  cent  voids  in  the  coarse  aggregate. 
Twelve  complete  turns  of  the  mixer  were 
required  before  discharging  the  concrete  from 
the  mixing  drum. 
The  costs  given  in  Table  I  do  not  include 

contractor's  profit  or  overhead  expenses,  such 
as  engineering  and  inspection.  The  former  is 
difficult  to  estimate,  the  latter  ordinarily  varies 
between  5  and  10  per  cent. 

Comment  on  Bituminous  Terminology. 
To  the  Editors :  In  your  issue  of  Sept.  2, 

1914,  you  quote  the  following  paragraph  from 
the  tentative  report  on  terminology  made  by 
the  committee  on  standard  tests  for  road  ma- 

terials of  the  American  Society  for  Testing 
Materials ; 

Asphalts:  Solid  or  semi-solid  native  bitumens, 
solid  or  semi-solid  bitumens  obtained  by  refin- 

ing petroleum,  or  solid  or  semi-j^olid  bitumens 
which  are  combinations  of  the  bitumens  men- 

tioned with  petroleums  or  derivatives  thereof 
which  melt  upon  the  application  of  heat,  and 
which  consist  of  a  mixture  of  hydrocarbons  and 
their  derivatives  of  complex  structure,  largely 
cyclic  and   bridge   compounds. 

If  anything  like  this  definition  is  to  become 
the  final  official  declaration  of  the  American 
Society  for  Testing  Materials  time  and  space 
can  be  saved  and  practical  purposes  will  be 
equally  well  served  by  amending  the  parapraoh 
so  as  to  read : 

"Asphalts:  Anything  that  is  black  and 

sticky." .'\sphalt  (not  asphalts)  for  at  least  two 
generations  has  meant  solid  native  bitumen. 
It  is  only  to  serve  the  purpose  of  the  producers 
of  oil  asphalts  (who  are  effectively  represented 
on  the  committee  that  made  the  above  recom- 

mendation) that  it  is  now  proposed  to  place 
native  and  manufactured  asphalts  on  the  same 

footing  without  difi^erentiation  as  to  their 
origin  or  characteristics.  Only  confusion  can 
result  from  this  attempt,  for  two  different 
things  can  not  be  made  the  same  thing  simply 
by  the  sayso  of  any  committee,  however  com- 

posed. No  committee  could  make  cotton  and 
wool  the  same  thing  by  drawing  a  definition 
for  "fibers"  or  "fabrics"  which  included  these 
two  products. 

In  regard  to  this  matter  the  German  prece- 
dent is  illuminating  in  several  respects.  Dr.  E. 

Holde,  Chief  of  the  Imperial  Testing  Station, 

Berlin,  and  author  of  "Untersuchung  der 
Kohlenwasserstoff  Oele  und  Fette,"  makes  this 
declaration  on  page  275  of  the  1913  edition  of 
his  book : 

In  order  to  arrive  at  a  uniform  terminology' 
for  pitchy  and  asphaltic  substances  it  is  de- 

sirable to  reserve  the  name  "asphalt"  for  ■such 
products  as  are  found  In  nature  .  .  .  The 
substitutes  (to  be  regarded  as  inferior)  which 
result  from  the  working  up  of  petroleum  should 
be  designated  "artificial  asphalts,"  or  better 
still,  pitches,  such  as  petroleum  pitch,  grease 
pitch,  brown  coal  tar  pitch,  coal  tar  pitch,  etc., 
according  to  their  origin. 

This  has  the  status  of  official  nomenclature 
in  Germany  and  how  definitive  it  is  may  be 

gathered  from  the  fact  that  proceedings' are brought  under  the  law  of  unfair  business  com- 
petition and  misbranding  to  restrain  and  pun- 

ish the  designation  of  oil  asphalts  as  "natural 

asphalts." 
There  is  no  discrimination  in  this  policy.  It 

is  well  recognized  that  each  asphaltic  or  bitu- 
minous product  has  its  place;  the  error  and 

the  wrong  consists  in  the  attempt  to  put  all 
of  them  into  one  class  or  at  least  to  include 
all  of  them  in  one  definition  which,  like  the 
Mother  Hubbard,  wrapper,  covers  everything 
and  touches  nothing. 

Very  truly  yours, 
Daniel  T.  Pierce, 

Executive  Assistant,  Barber  Asphalt  Company. 
Philadelphia,  Pa.,  Sept.  3,  1914. 

The  question  of  bituminous  terminology  is 
yet  unsettled  and  much  confusion  exists  in 
regard  to  the  correct  usage  of  names  for  dif- 

ferent materials  and  processes.  In  the  end 
common  sense  and  convenience  will  rule,  but 
at  the  present  time  the  usage  of  terms  is  on 
no  such  basis.  The  matter  is  worthv  of  dis- 

cussion.—  [Editors.] 

Design  and  Construction  of  Bituminous  Sur- 

faced Roads  in  England."  This  paper  is  very- 
instructive  and  the  closing  statements,  anent 
the  variety  of  materials  and  traffic  conditions, 
conlain  some  sound  advice  which  niiglit  well 
be  e.xtended  into  a  condemnation  of  the  prac- 

tice i.f  standardizing  highway  construction  re- 
gardless of  materials,  traffic,  conditions  of  sub- 

grade,  prevailing  winds  affecting  snow,  etc. 
However,  there  are  two  points  which  I  wish 
to  mention,  the  first  being  the  omission  of 
important  information. 

The  advocated  use  of  long  radi  and  super- 
elevation on  curves,  together  W'ith  the  carrying 

o.-  roads  around  towns  rather  than  through 
them,  indicates  that  the  article  refers  to  speed- 
ivays  instead  of  liighways.  .'Knd  we  might  well 
ask  whether  the  roads  under  discussion  are 
being  constructed  for  utilitarian  purposes  to 
supp'v  the  needs  of  the  people  of  the  com- 
ir.unily  of  whether  they  are  designed  as  fresh 
air  boulevards  for  the  pleasure  of  automobile 
parties.  Each  type  of  road  has  its  purposes, 
But  the  reader  could  have  a  clearer  conception 
of  the  entire  enterprise  if  he  knew  what  use 
is  to  be  made  of  these  highways,  .^nd  along 
with  llie  suggested  information  some  readers 
would  appreciate  a  statement  as  to  whether 

the  people  who  use  the  improved  thorough- 
fares are  the  ones  who  pay  the  bills.  These 

aspects  of  highway  building  are  too  frequently 
overlooked  in  America  as  well  as  in  other 
lands. 

The  second  point  to  which  I  wish  to  refer 
is  the  relative  crowns  on  grades  and  level 
stretches.  I  have  always  adhered  to  the 
opiu'on  that  the  greater  crown  was  required 
on  grades,  where  the  slightest  beginning  of  a 
rut  will  serve  as  a  guide  to  escort  the  rain 
water  down  the  middle  of  the  road  unless 
there  is  a  relatively  heavy  transverse  slope. 
And,  when  the  road  surface  is  such  as  will  be 
affected  by  running  water,  this  first  flow  will 
increase  the  rut.  One  objection  to  heavy 
crowns  is  the  rutting  caused  by  allowing  horses 
to  walk  in  the  center  where  there  is  even 
footing,  the  tendency  to  rut  depending  upon 
the  amount  of  crown.  But  this  objection  is 
greatly  reduced  on  heavy  grades  where  drivers 
involuntarily  pull  their  horses  out  of  the  tracks 
while  holding  back  on  the  down  grade.  There 
is  less  likelihood  of  bad  ruts  with  motor  than 

with  horse-drawn  vehicles  owing  to  the  humam 
factor  in  guiding.  But,  whatever  the  use  to 
which  the  highways  are  put,  there  is  surely 
more  need  for  crown  on  the  grades  than  on 
the  level  stretches. 

Very  truly  yours, 

Leonard  C.  Jordan. 
1502  Union  St.,  Brooklyn,  N.  Y. 

Sept.  14,  1914. 
With  regard  to  the  laying  out  of  roads  pass- 

ing through  villages  and  small  cities  and  the 
improvement  of  by-pass  or  shuttle  roads 
avoiding  business  sections,  much  may  be  said 
pro  and  con.  The  subject  is  of  small  im- 

portance in  many  sections  of  the  country  but 
in  tlie  improvement  of  through  roads  over 
which  a  heavy  motor  traffic  will  pass  it  is,  at 
least,  worthy  of  study,  especially  since  future 
develonments  may  demand  its  consideration. 

The  practice  of  increasing  road  crowns  on 
steep  grades  is  quite  generally  accepted  as 
advisable,  certainly  where  a  macadam  or  gravel 
surface  is  used.  With  other  types  of  surfac- 

ing its  features  have  been  little  discussed, 
especially  with  regard  to  the  danger  of  the 
creeping   of    bituminous    surfaces. —  [Editors.] 

Comment  on   Road   Design;    Relative 
Crowns  on  Grades  and  on  Level. 

To  the  Editors:  T  have  read  with  consid- 
erable interest  the  article  of  vour  issue  of 

Sept.  9,  entitled  "Some  Practical  Notes  on  the 

Engineering  Experiinent  Station  Opened. 
— Final  organization  of  the  Texas  engineering 
experiment  station,  to  be  conducted  at  the 
.\gricultural  and  Mechanical  College,  College 
St.ition,  Texas,  by  the  engineering  school,  has 
been  completed.  Research  work  along  lines 
lit  interest  to  engineering  industries  will  begin 
with  the  opening  of  school  on  Sept.  22.  Espe- 

cial stress  will  be  laid  on  highway  engineering 
work,  and  experiments  in  cement  and  concrete, 
internal  combustion  engines,  coal,  oil  and  gas 
tests,  etc.,   are   planned. 
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"How  Can  Engineers  Best  Utilize  the 

Technical  Journals?" 
Space  is  claimed  in  this  issue  by  an  article 

bearing  the  title  quoted  above.  We  recall 
no  other  article  which  answers  the  query  so 
well.  In  particular  the  author  brings  out  two 
broad  facts  which  are  of  paramount  import- 

ance to  subscribers  for  engineering  journals. 
The  tirst  fact  is  that  the  engineering  journal 
is  essentially  a  working  tool.  The  second  fact 
is  that  unless  the  engineer  works  this  tool  to 
its  highest  efficiency  he  is  failing  to  realize 
as  he  might  on  the  capital  invested  in  it. 

The  article  suggests  how  this  highest  ef- 
ficiency may  be  secured  from  the  engineer- 

ing journal.  Probably  many  readers  have 
other  methods  which  suit  them  better.  But 
whatever  method  may  be  selected,  the  main 
point  is  not  altered;  the  engineering  journal 
is  useful  to  the  subscriber  exactly  in  propor- 

tion to  the  efficiency  with  which  he  develops 
its  usefulness.  It  is  useful  to  subscribers  of 
different  ages  and  degrees  of  experience  in 
different  ways,  but  its  main  usefulness  to 
most  readers  is  as  a  repository  of  usable 
data  and  suggestions.  The  reader  who 
chooses  for  his  purpose  a  quick  and  certain 
means  of  getting  from  this  repository  the  in- 

formation needed  is  the  one  who  makes  the 
most  efficient  use  of  his  engineering  journal 
because  to  provide  the  means  for  quick  and 
certain  reference  intelligent  previous  reading 
is  essential 

The  Planning  of  Engineering  and  Con- 
tracting for  Easy  Reference. 

The  engineering  journal  is  a  reference 
book  of  current  engineering  thought  and 
data.  Admitting  that  it  contains  thought 

and  data  of  worth,  the  value  of  the  engineer- 
ing journal  as  a  reference  book  lies  in  the 

readiness  with  which  the  sbuscriber  can 

locate  for  preliminary  reading  the  informa- 
tion in  which  he  is  most  interested  and  in 

the  ease  and  precision  with  which  he  can 
record  for  future  consultation  portions  se- 

lected during  preliminary  reading  as  being  of 
particular  value. 
The  planning  of  an  engineering  journal  to 

meet  the  requirements  just  set  forth  is  not 
entirely  simple.  Its  subscribers  have  en- 

gineering interests  of  wide  variety.  The 
lines  of  engineering  that  they  practice  are, 
even  when  broadly  classified,  quite  various. 
In  each  line  there  are  practitioners  r^f  various 
ages  and  various  degrees  of  experience.  The 
necessities  of  each  line  of  practitioners  in  the 
way  of  engineering  information  are  different, 
and  within  each  line  of  practitioners  the 
necessity  is  different  for  each  individual  ac- 

cording to  his  experience  and  knowledge. 
Obviously  no  engineering  journal  can  be 
planned  to  meet  individual  necessities  com- 

pletely at  all  times;  it  can  be  planned  only 
to  meet  the  necessities  of  classes  oi  practi- 
tioners. 

The  planning  of  Engineering  and  Contract- 
ing has  been  conducted  with  special  pains  to 

facilitate  rapid  preliminary  reading  and  quick 
and  precise  recording  of  items  for  future 
reference  within  the  limits  indicated  in  the 
preceding  paragraph.  .Ml  articles  are  civil 
engineering  articles.  This  is  the  first  classi- 

fication. All  articles  are  either  (I)  technical 
articles  or  (21  construction  news  articles. 
This  is  the  second  classification  and  two 

separate  sections  of  approximately  equal  vol- 
ume are  provi^'ed  in  Engineering  and  Con- 

TR.^CTING  for  this  classification.  All  technical 
articles  are  devoted  to  economics  of  civil  en- 

gineering design  and  to  civil  engineering  con- 
struction and  operation  methods  and  costs 

and  all  current  news  articles  are  confined  to 
works  offering  opportunities  for  business  or 
employment.  These  restrictions  make  the 
second  classification  definitive  and  precise. 
.\11  articles,  technical  and  news,  are  classified 
under  the  twelve  headings:  (1)  Editorials, 
(2)  Water  Works,  (3)  Sewers,  (4)  Roads 
and  Streets,  (5)  Bridges,  (6)  Buildings,  (7) 

Drainage  and  Irrigation,  (8)  Rivers  and  Har- 
bors, (9)  Railways,  (10)  Book  Reviews.  (11) 

Construction  Plant,  (12)  General.  This  is  the 
third   classification. 

The  classifications  described  make  the  loca- 
tion of  articles  for  preliminary  reading  a  mat- 

ter of  a  moment's  search.  The  recording  by 
engineers  of  selected  articles  for  future  ref- 

erence follows  one  of  two  general  plans.  One 
plan  is  to  index  the  selected  articles  on  cards, 
and  bind  and  file  the  journal  indexed,  as  suc- 

cessive volumes  are  completed.  The  second 
general  plan  is  to  clip  the  articles  selected  for 
future  reference  and  file  them  in  accordance 
with  some  system  found  satisfactory  by  the 
subscriber  and  reference  to  which  is  had  by 
inde.x  cards  or  indexed  envelopes  or  folders. 
To  meet  the  requirements  of  either  plan,  each 
technical  article  in  Engineering  and  Con- 

tracting has  prepared  for  it  and  printed  at 
the  same  time  a  complete  index  card.  These 
cards  are  assembled  with  ample  margins  for 

clipping  on  the  leaf  which  separates  the  tech- 
nical article  section  from  the  current  news 

section  of  each  issue.  Clipping  this  leaf  does 
not  mutilate  either  technical  or  news  sections, 
either  or  both  may  be  bound  in  volumes  or 

may  be  clipped  for  the  purpose  of  filing  se- 
lected articles.  If  volumes  are  bound  the 

index  cards  for  selected  articles  are  clipped 
and  pasted  on  standard  library  index  cards 
which  are  then  filed.  If  instead  of  binding, 

selected  articles  are  clipped  and  filed  in  en- 
velopes or  folders,  the  corresponding  inde.x 

cards  may  be  clipped  and  pasted  on  the  en- 
velopes or  folders  themselves,  or  on  stand- 

ard cards,  as  when  the  journal  is  bound  in 
volumes. 

An  examination  of  the  index  cards  as 

printed  in  this  issue  will  show  their  adapta- 
bility to  the  formation  of  a  reference  index. 

Each  has  an  index  subject  heading  which 
enables  any  office  assistant,  once  the  cards 
desired  are  check  marked,  to  clip,  paste,  alpha- 

betise and  file.  Space  is  provided  for  re- 
moving this  printed  index  heading,  leaving 

the  remainder  of  the  card  intact,  should  the 

subscriber  prefer  to  select  and  write  head- 
ings conforming  to  the  classification  adopted 

to  meet  his  special  purposes.  For  the  aver- 
age engineer  who  desires  simply  a  ready  ref- 

erence index  to  certain  articles  the  cards  as 

printed  serve  all  purposes  and,  once  the  en- 
gineer has  read  and  selected  the  articles 

wanted  and  check  marked  the  corresponding 
inde.\  cards,  fifteen  minutes  by  anyone  with 
paste  and  scissors  are  sufficient  for  preparing 
and  filing  the  index  cards  for  an  issue  of 
Engineering  and  Contracting. 

Granting,  as  we  are  justified  in  doing,  that 
continued  subscription  for  Engineering  and 
Contracting  demonstrates  that  the  subscrib- 

er finds  value  in  its  articles,  the  preceding 
presentation  of  the  way  in  which  he  can  best 
utilize  that  value  requires  no  apology.  The 
best  that  the  editors  or  the  expert  contributors 

of  engineering  journals  can  do  for  their  sub- 
scribers counts  for  little  unless  these  sub- 

scribers are  alert  to  take  advantage  of  what 
is  done.  Aids,  such  as  have  been  outlined 
above,  to  the  subscriber  in  performing  ftis 
part   make   it   a   comparatively   easy  task. 
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Data  on  the  Design  of  Domes. 
Although  a  number  of  important  domes 

have  been  constructed  in  this  and  foreign 
countries  our  engineering  literature  contains 
few  definite  data  relative  to  the  design  of 
these  domes.  On  this  account  an  engineer 
has  little  information  to  guide  him  in  the  de- 

sign of  this  type  of  construction.  In  this  issue 
we  are  publishing  an  exceptionally  complete 
article  describing  the  design  features  of  the 

large  steel  dome  of  the  Palace  of  Horticul- 
ture, San  Francisco,  Cal.,  this  structure  being 

one  of  the  imposing  buildings  now  under  con- 
struction for  the  Panama-Pacific  Interna- 

tional Exposition.  Not  only  are  the  methods 
and  assumptions  used  in  designing  the  steel 
dome  and  its  substructure  given  in  detail,  but 

the  results  obtained  by  various  methods  ap- 
plicable to  dome  design  are  compared.  The 

computations  and  the  procedure  followed  in 

the  design  are  given  in  sufficient  detail  to  en- 
able an  engineer  readily  to  follow  the  discus- 

sion. This  dome,  which  is  believed  to  be  the 

largest  in  existence,  has  a  diameter  of  1-50  ft. 

and  forms  a  semi-sphere.  It  rests' on  a  series of  girders  which  are  in  turn  supported  on 
eight  steel  piers,  each  pier  having  a  height  of 
65  ft.  and  consisting  of  four  braced  columns. 
The  authors  of  the  article  and  those  in  charge 
of  the  design  are  to  be  commended  for  having 
made  available  such  important  data  on  the 
design  of  steel  domes. 

Engineers  and  Other  Men. 
Occasionally  the  public  utterances  of  en- 

gineers smack  somewhat  of  the  Pharisaical. 
Knowing  engineers  as  well  as  he  does  it  is 
not  strange  that  the  engineer  should  respect 
his  professional  brethren,  but  he  should  avoid 
the  narrow  view  of  regarding  them  as  the 

repositories  of  all  the  virtues.  He  should' know  other  men  better.  Men  of  good  char- 
acter and  of  honest  purposes  are  much  alike 

whether  they  serve  society  as  engineers  or  in 

other  capacities.  An  illustration  of  the  char- 
acter of  statement  which  we  have  in  mind  fol- 

lows. It  is  from  a  presidential  address  be- 
fore an  important  engineering  society.  To 

quote : 
What  one  quality,  think  you,  commends  the 

engineer  for  positions  of  trust  and  responsi- 
bility? It  is  that  he  is  true  to  the  interests  of 

those  who  employ  him,  true  to  his  devotion  to 
duty,  fair  in  his  treatment  of  those  dependent 

upon  him,  and  just  in  the  settlement  of  dis- 
putes and  differences. 

Much  fault  mieht  be  found  with  this  quota- 
tion ;  to  begin  with  the  idea  of  competency  is 

not  even  suggested.  The  thought  should  be 
ever  present,  in  addresses  of  the  kind  from 
which  we  quote,  that  it  may  be  affirmed  of 

all  men  with  equal  truth  that  "it  is  not  suf- 
ficient to  be  good  unless  one  is  also  good  for 

something."  The  possession  of  integrity  and 
the  other  virtues  and  the  lack  of  ability  may 

conceivably  be  more  disastrous  than  the  con- 
verse in  matters  of  an  engineering  nature. 

It  was  another  thought  partially  implied, 
however,  which  attracted  our  attention  to  the 
quoted  paragraph.  While  it  probably  was  not 
the  intention  of  .the  speaker  to  suggest  that 

iinly  engineers  are  possessed  of  the  noble  at- 
tributesenumerated,  such  an  inference  might 

readily  be  drawn  from  his  unqualified  state- 
ment. It  is  true,  nevertheless,  that  many  en- 

gineers are  so  impressed,  for  .example,  with 
the  honestv  of  engineers,  that  they  make  state- ments which  would  lead  one  to  suppose  that 

the  profession  has  a  corner  on  honesty.  This 
is  as  far  from  the  truth  as  to  say  that  culture 
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is  absent  from  such  utilitarian  works  as  those 
which   occupy   the   attention   of    the   engineer. 

-Again,  many  engineers  make  very  sweep- 
ing statements  about  the  dignity  of  their  pro- 

fession and  of  their  service  to  mankind. 
Granting  the  substantial  truth  of  such  state- 

ments it  is  well  to  bear  in  mind  that  others, 
even  those  in  lowly  callings,  have  their  ideals 
and  are  actuated  by  lofty  and  unselfish  im- 
pulses. 

It  is  farthest  from  our  intention  to  decry 
the  simple  virtues  which  date  back  at  least  as 
far  as  the  .Sermon  on  the  .Mount.  Xeiiher  is 
it  our  purpose  to  deny  that  engineers  possess 
these  virtues,  but  we  do  deplore  the  narrow 
thought  or  careless  expression  which  holds  the 
engineer  to  be  their  sole  possessor. 

The  Real  Task  of  American  Manufac- 

turers in  Developing  South 
American  Trade. 

From  the  avalanche  of  assertion  and  com- 
ment concerning  trade  opportunities  in  South 

.America  this  fact  protrudes :  The  prol)lem  of 
South  .\merican  tr;i.de  development  by  manu- 

facturers in  the  United  States  is  how'  to  sub- 
stitute themselves  as  merchants  in  place  of  the 

temporarily  deposed  German,  French  and  Eng- 
lish manufacturers.  The  .American  manufac- 

turer is  easily  disposed  to  assume,  since  he 
makes  for  sale  merchandise  and  machinery 
wholly  as  good  as  does  the  European  manu- 

facturer, that  the  .American  merchandise  and 
machinery  are  just  as  salable.  This  is  not 
so,  and  because  it  is  not  is  one  very  evident 
reason  why  American  trade  in  South  .\merica 
is  less,  and  often  very  much  less,  than  that  of 
European  conjmercial  nations.  .And  unless 
.American  manufacturers  readjust  their  view- 

point and  reform  their  practice  it  will  be  the 
reason  why  Latin  America  will  abandon  the 

traders  from  the  "States"  and  return  to 
European  markets  just  as  soon  as  the  war- 

ring nations  resume  business. 

No  scheme  of  merchant  shipping  and  no 
perfection  of  banking  facilities  will  make 
South  American  merchants  buy  of  firms  which 
do  not  properly  invoice  goods  in  the  lan- 

guage of  the  country  of  destination  in  accord 
with  custom  house  regulations,   which  do  not 
firoperly  pack  for  protection  and  transporta- 
ion  the  goods  shipped,  which  do  not  con- 

form strictly  to  specifications  as  to  character 
of  goods,  and  which  do  not  adnpt  themselves 
to  the  business  customs  and  peculiarities  of  the 
latin  merchant.  These  :ire  assertions  which 
cannot  be  successfully  disputed.  They  come 
from  every  consular  officer  sent  to  .South 
America ;  they  are  repeated  bv  every  engineer 
and  business  man  who  has  been  a  resident  of 
South  .America ;  they  are  affirmed  by  the 
native  merchants  of  every  South  .American 
country. 

Circumstances  have  brought  about  a  condi- 
tion more  favoral)le  than  has  existed  for 

years,  perhaps  more  favorable  than  ever  wil! 
exist  again,  for  the  development  of  .American 
trade  with  Latin  .\merica.  American  manu- 

facturers in  plenty  make  the  classes  of  goods 

bought  by  Latin  .Americans.  Tliey  do  not,  how- 
ever, make  these  goods  in  as  salable  form  as 

does  the  European  manufacturer.  They  must 

do  this  and  they  must  learn  to  adopt  the  meth- 
ods of  solicitation,  of  extending  credits,  of 

invoicing  shipments  and  of  special  manufac- 
ture to  suit  the  local  demand.  They  must 

become  as  a  few  .American  firms  have  be- 
come and  as  European  manufacturers  very 

generally  have  become.  South  .American  mer- 
chants. This  fact  is  the  most  prominent  fact 

lirought  out  in  the  present  wide  discussion  on 
South    .American   trade  opportunities. 

The  Relative  Positions  of  the  Engineer 
and  the  Architect  in  Designing 

Commercial   Buildings. 
It  is  difficult  to  define  the  true  functions  of 

the  engineer  and  the  architect  in  designing 
and  constructing  modern  commercial  build- 

ings. Before  the  development  of  our  high 
steel  frame  buildings,  and  before  reinforced 
concrete  had  attained  prominence  as  a  struc- 

tural material,  the  jjroblem  of  building  design 
was  essentially  an  architectural  one.  If  the 

engineer's  services  were  required  at  all  it  was 
only  in  connection  with  the  foundations,  and 
even  then  he  was  consulted  only  where  con- 

ditions made  the  design  and  construction  ex- 
ceedingly difficult.  Due  to  the  development  of 

our  steel  frame  and  reinforced  concrete  build- 
ings, however,  conditions  have  changed  and 

the  design  of  these  structures  is  becoming 
more  and  more  an  engineering  problem.  In 
such  buildings  stren,gth  and  durabilty  are  of 
greatest  importance,  and  to  insure  these  quali- 

ties in  building  construction  requires  the  serv- 
ices of  engineers.  It  is  only  natural,  due  to 

the  gradual  development  of  commercial  build- 
ings, that  in  present  building  organizations  the 

architect  is  supreme,  while  the  engineer  is 
placed  in  a  subordinate  position.  In  the  more 
prominent  architectural  firms  there  have  been 
established  engineering  departments,  in  charge 
of  engineers  who  sometimes  are  given  the 

dignified  title  of  "Chief  Engineer."  In  most 
cases  the  building  is  planned  almost  entirely 
by  the  architect,  and  the  engineer  must  make 
his  steel  or  reinforced  concrete  design  con- 

form to  the  architectural  design.  In  some 
cases  this  has  resulted  in  structural  mon- 

strosities and  in  exceedingly  expensive  struc- 
tural designs. 

If  the  architect  is  sufliciently  broad-minded, 
and  if  his  training  and  experience  have  been 
of  the  right  kind,  he  will  have  felt  the  ad- 

visability  of  permitting  the  engineer   to  assist 

materially  in  planning  the  building.  How- 
ever, as  the  final  decision  lies  with  the  archi- 

tect the  tendency  is  to  over-emphasize  the  ar- 
chitectural features  to  the  detriment  of  the 

engineering  design.  In  making  this  statement 
it  is  realized  that  the  architectural  treatment 
of  a  building  is  of  great  importance,  but  in 
most  commercial  buildings  safety  and  perma- 

nence are  essential,  while  low  cost  is  often 
absolutely  necessary  if  the  structure  is  to  be 
financed.  The  latter  factors  give  increased 
emphasis  to  the  engineering  design.  Most 
architects  have  received  their  initial  technical 
education  in  our  universities,  and  the  present 
tendency  of  architectural  schools  is  to  give  less 
emphasis  than  formerly  to  mathematics  and  to 
those  subjects  which  teach  fundamental  engi- 

neering principles — and  more  emphasis  to  the aesthetic  design. 

We  believe  that  the  design  of  many  clr.sses 
of  commercial  buildings  should  be  in  charge 

of  engineers  and  that  the  architectural  fea- 
tures of  such  buildings  can  well  be  taken  care 

of  by  architects  in  the  employ  of  these  engi- 
neers or  by  engineers  who  have  gained  suf- 
ficient knowledge  of  architectural  principles 

to  enable  them  to  design  structures  in  which 
aesthetics  has  been  duly  considered.  We  also 
believe  that  engineers  have  not  been  sufficient- 

ly alert  to  their  interests  in  permitting  con- 
ditions to  come  about  such  as  now  exist  in 

the  building  field.  Furthermore,  the  engineer's position  will  not  be  improved  unless  he  takes 
more  active  steps  than  formerly  to  protect  his 
interests.  Due  mainly  to  the  organized  activ- 

ity of  architects,  laws  have  been  passed  in 
some  states  which  require  that  all  building 
designs  must  be  in  charge  of  and  signed  by 
licensed  architects.  This  has  acted  further  to 
bar  the  engineer  from  activity  in  the  building 
field.  It  is,  of  course,  true  that  engineers 
can  qualify  as  licensed  architects  by  passing 
the  required  examinations.  Under  existing 
conditions,  however,  this  is  difficult,  as  the 
board  of  examiners  is  composed  of  architects 
— men  who  frame  the  examination  questions 

from   an  architect's  viewpoint. 
One  serious  phase  of  the  question,  from  an 

engineer's  standpoint,  is  that,  under  existing 
conditions,  contracts  for  building  designs  and 

superintendence  naturally  come  to  archi- 
tectural firms,  the  business  dealings  being  be- 

tween owner  and  architect,  the  engineer  get- 
ting a  small  share  of  the  business  from  the 

architect — not  from  the  owner  who  furnishes 
the  necessary  capital.  We  believe  there  is  a 
legitimate  field  in  building  work  for  both  the 
engineer  and  the  architect,  but  we  are  con- 

vinced that  in  designing  certain  classes  of 
commercial  liuildings  the  en,gineer  should  be 
supreme.  The  latter  is  certainly  neglecting  a 
promising  field  when  he  docs  not  exercise  his 
right  to  negotiate  directly  with  tlie  owner  in 
<il)taining  contracts  for  building  designs  and 
superintendence. 

How  Can  Engineers   Best  Utilize  the 

Technical  Journals? 

In  these  days  when  good  reading  matter 
comes  to  a  man  from  every  side  even  the  spe- 

cialist must  plan  his  reading  so  as  to  secure 
the  greate'-t  benefit  from  the  literature  pertain- 

ing directly  to  his  specialty.  The  man  who 
vyould  cover  his  field  and  keep  up  villi  the 
times  must  devise  a  plan  of  readmg  to  suit 
his  interests,  his  time  and  his  income.  The 
present  article,  which  is  the  major  portion  of 

a  paper  by  John  W.  Alvord,'  consulting  engi- neer, Chicago,  before  the  annual  convention 
of  the  Federation  of  Trade  Press  Associations, 
discusses  the  general  aspects  of  the  reading 

problem,  from. the  engineer's  standpoint,  and suggests  reading  plans  for  engineers  of  various 
ages  and  interests. 

In  1880,  when  the  writer  first  commenced 
to    take    some    interest    in    technical    journals, 

GENERAL 
Mich  publications  in  this  country  were  rela- 

tively few.  Since  1880  we  have  added  to 
civilization  the  electric  light,  the  elec'ric  rail- 

way, the  telephone,  the  phonograph,  w^ireless 
telegraphy,  the  X-ray,  high  steel  buildings,  re- 

inforced concrete,  the  explosion  motor,  steam 
liirbines,  high-duty  pumping  engines,  central 
power  stations,  hydro-electric  plants,  automo- 

biles, llymg  machines,  bactcriologv,  filtration, 
modern  sewage  disposal  and  scientific  sanita- 

tion, and  the  engineering  world  has  been  prac- 
tically made  over  in  about  .'!.">  years. 

Eiigineering  literature  has  had  to  .specialize, 
divide,  concentrate  and  keep  pace  with  this 
rapid  movement.  Of  necessity  it  has  grown 
yoluminoiis,  and  the  problem  of  the  engineer 
in  1880.  which  was  to  treasure  and  index  al- 

most every  scrap  of  printed  matter  on  any  en- 
gineering subject  whatever  that  came  his'wav, IS  today  to  sort  out.  discard  and  eliminate  that 

which  he  can  no  longer  use,  and  limit  himself 
to   the   inspection    and   reading  of   that   which 

bears  principallx  on  his  selected  i)rofessional 
specialty.  Mam  do  not  succeed  even  in  doing 
as  much  as  this  with  the  technical  journals 
that  tlood  in  upon  us  in  our  busy  days. 
That  we  cannot  keep  abreast  of  the  times 

without  reading  the  engineering  journals  is 
obvious.  That  it  we  carefully  read  all  the  en- 

gineering journals  in  our  chosen  specialty  we 
would  have  no  time  left  to  earn  a  living  is 
easily  capable  of  demonstration.  What,  then, 
is  the  proper  attitude  to  adopt  toward  this 
ever-increasing  Hood  of  information  that  pours 
in  upon  us  so  relentlessly,  week  after  week, 
month  after  month  and  year  after  year? 

1  f  we  look  about  us  to  see  how  our  fellow 
engineers  solve  this  matter  we  shall  find  a 
great  variety  of  attitudes  toward  the  problem. 
Some  engineers  simply  do  not  take  engineer- 

ing journals,  reading  one  occasionally  here 
and  there  as  opportunity  offers.  Others  take 
all  they  can  afford  to  take  and  let  them  pile 
up  around  the  office,  often  unopened  and  un- 
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few,  which  they  carefully  bind  and  shelve. 
Still  others  read  journals  when  they  can,  and 
throw  them  away  when  they  move  on.  As  a 
rule,  however,  the  engineeer  prizes  his  tech- 

nical paper,  and  endeavors  in  some  ill-defined 
and  formless  sort  of  fashion  to  preserve  its 
information  for  future  use.  Generally  he  fails 
to  find  any  practicable  scheme  which  makes 
his  rapidly  accumulating  material  of  much 
value  to  him  after  it  has  once  passed  under 
his  eye,  and  for  a  large  number  of  engineers 
technical  journals  are  only  professional  news- 

papers with  which  to  i<lle  away  an  hour  or  so 
and  to  satisfy  their  curiosity.  That  their  value 
is  something  much  more  than  this,  or  should 
be  more  than  this,  is  so  apparent  as  to  need 
no  denial. 

The  problem  of  the  engineer  with  his  tech- 
nical paper  is  much  affected  by  his  age,  sta- 

tion and  aim  in  life.  To  the  man  who  is  in  engi- 
neering only  to  get  money  and  more  money, 

the  engineering  journal  is  a  newspaper,  in 
which  he  may  notice  mainly  where  there  are 
better  jobs  than  his  own  that  may  be  sought 
after  and  perhaps  obtained.  To  the  man  who 
is  an.xious  to  fit  himself  every  year  of  his  life 
for  something  better,  it  is  an  opportunity, 
quite  unequaled  many  years  ago,  for  a  great 
variety  of  study.  To  the  young  engineer,  the 
engineering  journal,  properly  read  and  noted, 
is  part  of  a  post-graduate  course  in  engineer- 

ing. To  the  middle-aged  man,  it  is  a  mine 
of  data,  bearing  in  all  sorts  of  ways  on  his 
work,  and  to  the  mature  specialist  only  does 
it  begin  to  become  burdensome  by  its  repe- 

tition of  experience  and  its  volume  of  matter 
on  subjects  which  have  already,  to  him  at  least, 
been  well  digested. 

Let  us  see  if  we  can  outline  how  each  of 
these  classes  can  get  more  profit  out  of  the 
matter  contained  in  the  engineering  journals 
than  do  the  careless  or  indifferent,  who,  after 
their  journal  is  once  looked  over,  let  it  go  to 
waste   or   idleness. 

The  young  engineer  and  the  college  gradu- 
ate need,  most  of  all,  practical  experience.  It 

is  safe  to  say  that  engineering  literature  will 
never  have  any  proper  perspective  for  him 
until  he  has  been  connected  in  some  capacity 
with  engineering  work  himself,  be  it  in  ever 
so  modest  a  capacity. 

With  the  actual  doing  of  engineering  work, 
however,  should  come  contemporaneously  the 
reading  of  technical  journals,  particularly 
along  the  lines  in  which  he  is  working.  Noth- 

ing can  be  more  instructive,  broadening  and 
enlightening  to  a  man  doing  a  particular  kind 

of  work  than  reading  "about  similar  work at  the  same  time. 

It  follows,  therefore,  that  the  young  engi- 
neer should,  as  early  as  possible,  take  at  least 

one  good,  first-class  engineering  journal,  and 
own  it  himself;  bind  it,  if  he  can  aford  to, 
but  lay  it  away  in  an  orderly  manner,  in  any 

event.  If  he  can  aft'ord  two  journals,  so  much the  better,  especially  if  they  are  selected  so 
as  to  widen  his  outlook. 

Many  young  engineers  are  omnivorous  read- 
ers by  instinct  and  curiosity.  Some  cram  on 

technical  literature,  largely  because  their  pro- 
fessors at  college  and  others  have  given  them 

the  good  advice  to  lead  engineering  journals 
as  a  habit.  Others  cannot  bring  themselves  to 

read  much  "shop  talk"  out  of  hours,  because 
they  naturally  prefer  recreation  and  mental  re- 

laxation. There  is,  however,  a  happy  jnediuni. 
It  is  to  be  doubled  if  laborious  reading  of  all 
kinds  of  engineering  articles  all  the  time  is  ad- 

visable for  anyone.  Mere  quantity  of  read- 
ing is  mentally  dttrimental.  If  one  might  ad- 

vise, it  would  be  to  suggest  enforced  sys- 
tematic reading  of  all  articles  particularly  bear- 

ing on  the  line  of  work  the  reader  is  immedi- 
ately engaged  upon,  and  the  optional  reading 

only  of  such  other  articles  as  interest  him. 
This  ought  not  to  be  much  of  a  task.  In 
course  of  time,  as  his  e.xperience  broadens, 

engineering  reading  will  become  less  burden- 
some and  more  interesting  because  it5  relation 

to  practical  matters  will  be  more  and  more 
appreciated  and  the  discriminating  uic  of  en- 

gineering literature  better  understood.  Of 
course  all  this  applies  to  engineering  societies 
as  well,  but  that  is  another  story. 

In  the  matter  of  inde.xing  for  the  young  en- 
gineer, much  must  be  left  to  the  judgment  and 

taste  of  the  individual.  The  engineering  in- 
dexes are  very  complete  and  useful  in  these 

modern  days.  The  mind  itself  is  a  wonderful 
indexer.  It  is  safe  to  say  the  average  intelli- 

gent man  reading  an  article  which  impresses 
him  as  useful  and  valuable  can,  without  effort, 
remember  for  many  years  after  the  name  of 
the  journal  and  the  appro.ximate  year  in  which 
the  article  appeared. 

It  is  probably  not  wise  for  the  young  engi- 
neer to  indulge  extensively  in  card  mde.xes, 

filing  systems  and  the  like  for  topically  arrang- 
ing his  available  engineering  journal  articles. 

Few  men  know  very  early  in  life  where  fate 
and  interest  will  land  their  future  attention, 
and  filing  systems  and  special  inde.xes  are 
exoensive  and  time  consuming,  and  when  in- 

dulged in  without  definite  aim  nearly  always 
quickly  become  too  voluminous  and  thereby 
useless.  Many  a  young  engineer  has  spent 
many  weary  hours  filing  and  indexing,  only  to 
abandon  his  system  later  on  in  despair  at  the 
quantity  of  material  he  early  collects  and  the 
difficulties  of  making  it  quickly  available. 

If  any  suggestions  are  made  along  this  line, 
it  would  be  to  start  a  loose  leaf  letter  size 

(8%-in.  X  11-in.  page)  notebook,  and  note  in 
it  (separate  pages  for  separate  subjects)  only 
what  appears  to  be  extremely  useful,  either  in 
exceedingly  brief  abstracts  from  engineering 
articles  or  diagrams,  costs,  etc.  Theje  notes 
will  be  most  useful  if  they  are  confined  to 
that  kind  of  work  in  which  the  compiler  is  im- 

mediately engaged  and  has  on  his  mind  at 
the  time,  or,  at  the  most,  work  very  similar 

to  his  own  which  has  perhaps  had  bis  per- 
sonal inspection. 

If  any  such  book  is  started,  it  is  highly  de- 
sirable that  it  be  of  letter  size,  because  that 

is  nowadays  the  working  size  to  which  all 
sorts  of  documents,  enginering  reports  and 
estimate  work  are  approximating.  Pocket  note- 

books, card  indexes  and  odd  sizes  of  note- 
books should  be  avoided,  if  possible,  as  likely 

to  be  finally  abandoned.  The  letter  size  fitting 
the  stock  office  furniture  and  ordinary  type- 

writer is  much  more  likely  to  endure  with  the 
average  man  as  a  permanent  system. 

The  young  engineer  is  tempted  to  read  much 
about  large  enterprises — the  Panama  Canal, 
big  bridges,  astonishing  tunnels,  great  dams. 
This  does  no  harm  and  probably  holds  his  in- 

terest for  the  time  being.  Gradually  he  learns 
that,  for  him  at  least,  the  chief  value  of  the 
technical  journal  does  not  lie  in  its  dramatic 
side,  necessary  as  that  may  be  for  our  gen- 

eral information,  interest  and  pleasure,  but  its 
chief  value  lies  in  a  fund  of  small  things 
which  make  up  routine  work  of  the  ordinary 
everyday  job.  These  are  to  be  watched  for 
and  noted  as  practically  useful  to  the  average 
man. 

We  next  come  to  the  man  in  early  middle 
life,  actively  engaged  in  his  profession,  and 
note  at  once  that  his  problem  with  the  tech- 

nical journal  is  the  absence  of  "time."  Ab- 
sorbed in  a  multitude  of  resDonsibilities,  ha- 
rassed with  unexpected  difficulties,  worn  out 

at  night  with  the  long  day  of  strain,  how  shall 
be  derive  any  useful  good  from  the  multitude 
of  journals  which  his  more  ample  income  can 
readily  afiford,  but  which  oile  high  on  his 
table  after  every  brief  absence  from  the  office 
and  constantly  aggravate  him  with  their  temp- 

tation to  neglect  other  duties?  Whether  or  no 
such  an  engineer  shall  make  any  effort  sys- 

tematically to  assimilate,  file  and  study  current 
technical  journals  depends  in  part  upon  the 
nature  of  his  routine.  If  he  is  largely  engaged 
in  administrative  work,  or  is  a  salaried  officer 

in  a  large  enterprise  with  a  comparatively  lim- 
ited range  of  problems,  or  a  limited  call  for 

miscclKineous  data,  he  may  generally  be  con- 
tent with  a  cursory  examination  of  the  en- 

gineering journal  such  as  will  keep  him 
qualified  on  his  undertaking,  and  the  preser- 

vation of  such  journals  in  bound  form,  with 
the  standard  published  indexes.  If,  however, 
he  is  entering  upon  novel  work,  or  work  ore- 
senting  a  great  variety  of  problems,  overlap- 
pins;  into  a  great  variety  of  fields,  pmbition 
will  compel  him  to  do  more  than  this,  and 
some    form    of    special    indexing    will    appeal 

to  him  more  or  less  strongly  as  he  feels  the 
need  more  often  for  research  in  up-to-date 
material. 

The  average  editor  can  judge  of  a  technical 
article  with  only  a  brief  inspection — a  sentence 

here  and  there,  a  headline  and  a  moment's reading  of  the  summary  and  conclusion.  Long 
familiarity  with  matter  of  a  similar  character 
gives  him  the  assurance  that  he  can  detect  in 
this  rapid  review  anything  novel,  new  or  orig- 

inal, and  can  fairly  pass  judgment  upon  it  in 
a  general  way.  The  working  engineer  who 
has  had  some  e.xperience  with  technical  liter- 

ature can  form  the  same  habit  and  save  much 

time.  It  is  really  wonderful  how  much  repe- 
tition there  is  in  engineering  writing  and  in 

the  production  of  engineering  papers.  Each 
new  generation  needs  the  same  drill  in  its 
reading  as  did  its  predecessors,  but  it  wants 
the  old  form  in  new  dress,  and  each  year  a 
vast  number  of  engineers  have  arrived  at  that 

degree  of  maturity  that  they  will  be  inter- 
ested to  read  matter  that  suddenly  impresses 

them  and  which  seeems  to  them  new.  but 
which  in  reality  has  already  been  largely  well 
written  long  ago.  It  thus  happens  that  we 
are  under  the  necessity  of  seeing  much  the 
same  facts  and  principles  repeatedly  published 
in  varying  form,  for  some  one  is  always  at- 

tracted to  really  read  them,  with  consequent 
benefit  to  himself,  under  the  belief  that  they 
are  new  and  novel. 
Again,  the  mature  engineer  notes  that  a 

large  amount  of  engineering  literature  is  of 
the  purely  descriptive  order,  merely  giving  out- 

lines of  work  that  has  been  accomplished  with- 
out going  into  reasons  or  principles.  .-XU  this 

kind  of  writing  is  valuable  and  useful  and  has 

its  proper  place,  but  all  of  this  class  of  liter- ature has  its  limitations.  One  of  the  most 

severe  of  its  limitations  is  that  it  rarely  de- 
scribes mistakes,  errors  of  judgment  or  fail- 

ures, and  in  these  lie  the  most  valuable  les- 
sons to  the  seeker  after  truth.  One  is  obliged 

to  read  between  the  lines  or  read  with  reser- 
vation, much  as  one  does  in  reading  accounts 

of  battles  in  the  daily  press.  It  is  always  wise 

to  look  back  and  note  the  origin  of  the  dis- patches in  such  cases. 

Much  light  is  thrown  upon  engineering  lit- 
erature by  personal  or  general  acquaintance 

with  the  author.  One  can  more  fully  appre- 
ciate what  an  author  says  when  he  knows 

fairly  well  what  the  author's  e.xperience  has been.  All  men  have  their  high,  strong  ground, 

their  less  trodden  side  slopes  and  their  twi- 
light zone  of  knowledge,  and  they  should  not 

be  blindly  accepted  as  authority  in  all  of  the 
fields  in  which  they  sometimes  venture  an 

opinion. A  tremendous  lot  of  engineering  literature 

is  written  which  is  of  little  permanen*  value. 

Often  it  represents  the  writer's  struggles  to understand  a  subject.  Often  it  is  compiled 

largely  from  a  desire  for  publicity.  Fortu- 
nately, the  editors  of  the  technical  papers  can 

limit  this  kind  of  reading  by  care  in  selection. 
But  amid  all  these  drawbacks  a  discriminat- 

ing mind  will  always  find  a  great  deal  of 
wheat  amid  the  chaff,  and  the  wheat  that  will 
be  gleaned  will  be  of  a  differing  kind  and 
amount,  depending  upon  the  type  of  mind  of 

the  reader,  his  present  problem  and  his  de- 
sire to  systematize  his  information.  What, 

therefore  shall  he  do  with  his  special  selection 
when  once  he  thinks  he  has  separated  it  from 
the  flood  of  raw  material? 

Several  courses  are  open  to  him : 

First — He  may  rely  on  his  memory  and  the 
published  index  to  his  bound  volumes.  It 
is  safe  to  say,  however,  that  few  engineers 
really  make  much  practical  use  of  this  method. 
The  intervening  index  and  the  bother  of  a 
search  following  prove  to  be  discouraging  to 
that  degree  that  a  proposed  reference  search 
is  abandoned  in  about  one-half  the  suggested 
attempts.  The  ideal  filing  system  is  the  one 
in  which,  with  the  least  amount  of  effort,  one 
can  put  his  hand  immediatelv  and  accurately 
on  the  thing  itself,  be  it  a  book,  a  pamphlet  or 
a  data  sheet. 

Second — He  may  keep  a  special  card  index 
of  important  data  and  reference  to  valuable 
articles.  This  at  once  involves  labor  and  at- 

tention   which    few    busy    men    can   give,    and 
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which,  if  done  by  assistants  or  librarians, 
largely  loses  its  personal  value  to  the  one  who 
needs  it.  The  same  objection  as  to  the  dis- 

couraging effect  of  intervening  inde.\es  holds 
good  here,  too,  and  it  is  further  safe  to  say 
that,  of  all  the  contrivances  for  indexing,  the 
most  difficult  to  readily  handle  and  rapidly  e.\- 
amine  is  the  card  index  system. 

Ihird — He  may  abstract  important  data  in 
a  limited  way  on  loose  leaf  transparent  paper, 
standard  letter  size,  and  he  may  remove  or  de- 

tach articles  of  special  value  from  out  his 
journals,  to  be  filed  m  the  regular  office  filing 
system,  like  correspondence. 
The  writer  has  tried  all  of  the  above  meth- 

ods at  considerable  cost  in  time  and  patience, 
and  has  for  many  years  settled  upon  the  third 
method  above  outlined.  With  all  its  admitted 
limitations  it  seems  to  be  the  best  for  an  office 
which  is  expected  to  find  out  information  on  a 
great  variety  of  subjects  in  a  limited  time  and 
with  the  least  amount  of  effort. 
Some  description  of  its  practical  workings 

may  be  of  interest  here. 
.■\11  the  technical  papers  of  the  office  pass 

on  to  the  desk  of  the  head  of  the  office  and  are 

at  least  looked  over  (not  read)  by  him.  Arti- 
cles important  to  his  particular  specialty  are 

checked  with  pencil  and  articles  of  especial 
interest  arc  looked  over  with  care  and  double- 
checked.  Once  in  a  long  while  data  important 
enougth  to  go  to  the  data  file  is  noted.  This 
is  either  especially  abstracted  by  the  stenog- 

rapher, or  if  a  diagram  or  cost  data,  perhaps 
traced  in  the  drafting  room — all  on  transparent 
paper  for  copying  purposes.  Special  data  of 
these  kind  on  8V4-in.  X  11-in.  sheets  pre  filed 
in  the  office  data  tile  (a  separate  but  common 
standard  correspondence  file).  From  the  data 
file  loose  leaf  working  notebooks  are  made 
uo  from  blue  prints  for  office  or  travel  pur- 

poses. They  are  altered,  refilled,  amended  and 
sorted  back  from  time  to  time  as  needed  to 
keep  them  of  usable  volume  and  usefully  up 
to  date. 

The  technical  journals,  with  checked  articles, 
go  to  the  office  clerk  or  the  stenographer  at 
odd  hours,  or  the  librarian  if  one  can  be  af- 

forded, and  the  useful  articles  are  removed  by 
tearing  them  out  with  a  ruler.  They  are 
folded,  usually  once,  to  standard  size,  with 
one  edge  lap  left  for  binding,  and  are  then 
filed  in  a  subject  index  file,  like  currenc  corre- 

spondence. The  Dewey  Decimal  system,  es- 
pecially arranged  for  the  office,  is  used,  but 

only  as  a  general  subject  plan.  When  the  file 
is  full  portions  of  its  contents,  especially  that 
which  is  most  useful,  is  simply  bound  in  plain 
pasteboard  covers  and  nlaced  in  the  library 
shelves,  with  titles.  Such  a  book  (or  many 
books)  would  contain  all  the  recent  articles 
thought  to  be  of  special  value  on  a  given  single 
subject.  The  remaining  portions  of  tlie  tech- 

nical paper  are  thrown  away,  but  in  a  large 
office,  warranting  the  expense,  duplicate  bound 
copies  can  be  kept  as  well,  with  the  general 
published   index   as   their   key. 

The  objections  to  this  system  are  as  fol- 
lows: (1)  It  is  too  expensive  for  any  but 

the  most  important  offices  doing  specialized 
work.  (2)  Data  accumulates  almost  too  fast 
unless  rigidly  kept  down  to  a  minimum.  (3) 
It  requires  some  personal  attention  of  ti.e  head 
of  the  office,  a  competent  assistant,  or  the  em- 

ployment of  a  regular  librarian. 

The  advantages  are:  (1)  It  compels  the 
office  head  to  know  all  the  time  what  is  being 
published  in  current  engineering  literature,  if 
only  by  ii'spccfion.  (2)  It  removes  all  inter- 

vening indexes  between  the  searcher  and  the 
final  ronository  in  bound  volume.  (3)  It  keeps 

one's  library  usefully  up  to  date  on  all  lines 
in  which  one  should  be  especially  interested. 
(4)  It  is  economical  for  final  shelf  room  and 
binding  cost. 

Obviously,  one  should  not  start  so  elaborate 
a  system  as  this  unless  he  is  fairly  sure  of  the 
special  line  of  engineering  to  which  his  life 
will  be  devoted.  Otherwise,  waste  effort  and 
discouraeement  will  be  certain.  It  is  not  to 
be  recommended  to  the  young  man,  lut  only 
to  the  mature  man  of  earlv  middle  life  when 
his  work  clearly  indicates  the  neressitv  for  it. 
It  is,  however,  the  prime  requisite  of  the  en- 

gineering specialist.    To  him  some  such  system 

is  invaluable.  Of  course,  modifications  can 
be  made  in  it  which  will  lessen  its  expense, 
a  d  if  the  amount  of  material  which  is  filed 

is  rigidly  kept  down  to  a  minimum  the  result- 
ing accumulations  will  not  be  embarrassing  or 

so  expensive. 
Not  a  few  consulting  engineers  use  this 

standardized  system  interchangeably,  particu- 
larly the  data  file,  thereby  greatly  increasing 

its  usefulness  to  each  other  as  a  joint  effort. 

We  come  finally  to  the  mature  and  experi- 
enced engineer  of  advancing  years.  How  can 

he  make  engineering  and  technical  literature 
of  use? 

It  is  safe  to  say  that  w-hen  an  engineer  has 
much  passed  fifty  or  sixty  years  of  age,  and 
has  led  an  active  life,  in  constant  touch  with 
aflfairs,  his  need  for  engineering  literature 
lessens.  Out  of  the  mass  of  detail  which 
seemed  to  him  so  overwhelming  and  endless 
in  his  youth  and  early  manhood  fundamental 
principles  emerge  like  peaks  out  of  the  clouds, 
and  upon  these  as  foundations  all  detail  classi- 

fies itself  simply  and  naturally,  and  therefore 
he  feels  less  need  for  accumulated  (Jata  or 

particular  description.  Probably  no  one  en- 
joys engineering  reading  as  does  the  mature  en- 

gineer, for  he  '.an  read  between  the  lines  and 
find  much  to  instruct  as  well  as  interest,  and 
yet  while  he  is  probably  the  most  interested 
and  intelligent  reader  of  engineering  literature 
that  the  journals  have,  his  ambition  as  a  col- 

lector is  gone,  and  filing  systems  no  longer 

appeal  to  him. 
If  his  acquaintance  is  wide,  he  reads  with 

interest  the  accomplishments  of  his  friends, 
and  the  addresses  of  engineering  society 
presidents,  and  srticles  on  the  ethics  of  the 
profession.  Of  failures  he  is  the  keen  student. 
The  personal  column  appeals  to  him,  and  if 
he  is  of  right-mindedness  he  is  conscious  of 
more  pleasure  than  formerly  in  the  accom- 

plishments of  those  who  have  succeeded  and 
succeeded  well  in  dire  and  burdensome  re- 

sponsibility. More  often  than  the  young  man, 
he  will  turn  back  for  his  satisfaction  to  papers 
that  served  him  well  in  times  past,  and  per- 

haps smile  at  the  lack  of  improvement  that 
later  attempts  to  deal  with  their  subject  often 
show. 

Like  aged  men  who  relapse  into  second 
childhood,  the  engineering  journal  again  be- 

comes for  him  a  technical  newspaper  of  gceat 
personal  interest  and  deep  satisfaction,  for  no 
longer  is  he  keen  for  jobs,  or  eager  for  data, 
but  the  human,  personal,  and  ethical  side  of 
the  life  work  of  the  engineer  are  uppermost 
in  his  mind,  and  he  realizes  that  though  he 
may  have  seemed  to  others,  and  even  may 
have  seemed  to  himself  to  have  been  striving 
all  these  years  for  emolument,  as  a  matter 
of  fact,  the  deep  and  abiding  motive  of  his 
life  work  has  been  the  pleasure  of  being 
"needed"  and  the  joy  of  being  useful. 
In  conclusion.  I  would  remark  that  techni- 

cal papers,  along  with  the  technical  societies 
and  their  proceedings,  form  the  repository  of 
the  professions;  they  are  the  interchpnee  of 
experience,  the  common  store  upon  which  we 
all  draw.  Without  them  we  would  be  strange- 

ly helpless.  We  are  indebted  to  every  one 
more  or  less  who  records  his  experience  for 
the  common  use,  and  that  debt  we  should  en- 

deavor to  helpfully  renav  in  kind,  but  wisely, 
concisely,  and  thoughtfully. 

Concrete  Block  Molding  for  the 
Panama  Canal  Buildings. 

All  permanent  canal  buildings  at  Panama 
are  being  built  of  concrete  blocks  molded  at 
field  plants  and  at  a  central  plant  at  Corozal. 
Referring  to  the  block  molding  work  the 
"Canal  Record"  announces  that  several  im- 

provements have  been  made  in  the  methods  of 
operating  at  the  plant,  which  have  made  it 
possible  to  reduce  the  force  of  laborers  by 
about  one-half.  One  is  the  .substitution  of  a 
power  driven  tumbler  or  rattler  for  band  labor 
in  removing  particles  of  concrete  from  the  cast 
iron  palettes,  which,  inserted  at  the  bottoms 
of  the  molds,  form  the  bases  on  which  the 
blocks  are  handled  until  thev  harden,  when  the 
palettes  are  loosened  bv  a  hammer.  Two  la- 

borers operate  the  tumbler  and  do  work  for 
which  14  men  were  formerly  required. 

Another  device  which  has  given  general  sat- 
isfaction is  a  washer  for  cleaning  screenings. 

The  screenings  are  shoveled  from  the  cars 
into  an  inclined  trough,  about  lO  ft.  long,  at 
both  ends  of  which  are  powerful  jets  which 
throw  the  screenings  into  motion.  As  they 
slide  down  the  flume  they  fall  on  inclined 
screens,  the  particles  of  rock  passing  through 
into  a  pile,  while  the  finer  particles  of  earth 
are  carried  away  by  the  water,  through  a  dis- 

charge flume.  In  addition  to  cleansing  the 
screenings  mechanically,  and  allowing  a  reduc- 

tion of  force  of  12  laborers,  the  washer  has 
done  away  with  dust,  which  was  formerly 
very  objectionable.  Moreover,  as  the  finer 
particles  are  carried  away  and  settle,  a  quan- 

tity of  sand  can  be  skimmed  off  the  top.  This 
is  used  to  a  great  extent  in  place  of  Chame 
sand  and  effects  considerable  saving  in  the 
cost  of  material. 

Estimated  Cost  of  Short  Transmission 
Lines  for  Electric  Power  for 

Tunneling. 

The  following  estimated  costs  for  200  hp. 
of  1-mile,  5-mile  and  25-mile  transmission 
lines  for  electric  operation  of  tunneling  plant 
were  prepared  by  the  General  Electric  Co.  for 
Messrs.  U.  W.  Brunton  and  J.  A.  Davis,  and 
are  given  in  Bureau  of  Alines  Bulletin  57  on 

"Mine  Tunneling :'' Cost    of   Installation    for    Erection-Transmission 
Line  for  Dirteient  Voltages  and  Distances. 

(1)  2U0   hp..    1   mile,    'MO-voit,   diiect   cur- rent: 

Poles,     cross-arms,     insulators    and 
fltcmgs  (poles  spaced  100  ft.)   $      3TJ 

33,000  los.  copper  cable,  500.000  cir- cular mils  (4  conductors  requiied), 
at  IS14  cts.  per  lb       6,026 

Cost  of  erection          300 

Total      $  6,700 
(2)  200  hp..   1  mile,   •140-voIt,   3-phase,   60- 

cycle,  alternating  current: 
Poles,     ci  OSS-arms,     insulators     and 

fittings    (poles   spaced    100    ft.)          416 
34,000  los.  copper  cable.  350.000  cir- cular mils  (6  conductors  required), 

at  17%  cts.  per  lb       6,035 
Cost  of  erection          376 

Total      i  6,825 
(3)  200    hp..    1    mile,     1.100-volt,     3-pha3e, 

60-cycle.  alternating  current: 
Poles,     cross-arms,     insulators    and 

fittings  (poles  spaced  125  ft.)          385 
5,100  lbs.  copper  cable,  B.  &  S.   No. 

0  (3  conductors  required),  at  17% 
cts.  per  lb          906 

Cost  of  erection          265 
6    transformers,    1,100    to    440    volts, 
with  switches,  etc.,  erected       2,900 

Total      $  4,435 
(4)  200   hp..    5    miles.    1.100-volt.    3-phase. 

60-cycle.  alternating  current: 
Poles,     cross-arms,     insulators    and 

fittings  (poles  spread  123  ft.)       1,870 
122.000  lbs.  copper  wire.  B.  &  S.  No. 
000  (9    conductors    required),    at 
17%   cts.  per  lb    21,650 

Cost  of  erection    1.580 
6    transformers.    1.100    to    440    volts. 

with  switches,  etc.,  erected    2.900 

Total      $28,000 
(5)  200   hp..    5    miles.    6.600-volt.    3-phase. 

60-cycle.  nlternatinir  current: 
Poles,     cro.ss-arms,     insulators    and 

fittings   (poles  spaced  125  ft.)        1,870 
6.500  lbs.  copper  wire.  B.  &  S.  No.  6    * (3    conductors    required),    at    17% 

cts    per  lb       1.150 
Cost  of  erection       1,080 
6    transformers,    6.600    to    440    volts. 

with  switches,  etc.,  erected       3.700 

Total      i  7,800 
(6)  200  hp..   2.S  miles.   6.600-volt.  3-phase, 

60-cycle.  alternating  current: 
Po'es.     cross-aims.     Insulators     and 

fitting."!  (poles  spaced  12.^  ft.)   $  9.350 
103.000  lbs,  copper  wire.  B.  &  S.  No. 

1  (3  conductors  required),  at  17% 
cts.  per  Ih     18,300 

Cost  of  erpctlon       5,150 
6    transformers.    6.600    to    440    volts. 
with  switches,  etc..  erected       3.700 

Total      $36,600 
(7)  200  hp.,  2r.   miles.  22.000-volt,   3-phase, Rn. cycle,  nlternatlng  currpnt: 

Poipp,     rroRs-nrms.     insnlntors     and 
fitungs   (polos  spaced  125  ft)       9.900 

33.100  Ihs.  copper  wire.  B.   *   S.   No. 
6  '3   cnndtictors  required),  at  17% 
cts.   per   Ih       5,860 

Co«t  of  erer^tion       5.190 
6    tT-.insforiners.    22.000    to    440   volts. 

with  switches,  etc.,  erected       5,200 

Total      $26,160 
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Method  and   Cost    of    Constructing   a 
Reinforced  Concrete  Bulkhead  at 

Hibernia  Mine,  New  Jersey. 
To  permit  flooding  of  old  workings  and 

^hut  of?  the  water  from  the  new  workings 
at  the  Hibernia  magnitite  mine  in  New  Jer- 

sey a  reinforced  concrete  bulkhead  of  the 
design  shown  by  Fig,  1  was  constructed.  The 
design  and  construction  are  described  by  S.  L. 
Wise  and  Walter  Strache  in  August  Transac- 

tions American  Institute  of  Mining  Engineers 
as  follows : 

As  the  bulkhead  was  required  to  withstand 
a  pressure  of  200  lbs.  per  square  inch,  it  pre- 

sented some  difficulties.  A  careful  considera- 
tion of  the  various  types  of  mine  dams  now 

in  use  led  to  the  adoption  of  a  design  of  the 
form  of  a  truncated  wedge.  In  this,  the  pres- 

sure side  of  the  dam  is  of  greater  area  than 
the  back,  so  that  the  resultant  action  is  similar 
to  driving  the  wedge.  By  cutting  generous 
skewbacks  in  the  walls,  roof,  and  floor,  this 
type  in  reality  becomes  an  invisible  arch.  The 
wedge  feature  tends  to  compress  the  materials 
in  the  bulkhead,  thereby  adding  to  its  imper- 
viousness.  Concrete  was  chosen  as  the  mate- 

rial. In  order  to  lessen  the  labor  and  simplify 
the  construction  of  the  forms,  straight  forms 
were  placed  on  both  the  front  and  back  of 
the  dam ;  the  arch  in  this  bulkhead  is  there- 

fore invisible.  To  waterproof  the  bulkhead  the 
entire  pressure  side  was  joined  with  3  ins.  of 
waterproof  cement.  Concrete  was  1 :2  A,  using 
washed  and  screened  gneiss. 

In  drilling  the  recesses  for  this  bulkhead 
care  was  taken  so  to  point  the  holes  that  the 
excavation  would  coincide  in  form  and  dimen- 

sions to  the  design.  At  a  distance  of  2.5  ft. 
from  the  old  dam,  holes  36  to  39  ins.  in  length 
and  spaced  1  ft.  apart  were  drilled  in  the 
sides,  roof,  and  floor,  at  right  angles  to  the 
course  of  the  drift.  Sloping  and  hand  drills 
were  used  in  this  work  and  four  men  consti- 

tuted the  gang  in  this  as  well  as  the  subse- 
quent drilling  with  column  drills.  Thirty-five 

feet  from  the  old  bulkhead  a  series  of  holes 

■i  ft.  in  length  and  from  1  to  1%  ft.  apart  were 
placed  slanting  to  conform  approximately  with 
the  inclination  of  the  skewbacks.  These  holes 
were  only  burdened  with  about  1  ft.  of  ground. 
Under  ordinan,'  conditions  longer  holes  would 
have  been  drilled,  but  the  proximity  of  operat- 

ing pumps  made  e.xtraordinary  precautions 
necessary  for  their  protection  during  the  shoot- 

ing, and  so  heavy  lilasting  was' not  attempted. -A.  round  of  six  holes  was  shot  at  a  time.  A 
third  series  of  holes  was  drilled  slanting  to 
conform  with  the  deeper  portions  of  the  re- 

cesses. When  blasted,  this  series  broke  evenly 
at  the  line  of  the  3-ft.  holes  first  drilled  and 
the  resultant  recess  conformed  almost  exactly 
to  the  figure  determined  upon,  and  the  total 
excavation  agreed  with  the  original  estimate 
of  60  cu.  yds.  The  muck  was  economically 
disposed  of  in  a  nearby  chute. 
The  materials  required  for  the  work  were 

unloaded  and  stored  close  to  the  mouth  of  the 
shaft.  Due  to  the  lack  of  space  in  which  to 
store  the  materials  on  the  16th  level,  the  mat- 

ter of  lowering  and  delivering  the  required 
materials  without  interrupting  the  work  was 
one  of  the  most  troublesome  obstacles  encoun- 

tered. Eight  to  twelve  men  were  employed  on 
the  surfece  in  sacking  sand  and  stone  while 
the  excavation  was  in  progress  on  the  16th 
level.  The  empty  bags  produced  as  the  cement 
was  used  augmented  the  200  old  cement  bags 
purchased  for  the  sacking.  While  enough  sand 
could  be  stored  on  the  16th  level  for  this 
entire  bulkhead,  there  remained  insufficient 
room  for  the  storage  of  the  daily  require- 

ments of  stone  and  cement.  It  was  found  ad- 
vantageous, therefore,  to  employ  a  small  night 

crew,  who  lowered  much  of  the  material  re- 

quired for  the  next  day's  work. 
The  ten  curved  rails  were  bent  to  a  14-ft. 

radius  over  a  form  in  half  a  day.  This  was 
done  on  the  surface. 
The  forms  on  the  16th  level  bulkhead  were 

liuilt  of  2-in.  undressed  lumber  and  6  to  10-in. 
round  posts  were  used  for  studding  and  braces. 
The  forms  were  thoroughly  braced  and  were 
wired  to  stiflFen  them  further.  The  interior 
faces  of  the  forms  were  covered  with  tar  pa- 

per, and  the  junction  of  the   forms  with  the 

rock  was  plastered  with  a  1 :1  cement  mortar 
on  all  sides.  The  pressure-side  forms  were 
carried  to  the  roof  of  the  level  at  once,  but  did 
not  extend  into  the  recess. 

The  recess  was  thoroughly  cleaned  of  loose 
rock  and  washed  down,  and  all  the  reinforcing 
material,  pipes,  and  the  manway  were  placed  in 
position  before  the  concreting  was  started. 
Furthermore,  the  floor  and  sides  of  the  recess 
were  plastered  with  a  1 :1  cement  mortar  before 
placing  the  concrete. 

The  concrete  was  made  of  1  part  cement,  2 
parts  sand  and  4  parts  stone,  these  proportions 
being  determined  by  actual  measurement.  A 
batch  of  concrete  contained  %  cu.  yd.  The 
sand  was  first  placed  on  the  mixing  platform 
and  the  heaps  flattened  down.  On  this  was 
emptied  the  cement,  and  these  two  materials 
were  thoroughly  mixed  and  flattened  out  before 
receiving  the  stone.  This  mixing  took  place 
about  12  ft.  from  the  front  form  of  the  bulk- 

head. Enough  water  was  used  to  make  a 
wet  mixture.  Two  men  did  the  first  mixing 
and  turned  the  mass,  then  passed  it  on  to  the 
next  two,  who  again  turned  it,  passing  the 
finished  concrete  to  the  last  two  men  at  the 
mixing  board-  These  men  shoveled  directlv 
into  the  form.  In  this  manner,  while  each 
two  men  received  a  short  rest  of  a  few  min- 

utes between  batches,  fresh  material  was  be'n^ 

from  the  old  dam,  (j  gals,  per  minute,  passed 
through  the  2-in.  drain  pipe  of  the  bulkhead. 

Seven  2-in.  grout  pipes,  four  on  the  pressure 
side  and  three  on  the  opposite  side,  were 
placed  in  the  concrete  as  the  work  neared 
completion.  They  were  all  located  near  the 
roof  and  were  directed  to  such  places  as  were 
most  difficult  to  fill  with  concrete.  As  the 
work  had  to  be  hurried,  but  a  day  and  a  half 
elapsed  after  completion  of  the  cement  work 

before  grouting  was  begun.  The  grout  mix- 
ture was  a  mortar  consisting  of  1%  parts  of 

sand  to  1  part  of  cement  made  fluid  with 

water-dissolved  "Impervite."  A  mine-made 
grout  "gun"  was  used,  and  the  grout  was 
forced  successively  into  the  several  pipes  by 
meaiis  of  air  under  the  pressure  of  8.5  lbs.  per 
square  inch.  As  the  grout  was  forced  through 

the  difi'erent  pipes  the  ejection  of  some  of  this 
material  through  the  other  pipes  indicated  that 

the  greater  voids  were  filled.  As  the  "gun" connections  were  changed  those  pipes  giving 
the  greatest  discharge  were  plugged,  and  the 
discharge  was  finally  limited  to  one  pipe.  This, 

too,  was  filled  and  plugged.  The  first  day's grouting  was  allowed  to  set  over  night,  and 
the  following  day  all  the  pipes  were  again 
tested.  This  time  there  was  no  communica- 

tion between  the  pipes,  and  as  little  or  no 
?rout    could    be    forced   into   any   one    of   the 

Water  through  the  daiti and  fitted  with  Scully 
blow-on  valves 
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Fig.  1.     Bulkhead  at  Hibernia  Mine  in  New   Jersey. 

placed  on  the  starting  end  of  the  mixing  plat- 
form while  the  men  nearest  the  form  were 

still  disposing  of  the  concrete  mixture.  This 
also  insured  a  thorough  mixing.  One  man 
remained  in  the  form  to  level  off  each  batch. 

The  best  day's  work  consisted  in  the  placing 
of  12  cu.  yds.  of  concrete. 

The  waterproofing  compound,  "Impervite," 
was  carried  up  as  a  3-in.  facing,  its  level  being 
kept  the  same  as  that  of  the  concrete.  An 
even  thickness  of  the  waterproof  layer  was 

maintained  by  the  use  of  three  forms  of  3/16- 
in.  plate,  6  ft.  long  by  6  ins.  wide,  fitted  at  the 
upper  corner  with  3-in.  spreading  bolts.  These 
forms,  placed  across  the  entire  width  of  the 
face,  were  raised  3  to  4  ins.  at  a  time,  and 
enough  concrete  was  then  shoveled  against 
them  to  keep  them  in  place.  The  almost  semi- 
liquid  waterproofing  compound  was  mixed  on 
the  level  and  was  carried  to  the  forms  in 
buckets. 

Before  leaving  at  night,  sharp  man-size 
(about  100-lb.)  stones  were  set  at  least  6  ins. 
apart  in  the  concrete  mass.  This  made  a 
strong  bond,  and  before  concreting  the  next 
day  this  rough  surface  was  freshly  plastered 
with  a  thin  1:1  mortar.  As  the  roof  was 
reached,  false  forms  were  placed,  and  the  work 
was  finally  finished  in  tightly  bonded  dovetailed 
blocks.     Throughout   the   work,    the    leakage 

pipes,  the  grouting  was  considered  most  satis- 
factory. 

Three  weeks  were  determined  upon  as  the 
period  which  should  elapse  before  the  new 
bulkhead  should  receive  any  load.  During  this 
time  the  2-in.  drain  pipe  was  left  open.  At 
the  expiration  of  this  time  the  completed  bulk- 

head was  tested  by  pumping  water  up  to  the 
pressure  of  160  lbs.  per  square  inch  into  the 
space  between  the  old  and  new  bulkheads 
through  the  2-in.  drain  pipe.  The  results  were 
entirely  satisfactory,  as  the  total  seepage 
amounted  to  only  %  gal.  per  minute  at  first. 
This  small  leakage  subsequently  stopped  almost 
completely. 
A  cheap  class  of  labor  was  employed  ex- 

clusively, the  men  receiving  $2  per  10-hour 
shift.  Following  are  tables  showing  the  cost 
of  the  work.  The  interference  caused  by  the 

necessity  of  keeping  two  large  pumps  in  opera- 
tion within  .50  ft.  of  the  bulkhead  was  perhaps 

the  greatest  cause  for  the  apparent  high  cost. 
The  labor  cost  of  lowering  materials  was  also 
very  high  for  the  amounts  handled,  which  had 
to  he  lowered  1,350  ft.  in  one  skip. 
Division.  Costs  per  cu.  yd. 

Labor      $13.17 
Superintent^ence           2.17 
Transportation            0.84 
Materials            8.38 

Total       $24.56 
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Data  on  Consumption  and  Cost  of  Wa- 

ter for  Uses  Difficult  to  Control 

if  the  Supply  is  Unmetered. 
Many  minor  uses  of  water,  not  common 

m  all  households,  help  to  swell  the  total  fig- 
i^es  on  water  consumption  in  American  cit- 

ies with  unmetered  supplies.  Some  of  these 
uses  in  themselves  reach  surprisingly  large 

proportions.  In  this  article  are  given  numer- 
ous data  on  the  amount  of  water  used  for 

some  of  these  purposes  which  we  call  minor 
since  they  are  seldom  or  never  enumerated 
among  the  municipal  uses  of  water.  These 
data  are  based  on  careful  observation  and 
actual  measurement  and  constitute  a  powerful 
argument  for  the  metering  of  all  water  sup- 

plies. The  information  given  is  taken  from 
a  paper  before  the  recent  annual  meeting  of 
the  New  England  Water  Works  Association 
by  Mr.  William  F.  Sullivan,  engineer  and  su- 

perintendent of  the  Pennichuck  Water  Works 
of  Nashua,  New  Hampshire.  Numerous  ta- 

bles and  photographs  accompanying  the  orig- 
inal paper  will  be  published  in  the  Journal  of 

the  Association.  The  figures  for  discharge 
given  at  various  points  in  the  article,  pre- 

sumably art  for  the  pressure  usually  carried 
at  the  Nashua  water  works. 

When  the  water  rate  for  building  pur- 
poses is  a  flat  one,  usually  nominal,  based  on 

the  size  or  kind  of  building,  there  is  a  waste 
due  to  the  carelessness,  sometimes  wilful,  of 
the  workmen.  Much  water  drawn  for  drink- 

ing purposes  is  allowed  to  run  to  waste. 
The  workmen  take  a  drink  from  the  butt  end 
of  a  hose  or  faucet,  usually  about  a  pint. 
and  the  end  of  the  hose  is  then  dropped  to 
the  ground  and  left  running.  The  discharge 
from  the  butt  end  of  a  hose  with  sillcock  open 
half  way  is  0  gals,  per  minute.  The  water 
may  be  allowed  to  run  to  cool  before  taking 
a  drink  and  thus  7  to  lU  gals,  per  minute 
are  wasted.  Observations  show  that  from 
10  to  -l.-i(iO  times  as  much  water  is  wasted  as 
drunk  (ii'ring  the  summer  months  on  build- 

ing  loistruction. 

For  slacking  lime  and  the  tempering  of 
mortar,  the  mi.xture  of  cement  and  concrete 

on  small  jobs  the  mason's  helper  or  attend- ant, as  a  rule,  does  not  shut  otT  the  water 
when  he  has  enough  for  the  needs  at  hand, 
but  drops  the  butt  end  of  the  hose  on  the 
ground  or  sticks  it  into  a  cask  already  full 
of  water  and  the  overflow  runs  over  the 
edge  in  a  miniature  waterfall.  Quite  often 
at  quitting  time  the  attendant  goes  home 
neglecting  to  shut  off  the  water  for  the  night. 

If  the  rate  is  a  lixed  sum  per  cask  for  lime 
or  cement  averaging  about  (i  cts.,  the  above 
mentioned  wastes  are  as  fre(|Uent.  Those 
who  pay  (!  cts.  per  cask  realize  that  the  rate 
is  excessive.  Those  who  do  the  work  know 

that  it  takes  about  5ll  pails  full  or  ri.'i  gals 
per  barrel  of  lime.  This  quantity  of  water 
at  a  meter  rate  of  20  cts.  per  thousand  would 
cost   'J'/i   cts.   per  barrel. 

F-qually  so  it  is  difficult  to  control  and  to 
accomt  for  water  used  if  the  rate  is  per 
ihousaiid  of  brick  laid,  perch  of  stone  laid  or 
yard  of  plaster  spread.  Efficient  builders 
know  this  and  are  willing  to  have  the  water 
thty  use  for  building  purposes  metered.  When 
the  ineters  are  not ,  furnished  by  the  water 
works,  the  contractor  has  a  tested  meter  for 
such  purposes.  These  men  control  a  useless 
waste  of  water  and  at  the  same  time  save 
money. 

Water  for  building  purposes  is  sometimes 
taken  from  adjoining  premises  before  the 
owner  of  the  new  building  has  made  appli- 

cation for  water  or  before  the  water  works 
has  l:iid  the  new  service.  In  cases  wheio  t'le 
neighboring  premises  are  metered,  ther." 
shoul  I  be  no  charge  on  the  part  of  the  water 
works  for  the  water  used.  The  settlement 
should  be  between  the  owners  of  the  prem- 

ises.    In  adjusting  the  matter  and  making  a 

prop'T  charge,  the  owners  of  adjoining  pier.i- 
ises  often  have  difficulty  in  controlling  their 
tempers.  The  old  resident  believes  the  new 
resident  at  the  beginning  has  overdone  the 

neighborly  act.  It  requires  at  times  the  serv- 
ices of  an  arbitrator  or  a  police  court 

judge  to  settle  the  matter. 

When  the  adjoining  premises  has  an  un- 
metered supply,  it  sometimes  requires  on  ■he 

part  of  the  w;ter  works  officials  explanations 
t(-  show  that  they  are  entitled  to  compensa- 

tion for  the  water  used.  The  man  with  the 
service  believes  that  he  has  a  right  to  furnish 
water  to  his  next  door  neighbor,  and  both 
at  times  reason  that  the  water  is  paid  for 
once  and  that  is  sufficient.  Both  lose  in  their 
contention,  as  the  charge  is  usually  collectible 
to   the   owner  of  the  new   building. 

City  departments  often  assume  the  right  to 
puddle  trenches,  flush  streets  and  sewers  at 
will.  Flushing  sew-ers  is  often  done  by 
plumbers  and  drain  layers.  A.  drain  layer 

borrows  several  lengths  of  "2%  in.  hose  from 
the  fire  department,  attaches  it  to  a  conveni- 

ent hydrant,  places  the  nozzle  into  an  opening 
in  the  drain  or  sewer  and  lets  the  water  run. 
These  men  seldom  know  or  little  care  that 
hydrants  are  set  primarily  for  fire  protection 
and  are  not  designed  to  be  opened  by  un- 

skilled hands  at  random.  Such  use  of  a  hy- 
drant in  one  day  may  be  more  severe  on  the 

working  parts  of  a  hydrant  than  20  years  of 
legitimate  use.  Fire  stream  tables  show  that 

with  l-")0  ft.  of  average  2V4  in.  hose  with 
1%  in.  nozzle  and  a  hydrant  pressure  while 

stream  is  flowing  of  .")<>  lbs.  per  square  inch, 
the  discharge  is  192  gals,  per  minute.  Some- 

times it  takes  hours  and  sometimes  days  to 
flush  a  sewer.  Assuming  an  average  of  two 
hours,  the  use  would  be  about  2.3,000  gals., 
for  which  at  20  cts.  per  thousand  the  charge 
should  be  $1.(!0  plus  something  for  the  wear 
and  tear.  If  charges  were  made  for  this 
kind  of  service,  the  persons  doing  the  work 
would  think  it  excessive. 

In  the  same  line  of  work  as  flushing  sewers 
is  flushing  streets.  The  city  water  is  called 
upon  to  sweep  the  streets  and  gutters  and 
then  follow  the  sweepings  into  the  catch  ba- 

sins and  often  clean  out  the  blocked  sewers 
from  these  sweepings  by  flushing.  This 
work  should  be  controlled  by  a  suital)lc  charge 
and  by  the  placing  of  suitable  flush  liydrants 
to  be  used  in  i)lace  of  fire  hydrants.  The 

water  used  thniufh  b'lO  ft.  of  2Vi  in.  flush 
hose  is  about  11,000  gals,  per  hour,  which  at 
a  10  ct.  rate  would  cost  $1.10  per  hour  per 
stream. 

Where  a  water  taker  keeps  a  cow  or  cows 
and  has  an  unmetered  service,  it  is  often  con- 

venient to  have  running  water  in  the  troughs 
for  the  cattle  and  to  cool  the  milk.  A  faucet 

partially  open  runs  about  10  gals,  per  min- 
ute, and  nmning  an  hour  in  the  morning  and 

an  hour  at  night  uses  at  the  20  ct.  rate  24 
cts.  worth  of  water  per  day. 

A  worthy  special  privilege  is  to  allow  the 

baby's  night  milk  bottles  to  be  kept  cool  and 
sweet  from  a  running  stream.  The  bottles 
are  usually  placed  in  a  receptacle  and  the 
water  left  running  over  them.  Tests  on  the 
flow  from  faucets  show  that  this  cooling 
process  will  use  water  to  the  value  of  from 
10  to  (iO  cts.  per  night.  Other  bottled  prod- 

ucts, however,  are  kept  cool  by  the  use  of  a 
trickling  stream,  and  the  cooling  often  costs 
the  water  works  more  than  the  value  of  the 
contents. 

.'Vnother  instance  of  waste  is  where  the 
family  goes  away  on  a  vacation  and  the  man 
of  the  house  stays  at  home.  It  frequently 
happens  that  the  water  is  permitted  to  run 
during  the  whole  vacation  period.  This 
waste  amounts  to  over  4,000  gals,  in  eight hours. 

Manv  experiments  have  been  made  on  the 
flow  from  orifices  and  nozzles  and  it  was 
thought  it  might  interest  some  if  the  ordinary 

commercial  sink  faucets  or  plain  bibbs  were 
calibrated  as  it  were,  and  a  few  practical  ex- 

periments made  on  discharges.  Ten  so-called 
%  in.  sink  faucets  were  selected.  They  were 

found  to  be  approximately  alike,  but  differ- 
ent in  smoothness  of  bore  and  in  the  number 

of  turns  to  open.  The  tests  were  made  on 
the  fractional  parts  of  number  of  turns  to 

open,  that  is — a  %  in.  plain  bibb  with  an  open- 
ing of  1/lti  of  a  turn  flowed  2.1  gals.  On 

full  opening  with  2V4  turns  open  the  flow  was 
24  gals,  per  minute.  With  a  V6  in.  plain  bibb 

and  an  opening  of  1/10  of  a  turn  the  flow- 
was  0.7  gals,  and  on  2%  turns  open  the  flow 
was  IS  gals,  per  minute.  The  usual  faucet 
opening  that  is  commonly  practiced  by  people 
who  let  the  water  run  for  these  uncontrolled 
uses  is  from  Vs  to  %  turn.  This  waste  is 
about  6.5  gals,  per  minute  or  9,300  gals,  in 
24  hours.  At  10  cts.  per  thousand  this  equals 
93  cts.  per  day. 

Sometimes  fishermen  who  are  thriftv 

enough  to  go  out  to  the  streams  and  gather 
thousands  of  shiners  for  bait  put  shiner 
tanks  into  their  cellars,  shed,  barn,  or  under 
the  piazza.  They  do  it  in  a  manner  to  keep 
water  works  officials  from  knowing  about  it, 
for  they  know  that  if  they  pay  for  the  water 
to  keep  the  shiners  alive  the  industry  is  not  a 
paying  proposition.  Knowing  that  a  meter 
would  place  a  tariff  on  the  business  which 
would  kill  it,  they  once  in  a  while  by-pass 
the  meter.  We  were  able  to  put  a  meter  on 
a  shiner  tank  with  a  so-called  by-pass  un- 

known to  the  owner  and  found  that  he  was 
using  water  to  the  value  of  $1.40   per  day. 

Sometimes  the  sewing  machine  is  run  by  a 
water  motor  and  the  water  works  furnishes 

the  power.  The  kitchen  faucet  and  the  de- 
gree of  opening  are  the  only  guides  as  to 

what  water  is  used.  On  installations  of  this 

kind  the  only  proper  governor  is  a  meter. 

Nowadays  the  weekly  washing  for  the  fam- 
ily is  done  with  a  motorized  washtub.  .-V 

water  taker  who  paid  a  minimum  charge  of 
$6  per  year  objected  to  having  a  meter  placed 
on  a  service  wliich  supplied  the  power  to 
run  a  washing  machine.  This  particular  taker 
not  only  did  the  family  washings  but  took  in 
washings.  .She  was  told  that  the  water  works 

was  willing  to  furnish  the  water  for  '  the 
washing,  but  was  not  willing  to  do  the  wash- 

ing. These  machines  are  capable  of  using 
upwards   of    1.000   gals,   per  hour. 

The  majority  of  hand  hose  privileges  are 
not  abused.  The  persons  paying  for  this 

privilege  are  reasonable.  Hut  there  is  a  mi- 
nority of  takers  in  all  unmetered  cotnmuni  • 

ties  who  believe  that  in  order  to  get  value 
tor  what  they  pay  on  flat  rates  they  must 
use  the  hose  extravagantly. 

If  the  rule  says  that  hand  hose  may  be 
used  on  the  premises  between  fixed  hours  of 
the  day,  the  regulation  is  somewhat  easier 
to  enforce,  especially  where  the  police  co- 

operate. But  where  the  rule  permits  the  use 
of  hose  a  certain  number  of  hours^  without 
specifying  the  e.xact  hours,  it  is  difficult  in  all 
cases  to  obtain  close  control.  The  right  to 

use  hose  regar<lless  of  time  limits  is  a  com- 
mon belief  and  some  people  knowingly  take 

advantage  of  the  inability  of  water  depart- 
ment officials  to  have  a  sufficient  number  of 

nispectors  to  keep  a  daily  record  of  the  hours 
of  use.  At  night  advantage  is  taken  of  the 
darkness  and  lack  of  supervision  to  use  wa- 

ter on  lawns  and  gardens  indiscriminately. 
This  abuse  seems  to  be  more  prevalent  with 
privately  owned  works  than  with  municipal 

plants. It  has  often  been  observed,  when  the  tem- 
perature suodenly  drops  to  freezing  during 

the  night,  that  the  morning  sun  may  be  seen 
glistening  on  ice  covered  lawns,  shrubs  and 
plants.  It  is  a  common  sight  to  see  a  fixed 
hose,  nozzle  or  spray  running  during  a  rain 
storm  of  many  hours  duration. 

The    hose    rate    based    on    foot    frontage    is 
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equally  difficult  to  govern.  In  addition  it 
requires  the  checking  up  of  frontages  while 
no  regulation  is  provided  for  time.  If  hand 
hose  only  is  used,  it  is  reasonable  to  suppose 
that  this  method  is  not  so  susceptible  to 
abuse.  It  is  a  fact  that  some  people  are 
content  to  wet  their  lawns  sufficiently  to  keep 
them  in  good  condition  while  others  soak 
them  and  make  them  soggy. 

In  this  era  of  back  to  the  soil,  when  hun- 

dreds of  families  are  practicing  intensi\'<e 
farming  and  chicken  raising,  these  pursuits 
require  much  water,  and  some  of  us  realize 
that  these  minor  uses  of  water  are  consider- 

able   and   difficult   to   control. 

In  the  rural  districts  supplied  with  water 
and  paying  but  small  interest  returns  on  the 
cost  of  construction  and  a  low  minimum, 
means  are  sometimes  taken  to  circumvent  the 
water  works  by  people  who  have  large 
grounds  or  farms.  The  houses  on  these 
places  often  have  the  open  drain  pipe  from 
the  kitchen  sink  conveying  water  from  the 
outlet  through  an  open  ditch,  or  arrange 
wooden  troughs  to  carry  the  sink  waste  to  a 
head  ditch  having  laterals.  During  the  dry 
period  the  sink  faucet  is  kept  open  and  the 
water  allowed  to  run  for  long  periods.  Thus 
the  water  works  furnishes  a  first  class  irri- 

gation system  at  low  cost.  One  sink  faucet 
can  furnish  by  this  means  without  aid  of 

hose  or  pipes  "25,000  gals,  per  day  worth  $-5. 
Water  takers  will  often  tie  the  hose  nozzle 

to  the  back  of  a  chair,  or  fasten  it  through 
the  handle  of  a  garden  fork,  or  make  a  hitch 
to  a  wheelbarrow,  or  squeeze  it  into  the  fork 
of  a  tree,  and  sometimes  the  hose  is  coiled 

up  into  helical  shape,  the  nozzle  turned  un- 
der and  the  stream  or  spray  pointed  in  any 

direction   desired. 

If  the  consumers'  attention  is  called  to 
these  excessive  uses,  they  will  argue  that  the 
rule  which  reads  a  certain  number  of  hours 
per  day  for  hand  hose  means  and  permits  a 

fixed  spray  or  jet.  "What  difference  is  there 
between  a  fixed  jet  and  a  hand  hose?"  "Does 
the  fixed  jet,  which  is  the  same  as  the  hand 

hose,  use  any  more  water?"  Keeping  up  a 
rapid  fire  of  questions,  they  will  ask,  "Do 
you  expect  me  to  stand  or  sit  and  hold  a 
hand  hose  four  hours  per  day,  or  do  you 

want  me  to  hire  a  boy  for  that  work?"  There have  been  cases  where,  rather  than  place  a 
meter  on  the  supply,  they  pay  for  the  services 
of  a  boy  or  man  to  sprinkle  the  lawn  and 
thereby  get  the  full  benefit  of  the  allotted 
hours.  The  reply  to  the  foregoing  questions 
is  usually  that  because  -of  the  abuses  of  the 
time  limit  when  fixed  nozzles  are  used,  it 
requires    stricter    regulations. 

In  states  where  puWic  service  commis- 
sions have  been  established,  privately  owned 

utilities,  unlike  municipal  plants,  are  not  al- 
lowed to  grant  special  privileges  to  cover 

individual  cases.  Private  companies  must  not 
show  any  discrimination  in  rates  or  service. 
To  carry  out  the  orders  of  a  public  service 
commission  and  control  the  misuse  of  water 
by  some,  the  water  department  is  often 
obliged  to  meter  fixed  sprays  and  jets  and 
control  by  this  means,  the  fairest  and  most 
equitable  way,  the  use  of  water. 

Instances  are  many  where  people  permit 
hose  streams  to  run  night  and  day,  week  in 
and  week  out.  In  one  case,  a  user  paying 
$4  a  year  for  a  hand  hose  privilege  with  the 
right  to  use  it  four  hours  a  day,  fastened  the 
nozzle  to  a  block  of  wood  and  let  the  water 
run  for  weeks.  The  water  department  kept  a 

record  of  the  time  and  when  the  owner's 
attention  was  called  to  the  misuse  she  em- 

phatically declared  we  were  mistaken,  not- 
withstanding the  fact  that  her  neighbors  com- 

plained that  they  were  annoyed  by  the  water 
running  over  the  concrete  walk  and  that  the 
sizzling  noise  of  the  stream  disturbed  their 

sleep.  This  particular  misuse  for  "24  days 
wasted  an  estimated  quantity  of  fi91."200  gals. 
Experiments  were  made  on  the  discharge 

of  garden  hose  to  determine  how  mucli  water 
a  hose  privilege  of  this  kind  used.  Through 
50  ft.  of  good  quality  %  in.  rubber  hose,  at 
a  pressure  of  55  lbs.,  and  using  a  Boston 
nozzle,    so-called,   which    has    a    spray    attach- 

ment and  a  discharge  orifice  of  0.22  ins.  in 
diameter,  the  jet  stream  discharged  3%  gals, 
per  minute,  while  the  spray  attachment  with 
a  pressure  of  45  lbs.  discharged  7  gals,  per 
minute.  The  same  nozzle  with  25  lbs.  pres- 

sure discharged  2.5  gals,  for  the  jet  and  5 
gals,    for  the   spray. 

The  Fairy  type  of  nozzle  with  an  opening 
of  0.18  in.  reversed  the  amount  discharged 
by  the  jet  and  the  spray.  The  jet  discharged 
7.5  gals,  and  the  spray  2.5  gals,  at  48  and  tiO 
lbs.  pressure,  respectively.  With  a  pressure  of 
25  lbs.  the  jet  discharged  5.5  gals,  and  the 
spray   2  gals,    per   minute. 
The  straight  tip  type  of  nozzle  discharged 

7.5  gals,  per  minute  at  47  lbs.  pressure. 
The  Boston  type  of  garden  hose  nozzle  with 

spray  attachrnent  discharges  about  30ii  gals, 
per  hour  or  7.2U0  gals,  per  day,  which  ̂ t  a 
20  ct.  rate  per  thousand  gallons,  if  metered, 
would  amount  to  $1.44  per  day. 

The  Fairy  type  spray  nozzle  with  jet  at- 
tachment uses  240  gals,  per  hour  or  5,700 

gals,  per  day,  or  $1.15  worth  of  water  at 
meter  rates. 

The  ordinary  straight  tip  hose  nozzle  uses 

water  to  the  value  of  $2.16  in  "24  hours.  The 
rate  of  "20  cts.  per  1,000  gals,  is  taken  be- 

cause it  approximates  the  average  cost  of 
producing  1,U00  gals,  of  water  in  the  United 
States   when   all   the    factors   are   figured. 
Another  abuse  of  the  garden  hose  is  by 

people  who  want  to  defraud  the  water  works 
by  removing  the  nozzle  and  letting  the  open 
butt  run  on  to  a  brown  or  parched  spot  on 
the  lawn.  An  open  butt  of  a  %-in.  hose,  50 
ft.  in  length  with  a  sillcock  pressure  of  55 
lbs.  will  discharge  16.5  gals,  per  minute  or 
23,760  gals,  per  day  and  should  give  a  return 
to  the  water   works  of  $4.75  per  day. 

In  one  instance  the  discharge  from  such 
a  butt  was  allowed  to  run  for  96  hours  on  a 
brown  patch  with  an  area  of  1  sq.  yd.  The 
original  cost  of  this  land  was  10  cts.  per 
square  foot  or  9i)  cts.  per  square  yard.  The 
lawn  cost  about  6  cts.  per  square  foot  for 

loaming,  and' grassing  and  the  total  cost  per square  yard  of  lawn  was  $1.44,  while  the  cost 
of  the  W'ater  used  for  four  days  should  be 
$19  for  the  square  yard,  or  $"2.11  per  square foot. 

Open  butts  are  also  surreptitiously  allowed 
to  run  under  hedges  and  shrubbery.  Long 
and  short  lengths  of  perforated  pipes  are 
concealed  in  and  under  the  hedges  and  a  hose 
or  pipe  connected.  One  of  these  perforated 
pipes  uses  about  15  gals,  per  minute  or  in  a 
day  water  to  the  value  of  $4.32,  which  is 

more  than  is  received  for  a  year's  hose 
privilege. 
The  use  of  lawn  and  garden  sprays,  port- 

able fountains,  etc.,  has  been  given  a  great 
impetus  in  recent  years  in  unmetered  places. 
This  increased  use  has  come  about  princi- 

pally by  the  low  cost  of  sprinklers.  The 

price  of  sprinklers  range  from  '25  cts.  to  $5 
and  some  that  are  specially  designed  cost 
more.  Tests  of  the  quantity  of  water  used  by 
sprinklers  show  that  some  of  these  low  priced 
tin  factory  sprinklers  use  as  much  water  and 
are  as  effective  for  the  purposes  designed 
as  the  more   expensive   ones. 

In  a  city  where  the  water  company  had  an 
abundant  supply  and  had  generally  permitted 
the  water  takers  for  years  to  make  the  city 
more  beautiful  by  furnishing  water  to  main- 

tain the  ever-green  appearance  of  lawns  and 
hedges,  and  this  with  little  regulation  or  en- 

forcement of  the  rule  regarding  sprays,  there 
came  a  time  when  the  abuse  became  excessive. 
Conservation  of  resources  coupled  with  the 
present  day  sentiment  that  special  privilege 
and  discrimination  should  cease,  brought 
about  a  change  in  policy.  This  company 
like  others  realized  that  the  granting  of 
special  privileges  for  what  might  be  termed 
a  civic  betterment  or  for  reasons  of  expe- 

diency, were  illogical,  and  adopted  the  fol- 
lowing  rule : 

"Premises  using  water  for  ornamental 
fountains,  portable  fountains,  garden  or  cool- 

ing sprays  or  any  automatic  whirling  or  fixed 
jet    or   nozzle    on    garden    hose    shall    be    me- 

tered. "  After  the  publication  and  approval 
of  this  rule  by  the  public  service  commission, 
inspections  were  made  and  those  breaking 
the  rule  were  notified.  The  task  was  to  en- 

force this  rule  with  a  minimum  of  friction 
and  ill  will  on  the  part  of  the  water  takers. 
A  campaign  of  education  and  explanation 
was  carried  on.  The  company  fortified  itself 
with  many  photographs  showing  the  uses  and 
misuses  of  sprays.  There  were  many  humor- 

ous phases  of  the  picture  taking,  persons  not 
knowing  the  real  object  of  the  photographer 
posed  beside  the  broken  hose  or  running 
streams. 

When  it  became  known  what  the  object  of 
the  picture  taking  was,  many  takers  held  the 
hose  instead  of  using  the  sprinkler.  In  some 
cases  water  takers  had  to  be  confronted  with 
the  photographic  proof  and  sprinkler  data  to 
be  convinced  that  they  were  getting  some- 

thing they  were  not  paying  for. 

Fifteen  sprinkling  deviices,  such  as  are 
ordinarily  for  sale  at  hardware  stores,  were 
obtained  and  the  discharges  determined. 
These  tests  were  set  so  that  the  experiments 
would  be  conducted  as  nearly  like  the  ordi- 

nary use  as  possible.  The  table  of  discharges 
from  sprinklers  showed  the  flow  per  minute, 
per  hour  and  per  day  by  these  devices,  also 
the  value  of  the  water  discharged  for  these 
periods   of   time. 

If  time  permitted,  there  could  be  shown 
the  waste  and  uses  of  leaky  fixtures  and  the 
deliberately  continuous  use  of  the  water  Dy 
both  self-closing  and  non-self-closing  water 
closets  for  flushing  and  to  prevent  freezing. 
There  are  many  and  varied  small  uses  dif- ficult to  control. 

The  remedy  for  these  abuses  has  been  ap- 
plied in  those  places  which  have  adopted 

either  universal  metering  or  the  metering  of 
takers   who   abuse   the   service   privilege. 

A  further  remedy  which  has  been  sug- 
gested to  assist  water  works  managers  to  put 

their  plants  on  a  businesslike  and  practical 

basis  would  be  the  placing  of  municipal  w"ater 
works  under  the  same  supervision  by  state 
public  commissions  as  other  public  ser\'ice 
corporations,  for,  after  all  is  said,  the 
municipal  corporation  has  the  same  need  of 
supervision  as  the  private  corporation.  In  the 
thickly  settled  portions  of  the  country  the 
end  must  come  to  continued  extensions  of 
water  collecting  areas  and  a  broad  and  far 
seeing  control  of  wastes  will  do  much  to  set- 

tle this  most  serious  problem  with  which  we 
are  confronted. 

Water     Department    Methods    which 
Limit  Per  Capita  Consumption  to 
39  Gals.  Daily  at  Milton,  Mass. 

Milton,  Massachusetts,  is  a  town  with  a 
population  of  8,470,  lying  between  Quincy  and 
Boston,  and  bordering  on  Canton  and  Hyde 
Park.  It  is  supplied  with  water  by  the  Metro- 

politan System  with  two  distinct  services.  The 
first,  designated  as  the  southern  high  service, 
accommodates  about  83  per  cent  of  the  con- 

sumers with  a  daily  consumption  of  "285,000 
gals.,  and  has  a  pressure  range  of  30  to  110 
lbs.  The  remaining  17  per  cent  is  supplied 
by  the  southern  extra  high  service,  with  a 
daily  consumption  of  39,000  gals,  and  a  pres- 

sure range  of  50  to  133  lbs. 

On  hearing  these  figures  the  natural  ques- 
tion arises:  "How  does  Milton  maintain  its 

low  consumption  of  water,  using,  as  it  does, 

only  39  gals,  of  water  per  day  per  capita?" 
The  foregoing  question  was  answered  fully 
by  Mr.  David  A.  Heffernan.  Superintendent 
of  Water  Works  at  Milton,  in  his  paper  be- 

fore the  annual  convention  of  the  New  Eng- 
land Water  Works  Association  which  we  here 

reprint  as   follows  : 

To  my  mind  there  are  three  principal  rea- 
sons for  the  low  per  capita  water  consump- 

tion at  Milton  which  I  will  endeavor  to  ex- 
plain from  a  practical  viewpoint.  They  are : 

1.  Universal  meter  system.  2.  Our  method 
of  construction.  3.  Rigorous  control  of  hy- 
drants. 
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Nothing  else  contributes  quite  so  much  tc 

low  consumption  as  a  system  universally  me- 
tered. In  Milton  this  is  carried  out  to  the 

highest  degree.  Not  only  are  the  private 
services  metered,  but  in  every  municipal  build- 

ing, every  standpipe,  and  every  fountain,  the 

water  is  being  measured.  Only  hydrants  es- 
cape this  minute  inspection. 

No  meter  remains  on  a  service  for  more 

than  five  consecutive  years.  At  the  end  of 
that  time,  perhaps  before,  it  is  removed, 
cleaned,  repaired,  and  tested  in  our  own  shop. 

Meters  are  read  twice  every  quarter  by  the 
inspectors,  who  carry  aquaphones  and  are  al- 

ways on  the  alert  for  foreign  noises.  If  the 
reading  is  larger  than  the  average  for  that 
house,  or  a  sound  is  heard  on  the  service 

pipe,  which  might  possibly  be  a  leak,  a  re- 

port is  made  to  the  office  on  the  inspector's 
return.  Then  a  department  plumber  is  sent 
to  inspect  the  premises.  Should  he  find  the 
leak  to  be  on  the  pressure  side  of  the  meter, 
it  is  repaired  immediately  by  the  department 
at  the  expense  of  the  owner.  If  the  leak  is 
discovered  on  the  house  side  of  the  meter, 
the  owner  is  notified  and  his  own  plumber 
makes  the  necessary  repairs.  In  this  man- 

ner the  water  department  and  the  consumer 
unite  in  reducing  waste  water  to  a  minimum. 

Another  important  reason  is  that  the  de- 
partment does  all  its  own  work,  covering  main 

construction,  services  and  repairs. 

Our  system  consists  of  49  miles  of  cast  iron 

pipe,  ranging  in  size  from  4  ins.  to  16  ins., 

the  system  being  controlled  by  576  stop-gates ; 
364  hydrants  take  care  of  tlie  fire  needs,  while 

watering  carts  may  be  supplied  from  58  stand- 
pipes.  A  total  of  1,678  services  furnish  the 
inhabitants  with  water.  Our  own  emploves 

lay  the  service  pipe  at  a  stated  cost  per  run- 
ning foot,,  and  it  extends  to  the  inside  of  the 

celUir  wall  where  the  meter  is  set.  The  re- 
sponsibility of  the  denartment  ceirses  at  the 

meter,  which  is  supplied  up  to  ̂   in.  with- 
out cost  to  the  consumer.  Should  the  appli- 

cant for  water  desire  to  lay  the  service  pipe 
himself,  or  otherwise  than  by  the  town,  the 
department  will  make  the  tap  and  lay  the 
pipe  to  a  point  just  inside  the  property  line, 
build  a  manhole,  set  the  meter,  and  let  him 
complete  the  service.  However,  this  choice  is 
very  rarely  taken  advantage  of  for  the  reason 
that  if  a  leak  should  occur  between  the  meter 
and  the  house,  the  department  would  have 
nothing  to  do  with  its  repairing.  And  it  has 
been  found  that  contractors  do  not  use  the 

care  in  laying  the  pipe  that  the  department 
does.  Thus,  the  town,  having  complete  juris- 

diction over  all  the  work  it  does,  and  over 
no  other,  arid  using  only  the  best  materials  in 
this  work,  is  in  a  better  position  to  prevent 
unnecessary   waste  through   these  channels. 

All  construction,  service  and  main  work,  is 

tested  by  water  pressure  before  back-filling. 

On  all  2-in.  work  and  over,  a  testing  plug, 
tapped  til  hold  a  shut-oflf,  is  inserted  in  the 
bell  end  of  the  pipe.  By  means  of  this  tap 
in  the  plug  the  trench  may  be  puddled  after 
it  is  seen  that  all  the  joints  are  tight. 

Hydrants  used  in  the  town  are  post  hy- 
drants of  one  type  and  are  uniform  through- 

out, h.ivine  a  5-in.  pate  opening  and  a  7-in. 
barrel.  Gates  on  all  hydrant  branches  save 
shutting  down  an  entire  section  when  repairs 
on  one  hydrant  arc  needed.  Only  firemen  are 
allowed  to  use  these  hydrants  and  then  only 
in  case  of  fire.  If  contractors  need  water  in 

a  place  where  no  menus  of  supply,  other  than 
a  hydrant  is  available,  the  denartment  will 
send  a  man  to  furnish  them  with  water,  the 
contractor  paying  for  the  water  used  and  the 
labor  incurred  in  supplying  it.  Besides  an 
annual  insncction.  hydrants  are  carefully  ex- 

amined after  every  fire  to  make  certain  that 
there  is  no  leakage. 

I  have  tried  to  explain  as  simply  and  con- 
cisely as  possible  what  makes  our  consump- 

tion so  low.  Many  will  say,  or  at  least  think, 
that  it  is  because  Milton  docs  not  contain 

many  factories.  This  argument,  however, 
migh  easily   be   refuted   with  figures. 

The  night  consumption  also  tends  to  bear 

out   my   statement.      Here,   too,   the   consump- 

tion is  the  lowest  of  any  in  the  district  sup- 
plied by  Metropolitan  water.  An  average  of 

only  10  gals,  per  capita  is  measured  daily  be- 
tween the  hours  of  1  and  4  a.  m.  Compare 

this  with. the  average  of  .56  gals,  for  the  sys- 
tem and  it  is  seen  that  our  pipe  lines  are  in 

good   condition. 
The  total  amount  of  water  measured  by 

the  Metropolitan  meters  in  Milton  for  the 

year  iyi.3  was  118,000,000  gals.  The  regis- 
tration by  house  meters  was  96,000,000  gals., 

showing  a  difference  of  22,000,000  gals.,  or 
18  per  cent.  This  is  accounted  for  by  flushing 

dead  ends,  water  used  at  fires,  and  the  under- 
registry  of  house  meters.  We  are  fast  con- 

necting up  our  dead  ends,  and,  taking  every- 
thing into  consideration,  Milton  seems  in  a 

fair  way  to  lower  its  already  low  consump- 
tion, of  which  its  water  department  is  so 

justly  proud. 

Cost   cf    Pumping    Stations,    Pumping 

Machinery   and   Distributing   Res- 
ervoirs in  Small  Water  Works 

of   Massachusetts. 

In  our  issue  of  Aug.  2ii,  1914,  we  published 
an  article  on  the  designing  of  small  water 
works  systems.  The  article  was  from  a  paper 

by  William  S.  Johnson,  Hydraulic  and  San- 
itary Engineer,  IJoston,  Mass.,  before  the  New 

England  Water  Works  .Association.  The  pres- 
ent article  gives  some  cost  data  pertaining  to 

pumping  stations,  pumping  machinery  and  dis- 
tributing reservoirs,  and,  like  the  article  men- 

tioned, is  drawn  from  Mr.  Johnson's  paper. 
These  and  other  data  are  published  in  the 
Journal  of  the  Association  for  June,  1914. 

Perhaps  one  of  the  most  serious  problems 
which   confronts  those  interested  in  the  con- 

TABLE  I. -COST  OF  PUMPING  STATIONS  IN  RECENTLY  CONSTRUCTED  SMALL,  WATEU 
WORKS  IN  MASSACHUSETTS. 

Town. Population  r- 
(1910). 

Ashland          1,6S2 
Bedford           1,231 
Deerfield       
Dracut       3,461 

Dudley           4.267 
Fast  Brookfield   
East  Douglass        2,152 
Leicester    (Cherry   Valley   and   Koch- 

dale)       
Littleton     '.       1.229 
Marion            1,460 
North  Chelmsford         5.010 
Oxford       3, ".61 
Pepporell          2,953 
So.  Hadley  (Fire  Dlst.   No.  2)   "W'areham       
West   Groton      
W'lentham           1,743 

-Pumping:  station- 

Size. 22x30 

19x!6 9x12 

Material. 
Cobbles      
Biick    
Cobbles      
Wood    and    steel    shingles 

over  entire  surface   
Brick       
Brick       
Brick       :   

Brick Brick 
Brick 
Brick 
Brick 
Brick 
Brick 
Brick 
Brick 
Brick 

24x26 
24x30 

20x35» 

30x40 24x34 

Cost. 

$1,935 1,857 

350 1,730 

1.948 
1,623 2,500 

2,368 

3, loot 

Cost  per 

sq.  ft. 

12.93 
2.71 

3.24 

33x23 

24x24 28x28 2.5x36 

25x36 

16x16 
25x36 

2.000 2.000 

2,852 
2.700 
2.1S3t 

500t 

l,647t 

3.12 

2.26 

3.57 1.97 S.SOt 

2.64 

3.4C 

2. 68 

3.00 

2.37t 1.95t 

1.83  c Two    stories,     tincludes    some    grading.     JWithout  pumping  machinery  foundations. 

TABr.K  IT.— COST  OF  PUMPING  MACHINERY  IN  RECENTLY  CONSTRUCTED  SMALL  WATEI 
WORKS  OF  MASSACHUSETTS. 

Town.  ,.   Pumpin.^    machinery   
Cost  per 

Pumps.                Engines.  Cost,  horsepower 

Ashland           2-7     xS  2-18  hp.  oil  $4,358  $121.00 
Bedford            2  SMiXlO  2-25   hp.    gasoline  4,000  80.00 
Deerfield            1-4     xG  l-7i^  hp.   motor  475  63  30 
r>racut           1-8     xlO  1-20    hp.    gasoline  1,783  89.15 
Dudley       -. .      2-8     xlO  2-25  hp.   motors  2.500  50.00 
East    Brookfield           2-5iAx8  2-  S  hp.  oil  3.100  193.75 

East   Douglass       fl-lOxlO  1-35  lip.  motor"!  2,455  49.10 1.1-714x10  1-15  hp.  motor! 
Leicester  (Cherry  Valley  and  Rochdale)        2  8     xlO  2-lShp.  oil  4,414  122.50 
Littleton            1.7ii.xl0  1-25  hp.  oil  3.960  158.50 
Marlon           2-7HX.';'  2-40  hp.  oil  8,157  102.00 
North  Chelmsford         2-7>ixl0  2-25  hp.  n  otors  3,500  70,00 
Pepperoll           2-8     xlO  2-25  hp.  oil  6,200  124.00 
South   Hadley  (Fire  Dist.    No.   2)        2-8     xlO  2-35  hp.  oil  6.S75  98.25 
Wareham        2-8     xlO  2-25  hp    oil  3.642  112.80 
West   Groton           ] -0     xS  1-10  hp.  gasoline  1.163  116.30 
Wrentham        ]-S     xlO  1-25  hp.  oil  2,821  112.80 
Wrentham   State   School        2-6    xS  2-10  hp  motors  1,784  89.20 

•Double  acting. 

Note. — All  pumps  are  vertical,  single-acting,    triplex  pumps,   unless  otherwise  noted. 

TABLE   HI.— COST  OF  DISTRIBUTING   RESERVOIRS  IN  RECENTLY  CONSTRUCTED  SMALL 
WATER  WORKS  IN  MASSACHUSETTS. 

,   Distributing  Reservoir—   , 

.0  w 

=  a 

€-2 

Town. 

Ashland      

Bedford       .".'.'." 
Dracut      Dudley      

En."t  BrooVfleld      .!!!!.'. East   Douglass      

Leicester,  Cherry  Valley  and  Roc'h dple)       

Littleton    !..'.!..".;;;!! Marlon      

Noi-th  Chelmsford     ..'.'..'." 
Oxford       

Popperell      

rUilnvUlr' Po.  H'^rilpy  (Fire  Dlst.  No.  2). Warehnm 
West   Grnton      
Wrentham   
Wrentham   State  School 
•Without  foundation. 

Kind. 

Concrete  standpipe 
Steel  standpipe 
Reservoir 
Re.scrvoir 
.Steel  standpipe 
Concrete  standpipe 

Concrete  standpipe 
Steel  standpipe 
Steel  standpipe 
Steel  standpipe 

Steel  s^tondp'pe 

Steel  standp'pe 
Steel  standp'pe Steel  standpipe 
Steel  standpipe 

Steel  standp'pe Steel  standp'pe Steel  standpipe 

a 

0  c 

c  o 40x32 
20x100 

71x26 2.5x50 
45x18 40x21 

35x40 
20x100 

22x125 

27x50 45x40 
25x67 35x60 

20x100 
30x40 

30x50 
22x50 

300,000       f5.812 
2:i."..00n  $1,030  6.640 
225,000       2.385 
770. 000       20.232 
181.000  300  3,550 
214,000       4.524 

197.000   '    4,976 288.000  700  4,638 

235,000       5.883* 355,000       9.772 
214.000  400  5,060 
476.000  839  6.707 
246,000  710  4.979 

432.010       6. 165* 
235.000       6.S35^ 
212,000  613  4.021 
264.000  800  6.nno 
142,000  368  2,596 

5R 

$19.35 
2S.25 

lO.flO 

26.20 

19.30 21.15 

25.25 

16.10 

25.00^ 

27.50 23.60 
14.10 
20.25 

14.30^ 
29.10* 

IS. 95 

22.70 

18.  J5 
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struction  of  a  water  works  system  in  a  small  of  filtration  may  be  employed  without  detri-  Apart  frorn  th
e  -^t,-;^  ̂ '^1^=-^  f-'^^- 

town  is  the  problem  of  convincing  the  voters  ment.  because  it  is  obvious  tha  the  cost  of  '"^^""^^.^'^f'/^^^Xsions  of  Mr  Jo^ 

hat  a  water  works  system  will  not  bankrupt  slow  filters  per  million  gallons  decreases  rap- 
 ment  ̂ ^''^  the  cone  usimis  ol  Mr  onns^^^^ 

the  town.  There  are  always  those  who  believe  idly  and  inversely  with  the  rate  of  tiltration.  P^P^^.^^"^^";^^^  reHable  sTnita?y  maci'ne.  one that  a  water  works  system  is  not  necessary  or  Generally  speakin"  most  engineers  who  are  ^..jj  ̂ ^^^^^  ̂ ^^  ̂ ^^^^  rate  due  to  water- 
desirable,  that  the  water  obtained  from  private  competent  in  the  field  of  water  purification,  ^__^^  diseases  It  is  true  that  the  zone  in 
wells  is  better  than  that  which  has  been  stored  that  is,  those  who  have  studied  the  problem  ^^.^^  ̂ j^^  ̂ ^^^^^  ̂ ^^  ̂ ^^^  i^  narrowing, 
in  pipes  or  reservoirs,  and  that  the  notion  that  for  a  long  time  in  connection  with  many  ^^.^^  ̂ ^^^  ̂ ^  ̂ j^.^^  mechanical  filters 
well  water  mav  be  injurious  to  health  is  non-  types  of  waters,  are  agreed  that  mechanical  ^^^  ̂ ^^^  .^  broadening  but  the  speaker 
sense.  Such  men  are  generally  not  to  be  con-  filters  are  best  where  the  color  is  over  M  ̂ ^.jj  contends  that  there  is  still  a 
vinced  bv  any  argument  which  can  be  put  for-  parts  and  the  turbidity  over  30  parts  per  mil-  ̂ ^^^  ̂ ^^  ̂ ^^  ̂ j^^  j^U^^.^  namelv,  where  clear 
ward.  Thev  are  the  men  who  object  on  prin-  Hon,  or  where  there  are  unusual  fluctuations  ^^^^.^s  have  to  be  purified  and  where  local 
ciple  to  improved  roads,  improved  schools,  and  in  the  character  of  a  stream  which  ordinarily  (,  editions  make  the  cost  of  water  furnished 
improvements  of  any  kind.  But  there  are  al-  is  but  slightly  colored  or  turbid.  Again,  there  ^^  ̂^^^  ̂ ,^^^  1^,^^^.  [^^^  j^^  comparing  the  effi- 
wavs  in  everv  town  thmking  men  who  honest-  are  other  cases  where  the  water  is  so  clear  (.j^ncy  and  economy  of  the  two  types,  one 
Iv  believe  that  the  construction  of  a  water  that  there  are  no  nuclei  to  start  the  coagula-  ^^q^jj  ̂ ^g  the  same  basis.  One  should  not 
works  system  would  he  such  an  expensive  un-  tion  of  the  applied  chemical,  upon  which  co-  ̂ .^n^pare  the  efficiency  of  filters  where  the 
dertaking  that  it  would  be  a  great  mistake  for  agulafion  the  efficiency  of  mechanical  filters  gfjj^^nt  is  sterilized  with  those  where  no 
the  town  to  enter  into  it.    The  best  solution  of  depends.     To   use   mechanical   filters   in   these  stgrilizing  chemicals  are  used. 
this   problem— the   problem   of   convincing  the  cases  may  necessitate  the  addition  ot  clay  or                      =   
honest  doubters— is  to  use  the  experience  other  suspended  matter  to  produce  an  arti-  _  _ 

gained  bv  other  towns  of  similar  size  which  ficial  turbiditv,  or  the  use  of  an  excessive  Demonstration  of  Water  Main  Clean- 

have  alreadv  put  in  works.  With  this  in  view,  amount  of  coagulant,  so  that  the  coagulant  ings.— Among  the  specia  features  pro- 

I  hav  collected  certain  information  from  the  will  precipitate  by  virtue  of  its  large  mass.  vided  by  the  New  England  Water  Works  As- 

small  towns  in  Massachusetts  which  have  been  ^^  jhis  paper  was  written  the  speaker  sociation  at  its  recent  annual  convention  in 

supplied  with  water,  and  tabulated  the  returns.  ^^j^  ̂ ^nie  studies  of  the  comparative  costs  Boston,  were  demonstrations  of  the  mechan- 
The  great  difficulty  in  getting  together  this  in-  „{  3,^,^  ̂ and  and  mechanical  filters  for  pres-  >cal  cleaning  of  water  mains.  The  work  was 

formation  is  the  lack  of  proper  systems  of  entation  at  a  town  meeting,  and  came  to  the  done  for  the  city  of  Boston  by  the  National 

accounts.  In  most  cases  it  is  impossible  to  conclusion  that  an  average  cost  of  $14,.5O0  per  Water  Main  Cleaning  Co.  of  New  \ork  C  ty 

obtain  information  of  any  value  from  the  1  oyg  000  gals,  for  mechanical  filters,  and  a  A  section  of  about  < 00  ft.  of  6-m.  water  pipe 

printed  reports,  and  in  many  cases  it  cannot  ^^^^  '^f  $ioo,000  per  acre  for  slow  sand  filters  was  sucessfully  cleaned.  The  procedure  was be  obtained  even  from  a  study  of  the  books.  ̂ ^^e  good  average  figures.     These  figures  are  as   follows: 
The  officials  themselves  cannot  dig  out  the  higher  in  the  case  of  mechanical  filters  and  Openings  in  the  ground  and  into  the  pipe 
information.  Construction  accounts  and  main-  lower  in  the  case  of  slow  sand  filters  than  were  made  at  either  end  of  the  pipe  being 
tenance  accounts  are  hopelessly  mixed,  and  the  given  by  Mr.  Johnson,  see  Engineering  and  cleaned.  By  means  of  a  special  carrier  de- 
vouchers  in  many  cases  do  not  show  for  what  Contr.»lCTINg  of  May,  1914.  In  Mr.  George  vice,  a  cable  was  passed  through  the  line  and 
the  money  has  actually  been  spent.  -y^  Fuller's  report  on  the  Montreal  Water  the  cleaning  machine  attached  to  the  end  of 

Perhaps  it  is  only  fair  to  say  here  that  the  Supply,  dated  July  22,  1910,  the  cost  of  sand  it.  By  means  of  a  windlass  and  this  cable, 

salaries  of  superintendents  in  small  towns  are  filters' was  estimated  at  $33,840  and  mechanical  the  machine  was  drawn  through  the  pipe,  ef- 

from  $.50  per  year  up— and  some  of  them  do  filters  $21,o'91  per  million  imperial  gallons  fectually  removing  all  of  the  incrustation  and 
not  go  verv  far  up,  either.  As  the  superintend-  j^jj^  capacity.  The  cost  of  slow  sand  filters  dirt.  While  the  machine  was  being  drawn 

ent  fs  generally,  to  use  the  language  of  one  of  per 'million  gallons  varies  with  the  rate,  as  th.;  through,  the  water  was  allowed  to  flow  in  the 
them,  "registrar,  clerk  of  board,  draftsman,  following  tabulation,  assuming  covered  fillers  same  direction  as  the  machine  moved,  carry- 
engineer,  etc.,"  it  is  not  strange  that  the  system  ^^^  appurtenances  to  cost  $100,000  per  acre,  ing  ahead  and  out  through  a  riser  pipe  to 
of  accounts  is  not  verv  elaborate.  The  average  shows-  the  surface  of  the  ground  all  wash  water  and 
salarv  of  the  superintendents  in  Massachusetts  ^^^^  ̂ ^  debris. 
towns  having  steam  pumping  systems  is  $1,080.  filtration  mgd.                                      Cost  per  mgd.   . 

The  average  salary  of  those  where  pumpins  IS             10      [[W::]]:           16.'667  Timber  Preservation.— A  recent  report  of 
done  by  oil  engines  or  electric  motors  IS  5,»1».  g    ;;;;;;              20,000  jhe    American    Wood    Preservers'   Association 
Of  the  latter  eroup  practically  all  operate  the  4                 2^..<m  ̂ ^^^^^   ̂ ^^^^   notable   progress   in   timber   treat- 
pumps    themselves.                                                                  |  g-   ::;;;:;!;■.;!!!!■.■.            40:000  ment  for  preservation  was  made  in  1913.  This 

Tables  I,  II  and  111,  p.  dl^  snows  tne  cosi  mechanical     plants     generallv  industry   is   comparatively   a   new   one   in   the 
of  pumping  stations,  pumping  plants  and  d    -  The    cos^    ot    Xrac"e?'„{P;;,  \.|ter,   and  United  States.     Less  than  30  per  cent  of  the 
tributing    reservoirs    ,n    small    Massachuset  s  ̂ ^^^'^J^j^^^'^^jf^'^/^X  estimates  in  the  follow-  crossties  used  in  this  country  are  treated  and 
towns  where  the  works  are  municipally  owned  he  ̂"'^f  '^^^";";g7,n"\he   best   practice   in  practically   nothing  has  been  done  in  the  way 
For  obvious  reasons  the  private  y  owned  plants  '"»   .^f  ̂'f  ̂"^jj^    ̂ Tzl      The   costs    include  of  preserving  wooden  poles. 

^h^tThVc^lf  tt  "of"co':™il"a^Vm      -  fb'e"nec°essaTv':ubs'idi^g\nd    coagulating    ba-  R^eal    progress    in    the    United    States   dates 
tenance    ofprivatelv  owned  plants  is  fuUv  as  sins;  also  small  filtered  water  basin  or  pump-  f^o      1832,  when  the  Kyanizing  process    using tenance,  oi   pnvaici.v    J             1^                       -^  well:                                            ,  b  chlorides    of    mercury,    was    developed.      In 
great  as  that  of  the  plants  owned  by  the  towns.  character   of   water.     '        ̂      ̂               _,  1837  two  other  processes  were  introduced,  the 

,     ̂       ̂ ,          ;~   ,    „.„  n'^^'wl."''  'or'°0  -  25          ̂ °'jU  So^^  Burnett  process,  using  zinc  chloride,  and  the The   Field   of  the    Slow   Sand   filter—  ,on  -  300       or  25  -  75                  16.500  Bethel  process,  using  coal  tar  creosote.   These 
Pomnarative  Canacitv  Cost  Data.  300  upwards  or  75  upwards            18,500  ja^f  processes   are   very   largely   in   use  today. 
v^^iiipa  a                t-         jr  ^^^   _^^^^^  ̂ ^^^^   ̂ ^^   higher  than   those   of  jhe  idea  of  timber  preservation  at  first  made 

It  is     generally    admitted    that    the    field    of  ̂ ^^^  largest  and  best  plants  constructed  under  very  slow  growth  in  this  country,  on  account 
the   slow   sand   filter   is   narrowing  while   that  favorable  conditions,  but  lower  than  those  of  of  the  large  supply  of  cheap  and  durable  tim- 
of    the    rapid    sand,     or     mechanical    filter,    is  plants  where  unusual  conditions  prevail.  bers  and  the  general  disregard  shown  toward 
widening.      Granting    this    we    believe    many  mechanical  and  a  slow  sand  filter,  each  of  economy  in  the  use  of  natural  resources.     In 
readers   will   appreciate   something   definite  to  j  ̂00  000    gals     daily    capacity,     designed     and  1885  there  were  only  three  pressure  plants  m 
which    to    tie    in    choosing    between    the    two  (,;,„  Vructed    under 'the    speaker's    supervision  the  United  States,  and  in  1895  only  15.     Since 
types    for   a   given   locality.     The   choice   will  ̂ jn-ine   1913    cost  $10  000   for   the  mechanical  then,  however,  the  industry  has  grown  rapidly. 

naturally  rest  in   any  case  upon  the  compara-  _^^^j    $18  OOfl'  for    the    slow    sand    plant.      The  In  1913  there  were  117  plants. 
tive  cost  and  efficiency  of  the  two  types.     Ihe  J_^^^   ̂ ^  'encincering   for  the  mechanical   filter  jfig   report   states   that   93   wood-preserving 
question  nf  cost  is  readily  worked  out  by  the  ̂ ^_^^  unusuallv   high   and   the   slow   sand   filter  plants  in  1913  consumed  over  108,000,000  gals. 
designing    engineer    and    the    ethciency    to    Be  ̂ ^^   .^^  connection  with   a  deferrization  plant,  ̂ f    creosote   oil,    26,000.000    lbs.    of    dry     zinc 
expected  will  depend  upon  the  characteristics  ^^^^^^   ̂ ^^^   ̂ ^^^^   included   a   coke   trickier,    15  chloride,   and   nearly   4,000,000   gals,   of   other 
of  the  raw  water  to  be  filtered.     Uehnite  hg-  ^^    ̂^.^^^  ̂ ^^^^  j,^  jj    -^^  diameter,  and  where  the  fiquid    preservatives.     With    these   the    plants 
ures    on    the    latter    point    were    proposed    as  fifter  Operated  at  10,000,000  gals,  daily  rate.  treated  over   153,000.000  cu.   ft.   of  timber,   or 

■:r*|j;,S-4tv^pr..3:s^,S  „-'£>r£.""S..*"'srs;;,rS:  ;r!,S,-:asrr,'*";;;SJ;;s; 

attempt   its  own   neculiar   solution.     Undouht-  early  < Kv? ■  as  ̂ ^i  I  ̂-^  J^'^^fTg^^^'^oo^'"'^,,^''"',  This    dredge    was    placed    in    commission    at 
edlv,  manv  slow  filters  were  built  and  installed  were  designed   «^„^='Ye«    this   rate   befng  [he  Balboa  in  January.    1908.   and   worked   in   the 
where   rapid   filters  should   have   been   chosen.  acre   per   diem     ̂ "f    '^f  •.^'i^'';/^^  ̂ ^,''^^,'^^1,;"!  Pacific    entrance    channel    until    last    January. 
Pittsburgh  and   Washington,  D.  C,   are  cases  German   official   J^te   of    1(W   verUcal   m.llmie  .^  ̂ ^^   transferred   to   the   Gatun   Lake 
in    point,    and    which    have    occurred    in    the  "^  P^f-  ''X  effluent   there  is  nT^^^^^  level  and  put  to  work  removing  gravel  washed 
writer's    practice,    but    there    are    other    cases  J^.^'"'''^<1 '^^„7,  ̂ i^/JXmu^  into  the  channel  near  Gamboa  bv  the  Chagres 

wh.re  slow  filters  are  not  only  more  econom-       '';^,,^,^,%;=^^""  /^.^   J  jcrL    het^axinu^^^  River.     Durine  its   service   the    'Culebra'    has 
ical  but  more  efficient  than  mechanical  filters,       f''*''^'^;^,   '  ̂ ^''^J'/.^J'",?^  dug  nearly  19,000,000  cu.  yds.  of  material, 
and  some  of  these  cases  are  where  high  rates       m  ord

inary  present  da>    practice.  g 
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Panoramic   View  of  the   Buildings  and  Grounds  of  tine   Panama-Pacific   International    Exposition, 

Structural  Features  of  the  150-ft.  Steel 

Framed  Dome  of    the    Palace    of 

Horticulture,     Panama-Pacific 

International    Exposition, 

San    Francisco,     Cal. 

Contributed    by    A.    W.    Earl    and    Thomas    F. 
Chase.  Assistant  Structural  Engineers,  Pan- 

ama-Pacific  International    Kxposition. 

Before  designing  the  steel  framed  dome  of 
the  Palace  of  Horticulture,  Panama-Pacific 
International  Exposition,  San  Francisco, 
Cal.,  a  careful  search  was  made  of  existing 
literature  en  framed  dome  designs,  and  it  ap- 

made  a  careful  study  of  the  problem  advisable. 
and  it  is  believed  that  a  description  of  the 
structural  features  and  the  methods  by  which 

the  problems  of  design  were  met  is  of  suffi- 
cient interest  to  the  engineering  profession 

to  merit  recording  in  some  detail. 

GENRRAL  FEATURES. 

The  following  brief  statement  will  give  a 
general  idea  of  the  building.  The  Palace  of 
Horticulture  is  rectangular  in  plan,  approxi- 

mately G(jO  ft.  long  by  300  ft.  wide  and  covers 
an  area  of  4V4  acres.  Tlie  eastern,  or  main 
portion,  which  is  square  in  plan,  forms  the 
base  for  the  imposing  glass-covered  dome, 
the  salient  feature  of  the  design.     This  dome 

at   the   four   corners   of   the   square    are   four 
octagonal    domes   of   timber   construction. 

The  three  main  entrances  on  the  north,  east 
and  south  sides  are  accentuated  with  elliptical 
domes  built  of  wooden  lattice  work.  On  each 
side  of  these  entrance  domes  are  ornamental 
spires,  or  flechi,  having  a  height  of  130  ft. 
The  building  is  very  richly  ornamented  and 
harmoniously  colored,  and  as  a  whole  is 

graceful  in  outline  and  symbolic  of  the  pur- 
pose for  which  it  is  intended.  The  western 

section  of  the  building,  which  is  the  main  ex- 
hibit portion,  is  a  low  frame  structure  of 

simple  wooden  construction,  rectangular  in 
plan  and  approximately  300  ft.  x  300  ft.  The 
floor  in  this  portion  consists  of  2-in.  shiplap  on 
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Figs.   1-3.    Stress   Diagrams   and   Summary  of   Stresses    in    Ribs   and    Rings   for   One    Panel Francisco,   Cal 

Fig  3.  Loads  &  Stresses  m  Ribs  8.  Rings 

of    Dome    of    Palace    of    Horticulture,    San 

pears  to  the  writers  that  American  profession- 
al papers  are  lacking  in  discussions  of  this 

subject,  this  being  especially  irue  with  respect 
to  methods  of  providing  for  wind  and  similar 
stresses  prniluccd  by  other  than  uniform 
vertical  loads. 

The  size  of  this  dome,  coupled  with  a  desire 
to  keep  the  framework  light  and  airy  in  con- 

formity with   the  character  of     the     building, 

is  in  the  shape  of  a  half  sphere  of  150  ft. 
diameter  resting  upon  a  cylinder  of  the  same 
diameter  and  25  ft.  in  height.  The  dome  is 
surmounted  by  an  architectural  staff  motive 
in    the    form    of    an    immense    flower    basket 

2  X  6-in.  joists  spaced  2  ft.  on  centers.  The 
joists  are  in  turn  supported  by  ;1  x  4-in. 
sleepers  spaced  about  0  ft.  8  ins.  on  centers 
and  embedded  in  the  ground.  The  floor  is 
designed  for  a  live  load  of  100  lbs.  per  square 

The  extreme   height   from   the  ground   to   the  foot.     In  the  front  part  of  the  building  there 
top  of  the  basket  is  180  ft.     Rising  from  the  is   no   floor   except   in   the   aisles.     The   frame 
low   roof  and  intersecting     the     large     dome  of  the  rear  portion  of  the  building  is  of  wood 
there  are  eight  small  glazed  half  domes,  and  and    is    carried    on    wooden    spread    footings. 
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The  heavy  concentrated  loads  iti  the  front 
part  of  the  structure  are  carried  on  pile 
foundations.  The  preceding  description  and 
Fig.  20  give  a  general  idea  of  the  architectural 
features  of  the  building. 
A  better  realization  of  the  size  of  this  dome 

may  be  obtained  by  comparing  it  with  some 
of  the  best  known  domes  now  in  existence, 
the  diameters  of  which  are  given  in  the  ac- 

companying table : 
Diameter, 

in  feet. 
Pantheon,  at  Rome       142 
Duomo,  or  Sta.  Maria  del  Flore,  at  Flor- 

ence        139 
St.  Peter's,  at  Rome       139 
United  States  Capitol,  at  Washington       ISSVi 
The  dome  of  the  Horticulture  Palace  at  the 

Chicago  Exposition  was  18-5  ft.  in  diameter. 
STRUCTUR.\L  FRAME   OF   POME. 

The  type  of  framing  is  similar  to  that  first 
used  by  the  noted  German  engineer,  Schwed- 
ler.  It  consists  of  24  latticed  ribs,  each  36 
ins.  in  depth,  which  frame  into  a  spider  at  the 
top  and  are  connected  by  11  horizontal  lat- 

ticed rings. 
The  outer  chord  of  the  rib  is  composed  of 

two  4  X  4  X  5/16-in.  angles,  while  the  inner 
chord  is  built  of  two  3x3xo/16-in.  angles, 
the  two  being  connected  by  2%  x  2  x  %-in. 
single  angle  lacing.  The  lower  portions  of  the 
ribs  are  straight,  forming  the  sides  of  a  ver- 

tical cylinder,  as  has  been  noted  previously, 
the  top  of  this  cylinder  being  the  spring  line 
of  the  dome.  The  bases  of  the  ribs  are  sup- 

ported on  plate  girders'  and  trusses,  the  eleva- tion of  which  is  65  ft.  above  the  floor  level. 
The  spider  at  the  apex  of  the  dome  is  6  ft. 

in  diameter,  36  ins.  deep,  and  it  is  reinforced 
with  four  diaphragms.  The  circular  flanges 
are  4  x  4  x  5/16-in.  angles,  and  the  web  is 
•5/16  in.  thick.  The  diaphragms,  which  are 
alike,  are  each  composed  of  four  3  x  3  x  5/16- 
in.  angles  with  a  5/16-in.  web  plate. 

The  horizontal  rings,  with  the  exception  of 
the  one  at  the  spring  line,  are  18  ins.  deep. 
This  latter  ring  has  the  same  depth  as  the 
ribs. 

Intermediate  between  the  main  ribs  and 

framing  into  the  rings  are  4-in.  I-beam  pur- 
lins. All  panels  are  braced  by  two  adjustable 

diagonal  rods,  these  rods  varying  in  size 
from  9/16-in.  square  at  the  top  to  1%-in. 
square  at  the  bottom.  Wooden  purlins  and 
the  usual  skylight  bars  complete  the  frame- 

work for  the  glass. 
Fig.  11  shows  the  details  of  the  dome  fram- 

ing. Particular  attention  is  called  to  the  use 
of  angle  lacing  bars  in  the  ribs  and  rings  in- 

stead of  the  usual  lattice  bars.  While  theo- 
retically taking  no  primary  stress  these  angles 

are  capable  of  transmitting  much  more  shear 
than  flat  lacing  bars  of  the  same  weight 
which,  while  effective  for  tension,  are  of  an 
uneconomical  section  to  transmit  comoression. 

SUBSTRUCTURE    OF    DOME. 

A  clear  idea  of  the  system  of  framing  sup- 
porting the  superstructure  may  be  obtained 

by  referring  to  Fig.  11.  The  dome  is  sup- 
ported on  eight  piers,  each  65  ft.  in  height. 

Each  of  these  piers  is  composed  of  four  col- 
umns placed  at  the  corners  of  a  quadrilateral. 

This  quadrilateral  (see  Fig.  13)  has  two  sides 
normal  to  a  radius  of  the  dome  passing 
through  its  center,  the  shorter  side  being  4  ft. 
6  ins.  in  length  and  two  sides,  A  B  and  B  C,  15 
ft.  10  ins.  in  length  and  diverging  at  an  angle 

of  45°.  The  bracing  in  the  parallel  sides, 
B  C  and  D  A,  extends  from  the  top  of  the 
piers  to  the  bottom,  but  on  the  diverging 
sides,  in  order  to  provide  a  passage  way,  it 
had  to  be  discontinued   at  a  height  of   14   ft. 
7  ins.  from  the  bottom. 

Between  the  tops  of  the  interior  columns  of 
adjacent  piers  are  plate  girders,  6  ft.  4V4  ins. 
in  depth  and  57  ft.  5%  ins.  long.  These,  with 
the  aid  of  trusses,  which  frame  from  girder 
to  girder  across  the  interior  faces  of  the 
piers,  support  the  24  ribs  of  the  dome. 

Between   the  exterior   columns  of   adjacent 

Fig.4 
Fig.5.  Developed  Plan  of  One  Bay 

Fig.6.  Load  Diagram 

Figs.  4-6.     Diagrams   Explanatory    of    Hijtte 
Method     of     Determining     Stresses     in 

Diagonals   of    Dome    of    Palace   of 
Horticulture. 

piers  steel  trusses  support  a  portion  of  the 
flat  roof  and  the  staff  ornaments  which  form 
the  decoration  of  the  wall  surrounding  the 
lower  part  of  the  dome.  Both  the  plate  girders 
and  the  trusses  have  knee-braces  connecting  to 
the  columns  of  the  piers.  The  interior  col- 

umns of  the  piers  are  20-in.,  59-lb.  T-beams, 
laced  front  and  back  with  5  x  3  x  5/16-in. 
angles.     Single  lacing  is  used  below  the  knee- 

braces  and  double  lacing  above  them,  to  pro- 
vide for  portal  action.  The  columns  are  re- 

inforced with  plates  where  the  lacing  is  dis- 
continued between  the  interior  and  exterior 

columns,  as  will  be  indicated  later.  The  in- 
terior columns  are  also  reinforced  at  points 

of  maximum  bending  moment.  As  mentioned 
above,  the  girders  supporting  the  dome  ribs 
are  6  ft.  4%  ins.,  out  to  out ;  the  web  is 
5/16-in.  thick,  and  each  flange  consists  of  two 
6  X  6  x  7/16-in.  angles  with  one  cover  plate 
14  ins.  X  %  in.  X  28  ft.  Further  particulars  as 
to  the  composition  of  trusses  and  bracing  will 
be  found  on  the  framing  plan,  Fig.  11. 
The  plate  girders  and  trusses  between  the 

exterior  columns  are  braced  together  in  the 
planes  of  their  upper  and  lower  chords.  This 
not  only  serves  the  purpose  of  bracing  the 
compression  chords,  but  it  forms  a  stiff  ring 
around  the  entire  base  of  the  dome,  which 
effectually  distributes  the  horizontal  wind 
load   to   all   the  piers. 

DESIGN    OF    DOME. 

There  are  two  methods  commonly  employed 
in  the  design  of  framed  domes.  The  first,  and 

perhaps  the  most  common,  consists  of  treat- 
ing any  two  diametrically  opposite  ribs  as 

forming  a  three-hinged  arch,  the  hinges  at 
the  crown  being  replaced  by  a  circular  girder. 
In  this  method,  wind  stresses  are  taken  care 
of  by  considering  the  wind  as  a  live  load  on 
one  side  of  the  dome  and  as  applied  only  in 
the  plane  of  the  two  ribs  forming  the  arch. 
Diagonal  rods  are  usually  provided  in  the 
panels  of  alternate  bays  to  resist  unequal 
loading  and  to  give  general  stiffness  to  the 
structure. 

The  second  method  regards  the  ribs  as 
members  of  a  true  dome,  wherein  all  stresses 
are  resisted  by  compression  in  the  ribs  and 
bv  compression  or  tension  in  the  horizontal 
rings.  Wind  and  all  other  than  uniform 
vertical  loads  are  taken  care  of  by  placing 

diagonal  rods  in  every  panel  of  the  dome. 
By  applying  the  second  method  outlined 

above  to  structures  of  this  type  more  material 
is  saved  than  might  at  first  be  supposed.  In 
this  structure  the  dome  was  completely  de- 

signed by  both  methods — the  second  method 
resulting  in  a  saving  of  one-third  the  steel 
called  for  by  the  first  design  in  the  portion  of 
the  structure  above  the  plate  girders.  An 
idea  of  the  relative  proportions  of  the  respec- 

tive frames  may  be  gained  when  it  is  stated 
that,  with  the  same  number  of  ribs  in  both 
cases,  the  ribs  in  the  first  design  were  72  ins. 
deep,  with  chords  consisting  of  two  6  x  6  x  %- 
in.  angles  and  with  14  .x  %-in.  cover  plates, 
while  the  ribs  as  actually  built  are  36  ins.  deep, 
with  chords  whose  sections  do  not  exceed  two 
4  x4x  5/16-in.  angles,  with  no  cover  plates. 
The  writers  lay  no  claim  to  originality  in 

the  following  mathematical  -discussion,  but 
rather  have  applied  formulas  and  methods 
already  developed  in  the  design  of  similar 
structures.  In  the  course  of  the  discussion 
reference  is  made  to  books  and  papers  on  the 

subject  by  "catchwords,"  while  a  complete  list 
of  the  principal  sources  of  information  is 
given  at  the  end  of  the  article. 

The   rib  and   ring  stresses  were  determined 
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by  the  method  outlined  by  E.  Schmitt  in  a 
paper  presented  before  the  American  Society 
of  Civil  Engineers,  and  there  is  needed  no 
further  explanation  than  the  dead  and  live 
load  stress  diagrams  and  the  load  and  stress 
summary  shown  in  Figs.  1,  2  and  3,  respec- 
tively. 
The  ribs  and  rings  of  the  dome  of  the 

Horticulture  Building  at  the  World's  Colum- 
bian Exposition,  Chicago,  were  taken  as  a 

basis  for  a  preliminary  estimate  of  the 
weights,  and  from  this  a  tentative  design  was 
made.  The  weight  of  the  roof  covering  was 
estimated  by  direct  computation.  Using  the 
sections  obtained  by  first  computing  the 
stresses,  a  final  estimate  of  weight  was  made; 

A^  = 

12,430 •  =  12,850. 

reo. 

2  sin   70°  cos  59° 13,680 
A^  =   =  14,000. 

2  sin  78%°  cos  60° 14,450 
A',  =   =  15,700. 

2  sin  85%°  cos  62%° 
With  the  exception  of  the  "2"  in  the  de- nominator, the  above  formulas  are  the  result 

of  simple  resolution  of  given  forces  in  given 
directions,  and  it  assumes  that  half  of  the 
dome  lying  on  one  side  of  the  meridan 
through  the  center  of  the  panel  containing  the 
diagonal  in  question  is  fully  loaded  while  the 

'  of  0-0  of  wind 
ressure  on  Lantern 
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Figs.   7   and   8. 
Fig  7  Haff  Elevation 

Fig  8  Quat-f-er  Plon Half   Elevation   and   Quarter    Plan  of  Dome  Framing  of  Palace  of  Horticul- 
ture   Showing    Type    of    Framing    and    Dimensions. 

the  stresses  were  then  recomputed ;  and  llie 
members  were  modified  as  required. 

The  problem  of  finding  the  diagonal  stresses 
was  slightly  more  intricate  than  that  of  find- 

ing the  stresses  in  the  ribs  and  rings.  Three 
methods  were  used — all  based  upon  different 
assumptions.  The  first  method  is  that  outlined 

by  "Hutte,''  the  second  is  somewhat  similar  to 
that  given  by  "Hazlehurst"  for  stresses  in  a 
steel  water  tower,  and  the  third  is  I'ke  that 
followed  in  the  article  on  a  gas  holder  pub- 

lished   in    the    Engineering    News. 

Haul-  Melhod. — The  following  is  explana- 
tory of  the  Hiitte  method: 

Let  Q,,  Q,,  Qi,  etc.  (Fig.  4),  represent  the 
total  dead  and  live  loads  per  panel,  and  let 

Pi,  f':.  Pi,  etc.,  represent  the  total  dead  loads 
per  panel.  Also  let  A,,  A,,  Ai,  etc.,  represent 
the  angles  between  the  ribs  and  the  horizontal, 
and  li,,  B,,  B,,  etc.  (Fig.  5),  the  angles  be- 

tween the  ribs  and  the  diagonals.  Finally,  let 

A'l,  A'j,  A',  represent  the  diagonal  stress  then : 

A.=         ̂ -"-         . 

-Vr  = 

N,= 

2  sin  At  cos  B, 

Qi  +  Q,—  (P,  +  P,) 

2  sill  A,  cos  Bi 

Qi  +  Q,  +  Q,-  (P.  +  P-^  +  P,) 

2  sin  A,  cos  B, 

The  angles  A  and  B  were  scaled  from  a 
carefully  constructed  diagram  and  their  values 
arc  recorded  on  the  diagram  in  Fig.  6. 
Inirthcr,  it  will  he  noted  that  the  diagonals 
do  not  extend  to  the  top  of  the  dome  but 
discontinue  at  ring  3.  (jailing  the  diagonal 
between  rings  3  and  4,  A^,,  and  numbering  the 
others  consecutively  toward  the  base  of  the 
dome  the  resulting  stresses,  in  pounds,  were 
fi)und  to  be: 

1,780 
A^i  =   2,530. 

2  sin  24"  cos  30V4° 
3,250 

^>  =   =  3,960. 
2  jin  31%°  cos  38° 

5,030 
-V,  =   =   5,630. 

2  sin  39%°  cos  45%° 
6,!)20 

7,300. 

2  sin  47%°  cos  50° 
8,960 

A'.-.  =   =  9,100. 

N.: 

2  sin  55°  cos  53° 
10,830 

2  sill  62%°  cos  56%° 

-=11.050. 

other  half  of  the  dome  carries  no  load  at  all. 
The  "2"  in  the  denominator  is  introduced  on 

account  of  results  obtained  by  "Miiller- 
Brcslau"  and  others  from  e.xact  analyses 
which  gave  stresses  about  one-half  as  large 

as  those  given  by  the  original  "Schvvedler" formula.  It  should  also  be  noted  here  that 
the  exact  analysis  of  a  dome  by  methods  of 
least  work,  while  pr^enting  an  interesting 
and  instructive  academic  problem,  is  by  far 
too  laborious  and  complicated  for  commercial 
ofTice  use,  since  the  first  principle  of  design 
has  been  met  when  a  structure  has  been  de- 

signed which  safely  and  economically  serves 
the  purpose  for  which  it  is  intended.  The 
method  is  thus  seen  to  be  largely  empirical, 
and  its  application  requires  experience  and 

judgment  in  the  selection  of  live  loads."  In 
this  case  a  live  load  of  20  lbs.  per  square  foot 
of  horizontal  projection  was  taken. 

Hazlehurst  Method. — On  account  of  the 

empirical  nature  of  the  "Hiitte"  formula 
for  stresses  in  the  diagonals  it  was 
deemed  advisable  to  check  the  stresses  by 
some  method  based  on  wind  pressure, 
which  would  be  the  most  likely  cause  of  stress 
in  the  diagonals  of  a  glass-covered  dome  of 
this  kind.  To  this  end  the  method  for  the 
solution  of  the  stresses  in  a  water  lower  to 

be  found  in  "Hazelhurst's"  book  on  the  sub- 
ject was  adapted  to  the  dome  design.  The 

system  may  be  briefly  illustrated  by  reference 
to  Figs.  9  and  Id. 

Let  Fig.  9  represent  a  section  through  any 
trussed  pyramid  with  inclined  posts  and  acted 
upon  by  wind. 

Let  P  =  the  total  wind  shear  from  all zones  above. 

Let  f  ~  P  divided  by  the  total  number  of 
ribs;  in  this  case  f  =  P/G.  In  other  words 
the  shear  is  assumed  to  be  equally  divided 
among  the  ribs. 

In  addition  to  the  forces  />  acting  at  each 
rib,  there  will  be  the  horizontal  component  of 
the  ribs.  This  component  is  most  easily  found 
by  first  computing  the  uplift,  at  every  point, 
assuming  all  rilis  on  the  windward  side  of 
the  neutral  axis  to  he  in  tension  while  those 
on  the  leeward  side  are  in  compression ;  and 
further  assuming  that  the  magnitude  of  the 
tension  or  conipression  varies  directlv  as  the 
distance  from  the  neutral  axis.  Then,  know- 

ing thi.s  vertical  component  and  the  anelc  of 
inclination  of  the  rib  with  the  horizontal  the 
horizontal  component  of  the  rib  stress  may  be 
computed.  The  resultant  of  this  horizontal 
component  of  the  rib  stress  and  the  force  /> 
at  every  rib  is  then  found,  and  finally  this  re- 

sultant is  projected  onto  the  two  ring  mem- 
bers.    When  this  is  done  it  will  be  seen  that 

there  is  still  an  unbalanced  condition  at  the 
point.  The  diagonal  furnishes  the  balancing 
component.  The  application  of  this  method 
to  the  various  diagonals  gave  the  following results : 

N>   =       1,000 
N^   =       1,700 
N»    =       2,700 
N*    =       4,000 
N'    =       6.700 
N»    =       7,100 
KT    =    10,000 
N«    =    13,000 
N»    =     14,500 

Third  Method. — The  third  and  final  method 
of  computing  the  diagonal  stresses  was  adapted 

from  the  "Engineering  News"  article.  It  maybe 
seen  from  a  study  of  the  same  that  the  bays 

most  nearly  parallel  to  the  direction  of  the  w'ind 
take  the  greatest  diagonal  stress,  which  in 
amount  is  equal  to  twice  the  average  of  that 
for  all  the  bays.  Thus  referring  again  to 

Figs.  9  and  10  the  horizontal  component  "H" of  the  maximum  diagonal  stress  in  any  zone 

is  equal  to  the  total  wind  shear  "P"  from  all the  zones  above  divided  bv  one-half  the  num- 
P 

her   of    panels;    in    Figs.    9    and    10,    //^ — . 3 

Having  determined  this  horizontal  component 
of  the  stress  it  is  a  matter  of  simple  resolution 
of  forces  to  obtain  the  total  stress  in  the  rod. 

The  preceding  method  was  followed  in  the 
present  analysis  of  the  dome,  using  graphic 
methods  which  are  not  of  sufficient  importance 

to  reproduce. 
Tabl  I  gives  a  summary  of  the  results  ob- 

tained by  the  three  methods. 

TABLE  I.— SUMMARY  OF  RESULTS  BY 
THREE  DIFFERENT  METHODS. 

Stress.  Engineering 

Hiitte  Hazlehurst  News' Diagonal.  method.  method.  method. 
Ni        2.530  1.000  600 
N2        3,960  1,700  SOO 
N"        5,630  2,700  1,500 
N«        7,300  4,000  2.700 
N»        9.100  6,700  4,000 
N"      11.050  7.100  6,100 
N'      12,850  10.000  8,000 
N«      14,000  13.000  11.300 
N"      15,700  14.500  14,000 •  N""    36,000  36,000 

•Diagonal  in  cylindrical  portion  of  dome  below 
the  spring  line. 

The  results  given  by  the  three  methods  are 
thus  seen  to  check  closely  where  the  ribs  of 
the  dome  approach  the  vertical,  although  they 
differ  widely  where  the  ribs  become  more 
nearly  horizontal.  Each  rod  in  the  dome  was 
designed  for  the  maximum  stress  given  in 
Table  I. 

Fig  10 
Figs.  9  and   10.    Diagrams     Explanatory    of 
Hazlehurst   Method  of  Determining  Stresses 

In  Diagonals  of  Dome  of  Palace  of 
Horticulture. 

It  has  been  pointed  out  above  that  the 
"Hiitte"  method  for  finding  the  stresses  in 
the  diagonals  is  largely  empirical.  The  same 
criticism  may  be  made  of  the  other  two 
methods;  since  in  each  of  these  the  assumption 
is  made  that  the  wind  shear  is  distributed 
equally  among  the  ribs,  an  assumption  whose 
truth  depends  largely  upon  the  stiffness  of 
the  horizontal  rings.      The    close    agreement 
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shown  by  the  preceding  table  may  not  always 
be  realized. 

It  is  therefore  obvious  that  in  the  design 
of  a  structure  of  this  kind,  a  satisfactory  de- 

sign depends  to  a  great  extent  on  the  judg- 
ment and  experience  of  the  designer,  and 

even  though  the  methods  here  outlined  are 
applicable  to  the  general  case  of  domes,  no 
conclusion  based  upon  this  study  of  one  dome 
should  be  applied  to  any  other  dome  without 
careful  consideration  of  the  particular  case. 

In  the  selection  of  members  to  resist  the 
computed  stresses  careful  consideration  was 
given  to  various  types  of  ribs  and  rings.  The 
trussed  type  was  decided  upon  because  of  its 
stiffness  and  ability  to  resist  the  secondary 
stresses  due  to  bending.  This  latter  considera- 

tion is  an  important  factor,  since  the  line  of 
action  of  the  stress  between  panel  points  in 
both  ribs  and  rings  is  assumed  to  be  a  straight 
line,  while  as  a  matter  of  fact  the  members 
are  curved.  Furthermore,  where  there  is  a 
heavy  lantern  on  the  dome,  as  in  the  present 
case,  there  should  be  a  stiff  ring  at  th»  top  to 
insure  a  uniform  distribution  of  this  luad. 

DESIGN  OF  SUBSTRUCTURE. 

In  computing  the  wind  load  for  the  design 
of  the  dome  the  wind  pressure  was  mken  at 
20  lbs.  per  square  foot  of  vertical  projection, 
which  amounts  to  slightly  more  than  30  lbs. 
per  square  foot  reduced  40  per  cent  for  a 
cylindrical  surface.  In  the  design  of  the  sub- 

structure, however,  it  was  considered  im- 
probable that  a  wind  pressure  of  20  lbs.  per 

square  foot  would  e.xist  over  the  entire  area 
of  dome  surface  at  the  same  instant.  It  was 
therefore  thought  consistent  in  the  following 
computation  to  reduce  the  wind  pressure  on 
the  smooth  surface  of  the  dome  by  multiplying 
it  twice  by  the  factor  0.6,  once  because  of  the 
circular  horizontal  section  and  again  because 
of  the  circular  vertical  section.  The  resulting 
pressure  ==30X0.6X0.6=10,8  lbs.  per 
square  foot  of  projected  area.  The  lower  part 
of  the  dome  and  the  lantern  was  loaded  with 
20  lbs.  per  square  foot  of  projected  area,  since 
the  ornamentation  forms  pockets  for  t.'ie  wind. 

The  total  horizontal  load  on  the  substructure 
was  found  to  be  as  follows : 

Lbs. Wind  on  lantern       17,500 
Wind   on  dome  to  spring  line     100,000 
Wind  on  dome  below  spring  line       75,000 
Wind   on   remalndei    of  structure  to  the 

flat  roof  of  building    120,000 

Total  horizontal  load  =    312,500 
An  increase  of  2.5  per  cent  was  allowed  for 

wind  stresses  over  those  allowed  for  dead 
load  stresses,  and  therefore  the  equivalent 
horizontal  dead  load  =312,500X0.80=250.- 
000  lbs. 

Two  assumptions  were  made  as  to  the  dis- 
tribution of  this  horizontal  load  among  the 

piers:  (a)  that  ihc  piers  were  loaded  in  pro- 
porticin  (o  their  respective  rigidities;  and  (b) 
that  they  received  equal  loads.  The  most  un- 

favorable conditions  given  by  the  two  assump- 
tions were  used  in  the  design.  In  calculating 

the  stresses  in  the  two  non-parallel  sides,  CD 
anil  A  B  (see  Fig.  13)  it  was  considered  that 
each  pier  acted  independently  as  a  cantilever, 
but  in  calculating  the  stresses  in  the  knee- 
braces  and  in  the  two  parallel  sides  it  was 
considered  that  each  pier  acted  as  part  of  a 
rigid  structure  with  its  neutral  axis  passing 
through  the  center  of  the  octagon  formed  by 
the  einht  piers.  The  reason  for  this  is  ap- 

parent since  the  knee-braces  are  not  very  ef- 
fective when  they  become  normal  or  nearly 

normal  to  the  direction  of  the  wind. 
(a)  Piers  Loaded  in  Proforliim  lo  Their 

Respective  Rirjidilies.— The  assumption  that 
the  piers  take  their  loads  in  proportion  to 

t'  cir  varying  rigidities  may  be  more  precisely stated  as  follows:  The  horizontal  load  at  the 
top  of  each  pier  will  be  to  the  total  horizontal 
load  as  the  moment  of  inertia  of  each  pier 
about  an  axis  through  its  center  of  gravifv, 
normal  to  the  direction  of  the  wind,  is  to  the 
sum  of  the  moments  of  inertia  of  all  eight 
liers  about   similar  axes. 

It  was  found  by  trial  that  the  direction  of 
the  wind  giving  maximum  stresses  was,  as  in- 

dicated by  the  arrow  in  Fig.  12,  parallel  to 
the  long  diameter  of  the  octagon  formed  bv 
the   eight   piers.     It   was  also   found   by  trial 

that  18-in.  48.5-lb.  I-beams  fullilled  the  re- 
quirements for  the  outer  columns  and  20-in. 

59-lb.  I-beams,  for  the  inner  columns. 
In  calculating  the  moments  of  inertia  of 

the  piers  about  axes  normal  to  the  wind  the 
following  well-known  formula  was  used:  If 
X-X  and  F-I'  are  axes  at  right  angles  to  each 
other  and  V-Y  is  an  axis  of  symmetry,  then 
the  moment  of  inertia  about  an  axis  U-U, 
making  an  angle  oc  with  axis  Y-Y,  may  be 
expressed  as  follows: 

/u  =  /.  cos"  oc   -f  /,  sin  'cc. 
Referring  again  to  Fig.  13  the  axis  X-X  is 

distant   from  the  center  line  of  the  20-in.  I- 
59  X  0.83  +  48.5  X  15.46  —  0.83 

beams,     =  6.60 

ft. 
59  +  48.0 

Then,  to  obtain : 

Moment  of  inertia  of  pier  about  axis  X-X 
(Fig.  13)  : 

Z0.600  ̂  a  1-482     i; 

Flonges    Jiol- 
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FigJS.  Fig  16 
Figs.   12-16.    Diagrams  Explanatory  of  Meth- 

ods    Used    to     Determine    Stresses    and 
Sections    of    Members    of    Substruc- 

ture of  Dome  of  Palace  of  Hor- 
ticulture. 

/  of  two  18-in.  I-beams  about  own  axis 

parallel  to  A'-A'  =  2  (798.3  cos' 
22°  30'  -f  36.2  sin'  22°  30')  =       1,370 

1  of  same  I-beams  about  X-X  axis  = 

28.50  X  (8.02)=  X  144  =      264,000 
/  of  two  20-in.  I-beams  about  own 

axis  =         2,344 
/  of  same  I-beains  about  X-X  axis  = 

34.72  X  (6.60)=  X  144  =    218,000 

Total   /   =   485,914 
Moment  of  inertia  of  pier  about  Y-Y  axis: 

/of  two  18-in.  I-beams  about  own  axis 

parallel  to  Y-Y  =  2  (798.3  cos^  6'' 
30'  -t-  36.2  sin'  67°  30')  =          298 

/  of  same  I-beams  about  axis  Y-Y  = 

28.50  X  (8.34)--  X  144  =   286,000 /  of  two  20-in.  I-beams  about  own 
axis  =       97 

/  of  same  I-beams  about  Y-Y  = 
34.72  X  (2.25)'  X  144=    25,300 

Total  /  =    311,695         = 

Moment  of  inertia  of  pier  about  axis  at  45° 
with  Y-Y  =  311,695  cos'  45°  +  485,914  sin' 4.5"  =  398,804. 

Since  there  are  two  piers  with  axis  X-X  at 

90°,  four  with  axis  X-X  at  45°,  and  two  with 
axis  X-X  at  180°  with  the  direction  of  the 
wind,  as  shown  in  Fig.  12,  we  have  the  fol- 

lowing for  the  sum  of  the  moments  of  inertia 
of  the  eight  piers  about  axes  normal  to  the 
wind : 

For  2  piers  with  X-X  at  90°  to  the wind,   /  =  485,914  X2=         971,828 

For  4  piers  with  X-X  at  45°   to  the 
wind,   /  =  398.804  X4=      1,595,215 

For  2  piers  with  A'-A'  at  180°  to  the wind,  /  =  311,6i)5  X2=      623,390 

Total  /  =      3,190,434 
Therefore   the  horizontal   loads  at  the  tops 

of  the  various  piers  under  the  assumption  are : 

On  pier  No.  1  with  axis  A'-A'  at  90°,  hori- 250,000 

zontal  load  =   X  485,914  =  38,000  lbs. 3.190,434 

On  pier  No.  2,  with  axis  X-X  at  45°,  hori- 250,000 

zontal  load  =   X  398,804  =  31,300  lbs. 

3,190,4.34 
On  pier  No.  3,  with  axis  A'-A'  at  180°,  hori- 250,000 

zontal  load  =   X  311,695  =  24,400  lbs. 

3,190,434 
These  loads  are  parallel  to  the  direction  of 

wind ;  but  in  order  to  apply  them  in  comput- 
ing stresses  they  must  be  resolved  into  their 

components  parallel  to  the  principal  .ixes  L-L 
and  M-M  (Fig.  12).  The  following  table 
gives  the  components  of  the  loads  parallel  to 
the  principal  axes  L-L  and  M-M  for  wind 
acting  as  shown  in  Fig.  12 : 
Axis.  Pier  No.  1.      Pier  No.  2.      PierNo.3. 
L-L  0  22,100  24,400 
M-M  35,000  22,100  0 
The  governing  loads  then  are  24,000  lbs. 

parallel  to  axis  L-L  and  38,000  lbs.  parallel  to 
axis  M-M. 

(b)  Piers  Receive  Equal  Loads. — .\ssuminc: 
that  the  piers  are  of  equal  rigidity  and  that  all 
take  equal   loads,  the  load  at  the  top  of  each 

250,000 

pier  in  the  direction  of  the  wind  =   = 
8 

31..300  lbs. 
Resolving  this  load  into  its  two  components 

parallel  to  L-L  and  M-M,  the  following  loads 
are  obtained  for  the  various  piers: 

-'\xls.  Pier  No.  1.      Pier  Xo.  2.      Pier  No.3. 
L-L  0  22,100  31,300 
M-M  31,300  22,100  0 

The  governing  load  under  this  assumption  is 
31,300  lbs.  parallel  to  either  axis. 

Considering  the  results  given  by  the  two 
assumptions  we  obtain  as  designing  loads, 
31,300  lbs.  parallel  to  L-L  and  38,000  lbs.  paral- 

lel to  M-M. 
Calculating  first  the  stresses  in  system  A-B 

38,000 
(Fig.  13)  :  The  load  applied  at  the  top  is   

2 

(sec.  22°  30')  =  20,600  lbs.     This  system  may 
be  considered  a,>  a  vertcal  cantilever  down  to 

section  .4-A    (Fig.   14).     Below  .4-A   it  must 
be  considered  as  a  portal. 

The  stress  in  each  strut  above  section  A-.'l will  be  20,600  lbs. 

The  maximum  stress  in  the  diagonals  = 
20,(i00  (sec.  43°  10')  =  28,200  lbs. 

Below  the  section  A-.4  it  was  assumed  that 
the  columns  would  take  tlieir  horizontal  loads 

in  proportion  to  their  rigidities.  The  sections 
linally  obtained  at  the  bottom  of  the  portal 
frame  (the  plane  of  maximum  bending)  are 
as  follows : 

[•or  column  A  (Fig;  13),  1,  20-in.,  59-lb. 
I-beam  with  an  8  x  1-in.  plate  on  each  flange. 

I"or  c<dunin  B,  1,  18-in.,  48.5-11).  I-beam  with 
an  8  X  %-in.  plate  on  each  flange. 

Then   (see  Fig.  13),  to  obtain; 

Moment  of  inertia  of  column  .1  about  axis 

parallel  to  X-X: 
/of  20-in.  I-beam  about  own  axis  parallel 

to  A'-A'  =     1,172 
/  of  two  8  x  1-in.  plates  about  own  axis 

         1 
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/    of   two   8  X  1-in.    plates    about    axis    of 
I-beam  =    1,7G3 

■20,600 

X  2,525  =  13,600   lbs. 
13,600  X  11.1 

Total  /  =     2,937 
Moment  of  inertia  of  column  A  about  axis 

parallel  to   V-Y:    ■   
/  of  20-in.  I-beam  about  own  axis  parallel  2,525  -|-  1,304 

to   Y-Y  :=           18  It   was   considered   that   the  columns   w^ould 

2,525  +  1,.304 
The    horizontal    reaction    on    column    B    = 
20,600 
  X  1,304  =  7,000  lbs. 

Fig.   17.    View  Showing   Manner  of   Erecting    Dome  Piers  and  Supporting  Girders  of  Same 
of   Palace  of  Horticulture. 

/   of   two   8  X  1-in.    plates (8)'xl 12 
85 

Total  /  =         1-33 
Moment  of  inertia  vf  column  A  about 

axis  normal  to  A-B  =  2,937  for  22°  30 
+  133  jiV  22°  30'  =   2,525 

be  partially  fixed  and  the  plane  of  contraflex- 
ure  was  assumed  at  3.5  ft.  from  the  bottom. 
which  is  approximately  %/i  (Fig.  14).  Then 
the  vertical  reaction  at  the  top  of  the  portal 

20,600  X  35.84 
frame  =    =    4ii,fiO0  lbs. 15.83 

the  vertical  reaction  at  the  plane  of 

(20,600) 
14.58 

Compression  in  lower  strut  = 
13,600  X  25.68 

31,000  lbs. 

24,000  lbs. 14.58 

Stress  in  Column  A. — The  dead  load  on  the 
16  inside  columns  =  1,765,700  lbs.,  or  the  dead 
load  on  one  column  =■  110,000  lbs.  The  com- 

pression on  the  column  due  to  overturning  = 
80.000  lbs. 

The  uplift  due  to  1%  dome  ribs  on  the  basis 

of  20  lbs.  per  square  foot  of  projected  area  := 
13,000  X  1.5  X  O.'i  X  0.8  =  9,300  lbs. 
The  maximum  bending  in  column  A  = 

1.3,600X11.1X12  =  1,810,000  in.-lbs.  The  dis- 
tance of  the  extreme  fiber  of  the  column  from 

its  neutral  axis  =  11.0  cos  22°  30'  +  4  sin  22° 
30' =  11.70  ins.  Therefore  the  summation  of 
the  stress  in  the  column  is : 

1,810,000  X  11.70 
Fiber    stress    =      ■      =  8,400 

lbs.  per  square  inch. 

Dead  load  stress  : 

lbs.  per  square  inch. 

Wind  load  stress  = 

lbs.  per  square  inch. 

2,-525 110,000 
=    3,300 

33,36 

80,000  —  9,300 

33.36 
2,100 

.13,800 Total  stress  =    
lbs.   per   square   inch. 

Since  this  maximum  stress  occurs  at  the 
point  where  the  column  is  supported  by  the 
lower  strut  of  the  portal  it  is  well  inside  safe 
limits. 

Stress  in  Column  B. — The  dead  load  on  the 
16  outside  columns  =  344,000  lbs.,  or  the 
dead  load  on  one  column  =  21,-500  lbs.  The 
compression  due  to  the  overturning  of  the 
pier  =  80.000  lbs.  and  the  maximum  bending 
moment  at  the  bottom  of  the  portal  frame  = 
7.000  X  11,1  X  12  =  930.000  in.-lbs.     The  dis- 

Fig.   18.    View   Showing    Manner  of  Erecting  Steel  Framed  Dome 
of     Palace     of     Horticulture.     View     Also    Shows   Oth«r    De- 

tails   of    Building. 

Fig.    19.     View    Showing    Steel    Frame    of    Dome    and     Its     Sup- 
ports. Palace  of  Horticulture. 

Moment  of  inertia  of  column  B  about  axis 
normal  to  A-B: 
I  of  18-in.  I-beam  about  own  axis  =  . . .  .    798 
/  of   two  8  X  %-in.   plates   about   axis   of 

I-beam  =  6  (9.187)=        .506 

Total  /  =     1,304 

The   horizontal    reaction    on    column   A    =      Compression  in  upper  strut  = 

20,600  X  61.50 
contraflexure  =     =  80,000  lbs. 

15.83 
and   the  horizontal   load    (see  Fig. 

15)    at   the   top   of   the   portal   =   20,600  lbs. 
The  tension  in  diagonal  (Fig.  15) 

(80,000-46,61)0)   sec.  47°  21'  —   ...'.  49,300  lbs. 

tancc    from   the   neutral    axis   to   the   extreme 
fiber  =  9.375  ins. 

The   total  stress  on   the  column  is   then   as follows: 

930,000  X  9.375 
Fil)cr    stress   =      =     6,700 

lbs.  per  square  inch. 1,304 
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21,500 
Dead  load  stress  =     =       l.OCO 

20.25 
lbs.  per  square  inch. 

80,000 
Wind  load  stress  =     =     3,950 

20.25 
lbs.  per  square  inch. 

Total   stress  =      11.710 
lbs.  per  square  inch. 

This  stress  occurs  at  a  point  of  support  and 
is  well  on  the  side  of  safety. 

Stresses  in  Sides  of  Pier  Parallel  to  X-X 
(Fig.  13). — The  following  arbitrary  assump- 

tions were  made:  First,  that  75  per  cent  of 
the  total  load  of  31,300  lbs.  is  taken  by  the 
bracing  between  the  inside  columns  A  and  D 
and  2-J  per  cent  by  the  bracing  between  the 
outside  columns  C  and  B  (Fig.  13)  ;  second, 
that  there  would  be  sufficient  fi-xing  effect  at 
the  bases  of  the  pier  to  cause  contraflcxure  10 
ft.  from  the  bottom  of  the  piers  when  the 
structure  is  considered  as  a  rigid  unit,  tending 
to  overturn  about  an  axis  through  the  centers 
of  the  bases  of  two  opposite  piers. 
The  total  moment  tending  to  overturn  the 

structure  was  found  to  be  26,52.5,000  ft.-Ibs. 
The  verticil  reactions  on  the  piers  caused  by 
this  overturning  moment  were  considered   as 

The  dead  load  unit  stress  in  each  column  — 
110,000 
  =  4,700  lbs. 

23.3t; 

The    direct    stress    due    to    overturning    for 
each  column  is  as  follows: 

A  =  0 58,800 

/'3  =   =1,260  lbs.  per  square  inch. 2X23.36 

84,000 
Pj  =   =:  1,800  lbs.  per  square  inch. 2X23.36 

The  nia-ximum  stress  in  the  column  then  is 
found  to  be  in  the  pier  at  the  neutral  a.xis  and is: 

Dead  load  stress, 

P  =  4,700  lbs.  per  square  inch. 
Vertical  stress  due 

to  overturning,  f  i  =       0 
Be"ding  stress, 

K,  =■  8,300  lbs.  per  square  inch. 

Total    stress   =    13,000  lbs.  per  square  inch. 

The  latticing  between  the  20-in.  I-beams  was 
designed  for  a  shear  below  the  knee-brace 
of  23,500  lbs.  and  above  the  knee-brace  of 
23,500  X  32.75   =  48,000  lbs. 

15.92 

Fig.   20.    View  of  Completed   Palace  of   Horticulture,   San    Francisco,   Cal.,   Showing    Archi- tectural   Treatment. 

acting  on_  the  large  interior  columns.  Let  Vu 
K,  and  V\  represent  the  reactions  at  the  foot 
of  the  pairs  rpf  columns  at  distances  of  0  ft.  56 
ft.  and  80  ft.,  respectively,  from  the  neutral 

axis  of  the  dome;  then  if  "a"  is  the  reaction 
on  a  pair  of  columns  at  a  unit  distance  wc 

have  f',  =  0,  K,  =  .56o  and  V,  =  80o, 
Then  4  X  (5r>)'a-t-2  X  (80)' 0  =  26,525,000; 

hence  a  =  1,0.50  lbs. 
Therefore  K,  =  0,  K,  =  1,050  X  56  =  58,800 

lbs.,  and  V,  =  84.000  lbs. 
The  corresponding  horizontal  reactions  are 

as  follows  (sec  assumption  (b)  : 
//,  =  31,.3n(i  X  0.7.5  =  2:U00  Ihs 
A/i  =  22,100  X  0.75=  16,000  lbs. 
//,  =  0. 
The  section  required  at  the  foot  of  the  kncc- 

braces  was  found  to  be  2.  20-in.,  59-lb.  1-bcams 
spaced  4  ft  ti  ins.  on  centers,  with  1.  16  x  %-ln. 
plate  on  the  outside  of  each  web.  The  section 
modulus  of  this  section  is  1,112  ins'. 
The  fiber  stresses  due  to  bending  in  each  of 

the  piers  are  therefore  as  follows  (see  Fie. 
16): 

23,500  X  32.75  X  12 

A.'i  =   =  8.300  lbs. 1  112 

16.600  x'3275  X  12 K,  =   =  .5,900  lbs. 

The  stress  in  the  knee-brace  is 
23,500  +  48,000 

=  51,000  lbs. 

2fo.f40°  I0'<:o.r22°30' The  bracing  between  the  18-in.  I-beams  was 
designed  for  a  shear  below  the  knee-brace  of 
31,.500  X  0.25  =  7,8-50  lbs.,  and  above  the  knee- 

7,850  X  32.75 
brace  of   =16,000  lbs. 

15.92 
The    stress    in    the    outside    knee-brace    is 

7,8.50  +  16,000 
:  17,000  lbs. 

2  cos  40°  40'  cos  22°  30' 

K,=:ii. 
1.112 

ERECTION    FEATURES. 

The  steelwork  of  the  substructure  rests 
upon  a  timber  grillage  supported  on  piles.  The 
timber  caps  arc  well  drift-bolted  to  the  piles, 
which  is  relied  upon  to  produce  some  fixing 
effect  upon  the  columns,  as  has  already  been 
noted. 
The  substructure  was  completely  erected 

beferc  any  of  the  dome  ribs  were  placed.  For 
raising  the  ribs  of  the  dome  a  battered  tower 
was  constructed  in  the  center  of  the  dome 
area,  the  ton  of  which  extended  slightly  above 
the  tope  of  the  plate  girder.  Upon  this  tower 
there  was  placed  one  guyed  mast  and  two 
guyed  derricks.  The  mast  supported  the  top 
ring  of  the  dome  bv  me.Tns  of  rod  hangers 
with    turnbuckles.      By    means    of    the    turn- 

buckles  in  these  hangers  and  in  the  guys,  an 
adjustment  of  the  position  of  the  top  ring  was 
made. 

The  portion  of  the  ribs  between  the  girders 
and  the  first  splice,  includii.g  the  rings  and 
diagonal  rods,  were  erected  first.  Meanwhile 
the  remainder  of  the  ribs  were  assembled  in 
pairs  on  the  ground,  and  a  pair  of  ribs  with 
the  connecting  rings  and  diagonal  rods  were 
riveted  together  and  swung  into  place  by  the 
guyed  derrick,  thus  completing  the  erection 
of  the  steel.  The  weight  of  such  a  pair  of 
ribs  complete  was  approximately  8  tons. 

Figure  17  shows  a  view  taken  during  the 
erection  of  the  domf  piers  and  the  supporting 
girders ;  Fig.  18  shows  a  view  taken  during 
the  erection  of  the  steel  frame  of  the  dome: 
Fig.  19  is  a  view  of  the  completed  frame  of 
the  dome;  and  Fig.  20  is  a  general  view  of 
the  completed  structure. 

.AH  field  connections  of  the  dome  were  riv- 
eted. In  the  substructure,  however,  the  field 

connections  were  bolted,  using  ordinary  bolts. 
The  weight  of  steel  for  that  portion  of  the 

structure  above  the  top  of  the  plate  .girders  is 
200  tons.  This  amounts  to  8V2  lbs.  per  super- 

ficial square  foot  of  roof  surface,  or  0.304  lb. 
per  cubic  foot  of  volume  of  the  portion  con- 

sidered. The  total  weight  of  steel  in  the  dome 
and  its  substructure  is  503  tons,  giving  an 
average  weight  of  0.358  lb.  per  cubic  foot  of 
volume  enclosed  by  the  frame.  The  corre- 

sponding values  for  the  Horticultural  Build- 
ing at  the  Chicago  Exposition  were ; 

Weight  of  steel  per  superficial  square  foot, 
lbs   10.7 

V.'eight  of  steel  per  cubic  foot,  lb    0.312 
COST   OF   BUILLING. 

The  total  cost  of  the  structure  and  its  ac- 
cessories, taken  from  the  latest  compilation  of 

costs  and  estimates,  is  $300,000,  being  made  up 
as  follows : 
Steel   frame      $  43,515 
Erecting    steel    frame       11,115 
Pile   driving           2.311 
General  construction     20S.658 
Plumbing           3.992 
Hot    water    heating         5.775 
Boiler    house            2.215 
P'umigating  building         1.047 
Lumber.   2,524,244   ft    B.   M       36.042 
Electric  wiring   (estimated)       18.000 
Additional   plumbing  and   heating   (esti- 

mated)            5.000 
Decorative   painting   (estimated)         5.000 
Interior  cold   water  painting  and   paint- 

ing of  steelwork  (estimated)         3,000 
Incidental  additional  requirements       14.332 

Total      $360,000 
REFERENCES    CONSULTED. 

A  list  of  the  leading  discussion  upon  which 
the  above  study  is  based  follows: 

E.  Schmitt.  borne  Design. — Trans.  Am.  Soc. 
C.    E..   Vol  52,   1904. 
Hazlehurst.  Towers  and  Tanks  for  Water- works. 
Engineering  News,  Design  of  a  Gas  Holder. — Vol.    66.    p.    C44. 
World's  Columbian  Exposition.  Dome  of  the 

Horticulture    Building.— Vol.   27.    I.Iarch    12.    1892. 
Johnson.  Bryan  and  Turneaure.  The  Theory 

and  Practice  of  Modern  Framed  Structures. 
Part  I. 
Greene.  Structural  Mechanics. 
Eddy,  Researches  in  Graphical  Statics. 
Hiitte.  Des  Ingenieurs  Taschenbuch. — Abtei- 

lung  II.  Berlin. 
Miiller-Breslau.  Die  Neueren  Methoden  der 

Festigkeltslehre. 
PERSONNEL. 

The  plans  for  this  structure  were  prepared  bv 
the  Division  of  Works  of  the  Panama- Pacific 

International  I'.xposition  Co..  of  which  H.  D.  H. 
Clonnick  is  director  and  A.  H.  Markwart  as- 

sistant director.  The  dome  and  its  substruc- 
ture were  designed  by  the  writers  under  the 

immediate  supervision  of  H.  D.  Dewell.  chief 
.structural  engineer  of  the  Division  of  Works. 
After  the  design  was  completed  the  stresses 
in  the  dome  were  checked  by  Richard  G. 
Docrfling.  civil  engineer. 

Bakewcll  &  Brown,  of  San  Francisco,  were 
the  architects  of  the  building,  and  Dyer  Bros., 
of  the  same  city,  were  the  contractors  for  the 
fabrication  and  erection  of  the  steelwork. 

Samples  of  materials  available  in  Panama 
for  making  concrete,  will  be  sent  to  the  United 

States  for  tests  to  determine  best  propor- 
tions for  the  required  strength  at  a  minimum 

production  cost,  and  for  making  small  con- 
crete blocks  and  standard  mortar  briquettes 
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:OADS  AND  STREET 
Rules     and     Regulations      Governing 

Street  Traffic  in  Philadelphia. 
(Staff  Article.) 

Streets  in  Philadelphia  are  noted  for  the 
orderliness  and  lack  of  congestion  of  the  traf- 

fic passing  through  them.  Although  they  are, 
as  a  rule,  narrow  and  every  reasonable  cause 
exists  for  congestion,  in  addition  to  the  dif- 

ficulties from  a  severely  rectangular  plan  and 
a  congested  business  district,  no  appreciable 
congestion  is  apparent  to  even  the  casual observer. 

Undoubtedly  the  improvements  in  rapid 
transit  facilities  by  the  use  of  shallow  sub- 

ways for  suburban  street  cars  and  the  partial 
elimination  of  double  track  surface  lines, 
thereby  greatly  simplifying  traffic  control, 
have  contributed  to  this  result.  In  addition  to 
these  measures,  however,  Philadelphia  has  a 
comprehensive  and  effective  plan  for  the  regu- 

lation of  vehicular  traffic  which  is  enforced  in detail. 

The  regulation  of  street  traffic  is  under  the 
control  of  the  Department  of  Public  Safety. 
James  Robinson,  superintendent,  and  is  a 
function  of  the  Bureau  of  Police.  In  the  ad- 

ministration of  its  affairs  this  department  has 
sought  the  co-operation  of  various  trade  or- 

ganizations and  by  a  campaign  of  publicity  and 
education  of  the  residents  of  the  city  in 
traffic  rules,  and  the  value  of  their  co-operation 
in  the  enforcement  of  these  rules,  valuable  re- 

sults have  been  accomplished.  While  it  is  rea- 
sonable to  believe  that  such  a  plan  would  be 

peculiarly  successful  in  Philadelphia,  due,  per- 
haps, to  the  type  of  citizenship  of  that  city, 

it,  nevertheless,  illustrates  the  possibilities  of 
co-operation  in  expediting  traffic  and  making city  streets  safe. 

Copies  of  the  rules  and  regulations  pertain- 
ing to  street  traffic  compiled  with  the  co-opera- 

tion of  the  Board  of  Trade,  Automobile 
Associations,  Team  Owners'  Associations  and 
the  Philadelphia  Rapid  Transit  Company,  after 
official  adoption  were  distributed  free  to  all 
residents  of  the  city.  The  regulations  state 
that  it  is  the  desire  of  the  department  of  safety 
to  bring  about  public  benefit  by  regulation  and 
courteous  intervention  rather  than  by  embar- 

rassing arrests  and  legal  procedure.  '  Further. 

Public 

Square 

Fig.    1.     Showing    Rotary   System   of  Traffic 
Around   a   Public   Square. 

that  regulations  devised  may,  at  times,  bring 
hardship  or  inconvenience  to  a  few,  but  will 

■be  of  the  greatest  benefit  to  all. 
TRAF-IC   CONTROL. 

Both  the  block  and  rotary  systems  of  traffic 
liandling  are  used,  depending  on  the  adapta- 

bility of  each  system  to  the  needs  of  different 
sections  of  the  city.  Each  has  its  advantages 
for  use  tinder  certain  conditions  determined 

■by  the  character  and  e.xtent  of  the  traffic. 
Rotary  System. — The  rotary  system  of  traffic 

Tiandline  may  be  defined  as  a  system  in  which 
all  vehicular  traffic  on  a  given  street  travels 
in  the  same  direction.    This  system  is  especial- 

ly desirable  for  use  with  rapidly  moving  traffic 
— motor  and  street  car  traffic.  On  narrow  busi- 

ness streets  its  adoption  results  in  an  astonish- 
ing reduction  in  traffic  congestion. 

At  street  intersections  the  use  of  the  rotary 
system  is  limited  to  those  points  where  public 
squares,  circles,  or  buildings  occupy  the  center 
of  the  intersection— the  city  hall  in  Philadel- 

phia for  example.  At  such  points  all  vehicular 
traffic  is  usually  diverted  to  the  right  when 
approaching  the  intersection,  vehicles  continu- 

ing around  the  square,  or  circle,  until  the 
street  into  which  they  desire  to  turn  is  reached. 
Figure  1  illustrates  a  typical  case  of  the  use 
of  the  rotary  system  at  intersections. 
Figure  2  illustrates  the  arrangement  by 

which  traffic,  both  vehicular  and  street  car, 
goes  in  different  directions  on  alternate  streets. 
The  advantages  of  this  arrangement  need  not 
be  mentioned;  the  greatest  disadvantage  seems 
to  be  in  the  change  of  type  of  shoppers  in  a 
downtown  district  and  alternate  congestion 
morning  and  afternoon  on  streets  on  which 
cars  run  to  and  those  on  which  cars  run  from 
the  downtown,  district. 

Block  System.— In  the  block  system  of  traf- 
fic control,  traffic  is  alternately  halted  and  al- 

low^ed  to  proceed  by  a  traffic  officer  stationed 
at  important  street  intersections.  This  is  the 
system  most  generally  used  in  the  United 
States.  The  various  signals  used  bv  the  traffic 
officers  in  Philadelphia  are  stated  in  the  rules 
and  regulations  included  in  this   article. 

Several  methods  and  devices  to  aid  in  traffic 
control  have  been  devised,  among  them  the 
semaphore  and  the  use  of  zones  of  safety. 

TRAFFIC    SEMAPHORES. 

The  traffic  semaphore  illustrated  in  Fig.  3 
is  used  by  the  traffic  officer.  The  great  height 
of  the  arms  permits  the  signal  to  be  more 
readily  seen  than  a  motion  by  the  officer.  The 
semaphore  consists  of  a  movable  pedestal  sup- 

porting a  tubular  iron  post  about  12  ft.  high 
at  the  top  of  which  three  semaphore  arms  are 
hinged  r  two  for  vehicular  traiific  and  one  for 
pedestrians.  The  method  of  operation  is  clearly 
shown  by  the  ilk'stration.  In  Fig.  3  the  "board 
is  against"  vehicular  traffic  and  clear  for  pedes- 

trians. Figure  4  is  a  plan  of  the  street  inter- 
section at  which  the  photograph  was  taken. 

ZONES  OF  SAFETY. 

For  the  safety  and  convenience  of  persons 
boarding  street  cars  and  the  better  control  of 
vehicles  frequent  zones  of  safety,  marked  by 
stretching  a  rope  to  indicate  a  protected  area, 
are  used.  This  rope  is  supported  at  intervals 
of  15  to  2-5  ft.  by  iron  standards  about  4  ft. 
high.  The  standards  have  a  flat  base  and  are 
frequently  surmounted  by  a  circular  disk  paint- 

ed red,  with  the  words  "Zone  of  Safety" marked  on  it  in  white. 
The  length  of  a  zone  is  from  50  to  150  ft. 

and  is  varied  to  meet  the  conditions  imposed 
by  traffic  at  different  street  intersections.  At 
night  the  rope  is  taken  down  and  the  stand- 

ards stored  at  a  convenient  point  out  of  the 
way  of  traffic.  Figures  5  and  li  illustrate  a 
zone  of  safety  along  a  street  car  track. 

RULES    AND    REGULATIONS. 

The  rules  and  regulations  for  street  traffic 
are  botmd  in  a  booklet  3%x6%  ins.  in  size  and 
are  distributed  free.  An  abstract  of  these 
rules  is  given  below. 

PASSING,    TURNING.    STOPPING,    STANDING 
AND    STARTING. 

1.  A  vehicle,  except  when  passing  a  vehicle 
going  in  the  same  direction,  shall  keep  to  the 
right  and  a.s  near  the  right-hand  curb  as  pos- 

sible (except  on  streets  where  traffic  is  only 
in  one   direction). 

2.  A  vehicle  meeting  another  shall  pass  to 
the  right. 

3.  A  vehicle  overtaking  another  shall  pass 
to  the  left,  AND  NOT  PULL  OVER  TO  THE 
RIGHT  UNTIL  SO  FAR  AHEAD  AS  NOT  TO 
INTERFFRK  Wtt-h  THE  PROGRESS  OF  THE 
VEHICLE  PASSED. 

4.  Vehicles  shall  keep  to  the  right  on  all 
avenues  and  streets  divided  by  a  parkway,  rope 
guides,   walk,    sunken-way  or  viaduct. 

5.  A  vehicle  turning  into  another  street  to 
the  right  shall  turn  the  corner  as  near  the  right- 
hand   curb   as  practicable.     (Fig.    7.) 
6.  A  vehicle  turning  Into  another  street  to 

the  left  shall  turn  around  the  intersection  of 
the  center  lines  of  the  two  streets.     (Fig.  7.) 
7.  A  vehicle  crossing  from  one  side  of  the 

street  to  the  other  on  streets  where  there  is 
two-way   traffic  shall   head   in   the   same   direc- 

t' 
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Fig.  2.    Showing   a  Typical   Arrangement  of 
One-Way   and   Two-Way  Traffic.     Street 

Car    Traffic    One-Way. 

tion  as  the  traffic  on  that  side  of  the  street. 
(Fig.   7.) 

Note. — Such  turns  should  not  be  made  at  the 
street  intersections. 

S.  On  two-way  streets  no  vehicle  shall  stop 
with  its  left  side  to  the  curb,  except  on  estab- 

lished cab,    hack  and   truck  stands. 
9.  On  one-way  streets  no  vehicle  shall  stop 

except  near  the  rlgiit-hand  curb  thereof,  and 
so  as  not  to  obstruct  a  crossing,  except  to  rea- 

sonably discharge  or  take  on  passengers  or 
merchandise,  or  to  allow  another  vehicle  or 
pedestrian  to  cross  its  path. 
10.  No  vehicle  shall  stop  in  any  public  street, 

except  close  to  the  curb  (or  in  the  place  des- 
ignated for  parking),  except  in  an  emergency 

or  to  allow  another  vehicle  or  a  pedestrian  to cross  its  Tilth. 

11.  No  vehicle  shall  back  to  make  a  turn  in 
any  street,  if  by  so  doing  it  interferes  with 
other  vehicles,  but  shall  go  around  the  block 
or  to  a  street  sufficiently  wide  to  turn  without backing. 

12.  On  two-way  streets  the  heavy  and  slow 
vehicles  shall  keep  as  close  to  the  right-hand 
curb  as  conditions  permit,  in  order  to  allow  the 

rapid  moving  and  lighter  traffic  to  proceed  in- 
dependently. 

13.  On  all  streets  having  a  single  track,  ve- 
hicles desiring  to  pass  a  street  car  stopped  on 

the  near  side  of  street  intersection  must  move 
to  the  left  of  said  street  car  (except  where  the 
traffic  officer  directs  otherwise). 
14.  On  all  streets  having  double  car  tracks, 

vehicles  proceeding  to  the  right  of  the  street 
car  must  come  to  a  stop  when  said  street  car 
is  stopping  on  the  near  si^e  of  the  street  in- 

tersection, and  remain  at  a  standstill  until  said 
car  is  started  (except  where  the  traffic  officer 
directs  otherwise). 

15.  No  vehicle  will  be  allowed  to  pass  to  the 
left  of  a  street  car  on  streets  having  double 
tracks. 

16.  No  horse  or  vehicle  shall  be  driven,  pro- 
pelled or  allowed  to  stand  on  any  sidewalk, 

except  for  the  purpose  of  crossing  the  same 
when  necessary,  and  then  only  in  the  shortest 
way  from   the   street   to   the  abutting  premises. 
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17.  NO  VEHICLE  SHAL.L  FIMKRGE  FKO.M 
AN  ALLEY,  STABLE.  GAH.\GE  OR  OTHER 
AREA  Olt  BUILDING  ABUTTING  ON  A  SIDE- 

WALK AT  A  PACE  F.VSTER  THAN  A  W.VLK. 
SIGNALS    AND    HORNS. 

1.  A  slenal  shall  lie  given  by  all  vehicles  to 
those  behind  when  slowing  up  or  stopping  by 
raisins  the  whip  or  hand  horizontally  when 
physically   possible. 

Iiand    outward.      When    the    tralflc    has    stopped 
the  arms  will  be  dropped  to  the  side. 

8.  To  start  traffic  the  officer  shall  faie  the 
traffic  to  be  started,  and.  raising  his  right  arm 
to  an  angle  of  90  degrees,  shall  swing  or  wave 
it  through  a  half  circle  in  the  direction  in  which 
traffic  is  to  move,  at  the  same  time  turning  his 
body  in  that  direction. 

9.  All  automol)iles,  wagons  and  other  vehicles 

mitted    to    pass    by    traffic    officers    as    soon    as 
possible  and   will  not  unnecessarily  be  delayed. 

3.  The  driver  of  any  vehicle  proceeding  upon 
the  track  in  front  of  a  street  car  shall  turn  out 
upon  the  signal  by  the  niotorman  or  driver  ol 
the   car. 

4.  No  vehicle  or  street  car  shall,  except  in 
emergency,  occupy  any  street  so  as  to  interfere 

Fig.  3.    Traffic   Semaphore.    Vehicular    Traffic  Closed,  Pedestrian  Traffic  Open. 

2.  A  visible  or  audible  signal  shall  be  given 
by  all  vehicles  when  turning  while  in  motion, 
or  in  starting  to  turn  from  a  standstill.  Indi- 

cating the  direction  In  which  the  turn  Is  to  be 
made. 

3.  Before  backing,  ample  warning  shall  be 
given  by  visible  or  audible  signal,  and  while 
backing  unceasing  vigilance  shall  be  e.verclsed 
not  to  Injure  those  behind. 

4.  One  blai)t  of  the  police  whistle  Indicates 
North  and  South  traffic  shall  stop  and  the  East 
and  West  traffic  may  proceed.  Two  blasts  that 
East  or  West  traffic  shall  stop  and  the  North 
and  South  may  proceed. 

5.  VEHICLES  Ml'ST  STOP  IN  SUCH  A 
WAY  AS  NOT  TO  INTERFERE  WITH  THE 
PASSAGE  OF  PEDESTRIANS  AT  THE 
CROSSINGS,    always    stopping    so    as    that    no 
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Fig.   4.      Diagram    Showing    Use   of   a   Guide 
Rope   to   Divert  Traffic. 

part  of  the  horse  or  vehicle  projects  within  five 
feet  of  the  crossing. 

6.  Three  or  more  blasts  of  the  whistle  are 
the  signal  of  alarm  and  Indicate  the  approach 
of  a  (Ire  engine  or  give  warning  of  some  danger. 

7.  Patrolmen  when  halting  traffic  will  face 
the  line  of  traffic  to  be  halted,  extend  the  arms 
at  an  angle  of  90  degrees,  with  the  palm  of  the 

operated  by  power  other  than  animal  or  hand 
power,  shall  use  and  carry  a  horn  sounding 
only  one  note  (or  a  bell,  when  specially  per- mitted). 

10.  Bicycles  shall  be  provided  with  a  gong 
or  bell,  which  must  be  sounded  to  warn  per- 

sons of  their  approach. 
11.  Every  operator  of  a  motor  vehicle  shall 

sound  his  horn  when  overtaking  any  person, 
horse,  vehicle  or  other  animal  thereon  upon 
a  highway,  and  also  shall  sound  his  horn  when 
approaching  a  street  crossing,  when  roUnding 
a  curve  or  corner,  or  places  where  any  sign 

appears,  such  as  "DANGER— BLOW  YOUR 

liOItN." 
12.  THE  USE  OF  THE  MUFFLER  CUT- 

OUT UPON  A  MOTOR  VEHICLE  OR  ANY 
OTHER  VEHICLE  IS   PROHIBITED. 

13.  The  signal  of  the  horn  is  meant  to  warn, 
and  must  he  reserved  exclusively  for  that  pur- 

pose. Unauthorized  persons  sounding  signals 
on    standing   vehicles  are   subject   to   arrest. 

1-1.  In  starting,  a  little  smoke  is  sometimes 
una\oIdabIe,  but  continuous  smoke  Is  unneces- 

sary and  Is   prohibited. 

15.  When  signalled  to  do  so  by  the  driver  of 
any  horse  or  other  animal,  the  operator  shall 
stop  the  motor  vehicle,  and,  if  circumstances 
require  It,  shall  stop  his  engine  until  all  dan- 

ger has  been  avoided. 

16.  In  case  of  Injury  or  damage  to  person  or 
property,  due  to  the  operation  of  a  vehicle, 
the  cperator  or  driver  of  the  said  vehicle  shall 
stop,  and,  upon  the  request  of  the  per.son  in- 

jured, or  any  one  present,  give  his  name  and 
address  and   that  of  the  owner  of  the  vehicle. 

17.  Any  operator  of  any  vehicle  shall  stop 
upon  the  request  of  any  police  officer  in  uni- 

form or  exhibiting  his  badge.  An  operator 
shall  exhibit  his  certificate  and  license  upon 
request,  and  shall  furnish  all  Information  iii 
possession  as  to  his  Identity  and  that  of  owner 
of  said  Vehicle. 

RIGHT   OF    WAY. 

1.  Police,  fire  department,  (Ire  patrol,  traffic 
emergency  repair.  United  States  mall  vehicles 
and  ambulances  for  persons  and  animals  shall 
have  the  right  of  way  In  any  street  and  through 
any  procession. 

2.  Physicians'  vehicles  bearing  the  "Red 
Cross"  or  other  Insignia  of  the  profession  seri- 

ally   Issued    by    this    Department,    will    be    per- 

with    or    interrupt    the    passage    of    other   street 
cars  or  vehicles. 

5.  A  vehicle  waiting  at  the  curb  shall 
promptly  give  way  to  another  about  to  take  on 
or  let  off  passengers  or  merchandise. 

6.  The  driver  of  a  vehicle,  on  the  approach 
of  a  fire  engine  or  other  fire  apparatus,  shall 
immediately  draw  said  vehicle  as  near  as  prac- 

ticable to  the  right-hand  curb,  and  parallel 
tliereto,  and  bring  it  to  a  standstill. 
7.  The  driver  of  a  street  car  shall  immedi- 

ately stop  Uie  car  between  intersecting  streets, 
and  keep  it  stationary  upon  the  approach  of  a 
fire  engine  or  other  fire  apparatus. 
8.  During  blockades  and  stoppages  a  clear 

space  shall  be  kept  open  between  all  street  cars at  crossings. 

9.  Street  cars  and  vehicles  traveling  in  the 
same  direction  as  such  cars  have  the  ri.ght  of 
way,  and  the  right  to  the  track  when  meeting 
any  other  vehicle  going  in  the  opposite  direc- 

tion, and  the  driver  of  the  vehicle  going  in  the 
opposite  direction  shall  be  compelled  to  turn 
entirely  off  the  tracks. 
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Fig.    5.     Diagram    Showing   the    Location    of 
a   Zone   of    Safety. 

10.  In  all  streets,  lanes  and  alleys  where  the 
cartway  Is  less  than  twelve  feet  wide  all  ve- 

hicles must  enter  or  pass  over  the  same  as 
follows:  In  those  running  North  and  South  the 
direction  of  the  traffic  shall  he  from  North  TO 
SOUTH  exclusively,  and  in  those  running  EAST 
AND  WEST  the  direction  of  the  traffic  shall  be 
from  EAST  TO  WEST  exclusively. 
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11.  Funeral  processions  on  their  way  to  a 
cemetery  have  the  right  of  way  over  other  ve- 

hicles, and  other  vehicles  are  forbidden  to  drive 
through  them,   except  as  noted  in   Article  I,   iii. 

12.  THE  DRIVERS  OF  ALL  VEHICLES 
MUST  LOOK  OUT  FOR  AND  GIVE  RIGHT  OF 
WAY  TO  VEHICLES  APPROACHING  FROM 
THEIR  RIGHT  .A.T  STREET  INTERSECTIONS. 

SPEED. 

1.  No  vehicle  shall  proceed  at  any  time  at  a 
greater  speed  than  the  law  allows,  and  is  safe 
and  proper  under  the  conditions  then  obtaining. 
Where  "DANGER!  RUN  SLOW"  signs  appear 
speed  must  at  no  time  exceed  twelve  miles  per 
hour. 

2.  No  vehicle  shall  cross  any  street  or  ave- 
nue, or  make  any  turn  at  a  dangerous  speed, 

and  shall  at  no  time  exceed  the  legal  limit. 
3.  No  person  shall  operate  a  motor  vehicle 

recklessly,  and  only  at  a  rate  of  speed  that  is 
proper  and  reasonable  considering  trafBc  at  the 
time,  and  the  width  of  the  highway,  so  as  not 
to  endang'?r  life  and  property. 

4.  No  person  shall  drive  a  motor  vehicle  at  a 
rate  of  speed  exceeding  one  mile  in  two  and 
one-half  minutes.  In  the  rural  portions  of 
Philadelphia,  where  signs  have  been  erected 
"DANGER!  RUN  SLOW."  the  speed  must  not 
exceed  the  rate  of  one  mile  in  five  minutes. 

5.  Trucks  and  heavy  wagons,  with  horse  or 
horses  attached,  must  not  be  driven  recklessly 
so  as  to  endanger  the  public. 

CONTROL    OF    HORSES    AND    VEHICLES. 

1.  No  horse  shall  be  unbitted  in  any  street 
or  highway  unless  secured  by  a  halter. 

2.  No  person  shall  hitch  any  horse  to  any 
tree,  shrub  or  to  any  telegraph,  telephone  or 
trolley  pole,  lamp  post,  U.  S.  mall  post,  fire 
alarm  post,  police  signal  post  or  fire  hydrant. 

3.  No  one  in  any  street  or  highway  shall  re- 
move a  wheel,  pole,  shaft,  whiffle-tree.  splinter- 

bar  or  any  other  part  of  a  vehicle,  or  any  part 
of  a  harness  likely  to  cause  accident  if  the 
horse  or  horses  start  without  first  unhitching 
the  horse  or  horses  attached  to  the  said  ve- 
hicle. 

4.  No  one  shall  let  go  of  the  reins  while  rid- 
ing, driving  or  conducting  a  horse  or  horses,  nor 

when  not  riding  cease  from  walking  by  the 
head    or   the    shaft   of   the   wheel   horse,    either 

the    highway,    except    temporarily    in    case    of 
emergency   or  at   regular  authorized   stands. 

7.  Before  leaving  any  motor  vehicle  unat- 
tended out  of  sight,  the  driver  shall  stop  the 

engine,  disengage  it  and  set  the  emergency 
brake;  or  if  an  electric  vehicle,  he  must  remove 
the  plug  and  set  the  emergency  brake. 

VEHICLES. 

1.  No  one  in  any  street  or  highway  shall 
drive  a  vehicle  that  is  so  covered  in  or  con- 

structed as  to  prevent  the  driver  thereof  from 
having  sufhcient  view  of  the  traffic  at  the  sides 
and  in  front  of  such  vehicle. 

2.  No  one  shall  drive  or  conduct  any  vehicle 
in  such  condition,  or  so  constructed,  or  so 

loaded  as  to  be  likely  to  cause  accident  or  in- 
jury to  man  or  beast. 

3.  No  one  shall  load  a  vehicle  with  iron  or 
other  material  without  deadening  so  that  the 

material  may  not  strike  together  and  cause  un- 
necessary  noise. 

4.  No  one  shall  load  any  vehicle  with  ashes, 
coal,  mortar,  snow  or  similar  material  so  that 
the  matter  is  scattered  along  the  streets.  Driv- 

ers of  such  wagons  are  liable  to  arrest. 
.1.  Vehicles  used  exclusively  or  principally  for 

advertising  are  prohibited  in  the  congested  dis- 
tricts. 

6.  No  one  shall  drive  a  public  numbered, 

licensed  or  business  vehicle  who  is  less  than  six- 
teen  years    of   age,    unless    specially   licensed.    . 

7.  No  one  shall  ride  on  the  rear  end  of  any 
vehicle  without  the  consent  of  the  driver,  and 

when  riding  no  part  of  the  person's  body  shall 
protrude  beyond  the  limits  of  the  vehicle. 

5.  Carts,  drays,  wagons  and  vehicles  for  hire, 
or  to  carry  merchandise  or  passengers,  must 
not  stand  or  remain  in  the  highways  of  the  city 
except  for  so  long  a  time  as  may  be  necessary 
for  the  reasonable  transaction  of  the  business 
in  which  the  said  vehicle  may  be  employed,  ex- 

cept at  markets  or  stands,  for  hackney  coaches 
or  other  vehicles. 

9.  No  street  car  shall  stop  or  stand  within 
the  intersection  of  any  street. 

10.  No  vehicle  shall  be  kept  standing  abreast 
of  or  opposite  another  vehicle  lengthwise  of  the 
street  in  the  main  traffic  district. 
11.  Wagons  that  unload  from  tlie  side  should 

stand  paral'el  to  the  curb. 
12.  No  vehicle  shall  stand  on  the  streets  not 

Fig.  6.    View  Showing  a  Zone  of  Safety  in    Use. 

holding    or    keeping    within    reach    of    the    bridle 
or   halter   c'   the   said   horse   or   horses. 

5.  No  person  .shall  ride  or  drive  or  have  the 
care  of  two  or  more  horses  harnessed  respec- 

tively to  different  vehicles. 
6.  No  firm,  person  or  corporation  owning, 

possessing  or  having  the  care  of  any  street  car 
or  vehicle  of  any  description  shall  store,  or 
permit  it  to  be  stored  or  remain  unemployed 
and  out  of  use  in   any   public  street   or  part   of 

designated  for  parking  or  standing  except  while 
loading  or  discharging  a  load,  and  if  such  ve- 

hicle is  horse-drawn  and  has  four  wheels  the 
horse  or  horses  must  stand  parallel  to  the  curb 
and  face  in  the  direction  of  the  traffic,  except 
where  the  congestion  may  render  it  advisable 
to  turn  the  horses  at  an  angle  of  45  degrees 
with  their  respective  vehicles. 

13.     No  one  shall  crack  or  use  a  whip  so  as 
to   annoy,    interfere   with   or   endanger  any   per- 

son,  or  excite  other  animals   other  than  which he  is  using. 

14.  No  coal  or  other  merchandise  vehicle 
shall  be  stopped  or  commence  to  unload  on  any 
car  track  street  so  as  to  arrest  the  passage  of 
street  cars. 

RESPECTIVE     RIGHTS    AND    DUTIES    OF 
DRIVERS    AND    PEDESTRIANS. 

1.  The  roadbeds  of  highways  and  streets  are 
primarily  intended  for  the  use  of  vehicles,  but 
pedestrians    have    the    right    to    cross    them    in 
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safety,  and  drivers  of  vehicles  must  exercise 
all  possible  care  not  to  injure  pedestrians. 
Pedestrians  should,  on  their  part,  never  step 
from  the  sidewalk  to  the  roadbed  without  first 
looking  to  see  what  is  approaching,  and  should 
not  heedlessly  interfere  with  the  passage  of vehicles. 

2.  By  crossing  as  nearly  as  possible  at  right 
angles,  and  at  the  regular  crossings,  pedestrians 
will  add  greatly  to  their  own  safety,  facilitate 
the  movement  of  traffic  and  make  it  less  diffi- 

cult for  the  horses,  which  often  have  to  be 

reined  in  suddenly  and  painfully  to  avoid  care- 
less and  unthinking  pedestrians.  Nothing  in  the 

foregoing  excuses  drivers  from  constant  vigi- 
lance in  order  to  avoid  injuring  pedestrians. 

3.  Hand-drawn  vehicles  and  pedestrians 
should  habitually  cross  the  street  intersections 
only  and  at  right  angles,  as  promptly  as  cir- 

cumstances permit. 
4.  Pedestrians  must  wait  the  signal  of  the 

traffic  policeman  wherever  stationed,  and  move 
in  the  direction  of  the  traffic  only. 

5.  Pedestrians  must  he  cautious,  particularly 
in  crossing  alleys  and  obvious  entrances  for 
vehicles  into  buildings  and  areas. 

6.  Pedestrians  wiU  aid  in  expediting  traffic 
on  sidewalks  by  keeping  to  the  right  while 
walking,  and  when  stopping  for  any  purpose 
by  doing  so  on  one  side  and  out  of  the  way 
of  a   crossing  or  doorway. 
TRAFFIC    RULE»   FOR    SPECIAL    DISTRICTS. 
1.  Walnut  Street.  From  Front  Street  to  17th 

Street,  all  vehicular  traffic  will  move  west  at 
all  hours.  Waiting  vehicles  shall  stand  on  the 
north  side  and  face  west. 
2.  Chestnut  Street,  From  17th  Street  to  3rd 

Street.  All  vehicular  traffic  will  move  east  at 
all  hours.  Waiting  vehicles  shall  stand  on  the 
south  side  and  face  east, 

3.  Market  Street.  From  Delaware  Avenue  to 
32nd  Street.  -\11  vehicular  traffic  will  move  east 
on  the  south  side  and  west  on  the  north  side. 
Waiting  vehicles  will  face  in  the  direction  of  the 
traffic. 

4.  Arch  Street.  All  vehicular  traffic  will 
move  east  on  tlie  south  side  and  west  on  the 
north  side.  Waiting  vehicles  will  face  in  the 
direction  of  the   traffic. 

5.  City  Hall.  All  vehicular  traffic  moving 
east  and  west  on  Market  Street  and  north  and 
south  on  Broad  Street  will  keep  to  the  right 
when  passing  around  the  City  Hall. 

6.  Broad  Street.  Vehicles  approaching  the 
City  Hall  will  turn  to  the  right.  South  bound 
vehicles  about  to  turn  east  on  Chestnut  Street 
will  pass  to  the  left  of  the  guide  rope  at  Broad 
and  Chestnut  Streets,  and  those  wishing  to  con- 

tinue south  will  pass  to  the  right  of  the  guide 

rope. 
7.  All  south-bound  vehicles  desiring  to  turn 

east  on  Arch  Street  will  pass  over  the  inter- 
section of  this  street  into  the  north-bound 

traffic,   thence   to  the  turn  desired. 
S.  All  north-bound  vehicles  desiring  to  turn 

west  on   Arch   Street,    will   pass   over  the   inter- 
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section    of    this    street    into    the    south-bounJ 
tratflc,   thence  to  the  turn  desired. 
9.  All  waiting  vehicles  will  park  in  the  centre 

of  Broad  Street.  e.\cepting  the  space  between 
Chestnut  and  Arch  Streets,  facing  east  and 
west. 

10.  Metropolitan  Opera  House.  All  vehicles 

unloading  passenKers  for  the  Broad  Street  en- 
trance of  the  Opera  House  will  approach  from 

the  south  and  will  cross  to  the  west  side  of 

Broad  Street  at  Parrish  Street  and  then  proceed 

to  the  entrance.  After  discharging  their  pas- 
sengers they  will  continue  north  on  the  east 

side  of  Broad  Street  and  thence  east  on  Poplar 
Street  or  north  on  Broad  Street. 

11.  Vehicles  unloading  passengers  for  the 

Poplar  Street  entrance  of  the  Opera  House  will 

approach  from  the  north,  on  the  west  side  of 
Broad   Street,   and   turn  west  on   Poplar   Street. 
12.  All  vehicles  waiting  for  passengers  at  the 

three  Broad  Street  landings  will  park  in  centre 
of  Broad  Street  starting  at  a  point  south  of  the 
south  line  of  the  Opera  House  and  face  in  a 

northwesterly  direction  at  an  angle  of  30  de- 
grees. This  parking  will  continue  south  In  the 

centre  of  Broad  Street. 
13.  All  vehicles  waiting  at  three  Poplar 

Street  landings  will  park  in  the  centre  of  Broad 
Street,  starting  at  a  point  of  25  yards  north  of 
Poplar  Street  and  face  In  a  southwesterly  di- 

rection at  an  angle  of  30  degrees.  The  parking 
will  continue  north  In  the  centre  of  Broad 
Street. 

14.  All  chauffeurs  and  drivers  of  vehicles 
must  remain  in  their  places  until  they  are 
called  or  their  numbers  displayed,  or  until  the\ 
are   otherwise    directed   by   the   police   to   start. 

15.  When  the  opera  breaks,  all  vehicles  will 
remain  in  their  respective  places  until  the 
proper  .signal  is  given  by  the  police  to  move. •  •••••* 

LIGHTS    ON     VEHICLES. 

1.  All  vehicles  and  bicycles  must  carry  be- 
tween sunset  and  sunrise  a  light  or  lights  m 

a  conspicuous  position,  so  as  to  be  readily  seen 
from   the   front. 

2.  Motor  vehicles  from  one  hour  after  sun- 
set until  one  hour  before  sunrise  must  show 

at  least  two  (2)  white  lights,  visible  not  less 
than  200  feet  In  the  direction  that  the  vehicle 
Is  proceeding,  and  except  upon  motor-cycles 
one  red  light  visible  in  the  opposite  direction; 
but  motor-rycles  need  display  only  one  (1) 
white  light  in  the  direction  In  which  they  are 
proceeding. 
3.  The  light  of  the  rear  signal  lamp  must 

be  thrown  on  the  rear  license  tag:  and  the  said 
license  tag  must  be  kept  clean  from  oil,  grit 
and    mud. 

4.  Automobiles  equipped  with  two  pairs  of 
lamps  or  lights  must  use  only  the  less  bril- 

liant pair  on  Broad  St..  Allegheny  to  Washing- 
ton Ave..  Arch  St..  Market  St.,  Chestnut  St. 

and   Walnut  St.,   from    Hlvcr  to  River. 
DEFINITIONS. 

1.  The  word  vehicle  Includes  equestrians, 
horses  hitclied  to  a  vehicle,  led  hor-ses  and 
everything  Including  gasoline  and  electric  cars, 
on  wheelers  or  runners,  except  street  cars.  In- 

valid  chairs   and    baby   carriages. 
2.  The  word  horse  Includes  all  domestic 

animals. 
3.  The    word    driver    Includes    the    rider   and 

.the    driver    of    a    horse,    the    rider   of   a   bicycle. 
and    the  operator   of  a   motor  vehicle   or  street 
car. 

4.  The  word  curb  shall  means  the  lateral 

boundary  of  that  portion  of  the  street  desig- 
nated for  Iho  use  of  vehicles,  whether  marked 

by   curbstones  or  not  so  marked. 

Traction  Tests. — The  scries  of  extensive 
tractirn  experiments  being  contlucted  by  the 
U.  S.  Office  of  Public  Roads  has  been  extend- 

ed to  inchide  motor  car.s — a  Winton  Six  carry- 
ing a  special  dynamometer  being  used.  The 

object  in  using  a  motor  car  for  this  work  is  to 
cover  greater  distances,  and  also  to  determine 
the  resistance  offered  to  motor  car  traffic,  and 
the  effect  of  that  traffic  on  the  surface  itself. 
The  mechanism  installed  in  the  car  records  the 
power  required  to  turn  the  drive  shaft,  the 
speed  of  the  car,  the  distance  traveled  and  the 
time  consumed. 

Method  of  Labeling  and  Filing  Plans 

Used  by  the  New  York  Highway 

Commission. 

Plans  prepared  by  the  New  York  Highway 
Commission  are  unusually  complete.  The 
method  of  labeling  and  filing  these  plans  is 
standardized  and  the  instructions  given  are 
detailed.  All  plans  of  completed  highways 
are  filed  at  the  main  office  in  Albany.  Divi- 

sion offices  have  on  file  blueprints  of  com- 
pleted  roads   in   the   division. 

File  numbers  are  usually  placed  in  the 
lower  or  left  end  of  the  binding  strip.  Notes 
are  filed  on  shelves  and  working  drawings 
and   blueprints   on   racks   of   standard    design. 

PEFINITION    OF    PLANS. 

The  component  parts  of  a  highway  plan  are 
classified  as  follows: 

Sun'cy  Notes,  consisting  of  preliminary 
transit  and  level  notes,  special  data,  field  in- 

spection of  plans,  etc. ; 

METHOD  OF  LABELING  AND  FILING. 

Stirz'ey  Notes. — Loose  leaf  notes,  as  soon 
as  turned  in  by  the  surveyor,  are  removed 
from  leather  covers  and  bound  in  standard 
filing  covers;  the  blanks  on  these  covers  are 
carefully  filled  out  in  ink.  Notes  are  then 
placed  in  book  filing  cases  and  the  file  number 
carefully  printed  in  ink  on  the  label  affixed  to 
the  case   for  that  purpose. 

Labels  corresponding  to  the  front  cover  for 
loose  leaf  books  are  furnished  to  be  pasted  on 
the  front  cover  of  all  bound  books,  and  are 
filled  out  in  the  same  manner. 

IFork'ing  Drazvings. — Maps,  profiles,  sec- 
tions, special  drawings,  etc..  are  filed  in  stand- 

ard 20x"26-in  portfolios.  In  order  that  con- 
tinuous sheet  plans,  such  as  maps  and  profiles, 

may  be  kept  in  this  portfolio  after  the  con- 
tract is  let,  it  IS  necessary  that  they  be  limited 

in  one  dimension  to  24-in. ;  hence,  after  adver- 
tisement for  contract  (when  active  use 

ceases),  plans  on  continuous  sheets  18  ins. 
or  less  in  width  may  be  folded  alternately  in 

FILIXG  CLASSIFICATION. 
Forms N— Notes. 

M— Map. 

P— Profile. 

X — Cross  -sections. T — Tracing. 

B — Blue  print  or  any  print;  i.  e. pictures,  white,  black  and  brown  prints. 
S — Specification. 
D — Drawings  other  than  regular 

M.. 

P.,orX. 

CLASSES DIVISIONS,  SECTIONS,  SUB-SECTIONS. 
100— HiGHWAV  Plans. 
1 10 — Construction. 
120— Repair. 

Sections  1.  State;  2,  county;  3,  town;  4,  city,  village,  hamlet;  5, insti- 130— Reconstruction. tutional;  6,  private. 
1 40 — Location. 
150 — Special  work  by  permit. 
160— Relocations. Accession  No. — Route  and  Sec.,  Pet.  or  Contract  No..  Ex.— (6  .Mb.  1.) 
170— Land  talcing  and  R.,  0.  W. or  (2593  War.  4.)  or  (542). 

180— 

190— Standard  details. 

200— 

300 — Railroad  Plans. 
310 — Elimination   of    grade crossing. 

Accession  No. — Abbreviation  of.  Railroad  and  Road  affected.  Ex. — (N. 
320 — Grade  crossings. Y.  C— 6  Alb.  1),  (W.  S.— N.  Y.  T.  B.),  (D.,  L.  W.— 310). 
330 — Additional    tiacks    (spurs. 

etc.) 

340 — Relocation  of  tracks. 

400— Canal  Plans. Accession  No. — Abbreviation. 

500— Water  Supply  Plans. Accession  No. — Abbreviation. 

600— Bridge  Plans. 
610— Standard  (Department). Sections  1,  steel;  2,  wooden;  3,  concrete;  4,  masonry,  5,  forms. 
620— Special. 
630 — Foundations. Accession  No. — Dimensions  or  .Abbreviation.     Ex. — U8x  150). 
640 — Approaches. 
650— Culverts. 

700 — Sewer  Plans. Accession  No. — Abbreviation. 

800— Dike  Plans. Accession  No. — Abbreviation. 

900— Miscellaneous. 
910 — Tables  and  calculations. Accession  No. — Abbreviation. 
920— Diagrams  and  charts. 
9.10- Offices  and  furniture. 
940 — Office  signs — blank  forms. 
950— Maps    (sections    same   as 

100). 

System  of  Numbering  for  Filing   Records  of   the  New  York   Highway  Commission. 

Working  Drazvings,  consisting  of  maps,  pro- 
files, cross  sections,  quantity  sheets,  sketches 

of  special  structures,  etc. ; 

Contract  Tracings,  consisting  of  all  tracings 
included  in  the  contract  plans; 

Land  Taking  Tracings,  consisting  of  all 
tracings  of  parcels  of  land  to  be  acquired  for 
highway  improvement; 

/?.  O.  W.  Tracings,  consisting  of  all  trac- 
ings of  parcels  of  land  upon  which  right  of 

access  is  to  be  acquired ; 

Inspection  Prints,  consisting  of  tentative 
contract  tracings,  on  which  have  been  placed 
inspection    notes ; 

Construction  Notes,  consisting  of  all  mem- 
oranda concerning  grades,  structures  and 

other  miscellaneous  data  of  the  construction work ; 

Final  Estimate  Notes  consisting  of  all  notes 
pertaining  to  or  necessary  for  the  compiling 
of  the  final  estimate  of  quantities. 

direction  (accordian  plaited)  at  intervals  of 
24  ins.,  while  sheets  over  18  ins.  wide  will 
be  folded  at  intervals  of  18  ins.  If  both  sides 

of  paper  arc  used,  care  must  be  taken  in  cut- 
ting to  leave  one  fold  at  each  end  of  sheet  to 

act  as  a  cover.  The  18-in.  paper  folded  at  in- 
tervals of  24  ins.  is  much  to  be  preferred. 

Contract  Tracings. — Contract  tracings  are 
of  standard  size  and  are  bound  with  Dennison 

fasteners,  set  -J^-in.  in  from  the  left  hand 
edge  of  the  sheet. 

In  shipping  contract  tracings  care  must  be 
taken  to  roll  them  glossy  side  out  and  to  place 
them  in  tubes  of  a  proper  length  to  prevent 
their  joggling  in  transit.  Contract  tracings 
must  always  be  shipped  by  express  to  enable 
their  being  traced  in  case  of  miscarriage. 

f.and  Taking  Tracings. — Land  taking  trac- 
ings are  of  standard  size,  bound  in  standard 

L.  T.  binders,  the  blanks  on  which  must  be 
carefullv   filled   out   in   ink.     They   are   bound 
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with  three  or  five  DennisOn  fasteners  placed 

l/i-'m.   from   left  hand  edge. 
R.  0.  IV.  Tracings. — Uniform  with  L.  T. 

tracings. 
Inspection  Prints. — Inspection  prints  bear 

in  the  lower  left  corner  an  inspection  print 
label  carefully  filled  out  in  ink. 

Construction  Notes. — Construction  notes  are 
treated  in  the  same  manner  as  survey  notes. 
Final  Estimat.e  Notes. — Same  as  .  survey 

notes. 
FILE    NUMBERS. 

The  File  Numbers  for  any  plan  consist  of : 
(1)  a  letter  to  indicate  the  form;  (2)  a  class 
number;  and  (3)  an  accession  number. 

Some  Notes  on  Macadam  Road  Con- 
struction in  Texas. 

The  important  bearing  of  climate  and  local 
conditions  of  labor,  traffic  and  topography 

upon  the  types  and  methods  of  road  construc- 
tion suitable  for  use  in  various  sections  of 

the    country    are    familiar    to    all    experienced 

WATERBOUND    MAC.\D.\M, 

The  base  course  of  all  macadam  roads 

should  be  of  sufficient  depth  to  insure  thor- 
ough interlocking  of  the  stones  and  is  best 

constructed  of  %-in.  to  2V2-in.  crusher  run 
stone.  This  course  should  be  thoroughly  wa- 

tered and  rolled. 

The  wearing  course  of  %-in.  to  1%-in.  stone 
is  placed,  puddled  and  rolled.  After  drying 
the  surface  should  be  swept  with  wire  brooms 
and  sufficient  %-in.  limestone  screenings  to  fill 
the  interstices  swept  over  it.  The  surface  is 
then  finished  by  an  additional  watering  and rolling. 

The  total  depth  of  metal  used  should  be 
sufficient  to  guarantee  the  transmission  of  a 
wheel  load  of  1,000  lbs.  on  an  area  2  ins.  long 

by  1  in.  wide  to  the  subgrade  without  exces- 
sively loading  the  subgrade.  Assuming  an  angle 

of  distribution  of  4-5°  from  the  vertical  at  the 
point  of  application  of  the  load,  a  pavement 
thickness  of  8  ins.  results  in  a  bearing  of  5 
lbs.  per  square  inch  on  the  earth  subgrade,  a 
safe  load. 

After  the  surface  is  completed  as  an  ordi- 
nary waterbound  macadam  road  it  is  swept 

clean.  On  this  surface  apply  Vz  gal.  of  60 
per  cent  asphaltic  oil  to  the  square  yard,  using 
a  pressure  distributor  where  possible,  and 

cover  evenly  w-ith  1  cu.  yd.  of  clean  %-in. 
limestone  screenings  applied  to  120  sq.  yds. 
of  surface.  Clean  sand  may  be  used  if  screen- 

ings are  not  available. 

Fig.    1.     Cross    Sections    of    the    Dallas-Ft.   Worth   Road  in   Dallas  County,  Texas. 

road  builders.  The  state  of  Texas  presents 

■problems  for  the  road  engineer  differing  wide- 
ly from  the  problems  encountered  in  other 

states.  This  is  especially  true  in  the  central 

portion  of  the  state  where  soils  of  the  so- 
called  "black  land"  type  are  found.  The  fol- 

lowing notes  by  J.  F.  Witt,  County  Engineer 
of  Dallas  County,  Texas,  were  abstracted 
from  a  paper  before  the  Texas  Road  Con- 
gress. 

GRADING. 

Particular  attention  should  be  given  to  drain- 
age and  to  obtaining  the  proper  cross  section. 

For  use  in  Dallas  County  the  cross  section 
shown  in  Fig.  1  has  been  adopted  extensively. 
In  prairie  sections  where  the  fall  in  the  side 
ditches  is  small  additional  fall  is  obtained  by 
gradually  deepening  the  ditches  as  the  outlet 
is  approached,  no  attempt  being  made  to 
maintain  a  constant  difference  in  elevation  be- 

tween the  ditch  bottom  and  the  center  of  the 
roadway.  Also,  wherever  possible  the  roadway 
is  placed  on  embankments  thus  materially  sim- 

plifying drainage  problems. 
FOUNDATIONS    AND    BASES. 

On  Texas  "black  land"  soil  it  is  often 
economical  to  use  local  clayey  gravel,  or  soft, 
chalky  limestone,  for  a  foundation  or  sub- 
base  under  macadam  roads,  especially  where 
satisfactory  sub-drainage  cannot  be  obtained. 
This  material  will  "set  up"  and  form  a  solid 
mat  to  support  the  base  course  proper.  The 
thickness  of  this  mat  under  similar  soil  con- 

ditions should  vary  with  the  quality  of  the 
material  of  which  it  is  composed.  While 
rolling  the  mat  sufficient  water  should  be 
used  to  keep  it  moist  but  not  enough  to  per- 

mit it  to  become  "mushy"  under  the  roller. 
If  the  sub-grade  is  firm  and  stable  it  is 

better,  but  more  costly,  to  add  to  the  depth 
of  the  base  course  of  the  macadam  roadway 
proper  instead  of  using  the  local  material  as 
mentioned. 

CROWN. 

For  an  equal  distribution  of  wheel  loads 
the  crown  should  be  as  flat  as  consistent  with 
the  imperviousness  and  wearing  qualities  of 
the  surface  of  the  paving  metal.  Macadam 
roads  should  have  a  crown  of  from  Vz  to  % 
in.  to  the  foot;  the  smaller  crown  being  used 
on  a  surface  treated  with  bitumen.  On  steep 
grades  the  crown  of  waterbound  macadam 
roads  should  not  be  decreased,  since  it  is 
quite  important  that  all  storm  water  reach 
the   side   ditches   as   soon  as   possible. 

ASPHALT    MACADAM. 

Unless  the  stone  is  quite  dry  it  is  almost 
impossible  to  secure  satisfactory  results  by  the 
penetration  method  of  constructing  asphaltic 
macadam.  It  seems  probable  that  any 
moisture  in  the  stone  is  drawn  to  the  surface 
by  the  heat  of  the  binder  making  impossible 
a  firm  bond  between  the  stone  and  the  asphal- 

tic cement.  The  presence  of  dust  in  the  stone 
also  often  causes  trouble.  The  surfacing 
should  by  all  means  be  prepared  in  a  suitable 
mixer. 

Asphaltic  cement  for  use  in  the  Texas  cli- 
mate should  conform  to  the  following  specifi- 

cations :     Melting  point,    160°   F.     Penetration 

English  Specifications  for  a  Bituminous 
Concrete  Mixing  Plant  and  Details 

of  the  Acceptance  Test. 
.\  brief  abstract  of  the  specifications  used 

in  purchasing  a  plant  for  preparing  bitumi- 
nous concrete  and  a  description  of  the  ac- 

ceptance test  used  is  given  by  W.  H.  Grieves 
in  a  report  to  the  Urban  District  Council  of 

Surrey  (Englandl  and  published  in  the  Lon- 
don Surveyor.  The  adaptability  of  the  plant 

to  work  in  hand  is  also  discussed. 
PLANT    REQUIRED. 

The  following  is  a  short  specification  of  the 
plant   for  preparing  the  bituminous  material: 

One  Coleman's  patent  stone  and  sand  drier, 
consisting  of  one  o  to  6  HP.  gasoline  engine, 
with  water  tank  and  fittings  complete ;  one 
drier  and  furnace  capable  of  drying  and  heat- 

ing to  a  temperature  of  at  least  400  degrees 
F. ;  stone,  slag,  sand,  chippings,  or  any  other 
similar  material  for  bituminous  road  making, 

and  including  all  pulleys  and  fittings  and  ele- 
vator. The  whole  mounted  on  a  steel  frame, 

lock,  steel  wheels  and  axles  of  sufficient 
strength  to  carry  the  required  load.  The  ma- 

chine to  be  fitted  with  brake  and  draw-bar. 
The  total  output  of  bituminous  compound 

of  the  above  machine  is  guaranteed  to  be 

approximately  40  to  60  tons  per  day,  accord- 
ing to  weather  conditions. 

One  Coleman's  mixer,  mounted  on  steel 
frame,  fore-carriage  and  lock  with  steel 
wheels  and  axles,  the  mixer  elevated  to  a 
sufficient  height  to  allow  the  material  to 

empty  into  a  cart. 
One  enclosed  elevator  for  lifting  the  mate- 

rial into  measuring  bin,  with  the  necessary 
raised  platform   for  men  to  work  upon. 
One  10  HP.  gasoline  engine,  with  water 

tank  and  fittings. 
One  small  hand  winch  and  wire  rope  for 

elevating  bitumen. 

Fig.   2.     An    Asphalt   Macadam    Road    Near    Dallas,  Texas.    Surface  18  Ft.  In  Width. 

(Dow  method),  at  77°  F.  to  be  between  4-5  and 
50.  .-X  paving  cement  meeting  these  require- 

ments in  addition  to  the  other  ordinan,^  stand- 
ard tests  will  result  in  a  pavement  that  will 

not  crack  at  15°  F.  below  zero  and  will  re- 
duce to  a  minimum  the  crawling  noticeable  in 

hot  weather  in  pavements  in  which  a  binder 
of  low  melting  point  have  used. 

ASPHALTIC  OIL  TREATMENT. 

It  is  probable  that  at  the  present  time  the 
most  satisfactory  method  of  treating  the 
macadam  roads  of  the  state  is  to  apply  a 
suitable  asphaltic  oil  at  proper  intervals.  The 
secret  of  success  in  applying  oil  lies  in  a  clean 
surface   on   which   to  apply  the  oil. 

One  measuring  bin  of  1,000  to  1,500  lbs. 
Brake  fitted,  and  mixer  supplied  complete 

with  draw-bar.  The  above  machine  is  capa- 
ble of  thoroughly  mixing  the  materia!  with 

the  bitumen  at  the  rate  of  about  1,500  lbs.  in 
three  to   four  minutes. 

The  total  cost  of  the  machinery  would  prob- 
ably be  about  $4,500. 

The  main  idea  is  that  the  sand  should  not 

only  be  absolutely  dry,  but  it  must  be  heated 
to  a  temperature  not  exceeding  180  degrees  C. 

WORK    TO    BE    ACCOMPLISHED. 

,\ssuming  that  the  machine  could  be  worked 
150  days  in  the  year  at  40  tons  per  day,  it 
would  turn  out  6,000  tons  per  annum      .Mlow- 
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ing  for  1  foreman,  2  men  feeding  the  machine, 
2  mixing,  1  man  at  the  bitumen  tank,  1  engine 
driver,  2  men  wheeling,  3  men  laying  the  ma- 

terial, the  cost  of  sand,  bitumen  and  tiller,  and 

adding  charges  for  maintenance,  haulage,  de- 
preciation, depot  rents  and  steam  rolling,  the 

cost  per  ton  would  equal  about  50  to  CO  cts. 
per  square  yard. 

The  cost  of  the  main  roads  already  repaired 
amounted  to  over  $.30,000.  There  still  re- 

mains to  be  repaired,  on  the  main  roads,  an 

area  of  2-4,870  sq.  yds.,  which,  at  $1.'20  per 
square  yard,  would  cost  $29,8-14.  Putting  the 

cost  of' the  new  method  at  the  higher  figure of  60  cts.  per  square  yard,  this  would  amount 
to  $14,922,  effecting  a  saving  of  about  $15,000, 
or  more  than  enough  to  pay  the  cost  of  the 
machinery  three  times  over.  The  machinery 
could  also  be  used   for  mixing  tar  or  asphalt 

macadam,  and  for  this  purpose  stone  taken 
up  from  other  roads  could  be  used  in  addition to  new  stone. 

TEST   OF   THE    M.\CHINERY. 
The  following  test  of  the  machinery  was 

made  at  the  manufacturers'  works  in  the 
presence  of  a  sub-committee  appointed  by  the 
council   for  the  purpose: 

Wet  sand  was  put  into  a  measure  3  ft.  6  in. 
square  by  9  in.  deep,  and  then  put  into  the 
drier,  and  immediately  came  out  of  the  drier 
at  a  temperature  of  3t)0  degrees  F.  Within 
0%  minutes  750  lbs.  were  put  through  the 
machine,  and  came  out  at  a  temi)erature  of 
GOO   degrees  F. 
A  second  lot  was  put  in,  to  which  4  gals, 

of  water  was  added  to  the  already  wet  sand, 
and  within  1%  minutes  this  was  turned  out 

of   the   machine   at   a   temperature   of  500  de- 

grees F.  The  temperature  of  the  wet  sand 
before  it  was  put  in  was  70  degrees  F.  One 
man  fed  the  mixer  with  7.50  lbs.  in  seven 
minutes.  Ordinary  sand  on  a  dry  day  was 
then  put  in,  and  the  750  lbs.  was  passed 
through  the  machine  in  3%  minutes  at  a 
rising  temperature  of  over  400  degrees  F. 
In  the  combined  stone  and  sand  drier  2  tons 
of  wet  limestone  macadam  were  put  through 
the  machine,  and  after  remaining  in  the  same 
for  ten  minutes,  came  out  at  47u  degrees  F.; 
2,100  to  2,200  lbs.  of  sand  were  passed  through 
this  machine  in  SVi  minutes,  and  came  out  at 
a  temperature  of  465  degrees  F. 

This  mixer  will  discharge  1,000  to  1,500  lbs. 
in  three  minutes. 

Stone  revolves  in  this  machine  at  the  rate 
of  14  miles  per  hour,  and  sand  at  the  rate 
of  2.")  miles  per  hour. 

C.I 
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i\l DEVICK^ 
FLAMT 

A  Metal  Spraying  Process  of  Protect- 

ing  Metal  Against  Corrosion. 

(Contributed.) 

A  metal  coating  process,  which  is  capable 
of  wide  application  in  the  arts  but  which  has 
greatest  interest  to  the  civil  engineer  because 
it  offers  a  practicable  method  of  protectmg 
structures  from  corrosion,  is  described  briefly 
here.  By  means  of  a  small  simple  apparatus, 
described  fully  in  a  succeeding  paragraph,  a 
thin  coating  of  molten  metal  is  sprayed  over 
any  surface  without  heating  or  burning  that 
surface.  The  process  is  known  as  the  Schoop 
process  and  the  spraying  device  is  called  a 

"pistol."  It  is  controlled  in  America  by  the 
Metals  Coating  Co.  of  America,  Peoples  Gas 
Building,   Chicago,   111. 

Present  Stale  of  the  Coatins  Art. — Despite 
a  rapid  advance  during  the  past  decade  in  our 
knowledge  of  the  internal  structure  and  char- 

acteristics of  metals  in  all  physical  states  and 
a  general  desire  for  the  conservation  of  our 
mineral  resources,  the  steel  and  iron  struc- 

tures of  the  engineer  and  manufacturer  re- 
main to  a  very  large  extent  a  prey  to  corrosion 

View  of  Pistol  Used  In  Schoop  Metal  Spray- 
ing   Process. 

and  the  art  preservative  has  lagged  behind. 
The  electro-plating  bath,  while  coating  more 

or  less  successfully  a  large  amount  of  metallic 
hardware  with  nickel;  copper,  silver  or  gold, 
greatly  limits  the  size  of  the  articles  handled. 
It  exposes  steel  and  iron  to  injurious  mois- 

ture and  ilicmicals,  is  unable  to  deposit  the 
commoner  stable  and  protective  metals  lead, 
tin,  aluminum  and  zinc  and  their  numerous 
alloys,  and  is  of  no  value  towards  the  protec- 

tion of  the  larger  intlustrial  products. 
The  stable  metals  have  long  been  desired  in 

the  form  of  thin  adherent  protective  coatings 
not  only  on  other  metals,  but  also  on  many 
coherent  substances  used  in  the  arts,  such  as 
wood,   paper,   leather,   glass,     stone,     cement. 

textiles,  etc.,  but  no  practical  solution  of  the 
problem  has  been  furnished  through  electrical 

deposition. 
The  electrical  fusion  of  copper  dust 

sprinkled  over  non-conducting  surfaces,  has 
been  accomplished  for  purely  decorative  pur- 

poses but  this  expensive  process  of  limited 
scope  with  one  metal  only  has  no  economical 
application.  Two  other  processes  dealing  with 
a  single  metal — zinc — occupy  the  field  today. 
A  large  quantity  of  iron  and  steel  receives  a 
purely  temporary  coating  of  that  protective 
metal  by  the  wet  galvanizing  process  and  a 
much  smaller  quantity  of  metal  is  more  effec- 

tively coated  by  the  dry  galvanizing  method 

known    as    "Sherardizing"    conducted    at   high 

Theory  of  the  Schoop  Process. — In  con- 
sidering what  occurs  in  the  Schoop  process  it 

is  necessary  to  bear  in  mind  a  singular  fact ; 
the  sprayed  metal  moves  only  6  ins.  between 
its  point  of  fusion  and  the  object  to  be  coated, 
yet  it  does  not  reach  the  object  in  a  molten 
state.  It  even  possesses  so  low  a  temperature 
that  it  can  be  safely  directed  upon  the  hand 
for  a  moment  without  injury  and  can  be  con- 

tinuously impacted  upon  materials  ;uch  as 
cloth,  paper,  wood,  and  even  celluloid,  which 
would  be  immediately  consumed  by  the  heat 
of  any  molten  metal.  A  box  of  matches  can 
be  coated  all  over  to  from  a  seamless  metal 
case  without  a  single  match  being  ignited. 

The  reason  is  that  the  gaseous  medium  used 

^fD=0 

^     cz^Us^ 
Plan   and    Section    of   Schoop    Metal    Spraying    Pistol. 

temperature.  The  various  chemical  processes 
for  obtaining  "finishes"  need  not  be  considered 
here. 

The  above  methods  so  narrowly  restricted  in 
the  choice  of  coatings  and  using  objectionable 
temperature,  moisture  or  chemicals  and  unac- 

commodating apparatus  have  greatly  restricted 
their  field  of  application  and  for  the  protection 
of  structures  and  apparatus  in  general  the  en- 

gineer and  manufacturer  have  still  to  rely 
mainly  upon  the  temporary  arrest  of  decay  af- 

forded by  paints,  enamels  and  their  substi- 
tutes. There  is  in  this  steel  age  no  more  seri- 

ous practical  problem  than  the  effective  pre- 
vention of  the  decay  which  awaits  our  most 

essential   structural  metals. 

is  much  larger  in  volume  at  any  moment  than 
the  drop  it  has  pulverized  and  is  carrying  and 
the  gas  is  expanding  so  rapidly  that  its  tem- 

perature is  far  lower  than  that  of  the  spray. 
A  rapid  exchange  of  heat  therefore  takes 
place  between  them  which  consolidates  the 
molten  particles  and  gives  them  a  temperature 
far  below  the  melting  point.  If  the  particles 
arrived  in  a  liquid  state  at  the  base  with  the 
observed  velocity  of  3,000  ft.  a  second,  they 
would  simply  sjilash  on  the  plate  and  largely 
rebound.  As  a  matter  of  fact,  they  impact 
and  inter-penetrate  freely  and  the  later  bom- 

barding particles  unite  with  the  earlier  ones 
to  form  homogeneous  compact  bodies.  In  ac- 

counting for  the  observed  action  of  the  Schoop 
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spray  at  the  receiving  base,  it  is  supposed  that 
the  cooled  particles  of  metal  just  before  im- 

pinging with  great  velocity  on  a  hard  surface 
are  in  an  abnormal  physical  condition.  Due 
to  the  heat  of  collision  they  pass  directly  into 
a  vapor  which  condenses  and  solidifies  after 
penetration  and  is  effectively  dovetailed  into 
the  base.  The  hammering  and  bombardment 
of  the  solidified  first  coat  by  the  minute  suc- 

ceeding particles  is  prattically  a  process  of 

cold  'working.  The  entrained  particles  liquefy and  solidify  so  rapidly  that  the  metal  has  not 

stantly  pulverize,  or  atomize,  and  project  the 
same  under  the  simultaneous  action  of  heat 
and  pressure.  The  third  form  of  the  apparatus 
obtamed  this  end,  and  has  been  used  as  a 

spraying  "Pistol"  for  some  time  in  Europe, 
though  in  its  latest  improved  form  it  was  only 
introduced  into  this  country  six  months  ago. 
As  a  result  of  the  efforts  of  inventors  the 

original  apparatus  w-eighing  over  a  ton  has 
been  reduced  to  a  compact  portable  hand  in- 

strument weighing  only  3%  lbs.,  which  we 
now  describe  in  detail. 

in    the    pulley    contact    areas.      The    belt    no 
longer    runs   off   the   pulleys    for   there   is   no 

slip. 

A  New  Smith-Chicago  Paver  and  an 
Interesting  Small  Mixer. 

A  new  non-tilting  paving  mixer  known  as 
the  Smitn-Chicago,  and  a  small  mixer  of  this 
type  for  various  other  purposes,  are  il- 

lustrated here.  It  is  claimed  that  the 
design     of     the     paver     illustrated     and     the 

Small   Smith-Chicago   Mixer. Smith-Chicago     Paver    in    Operation. 

time  to  return  to  its  natural  crystalline  state. 
The  theory  just  outlined  seems  to  be  sup- 

ported by  examinations  of  the  sprayed  de- 
posits for  the  structure  of  the  metal  coatings 

and  of  the  whole  bodies  produced  by  the 
Schoop  process  is  always  found  to  be  amor- 

phous and  vitreous  throughout.  This  char- 
acteristic is  of  great  importance  to  many  large 

metal  industries. 

Development  of  Schoop  Apparatus. — The 
first  practical  apparatus  disclosing  and  using 

the  principle  of  Schoop's  invention  involved the  use  of  a  large  reservoir  of  molten  metal, 
the  liquid  drops  of  which  are  pulverized,  or 
atomized,  by  pressure,  and  simultaneously 
projected  with  great  velocity  so  as  to  adhere 
to  a  base.  The  apparatus  lacked  portability 
for  commercial  purposes  and  is  practically 
restricted  to  spraying  lead  and  tin,  which  it 
does  successfully. 

In  the  next  form  of  apparatus,  carrying  out 
the  principle  of  the  invention,  the  large  reser- 

Thc  Metal  Spraying  "Pistol." — Figure  1  is 
a  view  from  a  photograph  of  the  "Pistol" with  one  side  plate  removed  from  the  box.  The 
three  hose  pipes  lead  oxygen,  hydrogen  and 
air  from  their  respective  containers  to  the 
burner  tftbe  and  blast  nozzle,  which  ise  con- 

centric. The  geared  air  turbine  and  friction 
wire  feed  wheels  are  also  visible  in  the  cut. 
Provision  is  made  for  ready  control  of  the 
gases.  Figure  2  shows  the  same  instrument  in 
plan  and  section.  As  already  indicated,  the 
small  box  accommodates  only  the  feed  ap- 

paratus and  the  gas  and  air  leads,  the  whole 
action  of  melting,  pulverizing  and  projection 
taking  place  at  one  spot  just  inside  tlie  blast 
nozzle.  The  wire  is  fed  down  the  core  of  the 
inner  burner  piece  and  at  the  end  of  ic  nasses 
into  the  flame  zone  due  to  the  ignition  of  the 
mixture  of  hydrogen  and  oxygen  which 
simultaneously  passes  between  the  two  burner 
pieces.  Immediately  in  front  of  the  flame 
zone  the  nozzle  discharges  a  violent  blast  of 
air  completing  the  disintegration  of  the  wire 
and  causing  its  particles  to  be  entrained  in  an 

expanding  blast  of  gas  and  air.  Tanks  of  com- 
mercial oxygen  and  hydrogen  w-ith  reducing 

valves  and  a  supply  of  compressed  air  are  the 
only  requisites  for  operating  the  pistol  on  any 
metal  in  the  form  of  wire. 

An    Interesting    Slack   Belt   Drive. 

voir  of  molten  metal  is  replaced  by  a  con- 
tainer of  manufactured  metallic  dust  re- 

sembling a  small  sand-blast  outfit  in  arrange- 
ment ;  the  dust  being  simultaneously  acted 

upon  by  heat  and  pressure  and  successfully 
projected  and  impacted  upon  a  base.  This 

"Cyclone"  apparatus  is  still  in  use  for  special 
purposes,  but  the  high  cost  of  metallfc  dusts 
and  their  liability  to  oxydize  rapidly  has  re- 

stricted the  use  of  this  form  of  apparatus 
chiefly  to  zinc. 

The  next   step  was  to     create     from     solid 
metal    a   succession   of   minute   drops   and   in- 

An  Excellent  Example  of  Slack  Belt. 
(Contributed.) 

That  real  slack  belts  on  short  centers  are 
riuite  practicable  is  conclusively  proved  by  the 
ilh'stration  w-hich  shows  a  5-in.  single  leather 
bilt  transmitting  power  from  a  15-in.  to  a 
:V>-in.  pulley.  The  distance,  center  to  center 
of  shafts,  is  only  5  ft.  The  speed  of  the  driv- 

ing pulley  is  500  r.p.m.  This  belt,  operating 
in  the  engine  room  of  the  Lambeth  Public 
Baths,  Kensington  Road,  S.  E..  England, 
drives  two  3()-in.  towel  washing  machines, 
one  .Sf)-in.  fan,  one  .36-in.  roller  mangle  and 
one  38-in.  hydro-extractor.  Before  treating 
with  Cling-Surface  great  difficulty  was  ex- 

perienced in  keeping  this  belt  on  the  pulleys 
even  with  much  tension,  and  the  great  tension 
caused  the  bearings  to  overheat,  a  trouble 
that  was  enhanced  by  the  high  temperature 

in  the  engine  room — 100°  F.  at  the  time  the 
photograph  was  taken.  The  exceptional  slack 
made  possible  by  the  use  of  Clin.g-Surface  has 
permitted  the  removal  of  all  initial  tension 
except  that  due  to  the  weight  of  the  belt  and 
has  been  the  means  of  a  2o  per  cent  increase 

other  mixer  mentioned  is  such  that  splash- 
ing is  eliminated  without  reducing  the 

speed  of  discharge.  In  designing  con- 
crete mixers  of  the  non-tilting  type,  it  is 

held  desirable  that  the  material  in  process  of 
mixing  continue  to  be  thrown  back  and  forth 
in  the  mixer  vip  to  the  moment  of  discharge, 
rather  than  heaped  on  the  discharge  side  of 
the  drum  in  order  to  facilitate  rapid  dis- 

charge. The  design  of  the  Smith-Chicago 
mixer  provides  a  long  steep  chute  projecting 
at  least  two-thirds  the  depth  of  the  drum; 
this  length  and  angle  being  made  possible  by 
the  concave  face  of  the  drum.  The  mixing 
blades  are  located  and  shaped  so  that  the 
material  is  poured  continually  into  the  center 
of  the  drum.  The  former  feature  facilitates 
the  discharge,  the  latter  prevents  splashing. 
The  entire  contents  of  the  mi.xer  is  discharged 
in  from  1.5  to  20  seconds. 

All  levers  on  the  paver  are  banked  in  one 
place  so  that  it  is  possible  for  one  man  to 
control  all  the  operations  of  the  machine. 
.Another  feature  of  interest  and  value  is  the 
provision  for  the  extension  of  the  frame  on 
which  the  loading  skip  travels,  permitting 
the  use  of  the  skip  as  an  elevator  should 
such  an  arrangement  be  desirable  for  sta- 
tionan,'  work.  The  skip  is  5%  ft.  wide  and  6 
ins.  high  at  the  back,  permitting  two  wheel- 

barrows emptying  into  it  at  the  same  time. 
A  two-way  traction  drive  with  compensating 
gears  is  provided  on  both  rear  wheels.  The 
speed  both  backward  and  forward  is  %  mile 
an  hour. 

The  pavers  are  made  in  two  sizes  of  9  and 
14  cu.  ft.  batch  capacity,  respectively.  Either 
steam  or  .gasoline  power  is  provided.  The 
capacity  of  the  small  paver  at  45  batches  an 
hour  is  10  cu.  yds.;  the  large  paver,  15  cu. 
yds.  The  weight  of  the  small  paver  will  vary 
from  4,300  to  7,500  lbs.,  depending  on  the 
equipment ;  the  large  paver,  from  6,050  to  9,- 
500  lbs. 

The  small  special  machine  illustrated  has  a 
rated  capacity  in  3  cu.  ft.  batches  of  5  cu. 
yds.  an  hour.  A  6  cu.  ft.  mixer  of  the  same 
tyne  is  also  manufactured.  The  loading  skip 
10%  ins.  The  machine  is  compact,  unusually 
of  the  small  mixer  has  a  charging  level  of 
portable  and  completely  housed.  The  weight 
of  the  smaller  machine  varies  from  2,100  to 
4.800  lbs.,  depending  upon  the  equipment. 
These  mixers  are  manufactured  by  the  T.  L. 
Smith  Co..  Milwaukee,  Wis. 
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Locomotive  Crane  for  the  New  York 

Navy  Yard. 

One  of  the  best  known  of  .\merican  con- 
struction tools  is  tlie  locomotive  crane  and 

machines  of  moderate  size  call  rarely  for 

special  mention.  There  is  particular  interest, 
however,  attached  to  the  locomotive  crane 

shown  by  the  accompanying  illustration,  be- 
cause of  its  unprecedented  size  and  capacity. 

This    machine   is   installed   at   the    New    York 

lin.  ft.  of  groove  in  2GV2  mins.,  a  rate  of  T2Vi 
hn.  It.  an  nour,  or  in  square  yards  of  36  ins. 

wide  trench,  16  sq.  yds.  per  hour.  Hand  labor 

cut,  in  one  case,  (J  lin.  ft.  in  20  mins.,  and  111 
another  5  lin.  ft.  in  15  mins.,  equivalent  to  1« 

lin.  ft.  an  hour  or  2  sq.  yds.  of  surface  in  the 

first  case,  and  20  lin.  ft.  or  2.22  sq.  yds.  an 
hour,  in  the  second  case. 

The  machine  is  manufactured  and  sold  by 

PawUing  &  Harnischfeger  Co.,  iMilwaukee, Wis. 

%-mile  an  hour  for  use  while  laying  concrete. 
Two  types  of  distributor  may  be  obtained,  the 
chute  type  illustrated,  or  a  conveying  dis- 

tributor for  use  on  wide  roads. 

The  No.  1  type  mixer  shown  in  the  illustra- 
tion is  engaged  in  laying  concrete  base  for 

a  wood  block  pavement  on  Monroe  St.,  Chi- 
cago, 111.     A.  N.  Todd,  contractor.    This  ma- 

The  Marsh-Capron  Rail-Track  Mixer. 

The  notable  feature  of  the  Marsh-Capron 
rail-track  concrete  mi.xer,  manufactured  by 
the  Marsh-Capron  Mfg.  Co.,  Chicago,  11!.,  is 

its  adaptability  to  different  classes  of  pavmg 
work  and  its  easy  and  rapid  operation,  due  to 

Navy  Yard  and  is  the  largest  in  the  United 

States.  The  main  boom  has  a  length  of  8.5 

ft.  and  a  capacity  of  50  tons  at  the  full  radius. 

It  handles  big  guns,  armor  plate,  boilers,  and 

engines  which  are  used  in  the  largest  war- 
ships. The  extension  boom,  38  ft.  in  length, 

is  designed  for  the  especial  purpose  of  han- 
dling the  basket  masts  which  are  peculiar  to 

the  new  dreadnaughts.  Formerly  it  was 

necessary  to  cut  these  masts  in  half  be- 
cause tliere  was  no  equipment  of  sufficient 

capacity  to  convey  them  as  a  unit.  The  new 
machine  has  ample  stability  for  such  work. 

This  locomotive  crane  was  furnished  in  com- 

plete working  order  at  the  Navy  Yard  by 
The   Browning  Co.  of   Cleveland,  Ohio. 

A   Machine  for  Trench   Tamping  and 

Cutting  Pavements  for  Street 

Openings. 
The  machine  illustrated  was  oevised  for  the 

purpose  of  providing  a  rapid  and  economical 
means  of  cutting  throuijb  pavements  where 
trenches  are  to  be  opened  and  also  to  ef- 

fectively tamp  backfilled  material  at  a  low 
cost.  The  interesting  feature  of  the  machine 
is  the  case  with  which  it  may  be  converted  for 
service  on  one  type  of  work  after  use  on  an- 

other type.  The  only  change  necessary  con- 
sists in  substituting  the  pick  or  chisel  point 

illustrated   for  the  tamping  head,  also  shown. 
A  recent  test  of  this  device  by  the  Wiscon- 

sin Telephone  Co.  of  Milwaukee  was  con- 
ducted as  follows:    The  machine  was  equipped 

Fifty-ton    Locomotive  Crane  for   New   York 

Navy    Yard. 

special  traction  equipment.  The  paving  mixer 
illustrated  is  fitted  with  rail  tracks  around  the 
mixing  drum  and  has  all  other  features  of  the 
standai-d  M-C  mixer.  Special  fc:itures  of  the 
paver   are  as   follows:     A   12-lIP.   steam   or 

Rail-Track    Concrete    Mixer    Showing    Chute 

Type   of    Distributor. 

chine  at  the  time  the  photograph  was  taken 
was  laying  tJTO  sq.  yds.  of  8-in.  concrete  base, 
38  ft.  wide,  in  a  10-hour  working  day  in  the 
downtown  section  of  the  city,  where  condi- 

tions are   unfavorable  to  the  placing  of  con- 

Chisel   and    Pick    Heads  and    Tamper    Head 

for   Use  with   Power   Picking  and  Tamp- 
ing  Machine. 

with  the  concrete  breaking  pick  and  was  tried 
oi't  in  competition  with  a  hand  picking  gang. 
The  machine  removed  372  sq.  ft.  of  (i-in.  con- 

crete base  in  410  mins.,  an  average  of  0.91  sq. 
ft.  a  minrte.  By  hand  labor  one  man  removed 
23'/2  sq.  ft.  in  71  mins.,  an  average  of  0..33  sq. 
ft.  a  minute.    On  asphalt   the  machine  cut  64 

A    Pavement    Picking    and    Trenqh    Tamping    Machine. 

air-cooled  gasoline  engine  is  furnished.  A 
high  and  low  speed  traction  gear  is  provided, 
the  former  permitting  a  speed  of  l^  miles  an 
hour  while  traveling  on  the   road,  the  latter, 

Crete  materials.  The  same  mixer  averaged 

1,100  sq.  yds.  of  6-in.  base  on  work  com- 
pleted just  before  beginning  the  work  on 

which  it  is  at  present  engaged. 
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Effect    of   Water   Waste   on    Cost   of 
Water  and  Sewer  Service. 

The  article  on  water  waste  which  we  pub- 
hsh  in  the  water  works  section  of  this  issue 
pertains  wholly  to  the  additional  cost,  due  to 
water  waste,  of  constructing  and  operating 
water  and  sewerage  works.  Our  contributor, 
Mr.  R.  O.  Wynne-Roberts,  makes  an  analysis 
of  the  cost  of  water  and  sewer  service  in  two 
hypothetical  cities,  each  of  250,000  population, 
the  one  using  50  gals,  of  water  per  capita 
per  day  and  the  other  150  gals.  It  is  as- 

sumed that  the  water  is  filtered,  sterilized 
and  pumped  against  a  head  of  200  ft.,  the 
sewage  is  collected  by  the  separate  system, 
treated  in  tanks  and  sprinkling  filters,  and 
the  final  effluent  is  disinfected.  Considering 
all  annual  costs  it  is  found  that  the  total  annual 
cost  for  the  city  with  the  higher  water  con- 

sumption exceeds  the  corresponding  figure  for 
the  other  city  by  $284,350.  This  sum  will  pay 
5  per  cent  interest  on  $5,687,000. 

While  the  figures  given  are  intended  to 
serve  chiefly  as  an  illustration  of  the  method 
of  analysis  they  are  all  drawn  from  reliable 
sources  and  the  final  figure  above  quoted  is 
probably  a  fairly  accurate  measure  of  the  in- 

crease in  annual  expense  due  to  the  waste 
assumed  in  the  premises.  Doubtless  some  of 
the  assumptions  made  are  open  to  debate, 
and  some  of  the  values  used  may  be  ques- 

tioned, but  the  form  of  analysis  is  to  be  com- 
mended. Such  an  analysis  may  well  be  made 

m  every  city  when  water  filtration  and  sewage 
interception  and  disposal  are  under  considera- 

tion, as  well  as  when  the  cost  of  an  additional 
water  supply  must  be  balanced  against  that  of 
curtailment  of  water  waste  by  meterage  or 
rigid  inspection. 

The  Control  of  Pavement  Openings  in 
Small  Cities. 

There  is  perhaps  no  matter  which  arouses 
the  ire  of  the  average  citizen  with  such  fre- 

quency, or  calls  upon  the  heads  of  the  city 
administration  such  forceful  expressions  of 
public  sentiment  with  regard  to  their  effi- 

ciency, as  the  frequent  opening  of  newly-laid 
pavements.  Of  course  there  is  almost  invari- 

ably a  good  excuse  for  making  such  openings. 
Quite  frequently  the  failure  of  the  average 
citizen  to  appreciate  the  necessity  and  econ- 

omy of  placing  subsurface  structures  prior  to 
paving  and  his  demand  for  a  pavement,  even 

though  it  provides  only  the  "appearance  with- 
out the  substance  of  worth,"  is  the  primary 

cause  for  the  frequent  unkempt  appearance  of 

city  streets,  often  termed  "intolerable"  by  the 
newspapers. 

A  city  street  is  primarily  an  avenue  of  com- 
munication. Commnnit-ation,  in  this  case,  re- 

fers not  only  to  vehicular  and  pedestrian  traf- 
fic, but  to  water,  sewage,  gas,  electric  power, 

telephone  and  other  similar  mediums  of  rapid 
communication.  All  these  things  facilitate 
intercourse  and  are  appurtenances  of  the 
street,  and  a  proper  conception  of  the  func- 

tion of  the  street  is  fundamental  to  the  cor- 
rection of  many  abuses,  of  which  dangerous 

and  unsightly  pavement  openings  is  but  one. 
The  pavement  is  then  but  a  portion  of  the 
street  structure,  in  point  of  cost  representing 
but  a  part  of  the  total  investment  of  money 
in  the  street.  The  education  of  citizens  to 
an  appreciation  of  this  fact  will  constitute  a 
step  in  the  direction  of  better  control  of  pave- 

ment openings. 
While  modern  pavements  with  a  concrete 

base  are,  as  has  frequently  been  pointed  out, 
reasonably  permanent  structures,  it  must  be 
remembered  that  from   a  standpoint  of  econ- 

omy it  may  frequently  be  better  to  destroy 
the  pavement  rather  than  to  lay  unnecessary 
subsurface  structures  prior  to  paving.  This 
fact  complicates  the  solution  of  the  problem. 
Conversely,  it  is  readily  seen  that  the  type  of 
pavement  economical  for  use  on  a  street  is 
a  function  of  the  degree  of  completeness  of 
the  subsurface  structures.  Aside  from  the 
inconvenience  and  unsightliness  of  pavement 
openings,  there  exists  a  delicate  and  interest- 

ing balance  between  the  relative  economy  of 
placing  subsurface  structures  prior  to  pav- 

ing and  the  cost  of  pavement  openings. 
The  element  of  danger  and  inconvenience 

to  traffic  due  to  openings  is  a  maximum  on 
business  streets  and  a  minimum  on  residential 
streets.  Also,  the  proportional  cost  of  sub- 

surface structures  is,  ordinarily,  of  greatest 
importance  on  business  streets  and  of  least 
importance  on  residential  streets.  Hence,  it 
would  appear  that  while  there  may  be  a 
monetary  saving  in  opening  business  streets 
the  inconvenience  to  business,  the  cost  of 
which  is  difficult  to  estimate  but  which,  un- 

doubtedly has  a  considerable  value,  enters 
and,  it  is  believed,  openings  should  be  avoid- 

ed. On  residential  streets  the  reverse  may 
be  true. 

It  is,  however,  possible  to  avoid  destructive 
openings  on  residential  streets.  It  is  a  nota- 

ble fact  that  within  the  past  few  years  there 
has  been  a  very  general  reduction  in  the  paved 
width  used  on  residential  streets.  This  has 
resulted  in  allowing  the  use  of  parkway  areas 
between  the  pavement  curbs  and  sidewalks 
for  tree  and  grass  planting.  In  these  park- 

way areas  all  water,  sewer,  gas,  power  and 
telephone  pipes  should  be  laid.  There  are, 
undoubtedly,  objections  to  this  practice,  but 
reduced  to  a  basis  of  service  and  ultimate 
economy,  both  to  residents  along  the  street 
and  utilities  corporations,  the  parties  most 
afifected  and  upon  whom  the  burden  of  un- 

profitable expense  falls  most  heavily,  this 
practice  will  result  in  the  greatest  good  to  all. 
Under  the  conditions  existing  in  the  average 
American  city  openings  on  residential  streets 
are  economical;  the  reduction  of  the  dam- 

age occasioned  by  such  openings  is  the  end 
to  be  sought. 
Various  makeshifts  have  been  resorted  to 

by  some  cities  to  reduce  the  pavement  opening 
nuisance.  In  several  cities  ordinances  have 
been  passed  prohibiting  openings  for  a  period 
of  years  after  the  completion  of  the  pavement, 
in  one  case,  five  years.  Other  ordinances  re- 

quire all  house  connections  to  be  laid  to  curb 
lines  prior  to  paving;  still  others,  that  con- 

nections made  after  the  pavement  is  laid  must 
be  accomplished  by  tunneling  under  the  pave- 
ment. 

Tlie  whole  question  of  abolishing  pavement 
openings  hinges  on  the  value  to  be  placed  on 
the  clean  and  orderly  appearance  of  the  street 
and  the  convenience  of  traffic.  From  a  finan- 

cial standpoint  pavement  openings  are  econom- 
ical, from  an  aesthetic  standpoint,  which  also 

has  a  monetary  value  to  the  city,  such  open- 
ings are  a  nuisance.  The  residents  of  differ- 

ent cities  assign  dififerent  values  to  each  fac- 
tor. 

Does   Publication   of  Costs   Endanger 
the  Contractor? 

A  successful  contractor  whose  practice  it 
was  to  keep  very  careful  costs  of  his  con- 

struction operations  once  refused  the  editor 
permission  to  publish  some  of  these  costs  be- 

cause they  constituted  his  only  stock  in  trade. 
This  contractor  was  unusually  expert  in  or- 

ganizing construction  forces,  in  selecting  and 
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handling  men,  in  planning  construction  plants, 
in  purchasing  supplies  and  materials  and  he 
had  a  reputation  for  honesty  and  general  re- 

liability. His  unit  costs  were  less  than  those 
of  his  competitors;  in  general  he  bid  more 
closely  than  did  his  competitors,  and  his 
profits  were  more  certain  and  frequently  larg- 

er than  were  theirs. 

This  example  is  not  stated  because  it  is  ex- 
ceptional. Many  contractors  refuse  to  per- 

mit publication  of  their  costs.  It  is  of  course 
their  privilege.  To  refuse  publication  on  the 

plea  that  their  "stock  in  trade"  is  thus  made 
free  to  their  competitors  is,  however,  not 
logical  reasoning.  Considering  the  example 
cited,  it  is  evident  that  these  construction  costs 

were  not  his  "stock  in  trade,"  but  were  mere- 
ly the  results_  of  his  managerial  ability  and 

his  business  integrity  which  were  his  real 

"stock  in  trade."  As  we  see  it,  this  contractor 
and  other  contractors  who  conceal  their  costs 
fear  two  possible  dangers  from  publication : 
First  they  fear  that  competitors  will  imitate 
their  methods  and  be  thus  enabled,  more  fre- 

quently to  underbid  them.  Second,  they  fear 
that  engineers  knowing  the  actual  costs  may 
lower  their  estimates  and  force  the  contractor 
to  take  work  at  lower  prices.  Let  us  consider 
the  force  of  these  suppositions. 

Personal  knowledge  of  the  operations  of 
several  competing  groups  of  contractors  in 
widely  separated  parts  of  the  country  is  had 

,  by  the  editor.  As  a  rule  the  contractors  in 
e;i  1-  group  operate  in  a  limited  area  and  bid 

nst  each  other  on  nearly  every  job  coming 
Up  during  the  course  of  the  year.  Although 
competitors,  these  men  are  usually  friendly, 

clannish  and  even  "chummy."  They  know 
each  other  and  each  other's  methods  thorough- 

ly. Each  man  frequently  visits  the  work  the 
others  are  carrying  on,  often  traveling  consid- 

erable distances  to  do  so.  It  is  not  necessary 
for  one  of  these  men  to  read  about  his  com- 

petitor's methods  since  he  is  familiar  with 
them  as  a  result  of  direct  observation.  The 
e.xperienced  contractor  knows  a  good  method 
when  he  sees  it  and  is  quick  to  adopt  it  with- 

out any  published  prompting.  He  can  tell 
at  a  glance  if  a  job  is  being  handled  well  and 
economically,  .^s  a  result  of  this  practice  of 
inspection  the  alert  contractors  in  any  group 

employ  substantially  the  same  methods.  There- 
fore the  only  ones  who  conceivably  might 

profit  from  the  description  of  a  construction 
method  to  the  disadvantage  of  the  one  giving 
out  the  description  are  familiar  with  the 
method  before  it  is  described.  The  reason 

for  describing  it  is  to  help  men  in  other  lo- 
calities who.se  operations,  as  a  rule,  do  not 

interfere  with  those  in  the  locality  in  whicli 

the  method  originated.  Since  costs  are  a  di- 
rect result  of  conditions  and  methods  there 

can  be  no  more  objection  to  their  publication 
than  to  tlic  publication  of  descriptions  of 
methods.  In  either  case  objection  to  publicity 
is  illogical  since,  as  we  have  pointed  out, 

methods  and  costs  in  any  locality  are  contin- 
ually undergoing!  a  process  of  adjustment 

which  trends  toward  a  common  level. 

Nowadays  nearly  all  engineers  keep  cost 
data  with  reference  to  the  contracts  under 

their  charge.  These  data  are  kept  with  suf- 

ficient accuracy  to  serve  the  engineer's  pur- pose in  making  estimates.  While  it  is  not 

the  engineer's  purpose  to  spy  upon  the  con- 
tractor such  cost  data  as  he  compiles  are  en- 

tirely adequate  to  show  whether  the  con- 
tractor is  making  an  exorbitant  profit  or  not. 

Further  than  this,  the  engineer's  interest  in this  connection  docs  not  extend.  He  expects 
the  contractor  to  make  a  fair  profit  and  is 
much    distressed    if    the   contractor   is   losing 
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money.  This  is  well  shown  by  the  fact  that 
engineers  usually  make  all  the  concessions 
possible  when  contractors  are  working  at  a 
loss.  Therefore,  since  engineers  keep  cost 

data  sufficient  to  their  requirements,  the  con- 
tractor should  not  withhold  the  publication  of 

such  data  in  the  belief  that  they  will  be  turned 
to  his  disadvantage  by  engineers. 

It  should  be  borne  in  mind  that  there  are 

other  forms  of  valuable  out-put  data  which 
can  be  published  without  throwing  any  light 

upon  the  contractor's  profits  whatsoever. 
Only  cost  data  of  the  dollar  and  cent  variety, 
covering  the  entire  job,  taken  into  account 
with  the  contract  price,  serve  to  indicate  the 

contractor's  profit  or  loss.  If  the  contractor 
appreciates  the  value  of  giving  publicity  to  his 
work  and  wants  to  help  others  without  giving 
an  insight  to  his  profits  he  can  readily  do  so. 

It  is  seldom  necessary,  in  fact  it  is  some- 
times altogether  undesirable,  to  give  unit  costs 

for  every  item  on  a  large  construction  job. 
Thus  where  a  large  part  of  a  job  consists  of 
trenching  and  pipe  laying,  for  example,  and 
other  less  common  features  are  included  in 
the  same  contract,  preference  may  well  be 
given  to  the  latter  in  giving  out  cost  data. 
Thus  the  contractor  may  often  give  out  high- 

ly interesting,  valuable  and  complete  cost  data 
on  a  part  of  his  job  without  furnishing  any 
idea  to  the  outsider  of  the  amount  of  his 
profit  or  loss  on  his  entire  contract. 

Again,  where  there  is  a  large  amount  of 
trenching  and  pipe  laying,  as  in  the  above 

illustration,  typical  sections  1,000  ft.  or  more- 
in  length  may  be  selected  for  observation  and 
subsequent  publicity  purposes,  &,en  if  costs 
arc  nut  kept  on  the  entire  job.  or  if  it  is  con- 

sidered undesirable  for  any  cause  to  give  out 
costs  relating  to  the  entire  job. 

Finally,  it  should  be  borne  in  mind  that 
one  can  entirely  avoid  the  dollar  and  cent 
form  of  presentation  and  still  give  publicity 
to  valuable  data  in  a  very  convenient  form.* 
To  the  editor's  mind  one  of  the  most  valuable 
articles,  giving  out-put  data,  ever  published 
in  this  journal  occupied  less  than  a  column 

of  space  and  didn't  have  a  dollar  sign  in  it. 
The  article  related  to  the  laying  of  pipe  sew- 

ers in  a  Wisconsin  city.  All  the  soil  and  other 
conditions  were  briefly  but  adequately  de- 

scribed, as  were  the  construction  plant  am! 
methods  employed.  An  intensive  time  study 
was  made  per  1,000  ft.  of  pipe  line  completed. 
The  data  obtained  were  recorded  as  so  many 
days  and  fractions  of  days  required  by  each 
class  of  labor  employed  in  laying  1.000  ft.  of 
sewer  complete.  This  included  supervision 

by  foreman,  the  contractor's  personal  time 
spent  on  the  work,  etc.  We  commend  this 
form  of  presentation  to  the  contractor  who 
has  an  ill-defined  dread  of  seeing  the  dollar 
mark  too  prominently  displayed  in  published 
accounts  of   his  work. 

.Mert  contractors  are  coming  to  appreciate 
the  value  of  publicity.  The  benefits  of  pub- 

licity can  be  obtained  as  here  suggested  with- 
out revealing  profits  and  without  greatly  re- 

ducing the  serviceableness  of  the  data  made 
public.  Moreover,  as  shown  herein,  the  dan- 

gers arising  from  the  publishing  of  even  very 
full  and  complete  data  of  the  dollar  and  cent 

variety    are    largely     but     figments    of     the 
imagination. 

New  Ruling  on    Reinforced    Concrete 

Flat  Slab   Construction  by  Build- 

ing   Department   of    Chicago. 
There  has  been  much  discussion  concern- 

ing the  methods  used  in  designing  reinforced 
concrete  flat  slab  floor  systems,  and  the  check- 

ing of  a  number  of  designs  shows  that  there 
is  little  agreement  among  designers  of  this 

type  of  construction  in  determining  the  thick- ness and  reinforcement  of  flat  slab  floors. 
The  Commissioner  of  Buildings  of  Chicago 
has  recently  signed  a  ruling  on  the  design 
and  testing  of  reinforced  concrete  flat  slab 
floor  systems  which  is  the  result  of  long 
study  and  numerous  e.xtensometer  tests  of 
full  sized  structures.  On  account  of  the 
thoroughness  of  the  investigation  and  the 
prominence  of  those  engaged  in  making  the 
tests,  certain  features  of  the  ruling  are  of 
special  interest  to  designers  of  reinforced 
concrete  construction.  Before  laying  down 
rules  governing  the  design  of  flat  slab  floors 
it  was  first  necessary  to  define  terms,  the  fol- 

lowing definitions  being  given  in  the  ruling: 
Flat  slabs,  as  understood  by  this  ruling,  are 

reinforced  concrete  slabs  supported  directly  on 
reinforced  concrete  columns  with  or  without 
dates  or  capitals  at  the  top.  the  whole  construc- 

tion being  hingeless  and  monolithic  without  any 
visible  beams  or  girders.  The  construction  may 
be  such  as  to  admit  the  use  of  hollow  panels  in 
the  ceiling  or  smooth  ceiling  with  depressed  pan- els in  the  floor. 
The  column  capital  shall  be  defined  as  the 

gradual  flaring  out  of  the  top  of  the  column 
without  any   marked   offset. 

The  drop  panel  shall  be  defined  as  a  square 
or  rectan.t?ular  depression  around  the  column 
capital  extending  below  the  slab  adjacent  to  it. 
The  pane!  length  shall  be  defined  as  the  dis- tance center  to  center  of  columns  of  the  side  of 

a  square  panel,  or  the  average  distance  center 
to  center  of  columns  of  the  long  and  short  sides 
of  a  rectangular  panel. 

The  ruling  requires  that  the  least  diameter 
of  any  concrete  column  shall  be  not  less  than 
one-twelfth  the  panel  length,  or  one-twelfth 
the  clear  hei.ght  of  the  column,  while  the 
minimum  total  thickness  of  the  floor  slab  is  to 
be  determined  by  the  formula : 

(  =  0.023  L^/w^ 
in  which 

/  =  total  thickness  of  slab  in  inches, 
/-  =  panel  length  in   feet, 

and  M'  =  total   live  and  dead  load  in  pounds 
per  square   foot. 
The  diameter  of  the  column  capital  is  re- 

quired to  be  at  least  0.225  of  the  panel  length, 

this  diameter  being  measured  where  the  ver- 
tical thickness  is  at  least  1%  in.,  while  the 

slope  of  the  column  capital  must  nowhere 

make  an  angle  of  more  than  45°  with  the  ver- tical. 
The  ruling  states  definitely  the  method 

which  shall  be  used  in  designing  the  flat  slab 
in  a  square  panel,  the  following  description 
indicating  the  division  of  the  panel  into 
strips : 

For  purposes  of  establishing  the  bending  mo- 
menta and  the  resisting  moments  of  .a  square 

panel,  the  panel  shall  be  divided  Into  strips 
known  as  strip  A  and  strip  B.  Strip  A  shall 
Include  the  reinforcement  and  .slab  In  a  width 
extending  from  the  center  line  of  the  columns 
for  a  distance  each  side  of  this  center  line  equal 

to  one-quarter  of  the  panel  length.  Strip  B  shall 
include  the  reinforcement  and  slab  in  the  half 
width  remaining  in  the  center  of  the  panel.  At 
right  angles  to  these  strips,  the  panel  shall  be 
divided  into  similar  strips,  A  and  B,  having  the 
same  widths  and  relations  to  the  center  line  of 
the  columns  as  the  above  strips.  These  strips 
are  for  designing  purposes  only,  and  are  not  in- tended as  the  boundary  lines  of  any  bands  of stGcI  used. 

These  strips  shall  apply  to  the  system  of  re- inforcement in  which  the  reinforcing  bars  are 
placed  parallel  and  at  right  angles  to  the  cen- ter line  of  the  columns,  hereinafter  known  as 
the  two-way  system,  and  also  to  the  system  of 
reinforcement  in  which  the  reinforcing  bars  are 
placed  parallel,  at  right  angles  to,  and  diagonal 
to  the  center  line  of  the  columns,  hereinafter 
known  as  the  four-way  system. 

In  designing  an  interior  panel  for  the  two- 
way  system,  the  negative  bending  moment  at 
a  cross  section  of  each  strip  A,  at  the  edge  of 
a  column  capital,  or  over  it,  is  to  be  taken  as 
IVL'/15 ;  the  positive  bending  moment  at  a 
cross  section  of  each  strip  A,  midway  be- 

tween the  column  centers,  as  lVL'/30 ;  the 
positive  bending  moment  at  a  cross  section 
of  each  strip  B,  in  the  middle  of  the  panel, 

as  WL~/GO;  and  the  negative  bending  moment 
at  a  cross  section  of  each  strip  B.  on  the 

center  line  of  the  column,  as  IVL'/GO.  In 
these  formulas  (F^the  live  and  dead  loads 

per  linear  foot  of  each  strip,  and  L^the 
panel  length  in  feet. 

In  designing  an  interior  panel  for  the  four- 
way  system,  the  negative  bending  moment  at  a 
cross  section  of  each  strip  A,  at  the  edge  of 
the  column  capital,  or  over  it,  is  to  be  taken 
as  H'XV15 ;  the  positive  bending  moment  at  a 
cross  section  of  each  strip  A,  midway  be- 

tween the  column  centers,  as  IVL'/iO ;  the 
positive  bending  moment  at  a  cross  section 
of  each  strip  B,  in  the  middle  of  the  panel,  as 
I-FLV60;  and  the  negative  bending  moment 
at  a  cross  section  of  each  strip  B,  on  the 

center  line  of   the  column,   as   H'LV60. 
In  designing  the  wall  panels,  wherever  the 

coefiicients  1/15,  1/30.  1/40  and  1/60  appear  in 
the  formulas  for  either  the  two-way  or  the 
four-wav  svstem  the  coefficients  1/12,  1/25, 

1/33,  and  1/50,  respectively,  shall  be  used  in 
the  moments  for  wall  panels  supported  on 
concrete  columns  and  girder ;  when  brick 
walls  are  used  to  support  partly  the  wall 

panels  these  walls  are  required  to  be  stiffened 
by  pilasters  or  piers,  and  the  corresponding 
coefiicients  shall  be  1/10.  1/20,  1/27  and  1/40. 

In  making  calculations  for  the  bending 
moments  at  sections  away_  from  the  column 
capital  the  point  of  inflection  is  to  be  taken 
as  being  one-quarter  of  the  distance  center  to 
center  of  columns,  both  crosswise  and  diagon- 

ally,  from  the  center  of  the  column. 
the  ruling  considers  the  flat  sl.ib  as  a  beam, 

and  the  tensile  stress  in  the  steel  and  the 
compressive  stress  in  the  concrete  can  be 
computed  on  that  basis  as  soon  as  the  loads 
and  moments  arc  obtained.  The  distribution 
of  load  in  rectangular  panels  is  considered 
as  a  function  of  the  cube  of  the  span.  After 
the  structure  is  completed  the  ruling  requires 
that  it  shall  be  tested,  the  deflections  beinp 
used  as  a  measure  of  the  workmanship.  Over- 

loading is  checked  by  requiring  that  all  build- 
ings used  for  the  manufacture  and  storage 

of  goods  shall  be  placarded,  a  card  stating 
the  safe  live  load  per  square  foot  being  placed 

at  each  floor. 

WATER WV)Vx  I ... 
Economics  of   Water  Waste  in  Cities. 
Contributed  by   R.   O.   Wynne-Roberts,   Consult- 

ing li^nglneer,   Ruglna,   Saskatchewan. 

.■\  perusal  of  the  technical  press  and  of  the 
papers  and  discussions  at  the  various  con- 

ventions of  water  supply  engineers  will  in- 
dicate that  the  subject  of  water  consumption 

and  waste  is  one  of  considerable  importance. 
That  water  is  being  wasted  in  cities  is 

recognized  by  all  engineers,  and  that  it  can- 
not be  completely  eliminated  is  admitted  by 

all.  But  the  quantity  which  is  used  or  wasted 
in  excess  of  allowable  or  unpreventable 
waste,    plus    that    actually    consumed    lor    all 

legitimate  purposes,  represents  a  tangible  and 
potential  source  of  wealth.  The  means  by 
which  such  wealth  can  be  conserved  is  de- 

pendent on  the  method  adopted  and  the  man- 
ner in  which  it  is  organized. 

The  influences  which  affect  the  consumption 
of  water  are  the  nature  of  the  industries,  the 
wealth  and  habits  of  the  people,  the  extent 
to  which  water  is  used  for  fountains  or  other 
ornamental  objects,  watering  of  lawns,  street 
sprinkling  and  other  public  purposes.  Climate 
has  also  a  very  considerable  influence  espe- 

cially as  to  the  amount  used  for  sprinkling 
purposes,  and  that  which  is  wasted  in  winter 

to  prevent  freezing.  It  is  probable,  however, 

that  the  most  important  factors  in  determin- 
ing the  consumption  of  water  is  the  degree 

of  care  taken  to  detect  leakage  and  other 

waste,  and  the  fact  as  to  w-hether  the  water 
is  sold  by  measure  or  otherwise. 

It  will  be  assumed  that  the  actual  consump- 
tion of  water  on  the  North  American  conti- 
nent is  on  a  more  generous  scale,  and  that 

the  climate  as  a  rule  is  less  humid  and  con- 
sequently the  cardens  and  streets  receive  more 

watering  than  in  Europe.  This,  however,  can- 
not account  for  the  great  difference  in  the 

average  consumption  per  capita.     While  it  is 
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not  always  a  sure  method  of  comparison  to 
consider  the  consumption  in  any  one  city  with 
that  of  another,  owing  to  the  different  con- 

ditions which  obtain,  when  several  cities  are 
compared  this  limitation  loses  some  of  its 
force. 
Even  granting  that  the  actual  use  of  water 

for  ablutionary  and  other  purposes  is  more 
generous  here  than  in  European  cities,  it  is 
palpable  that  the   excess  will   not  be   great. 

.•\n  American  authority  (Turneaure  and 

Russell's  Public  Water  Supplies,  p.  22),  esti- mates that  the  daily   average     for     domestic 

purposes  would  be     25  gals,  per  capita 
Commercial   purposes      20  gals,  per  capita 
Public   purposes       5  gals,  per  capita 
Loss       20  gals,  per  capita 

Total       75  gals,  per  capita 
There  are  many  cities  in  the  United  States 

and  Canada  that  are  thriving  on  a  smaller 
average.  Domestic  allowance  of  25  gals,  daily 
per  capita  is  more  than  ample,  and  when  it  is 
borne  in  mind  that  a  large  number  of  indus- 

tries, railways,  etc.,  do  not  use  city  water,  as 
a  perusal  of  the  Cincinnati  Sewerage  and 
other  reports  clearly  show,  an  allowance  of  20 
gals,  per  head  per  day  for  industrial  consump- 

tion is  high.  The  loss  of  20  gals,  is  excessive, 
while  the  preceding  allowances  evidently  in- 

clude waste  also. 
The  average  water  consumption  of  22  of 

the  largest  European  cities  is  about  40  gals, 
per  head  per  day.  If  this  figure  is  increased 
by  25  per  cent  it  will  represent  a  reasonable 
quantity  and  includes  unpreventable  waste, 
which  occurs  in  all  cities. 

COMPARATIVE      ECONOMIC       ANALYSIS       OF        TWO 
HYPOTHETICAL  CASES. 

The  writer  will  for  the  purposes  of  this 
article  assume  two  hypothetical  cities,  each  of 
250,000  inhabitants.  One  citv  will  consume 
50  gals,  per  capita  daily,  and  the  other  150 
gals.  Appro.ximate  estimates,  based  on  pub- 

lished statements  which  will  be  quoted,  will 
be  submitted  to  show  the  economics  of  waste. 
The  water  is  supposed  to  be  filtered,  chlori- 

nated and  pumped  200  ft.  high  or  equivalent 
in  pressure,  and  distributed.  The  sewage  will 
be  collected  on  the  separate  system  and 
treated  bacteriologically. 
There  is  ordinarily  one  ratepaying  con- 

sumer in  every  six  inhabitants,  so  that  in 
each  city  of  250,000  population  there  will  be 
about  42,000  water  consumers. 
The  daily  consumption  of  water  in  the  two 

cities  will  average : 

250,000  X    50  =  12,500,000   gals.,    and 
250,000X1.50  =  37,500,000  gals.,  respective- 

ly, and  to  these  figures  must,  of  course,  be 
added  an  allowance  in  capacities  of  mains, 
pumps,  etc.,  to  meet  the  fluctuating  hourly 
flows. 

The  water  works  of  the  six  largest  cities  in 
Wisconsin,  as  shown  by  the  1911  report  of  the 
Wisconsin  Railroad  Commission,  supplying  an 
average  of  81  gals,  per  head  daily,  cost  about 
$187.25  per  consumer,  but  eliminating  one 
city,  where  the  cost  exceeded  the  average  by 
nearly  100  per  cent,  the  mean  of  five  cities  was 
$151.42  per  consumer.  .Accepting  this  as  the 
basis  of  cost,  the  water  works  system  for  a 
city  of  250,000  inhabitants  or  42.000  con- 

sumers will  be  about  $0,300,000.  It  is  there- 
fore reasonable  to  estimate  that  for  50  gals, 

per  head  daily  the  cost  will  be  about  $6,000.- 
000  and  for  1-50  gals,  per  head  $7,000,000.  The 
extra  $1,000,000  will  annually  cost  6  per  cent 
for  interest  and  say  2V2  per  cent  for  de- 

preciation, a  total   of  $75,<l00  per  annum. 
The  cost  of  pumping  water  will  be  about 

6  cts.  per  million  foot  gallons  (see  1911  re- 
port of  Wisconsin  Railroad  Commission,  p. 

4.53),  so  that  12,500,000  gals,  raised  200  ft. 
will  cost  about  $54,7.50.  whereas  37,500,000 
gals,  raised  to  the  same  height  will  cost 
$153,250,  an  extra  cost  of  $109,500  per  annum. 
The  average  cost  in  21  cities  in  Wisconsin  in 
1911  was  $16.70  per  million  gallons  pumped 
and  on  this  basis  the  annual  cost  would  be 
$70,000  and  $228,000,  respectively. 

Filtration  and  sterilization  will  cost  about 
$3.37  per  million  gallons  (Fuller.  Baltimore 
Works,  Engineering  Record,  May  9,  1914),  to 

which  is  added  the  cost  of  pumping  into  fil- 
ters, making  a  total  of  $3.50.  So  that  in  the 

first  city,  this  work  will  cost  about  $16,00U 
and  in  the  second  $48,000,  a  difference  of 
about  $32,000   per  year. 
The  distributing  mains  sufficient  for  do- 

mestic, industrial  and  fire  purposes  should 
satisfy  the  National  Board  of  Fire  Under- 

writers (1910)  standard  and  also  allow  for 
the  usual  maximum  fluctuations  in  consump- tion. 

The  National  Board  of  Fire  Underwriters' 
general  requirements  may  be  expressed  by  the 
following  equation : 

y  =  l,020VX(l  — O.OIVX),  in  which  K  = 
gallons  per  minute  and  X  =  population  in 
thousands. 
The  cities  under  consideration  have  about 

250  thousands  population  so  that  to  satisfy  the 
above   requirements : 

Y  =  1,020  yYo^i  1  —  0.01  V  250)  =  13,570  gals, 
per  minute. 
The  consumption  of  12,500,000  gals,  per 

day  is  equal  to  an  average  of  8,700  gals,  per 
minute,  and  37,500.000  gals,  daily  represents 
an  average  of  26,000  gals,  per  minute,  but 
the  maximum  rate  will  probably  be  about  150 

per  cent  of  the  average.  Therefore  the  rela- 
tive requirements  of  the  two  cities  will  be  as 

follows : 
City  City 
No.  1.        No.  i. 

Fire  purposes     13,570         13,570 
Domestic  and  industrial  purposes.  8,700  26,000 
Add   50     per   cent    for    maximum 

hourly  demand     4,350         13,000 

Total  gallons  per  minute   26,620         52,570 
In  other  words,  the  capacity  of  the  mains 

in  the  city  No.  .1  will  be  only  one-half  of  that 
in  No.  2. 

-•\ccording  to  published  statistics,  Proceed- 
ings American  Water  Works  Association  of 

1911,  p.  75,  distributing  mains  absorb  about 
64  per  cent  of  the  total  capital  expenditure. 
There  are  other  published  figures  which  con- 

flict with  this  percentage,  but  as  the  above 
result  was  evidently  obtained  by  careful 
analysis  of  at  least  22  different  city  water 
works,  it  may  be  taken  for  granted  that  it  is 
reliable.  The  cost  of  the  distributing  mains 
in  No.  1  city  will  therefore  be  about  $.3,840,000 
and  in  No.  2  about  $4,480,000,  an  additional 
expenditure  of  about  $640,000.  The  cost  of 
operating  distribution  works  may  be  estimated 

at  $2.50  per  million  gallons  pumped  (1911  re- 
port of  Wisconsin  Railroad  Commission,  p. 

445),  which  in  the  first  city  would  amount 
to  about  $11,400,  and  in  the  second  about 
$34,200,  a  difference  of  $22,800  per  annum. 
EFFECT   OF    WATER    WASTE    ON    COST   OF    SEWERAG". 

WORKS. 

After  having  distributed  the  water  to  the 
people,  the  city  must  also  provide  sewers  to 
drain  it  away  after  use  or  misuse.  The 
lateral  sewers  are,  of  course,  designed  for 
flows  which  normally,  will  only  partially  fill 

the  pipes.  The  trunk  sewers  must  be  calcu- 
lated so  as  to  be  ample  to  accommodate  the 

districts  served. 
Supposing  that  it  was  necessary  to  provide 

one  main  conduit  to  the  outfall  works,  that 
the  grade  was  1  in  5,000  and  that  no  ground 
water  was  admitted,  the  diameter  of  such  a 
sewer  to  convey  12.500,000  gals,  per  day  would 
have  to  be  about  54  ins.  and  for  37,500,000 
gals.  82  ins. ;  this  does  not  take  into  account 
the  hourly  fluctuations  otherwise  the  diameter 
would  have  in  each  case  to  be  larger.  Ac- 

cepting Cincinnati  prices  (1913  Cincinnati 
Sewer  Plan  Report,  p.  252),  the  cost  of  these 
conduits  would  be : 

For  54-in.  diameter  sewer — 
Trenching,  8  cu.  yds.  at  $1.25   $16.00 
Concrete,  1.38  cu.  yds.  at  $15     20.70 

Co."!  per  lin.  ft   $30.70 
For  S2-in.  diameter  sewer — 

11.3  cu.  yds.  at  $1.25   •.   $13.95 
2.24  cu.  yds.  at  $15     33.60 

Cost  per  lin.  ft   $47.55 

That  is,  to  convey  three  times  as  much 
sewage  as  would  be  required  economically,  the 
ratepayer  would  have  to  pay  about  60  per 
cent  more  in  capital  expenditure  (and,  of 
course,  in  annual  taxes  for  interest  and  main- 

tenance)   on   such   trunk   sewers.     When   the 

cost  of  vitrified  pipe  sewers  are  analyzed,  it 
will  be  found  that  the  extra  cost  for  sewers 
laid  to  carry  say  1,200  gals,  per  minute  and 
3,600  gals,  per  minute  will  be  in  the  following ratio : 

For  lo-in.  pipe,  grade  1/600 — 
Vitrified  pipes     $0.75 
Trenching  10  feet  deep   70 

Total  per  foot  run   $1.45 
For  24-in.  pipe,  grade  1/800^ 

Vitrified  pipes     $2.00 
Trenching   10   ft   70 

Total  per  foot  run   $2.70 
The  extra  cost  is  80  per  cent,  so  that  the 

additional  cost  to  convey  three  times  a  given 
volume  of  sewage  increases  as  the  diameter 
of  the  sewers  diminishes.  The  cost  of  sewer- 

ing a  city  is  probably  about  the  same  as  to 
provide  water  mains,  perhaps  more,  because 
water  mains  operate  under  pressure  and  sew- 

ers by  gravity;  the  former  are  always  full 
while  the  latter  are  generally  only  partially 
full  and  consequently  larger  in  diameter  or 
dimensions.  Many  of  the  lateral  sewers  could 
not  be  reduced  in  size  even  if  the  water  con- 

sumed was  maintained  at  .50  gals,  per  capita, 
but  many  of  the  larger  sewers  could,  and  the 
saving  in  capital  expenditure  would  be 
tangible. 

The  next  item  of  expenditure  is  for  sewage 
disposal  works.  While  to  some  degree  it  is 
true  that  an  extravagant  use  of  water  does 
not  necessarily  entail  the  construction  of 
works  to  treat  sewage  in  proportion  to  the 
flow  or  volume,  it  nevertheless  means  works 
of  a  greater  capacity  than  would  be  necessary 
in  the  case  of  an  economical  water  consump- 

tion, for  tanks  and  pumps  must  be  in  some 
relation  to  the  hourly  quantity  of  sewage. 
The  capacity  of  the  pumps  (if  any)  must  be 
more  than  equal  to  the  maximum  hourly  flow 
of  sewage,  with  reserve  pumps  and  power  as 
well,  in  case  of  breakdowns  or  other  con- 

tingencies, common  to  such  plant.  The  ve- 
locity of  the  flow  of  sewage  through  the 

tanks  must  not  for  long  periods  exceed  a 
critical  limit.  To  attain  this  condition  it  is 

evident  that  tanks  capable  of  treating  37,500,- 
000  gals,  daily  will  be  much  larger  than  would 

be  necessary  for  a  discharge  of  one-third  that 
volume. 

Mr.  George  M.  Wisner  in  his  report  (report 

on  sewage  disposal.  Sanitary  District  of  Chi- 
cago, 1911),  supplies  an  interesting  table  of 

costs  which  is  copied  below : 
Nominal 

Type  of               period  Gals,  per  Cost  per 
tank              of  settling.  capita.  capita. 

Imhoff      3  hours  200  $1.44 
Dortmund        4  hours  200  0.S4 
Straight    flow...  8  hours  200  .77 
.Straight   flow. . .   6  hours  200  .58 

.•\s  the  Imhoff  tank  is  now  prominently  be- 
fore us,  its  estimated  cost  per  capita  will  be 

provisionally  accepted.  To  maintain  the  same 
velocity  for  150  gals,  per  capita  daily,  the 
cost  will  be ; 150 

$1.44  X   =  $1.08,  and  for  -50  gals,  per  day 
200 

50 

$1.44  X   =  $0.36. 
200 

The  writer  does  not  contend  that  the  cost 
of  these  tanks  will  be  in  strict  proportion  to 
the  flow  of  sewage,  as  there  are  items  of  ex- 

penditure which  are  not  proportionate,  still, 
taken  as  an  entity,  the  cost  will  not  seriously 
exceed  the  above.  Mr.  Clark,  when  discussing 
a  plant  in  course  of  construction  in  Baltimore, 

stated  that  the  detention  period  with  Imhoft' tanks  would  be  two  hours  (see  Engineering 

Record  of  July  4,  1914),  w'hich  is  the  ordi- 
nary standard  detention  period, — consequently 

to  maintain  this  detention  period  as  closely  as 
possible  the  number  or  sizes  of  the  tanks  must 

in  the  cases  under  present  discussion  be  ap- 
pro.ximately  in  the  same  ratio  as  to  dimension 
and  cost.  But  to  allow  for  contingencies, 
assume  that  the  cost  would  be  $1.10  and  40 
cts.,   respectively,   per  capita,   then, 

250,000  X  $1.10   =  $275,000,    and    250,000  X 

$0.40    =    $100,000,    a    difference    of    $175,000,  ' which   at  5   per  cent  interest  and   2  per  cent 
maintenance,  etc.,  means  $12.2.50  per  annum. 

Perco-filters   again   are    designed     to     deal 
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with  about  2,000,000  gals,  per  acre  dailv.  Co-  suffice  to  show  what  waste  means  to  thetn,  and  and  are  referred 
 to  as  numbered  tables.  They 

lumbus  filter^  were  designed   for  this  rating.  to  their  customers.     The   dividend  producing  give :    Chemical    and   microscopical   character 

Mr.  George  W.  Fuller  states  in  his  book  on  power   of   any    franchise   depends  on   an   eft-  turbidity    and    color,    and    bart
er  a     in      raw 

Sewage  Disposal,  p.  697,  that  his  practice  has  cient  management  and  this  in  its  turn  means  water;   also   the  
 chemical  chararter    the  tur- 

been  to  specify  fo?  average  conditions,  a  G-ft.  the  stoppage  of  all  preventable  waste.  bidity  and  color    total   bacteria,   and   number 

filter  at  an  average  rate  of  2,00U,00U  gals,  per  ■            .          .  oi  B.   Col.  in   the   water   delivered   to   mains^ 

acre  per   day.     This  would  be   for  a  sewage  An   Effort    to     Secure     Uniformity     m  These    tables    are    arranged      to      show      the 

flow    of    separate    sewers    appro.ximately    100  Pomtiilin;.    and    Reoortine    Sta-  analytical    data    by    months    and   years      The 

gals,   per  capita   dailv.     It   is   contended   that  Compiling    and    Keporting    &ta  terms    used   m    the    tables    are    all    fully    ex- 

perco-filters  will  deai  with  approximately  the  tistics  of  Water  Purification  plained. 

same    quantity    of    organic    matter    per    acre  Plants.  Essential  Determinations.— The    elimination 
ner  dav    regardless  of  the  degree  of  dilution.  , ,                                                 ■„                     „  of    unnecessarv   analvtical    work   is    a    matter 

TotheVS    the   organic^  matter    from   a  ̂ f.'^   y^"""  ̂^g°    FnTn"^   Iv.ter'  Work^  ̂ hat  needs  consideration  at  this  time.  Labora- 
residential  city  will   in  the  aggregate,  roughly  P°'"'«'  Py   '*>«   ̂ =^   England   Water  Works  practice  at  various  purification  plants  has 

Tr^ount    to     h'^samr  quantify    whether   h   is  4^'^'^°"  '°,  '°P 'r-fi'r.H'n'pilnK  °  and  t^  ̂ ^own  that  many  of  the  determinations  which 
contained  in  a  large  or  small  volume  of  water.  t'^"«  °f  ]^  ̂i",-?"t  '  h  °H    fnrr^s    for    re  ̂ '^  ordinarily  included  in  the  standard  water 
The  British   Government   (Local   Government  '"^    ̂ ,lh    .  n  ?=h1      \    nrXss    reoor  ̂ "=^'>-='5  "'^^'^''^''  ̂ ^'^  ̂ ^^^  °^  ""'^  ?^  "°  '"l 
Board)   ordinarily  requires  in  the  case  where  porting    such    statistics      J^  J\°Sress    report  jance.     For  example,  the  determination  of 

there    is    no    land    for    subsequent    treatment  ^v^^.  "?ade  at  the  annual  convention  of  the  a  -  ̂ -^             ;„   j^e   usual    forms     of      free     and 
or  a  large  river  for  effective  dilution,  a  filter  sociation    held    early    in    September    of    this  a,bi,n,inoid   ammonia,   nitrites,     and     nitrates 

6  ft.  deep  and  one  acre  in  area   for  each   1,-  >'"V                .,,        ,.   -  ,    ,  ,,  „  ,„u:^^t  :„,^  c„„  serves  no  particular  purpose  in  water  purifi- 
000,000  gah.  of   sewage    (drv  weather  flow).  The  committee  divided  "'^  subject  into  five  ̂ ^^.^^  ̂             -^          -^^  ̂ ^^^^      They  neither 

but   when,   as   is   the   practice   in    America,   a  t°P'"'.  "^^'^e'^-   '^^'"'^'l\,t.'f^n^Zt\\tJ  ̂ '''^'^  the  superintendent  in   the  operation  of 
river  is   available   for  the   ultimate  oxidation  f.nf.'j'^'^-    ™?'"f";"?    ?'f  "'A"i    ̂ Zf\^l  1"  ̂ ^^  ̂ '*"'  "°'  S'^'"  ̂ "^  adequate  idea  of  the 
of  the  filtrate,  then  the  area  is  about  one-half.  'stl^s  and  vital  statistics.     On  y  the  first  two  ̂ ^^        ̂ j   ̂ ^^    ̂ U^^^^   ̂ .^^^^      On   the   other 

It  is  therefore  reasonable  to  postulate  that  for  0P'«  are  ̂ ^''^nr^J^m^.^v  w,v      A^^final  re  ̂ '^"d,  some  of  the  simpler  physical  tests,  such 
a  consumption  of  50  gals,  per  capita  daily  the  these,  in  only  a  preliminary  waj      A  final  re-  ̂ ^  numerical  determinations  of  turbidity,  color 
area  of  tllter  will  be  about  one  acre  per  1,-  P°^     will  probably  be  rnade   at  the  i^ext   an-  ̂ ^^    ̂ j^,._   ̂ i.^oscopical     examinations     and 
000,000   gals.,   and    for    150   gals,   per   day   an  ""^1  meeting.     The  progress  report    with  the  ̂ ^^^^    ̂ ^^   alkalinity,   iron,   and   carbonic   acid, 

arek  of  one  acre  for  each  2,000,0o0  gals'   on  statis  ical  forms  here  nientioned    will  be  pi^b-  ̂^^^  ̂ ^^^  ̂ ^  ̂ ^            j^j  ̂ ^  ̂ ^^^  ,.,l„3ble; 
which  basis  the  respecUve  ar^as  will  be  about  '.^hed  in   fu  1  in  the  Journal  of  the  .\ssoc.a-  ̂ ^^  .^          j^,  ̂ ^^^^  ̂ .^^-^^^  ̂ t^^^  t,,j5^  5„,h 
12%    and    18%    acres.      A    reserve    must    be  t'O";     T'^%  *°''?'^'-"f„'i:"'P'^/'rtPr  wnrk^  as  dissolved  oxygen  and     manganese.       Bac- 
added,  say  ten  per  cent,   which  will  increase  P^-'t  are  of  wide  interest  to  all  water  works  jg,|„,ogi^,ai  tests  are  of  course  important. 
the    areas    to    13.75    and    20.625    acres.      Mr.  engineers  and  operators.  Samples  for  Analysis.-One  step  in  making 
Wisner  estimates  the  cost  of   perco-filters  at  descriptive  data.  ^^  analysis  of  water  has  never  received  half 
about  $28,000,  while  according  to  the  experi-  The  number  of  water  purification  plants  in  fi^g  attention  that  it  deserves,  namely,  samp- 
ence   of   other   cities   the   average   was    about  the   United   States    today   is   very   large,    and  ij^g      of   what   value   is   it  to  use   analytical 
$38,000   (Engineering  Record,  Aug.  22,  1914).  during  each  year  new  plants  are  constructed.  methods   of   great   refinement  if   the   samples 
Basing  the  cost  at  $30,000  per  acre,  then  the  Descriptions  of  the  most     important     plants  themselves  are  not  representative,  if  the  mass 
first   case   will   require     an     expenditure     of  have  been  published  and  may  be  found  scat-  gf     water    from    which  the   sample  is   taken 
$412,500  and  the  second  $618,750,  a  difference  tered  through  engineering  papers,  magazines,  jj  ̂ ot  homogeneous,  or  if  the  water  changes 
of  $206,250,   which   at  5  per  cent   interest   is  and  oflicial  reports.     When   reading  these,  it  ;„    character    from    one     day     to      another? 
equivalent   to   an   annual   burden  of     $10,312.  is    found   that    a   number   of   important    facts  Samples    for   chemical   analyses     are     almost 
The  cost  of  operating  and  maintaining  these  ;,re  omitted.    So  numerous  are  these  omissions  never  larger  than  1  gal.,  and  samples  for  bac- 
filters  may  be  placed  at  $2  per  1,000,000  gals.  that   it   is   impossible   from   the   published   de-  teriological    analvses   are    seldom    larger   than 
(Engineering    Record,    Aug.    22^1914);    this  scriptions  to  make   compilations   of   even  the  lOO  c.  c,  while  the  quantities  actually  used  for 
will    amount    to    12.5  X  305  X  2  —  $9,125,    and  most   general   data  which  will     be     adequate.  the  different  tests  are  still  smaller.     In  count- 
37.5  X  365  X  2  =  $27,375.  Thinking  that  it  would  be  of  service  to  those  i^g  the  number  of  bacteria,  the  quantity  used 

Sterilization  of  the  filtrate  by  hypochlorite  preparing  descriptions  of  filter  plants  for  pub-  j^  igjg  than  a  thimbleful, 
of   lime   costs  about  $1.67   per   1,000,000   gals.  lication.    the    following    schedule   of    desirable  q^    (he   other    hand,    we   know    that   bodies 
treated    (1913  Cincinnati   Sewer  Plan   Report,  data  has  been  prepared.    Further  details  would  ^f  water  are  not  homogeneous.     In  a  lake  or 
p.  567).  when  4%  parts  of  available  chlorine  be    useful    in   many   cases,   but   the    following  settling   basin    there    are    vertical   and    lateral 
per  1.000.000  parts  are  applied.     This   for  the  jtcms    in    connection    with    the    study    of    the  variations;  a  river  is  constantly  changing,  not 
first  case  would  mean  $7,620,  and  in  the  sec-  operation   of   a   purification   plant  are   always  Q^iy   ;„  volume   but   in   the   character  of   the 
end  case  $22,860.                                           .  important:  water ;  filter  effluents  vary,  especially  the  efflu- 
Summanzing   the   items    already   mentioned  i,  Qty   or   town,   and   population     at     last  g^js    from   mechanical   filters   where  the   runs 

in   the    foregoing  observations,   the    following   ^  ̂ ^^  ̂ ^^^^  ̂ ^^  t,^^.  ̂ ^tg^  ̂ re  high.     The  causes 

results  are  obtained:  ^^    ̂    ̂.^^          ̂ ^    ̂     ̂ .^^_  „{  these  variations  which  affect  the  results  of 
consumption.       consumption,  water  analyses  through  unfair  sampling  are  so 

W.TtPF  Works—  SO  g.  p.  c.  d.         150  g.  p.  c.  d.  numerous    that    thev    cannot    be    studied    by 

Interest  and  deprcoiation  on  total  capital  on  waterworks  per  annum         ?«0."00  ^^?5'??5  themselves,  and   the'onlv  course  left  is  to  ap- 

Annual  ?os{  o'f  IZ^I^ol'  and  •.sternuaiion i  i ;  l i  i  1 1 :  i  1 1 i  l  i  i  i  i .'  l  i  1 1 1 1 1  IG.OoS                   'fs'.OOO.  ply    to    them    the    laws  'o f    probability,    or     in Annual  cost  of  distribution  works   :.  11. -100                    34,200  other  words,  to   arrange  the   data  secured   in 
„  .  ,              .             ,                                    •  .--,  ,.-n                 .,rn  i!^n  some    such    wav    that   the    importance   of    the Total    on   water   works   '.           ?o.5J.laO  §7b0.4oU                ..,,                                       ,       -i-      ^j   ]«« 
Sewerage:  inevitable  variations  may  be  indicated  and  an 

Annual  Vost  of  operatlnc  sewage  tanks,  plus  Interest    *  7.000                 $  19.250  index  of  the  character  of  the  water  examined 
Annual  cost  of  operating  perco-flltcrs,  plus  Interest    29.7B0                     58,312  ,      r.lit-iinf.H 
Sterilization  of  nitrate.    7,620                     22.850  be  obtained.                         „.,;.„  „f  fnnrlimpntil 

   Thus  we  sec  tliat  a  question  ot  tunuametitai 
Total  for  sewerage    $44,370   $100.420  importance  is  that  of   frequency  of  collecting 

samples.     The   question   is :    How   often   must 
Adding   the   two   expenditures   together   we  census.  2.  Name  of  owner.     3.  Name  of  de-  samples   be   taken   to   obtain   reliable   results? 

arrive  at   a   rough   idea  of   what   it   means  to  signer.      4.  Date    when    plant    was    put    into  As  a  general  i>roposition  it  may  be  stated  that 
the  ratepayers:  service.     5.  Total  cost,  with   statement   as   to  the  frequency  of  sampling  should  depend  upon 

No.  I  rlty.      No.  2  city.  what   is   included.     6.  Source   of     supplv.     7.  the   frequencv  of   change  in  the  character  of 

Sewer  v^^ks"    '^J'slo           'loo'^'o  Rated  capacity.    8.  Method  of  purification.     9.  the    water    examined.      For   a   water    of    con- 
    ——            : —  Total    capacity    of    subsiding    or    coagulating  slant   quality,   a   few   samples   taken  at   inf re- 

Total  co.-it     $576,520          $860,870  basins.     10.  Total   capacity   of    filtered   water  quent  intervals  may  ser\e  to  give  a  fair  idea 
The  difference  of  $284,3.50  capitalized  at  5  basin.  11.  What  chemicals  are  used.  12.  of  the  water,  but  if  a  water  be  subject  to 

per  cent  will  represent  the  decent  sum  of  Where  chemicals  are  applied.  13.  How  ap-  great  fluctuations  in  character,  a  few  samples 
$5.6,S7.000.  plications  of  chemicals  are  made.  14.  Num-  taken  at  long  intervals  might  or  might  not 
The  writer  has  advisedly  adopted  published  bcr  of  filter  units.  15.  Net  area  of  filter  sur-  give  a  fair  idea  of  the  water.  Tlic  reliability 

figures  and  in  doing  so  has  quoted  the  au-  face.  16.  Deptlis  of  filtering  materials.  17.  of  the  average  result  w'ill  be  determined  by 
thorities.  but  it  is  manifest  that  the  above  Sizes  of  filtering  materials.  18.  For  slow  the  laws  of  probability.  The  average  result 
estimates  serve  only  as  indications,  and  there-  filters — arrangements  for  cleaning  sand  sur-  does  not  tell  the  whole  story,  for  it  eliminates 
fore  each  city  must  be  considered  separately,  face,  sand  handling,  sand  washing.  19.  For  the  individual  results,  and  a  water  supply 
although  the  foregoing  statistics  answer  as  mechanical  filters — method  of  cleaning  filter  should  be  safe  and  wholesotne  all  of  the  time. 
direction  posts  to  those  who  will  carefully  beds.  20.  Number  of  subsiding  or  coagulating  The  frequency  of  sampling  has  a  limita- 
analyze  the  financial  results  to  be  obtained  basins.  21.  How  the  rate  of  filtration  is  con-  tion,  which  is  controlled  by  practical  and 
in  their  own  cities.  The  foregoing  will  afford  trolled.  financial  considerations.  In  a  small  plant  the 

sufliciently  safe  basis  to  warrant  a  close  statistics  of  analysis.  cost  of  daily  analyses  would  usually  be  pro- 
scrutiny  into  the  relative  cost  to  the  rate-  Blanks  illustrating  the  committee's  recom-  hibitive,  and  even  weekly  analyses  might  be  a 
payers  of  an  economical  versus  an  extravagant  mendations  regarding  the  form  of  report,  the  burden.  It  would  be  recognized,  however, 
consumption  of  water.  Furthermore,  in  those  tests  to  be  made  and  the  method  of  expressing  that  results  based  on  infrequent  samples  are 
cities  where  the  water  supply  is  controlled  by  the  results,  are  incorporated  in  the  preliminary  less  valuable  than  those  based  on  frequent 
companies,   the   foregoing     observations     will  report.     These   blanks   are    seven    in   number  samples;  and  that  irregular  sampling  gives  the 
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most  unreliable  results.  In  order  to  em- 
phasize this  point  it  seems  desirable  to  estab- 

lish certain  grades  of  control  of  operation, 
based  upon  the  character  of  the  records  kept, 
as  follows : 

First  Grade :  Water  purification  plants  un- 
der first-grade  supervision  are  those  where 

analyses  of  the  filtered  water  are  made  one 
or  more  times  a  day,  and  where  engineering 
and  such  other  data  regarding  the  operation 
of  the  plant  as  are  necessary  are  collected  by 
one  or  more  attendants  constantly  employed. 

Second  Grade :  Water  purification  plants 
under  second-grade  supervision  are  those 
where  analyses  are  made  regularly,  say  once 
a  week  or  once  a  month  by  a  trained  analyst, 
and  where  an  attendant  constantly  on  duty 
makes  simple  daily  tests. 
Third  Grade :  Filter  plants  under  third- 

grade  supervision  are  those  where  analyses 
are  made  irregularly  and  infrequently,  and 
where  no  daily  tests  are  made  by  the  attend- 
ant. 

This  grouping  should  not  be  considered  as 
necessarily  casting  a  stigma  upon  second  or 
third-grade  supervision.  Some  water  supplied 
may  not  demand  first-grade  records.  In  gen- 

eral it  may  be  said  that  the  safer  the  raw 
water,  the  lower  may  be  the  grade  of  analy- 

tical supervision.  In  other  words,  polluted 
waters  require  the  purification  plant  to  be  op- 

erated with  a  higher  factor  of  safety,  and 
to  this  end  a  more  careful  analytical  control 
is  needed.  Stored  waters  are  safer  than  un- 
stored  waters,  and  with  them  a  lower  degree 
of  analytical  supervision  may  suffice.  A  corol- 

lary to  this  would  be  that  small  plants  which 
cannot  afford  high-grade  supervision  of  filters 
should  endeavor  to  protect  the  quality  of  the 
supply  by  storage  or  by  incorporating  a  large 
factor  of  safety  in  the  design  of  the  plant. 

Efficiency  of  Operation. — No  provision  is 
made  in  these  tables  for  recording  the  per- 

centage removal  of  bacteria,  a  method  that 
has  been  much  used  in  tlie  past.  While  this 
method  has  certain  advantages,  it  is  so  sus- 

ceptible to  misuse  that  the  committee  recom- 
mends that  it  be  omitted  from  official  reports 

of  filter  operation.  The  reasons  why  the  per- 
centage removal  method  is  unsatisfactory  were 

discussed  at  some  length  by  the  committee. 
Eight  reasons  were  assigned  for  abandoning 

the  "percentage  removal"  method  of  gauging 
the  efficiency  of  a  filtration  plant.  The  reasons 
follow  : 

(1)  The  bacteria  found  in  the  efiluent  are 
not  all  derived  from  the  raw  water.  A  cer- 

tain and  varying  number  of  them  represent 
growths  in  the  lower  part  of  the  filter.  The 
bacteria  from  this  source  do  not  vary  in  num- 

ber with  the  number  of  bacteria  in  the  raw 
water,  but  with  the  rate  of  filtration,  with 
disturbances  occasioned  by  the  collection  of 
air  within  the  filter,  and  with  other  factors 
of  operation. 

(2)  It  requires  a  certain  time  for  the  water 
to  pass  from  the  point  where  the  raw  water 
sample  is  taken  to  the  point  where  the  filtered- 
water  sample  is  taken.  Sometimes  this 
amounts  to  several  hours,  and  in  the  case 
of  a  water  which  changes  rapidly  in  quality 
and  character  it  is  necessary  to  make  an  al- 

lowance for  this  time  if  a  correct  comparison 
is  to  be  obtained.  As  a  matter  of  convenience 
it  is  common  to  collect  samples  of  the  raw 
and  filtered  water  at  about  the  same  time. 

Hence  there  may  be  an  error  due  to  this  dif- 
ference in  phase.  Whether  or  not  this  is  of 

importance  depends  upon  the  uniformity  in  the 
character  of  the  raw  water. 

(3)  The  percentage  removal  is  to  a  certain 
extent  a  function  of  the  number  of  bacteria 
in  the  raw  water.  It  is  a  well-known  fact 
that  the  percentage  removal  of  bacteria  is 
relatively  high  when  the  raw  water  contains 
large  numbers  of  bacteria  and  relatively 
low  when  the  raw  water  contains  few 
bacteria.  One  reason  for  this  is  because  the 
bacteria  which  develop  within  the  filter  are 
a  smaller  proportion  of  the  total  number  of 
bacteria  in  the  effluent  when  the  number  of 
bacteria  passing  through  the  filter  is  large. 

(4)  The  percentage  removed  does  not  neces- 
sarily vary  with  the  number  of  bacteria  left  in 

the   filtered   water.     The  following  is  an   ex- ample : 
Nos.  of  bacteria. 
Raw  Filter     Percentage 

Daj'.                            water.  effluent,  removed. 
First               50  3                 90.4 
Second          1,000  10                99.0 
Third            600  20                96.6 

Average               555  11 

It  will  be  noted  that  on  the  day  when  the 
number  of  bacteria  in  the  effluent  was  lowest, 
the  efficiency  as  shown  by  the  percentage  re- 

moval was  also  lowest. 
(5)  The  infectiousness  of  a  water  does  not 

necessarily  vary  with  the  number  of  bacteria 
in  the  water,  but  in  most  waters  there  will 
doubtless  be  some  connection  between  the  two. 
A  water  polluted  with  surface  wash  would 

doubtless  increase  in  infectiousness,  and  the 
numbers  of  bacteria  would  increase  with  in- 

creased stream  flow.  On  the  other  hand,  a 
water  regularly  polluted  with  sewage,  other 
things  being  equal,  would  increase  in  infec- 

tiousness as  stream  flow  decreased,  that  is,  as 
dilution  became  less,  while  the  numbers  of  bac- 

teria under  these  conditions  might  decrease. 
Hence,  there  seems  to  be  no  very  definite  re- 

lation between  the  infectiousness  of  a  filtered 
water  and  the  percentage  removed  of  bacteria 
by  a  purification  plant,  which  percentage  varies 
according  to  the  numbers  of  bacteria  in  the 
raw   water. 

(6)  If  any  comparison  is  to  be  made  be- 
tween the  numbers  of  bacteria  in  the  raw  and 

filtered  waters  it  would  be  better  to  use  the 

"percentage  of  bacteria  remaining,"  partly  be- cause the  numbers  themselves  are  smaller  and 
easier  to  handle,  and  partly  because  the  figures 
show  to  better  advantage  the  variations  in 
the  operation  of  the  filter;  for  example,  when 
two  filters,  with  the  same  raw  water,  are  op- 

erating so  as  to  produce  08  and  99  per  cent 

"removals"  of  bacteria,  respectively,  the  num- 
bers of  bacteria  remaining  in  the  effluent  of 

the  first  will  be  twice  as  many  as  in  the  efflu- 
ent of  the  second.  Again,  comparing  one 

filter  with  an  efficiency  of  99  per  cent  with 
another  filter  with  an  efficiency  of  99.9  per 
cent,  both  operating  with  the  same  raw  water, 
the  difference  at  first  sight  seems  small,  yet 
the  effluent  of  the  first  of  these  filters  con- 

tains ten  times  as  many  bacteria  as  the  effluent 
of  the  second.  Hence,  the  method  of  stating 

efficiency  of  a  filter  plant  in  terms  of  "bacterial 
removal"  may  be  misleading. 

(7)  A  single  figure  showing  the  percentage 
removal  of  bacteria  during  a  certain  time — 
as,  for  example,  a  month — gives  no  idea  of  the 
regularity  of  operation  of  the  filter  during 
this  period.  For  example,  in  the  illustration 
above  mentioned  the  percentage  of  bacteria 
remaining  in  the  effluent  varied  on  different 
days  from  1.0  per  cent  to  9.6  per  cent  of  the 
number  of  bacteria  in  the  raw  water,  while  the 
average  of  the  per  cents  remaining  was  3.7 
per  cent  and  the  median  3.4  per  cent. 

(8)  A  common  fault  of  filter  specifications 
is  the  provision  that  the  plant  shall  show  a 
certain  percentage  removal  of  bacteria  when 
the  numbers  of  bacteria  in  the  raw  water  are 

below  a  certain  limit.  This  specification  is  iii- 
adequate.  A  good  water  purification  plant  is 
one  which  produces  a  satisfactory  effluent 
every  day  of  the  year  and  every  hour  of  the 
day;  and,  if  efficiency  can  be  expressed  on  a 
percentage  basis,  it  should  be  indicated  by  the 
percentage  of  the  time  during  which  the  plant 
produced  a  good  effluent,  rather  than  bv  the 
percentage  comparison  of  bacteria  in  influent 
and  effluent  respectively. 

test  wells.  Depth  and  coarseness  of  the  sand 
and  gravel  strata  were  sought. 
The  formation  in  the  Sangamon  River  bot- 

toms consists  of  a  layer  of  soil  varying  from 
6  to  12  ft.  in  depth,  under  which  is  found  a 
layer  of  sand  and  gravel  extending  to  a  depth 
of  from  40  to  .50  ft.  and  terminating  at  hard- 
pan.  The  water-bearing  medium  has  a  po- 

rosity of  about  30  per  cent. 
The  wells  are  12  ins.  in  diameter  and  are 

driven  to  hardpan,  the  sand  and  gravel  being 
sand-pumped  from  the  inside  of  the  casing. 
After  cleaning  out  the  casing  a  r2-in.  Cook 
strainer  from  20  to  60  cut  was  installed.  The 

cut  of  the  strainer  is  important,  as  it  is  neces- 
sary to  place  the  different  cuts  to  suit  the  de- 
gree of  fineness  of  the  strata  through  which 

the  well  is  driven.  The  pipe  lines  connecting 
the  wells  to  the  substations  are  located  from 
1.5  to  20  ft.  below  the  surface. 

Each  dry  well  or  pumping  substation  con- 
sists of  a  circular  brick  structure,  10  ft.  in 

diameter,  extending  into  the  ground  from  15 
to  20  ft.  In  each  substation  an  8-in.  cen- 

trifugal pump,  made  by  the  American  Well 
Works  Co.  of  Aurora,  111.,  is  installed.  These 

pumps  are  direct  connected  by  means  of  ver- 
tical shafting  to  electric  motoro  set  above  the 

high  water  level.  These  pumps  maintain 
about  25  ins.  of  vacuum  while  pumping  1,200 
to  1,500  gals,  per  minute.  The  substations  are 
located  along  the  banks  of  the  river  at  in- 

tervals of  from  500  to  1,500  ft. 
At  the  substations  the  water  is  not  lifted 

above  the  ground,  but  is  elevated  just  high 
enough  to  discharge  into  the  flow  line  through 

which  it  is  carried  by  gravity  to  the  large  re- 
ceiving well  at  the  main  pumping  station. 

Here  it  is  picked  up  by  the  high  duty  pumps 
and  delivered  to  the  city.  These  substations 
are  seldom  if  ever  all  in  use,  one  or  more  be- 

ing kept  in  operation,  according  to  the  de- 
mand for  water.  The  idle  stations,  which 

are  standing  as  a  reserve  supply,  thus  take 
the  place  of  a  storage  reservoir. 

The  water  drawn  from  this  well  system  is 
not  river  water,  but  is  merely  intercepted  in 

its  passage  through  the  gravel  from  the  up- 
lands to  the  river.  When  the  temperature  of 

the  river  water  is  80°  F.  that  of  the  well  water 
is  52°.  The  number  of  bacteria  in  the  river 
is  3.50,000  per  cubic  centimeter  when  the  fig- 

ure for  the  well  water  is  20. 
ACKNOWLEDGMENT. 

The  foregoing  information  is  derived  from 
the  latest  annual  report  of  Willis  J.  Spauld- 
ing.  Commissioner  of  Public  Property,  and 
from  editorial  correspondence  with  Walter 
Reid.  Superintendent  of  Water  Works  at 

Springfield. 

Works    for    the     Development     of    a 

Ground  Water  Supply  at  Spring- 
field, 111. 

The  new  water  supply  for  Springfield.  111., 
is  drawn  from  a  set  of  22  wells  sunk  to  hard- 
pan  through  the  water-bearing  sands  and 
gravel  along  the  Sangamon  River.  These 
wells  are  connected  in  groups  of  from  three 
to  six  wells  by  means  of  cast  iron  pipe  to 
six  substations.  Each  substation  has  a  ca- 

pacity of  appro.ximately  1,500,000  gals.'  for 24  hours.  The  location  of  the  various  groups 
of   wells   was   determined   by   the    sinking   of 

The    Use    of    Automobiles    in    Water 
Works  Service  at  Worcester, 

Mass. 

The  uses  to  which  automobiles  are  put  in 
the  water  department  at  Worcester,  Mass., 
the  first  cost  and  the  cost  of  operation  were 
stated  and  discussed  by  Mr.  George  W. 
Batchelder,  water  commissioner  in  that  city, 
in  his  paper  before  the  latest  annual  meeting 

of  the  New  England  Water  Works  Asso- 
ciation. The  department  now  has  eight  auto- 

mobiles in  service  and  expects  to  get  more. 
The  first  one  was  placed  in  service  in 
February  of  1909.  In  the  following  matter, 
based  upon  the  paper  mentioned,  the  costs 
given  cover  in  all  cases  all  expenses  with  the 
exception  of  wages  paid  the  chauffeur  and 
the   garage   men. 
Car  No.  1,  which  as  stated  above  was 

placed  in  service  in  February  of  1909,  was  a 
two-cylinder  Buick,  equipped  with  a  fight  ex- 

press body.  It  gave  good  service  for  five 
years  as  a  meter  and  light  repair  machine 
and  also  for  emergency  uses.  It  was  replaced 
by  a  Ford  machine.  While  in  service  it  was 
used  for  all  meter  repair  jobs  and  for  many 
repair  and  emergency  jobs.  The  trips  for 
meter  jobs  alone  amounted  to  4.446  in  1909, 
4.040  in  1910.  4,008  in  1911,  6,094  in  1912, 
and  4,752  in  1913.  The  average  distance  cov- 

ered daily  was  45  miles.  The  machine  did  the 

work  of  'three  horses.    It  cost  $1,000  new  and 
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the  operating  and  maintenance  cost  was  $1,048 
per  year. 

Car  No.  2  was  bought  for  $1,750  in  1910. 
It  is  a  four-cylinder  Buick,  model  17.  It  is 
used  to  carry  engineers  and  office  men.  a  dis- 

tance of  9  miles,  from  the  city  to  Kendall  . 
reservoir,  where  a  dam  and  reservoir  have 
been  under  construction  for  several  years. 
The  trip  which  required  1  hour  and  20  min- 

utes by  team  takes  only  2o  minutes  by  the  ma- 
chine. The  annual  cost  for  this  machine  is 

$1,200. 
Car  No.  3  is  a  model  21  Buick  touring  car 

which  was  converted,  after  its  purchase,  to 
a  service  car.  It  is  used  at  present  by  the 
meter  and  light  repair  gangs,  taking  the  place 
of  original  car  No.  1.  It,  also,  makes  an 
average  run  of  4o  miles  each  day.  The  an- 

nual cost  is  $1,290. 
Car  No.  4  was  purchased  in  191.3  for  $2,- 

025.  It  is  a  four-cylinder  Popc-Harlford 
touring  car.  The  water  commissioner  and 
committees  of  the  city  council  use  this  ma- 

chine   for  inspection   trips.     Such   trips   aver- 

age 35  miles  daily  and  would  require  two 
horses  and  nearly  the  entire  day  without  the 
machine.  The  machine  makes  it  possible  for 

the  commissioner  to  keep  office  hours  in  ad- 
dition to  making  his  inspection  trips.  The  an- 

nual cost  is  $1,280. 
Car  No.  5  is  made  up  of  the  running  gear 

of  a  model  31  Pope-Hartford  touring  car 
upon  which  is  mounted  a  truck  body.  It  cost 
$1,8(10  in  1913.  The  addition  of  the  truck 
body  brought  the  cost  up  to  $1,925.  This 
machine  has  hangers  attached  to  the  sides 
of  the  box  so  that  several  lengths  of  service 
pipes  can  be  carried  in  addition  to  the  men 
and  tools  required  for  installing  services.  The 
average  daily  run  is  45  miles.  This  machine 
has  effected  a  saving  of  10  per  cent  in  the 
co-st  of  installing  services.  The  annual  cost 
is  $1,262. 

Car  No.  6  is  a  3-ton  Pope-Hartford  truck, 
equipped  with  extra-size  dual  rear  wheels. 
It  is  equivalent  to  a  4-ton  truck.  It  has 
very  frequently  carried  8,800  lbs.  of  48-in. 
pipe.     The  year  before  this  car  was  placed  in 

service  the  department  paid  teaming  contrac- 
tors the  sum  of  $2,700.  At  these  teaming 

rates  the  amount  of  hauling  done  by  this  ma- 
chine in  1914  would  aggregate  $8^500.  De- 

ducting the  sum  of  $l,.3o2,  paid  for  teaming 
this  year,  leaves  the  truck  performing  a  ser- 

vice worth  $7,148.  In  1912  seven  teams 
hauled  14  pieces  of  48-in.  pipe  daily.  The 
one  auto-truck  did  the  same  work  in  1913. 
The  cost  of  horses  and  drivers  was  $38.50  per 
day.  The  cost  of  the  auto-truck,  operator  and 
two  helpers,  including  all  expenses,  interest, 
depreciation,  etc.,  was  $13.86  per  day.  This 
truck  hauled,  in  one  day,  101%  tons  of  36-in. 
pipe  a  distance  of  40  miles. 

Car  No.  7,  which  replaced  two  horses,  is  a 
Ford  runabout  used  by  the  general  foreman. 
The  annual  cost  is  $291.  Car  No.  8  is  a  1,500- 
Ib.  Velie  truck  used  for  general  light  hauling. 
It  easily  handles  materials  weighing  more 
than  a  ton.  It  was  so  lately  placed  in  service 
that  its  cost  of  operation  and  maintenance, 

and  the  saving  it  effects  over  horse-drawn 
vehicles,  have  not  been  determined. 
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Design  and  Construction  of  the  Larz 

Anderson  Bridge  Over  the 

Charles  River,  Cambridge 

and  Boston,  Mass. 

(Staff  Article.) 

The  Larz  Anderson  Bridge,  which  spans 
the  Charles  River  at  North  Harvard  and 
Boylston  Sts.,  Cambridge  and  Boston,  is  a 
reinforced  concrete  structure  with  earth  ap- 

proaches between  concrete  retaining  walls. 
The  bridge,  which  has  a  total  length  of  440 
ft.,  consists  of  a  7C-ft.  8-in.  central  span,  two 
tJ5-ft.  4-in.  side  spans,  and  retaining  wall  ap- 

proaches having  lengths,  from  inside  faces  of 
abutments  to  outer  ends  of  walls,  of  104  ft. 
each.  The  clear  width  of  the  roadway  is  GO 
ft.  and  that  of  each  sidewalk,  10  ft.  The  solid 
concrete  railing  with  its  cast  stone  coping 
extends  about  3  ft.  4  ins.  above  the  finished 
sidewalks.  The  architectural  treatment  of  the 
approaches  and  arches  is  especially  striking. 
By  means  of  courses  of  brick  the  railings 
arches  and  approaches  arc  paneled,  while  the 
concrete  surfaces  are  picked.  Under  the  rail- 

ing there  is  a  belt  course  of  cast  stone,  while 
the  arch  ring  is  faced  with  brick.  The  bridge 
replaces  an  old  wooden  structure,  which  had 
a  central  lift  span  consisting  of  two  short 
leaves  operated  by  hand  power.  The  entire 
cost  of  the  new  structure  was  donated  by  Mr. 
I^irz  .'\nderson,  for  whom  it  has  been  named. 
The  bridge  is  between  Harvard  University 
and  the  Harvard  Stadium. 

MATERIALS. 

Concrete. — The  concrete  used  in  the  foun- 
dations, abutments,  spandrels  and  wing  walls 

consists  of  1  part  cement,  3  parts  sand  and 
6  parts  broken  stone  passing  a  2%-in.  ring; 
that  used  for  the  arches  and  for  other  rein- 

forced concrete  parts  consists  of  1  part  ce- 
ment. 2  parts  sand  and  4  parts  broken 

stone  passing  a  IMs-in.  ring.  It  was  specified 
that  the  concrete  was  not  to  be  chuted  nor 
dumped    from  a  height,  but  must  be  lowered 
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Fig.  2. Boston  Pier- 
Cross  Section  of  Pier  and Half    Longitudinal    Section    of    76ft.    8-ln.    Central 

Span  of  Larz  Anderson  Bridge. 

m  a  vessel.  It  was  further  specified  that  the 
concrete  was  to  be  spread  in  6-in.  layers  and 
thoroughly  compacted  by  rammers  weighing 
approximately  25  lbs.  each.  Boulders  were 
permitted  to  be  deposited  in  the  concrete  used 
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Longitudinal  Section  of  Larz  Anderson  Bridge,   Cambridge    and    Boston,    Mass.,    and "■-ofiie  of  Site   Showing  Character  of  Subsoil, 

for  the  abutments  and  piers,  it  being  speci- 
fied that  no  boulder  should  have  a  volume 

greater  than  4  cu.  ft.  In  placing  the  boulders 
it  was  required  that  they  should  not  be  less 
than  6  ins.  apart  nor  less  than  10  ins.  from 
the  face  of  any  form.  In  connecting  concrete 
already  set  with  new  concrete  the  set  sur- 

face was  required  to  be  cleaned  and  rough- 
ened and  mopped  with  a  1 :1  cement  mortar. 

.Ml  exposed  concrete  surfaces  below  the 
water  line  were  reqiiired  to  be  faced  with 
mortar  at  least  1  in.  thick,  composed  of  1  part 
cement  and  2  parts  sand  and  waterproofed 
with  some  material  approved  by  the  engineer. 

For  the  outside  surfaces  of  the'  spandrel,  wing and  parapet  walls  it  was  specified  that  a  layer 
of  concrete  \V2  in.  thick,  composed  of  1  part 
cement,  1  part  sand  and  2  parts  marble  chips 
or  crushed  stone  chips  (ranging  from  %  to 
%  in.  in  size)  should  be  placed  against  the 
forms  and  brought  up  with  the  concrete  of 
the  walls,  either  by   using  a  sliding  board  or 
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by  some  other  approved  method.  The  exposed 
faces  in  the  spandrels,  wing  walls  and  para- 

pet walls  were  given  a  picked  finish. 

of  the  piles  used   for  the   foimdations  of  the 
piers  and  abutments  varied  from  2o  to  50  ft. 

Cofferdams. — It    was    specified    that    coffer- 
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Fig.  3.     Cross  Section  of  Abutment  and  Half   Longitudinal   Section  of  65-ft.  4-in.  Side  Span 
of  Larz  Anderson  Bridge. 

Granitf. — The  piers  and  abutments,  from 
the  spring  line  of  the  arches  to  a  plane  4  ft. 
3  ins.  below  the  spring  line,  are  faced  with 
granite,  the  exposed  surfaces  being  fine  point- 

ed. The  stones  are  laid  solid  in  1 :2  Portland 
cement  mortar,  with  joints  of  not  more  than 

'•;  in.  Before  the  mortar  had  set  the  joints 
were  raked  out  to  a  depth  of  3  ins.  and  point- 

ed with   1 :1  Portland  cement  mortar. 
Cast  Concrete. — The  cast  concrete  blocks 

for  the  belt  courses  and  copings  are  composed 
of  1  part  cement  and  3  parts  crushed  stone 
chips,  the  chips  being  of  such  sizes  as  to  pass 
through  a  %-in.  mesh  screen.  Waterproofing 
material  is  incorporated  in  the  concrete  of  the 
cast  stone.  After  being  cast  from  40  to  60 
days,  all  exposed  surfaces  of  the  stones  were 
dressed  with  six-cut  bush  hammers.  The  cast 
concrete  blocks  are  laid  in  1 :2  Portland 
cement  mortar,  with  joints  Of  not  more  than 
Vi  in.  Before  the  mortar  had  set  the  joints 
were  raked  out  for  a  depth  of  3  ins.  and 
pointed  with  1:1  Portland  cement  mortar. 

Brick  Masonry. — The  bricks  used  for  facing 
the  arch  rings  and  for  the  ornamental  courses 
are  up-and-down,  hard  burned,  dark  water 
struck  bricks.  They  are  laid  in  1  ;3  Portland 
cement  mortar,  except  the  outer  4-in.  faces 
where  "Puzzolan"  cement  is  used.  One  pail 
of  lime  putty  was  allowed  to  be  added  for 
each  barrel  of  cement. 

Foundation  Piles. — It  was  specified  that  the 
foundation  piles  were  to  be  spruce  or  Nor- 

way pine,  with  a  minimum  diameter  at  the 
butt  (where  cut  off)  of  10  ins.  and  a  minimum 
diameter  at  the  point  of  6  ins.     The  lengths 

-lO-O" 

dams  should  be  constructed  of  6-in.  yellow 
pine,  tongue-and-groove  sheet  piling.  After 
the  concrete  work  was  finished  the  sheet  pil- 

ing and  the  piles  used  in  constructing  the  cof- 

sites  of  the  piers  and  abutments  showed  that 
the  river  bed  consisted  of  a  stratum  of  gravel, 
or  mud  and  gravel,  having  a  depth  of  from 
6  to  13  ft.  This  stratum  was  underlaid  with 
one  of  blue  clay  having  a  thickness  of  from 
14  to  40  ft.  Directly  under  the  blue  clay  was 
a  stratum  of  hardpan.  Figure  1  shows  a 
profile  of  the  site  and  a  section  of  the  arches, 
piers  and  abutments.  It  will  be  noted  that 
the  piles  were  driven  to  hardpan. 

DESIGN    FEATURES. 

Piers  and  Foundations.— The  two  piers, 
which  are  identical,  have  dimensions  at  the 
base  of  26  ft.  x  7.5  ft.  6  ins.  and  a  height, 

from  base  to  spring  line,  of  20  ft.  3  ins.  Fig- 
ure 2  shows  a  cross  section  of  one  of  these 

piers  and  gives  details  of  its  construction.  It 
will  be  noted  that  a  1 :3  :6  concrete,  with  boul- 

ders imbedded  in  it  is  used  below  elevation 

-f  6.0 ;  above  this  level  the  concrete  has  the 
same  proportion,  but  does  not  contain  boul- 

ders. The  sides  and  ends  of  the  piers,  below 

the  spring  line  and  above  elevation  -t-  6.0,  are 
faced  with  granite  blocks.  Drainage  of  the 

roadway  is  secured  by  a  6-in.  vitrified  tile 
drain,  which  is  placed  as  shown  in  Fig.  2.  The 
arch  rings  are  bonded  to  the  piers  by  means 
of  a  continuous  groove  in  the  latter,  5  ins. 
deep  by  12  ins.  wide. 

Each  pier  is  supported  on  392  wood  piles, 
these  piles  being  placed  in  49  rows  of  8  piles 
each.  The  piles  in  the  alternate  rows  are 
staggered,  the  spacing  of  the  piles  in  each 
row  being  3  ft.  and  that  of  the  rows,  1  ft.  6 
ins.  The  outside  lines  are  set  1  ft.  9  ins. 
back  from  the  faces  of  the  pier.  The  piles 
for  pier  No.  2  (see  Fig.  1)  vary  in  length 
from  30  to  35  ft.,  while  those  for  pier  No.  3 
vary  in  length  from  25  to  30  ft.  The  tops 
of  the  piles  project  into  the  concrete  piers 
a  distance  of  24  ins. 
Abutments. — The  two  abutments,  which  are 

identical,  have  dimensions  at  the  base  of  29 
ft.  X  75    ft.   6   ins.     These   abutments   have   a 
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Fig.  5.     Elevation,  Plan  and  Cross  Section  of    East  Wall   of    Cambridge  Approach   of    Larz 

Anderson  Bridge. 

ferdams  were  cut  ofif  at  the  top  of  the  lowest 
lines   of    wales   and    the   material   below   this 
elevation  was  left  in  place. 

Subsoil. — A  series  of   borings  taken  at  the 
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height  at  the  back  of  20  ft.,  and  a  height  at 
the  front,  from  base  to  spring  line,  of  20  ft. 
3  ins.  Figure  3  shows  a  cross  section  of  one 
of  these  abutments,  and  give  details  of  its  con- 

struction. The  abutments  are  also  faced  with 

granite  from  elevation  -|-  6.0  to  the  spring 
line  of  the  arches. 

The  abutment  at  each  end  of  the  bridge  is 

supported  on  441  wood  piles,  these  piles  be- 
ing placed  in  49  rows  of  9  piles  each.  The 

piles  in  the  alternate  rows  are  staggered,  their 
spacing  being  the  same  as  those  in  the  piers. 
The  three  lines  of  piles  at  the  back  of  the 
abutment  are  inclined  to  resist  the  horizontal 
thrust  of  the  arches. 

Center  Arch. — The  center  arch  has  a  clear 
span  of  76  ft.  8  ins.  and  a  rise  of  14.27  ft. 
The  arch  is  single-centered,  the  radius  of  the 
intrados  being  58.9  ft.  and  the  thickness  at 
the  crown,  18  ins.  Figure  2  shows  a  half 
longitudinal  section  of  the  center  arch  and 

gives   the   size   and   arrangement  of   the   rein- 
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forcement.  Figure  4  shows  a  half  cross  sec- 
tion of  the  arch  at  the  crown,  and  gives  de- 
tails of  the  arch  ring  and  railing.     The  lon- 

proaclics,  between  inside  faces  of  railings,  71 
ft.  instead  of  GO  ft.  as  for  the  arches.  This 
approach  extends  75  ft.  beyond  the  end  of  the 
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proach of  Larz  Anderson   Bridge. 

gitudinal  reinforcing  bars  at  both  the  in- 
trados  and  cxtrados  are  1  in.  square  and  arc 
spaced  either  8  ins.  or  12  ins.  on  centers,  as 
shown  in  FiR.  '1.  The  cross  reinforcing  bars 
arc  spaced  21  ins.  on  centers.  The  bars  in 
the  intrados  and  extrados  are  tied  together 
at  the  intersections  of  the  longitudinal  and 
cross  reinforcing  bars  with  four  strands  of 
No.    12  wire. 

The  solid  concrete  soffit  is  faced  with  a 
brick  ring  as  shown  in  Figs.  4  and  1.3.  The 
details  of  the  concrete  railing  and  its  cast 
stone  and  brick  courses  arc  also  shown  in 
Fig.  4. 

Side  Arches. — The  two  side  arches  each 
have  a  clear  span  of  fi.5  ft.  4  ins.  and  a  rise  of 
13.12  ft.  These  arches  are  single-centered. 
the  radius  of  the  intrados  being  47.4(>8  ft.  and 
the  thickness  of  the  arch  at  tlic  crown,  16  ins. 
Figure  3  shows  a  half  longitudinal  section  of 
the  concrete  arch  ring  and  gives  the  sizes  and 
arrangement  of  the  reinforcement.  The  rail- 

ing and  other  details  not  shown  for  these 
arches  are  similar  to  those  shown  for  the 
center  span. 

Afproach  at  Cambridge  End. — The  ap- 
proach at  the  Cambridge  end  of  the  bridge 

consists  of  an  earth  fill  between  concrete  re- 
taining walls.  .At  both  apprnnches  the  road- 

way has  the  same  clear  width  as  for  the 
arches,  but  the  sidewalk  width  increases  to 
15    ft.   6   ins.,   making   the   width   of   the   ap- 

abutment.  The  east  retaining  wall  is  of  the 
gravity  type  and  rests  on  wood  pile  founda- 

tions.    Figure  5   shows   an  elevation,   a  plan 

and  a  cross  section  of  the  east  wall  of  this 

approach. 
The  west  wall  of  the  approach  at  the  Cam- 

bridge end  of  the  bridge  is  partly  of  the  grav- 
ity type  and  partly  of  the  reinforced  slab  type, 

the  change  in  construction  being  due  to  a 
sidewalk  and  a  flight  of  stairs  along  the  wall. 
This  wall  also  rests  on  pile  foundations.  Fig- 

ure 6  shows  an  elevation,  a  plan  and  three 
cross  sections  of  the  wall  and  stairs.  It  will 
be  noted  by  referring  to  Fig.  6  (e)  that,  at 
the  abutment  end,  the  stairway  is  bracketed 
from  the  abutment  to  form  a  balcony.  The 
remainder  of  the  stair  construction  and  of  the 
retaining  wall  is  indicated  in  Figs.  6  (c) and    (d). 

Spandrel  Jl'alls. — The  spandrel  walls  are  of 
the  gravity  type.  They  have  a  thickness  at 
the  sidewalk  level  of  2  ft.  and  a  thickness 
at  the  arch  ring  of  2  ft.  7  ins.  for  the  walls 
above  the  middle  third  of  the  arch  and  a 

thickness  of  one-half  the  height  for  the  re- 
maining portions.  The  spandrel  walls  rest 

partly  on  the  brick  facing  ring  of  the  arch 
and  partly  on  the  concrete  arch.  The  upper 
surface  of  the  brick  ring  and  the  concrete 
arch  is  waterproofed,  and  the  spandrel  wall 
is  keyed  into  the  concrete  arch  by  means  of 

a  projection  which  fits  into  a  6xr2-in.  groove in  the  arch. 

Approach  at  Boston  End. — The  east  and 
west  retaining  walls  of  the  approach  at  the 
Boston  end  of  the  bridge  have  the  same 
length,  and  the  construction  is  similar  to  that 
shown  in  Fig.  5.  except  that  these  walls  do 
not  have  pile  foundations  and  the  footings 
are  stepped  until  the  bottom  of  the  footing 
at  the  end  of  the  approach  is  at  elevation 
-f  13.0  (instead  of  -f  7.0).  The  tops  of  the 
walls  at  both  ends  of  this  approach  have  the 
same  elevations  as  for  the  approach  at  the 
Cambridge  end  of  the  bridge. 

CONSTRUCTION   FEATURES. 

Before  construction  was  begun  on  the  new 
bridge  the  contractors  built  a  temporary 
wooden  pile  trestle  across  the  Charles  River. 
This  foot  bridge  had  a  clear  width  of  8  ft. 
and  a  length  of  about  3(50  ft.  It  was  torn 
down  and  removed  at  the  completion  of  the 
permanent   structure. 
The  cofferdams  for  the  two  piers  consisted 

of  a  single  line  of  6-in.  yellow  pine,  tongue- 
and-groove  sheeting,  braced  by  means  of  piles 
driven  outside  of  the  cofferdam  and  by  a 
heavy  system  of  timber  bracing  within  the 
coflferdam.  Figure  7  shows  the  construction 
features  of  one  of  the  cofferdams.  This  view 

also  shows  the  pumping  facilities,  the  float- 
ing piledriver  and  the  floating  derrick  used  in 

excavating  the  cofferdam  and  in  placing  the 
concrete  in  the  piers.  The  boulders  shown 
suspended  at  the  left  is  to  be  imbedded  in  the 
pier  concrete.  The  temporary  foot  bridge  is 
also   shown   in   the  background. 

Figure  8  shows  a  view  of  the  mixing  pl.nu 

Fig.  7. View  of  Cofferdam  for  Pier  and   Co 

of   Concrete — Larz 
ntractor's   Equipment  Used   During   Placing 
Anderson    Bridge. 

I 
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Fig.  9.    View  of  Completed   Pier  of  Larz   Anderson   Bridge   and   of  Con- 
crete   Mixing   and    Placing  Equipment. 

Fig.  8.     View  of  Concrete   iVIixing  Plant  and  Equipment  Used 
in    Mixing    and    Placing     Concrete — Larz   Ander- 

son Bridge. 

and  of  the  industrial  track  serving  it.  This  the  depth  and  width  of  the  completed  ring 
view  shows  clearly  the  arrangement  of  the  and  seven  bricks  wide.  .'\s  soon  as  the  mor- 
material  bins.     It  also  shows  the  derricks  and       tar  had  hardened  these  voussoirs  were  taken 

Fig.    10.      View    Showing    Manner   of   Constructing  Brick  Voussoirs  for  Facing   Ring 
of   Arches   of    Larz   Anderson    Bridge. 

the  bucket  used  in  placing  the  concrete,  this 
bucket  being  shown  under  the  spout  leading 
from  the  concrete  mixer. 

Figure  9  shows  another  view  of  the  con- 
crete mixing  and  placing  equipment.  This 

view  also  shows  a  pier  completed  and  readv 
for  its  adjacent  arch  spans.  The  granite  belt 
course  at  the  water  line  is  shown  in  place. 

In  constructing  the  arches  steel  centering 
was  used,  the  centering  for  an  arch  consist- 

ing of  13  three-hinged  steel  arches.  In  placing 
forms  for  the  concrete  arch  ring  planks  were 
bolted  to  the  upper  chords  of  the  steel  arch 
centers,  and  the  forms  for  the  intrados  were 
spiked  to  these  planks.  In  erecting  the  steel 
centering  a  heavy  timber  bent  was  erected 
under  the  center  hinge,  which  formed  a  work- 

ing platform  and  gave  additional  support  to 
the  centering.  This  was  advisable,  as  the 
crown  was  heavily  loaded  during  the  placing 
of  the  concrete  near  the  spring  line. 

After  the  form  for  the  arch  ring  was  in 
place  the  brick  rings,  which  face  the  concrete 
arches,  were  constructed.  The  contractors  de- 

bated for  some  time  as  to  the  best  procedure 
to  follow  in  laying  the.se  brick  arch  rings  to 
insure  their  being  held  firmly  in  place.  It 
was  finallv  decided  first  to  lay  the  bricks  in 
wooden    forms   in   the   shape   of   voussoirs   of 

out  of  the  forms,  and  the  projecting  mortar 
was  dressed  from  the  faces  so  that  the  vous- 

soirs would  fit  closely  together  when  laid  to 
form    the    arch    ring.      Figure    10    shows    the 

manner  of  building  up  the  voussoirs.  The 
separate  sections  of  the  brick  arch  were  then 
laid  in  the  same  manner  as  the  voussoirs  of  a 
stone   arch. 

The  concrete  arch  rings  were  then  poured, 
after  the  reinforcement  had  been  placed  and 
the  bars  wired  together.  Figure  11  shows  an 
arch  ready  for  concreting,  the  reinforcement 
and  the  brick  rings  being  in  place.  The  crown 
of  the  arch  was  loaded  with  blocks  having  a 
combined  weight  of  about  25  tons,  as  shown 
in  the  view.  Figure  12  shows  one  arch  ring 
completed,  the  brick  facing  rings  of  another 
in  place,  and  the  men  at  work  placing  the  re- 

inforcement. Tliis  view  also  shows  the  po- 

sition of  various  units  of  the  contractor's 
equipment  while  the  reinforcement  was  be- 

ing  placed. Before  the  steel  centers  were  removed  the 
forms  for  the  spandrel  walls  were  constructed 
and  the  walls  concreted  up  to  the  brick  belt 
course  shown  directly  under  the  cast  stone 
belt  course  in  Fig.  13.  The  outside  forms 
were  then  removed,  the  brick  and  cast  stone 
courses  were  set  in  place,  and  the  concreting 
continued  up  to  the  top  of  the  sloping  rear 

face  of  the  spandrel  wall.  The  concrete  rail- 
ing, with  its  brick  paneling  and  cast  stone 

coping,  was  then  constructed.  All  concrete 

surfaces  were  given  a  "picked"  finish,  the  cast 
stone  surfaces  being  left  smooth  to  contra.st 
with  the  poured  concrete  work. 

Figure  13  shows  the  structure  practically 
completed,  looking  toward  the  Cambridge  end. 
This  view  shows  the  effective  architectural 
treatment  of  the  bridge,  which  was  finished 
in  the  latter  part  of  1913. 

Fig.    11. 
View    During    Concreting    of    Arch 

Crown    Is   A 
Ring      of      Larz    Anderson     Bridge — Load    at 
bout  25  Tons. 
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COST  OF   HRIUGE. 

The  contract  prices  for  various  parts  of  this 
work  were  as  follows : 

Building  3t;0-ft.  temporary  wooden  trestle, 
S  ft.  clear  width,  and  removing  same..$    3.000 

carctul  miLroscupic  examination  will  often  dis- 
close   a    multitude   of    small    cracks,    showing 

that  the  metal  has  become  "fatigued"  by  the 
heavy  loads  which  have  been  lifted. 
Wire  cable  slings,  on  account  of  their  plia- 

Fig.    12.      View    Showing    Men    Placing    Reinforcement    in    Arch    at    Cambridge    Side 
and    Completed    Arch    Ring   at   Boston   Side — Larz  Anderson   Bridge. 

Construotiiii;  three  reinforced  concrete 
arch  spans,  including  excavation,  piers, 
abutments,  cofferdams,  etc.,  and  re- 

moval of  eld   bridge     13I.O00 
('onstructin;;  approach  at  Boston  end....       7,500 Con.structing  approach  at  Cambridge  end       9.000 
Building  stairway  at  Cambridge  end         5,000 
Furnishing  and  placing  filling  m.aterial,  $0.65  per 

cu.  yd. 
Additional    concrete    required   in   wing  walls,    if 

any,  $7.50  per  cu.  yd. 
Any  additional  work  which  may  be  required,  cost 

(as   determined    by   the   engineer)    plus   15   per 
cent. 

PERSONNEL. 

The  bridge  was  designed  under  the  direc- 
tion of  the  Metropolitan  Park  Commission; 

Wheelwright,  Haven  &  I loyt,  architects  ;  John 
R.  Rablin.  engineer.  It  was  constructed  by 
the  llollirook  (ahot  Rollins  Corporation,  of 
Boston. 

Some   Data   on   the   Use   of   Slings   in 
Handling  Loads. 

In  our  issue  of  April  22,  1911,  we  gave  data 
on  the  use  and  strength  of  hooks,  cables, 
chains  and  other  equipment  for  handling  loads. 
The  fact  that  erection  foremen  and  even  en- 

gineers in  charge  of  handling  loads  do  not 
always  appreciate  the  limitations  of  hoisting 
cquii)mcnt  has  resulted  in  many  preventable 
acci<lents.  .'Vs  a  rule,  too  little  attention  is 
given  to  slings,  even  when  careful  considera- 

tion is  given  to  the  main  cables  and  other 
hoisting  apparatus.  The  following  data  on 
the  use  of  slings  in  handling  loads  are  given 
to  supplimciit  those  contained  in  our  previous 
issue.  They  were  abstracted  from  information 
compiled  by  the  engineering  and  inspection 
division  of  The  Travelers  Insurance  Co.  of 
Hartford,  Conn.: 

The  manner  of  attaching  the  slings  to  the 
load  and  to  tlie  hook  of  the  hoisting  cable  is 
of  gnat  import.ince ;  and  this  part  of  the  work 
should  he  entrusted  only  to  experienced  men. 
Loads  may  often  be  safely  hoisted  by  the  u.se 
of  a  single  sling,  but  in  other  cases  two  or 
three  slings  arc  required — the  number  to  be 
used  depending  not  only  upon  the  weight  of 
the  load  hut  also  upon  its  shape. 

Wire  cables,  chains,  and  manila  ropes  are 
all  used  for  slings,  their  relative  strengths, 
for  similar  diameters,  varying  in  the  order  in 
which  they  are  hire  named.  For  many  rea- 

sons aside  frmn  its  strength  a  wire  cable  sling 
is  to  be  preferred  to  a  chain  or  to  a  liber  rope 
of  any  kind.  (Irdinarily,  deterioration  is  easily 
detected  in  wire  cables,  as  it  is  commonly  in- 

dicated by  broken  .strands  that  are  rea<lily  dis- 

coverable by  an  experienced  and  qualit'ied  in- 
spector. Chains,  f)n  the  other  hand,  may  some- 

times he  used  almost  up  to  the  moment  of 

failure  with  no  "manifest  external  evidence  of weakness  other  than  tlic  existence  of  a  few 
seemingly    unimportant    bruises,     although    a 

bility,  arc  often  bent  at  very  sharp  angles,  not 
only  while  being  adjusted  to  their  loads,  but 
also  when  they  are  under  stress.  Sharp  bends 
of  this  kind  should  always  be  carefully  avoid- 

ed, not  only  because  they  are  immediately 
dangerous,  but  also  because,  when  taken  in 
connection  with  the  twisting  and  untwisting 
to    which   the   strands   of   the    cable   are   sub- 

stress  is  likely  to  be  thrown  upon  one  of  them 
unless  careful  attention  is  given  to  this  point. 
A  sling  composed  of  a  single  length  of  wire 
cable,  with  spliced  eyes,  should  never  be  used 
for  hoisting  a  heavy  load  by  hooking  into  only 
one  of  the  eyes ;  because  if  this  is  done  there 
will  be  a  tendency  for  the  load  to  revolve, 
thus  unwinding  the  cable  and  permitting  the 
splice  to  slip.  On  the  other  hand,  when  using 
a  doubled  sling  with  both  ends  engaged  in 
the  hoisting  hook  it  is  important  to  adjust  the 
sling  so  as  to  eciualize  the  stress  throughout 
the  sling  as  nearly  as  possible  and  to  prevent 
it  from  becoming  unduly  localized  or  concen- 

trated in  certain  parts. 
When  placing  chain  slings  about  loads,  care- 

fully avoid  twisting  the  chains,  because  if  they 
are  twisted  an  excessive  load  may  be  thrown 

upon  some  of  the  links. 
EFFECT   OF   OBLIQUITY    OF  THE   PARTS   OF   A    SLING. 

The  stresses  that  are  thrown  upon  slings 
and  ropes  vary  considerably  with  conditions, 
and  they  are  often  influenced  to  a  marked  de- 

gree by  circumstances  which  the  casual  ob- 
server might  consider  unimportant.  In  par- 
ticular, the  inclination  or  obliquity  of  the  sling, 

in  those  parts  which  lie  between  the  support- 
ing hook  and  the  points  at  which  the  sling 

first  touches  the  load,  must  be  carefully  con- 
sidered, as  it  is  a  highly  important  feature  in 

connection  with  safety.  In  order  to  fix  the 
attention  upon  the  effect  the  obliquity  of  the 
sling  has  upon  the  intensity  of  tlie  stress,  we 
shall  assume  that  the  sling  is  perfectly  flexible 
in  all  the  cases  shown  in  Fig.  1,  and  also  that 

the  load  is  symmetrical  in  shape  and  symmet- 
rically supported  and  that  tlie  branches  of  the 

sHng    (between   the   hook   and   the   load)    are 

Fig. 

13.    View  of   Larz   Anderson   Bridge  Practically    Completed — Note    Effective 
Architectural    Treatment. 

jected  while  in  use,  they  cause  rapid  deteriora- 
tion of  the  sling.  The  damage  may  be  more 

marked  in  the  inner  wires  than  in  those  at 
the  surface;  and  as  the  weakened  condition 
of  the  inner  wires  is  likely  to  pass  unnoticed 
under  ordinary  inspection,  unless  tlie  outer 
wires  show  serious  wear  or  poor  condition, 
the  sling  is  often  continued  in  use  long  after 
it  should  be  discarded.  In  making  a  thorough 
inspection  of  a  wire  cable  sling  it  is  advisable 

equal  in  length  and  ecpially  inclined.  For  sim- 
plicity we  shall  also  assume  that  the  total  load 

that  is  to  be  supported  is  2,000  lbs.  in  each 
case,  except  that  shown  in  Fig.  1   (f). 
Under  these  conditions,  if  the  ends  of  the 

sling  are  exactly  vertical  (see  F'ig.  1  a)  the stress  on  each  one  of  them  will  evidently  be 
1,000  lbs.  If  the  ends  are  inclined,  however, 
as  shown  in  Figs.  1  (b),  (c),  (d)  and  (i) 
the   stress  upon  each  of  them  will  be  greater 

Fig.  1.     Diagrams  Showing  Variation  of  Stress  in  Slings  Due  to  Changes  in   Inclination 
of  the   Parts. 

to  clamp  the  sling  in  two  places  and  partially 
untwist  the  intervening  section  so  that  the  in- 

terior wires  can  be  examined. 

In  placing  a  sling  about  a  load  it  is  impor- 
tant to  see  that  the  turns  of  the  sling  do  not 

he    one    over   another,    because    an    excessive 

than  1,000  lbs.  by  the  amounts  shown,  and  it 
will  increase  as  the  obliquity  of  the  ends  in- 
creases. 

These  drawings  show  rery  clearly  the  im- 
portance of  giving  careful  attention  to  the  in- 

clin.-ition  of  the    free  ends  of  the  'sling.    Men 
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engaged  in  hoisting  too  often  take  it  for 
granted  that  the  tension  on  a  sling  is  every- 

where the  same,  and  if  the  sling  is  strong 
enough  to  support  the  load  in  safety  when  the 
ends  are  vertical,  they  assume  that  it  is  safe 
to  hook  it  around  the  load  in  any  way  what- 

ever, which  is  far  from  true.  The  sling  should 
always  be  long  enough  to  allow  the  ends  to  be 
at  least  as  steep  as  shown  in  Fig.  1  (c),  i.  e., 
the  ends  should  never  make  an  angle  of 

less  than  45°  with  the  horizontal. 
In  lifting  large  plates  of  steel  or  heavy 

castings  of  a  circular  shape  three-part  slings 
are  often  used  (see  Fig.  1.  f).  In  such  a  case 
the  three  parts  of  the  sling  should  be  sub- 

stantially equal  in  length,  and  the  points  at 
which  the  sling  grips  the  load  should  be  se- 

lected so  that  the  stem  will  be  the  same  on 
each  of  the  three  branches,  so  far  as  this  can 

be  judged  by  the  man  in  charge  of  the  opera- 
tion. If  the  load  consists  of  a  circular  ring 

or  plate  of  uniform  section,  this  would  cor- 
respond to  making  the  points  of  contact  equi- 
distant around  the  edge ;  but  if  some  part 

of  the  plate  or  casting  has  a  heavy  projection 
upon  it,  then  two  of  the  branches  of  the  sling 
should  be  put  nearer  to  this  heavy  region. 

The  steepness  of  the  ends  of  three-part 
slings  should  conform  with  the  same  princi- 

ples that  have  already  been  outlined  above,  in 
connection  with  slings  of  the  two-part  type. 

Table  I  shows  the  manner  in  which  the 

stress  changes  in  two-part  and  three-part 
slings,  for  various  inclinations  of  the  ends 
to  the  horizontal. 

PREr.-\UTIONS  NECESSARY   IN  PLACING  SLINGS. 

When  the  load  to  be  lifted  has  sharp  corners 
or  edges,  as  is  often  the  case  with  castings 
and  with  structural  steel  and  other  similar  ob- 

jects, pads  or  wooden  protective  pieces  should 
be  applied  at  these  corners,  to  prevent  the 
slings  from  being  abraded  or  otherwise  dam- 

aged where  they  come  in  contact  with  the 
load.  This  is  especially  important  when  the 
slings  consist  of  wire  cable  or  fiber  rope,  al- 

though it  should  also  be  done  even  when  they 
are  made  of  chains. 

Figure  2  (a)  illustrates  the  importance  of 
protecting  sharp  corners  where  slings  run 
over  them.  The  total  load  is  here  assumed 

to  be  2,000  lbs.,  and  as  the  ends  of  the  two- 

part  sling  make  an  angle  of  riO°  with  the horizontal,  each  of  these  ends  is  subjected  to 
a  tension  of  2,000  lbs.  This  tension  is  exerted 
partly  to  hold  up  the  load,  but  it  also  tends 
to  draw  the  sling  horizontally  against  the 
load,  at  the  points  indicated  by  the  arrows; 
and  if  the  sling  is  pliable  and  is  placed  about 
the  load  symmetrically,  as  shown  in  the  illus- 

tration,  it   will  press  against  the  load,  under 

Fig.    2.     Diagrams    Illustrating    Pressure    of 

Sling  Against  Sharp-Cornered  Load  and 
Protection  for  Same. 

the  assumed  conditions,  w'ith  a  horizontal 
force  of  1,732  lbs.  at  each  of  the  upper  cor- 

ners. This  pressure  may  damage  either  the 
sling  or  the  load,  or  both  of  them;  and  it  is 
to  prevent  damage  from  this  source,  as  well 
as  from  the  direct  weight,  that  the  pads  are 
recommended.  Wooden  corner-pieces  are 
often  provided,  as  shown  in  Fig.  2  (b),  for 
use  in  hoisting  loads  with  sharp  angles.  If 
pads  of  burlap  or  other  soft  material  are  used, 
they  should  be  thick  and  heavy  enough  to 
sustain  the  pressure  and  to  distribute  it  over 
a  considerable  area,  instead  of  allowing  the 
pressure  to  be  concentrated  directly  at  the 
edges  of  the  object  to  be  lifted. 

C.VRE   OF    SLINGS. 

All  slings  should  be  kept  in  good  condition, 
and  special  attention  should  be  paid  to  those 
that  are  used  out-of-doors.  Chain  slings  should 

be  oiled  to  prevent  rusting,  'and  slings  made 
of  wire  rope  should  be  treated  with  oil,  or 
preferably  with  special  dressings  prepared  for 

TABLE  I.— EFFECT  OF  THE  OBLIQUITY  OF 
THE  PARTS  OF  A  SLING. 

Angle  between     Stress,  in  lbs.,  on  sling,  per  lb. 
sling  and  ,   of  total   load   > 
horizontal.        Two-part  sling.  Three-part  sling. 5°  5.737  3.S25 
10°  2.879  1.920 
15°  1.932  1.28S 
20°  1.462  0.975 
45°  0.7071  0.4714 
60°  0.5774  0.3849 
90°  0.5000  0.3333 

this  purpose,  to  prevent  them  from  rusting. 
The  inner  wires  often  become  corroded  through 
'xposure  to  the  weather,  even  when  the  outer 
ones  remain  in  comparatively  good  condition. 
When  not  in  use  chains  should  be 

stored  in  a  place  specially  provided  for  theiH, 
and  locked  up.  They  should  be  in  charge  of 

an  experienced  man,  who  should  be  held  re- 
sponsible for  their  condition.  Tlie  man 

charged  with  the  care  of  the  slings  should  give 
them  out  as  they  are  needed,  and  always  with 
due  regard  to  the  use  to  which  they  are  to 
be  put.  In  this  way  it  is  possible  to  guard, 
effectively,  against  the  workmen  using  slings 
of  inadequate  strength.  All  slings  should  be 
promptly  returned  to  the  official  custodian 
when  they  are  no  longer  needed  for  the  work 
for  which  they  were  given  out.  As  an  addi- 

tional precaution  every  sling  should  be  pro- 
vided with  a  small  metal  identification  tag. 

which  should  be  firmly  fastened  to  it.  The  tag 
should  give  the  ma.ximum  stress  that  the  sling 
can  safely  withstand  in  use,  and  in  the  case 
of  a  chain  sling  it  should  also  give  the  date 
of  the  last  annealing. 

Small  cards  giving  the  weights  of  the  ma- 
terials handled,  per  cubic  foot,  will  often  as- 

sist the  workmen  in  estimating  the  weights 
of  the  loads,  and  will  thereby  be  conducive  to 
safetv. 

SEWERAGE 
Experience  in  Germany  with  Combined 
Sedimentation  and  Digestion  Tanks 
and     Separate     Sludge     Digestion 

Tanks. 

In  the  present  article,  which  is  a  translation 
from  the  German,  attention  is  called  to  some 
of  the  operating  difficulties  encountered  by 
German  engineers  in  the  use  of  combined 
sedimentation  and  digestion  tanks  and  of  sep- 

arate sludge  digestion  tanks.  Among  the  for- 
mer (two-story  type)  the  Travis  and  Imhoff 

tanks  are  examples.  The  Foerster  and  Neu- 
stadter  are  examples  of  the  latter.  While  a 
number  of  Imhoff  tanks  have  been  installed 
in  this  country,  the  operating  experience  with 
this  type  of  tank  is  here  still  somewhat  lim- 

ited. .\s  is  well  known  this  tank  originated  in 
Germany  and  it  has  been  well  tried  out  in  that 
country.  Some  of  its  shortcomings  and  abuses 
have  been  discovered  and  are  now  being  recti- 

fied. Many  interesting  points  are  brou.ght  out 
in  the  following  article,  notably  that  Imhoff 
tanks  for  all  localities  should  not  be  built  by 
one  design,  that  tanks  of  this  type  operate 

satisfactorily  only  on  sewage  w'ith  a  distinct 
alkaline  reaction,  that  the  storage  of  sludge 
for  from  four  to  six  months  is  improper  op- 

eration, etc. 

As  stated  above  the  following  article  is  a 
translation  from  communications  of  the  Royal 

National  Institute  for  Water  Hvgiene  in  Ber- 
lin-Dahlen.  volume  18,  1914,  article  .3,  p.  48. 
It  was  written  by  Professors  Dr.  K.  Thum 
and  Dr.  Eng.  C.  Reichle.  Division  Superin- 

tendents of  the  Royal  National  Institute  for 
Water  Hygiene.   The  formal  name  of  the  com- 

munication from  which  we  quote  is:  Prelim- 
inary Report  on  Facts  .\bout  and  Experiences 

with  Imhoff  Tanks  and  Kindred  Sewage  Clari- 
fication Processes. 

I  Imhoff  tank  treatment  and  kindred  processes 
in  which  special  value  is  given  to  the  fact 
that  the  sewage  is  kept  fresh  while  more  or 
less  undissolved  matter  is  deposited,  have 
lately  come  into  considerable  use ;  sometimes 
by  themselves,  sometimes  in  connection  with 

separate  sludge  digesting  chambers.  The  ad- 
vantages of  such  a  process  could  clearly  be 

seen,  the  simple  manner  of  separating  the 
sludge  from  the  sewage,  the  avoidance  of  sep- 
ticization  in  the  sedimentation  chamber,  the 
delivery  of  a  well  digested,  inoffensive  and 
easily  drained  sludge  in  connection  with  a 
simple  appearing  operation  seemed  to  make 
possible  the  construction  of  a  mechanical 

plant  that  was  practically  odorless.  The  ef- 
fluent being  fresh  even  if  still  putrescible, 

was  less  liable  than  septic  effluent  to  cause  a 
nuisance,  when  discharged  into  rivers,  and  if 
subjected  to  further  treatment  in  biological 
plants,  would  not  .give  rise  to  bad  odors,  as  it 
was  free  from  evil  smelling  gases.  The  only 
disadvantage  was  the  high  first  cost  which  was 
offset  by  the  above  described  advantages,  and 
especially  on  account  of  the  simple  operation 
of  the  plants.    . 

The  great  vogue  of  these  fresh  water  clari- 
fication plants  with  separate  sludge  treatment 

for  the  handling  of  domestic  and  municipal 
sewage,  the  building  of  them  after  one  pattern 
without  paying  sulficient  attention  to  the  char- 

acter of  the  sewage  and  sludge,  and  the  sup- 
position that  this  new  process  was  nearly  au- 
tomatic, was  bound  to  cause  difficulties,  which 

found  expression  in  numerous  inquires  to  the 

"National  Institute  for  Water  Hygiene."  The 
correspondence  and  consultations  in  regard  to 
this  matter  were  considerable,  and  in  view  of 
the  importance  of  the  case  it  was  decided  to 
issue,  in  the  communications  of  this  institute, 
an  exhaustive  treatise  on  these  questions,  com- 

bined with  the  results  of  our  own  experiments. 
But  to  comply  with  the  momentary  need,  we 
will  consider  some  of  the  more  important 

phases  at  once.  We  refer- to  our  "Handbook 
on  Hygiene''  and  state  that  some  matters  will 
require  further  investigation,  but  we  have  no 
doubt  that  the  following  conclusions  will  be 
of  use  in  many  cases. 

Three  points  are  discussed  in  the  present 
preliminary  communication,  namely:  {\^  The 
formation  of  acid  sludge  in  the  sludge  digest- 

ing chamber;'  (2)  The  formation  of  a  floating 
cover;  and  (3)  The  frothing  and  spitting  of 
a    fresh   water  clarification  plant. 

THE   FORMATION   OF  ACID    SLUDGE  IN    THE   SLUDGE 

DIGESTING    CHAMBER. 

.\s  is  well  known,  .good  Emscher  tank  sludge 
has  a  deep  black  color  given  to  it  by  ferrous 
sulphide  and  will  naturally  re-act  alkaline,  as 
it  is  impossible  for  ferrous  sulphide  to  exist 
with  free  organic  acids  such  as  occur  in  sludge. 

It  has  a  peculiar,  not  disagreeable  odor,  some- 
what like  sealing  wax.  and  is  easily  drained. 

The  water  contained  in  this  sludge,  which  can 
be  easily  filtered  off  through  filter  paper,  is 
more  or  less  clear  and  colorless,  does  not  smell 

putrid,  contains  ammonia  and  free  carbonic 
acid  and  reacts  alkaline,  as  all  normal,  clarified 
or  raw  sewage  does. 

But  occasionallv  the  sludge  from  Emscher 
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and  similar  clarilkation  plants  is  of  an  alto- 
gether different  quality,  especially  if  it  has 

been  left  in  the  sludge  chamber  for  a  few 
months.  It  is  not  black,  but  yellow,  like  milk- 
faeces,  grayish  yellow  or  gray,  has  an  evil 
smell,  is  very  difficult  to  drain,  has  a  distinct 
acid  reaction,  containing  none  or  very  little 
ferrous  sulphide.  The  water  contained  in  such 
a  sludge  has  some  ammonia,  but  has  like  the 
sludge  a  more  or  less  but  always  distinct  acid 
reaction,  and  finally  the  water  as  well  as  the 
sludge  in  the  whole  chamber  will  show  this 
acid  reaction. 

Imhoff  tank  sludge  drawn  from  tanks  that 
are  in  the  process  of  ripening  has,  like  the 
above  described  acid  sludge,  a  gray  to  gray- 
black  color,  but  the  reaction  of  this  sludge 
and  the  water  in  it  is  alkaline.  The  water  is 
easily  filtered  off,  the  nearer  ripe  the  tank  is 
the  easier  the  sludge  can  be  drained. 

The  appearance  of  from  black  to  yellow,  or 
alkaline  to  acid  sludge,  is  nothing  new  or  sur- 

prising. The  human  faeces,  e.  g.,  which  form 
the  largest  part  of  the  sludge,  react  as  is  well 
known,  sometimes  acid,  sometimes  alkaline,  ac- 

cording to  their  composition.  The  color  is 
either  yellow,  brown,  or  sometimes  even  black 
In  case  of  a  largely  vegetable  diet,  the  faeces 
will  have  a  strong  acid  reaction  on  account  of 
the  brisk  fermentation  of  the  carbon  hydrates 
Increased  decay  of  albumen,  consequently  a 
larger  formation  of  ammonia,  will  cause  a 
stronger  alkaline  reaction.  On  a  mi.Kcd  diet 
they  will  be  either  neutral,  slightly  acid  or 
slightly  alkaline. 

.\cidulation  and  decay,  i.  e.,  fermentation 

and  decay,  caused  by  the  same  organic  sub- 
stance, is  found  also  in  so-called  agricultural 

sewage,  which  is  rich  in  carbohydrates. 
Starch  factory  sewage  which  is  put  into  starch 
sludge  basins,  reacts  acid  and  becomes  more 
acid  from  day  to  day,  and  the  starch  sludge 
also  shows  an  acid  reaction.  If  all  the  acid 

present  is  neutralized  by  a  base  (ammonia, 
soda,  lime,  etc.)  and  an  overdose  is  given 

(Zahn,  test  in  regard  to  the  possibility  of  puri- 
fying starch  factory  sewage  by  the  biological 

process),  typical  putrification  (with  sulphuret- 
ed  hvdrogen  ferrous  sulphide)  as  well  known 
from  municipal  sewage,  will  take  the  place  of 
fermentation. 

Fermentation  and  putrification  phenomena 
arc  found  side  by  side  in  domestic  and  munici 
pal  sewage.  The  floating  scum  cover  of  the 
septic  tank,  which  is  the  result  of  an  accumu- 

lation of  carbohydrates,  is  of  a  gray  brown 
color  and  re-acts  distinctly  acid,  because  the 
sewage  which  has  the  abilty  to  neutralize 
these  acids  cannot  come  in  contact  with  the 
scum  cover,  which  often  reaches  a  consider- 

able thickness  and  the  nitrogen,  i.  e,,  am- 
monia in  the  scum  is  not  sufficient  to  neutral- 

ize the  acids.  The  remainder  of  the  tank  re- 
acts alkaline,  the  sludge  is  also  alkaline,  is 

colored  black  by  the  ferrous  sulphide,  because 

if  any  acid  should  form,  it  would  be  imme- 
diately neutralized  by  the  free  ammonia. 

With  the  preponderance  of  carbon  hydrates 
and  a  small  amount  of  nitrogen  combinations, 
such  as  ammonia  and  other  bases,  acid  sludge 

must  he  expected  with  every  method  of  sep- 
arate sludge  digestion  and  later  on,  as  the 

acid  reaction  progresses  also  acid  water.  A 
preponderance  of  nitrogen  combinations  or 
other  acid  neutralizing  matter  assures  the  for- 

mation of  alkaline  sludge  and  alkaline  water 
in  the  sludge  digesting  chamber.  From  sludge 
and  water,  which  have  only  small  acid  neu- 

tralizing ability,  an  acid  sludge  is  to  be  ex- 
pected. Great  acid  neutralizing  ability  will 

guarantee  good  Emschcr  tank  sludge  having 
an  alkaline  reaction. 

Fresh  sewage  sludge  has,  as  a  rule,  a  very 
small  acid  neutralizing  power,  the  exception 
being  a  sludge  rich  in  lime.  Sludge,  as  is  well 
known,  is  poor  in  nitrogen,  and  so  must  be 
poor  in  ammonia,  which  is  formed  from  the 
nitrogen  and  which  as  a  rule  represents  the 
acid  neutralizing  ability  of  the  sludge.  .Sludge 
a  few  days  old,  drawn  from  a  fresh  water 
clarification  plant,  on  testing  often  did  not 
react  alkaline,  but  distincllv  acid.  Young  sludge 
from  the  tottnm  of  a  sludge  digesting  cham- 

ber,   that    bad    not    been    stirred,    reacted   also 

acid.  Thick  scum  covers,  strong  suspended 
layers  and  sludge  digesting  chambers  more  or 
less  filled  with  sludge  are  always  prone  to 
show  an  acid  reaction.  Normal  municipal  sew- 

age compared  to  the  sludge  possesses  high 
acid  neutralizing  ability.  The  proportion  is 
about  the  same  as  in  faeces  and  urine.  The 
formation  of  acid  sludge  can,  as  a  rule,  only 

be  prevented  if  the  sludge  is  not  stored  by  it- 
self, but  is  brought  into  intimate  contact  with 

a  sufficient  amount  of  sewage  or  other  acid 
neutralizing  bodies,  to  make  all  acids  harmless 
that  are  formed.  The  important  points  to  be 
considered  in  the  obtaining  of  a  good  sludge 
are  the  sewage,  the  thorough  mixing  of  sludge 
and  sewage  and  the  right  proportion  between 
sludge  and  sewage. 
We  have  already  pointed  out  the  necessity 

of  the  right  mixture  of  sludge  and  sewage  to 
obtain   a  good   sludge,  in  a  report,   which   we 
made  in  regard  to  the  efficiency  of  the  Kremer 
.Apparatus  in   1908.    This  report  was  the   first 
short  communication  of  institute  tests,   made 
on   our   west   end   test  plant   with   a   modified 
Im.holT  tank,  a  so-called  Kremer-Imhoff  tank. 
The   agitator,    mentioned    in   this    report,    was 
ready   for   operation   in   the   summer  of    JflOO. 
In  the  meantime  numerous  troubles  occurred, 

bad  sludge,  spitting  and  frothing  and  the  for- 
mation of  scum.   The  installation  of  the  agita- 

tor and  its  daily  use  brought  an  alkaline  and 
better    sludge.     We    tried     to    overcome    the 
frothing  and  the  scum  formation  by  a  timely 
withdrawal    of    sludge,    but    in    spite    of    this 
sometimes   the   whole   contents   of   the   sludge 
digesting     chamber     threatened     to  boil  over. 
.\fter    long    consideration    it    was    decided    to 
drain    olT   the   water    in    the    sludge   digesting 
chamber.    This  was   done  in   December,   1910. 
The    sludge    digesting    chamber    was    refilled 
from  the  top  with  clean  water  from  the  mu- 

nicipal  water   system   and    the    sedimentation 
chamber  refilled  with  sewage :  the  usual  opera- 

tion was  then  resumed.    A  week  later  we  had 
for  the   first  time  a   fully   satisfactory  typical 
TmhofF  tank  sludge  and  it  continued  to  be  of 
the    same   good    quality,    until    the    plant    was 
discontinued  during  the  summer  of  1913.  The 
operation  of  the  sludge  digesting  chamber,  to 
which  no  more  clean  water  was  added,  was  as 
follows: 

The  agitator  was  run  for  a  short  time  every 

day.  and  on  every  Saturday,  an  exact  prede- 
termined amount  of  sludge  w:is  withdrawn 

from  the  sludge  digestion  chamber.  Care  was 
taken  that  after  the  withdrawal  of  the  sludge, 

the  proportion  of  sludge  and  water  in  the 
sludge  digesting  chamber  remained  in  the  raito 
of  1  :'2.  Frothing  and  the  formation  of  in- 

jurious scum  did  not  occur  again. 
Through  the  mixing  of  the  clean  water  with 

(he  sludge,  the  continued  stirring  and  the  reg- 
ular withdrawal  of  the  sludge,  by  wl.ich  an 

amount  of  fresh  sewage,  equal  to  the  amount 
of  the  withdrawn  sludge,  was  introduced  into 

the  sludge  digesting  chamber,  the  clean  super- 
natant water  soon  became  septic,  having  a  high 

acid  neutralizing  ability,  and  this  produced 
good  results.  Continued  clean  water  treat- 

ment would  remove  the  injurious  products  of 

fermentation,  which  as  Dunbar  (Dunbar- 
I'rinciple  of  the  sewage  cleaning  question,  '2d 
lidition,  Munchcon  and  Rerlin.  1912,  page  198) 
has  proved,  sometimes  lead  to  dead  tanks ;  at 
the  same  time  the  useful  ammonia,  which  pre- 

vents the  acidulation  of  sludge,  would  be 
washed  out  and  a  later  acidulation  of  the 

sludge  would  be  sure  to  follow.  A  limited  ad- 
dition of  clean  water  may  be  of  some  use, 

especially  if  the  water  has  a  high  acid  neu- 
tralizing power,  i.  c.,  considerable  temporary 

hardness.  Continued  addition  of  clean  water 
to  the  sludge,  especially  if  this  cannot  be 
withdrawn  immediately,  does  not  seem  to  be 
advisable,  unless  by  an  addition  of  suitable 
bases,  the  acid  neutralizing  qualities  of  the 
water  are  increased. 

Sludire,  in  Knrdhausen,  occasionally  treat- 
ed with  clean  water,  reacted  alkaline  :  the  su- 

pernatant sewage  also  reacted  alkaline,  and 
the  sludge  was  beginning  to  be  satisfactory. 
Put  the  sludge  of  another  sludge  digesting 
chamber,  which  was  continuously  treated  with 
clean  water  from  below,  was  acid ;  all  the  su- 

pernatant water  was  also  acid,  the  sludge  was 
poor.  .\  good  sludge  could  only  be  expected  if 
the  acids  are  neutralized  by  the  addition  of 

lime,  chalk,  soda,  ammonia  or  by  sludge  con- 
taining sewage,  or  raw  sewage,  the  whole  con- 

tents being  thoroughly  mixed.  Not  so  much 
clean  water  should  be  used  after  this  and  al- 

kalies should  be  added  as  necessary. 

Sludge  digesting  chambers  which  show  acid 
decomposition  or  fermentation  instead  of  pu- 

trefactive decomposition  can  and  should  be 
treated  in  the  same  manner  as  acid  bottoms, 

acid  compost  heaps,  etc.,  i.  e..  the  acid  must 
be  neutralized  by  a  base.  The  main  condi- 

tions with  such  a  treatment  are,  to  obtain  a 
good  moisture  of  the  sludge  with  the  added 
material,  give  an  over-dose  and  make  sure  of 
a  sufficient  supply  of  acid  neutralizing  water, 
which  can  be  obtained  in  Imhoff  tank  installa- 

tion by  the  regular  withdrawal  of  sludge. 

The  proceedings  will  vary  for  different 
cases  and  attention  must  always  be  given  to 
local  conditions.  If  the  sludge  reacts  acid  and 

the  supernatant  sewage— in  case  of  sour  scum 
covers — the  water  l)elow  it,  alkaline,  one  or 

several  thorough  mixings  of  the  sludge  with 

the  sewage  and  regular  withdrawal  of  the 

sludge  (see  above)  may  bring  about  the  de- 
sired results.  If  both  the  sludge  and  the  su- 

pernatant water  in  sludge  digesting  tank  show 

an  acid  reaction,  it  is  best  to  drain  the  siiper- 
natant  acid  water,  and  some  acid  neutralizing 

agent,  mix  it  thoroughly  with  the  sludge  and 

fill  again  with  sewage.  The  sludge  should  be 

drawn  off  regularly  after  that  and  acid  neu- 
tralizing agents  added  if  necessary.  If  there  is 

much  yellow  sludge  present,  it  would  be  best 

to  wash  the  sludge  with  sewage,  while  tlioi;- 

oughly  stirring  it,  either  by  means  of  an  agi- 
tator or  by  compressed  air. 

Great  attention  should  be  given  to  the  thor- 
ough mixing  of  the  sludge  with  the  bases,  as 

it  is  absolutely  necessary  if  good  results  are 
to  be  expected.  Especial  care  ought  to  be 
taken  if  bases  are  used  that  are  only  partially 
soluble  in  water,  such  as  lime,  etc.  If  the  lime 
is  added  before  sedimentation,  a  very  good 

mixture  of  the  sludge  with  the  lime  is  ob- 

tained and  the  sludge  will  have  acid  neutral- 

izing properties.  With  such  treatment  the  sii- 

pernated  sewage  also  possesses  more  than  ordi- 
nary acid  neutralizing  ability  and  the  propor- 

tion of  1.2  between  sludge  and  water  need  not 

be  so  strictly  adhered  to.  (It  is  always  desir- 

able to  keep  the  sludge  down  to  these  propor- 
tions, even  with  a  ripe  chamber,  as  there  ex- 

ists always  the  possibility  of  an  unexpected 

precipitation  of  sludge  especially  on  the  com- 
bined system).  Due  regard  must  be  given  to 

the  fact  that  sewage  already  rich  in  lime  ex- 

ists in  some  places  especially  where  the  sys- 
tem receives  the  sewage  from  coke  ovens. 

During  a  test,  which  was  made  with  sludge 
containing  lime,  we  learned  how  desirable  such 
an  addition  to  the  sewage  was,  giving  the 
sludge  an  acid  neutralizing  property  without 
cost.  We  were  testing  a  method  of  separate 

sludge  digestion  in  a  lignite  installation  near 
Berlin.  Although  the  sludge  was  treated  daily 

with  a  large  amount  of  fresh  water,  we  never 

obtained  an  acid  sludge  as  we  did  in  Nord- 
hausen,  but  always  good  alkaline  sludge,  and 

the  water  in  the  sludge  digestion  room  also  re- 
acted alkaline.  The  fresh  sludge  was  olitained 

not  bv  precipitation  with  sulphate  of  alumina 

only,  as  usual,  but  with  an  addition  of  lime. 
The  principal  conditions,  which  lead  to  the 

formation  of  Kood  sludge,  are  in  our  opinon 
quite  clear.  The  proportion  between  water  and 
sludge,  and  between  acid  neutralizing  agents 
and  sludge  must  be  right,  the  mixing  of  the 

parts,  by  agitators,  if  necessary,  must  be  thor- 
ough, if  the  plants  are  expected  to  ripen  and 

the  formation  of  acid  sludge  is  to  be  avoided. 
Regular  withdrawal  of  sludge,  of  proper 
amounts,  will  assure  good  operating  results. 
The  sludge  drying  beds  should  be  so  arranged 
and  partitioned  that  the  sludge  can  be  easily 
measured.  The  operation  should  include  fre- 

quent tests  as  to  the  reaction  of  the  sludge  and 
the  supernatant  water;  it  should  be  taken  into 
consideration  that  not  only  organic  acids  but 

also  carbon  dioxide,  mineral  acids  and  some- 
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times  acid  salts  are  able  to  cause  an  acid  re- 
action. 

THE   FORM.\TION    OF    .\    SCUM    COVER   AND   THE   SO- 
CALLED  FROTHING   OR   SPITTING   OF   A 

SLCDCE   DIGESTION   TANK. 

The  causes  and  the  detrimental  influence  of 
the  following  phenomena  have  to  be  judged 
differently,  depending  on  whether  the  sludge 
considered  is  already  ripe  or  still  in  the  ripen- 

ing period.  The  difficulties  on  account  of  the 
formation  of  a  heavy  scum  cover  are  greatest 
in  the  latter  case. 

E.xperiences  with  the  action  of  covered  sep- 
tic tanks  form  the  foundation  of  our  conclu- 

sions. Although  the  workings  of  the  septic 
tank  have  never  been  fully  explained,  enough 
is  known  about  them  which  can  be  applied  to 
the  process  in  sludge  digesting  chambers.  A 
skin  of  micro-organisms  and  particles  of  fat 
are  formed  on  an  ordinary  covered  septic  tank, 
rising  sludge  sticks  to  this,  and  the  cover  grad- 

ually increases  in  thickness.  With  purely  do- 
mestic sewage  only  a  floating  cover  is  formed 

with  practically  no  layers  in  suspension.  In 
the  same  proportion,  as  storm  water  carrying 
sand,  and  industrial  sewage  carrying  heavy 
matter  is  introduced  into  the  tank,  so  the  pro- 

portion between  the  floating  and  suspended 
layers  changes,  until  finally,  if  storm  water 
only  IS  handled,  suspended  layers  only  are 
found.  (What  is  said  about  floating  layers 
holds  good  for  suspended  layers,  one  is  as 
detrimental  as  the  other,  but  as  these  are  not 
of  a  very  frequent  occurrence,  they  do  not 
come  within  the  scope  of  this  article). 
Sludge  in  the  digestion  chamber  ol  Im- 

hoft'  tanks  and  kindred  installations  is  orig- inally settled  sludge  from  the  sedimentation 
chamber.  Sludge  that  forms  the  sludge  cover, 
obtained  its  floating  properties  only  in  the  di- 

gestion chamber,  a  property  due  to  its  en- 
trained gases  of  decomposition.  The  rising  to 

the  surface,  and  remaining  there,  of  single 
sludge  particles  or  whole  sludge  cakes,  is 
doubtless  dependent  on  the  composition  of  the 
raw  sludge  in  the  sludge  chamber  and  the 
intensity  of  the  gas  formation  (proportional 
to  the  unit  area  of  chamber).  Fresh  sludge 
will  act  differently  than.putrifying  sludge,  the 
latter  causing  less  floating  scum.  A  sludge 
with  a  larger  proportion  of  organic  matter  will, 
under  the  same  circumstances,  be  less  apt  to 
form  scum  than  a  highly  organic  sludge  con- 

taining a  great  amount  of  cellulose.  The  size 
of  the  deposited  sludge  particles  also 
plays  an  important  part  in  this  matter.  Dis- 

integrated sludge  particles,  if  not  too  fine,  will 
gasify  much  quicker  than  coarse  ones.  It  is 
important  whether  faeces  reach  the  sedimen- 

tation tank  well  broken  up  or  in  large  pieces, 
as  it  is  known  that  faeces  retain  their  float- 

ing ability  for  a  long  time,  apparently  because 
their  compact  structure  offers  a  considerable 
resistance  to  the  liberation  of  the  enclosed 
gases.  Finally,  the  manner  in  which  the  sludge 
particles  settle,  their  sticking  together  through 
fat,  hairs,  etc.,  have  great  influence  on  the 
formation  of  sludge  cakes,  which  to  a  great 
extent  form  the  sludge  cover.  The  influence 
of  the  intensity  of  the  gas  formation  will  be 
greater  the  deeper  the  sludge  layer  is.  With  a 
small  free  surface,  where  it  can  accumulate, 
the  forming  scum  cover  will  be  thicker.  If  the 
surface  is  too  small  for  the  scum,  too  many 
gas  laden  particles  will  rise,  so  that  the  top 
layers  cannot  get  rid  of  their  gas  quickly 
enough  to  sink,  it  will  be  carried  by  the  sludge 
underneath  which  cannot  get  rid  of  its  gases, 
new  gases  will  be  formed  in  the  scum  cover  it- 

self, which  will  increase  the  volume  of  it  and 
its  thickness  will   naturally  increase  steadily. 
A  disadvantage  of  such  a  cover  is  that  after 

it  reaches  a  certain  size,  the  rising  sludge 
cakes  seek  a  way  out  through  the  open  slots 
to  the  sedimentation  chamber.  The  principal 
disadvantage  is  that  the  sludge  cannot  get  rid 
of  its  bad  qualities,  because  it  does  not  get 
mi.xed  with  the  sewage,  and  the  sludge  di- 

gesting chamber  will  very  slowly  or  never 
ripen.  Different  methods  in  practice  have  been 
tried  to  destroy  and  sink  the  scum  covers: 
such  as  stirring  it  with  poles  or  breaking  it  up 
with  high  pressure  water.  None  of  these  have 
been  a  permanent  success,  as  they  do  not  ac- 

complish the  necessary  continued  mixing  of 
the  newly  rising  sludge.  This  can  only  be  done 
by  the  installation  of  a  mechanical  agitator, 
or  apparatus  which  not  only  stirs  the  sludge 
but  brings  about  a  thorough  mixture  of  the 
sludge  with  the  sewage.  The  most  practical  way 
in  our  estimation  is  to  work  against  the  for- 

mation of  a  too  strong  sludge  cover  from  the 
beginning :  it  is  generally  to  be  expected  with 
a  sludge  rich  in  organic  matter  (faeces).  The 
sludge  entering  the  sludge  chamljer  should  be 
well  disintegrated,  any  scum  cover  in  forma- 

tion should  be  broken  up  by  a  stream  of  sew- 
age under  high  pressure,  mechanical  agitators, 

or  lowering  of  the  water  level  in  the  sedi- 
mentation chamber.  The  plant  always  ought 

to  be  designed  to  have  a  sufficiently  large  sur- 
face for  the  escapement  of  the  gases.  The 

appearance  of  frothing  (spitting)  in  an  un- 
ripe sludge  digesting  chamber  is  a  mere  sec- 

ondary phenomenon.  It  is  similar  to  the  so- 

called  "hut"  formation  in  yeast  fermentaticm 
and  is  mostly  caused  by  large  amounts  of  gas 
rising  to  a  small  surface  and  carrying  the 
sewage  and  finely  divided  sludge  with  it  in  the 
form  of  bubbles. 

In  ripe  sludge  digesting  chambers,  the  scum 
formation  is  much  lighter,  and  not  liable  to 
cause  trouble,  as  the  rising  sludge  is  well 
mixed  with  sewage  and  the  sludge  at  the  sur- 

face loses  its  gas  more  readily  than  fresh 
sludge,  not  forming  as  much  gas.  But  it  must 
be  removed  from  time  to  time.  The  spitting 
and  frothing  and  entrance  of  sludge  into  the 
sedimentation  chamber  are  generally  caused 
by  a  too  heavy  floating  layer  of  a  too  large 
accumulation  of  undissolved  matter  in  the 
sludge  digestion  chamber,  in  which  case  the 
gas  will  carry  up  froth  if  the  free  surface  is 
too  small.  This  can  be  helped  by  simply  draw- 

ing off  some  of  the  sludge  or  permanently 
prevented  by  keeping  the  sludge  at  a  perma- 

nent level.  (Special  investigations,  which  we 
do  not  care  to  anticipate  are  being  made  on 
these  points  by  the  Emscher  Genossenschaft). 
CONCLUSION  :     THE    DIFFERENT    TYPES     OF    FRF.SH 

WATER     CLARIFICATION     PLANTS     WITH     SEP- 
ARATE   SLUDGE    DIGESTION. 

Injurious  formation  of  scum  covers,  froth- 
ing or  spitting  of  the  sludge  digesting  cham- 
ber, acid  sludge  and  finally  acidulation  of  the 

supernatant  water  are  the  operating  difficulties, 
which  are  liable  to  appear  in  sludge  digesting 
plants,  if  there  is  not  sufficient  room  prcrvided 
to  accommodate  the  floating  sludge,  a  too 
heavy  formation  of  -scum  prevented  and  the 
sludge  withdrawn  at  the  right  time.  The  fore- 

going statements  also  indicate  that  the  sludge 
will  have  to  be  withdrawn  properly  if  after 
being  in  operation  for  several  months,  it 
should  not  be  good,  but  a  large  amount  of 
sludge  has  been  accumulated  and  the  above 
described  results,  such  as  the  entrance  of 
sludge  into  the  sedimentation  chamber,  begin 

to  appear.  Sludge  accumulation  above  a  cer- 
tain volume  make  the  withdrawal  of  part  of 

the  sludge  an  absolute  necessity  under  all  cir- 
cumstances. Waiting  will  not  better  the  con- 

dition of  the  plant,  it  will  only  make  matters 
worse,  as  the  continual  deposition  of  sludge 
in  the  sludge  digesting  room  will  only  change 
the  proportion  of  water  to  sludge  to  the  disad- 

vantage of  the  latter. 
It  is  quite  possible  for  good  Imhoff  sludge 

to  become  acid,  if  it  is  not  withdrawn  at  the 
proper  time  and  fresh  acid  neutralizing  mate- 

rial, i.  e.,  sewage,  etc..  is  unable  to  enter.  The 
ferrous  sulphide  will  be  decomposed,  sul- 
phureted  hydrogen  will  be  formed  and  the 
sludge  will  lose  its  deep  black  color. 
Many  Imhoff  tanks  deliver  a  good  sludge,  as 

is  well  known  and  the  frothing  and  scum  for- 
mation does  not  give  any  considerable  amount 

of  trouble.  The  intensive  gas  formation,  ob- 
tained by  the  depth  of  the  tanks,  causes  a 

thorough  mixing  of  the  sludge  with  sewage 
in  a  sludge  digestion  chamber  of  generous 
proportions  and  so  prevents  the  formation  of 
sour  slud.ge,  the  timelv  and  well  regulated 
withdrawal  of  sludge  will  take  care  of  the  sup- 

ply of  fresh  acid  binding  or  neutralizing  ma- 
terial, and  keep  the  frothing,  which  is  caused 

by  undissolved  material  in  the  sludge  digest- 
ing  chamber   under    control.     The    timelv    re- 

moval or  breaking  up  of  the  floating  scum  cover 
will  prevent  the  sludge  particles,  driven  to  the 
top  by  the  gases,  from  sticking  to  it  and  caus- 

ing trouble.  What  difficulties  have  sometimes 
been  overcome  in  a  purely  empirical  manner, 
very  often  without  knowing  anything  about 
them,  show  the  above  discussed  operating  phe- 

nomena, which  have  been  observed  in  prac- 
tice. These  are  by  no  means  confined  to  Im- 

hoff tanks,  but  will  occur  in  any  plant  having  a 
separate  sludge  digestion  system,  if  proper 
care  is  not  taken.  For  practical  reasons  we 
like  to  discuss  those,  although  we  are  well 
aware  of  the  difficulty  of  doing  so  in  a  short 
article,  without  going  into  details  of  special cases. 

_  The  sludge  digesting  plants  under  discus- 
sion can  be  divided  into  two  groups.  The  first 

group  includes  those  plants,  in  which  the 
sludge  digesting  chamber  is  below  the  sedi- 

mentation chamber,  and  is  connected  to  it  by 
open  slots,  through  which  the  sludge  drops 
automatically.  Under  this  head  come  the  Im- 

hoft'  tanks,  the  Travis  tanks,  Kremer  septic 
tank  (Kremer-Imhoff  tank),  Stiag  tanks.  Spree 
tanks.  Bus  tanks,  etc.  To  the  second  group  be- 

long those,  in  which  the  sludge  digesting  tank 
is  a  separate  unit  and  is  located  beside  the  sedi- 

mentation chamber.  The  fresh  sludge  is 
periodically  pumped  or  drained  from  the  sedi- 

mentation tank  to  the  sludge  digesting  cham- 
ber. 

First  Group:  Sludge  Digesting  Chamber  Un- 
der Sedimentation  Tank. — These  plants  have 

the  great  advantage  of  an  automatic  sludge 
separation.  Some  of  the  disadvantages  are: 
The  poor  operation  of  the  sludge  digesting 
chamber:  if  the  sludge  is  not  removed  at  the 

right  time,  rising  sludge  will  enter  the  sedi- 
mentation tank,  which  is  a  common  occur- 

rence in  spite  of  the  overlapping  edges  of  the 
slots ;  difficulty  is  found  in  giving  the  right 
dimensions  to  the  sludge  digesting  chamber  in 
proportion  to  the  sedimentation  tank. 

All  installations,  coming  under  this  group, 
require  expert  supervision  while  ripening.  To 
avoid  acid  sludge  or  a  heavy  sludge  cover, 
which  almost  always  gives  an  acid  reaction,  it 
is  recommended  to  fill  the  digesting  chamber 
only  partly  with  sludge  during  the  ripening 
period  and  to  always  keep  the  sludge  at  the 
same  level  by  periodically  removing  a  like 
amount  of  sludge.  As  putrefactive  decomposi- 

tion can  only  take  place  while  the  sludge  is  al- 
kaline, it  has  to  be  kept  so  at  all  times,  if 

necessary  by  the  addition  of  chemicals.  For 
protection  against  floating  sludge  covers,  it  is 
to  be  recommended  from  a  technical  point  to 
make  the  free  surface  of  the  sludge  digesting 
chamber  not  too  small.  The  partition  walls 

between  '.^.''mentation  and  digesting  chamber 
should  be  s  /  arranged  that  no  sludge  can  col- 

lect under  them  and  that  the  sludge  carried  up 
by  the  gases  will  be  deflected  either  to  the 
open  surface  at  one  side  or  to  the  gas  vents 
directly  over  the  digestion  chamber,  these 
should  be  of  sufficient  size.  Wide  longitudinal 
openings  as  are  used  on  the  Travis  tank  seem 
to  be  the  best.  The  long  sludge  chamber  of 
these  and  similar  plants  should  be  divided  into 
two  parts,  as  in  ordinary  septic  tanks,  a  large 
chamber  in  which  the  sludge  is  digested,  and 
a  second  smaller  chamber  in  which  the  sludge 
particles  carried  up  by  the  gases,  are  separated. 
To  obtain  the  largest  possible  surface  and  save 
construction  costs,  this  institute  has  some- 

times recommended  the  use  of  earth  ponds 
with  large  free  surfaces  as  sludge  digesting 
chambers. 
Second  Group:  Separate  Sludge  Digestion 

Chambers  Beside  the  Sedimentation  Tank. — 
Under  the  head  of  separate  sludge  chambers, 
located  beside  the  sedimentation  tank,  come 

the  designs  of  Foerster,  Mondrion,  the  Neu- 
stadter  sludge  tank,  etc.  Opposed  to  the  dis- 

advantage of  the  cost  of  pumping,  is  the  not 

to  be  lightly  valued  advantage  of  the  com- 
plete separation  of  sedimentation  tank  from 

the  sludge  tank,  so  that  the  latter  can  never 
have  any  detrimental  influence  on  the  former. 
Besides  the  possibility  of  unlimited  extension 
separate  sludge  tanks  have  the  further  advan- 

tage that  they  are  very  accessible  and  easily 
inspected.     The    decomposition   of   the    sludge 
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can  be  followed  in  all  its  stages  and  can  be 

governed  as  necessary  or  desirable.  With  high 

ground  water  the  first  cost  of  the  shallow 
tanks  will  be  considerably  less. 

Separate  sludge  digesting  tanks  can  be  built 

as  single  units  which  are  intermittently  tilled 

(Foerster)  or  as  a  series  of  tank^  which 

make  a  continual  operation  possible  (the  Neu- 

stadter  tank).  A  good  sludge  digestion  is  ob- 
tained by  both  types.  The  operation  of  single 

units  requires  individual  e.xpert  operation.  The 

continual  (daily)  operation  of  tanks  in  series 
can  be  made  almost  entirely  automatic.  But 

the  first  mentioned  construction  can  be  easily 

arranged  so  that  the  tanks  can  be  operated 
cither  as  units  or  in  series.  In  arranging  the 

tanks  in  series,  the  diflferent  processes  can  be 

se|):irattd,  the  brisk  decomposition  of  the 

sludge  and  sewage  will  take  place  in  the  first 
tank  and  in  the  last  tank  the  sludge  can  be 

"washed"  by  the  introduction  of  clean  water 
before  it  is  drawn  off.  The  advantage  of 

washing  the  sludge  does  not  in  any  way  in- 
terfere with  the  addition  of  the  sewage  neces- 

sary for  a  brisk  decomposition.  Sewage 

should  always  be  introduced  into  the  first  tank 

if  not  enough  is  contained  in  the  withdrawn 

fresh  sludge.  The  following  procedure  can  be 

recommended:  The  clean  water  should  be  in- 
troduced into  the  tank  that  contains  the  best 

digested  sludge,  from  there  to  the  tank  that 
contains  the  second  best  sludge,  etc.,  until  it 

is  let  ofT,  so  that  the  sludge  in  a  certain  stage 

i]f  digestion  never  comes  into  contact  with 

sewage  from  a  sludge  in  a  less  advanced  state 

of  decomposition.  The  capacity  of  such  tanks 

MUglit  to  be  about  the  same  as  those  that  prove 
sufRcient  for  Imhoff  tanks. 

SUMMARY. 

Fresh  water  clarification  plants  with  a  sep- 
arate sludge  digestion  considered  as  a  whole, 

are  a  distinct  advance  in  the  field  of  sewage 

and  sludge  treatment;  they  simplify  the  me- 
chanical clarification  of  the  sewage,  lessen 

the  sludge  nuisance  and  have  advanced  the 

solution  of  the  sludge  question.  The  obtain- 

ing of  a  good  sludge  did  not  prove  to  be  such 

a  simple  matter  as  was  originally  supposed, 

("oiiimunities  which  have  their  plants  built  by 
i-onlractors,  will  cU  well  not  to  accept  them 
until  the  sludge  digestion  chamber  delivers  a 

good  sludge.  Very  careful  preliminary  inves- 
tigation should  be  made  in  each  case  to  find 

out  whether  such  a  process  is  suitable  to  local 
conditions.  Due  consideration  should  be  given 

to  the  diflicultics  of  construction  and  opera- 
tif>n.  Other  points  to  which  attention  should 
be  paid  are;  Whether  the  sludge  digesting 
chamber  should  be  located  below  or  beside 
Itu-  sedimentation  tank,  or  whether  both  types 
Nhoiild  be  used  ;  also  whether  it  would  be  best 
to  install  an  agitator  at  once  or  only  make 

provision  for  a  future  installation. 

With  expert  design  and  expert  supervision  it 
is  possible  to  avoid  the  above  discussed  op- 

erating troubles,  which  often  make  an  other- 

wise good  plant  unsatisfactory.  It  will  be  ab- 
solutely necessary  to  stop  the  now  prevalent 

custom  of  building  all  plants  after  one  pat- 
tern, also  when  considering  the  efficiency  of  a 

plant  a  sharp  line  should  be  drawn  between 
the  two  functions,  sedimentation  and  sludge 
'ligr^lioli. 

Methods     of     Obtaining     Samples     of 

Sewage  and  Scwagic  Liquids 
for  Testing. 

A  common  reason  fcr  llie  sampling  of  sew- 
age and  sewage  treatment  plant  cniiicuts  and 

kindred  liiiuids  is  to  test  the  samples  by  chem- 
ical or  bacteriological  methods  to  determine 

the  crticiency  of  such  plants.  Samples  are  also 
taken  and  tested  with  a  view  to  finding  out 
whether  the  qualitr  of  the  liquid  (iroduccd 
complies  with  a  particular  standard.  Obvi- 

ously dependable  conclusions  can  be  drawn 
friini  analytical  results  only  when  the  sam- 

ples are  truly  representative  of  the  quality  of 
the  liquid  from  which  ihey  arc  taken.  Much, 
then,  depends  on  the  skill  and  inlclligcncc 
with  which  samples  for  analysis  are  taken. 
The    present    article    describes    the    approved 

methods  in  vogue  in  England,  for  sampling 

sewage  and  similar  liquids,  and  is  from  a 

paper  bv  G.  Bertram  Kershaw  before  the 
 re- 

cent annual  congress  of  the  Royal  Sanitary 
Institute   of   Great   Britain.  . 

In  order  to  be  in  a  position  to  judge  of  the 

erticiency  of  a  plant  it  is  necessary  to  know 

the  strength  and  character  of  the  raw  sewage 

as  well  as  the  quality  of  the  effluent,  in  com- 

paring with  a  standard  this  is  unnecessary, 

the  sample  either  passing  or  failing  to  pass 
a  given  standard. 

It  is  of  the  highest  importance  that  the 

sample  analyzed  shall  be  truly  representative
 

of  the  bulk  of  liquid  from  which  it  is  taken, 

otherwise  erroneous  deductions  may  be 

drawn.  Inasmuch  as  quantitative  analyses 

are  necessarily  somewhat  costly,  and  gaging 

arrangements  often  involve  a  good  deal  of 

trouble  and  expense,  it  is  very  advisable, 

on  these  grounds  alone,  that  the  sample  or 

samples  drawn  shall  be  as  nearly  representa-
- 

tive  as  possible 

Nearlv  all  waste  liquids,  especially  those  re- 

sulting 'from  industrial  processes,  vary,  not 
only  in  character  but  also  in  volume,  from 
minute  to  minute,  from  hour  to  hour,  and 

from  dav  to  day.  Sewages,  moreover,  may 

also  varv  seasonally  by  reason  of  the  influx 

of  subso'il  water  and  other  factors;  they  vary 
markedly  when  heavy  rainfall  occurs. 

If  it  is  desired  to  ascertain  the  quality  of  a 

particular  liquid  at  any  given  time,  a  single 

sample  (termed  a  "chance"  sample)  will  often 
suffice  for  the  special  or  casual  purpose  for 
which  it  is  taken.  If,  on  the  other  hand, 
the  character  and  strength  of  the  liquid  as  a 

whole  is  what  is  to  be  determined  average 

samples  will  be  essential— that  is  to  say,  sam- 
ples drawn  according  to  the  rate  of  flow  of 

the  liquid  over  at  least  four  days. 
SEVV.AGE  LIQUORS. 

It  will  be  obvious  in  the  case  of  sewage 

liquors,  which  in  dry  weather  vary  in  strength 

roughly  according  to  the  rate  of  flow,  that  if 

the  hourly  proportional  flows  for  five  consec- utive hours  are  10,000,  30,000,  50,000.  60,000  and 
20,000  gals.,  then  samples  merely  drawn  in 

equal  quantities  every  hour  will  not  represent 
the  average  strength  of  the  liquid  for  the 
five-hour  period  unless  the  sewage  is  hourly 
of  constant  strength;  whereas,  if  the  samples 
are  drawn  hourly  according  to  the  rate  of 

flow  in  quantities'of,  say,  100  c.c,  -500  c.c,  GOO 
c.c,  and  200  c.c,  and  mixed  together,  an  aver- 

age sample  closely  appro^timating  to  the  truth 
will  result.  It  follows,  therefore,  that  in 
sampling  for  average  strength  the  hourly 
rate  of  flow  of  the  sewage  must  be  ascer- 

tained ;  in  other  words,  the  flow  must  be  gaged 
continuously  while  sampling  is  in  progress. 

.Average  samples  of  sewage  liquors,  were 
taken  as  long  ago  as  1872  by  the  committee 
of  the  British  -Association  at  the  Romford 
sewage  farm,  and  probably  long  before  that 
date,  for  liquors  other  than  sewage.  Aver- 

age samples  of  sewage  liquors  have  also  sys- 
tematically been  taken  by  the  Sewage  Dis- 

posal Commission  appointed  in  18118,  and  it 
may  be  of  interest  to  describe  the  method  of 
taking  average  samples  of  sewage  from  start 
to  finish,  since  sewages  and  sewage  liquor 
are  more  likely  to  prove  of  general  interest 
than  the  sampling  of  waste  liquors  from 
manufacturing  processes. 

The  first  preliminai-y  to  be  decided  upon  is 
the  duration  of  the  period  over  which  the 
samples  are  to  be  taken.  In  the  majority  of 
cases,  four  sets  of  24  hour  average  samples, 
commencing  Monday  morning  and  ending 
I'Viday  morning,  will  give  a  good  idea  of  the 
character  and  strength  of  the  sewage.  In 
the  case,  however,  of  a  large  town,  sets  of 
average  samples  extending  over  seven  days, 
repealed  at  different  seasons  of  the  year,  may 
be  necessary.  In  the  case  of  domestic  sew- 

ages from  small  communities,  the  first  four 
nr  five  days  of  the  week  usually  constitute  a 
sufficient  period  to  provide  data  upon  which, 
say,  works  could  be  designed ;  the  omission 
of  sampling  the  Saturday  and  Sunday  sew- 

age, which  is  often  weaker  than  normal  on 

these  particular  days,  provides  a  certain  fac- tor of  safetv. 

It  is  always  desirable  to  draw  average  sam- 
ples of  sewage  in  dry  weather,  and  hence  it  is 

necessary  to  determine  what  shall  be  re- 
garded as  dry-weather  sewage  flow. 

The  extent  to  which  rainfall  will  affect  the 

sewage  flow  will  depend  very  largely  upon 
local  conditions,  such  as  the  nature  of  the 

sewerage  svstem,  the  character  and  gradients 

of  the  surfaces  of  the  drainage  area  contribu- 
ting to  the  sewers,  together  with  many  other 

factors;  but  it  depends,  other  things  being 

equal,  chiefly  upon  the  intensity  of  the  rain- fall. For  example,  a  rainfall  of  .05  in,,  or 

even  more,  following  dry  weather,  and  spread 

evenly  over  several  hours,  may  produce  little 

or  no  appreciable  effect  upon  the  flow  of  sew- 
age, certainlv  not  sufficient  to  put  a  stoo  to 

the' taking  of  samples;  but  the  question  of 
continuing  or  abandoning  drawing  of  sam- 

ples must  be  left  to  the  discretion  of  the 
sampler,  who  will  generally  be  able  to  gain 

some  idea  from  the  sew-age  works  manager  as 
to  whether  or  not  the  sewage  flow  is  being 
materiallv  affected  by  rainfall. 

If  two  or  three  dry  days  precede  the  sam- 
pling operations,  so  much  the  better,  but  it 

is  impossible  to  predict  seven  to  ten  consecu- 
tive days  of  dry  weather  in  this  country. 

Since  an  automatic  height  recorder  in  con- 

nection with  the  gaging  operations  is  advisa- 
ble whenever  it  can  be  obtained,  it  is  a  good 

plan  to  fix  a  weir  and  run  the  recorder  for 
seven  to  ten  days  before  actually  commencing 

sampling,  thus '  obtaining  a  series  of  charts 
showing  the  general  run  of  the  sewage  flow; 

comparison  with  these  charts  when  rainfall 

occurs  will  generally  show  when  it  is  inad- 
visable to  continue  sampling  for  the  time 

being. 

With  regard  to  rainfall  records  at  most 
sew^age  works  of  any  size,  a  rain  gage  is  kept 
on  the  works,  but  if  there  is  not  one  in  use,  a 

5-in.  gage  is  easily  erected,  and  records  should 
be  taken  at  9  a.  m.  daily  during  the  sampling. 

If  a  rain  gage  is  to  be  found  in  the  town 

itself,  daily  records  should  be  obtained  from 
this  source  also,  as  it  by  no  means  follow? 
that  the  rainfall  in  the  town  and  on  the 
works   will  be  identical. 

APPAR.^TUS. 

As  regards  the  apparatus  required  for  tak- 
ing 24  hour  average  samples  of  crude  sewage, 

about  30,  or,  better  still,  36  wide-mouthed 
glass-stoppered  bottles  will  be  needed  for 
chemical  analysis;  the  use  of  the  extra  bottles 

(apart  from  chance  of  breakage)  will  be  ap- 

parent later. 
If  sample^  for  bacterial  analysis  are  neecl- 

ed,  a  few  small  glass-stoppered  sterilized  bot- tles will  alsii  l)e  wanted;  these  will  generally 

be  sent  ready  sterilized  direct  from  tbe  lab- 
oratory, and  one  or  two  of  such  bottles  can 

be  filled  from  the  large  mixing  bottle  when 

the  24  hours'  average  sample  is  made  up.  The 
stoppers  of  all  the  bottles,  both  chemical  and 
bacterial,  should  be  carefully  ground  in  with 

fine  emery,  and  the  foot  of  each  stopper 
rounded  to  avoid  shutting  in  air  bubbles, 

.'\s  regards  capacitv,  the  larger  bottles 
should  hold  about  600-700  c.c.  each,  and  the 
sterilized  bottles  about  50  c.c.  each.  A  large 

glass  mixing  bottle,  holding  about  1%  gals., 
will  be  wanted  for  making  up  the  average 

sample  froni  the  24  separate  hcnirly  samples, 

and  also  a  couple  of  thick  glass  stirring  rods, 

and  a  measuring  glass  graduated  in  cubic 

centimeters;  two  thermometers,  grease  cha'.ks. 
two  or  three  drving  cloths,  and  some  adhesive 

labels  compklc'the  outfit.  The  bottles  used 
for  holding  the  mixed  24  hours'  average  sam- 

ple are  generally  half-winchesters,  holding 
about  1,300-1.400  c.c.  each;  but  for  special 

purposes  a   Winchester  is  sometimes   required. 
Turning,  to  the  gaging  outfit  required: 

The  method  of  gaging  employed  will  depend 

upon  local  conditions.  Whenever  practicable, 

a  wooden  dani.  with  a  brass  or  gunmetal  rec- 
tan.milar  weir  plate  screwed  to  the  face  of  it 

is  the  simplest  method,  the  whole  of  the  flow 

tn  be  gaged  passing  over  the  weir,  and  the 

depth  of  liquid  over  the  weir  sill  being  regis- 
tered continuously  by  an  automatic  height 

recorder.  "Plastic,"  or  a  mixture  of  clay  and 

boiled  linseed  oil.  is  useful  for  making  water- 
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tight    joints    between    the     margins     of     the 
wooden  dam  and  the  channel  walls. 

It  may  be  well  to  point  out  here  that  to 
avoid  complications  in  the  formula  for  dis- 

charge, owing  to  the  existence  of  material 
velocity  of  approach,  one  or  two  points  need 
to  he  kept  in  mind. 

(1)  The  width  of  the  weir  should  not  ex- 
ceed about  one-third  the  width  of  the  channel 

in  which  it  is  placed. 
[■2)  The  transverse  sectional  area  of  the 

liquid  falling  over  the  weir  should  not  exceeil 
about  one-fifth  of  the  transverse  sectional 
area  of  the  liquid  in  the  channel  immediately 
above  the  weir. 

(3)  The  weir  and  dam  board  should  be 
perfectly  upright,  and  have  a  free  overall  and 
air  space  underneath  the  falling  sheet  of  wa- 

ter, while  the  float  of  the  automatic  recorder 
should  be  placed  sufficiently  far  back  from  the 
weir  to  avoid  curvature  of  surface. 
As  to  the  type  of  recorder,  I  have  always 

used  a  small  portable  Glenfield  and  Kennedy 
machine,  the  drum  being  driven  by  a  seven- 
day  clock,  and  the  pen  actuated  by  the  up 
and  down  movement  of  the  float.  There  are, 
liowever,  several  automatic  height  recorders 
on  the  market,  some  of  them  with  pen  or 
pencil  cams  cut  to  give  the  discharge  direct 
upon  the  chart.  It  is  not,  however,  a  difficult 
matter  for  any  engineer  to  construct  a  simple 
and  reliable  machine  for  comparatively  little 
■  jutlay.  Care  is  required  in  adjusting  the  pen 
to  zero  on  the  chart,  which  should  be  care- 

fully pressed  down  to  the  rim  at  the  foot  of 
the  drum. 
Most  recorder  pens  have  an  up  and  down 

range  of  6  ins.,  so  that  the  deoth  over  the 
weir  must  be  limited  to  about  6  ins.,  unless 
the  minimum  early  morning  flow  exceeds, 
say,  1%  in.  depth  over  the  weir,  in  which 
case  the  recorder  can  be  made  to  register  up 
to  7V2  ins.  by  setting  the  pen  at  zero  on  the 
chart  when  exactly  \V2  in.  of  liquid  is  passing 
over  the  weir,  the  chart  base  line  thus  reading 
IVz  in.  above  sill  level.  The  recorder  should 
be  set  up  perfectly  level,  and  the  float,  if  in 
an  exposed  situation,  should  be  surrounded 
by  a  cylinder  of  fine  perforated  zinc,  to  elim- 

inate wind  action,  otherwise  oscillation  of  the 
float  will  soon  exhaust  the  ink  in  the  pen, 

besides  blurring  the  chart.  It  may  be  men- 
tioned that  a  mixture  of  glycerine  auii  char- 

coal, or  any  aniline  dye,  makes  a  good  ink 
for   a  recorder  pen. 
Having  erected  the  weir  and  recorder,  the 

sample  bottles  should  be  prepared  and  the 
time  for  commencing  settled.  Assuming  9 
a.  m.  to  be  the  hour  determined  upon,  and 
that  average  samples  of  crude  sewage  are  to 
be  taken,  the  recorder  should  be  started  at 
M  a.  m.,  the  second  at  10  :30  a.  m.,  and  ?o  on 

hourly  until  8:30  a.  m.  the  following  niorn- 
in.g,  when  the  first  set  of  '24  hourly  samples 
will  be  complete.  The  filling  of  each  bottle 
is  usually  most  conveniently  done  at  the  weir 
outfall. 

It  will  be  found  convenient  to  write  on 
each  bottle  the  nature  of  the  liquid,  the  date, 
and  the  hour  of  drawing:  this  can  be  done 
with  grease  chalks  upon  the  glass,  direct,  or 
adhesive  labels  can  be  used. 

-As  each  hourly  bottle  is  filled  the  stopper 
shf.uld  be  nllowed  to  sink  down  gently  into 

place  in  the  bottle  neck;  if  this  is  not  care- 
fully attended  to  there  is  considerable  risk 

of  casualties  when  an  attempt  is  made  forci- 
bly to  unstopper  the  bottle.  After  stoppering 

the  bottles  should  be  set  in  a  row  in  the  order 
of  the  times  at  which  they  were  filled.  It  will 
be  found,  when  the  24  bottles  are  ranged  in 
a  row,  that  a  wonderfully  good  idea  can  be 
obtained  visually  of  the  variations  in  the 
character  of  the  sewage  throughout  the  24 
hours. 

PROCEDURE. 

.A  point  now  arises  as  to  the  inclusion  of 
fragments  of  faeces  in  a  sample.  .Although 
they  are  usually  omitted  when  taking  chance 
samples  direct  with  half-winchester  bottles, 
this  would  appear  to  be  a  faulty  method  of 
sampling  in  certain  cases,  especially  where 
the  crude  sewage  subsequently  undergoes 
treatment  in  septic  tanks.  If  they  are  included 
they  will  need  to  be  broken  up  in  the  hourly 

sample      bottles      before      the      proportionate 
amounts  are  drawn  off. 

.After  the  last  of  the  24  hour  samples  has 
been  taken,  and  the  recorder  pen  has  reached 
the  9  a. ,  m.  ordinate  on  the  chart,  the  chart 
can  be  removed  and  replaced  by  a  fresh  one, 
and  the  hourly  rates  of  flow  worked  out  and 
entered  up  on  the  finished  chart.  The  date, 
rainfall  (if  any)  and  other  notes  of  interest 
should  be  recorded,  such  as  times  of  weakest 
and  times  of  strongest  sewage,  flushes  of 
trade  wastes,  etc.  For  working  out  the  hourly 
flows  on  recorder  charts  I  use  a  special  slide 
rule,  which  has  the  advantage  of  shortening 
the  labor  considerably.  In  the  case  of  a 
recorder  provided  with  a  cam,  the  discharge 
can,  of  course,  be  taken  direct  from  the 
chart;  but  with  a  recorder  that  only  registers 
the  height,  height  diagrams  have  to  be  trans- 

lated into  discharge  diagrams. 
The  next  step  is  to  take  from  each  bottle, 

commencing  with  the  9  :.30  sample,  an  amount 
proportionate  to  the  rate  of  flow  for  each 
hour,  and  to  transfer  it  to  the  large  mixing 
bottle.  Assuming  the  flow  for  the  first  three 
hours  to  have  been  severally  .5,000,  6,500,  and 
8,500  gals,  per  hour,  then  if  60  c.c,  65  c.c, 
and  85  c.c.  are  taken  from  the  first,  second, 
and  third  bottles,  respectively,  these  amounts 
will  be  proportionate  to  the  rates  of  flow  for 
those  hours,  and  the  same  procedure  must  be 
followed  with  the  21  remaining  hourly  sam- 

ples. 
The  measurement  of  the  liquid  from  the 

hourly  sample  bottle  is  best  effected  by  means 
of  a  tall  glass  cylinder  graduate  in  cubic  centi- 

metres. Before  the  sample  bottle  is  unstopped 
it  should  be  turned  over  once  or  twice  to 
mix  the  contents,  and  large  solids  should,  if 
present,  be  broken  up  with  a  glass  rod.  In 
many  cases  the  hourly  amounts  to  be  taken 
frorn  each  bottle  can  be  obtained  by  knocking 

oft'  two  or  more  figures  from  the  right  of  the 
hourly  rates  of  flow,  and  if  the  figures  thus 
obtained  are  inconvenient,  the  whole  of  these 
can  be  either  divided  or  multiplied  by  a  com- 

mon factor.  Care  should  be  taken  that  the 

aggregate  of  the  figures  adopted  are  sufficient 
to  yield  enough  liquid  for  the  final  sample; 
and  it  is_better,  if  this  can  be  done,  to  take 
sufficient  liquid  to  fill  two  half-winchesters 
in  case  of  breakage  of  one  of  them. 

The  working  out  of  the  chart  and  the  sub- 
sampling,  together  with  the  entering  up  in 
the  proper  hour  spaces  of  the  chart  of  the 
times  of  strongest  and  weakest  sewage,  pres- 

ence of  trade  wastes,  etc.,  take  some  consid- 
erable time,  and  while  this  record  is  in  prog- 

ress the  reserve  bottles  previously  mentioned 
will  he  needed  to  take  the  first  few  hours 
of  the  second  set  of  samples. 

When  the  proportionate  contents  of  the 
24th  hourly  sample  bottle  has  been  trans- 

ferred to  the  mixing  bottle,  the  whole  of  the 
contents  of  this  large  mixing  bottle  should 

be  gently  agitated  while  the  half-winchester 
bottle  or  bottles  are  being  filled  from  it,  in 

order  to  keep  the  suspended  solids  evenly- 
distributed  throughout  the  liquid.  After  the 
half-winchesters  are  thus  filled  the  hourly 
sample  bottles  can  be  emptied,  washed  out 
with  clean  water,  and  set  to  drain.  In  cold 
weather,  half-winchesters,  or  Winchesters 
filled  with  sewage,  tank  liquor,  or  effluent, 
should  be  filled  brimful,  and  the  stoppers  gen- 

tly worked  in,  and  tied  down  with  a  piece  of 
calico  or  string ;  in  hot  weather,  and  also  in 
keen  frosty  weather,  a  small  air  space  may 
be  left  at  the  top  of  the  bottle  in  the  case 
of  sewages  or  tank  liquors.  The  samples 
.should  be  despatched  to  the  laboratory  care- 

fully packed  in  wicker  cases  or  hampers, 
nothing  being  better  than  old  crumpled  news- 

paper for  packing  the  bottles  in.  It  is  often 
useful  to  have  a  special  sample  of  the  weak- 

est early  morning  sewage,  taken  in  a  half- 
winchester,  to  be  examined  for  nitrates. 
These,  if  present,  indicate  the  presence  of 
subsoil   water  in  the  sewage. 

It  may  be  noted  that  in  the  case  of  very 
small  sewage  works,  where  an  automatic 
height  recorder  cannot  be  obtained,  depths 
over  weir  can  be  taken  with  a  thin  steel  rule, 
one  edge  of  which  is  ground  thin.  Depths 
should  be  taken  sufficiently  far  from  the  weir 

sill  to  avoid  curvature,  and  it  will  be  found 
that  if  the  rule  is  rubbed  lightly  against  a 
block  of  wet  clay  and  allowed  to  dry  before 
each  reading,  the  exact  depth  can  easily  be 
seen  ai  a  glance.  The  gaging  of  sewage 
flows  in  this  way  is  very  tedious,  since  read- 

ings should  be  taken  every  ten  minutes,  or  at 
even  shorter  intervals,  should  the  flow  of 

sewage  fluctuate  much,  as  w-ill  almost  cer- 
tainly be  the  case  with  a  small  sewage  works. 

.\t  least  three  observers  are  needed  for  the 
24  hours  for  taking  sill  depths  and  drawing 
samples. 

There  is  another  method  of  taking  average 

samples,  in  which  samples  are  taken  at  regu- 
lar intervals  throughout  the  24  hours,  each  of 

these  samples  being  analyzed  separately;  a 

"weighted  sewage"  can  be  obtained  by  multi- 
plying each  separate  analysis  by  the  rate  of 

ilow  at  the  t'me  the  sample  was  taken,  the 
results  are  then  added  up  and  divided  by  the 
total  flow. 

Some  years  ago  the  writer,  having  occasion 
to  take  a  large  number  of  average  samples, 
designed  t^n  instrument  for  taking  samples 

directly  proportionate  to  the  flow  in  one  ope- 
ration.' Briefly  described,  the  instrument  con- 

sistec'.  jf  ?  paraboloid  copper  tube  or  con- 
tainer, about  12  ins.  long,  ranging  from 

about  %  in.  at  the  bottom  to  about  2%  ins.  at 

the  top,  the  several  diameters  being  calcu- 
lated from  the  gaging  formula.  This  tube 

was  attached  to  a  sliding  metal  stem  work- 
ing U])  and  down  ir  sockets  screwed  on  to  a 

rod  provided  with  a  thin  sole  plate,  upon 
which  the  tube  rested  when  the  sample  was 
taken.  When  in  use  the  tube  was  raised 
clear  of  the  sewage  tank  liquor  or  effluent, 
and  the  sole  plate  placed  on  the  measuring 

stud,  which  was  about  Vs  in. — i.  e.,  the  thick- 
ness of  the  sole  plate — below  the  level  of  the 

v.eir  sill.  The  tube  was  then  dropped  through 

the  liquid  on  to  the  sole  plate,  and  the  inter- 
cepted liquid  poured  off  direct  iiito  the  mix- 

ing bottle;  a  thin  rubber  pad  lying  in  a  re- 
cess in  the  foot  or  sole  plate  prevented  any 

escape  of  liquid,  while  a  strong  clip  at  the 
head  of  the  instrument  kept  the  container 
tube  well  home  against  the  rubber.  In  this 
way,  at  each  sampling,  a  portion  of  liquid 
was  withdrawn  proportionate  to  the  flow  of 
liquid,  in  other  words,  proportionate  to  the 

height'  of  liquid  flowing  over  the  sill.  Like most  automatic  contrivances,  however,  while 

possessing  many  marked  advantages  with  cer- 
tain liquids,  containing  suspended  matter  of 

moderate  size,  it  had  also  several  drawbacks 

and  the  longer  and  more  tedious  method  al- 
ready detailed  is  to  be  preferred  in  most 

cases. 

There  are  home-made  automatic  samplers 
to  be  seen  in  use  at  several  sewage  works, 

most  of  them  actuated  by  a  small  w-ater- wheel  driven  by  a  flow  of  sewage,  tank  liquor, 
or   effluent. 

T.ANK   LIQUORS   .AND  EFFLUENTS. 

The  sampling  of  tank  liquors  and  effluents 
is  effected  in  a  similar  manner  to  that  already 

described  for  sewages,  and  it  is  easier,  be- 
cause less  complicated  by  solids;  and  when 

both  sewage,  tank  liquor,  and  effluent  are 

sampled  at  the  same  time,  it  is  often  con- 

venient to  draw  what  are  known  as  "corre- 
sponding samples."  By  corresponding  sam- 

ples is  meant  the  taking  of  two  or  more  sam- 
ples of  the  same  liquid  in  its  different  stages, 

a  certain  interval  of  time  or  "lag''  elapsiiig between  the  drawing  of  each  of  the  said 
samples.  For  example :  assuming  a  sewage 
to  be  flowing  at  a  uniform  rate  into  a  tank 

having  a  six  hours'  capacity,  and  that  a  sam- 
ple of  the  sewage  is  drawn  as  it  enters  the 

tank,  a  sample  of  the  tank  liquor  taken  six 
hours  later  will  be  a  sample — other  things  be- 

ing equal — corresponding  to  the  sample  of 
sewage. 

It  is  often  necessarj-  to  use  dyes,  such  as 
fluoresin  or  eosin,  in  order  to  follow  the 

progress  of  a  particular  liquid  through  sev- 
eral processes.  'For  example,  if  the  tempera- 
ture of  a  liquid  entering  a  settling  tank  is 

much  higher  than  that  of  the  liquid  in  the 
body  of  the  tank,  short  cuts  through  the 
tank  at  the  surface  are  almost  certain  to  oc- 
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cur,  and  a  dye,  such  as  fiuoresin,  shows  this 
at  once.  Samples  should  be  taken  just  before 
the  dye  reaches  the  sampling  point  to  avoid 
including  the  dye  in   the   sample. 

Corresponding  samples  are  also  exceedingly 
useful  in  showing  the  relative  amount  of 
work  brought  about  by  the  several  stages 
of  a  puritication  plant;  the  only  objection  to 
them  is  the  time  occupied  in  obtaining  a  com- 

plete set.  It  may  be  noted  that  the  chlorine 
figures  on  analysis  will  usually  but  not  in- 

variably, show  whether  the  samples  of  sew- 
age   liquor    correspond    properly. 

Effluent  from  Contact  Beds — With  regard 
to  the  taking  of  samples  of  effluent  from 
contact  beds,  it  is  well  known  that  the  quality 
of  a  contact  bed  effluent  varies  considerably 
as  the  bed  is  being  run  oflf,  being  poorest  when 
the  outlet  valves  are  tirst  opened,  afterwards 

gradually  improving  until  the  bed  is  prac- 
tically empty.  It  has  also  been  found  to  be 

the  case  that  samples  taken  at  the  period  of 
midflow  from  the  bed  appro.\imate  closely 
to  the  average  quality  of  the  whole  of  the 
effluent  discharge,  and  it  is  therefore  sufficient 
in  the  majority  of  cases  to  take  a  sample  at 
midflow  from  each  particular  bed  discharge, 

'  and  to  mix  the  whole  of  them  together  to 
make  up  the  24  hours'  average  sample. 

Storm-water  samples  can  be  taken  automati- 
cally, if  desired,  by  fixing  a  vessel  on  the  side 

of  the  storm  overflow  manhole  at  the  level 
at   which   the   required   dilution   occurs. 

Care  should  be  taken  in  sampling  all  sew- 
age liquors  that  no  sediment  is  stirred  up  in 

any  channel  or  manhole  and  mixed  with  the 
sample,  otherwise  the  sample  becomes  worth- 

less. This  is  of  especial  importance  in  taking 
samples   of   effluent. 

It  is,  perhaps,  not  generally  realized  how 
much  effluents  vary  in  composition  in  the 
course  of  24  hours,  even  in  the  case  of  land 
effluents,  and  when  it  has  been  customary  to 
take  a  sample  of  effluent  regularly  at  the  same 
hour  daily,  it  is  often  surprising  to  see  the 
difference  shown  by  average  samples  taken 
over  the  whole  24  hours. 

TRADE    WASTES. 

The  sampling  of  trade  wastes  stands  on  a 
different  footing  to  the  sampling  of  sewage 
liquors.  A  thorough  working  knowledge  of 
the  particular  trade  in  question  is  needed 
if  the  sampler  is  to  take  representative  sam- 

ples. Trade  wastes  vary  in  character  in  short 
intervals  of  time,  owing  to  the  different  op- 

erations which  are  frequently  in  progress  at 
the  same  time  at  the  one  manufactory,  as,  for 
example,  where  bleaching,  printing  and  dye- 

ing are  carried  on  simultaneously  at  the 
same  works,  as  is  often  the  case. 

In  the  case  of  many  trade  wastes,  when 
taking  average  samples  it  is  advisable  to  take 
a  sample  every  five  or  ten  minutes  owing  to 

their  rapidly  varying  character,  and  each  sep- 
arate sample  should  be  tested  with  litmus  for 

acidity  or  alkanitity,  and  the  temperature 
noted.  It  is  frequently  desirable  to  take 

samples  of  each  of  the  various  liquors  from 

a  manufactory  as  well  as  of  the  general  or 

mixed  waste;  in  such  circumstances,  difficul- 
ties in  arranging  the  flow  are  apt  to  arise, 

the  contents  of  vats  being  let  off  with  a  rush 

in  the  space  of  a  few  minutes,  the  chart  of 
the  recorder  consequently  showing  an  abrupt 
vertical  line  which  cannot  be  integrated  for 

discharge.  In  such  cases  a  number  of  dip 

samples  may  be  taken,  and  the  capacity  of 
the  vat  or  tank  taken,  and  noted  in  pencil  on 
the  chart  at  the  proper  point. 

At  some  manufactories  with  which  the 

writer  is  acquainted,  a  variety  of  gaging  ex- 
pedients have  been  necessary  in  order  to  ar- 

rive at  accurate  information  as  to  the  vol- 
ume of   discharges. 

Most  trade-waste  investigations  demand  a 
rather  elaborate  scheme  to  be  laid  down  be- 

fore satisfactory  sampling  can  go  forward, 
and  since  the  analysis  of  many  of  these 

wastes  is  laborious  and  intricate,  and  conse- 
quently costly,  it  is  very  advisable  that,  as  in 

the  case  of  sewage  liquors,  the  samples  shall 
be  as  far  as  possible  representative  of  the 
liquids  from  which  they  are  drawn.  Many 
trade  wastes,  it  may  be  mentioned,  do  not, 
owing  to  their  nature  and  color,  admit  of  the 
use  of  eosin  or  fluoresin  for  tracing  the  va- 

rious liquids  through   their   several  processes. 

RIVER    SAMPLES. 

River  samples  require  considerable  care  in 

taking,  especially  wlifere  large  rivers  are  con- 
cerned, and  where  bacterial  samples  are  in 

question ;  the  boat  from  which  the  sampling 
is  done  often  itself  carries  contamination  on 
its  sides  at  the  water  line.  ."Ml  river  samples 
should,  wherever  practicabhe,  be  cross-sec- 

tioned ones,  that  is,  a  number  of  samples 
should  be  taken  on  a  line  normal  to  the  axis 

of  the  river,  and  these  should  be  mixed  to- 
gether  for  the  final  samples. 

For  the  taking  of  surface  samples  in  large 
rivers.  I  have  found  two  glass  tubes  of,  %  in. 
internal  diameter  wired  together,  and  about 
18  ins.  long,  exceedingly  useful,  .^s  a  boat 
is  rowed  very  slowly  along  the  section  line, 
dip  samples  arc  rapidly  taken  every  6  ft.  or 
so,  alternately  6  ins.  and  2  ins.  deep,  and  the 
fingers  or  palm  of  the  hand  closed  over  the 
top    apertures    of    the   tubes,   which   are   then 

quickly  emptied  into  a  glazed  earthenware 
pail.  If  corresponding  samples  are  needed, 
the  river  water  should  be  colored  with  flu- 

oresin when  the  first  set  of  samples  are  taken, 
and  practically  the  same  body  of  water  can 
then  be  detected  and  resampled  lower  down. 
Two  or  more  samplers  are  needed  for  taking 
the  second  sample  as  quickly  as  possible  just 

before  the  dye  reaches  the  cross-section.  To 
those  who  have  been  accustomed  to  judge 
the  average  velocity  alone,  the  slow  average 
rate  of  flow  shown  by  the  fluoresin  will  come 
as  a  revelation. 

There  are  many  other  ways  of  taking  spe- 
cial samples,  such  as  deep-well  samples,  many 

of  them  requiring  specially  designed  and  ex- 
pensive apparatus,  but  they  are  perhaps  of 

special  and  not  general  interest,  and  for  that 
reason  they  are  not  included  in  this  paper. 
Ir.  conclusion,  it  may  be  observed  that,  al- 

though the  procedure  involved  in  obtaining 
true  average  samples  may  appear  at  first 
sight  to  be  too  refined  for  general  use,  it 
should  be  carefully  borne  in  mind  that  a  sub- 

stantial .  error  in  the  strength  and  character 
of  a  sewage — such  as  may  very  easily  arise 
if  a  few  casual  samples  taken  at  haphazard 
are  relied  upon — may  be  the  cause  of  sewage 
purification  works  being  constructed  not  com- 

petent to  bring  about  a  proper  degree  of 
purification  of  the  sewage  they  are  called 

upon   to   treat. 

Repairing  Cracked  Sevyage  Tanks  by 
Grouting  at  Belfast,  Ireland. — The  sewage 
tanks  at  Belfast  have  a  capacity  of  5,.300,000 
gals.  They  are  located  in  a  formation  known 
locally  as  "sleetch."  This  material  is  made 
land;  when  dry  it  crumbles  like  fine  sand, 
with  a  little  moisture  it  swells  and  becomes 

like  a  soapy  clay,  and  with  a  large  quantity 
of  water  it  has  the  consistency  of  soft  dough. 
These  tanks  were  leaking  and  cracked  in  the 
bottom  and  sides  and  were  repaired  by  grout- 

ing under  pressure.  The  cost  of  rebuilding 
them  would  have  been  in  the  neighborhood  of 
$200,000,  and,  in  addition,  the  sewer  service 
would  have  been  more  or  less  interrupted  in 
the  event  of  reconstruction.  The  city  sur- 

veyor took  one  tank  at  a  time  and  forced 
cement  grout  into  the  crevices  and  under  the 
floor;  altogether  1,120  tons  of  cement  were 
used.  It  was  mixed  with  an  equal  quantity 
of  snnd,  and  was  put  in  under  air  pressure 
varying  from  7  lbs.  to  15  lbs.  per  square  inch. 
The  reservoir  is  now  quite  watertight.  Exca- 

vations recently  made  alongside  it  show  that 

the  grout  found  all  the  crevices  in  the  foun- 
dation and  followed  them  through  the  sleetch, 

even  4   ft.  bevond  the  outer  walls. 

ROADS  AND 
Paving   Methods   in  Baltimore,   Mary- 

land. 
Contributed  by  Harry  D.  Wllllar,  Jr  ,  C.  E.,  As- 

sistant Engineer,  Baltimore  Paving  Com- mission. 

Baltimore,  Md.,  has.  up  to  the  past  few 

years,  been  generally  known  as  "The  City  of 
Cobblestone  Streets,"  a  unique  distinction  not undeserved.  Since  the  first  cobblestone  was 
laid  in  1781,  the  mileage  of  this  class  of  paving 
has  increased  until  on  January  1,  1912,  out  of 

a  possible  .'iOO  miles  of  streets  408  were  paved 
with"  cobbles.  The  182  miles  of  streets  with- 

out cobbles  were  paved  in  a  large  measure 
with  granite  block  on  a  sand  base,  and  con- 

sisted of  the  main  thoroughfares  of  the  city. 
The  long  appearance  of  cobblestones  and 

temporarily  improved  streets  in  Baltimore  was 
due  to  the  fact  that  the  city  was  without  a 
comprehensive  sewerage  system,  and  it  was 
deemed  a  waste  of  money  to  improve  its 
streets  before  such  a  system — which  was  inev- 

itable— was  completed.  Tn  1012  Baltimore  had 
well  under  way  one  of  the  most  etTiciint  and 
modern  storm-water  and  sanitarv  sewerage 
systems  in  the  country.  It  was  at  that  time  that 
a  Paving  Commission  was  formed,  that  since 

its  inception  has  transformed  about  67  miles  of 
cobbled  streets  into  streets  of  smooth  paving. 
M  this  present  rate  of  progress  in  eight  years 
the  city  will  be  entirely  free  of  cobblestones. 
CONSIDERATIONS  INVOLVED  IN  THE   SELECTION   OF 

NEW   TYPES   OF   PAVING. 

In  selecting  the  materials  to  be  used  on  the 
different  streets  the  city  has  considered  closely 
the  following  important  factors : 

(1)  The  location  of  the  street  (business  or 
residential  district).  (2)  The  character  of 
traffic  to  which  the  street  is  to  be  subjected 

(light,  heavy,  "standing,"  or  through  traffic). 
(3)  The  grade  of  the  street.  (4)  The  width 
of  the  street.  (.5)  The  existence  or  non-exist- 

ence of  street  railway  tracks. 
There  are  very  few  cities  where  one  class  of 

paving  can  be  used  on  any  one  street  through- 
out its  entire  length.  Due  to  the  heavy  grades 

and  general  topography  this  feature  is  par- 
ticularly noticeable  in  Baltimore,  and  a  great 

variety  of  paving  has  been  used.  Regardless 
of  the  class  of  material,  the  following  general 
qualities  enter  into  the  construction  of  all  mod- 

ern pavements: 

(1)  It  should  be  impervious;  (2)  afford  a 
good   foothold    for  horses;    (3)   be  hard   and 

durable,  to  resist  wear  and  disintegration;  (4) 

be  adapted  to  the  grade;  (5)  suit  traffic  conci- 
tions ;  (6)  offer  the  minimum  resistance  to 
traction;  (7)  be  as  noiseless  as  possible;  (8) 
yield  neither  dust  nor  mud;  (9)  be  easily 
cleaned;  and   (10)   it  should  be  economical. 

TYPES    OK    PAVEMENTS    ADOPTED. 

The  followinf;  are  the  classes  of  pavements 
being  used  in  Baltimore  with  the  nature  of 
streets  on  which  they  are  generally  adaptable ; 

Granite  Block. — On  streets  of  excessive 

grades  and  in  business  districts  where  the  traf- 
fic is  either  very  heavy  or  .standing.  Where 

traffic  demands  the  immediate  use  of  the  thor- 
oughfare, bituminous  filler  is  used;  otherwise 

cement  grout. 

Sheet  Asphalt. — In  residential  sections,  and 
business  districts  where  there  is  through  but  not 
not  exceptionally  heavy  traflic.  On  grades  up 
to  5  per  cent  it  gives  excellent  results;  on 

steeper  grades  il  becomes  slippery  and  un- 
safe. 

Vitrified  Bhck.^On  semi-residential  thor- 
oughfares of  average  traffic  up  to  7  per  cent 

grades.  On  steeper  grades  in  place  of  granite 
blocks,  "Hillside"  vitrified  block,  in  a  number 
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of  cases,  is  being  used  and  is  giving  excellent 
results. 

ll'ood  Block  (Properly  Treated).  — On 
streets  in  the  vicinity  of  hospitals.  Owing  to 
its  being  practically  noiseless,  it  makes  an  ex- 

cellent pavement  for  such  locations.  On 
grades  over  2  per  cent  it  becomes  dangerous 
and  unsafe  for  horse  traffic,  and  should  not  be 
used. 

Bituir.iitous  Concrete. — On  outlying  streets 
carrying  light  traffic. 

Bituminous  concrete — 
2-in.    wearing  surface,    4-in. 

base          5.24       1.34       1.30 

Wood  Blocli— Sand  filler,  6-in.  base       0.63       3.18       3.25 

The  above  prices  apply  to  work  of  the  Pav- 
ing Commission  only,  and  not  to  that  done  by 

the  Commissioners  for  Opening  Streets  or  the 
State  Roads  Commission,  both  of  which  com- 

missions do  paving  within  the  city  limits. 
CONSTRUCTION    METHODS. 

The  paving  of  Baltimore,  not  unlike  that  of 
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Fig.   1. Part  Cross   Sections  of   Pavements    Constructed   by   the   Baltimore    Paving   Com- 

missioners. 

The  following  table  shows  the 
the  pavements  laid  in  Baltimore 
with  the  average  price  of  each  for 

mileage  of 
since  1912, 

two  years : 

Class  of  pavement. 
Sheet  asphalt — 

lV4-in.  topping,  l>/4-in.  bind- 
er,   6-in.  base    31.50 

Vitrified  block — 
Cement   filler,   6-in.   base     18.02 

Hillside  vitrified  block — 
Cement   filler,   6-in.   base   92 

Granite  block — . 
Cement   filler,   6-in.   base....     5.66 

Granite  block — 
Bituminous  filler,  6-in.  base    4.42 

u^ 

$1.67     ?1.66 

2.09       2.24 
2.28 

3.32       3.39 

3.32       3.62 

other  large  cities,  consists  in  converting  pre- 
viously laid  out  unimproved  streets  into  streets 

of  smooth  and  modern  paving.  Owing  to  the 
proximity  of  buildings,  the  grades  and  lines 
are  changed  but  little. 

Ch rfciHff .—.\rmored  concrete  curb,  Fig.  2,  is 
used  to  a  considerable  extent  and  is  construct- 

ed 6  ins.  wide  and  20  ins.  deep  in  10-ft.  lengths. 
The  concrete,  thoroughly  mixed  in  the  propor- 

tion of  1  cement,  2'4  sand,  and  5  stone  or 
gravel,  is  placed  in  wooden  forms  and  thor- 

oughly rammed  and  spaded  in  4  or  .5-in.  layers 
until  within  2  ins.  of  the  top.  This  2  ins.  of 

ton  surfacing  is  composed  of  ceme"nt  and  sand, or  fine  granolithic  mixed  in  proportion  of  1 
to  2.  Tlie  upper  edge  of  the  face  of  the  curb 
is  protected  and  reinforced  by  a  galvanized 
iron  or  steel  bar  (Wainwright  No.  1)  securely 
anchored  to  every  10  ft.  of  curb  by  four  cast 

iron  frogs.  It  is  important  that  a  clean  ex- 
pansion joint  running  the  entire  depth  of  the 

curb  be  allowed  between  every  10-ft.  section. 
The  setting  of  forms  accurately  to  grade  and 
line,  substantially  bracing  them  to  prevent 
bulging  when  the  concrete  is  put  in,  and  a  good 
solid  foundation,  are  the  fundamental  requi- 

sites for  good  concrete  curb.  The  average  cost 
of  this  class  of  curb  is  62  cts.  per  lineal  foot. 

On  some  streets  where  stone  curb  is  already 
in  place  and  is  found  to  be  of  sound  granite, 
gneiss  or  sandstone,  it  is  being  thrown  out, 
redressed,  and  reset  to  the  new  lines  and 
grades  at  an  average  cost  of  31  cts.  per  lineal foot. 

Concrete  Foundation. — The  thickness  of  the 
concrete  foundation  for  any  street  is  deter- 

mined only  after  a  careful  study  of  the  thor- 
oughfare in  question  has  been  made.  Present 

and  future  traffic  conditions  and  the  compo- 
sition of  the  subsoil  are  the  principal  govern- 

ing factors.  On  streets  or  alleys  of  light  traf- 
fic, with  a  good  solid  subgrade,  a  4-in.  base  is 

used.  Where  the  traffic  is  heavy  or  congested 
this  depth  is  increased  to  6  ins.  Although 
there  are  some  engineers  who  recommend  as 
high  as  an  8-in.  or  12-in.  base  in  cases  where 
the  subgrade  is  bad,  it  is,  in  the  opinion  of 
the  writer,  a  decided  waste.  If  the  subgrade 
is  soft,  spongy  or  such  that  a  6-in.  foundation 
will  not  hold,  then  it  becomes  necessary  not  to 

increase'  the  foundation,  but  to  increase  the 
carrying  capacity  of  the  subgrade  by  means 
of  artificial  drainage.  In  the  last  analysis,  the 
stabilitv  of  all  pavements  must  depend  not 
upon  the  surfacing  or  the  base,  but  upon  the 
stability  of  the  subsoil  to  support  the  base.  A 
concrete  properly  mixed  in  the  proportion  of 
1 :3%  :7  will  give  excellent  results. 

Sheet  Asphalt. — Baltimore's  specifications  for 
sheet  asphalt  pavements  permit  of  all  the 
brands  of  asphalt  that  will  pass  the  require- 

ments of  the  specifications  of  the  American 
Society  of  Municipal  Improvements.  To  date 
about  75  per  cent  Mexican  asphalt  has  been 
used,  the  rest  being  Bermudez  and  California. 
It  is  laid  in  two  courses,  1%  ins.  of  binder  and 
1%  ins.  of  topping,  except  on  a  few  streets 
where  the  topping,  or  wearing  surface,  is  in- 

creased to  2  ins.  thick.  .'\n  effort  is  made  to 
have  the  concrete  foundation  for  bituminous 
pavements  somewhat  rough  without  having 
loose  stone  on  the  surface.  This  is  particu- 
larlv  desirable  on  streets  having  grades  of 
over  2  per  cent,  to  prevent  the  surfacing  from 
creeping.  The  writer  recommends  the  use  of 
1-ft.  or  1%-ft.  vitrified  block  gutters,  laid  at 
right  angles  to  the  curb,  in  connection  with  all 
asphalt  pavements.  If  gutters  are  not  needed 
on  account  of  a  daily  flow  of  water  on  the 
street,  thev  permit  the  proper  rolling  of  the 
surface,  which  otherwise  is  impossible  to  ob- 

tain on  account  of  the  rollers  being  unable  to 
get  close  to  the  curb.  Care  should  be  taken 
to  keep  the  asphalt  extra  high  along  the  edge 

of  the  gutter,  otherwise  in  a  year's  time  it  will be  found  low-  at  that  point  and  give  an  ugly 

appearance  to  the  street. 
.Some  experiments  have  been  made  with 

sheet  asphalt  or  bituminous  concrete  laid  di- 
rectly on  the  old  cobblestones  as  a  foundation. 

The  results  have  not  been  satisfactory-.  It  is 
the  general  opinion  that  there  is  no  saving  or 
economy,  even  on  streets  of  light  traffic,  in 
this  form  of  construction.  The  risk  of  the 
settlement  of  ditches,  probably  unforeseen  at 
the  time  of  construction,  is  great,  and  the 
necessary  filling  of  low  spots  with  concrete 
gives  unsatisfactory  results.  .Mthough  about 
6  miles  of  bituminous  surfacing  has  been  laid 

on  a  cobblestone  base,  the  method  is  not  con- 
sidered a  good  one,  and  this  form  of  construc- 

tion has  been  discontinued.  It  is  recommend- 
ed, therefore,  that  in  place  of  using  the  cobble- 

stones as  a  foundation,  thev  be  sold  the  con- 
tractor at  a  price  named  by  him,  removed, 

crushed  to  the  required  size,  and  used  in  a 
concrete  foundation  for  the  same  street.  A 

price  per  square  yard  for  these  old  cobbles  is 
now  named  by  the  bidding  contractor  on  each 
contract,  and  the  amount  deducted  from  the 
total  tabulation  of  the  hid.  The  average  bid 
price  for. this  old  material  is  1/10  ct.  per  square 

foot. Vitrified  Block.— The  Paving  Commission  is 
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laying  about  10  miles  of  vitrified  block  an- 
nually of  which,  in  1913-1914,  75  per  cent  was 

composed  of  wire-cut-lug  block.  The  abra- 
sion test  required  is  22  per  cent  for  streets  and 

24  per  cent  for  gutters.  In  the  construction 
of  a  block  pavement  every  effort  is  made  to 
have  the  surface  of  the  concrete  foundation 
perfectly  smooth  since  rough  places  are  likely 
to  project  through  the  sand  cushion  and  cause 

the  block  to  "ride."    The  grout  will  soon  work 

Top  o(  curb 

-1 

Fig.  2.    Curb   Protected   by  Wainwright   Bar. 

loose  where  such  a  condition  exists,  and  in  a 
short  while  this  failure  will  spread  over  a 
large  area.  .'\  smooth  condition  of  the  base 
is  an  essential  reciuisite  for  good  results  which 
is  loo  often  overlooked.  Several  thicknesses 
of  sand  cushion  were  tried  to  determine  which 
would  give  the  best  results.  A  cushion  IV2 
ins.  thick,  after  thorough  compacting,  was 
adopted.  This  cushion  should  be  struck  off 
to  the  proper  cross  section,  thoroughly  rolled 
with  a  hand  roller  weighing  about  2oO  lbs., 
and  again  struck  oflf.  This  process  should  be 
repeated  until  the  sand  is  so  firm  that  it  will 
not  work  up  in  the  joints  when  the  block  sur- 

face is  rolled. 
No  block  pavement  should  be  grouted  if  the 

sand  has  worked  up  in  the  joints  inore  than 
%  in.  from  the  bottom.  If  the  sand  works  up 
more  th.in  this,  the  joints  will  nut  receive 
their  full  amount  of  cement  grout,  and  failure 
is  inevitable.  The  writer  has  seerh  squares  at 
a  time  torn  out  and  relaid  because  of  this  con- 

dition. The  cause  of  sand  in  the  joints  is  due 
to  an  improperly  prepared  sand  cushion,  or  to 
the  block  being  laid  too  loose.  Sprinkling 
water  on  the  cushion  just  prior  to  laying  the 
block  will  frequently  eliminate  this  trouble. 
The  nr.Kt  most  important  step  in  the  con- 

struction of  a  vitrified  block  pavement  is  the 
prejiaring  and  applying  of  the  cement  filler. 
Baltimore  is  following  in  this  detail  the  speci- 

fications of  the  National  Paving  Brick  Manu- 

facturers' .'\ssociation.  Good  sharp  clean  sand 
and  tested  cement  arc  mixed  dry  in  propor- 

tions of  1  to  I  and  dumped  in  a  specially  con- 
structed box  having  one  corner  lower  than  the 

other.  Water  is  then  added  until  the  mixture 
is  like  thin  cream.  The  surface  on  which  the 
grout  is  tfi  be  applied  is  thoroughly  sprinkled 
with  water,  and  by  means  of  scoop  shovels  the 
grout  is  then  thoroughly  spread  over  the  street. 
Rrooms  work  the  grout  into  the  joints  until 
the  last  course  is  applied,  when  a  squcgce  is 
used  to  give  a  finish. 

A  cement  grouted  street  should  be  closed  to 
traffic  for  II  days  after  its  completion,  and 
during  warm  weather,  for  the  first  week,  sprin- 

kled daily  with  water. 
Clean  cut  longitudinal  expansion  joints  are 

very  important  in  a  cement  filled  block  pave- 
ment. Too  large  a  joint  is  better  than  too 

small.  Tar  or  asphalt  .should  be  poured  in 
the  ioints,  the  width  of  which  depends  on  the 
width  of  the  street.  The  following  if  carried 
out  will  give  good  results  : 
On  streets  .?0  ft.  wide  and  over  between 

curbs,  IM-in.  ioint  next  to  each  curb.  Or 
streets  between  20  ft.  and  30  ft.  wide,  1-in. 
joint  next  to  each  curli.     On  streets  12  to  20 

ft.  wide,  %-in.  joint  next  to  each  curb.  On 
streets  under  12  ft.,  %-in.  joint  next  to  each curb. 

Close  inspection  is  absolutely  necessary  dur- 
ing construction.  There  are  more  small  points 

and  matters  of  detail  that  play  an  important 
part  in  the  proper  construction  of  this  class 
of  pavement  than  in  any  other.  If  they  are 
overlooked  for  the  big  points,  which  usually 
take  care  of  themselves,  the  pavement  will  be 
a  failure;  if  followed  out,  the  pavement  will 
be  a  permanent  success. 

Treatment  Aloiuj  Street  Car  Tracks. — In  the 
railway  area  Baltimore  is  using,  for  the  most 
part,  vitrified  block;  some  granite  block  and  a 
small  amount  of  scoria  block  and  sheet  asphalt 
are  also  being  placed.  Where  vitrified  block 
and  granite  block  with  cement  filler  are  used, 
a  bituminous  strip  is  laid  between  the  rail  and 
the  block.  This  strip  forms  an  expansion 
joint,  and  also  acts  as  a  shock  absorber,  reliev- 

ing the  block  of  any  motion  or  vibration  of 
the  rail.  This  strip  has  eliminated  a  number 
of  failures  in  pavements  at  points  where  they 
are  most  frequently  found,  i.  e.,  along  street 
car  tracks. 

Where  sheet  asphalt  is  laid  on  a  car-track 
street  from  curb  to  curb,  either  wood  or  scoria 
block  liners  laid  on  a  mortar  bed  are  used 
along  the  rails.  Where  possiblbe  the  writer 
advocates  the  embedding  of  the  railway  ties 
in  concrete.  This  is  being  done  on  the  main 
thoroughfares  in  Baltimore. 

Notes  on  the  Width,  Alignment,  Grade 

and  Drainage  Features  of  the  De- 
signing of  Country  Roads. 

Important  preliminary  features  of  the  de- 
signing of  country  roads  are  the  consideration 

of  width,  alignment,  grade  and  drainage. 
These  constitute  the  permanent  portion  of  the 
road.  A  brief  summary  of  current  practice 
with  regard  to  such  details  in  New  Jersey  is 
given  by  Robert  .A..  Meeker,  State  Highway 
Engineer  of  New  Jersey,  in  a  paper  before 
the  Canadian   Road  Congress. 

WIDTH. 

The  first  point  to  be  considered  in  design- 
ing a  road  is  its  width.  It  may  be  generally 

stated  as  axiomatic  that  the  width  of, roads 
should  b»  in  multiples  of  eight,  this  being  the 
width  that  should  be  allowed  for  each  vehicle 
using  the  road.  .A  road  8  ft.  wide  might  more 
properly  be  termed  a  lane  leading  to  one  build- 

ing or  a  small  group. 
The  next  in  importance  should  be  16  ft. 

in  width,  in  order  that  two  vehicles  might 
have   sufficient   width   in   which   to   pass. 
The  third  width,  or  24  ft.,  would  permit 

of  two  vehicles  passing  while  the  thir4  was 
standing  along  the  side  of  the  road — or  two 
loads  of  hay  or  other  bulky  material  to  pass. 
The  fourth  width,  or  .32  ft.,  permits  two 

vehicles  to  stand  along  the  sides  and  leaves 
sufficient  space  for  two  other  vehicles,  mov- 

ing in  opposite  directions,  to  pass  each  other 
in  safety.  These  widths  refer  to  the  traveled 
carriageway  alone,  no  allowance  whatever  be- 

ing made  for  the  accommodation  of  pedes- 
trians, nor   for  any   drainage  structures. 

In  order  to  obtain  a  roadway  of  sufficient 
width  to  accommodate  travel  passing  in  both 
directions,  24  ft.  may  well  be  taken  as  the 
minimum  allowable,  and  if  there  is  the  pros- 

pect of  an  increase  of  traffic  in  the  near  fu- 
ture, a  proper  addition  to  the  width  of  the 

surface,  necessary  for  the  accommodation  of 
the  traffic,  should  be  provided  for  in  the 
original  design.  It  is  almost  impossible  to 
properly  grade  and  drain  a  road  of  less  than 
24  ft.,  and  the  wider  the  roadway  the  more 
easily  it  is  drained,  and  also  maintained,  due 
to  the  f.act  that  the  traffic  is  distributed  over 
a  greater  area,  and  that  the  surface  is  more 
freely  exposed  to  the  drj'ing  action  of  the 
wind  .-ind  sim,  thereby  preventing  the  forma- tion of  mud  and  ruts. 

ALIGNMENT. 

The  second  problem  is  that  of  the  iocation 
of  the  line.    On  a  new  road  this  is  determined 
by  certain   well-defined   principles.      Fiist,   the 
beginnt»ig   and    ending  points   should   be   con- 

nected by  the  most  direct  line;  second,  the 
grades  should  be  kept  as  low  as  possible ; 

third,  for  economy's  sake,  the  line  should  be 
so  located  as  to  reduce  the  amount  of  grad- 

ing to  the  minimum,  likewise  the  number  and 
size  of  the  bridges. 

The  factors  governing  the  departure  from  a 
straight  line  are  many.  In  crossing  a  ridge 
we  seek  the  lowest  point  in  the  summit,  in 
order  to  avoid  expensive  cutting  or  the  al- 

ternative of  steep  grades ;  in  followini;  a  val- 
ley we  keep  well  up  on  the  hillside,  to  avoid 

bridging  ravines  and  small  water  courses ;  if 
we  encounter  a  swamp  or  pond  we  can  fre- 

quently, by  swinging  the  line,  save  the  ex- 
pense of  a  heavy  fill;  a  stream  may  be  avoid- 

ed by  diverting  the  line,  thus  saving  the  cost 
of  bridges. 

On  an  old  road  another  set  of  problems  has 
to  be  solved ;  these  are  chiefly  those  of  ex- 

pediency. Though  a  straight  line  between  the 
termini  may  not  only  be  the  best  but  also  the 
cheapest,  the  claims  of  intermediate  com- 

munities may  be  so  strong  that  the  line  must 
be  diverted  from  its  best  course  to  satisfy  the 
wants  of  the  communities  to  be  served.  But 
through  it  all,  in  spite  of  all  of  these  warring 
factors,  the  engineer  must  never  lose  sight 
of  the  straight  level  line  between  two  points 
as  his  ideal.  By  keeping  this  constantly  be- 

fore his  mind's  eye  the  results  that  may  be 
achieved  will  often  surprise  even  the  author. 

GRADE. 

The  grade,  or  the  angle  which  the  axis  of 
the  road  makes  with  a  horizontal  line,  is  the 

most  important  economic  feature  in  road  de- 
sign, for  upon  it  depends  the  amount  of  ma- 

terial a  horse  can  draw  over  the  road.  The 
results  of  experiments  made  both  in  England 
and  France  prove  that  a  horse  can  haul  twice 
as  heavy  a  load  up  a  2  per  cent  grade  as  he 
can  up  a  6  per  cent  grade.  That  being  so, 
the  value  of  a  road  for  heavy  traffic,  having 
a  maximum  grade  of  6  per  cent,  is  only  one- 
half  of  that  having  a  maximum  of  2  per  cent. 
This  fact  is  often  lost  sight  of  in  designing 
new  grades,  the  object  of  many  road  officials 
being  to  build  as  many  miles  of  road  as  pos- 

sible for  a  given  amount  of  money,  the  first 
cost,  and  not  the  ultimate  value  of  the  road 
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Fig.    3.     Double    Diagonal    Plan    for    Paving 
Street  Intersections. 

to  the  community,  being  the  basis  upon  which 
the  improvement  is  made. 

nRAlNAGE. 

Having  laid  cut  y6ur  road  as  straight  as 
possible,  and  having  reduced  your  grades  as 
mucli  as  your  funds  will  permit,  the  next  im- 

portant problem  is  that  of  drainage.  This  ': of  two  kinds — "iurface  and  subsurface.  Sur- 
face drainage  is  both  transverse  and  longi- 

tudinal. Every  road  must  be  so  planned  that 
the  water  which  falls  upon  its  surface  will 
not  remain  upon  or  along  it.  The  first  object 
is  attained  by  giving  the  road  a  proper  crown 
or   cross   section,   so   that   the   water   may   be 
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conveyed  quickly  to  the  gutters  on  the  sides. 
This  crown  should  have  the  form  of  the  arc 

of  a  circle,  drawn  through  three  points — the 
center  of  the  road  and  the  gutter  on  either 
side.  The  elevation  of  these  points  should 
be  in  the  following  ratio :  For  earth  roads  a 
fall  of  1  in.  per  foot  from  the  center  to  the 
gutters ;  for  waterbound  macadam.  %  in.  per 
foot,  and  for  bituminous  concrete  V2  in.  per 
foot.  This  form  of  cross  section  permits  of 
the  fullest  use  of  the  road,  and  at  the  same 
time  conveys  the  water  to  the  gutters  with- 

out washing  the  sides  or  shoulders  of  the 
road.  The  longitudinal  surface  drainage  is 
taken  care  of  by  the  gutters,  which  must  be 
carefully  trimmed  to  conform  to  the  grade 
of  road,  all  holes  being  carefully  filled  and 
all  humps  cut  off.  In  fact,  the  gutters  must 
be  as  carefully  graded  as  the  center  of  the 
road.  Proper  inlets  to  bridges  crossing  the 
road  should  always  be  constructed  if  the 
bridge  is  as  wide  as  the  carriageway.  In  some 
soils  these  precautions  are  not  sufficient,  and 
we  are  then  compelled  to  lay  underdrains. 
These  should  be  placed  about  3  ft.  inside  of 
the  gutter  line,  for  two  reasons :  First,  to  in- 

tercept the  subsurface  water  before  it  reaches 
the  middle  of  the  road,  and  second,  to  prevent 
erosion  in  case  the  gutters  are  gullied.  The 
object  of  underdrains  is  to  cut  off  the  sub- 

surface water  before  it  can  get  beneath  the 
traveled  road ;  therefore  their  place  is  on  one 
or  both  sides  of  the  paved  way. 

SURFACING. 

The  last  thing  to  be  considered  in  the  de- 
signing of  a  road  is  the  pavement.  This  will 

depend  upon  the  kind  and  amount  of  traffic. 
For  country  roads  gravel  or  plain  macadam 
is  sufficient.  For  suburban  and  small  town 

roads  a  surface  treatment,  either  with  bitu- 
minous or  lignin  binders,  will  suffice ;  if  the 

traffic  is  great,  bituminous  concrete  or  brick, 
and  in  and  near  large  cities,  where  the  traffic 
is  very  heavy,  stone  blocks. 

The    Control    of    Openings    in    Street 
Pavements  and  the  Cost  of  Res- 

toration in  Cincinnati,  O. 
The  proper  paving  of  a  street  is  simple  com- 

pared to  the  difficulty  of  keeping  it  paved.  No 
sooner  is  the  pavement  completed  tnan  public 
utility  corporations  and  property  owners  seem 
to  unite  in  tearing  it  up. 

Interesting  data  on  this  subject,  collected 
from  a  number  of  cities,  is  given  in  a  recent 
report  on  the  pavements  erf  Akron,  Ohio,  pre- 

pared by  the  Municipal  University  of  that 

city. 'Parts  of  this  report  are  included  here. 
.Akron  issued  1,490  permits  for  street  open- 

ings in  1913.  If  the  average  length  of  these 
openings  is  assumed  to  be  the  same  as  those 
of  Boston  in  1910,  their  total  length  is  nearly 
17  miles.  If  the  average  width  of  the  openings 
is  taken  as  3  ft.,  the  total  area  equals  that  of 
a  street  30  ft.  wide  and  1.7  miles  long,  or  over 
10  per  cent  of  the  total  new  pavement  laid  in 
1913. 
Complete  prevention  is  at  present  impossible, 

but  much  can  be  done  to  reduce  the  number  of 
these  openings  to  a  minimum.  Cincinnati  will 
not  lay  a  pavement  until  water  and  sewer 
mains  are  provided  for  and  their  house  con- 

nections to  each  lot  made.  It  also  has  an 
ordinance  prohibiting  the  opening  of  streets 
for  a  period  of  three  years  after  they  have 
been  completed.  Macon,  Ga.,  passed  an  ordi- 

nance on  April  7,  1914,  prohibiting  street 
openings  in  new  pavements  for  a  period  of 
five  years  from  the  time  the  paving  is  com- 

menced. Akron  has  no  ordinance  restricting 
excavation   in   streets  newly  paved. 
The  repaving  of  such  openings  is  done  by 

the  Street  Repair  Department  and  the  per- 
mittee is  charged  the  actual  cost  of  the  labor 

and  materials.  In  Cincinnati  a  careful  record 
of  cost  was  kept  by  F.  .S.  Krug,  chief  engineer, 
on  the  repair  of  openings  in  different  kinds 
of  pavements  and  a  schedule  of  prices  which 
include  an  overhead  charge  has  been  issued, 
based  on  this  data.  This  enables  the  property 
owner  or  corporation  to  find  out  in  advance 
how  much  his  excavation  will  cost  him.  These 
costs  are  shown  in  Table  I. 

TABLE  I.— COST   OF    REPAIRING   OPENINGS   MADE  IN  THE  PAVEMENTS  OF  CINCINNATI, 
OHIO,  CLASSIFIED  BY  THE  SIZE  OF  OPENING  AND  TYPE  OF  PAVEMENT. 

(2)     (3)  Avg.  cost 
(1)         A Size  of 

opening, 

sq.  yds. 
1   

12. 
50. 

1. 
2. 
4. 

8. 
12. 

50. 

12. 

50. 

12. 
50. 

12. 

50. 

12. 

50. 

12. 
50. 

(1) 
Average 

per  sq.  yd. Surface. Concrete, Total Extra cost  per overhead 

sq.  yds. ou.  yds. 

cost. 

material. sq.  ya. included. 
ASPHALT. 

304.S 
63.95 928.51 3.67 

1.83 

2.29 

502.4 116.69 

1,396.22 

1.68 

2.10 

805.9 176.74 
1,530.07 

.67 

.84 354.5 
67.83 623.90 .69 

.86 

732.1 
05.50 

885.72 

.74 

.93 

2,784.1 

131.15 
3.385.88 

8,750.30 

.89 

.85 
1.11 

6,483.8 
621.86    • 

3.67 
1.06 BOWLDERS. 133.1 

167.71 3.85 1.23 1.54 

531.4 
528.67 14.81 .95 

1.21 

279.2 809.17 20.78 .81 
1.01 392.3 193.95 7.52 

.67 .84 

621.3 533.95 
27.20 

.82 

1.03 

2,297.3 1.506.69 

3,740.14 

52.51 
.63 

.75 

.79 

4,834.2 
126.67 

.94 

BRICK. 
304.9 41.78 

786.81 15.43 

1.76 

2.20 

816.5 117.29 

1,691.26 
17.63 1.24 1.55 

1,066.8 
149.17 

1,360.54 

45.51 

.92 
1.15 

393.2 
55.66 612.79 15.13 .73 

.91 

700.3 
97.38 

1,078.14 
25.26 .78 .98 

5,720.3 
96.59 

5.224.20 

228.43 

.82 

1.03 

9.001.1 
557.87 11,253.74 347.39 .89 

1.11 

GRANITE. 
683.0 

5567 1,236  13 
18.82 1.38 

1.66 

1.071.1 
146.03 

2,120.21 

33.99 
1.20 1.50 

1,S32.S 
238.13 

3,352.84 
51.77 1.07 

1.34 
1,189.7 135.82 1,947.15 43.08 .96 1.10 

3,193.3 

208.56 
3,839.75 

90.16 .84 

1.05 29,202.4 
727.53 20,547.63 569.95 

.56 

.65 
.70 

37,172.3 1,511.74 32,953.71 
802.27 

.81 

MACADAM. 344.5 331.65 
108.02 

.65 

.81 

2.080.C 
1,412.61 

472.43 

.45 

.56 
2,926.9 

1,450.38 

474.21 

.33 .41 

619.9 

341.66 76.55 
.43 .64 

1.127.1 
515.33 

190.63 
.29 

.36 

14,237.6 
3,809.83 
7.861.46 

1.110.65 

.19 

.25 

.24 

21,336.6 2.432.49 

.31 

WOOD  BLOCK. 33.5 
8.21 

92.58 1.39 

1.74 

SO  6 

13.18 

223.18 
1.85 

2.31 
1231 24.93 317.20 8.75 1.08 

1.33 
77.1 16.79 137.34 .56 

.70 

219.1 
22.09 377.24 15.05 1.12 1.40 

1,419.0 
1.632.88 44.00 

1.12 

1.18 

1.40 

1,952.4 
85.20 

2. 780  42 
G7.S0 

1.48 BITUMINOUS  MACADAM 
(Penetration.) 

54.0 SS.S6 18.76 1.30 
1.63 106.7 133.22 

29.51 

.97 

1.21 

209. 0 237.39 52.00 .89 

1.11 

73.5 77.23 

15.25 
.84 

1.05 

207.1 
244.28 

46.75 
.95 

1.19 
140.2 

111.72 
38.00 

.53 .66 

790.5 

Notes: — (1)  Material  chargeable  to  the  party 
destroyed  or  misplaced  when  cut  is  made  in  pav 

(2)  Includes  only  direct  cost  of  labor  and  ma 
the   foremen's    reports,    which    are    made    out   dai During  the  year  1913  all  new  material  was  u 
being  used.  The  price  of  this  concrete  varied  fr 
larger  size.  The  prices  given  were  arrived  at  b 
mentioned  prices  from  the  total  cost,  which  rem 
storing  pavement  surface. 

(3)  The  same  as  the  preceding  column,  with 
resents  the  difference  between  the  total  expendi 
pended  directly  for  labor  and  material,   as  shown 

   893.80  200.27  .88  1.10 
to  whom  permit  is  issued  through  material  being ement. 

terial  actually  applied  on  the  job.  as  shown  by 
ly  and  forwarded  to  the  office, 
sed  in  mixing  concrete,  none  of  the  old  material 
om  $7  in  the  small  cuts  to  $6  per  cubic  yard  in  the 
y  deducting  the  c  ost  of  the  concrete  at  the  above 
ainder  represented   the  actual  direct   cost  of  re- 

the  addition  of  25  per  cent  overhead,  which  rep- 
tures    of    the    department    and    the    amount    ex- 
by  the  reports  of  foremen  doing  the  ■work. 

Sub-Surface  Mai's. — Destruction  of  pave- 
ments can  be  further  reduced  by  preparing 

sub-surface  maps  showing  the  precise  location 
and  character  of  all  structures  under  the  city 
streets.  This  is  quite  a  task  even  now,  but 
every  year  it  grows  larger  and  it  is  only  a 
question  of  time  when  it  will  have  to  be  done. 
Brooklyn,  New  York,  and  Philadelphia,  Penn- 

sylvania, have  such  maps ;  Los  .\ngeles.  Cali- 
fornia, is  now  preparing  one,  and  Cincinnati, 

Ohio,  has  taken  the  first  step  by  compiling 
sewer  record  plats  of  the  city.  Such  a  map 

will  enable  the  proper  department  to  issue  ex- 
cavation permits  intelligently  and  the  data 

recorded  on  such  maps  will  not  only  prevent 
destruction  of  propertv  but  may  avoid  loss 

of  life. 

The  Differentiation  of  Natural  and  Oil 

Asphalts. 
It  is  difficult  to  distinguish  chemically,  by 

tests  prior,  to  construction,  the  difference  be- 
tween oil  and  natural  asphalts.  Mixtures  of 

the  two  types  cannot  be  easily  detected.  With- 
out reference  to  the  relative  qualities  of  the 

two  materials  as  paving  cements  it  is  de- 
sirable from  an  engineering  standpoint  that 

some  method  of  determination  be  developed. 
,A  paper  by  E.  C.  Pailler  of  the  laboratory  of 
the  bureau  of  highways  of  Manhattan.  N.  Y., 

presented  in  the  "Journal  of  Industrial  and 
Engineering  Chemistry"  gives  a  method  of 
making  this   determination. 

MINER,\L   MATTER   AND   FIXED   CARBOX. 

It  is  well  known  how  great  a  variation  of 
mineral  matter  exists  in  all  asphalts.  The 
same  is  true  of  the  fixed  carbon  content. 

Table  I  shows  the  average,  minimum  and  maxi- 
mum amounts  found. 

Table  I  shows  that  if  we  take  a  mixture 

of.  say,  •'JO  per  cent  Bermudez  and 
-■lO  per  cent  California,  it  will,  under  condi- 

tions, be  almost  impossible  to  detect  the 
presence  of  the  California,  for,  assuming  the 
fixed  carbon  content  to  be  12. .50  per  cent  for 
Bermudez  and  14..50  per  cent  for  CalifoiTiia, 
the  1 :1  mixture  will  have  a  fixed  carbon  con- 

tent of  13.50  per  cent. 
Much  has  been  said  for  and  against  the 

fixed  carbon  determination.  Lester  Kirsch- 
baum  (Engineering  &  Contracting,  Feb.  12. 

1913")  states  that  the  fixed  carbon  content  is 
a  means  of  identification  of  native  bitumens. 
It  is  true  that  the  fixed  carbon  content  in 
natural  bitumens  is  clearly  defined,  the  range 
lieing  less  than  2  per  cent,  and  therefore  it  is 
valuable  as  an  indication  as  to  the  purity  of 
the  natural  asphalts,  even  if  they  are  fluxed. 
Should  a  Bermudez  asphalt  show  a  fixed 
carbon  of  14  per  cent  or  more.  I  would  ex- 

pect that  the  sample  in  question  is  not  straight 
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Bermudez,  and  other  tests  described  later 
would  be  made.  If.  however,  a  petroleum 
residuum  is  under  consideration,  the  fixed 
carbon  content  as  a  means  of  identification 
is  of  not  much  value,  although  an  important 

significance  may  be  attached  to  it.  Kirsch- 
bauni,  in  his  article,  treated  this  subject  in 
an  elaborate  manner,  and  it  is  quite  logical 
to  look  upon  the  fixed  carbon  in  oil  residuum 
as  an  inde.x  of  the  severity  of  the  heat  treat- 

ment    it     has     received.      Unfortunately     the 

mixture,  is  due  to  this  fact.  Malencovic 
(Baumalerialenkunde,  1906,  p.  29)  states  that 
oil  asphalts  and  natural  asphalts  differ  in 
that  the  former  do  not  react  with  mercuric 
bromide  solution;  the  latter,  however,  owing 
to  their  sulphur  contents,  give  a  precipitate. 
This  test,  however,  is  of  no  use,  as  oil  as- 

phalts arc  very  often  artificially  sulphonated 

and  consequently  give  the  reaction.  The  sul- 
phur content  in  oil  asphalts  and  natural  as- 

phalts  is,    if   the   oil   asphalt   is   not   sulphon- 

TABLE    1. 
Asphalt. 

MINERAL   MATTER    AND    FIXED    CARBON    CONTAINED    IN    ASPHALT. 

,   Fixed  ca.rbon- Av.         Max.        Min. 
Trinidad            10.20         10.60  9.80 
Bermudez           12.90         13.50         12.50 
California          14.50         16.00         13.80 
Mexican            15.50         18.00         13.50 

-Percentages    of— 
-Mineral  matter   > 

Av.        Max.  Mln. 
35.00         38.00  30.00? 
4.00  5.00  3.00 
0.15  0.20  Trace 
0.20  0.30  Trace 

fixed  carbon  in  California,  Mexican  and 
Texas  oil  residuums  may  be  the  same  for 
all,  and  it  is  seen  that  it  would  be  impossible 
to  draw  conclusions  from  this  determination. 
The  method  employed  in  the  fixed  carbon 
determination  is  described  in  the  Journal, 
American  Chemical  Society,  21  (1899),  1116. 
To  test  the  accuracy  of  the  method  a  sample 
was  given  to  four  different  chemists,  who 
were  instructed  to  use  the  same  method.  The 
results   obtained   were   as    follows : 

Volatile 

combust- 
Fixed Mineral 

ible  matter. carbon. matter. 
83.03 16.77 0.20 
82.93 

16.67 0.20 82.80 17.02 0.18 

82.76 17.08 0.16 

L.  M.  Law  (The  Journal  of  Industrial  and 
Engineering  Chemistry,  5,  1021)  quite  re- 

cently had  fixed  carbon  determinations  made 
on  two  samples  at  six  laboratories  and  the 
results  obtained  difTered  (i  per  cent  on  one 

and  9  per  cent  on  the  other  sample.  How- 
ever, three  results  in  each  sample  check  very 

well,  and  I  am  safe  in  saying  that  these  three 
laboratories  evidently  employed  the  same 
method.  The  fixed  carbon  determination  is 
an  arbitrary  one  and  has  to  be  carried  out 
to  ihc  smallest  detail.  The  burners,  crucible, 
size  of  flame,  etc.,  have  to  be  the  same  in  all 
determinations  to  obtain  the  right  results. 
Could  any  one  expect  to  get  the  same  results 
if.  in  the  sulphonation  test,  he  would  use 
dilute  sulphuric  acid,  and  in  the  other  con- 

centrated, or  in  a  moisture  determination  if 
he  would  heat  the  substance  to  only  50  de- 

grees C?  The  pressure  and  the  composi- 
tion of  the  gas  has  ver>'  little  effect  on  the 

result.  This  is  shown  on  the  three  following 
te^ls:  No.  1  was  run  with  gas  at  full  pres- 

sure. No.  2  with  the  same  pas  at  reduced 
pressure  and  No.  3  with  diflfercnt  gas  and 

pressure  at  the  author's  private  laboratory. 
PERCENTAGES   FIXED   CARBON. 

No.    1     lfi.S7 
No.    2     17.45 
No.    3     17.08 

My  contention  is  that  a  fixed  carbon  de- 
termination is  of  much  value  in  asphalt 

analysis  in  native  bitumens  as  a  means  of 
identification,  and  in  petroleum  residues  as 
an  index  of  the  severity  of  heat  treatment 
the  petroleum  was  subjected  to — the  former, 
however,  only  in  conjunction  with  test  de- 

scribed later. 

Very  little  is  known  of  the  chemical  com- 
position of  the  bitumens  contained  in  as- 

phalts. They  arc  hydrocarbons  of  complex 
structure,  largely  cyclic  and  bridge  com- 

pounds, together  with  a  small  amount  of  their 
sulphur  and  nitrogen  derivatives,  and  arc 
chisely  related  to  the  hydrocarbons  occurring 
in  petroleum ;  as  a  matter  of  fact,  some 
writers  have  advanced  the  theory  that  as- 

phalts are  the  residue  of  petroleum,  the 
lighter  constituents  of  which  have  in  a  nat- 

ural  way  evaporated. 
SULPHUR    CONTENT. 

The  process  to  convert  oil  into  asphalt, 
which  took  ages  in  Nature,  is  used  in  the 
manufacture  of  oil  asphalts,  and  is  accom- 

plished in  a  few  days.  The  difficulty  in  dis- 
tinguishing between  the  natural  and  artificial 

asphalts,    or   in    proving    their   presence    in    a 

ated,    quite    different,    as    the    following    table 
shows : 

PERCENTAGES  SULPHUR. 
Trinidad       4.35 
Bermudez       5-6 
California  less  than     2.0 
Mexican       4.0 

The  sulphur  content  is  determined  by  ig- 
niting the  asphalt  in  an  atmosphere  of  oxy- 

gen, precipitating  the  SOj  with  BaSO..  The 
ignition  of  asphalt  in  oxygen  consequently 
oxidizing  the  sulphur  to  SOs  is  more  accur- 

ate and  easier  to  perform  than  the  oxidation 
of  the  sulphur  by  the  Carius  method.  .\ 
number  of  experiments  have  shown  that  it 
is  quite  difficult  to  oxidize  all  of  the  asphalt 
in  some  cases.  In  others  it  was  found  that 
the  results  were  too  high  by  the  Carius 
method,  to  say  nothing  of  the  danger  of  ex- 

ploding the  glass  tube.  It  is  not  at  all  un- 
usual to  have  three  or  four  tubes  blown  up 

in  a  single  determination.  The  method,  using 

Graef's  apparatus,  is  easily  performed,  re- 
quires but  little  time  and  the  apparatus  used 

is  moderate  in   cost. 
.^s  stated  before,  it  is  doubtful  whether  the 

determination  of  sulphur  is  of  any  practical 
value  as  an  identification,  as  many  oil  as- 

phalts are  artificially  sulphonated  and  some 
oil  asphalts  contain  naturally  a  considerable 
amount  of  sulphur.  Kast  and  Logan  (Jour- 

nal Society  Chemical  Industries.  IS)  (1900), 
"(Oo)  state  that  all  petroleum,  and  therefore 
petroleum  residue,  except  that  from  Legern- 
see,  contain  sulphur  (from  0.14  — 1.90  per 
cent).  This  sulphur  may  be  present  as  free 
sulphur,  sulphides  or  complex  sulphur  com- 

pounds. Maybery  and  Quayle  succeeded  in 
isolatina:  a  series  of  alkyl  sulphur  compounds 
by  distilling  crude  Canadian  oils  at  a  i)ressure 
of  55  mm.  Richardson  and  Wallace  have 
found  free  sulphur  to  be  the  form  in  which 
the  larger  part  if  not  nearly  all  of  the  sul- 

phur in  Texas  oil  exists.  Some  hydrogen 

sulphide  is  dissolved  in  the  oil  and  "a  large amount  is   formed   if  the  oil  is  heated  as  in 

manner  of  distillation.  The  collecting  of  the 
distillate,  and  accordingly  the  results  ob- 

tained in  a  rough-and-tumble  way  did,  by  no 
means,  give  satisfactory  results,  and  the  first 
step  was  to  devise  a  method  which  would, 
under  the  same  conditions,  give  uniform  re- 

sults. The  acids  present  are  organic  and 
are  all  insoluble  in  water.  They  are  also  not 
decomposed  by  heat  and  the  test  can  safely 
be  carried  on  at  a  temperature  of  375  de- 

grees  C. The  apparatus  used  is  a  small  retort  of 
150  cc.  capacity,  two  weighing  bottles  of  10 
cc.  capacity  and  two  8-oz.  Erlenmeyer  flasks. 
The  reagents  are  N/10  NaOH,  ethyl  ether, 
neutral  alcohol  of  95  per  cent  strength  and  a 
1   per  cent  alcoholic  solution  of  alkaline  blue. 
Method. — Thirty  grams  of  bitumen  or  an 

amount  of  asphalt  which  will  yield  30  grams 
bitumen  are  placed  in  the  retort  and  heated 
until  it  melts.  The  flame  is  now  raised  until 
the  first  drop  distills  and  so  adjusted  that 
about  one  drop  in  two  seconds  is  collected. 
The  distillate  is  collected  in  the  weighing 
tubes  (the  weight  of  which  were  previously 
obtained)  in  5  cc.  portions  and  kept  separate. 
After  weighing  the  tubes  with  the  oil,  each 
of  the  distillates  is  dissolved  in  10  cc.  por- 

tions of  ether.  The  ethereal  solution  is  then 
washed  with  water  in  a  separatory  funnel 
until  free  from  mineral  acids  which  may  be 
present;  transferred  to  the  Erlenmeyer  flask, 
diluted  with  75  cc.  neutral  alcohol,  5  cc.  of 
the  alkaline  blue  solution  are  added  and 
titrated  until  the  red  color  changes  to  blue. 
The  acid  number  is  expressed  in  milligrams 
of  KOH  used  to  neutralize  the  acid  in  1 
gram  of  oil  distillate.  The  following  table 
shows   soiTie  of  the  results   obtained : 

, — Acid  value. — , 
Asphalt.  Dlst.  1.  Dist.  2. 

1  Pure  Trinidad     16.20         8.40 
2  Pure  Trinidad     15.70  .  7.90 
3  Pure   Bermudez       9.80         3.20 
4  Pure  Bermudez       9.60         3.60 
5  Pure   California       0.11         0.07 
6  Pure    California       0.19         0.04 
7  Maltha    flux       0.12         0.25 
S  Maltha   flux       0.16         0.19 
9  Bermudez  maltha       9.80         2.30 

10  Mexican       0.24  0.05 
11  Mexican     0.22  0.09 
12  Bermudez  +  California    4.90  1.20 
13  Bermudez  +  Mexican    5.40  2.00 
14  Bermudez      +      California      + 

maltha          5.50        1.70 
15  Bermudez  +  Mexican  +  maltha     5.15         1.22 

The  above  table  shows  clearly  that  the 
acid  values  of  natural  asphalts  are  consid- 

erably higher  than  those  of  oil  asphalts.  The 
second  distillate  in  both  Trinidad  and  Ber- 

mudez asphalts  shows  still  some  acid  value, 
while  in  California  the  second  distillate  is 
alrnost  free  from  acids.  Therefore,  if  the 
acid  value  falls  below  1.0,  we  can  safely  say 
that  we  are  dealing  with  an  oil  asphalt  or  a 
mixture.  If  we  deal  with  an  asphaltic  ce- 

ment,   which    will    be    shown    by    takinc    the 

T.NBLE    II.— VARIATIONS    DETERMINING    TYPE    OF  ASPHALT. Fixed Mineral carbon. matter. 
Acid  value. 

per 
per 

First         Second 

cent. 
cent. dist.            dlst. 

12.30 4.90 9.6                3.6 

9.95 

35.60 
15.9                 8.1 1.5.85 

Trace 0.16               0.08 
10.10 Trace 0.12              0.18 14.60 

2.21 

4.9                 1.2 
14.15 2.94 

4.7                0.9 0.20 
0.24               0,05 

0.22 

0.22               0.99 

No. 

1 . . 
2.. 

3.. 4.. 
5.. 
6.. 

7.. s 

distillation.  The  sulphur  content  in  Mexican 
oil  asphalt  is  as  high  as  6.20  per  cent.  Con- 

sidering this  fact,  a  sulphur  determination 
alone  would  not  amount  to  much  as  an  iden- 

tification of  asphalts,  especiallv  mixfires  or 
asphaltic  cements  which  are  fluxed  with  oil residuum. 

PRni'OSEl)    ACID    VALUE    TEST. 

I.  Marcusson  (Chemical  7Aetung.  36,  84, 
801)  states  that  in  all  natural  asphalts  there 
are  present  a  number  of  organic  acids  or 
acid  salts,  which  on  distilling  are  collected 
in  the  first  few  cc.  of  the  distillate  and  this 
distillate  also  contains  a  certain  amount  of 
saponifiable  oils.  It  was  this  statement  which 
was  the  basis  of  this  investigation.  There 
was,    however,    no    method    given    as    to    the 

Conclusion  as  to 

Sapon. 
nature  of  asphalt. value. 29.8 

Bermudez 

36  0 
Trinidad 

11.2 Cilifornla 
7.4 Maltha   California 

19.3 Birtnudez,   1  :  1 

22.0 

^••lifnrnia  and   Bermudez,  3  :  7 
9.8 

Mexican 

10.7 
Mexican 

penetration,  ductility  and  other  physical  tests, 
we  should  expect  an  acid  value  of  not  less 
than  what  is  given  under  No.  9.  If  it  is  lower, 
we  can  expect  to  deal  with  a  mixture. 
The  acid  number  is  of  great  value  as  a 

preliminary  test,  to  .  determine  whether  we 
deal  with  natural  or  oil  asphalts  or  a  mix- 

ture. It  was  also  noted  that  the  behavior 
of  the  asphalts  in  the  retort,  while  distilling, 
indicates  the  nature  of  the  asphalt.  Dealing 
with  natural  asphalts  we  have,  as  soon  as 

distillation  starts,  dense  yellow  fumes,  emit- 
ting a  strong  sulphide  odor,  which  are  en- 

tirely absent  in  California  and  other  oil  as- 
phalts. Oil  asphalts,  too.  distill  much  easier 

than   natural,  but   at   a  higher  temperature. 
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SAPONIFICATION    TEST. 

Having  ascertained  the  acid  value  of  the 
asphalt,  the  next  step  was  to  determine  the 
saponihable  quantity.  Five  grams  of  ash- 
free  asphalt  are  dissolved  in  30  cc.  benzol. 
This  is  boiled  with  50  cc.  A'  alcoholic  KOH 
under  a  reflux  condenser.  After  cooling  to 
room  temperature,  250  cc.  95  per  cent  alcohol 
are  added  and  the  excess  of  alkali  -titrated 

back  with  A'  H:SOi  using  alkaline  blues  as an  indicator.  The  end  reaction  is,  in  spite  of 
the  dark  color  of  the  solution,  very  distinct. 
The  flask  is  now  heated  again  on  the  water 
bath  and  more  acid  added  if  the  red  color 
reappears.  This  is  to  be  kept  up  until  the 
color  remains  blue.  A  blank  determination 
is  run  alongside  on  the  reagents  used,  to 
make  allowance  for  the  action  of  the  alkali 
on   the  glass. 

'Ihe  following  table  shows  the  results  ob- 
tained by  the  above  method : 

Sapon.   No 
Trinidad          40.0 
Beiniudez         2S.0 
California       12.0 
Mexican      ".       10  5 Maltha  flux          S.O 
Bermudez  and  California,   1:1       20.5 
Trinidad  and  California,  1  :  1        26.0 
Bermudez  and  Mexican,  1  :  1       19.7 
Trinidad  and  Mexican,   1:1       24.9 

The  above  shows  very  clearly  the  great 
difference  between  natural  and  oil  asphalts. 
The    difference    of   this    constant   enables    one 

Eituminous    Concrete    Using    Oyster 
Shell  Aggregate. 

(.Staff  Article.) 
Xear  the  Atlantic  and  Gulf  seaboards 

where  broken  stone  for  road  metal  is  scarce 
and  expensive,  oyster  shells  can  be  obtained 
at  a  low  cost  and  have  been  used  to  a  large 
extent  in  the  construction  of  roads.  They 

have  proven  reasonably  durable,  although  pro- 
ducing a  good  deal  of  dust  in  dry  weather, 

owing  to  the  comparatively  rapid  grinding 
up  of  the  shells  under  traffic.  In  order  to 
remedy  this,  various  bituminous  binders  have 
been  employed  with  the  shells  as  they  have 
been  with  other  aggregates. 
An  interesting  example  of  the  use  of  a 

bituminous  surface  using  oyster  shell  aggre- 
gate may  be  seen  on  the  Beckwith  Neck  Road 

connecting  Cambridge  and  Hillspoint  in  Dor- 
chester County,  Maryland.  The  stretch  of 

road  improved,  located  about  one  mile  beyond 

the  town  of  Cambridge,  was  laid  in  five  con- 
tinuous sections,  each  section  containing  a  dif- 

ferent mixture,  as  follows:  (1)  Whole  shells, 
crushed  shells  and  bitumen.  (2)  Whole  shells, 
crushed  shells,  sand  and  bitumen.  (3)  Whole 
shells,  sand  and  bitumen.  (4)  Crushed  shells, 
sand  and  bitumen,  (b)  Beach  gravel,  screened 
and  graded  with  coarse  sand,  fine  sand  and 
bitumen    (a    check   section    for    use    m    deter- 

Hints  to  Road  Superintendents  on  Pre- 

paring Bridge  Plans.— Hints  for  the  prepa- 
ration of  briuge  plans  by  Clifford  Older,  bridge 

engineer  for  the  Illinois  Highway  Commission, 
are  given  in  a  recent  publication  of  that  com- 

mission:  Be  sure  to  send  the  plans  in  dupli- 
cate or  the  checking  will  be  delayed  until  dupli- 

cates are  sent.  Be  sure  that  a  title  indicating 
the  name  and  location  of  the  work  is  shown 
on  the  plans.  Be  sure  that  the  plans  indicate 
the  depth  the  foundations  are  to  go  below 
bed  of  stream,  and  show  reference  to  a  bench 
mark,  so  there  may  be  no  question  as  to  the 
correct  elevation  of  all  parts  of  the  situation. 
It  is  suggested  that,  as  far  as  possible,  draw- 

ings be  made  on  sheets  measuring  between 
trimming  lines  22x28  ins.  and  between  margin 
lines  spaced  21x27  ins.  Sheets  of  this  size 
when  folded  twice  each  way  are  about  the  size 
of  standard  letter  paper  (8V^  ins.  by  11  ins.). 
The  specifications  and  proposal  sheets  are  also 
of  this  size.  Place  the  title  of  the  drawing 
near  the  lower  right-hand  corner  of  the  sheet 
and  fold  the  prints  so  that  the  title  shows. 
This  avoids  the  necessity  of  writing  the  title 
on  the  back  of  the  print  or  spreading  the  print 
out  to  discover  the  name  and  location  of  the 
work  represented.  On  tracings  of  plans  for  a 
bridge  which  may  be  suitable  for  some  other 
structure  in  the  future,  it  is  often  convenient 
to  omit  the  title  from  the  tracing.  The  title 
may  be   lettered   on   another   piece  of   tracing 

Fig.  1.     Shell   Surface  Prepared  for    Surfacing. Fig.   2.     Laying    and    Rolling    Warrenlte     Surface. 

to  tell  not  only  the  nature  of  the  asphalt,  but 
also  gives   fairly  accurate  quantitative  results. 

It  is  interesting  to  note  that  in  asphalts 

there  is  such  a  great  dift'erence  in  these  two 
constants — the  acid  and  saponification  value 
and  undoubtedly  a  further  investigation  will 
reveal  more  distinguishing  means  between 
the  various   brands   of  asphalts. 

The  foregoing  proves  that  there  are  a  num- 
ber of  tests  which  are  of  great  value  as  single 

tests.  In  conjunction  with  other  tests  they 
show  conclusively  the  nature  of  the  asphalt 
or  mixture.  Furthermore,  if  the  flux  is 
known  a  mixture  of  oil  and  natural  asphalts 
can  readily  be  recognized,  as  Table  II   shows. 

Maintenance  on  New  York  Roads. — There 
are  now  S,3S(i  miles  on  the  county  sy^tems  and 
3,700  on  the  state  routes  in  New  York  state. 
Annually  the  state  expends  an  average  of 
$2,000,000  additional  to  aid  towns  in  improv- 

ing pieces  of  (18,000  miles  of  town  highway. 
Seven-tenths  of  the  agricultural  products  of 
the  state  are  moved  over  these  town  high- 

ways. Two  batallions  of  patrolmen,  about  800 
men,  are  employed  during  the  open  season  of 
travel,  making  minor  repairs  to  highways. 
For  tlie  up-keep  of  state  and  county  highways 
over  $4,750,000  is  being  expended  in  1911.  In 
work  by  maintenance  forces,  the  department 
is  using  approximatelv  1,200,000  gals,  of  as- 
phaltic  products.  800,000  gals,  of  tar  and  tar 
products,  and  200,000  cu.  yds.  of  stone,  iron 
ore  tailings,  gravel  and  sand.  This  is  exclu- 

sive of  200  repair  contracts  awarded  after 
competitive  bidding. 

mining  the  relative  wear).  A  total  length  of 
50G  ft.  was  surfaced,  the  width  surfaced  be- 

ing  14    'ft. Th"  type  of  bituminous  concrete  used  is 
known  as  Warrenite  (an  improved  type  of  bi- 

tuminous concrete  which  is  patented)  and  the 
surface  was  mixed  and  laid  by  the  Warren 
Brothers  Company.  The  mixing  and  heating 
plant  used  was  built  by  the  same  company, 
being  especially  designed  for  the  laying  of 
bituminous  concrete  in  places  at  a  consider- 

able distance  from  railroads. 

The  surfacing  was  placed  on  an  old  oyster 
shell  road.  On  one  section  a  depth  of  3  ins. 
was  loosened  by  means  of  picks  in  the  wheels 
of  a  steam  roller.  This  loosened  material  was 
removed,  screened  into  graded  sizes,  mixed 
in  the  desired  proportions,  heated  and  mixed 
with  sand  and  bituminous  cement.  It  was 
then  laid  while  hot  and  rolled.  On  the  other 

sections  new  shell  aggregate  was  used,  the 
mixed  surfacing  being  laid  directly  on  the 
old  roadbed.  The  methods  of  mixing  and 
laying  were   uniform  throughout  the   work. 

This  surface  was  laid  in  the  early  summer 
of  1911.  When  inspected  in  October,  1913, 
the  general  condition  of  the  surface  was 
found  to  be  good.  In  the  sections  where  whole 
shells  were  used  some  of  the  whole  shells 
which  were  near  the  surface  with  their  flat 

sides  up  were  cracked.  The  most  satisfac- 
tory section  was  the  one  in  which  shell 

crushed  to  pass  a  1-in.  ring,  sand  and  bitumen 
were  used. 

cloth  and  laid  over  the  detail  tracing  when . 
the  blue  prints  are  made.  The  prints  will  then 
show  the  title.  Special  notes  or  dimensions 
may  be  printed  in  the  same  way,  and  the  detail 
tracing  or  "standard"  may  be  used  for  any 
number   of   different   bridges. 

Concrete  Cube  Tests  for  Concrete  Roads 
in  New  York. — One  of  the  most  important 
changes  of  type  of  road  called  for  by  tlie 
standard  specification  of  the  New  York  High- 

way Department  is  that  of  the  first  class 
concrete  pavement  where  a  mixture  of  1  part 
of  Portland  cement;  IM  parts  of  sand  and  3 
parts  of  stone  is  called  for.  In  these  require- 

ments and  in  the  other  directions  of  this 
specification  the  type  of  concrete  road  which 
has  .proved  generally  to  be  a  success  as  built 
in  other  parts  of  the  country  is  followed.  In 
this  connection  it  may  be  noted  that  the  break- 

ing tests  on  concrete  cubes,  formed  from  the 
material  as  delivered  from  the  mixer,  have 

given  some  very  satisfactory  results.  Six- 
inch  cubes,  28  days  old,  have  been  broken 
under  pressure  in  the  testing  machine,  .gen- 

erally at  from  3.000  to  4,000  pounds  per  square 
inch,  and  in  some  instances  have  run  as  high 
as  4,500  to  5.000  pounds,  the  higher  figure 
being  the  limit  of  pressure  exerted  by  the 
machine.  In  crushing,  these  cubes  have  gen- 

erally shown  rupture  of  the  stone  aggregate, 
thereby  indicating  the  great  strength  of  the 
mortar.  Since  uniformity  of  strength  in  the 
concrete  is  most  desirable  in  these  pavements, 
the  fact  that  the  cubes  on  individual  roads 

show  in  the  test  fair  uniformity  in  the  break- 
ing stress  indicates  success  on  this  line. 
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Scales  for  Ascertaining  the  Dimensions  of 

Pipes,  Drains  and  Sewers.— By  C.  E.  Housden. 

Longmans,  Green  &  Co.,  New  York  City. 

Cloth,   4Ux7   Ins.;   16  pp.;    Illustrated;    60  cts. 

The  scales  shown  in  this  work  are  taken 

from  the  author's  work  entitled  "Water  Sup- 

ply and  Drainage  Systematized  and  Simpli- 
fied" The  use  of  these  scales  will  give,  for 

any  coefficient  selected,  the  dimensions  to 

the  nearest  inch  o£  pipes  or  half-pipes,  and  of 

any  design  of  drain  or  sewer  in  which  a  circle 
or  semicircle  can  be  inscribed.  The  author 

illustrates  six  tvpes  of  drain  sections,  each 

made  up  of  straight  lines  or  arcs  of  circles, 

or  both.  The  computation  by  means  of  the 

scales  of  the  dimensions  of  these  sections  for 

anv  desired  carrying  capacity  and  with  the 

selected  coefficient  is  explained.  Typical  prob- 

lems are  solved,  all  steps  in  the  solution  be- 
inc;  shown.  .    .       , 

This  is  a  handy  little  book  for  the  engineer 

who  has  numerous  hydraulic  computations  to 
make. 

Influence  Diagrams.— By  Malverd  A.  Howe. 

John  Wiley  &  Sons,  New  York.  Cloth.  6x9 

Ins.;   65  pp.;  illustrated;   $1.25. 

The  book  treats  of  influence  diagrams  for 

the  determination  of  maximum  moments  in 

trusses  and  beams.  The  author  states  that  its 

object  is  to  bring  .tttention  to  the  fact  that  for 

loads  on  all  ordinan,-  trusses  the  influence 

diagrams  for  bending  moments  are  drawn  by 

following  a  single  simple  rule,  and  tliat  the 

diagrams  so  constructed  require  no  computa- 

tions for  their  direct  application.  The  influ- 
ence diagrams  for  loads  on  continuous  trusses, 

cantilever  trusses  and  arches  are  shown  to  be 

based  upon  the  one  general  diagram  for  sim- 

ple trusses.  The  use  of  influence  diagrams 

in  determining  the  position  of  wheel  loads 

which  produce  maximum  moments  is  also 

explained.  The  author's  treatment  of  influ- ence lines  is  both  direct  and  simple. 

Chapter  I  treats  of  the  use  of  influence 

diagrams  in  determining  the  maximum  mo- 
ments in  simple  trusses  of  various  types; 

rhapter  II  considers  double  intersection 

trusses-  Chapter  III  considers  continuous 

trusses-  Chapter  IV  treats  of  arches  with  open 

and  solid  webs;  and  Chapter  V  shows  the 

application  of  influence  diagram  to  the  deter- 
mination of  the  bending  moments  in  beams 

of  constant  cross  section. 

Mechanical  Properties  of  Wood.— By  Samuel 

J.  Record.  John  Wiley  &  Sons.  New  York. 

Cloth,  6x9  Ins.;  160  pp.;  Illustrated;  $1.75. 

The  book  was  written  primarily  as  a  text 

for  students  of  fnreslry.  The  mechanics  in- 

volved arc  reduced  to  the  simplest  terms,  with- 
out reference  to  higher  mathematics.  The 

author  has  attempted  to  avoid  technical  lan- 

guage and  descriptions  in  order  to  make  the 

subject  matter  rcadilv  available  to  anyone  in- 
terr'^led  in  wood.  The  book  also  contains  data 

which  should  prove  of  value  to  those  engaged 

in  designing  wooden  structures. 

The  text  is  divided  into  three  parts;  Part 

I  discusses  the  mechanical  properties  of  wood 

the  relation  of  wood  material  to  stresses 

and  strains.  Much  of  the  material  in  this  sec- 

tion is  merely  elementary  mechanics  of  ma- 

terials, although  the  tabular  data  are  of  con- 
siderable value. 

Tart  II  considers  the  factors  which  affect 

the  niechanic;d  properties  of  wood.  The 

author  attempts  to  answer  questions  concern- 
ing the  effect  of  the  rate  of  growth  on  the 

riiiality  of  wooij.  ihe  effect  of  the  season  of 

cutting,  of  locality  of  growth,  weight,  water 
content,  defects,  etc.  ,    .    ,       ̂     . 

Part  III  describes  methods  of  timber  test- 

ing the  methods  described  being  for  the  most 

part  those  used  bv  the  V.  S.  Forest  Service. 

In  the  appendix  there  is  reprinted  the  work- 

ing plan  followed  by  the  U.  S.  Forest  Service 

in  the  extensive  investigations  covering  the 

mechanical  properties  of  woods  grown  in  the 

United  States.  The  text  closes  with  a 
 bibli- 

ography of  important  publications  oil  the 

mechanical  properties  of  wood,  and  ti
mber testing. 

Modern  Tunneling.  With  Special  Reference 
to  Mine  and  Water  Supply  Tunnels.  B>  Uavia 
W.  Brunton  and  John  A.  Davis,  New  York.  John 

Wiley  &  Son.s.  Cloth,  6x9  ms.;  pp.  *■>».  illus- trated; J3.50. 

This   volume   deals   almost   exclusively   with 

mine  tunnels  and  tunnels   for  other  purposes 

which  have  essential  features  practicallv  iden- 
tical   with    mine    tunnels.      Soft    ground    and 

subaqueous   tunneling  and  tunneling   tor  rail- 

ways   arc    not    considered    except    in    the    re- 

spect that  certain  tunneling  problems  are  com- 
mon   to    all    kinds    of   tunnels    and    these    of 

course   arc   considered.     The  work   is  notable 

among  books  on   tunneling  in   being   modern. 
There  is  verv  little  space  given  to  the  history 

of   tunneling   and   still  less   space  is   given  to 

descriptions  of  long  ago  tunneling  operations. 

Besides  being  praiseworthy  for  these  elimina- 
tions  the  bonk  deserves  commendation  for  its 

collection    and    tabulation    of    tunneling    data. 

There    are   tabulations   of   drilling    speed    re- 

ported  at   various   tunnels:    cost    of    drill    re- 

pairs;   data    concerning   tunnel    cars;    operat- 

ing cost  of   gasoline  haulage;  means   of  illu- 
minating various  tunnels;  number  and  depths 

of    holes    used    in    driving    tunnel    headings; 

dvnamite   used   at   various   tunnels,   and   costs 

o't    perhaps   a   score    of    tunnels.     This   book 
within   the   limits   of   the   field   covered   is   of 

noteworthy  practical  value.     The  schedule  of 

chapters    is;      History    of    Tunnehng,    o-ii; 

Modern    Mining   and   Water   Tunnels,    -^a-a"^: 
Choice    of    Power   for   Tunnel   Work.   53-(9; 

\\r    Compressors,    80-110;     Ventilation,     111- 

124;    Incidental   Surface    Equipment,    12.5-129; 

Rock    Drilling    Machines,    130-162;    Haulage, 
l(i:M80-    Incidental   Underground    Equipment, 

181-200;   Drilling  Methods,  202-225;   Blasting, 

236-209;  Methods  of  Mucking,  260-269;  Tim- 

bering, 270-288;  Safetv,  289-327;  Cost  of  Tun- 
nel Work,  .328-.359;  Bibliography,  421-126. 

pendix   E   records   some  data  on  the   internal 
temperature  range  of  concrete  bridges. 

Symmetrical  Masonry  Arches.— By  Malverd  A. 

Howt.  .lohn  Wiley  &  Sons,  New-  York.  Cloth, 
0x9  Ins.;  241  pp.;  illustrated;   $2.50. 

This  is  the  second  edition  of  Professoi 

Howe's  book,  the  first  edition  appearing  in 
1906.  Much  of  the  text  has  been  rewritten 
and  considerable  new  matter  has  been  added. 

In  this  edition  an  effort  has  been  made  to  sim- 

plify the  demonstrations  of  the  formulas..  The 

book  considers  the  design  of  stone,  plain  con- 
crete and  reinforced  concrete  arches,  the  solu- 
tions beinr'  based  on  the  elastic  theory.  In 

general  the  unit  load  method  has  been  em- 
ployed, although  a  method  is  given  by  which 

the'  effect  of  certain  fields  of  loading  can  be found   directly. 

Chapter  I  gives  a  development  of  the  funda- mental formula  used  in  the  solution  of 

arches;  Chapter  TI  gives  the  formulas  appli- 
cable to  symmetrical  arches  fixed  at  the  ends 

and  lojided  with  vertical  loads ;  and  Chapter 

111  treats  of  symmetrical  arches  fixed  at  the 
ends  and  loaded  with  horizontal  loads.  Chap- 

ter IV  gives  the  application  of  the  formulas 
to  the  solution  of  both  a  stone  arch  and  a 

reinforced  concrete  arch.  Chapter  V  illus- 
tr;ites  and  describes  a  few  typical  arches. 
These  five  chapters  cover  the  first  144  pages 
of  the  text.  The  remainder  of  the  book  con- 

sists of  five  appendixes  which  give  data  to 
facilitate  the  design  of  arches.  .Appendix  A 
gives  some  data  on  the  physical  properties  of 
stone  and  also  gives  tabular  data  for  about 
(100  masonry  arch  bridges  arranged  according 
to  span;  Appendix  B  discusses  arch  coefficients 
and  gives  tables  of  coefficients  for  20  arches 
of  different  proportions;  Appendix  C  gives 
formulas  for  symmetrical  fixed  arches  when 
the  origin  of  conrdinates  is  taken  at  the  crown; 

.\ppcndix  D  gives  an  exceedingly  brief  treat- 
ment of  unsymmetrical  fixed  arches;  and  Ap- 

Engineering  as  a  Profession.— By  A.  P.  M. 
Fleming  and  R.  W.  Bailey.  John  Long.  Lon- don.    Cloth,   5x7  ins.;   280  pp. 

This  very  interesting  British  book  was  pre- 
oared  primarily  for  the  purpose  of  setting 

forth  the  facilities  that  actually  exist  for  ob- 
taining the  most  satisfactory  engineering 

training  and  subsequent  engineering  employ- 
ment in  Great  Britain.  Since  it  is  designed 

largely  for  the  guidance  of  parents  and  guard- ians who  are  investigating,  on  behalf  of  sons 

or  wards,  opportunities  in  the  practice  of  en- 
gineering, the  book  first  gives  a  broad  general 

outline  of  the  field  of  engineering  activity. 

Comparisons  are  drawn  between  engineering 

and  the  older  professions  with  respect  to  qual- 
ifications essential  to  success,  cost  of  prepara- 

tion, probable  income,  etc.  The  authors'  con- 
ception of  the  personal  characteristics  of  im- 

portance in  engineering  makes  interesting 

reading.  They  say;  "He  should  have  an 
aptitude  for  mathematics  and  natural  sciences, 

as  well  as  a  taste  for  mechanical  contrivances, 

and,  in  addition  to  the  qualities  already  re- 
ferred to  as  being  essential  to  success  in  any 

profession  (sound  moral  character,  strength 

and  honesty  of  purpose,  sound  judgment,  per- 

severance, "and  ability  to  co-operate  with  fel- 
low-workers), the  engineer  should  have  the 

keen  business  instinct,  the  ability  to  argue 

logically,  and  to  be  able  to  set  forth  clearly 
and  concisely  his  views  on  any  problem  tie 

may  have  to  consider.  He  should  have  a  good 

physique.  Robust  health  is  probably  more 
essential  in  engineering  than  in  most  other 
professions."  . 

Modern  methods  and  facilities  for  obtain- 

ing an  engineering  training  are  very  fully  dis- 
cussed and  information  is  given  in  sufficient 

detail  to  form  a  dependable  guide  to  the  stu- 
dent in  the  selection  of  a  course  of  training, 

either  practical  or  academic. 

The  authors  apparently  believe  that  the  stu- 
dent at  the  outset  of  his  studies  can  have  a 

very  definite  conception  of  the  position  he 

hop'es  ultimalelv  to  secure,  for  the  book  en- 
deavors to  outline  the  most  direct  course  from 

the  novice  to  his  goal. 

The  book  al^o  gives  information  for  the 

guidance  of  foreign  youths  w-ho  go  to  Eng- 

fand  for  their  engineering  training.  Engineer- 

ing opportunities  in  foreign  countries  are  dis- ciissed.  There  is  also  a  comparison  of  the 

methods  of  training  engineers  in  vogue  m 

England,  Germany,  the  United  States  and 
other  countries.  ,  •    u     i 

The  American  engineer  who  reads  this  book 

with  particular  attention  to  what  it  states  and 

infers  with  reference  to  the  material  status 

of  engineers  al>road  is  quite  likely  to  conclude 

that  he  is  most  fortunately  situated  for  en- 

gaging in  the  practice  of  engineering.  Thus 

\vc  read  that  in  Great  Britain  unless  an  engi- 
neer can  afford  to  buy  a  partnership  in  a  firm 

of  consulting  engineers  lie  must  expect  to  sup- 

port himself  without  return  for  from  five  to 
seven  vears.  .... 

On  tlie  whole  the  book  is  exceedingly  in- 

teresting to  students  of  engineering  and  ot  the 

engineer.  Obviously  its  greatest  value  to 
the  former  will  be  to  those  who  live  or  expect 

to  practice  in  England. 

Mileage  of  Different  Types  of  Roads 

Under  Contract  in  New  York.— Since  May, 

im:',,  the  .\e\v  York  ..State  Highway  Depart-- 

meni  has  place<l  under  contract  a  total  ot 

1  003.12  miles  of  highways.  These  contracts 

arc  made  up  of  the  following  mileage  un<'er 

different  types  of  construction;  Waterbound 

macadam,  286.90;  waterbound  macadam,  hot 

oil,  10.87:  waterliound  macadam,  cold  oil, 

10.06 ;  bituminous  macadam,  3-52.31 ;  concrete, 
''17  13;  concrete,  bituminous  top,  8.34;  bnck. 

90.53;  asphalt  block,  6.83;  stone  block,  1.93; other'  types,  18.22. 
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An  Improvement  in  the  Methods  Com- 
monly Used  in  Constructing  Re- 

taining Walls  for  Buildings. 
Ti;e  construction  of  retaining  walls  for  the 

deep  basements  of  large  buildings,  always  an 
expensive  and  hazardous  operation,  is  espe- 

cially troublesome  in  soils  such  as  are  encoun- 
tered in  Chicago.  Various  methods  have  been 

developed  to  cheapen  and  expedite  retaining 
wall  construction,  but  the  methods  commonly 
used  are  tedious  and  slow.  The  danger  of 
constructing  such  walls  without  providing 
adequate  foundations  for  them  was  strikingly 
illustrated  in  a  recent  failure  in  Chicago.  The 
enormous  pressures  exerted  at  the  depths  to 
which  the  sub-basements  are  often  carried 
requires  a  heavy  bracing  of  the  trench,  which 
greatly  interferes  with  the  construction  opera- 

tions. The  necessity  of  preventing  large  set- 
tlements of  the  floating  foundations  of  adja- 

cent buildings,  occasioned  by  the  flow  of  mate- 
rial into  the  excavation,  requires  that  the 

bracing  of  the  trenches  be  such  as  to  preclude 
any  possibility  of  displacement.  Due  to  the 
type  of  bracing  and  the  construction  methods 
commonly  used  for  deep  retaining  walls  it  has 
been  necessary  to  concrete  the  walls  in  com- 

paratively thin  horizontal  layers  and  to  allow 
each  layer  to  harden  before  the  next  one  is 
concreted.  This  has  made  it  difKcult  to  rein- 

force the  walls  against  horizontal  shear,  and 
has  made  the  use  of  rods  for  reinforcement 
generally  unsatisfactory. 

To  overcome  some  of  the  difficulties  encoun- 
tered in  retaining  wall  design  and  construc- 
tion, the  architects  and  engineers  for  the 

Lumber  Exchange  Building,  Chicago,  111.,  have 
developed  a  construction  method  which  per- 

mits the  entire  section  of  the  retaining  wall 
Ijetween  columns  to  be  concreted  in  one  opera- 

tion, thus  insuring  monolithic  construction  and 
rendering  the  problem  of  reinforcing  the  wall 
a  comparatively  simple  one.  The  method  also 
permits  the  drums  and  other  bracing  to  be 
left  in  place  until  the  entire  wall  has  hardened 
sutticiently  to  resist  the  earth  pressure.  This 
greatly  lessens  the  possibility  of  failure  of 
the  wall  and  of  danger  to  adjacent  structures. 

The  article  appearing  in  the  "Buildings"  sec- 
tion of  this  issue  explains  and  illustrates  the 

details  of  the  new  method,  which  was  success- 
fullv  used  in  constructing  the  50-ft.  retaining 
walls  of  the  Lumber  Exchange  Building.  In 

lliis  building  the  construction  work  was  espe- 
cially difficult  due  to  the  fact  that  the  buildings 

on  three  sides  have  floating  foundations,  the 
spread  footings  of  one  of  which — a  16  story 
structure — project  a  considerable  distance  into 
the  site  of  the  new  building. 

Why  Was  "Interest  During  Construc- 
tion" on  the  Panama  Canal  Omit- 
ted From  All  Cost  Estimates? 

Xow  that  the  Panama  Canal  is  finished  we 
are  able  to  calculate  the  item  of  interest  on 
the  annual  expenditures.  In  round  numbers 

this  "interest  during  construction"  amounts  to 
$.50,000,000,  assuming  the  interest  rate  to  be 
8  per  cent.  The  total  expenditures  charged 
against  the  canal  amount  to  $325,000,000  up 
to  May  .31,  1914,  exclusive  of  interest  during 
construction,  but  inclusive  of  the  $40,000,000 
paid  to  the  French  company  and  the  $10,000,- 
000   paid   to   the    Panama   Republic. 

Not  in  any  of  the  estimates  of  cost  of  the 
canal,  nor  in  any  of  the  published  statements 

of  its  actual  cost,  is  there  a  cent  of  "inter- 
est during  construction."  Hence  a  huge  item 

of     construction     cost— $.50,000,000— has     re- 

ceived no  mention  thus  far  in  the  reports  re- 
lating to  the  canal. 

According  to  the  accounting  requirements 
of  the  Interstate  Commerce  Commission,  rail- 

way companies  must  charge  "interest  during 
construction"  to  a  construction  account  desig- 

nated for  this  purpose.  It  needs  but  scant 
consideration  to  see  the  reason  why  such  in- 

terest payments  are  properly  part  of  the  con- 
struction cost  of  a  private  enterprise.  The 

very  same  reasoning  justifies  charging  public 
works  with  interest  during  construction  if 
the   full  cost  is  to  be  known. 
When  public  works  are  built  with  money 

secured  from  bond  issues  it  is  more  apparent 

that  the  bond  interest  is  part  of  the  construc- 
tion cost  than  is  the  case  when  the  money  is 

secured  by  direct  appropriations  from  funds 
raised  by  taxation.  Nevertheless  there  is  no 
inherent  difference.  The  loss  of  income  on  an 
investment  during  a  construction  period  is  an 
element  of  construction  cost,  irrespective  of 
the   source  of   the  invested  capital. 

For  one  reason  or  another,  engineers  have 
not  always  included  interest  charges  in  their 
estimates  of  construction  cost,  but  no  engi- 

neer attempts  to  justify  such  an  omission  on 

the  ground  that  "interest  during  construction" is  not  a  cost  incident  to  the  building  of  the 

property.  It  is  somewhat  astonishing,  there- 
fore, to  see  no  mention  at  all  of  an  item  that 

totals  fully  16  per  cent  of  the  cost  of  the 
plant  and  other  property  relating  to  the  Pan- 

ama Canal. 
The  cost  of  the  Panama  Canal  has  not  yet 

ended,  nor  will  it  end  for  several  years.  Fol- 
lowing the  10-year  period  of  construction  will 

come  the  "development  period"  which  may 
greatly  exceed  10  j-ears.  The  "development 
period"  will  last  until  the  annual  net  earnings 
on  the  canal  equal  the  interest  on  the  invest- 

ment, which  investment  must  include  the  ac- 
cumulated annual  deficits.  The  annual  deficit 

is  here  used  to  mean  the  amount  by  which 
the  annual  interest  exceeds  the  annual  net 
earnings. 

It  is  not  easy  to  predict  what  these  deficits 

of  "development  cost,"  will  total,  but  that 
they  will  exceed  $.50,000,000  is  quite  certain. 
Much  will  depend  on  the  toll  rates. 

Sewage  Disposal  in  the  Next  Decade. 
Within  the  next  decade  many  millions  of 

dollars  will  be  expended  for  the  interception 
and  treatment  of  the  sewage  of  large  Ameri- 

can cities.  The  article  on  Milwaukee  sewerage, 

which  is  published  this  week,  points  out,  inci- 
dentally, that  only  a  very  few  of  our  principal 

cities  have  squarely  faced  the  sewage  disposal 
problem  in  the  light  of  modern  science  and  of 
community  responsibility.  ."Xmong  the  larger 
cities  only  Boston,  Providence,  Columbus,  Bal- 

timore, New  Orleans  and  Atlanta  have  works 
which  square  with  modern  ideas  relative  to 
the  proper  disposal  of  sewage.  The  problem 
is  still  a  live  one  in  Chicago  and  sewage  treat- 

ment for  this  city  is  sure  to  come.  New  York, 
Philadelphia,  Cleveland,  Detroit,  Cincinnati, 
Rochester,  Milwaukee,  Indianapolis  and  Day- 

ton are  all  studying  the  treatment  problem. 
Great  works  for  the  collection  and  disposal 
of  the  sewage  of  these  cities  will  doubtless 
be  constructed  within  the  next  ten  years.  The 
same  may  be  said  with  reference  to  numerous 
secondary  cities  in  all  parts  of  the  country. 
While  improvements  in  the  art  are  to  be 

expected  and  doubtless  will  be  realized,  experts 
believe  that  such  advances  will  occur  chiefly 
in  details  of  design  and  as  a  result  of  more 
faithful  and  competent  supervision  of  plant 
operation.  Some  experts  have  directly  com- 

mitted   themselves    upon    this     point.      Others 
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have  given  evidence  of  holding  these  views  in 
recommending  the  construction  of  works,  cost- 

ing millions  of  dollars,  based  upon  the  meth- 
ods now  in  vogue.  Moreover,  many  of  the 

larger  undertakings  now  under  serious  con- 
sideration will  require  so  long  in  building  that 

developments  in  the  art  occurring  within  the 
next  four  or  five  years  will  be  available  for 
use  before  the  actual  construction  of  many  of 
the  larger  treatment  works  is  reached.  In  a 
word,  the  art  has  progressed  to  a  point  where 
great  expenditures  may  safely  be  made  in  its 
application  without  fear  of  the  early  obso- 

lescence of  works. 
Two  considerations  which  have  grown 

steadily  in  favor  among  engineers,  sanitarians 
and  laymen,  during  the  past  two  or  three 
years,  will  henceforth  supply  a  great  stimulus 
to  sewage  treatment  activities.  The  one  is 
that  even  when  a  public  water  supply  is  fil- 

tered, the  filter  should  not  be  overloaded,  its 
limitations  should  be  kept  in  mind  and,  con- 

sequently, it  must  have  a  raw  water  of  fair 
cjuality  to  work  upon.  The  other  considera- 

tion to  which  we  refer  is  the  growing  convic- 
tion that  a  self-respecting  community  cannot 

afford  to  pollute  natural  bodies  of  water  with 
its  untreated  sewage. 

The  Re-Surfacing  of  Worn  or  Obsolete 
Macadam  Pavements  on  Country 

Roads. 
A  worn  or  obsolete  macadam  pavement,  if 

honestly  constructed,  is  an  asset  and  has  a 
considerable  value  as  a  base  for  a  type  of 

surface  better  suited  to  traffic  markedly  de- 
structive to  macadam.  It  has  been  frequently 

pointed  out  in  this  journal  that  the  economic 
fife  of  a  macadam  road  is  by  no  means  lim- 

ited to  the  time  it  serves  as  a  wearing 
surface.  After  the  period  of  usefulness  as  a 
w-earmg  surface  has  passed  the  pavement  still 
retains  a  large  portion  of  its  value.  This 
value,  however,  is  as  a  foundation  or  base, 
not   as  a   wearing   surface. 
A  finished  macadam  road  surface  costs 

about  one-fourth  more  than  a  crushed  stone 
base  of  equal  thickness  for  a  brick  pavement 
or  any  type  of  bituminous  pavement.  The 
value  of  the  old  macadam  should  be  fully 

equal  to  that  of  a  newly  laid  base.  As  a  mat- 
ter of  fact  it  is  worth  more.  The  wholesale 

ripping  up  and  discarding  of  the  material  con- 
tained in  old  gravel  or  crushed  stone  macadam 

roads  simply  because  it  is  desired  to  use  a 
different  tj-pe  of  wearing  surface  is  folly  and, 
in  many  cases,  pure  extravagance. 
A  relation  undoubtedly  exists  between  the 

type  and  amount  of  tratfic  a  road  bears  and 
the  proper  surfacing  material  to  use.  The 

folly  of  constructing  a  brick  or  concrete  sur- 
face upon  a  road  on  which  the  traffic  will 

always  be  light  is  as  great  as  it  would  be  in 

building  a  double-track  railroad  to  some  iso- 
lated Smithville  that  ships  but  a  few  cars  of 

freight  a  year.  The  excellence  of  the  road  is 

unquestioned,  the  expediency  of  its  construc- 
tion at  all  is  the  matter  in  point.  Many  earth 

roads  at  present  in  use  should  properly  re- 
main earth  roads  for  a  long  time.  With  the 

demand  for  improved  service  on  heavily  trav- 
eled roads  it  simply  will  not  pay  to  improve 

them. 
A  type  of  construction  economical  in  that  it 

makes  use  of  the  road  already  built  is  de- 
scribed on  page  3.57  of  this  issue.  Asphaltic 

concrete  has  been  successfully  laid  on  a  ma- 
cadam base  for  many  years,  notably  by  the 

engineering  department  of  the  District  of 
Columbia  and  also  by  the  Warren  Brothers 
paving  company.    There  is  no  question  of  the 
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success  of  this  type  of  construction.  The 
attractive  feature,  however,  is  its  low  cost. 

The  cost  of  an  asphaltic  concrete  surface  2  ins. 
thick  should  not  exceed  70  cts.  a  square  yard. 

A  condition  that  has,  heretofore,  made  diffi- 
cult the  adoption  of  this  type  of  surface  for 

rural  roads  has  been  the  expense  of  long 
hauls  and  the  cost  of  the  ilant  necessary  to 

properlv  prepare  the  asphaltic  concrete.  The 
increased  efficiency  of  motor  trucks  and  their 

proved  utility  for  hauling  over  country  roads 

have,  however,  materially  changed  this  con- 
dition. By  using  motor  trucks  for  hauling  the 

effective  radius  of  operation  from  one  loca- 
tion  of   the   mixing   plant   is   increased    from 

about  4  miles,  the  distance  economical  with 

teams,  to  about  10  miles,  length  of  economical 

haul  with  motor  trucks.  Moreover,  the  time 

of  travel  is  much  reduced,  permitting  the  hot 

material  to  be  delivered  at  the  temperature 

favorable  to  successful  manipulation  in  placing. 

In  some  sections  brick  and  stone  block 

pavements  are  laid  on  an  old  macadam  base. 

Many  miles  of  brick  pavement  have  been  so 

laid  While  on  new  construction  a  concrete 

base  is  distinctly  preferable,  if  a  well  com- 

pacted macadam  road  already  exists  it  is,  un- 

doubtedlv,  better  economy  and  good  engineer- 

ing under  many  conditions  of  light  traffic  to 
use  the  old  pavement  as  a  base  for  the  new. 

A  commendable  tendency  to  make  more  and 

better  use  of  old  pavements  is  exhibited  in 

the  taking  up  and  re-dressing  of  granite  blocks, 
the  development  of  macadam  resurfacing 

methods,  the  turning  of  brick  pavements  at  a 
moderate  cost,  in  one  case,  3-5  cts.  a  square 

yard,  and  in  the  standardization  of  concrete 
base  construction.  The  tendency  to  increase  the 

size  of  the  scrap  heap  should  be  discouraged. 

Pavement  scrap  heaps  already  in  existence 

contain  too  much  material  that  has  not  out- 
lived its  useful  life.  Because  a  small  portion 

of  the  thickness  of  a  pavement  has  been  worn 

away  there  is  no  excuse  for  the  wholesale 

scrapping  of  the  pavement. 

w/ ^ 

WOi^ Construction  of  Water  Works  Tunnels 

in  the  Metropolitan  Water  District 

of  Massachusetts. 

III. 

Cost  of  Extending,  by  Day  Labor,  the  24-in. 

Water  Pipe  Tunnel  Under  North  Chan- 
nel of  Mystic  River  at  Chelsea  Bridge. 

Contributed  bv  William  E.  Koss,  Assistant  to  tlie 
Chief  EnRlneer,  Metropolitan  Water  and 

Sewerage    Board,    Boston,    Mass. 
THE   OLD   TUNNEL. 

The  work  of  widening  and  deepening  the 
draw  at  the  Mystic  River  bridge  between 

Charlestown  and  Chelsea,  in  1900,  made  neces- 
sary changes  in  the  pipes  which  were  laid  at 

that  point  as  inverted  siphons  under  the 
channel.  The  great  depth  and  width  of  the 
draw  made  the  use  of  a  siphon  impracticable, 
and  a  tunnel  6  ft.  in  diameter  and  11-5  ft.  long 
was  constructed,  in  1900  and  1901,  in  which  a 

line  of  24-in.  pipes  were  laid.  A  brief  de- 
scription of  the  construction  of  this  original 

tunnel  is  here  given  as  introductory  to  the 
description  of  its  extension  in  1912. 

.'\l)OUt  4.5  ft.  of  each  of  the  two  shafts  of 
the  original  tunnel  was  composed  of  steel 

cylinders  8  ft.  in  diameter,  made  of  '.i-in. 
plates.  Three  9-ft.  lengths  of  cylinders  were 
set  up  on  the  deck  of  a  lighter  and  partially 
lined  with  brick  masonry.  The  27-ft.  section 
of  the  shaft,  weighing  about  40  tons,  was  then 
lowered  into  position  and  allowed  to  settle  into 
the  river  bottom.  Two  additional  sections  of 
the  cylinder  were  then  bolted  on  and  lined  with 
brickwork.  When  this  had  been  done,  an  air 
lock  was  bolted  to  the  top  of  the  shaft,  the 
water  forced  out  by  compressed  air,  and  the 
construction  of  the  shaft  and  tunnel  carried  on 
under  an  air  pressure  of  from  20  to  29  lbs. 
Below  the  bottom  of  the  steel  cylinders  the 
shaft  was  lagged  with  circular  wooden  lagging 
5  ins.  in  thickness ;  and  when  the  required 

depth  was  rc.-ichccl,  Portland  cement  concrete, 
about  3  ft.  in  thickness,  was  put  in  the  bottom 

hydraulic  jacks  as  the  material  was  excavated, 
and  circular  wooden  lagging,  5  ins.  in  thickness, 

cut  from  2-in.  spruce  planks  and  having  an 

inside  diameter  of  8  ft.  2  ins.,  was  placed  in 

position   as   the   shield   advanced.    When    the 

and  gravel,  containing  some  small  boulders 
and  a  few  pockets  of  clay.  Much  difficulty  was 
experienced  in  preventing  the  escape  of  air 
and  consequent  flooding  of  the  work;  and 
when  the  drift  was  about  26  ft.  from  the  shaft 

Circular  Wooden  Lagging 

Bricl<  rhrusf  Pie i  I    (\^g4  Pipe  Class  H 

Section   L-M Concrefe  Plug  reinforced 
with  5teel  Rails 

Old  Shaft 

Steel  Tunnel  Plo'^es 

Concrete  Plug  reinforced 
with  Steel  Rails 

...  Circular  Wooden 

Lagging 

I  ,.£;,43iN^a_.Snc_k
P<er, 

Position  of  Temporary 

%ulkhead  during  exten- sion of  Tunnel 
Section  J-K  Section  G-H 

Fig.  2.    Sections  at  Angle   in   Mystic   River   Water  Tunnel   at  Old  South   Shaft. 
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lagging  had  been  advanced  from  8  to  10  ft. 
beyond  the  completed  masonry,  it  was  lined 
with  brickwork  and  washed  with  cement. 
Where  the  tunnel  was  built  there  is  a  depth 

of  from  1.5  to  20  ft.  of  water  at  low  tide.   In 

a  blow-out  ocourred,  and  work  was  delayed 
for  a  week.  The  shafts  were  surrounded  by 

guards  of  oak  piles  securely  fastened  together 
with  hard  pine  timber  and  bolts  at  their  tops 

and  at  a  point  n  few  feet  above  the  low-water 
,    ,)  Verl  Cnrvf  -  Brick  Piers 

"'»  ̂ °u'^  ̂ ^°^'  l^^-i  --c  -i^  -r-  ti^-ci^-tL^tr^^: 

I  Pipe  ao« 

Location  of  Old  South  Shaft 
removed  in  I9IZ 

{..-ivert  Curve ,   Flat  Top  Box 

^'-—insulattnv  Joint 

Fig.   1.     Horizontal    and    Longitudinal   Sections    of    Water    Tunnel    Under    Mystic     River,   at  Chelsea   Bridge,  Joining 
Charlestown  and  Chelsea,  Mass. 

of  the  shaft,  and  the  shaft  was  then  lined  with 
brickwork  to  the  bottom  of  the  lining  already 
in  place.  .\  circular  steel  shield  about  9  ft.  in 
diameter  and  4V4  ft.  in  length  was  used  in  ex- 

cavating the  horizontal  portion  of  the  tunnel. 
The   shield   was    forcer'   ahead    by   means   of 

sinking  the  shaft  on  the  Chelsea  side  of  the 
channel,  the  material  excavated  was  mud  for  a 
depth  of  3  ft.,  clay  for  a  further  depth  of  11 
ft.,  and  then  sand  and  gravel  for  the  remaining 
distance  of  21  ft.  The  horizontal  portion  of  the 
tunnel    was   excavated   entirely   through   sand 

mark.  Both  shafts  and  tunnel  were  6  ft. 
internal  diameter,  with  walls  of  12-in.  brick 
masonrv  laid  in  Portland  cement.  The  shafts 

were  62'  ft.  in  depth  and  139%  ft.  from  center 
to  center.  The  leakage  into  the  tunnel  after 
the  work  was  finished  averaged  about  V2  gal. 
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per  minute.  The  total  cost  of  the  work,  in- 
cluding the  reconstruction  of  the  wooden 

boxing  at  each  end  and  repairing  fender  guard, 
but  not  including  the  cost  of  laying  the  pipes, 
was  $21,850. 

EXTENSION    TO    MYSTIC    RIVER    TUNNEL    IN     1912. 

The  tunnel  was  extended,  in  1912,  a  distance 
of  273  ft.  southerly  from  the  old  shaft  on  the 

Ladder- 1^  Steel  Runas 
IS'on  Centers 

river.  The  shaft  is  of  the  same  interior  diam- 
eter as  the  tunnel  and  is  protected  for  38  ft. 

on  the  upper  end  by  a  steel  casing  8  ft.  2  ins. 
in  internal  diameter  and  %-in.  thick,  which 
extends  about  15  ft.  below  the  river  bed.  The 
shaft  is  57.7  ft.  in  length,  with  its  top  about  5 
ft.  above  mean  high  water,  and  is  protected  by 
a  circular  fender  guard  composed  of  42  oak 
piles  securely  framed  and  bolted  together.    A 

^- Steel  Tunnel Plates  f  Thick 

Brick  Pier 

V/zy         d'Thick 

Shaft 
(with  steel  Casing) 

Fig.  3.    Typical  Sections  of  Shaft  and  Tunnel   at  Charlestown  Shaft,  Con- 
structed in  1912. 

Tunnel  In  rock  con.structed  with  8  In.  brick  walls. 

Charlestown  side  of  the  former  channel,  in 
connection  with  the  widening  of  the  channel 
and  rebuilding  of  the  bridge.  The  total  length 
of  the  new  tunnel  and  shaft  is  331  ft. 

The  work  was  begun  March  8  and  was  com- 
pleted Sept.  11,  1912.  It  was  done  by  the  pneu- 

matic process,  the  pressure  varying  from  19  to 
27.5  lbs.  per  square  inch.  The  work  was  car- 

ried on  continuously  with  a  day  labor  force 
working  in   three  8-hour   shifts  per  24  hours. 
The  old  tunnel,  which  was  140  ft.  in  length 

between  the  shaft  on  the  Chelsea  side  and  the 
shaft  on  the  Charlestown  side  of  the  ship 
channel,  was  located  about  10  ft.  from  and 
parallel  with  the  upstrearh  side  of  the  old 
bridge  and,  as  above  stated,  was  constructed  in 
1900  and  1901. 
The  extension  began  at  the  old  Charlestown 

shaft,  which  was  removed  after  the  new  tunnel 
was  completed,  and  from  this  point  the  new 
tunnel  deflects  to  the  right  from  the  line  of 

the  old  tunnel  through  an  angle  of  22°  30',  and 
after  extending  for  a  distance  of  75  ft.  it 
deflects  to  the  left  through  the  same  angle  and 
runs  parallel  with  and  30  ft.  from  the  upstream 
side  of  the  new  bridge  for  a  distance  of  198 
ft.,  to  the  new  shaft.  Horizontal  and  longi- 

tudinal sections  of  the  tunnel  are  shown  in 
Fig.   1.    The  sections  at  the  angle,  where  the 

le  Ook  Piles  wifh  l£ 
'-'Oak  Spur  shores 

-^6  'IS  HP  Timber 

plan  and  section  of  the  pile  guard  are  shown  in 
Fig.  4.  This  fender  guard,  three  temporary 
dolphins  and  a  temporary  platform  at  the 
shaft  were  constructed  by  the  contractor  who 
was  rebuilding  the  bridge  for  the  city  of 

'  Boston,  and  the  cost  of  this  work  is  not  in- 
cluded in  the  data  here  given. 

Rock  was  encountered  in  the  bottom  of  the 
excavation  for  a  distance  of  about  200  ft.,  and 
for  about  130  ft.  the  entire  heading  was  in 
rock.  The  remainder  of  the  excavation  was  in 
sand  and  gravel,  with  some  boulders. 

The  24-in.  pipes  in  the  old  tunnel  were  found 
to  be  in  poor  condition  below  high  water  and 
have  been  entirely  replaced.  In  relaying  the 
pipes  the  curves  at  the  bottom  of  the  shafts 
were  embedded  in  concrete  and  the  pipes 
through  the  tunnel  supported  on  brick  piers  8 
ins.  in  thickness,  spaced  about  U  ft.  apart.  The 
manhole  curve  at  the  top  of  each  shaft  is  se- 

cured to  the  curve  at  the  bottom  of  the  shaft 

by  two  lM;-in.  diameter  vertical  rods,   and  to 

..  j"'4Vent  on  top  of  Pipe 
filled  with  slaked  Dme 

Tunnel 

liscrewbolT 

§  Serein  bolt 

IB  Oak  ̂ iles 

y  ■ 
W'2  Ook  Spur  snore 

2  Slaked  Lime 

Z  Cement  Mortar  l-l 

shown  in  Fig.  5.  The  section  of  the  pipe  box 
on  the  land  side  of  the  new  shaft  is  shown  in 
Fig.  6. 

The  work  of  setting  up  the  boilers,  air  com- 
pressors, electric  light  plant,  hoisting  engines, 

pumps,  etc.,  was  begun  on  March  8,  and  during 
the  week  ending  March  23  the  water  was 
pumped  out  of  the  old  tunnel,  the  old  pipes 
removed  from  the  shaft  and  a  brick  bulkhead 
24  ins.  thick  built  into  the  tunnel  about  12  ft. 
from  the  shaft.  An  air  lock  was  then  bolted  to 
the  top  of  the  shaft  and  on  April  1  the  air 
pressure  was  applied.  The  brick  lining  was 
then  removed  at  the  bottom  of  the  shaft  and 

the  work  of  driving  the  tunnel  extension  be- 
gan on  April  8.  It  is  interesting  to  note  that 

while  a  circular  steel  shield  (see  Fig.  7),  and 
wooden  logging  were  used  in  1900,  steel  roof 
plates  (see  Fig.  8),  have  been  used  and  the 
wooden  logging  has  been  omitted  in  all 
subaqueous  tunnel  work  since  that  date. 

Rock  was  encountered  in  the  lower  part  of 
the  heading  and  rose  as  the  heading  advanced 
tmtil  at  a  distance  of  24  ft.  from  the  center  of 
the  old  shaft  the  tunnel  was  entirely  in  rock 
and  so  continued  for  a  distance  of  200  ft.  The 
woiic  of  lining  the  tunnel  with  brick  was 
commenced  on  April  13  and  both  excavation 
and  lining  were  carried  forward  at  the  rate  of 
about  2  ft.  in  24  hours  until  July  17,  when 

the  brick  lining  had  been  advanced  206.5  ft.  be- 
yond the  old  shaft.  A  brick  bulkhead  was  then 

built  near  the  end  of  the  finished  brickwork 
and  the  lined  portion  of  the  tunnel  cleaned, 
plastered  with  cement  mortar  and  washed 

with  cement  grout.  A  concrete  bulkhead  rein- 
forced with  steel  rails  was  then  built  into  the 

old  shaft,  above  the  tunnel,  as  shown  In  Fig.  2, 
and  on  July  25  the  removal  of  the  brickwork 
of  the  old  shaft  was  commenced.  When  this 
had  been  partially  done  an  attempt  was  made 
to  raise  the  steel  casing  of  the  shaft  with  its 
brick  lining  by  means  of  a  powerful  lighter, 
aided  by  compressed  air  in  the  shaft.  This 
proving  unsuccessful  the  shaft  was  left  in 
place  until  the  piles  surrounding  it  were  re- 

moved, and  on  Nov.  30  it  was  raised  by  the 
lighter  of  the  Merritt-Chapman  Co.  (see  Fig. 
9),  and  placed  on  the  pier  at  the  Naval  Hos- 

pital near  by.  The  brickwork  was  then  re- 
moved from  the  casing  and  the  steel  sold  for 

junk. 

The  circular  guard  of  oak  piles  surrounding 
the  new  shaft  was  built  by  the  George  T. 
Rendle  Co.  between  April  20  and  May  IS. 
The  steel  shaft  casing,  composed  of  four 
sections,  each  9%  ft.  long,  was  set  up  on  the 
liahter  and  two  of  the  sections  were  lined  with 

Z  round  battens 
on  Joints 

-  4''6' Spaced 

4  on  Ctrs. 

la  Boards 

Section  Shaft 

Fig.   4.     Plan    and    Section   of   Pile   Guard   to       Fig.  5.    Section  of  Lime  and   Mortar  Coating 
Protect   Shaft.  Over   All    Pipes   in  Tunnel   and   Shaft. Fig.  6.    Section  of  Pipe  Box. 

old    South    shaft    was   located,    are    shown    in 
F'g-  2-  .  .     .        . The  tunnel  is  6  ft.  in  interior  diameter  with 

a  12-in.  wall  of  brick  masonry,  except  at  places 
in  solid  rock  where  the  wall  is  8  ins.  thick. 
Typical  sections  of  shaft  and  tunnel  are  shown 
in  Fig.  3.  The  center  line  of  the  tunnel  is 
about  43.5   ft.  below  mean  low  water  in  the 

the  pile  foundation  by  two  1%-in.  rods  car- 
ried back  horizontally  about  60  ft.  For  the 

purpose  of  preventing  the  deterioration  of  the 
pipes  by  the  action  of  salt  water  and  elec- 

trolysis they  were  covered  with  a  %-in.  coating 
of  slaked  lime,  which  was  in  turn  covered  with 
a  1%-in.  coating  composed  of  equal  parts  of 
Portland  cement  and  sand.   These  coatings  are 

brick.  On  May  20  the  casing  was  lowered  into 
position  by  the  use  of  the  lighter.  The  brick 
lining  was  then  completed.  On  August  9  the 
hoisting  engine  and  air  lock  were  removed 
from  the  old  shaft  and  set  up  at  the  new  shaft. 
The  air -pressure  was  applied  to  the  new 

shaft  on  August  10  and  t'  e  brick  lining  of  the sliaft    completed    to    the    finished    grade    on 
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.\ugust  16.   The  plant  used  at  the  new  shaft  is 
shown  in  Fig.  10. 

Quicksand  was  encountered  at  the  bottom  of 
the  shaft.  The  bottom  was  covered  with  a 

flooring  of  2-in.  plank  on  which  was  placed 
Portland  cement  concrete  18  ins.  in  thick- 

ness.     Tunnel     excavation     from     the     new 

Fig.   7.    View  of    Hydraulic    Shield    Used    in 

Driving   Original    Mystic   River  Water 
Tunnel    in    1900. 

shaft  was  begun  .N'.ig.  IG  and  the  tun- 
nel lining  was  finished  Sept.  1.  The  air 

pressure  was  removed  on  Sept.  .3  for  a  short 
time  for  the  purpose  of  testing  the  tightness  of 
the  masonry.  On  Sept.  6  the  air  pressure  was 
fmally  taken  off.  The  work  was  carried  on 
continuously  day  and  night,  a  force  averaging 
16  men  being  employed  on  each  of  the  three 

shifts.  In  order  to  comply  with  the  law  limit- 
ing the  hours  of  labor  to  48  per  week,  and  at 

the  same  time  carry  on  the  work  continuously, 
additional  laborers  and  machinists  were  em- 

ployed. The  pipe  line  was  finished  on  Nov.  30 
and  placed  in  service  on  Dec.  7. 
The  following  prices  were  paid  for  labor : 

i:nBlncer,  per  week  averaging  5%  days. .  .J25.00 
l'"lrerrt.Tn.  per  we«k  .iveraglnir  5*4  days    17.00 
H<-ad  mlnur,  per  week  averaging  7  days..  33.00 
Miner,    per    S-hour    day    3.20 
Min.  t.    p.-r   S-hour  day    2.80 
I..M  1  t.ndcr,    per  8-hour  day    2.80 
•|'..|jin,in.  per  8-hnur  d«y    2.50 
l.ilMirer.   per  8-hour  day    2.40 
l.il<f)rer,    per    8-hour   day    2.25 
Hl.trksmith.   per  8-hoiir  day    S.OO 
Mason  (day  work),  per  8-hour  day    6.40 
.Maxon    (piece    work,    tunnel),    per    linear 

foot  of   tunnel    2.00 

.M.'iHon   (piece  work,  shaft),  per  linear  foot 
nf  shaft       "MO 

Tiic      following      prices      were     paid      for 
materials: 

Hrlck,   delivered   on  work,  per  M   t  9.2) 
Ciirtland    cement,    delivered    on    work    In 

li.-iKK.    per    hbl       1.4fi 
''■lal.    per    ton..        5.2.". 
' 'Ml.   per  ton..        4.20 
'•III.    per    ton.        3.S.". 
I     iiil..r,  spnio-.  1.1  I    M   ri.  B.  M   t24  to  29.00 
I.I     l.r.  hnril  [ilne.  per  M  ft.  B.  M    3^.00 

.    1     dfllvir'.!  'in  '.vork     per  cu.  yd       1.30 
II  work,  per  ton.     1.40 
—  r  cu.  yd       2.5'J 
-r  KiO  lbs     18.10 
      1.00 
      O.OD 

'  mp   sum   prices 
   2S.00 >r  nxslMtant, 

  80.00 

l.r. 
I'l,.'.,    .I.l.'.. 
I  '\  ri:.nii|.  . 
l-in:.'   liinnt-l   i' 
.  rii:ill  tunnel  pi 
l.i:;hlrT.     per    <l.i 

lor  flpeclnl  wort.  < 
Kentnl  of  plant  nn.l 
per  day      

CONSTRl  1.  HON    I'i.ANT. 

The    con.struction    plant    employed    w  s    as 
follows  : 

Kstlmat. value 
when  new. 

1    Air   compressor.    Jngersoll-Rand,    18x 
14x24-ln. 

1  Air  compressor.  Knnwlos.  12x18x18-ln. 
2  75-HP.    vertical    MnnninR    iMjIlers.    fio 

Ins.  X  13  ft   $2,400.00 
1  Air  receiver.  3  tl.  x  7  ft. 
1   Shaft  lock.   0  ft.   X  (1  ft       700.00 

1   Knnwics  4x3-ln.   duplex   pump         200.00 
1   'WorthlnBton  2xl-ln    >hiplex  pump. .  .  .      200. UO 
1   ICdson  pump,   IH-ln.  dlscli.irKe. 
1  Head  house  wheel,  2  7ri-fl.  diameter. 
1   12-HP.  Pnlne  dynamo  engine         500.00 
1   C?enemtor,  60  nmpens.  lln  volts         130.00 
1  Two-drum.    20-HP..    double    cylinder 

hoisting  engine  ond  boiler     1,200.00 
1  Ton    steel    rails          40.00 

3  Car    trucks    with    wheels,    axles    and boxes      
3  Skips,   5x2.4x2.1      
6  Cylindrical  buckets    
5  3-ft.  radius  ribs  for  lagging. 

Pipe  and  fittings. 
o6  12-fn.  bracing  Jacks. 
1  Portable  forge    
2  Wheelbarrows      
1  1,'iO-lb.  medium  anvil. 

GENER.\L  EXPENSES. 

The    following   general    expenses    wc curred : 

Superintendence    .$ 

Rental  of  plant  and  services  of  assist- ant   
Installing  Plant:  .„„„„, 

Labor      J690.03 Teams  and  lighter        15522 

Supplies           562.16 
Hoisting  Plant:  ,.„^  „„ 

Labor        J797.00 
Lumber       ^^^„« 
Supplies       54.20 

Operating  Plant: 
I^bor    •.   $7,860.22 
Coal         2.S89.60 
Miscellaneous  supplies           208.52 
Miscellaneous   teaming             48.00 

Removing  Plant:  _    _ 
Labor         ?421.2o 
Teams  and  lighter        190.00 

105.00 
90.00 

180.00 

30.00 

6.00 

ROCK  EXCAV.\TI0N. 

Approximately  302  cu.  yds.  of  rock  was  ex- 
cavated in  the  horizontal  portion  of  the  tunnel. 

The  rock  was  of  a  hard,  though  seamy,  texture 

and  required  blasting.  The  air  pressure  used 
was  the  same  as  when  the  heading  was  in 
earth.    When  the  heading  was  in  solid  rock, 

Preliminary  and  Incidental  Ex- 

penses: Pumping  water  from  old  tun- nel     J3SS.32 

Building  and  removing  bulk- 
heads          382.58 

Cutting  brickwork  in  old  tun- nel            491.0S 
Cleaning  out  finished  tunnel. 

etc         276.38 

2,400.00 

5,520.00 

1.387.70 

1,384.12 

11,006.34 

611.25 
Fig.  8.    View   of   Steel    Roof   Plates   Used    in 

Driving    Extension    to    Mystic    River 
Water   Tunnel    in    1912. 

about    2.6    lbs 
linear  foot. of    dynamite    was    used    per 

1,538.36 
Total  general  expenses   $23,847.56 

The  plant  was  operated  4,248  hours,  from 
7:30  a.  m.,  March  13,  to  7:30  a.  m.,  Sept.  0. 

1012,   Cost  of  general  expenses  per  hour,  $-5.61. 
EARTH  EXCAVATION. 

About  301  cu.  yds.  of  earth  was  excavated 
under  air  pressure  of  19  to  27y2  lbs.  per  square 
inch.  Work  was  continuous  for  three  shifts 

per  24  hours.  Material  encountered  in  the 
shaft  varied  from  fine  silty  sand  at  the  bed  of 
the  river  to  sand  and  coarse  gravel,  with  some 
boulders,  at  the  elevation  of  the  tunnel.  In  the 
horizontal  portion  of  the  tunnel  the  material 
was  largely  blue  gravel. 

Fer  cent 
of  total. General    expense.-^      $5,277.34         56.S 

Steel  casing  for  shaft         760.00  8.2 
Roof  plates  for  tunnel        510.85  5.5 
Clay             96.99  1.1 
Tools             21.58  0.2 
Miscellaneous  supplies             23.86  0.3 

General  expense?   $12,025.43 

Roof  plates  for  tunnel...
  ."» -« 

Blasting   supplies      
Clay       
Tools      
Miscellaneous      .supplies 

expenses      Labor      

and 

493.53 

91.38 
60.45 21.56 

47.22 

■,594.73 
Per  cent 

of  total. 
59.1 2.4 

0.5 
0.3 

0.1 

0.2 

37.4 

Total      $20,334.30 
Cost  per  linear  foot   $130.85 
Cost  per  cu.  yd.  of  excavation       67.29 

BRICK    LINING. 

About  310  cu.  yds.  of  brick  masonry  (includ- 
ing concrete  l)ase  at  foot  of  new  shaft  and 

concrete  plug  in  old  shaft)  was  built,  with  an 

air  pressure  of  10  to  27V-:  lbs.  per  square  inch. 

Brick  masons  were  paid  lar,s;ely  1it  piece  wor' 

Genei-al  expenses     $  4,36S.S4 
Brick       1,304.96 
Cement      727.22 
Sand       186.37 

Lumber        .\..Ur--'  o3.4S Miscellaneous  supplies       88.52 

Per  cent of  total 

39.7 

11. S 

6.C 

1.7 

0.5 

O.S 

Fig.  9.    View  Showing  the  Pulling  Up  of  the   Old  South  Shaft  of  the  Mystic  River  Water 
Tunnel. 

Use  of  lighter  placing  shaft..        121.67  1.1 
Brick   mason              793.40  7.2 
Labor           3. 369. OS         30.6 

l^bor    2,506.10         26.9 use    of    lighter    setting    steel 
Casing             93.33  i.o 

„      Total       $9,290.05  Total   $11,013.54 
Cost  per  linear  foot   $61. is        Cost  per  linear  foot   $33.18 
Cost  per  cu.  yd.  of  excavation    30.90        Cost  per  cubic  vard    35.55 
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REMWING    OLD    SH.\FT. 

About  29  cu.  yds.  of  brickwork  were  re- 
moved from  the  old  shaft  with  the  use  of 

dynamite  and  bull  pointing.    The  upper  18  ft. 

It  was  desired  to  construct  the  well  of  con- 
crete 25  ft.  in  diameter  with  the  top  of  the 

concrete  floor  about  the  same  distance  below 
the  ground   surface.     The  soil  was  sandv  but 

Fig.  10.    View  of  Plant  Used   in  Sinking   Shaft,   Mystic   River  Water  Tunnel 
Extension. 

nf  brickwork  were  left  in  the  steel  casing, 
which  was  withdrawn  by  lighters  and  trans- 

ported to  the  Naval  Hospital  pier. 
(Jeneral  expenses     ?2. 176.25 
BlaFting  supplies              19.91 
Clav             30.05 
Miscellaneous            32.37 
Labor      1.155.36 
L'se  of  lighter  handling  shatt. .      440.00       $3,8.53.94 
Credit  for  steelwork  sold  as  junk          72. Ou 

Total  for  removing  old  shaft   $3,781.94 
Cost  per  linear  foot   $74.10 

SUMMARY    OF    COSTS. 
Earth  excavation      $  9,290.05 
Rock  excavation      20,334.30 
Brick  lining      11,013.54 
Removing  old    shaft       3.781.94 

$44,419.83 
Engineering           2,200.63 

Total  cost   $46,620.45 
Cost  per  linear  foot  of  complete  tunnel.        140.85 

Difficulties  Encountered  and  Methods 

Employed  in  Putting  Down  Large 
Dug  Well   in  Water  Bearing 
Sand  at  Atlantic  City,  N,  J. 

To  the  Editors :  I  have  read  with  interest 

tlie  description  by  Mr.  J.  W.  Ledoux  in  ExGi- 
.VKERiNG  AND  CoNTRACTiXG.  of  September  23, 
of  difficulties  encountered  in  sinking  a  pump 
well    in    New   Jersey,   and    venture   to   send   a 

underlaid  by  clay  at  a  depth  of  2-5  ft.  and  with 
the  ground  water  level  but  7  ft.  below  the 
surface.  A  view  of  the  superstructure  is 
show'n  in  Fig.  1. 

The  contractor  elected  to  construct  a  circu- 
lar wooden  curbing  that  would   serve  as  the 

Fig.  1.  Completed  Superstructure  of  Pump 

Well  at  Atlantic  City.  Ten-inch  Tubular 
Well  on  the  Left.  Edge  of  Old  Pump  Well 
on   Extreme  Right. 

outer  form  of  the  concrete  wall.  When  at  a 
depth  of  15  ft.  this  curbing  showed  signs  of 
failure  and  the  contractor  was  ordered  to 
strengthen  the  work.  This  he  did,  but  in  an 
inefficient  manner,  and  when  the  bottom  of  the 

The  contractor  attempted  to  control  this 

flow  b\-  driving  a  6-in.  and  then  an  8-in.  cast 
iron  pipe  about  the  hole,  placing  50  bags  of 
sand  around  the  same  and  then  ramming  small 
bags  of  hair,  oakum  and  sand  down  the  8-in. 
pipe  into  the  cavity  below.  The  latter  were 
ejected  by  the  flow  of  water  (about  375  gals, 
per  min.  were  being  removed  by  the  larger 
pulsometer)  but  this  was  partially  checked  by 
ramming  in  manure.  I\Ieanwhile  the  water 
continued  to  break  out  around  the  cast  iron 

pipes,  the  curbing  continued  to  fail  and  the 
surrounding  material  to  settle  and  it  became 
evident  that  the  contractor  was  unable  to 
cope  with  the  situation.  The  Department  then 
took  control  and  decided  to  surround  the  en- 

tire work  by  an  octagon,  40  ft.  in  the  clear 
inside,  of  6  in.  tongued  and  grooved  sheet 
piling  driven  into  the  clay  to  prevent  lateral 
infiltration  and  to  lower  the  ground  water  by 
sinking  a  10-in.  tubular  well  a  few  feet  out- 

side, operated  by  air  lift,  to  reduce  the  upward 
tlow  through  the  old  test  hole.  A  view  of  the 
pile  driver  and  the  nature  of  the  ground  sur- 

face of  the  well  site  is  shown  in  Fig.  2. 
After  completing  these  two  preliminary 

pieces  of  work,  the  old  curbing  with  its  intri- 
cate mass  of  crossbracing  was  entirely  re- 

moved, the  ground  water  lowered  some  4  ft. 

by  pumping  the  10  in.  well  at  a  rate  of  about 
1.000,000  gals,  per  day,  and  excavation  was 
carried  down  to  the  clay.  Heavy  round  tim- 

bers cut  on  the  ground  were  then  placed  as 
bracing  just  above  the  bottom.  But  before 
anything  further  could  be  accomplished  the 
flow  in  the  bottom  and  from  the  sides  in- 

creased to  an  alarming  extent,  causing  settle- 
ment on  the  side  to  within  5  ft.  of  an  old 

pump  well,  through  which  the  entire  city 
received  its  supply.  As  this  was  built  of  dry 
masonry  it  would  have  taken  very  little  dis- 

placement of  the  adjacent  earth  to  cause  its 
destruction  and  allow  its  contents  to  flow  into 
the  'lew  excavation. 

To  control  the  upward  flow  through  the  old 
test  hole  a  20-in.  pipe  was  driven  surrounding 
the  8-in.  pipe  already  placed.  .As  this  was 
inefl'ectual  a  16  ft.  section  of  42  in.  wood-stave 
pipe  was  assembled,  the  materials  for  which 
were  at  hand,  and  this  was  driven  around  the 
20  in.  pipe  and  the  flow  finally  controlled. 
To  prevent  failure  from  further  settlement 

on  the  outside  a  row  of  2-in.  sheeting  was 
driven  parallel  to  and  a  few  feet  from  the 
G  in.  sheet  pile  curbing,  to  which  it  was 
braced,  and  the  hole  filled  with  alternate  layers 

of  hay,  manure  and  clay.  This  prevented  fur- 
ther trouble  at  this  point.  Two  inch  sheeting 

was  also  driven  into  the  clay  on  the  interior 
of  the  curbing,  where  leakage  was  excessive, 
and  small  crevices  were  calked  with  oakum. 
A  view  of  the  cave-in  towards  the  old  pump 
well  is  shown  in  Fig.  3. 

Fig.   2.     View  of    Driving   of  6    in.     Sheet     Piling     in     Sinking 

Large    Dug    Well    in     Water   Bearing  Sand  at  Atlantic  City. 

,4 Fig.   3.     View  of  Cave-in   Towards   Old   Pump   Well    Being  Cleaned 
Out.     This  Was   Refilled  with   Manure  and  Clay.    Bank  on 

Right  Supported  by  Sheeting  Braced  to  Sheet  Piling. 

few  notes  concerning  another  troublesome 
piece  of  similar  work  in  the  same  State  in 
1!W4  in  connection  with  the  .Atlantic  City  wa- 

ter works,  of  which  I  was  at  the  time  engi- 
neer and  superintendent. 

pit  reached  a  depth  of  24  ft.  a  strong  flow 
broke  out  through  an  old  test  boring  that  had 
been  made  earlier  on  the  same  site.  This  was 
of  such  volume  that  it  was  barely  handled  by 
a  6-in.  and  a  2^4-in.  pulsometer. 

Having  the  inflow  of  water  well  in  hand, 

bags  of  concrete  w"ere  placed  under  water  in  a 
ring  3  or  4  ft.  wide  around  the  inside,  and 
the  rest  of  the  base  was  loaded  with  bags  of 
sand    and    concrete.      The    water    could    then 
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be  safely  lowered,  a  12  in.  ring  of  concrete 
was  placed  inside  the  ring  of  bags,  the  con- 

crete floor  reinforced  by  railroad  iron  laid, 
and  the  outer  walls  carried  up  to  the  top, 
ready  for  the  superstructure,  without  further 
difficulty. 
The  lessons  derived  from  this  piece  of  work 

were,  first,  the  futility  of  entrusting  construc- 
tion of  this  character  to  an  incompetent  or 

inexperienced  contractor,  and,  secondly,  recog- 
nition of  the  fact,  at  the  start,  that  in  wet 

underground  construction  it  is  more  important 

to  "play  safe"  than  to  save  a  few  dollars  in 
preliminary  preparations. 

Ver>'  truly  yours, 
Kenneth  Allen. 

Park  Row  Building,  New  York  City. 
October  6,  1914. 

Permissible  Pollution  in  Raw  Water 

to  Be  Filtered  for  Domestic 

Consumption. 

The  modern  water  filter  has  been  so 
markedly  successful  in  its  service  of  purifying 
water  supplies  for  domestic  purposes  that  it 
has  sometimes  been  taken  to  be  a  cure-all  for 
any  ills  or  unfortunate  conditions  which  might 
afTect  the  raw  water.  A  raw  water  may  be 
turpid  enough  to  make  it  almost  a  liquid  mud ; 
it  may  be  so  badly  polluted  by  bacteria  that  it 
is  not  much  better  than  a  weak  sewage  effluent ; 
it  rnay  have  such  a  strong  color  that  it  could 
easily  pass  at  a  soda  fountain,  yet  in  all  such 
cases  it  has  often  been  taken  as  a  matter  of 
course  that  the  addition  of  an  ordinary  water 
filter,  either  of  the  slow  sand  type  or  the  me- 

chanical type,  would  be  sufficient  to  bring  the 
water  to  a  condition  of  perfect  purity  in  all  its 
properties  and  make  it  absolutely  satisfactory 
and  sufficient   for  all     drinking  purposes. 

I.l.MITATIONS   OF   FILTERS. 

It  is  unfortunately  true  that  such  perfection 
of  operation  cannot  at  all  times  and  places  be 
depended  upon,  and  that  the  water  filter,  while 
often  doing  what  seems  almost  impossible, 
may  not  always  do  all  that  it  has  sometimes 
been  called  upon  to  do.  In  some  particulars, 
such  as  the  removal  of  turbidity  and  the  re- 

moval ot  color,  the  eye  can  readily  detect  to 

what  extent  the  water  filter  fails'  of  giving perfect  results.  In  other  particulars,  such  as 
the  removal  of  bacterial  pollution,  so  as  to 
make  the  water  of  satisfactory  sanitarv  qual- 

ify, it  is  much  less  easy  to  see  what  has  been 
accomplished  by  the  filter,  and  because  of  in- 

adequate supervision  and  lack  of  adequate 
bacteriological  testing  a  filtered  water  of  less 
than  a  reasonable  standard  of  purity  has  often 

been  accepted.  This  is  particularly'likely  with a  small  plant  which  docs  not  have  regular  and 
dependable  laboratory  supervision.  There 
seems  no  doubt  that  a  water  filter  can  only 
eflfecl  so  much  and  no  more  in  the  way  of 
bacterial  purification.  Having  in  mind  limits 
such  as  these,  it  will  be  necessary  to  consider 
the  raw  water  to  be  applied  to  a  filter  and  to 
determine  how  much  of  a  burden  the  condition 
of  the  raw  water  will  impose  on  the  filter,  so 
as  to  pennil  this  filter  to  do  reasonably  satis- 

factory work,  and  to  apply  to  a  filler  only 
such  water  as  with  reasonable  preparation  can 
iie  properly  treated  to  give  a  good  drinking 
water  supply.  These  matters  are  considered  in 
the  present  article  which  is  a  reprint  of  a 
paper  by  Mr.  George  W.  Fuller,  of  New  York 
City,  before  the  recent  annual  convention  of 
the  .American  Society  of  Municipal  Improve- ments. 

I'REVIOUS    CONSIDERATION    OF   THF.    QUESTION. 
While  for  some  years  this  qucslinn  of  the 

proper  loading  or  burden  on  fillers  has  been 
considered  in  many  places  and  attempts  have 
been  made  to  fix  some  sort  of  a  standard 
which  would  serve  the  purpose,  these  attempts 
have  met  with  very  little  success.  The  dif- 

ficulties of  fixing  such  a  standard  are  self- 
evident.  It  is  rather  obvious  that  no  exact 
relationship  exists  between  the  sanilarv  quality 
of  the  water  and  the  number  of  bacteria  pres- 

ent, no  matter  how  tlie  bacteria  arc  tested, 
whether  in  the  form  of  total  bacteria  or  some 
special  form  such  as  tb»  colon  bacillus.     It  is 

possible  that  some  waters  should  have  good 
sanitary  properties  and  yet  have  a  rather  large 
number  of  bacteria.  Other  waters,  again, 
which  might  be  relatively  free  from  bacteria, 
would  show  themselves  to  be  unhealthful. 
While  it  has  been  clearly  recognized  that 

some  limits,  definite  if  possible,  should  be 
placed  on  the  proper  burden  for  filter  plants, 
no  such  limit  has,  until  recent  times,  been  es- 
tablished. 

B.  COLI  AS  A  BASIS  OF  DETERMINATION. 

Tlie  first  question  that  arises  for  determina- 
tion is.  How  shall  the  quality  of  a  water  be 

measured  or  determined?  For  bacterial  pur- 
poses, bacteria  have  been  taken  in  various 

ways,  measuring  the  total  number  of  bacteria 

either  at  20°  Centigrade  or  37°  Centigrade  on 
various  media.  Then,  again,  special  bacteria, 
such  as  the  B.  coli,  may  be  considered  a  bet- 

ter indication  of  fecal  pollution  than  total 
bacteria.  In  some  extreme  cases  experiments 

have_  suggested  the  taking  of  the  actual  de- 
termination of  disease  bacteria,  such  as  the 

typhoid  bacillus  or  the  cholera  bacillus,  as  a 
guide  to  the  true  disease-carrying  sources  of 
pollution.  Each  of  these  methods  has  some 
advantages  and  some  disadvantages. 

Considering  the  last,  the  direct  determina- 
tion of  disease-producing  bacteria,  this  is  prac- 

tically ruled  out  by  the  difficulty  of  making 
such  determinations.  It  has  not  yet  been  gen- 

erally feasible  to  determine  with  precision 
and  certainty  whether  bacteria  such  as  the 
typhoid  are  present  in  any  water,  and  while 
such  determination  is  sometimes  successful  it 
has  not  been  generally  so.  In  addition,  we 
are  not  quite  sure  as  to  the  limitations  of 
water-borne  diseases  to  any  specific  small 
number  of  kinds,  and  it  would  be  quite  pos- 

sible that_  even  exact  ■  and  positive  exclusion 
of  a  certain  small  number  of  organisms  would 
not  be  a  guarantee  that  the  water  could  not 
contain  some  other  disease-producing  bacillus 
which  has  not  yet  definitely  been  determined  as 
such. 
The  determination  of  the  total  number  of 

bacteria  present  has  been  the  simplest  and 
most  common  form  of  water  analysis  pro- 

cedure, and  has  considerable  value.  The  old 
standard  of  the  German  sanitarians  was  an 
allow;mce  of  100  bacteria  per  cubic  centimeter 
in  filtered  water.  This  standard  is  a  simple 
and  in  <;ome  ways  a  useful  one',  and  has  been 
widely  extended  in  this  country.  Assuming  a 
bacterial  efficiency  of  the  filters  as  98  per 
cent,  the  raw  water  to  give  such  a  filtered 
water  should  not  exceed  a  bacterial  content  of 
■"),000  per  cubic  centimeter. 
The  objection  may  be  raised  that  by  far  the 

greater  nundjer  of  bacteria  are  simply  water 
bacteria  or  non-pathogenic,  and  are  no  in- 

dication either  of  pollution  or  of  having'  any harmful  effect.  A  water  mav  have  a  very 
large  number  of  bacteria  and  still  be  absolutely 
harmless.  This  objection  has  been  strong 
enough  largely  to  discredit  the  total  number 
of  bacteria  as  being  a  very  good  evidence  of 
the  wholesumeness  or  unwholesomeness  of  any particular  water. 

Tlie  third  determination,  that  of  B.  coli,  has 
come  to  bo  recognized  to  be  tlie  most  satis- 

factory, all  things  considered,  of  the  possible 
methods  of  determining  the  pollution  of  a 
water.  B.  coli  of  itself  is  not,  of  course,  anv 
direct  indicator  of  disease-bearing  bacilli.  It 
IS  only  a  very  indirect  evidence  of  the  pos- 

sibility of  recent  fecal  pollution.  As  is  well 
known,  R.  coli  originates  from  many  other sources  than  human  fecal  excrement.  It  is 
found  in  large  quantities  in  animals,  par- ticularly domestic  animals.  It  is  also  found 
in  considerable  quantities  on  grain  materials 
and  tilled  fields.  Water  running  off  from 
farms  pastures,  etc.,  must  necessarily  contain 
considerable  quantities  of  such  coli,  and  under 
such  circumstances  B.  coli  in  no  way  show 
the  evidence  of  dangerous  pollution.  Never- 

theless, taking  everything  into  account  and 
knowing  the  limitations  of  the  B.  coli  as  an 
indicator  of  ftcal  pollution,  it  still  must  be 
said  that  tins  is  the  single  best  means  we 
have  of  determining  whether  a  water  is  most 
probably  wholesome  or  unwholesome  accord- 

ing to  the  number  of  B.  coli  present  in  the 

water.  We  recognize  that  this  basis  of  de- 
termination is  not  at  all  conclusive  or  positive, 

but  we  also  recognize  that  it  is  the  best  we 
have,  and  as  such  it  is  proper  to  make  use 
of  it  in  gaging  the  sanitary  qualities  of  the 
water. 
INTER.VATIONAL     JOINT     COMMISSION     INVESTIGA- 

TION. 

An  International  Joint  Commission,  com- 
posed in  part  of  appointees  of  the  United 

States  and  in  part  of  appointees  of  Canada, 
has  been  investigating  the  question  of  pollution 
of  the  international  boundary  waters,  with  the 
idea  of  determining  to  what  extent  pollution 
must  be  limited  in  order  not  to  endanger  the 
health  of  the  communities  on  the  two  sides  of 
these  boundary  waters.  As  a  great  part,  if 
not  all,  of  the  possible  danger  to  health  which 
must  arise  from  drinking  water,  the  question 
practically  resolves  itself  down  to  this : 

1.  Is  it  possible  to  maintain  the  water  in 
such  shape  that  without  treatment  it  shall  be 
suitable  for  drinking  water? 

2.  If  it  is  not  possible  to  maintain  the  water 
in  such  a  condition  of  purity  and  it  does  need 
filtration  before  being  suitable  for  drinking 
water,  what  is  the  limit  of  pollution  allowable 
before  the  filtration  plant  will  be  overloaded, 
and  safe  drinking  water  cannot  reasonably  be 
obtained  by  ordinary  filtration? 
The  first  source  of  information  is  those 

cities  which  have  been  receiving  a  supply  of 
unfiltered  water  which  have  sufficient  data 
available  to  show  how  this  water  stands  in 
rank  on  the  basis  of  B.  coli  present  in  the 
water.  An  examination  of  these  B.  coli  rec- 

ords and  the  records  of  the  city,  its  typhoid 
data,  to  show  whether  this  water  can  reason- 

ably be  classed  as  a  fairly  healthful  and  whole- 
some water  or  whether  it  should  be  classed  as 

a  water  of  rather  deficient  quality.  A  second 
source  of  information  is  the  various  filtered 
waters  which  are  supplied  to  a  number  of 
communities  and  the  records  they  have  of  coli 
content  in  this  filtered  water  and  the  B.  coli 
content  in  the  raw  water  supplied  to  those 
filters.  Most  of  our  communities  which  do 
have  filtered  water  show  a  satisfactory  effluent 
and  a  satisfactory  typhoid  fever  rate,  which 
is  some  measure  of  the  wholesomeness  of  the 
water  supplied.  An  examination  of  the  cor- 

respondingly raw  waters  applied  to  the  filters 
gives  some  indication  of  where  a  reasonable 
standard  limit  should  be  placed.  A  third 
source  of  information  is  the  consideration  of 
a  standard  of  efficiency  of  bacterial  removal 
and  the  assumption  of  a  reasonable  number  of 
B.  coli  in  water  supplied  for  drinking  pur- 

poses and  a  corresponding  calculation  of  what 
would  be  a  proper  natural  limit  of  B.  coli  in 
the  water  supidied  to  the  filters  under  these 
conditions. 

On  the  basis  of  the  information  of  these 
three  classes  must  be  fixed  the  required  stand- 

ard. This  information,  which  is  afforded,  is 
by  no  means  exact  in  character,  and  no  exact 
reading  can  be  made  from  it  even  in  any  par- 

ticular case.  Moreover,  the  data  obtained 
from  various  cities  are  very  conflicting,  and 
even  the  data  obtained  at  various  times  from 
the  same  cities  under  apparently  similar  con- 
tions  are  conflicting  and  cannot  always  be  re- 

conciled. Sonic  cities  are  receiving  a  markedly 
poor  water  in  H.  coli  content,  yet  have  a  very 
satisfactory  water  from  a  sanitary  stand- 

point, and  typlioid  fever  rates  are  "relatively low.  Others,  again,  receive  a  rather  good 
water  and  deliver  for  drinking  purposes  a 
decidedly  good  water  and  vet  show  a  much 
less  satisfactory  typhoid  fever  rate. 

It  is  recognized  that  typhoid  fever  originates 
only  in  part  in  water  supplies,  and  that  B. 
coH  in  the  water  and  typhoid  fever  rates  need 
not  be  in  any  relation  to  eacli  other. 
A  case  in  point  is  that  of  the  Birmingham, 

Ala.,  water  supply.  Tliis  city  receives  its  water 
from  two  sources,  namely,  the  Five-Mile  Creek 
and  the  Cahaba  River.  The  water  from  the 

Five-Mile  Creek  is  sterilized  after  being  fil- 
tered and  shows  practically  no  B.  coli  as  de- 

livered to  the  consumer,  the  water  from  the 
Cahaba  River  is  filtered  but  not  sterilized, 
and  shows  an  appreciable  amount  of  B.  coli, 
though    not    an    extraordinary    number.      Yet 
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the  typhoid  fever  of  the  two  districts  sup- 
plied from  the  two  plants  is  no  better  in  the 

first  case  than  in  the  second.  In  the  entire 
citv  the  typhoid  death  rate  is  very  low  during 
thi-  winter  months  but  is  high  during  the 
warmer  season  of  the  year,  when  fly  transmis- 

sion becomes  a  factor  of  importance. 

The  best  than  can  be  done  with  the  data  at 
hand  is  to  consider  all  these  data,  properly 

weigh  them,  and  on  the  basis  of  a  rather  gen- 
eral judgment  come  to  some  conclusion  on 

what  is  a  proper  limit  of  B.  coli  in  water 
to  be  applied  to  the  filters.  Such  a  con- 

clusion can  by  no  means  be  considered  an 
ex.TCt  judgment,  and  should  be  considered 
rather  an  average  than  a  rigid  limit  for  any 
particular  case.  This  standard  specifies  that 
water  applied  to  filters  should  show  by  the 
presumptive  test  not  more  than  500  B.  coli 

per  100  c.  c.  of  w-ater  as  a  yearly  average, 
meaning  by  this  that  B.  coli  should  not  be 
found  more  than  50  per  cent  of  the  time  in 
■0.10  c.  c.  samples.  For  averages  for  shorter 
selected  times,  monthly,  weekly,  or  daily,  the 
allowable  B.  coli  content  may  be  considerably 
higher.  It  is  believed  that  for  this  purpose 

the  averages  based  on  a  year's  readings  are 
more  useful  than  averages  for  a  shorter  time 
with  a  correspondingly  different  standard  of 
allowable  B.  coli. 

The  adoption  of  a  standard  such  as  this 
means  that,  apart  from  pollution  objectionable 
in  other  ways  than  bacterial,  the  allowable 
limit  of  bacterial  pollution  should  be  particu- 

larly measured  by  the  condition  of  the  water 
as  it  reaches  the  intake  of  some  water  supply 
where  the  water  is  purified.  If  this  water 
shows  no  more  than  50  per  cent  postive  tests 
for  B.  coli  in  0.10  c.  c.  samples  as  a  yearly 
average,  the  amount  of  bacterial  pollution 
arising  from  a  sewer  outlet  may  be  considered 

■not  too  high.  If,  on  the  other  hand,  the  bac- 
terial standard  so  set  is  exceeded  in  the  water 

supply,  the  need  is  set  for  the  polluting  com- 
munity to  purify  its  sewage  by  sterilization  or 

further  to  such  an  extent  that  the  water  will 
not  be  affected  to  a  more  objectionable  degree 
than  the  one  allowed. 

For  any  particular  case  to  be  considered  spe- 
cial consideration  must  be  given  to  the  local 

conditions.  If  the  water  is  such  that  prac- 

tically'all  the  B.  coli  can  be  attributed  to  sew- 
age pollution,  a  rigid  interpretation  of  the 

standard  w-ould  properly  be  in  order.  In  the 
case  of  a  stream  passing  through  farming 
communities  where  a  large  part  of  the  B.  coli 
does  not  originate  directly  from  fecal  excre- 

ment, but  from  fields,  under  such  conditions 

that  disease  pollution  w'ould  not  follow,  this 
standard  can  be  more  liberally  applied.  Other 
factors  to  be  considered  are  the  distance  of 
the  water  supply  intake  from  the  source  of 

pollution,  the  degree  of  dilution  of  the  sew- 
age effluent,  the  nature  of  wind  and  water  cur- 

rents, which  may  objectionably  or  favorably 
affect  the  movement  of  water  to  a  water  sup- 

ply intake,  and  many  other  facfors  cf  this  na- 
ture. While  it  is  undoubted  that  a  good  deal 

of  judgment  must  be  used  in  special  cases  in 
applying  any  special  standard  of  purity,  and 
while  such  a  standard  cannot  be  used  in  ig- 

norant hands  as  a  substitute  for  expert  super- 
vision and  expert  judgment,  a  basis  such  as 

this  is  well  worth  establishing  as  a  starting 
point    for    further   investigations. 

The  bacterial  efficiency  of  a  filter  is  not  an 
invariable  quantity.  Roughly  speaking,  98  to 
99  per  cent  may  be  placed  as  a  fair  average 
under  ordirary  conditions.  Percentages,  how- 

ever, are  not  always  a  good  gage  of  efficiency, 
as  a  water  with  an  initial  bacterial  content  that 

is  high  will  show  a  proportionately  higher  ef- 
ficiency in  a  filter  than  a  water  with  a  low  bac- 

terial content,  and  yet  the  resultant  filtered  wa- 
ter may  be  much  less  satisfactory  to  the  con- 

sumer from  a  healthful  standpoint  than  would 
be  the  case  with  the  other  filter  with  a  lower 
bacterial  eflSciency.  In  addition,  sterilization 
is  usually  applied  in  modern  filter  plants  as  a 
reserve  factor  of  safety,  and  should  be  avail- 

able to  be  applied  in  all  plants  and  with  the 
use  of  effective  sterilization  added  to  properly 
filtered  water  an  effluent  can  be  obtained  which 
is  almost,  if  not  entirely,  sterile  for  ordinary 
use. 

With  these  conditions  in  mind,  it  seems  rea- 
sonably safe  to  say  that  a  water  having  in  its 

raw  form  a  coli  content  not  exceeding  500  per 
each  loo  c.  c.  based  on  yearly  averages,  will 
show  in  the  water  supplied  to  the  consumers 
something  not  more  than  5  to  10  B.  coli  per 
100  c.  c.  ■  Such  water  is  believed  to  be  a  fairly 

safe  water,  when  properly  sterilized,  for  drink- 
ing purposes  and  for  all  other  domestic  uses. 

Method  Employed  in  Making  Water- 
tight Joints  in  Vitrified  Clay 

Pipe  at  Meridian,  Miss. 

To  the  Editors:  The  article  entitled  "Some 
Water  Works  Engineering  Mistakes,"  recently contributed  to  Engineering  and  Contracting 

by  Mr.  Dabney  H.  Maury,  and  the  letter  from 
Mr.  J.  W.  Ledoux  commenting  upon  that  ar- 

ticle, are  very  interesting  to  the  water  works 
m:inagers  and  superintendents  throughout  the 

country.  If  followed  by  similar  communica- 
tions along  the  same  lines  a  lasting  benefit 

will  be  conferred  upon  us. 

During  the  present  summer  the  writer  laid 
a  line  of  18  in.  terra  cotta  pipe,  about  500  ft. 
long,  and  used  the  process  described  by  Mr. 
Ledoux,  namely,  that  of  making  the  joints 
watertight  first  by  calking  with  tar  hemp 
(though  the  line  was  not  first  tested,  as  I 
knew  it  would  hold  under  the  head,  8  ft.), 
and  then  by  carefully  making  up  the  joints 
with  a  1 :2  cement  mortar  on  top  of  the  hemp, 
the  mortar  being  carefully  troweled,  and  the 
ditch  left  open  until  the  test  was  made.  Not 
a  leak  showed  up,  nor  has  one  shown  since. Yours  very  truly, 

M.   L.   WORRELI, 

Manager.  Meridian,  Miss..  Water  Department. 
Meridian,  Miss.,  Sept.  24,  1914. 

(We  desire  again  to  extend  an  invitation 
to  readers  in  the  water  works  field  to  write 
us  letters  for  publication  along  the  lines  of 
the  above  mentioned  communications.  What 

mistakes  have  you  made  in  the  design,  con- 
struction or  operation  of  water  works,  and 

w'hat  lessons  have  you  learned  from  them? 
What  methods  have  you  used  in  successfully 

solving  problems  of  a  difficult  nature? — 
Editors.) 
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Resurfacing   Old    Macadam    With    Bi- 
tuminous   Concrete   in   Chicago. 

(Staff   Article.) 

The  boundaries  of  Chicago  extend  far  be- 
yond the  densly  settled  portions  of  the  city 

and  include  many  suburbs  separated  by  areas 
of  land  used  by  truck  gardeners  and  other 
small  farmers.  Near  the  outskirts  uf  the 
city  the  roads  are  in  many  respects  rural  in 
character,  although  carrying  a  heavy  motor 
traffic  and  other  traffic  consisting  mainly  of 
hea\'y  loads  of  farm  produce  hauled  into  the 
city  from  outlying  districts. 

These  roads  are,  for  the  most  part,  sur- 
faced with  limestone  macadam,  Fig.  1,  aver- 
aging 18  ft.  in  width.  Until  recently  this  type 

of  surface  has  been  satisfactory  but  in  the 
last  few  years  the  enormous  increase  in  fast 
moving  pleasure  traffic  and  heavy  motor  truck 
hauling,   especially  the   latter,   has    occasioned -a-io 

condition  at  a  reasonable  cost,  and  in  view 
also  of  the  fact  that  the  grades  on  most  of 
these  roads  must  be  revised  when  permanent 
street  improvement  is  begun,  it  was  decided 
by  the  Bureau  i  of  Streets,  which  under  the 
Chicago  charter  assumes  the  responsibility 
for  the  repair  and  maintenance  of  streets 
after  the  first  paving  is  completed,  to  sur- 

face the  old  macadam  with  bituminous  con- 
crete making  as  few  changes  as  possible  in 

existing   grades. 
Funds  for  this  work  are  derived  from  a 

wheel  tax  upon  all  classes  of  vehicles,  ap- 
parently a  direct  and  fair  method  of  secur- 

ing funds  for  street  maintenance  and  repair. 
In  Chicago  the  revenue  from  this  tax  is  kept 
in  a  separate  fund  and  is  used  for  repair  and 
maintenance   purposes   only. 

mixing  plant. 

Within  the  city  limits  of  Chicago  there  are 
approximately   500   miles   of   macadam   streets 

18-0 
<:/-6-»«- 

-4-10- 

'^ Shoulder  width  variable,  average  1-6     New  shoulder  ■ 
Fig.     1.     Typical     Cross     Section     of     Roads    Improved.     Note   the    Deep    Ditches   and    Nar- 

row Shoulders. 

wear    such    that    the    maintenance    cost    aver- 
ages 20  cts.  a  square  yard  per  annum. 

In  view  of  the  large  mileage  and  the  im- 
possibility of  completely  replacing  the  pave- 

ments with  a  type  of  surface  better  adapted 
to  the  traffic  passing  over  and  at  the  same 
time   maintaining   other   roads   in    a   passable 

and  roads,  a  large  proportion  of  which  are  of 
the  type  described.  To  accomplish  the  work 
of  resurfacing  the  outlying  roads  a  portable, 
one-car  asphalt  plant  w-ith  a  rated  capacity  of 
2,500  sq.  yds.  of  2  in.  asphaltic  concrete  in  9 
hours  was  purchased  from  the  Warren  Broth- 

ers  Co.,   Boston,  Mass.,  at  a  cost  of  $13,000. 

This  plant  was  installed  at  95th  St.  and  Vin- 
cennes  Ave.,  near  the  southern  limits  of  the 

city,  adjoining  a  railroad  right-of-way  and 
from  this  point  surfacing  material  used  this 
season  has  been   hauled. 
The  plant  was  put  in  operation  in  May. 

1014,  and  since  that  time  has  operated  con- 
tinuously. •  The  rated  capacity  has  been  ex- 

ceeded upon  several  occasions.  3,240  sq.  yds. 
of    surfacing    being   the    maximum    output    in 

'■                                                                             r 1 

Fig.  2.    Laying  New  8-in.  Macadam  Base. 

one  day.  Several  changes  were  made  in  the 
plant  after  its  erection  by  W.  H.  Barton,  the 
foreman,  to  better  adapt  it  to  the  work  in 
hand.  The  whole  plant  was  changed  so  as 
to  use  fuel  oil  for  heating  purposes,  avoiding 
the  smoke  and  other  inconveniences  from 
burning   coal.      A   system    of    lubrication    was 
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devised  whereby  all  small  lubricators  were 
displaced  by  one  large  central  steam  pressure 
lubricator  with  lead  pipes  to  the  various  points 
where  lubrication  was  required.  This  central 
lubricator  was  a  home-made  affair  construct- 

ed of  a  section  of  3  in.  pipe  about  4  ft.  long 
with  a  steam  lead  having  a  condensing  coil 
at  the  top  of  the  pipe  and  the  oil  leads  at  the 
bottom.  The  Kinney  rotary  pump  used  to 
pump  the  heated  binder  was  equipped  with  a 
reversible  engine  permitting  pumping  in  either 
direction  without  change  of  fittings  or  pipes. 
The  general  arrangement  of  the  plant  is 

clearly  shown  in  Figs.  G  and  7,  one  photo- 
graph being  taken  looking  at  the  end  of  the 

plant  and  the  other  from  the  side.  Figure  5 
is  a  diagram  showing  the  relative  location  of 
the  plant  units  and  the  arrangement  of  stock 
piles.     To    drain    the    concrete    lined    pit    in 

to  make  up  the  deficiency  in  fine  material. 
The  Mexican  liquid  asphalt  used  for  binder 
(penetration  (jO  to  TO)  is  delivered  in  tank  cars. 
//aH/i»(7.— Ordinarily  about  18  team?  are 

employed  in  hauling.  Recently,  however,  5 
ton  Pierce-Arrow  motor  trucks  have  been 
used  to  advantage.  Material  hauled  in  motor 
trucks  is  handled  more  quickly  and  arrives  at 

the  point  where  it  is  to  be  laid  in  better  condi- 
tion than  when  hauled  by  teams.  The  nevyly 

laid  road  is,  however,  subjected  to  excessive 
loads  due  to  their  use,  all  materials  being,  as 
far  as  possible,  hauled  over  the  completed 
surface. 

SURFACING. 

The  appro.ximate  cross  section  of  the  old 
roads  is  shown  in  Fig.  1.  As  a  rule  Httle  grad- 

ing is  done.  However,  where  the  surfacing 
has  been  completely  destroyed,  or  where  short 

Then  2x6  in.  planks,  laid  liat,  are  lined  in  by 
eye,  parallel  to  and  with  the  inner  edge  9  ft. 
from  the  center  line  to  serve  as  a  shoulder 
to  hold  the  aspbaltic  concrete  and  to  facilitate 
rolling  at  the  edges.  These  planks  are  bed- 

ded and  backed  with  earth.  The  roadway  is 
thus  prepared  for  laying  surfacing. 

Laying  Surfacing. — Surfacing  material  is 
delivered  hot  in  tarpaulin  covered  wagons,  oj- 
motor  trucks,  and  dumped  directly  onto  the 
prepared  base.  The  material  is  raked, 
.smoothed  and  tamped,  Fig.  3,  to  a  uniform 
surface  2  ins.  thick  and  finished  by  rolliiiy; 
with  a  6-ton  tandem  roller.  No  paint,  or  fin- 

ish coat  of  bitumen  is  applied  a  slight  rough- 
ness of  surface  being  desired. 

Force  Employed. — The  day  labor  force  em- 
ployed in  preparing  the  old  surface  and  laying 

the  asphaltic  concrete  is  ordinarily  ofganizetl 

Fig.    3.     Smoothing    Bituminous  Concrete    Surface   Prior  to   Roll- 
ing.    Note    Guide    Boards    at   Sides. 

rig.  4.    Completed  Road  Surface.    The  Shoulders    and  Ditches  of 
the    Old    Road    Undisturbed. 

which  the  hauling  wagons  stand  while  load- 
ing, a  steam  siphon  was  rigged.  The  sii)hon 

simply  consisted  of  a  steam  pipe  connected  by 
means  of  a  tee,  having  one  leg  extending  into 
a  sump  in  the  pit  and  the  other  leading  into 
a  drain  pipe  discharging  at  some  distance 
from  the  plant. 

Operation. —  In  operation,  the  sand  and 
stone  mixed  in  the  proper  proportions  are 
run  into  the  dryer  where  the  mixture  is 

heated  to  300°  F.  From  there  it  is  conveyed 
to  the  storage  bins  and  thence  to  the  measur- 

ing bins,  whence  it  is  drawn  otT  as  rciiuired 
to  the  lo-cu.  ft.  mixing  drum.  Materials  are 
proportioned  by  weight. 
An  interesting  method  of  mixing  the  sand 

and  stone  at  the  dryer  elevator  is  used.  .\n 
opening  cut  in  the  base  of  the  wooden  bulk- 

head at  the  foot  of  the  elevator  permits  the 
stone  to  How  into  the  pocket  at  the  elevator 
base.  A  man  with  a  nice  jurlgmcnt  as  to  cor- 

rect proportions  is  stationed  here  and  ccm'rols 
the  flow  of  stone  and  indicates  to  shoveler 
when  sand  is  to  be  added.  It  may  be  readily 
seen  that  the  judgment  of  the  mixer  is  all  im- 
portant. 
The  force  employed  at  the  mixer  consists 

ordinarily  of  1  foreman  and  34  men,  as  fol- 
lows: I  chief  drum  man,  I  drum  man,  I  ket- 

tle man,  I  mixer  man,  1  timekeeper,  I  ma- 

terial man,  2'j  laborers,  I  assistant  chemist, 
and  2  watchmen.  The  total  cost  of  labor  em- 

ployed  at    the   mixer  averages  $0(1  a   day. 
To  facilitatu  the  quick  delivery  of  material 

at  the  plant  a  car  tracer  is  employed  who 
locates  and  keeps  the  cars  in  transit.  This 
tracer  uses  a  motorcycle  and  usually  covers 
a  distance  of  lU  miles  each  day. 

.Mi.rliirc. — The  mixture  used  averages  ap- 
proximately as  follows 

Item.  Percentage. 
Bitumen            8.B 
Sand       37.2 
Stone    B2.3 
FlUer         4.0 

Total      100.0 

The  stone  aRgrcgate  consists  of  clean 
crushed  Wisconsin  granite  ranging  from  V* 

to  1  in.  in  diameter  which  cost  delivered  $2.2"i 
per  cubic  yard.  Torpedo  sand  is  used. 
Universal    Portland    cement    serving   as    filler 

stretches  of  new  macadam  base  are  necessary, 

Fig.  2,  an  ordinary  8-in.  macadam  road  is 
constructed  and  thoroughly  compacted  prior 
to  surfacing  with   bituminous  concrete. 
Preparation  of  Old  Surface. — In  preparing 

the  old  macadam  for  resurfacing,  where  it 
is  flat  or  depressed  in  the  center,  the  sides 
are  hand  picked  and  the  material  moved  to 
the  center  and  thoroughly  rolled,  care  being 
observed  to  leave  at  least  4  ins.  of  compacted 
stone  at  the  sides.  Another  method  used  with 
success  consists  of  filling  these  depressions, 
and  such  slight  holes  as  found  at  intervals, 
with  stone  coated  with  asphaltic  cement 
hauled  from  the  mixing  plant.  When  the 
latter  method  is  used,  the  plant  is  operated 
for,  say,  a  day,  preparing  this  binder  stone 
and  all  holes  and  depressions  arc  filled  for 
some  distance  ahead  of  the  surfacing.  In 
cases  where  additional  material  is  necessary 
over  the  entire  width  of  roadway,  the  surface 
is  scarified  a  deptn  of  3  ins.  and  sufficient 
crushed  stone  added  to  make  the  center  thick- 

ness about   10  ins.  and  the  sides  6  ins. 
.\fter  leveling  up  and  trimming  the  existing 

ro.idway  as  described,  using  care  to  disturb 
the  existing  surface  as  little  as  possible,  and 
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Fig.  5.     Diagram  Showing  the  Arrangement 
of  Mixing  Plant  and  Service  Tracks. 

thoroughly  compacting  new  work,  all  loose 
material  and  dust  is  removed  from  the  sur- 

face by  hand  sweeping,  exposing,  as  far  as 
possible,   the   coarse    stone   of   the    macadam. 

as  follows :  1  asphalt  foreman,  2  rakers,  2 

smoothers,  2  tampers,  1-J  helpers,  2  watch- 
men, and  2  roller  engineers.  By  far  the  larger 

part  of  the  work  consists  oi  laying  the  sur- 
facing. 

OUTPUT    AND    COST. 

.\s  a  rule,  in  excess  of  2.000  sq.  yds.  of  2-in. 
surfacing,  or  about  1,000  lin.  ft.  of  roadway 
18  ft.  wide,  has  been  covered  each  working 
day  of  9  hours.  The  average  cost  of  all  work 

completed,  iiv.-Iuding  the  preparation  of  the 
old  roadway  and  laying  the  2-in.  asphaltic 
concrete  surface,  has  been  approximately  TO 

cts.  per  square  yard.  A  total  of  about  7  miles 
of  roadway  has  been  resurfaced. 

PERSONNEL. 

Walter  G.  Leininger.  superintendent  of 

streets  for  the  city  of  Chicago,  has  the  gen- 
eral supervisii.m  of  this  work,  T.  L.  Mulroy, 

assistant  to  the  superintendent,  being  in direct  char.gc. 

Reclipped    Granite    Block    Pavement : 
A  Use  for  Waste  Material. 

(iranite  block  pavement  is  by  many  consid- 
ered the  most  durable  of  modern  pavements. 

.•\  discussion  of  the  use  of  blocks  from  old 
pavements  of  this  type  b>  Wm.  A.  Howell 
before  the  recent  meeting  of  American  So- 

ciety of  Municipal  Improvements  is  given  here: 
Until  recent  years  old  granite  blocks  were 

not  supposed  to  have  any  great  commercial 
value.  They  were  principally  used  for  paving 
the  yards  of  freight  terminals  and  the  tracks 
of  street  railway  corporations,  stock  yards. 
etc.  There  was  no  regular  demand  for  this 
form  of  paving  material.  In  May,  1011.  the 
city  of  Newark  received  bids  for  the  repaying 
of  a  very  important  thoroughfare,  calling  for 

23,500  sq.  yds.  of  pavement.  A  smooth  pave- 
ment was  to  be  laid,  and  the  contract  provided 

that  the  old  granite  blocks  taken  from  the  old 
pavement  shall  become  the  property  of  the 
contractor,  and  that  allowance  for  same  should 
be  made  in  his  bid  for  the  new  pavement.  The 
successful  bidder  was  not  particularly  pleased 
with  this  provision  of  tlie  contract  and  made 
the  remark  that  lie  expected  to  have  the  old 
block's  on  his  hands  about  len  years.     -'\t  this 
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time  we  are  replacing  an  old  granite  pave- 
ment on  Broad  Street,  Newark,  with  a  4-in. 

wood  block  pavement.  The  yardage  of  the 
old  pavement  was  75,500  sq.  yds.,  the  number 
of  paving  blocks  in  the  street  aggregating 

1,585,500  blocks,  of  which  probably  S'j  per  cent 

of  pavement.  The  street  referred  to  is  in  first- 
class  condition  today.  Since  that  date  the 
Bronx  authorities  have  laid  thousands  of  yards 
of  this  form  of  pavement,  mention  of  which 

will  be  made  later  on.  "The  old  blocks  (in 
the    words    of    the    contractor,    Mr.    William 

Fig.    6.     Mixing    Plant    Showing    Method    of    Loading   Wagons. 

are  usable.  The  city  is  selling  these  blocks 
to  contractors  on  napped  granite  work  at 
$30.00  per  thousand.  The  blocks  represent  an 

asset  to  the  city  of  about  $40,00ii.'">,  a  very- 
tidy  sum  for  the  street  repair  fund. 
The  writer  inspected  a  number  of  granite 

quarries  in  Maine  and  Massachusetts  in  the 
summer  of  1900  and  was  accompanied  through- 

out a  portion  of  the  trip  by  the  owner  of  a 
large  quarry  in  Maine,  who  was  also  a  pav- 

ing contractor  in  New  York  City  and  ad- 
joining towns.  The  granite  man  was  a.skeil 

the  question :  "To  what  use  can  old  granite 
blocks  be  put?"  His  answer  was  that  "they 
could  be  napped  and  reclipped  and  wnuld  prac- 

tically make  a  new  pavement." 
FIRST   USE    OF    RECUT   BLOCKS. 

The  first  street  within  our  knowledge  where 
napped  or  recut  granite  blocks  were  used  for 
paving  material  was  on  Webster  Avenue  in 
the  Borough  of  the  Bronx  in  11'"!'.  The  "Ul 
blocks  were  7  and  8  ins.  in  thickni^-  and  with 

few  exceptions  in  fair  condition,  coming  prin- 
cipally from  Long  Cove,  Me..  Cape  .\nn, 

Mass..  and  Somes  Sound.  The  spi.-cifications' 
called  for  the  blocks  to  be  0  to  I'J  ins.  long, 
S'^  to  4%  ins.  wide  and  5%  to  (3V2  ins.  deep. 
Where  a  block  ran  up  to  4%  or  even  5  ins. 
wide,  the  engineering  department  allowed  it 
to  be  laid,  provided  the  entire  course  was 
carried  out  with  blocks  having  the  same  width. 
The  price  bid  was  $1.27  per  sq.  yd.  for  tht- 
paving  and  $4.00  per  cu.  yd.  for  tlic  concrete, 
•Vinch  concrete  being  used.  The  specifications 
originally  provided  for  the  joints  to  be  filled 
with  fine  gravel  and  paving  pitcli.  -After  the 
work  had  been  started  it  was  deemed  ad- 

visable to  substitute  cement  grout. 
There  may  have  been  some  small  jolis  of 

nappd.  reclipped  granite  work  done  before  the 
work  referred  to,  but  to  the  best  of  our 
knowledge  this  is  the  first  contract  work 
awarded  by  a  mimicipality  laid  with  this  form 

Bootii)  were  simply  napped  and  squared  up 
to  give  a  joint  say  not  exceeding  %  of  an  inch. 
The  price  paid  for  making  these  blocks  was 

$10.00  per  thousand." USE  IN  VARIOUS   CITIES. 

Philadelphia. — Only  one  street  in  Philadel- 
phia has  been  laid  with  napped,  reclipped. 

grouted  granite  blocks,  and  that  is  Broad 
Street,  between  Cumberland  Street  and  Silver 

the  cost  of  the  sand  cushion.  The  concrete' 
base  was  in  place.  The  specifications  called 
for  the  blocks  to  be  redressed  to  the  following 
dimensions :  5  to  G  ins.  deep,  5  to  7  ins.  long, 

and  3%  to  5  ins.  wide.  "Of  course,  it  is  neces- 
sary (in  the  words  of  the  specifications)  that 

the  blocks  shall  not  be  too  badly  worn  to  be 
clipped  in  such  a  manner  that  they  will  comply 
with  the  specifications  and  blocks  differing  in 
width  more  than  one-quarter  of  an  inch  will 

not  be  allowed."  This  pavement  was  com- 

pleted in  June,  1913.  'Sir.  Wm.  H.  Connell. chief  of  Bureau  of  Highways,  states  that  in 

his  judgment  "the  laying  of  this  kind  of  pave- 
ment is  very  economical,  as  it  equals  in 

smoothness  and  appearance,  the  latest,  and 

best  type  of  construction,  of  granite  block  pav- 
ing." The  writer  inspected  this  street  during 

July  of  the  present  year,  and  was  greatly 
pleased  with  its  appearance.  The  heads  of 
the  blocks  were  remarkably  smooth,  and  the 
joints  appeared  to  be  closer  than  could  be 
obtained  on  the  majority  of  streets  laid  with 
new  granite. 

Troy,  N.  F.— Mr.  A.  E.  Roche,  city  en- 
gineer of  Troy,  N.  Y.,  states  that  during  the 

past  year  the  city  of  Troy  has  gone  into  the 
splitting  and  quartering  of  its  old  granite 
block  pavements  and  relaying  them,  on  quite 
an   extensive  basis. 

The  streets  on  which  the  blocks  were  halved 
and  quartered,  or  napped  and  reclipped  (as  it 
is  called  in  Newark)  were  paved  some  30  or 
40  years  ago  with  Rockport  Granite  of  a  size 
9  to  14  ins.  long,  5  to  6  ins.  in  width,  and  7 

to  8  ins.  ui  depth.  These  granite  blocks  natur- 
ally became  rounded  on  the  surface  and  very 

uneven.  The  streets  particularly  referred  to 
are  adjacent  to  the  Boston  and  Maine  Freight 
Terminal,  and  to  the  New  York  Central  yards. 

The  successful  bidder  was  required  to  take 
up  the  blocks,  remove  them  from  the  site  of 
the  street  to  any  plot  of  ground  he  could  hire, 
for  the  purpose  of  napping  and  reclipping.  to 
excavate  the  gravel  foundation  on  which  they 

had  been  originally  placed,  to  a  depth  of  ap- 
proximately 4  ins.,  and  to  lay  a  concrete  foun- 

dation ol  an  aggregate  of  1  part  of  cement,  3 
parts  of  sand  and  6  parts  of  stone.  The  blocks 
were  then  halved  and  quartered,  so  that  they 
were  from  7  to  9  ins.  long,  4  to  5  ins.  in  width 
and  4  to  5  ins.  in  depth ;  then  hauled  on  the 
street,  laid  on  a  sand  cushion  and  grouty 
with  a  cement  filler,  mixed  in  the  proportion 
of  1  part  of  cement  to  1  part  of  sand. 

In  the  laying  of  the  blocks  particular  atten- 
tion was  given  to  the  necessity  of  having  a 

new  surface  always  on  top.  so  that  the  cement 
filler  readily  adhered  to  the  joints  as  well  as  to 
the  surface.     This  work  was  done  entirely  by 

Fig.   7.     Mixing    Plant    Showing    Stock    Piles    and   Tank   Cars. 

street,  a  distance  of  about  1,450  ft.  and  a 
yardage  of  10,54G  sq.  yds.  This  was  a  repaving 
job,  the  old  blocks  being  taken  up.  reclipped 
on  the  job  and  replaced  in  the  street.  The 
cost    was    $1.43    per    sq.    yd.,    which    included 

contract,  at  a  unit  price  of  $2.30  per  square 

yard,  including  excavation,  concrete  founda- 
tion, maintenance,  and  guarantee  for  a  period 

of  five  years.  On  the  street  on  which  the  local 
street   railway   company   maintained   tracks,   a. 
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price  of  $2.40  per  square  yard  was  paid  for  the 
same  depth  ot  excavation  and  concrete  foun- 
dation. 

The  city  required  the  contractor  to  split  the 
entire  number  of  granite  blocks  on  the  street, 

although  we  knew  that  an  e-xcess  of  about  2.") per  cent  first  class  blocks  would  be  obtained 
over  and  above  that  required.  For  this  excess 
of  split  blocks  the  contractor  was  allowed 

$15.01)  per  thousand,  delivered  to  the  city  en- 
gineer at  such  points  as  he  directed  within  a 

radius  of  Vi  mile  from  the  place  of  cutting. 
The  total  amount  expended  this  year  for 
napped  and  reclipped  blocks  has  been  $ti2,0(ii). 
The  city  of  Troy  had  previously  been  pay- 

ing an  average  price  of  $13.80  per  square  yard 
for  close  jointed  4-in.  Concord,  New  Hamp- 

shire, granite  block  pavements.  This  price  is 
fair  when  one  considers  that  wo  have  never 
been  called  upon  to  e.xpend  anything  for  the 
upkeep  and  maintenance  of  streets  on  which 
this  type  of  pavement  was  laid,  although  it 
has  now  been  down  about  eight  years.  The 
city  has  in  view  for  next  year  about  22,0uU 
sq.  yds.  of  old  granite  blocks,  which  we  pro- 

pose to  halve  and  quarter,  rather  than  discard 
for  new  blocks. 

Brooklyn. — Mr.  H.  H.  Schmidt,  chief  en- 
gineer. Bureau  of  Highways.  Borough  ot 

Brooklyn,  informs  the  writer  that  in  his  city 

"we  have  not  used  what  is  commonly  known 
as  'nipped  blocks.' "  In  Brooklyn  they  have 
paved  a  number  of  streets  with  a  recut  granite 
block,  made  from  the  old  large  stone,  but  re- 

dressed to  a  regular  specification  size.  The 
yardage,  prices,  etc.,  are  given  below : 

Granite,  Incl. 
Total  Granite,   concrete.   Joint 
sq.  yds.  sq.  yd.        sq.  yd.      filler.     Remarl<8. 

801       $2.75  $3.66  •  No    RR 
2,11.2         2.«7  3.50  •  RR 
l.r,3l         2,50  3.42  •  No    RR 
5,4.10         2.59  3.55  t  RR 

16,03:!         3.12  4.10  t  RR 
3,9S5         :;.31  3.14  •  RR 
•Cement  grout.     tTar  and  gravel. 
All  of  the  above  are  laid  on  a  6-in.  base. 

Manhattan. — Mr.  W.  H.  Durham,  chief  en- 
gineer, Bureau  of  Highways,  .Manhattan 

Borough,  states  that  no  reclipped  granite  block 
pavements  iiave  been  laid  in  that  borough  un- 

til verv  recently.  A  contract  has  just  been 
completed  for  the  paving  of  about  5,o00  sq. 
yds.  r,f  reclipped  granite  blocks,  using  the  old 
material  tcund  on  the  street,  the  blocks  being 
broken  in  two  and  laid  with  the  fractured  .side 
as  the  head,  with  1-in.  sand  cushion.  f)f  the 
total,  1,830  sq.  yds.  were  filled  with  standard 
tar  filler  and  ;i.(!70  sq.  yds.  were  cement 
grouted.  This  was  done  for  purposes  of  com- 

parison. The  contract  costs  were,  for  wearing 

surface,  Sl.l.'i  per  square  yard,  and  for  con- 
crete $.j.Oii  per  cubic  yard.  The  pavement  has 

but  recently  been  opened  to  trafhc,  so  that  no 
statement  can  be  given  as  to  its  value  from  a 
surface  >.landpoint.  It  should  be  noted  tli.it 
the  old  blocks  were  adequate  to  furnish  ma- 

terial for  only  about  (iO  per  cent  of  ihe  total 
area,  the  remainder  having  to  be  supplied  with 
new  material  by  the  contractor. 

Trenton. — The  city  of  Trenton,  N.  J.,  has 
recently  laid  about  .l./iOO  sq.  yds.  of  this  form 
oi  [lavement,  using  cement  grnut  for  filler,  the 
blocks  being  furnished  by  the  city,  the  con- 

tract price  per  square  yard  on  'i  ins.  of  con- 
crete was  $1.W.  The  writer  has  been  informed 

that  a  considerable  yardage  of  napped,  re- 
clipped granite  has  been  laid  in  Albany  and 

Schenectady,  but  has  no  exact  figures  as  to 
cost. 

.Uhany. — The  Albany  specifications,  which 
are  also  used  in  Schenectady,  contain  the  fol- 

lowing interesting   features: 
The  old  tiranlti-  block  pavement  now  on  the 

street  shall  be  taken  up,  removed  from  the  llm- 
Itii  of  the  street,  broken  In  hiilf  and  redressed, 
returned  to  the  .itreet  and  relnld  on  a  now  con- 

crete foundation  with  the  Joints  Krouted.  Hach 
old  blork  If  of  Hiitlb'tcnt  size  and  of  ko'mI  quality 
8hnll  be  broken  In  half  and  rfdreHj»ed.  The  brok- 

en blnck  shall  each  mt-.T.^iire  after  rocutllntc  not 
less  than  6  Ins.  in  lenKth,  not  less  than  3<^  Ins., 
nor  more  than  1%  Ins.  In  width,  and  not  less 

than  .')  Ins.  nor  more  than  6  Ins.  In  depth. 
Blocks  less  than  10  Ins.  In  length  Hhall  be 
dressed  to  conform  to  the  nlxjve  dimensions. 
Any  stones  which  are  soft,  brittle  or  Innilniited. 

or  which  in  redressing  develop  any  Imperfec- 
tions, will  be  rejected.  The  Commissioner  ot 

Public  Works  will  supply  in  the  number  of  old 

granite  blocks  required  to  repave  the  street,  the 

contractor,  however,  doing  the  necessary  cart- 
ing. 

Paving.— The  old  granite  blocks  which  have 
been  broken  in  half  and  redressed,  conforming 

to  the  dimensions  stated  above,  shall  be  dis- 
tributed along  the  street  just  in  advance  of  the 

paving.  Said  stones  shall  be  placed  in  such  po- 
sition and  location  and  the  carriage  way  shall 

be  formed  in  such  manner  as  to  make  the  most 

substantial  and  durable  pavement.  Each  course 

of  blocks  shall  be  of  uniform  width  and  so  laid 

that  all  longitudinal  joints  shall  be  broken  by  a 

lap  of  at  least  2  ins.  and  all  side  and  end  joints 

must  not  exceed  %  in.  The  old  blocks  shall 

be  paved  as  far  as  possible  with  the  new  faces 

up.  If  there  is  any  difference  in  the  width  of 

the  upper  and  lower  faces  of  a  block,  the  wider 
face  must  always  be  placed  below.  The  blocks 

shall  be  laid  with  their  longest  dimension  per- 
pendicular to  the  center  line  of  the  street  and 

upon  straight  lines  across  the  carriageway. 

Kearncv,  iV.  /.—The  town  of  Kearney,  N.  J. 

(across  the  river  from  Newark),  laid  in  the 
summer  of  1913  a  napped,  reclipped  granite 

block  pavement  on  Tappan  Street,  between 
Davis  Street  and  Chestnut  Street.  The  old 
blocks  came  from  the  old  blocks  taken  up  from 
.Market  Street,  Newark.  The  length  of  the 
improvement  was  983  ft.,  the  yardage  3,278  sq. 
yds.,  and  the  contract  price  per  square  yard 

of  pavement,  including  the  O-in.  concrete  foun- dation, was  $2.48. 
Neii'ark,  .V.  /. — The  first  attempt  at  the 

napped,  reclipped  granite  work  in  Newark  was 
made  with  the  paving  of  a  portion  of  Meeker 
.\venue,  extending  from  Frelinghuysen  \ve- 
nue  to  Western  ,'\venue.  The  contractor  did 
not  pay  enough  money  to  get  good  results  and 
in  addition  to  this  his  supply  of  reclipped 
blocks  came  from  many  different  streets,  repre- 

senting the  original  output  of  tlifferent  quar- 
ries. It  was  only  after  the  expenditure  of 

much  time  and  patience  that  the  pavement  was 
finally  accepted  by  the  city. 
The  work  awarded  during  the  present  year 

represents  the  paving  of  six  streets  and  the 
repaving  of  three  other  streets,  representing 
a  yardage  of  2i),900  sq.  yds.  at  an  estimated 
cost  of  $04,.337.45.  .A  portion  of  this  work  has 
already  been  completed  and  gives  general  sat- 

isfaction. The  various  contractors  have  at 
their  command  the  blocks  from  the  old  Broad 
Street  paving  now  being  replaced  with  wood 
block,  and  the  smooth  heads  of  the  reclipped 
blocks  and  the  close  joints  are  very  noticeable 
even  bv  ordinary  observers.  Reclipped  lilocks 
compare  favorably  with  cobbles  and  cost  about 
GO  cents  a  square  yard  less.  The  city  has 
under  consideration  the  repaving  of  three- very 
important  streets  with  the  napped  blocks,  the 
intention  being  in  each  instance  to  use  as 
much  of  the  old  granite  paving  material  in  the 
present   pavement  as   conditions  will   warrant. 

COST. 

The  old  blocks  used  on  the  U)14  jobs  in 
Newark  range  in  length  from  10  to  14  ins. 

A  blockmaker  can  in  a  day's  work  of  8  hrs. 
nap  and  rcclip  175  large  blocks  into  KtO  small 
ones.  It  costs  the  contractor  $l.i.00  per  thou- 

sand for  the  small  blocks,  or  $-30.00  per  thou- 
sand for  the  large  ones.  These  blocks  run 

21  to  the  square  yard,  or  12  to  the  yard  for 
the  small  ones. 

A  rough  detailed  estimate  of  the  cost  of  this 
kind  of  pavement,  which  would  permit  of  a 
variation  of  possibly  10  to  15  cents,  would  be 
about  as  follows: 

Cost  per 
Item  sq.  yd. 

raid  city  at  3  cts.  each     $0.63 
I'll  id  cIlpiMTH  fur  work   63 
I jiying  and  handling   20 
^'ttnd      05 Concrete      65 
<;radinic           ]io 
Hauling          .10 
Grouting           \i2 

Cost  per  sq.  yd.  (21  blocks  required)..  $2.48 
PUR.MIILITY. 

Twenty-five  or  thirty  years  ago,  when  the 
paving  of  important  thoroughfares  was  under 
consideration,  the  main  point   infiuencing  mu- 

nicipal authorities,  aside  from  the  item  of 

cost,  was  the  question  of  durability.  This  ex- 
plains the  presence  of  granite  pavements  on 

many  streets  and  highways  in  various  cities 
where  other  paving  materials  would  have  been 
selected  if  they  had  been  known  to  possess 
equal  durability. 

As  very  few  pavements  were  laid  having  a 
concrete  base  prior  to  1890,  the  entirely  un- 

necessary thickness  of  7,  8  and  9  ins.  of  gran- 
ite was  to  a  certain  degree  excusable.  But  after 

the  general  adoption  of  the  concrete  base,  un- 
der granite  pavements,  it  required  nearly  20 

years  of  constant  agitation  to  educate  the  pub- 
lic mind  sufficiently  to  reduce  the  thickness 

of  the  blocks  to  the  reasonable  standards  of 
the  present  day.  Some  cities  have  reduced  the 
thickness  to  4  Inches.  We  do  not  approve  of 
that  dimension  in  Newark  on  account  of  the 

impossibility  of  getting  the  pavers  to  dis- 
tinguish the  head  from  the  side  of  the  block 

when  the  dimensions  are  the  same. 

As  to  the  financial  saving  affected  by  the 
use  of  the  napped,  reclipped  blocks,  in  our 
city  with  prevailing  prices  the  assessment  on 
the  property  owner  on  a  36-ft.  street,  using 
new  granite  and  new  curbing,  would  be  about 

$8.00  per  front  foot,  or  $200.00  for  a  25-ft. 
lot.  If  napped  and  reclipped  granite  w-as  used 
the  blocks  being  sold  the  contractor  by  the 
city,  the  probable  cost  per  foot  of  assessment 
to  the  property  owner  wrould  be  $6.35,  or 

$158.75  per  25-foot  lot.  If  the  old  paving  ma- 
terial on  the  street  is  taken  up  and  napped  aiid 

reclipped  and  used  in  the  repavement,  a  still 
greater  saving  can  be  effected,  the  estimated 
cost  per  front  foot  would  be  about  $4.75,  or 

about  $120.00  per  25-ft.  lot. 

Cleaning  Bituminous  Pavements  With- 
out Sprinkling. 

It  is  a  generally  accepted  notion  that  water 
has  little  effect  on  bituminous  pavements  if 
not  allowed  to  stand.  Walter  F.  Slade,  Com- 

missioner of  Public  Works,  Providence,  R.  I., 
in  a  paper  before  the  recent  meeting  of  the 
.•\merican  Society  of  Municipal  Improvements 
gives  a  contrary  view. 
The  fact  that  bituminous  pavements  laid  in 

the  city  of  Providence  are  not  sprinkled  with 
water  is  a  subject  that  has  occasioned  frequent 
comments  on  the  part  of  visitors  to  this  city 
who  are  interested  in  the  maintenance  and 
cleaning  of  such  pavements.  I  will  say  briefly 
that  we  are  convinced  that  bituminous  pave- 

ment maintained  in  good  repair  can  be  kept 
in  a  condition  more  satisfactory  to  all  classes 

that  travel  the  streets,  both  afoot  and  in  ve- 
hicles, without,  rather  than  with,  using  water 

for  sprinkling. 

Bituminous  pavements  are  cleaned  by  the 
patrol  system,  and  are  kept  reasonably  free 
from  dust.  We  believe  that  the  use  of  water 
has  an  injurious  effect  upon  the  durability  of 

the  pavement.  It  emphasizes  every  slight  de- 
pression and  gathers  and  retains  the  fine  par 

tides  that  collect  on  a  street,  creating  an  un- 
sightly appearance  and  a  muddy,  slippery  con- 

dition. This  results  in  the  skidding  of  auto- 
mobiles and  a  vast  increase  in  the  number  of accidents. 

By  keeping  the  pavements  free  from  -iv.-iter another  prolific  source  of  complaint  is  escaped. 

Upon  the  best  of  pavements  there  will  be  de- 
pressions sufficient  to  retain  a  thin  sheet  of 

water.  The  rubber  tires  of  the  swiftly-moving 
auto,  and  especially  the  auto  truck,  will  act 
as  a  syringe  and  force  the  muddy  water  in  a 
small  stream  upon  the  clothing  of  any  one 
passing  along  the  sidewalk,  and  even  across 
the  sidewalk,  covering  windows  and  buildings 
with  muddy  spots. 

That  more  might  be  learned  upon  the  ac- 
tion of  water  as  affecting  the  durability  of 

bituminous  pavements,  it  would  be  instructive 
to  bring  out  the  results  of  laboratory  tests, 
and  a  comparison  of  the  condition  of  streets 
laid  about  the  same  time,  where  water  was 
used  and  where  not.  The  whole  question  is 
a  subject  worthy  of  the  earnest  consideration 
of  all  officers  that  have  charge  of  the  main- 

tenance  of   bituminous   pavements. 
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361 TABLE  I.— AVERAGE  CONTRACT  PRICES  OF  PAVEMENTS  LAID  IN  PHILADELPHIA  IN  1913. 
No.  of  Length 
con-  in 

tracts,  miles. 
Grading           112  20.28 
Paving: 
Asphalt  with  concrete  base        107 
Vitrified  block  with  concrete  base. 
Granite  block  (2d  hand)  with  grav- 

el base    
Granite  block  with  concrete  base. . . 
Waterbound  macadam  (surfacing).. 
Bituminous  macadam  (surfacing) . . 

Repaying: 
Asphalt  with  concrete  base   
Wood  block  with  concrete  base.... 
Vitrified  block  with  concrete  base. . 
Granite  block  with  gravel  base  l2d 
hand  block )      

Granite  block  with  concrete  base.. 
Granite  block  (redressed  block).... 

Resurfacing: 
Asphalt  with  broken  stone  or  bitu- 

minous base'      
Asphalt  with  concrete  base   
Waterbound  macadam    
Bituminous  macadam    

Waterbound  and  f 
Bituminous  macadam     [ 
Patching: 

Asphalt       
Bituminous  macadam      

23 

28 
36 
22 

1 
4 
1 

20 

37 

15 
3 

11.31 
3.50 

0.19 
0.44 1.91 

0.29 

3.16 
2.40 
2.78 

0.14 
0.63 0.25 

2.60 

4.06 6.05 

5.10 1.23 
1.25 

Square 

yards. 

•981,593 

196,574 

64,890 

1,725 5,137 
21,802 
4,186 

45,847 
39,793 
48,107 

5,922 19.628 
10,546 

46,587 
88,933 

90.442 
60,976 
12.2061 14.805  J 

228,926 

1,568 

Cost  of contingent 
^\orlc. 

$33,361.56 

6,638.72 
5,440.96 

1,929.87 

2,650.97 
6,143.65 
3,447.11 

1,088  78 
3,034.88 68.78 

1.089.02 
1,925.19 
2,067.32 
7,720.89 
2,005.75 

Total  cost. 

$473,312.96 
418,669.00 

169.110.11 

2,950.09 
19,297.17 
28,732.26 

7,572.75 
93,401.16 142,912.68 

114,528.15 

9,201.40 67,022.40 
16,243.06 

57.202.91 
169,503.50 
44,947.66 
83,053.92 
26,196.43 

297,671.65 
1,898.99 

Cost  per 

sq.  yd. 

$0.45 
2.10 

2.52 1.71 

3.76 

1.23 

1.81 

1.98 

3.44 

2.31 

1.37 

3.26 

1.53 

1.23 

l.SS 

.47 
1.24 

.56 

1.17 
1.30 

1.21 Totals          434         67.57         2,013,144         $78,613  42 
•Cubic  yards. 
The  following  details  of  construction  apply  to   ail  classes  of  work  shown 

$2,246,315.75           

in   the  accompanying 
tables: 

Asphalt  paving:     6-in.   concrete  base.  1-in.   binder,  2-in.  wearing  surface. 
Vitrified  block  paving:  6-in.  concrete  base,  1%-in.  sand  cushion,  vitrified  blocks  3  to  3M  ins. 

In  width,   4   ins.   in  depth   and  8%   to  9'/4   ins.    in    length. 
Granite  block  paving:  6-in.  concrete  base,  2-in,  sand  cushion;  new  type  close  fitting  granite 

blocks  with  dressed  heads  5  to  5%  ins.  in  depth.    3^4  to  iV^  ins.  wide  on  top  and  8  to  12  ins.  long. 
Wood  block  paving:  6-in.  concrete  base,  1-in.  mortar  cushion:  wood  blocks  4  ins.  in  depth.  3  to 

4  Ins.  In  width  and  5  to  10  ins.  long. 
Bituminous  pavement:  2-in.  bituminous  top  mixing  method  with  concrete  base,  varying  from 

4  to  6  Ins.  In  depth. 
Bituminous  macadam:  2-in.  bituminous  top  mL\Ing  method  with  waterbound  macadam  base, 

fl  Ins.  in  depth. 
Waterbound  macadam:  3-In.  trap  rock  wearing  surface,  5-In.  broken  stone  base,  or  4-ln.  trap 

rock  wearing  surface  and  8-in.  telford  base. 

TABLE  II.— UNIT  COST  OP  PAVEMENT  REPAIR   WORK   ACCOMPLISHED  BY   CITY    FORCES 
IN   PHILADELPHIA  IN  1913. 

Character.                                                                            Square  Cost  of  Cost  of  Total      Cost  per 
Repairing:                                                                                     vards.  labor.  materials.  cost.        so.  ̂ 'd. 
Asphalt                  20.715  $14,614.97  $     1.736.54  $16,351.51     0.79 
Granite  block              695.408  241,423.25  36,836.26  278,239.51     O.in 
Granolithic                   2,620  1,838.43  996.29  2. ''34. 72     1.08 
Vitrified  block               126,423  39,325  86  4,958.84  M. 284. 69     0.35 
Cobble                   3,190  1,018.93  84.72  1.103.65     0.35 
Rubble                      164  52.20  4,03  56.23     0.34 
Asphalt  block                    108  34.00  3.00  37  00     0.34 

Resurfacing  macadam: 
Waterbound                354,047  63,040.85  98.306.75  161.54758     0  46 
Bituminous                   4,475  1,376.00  1,800.00  3,176.00     0.71 

Patching  and  repairing  to  viaduct: 

Waterbound      '.            201,674  40,151.55  12,476  12  62.627.67     0,26 Bituminous                    8,943  3,160.46  1, 8^5. 99  4.996.45     0  56 
Bituminous  surface  treatment  of  roads             431,126  6,443.35  25.1.-0.40  31.593.75     0.073 
Miscellaneous  work^      68.284.73  1.237.22         69,521.95       

Totals             1.848,893     $480,764.55     $185,426.16     $666,190.71      .... 
•MiscelLancous  work  Includes  the  cleaning  of  macadam  ronds.  the  building  of  trunks,  the  plac- 
ing of  drains,  pipes,  etc..   together  with  the  maintenance  of  dirt  roads. 

Cost    of    Construction    and    Repair    of 
Pavements  in  Philadelphia  in  1913. 
Pavement  construction  in  Philadelphia  is 

carried  on  almost  entirely  by  contract.  A  por- 
tion of  the  repair  work  is  accomplished  by 

force  account.  Accurate  records  of  both  con- 
tract and  force  account  work  are  kept.  In  the 

case  of  the  latter,  cost  records  are  complete 
and  accurate.  Tables  I  and  II,  from  a  recent 

report  of  W.  H.  Connell,  chief  of  the  bureau 

of  highways  and  street  cleaning  of  Philadel- 
phia, give  the  unit  prices  and  costs  of  their 

work. 

the  main  factors  influencing  the  formation  of 
harmonic  waves.  Traffic  further  develops  the 

harmonic  waves  due  primarily  to  the  vibra- 
tion of  the  motor  cars  passing  over  them.  Dur- 
ing the  process  of  rolling  it  will  be  noticed 

that   tlie  material   rises  in   front  of   the   front 

tandem  roller.  The  tirst  and  third  rollers  are 

somewhat  lighter  than  the  second  one.  The  tirst 
roller  consequently  smooths  and  compresses 
the  material,  but  does  not  put  excessive  weight 
on  it.  The  second  and  third  rollers  give  the 
additional  compression  necessary.  It  has  been 
found  possible  to  secure  a  much  smoother  base 
and  surface  for  the  road  with  this  triple  roller 
than  with  the  ordinary  tandem  roller. 

Comment    on    the    Salvage    of    Road 
Hauling   Machinery. 

To  the  Editors :  In  your  issue  of  August 

26,  1914,  a  very  able  article  entitled,  "The 
Salvage  of  Road  Hauling  Machinery,"  ap- peared and  has  no  doubt  been  read  with  much 
interest  and  carefully  considered  by  engineers 
and  contractors. 

However,  the  proposed  solution  of  the  prob- 
lem which  confronts  the  contractor  when  he 

finishes  a  job  and  wishes  to  dispose  of  equip- 
ment is  not  the  only  possible  one.  Many  con- 

tractors have  found  it  more  advantageous  to 

delegate  to  "operating''  or  "transportation'' companies  the  task  of  keeping  mechanical 
hauling  equipment  in  continuous  operation  the 
year  round  independent  of  whether  any  one 
individual  contractor  has  constant  use  for  the 

equipment  or  not.  In  this  way  the  maximum 
of  economy  in  operation  can  be  secured. 
Naturally  the  contractor  busy  with  his  own 
problems  of  construction  has  not  the  time, 
in  fact  cannot  afford  to  take  the  time,  to  se- 

cure work  for  his  trucks  and  hauling  equip- 
ment when  they  are  not  needed  in  his  own 

work. 

Looked  at  from  the  manufacturers'  stand- 
point the  proposition  as  outlined  in  the  article 

in  question  is  not  a  very  promising  one  and 
it  does  not  seem  likely  that  he  could  ever 
enter  into  a  salvage  of  trucks  or  other  hauling 

equipment  on  a  lasting  business  basis :  al- 
though a  few  without  looking  into  the  future 

might  attempt  such  a  method  of  marketing 

equipment;  namely,  by  agreeing  to  buy  it  back 
when  the  purchaser  was  through  using  it. 
However,  it  seems  almost  certain  that  in  a 
short  while  such  a  scheme  would  lead  to  a 
flooded  condition  similar  to  that  which  now 

exists  in  the  second-hand  automobile  market 
where  used  cars  have  become  a  drug,  and 
would  react  in  a  way  very  unsatisfactory  to 
all  concerned. 

Thus  it  would  seem  to  be  to  the  advantage 
of  manufacturer  and  contractor  to  put  the 
task  of  keeping  trucks  in  operation  up  to  the 

"transportation"  company  paying  it  a  legiti- 
mate profit  for  its  services.  Companies  organ- 

ized for  such  vyork  as  this  are  now  in  exist- 
ence and  the  number  will  undoubtedly  in- 

crease from  time  to  time. 
The  contractor  who  does  not  feel  that  he 

l-:is  sufficient  work  to  justify  the  expenditure 
of  a  large  amount  of  capital  for  hauling  equip- 

"Harmonic     'Waves"     in     Bituminous 
Pavements  and  Their  Elimination. 
The  tendency  frequently  shown  in  the  sur- 

face of  bituminous  pavements  to  develop 
waves  of  equal  length  under  heavy  traffic  is 

discussed  by  W.  de  H.  'Washington  in  the 
Proceedings  of  the  American  Society  of  Civil 
Engineers,  Vol.  XL.,  p.  1523:  Col.  R.  E. 
Crompton  of  London  was  perhaps  the  first  to 

apply  the  term  "harmonic  waves"  to  the  ten- 
dency of  bituminous  pavements  to  creep  and 

form  miniature  hills  and  hollows.  With  cer- 
tain types  of  traffic,  he  has  found  that  the  dis- 

tances between  the  hills  and  hollows  have  a 
certain  relative  length.  On  one  road  examined 
there  were  more  than  1,000  motor  buses  per 
day,  and  found  a  series  of  long  waves,  which 
occurred  with  great  regularity  throughout  the 
length  of  the  road. 

It  is  probable  that  improper  rolling  of  the 
road  and  the  compression  of  the  material  are 

The    Crompton    Triple    Roller   for   Asphalt    Pavement. 

roller  and  pushes  aliead  to  a  certain  extent, 
finally  ceasing  to  move  forward,  at  which  time 
the  roller  goes  over  it.  If  examined,  the  road 
surface  will  be  found  to  have  a  marked  swell. 

Col.  Crompton  has  endeavored  to  solve  this 

problem  by  devising  a  machine.  Fig.  1,  with 
three  sets  of  rollers,   instead  of  the  ordinary 

ment  may  find  this  a  very  satisfactory  solution 
of  his  transportation  problems, 

"i'ours  very  truly, 

Clinton  Brettell, 

Transportation  Engineer. 
The   Motor  Haulage  Cu.,   Broadway  and  61st 

St.,   New  York,  Sept.  30,   1914. 
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Details  of  a  New  Method  Used  in  Con- 

structing    the     Retaining     Walls 
of     the     Lumber     Exchange 

Building,  Chicago,  111. 
I  Staff  .'\rticlc.> 

In'  planning  the  design  and  construction  of 
the  Lumber  Exchange  Building,  corner  of 
Madison  and  La  Salle  Sts.,  Chicago,  111.,  a 
novel  and  effective  method  was  developed  in 
connection  with  the  construction  of  the  re- 

taining walls.  The  construction  work  was 

especially  hazardous  on  account  of  the  ne- 
cessity of  preventing  any  considerable  settle- 

ment of  the  foundations  of  adjacent  build- 
ings. .Adjoining  this  building  on  the  south 

there  is  the  Id-story  Y.  M.  C.  A.  Building, 
which  has  floating  foundations;  across  the 
street  to  the  north  is  the  13-story  Tacoma 
Building,  which  also  has  floating  foundations; 
while  a  :t-story  building  with  floating  founda- 

tions adjoins  the  property  on  the  east.  The 
Lumber  Exchange  Building  covers  an  area  of 

about  101  ft.  X  IS-^i  ft.,  the  height  of  the  struc- 
ture being  200  ft.  It  is  an  office  building,  with 

caisson  foundation  extending  to  bed-rock,  a 
steel  frame,  and  tile  arch  floors.  The  first 
story  is  faced  with  granite;  the  second  to  the 
sixth  stories,  with  terra  cotta :  while  the  si.xth 
to  the  sixteenth  stories  have  a  brick  facing 
with  terra  cotta  trim.  Over  a  considerable 
part  of  the  area  the  excavation  is  carried  to  a 
depth  of  about  -JO  ft.  below  the  street  grade 
to  provide  for  the  basement,  sub-basement 
and    second   sub-basement. 

UET.MLS     OF     NEW     METHOIl. 

To   avoid    the   difficulties   and   uncertainties 

oi  the  usual  method  of  constructing  deep  re- 

BUILDINGS 
pieces  were  placed  against  each  length  of  the 

lagging.  After  the  lagging  and  waling  were 

set  on  each  side  of  the  trench,  8x8-in.  drums 

and  jack  screws  were  placed  against  the 

lagging,  as  shown  in  Fig.  1,  the  drums  bemg 

tightened  as  much  as  possible  by  means  of 

the  jacks.  This  process  was  contmued  along 
the  trench  until  the  end  of  the  section  was 

reached  and  also  downward  to  the  bottom  of 

the  trench,  .\bout  6  ins.  of  concrete  were  de- 
posited in  the  bottom  of  the  trench  for  a 

working  floor,  and  the  forms  were  then  built 
from  the  bottom  to  the  top  of  the  retaming 

wall.  The  tvpe  of  form  used  and  its  bracing 
are  clearlv  shown  in  Figs  1  (c)  and  (d).  The 

lagging  used  was  in  lengths  of  3  ft.  to  4  ft., 
and  the  waling  pieces  were  from  G  ft.  to  8  ft. 

long,  their  spacing  varying  from  1  ft.  6  ins. 
to  3  ft.,  depending  upon  the  earth  pressure. 

The  2  X  G-in.  longitudinal  and  the  2  x  4-in. 

cross  bracing  for  the  forms  had  the  same  spac- 
ing  as   the   waling  pieces. 

and  lagging  are  left  in  place  in  the  completed 
wall.  When  the  basement  is  excavated  the 
inner  lagging  is  removed,  the  drums  are 
pulled  out  of  the  boxes,  the  inner  form  and 
the  boxes  are  taken  down,  and  the  holes  left 

by  the  boxes  are  rammed  with  dry  con- 
crete, which  is  held  firmly  in  place  by  the 

notches  left  by  the  ixlVs-in.  keys  on  the boxes. 

COMPARISON    WITH    OLD    METHOD. 

In  order  to  show  more  clearly  the  ad- 
vantage of  the  new  method  over  that  com- 

monly used  in  constructing  deep  retaining 
walls  reference  is  made  to  Fig.  2,  which 
shows  the  construction  used  for  the  old 
method.  With  this  method  it  is  evident  that 
the  wall  is  not  monolithic,  but  consists  of  a 
series  of  horizontal  layers,  the  thickness  of 
the  layers,  L,.  L:.  etc.,  being  equal  to  the 
distance  between  the  drums.  It  is  evident  that 
the  inner  form  for  lowest  layer,  L,,  must  be 
constructed  and  that  layer  concreted  and   the 
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Fig.   1.     Details   Illustrating  New   Method   of   Constructing    Retaining   Walls  for   Buildings   as   Used    in    Construction   of    Lumber   Exchange 
Building,  Chicago,  III. 

taining  walls,  it  was  decided  to  adopt  a  new 
'  onslruclion  procedure.  Figure  1  illustrates 
ihc  principal  features  of  this  method.  The 
irrruli  lor  the  relainiiiK  w;ill  (the  walls  gen- 
(Tall>  lieing  reinforced  with  I-beams  and 

llange  plates  as  .shown  in  I'ig.  1,  although parts  of  it  arc  reinforced  with  rods)  was  ex- 

■avated  in  alternate  sections  breaking  joints 
at  the  centers  of  the  columns.  These  trenches 
were  excavated  G  ft.  wide,  the  order  of  ex- 
.avaling  the  material  between  columns  being 

<hown  in  I'"ig.  1  ia).  .\s  noted  in  Ibis  drawing M'ctioii  I  was  tir-.!  excavated  for  a  width  of  G 
It.,  a  length  of  il  It.  anrj  a  ilcpth  of  3  ft.  While 
this  section  was  beiuK  shored,  section  2  was 

excavated,  etc.  .A.  length  of  the  2%  x  ')\4-in. 
tongue-and-groove  lagging  was  then  placed 
111  a  vertical  position  against  the  earth,  and 
two  lines  of  8  x  8-in.  drums  were  placed  in 
a  horizontal  position  against  the  8  x  8-in. 
waling  pieces,  as  shown  in  Figs.  1(c)  and 
(d)     ft  will  be  noted  that  two  lines  of  waling 

The  principal  advantage  of  this  method  of 
retaining  wall  construction  lies  in  the  fact 
that  it  is  possible  to  pour  the  wall  as  a 
monolith  in  one  operation.  This  is  made  pos- 

sible by  boxing  in  the  drums  so  that  they  can 
be  removed  after  the  concrete  has  hardened, 
the  openings  left  by  the  boxes  being  filled 
later.  The  drums  were  boxed  in  as  shown 
in  Figs.  1  (c)  and  (d),  each  drum  requiring 
two  1  X  10-in.  pieces  and  two  1  x  12-in.  pieces.. 

As  shown  in  Fig  I  (c)  the  holes  through  the' form,  through  which  the  drums  projected. 
were  made  tight  for  concreting  by  means  of 
1-in.  strips.  The  system  of  bracing  used  at 
the  caissons  is  shown  in  Fig  1  (c).  .After  the 
timber  construction  shown  in  Figs  1  (c)  and 
(d)  had  been  completed  the  reinforcement, 
which  in  general  consists  of  24-in.  80-lb.  I- 
beams  with  Ox%-in.  flange  plates,  was  set  in 
place  and  the  trench  was  filled  with  concrete, 
the  order  of  concreting  being  as  indicated  in 

I"ig   1    (b).    The  outer  8x8-in.   waling   pieces 

concrete  allowed  to  harden  before  the  drum 
and  jack  for  layer  L;  can  be  removed,  the 
inner  form  continued,  and  that  layer  poured, 
etc.  .\s  each  layer  must  be  allowed  to  set 
for  at  least  12  hours  before  new  drums  can 
be  placed  back  of  the  forms  in  the  concreted 
layer  and  before  the  next  layer  can  be  con- 

creted, the  saving  of  time  permitted  by  the 
use  of  the  new  method  is  evident.  It  will  be 
noted  that  with  the  ordinary  method  the 
outer  lagging  is  left  in  the  ground,  but  that 
the  outer  waling  pieces  are  not  left  in  the 
concrete  but  are  removed  as  the  concreting 

progresses. 
.\DVANI.-\GES    OF    NEW    .METHOD. 

The  progress  of  concreting  the  trenches  is 
much  faster  than  with  the  old  method,  and 

the  objection  to  the  use  of  rods  for  rein- 
forcement is  largely  removed.  The  drums 

resist  the  pressure  of  the  earth  until  the  con- 
crete has  thoroughly  hardened,  and  the  com- 
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pleted    wall    acts    as    a    monolith,    since    the 
horizontal   joints   are   avoided. 

In  the  old  method  it  was  generally  neces- 
sary to  leave  out  the  floor  arches  in  the  floor 

above  in  order  to  permit  the  placing  of  the 
I-beam  reinforcement,  rods  not  being  satis- 

factory for  reinforcement  due  to  the  large 
numbers  of  horizontal  joints,  which  make  it 
diflicult  to  provide  for  the  shear.  In  the  de- 

sire to  save  time  there  was  always  the  temp- 
tation, when  the  old  method  was  used,  not 

to  give  the  concrete  sufficient  time  to  harden 
before  the  earth  pressure  was  applied  to  it. 
The  new  method  is  especially  advantageous 
when  it  is  necessary  to  insure  adjacent  float- 

ing foundations  against  settlement.  In  this 
case,  the  settlement  of  the  adjacent  16-story 
V.  M.  C.  A.  Building  was  quite  small,  even 
though  the  party  wall  and  the  wall  columns 
of  this  structure  are  carried  on  spread  foot- 

ings, which  project  a  considerable  distance  into 
the  site  of  the  Lumber  Exchange  Building. 
The  new  method  proved  to  be  especially  effec- 
-ive  in  constructing  the  portions  of  the  retain- 

ing wall  which  contained  reinforcing  bars. 
PERSONXEL. 

The  Lumber  Exchange  Building  was  de- 
signed, and  the  method  explained  in  this  arti- 

cle developed,  by  Holabird  &  Roche,  archi- 
tects, Chicago,  111.  The  George  A.  Fuller  Co. 

was  the  general  contractor ;  the  American 
Bridge  Co.  furnished  the  steelwork :  the  Oscar 
Daniels  Co.  erected  the  steelwork,  and  the 

Ruud-Nielson  Co.  had  charge  of  the  shoring 
work.     We  are  indebted   to  the  architects   of 

This  material  is  not  ideal,  as  the  results  of 
the  analysis  show,  but  it  was  used,  as  it  is  the 
material  of  the  market. 

The  coarse  aggregates,  commercially  .called 
%-in.  material,  all  passed  the  1%-in.  sieve  and 
were  retained  on  the  Vz-m.  sieve. 

A  chemical  analysis  of  the  slag  gave  the  fol- 
lowing results : 

Per  cent. 
Silica      34.40 
-■ilumina  and  iron  oxide   23.40 
Lime      35.88 
Magnesia       3.21 
Sulptiur  anhydride      0.39 
Sulphur         1.27 
Loss  on  ignition     1.34 

All  materials  were  measured  by  volume  in 
the  proportions  of  1  part  cement,  2  parts  sand 
and  4  parts  coarse  aggregate.  All  concrete 
was  mi.xed  to  ordinary  working  consistency — 
rather  wet  than  dry.  The  cubes  were  all  air. 
stored  in  a  dry  cellar,  being  sprinkled  with 
water  once  a  week.  Table  1  gives  the  results 
of  the  compression  tests  of  400  cubes. 

CONCLUSIONS. 

A  study  of  this  detailed  differentiation  of 
test  results  shows  that  at  28  days,  3  months 
and  t)  months,  of  the  number  of  individual 
tests  failing  to  agree  closely  with  the  several 
general  averages,  the  large  percentage  of  these 
show  considerably  greater  strength  than  these 
general  averages  or  than  the  average  of  the 
larger  percentage  of  tests  which  agree  so  close- 

ly with  the  several  general  averages.  The 
average  strength  noted  in  all  the  tests  at  these 

Caisson 

or  with  the  larger  number  of  tests  at  each 
period  which  closely  approximate  these  general 
averages,  a  somewhat  larger  percentage  falls 
below  this  general  average  than  that  which 
runs  above.  But.  as  those  results  which  are 
above  the  general  findings  average  relatively 
much  more  above  such  general  findings  than 
the  low  results  average  below  these  general 
findings,  it  may  be  assumed  that  the  average 
strength  results  of  all  the  tests  at  the  later 
periods  of  9  months  and  1  year  are  equally 
conservative. 

These  conclusions  are  more  particularly  evi- 

;  Inner  Form' Outer  lagging       Inner  lagging-'] 

(a)Sec  +  ional    Plan    of  Retaininq  Wall   Trench 

E:.&;C. 

(b)    Sec+ion  A-A 

Fig.  2.     Details   Illustrating   Method  Commonly  Used   In    Constructing    Retaining    Walls   for   Buildings. 

this    building    for    the    data    upon   which    this 
article   is   based. 

Blast    Furnace    Slag   as   Aggregate   in 
Concrete. 

The  following  data  give  the  results  of  an 
investigation  to  determine  the  value  of  blast 
furnace  slag  as  aggregate  in  concrete.  The 
data  were  abstracted  from  a  paper  by  W.  A. 
.'\iken,  presented  before  the  recent  annual 
meeting  of  the  American  Societv'  for  Testing 
Materials.  The  conclusions  drawn  are  based 
on  the  results  of  about  400  tests,  .\bout  100 
cubes  still  remain  to  be  tested. 

M.^TERIAL   USED   AND   RESULTS   OF  TESTS. 

•  The  materials  used  in  the  test  specimens 
were  all  commercially  produced  in  Philadel- 

phia, and  the  work  of  making  the  specimens 
was  no  better  than  that  under  ordinary  field 
conditions  of  concrete  construction.  Thorough 
mixing,  however,  was  positively  assured,  the 
work  being  done  by  hand.  The  cement  used 
was  a  standard  Lehigh  Valley  brand,  and  the 

sand  was  Jersey  "gravel,"  a  material  universally 
used  in  the  vicinity  of  Philadelphia.  The  fol- 

lowing is  an  analysis  of  the  latter  material : 
.\raount  passing, 

Sieve.  per  cent. 
%-ln    97.4 
No.     10    90.8 
No.      20    73.8 
No.      30    63.8 
No.     40    55.2 
No.      60    35.4 
No.    100    11.6 

periods,  28  days,  3  months  and  G  months,  may 
therefore  be  assumed  as  thoroughly  conserva- tive. 

A  similar  study  of  results  at  9  months  and 
1  year  shows  that,  of  the  results  not  in  close 

agreement  with  each  period's  general  average. 

dent  when  it  is  borne  in  mind  that  the  sand 
used  was  not  what  could  be  considered  first- 
class  material,  and  this  undoubtedly  influenced 
the  strength  of  the  concrete.  Moreover,  the 
comparatively  small  size  of  the  slag  aggregate 
must  necessarily  have  influenced  the  strength 

TABLTi;  I.- 
.4ge 

when 
tested. 

28  days   . . 

3  months 

G  months 

9  months 

1  yoftr      

-RESULTS  OF  COIIPRESSION  TESTS   OF  6-IN.   SLAG  CONCRETE  CUBES. 
(Average  weight   of  concrete   was   140.8  lbs.   per    cubic  foot.) Average 

No.  of  compres- speci-      sive  strength, 
lbs.  per  sq.  In.  Remarks. 

mens. 100 

in.; 

1,561  73  per  cent   of  ail  the   tests  averaged   1,533   lbs.   per  sq. 
within  2  per  cent  of  the  general  average,  but  lower. 

20  per  cent   of  all   the   tests   averaged   1.730   lbs.    per   sq. 
within  11  per  cent  of  the  general  average,  but  higher. 

7  per  cent   of   all   the   tests  averaged   1,344   lbs.    per  sq. 
within  14  per  cent  of  the  general  average,  but  lower. 

100  1.952  78  per   cent   of   all   the   tests  averaged   1,922   lbs.    per   sq. 
within  2  per  cent  of  the  general  average,  but  lower. 

15  per  cent  of  all   the   tests  averaged   2.1S5   lbs.    per  sq. 
within  12  per  cent  of  the  general  average,  but  higher. 

7  per  cent   of  all    the   tests  averaged   1.794   lbs.    per  sq. 
within  8  per  cent  of  the  general  average,  but  lower. 

100  2,589  73  per   cent   of  all   the   tests   averaged   2.5S3   lbs.   per  sq. 
practically  in  complete  agreement  with  the  general  average. 

14  per   cent   of  all   the   tests   averaged   3.058  lbs.   per  sq.   in.; 
within  IS  per  cent  of  the  general  average,  but  higher. 

13  per  cent   of  all    the   tests   averaged   2.125  lbs.    per  sq.   in.; 
within  18  per  cent  of  the  general  average,  but  lower. 

50  2,841  72  per   cent   of  all   the  tests  averaged   2.874   lbs.   per  sq. 
within  1  per  cent  of  the  general  average,  but  higher. 

8  per  cent   of  all   the   tests   averaged  3.367  lbs.    per  sq. 
within  18  per  cent  of  the  general  average,  but  higher. 

20  per   cent   of  all   the   tests   averaged   2.514   lbs.    per  sq. 
within  12  per  cent  of  the  general  average,  but  lower. 

50  2.797  S4  per  cent   of  all   the   tests  averaged   2. 812  lbs.   per  sq. 
within  1  per  cent  of  the  general  average,  but  higher. 

6  per   cent   of  all  the   tests   averaged   3,534   lbs.   per  sq. 
within  26  per  cent  of  the  general  average,  but  higher. 

10  per  cent   of  all   the   tests  averaged  2.342  lbs.   per  sq. 
"Within  16  per  cent  of  the  general  average,  but  lower. 

In. 

In. 

m.; 

ID. 

In.; 

In.: in.; 

in. 

in.; In.; in.; 
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of  the  concrete,  and  the  results  would  probably 
have  been  higher  had  the  test  specimens  been 
larger.  It  is  also  to  be  noted  that  in  so  far 

as  the  author's  observation  goes,  the  results  ar^ 
markedly  lower  than  those  published  by  other 
investigators  of  slag  concrete. 
From  the  actual  strength  of  the  concrete; 

the  weight  of  the  slag  per  cubic  foot  (which 
is  less  than  that  of  most  material  used  simi- 

larly) ;  the  recognized  solubility  of  slag,  which 
permits  it  to  act  as  a  puzzolanic  material;  its 
alkaline  nature,  which  is  especially  conducive 

to  rust  prevention  in  reinforced  concrete  con- 
struction; and  from  the  relative  high  combined 

percentages  of  silica,  alumina  and  iron,  mak- 
ing for  permanency  in  the  resulting  concrete ; 

it  is  concluded  that  slag  of  similar  composition 

is  in  every  way  satisfactory  for  use  as  aggre- 
gate in  concrete. 

Checking     Lists     for     Estimators     on 

Building  Work. 

Contributed  by  L.  A.  Waterbury,  Professor  of 
Civil  Ensineering,   University  of  Arizona. 

The  preparation  of  detailed  estimates  and 
bills  of  material  for  the  use  of  contractors  re- 

quires considerable  care  to  avoid  the  omission 
of  items.  For  work  of  this  character  the 
writer  has  made  use  of  checking  lists  which 

should  prove  of  interest  to  others.  Mimeo- 
graphed forms  are  used,  made  upon  16-Ib. 

bond  paper,  8%xll  ins.,  so  that  the  prepara- 
tion of  checking  lists  for  a  particular  job  is 

done  by  checking  the  required  items  which  are 
listed  upon  the  forms  and  by  adding  any 
unusual  items  which  do  not  happen  to  be  in- 

cluded upon  the  mimeographed  list. 
Before  beginning  to  itemize  the  quantities 

to  be  billed  the  checking  lists  are  made  out 
for  the  entire  job.  For  a  new  job  much  of 
this  can  be  done  while  studying  the  plans  and 
specifications,  noting  in  particular  those  items 
called  for  in  the  specifications  which  might 
easily  be  overlooked  in  taking  off  quantities 
from  the  plans. 
The  form  shown  in  Fig.  1  is  for  use  in 

checking  the  general     subdivision     of     items 
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Fig.  1.     Checking  List  for  General  Classification  of  Work. Fig.  3.     Checking   List  for  Dimension  Lumber. 
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Job                                                                          Shset,                                1 

Checking 
Listed  by 

List  for  WORKED 
                r 

UPPERS  FC 
)ate   

)R  EXTERIOR  TRIM  FOR   _    . 

Checked  bv                         Date 

d 
Z 

H 

ITEMS  FURNISHED 
BY  GENERAL 
CONTRACTOR 

SUB- 
CO  N- 

TRACTS'- DESCRIPTION  OF  ITEM 
MATE- 
RIALS. 

LABOR 

i-t 

'3 
8 
1 

'e 

& 

•s 

o 
ClJ 

13 

.a 

■s '5 

Hi s 

•a 

§ 
S 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

26 
27 
28 
29 
30 
31 

32 33 
34 
35 

36 

;::::: ::::;: 

:::::: 

...Z 

  

;:;:: 

:.:::: ::;::: 

LOUVRES 
RAFTER  ENDS 
FINISHED  SHEATHING 
SIDING 
RAILINGS  (If  not  in  Millwork) 
CORNICE 
FRIEZE 

ARCHITRAVE 
TENIA 
SOFFITS 
LUMBER  FOR  COLUMNS  &  PILLARS 
FINISHED  FLOORING  (Exterior) 
STAIRS  AND  STEPS 
BELT  BANDS 
WATER  TABLE  (If  not  in  Millwork) 
DRIP  CAP 
CORNER  TRIM 
GRILLE  AND  PATTERN   TRIM 
LATTICE  WORK 
PARAPETS 
CEILING  (Exterior) 
SHINGLES 
BATTENS 
PICKETS 
BENCHES  (Ifnot  in  Millwork) 

Job                                                               .                                 ....           Sheet              

Checking  List  for  MILLWORK  AND  GLASS  FOR   

Listed  by                Date       Checked  hv       Date   

d 
z 

w 
H 

ITEMS  FURNISHED 
BY  GENERAL 
CONTRACTOR 

SUB- 
CON- 

TRACTS 

DESCRIPTION  OF  ITEM 
MATE- 

RIALS 
LABOR 

1 
3 

(1- 
1 

1 

■3 

OS 

s 
S 

1 

'5 

OS 

•a 

E 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

13 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

25 

26 

27 
28 

29 
30 
31 
32 
33 
34 

35 

36 

z.. 

...... 

:::::: 

:;:::: 
:;::;; 

:::::: 

i 
__ 

WINDOW  FRAMES,  DOUBLE  HUNG 
CASEMENTS 
FIXED  SASH 

DOOR  FRAMES,  DEL.  WITH  TR. 

SIN.    WITH     •■ 
VENT  FRAMES              (If  milled) 

SCUTTLE  FRAMES          "       " 
LOUVRES                               ■•       " STORE  FRONTS 
SASH,  DOUBLE  HUNG 

CASEMENTS 

••       FIXED 

SKYLIGHTS 
GLASS  (If  not  with  other  items) 
DOORS,  EXTERIOR 

INTERIOR 

SCUTTLE  OR  BATTEN 
STAIRS               (If  milled) 

RAILINGS 
PLATE  RAIL 

DRAIN  BOARD  (See  Interior  Trim) 

BENCHES                    
COUNTERS                
COLUMNS  (If  milled) 

CORNICE        "       •• 
FRIEZE  &  ARCHITRAVE  (If  milled) 
SOFFITS  (If  milled) 
CABINETS  AND  CASES 

Fig.   5.     Checking    List   for    Worked    Uppers    for  Exterior  Trim. Fin-   7.     Checkina   List  fnr  Millwork   and   Glass. 



366 
Engineering    and    Contracting 

\o!.  XLII.     No.  16. 

for  building  estimates.  It  will  be  noted  that 
this  form  is  arranged  to  indicate  whether  any 
particular  item  is  to  be  furnished  by  the  gen- 
-■ral  contractor  or  whether  it  forms  a  sub- 

contract. The  list  also  shows  whether  ma- 
terials or  labor,  or  both,  are  required.  In 

the  column  headed  "'Required,"  under  each 
subdivision,  a  check  mark  is  placed  opposite 
each  item  for  which  there  is  anything  to  be 

billed.  In  the  column  headed  "Check  List" 
there  is  placed  the  number  of  the  sheet  on 
which  will  be  found  a  detailed  check  list  for 
the  item.  For  some  items  no  detailed  check 
list  will  be  needed.  In  the  column  headed 

"Itemized"  there  is  placed  the  number  of  the 
sheet  on  which  the  billing  of  the  item  begins. 
When  the  billing  for  an  item  of  the  general 
list  has  been  completed,  a  second  check  mark 

is  placed  in  the  "Required"  column,  for  which 
purpose  it  is  desirable  to  use  a  different  color 
than  that  used  for  the  first  check.  The  writer 
uses  black  for  the  first  checking  and  red  for 
the  final  checking. 

In  billing  the  items,  all  of  the  materials 
may  be  itemized  first,  then  the  labor,  and  to 
the  summary  of  these  may  be  added  the  sub- 
contract.s.  In  this  case  the  final  checking 
proceeds  down  each  vertical  column  in  suc- 

cession. When  it  is  desired  to  bill  the  items 
so  as  to  show  the  complete  cost  of  materials 
and  labor  for  the  separate  items,  the  checking 
proceeds  across  the  horizontal  lines  in  suc- 

cession. Upon  completion  of  the  estimate  the 
checking  list  serves  as  an  index  for  reference 
to  the  itemized  bill. 
A  detailed  checking  list  for  concrete  is 

shown  in  Fig.  2.  Similar  detailed  checking 
lists  for  lumber  and  millwork  are  shown  in 

I'igs.  3  to  7,  inclusive.  It  will  be  noted  that 
the  detailed  lists  differ  from  the  general  list 

in  that  "Places"  is  used  as  a  column  heading 
in  the  detailed  lists  where  "Check  List"  is 
used  in  the  general  list.  In  the  column  head- 

ed "Places"  there  is  inserted  the  number  of 
places  on  the  job  where  the  corresponding 
item  occurs.  Certain  items  occur  on  more 
than  one  list,  since  for  different  cases  they 
will  need  to  be  billed  in  different  ways,  de- 

pending usually  upon  whether  the  materials 
required  can  be  purchased  from  stock  or 
whether  they  are  special.  In  case  all  of  the 
interior  trim  is  obtained  from  the  mill  the 
lists  for  interior  trim  and  for  millwork 
virtually  form  a  single  list.  If  some  item, 

such  as  "Ceiling,"  is  not  included  in  the  items 
to  be  obtained  from  the  mill,  whereas  the 
balance  of  the  items  on  the  list  come  from  the 
mill,  no  confusion  would  ordinarily  occur, 
since  the  items  to  come  from  the  mill  would 

be  checked  in  the  column  headed  "Sub- 
contracts," and  the  item  "Ceiling"  would  be 

checked  under  "Items  Furnished  by  General 
Contractor." 

For  reinforcement,  a  list  having  the  satnc 
items  as  the  list  for  concrete  is  suitable.  For 
other  items  of  the  general  classification,  such 
as  brickwork,  stonework,  etc.,  detailed  check- 
mg  lists  arc  not  difficult  to  prepare.  The 
lists  for  lumber  are  given  in  detail  because 
the  writer  has  had  considerable  difficulty  in 
devrlopiBR  lists  which  were  satisfactory. 

phraseology— m<'»7,  and  that  less  than  half  of 
the  cross  section  of  the  concrete  is  supposed 
to  sustain  any  stresses.  The  comparison,  to 
be  fair,  should  be  made  between  the  area  of 
the  steel  and  that  part  of  the  concrete  which 
is  in  compression.  On  this  basis  the  difference 
between  the  area  of  the  steel  and  that  of  the 
concrete  is  not  so  great,  although  it  remains 
rather  large. 

In  the  second  place,  the  comparison  is  not 
scientific,  for  the  stresses  do  not  depend  on 
the  size  of  the  areas  but  on  the  distances  of 
the  layers  of  the  materials  from  the  neutral 
axis  of  the  beam.  Thus,  a  proper  comparison 
would  be  between  the  ratios  of  the  depths  of 
the  materials  to  the  distances  of  their  re- 

spective centers  of  gravity  from  the  neutral 
a.xis  of  the  beam. 

Besides,  the  assumption  that  the  stresses 
are  uniform  over  the  steel  is  diametrically 

opposed  to  Ilooke's  law. It  is  an  elementary  principle  of  the  theory 
of  beams  that  the  strain  varies  as  the  dis- 

tance of  the  layers  or  fibers  of  the  materials 
from  the  neutral  axis  of  the  beam,  and  it  fol- 

lows, by  Hooke's  law,  that  the  stresses  must also  vary  in  the  same  way.  It  is  a  well  known 
fact,   ascertained   experimentally,   that,   within 

^      I      ̂      3    A     5     e      7     a     V  iO    n     IZ    13    14    15    16    17    IS    IS    ZO 

Distance  Center  of  Gravity  of  Steel  to  Neutral  Axis, 
in. Inches 

Fig.  1  Diagram  Showinp  Effect  of  Consid- 
ering Tensile  Stress  in  Steel  to  Act  at 

Center  of  Gravity  of  Steel  Area  In  Rein- 
forced  Concrete   Beams. 

certain  limits,  steel  is  one  of  the  few  mate- 

rials which  very  closely  obeys  Hooke's  law, 
whereas  concrete  is  not.  Therefore  it  is  con- 

trary to  both  theory  and  experience  to  assume 
that  the  stress  on  the  steel  will  be  uniform, 
and  it  is  the  height  of  inconsistency  to  as- 

sume at  the  same  time  that  the  stress  in  the 
concrete  will  not  be  so. 

that  even  for  a  thin  slab  the  ratio  s/y  is  always 
a   very   small  quantity. 

The  probability  of  the  steel  being  over- 
stressed  is  greater,  for  the  same  area  of  steel, 
for  some  kinds  of  deformed  bars  and  for 
square  bars  with  one  comer  pointing  down 
than  for  round  bars  or  square  bars  laid  on  one 
side.  The  danger  is  also  greater  in  shallow 
beams  and  slabs  than  in  deep  beams  (except 
when  the  steel  is  placed  in  two  or  three  rows), 
for,  whereas  the  variation  in  depth  of  beam; 
is  very  large,  the  range  in  the  size  of  the  bars 
is  very  limited,  and  the  ratio  s/y  is  likely  to 
decrease  as  the  depth  of  the  beam  increases, 
even  if  larger  bars  are  used  for  the  very  deep 
beams. 

Again,  the  steel  in  T-beams  is  more  likely  to 
be  over-stressed  than  that  in  solid  slabs  or 
rectangular  beams,  because,  for  the  same  width 
of  stem  of  the  T-beam  as  the  width  of  the 
rectangular  beam,  the  area  of  the  steel  in  the 
T-beam  will  be  considerably  greater  than  the 
area  in  the  rectangular  beam,  which  means 

that  larger  liars  must  be  used  for  the  T-beam 
or  the  bars  must  be  placed  in  two  or  three 
rows.  The  result  is  that  the  ratio  s/y  will 

be  greater  for  the  T-beam  than  for  the  rectan- 

gular beam. 
This  crowding  up  of  steel  in  T-beams  and 

ribs  of  hollow  tile  slabs  is,  in  the  opinion  of 
the  writer,  at  least  a  contributory  cause  oi 
the  failure  of  several  structures,  for  the  addi- 

tion of  a  ton  or  so  to  the  stresses  assumed 
in  the  steel  is  not  a  trifling  matter  by  any 
means. 

Table  I  shows  three  examples  of  hollow  tile 
slabs  taken  from  the  common  practice  of 
three  companies  specializing  in  that  kind  of 

construction.  It  clearly  shows  how  largel\' 
the  maximum  stresses  often  exceed  the  as- 

sumed stresses  in  the  steel. 

In  the  first  example  the  stress  assumed  i.-^ 
very  conservative,  but  the  injudicious  use  of 
bars  with  a  comparatively  large  depth  cause; 
the  stress  in  the  steel  to  exceed  by  20  per 

cent  the  assumed  stress.  In  the  other  exam- 
ples the  bars  used  have  a  smaller  depth,  and 

consequently  the  excess  in  stress  is  not  so 
large. 

To  devise  a  simple  formula  which  would 
take  into  account  the  maximum  stresses  in 
the  steel  is  practically  impossible,  for  such  a 
formula  would  involve  the  moment  of  in- 

ertia of  the  area  nf  <teel  about  an  axis  through 

its  center  of  gravity,  and  this  is  a  cumber- 
some quantity  with  which  to  deal.  But  it 

would  be  an  easy  matter  for  a  designer  to 
increase  the  area  of  the  steel  or  the  depth  of 
the  beam,  fiunnl  by  the  ordinary  formulas,  in 
the    ratio    of    distance    from    neutral   axis    to 

TABLE    I.— ACTUAL.   AND  ASSUMED  STRESSES  IN  STEEL. 
.   Slab.  n.        fc.  fs.             y.            s.  s/y.  Max.  fs. 

4   Ins.  tile -f  1   In.  concrete    15         650  16.00ft         2.35         0.47  0.200  19,200 
4   Ins.   tile -t-  1  In.  concrete    15         750  20,000         2.70         0  25  0.093  21,900 
4   Ins.   tile  H- H4  Ins.   concrete    15         750  18,000         2.90        0.31  0.107  20,000 

Maximum    Stresses   in   Tension    Rein- 
forcement. 

To  rut  Imhtdk.s  :  The  size  and  shape  of 
tcnsi<m  reinforcement  in  reinforced  concrete 
lieami.  are  factors  which  materially  influence 
the  maximum  stresses  in  the  steel  but  which 
nrc  entirely  disrcgardeil  in  the  ordinary  beam 
formulas  These  formulas  only  lake  into  con- 

sideration the  cross-sectional  area  oi  the  steel 
in  tension  and  the  distance  of  the  center  of 
gravity  of  the  section  from  the  neutral  axis  of 
the   beam. 
Some  authors  state  that,  as  the  area  of  the 

steel  is  very  small  ciimpared  with  the  cross 
section  of  the  beam  itself,  the  stress  in  the 
metal  is  practically  nniform.  and  they  there- 

fore consider  the  stress  as  uniform  over  the 
steel   area. 

In  the  first  place,  this  cnmijarison  is  not 
fair.  It  should  be  remembered  that  more  than 
half  of  the  cross  section  of  the  beam  is — 
to     borrow     an     expression     from     chi-mical 

That  the  steel  in  the  tension  side  of  a 
lieam  is  often  over-stressed  by  the  use  of  the 
"rdinary  formulas  will  be  clearly  seen  by  re- 

ferring to  I'ig.  1.  The  abscissas  represent  the 
distances  of  the  centers  of  gravity  of  the 
steel  area  below  the  neutral  axis,  while  the 
ordinates  give  the  coefficients  which  must 
be  multiplied  by  the  stress  assumed  in  the 
orilinary  formulas  in  order  to  obtain  the  real 
maximum  stress  in  the  steel.  The  figures 
which  designate  each  curve  represent  the  dis- 

tances of  the  lowest  fiber  in  the  steel  below 
the  center  of  gravity  of  the  steel  area. 

If  we  let  "y"  represent  the  distance  of  the 
center  of  gravity  of  the  steel  from  the  neutral 
axis,  and  ".5"  that  of  the  center  of  gravity from  the  lowest  fiber  of  the  steel,  it  is  evi- 

dent that,  in  order  to  deviate  as  little  as  pos- 
sible from  the  stresses  assumed  in  the  formu- 

las, the  ratio  s/y  must  be  kept  as  low  as  pos- 
sible. It  follows  that,  apart  from  other  con- 

siderations, the  smaller  the  size  of  the  rein- 
forcement used,  the  nearer  will  the  stresses  in 

the  steel  approach  the  assumed  stresses.  For 
this  reason,  such  fabrics  as  expanded  metal 
come  nearest  to  fulfilling  the  conditions  of 
the  ordinary  equations  than  any  other  kind 
of   reinforcement,   as  their  depth   is   so   small 

bottom  of  steel  to  distance  from  neutral  axis 
to  center  of  gravity  of  steel. 

Very  truly  yours, 

M.  J.  Lorente,  C.  E. 
Lynn,  Mass.,   .\ug.  27,   1914. 

Chilean   Road   Work. — A   U.    S.   consular 
report  states  that  -llo  miles  of  cart  roads  were 
repaired  and  .58  miles  of  new  highway  con- 

structed in  Chili  during  1913,  at  a  cost  of 

$497,668.  Four  highway  bridges  arc  now  un- 
der construction  and  31  others  planned.  It  is 

stated  that  at  present  there  are  823  bridges  in 
Chili. 

Time  Estimates  of  Road  Construction. — 
Division  engineers  of  the  New  York  State 
Highway  Department  have  been  directed  in 
submitting  estimates  for  construction  to  in- 

clude hereafter  an  approximation  of  the  num- 
ber of  working  days  required  to  complete  each 

contract.  This  will  enable  the  department  to 

specify  time  limits  on  contracts  more  accu- 
rately, as  the  l.)c:il  engineers  who  work  up 

the  field  notes  are  unt(uestionably  in  a  better 
position  to  weigh  carefully  the  elements  which 
enter  into  the  building  of  a  piece  of  road. 
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The  Milwaukee  Sewerage  Problem  and 
the  Sewage  Treatment  Testing 

Station. 
As  long  ago  as  in  1870  the  Milwaukee  Board 

'■f  Public  Works  reported  upon  the  danger- 
ous sewage  pollution  of  the  rivers  flowing 

through  the  city.  This  report  was  followed 
Iiy  the  employment  in  1878  of  a  commission 
to  study  and  report  upon  the  best  method  of 
preventing  the  pollution.  A  system  of  inter- 
>-epting  sewers  along  two  of  the  rivers  was 
recommended,  and  constructed  in  part  from 
I  SSI  I  to  1886.  In  the  latter  year  Mr.  George 
H.  Benzenburg  recommended  that  the  Mil- 

waukee River  be  flushed  with  a  large  volume 
of  water  pumped  into  it  from  Lake  Mich- 

igan by  means  of  low  lift  screw  pumps.  This 
was  carried  out  under  his  supervision  in  1888. 
Another  commission  reported  in  1889  and  as 
a  result  the  Kinnickinnic  River  flushing  works 

were  built  to  prevent  its  pollution  from  sew- 
.ige  discharged  into  it. 

In  1909  a  commission,  composed  of  Messrs. 
John  W.  .A.Ivord,  George  C.  Whipple  and  Har- 

rison P.  Eddy,  was  created  to  study  the  whole 
problem  of  collecting  the  sewage  from  the 
sewers  already  built  and  finally  disposing  of  it. 
This  commission  made  its  report  in  1910,  fol- 

lowing which  the  State  Legislature  of  1913 
passed  an  act  authorizing  the  creation  of  a 
sewerage  commission  composed  of  five  citi- 

zens to  study  the  problem  and  to  carry  out 
such  works  as  were  found  necessary  for  its 
.■;olution.  The  report  mentioned  was  pub- 

lished in  substance  in  En'Cixeering  .-VNn  Co.v- 
TR.ACTING  of  May  24,  1911. 

Thus,  for  38  years  this  question  has  been 
energetically  studied  by  citizens  and  engineers, 
and  a  large  sum  of  money  has  been  expended 
in  alleviating  the  troubles  as  they  arose,  but 
prior  to  the  creation  of  the  present  sewerage 
commission,  no  such  broad  powers  had  been 
granted  the  city  which  would  enable  it  to 
■L'arry  to  a  conclusion  all  the  works  recom- 
mended. 

THE    PRESENT    SEWER.VCE    COMMISSION. 

The  present  Sewerage  Commission  consists 
of  Mr.  George  H.  Benzenburg,  chairman,  a 
prominent  civil  engineer  and  a  former  city  en- 

gineer of  Milwaukee,  and  four  leading  citi- 
y-ens.  All  were  appointed" bv  the  mayor,  Dr. 

G.  A.  Bading.  Mr.  T.  Chalkle'y  Hatton  is  chief engineer  of  the  commission.  The  following 
matter  is  from  a  paper  by  Mr.  Hatton,  pre- 

sented at  the  annual  convention  of  the  .\mer- 
ican  Society  of  Municipal  Improvements,  held 
at  Boston  on  Oct.  6-9. 

There  are  three  conditions  under  which  this 
commission  is  working  which  are  somewhat 
unusual,  but  which  are  necessary  to  insure 
success  in  all   undertakings  of  this  character. 

Its  members  are  appointed  to  hold  office  dur- 
ing the  entire  period  it  may  require  to  carry 

•out  such  works  as  may  be  planned.  The  funds 
necessary  to  carry  out  the  work  must  be  pro- 

vided by  the  City  Council  by  a  special  levy 
of  taxes  upon  real  and  personal  property  up  to 
an  annual  limit  of  one  mill  of  assessed  valua- 

tion of  such  property.  The  expenditures  made 
are  solely  under  the  direction  of  the  com- 

mission, subject  to  the  approval  of  City  Comp- 
troller. The  commission  employs  all  assist- 

ance needed,  subject  to  the  civil  service  rules 
of  the  city,  and  fixes  all  salaries  with  one  ex- 

ception. The  rate  of  salary  of  its  secretary 
must  be  confirmed  by  the  City  Council. 

The  responsibility  for  properly  and  satisfac- 
torily solving  this  problem  is  thus  put  squarely 

up  to  the  Sewerage  Commission,  as  it  should 
lie,  and  it  is  the  only  method  by  which  public 
works  of  a  special  character  can  be  carried 
nut  satisfactorily  to  the  citizens  of  a  com- 
munity. 

LOC.\L    CONDITIONS. 

The  city  of  Milwaukee  is  located  upon  the 

•west  shore  of  Lake  Michigan,  and  is  built 
.around  the  mouths  of  three  rivers,  of  which 

the  Milwaukee  River  is  the  chief,  and  which 

flows  directly  into  Lake  Michigan.  The  Me- 
nomonee  and  Kinnickinnic  Rivers  join  the 
Milwaukee  River  near  its  mouth.  The  Mil- 

waukee River  flows  through  the  northeastern 
section  of  the  city,  the  Menomonee  flows  al- 

most due  east,  and  the  Kinnickinnic  from  the 
southwest  towards  the  northeast. 

Each  of  these  rivers  is  navigable  for  about 
two  or  three  miles  from  its  mouth  for  boats 
drawing  from  18  to  20  ft.  of  water,  and  all 
are  partially  bulkheaded  as  far  as  navigation 
extends.  Several  slips  or  inner  docks  have 
been  built  in  the  Menomonee  and  Kinnickinnic 
valleys,  and  a  dam  across  the  Milwaukee  River 
about  three  miles  above  its  mouth. 
The  drainage  areas  of  the  three  rivers  are 

approximately  872  square  miles,  of  which  the 
Milwauke  has  715,  the  Menomonee  12-5  and 
the  Kinnickinnic  32.  The  estimated  average 
run-oft  of  these  rivers  in  gallons  per  24  hours 
is  as  follows:  221,000,000  in  Milwaukee  River, 
•57,000.000  in  Menomonee  River,  and  15,000,000 
in  Kinnickinnic  River,  while  the  minimum 
flows  have  been  estimated  to  be  2,000,000  from 

the  Milwaukee,  1,300,000  from  the  Menomo- 
nee and  650,000  gals,  from  the  Kinnickinnic 

River. 

There  being  no  ebb  and  flow  of  tide  in  the 
lake,  under  minimum  flow  ccmditions  there  is 
very  little  current  in  the  rivers  except  such  as 

is  occasioned  by  w'ind  action  upon  the  waters 
of  the  lake. 

The  average  water  consumption  at  the  pres- 
ent time  is  about  48,000,000  gals,  per  day.  .A.s- 

suming  the  water  consumption  to  be  equal  to 
the  sewage  run-off,  as  is  so  frequently  the  case, 
and  the  sewage  being  discharged  into  these 
three  rivers  within  the  city  limits,  it  takes  no 
great  elasticity  of  imagination  to  picture  the 
sanitary  conditions  of  these  rivers  under  such 
an  assumption. 

The  valleys  of  the  rivers  are  narrow,  and 
are  from  C  to  20  ft.  above  the  level  of  the 
water.  The  large  part  of  the  present  business 
and  industrial  sections  are  located  in  these 
valleys,  while  the  domestic  areas  are  located 
upon  the  table  lands  which  rise  to  a  height 
of  160  ft.  above  lake  level ;  the  natural  drain- 

age being  excellent  and  falling  awav  from  the 
lake. 
The  increase  in  population  of  the  city  of 

Milwaukee  since  1850  has  been  very  rapid, 
although  at  a  fairly  uniform  percentage,  in- 

dicating no  boom  but  a  substantial  growth. 
In  1850  the  population  was  20,000.  in  1910 
37.3.857,  while  in  1914  the  population  is  410.000. 
It  is  estimated  that  in  19-30  the  population  will 
be  588,000  and  862,000  in  1950.  There  are  26 
square  miles  within  the  present  city  limits,  and 
the  limits  for  1950  will  probably  contain  59 

square  miles. 
The  city  is  largely  industrial,  its  chief  in- 

dustries being  killing  and  packing  meats,  the 
manufacture  of  leather,  engines  and  machin- 

ery, steel  and,  last  but  not  least,  the  production 
of  beer. 
The  meat  killing  and  packing,  leather  and 

beer  industries  consume  enormous  quantities 
ii  water  and  produce  a  sewage  which  is  much 
aiore  difficult  to  dispose  of  than  the  normal 
domestic  and  industrial  sewa.ge. 

The  leather  manufacturers  use  a  daily  aver- 
age of  4.250,000  gals.,  the  packing  houses  1.000,- 

000,  and  the  breweries  6.000.000  gals.,  which 
does  not  include  the  water  taken  from  wells 

and  rivers  into  these  plants,  which  is  an  addi- 
tional large  amount. 

The  foregoing  data  and  description  Ijave 
been  given  as  briefly  as  possible  to  permit  of 
a  better  understanding  of  the  problem  involved 
in  collecting  and  disposing  of  the  sewage  of 
the  city. 

The  city  of  Milwaukee  was  much  more  for- 
tunate and  farseeins'  than  most  of  its  neigh- 

bors, in  that  early  in  its  career  its  officers  laid 
out  a  complete  system  of  sewers  designed  to 
carry  off  both  the  sewage  and  storm-water 
from  a  population  of  nearly  one-half  million 
persons.    .\%  the  growth  of  the  city  increased. 

this  system  has  been  extended  from  time  to 
time  until  it  provides  for  nearly  all  the  present 
poptilation  and  embraces  about  400  miles. 

This  system  is  on  the  combined  plan  and 
carries  both  storm-water  and  sewage  in  the 
same  conduits,  which  discharge  into  the  three 
rivers,  with  two  exceptions;  these  two  sewers 
discharging  into  the  lake  in  the  southeastern 
part  of  the  city.  This  system  has  75  outlets 
into  the  rivers,  of  which  47  discharge  into  the 
Milwaukee  river. 

The  dam  across  the  Milwaukee  river,  which 
is  about  14  ft.  high,  backs  the  water  up  for 
two  or  more  miles,  there  being  very  little 

current  in  the  river  during  minimum  run-ofT. 
Public  parks  adjoin  the  river  on  both  sides, 
the  water  is  used  for  boating,  swimming  and 
other  sports;  it  is,  therefore,  important  that 
sewage  pollution  be  prevented  in  this  portion 
of  the  river. 

To  this  end  intercepting  sewers  have  been 
built  upon  each  side  of  the  river  from  near  the 
northern  city  limits  to  a  point  below  the  dam. 
These  sewers  are  large  enough  to  carry  off  all 
the  sewage  and  a  large  proportion  of  the 
storm-water,  the  balance  passing  through  orver- 
flows  into  the  river. 

The  condition  of  the  Milwaukee  river  was  so 
unsanitary  in  1888  that  the  city  built,  under  the 
supervision  of  Mr.  George  H.  Benzenberg, 
then  city  engineer,  a  flushing  tunnel,  12  ft.  in 
diameter  and  2,543  ft.  long,  connecting  the  lake 
with  the  Milwaukee  river  at  a  point  near  the 
toe  of  the  dam.  .\  pumping  station  is  located 
on  the  lake  end  of  the  tunnel  in  which  a  screw 
pump  is  located  and  by  which  324,000,000  gals, 
of  lake  water  per  day  can  be  pumped  into  the 
Milwaukee  river.  This  pump  raises  the  water 
from  2  to  3  ft.,  and  at  the  time  it  was  installed, 
had  the  largest  volumetric  capacity  of  any 

pump  in  the  world. This  large  volume  of  water,  discharging  into 
the  river  at  the  head  of  navigation,  not  only 
creates  a  current  towards  the  mouth  but  af- 

fords sufficient  dilution  to  increase  the  dis- 
solved oxygen  in  the  river  from  0  to  6  to  8 

parts  per  million. This  tunnel,  and  its  operation,  have  been  a 
great  success  from  the  start,  but  the  sewage 
flow  has  increased  so  much  during  the  26  years 
the  flushing  tunnel  has  been  in  operation  that 
the  sanitary  conditions  of  the  river  is  again 

causing  great  concern. 
The  Kinnickinnic  river  is  flushed  by  similar 

works,  which  discharge  the  same  volume  of 
water  into  the  river  at  the  head  of  navigation. 
This  tunnel  is  12  ft.  in  diameter  and  7.185  ft. 

long,  and  the  pump  is  located  at  the  river  in- 
stead of  the  lake. 

In  order  to  prevent  the  pollution  of  the 
Menomonee  river  within  the  city  limits,  an 
intercepting  sewer  was  built  in  its  valley,  from 
the  western  city  limits  to  Jones  Island,  which 
is  a  low  flat  strip  of  ground  lying  between  the 
mouth  of  the  Kinnickinnic  river  and  the  lake. 
This  sewer  was  built  not  only  large  enough  to 

carry  all  the  sewage  flow  which  might  other- 
wise discharge  into  the  river,  but  of  sufficient 

:apacity  to  carry  an  equal  volume  of  river 
ivater  which  is  admitted  into  the  sewer  through 
four  gates  connecting  tlie  river  and  sewer  at 
ooints  a  considerable  distance  apart;  the  idea 
5eing  not  only  to  flush  the  sewer  by  the  river 
ivater,  but  to  create  a  current  in  the  river  by 
taking  the  water  o^it  and  allowing  the  lake 
water  flowing  down  the  Milwaukee  river  from 
the  flushing  works  to  take  its  place. 

.•\t  Jones  Island  a  pumping  station  was  built 
by  which  the  sewage  and  river  water  are  lifted 
about  10  ft.  and  discharged  into  the  lake  near 
the  mouth  of  the  Milwaukee  river.  This 

pumping  station  handles  about  4-5.000,000  gals, 
of  liquid  per  day,  which  has  been  going  into 

the  lake  for  the  pa'st  28  years. 
The  water  supply  for  the  city  of  Milwaukee 

is  procured  from  Lake  Michigan  through  a 
subaqueous  tunnel  7iX  ft.  in  diameter  and  3,146 
ft.  long,  from  the  outer  end  of  which  two 
lines  of  60-in.  cast-iron  pipe  extend  5.000  ft. 
further  to  a  point  where  the  water  is  60  ft. 
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deep.  This  intake  is  about  3.-5  miles,  on  a 
direct  line,  from  the  mouth  of  the  Milwaulcee 
river,  where  all  the  sewage  from  the  city  is 
being  discharged,  and  as  there  is  very  little 
current  in  the  lake,  and  much  of  what  there 
is  is  directed  by  the  winds,  it  can  be  readily 
imagined  that  the  water  supply  is  in  some 
danger  of  becoming  polluted  from  the  sewage. 
In  fact,  the  possibility  is  so  great  that  the 
water  used  is  treated  with  a  sterilizing  agent, 
which  so  far  has  proved  satisfactory. 

THE    PROBLEM. 

The  problem  which  the  present  sewerage 
commission  has  to  solve  is  to  collect  all  the 
sewage  which  now  discharges  in  the  three 
rivers  and  lake,  both  within  and  without  the 
present  city  limits,  by  means  of  intercepting 
sewers,  carry  it  to  some  suitable  site  where 
works  are  to  be  built  for  treating  it,  and  carry 
the  treated  effliuent  to  some  point  in  the  lake 
where  it  cannot  threaten  the  purity  of  the 
water  supply  or  cause  a  nuisance  to  the 
riparian  rights  to  the  lake. 

The  Menomonee  Sewerage  Commission, 
consisting  of  Messrs.  .\lvord,  Whipple  and 
Eddy,  presented  a  very  elaborate  and  well 
studied  report  in  1910,  in  which  it  was  recom- 

mended that  the  sewage  be  collected  by  a 
system  of  high  and  low  level  sewers,  carried 
thereby  to  a  tract  of  ground  containing  about 
20  acres,  located  in  the  southern  portion  of  the 
city  alongside  of  the  Kinnickinnic  river,  where 
it  would  be  given  preliminary  treatment  by 
chemical  precipitation,  and  disinfectants,  and 
the  effluent  carried  by  a  13  ft.  conduit  in  tunnel 
to  the  lake  front  at  a  point  about  one-half  mile 
south  of  the  present  limits,  from  whence,  for 
the  present,  it  would  be  carried  through  a 
subaqueous  conduit,  about  qne  mile  from  the 
lake  shore,  where  it  would  be  dispersed  into  35 
to  40  ft.  depth  of  water,  through  two  steel 
pipes  5  ft.  in  diameter  and  3,000  ft.  long,  built 
upon  the  lake  bottom. 

If  necessity  arose  subsequently  for  a  more 
thorough  treatment  of  the  effluent  from  the 
precipitation  tanks,  sprinkling  filters  were  to 
be  built  along  the  lake  shore  at  the  junction 
between  the  land  and  subaqueous  tunnels. 
Land  being  made  therefor  along  the  lake 
front. 

The  report  of  this  commission  left  many 
important  points  for  thorough  study  before 
deciding  upon  the  final  construction,  chief  of 
which  were  the  system  of  treating  the  sewage, 
the  method  of  disposing  of  the  sludge,  the  site 
for  the  disposal  works  and  the  location  and 
sizes  of  the  intercepting  sewers.  .'Vs  before 
stated,  the  system  of  sewage  disposal  recom- 

mended by  the  commission  was  chemical 
precipitation  followed  by  sterilization. 
The  site  recommended  was  what  is  known 

as  the  Chase  tract,  of  about  20  acres,  located 
on  the  Kinnickinnic  river  and  largely  sur- 

rounded bv  dwellings  and  manufacturing  in- 
dustries. The  sludge  was  to  be  disposed  of  by 

hauling  to  the  lake  and  dumping  it  therein 
alinut  10  to  20  miles  from  shore. 

Very  soon  after  this  report  was  made  public 
objections  arose  as  tn  the  method  of  sewage 
and  sludge  disprisal.  The  commission  assumed 
the  process  riinmmended  would  generate 
about  2,ri00  gals,  of  sludge  per  1.000,000  gals, 
of  sewage  treated,  or  about  120,000  gals,  per 

day  from  the  present  population.  2-")0,000  gals. 
per  flay  from  the  probable  population  in  1930, 
.md  .V)0,nOO  gals,  per  dav  from  the  population 
anticipated  in  10.^)0.  The  b.indling  of  this 
enormous  volume  of  sludge  by  steamer  to  a 
point  10  to  20  miles  in  the  lake  looked  like  a 
large  item  of  daily  expense;  hut  aside  from 
this,  it  was  feared  that  the  present  interna- 

tional agitation  against  the  pollution  o(  the 
wafers  of  the  Great  Lakes  would  finally  result 
in  estopping  Milwaukee  from  thus  disposing 
of  its  sludge,  whereupon  other  treatment  and 
other  disposition  would  have  to  be  resorted 
to.  and  as  there  was  no  waste  land  in  the 
vicinity  of  the  Chase  Tract  upon  which  the 
shidce  could  be  deposited  without  nuisance  to 
neighboring  property  rights,  it  was  deemed 
expedient  to  make  a  careful  and  exhaustive 
study  of  other  processes  of  sewage  and  sludge 
disposal  before  finally  a.l  i^ting  any  process. 

The  chief  opposition  upon  the  part  of  many 
of   the   citizens  of   Milwaukee,  however,  was 

to  the  site  chosen  for  the  disposal  works. 
There  is  a  strong  sectional  feeling  in  the 
city,  as  is  usual  in  all  cities  of  large  magni- 

tude, and  the  "south  siders"  objected  to  hav- 
ing the  filth  of  the  "north  siders"'  dumped down  in  their  midst,  especially  as,  in  their 

opinion,  the  topography  of  the  city  presented 
another  site  for  disposal  works  which  would 
be  a  menace  to  no  one. 

The  present  sewerage  commission,  there- 
fore, decided  to  build  a  testing  station  to  try 

out  those  processes  of  sewage  treatment  ap- 
plicable to  large  installations ;  to  take  the  raw 

mixed  sewage  from  the  pumping  station 
located  at  Jones  Island  as  fairly  representing 
the  normal  sewage  to  be  disposed  of  in  the 
ultimate  plant;  to  carry  out  these  tests  with 
vigor  for  twelve  months  and  from  the  results 
thus  obtained  design  a  sewage  disposal  plant 
which  would,  without  any  reasonable  doubt, 
best  fulfill  the  conditions  for  the  city  of  Mil- waukee. 

THE  EXPERIMENT   STATION. 

This  testing  station  has  just  been  completed 
and  its  operation  has  begun,  under  the  direct 
charge  of  Mr.  William  R.  Copeland,  Chief 
Chemist  to  the  Commission,  assisted  by  an 
assistant  chemist,  a  bacteriologist  and  an  engi- 
neer. 
The  several  processes  being  tested  are  as 

follows : 

Sedimentation  and  sludge  digestion  by 
means  of  an  Imhoff  tank,  followed  by  aeration 
through  sprinkling  filters,  final  sedimentation 
and  the  sterilization  of  the  final  effluent  by 
means  of  liquid  chlorine. 

Sedimentation,  aeration  and  precipitation  by 
means  of  a  slate  tank,  followed  by  aeration 
through  sprinkling  filters,  final  sedimentation 
and  sterilizing  the  eifiluent. 

Chemical  precipitation  by  the  injection  of 
iron  and  lime  solutions  into  the  raw  screened 
sewage  before  passing  through  tanks,  fol- 

lowed by  aeration  through  sprinkling  filters, 
final  sedimentation  and  subsequent  steriliza- 
tion. 

Sterilization  and  precipitation  by  means  of 
lime  solution  added  to  electrolytic  treatment. 

Fine  and  coarse  screening  followed  by  the 

several  tank  and  sterilizing  treatments.' 
Tests  for  sludge  disposition  by  dewatering 

by  means  of  natural  filtration  thrcmgh  sand 
and  stone  beds,  and  by  means  of  pressing  into 
sludge  cakes. 
The  apparatus  connected  with  the  several 

processes  are  arranged  to  treat  a  maximum 
of  1,000,000  gals,  of  sewage  per  24  hours, 
which  is  a  much  greater  quantity  than  is  pro- 

vided for  in  the  usual  testing  station,  but  it 
was  desired,  when  laying  out  the  statitin,  to 
niake  the  several  units  of  such  size  as  would 
insure  getting  representative  results. 
The  Imhoff  tank  is  20  ft.  deep  and  14  ft.  in 

diameter,  and  provides  for  a  running  through 
period  of  from  1%  to  2^  hours. 

The  slate  tank  is  22  ft.  long,  13  ft.  wide  and 
0  ft.  deep,  filled  with  slates  spaced  '/•  in.  to 
■34  in.  apart,  standing  vertically,  and  has  a 
liquid  capacity  of  10,000  gals.  Working  in  si.x 
to  eight-hour  cycles,  this  gives  a  capacity  of 
40,000  or  30,000  gals,  per  day.  Compressed 
air  is  provided  for  the  slate  tank,  and  is  to  be 
fed  to  the  tank  under  low  pressure,  lifting 
the  sewage  from  the  tank  thrcmgh  2;-^-in. 
pipes  terminating  about  4  ft.  above  the  nor- 

mal sewage  level.  The  sewage,  mixed  with 
entrained  air,  discharges  from  the  end  of  these 
pipes,  falls  upon  a  slate  roof  built  over  one- 
half  the  tank,  and  flows  back  into  the  oppo- 

site side  of  the  tank,  from  which  it  started ; 
thus  the  air  keeps  a  constant  current  in  the 
tank  during  the  five  or  seven  hours  the  scw- 
ape  is  contained  therein,  during  which  time 
intensified  oxidation  progresses  and  the  sus- 

pended solids  in  the  sewage  become  attached 
to  the  surface  of  the  slates.  .At  the  end  of 
the  cycle  the  liquor  is  drawn  off  and  dis- 

charged into  a  tank  holding  10.000  gals.,  from 
which  it  is  discharged,  at  a  uniform  rate,  upon 
a  sprinkling  filter,  the  sludge  being  drawn  off 
at  desired  intervals  to  a  sludge  tank,  thence 
into  a  sludge  bed  partially  filled  with  crushed 
stones  and  fine  sand  through  which  a  portion 
of  the  liquor  in  the  sludge  is  drained  off. 

This  is  practically  an  untried  process  and  it 

is  expected  to  reduce  the  area  of  sprinkling 
filters  from  three  to  four  times  what  is  neces- 

sary to  treat  the  effluent  from  any  other  pre- 
liminary tank  process.  The  process  was  sug- 

gested from  experiments  conducted  for  the 
past  two  years  at  the  Lawrence  Experimental 
Station  of  Massachusetts  -State  Board  of 

Health,  under  Mr.  Harrj'  Clark.  Chief  Engi- neer. 

The  chemical  precipitation  tanks  are  in 
duplicate,  82  ft.  long,  1014  ft.  wide,  and  10  ft. 
average  depth,  each  with  a  capacity  of  2-5,000 
gals.  The  iron,  alumina  and  lime  solution 
tanks  are  so  arranged  as  to  permit  the  solu- 

tion to  be  added  to  the  raw  sewage  after  it 
passes  through  the  screen  chamber  and  be 
mi:ted  with  the  sewage  before  it  reaches  the 
tanks. 

Each  of  the  processes  is  provided  with  sep- 
arate sludge  beds.  There  are,  1  for  the  slate 

process,  2  for  the  Imhoff  tank,  and  14  for  the 
precipitation  tanks.  Each  of  these  beds  is 
underdrained  and  contains  about  9  ins.  of 
crushed  stone,  covered  with  a  layer  of  sand 3  ins.  deep. 

There  are  three  kinds  of  screens  provided : 
(a)  .A  coarse  grid  screen  with  1-in.  openings 
placed  over  the  outer  end  of  the  intake  pipe ; 

(b)  A  bar  screen  with  i^S-in.  openings  through 
which  the  sewage  passes  after  passing  through 
the  grit  chamber;  and  (c)  a  movable  wire 
mesh  screen,  having  ten  meshes  to  the  inch, 
moving  through  the  sewage  at  the  rate  of 
2'<  ft.  per  minute. 

The  first  two  screens  are  to  be  cleaned  by 
hand,  the  movable  screen  is  to  be  cleaned  by 
compressed  air,  blown  upon  the  underside  of 
the  screen  at  a  pressure  of  100  lbs.  to  the 

square  inch. 
All  parts  of  the  plant  are  arranged  to  en- 

able a  close  record  to  be  made  of  every  opera- 
tion. Apparatus  for  measuring  the  sewage 

treated  by  each  process,  the  amount  of  electric 
current  used  for  power,  amount  of  air  used 
at  the  different  pressures,  weight  of  sludge 
and  screenings  removed,  amount  of  chemical 
solutions  used  and  steam  consumed  can  be 
determined  with  ease  and  accuracy. 

A  laboratory,  thoroughly  fitted'  up  for  car- rying on  the  chemical  and  bacteriological 
determinations,  has  been  constructed  along- 

side the  plant,  and  the  commission  hopes  that 
in  twelve  months  some  valuable  information 
will  be  secured  which  will  advance  the  science 
of  sewage  disposal  and  enable  it  to  determine 
the  best  system  for  Milwaukee. 

Like  the  testing  station  built  for  the  Bor- 
ough of  Brooklyn,  all  apparatus  and  plants 

connected  with  the  several  processes  are  built 
above  ground,  thus  permitting  of  a  much  more 
satisfactory  inspection  of  the  processes.  This 
is  particularly  true  of  the  screens  and  grit 
chambers  from  which  it  was  desired  to  get 
most  accurate  results  in  view  of  the  recent 
importance  attached  to  fine  screening. 

The  sewage  proposed  to  be  ultimately 
treated  will  be  from  the  present  combined  sys- 

tem of  sewers,  and  the  intercepting  sewers 
are  being  designed  to  carry  about  three  times 
as  much  storm  w.itcr  as  sewage ;  the  ultimate 
sewage  disposal  plant  will,  therefore,  have  to 
take  care  of  a_  large  volume  of  the  first  street 
w;ish,  containing  both  organic  and  mineral 
solids.  In  order  to  measure,  and  satisfac- 

torily observe,  the  sedimentation  of  the  grit 
under  such  conditions,  the  grit  ch.Tmbers  were 

built  at  the  top  of  the  operating  house,  3-'i  ft. above  the  ground.  The  raw  sewage,  after 
passing  through  the  rough  grid  screen  placed  I 
at  the  intake  end  of  the  suction  pipe,  is  forced  ! 
by  two  centrifugal  pumps  into  the  grit  cham- 

bers, which  are  so  baffled  as  to  control  the 
velocity  of  flow  through  them.  Scales  are 
provided  alongside  of  the  grit  chambers  to 
measure  the  grit  thus  precipitated. 

After  passing  the  grit  chambers,  the  sewage 
can  be  turned  upon  either  the  fine  movable 
screen  or  the  secondary  grid  screen,  or  upon 
both,  from  whence  it  flows  through  orifice 
bo.xes  to  the  several  processes,  the  wsste,  if 
any,  passing  through  an  independent  orifice 
box. 

The  use  of  compressed  air  for  cleaning  the 
screens  was  tried  out  with  much  success  in 
the  Chicago  Stock  Yards,  and  it  is  to  be  tried 
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out  here  with  every  apparatus  necessary  for 
measuring  its  cost  under  different  processes 
and  volumes. 

All  of  the  moving  parts  of  the  plant  are 
operated  by  electric  current  generated  by  two 
25  K.  W.  D.  C.  generators,  built  in  the  main 
sewage  pumping  station.  Steam  lines  for 
heating  the  buildings  and  the  several  tanks 
exposed,  have  been  run  throughout  the  works 
securing  the  steam  from  the  three  boilers  in 
the  main  pumping  station. 
A  weir,  20.3.5  ft.  long,  has  been  built  across 

the  wooden  channel  which  carries  the  sewage 
from  the  main  sewage  pump  and  over  which 
from  30  to  50  million  gallons  of  sewage  per 
day  passes,  and  an  automatic  liquid  recording 
gage  has  been  set  up  to  measure  the  total  flow 
for  the  purpose  of  determining  at  all  times 
the  proportion  between  the  total  sewage 
pumped  by  the  main  works  and  the  sewage 
treated  in  the  testing  station. 
The  total  population  contributing  to  the 

main  pumping  station  has  been  taken,  the 
volume  of  water  consumed  and  run-off  per 
capita  secured ;  the  total  industrial  and  com- 

mercial run-off  per  acre  has  been  measured 
and  the  analysis  made  of  the  effluents  from 
the  principal  industrial  plants  contributing  to 
the  sewage  station. 

This  information  could  all  be  obtained  with 

more  than  average  accuracy  as  all  water  con- 
sumers connected  with  the  public  water  sup- 

ply are  metered.  In  addition  to  this  we  have 
maintained  for  several  months  liquid  recording 
gages  upon  some  of  the  larger  main  sewers  by 
which  means  we  have  secured  good  records 
of  run-off. 

It  might  be  interesting  to  note  here  that  we 
had  one  very  unusual  situation  by  which  we 
■could  determine  with  unusual  accuracy  the 
ratio  between  run-off  and  consumption.  A 
sewer  96  ins.  in  diameter  at  its  outer  end 
drains  a  section  containing  1,530  acres  and 
62,600  persons.  There  are  no  industrial  nor 
•commercial  uses  for  the  water  in  this  district, 
it  being  purely  domestic,  completely  built  up, 
with  an  average  of  50  persons  per  acre,  exclud- 

ing street  areas. 
Upon  plotting  the  curves  of  run-off  and 

■consumption  for  the  same  day  of  the  week 
and  for  several  consecutive  weeks,  a  curve 
showing  the  underground  leakage  flowing 
through  the  main  sewer  has  been  clearly  de- 

duced. Up  to  date  this  leakage  has  dimin- 
ished from  40  gals,  per  capita  per  day  in  April, 

1914,  to  15  gals,  per  day  in  August.  The 
Winter  being  an  unusually  open  one  in  this 
section,  followed  by  an  early  Spring,  the  un- 

derground maximum  run-off  was  earlier  than 
usual.     During  June  there  were  rains  during 
26  days.  The  underground  flow  showed  up 
very  decidedly  during  the  records  taken  the 
latter  part  of  June  and  first  part  of  July. 

Studies  are  now  being  made  and  partially 
completed  for  determining  the  sizes  and  loca- 

tions of  the  several  intercepting  sewers  neces- 
sary to  intercept  the  dry-weather  flow  and  a 

portion  of  the  storm  flow,  and  carry  it  to  the 
disposal  works.  The  plans  for  the  portion  of 
the  disposal  works  to  be  built  in  the  near 
future  will  provide  for  treating  100,000,000 
gals,  of  sewage :  the  ultimate  works  will  treat 
about  158.000,000  gals. 

INTERCEPTING  SEWERS. 

The  intercepting  sewers  are  being  designed 
to  carry  to  the  works  a  maximum  of  820,000,- 
flOO  gals,  of  liquor,  of  which  over  one-half  is 
storm  water. 

The  plan  provides  for  low-level  and  high- 
level  intercepting  systems.  The  sewage  col- 

lected by  the  low-level  sewers  must  all  be 
pumped  about  35  ft.  high  to  get  it  into  the 
disposal  works.  This  represents  about  one- 
quarter  of  the  total  sewa.ge  and  storm-water 
collected,  and  is  collected  from  the  areas  lying 
between  contour  .30  above  and  the  lake  level. 

This  low  lying  section  is  largely  adjacent  to 
the  three  rivers :  therefore,  the  low-level  inter- 

ceptors will  be  built  as  near  the  river  banks 
as  existing  structures  and  streets  will  permit. 
The  greater  portion  of  the  river  banks  being 
bulkheaded,  and  either  used  for  wharves  or 
have  large  commercial  houses  and  manufac- 

turing industries  built  abutting  thereupon,  the 
location  and  construction  of  intercepting  sew- 

ers will  be  attended  with  much  difficulty  and 
expense.  Naturally,  the  sub-strata  adjacent  to 
the  rivers  is  not  of  the  most  substantia!  mate- 

rial and  will  require  special  foundations.  In 
order  to  carry  the  interceptors  to  the  sewage 
disposal  plant,  the  rivers  will  have  to  be 
crossed  several  times.  This  will  be  done  by 
inverted  siphons,  built  deep  enough  to  secure 
firm  foundation,  which  we  have  found  to  be 
from  60  to  80  ft.  below  water  level. 

The  high-level  intercepting  sewers  will  be 
located  to  intercept  all  the  dry-weather  flow 
and  that  portion  of  the  storm-water  desired 
originating  above  contour  30,  and  will  be  ex- 

tended to  the  probable  limits  of  the  city  in 
1950.  The  flow  through  these  interceptors  will 
be  carried  to  the  disposal  works  by  gravity. 
The  design  of  the  main  outfall  sewer  to 

carry  off  the  effluent  from  the  disposal  works 
has  not  been  begun,  but  from  present  indica- 

tions, it  will  be  a  conduit  about  13  ft.  in 
diameter,  part  of  which  will  be  sub-aqueous, 
terminating  at  a  point  under  the  lake  where 
a  depth  of  30  to  40  ft.  of  water  can  be  ob- 

tained. Its  location,  however,  depends  entirely 
upon  where  the  disposal  plant  is  ultimately 
located  and  the  character  of  effluent  obtained 
from  the  process  of  disposal  finally  adopted. 

Even  after  the  dry-weather  flow  is  inter- 
cepted by  means  of  the  proposed  system  of 

intercepting  sewers,  great  quantities  of  pu- 
trescible  organic  matter  will  reach  the  rivers 

during  every  storm.  With  the  small  drj-- 
weather  flow  through  these  rivers,  the  decom- 

position of  this  matter  might  cause  them  to 
become  a  nuisance  to  the  adjacent  neighbor- 
hood. 

To  overcome  this  condition,  the  Milwaukee 
and  Kinnickinnic  rivers  have  already  been 
provided  with  ample  facilities  for  flushing  by 
means  of  the  flushing  tunnels  already  built, 
and  which  were  briefly  described  at  the  begin- 

ning of  this  paper.  In  order  to  overcome  the 
condition  in  the  Menomonee  river,  it  is  pro- 

posed to  build  similar  flushing  works,  taking 
the  water  from  the  lake,  carrying  it  through  a 
tunnel  of  sufficient  capacity  to  carry  from 
400  to  500  million  gallons  to  a  pumping  sta- 

tion located  along  the  river  bank,  there  screw 
pumps  would  be  built  to  lift  this  water  a  few 
feet  and  discharge  it  into  the  river  at  the  head 
of  navigation,  and  at_  the  head  of  the  slips 
connected  with  the  river ;  the  current  thus 
produced  in  the  river  would  carry  all  matters 
in  suspension  to  the  lake,  and  the  clear  lake 
water  would  add  dissolved  oxygen  to  the 
river  water  and  thus  assist  in  its  purification 
before  it  reaches  the  lake. 

While  the  approximate  cost  of  building  all 
works  necessary  to  carry  out  the  general  plans 
has  not  been  made,  because  the  studies  and 
plans  have  not  been  completed,  preliminary 
studies  already  completed  indicate  that  the 
cost  of  building  the  intercepting  sewers  neces- 
sarv  to  take  care  of  the  expected  population 
in  1930  of  -588,000,  will  be  $2,661,.360;  disposal 
plant,  consisting  of  Imhoff  tanks,  sludge  dry- 

ing beds  and  sterilizing  plant,  $1,188,928: 
pumping  plant  for  low-level  sewage,  $294,400; 
main  outfall  sewer  from  disposal  plant  to  lake 
shore,  $1,209,600;  sub-aqueous  outfall  sewer 
to  deep  water,  $1,150,000;  Menomonee  river 
flushing  works,  $1,162,000.  The  last  two  items 
are  taken  from  the  report  of  the  Menomonee 
River  Commission.  The  total  approximate 
cost  so  far  as  now  known  is  $7,666,288. 

This  estimate  is  based  upon  using  Jones 
Island  as  a  site  for  disposal  works  and  install- 

ing Imhoff  tanks  and  sterilizing  plant  without 
further  treatment  except  dilution  into  the  lake. 
Subsequent  determinations  reached  from  the 
results  of  the  testing  station  may  change  these 
premises  very  much,  and  also  the  estimates. 

It  is  expected  that  actual  construction  upon 
the  low-level  intercepting  sewers  will  begin  in 
the  Spring  of  1915,  from  which  time  the  work 
will  be  carried  on  as  rapidly  as  the  necessary 
funds  are  provided.  The  present  sanitary  con- 

ditions of  the  rivers  should  be  improved  as 
rapidly  as  may  be  possible,  and  it  would  ap- 

pear that  sufficient  study  by  eminent  men  has 
been  given  to  this  problem  to  insure  its  proper 
solution  without  further  delay. 

In  closing  this  paper,  it  seems  apropos  to 
call   attention  to  enormous  expenditures  con- 

templated in  the  very  near  future  by  the  larger 
cities  of  the  United  States  for  treating  their 
liquid  wastes.  These  expenditures  have  been 
postponed  from  time  to  time  for  what  ap- 

peared to  be  more  urgent  public  works,  such 
as  increased  water  supply,  water  purification 
and  improved  street  pavements,  but  it  is  being 
fully  appreciated  that  the  time  has  come  when 
these  closely  built  up  communities  can  no 
longer,  with  safety  to  themselves,  continue  to 
discharge  their  untreated  liquid  filth  at  their 
front  doors. 

Boston,  Mass.,  and  Providence,  R.  I.,  com- 
pleted works  for  satisfactorily  disposing  of 

their  sewage  several  years  ago.  Columbus, 
Ohio,  Baltimore,  Md.,  New  Orleans,  La.,  and 
Atlanta,  Ga.,  have  recently  completed  works 
for  treating  or  satisfactorily  disposing  of  their 
sewage.  Aside  from  these,  no  large  city  of 
the  United  States  has  really  undertaken  the 
work,  although  Chicago  carried  out  works 
some  years  ago  by  which  it  was  then  believed 
its  sewage  could  be  properly  disposed  of,  but 
today  Chicago,  New  York,  Cleveland,  Detroit, 
Dayton,  Cincinnati,  Philadelphia,  Rochester 
and  Milwaukee  are  all  studying  plans  for  sew- 

age disposal.  Toronto,  Canada,  is  also  experi- 
menting with  the  problem.  It  is,  therefore, 

apparent  that  within  the  next  decade  the  larg- 
est sewage  works  of  the  world  will  be  con- 

structed, or  started,  during  which  time  many 
new  lessons  on  sewage  disposal  are  bound  to 
be  learned  and  the  whole  world  benefited 
therebv. 

The  Economics  of  Sewage  Filters. 
Types  of  Sewage  Filters. — Sewage  filters 

may  be  divided  broadly  into  three  classes : 
(1).  Intermittent  sand  filters  or  their 

equivalent.  These  consist  of  a  body  of  sand 
or  fairly  pervious  material  of  other  kinds. 
The  sewage  is  distributed  over  the  surface 
of  this  porous  material,  and  at  the  bottom  the 
filtered  sewage  is  collected  in  underdrains. 
In  order  to  get  the  benefit  of  oxidation  in  the 
pores  of  the  sand  bed,  the  application  of  the 
sewage  to  the  filter  is  intermittent,  with 
periods  of  rest  and  aeration. 

(2).  The  second  type  is  the  so-called  "con- 
tact" filter.  This  consists  of  a  body  of  prac- 

tically any  thickness  of  stone  or  equivalent 
material,  such  as  large-sized  gravel,  pieces  of 
porcelain,  brickbats,  cinders,  or  almost  any 
coarse-sized  granular  material.  The  sewage 
is  applied  to  such  a  filter  either  from  the  bot- 

tom or  from  the  top,  so  as  to  fill  the  bed.  The 
sewage  is  allowed  to  stand  in  this  filter  bed 
for  a  given  time.  It  is  then  discharged  and 
the  empty  bed  is  allowed  to  stand  for  a  period. 

(3)  The  third  type  is  the  so-called  "sprink- 
ling" filter.  This  consists  of  a  body  of  stone 

of  a  minimum  depth  of  5  ft.,  on  which  the 
sewage  is  sprinkled  or  sprayed  and  spread 
by  nozzles  and  distributed  in  small  quantities 
so  that  the  sewage  trickles  down  over  the 
stones  and  is  collected  at  the  bottom. 

All  three  types  of  filters  effect  the  purifica- 
tion of  the  sewage  in  the  same  way.  Through 

the  action  of  the  bacteria  present  in  the  filter 
bed  the  sewage  is  to  some  extent  oxidized 
and  the  organic  matter  is  broken  up.  Un- 

stable forms  of  matter  are  changed  into  more 
stable  forms.  While  the  exact  form  of  action 
is  unknown,  it  is  believed  that  the  three  tvpes 
of  filters  act  in  the  same  way,  and  the  differ- 

ence is  rather  a  mechanical  one  of  form  of 
application,  rather  than  one  of  principle  of 
action.  The  present  article,  which  is  a  re- 

print of  a  paper  by  Mr.  George  W.  Fuller, 
presented  before  the  annual  convention  of  the 
.American  Society  of  Municipal  Improvements, 
discusses  the  economic  considerations  affect- 

ing the  choice  of  a  filtration  method  and  gov- 
erning the  proportioning  of  the  major  dimen- 

sions of  sewage  filter  beds. 

Performance  of  Filters. — The  output  of  a 
filter  of  any  type,  measured  at  any  suitable 
nurification  unit,  is  largely  a  question  of  local 
conditions.  It  depends  upon  the  nature  of 
the  sewage,  the  nature  and  fineness  or  coarse- 

ness^ of  the  filtering  material,  the  method  of 
application  of  the  sewage  to  the  filtering  ma- 

terial, temperature,  atmospheric  conditions, 
and  manv  other  factors.  The  intermittent  sand 
filter  is  best  used  when  it  is  desired  to  have 
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a  very  high  degree  of  purification.  The  other 

types  the  contact  filters  and  spnnkhng  filters. 

are  used  for  a  rather  lesser  degree  of  purifi- 
cation. It  is  to  be  understood  that  the  rate 

of  application  of  the  sewage  to  the  various 

types  of  filters  must  be  properly  proportioned 

to  the  ability  of  these  filters  to  take  care  of  the 

sewage.  By  using  a  suitable  rate  under  
suit- 

able conditions  any  type  of  filter  can  be  made 

to  give  any  degree  of  organic  purification  
that 

mav  be  desired. 

Rate  of  Application  of  Settled  Sewage  
to 

Filters— The  question  of  the  rate  of  appl
ica- 

tion of  sewage  to  a  sand  filter  is  largely  tied 

up  with  the  question  of  preliminary  tre
atment 

in  the  way  of  tankage  or  screens.  The  follo
wing 

tabulation,  quoted  from  Mr.  Fuller  s  bo
ok, 

•Sewage  Disposal,"  gives  for  several  cities  in 

Massachusetts  the  population  whose  sewa
ge 

can  be  treated  per  acre  of  filter  bed,  and  t
he 

time  of  detention  in  preliminary  sedim
enta- 

tion tanks,  storage  wells,  pump  wells,  or  other 

means  of  storage.  These  figures  are  not  to  be 

taken  to  represent  present  conditions. 
Period  of  Population 
detention,  per  acre 
hours.  of  filter. 

Brockton       j;  '■J.T5 Clinton        !:%  -.7^ 
Framlngham       i-  ,  Sjj 
Gardner    (old).         1J4  J-gJg 
Gardner    (new)         1%  -^-""^ 
Plttsfleld        12  b»& 
Stockbrldge             »  ,  Joq 
Worcester       J^  h._ 

Average   of  all         «■?  ^^''    . 
The  Baltimore  Sewerage  Commission 

 in 

1906  estimated  that,  using  a  sand  filter  wit
h  d 

ft  of  clean  sand  over  the  gravel,  an  al
low- 

ance of  1-50,000  gals,  of  6-hour  settled  sewage 

per  acre  in  24  hours,  corresponding  appr
o-^'" 

mately  to  1,200  people  per  acre,  would  be 
 a 

""^Data^or  contact  filters  are  relatively  scant 
from  -American  practice,  and  while  many 

English  data  are  available,  the  dififerences. 

owing  to  the  difference  in  the  strength  of  the 

sewage,  makes  such  data  rather  dangerous  as 
a  basis  of  comparison.        .     ̂   ,      ,        _,,  . 

A  series  of  experiments  in  Columbus.  Unio. 

indicated  that  5-ft.  deep  stone  filters,  on  the 

contact  principle,  could  safely  be  operated  at 

an  average  rate  of  GoO.OOO  to  700,000  gals,  per 

acre  per  (lav.  Reducing  this  to  a  4- ft.  depth 

will  K'ivc  about  .-)00,000  gals,  per  acre  per  day, 
•which,  on  the  basis  of  100  gals,  per  capita  per 

day.  woulfl  give  a  loading  of  approximately 
.111(10  oeople  per  acre  of  stone  bed. 

'  A  series  of  tests  made  at  Lawrence  on  con- 
tact beds  of  various  depths  from  24  ins.  up 

to  18  ft.  showed  an  average  output  of  some 

700.000  gals,  per  acre  per  day  for  a  depth  of 

stone  on  an  average  about  •">'/  ft.  This  is 
equivalent  t"  an  output  of  about  13.).000  gals, 

per  acre  for  each  foot  of  depth  of  stone,  or, 
for  a  4-ft.  ilepth  of  bed  again,,  is  equal  to 

about  .500,000  gals,  per  acre  per  day,  or  say  a 

loading  of  about  .5,000  people  to  the  acre 
The  contact  filter  installation  at  Plainficld, 

N  J,  with  XC)  acres  of  stone  bed  i'A  ft.  deep, 
gave  in  l!>in  an  output  on  an  average  of 
1  700,000  gals.  •<!  sewage  per  day.  On  the 
basis  of  an  allowance  of  100  gals,  per  capita 

per  day,  this  will  corrcsponrl  with  a  4-ft.  bed, 
to  about  4,200  people  per  acre  of  filter. 

For  sprinkling  filters  much  more  satisfac- 
tory data  can  be  had.  Sprinkling  filters  have 

iicen  used  very  extensively  in  this  country  of 

recent  years  and  their  ratings  can  be  fixed 

with  a  good  deal  more  dependence  than  in 

the  case  with  contact  filters.  .\  list  of  a  num- 
ber of  iilants  or  projected  plants  giving  the 

depths  of  the  stone  bed  ot  a  sprinkling  filter 

and   the  loading   in   population  per  acre    fol- 

Popth 
of  Ktone  Population  per 
In  feet.  acre  of  tied. 

Atlanta                            ■       >}  fM-j;; 
R...Hdln>r    ....                                •;  5'"^ 

Phllndolphla            fi  ^'^■"'"l 
FltctiluirK          1"  5lOnO 
Mount  Vernon         "  i\.uv« 

The  average  of  all  these  shows  a  7-ft.  deep 

hcd  and  an  average  loailing  of  10,400  popula- tion to  the  acre. 

Not  considering  special  conditions  and  just 

taking  fair  figures,  we  may  safely  state  the following: 

Intermittent    sand    filters.    3-ft.    bed   of   sand, loading   1.000  population  per  acre.  „.,,„„ 

Contact    filters,    4-ft.    depth    of   stone,    loading .•■..000  population  per  acre.  i„o,Hr,<r 

SprinlilinK  filters.  7-ft.  depth  of  stone,  loading 19.000  population  per  acre. 

The  rates  of  loading,  then,  for  these  three 

tvpes  of  filters,  are  in  the  ratio  1,  0.  and  J. 

'  Cost  of  Sewage  Filters.— Costs  of  construc- 
tion are  so  much  affected  by  local  conditions, 

such  as  the  amount  of  excavation  necessary'- 
the  cost  of  various  classes  of  materials,  the 

dist.incc  from  which  various  classes  of  ma- 

terials must  be  obtained,  details  of  local  con- 
struction conditions,  such  as  competition, 

class  of  work  required,  and  others,  that  com- 
parative costs  for  different  localities  are  only 

to  be  used  with  great  discretion,  and  individ- 
ual cost  and  even  averages  are  only  a  guide 

to  comparative  costs  in  various  places.  Hav- 
inc  this  limitation  in  mind,  we  will  examine 

in^a  rough  way  the  cost  of  various  types  of 
sewage  filters  on  the  per  capita  basis. 

The  average  cost  of  the  nine  Massachu- setts intermittent  sand  filters  cited  above  is 

$.3,260  per  acre,  as  reported  in  the  Massachu- setts State  Board  of  Health  Report  of  1903, 

This  gives  a  cost  per  capita  connected  to  the 
filters  of  $3..50, 

The  1006  Baltimore  Sewerage  Commission 
estimates  the  cost  per  acre  of  filters  at 

$6,3-50.  these  filters  being  suitable  for  a  con- 

nected population  of  1,200  per  acre._  This  cor- 
responds to  a  per  capita  cost  of  $-5.30. 

The  cost  of  contact  filters,  varying,  of 
course,  with  the  degree  of  the  fineness  of  the 
design,  may  be  taken,  for  filters  equipped  with 
suitable  convenient  .appurtenances,  at  $30,000 

per  acre  for  a  4-ft.  deep  bed.  This  corre- 
sponds with  a  loading  of  -5,000  population  per 

acre  to  a  per  capita  cost  of  $6. 
For  sprinkling  filters  7  ft.  deep  the  cost 

will  be  about  $4-5,000  per  acre.  On  the  basis 
of  a  loading  of  19,000  population  per  acre,  the 
cost  per  capita  will  be  $2.37. 
When  considering  the  relatively  low  cost 

.if  the  Massachusetts  sand  filters  compared 
with  the  estimate  made  of  the  Baltimore  sand 

filters,  it  is  to  be  borne  in  mind  that  the  con- 
ditions in  Massachusetts  for  the  const-ruction 

of  sand  filters  were  unusually  favorable  and 
do  not  represent  average  conditions  through 
the  country.  In  most  places  the  costs  would 
approximate  more  nearly  those  estimated  for 
Baltimore. 
Taken  in  a  broad  way,  sprinkling  filters  arc 

a  far  more  economical  installation  in  the  mat- 
ter of  first  cost.  Intermittent  sand  filters  and 

contact  filters  do  not  stand  far  apart  in  this 

particular. 
Relative  Costs  of  Different  Depths. — There 

is  not  very  much  known  about  the  relative  ad- 
vantages of  filters  of  shallow  or  deep  con- 

struction. The  choice  of  depth  is  usually 
made  for  entirely  different  reasons  from  those 
of  obtaining  the  most  economical  construc- 

tion to  obtain  the  desired  amount  of  purifica- 
tion. Very  few  tests  of  a  comparative  kind 

have  been  made  to  give  convincing  informa- 
tion, and  ihc  interpretation  of  the  tests  has 

not  been  uniform.  In  some  places  the  con- 
clusion has  been  made  to  make  filters,  say,  10 

ft,,  at  other  places  6  ft.,  and  some  study  is 
worth  w-hile  to  determine  what,  if  any,  dif- 

ference there  is  in  the  cost  of  such  construc- 
tion at  different  depths,  and  which  would  ap- 
pear to  be  the  better.  It  is  to  be  assumed  in 

such  comparisons  that  sufficient  head  would 
be  available  in  any  case  for  the  greatest 
depth  to  be  considered  and  that  pumping 
would  not  be  necessitated  by  building  filters  of 
the  greater  depth. 
For  intermittent  sand  filters  questions  of 

depth  do  not  arise.  The  filters  arc  generally 
made  as  shallow  as  is  consistent  with  getting 
proper  results  and  sand  beds  are  not  usually 
made  more  than  4  or  .5  ft.  deep  as  a  maximum. 
Shallower  beds,  even,  will  give  about  the  same 
output  as  the  deeper  beds,  and  beds  are  made 
deep  only  so  that  sand  may  be  removed  for 
cleaning  without  removing  the  sand  for  a 
considerable  period. 

With    contact    filters    it   is    recognized   that 

from  the  nature  of  the  action  of  the  contact 
filters,  where  the  amount  of  air  that  is  drawn 
in  between  fillings  of  sewage  is  practically 
equal  to  the  volume  of  the  sewage,  and  where 
surface  clogging  cannot  be  a  serious  factor 
and  may  even  be  no  factor  at  all,  each  unit  of 
volume  of  the  stone  forming  the  filter,  say 
each  cubic  yard,  will  give  the  same  output 
of  sewage  purification,  no  matter  what  may 
be  the  depth  of  the  filter. 

From  this  it  follows  that  it  is  economical  to 
build  a  sewage  filter  on  the  contact  principle 
as  deep  as  local  conditions  of  construction 
will  permit,  and  the  limitation  of  depth  which 
it  is  economical  to  use  is  therefore  made  by 
the  factors  of  earth  excavation  or  fill  and  the 
possible  head  available  without  pumping. 
When  it  comes  to  sprinkline  filters,  the 

problem  becomes  a  little  more  complicated. 
The  English  experience,  as  recited  in  the  Re- 

port of  the  Royal  Commission,  seems  to  in- 
dicate that  the  output  per  unit  of  volume  of 

sprinkling  filters  is  the  same,  no  matter  what 
the  depth.  Our  experience  in  work  in  this 
countrv  does  not  wholly  corroborate  this  in- 

formation. Our  best  knowledge  seems  to  in- 
dicate that  the  output  per  unit  of  volume  of 

sprinkling  filters  is  somewhat  less  for  deep 
filters  than  for  shallow  filters.  For  such  con- 

ditions, with  a  relatively  decreasing  efficiency 
of  the  stone  of  the  filter  beds  for  greater 

depths  and  at  the  same  time  a  relatively  de- 
creasing cost  per  unit  volume  of  the  stone 

for  deep  beds,  there  must  come  some  point 
where  the  greatest  output  per  unit  of  cost 
will  be   obtained. 

The  Report  of  the  Baltimore  Sewerage 
Commission  for  1911  gives  some  information 
obtained  from  tests  made  in  Baltimore  as  to 
the  relative  efficiency  of  various  depths  of 
broken  stone  of  sizes  of  1  to  2-in.  stone,  whicli 
is  the  one  most  commonly  used.  Figures  ob- 

tained from  that  source  are  as  follows : 

^Depth  of  bed.— > 1;  ft.     9  ft,     12  ft. 
Relative  stability       TO         S7         S9 Per   cent   reduction   of   oxygen     _  _  _^ 

consumed          56         '"        '- 

Giving  equal  weight  to  the  relative  stabil- 
ity and  per  cent  reduction  of  oxygen  con- 

sumed, we  get  the  following : 

^Depth  of  bed.— V 0  ft.     9  ft.      12  ft. 
Relative  stability          1         1.2         123 
Per  cent  reduction  of  oxygen 
consumed          1         1--5       1-28 

Average  of  the  two       1  1.22       1.25 
Relative  depths          1  1.3o       2.00 
Relative    value    of    stone    per 

cubic  yard         1  -^^        -"^ 

Assuming   this   depth   varies  at   a   uniform 
rate  from  one  end  of  the  curve  to  the  other, 

we  get  the  following  for  the  relative  value  of 
stone  per  cubic  yard : Depth     of    bed     in  „        ,„ 

feet      G         7  •        10        12 
Relative    value    of stone    per    cubic  , ,     „  „„    „  .„ 

yard   1.0     0.97     0.94  0.92     0.S2     0.63 

To  get  comparative  figures,  then,  between 

the  6,  8  and  10- ft.  beds  tlie  cost  figures  for 
the  8-ft.  beds  must  be  divided  by  0.94,  and 
the  cost  for  the  10-ft,  beds  by  0,82.  putting 

them  all  on  the  basis  of  the  6-ft,  beds. 

For  comparative  cost  a  number  of  factors 
such  as  excavation,  etc.,  arc  naturally  omitted, 

as  thev  arc  not  affected  in  all  places  the  same 
wav  bv  the  depth  of  the  filter.  Comparing, 

then,  only  those  particular  costs  which  are 
affected  per  unit  of  output  by  the  depth  of 
the   filter,  we  get   the   following: 

Per  effective cu.  yd.  depths. 
G  ft.      7  ft.       8  ft. 

Floor— Take  nt   10  cts.   per  cu. 
vd.  for  a  G-ft.  bed   $0.40     $0.3o     $0.32 

Tile — Take    11    cts.    per  sq.    ft. 

for  any  depth   49         •<<  '"' Walls— Assume  cost  17  cts.  per 
en.  yd.  for  G-ft.  depth   1.  l-         -1» 

Galleries     and     Collectors — As- sume   for  G-ft,    depth    25    cts.      ̂ _  ^^ 
per  cu.   yd   -•'         ■--         --^ 

Distribution — As.tnme  HO  cts.  per 
cu.    vd.    for    6-ft.    depth   also. 
as     costs    theoretically    vary 
only    according    to     quantity 
delivered,  thev  must  be  same 
for    all    effective    depths    per 

cu       yd    :jO  .oO  .00 

Stone— Assume  51..".0  per  cu.  yd.  1.50    ̂ .55    ̂ 1.60 

Total      *3.31     $3.23    S3,20' 
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Outside  factors  will  depend  on  quantity  only 
and  not  on  depth. 

It  appears,  then,  that  there  is  some  slight 
saving  of  cost,  which,  on  the  figures  given  in 
the  above  tabulation,  amount  to  about  3  per 
cent  in   favor  of  the  8-ft.  deep  bed  as  com- 

pared with  the  6-ft.  deep  bed.  On  the  other 
hand,  it  is  to  be  recognized  that  a  deep  bed 

will  give  a  good  deal  more  trouble  with  pool- 
ing and  freezing  than  a  shallow  bed,  and  the 

advantages  in  favor  of  a  shallow  bed  due  to 
this    lesser    amount    of    pooling   will    be   con- 

siderably more  than  this  3  per  cent  difference 
in  cost.  Taking  everything  into  account,  the 
writer  believes  that  a  sprinkling  filter  of  not 
less  than  6  ft.  and  not  more  than  7  ft.  in  depth 
will  in  the  greater  number  of  cases  prove  the 
most  economical  to  use. 

..jniiii^lL. 
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A    Low    Grade    Fuel    Oil   Engine    for 
General  Service. 

(Contributed.) 

The  engine  illustrated  will  operate  success- 
fully on  any  of  the  ordinary  fuel  oils.  It 

has  no  valves,  gears,  carburetors,  mixers,  oil 
or  air  heaters,  magnetos,  batteries,  timers, 
switches,  coils,  wires  or  spark  plugs. 
The  employment  of  a  single  cylinder  mini- 

mizes working  parts  and  their  consequent  fric- 
tion. The  crosshead  removes  from  the  piston 

head  the  angular  thrust  of  the  connecting  rod 
with  its  tendency  to  wear  the  top  and  bottom 

of  the  compression  chamber.  The  method  of 
igniting  the  fuel  charge  is  positive  and  simple. 
A  thin  circular  plate  is  rigidly  secured  to  the 
piston  and  after  the  engine  is  started  fuel 
injected  against  this  hot  plate  is  gasified  and 
ignited.  By  this  system  air  only  is  compressed 
in  the  cylinders,  the  fuel  is  injected  at  the 

proper  time  and  high  sustained  operating  econ- 
omies are  possible. 

A  cam  under  the  control  of  the  governor 
rests  against  the  collar  shown  on  the  plunger 
rod,  the  position  of  the  cam  determining  and 
regulating  the  stroke  of  the  pump  and  conse- 

quently the  quantity  of  fuel  injected.    A  hand- 

Section   of    Low   Grade    Fuel    Oil    Engine. 

of  tlie  cylinders  more  than  the  sides,  witli  the 
result  that  oils  of  a  heavy  or  asphaltuni  base 
will  work  back  and  under  the  piston  rings, 
hardening  there  and  causing  excessive  cylinder 
wear.  With  the  crosshead  type  all  bearings 
are  accessible  and  by  compressing  in  the  front 
end  of  the  cylinder  instead  of  in  the  crank 
case,  better  compression  is  secured,  there  be- 

ing no  joints  to  ofTer  opportunity  for  leakage, 
and  the  compression  space  is  greatly  reduced. 
Lubricating  oil  from  the  crank  ca^e  cannot  pos- 
turb  regulation. 
The  cylinder  is  of  the  vaiveless.  two-cycle 

low  compression  type.  Water  jackets  are 
cast  integral  with  the  cylinders,  but  cover  only 
that  portion  in  which  the  combustion  takes 
place.  Like  the  cylinder  the  head  is  made  of 
close-grained  cast-iron  and  is  a  single  piece 
casting  thoroughly  water  jacketed.  Studs  and 
nuts  hold  the  head  to  the  cylinder  and  permit 
internal  inspection  of  the  same  at  any  time 
without  destroying  the  gasket.  The  trunk 
type  of  piston  is  employed  and  four  self-ad- 

justing eccentric  spring  rings  are  provided. 
These  are  wider  than  the  admission  and  ex- 

haust parts,  cannot  catch  or  break,  and  effect- 
ually secure  the  compression.  The  deflector 

absolutely  insures  perfect  scavenging  of  the 
cylinder  at  each  stroke.  This  latter  re^ult  is 
also  due  to  the  relatively  high  compression  ob- 

tained in  the  crank  end  of  the  cylinders,  this 

compression  only  being  possible  in  engines  hav- 
ing an  air-tight  joint  between  the  cylinder  and 

frame.  This  is  explained  by  reference  to  the 
sectional  drawing  which  shows  the  small  size 

operated  lever,  also  acting  upon  the  plunger, 
is  provided  for  stopping  the  engine. 
The  fuel  nozzle  is  a  combination  ball  check 

valve  and  nozzle,  is  made  of  bronze  and 
scrcved  into  the  center  of  the  cylinder  head. 
It  can  be  quickly  replaced  and  can  be  cleaned 
without  removal  from  the  cylinder.  The 
value  of  a  proper  quantity  of  water  mixed 
with  the  fuel  in  the  combustion  space  has  long 
been  recognized,  but  the  attempts  to  utilize  it 
and  to  ethciently  regulate  the  quantity  to  suit 
varying  fuels  and  loads  have  not  in  general 
lieen  satisfactory.  Engines  have  been  equipped 
witli  hand  controlled  water  valves  1)ut  the 

undesirability  of  devices  requiring  the  con- 
.stant  attention  of  the  operator  must  be  appar- 

ent. Particular  attention  is  invited  to  the 

simplicity  of  the  water  regulator.  It  is  noth- 
ing more  than  a  needle  valve  which  is  at  all 

times  under  the  control  of  the  governor  and 
automatically  varies  the  admission  of  water  to 
meet  load  requirements.  By  thus  proportion- 

ing water  supply  to  the  quantity  of  fuel  in- 
jected it  is  possible  to  obtain  an  appreciable 

increase  in  power  and  economy,  to  prevent 
overheating  the  cylinder  head  and  burning  of 
the  lubricating  oil,  to  eliminate  shocks  in  the 
engine  and  to  insure  freedom  from  carbon 

deposits. 
The  frame  is  completely  enclosed,  and  re- 

movable oil-tight  covers  for  the  side  and 
crank  case  give  ready  access  for  inspection  of 
parts  and  necessary  adjustments.  I\Iain  bear- 

ings are  cast  integral  with  the  frame.  They 
are  of  the  diagonal  box  type,  lined  witli  babbitt 

metal  and  provided  with  grooves  for  the  con- 
veyance of  oil.  Oil  lips  are  cast  on  the  frame 

and  caps  and  serve  to  catch  and  return  to  the 
interior  of  the  frame  any  oil  leaking  through 
the  bearings.  The  crank  shaft  is  of  the  center 
crank  type,  made  of  open  hearth  steel  forging. 
Adequate  counterbalance  weights  are  provided, 
these  insuring  stead}'  operation.  Connecting 
rods  are  steel  forgiiigs.  The  wrist  pin  end  is 
of  the  solid  type,  fitted  with  bronze  boxes, 
while  the  drank  end  is  of  the  marine  t\'pe, 
lined  with  babbit  metal.  Flywheels  are  of  ex- 

tra large  diameter  to  facilitate  starting  and 
are  of  sufficient  weight  to  insure  steady  opera- 

tion. For  the  smaller  sizes  there  is  furnished 
a  plain  belt  pulley  and  for  the  larger  sizes, 
friction  clutch  pulleys  which  may  be  bolted  to 
the  arms  of  either  fly-wheel. 

\\l  of  the  smaller  engines  may  be  readily 
started  by  hand,  but  the  largest  size. and  for 
the  smaller  when  desired  there  is  provided  a 
small  vertical  single-acting  air  compressor 
which  is  driven  from  a  pulley  bolted  to  the  fly- 

wheel. This  compressor  delivers  air  to  a 
storage  receiver,  suitable  for  150  lbs.  working 
pressure,  and  a  lever-operated  air  starting 
valve  permits  running  the  engine  on  air  until 
firing  of  the  fuel  charge  begins.  The  engine  is 
made  in  various  sizes  by  the  Chicago  Pneu- 

matic Tool  Co.,  Fisher  Building.  Chicago,  111. 

A    Mechanical    Spreader    for    Sanding 
Streets  and  for  Use  in  Bituminous 

Road  Construction. 

The  wagon  with  the  spreader  illustrated 
sprinkles  slippery  streets,  especially  those 
paved  with  asphalt  and  wood  blocks,  with  a 
uniform  layer  of  sand  or  gravel,  replacing 
former  hand  methods.  The  revolving  plate 
forcibly  ejects  the  material  scattering  it  in  all 
directions.  The  scattering  distance  varie.^ 
from  20  to  60  ft.  according  to  the  material 
spread.  The  wagon  is  constructed  so  that  a 

lever  operated  from  the  driver's  seat  regu- lates the  flow  of  material  and  the  discharge 
of  the  disc.  One  man  drives  the  team  and 
operates  the  mechanism.  The  parts  of  the 
spreader  and  wagon  are  minutely  standardized 
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1.1 The    Kindling    Sand    Spreader. 

facilitating  the  obtaining  of  repair  parts.  It 
is  claimed  that  the  machine  will  sprinkle  with 
sand  or  stone  chips  upward  to  50.000  sq.  yds. 
of  surface  in  one  hour.  The  machine  will 
scatter  material  varying  in  size  from  fine  sand 
to  l^-in.  stone.  The  spreader  is  manufac- 

tured and  sold  by  the  Kindling  Machinery 
Co..   ̂ Milwaukee,  Wis. 
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A  New  Light  Portable  Excavator. 
A    truck    mounted   excavator    designed    for 

handling  sand  and  gravel  and  for  trench  work. 

of  Pittsburgh,  Pa.,  for  use  in  tunnel  work 

on  the  e.\tensive  water  system  which  is  now 

being  installed  there,  and  hundreds  were  fur- 
nished for  work  on  the  New  York  Aqueduct. 

clamp  is  threaded  over  the  wire  and  clamped 
tight  bv  hammering  the  hook  or  dog  down 
over  the  wire.  The  end  of  the  wire  which 

projects  on  the  opposite  side  of  the   form  is 

Portable   Excavator  for  Light  Excavation  and    Sand     and    Gravel     Handling. 

cellar  digging  and  light  excavation  generally 

is  illustrated  here.  This  excavator  will  han- 
dle a  %  cu.  vd.  bucket  on  a  20  to  22-ft.  boom 

with  a  range  of  hoist  up  to  12  ft.  Except  the 
boom,  which  is  wood,  the  construction  is  steel 

and  steel  outriggers  are  provided.  Where 

conditions  do  not  permit  the  use  of  outrig- 

gers, guy  ropes  can  be  substituted.  The  ma- 
chine is  transported  by  team  and  pole,  neck- 

yoke  and  single  and  double  trees  are  provided. 
The  engine  is  vertical,  double  cylinder  and 
geared  giving  a  rope  pull  of  4,200  lbs.  at  a 
spec<l  of  100  ft.  per  minute.  .Ml  other  parts 
including  wire  rope,  blocks  and  fittings  are 
the  manufacturers'  standard  except  the  dig- 

ging bucket  which  may  be  any  make  preferred 
by  the  purchaser.  The  machine  has  a  digging 
capacitv  of  20  cu.  yds.  per  hour  and  in  actual 
work  has  shown  much  higher  records.  The 
cost  of  the  machine  is  under  $2.0011.  It  is 
made  by  the  John  F.  Byers  Machine  Co.,  of 
Kavenna,  Ohio. 

The  cars  have  a  width  of  3  ft.  4  ins.;  height 

,3  ft.  t!  ins. ;  capacity'  27  cu.  ft.  The  trunions 
are  cast  steel;  frames  are  of  special  wide 
flange  channel ;  bearings  are  roller  bearings 
with  a  cast  sleeve  enclosing  axles  for  its  full 
length,  thus  keeping  them  free  from  dirt  and 
providing  oil  reservoir,  and  wheels  are  special 
cast   steel. 

Sprinkler  Head  for  Automatic  Sprink- 
ler Installations. 

The    sprinkler    head    illustrated    here    has 

passed   rigid   tests  of  the   National   Fire   Pre- 
vention   laboratories.     This   sprinkler   head   is 

Steel    Cars   for   Tunnel    Construction. 
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lining  materials  into  tunnels  under  con- 
tion  are  rcfiuirc<l  to  have  small  outside 
iisions,  light  weight,  and  large  capacity 
must  be  of  strong  construction  and  have 
parts.    The  car  illustrated  here  has  been 

1 

Automatic  Sprinkler   Head. 

sold  to  purchasers  direct,  on  the  manufac- 
turers will,  as  has  heretofore  been  the  uni- 
versal practice,  design  and  install  sprinkling 

plants  complete.  The  manufacturers  are  Mer- 
chant &   Evans  Co.,  Philadelphia,   Pa. 

A  New  Clamp  and  Tightening  for  Wire 
Ties  for  Concrete  Forms. 

The    sketch    shows    a    wire    tie    clamp    and 
tightener  of  sturdy  design  which  has  been  used 

^ 

Koppel    Steel   Car  for   Tunnel   Construction.       Clamps  and  Tightener  for  Wire   Form-Ties.        Malleable    Coupling    for     Reinforcing     Rods, 

De  Mayo  Portable  Car  Unloader. 

passed  through  the  hole  or  holes  in  the  drum 
of  the  tightener.  A  special  handle  or  wrench, 
one  of  which  is  furnished  with  each  50  sets, 

is  employed  to  twist  the  wire  onto  the  drum 
and  draw  it  tight.  These  clamps  and  tight- 

eners are  adapted  to  all  kinds  of  forms.  They 
provide  for  the  use  of  any  size  wire  not 
larger  than  %-in.  These  outfits  are  made  by 
the  Peerless  Form  Clamp  Co.,  Victoria  Build- 

ing, St.  Louis,  Mo. 

A    Device   for    Loading   from    Cars   or 
Stock  Piles  into  Wagons. 

The  sketch  illustrates  a  useful  device  in  the 
form  of  a  self-contained  bucket  elevator  which 
is  being  applied  to  unloading  coal,  sand,  gravel, 
broken  stone,  etc.,  from  cars  to  wagon  or 
stock  pile  or  to  loading  from  stock  pile  to 
wagons  or  cars.  The  bucket  elevator  is  about 
14  ft.  long  and  is  held  in  a  steel  casing  which 
also  holds  an  operating  motor,  a  hoisting 
winch  and  a  connection  for  a  discharge  spout. 
In  operation  the  casing  is  suspended  from  a 
derrick,  or,  it  may  be,  from  any  yard  arm, 

boom  or  fall  block  convenient,  and  is  low- 
ered into  the  car  or  stock  pile  feeding  down 

by  its  own  weight  as  the  material  is  taken  out. 
rhe  operation  is  made  clear  by  the  drawing. 

To  operate  the  elevator  only  one  man  is  re- 
quired to  swing  the  device  about  and  raise  or 

lower  it  so  as"  to  keep  it  fed  with  material. When  not  in  use  the  elevator  is  raised  up  o 

the  boom  end  and  swung  clear  of  cars  or  other 
plant  in  whose  way  it  may  be.  All  parts  of 
the  elevator  are  steel  and  it  is  made  sturdy 
and  durable.  The  general  sales  agents  are  the 
Hudson  Machinery  Co.,  20  Park  Row,  New York  City 

Malleable     Coupling    for    Reinforcing 

Bars. .\  coupling  for  column  bars  and  other 
places  where  butt  connections  of  reinforce- 

ment are  desired  is  shown  by  the  accompany- 

designed  to  meet  these  requirements.  One 
hundred  of  these  cars  were  furnished  the 
Waihole    Water   Co.   of    Honolulu.    Hawaiian 

for  very  heavy  work  including  forms  for  a 
concrete  wall  3  ft.  thick  and  29%  ft.  high 
which  was  poured  in  one  operation.     As  will 

l.slaiids the   Urenst'-in-Arthur   Koppel   Co.      be  inferred   from  the  sketch,  the  disk  shaped      Ind. 

ing  illustration.  This  coupling  is  made  of 
malleable  iron  in  a  complete  line  of  sizes  by 
the    Marion    Malleable    Iron   Works,    Marion, 
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An   Innovation    in   River   and   Harbor 

Legislation. 

The  $'20,<JO0,00ii  river  and  harbor  appropria- 
tion has  been  distributed  by  the  Secretary  of 

War  and  the  board  of  army  engineers.  A  list 
of  the  projects  benefited  was  pubhshed  in  our 
news  section  last  week.  E.xcept  for  the  Mis- 

sissippi, the  Ohio  and  the  Missouri  and  for 
the  Delaware  River  far  east  and  the  Cokim- 
bia  River  far  west,  none  of  the  appropriations 

is  large.  The  Mississippi  receives  $5,'Jo4,000, 
the  Ohio  $1.709,001,1,  the  Missouri  $950,000,  the 
Delaware  $1,000,000  and  the  Columbia  $1,760.- 
iiOO.  or  together  over  a  Iialf  of  the  total  ap- 

propriation. East  of  the  Mississippi  and  smith 
of  the  Mason  and  Di.xon  line  projects  are 
benefited  to  a  total  of  nearly  $2,700.00ii. 
Te.xas  projects  receive  about  $1,430,000  and 
-Arkansas  and  Missouri  projects  receive  about 
$450,000.  Considerablv  over  a  fifth  of  the 

$■20,000,000  goes  to  the  South  not  including 
the  Mississippi  River  appropriations  of  over 
$4,000,000  for  improvements  within  southern 
states.  A  total  of  171  projects  receive  appro- 

priations, the  lowest  amount  received  by  any 
one  being  $5u0. 
Twenty  million  dollars  is  the  smallest  ap- 

propriation which  Congress  has  made  for  riv- 
er and  harbor  improvements  for  many  years. 

It  is  common  knowledge  how  this  came  about. 
-\  handful  of  senators  and  representatives 
compelled  it  by  obstructive  tactics.  This  jour- 

nal believes  that  their  action  was  justified. 
The  original  Senate  bill  called  for  an  appro- 

priation of  $-57.000.0011.  a  portion  of  which 
sum  was  provided  for  beginning  new  works 
to  complete  which  would  require  some  $36,- 
000,000  more.  The  bill  therefore  obligated  the 
Government  for  an  expenditure  of  $9-3.000,000. 
It  is  contended  that  this  amount  is  no  more 
than  benefits  to  be  gained  justify  the  Federal 
government  in  expending  for  river  improve- 

ments. If  this  is  true  it  is  true  only  with 
the  qualification  that  the  expenditure  must  be 
restricted  to  economically  wise  projects.  Here- 

in lay  the  fault  of  the  record-breaking  bill  of 
appropriations  that  was  killed  in  Congress : 
Its  appropriations  were  not  in  many  instances 
for  economically  wise  improvements.  Indeed, 
a  great  portion  of  the  expenditure  proposed 
was  economic  waste  as  truly  as  the  havoc  now 
being  wrought  in  warring  Europe.  No  one 
who  reads  the  items  of  expenditure  called  for 
can  honestly  refuse  to  admit  this  fact.  Unless 
waste  in  government  public  works  is  to  be 
condoned,  the  members  of  Congress  who  deci- 

mated the  $93,000,000  appropriation  bill  of 
1914  were  performing  a  public  service. 
The  real  significance  of  the  river  and  har- 

bors appropriation  bill  that  did  pass  Congress 
does  not.  however,  it  seems  to  us,  lie  in  the 
fact  that  it  saved  much  proposed  wasteful  e.x- 
penditure.  but  in  the  fact  that  it  aroused  a 
public  spirit  and  established  a  precedent  that 
may  be  utilized  in  bringing  about  a  perma- 

nent reform.  If  next  year  Congress  shall 
proceed  in  the  old  log  rolling,  pork  grabbing 
process  of  inaugurating  and  financing  river 
and  harbor  improvement  works,  little  real 
good  will  have  been  accomplished  by  the  cut 
of  $73,000,000  that  a  few  senators  and  repre- 

sentatives compelled  in  this  year's  appropria- 
tions. The  enforced  hunger  of  this  year  will 

be  followed  by  gorging  next  year,  for  it  must 

not  be  overlooked  that  this  year's  appropria- 
tion bill  does  not  indicate  that  Congress  has 

I  become  abstemious — its  
appetite  has  merely 

been  temporarily  denied.  Also  the  handing 
over  by  Congress  in  the  present  appropria- 

tion bill  of  the  duty  of  selecting  the  works  to 
be  prosecuted  is  onlv  a  temporarv  concession 

—  ----•-- 

out  clearly  the  way  which  has  to  be  traveled 
to  secure  liberal  and  economic  development  of 
river  and  harbor  improvement  works. 

Navigation  and  business  interests  which  util- 
ize river  and  harbor  works  and  engineers  and 

contractors  who  design  and  construct  them 
and  who  want  generous  appropriations  for 
their  development  must  work  to  bring  about 
a  reform  in  present  methods  of  Federal  in- 

auguration, financing  and  direction  of  such 
works.  As  we  see  the  matter,  there  can  be  no 
alternative  except  to  submit  to  radical  reduc- 

tions in  appropriations.  A  few  senators  and 
representatives  supported  by  a  powerful  sec- 

tion of  the  public  press  successfully  prevented 
this  year  the  appropriation  of  more  than  a 
nominal  sum  for  river  and  harbor  improve- 

ment. Next  year  the  opposition  will  have  in- 
creased and  the  same  result  will  follow.  We 

do  not  believe  that  ever  again  will  there  be 
permitted  bv  the  old  pork  barrel  methods,  the 

appropriatio'n  of  $-50,000,000  to  $100,000,000  for river  and  harbor  works.  If  such  great  ex- 
penditures are  warranted,  and  many  people 

believe  that  they  are.  then  a  new  method  must 
be  sought  for  obtaining  them. 
We  have  said  that  the  1914  appropriation 

bill  has  established  a  precedent  which  points 
out  a  possibility  for  reform.  By  it  Congress 
appropriated  a  lump  sum  of  $20,000,000  to  be 
expended  on  such  works  and  in  such  allot- 

ments as  the  war  department  and  its  engi- 
neers should  deem  best.  Congress  relinquished 

its  prerogative  of  naming  the  improvements 
to  be  prosecuted  and  the  sums  to  be  expended 
on  these  improvements.  The  first  step  in 
any  reform  plan  is  that  this  temporary  con- 

cession shall  become  permanent.  If  there  is  to 
be  systematic  development  of  rivers  and  har- 

bors for  navigation,  if  flood  control  and  land 
reclamation  are  to  be  undertaken  in  an  e.xpert 
manner,  if  in  general  the  conservation  and 
utilization  of  our  territorial  waters  are  to  be 
economically  developed,  this  development  must 
be  planned  and  conducted  by  engineers  and 
hydraulicians  and  by  navigation  and  com- 

mercial experts.  There  can  be  no  escape  from 
this  conclusion. 

Congress  left  to  itself  and  exercising  su- 
preme authority  has  developed  perhaps  the 

most  wasteful  system  of  planning  and  building 
works  for  navigation  that  exists  in  the  whole 
world.  It  is  true  that  this  condition  has  come 

about  naturally,  that  its  viciousness  is  recog- 
nized by  many  members  of  congress  and  that 

a  few  of  these  stand  ever  ready  to  fight 
against  waste  and  extravagance,  but  granting 
that  the  will  to  reform  is  latent  and  can  be 
awakened.  Congress  has  neither  the  time  nor 
the  expert  knowledge  nor  is  it  organized  for 
the  economic  initiation  and  planning  of  public 
works.  Its  sole  prerogative  in  such  works 
should  be  power  to  grant  or  deny  appropria- 

tions for  their  prosecution.  Investigation  into 
the  economic  necessity  of  and  the  initiation, 
planning  and  construction  of  public  works 
must  be  placed  in  the  hands  of  a  special  or- 

ganization and  this  organization,  we  believe, 
should  be  a  Federal  Department  of  Public 

Works.  * 

The  Benefits  to  Be  Derived  from  At- 

tending   the    Coming    Road 
Conventions. 

Books  devoted  to  road  constructinn  and 
maintenance  are  notoriously  out  of  date,  not 
on  account  of  any  quality  lacking  in  the  books 
but  rather  because  of  the  recent  rapid  devel- 

opment in  the  science  of  road  making.  Many 
engineers  claim  they  lack  the  time  and  in- 

clination   to    read    the    technical    magazines — 
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one  means  of  keeping  in  touch  with  the  de- 
velopment of  new  ideas.  The  attendance  at 

a  convention  once  a  year  is  perhaps  the  easiest 

method  of  keeping  up  with  the  times  and  un- 
doubtedly is  the  method  requiring  the  least 

mental   eflfort   for  the  knowledge  gained. 

Within  the  next  two  months  three  impor- 
tant road  conventions  will  lie  held :  one  in 

jMilwaukee,  one  in  Atlanta,  and  the  third  in 
Chicago.  The  attendance  of  all  men  inter- 

ested in  road  building  and  maintenance  upon 
at  least  one  of  these  conventions  is  urged. 
The  benefits  to  be  derived  are  numerous. 
Among  them  should  be  placed  the  opportunity 
afforded  of  meeting  and  exchanging  e.xperi- 
ences  with  other  road  builders..  The  ideas  of 

prominent  engineers  and  road  officials  ex- 
pressed in  papers  read  by  them  are  of  greater 

value  when  heard  or  read  in  the  light  of  a 
personal  knowledge  of  the  men  themselves. 
Also  it  is  a  source  of  inspiration  to  find  that 
problems  once  perplexing  but  since  solved  are 
being  encountered  bv  others.  Finally,  an  ex- 

cellent excuse  is  offered  for  getting  away 
from  confining  and  routine  work,  seemingly 

impossible  to  leave  without  dire  calamity  be- 
falling, but  which  is  generally  much  lightened 

by  a  short  absence  therefrom. 
The  benefit  worthy  of  special  note  in  con- 

nection with  road  conventions,  however,  is  the 

personal  knowledge  gained  of  ne.vly-devel- 
oped  road  machinery  and  construction  plant 
in  general  and  the  opportunity  afforded  of  de- 

termining the  comparative  merits  of  old  and 
well-established  makes  of  machinery.  Eco- 

nomical road  construction  and  maintenance  is 
dependent  to  such  a  large  extent  upon  the 
efficiency  of  tools  used  that  the  benefits  de- 

rived from  their  proper  selection  assume  sig- 
nificant  proportions. 

The    Effect    of    Unbalanced    Building 
Codes. 

The  lack  of  uniformity  in  the  provisions  of 
the  building  codes  of  cities  in  various  parts 
of  the  country  has  resulted  in  an  increased 
cost  of  construction  for  certain  types  of  build- 

ings. In  one  city  the  building  code  may 
specify  low  working  stresses  for  reinforced 
concrete  and  comparatively  high  ones  for  steel 
construction,  and  vice  versa,  which  naturally 

results  in  a  preponderance  of  one  type  of  con- 
struction almost  to  the  exclusion  of  any  other 

type.  This  condition  limits  competition  to 
those  engineers  and  contractors  who  specialize 
in  only  one  kind  of  construction,  and  thus  in- 

creases the  cost  of  building  construction  in 
general.  Monopoly,  as  applied  to  any  kind 
of  business,  tends  to  increase  costs  to  the 
consumer,  and  the  construction  business  is  no 

exception. 
The  need  of  more  nearly  balanced  building 

codes — codes  which  do  not  unduly  favor  a 
certain  type  of  construction — are  greatlv 
needed  in  many  cities.  The  unit  stresses  which 
should  be  permitted  are  not  a  function  of  the 
particular  part  of  the  country  in  which  the 
city  happens  to  be  located,  yet  a  comparison 
of  many  codes  might  lead  one  to  believe  that 
such  is  the  case.  The  officials  of  cities  are 
not  best  serving  the  interests  of  these  cities 
when  they  do  not  make  determined  efforts  to 
secure  balanced  building  codes. 
To  emphasize  the  importance  of  the  above 

remarks  the  building  status  of  an  important 
eastern  city  will  be  considered  briefly,  the 

name  of  which  is  not  pertinent  to  this  discus- 
sion as  similar  conditions  can  be  found  in 

other  cities.  Although  the  following  com- 
ment applies  particularly  to  reinforced  con- 
crete construction,  it  may  apply  with  equal 

force,  in  some  other  city,  to  another  type  of 



374 Engineering   and    Contracting Vol.  XLII.     No.  17. 

construction.  In  this  particular  city  the  ex- 
treme fiber  stresses  in  concrete  and  steel  are 

respectively  500  lbs.  per  square  inch  and  15,- 
000  lbs.  per  square  inch,  the  ratio  of  the 
modulus  of  elasticity  of  steel  to  that  of  con- 

crete being  15,  while  the  bending  moment 
factor  for  intermediate  spans  is  (KL/10.  It 
will  be  noted  that  these  requirements  are 
much  more  rigid  thav.  those  of  most  large 
cities  in  this  country.  As  a  result,  preference 
has  been  given  to  other  types  of  construction, 
and  the  cost  of  reinforced  concrete  construc- 

tion in  this  city  is  almost  prohibitive.  Capital 
is  placed  at  a  disadvantage,  as  compared  with 
other  cities,  and  the  general  progress  of  the 
city  has  been  retarded.  Even  though  this  city 
requires  the  building  public  to  adhere  strictly 
to  the  provisions  of  its  building  code,  yet 
the  city  itself,  through  its  various  depart- 

ments, uses  unit  stresses  of  650  lbs.  per  square 
inch  in  concrete  and  16,000  lbs.  per  square 
inch  in  steel.  It  is  thus  seen  that  private  cap- 

ital is  compelled  to  pay  a  bonus  for  this  type 
of  construction,  although  the  city  officials,  in 
making  public  improvements,  use  the  higher 
unit    stresses. 
Many  of  the  provisions  of  building  codes, 

notably  those  specifying  allowable  unit 
stresses,  should  be  settled  definitely  by  a 
commission  composed  of  leading  authorities 
in  this  country — men  who  will  consider  the 
subject  broadly  and  who  do  not  need  to  cater 
to  the  interests  which  are  strongest  in  each 
city.  The  fact  that  the  building  codes  of 
many  cities  are  unsatisfactory  is  due  mainly 
to  the  mistaken  idea  which  has  long  existed 
that  each  city  must   solve   its  problems  in  its 

own  way,  which  generally  means  that  the 
strongest  interests  in  each  particular  city  are 
favored. 

Lengthening  the  Life  of  Cast  Iron  Pipe. 
In  view  of  tlie  fact  that  the  experience  of 

engineers  with  cast  iron  pipe,  extending  as  il 
does  over  a  period  of  250  years,  has  not  yet 
been  long  enough  to  establish  the  length  of 
life  of  this  sterling  type  of  conduit,  a  dis- 

cussion on  means  of  lengthening  this  period 
of  usefulness  may  at  first  thought  seem  su- 

perfluous. More  accurately,  however,  we  may 
safely  say  that  the  maximum  length  of  life 
of  this  kind  of  pipe,  when  laid  pnd  maintained 
under  wholly  favorable  conditions,  has  not 

yet  been  determined.  On  the  contrary,  iiu- 
merous  illustrations  might  be  giveti  in  which 
cast  iron  pipe  has  had  a  comparatively  short 
life.  This  condition,  of  course,  is  due  to  un- 

favorable soil  or  other  conditions.  It  is  a 
matter  of  the  highest  economic  importance  to 
know  how  to  increase  the  durability  of  the 

pipe  when  it  is  laid  in  soils  which  make  ex- 
ternal corrosion  likely.  One  need  only  con- 

sider the  extensive  use  of  cast  iron  pipe  in 
our  water  works  distribution  systems  to  aopre- 
ciate  the  importance  of  this  subject  to  all 
water  works  engineers  and  superintendents. 
The  importance  of  the  subject  is  such  that 

we  are  publishing  in  this  issue  an  extensive 
study  of  the  external  corrosion  of  cast  iron 
pipe.  The  article  is  very  practical  and  sug- 

gests certain  precautionary  and  preventive 
measures  which  may  be  applied.  While  the 

author  has  necessarily  discussed  certain  chem- 

ical phenomena,  the  major  portion  of  the 
article  relates  to  physical  matters  familiar  to 
the  water  works  man.  The  author  has  per- 

formed a  great  service  in  bringing  together 
many  data  pertinent  to  his  subject.  The 
article   deserves   very   careful   study. 

In  the  past  engineers  have,  perhaps,  given 
too  little  attention  to  the  environment  of 
cast  iron  water  mains  except,  in  late  years,  to 
take  precautions  to  protect  them  from  the 
damaging  effects  of  stray  electric  currents. 
The  article  to  which  we  refer  enumerates  con- 

ditions to  be  avoided.  A  similar  note  of 
warning  is  sounded  in  the  latest  report  of 
the  Committee  on  Water  Pipe  of  the  Amer- 

ican Railway  Bridge  and  Building  Associa- 
tion, as  follows: 

In  laying  underground  water  pipe  it  is  neces- 
sary to  take  into  consideration  tlie  soil  condi- 
tions as  affecting  the  life  of  the  pipe  as  well 

as  the  quality  of  the  pipe  itself.  It  is  a  well 
known  fact  that  clay  forms  the  best  possible 
covering  for  underground  pipe,  while  cinders 
form  the  poorest.  When  laying  pipe  through 
cinders,  flooring  the  ditch  with  clay  for  a 

foundation  and  covering  the  pipe  until  It  is  sur- 
rounded v.'ith  the  clay  will  form  an  effective 

protection  at  a  very  sni^ll  expense.  It  is  not 
always  possible  to  find  favorable  soil  conditions, 
but  in  many  cases  slight  changes  in  the  loca- 

tion of  pipe  lines  will  double  the  life  of  the 
pipe    through   laying   it   in    better   soil. 

A.  careful  reading  of  Mr.  Pugh's  discussion and  conclusions  cannot  but  prove  helpful  to 
those  who  are  entrusted  with  the  responsibility 

of  pipe  line  location  and  construction. 

Unit  Cost  Keeping  System  for  the  St. 

Louis  Park  Department. 
The  construction  division  of  the  department 

of  parks  of  St.  Louis,  Mo.,  has  recently  de- 
veloped a  cost  keeping  system  which  has 

operated  with  such  success  that  an  outline  of 

After  very  careful  analysis  of  our  needs  we 
decided  that  we  would  require  five  general 
sheets  upon  which  to  place  all  data  received 
concerning  the  different  kinds  of  work  we 
might  endeavor  to  construct.  These  sheets 
would  be  as  follows :  Estimating  Sheet ;  Fore- 

man's Daily  Report;  Labor  Cost  Distribution; 

any  notes  as  to  quality  or  nature  of  the  ma- 
terials to  be  handled.  This  sheet  is  similar  to 

a  contractor's  proposal  or  bid.  After  we  have 
made  it  out,  and  it  is  signed  by  the  superin- 

tendent, it  is  given  to  the  Park  Commission, 
who  accepts  or  rejects  the  bid.  When  the  bid 
is  accepted  we  commence  work. 
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its  main  features  is  given  in  a  paper  by  Mr. 
Nelson  CunlifT,  Superintendent  of  Construc- 

tion to  the  Engineers'  Club  of  St.  Louis.  We 
take  the  following  portions  of  this  paper  from 
the  August  Journal  of  the  Association  of 
Engineering   Societies : 

1.     Foreman's    Dally    Report   Sheet,    St.    Louis   Department  of  Parks il'Vi.nt  of  slioc-t  at  left;    Back  of  sheet  at  right.) 
Labor  and   Material    Cost    Distribution,    and Appropriation  Regincr. 
The  estimating  sheet  indicates  the  quantities 

as  they  are  taken  from  the  plans;  the  units adopted  for  arriving  at  the  total  estimated 
cost;   proposals  or  bids  of  outside  firms  and 

From  the  time  the  foicman  starts  work  he 
keeps  a  record  which  he  turns  in  on  blanks 

known  as  the  "Foreman's  Daily  Report." 
(Fig.  1.)  This  report  sheet  tells  us  17  condi- 

tions as  follows:  (1)  The  location  of  the  job; 
(2)  the  character  of  the  job;   (3)  date  of  the  . 
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PARK     DEPARTMENT. 

Construction   Classification. 

Use  One  Letter  and  One  Number. 

A. Paths. 
B. Roads. 
C. Steps. 
D. Lawns. 
E. Sidewalks. 
F. Sewers  and  Drains. 
G. Catch  Basins. 
H. Curbs. 
J. Lal\es,   Ponds  and   Pools. K. Shrubbery  and  Trees. 

L. Water    System. 
M. Equipment  and  Tools. 
N. Toilets. 
O. Tennis  Courts. 
P. Baseball  Fields. 
R. Buildings  and  Structures. 
S. Bridfe   Paths. 
T. Picnic  Grounds. 
U. Golf  Links. 
W. Concrete  Seats. 
X. Bubble  Fountains. 
T. Bridge. 
1. Supervision. 
2. Lost  Time. 3. 

Grading  and  Shaping. 
4. Wrecking  and  Cutting  Down. 
5. Hauling  Material. 
6. Seeding.  Sodding  and  Planting. 
7. Form  Work. 
8. Plumbing   and    Piping. 9. 

Carpentering. 
10. Watchman. 
11. Excavating  and  Filling. 
12. Concrete  Work. 
13. Reinforced    Concrete. 
14. Granitoid. 
15. Miscellaneous. 
16. Cement  Finish. 
17. Surveying. 
IS. Draughting. 
19. Foundation  Work. 
20. Dust  or  Screenings. 
21. Oil  or  Covering  Materials. 
30. Brick   Work. 
31. Painting  and  Glazing. 
32. Stucco   Work. 
33. Hardware. 
34. Lathing  and  Plastering. 
35. Tile   Partitions. 
36. Ornamental  Iron   work. 
37. Sheet   Metal. 
38. Marble  and   Slate. 
39. Heating  and  Ventilating. 
40. Inspection. 
41. Cinders. 
42. Drainage. 
43. Rip  Rap  or  Telford. 
44. Rolling. 
45. Macadam. 
46. Cleaning  Up. 

report;  (4)  kind  of  weather;  (o)  name  of  the 
foreman;  (6)  kind  of  work  done  and  later 
classification:  (7)  total  hours  of  labor  under 
each  class;  (8)  rates  per  hour;  (9)  total  pay; 
(10)  number  of  units  of  each  class  of  work 
done;  (11)  units  of  materials  and  supplies 
used;  (12)  units  of  materials  received:  (13) 
units  of  materials  in  stock;  (14)  delays,  time 
and  cause;  (15)  time  machines  are  actually 
working;  (16)  kind  of  machine  or  tool  used 
and  its  condition;  (17)  remarks. 

The   foreman   does  not   have  to  use  all  of 

of  our  engineer  corps  was  in  charge:  He 
reported  that  he  had  unloaded  a  car  of  rock 
and  that  the  cost  had  been  $10.  I  immediately 
told  him  that  that  was  too  much  to  pay  for 
unloading  a  car,  and  that  his  men  had  been 
soldiering  on  him;  he  admitted  that  such  might 
be  the  case  and  if  so  he  would  remedy  it  on 
the  next  car.  When  this  car  came  in  he  was 
able  to  report  that  he  had  unloaded  it  for  $5. 

It  is  impossible  in  our  system  to  subdivide 
our  general  units  so  that  we  might  have  a 
daily  unit  cost  for  form   work,  handling  cin- 
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Fig.  4.     Labor  and  Material  Costs  Distribution   Sheet,  St.  Louis  Department  of  Parks. 

Fig.  2.  Street  Showing  Construction   Classi- 
fications,  St.   Louis   Department  of   Parks. 

these  blanks  but  uses  those  necessary  to  meet 
the  exigencies  of  the  particular  work  he  is  on. 
The  clerk  in  the  office  reserves  the  privilege 
of  making  the  classi.'ication  by  letters  or  sym- 

bols (Fig.  2)  to  best  meet  the  needs  adopted 
in  the  estimating  sheet.  The  object  of 

"Amount  of  work  done."  "The  materials 
Used,''  etc.,  is  to  enable  the  superintendent  to 
figure  on  the  job,  a  quick  daily  unit  cost  for 
the  preceding  day.  For  example,  I  went  onto 
a  piece  of   work  the  other  day  in   which  one 

ders,  placing  steel,  etc.,  all  of  these  items  being 
part  of  one  of  our  estimating  units,  but  the 
idea  is  that  the  superintendent  who  is  sup- 

posed, when  he  sees  the  daily  report,  to  know 

the  gang's  capacity  for  a  day's  work,  will  be 
able  to  call  the  foreman's  attention  to  the 
fact  if  he  is  not  delivering  the  amount  of 
work  per  capita  that  he  should. 

The  foreman's  daily  report  is  taken  to  the 
office  and  the  clerk  who,  after  checking  the 
numbers  of  hours  on  the  time  sheet  and  the 
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(listri])ution  uf  labor,  enters  the  laljor  distribu- 

tion on  the  "Labor  Cost  Sheet"  (Kig.  3)  by 
means  of  symbols  that  will  get  this  distribu- 

tion under  the  proper  units  and  check  back 
to  the  estimating  sheet.  The  symbols  referred 

to  represent  a  certain  unit  of  work  on  a  certain 

job,  for  instance,  finishing  on  the  steps  or 

digging  trenches  on  a  sewer  system.  We  have 
tried  to  extend  our  units  out  to  the  last  item 
of  work  done  but  have  found  it  impracticable 
<  n  account  of  the  number  of  symbols  required, 
for  instance,  we  would  like  to  know  the  cost 

of  form  work  on  the  foundation  of  N'o.  1 
steps  on  a  job  on  which  there  are  four  or  five 
sets  of  steps.  This  would  mean  that  it  would 
be  necessary  for  us  to  use  four  symbols  which 
would  complicate  our  system  and  make  our 
office  work  cost  more  than  it  would  be  worth; 

so  we  simply  report  form  work  under  the  unit 

upon  which  the  form  work  was  done.  How- 
ever, if  the  unit  cost  is  high  or  out  of  propor- 
tion, we  can  always  go  into  unit  detail  by  re- 

ferring to  the  foreman's  daily  report. 
Xext  we  have  the  monthly  labor  and  ma- 

terial cost  distribution  sheet.  (Fig.  4.)  Our 

payrolls  and  material  bills  are  paid  once  a 
month,  therefore  we  find  it  convenient  to 
balance  our  accounts  from  month  to  month 

This  sheet  is  so  arranged  that  we  may  start 
work  on  a  park  and  finish  some  unit  on  which 
we  have  estimated,  and  then  return  several 
months  later  and  complete  the  whole.  This 
enables  us  to  have  a  gang  specialize  in  a 
particular  line  of  work  throughout  the  season, 
going  from  park  to  park  doing  their  special 
kind  of  work,  and  does  not  in  any  way  inter- 

fere with  us  in  closing  our  txjoks  at  the  com- 
pletion of  any  one  unit.  On  this  labor  and 

material  sheet  material  may  be  bought  on  one 
requisition  and  divided  among  many  units  of 
construction.  In  this  way  we  can  obtain  the 

low  price  given  for  large  quantities.  At  the 
bottom  of  the  sheet  you  will  find  the  quantities 
and  unit  cost  of  any  particular  subdivision.  1 
would  draw  attention  to  the  fact  that  there 

are  no  overhead  charges  or  interest  and  depre- 
ciation charged  off  the  sheet  as  this  is  taken 

care  of  in  our  office  account  and  tool  and 

equipment  account.  The  quantities  shown  are 

built  up  on  the  foreman's  report  and  actual 
measurements  taken  on  the  job  after  the  work 
has  been  ccjmpleted.  These  quantities  are  also 
shf)wn  on  the  estimating  and  recapitulation 
sheets   for  detailed  study. 

Up  to  Tiiw  we  have  dealt  with  the  book  and 

cost-keeping  system  as  is  touched  by  the  engi- 
neer. In  our  work  money  is  appropriated  by 

the  (lencral  .\ssemhly  for  certain  construction 

items  and  under  ordinance  we  must  report  to 
the  .\uditnr  and  Comptroller  what  this  money 
has  been  expended  for.  This  necessitates  our 
appropriation  register  sheet.  This  sheet  is 
possibly  a  little  more  complicated  than  the 
systems  in  vogue  in  contracting  offices,  but  it 
enables  u>  to  know  just  how  we  stand  in 
reference  to  the  funds  appropriated  for  our 
use. 

In  appearance  this  system  may  look  a  little 
voluminous,  hut  it  is  kept  by  one  clerk  who 
devotes  his  entire  lime  to  this  work  and  the 

care  of  the  otVue  During  our  busy  season 
there  are  about  Jnii  men  on  the  payroll  which 
amounts  to  $rj,cMii)  to  $l-|,n(Hi  per  month. 
These  JfMi  men  have  been  scattered  over  as 

many  as  ■_'■.'  different  jobs  at  one  time.  The 
one  thing  that  the  system  lacks  is  a  deHnitc 
kno\vle<lge  of  what  the  unit  cost  is  at  any 
time  during  the  progress  of  the  work  except  as 

is  shown  by  the  notes  on  the  foreman's  report. 
However,  at  the  completion  of  a  piece  of  work 
it  does  furnish  complete  data  as  to  the  cost 
of  any  given  unit  and  from  this  greater  accu- 

racy may  be  had  in  preparing  estimates  for 
proposed  work  of  a  similar  nature  and 
conditions. 

Probably  the  most  severe  criticism  that  the 
etigineering  profession  of  today  receives  is 
that  they  estimate  their  work  too  low  causing 

the  contractors'  bids  to  be  rejected  because  in- 
sufficient funds  have  been  appropriated  to  meet 

a  proper  cost  of  the  work  1  feel  that  if  more 
attention  were  given  to  the  obtaining  and 
keeping  of  accurate  cost  data  such  as  I  have 
described  to  you  tonight,  there  would  he  fewer 
bids   rejected   on   acciuut    of    being   too   high. 

As  engineers  and  contractors  we  should  do 

what  we  can  to  distribute  true  records  of  cost 

on  various  work  that  we  have  been  connected 

with.  This  theory,  I  know,  is  not  one  adopted 

by  our  leading  contractors.  They  are  generally 

reluctant  to  give  out  any  information  regard- 

ing unit  cost  of  anv  work  with  which  they 

are  connected.  This  1  feel  is  a  matter  of  pride, 

and  must  be  overcome  before  the  engineer  and 

the  contractor  will  have  the  confidence  they 

should  have  in  one  another. 

Costs    of    Collecting,    Haulmg,    Trans- 

ferring   and  Transporting    Munici- 

pal Refuse. 
A  verv  important  element  in  the  collection, 

haul,  transfer  and  transportation  of  refuse 

materials  is  the  cost.  Many  local  factors  en- 

ter into  the  cost  element,  and  uijless  these  are 

considered  and  understood,  the  cost  data  are 

misleading.  Standard  forms  for  recording 

cost  data  of  refuse  collection  are  not  used 

cxtensivclv.  so  that  the  data  presented  should 

not  be  taken  without  qualification.  In  all 

cases,  reference  should  be  made,  if  possible, 

to  the  original  source  of  the  information. 

Methods  of  analyzing  the  cost  of  various 

parts  of  the  service  were  given  by  Mr.  Sam- 
uel .\.  Greeley  in  his  paper  before  the  recent 

annual  converition  of  the  .\merican  Society  of 

Municipal  Improvements.  Mr.  Greeley's 
paper,  which  is  here  given  in  full,  also  con- tains some  actual  cost  data. 

material,  if  the  proper  unit  quantities  and 
basic  data  be  first  determined.  The  cost  per 

ton  for  loading  other  refuse  materials  in  ac- 
cordance with  assumed  data  will  be  as  fol- 

low-s : 

Cost  of  load- 
Materials.  ing  per  ton. Ashes          '"iV 

Rubbish             -'•-; 
Mixed  refuse          *'•=>'> 

Motor  Trucks.— The  cost  of  loading  a  motor 
truck  can  be  studied  in  a  similar  way.  The 

cost  of  operation  will  be  greater  per  hour  and 
the  rate  of  loading  will  have  to  be  increased 

proportionately  to  make  the  cost  comparable 
with  loading  a  team  drawn  wagon.  The  cost 
of  haul  by  motor  truck   will  be  less. 

The  use  of  motor  trucks  in  refuse  collection 

service  will  increase.  .-V  relatively  high  load- 
ing cost  can  be  reduced  by  limituig  the  niotor 

truck  to  transportation  after  the  loading  of 

the  wagons  by  the  so-called  traction  and  trailer 
svstem  now  being  tried  on  a  large  scale  in 
New  York  City  and  used  in  quite  a  number 

of  European  cities. 
Haidiiiij.—The  refuse  material  loaded  in  the 

collection  wagon  must  be  hauled  to  the  trans- 
fer station  or  place  for  final  disposal.  This 

will  be  done  by  horse-drawn  vehicle  or  by 
motor.  The  length  of  haul  will  be  from  the 

point  of  last  collection  to  the  place  of  final 

delivery.  This  distance  or  haul  must  be  cov- ered twice  for  each  complete  load. 

The  cost  of  haul  will  depend  on  the  rate  of 

travel,  the  weight  of  the  load  and  the  cost  of 

TABLK  I.— COSTS  OF  COLLECTION  (LOADING 

City.  Year. Garbage; 
Boston       1913 
Chicago     ....  1312 
Cleveland    ...  1912 
Columbus    ...  1912 
Davton       inns 
Detroit       1910 
Ev.inston    ...  1910 
New    York...  1910 
Winnipeg   .. .  1911 .■\shes: 

Boston        1913 
Evanston    ...  19in 
Winnipeg    ...  1911 

Rubbish: 
Columbus     ..  1912 
Evanston    ...  1910 

.\shes  and  rubbish: 
Cleveland    ...  1909 
Cincinnati    ..  1909 

References:  These  data 

Population served. 

4SO,000 

2.300.000 596,400 

192,700 110,300 

4S5,7G6 24,978 

4.406,000 151.918 

480.000 
24.978 

151,958 

192,700 24,978 

Total 
annual  cost. 

$131,648.40 
381,174.00 127,800.24 
34,779.23 

21,000.00 66,865.67 

3,186.00 
275,3.80.00 
19,371.90 

346,396.01 

2,174.00 
5,793.73 

47,887.12 

'5,10S.OO 

AND  TEAM  HAUL) 

Total  Total 
annual  annual 
tonnage.      yardage. 

54,215 119,159 

43.555 
18.789 
9.941 

34.065 

2.800 

336,984 15.510 

OF  MUNICIPAL  REFUSE. 
Unit  cost.  Cost 
Per  Per  per 

ton.  yard.       capita. 

543.000  119,982.00 
360,000  116.631.68 

are  all  from  annual  leporl 

247,203 

'  r,  V27 

84.547 
87,611 

13,479 

"4.'676 

13.461 

75,096 

29,479 
202,752 
222.634 

$2.43 
3.20 
2.93 1.85 
2.11 

1.96 1.14 
0.82 

1.25 
1.40 

'i.'i'i 

$1.56 

'o.'e's 

1.42 1.33 

0.16 
0.64 

0.17 0.59 

0,5; 

$0.27 

0.17 

0.21 

O.IS 

0.19 

0.15 

O.l.S 

0.06 
0.13 
0.73 

0.09 

0.04 

0.25 

0.21 
0.22 

0.32 
KLEMENTS    Or    COST. 

The  elements  of  the  cost  of  each  part  of 
the  CI  Uection  service  can  be  segregated  and 
studied  advantageously  by  the  following 

method.  The  unit  quantities  used  in  the  com- 
putations were  assumed  for  certain  local  con- 

ditions and  will  not  necessarily  apply  every- 
where. Thej  are  presented  here  to  illustrate 

the  method  of  analysis. 

l.oddiiiy. — The  cost  of  loadin.g  will  vary  with 
the  character  of  the  material,  the  district 
served,  the  season  of  the  year,  the  unit  cost 
for  labor  in  each  locality  and  other  local  con- 

ditions. The  method  of  analysis  for  loading 

garbage  follows : 
a.     Number   of   people   per   house   or   per 

collection  made        10 
li.     Niimlicr  of  minutes  required  to  make 

one  collection  or  to  give  service  to 
ten  people         1 

r.  Interval  of  days  between  collections..  2 
d.  Capacity  of  garbaKe  wagons  in  tons..  2 
p.     Quantity  of  garbage  produced  In  tons 

per  1.000  population  per  day       0.273 
r.     Quantity    of   garbage    after    two   days' Interval     between     collections,     tons 

per  1,000  iiopnlation  per  day       0.516 
,;.     Tci  make  collections  from  1,000  people 

reiiuires    100    collections,    taking    100 
minutes'   time. 

Ii.     Time   In    minutes   required    to   load    a 
wagon  with  two  tons  of  garbage  In 
acconlance     with     the     date    above 

•> 

equals   X  100   367 0.546 

1.  The  time  required  for  loading  is  thus 
1.1  houis.  If  the  cost  of  the  team, 
wagon  and  collector  be  taken  at  75 
ct.«.  per  hour,  the  cost  for  loading 
one  2-ton  wagon  will  be  $4.57  and 
the  cost  per  ton  for  loading  garbage 
'$2.2t.)          2.28 

The  an.ilvsis  can  be  applied  to  the  loading  of 
ashes,    rubbish,   mixed    refuse   or   anv   refuse 

the  team  and  the  driver,  or  motor  and  me- 

chanic. The  cost  of  team  haul  may  be  an- 

alyzed as  follow-s ; Assumed;  Per  hour 
Rate  of  travel,  miles         3.0 
Cost  of  outfit       $0.  .0 
Cost  per  mile  of  travel         0.2.^ 
Cost  per  mile  of  haul         O.jjO 
Cost  per  ton-mile  haul  with  a  2-ton  load       0.2.T 

The  cost  of  haul  by  gasoline  or  motor  truck 
may  be   analyzed  as   follows; 
.Assumed:  Per  hour. 

Rate  of  travel,  miles         6.1  ' Cost  of  outfit       $2.40 
Cost  per  mile  of  travel         0.40 
Cost  per  mile  of  haul         O.So 
Cost  per  ton-mile  haul  with  a  5-ton  load       0.16 
The  rate  of  travel  will  vary  cotisideraWy 

from  different  sections  of  a  large  city,  being 

slower  through  streets  congested  with  a  large 
volume  of  trafiic.  In  such  districts,  collection 
work  should  he  done  at  night  or  during  the 
early  morning  hours. 

Transfer  Stations. — The  operation  of  trans- 
fer stations  should  also  be  considered  as  a 

part  of  the  cost  of  transportation.  A  transfer 

station  to  handle  (iOO  cu.  yds.  a  day,  or  37."j 
tons,  may  cost,  depending  upon  type  of  build- 

ing and  local  conditions,  about  $50,000.  in- 

cluding land  in  a   fairly  w-ell-built  up  section. 
The  annual  cost  of  operation  may  be  esti- 

mated as  follows ; 
Interest  at  5  per  cent   $  2,500 
Ijepreeiatlon  of  plant       1,230 Labor; 

1  foreman       1,200 
'.   laborers           3,600 
Repairs  and  supplies       2,50.1 

Total      $10,800 

This  is  equivalent  to  a  cost  of  0.4  cts.  per ton. 
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COST    OF    TRANSPORTATION. 

The  cost  of  transportation  of  refuse  from 
tlic  transfer  station  to  the  place  of  hnal  dis- 
IKisal  depends  upon  the  method  used.  The 
cost    for  several  methods   is   discussed  below. 

Trolley  Transportation. — .\ssume  a  typical 
transfer  station  receiving  600  cu.  yds.  of  re- 

fuse material  per  day.  Assume  trains  to  be 
made  up  of  one  motor  car  which  carries  no 
load  and  two  trailers.  Assume  each  trailer  to 

have  a  capacity  of  25  cu.  yds.  To  move  (3U0 
cu.  yds.  24  trailer  loads  are  required.  If  the 
lilacc  of  disposal  be  so  located  that  each  train 
can  make  two  trips  a  day,  six  trains  will  be 
required.  Assume  that  three  motors  can 

handle  the  six  trains.  The  daily  cost  of  op- 
eration will  then  be: 

Per  day. 
Motor  cost,  three  at  $25       $  75.00 
Trailers,  twelve  at  $6           72.00 

Total          $147.00 

If  the  (iOd  cu.  yds.  of  refuse  weigh  375  tons, 
the  cost  of  trolley  transportation  will  be  40 
cts.  per  ton. 

Barge   Transportation. — A  good,  serviceable 
tug   will   cost   about   $30,000   and   deck    scows 

aljout  $7,000  apiece.  The  annual  cost  of  operat- 
ing a  fleet  may  be  as  follows : 

-Annual  cost  ot  tug: 
Interest  at  5  per  cent   $  l,riOO 
Depreciation  on  iD-year  life       1,3S8 Liabor; 

Captain      $2,100 
Engineer        1,800 
Fireman        1,000 
Deck  hands     1,800     6.700 

Repairs          2,500 
Fuel          3,500 
Supplies          1,000 
Insurance             200 

Total        $16,789 
-Annual  cost  of  barge: 

Interest  at  5  per  cent   $    350 
Depreciation             324 
Deck   hands         1,800 

$2,474 .Assume  that  1  tug  serves  4  barges       9,896 

Total  annual  cost  ot  fleet   $26,oS5 

If  each  barge  makes  one  trip  per  day,  car- 
rying 10m  tons  of  refuse,  the  cost  per  ton 

amounts  to  22  cts. 
In  like  manner  the  elements  of  cost  can  be 

determined  for  other  methods  of  transporta- 
tion. 

.Steam  Railroad  Transportation. — The  cost 
(if  transportation  by  steam  railroads  depends 
principally  upon  the  switching  charges.  These 
will  range  from  $5  to  $15  per  car.  A  car  will 
hold  about  40  tons  of  garbage,  so  that  the 
switching  charge  will  average  about  20  cts. 

per  ton. 

A'^-ailablc  Collection  Costs. — Actual  cost  data 
should  be  studied  to  check  the  costs  estimated 

abo\t.  but  these  are  not  available  for  a  large 
nunilier  of  cities.  The  costs  for  collection 

service  are  generally  recorded  to  include  both 
loading  and  hauling  in  one  figure,  while  cost? 

nf  transportation  are  frequently  given  sep- 
arately.     The    cost    data    for    some    cities    in 

which  the  itemized  cost  of  collection  is  avail- 
able have  been  summarized  in  Table  1  (p.  370). 

Chicago  Data. — Jacobs  and  Senfield  have 
made  a  careful  analysis  of  the  cost  of  collect- 

ing garbage,  and  ashes,  and  rubbish  in  Chi- 
cago. These  data  are  compiled  in  excellent 

detail  and  accuracy.  The  average  cost  for 

the  five  vears — 1908  to  1912 — are  given  in 

Table  II.  ' TABLE    II.    —   AVERAGE    COST    OF    REFUSK 
COLLECTION,   LOADING  AND  HAULING, 

AT  CHICAGO,   ILL. 

Cost  per  cu. 
Cost  per  ton       yd.,  ashes  and 

Year.  of   garbage.  rubbish. 
1908      $3.78  $0.56 
1909      3.76  0.57 
1910      3.43  0.59 
1911      3.19  0.62 
1912      3.20  0.60 

If  ashes  and  rubbish  together  weigh  1,000 
lbs.  per  cubic  yard,  the  cost  of  collection  per 
ton  amounts  to  $1.20. 
IMPROVED     METHODS    FOR    RECORDING    COST    DATA. 

The  value  of  unit  cost  data  for  loading, 
hauling,  transferring  and  transporting  refuse 
materials  should  be  realized  by  city  officials. 

.•\ccurate  records  should  be  kept  and  published 
in  siiTiilar  forms  in  different  cities,  so  that 

comparisons  can  be  made  and  a  check  secured 
on  the  efficiency  of  the  local  work.  The  total 
costs  should  be  divided  and  recorded  in  ac- 

cordance with  the  details  discussed  to  show 
the  cost  of  each  element  of  the  work. 

The  Engineer's  Reading  and  Study. 
To  the  Editors :  I  have  read  with  keen  ap- 

preciation the  article  in  your  Sept.  23  issue  on 

"The  Engineer's  Reading  and  Study,"  and  I 
thought  you  would  be  interested  in  knowing 

that  our  company  has  a  small  but  carefully  se- 
lected library  which  is  used  for  the  develop- 

ment of  its  employes. 

The  usefulness  of  this  library  has  recently 
been  extended  to  the  Southern  states,  in  which 

our  company  operates,  through  an  article  con- 
tained in  our  company  paper.  As  a  result  we 

now  have  about  50  men  in  the  field  who  are 

taking  up  definite  courses  of  reading  which 
we  have  prescribed  for  them. 

In  each  case  we  suggested  to  the  reader  that 
the  public  library  be  visited  and  that  such 
books  as  can  be  had  locally  be  secured  from 
the  library,  and  those  that  cannot  will  be  sent 
from  our  library  in  Atlanta. 

It  would  be  advantageous  for  companies 

engaged  in  engineering  work  to  e-xchange  in- 
formation on  this  kind  of  work,  and  maybe 

your  paper  could  be  the  means  of  disseminat- 
ing such  information  as  would  bring  together 

and  effect  exchange  of  information  on  meth- 
ods of  promoting  reading  and  study  among 

engineers  and  industrial  workers. 
A  catalog  of  the  library  is  here  given  and 

some  of  the  sample  courses  are  indicated. 
Very   truly   yours, 

Kendall   Weisiger,   Efficiency   Engineer. 

Southern    Group    of    Bell    Telephone    Com- 

panies, 
.Atlanta,  Ga.,  Oct.  8,   1914. 

(We  publish  herewith  the  titles  of  the 
books  in  the  circulating  library  of  the  Chief 

Engineer  of  the  Southern  Group  of  Bell  Tele- 
phone Companies,  as  mentioned  in  our  corre- 

spondent's letter.  Three  courses  of  reading 
are  indicated  on  the  list  of  books  as  follows: 

Books  marked  (1)  form  the  course  of  read- 
ing for  managers;  those  marked  (2)  form  the 

course  for  plant  chiefs;  and  those  marked  (3) 
form  the  course  for  plant  foremen  and  wire 

chiefs.     The    list    of    titles    follows — Editors.) 
Telephony  and   Electricity: 

Lessons    in   Practical   Electricity — Swoope    (2) 

Telephone  Principles  and  Practice — Wilder  (1) 

(3). 

Telephony— McIMeen  &  Miller  (2)  (3). 
American  Telephone  Practice — K.  B.  Miller. 
History  of  the  Telephone — Casson  (1)  (2). 

Organization  and    Management: 
Principles    o£    Scientific    Management — F.    W. Taylor  (2). 

Efficiency — Emerson  (1)  (3). 
Twelve  Principles  of  Efficiency — Emerson  (2). 
Increasing    Human    Efficiency     in     Business — Scott   (1)   (2). 

Choosing  a  Vocation — Parsons. 
American  Office  Management — Schultz. 

Health  and  Hygiene: 
The    Efficient   Life— Dr.    L.    H.    Gulick    (1)    (2) 

(3). 

Reproduction  and  Sexual  Hygiene — Hall. 
Handbook    of   Health — Dr.    AVoods   Hutchinson 

(1)   (2)  (3). 
Letter  Writing  and  English: 
The   Correct  Word  and  How  to  Use  It— J.   T. Baker  (2)  (3). 

Manual  for  Writers — Manly  &  Powell. 
How  to  Do  Business  by  Letter — Cody. 
Handbook  of  English  for  Engineers — Sypherd. 
Modern  Business  Correspondence — Erskine  (li 

(3). How     to     Write    Letters     That     Win- System Company   (2). 

Development  of  the  Mind: 
Memory    and    the    Executive    Mind — Robinson 

(1)   (2). 
How  We  Think — John  Dewey. 
Mind  and  Work— Dr.  L.  H.  Gulick  (1)  (2). 
Intellectual  Life— P.  S.  Hamerton  (3). 
Vocation    and    Liearning — Hugo    Munsterberg 

(1)  (3). 
Inspirational: 
Addresses  to  Engineering  Students — Waddell 

&  Harrington. 
Self  Measurement— Wra.  DeWitt  Hyde  (1)  (3). 
Life  of  Benjamin  Franklin — Franklin  (1)  (2) 

(3). 
Life  of  Abraham  Lincoln — Carl  Schurz  (1)  (2) (3). 

How  to  Live  on  24  Hours  a  Day — Arnold  Ben- nett (1)  (2). 

The  Investment  of  Influence — Hillis. 
Letters  Prom  a  Self-Made  Merchant  to  His 

Son — Lorimer. 
Making  Good— J.  T.  Paris  (3). 
The    Exceptional   Employe — O.    S.    Marden    (1) 

(2)  (3). 
Making  the  Most  of  Ourselves — C.   D.   Wilson 

(2). 
How  to  Get  Tour  Pay  Raised — N.  C.  Fowler. 
As  a  Man  Thinketh— James  Allen  11)   (2)   (3). 
The  Magic  Story — r  .  V.  Dey. 
A  Message  to  Garcia  and  Other  Preachments — Hubbard  (3). 

The  External   Corrosion  of   Cast   Iron 

Pipe — Precautionary    and    Pre- 
ventive Measures. 

Cast  iron  pipe  is  in  such  general  use  that  a 

knowledge  of  its  strong  points,  its  limita- 
tions and  the  precautions  necessary  to  insure 

its  dura1)ility  under  certain  conditions  is  of  the 
highest  practical  importance  to  the  water 

works  engineer  and  superintendent.  The  pur- 
pose I  if  the  present  article  is  to  warn  the  en- 

gineer of  conditions  where  special  protection 
is  needed  against  external  corrosion  and  to 

suggest  preventive  measures  adapted  to  dif- 
ferent cases.  Tuberculation  and  electrolytic 

corrosion  have  been  exhaustively  studied  else- 
where and  are  not  here  considered.  The  in- 

formation here  given  is  taken  from  a  paper 

by  Marshall  R.  Pugh,  entitled  "External  Cor- 
rosion of  Cast  Iron  Pipe."  presented  before 

the   .American   Society  of   Civil   Engineers   on 

(Jet.  7,  1914,  and  published  in  Vol.  XL  of 

the  Proceedings,  pp.  1641-1691.  In  the  full 

paper  numerous  examples  of  the  great  dura- 
bility of  cast  iron  pipe  are  first  given,  after 

which  other  instances  are  cited  in  which  it 

has  deteriorated  rapidly.  Mention  of  the  com- 
position of  cast  iron  and  the  theories  of  its 

corrosion  is  followed  by  a  study  of  conditions 

contributing  to  and  inhibiting  corrosion.  Rea- 
sons are  sought  for  the  deterioration  ob- 

served in  typical  cases,  and  precautionary  and 
preventive  measures  are  considered.  This 

abstract  is  limited  largely  to  the  last  men- 
tioned portions  of  the  original  paper.  Only 

external  corrosion  is  considered,  though  many 
facts  must  be  applicable  as  well  to  internal 

corrosion. 
The  art  of  casting  iron  was  unknown  until 

the  14th  or  15th  century.  The  earliest  rec- 
ords which  appear  to  be  authentic  relate  to 

several   old    pipes    of   various   diameters    laid. 

by  order  of  Louis  XIV,  near  Paris,  to  supply 
the  town  and  parks  of  Versailles.  These  were 
laid  between  1664  and  1688,  or  from  226  to  250 

years  ago.  They  aferegate  a  length  of  about 
26,000  ft.  and  are  still  in  use.  Other  cast  iron 
pipe  still  in  use  in  Versailles,  aggregating 
27,500  ft.,  was  laid  in  1685,  or  229  years  ago. 
These  pipes  were  laid  in  lengths  one  meter 
long  and  the  sections  were  joined  by  means 
of  bolted  flanges.  The  few  repairs  which 

have  been  required  have  generally  Iieen  ne- 
cessitated by  the  bad  condition  of  the  flange 

bolts  which  have  rusted  out.  Instances  of 

the  great  durability  of  cast  iron  pipe  as  ob- 
served in  European  cities  could  be  multiplied 

to  great  length. 

In  the  United  States  the  earliest  pipes  were 

of  bored  logs.  Philadelphia  adopted  them,  al- 
though a  length  of  %  mile  of  iron  pipe  was 

laid  in  1804  as  an  experiment.  The  new  Fair- 
mount  water  works  in  Philadelphia  had  a  dis- 
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tribution  system  of  cast  iron  pipes.  This  was 

the  first  of  its  kind  in  America,  at  all  events 

the  first  on  an  extensive  scale.  These  pipes 

were  imported  from  Europe  and  were  of  the 

bell  and  spigot  type  in  9-ft.  lengths.  These 

pipes  are  of  particular  interest  owing  to  the 
fact  that  they  are  still  in  use  after  i)5  years, 

and  give  eveo'  evidence  of  continuing  their 

usefulness.  A  century's  use  has  not  rendered 

these  pipes  unfit  for  service.  The  late  James 
B.  Francis  cited  an  experience  of  Lowell, 
Mass.,  as  follows : 

It  Is  within  my  experience  and  knowledge  tliat 

pipes  at  Lowell,  which  were  obtained  from  Phila- 
delphia In  1S30,  were  then  intended  to  be  used 

under  a  pressure  of  150  ft.  head,  and  are  now 

In  use  under  200  ft.  head,  without  any  signs  of 

failure  after  60  years'  use. 
Even  when  immersed  in  the  fresh  water  of 

streams  and  rivers,  this  resistance  to  corrosion 

is  manifested.  Cast  iron  cannon  taken  from 

a  vessel  sunk  in  the  Delaware  River  for  more 

than  40  years  were  perfectly  free  from  rust. 

Mr.  Pugh  sums  up  his  observations  on  the 

durabihty  of  cast  iron  pipe  under  favorable 

conditions  by  saying  that  our  experience  of 

2.50  years  with  this  type  of  pipe  has  not  been 

sufficiently  long  to  establish  just  what  its life  is. 

EXAMPLES   OF   DETERIORATION   OF  CAST   IRON   PIPE. 

A  knowledge  of  this  fact,  however,  may 

lead  to  mistaken  conclusions.  One  of  tht 

earliest  observations  relating  to  the  rapid  de- 
terioration of  cast  iron  pipe  was  that  oi  Mr. 

Thomas  Duncan,  who  in  1853,  in  describing 

the  Liverpool  Corporation  Water  Works,  said : 

During  the  process  of  taking  up  and  adjusting 

the  pipes  in  the  lower  districts,  near  the  margin 

of  the  docks,  where  the  soil  is  impregnated  with 

common  salt,  they  were  found,  in  many  in- 
stances, to  have  become  so  soft,  that  they  could 

easily  be  cut  by  a  knife.  This  was  found  to  be 
the  case  where  they  had  not  been  laid  for  more 

than  20  years;  whereas.  In  the  higher  districts, 

where  they  had  been  laid  for  nearly  50  years, 

they  were  found  to  be  aa  good  as  when  first 
laid  down.  In  all  instances  the  hardest  pipes 

had  deteriorated  least,  and  were  found  cleanest 
on  the  Inside. 

In  other  words,  under  certain  conditions, 
cast  iron  pipe  is  not  durable,  unless  protected. 
Therefore  it  is  of  great  importance  to  the 
engineer  to  determine  just  what  those  con- 

ditions are  and  how  to  guard  against  them. 
The  salt  of  the  ocean  is  particularly  de- 

structive to  cast  iron,  and  its  action  is  mani- 
fested in  a  peculiar  way,  differing  materially 

trom  ordinary  rusting,  scaling  and  pitting. 
Cases  occur,  and  with  considerable  frequency, 
where  trouble  has  resulted  from  laying  cast 
iron  mains  in  saline  soils. 

In  1902,  according  to  information  furnished 
by  Mr.  D.  H.  Townlcy,  superintendent  of  the 
Llizabethtown,  N.  J.,  Water  Co.,  that  company 
laid  about  two  miles  of  6-in.  cast  iron  main 
across  salt  meadows.  It  was  ordinary  coated 
water  pipe,  about  0.45  in.  thick,  and  was  laid 
about  8  ins.  below  the  surface  of  a  salt  marsh. 
The  marsh  surface  was  about  18  ins.  above 

ordinary  high  water,  and  therefore  was  cov- 
ered at  times  by  salt  water.  The  nearest  trol- 

ley is  alxiut  three  miles  away,  so  that  stray 
currents  have  nothing  to  do  with  the  observed 
deterioration  of  pipe.  Seven  years  after  the 
pipe  was  laid  it  began  breaking  under  a  pres- 

sure of  40  lbs.,  and  it  became  necessary  to  re- 
new the  whole  line  in  I'JIJ,  after  a  life  of  only 

ten  years. 
Internally  the  pipe  was  in  good  condition. 

The  cxlcrnal  appearance  was  cciiially  good, 
there  being  an  entire  absence  of  pitting.  On 
closer  examination  this  appearance  was  found 
to  be  deceptive,  for  in  many  places,  some- 

times the  top,  sometimes  the  bottom,  and  at 
other  times  the  sides,  were  found  to  have 
large  spots  where  the  iron  appeared  to  be 
leached  out,  so  that  it  could  be  cut  like  putty, 
or  rather  like  soft  graphite,  which  it  strongly 
resembled  in  appearance.  This  action  was 
not  regular,  sometimes  skipping  several  feet, 
but  was  worst  at  the  bottom  of  the  pipe.  In 
some  instances  these  soft  places  had  been 

eaten  completely  through  the  walls  of  the 

pipe,  which,  although  not  pitted  or  swelled 
out,    had    entirely    losi   all   the   characteristics 

of  iron.    After  exposure  to  the  air  this  m
eta- 

morphosed iron  hardened. 

At  Perth  Amboy,  N.  J.,  similar  trouble  
was 

experienced.  A  16-in.  main,  crossing  a  s
alt 

meadow  for  some  3,500  ft.,  had  to  be
  aban- 

doned altogether  in  less  than  20  years.  Mr. 

\  H  Crowell,  superintendent  of 
 water- 

works, under  date  of  March  20,  1913,  says : 

Our  second  main,  a  24-in.,  laid  under  the  sam
e 

conditions  (as  the  16-in.  main)  about  sev
en 

years  ago,  now  shows  evidence  of  the  same 
 de- 

terioration, softening  in  spots  so  that  it  may  be 

pared  with  a  knife  on  the  exterior.  This  line 

the  Board  has  decided  to  uncover  and  leave  ex- 

posed in  open  trench  to  the  flow  of  the  tides, 

our  experience  having  shown  that  pipe  when  so 

laid  exposed  to  the  light  and  air  is  not  affected; 

In  other  words,  we  have  reached  the  conclusion 

that  this  particular  deterioration  occurs  from 

chemical  action  due  to  contact  of  roots  of  salt 

grasses. 
In  connection  with  the  deterioration,  one  pecu- 

liarity noted  is  that  when  such  pipe  is  removed 

and  exposed  to  the  light  and  air  for  a  period 

of  several  weeks  it  will  harden  and  ring  appa- 
rently sound. 

This  pipe,  which  was  laid  in  black  meadow 
muck  from  which  salt  grass  is  cut,  is  buried 

with  3  ft.  of  cover.  The  meadow  is  com- 

pletelv  submerged  at  extreme  tides,  with  an 
ordinary  range  of  about  4  ft.  The  pipe  was 

ordinary  grav  cast  iron,  tar-coated,  weighing 

140  lbs.  per' foot,  and  the  deterioration  oc- curred at  all  points,  but  principally  on  the  top 
and  upper  sides.  As  in  the  Elizabeth  pipe, 

the  exterior  did  not  pit,  but  deterioration  oc- 
curred from  softening  in  spots  which  finally 

blew  out. 

At  Atlantic  City,  N.  J.,  according  to  infor- 
mation furnished  by  L.  Van  Gilder,  engineer 

and  superintendent  of  water  works,  the  water 

supply  is  delivered  to  the  city  from  the  Ab- 
secon  Pumping  Station,  the  mains  leading 
through  salt  marsh  for  a  distance  of  22,000 
ft.  In  1882  a  12-in.  cast  iron  main  was  laid, 
which  in  1888  was  paralleled  by  a  20-in.  cast 
iron  main;  and  in  1901  the  capacity  was  fur- 

ther augmented  by  laying  a  30-in.  steel  main 
alongside  the  others.  In  1911  a  48-in.  wood 
stave  main  was  laid  parallel  to  the  preceding 
three  for  about  7,000  ft.,  after  which  it  takes 
a  different  route  for  the  remainder  tif  the 
line.  Both  the  cast  iron  mains  are  soft  in 
spots  and  blow  out  from  time  to  time  in 
places  under  a  normal  pressure  of  50  lbs.  The 
deterioration  is  precisely  like  that  noted  at 
Elizabeth  and  at  Perth  .\mboy.  The  steel 
pipe  is  even  less  satisfactory.  Though  laid 
at  a  later  date  than  the  two  cast  iron  mains, 
if  is  rapidly  deteriorating,  and  6,000  ft.  of  it 
are  now  out  of  service. 

The  top  of  each  of  the  two  cast  iron  mains 
is  about  1  ft.  below  the  surface  of  the  meadow ; 
the  steel  main  is  about  half  its  diameter  below 
the  surface,  and  the  top  is  covered  with 
meadow    sod. 

At  Richmond,  Va.,  according  to  Mr.  E.  E. 
Davis,  superintendent  of  water  works,  about 
400  ft.  of  cast  iron  pipe,  laid  in  a  salt  blue 
marl,  in  20  years  became  soft  enough  to  cut 
with  a  knife,  the  action  appearing  to  be  equally 
great  at  its  top,  bottom  and  sides.  A  trolley 

track  4.")0  ft.  distant  may  possibly  have  con- tributed to  the  disintegration. 
Trouble  has  been  experienced  also  from  saline 

soils  at  points  remote  from  the  ocean.  At 
Syracuse,  N.  Y.,  there  are  salt  springs  which 
have  been  used  in  the  manufacture  of  salt 
since  their  discovery  by  the  Jesuits  in  1654. 

They  are  situated  along  the  shores  of  Onon- 
daga Lake,  and  in  1797  were  taken  over  by 

the  state,  which  passed  laws  governing  the 
manufacture    of    salt. 

The  Bureau  of  Water  of  Syracuse,  accord- 
ing to  Mr.  George  A.  Glynn,  superintendent, 

has  had  much  trouble  from  the  corrosion  and 
disintegration  of  water  pipe  in  the  salt  lands. 
A  line  of  pipe  runs  in  a  very  low  section  of 
these  lands,  the  major  part  of  which  is  under 
water  a  large  portion  of  tlie  year.  The  part 
which  is  continually  submerged,  however,  has 
not  disintegrated,  but  that  adjacent  to  it,  where 
the  main  was  laid  about  1904,  began  to  fail 

after  several  years'  service.  The  corrosive 
action   appears   to  have   been   similar  to  that 

noted  heretofore.  The  pipe  was  sound  in 

parts,  and  at  the  leaks  it  could  be  cut  with  a 
knife.  The  salt  has  been  for  a  century  at  the 

point  where  the  disintegration  occurs. 
\  third  soil  destructive  to  cast  iron  pipes 

is  also  noted  by  Mr.  Glynn  as  occurring  at 

Syracuse.    He  says  in  a  letter : 
Since  submitting  this  matter  to  you  and  Dr. 

Pattee,  I  have  observed  two  cases  of  disintegra- 
tion in  different  parts  of  the  town,  the  pipe 

being  eaten  precisely  as  that  in  Spring  St.  In 
each  case  the  soil  above  the  pipe  was  composed 

in  the  main  of  coal  ashes  and  apparently  the 

constant  trickle  of  water  had  created  some 

chemical  action  which  ate  the  pipe.  As  a  lay- 

man. I  have  concluded  that  coal  ashes,  where 

there  is  a  possibility  of  a  flow  or  trickle  of  water 

through  them,  are  responsible  for  this  particu- lar kind  of  disintegration. 

A.  A.  Reinier,  superintendent  of  water 
works  at  East  Orange,  N.  J.,  notes  an  instance 

in  his  experience  where  an  8-in.  main  laid  in 

clay  and  ashes— marl  with  some  cinders  mixed 
with  it— went  out  of  service  every  six  months. 

In  Germany,  R.  Krzizan  cites  a  case  where 

a  portion  of  an  asphaltum-coated  cast  iron 
water  main  which  had  been  in  service  for  20 

years  suddenly  became  defective.  A  number 
of  conical  holes  were  scattered  irregularly 
over  the  surface  and  were  surrounded  by 

graphite-like  material  containing  particles  of 
metallic  iron.  There  was  nothing  in  the  water 

runnina;  through  the  pipe  to  account  for  this 

formation,  but  crystals  of  gj'psum  were  dis- 
tributed irregularly  in  the  clay  in  which  the 

pipe  was  laid.  Krzizan  attributes  the  corro- 
sion to  local  currents  set  up  by  contact  be- 

tween the  graphite  particles  and  the  iron,  in 

the  presence  of  a  solution  of  calcium  sulphate 
at  the  points  where  the  crystals  of  gypsum 
were   contained   in   the   clay   adjacent   to   the 

A  question  arises  as  to  what  effect  the  alkali 
soils  of  the  West  would  have  on  cast  iron 

pipe,  and  it  is  hoped  that  information  on  this 

point  may  be  brought  out.  At  Montrose, 

Colo.,  for  example,  diere  are  areas  of  such 

high  alkalinity  that  continued  experience  there 
will  be  useful  in  giving  an  idea  of  what  may 

be  expected  in  such  cases.  The  source  of 

most  of  the  alkali  in  that  region  is  the  under- 

lying shales,  and  whenever  they  are  near  the 

surface  its  presence  is  assured.  The  low  val- 
lev  soils  are  also  in  general  heavily  charged 

with  alkali.  Mr.  R.  L.  Smith,  superintendent 

of  water  works  at  Montrose,  states  that  the 

svstem,  which  was  built  in  1888,  consisted  of 

4",  6  and  8-in.  wrought  iron  pipe,  which  de- 
teriorated so  rapidly  that  it  was  all  replaced 

either  bv  cast  iron  or  wooden  stave  pipe  ex- 

cept about  800  ft.  of  the.  8-in.  pipe  in  the 

southwestern  part,  which  is  still  in  very  fan- condition.  Cast  iron  pipe  which  has  been  in 

use  for  nearly  20  years  has  appeared  to  be  in 

an  excellent  state  of  preservation,  wherever  it 
has  been  examined,  and  has  never  given  any 

trouble.  The  alkali  soil,  however,  has  been 

disastrous  to  the  wire  of  the  spiral-wound 

wood  stave  pipe.  It  was  laid  in  1905  and  will 
have  to  be  removed  within  the  next  couple  of 

years.  There  are  no  trolleys,  and  the  pipe 
IS  laid  4  ft.  below  the  surface. 

Before  attempting  to  draw  any  conclusions 

from  the  facts  presented,  Mr.  Pugh  first  con- 
sidered the  composition  and  character  of  cast 

iron,  and  then  reviewed  the  theory  of  its  cor- 
rosion and  studied  some  experimental  data 

bearing  on  the  subject.  His  theoretical  dis- cussions are  here  summarized  in  the  briefest terms. 

THE   COMPOSITION    OF   CAST    IRON. 

Cast  iron  is  a  substance  of  varied  compo- 
sition, both  physically  and  chemically.  Pig 

iron  may  be  termed  a  frozen  solution  of  car- 

bon and'  iron.  If  no  other  impurities  were 

present,  it  would  contain  4.3  per  cent  of  car- bon. The  free  graphite  found  in  cast  iron  is 

due  to  the  same  action  as  the  formation  of  the 

solid  plates  of  salt  which  separate  out  of  the 

salt  water  when  it  freezes,  wdth  the  impor- 
tant difference  that  whereas  the  ice  does  not 

retain  any  salt  in  solid  solution,  the  solidified iron  retains  much  carbon. 

It  has  been  known  for  a  long  time  that  in 

pig  iron  which  has  been  heated  considerably 
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above  the  fusing  point  the  carbon  tends  to 
separate  in  the  graphitic  form,  whereas  the 
same  metal,  heated  to  a  lower  degree,  on  cool- 

ing would  retain  more  carbon  in  the  com- 
bined condition.  Much  study  has  been  de- 
voted to  this  obscure  subject,  and  a  series  of 

modifications  i  of  iron  and  iron-carbon,  all 
due  to  different  conditions  of  heating  and 
cooling,  has  been  investigated,  but  it  would 
be  out  of  place  to  consider  the  subject  in  this 
paper. 
To  summarize  briefly,  the  metal  collecting 

in  the  bottom  of  a  blast  furnace  is  a  saturated 
solution  of  carbon  in  iron,  and  as  it  cools  to 
the  solidifying  point  carbide  is  thrown  out  of 
solution.  This  splits  up  into  iron  and  car- 

bon. Iron  solidifies,  the  mother  liquid  splits 
up,  and  the  same  process  is  repeated.  It  is 
analogous  to  the  behavior  of  a  freezing  salt 
solution. 

The  carbon  in  a  casting,  amounting  ordi- 
narily to  between  3  and  4  per  cent,  may  all 

be  in  the  combined  state,  forming  the  intensely 
hard  carbide  of  iron,  FesC.  with  a  character- 

istic white  fracture,  or  it  may  be  in  the  form 
of  free  graphite,  the  numerous  plates  of 
which  cut  up  and  weaken  the  matrix  of  fer- 
rite,  the  whole  having  the  gray  fracture  found 
in  gray  iron. 
Each  added  impurity  ( and  many  are  in- 

variably present)  increases  the  complexity  of 
the  casting,  both  chemically  and  physically, 
and  sets  up  innumerable  nodes  for  electrolytic 
differences  of  potential. 
CORROSION  OF  CAST  IRON:  EXPL.^NATORY  THEORIES. 

The  rusting  of  iron  is  by  no  means  the 
simple  process  it  was  once  thought  to  be. 
How  heterogeneous  a  casting  may  be,  both 

in  point  of  composition  and  in  physical  struc- 
ture, has  been  shown.  This  adds  materially 

to  the  difficulty  and  explains  the  often  appar- 
ently discordant  results  obtained  by  careful  in- 

vestigators. 
Five  separate  theories  have  been  advanced 

to  account  for  the  rusting  of  iron,  but  at 
present  three  of  these  have  been  practically 
eliminated,  leaving  only  two  over  which  the 
fight  still  wages — the  acid  theory  and  the 
electrolytic  theory.  The  one  undisputed  fact 
is  that  iron  cannot  rust  in  air  unless  water 
is  present,  nor  can  it  rust  in  pure  water  unless 
oxygen  is  present. 

The  Acid  Theory. — This  theory  regards  cor- 
rosion as  resulting  from  an  acid,  usually  car- 

bonic, which  unites  with  the  iron  to  form  fer- 
rous carbonate  (FeCOs)  or  the  soluble  fer- 
rous hydrogen  carbonate  (FeH:;[C03]:),  and 

the  liberated  hydrogen  combines  with  any  dis- 
solved oxygen  in  the  water  to  yield  water. 

The  oxygen  of  the  air  next  converts  the  sol- 
uble iron  salt  into  hydrated  oxide,  or  rust, 

liberating  the  carbon  dioxide  (COi),  which  is 
now  free  to  attack  a  fresh  portion  of  iron. 
With  a  supply  of  water  and  oxygen,  a  small 
portion  of  carbon  dioxide  could  thus  rust  an 
indefinite  quantity  of  iron. 

The  Electrolytic  Theory. — This  theory  holds 
that  the  presence  of  an  acid  is  not  necessary 
to  cause  rusting,  but  regards  the  action  as 
electrochemical. 

Whatever  may  be  the  abstract  facts  con- 
cerning the  electrolytic  and  acid  theories,  if 

absolutely  pure  iron,  pure  oxygen  and  pure 
water  are  used,  both  reactions  take  place  un- 

der actual  conditions  of  corrosion. 

Xatural  waters  are  usually  charged  with 
dissolved  oxygen  and  carbon  dioxide  from  the 
air.  thus  readily  permitting  the  action  of  car- 

bonic acid  on  the  iron.  Even  the  purest  com- 
mercial wrought  irons  are  not  homogeneous, 

either  physically  or  chemically,  so  that  elec- 
trolytic  action   also   comes   into   play. 

CONDITIONS    CONTRIBUTING    TO    CORROSION. 

Hale,  in  studying  experimentally  the  cor- 
rosion of  iron  pipes  by  water  flowing  through 

them,  concluded  that  practically  carbonic  acid, 
coupled  with  dissolved  oxygen,  is  a  most  po- 

tent factor  in  corrosion. 
Hale  also  found  that  the  rate  of  corrosion 

increased  proportionately  to  the  increase  of 
free  carbonic  acid.  Analyses  for  soluble  iron 
and  dissolved  oxygen  proved  that  this  increase 
was  due  to  the  fact  that  the  carbonic  acid  dis- 

solved the  iron  more  rapidly,  and,  m.ore  iron 
being  in  solution,  oxidation  is  hastened. 

The  aqueous  solution  of  most  acids  dissolve 
iron.  Cast  iron  subjected  to  the  slow  action 
of  dilute  acids,  as,  for  example,  acid  water 
from  the  mines,  retains  unchanged  the  exter- 

nal shape  of  the  casting,  but  the  composition 
of  the  metal  is  altered,  iron  being  removed  in 
solution. 

Very  dilute  solutions  of  alkaline  hydroxides, 
such  as  sodium  hydroxide,  or  caustic  soda,  and 
calcium  hydroxide,  or  slaked  lime,  rapidly  ab- 

sorb carbon  dioxide,  forming  carbonates  which 
in  such  dilute  solution  do  not  prevent  the  iron 
from  rusting.  On  the  contrary,  by  hastening 
the  absorption  of  oxygen  by  the  iron,  they  in- 

crease  corrosion. 

Rain-water,  particularly  in  thunderstorms, 
contains  nitric  acid  or  nitrates,  and  polluted 
waters  also  may  contain  nitrates  and  nitrites 
in  solution.  Magnesium  and  ammonium  chlo- 

rides are  found  to  corrode  iron,  even  in  the 

absence  of  air.  This  gives  a  clue  to  the  par- 
ticularly destructive  effect  of  sea  water  (which 

contains  magnesium  chloride)  on  cast  iron, 
even  at  great  depths  below  the  surface,  where 
fresh  water  would  not  contain  enough  dis- 

solved oxygen  to  exert  any  deleterious  influ- ence on  the  iron. 
The  rate  of  motion  of  water  also  has  a 

bearing  on  the  rapidity  of  corrosion.  In  cer- 
tain circumstances  it  causes  greater  aeration 

and  it  also  brings  on  a  constantly  renewed 
supply  of  air  to  the  rusting  metal.  Mr. 

J.  B.'  Jamieson  gives  an  interesting  example of  this,  in  which  a  city  water  main,  running 
from  a  large  feeder  main  to  a  dead  end,  had 
a  number  of  side  branches  or  lateral  mains 

connected  to  it.  There  was,  therefore,  a  con- 
tinually diminishing  quantity  of  water  and  a 

diminishing  rate  of  flow  the  greater  the  dis- 
tance from  the  large  feeder  main.  After  4-5 

years  of  use  the  pipe  was  found  almost  choked 
with  rust  at  the  point  where  it  left  the  large 
feeder  main,  but  had  less  and  less  rust  toward 
the  dead  end.  The  pipe  was  practically  clean 
between  the  last  lateral  and  the  closed  end. 

It  is  a  noticeable  fact  that  in  most  cases  of 
bad  pipe  corrosion  that  have  come  to  Mr. 

Pugh's  notice,  not  only  was  there  salt  water, 
aeration,  and  more  or  less  motion  in  the  water, 
but  the  pipes  were  laid,  as  a  rule,  in  muck 
wdth  rank  swamp  vegetation  and  life  in  close 
contact  with  the  metal.  The  action  of  living 

matter,  therefore,  becomes  a  subject  of  in- 
terest, and  will  be  found  to  merit  careful  con- 

sideration in  many  instances  in  which  it  has 
not  hitherto  been  given  a  thought.  The  direct 
action  of  any  organism  is  doubtful.  Appar- 

ently, however,  iron  is  sometimes  dissolved  by 
some  acid  secretion  from  organisms.  It  is 
even  necessary  to  consider  the  earthworm.  It 
has  been  estimated  that  on  an  average  some 
2.j,000  worms  exist  in  every  acre  of  soil,  and 
that  1.1  tons  of  soil  in  each  acre  annually 

pass  through  the  worms.  These  worrn  cast- 
ings are  acid  when  fresh  and  contain  also 

small  quantities  of  ammonia.  With  1.5  tons 
of  acidified  soil  per  acre  per  annum,  with  a 
small  admixture  of  ammonium  salts,  there 

may  w'ell  be  a  corrosive  action  on  any  embed- 
ded iron. 

Our  knowledge  of  the  humic  acids  is  very 
meager.  It  has  been  generally  considered  that 
they  have  an  important  part  in  the  corrosive 
action  of  swamp  waters.  The  indirect  action 
of  humus  may  be  extensive  under  certain  con- 

ditions. Jodidi  refers  to  the  fact  that  the 
amount  and  nature  of  humus  formed  depends 

on  the  organic  materials  which  undergo  liu- 
mification,  on  temperature,  moisture,  aeration 
of  soil,  presence  of  salts,  acids,  etc.,  and  the 
character  and  quality  of  microbes  present.  The 
comparatively  easily  soluble  products  are 
leached  out  and  the  less  soluble  ones  accu- 

mulate in  the  humus.  The  humus  is  further 
oxidized  by  the  action  of  air;  the  carbon 
to  carbon  dioxide:  the  hydrogen  to  water; 
the  nitrogen  to  nitric  acid :  and  the  sulphur  to 
sulphuric  acid;  and  putrefaction  leads  to  a 
number  of  secondary  products,  such  as  amino 
acids  and  acid  amides. 
How-  important  these  acids  may  become 

practically  is  illustrated  by  some  recent  expe- 
riences in  Illinois.  Clifford  Older,  in  a  paper 

before  the  Illinois  Society  of  Engineers  and 
Surveyors,  says : 

In  southern  Illinois  a  peculiar  condition  exists 

whicli  undoubtedly  has  a  material  bearing  on 
the  corrosion  of  steel  structures.  In  that  por- 

tion of  the  state  popularly  known  as  Egjpt  a 
large  proportion  of  the  surface  soil,  when  tested, 
shows  a  marked  acid  reaction.  This  condition 
exists  generally  throughout  the  greater  part  of 
the  state  which  lies  south  and  east  of  the  Kas- 
kaskia  River  and  south  of  the  latitude  of  Mat- 
toon.  To  a  less  marked  degree,  the  soil  is  acid 
in  many  places  elsewhere  in  the  state  where 
land  has  been  farmed  for  50  years  or  more. 

This  acid  condition  does  not  exist  fo_r  a  depth 
of  more  than  a  few  inches,  and  steel  buried  at 
a  greater  depth  does  not  seem  to  exhibit  any 
unusual  tendency  to  corrode. 

Mr.  Older  notes  the  complete  destruction  of 
the  webs  of  I-beams  and  channels  having  a 
thickness  of  %  in.  in  from  10  to  12  years. 

Dr.  Adeney  ascribes  the  corrosive  action 
of  the  Vartry  water  supply  of  Dublin  to  the 
presence  of  minute  quantities  of  peaty  mat- 

ter, which  ferment  slowly,  with  the  formation 
of  carbonic  acid,  as  well  as  small  quantities 
of  nitric   acid. 
The  destructive  effect  of  carbonic  acid  has 

already  been  referred  to;  in  swampy  waters, 
for  the  reasons  mentioned,  it  is  high,  and  in 

many  well  waters  it  is  very  high.  It  is,  more- 
over, very  soluble  in  water,  so  that  it  is  in 

available  form  to  attack  any  iron  exposed  to 
its   influence. 

It  can  be  readily  understood,  therefore,  that 
by  their  various  secretions  plants  and  animals 
are  important  accessories  in  the  corrosion  of 
iron. 

CONDITIONS    INHIBITING    CORROSION. 

In  reviewing  the  condition  contributing  to 
corrosion,  it  was  shown  that  whereas  dilute 
solutions  of  alkalis  did  not  retard  corrosion, 

strong  solutions  neutralize  the  acids  and  pre- 
serve the  iron  for  an  indefinite  period.  Mr. 

Allerton  S.  Cushman  found  that  5  per  cent 
of  lime  applied  to  boggy,  sour  land  exerted  a 
pronounced  retarding  action  on  the  corrosion 
of  ironwork  embedded  in  it.  The  same  au- 

thority further  says : 

There  should  be  many  cases  where  the  prop- 
erty of  alkalis  to  inhibit  corrosion  could  be  made 

of  more  practical  use  than  has  been  done.  When- 
ever iron  posts  or  standards  are  set  directly  In 

the  ground  the  liberal  use  of  slaked  lime  should 
be  beneficial. 

The  effect  of  concrete  in  protecting  iron  and 
steel  is  well  known. 

Cast  iron  is  obtained  by  pouring  the  molten 
metal  into  sand  molds.  The  outer  skin,  there, 
fore,  is  silicious.  It  has  long  been  known 

that  silicon  tends  to  protect  iron  from  corro- 
sion, and  Jouve  has  shown  that  a  20  per  cent 

alloy  of  iron  and  silicon  is  not  attacked  by 
acids,  but  is  virtually  uncorrodable.  Wallace 
refers  to  having  seen  natives  in  India  forge 
iron  on  a  stone  anvil,  and  says  this  iron,  which 
was  charcoal  iron,  does  not  rust  on  exposure 
to  the  weather,  but  takes  on  a  fine  brown 
patina.  The  question  was  raised  whether  the 
stone  anvil  did  not  siliconize  the  skui  of  the 
iron.  In  experiments  by  Messrs.  McCollum 

and  Logan,  of  the  National  Bureau  of  Stand- 
ards, it  was  found  that,  under  a  given  length 

of  exposure  in  soil,  if  the  corrosion  of  ma- 
chined cast  iron  be  considered  as  100,  that  of 

cast  iron  still  retaining  the  original  surface  as 
cast  would  be  only  93.  Krohnke  also  notes 
the  fact  that  the  surface  formed  when  pipes 
are  cast  enables  them  to  resist  attack  for  a 

long  time. Silicon  is  an  undesirable  alloy  for  iron  in 

many  ways,  so  that  a  surface  treatment,  such 
as  naturally  occurs  in  casting,  is  probably  the 

only  method  of  making  use  of  its  rust-inhibit- 

ing properties. tliromium,  nickel  and  copper,  when  present 
in  small  quantities,  contribute  greatly  to  the 

resistance  of  iron  to  corrosion,  A  steel  con- 
taining about  1  per  cent  of  chromium  was 

found  by  Hadfield  to  corrode  about  half  as 
much  as  ordinary  mild  steel.  Similarly,  3  per 
cent  of  nickel  added  to  steel  reduced  its  rela- 

tive corrosion  in  salt  water,  as  compared  with 
open-hearth  steel,  about  -50  per  cent. 

Phosphorus  in  iron  also  retards  corrosion, 
differing  in  this  respect  from  sulphur,  which, 
by  forming  sulphuric  acid,  powerfully  attacks 
the  metal. 
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The  coating  of  iron  with  zinc  and  tin  is 
also  used  to  inhibit  corrosion.  Zinc  is  electro- 

positive to  iron,  and  if  the  two  metals  are  in 

contact,  and  are  immersed  in  a  corroding  so- 
lution, the  zinc  will  pass  into  solution  and  the 

iron  will  remain  unaffected.  Galvanizing, 

therefore,  is  not  merely  a  mechanical  shield 
to  the  iron,  but  protects  the  metal  for  some 
distance  around  it.  It  is  well  to  emphasize 

this  fact,  as  it  is  a  point  freqiiciitly  misunder- 
stood. In  a  pocket  manual  of  tables  and  in- 

formation for  engineers,  bearing  the  date  of 

liMl,  this  statement  occurs:  "With  both  zinc 
and  iron  exposed  and  in  contact  with  water, 
corrosion  proceeds  more  rapidly  than  it  would 

if  the  zinc  were  not  present."  This  statement is  absolutely  misleading  and  erroneous. 

Tin,  on  the  contrary,  is  not  electro-positive 
to  iron.  Being  itself  practically  unaffected  by 
corrosion,  it  protects  the  iron  mechanically. 
The  tin  coating,  as  commercially  applied,  is 
full  of  minute  pinholes.  It  does  not  inhibit 
corrosion  of  the  iron  at  these  points,  thereby 
differing   from   zinc. 
A   STUDY  OF  TYPIC.VL  CASES  OF  DETERIORATION   OF 

CAST   IRON   PIPE. 

With  these  various  facts  in  mind,  an  exam- 
ination of  certain  typical  cases  of  i)ipe  failure 

may  give  information  of  value  to  the  engineer 
who  is  called  on  to  design  works  involving 
pipes   subjected  to  deleterious  influences. 

It  has  already  been  noted  that  most,  if  not 
all,  pipe  failures  occur  from  the  intluencc  of 
salt  or  saline  waters. 

A  10-in.  main  runs  southward  from  Eliza- 

beth, N.  J.,  through  the  meadows  to  Morse's Creek.  At  this  point  it  is  continued  by  a  t!-in. 
line,  also  running  southward.  The  general 
elevation  of  the  meadow,  as  previously  men- 

tioned, is  alinut  18  ins.  above  mean  high  tide, 
and  the  bottom  of  the  pipe  is  approximately 
at  the  level  of  mean  high  tide.  There  is  no 
IroUev  near.  Curiously  enough,  the  li'-in.  pipe. 
which  was  laid  in  18M,  has  shown  no  appre- 

ciable deterioration  except  at  a  point  oppo- 
site the  works  of  the  Standard  Oil  Co.,  where 

escaping  acid  waters  caused  corrosion.  The 
(!-in.  line,  although  not  laid  until  lfl02,  has 
broken  down  completely.  Both  sizes  were 

made  by  the  Warren  1-oundry  Co.,  and  there 
is  no  apparent  reason  for  the  greater  resisting 
power  of  the  10-in.  line. 
The  salt  marsh  is  intersected  by  creeks  and 

ditches,  and  the  surface  is  largely  covered  with 
fox  grass.  There  are  patches  too  wet  for  the 
fox  grass,  and  these  are  covered  with  what  is 
known  as  (|uill  sage,  a  coarse,  rank,  swamj) 
growth.  It  is  in  these  patches  thai  the  chief 
damage  to  the  pipe  occurs.  The  coarseness 
of  the  quill  sage  distinguishes  the  patches  cov- 

ered by  it  from  those  on  which  thi'  finer  fox 
grass  is  found. 

In  a  ring  of  the  fi-in.  pipe  two  places  deeply 
mrroded  may  be  noticed,  yet  the  exterior  is 
smooth,  to  casual  examination  sound,  and  is 

neither  swelled  nor  pitted,  but  ret.iins  its  orig- 
inal sharp  outline.  .At  another  point  in  the 

ring  the  same  thing  is  noticed,  except  that  a 
slight  crack  occurs  bclween  the  sound  and  cor- 

roded parts  in  one  place.  Just  below  this 
point  the  corrosion  extends  nearly  through  the 
pipe.  M  another  point  the  pipe  has  been  com- 

pletely penetrated.  The  interior  is  smooth  and 
not  lubcrculatcd. 

The  corroded  portion  has  the  general  ap- 
pearance and  consistency  of  graphite,  and 

ruts  like  thai  substance.  When  first  removed 
from  the  swamp  it  is  much  softer,  more  like 
soft  putty.  When  it  is  pulverized  for  analysis 
it  is  brown  and  makes  a  brown  streak.  It  is 
possible  to  write  on  paner  with  a  fragment 
of  the  pipe,  the  marks  resembling  those  made 
by    a    brown    crayon. 

If  some  filings  of  the  unchanged  metal  are 
sifted  on  a  card  beneath  which  is  placed  a 
horseshoe  magnet,  they  arrange  themselves  in 
magnetic  curves.  I'ilings  from  the  corroded 
part,  on  the  contrary,  if  also  sifted  on  a  card 
with  the  magnet  beneath,  fall  as  an  inert  mass. 
Krom  this  it  will  be  seen  that,  when  carried  to 
completion,  the  iron  is  conipletelv  changed 
from  the  metallic  state,  anil  that  which  is  not 
leache<l  out  as  chloride  remains  as  hydroxide. 
Ore  piece  of  the  corroded  poriitm  contained 
only  42.2  per  cent  of  iron. 

At  a  part  not  very  deeply  corroded  the  spe- 
cific gravity  of  a  complete  cross  section  of  the 

pipe  was  5.18.  The  specific  gravity  of  a  piece 

of  the  corroded  part  of  the  pipe  was  only  'I^.. 
The  specific  gravity  of  cast  iron,  as  given  by 

Trautwine,  varies  from  t).9  to  7.4,  and  is  as- sumed to  be  7.1.5. 

Under  the  microscope  samples  of  this  pipe 

show  the  thin  plates  of  free  carbon  referred 

to  in  describing  the  composition  of  cast  iron, 

interspersed  wi"th  the  ferrite.  It  is  also  noted 
that  the  graphite  plates  are  much  thicker  at 

corroded  points  than  they  are  in  the  unchanged metal. 

.\  piece  of  the  pipe  corroded  in  spots  shows 

that  the  sharp  original  outline  of  the  metal 

remains  even  after  the  metallic  iron  has  be|n 
completelv  removed  or  oxidized.  A  paraffin 
dam  was  placed  around  this  piece  of  pipe  and 

ferroxyl  reagent  poured  on.  Where  there  vvas 

a  deep' corrosion,  as  at  the  bottom  of  the  fig- 
ure, no  change  took  place.  The  iron  along- 
side this  developed  two  red  nodes,  showing 

the  presence  of  hydrogen  ions,  and  a  wavy 
cloud  of  blue  indicated  where  the  iron  passed 
into  solution.  .A  section  of  pipe,  when  placed 

in  a  petri  dish  with  ferroxyl,  strongly  devel- 
oped a  red  color  all  along  the  outside  or  deeply 

corrodeil  part,  and  a  perfect  mass  of  blue 
from  all  the  uncorroded  portion.  This  action 
is  much  more  vigorous  than  that  undergone 

by  either  a  steel  wire  nail,  a  wrought  iron  nail 
or  a  piece  of  cast  iron  soil  pipe  lying  in  the 
same  petri  dish.  The  chlorine  present  in  the 
corrosion  doubtless  accounts  for  the  vigor  of 
the  reaction  observed. 

.At  Atlantic  City  the  behavior  of  the  pipe 
was  similar  to  that  at  Elizabeth.  The  con- 

ditions al.so  were  analogous,  the  chief  dif- 
ference being  that  the  salt  meadow  was  only 

(i  ins.  above  mean  high  tide,  so  that  the  pipe 
was  subjected  to  more  frequent  alternations  of 
water  and  moist  air. 

It  has  l)een  shown  that  aqueous  solutions  of 
most  acids  dissolve  iron.  If  hydrochloric  acid 
is  used,  ferrous  chloride  and  hydrogen  are 
the  resultant  products,  the  former  oxidizing 
into  ferric  chloride  in  the  presence  of  air.  It 
has  also  been  shown  that,  if  only  a  trace  of 
acid  is  present,  the  iron  will  be  deposited  from 
the  solution  as  hydratcd  ferric  oxide.  It  is 
probable  that  in  salt  water  the  reaction  may 
be  represented  bv  the  equation : 

Fe-|-2NaCH-2H:0=FeCl=-|-2NaOH  +  H:. 

In  the  presence  of  air  or  of  dissolved  oxy- 
gen in  the  water  this  free  hydrogen  oxidizes 

to  water,  the  iron  in  solution  yields  ferric 
hydro-xide,  and  the  process  continues.  The 
chemical  analysis  of  the  portion  practically 
free  from  metallic  iron  contains  as  low  as 
42.2  per  cent  of  that  element,  a  small  part  of 
which  is  in  the  form  of  chloride.  Clearly,  part 
of  the  iron  has  been  removed  in  solution  and 
part  remains  as  the  hydroxide,  the  carbon 
present  in  the  combined  form  being  left  be- 

hind, and,  as  shown  in  the  microscopic  sec- 
lions,  has  thickened  the  plates  of  free  carbon 
originally  in  the  free  iron. 
The  oxides  of  iron  are  electro-negative  to 

the  metal,  so  that  electrolysis  plays  its  part, 
as  shown  by  the  ferroxyl  reagent,  and  the  ex- 

traordinary vigor  of  the  reaction  is  illustrated 
by  the  great  mass  of  blue  produced. 
The  chlorides  of  sodium  and  potassium,  as 

heretofore  mentioned,  cannot  corrode  iron  in 
the  absence  of  air.  Magnesium  cliloride,  which 
is  present  in  sea  water  in  small  quantities,  is 
able  to  do  so,  but  to  get  the  full  corrosive  ef- 

fect of  sea  water  plenty  of  air  is  essential. 
It  has  been  shown  that  the  greater  the  sur- 

face of  liciuid  exposed  to  the  air  the  more  the 
corrosion  is  intensified. 

In  the  salt  marshes  in  question  the  tide  rises 
and  falls,  passing  through  a  multitude  of 
creeks  and  ditches  all  over  the  meadows.  At 
Elizabeth  It  ordinarily  reaches  about  to  the 
bottom  of  the  pipe:  at  .Atlantic  City  it  covers 
it.  This  affords  an  ideal  condition  for  cor- 

rosion. The  liquid  at  high  tide  touches  or 
surrounds  the  pipe;  at  low  tide  it  falls,  air 
rushes  in  to  take  its  place,  and  a  moist,  saline, 
oxygenated,  spongy  mass  of  earth  and  roots 
surroimds  the  pipe.  Carbonic  acid  probablv 
contributes  to  the  action.  The  Atlantic  City 
meadow    soil    was    free    from    organic    acids. 

In  the  sample  of  soil  taken  %  in.  from  the 

pipe  there  was  46..57  per  cent  of  Fe^p..  and 

even  3  ft.  away  iron  occurred  in  large  quanti- 
ties, there  being  9.11  per  cent  of  Fe.O;.  This 

would  appear  to  show  that  it  had  been  dis- 
solved from  the  pipe  as  FeCl=,  and  after  dif- 
fusing or  flowing  away  from  the  pipe,  as  the 

tides  rose  and  fell,  was  deposited  as  hydrox- 
ide. 

It  is  further  to  be  noted  that  at  Elizabeth. 
where,  on  account  of  the  elevation  of  the 

meadow,  the  top  of  the  pipe  was  not  so  fre- 

quently wet  as  the  bottom,  the  blowouts  gen- erally were  in  the  bottom  of  the  pipe.  .At 

Perth  .Amboy  the  top  and  upper  sides  suffered 
most.  .At  Atlantic  City,  also,  the  condition  of 

the  pipe  was  worse  at  the  top  than  at  the  bot- tom. This  was  to  be  anticipated  on  account 
of  the  relative  elevations  of  the  pipe  and  high 
tide.  .At  Elizabeth  the  high  tide  reached  the 
bottom  of  the  main,  consequently  the  top  was 

not  subjected  to  the  saline  influences  so  fre- 
quently. At  .Atlantic  City  the  pipes  ordinarily 

were  covered  at  high  tide  and.  being  laid  far- 
ther below  the  surface,  air  was  more  plentiful 

at  the  top,  which,  therefore,  in  presence  of  an 

ample  quantity  of  salt  water,  and  with  a  more 
abundant  supply  of  oxygen  than  the  bottom, suffered  most. 

At  Syracuse  the  portions  constantly  sub- 
merged did  not  give  out.  Probably,  too,  the 

concentrated  saline  content  in  these  brine- 
soaked  lands  produced  an  inhibiting  effect. 

The  damage  took  place  above  the  permanent 
water  table,  where  both  air  and  salt  water 
were  enabled  to  reach  the  pipe. 

.Analyses  of  the  corroded  and  uncorroded 

portions  of  the  Syracuse  pipe  were  maile  for 

the  Water  Department  by  Dr.  Ernest  X.  Pat- tee  of  Syracuse  University.     He  reports : 

The  corrosion  contained  33  per  cent  of  in- 
.soluble  residue  consisting  of  about  10  per  cent 

graphitic  carbon  and  22  per  cent  of  silicon  (Si) 
and  silica  (SiOj).  Total  carbon  in  the  corrosion 

=  11.2  per  cent,  consisting  almost  entirely  -Jf 
graphitic  carbon.  Sulphur  in  corrosion  =  3.0  per 
cent.  Apparently  the  process  which  accounts 
for  the  corrosion  either  dissolves  the  greater 
part  of  the  combined  carbon  or  converts  it  into 
the  graphitic  variety. 

-An  analysis  of  the  soil  surroundin;;  this  piiic. 
made  by  Mr.  Edward  J.  Pugh.  disclosed  that 
it  was  acid  to  phenol-phthalein.  and  contained 
3.42  per  cent  of  organic  acids.  This  is  iti- 
teresting,  from  its  analogy  to  the  soil  condi- 

tions in  Illinois,  cited  by  Mr.  Older,  where 
steel  bridges  were  damaged  so  badly  !y  the 
acid  soil. 

On  the  whole,  the  evidence  chiefly  observed 
with  cast  iron  pipe  w-ould  seem  to  indicate 
that  organisms,  whether  animal  or  vegetable, 
had  but  little  to  do  with  the  effects  observed 
Salt  Waaler  and  air  seem  to  be  the  active 

agents,  probably  aided  by  carbonic  acid,  ami 
the  exclusion  of  either  is  followed  l>y  in- 

creased durability  of  the  pipe. 

The  evidence  given  by  Mr.  Reimer.  in  which 
cinders  caused  pipe  corrosion,  the  similar  ex 
perience  at  Syracuse  and  the  German  case 
resulting  presumably  from  local  electrolysis 
due  to  the  presence  of  gypsum  crystals,  indi 
cate  the  necessity  for  caution  where  pipe  i- 
likely  to  be  subjected  to  such  influences^  Soiiu 
years  ago  a  tunnel  leading  from  the  Susque 
iiaiina  River  to  the  power  house  at  the  Cen- 

tral Pennsylvania  Traction  Co.  at  Harrisburi; 
was  constructed  under  the  supervision  of  Ma- 

son D.  Pratt.  This  tunnel  passed  through  the 

property  of  the  Central  Iron  Works,  on  parts 
of  which  there  were  large  slag  dumps.  The 

water  flowing  into  the  tunnel  w-as  so  sul- 
jihurous  from  the  sulphur  in  the  slag  that  it 

greatly  impeded  the  progress  of  the  work 
and  was  most  unwholesome  for  the  workmen. 

Cast  iron  pipe  in  such  a  location  would  un- doubtedly undergo  rapid  deterioration. 
Where  low  lands  are  filled  with  cinders 

ordinarily  no  trouble  need  be  feared,  but 

when  subjected  to  periodical  wetting  and  aera- tion some  precautions  are  desirable. 

Acid  mine  waters  are  also  verv  corrosive 
and  should  be  guarded  against  when  pipe  i^ 

subject  to  their  action.  In  the  mines  them- 
selves this  would  generally  be  economically 

impracticable,   but   in   municipal   work-   in   the 

1 
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vicinity,  where  the  pipe  may  be  attacked,  pre- 
ventive means  should  be  resorted  to. 

PREVENTION    OF   EXTERNAL    CORROSION. 

Bearing  in  mind  the  silicious  skin  of  a  cast 
iron  pipe  and  its  protective  effect,  and  also 
noting  that  chromium  alloys  of  iron  are  re- 

sistant to  acid  attack,  it  occurs  to  the  writer 
that  some  chromium  compound  such  as  chro- 
mite  mixed  with  the  facing  sand  of  the 
moulds  might  produce  in  castings  a  protective 
chromium   skin. 

It  is  a  subject  wherein  an  apparently  well- 
reasoned  argument  may  be  completely  upset. 
For  example,  as  zinc  in  water,  either  fresh  or 
salt,  protects  iron  and  is  itself  attacked,  so  if 
iron  and  copper  are  immersed  in  a  liquid  ca- 

pable of  acting  on  each,  and  are  connected  by 
a  conductor,  a  current  will  pass  from  the  cop- 

per to  the  iron,  and  the  iron  will  be  dissolved. 
Air.  H.  J.  Force  is  authority  for  the  state- 

ment that  cast  iron  used  in  pumping  ma- 
chinery by  the  Delaw-are,  Lackawanna  and 

Western  Railroad  Co.  was  badly  corroded  by 
acid  mine  waters.  As  bronze  bushings,  valves 
and  impeller  blades  were  used,  it  was  thought 
that  the  action  was  due  to  galvanic  action 
from  contact  of  the  two  metals  in  the  acid 
water.  On  substituting  cast  iron  for  the 
bronze  valves  and  bushings,  so  that  the  parts 
in  contact  would  be  of  the  same  metal,  the 
corrosion  increased,  and  the  cast  iron  deteri- 

orated even  more  rapidly  than  when  in  con- 
tact  with  bronze. 

It  is  unsafe  to  reason  too  positively  from 
results  obtained  with  liquid  electrolytes  as  to 
what  will  happen  to  iron  buried  in  soils. 
Moreover,  time  is  such  an  important  factor 
that  conclusions  drawn  from  accelerated  tests 
may  be  most  misleading.  Messrs.  McCollum 
and  Logan,  in  their  Bulletin  on  the  Electro- 

lytic Corrosion  of  Iron  in  Soils,  conclude  that : 
The  relatively  high  rate  of  self-corrosion  of 

east  iron  as  compared  to  the  other  kinds  of  iron 
tested  is  contrary  to  the  generally  accepted  idea 
that  cast  iron  is  more  resistant  to  self-corrosion 
than  wrought  iron.  It  is  not  improbable  that 
this  impression  in  regard  to  the  superiority  of 
cast  iron  has  grown  out  of  the  fact  that  cast 
iron  structures  are  usually  made  relatively 
heavy  and  they  also  tend  to  corrode  more  uni- 

formly than  wrought  iron  or  steel,  both  of 
which  factors  would  tend  greatly  to  increase 
the  life  of  the  former. 

Mr.  Pugh  cannot  subscribe  to  this  view. 
The  ordinarily  accepted  idea  of  the  superior 
durabilitj'  of  cast  iron  arises,  in  his  opinion, 
from  the  fact  that  cast  iron,  generaly  speak- 

ing, is  more  durable  than  other  commercial 
forms   of  wrought  iron  and   steel. 
One  explanation  of  this  discrepancy  may 

be  furnished  by  the  experiments  of  K.  Arndt, 
who  determined  the  extent  of  corrosion  in 
iron  and  steel  by  the  oxygen  absorbed  by  the 
metal  in  rusting.  The  cast  iron  at  first  cor- 

rodes as  rapidly  as  the  mild  steel,  and  more 
than  twice  as  fast  as  the  weldless  tube.  At 
the  end  of  43  days,  however,  the  mild  steel 
had  undergone  twice  as  much  oxidation  as 
the  cast  iron,  and  the  weldless  tube  four  times 
as   much. 

It  would  seem,  therefore,  that  even  in  the 
corrosive  zones,  in  which  deterioration  of  the 
cast  iron  pipe  has  been  greatest,  the  remedy 
is  not  to  be  sought  by  the  substitution  of 
wrought  iron  or  steel,  but  rather  by.  the  im- 

provement, if  possible,  of  the  skin  resistance 
of  the  metal.  Where,  for  any  reason,  such  as 
with  flanged  pipe,  bolts  and  nuts  are  neces- 

sary, bronze  need  not  be  feared  on  account 
of  its  supposed  galvanic  effect  on  the  iron. 
A  second  method  of  protecting  the  pipe, 

based  on  the  well-known  rust-inhibiting  prop- 
erties of  the  chromates  and  certain  other  sub- 

stances, whereby  the  iron  is  rendered  "pas- 
sive." does  not  seem  practicable,  in  that  a 

sufficient  quantity  of  such  material  to  protect 
the  iron  indefinitely  could  scarcely  be  added 
to  the  soil  surrounding  the  buried  pipe  at  a 
reasonable  cost.  Therefore,  this  interesting 
phase  of  the  subject  has  not  been  taken  up  in 
this  paper.  A  temporarv'  passivity  would  be 
of  no  practical   importance. 
The  use  of  lime  in  the  trenches,  so  as  to 

encase  the  pipe  in  an  inhibiting  alkali,  ought 
to   be   of   service,   and    is  worth   trying.     En- 

casing in  concrete  would  be  expensive,  but 
would  protect  the  pipe,  if  properly  done. 
Another  method,  suggested  at  Perth  Am- 

boy,  is  to  leave  the  pipe  in  open  trench.  This 
might  help  materially,  as  the  alternate  wetting 
and  drying  would  probably  be  less  destructive 
than  the  constant  exposure  to  moist  air,  salt, 
and  carbonic  acid  in  the  swamp  or  meadow 
soil.  At  Atlantic  City  this  principle  has  been 
carried  one  step  farther,  and  the  new  48-in. 
cast  iron  water  main  across  the  salt  marsh  has 
been  raised  above  the  surface  of  the  meadow, 
so  as  to  be  entirely  in  the  air.  This  main  is 
supported  on  reinforced  concrete  bolsters,  5 
ft.  2  ins.  long,  20  ins.  thick,  and  about  5  ft. 
6  ins.  high,  so  that  the  bottom  of  the  pipe  is 
about  1  ft.  above  the  meadow.  Each  bolster, 
in  turn,  is  carried  on  two  piles  of  an  average 
length  of  37  ft.,  driven  by  a  2,000-lb.  hamnftr, 
the  final  penetration  required  being  not  more 
than  1  in.  under  five  strokes  of  the  hammer 

falling  14  ft.  The  bolsters  are  6  ft.  from  cen- 
ter to  center.  Between  the  pipe  and  the 

bolster  there  is  a  piece  of  hard  vulcanized 
fiber,  .%  in.  thick.  On  the  pipe  laid  in  sum- 

mer, expansion  was  provided  for  by  allowing 
a  minimum  space  of  %  in.  between  the  shoul- 

der and  spigot  end  of  each  pipe.  In  addition, 
a  sleeve  is  inserted  once  in  each  2,000  lin.  ft. 
of  pipe.  The  entire  design  has  been  carefully 
studied  and  worked  out  by  Mr.  Lincoln  Van 
Gilder,  Chief  Engineer,  and  T.  Chalkley  Hat- 
ton,  Consulting  Engineer  of  the  Water  De- 

partment. Several  thousand  feet  of  the  main 
are  already  completed.  It  would  seem  to 
solve  the  problem,  either  in  a  warm  climate 
or  where  the  main  is  large  enough  to  be  ex- 

posed w'ithout  danger  of  freezins;  and  where 
it  is  permissible  to  have  the  pipe  above  the 
surface. 
At  Elizabeth  an  analogous,  though  less 

elaborate,  expedient  has  been  adopted.  A  Grin, 
pipe  could  not  be  raised  above  the  meadow 
and  left  exposed  without  danger  of  freezing, 
so  it  was  laid  on  the  surface,  covered  with 
a  mound  of  meadow  soil  or  mud  some  6  ins. 
thick,  and  the  mound  was  then  sodded  with 
fox  grass.  This  was  done  in  the  spring,  so 
that  the  sod  would  make  vigorous  growth  and 
protect  the  embankment.  Although  this  gives 
great  promise  of  obviating  the  trouble,  it  has 
not  been  in  place  long  enough  to  predict  its 
success  with  absolute  certainty. 
Very  frequently,  conditions  are  met  which 

prohibit  such  a  solution  of  the  problem.  At 
Syracuse,  for  example,  where  the  mains  are 
laid  in  the  streets,  such  a  mode  of  construc- 

tion is  not  to  be  thought  of. 

Bearing  in  mind  the  protective  effect  of  zinc, 
it  might  at  times  be  desirable  to  galvanize  the 
cast  iron  in  such  locations,  instead  of  giving 
it  the  ordinan-  bituminous  coating.  The 
United  States  Government  has  utilized  gal- 

vanizing in  some  instances  for  the  protection 
of  gratings,  covers,  and  similar  castings,  but 
as  far  as  the  writer  is  aware,  it  has  never 
been  applied  to  cast  iron  pipe.  Double  gal- 

vanizing, as  it  is  called,  should  be  used  in 
such  cases.  This  is  a  trade  term,  which  does 
not  mean  that  the  iron  has  been  dipped  twice, 
but  merely  that  it  carries  a  much  heavier 
coating  than  the  ordinary  galvanized  metal. 
The  heavy  coating  is  not  suitable  for  articles 
which  may  be  subjected  to  bending,  as  it  will 
crack  off,  but  this  objection  does  not  apply 
to  a  rigid  article  like  cast  iron  pipe. 

CONCLUSIONS. 

First. — Under  ordinary  conditions  of  soil, 
cast  iron  pipe  has  a  probable  life  of  from 
one  to  three  centuries,  as  far  as  external  cor- 

rosion is  concerned. 
Second. — Under  certain  soil  conditions, 

such  as  salt  marshes  or  saline  soils,  cast  iron 
pipe  may  be  rendered  useless  in  from  7  to  20 

years. 
Third. — At  times,  cinder  and  slag  fills  may 

exert  a  strong  deleterious  influence.  Acid 
mine  waters  are  also  destructive. 

Fourth. — Substituting  wrought  iron  or  steel 
pipe  for  cast  iron  is  ineffectual.  Cast  iron  will 
outlast  the  others. 

Fifth. — Remedies   fall   under   four  heads : 
A. — Increasing  the  skin  resistance  of  cast 

iron. 
B. — Utilizing  the  protective  influence  of  al- 

kalis by  surrounding  the  pipe  with  lime  or 
cement,  where  such  is  practicable. 

C. — Exclusion  of  acids,  salt,  or  air. 
D. — Galvanizing  the  cast  iron  pipe,  thus 

protecting  it  at  the  expense  of  the  zinc. 
Sixth. — So  many  opposing  factors  are  at 

work  simultaneously  that  great  caution  is 
necessary  in  reasoning  from  effect  to  cause 
and  in  suggesting  remedies  based  on  observed 
fact.  It  is  the  unexpected  that  frequently  hap- 

pens. 
Provisions  Governing  Water  Main  Ex- 

tensions in  135  American  Cities. 

Practice  varies  widely  as  between  various 
cities  in  the  matter  of  making  extensions  to 
the  water  works  distribution  system.  The 
present  article  gives  in  condensed  form  the 
provisions  governing  water  pipe  extensions  in 
135  cities  of  this  country.  Cities  are  given 
alphabetically  under  states.  The  figures  fol- 

lowing each  city's  name  in  parentheses  are 
the  population  in  1910  and  the  percentage  of 
total  population  now  supplied,  where  the  lat- 

ter figure  is  available.  The  percentage  sup- 
plied is  very  interesting  and  instructive  and, 

we  have  no  doubt,  will  occasion  some  surprise. 
This  figure  indicates  the  large  amount  of 
mains  which  are  yet  to  be  laid  in  many  cities 
which  have  a  public  water  supply  before  the 
population  will  all  be  made  tributary  to  this supply. 

^/afroma.— Anniston  (12,794)  (60).  One 
hydrant  to  each  500  ft.  of  mains  ordered.  No 
other  requirement.  Bessemer  (10,864).  Just 
return  on  investment. 

Aricona.— Phoenix  (11,134)  (98).  No  spe- 
cial requirements.  Mains  extended  on  appli- 

cation of  citizens. 

Arkansas.— Pine  Bluff  (15,102)  (60).  Re- 
quirements of  $80  revenue  for  each  500  ft.  of 

water  mains  extended. 

California. — Pomona  (10,207).  Applicants 
pay  cost  of  extension  and  receive  all  pay- 

ments for  water  until  amount  is  refunded.  San 
Diego  (39.578).  Large  mains  laid  by  bond 
issue.  Smaller  mains  out  of  department  re- 

ceipts. Stockton  (23,253).  Mains  extended 
100  ft.  for  each  consumer. 
Colorado.— Denver  (213,381)  (99).  Mains 

extended  by  special  ordinances. 

Connecticut.— 'BriiioX  (13,502)  (80).  Lines 
extended  when  revenue  gives  fair  returns  on 
investment.  Hartford  (98,915).  Mains  ex- 

tended upon  a  guarantee  of  10  per  cent  re- 
turn on  cost.  Manchester  (13,641).  Mains 

extended  when  income  warrants  extension. 
New  Britain  (43,916).  Mains  extended  on  8 
per  cent  of  cost  of  investment.  New  Haven 
(133.605).  Mains  extended  on  application. 
New  London  (19,659).  Extensions  made  on 
guarantee  of  5  per  cent  of  cost  of  line. 
Stamford  (28,836).  Mains  extended  when  re- 

ceipts  equal   ten   per  cent  of  cost  of  line. 
O^/aic'arf.— Wilmington  _  (87,411)  (98). 

Mains  extended  on  application. 
District  of  Columbia. — Washington  (331,- 

069).  Mains  laid  only  on  bona  fide  need  of 
water  for  existing  houses  when  sewerage  is 
provided  and  street  has  been  graded.  Flat  as- 

sessment of  $1.25  per  linear  foot  on  each  lot 
abutting  new  main.  Average  revenue  of  this 
source  past  five  vears  $83,293.64. 
Florida— Tsmpa  (37,782)  (75).  Mains  ex- 

tended on  order  from  city.  One  fire  plug  for 
each  400  ft. 

Georgia. — Athens  (14.193).  Mains  extended 
on  application  of  consumer.  Atlanta  (154.839) 
(85).  Mains  extended  whenever  demand  for 
water  for  domestic  use  and  fire  protection 
warrant  expenditure.  Macon  (40,655)  (75). 
Mains  extended  when  the  customs  warrant 
expenditure. 

Indiana. — Anderson  (22,476).  Require  six 
services  to  block.  Elkhart  (19,282)  (70). 
Mains  extended  on  order  from  city.  One 
hvdrant  for  each  500  ft.  Evansville  (69,647) 
(70).  Ordinarily  when  revenue  equals  20  per 
cent  of  cost  of  addition.  Ft.  Wayne  (63.933) 
(95).  When  number  of  consumers  warrants 
extension.  Gary  (16,802).  When  income 
equals  10  per  cent  of  cost  of  line.  Ham- 

mond (20,925).  When  revenue  equals  6  per 
cent  of  cost  of  line.     Indianapolis    (233,650) 

\ 
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(68).  Under  franchise  city  lias  authority  to 
order  40,000  ft.  of  mains  per  year,  taking  one 
hvdrant  for  each  500  ft.  so  ordered.  Logans- 
port  (19,050).  When  revenue  equals  <>  jier 
cent  of  cost  of  mains.  Marion  (111,35!))  (75). 
Whenever  revenue  justifies  extension.  New 
Castle  (9,440).  Mains  extended  on  guarantee 

of  10  per  cent  on  cost  of  line.  Richmond  (22,- 
.324).  Mains  laid  on  orders  from  city  where 
revenue  to  each  500  ft.  equals  $49  from  do- 

mestic use,  or  city  takes  one  hydrant  at  $49. 
South  Bend  (,53.G84).  Lines  usually  laid  where 
revenue  equals  10  per  cent  of  cost  of  line. 
Terre  Haute  (-58,157)  (60).  Mains  arc  laid  on 
orders  from  city  with  one  fire  hydrant  for 
each  365  ft.  Company  lays  voluntarily  when 
consumption   is   550   for  each   305   ft. 

/owa.— Burlington    (24,324).    Ordinance    re- 
quires laying  of  two  miles  of  pipe  each  year 

provided   revenue  eauals  6  per   cent  of  cost. 
Council  Bluffs  (29,292)    (60).    Mains  laid  im- 
der  contract  with  consumers  with  requirement 
of  one  consumer  to  every  50   ft.     Davenport 
(43,028).    Mains  laid  on  order  of  city  council 
with  provision   for  one   fire  hydrant  and   six 
consumers  to  each  400  ft.  Des  Moines  (86,308). 
.'\dditions  made  on  order  of  city  council  with 

requirements  of   two  miles  per  year.     Dubu- 
que   (38,494).     Extensions    made    when    peti- 

tions  pay   15   per   cent   annually   on   cost    of 
mains.     Iowa   City    (10,091)    (75).   Additions 
made   on   order    from   city  council    with   one 
hydrant  at  least  $12  to  each  400  ft.    Keokuk 
(14,003).     Additions    made    on    one    hydrant 
for  every  732  ft.  or  five  consumers  for  each 
.366  ft.     Sioux  City  (47,828).    Line  laid  when 
revenue  equals  10  per  cent  of  cost.    Waterloo 
(26,093).    Extensions  made  where  petitioners 

guarantee  15  per  cent  on  cost  for  five  years. 
A:anja.r.— Atchison   (16,429)    (60).    Contract 

requirement  extensions  at  least  one  consumer 
to  each   lOii   ft.   Ft.   Scott    (10.463).    Contract 
requirement  extensions  at  least  one  consumer 
to  each   100  ft.     Hutchinson     (16,394).     Ex- 

tensions made  for  six  consumers  and  one  fire 
hvdrant    for   each   450    ft.    Parsons    (12,403). 
Mains    are    extended    with    provision    of    one 
hydrant  each  600  ft.    Pittsburg  (14,7.55)    (90). 
Extensions  made  on  guarantee  of  10  per  cent 
on  cost.    Wichita   (.52.4511).     Kxtensions  made 
on  order  from  city  with  one  fire  hydrant  for 
each  600  ft. 

A'fnfufH.— Lexington  (3.5,099)  (70).  Mains 
laid  on  order  from  city  with  hydrant  for  each 
400  ft.,  or  by  payment  of  cost  of  line  which 
is  rebated  from  service  within  limit  of  eight 

years.  Louisville  (22.3,928)  (9(1).  Mains  laid 
when  revenue  equals  10  per  cent  of  cost  of 

lines.  Newport  (30,309).  .'\dditions  made 
when  revenue  equals  8  per  cent  of  cost. 
ioMmoMo.— Alexandria  (11,213).  Exten- 

sions made  wherever  revenue  justifies.  New 
Orleans  (3.39,075)  (71).  Extensions  made 
where  revenue  equals  (>  per  cent  of  cost  of 
line. 

;UoiHf.— Brunswick  (6,621).  Extensions  are 
made  where  revenue  ecjuals  10  per  cent  of 
cost  of  line. 

Ayary/imdI.— Hagerstown  (lfl,507).  Exten- 
sions made  on  request  of  mayor  with  pro- 
vision for  one  hydrant  for  each  500  ft. 

.l/ii.t.5,jr/iii.t.-//.f  -  Hrvcrly  (I.S,6.50)  (100). 
Extensions  arc  made  whenever  the  revenue 

justifies  the  line.  Hrooklinc  (27,792).  Ex- 
tensions are  made  where  revenue  equals  5  per 

cent  of  cost  of  main.  Clinton  (13,075).  Ex- 
tensions made  on  vote  of  Water  Commis- 
sioners. Everett  (:i3.4H4)  (90).  Extenv.ons 

are  made  where  revcn\te  or  deposit  equals 

6  per  cent  of  cost  of  main.  Fall  River  (119,- 
295)  (99).  Ordinance  allows  city  to  order  25.- 

000  ft.  per  year.  I'rnmingham  (12,918).  Ex- tensions made  by  hoard,  usual  requirement  of 
8  per  cent  of  cost.  Gloucester  (21.398)  (90). 
Extensions  made  on  vote  of  water  commis- 

sioners. Haverhill  (44,115).  Lines  extended 
whenever  consumers  justify  extension.  Lynn 

(89.336)  (IHO).  Extensions  made  on  guar- 
antee of  5  per  cent  of  cost.  Maldcri^  (44,104). 

Extensions  made  on  guarantee  of  7  per  cent 

of  cost  of  main.  New  Bedford  (96.6.52).  Ex- 
tensions made  whenever  revenue  equals  6  per 

cent  of  cost  of  main.  North  Hampton  (19.- 
431).  Additions  arc  made  on  giiarnntcc  of  7 

per  cent  on  cost  of  line.    Somerville  (77,236). 

Extensions  are  made  ̂ ^henever  revenue  j^us- 

tifies  laying  of  mam.  Springfield  (
88„i.t>). 

Mains  extended  on  guarantee  equivalen
t  to 

15  cts.  annually  per  foot  of  pipe. 

.U.V/n<7a».-Adrian  (10,763).  Add
itions 

made  on  basis  of  one  consumer  per  10
0  tt. 

and  one  hvdrant  per  6(I0  ft.  of  pipe.  A
nn 

Arbor  (14.817)  (80).  Additions  made 
 on  or- <lers  from  city  with  one  hydra",y°  "\1|^; 

ft  of  pipe.  Battle  Creek  (2.i,260-  Ma
ms 

are  laid  on  guarantee  of  7  per  cent  on  
an  es- 

timated cost  of  $1  per  foot.  Bay  City  (4o,- 

166)  (75).  Extensions  made  on  petiti
ons.  De- 

troit (46.5,766)  (99.9).  A  bonus  of  5  per  cent 

for  three  vears  on  the  estimated  cost  ot 
 ex- 

tension is'  required  less  the  wat"  rates  m 

sight  when  line  is  laid.  Flint  (38,.m0) 
 Ex- 

tensions made  when  revenue  equals  0  per 

cent  of  co^t  of  line.  Holland  (10,490)  E
x- 

tensions made  when  revenue  equals  10  per 

cent  of  cost  of  Hne.  Ishpemmg  (  12,41^<).  l
ix- 

tensions  made  on  order  of  city  council. 

.Ui-ii««o/o.-Austin  (6.900).  Extensions 

made  on  guarantee  of  0  per  cent  of  cost  ot 

line.  Duluth  (78,406)  (75).  Extensions  are 

made  on  guarantee  of  8  per  cent  annually  on 

cost  of  main.  Minneapolis  (301,408)  {9o). 

Extensions  made  on  payment  of  actual  cost 

of  line  with  maximum  of  70  cts.  per  front 

foot  St.  Paul  (214,744).  Water  mains  laid 

on  assessment  of  10  cts.  per  lineal  foot  of 

frontage  of  each  lot  in  front  of  which  main  is 

laid      This  assessment  runs  for  ten  years. 

A/r-«.«.>/'.-.-Jackson     (21,262)      (90).     Ex- 
tensions   made    when    number    of    consumers 

justify   investment.     Meridian    (23,285)    (r2) 
Extensions  made  on  a  five-year  guarantee  of 

25  per  cent  of  the  cost  of  the  main. 
M.-jw.in-.-Kansas  City  (248,381)  (95). 

When  number  of  consumers  justify  the  ex- 

penditure. Independence  (9,859).  Extensions 

made  on  basis  of'one  consumer  to  each  100 
ft.  St.  Louis  (77,403)  (99.9).  On  petition  of 

property  owners.  Sedalia  (17,822).  Exten- sions made  on  orders  from  city  council  with 

10  hvdrants  to  mile  or  on  basis  of  $50  for 

domestic  consumption  for  each  600  ft.  Spring- 
field (35,201).  Extensions  are  made  on  basis 

of  hydrants  to  each  600  ft.  or  75  ft.  to  each 
consumer. 

New  Hamf<shire.— Dover  (1.3,247).  Exten- 
sions made  on  basis  of  guarantee  of  5  per 

cent.  -         „ 

New  Jersey.— ^eviark  (347,469)  (100).  Ex- 
tensions made  on  basis  of  10  per  cent  of  cost 

of  line.  Paterson  (12-5.600).  Extensions  arc 
made  on  basis  of  guaranteed  revenue  of  10 
cts.  per  foot  per  annum. 
New  .V/criVo.— Albuquerque  (11.020).  .\ddi- 

tions  made  on  orders  from  city  council  on 
basis  of  10  hydrants  per  mile  and  domestic 
revenue  equal  to  6  per  cent  of  cost  of  line. 
New  ror/l-.— Binghamton  (48.443).  Front- 

age tax  for  all  mains,  bringing  to  the'  depart- ment about  $10.-500  annually.  Buffalo  (423.- 
715)  (lOO),  Extensions  made  on  order.s  from 

common  council.  Geneva  (I2,44()).  (~ity  is figuring  on  frontage  tax  hut  has  not  definitely 
decided  on  amount.  Kingston  (25,908).  Ex- 

tensions made  nn  basis  of  6  per  cent  guarantee. 
Little  Falls  (12,273).  Extensions  made  on 
guarantee  of  revenue  equal  to  10  per  cent  on 
investment.  Annual  frontage  charge  of  2 
cts.  a  foot  on  all  streets  where  mains  are  laid. 
North  Tonawanda  (11,9.55).  Additions  made 
on  orders  from  board  of  public  works.  Troy 
(76,813).  Extensions  made  on  orders  from 
common  council.  Have  yearly  frontage  tax 
of  20  cts.  on  improved  property  and  2  cts. 
per  foot  on  vacant  property.  This  covers 
water  for  family  use,  etc.  LItica  (74,419).  Ex- 

tension made  on  order  of  council  with  one 

hydrant  to  each  525  ft.  or  on  petition  of  prop- 
erly owners  on  guarantee  of  10  cts.  per  foot 

or  10  per  cent  on  actual  cost  for  5  vears. 
Nnrllt  n.ifroM.— Grand  Forks  (12,578).  Ex- 

tensions arc  made  by  water  department  and 
cost  of  line  up  to  6  ins.  assessed  against  prop- 

erty, assessment  being  divided  into  10  equal 
payments.  Trunk  mains  in  excess  of  6  ins. 
are  paid  for  by  department. 

Oftic— Cincinnati  (363,591).  Extensions 
made  on  guarantee  of  10  per  cent  per  annum 
on  cost  of  6  in.  main.  Where  mains  are  laid 
in  newly  improved  streets  the  cost  is  assessed 

against  abutting  property.  Force  mains  in 
excess  of  0  ins.  paid  for  by  city.  Extensions 

made  on  assurance  of  6  per  cent  interest  on 

investment  for  10  years.  Columbus  ( 181,51 1> 

(94).  Extensions  made  on  assurance  of  6 

per  cent  interest  on  investment  for  10  years. 

Delaware  (9,076).  Extensions  made  on  order 

of  city  council  with  one  hydrant  for  each  440 

ft.  Elyria  (14,825).  Extensions  made  on 

guarantee  of  10  per  cent  of  cost  of  line.  Fre- 

mont (10,000).  Extensions  made  on  require- ment of  one  consumer  to  each  100  feet  of 

mains.  Massillon  (.13,879)  (98).  Extensions 

made  on  guarantee  of  one  consumer  for  each 

528  ft.  Piqua  (13,388).  Extensions  made 
where  income  exceeds  60  per  cent  of  cost  of 

investment.  Springfield  (46,921).  Extensions 
made  when  revenue  equals  6  per  cent  of 

cost.  Zanesville  (28,026).  Extensions  made 

when  revenue  equals  10  per  cent  of  cost. 

O^/a/ioina.— Guthrie  (11,6-54)  (oO).  All  ex- 
tensions made  by  bond   issue. 

Pennsylvania. — Allentown  (51,913)  (100). 

Extensions  made  by  ordinance  of  city  coun- 

cil.   Frontage  charge  4-in.  main,  30  cts.;  6-in 

8- 

main,  70  cts.:  12-in.  main. main,  50  cts.,  .     -        - 

$1.05;  16-in.  main.  $1..50;  on  each  side  of 
street.  Altoona  (-52,127)  (99).  Additions 
made  from  revenues  of  water  department. 

Frontage  charge  of  25  cts.  per  foot,  .\verage 

revenue  for  past  5  years  $15,000.  Erie  (66.- 

.525)  (100).  Extensions  made  on  bond  insur- 
ing annual  return  equal  to  7  per  cent  of  cost. 

Johnstown  (-").5,482)  (7-5-80).  Extensions  made 
when  revenue  equals  10  per  cent  of  cost. 

Philadelphia  (l,-549,008)  (100).  Extensions 
are  made  on  authority  of  councils.  Frontage 

tax  of  $1  for  both  sides  of  street  or  $2  per 

lineal  foot  of  pipe  laid.  Receipts  from  this 
source  have  averaged  $131,624.95  for  the  past 

five  vears.  Reading  (96,071)  (99.9).  Exten- 
sions made  on  petition  of  property  owners. 

Frontage  tax  of  50  cts.  per  foot  except  on 

corner  lots  where  allowance  is  made  of  one- 
third  of  length  of  lot.  Average  receipts  for 

past  five  vears  $2,443.  Wilkinsburg  Sta.. 

Pittsburgh  (18.924).  Extensions  made  when 

revenue  is  equal  to  15  per  cent  of  cost  of  line. 
H  cost  does  not  equal  that,  petitioner  pays 
cost  of  line  and   is  rebated. 
Rhode  /Wa"rf.-Providence  (224,326)  (_100). 

Extensions  made  when  revenue  equals  i  per 
cent   of   estimated   cost. 

Tc»HW.frf.— Memphis  (131.105).  Extensions 
made  on  basis  of  one  consumer  to  each  100 

ft.  In  new  sub-divisions  owners  pay  cost  of 
line  and   receive   rebate. 

Tf-rtu.— San  Antonio  (96,614)  (90).  New 

city  contract  provides  for  8  miles  of  pipe  per 

year  but  revenue  of  12  cts.  per  foot  must  be 

guaranteed  before  mains  are  ordered. 
(^7a/,_0gden  (25,-580).  Extensions  made 

on  petitions. 
FiV(7i«ia.— Roanoke  (.34.874)  (80).  Ex- 

tensions made  when  cost  of  main  is  deposited 

with  water  coninany.  Said  deposit  is  held 

until  income  on  line  equals  10  per  cent  of  cost. 

Washington.— '^or\h  Yakima  ( 14.082 'l.  Ex- tensions made  whenever  business  will  warrant. 

Usually  figure.l  on  basis  of  33%  per  cent  re- 
turn on  gross  cost  of  line.  Seattle  (23i,194) 

(95).  Extensions  made  on  petition  of  prop- 

erty owners  or  on  order  of-  city  council,  en- tire cost  of  8-in.  ca.st  iron  pipe  assessed  against 

property,  owners.  Excess  above  8  ins.  paid 
for  out'  of  water  fund.  Spokane  ( 104,402) 

(95).  Extensions  made  upon  petition  of  -il 

per  cent  of  property  affected.  Cost  paid  by 

assessment  against  property.  Tacoma  (8.3,743). 

Extensions  made  on  local  improvement  di.s- 

trict  plan.  The  abutting  property  in  resi- 
dence district  pays  cost  of  new  main  figured 

on  basis  of  6-in.  line.  Cost  above  this  cost 

being  paid  by  water  department.  In  manu- 
facturing or  congested  districts,  the  entire 

cost  irrespective  of  size  of  main,  is  assessed 

against  property  benefited.  Walla  Walla  (19,- 
.364).  Extensioris  in  old  part  of  city  made  at 

the  expense  of  water  department.  In  the 
new  additions  a  frontage  charge  is  made.  The 

money  so  received  is  merely  used  as  a  credit on   the  water  rent. 

rfufoim'd.— Ashland  (11.-594).  Extensions 
made  on  order  of  city.  City  paying  for  hy- 

drants and  hvdrant  rental   at   the   rate  of   10 
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hydrants  per  mile  of  main.  La  Crosse  (30,- 
417).  Extensions  are  made  upon  petition  and 
order  of  the  city  council.  Madison  (25,531). 
E.xtension  made  upon  petition,  paving  of 
street  and  connecting  ends  to  insure  circula- 

tion. Piroperty  pays  entire  assessment  in 
front  for  4-in.  and  6-in.  mains.  Excess  over 
t)  ins.  is  paid  by  city.  Milwaukee  (373,857) 
(100).  Extensions  made  on  petition.  Abutting 
property  is  assessed  on  the  basis  of  the  cost 
of  laying  a  6-in.  main.  Excess  of  6  ins.  is 
paid  out  of  water  fund.  Assessment  for  past 
five  years  has  been  50  cts.  per  lineal  foot  on 
each  side  of  street. 

IVyoming.— Cheyenne  (11,320)  (99).  Ex- 
tensions made  upon  petition  of  a  majority  of 

property  owners  along  the  line  of  proposed 
e.xtension. 

ACKNOWLEDGMENT. 

The  foregoing  data  have  been  rearranged 
from  the  recent  report  of  the  committee  of 
the  American  Water  Works  Association  on 
Tabulation  of  Water  Rates  and  Other  In- 

formation  of   Interest   to   Water   Companies. 

Cost  of  Laying  Cast  Iron  Water  Pipe 
for  Railway  Service. 

The  accompanying  tabulations.  Tables  I  and 
II,  give  cost  data  on  laying  cast  iron  water 
pipe  for  railway  service.  The  data  are  taken 
from  the  report  of  the  Committee  on  Water 
Pipe  of  the  American  Railway  Bridge  and 
Building  Association,  as  presented  at  the  an- 

nual convention  held  at  Los  Angeles.  Mr.  C. 
R.  Knowles,  foreman  of  water  service  of  the 

TABLE  I.— AVERAGE  COSTS  OF  LAYING  CAST    IRON  WATER  PIPE   IN  ACTUAL   RAILROAD 
PRACTICE. 

Diameter  of  pipe,  ins               4  6  S  10  12  14 
Pipe  at  $30  per  ton        JO.36  $0.54  $0.78  $1.06  $1.38  $1.53 
Tarn  at  7  cts.  per  lb   0012  .002  .003  .0035  .004  .005 
Lead  at  5  cts.  per  lb   031  .0425  .05  .07  .08  .09 
Loading    and    handling   01  .015  .02  .025  03  .04 
Trencliing  and  refilling  (4  ft.   cover)   11  .15  .16  .18  20  22 
Laying,  caulking,  etc   05  .07  .10  .12  .lo  .17 

Total    per   lin.    ft        $0.56         $0.S2         $1.11         $1.46         $1.84         $2.06 

Illinois   Central   Railway,   is   chairman   of  the  Table  II  gives  the  cost  of  laying  cast  iron 
committee.  water  pipe  on  the  Iowa  Division  of  the  Chi- 

The   cost   of   pipe   laying   will    vary   greatly  ca,go   &    Northwestern   Railwav. 
owing  to  local  conditions,  cost   of   labor,  etc.,  t.       f  h                   »             ̂   •'     ̂       -r  v,i      tt 

but    Table    I    gives    the    approximate    cost    as  r^^l^   followmg   notes   pertam   to   T
able    II : 

determined   by   actual    railroad   practice.     The  Pitches  average  2%    ft  wide  and  5   ft.  deep, 

figures   are   the   costs   per   lineal    foot   of  pipe  E^*""'"    chiefly    clay    sufficiently    stif?   to    stand, laij  Braces   used   more   or   less.     No  curbing   and 

The  figures  in  Table  I  are  based  upon  class  very    little    trouble     on     account     of     water. 
"C"  pipe  for  a  300-ft.  head  and  130  lbs.  pres-  Wages,  laborers.  20  to  22%  cts.;  caulkers,  25 
sure,  with  the  exception  of  14-in.  pipe,  which  cts. ;   foreman,  30  to  32%   cts.  per  hour,  with 

is  based  on  class  "B"  pipe  for  a  200-ft.  head  5  per  cent  added  for  superintendence  and  ac- 
and   86    lbs.    pressure.      Fourteen-inch   pipe   is  counting.      Price   of   material   includes   special 
usually  installed  only   for  penstock  lines  with  fittings    and    valves,      -\verage    depth   of    lead 
a  comparatively  low  head.  joints,   1%   ins.  to  2   ins. 

TABLE  11.— COST  OF  LAYING  C.\ST  IRON  PIPE,  IOW.\  DIVISION,  C.  &  N.  W.  RY. 
Material: 
Diameter  of  pipe,  ins    4  6  S  10  12  14 
Weight  per  lin.  ft.,  lbs    22  34  47  64  S2  103 
Lead  per  joint,   lbs    9  10  13  15  20  23 
Jute  per  joint,  lbs    0.5  0.7.".  0.75  1.0  1.0  1.25 Total  cost  of  material,  lin  ft    $0.38  $0.60  $0.68  $1.10  $1.45  $1.65 Labor: 
Excavation,    per  lin.   ft    $0.23  $0.27  $0.32  $0.35  $0.40  $0.4S 
Backfilling,  per  lin.  ft    0.04  0.04  0.04  0.05  0.05  0.06 
Jointing,  per  lin.  ft    0.03  0.04  0.04  0.05  0.05  0.06 

Total  cost  of  labor,  lin.  ft        $0.30         $0.3.^.         $0.40         $0.45         $0.50         $0.60 
Total  cost  material  and  labor,  per  lin.  ft          0.6S  0.95  l.OS  1.55  1.95  2.26 

JLWAY^ 
Methods    and    Instruments    Used    in 

Making  Precise  Surface  and  Un- 
derground Surveys  for  the  Can- 

adian Northern  Ry.  Tun- 
nel, Montreal,  Canada. 

Contributed    by    Mr.    J.    L.    Busfleld,    -Assistant 
Engineer,  Department  of  Surveys  and  Aline- 

ment,   Mackenzie,  Mann  &  Co.,  Ltd.. 
Montreal,    Can. 

In   the  construction   of   the   new   transconti- 
nental  line   for  the  Canadian  Northern   Rail- 

lines  already  constructed  to  the  east  and  west 
of  the  city  was  found  to  be  that  of  building 
a  tunnel  through  Mount  Royal,  situated  on 
the  northwest  side  of  the  city.  In  addition 
to  the  surveys  for  the  tunnel  and  passenger 
terminal,  provision  had  to  be  made  for  the 
construction  of  an  overhead  railway  viaduct 
from  the  tunnel  portal  to  the  water  front. 

Figure  1  is  a  plan  and  profile  of  that  por- 
tion of  Montreal  through  which  the  railway 

passes;  it  will  be  seen  that  the  city  proper  is 
situated    between   the    southeasterly    slopes    of 

for  the  west  portal  was  selected  in  the  neigh- 
borhood of  the  belt  line  of  the  Canadian  Pa- 

cific Railway,  and  the  east  portal  was  located 

at  Cathcart  street.  For  the  preliminary  sur- 
veys a  rough  line  was  projected  over  the 

mountain  in  the  approximate  line  of  the  tun- 
nel and  levels  were  run  over  this  line  by  ordi- 

nary methods  requiring  no  description.  From 
the  information  thus  obtained  a  definite  line 

and  grade  could  be  determined  for  the  tunnel. 

As  will  be  seen  by  Figure  1,  the  location  se- 

Fig.    1.      Plan    and    Profile    of    Mount    Royal    Tunnel,    Canadian     Northern     Ry.,     Montreal,   Can. 

way  it  was  deemed  necessary  that  a  terminal  Mount  Royal  and  the  shore  of  the   River   St.  lected    for    the    tunnel   gives    a   tangent    about 
station  should  be  constructed  in  the  heart   of  Lawrence,  while  the  tunnel  is  located  to  pass  2Vi    miles    long    from    the    west    portal    to    a 

the  city  of  Montreal,  and  the  most  practicable  under    the    northerly    part    of    the    mountain  point  near  McGill  University,  where  the  align- 

method  of  reaching  a  desirable  site  with  the  where  it  reaches  its  greatest   height.     A   site  ment  follows  a  2°  curve  into  the  city. 
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SURFACE    SURVEYS. 

The  Steep  slopes  of  the  mountain  made  it 
obviously  impossible  to  make  direct  measure- 

ments between   the  two   ends   of   the   tangent 
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Fig.  2.     Survey   Monuments   Placed  on   Base 

Line  for  Mount  Royal  Tunnel,  C.  N.  Ry. 

with  any  degree  of  accuracy,  so  it  was  decided 
to  run  a  traverse  around  the  side  of  the 
mountain.  A  suitable  route  was  chosen  for 

this  traverse,  selecting,  and  permanently  mark- 
ing, angle  points  as  far  apart  as  possible,  keep- 
ing away  from  hills  and  rough  ground. 

Suney    i\tonuments. — All    the    angle    points 

E.&C. 

Fig.   3.      Details   of   "Spider"   Used    in    Meas- 
uring Base  Line  for  C.  N.  Ry.  Tunnel. 

having  been  selected,  they  were  permanently 
m.nrkcd  by  drilling  a  V*  in.  hole  into  llic  stone 
or  concrete  of  the  sidewalks  about  '/4  in. 
deep,   and   hammering   into   this   hole  a   piece 

of  %  in.  hollow  brass  tubing.  A  copper  rivet 
hammered  into  the  tube  then  completed  the 
point,  with  the  exception  of  the  punch  mark 
or  knife  scratch  to  mark  the  precise  point. 
Ten  to  fifteen  minutes  is  ample  time  for  two 
men  to  set  one  of  these  points  and  many  of 
them  have  remained  in  place  for  nearly  two 
years.  In  the  city  itself,  in  order  to  hold 
some  of  the  survey  points  more  permanently 
than  was  possible  with  the  rivets,  some  of  the 
more  important  ones  were  selected  and  monu- 

ments sunk  to  a  depth  of  8  ft.  in  order  to 
insure  that  they  would  not  be  disturbed  by 
frost,  which  frequently  reached  a  depth  of 
6  to  7  ft.  The  type  of  monument  used  is  il- 

lustrated by  Figure  2. 
Base  Line  Measurements. — In  order  to  make 

the  traverse  around  the  mountain  sufficiently 
accurate,  the  length  of  the  route  being  about 
four  miles,  it  w.ts  necessary  to  adopt  some 
form  of  base  line  measurement.  A  large 
proportion  of  the  lines  to  be  measured  came 
on  sidewalks  or  roads  so  it  would  have  been 
impossible  to  use  any  form  of  measurement 
requiring  stakes,  and  a  form  of  portable  meas- 

uring point  was  therefore  used,  called  a 
"spider,"  made  of  a  cast  iron  wheel  carried 
on  screw  legs  and  supporting  a  vertical  piece 
with  a  brass  head  on  which  is  the  cross 
scratch  to  which  measurements  were  made. 
(See  Fig.  3.)  Four  of  these  spiders  were 
used,  each  weighing  about  44  lbs. 

Previous  to  making  the  precise  measure- 
ments "spider"  points  were  marked  on  the 

sidewalks  by  means  of  a  chiselled  cross  every 
no  ft.  on  the  lines  of  the  traverse,  being  put 
on  line  either  by  eye  or  by  a  transit,  which- 

spider  point  being  measured  and  the  eleva- 
tion of  the  spider  point  being  known,  the  dif- 

ference in  elevation  of  the  two  ends  of  the 
tape   could   then   be   obtained   and    hence    the 

Fig.     4.   Method     of     Measuring     Base     Line 

Showing    Use    of    "Spiders."    Bicycle 
Wheel,  Tension  Outfit  and   Interme- 

diate Supports  for  Tape. 

correction  to  horizontal.  Thermometers  were 
suspended  from  the  standards  and  readings 
taken  for  every  set  up  so  that  the  proper  cor- 

rection for  the  expansion  or  contraction  of 
the  tape  could  be  made.  When  the  tape  was 

properly  hooked  up  and  had  the  correct  ten- 
sion, readings  of  the  intersection  of  the  cross 

hairi    or   scratches   on   the  two   spiders   were 
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Fig.  5.     Sample  Page  of  Field  Notes  Taken     on   Base  Line  Measurement. 

ever  was  easier.  Where  the  lines  were  not 
on  sidewalks  the  spider  points  were  .marked 
by  driving  ship  spikes  into  tlie  ground.  While 
these  were  being  marked  by  one  party  of  four 
men  at  the  rate  of  about  two  miles  per  day, 
a  second  party  consisting  of  levcler  and  rod- 
man  was  following  and  taking  tlie  elevations 
of  all  the  spider  points  and  entering  them 
in  a  book  specially  provided  for  that  purpose. 
Refore  any  of  the  actual  measurements  were 
made  all  the  tapes  that  were  to  be  used  were 
compared  with  a  standard  tape,  standardized 
by  the  Rurcau  of  Standards  under  the  same 
conditions  as  were  to  be  chosen  in  the  field, 
namely,  under  a  tension  of  12  lbs.  and  sup- 

ported at  intervals  of  20  ft.  Corrections  were 
also  made  to  a  temperature  of  62°  F.  Steel 
tapes  100  ft.  long  and  V*  in.  wide,  divided  into 
hundredths  of  a.  foot,  were  used,  the  thou- 

sandths being  estimated  by  the  observer. 
The  actual  modus  operandi  of  making  the measurements  (illustrated  by  Fig.  4)  was  as 

follows:  Two  spiders  would  be  set  up  at 
adjacent  spider  points  and  the  tape  stretched 
across  their  tops,  attached  to  the  forestry  at 
the  front  end  and  to  a  cord  passing  around  a 
bicycle  wheel  with  a  12  lb.  weight  attached 
at  ils  rear  end.  Four  wooden  standards  were 
then  hncd  in  by  eye  at  20  ft.  intervals,  and 
the  hooks  for  supporting  the  tape  set  on  a 
straight  line  between  the  tops  of  the  spiders 
so  that  when  hooked  up  and  with  tension 
applied  the  tape  would  practically  conform 
to  a  str.wht  line  between  the  tops  of  the 
spiders.     The  height  of  each  spider  above  its 

taken  by  the  two  observers  at  either  end  of 
the  tape  and  called  out  to  a  recorder,  who 
entered  them  in  the  field  notebook  and  rap- 

idly substracted  the  two  readings.  The  tape 
would  then  he  moved  slightly  over  the  tops 

of  the  spiders  so  that  a  different  pair  of  read- 
ings would  be  obtained  and  again  called  out 

to  the  recorder.  .At  least  four  readings  would 
he  fakcn  in  this  way,  but  if  the  differences 
thus   obtained   varied   more   than   one   or   two 
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thousands,  the  readings  were  continued  until 
a  reliable  measurement  was  obtained.  In  ad- 

dition to  the  tape  readings  the  recorder  also 
booked    the    height    of    the    spiders    and    the 
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mean  temperatures.  A  portion  of  a  typical 

page  from  the  recorder's  field  book  is  illus- 
trated by  Fig.  5.  After  a  set  of  readings 

had  been  taken  the  whole  apparatus  was  car- 
ried ahead  and  a  new  measurement  made  in 

the  same  way,  but  one  spider  was  always  left 
in  place  behind  the  one  actually  being  meas- 

ured from,  so  that  in  case  of  a  spider  being 
accidently  moved  the  other  could  be  used 
again,  thus  saving  the  party  from  having  to 
go  over  the  same  ground  twice.    At  the  start- 

i,   miiiiiiiiiiiil  E  &c. 
Fig.  7.     Survey   Monument  Used  for  Under- 

ground   Surveys    Mount    Royal 
Tunnel,  C.   N.   Ry. 

mg  point  and  at  all  rivet  stations  instead  of 
one  of  the  spiders  being  placed  over  the  rivet 
it  '.'/as  set  up  at  one  side  merely  as  a  support 
for  the  tape,  and  the  reading  on  the  tape  was 
obtained  by  transferring  the  point  on  the 
rivet  up  to  the  tape  by  means  of  a  transit 
placed  a  short  distance  away  from,  and  at 
right   angles  to,  the  tape. 

This  method  of  measuring  required  ten 
men,  namely  chief  of  party,  transitman,  re- 

corder, 2  chairmen,  2  spider-placers,  1  ther- 
mometer reader,  1  man  for  forestay,  1  man 

for  tension  wheel.  Under  favorable  condi- 
tion? as  many  as  1,500  to  1.800  ft.  were  meas- 

uieri  per  hour,  but  ten  spider  points  per  hour 

made  a  good  average  for  a  day's  work  on 
the  sidewalks ;  good  time  was  made  by  estab- 

lishing friendly  rivalry  between  the  forestay 
and  tension  wheel  men,  each  trying  to  be  the 

first  to  call  "Ready  for  tension."  The  ma- 
jority of  the  work  was  done  in  the  day  time 

but  in  the  busy  sections  of  the  city  it  was 
necestary  to  work  during  the  night  time. 
Measuremevf  of  Angles. — Great  care  had 

to  be  taken  in  reading  the  angles  of  the 
traverse,  a  Berger  transit,  7%-in.  plate,  read- 

ing to   ten   seconds   was   used   for   this   work. 

foresight  target.  This  method  would  give 
a  very  close  approximation  of  the  angle  to 

2",  and  this  process  being  repeated  by  an  in- 
dependent observer  a  reading  to  about  1" 

could  be  obtained.  This  part  of  the  work 
was  necessarily  slow  and-  tedious,  requiring 
a  party  of  four  men,  who  were  only  able  to 
read   about   five  or  si.x  angles  per  day. 

A  very  important  part  of  the  preliminary 
work  was  that  of  establishing  over  the  moun- 

tain a  tangent  in  the  same  vertical  plane  as 
the  tunnel  center  line.  The  line  was  first 
run  over  the  mountain  in  short  stages  and 
after  the  necessary  cutting  had  been  don« 
through  the  wooded  parts  the  transit  points 
were  reduced  to  three  in  number.  At  one  of 
these  bed  rock  was  obtained  but  at  the  other 
two  concrete  monuments  had  to  be  built  to 
hold  the  line  permanently. 

UNDERGROUND    SURVEYS. 

The  construction  on  the  tunnel  was  com- 
menced in  July,  1912,  by  driving  a 

bottom  heading  eastwards  from  the  west 
portal,  and  shortly  after  this  date  the 
two  shafts  shown  in  Fig.  1  were  commenced. 
These  shafts,  called  the  Dorchester  and  Maple- 
wood,  or  working  Nos.  1  and  3,  were  58  ft. 

and  238  ft.  deep  respectively ;  a  bottom  head- 
ing 12  ft.  wide  and  8  ft.  high  was  driven 

westwards  from  the  former  and  headings 
were  driven  in  both  directions  from  the  lat- 

ter. The  Maplewood  shaft  was  holed  through 
to  the  west  portal  in  April,  1P13.  and  the  head- 

ings were  completely  holed  through  from  end 
to  end  in  December,  1913,  with  an  error  in 
alignment  of  %  in.  and  in  grade  of  %  in. 
at  the  final  meeting  point,  which  was  below 

the  highest  point  of  the  mountain.  Through- 
out the  work  at  the  western  end  the  tunnel 

center  line  was  determined  and  permanently 

marked  in  the  floor  of  the  headings  by  monu- 
ments, but  at  the  eastern  end  it  was  found 

advisable  on  account  of  the  curve  to  run  an 

engineer's  line  entirely  separate  from  the  tun- 
nel center  line,  with  tables  giving  the  relation 

of  the  latter  to  the  former. 

Monuments  and  Scales. — Before  proceeding 
with  a  description  of  the  methods  used  in 
laying  out  the  lines  described  above,  note  must 
ht  made  of  a  piece  of  apparatus  used  very 
frequently  and  fnimd  almost  invaluable  in 
the  alignment  work.  This  was  a  brass  scale 
fitted  with  a  sliding  vernier  as  shown  by  Fig. 
(J.  Whenever  it  was  necessary  to  obtain  an 
average  of  a  number  of  points  set  by  a  tran- 

sit one  of  these  scales  was  used,  being  rigidly 
attached  to  the  roof  timbers  or  to  plugs  set 
into  the  roof,  with  a  plumb-bob  suspended 
from  the  sliding  vernier  in  front  of  a  light 
box   or   illuminated    screen.     They   were   only 

Fig.   8.      Method   of   Alining    Shaft    Plumbing    Wires,  C.   N.   Ry.  Tunnel  at  Montreal. 

In  setting  the  instrument  uo  over  the  angle 
points  a  second  transit  was  used  to  insure  the 
placing  of  the  vertical  axis  of  the  large  in- 

strument exactly  over  the  center  of  the  cross 
on  the  rivet.  At  the  two  points  sighted  at 
wooden  targets  were  used,  being  set  up  ver- 

tically and  precisely  over  the  points  by  means 
of  a  transit.  In  reading  the  angle  one  ob- 

server would  read  the  angle  once,  "wrap  it 
up"  five  times  and  then  go  backwards  until 
zero    was    again    reached    on    sighting   at    the 

used  as  a  means  of  obtaining  averages  and  for 

temporarily  holding  the  engineer's  line,  and 
as  soon  as  a  good  set  of  readings  was  ob- 

tained the  line  was  transferred  to  a  perma- 
nent monument  set  in  the  floor  of  the  head- 
ing. Different  types  of  monuments  were  used 

but  the  one  found  most  satisfactory  is  illus- 
trated by  Fig.  7,  and  was  made  from  2  ft. 

length  of  1%-in.  gas  pipe  with  a  piece  of 
brass  solidly  riveted  into  the  top.  For  giving 
center   line   and   grade   at   the   working   face, 

spads  were  set  in  the  roof  every  50  or  60  ft. 
throughout  the  tunnel. 
At  the  west  portal  the  heading  was  driven 

direct  from  an  open  cut  so  the  alignment  was 
readily  transferred  into  the  heading  by  setting 
up  a  transit  in  the  cut  and  sighting  directly 
onto  a  scale  placed  as  far  into  the  heading  as 
possible.  At  the  Dorchester  street  shaft  or 
working  1-W,  the  line  had  to  be  transferred 
down  the  shaft,  which  was  20  ft.  long  by  10 
ft.  wide,  and  before  the  main  tunnel  tangent 

Suspension  chord 

Ele-.'ation    Sec+ionol  Plan 

Fig.  9.     Special  Movable  Target  for  Tunnel 
Alinement   Surveys. 

was  reached  four  angles  had  to  be  deflected, 
two  on  account  of  the  curve  at  McGill  Uni- 
versitv,  and  two  because  of  the  fact  that  the 

shp.ft'had  to  be  located  -30  ft.  to  the  north  of 
the  tunnel  center  line.  It  was  of  importance 

that  these  angles  should  be  turned  off  accur- 
ately, but  it  was  of  equal  importance  that 

the  angle  points  should  be  very  carefully  lo- 
cated with  regard  to  chainage,  and  in  order 

to  insure  the  requisite  accuracy,  the  chainage 
was  carefully  transferred  down  the  shaft  by 
means  of  a  plumb  line,  and  from  there  to  the 
last  angle  point  base  line  measurements  were 
made  in  the  same  way  as  already  described 
for   the   surface   surveys. 
The  Maplewood  shaft  had  to  be  located 

about  24  ft.  to  the  south  of  the  tunnel  center 

line  on  account  of  property  restrictions,  con- 
sequently the  lines  for  driving  the  headings 

had  to  be  transferred  down  the  shaft  and  then 
offset  over  24  ft.  to  the  center  line,  and  run 

east  and  west.  Great  accuracy  was  not  es- 
sential in  this  part  of  the  work  as  the  head- 

ings only  had  to  be  driven  about  2.100  ft. 
before  meeting  the  heading  from  the  west 
portal,  after  which  the  line  was  carried 
through  from  the  portal.  However,  when  the 
headings  were  actually  holed  through  the  error 
in  alignment  and  grade  was  negligible. 

Shaft  Plumbing. — For  transferring  the  sur- 
vey lines  down  the  shafts.  No.  8  steel  piano 

wires  were  used,  suspended  as  far  apart  as 

possible.  They  were  hung  from  reels  at- 
tached to  solid  wooden  frames  and  were 

passed  over  a  notch  in  a  tan.gent  screw  on  the 
front  of  the  frame  by  means  of  which  they 
were  finally  adjusted  to  their  exact  position 
at  the  surface,  as  shown  by  Fig.  8.  The  two 
wires  were  very  carefully  set  on  line  at  the 
surface  and  an  instrument  man  was  kept  on 
watch  during  any  series  of  observations,  a 

precaution  which  was  fully  justified,  as  fre- 
quently the  wires  would  be  verv  slightly 

jarred  off  line  by  some  careless  laborer  or 
by  the  vibration  caused  by  the  nearby  hoist- 

ing engine.  At  the  lower  ends  of  the  wires 
12  and  30-lb.  weights  were  suspended  at  the 

Dorchester  and  Maple  wood  shafts  respect- 
ively, and  immersed  in  pails  of  water  to  re- 

duce the  swinging  and  oscillation  to  a  mini- 
mum. In  producing  the  line  into  the  heading 

the  transit  man  would  set  up  the  transit  about 
10  ft.  away  from  the  nearest  wire  and  would 
then  "buck"  into  line  until  the  transit  cross 
hair  would  bisect  each  wire.  In  doing  this, 
when  sighting  at  one  wire  the  other  would 
be  out  of  focus  to  such  an  extent  as  to  be 
invisible.  When  the  transit  man  had  got  on 
line  he  would  throw  the  line  ahead  onto  a 
scale  which  had  been  previously  set  up  as  far 
away  from  the  instrument  as  possible.  The 
operation  was  repeated  a  large  number  of 
times  and  contained  until  enough  readings 
had  been  obtained  on  the  scale  to  leave  no 
room  for  error.     The  observers  at  transit  and 
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scales  were  frequently  changed,  the  transit 
was  also  always  reversed  and  set  off  line  be- 

tween  all   readings. 

Turning  Angles  and  Producing  Tangents. — 
It  has  already  been  mentioned  that  in  the  head- 

ing from  the  Dorchester  shaft  it  was  neces- 
sary to  turn  off  four  angles  very  precisely  as 

the  exactitude  of  the  main  tangent  depended 
largely  on  the  accuracy  with  which  these 
angles  were  turned  off.  A  ten  second  transit 
was  used,  and  it  was  first  set  up  over  the 
angle  point  by  means  of  a  second  transit  so 
as  to  eliminate  any  possible  error  due  to  in- 

accurate centering  of  the  plumb-bob,  etc.  The 
angle  was  then  turned  off  roughly  and  a  sinall 
mark  made  on  the  foresight  monument,  the 
precise  angle  to  this  point  being  obtained  by 
wrapping  up  the  angle  five  times  and  taking 
the  mean.  By  taking  the  difference  between 
the  angle  thus  obtained  and  the  angle  as  it 
should  be,  the  distance  between  monuments 
being  known,  it  was  then  possible  to  calculate 
the  distance  the  true  point  should  be  to  the 
right  or  left  of  the  preliminary  point.  After 
a  new  point  had  been  taken  in  this  way  the 
angle  was  again  wrapped  up  five  times,  by 
different  observers,  and  the  whole  operation 
repeated  until  there  was  no  possibility  of  an 
error  of  even  one  second. 

After  the  last  angle  had  been  turned  off  to 
a  point  as  far  away  as  possible,  it  was  neces- 

sary to  produce  the  tangent  westwards  and 
at  the  same  time  the  tangent  was  gradually 
being  produced  eastwards  from  the  west 
portal.  In  order  to  produce  the  line  from 
any  two  monuments  a  scale  was  set  up  at 
the  foresight  and  instead  of  setting  up  the 
transit  immediately  over  the  interro«di»te 
monument  it  was  set  up  about  1<>  ft  auuy  and 
bucked  into  line  between  the  adjacent  monu- 

ment and  the  backsight,  thus  eliminating  the 
use  of  a  plumb-bob.  A  large  number  of  read- 

ings would  be  taken  on  the  scale  and  the 
average  transferred  to  the  monument  below 
by  means  of  a  transit.  In  making  some  of 
the  long  sights  necessary  on  the  tangent  the 
ordinary  plumb-bob  was  not  satisfactory  as 
a  sighting  point  and  some  special  targets  were 
used;  one  of  these  which  was  found  to  give 
very  satisfactory  results  was  designed  by  Mr. 
A  F.  Duguid,  transit  man  of  the  western 
division,  and  was  used  in  places  where  a 
movable  target  was  necessary.  United  States 
and  Canadian  patents  have  been  applic<l  for 
in   cnnnfi  tjf.n   with   this   type   of   target    tillus- 

in.  and  the  hole  in  the  cap  through  which 

the  suspending  cord  was  passed  was  also  ac- 
curately centered;  both  ends  of  the  tube  were 

weighted  with  lead  to  give  stability.  When 

suspended  in  front  of  an  illuminated  screen 

this  target  presents  a  silhouette  which  en- closes a  series  of  bright  areas  of  varying 

width.  If  the  vertical  cross  hair  of  the  tran- 
sit is  made  to  bisect  these  bright  areas  the 

line  of  sight  will  be  in  the  same  vertical  plane 

as  the  point  of  suspension  of  the  target.     It 

ing  and  placing  the  concrete  is  being  used,  as 
described   in  the  present  article. 
The  tunnel  is  approached  with  long  cuts 

on  both  ends:  the  west  end  having  an  ap- 
proach cut  nearly  a  mile  long,  and  the  east 

end  having  a  cut  about  one-half  mile  in 
length.  Materials  for  concrete  are  brought  in 

gondola  cars  from  Casper,  where  the  san<l 
and  gravel  is  dredged  from  the  river.  This 
material  is  stored  alongside  the  main  line 
near    the    entrance    to    the    tunnel    approach. 

Fig.   2.  View   Showing     Old    Wooden    Lining 
Elaw     Forms,     Concrete     Delivery     Pipe 

and    Top    of    Concreting    Car.    Bur- 
lington  Tunnel   at    Arminto. 

trated  in  Fig.  9).  The  one  originally  used 
was  made  from  an  18-in.  Icnftth  of  2H-in. 
seamless  steel  pipe  by  cutting  in  it  pairs  of 
slots  2  ins.  long  and  exactly  opposite  each 
other  at  intervals  in  the  whole  length  of  the 
pipe.     These  slots  were  accurately  cut  to  0.001 

Fig.    1.   View    Showing    Loading    of    Bins    on      Mixer  Car  for  the   Lining,  by    Compressed
 

Air  Method,  of  C.  B.  &  Q.  R.  R.  Tunnel  at     Arminto,   Wyo. 

is  immaterial  from  which  direction  the  target 
is  sighted  at,  as  there  are  always  a  number 
of  bright  areas  in  view.  Good  results  were 
obtained  with  this  target  at  distances  of  as 
much  as  half  a  mile  in  a  smoky  heading. 

Let-eling. — It  was  of  great  importance  that 
the  grades  of  the  opposing  headings  should 
be  very  exact,  consequently  the  levels  were 
transferred  along  the  headings  with  great 
care  and  precision.  The  permanent  monu- 

ments already  described  were  used  for  bench 
marks,  and  all  elevations  were  independently 
checked   by  different   observers. 

For  the  actual  alignment  of  the  headings 
alone  great  precision  would  not  have  been 
necessary,  as  an  error  of  even  two  or  three 
feet  in  line  would  have  caused  no  serious  ef- 

fects, but  a  great  deal  of  excavation  work  was 
being  done  back  of  the  headings,  in  breakups, 
and  it  was  essential  that  the  alignment  should 
be  accurate  for  this  part  of  the  work.  In  the 
case  of  the  elevations  it  was  of  course  neces- 

sary that  they  should  meet  within  an  inch  or 
two  at  the  most,  as  an  error  of  s.iy  three 
inches  would  have  meant  either  additional 
concrete  for  the  track  on  one  side  or  else  ad- 

ditional excavation  on  the  other. 

Cement  is  stored  at  the  same  side  in  a  shed 
built  for  the  purpose.  Water  for  steamin.g 

and  mixing  purposes  is  brought  to  the  site  of 

the  work  in  railway  tank  cars.  The  concret- 
ing car.  described  later,  is  loaded  bv  means 

of  a  portable  derrick  from  the  material  piled 
along  the  main  line,  as  shown  in  Fig.  1.  The 
derrick  handles  a  wooden  skip,  as  a  clamsbcll 
bucket  was  not  at  lirst  available.  This  skip 

is  loaded  by  several  men  who  shovel  the 
hank-run   gravel    into   it. 

Three    operations    constitute    the    work    of 
lining   the   tunnel,    iir-t.    the   removal   of   tim- 

Procedure    and    Progress    in    Placing 

Concrete  Lining  in  Burlington  Rail- 
road Tunnel  at  Arminto,  Wyo., 

by  Compressed  Air  Method. 
(  Contributed. ) 

The  Chicago.  Burlington  &  Quincy  Rail- 
road has  in  progress  the  construction  of  a 

line  connecting  Thermopolis  and  Orin  Junc- 
tion, Wyo.  This  is  the  final  link  connecting 

the  Colorado  Southern  with  the  extension 
between  Billings  and  the  Colorado  Southern 
Railway,  pa^.sjng  through  Cheyenne  to  Den- 

ver. This  ciiiiiplctes  the  so-called  Gulf-to- 
Sound  route  nf  the  Burlington  system.  At 
the  Summit  of  the  grade  between  Casper  and 
Thermopolis  is  a  tunnel  8iHI  ft.  long.  This 
tunnel  was  excavated,  a  year  ago.  in  rather 
treacherous  sandstone  which  required  tim- 

bering throughout  its  length.  The  tunnel  is 
now  being  lined  with  concrete  and  the  tim- 

ber is  being  removed  as  the  concrete  lining  is 
put  in.     The  compressed  air  method  of  mix- 

Fig.  3.  View   Looking  Through  Steel   Forms 
at    Delivery    End    of   Car    During    Con- 

creting. 

The  joint   In  the  delivery   pipe  just   beluw  the 
.spiinis'lng   line  of   the   steel   arch    centeiinsj   is  a 
bolted  tiange  Joint.     The  pipe  turns  from  side  to 
side  at  this  joint  diiiir.g  ouncretingf.     When  the 
car  is  taken  out  to  lie  loaded  the  pipe  is  discon- 

nected  at  this  joint,  and   the   upper  part  is  left 
suspended  from  the  tiniheis  by  block  and  tack!e shown. 



October  21,  1914. Engineering   and    Contracting 387 

bers;  second,  the  erection  of  the  Blaw  steel 
forms,  and  third,  the  mixing  and  placing  of 
the   concrete. 

The  timbers,  which  are  shown  in  Fig.  2, 
are  pulled  down  by  means  of  cables  fastened 
to  the  bottoms  of  the  uprights  and  passed 
through  snatch  blocks,  placed  in  the  center  of 
the  track,  and  thence  to  a  dinky  engine. 
When  the  posts  are  pulled  out  the  roof  falls 
and  the  debris  is  cleared  away  and  loose  rock 
is  picked  down  to  insure  the  safety  of  the 
men  erecting  the  forms.  To  further  protect 
the  men,  planks  are  laid  from  the  remaining 
timbers  to  the  concrete  so  that  in  case  any 
small  pieces  of  rock  should  fall  it  would  be 
caught  on  these  planks,  or  if  a  large  rock 
should  come  loose  it  would  be  impeded  by 
the  planks  and  would  give  warning  in  time 
to  permit  the  men  to  get  out  of  the  way. 
The  amount  of  timber  taken  down  at  one 
time  depends  upon  the  apparent  safety  of  the 
rock  above  and  varies  from  .5  to  20  ft. 

The  erection  of  the  forms  consists  of  plac- 
ing a  steel  channel  rib,  which  fits  the  section 

of  the  tunnel,  and  connecting  it  with  the 
rib  last  placed  by  means  of  steel  plates  4  ft. 
long  and  3  ft.  high.  These  plates  are  built 
up  solid  to  the  top  of  the  arch,  as  the  con- 

crete, placed  by  the  compressed  air  method, 
permits  the  forms  to  be  built  complete  before 
concreting  begins.  The  steel  ribs  of  the  forms 
are  4  ft.  apart,  corresponding  to  the  length  of 
the  plates,  and  from  one  to  five  sections  are 
set  up  at  a  time,  depending  upon  the  character 
of  the  rock.  A  view  of  the  forms  in  place  is 
shown   in   Fig.  3. 
The  mi.xing  and  placing  outfit  consists  of 

a  pneumatic  concrete  mixer  and  conveyor 
mounted  upon  a  40  ft.  flat  car,  equipped  with 
l.iins  holding  2t)  cu.  yds.  of  material.  The 
car  is  shown  in  Fig.  1.  The  cement  is  stored 
in  bags  under  one  of  the  bins  and  discharges 

toward  the  center  of  the  car  through  chutes 

into  a  measuring  hopper.  This  measuring  hop- 
per is  lifted  and  tilted  automatically  to  dis- 

charge into  the  mi.xer.  The  lifting  device 
consists  merely  of  a  6  in.  air  cylinder.  The 
8  in.  delivery  pipe  leads  from  the  mixer  under 
the  car  and  vertically  up  at  the  end  to  crown 

of  the  arch,  where  a  90°  elbow  enters  through 
the  bulkhead  of  the  form,  as  shown  in  Fig. 
2.  Air  is  supplied  from  a  compressor  at  the 
mouth  of  the  tunnel  through  a  4  in.  main  laid 
on  brackets  fastened  to  the  timber  posts  and 
a  connection  is  afforded  from  this  main  to 

the  air  receiver  on  the  car  bj-  means  of  a 
hose.  This  car  was  completely  described  in 
Engineering  and  Contracting  of  March  18, 
1914. 

The  proper  air  compressor  capacity  to  run 
a  portable  outfit  of  this  kind  is  about  300  cu. 
ft.  of  free  air  per  minute,  compressed  to  from 
80  to  100  lbs.  In  beginning  the  work,  how- 

ever, a  compressor  of  134  cu.  ft.  capacity  was 
furnished  by  the  railway  from  one  of  its 
yards,  as  this  was  the  only  machine  available 
at  that  time.  This  compressor  was  operated 
by  a  gasoline  engine  and  was  found  to  be 
badly  worn  and  inefficient.  The  amount  of 
air  furnished  by  the  compressor  was  appro.xi- 
mately  80  cu.  ft.  per  minute.  This,  of  course, 
effected  a  reduction  in  the  output  of  tlie  mixer 
and  conveyor  and  is  mentioned  because  it 
applies  to  the  data  given  below. 
The  car  is  taken  into  the  tunnel  by  means 

of  the  dinky  engine  and  spotted  at  a  point 
next  to  the  forms.  The  upper  elbow  of  the 
delivery  pipe  was  previously  suspended  in 
place  so  that  when  the  car  is  spotted  the  up- 

per pipe  is  bolted  to  the  pipe  on  the  car,  which 
comes  directly  under  it.  The  air  ccmnection 
is  then  made  and  concreting  is  immediately 

begun. 

The  first  work  done  by  the  outfit,  which 
includes  the  lining  of  the  first  20  ft.  of  forms, 
required  five  carloads  of  concrete  material  to 
fill  the  form.  The  entire  work  of  tearing  down 
timbers  required  128  men  hours ;  the  total  time 
erecting  forms  was  229%  men  hours ;  the  total 
time  loading  gravel  and  cement  onto  the  car 

required  140  men  hours ;  the  total  time  re- 
quired for  mixing  and  placing  concrete  in  the 

forms  was  204  men  hours ;  the  total  amount 
placed  was  132  cu.  yds.  From  these  figures  it 
is  seen  that  the  tiumber  of  men  hours  required 

for  the  various  items  per  cubic  yard  of  con- 
crete were  as  follows  : 

Men  hrs. 
per  cu.  yd. Tearing  down  and  clearing  timbers   97 

Erecting  forms         1.74 
Mixing  and  placing  concrete       1.5 
Loading  gravel  and  cement       l.OG 
The  delays  noted  on  this  form  were  3% 

hours  on  account  of  blowing  off  an  8-in. 

nipple  and  the  replacing  of  same,  and  2  hours' delay  on  account  of  a  derailment  of  the  der- rick car. 
The  substitution  of  a  clamshell  bucket  for 

the  wooden  loading  skip  will,  when  available, 
cut  the  cost  of  loading  the  car  to  about  %  men 
hours,  or  say  10  cts.  per  cubic  yard,  and  the 
substitution  of  a  300  cu.  ft.  compressor  will 
make  it  possible  to  mix  and  place  one  batch 
per  minute.  The  number  of  batches  on  the 
car  varies  between  112  and  118.  The  time  re- 

quired at  present  to  unload  one  car.  including 
time  of  transporting  and  for  connecting  and 
disconnecting  pipe,  is  about  210  to  240  minutes. 

.\CK  N'0WLEI;«  MEXT. 

The  concrete  mixer  and  conveyor  used  for 
the  work  was  furnished  and  the  portable  out- 

fit was  designed  bv  the  Concrete  Mixing  & 

Placing  Co.,  123  W.'  Madison  St.,  Chicago,  111., to  whom  we  are  indebted  for  the  information 
here  given. 

Construction  and  Cost  Data  on  Some 
Highway  Bridge  Work  in  Alaska. 
The  construction  of  highway  bridges  in 

Alaska  presents  many  interesting  features,  and 
it  is  somewhat  difficult  for  engineers  and  con- 

tractors to  appreciate  the  uncertamties  and 
difiiculties  of  bridge  construction  in  that  coun- 

try-. The  following  construction  and  cost  data 
on  a  highway  bridge  in  .Alaska  were  abstracted 
from  a  paper  by  Maj.  F.  .\.  Pope,  in  Profes- 

sional Memoirs  for  April--May,  1914.  The  ar- 
ticle also  describes  conditions  and  some  future 

work  which  is  soon  to  be  started.  The  work 
described  is  on  the  road  from  Valdez  to  Fair- 

banks. The  Taslina  Bridge,  which  is  de- 
scribed, was  built  in  February-May,  1906,  and 

as  it  was  the  first  large  piece  of  work  done  by 
the  board  it  is  a  good  example  of  work  done 
under  frontier  conditions.  In  .\laska  most  of 
the  large  bridge  work  is  done  in  winter,  as  the 
thick  ice  takes  the  place   of   falsework. 

THE    T.\SLIX.\    BRIBGE. 

The  Taslina  River  crosses  the  Valdez-Fair- 
banks  and  Eagle  trail  110  miles  from  Valdez. 
It  is  a  very  rapid  stream,  from  300  to  400 
ft.  wide,  and.  except  in  the  early  spring,  un- 
fordable.  Until  this  season  a  frail  ferry  has 
been  in  operation  during  the  summer,  but 
several  persons  have  been  drowned,  chiefly 
through  accidents  to  the  ferry.  The  rapid 
fluctuations  of  the  stream  make  it  problemati- 

cal whether  a  substantial  ferry  could  be  main- 
tained. The  drift  carried  by  the  stream  in 

floods  would  render  it  impossible  to  operate  a 
ferry  during  such  periods. 

For  these  reasons  the  board  determined  on 
a  bridge  across  this  stream.  The  necessary 
funds  became  available  in  January.  The  con- 

struction party  left  Valdez  February  16  and 
completed  the  work  May  12.  .At  that  season 
the  horses  used  on  the  work  could  not  be 
taken  out  over  the  Coast  Mountains,  two  men 
remaining  to  care  for  them  who  were  also  em- 

ployed in  laying  guard  rails,  etc.,  and  later  in 
packing  out  the  bedding,  equipment,  etc. 
The  bridge  consists  of  two  Howe  truss 

spans  of  108  ft.,  two  king-post  spans  of  50  ft. 

and  approaches,  to  a  total  length  of  450  ft. 
The  clear  width  is  10  ft. 
The  main  trusses  rest  on  pile  bents,  which 

are  protected  by  rock-filled  crib  piers.  These 
piers  are  40  ft.  long  and  12%  ft.  wide  at  the 
base  and  30  ft.  long  and  10  ft.  wide  at  the 
top,  with  pointed  ends.  The  outer  ends  of 
the  small  trusses  rest  on  similar  smaller  piers. 
The  trusses  are  all  constructed  of  hewn  timber, 
the  lower  chords  being  built  up  of  from  four 
to  six  pieces,  bolted  and  keyed  together.  The 
tension  members  of  the  king-post  trusses  are 
of  wire  rope  from  the  old  ferry  cable. 
The  expense  of  construction  was  largely  in- 

creased by  the  indifferent  character  of  the 
timber  available.  By  culling  the  best  trees 
for  a  radius  of  6  miles  from  the  bridge,  suffi- 

cient was  found,  but  few  pieces  could  be  ob- 
tained larger  than  10  by  10  ins.,  20  ft.  long. 

As  forage  costs  18  cts.  per  pound,  the  cost 
of  getting  out  the  timber  was  very  high. 
The  freighting  of  the  greater  part  of  the 

material  from  Valdez  to  the  site  of  the  bridge 
was  contracted  for  at  12%  cts.  per  pcmnd, 
but  as  this  rate  was  lower  than  was  profitable 
under  adverse  conditions,  and  as  these  condi- 

tions occurred,  the  contractor  threw  up  the 
contract ;  and  while  the  agreement  had  been 
drawn  so  as  to  prevent  financial  loss  to  the 
government,  it  was  only  by  a  considerable  ef- 

fort that  the  freight  was  gotten  to  the  bridge 
before  the  snow  disappeared.  This  statement 
is  inserted  to  show  the  peculiar  disadvantages 
of  contract  work  of  any  kind  let  to  the  lowest 
bidder  in  a  country  in  which  the  ordinary 
facilities  for  executing  work  are  as  lacking 
as  they  are  in  Alaska. 

Detailed  records  of  the  distribution  of  labor 
were  kept,  but  lack  of  time  prevents  the 
preparation  of  their  summary  for  the  report. 
The  total  cost  of  the  bridge,  including  plant, 
was  $19,434.43.  The  itemized  costs  of  this 
bridge  are  given  in  Table  I. 

It  should  be  remembered  that  all  supplies, 
material,  and  equipment,  including  the  engine 
boiler,  came  from  Seattle,  1.700  miles  by  sea 
to  Valdez,  and  were  then  taken  on  single-horse 
sleds    over   a   poor    trail    crossing    the    Coast 

Mountains,  which  extend  far  above  the  tim- 
ber line,  and  finally  delivered  at  Taslina,  110 

miles  from  Valdez. 
The  experience  with  this  structure  indicates 

that,  in  view  of  the  small  size  of  the  available 

timber,  the  spans  of  wooden  bridges  con- 
structed in  the  interior  should  be  limited  to 

about  80   ft. 

OTHER    WORK,    CONSTRUCTIOX    CREWS    .AND    D.\T.A. 
As  an  example  of  the  character  of  the 

streams  which  must  be  liridged  it  may  be  men- 
tioned that  one  small  stream  has  washed 

out  two  bridges,  the  second  one  being 
supposed  to  meet  almost  any  possible  flood. 
Glacier  streams  are.  however,  subject  to  sud- 

den and  remarkable  floods,  and  their  beds 
are  readily  shifted.  A  third  bridge  has 
been  constructed  with  a  trestle  748  ft.  long 

with  a  single  king-post  truss  30  ft.  long. 
The  width  of  the  stream  is  about  30  ft.  This 
bridge  cost  $7,798.39,  of  which  nearly  50  per 
cent  was  for  forage  and  freight  on  supplies. 
The  cost  of  the  whole  section  was  about  $1,790 

per  mile. All  streamsare  bridged  except  the  Gulkana, 
Tanana  and  Salchaket  Rivers  and  Piledriver 
Slough,  all  of  which  have  trail  bridges  or  rope 
ferries.  A  bridge  consisting  of  two  150-ft. 
Howe  truss  spans  is  to  be  built  across  the 
Gulkana  River  this  year.  This  is  a  diflScult 
stream,  and  a  suspension  bridge  was  con- 

sidered at  one  time  but  found  too  expensive. 
An  experimental  rock-filled  crib  put  in  the 
river  by  the  present  engineer  officer,  First 
Lieut.  G.  E.  Edgerton,  Corps  of  Engineers, 
has  stood  the  spring  ice  run,  so  it  has  been 
decided  to  build  a  truss  bridge. 
The  standard  type  of  truss  bridge  on  this 

road,  as  elsewhere,  was  that  of  the  Taslina 
Bridge,  except  that  the  length  of  span  was 
reduced  to  75  ft.  on  account  of  the  timber 

being  short  and  not  very  strong.  The  stand- 
ard required  for  the  road  was  a  good  earthen 

highway,  properly  crowned,  ditched  and  graded 
at  least  10  ft.  wide,  the  clearing  being  10 
ft.  wide.  The  Fairbanks  end  was  built  under 

the  immediate  supervision  of  the  superintend- 
ent there.     Supplies  were  sent  up  the  Tanana 
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River  by  boat,  sometimes  by  sled,  to  different 
points  along  the  river,  and  then  carried  where 
needed  by  wagon  or  pack-horse,  depending  on 
the  condition  of  the  roads. 

Supplies  for  the  Valdez  end,  except  near 
Valdez,  had  to  be  carried  by  sled  on  account 
of  the  prohibitive  cost  of  summer  transpor- 

tation. This  required  careful  planning  in 
advance.  From  the  amount  of  work  desired 
to  be  done  the  next  year  the  number  of  crews 
needed  was  decided  in  the  fall  before.     The 

TABUO    I— DISTRIBUTION     OF     EXPENSES, 
TASLJNA  BRIDGE. 

Plant. 
Tools,  at  Valdez   $    284.90 
Pile  driver,  at  Valdez     1,080.75 
Horses       1,597.00 
Sleds  and  harness        574.47 
Camp  outfit        247.10 

$3,784.22 Deduct  horses  charged  Route  6     575.00 —   $3,209.22 
Transportation    Material    and 
Crew  to  Bridge: 

Own    teams,    labor    and     forage 
(7'/4  tons  at  11"4  cts.  per  lb.).  .?1, 735.92 

Hired   transportation    (lOH   tons 
at  12 Vi  cts.  to  25  cts.  per  lb.)..  2.936.08 

Wages  of  crew  en  route         S92.00   J5.564.00 
Getting  Out  Timber  (15,000  Iln. 

ft.  at  19  cts.): 
Felling      $    769.15 
Swamping           173.60 
Hauling.     Including     forage     of 
teams        1,911.12 

$2,853.87 Charged  to  piling   $    301.92 
Charged  to  cribs        603.83 
Charged   to  trus.ses     1,234.64 
Charged  to  decking        713.48   $2,853.87 

Substructure: 
Cutting  out  Ice  for  piers 

(five)      $    267.35 
Thawing         168.65 

Piling  (150  piles  at  $7.82): 
Setting  up  driver,  mak- 

ing frame,  repairs, 
taking  down  and  stor- 
Inc      $    220.28 

Proportional  cost  timber     301.92 
Driving  piles            406.29 
Cutting  fuel            44.30 
Night  fireman           200.30 

  $1,173.09 
Cribs  (660  cu.  yds.  at  $5.72): 

Material,   Iron      $      64  50 
Proportional  cost  timber     603.83 
Framing            416.21 
Filling.   Including  forage 

of  teams         890.67 
  $1,975.21 

Riprapping       136.73   $3,721.03 
Trusses    (two    108    ft. 

and  two  50  ft.): 
Materials,  Iron,  at  Val- 

dez     $    499.22 
Proportional  cost  timber  1,234.64 
Hewing  and  whipsawing 

(r..2SC)  lln.    ft.  at  16c)..       851.21 
Framing           633.60 
Erecting            160.10 
Falsework            41.90 

   3,320.67 
Decking    f4.500    sq.    ft. 
at  28  cts.): 

Proportional  cost  timber  $713.48 
Hewing       342.60 
iJiylnir       124.70 
Wheel  guard!      117.26    1,298.03 

Ooneral: 
Hlacellnneoun       material 

used   In   construction...!      46.31 
PlnrkBmithlng           390.68 
Cooklnif  and   camp        678.25' 
Superintendence       1,306.44 

   2.321.38 

Total      $19,484.43 

following  were  the  standard  bridge  crews  and 
equipment : 

Personnel. 
1   foreman.  I   cook. 
1  iplN'-clrlvcr    engineer.      2  rnrponters. 
1   bhu  kstnlth.  2  hrond-axe  men. 
1  teamster.  10  laborers. 

Equipment. 
4  or  6  horses. 
Pile-driver. 
Extra  bolliT  and  thawing  points. 
Carpenter  tools,  axes,  ship  a\igors,  etc. 
Camp  outfit. 
Sleds,  depindlng  upon  condition. 

The  thawing  points  are  for  melting  the  ice 
in  the  frozen  ground  by  mcins  of  steam  car- 

ried through  a  hose  from  the  extra  boiler. 
The  number  of  men  and  horses  needed  and 

the  supplies  and  equipment  for  each  crew  were 
worked  out  in  detail,  and  the  supply  point 

for  each  crew's  summer  work  determined. 
The  supplies  and  material,  except  bridge  ma- 

terial and  occasionally  tools,  were  bought  late 
in  the  fall  by  the  disbursing  officer  after  ad- 

vertising in  Valdez  and  Seattle.  Bridge  equip- 
ment and  occasionally  tools  were  bought  by 

the  engineer  officer  in  Seattle  at  the  same  time. 
Also  such  sleds  for  transportation  and  horses 
as  might  be  needed  during  the  winter.  These 
supplies  were  usually  delivered  at  Valdez 
early  in  January.  The  latter  part  of  Janu- 

ary, when  the  days  lengthened  so  that  sledding 
could  be  done  to  advantage,  the  sledding  crews 
were  organized.  Transportation  was  with 
double-ender,  single-horse  sleds.  Bob  sleds 
would  ordinarily  have  been  cheaper  and  easier 
on  the  trail,  but  on  account  of  the  great  snow- 

fall and  drifts  over  Thompson  Pass  and  con- 
sequent e.\pense  and  uncertainty  of  keeping 

the  trail  open,  double-cnder  sleds  had  to  be 
used.  Also  over  the  Delta  Summit,  on  ac- 

count of  sudden  storms  and  danger  of  open 
water,  it  was  not  safe  to  attempt  to  use  bob 
sleds.  To  have  had  enough  sleds  and  horses 
to  carry  all  equipment  at  once  would  have 
been  too  expensive  and  a  system  of  relays  one 
day  apart  was  therefore  used.  The  sleds 
would  be  loaded  and  taken  as  far  as  they 
could  for  a  day  and  camp  established  and  the 
sleds  unloaded,  then  more  trips  back  and  forth 
until  all  supplies  were  hauled  to  this  point ; 
then  another  camp  one  day  further  on  would 
be  established  in  the  same  way,  and  so  on. 
This  was  found  much  cheaper  than  to  attempt 
to  haul  things  straight  through.  Freight  would 
be  stored  in  various  caches  along  the  road. 
A  cache  might  be  defined  as  a  depot  where 
supplies  are  stored  for  safe  keeping.  For 
safety,  these  caches  were  put  either  near  a 
telegraph  station  or  a  road-house ;  the  keys 
were  delivered  to  the  telegraph  operator  (a 

signal  corps  soldier),  or  to  the  road-house 
keeper.  When  the  freighting  was  completed, 
bridge  crews  would  be  left  to  do  their  work 
before  spring  and  the  remainder  of  the  men, 
with  horses  and  sleds,  taken  back  to  Valdez. 
Owing  to  the  great  cost  of  transportation  only 
the  very  best  of  all  kinds  of  supplies  were 
bought.  Grain  was  double-sacked  to  prevent 
loss;  hay  was  double-compressed,  to  save 
space,  and  sacked — triple-compressed  hay  be- 

ing found  to  break  up  and  become  powdery. 
The  cost  of  transportation,  of  course,  varied, 
but  with  sled  roads  in  good  condition  it  was 
found  that  to  take  supplies  to  Millers  Road- 
house,  about  2.50  miles,  cost  about  13%  cts. 
per  pound.  The  cost  increased  greatly  with 
the  distance,  as  the  supplies  necessary  for  the 
sledding  crews  naturally  reduced  the  amount 
of  freight  hauled. 

In  the  spring  any  extra  horses  needed  were 
bought,  usually  in  Seattle  by  the  engineer  offi- 

cer or  superintendent,  and  the  road  crews 
were  organized.  When  there  were  not  Sufis' 
cient  laborers  in  Valdez  it  was  necessary  to 
get  them  in  Seattle,  but  this  was  seldom  done, 
as  the  Alaskan  laborer,  being  familiar  with 
conditions,  was  much  more  efficient. 
Thompson  Pass  was  not  usually  open  for 

summer  transportation  before  about  the  mid- 
dle of  June.  The  crews  would  then  be  sent 

in  to  the  different  places  where  they  were  to 
work.  The  bridge  crews  left  inside  having 
completed  their  work  would  be  started  on  road 
work,  it  being  possible  to  start  on  this  work 
before  the  crews  could  get  over  the  pass. 
During  the  break-up,  that  is,  when  snow  was 
melting,  the  pass  is  practically  impassable. 
The  crews  usually  returned  early  in  October. 

Design,     Construction     and     Detailed 
Labor  Costs  of  the  Substructure  of 

the     Double  -  Leaf     Trunnion 
Bascule    Bridge    at    Chi, 

cago  Ave.,  Chicago,  III. 
(Staff  Article.) 

I.    Design. 

The  new  Chicago  Ave.  Bridge,  which  spans 
the  Chuago  River  at  Chicago  Ave.,  Chicago, 
is    a    dniible-Icaf    trunnion    bascule    structure 
with  a  clear  span  of  Ifil  ft.  3  ins.  and  a  length, center  to  center  of  trunnions,  of  1S8  ft   0  ins 
The  bridge  has  a  clear  roadwav  of  36  ft.  and 
t^vo  12-ft.   sidewalks.    In  this  issue  we  shall describe  and  illustrate  the  principal  design  fea- 

tures of  the  substructure  of  this  bridge  as  an 
introduction  to  an  exceptionally  complete  con- 
tril)utcd   article   which   viill   be   published   in   a 

-i?r-----p 
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later  issue  on  the  nicthods  ,'uid  costs  of  con- 
structing  the   bridge   substructure. 

An  outline  of  the  structure  indicating  some 
of  the  design  features  is  shown  in  Fig.  1.  The 
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trusses  are  spaced  39  ft.  6  ins.  on  centers,  each 
leaf  having  a  depth  at  the  free  end  of  11  ft. 
C  ins.  and  a  depth  over  the  river  piers  of  27 
ft.  3  ins.,  center  to  center  of  chords.  The 
sidewalks  are  carried  outside  of  the  trusses 
on  cantilever  brackets,  which  extend  10  ft. 
3  ins.  beyond  the  center  lines  of  the  chords. 
The  four  concrete  piers  vihich  support  each 
leaf    of    the    bridge    are    carried   to   bed-rock, 

sheeting   was   to    be    left    in    place    after    the 
piers  were  completed. 
Facing  and  Waterproofing  Courses. — In  or- 

der to  waterproof  the  pits  and  to  prevent  dis- 
integration of  the  concrete  surfaces,  they  were 

required  to  be  finished  as  follows :  A  hori- 
zontal layer  of  cement  mortar  at  least  6  ins. 

thick  was  to  be  placed  in  the  tail  pit  floors, 
as  noted  on  the  plans.     The  remainder  of  the 

of  the  walls  and  piers.  (During  construction 
the  dimensions  of  the  upper  portions  of  some 
of  the  piers  were  changed  slightly,  although 
the  cross-sectional  areas  were  not  essentially 
changed.)  The  west  anchor  piers  are  spaced 
49  ft.  on  centers,  while  the  west  river  piers 
are  spaced  51  ft.  2  ins.  on  centers,  the  center 
to  center  distance  of  the  river  and  anchor 

piers  being  38  ft.  3  ins.     The  spacing  of  the 
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Fig.  2.   Foundation   Plan  of  the  Chicago  Ave.  Trunnion  Bascule  Bridge,  Showing  General   Dimensions    and    Location    of    Piers,    Walls 
and    Abutments. 

which  lies  about  83  ft.  below  city  datum.  The 
bottom  of  the  counterweight  pits  is  at  ele- 

vation —20.0,  which  is  about  2  ft.  above  the 
bed  of  the  river  at  the  site.  The  foundation 
work  was  somewhat  complicated,  as  it  was 
necessary  to  design  and  construct  it  so  as 
to  provide  for  a  6-ft.  water  pipe  tunnel  and  for 
a  future  double-bore  subway  tunnel,  the  loca- 

tions of   which  are   shown -in   Fig.  3. 
SPECIFICATIONS. 

Concrete. — The  concrete  used  in  the  con- 
struction of  the  substructure  was  a  1 :3 :5  mi.x. 

The  fine  aggregate  consisted  of  torpedo  sand, 
it  being  required  that  the  sand  should  pass  a 
screen  having  %-in.  diameter  holes,  and  that 
not  more  than  6  per  cent  of  it  should  pass  a 
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Fi/fure  Subway  Tunr  le/. 
Water  Pipe  Tunnel 

floor  surface  in  the  tail  pits  was  to  be  laid 
continuously  until  completed,  the  top  of  the 

floors  being  finished  with  a  3-in.  layer  of  ce- 
ment mortar.  The  faces  of  all  piers  and  tail 

pits  were  also  required  to  be  finished  with  a 
layer  of  cement  mortar,  the  thicknesses  of  this 
layer  being  6  ins.  for  the  outside  of  piers  and 

tail  pit  walls  below  elevation  -f-  2.0  and  2  ins. 
above  this  level.  The  inside  faces  of  the  tail 

pit  walls  were  to  be  finished  with  a  2-in.  layer 
of  cement  mortar.  These  waterproofing  and 
finishing  layers  were  placed  inside  of  wooden 
forms  and  boxing,  and  were  carried  up  with 
the   concrete. 

DESIGN    FEATURES. 

Figure    1    illustrates    some    of   general    fea- 
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Fig.  3.  (a)  Cross  Section  of  Pit  and  Elevation  of  East  Anchor  Pier  of  Chicago  Ave.  Bridge, 

(b)    Front  Elevation  of  East  River  Pier.     Note   Locations  of   Future  Subway  Tunnel 
and  Water  Pipe  Tunnel. 

sieve  having  100  meshes  per  linear  inch.  The 
coarse  aggregate  was  required  to  be  that  re- 

tained on  a  %-in.  mesh  screen  and  passing 
a  screen  having  l'/4-in.  diameter  holes. 

Steel  Sheeting. — The  prismatic  portions  of 
the  pier  shafts  were  required  to  be  enclosed 
with  steel  sheet  piling  weighing  not  less  than  3.5 
lbs.  per  square  foot,  the  sheeting  extending 
from  elevation  — 20.5  to  elevation  — 45. 'L    This 

tures  of  the  foundation  design.  The  weight 
of  each  movable  leaf  of  the  bridge  and  its 

operating  machinery  is  carried  on  four  con- 
crete piers  resting  on  bed-rock.  The  abut- 

ments of  the  short  approach  spans  and  the 

enclosing  walls  of  the  structure  are  sup- 
ported  on  pile   foundations. 

Figure   2   shows   a   foundation   plan   of   the 
bridge   and   gives    the    size    and    arrangement 

east  river  and  anchor  piers  is  the  same  as  for 
the  west  piers. 

Figure  3  (a)  shows  a  cross  section  of  the 
east  pit  and  an  elevation  of  the  east  anchor 
piers.  This  drawing  also  shows  the  location 
of  the  future  subway  tunnel  and  of  the  water 

pipe  tunnel.  It  will  be  noted  that  below  ele- 
vation — 45.0  the  piers  are  circular,  the  diam- 

eter being  7  ft.  A  boring  taken  near  the 
north  anchor  pier  (see  Fig.  3,  c)  showed  the 
subsoil  to  consist  of  the  following  strata: 

Elevation  +  7.5  to  elevation  +  3.0,  filled  in  ma- terial. 
Elevation  -|-  3.0  to  elevation  —  34.0,  soft  blue 

clay. 

Elevation  —  34.0  to  elevation  —  6S.0,  stiff  blue clay. 

Elevation  —  6S.0  to  elevation  —  76.0,  dry.  hard, 
blue  clay  and  gravel. 

Elevation  —  76.0  to  elevation  —  77.0,  sand  and 
loam. 

Elevation  —  77.0  to  elevation  —  82.0,  clay,  gravel 
and  boulders. 

Elevation  —  82.0,  bed-rock. 

The  elevation  of  bed-rock  at  various  points 
of  the  site  varies  from  about  • —  80.5  to  — 
83.0. 

Figure  3  (b)  shows  a  front  elevation  of  the 
east  river  piers,  the  diameter  of  the  pier 
shafts  below  elevation  — 45.0  being  8  ft.  This 
drawing  also  shows  the  locations  of  the  future 
subway  tunnel  and  of  the  water  pipe  tunnel. 

Figure  4  shows  details  of  design  of  the 
west  abutment  and  the  west  piers  and  pit. 
These  drawings  show  the  arrangement  of  the 
reinforcing  bars  and  the  reinforcing  trusses 
and  anchorage  used.  The  east  abutment, 

piers  and  pit  are  of  similar  construction.  Fig- 
ure 4  (a)  shows  a  cross  section  of  the  west 

abutment  and  gives  the  principal  dimensions, 
together  with  the  location  of  the  foundation 
piles.  This  abutment  has  a  total  height  of  22 
ft.  0%  in.,  a  length  of  80  ft.,  and  a  width  of 
footing  of  13  ft.  The  abutment  is  of  the 

counterfort  type,  the  thickness  of  the  counter- 
forts beine  2  ft.  and  their  spacing  13  ft.  on 

centers.  Figure  4  (b)  shows  a  longitudinal 
section   of  the  west  piers  and   pit  and  gives 
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the  position  of  the  reinforcing  trusses  and  the  in   connection   with    Fig.    1   will   give   a  clear 

anchorage    for    the    superstructure.     Figure    4  conception   of   the   relation   between   the   su&- 

(c)  shows  a  cross  section  of  the  pit.  and  indi-  structure,   the  superstructure,  and   the  operat-
 

cates  the  position  of  the  reinforcing  trusses,  ing    machinery.        The    structural    steeiworK
 

machinery    girders,    etc.        The    heavy    girder  shown   in    Fig.   4   was   furnished   by   the  con- 
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E.&C 

of  West Bridge, 

Pehlfeldt,  bridge  engineer,  and  .Ale.xander  yon 
Babo,  designing  engineer. 

"A  F"  is  the  .-mchor  culunui  floortioam,  which 
carries  the  stringers  of  the  approach  span. 
Figure  4  (d)  shows  an  elevation  of  the  west 
river  piers  and  indicates  the  system  of  rein- 

forcement used.     .^   stu-ly  of   these   drawings 

tractor  for  the  superstructure,  but  it  was  set 
6y  the  contractor  for  the  substructure. 

PERSON. N  EL. 

The  design  of  this  bridge  was  in  charge  of 
John  Ericson,  city  engineer  of  Chicago,  Thos. 

General      Specifications      for      Bridge 
Work  of  Illinois  State  Highway 

Commission. 
There  is  at  present  a  tendency  on  the  part 

of  writers  of  highway  bridge  specifications 
to  show  more  originality  in  the  preparation 

of  such  specifications  and  to  depart  some- 
what from  the  stereotyped  form  so  long  fol- 

lowed. Marked  changes  have  been  necessary 
due  to  heavier  loads  and  to  the  advisability 
of  building  permanent  types  of  bridges.  The 

following  extracts  from  the  "General  Specifi- 
cations for  Bridge  Work"  now  in  use  by  Illi- 

nois State  Highway  Commission  are  of  in- 
terest. These  specifications  govern  all  bridge 

work  which  requires  the  approval  of  a  County 
Superintendent  of  Highways  or  of  the  State 

Highw-ay  Commission.  They  are  intended  for 
bridges  located  outside  of  the  corporate  limits 
of  cities  and  villages  and  which  are  expected 

to  carry   heavy   highway  traffic  onl\-. 

Types  of  Bridges. 
CONCRETE    ERILGES. 

Culverts. — For  culverts  requiring  an  area  of 

waterway  of  12  sq.  ft.  or  less ;  plain  or  rein- 
forced concrete  arches,  reinforced  concrete 

boxes,  reinforced  concrete  pipe  or  double 
strength   cast   iron  pipe. 

Small  Bridges. — For  cuherts  having  a  wa- 
terway of  more  than  12  sq.  ft.,  and  for  bridges 

having  spans  up  to  30  ft. :  reinforced  concrete 
slabs,  plain  or   reinforced  concrete  arches. 

Bridges. — For  bridges  having  spans  of  3U 
ft.  to  ti.")  ft. :  reinforced  concrete  through  or 
deck  girders,  plain  or  reinforced  concrete 
arches. 

For  bridges  having  spans  greater  than  ti.j 
ft.;  plain  or  reinforced  concrete  arches. 

Arches. — Plans  for  plain  or  reinforced  con- 
crete arches  will  not  be  approved  unless  found- 

ed on  solid  rock  or  unusually  firm  hardpan. 
except  for  paved  culverts  and  very  small 
paved  bridges. 

STEEL    BRIIXIES. 

Use  Of.— In  general,  plans  for  steel  bridges 
will  not  be  approved  except  for  structures 

spanning  drainage  ditches,  navigable  chan- 
nels, and  for  locations  where  the  cost  of  con- 
crete structures  would  be  prohibitive. 

Bridges  Over  Drainage  Ditches.  —  For 
bridges  spanning  drainage  ditches  where  it  is 

anticipated  that  it  will  be  necessary  to  re- 
move the  bridge  superstructure  periodically  to 

permit  the  passage  of  a  dredge,  those  having 
pin  or  bolted  field  connections  shall  be  used. 

Types  for  Various  Spans.— For  bridges  bay- 
ing spans  of  12  ft.  to  4-5  ft.;  steel  I-beams. 

For  bridges  having  spans  of  30  ft.  to  100 

ft.;  plate  girders  or  "riveted  pony  trusses. 
For  bridges  having  spans  of  90  ft.  to  ICt' ft. ;   riveted  trusses  with  parallel  chords. 

For  bridges  having  spans  of  100  ft.  or  more; 
riveted  or  pin-connected  trusses  with  paralle. 
or   inclined  upper  chords. 

RO.\n\v.-yvs. 
In  general  the  clear  width  of  roadways  for 

bridges  shall  be  not  less  than : 

On  Designated  State  Aid  /?oh/(?.s.— Bridges 

up  to  and  "including  25  ft.  in  length,  24   ft. 
Bridges  25  ft.  and  up  to  and  including  60  ft. in  length,  20  ft. 

Bridges  over  60  ft.  in  length.  18  ft. 

Length  is  understood  to  mean  the  distance face  to   face  of  abutments. 

Bridges  located  on  designated  state  aid 
routes  at  a  distance  of  more  than  10  miles, 

by  direct  route  from  any  city  having  a  pop- 
ulation of  .5,000  or  vver  and  at  a  distance 

of  more  than  3  miles  from  any  city  having  a 

population  of  less  than  5,000  may  provide 

roadways  20  per  cent  narrower  than  above 
prescribed,  with  a  minimum  of  18  ft. 
■  No  bridge  shall,  however,  when  located  on 

a  designated  state  aid  route  within  50  miles 

of  any  city  haying  a  population  of  over  200.- 
000  have  a  clear  roadway  of  less  than  24   ft. 

On  Principally  Traveled  Roads.— On  prin- 

cipally traveled  "roads,  other  than  designated state  aid  routes : 

L\ 
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Bridges  and  culverts  of  S  ft.  or  less  in 
length,  24  ft. 

Bridges  over  8  ft.  and  up  to  and  including 
liO  ft.  in  length,  18  ft. 

Bridges  over  60  ft,  in  length,  16  ft. 
Xo  such  bridge  or  culvert  shall,  however, 

when  located  within  3  miles  by  direct  route 
of  any  city  or  village  having  a  population  of 
10,000  or  over,  have  a  clear  width  of  road- 

way of  less  than  24  ft.  for  bridges  having  a 
length  of  25  ft.  or  less;  nor  less  than  18  ft. 

for  bridges  having  a  length  of  more  than 
25  ft. 

On  Secondary  Roads. — On  lesser  traveled 
or  secondary  roads : 

Bridges  and  culverts  of  8  ft.  or  less  in 
length,  20  ft. 

Bridges  over  8  ft.  in  length,   16  ft. 
Culverts  Under  Fills. — When  culverts  are 

built  under  fills,  the  length  of  the  barrel  of 
the  culvert  shall  be  such  as  to  permit  of  side 
.slopes  of  2  horizontal  to  1  vertical,  and  in 
addition,  a  top  width  of  fill  not  less  than  as 
follows : 

On  designated  state  aid  routes,  25  ft. 
On  principally  traveled  roads,  25   ft. 
On    secondary    roads,   20    ft. 

Loadings. 

DEAD   LO.\DS. 

Concrete  Floor  and  IVearint/  Surface. — All 
members  and  details  of  steel  bridges  shall  de  de- 

signed to  carry  a  concrete  floor  slab,  assumed 
to  weigh  not  less  than  48  lbs.  per  square  foot 
of  roadway  surface  and  a  pavement  or  wear- 

ing surface  assumed  to  weigh  not  less  than 
5m  lbs.  per  square   foot. 

Weight  of  Materials. —  In  computing  the 
dead  load,  the  following  unit  weights  shall 
be  used : 

Lbs  per 
cu.  ft. 

•~5teel          490 
Concrete          144 
Earth  fill        100 
Oravel,  tamped        120 
.Macadam  and  gravel  rolled    140 
Brick          150 
Yellow  pine  and  Douglas  fir         42 
"ak            54 
L'reosoted  pine  or  fir         60 

LIVE    LOADS    FOR    CON'CRETE    BRIDGES. 

Concrete  bridge  structures  shall  be  designed 
to  sustain  in  addition  to  the  dead  load,  a  uni- 

form live  load  of  125  lbs.  per  square  foot  of 
roadway  surface,  or  the  concentrated  live  load 
mdicated  in  Fig.  1.  In  all  cases  the  load  used 
and  its  position  on  the  bridge  shall  be  that 
which  will  produce  the  greatest  stress  in  that 
part  of  the  structure  under  consideration. 

LIVE    LOADS    FOR    STEEL   BRIDGES. 

Concentrated  Load. — .^11  floor  systems  shall 
be  designed  to  sustain,  in  addition  to  the  dead 
load,  a  concentrated  live  load  of  not  less  than 

15  tons,  which  shall  be  considered  as  sup- 
ported on  two  axles,  spaced  10  ft.  apart,  the 

rear  axle  to  carry  10  tons  and  the  forward 
axle  5  tons. 

Concrete  Floor  Stabs. — Concrete  floor  slabs 
shall  be  designed  to  carry,  in  addition  to  the 
dead  load,  a  uniform  live  load  of  1,440  lbs, 
per  square   foot  of   slab. 

Longitudinal  Stringers. — Stringers  arranged 
parallel  to  the  axis  of  the  roadway  shall  be 
spaced  not  more  than  2%  ft.  apart  and  each 
stringer  shall  be  designed  to  carry  not  less 
than  20  per  cent  of  the  rear  axle  load  indi- 

cated above,  considered  as  concentrated  at  the 
center  of  the  stringer  span. 

Transverse  Stringers.  — •  In  plate  girder 
bridges  when  the  stringers  are  arranged  at 
right  angles  to  the  axis  of  the  roadway,  and 
are  spaced  not  more  than  2%  ft.  apart,  each 
stringer  shall  be  designed  to  carry  not  less 
than  40  per  cent  of  the  rear  axle  load  indi- 

cated above,  considered  as  uniformly  dis- 
tributed over  the  middle  10  ft.  of  the  stringer. 

Uniform  Load  on  Stringers. — Stringers  of 
spans  under  50  ft.  in  length  shall  be  designed 
to  carry  a  uniform  live  load  of  not  less  than 

125  lbs.  per  square  foot  of  roadway  sur- 
face, and  of  spans  over  50  ft.  in  length,  100 

lbs.  per  square  foot  of  roadway  surface 
when  such  uniform  live  load  would  produce 
stresses  in  excess  of  those  produced  by  the 
above  concentrated  load. 

Floorbeanis. — Floorbeams  shall  be  designed 
to  carry,  in  addition  to  the  dead  load,  the 
full  concentrated  live  load  specified,  arranged 
in  such  position  as  to  produce  maximum 
stresses  in  the  floorbeams,  or  for  spans  of  50 
ft.  or  less  a  uniform  live  load  of  not  less 

than  125  lbs.  per  square  foot  of  roadway  sur- 

face, and  for  spans  of  -^reater  length  tlian  50 
ft.  a  uniform  live  load  of  not  less  than  100 

lbs.  per  square  foot  of  roadway  surface,  pro- 
vided such  uniform  live  load  would  produce 

greater  stresses  than  the  concentrated  load 
described. 

Loads  for  Trusses. — In  designing  all  trusses 
and  plate  girders,  the  following  uniform  live 
loads,  arranged  in  such  position  as  to  pro- 

duce the  maximum  stress  in  the  member  or 
detail  under  consideration,  shall  be  assumed: 

For  spans  of  50  ft.  or  less,  a  uniform  live  load 
of  1-5  lbs.  per  .^(juare  foot  of  roadway  surface. 
For  spans  over  50  ft.,  up  to  and  Including  150 

ft.,  100  lbs.  per  square  foot  of  roadway  surface. 
For  spans  longer  than  150  ft.,  85  lbs.  per 

square  foot  of  roadway  surface. 

Wind  Load. — To  provide  for  wind  strains 
and  vibrations,  all  lateral  bracing  shall  be 
designed  for  a  wind  load  of  25  lbs.  per  square 
foot  of  the  vertical  projection  of  the  exposed 
surface  of  both  trusses  and  the  floor  system. 
No  such  wind  load  shall,  however,  be  figured 
at  less  than  300  lbs.  per  lineal  foot  of  bridge 
for  the  loaded  chord  nor  less  than  150  lbs. 

per  lineal  foot  of  bridge  for  the  unloaded 
chord. 

Xo  permanent  lateral  bracing  need  be  pro- 
vided in  the  plane  of  the  loaded  chord,  pro- 
vided a  solid  concrete  floor,  reinforced  in 

both  directions,  is  immediately  to  be  placed 
on   the    structure.     In   this   case,   however,    a 
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Fig.  1.   Diagram  Showing  Concentrated  Live 
Load    Used    in    the    Design    of    Highway 

Bridges    by    Illinois   State    Highway 
Commission. 

temporary  lateral  system  consisting  of  ad- 
justable rods  must  be  used  to  hold  the  chord 

in  line  while  the  floor  is  being  placed.  After 
the  floor  is  completed,  such  temporary  laterals 
must  be  removed. 

Allowable  Stresses. 

The  modulus  of  elasticity  of  steel  shall  be 
taken  as  30,000,000  lbs.  per  square  inch. 
The  modulus  of  elasticity  of  concrete  shall 

be  taken  as  2,000,000  lbs.  per  square  inch. 
The  coefficient  of  expansion  of  concrete, 

plain  or  reinforced,  shall  be  taken  as  0.000,006. 
The  total  combined  stress  in  the  various 

parts  of  any  bridge  structure  shall  not  ex- 
ceed  the   following : 

CONCRETE   ABUTME.VTS   AND   PIERS. 

Lbs.  per 

sq.  In. 

Tension  in  concrete          00 
Compression  in  Class  A  concrete        700 
Compression  in  Class  B  concrete        450 
Tension  in  i  einforcing  steel   16,000 
Bond  between  reinforcing  steel  and  con- 

crete (surface  area)          80 

REINFORCED      CONCRETE      SLAB      SUPERSTRUCTURE. 

Restrained  Slabs. — Slabs  restrained  from 

free  expansion  or  contraction  due  to  tem- 
perature changes,  by  friction  on  abutments  or 

otherwise : 
Lbs.  per 

sq.  in. 
Tension  in  concrete          CO 
Compression  in  concrete   (Class  A)        800 
Shear  (diagonal  tension)  in  concrete 
when  no  shear  reinforcement  is  pro- 

vided            40 
Shear    (diagonal    tension)     In    concrete 

when     reinforcement     is     provided     for 
shear  in  excess  of  40  lbs.  per  sq.  in...        I'^O Bond  between  reinforcing  steel  and  con- 

crete (surface  area)    go 
Tension  in  reinforcing  steel   .12,000 

Simple  slab  bridges  when  the  slab  is  merely 
separated  from  the  foundation  walls  by  means 
of  a  paper,  felt,  tar  or  asphalt  joint  will  not 
be  considered  as  free  to  expand  or  contract. 

REINFORCED    CO.VCRETE    GIRDERS. 

Provision  for  Free  E.rpansion.—Reinforced 
concrete  girders  shall  in  everv  case  be  pro- 

vided with  rocker  or  other  efficient  bearings 
of  nominal  friction  and  all  parts  of  the  super- 

structure shall  be  completely  separated  from 
the  foundations  by  an  open  joint  or. a  joint 
not  less  than  %-in.  thick,  filled  with  bitumi- 

nous  felt. 
Lbs.  per 

Tension  in  concrete    ^''o'o' 
Compression  in  concrete   (Class  A).!.         i  OOO 

Shear     (diagonal     tension)     in     concrete     ' when    no    shear   reinforcement    is    pro- 

vided          "^  40 
Shear  (diagonal  tension)  when  reinforce- 

ment IS  provided  for  shear  in  excess  of 
40  lbs.  per  sq.  in    i^o Bond  between  reinforcing  steel  and  con- 

crete (surface  area)    go 
Tension  in  reinforcing  steel   '   le  oOO 
Bearing  on  expansion  rockers  (cast  iron)     ' resting  on   steel   plates    300d 

(d  =  diameter  of  rocker  in  inches.) 
PLAIN     AND    REINFORCED    CONCRETE    ARCHES. 
Except  for  three-hinged  arches,  temperature 

stresses  mduced  by  a  range  of  40°  either  way 
from  the  normal  shall  be  provided  for  in  ad- 

dition to  dead  and  live  load  stresses. Lbs.  per 

Tension  in  concrete          oo 
Compression  in  concrete  (Class  A)......      800 Shear  (diagonal   tension)   when  no  shear 

reinforcement   is  provided    40 
Shear  (diagonal  tension)  when  reinforce- 

ment is  provided  for  shear  in  excess  of 
40  lbs.  per  sq.  in    120 

Bond  between  reinforcing  steel  and  con- 
crete (surface  area)          go 

Tension  in  reinforcing  steel   16.000 
RESTRAINED   STRUCTURES. 

The  stresses  specified  for  "Restrained  Slabs" 
shall  not  be  exceeded  in  the  design  of  all  re- 

inforced concrete  slabs,  beams,  girders  and 
other  parts  of  the  bridge  superstructure,  when 
such  part  is  restrained  from  free  expansion 
and  contraction  by  sliding  friction  on  supports 
or  otherwise. 

Simple  slab  structures  and  T-beam  super- 
structures resting  directly  on  the  foundations 

are  of  this  class. 

UNRESTRAINED   STRUCTURES. 

The  stresses  specified  for  "Reinforced  Con- 
crete Girders"  shall  not  be  exceeded  in  the 

design  of  all  reinforced  concrete  girders, 
beams,  slabs  and  other  parts  of  the  bridge 
superstructure,  when  such  part  may  expand 
and  contract  practically  without  restraint  bv 
friction   on  abutments  or  otherwise. 
Reinforced  concrete  girders  resting  at  one 

end  on  rockers,  floorbeams  and  floor  slabs 
of  through  or  deck  girders  are  of  this  class. 

.STEEL  SP.\NS. Lbs.  per 

„       .  sq.  in. Tension. 

Medium  steel  and  castings         16  000 
Wrought   iron     13^000 

Compression. 
Compression      16.000-70  1/r 

but  not  to  exceed  14.(iO0  lbs.  per  sq.  in 
1  =  unsupported    length    of    member    in inches, 

r  =  corresponding  radius  of  gyration  in inches. 

The  greatest  !/r  shall  not  exceed  120  for 
main  truss  members  nor  14«  for  lat- 

eral or  other  secondarv  members. 
Forked   ends  and   extension  plates.  .10.000-300  1/t 
1  =  distance  in  inches  from  center  of  pin 

hole    to    first    rivet    beyond    point 
where  full  section  of  the  member begins, 

t  =  thickness  of  plates. 
Cast  steel       16.000 Bending. 

Extreme    fiber    of    rolled    and    built    up 
sections    and    steel    castings,    tension 
and  compression      16.000 

Extreme  fiber  of  pins     24.000 
Shear. 

Shop  rivets  and  pins      10,000 
Bolts  and  field  rivets        S.OOO 
Webs  of  rolled  or  built  up  beams,  gross 
section  (average)      10,000 Bearing. 

Pins  and  shop  rivets     20,000 

i^ 
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Bolts  and  field  rivets     16,000 
Expansion  rollers  600  times  diameter  of 

roller  In  Inches,  per  linear  Inch. 

Rezersing  Stresses. 

Connections  of  members  carrying  reversing 
stresses  shall  be  proportioned  for  a  stress 
found  by  adding  %  of  the  lesser  to  the  greater 
stress. 

IVittd  Load,  Chord  Stresses. 
The  stresses  in  the  truss  members  or  trestle 

posts  from  the  assumed  wind  forces  need 
not  be  considered  e.xcept  as   follows ; 
When  the  wind  stresses  in  any  member  ex- 

ceed 25  per  cent  of  the  ma.ximum  stresses 
due  to  the  dead  and  live  loads  upon  the 
member,  the  section  shall  be  increased  until 

the  total  stress  per  square  inch  will  not  ex- 
ceed the  combined  dead  and  live  load  stress 

by  more  than  25  per  cent. 
When  the  wind  stress  alone  or  in  combina- 

tion with  a  possible  temperature  stress  can 
neutralize  or  reverse  the  stresses  in  any  mem- 
ber. 

Concrete  Proportions  and  Uses. 

Unless  otherwise  specially  indicated  on  the 
plans,  there  will  be  three  classes  of  concrete 
known  as  Class  X,  Class  A  and  Class  B. 

Class  X  concrete  shall  consist  of  1  part 
cement,  2  parts  sand  and  not  to  exceed  3Vi 
parts  stone,  which  will  be  retained  on  a  Vi-in. 
screen  and  which  will  pass  a  1-in.  ring.  At 
least  40  per  cent  of  the  stone  shall  be  retained 
on  a  %-in.  screen. 

Class  A  concrete  shall  consist  of  1  part 
cement,  2%  parts  sand  and  not  to  exceed  4 

parts  tsone  which  will  be  retained  on  a  Vi-'m. 
screen  and  which  will  pass  a  IVi-in.  ring.  At 
least  50  per  cent  of  the  stone  shall  be  retained 
on  a  %-in.  screen. 

Class  B  concrete  shall  consist  of  1  part  ce- 
ment, 3  parts  sand  and  not  to  exceed  5  parts 

rock  broken  to  pieces  which  will  be  retained  on 
a  '^-in.  screen  and  which  will  pass  a  2'/i-in. 
ring.  At  least  50  per  cent  of  the  stone  shall 
be  retained  on  a  1-in.  screen. 

Class  X  concrete  shall  be  used  for  all  para- 
pet walls,  bridge  seats  and  floors  of  steel 

bridges. 
Class  A  concrete  shall  be  used  for  all  re- 

inforced concrete  work  and  for  all  plain  con- 
crete measuring  less  than  10  ins.  in  thickness, 

except  for  the  floors  of  steel  bridges. 
Class  li  concrete  shall  be  used  in  all  plain 

concrete  abutments,  piers  and  wing  walls,  and 
shall  also  be  used  elsewhere  as  may  be  pro- 

vided for  on  the  plans  or  by  the  written  di- 
rectors of  the  engineer. 

Foundations. 

Stone  masonry  and  plain  or  reinforced  con- 
crete abutments,  piers,  and  end  walls  for  all 

bridges  and  culverts  shall  be  designed  in  ac- 
cordance with  the  best  modern  practice.  So- 

called  tube  and  leg  foundations  will  not  be 
considered. 

Abutments  to  Be  Sclf-Supportitig. — Abut- 
ments, except  for  reinforced  concrete  slab 

bridges,  shall  be  designed  as  self-supporting 
with  the  approach  fills  complete  in  place. 

Drainage. — Ade(|uate  drainage  for  the  backs 
of  abutments  and  wings  shall  be  provided  by 
tile  or  other  pipe  drains  running  through  the 
walls  at  the  lowest  elevation  possible  which 
will  provide  free  outlets. 

Bailer. — The  batter  on  the  face  of  all  plain 
concrete  walls  and  piers  shall  be  not  less 
than  %  in.  to  1  ft. 

I'ooliiig. — The  footing  width  of  all  plain 
and  reinforced  concrete  abutments,  wing  and 
retaining  walls  shall  be  not  less  than  one- 
third  of  the  height  of  the  wall. 

Diplti  of  Poolings. — Footings  shall  be  car- 
ried down  below  stream  bed  a  minimum  dis- 

tance of  4  ft.  unless  rock  or  unusually  com- 
pact hardpan  is  encountered  at  a  lesser  depth, 

except  for  spans  under  12  ft.  in  length  in 
which  case  a  heavily  reinforced  floor  may  be 
used  to  distribute  the  load  on  the  foundation. 

Loads  on  Footings. — Footings,  floors  of 
paved  culverts  and  abtitmcnt  walls  shall  be 
so  designed  as  to  distribute  the  loads  over 
the  full  length  and  width  of  the  main  wall 
foundations. 

The  pressure  on  ordinan,'  soils  shall  not  ex- 
ceed   1.5   tons   per   square    foot   average,    for 

abutment  wing  or  pier  footings.  \\\xig  foot- 
ings shall  not  be  considered  as  taking  any  of 

the  superstructure  load. 

Cofferdam. — Suitable  and  practically  water- 
tight cofferdams  preferably  of  steel  sheet  pil- 

ing or  tongue-and-groove  wood  piling  shall 
be  used  whenever  water  bearing  strata  are 
encountered  above  the  elevation  of  the  bottom 
of  the  excavation. 

Pumping. — Pumping  will  not  be  permitted 
from  the  inside  of  foundations  forms  while 
concrete  is  being  placed,  and  if  necessary  to 

^^^ent  flooding,  a  seal  of  concrete  shall  be 
pla»d  through  a  chute  or  by  means  of  bot- 
tonTOump  buckets,  and  allowed  to  set. 

Placing  Concrete  Under  Water. — Concrete 
shall  not  be  placed  in  running  water  and  shall 
only  be  placed  in  still  water  with  suitable  ap- 

pliances and  under  the  direction  of  the  engi- 
neer. 

Dimensions  of  Pits. — The  inside  dimensions 

of  pits  and  coff^erdams  shall  be  sufficiently 
large  to  give  easy  access  to  all  parts  of  foun- dation  forms. 

Reinforced  Abutments. — In  properly  de- 
signed reinforced  concrete  abutments  when 

.  the  wing  w:ills  are  located  at  an  angle  of  45° 
or  more  with  the  face  of  the  abutment  w^all, 
advantage  may  be  taken  of  the  mutual  sup- 

port afforded  by  the  main  and  wing  walls 
when  properly  tied  together  by  reinforcing 
steel. 

All  parts  of  such  abutments  shall  be  de- 
signed to  resist  a  pressure,  imposed  upon  the 

vertical  projection  of  all  walls,  figured  as  that 
which  would  be  caused  by  a  fluid  having  the 
same  depth  as  that  of  the  earth  fill  and  con- 

sidered as  weighing  not  less  than  15  lbs.  per 
cubic  foot. 

Retaining  walls,  reinforced  concrete  abut- 
ments and  wing  walls,  when  the  wing  walls 

make  an  angle  of  less  than  45°  with  the  face 
of  the  abutment,  shall  be  designed  to  resist  a 
pressure,  imposed  upon  the  vertical  projection 
of  such  walls,  figured  as  that  which  would  be 
caused  by  a  fluid  having  the  same  depth  as 
that  of  the  earth  fill  and  weighing  not  less 
than  21  lbs.  per  cubic  foot.  In  this  case  the 
width  of  footing  shall  not  be  less  than  0.4 
of  the  height  of  the  wall. 

In  designing  reinforced  concrete  abutments 
for  slab  bridges,  it  may  be  assumed  that  the 
slab  of  the  superstructure  supports  the  top 
of  the  main  wall  as  regards  the  overturning 
effect  of  earth  pressure. 

Footings  of  reinforced  concrete  abutments, 
wing  walls  and  retaining  walls  shall  be  so 
proportioned  that  the  resultant  of  all  forces, 
including  the  weight  of  concrete,  weight  of 
earth  fill  directly  over  the  footing,  weight 
of  superstructure  (on  main  wall  only)  and 
the  horizontal  equivalent  fluid  pressure,  shall 
fall  at  or  back  of  the  forward  edge  of  the 
middle  third  of  the  footing  base. 

EXTRA    F0UNI).\TI0.\    WORK. 

Should  it  be  found  necessary  to  carry  the 
foundations  to  a  depth  exceeding  3  ft.  below 
that  shown  on  the  plans,  the  contractor  shall 
be  paid,  in  addition  to  the  contract  prices 
stated  in  the  proposal,  an  amount  equal  to 
the  cost  of  completing  that  part  of  the  foun- 

dation below  said  3  ft.  plus  15  per  cent  of 
said  cost. 

Cost. — Cost  shall  be  considered  as  made 
up  of  the  cost  of  materials  plus  the  actual 
cost  of  the  labor,  but  shall  not  include  any 
charge  for  overhead,  rental,  depreciation  of 
equipment,    or    other    expense. 

Maintaining  Batter.—Shou\d  it  be  found 
necessary  in  the  judgment  of  the  engineer  to 
increase  or  decrease  the  depth  of  the  founda- 

tions from  that  shown  on  the  plans,  the 
thickness  of  the  wall,  where  said  wall  joins 
the  footing,  shall  be  increased  or  decreased 
the  same  amount  per  foot  as  the  main  wall 
increases  per  foot  of  its  height  as  shown  on 

the  plan-;. General  Features. 

Pony  Trusses.— The  top  chord  of  low  truss- 
es shall  he  securelv  braced  at  the  panel  points 

bv  mcins  of  knee-braces  or  solid  ribbed  ver- 
tical posts  rigidly  connected  to  the  floorbeams. 

Ihe  outstanding  legs  of  angles  used  for  ver- tical posts  shall  not  be  less  than  3  ins 
Clearancc.~Vnr    n1!    fl>r,.„„iT    bridges    there 

shall  be  a  clear  head-room  of  not  less  than 
15  ft.  above  the  crown  of  the  finished  road- 

way. 

Transverse  Bracing.— Intermediate  trans- 
verse frames  shall  be  used  at  each  panel  of 

through  spans  having  vertical  truss  members 
where  the  clearance  will  permit.  Transverse 
frames  shall  be  capable  of  transferring  at 
least  0.7  of  the  wind  load  from  the  top  to  the 
bottom  chord. 
The  top  and  bottom  lateral  systems  shall, 

however,  be  designed  to  carry  the  entire  wind 
load_  to  the  shoes  in  the  usual  manner. 

Rigid  Members. — Hip  verticals  and  similar 
members,  and  preferably  the  two  end  panels 
of  tlie  bottom  chords  of  pin-connected  trusses 
up  to  300-ft.  spans,  shall  be  rigid. 

Reconstruction     of     Pontoon    Bridge    at 
Prairie  du  Chien,  Wis.— The   Chicago,  Mil- 

waukee &  St.   Paul   Ry.  has  completed  a  209- 
ft.  pontoon  bridge  at  Prairie  du  Chien,  Wis., 
which    is   one    of    the    few   structures   of   this 
type   now   in   use   on   railroads.     This   span   is 
over  the  east  channel  of  the  Mississippi  River, 
and  is  one  of  four  spans  in  service  across  the 
two  channels.     The  new  span  is  designed  for 

Cooper's    E-50    loading.      There    is    a    fixed 
span  at  this  point  over  a  part  of  the  channel 
adjacent  to  the  pontoon  span.     The  hull  of  the 
pontoori  is  209  ft.  4  ins.  long,  55  ft.  wide  and 
6  ft.  3  ins.  deep.    It  is  constructed  of  creosot- 
ed  material,  and  is  sheathed  with  4-in.  planks. 
The  deck  of  the  pontoon  is  also  of  4-in.  plank- 

ing,  being   provided    with   three   20x30-in.   in- 
spection   holes    and    eight    ventilating    hatches 

of    the    same    size.     The    bracing   of    the    hull 
consists    of    2-in.    rods    extending    from    the 
ditch  to  the  bottom,  and  it  is  divided  into  six 
compartments   by   five  8-in.   timber   bulkheads. 
The   track   is   carried   on   ten   steel   floorbeams 
spaced  12  ft.  on  centers  and  a  60-ft.  approach 
girder  at  each  end.     In  order  to  provide   for 
the    variation    of    water    level     (the    greatest 
known  variation  between  high  and  low  water 
loads  being  22.5   ft.)    the  floorbeams  are  sup- 

ported on  blocks  and  can  be  moved  vertically 
between   four  guide  posts  at  each  end   a  dis- 

tance  of    18    ft.    to   maintain   the   tracks   at   a 
uniform    elevation.     These   guide   posts    form 
the  vertical  posts   of   two   of  the   four  longi- 

tudinal  trusses   which   extend    along   the   out- 
side  of   the  pontoon    for  its    full   length,   the 

opening   of   the   trusses   in  each   pair   being  9 
ft.  2  ins.  and  of  the  pairs,  19  ft.  2  ins.    These 
trusses   give    stability    to    the   structure.     The 
floorbeams  are  provided   with   hooks   at   each 
end,    to   which    are   attached   cables    which    in 
turn    run    over    sheaves    in    the    tops    of    the 
guide  posts  and  then  to  the  drum  in  the  ma- 

chinery   boat.      In    adjusting    the    track    level 
the  floorbeams  are  raised  one  at  a  time,  the 
blocking    being    inserted    or    removed    as    re- 

quired.     It   requires   about   one   hour   to   raise 
or    lower    the    track.      The     60-ft.     approach 
girders    project     beyond      the     pontoon,     the 
projecting    ends    resting    on    steel    shoes    and 
roller  nests  which   in  turn   rest  on  pile  abut- 

ments.     An   average   of    ten    trains   cross   the 
span    each    day,    the     maximum     permissible, 
speed  being  ten  miles  an  hour. 

Dust  Laying  Methods  in  Memphis,  Tenn. 
—The  lUillctiu  of  the  United  Gas  and  Elec- 

tric t'orporation  states  that  the  dust  of  city 
streets  is  one  of  the  most  discomforting  con- 

ditions of  city  life,  and  there  are  many  cities 

not  adequately  equipped  to  keep  their  streets 
properly  sprinkled.  In  Memphis  the  street 
railway  company  has  for  a  number  of  years 
been  under  contract  with  the  city  to  sprinkle 
such  .streets  as  the  Memphis  Street  Railway Co  's  lines  cover. 

To  take  care  of  this  work  the  Memphis 
company  has  in  operation  five  sprinkling  cars, 
four  of  which  are  of-  4,000-gal.  capacity  and 
one  of  3,000-gal.  capacity.  The  four  large 
sprinklers  distribute  water  by  air  pressure  and 
arc  able  to  efficiently  cover  streets  up  to  80 
ft.  in  width.  Very  good  service  is  being  ren- 

dered by  this  equipment,  and  a  total  of  50 
miles  is  covered  twice  each  day.  In  the  month 
just  passed  approximately  3,000  miles  were 
covered  by  the  sprinklers  and  nearly  14,500,000 
gals,  of  water  distributed. 
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The  Design  and  Construction  of  a  Con- 
crete Pavement  in  the  Village  of 

Glencoe,  111. 
(Staff  Article.) 

The  following  article  describes  the  design 
features  and  details  of  construction  used  in 

connection  with  the  improvement  of  a  sec- 
tion 560  ft.  long  of  Wentworth  St.  in  the 

village  of  Glencoe,  a  suburb  of  Chicago,  111. 
The  methods  of  preparing  plans  and  drawing 
the  ordinance  for  this  work  are  described 
and  illustrated. 

DESIGN    FE.\TURES. 

Drainage. — The    soil    on    which    the    pave- 

fo  property  line  f'-O" _ 
S>idewalr\     ^ 

Cross  Section. — It  was  decided  to  pave  but 
19  ft.  (including  the  curbs)  of  the  central 
portion  of  the  60-ft.  street.  The  pavement 
was  of  reinforced  concrete,  having  armored 

(expansion  joints  at  25-ft.  intervals.  The 
cross  section.  Fig.  1,  was  such  that  the  curbs 
were  combined  with  the  pavement  proper. 
A  thickness  of  8  ins.  at  the  center  and  6  ins. 
at  the  sides  was  used.  A  crown  of  about  2 
ins.  was  provided,  being  at  the  rate  of  Vi  in. 
to  the  foot,  the  surface  curve  being  an  arc  of 
a  circle.  The  curb  exposure  was  3  ins.  and 
its  width  6  ins.  Longitudinal  reinforcement 
of  wire  fabric  having  a  sectional  area  of 
.038  sq.  in.  for  each  foot  of  width,  and  trans- 

verse   reinforcement    of    a    sectional    area    of 

<—  3-0 — »i6i»   

terms  used  were  clearly  defined,  for  instance : 

The  word  parkway  wherever  used  In  this  ordi- 
nance or  upon  drawings  shall  be  construed  to 

mean  the  spaces  between  the  respective  street 
lines  and  the  back  of  the  nearest  curb;  the  term 
sidewalk  line  wherever  used  shall  mean  the  line 
in  the  street  7  ft.  from  and  parallel  with  the 
street  line. 
When  the  diameter  of  a  drain  is  mentioned  or 

referred  to  it  shall  mean  the  internal  diameter. 
Wherever  the  word  sub-grade  is  used  in  this 

ordinance  ft  shall  mean  that  portion  of  the  road- 
way which  has  been  prepared  or  hereinafter 

specified  upon  which  the  pavement  and  curb  is 
to  be  constructed. 
The  term  roadway  shall  mean  thg  portion  of 

19-0   

18-0"    

^^"T?-=-=^*v^?T5^ 
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c4;  Prepared  felt 

~~-  6  Cinders' -Vif.pipe 
I'lz'-i  Concrete 

Details  of  Exoansion  Join+ 

Fig.  1.    Cross  Section  of  Concrete   Pavement  in   Glencoe,    Illinois.     Note    Parkway    and    Arrangement  for   Drainage. 

ment  was  to  be  constructed  was  of  a  clayey 
nature  and  it  was  decided  to  use  tile  drains 
throughout  the  work.  Vitrified  clay  pipe  6 
ins.  in  diameter  laid  on  a  grade  of  not  less 
than  six-tenths  per  cent  was  adopted  for 
this  purpose.  These  drains  led  into  brick 
catch  basins,  Fig.  2,  placed  at  suitable  inter- 

vals, into  which  the  surface  drainage  from 
the  road  also  flows.  Two  outfalls  for  the 
drainage  system  were  provided,  one  at  each 
end.  The  ends  of  the  outfalls  were  protected 
with  concrete  end  walls.  Drain  pipe  were 
laid  at  least  2  ft.  6  ins.  below  the  ground 
surface  and  in  a  bed  of  cinders.  Cinders  were 
also  used  for  backfilling  in  all  trenches  over 
which  pavement  was  placed  and  for  a  width 
of  6  ins.  from  the  pipe  to  the  ground  surface 
in  all  other  trenches.  Figure  1  ihows  the 
usual  location  of  drain  pipe. 

.049  sq.  in.  for  each  foot  of  length  was  re- 
quired. Reinforcement  lapped  2  ins.  and,  of 

course,  did  not  cross  expansion  joints. 

Width  and  Alignment. — The  street  paved 
is  a  residential  street  and  carries  no  through 
traffic,  hence  the  narrow  width  of  paved  way 
adopted.  .\n  interesting  feature  of  the 
alignment  is  the  curve  at  the  end  of  the 
street,  terminating  in  a  paved  circle  having 
a  radius  of  20  ft.  6  ins.  to  the  outside  of  the 
curb,  the  circle  being  tangent  to  one  property 
line  of  the  street. 

PLANS     .AND     0RDIN.\NCE. 

Plans  prepared  for  this  work  were  unique 
in    that   the   ordinance,   specifications   and   de- 

Curb  capable  of  adjust-  y 

ment  4'to7'above  gutter) flna  ' 
Grate  17'"  S£ 360  lb.  cover 
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1  Fig.  2.    Catch   Basin   with  Adjustable   Curb. 

Brick  catch  basins,  Fig.  2,  were  provided, 
the  brick  being  laid  in  1 :2  Portland  cement 
mortar.  The  iron  curb  on  these  catch  basins  is 
adjustable  to  any  height  of  concrete  curb, 
permitting  their  use  with  curbs  of  variable 
heights  when  variation  in  the  curb  heights 
is  desirable  to  secure  gutter  grades  that  drain 

I  well. 

the  street  where  the  pavement  and  curb  Is  to 
be  constructed. 

Plans  were  prepared  on  sheets  8%xl3  ins. 
in  size  to  be  bound  with  specifications  and 
ordinance,  typewritten  on  paper  of  that  size. 
P.oth  the  plan  and  profile,  Fig.  7,  and  con- 

struction details  were  placed  on  these  sheets. 
The  scale  used  for  the  plan  was  1  in.  to 
100  ft.  and  for  the  profile  1  in.  to  100  ft., 
horizontal,  and  1  in.  to  6  ft.  vertical.  Each 

sheet  was  complete  in  itself  and  was  refer- 
enced by  means  of  a  file  and  order  number. 

Colored  areas  were  freely  used  on  the  blue 
line  prints  of  the  plans.  In  coloring  an  or- 

dinary   colored    Blaisdell    paper    pencil    was 

Fig.  3.   Construction   in   Progress    Showing    Method    of    Handling    Striking     Board     and 

Mixing     Plant. 

tailed  plans  were  bound  together,  providing 
a  complete  record  for  filing  purposes  and 
convenient   size   plans    for   field    use. 
The  ordinance  was  of  the  form  required 

bv  the  Illinois  Local  Improvement  .^ct,  which 

requires  the  accurate  location  of  the  im- 
provement, being  so  worded  that  it  read 

rontiniiously  with  the  specifications,  obviating 
the  necessity   of   duplicating  descriptions.   All 

used,  a  little  gasoline  being  rubbed  over  the 

colored  area  with  an  artist's  stump  to  fi.K  the color  and  prevent  its  smearing  or  becoming 
erased. 

The  following  abstract  from  the  specifica- 
tions for  the  grading  of  parkways  is  inter- esting: 

The  parkways  alongr  both  sides  of  the  road- 
waj'   between    the    curb   and   sidewalk   shall    be 
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smoothed  and  graded  between  the  curb  and 
the  sidewalk  line  so  that  the  parkway 
shall  at  no  point  be  below  the  top  of  the  ad- 

joining curb  except,  however  [where  specifically 
Instructed  at  point  where  the  roadway  is  on  a 
decided  fill. — Editors),  the  parkway  shall  be  so 
graded  that  the  earth  at  the  back  of  the  curb 
shall  be  even  with  the  elevation  of  the  top  of 
the  curb  and  the  surface  therefrom  shall  nat- 

urally and  gradually  slope  and  conform  to  the 
natural  topography  of  the  land. 

Item.  yuantity.  Bid  price. 
Earth  grading,  cu.  yd    3,000  .33 
Gravel  concrete  pavement,  in- 

cluding curb,  sq.  yd    4,000  $1.47 

IS-in.  drain.  3  ft.  deep,  iin.  ft.  150  .75' 12-in.  drain,  6  ft.  deep,  Iin.  ft.  1,190  .66 
10-ln.  drain,  3  ft.  deep.  iin.  ft.  240  .45 
S-in.  drain,  5  ft.  deep,  lln.  ft.  340  .45 
6-in.  drain,  S  ft.  deep,  Iin.  ft.  1,730  .40 
4 -in.  drain.  4  ft.  deep,  Iin.  ft.  380  .25 

Brick  catch  basins,   each    14  30.00 
Concrete,  cu.  yd    2  7.00 
Total  amount  of  contract   $9,23S 

Fig.   4.  Side    Forms   and    Expansion   Joint   In   Place.      Striking    Board    in    the     Foreground. 

CONSTRUCTION    FEATURES. 

The  sub-grade  was  rolled  with  a  10-ton 
roller  and  all  soft  spots  excavated  and  filled 
with  gravel  or  firm  material. 

Contrete. — Concrete  was  mi.xed  in  the  pro- 
portion 1:1%  :3  in  a  Knehring  paving  mixer 

shown  in  Fig.  3.  Wire  mesh  reinforcing  was 
placed  as  the  paving  progressed,  being  laid 
transver.se  the  pavement,  allowing  the  2-in. 
lap  at  the  edges  previously  mentioned.  In 
placing  the  reinforcement  it  was  spread  on  a 
previously  laid  layer  of  concrete  somewhat 
in  excess  of  the  width  of  the  reinforcing  and 
another  layer  of  concrete  placed  over  it  im- 

mediately. In  this  way  a  plane  of  weakness 
between  the  layers  of  concrete  was  avoided. 
.•\fter  striking  the  surface  was  further  worked 
with  a  wooden  hand  float,  the  finisher  work- 

ing from  a  bridge  immediately  behind  the 
■ilrilcing  board.  The  finishing  was  such  that 
.nr  no  point  would  it  vary  more  than  H  in. 
from  a  2- ft.  straight-edge  placed  upon  the 
surface   in   any  position. 

Metal  protection  for  the  edges  of  expansion 
joints  was  used.  The  details  of  this  joint 
.iro  illustrated  in  Fig.  1.  The  felt  extended 
ilirongb  she  entire  thickness  of  the  pavement, 
the   metal   edgci  being  only  '_'%   ins.  deep. 
The  curb  was  constructed  simultaneously 

with  the  pavement  and  was  finished  on  the 
roadway  face  and  top  with  a  %-in.  coat  of 
mortar  mixed  in  the  proportions  of  2  parts 
cement.  2  parts  finely  crushed  granite  and  1 
part  sand.  It  w'as  evenly  troweled  and  well 
broomed  after  removing  the  face  forms, 

I  he  sand  used  in  concrete  was  of  a  quality 
which  when  bri(|nettes  molded  from  a  1 :3 
■emertt  and  sand  mortar  were  tested  they 
■■bowed  a  tensile  strength  equal  to  that  of 
similar  briquettes  in  which  standard  Ottawa 
sand  was  used,  proportion  being  by  weight. 
Gravel  was  an  evenly  graded  mixture  of  clean 
pebbles  varying  from  %  to  I'/i  in.  in  screen 
size. 

Curing. — After  the  pavement  was  completed 
it  was  covered  with  earth,  Fig.  G,  to  prevent 
it  from  drying  out  too  rapidly  and  to  ensure 
thorough  curing.  This  earth  cover  was  kept 
moist. 

COST. 

Bids  were  opened  on  March  Jii,  1011,  and 
the  work  was  completed  on  July  I,  1914.  The 
bid   prices   were   as   follows : 

PERSONNEL. 

\V.  J.  Walter,  Glencoe,  111.,  was  the  con- 
tractor. The  pavement  was  designed  and  con- 

struction supervised  by  Windes  &  Marsh, 
civil  engineers,  Winnetka,  111.,  to  whom  we 
are  indebted   for  the  data  presented  here. 

Some    Notes    en   the    Development    of 
Street  Cleaning  Methods. 

l-.tlicicnt  street  cleaning  methods  arc  of 
comparatively  recent  development  in  this  coun- 

try. In  18!l."i  C"ol.  George  E.  W'arring  began 
to  apph-  the  principles  of  engineering  to  street 
cleaning  in  Xew  'S'ork  City  ami  thereby  placed the  work  on  a  sulistantial  scientific  foundation. 
Many  efficient  machines  and  appliances  for 
facilitating  such  work  have  since  been  devised. 
E.   D.   Very   in   a  paper  before  the   .\iiicrican 

street.  In  New  York  the  first  pavement  was 
laid  in  lOTti,  Boston  about  the  same  time, 
Philadelphia  in  1719,  Baltimore  1781,  and  Chi- 

cago  in   18oo. 
It  is  a  matter  of  surprise  that  while  pave- 

ments were  laid  so  long  a  time  back,  effective 
methods  of  cleaning  were  not  considered  until 
very  lately  and  only  just  now  have  serious 
studies  been  inade  to  solve  the  problem  of 
efficient  and  economical  street  cleaning  by 
competent  men.  This  was  in  a  measure  due 

to  tlie  fact  that  but  recently  have  paving  ex- 
perts considered  the  cost  of  cleansing  to  be 

an  item  to  be  considered  in  the  cost  of  main- 
tenance of  pavements.  In  the  main,  however, 

it  was  due  to  the  fact  that  the  cleansing  opera- 
tion was  considered  to  be  an  eleinentary  prop- 

osition and  therefore  not  worthy  of  consider- 
ation in  its  details  by  technical  men. 

The  work  of  street  cleaning  is  in  the  ma- 
jority of  cities  performed  by  a  bureau  of 

some  department  whose  other  activities  are 
considered  of  greater  importance  and  the  men 

employed  are  usually  those  who  would  other- 
wise i)e  on  the  rolls  of  the  poormaster  for 

relief  because  they  have  attained  old  age  with- 
out having  laid  by  sufficient  means  for  their 

support  and  find  themselves  worthless  as  wage 
earners. 

Up  until  1882  this  work  in  New  York  City 
was  performed  by  a  bureau  of  the  Police 
Department  and  in  that  year  there  was  insti- 

tuted by  legislative  act  a  department  for  the 
specific  work  of  street  cleaning  and  waste 
disposal.  The  first  Commissioner  in  188!'. 
after  seven  years  of  endeavor  to  put  the  work 
on  a  proper  basis,  reported  to  the  Mayor  tliat 
he  found  his  task  an  impossible  one  because 
lie  had  only  partial  control  of  street  con- 

ditions and  because  the  appropriating  bodies 
were  unconvinced  of  the  necessity  to 

provide  sufficient  funds  for  the  insti- 
tution and  operation  of  adequate  sys- 

tems of  cleaning.  In  189.5  Col.  George  E. 
Waring  Jr.  caused  considerable  merriment  by 

taking  the  job  of  Street  Cleaning  Commis- 
sioner seriously  and  in  attempting  to  apply 

engineering  methods  to  the  solution  of  the 
problems  involved. 

Col.  Waring's  studies  were  incomplete  when 
bis  term  expired  but  he  had  arrived  at  the 
conclusion  that  the  real  problem  of  street 
cleaning  was  the  removal  of  the  fine  dust, 
the  removal  of  the  other  materials  being  with- 

out comparative  difficulty.  The  fact  is  that 
the  streets  are  cleaner  today  tlian  ever,  though 
this  is  not  generally  believed,  but  the  fine  dust 
problem  lias  become  more  prominent  in  tliat 
the  low-bodied  fast-moving  automobiles  are 
raising  and   spreading   the   dust   uiiich   before 

Fig.    5.      Distribution    of    Sand    and   Gravel    on    Subgrade   Ahead    of    the    Mixer. 

Society  of  Municipal  Improvements  discussed 
the  general  leaturcs  of  the  problems  and  a portion  of  his  paper  is  given  here. 

HISTORV    OF    DEVELOPMENT. 

The  first  pavement  recorded  in  America 
according  to  Tillson,  was  discovered  by  a farmer  who  while  plowing  at  Pemaquod, 
Maine,  in  lh2..,  found  the  point  of  his  plow-! share  caught  against  a  curb  of  a  buried  paved 

was  not  so  raised  and  spread  except  by  high 
winds.  Formerly  ordinary  traffic  only  raised 
and  spread  the  dust  to  about  the  height  of  the 
infant  in  the  perambulator  and  not  until  it 
was  raised  and  blown  into  the  faces  of  grown- 

ups was  the  knowledge  of  the  continuous  ex- 
istence of  this  menace  generally  recognized. 

In    almost   every   large   city   we    today    find 
men  of  the  caliber  of  Waring  who  are  giving 
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this  matter  of  street  cleaning  serious  consid- 
eration and  who  are  applying  to  this  work 

the  principles  of  efficient  and  economical  per- 
formance which  obtain  in  other  lines  of  busi- 

ness activity.  Unfortunately  the  efficiency 
principle  seems  to  be  to  get  more  work  done 
for  less  money  cost  rather  than  better  work 
done  for  the  same  cost  with  later  endeavor  to 

reduce  the  cost.     The  bookkeeper  is   the  effi- 

the  wind  or  tracked  by  vehicle  tires.  Such 
machines  are  in  evolution  now  but  most  of 
the  devices  are  complicated  or  otherwise  ill 
adapted  to  the  perfonnance  of  this  work. 

Flushing  machines  and  squeegees  are  now- constructed  which  do  effective  work  but  their 
adoption  has  been  greatly  retarded  by  the 
claims  that  the  water  has  an  adverse  effect 

upon   paving  materials.     Clifford   Richardson. 

Fig.     6.      Completed     Pavement    Covered   wi 

Cur 

cicncy  referee  whereas  the  practical  operator 
observing  practical  results  should  be. 

Then,  too,  the  systems  are  founded  on  hand 
labor  with  machine  auxiliary.  In  city  devel- 

opment large  street  areas  are  being  added  an- 
nually and  each  city  now  may  be  described  as 

"one  of  magnificent  distances"  with  the  result 
that  systems  must  change  to  meet  the  new 
requirements  and  the  basis  of  these  should 
be  machine  work  with  hand  labor  as  auxiliary. 

Xew  York  has  '-',173  miles  of  paved  streets. 
Chicago  1,!<9S),  Philadelphia  1.371,  and  the 
other  large  cities  have  from  100  to  oOu  miles. 
.■\s  under  average  conditions  a  man  can  clean 
but  about  one-half  mile  per  day,  even  could 
he  perform  the  work  with  thoroughness  the 
cost  of  such  an  army  of  labor  for  this  work 
would  be  prohibitive.  Machines  at  present 
used  can  do  from  two  to  four  miles  each  and 

this  work  is  done  with  a  good  degree  of  thor- 
oughness, making  daily  work  on  the  same 

area  unnecessary,  and  economical  arrange- 
ment of  mechanical  plants  may  be  made  with 

good  results.  The  man  then  merely  polices 
the  streets  as  a  litter  gatherer  and  can  cover 
a  very  considerably  larger  route. 

MACHINE   CLE.\NING. 

Some  look  to  the  automobile  machine  to 
mcrease  the  workable  area,  but  I  question  if 
there  is  not  a  limit  of  speed  wherein  effective 
work  may  be  done.  The  benefit  to  be  derived 
by  the  use  of  motor  vehicles  in  my  judgment 
will  come  rather  from  the  ability  to  adapt 
better  mechanical  method  to  the  operation, 
thereby  improving  the  quality  of  the  work, 
rather  than  increasing  the  amount  done  per 
machine  unit. 

The  machine  broom  as  today  operated 
leaves  much  to  be  desired  purely.  I  think, 
because  the  action  of  the  broom  is  dependent 
upon  the  speed  of  traction,  whereas  should  a 
motor  vehicle  be  substituted,  power  may  be 
transmitted  to  the  axis  of  the  broom  inde- 

pendent of  the  tractive  power  of  the  ma- 
chine, a  proper  rate  of  revolution  of  the 

broom  may  be  found  and  maintained  irre- 
spective of  the  speed  of  progress  of  the  ma- 

chine. At  present  if  you  find  a  particularly 
filthy  spot  and  endeavor  to  slow  up  to  give  '.t 
more  careful  attention,  the  speed  of  the 
broom  lessens  and  the  effect  is  lost,  whereas 

were  the  pow-er  independent  the  result  would 
be  that   required. 
A  mechanical  device  attached  to  the  sweep- 

ing machine  to  pick  up  the  stroke  of  sweep- 
I  ings  from  the  broom  and  empty  into  a  re- 
[ceptacle  or  receptacles  would  avoid  a  con- 
I  siderable  amoimt  of  extra  work  now  per- formed  because   the   materials   are    spread   by 

th    Earth   for   Proteotion    to    Concrete    While 
ring. 

the  asphalt  expert,  in  his  work  on  "The  Mod- 
ern Asphalt  Pavement,''  says,  "in  a  properly 

constructed  pavement  no  important  deteriora- 
tion from  water  action  should  ensue  witliin 

the  life  of  the  pavement,  and.  as  a  matter 

of  fact,  in  the  author's  e.xperience,  the  de- 
terioration of  asphalt  surfaces  laid  under  hi- 

supervision  has  in  the  last  ten  years  become 
an  item  which  is  hardly  worth  consideration, 
where  the  form  of  construction  has  pro- 

vided satisfactory  drainage."  As  to  the  ill effects  of  water  on  the  joints  of  stone  and 
block  pavements,  tests  made  some  years  ago 
in  Detroit  and  Cleveland  showed  that  such 
action    was    not    necessarilv      adverse      where 

El  7/  0- 

carry.  A  motor  flushing  machine  has  the 
advantage  of  carrying  larger  quantities  of 
water  with  a  consequent  conservation  of  the 
time  now  lost  in  frequent  filling  of  small 

tanks. 
The  machine  squeegee  or  rubber  scrubber 

is  effective  on  smooth  pavements  where  not 
too  filthy,  but  the  present  method  of  delivery 
of  water  so  close  to  the  scrubber  renders  the 
work  imperfect  through  the  ineffective  action 
of  the  water  on  the  filth  before  the  scrubbing 
action  is  applied.  This  may  be  remedied  by 

preceding  the  squeegee  machines  by  a  sprink- 
ling cart  sufficiently  in  advance  to  give  the 

water  action  full  effect.  And  here  let  me  say 
that  that  sprinkling  wagon  should  not  be 
used,  in  my  opinion,  e.xcept  as  an  adjunct 
to  other  cleansing  devices,  as  by  itself  it  is 
but  a  temporary  makeshift  and  ineffective  for 
good  result.  There  is  no  reason  for  the  filtli 
removed  by  washing  machines  being  deposited 
in  sewer  basins,  but  arrangements  should  be 

made  for  picking  up  the  materials  and  cart- 
ing them  away  as  soon  as  they  become  suffi- ciently dry. 

Dry  cleaning  machines  are  greatly  to  be 
desired  and  good  progress  is  being  made  in 
the  development  of  such.  I  know  of  two 
types  of  vacuum  cleaners  which  are  doing 
good  w'ork  and  need  but  little  to  make  them 
practical  and  effective.  These  of  course 
should  be  designed  to  pick  up  and  place  in 
receptacles  the  filth  removed.  When  dry 
cleaning  machine  work  is  adopted  there  must 
still  be  periodical  wet  cleaning  and  such  a 
combination  should  insure  the  best  results. 
The  system  of  cleansing  must  be  so  operated 
as  not  to  interfere  with  the  traffic  conditions 
as  the  important  factor  of  street  use  is  for 
transportation.  For  this  reason,  in  congested 
districts  the  machine  work  should  be  done 
at  night. 
METHOD     OF     M.'VKIXG     A     BEGINNING     IN     SM.^LL 

CITIES. 

Where  I  have  proposed  a  system  based  on 
the  foregoing  lines,  it  has  been  said  that 
such  a  system  applies  to  large  cities  only, 
while  I  feel  that  it  is  a  basis  upon  which 

a  small  city  may  start  and  develop  a-;  the 
city's  needs  grow. -Elevation  of  fc 
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good  construction  methods  had  been  adopted. 
My  judgment  is  that  the  paving  engineer 
should  design  his  exposed  surfaces  to  resist 
water  action  for  the  great  benefit  to  be  de- 

rived from  water  cleansing.  In  flushing  ma- 
chines there  is  a  distinct  advantage  in  hav- 

ing an  attached  pump  to  express  the  water 
so  as  to  get  positive  action  continuously  and 
on  all  the  water  which  the  storage   tank  may 

My  proposition  then  is:  to  district  your  city 
and  arrange  for  periodic  machine  work  so 
that  machine  units  may  be  changed  from 
one  district  to  the  other  avoiding  necessary 
duplication  of  plant;  make  combinations  of 
machine  cleaning  adapted  to  different  require- 

ments ;  use  dry  and  wet  methods  alternately 
as  necessity  demands ;  have  patrolmen  work  as 
litter   gatherers   where   accumulations   develop 
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quickly  which  do  not  necessitate  machine 
work;  in  congested  districts  or  parts  of  dis- 

tricts do  machine  work  at  night  and  patrol 
work  in  the  day  time ;  do  not  employ  old  men 
on  patrol,  put  them  on  park  work  or  other 
less  strenuous  duty ;  keep  cost  data  but  do 
not  regulate  your  work  by  that  but  by  real 
efficiency ;  count  cleansing  necessities  as  items 
to  be  considered  in  the  choice  of  pavements 

and  on  any  type  of  pavement  design  to  re- 
sist   action    of    cleansing    devices;    and    give 
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Fig.    1.     Typical    Example    of    the    Effect    o1 
Foundation    Movement. 

serious  and  continuous  study  to  the  needs  of 
this  department  of  municipal  activity.  So 
may  cleanliness  be  attained  in  city  streets 
and  health  and  comfort  result. 

The  Prevention  of  Foundation  Move- 

ment in  Roads. 

A  subject  that  is  becoming  of  great  im- 
portance on  account  of  the  rapid  increase  in 

the  weight  of  loads  hauled  over  country  roads 
is  that  of  securing  a  firm  and  stable  founda- 

tion for  road  surfaces  at  a  reasonable  cost. 

While  it  would  appear  that  proper  sub-drain- 
age or  a  heavy  rubble  base  would  be  a  good 

solution  of  the  problem  in  this  country  oc- 
casions arise  where  neither  of  these  remedies 

arc  satisfactory.  E.  S.  Sinnott,  county  sur- 
veyor of  Gloucestershire,  England,  discussed 

some  observations  on  the  action  of  poor  foun- 
dations in  a  paper  before  Institution  of  Mu- 

nicipal and  County  Engineers  which  paper  is 
given  here  in  part. 

From  time  to  time  the  writer  has  had  under 
his  observation  the  behavior  of  roads  sub- 

jected to  heavy  traffic,  and  he  has  recently 
initiated  certain  experiments  to  determine,  as 
far  as  possible,  the  lateral  and  longitudinal 
movement  of  material  forming  the  sub-crust 
of  highways.  As  a  preliminary  to  more  pre- 

cise investigations,  he  has  arranged,  during 
the  past  few  months,  for  various  sections  of 
grass  verge  adjoining  the  principal  roads  in 
Gloucestershire  to  be  opened,  and  some  of  the 

of  about  4  ins.,  a  bed  of  broken  limestone 

having  a  width  of  3  ft.  from  the  metalled 

surface,  varying  in  thickness  from  7  ms.  near- 
est the  road  to  4  ins.  at  the  3-ft.  distance. 

On  the  east  side  a  somewhat  similar  state  of 

atTairs  was  found  to  exist,  the  width  in  this 

case  being  2  ft.  6  ins.  from  the  verge.  The 
subsoil  is  a  hard,  red  clay. 

(b)  In  this  instance  the  lateral  thrust  is 
shown  in  the  movement  of  a  line  of  channel- 

ling formed  of  three  stones  on  edge  put  in  to 
protect  the  foot  of  a  bank;  originally  laid 
with  a  horizontal  face  of  13  ins.  in  width, 
the  stones  have  been  forced  into  a  vertical 
position,  having  moved  through  an  angle  of 
!)0°.  In  several  instances  the  upper  stones 
have  been  forced  completely  over,  having  ro- 

tated through  an  angle  of  180°,  and  have  fal- 
len backwards  into  the  highway,  their  move- 

ment away  from  the  road  being  arrested  by 
the  bank  they  were  put  in  to  protect.  The 
subsoil  is  clay. 

(c)  In  this  case  metalling  and  pitching  have 
Ijeen  found  from  3  ft.  to  5  ft.  from  the  me- 

talled surface,  and  about  18  ins.  in  thickness. 
The  subsoil  consists  of  clay  and  sand. 

(d)  The  opening  at  this  place  showed  that 
the  original  pitching  and  limestone  macadam 
had  been  forced  for  a  distance  of  4  ft.  from 
the  edge  of  the  metalled  surface,  the  outer  end 
showing  an  upward  movement.  The  subsoil is  clay. 

The  results  above  described  indicate  gen- 
erally the  position  of  affairs  upon  roads  where 

traffic  is  heavy,  although  in  a  small  minority  of 
cases  investigated  little  or  no  movement  could 
be  detected.  It  appears  evident,  however,  that 
where  lateral  spread  does  occur  it  cannot  fail 
to  be  ultimately  destructive,  as  without  sub- 

stantial and  immovable  support  the  top  coat- 
ing cannot  be  kept  up  to  its  work,  particularly 

after  some  wear  has  taken  place,  and  it  be- 
comes a  question  how  far  new  surfaces  of  an 

expensive  character  are  justified  before  the 
subcrust  movement  referred  to  has  been  ar- 
rested. 

With  a  view  to  obtaining  more  accurate  in- 
formation, a  number  of  iron  bolts  have  been 

lately  placed  below  the  surface  of  certain 
roads,  and  has  fixed  their  position  exactly  by 
steel-tape  measurement;  so  that  any  move- 

ment can  be  definitely  ascertained  on  a  fu- 
ture occasion.  He  has  also  inserted  itieasur- 

ing  instruments,  as  illustrated  in  Fig.  2,  at 
various  places,  which  consist  of  two  rods  ar- 

ranged to  slide  one  over  the  other,  having  iron 
plates  at  their  outward  extremities,  which  will 
enable  any  movement,  either  lateral  or  longi- 

tudinal, to  be  recorded. 
.•\s  a  means  of  preventing  the  action  above 

described,  the  writer  has  recently  designed  and 
put  into  use  a  rigid  framing,  the  essential 
feature  of  which  is  that  longitudinal  and 
cross  members  placed  at  a  suitable  depth  be- 

low the  surface  preclude  any  movement  of  the 
subcrust.  and  at  the  same  time  provide  a 
means  of  constructing  an  impervious  arch  of 
tarred  macadam  to  carry  the  traffic,  great  ad- 

ditional strength  being  provided  by  the  longi- 
tudinal members  for  the  support  of  the  heavi- 

est road  vehicles.  For  various  reasons  it  was 
thought  best  to  construct  the  frames  in  rein- 

forced concrete,  although  timber  or  other  ma- 

minor  degree  with  wrought-iron  round  bars 
of  small  section  at  the  ends  of  the  same.  A 
further  modification  consists  of  making  the 
longitudinals  slightly  curved  on  the  inside 
in  order  to  withstand  lateral  thrust  more  effec- 

tively; also,  where  difficulties  due  to  traffic 
may  be  anticipated,  in  placing  the  cross-ties 
in  position  they  can  be  made  in  two  parts 
and  connected  in  the  center  with  a  bolt  or 

bolts. 
In  the  experimental  frames  which  have  been 

put  down  the  width  between  the  longitudinals 
has  been  fixed  at  8  ft.;  but  there  is  no  par- 

ticular reason  for  adopting  this  dimension 
other  than  that  it  appears  suitable  for  dealing 
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Fig    3.   Details    of     a     Concrete    Frame    for 

Confining   and    Preventing    the    Move- 
ment of   Road   Foundations. 

with  the  traffic  conditions  of  rural  roads  in 
Gloucestershire,  where  most  of  the  heavy 
weights  are  carried  in  the  central  portion  of 
the  highways.  If  considered  advisable,  a 
greater  width  than  8  ft.  may  be  adopted  be- 

tween longitudinals,  or,  where  traffic  condi- 
tions justify  it,  the  central  pair  can  be  sup- 

plemented by  longitudinals  on  either  side, 
connected  thereto  by  cross-ties  similar  to  those 
previously  described.  The  frames  have  been 
placed  as  shown  in  Figure  4,  the  top  edges 
of  the  longitudinals  being  6  ins.  below  the 
finished  road  surface,  which,  from  the  infor- 

mation at  present  at  the  writer's  disposal,  ap- pears the  most  suitable  position  for  arresting 
the  lateral  movement;  also,  at  this  depth  there 
would  be  little  or  no  interference  with  pipes, 
and  with  6-in.  cover  over  the  top  side  of  the 
longitudinals,  there  appears  to  be  sufficient 
cushion  to  avoid   any  damage  thereto. 

Exhibit  of  Street  Cleaning  Appliances. — 
The  department  of  street  cleaning  of  the  city 
of  New  York  will  hold  an  exhibition  of  street 
cleaning  appliances  during  the  week  beginning 
Nov.  23,  1914.  The  apparatus  exhibited  will 
include  all  sorts  of  brooms,  brushes,  sweep- 

ing machines,  flushing  machines  and  other 
equipment  or  appliances  used  in  cleaning 
streets  and  removing  snow ;  garbage,  ash  and 
rubbish  cans  or  receptacles  used  by  house- 

holders; carts,  wagons,  motor  trucks  or  other 
vehicles  used  for  collecting  garbage,  ashes, 
rubbish  and  street  sweepings ;  conveyances  for 

transporting  refuse  by  water  or  by  rail;  meth- 
ods used  for  the  disposal  of  garbage,  ashes, 

rubbish  and  street  sweepings,  including  gar- 
bage reduction  works,  garbage  crematories, 

incinerators,  destructors,  etc.  The  city  of 

New  York  is  considering  the  adoption  of  im- 

  Surfaced  width--- .-■Tarred  macadam 

^=4 
Iron  rod  '  ibc- 

Fig.      2.     Instrument      for      Measuring      the 
Movement  of    Foundations. 

results  of  such  openings  arc  shown  in  Fig.  1, 
(I,  /'.  f,  d. 

Speaking  generally,  these  indicate  that 
lateral  movement,  in  some  instances  to  a  con- 

siderable extent,  has  been  taking  place,  and 
such  movement  seems  to  call  for  special  con- 
sideration. 
The  following  examples.  Fig.  1,  will  serve  as 

illustrations:  (a)  M  this  point  the  grass  verges 
were  opened  on  both  sides  of  the  road,  and 
on  the  west  side  there  was  found,  at  a  depth 

"■-  Reinforced  concrete 

Fig.   4.    Cross   Section   of   a    Road   With   the   Concrete    Frame   in    Place. 

terial  could,  if  preferred,  be  used.  The  form 
adopted  after  one  or  two  experiment  frames 
had  been  mrulc  was  that  shown  in  Fig.  3.  The 
longitudinals  are  12  ins.  by  VA  ins.  (average 
thickness)  by  12  ft.  long,  and  are  slightly 
tapered  from  top  to  bottom.  The  ends  of  the 
longitudinals  arc  securely  housed  at  the  ex- 

tremities of  the  cross  ties.  The  reinforcement 
consists  of  expanded  metal,  3-in.  mesh,  %  in. 
by  .1/10  in.,  weighing  WVz  lbs.  per  square 
yard,  cut  into  strips  9  ins.  wide— in  the  case 
of   the   cross-ties   this   is    supplemented    in   a 

proved  methods  and  appliances  for  street 
cleaning  refuse  storage,  refuse  collection  and 
refuse  disposal.  An  appropriation  amounting 
to  $250,000  has  been  made  for  the  purchase  of 

apparatus  to  l)e  installed  in  a  "model  district" of  the  Borough  of  Manhattan.  The  object 
of  the  exhibit  will  be  to  give  manufacturers  or 
inventors  an  opportunity  of  bringing  to  the 
attention  of  the  city  officials  their  various 
appliances,  likewise  providing  a  chance  for 
examining  and  testing  these  appliances  dur- 

ing the  period  while  the  exhibit  is  being  held. 
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Stream  Gaging  by  Titration. 
To  THE  Editors  :  Referring  to  the  editorial 

entitled  "A  Chemical  Method  of  Gaging 
Stream  Flow"  appearing  in  your  issue  of  Sept. 
16,  one  might  easily  infer  that  the  tests  men- 

tioned are  being  conducted  by  the  writer.  The 
tests  at  Massena  are  in  the  charge  of  Mr.  .B. 
F.  Groat,  M.  Am.  Soc.  C.  E.  I  am  working 
with  Mr.  Groat  as  one  of  his  assistants. 

R.   E.   W.ARD. 
-Massena,  N.  Y.,  Oct.  8,  1914. 

their  efforts  to  accomplish  economical  work. 
This  condition  is  usually  a  result  of  eflorts  in 
that  direction  on  the  part  of  executives,  and 

this  is  possibly  the  determining  cause  in  Wis- 
consin. But  whatever  the  cause,  the  good  re- 

sults obtained  are  evident. 

The  Work  of  the  Wisconsin  Highway 
Commission. 

The  topography  and  intensity  of  settlement 
of  Wisconsin  are  so  varied  and  the  types  of 
construction  and  methods  suitable  to  meet 

these  conditions  so  different  that  the  success- 
ful working  out  of  any  general  plan  should 

emphasize  those  factors  which  are  fundamen- 
tal in  the  organization  and  administration  of 

a  state  aid  system  of  road  construction.  In 
this  connection,  several  features  which  have 
developed  in  the  work  of  that  state  are  worthy 
of  note.  Among  them  are  the  use  of  the 

day  labor  system  of  construction,  the  inde- 
pendent organization  of  counties,  and  the  ex- 

cellent morale  of  the  state  organization. 
Wisconsin  furnishes  perhaps  the  best  exam- 

ple of  the  extensive  and  organized  use  of  day 
labor  in  highway  construction,  and  contrary 
to  the  rather  general  experience  of  other 
states,  the  results  obtained  have  been  not  un- 

satisfactory. Important  factors  in  this  suc- 
cess have  been,  no  doubt,  the  lack  of 

experienced  contractors  capable  of  un- 
dertaking first  class  work,  the  enforced 

divison  of  the  work  into  small  parts  to 
meet  the  demands  of  numerous  political 

units,  the  widely  varying  types  of  construc- 
tion used,  and  the  rather  independent  and  indi- 

vidual citizenship  of  the  state  as  a  whole.  As 
portions  of  the  state  become  more  thickly 
settled,  the  general  average  of  improved  roads 
bettered,  and  the  construction  of  more  per- 

manent, and  relatively  expensive,  types  of  sur- 
facing become  economical,  it  is  quite  probable 

that  construction  may  be  carried  out  more 
economically  by  contract  work. 

This  condition  is  of  course  recognized  by 
the  commission.  In  fact  in  the  more  thickly 
populated  sections  of  the  state  the  cornmission 
is  now  letting  contracts  on  much  of  its  work. 
With  this  transition  an  important  result  which 
should  not  be  overlooked  is  the  opportunity 
afforded  of  building  up  an  efficient  system  of 
maintenance  with  the  various  county  farce 
account  organizations  as  a  basis.  A  fault  of 
the  contract  system  of  state  aid  road  construc- 

tion and  a  difficulty  hard  to  overcome  is  the 
lack  of  efficient  local  organizations  for  proper 
maintenance  after  the  construction  work  is 
completed. 
The  independent  organization  of  counties 

we  believe  to  be  essential  to  successful  road 
administration  in  all  but  very  small  states.  It 
is  necessary  from  the  standpoint  of  future 
maintenance.  Also,  in  large  counties  and 

thinly  settled  regions  it  possesses  marked  ad- 
vantages for  the  building  of  new  roads. 

An  interesting  feature  of  the  county  organi- 
/:ation  work  is  the  instruction  of  county  offi- 

cials in  the  details  of  first  class  construction. 
This  is  a  thankless  task  at  best  and  may  lead 

to  unfavorable  criticism  by  some  "pupils"  who 
perhaps  consider  themselves  sufficiently  well 
informed.  A  course  of  instruction  and  per- 

sonal supervision  for  county  superintendents 
has,  however,  been  found  necessary  in  several 
states. 
A  noticeable  characteristic  in  the  employes 

lit  the  commission  is  the  enthusiasm  shown  in 

Interrelation   of   Sun   Spots,   Rings    of 

Sequoia  Trees,  and  Rainfall. 
That  all  forces  are  interrelated  is  a  gen- 

eralization that  often  receives  exemplification 
in  a  startling  manner.  Who,  for  example, 
would  ordinarily  suspect  any  relation  between 
the  spots  on  the  sun,  the  thickness  of  the 
rings  of  the  giant  redwood  of  California,  and 
the  amount  of  annual  rainfall?  Within  a  few 
months  there  have  been  published  two  sets  of 
ilata  that  seem  to  show  a  definite  relationship 
between  these   three  classes  of  phenomena. 

Careful  measurements  of  the  thickness  of 

the  woody  rings  of  the  California  sequoia — a 
tree  that  lives  to  be  30  centuries  old — have 
disclosed  a  cyclic  variation  in  the  thickness  of 
the  woody  rings.  The  ordinary  cycles  have 
averaged  about  11  years.  It  was  surmised  that 
the  thickness  of  a  tree  ring  bears  some  rela- 

tion to  the  amount  of  water  in  the  soil,  hence 

tliat  a  year  of  heavy  rainfall  would  corre- 
spond with  a  thick  ring.  A  comparison  of 

rainfall  records  by  years  disclosed  that  in 
years  of  heavy  rainfall  the  rings  of  the  sequoia 
were  thicker  than  in  years  of  light  rainfall. 
.•Mso  the  rainfall  records  of  California  dis- 

closed a  rather  definite  cycle  of  11  years. 
A  recent  study  of  rainfall  in  Norway  for  a 

lieriod  of  3-5  years  has  disclosed  a  "remarkable 
correspondence  between  rainfall  and  the  sun- 

spot  period  of  about  11  years."  In  general, 
when  the  sun  spots  were  at  their  maximum, 
rainfall  was  also  at  a  maximum,  although  this 
was   not  invariably  the   case. 
Thus  in  two  far  separated  parts  of  the 

i_arth  two  very  different  sorts  of  investiga- 
tions serve  to  establish  a  quantitative  rela- 

tionship between  certain  phenomena  that  pre- 
\iousIy  had  not  shown  evidence  of  relation- 

ship. Should  further  investigations  confirm 
the  accuracy  and  generality  of  the  conclusions 
as  to  the  11-year  rainfall  cycle,  some  very 

important  applications  of  these  data  to  engi- 
neering designs  may  follow. 

Of  course  it  is  to  be  noted  that  wliile  rain- 
fall over  large  areas  may  show  a  fairly  defi- 
nite correspondence  with  the  sun-spot  cycles. 

It  by  no  means  follows  that  local  rainfall  will 
I'ollow  the  same  graph. 

Since  rain  results  from  the  cooling  of 
moisture-laden  air  to  its  dew  point,  and  since 
moisture  in  the  air  is  caused  by  a  rise  in 
temperature  of  water,  it  would  seem  to  follow 
that  sun  spots  must  act  either  by  increasing 

evaporation  or  by  producing  dew  point  condi- 
tions by  lowering  the  temperature.  Spectro- 
scopic observations  indicate  a  lower  tempera- 

ture within  a  sun  spot  than  elsewhere  on  the 
sun.  Hence  it  may  be  inferred  that  a  year 
of  maximum  sun  spots  is  a  year  of  minimum 
heat  radiation  to  the  earth.  If  this  is  so,  the 
heavy  rainfall  of  such  a  year  is  caused  by  an 
abnormal  lowering  of  temperature  that- serves 
to  abstract  from  the  atmosphere  much  of  the 
moisture  accumulated  in  preceding  years  of 

higher   average    temperature. 
The  earth's  atmosphere  is  a  reservoir  hold- 

ing a  vast  volume  of  water.  The  gate  that 
opens  the  reservoir  is  lower  temperature. 
Water  lifted  years  ago  by  the  sun  from 
■  Kcans  and  lakes  flows  back  into  these  lower 

reservoirs  when  the  gates  of  the  upper  reser- 
voir of  the  air  are  opened.  The  siin  spots 

appear  to  be  instrumental  in  opening  the 

gates. 
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The   Effect  of  the   Illinois  Architects' License  Law. 

The  report  of  the  secretary  of  the  State 
Board  of  Examiners  of  Architects,  presented 
at  the  Illinois  State  Convention  of  Licensed 

-Vrchitects,  is  an  exceedingly  interesting  state- 
ment. Although  the  law  requiring  that  archi- 

tects practicing:  in  Illinois  must  be  licensed 
has  been  in  effect  for  IT  years,  few  attempts 
have  been  made  to  enforce  rigidly  its  pro- 

visions until  the  present  Board  of  Examiner^ 
assumed  office.  Before  that  tirne  there  had 
been  no  Supreme  Court  decision  touching 
upon  the  legality  of  the  act  and  the  board, 
whose  duty  it  is  to  enforce  it,  had  no  prece- 

dent to  follow.  It  is  interesting  to  note  that 

since  the  legality  of  the  act  has  been  estab- 
lished the  board  proposes  to  enforce  the  pro- 

visions of  the  act  on  its  broad  interpretation. 
In  view  of  the  importance  of  some  of  the 

statements  contained  we  are  publishing  the  re- 
port in  full  in  the  "Buildings"  section  of  this 

issue,  and  we  recommend  that  it  be  given 
careful  study  by  engineers. 

In  connection  with  the  agitation  which  has 
arisen  in  several  states  to  secure  the  passage 
of  laws  requiring  that  engineers  obtain  a 
license  in  order  to  practice  their  profession, 
it  is  interesting  to  note  some  of  the  practical 
effects  of  the  Illinois  Architects'  License  Law. 
On  Dec.  1,  1898,  744  architects  were  granted 
licenses,  of  whom  701  obtained  their  licenses 

because  they  were  practicing  architecture  be- 
fore the  law  became  effective,  and  43  passed 

the  examination  of  the  board.  Today  there 

are  only  863  licensed  architects  in  Illinois,  410 
of  whom  secured  their  licenses  because  they 

were  practicing  their  profession  before  the 

passage  of  the  law.  and  4-53  passed  the  numer- 
ous examinations  held  by  the  board.  During 

this  period  of  17  years  .500  licenses  have  been 
revoked.  There  are  today  only  119  more  li- 

censed architects  than  in  1898  and  only  17 
more  than  were  practicing  two  years  ago- 

Since  the  publication  of  the  last  biennial  re- 
port on  Dec.  1,  19T2.  104  new  licenses  have 

been  granted  and  S7  revoked,  this  being 
due  largely  to  the  activity  and  new  policy  of 
the  present  board.  The  ruling  of  this  board 
is  that  "only  a  licensed  architect  can  practice 
in  this  state,  or  from  this  state,  and  that  his 
license  is  not  transferable  nor  negotiable.  Any 

combination  formed  for  the  practice  of  archi- 
tecture, except  between  licensed  architects,  is 

illegal,  and  any  licensed  architect  who  assists 
others  to  practice,  who  have  no  license,  is 
guilty  of  dishonesty,  as  provided  in  the  act, 

and   should  have  his  license  revoked." We  wish  to  call  attention  particularly  to 

the  statements  in  the  report  affecting  en- 
gineers who  wish  to  engage  in  any  phase  of 

building  design.  Further,  we  desire  to  call 
to  the  attention  of  engineers  the  fact  that  by- 
legal  right  architects  have  established  them- 

selves as  supreme  in  every  class  of  building 
design,  and  that  they  now  seek  to  exercise 
the  same  authority  over  the  sttperinsion  of 
building  construction,  by  legislation.  ."Ml  this 
has  been  made  possible  by  elose  organi::atioti 
and  united  action  on  the  part  of  architects 
throughout  this  country. 

The    Cost    of   Draining    Overirrigated 
Lands  on  U.  S.  Reclamation 

Service  Projects. 

That  real  danger  as  well  as  extravagance 

lies  in  overirrigation  is  a  truth  which  the  irri- 
gation water  user  is  slow  to  perceive.  The 

average  irrigationist  uses  almost  habitually 
more  water  than  the  soil  can  contain  within 
the    zone   of   plant   gro^vth.      A    part   of    this 
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water  consequently  sinks  into  the  lower  soil 
strata.  Gradually  these  subsoils  become  sat- 

urated and  linally  water  comes  to  the  surface 
<in  low  areas  or  on  the  lower  portion^  of  the 
slopes  down  which  the  surplus  water  is  perco- 
latuig.  This  rising  water  brings  the  alkali 
to  the  surface,  or  at  least  the  soil  is  water- 

logged, and  crop  growth  is  destroyed.  This 
j)henr>mcnon  is  elementary  knowledge  to  the 
irrigation  engineer  and  manager,  and  they 
have  repeatedly  warned  the  water  user  that  it 
must  occur  except  when  some  unusually  favor- 

able condition  prevents.  Disaster  seems,  how- 
fver.  to  have  been  essential  to  bring  convic- 

tion, and  di.saster  has  come  to  wide  areas  of 
the  land  put  under  irrigation  within  a  few 
vears  bv  the  V.  S.  Reclamation  Service.  It 
will  bvlhe  end  of  IIM-I  have  cost  the  service 
nearly  ̂ 2,o*iO,<IOii  for  drainage  works  to  care 
for  seepage  and  overirrigation.  The  tieures, 
including  authorized  expenditures  for  the  year 
1"H.  are: 

Total 
estimated 

expenditures 
to  Dec. 
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?^^>-^   ::::::::::::::::::::*  i^SJi 
Orland  ■.';."    hTJJl Grand  Valley     ;'5S2S2 
I'ncompahgre       „3;?2.. Bolsf                     309,518.43 
Minidoka       ISS'S^^fS 
lluntlev       279,692.42 
Ix>wer   Yellowstone       65,330.00 
North  Platte      ^52';HS! 
Truckee-Carson    "'•'"x.l 
Carlsbad        67.i80.0n 
Rio   nranUe       S^'SSSS^ TmatUla        54,067.96 
Khimath        "■♦■''"•23 Belle  Kniirche     2,000.00 
Siinnvslde    (Taklma)        11,41S  80 
Sho.shono       366.483.00 

Total       ..$2.498,848.9.-, 

The  results  of  the  draiiiajie  work  done  have 
lieen  a  general  lowering  of  the  water  ilain 
over  an  area,  reclaimed  and  protected,  of 
from  nofiOfp  to  -lO.OOO  acres,  .^ssum!ng  the 
higher  figure,  the  cost  has  been  $G2..50  per 
acre,  quite  as  much  as  the  cost  of  the  original 
irrigation.  The  condition  indicated  conveys 
its  lesson  without  explanation,  but  a  touch  of 
absurdity  is  lent  by  the  comment  of  the  Recla- 

mation service  engineers  that  "in  some  cases 
it  has  been  found,  where  drainace  works  have 
been  effective  in  lowering  the  ground  water 

so  as  to  permit  lands  being  brought  under  cul- 
tivation, that  the  excess  of  water  applied  to 

the  soil  through  irrigation  has  been  sufficient 
to  again  raise  the  water  table  too  near  the 
surface  during  the  peak  of  the  irrigation  sea- 

son, and  to  produce  temporarily  a  condition 

injurious  to  crops  " 

The  Employment  of  Experts  by  Cities. 
.After  enumerating  U  of  tlie  major  accom- 

plishments of  the  F'hiladelphia  Department  of 
Public  Works  in  carrying  out  its  constructive 
program.  Director  Morris  L.  Cooke,  in  his 
latest    annual    report,    says: 

Th€Te  Is  no  caiicc  which  hnn  rontrlbuted  more 
to  whatever  muaMure  of  HurceHM  hn8  attended 
<»ur  work,  than  the  employment  of  experts. 
T>urlnK  the  Inst  two  years  we  have  employed 
over  60  sueh  ndvlsers,  some  of  whom  have 
Klvcn  their  services  to  the  city  without  chnrKe, 

while  others  have   been  employed  on  a  definite retainer. 

Mr.  Cooke's  arguments  favoring  the  em
- 

ployment of  the  man  of  exceptional  qualihca- 

tions  are  convincing.  He  extends  the  
prin- 

ciple involved  to  cover  the  handlmg  of  rou- 
tine as  well  as  exceptional  activities.  His 

theory  is  that  every  position  from  the  lowes
t 

to  the  highest  shoiild  be  filled  by  one  expert 

in  the  duties  appertaining  to  that  position.
 

He  gives  numerous  examples  of  the  employ-
 

ment of  experts,  both  for  handling  the  highly 

complex  sporadic  problems  to  which  large 

cities  are  subject  and  for  handling  less  pre- 
/♦entious  matters  of  more  frequent  occurrence 

and  the  accompanying  routine  duties. 

Experts  of  the  first  type  have  advised  the 

city  in  matters  pertaining  to  architecture, 

landscape  work,  electric  lighting,  highway  en- 

gineering, building,  street  and  steam  rail- 
ways, mosquito  extermination,  management, 

water,  printing,  gas  and  gasoline  lighting, 

acoustics,  time  study,  municipal  finance,  mar- 

kets, construction  work,  street  cleaning,  sew- 
age disposal,  power  plants,  garbage  disposal, 

sUmv  sand  and  mechanical  filters,  and  law. 

Mr.  Cooke  calls  attention  to  the  fact  that 

the  average  person  seems  to  believe  that 

anyone  can  fill  a  city  job  acceptably.  He  sees 
clearlv  that  the  business  of  cities  ought  to  be 
handled  witli  the  same  efiiciency  exhibited  in 

the  transactions  of  the  business  world.  Com- 

menting on  this  matter,  with  special  refer- 
ence to  the  employment  of  experts,  he  says : 

In  the  industries  it  is  becoming  more  and 
more  the  rule  to  go  to  experts — to  the  iren  who 
know.  The  routine  work  of  an  establishment 
will  always  be  best  done  by  those  who  are 
schooled  to  it.  But  if  progress  is  being  made. 
questions  are  constantly  arising  which  can  only 
be  answered  by  those  who  have  had  the  pe- 

culiar experience  In  which  the  answering  facts 
are  developed.  All  such  questions  are  being 
answered  today  more  and  more  by  the  logic 
of  facts  rather  than  by  personal  opinion.  It  is 
to  the  expert  that  we  must  go  to  get  these 
facts. 

The  ([notations  given  relate  to  the  employ- 
ment of  experts  for  short  time  engagements 

for  the  study  of  matters  of  highly  complex 
nature.  As  stated  previously,  however,  the 

department  has  extended  the  principle  of  em- 
ploying "men  who  know"  to  the  engaging  of 

men  to  give  all  their  time  to  the  city.  These 
latter  men  fill  the  various  steady  positions  in 
the  department  and  are  selected  for  their 
special  fitness  for  their  positions.  Many  of 
the  more  important  steady  positions  were 
filled  by  men  called  to  Philadelphia  from 
similar  positions  in  other  cities.  Thus  such 
important  positions  as  the  chiefship  of  the 
Bureau  of  Highways  and  the  Bureau  of  Water 
were  filled  liy  men   from  other  cities. 

The  following  quotation  states  the  convic- 
tion of  the  department  relative  to  the  calling 

in,  from  other  cities,  of  men  in  tlie  lower  sal- 
aried grades : 

A  study  of  the  German  system  of  municipal 
administration  shows  that  It  is  only  a  matter 
of  a  few  years  until  this  country  will  have 
progressed  to  the  point  where  we  will  exchange 
na  between  cities  not  only  those  who  hold 
hlKher  positions  hut  men  and  women  in  the 
lower  salaried  grades.     As  the  art  of  municipal 

administration  and  engineering  becomes  more 
and  more  of  a  science  it  will  become  more  and 
more  usual  for  the  officials  of  one  town  to  seek 

assistance  of  all  grades  in  any  other  town  or 

city  where   it   may   be   found. 

The  rise  of  the  "commission-manager  plan" 

of  city  administration  will  hasten  this  move- 
ment. It  seems  quite  clear  that  those  in  re- 

sponsible charge  of  municipal  administration 
must  more  and  more  watch  the  work  being 

done  in  towns  and  cities  other  than  their  own, 

to  secure  the  people  with  whom  to  build  up 

and  maintain  an  efficient  administrative  staff. 
That  town  or  city  which  entirely  depends  upon 

its  own  will  find  out  sooner  or  later  that  too 

much  inbreeding  in  this  field  is  as  bad  as  it 

is  in  any  other. 

That  Mr.  Cooke  is  a  consistent  advocate  of 

the  exchange  between  cities  of  municipal  em- 

ployes is  shown  by  the  following  quotation: 
If  there  is  any  town  in  the  country  of  over 

5,000  inhabitants  in  need  of  a  city  manager  or 

one  which  wants  to  fill  any  other  position  and 

if  they  are  willing  to  pay  sufficient  salary  we  will 

he  glad  to  point  out  the  best  man  in  our  service 

to  take  the  place.  We  have  good  men  and 

women  working  in  our  departmenet  and  we 

want  to  see  them  get  ahead  even  if  we  lose 

some  good  ones  in  the  process.  In  other  words, 
we  feel  it  is  quite  as  important  to  provide 

means  of  advancement  for  our  people  either  in 

or  out  of  the  city  service  as  it  is  to  fill  vacancies 

satisfactorily  as  they  occur.  Ninety-nine  out 

of  every  hundred  promotions  will  probably  come 

through  the  city  service  and  in  Philadelphia. 

,et  nothing  would  act  as  a  gi-eater  tonic 

tor  our  own  municipal  service  than  to  constant- 

ly have  a  certain  percentage  of  our  best  em- 
ployes given  better  positions  in  outside  cities. 

The  several  quotations  given  contain  many 

valuable  suggestions.  Clearly,  if  the  handling 

of  city  business  is  to  be  raised  to  the  plane 

of  economy  and  efficiency  exhibited  in  private 

business  enterprises  the  employment  of  com- 

petent men  for  all  municipal  positions  wdl  be 

a  necessary  step  in  the  transition.  We  desire 

especially  "to  commend  the  employment  of 
recognized  experts  for  the  handling  of  the 

larger  and  more  complex  problems.  Many 

city  councils  will  not  now  appropriate  money 

for  the  employment  of  such  experts,  but 

where  the  need  for  expert  services  is  well  de- 

fined various  civic  organizations  and  public- 
spirited  citizens  are  usually  ready  to  make 
generous  contributions  for  that  purpose.  In 

fact  the  City  Council  of  Philadelphia  has 

placed  every  possible  obstacle  in  the  path  of 

securing  expert  advice.  In  all  but  a  few- 
cases  the  fees  for  experts  called  to  Phila- 

delphia have  been  paid  from  funds  privately subscribed. 

The  engineer  can  do  much  to  promote  a 

lictter  understanding  and  a  higher  apprecia- 
tion on  the  part  of  city  officials  and  private 

citizens  of  the  value  of  expert  services.  It 

is  true  that  some  engineers  need  to  learn  in 

this  matter  as  well  as  laymen.  Too  often  the 

self-sufficient  engineer  has  declined  to  ask 

for  the  help  of  expert  advice.  Again  ̂ ome 

engineers  consider  it  a  reflection  on  their 

own  capabilities  to  admit  that  they  coaild 

profit  from  another  man's  advice.  Happily 
the  emplovment  of  experts  is  now  sufficiently 
common  to  make  the  last-named  objection  of little  weight. 

A  \'  I 

I  )  I 
I  \  I 

The  Organization  and  Standards  of  the 

Wisconsin   Highway   Commission. 
(.Slalf  Article. ) 

The  State  Highway  Comiiiissinn  of  Wis- 
consin was  organized  under  an  rn  1  of  the 

legislature  of  that  state  passed  in  li'll.  Prior 
to  that  time  the  stale  geological  survey  fur- 

nished engineering  aid  to  the  v.i 
in  cases  where  roads  were  const i 
the   co-operation   of    crnintics    ,ni  .       |, .. 
In    1!)13   the   state   aid   law   was   amended  by 

the  legishiture  and  its  scope  materiallv  broad- 
ened. 

TIIK  lUOUW.W  COM.MISSION. 

The  highway  commission  consists  of  five 
non-p;iid  members:  three  appointed  by  the 
t'Mxcrnnr  and  ex-officio;  the  dean  of  the  col- 

lege nf  engineers  of  the  Slate  University;  and 
the  stale  geologist.  The  executive  officer  of 
the  commission  is  the  state  highway  engineer, 
appointed  by  the  commission.  The  necessary 
engineering  assistants  are  appointed  bv  the commission. 

In  each  county  of  the  state  the  board  of 

supervisors  elects  a  county  highway  commis- 
sioner, as  he  is  called,  who  has  the  direct  sup- 

ervision of  all  road  work  accomplished  in  the 

county,  under  state  aid.  The  candidate  must 
satisfy  the  state  commission  as  to  his  litness, 

his  appointment  being  subject  to  their  ap- 
proval. In  case  a  county  fails  to  appoint  a 

road  commissioner  one  may  be  appointed  by 
the   state   highway   commission. 

Funds  are  derived  from  a  direct  tax  levied 

Iiy  the  state  and  are  apportioned  to  the  various 



October  28,   1914. Engineering   and    Contracting 399 

cminties  in  direct  ratio  to  the  percentage  of 
state  tax  paid  by  the  county.  In  addition  to 
the  money  appropriated   for  state  aid  there  is 

vyhich  will  conform  to  the  standards  estab- 
lished by  the  commission.  The  chart,  Fig.  1, 

shows    graphically    the    organization     of     the 

State 
Large 

Wisconsin  Highway         Commission 

I     Stote      Highway     Engineer    \ -\     Chief  Clerk      ~\ 

I      Bridge   Enqr    | 

Stenographers 

Ass't  Engineer       | 

Drgfsman    | 

|Chief  Inspecto 

[Ass't.    Inspector 

"1  I  EngV.  of  Surveijs] 

Asst  Engr    |    |Stotistician| 

IDrafsman  |    [Blueprint  Dept| 

Division    Engineer 
7  in  State 

[Ass't.  Div  Eng'rl    [inspector]   [surveqorsi  [DrafsnTO 

Countu        Highway       Com 
I  in  each  countu   -.^   -J.   

mmissioner 

I  Foreman! 

iLaborers] 

Fig.    1.     Diagram    Showing    the    Organization   of    the    Wisconsin    Highway    Commission. 

also  provided  money  for  tlie  support  of  the 
commission.  Funds  are  apportioned  for  state 
aid  on  a  basis  of  one-third  each  of  the  cost  of 
the  proposed  improvement  to  be  paid  by  the 
township,  county  and  state ;  or,  two-thirds  of 
the  cost  by  the  county  and  one-third  by  the 
state ;  provided,  that  where  bridges  exceed  (i 
ft.  in  span  the  state  pays  only  one-lifth  of  the 
cost.  On  this  basis  state  aid  road  improve- 

ment funds  amount  to  about  4%  million  dol- 
lars in  1914,  of  which  the  state  pays  about  1% 

million.  The  initiative  in  appropriating  money 
for  state  aid  work  lies  with  the  local  unit — the 
county  or  township — the  state  meeting  re- 

quests for  aid  up  to  the  limit  of  the  funds 
available  for  the  use  of  the  local  unit.  Coun- 

ties and  townships  may  also  issue  bonds  for 
road   improvement. 

State  aid  is  granted  only  for  the  construc- 
tion of  roads  included  in  a  previously  se- 

lected system  of  county  highways.  These 
roads  selected  by  the  various  county  boards 
and  their  selection  approved  by  the  com- 

mission, comprise  about  1-5,  per  cent  of 
the  total  mileage  of  public  roads  in  the 

state.  It  is  proposed  to  complete  the  im- 
provement of  this  system  of  roads  before  un- 

dertaking the  building  of  roads  not  included 
in  the  system. 

It  is  readily  seen  that  the  work  of  the  com- 
mission is  of  a  supervisory  nature,  direct  ad- 

commission  and  the  relation  of  the  employees 
one   to    another.     After   roads   are   completed 

were  resorted  to  in  order  to  establish  the  un- 
dertaking on   a  firm  basis. 

Perhaps  the  most  interesting  of  these  ex- 
pedients is  the  almost  universal  adoption  of 

the  day  labor  system  of  executing  work.  It 
was  found  that  by  no  other  system  could  many 
short  isolated  stretches  of  state  aid  road  be 
improved  at  an  equally  low  cost.  Also  the 
wide  variation  in  the  wealth  and  density  of 
population  of  the  various  counties  in  the  state 
made  economical  a  similarly  wide  variation 

in  the  type  of  improvement  advisable  to  se- 
cure the  greatest  benefit  to  the  residents. 

In  turn,  these  conditions  of  sparse  settle- 
ments and  short,  isolated  road  improvements 

and  the  resultant  economy  of  day  labor  meth- 
ods of  road  construction  made  advisable  the 

appointment  of  many  county  highway  commis- 
sioners who  were  not  engineers  or  surveyors, 

but  rather  competent  road  foremen  or  superin- 
tendents. The  work  of  making  surveys,  there- 

fore, devolved  upon  the  commission.  These 
surveys  are  made  by  engineers  in  the  office 
of  each  division  engineer  and  are  checked  and 
approved  by  the  state  highway  engineer. 
An  important  and  far-reaching  saving 

effected  by  the  state  commission  was  in  the 
matter  of  freight  rates  on  road  materials. 
Due  to  the  efforts  of  the  commission,  a  ma- 

terial reduction  was  secured,  the  amount 
saved  by  the  reduction  amounting  to  about 
$7.5,000  during  the  current  year. 

Another  interesting  phase  of  the  work  was 
the  institution  of  schools  for  road  commis- 

sioners during  the  winter  months,  and  the 
planning  of  a  campaign  of  public  education  in 
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the  expense  of   maintenance   must  be   met 
the  counties  and  townships. 
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^1 
ministration  being  in  the  hands  of  the  local 
unit.  However,  the  commission  has  power  to 
^assume  direct  charge  wherever  sucli  action  is 
ecessary  in  order  to  secure  a  quality  of  work 

THE    PR.\CTIC.\L    WORKING   OUT   OF   THE   PLAN. 

The  plan  of  the  state  highway  law  is  com- 
prehensive and  farsighted.  In  putting  the  plan 

in    operation     various    interesting     e.xpedients 

the  details  of  the  work  of  the  commission 
and  the  difficulties  with  which  it  was  con- 

tending. At  the  road  schools,  or  meetings 
of  road  officials,  details  of  construction  are 
discussed  and  experiences  e.xchanged.  The 
effect  of  these  meetings  has  been  to  bind  to- 

gether and  create  a  feeling  of  working  sup- 
port and  co-operation  between  the  various 

county  officials.  Numerous  speeches  and  lec- 
tures are  delivered  by  employes  of  the  com- 

mission and  a  spirit  of  frank  criticism  has 
been  developed  on  the  part  of  both  the  press 
and  people  at  large  and  the  commission, 
which,  although  heated  at  times,  has  resulted 
in  great  good.  Newly  acquired  technical 
knowledge  is  often  displayed  in  curious  and 
sometimes  amusing  opinions  from  critical 
citizens.  And  yet  while  possibly  annoying  and 

misleading  in  some  of  its  features,  this  in- 
terest evinced  by  the  public  will  eventually 

make  easier  the  work  of  the  commission.  The 
policy  of  directness  and  publicity  is  to  be 
commended. 

COST    OF    WORK    ACCOMPLISHED. 

.\  recent  bulletin  of  the  commission  states 
that  the  roads  constructed  may  be  roughly 
divided  into  five  types:  (1)  Roads  of  the  first 
ilass:  Concrete,  sheet  asphalt,  sanustone  for 

granite  blocks,  or  vitrified  brick.  (-'>  Roads 
of  the  second  class:  Stone  macadam  roads 
consisting      of      stone      which      has       passed 
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llirough  a  cruihcr.  Comprised  in  this  class 
are  also  those  roads  composed  of  a  tirst 
course  of  uncrushed  rubble  stone  or  gravel 
and  a  second  course  of  crushed  stone. 

(3)  Roads  of  the  third  class:  Gravel  mac- 
adam roads ;  those  roads  constructed  of 

gravel,  as  it  occurs  in  the  pit  or  of 
screened  gravel,  including  roads  built  of 
rubble  stone  for  the  first  course  and  a  gravel 

surfacing.  Roads  of  crushed  gravel  are  con- 
sidered as  stone  macadam  and  are  thus  classi- 

fied. (4)  Roads  of  the  fourth  class:  Roads 
surfaced  with  shale,  clav  or  sand.  While 

these  may  be  called  surfaced  roads,  the  sur- 
facings  in  general  are  not  of  such  character 
as  to  make  permanent  improvements,  and  are 
not  turned  over  to  the  county  for  maintenance 
as  in  the  case  of  classes;  (1),  (2)  and  (3). 

(5)  Roads  of  the  fifth  class:  Dirt  roads,  con- 
sisting of  roads  which  are  graded  but  not 

surfaced.  Roads  in  this  class  on  which  a 
small   amount   of   gravel   has   been   placed   to 
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Fig.    4.      Standard    Cross    Sections    Used    in 

Grading     All     Types    of     Roads     Except 
Those    Paved    with    Concrete. 

J.7:j  per  cent.  In  addition  to  the  above  su- 
pervision cost  paid  by  the  state  each  county 

has  a  supervision  cost  varying  from  1%  to 

8  per  cent,  averaging  for  the  state  probably  a 
little  less  than  i  per  cent.  The  joint  cost  of 

the  supervision  of  state  road  construction  by 
countv  and  state  is  therefore  about  6%  per 

cent.  '  No  part  of  the  expense  of  supervision 
is  paid  out  of  tax  moneys  raised  for  construc- tion  purposes. 

ROAD  PLANS. 

The  interesting  feature  of  the  plans  pre- 
pared by  the  commission  is  the  including  of 

all  information  necessary  for  use  in  the  field 

in  the  laving  out  of  the  work  on  the  original 

plans.  Surveys  are  made,  under  the  direction 
of  the  division  engineers,  of  sections  of  road 
ordered  surveyed  by  the  commission. 

quite   detailed    for   the   convenience   of    fore- men. 

GENERAL    CONDITIONS    AFFECTING    CONSTRUCTION. 

The  topography  of  Wisconsin  is  quite 
varied.  Some  prairie  sections  exist,  but  for 
the  most  part  it  is  broken  and  irregular, 

abounding  in  streams.  Likewise  local  condi- 
tions vary.  In  the  northern  section  settle- 
ments are  few,  the  country  is  timbered  and 

farming  has  not  developed  to  the  same  extent 
as  farther  south.  In  the  southern  portion  of 
the  state  is  found  one  of  the  most  prosperou> 
farming  regions  in  the  United  States.  Several 
large  cities  are  found  in  the  state  but  for  the 
most  part  the  towns  are  small  and  are  settled 
mainly  by  retired  farmers.  In  the  eastern 

portion  of  the  state  there  is  much  manufactur- 

ing. 
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Fig.  5.  Standard   Cross  Sections  for   Roads  Paved  With  Concrete. 

(Ill  .S>.-ctlon  In  cuts  on  light  soils,  (b)  Section  in  cuts  on  heavy  clay  soils,  (c)  Section  on  fills 
Hiider  I  ft.  In  helKht.  (d)  Section  on  fills  over  4  ft.  in  height,  (e)  Section  for  overtlowed  road? 
:•  ft.   widi-.     (fl  .Section  for  overflowed  roads  16   ft.  wide. 

■  over   a  sandy  spot  or  marshy  place,  are   not 
considered  lo  he  in  class   (3). 
The  approximate  average  cost  per  mile  for 

ihc  whole  state  reduced  lo  a  surfaced  width 

if  !)  ft.  for  classes  (1).  (2).  (.'!)  and  (4)  i. 
.IS  follows:  Class  (1),  $8,.500;  Class  (2), 
.i;.?,08:t;  Class  (3),  $2,123;  Class  (4),  $2,134 
The  average  cost  per  mile  for  roads  graded 
Imt  not  surfaced  is  $!li)0.  The  average  cost  of 
-.irading  and  ciilvcrling  the  total  mileage,  in- 
iluiiing  classes  (1),  (2),  (3)  and  (4)  was 

$7.')i)  per  mile.  Reduced  to  a  basis  of  .square 
-  arils,  concrete  has  averaged  approximate^ 
$1.30  per  square  yard,  stone  macadam  44  cts.. 
gravel  2fi  cts.,  exclusive  of  grading  and  cul- 

vert  work. 
The  unit  costs  of  work  completed  in  typical 

counties  of  the  state  are  given  in  Tabic  IT. 
The  percentage  of  the  total  cost  expended 

lor  state  supervision  has  been  reduced  in 
three  years  from  3.,53  per  cent  to  2  per  cent, 
an   average   for   the   whole  tenti   of  years   of 

tenter  line,  profile  and  cross  sections  are 
determined  and  a  reference  stake  driven  near 
the  niad  property  line  at  100  ft.  intervals. 
The  distance  of  these  stakes  from  the  center 
line  and  the  elevations  of  the  tops  of  the 
stakes  are  noted. 

In  preparing  plans  continuous  transparent 
lirolile  paper  10  ins.  in  width  is  used.  The 
plan  and  profile  are  platted  in  the  manner 
shown  in  Fig.  2.  information  being  placed  on 
the  phins  as  shown.  Ordinarily  scales  of  1  in. 
to  80  It.  lu.rizontal  and  1  in  to  8  ft.  vertical 
arc  used  for  the  profile  and  1  in.  to  80  ft.  for 
the  plan.  A I  one  end  of  the  sheet  a  tabulation 
of  reference  di.st.inces  and  cuts  and  fills  is 
placed.  The  tabulation  is  made  up  as  shown  in 
Fig.  3.  This  grade  sheet  enables  the  road 
construction  foreman  to  set  his  own  grade 
stakes  without  the  aid  of  an  engineer.  To 
this  end  foremen  are  frequently  furnished 
with  hand  levels  and  instructed  as  to  their 
use.     Other  information  on  the  plans  is  made 

Road  materials  of  good  quality  abound  in 

all  parts  of  the  state.  Glacial  gravel  of  excel- 
lent quality  is  found  in  many  sections  both 

mixed  with  clean  sand  and  with  clay.  The 

southern  portion  of  the  state  has  much  lime- 
stone, and  granite  of  a  good  quality  is  also founci. 

CONSTRUCTION    DETAILS. 

Cross  Sections. — A  number  of  typical  stand- 
ard cross  sections  for  grading  and  paving. 

Fig.  4,  are  used  characterized  by  the  facts  that 
(1)  no  road  is  built  less  than  20  ft.  wide  on 
tills  and  24  ft.  wide  between  ditches  in  cuts. 
(2)  the  finished  cross  sections  for  earth  and 
paved  roads  are  ordinarily  the  same,  and  (3^ 
a  !)-ft.  width  of  paving  is  advocated  for  or- 

dinary rural  roads. 

In  Fig.  5  various  cross  sections  for  con- crete roads  are  shown.  Where  this  type  of 

pavement  is  constructed  the  width  is  ordinarily 
greater  than  9  ft.  Engineering  and  Con- 
TR.'\CTINC  for  May  19,  1914,  contains  an  article 
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discussing  the  methods  and  cost  of  concrete 
road  construction  in  Milwaukee  County,  Wis. 
Further   discussion   of   methods    of    construc- 

:  strips  Z  c  C. 

e"c  c  - 

be  designed,  "in  accordance  with  standard 
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Fig.    6.     Details   of   Guard    Rail,    Underdrain     and  a  Drop  Inlet. 

tion  of  all  types  of  roads  will  be  found  in 
the  issue  of  April  22,  1914. 
Types  of  Pavements. — A  large  portion  of 

the  roadS'  improved  have  been  graded  but  not 
surfaced.  There  is,  however,  an  increasing 
tendency  shown  toward  the  construction  of 
inore  paved  roads  as  shown  in  Table  I. 

The  principal  types  of  paved  surfaces  used 
are  earth,  gravel  and  crushed  stone  macadam, 
and  concrete.  But  little  oiled  or  bituminous 
surfaced  road  has  been  constructed. 
Guard  rails  are  constructed  on  all  fills  over 

4  ft.  in  height,  the  details  of  construction  and 
method  of  placing  being  shown  in  Fig.  I). 

CULVERTS    AND    BRIDGES. 

Types  of  small  culverts  and  bridges  in  use 
are  illustrated  in  the  accompanying  figures. 
The  following  description  of  culvert  and 
bridge  construction  in  Wisconsin  by  A.  R. 
Hirst,  chief  engineer,  abstracted  from  a  paper 
before  the  American  Road  Congress  discusses 
rhe  subject  fully.  All  waterway  structures 
li  ft.  and  under  in  span  are  classed  as  culverts, 
and  are  built  out  of  the  funds  available  for 
the  construction  of  the  road.  .'Ml  waterway 
structures  over  6  ft.  in  span  are  considered 
as    bridges    and    must    be   provided      for      by 

In  addition  to  the  duty  of  designing  all 
state-aid  bridges  and  culverts,  the  state  high- 

way commission  has  imposed  upon  it  by  law 
the  duty  of  approving  as  to  their  safety  and 
engineering  sufficiency  the  plans  of  all  bridges 
constructed    with    county   aid.      In    the    seven 

concrete  of  the  slab  type.  Even  the  smallest 
culverts  are  of  reinforced  concrete,  which  are 
found  in  Wisconsin  to  be  serviceable,  easily 
constructed,  and  in  probably  50  per  cent  of 
the  cases  cost  less  than  any  other  type  of 
culvert  except  wood,  which  is  not  allowed 
on  any  of  the  work.  The  smallest  concrete 
structure  is  18  ins.  by  12  ins.,  smaller  sizes 
being  equally  as  expensive  and  very  easily 
blocked  with  ice  and  debris. 
In  some  cases  where  the  foundation  con- 

ditions are  extraordinarily  soft  and  difficult, 
or  concrete  materials  are  not  reasonably  avail- 

able, culverts  of  corrugated  metal  with  con- 
crete or  stone  end  walls  are  used  but  only 

where  it  is  impracticable  to  use  concrete,  and 
probably  not  1  per  cent  of  culverts  are  now 
built  of  this  material.  Vitrified  clay  pipe  are 
not  used  at  all  on  state-aid  work,  as  they  have 
been  found  almost  invariably  to  crack  in 

cold  weather  by  filling  and  freezing.  Con- 
crete pipes  molded  in  place  and  afterwards 

moved  to  the  job  are  not  used  for  the 
same  reason.  Under  conditions  favorable 
to  their  use,  both  make  excellent  culverts. 

and  may  be  recommended  in  less  severe  cli- 
mates. Cast  iron  water  pipe  has  not  been 

used  on  account  of  its  cost,  which  invariably 
exceeds  that  of  concrete. 

Small  concrete  culverts  ranging  from  18  ins. 
to  10  ft.  in  size  cost  per  cubic  yard,  complete, 
including  the  excavation  and  backfilling,  about 
$8,  very  seldom  more  than  $10  per  cubic  yard, 
sometimes  as  low  as  $6. 

Class  2.  Spans  lo  ft.  to  40  ft. — Either  rein- 
forced concrete,  the  slab  type  up  to  18  ft.  and 

the  through  girder  type  up  to  40  ft.,  or  I- 
beam  structures  with  concrete  floors  are  used. 
Many  true  reinforced  concrete  bridges  are 
built,  but,  with  public  lettings  open  to  any  bid- 

der, the  workmanship  and  finished  appearance 
has  been  so  poor  in  manv  cases  that  it  was 

found  desirable  to  use  more  I-beam  struc- 
tures.    In  the  case  of  I-beams,  a  5-in.  concrete 

T.\BLE  I.— SHOWING  TOTAL  FUNDS   AV.AII-.ABLE  AXD  ACTU.AL  CONSTRUCTION  IN  MILES 
IN   1912   AND   1913,   AND   ESTIMATED   CONSTRUCTION  IN  1914. 

1U12.                      1913                       1914.»  Totals. 
Funds  available        $1,303,930            $2,606,004            $4,362,706  $8,274,640 
Stone  macadam              164                         290                         400  854 
Gravel  macadam                54                         150                         300  504 
Concrete  surfacing                10                           26                           75  111 
Shale  and  other  surfacing               IS                           65                         100  183 
Graded  but  not  surfaced              223                         465                         700  1,388 

Totals,  miles  of  road              469                         996                     1.575  3,040 
State  aid  bridges  built              140                         300                         305  746 ♦Estimated. 

seasons  of  the  existence  of  the  Wisconsin 
highway  commission  and  its  predecessor  in 
highway  work,  the  Wisconsin  geological  and 
natural  history  survey,  about  1,000  highway 
bridges  of  a  span  exceeding  10  ft  for  coun- 

ties, and  about  400  bridges  exceeding.  6  feet 
in  span,  and  innumerable  culverts  under  this 
span  have  been  designed.     In  addition  to  this, 

fiat  slab  is  placed  on  top  of  the  I-beams. 
The  corrugated  arch  type  of  support  for  the 
concrete  between  the  I-beams  is  but  seldom 
used. 

Class  S-  Spans  from  40  to  So  ft. — Warren 
riveted  pony  trusses  are  used  practically  ex- 

clusively, though  a  few  plate  girders  are  be- 
ing used  where  the  conditions  of  hauling  are 

Fig.    7.  Typical    Limestone    Macadam    Road    9   Ft.   Wide   in 

Argyle   County. 

Fig.   8.     Granite    Macadam    on    a  Sand County. Subgrade      in       Portage 

separate  appropriations,  the  state  paying  20 
per  cent  of  their  cost  instead  of  33%  per  cent 
as  in  the  case  of  culverts  on  roads. 
Wisconsin  has  a  drastic  bridge  law  which 

provides  that  culverts  under  18  ins.  in  span 
must  be  so  constructed  or  reconstructed  as 
to  stand  without  planking  a  load  of  18  tons, 
and  waterway  structures  over  this  span  must 

plans  for  probably  500  bridges  have  been 
checked  as  to  engineering  sufficiency.  Actual 
bridee  construction  under  the  commission 

plan"  has  cost  about  $2,000,000. Bridge  superstructures  are  roughly  divided 
into   five   classes,   as    follows : 

Class  I.  Spans  from  18  ins.  to  10  ft. — Al- 
most   invariablv    constructed      of      reinforced 

favorable.  All  of  these  structures  have  con- 
crete floors. 

Class  4.  Spans  from  80  to  133  ft. — Riveted 
Pratt  high  trusses  are  used  with  a  horizontal 
top  chord,  also  with  a  reinforced  concrete floor. 

Class  5.  Spans  Over  IS5  ft. — Pratt  rivet- 
ed   high    trusses    with   a  curved    top    chord 
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are  used.  Practically  all  of  these  larger  spans 
are  also  Iniilt  with  a  reinforced  concrete  floor. 
Very   seldom   is   a   pin   connected    truss   used, 

of  abutment.  Occasionally  cement  rubble  ma- 
sonry abutments  are  used,  also  steel  i-beam 

piles  surrounded  by  a  concrete  wall.     The  last 

PERSONNEL. 

The  present  members  of  the  Highway  Com- 
mission   are    John    A,    Hazelwood,    chairman; 

Fig.    9.     Type    of     Earth      Road    Grading    in    Northern    Wisconsin. Fig.  10.    Fill, Culvert  and  Guard   Rail County. on     a    Road    in    PIttsfleld 

either  for  Class  4  or  5,  probably  not  once  in 
25  cases. 

Costs. — From  cost  figures  on  all  bridges 
constructed  up  to  l!tl4  for  any  span,  tlie 
price  erected  (including  substructure  and  sup- 

erstructure) figures  out  very  close  to  $40  per 
linear  foot  of  the  overall  span.  Reinforced 
concrete  floors  average  aliout  20  cts.  per  square 
foot.  Steel  in  plate  girder  and  truss  spans 
averages  from  $(i.5  to  $70  a  ton  erected,  and 

I-beam  spans  figure  from  $-50  to  $00  a  ton 
erected. 

Widths    for    concrete    cylvcrts    and    bridges 
follow    the    standards    recommended    by    the 
Association    of    State    Highway    Departments, 
which  are  as  follows : 

First   class  roads —  Feet 
Culverts  under  12-ft.  span,  minimum  width  24 

/  Slab    bridges    over   12-ft.    span,    minimum 
width        20 

-■Ml  other  concrete  spans,  minimum  width.   20 
Very  lone  brIdKes  less  if  necessary. 

Second  class  roads — 
Culverts,    less   than   12-ft.   span,    minimimi 

width        20 
Slab    bridges    over    12-ft.    span,    minimum 

width         IS 
All  other  concrete  bridges,  minimum  width  IS 

Third  class  roads — 
Culverts    less    than    12-ft.    span,    minimum 
width      20 

Slab    bridges    over   12-ft.    span,    minimum 
width        18 

Longer  bridges  may  be,  minimum  width..   Hi 

Steel  bridges  are  built  almost  invariably 

■with  a  10-ft.  roadway:  that  is,  Iti-ft.  clear  dis- 
tance between  trusses  or  rails,  no  matter  what 

the  class  of  road,  although  for  s|)ans  under 

80  ft.  some  18-ft.  and  20-ft.  clear  roadways 
have  been  built. 

.\l)Utrnents  under  practically  all  structures 
are  plain  concrete,  since  with  concrete  mate- 

rials as  cheap  as  in  Wisconsin,  and  with  the 

difficulty  of  getting  first-class  workmanship 
in  reinforced  concrete  foundations  without 

constant   inspection,   this  is  the  cheapest   type 

type  of  abutment  has  been  found  to  be  very 

satisfactory  and  economical  for  high  abut- 
ments on  sandy  bottoms,  and  has  largely  dis- 

W.  O.  Hotchkiss.  secretary:  F.  E.  Turneaure, 
John  S.  Owen,  and  J,  H.  Van  Doren.  A.  R. 
Hirst   is   chief    engineer    for    the   commission. 

TAKLK  11.— COST  OF  MACADAM  AND  GRAVEL,  ROADS  CONSTI 

CONSIN  COI"NTIES  IN   1913 Brown 
Item.  County. 

Grading,    miles       13.01 
Cost  of  grading,  per  mile    .?707.OO 
Grading,   cu.    yds   
Cost  of  grading,  per  cu.  yd. — 

Average        $0.31 
Maximum       .52 
Minimum        .16 

Concrete   culverts.    No    33 
Concrete,   cu.   yds    320 
Cost  of  concrete  per  cu.  yd    $9. S3 
Cost  of  culverting,   per  mile    $242.00 
Macadam   surface,   miles    9.31 
Macadam   surface,  cu.'  yds    14,723 
Macadam  surface,  pel'  cu.  yd — Average        $1.91 

Maximum        2.47 
Minimum        1.43 

Macadam  surface,   sq.    yds    52,S42 
Macadam  surface,  per  stj.  yd. — 

Average    $0.53 
Maximum        .98 
Minimum        .41 

Gravel   surface,   miles    3.37 
Gravel  surfacing,  cu.  yds    5,076 
Gravel  surface,  per  cu.  yd. — 

Average        $0.99 
Maximum        1.51 
Minimum       ^. . . . .  .68 

Gravel  surface,  sq.  yds   \  . . . .  17,845 
Gravel  surface,  per  sq.  yd. — 

Average       $0.28              $0.45 
Maximum        .43                  .53 
Minimum        .17                  [30 

Miscellaneous        $638.69      $8,841.42" 

lUCTED    IN    TYPICAL   WIS- 

Dane County. 

31. S4 

$793.00 

$0.30 

.97 

.11 
97 

942 

$8.21 

$242.00 
16.4 

20,338 

$2.33 

3.26 .91 
89,883 

$0.53 

.75 

.32 
3.55 

4,835 

$1.76 

3.22 

1.30 18,800 

Dodge 

County. 

18.28 

$650.00 41,239 

$0.29 

.74 

.08 

43 

350 

$7.90 $152.00 7.41 
14,103 

$1.36 

3.10 

.65 

35,450 

$0.54 

.78 

.33 

4.44 

8.652 

$0.74 

1.79 

.54 
23,500 

$0.28 

.59 

.22 

$1,091.61 

Monroe County. 

14.14 
$775.00 

$0.33 

.67 

.21 
55 
4 

$9  79 

$356.00= 

9.78 

14,445  . 

$2.50 

3.60 
1.95 

51.216 

$0.71 

.87 

.47 

$215.00 

Racine 
County. 

6.06 

$987.00 

10,215 

$0.58 

l.OiJ 

.28 

5 
34 

$11.29 

  :i.oi 

4,382 

$2.13 

2.94 .85 

16,082 

$0.57 

.68 

.35 

0.59 

895 

$1.45 

1.45 

1.45 

3.100 

$0.42 

.42 

.42 

$25.00 

1..    Total  cost  of  wori«      $46,097.16     $99,452.84     $41,497.28     $56,950.39^  $17,091.82 
■Material  on  hand.     -■Including  14  metal  culverts  at  a  cost  of  $570.07.     -'including  0.16  miles  of  con- crete paving  at  a  cost  of  $1,001.50.     'Tile  drain,    700  lin.  ft.  at  a  cost  of  $25. 

placed  the  use  of  cylinders  with  steel  backing. 
Steel  backing  is  not  allowed  on  any  state-aid 
structure.  The  price  of  concrete  in  bridge 
abutments  and  piers  averaged  last  rear  about 
$8  per  cubic  yard. 

His  staff  consists  of  M.  W.  Torkelson, 

bridge  engineer:  J.  T.  Donaghey,  chief  in- 
spector; A.  L.  Luedke,  engineer  of  surveys; 

William  Dawson,  chief  clerk,  and  7  division 
engineers,  as  follows:    Xo.  1,  Madison,  F.  M. 

W^ 

PerspccHve  of  O  jte 

Fig.     11.      Type     of      Chute      or    Paved    Ford    Successfully     Used 
Under    Special    Conditions. 

cs   

Cross  Section 

Fig.    12.     Standard   Type   of   Concrete 
Bottom. 

Section  A  A 

Culvert      with      Unpaved 
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Balsley:  Xo  2,  Milwaukee.  \V.  M.  de  Berard : 
Xo.  3,  Green  Bay.  William  Conway : 
Xo.  4,  Grand  Rapids,  J.  E.  Gillespie;  Xo.  5-, 
La  Crosse,  W.  C.  Buetow  ;  Xo.  tj,  Eau  Claire, 
S.  P.  Hall:  and  Xo.  7,  .\shland,  F.  M.  Sar- 
seant. 

The  Traffic  Limits  of  Various  Types  of 
Pavements. 

The  economic  traffic  limits  of  various  types 
of  pavements  used  for  street  and  country  road 

surfaces  have  not  yet  been  full}-  dettnnined.    Bv 

^  Plan  Showing  Culvert  Tloor 
Reinforcement     ^   7-5'- 

cost  of  maintenance  in  Midland  is  just  about 
this  limit;  in  Xorfolk  it  is  only  half  as  much. 

English  e.xperience  indicates  that  120,000 
tons  of  traffic  per  yard  width  will  wear  out 
ordinary  waterbound  macadam  in  a  year.  At 
Sidcup  a  traffic  of  oOti  tons  a  yard  width  a 
day  wore  out  the  macadam  section  in  a  year. 
It  is  believed  there  that  the  traffic  limit  at 

which  this  type  becomes  useless  is  .50,01-111  tons 
a  yard  width  per  annum,  or  137  tons  a  yard 
width  per  day. 
The  French  estimate  the  traffic  limit  of 

waterbound   macadam  to   be   1,000  "collars"  a 
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^Section  Showing  Bridge     5  Plan  Finished 
Floor  Reinforcement  Roadway 
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Tresaguet  foundations  of  stones  set  on  edge 

are  commonly  employed  and  highly  recom- 
mended, and  types  of  Telford  or  variations  of 

macadam  are  common  in  England  and  else- 
where. On  the  Continent  any  road  with  a 

waterbound  macadam  surface  is  still  called  a 

macadam  road,  no  matter  what  the  founda- 
tion.     The    sturdy    foundation    may    account 
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Fig.    13.    Standard   Type   of   Concrete   Culvert  with    Paved    Bottom. 

Half  Transverse  Section  on  <t-         Hotf  End  Elevation 

iCj.   14.     Type   of   Slab   Culvert   Used   When 
Head    Room    Is    Limited. 

traffic  limit  is  meant  the  amount  and  type  of 
traffic  a  pavement  wili  carry  without  undue 
wear.  \\ .  deH.  Washington  in  the  report 
of  the  New  York  State  Commission  of  High- 

ways for  1913  briefly  summarizes  European 
ideas  upon  this  subject. 
THE    TR.^FFIC    LIMIT    OF    \V.\TERBOUND    M.»iC.\DAM. 

It  has  been  thoroughly  proven  that,  after 
traffic  reaches  a  somewhat  variable  degree  of 
speed  and  intensity,  ordinary  waterbound 
macadam  becomes  dusty,  muddy,  is  worn  into 
ruts  and  holes,  and  disintegrates  so  rapidly  as 
to  require  constant  mending  and   resurfacing. 
Just  what  this  economic  traffic  limit  of 

waterbound  macadam  is  has  not  yet  been  fully 
determined.  But  it  is  very  essential  to  know 
it.  and  in  many  places  tests  and  censuses  are 
being  made  to  ascertain  it  more  exactly.  Both 
in  England  and  France  the  opinion  is  that  if 
simple  waterbound  macadam  does  not  last 
two   years    without    resurfacing    it    should    be 

day  for  the  whole  width  of  the  road.  .\  "col- 
lar" means  a  single  horse-drawn  loaded  ve- 

hicle, and  an  automobile  is  figured  as  equiva- 

lent to  three  "collars." 
It  is  evident  from  the  figures  above  men- 

tioned that  the  traffic  limit  of  waterbound 

macadam  is  far  from  being  definitely  estab- 
lished, while  a  knowledge  of  it  is  highly  im- 

portant. The  writer  recommends  that  cen- 
suses be  taken  on  all  the  state  roads  which 

seem  to  be  yielding  too  rapidly  to  traffic  in  or- 
der to  determine  the  traffic  limits  of  our  va- 

rious types  of  roads  under  the  climatic  con- 
ditions in  the  dififerent  parts  of  our  common- 

wealth. The  writer  also  urges  that  traffic  cen- 
suses be  taken  as  well  on  roads  about  to  be 

improved,  as  a  guide  to  the  type  of  construc- 
tion to  be  adopted. 

Construction  and  Varieties  of  Macadam 
Types. — The  methods  of  construction  of 
waterbound   macadam   prevailing   with   us  are 

for  the  high  wearing  power  and  long  life  of 
many   European   so-called   macadam   roads. 

In  regard  to  the  broken  stone  aggregate,  al- 
though macadam  was,  as  is  well  known,  orig- 

inally one  course  of  angular  broken  stone  of 
uniform  size,  there  is  a  European  tendency 
to  subdivide  and  make  use  of  a  lower  layer 
of  2%-in.  to  2%-in.  stone,  with  an  upper  layer 
of  l.G-in.  to  '2-in.  stone,  somewhat  as  that 
preferred  in  tar  macadam. 
The  softer  the  stone,  the  larger  the  size 

which  is  recommended,  .\broad.  tor  example, 
the  lower  layer  in  such  a  road  may  be  2% 
ins.  if  soft  stone  or  2.4  ins.  if  hard  stone. 
European  road  builders  generally  believe  that 
stones  of  a  uniform  texture  are  superior  to 

those  w-hich  are  part  hard  and  part  soft.  For 
this  type  of  roads  limestone  as  used  by  us  is 

largely  employed  by  the  French,  who  con- 
sider that  it  binds  well  and  stands  fast,  light 

traffic    well,   but    admit   it   does   not   stand   up 

Fig.    15.     Typical    Riveted    Low    Truss    Steel    Bridge. 

changed  to  another  type  of  construction,  or  at 
least  be  superficially  tarred  to  increase  its 
life,  if  possible,  to  or  beyond  this  period.  An- 

other criterion  suggested  by  experience  in 
England  is  that  if  the  maintenance  of  water- 
bound  macadam  costs  more  than  a  third  of  a 

penny  (two-thirds  of  a  cent)  per  ton  mile  of 
traffic  this  type  has  become  uneconomic  and 
another    should   be   substituted.     The   average 

so  well  understood  that  they  are  not  dwelt 
upon.  But  a  few  variations  common  abroad 
and  certain  special  methods  and  details  may 
be  chronicled  with  profit. 

Although  macadam  was  originally  a  course 
of  uniformly  broken  stone,  without  other 
foundation,  nevertheless  on  the  Continent 
one  or  another  kind  of  a  foundation  is  more 
frequently    present    than    absent.      In    France, 

under    heavy    crushing    vehicles   or   too   great 
motor  traffic. 

In  Europe  it  is  almost  everywhere  main- 
tained by  engineers  that  round  gravel  does 

not  make  a  good  road.  The  Italians,  how- 
ever, have  found  that  broken  gravel  is  sat- 

isfactory if  not  of  too  varied  a  texture,  and 
use  it  extensively.  Many  of  the  English  au- 

thorities   believe    that    selected    slag    is    more 
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valuable  than  even  granite  for  road  material, 
as  it  crushes  more  under  the  roller  and  it  is 
better  molded  under  traffic  pressure,  so  as  more 
completely  to  fill  in  the  interstices  and  become 
interlocked  and  welded  into  a  solid  mass. 

!>RESERV.\TIO.\    OF   WATKRBOL'.VD    M.\C.\D.\M. 

When  waterbound  macadam  becomes  too 
dusty  or  shows  signs  of  giving  out  the  first 
question  is  whether  it  can  be  preserved,  or 
must  be  superseded  by  another  type  of  con- 

struction. E.xamination  of  the  road  itself  and 
a  census  of  the  traffic  it  bears  are  useful  to 

give  data  to  determine  this.  Bituminous  treat- 
ment of  several  varieties  may  be  applied  to 

advantage.  The  chief  forms  of  dust  layers 
and  surface  preservers  are  many  kinds  of  tar 
or  tarry  oils  and  calcium  chloride. 

Calcium  Chloride. — Calcium  chloride  is  rec- 
ognized to  be  a  useful  preventive  of  dust  in 

summer,  but  after  test  in  England  was  re- 
jected by  a  majority  of  the  county  engineers 

who  tried  it,  as  it  produced  an  e.xtra  amount 
nf  sticky  mud  in  wet  weather. 
The  writer  believes  that  this  should  not  be 

applied  save  where  the  road  is  naturally  dry 
or  sandy. 

Superficial  Torri»i</.— The  standard  preserva- 
tive of  macadam  is  some  form  of  surface  tar- 

ring. Inasmuch  as  we  have  tliousands  of  miles 
of  waterbound  macadam  in  the  United  States. 
the  result  of  tests  of  this  method  elsewhere 
is  important. 

Before  tarring  the  road  should  l)e  repaired. 
leveled,  freed  from  caked  mud  and  well 
brushed.  The  tarring  should  be  done  while 
the  road  is  dry.  If  a  heavy  tar  is  used  the 
road  should  be  well  warmed,  either  by  the 

sun's  rays  or  otherwise.  The  tar  should  be 
applied  uniformly  by  machinery  and  under 
pressure.  It  should  be  well  brushed  after  ap- 

plication. For  a  first  coating  the  English  use 
one  imperial  gallon  of  tar  to  from  five  to 
seven  square  yards  of  surface. 

Cost  of  Superficial  Tarring. — The  cost  of 
such  surface  tarring  in  England  runs  from  one 
and  one-third  cents  for  crude  tar  to  four  cents 
for  distilled  tar  per  square  yard,  or,  taking  as 
a  unit  a  mile  of  16-foot  road,  the  cost  would 
be  $12.5  to  $37.5  per  mile.  The  cost  in  France 
is  about  two  cents  a  square  yard.  The  cost  is 
greater  here,  where  more  tar  is  used  per  square 
yard,  although  with  doubtful  advantage. 

The  tarring  under  moderately  heavy  surface 
usually  lasts  only  one  year,  but  greatly  in- 

creases the  life  of  the  macadam,  and  is  cheap 
in  proportion  to  the  cost  of  resurfacing  the 
macadam,  which  they  estimate  at  twenty  cents 
.1  square  yard  for  a  two-inch  top.  In  some 
cases  it  may  retain  effectiveness  from  two  to 
five  years. 

Increasing  the  Life  of  Roads. — The  English 
experience  indicates  that  tar  surfacing  in- 
iTcases  the  total  life  of  waterbound  macadam 
from  120,0(I{J  fms  to  240,000  tons  per  yard 
width,  a  gain  of   100  per  cent. 

tn  Germany  nineteen  road  authorities  stated 
that  surface  tarring  increased  the  life  of  the 
road  a  full  year;  forty-six  other  authorities 
stated  that  it  reduced  the  wear  on  the  roads, 

and  twenty-six  thought  it  made  little  dif- 
ference, but  in  some  of  these  cases  crude  and 

not  refined  gas  house  or  distilled  tar  was 
used. 

The  French  estimate  that  surface  tarring  in- 
ireases  the  life  of  the  roads  by  .50  per  cent 
or  more.  Surface  tarring  of  the  Bois  de 
Hologne,  the  most  traveled  pleasure  street  in 
Paris  and  the  one  leading  to  the  park,  has 
reduced  the  maintenance  expense  from  2.10 
to  1..32  francs  a  square  meter.  Thousands  of 
automobiles,  taxis  and  horse-drawn  vehicles 
use  this  boulevard  daily  and,  though  heavy 
commercial  vehicles  are  forbidden,  it  stands 
very  well  the  traffic  of  thousands  of  heavy 
iron-tired  vehicles  which  cross  at  street  inter- 
sections. 

.\nnual  superficial  tarring  prolonged  the  life 
of  one  road  in  France  to_ eight  years,  whereas 
an  adjacent  untarred  section  wore  out  in  three 
vcars.  The  consensus  of  opinion  imlicntcs 
that  surface  tarring  is  very  effective  to  prevent 
dust  and  to  preserve  the  road  where  it  is  being 
worn  through  and  torn  up  by  fast  traffic.    Su- 

perficial tarring  alone  does  not  seem  effective 

against  very  heavy  crushing  traffic,  which  ap- 

parently wears  out  or  crushes  the  road  under- neath the  tar  film. 

It  is  recommended  that  superficial  tarring 

be  employed  upon  waterbound  macadam  sur- 
faces where  they  wear  out  in  from  one  to 

four  years,  or  where  a  traffic  census  shows 
a  traffic  of  from  80  to  300  tons  per  yard 

width  a  day.  And  also  that  roads  be  thus 
built  economically  in  many  cases  for  light 
traffic  and  light  motor  traffic.  Many  roads  of 
macadam  should  be  given  a  bituminous  carpet 

if  possible  and  should  thus  give  excellent  serv- ice. 

The  Traffic  Limit  of  Superficial  Tarring.— 
The  point  at  which  superficial  tarring  ceases 
to  be  economic  is  far  from  final  determination. 
.\  German  estimate  of  the  economic  traffic 
limit  a  day  of  superficially  tarred  macadam  is 

400  single  horse-drawn  vehicles,  40  automo- 
biles and  20  heavy  motor  wagons,  which 

would  be  equivalent  to  only  about  640  "'col- lars'' per  day.  How  long  they  expect  it  to 
endure  this  traffic  is  not  given.  This  is  much 
less,  however,  than  either  the  French  or  one 
English  estimate,  which,  as  stated,  is  a  total 
life  of  240,000  tons  per  yard  width. 

At  Sidcup  superficial  tarring  showed  a  prob- 
able total  life  of  18  months  for  a  traffic  of 

•"iiiG  tons  per  yard  width  per  day.  This  would 
imply  that  a  surface  superficially  tarred  an- 

nually would  stand  for  two  years,  which  is  the 
economic  minimum,  under  a  traffic  of  377 

tons  a  yard  width  per  da}',  but  this  is  many 
times  the  traffic  on  our  ordinary  country 
roads. 

On  the  other  hand,  Mr.  Dryland  of  Surrey 
considers  a  more  permanent  type  more  eco- 

nomical in  the  end  as  soon  as  the  traffic 
reaches  20,000  tons  a  yard  width  a  year.  These 
estimates,  however,  differ  so  materially  that 
the  writer  recommends  that  a  census  be  taken 
on  our  own  surface  tarred  roads  to  determine 
the  traffic  limit  of  superficial  tarring. 

MORE  PERM..\NENT  TYPES  OF   CONSTRUCTION. 

Where  the  traffic  is  too  heavy  for  super- 
ficially tarred  waterbound  macadam  more  per- 

manent types  of  road  become  necessary.  Be- 
sides asphalt,  granite,  brick  and  small  stone 

set  paving,  the  e.xpense  of  which  confines  them 
largely  to  cities  in  Europe,  the  two  types  most 
highly  considered  at  present  are  concrete  and 
bituminous  or  tarry  bound  macadam  roads. 

Concrete  Highways. — Europe  is  far  behind 
the  United  States  in  experiments  with  Port- 

land cement  bound  concrete  roads.  Abroad 
objections  are  made  to  concrete  roads  as  being 
too  hard,  insufficiently  resilient  and  too  liable 
to  crack   from  the  weather. 

Where  tried  abroad,  they  have  as  vet,  found 
no  certain  method  of  giving  them  a  resilient, 
waterproof  surface  which  will  stick  and  en- 

dure. In  fact,  their  experiments  point  out  quite 
clearly  to  them  the  necessity  of  such  a  surface. 
The  author  believes  that  special  tests  should  be 
made  to  find  a  surfacing  for  concrete  with 
these  necessary  qualities.  As  regards  concrete 
roads  in  general,  he  believes  their  many  ad- 

vantages and  best  types  are  to  be  seen  rather 
in  the  examples  in  this  country  than  abroad. 

Bituminous  Macadam. — The  English  experi- 
ence with  bituminous  or  tar  bound  macadam 

dates  back  on  certain  roads  over  thirty  years. 
In  general  this  type  is  considered  satisfactory 
to  meet  the  traffic  within  the  limits  where 
waterbound  macadam,  even  when  surface 
tarred,  fails,  and  where  traffic  becomes  so  in- 

tense as  to  require  asphalt  or  paving. 
Two  distinct  methods  of  construction  have 

been  developed,  namely,  grouting  and  mixing. 

Bituminnus  Grouted  Roads. — Their  grout- 
ing method  consists,  in  brief,  of  laying  a  2  or 

3-in.  crust  of  1%-in.  to  2%-in.  broken  stone, 
rolling,  and  while  the  surface  is  dry  pouring 
hot  pitch,  softened  with  oils,  and  sometimes 
mixed  with  an  equal  part  of  hot  sand,  into 
and  filling  the  interstices.  This  crust  is  closed 
with  a  surface  of  %-in.  to  %-in.  chippings, 
rolled  and  firmly  compacted.  The  cost  in  Eng- 

land is  about  72  cts.  a  square  yard. 
While  Engineer  Brodie  of  Liverpool  has  at- 

tained good   results  with  grouting  for  twelve 

years,  il  is  admitted  to  require  great  care  and 

has  often  failed,  even  in  England.  France  re- 
ports adversely  on  grouting  and  Germany 

considers   its   results    doubtful. 

The  fact  seems  to  be  that  such  pains  are  re- 

quired completely  to  fill  the  interstices  be- 
tween the  stones,  on  account  of  the  differ- 

ence in  temperature  in  different  hours  of 
even  the  same  day,  or  of  the  skill  and  ex- 

perience of  the  laborer  doing  the  pouring,  that 
hand  grouting  can  be  entrusted  to  no  one  who 
is  not  personally  interested  in  the  life  of  the 
road.  The  writer  is  not  disposed  to  recom- 

mend it  for  use  under  contract. 

The  Mixing  Method.— The  other  principal 
method  in  vogue  is  the  mixing  process,  many 
varieties  of  which  are  employed. 

In  England  and  Switzerland  the  iriixing 
method  is  highly  commended.  It  consists  in 
general  of  heating  granite,  hard  stone  or  slag 
until  all  moisture  is  driven  off  and  mixing 
it  with  hot  tar  at  the  same  temperature,  usually 
22.5  to  350  degrees. 

What  is  designated  as  the  Aeberli  system  of 
mixing  heated  stones  with  crude  tar,  without 
a  filler,  and  allowing  the  stones  to  lie  in 
piles  for  the  tar  to  set  before  laying  on  the 
roads,  is  frequently  used  on  the  Continent 
.\lthough  employed  in  a  number  of  places 
with  good  results,  the  writer  finds  that  there 
has  been  such  a  large  percentage  of  failures 
that  he  believes  this  method  to  be  too  un- 

certain to  be  recommended.  The  fault  seems 
to  lie  in  using  too  light  tar  without  a  filler 
and  in  letting  the  mixture  cool  before  laying. 
The  Praed-Hines  system,  which  has  given 

very  good  results,  adds  hot  coarse  sand  and 
some  hydraulic  cement  to  the  hot  tar  while 
mixing,  and  mixes  all  at  an  even  heat  in  a 
simple  and  mobile  machine. 

In  the  Tarmac  system,  where  hot  selected 
slag  is  used,  only  a  little  filler  is  employed,  but 
the  Tarmac  process  is  largely  used  and  giving 
excellent  results  at  reasonable  cost.  It  is  a 

hot  mix  at  the  plant  but  laid  cold  when  awa\- from  the  vicinity  of  the  plant.  The  fact  seems 
to  be  that  granite  or  hard  stone  requires  a 
filler  in  the  tar,  whereas  slag,  to  which  the  tar 
clings  better  and  which  is  also  more  readily 

further  compressed  by  traffic,  filling  up  the  in- 
terstices, does  not  require  such  a  filler. 

The  writer  considers  the  two  methods  last 

mentioned  of  preparing  bituminous  macadani 
material  as  the  best  he  found  in  Europe.  The 

advantage,  if  not  necessity,  of  thoroughly  heat- 
ing and  drying  the  stone  aggregate  before 

coating  seems  established  logically  and  by  suc- 
cessful practice.  A  lower  2%-in.  course  of 

2%-in.  stone  or  slag  is  laid,  over  which  is 
added  a  second  IVa-in.  layer  or  cover  coat  of 
1%-in.  stone  or  slag  finally  surfaced  wMth  chip- 

pings. The  cost  in  England  is  from  70  cts.  to 

$1  a  square  yard,  and  it  is  frequently  guaran- teed for  five  years  under  heavy  traffic  at  these 

prices. Efficiency  of  Bituminous  Macadam.— The  ef- ficiency of  bituminous  and  tar  macadam  seems 
well  established  by  many  examples  which  have 
been  under  hard  wear  for  years  in  England, 
There  are  a  number  of  tar  macadam  roads 

which  have  endured,  with  only  occasional  re- 
surfacings.  from  .30  to  35  years.  One  estimate 
of  the  life  of  pitch  macadam  is  a  total  of 
1,320,000  tons  per  yard  width,  or  of  11  years 
with  a  traffic  of  120,000  tons  per  yard  width 
each  year. 

In  Sheffield  a  tar  macadam  road  with  ,t 

traffic  of  36,000  tons  per  yard  w^idth  per  an- 
num has  been  down  for  21  years  at  an  average 

annual  cost,  including  the  original  expenditure, 
of  8  cts.  a  square  yard.  They  claim  it  can 
be  maintained  indefinitely  for  6  cts.  a  square 

yard  a  year. 
Another  tar  macadam  road  with  a  traffic  of 

70,000  tons  a  yard  width  a  year  has  been  laid 
seven  years  and  can  be  maintained  indefinitely 
for  12  cts.  a  square  yard  a  year,  and  this  under 
very   trying   traffic. 
The  British  contention  is  that  where  a  su- 

perficially tarred  waterbound  macadam  road 

lasts  only  two  years  before  it  req-iires  re- 
tarring,  it  will  be  more  economic  to  substitute 
tar    macadam    or    concrete.       If     waterboimd 
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macadam  lasts  three  years  with  surface  tar- 
ring, tar  rnacadam  will  still  apparently  be  more 

economic  in  the  end. 
The  traffic  limit  at  which  tar  macadam  seems 

to  become  uneconomic  may  be  estimated  as 
high  as  1,000  tons  a  yard  width  per  day,  at 
which  rate  the  top  layer  would  probably  wear 
out  in  four  years.  This  is  a  very  heavy  traffic, 
and  five  or  ten  times  that  on  our  ordinary 
country  or  rural  road.  For  such  very  light 
traffic  roads  it  seems  unnecessary  to  dwell  ex- 

tensively upon  any  types  of  construction  more 
expensive  than  concrete  and  bituminous  bound 
macadam,  or  even  carpeted  waterbound  mac- 
adam. 

ECONOMIC   FE.ATURES. 

Good  roads  will  solve  a  great  economic 
problem,  at  present  found  in  the  decadence  of 
the  small  farm,  which  is  due  in  a  large  meas- 

ure to  the  rebellion  of  the  rising  farming 
young  folk  against  the  isolation  caused  by  im- 

passable roads,  which  are  too  muddy  to  be 
traversed  by  wheel  and  not  sufficiently  liquid 
for  navigation.  In  better  roads  lies  the  hope 
of  the  renaissance  of  agriculture. 
We  are  on  the  eve  of  an  era  of  road  build- 

ing comparable  only  to  railway  building  be- 

tween 1840  and  1880.  In  the  writer'.s  judg- 
ment, we  will  be  able  to  obtain  roads  suitable 

for  a  moderate  amount  of  traffic  at  a  reason- 
able cost.  We  need  not  be  driven  always  to 

the  most  costly  types  of  road,  the  building  of 
which  would  tremendously  reduce  the  new 
rnileage  possible  under  reasonable  appropria- 

tions, for  to  the  fullest  economic  extent  we 
should  seek  to  extend  the  greatest  good  in 
the  way  of  roads  to  the  greatest  number  of 
people. 

Fixed  Charges  on  Roads. — The  fixed  charges 
on  the  inost  expensive  types  of  roals  in  the 
way  of  interest  and  sinking  fund  make  them 
more  costly  and  sometimes  less  economical  in 
the  end  than  the  cheaper  road  with  a  mod- 

erate cost  of  maintenance.  For  instance,  a 
road  costing  $14,000  should  be  capably  main- 

tained under  the  English  system  of  constant 
care  for  not  to  exceed  $200  a  mile  per  annum. 

On  the  other  hand,  a  road  costing  $24,000  or 
more  would  necessitate  an  interest  charge  on 
the  $10,000  extra  cost,  which  at  4%  per  cent 
would  mean  $450  a  year.  To  this  must  be 
added  a  sinking  fund  of  1  per  cent,  which 
\yould  make  $550,  as  well  as  further  expense 
for  maintenance,  say  $50  per  annum,  making 
$600  as  the  annual  excess  upkeep  cost  per  mile 
'if  highway. 

Roads  Will  Wear. — Road  builders  have  to 
bring  their  public  to  understand,  and  in  fair- 

ness to  them  the  people  should  realize,  that 
nothing  in  this  world  can  be  used  without 
wear.  Even  a  steel  rail  upon  a  railroad  has 
an  average  life  of  only  about  ten  years. 
The  maintenance  of  some  of  the  more  ex- 

pensive types  of  roads  is  much  like  that  of 
steel  rails,  which,  when  the  surface  is  worn, 
must  be  entirely  replaced,  whereas  some  types 
of  roads  which  have  a  renewable  or  replace- 

able top  need  not  be  entirely  reconstructed,  but 
merely  resurfaced  or  repainted,  as  it  were,  at 
necessary  intervals. 

The  Advantages  of  a  Readily  Replaceable 
Road. — If  a  railroad  could  find  a  type  of  rail 
the  surface  of  which,  when  worn,  could  be 
made  substantially  as  good  as  new  without 
removing  it  from  its  place,  it  would  consider 
it  an  economic  advantage  from  both  the  fixed 
charge  and  maintenance  standpoints. 
We  should  congratulate  ourselves  that  in 

the  past  few  years,  since  the  advent  of  the 
new  traffic  conditions  to  which  the  motor  ve- 

hicles have  subjected  our  roads,  we  have  de- 
veloped types  whereon  not  the  entire  road,  but 

merely  the  surface  actually  worn,  needs  to  be 
repaired,  and  in  which  we  can  save  our  base 
and  confine  our  maintenance  to  the  limited 
zone  of  actual  wear.  It  fact,  maintenance 
should  be  so  handled  and  constant  that  wear 
should  never  be  allowed  to  come  upon  or 
reach  the  second  course  or  foundation  of  any 
road. 

Brick,  concrete,  bituminous  macadam  and 
durax  will  play  important  parts  in  the  roads 
of  the  future  and  each  will  have  its  sphere 
of   proper  usefulness. 

The    Effect    of    Leaking    Illuminating 
Gas  on  Bituminous  Pavements. 

.■\n  important  question  in  connection  with 
the  life  of  bituminous  pavements  is  the  effect 
of  leaking  illuminating  gas  upon  the  compo- 

sition of  the  pavement.  In  a  paper  before  the 
recent  meeting  of  the  American  Society  of 
Municipal  Improvements  George  C.  Warren 
discussed  that  subject  and  his  paper  is  given 
here  in   part : 

To  everyone  who  has  had  long  experience 
in  _  bituminous  pavement  construction  and 
maintenance  it  is  well  known  that  illuminat- 

ing gas  escaping  from  subsurface  gas  mains 
is  very  injurious  to  all  forms  of  bituminous 
pavements,  and  yet  we  frequently  find  repre- 

sentatives of  gas  companies  and  city  officials 
ridiculing  the  idea  that  gas  can  have  any  ef- 

fect on  such   pavement  surfaces. 

The  fact  is  that  illuminating  gas,  a  bitu- 
minous substance,  and  hydro-carbon,  quite 

similar  in  its  chemical  composition  to  light 
tar  and  oil  distillates,  is  lighter  and  more  pen- 

etrating than  the  distillates  and  even  more 
rapidly  attacks  and  liquefies  a  bituminous  ce- 

ment, no  matter  whether  the  bitumen  be  a  tar 
or  an  asphaltic  product. 

In  my  thirty  years  of  experience  with  as- 
phalt and  other  bituminous  pavement  con- 

struction this  matter  has  come  up  many  times, 
and  generally  the  persistent  claim  of  the  gas 
companies   is : 

1.  That  it  is  ridiculous  to  suppose  that  gas 
will  attack  an  asphalt  pavement. 

2.  That  the  gas  mains  have  been  carefully 
tested  by  plugging  holes  through  the  pavement 
and  into  the  ground  and  that  there  are  no leaks. 

3.  When  the  main  is  on  the  side  of  the 
street  opposite  a  portion  of  the  street  affected, 
it  is  too  far  away. 

I  would  comment  on  these  points  as  fol- 
lows : 

1.  There  can  be  no  question  but  that  coal 

gas.  being  a  hydro-carbon  in  gaseous,  and 
therefore  its  most  penetrating  form,  will  at- 

tack anv  form  of  bitumen  even  more  rapidly 
than  oil,  just  as  gasoline,  being  more  pen- 

etrating, will  attack  bitumen  more  rapidly  than 
heavier  oil,  such  as  machine  oil,  for  instance. 

I  particularly  remember  one  extremely  ag- 
gravated case  on  West  End  Avenue.  New 

York  City,  about  fifteen  years  ago,  which  be- 
carne  reaflfected.  and  the  asphalt  pavement 
again  ruined  within  three  months  after  it  was 
resurfaced,  the  ,gas  company  having  claimed 
that  they  had  thoroughlv  tested  the  mains  and 
repaired  the  leaks.  Shortlv.  subesquent  to 
this,  the  gas  company  was  obliged  to  entirely 
relav  the  gas  main  and  the  pavement  was 
again  relaid. 

2.  Even  if  they  dislike  to,  or  w'ill  not  admit 
it,  the  gas  companies  well  know  that  the 

"plugging"  test  only  sometimes  locates  the 
leaks.  They  naturally  dislike  to  go  to  the 
expense  of  tearing  up  and  relaying  pavements 
and  excavating  to  and  uncovering  the  mains 
unless  the  conditions  become  such  that  they 
are  absolutely  required  to  do  so. 

3.  The  leaking  gas  naturally  follows  the 
lines  of  least  resistance,  whicli  may  be  in 
either  a  nearly  vertical  line  and  show  the  re- 

sult almost  immediately  above  the  leak.  or. 
what  is  extremely  hard  to  find,  may  follow  a 
long  distance  through  a  vein  of  porous  earth 
or  along  the  space  formed  by  some  old  settled 
trench  and  reach  the  pavement  surface  a  long 
distance  from  the  leak.  In  such  cases  the  pave- 

ment is  generally  affected  over  a  large  area, 
because  the  earth  has  become  quite  generally 
saturated  with  the  gas.  which  gradually  works 
up  to  the  pavement  surface. 

I  rernember  a  case  in  about  1S8S,  on  Rutger 
St..  Utica,  N.  Y..  where  the  first  indication  of 
trouble  in  the  ,gas  main  was  the  effect  on  the 
asphalt  oavement.  The  gas  company  claimed 
they  had  repaired  the  leak  and  a  considerable 
area  of  pavement  was  relaid.  About  a  month 
later  an  elderly  couple,  while  asleep  in  one  of 
the  residences  nearly  a  block  away,  v.as  near- 
Iv  asphvxiated  by  gas  leaking  from  the  street. 
Probably  the  gas  had  first  found  a  partial  out- 

let, following  along  a  vacancy  in  some  trench 
settlement,  and  then  through  the  pavement. 
Subsequently  the  leak  became  worse,  with  the 
serious  result  referred  to  above. 

Frequently,  if  not  generally,  the  first  indi- 
cation of  leak  in  the  gas  main  where  the 

street  has  a  bitum.inous  pavement  is  the  effect 

on  the  pavement,  in  which  case  it  is  good  for- 
tune that  the  pavement  is  of  a  character  which 

is  affected  by  gas  and  will  permit  the  gas  to 
permeate  the  surface,  thus  lessening  the  chance 
of  serious  casualty  as  above  outlined  in  Utica. 

Tlie  visible  effect  of  leaking  gas  on  a  bi- 

tuminous pavement  is  a  serious  "shifting"  or 
"rolling"  of  the  pavement  in  its  softened  con- 

dition, accompanied  by  a  breaking  up  of  the 

surface  into  a  "crackled"  appearance  not  un- 
like the  folds  or  cracks  in  an  alligator's  back. 

Generally,  when  this  condition  is  noticed,  a 
perceptible  odor  of  gas  will  be  found  in  the 
pavement  surface,  but  sometimes  the  leak  may 
have  been  repaired  or  the  gas  taken  another 
course  and  the  gas  escaped  so  that  its  odor 
cannot  be  detected,  yet  the  pavement  is  left 
in  a  seriously  damaged  condition.  On  the 
other  hand,  under  certain  subsoil  conditions, 
the  earth  below  the  pavement  may  retain  the 
escaped  gas  and  continue  to  have  its  dam- 

aging effect  for  months,  if  not  years,  after 
the  gas  main  has  been  repaired  and  the  cause 
of  the  trouble  probably  removed. 
The  effect  on  the  pavement  may  extend  for 

a  considerable  period  beyond  the  repairs  to 
the  gas  main  unless  steps  are  taken  to  provide 
frequent  vents,  left  open  for  several  days,  if 
not  weeks,  after  repairs  to  the  gas  mains  are 
made. 

In  such  cases,  before  making  repairs  to  the 
pavement,  its  entire  surface  over  the  main 
and  where  the  surface  shows  the  effect  of 
gas  should  be  removed  and  the  gas  main 
should  be  thoroughly  repaired  (renewed  if 
necessary).  After  the  leaks  are  repaired  vents 
or  openings  at  least  1  ft.  square,  extending 
from  the  surface  to  the  level  of  the  gas  main, 
should  be  left  open  for  two  or  three  weeks 
or  longer,  if  there  is  still  any  odor  of  gas,  and 
the  openings  then  refilled  and  thoroughly 
tamped  and  the  pavement  surface  relaid.  With 
this  precaution  the  trouble  will  probably  be 
overcome  if  the  gas  company  has  not  been  too 
parsimonious,  inefficient  or  incomplete  in 
making  of  repairs  to  the  gas  mains. 

In  conclusion  it  may  be  well  to  call  atten- 
tion to  a  pernicious  but  quite  general  custom 

of  the  gas  companies  in  their  "hunt"  for leaks.  I  refer  to  the  custom  of  having  two  or 

three  men,  one  of  them  selected  for  his  "smell- 
ing" efficiency,  go  along  the  street  where  there 

are  indications  of  gas  leaks,  hammering  a 
cone-shaped  bar  through  the  pavement  into 
the  ground  below.  These  holes  are  made  at 

intervals  of  a  few-  feet.  The  "smeller"  man 
puts  his  nose  to  the  holes,  and  if  he  discovers 
a  sufficient  odor  of  gas  to  attract  his  atten- 

tion an  opening  is  dug  to  try  to  discover  the 
leak.  If  the  "smell"  test  does  not  locate  a 
leak  apparently  below  the  hole  it  is  quietly 
filled  with  dirt.  A  few  weeks  later  the  city 

official,  or  the  "poor  devil"  of  a  paving  con- 
tractor, if  he  happens  to  have  the  pavement 

under  "guaranty."  finds  serious  holes  along 
the  center  line  of  the  pavement  and,  not  being 
able  to  trace  the  trouble  to  any  cause,  he 

makes  the  repair,  if  his  "guaranty"  is  good, 
or  "lets  it  slide"  if  he  and  his  "guaranty"  are 
no  good,  and  perhaps  at  the  end  of  a  law- 

suit the  city  makes  the  repairs. 

The  simple,  but  so  far  as  the  writer  knows 
never  enacted,  cure  for  this  evil  is  an  ordi- 

nance requiring  gas  companies,  whenever  they 
want  to  test  their  mains,  to  cut  openings  of 
sufficient  size  through  the  pavement  to  en- 

able excavation  to  the  gas  main,  absolutely 
prohibiting  the  promiscuous  drilling  holes 
through  the  pavement  as  above  described,  and 
to  pay  for  making  a  proper-repair  to  the  pave- 

ment. With  the  enactment  and  enforcement 
of  such  ordinances  the  chances  of  locating  the 
leaks  are  greatly  increased  and  the  unfairness 
to  the  city  and  contractor  of  making  holes  in 
the  pavement  without  adequately  repairing 
them  will  be  eliminated. 
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BUIL 
The  Design  and  Operation  of  the  New 

Shop  for  Building    Steel    Freight 

and  Passenger  Cars  of  the  Ca- 

nadian    Pacific     Ry.,     at 

Montreal,  Que. 

The  Canadian  Pacific  Ry.  has  recently  con- 
structed, at  its  .-\ngus  plant.   Montreal,  Que., 

a  shop  for  the  construction  of  steel  passenger 

and  freight  cars  having  a  capacity  of  10  pas- 
senger cars  per  month  and  8  freight  cars  per 

day.     Before   the    construction    of    this    shop 
thousands  of  steel   frame  cars  had  been  built 

by  different  firms  in  the  United  States  and  in 
Canada  for  this  company  to  the  same  design 
as  the  cars  for  which  the  new  shop  is  intended. 
The  new  shop,  which  is  divided  into  two  parts, 
one  for  the  construction  of   freight  cars  and 

the  other  for  passenger  cars,  contains  e.xcel- 
dent  facilities  for  the  rapid  and  economic  con- 

struction of  steel  cars.     The  following  article 

on   the  layout   and   operation   of   the   shop   is 
based  on  a  paper  bv  L.  C.  Ord.  assistant  master 

car  builder,  Canadian  Pacific  Ry.,  in  the  Pro- 

ceedings of  the  Canadian  Society  of  Civil  En- 
gineers. The  original  article  gave  few  data  on 

done  as  cheaplv  as  possible.  In  designing  the 

<hop  2,750  sq.  'ft.  of  floor  area  were  allowed 

per  car  per  dav  (total  under  cover)  as  the  av- 

erage for  the  existing  shops.  To  prevent  over- 
crowding, which  is  common  in  most  steel 

freight  car  shops,  and  to  allow  for  the  greater 

amount  of  space  taken  up  by  the  design  of 

spacing  punches,  a  larger  amount  of  machine 

space  was  provided.  The  floor  area^  finally 

adopted  for  the  freight  shop  was  41,"85  sq.  ft., the  area  of  the  machine  shop  being  22,069  sq. 

ft.  less  7,26.5  sq.  ft.  (which  was  set  apart  for 

machining  and  assembling  steel  center  sjlls  on 

repair  work),  giving  a  total  area  of  14,(95  sq. 
ft.  available  for  machines.  The  area  of  the 

assembling  portion  of  the  freight  shop  is  9,170 

S(|.  It.,  while  the  erecting  area  is  17,820  sq.  ft. 
DESIGN   FE.VTURES   OF   SHOP. 

The  steel  shop  proper  consists  of  two  100- 
ft.  bavs  running  parallel  with  the  front  of  the 

shop,'  and  at  right  angles  to  this  part  one 72-ft.  bay,  405  ft.  long  (see  Fig.  1).  The 

erecting  section  of  the  passenger  shop  is  com- 
posed of  four  27-ft.  H-in.  bays  202  ft.  6  ins. 

long,  running  at  right  angles  to  the  100-ft. 
bays  and  parallel  to  the  freight  section. 

The  crane  service  comprises  a  lO-ton  travel- 

amount  of   light,   the   window   area  being  ap- 
proximately 30  per  cent  of  the  total  wall  area. 

Figure  2  shows  a  framing  plan  of  the  shop 
and  sections  through  various  parts  of  it.  These 
drawings  show  the  varied  types  of  construction 
adopted  for  different  parts  of  the  shop,  the 
general  dimensions,  and  the  sizes  of  members. 
A  study  of  these  drawings  will  give  a  clear 
idea  of  the  care  which  has  been  given  to  the 
design  of  the  various  sections  of  the  shop  to 
facilitate  the  economic  construction  of  steel 

passenger  and  freight  cars. 
The  shop  floor  consists  of  two  ̂ -in.  layers 

of  an  asphalt  mastic  (a  wearing  layer  and  a 
cushion)  laid  on  a  4-in.  concrete  base.  After 
considerable  use  of  this  type  of  floor  in  vari- 

ous parts  of  the  plant  a  floor  of  harder  con- 
sistency than  usual  was  selected,  and  although 

marks  will  occur  if  heavy  weights  are  left  on 
it  for  some  time,  yet  when  these  weights  are 
removed  the  marks  gradually  work  out.  This 
floor  does  not  crack  nor  break  if  anything  is 
dropped  on  it,  as  in  the  case  of  cement.  _  It 
is  also  much  easier  for  walking  or  working 
on ;  it  is  waterproof :  and  is  easily  kept  clean 
and  free  from  dust. 

The  crane  runaway  on  the  midway  runs  the 

Fig.  1.     Plan  of  Steel  Freight  Car  Shop  and  Storage  Yard  of  Canadian  Pacific  Ry.,    Montreal,  Que.,  Showing    Layout  of    Equipment.   \>   
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Plate  edge  planer. 
Spacer  for  flanges  of  sills. 

Spacers  for  small  Z's  and  L's. Spacer  for  center  sills. 
Spacer  for  webs  of  center  sills. 
Spacer  for  'As  of  center  sills.  , 
Stonigt;  fcjr  Z's  of  center  sills. 
Storage  for  side  sills. 
Storage  for  center  sills. 
Storage  for  side  plates. 
Storage  for  floor  stringers. 
Stontge  for  Z  center  sills. 
High  speed  punch. 
High  speed  punch. 
High  speed  punch. 
Coping  punch. 

-Freight  Car    Side 

32.  Coping  punch  for  center  sills. 
33.  .Nssembling  end  frames. 
34.  Cnderframe  assembling  and  reaming  jig. 
35.  Undertrame  riveting  jig. 
36.  T'nflerframe  riveting  jig. 37.  Reaming  jig. 
3S.  Assembling  jig. 

39.  Side  frame. 
10.  Transfer  table. 
41.  Traveling  crane. 
42.  Traveling  crane  for  erecting. 
43.  Traveling  crane  for  erecting. 
14.  Traveling  crane  for  machine  shop. 
45.  Traveling  crane  for  machine  .shop. 
46.  Traveling  crane  for  storage. 
47.  Traveling  crane  for  midway. 

nil-  iriMiur.il  MiMvii  ■.!  ilii-  huiUling.  We  are 
indebted  |i>  J.  M.  K  hairbairn.  chief  engineer, 

f-anadian  Pacific  Ky.,  for  the  structural  draw- 
ings shown  in  this  article  and  to  Mr.  Ord  for 

the  views  of  the  shop.  .\t  .Vngiis,  a  shop  al- 
ready existed  for  building  the  trucks  of  both 

passenger  and  freitrht  cars,  and  the  trucks  arc 
thercfi'i  Mibled  ami  delivered  to 
the  new  in  every  detail.    There 
was  als"  111  II   !•    ihc  cnnscniclion  of  the 
new  shop  a  frciKlu  -.1i'm>  where  wnndcn  cars  are 
Iniilt.  In  the  old  shop,  therefore,  the  steel 
cars  have  the  floors,  the  lining  and  the  roofs 

applied,  except  in  the  case  of  snmr  r.f  the 
all-steel  roofs.     The  existing  lari  lifh 
shop   made   it   convenient   to  .in  no 
forging  or  hot  bending  work  of  my  :rin  i  need 
be  handled  in  the  mw  shop,  the  rivet  furnaces 
being  the  only  ones  required  in  it. 

As  it  was  anticipated  that  the  greater  num- 
ber of  the  cars  built  would  be  steel  frame  boTt 

cars,  the  design  and  layout  of  the  frc'ght  shop was  considered  solely  with  reference  to  this 
type  of  car  in  order  that  the  work  might  be 

ing  crane  of  !)6-ft.  3-in.  span,  on  a  runaway 
303  ft.  long,  which  is  located  in  front  of  the 
shop.  This  crane  serves  the  materials  sec- 

tion, and  is  parallel  to  the  cranes  in  the  shop. 
Insiile  the  .shop  there  is  a  lO-ton  crane  of 
ilfi-ft.  3-in.  span  in  each  of  the  100-ft.  bays. 
These  cranes  all  have  a  head  room  of  27  ft. 

In  the  erecting  section  on  the  freight  car 
side  there  is  a  crane  of  10  tons  capacity  with 
.1  span  of  fi7  ft.  3  ins.,  and  a  head  room  of 
3,5  ft.  G  ins.  In  the  passenger  shop  four  trav- 

eling cranes  of  24-ft.  10-in.  span  and  of  two 
tons  caparity,  with  a  20-ft.  head  room  are 
u.sed.  Tiny  are  employed  for  the  handling 
of  material  fir  the  pasr"nger  cars  and  are 
operated  from  the  ground.  A  noticeable  fea- 

ture is  that  these  ruiiaways  are  carried  into 
the  main  shop  for  a  distance  of  about  8  ft., 
under-running  the  overhead  traveling  crane  to 
assist  in  tht  transfer  of  materials  from  one 
crane  to  anotlicr. 

The  building  has  a  steel  frame  and  brick 
walls,  steel  sash  beine  used  to  provide  a  large 

full  length  of  the  plant  and  extends  far 
enough  in  front  of  the  steel  car  shop  to  load 

and  unload  materials  from  the  first  two  ma- 
terial tracks  running  through  the  storage 

space.  This  space  is  so  arranged  that,  should 
it  be  found  advisable  to  extend  the  shop  in 
order  to  afford  a  cover  for  the  material  (to 

provide  for  additional  machine  space  or  for 
any  other  purpose),  the  crane  runway  can 

iic  transferred  to  the  opposite  side  of  the  mid- 

way and  still  be  used  for  the  storage  of  ma- terial. 

Supply  tracks  run  in  an  east-and-west  di- rection through  the  storage  space  at  intervals 

suited  to  the  arrangement  of  the  machines  in- 
side and  to  the  storage  of  the  material  outside. 

Through  tracks  for  the  handling  of  loaded 

freight  cars  are  located  at  the  north  of  the 

liay  for  passenger  car  material  and  at  the 

soiith  for  material  for  freight  cars.  The  ma- 
terial is  unloaded  direct  frorn  the  cars  to 

the  proper  piling  space,  which  is  conveniently located  with  relation  to  the  supply  tracks. 

Witli  this  arrangement  the  handling  of  mate- 
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rial  is  reduced  to  a  minimum  and  the  supply  are  two  long  bays  each  100  ft.  wide  (see  Fig. 
to  the  shops  is  for  the  most  part  independent  1).  The  first  bay  is  209  ft.  6  ins.  and  the  sec- 
of  the   overhead  traveling  cranes,   which   are      ond,  182   ft.  in  length,  one  bay  being  longer 
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used    principally    for   unloading   cars   and    for 
handling   large   quantities    of    specially    heavy 
material. 

In  tlie  front  portion  of  the  steel  shop  there 

27V^. 

than  the  other  in  order  to  allow  for  unloading, 
directly  into  the  shop,  any  material  which  it  is 
necessary  to  keep  under  cover. 

The  arrangement  of  the  two  long  bays  with 

traveling  cranes  running  crosswise  of  the 
tracks  in  the  shop  was  particularly  suited  to 

the  spacing  tables  and  types  of  machines  in- 
stalled. The  crane  in  the  front  section  was 

used  to  supply  the  material  to  the  machines, 
through  which  it  was  carried  automatically 
into  the  next  bay  where  the  second  crane  dis- 

tributed it  from  the  machines  to  the  various 
points  in  the  shop. 
Figure  3  (P.408)  shows  details  of  a  part 

of  the  shop,  indicating  the  roof  and  side  con- 
struction, and  framing  details.  This  drawing 

is  a  section  taken  along  F-F ,  Fig.  2. 
Figure  4  (P.408)  shows  details  of  the  type 

of  monitor  outline  in  Fig.  3. 
An  effort  was  made  in  the  layout  of  the 

shop  to  use  machines  with  relatively  small  ca- 
pacities, but  sufficient  in  number  to  prevent 

the  expense  and  delay  of  changing  dies  and 

setting  up  and  the  large  accumulation  of  ma- 
terial necessary  to  feed  the  shop  without  de- 

lay, which  is  required  when  one  large  ma- 
chine is  used  for  several  purposes. 

Steel    Freight    Car    Shop. 

In  the  freight  shop  four  spacing  punches  are 
used.  One  of  these  is  fitted  especially  for 
punching  6-in.  Z-bars  for  the  steel  center  sills 
used  for  repairs  on  the  line,  and  it  is  not  con- 

cerned in  any  way  with  the  steel  car  work. 
This  machine  is  fed  by  an  independent  lorry 
track.  The  Z-bars  require  to  be  punched 
twice,  once  for  the  flanges  and  once  for  the 
webs.  The  material  is  run  in  beyond  the 
punch  and  is  handled  through  it  to  the  front 
of  the  shop.  Specially  arranged  air  jacks  are 
used  for  lifting  the  Z-bars  to  place  on  the 
rollers  which  feed  the  machine,  and  also  for 

unloading  the  punched  Z-bars  from  the  ma- 
chine. Skids  are  so  arranged  that  the  Z-bars 

are  lifted  and  skidded  from  the  machine  with- 
out being  touched  by  hand.  It  has  been  found 

cheaper  and  quicker  to  run  a  quantity  of  bars 

through  in  one  operation,  and  when  a  consid- 
erable number  have  been  punched  to  move 

them  back  for  the  second  operation,  which  of 
course  requires  a  change  in  the  set-up  of  the 
machine.  On  the  last  operation,  instead  of 
unloading  at  the  material  space  at  the  side 
of  the  machine,  the  Z-bars  are  skidded  in  the 
opposite  direction  onto  the  rails  where  they 
are  required  for  assembling  for  draft  gear, 
etc.  From  these  skids  they  are  slid  onto  the 
trucks,  which  take  them  to  the  front  of  the 
shop  where  the  couplers  and  draft  gear  are 
fitted.  They  arc  then  either  loaded  directly 
on  cars  for  shipment  or  are  used  in  the  freight 
car  shop  where  heavy  repairs  to  the  existing 
equipment  are  made.  The  second  spacing 
punch  is  used  for  the  side  plate  of  the  car, 
which  is  a  4-in.  Z,  and  for  the  floor  stringers, 

which  are  8-in.  Z's.  The  capacity  of  this  ma- 
chine is  well  above  the  present  requirements. 

One  spacing  table  is  used  for  punching  the 
webs  of  channels  (center  sills  15-in.  and  side 
sills  8-in.),  while  another  machine  punches 
the  flanges  of  these  channels.  The  machine 
which  punches  the  webs  of  the  channels  does 
the  work  in  one  operation  and  has,  there- 

fore, double  the  capacity  of  the  flange  ma- 
chine. With  the  present  output  of  the  shop 

the  web  punching  machine  is  used  on  the 
above  work  for  only  one-half  of  the  time,  it 
being  employed  for  the  remainder  of  the  time 
on  cover  plate  and  similar  flat  work.  An  ad- 

ditional punch  for  the  flanges  has  been  in- 
stalled and  the  foundation  for  the  spacing 

table  has  been  laid  out  so  that  without  dis- 
arranging the  handling  of  the  material  (by 

adding  a  spacing  table  to  the  existing  punch) 
it  will  be  possible  to  double  the  output  of 
these  machines,  the  spare  punch  being  used 
for  hand  work  at  the  present  time.  By  pro- 

viding a  spacing  table  on  this  coping  punch 
and  an  extra  coping  punch,  practically  no  other 
additions  would  be  necessary  to  increase  the 
machine  capacity  of  the  shop  to  25  cars  per 

da.\- 

in  the  event  of  a  breakdown  of  any  of  the 
punches  employed  on  this  spacing  table  work, 
serious  delay  to  the  output  could  not  possi- 

bly be  avoided.  As  additional  heavy  punches 
for  coping,  slotting,  etc.,  were  necessary  it 
was  arranged  to  purchase  machines  which  are 
duplicates  of  those  used  on  the  spacing  tables. 
If  at  the  present  time  any  one  of  the  punches 
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on  the  spacing  tables  should  become  totally 
disabled,  it  would  be  possible  to  substitute  an- 

other   punch,    or    part    of    a    punch,    without 

brake  oipe.  These  lots  are  made  on  a  coping 

punch,' which  is  so  arranged  as  to  require  no backward    movement    of    the    material.     The 

tlie   exception   of   the   diaphragms   which   are 

punched  on  a  horizontal  machine. 
This  completes   the   machine  equipment   for 

t.  of  of  Column  ^ 
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Section  F-F 
Fig.  3.   Details    of    a    Part    of    Car    Shop    of  Canadian   Pacific   Ry.,   Montreal,   Que. — Drawing  Represents  Section   F-F  of  Fig.  2. 

much  delay  and  to  keep  the  shop  running,  as 
in  the  case  of  punches  for  coping  and  sim.ilar 
work,  substitutions  could  readily  be  made.  On 
all  the  machines  used  in  the  shops  the  inter- 

change of  punches,  gags  and  other  jigs  have 
been  closely  considered  to  prevent  delay  or 
the  necessity  of  keeping  on  hand  large  stocks. 

The  piling  space  outside  of  the  shop  is  ar- 
ranged so  that  the  material  can  be  skidded 

onto  the  lorries  by  hand  and  taken  to  the 
spacing  punches  and  other  punches  by  hand, 
which  in  case  of  trouble  with  the  overhead 
crane  saves  a  great  deal  of  time.  Care  was 
taken  in  the  case  of  the  heavy  material,  such 
as  the  center  and  side  sills,  to  arrange  that 
each  movement  should  lie  short  and  easily 
handled.  The  first  movement  from  the  pile 
is  to  the  web  punching  machine,  from  which 
the  sills  arc  handled  by  small  cranes  and  roll- 

ers to  the  flange  punching  machine  without 
any  backward  movement.  On  the  flange 
punching  machine,  the  sills  arc  bolted  together 
in  pairs;  they  are  tlien  run  through  the  ma- 

chine; are  brought  liark  through  the  machine; 
arc  turned  over;  and  are  carried  through  a 
second  time  to  punch  tlic  luwer  flanges. 
The  design  of  the  spacing  tables  is  par- 

ticularly convenient  as  tach  of  the  templates 
has  two  gage  lines,  and  therefore  the  punch- 

ing of  both  pair*  r.f  flaiii'i'i  is  done  on  a  sill 

die  of  this  punch  is  left  set  up  on  the  machine 
all  the  time,  but  it  is  so  arranged  that  small 
dies  can  be  set  up  beside  the  large  ones,  to 
enable  the  machine  to  be  used  for  light  punch- 

ing when  not  in  use  for  punching  slots.     An- Slope  j 
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Fig.  4.  Details  of  Monitor  Used  on  Car  Shop 

of  Canadian   Pacific   Ry. — Positions  of   Moni- 
tor Shown   In   Fig.  3. 

other  coping  punch  is  fitted  with  dies  for  mak- 
ing the  various  niitcred  cuts  and  for  coping 

the  side  posts  and  braces.  The  coping  punch 
near  the  Z-bar  machine  is  fitted  with  a  special 
die  for  coping  the  side  plates.  Three  high 
speed  punches  are  used  for  all  the  various 
small  pimching  work  around   the  shop,   with 

the  steel  shop,  but  it  should  be  borne  in  mind 
that  the  hot  forging,  the  upsetting  and  the 
1  ending  work  is  done  in  the  blacksmith  shop, 
the  material  being  brought  into  the  steel  shop 
already  finished. 

Special  attention  has  been  given  to  the 
liandling  of  material  to  make  this,  as  far  as 
possible,  independent  of  the  overhead  cranes, 
except  for  the  movement  of  large  quantities 
of  heavy  material.  For  this  reason  it  will  be 
noted  that  the  shop  is  particularly  well 
equipped  with  air  jacks,  skids,  overhead  fixed 
hoists,  traveling  hoists  on  runways  and  swing- 

ing jib  cranes.  To  reduce  the  labor  and  the 
cost  of  handling  and  of  repairing,  ball  bear- 

ings and  roller  bearings  are  used  throughout 

on  jibs,  hoists,  hand  traveling  cranes  and  ma- 
terial rollers.  Special  care  has  been  taken  to 

have  definite  space  alloted  for  the  piling  of 
material  outside  the  shop,  for  the  storage  of 
material  around  the  various  machines,  and  for 
the  storage  and  accommodation  of  the  finished 
material.  Specially  constructed  racks  are  used 

throughout  the  shop.  To  maintain  the  order- 
ly handling  of  the  material,  painted  lines  are 

vised  to  define  the  boundaries  of  these  piles 

and  to  mark  the  passage  ways,  which  are  al- 
ways kept  free  of  material.  These  boundary 

lines  are  repainted  at  the  end  of  every  week, 
at  which  time  an  absolute  clean-up  is  made 
I'l"  any  material  which  would  otherwise  tend ii '  accumulate. 

The  "Thomas"  spacing  tables  are  of  the 
■^I'liii-automatic  type.  The  movement  of  the 
carriage. is  controlled  automatically,  while  that 
of  the  gags  for  bringing  one  or  more  punches 
into  play  at  each  stroke  is  controlled  by  hand. 
The  tables  are  electrically  operated,  their  njoye- 
ment  being  controlled  by  two  templates,  %  in. 
X  3  ins.,  having  a  double  row  of  steel  pins- 
They  are  so  arranged  that  when  the  trip  on 
the  moving  portion  of  the  table  engages  the 

pin  it  automatically  stops  and  locks  the  ma- 
terial to  be  punched  and  at  the  same  time, 

liy  means  of  an  electric  magnet,  operates  the 
clutch  on  the  punch.  The  punch  head,  after 
coming  down   and   punching  the   material,   cm 
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its  return  stroke  disengages  the  carriage  and 
the  clutch  on  the  punch  and  automatically 
starts  the  movement  of  the  material.  The  op- 

eration is  repeated  as  each  successive  pin  is 
encountered.  The  particular  value  of  this 
type  of  machine  is  that  templates  may  be  made 
up  of  wooden  strips  with  pins  driven  in,  on 
very  short  notice  and  small  cost,  while  perma- 

nent steel  strips  with  inserted  pins  can  be 
made  up  for  permanent  work.  The  strips 
can  be  changed  in  a  very  short  time,  and  they 
are  kept  at  hand  for  the  various  classes  of 
material  to  be  handled.  The  accuracy  of  the 
work  practically  depends  upon  that  of  the 
template,  and  the  results  obtained  are  very 
satisfactory. 
The  high  speed  punches  were  designed  es- 

pecially for  this  shop  by  John  Bertram  &  Sons. 
They  operate  at  the  high  speed  of  60  strokes 
per  minute  and  are  entirely  without  gears,  be- 

ing belted  from  the  motor  direct  to  the  fly- 
wheel of  the  punch.  The  clutch  is  of  the  six- 

point  type;  two  punches  are  fitted  in  each 
iiead.   both  being  controlled   by   a   single   gag 

which  it  would  be  punched  on  a  spacing 
punch,  while  the  time  of  setting  up  and  the 
backward  movement  of  the  carriage  is  saved. 
Although  only  one  piece  is  handled  at  a  time 
the  cost  of  punching  light,  short  material  per 
hole  is  fully  as  cheap  as  when  done  on  the 
spacing  punches.  On  some  of  the  punches, 
wliere  there  is  little  variation  in  the  work 

handled,  single-sided  templates  are  used  with 
three  or  four  rows  of  holes,  which  take  care 
of  the  work  satisfactorily.  No  marked-ofif 
work  of  any  kind  is  used  in  the  shop,  except 
for  irregular  pieces  which  cannot  be  punched 
in  the  spacing  punches  or  by  the  method  de- 

scribed here,  and  most  of  the  other  work  is 

punched  to  a  gage,  where  it  is  possible  to  de- 
sign one.  This  not  only  reduces  the  time  in 

punching  and  saves  the  expense  of  marking 
off,  but  greatly  increases  the  accuracy  of  the 
work  done. 

ASSEMBLING. 
Special  arrangements  were  made  for  the 

storing  and  handling  of  material,  in  relation 
to   the   assembling,   to   reduce   the   labor   to   a 

beams,  which  are  bolted  to  a  concrete  foun- 
dation. It  securely  holds  the  underframe  in 

position  while  being  riveted  so  that  the  under- 
frame  is  constructed  accurately  and  square 
in  every  way  (see  Fig.  o).  .\  great  deal  of 
time  is  thus  saved  in  the  assembling,  and  the 
line  of  the  car  when  iinished  is  greatly  im- 

proved. To  rivet  the  underframe  on  the  jig 
by  compression  riveters  without  turning  it 
over,  it  was  necessary  to  have  a  special  type 
of  riveter  designed  with  a  thin  nose  to  permit 

the  top  row  of  rivets  to  be  driven  and  to  al- 
low sufficient  clearance  for  the  bottom  row, 

particularly  on  the  bolsters,  to  be  driven  with- 
out moving  the  underframe.  The  makers  con- 

sidered that  this  would  be  an  expensive  type 
of  riveter  to  maintain,  but  quite  the  reverse 
is  the  case,  for  even  though  a  heavy  block  of 
cast  steel  is  used  for  the  top  die,  a  small  high 
speed  steel  insert  is  used.  It  is  not  possible 
to  use  a  high  speed  steel  snap  for  ordinary 
work,  as  it  is  extremely  liable  to  break,  but 
when  it  is  inserted  in  the  cast  steel  block  it 
is  well  supported  and  does  not  fracture.  When 

Fig.   5.  View  of   Portion   of  Jig   and    Equipment  for   Constructing 
Underframes  of  Steel  Cars — Canadian  Pacific  Ry.    Car  Shop. 

Fig.  6.  View  of  Portion  of  Erecting  Section  of  Steel    Freight  Car 
Shop  of  Canadian  Pacific  Ry. 

lever  which  has  three  positions,  one  for  each 
punch  and  a  neutral  position. 

These  high  speed  punches  are  not  equipped 
with  spacing  tables,  as  it  was  found  that,  on 
account  of  the  slower  movement  of  the  car- 

riage on  the  spacing  table  and  the  consequent 
time  lost  in  entering  the  piece,  hand  punch- 

ing for  small  light  pieces  was  cheaper,  pro- 
vided the  same  could  be  made  sufficiently  ac- 

curate. To  do  the  punching  more  accurately 
the  method  adopted  was  that  of  using  a  drilled 
or  punched  template  and  of  butting  the  piece 
against  a  gage  inserted  in  each  successive  hole 
in  the  template.  (The  usual  method  is  to 
make  up  a  square  template  at  one  side  of  the 
machine,  having  one  or  more  rows  of  holes 
punched  in  it  on  each  of  the  four  sides,  some 
of  which  have  as  many  as  eight  different  rows 
of  holes,  each  row  being  used  as  a  template.) 
The  material  is  moved  along  the  top  of  the 
gage  until  it  butts  against  a  pin  inserted  in 
each  hole  in  turn.  It  is  found  that  for  cer- 

tain classes  of  work  the  gag  is  thrown  in  on 
the  punch  and  the  operator  can  move  the 
material  fast  enough  to  catch  every  hole  with 
the  punch  running  at  60  strokes  a  minute.  This 
is  nearly  three  times   as   fast  as  the  rate  at 

minimum.  By  means  of  underframes  an  im- 
portant gain  was  made  by  using  clamps  in- 

stead of  assembling  bolts,  which  is  the  com- 
mon practice  elsewhere.  (For  an  assembling 

bolt,  it  is  necessary  to  get  a  full  hole  before 
the  bolt  can  be  applied ;  a  wrench  is  required 
and  the  time  spent  in  this  way  is  greatly  re- 

duced by  using  a  clamp  with  a  hinged  handle.) 
The  clamp  is  applied  between  the  holes  to 
be  reamed,  and  the  time  lost  in  removing  the 
bolt  from  one  hole  and  applying  it  in  the 

adjacent  hole,  when  reaming,  is  entirely  avoid- 
ed. The  clamps  are  applied  by  the  men  who 

do  the  assembling.  These  clamps  are  not 
touched  by  the  men  who  ream  the  material, 
but  are  removed  by  the  riveters  as  they  work 
up  to  the  clamps.  They  are  collected  from 
the  floor  by  a  laborer  and  are  carried  back  to 
the  assembling  positions  for  the  succeeding 
frame. 

In  assembling  the  underframe  a  jig  is  used 
which  accurately  locates  the  center  sills,  bol- 

sters and  cross  bearers.  By  this  method  the 
sills  are  assembled  square,  they  are  reamed  in 
the  same  iiosition,  and  are  then  transferred  to 
the  underframe  riveting  jig.  This  jig  consists 
of  a  number  of  cast  columns  supported  on  I- 

rcnewed,  the  amount  of  steel  is  so  small  that 
the  cost  is  not  considerable,  and  it  has  easily 

proved  to  be  the  cheapest  type  of  die  for  main- 
tenance of  any  compression  riveter  in  the 

shops. 

The  movement  of  the  steel  sills  from  the 

point  of  assembling  to  the  jig  where  they  are 
riveted  together  is  to  be  handled  entirely  by 

small  air  jacks  running  on  trucks  on  nar- 
row-gage rails,  which  move  the  underframe 

from  position  to  position  without  requiring 

the  use  of  the  overhead  crane.  This  arrange- 
ment saves  considerable  time  and  enables  the 

movements  to  occur  simultaneously,  which 
would  not  he  possible  if  it  were  necessary  for 
the  crane  to  move  thein  all,  as  the  crane  can  only 
handle  one  at  a  time.  The  only  portion  of  the 
output  which  is  fixed  is  that  of  riveting  the 
underframe  with  the  compression  riveters,  and 
the  capacity  for  this  work  is  about  14  or  15 
cars  per  day.  Provision  is  therefore  made 
for  the  installation  of  an  additional  position 
for  riveting  the  underframe  along  the  side 
wall  of  the  building  where  the  jib  cranes  for 
handling  compression  riveters  can  easily  be 
located.    The  other  positions  can  easily  handle 
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25  cars  a  day,  by  the  addition  of  more  help 
where  required. 

For  assembling  the  side  frame  a  jig  was  de- 
signed in  which  a  considerable  improvement 

has  been  attained  over  former  practice.  The 
side  frames,  for  as  many  cars  as  are  rtciuired, 
are  built  on  one  jig,  all  the  parts  being  placed 
in  templates,  giving  them  a  fixed  location.  The 
riveting  on  the  lower  side-sill  is  handled  by 
two  suspended  compression  riveters,  the  bal- 

ance of  the  riveting  being  done  by  hand.  The 
parts  are  at  present  clamped  together  by  hand 
clamps,  which  will  shortly  be  replaced  by  fixed 
pneumatic  clamps  in  order  to  hold  them  more 
rigidly  and  to  avoid  the  time  lost  in  applying 
and  removing  the  hand  clamps.  Special  at- 

tention has  been  paid  to  the  loss  of  time  in  lo- 
cating and  applying  clamps,  and  pockets  are 

arranged  in  the  frame  so  that  everything  is 
as  close  as  possible  to  the  point  where  it  is 
to  be  used.  Even  more  care  is  taken  in  ar- 

ranging the  material  in  the  racks,  as  each 
post  and  brace  is  piled  directly  opposite  to 
where  it  will  be  used  in  the  frame.  A  small 

"Gantry"  crane  is  being  constructed  to  han- 
dle this  material  from  the  jig  to  the  piling 

space,  so  that  no  time  will  be  lost  in  waiting 
for  the  traveling  crane. 
The  same  arrangement  is  made  for  the  end 

frames  as  for  the  side  frames,  a  small  travel- 

lines  riveted  in  place,  while  the  roof  sheets  and 
various  wooden  parts  of  the  roof  were  ap- 

plied in  the  wood  freight-car  shop.  As  this 
roof  is  all  steel  with  outside  carlines,  it  was 
necessary  to  apply  the  roof  sheets  before  the 
carlines,  and  therefore  the  roof  was  assem- 

bled and  erected  complete  on  the  cars  in  the 
steel  car  shop  in  two  positions,  and  the  cars 
were  turned  out  of  the  steel  shop  with  the 
roofs  complete  in  every  respect  except  for  the 
application  of  the  wooden  running  boards. 
This  is  a  very  unusual  feature,  and  the  fact 
that  the  entire  output  of  the  steel  shop  could 
be  handled  in  this  way  is  evidence  of  how 
readily  the  roof  anil  carlines  are  applied.  Fig- 

ure 1  shows  the  arrangement  of  upper  scaf- 
fold platforms  which  were  used  for  the  ap- 

plication of  the  carlines  of  the  ordinary  roofs 
and  for  the  convenient  storage  of  carlines  and 
roof  sheets  for  the  all-steel  radial  roof. 
Space  for  a  fifth  erecting  position  is  al- 

lowed, but  this  is  not  required  with  the  pres- 
ent output  of  the  shop.  The  cars  are  moved 

outside  by  a  motor-driven  car  pull  situated  in 
the  lower  end  of  the  shop.  They  are  sent  over 
to  the  wood  shop  for  lining,  roofing  and  paint- 

ing ;  and  are  then  reported  for  service. 
Steel    Passenger    Car    Shop. 

The  method  used  in  handling  material  in  the 
passenger  shop  is  the  same  as  for  the   steel 

Fig.    7.      View    of     Inter of    Passenger    Car    Section   of  Canadian    Pacific  Steel    Car  Shops, Montreal,    Que. 

ing  crane  being  used  to  handle  the  finished 
end  frames  from  the  assembling  sections  to 
the  place  where  they  are  piled. 

ERECTING. 

The  erecting  is  commenced  at  a  point  where 
the  trucks  are  brought  in  from  the  supply 
tracks  at  the  side  of  the  shop  and  handled 
across  turntables  into  the  proper  position.  The 
undcrframe  is  then  brought  down  by  the  trav- 

eling crane  and  placed  on  the  trucks.  In  the 
hrsl  position  the  floor  stringers  are  riveted  in 
place  and  one  end  frame  is  lifted  on  by  jib 
crane  specially  constructed  for  that  purpose. 
When  this  is  done  the  underframe  is  moved 
down  to  the  second  position,  and  the  side 
frames  arc  lifted  by  two  special  hoists  from 
the  convenient  [liles  where  they  have  been 
placed  by  the  overhead  crane,  and  the  other 
end  frame  is  lifted  to  place  by  a  jib  crane 

(see  h'ig.  (>).  In  the  third  positicm  the  car- lines  and  the  riveting  up  on  top  of  the  car  is 
completed  on  an  overhead  scaffolding,  which 
allows  the  men  to  work  conveniently.  There 
is  also  an  upper  floor  and  special  racks  for  the 
accommodation  of  the  carlines  and  other  ma- 
terial. 

An  all-metal  roof,  designed  by  the  Cana- 
dian Pacific  l\y.  for  these  cars,  re(|uires  special 

handling.  The  usual  practice  was  to  allow 
the  cars  to  go  out  of  the  shop  with  the  car- 

freight  shop.  The  arrangement  of  the  ma- 
chmcs  IS  similar  (see  Fig.  1),  except  that  it 
1.S  not  possible  to  get  enough  work  of  the  same 
class,  with  the  relatively  small  output,  to  use 
spacing  tables  to  advantage.  A  coping  punch 
is  therefore  fitted  up  with  rollers  for  the  con- 

venient handling  of  long  material,  and  the 
work  is  punched  to  gage  in  much  the  same 
way  as  on  the  smaller  punches,  although  con- 

siderable marked-off  work  has  been  used  up 
to  the  present  time. 
The  operation  of  the  high  speed  and  other 

coping  punches  is  also  similar  to  those  used 
m  the  Ireight  shop.  The  additional  machines 
comprise  plate  straightening  rolls  for  straight- 

ening or  bending  plates,  and  a  plate  edge 
!''»"",  for  the  outside  sheets  of  the  coaches. A  cold  saw  and  metal  band  saw  are  used  for 
cutting  accurately  such  material  as  could  not 
be  handled  to  advantage  in  the  shears.  A  large 
gate  shear,  a  double  angle  shear,  a  combina- 

tion horizontal  punch,  and  a  bending  or .straiKliteiiing  machine  completes  the  ordinary machine  e(|uipinent  in  the  passenger  shop. 
As  it  has  been  decided  to  drill  the  side 

plates  instead  of  punching  them,  a  special drilling  machine  was  installed  for  this  work, 
this  is  of  similar  construction  to  a  locomotive- 
frame  slotting  machine,  the  plates  being  laid 
out  on  a  long  table  and  a  traveling  head  pro- vided,  the  latter  being  fitted   with  a  number 

of  electric  drills.  The  head  of  this  drill  is 
very  light  in  order  to  make  it  easy  to  handle. 
Templates,  with  hardened  steel  bushes  for 
drilling,  are  used  as  in  ordinary  good  prac- 

tice. By  laying  out  several  sheets,  one  on  top 
uf  another,  and  drilling  a  number  of  holes  at 
the  same  time,  the  drilling  costs  are  reduced 
to  a  minimum  and  compare  very  favorably 
with  the  cost  of  punching  in  an  automatic  ma- 

chine, besides  being  necessarily  much  more  ac- 
curate. Moreover,  the  drilling  does  not  buckle 

or  distort  the  sheets  or  leave  a  "rag"  on  the 
lower  edge,  as  in  punching.  This  is  very  im- 

portant for  the  side  sheets  of  the  car,  where 

the  rivets  are  small  and  where  small  error's 
in  the  location  of  the  rivet  holes  are  rela- 

tively serious.  It  is  intended  to  handle  the 
drilling  of  the  long  side  members  of  the  car 
in  the  same  way  as  that  of  the  side  sheets. 
The  drilling  of  the  small,  side  cover  plates 

will  also  be  handled  on  a  jig  with  a  small 
sensitive  drill,  and  it  is  intended  to  use  roll- 

ers and  stops  in  order  to  minimize  the  cost 
as  far  as  possible. 

ASSEMBLING. 

The  same  arrangement  of  an  assembling  jig 
is  used  in  the  passenger  shop  as  was  adopted  in 
the  freight  shop,  but  the  number  of  operations 
was  reduced  to  one,  and  the  assembling,  ream- 

ing and  riveting  of  the  underframe  are  done 
in  one  position.  On  account  of  the  much 
greater  length  of  the  jig  and  the  fact  that 
the  wall  of  the  adjacent  shop  is  considered  as 
a  temporary  wall  (in  view  of  the  probable 
extension  of  the  shop),  it  was  impossilile  to 
use  a  jib  crane  of  any  type  because  of  the 
headroom  which  it  would  require.  A  low 
crane  runway  was  therefore  adopted,  with 
small  traveling  cranes  to  carry  the  riveters. 
Witk  this  arrangement  the  number  of  riveters 
needed  can  be  increased  indefinitely  in  propor- 

tion to  the  output  of  underframes  required, 
which  certainly  could  not  be  done  in  the  case 
of  jib  cranes;  it  further  enables  the  under- 

frame to  be  lifted  out  in  either  direction.  The 
underframe  jig  is  located  centrally  in  the  shop, 
in  view  of  the  probable  future  extension. 

ERECTING. 

The  noticeable  features  of  the  erecting  por- 
tion of  the  passenger  shop  are  the  arrange- 

ment of  small  bays  running  lengthwise  over 
each  track,  the  use  of  small  traveling  cranes 
just  large  enough  to  handle  material  or  rivet- 

ers as  required,  and  an  unique  arrangement 
of  scafifold  posts,  short  on  one  side  so  thai 
the  cranes  can  operate  over  them,  but  stiff 
enough  to  carry  rivet  furnaces  for  the  roof 

work,  men's  tools,  etc.,  or  to  serve  for  a  back- 
ing for  light  drilling  work  on  the  side  sheets 

or  framing.  Where  the  posts  of  the  shop  are 
located  these  are  made  to  do  double  duty,  to 
provide  for  the  adjustable  scaffolds  so  neces- 

sary in  erection  work  of  this  kind  (see  Fig.  7). 
Special  rivet  furnaces,  which  are  designed 

to  prevent  the  pitting  so  common  in  the  ordi- 
nary oil  furnaces,  are  used.  These  muffle 

furnaces  have  given  very  good  satisfaction, 
and  while  they  are  slow  in  heating  up,  the 
Inirning  and  pitting  of  rivets  is  very  material- 

ly reduced.  In  the  passenger  sections  there 
are  four  tracks,  with  two  positions  on  each 
track.  The  output  in  the  original  layout  of 
tlie  shop  was  based  on  10  cars  per  month.  It 
was  thought  that  each  car  would  stand  10  days 
in  each  position  and  that  the  underframe 
equipment  would  turn  out  a  car  for  every  2^4 
working  days,  but  it  is  evident  from  the  prog- 

ress already  made  that  a  better  output  than 
this  can  readily  be  obtained.  In  the  first  po- 

sition the  posts,  the  end  frame  and  the  com- 
plete framework  of  the  car  are  erected  and 

the  side  roof  sheets  and  hood  sheets  are  ap- 
plied. As  the  car  leaves  the  first  position  it  is 

run  beyond  the  second  postion  to  the  outside 
of  the  shop,  where  it  is  sand  blasted  and  then 
returned  to  the  second  position  for  finishing, 
fn  the  second  position  the  center  roof  sheets 
and  the  flooring,  including  the  vestibule  trim- 

mings, etc.,  are  applied.  The  car  is  then  sent 
over  to  the  wood  passenger  shop  for  the  inside 
trimming  and  finishing.  .A.  transfer  table  is 
provided  at  the  outside  of  the  shop  for  switch- 

ing the  cars  from  track  to  track  or  to  the 
out-going  track,  while  the  sand  blasting  at  the 

^ 
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present  time  is  done  outside  of  the  shop,  be- 
tween the  shop  and  the  transfer  table. 

Figure  1  shows  the  arrangement  and  equip- 
■    ment  which  are  used  in  the  erection  portion  of 
}    the  passenger  car  shop.     Special  attention  to 
t    the  convenience  of  the  men  is  shown  in  the 

temporary   side   deck    platforms    for   working 
on  the  center  deck,  in  the  scaffold  posts  which 
serve  as  ladders,  in  the  convenient  rivet  supply, 
and  in  the  location  of  air  hose  connections. 

Report  of  the  Illinois  State  Board  of 
Examiners  of  Architects. 

The  report  of  Francis  M.  Barton,  secretary 
of  the  Illinois  State  Board  of  Examiners  of 
Architects,  which  was  presented  before  the 
Illinois  State  Convention  of  Licensed  Archi- 

tects, held  in  Chicago  on  Oct.  7.  1914,  contains 
some  mteresting  data.  In  this  report  the 
general  policy  of  the  Board  is  outlined,  and 

the  practical  effects  of  the  architects'  license 
law  are  noted.  As  some  of  the  statements 
contained  in  the  report  are  of  special  inter- 

est to  engineers— particularly  structural  en- 
gineers—a careful  study  of  the  report  by  all 

engineers  is  recommended.  The  full  report, 
not  essentially  changed  as  to  tone  or  form,  is 
herewith  given.  Parts  printed  in  italics  have 
been  given  this  emphasis  by  the  editor :  they 
did  not  so  appear  in  the  original  report ; 

It  gives  me  great  pleasure  to  have  this  op- 
portunitv  to  inform  you  of  the  work  of  the 
present  Board. 

We  have  today  863  licensed  architects;  410 
architects  who  were  admitted  because  they 
were  practicing  when  the  law  went  into  effect. 
and  45.3  architects  who  passed  examination 
by  the  Board.  There  have  been  given  three 
regular  class  examinations  since  the  last  bi- 

ennial report  was  made,  as  follows :  Apr.  15, 
16  and  17.  1913;  Oct.  14,  1-5  and  16.  1913; 
-Apr.  14,  15  and  16,  1914:  and  preparations 
are  now  being  made  for  the  coming  fall  ex- 

amination, whicli  will  take  place  Oct.  20,  21 
and  22.  1914,  all  at  the  University  of  Illinois, 
Urbana.  There  have  also  been  held  four  spe- 

cial examinations  under  the  provisions  of  the 

"Board  Rule  Ko.  10"  (adopted  May  10,  1907) and  an  exception  to  the  same  (adopted  June 
18,  1909).  These  special  examinations  have 
been  held  at  the  Board  rooms,  in  Chicago,  at 
the  following  times :  Apr.  7-8,  1913 ;  Sept.  25- 
26,  1913;  IVIarch  25.  1914;  and  June  18.  1914 

(also  at  Urbana.")  A  total  of  236  candidates 
have  taken  the  regular  class  and  special  ex- 

aminations (up  to  Sept.  3Q,  1914),  and  of 
these  105  have  passed  and  received  certificates. 
Thirty  practicing  architects  of  other  states  re- 

ceived certificates  after  examination  before 
the  Board,  by  exhibits,  and  in  some  cases, 
after  personal  attendance.  The  following 
table  gives  a  summary  of  the  licenses  issued, 
revoked  and  in   force ; 

Total  Total     Licenses  in 
Total 

re- 

in 
foi ce. Date. issued. volted. force. 

•A. 

tB. 
Dec. 1898.. .   744 

744 
701 

43 

Dec. 1900.. 797 lib 
657 

574 S3 
Dec. 1901.. .   828 159 

667 
564 

103 Dec. 1902.. . .   858 173 685 555 

130 Dec. 1903.. .   875 
192 

683 
546 137 

Dec. 1904.. 914 226 688 526 162 
Dec. 1905.. .   942 238 704 

517 

187 

Dec. 1906.. .   967 263 704 4S4 

2-23 

'Dec. 1907.. .   995 288 
707 

484 223 

Dec. 1908.. .  1,029 326 703 467 
236 

Dec. 1909.. .  1,067 
341 

726 456 
270 

Dec. 1910.. .  1,131 377 754 445 309 
Dec. 1912.. .  1,259 413 

846 431 
415 

[•Oct. 

5, 
1914.. .  1,363 500 863 

410 
453 

*Practicing   before   license  law  went   into  ef- fect. 
tPassed  examination  by  the  Board. 

A  total  of  104  new  licenses  have  been  is- 
sued since  the  publication  of  our  last  biennial 

report,  Dec.  1,  1912,  and  87  licenses  have  been 
revoked.  It  will  be  observed  that  there  are 
only  17  more  architects  practicing  now  than 
two  years  ago. 
The  present  Board  is  proud  of  the  results 

it  has  obtained,  and  these  results  were  possible 
solely  because  of  the  harmony  that  existed 
among  its   members. 

This  Board  agrees,  as  a  unit,  in  a  broad  in- 
terpretation of  the  wording  of  the  .\ct,  and 

in  the  strictest  enforcement  of  the  law.     This 

Board  proposes  to  enforce  the  Act  on  its 
broad  interpretation  and  will  only  narrow 
down  its  interpretation  by  the  decision  of  the 
Supreme    Court. 

The  present  Board  holds  that  only  a  li- 
censed architect  can  practice  in  this  state, 

or  from  this  state,  and  that  his  license  is 
not  transferable  or  negotiable.  .Any  combi- 

nation formed  for  the  practice  of  architecture, 
except  between  licensed  architects,  is  illegal 
and  any  licensed  architect  who  assists  others 
to  practice,  who  have  no  license,  is  guilty  of 
dishonesty,  as  provided  in  the  Act.  and  should 
have  his  license  revoked. 

The  Illinois  State  Board  of  Examiners  of 
Architects  has  been  in  existence  for  17  ye_.  s, 
but  there  was  no  Supreme  Court  decision  un- 

til the  present  Board  assumed  office,  and  prac- 
tically no  court  action  of  any  importance  that 

would  give  to  this  Board  a  precedent  to  fol- 
low. For  the  past  17  years  we  h^ve  read  a 

great  many  legal  opinions  from  eminent  law- 
yers and  there  has  been  much  argument 

among  lawyers  and  among  architects  and  the 
public  as  to  the  meaning  of  the  wording  of 
the  Act.  This  wrangle  has  existed  for  17 
years.  The  .Act  was  never  broadly  enforced, 
but  complaints  were  mostly  settled  on  a  com- 

promise which  still  left  the  meaning  in  doubt. 

This  Board  proposes  that  at  least  eight 
cases  of  different  forms  of  violation  of  the 
Act  shall  reach  the  Supreme  Court  inside  of 
the  iiext  year,  at  which  time  the  courts  will 
definitely  settle  forever  any  question  as  to  the 
proper  interpretation  of  the  wording  of  the 
.\ct.  that  is,  the  rights  of  the  architect  and 
the  rights  of  the  public;  and  when  this  has 
been  accomplished,  then  the  enforcement  of 
the  .•\ct  will  be  a  more  simple  matter.  Most 
of  these  eight  cases  are  in  preparation  and 
some  are  in  court  at  present.  However,  it 
must  be  bom  in  mind  that  the  cases  selected 
are  cases  where  the  violation  is  specific  of  its 
kind  and  not  complicated  by  various  other  ele- 

ments, so  that  when  a  decision  is  rendered  in 
the  Supreme  Court  it  will  be  clean  cut  and 

w;ill  apply  only  to  that  particular  form  of 
violation.  In  other  words,  where  a  decision 

is  made  in  a  case  where  there  are  man\' 
points  at  issue  the  decision  is  of  little  value, 
except  as  applied  to  that  specific  case,  hut  if 
the  decision  is  based  on  a  simple  issue  it  will 
apply  to  all  similar  cases  and  will  be  of  great 
value  to  the  Board. 

There  have  been  attempts  made  by  inen 
and  bodies  of  men,  both  inside  and  outside 
the  orofession,  to  dominate  this  Board.  The 
members  hold  that  their  position  is  a  judicial 
one  and  must  be  free  from  such  influence. 
Any  complaint  received  by  this  Board,  either 
from  an  individual  or  a  body  of  men.  will  re- 

ceive the  same  consideration,  and  no  archi- 
tect will  be  cited  before  this  Board  without 

first  having  had  an  opportunity  to  appear  in- 
formally before  it. 

It  must  be  born  in  mind  that  under  the  de- 

cision of  the  -Appellate  Court  in  the  "Kaese- 
berg"  case,  this  Board  cannot  revoke  a  li- 

cense unless  two  cases  of  violation  are  prov- 
en ;  hence,  a  great  many  single  complaints  are 

filed  that  never  come  up  formally  before  the 
Board.  This  leads  the  public  and  the  archi- 

tects of  the  state  to  feci  that  a  great  many 
cases  presented  to  the  Board  are  never  pushed 
through  to  a  proper  finish.  Each  single  com- 

plaint is  filed,  if  the  indications  are  that  it 
contains  a  violation.  When  information  of 

violations  of  the  law  is  received  from  any  re- 
liable source,  while  the  personnel  of  this 

Board  remains  unchanged,  all  architects  may 
expect  courteous  treatment  and  a  square  deal, 
whether  they  be  black,  white  or  yellow,  and 
regardless  of  their  creed. 

A  word  regarding  the  "City  Ordinance"  be- 
ing violated  bj-  any  architect  may  be  expe- 

dient at  this  time.  This  Board  is  a  state 
board,  and  as  different  cities  and  towns  have 
different  ordinances,  the  Board  cannot  re- 

voke an  architect's  license  because  he  violated 
the  citv  ordinance,  when  the  same  archifect 
could  have  built  the  same  structure  in  other 

towns  of  the  state  without  violating  any  ordi- 

nance. Therefore  all  matters  pertaining  to 
incompetence  or  recklessness  must  be  based 

only  on  -•iolations  of  good  engineering  prac- tice. 

This  Board  holds  that  the  purpose  of  the 
examination  is  to  ascertain  the  qualifications 
of  the  candidate,  and  that  when  the  candidate 
procures  his  license  he  must,  in  his  practice, 
keep  near  to  the  standard  set  by  the  Board. 
The  Board,  recognizing  the  existence  of  a 
low  standard  of  work  turned  out  by  some 
architects  (drawings  and  specifications  being 

incomplete,  either  as  to  construction  or  ma- 
terials or  both,  and  often  incomprehensible 

and  not  in  accordance  with  good  engineering 

practice,  and  the  buildings  erected  in  accord- 
ance therewith  not  only  being  a  financial  loss 

to  the  owner  but  a  constant  menace  to  the 
pubHc)  notice  was  served  last  June,  that  this 
Board  will  cite  before  it  for  trial  any  archi- 

tect who  prepared  drawings  and  specifications 
issued  for  use  in  this  state  which  indicate 
gross   incompetency  or  recklessness. 

The  Board  trusts  that  every  licensed  archi- 
tect will  co-operate  in  assisting  to  eliminate 

the  preparation  of  drawings  and  specifica- 
tions which  indicate  gross  incompetency  or 

recklessness. 

This  Board  has  found  its  greatest  work  to 
be  the  elimination  from  the  architectural  field 
of  various  architectural  firms,  which  operate 
under  an  alius,  such  as  architectural  engineers, 
civil  engineers,  industrial  engineers,  engineers, 

designers,  builders,  etc.  Most  of  these  viola- 
tions are  assisted  by  a  licensed  architect,  who 

is  either  financially  interested,  a  partner,  or 

who  secures  a  salary.  This  Board  has'  elim- inated at  least  20  such  illegal  combinations  in 
the  last  few  months  and  expects  to  eliminate 
all  others  from  the  architectural  field  in  the 
near  future.  These  combinations  are  to  a 
great  extent  the  result  of  lack  of  enforcement 
of  the  law  or  improper  interpretation  of  the 

meaning  of  the  wording  of  the  .'Vet.  Attention 
is  called  to  the  fact  that  all  structural  en- 

gineering on  buildings  is  part  of  the  archi- 
tect's work  and  cannot  be  performed  by 

others,  except  under  the  direction  of  a  li- 
censed architect:  and  that  the  architect  is  re- 

sponsible for  all  engineering  data  shown  on 
his  sealed  plans,  whether  performed  by  him 
or  not. 

The  present  members  of  the  Board  have 
thoroughly  analyzed  the  wording  of  the  .Act 
and  all  agree  it  is  the  best  -Act  creating  any  of 
the  Boards  of  the  state  of  IlUnois..  We  do 
not  say  that  the  .Act  is  perfect,  but  we  do  say 
that  it  is  usual  and  customary  not  to  modify 
a  law  until,  through  the  courts,  its  strong  and 
weak  parts  have  been  found.  Practically  no 
court  decisions,  interpretating  the  wording  of 
the  .Act,  have  been  had  in  17  years.  The  pres- 

ent Board  feels  that  no  attempt  should  be 
made  to  make  any  changes  in  the  wording  of 
the  Act  until  such  time  as  through  the  courts 
it  is  found  inadequate.  Any  attempt  made  by 
anyone  at  this  time  to  have  the  .Act  changed 

7cill  be  considered  inadz'isable. 
It  takes  but  little  study  of  the  problem  to 

find  what  is  needed  to  give  the  architects  and 
public  the  results  that  the  Act  intended.  No 
act  is  of  any  value  or  effect,  unless  enforced. 
We  have  the  best  act  on  the  statute  book,  but 

^v  hoT  c  not  the  full  power  to  enforce  it  prop- 
erly. 

The  Supreme  Court  has  just  held  that  the 
-Act  is  constitutional,  which  is  the  only  liti- 
sation  of  any  real  value  this  Board  has  had 
in  17  years,  and  any  change  in  the  wording  of 
the  .Act  would  render  this  decision  worthless, 

as  it  would  not  apply  to  an  act  w-hich  has been   changed. 

The  architects  and  public  must  then  wait 
until  the  new  or  changed  act  is  held  con- 

stitutional in  order  to  enjoy  the  same  security 
they  now  have. 

The  Legislature  should  look  with  favor  on 
any  legislation  that  will  assist  the  State  Board 
in  enforcing  the  law  that  has  been  held  con- 

stitutional and  the  Board  wishes  the  archi- 
tects to  assist  it  in  procuring  proper  legisla- 
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tion    thus    giving    tlie    Board    legal    power    to  supervised  by  others  than  a  licensed  architect, 

stop  all  buildings  that  are  started  in  this  state  or   a   superintendent  under   the  control  of   a 

without    plans    drawn    hy    licensed    architects  licensed   architect,   as   provided  by  law. 

and   all   structures   that   are   attempted   to    be  If    such    an    amendment    is    procured    the 

Board  will  guarantee  to  the  public  and  to  the 
licensed  architects  of  the  state  the  full  bene- 
rit  of  the  Act  of  which  they  have  been  de- 

prived for  17  years. 
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Comparative  Steam  and  Electric  Power 

Layouts  for  a  Drainage  Pumping 
Plant. 

In  the  land  reclamation  project  of  the  Mus- 
catine Louisa  Drainage  District  No.  13,  in 

Illinois,  alternate  plans  were  prepared  for 
steam  operated  and  electric  pumping  plants. 
The  accompanying  drawings  compare  the  gen- 

eral plant  layouts  and  the  machmery  layouts 
for  the  two  kinds  of  power.  The  comparison 
is  further  made  clear  by  brief  descriptions 
of  the  two  plants  and  by  the  comparison  of 
bidding  prices  which  follow: 

STEAM    I'LANT, 
Ma-  Struc- 

Bldder.  chlnery.        tures.  Total 
1        $C3,2SS         J46,630         $109,918 
2            Ci'.liOCi  41,000  110,2UU 
3            69,200  41,250  110,450 
4          70.076  41,000  lll,07i; 
.-,            7S,29!  41,000  114, 2;M 
C            73,291  4«,o75  119,Sil9 

EUSCTRIC   PLANT. 
1         $S0,690         J33,500         $114,190 
2          82,015  33,500  115, HIS 

3          82.01.;  35,950  117,a(;"i 
4  ..•       80,090  40,125  120, SI'. 5         103,605  33.500  137,105 

Such  comparison  as  these  figures  justify 
would  better  be  made  following  the  descrip- 

tions of  the  alternative  plans  which  are  given 
below : 

CENEKAI.   PLAN. 

The  general  plan  arrangement  for  steam 
pumping  is  shown  by  Fig.  1  ;  the  portions  of 
structures  shown  in  dash  line  are  those  form- 

ing essential  parts  of  the  steam  plant,  but 
which  are  not  required  for  electric  operation. 
On  the  other  h:ind,  it  is  to  be  noted  that  the 
transmission  line  structure  shown  is  eliminated 
in    the   steam    plant.      Specifically,    the   boiler 

and  3  compare  the   steanumachinery  and  the 
electric    machinery    layouts.      The    machinery 

,,'^        ,   ,   „   n 

and   the   electric   plant  buildings,    foundations^ 
engineer's  residence,  etc. 

rL 

Fig.   2.     Machinery    Plan    Steam    Operated    Drainage    Pumping    Plant. 

buildings  are   duplicates  in   character  of  con- 
struction   and    construction    requirements    ex- 

4  Wiasf  494 
L  W  1864  33  8 

Fig.  1.    General  Plan  of  Drainage  Pumping No.  13, 

house  and  equipment  and  the  coal  stor.ige  and 
handling  plant,  required  only  for  steam  ipi  la- 

tion.  are   indicated   by  dash   lines      I'i 

Plant,    Muscatine  Louisa  Drainage  District Illinois. 

ccpt  as  differentiated  on  the  plans.  All  gen- 
eral specifications,  requirements  for  materials 

ind  workmanship  are  identical  for  the  steam 

PUMPING  MACHINERY. 

The  main  items  of  machinery  required  for 

steam  pumping  are;  Two  54-in.  low  head, 
double  suction,  centrifugal  drainage  pumps, 

each  having  a  capacity  of  85.000  gals,  per  min- 
ute, against  a  maximum  total  pumping  head 

of  16  ft.,  complete  with  suction  and  discharge 

piping,  priming  apparatus  and  water  level 
maintaining  system.  One  36-in.  low  head, 
double  suction,  centrifugal  drainage  pump, 

having  a  capacity  of  33,000  gals,  per  minute, 
against  a  maximum  total  pumping  head  of  16 
ft.,  complete  with  suction  and  discharge  pip- 

ing, priming  apparatus,  and  water  level  main- 
taining system.  Three  tandem  compound  con- 

densing Corliss  engines,  or  other  acceptable 
type  of  steam  engine,  furnishing  equivalent 
steam  economy,  direct  connected  to  the  cen- 

trifugal pumps;  three  Schutte-Koerting  Educ- 
lor  Condensers,  or  other  acceptable  type,  com- 

plete with  circulating  pumps,  etc.;  three  water 
tube  steam  boilers  for  160  lbs.  working  pres- 

sure, completely  equipped ;  three  Foster  Su- 

perheaters, or  other  acceptable  type,  for  475° 
P.,  working  temperature;  two  sets  of  induced' 
draft  fan  apparatus;  two  boiler  feed  pumps, 
with  duplicate  piping;  one  op^i  feed  water 

heater  equipment;  one  auxiliary  boiler-  one indirect  steam  heating  systern  for  engine 
room;  one  hand  operated  traveling  crane;  coal 
storage  platform,  tramway,  tracks  and  boiler 
room  scales,  together  with  all  auxiliary  equip- 

ment, instruments,  appurtenances,  piping,  etc., 
necessary  for  complete  working  plant. 

The  principal  machinery  required  for  elec- 
tric pumping  was:  One  3-phase,  33,000-volt 

transmission  line,  about  20  miles  in  length; 

one  33,000/2,200  volt  step-down  outdoor  sub- 
station :  two  low-  head,  double  suction  cen- 

trifugal  drainage  pumps,  each  having  a  ca- 
p;\city  of  85,000  G.  P.  M.,  against  a  maximum 
total  pumping  head  of  16  ft.,  complete  with 
suction  and  discharge  piping,  priming  appara-  , 
Mis,  and  water  level  maintaining  system:  one 
liiw    head,    double    suction    centrifugal    drain- 



October  28,  1914. Engineering   and    Contracting 
413 

age  pump,  having  a  capacity  of  33,000  G.  P. 
M..  against  a  maximum  total  pumping  head 
of  16  ft.,  complete  with  suction  and  discharge 
piping,  priming  apparatus  and  water  level 

maintaining  system;  three  "2,200-volt  multi- 
speed  motors,  connected  by  herringbone  gears 
or  silent  chain  drives  to  the  centrifugal  pumps ; 
two  motor  driven  No.  6  General  Condenser 

Co.'s  rotary  vacuum  pumps,  capacity  300  cu. 
ft.  per  minute  each,  or  other  acceptable  make 
of  vaccum  pumps  of  equal  capacity ;  one  water 

level  maintaining  sj-stem ;  one  warm  air  heat- 
ing system ;  one  main  switchboard ;  one  hand 

operated  traveling  crane;  all  auxiliary  equip- 
ment, appurtenances,  piping,  wiring,  etc.,  neces- 

sary for  the  complete  working  plant. 
The  requirements  for  data,  guarantees  and 

tests  of  pumping  machinery  were  substantially 
as  follows  for  both  plants : 
The  machinery  contractor  shall  furnish  head- 

capacity  .and  efficiency-capacity  curves  for  the 
centrifugal  pumps  foi'  various  pumping  lieads 
and  speeds  throughout  the  working  range  of  the 

pumps;  ciir^'es  sliowing  the  I.  H.  P.  of  engines 
at  most  economical  cut-off  at  various  R.  P.  M., 
and  with  steam  pressures  of  100  !bs..  125  lbs. 
and  150  lbs.;  curves  showing  steam  consumption 
oi  engines  at  different  percentages  of  full  load 
for  steam  pressures  of  100  lbs.,  125  lbs.  and  150 
lbs.  with  engine  running  at  the  mean  speed  re- 

quired by  tlie  pumps;  tabulation  of  the  compu- 
tations on  which  guarantees  are  based,  together 

with  all  data  necessary  to  enable  the  engineer 
to  check  the  results. 
The  machinery  contractor  shall  guarantee  the 

specified  capacity  of  the  plant  when  operating 
against  the  maximum  head  of  14  ft.  (difference 
in  water  level).  He  shall  also  state  the  guar- 

anteed maximum  coal  consumption  in  pounds, 
per  acre  foot  of  water  pumped  when  operating 
at  a  6  ft.  head  (difference  in  water  level).  The 
fuel  used  will  be  equivalent  to  Illinois,  Fulton  or 
Peoria  County,  IH  ins.  screened  lump  coal  hav- 

ing a  proximate  analysis  about  as  follows: 
Moisture  12.5  per  cent,  ash  14  per  cent,  volatile 
matter  33.5  per  cent,  fixed  carbon  40  per  cent 
heat  value,  per  pound  of  coal  as  received,  1050U 
B.  T.  U.  In  case  the  coal  used  in  acceptance 
test  shows  a  different  analysis  the  results  will 
be  reduced  to  coal  of  above  quality. 

Tests  for  capacity  and  efBciency  shall  be  made 
by  the  engineer  as  early  as  practicable  after  the 
completion  of  the  plant.  These  tests  will  be 
made  at  a   time  when  the  pumping  head   (dif- 

piping,  fittings  and  apparatus  required  by  the 
engineer  as  necessary  for  the  tests  and  may 
have  an  acceptable  expert  representative  pres- 

ent to  assist.  The  instruments  shall  be  cali- 
brated under  the  direction  of  the  engineer. 

BUILDINGS. 

The   important  engineering   features  of  the 
building  work  are  the  machinery   foundations 

reasonably  straight,  and  trimmed  close.  They 
must  be  spaced  as  required,  driven  vertically 

and,  when  necessary,  bound  with '  iron  hoops, 
and  after  being  driven  to  the  proper  depth, 
sawed  off  square  and  horizontal  at  the  proper 
grade  to  project  into  footings  3  ins.  All  timber 
for  sheet  piling  is  to  be  of  long  leaf  southern 
pine;   it  must  be  sawn  square   and   of  uniform 

'Con'rete  Gutter 

Re^c^inq  Wail  •• 

Foundation    Plan   Steam   Operated   Drainage   Pumping   Plant. 

and  the  suction  pump  structures.  Figures  4 
and  5  are  the  foundation  plans  for  steam  and 
electric  plant,  respectively.  The  requirements 
for  foundation  work  are  condensed  as  fol- 

lows : 

Excavating  and  Refilling. — All  excavated  eartli 
is    to    remain    on    the    premises    and    must    be 

Fig.  3.    Machinery  Plan   Electrically  Operated    Drainage   Pumping   Plant. 

ference  in  water  level)  ranges  between  4  It.  and 
7  ft.  The  results  will  then  be  reduced  to  a 

head  of  6  ft.  by  means  of  the  capacity  and  ef- 
ficiency curves  furnished  by  the  contractor,  at 

which  head  contractor's  guarantees  are  made. 
The    contractor    shall    furnish    all    of    the    labor. 

graded  off  inside  the  building  up  to  the  proper 
height  to  receive  the  concrete  fioor,  and  this 
filling  must  be  wetted  down  and  tamped  In 
solid  so  that  it  will  not  settle. 

Piling. — All    round    piles    shall     be     of    sound 
cedar,   at  least  8  ins.   in  diameter  at  the  point. 

thickness  and  must  be  free  from  large  or  loose 
knots,  wind  shakes  or  otlier  imperfections  im- 

pairing its  durability  or  strength.  All  sheet 
piling  is  to  be  sawed  off  true  and  straight  at 
the  proper  height. 

Concrete  Walls  and  Footings. — All  footings 
and  all  walls  of  the  building  are  to  be  built  up 

of  concrete  to  consist  of  "Atlas,"  "Chicago 
AA,"  "Universal"  or  some  other  brand  of  Port- 

land cement  equally  satisfactory  to  the  engi- 
neer, clean  sharp  sand  and  clean  gravel  or 

broken  stone.  The  cement  shall  be  subject  to 
test  by  the  American  Society  of  Civil  Engineers 
standard  method  and  if  not  up  to  standard  may 
be  rejected  or  a  richer  mixture  required.  The 
gravel  or  broken  stone,  to  be  known  as  the 
coarse  aggregate,  st\all  be  clean  and  of  stfcli 
sizes  that  all  will  stop  on  a  screen  of  Vt  in. 
mesh,  about  50  per  cent  will  stop  on  a  screen  of 
i4  in.  mesh,  and  all  will  pass  a  screen  of  2-in. 
mesh.  The  concrete  shall  be  made  in  the  fol- 

lowing proportions  of  the  specified  materials  by 
measure,  viz.:  1  of  cement,  ZVz  of  sand  and  5 
of  coarse  aggregate.  If  the  mixing  is  done  by 
hand  the  cement  and  sand  shall  first  be  thor- 

oughly mixed  dry  and  after  adding  the  coarse 
aggregate  shall  be  thoroughly  mixed  with  a  suf- 

ficient amount  of  water  to  produce  a  wet  mix- 
ture before  being  deposited.  If  the  mixing  is 

done  by  machine  it  shall  be  with  a  batch  mixer 
of  type  approved  by  the  engineer.  Immediately 
after  mixing  the  concrete  shall  be  deposited  and 
thoroughly  compacted  in  place.  In  cases  where 
forms  are  necessary,  they  shall  be  built  of 
smoothly  dressed  planks,  securely  fastened  so 
that  they  cannot  spring  out  of  place  when  tile 
concrete  is  tamped  in.  These  forms  must  re- 

main in  place  until  the  concrete  is  firmly  set. 
All  exposed  surfaces  of  the  foundations  are  to 
be  finished  smooth  without  resorting  to  plas- 
tering. 
Concrete  Floors. — The  entire  building,  except 

under  the  pumps,  boilers  and  engines,  is  to  have 
a  concrete  floor  constructed  as  follov7S:  Level 
off  the  earth  to  a  smooth,  even  surface  and  put 
down  a  3-in.  layer  of  cinders  or  sand  well 

tamped  down,  and  over  this  place  a  6-in.  layer 
of  concrete  composed  of  1  part  of  Portland  ce- 
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ment  to  2  parts  of  sand  and  4  parts  o(  coarse 

gravel.  Tamp  this  layer  off  true  and  even  and 

immediately  put  on  a  %-ln.  wearing  layer  com- 

posed of  1  part  of  Portland  cement  to  3  parts 
of  clean,  fine  sand.     Trowel  tlie  surface  of  this 

diaphragm  are  built  of  steel  tubing  or  light 

steel  angles  and  the  wheels  of  the  car  are 

usually  made  of  aluminum  and  run  on  ball 

bearings.  The  diaphragm  frame  is  covered 
with   oiled   canvas  or   some   hght    metal    and 

Concrete  Stairway^ 

-f/1  Tnc  o^  Levee 

Fig.   5.    Foundation   Plan,   Electrically   Operated    Drainage   Pumping  Plant. 

wearing  layer  oft  smooth  and  divide  into  squares 
of  convenient  size  to  prevent  cracking. 

Further  general  details  of  structural  fea- 
tures are  given  by  the  illustrations.  The  plants 

illustrated  were  designed  by  the  Harman  En- 
gineering Co.,  Peoria,  111.,  engineers,  and  con- 

tract for  construction  of  a  steam  pumping 
plant  has  been  awarded  to  the  MacDonald 
Engineering  Co.,  Chicago,  IlL 

The  Diaphragm  Method  of  Measuring 

the  Flow  of  Water  in  Open  Chan- 
nels of  Uniform  Cross  Section. 

The  chemical    method   of     gaging     stream 
flow  which  has  within  a  few   years  been  de- 

veloped in  r.urope  was  described  in  our  issue 

of   Sept.    10,   U>ll,  and   comparison  of  its  ac- 
curacy   was    made    with    current    meter    and 

floating  curtain,  or  diaphragm,  methods.  Since 
ihc    diaphragm    method      like      the      chcrtiical 
metho<l  is  somewhat     unfamiliar  in  American 
l>racticc,  we  give  here  some  descriptions  of  it 

swings,  about  a  horizontal  axis,  in  the  direc- 
tion of  the  current  so  that  it  can  be  readily 

immersed  or  withdrawn  without  causing  an 

appreciable  rise  in  the  elevation  of  the  water 
surface.  When  a  measurement  of  the  ve- 

locity is  being  made  a  clutch  holds  the 
diaphragm  in  a  vertical  position. 

The  method  of  procedure  in  obtaining  a 
gaging  is  quite  simple.  A  measured  distance 
is  first  laid  off  along  the  canal  walls  and  the 
diaphragm  is  then  dropped  into  the  stream 
at  a  point  sulHciently  far  upstream,  so  that  it 
will  have  obtained  uniform  motion  by  the  time 

it  reaches  the  beginning  of  the  measured  dis- 
tance. The  time  of  transit  over  this  dis- 

tance is  then  observed,  from  which  the  ve- 
locity of  the  diaphragm  can  be  computed.  The 

mean  velocity  of  the  water  is  then  usually 
assumed  to  be  the  same  as  the  velocity  of  the 
diaphragm.  A  correction  should,  however,  be 
made  for  the  frictional  resistance  of  the  car, 
and  for  the  velocities  in  the  clearance  between 
the  diaphragm  and  the  periphery  of  the  canal, 
which  are  not  integrated  by  the  diaphragm.  In 
well  designed  apparatus  this  frictional  resist- 

ance and  the  clearance — usually  about  half  an 

L 

channel  is,  therefore,  constantly  observed  dur- 
ing a  gaging. 

The  chief  advantage  in  this  method  is  the 
rapidity  with  which  the  measurement  can  be 
made.  '  This  is  of  importance  especially  in  the 
testing  of  turbines,  where  it  is  rather  difficult 
to  keep  operating  conditions  constant  for  a 
time  sufficient  to  obtain  a  good  current  meter 
measurement.  In  testing  turbines  at  power 

stations,  weir  measurements  are  usually  im- 
practicable on  account  of  sacrificing  part  of 

the  available  head,  and  current  meter  gagings. 
although  the  least  expensive,  require  skilled 
observers,  an  accurate  rating  of  the  instru- 

ment, and  considerable  time  in  computing  the 
discharge.  A  complete  diaphragm  gaging  can 
be  made  in  but  a  few  minutes  and  the  result 

immediately  determined. 
The  disadvantages  of  the  diaphragm  method 

are  that  a  channel  of  sufficient  length  and 
uniform  section  must  be  available,  and  that 
the  cost  of  installing  the  necessary  apparatus 
is  rather  high.  For  these  reasons  the  method 
is  limited  to  the  measurement  of  moderately 
large  quantities  of  water,  and  its  application 

will  probably  be  restricted  to  hydraulic  labora- tories, turbine  testing  stations,  and  places 
where  the  apparatus  can  be  used  often  and 
first  cost  is,  therefore,  not  such  an  important 
factor.  For  high-head  power  plants  or  small 
low-head  plants,  the  installation  of  the  dia- 

phragm apparatus  would  be  of  considerable 
commercial  importance,  inasmuch  as  the  op- 

erating efficiency  of  the  turbines  could  be 
obtained  at  all  times  with  a  few  simple  meas- 

urements. The  new  method  could  also  be  ap- 
plied to  discharge  measurements  in  the  main 

laterals  of  irrigation  systems,  where  consider- 
able trouble  has  been  experienced  with  weir 

measurements  on  account  of  the  silt  deposits. 
With  the  diaphragm  the  velocities  can  be 
made  high  enough  so  that  this  drawback  will 
be  overcome. 

DESCRIPTIONS    OF    SPECIFIC    INSTALLATIONS. 

There  have  been  abroad,  a  number  of 

diaphragm  gaging  plants,  installed  and  op- 
erated, but  a  description  of  two  of  these  ex- 

emplifies practice. 

Heidenheim,  IViirttemhurij,  Germany. — This 
installation  is  at  the  turbine  testing  station 

of  J.  M.  Voith.  The  testing  canal  is  9.84  x 
■1.59x72  ft.  Angle  iron  rails  A,  Fig.  1,  with 

the  upper  edge  machined  were  laid  on  each 
side  of  the  canal  parallel  to  the  walls  and 
accuratelv  levelled.  A  car  built  in  the  form 
of  a  T  and  consisting  of  a  frame  and  three 
wheels  runs  on  this  track.  The  frame  is  built 
of  steel  tubing  2%  ins.  in  diameter  and  1/16 
in.  thick.  The  entire  car  was  made  as  light  as 

possible  to  avoid  excessive  frictional  resist- ance. In  order  to  avoid  binding  when  the 

car  is  in  motion,  only  the  two  wheels  riin- 
ning  on  the  same  rail  are  grooved,  the  third 
being  flat.  The  diaphragm  is  hung  from  the 
car  and  is  movable  about  hinges.  It  is  built 

of  light  angle  iron  and  wooden  strips  cov- ered with  varnished  canvas.  A  clutch  at  F 
liolds  the  diaphragm  in  a  vertical  position 

during  the  gaging,  and  at  the  end  of  the  riin 
is  released  automatically  by  striking  the  trip 
at  G.  The  car  and  diaphragm  weigh  88 
pounds    and    a    force    of    0.9    of    a    pound    is 

u 
t_: 

Fig.  1.     Diaphragm  and  Car  at  Turbine  Test, 
ing  Station  at  Heidenheim,  Germany. 

from   a   recent   bulletin   of   the    I'nivcrsity   of Wisconsin    Engineering    Experiment    Station. 
GENERAL    UISCUSiJlON. 

The  apparatus  consists  of  a  diaphragm  sus- 
pended from  a  car,  which  runs  on  a  cart  fwlly 

lined  and  leveled  track  laid  on  the  wrali'  ̂ f 
ihr  canal.     The  car  and   the   frame     of     rhe 

Fig.    2.       Diagram    Showing     Maneuver    of 

inch — are  so  small  that  no  serious  error  is 
caused  by  neglecting  their  eflfects,  especially 
since  they  have  a  tendency  to  counteract  each 
other  on  account  of  the  smaller  velocities  oc- 

curring near  the  periphery.  To  obtain  the 
discharge  the  cross-sectional  area  of  the  water 
must   be  known ;    the  depth   of   water   in  the 

Diaphragm  at  Heidenheim,  Germany. 

capable  of  moving  it  along  the  track  when  the canal  is  empty. 

In  making  a  gaging  two  men  first  hold  the 
diaphragm  out  of  the  water  with  ropes,  as 
shown  in  position  /,  Fig.  2.  .At  a  given 
signal  it  is  dropped  quietly  into  the  water  and 
the    current    carries    the    car    and    diaphragm 



October  28.   1914. Engineering    and    Contracting 
415 

along.  The  diaphragm  dips  into  the  water 
quietly  without  causing  any  commotion  or  for- 

mation of  wave  action,  so  that  the  regimen 
of  the  stream  is  not  disturbed.  After  a  short 

distance  the  diaphragm  hangs  in  a  vertical  po- 
sition, as  shown  in  position  II,  and  is  held 

there  by  the  clutch  F.  The  actual  length  of 
the  gaging  distance  is  only  32.8  ft.,  as  the  dia- 

phragm must   travel   over  a  considerable  dis- 

Fig.  2.    Diaphragm  and  Car  at  Berlin  Tech- 
nische  Hochschule. 

tance  before  the  velocity  becomes  uniform. 
The  time  of  transit  is  taken  with  a  stop- 

watch and  the  velocity  can  then  be  computed 
immediately.  As  soon  as  the  clutch  strikes 
the  trip  at  G,  the  diaphragm  is  released  and 
takes  the  position  shown  as  III. 

During  the  run  observers  read  the  depth  X 
of  the  water  surface  below  the  top  of  the 
rails  at  points  H  and  I,  Fig.  2.  The  readings 
at  these  points  as  a  rule  do  not  vary  more 
than  0.005  ft.;  the  depth  of  water  in  the 

i  channel  is,  therefore,  computed  from  the  mean 
of  these  readings.  The  average  depth  of  the 
bottom  of  the  canal  from  the  top  of  the  rail 
is  7.723  ft.  and  the  average  width  is  9.816 
ft.     The  discharge  is  then  computed   from 

Q=  (7.723  — X)  X  9.816  X  v, 
in  which  v  is  the  mean  velocity  of  the  dia- 

I  phragm. 
The  clearance  between  the  diaphragm   and 

I  periphery  of  the  canal  is  about  0.4  in.    As  the 
1  smaller   velocities   occur   in   this   part   of   the 
\  cross-section,  it  would  seem  that  the  velocity 
as  indicated  by  the  diaphragm  would  be  larger 
than  the  actual   mean  velocity  of   the  water. 
It  seems,  however,  that  this  error  is  offset  by 

j  the    frictional   resistance   of   the   car   and   no 
j  correction    is    made    for    it.     A    few    experi- 
I  ments    made    at    this    station    with    calibrated 
(orifices  to  check  the  diaphragm  method  showed 
I  a   close   agreement,   and   that    the   diaphragm 
gave    accurate   measurements    with    velocities 

[as  low  as  0.02  ft.  per  second. 
Berlin  Technische  Hochschule. — The  frame- 

Iwork  of  the  car.  Fig.  3,  is  made  of  very  thin 
I  steel    tubing,    brazed    together    and    although 

[weighing  but  88  lbs.  is  very  rigid.     The  dia- 
Iphragrn   is   built   of   light   angle   iron   covered 
I  with  oiled  canvas  and  is  hung  from  the  hori- 
Izontal  axis  A,  Fig.  3,  about  which  it  is  free  to 
[swing  in  a  forward  direction.     It  can  also  be 
[raised  or  lowered  by  two  small  cables  attached 
to  the  two  hand  wheels  N,  the  guides  K  slid- 

ing along  the  two  vertical  tubes  T.     A  brake 
B  is  attached  to  one  of  the  wheels  so  that  the 
speed  with   which   the  diaphragm  is   lowered 
can  be  easily  regulated.    Its  descent  is  limited 
by   the    two    rubber    buffers   P.      When    in    a 
vertical   position  the   diaphragm   is  held   rigid 
with  the  vertical  frame  by  means  of  the  clutch 

R,  and  when  the  clutch  is  released  the  cur- 
rent swings  it  around  the  axis  A  to  the  dotted 

position. The  bottom  and  sides  of  the  canal  were  care- 
fully plastered  with  cement  mortar,  so  that 

the  clearance  between  the  diaphragm  and  walls 
is  only  about  0.2  to  0.3  in.  A  distance  of 
about  10  ft.  is  necessary  for  immersing  the 
diaphragm,  so  that  the  actual  length  of  the 
gaging  distance  is  only  23  ft.  Experience  has 
shown,  however,  that  this  distance  is  sufficient 
with  the  rapid  vertical  immersion  of  the 
diaphragm. 
With  the  normal  depth  of  water  in  the 

tail-race  the  velocity  is  about  2.3  ft.  per  second 
and  the  discharge  can  be  obtained  with  great 
accuracy.  When  the  velocity  of  the  water 
becomes  as  small  as  0.3  ft.  per  second  the 
measurement  becomes  unreliable,  as  each  little 

wave,  due  to  disturbances  outside  of  the  tail- 
race,  then  affects  the  motion  of  the  diaphragm. 
With  such  small  velocities,  however,  current 
meter  measurements  are  also  unreliable  and 

in  the  opinion  of  the  director  of  the  labora- 
tory diaphragm  measurements  are  preferable 

in  all  cases.  A  comparison  between  the  re- 
sults obtained  with  the  current  meter  and  with 

the  diaphragm  at  this  laboratory,  showed  a  sat- 
isfactory agreement.  In  one  of  the  tests  the 

mean  velocity  obtained  with  the  current  meter 
held  at  21  points  in  the  cross-section  was  2.729 
ft.  per  second,  while  with  the  diaphragm  the 
velocity  recorded  was  2.709  ft.  per  second,  or  a 
difference  of  about  0.7  per  cent. 

Comparative  Tests. — Comparisons  of  meter, 
diaphragm  and  chemical  gagings  obtained  by 
the  Swiss  Bureau  of  Hydrography  were  given 
in  our  issue  of  Sept.  16  previously  mentioned. 
A  further  comparison  is  given  by  the  dia- 

grams of  Fig.  4.  The  different  methods  of 
gaging  have  been  distinguished  by  using  dif- 

ferent characters  for  the  plotted  points.  The 
solid  curve  represents  the  average  of  the 
plotted  meter  gagings,  while  the  dashed  curve 
is  the  computed  weir-discharge  curve,  using 
Frese's  coefficients.  The  latter  curve  at  first 
glance  appears  abnormal  because  it  crosses 
the  meter  discharge  curve.  This  anomaly 
may,  perhaps,  be  partly  due  to  the  contractions 
caused  by  the  two  stems  for  raising  the  weir, 
the  effect  of  which  seems  to  vary  with  the 
head.  From  the  curves  it  can  be  seen  without 

further  discussion,  that  the  diaphragm  gag- 
ings check  the  meter  gagings  very  closely.  The 

differences    range   between   such   small   limits. 

Some  Methods  and  Costs  of  Cleaning 

Drainage  Ditches. 
Methods  employed  in  cleaning  drainage 

ditches  are  described  by  Mr.  Seth  Dean,  civil 
engineer,  Glenwood,  la.,  in  the  Proceedings  of 
the  Iowa  State  Drainage  Association : 

In  the  spring  of  1910  the  writer  cleaned  a 
bed  of  sill  ranging  from  6  ins.  to  3  ft.  in 
thickness  and  three-fourths  of  a  mile  in  length 
from  a  channel  originally  cut  16  ft.  wide  on 
the  bottom,  but  at  the  time  in  question  the 
stream  of  water  flowing  over  the  silt  was 
about  10  ft.  wide  and  1  ft.  deep,  the  rate  of 
fall  being  about  2  ft.  per  mile.  There  was 
considerable  sand  and  some  drift  in  the  silt 
but  no  growth  of  weeds  or  brush.  The  plant 
used  consisted  of  a  flat-bottomed  boat  or 
scow,  7  X  18  ft.  in  size  and  16  ins.  deep,  made 
of  1-in.  plank.  In  the  bottom  of  the  scow  a 
platform  of  2-in.  plank  was  laid  to  support  the 
machinery,  which  consisted  of  a  4-hp.  gaso- 

line engine  belted  to  a  Myers  pump  with  3-in. 
suction  and  2%-in.  discharge.  The  pump  was 
equipped  with  10  ft.  of  3-in.  suction  hose  with 
strainer  on  the  inlet  end,  and  for  discharge 

had  about  15  ft.  of  2'/^-in.  fire  hose  with  1-in. 
nozzle.  The  scow  when  loaded  required  about 
0  ins.  depth  ot  water  to  float.  Commencing 
at  the  lower  end  of  the  silt  bed  the  boat  was 
poled  forward  or  held  in  place,  as  required, 
and  a  jet  of  water  turned  through  the  nozzle 
mto  the  silt  that  readily  broke  and  stirred  it 
up,  permittmg  the  water  to  float  it  away.  The 
work  was  done  in  March  and  April,  when  the 
flowing  water  was  clear  and  capable  of  carry- 

ing silt  in  suspension,  the  distance  from  the 
center  of  the  silt  bed  to  the  outlet  of  the 
ditch  was  about  10,000  ft.,  and  the  current 
sufficiently  strong  that  little  settling  of  silt 
occurred.  Three  highway  and  one  railroad 
bridge  spanned  the  ditch  in  the  distance 
cleaned,  but  the  boat  readily  passed  under 
them.  Two  men  operated  the  machine  and 
the  total  amount  of  silt  removed  was  2,346 
cu.  yds.  in  33  working  days.  The  cost  of  the 
equipment  was   as    follows,   viz. : 
Cost  of  scow   {  45.00 
Engine  and  pump    200.00 
15-ft.   condemned  hose  and  nozzle         3.00 
Belting  and  fixings         8.60 
Freight  hauling  and  setting  up       32.00 
Two  men  33  days  at  $4     132.00 
Gasoline   and   oil       26.40 
Repairs   on   machinery         1.06 

Total      .liTs'.oi 

4^     as Ft  Per  Sec 

an     ag     50 

Fig.   4.     Comparison   of   Meter,   Chemical   and    Diaphragm     Gagings     by     Swiss     Bureau     of 
Hydrography. 

that  for  most  practical  purposes  they  are  of 
no  significance.  The  greatest  difference  ob- 

tained with  a  direct  comparison  of  meter  and 

diaphragm  gagings  was  0.7  per  cent.  Theo- 
retically the  results  of  the  diaphragm  gagings 

should  be  too  small  rather  than  too  large,  as 
the  velocity  of  the  diaphragm  is  retarded  by 
the  frictional  resistance  of  the  car.  It  seems, 
however,  that  the  effect  of  this  resistance  is 
offset  by  the  smaller  velocities,  existing  in 
the  clearance  between  the  diaphragm  and  the 
periphery  of  the  canal,  which  are  not  measured 
by  the  diaphragm.  The  smallest  quantity 
gaged  in  the  rating  canal  at  Ackersand  was 
1.24  cu.  ft.  per  second,  at  which  rate  of  dis- 

charge the  diaphragm  still  operated  fault- lessly. 

After  the  work  was  completed  the  plant 
was  dismantled  and  the  engine  and  pump 
shipped  to  other  work  which  was  charged  with 
their  cost,  thus  making  the  net  cost  of  the 
plant  $248.05  and  the  cost  of  cleaning  10.53 
cts.  per  cubic  yard. 

On  one  occasion  a  bed  of  silt  interspersed 
with  logs,  brush,  cornstalks,  etc.,  was  re- 

moved, using  drags  made  from  the  beams 
and  shovels  of  wornout  corn  cultivators  by 
bolting  the  parts  together  in  such  manner  that 
they  presented  the  appearance  of  two  anchors 
placed  at  right  angles.  The  point  of  the 
beam  was  fitted  with  a  swivel  so  the  imple- 

ment could  revolve.  By  attaching  ropes  to  the 

drag,  placing  a  team  on  each  bank  and  drag- 
ging the   plow   in   the   channel,  the   mass   was 
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broken  up.  .\fter  pulling  out  the  logs  and 
wire  (dynamite  being  used  sometimes  to  dis- 

lodge them)  the  water  floated  out  the  silt.  A 
close  measurement  of  the  silt  and  drift  re- 

moved from  the  channel  was  not  made,  as  the 

work  was  done  under  the  day  system,  but  ap- 
proximately 2,800  cu.  yds.  were  taken  out,  the 

cost  being  the  following  items ; 
Four    teams    with    drivers,   at    $3.50   each 

for  24  days   »336.00 
Two  drag.s  with  ropes  and  fixtures       10.00 
I>ynamlte    used            5  00 
Foreman,   24   days  at  $2.50       60.00 

Total      $411.00 
Or  about  1.".  cts.  per  cubic  yard. 
In  the  fall  of  1912  \vc  cleaned  and  deepened 

wliat  is  known  as  Seaton's  ditch,  near  Missouri 
Valley.  This  is  a  drainage  ditch  7,000  ft. 
long  with  6  ft.  bottom  width,  and  side  slopes 
1  to  1.  During  the  rainy  season  and  for  a 
time  afterward  the  ditch  carries  water  but  is 

usually  dry  during  the  fall  months.  The  work 
of  cleaning  was  done  by  contract  at  19  cts. 
per  cu.  yd.  The  contractor  bid  to  do  the 
work  with  teams,  but  the  ground  proved  too 
soft  for  this  method,  and  a  small  drag  line 

dredge  was  purchased  and  the  work  success- 
fully carried  out  with  this,  which  proved  to 

be  an  excellent  machine  for  the  work.  The 
machine  was  made  at  Cherokee,  la.,  of  light 
timber   construction.     The    framework,    16    ft. 

wide,  is  mounted  on  rollers  and  designed  to 
work  astride  the  ditch  in  clean-out  work.  The 

power  is  generated  by  an  8-hp.  gasoline  en- 
gine, which  also  serves  to  move  the  machine 

forward  or  transport  it  from  one  job  to  an- 
other along  the  country  roads  if  the  distance 

is  not  great.  It  uses  a  one-third  yard  scoop : 
two  men  operate  it,  using  about  10  gals,  cii 
gasoline  ner  day.  About  250  cu.  yds.  of  earll. 
in  ten  hours  was  the  capacity  of  the  machine 
on  the  job  in  question.  The  machine  is  <if 
wood  construction  and  is  not  very  durabU. 
but  as  most  of  it  is  of  sizes  kept  in  all  luni^ 
ber  yards,  defective  parts  can  be  easily  re- 

placed. 

The  Causes  of  Breaks  in  Large  Water 
Mains  in  Chicago. 

.At  intervals  for  many  years  breaks  have 
occurred  in  large  water  mains  in  Chicago. 
While  such  breaks  were  made  a  matter  of 

record  their  causes  were  not  investigated.  Dur- 
ing the  spring  and  summer  of  1912  a  large 

number  of  leaks  were  reported  and.  since  no 
cause  was  clearlv  apparent,  the  Commissioner 
of  Public  Works  ordered  a  thorough  examina- 

tion to  be  made  to  discover  the  causes.  The 

investigation  was  made  liy  Claude  I'..  Fitch,  as- 
sistant mechanical  engineer,  and  his  report, 

containing  his  suggestions  for  remelial  and 
l)reventive  measures,  is  published,  in  the  an- 

nual report  of  the  Department  of  Public 
Works  for  1913.  The  matter  here  given  is 
based  upon  that  report. 
Mr.  Fitch  lists  13  causes  for  lircaks  in 

mains,  as  follows ;  Improper  design ;  poor  ma- 
terial ;  improper  handling  and  installation : 

subsidence  or  rise  of  soil;  jarring  from  traffic; 
frost ;  temperature  changes  ;  electrolysis  ;  cor- 

rosion ;  excessive  static  pressure ;  excessive 
momentary  pressure ;  periodic  pressure  waves  ; 
and,  extraordinary  causes.  E.xplanations  of 
these  causes  follow. 

IMPROPER    riESIC.V. 

For  the  design  of  pipes  there  are  numerous 
formulas  giving  very  nearly  the  same  results. 
Pipes  have  been  manufactured  in  such  quan- 

tities that  these  formulas  are  as  much  the  re- 
sult of  experience  as  of  theory,  and  have  gen- 

erally been  considered  satisfactory.  For  the 
design  of  valves  and  special  fittings,  theory  and 
practice  are  nut  so  far  advanced  and  there  is 
more  likelihood  of  bad  ilcsign  in  these  appur- 

tenances than  in  the  pipe.  Xew  makes,  un- 
tried by  long  practical  application,  are,  of 

i-ourse.  much  more  likclv  to  be  deficient  in 
strength  than  the  well-tried  valves  and  other 
liltings, 

PIHIR    MArKRIVt.. 

.Ml  reputable  builders  anil  nearly  all  large 
users  employ  competent  inspectors.  Measure- 

ment, superficial  in-pection.  pressure  lest,  ham- 
mer test,  and  the  breaking  of  a  test  bar  arc 

the  methods  generally  cmploved.  Chemical 
tests  arc  not  so  common,  but  have  tlieir  value, 
as  the  excess  or  <leficieney  of  certain  elcmcnls 
is  known  to  be  detrimental. 

The  pressure  test  is  applied  quietly  and 
therefore  indicates  only  tensile  strength.  Quiet- 

ly applied  pressure  gives  no  indication  of 
brittleness,  one  well  known  characteristic  of. 
cast  Iron.  The  hammer  test  might  discover 
it,  if  excessive,  but  the  lilow^  are  mostly  as 
local  in  their  indications  as  in  their  iffects! 

Superficial  rlefects  arc  sometimes  covered  up 
by  the  paint,  anrl  the  iiisp<:rtion,  if  after  the 
paintini'  woul<l  not  discover  then:.  Measure- 

ments taken  after  painting  arc  subject  to  the 
same  criticism.  The  metal  is  someilmes  im- 

properly cooled,  causing  internal  strains.  It 
is  sometimes  locally  coolcil,  or  the  metal  is 
not  hot  enough  to  solidify  into  a  hunn. -aeneous 
mass,  causing  cold  shuts.  It  sunntiMie  en- 

closes gas,  air  or  foreign  Sf  li<K.  rbus  reduc- 
ing the  apparent  thickm  ss  ;  ̂ y.  It  mav 

also   separate   chemically    inin  rt-;     li.iviinr 

different  compositions,  therefore  having  dif- 
ferent strengths  and  coefficients  of  expansion. 

The  breaking  of  a  test  bar  can  be  taken  so 
as  to  give  indications  as  to  the  character  of 
the  metal  in  the  heat,  but  can  be  manipulated 
so  as  to  give  false  indications. 

IMPROPER  HANtlLIXC  AND  I.N'STALL.\TION. 

.■\  pipe  otiierwise  good  may  be  badly  dam- 
aged by  mishandling  in  transit  or  at  laying. 

and  thus  weakened  so  as  to  be  unserviceable. 

It  may  he  improperly  caulked.  If  the  caulk- 
ing is  skimped,  the  joint  may  pass  inspection, 

but  leak  shortly  afterward.  If  too  tightly 
caulked,  tlie  bell  may  be  strained  so  that  settle- 

ment of  the  pipe,  temperature  changes  or 
jarring  such  as  may  be  ordinarily  expected  in 
service,  can  easily  furnish  the  added  stresj  for 
breaking  or  leaking. 
When  back  filling  the  trencli,  careless  work 

will  cause  the  pipe  to  settle  and  get  out  of 
line.  It  may  easily  be  conceived  that  serious 
strains  can  be  set  up  in  the  pipe,  if  local  set- 

tlement causes  a  section  to  act  as  a  beam  sup- 
ported at  the  end  or  middle,  and  loaded  by 

the  w-eight  of  earth  and  pavement  above,  street 
traffic,  etc. ;  also  that  strains  may  be  caused 
by  rigidity  of  attachment  to  adjacent  sections. 

Bad  alignment  lias  another  possibility,  which 
may  become  serious  if  motion  is  not  prevented. 
Kach  deflection  of  the  moving  column  of  water 
by  the  pipe  is  accoinpanied  by  a  pressure  of 
the  water  tending  to  straighten  out  the  bend. 
The  pressure  is  not  serious  at  low  velocities, 
nor  at  constant  velocity,  and  a  firmly  anchored 
pipe  would  suffer  nothing  worse  than  a  scour- 

ing action  within.  .\  pipe  not  firmly  ancliored 
has  a  tendency  to  move,  and  might  move  ap- 

preciably. This  would  be  serious  if  the  water 
[iressure  fluctuated  rapidly.  The  worst  case 
under  this  condition  would  be  at  a  right  angle 

bend.  The  use  of  a  bend  %vou!d  be  by'  design. 
yet  the  pressure  here  would  cause  a  tendency 
to  movement  in  the  direction  of  pressure,  and 
if  not  prevented  by  proper  installation  can 
prove  a  source  of  trouble. 

SflSSIDEXCF.   OR   RISE  OF   ROIt,. 

.\ssiiming  that  the  pipe  has  been  properly 
laid,  then  the  soil  might  be  disturbed  in  one 
of  several  way*.  A  parallel  trench  for  otlier 
underground  pipes  or  conduits  would,  while 
"Pen,  relieve  the  side  support  of  the  earth  be- 

tween, and  if  properly  back  filled,  he  a  prol)- able  cause  of  lateral  movement  of  the  soil. 
I  I  instruction  of  the  enormously  heavy  modern 
buildings  has  caused  movement' of  considerable bodies  of  soil,  not  only  laterally,  but  also  up- 

ward and  downward.  Construction  of  tunnels 
and  suhw.iys  seems  to  have  afl'ected  structures above  and  adjacent,  possibly  not  only  from  re- 

moval of  material,  but  bv  drainage  "of  water: the  volume  of  water  drained  being  replaced,  at 
least  m  part,  by  subsiding  soil.  Sufficient  soil 
displacement  will  cause  leaks  and  maybe breaks. 

JARRtXa  I-RO:,t  TR.-VFFIC. 

Where  pipes  pass  through  embankments  un- 
der railroads,  under  street  railways  and  in 

streets  subject  to  lieavv  traffic,  there  'is  not  only displacement  of  soil  from  the  weights  above, 
but  also  a  jar  which  is  transmitted  to  the 
i„i„.     \\  i,,.rc  the  displacement  is  considerable. 

tlie  danger  to  the  pipes  is  the  same  as  de- 
scribed in  the  previous  paragraph.  The  jarring 

may  break  a  brittle  pipe,  but  tlie  more  prob- 
able trouble  is  at  the  caulking,  where  the  lead 

is  continuously  deformed  by"  the  blows,  until no  loiiger  tight.  Then  the  leakage  causes  a 
softening  of  the  soil,  makin?  further  displace- 

ment probable. FROST. 

Under  ordinarv  conditions  this  is  little  to  be 
feared  in  large  mains,  as  the  depth  to  which 
the  ground  freezes  in  severe  winters  has  been 
determined  by  observations  extending  over 
many  years.  Further,  the  water  is  scarcely 

ever  below  39°  F.  in  temperature,  and  if  flow- 
ing will  ordinarily  not  freeze  solid.  Troubles 

from  frost  are  mostly  confined  to  smaller 
mains  and  to  service  pipes. 

TEMPERATURE.    CHANGES. 

The  range  of  water  temperature  is  not  very 

great  in  Chicago,  probably  25°  F.  This  is 
enough  to  cause  a  measurable  amount  of  ex- 

pansion. Expansion  or  contraction  is  accom- 
panied by  great  force ;  almost  invariably  great 

enough  to  cause  endwise  motion  of  the  pipe 
against  the  friction  of  surrounding  soil.  The 
motion  undoubtedly  is  taken  up  in  the  more 
loosely  caulked  joints,  causing  them  to  be- 

come more  loose  and  to  leak  a  little,  but  this 

ability;  to  move  slightly  at  the  joints  is  the  rea- 
son for  the  use  of  bell  and  spigot  joints, 

rather  than  bolted  joints. 

.A  more  serious  phase  of  this  condition  may 
occur  at  a  tightly  caulked  joint,  where  the 
cast  iron  of  the  hell  is  first  severely  strained 
by  the  excessive  caulking.  Should  this  caulk- 

ing be  done  in  cool  weather,  the  expansion  of 
the  lead,  being  about  five  times  as  great  as 
that  of  cast  iron,  may  cause  sufficient  addi- 

tional strain  to  rupture  the  bell. 
ELECTROLYSIS. 

The  evidences  of  damage  by  electrolysis  are 
gencrallv  plain  and  are  likely  to  be  confused 
iinly  with  chemical  action  due  to  seepage  of 
corrosive  litpiids  through  the  soil.  Chemical 
tests  of  the  surrounding  soil  and  electrical 
tests  for  difference  of  potential  between  the 
mains  and  adjacent  conductors  will  differen- 

tiate between   the^c  causes. 

CORROSION. 

The  pipes  are  made  thicker  than  necessary 
for  resisting  the  physical  strains  imposed  in 
order  to  allow  for  rusting  and  ■  arc  coated 
within  and  without  to  protect  the  metal.  So 
far  as  simple  rusting  is  concerned,  a  pipe 
otherwise  strong  would  probably  outlive  its 
usefulness  several  times  in  a  community  of 
rapid  changes.  Chemical  action  may  occur 
from  acids  in  underground  water.  The  pres- 
'■ncc  of  deleterious  free  acidj,  other  than  car- 

bonic acid,  is  generally  due  to  neighboring 
manufacturing  plants  employing  chemicals,  and 
their  source  should  be  an  ea.sy  matter  to  trace. 

F.XCESSTVE     STATIC     PRESSURE. 

In  a  small  system,  relatively  new  and  tight,  , 
this  might  lie  a  source  of  danger.  Derange- 

ment of  the  pressure  governors  of  the  pumps 
and  simultaneous  carelessness  of  station  em- 

ployes, can  then  cause  excessive  sustained 
pressure.    The   danger  to  a  large  system  with 

< 
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numerous  pumps,  numerous  engines,  and 
mains  much  cross  connected,  some  old  and 
leaky,  some  new,  cannot  be  considered  great. 
Should  one  pump  run  away,  other  pumps 
would  automatically  slow  down.  Should  one 
station  go  seriously  wrong,  the  attention  of 
other  engineers  would  be  drawn  to  the 
trouble. 

The  pipes,  as  a  general  rule,  are  tested  to 
three  times  the  working  pressure  at  the  foun- 

dry and  1%  times  the  working  pressure  when 
completely  laid,  so  that  unless  some  other 
trouble  occurs  in  conjunction,  this  is  the  least 
to  be  feared. 

EXCESSIVE  MOMENTARY  PRESSURE. 

Shock,  momentary  pressure  in  the  nature  of 
a  blow,  covers  in  water  service  a  number  of 

troubles,  which  are  frequently  separatelv  de- 
scribed, but  their  action  and  their  effect  is  the 

■iame — that  of  a  blow  given  to  the  pipe  and 
fittings  by  the  water.  The  various  terms  are 
as  follows :  Shock,  hydraulic  shock,  water 
liammer.  water  ram.  hydraulic  inertia  strains, 
pulsations  from  pumps,  pressure  waves,  sud- 

den changes  in  velocity  of  water,  sudden  clos- 
ing of  valve,  and  air  in  pipes. 

This  is  one  of  the  most  serious  of  the 
troubles  to  which  water  mains  are  subject.  It 
is  serious  for  two  reasons;  one.  that  its  in- 

tensity cannot  be  calculated  with  any  degree 
of  certainty  and  therefore  it  cannot  be  pro- 

vided for  in  the  design  except  approximately : 
the  other,  that  present  methods  of  inspection, 
even  if  perfectly  carried  out,  will  not  reason- 

ably insure  the  mains  against  its  effects.  The 
blow  struck  by  the  water  is  of  the  most  search- 

ing character,  as  every  part  of  the  water,  even 
that  in  joints  and  corners,  delivers  it  to  the 
iron.  If  it  does  not  cause  rupture  or  get  other 
relief  through  a  safety  valve  or  an  air  cham- 

ber, it  is  reflected  back  into  the  water  as  a 
wave  and  then  travels  through  the  system 
until  its  force  is  spent. 

Pulsation  from  Pumps. — Centrifugal  pumps, 
unless  they  are  drawing  air  through  the  suc- 

tion, give  little  trouble  in  this  way.  and  when 
air  is  so  drawn  in,  tl'e\-  make  considerable 
noise  but  do  little  harm.  Owing  to  the.  absence 
of  valves  in  centrifugal  pumps  it  is  necessary 
to  have  check  or  gate  valves  in  the  pipes  to 
prevent  water  from  running  backward  from 
the  mains,  when  they  are  not  running,  and 
these  valves,  if  closed  suddenly  (as  check 
valves  do  when  the  pumps  are  suddenly 

stooped  "I,  cause  water  liammer. 
Reciprocating  pumps  have  plungers  or  pis- 

tons in  combination  with  valves  permitting 
flow  in  one  direction  only.,though  the  plungers 
at  the  end  of  each  stroke  reverse  their  mo- 

tion. Therefore,  one-half  the  time  they  are 
drawing  in  water,  and  the  remaining  half  they 
are  delivering  water.  Each  time  they  com- 

mence their  delivery  strokes  they  must  first 
build  up  a  pressure  in  the  chambers  sufficient 
to  close  the  suction  valves  (assisted  by  their 
springs  or  other  mechanism),  then  sufficient  to 
-tart  the  water  in  motion  towards  the  delivery 
valves  and.  lastly,  build  up  a  pressure  sufficient 
to  open  the  delivery  valves  against  the  pressure 
holding  them  to  their  seats. 

In  crank  and  fly  wheel  pumps  the  change 
of  the  speed  of  the  plunger  should  be  gradual 
by  reason  of  the  crank  action,  but  the  fly 
wheel  and  inertia  of  moving  parts  may  be  the 
cause  of  shock,  thus :  .Assume  that  the  suction 
valves  are  slow  acting  or  leaky,  then  a  portion 
of  the  water  will  pass  back  through  them  while 
the  plunger  is  passing  the  point  of  reversal  of 
motion  and  is  gaining  speed  on  its  next  stroke. 
When  the  suction  valves  have  closed  as  tightly 
as  possible,  the  friction  of  the  water  in  passing 
through  the  leaks  increases  because  of  the  in- 

creasing quantity  of  w.iler  being  moved  by  the 
plunger,  and  consequently  the  pressure  in  the 
pump  chamber  increases  until  the  delivery 
pressure  is  reached.  This  action  takes  a  meas- 

urable amount  of  time  and  the  plunger  has 
gained  velocity  but  no  water  has  been  de- 

livered. The  instant  the  pressure  is  able  to 
open  the  delivery  valves,  water-flow  through 
them  commences  suddenly.  The  water  above 
the  valves  has  been  quiet  for  the  time  of  the 
suction  stroke  and  then  is  almost  instantly  in 
motion.    Its  inertia  tends  to  delay  this,  but  the 

force  stored  in  the  flywheel  and  moving  parts 
of  the  engine  is  enough  to  overcome  it  sud- 

denly. Thus  a  blow  is  struck  the  water  in  the 
mains. 

Most  pumps  have  air  chambers  to  protect 
the  mains,  but  if  the  air  chambers  are  not 
working  properly,  a  most  serious  blow  can 
be  transmitted  to  the  water  in  the  mains.  If 
the  crank  or  crosshead  pin  bearings  are  loose, 
there  is  lost  motion,  and  the  reversal  of  mo- 

tion is  not  accomplished  gradually  but  sud- 
denly. A  fourth  trouble  in  pump  operation, 

not  alone  of  pumos  with  crank  and  flywheel, 
but  also  of  those  without,  is  the  presence  of 
considerable  air  with  the  water  pumped.  This 
air  must  be  compressed  before  any  pressure  is 

obtained  in  the  pump  chamber.  An  exag- 
gerated case  of  the  last  trouble  came  under 

the  writer's  observation,  where  fully  ten  per 
cent  of  the  stroke  was  spent  in  compressing 
the  entrained  air. 
The  reciprocating  pumps  without  crank  and 

flywheel,  to  assist  the  reversal  of  the  plungers, 
are  forced  to  admit  an  excess  of  steam,  which 
starts  the  plungers  with  a  jerk  and  brings 
about  the  same  sudden  increase  of  pressure 
in  the  pump  chamber,  as  in  the  other  type. 

Fig.   1.      Diagram    of    Apparatus    for    Testing 
Water   Pipes  and    Fittings    by 

Water  Hammer. 

All  of  these  causes  are  bad.  but  when  sev- 
eral act  in  conjunction,  and  especially  when 

the  air  chambers  are  insufficient  or  insuflScient- 
ly  filled,  the  shocks  endanger  the  entire  hy- 

draulic system,  pumps  as  well  as  mains. 
Water  Hammer. — Water  hammer  is  due  to 

a  sudden  check  to  the  velocity  of  the  flowing 
water.  Its  intensity  depends  on  the  quantity 
flowing  and  tlie  amount  and  suddenness  of 
change  in  velocity.  It  is  almost  invariably 
due  to  the  action  of  the  consumer  or  his  ma- 

chinery in  suddenly  shutting  off  the  flow. 
The  condition  for  the  formation  of  water 

liammer  having  been  produced,  say  by  the  • 
sudden  closing  of  a  valve  in  a  pipe  of  moving 
water,  then  the  action  is  as  follows ;  The 
energy  of  the  flowing  water  is  used  up  in 
compressing  the  water  and  simultaneously  by 
expanding  or  distending  the  cast  iron.  This 
continues  until  the  water  has  stopped.  Then 
I  he  elasticity  of  the  iron  and  water  impels 
them  to  return  to  their  former  condition  with- 

out the  compression  and  distention,  which  is 
accomplished  by  sending  a  wave  of  com- 

pressions back  into  the  water  traveling  at  a 
speed  approximately  4.670  ft.  per  second.  The 
particles  of  iron  and  water  concerned  swing 
beyond  a  condition  of  no  strain,  back  and 
forth  several  times,  being  rapidly  checked  in 
their  motion,  before  coming  to  rest. 

The  action  in  the  iron  is  not  easily  made 

apparent,  but  in  the  water  is  seen  as  a  throw 
of  the  index  of  the  water  pressure  gage,  or 
better,  by  the  more  sensitive  engine  indicator. 
The   pressure  waves  diminish   so  rapidly  that 

only  the  first  and  second  are  of  much  account, 
so  far  as  injurious  results  are  concerned. 
These  waves  have  somewhat  the  characteristics 

of  a  wave  on  the  surface  of  water  when  ap- 
proaching a  shore,  that  is,  they  are  retarded 

and  have  a  steep  front.  They  also  climb  over 
each  other  (in  a  sense)  as  surface  waves,  by 
adding  the  pressure  of  one  to  the  pressure  of 
another.  Therefore  it  is  possible  to  get  a 
worse  condition  away  from  the  source  than 
obtains  there.  The  waves  will  travel  either 
with  or  against  the  flow  indifferently.  If  the 
cross  section  of  the  water  pipe  increases,  the 
waves  are  diminished  in  intensity;  if  it  di- 

minishes in  cross  section^  especially  with  a 
funnel  shape,  the  waves  increase  correspond- 
ingly. 

Air  in  Pipes. — Air  in  pipes  w-hen  free  to 
move  witli  the  water  causes  trouble  when  the  ' 
water  is  flowing  out.  as  the  water  and  air  are 
ejected  alternately,  and  a  slu.g  of  water  strikes 
a  faucet  or  bend  after  each  flow  of  air.  This 
is  also  water  hammer,  and  is  easily  relieved  by 
automatic  valves.  Air  in  pipes,  where  there 
are  great  changes  in  elevation,  can  prevent 
flow  of  water  completely,  but  that  effect  is 
not  within  the  scope  of  the  present  report. 

PERIODIC   PRESSURE    WAVES. 

This  cause  of  injury  to  mains  is  of  less  im- 
portance than  most  of  the  preceding  ones.  The 

damage  which  it  may  cause  can  be  as  serious 
as  any  of  the  others,  and  it  works  in  a  way 
which  might  not  be  easily  discovered. 
Assume  a  pipe  which  is  so  constituted  or 

laid  that  it  has  a  natural  period  of  vibration, 
either  laterally,  up  and  down,  or  bv  expansion 
and  contraction,  iust  as  a  pendulum  has  its 
time  of  swing.  Then  let  it  receive  a  set  of 
pressure  waves  in  tune  with  its  natural  period 
of  vibration.  It  will  vibrate  with  increasing 
force  until  friction  prevents  further  increase 
or  the  impressing  vibrations  cease  or  get  out 
of  phase.  Brittle  material  like  glass  is  shown 
as  an  example  of  this  phenomenon,  which  is 
called  resonance,  and  it  can  be  broken  to 
pieces  when  the  impressing  force  is  nothing 
greater  than  a  musical  sound,  if  the  conditions 
are  right.  Cast  iron  is  more  or  less  brittle,  and 
also  somewhat  elastic,  so  that  it  may  vi- 

brate. Such  pressure  waves,  if  on  the  right 
period,  can  cause  a  rupture. 

EXTRA0RDIX.\RV    CAUSES. 

These  require  little  explanation  beyond  nam- 
ing explosions  and  blasting,  earthquakes, 

lightning,  intentional  injury,  and  possibly 
the  breakdown  of  a  heavy  truck  above. 

SIMULTAXEOUS  CAUSES. 

While  it  is  entirely  possible  for  any  one  of 
the  causes  previously  listed  and  explained  to 
rupture  a  water  main,  yet,  as  two  or  more 
may  occur  at  one  time,  it  is  more  probable 
that  this  is  the  true  reason  for  most  of  the 

breaks,  each  contributing  its  share  of  the  ex- 
cess strain.  This  adds  to  the  difficulty  of  de- 

termination in  any  one  instance. 
Excessive  caulking,  strain  from  temperature 

changes,  lateral  displacement,  jarring  from 
traffic,  ma.ximum  static  pressure,  local  weak- 

ness, not  discovered  at  test,  and  water  ham- 
mer can  all  occur  simultaneously ;  forces  the 

total  of  which  can  not  be  calculated,  nor 
provided  against  in  the  design  by  reasonable 
thickness  of  material. 

ANALYSIS   OF  47   BREAKS   IN   1912. 

In  his  report  Mr.  Fftch  schedules  47  loca- 
tions of  "breaks"  in  large  water  mains  which 

occurred  in  Chicago  from  May  4  to  Oct.  20, 

1912.  These  "breaks"'  consist  of  42  joint 
leaks,  3  broken  valves  and  2  burst  pipes. 

The  broken  valves  were  of  a  type  no  lonaer 
installed  and  considered  poor  in  the  matter 
of  design.  Without  question  the  trouble  came 
from  improper  design.  One  of  them  burst 
when  closed,  while  the  street  was  opened  up 
lor  other  repair  work. 

The  joint  leaks  predominate.  One  was  un- 
der a  railroad  embankment,  and  being  isolated, 

mav  properly  be  laid  to  jar  from  passing 
traffic  and  subsidence  of  soil.  Four  others 
were  all  under  street  car  tracks  and  in  one 
locality.  In  the  last  few  years  tracks  have 
been  relaid  and  heavier  cars  used.  It  is  prob- 

able that  these  have  at  least  in  part  the  same 
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causes  as  the  preceding,  jar  from  traffic  and 
subsidence  of  soil.  Two  others  were  also 

close  to  street  car  tracks,  but  also  come  with- 
in the  territory  where  there  are  numerous 

other  similar  leaks,  therefore  the  jarring  is 
not  the  probable  cause. 

While  jar  from  traffic  may  be  responsible  in 
part  for  this  formidable  list  of  joint  leaks, 
there  are  two  other  reasons  which  may  be  in- 

ferred. A  large  number  were  discovered  in 

the  spring  and  early  summer  after  a  very 
severe  winter  and  temperature  changes  may 
be  in  part  responsible.  Reference  to  a  spot 
map,  however,  shows  that  the  overwhelming 
majority  of  them  were  within  a  mile  or  so  of 

Fourteenth  Street  Pumping  Station.  Tempera- 
ture changes  could  not  have  produced  such 

a  local  result.  Harrison  Street  Pumping  Sta- 
tion is  the  ne.xt  in  order  of  nearness  to  the 

locality  of  the  numerous  breaks,  but  nearly  all 

of  those  occurring  about  that  station  were  un- 
der street  car  tracks.  An  investigation  into 

the  conditions  at  the  two  stations  should  show 
with  more  certainty  whether  one  or  the  other 
were  the  more  likely  cause. 

Harrison  Street  Pumping  Station  has  two 

E.  P.  AUis'  pumps,  27  in.,  46  in.  and  70  in. 
by  60  in.,  triple  expansion  steam  cylinders  with 

triplex  32%  in.  single  acting  plungers.  Four- 
teenth Street  Pumping  Station  has  three  exact- 

ly similar  pumps  by  the  same  makers  and  one 
Lake  Erie  Engine  Co.  pump.  The  latter  has 
cylinders  34  ins..  60  ins.  and  94  ins.  by  60  ins. 
with  plungers  42  ins.  by  60  ins.  and  has  twice 
the  rated  capacity  of  each  of  the  others.  It 
has  further  flywheels  of  the  same  diameter  as 
the  others  (20  ft.),  but  weighing  32  tons  as 
against  2.5  tons.  Either  they  have  too  heavy, 
or  it  has  too  light  a  flywheel ;  undoubtedly  the 
latter,  as  weight  contributes  to  regularity  of 
motion.  Lastly,  the  E.  P.  Allis  type  has  a 
very  large  air  chamber  for  each  plunger,  the 
Lake  Erie  pump  has  only  one  and  that  on  the 
pipe  line.  Thus  the  latter  has  only  one  air 
chamber  as  against  three  for  the  others  to 

prevent  the  pulsations  of  pumping  from  reach- 
ing the  mains.  This  pump  has  the  largest  rated 

capacity  of  all,  the  variations  in  flow  during 
each  revolution  are  consequently  the  greatest, 
and  it  has  been  the  poorest  protection  for  the 
mains.  It  is,  therefore,  the  most  likely  engine 
to  cause  trouble  by  pulsations  and  shock  to  the 
water  in  the  mains.  Another  element  in  the 
design  of  this  pump  is  the  check  valve.  With 
reference  to  the  air  chamber  it  is  on  the  side 
next  the  water  main.  Pulsations  of  flow, 
then,  cause  the  valve  to  open  more  or  less, 
and  if  sufficient,  cause  it  to  close  entirely, 
when  water  hammer  results  without  benefit  of 
the   air  chamber. 
The  greater  part  of  the  joint  leaks  were 

lOund  on  the  main  supplied  by  this  large  pump, 
.mil  their  cause  was  undoubtedly  some  de- 

rangement of  the  action  of  the  pumo  which 
transmitted  pulsations  to  this  main.  This  ac- 

tion may  have  been  assisted  by  the  tempera- 
ture changes  from  the  extreme  winter  to  mod- 

erate weather  and  by  subsidence  or  rise  in 
the  soil,  as  the  main  leads  into  the  district 
<if  recent  large  building  construction.  This 
will  account  for  tlic  greater  number  of  breaks 
in  this  district,  and  then  only  the  weaker  joints 
would   lie  affected  at  greater  distances. 
The  Ijrokcn  pipes  were  two  in  number.  The 

first  could  not  be  well  studied,  as  no  particular 
investigation  had  then  been  commenced.  It 
had  the  greater  part  of  the  bottom  blown  out 
nearly  from  end  to  end. 
The  second  broken  pipe  had  a  section  of 

:ibout  2%  sq.  ft.  area  blown  out  clean.  The 
|)ipe  was  examined  for  electrolytic  injury, 
which  might  be  suspected  from  the  proximity 
of  a  power  plant,  but  none  was  discovered. 
The  edge  of  the  broken  part  showed  no  flaws. 
It  was  two  weeks  before  the  piece  blown 
nut  was  found,  as  the  escaping  wat.-r  had 
churned  the  ground  so  much,  and  thon  the 
edge  was  already  rusted,  so  that  it  was  im- 

possible to  di.scovcr  if  there  were  ,-in  earlier 
crack  which  had  suddenly  increased.  There 

was  no  pitting  which  could  be  attribiU'  •']  to 
electrolytic  or  chemical  corrosion.  The  metal 
was  slightly  thicker  than  called  for  by  the 
specifications  (0.937.5  in.)  as  against  0.80  in. 
required.     Two  test  bars  for  tensile  strength 

were  cut  out  and  showed  19,550  and  19,400 

lbs.  per  square  inch.  A  transverse  piece  1  m. 

by  2  ins  by  24  ins.  broke  at  2,080  lbs.  with 
0.45  in.  deflection.  The  metal  therefore  shows 
excellent  qualities  under  test. 

Both  these  pieces  burst  about  1 :00  or  1  :dO 

a.  m.,  the  hour  of  maximum  pressure.  It  must 

be  presumed  that  this  maximum  pressure  was 

in  part  responsible,  though  it  was  never  higher 
than  41  lbs.  at  the  nearest  station.  The  mains 

are  tested  to  100  lbs.  when  laid,  therefore  some 

other  cause  acted  in  conjunction  with  the 

maximum  pressure.  The  general  rupture  of 

the  first  pipe  would  indicate  poor  metal,  ihe 

local  rupture  of  the  second,  would  indicate  a 

cold  shut  or  irregular  cooling  strain  over  a 

limited  area.  The  excess  pressure,  causing 

rupture,  was  without  doubt  due  to  the  crest 

of  superposed  pressure  waves.  This  acted 

suddenly  and  locally  and  found  weak  metal 
at  the  point  of  rupture. 

NEW     TEST     METHOD. 

To  reproduce  the  stress  caused  by  water 
hammer  definitelv  and  positively,  a  device  can 

be  easily  provided.  A  schematic  drawing  of 
such  a  device  is  given  in  Fig.  1.  Here  is 

shown  a  plunger  of  small  size,  free  to  move 
inward  a  short  distance  towards  the  water  in 

the  pipe  while  on  the  testing  floor.  The  mo- 
tion outwardly  is  prevented  by  stops.  A  weight 

in  guides  is  shown  above  the  plunger  ready 

to  fall  upon  it.  The  water  under  the  plunger 
is  connected  to  the  water  in  the  pipe,  which, 

when  the  weight  is  dropped,  should  have  a 

static  pressure  equal  to  the  maximum  work- 
ing pressure,  say  70  lbs.  for  Chicago.  The 

action  of  the  weight  on  the  plunger  will  be 

to  convey  a  blow  to  the  water  and  from  the 

water  to  the  pipe,  giving  the  exact  reproduc- tion of  water  hammer  so  far  as  straining  the 

pipe  or  fitting  is  concerned.  The  size  of  the 
weight  and  the  distance  it  falls  can  be  varied 
for  different  test  pressures,  and,  when  once 

fixed  by  experiment,  will  be  tolerably  con- stant in  results.  This  tests  the  cast  iron  for 
brittleness,  one  of  its  properties,  and  the  one 
least  tested  for  in  practice. 

It  is  possible  to  pursue  the  method  further 
and  create  vibratory  strains  by  intermittent 
light  blows  upon  the  plunger,  but  unless 
further  proof  of  its  necessity  is  adduced  this 
would  not  seem  necessary. 

AIR   CHAMBERS   OX    PUMPS. 

Air  chambers  are  in  nearly  u.  iversal  use  on 

pumping  engines,  and  their  value  in  equaliz- 
ing the  flow  and  the  pressure  of  the  water  is 

so  well  recognized  that  little  argument  as  to 
their  usefulness  is  needed.  An  air  chamber 
is  usually  half  filled  with  compressed  air  equal 
in  pressure  to  the  average  water  pressure. 
On  a  large  air  chamber  a  water  gage  is  gen- 

erally placed  so  that  the  dividing  line  be- 
tween air  and  water  can  be  readily  seen.  The 

air  chamber  is  connected  to  the  water  by  a 
passage  of  such  size  and  shape  as  to  permit 
easy  flow  of  the  water  in  and  out,  but  no  flow 
of  the  air.  unless  the  latter  is  excessive  in 

quantity. 
The  size  of  an  air  chamber  is  proportioned 

so  that,  when  the  air  is  compressed  further  by 
inrushing  water  of  higher  pressure,  enough 
work  is  absorbed  by  this  compression  to  over- 

come the  force  in  this  water  without  increas- 
ing the  air  pressure  unduly. 

When  the  water  under  higher  pressure  has 
been  forced  in  until  the  pressures  are  equal- 

ized, the  mains  have  been  relieved  from  tak- 
ing the  rush  of  the  excess  water  suddenly 

and  have  been  subjected  to  a  pressure  higher 
than  the  average,  by  the  amount  the  air 
pressure  has  been  increased.  As  soon  as  the 
excess  pressure  impressed  on  the  water  di- 

minishes, then  the  air  forces  out  water  until 
equilibrium  is  established. 

ATR  CHANfllERS  TN    STREET  MAINS. 

Air  chambers,  beinir  so  useful  as  adjuncts 
to  pumps,  can  be  applied  to  mains  to  protect 
them  in  like  manner.  When  pulsations  of 
flow  on  pressure  du  occur  in  the  mains,  some 
get  back  into  the  air  chambers  connected  at 
the  pumps,  but  in  so  •loing  act  over  long  sec- 

tions of  the  mains.  The  city  has  many  build- 
ings such  as  schools    police  stations,  and  fire 

stations,  where  some  corner  of  the  basements 

could  be  spared  for  air  chambers.  By  run- 
ning in  a  connection  to  the  main  in  the  ad- 

jacent street  wherever  possible,  the  most  per- 
fect protection  could  be  afforded  over  the 

whole  system  against  water  hammer.  Pos- 

sibly business  blocks  could  be  used  in  locali- 
ties' where  public  buildings  are  unavailable. 

In  connection  with  such  an  air  chamber 

some  method  of  charging  would  be  neces- 

sarv,  and  periodic  inspection  to  keep  the  prop- 
er "amount  of  air  in.  The  persons  in  build- 

ings so  utilized  would  be  asked  to  do  no  more 
than  to  report  an  accident,  such  as  breaking 

of  a  gage  glass,  or  noisy  action.  The  1  :tter 
would  indicate  insufficient  air.  The  cost  of 
this  would  be  almost  altogether  first  cost  of 
installation.  One  inspector  can  look  after 

many  in  one  day  and  need  not  visit  each  of- tener  than  once  a  week.  It  is  worthy  of  note 
that  air  chambers  will  also  protect  water 
meters  from  shock  and  breakage. 

DESIGN     OF     AIR     CHAMBERS. 

The  size  of  the  air  chamber,  to  be  installed 
under  the  system  suggested,  would  depend 

upon  the  size  of  the  main  to  which  it  is  con- 
nected, and  upon  the  available  room.  Its 

diameter  should  be,  if  possible,  two  or  three 
times  that  of  the  main,  and  its  height  2V2  to  4 
times  its  diameter.  The  size  of  the  neck  and 
the  connecting  pipe  to  the  main  should  be 
equal,  or  nearly  so,  to  that  of  the  main.  At 
the  main  the  connection  should  not  be  by  a 

plain  tee,  but  by  a  double  branch  elbow  of 

easy  curves.  The  reason  for  this  is  that  tht 
pulsations  of  flow  and  pressure  would  not 
then  find  their  easiest  path  straight  by  but 
would  be  deflected  by  the  elbow,  at  least  in 

part,  into  the  branch.  The  return  or  equaliz- 
ing flow  from  the  air  chamber  would  not  come 

squarely  against  the  back  of  a  tee,  but  di- vided or  deflected  by  the  easy  curve  of  the 

elbow. 
The  shorter  the  pipe  from  the  main  to  the 

air  chamber,  the  better  is  the  action  of  the 

chambers.  It  would  be  best  if  mounted  di- 
rectlv  upon  the  main,  but  this  would  generally 
be  impossible,  except  at  pumping  stations. 
As  air  chambers  are  designed  to  resist 

shock,  an  elastic  material  is  to  be  preferred 
in  their  construction;  therefore  steel  plate 
should  be  used  as  much  as  possible. 

RELIEF   VALVES. 

.\  relief  valve  is  in  fact  a  safety  valve  ap- 
plied to  a  water  pipe.  Its  action  is  to  allow 

escape  of  water  at  times  of  excessive  pressure. 
Its  use  is  necessary  to  protect  water  mains 
from  excessive  pressure  long  maintained, 
where  the  air  chamber  can  give  relief  only 
from  temporary  excessive  pressure.  It 
will  also  afford  a  measure  of  relief  _  from 
water  hammer,  but  on  such  an  occasion  it  acts 
more  slowly  than  an  efficient  air  chamber  and 
the  initial  pressure  wave  is  higher.  The  ex 
cessive  pressure  of  water  hammer  lasting  but 
a  brief  period,  the  valve  will  open  and  close 

suddenly.  If  placed  where  frequently  re- 
quired to  relieve  water  hammer  it  will  ii 

time  pound  itself  or  its  seat  to  pieces.  The 
operation  of  a  relief  valve  necessarily  implies 
an  escape  (waste)  of  water,  and  therefore 
its  use  for  protection  against  water  hammer 
is  not  to  be  generally  recommended. 

OPERATION    OF    CONSUMERS'     POWER    PLANTS. 

Hydraulic  elevators  and  various  types  of 

pumps  in  power  plants  of  consumer*  draw  in- termittently from  the  water  mains.  These 
have  quick-acting  valves.  Other  plants  have 
large  check  valves  in  their  supply  pipes  or 
other  quick  acting  valves.  Sudden  closing  of 
these  valves  produces  water  hammer  if  the 
velocity  of  flow  is  considerable.  The  city 
should  demand  that  every  plant,  no  matter 
how  small,  which  has  any  sort  of  quick 

acting  valve,  should  provide  an  air-chamber. This  should  apply  even  to  house  plumbing, 
where,  in  all  good  installations,  it  is  now done. 

The  operation  of  reciprocating  pumps  of 
the  "direct-acting"  type  is  a  prolific  cause  of 
water  hammer  because  of  the  complete  ces- 

sation of  flow  at  the  end  of  each_  stroke, 
riipck    valves    are    the   most   sudden    in    their 



October  28.    l'J14. Engineering   and    Contracting 419 

closing   of   all    valves.      Especial    care    should 
be  taken  in  both  of  these  cases. 

FOURTEENTH     STREET    PUMPING     STATION. 

It  would  appear  from  the  discussion  of  the 
breaks  that  the  large  pump  at  Fourteenth 
Street  Pumping  Station  is  responsible  for 
large  fluctuations  of  water  flow  and  water 
pressure  and  also  of  water  hammer  in  the 
mains.  Having  but  one  air  chamber  and  that 

too  small  it  aff^ords  too  little  protection  to  the mains.  The  check  valve,  if  closed  suddenly, 
creates  water  hammer  in  the  mains,  which, 
although  causing  noise,  might  not  be  heard  in 
the  engine  room.  The  variations  in  delivery 
give  pulsations  of  pressure  as  well  as  flow  and 
these  not  being  properly  reduced,  because  of 
the  insufficient  air  chamber,  were  transmitted 
to  a  48  in.  main. 

Referring  to  the  topic  water  hammer  the 
measure    of    the    force    of    water    hammer    is 

Method    of    Lowering    Mains    Under 
Pressure     and     Cost     of     Laying 

Water  Mains  at  San  Diego, 

Calif. 
(Staff  Article.) 

Occasion  frequently  arises  to  lower  water 
mains  because  of  regrading  the  streets  in 
which  the  mains  are  laid.  This  work  must 
usually  be  carried  on  without  shutting  off  the 
water  pressure.  The  present  article  describes 
the  method  of  doing  this  work  employed  by 
the  Department  of  Water  of  San  Diego,  Calif. 
The  diagram  of  cost  data  included  herein  does 
not  pertain  to  the  lowering  of  mains,  but 
gives  the  cost  of  cast  iron  water  mains  as 
laid  in  San  Diego.  The  itemized  unit  costs 
cover  the  various  sizes  of  cast  iron  mains  in 

place. At     San    Diego    the    adjustment    of    water 

m  which  the  pipe  was  lowered  and  also  shows 
the  pilasters  back  of  each  joint  which  sup- 

ported the  pipe. 
After  excavating  the  trenches  as  shown,  a 

workman  was  placed  at  each  pilaster  and  care- 
fully picked  it  away,  allowing  the  pipe  to 

drop  about  1  in.  at  a  time.  The  various 
pilasters  were,  of  course,  reduced  simultane- 

ously so  that  the  lowering  was  made  as  uni- 
formly as  possible.  As  a  joint  started  to  leak 

the  calkers  would  calk  it  tight.  In  some  cases 
the  pilasters  were  moist  to  such  an  extent  that 
they  crumbled,  and  in  that  event  jacks  were 
placed  under  the  main,  and  it  was  lowered  by 
that  means.  This  difficulty  was  encountered, 
however,  on  only  a  small  portion  of  the  work. 
The  pressure  on  the  high  service  main  was 
140  lbs.  per  square  inch,  and  was  reduced 
through  reducing  valves,  as  shown  in  Fig. 
1.  to  40  lbs.  in  the  low  service  mains. 

No   difficulty   has   been   experienced   at    San 
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Fig.  1.  View  of  Connection  of  High  and  Low      Service     Mains 

San  Diego,  Calif,  as  Excavated  for  Lowering 
Under  Pressure. 

at  Fig.  2.   View  of  Parallel  High  and  Low  Service    Mains    Ready    for 
Lowering  Under  Pressure.     Note  Supporting  Sections  of 

Earth  Back  of  Each  Bell. 

stated  to  be  dependent  on  the  weight  of  the 
water  whose  motion  is  suddenly  checked  or 
accelerated.  The  main  is  48  ins.  in  diameter 

and  the  variation  in  velocitv  even  with  per- 
fect valve  action,  is  considerable.  Hence 

large  fluctuations  can  be  caused.  The  pulsa- 
tions traveled  through  the  entire  system  con- 

nected therewith  and  brought  to  light  weak 
spots  elsewhere. 

The  pump  in  question  was  shut  down  from 
Oct.  29  to  Nov.  1,  1912,  and  some  overhauling 
done  on  the  valves,  since  which  time  no 
further  leaks  of  consequence  have  been  re- 
ported. 

It  is  possible  that  this,  same  trouble  may 
recur  in  the  future  unless  an  air  chamber  of 

proper  size  is  placed  on  the  main  at  the  sta- 
tion and  an  independent  air  compressor  in- 

stalled in  the  station  for  charging  it  and  the 
present  one. 

REMEDI.\L     AND     PREVENTIVE     MEASL'RES. 

The  following  remedies  are  recommended  : 
1.  In  addition  to  present  methods  of  inspec- 

tion, test  all  pipes,  fittings  and  valves  where 
made  for  strength  under  water  hammer  as 

explained  herein.  2.  Protect  the  mains  by  in- 
stalling air  chambers  in  basements  of  public 

buildings.  3.  Require  use  of  air  chambers 
in  all  plants  wherever  there  is  any  quick  clos- 

ing valve  of  size  equal  to  say  one-quarter  the 
area  of  the  supply  pipe  leading  into  the 
premises.  Require  the  air  chamber  to  be 

installed  anyhow  when  the  supply  pipe  ex- 
ceeds 4  ins.  diameter.  4.  Lay  all  new  mains 

to  line  and  grade  and  keep  accurate  records. 
Get  levels  of  all  portions  of  old  mains  when- 

ever uncovered.  Check  them  at  every  opnor- 
tunity  for  displacement  by  soil  movements. 
•5.  Put  a  new  air  chamber  on  the  main  lead- 

ing from  the  large  pump  at  Fourteenth  Street 
Pumping  Station.  This  should  be  taller  than 
the  present  one,  and  located  on  the  side  of  the 
check  valve  next  the  main.  6.  Install  at  every 
pumping  station  an  independent  air  com- 

pressor for  filling  the  air  chambers.  Provide 
every  air  chamber  with  a  gage  glass,  if  not 
alreadv  there,  and  with  a  light  to  make  it 
possible  to  see,  and  lastly,  require  the  engineer 
on  watch  to  make  periodic  inspection  of  the 
air  chambers  in  use. 

mains  to  a  new  grade  is  not  allowed  to  inter- 
fere with  the  supply  to  consumers.  When 

brought  to  grade  the  mains  are  thoroughly 
tested  for  leaks  while  under  full  pressure. 
When  the  work  is  done  by  contract  the  De- 

partment of  Water  has  24  hours'  notice  be- 
fore any  work  commences  on  the  adjustment 

of    any   section   of   mains.    The   opening  and 

Diego  in  lowering  a  water  main  extending 
over  a  hilltop  by  the  method  of  adjustment 
here  described.  While  the  regrading  short- 

ens the  distance,  it  has  been  found  that  in 
making  the  pipe  conform  to  the  new  contour 
it  "takes  up"  sufficiently  in  each  joint  to  ac- 

commodate itself  to  the  new  conditions.  The 

mains  of  an  entire  block,  including  the  serv- 
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Size   of  Pipe  in  Inches 
Fig.    3.   Diagram    Showing     Cost     and    Other   Data   Pertaining   to   Cast   Iron    Mains   as    Laid 

Complete    at    San    Diego. 

closing  of  all  gates  and  service  cocks  is  done 
by  Department  employes.  Service  connections 
are  handled  entirely  by  the  Department. 

Figure  1  shows  the  connection  between  the 
high  and  low  service  mains  by  means  of  a 
reducing  valve.  These  mains  parallel  each 
other  for  about  400  ft.  They  were  lowered 
5  ft.  below  the  old  grade  in  order  to  fit  the 
new    grade.     Figure    2    illustrates    the    trench 

ices  from  the  curb  line,  have  been  lowered 
without  separating  the  lead  connections.  It 
was  necessary  only  to  lower  the  main,  and 
the  services  dropped  in  the  service  pipe 

tcenches  without  causin  g  any  trouble  what- soever. 

Figure  3  gives  the  curves  of  cost  of  cast 
iron  mains  laid  complete  in  the  ditch.  The 
reader    should    note    the    condensed    form    of 
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M  .     u         •             >  c^-,i„  tiio  "VVi/irH  ^/.z-limcni  Tester"  which  is  made  sediment,  due  to  the  intiueiice  of  the  organic 
presentation  made  possible  by  usmg  one  scale  "«,,  ;V'^'r,,,^'.''p"^^kL;/\  a^^                     Com-  matter  and  iron  found  in  the  stagnant  layers. 
fortheabscissae  01  all  curves,  but  varying  the  ̂ yt^eCreamt-ry  Package  Manu^^^^                                         departure    from    the    normal    distribu- 
ordinates  of   the  several  curves  according  to  P^"y  °f  -'^, '^''">'^^^7  JXm   is  held  between  tion  is  quickly  noted  by  this  method  of  ex- 
the    nature    and   magnitude    of    the   quantities  ̂ 1^;^^^^^:;;^^^^^^^':;^^  S^a  aminatiol   as^s   shown^y    the   set   of   discs 

.rKvowLEDCMENT  to  an  ordinary  glass  milk  bottle.     The  water  made  at  Lake  Cocntuate  on  Oct
.  2,  1914.   This 

.ACKNOWLEDGMENT.  ^^  ̂ ^  filtered   IS  placed  in  the  bottle  and  al-  series   shows   a   steady   decrease   in   depth   of 
Fur  the  information  here  given  we  are  in-  j^^^j   j^   ̂ ^^y   p^j   through   the   cotton    disc,  color  down  to  the  transition   zone,   at  which 

debted  to  Mr.  H.  A.  Whitncv,  Hydraulic  En-  pijtration     is     hastened     by     increasing     the  point  there  is  a  darkening  of  the  discs,  due  no 

gineer    of    the    San    Diego    Department    of  pressure  of  the  air  within  the  bottle  by  the  doubt  to  a  concentration  of  organisms  at  this 

Water.  use  of  a  simple  air  compressor  operated  by  a  point.     Immediately  below  this  the  organisms 

   hand  bulb.    In  order  to  hlter  a  gallon  of  water  fall  off  and  again  increase  gradually  until  the 

T^-       c   -4-     »   .  T?.r  the  bottle  has  to  be  filled  four  times.  1°/^^-^'^    ̂ °,°'    '^\^'   i'  J^l^^^f    Ja^u""^^ 
Permanent  Cotton  Disc  Sediment  Rec-  ̂ ^.^     ̂ ^^.^^,^_.  ̂ ^^^  ̂ ^  ̂ ^^^^^^^^  i3  „,,  fh'fbottom'  shTs  'he  or'  ̂e'nce  oTl  dfff  ren° 

ords  for  Water  and  Sewage.  necessary.     Other  similar  sed— ^tester^s  are  [^^e^bo«om,^sho..  'j- J'-s^eiKe^of^  a^  different 

In  spite  of  all  that  has  been  said  and  written  °"   '„4„'""a^r   in   filtering.     A   gravity   flow  abundant  in  quantity,  in  which  iron  is  present 

on  the  subject  of  water  analysis,  and  in  spite  ̂ °i774^'^°,,^  3^,^^  result,  or  a  flow  hastened  m  large  amounts.                           ,       ,.            ■ of  the  fact  that  hundreds  of  samples  ol  water  centrifugal  force  or  by  the  water  pressure          On   some  days   the   amount  of  sediment  in 

and  sewage  are  being  analyzed  every  day,  it  ̂ J^  ̂̂ ^  city  "mains     All  of  these  methods  have  the  Cambridge  water  has  been  found  to  sud- 
still    remains    true    that   the    results     of     the  ̂ ^^^^  ̂ ^^^^  .^  ̂ 1^^  laboratory  of  sanitarv  engi-  denly   increase,   owing   to  the  disturbance   of 
analyses  are  unintelligible  to  a  large  proper-  ^^^^-^^^  ̂ f  Harvard  University.  deposits  in  the  pipes.     The  character  of  this 
tion  of  the  people  who  are   interested  m  tne  °                 „.,•„„.    :„    ti,„    watpr    !■;    re-  sediment  is  quite  different  from  that  normally 

general  subject  and,  it  might  be  added,  to  a  The  .^o^.-'f  „^  ;^  "^^     '",„\'^j^„^'^f//and    e-  found.     Again,   samples   taken   from   the   hot 
great  manv  of  those  who  make  the  analyses.  tamed  in  the  P"-^' ^  °/  '''«  ̂ °"°"  ,^''i^J^'  ̂   '^.  and  cold  water  taps  often  show  marked  dif- 
Thc  interpretation  of  a  water  analysis  we  have  mains  as  a  Permanent  reco  d  wh  ch  readily  ap                         ̂ ^^  ̂ ^^  ̂ i^^^^  sediments  showing  the 
been  told 'over  and  over  again  is  a  matter  for  pea  s  ,o  th     eye  an     --'^j^y's  appearance                     ,  ̂ ^  .^^^                                    ^^^  ̂ ^.^^ 
the  expert.  character  of  thelXtances  present.    Fof  per-  of  the  water  on  the  heater  or  the  piping  in 

Yet  there  are  some  characteristics  o    water  ^^^^^^    ̂ ^^^^^    .^    .^   ̂ ^„   ̂ ^   provide    sheets  the  houses. 
that  are  evident  to  layman  and  expert  alike— tne  ^^   ̂ ^^^^   ̂ ^   which   the   cotton   discs   may  be          The  method  is  particularly  well  adapted  to 
conspicuous  physical  characteristics  ot  color  ana  ̂ ^         attached  after  drving  by  using  a  drop  show   the   effect  of    filtration   on   dirty   water, 
turbidity,  taste  and  smell.    Within  recent  years  ̂ ^  mucilage  or  a  little  paste.    The  suspended  During  the  past  year  an  experimental  mechan- 
tests  for  these  properties  have  been  simpuiiea  ^^^^^j.   ̂ ^^^   „qi  chamje   in   appearance   even  ical  filter  has  been  in  operation  at  the  Labora- 
and  standardized,  but   simple  as  they  are  tne  ^^^^^    ̂     j          ̂ .^^^     ̂ ^^    ̂ j^^^    ̂ ^^    ̂ ^^^^^    ̂ fj  ̂ ^^^   ̂ ^   Sanitary   Engineering,   Harvard   Uni- 
results  cannot  be  understood  by  one  who  cloeb  yj^jg^g  f^^  ̂ ^^j,  sediment  is  allowed  to  collect.  versity,   and  daily   records  have  been  kept   of 
not  know  the  scales  of  measurement,     inert  ^^^  ̂ ^^  ̂ _^^^  ̂ ^  uniformity  the  writers  sug-  the   sediment   in   the   water   before   and   after 
is  often   needed   some   means  of   brmgmg  to  ^^^^  ̂ ^^  following  table  be  accepted  as  a  filtration.    The  results  are  often  more  striking 
people's    attention    the    character    ot    a   puDiic  jg^itative   standard   for  quantities  of  water  to  than  the  figures  which  show  the   removal  of 
water  supply  or  the  condition  oi   water  in  a  ̂ ^  filtered-  bacteria.      On    certain    days    when    the    filter 
stream,  or  that  of  a  sewage  effluent    ana  tnis  „.     ̂      ,     .      „♦,♦,,>„     f„n    wur»tir,n     Throu-h  was  not  operating  at  its  best  the  cotton  discs 
must  be  done  by  appealing  to  something  with-  standard     Q"''"tities^Jor^j^F^ltrat.on     Th,ou„h  ^^^^^^^  J^.^^^  ̂^b    ̂.^^^^^^  ̂ ,^^^^  p^^^^^  ̂ ^^^ 
in    their    everyday    experience,    by    presenting       ^1,^^^^^    ̂ ^,^jg,.         _..       One  gallon.  slightlv  discolored. 
something  that  they  can  sec  or  smell  or  taste.       q^^^^^   ^^^er       One  gallon.  ^^    Clifton  L    Rice,  who  has  been  recently 
Such  a  something  ,s  dirt.  ;;c.ean;;  surface  water. .........     One  quart.  ^^^.^.^^^  ̂ ^^    ̂ ^^^^  ̂    Barbour  in  a  series  of 

Every  citizen  desires  a  supply  oi  cican  sewage  and  sewage  effluents..  One-half  pint.  valuable  experiments  on  the  purification  of  the 
water.  If  the  water  supply  is  dirty  it  aiis  „  ..  ,  .  .  ,  ^  water  at  Lowell,  Mass.,  has  used  the  cotton 
to  give  satisfaction,  and  any  method  which  while  the  metric  units  of  measurement  are  ^j^^  method  with  marked  success.  Mr.  Bar- 
will  exhibit  its  dirtiness  will  appeal  to  a  uni-  more  scientific  than  the  commonly  used  units  ̂ ^^^.^  ̂   ^j^^^^.^  photographs  of  the  sedi- 
versal  instinct  and  experience.  We  all  desire  ̂ f  hquid  measure,  the  latter  are  better  com-  ^^^^  collected  on  the  cotton  discs.  The  prob- 
clcan  waterways.  We  believe  that  the  final  el-  prehended  by  the  public, '  and  are  more  ap-  ,^^  ̂ 1^^^.^  -^  ̂ ^^  removal  of  iron  and  man- 
fluents  from  sewage  treatment  works  shouui  propriate  for  this  crude  test.  ganese  from  the  water.  The  efficiency  of  the 
be  reasonably  clean— other.wise  why  treat  tne  j^^  quantity  to  be  filtered  varies  with  dif-  purification  processes  which  it  is  proposed  to 
sewage?— and  any  method  which  will  exnimc  fg^ent  waters.  It  is  advisable  to  filter  the  employ  is  well  indicated  by  the  stains  made  by 
the  dirtiness  of  the  water  in  a  streani  or  in  smallest  quantity  that  will  give  a  definite  rec-  fj^g  ̂ aw  water  and  the  absence  of  stain  when 
a  sewer  will  prove  a  useful  weapon  in  the  ngnt  ̂ ^^^  inasmuch  as  increased  quantities  tend  to  treated  water  is  passed  through  the  cotton. 
for  cleanliness  which  is  being  continuaii)  ^^^j^  ̂ ^  ̂ ^^  sediment  on  top  of  the  first  layer  \dv\ntaces  of  cotton  disc  sediment  records. 

waged  by  sanitarians.                ,■,.,,        ,   ;„  and  therefore   do  not  show   small  variations.  '             ̂ ^^^^^  ̂ -^^  sediment  record  has  the  fol- Thcre   are   various   forms   of  dirt   found    n  ji^  ̂ ^atcr  rich  in  algae  will  produce  a  definite  ,      •        advantaees  • 

water   and   sewage,  if  bv   dirt  we   mean   sub-  stain    on    a    cotton    disc   after   one   quart   has  '""  "=                 s     •                                  „„:,,Hv 

stands   which   pollute   or   make    foul.     Some  passed  through.    A  clean  water  does  not  leave          '•     It  can  be  made  very  easily  and  ̂ ^m 
forms  of   dirt  are  in  solution,  or  are  present  g^y  noticeable  discoloration  when  this  amount          2.     It  can  be  made  by  the  laborer  and  the  ot- 

as  colloidal  substances,  or  as  exceedingly  fine  ij  "filtered  but  may  color  the  disc  slightly  when  fice  boy,  as  well  as  by  the  engineer  or  chemist. 
particles.     These  require  special  tests,  special  ̂     larger    sample    is    taken    for    the   test.      A          3     jj  jj  inexpensive. 

methods  of  comparison  and  exhibition  of  re-  ,  pjcaj  crude  sewage,  on  the  other  hand,  will                                 ^            picturesque  and  easily 
suits.     But  there  is  one  form  o     evident  dirt  clog  the  disc  when  from  150  to  200  cubic  cen-  ^, Ji-^^j't^^j  l^  everyone 
for  which  we  have  thus  far  had  no  satisfac-  Hmeters  have  been  strained,  and  more  can  be  unclerstooaDv  everyone.                        „„^„fU^ 

orv   mc'asurc,   naraciv,   the   coarser    forms   of  forced  through  onlv  with  great  difficulty.    The  ,  0.     Within  limits  the  records  are  quant,^- 

susncmlcd   matter.     Our  methods  of  measur-  best   of   sewage   effluent   will   give   some    dis-  tive  as  quali  ative.    They  serve  w
ell  for  com- 

ing   turl'idity    <lo    not    adequately    depict    the  coloration    when    this    quantity    has    been    fil-  paring  samples   from  the  same  place 
 on  dil- 

prcscnce   of    the   larger    particles    of    obvious  tered,  so  that  a  ready  comparison  is  possible.  ferent  dates. 

din.     They  arc  largely  optical  and  the  larger  -phe    following   are   a    few    illustrations    of          (1.     The  records  are  permanent. 
particles  of   suspen<led  matter  do  not  greatly  ,hc   use   of   the   cotton   disc   method    for   col-          y     jj^^  records  may  be  conveniently  mount- 

interfere   with    the   passage   of   light   through  iccting  sediment:  cd  for  preservation.  ' 
water  unless  ihcy  arc  quite  ""■^'^■'l'"/'  "S"^,,  Samples  of  the  sediment   found   in  the  tap          g     -ph     records  mav  be  photographed. 
ihev  escape  being  recorded.    A  simpler  method  ^j  Cambridge,  Mass.,  have  been  taken          ̂ -     '    ,.,^''°  ?.  Tl^,   volume   of   water   is 
with    more    direct   and    picturesque    nsults    is  ^j^^^^              ̂        ̂ ^^  ̂ ^^^  ̂ ^^^  ̂   ̂^^^     T,,^           9.     A    lelativelv    large   volume   oi    water 
needed.    Such  a  method  15  here  described,  the  ̂ ^^^^^  ̂ .^^^  ̂ ^^^^^  ̂ ^^  changes  in  the  growths  tested. 
matter   given   being   taken    from   a   paper  on  ̂ j  ̂ ,g^  ̂ ^,.^^  striking  picturesquencss.    In  sum-          10.     It  is  a  valuable  supplement  to  the  reg- 
this   subject   presented   before   the   recent  a  -  ̂ ^^  ̂ ^^^^  j,^^  chlorophyceae  are  abundant,  the  ular  water  analysis. 
nual  meeting  of  the  American  bocicty  01  Mu-  s,ain  on  the  cotton  disc  has  a  bright  green  color.                               —      . 
nicii)al    Improvements.      Inc    I'apcr    was   pre-  p^^jng  ̂ ^^^  ascendency  of  the  cyanophyceae,  in          $3,000,000  for  Sewerage  at  Baltimore,  Md. 
pared  by   Mr.   George   C.   Whipple,    Protessor  ^j^^   ..^^^    ̂ ^^^^„    j,^^   ̂ ^,^j.    j^    ̂    ̂ j^^y   j^,^|^,,           _^   $3,000,000  loan   for   sewerage   purposes 
of   Sanitarv  Engineering  in   HarvarM   univcr-  ^^      ̂ j^^,   (ju^ntity    of    sediment   fluctuates  will   be   voted  on   by  the   citizens  of   Balti- 
sitv,  and  Mr.  John  W.  M.  Bunker    Instructor  j^^g^hat  from  dav  to  day  as  the  wind  blows  more.  Md.,  at  an  election  next  month.    The 
in  Sanitary  Analysis  in  Harvard  I  niversiiy.  ^^^  ̂ 1^^^,   ̂ ^^^  ̂ ^-^  ̂ -^^  ̂ ^   ,^g   reservoir  to  funds  will  be  used  to  complete  the  east  and 

The  method  described  is  not  original ;  it  is  ,he  other  and  as  the  algje  rise  or  fall  in  the  west  low  level  interceptors,  the  Jones  Falls 
an  -idaption  of  a  method  already  in  wide  use  water.      In    the    spring    the    sediment    has    a  interceptor,   the   high   level   interceptor  and 

for'  exhibiting  and   recording   the   amount  of  brownish    color,    due   to   the   presence   of    di-  to   extend   the   sanitary   lateral   sewers   and 
sediment  in  milk.  atoms.      Samples    of    water    collected    at    dif-        storm-water     drains    in    the     northeastern. 

The    method    consists    merely    in    stmiiiing  ferent  depths  show  very  distinctly  the  distri-  southeastern,   southwestern  and   northwest- 
■en    volume    of    water,    say    one    gallon.  bution  of  the  algsp  in  a  vertical  direction  from  ern  sections  of  the  city  and  the  suburbs  oi 

^   *^MC7li   1  disc   of   absorbent  cotton,  about   1  top  to  bottom.     Normally  the  algae  are   most  Arlington,     Woodberry      and      Govanston, 

ilirougn   c     ̂ ^^^    _^^^j   especially  prepared    for  abundant   at    the    surface   but    decrease   with  thereby    completing    the    sewering    of    the 
"1  .  '"urnose     This  is  most  conveniently  done  greater  depths.     The   samples   at  the  bottom  entire  built-up  portion  .of  the  city  with  san- 

\      ''cans   of    a   simple   apparatus   known    as  often  show  the  presence  of  a  brown  colored  itarv  sewers  and   storm-water  drainage. 

i 
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An   Important   Series    of    Articles   on 
Wooden  Stave  Pipe. 

In  this  issue  we  publish  the  first  of  a  series 
of  five  articles  under  the  general  caption  of: 
The  Use,  Design,  Construction,  Cost  and 
Durability  of  Wooden  Stave  Pipe.  The  first 
article  pertains,  chiefly,  to  the  uses  and  mis- 

uses of  this  kind  of  water  pipe.  The  evolu- 
tion of  the  pipe  is  traced  in  short  space  and 

the  modem  types  are  illustrated  and  de- 
scribed. The  principle  uses  of  machine-band- 

ed and  continuous  stave  pipe  are  enumerated, 
and  the  proper  application  of  the  pipe  to  these 
uses  is  critically  discussed.  .A.n  especially  val- 

uable portion  of  the  article  relates  to  some 
of  the  abuses  and  misuses  of  wooden  pipe. 
Several  examples  of  this  character  are  given, 
including  faulty  design,  poor  location,  failure 
to  provide  for  or  to  prevent  water  hammer, 
the  use  of  wood  pipe  for  lines  where  the  flow 
is  intermittent,  failure  to  provide  proper  pro- 

tection, and  failure  to  provide  air  valves  and 
standpipes. 
The  second  article  will  relate  to  the  dura- 

bility of  wooden  pipe.  In  this  connection  the 
staves  are  discussed  with  respect  to  kinds  of 
wood,  design,  decay  and  earth  covering,  and 
the  bands  with  respect  to  material,  coating 
and  design.  The  decay  of  staves  is  further 
discussed  with  special  reference  to  the  loca- 

tion of  the  pipe  line,  kinds  of  earth,  care  in 
construction  and  the  saturation  of  the  staves. 
This  article  also  discusses  the  misuses  of  this 
class  of  pipe. 

The  third  article  will  cover  the  design  and 
selection  of  material ;  the  fourth  the  organ- 

ization of  construction  forces  and  construc- 
tion methods;  and  the  fifth  and  final  article 

will  give  numerous  detailed  data  on  the  cost 
of  pipe  lines  constructed  of  this  material. 

The  articles,  which  are  the  result  of  a  cor- 
respondence extending  over  a  period  of  three 

years,  are  contributed  by  Mr.  Andrew  Swick- 
ard,  hydraulic  engineer,  Palo  Alto,  Calif.  Mr. 
Swickard  has  had  more  or  less  to  do  with 
wooden  pipe  for  the  past  ten  years.  Four 
and  one-half  years  of  this  time  were  given 
exclusively  to  the  design,  manufacture  and 
installation  of  wooden  pipe.  During  this 
period  he  had  charge  of  the  installation  of 
pipe  in  California.  Montana,  Idaho,  Utah, 
Nevada  and  Mexico.  He  built  continuous 
stave  pipe  up  to  10  ft.  in  diameter,  and  is  also 
experienced  in  laying  machine-banded  pipe.  He 
is  also  the  designer  of  machinery-  for  the 
manufacture  of  the  latter  class  of  pipe.  This 
varied  and  extensive  experience  qualifies  Mr. 
Swickard  to  write  authoritatively  upon  this 
subject.  A  reading  of  his  first  article  will 
show  that  he  writes  with  the  impartiality  of 
the  engineer  who,  while  appreciating  their 
merits  when  used  properly,  also  recognizes 
the  limitations  of  materials  of  construction 
when  they  are  subjected  to  misuse. 

Cost  Data  on  Bridge  Foundation  Work. 
To  be  most  effective  the  keeping  of  force 

and  cost  accounts  and  the  analysis  of  these 
data  require  careful  planning  in  advance  of 
construction  and  a  certain  amount  of  educa- 

tional work  by  those  in  charge.  The  mistake 
is  often  made  of  permitting  accounts  to  be 
kept  by  inexperienced  and  poorly  paid  men 
who  at  best  have  little  interest  in  the  work 
Unless  those  who  analyze  the  accounts  are 
thoroughly  familiar  with  the  manner  in  which 
they  have  been  kept,  as  well  as  with  the  con- 

struction methods  used  and  the  conditions 
under  which  the  work  is  done,  the  unit  costs 
can  hardly  be  expected  to  have  much  value. 
Many  cost  data  are  of  limited  application  be- 

cause items  involving  both  labor  and  materials 
have    been    combined    instead    of    being    kept 

as  separate  accounts.  To  be  of  definite  value 
to  engineers  and  contractors  contemplating 
sim.ilar  w-ork  it  is  necessary  that  the  condi- 

tions under  which  the  work  was  done  be  fully 
stated.  Too  often  such  items  as  weather  and 
labor  conditions,  delays,  and  equipment  used 
are  not  fully  recorded.  In  the  past  engineers 
and  contractors  have  not  often  permitted  cost 
data  on  all  parts  of  an  important  job  to  be 
published,  even  though  they  may  have  given 
out  data  on  certain  items  of  the  work.  There 

is  a  growing  tendency,  however,  to  make  pub- 

lic detailed  "information,  instead  of  restricting 
its  use  to  one  organization,  as  it  is  being  real- 

ized that  the  personnel  and  efficiency  of  any 
organization  are  the  real  factors  making  for 
success. 

In  our  issue  of  Oct.  21,  1914,  we  published 
an  article  on  the  design  of  the  substructure  of 
the  double-leaf  trunnion  bascule  bridge  over 
the  Chicago  River  at  Chicago  .^ve.,  Chicago. 

In  the  "Bridges"  section  of  this  issue  there 
appears  an  exceptionally  complete  article  on 
the  labor  costs  of  constructing  each  part  of 

the  substructure  of  this  bridge.  The  founda- 
tion work  was  especially  complicated  and  the 

cofferdam  construction  difficult  due  to  unusual 
conditions.  The  article  is  contributed  by  the 
resident  engineer  in  charge  of  construction,  a 
man  who  has  had  considerable  experience  in 
keeping  and  analyzing  cost  data.  The  data 
given  represent  actual  labor  costs — no  account 
being  made  of  the  cost  of  materials.  Each 
item  of  the  work  is  treated  separately,  and  the 
conditions  under  which  the  work  was  done  are 

carefully  stated.  We  believe  the  article  con- 
tains the  most  complete  and  carefully  analyzed 

cost  data  ever  published  on  w'ork  of  this  char- 
acter. An  interesting  comparison  is  made 

between  the  price  bid  for  each  item  of  the 
work  and  its  actual  cost  to  the  contractor. 
The  data  are  presented  in  such  a  manner  as 
to  expedite  their  use  in  estimating  the  cost 
of  similar  work. 

The  Sewerage  System  of  the  Panama- 
Pacific  International  Exposition. 

The  sewerage  system  for  the  Panama-Pacific 
International  Exposition,  like  all  other  engi- 

neering features  of  the  e-xposition,  was  de- 
signed to  serve  its  purpose  for  a  short  and 

well-defined  period  of  time  at  a  minimum  cost. 
It  is  said  that  exposition  engineering  is  be- 

coming a  specialty.  This  is  brought  about  by 
the  fact  that  expositions  are  of  short  dura- 

tion and  yet  their  constructional  features  must 
be  sound  and  serviceable,  although  produced 
at  the  lowest  possible  cost.  Consideration  of 
these  conditions  has  led  the  editor  to  conclude 

that  the  designer  of  Dr.  Holmes'  "wonderful 
one-hoss  shay"  would  have  made,  with  the 
proper  special  training,  a  highly  successful  de- 

signer of  engineering  works  for  expositions. 
Thus  the  ideal  sewerage  system  for  the  Pana- 

ma-Pacific Exposition  would  be  one  which 
would  be  serviceable  while  the  exposition  is 
being  held  and  which  would  fail  completely 
at  the  close  of  the  exposition.  This  is  lit- 

erally true,  since  this  particular  sewerage  sys- 
tem will  be  torn  up  as  soon  as  it  has  served 

its   purpose. 
Thus,  as  our  contributor  states,  the  prob- 

lem to  be  solved  in  designing  this  sewerage 

system  was  entirely  different,  as  regards  se- 
lection of  the  materials  of  construction,  from 

the  design  of  a  system  to  serve  a  municipality. 
It  is  worthy  of  note,  however,  that  with  re- 

gard to  the  selection  of  materials  the  expo- 
sition sewerage  problem  is  quite  similar  to 

construction-village  sewerage.  It  occasion- 
ally happens  that  a  power  dam,  or  other  ex- 

tensive piece  of  work,  must  be  constructed  at 
a   point    remote    from   cities.      In    such   cases, 
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where  the  work  is  likely  to  last  a  year  or  two, 
small  villages  of  unpretentious  houses  have 
been  constructed  along  streets  laid  out  in  the 
temporary  townsite.  Such  streets  sometimes 
contain  sewer  and  drain  pipes.  It  would  seem 
that  in  such  cases  pipe  lines  and  appurtenances 
of  the  materials  employed  at  the  exposition 
under  consideration  would  adequately  serve 
at  a  minimum  of  expense.  Aside  from  the 
lack  of  permanency  in  this  design,  however, 
the  solution  of  its  hydraulic  problems  is  of 
interest  to  all  classes  of  sewerage  engineeers. 

The  system  is  more  extensive  and  more  ex- 
pensive than  one  would  at  first  thought  sup- 

pose. We  publish  a  map  of  the  exposition 
buildings  arid  grounds  which  shows  the  sewer 
layout  and  at  the  same  time  gives  the  reader 
an  idea  of  the  extent  and  arrangement  of  the 
various  exposition  palaces.  The  system  will 
cost  about  $141,000.  The  area  sewered  is 
about  48.5  acres.  Thus  the  cost  is  about  $290 
an  acre,  though  this  figure  does  not  include 
the  cost  of  catch  basins  and  the  pipes  connect- 

ing them  to  the  system.  The  total  length  of 
the  system  is  approximately  28.4  miles.  Many 
of  the  special  constructions  illustrated  and  de- 

scribed are  very  interesting  examples  of  versa- 
tility in  design. 

County    and    Municipal    Engineering: 

A  Developing  Field  for  Civil 

Engineers. 
The  field  of  countj'  and  municipal  engineer- 

ing offers  no  inducements  to  the  seeker  of 
wealth.  The  engineer  of  brilliant  intellect 
that  seeks  to  conquer  mountains  and  bridge 
untamed  rivers  and  expects  to  reap  rewards 
commensurate  with  his  ability  had  best  seek 
some  other  field  for  the  utilization  of  his  gifts. 
But  to  the  man  of  sound  judgment  and  mod- 

erate but  well  balanced  attainments  in  the 
details  of  the  work  of  a  civil  engineer  the 
field  of  county  and  municipal  engineering  has 

alw'ays  proved  attractive  and  will  become 
more  so  in  the  future. 
The  welfare  of  the  modern  city  and  the 

modem  countryside  is  yearly  becoming  more 
dependent  upon  those  structural  works  which 
it  is  the  province  of  civil  engineers  to  con- 

struct and  maintain.  Moreover  the  proper  ad- 
ministration of  civic  affairs  requires  such  a 

detailed  knowledge  of  these  mechanical  feat- 
ures that  a  public  official  is  no  better  fitted 

for  their  oversight  than  by  the  training  re- 
ceived by  a  civil  engineer.  That  the  public  is 

realizing  this  fact  is  well  illustrated  in  the 

appointment  of  many  civil  engineers  to  po- 
sitions as  city  managers,  county  road  super- 

intendents and  city  and  county  engineers. 
The  salaries  attached  to  such  positions  have 

always  been  low  and  will  probably  always 
remain  low.  But  the  number  of  openings  is 

steadily  increasing  and  the  certainty  of  continu- 
ous employment  is  perhaps  on  a  firmer  basis 

than  in  any  other  branch  of  civil  engineering. 
.A  field  for  service  as  operating  engineers  for 
structural  works  is  developing.  Examples  of 
the  positions  in  this  field  are  those  of  county 

engineers  and  road  superintendents,  water- 
works superintendents  and  sewage  plant  su- 

perintendents. Civil  service  and  the  commission  form  of 
government  are  factors  that  have  contributed 
toward  eliminating  much  of  the  uncertainty 
of  employment  that  heretofore  has  been  the 
chief  objection  to  such  work.  And  yet  with 
its  uncertainty  the  engineering  work  of  cities 
and  counties  must  be  performed  regardless 
of  wars  and  financial  conditions  and  the  en- 

gineer well  versed  in  the  details  of  such 
work  has  no  real  excuse  for  being  idle. 
The  field  is,  how^ever,  for  the  general  prac- 
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titioner  rather  than  the  specialist.  More  than 
mere  technical  proficiency  is  required.  Tact, 
executive  ability  and  a  disposition  to  remain 
contented  in  one  position  are  also  necessary. 
The  duties  of  men  employed  in  this  field 
while  broad  in  their  scope  and  demanding  in- 

genuity and  the  ability  to  use  funds — fre- 
quently insufficient  fufids — to  the  best  ad- 
vantage, are  comparatively  simple  and  routine 

from  an  engineering  standpoint.  For  this 
reason,  perhaps,  salaries  are  low. 

For  the  engineer  that  takes  pleasure  in  de- 
signing eneineering  structures  and  working 

out  his  designs  on  the  ground  in  person,  for 
the  engineer  that  deliglits  in  the  organization 
of  construction  work  and  the  trying  out  of 
his  individual  ideas,  for  the  engineer  that  is 
content  to  work  for  a  moderate  salary,  county 
and  municipal  engineering  offers  attractions. 
But  for  the  man  that  commercializes  his  abil- 

ity and  demands  adequate  financial  return  the 
field  offers  few  inducements. 

The  Hydraulics  of  Drainage  Irrigation 
and  Other  Channels. 

To  THE  Editors  :  The  following  errata  are 

found  in  the  article,  "The  Hydraulics  of 

Drainage,  Irrigation  and  Other  Channels," 
published  in  the  Sept.  23  issue  of  E.ncineer- iNG  AND  Contracting. 

Page  28.5,  column  3,  line  G  from  above,  sub- 

stitute  -=-  for 

'  Zi 

Page  286,  Table  III,  under  the  heading  D' substitute  133.85  for  143.8.5  and  182..59  for 
184.59. 

Page  287,  column  3.  in  the  formula  for  I 
the  fall  in  feet  per  1,000  ft.,  substitute  the 
exponent  2  for  2/5. 

Page  288,  column  1,  line  29  from  above,  in- 
sert "in  earth"  after  the  words  "for  chan- 

nels." 

Page  288,  column  1,  line  30  from  below, 

substitute  "planed"   for  "plaster." 
Page  289,  column  2,  line  23  from  above,  sub- 

stitute 48  +  12  X  2  =  72    for  8  -f  2  X  12  =  72. 
Page  289,  column  2,  between  lines  9  and 

10  from  below,  after  the  words,  "inserting 
these  values"  insert  the  equation  for  the  loss 
of  head  H  found  in  line  14  from  above  and 

give  the  first  term  between  brackets  the  ex- 

ponent 2. 
Page  290,  column  3.  line  29,  from  above 

omit  the  words  rivers,  etc. 
Page  290,  column  3,  under  the  heading  (a) 

substitute  Vi-i'o  for  Vii's,  and  Vi-i'o  for  Viio. Respectfully, 

Louis     SCHMEER- 

San  Fernando.  Cal..  Oct.  7,   1914. 

WAi: 
The   Use,    Design,   Construction,   Cost 

and  Durability  of  Wooden  Stave 

Pipe. 
I. 

The   Uses   and   Misuses   of    Wooden    Stave 

Pipe. 
Contributed     by     Andrew     Svvickard.     Hydraulic 

Engineer,   Palo  Alto,   Calif. 

Wooden  stave  pipe  has,  after  a  demonstra- 
tion covering  a  period  of  about  35  years,  won 

a  permanent  place  among  the  utilities  of  man- 
kind. Its  use  is  limited  by  the  comparatively 

low  pressures  that  it  is  practical  to  construct 
it  to  resist.  It,  therefore,  is  not  supplanting 
iron  pipe,  but  has  taken  a  place  alongside  of 
iron  to  be  used  when  conditions  and  circum- 

stances make  it  preferable.  Its  comparative 
low  cost,  including  interest  and  depreciation, 
ease  of  transportation  and  construction  and 
repair,  durability  when  not  misused,  and  con- 

stant carrying  capacity,  makes  it  a  very  de- 
sirable   form   of   construction. 

The  modern  types  are  the  result  of  a  proc- 
ess of  evolution,  beginning  possibly  with  the 

bored-log  pipes  used  before  the  advent  of 
cast-iron  pipe,  and  coming  down  through  the 
various  forms  of  stave  pipe  used  in  the  pen- 

stocks of  some  of  the  early  New  England 
and  Canadian  mills.  The  staves  in  these  pen- 

stocks were  formed  by  hand,  and  bound  into 
a  pipe  by  means  of  metal  bands  of  various 
shapes.  In  some  cases  the  staves  were  ta- 

pered and  fiirmcd  into  sections  of  pipe  by 
driving  on  solid  metal  rings;  the  tapered  sec- 

tions thus  formed  being  joined  by  driving 
the  smaller  end  of  one  section  into  the  larger 
end  of  another,  thus  forming  a  telescopic 
joint.  .  In  others  the  ends  of  the  staves  were 
butted  together,  and  these  butted  joints  stag- 

gered around  the  pipe,  so  as  to  form  a  con- 
tinuous tube  of  uniform  diameter.  This 

form,  necessitating  the  use  of  bands  that 
could  be  tightened  at  will,  is  the  immediate 
progenitor  of  our  present  type,  known  as 

"continuous"   wooden   stave   pipe. 
The  Denver  Union  Water  Co.,  of  Denver, 

Colo.,  with  Chas.  P.  Allen  as  chief  engineer, 
made  the  first  extensive  use  nf  the  continuous 
slave  pipe.  Their  experience  resulted  in  de- 

tails that  were  patented  in  March,  1.SS7.  Later 
other  details  were  developed,  principally  for 
the  purpose  of  circumventing  .Miens  patents. 
Since  the  expiration  of  the  patents  the  Allen 
details  have  been  adopted    generally. 

p'ollowing  close  after  the  successful  de- 
velopment of  the  "continuous"  pipe,  another 

type  made  its  advent.  I'.ccause  of  the  nature 
of  the  method  of  banding  this  latter  type  is 

known  as  "machine  banded"  pipe.  This  type has  been  successfully  perfected  and  is  now 
being  extensively  used.  Both  the  continuous 
and  machine  banded  tvpes  are  illustrated  in 
Fig.    1. 
The  staves  of  the  two  types  are  formed  in 

the    same   general    way.     The    faces   are   con- 

centric and  the  edges  radial.  For  the  "con- 
tinuous" type  the  edges  are  milled  smooth, 

but  for  the  "machine  banded"  the  edges  are 
tongued  and  grooved.  The  purpose  of  the 
tongues  and  grooves  is  to  hold  the  staves  in 
their  proper  position  while  the  banding  is  be- 

ing done.  For  the  "continuous"  type  the 
tongues  and  grooves  are  not  practical,  be- 

cause of  the  difference  in  the  method  of  con- 
struction, and  also  because  the  tongues  would 

be  broken  and  slivered  during  shipping,  haul- 
ing, and  distributing  along  the  pipe  line,  and 

thus  become  more  of  a  hindrance  and  nuis- 
ance than  a  help.  Saw  kerfs  of  uniform  po- 

sition, width  and'  depth  are  cut  across  the 
ends  of  each  piece  of  stave  of  the  "continu- 

ous" type,  During  construction  metallic  or 
wooden  tongues  are  inserted  in  the  kerfs,  be- 

ing of  a  length  and  width  such  that,  when 
the  staves  are  in  final  position,  these  tongues 
jam  slightly  into  the  bottoms  of  the  saw  kerfs 
and  into  the  edges  of  the  adjoining  staves. 
This     means     that     the     tongues     must     be 

inches  at  each  end,  or  a  length  equal  to  one- 
half  the  length  of  the  connecting  collar. 
These  ends  are  turned  down,  forming  tenons 
that  fit  snugly   into   the  collars. 

The  material  for  the  "continuous"  type  is 
shipped  in  the  "knock-down,"  distributed 
along  the  pipe  line  location  and  is  constructed 
in  place,  as  illustrated  in  Fig.  2.  Figure  2  is 
a  photograph  of  a  t36-in.  double  line  of  pipe 
built  for  the  Sierra  and  San  Francisco  Power 
Co.  The  horizontal  crest  in  the  background 
is  the  top  of  an  earthen  dam  about  GO  ft.  in 
height.  The  water  is  carried  through  the 
dam  in  two  steel  pipes.  Joined  to  these  are 
wooden  pipes  that  extend,  for  about  2,400  ft.. 
to  the  steel  header  at  the  upper  end  of  the 
steel  pipes  leading  down  to  the  power  house, 
about  1,400  ft.,  in  elevation,  below.  The  pipe 
as  shown  has  crossed  a  sag  and  one  line  is 
going  down  into  another  sag,  while  the  other 
is  on  the  crest,  but  ready  to  start  down.  The 
lower  pipe  shows  a  section  of  staves  partly 
in    place.      The   bands    on    the    pipe   are   tem- 

Fig.   1.    Sketches   Illustrating  the  Tv\/o  Types and    Mac 
A,   side  view  of  continuous  stave;    B.   cross 

lh„?i'i„      ."•   ̂ '  '^''°^^  section  of  machine  banded 
Mhowlns  tonBues  and  grooves. 

slightly  wider  than  twice  the  depth  and  slight- 
ly longer  than  the  length  of  the  saw  kerf. 

Butting  the  ends  together  with  the  tongues 
inserted,  and  alternating  the  butted-joints 
thus  made,  has  the  effect  of  making,  after banding,  a  contmuous  rigid  tube  with  each 
stave  continuous  throughout  the  entire  length 
of  the  pirie  line.  The  staves  are  bound  to- 

gether by  in<lividual  bands  made  from  round 
rods  and  are,  in  effect,  long  bolts  bent  around 
the  pipe;  the  two  ends  being  joined  by  a 
[shoe  of  a  form  that  permits  a  wrench  be- 

ing worked  on  the  nut  and  thus  tightening 
the  b.-ind.  In  the  case  of  the  "machine  band- 

on  c  '"  '^  finished  in  sections,  from  10 to  -0  ft  long,  that  are  joined  together  by iTieans  of  short  wooden  collars,  and  some- 
tinics  iron  collars,  into  which  the  abutting ends  of  the  various  sections  are  driven.  The 
staves  of  each  section  are  of  uniform  length and  are  hound  together  by  round  steel  wire 
or  Hat  steel,  wound  on  spirallv  from  one 
end    to    the    other,    leaving    unbound    a    few 

E.&C. 

of    Wooden    Stave    Pipe:    Continuous    Stave 
hine    Banded. 

section;  C,  detail  of  stave  joint;  D,  showing  shoe 
pipe;   F,   side   view  showing  collar  in  positiou;    G. 

porarily  placed,  they  being  closer  spaced  over 
the  short  length  in  which  the  joints  occur. 
A  crew  follows,  putting  on  more  bands  and 
spacing  them  properly.  The  tools  used  in 
constructing  continuous  stave  pipe  are  few 
in  number,  and  very  simple. 
The  machine  banded  type  is  necessarily 

factory  made.  The  band  is  wound  on  under 
high  tension  and,  especially  for  the  larger 
sizes,  heavy  machinery  is  required  to  do  this. 
The  cutting  of  the  tenons  on  the  ends  of  the 

sections  of  pipe,  so  that  they  will  fit  accurate- 
ly the  connecting  collars,  requires  quite  an 

extensive   piece   of.  machinery. 

The  "continuous"  type  is  made  in  sizes  from 
12  ins.  in  diameter  up.  The  largest  size  that 
has  been  constructed  to  date  for  practical 

purposes  is  13'/^  ft.  The  larger  sizes  must 
he  supported  by  cradles,  and  with  cradles  prop- 

erly built  there  is  no  reason,  from  the  con- 
tractor's point  of  view,  why  larger  pipe  can- 

not be  constructed.  The  "machine  banded" 
type  is  made  in  sizes  from  2  ins.  in  diameter 
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to  48  ins.  and  possibly  60  ins.  But  few  manu- 
facturers make  pipe  as  large  as  48  ins.;  24 

to  '32  ins.  marks  the  present  limit  for  most of  them. 

The  staves  for  most  of  the  pipe  being  built 
is  manufactured  from  California  redwood 

(Sequoia  scinpen'ircns)  and  Douglas  spruce 
(Pscudotsiiga  dotiglasii),  generally  known  as 
Douglas  fir,  and  locally  as  yellow  fir,  Wash- 

ington fir,  Oregon  pine  and  Canadian  pine. 
Long-leaf  yellow  pine  (Piiius  palustris)  has 
been  used    but  to  a  limited  extent. 

Redwood  trees  furnish  long,  straight,  close- 
grained  timber,  and  eacfi  tree  furnishes  quite 
a  large  percentage  of  clear  lumber,  free  from 
sap  wood  and  other  objectionable  features. 
The  wood  is  highly  durable  and  is  almost 
ideal  material  for  pipe  staves.  The  market 
price  of  redwood  is  somewhat  higher  than 
that  of  the  other  kinds  of  lumber  used.  The 
redwood  tree  is  found  only  on  the  Coast 
Range    Mountains    of    California. 
Douglas  spruce  trees  furnish  long,  straight, 

rather  coarse-grained  timber,  containing 
some  pitch  seams,  but  making  excellent  pipe 
staves.  In  comparison  with  redwood  it  is  not 
so  durable,  and  clear  material  is  not  so  easily 
obtainable.  Each  tree  furnishes  a  compara- 

tively small  quantity  of  clear  lumber,  but 
most  of  the  knots  in  fir  less  than  )4  '"•  i" 
diameter,  are  tight,  while  in  redwood  they 
are  loose.  The  sap  wood  of  the  fir  has  con- 

siderable strength,  and  is  not  objectionable 
in  pipe  staves  provided  it  is  e.xposed  only  on 
the  inside  of  the  pipe.  The  sap  of  the  red- 

wood is  of  little  value  and  should  not  be 
permitted  in  pipe  staves  at  all.  The  Douglas 
spruce  forests  are  extensive.  The  trees  grow- 
very  large  in  the  northwestern  Pacific  States 
and   in   British   Columbia. 

Long-leaf  yellow  pine  furnishes  long 
staves,  but  knots  must  be  acceptable.  The 
wood  is  heavily  laden  with  resin,  which 
flushes  out  under  water  pressure,  thus  per- 
mittin.g  considerable  water  to  be  lost  by  ooz- 

ing through  the  resin  ducts.  These  trees 
grow  in  extensive  forests  in  the  coast  regions 
from    North    Carolina   to   Texas. 

The  bands  of  the  "continuous"  type  are made  from  round  rods,  of  either  Bessemer  or 

open-hearth  steel.  The  latter  will  probably 
last  longer  because  of  its  greater  purity.  For 
sizes  of  pipe  up  to  54  ins.  in  diameter  each 
band  is  usually  made  in  one  piece,  and  for 
larger  sizes,  in  two  pieces.  When  made  in 
two  pieces,  one  is  threaded  at  both  ends  and 
the  other  is  headed  at  both  ends.  The  best 
thread  is  one  that  is  cold-rolled.  Threads 
can  be  cold  rolled  on  good  material,  only.  The 
cold  rolling  process  strains  the  material  to 
such  an  extent  that  the  strength  of  the  band 
in  the  threaded  part  is  increased  over  that 
of  the  body  of  the  rod.  Thus  we  secure  the 
advantages  of  threads  cut  on  upset  ends,  and 
none  of  the  defects  due  to  the  process  of  up- 
setting. 
The  shoes,  or  band  couplings,  are  mal- 

leable iron  castings.  Each  size  of  pipe  re- 
quires a  specially  designed  shoe.  The  shoe 

should  be  shaped  so  as  to  fit  accurately  the 
surface  of  the  pipe.  Where  bands  made  in 
two  parts  are  used  two  shoes  are  required 
for   bands. 

The  "machine  banded"  type  is  bound  by 
galvanized  soft  steel  wire,  either  flat  or 
round ;  the  round  is  used  much  more  ex- 

tensively than  the  flat,  for  reasons  that  will 
be  given  in  a  later  article. 

The  outside  of  the  "continuous"  type  is 
rarely  given  a  coat  of  paint  or  other  protec- 

tive coating.  Anything  forming  a  layer  or 
coat  over  the  surface  will  not  adhere,  because 
of  the  percolating  of  the  water  through  the 
staves.  .\ny  of  the  penetrating  preservatives 
would  be  leaked  out.  Most  of  the  manufac- 

turers of  the  "machine  banded  type,  coat  the 
outside  of  the  pipe  with  a  hot  asphaltum  prep- 

aration, and  then  let  the  pipe  roll  from  the 
bath  down  an  inclined  bank  of  sawdust.  The 
coat  of  sawdust  prevents  the  asphaltum  from 
running  and  sticking  to  anything  it  touches. 
This  coating  gives  the  pipe  an  exceedingly 
durable  appearance,  but  aside  from  protect- 

ing the  wood  from  the  deposit  of  decay 
spores,  for  a  comparatively  short  time,  is  not 

of  much  value  as  a  wood  preservative.  The 

coating  is  primarily  for  protecting  the  band- 
ing, and  being  put  on  in  this  manner  resists 

abrasion  during  transportation  and  handling 
much  better  than  when  the  wire  only  is  coat- 

ed with  asphaltum.  If  the  galvanizing  on  the 
wire  is  heavy  and  of  good  quality,  and  is  not 
broken  or  injured  in  any  way  during  manu- 

facture, transportation,  or  installation,  then 
the  asphaltum  coating  is  of  little  value.  But 
the  galvanizing  is  almost  sure  to  be  broken 
in  places  and  the  coating  will  aiTord  protec- 

tion. One  manufacturer  of  redwood  pipe 
does  not  coat  even  the  bands,  claiming  that, 
by  requiring  the  galvanizing  to  stand  a  severe 
copper  test,  galvanizing  is  secured  that  amply 
protects   the   wire. 

The  continuous  type  is  used  mostly  for  con- 
veying water  to  hydro-electric  power  plants, 

to  cities  and  towns,  and  to  lands  for  the  pur- 
pose of  irrigation;  and  occasionally  is  used 

for  outfall  sewers.  Nearly  all  the  largest 
pipe  that  has  been  built  is  in  connection  with 
power  plants  using  large  quantities  of  water 
under  low  pressure.  Nearly  all  these  large 
installations  are  found  in  regions  where  there 

Fig.  2.     View  of  Double   Line  of  66   in.  Con- 
tinuous Stave  Wooden   Pipe  Under  Con- 

struction for  Sierra  and  San  Fran- 
cisco   Power    Co. 

is  an  abundance  of  water.  For  plants  operat- 
ed under  high  heads,  only  the  upper  end  of 

the  pipe  line  can  be  made  of  wood.  A  200 
or  perhaps  250-ft.  head  would  be  the  maxi- 

mum for  which  it  would  be  practicable  to 
build  this  type  and  there  might  be  conditions 
that  would  make  it  advisable  to  fix  the  limit 

at  even  less  than  200  ft.  L'sually  economic 
considerations  fix  the  maximum  head  allow- 

able. For  city  and  town  water  supplies,  the 
pipe  lines  are  generally  smaller  in  diameter 
and  much  longer  in  length.  The  maximum 
head  would  probably  again  be  determined  by 
economic  considerations,  and  if  not,  the  max- 

imum head  that  it  is  practical  to  build  pipe 
to  stand  would  determine  the  limit.  If  the 

topography  will  permit,  the  location  should 
I)e  such  that  the  pressure  be  kept  moderately 
low,  for  the  cost  increases  rapidly  with  an 
increase  in  pressure.  The  pressure,  however, 
should  not  be  lower  than  that  necessary  to 
secure  a  thorough  saturation  of  the  staves. 
When  a  pipe  line  is  located  over  undulating 
country,  those  portions  of  the  line  that  dip 
below  the  allowable  maximum  head  can  very 
readily   be    filled    in    with    steel   pipe. 
Wooden  pipe  should  be  used  advisedly  in 

connection  with  irrigation  projects.  The  pipe 

should  be  full  of  water  always,  and  as  irriga- 
tion systems  are  not,  as  a  general  thing,  op- 

erated continuously,  there  are  likely  to  be 
periods  when  the  pipe  would  be  empty  for 
a     considerable     time.     Inverted     siphons     on 

the  main  supply  line  would  be  about  the  only 
portions  of  the  conduit  that  it  would  be  ad- 

visable to  build  of   wood. 
Out-fall  sewers  are  often  through  marshy 

ground  where  foundations  are  poor.  Here 
the  continuous  type  can  be  used  to  advan- 

tage. The  flow  being  more  or  less  intermit- 
tent and  the  staves  not  being  thorou,ghly  sat- 

urated from  within,  the  water  in  the  ground 
will  saturate  and  prevent  the  staves  from 
decaying,  and  the  rigidity  of  the  pipe  will 
bridge  over  soft  places,  and  its  elasticity  will 
permit  of  considerable  settlement  without  in- 

jury. If  the  sewer  is  through  salt  marsh,  the 
bands  will  corrode  rapidly.  About  six  or 
seven  years  is  the  maximum  life  of  bands 
in  salt  marshes,  hence  frequent  renewals  of 
bands  would  have  to  be  figured  upon. 

In  addition  to  the  uses  of  the  continuous 
type  the  machine  banded  type  has  one  other 
that  is  quite  important.  Because  of  the  char- 

acter of  its  construction  it  can  easily  be  con- 
nected to  gate  valves,  tees,  crosses,  elbows 

and  hydrants,  and  is  therefore  largely  used  in 
the  water  distribution  systems  of  cities  and 
towns.  In  order  to  take  care  of  water  ham- 

mer it  should  be  banded  extra  heavy.  Sec- 
tions under  electric  railway  can  be  banded 

with  copper  wire  to  prevent  electrolysis  of  the 
banding.  Service  connections  are  readily 
made  by  screwing  brass  nipples  into  a  hole 
of  the  proper  size  cut  in  the  staves,  or  better 
by  an  outlet  flange,  put  on  when  the  pipe  is 
being  banded.  The  flange  can  be  secured  by 
bolts  and  by  the  bands  also.  When  the  nip- 

ple is  used  the  wood  will  soften  around  one 
made  of  iron,  but  a  brass  one  will  remain 

tight. It  is  practicable  to  make  machine  banded 
pipe  that  will  stand  a  higher  pressure  than 
will  the  continuous  stave  pipe.  The  reason 
for  this  is  that  the  banding  can  be  closer 
spaced  on  the  first  than  on  the  latter.  The 
width  of  the  shoe  used  to  couple  the  individ- 

ual bands  determines  the  minimum  spacing 
on  the  continuous  type.  The  width  of  the 

shoe  being  about  3'/2  times  the  diameter  of 
the  rod,  and  with  the  adjacent  bands  against 

the  shoe,  the  minimum  spacing  center  to  cen- 
ter would  be  2;-4  times  the  diameter  of  the 

rod,  while  with  the  machine  banded  type  there 
is  no  such  cause  limiting  the  spacing.  When, 
on  any  particular  piece  of  work,  the  cost  of 
wooden  pipe  reaches  the  cost  of  steel  pipe, 

then  it  is  probable  that  the  w'ooden  pipe  will 
end  and  the  steel  pipe  begin,  even  if  the  min- 

imum spacing  bands  on  the  wooden  pipe  has 
not  been  reached.  However,  considerations 

other  than  the  cost  alone  would  probably  in- 
fluence the  change  from  wood  to  steel,  or 

vice  versa. 

SOME  EX.^MPLES  OF  THE   MISUSE  AND  DEFECTS  IN 

DESIGN   OF   WOODEN    STAVE   PIPE. 

In  the  past  a  number  of  pipe  lines  have 
been  built  of  wood  under  conditions  and  cir- 

cumstances that  should  have  precluded  its 
use.  This  fact,  in  connection  with  improper 

design,  poor  location,  neglect  properly  to  pro- 
tect the  pipe,  and  neglect  to  furnish  safety 

devices  in  the  way  of  air-valves,  and  stand- 
pipes,  has  in  isolated  cases  had  the  effect  of 
bringing  wooden  pipe  to  some  extent  into  dis- 

repute. Fortunately,  for  the  reputation  of  a 
good  form  of  construction,  the  misuses  have 
not  been  frequent,  for  the  opponents  of  wood- 

en pipe  have  not  been  slow  in  using  the  re- 
sults of  even  the  most  aggravated  cases  of 

misuse  as  an  argument  against  wood  pipe  in 
general.  The  want  of  a  proper  appreciation 
of  the  limitations  that  hedge  about  its  adap- 
tibility  to  general  use  and  a  want  of  knowl- 

edge of  the  effect  of  various  conditions  of 
soil,  and  other  natural  phenomena  encoun- 

tered along  the  location,  and  of  the  principles 
entering  into  the  design,  has  been  responsible 
for  nearly  all  misuses.  The  fact  that  the  de- 

mand is  on  the  increase  is,  in  itself,  a  whole- 
some sign  of  its  usefulness. 

Faults  in  design  may  be  several,  but  for 
the  most  part  they  would  result  in  small 
leaks,  inconvenience  and  extra  expense  dur- 

ing construction,  but  there  are  three  points 
that  are  important  and  should  be  looked  into 
carefully;  namely,  the  thickness  of  the  staves. 
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the  strain  in  the  bands,  and  the  bearing 
strength  of  the  part  of  the  surface  of  the 
staves  in  contact  with  the  bands. 
The  thickness  of  staves  must  be  such  that 

when  the  bands  arc  properly  tightened  the 
result  will  be  a  tube  of  sufficient  rigidity  to 
withstand  any  outside  pressure  that  will  come 
upon  it,  such  as  the  weight  of  the  backfilling 
when  the  pipe  is  laid  in  a  trench,  pressure 
due  to  a  partial  vacuum,  and  the  reaction  of 
the  supporting  bed  due  to  the  weight  of  the 
pipe  and  the  weight  of  the  water  within  the 
pipe.  Hence,  staves  too  thin  may  result  in 
a  collapsed  pipe,  while,  on  the  otlier  hand, 
if  they  are  thicker  than  necessary,  the  degree 
of  saturation  of  the  outer  surface  is  iess 
than  with  thinner  staves,  and  the  resulting 
conditions  are  better  for  the  starting  and 
growth  of  decay.  The  saturation  of  the 
staves  with  water  is  the  only  effective  preser- 

vative. Its  effectiveness  as  a  preservative  de- 
pends on  the  approach  of  the  degree  of  sat- 

uration to  that  resulting  from  complete  im- 
mersion in  water.  Any  feature  of  design  or 

location  that  unnecessarily  interferes  with 
the  saturation  of  the  staves  should  be  avoid- 

ed. Decay  once  started  makes  rapid  inroads ; 
prevention  of  the  beginning  should  have 
every  attention,  because  at  the  best  decay  will 
make   some   progress. 
Water  pressure,  and  the  compression  of 

the  staves  produce  the  strain  on  the  bands. 
Determining  the  numbers  of  bands  per  foot 
is  an  easy  matter,  when  the  amount  of  the 
permanent  compression  in  the  staves  has  been 
settled  upon,  and  the  water  pressure  is  known. 

In  a  pipe  under  pressure  the  water  is  con- 
stantly pushing  the  staves  against  the  bands, 

and  unless  the  supporting  strength  of  the 
narrow  strip  indented  by  the  band  is  ample, 
there  will  be  a  movement  outward  and  leak- 

age will  occur  unless  the  widening  of  the  in- 
dented strip  provides  suflkient  bearing  be- 

fore leakage  occurs.  But  if  the  increase  in 
depth  and  width  of  the  indentation  is  suffi- 

cient to  break  the  fiber  of  the  wood,  then 
irreparable  damage  has  been  done.  After  a 
comparatively  short  time  the  wood  will  be- 

gin to  soften  where  the  fiber  has  been  broken, 
and  the  seams  will  open  and  the  pipe  become 

worthless.  If  the  pipe  is  of  the  "continuous" 
type  e.xtra  bands  can  be  put  on  after  the  de- 

fect is  discovered  and  the  pipe  saved,  but  this 
cannot  be  done  with  the  "machine  banded" 
type.  Too  much  emphasis  cannot  be  put  upon 
the  importance  of  providing  enough  bearing 
surface  imder  the  bands.  It  is  the  most  im- 

portant element  entering  into  the  design,  and 
the  one  most  often  overlooked.  The  bearing 
surface  controls  the  band  spacing  on  all  the 
smaller  sizes  of  pipe.  For  Yi  in.  bands  it 
controls  for  a  pipe  30  ins.  in  diameter. 
As  an  example :  A  few  years  ago  an  im- 

portant city  on  'the  Pacific  Coast  advertised 
for  bids  for  furnishing  the  material  and  con- 

structing a  pipe  line  of  considerable  length ; 
the  pipe  to  be  18  ins.  in  diameter.  The  spacing 
i>l  the  bands  was  specified  among  other  de- 

tails, and  while  the  number  of  bands  per  foot 
were  sufficient  to  withstand  safely  the  strain 
pr()duce<l  by  the  water  pressure  specified  for 
use  in  the  test,  the  bearing  surface  under  the 
bands  was  far  from  being  sufficient  to  pre- 

vent the  staves  from  moving  outward,  and 
the  seams  opening.  The  contractor  did  not 
understand  such  matters  and  went  ahead  in 
good  faith  with  the  construction.  When, 
linally,  the  test  was  made  the  seams  opened 
and  the  water  came  out  in  streams.  The 
bands  were  tightened  further  but  made  no 
appreciable  decrease  in  the  leakage.  The 
newspapers  of  the  city  published  the  conclu- 

sion of  the  City  Council  that  wooden  pipe 
was  of  no  value.  The  fault  was  entirely  with 
the  City  Engineer. 

Other  defects  in  design  might  occur  as  fol- 
lows : 

(a)  Staves  not  of  proper  dimensions  to 
I)rovide  for  the  reduction  in  width  due  to 
compression  produced  by  tightening  the 
bands.  When  the  band  spacing  is  close  the 
resulting  diameter  of  pipe  might  be  consid- 

erably  less   than   specified. 
(b)  If  the  bands  are  not  of  proper  length 

either  there   will   be   much   trouble   in  getting 

them  on  the  pipe,  or  the  thread  will  be  used 
up  before  the  pipe  is  properly  cinched. 

(c)  The  shoe  might  be  made  so  short  that 
the  maximum  pressure  under  it  will  exceed 
the  supporting  strength  of  the  wood,  or  the 
shape  might  be  such  that  the  bands  will  slip 
off  during  the  process  of  tightening. 

If  a  pipe  line  is  laid  on  a  uniform  grade 
under  little  or  no  pressure,  the  top  staves 
will  decay  in  an  exceedingly  short  time.  If 
laid  to  a  uniform  grade  it  should  be  arranged 
so  that  there  will  be  a  pressure  of  not  much 
less  than  that  due  to  a  40-ft.  head.  This  will 
insure  a  degree  of  saturation  that  will  prevent 
decay.  Some  years  ago  the  city  of  Cheyenne, 

Wyo.,  built  a'bout  9,000  ft.  of  pipe,  using Douglas  fir  staves.  The  upper  4,000  ft.  of 
this  line  was  never  full  of  water.  As  a  re- 

sult the  decay  of  the  staves  was  rapid,  and 
within  a  comparatively  short  time  was  re- 

placed  with   sewer  pipe. 
If  the  location  is  over  undulating  ground 

care  should  be  taken  that  the  pipe  does  not 
come  close  to  the  hydraulic  grade  line  at  the 
high  points.  If  it  does  rapid  deterioration  at 
these  points  is  certain.  The  city  of  Astoria, 
Ore.,  installed  about  7J4  miles  of  18-in.  wood- 

en pipe,  located  over  undulating  ground.  At 
the  high  points  the  pipe  came  practically  to 
the  hydraulic  grade  line,  and  at  certain  stages 
of  the  water  supply  did  not  run  full  at  these 
peaks.  The  result  was  extensive  renewals 
within  ten  years.  An  undulating  location  puts 
most  of  the  pipe  under  sufficient  pressure  to 
insure  a  long  life  to  the  staves. 
Trees  of  rapid  growth,  requiring  much 

water,  will  entwine  their  roots  in  masses 
about  a  wooden  pipe.  They  sap  up  all  the 
moisture,  reducing  the  degree  of  saturation 
of  the  staves  to  a  point  favorable  to  decay, 
and  a  rapid  deterioration  takes  place.  A  few 
years  ago  about  Yz  mile  of  redwood  pipe  was 
laid  at  Long  Beach,  Calif.;  a  portion  of  it 
being  laid  in  ground  overgrown  by  willows. 
Within  3H  years  the  portion  through  the 
willows  was  nearly  gone,  while  the  other  por- 

tion was  in  perfect  condition.  Avoid  locat- 
ing in  such  ground.  If  necessary  to  cross 

this  sort  of  a  place  keep  the  pipe  above 

ground. One  of  the  important  elements  of  a  good 
location-  is  the  keeping  of  the  pipe  away  from 
conditions    that   will   hasten   its   destruction. 
To  subject  a  pipe  to  a  pressure  greater 

than  that  for  which  it  was  banded  is  "inviting 
disaster.  Care  should  be  taken  to  keep  the 
discharge  end  of  a  wooden  pipe  always  open 
unless  the  pipe  has  been  banded  for  the  full 
static  head  or  more.  Where  a  pipe  is  liable 
to  sudden  increases  in  pressure  such  as  that 
due  to  sudden  changes  in  velocity,  liberal  al- 

lowance should  be  made  for  such'probable  in- crease in  pressure  and  the  pipe  should  be 
banded  accordingly.  Under  similar  condi- 

tions, pressure  in  excess  of  the  nornlal  due 
to  sudden  changes  in  velocity  are  not  as  great 
in  wooden  pipe  as  in  iron,  because  of  the 
elasticity  of  the  wood,  but  if  not  taken  into 
account  in  the  design  trouble  and  perhaps 
failure  is  the  result.  The  city  of  Porterville. 
Calif.,  included  some  wooden  pipe  in  their 
water  works  distribution  system.  The  static 
pressure  was  nearly  as  great  as  that  for 
which  the  pipe  was  banded.  In  a  very  short 
time  the  pipe  was  worthless,  and  was  replaced 
by  iron. One  of  the  first  things  to  determine  in  con- 

nection with  a  proposal  to  use  wooden  pipe 
is  the  constancy  of  the  flow.  If  the  flow  is 
to  be  intermittent  wood  should  not  be  used. 
However,  if  the  location  is  over  undulating 
ground,  the  portions  of  the  pipe  across  the 
lower  parts,  which  will  remain  full  of  water 
during  the  period  of  no  flow,  can  be  made 
of  wood,  and  the  remainder  of  iron.  But 
whatever  is  done,  wood  should  not  be  used 
in  any  portion  of  the  pipe  that  is  going  to  be 
empty  part  of  the  time. 
Whether  or  not  a  wooden  pipe  should  be 

buried  or  built  above  the  ground  surface  is 
not  categorically  answerable.  Liability  to damage  from  fire,  falling  objects,  or  wan- 

tonness might  make  it  necessary  to  put  the 
pipe  under  ground.  The  character  of  the 
soil   in    which   it  is   to  be  buried   might   also 

be  a  determining  factor.  If  built  above 
ground  the  pipe  would  give  best  service  if 
protected  by  a  timber  covering.  If  to  be 
buried  the  top  of  the  pipe  should  be  about 

4  ft.  below  the  surface.  .\  pipe  line  in  north- 
ern California  that  had  been  in  disuse  for 

2  or  3  years  was  uncovered  for  repairs.  The 
pipe  was  laid  over  uneven  ground,  and  at 
places  was  entirely  above  ground  and  at  other 
places  buried  to  considerable  depth.  Where 
the  pipe  passed  from  above  to  underneath 
the  ground  surface,  the  deterioration  was  the 
greatest  immediately  under  the  surface  and 
decreased  as  the  depth  of  covering  increased. 
The  same  phenomena  is  observable  in  a 
fence  post;  greatest  amount  of  decay,  just 
below  the  surface,  but  decreasing  downward. 
The  staves  of  a  pipe  buried  in  a  heavy  soil 
will  probably  last  longer  than  if  above 
ground,  but  the  bands  on  the  pipe  above 
ground  can  be  cared  for  and  made  to  last 
much   longer  than   they   will   under  ground. 
A  wooden  pipe  line  must  be  provided  with 

means  of  letting  air  in  and  out  of  the  pipe. 
If  for  any  reason  there  is  a  discharge  of 
water  along  the  lower  portion  of  a  pipe  line 
that  suddenly  increases  the  velocity  of  the 
water,  partial  vacuums  will  form  somewhere 

in  the  pipe,  causing  pressure  from  the  out- 
side that  might  be  sufficient  to  collapse  the 

pipe.  It  sometimes  requires  an  accident  of 
this  kind  to  impress  the  necessity  of  air- 
inlets. 
At  the  high  points  of  an  undulating  line 

entrapped  air  must  be  allowed  to  escape  or 
decay  will  attack  the  upper  staves  at  these 
points.  Standpipes  will  best  let  air  in  or  out, 
if  circumstances  will  permit  of  their  instal- 

lation ;  otherwise  valves  that  will  serve  the 
purpose   must   be   provided. 
A  power  company  operating  in  the  Sierra 

Nevada  Mountains  (California)  installed  a 
pipe  line  made  up  of  48-in.  wooden  pipe  at 
the  upper  end,  intermediate  part  of  steel,  and 
the  lower  end  of  cast  iron.  A  section  of  the 
cast  iron  pipe  burst,  resulting  in  a  collapse 
of  the  wooden  pipe ;  there  was  no  way  for  air 
to  get  in.  The  Astoria  pipe,  referred  to 
above,  was  furnished  with  check  valves  at 
the  high  points.  They  would  let  air  into  the 
pipe  but  not  out  of  it.  When  the  pipe  was 
running  partly  full  the  top  staves  at  these 
points  would  tend  toward  a  condition  of 
moisture  under  which  decay  would  thrive; 
when  the  pipe  was  full  the  entrapped  air 
would  prevent  the  thorough  saturation  of  the 
staves.  Without  doubt  the  two  circumstances 
combined  caused  the  renewals  that  were  made 

after    10   years'    service. 
To  install  a  pipe  under  conditions  and  cir- 

cumstances for  which  it  is  not  suitable  and 
to  neglect  details  that  tend  toward  a  longer 
life  are  misuses.  Sopie  of  the  instances  of 
misuse  mentioned  in  the  foregoing  that  par- 

ticularly afi^ect  the  durability  of  the  pipe  will 
be  taken  up  more  in  detail  in  the  article  to 

follow,  entitled  "Durability  of  Wooden  Pipe." 

Method  Employed  In  Connecting  Suc- 
tion Tunnel  to  Pumping  Station  Wet 

Well  Without  Draining  the  Latter. 
The  construction  of  a  suction  shaft  and 

tunnel  and  the  connection  of  the  latter  to  a 

wet  well  in  service  were  special  features  in- 
volved in  the  improvements  made  in  1913  to 

the  Springfield  Avenue  Pumping  Station  of 
the  Chicago  water  works.  The  present  ar- 

ticle describes  the  method  of  handling  this work. 

The  work  was  made  necessary  by  the  in- 
stallation at  this  station  of  a  new  Allis- 

Chalmers  25,000, 000-gal.  turbine-driven  cen- 
trifugal pump.  The  city  provided  the  foun- 
dations for  the  pump  and  also  the  suction 

shaft  and  tunnel  to  a  connection  with  the 

wet  well  which  supplies  the  four  other  pump- 
ing engines  in  operation  in  this  station. 

The  method  employed  for  the  connection 
of  the  new  suction  tunnel  to  the  station  wet 
well  consisted  in  placing  a  curved  cast  iron 
shield  in  the  wet  well.  The  edge  of  this 

shield  was  grooved  and  fitted  with  a  2^-in. 
rubber  fire  hose,  acting  as  a  gasket  to  permit 
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a  water-tight  connection  between  the  shield 
and  the  masonry  wall  of  the  well.  On  the 
upper  end  of  the  shield  were  two  flanged 
connections,  one  for  the  8-in.  pipe  extending 
to  the  level  of  the  gallery  on  top  of  the  wet 
well  at  an  elevation  plus  8,  and  the  other  for 
a  24-in.  pipe  extending  to  a  point  just  below 
a  ■24-in.  horizontal  suction  pipe,  which  sup- 

plemented the  main  suction  of  old  pumping 
engine  No.  4.  It  was  expected  that  the  head 
of  water  caused  by  pumping  the  water  out 
of  the  shield  through  either  one  of  these 
pipes  would  give  a  pressure  sufficient  to  hold 
the  shield  in  place.  The  empty  space  between 
the  shield  and  the  wall  would  then  give  op- 

portunity for  making  a  connection  between 
the  old  brick  masonry  of  the  well  and  the 
new  concrete  lining  of  the  tunnel. 
The  material  underlying  the  foundations 

and  pit  floor  of  the  pumping  station  is  solid 
rock.  It  was  therefore  necessary  to  blast  out 
the  shaft  and  tunnel.  The  foundations  of  en- 

gines previously  erected,  between  which  the 
shaft  and  tunnel  were  to  be  built,  are  20  ft. 
apart  and  rest  directly  on  the  rock.  Both  of 
these  pumping  engines  were  to  be  kept  in  con- 

tinuous operation,  and  extreme  precautions 
were  necessary. 
Work  was  started  at  the  station  May  12. 

The  excavation  for  concrete  footings  for  the 
pump  and  discharge  pipe  pier  was  carried 
to  rock  at  an  elevation  of  about  minus  20.5. 
The  rock  was  cleared  with  picks  to  a  level 
surface  to  minus  21.75.  The  foundations 
were  erected  of  1 :2  A  concrete.  Forms  were 
made  of  2-in.  lumber  and  bolted  together  so 
that  they  could  be  used  for  similarly  designed 
foundations    elsewhere. 

Drilling  for  the  shaft  blasting  was  started 
by  hand  May  20.  and  by  machine  May  .31. 
The  work  of  drilling,  blasting  and  mucking 
was  carried  on  from  May  22  to  July  8.  Two 
hundred  and  ninety  lx8-in.  sticks  of  60  per 
cent  dynamite,  and  568  electrical  exploders, 
were  used  on  this  part  of  the  work.  The 
blasting  was  stopped  at  a  point  5  ft.  from 
the  interior  surface  of  the  well,  leaving  2  ft. 
of  rock  and  .S  ft.  of  masonry  to  be  taken  out. 
About  80  holes  12  ins.  deep  were  drilled  in 

the  face  preparaton.'  to  the  work  of  remov- 
ing the  last  5  ft.,  which  was  to  be  done  after 

the  placing  of  the   tunnel   shield. 
The  tunnel  shield  was  made  of  cast  iron, 

approximately  rectangular  in  shape,  about  8 
ft.  T  ins.  high,  6  ft.  9  ins.  wide  and  3  ft. 
through.  The  casting  was  made  in  the 
foundries  of  the  American  Brake  Shoe  and 
Foundry  Co.  The  hose  gasket  was  a  piece 
of  condemned  fire  hose  with  the  usual  canvas 

lining,  and  was  filled  with. a  special  prepara- 
tion, called  "chemical  rubber."  which  is  be- 

ing used  as  a  filler  for  automobile  tires.  The 

gasket  was  held  in  place  w'ith  T-headed  bolts, 
the  heads  of  which  were  inserted  in  the  lin- 

ing, the  shanks  extending  through  to  the 
outer  surface  of  the  groove,  where  they  were 
held  in  place  with  nuts. 

On  .Aug.  27  the  shield  -ivas  lowered  into  the 
well,  with  the  24-in.  spiral  pipe  and  the  two 
lengths  of  8-in.  cast  iron  pipe  attached,  using 
the  station  crane.  It  was  suspended  from  two 

ll'i-in.  cast  steel  locomotive  cables,  w'hich'  in 
turn  were  suspended  from  two  .3-ton  chain 
falls.  These  were  suspended  from  6x8-in. 
timbers  supported  on  the  gallery  and  upper 
edge  of  masonry  of  the  well. 
A  No.  4  drive  well  jet  pump,  with  1-in. 

steam  supply,  was  placed  inside  of  the  shield, 
with  the  bottom  at  elevation  minus  32,  the 
discharge  passing  up  over  the  top  and  down 
the  side  of  the  well,  and  discharging  at  about 
elevation  minus  13.  The  suction  of  a  No. 
3  Blakeslee  bilge  pump  was  also  lowered  into 
the  shield  through  the  24-in.  pipe. 
The  two  pumps,  with  a  combined  capacity 

of  83  gals,  per  minute,  did  not  lower  the 
water  inside  the  shield  sufficiently,  proving 
that  a  larger  pumping  capacity  was  necessary 
to  force  the  shield  and  gasket  tight  against 
the  masonry  wall. 
A  No.  2  double-cylinder  Emerson  pump 

was  added  Sept.  3,  placed  in  the  wet  well  and 
connected  to  the  steam  line.  The  3-in.  suc- 

tion of  this  pipe  was  let  into  the  24-in.  pipe. 
The  operation  of  this  pump  produced  the  de- 

sired effect  of  tightening  th,e  shield,  emptying 
the  same  to  the  limit  of  the  suction  in  about 
five  minutes.  The  shield  proved  to  be  tight 
Sept.  8,  and  the  blind  flange  was  placed  on 
the  24-in.  pipe  leading  up  from  the  shield. 
This  was  necessarj',  as  the  water  level  in  the 
well  was  above  normal,  pumping  engine  No. 
4  having  been  shut  down.  Consequently  the 

deep  well  jet  pump,  which  was  operated  in- 
termittently, took  care  of  all  the  leakage.  The 

leakage  was  steadily  reduced,  requiring  about 
2  minutes  of  pumping  every  15  minutes  at 
first  and  20  seconds  of  pumping  every  20  min- 

utes toward  the  completion  of  the  work. 
The  plans  for  the  installation  of  the  cen- 

trifugal pump  provided  for  a  •36-in.  hydrau- 
lically  operated  gate  valve,  to  be  placed  in 
valve  pit  just  below  the  floor  level  of  the 
main  engine  pit.  The  shaft  and  tunnel  were 
lined  to  an  average  thickness  of  6  ins.  with 
1 :2  :4  concrete  and  the  valve  placed  and  con- 

nected, giving  an  additional  safeguard  in  the 
event  of   a  possible  accident. 
The  first  foot  of  rock  of  the  two  remain- 

ing was  mined  out  by  blasting,  using  19  sticks 
of  dynamite  in  62  of  th^  holes  previously 
drilled.  The  rest  of  the  rock  and  the  brick 

work  var\-ing  from  3  ft.  to  4  ft.  in  thickness, 
was  mined  bV  drilling  holes  and  breaking  out 
material  with  bull  points  and  sledges.  All 
mining  was  completed   Sept.   17. 
The  remaining  portion  of  the  tunnel  was 

then  lined  w-ith  concrete  of  minimum  thick- 
ness of  4  ins.,  the  average  thickness  being 

8  ins.  The  lining  was  completed  Sept.  18. 
Forms  were  removed  and  water  admitted  into 
the  tunnel  Sept.  22.  The  emergency  pump, 
tunnel  shield  and  concrete  chute  were  then 
removed  from  the  station.  The  wet  well 

cover  and-  railing  were  replaced  and  the  in- 
terior of  the  station  cleaned  up. 

ACKNOWLEDGMEXT. 

The  foregoing  description  of  the  work  is 
taken  from  the  latest  annual  report  of  Mr. 
Henry  W.  Clausen,  engineer  of  water  works 
construction.  Mr.  F.  Carl  Martini,  assistant 
engineer,  was  in  local  charge  of  the  work. 

On  Making  Water  Bills  a  Lien  on  Real 
Property. 

It  is  the  desire  of  all  municipalities  operat- 
ing public  utilities  to  operate  them  at  a  min- 

imum of  expense.  Two  of  the  elements  of 
expense  are  the  collection  of  bills  and  the  loss 
of  delinquencies.  x\ll  users  of  water,  gas  and 
electric  energy  will  not  voluntarily  go  to  the 
city  hall  to  pay  their  monthly  bills,  and  some 
of  our  utility  officers  are  either  slack,  or  in- 

dulgent, so  that  in  all  communities  the  cost 
of  collecting  and  the  delinquencies  are  great- 

er than  they  should  be. 
If  the  rates  for  furnishing  such  utilities 

were  a  lien  on  the  real  property  of  the  owner 
of  the  premises  to  which  the  utility  was  so 

furnished,  superior  to  any  other  lien,  or  mort- 
gage (except  perhaps  regular  taxes)  and  sub- 

ject to  lease,  or  sale  in  practically  the  same 
manner  as  real  property  is  now  sold  for  de- 

linquent taxes,  the  owners  of  the  real  prop- 
erty in  the  municipality  would  be  responsible 

for  the  payment  of  the  rates,  and  municipali- 
ties would  thereby  reduce  the  collection  there- 

of to  a  minimum,  and  loss  from  delinquencies 
would  be  eliminated. 
The  question  here  discussed  is :  Can  bills 

for  services  rendered  by  water  departments 

be  collected  from  the  ow-ners  of  the  real  prop- 
erty in  the  municipality  by  assessment  and 

the  owners  forced  to  pay  by  a  sale  of  their 
properties  without  a  judgment  being  obtained 
in  a  court  of  law?  The  discussion  is  from  a 

paper  by  Mr.  Wallace  Rutherford,  city  attor- 
ney of  Napa,  Calif.,  before  the  recent  annual 

meeting  of  the  League  of  California  Munici- 
palities. In  dealing  with  this  subject  Mr. 

Rutherford  has  not  gone  into  the  question  as 
to  whether  the  powers  of  our  municipalities, 
chartered,  or  otherwise,  or  the  provisions  of 
the  constitution  of  the  state,  are  broad  enough 
to  enable  municipalities,  or  the  legislature  of 
the  state  to  legislate  upon  the  subject,  but 
gives  the  result  of  his  examination  into  the 
subject  with  the  idea  that  all  necessary  amend- 

ments can   be  submitted  in  the   future  if  his 
suggestions   are  adopted. 

In  considering  this  subject  the  author  was 
fortunate  in  finding  a  number  of  charters  in 
the  state  of  New  Jersey  dealing  therewith.  The 
provisions  of  the  charter  of  the  city  of  Ho- 
boken  and  Jersey  City  have  been  sustained  by 
the  Supreme  Court  of  that  state  and  also  bj 
the  United  States  Supreme  Court. 
Among  the  enumerated  powers  found  in 

the  charter  of  the  city  of  Hoboken  are  the following : 

To  make  all  necessary  arrangements  for  a  full 
and  copious  supply  of  good  and  wholesome 
■*vater  for  public  and  private  use;  to  make  ordi- 

nances for  the  distribution  of  the  same,  and  to 
impose  assessments  for  the  use  thereof,  which 
assessments  shall  be  binding  upon  improved  and 
unimproved  lots  so  assessed,  and  may  be  col- 

lected in  the  same  manner  as  prescribed  in  this 
act  for  the  collection  of  assessments  for  grad- 

ing, paving,  curbing,  flagging,  and  laying  out  of 

public    streets,    etc.     •     •     » That  all  taxes  and  assessments,  which  shall 
hereafter  be  assessed  or  made  upon  any  lands, 
tenements,  or  real  estate  situate  in  said  city, 
shall  be  and  remain  a  lien  until  paid,  notwith- 

standing any  device,  descent,  alienation,  mort- 
gage, or  other  encumbrance  thereof:  and  that  if 

the  full  amount  of  any  such  tax  or  assessment 
shall  not  be  paid  and  satisfied  within  the  time 
limited  for  the  payment  thereof,  it  shall  and 
may  be  lawful  for  the  council  to  cause  such 
lands,  tenements,  or  real  estate  to  be  sold  at 
public  auction,  for  the  shortest  terms  for  which 
any  person  will  agree  to  take  the  same,  and  pay 
such  tax  or  assessment,  or  the  balance  thereof 
remaining  unpaid,  with  the  interest  thereon, 
and  all  costs,  charges,  and  expenses  and  to  exe- 

cute, under  the  common  seal  of  the  said  city,  a 
declaration  of  such  sale,  to  be  signed  by  the 
mayor  and  city  clerk,  and  to  deliver  the  same 
to  the  purchaser;  and  such  purchaser,  his  ex- 

ecutors, administrators,  or  assigns,  shall,  by 
virtue  thereof,  lawfully  hold  and  enjoy  the 
said  lands,  tenements,  or  real  estate,  for  his  and 
their  own  proper  use,  against  the  owner  or 
owners  thereof,  and  all  persons  claiming  under 
him  or  them,  until  his  said  term  shall  be  com- 

pleted and  ended,  that  the  lands,  tei.ements,  or 
real  estate,  so  sold,  may  be  redeemed  by  the 

owner,  mortgagee,  occupant,  or  person  inter- 
ested therein,  or  by  any  other  person,  for  and 

on  behalf  of  the  owner,  mortgagee,  oi  claimant 
of  such  lands,  tenements,  or  real  estate,  at  any 
time  within  two  years  after  the  sale,  for  either 
taxes  or  assessments,  or  for  both,  by  paying, 
etc.  •  •  •  No  mortgagee,  whose  mortgage 
shall  have  been  duly  recorded  before  sale  for 
any  tax  or  assessment,  shall  be  affected  by  such 

sale,  unless  six  months'  notice  in  writing  shall 
have  been  given  to  him  by  the  purchaser,  or 
those  claiming  under  him,  either  perscnally  or 
if  not  to  be  found  in  the  city,  then  such  notice 
shall  be  deposited  in  the  post  office  of  s^aid  city, 
directed  to  him  at  his  last  known  place  of  resi- 

dence (or  at  the  post  office  nearest  thereto), 
but  nothing  contained  herein  shall  be  so  con- 

strued so  as  to  impair  the  lien  created  by  such 
tax,  assessment,  or  sale. 

The  Supreme  Court  of  New  Jersey  held, 
however,  that  the  foregoing  provisions  were 
not  broad  enough  to  cover  an  assessment  on 
real  property  for  water  furnished  through  a 
meter — where  the  charges  were  not  regular, 
but  depended  upon  the  quanity  used.  It  did 
not  decide,  however,  that  an  assessment  for 
such  meter  rates  could  not  be  levied,  where 

the  law  was  enacted  to  cover  such  circum- 
stances. 

Dillon  in  his  work  on  the  law  of  Municipal 
Corporations,  says : 
The  water  rate  or  rent  for  water  actually  con- 

sumed on  the  premises  may  by  statute  be  made 

a  lien  upon  the  property  prior  to  all  encum- 
brances in  the  same  manner  as  taxes  an.l  assess- 

ments, and  as  such  may  take  priority  over  a 
mortgage  made  after  the  passage  of  the  statute 
creating  the  lien,  whether  the  water  was 
brought  Into  the  property  and  used  before  or 
after    the    making    of    the    mortgage. 

The  foregoing  quotation  from  Dillon  is 
based  upon  the  New  Jersey  decisions — par- 

ticularly that  of  the  U.  S.  Supreme  Court  in 
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affirming    the    judgment    of    the    \ew    Jersey 
court. 

The  case  of  Provident  Institution  for  Sav- 
ings in  Jersey  City  vs.  Mayor  and  .Mdermen 

of  Jersey  City,  found  in  the  113  U.  S.  at  page 

506  contains  the  following  that  will  be  of  in- 
terest : 

The  ground  on  which  tha  decision  below  was 
based  was.  that  the  laws  having  made  the  water 
rents  a  charge  on  the  land,  with  a  lien  prior  to 
all  other  encumbrances.  In  the  sani''  manner  as 
taxes  and  assessments,  the  complainant  tooij 
Its  mortgages  subject  to  this  condition,  whether 

the  water  was  introduced  on  to  the  lot  mort- 

gaged before  or  after  the  giving  of  the  mort- 
gage: and  hence  the  complainant  had  no  ground 

of  complaint  that  its  property  was  taken  with- 
out due  process  of  law. 

As  the  case  comes  before  us,  It  is  not  neces- 
sary to  enter  Into  the  discussions  that  have 

occupied  the  State  Courts.  We  are  to  assume 
that  the  rents,  penalties  and  interest  claimed 
by  the  City  have  been  imposed  and  incurred  in 
conformity  with  the  laws  and  Constitution  of 
the  State:  and  that,  by  virtue  of  said  laws  and 
Constitution,  they  are  a  lien  on  the  property 
mortgaged  to  the  complainant  prior  to  that  of 
Its   mortgages:   and,  this  being  so,   we  are  only 

concerned  to  Inciuire  whether  those
  laws  thus 

interpreted  are,  or  are  not,  repugna
nt  to  the 

Constitution  of  the  United  States. 
 The  only 

clause  of  the  Constitution  supposed 
 to  be  vio- 

lated is  that  portion  of  the  14th  Amen
dment 

which  declares  that  no  State  shall  d
eprive  any 

person  of  life,  liberty  or  property  w
ithout  due 

process  of  law. 

Even  if  the  water  rents  in  question  
cannot  be 

regarded  as  taxes,  nor  as  special
  assessments 

for  benefits  arising  from  a  public  imp
rovement, 

it  is  still  by  no  means  clear  that  the  siv
mg  to 

them  a  priority  of  lien  over  all  o
ther  encum- 

brances upon  the  property  served  with  the 

water  would  be  repugnant  to  the  Con
stitution 

of  the  United  States.  The  law  which  giv
es  to 

the  last  maritime  liens  priority  ovei 
 earlier 

liens  in  point  of  time,  is  based  on  princi
ples  of 

acknowledged  justice.  That  which  is  giv
en  for 

the  preservation  or  betterment  of  the  
common 

pledge  is  in  natural  equity  fairly  enti
tled  to 

the  first  rank  in  the  tableau  of  claims
.  Me- 

chanics' lien  laws  stand  on  the  same  basis  of 

natural  justice.  We  are  not  prepared  to  say 

that  a  legislative  act  giving  preference  to  s
uch 

liens  over  those  already  created  by  mortgage, 

judgment  or  attachment,  would  be  repugnant  to 

the  Constitution  of  the  United  States.  Nor 

are  we  prepared  to  say  that  an  act  giving  pre
f- 

erence to  municipal  water  rents  over  such  liens 

would  be  obnoxious  to  that  charge.  The  pro- 

viding of  a  sufficient  water  supply  lor  the 

inhabitants  of  a  great  and  growing  city,  is  one 

of  the  highest  functions  of  municipal  govern- 
ment, and  tends  greatly  to  enhance  tne  value  of 

all  real  e.'<tate  in  its  limits;  and  th"  charge  for 

the  use  of  the  water  may  well  be  tntitled  to 

take  high  rank  among  outstanding  claims 

against  the  property  so  benefited. 

The  plan  of  leasing  the  premises  to  the 

highest  bidder  for  a  given  term,  in  order  tc 

collect  the  charges  due,  seemed  to  Mr.  Ruth- 

erford to  be  a  novel  and  practical  method. 

The  non-pavment  is  brought  home  to  the  own- 
er in  a  forcible  manner,  and  he  is  not  deprived 

of  the  title  to  his  property.  Giving  him  an 

opportunity  to  redeem  by  paying  the  charge- 

plus  interest  and  penalties  would  amply  pro- tect his  interests. 

The  conclusion  drawn  by  Mr.  Rutherford 

from  his  examination  of  the  authorities  found 

is  that  a  lien  can  be  created  on  real  property 

for  the  collection  of  charges  from  public 

utilities,  such  lien  to  be  created  by  the  legis- 
lature for  municipalities  created  under  the 

general  laws  and  by  ordinance  where  the  char- ters are  sufficiently  comprehensive. 

Design,  Construction  and  Detailed  La- 
bor  Costs   of  the   Substructure  of 

the  Double-Leaf  Trunnion  Bas- 
cule   Bridge    at    Chicago 

Ave,,  Chicago,  111. 
Contributed  bv  (':irl  O.  Johnson.  Resident  Engi- 

neer in  Charge  of  Construction. 

[In  our  Oct.  21,  1914  issue  we  described 

and  illustrated  the  design  features  of  the  sub- 
structure of  the  double-leaf  trunnion  bascule 

bridge  which  spans  the  Chicago  River  at  Chi- 
cago .'\ve.,  Chicago.  In  this  issue  we  shall 

give  the  detailed  labor  costs  of  the  various 

parts  of  the  substructure  work,  together  witli 

data  on  the  equipment,  methods  used,  and  con- 
ditions under  which  tlie  work  was  done.  The 

cost  data  have  been  carefully  analyzed,  and  we 

believe  they  are  the  most  complete  ever  pub- 
lished for  work  of  this  character.  The  labor 

costs  given  are  actual  costs ;  no  charge  has 

been  made  for  tug  service,  plant  rental  or  de- 
preciation, interest,  or  central  office  overhead 

charges.  The  general  cost  data  are  given  first, 
these  data  being  followed  by  a  discussion,  for 
each  division  of  the  work,  of  the  construction 

methods  useil,  the  unit  costs,  and  the  condi- 
tions influeiuing  tlic  costs. —  iMlitors.] 

II,     Cost  Data  and  Construction  Methods. 

ESTIMATEP  gUANTITIKS,  UNIT  HlnDING  PRICES  ANh 
ACrUAL    QUANTITIES    PLACED. 

Talilc  I  (p.  427)  gives  the  estimated  quan- 
tities of  materials,  the  unit  l)id<ling  prices,  tlie 

actual  quantities  of  materials  placed,  and  the 
estimated  and  total  costs  of  each  item  of  the 
substruiture   work. 

In  addition  to  the  successful  contractor's 
bid  of  $  1 0,5,34  fi. 20,  three  other  bids  were  re- 

ceived, the  total  amounts  of  these  bids  being 

$10(i,137..'i0,  $107,100.00  and  $110,950.00. 

CONTRACT    AND   CONTRACTOR'S    EQUIPMENT, 
The  contract  between  the  city  of  Chicago 

and  Hyrne  Bros.  Dredging  and  ICngincering 

('o.  was  signed  Dec.  2,  1!H2,  and  notification 
to  liegin  wiirk  was  given  by  the  city  Dec.  13, 
1912.  The  lime  limit  for  this  work  was  nine 
months.  Construction  work  was  actually  he- 

gun  March  17,  1913,  and  the  work  was  fin- 
ished March  2.3,  1914. 

The  contractor  was  required  to  furnish  all 

labor,  material  and  plant  necessary  for  the 
construction  work,  and  was  made  responsible 
for  all  damages  due  to  the  construction  of 

the  substructure.  The  construction  plant  con- 
sisted of  the  following  equipment : 

One  6-cu.  vd.  "Marion"  dipper  dredge. 
Two  dump  scows,  500-cu.  yd.  capacity  each 

Two  dianp  scows,  250-cu.  yds.  capacity  each. 

One  derrick  scow  equipped  with  a  12-in.  sand 
pump. Two  deck  scows. 
One  floating  pile  driver. 
One  shore  pile  driver. 
One  stiff-leg  derrick  with  40-tt.  wood  mast and  80-ft.   boom.  ,       .     ,  »        j 

One  stiff-leg  derrick- with  40-tt.  steel  mast  and 90-ft.  boom. 
One  22-HP.   hoisting  engine. 
One  30 -HP.  hoisting  engine. 

Winchmen,  52%  cts.  per  hour. 

Signalmen,  from  40  to  50  cts.  per  hour;  aver- 
age rate,   45',4   cts.   per  hour. 

Carpenter  foremen,  75  cts.  per  hour. 
Carpenters,  65  cts.  per  hour. 
Carpenters'  helpers,   48  cts.  per  hour. 
Labor  foremen,  from  $4.50  to  $7.00  per  day; 

average  rate,  58.2  cts.  per  hour. 
Laborers,  from  25  to  60  cts.  per  hour;  average 

rate,  44.2  cts.  per  hour. 
Iron  worker  foreman,  J1.14  per  hour. 
Iron  worker  straw  boss,  93%   cts,  pc;r  hour. 

71  pieces  6''lt'Z8'  Wakefield  Sheeting Z      ■'            "    ,       Corners 
Total  Weight  of  Sheeting 

115  l3Tons  'lo 

2^ 

Q. 

(vj  ̂  

Fig,  1. 

75 pieces  id  Lackawana  Steel  Sheeting  35 lbs.  sq:ft     l££940  lbs.    p,^,gr  gi^g  of  Dam 
Corners 4Z65 

Plan  of  Weat  Cofferdam  and   Bracing    for  Piers  of  Chicago  Ave.  Trunnion   Bascule 

Bridge,  Chicago,   III.,  Showing    Dimensions    and    Construction. 

One  SO- HP.  locomotive  firebox  boiler. 
One  %-cu.  yd.  concrete  mixer. 
Three  8-ln,   centrifugal  pumps. 
One  6-ln.  submerged  centrifugal  pump. 
One  4-in.  piston  pump. 

RATES    OK    \V..\GE    AND    DIVISION    OF    LABOR. 
The  following  rates  of  wages  were  paid, 

the  rates  being  regulated  principally  by  agree- 
ment with  the  labor  unions : 

Superintendent,  $200  per  month. 
Timekeepers,  from  $1.50  to  $3.75  per  day;  aver- 

age rate,  35. li  cts   per  hour. 
Watchman,  ?2.50  per  day. 
Hoisting  engineer?,  75  to  80  cts.  per  hour; 

average  rate.  76.3  cts.  per  hour. 
Firemen,   46  cts.  per  hour. 

iron   workers,   68  cts.   per  hour. 
Machinists,  65  cts.  per  hour. 
Sewer  brick  layers,  $11.00  per  8-hour  day. 
Pile  driver  crew,  10  men  at  S  hours  each,  $43.76 per  day  (ordinary  work).  .-„  oc 

Pile  driver  crew,  10  men  at  8  hours  each,  $53.uS 
per  day  (driving  steel  sheeting). 
Dredge  crew,  7  men  at  12  hours  each,  $33.00 per  day.  ,      ,„„  ,, 

Dredge  crew,  10  men  at  12  hours  each,  $is.'lt) per  day. 

Derrick  scow  engineer,  75  cts.  per  hour. 
Derrick  scow  fireman,  30  cts.  per  hour. 

A  day,  or  shift,  was  8  hours.  The  superin- 
tendent, timekeepers,  and  labor  foremen 

worked  8  to  12-hour  shifts.     The  average  rate 
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of  wage  for  all  classes  of  labor  for  the  entire      cording   to   the   number   of   hours  worked,   as 
job  was  53  cts.  per  hour.  follows  : 

30 pieces  Lockowano  Sf  eel  Sheeting  55  ibi  tqft  lil.l_36lbs    . 

Z       ■  •  ■■      Corners         |  4J65  ~ ' River  Side: 

goCK
 

72ptece5  i'-lz'-ZS'tq  Wakefield  Sheeting 

!  Water  •■10 Top  bracing  *!.0 
Znd       •         ■  6.0 3rd  -laO 

dth      ■     -m 0 

Fig.  2.     Plan  of  East  Cofferdam  and  Bracing   for    Piers   of   Chicago    Ave.    Bridge,    Showing 

Dimensions   and    Construction. 

Table  II  gives  the  division  of  labor  on  the 
work,  classified  both  as  to  time  and  cost. 

TIME   AND   COST   DATA  FOR   VARIOUS   LABOR  ITEMS. 

Item. 
Cofferdams      

Steel  sheeting  for  concrete  cais- 
-        ,,    ,  ,  .  ...  .  ,  sons      
In  all  the  cost  data  given  in  this  article,  onty       Miscellaneous      

Total      Total 
hours.       cost. 

.       875     $    474.J0 

454 

41 

245.00 

22.30 

To  Table  VIII          82 
To   Table  IX          11 

Total        2,062 

44.60 

4.55 

$1,114.86 
TABLE  III.— PILE  DRIVING  EQUIPMENT. 
Item.  Total  hours.  Total  cost. 

Rigging  floating  pile  driver 
No.    1             60  $      32.86 

Unloading       and       erecting 
shore  pile  driver  No.  2...      193  109.37 

Rigging  and  erecting  shore 
pile  driver  No.  3        730  360.89 

Removing       wrecked       pile 
driver      ,        164  90.98 Rebuilding  shore  pile 
driver           535.5  313.15 

Removing    steam    hammer 
for  another  job          11.5  7.51 

Wrecking   old   pile   driver. .      112  56.86 
Repairing  pile  driver  scow.      216  121.36 
Storing  pile  driver          40  21.88 

Total        2,062  $1,114.86 

Unloading  the  steel  cofferdam  sheeting,  the 
steel  caisson  sheeting  and  the  reinforcing  bars 
for  the  concrete  work,  hauling  this  material 
from  the  cars  to  the  scow,  towing  the  same 

about  1,500  ft.,  and  unloading  the  material  on 
the  docks  required  344  hours,  at  a  cost  of 

$171.50,  the  average  rate  of  wage  for  this 
work  being  50  cts.  per  hour.  These  items  were 
prorated  according  to  the  amount  of  steel 
used  for  the  various  parts  of  the  work  as  given 
in  Table  IV. 

TABLE    IV.— HANDLING    STEEL. 
Total      Total 
hours.       cost. 

       1S9  $94.41 
      100  49.70 
        55  27.40 

Item. 
Cofferdams      
Steel  caisson  sheeting 
Reinforcing  bars    .... 

Total          344 
$171.51 

Unloading   coal    for   the   plant   on   the   west 

TABLE    I.— ESTI.AIATED    QUANTITIES.    UNIT    BIDDING  PRICES  AND  ACTUAL  QUANTITIES    PL.\CED. 

Item  of  contract. 
Remove  obstructions      
Build,  protect,  maintain  and  remove  two  cofferdams   
Miscellaneous  work   
Excavation     
Oak  timber,  in  place   
Pine  timber,  in  place   
Test  piles,  delivered  and  driven   .■. . . . 
<5ak  piles,  delivered   '..... Norway  pine  or  cypress  piles,   delivered   
Drivmg  piles  for  foundation   
Portland  cement  concrete   ■  ■ 
Portland  cement   mortar   ,. . . . . 
Concrete  shaft  foundation,  from  El.  — 20  to  El.  — 45   
Removal  of  boulders  from  shafts   
.Steel  sheeting,  furnished  and  driven  in  shafts   
Steel  reinforcing  bars,  furnished  and  placed   
Setting  substructure  steel,  furnished  by  superstructure  contractor. 
Structural  steel,   furnished  arid  set   
Divert  and  extend  5-ft.  brick  sewer   
Divert  and  extend  -i-ft.  brick  sewer   
Concrete  cylinder  foundation,  from  El.  — 45  to  rock,  about  El.  — SI. 

Ref. 

letter. 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
O 
P 
Q 
R 

.'^ 

T 
U 

Estimated 

quantities. 

Unit 

price. 

S.500 
18.000 
6,000 

4 

6,500 
11,000 

15,000 

3,900 

350 

20,000 100 
275,000 
150.000 210.000 

16,000 

25 

55 

15,000 

cu.  yds. 
ft.  B.  M. 
ft.  B.  M, 

piles, 

lin.  ft. 
lin.  ft. 
lin.  ft. 
cu.  yds. 
cu.  yds. cu.  ft. 
cu.  ft. 
lbs. 
lbs. lbs. lbs. 

lin.  ft. 
lin.  ft. 
cu.  ft. 

$  1.29 

62.40 

39.00 30.00 0.18 0.16 

0.115 
7.25 

11.00 

0.39% 

0.12 

0.02% 

0.02 
0.03 

0.02% 

9.60 
8.40 

0.47% 

Total 

Total  bid. 
$        C50.00 

22,300.00 

&10.00 
10,965.00 
1,123.20 
234.00 120.00 

1,170.00 
1,760.00 

1,725.00 28,275.00 

3,850.00 
7,850.00 

12.00 

6,875.00 3,000.00 

6,300  00 
400.00 

240.00 462.00 

7,125.00 

$105,346.20 

Actual 

quantities 
placed. 

6,774  cu.  vds. 
5.564  ft.  B.  M. 
5.128  ft.  B.  M. 

4  piles. 
7,182  lin.  ft. 
5,100  lin.  ft. 
9,902  lin.  ft. 
3,604  cu.  yds. 357  cu.  yds. 

18,648  cu.  ft. 

Actual 

amount of 
contract. 

$      650.00 
22,300.00 

910.00 

8,738.46 

347.19 

199.99 
120.00 

1,292.76 816.00 

1,138.73 
26,129.00 
3.927.00 

7,319.34 279,470  lbs. 
146,710  lbs. 
204,550  lbs. 

9,136  lbs. 69.6  lin. 
ft. 

6,986.75 

2,914.20 6,136.50 228.40 

668.16 14,601  cu.  ft. 

6,935.48 

$97,757.96 actual  jnb  labor  costs  have  been  considered. 
No  charge  has  been  made  for  tug  service, 
plant  rental  or  depreciation,  interest,  or  central 
office  overhead  charges,  etc. 

TABLE  II.— DIVISION  OF  LABOR  ON  JOB. 
Percentage 

of  Percentage 
total  hours       of  total 

Kind  of  labor.  worked,     cost  of  work. 
Superintendent,  timekeep- 

er,  watchman,   etc   
Engineers   and   firemen... 
Carpenters     
Laborers      
Iron  workers   
Machinists      
Bricklayers      
Pile  driver  crew   
Dredge  crew    
Derrick    scow    crew   

Total    labor   

Pine  timber 
Oak  timber 
Test  piles   . , 

8.5 

•8.2 

12.4 15.7 10.6 13.2 
50.5 

43.4 

0.8 1.2 
0.1 

0.1 
0.1 

0.2 14.4 
16.2 

2.4 
1.7 

0.2 0.1 

100.0 100.0 

o  t*^ 

o  o 

O'o 

C  M 1? 
D 

Tables  III  to  IX,  inchisive.  contain  accounts 

which  were  prorated  among  the  contract  items 
as  shown.  These  tabular  data  give  essential 
information  on  the  cost  and  the  time  required 
to  complete  various  parts  of  the  work. 
The  average  rate  for  the  work  indicated  in 

Table  III  was  54  cts.  per  hour.  The  items 
given  in  Table  III  were  prorated  among  all 

i*ems  where  the  pile  driver  crew  was  used  ac- 

U  0) 

,  Wafer  about  0.6  above  datum 
-  IZ'tll'  Pine  Post 

..4'' IE' Oak -3' Ig 

41 
11 
11 

22.30 

4.66 
4.55 

[3''§'-l''i'lg.plate  across 

-^ 

/ ends  of  tie  rods 

side  of  the  Chicago  River  required  64%  hours, 

at  a  total  cost  of  $28.57,  the  average  rate  of 

J  Cable  fastened  around  wale, 
leading  to  wale  in  fop  of  steel 

sheeting.  '    '^ 

El -6  0-2 

'-,IS''IS  Pine' 

ttJ-
 

El-IOOy 

El  -10  0 

,.-'-\-IZ~'  IZ'Pine 

U^   ,-,   

;^ 
Pine 

-i|"Hangers 

'.-SOBrace  pile  ■' 

zna 

3  ■Q 

10  S 

Fig.  3.  Typical  Cross  Section  of  East  Cofferdam  for   Chicago    Ave.    Bridge,    Showing    Bracing 

and  Central   Brace   Piles. 

Pile  driving  for  foundation. 
Removal      

289        156.00       wage  being  45  cts.  per  hour.     This  item  was 
247         137.00      prorated   as   given   in   Table   V. 
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TABLE    v.— HANDLING    COAL. 

Total  Total 
Item.                                                    hours.  cost. 

Pumping  water  from   cofferdam..     58  J2o.71 
Excavation            6%  2.S6 

Total       64'/4       J2S.o7 

The  cost  and  the  time  required  to  sort  the 
old  lumber  used  in  the  cofferdams  are  given 
in  Table  VI.  The  average  rate  of  wage  for 
this  work  was  47  cts.  per  hour,  and  the  work 
was  prorated  50  per  cent  to  each  cofferdam. 

TABLE  VI.— SORTING  LUMBER. 

Item.  Total  hours.       Total  cost. 
Sorting  lumber            2S1V^  $131.42 

The  time  and  cost  data  on  the  labor  which 

may  be  classified  as  superintendence  is  given 
in  Table  VII.  This  item  includes  the  work 

of  the  superintendent,  timekeepers,  watchman 
and  the  unclassified  time  of  the  carpenter  and 
labor  foremen.  It  amounts  to  12.1  per  cent 
of  the  net  pay  roll,  the  average  rate  of  wage 
being  53  cts.  per  hour. 

TABLE   VII.— SUPERINTEJNDENCE. 

Item.                                Total  hours       Total  cost. 

Superlnterdence       9,612  $5,010.01 

Table  VIII  gives  the  cost  and  the  number 

of  hours  worked  on  items  pertaining  to  the 
work  of  the  derricks. 

TABLE  VIII.— WORK  PERTAINING  TO  DER- 
RICKS. 

Total hours. 47 Item. 
Clearing  space  for  west  plant.. 
Driving  five  28-ft.  piles  for  der- 

rick   foundation             85 
Framing    west    derrick,    40-ft. 

mast,    80-ft.    boom          40 
RlKglng  and  erecting  west  der- 

rick          195% 
Housing   boilers           371^5 
Wrecking  west  derrick  and 

plant           114 
Cleaning  up  site  of  plant          30 
Prorated  amount  from  Table 
m             55 

Total  (average  rate  of  wage, 
52   cts.   per  hour;        938 

Driving  three  4r;-ft.  and  two  30- 
ft.  piles  for  foundation  of 
cast  derrick              40 

Cutting  and  framing  bent  to 
above  piles           12 

Building  crib  for  foundation  of 
derrick  sill             36 

RlRk'ing  and  erecting  cast  der- 
rick. 40-lt.   mast.  90-ft.  boom      291 

General    work    on    east    plant.   1,094 Vi 
Prorated  amount  from  Table 

III            27 

Total  (average  rate  of  wage, 
56  cts.  per  hour)     1.500% 

Unloading  east  .-ind  west  plants        74 
General  work  on  east  and  west 

plants           154 

Total 
cost. 

i      IS. SO 
46.50 

26.00 

106.01 
1S9.S4 

57.82 

12.00 
29.74 

t    487.61 

7.S0 

14.40 

153.91 
628.49 

14. S6 

$    841.n4 

Total  (average  rate  of  wage, 
55  cts.  per  hour)        226 

33.35 

92.92 

i    126.27 

Qrand  total 2,666%     $1,455.22 

As  the  items  given  in  Talilc  VIII  were 

charged  principally  to  the  derrick  plant,  they 
were  prorated  among  the  contract  items  ac- 

cording to  the  "derrick  engineer"  hours 
charged  against  these  items,  as  follows: 

Item. 
Cofrerdama     
Miscellaneous      
Excavation     
Concrete      
Mortar      
Caissons  above  El.  — 45... 
Caissons  below  Rl,  — 45.... 
Setting  substructure  steel. 

Total Total 
hours. cost. 
320 $    174.57 

160 

S7.3I 
480 260.12 
686V4 

320.04 
134 

73.78 

320 174.57 
533 291.02 133 73.78 

TABLE  IX.— CONCRETE 
Item. 

Loading  and  unloading  sand scow      

Placing  protection  over  east  pit tloor     

Cleaning  rubbish  and  concrete 
from  east  pit  floot   

Clearing  space  for  east  con- crete mixing  plant   
Erecting  easi  concrete  mixer 
and  8o%-ft.  tower  for  same, 
using  4,404  ft.   B.   ir.  lumber. 

Handling    concrete    chutes   
Removing  east  concrete  mixing 

plant   
Removing  east   concrete    tower 
Prorated  amount  from  Table 

III      

Unloading   stone   scows   
Clearing  storage  space  tor  sand 
and  stone  on  west  side  of 
river     

.Setting  west  concrete  mixer 
and  running  water  pipe  line. 

Resetting  concrete  mixer  in 
second  position      

Resetting  concrete  mixer  in 
third   position     

Changing  concrete  chute  to west    side      

Removing  west  concrete  mix- 
ing  plant      

Building  and  removing  plat- 
form for  stone  storage  on 

west  side      
Unloading  stone  from  canal 

boats  on  west  side   
Clearing  rubbish  and  concrete 

from    west    pit,    etc   
General  repairs  to  concrete 

plant      
Miscellaneous,  moving  of  ce- ment     

Total  (average  rate  of  wage. 
50   cts.    per   hour)     4,182 

Total       2,666%     $1,455.22 

The  cost  and  the  time  charged  to  the  con- 
crete plant  are  given  in  Table  IX. 

PLANT. 
Total 
hours. Total 

cost. 357%     $ 
151.00 

8 
3.60 

144 73.40 

20 

8.15 

965 
270 

549.89 
139.53 

100 
62 

50.00 

32.55 
11 

332 

4.55 

144. 9S 

37 14.80 

72% 

43.24 

13  S 
70.08 

141 74.22 

93 
45.30 

25 

10.00 
332 

144.98 
373 191.50 

438% 

207.33 

270% 

122.72 

153 69.19 

a  deck  scow.     The  actual  labor  costs  for  this 
work  were  divided  as  follows : 

Total 
Item.  hours 

Removal  of  timbers,  piles,  etc..   1,733 
Kemoval    of   stone,    brick,    con- crete           748 
Prorated    charge           247 

Total 

cost. 
831.38 

282.05 

137.00 
Total        2,728        $1,250.43 

Superintendence,    etc.,    IS.I    per 
cent             330.1  151.30 

Grand  total       3,058.1     $1,401.73 
Average  labor  cost,   46  cts.   per   hour. 

"g" — TEST    PILES. 

The  price  bid  for  furnishing  and  driving 
four  60-ft.  test  piles  was  $12m.  These  piles 

were  located  so  as  to  be  used  later  as  protec- 
tion and  foundation  piles.  The  plant  used  was 

one  pile  driver.  The  actual  labor  cost  for  this 
work  was   divided   as   follows : 

Total        Total 
Item.  hours        cost. 

For  driving  four   GO-ft.    test  piles 
(cost  per  foot,  11%  cts.;  rate  per 
S-hour  day,  6.4  piles)     50  $27.35 

Prorated    charge     11  4  55 

$31.90 3.86 

$2,117.03 

Total         61 
Superintendence,     etc.,      12.1     per 

cent           7-38 

Grand    total        68.38         $35.76 
Average  labor  cost,  52  cts.  per  hour;  rate  per 

8-hour  day,  4.7  piles. 
"h"    and    "l" — FURNISHING    0.\K    AND     NORW.W 

PINE    PILES. 

The  piles  under  the  abutments  were  only 
about  25  ft.  long,  this  short  length  being  used 
so  as  not  to  interfere  with  the  future  subway 

Fig.  4.     View  from  South  of  West  Cofferdam    for   Chicago    Ave.    Bridge — Note   Two   Types 
of  Sheeting  and   Brace  Piles. 

The  items  given  in  Table  IX  were  charged 

against  "concrete"  items,  as  follows : Total  Total 
Item.                                                hours.  cost. 

Concrete         3,027.35  $1,532  44 
Mortar             243.33  123.10 
Concrete    caisson    foundations 

between  El.  —20  and  El.— 45  501.97  254.25 
Concrete    caisson    foundations 

below  El.  —45        409.35  207.24 

Discussion  of  Construction  and  Cost  Data 
and  Unit  Costs. 

A  description  of  the  work  done  under  each 

subdivision  of  the  contract,  together  with  a  dis- 
ciission  of  the  cost  data  will  now  be  given. 
Each  item  is  referred  to  by  the  reference  let- 

ter given  in  the  specifications  and  shown  in 
Table  I. 

"a" — REMOVAL   OF    ORSTRUCTIONS. 

This  item  included  all  work  done  in  remov- 
ing obstructions  which  interferred  with  the 

construction  of  the  substructure.  The  work 
consisted  principally  of  removing  a  rubble 
masonry  pier  containing  103  cu.  yds.,  timber 
and  pile  approaches,  parts  of  brick  sewers,  and 
concrete  w.-,lks.  The  lump  sum  bid  for  this 
work  was  $()50.  The  construction  plant  used 
consisted  of  a  pile  driver,  a  derrick  scow  and 

construction  at  this  location.  The  remaining 

foundation  and  protection  piles  were  aboui  45 

ft.  long.  The  cost  of  these  piles  delivered 
was  as   follows : 

Oak  piles,  7.182  l;n.  ft.  at  18  cts   $1,292.76 
Noiway  pine  piles,  5,100  iin.  ft.  at  16  cts.      816.00 

Total       $2,108.76 "j" — DRIVING    PILES. 

Tllc  bidding  price  below  cut-off  for  driving 
piles  in  foundations,  piers,  pier  protections, 
abutments,  outside  walls  and  dock  lines  was 
11%  cts.  per  linear  foot.  There  were  320  piles, 
9,902  Iin.  ft.,  actually  used,  the  bidding  price 
for  this  item  being  $1,138.73. 

The  actual  labor  cost  of  driving  these  piles 
was  divided  as  follows : 

Total  Total Item.                                                 hours.  cost. 
Driving   piles    (320    piles,    9,902 

Iin.    ft.,    below    cut-off)     1,466  $    799.90 
Prorated    charge           266  144.00 

Total         1,732  $    943.90 
Superintendence,  etc.,   12.1  per 

cent           209.45  114.21 

Grand    total         1,940.45     $1,068.11 

Cost    (exclusive    of    prorated    charge    and    su- 
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perintendence).  S  cts.  per  linear  foot  below  cut- 
off;  rate.  17.4  piles  per  S-hour  day. 

Cost  (including  prorated  charge  and  superin- 
tendence), 11  cts.  per  linear  foot  below  cut-oft; 

rate,  13  piles  per  S-hour  day. 

— 81.1.  The  sites  of  the  cofferdams  were  first 

cleared  with  dipper  dredges,  the  west  coffer- 
dam being  dredged  from  an  original  average 

depth  of  2.3  ft.  to  an  average  depth  of  10.7.  ft.. 

Fig.  5.     View  from  Northwest  of  West  Cofferdam  for  Chicago  Ave.  Bridge,  Showing  Bracing 
and  Concrete  Chutes — Substructure    Trusses  Shown  in  Place. 

I 

"C  — MISCELL.\N£OUS     WORK. 

Tlie  miscellaneous  work  included  the  fol- 
lowing items  :  Making  preliminary  borings  ; 

furnishing  scows  and  other  supports  for  steel 
tapes  during  the  taking  of  measurements 
across  the  river;  making  temporary  sewer  di- 

versions: building  and  removing  shed  for  stor- 
age of  cement ;  protecting,  supporting,  main- 

taining, and  restoring  adjacent  buildings  af- 
fected by  the  construction  of  the  cofferdams 

and  substructure  (no  work  required  as  build- 
ings were  not  damaged)  :  providing  office  space 

and  temporary  telephone  service  during  con- 
struction. The  lump  sum  bid  for  this  work 

was  $910.  The  borings  were  made  by  the 

citv.  One  of  the  offices  given  below  was  lix'Jnx 

lO'ft.  high  and  the  other,  10.x20.x9  ft.  high. The  actual  labor  cost  for  this  work  was  di- 
vided as  follows  ; 

Total         Total 
Item.  hours.        cost. 

Twice      diverting      5-ft.      east 
sewer     into     140-ft.     wooden 
flume         1,522.8       $    759.32 

Divertins      4-ft.      west      sewer 
into  14G-ft.   wooden  flume...       427  1  1S6..'j9 

Constructing   t^'o  offices,   3,100 
ft,   B,  M.  lumber  used         I'O.Sfl  102.91 Miscellaneous    work            973.59  439.49 

Total  (average  wage  rate,  48 
cts.    per   hour)     3,093.SS     $1,488.31 

"b" — COFFERnAMS. 

The  cofferdams,  which  were  of  the  single- 
wall  type,  were  built  of  steel  and  wooden 
sheeting,  and  entirely  enclosed  the  main  piers 
and  small  walls.  The  lump  sum  for  building, 
maintaining,  protectins;  and  removing  the  two 
cofferdams  was  $22,300. 

The  west  cofferdam  had  maximum  dimen- 
sions of  86.7  ft.  by  55.3  ft.,  enclosing  an  area 

of  4,424  sq.  ft.  Figure  1  shows  a  plan  of  the 
west  cofferdam  and  gives  essential  data  con- 

cerning its  construction.  The  maximum  depth 
of  water  outside  of  this  darn  was  19.9  ft. 

The  east  cofferdam  had  maximum  dimen- 
sions of  91.9  ft.  by  56.3  ft.,  inclosing  an  area 

of  4.655  sq.  ft.  The  maximum  depth  of  water 
outside  of  this  dam  was  20.9  ft.  Figure  2 
shows  a  plan  of  the  east  cofferdam  and  gives 
data  on  its  construction  features,  and  Fi.g.  3 

.shows  a  typical  north-and-south  cross-section 
lof  this  cofferdam  and  indicates  the  method 
fused  to  brace  the  cofferdam. 

I     The  excavation    Call  soft  clay)    was  carried 

down   to   a   general   elevation   of   -5-2O.O    (the 
river    being    at    elevation    about    +0.8),    from 
which  depth   four  caissons  were   sunk  to  bed 

'rock,   which    lies    at   an   average   elevation   of 

and  the  east  cofferdam,  from  3.n  average  depth 
of  4.3  ft.  to  an  average  depth  of  11,7  ft.  The 
excavated  material  was  dumped  into  scows 

and  towed  to  dumping  grounds  in  Lake  Mich- 
igan. The  only  dredging  paid  for  consisted 

of  that  enclosed  by  the  cofferdams,  although 
considerable  dredging  was  done  outside  of  the 
cijfferdam  walls,  .\fter  the  site  was  cleared 

the  foundation  piles  and  the  cofferdam  sheet- 

ing were  driven.  "Lackawanna"  arched  web 
sheeting,  weighing  35  lbs.  per  square  foot  and 
having  a  length  of  40  ft.,  was  used  in  the  river 
and  also  up  to  a  point  about  10  ft.  inland 
where  it  connected  with  6xl2-in.x28-ft. 

"Wakefield"  sheet  piling.  .-\t  the  east  side  of 
*hp  river  the  steel  sheeting  was  extended  along 
a  nine-story  reinforced  concrete  building  and 
a  one-story  freight  house  w-here  their  founda- 

Six  brace  piles  were  also  driven  in  each 
cofferdam  to  support  temporarily  the  system 
of  bracing.  The  waling  timbers  were  of  12x 
12-in.  pine  and  were  suspended  by  cables  which 
passeu  through  holes  ui  the  top  of  the  steel 
sheeting.  .K  12xl2-in.  post  was  set  on  top  of 
the  upper  tier  of  waling  and  bolted  to  the 
steel  sheeting,  the  cables  and  posts  preventing 

any  movement  of  the  waling  due  to  the  chang- 
ing elevation  of  the  water  level  within  the 

cofferdam.  (See  Fig.  5.)  The  remaining  tim- 
bers were  either  12xl2-in.  pine  or  waste  pieces 

of  piles.  Where  timbers  butted  against  wal- 

ing pieces  a  4xl2-in.x3-ft.  oak  block  w'as used.  Corner  braces  were  used  in  the  coffer- 
i!am  pockets  over  the  caissons.  Four  sets  of 

'■racing  wxre  placed  in  each  dam — at  elevations 
+0.5,  —6.0,  —10.0  and  —14.0  (see  Figs.  3  and 

5),  the  bottom  of  the  main  excavation  being 
at  elevation  —20.0.  The  tiers  of  bracing  were 

separated  by  12xl2-in.  posts  and  were  tied  to- 
gether with  double  %-in.  tie  rods.  They  were 

also  bolted  to  the  brace  piles  where  convenient. 
One  12-in.  and  three  8-in.  centrifugal  pumps 

were  required  to  pump  the  first  6  ft.  of  water 
from  the  west  cofferdam,  this  pumping  re- 

quiring about  two  hours.  From  this  level  a 
6-in.  or  an  8-in,  pump,  operated  from  time 
to  time,  was  sufficient  to  remove  the  water 
from  the  cofferdam.  When  the  pumping  be- 

gan, fine  ashes  were  distributed  along  the 
outside  of  the  steel  sheeting,  which  proved  very 
effective  in  stopping  leaks.  No  other  means 

were  employed  to  make  the  sheeting  water- 
tight. Figure  6  shows  a  view  of  the  east 

cofferdam,  the  top  tier  of  bracing,  and  the 
centrifugal    pumps. 

.\t  the  completion  of  the  work  all  the  ina- 
terial  composing  the  cofferdams  and  bracing 

was  recovered  except  the  "Wakefield"  sheet- 

ing and  43  pieces  of  the  "Lackawanna"  steel 
sheeting. 

The  high  cost  of  pumping  given  in  Table  X 
was  due  to  the  fact  that  it  was  necessary  to 

pump  part  of  the  time  both  day  and  night, 
which  necessitated  the  employment  of  hoist- 

ing engineers  as  pumping  engineers  for  24 hours  each  day. 

Tables  X  and  XI  give  cost  data,  for  the  west 
and  east  cofferdams,  on  the  driving  of  wood 
and  steel   sheet  piling,   the  pumping  of   water 

Fig.  6.    View  from  Northeast  of  East  Cofferda 

of   Bracing   and   Centrifugal    Pumps   it 
Cver   Water 

tions  appeared  to  be  in  danger.  Figure  4 
shows  a  view  of  the  west  cofferdam  looking 
from  the  south  side.  The  view  also  shows 

the  brace  piles  near  the  center  of  the  coffer- 
dam. 

m  for  Chicago  Ave.  Bridge,  Showing  Top  Tier 

Place — Raised  Secticn  of  Sheeting   Is 

Pipe   Tunnel. 

from  the  coft'erdams,  the  bracing  of  the  coft'er- dams,   and   removing  them. 
Table  XII  gives  a  summary  of  the  labor 

costs  of  constructing  and  removing  the  two coft'erdams. 
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TAB1,K  X.-p-ORCii  ACCOLXT  AM)  1^\BUU  COST  DATA  F
OR  WEST 

COFKKKUAM. 

DIUVING  WOOD  PILKri  ASl)  WOOD  SHEETING. 

Item. 
Sorting     eld     piles     and 
lumber         HU.s 

Driving  11  Si-n    piles  at 
back  and  side  ol  dam... 

Driving  e  30-ft.  brace 
piled      

Driving  and  chaining  2 
l:!-piie  clumps.  4i-tt. 

piles,  and  'Z  protection 
piles      

Building  7  6.xl2-ln.  x  28 
ft.  Wakefield  sheeting 
corners               !•' 

Driving  127  6xl2-in.  x  2S- 
ft.  Wakefield  sheeting 
with  shore  driver         4iil 

Prorated  charge          130 

Total     l.OSO.S 
Superintendence,     etc., 

12.1   per  cent        130.i 

Kale, 

Total      cts. 
hours,  per  hr. 

Total 
cost. 

Remarks. 

14U.S 

$  C5.71 200 
10S).40 

Rate, 
day. 

4.4    piles    per    S-hr. 

25 U.6T Rate, 

day 

!!».:'    piles   per   S-hr 

bO li;.37 Kate, 

day 

26  0  piles  per  S-hr 

244.3r. 

73.00 

>578.45 

69.99 

Kate  22',^  sheets  per  8-hr. 
day. 

Grand  total     1.211.5       54        »648.44 
DRIVING  STEEL,  SHEETING. 

Preliminarj-    handling   of 
.steel    sheeting 

Loading     steel     sheeting 
from  dock   to  scow....         SO 

Driving  steel  sheeting. 
138  pieces  40-ft.  lonK 
and  3  pieces  25-ft.  long 
=  115.13  tons         C17 

Prorated  charge          132 

Total             884 

27.67 

53.08 

404.72 

71. UO 

UilK.  IS. 3  pieces  p^i day. 
8-hr. 

Superintendence,  etc., 
12.1   per  cent   107 

Grand  total          991 

63        $556.47 

67.34 

63        $623.81 

PUMPING  WATER  FROM  COFFERDAM, 

and Installing      pumps 
pumping  water        5,433.i) 

llaniillng  coal  for  pumps        58 

Placing  ashes   to  water- 
prool   sheeting       1,096.d 

Plugitlng      extraordinary 
leaks   In   dam         192,5 

Tending  boiler  plant  for 

pumping           4'I9 

Total         7.229.5 
Superintendence,  etc., 

12.1    per  cent        874.8 

$3,222.30 25.71 

447.41 

111.33 

284.58 

$4,091.33 

495.05 

Grand    total .  8,104.3       57     $4,586.38 

BR.VCING  COFFERDAM. 

I'nloadlng  timber  from scow  to  corterdnm          58 

I'laclng  first  set  of  brac- 
ing          230% 

Placing  second  set  of 
bracing            430% 

Placing  third  set  of  brac- 
ing           S13 

I  lacing  fouith  set  of 
bracing            313 

Prorated  charge            H 

Tolnl  (timber  UBed  = 

.•.X.52.;  ft.  B.  M..  of 
which  41,7711  ft.  B. 

.M.  was  12xl2-ln. 
waling  and  bracing. 
Area  of  cofferdam  = 

I  I  ■!   H.I     ft  p      I.3.".n',i 

.-Superintendence,  etc., 
12.1  per  cent         184^4 

Grand    total        1,525 

$  32.33 
149.24 

246.08 

195.81 

195.28 

7.60 

$826.34 

TABLE  Xl.-FORCE  ACCOUNT  ^V
ND  LABOR  COST  DaTA  FOR 

DRIVING    WOOD   PILES   AND   WO
OD   SHEETING 

EAST 

Wakefield 

12 

Cost,  7.2  hrs.  per  ton  -- $4.83,  or  $3.94  per  sheet; 

av.    sheets  per  day  =  l'). 

Cost,  8.6  hrs.  per  ton  = 

$5.40,  or  $4.44  each-  av. sheets  per  8-hr.  day= 
11 '/4. 

in. 

Item. H  a  n  dl  i  n  s 
sheeting      i,-."'," 

Driving  101  pieces  Wake 

field  sheeting,    6x1     " X   2S-n   

Driving  10  20-ft.  piles  at back  wall    

Driving  and  chaining  2 

12-piIe  clumps  of  40- 

ft.  piles  and  4  protec- tion piles     

Driving  9  brace  piles   

Sorting     old     piles     and  __ 

lumber             iil.''-' 
Prorated  charge    

Rate, 

Total      cts.       Total 

hours,  per  hr.     cost 

61        $926.33 

REMOVING  COFFERDAM. 

Itcmovln?  braces  of  cof- 
ferilnm      

Removing  pit   timbers... 
Pulling     III     pieces    steel 

sheeting     ll-''.i:'.    tons.. 

L09 
301 
8110 

146 

1,456 
176.2 

Grand    total        1.632.2 

Prorated  charge     

Total      

Superintendence,  etc, 
I:'. I    per   cent   

59 

$108.15 146.84 
521.48 

79.30 

$355.77 
in:!.r.5 

jii:.'.i.32 

60 

i30 

30 

1U8 

Total             855.75 

Superintendence,  etc., 
12.1   pe.-   cent        iuj^ 

$     4.80 

204.80 

32.82 

71.11 

16.41 

65.71 59.00 

$454.65 55.01 

Kate,    21Vi    pieces    per   8- 
hr.  day. 

Rate.    13    piles    per    8-hr. 

day. 

Rate. day. 

Rate, 

day. 

17    piles    per    S-hr. 

24    piles    per    8-hr. 

Grand  total 

Loading     steel 

from  dock  to  scow.... 
Driving  179  pieces  of 

steel  sheeting  40-tt. 

long  and  3  pieces  20- ft.    loiig=149.i3   tons... 

Prorated  charg 

Total      

..       959.3       53        $509.66 ■    "  ■    DRIVING  STEEL  SHEETING, 

sheeting 

258 

695 

.  172 

1,125 

63 

Superintendence,    etc., 
12.1  per  cent         IJd  I 

$171.08 

461.13 

93.50 

$725.70 
S7.S1 

Rate, 

day. 
21   pieces   per   S-hr. 

Rate  13  pieces  per  S-hr. dav  =  $4.00  each.  7% 

hrs.  per  ton  =  $1.86  per 

ton. 

58,526  ft.  B.  M.  at  23.2 
hrs.  per  M  $14.20,  or 
44.776  ft.  B.  M.  at  28% 
hrs.  per  M  =$17.40.  100 
sq.  ft.  area  In  31  hrs.  = 

$18.70. 

68.526  ft.  B.  M.  at  26  hrs. 

per  M  =$15.90,  or  44,776 
ft.  B.  M.  at  32  hrs.  per 
M=$19.40.  100  sq.  ft. 
area  In  35  hrs.  =  $21.00. 

Grand    total 

Installing;       pumps 

pumping  watei      Handling  coal  for  pumps 

Placing  ashes  for  water- prootlng    sheeting    .... 
Plugging      extraordinary 

leaks   in  dam   

Puddling    parts    of    cof- ferdam      

Prorated  charge     

1  201  1       63        $813.51      Rate.    11%    P'eces    per    S-
 

     i.iui.i       "■>        f  ^^    dav  =  $4.4S  each.   Shi 

hrs.    per    ton=$5.40    per 

ton. 
Pl-MPING  WATER  FROM  COFFERDAM, 

and 

4.366 
34 

467 

48 

182.1 

52 

.,149.5 
Total      

Superintendence,  etc., 

12.1   per   cent        623.1 

Grand    total 5,772.6       57 

$2,623.56 

18.15 
191.47 27.86 

83.13 28.00 

$2,972.17 
306.03 

$3,278.20 timber 
Unloading 

scow      

Waling  and  mud  sills  for 

back  wall    .-   
Placing  first  set  of  brac- 

ing ^   
Placing  second  set  of 

bracing     

Placing  third  set  of  brac- 
ing     • 

Placing  fourth  set  of bracing      
Prorated  charge      

Total  (lumber  used.  62,  • 
845  ft.  B.  M.,  of  which 
50,640  ft.  B.  M-  was  12x 
12 -In.  waling  and  brac- 

ing. Area  of  coffer- dam  =   4,055  sq.   ft). . . 

BRACING  COFFEIRDAM. from 105 

45 

322 
467.5 

270 
339.5 19 

1,568 

55.57 

24.16 

209.30 

290.23 

170.65 

213.20 

10.511 

62,845  ft.  B.  M.  at  24V2 

hrs.    per    M.  =  $15.50. 
50,646  ft.  B.  M.  at  31  hrs. 

per  M.  -  $19.00. 
100  sq.  ft.  area  in  33.2  hrs. =  $21.00. 

Superintendence, 
12.1  cent    

etc.. 

189.' 

117. SI Grand  total 

RE.MOVING  COFFERDAM 
Removing  bracing  of  cof- ferdam           401 

Removing  timbers  from 
pit            139 

Sawing  off   back   line  of 
Wakefield   sheeting    ...        38 

Burning  off  43  pieces 
steel  sheeting  at  ground      32 

Pulled.  14.1  itleces  per  8- 
hr.  day=$3  70  each,  or 

$4.53  per  ton. 

Pulling    138    pieces    steel 
sheeting  =  113%   tons. .       558 

Prorated  charge           90 

Total       1.264 
Superintendence,         etc., 

12.1  per  cent        152.9 

59 

$ 233 66 

07 

.S5 

15 20 

16 60 

357 

23 

r.2 

10 

$ 

742 

.70 

89.87 

1757  7     62     $1,091.48      02,845  It.  B.  M.  at  2S  hrs. 

per    M.  =  $17.70. 
50.646  ft.  B.  M.  at  34.7  hrs. 

per  M.  =  $21.50. ino    .sq.     ft.    area    In    3i.7 
hrs.  =  $23.40. 

Burn  about  7  per  hr.  The 
32  hrs.  includes  helpers 

time. 

Rate  20  pieces  per  8-hr 
day.  $2.59  each  =  $3.n 

per  ton. 

Grand  total     1,416.9      59     $    832.57 

L 
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D  — EXCAVATION. 

The  price  bid  for  excavating  the  site  of  the 
piers,  tail  pits  and  abutments,  incUiding  the 

necessarj-  back-fill,  was  $1.'2<)  per  cubic  yard. 
The  excavation  naturally  divides  itself  into 

three  classes :  that  removed  by  dredging ;  the 
excavation  outside  of  the  cofferdams ;  and  the 

m  buckets  by  derricks  into  dump  scows  and 

towed  to  the  dumping  grounds  in  Lake  Mich- 
igan. The  excavation  outside  of  the  coffer- 
dams, principally  at  the  site  of  the  abutments, 

was  also  clay.  The  labor  of  cutting  off  the 

foundation  piles  was  included  in  that  classi- 
fied   under    excavation.      The    total    and    unit 

the  top  portions  of  the  sub-foundation  piers 
were  changed  to  lO.o  ft.  square  for  the  river 
caissons  and  8  ft.  2  ins.  by  9  ft.  4  ins.  for  the 

anchor  pier  shafts,  to  accommodate  the  sheet- 
ing and  at  the  same  time  give  the  same  area 

as  called  for  in  the  original  plans  (see  Part  I 
in  our  Oct.  21,  1914,  issue).    The  sheeting  was 

TABLK  XII.— SUMMARY  OF  LABOR  COSTS  OF  EAST  AND  WEST  COFFERDAMS. 

Item. 

Driving  piles  and  sheeting  for  cofferdam. 
i'umping  water  from   cofferdam   
Bracing  cofferdam      
'Removing  cofferdam    . .,   

Total            13.464.0 

f 

—West 

Rate 

Dam.   

Per 
' 

— Bast 

Rate 

Dam.   

Per 
^ — Both  dams.   Rate 

Per 
Total cts. Total. 

cent  of 
Total 

cts. 

Total. 
cent  of Total 

cts. 

Total. 

cent  of hours. 
per  hr. 

cost. total. hours. 

per  hr. 
cost. 

total, hours. 

per  hr 

cost. 

total. 
2,202.5 

?1, 272.25 

16.4 
2,220.4 Jl, 323.17 

20.3 

4,422.9 
$  2.595.42 

18 

5,104.3 4,586.38 
59.2 

5,772.6 3,278.20 

50.2 

13,876.9 
7,864.58 

55.4 

1,525 926.33 
11.95 

1,757.7 1,091.48 16.7 3,282.7 
2,017.81 

14 

1,632.2 

5S 

959.32 

12.45 

100 

1,416.9 

59 
832,57 

12.8 

100 3,049.1 58 
1,791.89 

12.6 

13.464.0 
$7,744.28 

11,167.6 

$6,525.42 

24.631.6 
$14,269.70 

100 

excavation  within  the  cofferdams.  Before  ex- 
ca\ation  was  commenced  soundings  were 
taken  so  that  the  river  bottom  at  the  bridge 
site  could  be  accurately  plotted.  The  sites  of 

the  cofferdams  w-ere  then  dredged  and  the 
dams  constructed.  Later,  another  set  of 

soundings  was  taken,  and  the  actual  quan- 
tity of  material  removed  from  the  cofferdams 

by  dredging  was  computed  to  be  2,li51.o  cu. 
yds.,  which  was  about  39  per  cent  of  the  total 
excavation.  The  material  within  the  coffer- 

dams was  soft,  blue  clay  and  this  was  ex- 
cavated  by   hand,   the   material   being   handled 

labor  costs  of  excavation  are  given   in  Table 
XIIL 

"o" — STEEL   SHEETING  FOR  CONCRETE   SHAFTS. 
The  price  bid  for  the  steel  sheeting  used 

for  the  shaft  foundations,  including  furnish- 
ing of  same,  driving  and  leaving  in  place  was 

2.5  cts.  per  pound.  It  was  specified  that  the 
sheeting  must  weigh  at  least  oo  lbs,  per  square 
foot.  The  length  of  the  steel  sheeting  was 

25  ft.,  its  top  being  at  elevation  — 20.5  and  its 

bottom  at  elevation  — i5.5.  "Lackawanna" 
arched  web  sheeting,  weighing  35  lbs.  per 
square  foot  was  used.     The  size  and  shape  of 

all  driven  with  a  floating  pile  driver,  before 

the  cofferdams  were  closed,  so  as  not  to  block- 
ade the  river.  The  method  of  procedure  was 

as  follows : 

A  corner  sheet  was  first  placed.  This  sheet 

was  then  plumbed  very  carefully  in  one  direc- 
tion with  a  transit  and  in  the  other  by  a  hand 

level.  It  was  driven  into  the  mud  far  enough 

so  that  its  top  was  just  above  the  water.  The 
remaining  sheets  on  this  side  of  the  shaft 
were  then  placed,  particular  attention  being 
given  to  the  other  corner  to  insure  its  being 

\crtical.     The  two  adjacent  sides  of  the  cais- 

Fig.  7.     View  of  85-ft.  Tower  and    Chutes   for    East    Piers   of    Chi- 
cago Ave.  Bridge — Concrete  Chuted  Over  Adjacent  Build- 

ing— Sand     Delivered     by     Boats. 

Fig.     8.      View    from     South     of    East    Piers    and    Pit    of    Chicago 
Ave.    Bridge — Note    Anchor   Column    and    Floorbeam. 

TABLE  XIII  —LABOR  COST  OF  EXCAVATION. 
Total     Rate,  cts.     Total 

Iteni.                                                        hours,       per  hr.         cost.  Remarks. 

DREDGING    WITHIN  COFFERDAMS. 

Dredging,  2.651.5  cu,  yds         2.168            ..  $712.43      Cost  per  cu,  yd,  (0.S15  hrs. )-  $0,268 
Prorated    charge                95            .-  37.31 

Total          2,263            33  $749.74 
."Superintendence,  etc,   12.1  per  cent..         273. S         ..  90.72 

i         Grand   total         2,536.8         33  $840.46      Cost  per  cu,    yd.    (0.96  hrs.)  :=  $0.32 

EXCAVATION    OUTSIDE  OF    COFFERDAMS. 

i'xcavation    for    east    and   west   abut- 
ments, 1,389.7  cu.  yds       1,660            48  $800,03      Cost    per   cu,    yd,    (1.2    hrs.)  =  $0.58 

Prorated    charge                75            . .  42.00 

Total           1.735            ..  $842,03 
Superintendence,  etc.,  12.1  per  cent..        209.9         ..  101.89 

Grand  total          1,944.9         48  $943:92      Cost    per   cu.    yd.    (1.4    hrs.)  =  $0.6S 

EXCAVATION   OUTSIDE  OF   COFFERDAMS. 

Excavation.  2,949  cu.  yds       6,258            ..  $3,136.53 
Prorated    charge              280            ..  166.31 

Total        6,538            51  $3,302.84      Cost  per  cu.   yd.    (2.2)    hrs.  -  $1,065 
Superintendence,  etc.,  12.1  per  cent..         791.1         ..  399.64 

Grand  total          7,329.1         51  $3,702,48      Cost    per   cu.    yd.    (2  5   hrs.)  =  $1.25 

BACK-FILL. 
Back-fill            667            43  $289,55 
Prorated    charge                30            ..  14.50 

Total           697            ..  $304.05 
Superintendence,  etc.,  12.1  per  cent..           84,3         ..  36.67 

Grand  total             7S1.3         43  $340.72 

Grand  total,  all  items,  6,990.2  cu. 
yds     12,592.1         46  $5,826.58      Cost    per   cu.    yd.    (1.8    hrs.)  =  $0,83 

sons  were  set  simultaneously,  care  being  taken 

to  keep  the  correct  distance  between  them. 
The  ODposite  wall  was  then  seL.  (It  should 
be  noted  that  the  sheets  were  merely  set  in 

place  in  the  mud,  all  the'r  tops  being  above water.)  The  sheeting  was  then  driven  by 

using  another  25-ft.  steel  sheet  as  a  follower. 
Two  steel  lugs  were  bolted  to  the  sides  of  the 
follower  at  the  bottom,  to  keep  it  in  place  on 

the  first  sheet.  The  "VVorthington"  steam hammer  used  for  this  work  was  an  additional 

help  in  keepin^'  the  follower  in  place.  A  total 
(if  2(1 1  pieces,  weighing  139, 7-i  tons,  was  used. 
Table  XIV  gives  the  labor  cost  for  this  work, 

"m" — CONCRETE    SHAFT    FOUNDATIONS    FROM    ELE- 

VATION — 20  TO  ELEVATION  — 45. 

The  price  bid  for  completed  concrete  shaft 
foundations  l)elow  elevation  — 20  and  above 

elevation  — 15  was  39-'/4  cts.  per  cubic  foot 
(net  volume).  This  price  included  cost  of 
excavation,  removal  of  water,  removal  of 

boulders  of  less  than  20  cu.  ft.  each,  and  fur- 
nishing of  all  labor,  materials,  tools,  machin- 

ery, etc.,  necessary  to  do  the  work  (except 
steel  sheeting  and  reinforcing  bars).  The 
quantity  of  concrete  placed  was  18,648  cu.  ft., 
making  the  price  bid  for  this  item  $7,319.34. 

The  concrete  caisson  foundations  were  di- 
vided into  two  parts,  the  rectangular  portion 

from  elevation  — 20  to  elevation  — 15  and  the 

circidar  portion  from  elevation  — 15  to  bed 
rock.  The  upper  was  already  lined  with  steel 
sheeting ;  therefore  it  was  only  necessary  to 

place  the  bracing,  which  consisted  of  6xl2-in. 
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TABLE    XI\.— LABOR 

Item. 

Preliminaiy  liandlins  of  sheeting. 
Placing  lugs  on  followers   

COST    Ol- 
Total  Rate,  cts, 
hours,     per  hr. 

12.") 

50.5 

DRIVING    &TEEL,  SHEETING  FOR  SHAFTS. 
Total 
cost.  Remarks. 

$3ti.89 
21.14 

Total      
Superintendence,  etc.,  12.1  per  cent. 

Grand  total   

17.5.5 

21  2 

196.' 

50 

50 

$8S.03 1U.65 

$9S.GS DRIVING    STEEL.   SHEETING. 

Driving  steel  sheeting 
Prorated   charge    .... 

Total      
Superintendence,  etc.. 12.1  per  cent. 

2,5f)0.5 454 

3,014.5 31)4. S 

Av.    S.2   pieces   per    S-hr.    day; 
hrs.   per  ton;   $11.99  per  ton. 

64 
Grand  total         3,379.3 

preliminary 

$1,675.08 245.00 

$1,920.08 
232.33 

$2,152.41      24.2  his.   per  ton,  or 

IS. 3 

50  per  ton. 

Grand     total, 
driving    

3.576 $2,251.0* Av.    5.6   pieces   per    S-hr.    day; 
hrs.   per  ton;   $16. SO  per  ton. 

26.9 

and  12xl2-in.  pine  spaced  about  5  ft.  apart,  as 

the  excavation  proceeded.  The  material  en- 
countered, down  to  elevation  — 45  was  blue 

clay  and  could  be  removed  with  shovels.  It 

w-as  first  hoisted  by  means  of  tripods  and 
windlasses  and  later  with  the  derrick,  the  lat- 

ter being  more  economical.  The  waste  luate- 
rial  was  towed  in  dunn  scow  to  Lake  Michi- 

gan for  disposal.  The  price  bid,  39Vi  cts.  per 

cubic  foot,  in:luded  the  concrete  work.  The 

conc'Xte  plant  v.  Ml  be  described  under  item 
"K. 

Table  XV  gives  the  labor  costs  for  the 
concrete  shaft  found;.lions  between  elevation 

— "20  aiid  elevation  — lo. 

"u" — CONCRETE    SH.\FTS    BELOW    ELEVATION    — 45. 

The  price  bid  for  completed  concrete  shafts 

below  elevatior.  — 45  was  47%  cts.  per  cubic 

foot.  This  price  included  the  cost  of  excava- 
tion, removal  of  watd,  reinoval  of  boulders 

of  less  than  20  cu.  ft.  each,  furnishing  and 

placing  all  lagging  and  iron  or  steel  rings,  and 

all  equipment  for  doing  this  work.  This  orice 

did  not|in:lude  reinforcing  bars.  The  total 

quantity  of  concrete  placed  w-as  14,601  cu.  ft., 
the  concrete  being  a  1  :S  :5  mi.x. 

The  part  included  in  this  item  is  the  circular 

por'inn  of  the  shaft  foundation,  the  river  pier 

"n   — H.\NnLING    AND    SETTING    SVBSTRUCTURE 
STEEL. 

The  price  bid  for  handling  and  setting  sub- 
structure  steel    (furnished    by    contractor    for 

any  part  of  the  main  piers  was  concreted. 
When  the  concrete  reached  the  proper  height 
the  anchor  columns  and  floorbeam  were  set, 

particular  care  being  taken  to  set  them  accu- 
rately. 

Table  XVII  gives  the  labor  costs  of  han- 
dling  and    setting    the    substructure    steel. 

"k" — CONCRETE    IN    TAIL    PITS,    OUTSIDE    WALLS, 

SEWERS,   ABUTMENTS   AND   FOOTINGS. 

The  price  bid  for  the  concrete  in  the  piers, 

tail  pits,  outside  walls,  sewers  and  sewer  out- 
lets, abutments,  footings,  etc.,  including  all 

labor,  materials,  forms,  etc.,  was  $7.25  per 

cubic  yard.  This  concrete  work  did  not  in- 
clude that  in  the  caissons,  which  was  let  under 

a  separate  item.  The  quantity  of  concrete 

placed  was  3,604  cu.  yds. 

The  concrete  used  for  this  work  and  also 

for  the  caissons  was  a  1:3:5  mix.  Part  of  the 

sand  used  was  bank  torpedo,  hauled  in  by 

cars  and  teamed  to  the  site ;  the  remainder 

was   Lake   Michigan  torpedo  sand,  brought  to 

TABLE  XVI. -LABOR  COSTS  OF  CONCRETE  SHAFTS  BELOW  ELEVATION  —45. 
EXCAVATION. 

Item. 

Setting  windlasses  and  building  material  platforms.. 
E.xcavating  caissons  from  El.  — 45  to  rock   
Prorated  charge    

Rate, 

Total cts. 
Total f — Per  cu 

hours. 

per  hr. 

cost. 
Hours. 

4  S3 $    200.31 

5,250 

50 

2,644.10 

9.7 533 

291.02 

yd.»— 

Cost. 

$4.90 

Total          C,2E6 

Superintendence,   etc.,   12.1  per  cent          758.2 

$3,135.43 

379.39 

11.6 

$5. SO 

Grand   total 

Concrete  shafts  below  EI 
Prorated  charge     

      7,024.2 

CONCRETING. 
-45       1,168.4 

408 

Total       ^•''"i'i Superintendence,  etc.,  12.1  per  cent    190.7 

Grand  total    1,"G7.1 

Grand  totil.  excavatng  and  concreting    S,7P1.:! 
»Per  cubic  foot;  0.6  hrs.;  $0.30. 

50 

47 

47 

JO 

$3,514.82         13.0 

$    544.37 
206.62 

%    750.99 
90.87 

$    841. S6 

$4,3.'i6.GS 

2.16 

2.92 

16.27 

$6.50 

$1,00 

$1.38 

$1.55 

$8.05 

the-  superstructure)  was  3  cts.  per  pound.  The 
;imount  of  steel  set  was  102.27  tons. 

The   steel   set   consisted   principally   of   four 

TABLE   XV 

and 

LABOR  COSTS  OF  CONCRETE  SHAFTS  BETWEEN  ELEVATION
S Rate, 

Total       cts.  Total 
hours,    per  hr.        cost. 

PRELIlvnNARY  WORK  AND  EXCAVATION 

unloading   from    scow    the   lumber    for 

-20  AND  —45. 
-Per  cu. 

Hours. 

yd.*-A 

Cost. 

Loading 
.    bracing      
Excavating  and  bracing  caissons  from  El 
— !5      

Prorated   charge      

—20  to  El. 

12.1  per  cent. 

Total      
Superintendence,  etc.. 

Grand   total      

CONCRETING    BETWEEN    ELEVATION    —20 
Concreting  of  upper  part  of  caisson   

Prorated    chaige   ■   

32 

2,470.5 
320 

,822.5 

341.5 
50 

51 
3,164.0         51 

AND  ELEVATION 
47 

Total      
Superintendence, etc..  12.1   per  cent. 

Grand  total      

Grand   total,   cxcavatins;  and   ronoreting. 
•Per  cubic  foot;  0.258  hrs.;  $0,127. 

1,392.3 60.1 

1,452.4 175.7 

1,628.1 

4,792.1 

47 
49. 

$      16.SS 

1.244.28 
174. .:7 

$1,435.73 

173.-,  2 
$1,609.45 

-45. 

$    649.41 26.90 

$    676..U 
81. S3 

$    758.14 

$2,367.59 

3.58 

$1.80 

..... 4.1 

$2.08 
4.6 

$2.32 

2.0 

$0.94 

2.36 

6  96 $iao 

and  the  anchor  pier  cylinders  being  8  ft.  and 

7  ft.  in  diameter,  respectively.  These  diame- 
ters were  adhered  to  as  closely  as  possible. 

The  material  down  to  elevation  —GO  could  be 
removed  with  shovels:  but  from  this  elevtion 

to  bed-rock,  at  an  average  elevation  of  — 81,  it 
first  had  to  be  loosened  with  grubs.  The  clay 

overlying  the  rock  was  imoregnated  with  grav- 
el and  small  boulders,  and  directly  above  the 

rock  there  was  a  thin  layer  black  sand,  slightly 

water-bearing.  The  excavated  material  was 
disposed  of  in  the  same  manner  as  in  the 

upper  part  of  the  shaft,  trioods  and  wind- 
lasses being  first  tried  only  to  be  discarded 

for  the  derrick,  which  hoisted  the  material 

from  the  four  caissons.  The  lagging  used  was 

•Tx6-in.  tongue-and-groove  lumber,  in  .3-ft.  and 

6-ft.  lengths.  The  lagging  was  held  in  phce 

bv  %-in.  by  4  and  5-in.  iron  rings  spaced 
about  3  ft.  apart. 

Table  XVI  gives  the  labor  costs  for  con- 

structing the  concrete  shaft  foundations  be- 
low elevation  — 45. 

"knocked  down"  trusses  spanning  the  cais- 
sons, two  anchor  columns,  one  floorbeam  con- 

nectinp'  these  columns,  and  four  large  anchor 
bolts  for  Mch  side  of  the  river.  The  coffer- 

dam bracing  was  designed  so  as  to  avoid  inter- 

the  site  hv  a  sand  sucker  and  unloaded  bv  two 

clam-shell  buckets  onto  a  moving  belt  at- 

tached to  a  60-ft.  boom.  By  this  arrange- 
ment the  sand  was  placed  practically  where  it 

was  wanted.  The  crushed  stone  used  was 

brought  in  by  teams  and  boats:  that  delivered 
in  boats  beiiig  loaded  on  skips  at  the  quarry 

and  unloaded  at  the  site  by  a  derrick. 

The  mixer  on  the  west  side  of  the  river  was 

set  on  top  of  the  approach  and  the  concrete 

chuted  into  place  (see  Fig.  5).  The  materials 
were  measured  in  wheelbarrows,  a  batch  being 

about  Vi  cu.  yd.  The  caoacity  of  the  mixer 

was  %  cu.  yd.'  Most  of  the  chutes  were  built 
of  2xl2-in.  plank  and  were  unlined. 

At  the  east  side  of  the  river  an  85-ft.  wooden 

tower  was  used.  Figure  7  shows  a  view 

(lookifig  from  the  south)  of  the  tower  and 

chutes  used  in  concreting  the  substructure  on 

the  east  side  of  the  river.  The  sand  was  de- 

livered by  boat.  The  tower  was  4  ft.  9  ins. 

bv  6  ft.  .3  ins.,  and  was  built  of  6x6-in.  posts 

and  2x6-in.  braces.  The  main  distributing 

chute  was  set  at  an  angle  of  about  30°  with the  horizontal.  The  same  mixer  was  used  as 

for  the  west  side. 

The  forms  were  built  of  2x8-in.  planks  and 

4xG-in.  studs  placed  about  3  ft.  apart.  The 

forms  on  the  inside  of  the  pit  and  on  the  out- 

side above  the  water  line  were  D  and  .1/  lum- 

ber. 
TABLE  XVII.— LABOR  COSTS  OF  PLACING  SU  BSTRUCTURE  STEEL. 

Rate, 

Total Item.  hours. 

Handling  steel  from  cars  to  site          1"7 Bolting  and  erecting       1,15  i 

cts. Total 
,   Ptr 

ton   

per  hr. 

cost. Hours. Cost. 

%       93.76 

1.7 

$0.92 

803.83 11.3 
7.90 l.'iSl 

133 
Total        

Prorated  charge    

Total       1,464 
Superintendence,  etc,  12,1  per  cent          177.1 

897.59 

73.78 

971.37 
117.54 

13.0 

$8.80 
Grand   total          1.611.1 67 

Note. — Derrick  and  derrick  scow  were  used  about  10  days  each. $1,088.91         16  0         $10.65 

fering  with  the  erection  of  these  substructure 

trusses  The  pieces  were  all  handled  by  the 

derrick,  being  fastened  together  with  turned 

bolts.     These  trusses  were  set  in  place  before 

(looking   from   the 
cast    piers   and   pit. 

Figure  8  shows  a  view 
south)    of   the   completed 

The  view  also  shows  an  anchor  column  and  a 

part    of    the    floorbeam. 
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Table  XVIII   gives  the  labor  costs   for  the 

concrete  work  under  item  "K." 

TABLE  XVIIL- -LABOR  COSTS  OF  CONCRETE    UNDER  ITEM   "K." 
Rate,  I   TTnit-costs 

Item. 
MIXING 

Mixing:  and  placing  concrete.  3,604  cu.  yds. 
Prorated  charge    

Total        cts. 
hours,    per  hr. 

AND    PLACING 

r,22S.5 570.5 

Total          7,799 
Superintendence,  etc.,  12.1  per  cent          943.' 

Grand   total          8,742.' 

46 

46 

46 

Total      •  ̂ Per  sq.  ft  ■ 
cost.         Hours.       Cost. 

CONCRETE. 
$3,343.71           

258.00           

-Per  cu. 

Hours. 2.00 

$3,601.71 435.81 

$4,037 
BUILDING   FORMS 

Building  forms,  38,340  sq. 
Prorated  charge    

ft       3,929 
         303 

Total          4,232 
Superintendence,  etc.,  12.1  per  cent         512.1 

Grand  total  (38,340  sq.  ft.,  3,604  cu.  yds.)    4,744.1 

Stripping  forms          1,004.3 
Prorated  charge      77.3 

STRIPPING  FORMS, 

Total         1.081.8 
Superintendence,  etc.,  12.1  per  cent          130.9 

Grand  total        1,212.' 

Grand    total,    all   items   14,699.: 

L   — CEMENT    MORTAR    FOR    F.\CING    AND    WATER- 
PROOFING. 

The  price  bid  for  furnishing  and  placin.g 
the  Portland  cement  mortar  used  for  facing 
and  for  waterproofing  the  courses  in  the  tail 
pits  was  $11.00  per  cubic  yard.  The  quantity 
of  mortar  placed  was  357  cu.  yds. 
The  mortar  used  for  this  work  was  a  1  :2 

mi.x.  A  6-in.  horizontal  mortar  course  was 
placed  at  elevation  — 18,  or  about  in  the  cen- 

ter of  the  tail  pit  floor,  and  extended  from 

this  course  on  the  outside  of  the  tail  pit  walls 
to  elevation  — 2.  where  the  thickness  was  re- 

duced to  4  ins.  From  elevation  +2  to  the  tops 
of  these  walls  the  thickness  of  the  mortar 

course  was  2  ins.  The  inside  of  the  pit  had  a 
3-in.  mortar  finish  on  tlie  floor  and  a  2-in. 
course  on  the  sides.  The  small  walls  on  the 

outside  of  the  main  piers  were  merely  spaded, 
as  were  the  abutments. 

The  same  plant  was  used  for  this  work  as 
for  the  concrete  work.  The  mortar  was  held 

in  place  by  1-ft.  mortar  boards.  These  boards 
were  set  up  against  the  forms,  and  the  con- 

crete was  placed  up  to  their  tops.  The  mortar 
was  then  placed  in  the  space  between  the 
forms  and  the  mortar  boards.  The  boards 

were  then  raised,  and  the  operation  was  re- 
peated. The  concrete  was  thus  placed  in  1-ft. 

horizontal  layers  and  the  mortar  placed  against 
the  concrete  while  the  latter  was  still  green. 

Table  XIX  gives  the  labor  costs  of  mixing 
and  placing  the  mortar  courses. 

tlie  o-ft,  sewer   (Iwo-rin.g  brick  construction),       piling,  including  all  labor,  timber,  tools,  bolts, 

including  e.xcavation,'  was  $9.60  per  linear  foot.       nuts,  washers,  spikes  and  other  appurtenances, 
        was  $62.40  per   M.   ft.   B.   M.   in   place.     The 

quantity   of  oak   lumber   placed    was  5,564   ft. 

-—s      B.  M.  ' 

Cos?  '^'^^  'I'S'^  "^"^^  "^  '''''^  work,  given  in  Table XXII,  is  mainly  due  to  the  small  quantity  of 

»Q  93       timber  used  and   to  the  large  amount  of  cut- 
        ting  and  fitting  required.     The  excavation  re- 
— — :       quired  for  a  i)art  of  the  sheeting  also  increased 
•  the  cost  considerably, 

— —  "f" — PINE    TIMBER    I.X    TLACE. 

$1,20 
The  price  bid  for  the  pine  timber  used  in 

$0,65       constructing   docks,    pier   protections,    etc.,   in- 
        eluding    all    labor,   timber,   tools,   bolts,     nuts, 

$^7^  washers,  spikes  and  appurtenances,  was  $39.00 
.....  per  M,  ft,  B.  M.  The  amount  of  pine  timber 

^—      placed  was  5,128  ft.  B.  M. *  '  The  high  cost  of  placing  this  timber,  given 
in  Table  XXIII,  was  due  to  the  same  causes 

,   ', ,       as  were  given  for  placing  the  oak  timber. — —  "r" — furnishing   AXP   erecting   STRUCTURAL 

. .      "  STEEL. 

^'yi  The   price   bid   for    furnishing   and    erecting — —  structural  steel  was  2,5  cts.  per  pound.  The 
^"■'0      quantity  placed  was  9,136  lbs. 

This  steel  was  principally  chains  for  the 
pile  clumps,  and  the  work  was  so  closely  allied 

to  the  pile  driving  that  its  labor  cost  'was merged  with  the  cost  of  pile  driving. 

60 

60 

60 

$2,337.49 186.00 

$2,523.49 305.34 

$2,828.83 

0.10 

0.125 

1,061 

$0,066 

$0,07 50 

50 

30 31 

505.28 
39.06 

544.34 

65.87 

$    610,21 

$7,476.56 

2.16 
:.44 

1.17 

1.32 

0.28 

0.30 

0.34 

2.9 

As  the  sewers  on  each  side  of  fhe  river 
were  located  in  the  center  of  the  street,  it  was 
necessary  to  make  a  temporary  diversion  to 
the  side  while  construction  was  being  carried 
on.  The  above  price,  $9.60  per  linear  foot. 
included  the  connection  from  the  original 
sewers  to  the  new  outlets.  The  cost  of  the 

temporary  diversion  was  included  in  item  "C," 
On  the  west  side  of  the  river  50.1  ft.  of  new 
sewer  were  built,  and  on  the  east  side  19.5 
ft.  were  constructed.  Practically  all  of  this 
construction  was  on  a  curve  and  through  a 

15-ft.  cut.  The  cost  of  this  work  is  given  in 
Table  XXI. 

PERSONNEL. 

The  work  described  in  this  article  was  in 

chirge  of  John  Ericson,  city  engineer  of 
Chicago:  Thos.  Pehlfeldt,  bridge  engineer; 
.Alexander  von  Babo,  designing  engineer; 

Clarence  Rowe,  construction  engineer ;  and 
Carl  O.  Johnson,  resident  engineer.  The 
Byrne  Bros,  Dredging  and  Engineering  Co. 
was  the  contractor  for  the  substructure,  for 

whom   Thos.   Lynch   was    superintendent. 

T.\BLE    XXI. —LABOR   COST   OF    CONSTRUCTI  ^'G  5-FT.   SE'R'ER'. Item.                                                                                                      Total      Rate,  cts.     Total  Per  linear  ft. 
hours.        per  hr.         cost.  Hours.     Cost. 

Excavating  in   clay,   bracing  trench,   pumping,  laying  2- 
ring,    5-ft.    sewer,   and   baclifilling        1,498              52.5           $787.41  22         $11.31 

Superintendence,  etc.,  12.1  per  cent    181.3     95.28    

Total            1.679.3           52.5            $882.69  24         $12.70 

TABLE  XXII.— LABOR  COST  OF  PLACING  OAK  TIMBER. 
Item.  Total     Rate.  cts.      Total      Per  1,000  ft.  B.  M. 

hours.      per  hr.          cost.  Hours.        Cost 
Placing  5,564  ft,  B,   M,  oak           373                63             $236.17  68             $42.30 
Prorated  charge              11                . .                   4.66  . .             ...... 

Total              386                ..             $240,83  69             $43.00 
Superintendence,  etc.,  12.1  per  cent    46.7  ..  29.14  ..    

Grand  total              432.7            63             $269.97  78             $48.50 

The 

E   ■ 

price 

—OAK     TIMBER     IN     PLACE. 
bid   for  the   oak   timber   used 

TABLE  XIX.— LABOR  COSTS   OF   MIXING    AND  PLACING  MORTAR  COURSES Rate, 

Tot.al         cts.  Total 
Item.  hours,    per  hr.        cost. 

Mixinsi'  and  nlacing  mortar,  337  ou.  yds       1.612  \\         %    706.92 Prorated    charge    T          411.6         .,  212,40 

— Per  cu,  yd  — 
Hours.      Cost. 
4.3  $1.98 

$ Total          2,023.6         45 
Superintendence,  etc,  12.1  percent          244.9 

Grand  total        2,268.5         43         $1,030.56 

919,32 
111  24 

$2,90 

Erection  of  Steelwork  of  Buildins;  by  Lo- 
comotive Crane. — The  New  Jersev  Zinc  Co. 

has  recently  constructed  a  bag  house  at  Pal- 
merton.  Pa,,  the  steel  framework  of  which 

was  erected  by  a  "Bay  City"  25-ton  locomo- 
tive crane  fitted  with  a  long  boom.  The  build- 
ing is  fi4%x805  ft.  and  has  a  height,  to  tjie 

lower  chords  of  the  roof  trusses,  of  59  ft. 
The  framework  is  comparatively  light  and 
none  of  the  pieces  handled  in  the  field  weighed 
more  than  2  tons.  In  erecting  the  heavier 
pieces    the    locomotive    crane    moved    along   a 

"v" — REINFORCING    BARS    FOR    CONCRETE. 
The  price  bid  for  furnishing  and  placing 

the  steel  reinforcement  in  the  concrete  cylin- 
ders, shafts,  foundations,  piers,  pit  construc- 
tions, outside  walls,  and  abutments  was  2  cts. 

placed  was  72.85  tons.  (See  Part  I  in  Oct.  21, 
1914    issue). 

The  labor  costs  of  this  work  are  given  in 
Table  XX. 

TABLE  XXIII.— LABOP.  COST  OF  PLACING  PINE  TIMBER. 

Item.                                                                                                 Total     Rate,  cts.  Total 
hours.      per  hr.  cost. 

Placing  5,128  ft.  B.  M.  pine         495             57  51^4  4,1; 
Prorated  charge            41            . .  22.30 

Total         537             ..  $306.78 
Superintendence,  etc.,  12.1  per  cent           65             ..  37.12 

Grand  total      '.         602            57  .T313.90 

Per  1,000  ft.  B.  M. Hours. 

97 Cost. 

$55,.50 

105 

$60.00 

$67.00 
TABLE   XX.— LABOR   COSTS   OF  PLACING   REINFORCING  BARS. 

Item. 
Unloadin.s:,  sorting  and  miscellaneous  handling  of  bars. 
Placing   bars,    72. S5    tons   

Rate, 

Total cts. Total 
,   Per  ton — hours. 

per  hr. 

cost. 
Hours,      Cost 

160 
$  78.53 

927.5 
437.68 

Total          1,087.5 
Superintendence,  etc.,  12.1  per  cent          131.6 

47 

Grand   totiil          1,219.1 

$516.21 62,46 

$578.67 

14.9 

$7.07 

$7.95 S   — DIVERTING    AND    EXTENDING    SEWER. 
The  price   bid   for   diverting  and   extending 

constru'-tinc  docks  and  pier  protection,  bumn- 
ing   timbers   in  tail  pits   and  permanent  sheet 

longitudinal  track  which  extended  from  one 
enil  of  the  building  a  short  distance  beyond 
the  other  end.  The  lighter  pieces  of  the 
framework  were  erected  by  hand.  Tlie  build- 

ing was  erected  by  the  Pittsburgh  Construc- tion  Co. 

Orders  were  recently  placed  in  Pittsburgh 
for  100  miles  of  80-lb,  steel  rails  for  a  South 
,A,merican  railway.  This  is  the  largest  South 
.•\merican  order  for  steel  rails  as  yet  received 
in  this  country. 
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Design  of  the  Sewerage  System  for  the 
Panama-Pacific    International   Ex- 

position, San  Francisco,  Calif. 
Contributed  by  William  Clyde  Willard,  Assistant 

Engineer,  Division  of  Works. 
DESCRIPTION    OF    SITE. 

The  site  of  the  Panama-Pacific  International 
Exposition  is  in  that  section  of  San  Francisco, 
locally  known  as  Harbor  View,  lying  at  the 

westerly  end  of  the  city's  north  waterfront and  on  the  shore  of  San  Francisco  Bay,  just 
within  the  Golden  Gate,  and  covering  an  area 
slightly  in  excess  of  600  acres  including  some 
8-5  city  blocks  and  a  nearly  equal  area  lying 
in  the  United  States  Government  Alilitary  Res- 

ervations of  "The  Presidio"  and  "Fort  Ma- 

son." When  this  location  was  selected  as  the  site 
fur  the  Exposition,  an  area  covering  some  20 
city  blocks  at  Harbor  View  was  a  tidal  basin 
over  most  of  which  the  water  was  from  o  to 

Cisco  City  datum  plane  was  taken  as  zero  for 
elevations.  This  datum  is  11.768  ft.  above 
mean  low  water,  the  datum  of  the  U.  S.  C.  & 

G.  S.,  the  U.  S.  Army  Engineers  and  the  Cali- 
fornia State  Harbor  Commission.  Much  of 

the  ground  was  below  city  datum  so  it  was 

necessary  in  almost  all  work  to  deal  with  posi- 
tive and  negative  elevations. 

F'rom  data  collected  at  the  Presidio,  covering 
the  time  interval  1897-1907,  the  elevations  of 
different  tide  stages,  below  city  datum,  were 
as  follows : 
Lowest  tide  observed     14.360 
U.  S.  C.  &  G.  S.  zero     11.768 
Jlean  of  all  low  waters      10.624 
Mean  sea  level  (U.  S.  G.  S.  zero)       S.666 
Mean  of  all  high  waters       6  624 
Highest  tide  observed       3. GOO 

At  the  time  the  site  was  taken  over  liy  the 
Exposition,  three  city  outfall  sewers  existed 
in  the  Harbor  View  section  of  the  grounds. 
These  paralleled  each  other  running  from 
south  to  north.  The  easterly  one,  a  6-ft.  cir- 

cular sewer  in  Laguna  Street,  emptied  into  a 

10-in.  ironstone  pipe  storm  sewer  emptied  onto 
the  ground  above  the  east  end  of  the  marsh; 
a  3-ft.  X  3  ft.  6  in.  timber  box  storm  sewer 
and  a  24-in.  ironstone  pipe  storm  sewer  emp- 

tied into  the  marsh. 
Immediately  after  the  filling  of  the  tidal. 

basin  at  Harbor  View  was  completed,  the  city 
commenced  construction  of  an  extension  to 
the  Pierce  St.  sewer  from  its  former  end,  at 
Bay  St.,  1,773.7.5  ft.  north  across  the  fill  to 
the  bay,  making  a  submerged  two-compart- 

ment outlet  having  a  flowline  elevation  of 
—23.00  ft.  at  the  outfall.  This  sewer  is  of 
concrete,  circular  in  section  and  increases  in 
diameter  from  7  ft.  to  7  ft.  6  ins.,  and  then 

to  8  ft.   . 
The  city  next  constructed  two  intercepting 

sewers,  one  west  from  the  Laguna  St.  sewer 
to  the  Pierce  St.  sew-er  and  the  other  east 
from  the  Baker  St.  sewer  to  the  Pierce  St. 

sewer.  The  former  is  approximately  3,100- 
ft.  long,  with  sections  2  ft.  6  in.  x  3  ft.  9  in. 
at    Pierce    St.,    this   section    being   egg-shaped 
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I 
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Z  Hangar 
J  Gas 
4  Bakery 

5  Life  Saying  Station 
6  Athletic  Field,  Race  Track 
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9  Dairy  BIdg 
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11  Congress  BIdg 
IZ  Stock  Exhibit 
13  Stadium 
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15  California  BIdg. 
16  Food  Products  Palace 

U.S.  Government  Reservation  Presidio 

17  Educational  and  Social  Economy  Palace 
18  Horticultural  Palace 
19  Lagoon 

ZO Agriculture  Palace 
21  Transportation  Palace 
22  Mines  and  Metallurgy  Palace 
Z3  Machinery  Palace 
Z4  Varied  Industries  Palace 
25  Manufactures  Palace 
Z6  Liberal  Arts  Palace 
27  Court  of  Honor 
28  Festival  Hall 
29  South  Gardens 
30  Amusement  Concessions 

Fig.   1.     Block   Plan   Showing   Sewerage  System   for 

12  feet  deep  at  mean  high  tide.  Also,  a  second 
area  covering  almost  two-thirds  of  that  por- 

tion of  the  site  lying  witliin  the  Presidio,  was 
a  marsh  in  which  the  depth  of  water  ranged 
from  2  to  5  ft.  The  lirst  work  towards  pre- 

paring the  site  for  the  Exposition  consisted  of 
filling  in  these  water  areas  with  material  hy- 
draulically  dredged  from  the  bay,  and  al- 

though completed  about  18  months  ago,  a 
slight  settlement  is  still  observed  over  the 
deeper  portions  of  the  lill. 

.Vpproximately  lliree-fourths  of  the  site  is 

on'  nearly  level  ground  lying  at  an  elevation of  only  3  to  6  ft.  above  high  tide.  The  set- 
tling hydraulic  fill  and  the  low  elevation,  to- 

gether with  the  decision  to  have  but  one  sani- 
tary outfall  sewer  for  the  entire  site,  offered 

serious  obstacles  to  the  design  and  construc- 
tion of  the  sewer  system. 

In  all  work  of  the  Exposition  the  San  Fran- 

small  cove  of  the  bay;  the  second  one  was  in 
Pierce  Street,  about  2,.5UO  ft.  further  west  and 
discharged  through  a  6-ft.  circular  section  into 
the  tidal  basin;  the  third  one,  having  a  5-ft. 
circular  section,  was  in  Baker  St.,  some  1,900 
ft.  still  further  west,  and  discharged  directlv 
into  the  bay.  The  outer  500  ft.  of  the  last 
sewer  was  in  poor  condition  and  the  sewage 
was  really  discharged  through  a  break  several 
hundred  feet  from  the  end,  the  sewer  being 
tilled  with  sand  from  that  point  to  the  outfall 
Besides  these  trunk  sewers  there  were  over 
15,000  ft.  of  branches  ranging  in  size  from  an 
8-in.  vitrified  pipe  to  a  2-ft.  6  in.  by  3  ft.  9  in. 
brick,  egg-shaped  section.  All  these  carried both  sanitary  sewage  and  storm  water. 

In  the  Presidio  section  of  the  site  there 
existed  a  12-in.  ironstone  pipe  and  a  12-in.  cast 
iron  pipe,  both  sanitary  sewers  and  both  dis- 

charging   into    the    bay    beneath    a    wharf-    a 

with  fiat  top,  and  diminishing  in  size  to  a 
12-in.  ironstone  pipe  at  Laguna  St.  The  sec- 

ond intercepting  sewer  is  appro.ximately  1,935- 
ft.  long  with  sections  flat  roofed,  egg-shaped 
2  ft.  6  ins.  x  3  ft.  9  ins.  at  Pierce  St..  2  ft.  x  3 
ft.  intermediate,  and  21  in.  ironstone  pipe  at 

Baker  St.  The  intercepting  sewers  were  de- 
signed to  carry  only  the  dry  weather  flow  of 

the  two  trunk  sewers,  together  with  such  sew- 
age as  they  picked  up  along  their  run.  The 

sewage  was  deflected  from  each  trunk  into  its 
intercepting  sewer  by  a  weir  placed  just  be- 

low the  point  of  junction.  The  storm  water 
flow,  carrying  the  diluted  sewage,  passes  over 
the  weir  and  on  down  the  respective  trunk fewer  to  the  bay. 

The  intercepting  sewer  west  of  Pierce  St. 
was  planned  to  cross  an  arm  of  the  Yacht 
Harbor  which  it  was  originally  intended  to 
fill.     However,  it  was  found  cheaper  to  carry 
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the  roadway,  in  which  the  sewer  was  to  be 
laid,  across  this  arm  of  water  on  a  trestle 
than  to  make  a  solid  till  of  it,  so  a  HO-in.  wood 
stave  pipe,  with  staves  3  ins.  thick,  and  hung trom  the  trestle,  was  substituted  for  380  ft. 
of  the  :.'  ft.  X  3  ft.  concrete  section. 
A  short-  time  after  the  completion  of  the two  mterceptmg  sewers,  the  city  awarded  a 

contract  for  removing  the  damaged  outer  por- 
tion of  the  Baker  St.  sewer  and  replacing  it 

with  713.75^  ft.  of  concrete  sewer  having  a  5 
ft.  a  in.  X  6  ft.  section,  and  a  submerged  out- 

let with  a  flow  line  elevation  of  —•'2  00  at outfall. 

The  construction  of  the  two  intercepting 
sewers  leading  into  the  Pierce  St.  sewer  was 
the  result  of  an  understanding  between  the 
Exposition  Company  and  the  citv  to  make  the 

Pierce  St.  sewer  the  outfall  'for  the  drv weather  flow  of  the  entire  exposition  site,  and 
the  adjacent  sections  of  the  city.  The  reason 
for  this  was  the  fact  that  the  Pierce  St.  oiit- 
fall  is  far  more  advantageously  situated  with 
respect  to  tidal  currents  than  either  the  La- 
guna  St.  or  the  Baker  St.  outfalls  and  the 
sewage  will  be  carried  away  by  the  tides, 
thereby  preventing  the  long  beach  line  of  the 

Exposition — which  is  to  be  made  a  very  at- 
tractive   feature — from   becoming    fouled,   the 

storm  water  going  directly  into  the  bay 
through  the  four  different  outfalls  shown  and 
the  sanitary  sewage  being  pumped  into  the 
Baker  St.  sewer  .above  the  deflecting  weir  at 
the  west  intercepting  sewer,  through  which  it 
finall\  reaches  the  Pierce  St.  outfall. 

GENER.AL  ASSUMPTIONS. 

In    computing   the   sewer   sizes   the    rainfall 
rate  table   prepared   several  years  ago  by  the 

by  the  presence  of  the  Exposition,  however, 
undoubtedly  more   than   equal   this. 

The  finished  surface  of  the  Exposition  at 
the  point  above  mentioned  on  the  Pierce  St. 
sewer  roadways  and  gardens  is  —1.5  ft. 

In  the  general  design  it  was,  therefore,  nec- 
essary to  assume  that  the  possibility  of  simul- 

taneous occurrence  of  extreme  high  tide  and 
heavy  rain  fall  was  exceedinglv  small,  and  in 

District                                                                     '  Runoff. 
^'^'^"'^^-  Per  cent  of rainfall. 

Amu.sement    concessions       -« 

Areas  covered  by  exhibit  palaces          -.qq 
Paved  areas  of  courts,  roadways,  entrances,  etc   '.    inn 
All  gardens                                   2" 
Entire  area  for  state  and  foreign  pavilions........         '    40 
Stock  exhibit  district                'X 
Drill  ground  and  athletic  field         in 
Steep  hillside  above  drill  ground                   in 
Race  track                                  Vq 

Interval  of 
rain   giving 

maximum  run- off, minutes. 

5 5  to  10 
5  to  1.^ 
5  to  9 5  to  IS 

10 5  to  10 

San  Francisco  City  Engineer's  office  and  still 
used  by  them,  was  used.  The  curve  in  Fig. 
2  w-as  plotted  from  this  table.  Referring  to 
Fig.  1  for  the  position  of  the  various  dis- 

tricts named,  the  runoff  was  assumed  as 
shown   in   tlie   above   tabulation. 

From  an  investigation  of  the  United  States 

any  case  could  only  prevail  for  a  very  short 
period  during  which  the  temporary  flood  con- 

dition resulting  would  not  damage  or  incon- 
venience the  Exposition  to  any  extent  as  gar- 

dens and  roadways  only  could  be  affected, 
the  building  floors  being  all  set  well  above  the 
zone  of  danger. 

£lrlr] 
Exposition  sanitary  sewer 
Exposition  storm  sewer 
Exposition  combined  sewer 
City  Sewer Presidio  Sewer 

City  block  lines 

Panama-Pacific    International     Exposition,    San    Frsncisco,   Calif. 

inevitable  result  if  numerous  sanitary  sewage 
outfalls  existed.  Therefore,  in  designing  the 
sewer  system  for  the  Exposition  site,  where 
any  sanitary  sewage  had  to  be  cared  for,  the 
city  sewers  were  used  as  the  backbone  of  the 
system.  A  great  amount  of  storm  water  was 
also  emptied  into  them,  but  where  their  ca- 

pacity was  insufficient,  the  storm  water  was 
kept  separate  and  carried  directly  to  the  bay 
by  the  separate  storm  sewer  outfalls. 

In  Fig.  1  is  shown  the  block  plan  of  the 
Exposition  site  and  on  it  the  skeleton  outline 
of  all  city,  U.  S.  Government  and  Exposition 
sewers.  The  areas  within  the  various  shaded 
lines  show  the  extent  of  the  hydraulic  filling 
In  the  sections  given  over  to  State  and  For- 

eign Pavilions  and  the  Stock  E.xhihit  Section, 
the  ground  being  low  in  elevation,  and  remote 
from  the  Pierce  St.  sewer,  the  stLirm  water 
and    sanitar\'    sewage     were     separated ;     the 

tide  tables  for  San  Francisco  Bay,  the  curve 
in  Fig.  3  was  plotted.  This  gives  the  average 
normal  time  in  hours  per  day  at  which  the 
tide  is  at  or  below  certain  elevations.  Since 
much  of  the  Exposition  site  is  on  low  ground, 
in  some  places  the  finished  surfaces  of  road- 

ways and  gardens  being  but  a  few  inches 
above  the  top  of  the  large  city  sewers,  it  was 

impossible  to  design  a  system  w-hich  would 
not  be  subject  to  hindered  or  impaired  opera- 

tion at  the  highest  tide  during  a  heavy  rain. 
The  use  of  pumps  to  remove  this  condition 
would  have  largely  increased  construction 
costs,  and  many  times  increased  operating 

costs.  The  City  Engineer's  office,  in  designing the  Pierce  St.  sewer  extension,  computed  a 

hydraulic  grade  line  elevation  of  — 2.00  ft.  at 
a  point  some  200  ft.  from  the  outfall,  which 
will  only  be  obtained  when  the  tributary  area 
of  the  city  is  built  up ;  the  conditions  imposed 

From  Fig.  3  it  will  be  seen  that  on  an  aver- 
age the  tide  is  at  or  below  — G.u  for  23  hrs.,  34 

mins.  per  day  :  at  or  below  — 7.0  for  12  hrs.  54 
mins.  per  day ;  at  or  below  — 8.0  for  12  hrs. 
12  mins.  per  day;  at  or  below  — 9.0  for  fj  hrs. 
36  mins.  per  day,  and  at  or  below  — 10.0  for  3 
hrs.  10  mins.  per  day.  From  a  study  of  these 
elevations  and  durations,  a  height  of  —7.0 
(approximately  0.4  ft.  below  the  Presidio 
record  of  the  mean  of  all  high  waters)  was 
taken  as  the  point  from  which  to  start  the 
hydraulic  grade  line  for  obtaining  the  re- 

quired sewer  sizes,  where  the  sewer  in  ques- 
tion emptied  directly  into  the  bay.  In  case  the 

sewer  emptied  into  one  of  the  city  trunk  sew- 
ers, the  inside  top  of  the  city  sewer  was  taken 

as  the  point  from  which  to  start  the  hydraulic 
grade  line  of  the  joining  sewer.  In  the  case 
of  the  two  intercepting  city  sewers,  the  in- 

side top  of  these  sewers  at  their  junction  with 
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the  Pierce  St.  trunk,  was  taken  as  a  point  on 
the  hydraulic  grade  line  and  their  capacities 
computed  back  therefrom. 

Besides  receiving  a  small  quantity  of  sew- 
age from  the  Baker  and  Laguna  Street  sew- 
ers, the  two  interceptors  will  be  required  to 
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and  100  per  cent  runoff.  The  mouths  of 

down  spouts  were  flared  enough  theoretically 
to  take  the  capacity  of  the  vertical  pipe.  One 

square  inch  of  cross-section  of  downspout 

was  provided  for  each  500  sq.  ft.  of  roof  sur- 
face, but  no  downspout  less  than  5  ins.  in 

diameter  was  used  in  any  Exhibit  Palace  ex- 

cept for  the  Fine  Arts  and  Horticulture,  where as  small  as  2  ins.  was  used. 

onels 

"       5     9    (3    17    II    25  19  i}   }?  41    45  49  53  57  6/    65  69 
Ouration  of  Rain  in  Minutes 

Fig.  2.     Curve  Showing   IWaximum   Rate  and 
Duration  of   Rainfall  for  San   Francisco. 

carry  the  roof  water  and  sanitary  sewage  from 
the  .Agriculture,  Mines  and  Machinery  Pal- 

aces and  the  drv  weather,  or  sanitary,  flow 
from  one  half  the  Liberal  Arts,  the  Educa- 

tion and  Social  Economy,  Horticulture  and 
Food  Products  Palaces.  The  roof  water  from 
the  Machinery  Palace  alone  is  estimated  at  IT 

g   Average  time  inhrs.perdoy  during  whiich  ttie  Tide  is  at 
P  or  below  a  given  Elevation 

18    ZO    ZZ  ZA 

Fig.  3.     Curve  of  Tide   Duration  at  the  Site 
of    the     Panama-Pacific     International 

Exposition,   San    Francisco. 

second  feet.  The  flow  from  these  palaces 
taxes  the  capacity  of  these  two  sewers,  and  in 
the  Court  of  the  Four  Seasons  it  was  neces- 
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Fig.  4.     Method  of  Supporting   Sewers  by  th 

(a)    Sewer   line   parallel   and   (b)    sewer   line   per 

UNIQUE    ASPECT    OF    PROBLEM. 

In  designing  the  structures  for  the  Exposi- 
tion sewer  system,  the  problem  to  be  solved 

was  entirely  dilterent  from  that  for  any  mu- 
nicipal sewer  system.  First,  all  parts  of  the 

system,  with  but  a  few  exceptions  described 
later,  were  to  be  temporary,  their  usefulness 
expiring  with  the  close  of  the  Exposition  in 
December,  1915.  To  provide  a  more  perma- 

nent system  would  add  unnecessarily  to  the 
initial  cost.  Besides,  much  of  the  land  leased 
by  the  Exposition  Company  was  leased  with 
the  agreement  that  at  the  close  of  the  Expo- 

sition the  Company  should  restore  the  ground 
to  its  original  condition.  Therefore,  the  more 

temporary  the  sewer  structures,  the  more  eas- 
ily can  they  be  removed  later.  Second,  the 

cheapest  material  to,  meet  the  above  condi- 
tions had  to  be  selected.  Third,  where  the 

sewage  is  pumped,  and  also  for  some  combined 
sewers,  the  pipes  had  to  be  laid  in  sand  at  a 

depth  ranging  from  0  to  10  ft.  below  the  nor- 
mal elevation  of  the  ground  water,  so  that  the 

material  used,  though  temporary  and  cheap, 
must  be  as  watertight  as  it  would  be  possible 
to  make  any  permanent  sewer. 

After  considering  these  requirements,  second 
quality  vitrified  ironstone  pipe,  both  dipped 

and  undipped  machine  banded  fir  wood-stave 
pipe,  continuous-stave  redwood  pipe  and  tim- 

ber box  culverts  were  used  to  fit  conditions  in 
different  sections  of  the  site.  From  an  in- 

vestigation   of    all    available    records    it    was 

stave  pipe  sewers  built  by  the  Exposition  is 

approximately  21,720  tin.  ft.,  or  over  four 
miles.  This,  undoubtedly,  establishes  a  new 

record  in  this  line  of  construction  for  wood- 
stave   pipe. 
The  required  size  of  the  ironstone  pipe 

sewers  was  obtained  from  the  Williams  and 
Hazen  tables  for  tile  sewers.  The  size  of  the 
wood-stave  pipe  was  obtained    from   diagram 
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(b)  Elevation  Section  D'D 

e    Piling    Under    Buildings  on    Filled   Ground. 

pendicular  to  floor  joists. 

published   by  Tlieron   H.   Noble   based   on   the 
formula, 

Q=1.28  D'-"'  H-'*',  where Q=discharge  in  cubic  feet  per  second 
D^nternal  diameter  in  feet 
H=head  in  feet  in  1,000  feet. 

In  all  cases,  with  a  few  exceptions  under 
some  of  the  Exhibit  Palaces,  in  the  State  and 

Foreign  Pavilions  districts  and  the  Stock  Ex- 
hibit   district,   both    the   ironstone   and    wood- 

■  Cement  Mortor  /■  ? 
Terra  Cotta  Cover 

Z  Strands  twisted '  IZ  Galv.  stee  I  wire 

Bonds  well  stapled before  cutting 

Section  Elevation 

Fig.  5.     Details   of    Double   Catch    Basin 
Connection  for  Wooden  Stave  Pipe. 

stave  pipes  were  laid  on  the  following  mini- mum grades : Size  of 

pipe.  ins. 

10. 

Minimum  per 
cent  of  gradi.         1.0 
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SideElevotion  Half  Section  Holf  Elevation 

Fig.  6.     Section   and    Elevations  of   Outfall   Structure     for     51-in.     Sewer,     Panama-Pacific    International   Exposition. 

sary  to  include  a  separate  storm  system  empty- 
ing into  the  Yacht  Harbor. 

The   runoff   from   the   roofs  of  all  Exhibit 

Palaces  was  computed  for  a  5-minute  interval 

found,  before  determining  upon  the  use  of 

wood-stave  pipe,  that  such  pipe  had  been  used 
in  a  lew  places  to  a  very  limited  extent  for 
sewer  purposes.     The   total   length   of  wood- 

12            n.4 
15    0.3 
21    0.2 
24  and  over    0.1 

The  exceptions  to  this  practice  occurred  at 
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the  upper  ends  of  a  few  sewers  where,  by 
placing  the  small  pipes  on  slightly  flatter 
grades  than  the  above,  the  cost  of  the  system 
could  be  considerably  reduced  by  reducing  the 
depth  necessary  for  the  lower  sections. 

SEGREGATION    INTO    DISTRICTS. 

Amusement  Concessions.— This  district  of- 
fered no  difficulties.  City  sewers  existed  in 

rnany  of  the  former  city  streets  and  the  ground 
lies  higher  than  in  any  other  portion  of  the 
site.  Five  separate  systems  carrying  combined 
sewage  were  installed.  The  size  ranged  from 
(i-in.  to  14-in.  ironstone  pipe,  and  in  every 
case  the  grade  was  good  and  the  sewers 
operate  under  no  head. 
Main  Exhibit  Palace  District.~Tht  three 

city  trunk  sewers,  with  their  several  branches, 
are  in  this  district  and  were  used  as  a  basis 
for  the  Exposition  systems.  Twelve  Main 
F.xhibit  Palaces,  the  Festival  Hall  and  Service 
P.uilding  drain  all  roof  water  and  sanitary 
.sewage  ultimately  into  these  sewers,  and  in 
addition,    about    three-fourths   of   the   ground 
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surface  runoff  of  the  district  reaches  them. 
The  roof  water  from  the  above  structures 
alone  is  estimated  at  158  cu.  ft.  per  second. 

In  constructing  the  sewers,  all  those  under 
buildings  and  including  connections  to  the 
nearest  manhole,  were  included  in  the  plumb- 

ing contract  for  the  respective  building,  while 
the  portions  outside  the  buildings  were  let  in 
the  form  of  sewer  contracts.  A  total  of 
46,071  lin.  ft.  of  sewers,  ranging  from  6  ins. 
to  "28  ins.  in  diameter,  will  be  constructed  in 
this  district,  38,277  lin.  ft.  of  which,  ranging 
from  6  ins.  to  24  ins.  in  diameter,  are  in- 

cluded in  the  Fine  Arts,  Education  and  Social 
Economy,  Food  Products.  Agriculture,  Lib- 

eral Arts,  Manufactures,  Transportation, 
Mines  and  Metallurgy,  Varied  Industries,  Ma- 

chinery and  Horticulture  Palaces,  the  Festival 

Hall  and  the  California  State' Building. 
In  all  cases  ironstone  pipe  was  used  for  6  in. 

and  8-in.  sizes,  and  in  some  cases  for  sizes  as 
large  as  24-in.  where  the  ground  was  solid. 
The  structures  erected  over  the  filled  ground 

have  piled  foundations  because  of  the  con- 
stant settlement  of  the  fill,  and  the  sewers 

under  these  structures  are  hung  from  the 

!niilding  floor  on  timber  brackets,  as  illus- 
trated bv  Fig.  4.     .-^11  sewers  thus  supported. 

ranging  from  6  ins.  to  24  ins.  in  diameter,  are 
ironstone  pipe.  Wood-stave  pipe  would  have 
been  much  lighter,  also  cheaper  for  the  larger 
sizes,  but  the  difficulty  of  making  numerous 
taps  for  service  connections,  a  "Y"  branch 
being  left  each  25  ft.,  decided  in  favor  of  the 
ironstone  pipe.  For  the  larger  sizes  outside 
the  structures  wood-stave  pipe  was  used. 
There  are  few  direct  connections  to  the 

wood-stave  pipe,  as  most  catch  basin  and  serv- 
ice connections  are  made  at  manholes,  but 

where  it  is  necessary  to  do  so,  direct  connec- 
tion is  made  by  using  a  concrete  collar,  as 

shown  in  Fig.  5.  Under  the  eight  central  ex- 
hibit palaces  the  ground  was  borrowed  to  a 

depth  of  several  feet  below  the  level  of  the 
ground  outside  the  structure,  in  many  places 
the  borrow  going  down  to  the  level  of  the 
ground  v;ater.  Where  it  seemed  probable 
that  water  would  seep  in  and  stand  under  the 
structure,  a  6-in.  vertical  stand  pipe  was  put 
on  the  sewer  and  made  of  such  length  as  to 
extend  well  above  the  computed  hydraulic 
grade  line.  (Many  of  the  sewers  supported 
under  the  buildings  will  normally  discharge 
under  a  head  of  from  1  to  4  ft.)  A  remov- 

able, tight  cap  was  placed  over  the  end  of  the 
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vertical  pipe.  Each  line  of  sewers  under  the 
exhibit  palaces  has  several  downspout  connec- 

tions—  (the  downspouts  being  brought  down 
the  building  columns) — none  of  which  is 
trapped  as  it  is  intended  to  let  the  downspouts 
act  as  sewer  vents,  no  other  vents  being  pro- 

vided for  the  exhibit  palaces. 

This  section  of  the  grounds  contains  nu- 
merous pools  and  fountains  each  of  which  has 

a  drain  connected  to  a  sewer.  In  practically 
every  case  the  bottom  of  the  pool  is  below  the 
hydraulic  grade  line  for  storm  conditions, 
making  it  necessary  to  provide  each  drain 
with  a  check  valve. 

State  and  Foreign  Pavilions  District. — The 
system  in  this  district  consists  of  one  com- 

bined, one  sanitary  and  three  storm  systems. 
The  southern  end  of  the  district  is  on  higher 

ground,  making  it  possible  there  to  combine 
the  sewage  and  storm  water  and  discharge  it 
by  gravity  into  the  Baker  St.  sewer.^  The 
larger  part  of  the  district,  however,  is  low 
and  flat  making  it  impossible  to  get  the  sani- 

tary sewage  to  Baker  St.  without  pumping. 
Therefore,  for  this  low  ground,  separate  sys- 

tems were  provided  for  the  storm  water  and 
^-n^f-'rv  <:ew?i"-p.  the  latter  drnin^'ne  by  grav- 

ity into  a  concrete  sump  centrally  located  in 

the  district  and  having  a  bottom  elevation  of 
— 13.4  ft.  Some  40  feet,  south  of  the  sump 
was  sunk  a  redwood  tank,  weighted  down 
against  flotation  with  a  concrete  casing,  and 
containing  two  10-in.  horizontal  Krogh  cen- 

trifugal pumps,  each  connected  by  a  silent 
chain  drive  to  a  25  HP.,  3-phase,  60-cycle,  220- 
volt,  1,800-r.p.m.  Westinghouse  motor  mounted 
at  the  same  elevation  as  the  pumps.  The  pump 
speed  was  specified  as  500  r.p.m. 
The  pumps  are  mounted  sufficiently  below 

the  elevation  of  the  sump  bottom  so  that  each 

pump  is  fed  by  gravity  through  an  18-<n. 
wood-stave  pipe  from  the  sump,  A  6-in.  stand 
pipe  carrying  a  float  which  operates  a  float 
switch,  rises  from  each  feed  pipe  just  outside 
the  pump  pit.  The  floats  are  so  arranged  that 
the  two  pumps  are  thrown  into  action  at  dif- 

ferent elevations.  As  the  sump  is  pumped 
out,  the  switch  cutting  out  the  motor  is 
thrown  as  the  float  descends  and  the  motor 
is  at  rest  till  the  sewage  again  rises  in  the 
sump    and    stand    pipe    and    the    motor   again 
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Pacific     Exposition     Sewerage 

System. starts  as  the  rising  float  throws  the  switch. 
The  specifications  required  each  pump  to  have 
a  capacity  of  2,500  gals,  per  minute,  against  a 
10  ft.  head.  The  discharge  from  the  pumps  is 
through  a  20-in.  machine  banded  fir,  asphalt 

dipped,  wood-stave  pipe  wrapped  for  a  50-ft. 
head  and  being  1,168  ft.  in  length. 
The  sump  is  constructed  in  the  form  of  a 

double  manhole  with  a  rectangular  flap  gate 

connecting  the  two  compartments  at  — 4,75 
elevation.  One  compartment  acts  as  a  man- 

hole on  a  40-in.  storm  sewer  running  directly 
to  the  bay.  In  case  the  power  operating  the 
pump  is  shut  off  or  the  pumps  are  inactive  for 
any  other  reason,  the  sewage  will  rise  in  the 
sump  till  it  reaches  the  flap  gate  and  will  then 
overflow  into  the  storm  sewer.  The  flap  gate 

acts  only  in  one  direction,  so  that  should  a 
combination  of  rain  and  tide  raise  the  water 
in  the  storm  sewer  above  — 4.75  elevation,  it 
will  not  overflow  into  the  sump. 

In  determining  the  required  capacity  of  the 

pumps.  1,800  gals,  per  minute  was  computed 
as  coming  from  the  two  Presidio  sanitary 

sewers,  which  were  connected  with  the  Expo- 
sition svstem  and  000  gals,  per  minute  from 

the  Stock  Exhibit  District.  For  the  State  and 
Foreign    Pavilions    District    it    was     assumed 
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that  there  would  be  70  buildings,  each  with 

eight  fixtures  fed  by  a  y2-in.  water  pipe  un- 
der a  30-lb.  pressure  at  the  main  200  ft.  dis- 

tant. Such  a  pipe  would  discharge  about  2.3 
gals,  per  minute  for  the  70  buildings,  making 
the  total  amount  of  sewage  to  be  pumped  as 
4,100  gals,  per  minute. 

Z'x4' Cover  Sill  set^lush  in  cgpce._  ̂ ^i>   ^ 

Fig.   10.      Plan    of    Special    Manhole    of    Con- 
crete  With   Timber  Top  for   Use   on 

Large  Wood  Stave  Sewers. 

This  sanitary  sewer  is  laid  at  from  1  ft. 
above  to  8  ft.  below  the  level  of  the  ground 

water,  and  to  reduce  to  a  minimum  the  leak- 
age into  the  pipes  and  correspondingly  the 

work  of  the  pumps,  wood-stave  pipe  was  used 
for  all  sizes  10  ins.  in  diameter  and  over. 
The  service  connections  will  be  infrequent  in 
this  district,  and  where  connections  cannot  be 
made  at  manholes  a  direct  connection  will  be 
made  in  a  manner  similar  to  that  shown  in 
Fig.  5. 

The  3  ft.  X  3  ft.  U  in.  storm  water  box  prev- 
iously mentioned  was  in  poor  condition  at  the 

time  the  I'"xposition  Co.  started  work,  and  in 
making  the  hydraulic  I'lU  in  the  marsh  the box  was  allowed  to  fill  with  sand.  In  all 
other  sections  of  the  site  the  sewer  system  is 
of  temporary  construction,  the  intention  being 
to  abandon  it  at  the  close  of  the  Exposition 

period.  The  United  States  Government,  how- 
ever, required  that  all  storm  sewers  in  the 

Presidio  which  connected  in  any  way  with 
their  existing  drainage  system,  be  of  perma- 

nent construction.  To  meet  this  requirement 
continuous-stave  redwood  pipe  .with  gal- 

vanized bands  and  concrete  manholes  was 
used.  The  storm  water  formerly  carried  by 
the  abandoned  box  is  now  carried  by  a  con- 

tinuous-stave  redwood   pipe  46  ins.   in   diam-* 

point  and  connected  to  the  storm  fewer 

through  which  the  sanitary  sewage  will  di
s- 

charge into  the  bav,  till  the  sewer  pumps  are 

started.  The  old  i2-in.  cast  iron  sewer  from 

the  Presidio  was  supported  on  piles  and  was 

found  to  be  above  finished  Exposition  grade, 

so  that  it  had  to  be  entirely  removed  Where 

this  sewer  reached  the  high  ground,  a  con- 
nection was  made  to  the  same  storm  sewer 

mentioned  above  and  the  sanitary  sewage  is 

handled  in  the  same  way  as  for  the  other  12- 

in.  pipe.  During  the  Exposition  period  these 

two  sanitary  sewers  will  be  connected  to  the 

Exposition  sanitary  system,  and  their  sew- 

age will  pass  through  the  pumps  and  eveiit- 
uallv  reach  the  Pierce  St.  outfall.  After  the 

close  of  the  Exposition  the  two  sewers  will 

again  be  connected  to  the  storm  sewer  which 

will  thereafter  permanently  act  as  a  combined 
sewer  for  the  Presidio. 

During  the  first  heavy  rains  of  the  past  win- 

ter, a  length  of  about  100  ft.  of  the  46-in. 
section  of  this  wood-stave  storm  sewer  floated 

to  the  surface  carrying  a  foot  or  so  of  back- 

fill up  on  top  of  it.  This  caused  some  con- 
sternation and  a  hasty  going  over  of  computa- 

tions to  see  how  much  more  of  the  various 

wood-stave  pipe  sewers  might  be  expected  to 

come  floating  up.  In  designing  the  sewers 
this  danger  was  thought  to  have  been  amply 

cared  for,  and  no  other  trouble  of  the  kind 
has  occurred.  Several  conditions  seem  to 

have  contributed  to  the  one  failure.  The  sys- 
tem was  then  incomplete.  The  drainage  of 

the  newlv  filled  area  was  imperfect,  and  the 
filled  marsh  became  so  thoroughlv  saturated 
that  it  was  practically  a  liquid  oflfering  very 
little  resistance  to  the  raising  of  the  pipe.  In 

order  to  prevent  a  recurrence,  a  timber  plat- 
form was  placed  on  the  section  affected  and 

the  deck  loaded  with  sand.  No  further  trou- 
ble was  experienced. 

Immediately  east  of  the  Fine  .^rts  Palace 
lies  a  lagoon  covering  6.08  acres,  into  which 
is  drained  the  roof  water  of  the  Fine  Arts 

Palace,  itself  covering  6.13  acres,  and  the  gar- 
dens surrounding  the  lagoon  with  an  area  of 

1.4  acres,  comprising  a  total  area  of  precipita- 
tion of  13.61  acres.  The  surface  of  the  la- 
goon was  fixed  at  elevation  — -j.O  ft.  and  the 

bottom  at  — 7.0  ft.  and  the  allowable  rise  of 
lagoon  level  due  to  run-off  from  storm  was 
fixed  at  2  to  3  ins. 
To  meet  this  condition  there  was  installed 

an  underground  overflow  weir  having  a  length 
of  1-5  ft.  with  a  crest  elevation  of  — 5.0  ft. 
and  receiving  water  from  the  lagoon  through 
a  wooden  bo.x  intake  1  ft.  high  by  4  ft.  wide, 

provided  with  wooden  bar  screen  at  the  la- 
goon end  and  set  with  flow  line  at  — 6.0  ft. 

The  weir  itself  is  in  the  form  of  a  "hol- 
low .square"  liuilt  within  a  box  6  ft.  3  ins.  x 

6  ft.  inside  dimensions,  the  water  from  the  la- 
goon surrounding  the  inner  weir  and  dis- 

charging on  three  sides  over  the  crest  to  an 
inner  box  through   which  it  is  conveyed  to  a 

charges  into  a  concrete  shamber  opening  to 

the  storm  sewer,  was  placed  a  timber  and  iron 

tide  gate  or  flap  valve  to  prevent  water  from 

backing  up  in  case  of  high  tides,  which  occa- 
sionally rise  to  elevations  considerably  above 

the  level  of  the  overflow  weir. 
This     system    will    be    sufficient    to     carry 
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eter,  at  the  upper  end  and  ol  ins.  in  diameter 

at  the  outfall.  This  ."il-in.  pipe  is  the  largest 
sewer  built  by  the  Exposition. 

In  constructing  this  large  storm  water  pipe 
it  was  found  that  the  12-in.  ironstone  sanitary 
sewer  from  the  Presidio  interfered  at  one 

point.     The    12-in.   pipe   was   broken    at    this 

connection  with  a  36-in.  wood-stave  storm 
sewer,  l>y  means  of  a  wood  box  drain  1  ft.  5 
ins.  high  liy  2  ft.  6  ins.  wide  inside  dimensions, 
and  about  170  ft.  long.  The  flow  line  eleva- 

tions of  the  upper  and  lower  ends  of  the  box 
drain  are  —6.0  ft.  and  —6.45  ft.  respectively. 
At    the   lower   end   of    the   drain    which    dis- 

The  outfall  structures  for  the  large  storm 

water  pipes  consist  of  a  boxed-in  pile  struc- 
ture, similar  to  that  shown  in  Fig.  6,  the  di- 

mensions varying  with  the  size  of  pipe.  Six 
of  these  structures  were  required.  Smaller 
outfalls  in  the  Main  Exhibit  Palace  district 
were  hung  from  wharves. 
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Sivik  Exhibit.  Race  Track-,  and  Drill  Ground 
Districts — The  sanitary  sewage  from  the 
Stock  Exhibit  Distrirt  is  conveyed  to  a  con- 

nection witli  the  sanitary  system  in  the  State 
and  Foreign  Pavihons  District,  passing 
through  the  pumps  and  eventually  reaching 
the  main  outfall  sewer  in  Pierce  Street.  These 
sewers  range  in  size  from  6  ins.  to  16  ins.  in 
diameter,  those  of  10  ins.  and  over  being  of 
wood-stave  pipe  to  prevent  excessive  infil- 

tration of  ground  water,  while  the  smaller 

sizes  are  of  ironstone  jine  const'"uction. 

Portior\  ofpipepenetrafing  nail 

*'ghfly  wrapped  wifhj'rope  oakurn 
Fig.   13.    Standard  Joint  Where  Wood  Stave 

Pipe   Enters  Concrete   Manhole. 

An  overflow  manhole  of  special  design,  with 
a  y-ft.  weir  having  a  crest  elevation  of  — 5.0 
f:.  discharging  directly  into  the  main  outfall 
storm  water  sewer  of  this  district,  and  pro- 

vided with  a  tide  gate,  was  installed  so  that 
in  case  the  pumping  plant  was  idle  for  any 
Ciiuse,  a  temporary  outlet  for  the  sanitary 
stwage  would  be  found  through  the  storm 
■water  system. 

The  storm  water  sewer  system  for  this  dis- 
trict was  divided  into  three  parts,  the  Wester- 

ly States  sites  and  Live  Stock  section  being 
drained  through  a  main  outfall  sewer  of 
wood-stave  pipe  with  diameters  of  from  30 
ins.  to  40  ins.,  discharging  into  the  bay  with 
branches  ranging  from  8  ins.  to  21  ins.,  being 
oi  ironstone  pipe  and  those  of  18  ins.  or  more 
of  wood-stave  pipe.  Existing  24  and  21-in. 
sewers  coming  from  the  Presidio  were  con- 

nected with  this  system  and  the  overflow  con- 
nection with  the  sanitary  system  previously 

mentioned  was  provided. 

Immediately  south  of  the  Live  Stock  sec- 
tion, a  small  area  of  level  groiind  receives 

the  drainage  from  the  low  hills  of  the 
Presidio.  Around  the  foot  of  these  hills  an 

•open  wood  box  drain  2  ft.  in  width  and  850 

ft.  long  with  a  level  flow  line  at  an  elevation 
of  —5.70  ft.  was  built.  Connections  were 

made  at  the  easterly  end  with  the  storm  water 

system  of  the  Westerly  States  sites,  and  at 
the  westerly  end  with  that  of  the  Race  Track 
section.  Connections  were  made  with  the  U. 

S.  Government  drains  from  the  Presidio 

above  and  sumps  placed  to  intercept  surface 

flow  in  the  gullies.  To  lower  the  water  plane 
of  the  levertract  mentioned  the  joints  of  the 

box  were  purposely  left  opeii  to  allow  seep- 
age water  to  enter  more  readily. 

The  storm  water  drainage  of  the  Race 

Track  and  Drill  Grounds  is  taken  care  of  by 

two  lines  of  18-in.  wood-stave  pipe  and  tim- ber outfalls. 

Timber  sumps  with  grating  tops  were  placed 

at  ooints  adiacent  to  the  margins  of  the  track 

and  the  surface  drainage  conveyed  thereto  by 

open  ditches  in  gutters  4  ft.  inside  the  Ime 

of  the  track.  Some  lines  of  agricultural  tile 

drain  were  laid  to  carry  away  excessive 

ground  water  and  connected  with  the  sumps. 

West  and  south  of  the  Race  Track  section 

lies  an  area  of  hillside  drainage  comprising 

about  218  acres,  all  of  which  concentrates  m 

a  gullev  discharging  near  the  southwesterly 

turn  of  the  track.  To  intercept  this  drainage 

an  intake  of  sheet  riling  with  a  floor  of  large 

broken  stone  was  installed  at  the  mouth  of 

the  eullev,  from  which  a  wood  box  dram  - 

ft.  high  bv  4  ft.  wide  and  1,250  ft^  m  length 
carries  the  storm  waters  to  the  bay.  IMS 

box  was  laid  on  a  slope  of  0.00,39  and  has  a 

capacity  of  about  50  second  feet. 

^fter  the  above  described  drain  was  in- 
stalled, the  U.  S.  Government  took  steps  to 

lay  out  a  site  for  stables  in  the  valley  sout
h 

of  the  intake.  The  sewer  system  planned 
for  the  site  will  discharge  into  the  intake  end 
of  the  drain,  thus  finding  an  outlet  to  the 
bay  and  obviating  any  necessity  for  further 
provision  being  made  by  the  Exposition  Com- 

pany  for  draining  this  section. 
Structures. — Several  difTerent  types  of  man- 

holes were  used,  the  first  consideration  being 
cheapness  of  cost,  and  the  second  considera- 

tion, particularly  so  with  the  sanitary  system 
connected  with  the  pumps,  being  water-tight- 

ness. Also,  permanence  was  required  on  sew- 
ers to  be  used  afterward  by  the  U.  S.  Govern- 

ment. Several  types  were  tried  out  before 
the  three  forms  in  Figs.  7.  8  and  9  were 
adopted  as  standard.  The  first  of  these  is 
all  timber  and  is  used  where  the  seepage  is 
moderate  and  watertightness  and  permanence 
are  unessential.  The  second  is  of  concrete 

with  timber  top  and  is  used  where  perma- 
nence is  required  or  for  shallow  depths  where 

seepage  is  excessive.  The  third  has  a  con- 
crete bottom,  a  redwood  stave  pipe  body  and 

detached  timber  top  and  is  used  for  depths 
over  6  ft.  where  watertightness  but  not  per- 

manence, is  required.  For  the  large  wood- 
stave  pipes,  special  concrete  rnanholes  were 
constructed,  a  tvpical  one  being  shown  in 

Fig.    10.  
' 

At  the  time  these  manholes  were  designed 
the  character  of  the  roadway  pavement  had 
not  been  determined  upon.  .\s  the  height  of 
the  crown  would  depend  on  the  width  and 
character  of  the  pavement,  the  manhole  tops 
were  designed  so  that  the  covers  could  be 

^  raised   or  lowered  to   fit  the  pavement   eleva- 
^Cover  and  Sratirii 

t  E.&C. 

r^iZxZ-d' Fig.   14.     Section    of    Wooden    Catch    Basin, 
Panama-Pacific    Exposition,    Sewerage 

System. 

tion,  with  very  little  difficulty.  .A.s  a  rule 
lampholes  were  so  installed  that  no  pipe  run 
would  be  over  300  ft.  The  standard  lamp- 
hole  is  shown  in  Fig.   11. 
As  before  mentioned,  the  sewers  under 

buildings  located  on  hydraulic  fill  are  swung 

from  the  building  floors  and  consequently  re- 
ceive a  positive  and  luiyielding  support  from 

the  piles  forming  the  building  foundation. 
Where  the  sewers  leave  the  building  and  tra- 

verse the  fill,  the  portion  outside  the  build- 
ing is  liable  to  certain  settlement,  while  the 

supported  portion  under  the  building  remains 
fixed.  The  reverse  condition  also  exists  in 
several  places,  particularly  where  Exposition 
sewers  in  the  settling  fill  connect  with  city 
sewers,  all  the  latter  being  supported  on  deep 
pile  foundations  and  not  liable  to  settlement. 
To  meet  this  condition  of  transition  from 

fixed  to  yielding  foundation  for  sewer  con- 

duit, a  special  flexible  short  section  was  de- 
signed to  connect  the  fixed  conduit  with  the 

portion  subject  to  settlement,  the  latter  being 
set  arbitrarily  at  a  lower  elevation  and  the 
flexible  section  set  at  a  sufficiently  greater 

slope  to  connect  the  two  sections.  It  was  nec- essar\-  to  assume  that  the  run  of  unsupported 

sewer  would  be  subject  to  approximately  uni- 
form settlement  throughout  a  given  zone  and 

the  increased  grade  in  the  flexible  section  was 

determined  as  nearly  as  possible  from  the  ob- 
served settlement  of  the  adjacent  part  of  the 

hydraulic  fill.  All  these  junctions  so  far  have 

proved  satisfactory.  Through  them  a  drop 
of  from  10  to  15  ins.,  according  to  location. 

is  allowed  for  in  from  14  to  20  ft.  The  ne- 

cessity   for   providing  these   settlement   joints 

IS  shown  by  the  fact  that  about  the  middle 
of  March,  when  the  unsupported  sewers  from 
the  Alines  and  Metallurgy  Palace  w^ere  con- 

nected to  the  main  sewer  it  was  found  that  the 
former  were  from  8  to  11  ins.  lower  than  the 
elevations  shown  for  them  on  the  plans,  none 
of  them  having  been  in  the  ground  more  than 
six  months.  Fig.  12  shows  a  typical  transi- 

tion or  junction  structure  where  sewer  passes 
from  settling  ground  to  a  rigid  support. 
Where  wood-stave  pipe,  particularly  tlie 

larger  sizes,  enters  concrete  manholes',  the end  of  the  pipe  penetrating  the  wall  of  tiie 
manhole  was  wrapped  with  rope  oakum  pro- 

tected by  a  layer  of  tar  paper  to  prevent  ab- 
sorption of  grout  from  the  concrete  while 

being  poured;  it  being  desired  that  the  rope 
oakum  vvould  remain  flexible  and  take  up  the 
expansion  of  the  wood-stave  pipe  due  to  moist- 

ure and  prevent  cracking  of  the  concrete  man- 
hole. Observation  so  far  indicates  the  effi- 
ciency of  this  design.  All  joints  inspected  are 

watertight  and  no  cracking  of  concrete  walls 
has  occurred.  Fig.  13  illustrates  this  circum- 

ferential  expansion   joint. 
The  catch  basin  design  also  underwent  a 

growth  tpefore  a  standard  was  adopted.  The 
first  design  was  nothing  more  than  an  ope.i 
manhole  on  a  storm  sewer  with  a  grating  to;! 

so  that  the  water  drained  directly  into  tlit- 
sewer.  Fig.  14  shows  the  next  form  tried,  u 
number  of  which  were  built.  It  was  expected 
that  the  quarter  curve  of  the  ironstone  pipe 
extending  downwards  into  the  rectangular 
timber  catch  basin  would  trap  the  sewer  gas, 
but  as  the  soil  was  principally  sand,  it  was 
impossible  to  build  the  catch  basin  sufficienth 
water  tight  to  maintain  a  continuous  seal.  .\ 
6-in.  cast  iron  backwater  valve  was  then  sub- 

stituted for  the  quarter  curve  ironstone  pipe. 
The  valve  kept  out  the  sewer  gas,  but  about 
doubled  the  cost  of  the  catch  basin.  The  last 
and  most  satisfactory  design  is  shown  in  Fig. 

15.  In  this  design  an  oak  oil  or  liquor  bar- 
rel is  used  for  the  sump,  a  circular  hole  is 

cut  in  it  and  a  quarter  bend  of  ironstone  pipe 
used  for  the  trap.  The  barrel  is  watertight 
and  a  continuous  seal  is  maintained.  The 

grating  top  is  the  same  for  all  types.  Besides 
the  other  advantages  mentioned,  the  barrel 
catch  basin  proved  to  be  cheapest  in  first 
cost,  which  was,  set  complete,  $7.75,  while  the 
timber  catch  basin  with  backwater  valve  cost 
approximately  $13. 

This  cost  of  catch  basins  and  pipe  connec- 
tions is  not  included  in  the  sewer  items,  but 

is    taken   to   be   a    part   of   the   work   of  con- 
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Fig.   15.     Detail  of  Catch   Basin  With   Barret 

Used     for    Sump,     Panama-Pacific     Inter- 
national  Exposition  Sewerage  System. 

structing  the  roads  and  pavements  of  the  Ex- 

position. GENERAL. 

In  all  cases  lump-sum  bids  were  called  for. 

covering  all  work  included  in  the  plans  and' specifications.     Whether   it    was    due    to  this 
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method  of  bidding  or  to  the  scarcity  of  other 
construction  work  at  the  time  in  the  city,  the 
majority  of  contracts  were  let  at  unusually 
low  prices. 

All  ironstone  pipe  specified  was  of  second 
quality.  Where  wood-stave  pipe  was  used  the 
specifications  called  lor  standard  machine- 
banded  fir  pipe  wrapped  for  a  2J-ft.  head. 
This  was  used  for  all  obtainable  sizes,  the 

maximum  being  L'2  ins.  in  diameter.  Contin- 
uous stave  pipe  was  used  for  larger  sizes. 

Exceptions  to  these  general  rules  have  already 
been   described. 

Since  the  construction  of  many  of  the  sew- 
ers the  block  plan  of  several  of  the  districts, 

particularly  that  of  the  State  and  Foreign 
Pavilions,  has  been  entirely  changed  and  the 
sewer  locations  which  were  made  to  fit  the 
former  plans,  are  now  not  so  advantageously 
located  as  could  be  desired. 

The  total  length  of  the  sewer  system  as 

planned  and  now  practically  j;pnstructed,  in- 
cluding catch  basin  connections  and  city  sew- 

ers within  the  Exposition  site,  is  149,977  lin. 
ft.  or  approximately  28.4  miles.  The  total 
mentioned  is  made  up  as  follows: 

Lin.  ft. 
Exposition    sewer   system   proper — not  in- 

cluding catch  basin  connections   101,758 
Catch   basin    connections,    4,    6   and   8-in. 

pjpe       28,344 
City  seweis  wilhin  the  site   •■   19.875 

Cost.— it  is  impossible  to  state  with  abso- 
lute accuracy  the  cost  of  the  Exposition 

Sewer  System,  as  many  drains  still  remain  to 
be  installed  at  this  date,  the  plans  for  which 

have  not  yet  been  completed  and  which  will 

be  perfected  only  as  conditions  requiring 
sewer  service  are  known.  The  bulk  of  the 

work  in  this  connection  is,  however,  accom- 
plished and  the  following  approximate  costs 

are  given : 

3.  Sewers     installed    under    sewer    con- 
tracts proper — 18  separate  contracts 

having  been  awarded — which  includ- ed  the   installation   of  approximately 
53,000  lin,  ft.   of  pipe   $  95,780 

2.  Sewers   installed   in    connection    with 
building  contracts,  which  work  was 
done  under  the  plumbing  item  for 
the  respective  buildings,  approxi- 

mately 44,000  lin.    ft       35,000 
3.  Sewers    installed   by   exposition   work- 

ing forces  under  the  direction  of  the 
Bureau  of  Civil  Engineering,  ap- 

proximately 32.000  lin.  ft.,  28,000  lin. ft.  of  which  consists  of  4.  6  and 
S-in.  catch  basin  connections;  there- 

fore sewers  proper  laid  by  the  ex- 
position forces  amount  to  about 

4,000  lin.   ft         8,313 
4.  Catch  basin  connection   installed  con- 

sist of  28,344  lin.  ft.  of  4.  6  and  8-in. 
pipe.  These  were  installed  entirely  by 
the  exposition  forces,  but  were 
charged    to    roads    and    pavements 

and  the  cost  was  not  segregated 
from  other  items  of  road  construc- 

tion. Therefore  no  segregated  cost 
can  be  given    

Total      $139,093 

The  apparently  low  unit  cost  for  sewers 
installed  under  Item  2  as  compared  with 
Item  1,  is  accounted  for  by  the  fact  that  a 
comparatively  large  proportion  of  the  sev^fers 
included  in  building  contracts  were  of  small 
diameter  and  their  installation  was  accom- 

plished with  a  small  amount  of  excavation, 
the  space  under  the  building  permitting  this. 

The  apparently  high-unit  cost  of  the  sewers 
installed  by  the  Exposition — Item  3  above — is 
accounted  for  in  part  by  the  proportion  of 
redwood  box  culverts  installed ;  and  further, 

the  fact  that  the  sewers  installed  by  the  Ex- 
position consisted  of  small  isolated  sections 

generally  in  bad  ground  and  which  could  not 
consistently  be   included   in   contracts. 
The  plans  of  the  Sewer  System  were  pre- 

pared and  the  work  executed  by  the  Division 
of  Works  of  the  E.xposition  Company,  of 
which  Mr.  H.  D.  H.  Connick  is  Director  of 
Works  and  Mr.  A.  H.  Markwart,  Assistant 
Director  of  Works.  A  large  part  of  the  work 

was  designed  by  the  writer  under  the  imme- 
diate supervision  of  Mr.  E.  E.  Carpenter, 

Chief  Civil  Engineer. 

AMD  STREETS 
Road  Building  With  Convict  Labor  in 

Fulton  County,  Georgia. 
Contributed   by   W.    T.    Wilson,   C'ciunty  Engineer of  Fulton  County,   Atlanta,   Ga. 

Fulton  county,  Georgia,  the  county  seat  of 
which  is  Atlanta,  the  capital  of  the  state,  has 
been  using  convicts  for  road  construction  for 

a  number  of  years.  At  the  present  time  ap- 
proximately 700  convicts  are  employed  on  the 

county  roads.  This  article  describes  the  equip- 
ment and  methods  of  construction  used  in 

Fulton  county  and  discusses  the  cost  of  ac- 
complishing work  with  convict  labor. 

Both  white  and  colored  convicts  are  em- 
ployed but  the  races  are  segregated.  One  camp 

la  composed  entirely  of  whites.  Six  other 
camps  of  about  equal  size  are  composed  en- 

tirely of  negroes.  These  camps  are  permanent- 
ly located  at  advantageous  points  6  to  8  miles 

apart — the  county  is  about  30  miles  long 
an'l  8  miles  wide — and  comprise  barracks, 
stables,  kitchen  and  guard  living  quarters  of 
wooden  construction. 

Equipment. — The  present  equipment  includes 
the  following: 

1  Thew   steam   shovel. 
C  3^4-ton  motor  trucks, 
1  traction  engine. 
■S  trailer  cais. 

12  Maney   4 -wheeled   scrapers. 
4  15-tori  road  rollers. 
'i  stone  crusbeis. 2  concrete   mixers. 
3  asphalt  heating  wagons. 
1   bifi'mlnous   mixing  plant. 
1  pile  driver. 

350  mules. 
1   U  wagons. 
Road  scarifiers,  sprinkling  wagons,  steel  road 

drags,  scraD'"r<>  plows,  picks,  elevator  and  other 
necessary  small  tools. 

r 
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grades,  culverts,  drains,  etc.  Usually  the  line 
showing  the  lowest  cost  of  construction  is 
adopted.  After  the  adoption  of  the  line,  the 
location  is  made  and  the  road  side-staked.  A 
map  and  profile  is  attached  to  the  petition,  con- 

taining waiver  of  claims  for  resulting  dam- 
ages, if  any.  Each  individual  property  owner 

may  ascertain  at  a  glance  the  route  and  grades 
through  the  property  traversed  by  the  road. 
This  rule  is  adhered  to  in  the  improvement 
of  old  roads  and  the  waiver  when  signed  by 
the  property  owners  waives  the  right  to  claim 
any  damages  occasioned  by  any  change  in  the 
alignment  or  alteration  of  the  existing  grade. 
This  method  of  procedure  eliminates  the  pos- 

sibility of  any  delay  being  caused  in  the  con- 
struction of  the  road,  by  the  filing  of  injunc- 

tions or  protests  with  the  Board  of  County 
Commissioners,  asking  for  changes  in  the 
alignments   and  grades. 

1  he  maximum  grade  allowed  on  any  of  the 
highways  in  the  county  as  fixed  by  resolution 
of  the  Board  of  Commissioners  is  4  per  cent, 
but  in  remote  instances  this  maximum  has 

."-•een  increased  to  as  high  as  8  per  cent  in  very 
rugged  localities.  There  is  no  fixed  rule  as  to 
the  degree  of  curvature  adhered  to  in  the  loca- 

tion of  the  curves,  this  being  left  to  the  dis- 
cretion of  the  engineer. 

CLE.^RING    AND    GRUBBING. 

.•^fter  the  right-of-way  has  been  segured, 
the  location  having  been  previously  made  and 
the  road  side-staked,  the  convicts  are  placed 
at  work  clearing  and  grubbing  the  right-of- 
way  of  all  trees  and  stumps.  The  timber  is 
cut  and  corded,  and  hauled  to  the  different 
camps  for  fire  wood,  unless  it  is  stipulated  in 
the  waiver  that  the  property  owner  is  to  have 
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rig.    1.     Typical    Cross   Section     Used   on   Roads  in   Fulton  County,  Georgia. 

INCEPTION    OF    CONSIKUCTION. 

The  first  step  taken  to  build  a  new  road  is 
to  make  the  preliminary  survey  and  profiles, 
which  is  done  after  carefully  looking  over  the 
section  of  the  county  in  which  it  is  proposed 
to  build  the  read  and  deciding  on  one  or  more 
routes.  Preliminary  lines  and  profiles  are  run 
and  3n  estimate  made  considering  the  com- 

parative   amount    of    material    to    be    moved, 

n"  use  of  the  wood.  .After  cuning  the  timber 
the  stumps  are  blasted,  this  being  the  easiest 
and  quickest  way  of  disposing  of  them.  These 
are  gathered  and  placed  in  the  fills,  as  this 
provides  for  their  disposal  and  removes  the  un- 

sightly stumps  from  along  the  side  of  the finished  road. 
DI'.MN.\GF.. 

When  the  clearing  and  grubbm^  have  lieen 

completed,  the  drains  are  located  and  construc- 
ted, all  small  streams  and  dry  runs  being 

taken  care  of  by  laying  vitrified  clay  pipe  of 

sufficient  size  to  provide  for  the  natural  drain- 
age. This  pipe  is  laid  with  Portland  cement 

joints  and  proper  catchbasins  and  headwalls 
constructed  of  rubble  masonry,  laid  in  cement 

Fig.   2.     Method   of  Grading.     Note   Vertical 
Sides  of  the  Cut. 

mortar.  The  stone  used  in  the  ccmstruction  of 
the  basins  and  headwalls  is  secured  either  on 
the  line  of  work  in  making  the  excavations  or 
from  some  suitable  quarry  located  convenient 
to  the  work. 

The  larger  streams  are  spanned  by  concrete 
or  wooden  bridges,  these  bridges  often  being 
100  to  200  ft.  in  length.  The  bridges  in  the 
county,  with  five  or  six  exceptions,  are  of 
wooden  construction,  being  built  either  upon 
piles  or  land  bents.  The  repairs  to  these 
wooden  structures  amounts  to  about  $5,000  a 
year.  They  are  being  replaced  as  rapidly  as 
possible   with    reinforced    concrete   bridges. 

After  the  drainage  structures  have  been 
placed  the  men  and  teams  begin  the  work  of 
grading  the  road  to  the  width  and  profile  as 
furnished,  and  upon  the  completion  of  the 
grading  the  road  is  allowed  at  least  one  year 
to  settle  before  the  work  of  paving  begins. 
QU-\RRYING   ANU   CRUSHING    STO.NE   FOR   PAVING. 

Preparatory  to  paving,  a  quarry  containing- suitable  stone  is  located  near  the  road  to  be 
paved  and  a  contract  is  entered  into  with  the 
owner  or  agent  of  the  prooerty  upon  which 
the  quarry  is  located,  to  allow  the  countv  tn 
strin  the  quarry,  if  new  and  ne'cr  Wic^r 
used,    or    to    quarry     stone     out,    if     already 
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opened.  The  contract  usually  calls  for  the 
payment  oi  a  stipulated  amount  per  cubic  yard, 
averagmg  about  ten  cents  a  yard,  to  be  paid 
the  owner  or  agent  after  the  work  of  paving 
has  been  completed.  All  pavments  are  made 
upon  measurements  and  estimates  of  the  com- 

pleted work.  The  crusher  is  moved  to  the 
site  of  the  quarry  and  after  the  stone  is  quar- 

Atter  laying  the  gutters  the  macadam  sur- 
face is  placed  and  finished  with  a  thin  layer 

of  granite  screenings.  The  cost  of  the  water- 
bound  macadam  road,  including  the  rubble 
gutters  completed,  is  75  cents  a  square  yard. 

OILED  MACADAM   ROALS. 

The  year   following  the   completion   of    the 

yard  applied  on  the  initial  treatment  on  suc- 
cessive treatments.  Constant  vigilance  is  the 

price  of  an  oiled  road,  and  such  roads  are  be- 
ing gone  over  continually  and  carefully  watch- 
ed. At  the  least  sign  of  cracking  or  disintegra- 

tion, a  repair  squad  is  immediately  sent  out 
and  the  necessary  repairs  made. 

Fig.  3.     Type  of  Maney  Scraper  Extensively 
Used     with     Convict     Labor. 

ried  and  crushed  it  is  hauled  by  the  trucks  and 
teams  and  deposited  on  the  road  and  used  in 
layin;!  the  foundations,  gutters  and  top  surface 
of  the  pavement. 
The  quality  of  stone  used  is  granite  or 

gneiss,  the  only  stone  available  in  this  locality. 
The  cost  of  quarrying,  crushing  and  hauling 
the  stone  from  the  crusher  to  the  paving  job 
costs  on  an  average  of  60  cents  a  cubic  yard, 
but  consideration  should  be  given  to  the  fact 
that  the  labor  employed  is  only  that  of  the 
convicts,  with  the  exception  of  the  engineer 
at  the  crushing  plant,  the  powder  man  at  the 

Fig.    4.     Crushing    Plant.      Note     Method    of   Piling    Uncrushed    Stone    Around    the    Plant. 

water-bound  macadam  road,  during  the  sum- 
mer months  when  the  surface  is  heated  by 

the  sun,  the  road  is  gone  over  with  a  revolv- 
ing brush  broom,  such  as  used  in  street  clean- 
ing, and  the  accumulated  dust  is  swept  into 

the  gutters,  w'here  it  is  allowed  to  lie  until 
the  apnlication  of  the  hot  road  oil  is  com- 

pleted. Heavy  liquid  petroleum  asphalt,  con- 
taining not  less  than  80  per  cent  of  asphalt, 

is  applied  at  a  temperature  of  225°  F.  at  a  rate 
approximating  %  gal.  to  the  square  yard  on 
the  initial  treatment.     Simultaneously  with  the 

In  Fulton  County,  there  are  over  50  miles  of 
oiled  roads.  Each  summer  a  light  treatment 
is  given  each  road  previously  oiled  and  the 
roads  completed  the  year  before  are  given 
their    initial    treatment. 

ASPHALT     MACADAM     AND    ASPHALTIC    CONCRETE. 

The  usual  process  is  employed  in  laying  gut- 
ters for  asphalt  macadam  pavements,  except 

that  the  width  of  the  gutters  is  uniform,  in- 
stead of  varying,  as  in  the  case  of  water- 

bound  roads.  Two  years  ago  a  policy  was 
adopted  of  laying  the   rubble  gutters  8   ft.  in 
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Fig.  5.     Finished   Roadway  and  a  Grade  Crossing  Elimination. Fig.    6.     Concrete    Arch    Highway    Bridge    Built    by    Convicts. 

quarry  and  the  truck   and   team   drivers,   who 
are  white  and  free  laborers. 

GUTTERS    AND   PAVEMENT. 

The  first  step  in  laying  the  pavement  is  the 
placing  of  the  gutters.  Fig.  1,  which  are  of 
rubble,  and,  since  the  average  width  of  the 
roadways  in  the  county  is  30  ft.,  the  gutters 

spraying  of  the  road  with  the  hot  oil  an  air 
bias',  drivtn  by  a  fan,  blows  all  of  the  remain- 

ing particles  of  dirt  and  dust  out  of  the  in- 
terstices of  the  pavement,  allowing  a  close  in- 

corporation with  the  road  surface,  and  the 
asphaltic  oil  is  applied  under  steam  pressure. 
Following  the  spraying  machine,  the  convicts 
cover  bv  hand  the  entire  surface  of  the  oiled 

width  on  each  side  of  the  road,  leavmg  in  the 
center  14  ft.  to  be  paved.  The  object  in  lay- 

ing the  gutters  a  uniform  width  of  8  ft.  is  to 
allow  the  travel  on  the  road  under  construc- 

tion to  continue  uninterrupted  while  the  center 
is  being  laid.  After  the  gutters  are  down  the 
traffic  proceeds  along  the  road,  keeping  to 
the  right,  and  in  this  manner  no  interference 

ANALYSIS  OF  ASPHALT  BINDER. - -NAME  AND  NUMBER  OF  CAR.   WHERE  USED  AND    DATE. 

Date       Initials 
of        I      of 

Analysis  {    Car 

Car 
No. 

Melting 

Date  Point 
Received    Degrees 

P. 
Evapora- tion 7  hrs. 

325°  F. 

Flash  Point 

Degrees F. 

Burning 

Point 
Degrees F. 

Soluble  in 

Carbon 
Disulpfaide 

Soluble  in BE"  Penn. 

Naptha 
Mineral Matter Penetra- tion 32°  F. 200  grms. 

min. 
Penetra-       Penetra- 

tion 77°F.  tion  1I5°F. 
100  grms.      50  grms. 

5  sec.  5  sec. 

Road 

Where Used 
Manufactured 

by 

(Original  size  of  form  8i  x  16i  inches.) 

Fig.  7.     Form  Used  in  Recording  the  Analysis   of  Asphaltic  Binder. 

are  laid  for  a  water-bound  macadam  of  a  vary- 
ing width.  On  the  summit  oi  the  grades  tl  e 

gutters  average  3  ft.  in  width,  gradually 
widening  until  the  foot  of  the  grade  is  reached, 
where  they  are  5  to  6  ft.  in  width,  according 
to  the  length  of  the  grade  down  which  the 
water  flows. 

road  with  granite  screenings,  which  are  hauled 
in  the  trucks  from  the  crushers  and  deposited 

at  intervals  alongside  the  road  for  this  pur- 
pose. The  cost  of  the  oiling  is  6%  cents  a 

square  yard  for  the  initial  treatment,  and  ̂ S'-j 
cents  a  square  yard  for  each  successive  treat- 

ment, using  one-half  the  amount  of  oil  to  the 

is  had  with  laying  the  hot  surfacing  material 
in  the  center  of  the  road. 

The  binders  used  by  the  county  in  con- 
structing asphalt  macadam  roads  include 

Texas,  California,  Bermudez,  Trinidad  and 
Cubanal  asphalts  and  Standard  Oi!  a.spbalt. 
We  have  found  by  experience  that  the  binders 
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used  in  the  east  will  not  meet  climatic  con- 
ditions in  the  south,  since  owing  to  the  ex- 

tremely long  hot  season  a  binder  with  a 
higher  melting  point  must  be  used  here.  Xo 
binder  is  used  in  this  county  that  has  a  lower 

melting  point  than  from  (io"  to  80°  F.,  e.xpe- rience  having  shown  that  a  binder  with  a 
lower  melting  point  will  bleed  and  run  durmg 
the  hot  season. 

As  each  car  of  asphalt  is  received  samples 
are  taken  from  the  shipment  and  sent  to  the 

laboratory  for  a  chemical  analysis  and  a  rec- 
ord :s  kept  of  each  car,  showing  a  complete 

analysis. 

By  way  of  an  experiment  last  year  the  coun- 
ty paved  several  roads  with  two  different 

brands  of  asphalt  mixed  in  the  proportion  of 
CO  per  cent  of  one  kind  and  40  per  cent  of  the 

other.  Aher  one  year's  traffic  the  roads  on 
which  the  mixture  was  applied  are  showing 
very  satisfactory  results.  The  idea  in  trymg 
the  mixing  of  the  binders  was  to  obtain  an 
average  between  an  asphalt  with  a  low  melting 
point  and  one  with  a  higher  melting  point,  m 
order  that  the  melting  point  of  the  binders, 

averaged,  would  not  be  lower  than  the  mini- mum desired. 
There  are  at  present  in  Fulton  County,  in 

addition  to  the  oiled  roads,  approximately 
50  miles  of  asphalt  macadam  and  bitulithic 
pavements  and  100  miles  of  dirt  roads. 

REP.MR   OF   DIRT   RO.\DS. 

The  dirt  roads  are  under  the  supervision 
of  an  assistant  superintendent,  who  has  de- 

tailed under  him  from  each  of  the  camps  a 
squad  of  15  convicts,  1  guard  and  2  teams 
with  drivers. 

Supplied  with  road  machines,  steel  road 
drag,  scrapes  and  plows,  the  repair  squads 
working  from  each  camp  devote  their  time 
to  resurfacing  and  ditching  the  dirt  roads. 
After  heavy  rains  the  repair  squads  go  to 
■work  immediately  filling  in  the  holes,  cleaning 
out  the  ditches  and  crowning  the  center  of 
the  road. 

COST  OF  CO.N-STRUCriON  BY  CONVICTS  AS  COMPARED 
WITH    HIRED  LABOR. 

On  an  average  haul  of  500  to  600  ft.,  eartli 
excavation  costs  an  average  of  20  cents  a 
cubic  yard.  The  same  material  moved  with 
hired  labor  at  $1.50  per  day  (the  prevailing 
rate  for  labor)  would  cost  at  least  40  cents 
per  cubic  yard.  The  method  used  in  moving 
earth  in  cuts  too  shallow  to  allow  the  use  of 
the  steam  shovel  is  that  of  working  the  cut 
to  a  face,  sinking  drill  holes,  and  shooting 
with  light  charges  of  explosives,  after  which  it 
is  loaded  by  the  convicts  into  the  wagons.  In 
heavy  cutting,  it  is  much  more  economical  to 
operate  the  steam  shovel  and  load  direct  into 
the  wagons. 
The  cost  of  rock  excavation  figures  close 

around  SI. 00  a  cubic  yard  with  convicts  and 
$2.00  with  hired  labor.  The  building  of  con- 

crete retaining  walls,  abutments,  culverts  and 
work  of  a  similar  nature  costs  $fi.50  a  cubic 
yard,  while  work  of  the  same  character  per- 

formed by  hired  labor  costs  $9.00  to  $11.00  a 
cubic   yard. 
Water-bound  macadam  averages  75  cents 

a  square  yard  when  the  convicts  are  em- 
ployed, as  against  $1.50  a  square  yard,  the 

ordinary  local  contract  price. 

Notes  on  the  Relative  Values  of  Pav- 

ing  Materials. 
The  selection  of  the  type  of  paving  material 

best  suited  to  the  needs  of  traffic  is  one  of 
the  important  problems  of  the  city  engineer. 
A  statement  of  the  general  laws  controlling 
such  a  selection  is  made  by  Geo.  W.  Tillson 
in  a  paper  before  the  Cleveland  Engineering 
Society,  which  paper  is  given  here  in  part. 

STONE  BLOCK   PAVEMENTS. 

Granite  and  the  harder  sandstfpiies  are 

principally  used  in  the  stone  block  pave- 
ments of  this  country.  The  particular  kind 

to  be  used  will  depend  upon  the  avail- 
ability and  cost.  It  would  be  foolish  to  con- 

sider granite  as  a  material  where  it  must  be 
obtained  at  great  expense  and  where  a  good 
sandstone   is   available.     In   this    .study,   how- 

ever, granite  is  considered,  as  it  is  a  material 
that  is  used  in  New  York  City  and  one  with 

which  the  author  is  most  acquainted. 

In  this  connection  it  should  be  stated  ttiat 

the  figures  arrived  at  in  this  study  by  the  au- 
thor must  be  varied  in  every  locality  and 

must  vary  to  a  great  extent  according  to  the 

judgment  of  each  individual  engineer.  He 

wishes  it  understood,  however,  that  he  does 

not  consider  the  exact  figures  as  of  so  much 

importance  as  the  method  of  obtaining  the 

results.  So  that  too  much  importance  should 

not  be  given  to  the  results  shown. 

The  granite  pavements  of  today  are  very 
much  better  than  those  that  were  laid  even 

four  or  five  years  ago.  It  has  been  found 

that  on  account  of  their  being  laid  on  a  con- 

crete foundation  it  has  been  possible  to  re- 
duce the  depth  of  the  blocks  and  make  them 

of  somewhat  smaller  size  otherwise,  thus 

rendering  it  possible  to  get  a  better  cut  block 

at  the  same  expense  as  before  and  allowing 
the  blacks  to  be  laid  with  a  closer  joint,  thus 

reducing   abnormal   wear. 
The  blocks  are  laid  on  a  sand  cushion  on 

a  concrete  base,  the  joints  being  filled  with 

cement  grout,  tar  and  gravel,  tar  pitch  alone, 
and  sometimes  a  combination  of  pitch  and 

sand  The  author  believes  that  with  a  small 

joint  and  a  combination  of  good  pitch  and 
sand  the  best  results  will  be  produced.  While 

a  cement  grout  joint  makes  a  smooth  pave- 
ment, it  is  often  difficult  to  close  the  street 

long  enough  to  allow  the  cement  to  set,  and 
it  also  makes  a  pavement  that  is  exceedingly 
difficult  to  repair  after  it  has  been  torn  up  for 
any  substructure  purposes. 

In  considering  the  value  of  different  ma- 
terials as  applied  to  different  streets  it  is  as- 
sumed that  an  intelligent  selection  of  the 

different  materials  has  been  made,  as  upon 

that  will  depend  the  results  entirely.  For  in- 
stance, a  granite  pavement  could  be  laid  on  a 

residence  street  with  light  traffic,  where  its 
durability  would  be  long  and  the  cost  of 
maintenance  practically  nothing.  On  the 
other  hand,  an  asphalt  pavement  could  be  laid 
upon  a  heavy  business  traffic  street,  where  its 
life  would  be  short  and  the  cost  of  mainte- 

nance enormous.  If,  however,  an  intelligent 
selection  of  material  is  made  for  all  streets 
of  the  city,  what  will  be  the  natural  life  and 
cost  of  maintenance  will  be  found. 

In  1013  in  the  Borough  of  Brooklyn  the 
granite  pavements  cost  3.0  cts.  and  the  Medina 
sandstones  6  mills  per  square  yard,  all  on 
concrete. 

WOOD   BLOCK   PAVEMENTS. 

Wood  pavements  have  been  laid  at  intervals 
in  this  country  for  some  70  years.  The  first 
pavements  were  not  only  of  untreated  wood, 
but  of  wood  selected  without  much  regard 
for  its  natural  durability.  The  result  was 
failure,  as  could  have  been  expected.  The  re- 

peated failures  of  the  different  kinds  of  wood, 
however,  although  they  delayed,  did  not  pre- 

vent entirely  the  establishment  of  wood  in 
this  country  as  a  standard  material.  The.  suc- 

cess of  the  wood  pavements  in  Europe  made 
it  positive  that  they  could  be  laid  successfully 
in  this  country  under  proper  conditions. 
The  first  treated  wood  pavement  in  this 

country  was  laid  on  Trcmont  St.,  Boston,  in 
1000.  This  pavement  has  been  in  use  during 
this  entire  period  with  very  small  repairs, 
and  is  in  good  condition  at  the  present  time. 
It  is  composed  of  blocks  treated  with  a  com- 

position made  up  of  one-half  creosote  oil  and 
the  other  half  resin.  Pavements  of  this  char- 

acter were  laid  in  New  York  and  other  cities, 
but  on  account  of  the  increased  price  of  resin 
it  was  dropped  out  of  the  mixture  and  creo- 

sote oil  only  used. 
There  has  been  a  great  deal  of  controversy 

as  to  the  character  of  the  creosote  oil  to  be 
used  for  this  purpose,  the  principal  point  be- 

ing the  specific  gravity.  The  theory  of  mix- 
ing the  resin  with  creosote  was  that,  it  be- 
ing a  more  stable  material,  it  would  prevent 

the  volatilization  of  the  creosote  and  so  pre- 
serve the  blocks  from  decay  for  a  greater 

length  of  time.  The  object  of  treating  the 
wood  is  to  prevent  decay  and  also  to  make  the 
blocks  stable  by  preventing  the  absorption  of 
water    so   that    they    will    not    shrink     in     drv 

weather  or  swell  in  wet  and  thus  cause  bulg- 
ing. It  was  thought  that  by  using  a  heavier 

oif  this  result  could  be  obtained  as  well  as 

by  the  use  of  a  light  oil  with  resin.  The 
relative  values  of  the  heavy  and  light  oils 
have  never  been  determined,  but  the  author 

has  always  been  in  favor  of  the  heavier  oil. 

The  present  method  of  laying  wood  pave- 
ments in  this  country  has  not  been  in  use 

long  enough  to  determine  what  the  cost  of 
maintenance  is,  but  figures  obtained  frorn  St. 

Louis,  Minneapolis  and  other  cities  indicate 
that  it  is  exceedingly  small.  The  first  pave- 

ment of  this  character  to  be  laid  in  Brooklyn 

was  in  1002,  and  it  has  had  practically  no  re- 
pairs for  wear  and  tear  since  laid.  It  is, 

however,  on  a  light  traffic  street.  The  total 
cost  of  maintenance  of  the  wood  pavements 
in  Brooklyn  in  1013  was  1.4  cts.  per  square 
yard  on  pavements  that  had  been  in  use  from 
8  to  11  years.  This  cost,  however,  included, 
besides  actual  wear  and  tear,  damage  caused 

by  openings  in  the  pavement,  although  not 
the  cost  of  repaying  the  openings  themselves. 
In  Paris  in  1911  the  cost  of  repairs  was  26 
cts.  per  square  yard.  In  London  the  average 
cost  is  20  cts.  per  square  yard. 
The  fillings  for  joints  in  wood  pavements 

are  sand,  asphalt  or  coal  tar  pitch,  and  cement 
grout.  The  practice  in  Brooklyn  has  been  to 
fill  the  joints  with  sand,  and  first  class  re- 

sults have  been  obtained.  Some  people,  how- 
ever, prefer  the  bituminous  and  others  the 

cement  filler ;  either  will  give  good  results 
when  properly  used,  although  the  author  does 
not  look  with  much  favor  on  the  cement  grout 
filler. 

There  is  no  question  that  wood  block  is  an 
important  paving  material,  and  on  streets 
where  the  traffic  is  heavy  and  noise  is  a  great 
detriment  it  is  most  advisable.  Its  strongest 

point  is  its  noiselessness  and  its  weakest  its 
slipperiness.  It  has  been  given  a  value  as 
shown  in  the  table. 

PRICK   PAVEMENTS. 

The  author  has  considerable  hesitation  in 

saying  anything  about  brick  pavements  in 
such  a  community  as  this,  where  these  pave- 

ments have  been  used  so  long  and  to  so  great 
advantage,  and  where  the  engineers  know  so 
much  more  about  the  subject  than  does  the 
author.  While  he  has  not  had  so  much  ex- 

perience, especially  in  recent  years,  yvith  this 
class  of  material,  he  has  kept  in  touch  with 
the  subject  and  recognizes  fully  the  value  of 
this  material  and  the  importance  it  has  in  the 
paving  industry. 

The  use  of  burnt  clay  for  pavements  seems 
to  illustrate  as  w-ell  as  anything  else  how 
quick  the  genius  of  the  individual  is  to  take 
advantage  of  every  gift  of  nature.  In  this 
central  portion  of  our  country,  where  there  is 

no  natural  paving  stone,  there  has  been  pro- 
vided a  quality  of  clay  which  when  properly 

treated  produces  a  material  that  is  almost  as 
good  as  that  provided  by  nature  herself,  if not  better. 

The  first  brick  pavements  in  this  country 
were  laid  in  Wheeling,  W.  Va.,  in  1870,  but 
the  material  did  not  come  into  general  use  for 
some  time.  The  author  is  free  to  confess  that 

when  his  attention  was  first  called  to  brick- 
as  a  paving  material  he  was  not  favorably 
disposed,  but  the  success  of  the  material  after 
it  was  put  into  use  was  such  that  he  was 
obliged  to  confess  the  error  of  his  previous 
jud.gment.  Many  failures  have  occurred  in 
brick  pavements  because  people  did  not  un- 

derstand the  difference  between  bricks,  and 

it  was  not  easy  in  the  early  days  of  the  in- 
dustry to  determine  previous  to  its  use 

whether  a  certain  brick  would  or  would  not 

make  a  good  pavement,  and  then  it  ̂ vas  not 
know-n  what  was  the  best  method  of  laying. 
Both  of  these  matters,  however,  have  been 
fully  threshed  out,  and,  in  the  judgment  of 
the  author,  this  is  mainly  due  to  the  work  of 

the  National  Paving  Brick  Manufacturers' 
.^ssociation,  which  has  maintained  a  paid  sec- 

retary to  look  after  the  interests  of  the  brick 
manufacturers,  not  simply  to  enable  the  man- 

ufacturers to  sell  their  product,  but  that  every 

city  should  get  the  best  possible  brick  pave- ment obtainable. 

With   the  present   knowledge  of   the   art  of 
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making  brick  and  the  methods  of  testing  and 
laying,  it  is  as  possible  to  determine  in  ad- 

vance what  the  results  will  be  with  brick  as 
with   any   natural   material. 

It  is  conceded,  of  course,  that  brick  pave- 
ments, like  all  others,  must  have  a  good  toun- 

dation  so  that  the  question  at  issue,  after  the 
bricks  themselves  have  been  determined  upon, 
is  principally  the  cushion  on  the  concrete  and 
the  character  of  the  joint  filling.  The  Na- 

tional Paving  Brick  Manufacturers'  Associa- 
tion has  always  been  very  strong  in  advocat- 

ing a  2-in.  sand  cushion  laid  upon  the  con- 
crete. Most  engineers  in  the  East,  however, 

believe  that  only  1  in.  is  necessary  and  that 
no  more  should  be  used,  the  idea  being  that  all 
that  is  required  is  to  have  a  sufficient  quan- 

tity to  allow  the  brick  to  be  well  bedded  and 
have  an  even  bearing  over  its  whole  surface. 
If,  however,  experience  demonstrates  that  a 
2-in.  cushion  is  better  than  a  1-in.,  the  e.xtra 
expense  is  negligible  and  it  should  be  adopted. 

Three  kinds  of  joint  filling  have  been  used: 
sand,  coal  tar  pitch,  and  cement  grout.  At 
the  present  time  sand  is  not  used  to  any  great 
e-xtent,  as  it  is  conceded  that  a  material  should 
be  used  that  will  protect  as  much  as  possible 
the  corners  of  the  bricks  so  that  the  wear 

may  be  in  accordance  with  the  principle  pre- 
viously laid  down  in  this  paper — as  nearly 

vertical   as   possible. 
The  question  of  coal  tar  pitch  and  cement 

grout  cannot  be  so  easily  dismissed,  however. 
The  advocates  of  both  materials  are  very 
many  and  present  strong  arguments,  and  it 
must  be  admitted  that  good  results  have  been 
obtained  with  both  kinds  of  filling.  The  au- 

thor believes,  however,  that  if  proper  care  be 
taken  in  the  laying  and  in  the  application  of 
the  filler,  cement  grout  will  give  the  best  re- 

sults, as  it  will  come  more  nearly  to  making 
the  pavement  a  monolith.  Some  trouble  has 
occurred  in  the  past  with  this  filler  on  ac- 

count of  the  rumbling  of  the  pavement  under 
traffic.  This  trouble,  however,  has  been  near- 

ly if  not  entirely  obviated.  There  is  the  ob- 
jection to  a  cement  filler,  however,  that  it  is 

more  difficult  to  open  a  pavement  and  re- 
place it  in  case  it  becomes  necessary  on  ac- 
count of  the  subsurface  work. 

It  is  almost  impossible  to  set  any  figure 
for  the  life  of  a  brick  pavement  or  the  cost 
of  repairs,  as  these  depend  almost  entirely 
upon  traffic.  The  figures  given  in  the  table 
have  been  made  out  principally  from  data  re- 

ceived from  large  cities,  and  undoubtedly 
they  would  be  modified  if  obtained  from  the 
state  of  Ohio,  for  instance.  But  as  has  pre- 

viously been  said,  all  figures  of  the  table  must 
be  adapted  to  local  conditions.  The  results 
determined  upon  are  shown  in  the  table. 

.\SPHALT  P.WEMENTS. 

Under  the  head  of  asphalt  will  be  consid- 
ered sheet  asphalt,  asphalt  blocks  and  bitu- 

lithic,  although  the  latter  is  perhaps  more 
often  used  with  coal  tar  pitch  than  with  as- 
phalt. 
Sheet  Asflialt.— The  first  pavement  of  any 

note  of  this  character  was  laid  on  Pennsyl- 
vania Ave.,  Washington,  D.  C,  in  187(1.  So 

great  was  its  success  that  it  soon  came  into 
general  use  all  over  the  country.  While  called 

asphalt  pavement,  it  is  almost  entirely  com- 
posed of  sand,  as  the  standard  pavements 

have  but  10  to  12  per  cent  of  bitumen,  which 
is  the  valuable  property  of  the  asphalt,  the 

rest  being  made  up  of  sand  and  a  small  por- 
tion of  stone  dust.  The  pavement  is  pleas- 

ing in  appearance,  smooth,  not  noisy,  and  on 
light  traffic  streets  seems  to  be  almost  ideal. 

It  is  more  slippery  than  the  hard  block  pave- 
ments, and  in  the  coast  cities  it  is  not  gen- 

erallv  laid  on  grades  over  3  or  4  per  cent.  In 
the  interior,  liowever,  where  the  atmosphere 
contains  less  moisture,  it  is  often  used  on 

grades  as  high  as  7  per  cent  without  trouble. 
Data  collected  from  the  cities  of  Brooklyn, 

Boston,  BufTalo.  Chicago.  New  York,  Philadel- 
phia, St.  Louis  and  Washington  shows  that 

these  cities  in  1800  had  a  total  of  246  miles 

of  asphalt  pavement,  and  in  1911  2.348  miles. 
This  gives  an  idea  of  the  popularity  of  the 

pavement,  although  it  must  be  taken  into  con- 
sideration that  this  w-as  during  a  period  when 

there    was    great    activity    in    la)iii!?    new    and 

smooth  pavements.  In  Brooklyn,  for  in- 
stance, in  1895,  there  were  18  miles  of  asphalt 

pavement,  while  at  the  present  time  there  are 
■j40  miles.  Brooklyn  is  a  residential  city,  with- 

out many  steep  grades,  and  one  to  which  this 
material   is   particularly    adapted. 
The  cost  of  repairs  to  the  asphalt  pave- 

ments in  the  Borough  of  Brooklyn  in  1913 
was  3%  cts.  per  square  yard,  and  in  the 
Borough  of  Manhattan  for  1912  it  was  14.1 
cts.  per  square  yard,  this  being  due  to  a  great 
extent  to  the  difTerence  in  traffic  in  the  two 
cities.  In  the  city  of  Paris  in  1911  the  cost 
was  19%  cts.  per  square  yard. 

In  Berlin  asphalt  repairs  are  made  by  con- 
tract. The  price  paid  is  for  streets  from  5 

to  20  years  old,  10  cts.  per  square  yard ;  from 
20  to  30  years  old,  12%  cts.  per  square  yard ; 
from  30  to  40  years  old,  15  cts.  per  square 

yard. 

In  London  the  contract  price  on  Cheapside 
per  yard  per  year  was  56  cts.  for  15  years 
beginning  after  the  pavement  had  been  down 
2  years.  The  average  cost  of  repairs  in  Lon- 

don is  30  cts.  per  yard. 

Asphalt  Block. — This  is  another  form  of  as- 
phalt pavement  and  consists  of  blocks,  made 

under  heavy  pressure  at  a  central  plant,  com- 
posed of  asphalt  and  broken  stone  aggregate 

rather  than  sand,  as  is  used  in  the  sheet  pave- 
ment. The  mi.xture  of  the  material  can  be 

absolutely  regulated  and  the  pressure  made 
uniform,  so  that  the  blocks  produced  should 
be  uniform  in  density  and  quality.  On  ac- 

count of  the  stone  aggregate  being  coarser 
(say  from  %  in.  downward)  than  the  sand, 
the  surface  of  the  pavement  affords  a  better 
foothold  than  the  sheet  asphalt,  and  also  on 
account  of  the  joints  between  the  blocks.  So 
that  w-here  a  smooth  pavement  on  grades  is 
desired  asphalt  blocks  are  particularly  de- 

sirable. They  are  used,  of  course,  to  a  great 
extent  on  streets  of  light  grades. 
An  objection  to  them  is  that  as  they  have 

to  be  manufactured  at  one  location  the  en- 
tire surface  of  the  pavement  must  be  trans- 

ported from  the  plant  to  the  street,  while 
with  sheet  asphalt  the  plant  can  be  located  at 
a  convenient  point  so  that  the  haul  is  not 

so  large.  This  makes  a  difference  in  the  ex- 
pense against  the  asphalt  blocks.  On  the 

other  hand,  however,  an  asphalt  block  pave- 
ment can  be  repaired  without  the  use  of  a 

mixing  plant,  as  the  blocks  can  be  purchased 
and  brought  upon  the  street  and  used  when 
desired. 
Asphalt  block  pavements  in  the  Borough 

of  Manhattan  in  191?  cost  9.8  cts.  per  square 
vard  for  repairs,  and  in  the  Borough  of 
Brooklyn   for  1913  1.2  cts.  per  square  yard. 

Bitulithic  Pavements. — This  pavement  was 
first  laid  about  10  years  ago.  A  gentleman 
who  had  formerly  been  interested  in  asphalt 
pavements  conceived  the  idea  of  improving 
the  then  existing  methods  of  laying  a  macad- 

am pavement  by  filling  a  portion  of  the  voids 

with  a  bituminous  product  or  bitumen'  mixed wMth  some  other  material.  By  the  gradual 
elaboration  of  his  original  idea  there  was 
evolved  a  pavement  wdiich  is  now  known  as 
"bitulithic."  It  is  essentially  a  macadam  pave- 

ment of  selected  and  graded  stone,  so  that  the 
voids  in  the  stone  shall  be  as  small  as  possi- 

ble, the  binder  being  a  bitumen,  either  coal  tar 
or  asphalt,  both  having  been  used.  The  pave- 

ment, being  formed  of  coarse  materials,  can 
be  laid  on  quite  steep  grades  with  satisfactory 
results.  The  writer  has  had  no  personal  ex- 

perience with  this  material,  but  has  observed 
its  construction  and  use  in  other  cities.  It 

has  been  laid  very  extensively  in  this  coun- 
try and  would  undoubtedly  have  been  used 

to  a  greater  extent  if  it  were  not  patented.  It 
is  considered  as  standard  and  ranks  with  as- 

phalt  pavements. TRAFFIC. 

Knowing,  however,  the  kind  of  material 
and  the  properties  thereof  are  not  sufficient 
for  the  official  whose  duty  it  is  to  determine 

the  particular  one  to  be  used.  He  should  also 
know  the  requirements  of  the  streets  to  be 

paved.  In  order  to  d'o  this  he  should  have records  of  the  kind  and  character  of  the 
traffic  upon  each  street,  or  upon  typical  streets. 
Of   course   it   is   not   necessary   to   get  a  total 

census  of  trafiic  on  all  residential  streets,  but 
of  those  where  by  an  inspection  it  can  be  told 
to  what  class  they  belong. 

And  in  speaking  of  traffic  it  should  be  under- 
stood that  as  at  present  considered  the  words 

'  heavy,"  "medium,"  and  "light"  traffic  mean 
very  little,  except  with  reference  to  any  one 
[articular  city.  There  should  be  a  standard 
unit  of  traffic,  so  that  when  the  traffic  on  a 
certain  street  is  given  it  could  be  distinctly 
comparable  with  traffic  in  another  city.  To- 

do  this  it  is  necessary  that  the  eft'ect  of  traffic upon  the  different  materials  be  known.  Little 
attempt  has  been  made  to  determine  this,  but 
within  the  last  two  or  three  years  the  English 
Road  Board  has  constructed  a  machine  for 
making  this  determination,  and  a  somewhat 
similar  machine  was  exhibited  at  the  Amer- 

ican Highways  Association  meeting  in  De- troit last  fall. 

It  can  be  easily  understood  that  a  vehicle 
weighing  with  its  load  15  tons  will  have  an 
entirely  different  effect  upon  a  pavement  than 
15  vehicles  each  weighing  1  ton.  It  makes  a 
difference,  too,  whether  the  tires  are  steel  or 
rubber,  whether  they  are  1  in.  or  3  ins.  in 
width,  and  whether  the  vehicle  is  moving  at 
a  rate  of  6  or  3U  miles  an  hotir.  Experi- 

ments can  be  made  so  that  the  wear  of  the 
different  vehicles  under  different  loads  can  be 

ascertained  and  referred  to  one  unit,  and  un- 

til this  is  done  the  adjectives  "heavy,"  "me- 
dium," and  "light"  must  be  considered  very 

indefinite. 

I  think  on  the  streets  that  will  be  subjected 
to  the  heavy  traffic,  it  will  undoubtedly  be 
necessary  in  the  future,  if  motor  trucks  are 
to  be  continued  with  heavy  loads  as  they  un- 
doubtely  will,  to  lay  heavier  foundations  on 
streets  that  will  be  subjected  to  that  traffic. 
It  may  be  necessary  in  the  large  cities  to  have 
certain  streets  assigned  for  those  heavy  trucks. 
I  do  not  think  it  is  fair  to  a  city  or  the  prop- 

erty owners  to  be  compelled  to  lay  pavements- 
with  a  strength  sufficient^  to  hold  up  those 
heavy  loads,  although  I  was  quite  surprised  in 
Glasgow  in  speaking  to  the  engineer  about 
their  extreme  loads  when  he  said  that  even 
under  the  heaviest  conditions  they  did  not  use 

more  than  six  inches  of  concrete,  but  in  Lon-- 
don,  on  the  heavy  traffic  streets  they  are  using 
eight  inches.  If  we  are  going  to  have  these 
enormous  loads,  as  we  undoubtedly  are,  some 
special  provisions  must  be  made  for  them. 

In  connection  with  these  loads,  the  city  con- 
sulting engineers  of  New-  York  had  in  mind 

for  some  time  the  regulating  of  thes9  loads 
by  ordinance,  and  having  the  people  who  use 
those  excessive  loads  pay  a  license  fee  for 
their  use.  In  making  investigations,  it  was 
found  that  the  large  trucks  with  the  wide  tires 
sometimes  had  a  load  of  1,500  to  1.800  pounds 
per  inch  of  tire  on  the  streets,  and  it  was  the 
intention  not  only  to  regulate  the  total  load, 
or  load  per  wheel,  but  the  load  per  inch  of 
tire.  An  ordinance  was  drawn  up  to  accom- 

plish this,  but  it  was  finally  decided  that  such 
an  ordinance  would  be  in  the  nature  of  a  tax, 
and  that  these  trucks  were  taxed  once  bv  the 

city,  and  that  they  could  not  be  taxed  again. 
The  borough  engineer  of  Fulham,  London, 

has  established  what  he  thinks  is  the  wear 
that  will  take  place  on  wood  pavements  under  _ 

a  certain  trafiic,  and,  having  observed  the  traf-* fie  on  any  particular  street,  he  figures  out 
how  long  a  wood  pavement  should  last.  This, 
however,  is  indefinite  for  the  reasons  before 

given. 

.^nd  even  after  the  value  of  the  traffic  unit 
has  been  established  it  will  be  difficult  to  apply 

it  positively,  as  in  every  case  the-  weight  of 
the  vehicles  upon  it  must  be  estimated. 
Then  after  all  that  has  been  determined 

there  are  certain  local  conditions  which  must 
also  be  taken  into  consideration.  For  in- 

stance, if  the  trafiic  requirements  are  such  that 
a  brick  or  stone  pavement  should  be  used  for 
economic  reasons,  it  is  possible  that  hospitals, 
school  houses  or  churches  may  be  situated  on 

certain  portions  of  the  streets,  so  that  it  would 
be  necessary  to  lay  wood  on  account  of  its 
noiseless  property.  Then.  too.  the  official  will 
learn  that  the  wishes  of  the  users  of  the  street 
and  those  doing  business  on  it  must  also  be 
taken    into   consideration,   and   he   often    finds 
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that    the    two    will    conflict,    as    the    truckman  Public   Roads,   pointed  out   some  of  the  diffi-  Ninth ;     That    the     men     who     have     direct 
cares  nothing  about  the  noise  and  the  business  culties    involved    in    the    question    and    sug-  charge  of  construction  and  maintenance  must 
man    cares    little    for    tractive   or    non-slipper  gested    methods    of    surmounting    these    diffi-  be    appointed    rather    than    elected    and    must 
properties.      So    that,    despite    all    information  culties,  which  paper  is  given  here  in  part :  hold  otlice  during  their  efficiency  instead  of  for 
that  can  be  obtained,   in  order  to  arrive  at  a  Continuous    emplovment    must    be    made    a  fixed  terms. 

satisfactory    result    the    different    conclusions  basic  feature  of  our'  road  system  if  efficiencv                                must  be  treated  together  and  intelligently.     If,  is  to  be  obtained.     It  has  often  been  said  that 
however,  all  these  matters  are  taken  into  con-  no  man  can  serve  two  masters,  and  it  is  in-  Comparative  Cost  of  Horses  and  Traction 
sideration,  it  is  seldom  that  an  improper  de-  evitable  that  where  such  a  condition  exists  the  Outfit   in   Street   Maintenance. — In   a    paper 
termination  will  be  made.  interests  of  one  or  the  other  will  be  sacrificed.  before   the    California   League   of    Municipali- 

FUNDS  FOR  MAINTENANXE  AND  RF.P\IR  Private  enterprise  requires  good  management  t'^s  T.  R.  Trotter  compares  the  cost  of  street 

It  might  be  in  order  to  discuss  to  a  certain  '"  °'-der  to  insure  success.     Pubhc  enterprise  maintenance   using  horses  and  a  tractor  outfit. 
extent  the  economics  of  the  different  kinds  of  """"y  be  neglected  as  a  rule  with  impimit)-    be-  In    the    matter    of    maintenance    of    streets    a 

pavement.    When  an  original  pavement  is  paid  '^ause  the  people  m  the  aggregate  do  not  look  comparison   of  cost  of   work   done  by  horses 

for  by  assessment  upon  the  abutting  property,  o^t.  f°5  "'^"'  °";'".,'".^^''",'^-    Therefore,  m  any  as    against    the    same    done    by    a    tractor    or 
with  repairs  and  repaving  done  bv  the  citv  at  i^'^''^^^^   responsibilities  the  people  will  be  the  roller   is   interesting.     An  assumed   equipment 

large,  it  often  becomes  necessary"  to  establish  losers.     That   the   roads    require   constant   at-  or  -3  wagons  requires  the  use  of  10  horses  and 
legally  just  when  a  street  should  be  repaved  tention  is  a  fact  which  has  been  so  emphasized  5  drivers,  and  at  present  cost  of  feed  it  can  be 

This 'is   more  easilv  determined   by  inspection  and  so  insisted  upon  by  all  men  familiar  with  shown    that    it    costs    for    the    upkeep    of    the 
in  a  block  pavement  than  in  a  sheet  pavement.  ̂ °^'^    construction    and    mamtenance    that    it  horses   ?12   per   nionth   for    feed    and   shoeing 

as  it  can  easily  be  seen  when  the  blocks  are  seems  scarcely  necessan,'  to  mention  it  in  this  Horses,   about   $4.b0   each    day    for    10   horses. 

worn  out,  but  with  a  sheet  pavement  patching  connection.     Only   by   continuous   employment  il-e  wages  of  the  drivers  will  not  be  less  than 
can  be  carried   on   for  a  lon-^  time   and  to  a  ""  ̂ "'^^  continuous  attention  be  obtained  for  f;  P"  day  each,  or  $10  per  day,  or  a  total  of 
great   extent  without  there   being  any   formal  the  road.  $14  60,  while  if  a  tractor  or  roller  should  be 

repaving.     Take    for   instance  the  case  of   an  ,^°',  °"'y    ™"st    men   be    continuously    em-  used  you  will  require  one  engine  man  with  a 
asphalt  pavement,  and  assume  for  the  sake  of  P'oyed,  but  they  must  receive  adequate   com-  helper   at   a   cost   of   say   $-5  per   dav    for   the 
the   illustration   that   the   original   pavement   is  Pensation.     The  penny-wise  and  pound-foolish  two    men,    adding   $6    per    day    for    fuel    and 
paid  for  bv  a  bond  issue  continued  .luring  the  P°''<^y  °f  having  money  by  employing  a  man  oil,   etc.,  with  about  $1   per  day   for  deprecia- 
life   of   the    pavement,   which    in    this   case    is  ̂ ^ho  will  give  his  services  for  the  least  com-  tion,  making  in  all  $12  per   dav   for  the   ma- 
assumed  at  18  vears.    The  items  of  co:t  in  the  Pensation  should  be  abandoned  wherever  it  is  chine  as   against   $14.60  per  day  with   horses 
maintenance  of  this  pavement  on  a  street  are-  Practiced.     An  adequate  scale  of  salaries  and  and    men,   thereby   saving  $2.60   per   day,   and 

(1)  First  cost;  (2)  Interest  on  the  bonds  ■  (3)  ̂ ^'^Ses    would    attract   to   the    work   men   who  therefore  being  in  favor  of  the  tractor  work 
.■\nnual    repairs;    (4)    A    sinking    fund   to    be  could  effect  economies  and   increase  efficiency  as  against  the  horses.     Your  wagons  will  cost 
collected  each  year  to  pav  for  the  bonds  when  *°  f^'^"  a  degree  as  to  save  the  outlay  due  to  alike  both  as  to  original  cost  and  maintenance, 
tlicv   mature.  their  extra  compensation  many  times  over.  so  may  be  disregarded.     Teams  will  cost  $4nii 
Assume  that  an  asphalt  pavement  will  cost  u^^  ̂  requisite  to  efficient  road  management  each,   or   $2,000    for   the    five,   while   the   cost 

$2  a  square  yard,  that  the  interest  on  the  bonds  *he  men  who  actually  construct  and  maintain  of  a  tractor  would  be   from  $3,200  to  $.3,.50O 
is  4  per  cent,  and  that  it  will  cost  on  an  aver-  roads  should  be  appointed  instead  of  elected.  which  will  last  as  long  as  the  horse  and  wagon 
age  4   cts.   per   square  yard   per  vear    for   re-  ̂ "d  that  these   should  hold  office  during  effi-  outfit,   being  given   equal   care.     For  the  sake 
pairs.    This  can  be  shown  in  a  formula    such  ciency  instead  of  for  a  fixed  term.     The  old  of  argument  let  us  suppose  the  tractor  outfit 
as :  political  idea  that  office  is  a  reward  and  that  costs  the  same  as  horses  in  the  matter  of  up- R  the   reward  should  be  passed  around   so   that  keep,  it  will,  while  in  use    help  in  the  mainte 

^  +  *^' +  —  - ^"""a'  expense.  many    persons    should     receive    it    within    a  nance  of  streets  by  use  of  broad  tires    while 

.  -When  A  equals  sinking  fund  charges.  C  equals  SueTlv'' and^nLelv"  fn°t^  n,"  ''^T't  T  iT' h''"^'  Tlf '''  ̂''''  heavy  loads,  wi'll  con- tirst  cost,  I  equals  rate  nf  interest?  R  the  esti-  "tterly   and   entirely.     In   its   place   should   be  stantly  break  down  vour   road   surface  under 
mated   cost  of  total  repairs  during  the  life  of  accepted   the  principle   of   public   welfare.     If  equal   loads,   and,   wliat   is   of   naramount   im 
pavemenT^"''  ̂ ""^  ̂   "'^  "'^  °^  *^^  proposed  »  certain  work  is  to  be  done  for  the  benefit  of  portance,  will   not  produce  per   day   an   eqiial 

Substituting    these    values    in    equation    we  on''.v    i*";  .hnMU^'K*'  '''''  P-"^''*"  ''"'•¥  "1?°"  yardage   of   work   as   compared    w'ith    tractor have:  to   pay,   it   should  be  a  primary  consideration  outfit.     Another  important   factor  in  the  mat- 72  '"^t  the  public  pay  only  for  value  received.     If  ter  of  reducing  expense  is  that  in  the  season 
.078 -1-2.08 -)---  =  .198  for  the  first  period;  tile   engineer   or   road   superintendent   renders  of  no  work  the  horse  outfit  is  still  an  item  of 

,u  .   ■      .u       \   .      ,          ■     .    .       ,  1°         ''°"^^Z  "'■''"?  services  which  the  county  cost,  while  the  tractor  machine,  not  requiring —that   IS,   the  cost   to   be   raised   by   the   city  has  agreed  to  purchase  it  should  continue  to  food  for  its  life   is  practicallv  of  no  evnpnse 
every   year   to   maintain   this   pavement  would  purchase   and  to  pay   so   long  as  the   services                                 1                   cvtcusc. 
be    19.8   cts.    per    square   yard.     When,   there-  are    worth    the   purchase   price.     An    engineer 
fore,  the  annual  repairs  on  a  street  approxi-  should  not  be  called  upon  to  neglect  his  legiti-          Street  Accidents  in  New  York.   The  Auto- 

niatg    this    amount    the    question    of    repaving  niate  duties  in  order  to  obtain  sufficient  popu-  mobile  Journal  states  that  the  causes  of* some should   be  carefully  considered.     If,   however,  'ar  support  to  enable  him  to  remain  in  office,  °^   the   deaths    from   accidents    in    Xew    York 
the    same    pavement    is    continued    upon     the  "or  should  he  be  called  upon  to  leave  one  luc-  and  the  vicinity  are  as  follows  ■ 
street,   succeeding  pavements  would  cost  less,  rative  position  to  accept  another,  which  is  so           What  OaiKj^rt  <5,.„-,o  „f  tv,„  t^     Ir,     ■     ,n,„ 
as  .he  foundation  must  have  a  materia!  value.  hmite<!  as  to  term  thai  he  can  have  no  guar-                                                      '^'  Slw  York  '^Ne^^ 

The   following  table  shows  the  cost  of  dif-  ''i"tec  of  continuance  in  office,  even  thou-jfi  he  -vt  ,          i                                      City.  State.  Jersey. 
fcrent    kinds    of    pavement    for    a   period    of  render  eflicient  service.                                 °  No  He'ht  on  wa^       ^"      ̂ "^        ̂ ^ 
years,  assuming  that  granite  has  a  life  of  2.5  Summing  up  the  various  points  which  I  have  ??°  "^'^t  on  automobilV.::::::::     i!        "         ̂  
years     wood    20    vears.    brick    1.5    years,    and  put  forward,  I  would  say  ,^'-  ?■  m^"       23         3        'i 
asphalt  and  bitulithic   18  vears.     This  life    as  First  •     Tl  at   o.,r   rnlJ ',..„m         ■                 ■  ??'"'?''■;       ^^       i* h-js    been    intinnf»rl    hofr^Vo     ,c    „,  K  Ki     V  i!             ■      ,    °"^    '^°^"    problem   IS   one    ot  Fire  department        26         5         4 

n    (•       intimated    before,    is    probably    too  such- magnitude  as  to  demand  adequate  atten  Ambulance             5^         2          - 
small    for   Ohio   brick   pavements   or   those   in  tion.                                         ■<>""  aaequate  atten-  Police  and  other  officials...;. .        5         2         2 
small   cities.  Second-     That  tli<.  ..i,;.=  f                  r  •      «-   •  Children  playing  in  street,  etc.     46        12        1S 

Expense  per    Aven^-Pev  ̂ cco'Kl .      that  the  chief  cause  of  inefficient  \Voman  driving  automobile.. . .     10        14        13 

S"-:1I         "S         If       S*;S.Sr  "'''=''''""«•'-<'    as^'*v;;::::::^ 
"-■'••K          =-^"  0224  o.Ut  ,  Fourth :     That  the   remedv   for   localization  '^^°"       ""       "'       "'       '''>    hes   in   state  control   and   that  this   state   con  nemamder  of  the  State  of  New  York. 

The  Application  of  the  Merit  System     1?'  ''T-''  "'"^"''^  "?'  "«■•«>>•  to  the  mileage      Automobile     ^lll    ̂ Hf    ̂If^' 
^„  A,       .  .,  r   T,       ,  ?f  roads  improved  with  the  aid  of  state  funds       Trolley         !     ' ' '      67         79         79 
to  the  Appomtment  of  Road  hut  to  practically  the  entire  road  milea'e  of      ̂ '«s°"     :::..3i         2s        32 

Officials.                                              the   state.                                                                   -                                             State  of  New  Jersey. 

The    importance    of    the    application    of    the       be  taken  oTuof'noHtl°f''  '  w^l^'l'^'^  Automobile       "Jf     ̂ J^^ 

and     maintenance     is     generally     understood  for  subordinate  officials  anTe?-nnW."  stantly   making   recommendations    looking   to- 
among    engineers.      This    is    especially    true  Sixth:     That    county    ?ond^Hm  n't     ,■  "^-a/d  the  adoption  of  regulations  for  greater 
where  extensive  constri.cl.on  projects  are  in-  should  be  based   upon  the   same  nrinrini^^  safety  to  the  public.     One  of  the  notable  ac- 
yolvcd.      Practical    difficulties,    however,    ex-  appointment    by     n?er"t     thrc^ah   ̂ "Z^l%°  ̂ ""iplishments    of    Oie   society   in    New   York 
ist   in   the;   workincr  out   of   anv   t^encral   plan  qualification  tests  through    competitive  has    been    the    adoption    of    recomendations 
that  are  intensified  by  well  established  customs  Seventh:     That   emnlovment   m„.f   i,»  l\r\    ̂ ''^'"'^    "^'de    to    Police    Commissioner 
and  methods  of  administration  in  use  in  this  tinnous  in  order  to  Teci?re  X,?.te  r.Lf°""  Woods.     These     incliide :      One     way     traffic 
country.     In    a    paper    before    t'-e    Northwest-  Eighth-     That   romnil...-    ̂   '^^^"'*^-  "feets.     Closing  of  certain   streets  tb  vehicle 

ern  Road  Congress.  P    St.  J   Wilson,  assist-  withSh    quilifi  ations'of  t  ""aiZTnTe^"'''^  '?^'  ''^'"■'^^"  ''"^  '^°""  °f  2  and' 5  in  the ant    director   of    the    United    States    Office    of  be  provided.  "°"^  °*  '"«  appointees  must  afternoon,  so  that  they  may  be  used  by  chil- 
dren  for  play  purposes. 
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Co-operation  Among  Engineers. 
At   various    times    and    generally    in    widely 

separated    sections    of    the    country    an    engi- 
neer   has    undertaken    the    discussion    of    the 

"Status   of   the   Civil   Engineer" — although  he 
may  not  have  used  exactly  that  title.    Those 
who  were  present  when  such  an  address  was 
delivered    have    usually    agreed    in    the    main 

with  the  speaker's  remarks,  and  on  rare  occa- 
sions   the    address    has    created    written    dis- 

cussion.     In    most    cases,    however,    the    dis- 
cussion   has   been    purely   local   and    its   effect 

on    engineers    in    general    exceedingly    small. 
The  subject  has  been  discussed  in  one   form 
or     another     at     different     times     before     the 
various    local    engineering    societies    through- 

out   the    country,    yet    the    individual    efforts 
have  had  little  effect,  due  to  the  lack  of  co- 

operation  between   the   various   organizations. 
In  connection  with  the  above  remarks  certain 

statements  made  by  Hunter  McDonald,  pres- 
ident of  the  .\merican  Society  of  Civil  Engi- 

neers, in  his  address  before  the  annual  con- 
vention  of   the   society,  are  of   interest.     We 

quote    the    following    from    this    address,    be- 
lieving that   the    force   of   his   remarks  should 

carry  bevond  the  membership  of  that  society : 
Oui-   total   membership   in   all   grades   is   more 

than  7,400.     I  believe  there  are  fully  40,000  men 

in  the  United  States  who  are  eligible  for  vari- 
ous  grades   of   membership,    in  about   the   same 

proportion   as   the   list   is   now   made   up.      It   is 

hardly  safe  to  assume  that  the  reason  they  are 

not  members   is  because   they  cannot  afford   to 

be.     I   think   it  is  safe  to  assume  that,   though 

they    value    the    prestige    of    membership,    they 
feel    that    the    benefits    are    too    remote.       The 

engineer's    calling    generally    imposes    isolation, 

and  yet  they  all  dearly  love  companionship  and 

exchange  of  ideas  with  one  another.     What  we 

need  and  ought  to  have  is  the  establishment  of 

state   organizations   and   of   sections   in   all   im- 
portant  cities.      This   matter    has   been    studied 

by  a  special  committee  and  discussed  at  one  of 

our  annual  meetings,  but,  because  we  felt  that 

our   duty    ended   with    the   welfare   of   our   own 

members,   as   provided   in   the   Constitution,   the 

project  met  with  no  encouragement.     It  is  true 

that  we  permit  local  members  in  large  cities  to 

band  together  and  call   themselves  Associations 

of    Members   of   the   Am.    Soc.    C.    E.,    but    they, 

as  organizations,  have  no  voice  in  our  govern- 

ment, cannot  mingle  with  other  local  organiza- 
tions,   and.    except    in    very    large    cities   where 

no   other   secUons   already   exist,   the    formation 

of    prosperous    associations    is    impossible.     The 

history  of  such  local  associations  is  by  no  means 

flattering  to  our  pride  or  good  management.  The 

result   of   our   narrow   policy   has   been   that   or- 

ganizations, embracing  members  of  all  the  call- 
ings allied  to  civil  engineering,  have  sprung  up 

in   nearly   all   cities   of   100,000   inhabitants,   and 

other   national   engineering   societies   have   their 

own  local  sections  estabUshed  in  many  of  these 

centers,   and   are   co-operating   with   other   local 

organizations.     Some   of  these   societies  are   by 

no    means    local   in   scope.      In   the   independent 

local  organizations  the  membership  in  many  in- 
stances has  not  been  of  so  high  a  standard  as 

our   own   because   of   the   necessity   for   a   large 

membership    in    order    to    meet    expenses,    and. 

like    the    German    and    Canadian    Societies,    all 

classes  are  taken  in.     Nearly  all  these  organiza- 
tions  contain   some   of  our  members   who   have 

jomed,  sometimes  as  a  matter  of  civic  pride  and 

more   often    because   they   found   at   home   that 

.companionship     which     could     not     reach     them 
through   the   medium   of  our  Transactions  from 

New  York.     All  but  a  few  of  these  local  organ- 
izations   are    struggling   for   existence,    and   are 

unable  to   publish  their  papers  and   discussions. 

Some  are   prosperous,  and  one  in  Boston  ante- 

dates our  own  organization  by  several  years. 
It  is  the  duty  of  this  Society  to  extend  a  help- 

ing hand  to  all  who  need  it,  and  to  take  the 
initiative  in  an  effort  to  amalgamate  gradually 

all  engineering  organizations  into  one  homo- 
geneous and  co-operative  mass,  permitting  each, 

as  far  as  possible,  to  retain  its  name  and  iden- 
tity. Some  sacrifice  on  the  part  of  all  would 

no  doubt  be  necessary.  Union  has  not  been 
possible  among  religious  sects,  but  as  I  have 
heretofore  shown,  engineers  are  of  necessity 
managers,  and,  with  their  spirit  of  fair  play  and 
good  sense,  ought  to  be  able  to  get  together. 
Call  it  what  you  will,  the  American  Engineer 
Confederation,  or  better  still,  the  American 
Confederation    of    Civil   Engineers. 

I  would  not  lower  our  standard  of  require- 
ment for  membership,  but,  by  extending  local 

societies  limited  financial  assistance,  where 
needed,  we  can  raise  the  general  standard,  and, 
by  doing  this,  can  elevate  the  profession  at  large 
so  as  to  make  a  printed  code  of  ethics  un- 
necessary. 
The  time  has  come  for  the  engineer  to 

possess  his  own.  The  public  is  awake  to  tlie 
advantages  of  sound  engineering  advice.  We 
have  it  in  our  power,  without  taking  sides  in 
political  contests,  to  exert  a  beneficial  influence 
in  National,   State  and  Municipal  affairs. 
The  force  of  the  above  remarks  will  at 

once  be  realized,  especially  since  they  ema- 
nate from  the  president  of  a  national  society 

which,  to  quote,  has  "felt  that  our  duty  ended 
with  the  welfare  of  our  own  members."  Mem- 

bership in  this  society  is,  without  doubt, 

highlv  prized,  yet  there  are  not  a  few  who 

have'joined  because  they  felt  that  their  pro- 
fessional standing  demanded  membership  in 

the  national  society,  rather  than  that  they 

expected  any  tangible  benefit  from  such  mem- 
bership. The  latter  class  are  of  little  value 

to  any  organization  as  they  do  not  bring  to 

the  society  that  "human  element"  which  is 
needed  to  vitalize  it.  By  the  term  "tangible benefit"  we  mean  something  which  is  of 

greater  value  to  any  man  than  mere  finan- 

cial return,  although  it  is  every  man's  duty to  look   to   his   own  interests. 

It  is  undoubtedly  true  that  engineers  have 

missed  great  opportunities  to  increase  the 

value  and  pleasure  of  their  work  through  lack 

of  co-operation.  In  any  attempt  to  secure 

unity  of  interests  and  action  much  can  be 

learned  from  a  study  of  what  architects  have 

done,  and  are  trying  to  do;  that  they  are  co- 
operating to  a  much  greater  extent  than  are 

engineers  is  especially  evident  to  those  engi- 
neers who  have  specialized  in  building  con- 

struction. Unless  engineers  make  organized 

effort  to  protect  their  interests  and  to  further 

their  aims  they  will  soon  find  that  others 

more  alert  have  invaded  the  field  which  they 

long  have   considered   to   be   their  own. 

The  Traffic  Limits  of  Pavements  Used 
on  Country  Roads. 

By  traffic  limit  is  meant,  according  to  cur- 
rent usage  of  the  term,  the  amount  and  type 

of  traffic  a  pavement  will  carry  without  undue 
wear.  The  measures  used  in  determining 

traffic  vary,  no  one  of  them  being  universally 

employed.  In  England  traffic  is  frequently 
measured  in  terms  of  tons  per  yard  width  of 

roadway  passing  a  given  point  in  a  day  or 

a  year.  In  France  the  unit  of  measure  is  the 
"collar":  a  "collar"  meaning  a  single  horse- 
drawn  loaded  vehicle,  an  automobile  being 

estimated  as  equivalent  to  three  "collars." The  amount  of  traffic  is  stated  in  terms  of 

1  000  "collars"  a  day  for  the  entire  width  of 

pavement.  In  the  tjnited  States  the  tonnage 

per    day    for    the    whole    width    is    the    most 445 

commonly  used  unit,  although  the  yard  wide 
unit  is  also  used.  In  this  country  also  a 

distinction  is  made  in  the  type  of  traffic — 
i.  e.,  whether  horse-drawn,  motor  truck,  pleas- 

ure automobile,  etc.  Traffic  limits  are  by 
no  means  well  established,  but  results  as 
analyzed  in  a  recent  report  of  the  New  York 
Highway  Commission,  given  in  part  in  the 
issue  of  Engineering  &  Contracting  for 
October  28,  1914,  are  of  interest  as  indicative 
of  the  development  of  adequate  and  useful 
limits  of  traffic  for  various  conditions. 

In  England  it  appears  to  be  a  current  opin- 
ion that  if  a  waterbound  macadam  road  does 

not  last  two  years  without  resurfacing  an- 
other type  of  construction  should  be  used. 

It  is  believed  that  a  traffic  of  about  137  tons 

per  yard  width  per  day,  or  -50,000  tons  per 
annum,  is  the  limit  for  this  type  of  pave- 

ment. Traffic  amounting  to  1.200,000  tons  per 

yard  width  in  one  year  will  wear  out  the 
pavement  within  the  year.  Another  criterion 
is  that  %  ct.  per  ton  mile  of  cost  of  main- 

tenance is  the  limit  at  which  further  use  of 
a  macadam  surface  becomes  uneconomical. 

"Tar  painting  appears  to  double  the  life  of 
a  macadam  pavement;  in  France  the  life  is 
believed  to  be  prolonged  50  per  cent  by  such 
treatment  of  the  surface.  Tar  painting  is 
most  effective  with  light,  rapidly  moving 
traffic;  with  heavy  loads  it  adds  little  to  the 
life  of  the  road  surface.  The  economic  traffic 

limit  on  a  daily  basis  as  estimated  in  Ger- 
many is  400  single  horse-drawn  vehicles,  40 

automobiles  and  20  heavy  motor  trucks,  which 

is  equivalent  to  about  640  "collars,"  and  is much  less  than  English  estimates  of  200,000 

tons  per  yard  width  per  year. 

Bituminous  penetration  macadam  and  bi- 
tuminous concrete  appear  to  have  a  traffic 

limit  as  high  as  1,000  tons  per  yard  width  per 

day,  under  which  traffic  the  surface  would 

probably  need  renewing  every  four  years. 

This  traffic  is  from  five  to  ten  times  that  ex- 

isting on  ordinary  heavy  traffic  roads  in  the 
United  States.  In  England,  in  one  locality, 

a  uituminous  concrete  surface  seven  years 

old  bears  a  traffic  of  70,000  tons  a  yard  width 

a  year,  and  it  is  believed  can  be  maintained 
indefinitely  under  present  conditions  for  12 

cts  a  square  vard  a  year.  One  estimate  places 

the  life  of  this  pavement  at  11  years  under 

a  traffic  of  120,000  tons  per  yard  width  per 

year.  Greater  uniformity  of  surface  and 
lessened  cost  of  maintenance  are  secured  wMth 

the  use  of  bituminous  concrete  than  when 

other  methods  of  construction  are  employed. 

The  above  statistics  are  contradictory  when 

analyzed  in  detail  and  cannot  be  accepted  as 

of  great  value.  They  do,  however,  indicate 

a  possible  satisfactory  method  of  determining 

traffic  limits.  Carefully  conducted  experi- 
ments should  in  the  course  of  time  furnish 

engineers  with  well-established  limits  for  a 

limited  number  of  traffic  conditions,  the  utility 

of  which  is  readily  appreciated. 

The  Interrelation  of  Inadequate  Funds, 
Poor  'Work  and   Damaged 

Reputations. The  attempt  to  carry  on  engineering  work 

with  inadequate  funds  usually  ends  in  poor 

work,  if  not  in  disaster,  and  in  the  damaging 

of  the  engineer's  reputation.  This  is  espe- 
cially true  of  small  works  for  the  reason  that 

large  works  are  seldom  undertaken  unless 
there  is  good  reason  for  believing  that  ample 

funds  are  available  or  will  be  forthcoming. 

Moreover,  certain  influences,  such  as  the  de- 
sire to  be  philanthropic  or  to  help  those  not 

quite  able  to  help  themselves,  often  tempt  the 

engineer  to  permit  his  name  to  become  con- 
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nected  with  small  engineering  enterprises 
which  are  likely  to  come  to  grief  through  in- 

sufficiency of  funds.  Thus  the  municipal  engi- 
neer sometimes  finds  his  name  linked  with 

the  public  works  engineering  of  villages  whicli 
are  unable  to  carry  out  his  first  recommenda- 

tions. Through  the  influence  of  acquaint- 
ances and  the  desire  to  be  as  helpful  as  pos- 

sible with  the  means  at  hand,  he  sometimes, 
under  protest.,  modifies  his  original  recom- 

mendations so  as  to  make  possible  the  in- 
stallation of  works  with  the  funds  available. 

If  such  works  turn  out  badly,  and  that  is  the 
way  they  usually  do  turn  out,  his  first  recom- 

mendations and  his  protests  at  their  modifi- 
cation are  forgotten  and  the  failure,  partial 

or  complete,  is  charged  to  him.  He  finds  that 
his  reputation  has  suffered,  the  city  is  dissatis- 

fied with  what  it  has,  and  every  interest  in 
the  matter  is  a  loser. 

Many  engineers  have  had,  to  their  everlast- 
ing chagrin,  e.xperiences  along  the  lines 

sketched  above.  In  this  issue  we  publish  an 
interesting  account  of  the  connection  of  an 
engineer  with  an  enterprise  which  illustrates 
the  point  here  under  discussion.  This  engineer 
was  nominally  responsible  for  the  engineer- 

ing work  for  a  small  dam,  costing  $.3..5l"»0. 
which   failed.     The  engineer  reader  will  note. 

of  course,  that  this  particular  engineer  could 
not  in  fairness  be  held  responsible  for  the 
failure  since  his  plans  were  not  followed.  It 
is  a  matter  of  common  experience,  however, 

that  such  extenuating  circumstances  are  sel- 
dom understood  by  the  general  public.  The 

inevitable  result  in  such  cases  is  that  the  engi- 
neer's reputation  suffers  in  the  same  propor- 

tion as  the  failure  appeals  to  the  popular 
mind.  In  this  particular  instance  the  harm 
done  in  this  way  was  doubtless  small,  owing 
to  the  lack  of  spectacular  features  in  connec- 

tion with  the  failure  of  the  dam.  We  hope 
no  injustice  has  been  done  this  engineer  whom 

we  unreservedly  commend  for  the  broad- 
minded  spirit  he  has  exhibited  in  giving  the 
profession  a  frank  account  of  his  experience 
relative  to  the  design,  failure  and  reconstruc- 

tion of  the  dam.  We  desire  merely  to  call 
attention  to  a  common  result  of  attempting  to 
carry  on  engineering  work  with  inadequate 
funds. 

It  is  interesting  to  note  this  engineer's  first conclusion  based  on  his  experience  of  five  years 
with  the  varying  misfortunes  of  this  ill-fated 

structure.  ?Iis  conclusion  is:  "Any  construc- 
tion where  the  funds  available  are  very  inade- 

quate, is  sure  to  be  unsatisfactory  to  every- 
l)od\'    concerned — owner,   engineer,   contractor. 

the  innocent  public."  This  conclusion  is  abso- 
lutely sound  and  engineers  will  do  well  to 

keep  it  strictly  in  mind. Aside  from  the  main  conclusion  quoted,  it 
is  also  interesting  to  note  that  in  the  case  of 
this  dam  an  expenditure  of  $-500  would  have 
safeguarded  an  investment  of  $4,000  and  would 
have  made  unnecessary  the  subsequent  ex- 

penditure of  a  second  comparatively  large 
sum,  probably  another  $4,000.  Had  there  been 
state  control  of  the  design  and  construction 
of  engineering  works  in  Tennessee,  this  fail- 

ure would  doubtless  have  been  prevented, 
since  the  uncompleted  dam  could  not  then 

have  been  placed  in  service. 
It  is  also  interesting  to  note  that  the  author 

concludes  that  his  recommendations  might 
have  been  more  faithfully  followed  if  he  had 
charged  more  for  his  services.  It  usually 
happens  that  the  opinion  which  is  cheaply  ob- 

tained is  lightly  regarded.  That  is,  from  the 

engineer's  standpoint,  the  most  provoking  as- 
pect of  such  enterprises  as  we  are  here  dis- 

cussing. In  addition  to  being  blamed  for 
what  he  really  is  not  responsible  for,  he  usu- 

ally finds  himself  very  poorly  paid  for  his 
honest  effort  to  combine  philanthropy  and 
engineering.  The  former  is  best  carried  on 
as  a  side  line. 

Structural    Features    of    a    Reinforced 

Concrete  Combined  Storage  Ware- 

house and  Office  Building  in 
Seattle,   Wash. 

(Staff  Article.) 

The  Port  Commission  of  the  Port  of  Seattle, 
Wash.,  has  recently  let  the  contract  for  the 
construction  of  a  combined  office,  Warm  and 
cold  storage  warehouse  which  possesses  a 
number  of  interesting  features.  The  building, 
which  is  located  on  the  Seattle  water  front 
west  of  Railroad  Ave.,  is  of  reinforced  con- 

crete construction,  the  columns  being  sup- 
ported on  circular  piers  resting  on  pile  foun- 

eUILDIMGS 
though  the  roofs  of  the  two  sections  of  the 
buildings  are  at  the  sam«  general  elevation,  the 
cold  storage  section  contains  a  basement  and 

five  upper  floors,  while  the  warm  storage  sec- 
tion contains  four  stories  with  no  basement. 

The  basement  of  the  cold  storage  section  is 
ti  ft.  below  the  first  floor  of  the  warm  storage 
section.  The  first  three  floors  of  the  latter  are 
used  for  stora.ge  purpose,  while  the  outside 
portions  of  the  fourth  floor  are  used  for 
offices  and  the  inside  area  for  a  large  assem- 

bly hall  and  storerooms.  Until  recently  the 
site  was  covered  with  water  to  an  average 
depth  of  about  33  ft.  The  area  has  already 
been  partially  filled  in,  and  the  fill  is  to  be 
completed  before  the  construction  of  the  build- 

for  this  roadway  rests  on  brackets  on  the  ex- 
terior columns  of  the  warehouse.  Along  the 

west  side  of  the  warehouse  the  roadway  is 
at  the  elevation  of  the  second  floor  of  the 
warm  storage  section  (elevation  +  24.0)  ; 
along  the  east  side  it  is  at  the  elevation  of  the 
third  floor  of  the  warm  storage  section  (ele- 

vation +  40.0),  for  about  half  the  length  of 
the  warehouse,  and  then  slopes  downward  un- 

til at  the  north  end  of  the  structure  it  is  at 
about  elevation  +  28;  along  the  north  side  the 
roadway  slopes  to  meet  the  grades  at  the  east 
and  west  sides. 

MATERI.'^LS,   EQUIPMENT  AND  REQUIREMENTS. 

Concrete. — The   concrete    used   in   the   piers 
and  in  the  superstructure  is  a  1:2:4  mix.     It 

ci?ir;^-  '-4 

Fig.    1. 
roundation    Plan    of    Reinforced    Concrete    Storage  Warehouse  In  Seattle,  Wash.     D tour    Lines   of   Original    Bottom    of    Bay    Before   Site    Wa 

datinns.  It  has  a  total  length  ol  AMj  ft.  SVa 
ins.,  and  a  width  of  80  ft.  0  in.  The  plan  of 
the  building  is  a  rectangle  from  which  a  tri- 

angle, having  legs  of  60  ft.  and  02  ft.  11  ins., 
has  been  cut  from  one  corner.  The  structure 
is  surrounded  by  a  concrete  platform,  the 
width  of  which,  on  the  cast,  south  and  west 
sides,  is  6  ft.,  while  on  the  north  side  the  width 
is  increased  to  9  ft.  The  north  portion  of 
the  building,  covering  an  area  of  80  ft,  X  103 
ft.  7%  ins.,  constitutes  the  cold  storage  ware- 

house. The  remainder  of  the  structure  is  used 
for    warm    storage   and   office   purposes.     Al- 

mg.  The  filhng  is  made  inside  a  bulkhead, which  runs  along  three  sides  of  the  site  and 
consists  of  two  lines  of  concrete  piles  be- 

tween concrete  stop  logs,  these  lines  being 
spaced  18  ft.  6  ins.  apart.  The  lines  are  tied 
together  at  each  pile  with  rods,  and  the  space between  the  hues  is  filled  with  earth.  For  a considerable  part  of  its  length  the  bulkhead carries  a  railroad  track,  which  serves  the warehouse 

Extending  around  three  sides  of  the  ware- 
house there  is  to  be  constructed  later  an  ele- 
vated roadway.     One  end  of  the  steel  girders 

rawing  AlsoShows  Bulkhead,  Dyke  and  Con- 
s   Filled. 

is  specified  that  the  fine  aggregate  shall  be 
of  such  quality  that  mortar  composed  of  1 
part  Portland  cement  and  3  parts  fine  aggre- 

gate shall  at  least  be  equal  in  strength  to 
mortar  of  the  same  consistency  made  with  the 
same  cement  and  standard  Ottawa  sand.  The 
minimum  allowable  size  of  the  coarse  aggre- 

gate is  Vi  in.,  and  it  must  be  evenly  graded 
from  the  smallest  to  the  largest  particles.  It 
is  required  that  the  concrete  be  mixed  in  a 
machine  batch  mixer  continuously  for  at  least 
li\\(:  minutes  to  increase  the  waterproofing 
qualities  of  the  concrete.     The  concrete  walls 
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are  to  be  poured  continuous  with  the  columns 
and  new  and  old  concrete  must  be  joined  by hrst  clearing  and  roughening  and  then  slush- 

ing the  joint  with  a  1 :2  cement  morta'. 
The  concrete  pavements  and  floors  which 

are  laid  on  the  fill  and  are  reinforced  with 
wire  mesh  are  to  be  laid  in  two  layers  the second  layer  being  placed  before  the  first  has set. 

The  finish  for  the  first,  second  and  third 
floors  of  the  warm  storage  section  consists  of 
a  -Ji-in.  layer  of  1 :2  cement  mortar,  in  which as  incorporated  a  metalhc  hardening  com- 

pound furnished  by  the  commission.  Before 
applying  the  hnish  to  the  concrete  floor  slab 
the  latter  is  to  be  cleaned  with  Dcid  and 
washed;  it  is  then  to  be  slushed  with  neat 
cement  t\nd  the  top  coat  immediately  applied. 
The  %-in.  finish  is  in  addition  to  the  thick- 

ness of  floor  slab  called  for  on  the  draw- 
ings. 

Cinder  Concrete. — The  cinder  concrete  used 
at  st-.irway  and  elevator  enclosures,  shipping space  of  cold  storage  warehouse,  toilet  rooms 
and  roof  (where  necessary  to  obtain  required 
grades)  is  to  be  mi.xed  in  the  proportions  of 
1   part  Portland  cement,  3  parts  fine  aggregate 

;a-6-73-/2j,5-'0"  Z-6-I''l2J\6-6\I-beams  to  be  riveted       ■ '  togetr)er^n>thi  nvets    \ 

2''^'  ̂ 8'dio  PI  Hoop', 
'-f  5p  ̂i'p<i5'od     ', 

and  Z-3'fg.  '• EIO0-,  ■ 

;       Circumferenfial  Bars- Inner  Circle  3Z-i\4'6' 

;     0uterCircle6e-!\4--6-  Radial  bars  Za-i\l5-6:Dia     '■ 
Outer  Pile  Circle. IZ^3i.Dia  Intermediate  Pile  Orcle- ■ ''C.DiQ  Inner  Pil" 

Fig.  3.  Plans  and  Vertical  Section  of  Typi- 
cal 28-Pile  Pier  for  Interior  Column  of 

Cold  Storage  Section  of  Warehouse. 

snd  6  parts  cinders.  In  general,  the  thick- 
ness of  the  cinder  concrete  floor  slabs  :s  5  ins. 

Concrete  Piles. — The  reinforced  concrete 
piles  for  the  bulkhead  walls  (see  Fig.  2)  are 
to  be  reinforced  as  shown,  the  piles  being 
thoroughly   cured    before    driving.      The    con- 

crete used  in  their  construction  is  a  1 :2  -4 
mix.  The  piles  are  to  be  driven  with  the  aid 
of  a  water  jet  to  the  exact  penetration  neces- 

sary to  bring  their  tops  to  the  required  ele- vation. 

V ^   Concrete  Piles   -nn 

Wrapped  with  fine  wire 
mesh  and  coated  With  I" 
layerof  cement : 

running  from  the  first  to  the  third  floor,  with 
a  capacity  of  1.5,000  lbs.  each  when  operated  at 
a  speed  of  50  ft.  per  minute;  and  one  electric 
passenger  elevator,  running  from  the  first 
floor   to   the   roof  garden,   with  a  capacitv   of 

S- x'' and  Z-i'' bars 

iKc  5-0"r,es  IZ-cc 

i'^3-3"TieslZ-c.c 4-/x  J'-3'T/esj:o"cc 
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(a)  Section  of  Bulkhead  Wall cdi  Details  of  Stop  Logs 

Fig.     2.     Details     of     Reinforced     Concrete     Bulkhead    Enclosing    Site    of    Storage    Ware- house in  Seattle,  Wash. 

Wood  Piles.— The  wood  piles  used  in  the 
pier  foundations  are  cut  from  sound,  live 
Douglas  fir  trees  of  slow  growth,  having  not 
less  than  six  rings  to  the  inch  on  any  radius. 
The  minimum  diameter  of  any  pile  at  the  top 
shall  be  9  ins.  and  at  the  butt  14  ins.,  after 
the  bark  is  removed. 

Tile  IVork.—Below  elevation  -j-  23  (which 
is  about  the  elevation  of  the  second  floor  of 
the  warm  storage  section)  the  outside  walls 
are  concrete.  Above  this  elevation  (except  cor- 

nices and  fire  walls)  the  outside  walls  are  con- 

structed of  8-in.  scored  "Denison"  interlocking 
tiles.  The  enclosures  around  all  stairways, 
elevators  and  machine  rooms,  also  all  parti- 

tions in  corridors  of  cold  storage  warehouse 
and  all  partitions  in  first,  second  and  third 
stories  of  warm  storage  warehouse,  consist 
of  6-in.  "Denison"  interlocking  tiles,  except 
bearing  partitions  under  stair  landings,  which 
are  constructed  of  8-in.  tiles.  The  partitions 
around  the  toilet  rooms  on  ofiice,  the  floor 
and   roof  garden  consist  of  4-in.  tiles. 

In  laying  the  tiles  it  is  specified  that  the 
vertical  joints  shall  be  broken  at  every  course 
and  that  the  interlocking  tiles  shall  be  lapped 
vertically  and  horizontally  in  such  a  manner 
that  there  shall  be  no  continuous  mortar  joints 
through  the  wall.  The  joints  shall  not  be  less 
than  %  in.,  the  mortar  for  which  shall  be 
composed  of  1  bbl.  of  lime,  2  sacks  of  Port- 

land cement  and  %  cu.  yd.  of  clean  brick- 
layers'  sand. 

Exterior  Finish.— The  finish  for  the  exterior 
tile  walls  consists  of  a  smooth  plaster  coat 
of  1:2  cement  mortar,  applied  by  means  of  a 
cement  gun  The  thickness  of  the  finish  must 
be  such  as  is  required  to  bring  the  surface  to 
a  true  plane,  in  no  case  less  than  %  in.  In 
order  to  insure  an  even  surface  the  nozzle- 
man  must  be  followed  up  by  two  plasterers, 
who  are  to  rod  and  float  the  work  true  and 
even.  It  is  desired  to  avoid  using  hydrated 
lime  in  the  gunite,  but  if  a  trial  shows  the 

engineer  that  it  is  necessary  to  do  so,  "Alca" hydrated  Hme  may  be  added  to  the  extent  of 
10  per  cent  of  the  volume  of  the  cement,  and. 
at  his  discretion,  the  engineer  may  permit  the 
volume  of  sand  to  be  increased  to  3  parts. 
The  exterior  concrete  walls,  except  bell 

courses,  are  to  have  a  "hammer  finish,''  a  six- 
point  hammer  being  used. 

Elevators. — The  warm  storage  warehouse  is 
equipped   with  three  electric  freight  elevators, 

2,700  lbs.  when  operated  at  a  speed  of  250  ft. 
per  minute  The  cold  storage  section  is 
equipped  with  two  electric  freight  elevators, 
running  from  the  first  to  the  fifth  floor,  with 
a  capacity  of  10,000  lbs.  each  when  operated  at 
a  speed  of  50  ft.  per  minute. 

Scales.— There  are  to  be  installed  nine  rail- 
way depot  scales,  six  3-ton  scales  in  the  warm 

storage   section,   two  3-ton   scales  on   the  first 

Fig.  4.  Vertical  Section  and  Top  View  of  a 

28-Pile  Outside  Pier  for  Warm  Storage 
Section  of  Warehouse — Parts  Not  Shown 

Are  Similar  to  Those  Shown  in   Fig.  3. 

floor    of     the    cold    storage    section    and    one 
6-ton  scale  on  the  third  floor  of  this  section. 

Rolling     Steel     Doors. — The     building     is 
equipped  with  rolling  steel  doors  as   follows: 
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S9  doors  in  tJie  outside  walls  on  the  first 
floor  of  the  cold  and  warm  storage  sections; 
4   doors   in   the   outside   walls   on   the   second 
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floor  .-uid  9  doors  on  third  floor  of  warm storage  section  ;  .3  doors  in  the  outside  walls 
on  third  floor  of  cold  storage  section ;  and  18 

doors  to  the  freight  elevator  enclosures  in 
the  warm  storage  section  and  14  in  the  cold 
storage  section.  In  general,  the  outside  steel 
doors  on  the  first  floor  are  12  ft.  high  by  14  ft. y  ins.  wide. 

Heating  System.— ^he  building  is  heated  by 
a  low-pressure  steam  heating  system,  installed 

upon  the  overhead  two-pipe  basis  of  steam  cir- 
culation. Oil  is  used  as  fuel  and  the  oil-burn- 

ing apparatus  is  electrically  driven. 

Cold  Storage  Plant.— The  three  ammonia 
compressors,  the  ammonia  purifier  and  con- 

denser, the  brine  coolers,  the  centrifugal 
pumps,  etc.,  are  located  in  the  basement  of  the 
cold  storage  section  of  the  warehouse.  The 
five  floors  of  this  section  are  divided  into  52 
rooms  of  various  sizes.  These  rooms  are 
equipped  with  a  sufficient  number  of  coils  to 
give  the  temperature  desired,  the  range  of  tem- 

perature being  from  10°  F.  to  30°  F. 
Lighting  System. — In  general,  100-watt 

"mazda"  lights  are  installed  throughout  the 
cold  and  warm  storage  sections,  although 
40-watt  lights  are  used  at  stairways,  elevators, 
toilets,  machinery  rooms,  boiler  room,  etc.  The 
roof  standards  carry  150-watt  lights. 

Automatic  Sprinkler  System. — The  building 
is  equipped  with  an  automatic  sprinkler  sys- 

tem, supplied  from  a  50,000-gal.  steel  tank carried  on  columns  above  the  roof. 

reinforcing  steel  under  13,000  lbs.  per  square 

inch. The  columns  were  designed  to  conform  with 
the  building  code  of  Seattle.  The  allowable 
compression  in  the  concrete  in  the  hooped 
columns  was  500  lbs,  per  square  inch,  and  in 
the  colunms  having  only  vertical  reinforce- 

ment, 350  lbs.  per  square  inch.  The  permissi- 
ble stress  in  all  of  the  column  reinforcement 

was  18,000  lbs.  per  square  inch.  All  steel  re- 
inforcing bars  were  required  to  be  plain,  hard 

grade,  conforming  to  the  standard  specifica- 
tions of  the  American  Society  for  Testing 

Materials,  adopted  June  1,  1912. 
SUBSTRUCTURE   DESIGN. 

Bulkhead. — The  bulkhead,  which  retams  the 
deep  fill  at  the  site,  bounds  the  property  on 
three  sides,  as  shown  in  Fig.  1.  The  site  was 
originally  covered  with  water,  the  original  ele- 

vation of  the  bottom  of  the  bay  at  this  loca- 
tion being  indicated  by  the  contour  lines  in 

Fig.  1.  The  elevations  refer  to  "city  datum," 
which  is  1  ft.  below  extreme  high  tide.  The 
site  has  already  been  partially  filled  in,  the 
elevation  at  the  top  of  the  fill  at  the  outer 
face  of  the  bulkhead  being  about  — 17.0.  The 
fill  is  to  be  brought  up  to  a  sufficient  height  to 
enable  the  first  floor  of  the  warm  storage  sec- 

tion and  the  basement  floor  of  the  cold  stor- 
age section  to  rest  directly  on  it,  the  elevation 

,.^  of  Building  Bars  spliced  on  ■^ 
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Fig.    6.     Plan    of    Portion    of    Second    Floor   Slab     of    Warm     Storage     Section     of    Ware- 
house,   Showing    Size    and    Arrangement   of   Reinforcement. 

Local  Products  Favored. — It  is  stated  in  the 
specifications  that  preference  shall  be  given  to 
articles  of  local  production  or  manufacture, 
quality  and  price  being  equal. 

LOADS    AND    ALLOWABLE    STRESSES. 

Loads.— The  various  floor  slabs  and  columns 
were  designed  for  the  live  and  dead  loads 
given  in  Table  I. 

TABLE    I.— LIVE    AND    DEAD    LOADS    USED 
IN  DESIGNING  WAREHOUSE. 

Cold  Storage  Section. 
Live  load.      Dead  load, 

„,  lbs.  lbs. 
_  *  'oo""    .  per  sq.  ft.        per  sq.  ft. Basement              500  135 
P"'''S'  ̂ -    250  110 
%'i'','''}^       400  130 Tlili-tl        250  110 
^"''(•th       250  110 
g'f'h    ••••    250  lin Roof  garden      125  100 

Warm  Storage  Section. 

Live  load.  Dead  load, 

^,                                                lbs,  lbs, 
,,,;„?'""•  I""'  sn.  ft.  per  sq,  ft, 
liL^l,^       On  fill.  On  fill. Third             500  135 Fourth       125  106 Roof  garden            125  joq 

Allowable  Stresses.— The  floor  slabs  were 
designed  lUider  ihe  "mushroom"  .system  usin'' the  formulas  developed  by  Dr.  Eddy  The 

SnnTu'^^t'""  '"  ̂ ^^  concrete  was  kepi  under .iUU  lbs.  ber  square  mch  and  the  tension  in  the 

of  the  top  of  the  former  being  at  +  6.0  and 
that  of  the  latter,  0.0. 

The  bulkhead  walls  consist  of  reinforced  con- 
crete stop  logs  (extending  from  elevation — 22.0 

to  the  top  of  the  bulkhead),  between  concrete 
pre-moulded  piles,  the  spacing  of  the  piles 
being  10  ft.  4%  ins.  and  the  distance  between 
the  two  lines  of  piles  (out  to  out)  18  ft  6  ins. 
Opposite  piles  in  the  two  lines  are  tied  to- 

gether with  four  lines  of  rods  extending 
through  the  piles,  the  bottom  of  the  piles  being 
driven  to  elevation  — 37.0.  The  lowest  tie  rod 
is  at  elevation  —  14.5  (or  7.5  ft.  above  the  low- 

est line  of  stop  logs),  the  next  rod  is  at  ele- 
vation — 10.25,  the  next  at  elevation  —  6.5, 

and  the  top  rod  is  at  elevation  — 0.75.  The 
lowest  rod  has  a  diameter  of  1%  in.  and  the 
others  1%  in.  It  is  specified  that  these  rods 
are  to  be  w'rapped  with  fine  mesh  wire  and 
covered  with  a  1-in.  layer  of  cement  mortar. 
Figure  2  (a)  shows  a  cross  section  of  the  bulk- 

head wall;  Fig.  2  (b)  shows  a  cross  section 
of  the  upper  part  of  a  typical  concrete  pile,  cut 
out  to  engage  the  end  of  the  concrete  stop 
logs  ;  Fig.  2  (c)  is  a  cross  section  of  the  lower 
part  of  a  typical  concrete  pile,  the  section  being 
t.-iken  below  the  stop  logs;  and  Fig.  2  (d) 
gives  the  details  of  the  stop  logs. 

The  outside  railroad  track  shown  in  Fig.  1 
is  already  in  place,  being  carried  on  piles.  As 
shown  in  this  drawing,  a  side  track,  to  serve 
the  storage  warehouse,  is  to  be  constructed 
along  the  top  of  a  portion  of  the  bulkhead 

wall,  the  top  of  rail  being  at  elevation  -|-  2.17. 
.^s  the  main  floors  of  the  warm  and  cold  stor- 
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age  sections  are  at  elevations  +  6.0  and 
+  9.83,  respectively,  and  as  the  platform  serv- 

ing this  side  track  is  at  elevation  +  6.0,  a  re- 
taining wall  is  constructed  at  the  edge  of  the 

platform,  its  base  being  at  the  elevation  of  the 
inside  line  of  piles  of  the  bulkhead.  The  out- 

side face  of  this  wall  is  6  ft.  6  ins.  from  the 
center  line  of  the  track  and  4  ft.  6  ins.  from 
the  inner  face  of  the  inside  line  of  bulkhead 
piles. 

Foundation  of  Building. — After  the  bulkhead 
wall  is  completed  and  an  earthen  dyke  is  con- 

structed along  the  easterly  side  of  the  site  (see 
Fig.  1),  it  is  the  intention  to  pump  the  water 
from  the  enclosure  and  to  construct  the  con- 

crete piers  for  the  columns  in  the  dry.  It  is 
required  that  the  fill  must  be  brought  up  to 
elevation  —  6.0  before  the  concrete  foundation 
slab  is  poured  over  the  piles. 
The  warehouse  foundation  consists  of  104 

circular  concrete  piers  founded  on  green 
Douglas-fir  piles  (see  Fig.  1).  These  piers 
vary  in  diameter  from  about  8  ft.  to  17  ft., 
the  number  of  piles  in  a  pier  varying  from 
9  to  38.  It  is  specified  that  the  minimum  di- 

ameter of  the  piles  at  the  top  shall  be  9  ins. 
and  at  the  butt  14  ins.  Their  length  must  be 
sufficient  to  penetrate  the  fill  and  extend  at 
least  15  ft.  into  the  old  bed  of  the  bay,  the 
original  elevation  of  which  is  indicated  by  the 
contour  lines  in  Fig.  1.  It  is  proposed  to  drive 
the  piles  with  the  aid  of  a  water  jet  to  nearly 
the  full  depth,  and  then  to  seat  them  with  the 
hammer  until  the  recorded  penetration  at  each 
blow  indicates  to  the  engineer  that  each  pile 
will  carry  a  safe  load  of  50,000  lbs. 
The  concrete  piers  are  built  in  two  sec- 

tions— the  footing  and  the  pier  shaft.  To 
bond  the  two  parts  a  hole  3  ft.  square  by  6  ins. 
deep  is  left  in  the  footing,  which  engages  a 
corresponding  projection  on  the  pier  shaft. 
The  piles  project  into  the  footings  a  distance 
of  1  ft.,  the  footings  being  reinforced  with 
rods,  which  lie  in  a  plane  2  ins.  above  the 
tops  of  the  piles.  The  bottoms  of  the  pier 
shafts  (except  those  having  long  conical 
shafts)  are  reinforced  with  I-beam  grillages, 
the  column  reinforcement  being  extended  to 
the  top  of  these  beams. 

Figure  3  shows  a  vertical  section  and  plans 
of  a  typical  28-pile  pier  for  interior  columns. 
The  typical  pier  shown  in  this  drawing  is  used 
for  the  interior  columns  under  the  cold  storage 
section— Nos.  7  to  9,  12  to  14,  17  to  19  and 
22  to  24  (see  Fig.  1).  The  footings  for  these 
piers  have  a  diameter  of  14  ft.  9  ins.  and  a 
height  of  4  ft.  2%  ins. ;  while  the  pier  shafts 
have  a  diameter  at  the  bottom  of  12  ft  4  ins., 
a  diameter  at  the  top  of  7  ft.  4  ins.  and  a 
height  of  3  ft.  9%  ins.  The  arrangement  of 
the  piles  and  the  size  and  arrangement  of  the 
reinforcing  bars  and  I-beams  are  clearly  shown 
by  the  drawing. 

The  elevation  of  the  bottom  of  the  footings 
is  the  same  for  all  piers.  As  the  elevation  of 
the  first  floor  of  the  warm  storage  section  (in 
which  there  is  no  basement)  is  6  ft.  above  that 
of  the  basement  of  the  cold  storage  section, 
the  pier  shafts  under  the  former  section  are 
about  6  ft.  longer  than  those  under  the  lat- 

ter. On  this  account  no  grillage  beams  are 
used  in  the  pier  shafts.  Figure  4  shows  a  ver- 

tical section  and  a  plan  of  the  top  of  a  28-pile 
outside  pier  under  the  warm  storage  section, 
the  pier  being  used  under  columns  Nos.  46 
and  51.  The  arrangement  of  the  piles  and 
of  the  reinforcement  in  the  footing  for  piers 
Nos.  46  and  51  is  similar  to  that  shown  in 
Fig.  3.  The  pier  shafts  of  the  interior  piers 
under  the  warm  storage  section  are  sirnilar  to 
that  shown  in  Fig.  4,  although  the  r-iinforce- 
ment  for  the  octagonal  column  forms  a  single 
circle. 

The  piers  used  for  the  remaining  columns 
are  similar  to  those  shown  in  Figs.  3  and  4, 
although  the  size  of  the  piers,  the  arrangement 
of  the  piles  and  of  the  reinforcement  varies 
considerable,  depending  upon  the  number  of 
piles  required. 

SUPERSTRUCTURE   DESIGN. 

General  Features. — The  warm  and  cold  stor- 
age sections  are  separated  by  a  concrete  wall 

with  cork  insulation.  The  warm  storage  sec- 
tion has  two  stairways  leading  from  the  first 

to  the  fourth  floor,   these  stairways  being  lo- 

cated along  the  south  wall  at  about  the  third 
points  of  the  building.  The  stairwells  have 
plastered  tile  walls  and  are  each  8  ft.  X  20  ft. 
2  ins.  This  section  is  served  by  three  freight 
elevators  having  dimensions  of  10  ft.  by  8  ft. 
6  ins.,  and  one  6  X  6-ft.  passenger  elevator. 
The  freight  elevators  are  in  the  panels  bor- 

dered by  columns  Nos.  88,  89,  94,  93;  Nos. 
68,  69,  64,  63;  and  Nos.  4-3,  44,  39,  38  (see  Fig. 
1),  a  corner  of  each  elevator  being  adjacent 
to  the  first  column  given  in  each  series.  The 
passenger  elevator  is  in  the  panel  bordered  by 
columns  Nos.  52,  53,  58,  57,  being  adjacent  to 
column  No.  52.  The  cold  storage  section  has 
two  stairways  with  stairwells  12  ft.  10  ins.  x 
6  ft.  6  ins.,  one  stairway  being  located  in  the 
northwest  comer  of  the  section  and  the  other 

in  the  panel  bordered  by  columns  Nos.  16.  17, 
22,  21,  one  corner  of  the  first  named  stairwell 

of  the  warm  storage  section  and  gives  the  size 
and  arrangement  of  the  reinforcement  in  an 
interior  panel  and  around  openings.  It  will  be 
noted  that  beams  and  girders  are  used  only 
around  openings  in  the  floor.  The  typical 
columns  have  flaring  octagonal  heads,  which 
extend  on  all  sides  1  ft.  beyond  the  face  of 
the  column. 
The  first  floor  of  the  warm  storage  section 

and  the  basement  of  the  section  used  for  cold 
storage  rest  directly  upon  the  footings  and 
the  fill.  These  floors  have  a  thickness  of  12 
ins.,  and  are  reinforced  with  No.  42  American 

Steel  &  Wire  Co.'s  triangular  steel  mesh,  the 
edges  of  the  reinforcements  being  lapped  4  ins. 
and  the  ends  at  least  12  ins. 
The  thicknesses  of  the  upper  floors  of  the 

warm  storage  section  are:  second  floor,  11% 
ins.;  third  floor,   10%   ins.;   fourth   floor,  7% 
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being  adjacent  to  column  No.  5  and  and  a 
corner  of  the  other  adjacent  to  column  No.  16. 
The  cold  storage  section  is  served  by  two 
freight  elevators,  one  having  dimensions  of 
8  X  9  ft.  and  the  other  6  ft.  9  ins.  X  9  ft. 
These  elevators  are  in  the  same  panels  as  the 
stairways,  the  larger  elevator  being  in  the 
panel  bounded  by  columns  Nos.  16,  17,  22,  21. 

Figure  5  shows  a  longitudinal  section  of  the 
warehouse,  the  section  being  taken  through  the 
east  bay.  This  drawing  indicates  the  general 
construction  feature  and  gives  the  story  heights 
of  both  the  warm  and  cold  storage  sections. 

Floor  Construction. — The  flat  slab,  ̂   mush- 
room tvpe  of  reinforced  concrete  floor  is  used, 

the  onlv  beams  and  girders  used  being  those 

which  frame  the  openings  in  the  floors.  Figure 

6  shows  a  plan  of  a  oortion  of  the  second  floor 

ins.;  and  roof,  variable  to  give  the  required 
slope.  The  thicknesses  of  the  upper  floor  of 
the  cold  storage  section  are :  first  floor,  8% 
ins. ;  second  floor,  10%  ins. ;  third,  fourth  and 
fifth  floors,  8%  ins. ;  and  roof,  variable. 

The  arrangement  of  the  reinforcement  for 
the  upper  floors  is  indicated  in  Fig.  6.  In 
placing  the  rods  for  the  floor  slabs,  all  those 
running  from  column  to  column  directly  on 

one  side  of  a  panel  are  placed  first,  those  run- 
ning at  right  angles  to  these  are  placed  next, 

those  in  one  diagonal  belt  next,  and  finally 
those  in  the  other  diagonal  belt.  Where  a  belt 
of  slab  rods  runs  parallel  to  a  wall,  a  rod  is 
first  placed  at  the  bottom  on  the  forms,  the 
normal  and  diagonal  belts  are  next  placed,  and 
then  the  rods  parallel  to  the  wall  are  placed 
on  top  of  the  normal  and  diagonal  belts.     In 
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wiring  the  rods  toeether  (with  No.  16  soft 
annealed  wirc^  it  is  proposed  to  take  a  piece 

^'  out  3  ft.  long  and  first  fasten  an  intersection, 
then  to  carry-  the  wire  diagonally  to  the  next 
intersection    (taking   a   half    hitch)    and    then 

ins.  The  typical  interior  columns  for  the  co
ld 

storage  section  have  short  diameter,  as  
fol- 

lows: basement  storv,  48  ins.;  first  story,  4- 

ins.;  second  storv,  36  ins.:  third  story,  30  ins. : 

fourth  storv,  24   ins.:   and   fifth   story,   18  ms. 

Fig.    8.- -Elevation    and    Cross    Sections    of    Typical    Exterior    Column    In    Warm    Storage 
Section    of    Warehouse. 

The  columns  which  are  in  the  8-in.  concrete 

division  wall  between  the  warm  and  cold  stor- 
age sections  are  of  similar  construction,  except 

that  the  half  capitals  at  the  floors  of  the  two 

sections  are  generally  at  different  elevations. 

while  the  first  floor  of  the  warm  storage  sec- 
tion is  independent  of   these  columns. 

Exterior  Co/kotm,?.— The  exterior  columns 

of  the  warm  storage  section  have  the  same 

thickness  as  the  concrete  wall  in  the  first 

story,  namely,  16  ins.  These  columns  are 

rectangular  in  section  and  have  a  width  of  60 
ins.  in  the  first  story  and  48  ins.  in  the  upper 

stories.  Figure  8  shows  an  elevation  ard  cross 

sections  of  a  typical  exterior  column  in  the 

warm  storage  warehouse.  These  drawings 

show  clearlv  the  type  of  construction  and  the 

size  and  arrangement  of  the  reinforcement. 

It  will  be  noted  that  the  two  lower  stories  have 

spiral  cores. The  exterior  columns  in  the  basement  story 

of  the  cold  storage  section  have  a  thickness 

of  18  ins.,  while  those  in  the  upper  stories  have 
a  thickness  of  16  ins.  Figure  9  (a)  shows  a 

cross  section  of  a  typical  exterior  column  in 

the  basement  story,  the  column  thickness  being 
the  same  as  that  of  the  wall;  and  Figs.  9  (b) 

and  (c)  show  cross  sections  of  the  column  in 
the  first  and  second  stories,  respectively.  The 

column  section  above  the  third  floor  is  the 

same  as  that  shown  for  the  third  story  column 

in  Fig.  8.  Figure  9  (d)  shows  a  cross  section 
of  the  L-shaped  corner  columns,  and  Fig. 

9  (e)  gives  details  of  the  bracket  on  the  ex- terior columns  for  the  elevated  roadway 

girders. Exterior  Walls.— The  exterior  walls  below 

the  second  floor  of  the  warm  storage  ware- 
house are  of  concrete.  16  ins.  thick ;  those 

above  this  floor  are  12  ins.  thick  and  are  con- 
structed of  interlocking  tiles,  with  a  cement 

gun  finish.  In  the  cold  storage  section  the  ex- terior walls  below  elevation  +  23.0  (3  ft. 

above  the  second  floor)  are  of  concrete,  the 

thickness  in  the  basement  story  being  18  ins. 

and  for  the  remaining  height  16  ins.  Above 

elevation  -f  23.0  the  walls  are  built  of  tiles 
and  are  12  ins.  thick. 

In  the  cold  storage  section  the  outside  con- 
crete wall  is  insulated  with  a  3-in.  and  a 

2-in.  layer  of  cork  board  laid  in  %-in.  cement 

plaster.  The  tops  of  the  floor  slabs  are  in- sulated with  two  2-in.  layers  of  cork  board 

laid  in  cement  plaster,  with  a  1-in.  mastic 
wearing  surface.  The  bottoms  of  the  floor 
slabs  are  also  insulated,  for  a  distance  of  2  ft. 
61/2  ins.  from  the  inside  of  the  walls,  with  two 

■2-in.  lavers  of  cork  .board.  The  6-in.  tile  par- 

tition walls  between  the  numerous  rooms  of 

the  cold  storage  section  are  also  insulated. 

Figure  10  shows  the  insulation  for  the  exterior 

proceed  until  this  piece  is  used  up,  the  end 
being  made  fast.  Two  lines  of  ties,  crossing 
ai.d  normal  to  the  intersecting  belts  at  the  cen- 

ter, will  suflicc.  .\  similar  tie  across  the  par- 
allel belts  and  a  number  of  fastenings  around 

the  mushroom  head  are  also  required. 
Interior  Columns. — The  interior  columns  are 

hexagonal   in   shape,   with   vertical   and   spiral 
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Figure  7  shows  an  elevation  and  sections  of  a 
typical  interior  column  in  the  warm  storage 
section.  This  drawing  shows  clearly  the  size 
and  arrangement  of  the  reinforcement.  It 
will  be  noted  that,  at  each  floor,  the  vertical 
reinforcement  for  the  story  below  is  bent  to 
form  partial  reinforcement  for  the  floor  slab 
a   plate   hoop  being  used   at   the  bend 
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Fig.    9.  Cross    Sections    of    Typical    Exterior  Columns    in    Lower    Stories    of    Cold    Storage 
Section    of    Warehouse;     Cross    Section   of    Corner    Column;     and    Details    of    Ex- 

terior  Column    Bracket. 

Floor  Slob 

<al  Outside  Concrete  Wall    (b)  Interior  Tile  Wall 

Fig.    10.    Type   of    Insulation     Used    for   Ex- 
terior Concrete  and   Interior  Tile  Walls  of 

Cold    Storage    Section    of    Warehouse     in 

Seattle,  Wash. 

reinforcement,  the  latter  being  wound  by  ma- 
chine. The  typical  interior  columns  for  the 

warm  storage  section  have  short  diameters,  as 
follows :  first  story,  42  ins. ;  second  story,  32 
ins. ;  third  stoo',  20  ins. ;  and  fourth  story,  18 

bars.  Columns  Kos.  47  and  52,  which  support 
the  legs  of  the  water  tower,  have  short  diam- 

eters of  50  ins.,  from  first  floor  to  roof.  The 
type  of  interior  column  used  in  the  cold  stor- 

age section  is  similar  to  that  shown  in  Fig.  7. 

walls,  floors  and  interior  walls.  The  cutside 
tile  walls  are  insulated  in  the  same  manner  as 
the  concrete  walls. 

The  contract  price   for  this  warehouse  was 
$299,000.     The  contract  required  that  w«rk  be 

i 
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started   June   lo,   1914.   and  that   the   structure 
be  completed  in  2Ar,  days. 

PERSONNEL. 

The  warehouse  was  designed  by  A.  O.  Pow- 
ell, consulting  engineer.  The  erection  is  un- 
der the  direction  of  Paul  P.  Whitham,  chief 

engineer  of  the  Port  of  Seattle.  The  Pearson 
Construction  Co.  has  the  contract  for  the 
construction    of    the   warehouse. 

Some    Data    on    the    Proposed    State 
Building   Code  for  Illinois. 

At  the  47th  General  Assembly  of  the  Illi- 
nois Legislature  a  resolution  was  adopted  au- 

thorizing Governor  Deneen  to  appoint  a  com- 
mission to  prepare  for  submission  to  the  Leg- 
islature a  broad,  comprehensive  state  build- 

ing code.  This  commission,  which  consisted 
of  N.  Clififord  Ricker  and  Ira  O.  Baker  of 
Urbana,  George  J.  Jobst  of  Peoria,  and  Wil- 

liam S.  Stahl,  Richard  E,  Schmidt,  William 
C.  Armstrong  and  William  H.  iVlerrill  of 
Chicago,  immediately  upon  its  appointment  or- 

ganized and  proceeded  to  collect  the  necessary 
data  to  enable  it  to  perform  its  work.  The 
volume  of  work  required,  however,  was  found 
to  be  so  great  that  the  commission  was  un- 

able to  complete  its  work  in  time  for  submis- 
sion to  the  last  session  of  the  Legislature.  Al- 

though it  was  not  possible  to  secure  an  appro- 
priation to  complete  the  work,  the  commission 

concluded  to  continue  its  labors  and  to  make 
its  final  report  at  the  next  session  of  the 
Legislature  in  January.  The  following  data 

on  the  commission's  report,  which  is  now  m 
the  hands  of  the  printer,  were  taken  from  a 
paper  by  F.  E.  Davidson,  presented  before 
the  Illinois  State  Convention  of  Licensed 
Architects. 

In  general,  the  administrative  features  of 
the  proposed  act  are  as  follows : 

A  state  "Department  of  Buildings"  is  to  be 
created,  to  be  under  the  control  of  a  state 

"Building  Commissioner"  appointed  by  the 
Governor.  The  proposed  state  building  code 
is  to  be  enforced  by  the  state  building  com- 

missioner only  where  villages,  towns  and 
cities  do  not  have  a  comprehensive  building 
code,  providing  that  none  of  the  provisions 
of  the  building  codes  of  the  municipalities 
having  such  a  department  is  in  conflict  with 
the  broad  provisions  of  the  state  code.  The 
proposed  law  provides  that  applications  to 
the  local  or  state  building  commissioner  for 
permits  for  the  construction  of  buildings,  or 
for  changes  or  alterations  of  any  building, 
shall  be  accompanied  by  a  copy  of  the  plans 
and  specifications,  and  by  a  certificate  signed 
bv  the  architect  who   executed  them,   certifv- 

mg  that  such  plans  and  specifications  are  in 
accordance  with  the  requirements  of  this  act. 
The  act  also  provides  for  a  "Board  of  Arbi- 

tration," to  be  composed  of  three  members, 
to  pass  upon  the  use  of  special  devices,  ma- 

terials or  types  of  construction  not  specifically 
approved  by  the  act,  one  arbiter  to  be  ap- 

pointed by  the  state  building  commissioner, 
one  by  the  architect,  engineer,  contractor  or 
joint  owner  of  the  building,  who  may  appeal 
from  the  rulmg  of  the  state  building  commis- 

sioner, and  the  two  to  select  a  third  member. 
The  act  also  provides  that  the  expense  of  the 
arbitration  shall  be  borne  by  the  applicant, 
and  that  the  decision  of  the  arbiters  shall  be 
final  and  binding  in  regard  to  the  question  in- 
volved. 

One  of  the  important  provisions  of  the  ad- 
miriistrative  features  of  the  act  is  that  all 
rulings  of  the  state  building  commissioner 
and  all  decisions  of  the  boards  of  arbitration 
therein  provided  for  shall  be  made  a  matter 
of  record  in  the  office  of  the  commissioner, 
and  that  bulletins  of  the  rulings  of  the  state 
building  commissioner  on  these  questions,  and 
likewise  of  the  decisions  of  the  boards  of 
arbitration  provided  for  therein,  shall  be 
placed  on  file  in  the  office  of  the  commissioner 
within  5  days  after  decision  is  made.  The 
act  also  provides  that  these  bulletins  shall 
on  request  be  mailed  to  architects,  engineers, 
builders,    contractors    and    other   persons. 

In  a  general  way  the  building  code  is  to  be 
applicable,  and  is  to  be  enforced,  throughout 
the  entire  state  of  Illinois  by  the  state  build- 

ing commissioner,  except  in  villages,  towns 
and  cities  where  there  is  a  building  commis- 

sioner devoting  his  entire  time  to  the  duties 
of  his  office,  and  where  such  municipalities 
have  in  effect  a  comprehensive  building  code, 
in  which  event  it  is  the  duty  of  the  officers 
of  the  municipality  to  enforce  the  provisions 
of  the  state  code.  The  act  specifically  makes 
it  the  joint  and  several  duties  of  the  Attor- 

ney General,  the  State's  Attorney  and  the  City 
Attorney  in  towns,  cities  and  villages  having 
building  laws  and  a  building  commissioner  to 
commence  and  enforce  prosecutions  for  vio- 

lations of  this  act.  The  act  provides  a  pen- 
alty of  not  less  than  $10  nor  more  than  $200 

for  each  ofifense  of  an  architect,  engineer, 
builder  or  contractor,  or  any  superin- 

tendent of  construction  for  an  owner, 
architect,  builder  or  contractor  who  shall 
design  or  make  drawings  or  plans  for 
the  construction  of  any  structure  in  vio- 

lation of  any  of  the  requirements  of  this 
act,  or  anyone  who  shall  employ  or  au- 

thorize another  to  design  a  building  or  other 
structure  in  violation  of  any  of  the  provisions 
of  this  act,  or  who  shall  consent  to  any  such 
violation. 

The  present  "Architect's  License  Law"  was 
carefully  considered  by  the  commission,  and 
the  proposed  code  does  not  conflict  with  any 
of  the  provisions  of  this  law.  The  proposed 
code  permits  any  person,  mechanic  or  builder, 
to  make  plans  and  specifications  and  to  super- 

vise the  construction,  alteration  or  enlarge- 
ment of  any  building  that  is  to  be  constructed 

by  hirnself  or  his  employes,  with  the  further 
provision,  however,  that  the  person,  mechanic 
or  builder  making  the  plans  and  specifications 
shall  furnish  to  the  local  or  state  building 
commissioner  a  certificate  certifying  the  same 
to  be  in  compliance  with  the  requirements  of the  act. 

The  act  is  retroactive  only  as  to  doors, 
passageways,  stairways,  halls,  corridors,  exits 
or  fire  escapes  of  any  school  building,  public 
hall,  church,  theater,  department  store,  hotel, 
apartment  house  or  other  building  or  struc- 

ture occupied  or  frequented  by  a  large  num- 
ber of  people;  and  the  act  provides  that  it 

shall  be  the  duty  of  the  state  building  com- 
missioner on  receipt  of  information  that  the 

doors,  passageways,  stairways,  halls,  corri- 
dors, exits  or  fire  escapes  of  any  school  build- 

ing, public  hall,  church,  theater,  department 
store,  hotel,  apartment  house  or  other  build- 

ing or  structure  occupied  or  frequented  by 
a  large  number  of  people  are  not  intact,  or 
properly  located  and  maintained,  and  are  not 
in  accordance  with  this  act,  to  cause  an  ex- 

amination to  be  made  of  such  building  or 
buildings,  and  to  require  such  changes  or  al- 

terations to  be  made  as  are  necessary  to 
render  said  building  or  buildings  safe  for 
the  public,  and  to  afford  sufficient  means  of 
exit  and  proper  protection  in  case  of  fire  or 
panic,  and  in  case  a  notice  is  served  upon  the 
owner  or  occupant  of  any  building  deemed 
unsafe  by  the  state  building  commissioner, 
authority  is  given  under  the  act  immediately 
to    close    said    building. 

The  proposed  code  as  prepared  by  the  com- 
missioner cannot  be  considered  as  a  text- 

book on  building  construction,  the  commis- 
sion confining  itself  more  particularly  to  the 

broad  principles  of  safe  and  sanitary  con- 
struction rather  than  going  into  minute  de- 

tails of  building  construction  itself.  An  ex- 
amination of  the  proposed  code  shows  that 

its  requirements  as  to  protected  stairways, 
elevator  shafts  and  other  means  of  exit  in 
all  classes  of  buildings  are  more  rigid  than 
that  of  any  code  now  in  existence  in  the 
United  States,  and,  while  its  adoption  will 
not  increase  the  cost  of  construction  in  Chi- 

cago or  the  larger  cities,  it  will  result  in 
safer  and  more  sanitary  buildings  throughout 

the  state,  and  as  a  result  it  will  increase  some- 
what the  cost  of  certain  classes  of  buildings 

outside  of  the  larger  cities. 

WATER  WOESC: 
Construction  of  Water  Works  Tunnels 

In  the  Metropolitan  Water  Dis- 
trict of  Massachusetts. 

IV. 

Design   Features  of  Water  Pipe  Tunnel   Un- 
der   Chelsea    Creek    Between    East 
Boston  and  Chelsea,   Mass. 

(Staff  Article.) 

The  present  article  concludes  the  series  per- 
taining to  the  construction  of  water  tunnels 

in  the  Metropolitan  Water  District  of  Massa- 
chusetts. The  first  three  articles,  contributed 

by  Mr.  William  E.  Foss,  assistant  to  the  chief 

engineer  of  the  Metropolitan  Water  and  Sew- 
erage Board,  were  published  in  our  issues  of 

July  22,  Aug.  5,  and  Oct.  14,  1914,  respective- 
ly. The  former  articles  pertained  largely  to 

construction  methods  and  costs,  and  illustrat- 
ed certain  features  of  design.  This  article  re- 

lates largely  to  the  design  of  a  water  pipe 
tunnel  now  under  construction  and  gives  a 
few  notes  on  construction. 

The  sectional  profile  of  the  tunnel  and  its 
appurtenant  structures  is  shown  in  Fig.  1. 
The  bulkhead  near  the  Chelsea  shore  is  shown 
in  a  detaifed  section  in  Fig.  2.  The  design 
of  the  pile  guards  to  protect  the  shafts  is 
shown   in   Fig.  3. 

The  work  is  being  done  by  the  pneumatic 
process,  under  contract.  The  tunnel  is  sim- 

ilar to  the  one  constructed  under  the  same 
stream  by  day  labor  in  1910.  The  water  pipe 
in  this  tunnel  is  42  ins.  in  diameter,  with  spe- 

cial bell  and  spigot  ends  designed  for  outside 
and  inside  caulking  with  lead  wool.  The  de- 

sign of  this  joint  is  shown  in  Fig.  4. 
This  tunnel  is  designed  to  replace  two 

lines  of  24  in.  flexible  jointed  submerged 
water  pipes  now  laid  in  the  bed  of  the  creek. 
These  pipes  are  to  be  removed  to  allow  for 
deepening  the  ship  channel.  One  of  these  pipe 
lines  was  laid  in  1870  with  a  joint  that  i« 
flexible  in  the  vertical  plane  only.  As  this 

joint  is  not  like  any  of  the  flexible  joints  de- 
scribed in  Mr.  Emil  Kuichling's  article  on 

"Flexible  Joints  for  Submerged  Water  Pipe 
Lines,"   published   in   Engineering   .and   Con- 

TR.ACTiNG  of  April   15,   1914,  the  details  of  its 
construction  are  here  illustrated  in  Fig.  o. 

Briefly,  the  work  done  under  the  entire 
contract  consists  of  constructing  by  the  pneu- 

matic process  under  Chelsea  Creek,  between 
East  Boston  and  Chelsea,  a  water  pipe  tun- 

nel about  640  ft.  in  length,  with  a  42-in.  cast- 
iron  water  pipe  lining,  a  brick  shell  8  ins.  thick 
and  about  8%  ft.  in  exterior  diameter,  with 
concrete  masonry  filling  between  the  pipe  and 
the  shell;  of  removing  two  submerged  lines 
of  2-^in.  cast-iron  pipe  for  a  distance  of  770 
ft. ;  of  placing  7,000  cu.  yds.  of  filling  on  State 
propert)'  on  the  Chelsea  shore;  of  laying 
about  300  ft.  of  36-in.  and  24-in.  pipe  line  to 
connect  the  tunnel  with  the  existing  pipe  lines, 
and  240  ft.  of  12-in.  and  8-in.  pipe  line  for 
blow-oflfs.  The  work  also  includes  the  fur- 

nishing and  placing  nf  the  piles  and  timber 
required  for  constructing  guards  around  the 
two  shafts,  and  the  bulkhead  to  support  the 
filling  on  the  Chelsea  shore;  for  extending  the 
existing  fender  guard  on  the  East  Boston 
side  of  the  channel ;  for  constructing  the 
foundations  for  the  3t3-in.  pipe  lines;  and  for 
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constructing  a  plank  walk  about  450  ft.  in 
length  along  the  existing  fender  guard  and 
around  the  shaft  on  the  East  Boston  side  of 
the  channel.  While  the  work  is  going  on  the 
water   supply   to   East   Boston   is   maintained 

,  Proposed  Wolkgndrence 
..Proposed  J6  pipeiClasi  D) 

proper  locations.  Steel  rods  1  in.  in  diameter, 
spaced  IVz  ft.  on  centers,  were  built  into  the 
brick  shells  of  the  shafts  to  serve  as  emer- 

gency ladders  in  case  of  accident  to  the  hoist. 
Steel  rods  %  in.  in  diameter  were  used   for 

The  42-in.  water  pipes  are  thoroughly 
cleaned  before  laying,  and  the  pipe  interior 
is  to  be  kept  clean  until  the  work  is  accepted. 
Pipe  is  laid  accurately  to  line  and  grade  and 
is    held    in    position    by    suitable    temporary 

..  Proposed  Bulkhead       .-Proposed  3$  PipeCCIassD) 

Existir^  Fender  Guard         .■  Proposed  Ffl I —j  (Proposed  IS' B  0  El  1650  — 

to  be  Removed  ,    -  — ""^  ''^^   

~7^03  6^  5^  4^00  '  2,^00  ^'00     "  1-00 

Fig.  1.     Sectional  Profile  of  Water  Pipe  Tunnel     Under  Chelsea  Creek,   Between   East   Boston  and  Chelsea,  Mass. 

or    upstream    existing 

"prime"   quality 
for    the    36-in. 
for    the    shaft 

through    the    easterly 
24-in.  pipe  line. 

Piling  and  Lumber. — Spruce  piles  were  used 
for  the  pipe  line  foundation  and  for  the  tim- 

ber guard  for  the  tunnel  shaft  on  the  Chelsea 
shore  of  the  creek.  Oak  piles  were  used  for 
the  bulkhead  on  the  Chelsea  shore  of  the 
creek,  and  for  the  pipe  line  foundation,  the 
timber  guard  for  the  tunnel  shaft,  and  for  ex- 

tending the  existing  fender  guard,  on  the 
East  Boston  shore.  The  existing  fender  guard 
on  the  Chelsea  shore  was  removed.  .'Ml  spur 
shores  or  batter  piles  were  driven  to  the 
batter  specified,  and  the  inclination  of  the 
piles  was  obtained  from  driving  and  not  from 
pulling  the  head  of  the  pile.  The  spruce  piles 
have  ,T  minimum  diameter  of  10  ins.  at  the 
butt  after  driven  and  cut  off,  and  C  ins.  at 
the  tip.  The  oak  piles  have  a  minimum  diam- 

eter of  14  ins.  outside  the  bark  at  a  point  4 
ft.  from  the  butt,  and  6  ins.  inside  the  bark 
at  the  tip. 
Long  leaf  yellow  pine  of 

was  used  for  foundations 
pipe  line,  for  the  bulkhead, 
guards,  for  extending  the  fender,  and  for 
constructing  the  walks  and  fences  on  the  East 
Boston  shore.  Tongued  and  grooved  sheet 
piling  was  used  in  the  bulkhead.  This  piling  is 
fitted  closely  to  the  sea  walls  at  the  ends  of 
the  bulkheads  to  retain  the  filling  placed  back of  it. 

THE    TUNNEL. 

As  Stated  previously  the  tunnel  is 
constructed  by  the  pneumatic  process, 
electrically  lighted  during  construction, 
phone  service  is  maintained  between  the  tim- 
ncl  and  the  field  office  above.  A  lock  tender 
was  on  duty  at  each  lock  for  the  entire  time 
the  work  was  in  progress  under  compressed 
air. 

The  upper  portions  of  the  shafts  are  con- 
structed inside  the  steel  casings  previouslv 

mentioned,  and  illustrated  in  Fig.  6,  and  were 
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Fig.  2.     Section    of    Bulkhead    Near   Chelsea 
End  of  Chelsea  Creek  Water  Tunnel. 

sunk  into  place  within  the  shaft  guards.  Tem- 
porary weight  was  added  when  necessary  to 

sink  the  tops  of  the  shafts  to  the  required 
elevation.  Holes  were  cut  in  the  steel  cas- 
mgs    for   the    42    and    .30-in.    reducers    in    the 

bonding  the  brick  masonry  of  the  shaft  below 
the  bottom  of  the  steel  casing  with  the  ma- 

sonry above. 

The  excavation  for  the  tunnel  was  suffi- 
cient in  diameter  to  allow  for  building  the 

8-in.  brick  shell  at  least  7  ft.  2  ins.  in  inside 
diameter.  The  material  removed  was  used 

for  making  the  fill  on  the  State  property  pre- 
viously mentioned. 

The  brick  masonry  was  laid  up  with  the 
best  quality  of  brick  laid  in  1 :2  mortar.  The 
brick  shell  is  8  ins.  thick.  When  laid  the 
masonry  is  plastered  on  the  inside  with  a 
%-in.  coat  of  1  to  1  mortar,  which  is  later 
given  a  wash  of  neat  cement  grout.  After 
the  completion  of  the  brick  shell  and  before 
removing  the  air  pressure  from  the  tunnel,  a 
second  coat  of  mortar  and  a  second  wash  is 
specified.  .All  visible  leaks  are  then  to  be 
caulked  with  lead  wool.  After  the  air  pres- 

sure is  removed  the  brick  shell  is  to  be  kept 
substantially  watertight  until  the  concrete  ma- 

sonry is  in  place. 
The    concrete    materials    are    mixed    in    the 

blocking  and  wedges  until  the  joints  have 
been  made  and  the  concrete  placed.  In  the 
shafts,  where  the  pipes  are  set  in  a  vertical  po- 

sition, each  spigot  is  supported  on  three  small 
steel  blocks  1  in.  long  by  %  in.  wide  by  %  in. 
high  placed  in  the  socket  of  the  pipe  already 
laid,  so  as  to  insure  a  M>  in.  joint  opening. 
The  spigots  are  so  adjusted  in  the  sockets 

as  to  leave  a  joint  opening  of  %  in.  between 
the  ends  of  the  pipes  and  the  sockets,  and  a 
uniform  space  between  the  outside  of  the 
pipes  and  the  inside  of  the  sockets.  The 
joints  are  made  with  lead  wool  and  jute 
packing  as  shown  in  Fig.  4.  The  lead  wool 
is  manufactured  from  best  grade  of  new  de- 

silverized lead,  and  has  long  fibres  not  exceed- 
ing .009  in.  in  diameter.  It  is  furnished  in 

rope  form,  wound  upon  substantial  reels,  with 
the  layers  separated  by  paper.  Each  reel  con- 

tains approximately  150  ft.  of  %-in.  rope,  and 
has  printed  instructions  regarding  the  care 
and  haiidling  of  the  lead  wool  tacked  upon 
it,  and  is  protected  with  a  waterproof  cover- 

ing.    The  joints  are  thoroughly  caulked,  both 
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Fig.  3. 
Plan  and  Section  of  Pile  Guards  to  Protect  Shafts  of  Chelsea  Creek Water  Tunnel. 

proportion  of  3,fi  lbs.  of  the  best  American 
Portland  cement,  0  cu.  ft.  of  loosely  com- 

pacted sand,  and  15  cu.  ft.  of  looselv  com- 
pacted stone  rangmg  from  %  in.  to  IVa'ins  in grcntest  dimension. 

on  the  inside  and  outside  of  the  pipe,  and 
made  watertight.  The  final  caulking  of  the 
joints  on  the  inside  of  the  pipe  line  will  be 
done  after  the  pipes  are  all  laid  and  the  con- crete has  been  placed. 
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A  hydrostatic  test  pressure  of  200  lbs.  per 
square  inch  is  specified  for  the  completed work.  The  other  pipe  lines  in  the  contract 
are  to  be  caulked  with  jute  and  lead  wool 
also.  Wooden  insulating  joints  composed  of 
a  wooden  ring  in  the  socket  of  the  pipe,  to 
prevent  metallic  contact  of  the  spigot  end  of 
the  adjoining  pipe,  and  wooden  staves  in  place 
of  the  lead  and  jute  of  the  regular  joints,  will 
be  located  at  two  points  in  the  pipe  line. 

NOTES    ON    CONSTRUCTION. 

The  construction  methods  employed  on  this 
tunnel  are  substantiallv  the  same  as  on  the 
former    Chelsea    Creek    Tunnel,    as   described 

■■Lead  Wool 

Fig.  4.    Section  of  42-in.  Pipe  Joint,  Caulked 
With   Lead  Wool,  in  Chelsea  Creek 

Water  Tunnel. 

in  Engineering  and  Coxtr.\cting  of  Aug.  5, 
1914,  with  the  exception  that  the  work  is  be- 

ing done  by  contract  instead  of  by  day  labor, 
and  that  the  location  of  the  shafts  in  water 
12  to  15  ft.  deep  at  high  tide  requires  the  use 
of  a  lighter  for  placing  the  upper  portion  of 
the  shafts  as  shown  in  Fig.  6.  Cast  lead  joints 
were  used  in  the  former  tunnel  instead  of  the 
lead  wool  joints  now  being  employed. 
The  compressor  plant  installed  has  a  ca- 

pacity of  about  1,700  cu.  ft.  of  free  air  per 
minute,  and  includes  one  straight  line  and 
one  duplex  compressor,  and  one  upright  and 
one  horizontal  steam  boiler. 

The  Chelsea  shaft  was  sunk  to  grade  using 
the  small  vertical  air  lock  shown  on  top  of 
the  right  hand  cylinder  in  Fig.  6.  A  larger 
horizontal  air  lock  was  then  set  in  the  drift 
just  beyond  the  shaft  so  that  the  loaded  tun- 

nel cars  of  muck  could  be  passed  through 
and  hoisted  directly  to  the  surface  from  the 
shaft  after  the  upper  lock  was  removed. 

Steel  tunnel  plates  were  used  to  sup-^ort 
the  roof  of  the  drift,  which  was  a  clay  hard- 
pan,    until   the   brick   lining   was   built.     The 

Elevation         Sec+ionA-A 

Fig.  5.      Details    of   24-in.    Joint,    Flexible    in 
Vertical   Plane  Only,  Used   in   Pipe  Line 

Under  Chelsea  Creek  in  1870. 

While  sinking  the  shaft  a  spring  of  surface 
water  was  encountered  in  a  gravel  vein  and 
it  was  necessary  to  carry  the  air  pressure  sev- 

eral pounds  above  the  tide  water  pressure  un- 
til the  vein  was  clayed  up  and  the  brick  lin- 
ing completed  at  that  place. 
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Fire  Alarm  Attachment  for  Recording 

Pressure  Gage  as  Employed  at 

Ripon,  Wis. 
The  amount  of  the  water  pressure  at  the 

time  of  a  fire  is  a  matter  often  in  dispute  be- 
tween fire  and  water  interests.  Fire  depart- 

ment officials  are  prone,  at  times,  to  charge 
that  poor  water  pressure  accounts  for  their 
failure  to  check  fires  promptly.  Very  likely 
this  is  true  in  some  instances,  but  that  it  is 
sometimes  brought  forward  as  a  plausible 
sounding  excuse  for  fire  department  failures 
is  also  true.  This  seems  especially  likely  to 
happen  where  the  interests  of  a  fire  depart- 

ment clash  with  those  of  a  privately  owned 
water  works.  So  frequently  has  such  a  charge 
been  made  by  fire  department  employes  that 
in  recent  times  water  department  officials 
have  taken  steps  to  safeguard  themselves 
from  these  charges.  Usually  this  is  done  by 
the  use  of  pressure  recording  gages  located 
at  various  points  in  the  water  works  distribu- 

tion systems.  An  interesting  variation  in  this 
scheme  of  self-defense  by  water  interests  is 
here  described,  the  information  being  taken  - 
from  a  paper  by  Mr.  W.  E,  Haseltine  in  the 
Journal  of  the  American  Water  Works  Asso- 

ciation for  September,   1914. 
Several  years  ago  the  Ripon  Light  and 

Water  Co.  got  into  a  serious  controversy 
with  the  officials  of  the  city  of  Ripon  owing 
to  a  claim  of  inadequate  pressure  at  a  fire. 
Fortunately,    the    company    had    in    service    a 

and  the  attachments  made  by  the  fire  depart- ment. 

This  decision  created  so  much  hard  feeling 
among  the  city  and  fire  department  officials 
that  the  company  was  subjected  to  a  series 
of  petty  persecutions  in  the  way  of  so-called 
tests  and  complaints  with  regard  to  the  length 

Relay  Baffery 

Fire  Alarm  Attachment  for  Recording  Pres- sure Gage. 

A,  Fire  Alarm  Hand;  B.  Pressure  Gage  Hand. 

of  time  it  took  for  the  Company  to  furnish 
fire  pressure  after  an  alarm  was  turned  in. 
The  Ripon  Light  and  Water  Co.  furnishes 

domestic  service  by  pumping  into  a  standpipe, 
and  fire  service  by  shutting  olif  the  stand- 
pipe  and  pumping  directly  into  the  mains, 
and  it  seemed  most  desirable  to  have 
some  method  of  proving  beyond  question  how 
long  it  took  to  furnish  this  direct  pressure 
after  an  alarm  w-as  turned  in.  For  this  rea- 

son the  attachment  here  described  was  de- 
vised and  put  into  service,  and   its  operation 

Fig.  6.     View    Showing    the    Placing    of   the    Steel    Encased    Sec- 
tion of  Chelsea  Shaft  for  the  Chelsea  Creek  Water 

Tunnel,  June,  1914. 

work  was  carried  on  continuously  with  three 
shifts  of  eight  hours  each. 
The  air  pressure  carried  was  about  25 

lbs.  per  square  inch  at  high  tide,  or  just  suf- 
ficient to  balance  the  static  head  of  the  tide. 

recording  pressure  gage  by  which  it  was 
able  to  prove  to  the  satisfaction  of  experts 
engaged  by  the  city  to  make  an  investigation, 

that  the  fault  did  not  lie  with  the  company's 
pressure  but  with   the  length   of  run  of  hose 

as  well  as  its  effect  upon  the  Company's  re- 
lations with  the  city  have  been  most  satis- factory. 

As  will  be  seen  in  the  cut,  it  consists  mere- 
!v   of   an   auxiliary    hand   ".\,"   turning   on   a 
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sleeve  on  the  same  axis  as  the  recording  hand 
of  the  pressure  gage  and  adjusted  to  mark 
coincidcntally  therewith.  Under  normal  con- 

ditions this  hand  draws  a  perfect  circle  near 
the  outer  edge  of  the  chart,  but  when  an 
alarm  of  tire  is  turned  in,  a  small  electro  mag- 

net operating  upon  the  armature  attached  to 
this  hand  jerks  it  to  one  side,  making  a 
mark  at  right  angles  to  the  regular  curve, 
indicating  indelibly  upon  the  chart  the  exact 
instant  at  which  this  alarm  was  received.  By 
observing  the  chart  it  is  possible,  without 
question,  to  determine  what  the  pressure  was 
at  the  moment  the  fire  alarm  was  turned  in 
and  how  long  thereafter  direct  pressure  was 
furnished. 
The  connection  with  the  fire  alarm  system 

is  made  through  a  regular  telegraph  relay, 
the  magnet  on  the  gage  being  operated  by  a 
single  dry  cell.  The  accompanying  diagram 
indicates  the  position  of  the  chart  upon  which 
the  time  of  turning  in  the  fire  alarm  is  re- 

corded, the  pressure  furnished,  the  exact 
pressure  at  the  time  the  alarm  was  turned 
in,  the  time  direct  pressure  is  furnished  and 
the  amount  of  the  direct  pressure.  The  dia- 

gram also  shows  the  necessary  connections 
for  the  fire  alarm  hand. 

This  attachment  for  the  gage  was  made  by 
Mr.  Haseltine  in  about  a  half  day,  using  the 
magnet  out  of  a  small  electric  bell,  the  total 
cost  of  the  material,  including  the  relay,  be- 

ing about  $2. 

Motor    Truck    Attachment    for    Rapid 

Closing   of   Large   Gate  Valves. 

Successfully  Employed  at 

Boston,  Mass. 
(Staff  .\rticle.) 

The  water  department  of  the  city  of  Bos- 

ton recently  perfected  a  device  which  attached 

to  a  White  auto  truck,  is  employed  for  the 

rapid  closing  of  large  gate  valves  in  the  
dis- 

tribution system.  The  device,  which  was  m- 

yented  liy 'Mr.  George  H.  Finneran,  superin- 
tendent of  the  Boston  distribution  system,  can 

close  in   10  minutes  gate  valves  36  ins.  m  di- 

Type  of  Insulated  Pipe  Joint  Success- 
fully Employed  at  Providence,  R.  I. 

During  the  past  year  three  lij  in.  wooden 

msulation  pipe  joints  were  set  at  river  cross- 
ings of  the  high  pressure  fire  service  water 

mains  in  the  city  of  Providence,  R.  I.  The 
accompanying  sectional  elevation  shows  the 
details  of  design  of  these  joints.  This  joint 
is  made  with  the  regular  10  in.  sleeve,  bored 
out  1-lti  in.,  and  white  pine  staves  and  ring. 
The  thickness  of  staves  is  determined  after 
the  machine  work  is  done. 

Besides  two  other  16-in.  double  insulation 
joints  in  the  high  pressure  fire  service  mains, 
the  water  works  distribution  system  now  has 
15  C-in.,  3  .1-in.,  and  ̂   16-in.  joints  of  this 
character  in  service,  besides  several  small  oiies 

on  lead  service  pipes.  The  first  wooden  in- 
sulation pipe  jomts  were  installed  in  1907, 

and  at  the  end  of  six  years  their  efficiencv 
has  proved  to  be  as  good  as  when  first  placed. 

f-if^  Sleeve  thickened  -ji- 
— i-i  up  about^  ■.  I   Z-, 

,rntepine\  Q\ 
'taveSi      j\ 

Corner 
rounded  of  I 

pine  ring 

Sectional    Elevation   of   Insulated   Pipe  Joint 

for  16-Inch  Water  Pipe,  Providence,  R.  I. 
Note— The  thickness  of  slnvis  Is  determined 

aftcT  the   miichlnc   work   Is  done. 

The  illustration  and  the  descriptive  matter 
here  given  are   taken   from  the   latest  annuul 

ri'p.irt^   (if   Mr    ()tis   V.   ('l;nn>.  citv    rntrincer 

It  i^  .--aid  by  a  United  Slates  consul  that 
Russia  is  feeling  the  scarcity  ol  iron,  espe- 

cially of  rnnfinK  iron,  anil  thai  fn  i  ad- 
mission of  iron  goods  is  conlemplaled.  The 

metallurgical  works  of  the  ruMtitry  arc  t;i.\ed 
to  the  utmost  by  the  rciiuinnicnts  of  the  iiiil- 
itary  and  navy  defiartmiiit'.  .md  the  railways, 
and  little  material  is  left  for  town  and  village 
conslniclion   work. 

on  the  running  lioard  of  the  truck,  so  that 

it  can  be  easily  brought  into  position  imme- 

diately over  a  water-gate  manhole.  When 
the  truck  is  in  position  a  wrench  is  slipped 

through  the  socket.  This  wrench  fits  the  nut 

on  the  gate  gear  below.  The  universal  wrench 

socket,  together  with  a  universal  joint  on  the 
end  of  the  wrench,  affords  sufficient  flexibility 

in  case  the  truck  is  not  on  level  ground  or 

in  case  the  wrench  socket  is  not  directly  over 

the  gate  nut.  It  is  an  easy  matter,  however, 

for  the  driver  to  bring  his  truck  into  the  ex- 

act  position. The  worm  gear  is  driven  off  the  regular 

transmission  of  the  truck.  The  device  is  op- 
erated by  a  lever  placed  upon  the  side  of  the 

truck  and  easily  accessible  to  the  driver.  In 

closing  gates  the  forward  speeds  of  the  trans- mission are  used.  In  opening  the  reverse  is 

used.  All  gears  are  made  of  chrome  or  nickel 
steel.  All  bearings  are  ball  bearings.  The 
akiminuni  housing  is  firmly  bolted  to  the 

frame  of  the  chassis  and  well  braced  to  resist 

torque.  The  wrench  is  a  hollow  square  steel 
tube  terminating  in  a  specially  hardened  steel 
socket  with  universal  joints  between  socket 
and  tube. 

The  gates  are  equipped  with  indicators 

showing  the  position  of  the  valve  and  inform- 
ing the  operator  when  the  valve  is  seated  or 

entirely  opened.  Where  indicators  have  not 
been  attached  to  the  gates  a  counter  is  used. 

This  counter  is  placed  on  the  end  of  the 

wrench,  recording  the  number  of  its  revo- 
lutions. This  helps  the  operator  to  determine 

when  the  valve  is  entirely  up  or  down.  As  a 

means  of  safety,  in  the  event  of  the  valve 

seating  with  force  or  before  the  operator  ex- 
pected, a  pin  of  known  strength,  placed  in  the 

universal  joint  of  the  wrench,  breaks  off  and 
lireaks  the  line  of  force  between  the  engine 

and  the  gate,  thus  preventing  damage  to  either 

the  gale  or  the  gate  operating  device. 

View  of  Motor  Truck  Attachment  for  Rapid 

Clcsing   of   Large   Gate   Valves. 

ameter  which,  in  closing,  require  307  turns 
of  a  gate  wrench.  Prior  to  the  introduction 
of  the  device  here  illustrated  and  described 
the  closing  of  valves  of  this  size  required  the 
services  of  four  men  for  45  minutes.  The 

importance  of  this  saving  of  3.5  minutes  in 
the  closing  of  such  a  valve  is  forcefully  illus- 

trated by  considering  the  fact  that  the  break- 
ing of  a  3()-in.  main  on  one  of  the  important 

streets  of  Mostcn,  where  building  is  congested 

and  property  values  are  very  higli,  would  per- 
mit the  escape  of  50,000  gals,  of  water  per 

minute.  The  chief  advantages  of  the  device 
are:  It  reduces  property  damage  due  to 
breaks  in  large  mains,  saves  water,  permits 
rapid  regulation  of  water  volume  at  fires,  is 
independent  of  the  physical  endurance  of 
workmen  and   facilitates  testing  of  gates. 

The  truck  responds  to  all  fire  alarms  and 
other  emergencies  where  water  must  be  con- 

trolled to  prevent  loss  or  damage.  The  calls 
are  frequently  overlapping.  Crews  are  on 
duty  day  and  night.  Boston  is  15  miles  in 
greatest  length  and  9  miles  wide.  The  runs 
vary  from  one  block  to  the  end  of  the  water 
distribution  system.  Under  the  old  scheme, 

when  several  gates  had  to  be  closed,  the  few- 
men  available  at  night  were  almost  exhausted 
before  shutling  the  last  gate.  By  its  ability 
to  work  ciinlimiouslv  the  truck  has  relieved 
the  fear  of  being  unable  to  cope  with  any 
emergency. 

The  gate-closing  device  consists  of  a  uni- 
versal wrench  socket  with  a  worm  gear  en- 
closed in  an  alnniiunn  housing  and  mounted 

Lessons  Taught  by  the  Constructios, 

Failure  and  Reconstruction  of  a  Small 

Dam   Near  Tullahoma,  Tenn. 

The  present  article  indicates  certain  lessons 
which  may  be  learned   from  the  construction, 
failure    aiid    reconstruction    of    a    small    dam, 

built   for  an   institution  having  limited  funds, 

near  Tullahoma,  Tenn.     The  article,  in  addi- 
tion to  discussing  the  design,  construction  and 

failure    of    this    dam,    also    discusses    the    en- 

gineer's responsibilitv  for  works  of  his  design, 
and  also  considers  the  ethics  of  cases  wherein 

an  engineer  does  not  supervise  the  construction 

of  works  designed  bv  him.     The  informatioii 

given  is  taken  from  a  paper  by  the  designer  of 

the  dam,  Mr.  John  Wilkes.    The  paper  was  pre- 
sented before  the  Engineering  Association  of 

the  South  and  was  published   in  the  proceed- 

ings of  the  society  for  July-September,  liU-l.  In 

introducing  the   subject  of  the   engineer's   re- sponsibilitv  Mr.  Wilkes  points  out  that  it  is 
the  custom,  in  such  discussions,  to  assume  that 

the   engineer   has    full   control   of   all   the   en- 
gineering   features   of   a   piece   of   work   done 

under  his  direction  and  with  which  his  name 

is  associated.     This  may  be  true  in  many  in- 
stances but  Mr.  Wilkes   feels  sure  that  there 

are  many  cases,  such  as  the  present  one,  where 

the  authority  of  the  engineer  is  very  circiim- 
scribed   indeed,   and   to   hold   him   responsible 

for  the  failure  of  any  construction  under  such 

conditions  is   an   act   of   great   injustice.     "The 
value  of  the  article  lies  chiefly  in  its  frank  dis- 

cussion of  the  business  and  ethical  aspects  of 

the  case  under  consideration.     Mr.  Wilkes  is 

authority  for  the  statement  that  in  the  locahty 

of   Nashville  engineering  regulations  are  per- 
haps   rather    lightly    esteemed    both    by    those 

within  the  engineering  profession  and  the  gen- eral public  outside  the  profession. 
The  institution  for  which  the  dam  was  built 

is  the  Pythian  Home,  Ovoca,  about  three  miles 

from  Tullahoma.  On  this  lOO-acre  tract  of land  there  is  a  waterfall  05  ft.  high. 

One  of  the  features  of  Ovoca  was  to  be  an 

artificial  lake  made  bv  damming  the  waters  of 

the  small  creek  which  flowed  through  the 

grounds  and  which  formed  the  waterfall  men- 



\Tovember  11.   1914. Engineering   and    Contracting 
455 

ioned.  The  original  purpose  of  the  lake  was 
wofold.  It  was  intended  to  add  to  the  beauty 
if  the  grounds,  providing  a  place  for  recrea- 
ion,  and  also  to  serve  the  purpose  of  provid- 
ng  water  power  by  utilizing  the  drop  of  over 
10  ft.  into  the  gorge.  It  was  at  first  thought 
hat  the  power  derived  from  this  waterfall 
I'ould  be  sufficient  to  operate  an  electric  rail- 
I'ay  from  Tullahoma  to  Ovoca.  At  the  pro- 
losed  site  of  the  dam  there  was  a  rock  bluff  on 

ine  side,  against  which  the  creek  impinged  di- 
ectly  and,  after  making  a  circle  around  this 
iluff,  poured  over  the  waterfall  at  a  point  a 
hort  distance  below. 
It  seemed  an  easy  matter  to  throw  a  dam 

cross  from  this  rock  bluff  to  the  hill  opposite 
t,  the  valley  here  being,  fortunately,  quite  nar- 
ow,  and  the  rock  bluff  itself  would  have 

ormed  a  sufficient  spillway  for  the  dam  by  sim- 
ly  removing  a  little  of  the  natural  earth  5ur- 
ace.  Such  a  natural  spillway  would  have  en- 
ailed  no  additional  expense,  and  the  dam  could 
lave  been  carried  up  higher  than  the  top  of 
his  rock  bluff,  say,  6  or  8  ft.,  if  necessary.  The 
inly  disadvantage  would  have  been  the  sacri- 
ice  of  the  amount  of  space  at  this  point  which 
he  rock  bluff  took  up.  There  would 
ave  been  that  much  loss  of  ground 
pace,  •  but  it  would  have  been  much 
ess  than  an  acre  in  all,  and  apparently 
round  space  was  not  very  valuable  just  here. 

I"he  bluff  would  have  provided  a  spillway  more ban  160  ft.  in  length,  and  this  seemed  to  be 
he  natural  solution  of  the  problem.  On  pre- 
enting  this  to  Mr.  Fox,  the  superintendent  of 

he  home,  however,  he  stated  that  "they,"  mean- 
ng  presumably  the  board  of  directors,  did  not 
hink  well  of  this  plan. 

The  first  plan  for  the  dam  was  for  an  earth 
lam  with  a  concrete  core,  the  earth  fill  to  be  16 
t.  wide  across  the  top,  as  it  was  desired  to 
arry  a  road  across  the  dam  from  one  part  of 
he  grounds  to  another.  The  height  of  the 
lam  was  to  be  16  ft.,  length  175  ft.,  and  the 
ore  was  intended  originally  more  as  a  safety 
eature  than  as  the  means  of  dependence.  The 

arth  dam  was  ̂ ecided  on,  on  the  score  of 
heapness  and  its  adaptability  for  carrying  a 
oad  across  from  one  side  of  the  lake  to  the 
'ther. 

After  the  first  plan  was  made,  nothing  was 
lone  nn  the  dam  for  a  long  while,  except  to 
;et  a  bid  from  contractors  as  to  the  cost  of 
luilding  it.  The  writer  estimated  the  material 
n  the  dam  originally  as  250  cu.  yds.  of  con- 
rete  and  2,500  cu.  yds.  of  earth  fill,  and  placed 
he  price  of  the  concrete  at  $8  per  cubic  yard 

md  the  price  of  the  earth  fill  'at  20  cts.  per ubic  yard,  which  latter  was  too  low.  This 
nade  the  estimated  total  cost  of  the  dam 
;2,500.  When  it  was  built  later,  the  actual  cost 
vas  nearer  $3,.500.  It  was  stated  in  this  pre- 
iminary  estimate  that  something  should  be 
idded  to  cover  the  cost  of  making  the  spill- 
vay  and  the  railings  for  the  road.  In  Decem- 
ler,   1909,  I  wrote  Mr.  Fox : 

Further  consideration  of  the  problem  of  a 
;afe  spillway  for  the  dam  you  are  building  leads 
ne  to  conclude  that  you  should  have  a  notch 
3r  spillway  in  the  dam  for  times  of  flood.  I 
lave  made  a  new  drawing  showing  such  a  spiU- 
vay,  blue  print  of  which  I  enclose  herewith.  I 
relieve  the  dam  will  wash  out  if  such  provision 
s  not  made,  which  would  be  very  dangerous,  as 
,vell  as  total  loss  of  the  money  you  have  put  m 
;he  dam.  The  spillway  shown  on  the  drawing 
s  to  be  made  by  leaving  a  low  place  or  notch  in 
ihe  dam  70  ft.  wide  and  3%  ft.  high.  This  can 
De  closed  during  ordinary  times  by  plank,  keep- 
ng  the  level  of  the  water  up,  and  opened  when 
Lhere  is  a  flood.  To  cross  this  low  place,  some 
iind  of  bridge  would  be  needed,  and  I  have 
ihown  a  timber  trestle  which  will  also  serve  as 
1  support  for  the  planks  or  flashboards.  This 
spillway  will  add  a  few  extra  dollars  to  the  cost 
3f  the  dam.  but  I  think  the  dam  will  be  abso- 
utely  unsafe  without  this  and  liable  to  total  de- 

struction in  time  of  high  water. 

On  Jan.  21,  1910,  I  wrote  in  regard  to  the 

suggested  reinforced  concrete  dam  :  "There  is 
0  be  considered  the  fact  that  reinforced  con- 

crete is  a  new  form  of  construction,  and  re- 
luires   to  be   more   carefully   done   and   under 

stricter  specifications  and  inspection  than  the 
old  time-honored  plan  of  building  an  earth 
dyke,  such  dams  having  been  built  since  the 
times  of  ancient  Egypt,  thousands  of  years 

ago." 

In  the  spring  of  1911  actual  construction  was 
begun,  and  the  work  was  pushed  to  completion 
in  May.  When  construction  of  the  dam  was 

begun,  at  Mr.  Fox's  request  I  visited  Ovoca 
and  inspected  the  trenches  of  the  foundation 
to  see  if  the,  foundation  was  suitable.  The 
concrete  core  was  built  according  to  dimen- 

sions. When  water  was  turned  in,  about  21 
days  were  required  to  fill  the  lake.  From  the 
time  that  construction  was  begun  until  the 
dam  was  completed  and  the  water  turned  in 
the  writer  did  not  see  the  dam,  but  supposed 
all  along  that  it  was  being  built  according  to 
the  plan  furnished.  On  July  4,  1911,  being  in 
that  vicinity,  the  writer,  on  his  own  initia- 

tive and  without  request  from  the  Ovoca 
authorities,  went  to  see  the  dam,  and  was 
very  much  surprised  to  find  that  the  spillway 
had  been  omitted  entirely  and  the  earth  fill 
put  in  only  on  one  side  of  the  core  wall,  on 
the  upper  side,  and  even  there  not  to  the  full 
dimensions  called  for  in  the  plan.  On  the 
lower  side,  in  order  to  strengthen  up  the 
dam,  some  timber  struts  had  been  placed, 
spaced  about  12  ft.  apart  and  being  of  tim- 

ber about  6  ins.  square,  the  top  end  resting 

against  the  face  of  the  core  wall  about  one- 
third  of  the  way  down  from  the  top  and 
the  lower  end  against  the  natural  bed  of  rock 
on  which  the  dam  was  built.  On  inquiring 
the  reason  for  the  omission  of  the  earth  fill 
on  the  lower  side,  he  was  told  that  it  had 
been  omitted  on  account  of  lack  of  funds 
and  because  it  did  not  seem  to  b"  necessary,  as 

the  concrete  core  wall  "looked  strong  ciiough" 
by  itself,  but  that  the  structure  was  not  then 
complete  and  was  not  considered  finished,  and 
that  as  soon  as  more  funds  became  available, 
the  intention  was  to  put  in  the  fill  on  the  other 
side  of  the  core  wall.  The  whole  thing  looked 
so  dan.gerous  that  on  his  return  to  Nashville 
the  writer  sent  Mr.  Fox  a  letter  from  which 
the   following  is  a  quotation : 

Your  dam  at  Ovoca  is  in  a  very  precarious 
condition,  being  greatly  overloaded — in  fact, 
having  about  double  the  load  on  it  that  it  should 
bear.  I  am  quite  uneasy  about  it.  I  do  not 
wish  it  to  go  out.  and  I  know  you  do  not;  but 
I  fear  that  there  is  great  danger  of  its  doing 
so;  and  if  the  dam  should  fail  it  would  be  a 

loss  of  perhaps  $3,000  to  you,  and  maybe  tre- 
mendous damage  suits,  and  probably  loss  of 

life.  I  would  I'espectfully  recommend  that  you 
at  once  draw  down  the  level  of  the  lake  2  or  3 
ft.,  and  when  the  necessary  strengthening  has 
been  done,  the  present  level  of  the  lake  can  be 
restored.  As  it  is  now,  you  are  liable  to  have 
a  disaster  almost  any  time. 

No  reply  was  received  to  this  letter;  and 
being  busy  with  other  work,  the  matter  al- 

most passed  out  of  the  writer's  mind,  until 
the  failure  of  the  Austin  dam  in  Pennsyl- 

vania reminded  him  of  it.  It  was  not,  how- 
ever, until  January.  1912:  when  the  pressure 

of  other  matters  was  somewhat  relieved,  that 

anything-  further  was  written  on  the  subject. 
On  January  12.  1912,  the  following  was  writ- 

ten to  Mr.  Fox ; 

On  July  7,  after  visiting  Ovoca  on  July  4.  I 
wrote  you  that  your  dam  at  Ovoca  was.  in  my 
judgment,  in  a  very  dangerous  condition,  liable 
to  be  washed  out  by  the  first  severe  flood  that 
came  along,  and  suggested  that  you  strengthen 
it.  I  never  heard  from  you,  and  it  may  be  that 

you  did  not  get  my  letter.  I  write  again,  be- 
cause I  do  not  wish  to  let  an  accident  occur  like 

the  one  at  Austin,  Pa.,  which  happened  last  fall, 
and  which  is  but  one  of  a  series  of  failures  that 
could  have  been  prevented.  If  I  have  no  pecu- 

niary interest  in  this  dam.  I  have  at  least  a 
professional  one,  in  that  its  failure  would  hurt 
my  reputation.  I  am  quite  willing  for  you  to 
take  the  advice  of  any  other  competent  engi- 

neer as  to  whether  it  is  safe  or  not,  but  I  know 
it  is  not  safe,  and  I  hope  that  you  have  strength- 

ened it. 

In  reply  to  this  letter  I  received  a  letter 
which   almost   any  one   might  consider  as   re- 

lieving   me    of    responsibility.      It     read     as follows : 

I  have  not  strengthened  the  dam,  as  I  have 
never  regarded  it  as  complete.  It  is  our  inten- 

tion to  complete  it  before  again  turning  water 
into  it.  During  the  recent  rains  the  basin  filled, 
although  the  drain  pipe  was  open,  and  the 
water  ran  over  the  top  of  the  dam  for  a  day  or 
two.  But  as  we  had  done  all  we  could  to  pre- 

vent the  basin  from  filling,  we  trusted  to  Provi- 
dence and  let  the  matter  go.  The  dam  stood 

without  any  indication  of  injury  to  it.  I  assure 

you  that  I  consider  that  your  letter  was  prompt- 
ed partially  by  your  interest  in  us  and  partially 

by  your  self-interest  to  protect  your  reputation. 
Permit  me  to  say  Just  here,  that  your  mind 
may  be  at  rest  upon  the  matter,  that  we  did 
not  build  this  dam  in  accordance  with  your 

plans.  Tour  plan  provided  for  a  wooden  spill- 
way. This  we  did  not  take  into  consideration. 

The  core  wall  was  in  accord  with  your  plan 

■  mly  as  to  its  basic  dimensions.  Therefore  by 

no  manner  of  means  could  it  be  considered  that 

you  are  responsible  for  this  dam.  and  I  W'rite 
you  this  to  exonerate  you  wholly  from  any  ad- 

verse criticism  should  anything  result  from  the 

incompletion  of  the  dam.  You  are  at  liberty  to 

say  that  the  dam  was  not  built  by  your  plan  or 

in  accord  with  your  instructions.  This  should 

relieve  you  of  any  responsibility  whatever. 

Notwithstanding  this  plain  relief  from  re- 
sponsibility, as  far  as  it  could  be  given  by  a 

letter.  I  did  not  feel  satisfied,  and  wrote  m reply : 

i  am  less  concerned  to  be  exonerated  in  case 

the  dam  should  fail  than  I  am  to  prevent  the 

dam  from  failing,  with  the  attendant  loss  to 

you  and  possibly  others,  and  possibly  a  loss  of 

human  life  which  no  amount  of  exonerating 
could  make  up  for.  I  do  not  wish  to  meddle  in 

your  affairs,  but  I  have  a  sincere  desire  to  help 

you  all  I  can  to  make  this  structure  safe  at  the 

least  expense.  I  did  not  recommend  a  wooden 

spillway,  but  suggested  a  wooden  bridge  across 
the  concrete  spillway,  and  that  bridge  only  to 

carry  a  road  which  you  said  you  wished  to  have 

across  the  dam. 
In  answer  to  this  I  received  a  letter  saying: 

■T  am  confident  that  you  are  actuated  by  noth- 

ing more  than  a  desire  to  serve  us  and  human- 
ity at  large."  In  another  letter  of  February  24 

>ir.  Fox  wrote :  "I  shall  obser\'e  your  direc- 
tions as  soon  as  the  weather  will  admit  of 

our  doing  any  concrete  work."  It  is  to  be 
noted  that  this  left  the  matter  in  a  very  much 

better  shape  than  it  had  been  previously,  as 

there  was  a  definite  promise  to  make  needed 

changes :  so  that  I  felt  well  repaid  for  having written  in  January. 

Another  letter  on  the  same  subject,  bemg  on 

February  26,  was  in  regard  to  placing  but- 
tresses, spaced  about  12  ft.  apart,  to  make  the 

concrete  core  wall  capable  of  carrj-ing  the load. 

I  wrote  again  on  March  14  as  to  some 

changes  in  this  construction,  and  the  same 

day  that  this  letter  was  written  the  dam 

failed  by  being  washed  out  by  a  flood  during 
the  night.     Mr.  Fox  wrote  me : 

Yours  of  the  14th  came  immediately  after  our 

disaster;  and  if  you  did  not  have  some  intuitive 

or  telepathic  conception  of  what  was  about  to 

come  to  pass.  I  am  very  much  mistaken.  There 
is  a  movement  on  foot  at  Tullahoma  to  replace 

the  dam,  and  1  trust  it  will  be  our  pleasure  to 

have  you  with  us  in  connection  with  this  re- construction of  the  dam. 

After  the  dam  had  failed,  I  felt  disappoint- 
ed that  we  had  not  got  it  strengthened,  and 

yet  a  satisfaction  that  I  had  been  persistent 
in  urging  that  it  was  unsafe,  although  it  had 
required  at  the  time  considerable  patience  to 
enter  upon  a  disagreeable  task  of  urging  its 
dangerous  condition  and  one  bringing  in  no 
pecuniary  reward,  so  far  as  could  be  seen  at 
the  time.  After  the  dam  had  failed,  the  writ- 

er, at  Mr.  Fox's  request,  made  a  trip  to  Tulla- 
homa. It  was  thought  then  by  Mr.  Fox  that 

the  dam  could  be  replaced  by  May,  building 
a  timber  structure.  In  fact,  the  timber  struc- 

ture was  decided  upon;  and  if  it  had  not  been 
for  the  confusion  of  the  foremen  in  laying  out 
some  of  this  timber  work,  it  is  probable  that 
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the  dam  would  have  been  rebuilt  in  that  way, 
although  a  calculation  made  afterwards 
showed  that  the  stresses  in  the  proposed  struc- 

ture were  entirely  too  large  for  the  strength 
of  the  timber. 

The  question  of  the  best  way  to  rebuild  the 
dam  was  then  taken  up,  and  it  was  decided 
that  patching  up  the  old  core  wall  was  not  a 
wise  procedure,  and  that  it  would  be  best  to 
build  a  new  concrete  dam  in  the  gap  that  had 
been  washed  out,  using  buttresses  and  making 
the  core  wall  practically  a  slab  of  reinforced 
concrete,  reinforced  from  buttress  to  buttress, 
with  steel  rods  in  the  concrete,  which  were 
also  to  take  care  of  the  temperature  stresses. 
In  .'\ugust  I  wrote  him  to  be  sure  to  leave  the 
spillway,  as  shown  by  the  drawing,  72  ft. 
wide:  and  this,  after  some  persuasion,  he  did. 

In  the  same  letter  I  said :  "Please  note  that  the 
reinforcing  rods  are  to  be  spaced  10  ins. 

apart."  .About  .August  2C  I  visited  Ovoca  and 
inspected  the  dam  as  it  then  stood.  The  but- 

tresses were  not  sunk  into  the  bed  rock,  as 
shown  on  the  drawing,  but  built  on  top ;  and 
much  of  tfic  reinforcing  steel  had  been  omit- 

ted, because,  as  Mr.  Fox  stated,  it  was  "hard 

to  get." 
The  following  is  a  quotation  from  a  letter' 

of  Mr.  Fox  dated  August  27:  "I  have  yours 
of  the  ■26th,  and  have  given  your  suggestions  a 
careful  reading;  will  endeavor  to  abide  by 
them  It  will  be  in  some  cases  impossible,  but 
I  shall  do  the  very  best  I  can.  I  am  left  to 
accomplish  a  great  deal  with  practically 
nothing  to  do  it  with;  and.  therefore,  it  is 
not  to  be  wondered  at  that  there  is  a  lack  of 

carrying  out  of  all  the  details  necessary." 
From  first  to  last  this  was  the  constant  condi- 

tion of  affairs — namely,  lack  of  funds  all 
along.  So  the  plans  were  continually  modified 
and  changed,  and  often  with  very  bad  results. 

In  November,  1912,  I  visited  the  dam  again, 
and  Mr.  Fox  told  me  that  there  was  less  rein- 

forcing steel  in  the  concrete  than  the  plan 
called  for.  I  wrote  him  upon  my  return  to 
Nashville  that  I  did  not  think  the  dam  in  that 
condition  was  safe.  In  reply  to  this  letter  he 

wrote:  "I  shall  do,  of  course,  all  in  my  lim- 
ited power  to  make  this  dam  safe." 

Mr.  Fox's  death  from  pneumonia  occurred 
in  December,  1912,  when  the  dam  was  still  un- 

completed. Up  to  this  time  the  building  of 
this  dam  had  been  a  series  of  disappointments 
to  the  writer.  Things  which  it  was  thought  had 
been  decided  on  were  changed  and  modified, 
some  of  them  the  most  vital  features. 

On  December  16  I  wrote  to  Mr.  H.  VV. 

Stratton,  Mr.  Fox's  successor,  as  follows: 
"Referring  to  my  letters  of  November  14  and 
19,  you  will  see  that  I  wrote  Mr.  Fox  that 
the  dam  in  its  condition  then  was  very  unsafe, 
and  it  is  still  unsafe,  or  was  on  December  1, 
when  I  last  saw  it;  and  as  Mr.  Fox  was  taken 
sick  the  day  before  that  and  was  sick  till  he 
died.  I  presume  it  is  in  the  same  condition 
now  as  when  1  last  saw  it.  The  dam  is  in  an 
unsafe  cnndilion,  I  think;  and  I  hope  you 
will  see  your  way  clear  to  taking  steps  to 
make  it  secure." 
On  January  3,  im?l,  I  wrote:  "I  took  the 

liberty  ui  writ-   •  -m  December  10  in  re- 
gard to  the  ■'  Mr.  Fox  at  the  time 

of  his  death  ■■■I  in  r,  l.nlKling.  As 
I  have  n'<t  lic.inl  i  ume,  to 
vour  having  been  the  lib- 

erty of  wrjtini;  aksaiii  lo  ̂ ay  that,  in  my  opin- 
ion, ill""  d.im,  nn  which  now  trvcral  thou.sand 

doll  '  ■  if  being 
dc  ■  1  come, 
and  .M,  1  .,,.  of  the 
year.      I    am                                               eratir.g 
with  and  asM     .'   T  can 
to  prevent  sk'  my  as  lli  ug 
destroyed   a  mc,   with   i  lut 
possibie  loss  oi  liit  .tiid  other  pr  To 
this   he   replied   on    laniiarv   4 :  to 

yours  of  the  3d,  I  '  :ireciatc 
the  interest   that  j.   nnd' 
that   I   thoroughly    ,t, ,.     .^.i,  he 
importance  of  having  it  put  in   i  i- 
tion.     I  am  determined  to  do  thi^  ..n 
as  1  can  arrange  for  the  money  v  n 
pay  for  it.    Rut.  as  you  know,  the  i  .  i, 
terribly  handicapped  by  the  lack  of  lunu.^,  .md 

I  haven't  at  present  a  dollar  available  for  that 

purpose." 

During  the  summer  of  1913,  again  on  my 

own  initiative,  I  made  a  visit  to  Ovoca,  m- 

spected  the  dam,  and  was  again  very  much 

surprised,  for  I  found  that  they  had  closed 

the  spillwav,  which  Mr.  Fox,  at  my  earnest 
solicitation,  had  left  in  building  the  dam,  and 

had  put  solid  concrete  into  the  gaps,  complete- 
ly filling  them.  I  asked  Mr.  Stratton  if  he 

had  no  fear  for  the  safety  of  the  dam,  and  he 

said,  "None  whatever,"  as  he  had  seen  water 
pass  over  the  top  of  the  dam  its  whole  length 
and  more  than  1  ft.  deep.  I  asked  why  the 

spillwav  had  been  closed  up  with  solid  C9n- 
crete  instead  of  with  planks,  as  the  design 

called  for,  and  he  said  the  planks  were  "im- 

practicable." On  July  22  I  wrote  the  last  letter  jn  _  the 

correspondence  on  the  dam  as  follows:  "Re- ferring to  the  matter  we  discussed  while  I  was 
at  Ovoca  last  Sunday— namely,  the  dam  there 
—I  do  not  wish  to  annoy  you,  but  I  do  wish  to 

do  my  whole  duty  toward  you  and  the  public 
whose  safety  is  affected  by  the  security  of  the 

dam.  In  mv  judgment,  the  dam  as  it  stands 
at  present  is  not  safe.  What  you  told  me 
Sunday  of  its  having  stood  three  severe  floods 
of  course  eases  my  mind  to  some  extent;  but 
I  still  do  not  consider  it  a  safe  structure,  and 

I  believe  other  competent  engineers  investigat- 
ing it  thoroughly  would  come  to  the  same 

conclusion."  To  this  letter  no  reply  was  re- 
ceived. There  the  matter  rested  for  the  pres- 

ent.   The  second  dam  still  stands. 

Reviewing  the  hi,story  of  the  construction 
of  this  dam,  the  following  points  came  up  in 
which  the  actual  construction  was  a  disap- 

pointment to  the  engineer  in  plans  not  being 
carried  out:  1.  The  fill  was  omitted  on  the 
lower  side  of  the  concrete  core.  2.  The  fill 
put  in  on  the  upper  side  of  the  concrete  core 
was  not  as  wide  as  the  plans  called  for.  3.  The 
spillway  was  entirely  omitted  in  the  first  dam. 
4.  The  level  of  the  lake  was  not  drawn  down 
when  the  dam  was  reported  to  be  in  an  unsafe 
condition,  o.  The  owners  stated  that  the  dam 
was  not  built  by  my  plans,  when  really  it  was, 

so  far  as  it  was  built  by  any  plan.  6.  The  sec- 
ond dam  was  planned  for  a  timber  dam,  with- 
out any  investigation  by  an  engineer  as  to  the 

strength  of  the  proposed  timber  construction. 
7.  When  it  was  decided  to  rriake  a  concrete 
instead  of  a  timber  dam,  the  breaking  up  of 
the  pieces  of  the  old  dam  for  use  in  the  new 
dam  was  abandoned,  because  it  was  said  to  be 
too   much   trouble   to   break   the  concrete   up. 
8.  The  reinforcing  steel  put  in  the  second  dam 
was  less  than  the  plan  called  for.  9.  The 
buttresses  of  the  second  dam  were  not  cut 
down  into  the  solid  rock,  as  the  plan  called 
for,  to  prevent  sliding;  and  the  reinforcing 
steel  in  these  butresses  was  put  in  in  an  en- 

tirely different  way  from  what  the  plan 
showed.  10.  The  fill  on  the  upper  side  of  the 
second  dam  was  not  made  for  a  long  time 
after  the  concrete  was  put  in. 
On  these  ten  points,  and  others  that  could 

be  mentioned,  the  construction  of  the  dam 
was  a  great  disappointment,  and  there  was  so 
much  variation  from  the  plans  submitted  and 
nominally  accepted  as  to  make  the  final  struc- 

ture entirely  different  from  the  structure 

planned. The  concrete  core  wall  of  the  first  dam  was 
not  intended  to  be  a  dam  in  itself,  although  it 
was  so  used,  so  that  no  analysis  was  made  of 
it  by  itself  when  the  plan  of  the  dam  was  pre- 

pared;  hut  after  it  had  stood  as  a  dam  by  and 
of  itself  for  nearly  a  year — or,  to  be  more 
exact,  for  about  ten  months— I  made  an  an- 

alysis of  the  section  of  tliis  wall  in  the  usual 
way,  and  from  this  it  appeared  that  it  was 
very  remarkable  that  the  dam  stood  at  all.  The 
second  dam  is  insecure  against  sliding. 
A  professional  man  feels  a  delicacv,  or 

should  feel  so,  in  the  matter  of  offering  his 
services  where  they  are  not  called  for.  But 
in  every  instance,  in  connection  with  this  busi- 

ness, I  lirlicve  it  was  at  my  own  suggestion 
that  further  nrtv  !i  was  taken  in  regard  to 
getting  more  m,-  :.  .ring  advice  on  the  con- 
s'ruction  of  this  i1l:iti  ;  and,  as  stated  above. 
It  w.is  on  my  own  initiative  that  I  visited  this 

work  several  times;  and  if  I  had  not  volun- 
tarily done  this,  the  probabilities  are  that  I 

would  have  known  nothing  about  the  matter 
until  failure  had  occurred.  Entirely  too  many 
failures  of  dams  have  occurred,  but  the  pop- 

ular idea  that  seems  to  be  prevalent  that  en- 
gineers do  not  know  how  to  build  dams  well 

enough  to  avoid  failure  makes  it  worth  not- 
ing that  only  six  dams  of  over  -50  ft.  in  height 

have  failed,  and  in  two  of  these — the  dams  at 
Austin,  Texas,  and  Austin,  Pa. — the  advice  of 
the  engineers  was  disregarded :  so  that  the 
case  is  not  as  black  for  the  engineers  as  it  is 
sometimes  supposed  to  be.  Just  here  it  may 
be  stated,  on  the  authority  of  a  writer  in 
the  Engineering  News  of  Sept.  4,  1913,  that 
no  arch  dam  has  ever  failed. 
As  there  is  very  little  that  is  admirable 

about  this  dam,  and  nothing  that  would  be 
copied,  the  value  of  it  as  an  object  lesson 

must  lie  in  a  dift'erent  direction — that  is  to 
say,  no  one  would  ever  build  such  a  structure 
designedly;  and,  therefore,  the  construction  of 
this  concrete  core  wall,  in  the  first  dam,  and 
relying  upon  it  to  act  as  a  dam  of  itself,  may 
be  looked  upon  as  an  experiment  on  a  full- 
sized  scale  in  the  strength  of  a  very  thin  con- 

crete dam.  A  very  costly  experiment,  it  must 
be  admitted,  since  its  failure  entailed  a  loss 

of  about  $8,000,  but  still  an  experiment  from 
which  something  of  value  may  be  learned,  due 
to  the  fact  that  it  was  submitted  for  nearly  a 
year  to  the  test  of  actual  conditions,  such  as 
overflow  by  floods,  passing  through  the  low 
temperature  of  a  severe  winter,  etc.  No  one 
could  afford  to  designedly  experiment  with  a 
full-sized  dam  under  these  conditions ;  and  it 
is,  therefore,  all  the  more  desirable  that  we 
learn  as  much  as  possible  from  the  behavior 
of  the  dam.  In  this  connection  it  may  be  said 
that  while  nearly  everything  else  about  the 
dam  was  actually  constructed  different  from 
what  the  plan  showed,  this  concrete  core  wall 
was  strictly  in  accordance  with  the  drawings. 
Of  course  this  experiment  loses  some  of  its 
value,  due  to  the  fact  that  the  conditions  were 

not  varied,  one  at  a  time,  ̂   they  should  be 
in  a  true  experiment.  Furthermore,  there  is 
some  uncertainty  or  indcterminateness  in  the 
load  applied  to  the  structure,  due  to  the  fact 
that  the  earth  fill  w-as  used  behind  the  dam ; 
so  that  the  exact  pressure  cannot  be  calculated 
as  it  could  be  if  the  water  pressure  alone  were 
the  only  factor  involved.  But  the  fact  that 
the  dam  stood  for  so  long  without  failing 
seems  to  the  writer  to  indicate  that  an  earth 

fill  of  this  kind  operates  to  decrease  the  pres- 
sure against  the  dam.  According  to  Weg- 

niann's  treatise  on  dams  (see  page  89),  the 
addition  of  an  earth  fill  behind  a  masonry  dam 
is  a  type  of  construction  recommended  by 
Professor  Intze,  of  Aachen. 

The  next  lesson  that  may  be  learned  from 
this  dam  is  in  regard  to  the  matter  of  spill- 

way for  an  overflow  dam.  Neither  Mr.  Fox 
nor  Mr.  .Stratton  thought  this  was  of  any 
use.  Mr.  Fox  thought  that  a  24-in.  pipe  was 
sufficient  to  take  care  of  this  feature,  the  24-in. 
pipe  to  be  placed  at  the  top  of  the  dam.  A 
30-in.  pipe  was  actually  put  in  for  drainage  at 
the  lowest  point  in  the  dam ;  and.  although 
this  was  viride  open  when  the  flood  came,  the 

water  rapidly  rose  to  the  top  of  the  dam,  fill- 
ing in  a  few  hours  the  basin  that  in  the  nor- 
mal flow  of  the  stream  required  21  days  to 

fill.  Considering  this  30-in.  pipe  as  an  orifice, 
under  a  head  of  16  ft.,  its  discharging  capacity 

would  be  about  150  cu.  ft.  per  second ;  where- 
as the  spillway  3Vi  ft.  deep  and  72  ft.  long, 

as  this  dam  had,  in  the  original  design,  would 
have  a  discharging  capacity  of  1,500  cu.  ft.  per 
second,  or  ten  times  as  much  as  the  30-in. 
pipe,  and,  of  course,  still  more  capacity  than 
a  24-in.  pipe  under  a  16-in.  head,  and  still 
again  very  much  more  capacity  than  a  24-in. 
pipe  under  a  head  of  1  ft.,  say,  as  it  would 
have  if  placed  at  the  top  of  the  dam.  And 
even  this  spillway  was  insufficient.  As  stated 
above,  the  drainage  area  was  considered  to 

be  5%  square  miles ;  for  6  square  miles  Fan- 
ning gives  (see  page  .381  on  his  "Treatise  on 

Hydraulics  and  Water  Supply  Engineering")  a 
spillw.ay  2.9  ft.  deep  and  54  ft.  long.  I  in- 

creased his  figures  50  per  cent  on  the  length 
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of  spillway  and  16  per  cent  on  the  depth  of 
spillway,  and  still  did  not  get  a  spillway  large 
enough.  His  figure  for  flood  volume  is  890 
cu.  ft.  per  second  from  6  square  miles,  or  148 
cu.  ft.  per  second  per  square  mile.  In  the 

American  Civil  Engineer's  Pocketbook,  second edition,  published  in  1912,  page  904,  is  a  table 
giving  the  maximum  rate  of  discharge  of 
streams.  In  this  table  a  discharge  of  a  stream 
draining  .5  square  miles— namely.  Mad  Brook. 
Sherburne,  N.  Y.— is  given  as  262  cu.  ft.  per 
second  per  6  square  miles,  being  the  largest 
discharge  given  in  that  table.  The  average  of 
all  the  streams  having  less  than  10  square 
miles  drainage  area  is  116  cu.  ft.  per  second 
per  square  mile. 
The  next  point  to  consider  in  the  lessons 

to  be  learned  from  the  failure  of  this  dam  is 
that  of  uplift,  or  pressure  of  the  water,  on 
the  base  of  the  dam,  due  to  percolation  and 
tending  to  overturn  the  dam.  Some  engineers 
are  of  the  opinion  that  the  full  hydrostatic 
pressure  of  the  water,  due  to  the  head  of 
water  behind  the  dam,  should  be  considered  as 
acting  over  the  whole  area  of  the  base  of  the 
dam  in  determining  its  stability;  while  others 
think  that  two-thirds  of  the  pressure  of  the 
water  at  the  heel  of  the  dam,  decreasing  to 
zero  at  the  toe  of  the  dam,  is  a  sufficient  al- 
lowance. 

The  last  time  I  saw  Mr.  Stratton  he  stated 
that,  in  spite  of  all  that  he  could  do,  there 
was  a  constant  percolation  of  water  under 
the  dam — that  is,  between  the  base  of  the  dam 
and  its  foundation :  and  this  in  spite  of  the 
earth  fill  at  the  back,  which  extended  32  ft., 
up.?tream  at  the  base  of  the  dam.  This  seems 
to  show  that  water  does  get  under  the  base 
of  the  dam.  but  it  is  to  be  noted  that  the  ma- 

teria! available  near  this  dam  was  not  very 
suitable  for  an  earth-fill  dam.  being  too  grav- 

elly and  not  having  enough  clay  in  it.  Furth- 
ermore, that  the  width  of  this  dam  at  the  base 

was  very  small,  and  the  observation  as  to 
leakage  was  made  after  the  second  dam,  was 
built,  when  part  of  the  old  dam  was  standing 
in  a  somewhat  shattered  condition. 

In  the  treatment  of  the  desi,gn  of  a  masonry 
dam  it  is  quite  common  with  the  textbooks 
to  treat  a  section  of  the  dam  1  ft,  in  length. 
Wjth  a  gravity  dam  this  is  certainly  correct ; 
but  the  question  of  expansion  and  contraction 
over  the  whole  length  of  the  dam  is  likely 
to  ,be  lost  sight  of  in  such  treatment,  and  for 

a  dam  exceeding  100  ft.- in  length  the  expan- 
sion and  contraction  due  to  temperature 

changes   is   quite  appreciable   and   should   cer- 

tainly be  given  careful  consideration.  This  is 
even  more  true  in  regard  to  a  reinforced  con- 

crete structure,  vvhere  the  integrity  of  the 
structure  depends  on  the  reinforcing  steel  be- 

ing unbroken.  The  amount  of  steel  recom- 
mended for  taking  care  of  the  thermal  stresses 

alone  is  given  by  W.  W.  Colpitts  in  the  Rail- 
way Age  as  0.6  in.  per  square  foot.  A  rein- 

forced concrete  dam  is  likely  to  be  quite  a 
light  structure ;  and  unless  designed  so  as  to 
be  held  down  by  the  water,  it  is  likely  to  fail 
by  sliding.  It  is  quite  essential  that  such  a 
dam  have  ample  provision  for  thermal 
stresses ;  otherwise  the  concrete  and  reinforc- 

ing steel  is  likely  to  break  halfway  between 
the  buttresses,  vi'here  bending  moment  is  maxi- 

mum, and  thereby  reduce  the  strength  of  the 
slab  to  zero  and  cause  a  total  failure  of  the 
construction.  The  amount  that  should  be  al- 

lowed for  thermal  stress  could  be  calculated 
pretty  closely  if  the  average  temperature  of 
the  concrete  during  a  period  of  cold  weather 
could  be  accurately  determined.  But  this  aver- 

age temperature  will  depend  upon  the  thick- 
ness of  the  concrete,  its  exposure,  and  the 

rate  of  penetration  of  the  cold  into  the  mass 
of  the  concrete,  which  will  involve  the  dura- 

tion of  the  cold  spell.  In  this  part  of  the 
country  the  variation  of  temperature  is  not 
so  great  as  further  north ;  but  even  here  we 
often  have  zero  weather,  and  the  thermal 
stress  is  likely  to  be  a  serious  matter ;  and 
I  believe  it  is  due  to  the  thermal  stresses  that 
the  first  dam  failed  in  the  winter  after  hav- 

ing successfully  stood  with  the  lake  full  of 
water  throughout  the  whole  summer. 
The  type  of  dam  adopted  for  the  second 

dam  was  one  with  buttresses.  These  strength- 
en the  dam  very  much,  if  the  slab  from 

buttress  to  buttress  is  made  strong  enough  to 
carry  the  load  to  the  buttresses.  But  it  is 
worth  pointing  out,  as  shown  by  Prof.  Ira  O. 

Baker,  in  his  "Treatise  on  Masonry,"  page  323, 
ninth  edition,  that  the  usual  analysis  for  the 
pressure  of  the  dam  on  the  foundation  does 
not  apply  to  this  type  of  construction,  being 
only  applicable  in  case  the  section  considered 
is  rectangular.  Of  course  it  can  be  assumed 
that  all  the  load  is  transmitted  by  the  slab  to 
the  buttresses  and  none  of  it  from  the  slab  to 

the  foundation ;  and  by  assuming  that  the 
buttress  acts  in  the  same  way  as  the  base  of 
a  solid  dam,  some  kind  of  an  approximation 
can  be  made:  but  these  assumptions  are  likely 
to  be  rather  far  from  the  truth  in  some  cases. 

In  the  light  of  all  the  foregoing  descrip- 
tions and  data  on  this   dam,   what  should  be 

said  as  to  the  responsibility  for  the  failure 
of  such  a  dam?  When  no  material  damage 
occurs,  this  question  is  not  likely  to  arise,  or 
is  given  very  little  consideration ;  but  when 
the  damage  is  heavy  or  there  is  loss  of  life. 
this  point  becomes  very  important ;  and  when 
it  is,  what  should  be  the  answer  to  this  ques- 

tion? The  failure  of  such  a  dam  is 
due  partly  to  a  bad  design  partly  to 
bad  construction,  and  chiefly  to  a  great 
divergence  between  the  design  and  the  actual 
construction.  I  think  the  correspondence  given 
above  shows  that  the  owners  did  not  at  first 
feel  their  responsibility  ver\'  keenly,  or,  if  they 
did,  they  did  not  mind  varying  from  the  nom- 

inal plan  to  a  great  extent.  The  institution 
for  which  this  dam  was  built  was  of  a  philan- 

thropic nature,  and  I  wished  to  do  all  I  could 
to  help  the  undertaking  along,  and,  therefore, 
felt  very  altruistic  toward  it;  but  I  believe 
now,  after  an  experience  of  five  years,  that 
better  results  to  them,  as  well  as  to  myself, 
would  have  resulted  from  charging  them  more 
for  my  services,  for  then  perhaps  they  would 
have  respected  the  plans  more  and  varied  less 
from  them  than  they  did.  It  may  be  stated 
that  at  any  time  only  a  few  hundred  dollars 
additional  would  have  been  required  to  make 
the  dam  entirely  safe,  possibly  $500  or  less; 
but  that,  or  even  $200  or  $300,  was  lacking. 

CONCLUSIONS. 

To  make  a  summary  of  this  paper,  the  fol- 
lowing conclusions  may  be  stated : 

1.  .\ny  construction  where  the  funds  avail- 
able are  very  inadequate  is  sure  to  be  unsatis- 

factory to  everybody  concerned — owner,  en- 
gineer, contractor,  the  innocent  public. 

2.  It  is  best  for  the  engineer  to  have  auth- 
ority— that  is,  best  for  the  owner. 

3.  It  is  also  best  for  the  engineer  to  have 

responsibility — that   is,   best   for   the-  engineer. 
4.  In  a  dam  like  this  the  drainage  area 

should  be  carefully  determined,  by  a  special 
survey  if  need  be. 

.1.  The  spillway  should  then  be  made  amply 
large  for  this  drainage  area,  some  of  the 
older  formulas  giving  too  small  a  spillway. 

6.  The  material  at  the  point  of  construc- 
tion should  be  closely  observed,  and  the  dam 

designed  accordingly. 
7.  If  reinforced  concrete  is  used,  plenty  of 

steel  should  be  put  in  to  take  care  of  thermal 
stresses. 

5.  Where  buttresses  are  used,  there  is  un- 
certainty as  to  distribution  of  pressure  in  the 

base. 

m  ms  AND  sti^eet: 
Construction  and  Maintenance  Details 

of  Concrete  Road  Work  in  Wayne 

County,     Michigan,    in     1914. 
The  development  of  concrete  road  construc- 

tion in  Wayne  County,  Mich.,  is  of  interest  in 

that  there  the  first  work  of  any  great  magni- 
tude was  accomplished.  Details  of  construc- 
tion and  maintenance  methods  used  during 

1914  and  given  in  a  recent  report  of  Board  of 
County  Road  Commissioners  of  that  county 
are  presented  here. 
A  survey  of  the  road  is  made,  plans 

and  profile  prepared,  and  these  together  with 
specifications  and  application  for  state  reward 
are  filed  with  the  state  highway  department. 
Following  the  provisions  of  the  county  road 
law  bids  are  asked  for  by  advertisement  for 
the  construction  of  the  road  (a  purely  per- 
functoni'  proceedin.g,  as  no  work  has  been  con- 

tracted nor  have  any  proposals  been  received 
for  the  construction  of  any  road  for  several 
years  past).  When  the  bids  are  received, 
there  is  the  option  of  accepting  the  lowest  one 
and  awarding  the  contract  for  the  work  to 
that  biilder,  or  of  rejecting  all  the  bids,  and 
doing  the  work  ourselves  under  tho  day  labor 
plan. 
As  soon  as  weather  conditions  will  permit 

in    the    spring,    and   after   the   road   has   been 

staked  out,  the  subgrade  is  prepared  and 

shaped,  the  major  portion  of  such  work  being- 
done  with  scarifiers  and  graders,,  the  hauling 
power  for  which  is  furnished  by  steam  trac- 

tors or  rollers.  Careful  attention  is  given  the 
grade  to  eliminate  soft  spongy  places,  and  a 
10  ton  roller  is  used  to  roll  it  hard.  To  produce 
a  good  concrete  road,  thorough  drainage  is 
necessary  in  addition  to  a  good  subgrade.  Both 
prooer  grade  and  drainage  are  difficult  to  cope 
with  in  Wayne  County  as  the  county  for  the 
most  part  is  flat  and  situated  in  a  valley  not 
easily  drained.  The  subsoil  is  lar.gely  of  heavy, 
sticky  clay  with  some  loose,  deep  sand. 

INnUSTRI-\L    R.MLWAY. 

.A,  great  problem  has  been  in  getting  the 
materials  on  the  subgrade,  and  various  plans 
are  followed  on  the  different  roads,  due  to 
varying  conditions.  On  one  road  an  industrial 
railway  is  used  to  transport  all  materials  from 
the  point  of  receipt  to  the  point  of  construc- 

tion. This  outfit  consists  of  a  7  ton.  30  HP. 

locomotive,  61,000-lb.  double  side  V-shaped 
steel  dump  cars,  each  of  154  cu.  vds.  capacity, 
and  five  IG  ft.  flat  cars,  all  of  2  ft.  gage.  The 
track  is  furnished  in  built  up  units.  15  ft.  in 
length,  consisting  of  steel  rails  fastened  to 
steel  tics,  A  turnout  may  be  laid  wherever 
needed  by  replacing  a  section  of  track  by  a 
switch  or  curve,  as  this  is  also  furnished  in  15 

ft.  lengths  and  of  such  radius  that  locomotive 
and  cars  will  readily  pass  through.  Two  men 
can  handle  a  section  of  track  weighing  225 
lbs.  It  is  not  necessary  to  turn  the  engine 
around  as  it  pushes  as  well  as  pulls  the  load. 
The  average  train  consists  of  30  loaded  cars, 
though  as  many  as  42  cars  have  been  hauled. 

Materials  for  the  work  begin  to  arrive  be- 
fore actual  concreting  is  in  progress.  These 

are  immediately  unloaded  by  a  clamshell 
bucket  and  thrown  into  stock  piles.  After  con- 

creting has  been  in  progress,  the  materials  are 
unloaded  directly  from  the  railroad  cars  to  the 
steel  dump  cars  and  transported  to  place.  The 
unloading  crew  consists  of  4  laborers.  1  engi- 

neer, and  1  team.  The  team  hauls  7  loaded 
cars  to  the  siding  where  trains  of  thirty  cars 
are  made  up.  Wherever  shipments  are  delayed 
the  stock  pile  is  resorted  to  for  materials. 
Work  is  started  at  the  end  farthest  away  from 
the  railroad  switch.  Five  miles  per  hour  is  the 
average  scheduled  speed,  including  time  for 
coaling  and  watering.  Thff  actual  running 
speed  enroute  is  from  8  to  10  miles  per  hour. 
There  is  no  danger  of  dumped  materials 

falling  back  upon  the  track,  as  the  center  of 
the  pile  is  about  3  ft.  from  the  edge  of  the 
nearest  rail.  Two  men  are  able  to  tip  a  loaded 
car  body.  Materials  are  readily  measured  in 
the  cars  and  distributed  along  the  road  at  such 
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intervals  as  to  best  meet  the  requirements  of 
the  mixer.  The  aggregates  are  loaded  into  the 
(lump  cars,  the  cement  in  any  available  cars, 
and  expansion  plates,  asphalt  filler  and  other 
necessities  on  the  flat  cars.  Coal  for  the  mixer 
is  likewise  brought  to  the  site  over  the  railway. 
.\s  concreting  progresses  the  haul  becomes 
shorter  and  the  track  is  taken  up.  These  rail 
sections  are  transported  to  the  loading  point 
on  the  return  trips  of  the  train. 

The  tracks  for  our  industrial  railway  can  be 
laid  on  any  surface  over  which  transportation 

Fig.    1. — Type  of   Deep    Roadside    Ditch    Used 
in    Level   Country. 

of  any  kind  is  at  all  possible.  Rainy  weather 
and  muddy  roads  do  not  impair  the  efficiency 
of  rail  haulage,  nor  is  the  load  too  heavy  for 
the  ordinary  highway  bridge.  A  factor  of 
much  importance  is  that  very  little  hauling 
space  is  required.  When  necessar>-  the  track 
can  be  laid  on  the  berm  of  the  road,  so  that  it 
is  possible  to  haul  material  either  in  the  same 
direction  as  the  concreting  is  proceeding  or 
else  in  the  opposite  direction.  The  railway, 
too,  is  practically  independent  of  labor  condi- 

tions, as  one  engineer  and  one  brakeman  make 
up  the  entire  crew.  Although  the  unit  rail 
sections  provide  an  easy  method  of  crossing 
highways  and  steam  and  electric  lines,  and  the 
clearing  of  these  when  necessary  by  removing 
the  rail  sections,  it  is  not  always  possible  to 
obtain  permission  to  make  such  crossings. 

STEAM    HAULING   OUTFIT. 

Where  the  industrial  railroad  is  not  available 
a  combinatiiMi     f  team  and  engine  hauling  is 

Traction  outrits  are  also  handicapped  by  bad 

roads,  rainy  weather  and  the  limited  speed 

which  they  are  capable  of  attaining.  Road 
rollers  furnish  the  motive  power  largely  for 

hauling  wagons,  each  of  which  holds  seven 
tons  of  material.  Over  earth  roads  one  wagon 

is  usually  all  that  can  be  drawn.  When,  how- 
ever, a  concrete  road  is  available  for  hauling, 

six  wagons  containing  a  total  of  42  tons  of 
material  are  made  up  into  a  train  and  hauled 
by  one  10  ton  roller.  The  crew  of  one  of 
these  trains  consists  of  an  engineer  and  a 
fireman.  Our  hauling  operations  involve  the 
use  of  the  industrial  outfit,  8  traction  outfits 
and  from  100  to  150  teams. 

PLACING  OF   MATERIALS. 

One  man  on  the  grade  has  charge  of  the 

dumping  of  material  and  he  is  furnished  with 
a  copy  of  Table  1  in  order  that  the  material 
may  be  properly  placed  to  minimize  rehandling. 

TABLE  I.— MATERIALS  TO  BE  PLACED  PEU 
100  FT.  ST.\TIONS. 

Width 

of      Bbls.    , — Yards — ^    ,   Wagon  loads   , 
road.      Ce-  Ce- 

ft.      ment.  Gravel.  Sand.  ment.  Gravel.  Sand. 
12  45  26  13  4  20  10 
15  56  33  16  5  25  12 
16  60  36  17  6  27  13 
18           6S          39          20          6          29           15 

Cement— 45  bbls.  to  1  load.  Gravel — 1%  yds. 
to  1  load.    Sand— 1%  yd.  to  1  load. 

The  foreman  in  charge  of  the  yard  is  also 
furnished  with  a  table  of  quantities  showing 
amounts  required  on  different  widths  of  roads 
so  as  to  avoid  surplusage  at  a  given  point. 
Table  II. 

4  1-5  miles ;  at  another  point  it  ran  up  as  high 
as  5  miles.  On  the  West  road  the  longest  haul 
was  over  5  miles. 

Water. — The  transportation  of  water  of 
which  large  quantities  are  used  in  mixing  and 
curing  concrete,  and  supplying  the  mechanical 
equipment  such  as  concrete  mixers,  traction 
engines,  road  rollers,  etc.,  has  often  been  a 
serious  problem.  This  problem  has  been 

solved  by  laying  "2  in.  pipe  along  the 
road  from  the  nearest  source  of  supply, 
and  pumping  the  water  along  the  route 
either  by  gasoline  engines  or  electric 
motors.  On  the  Eureka  road  water  was 

pumped  a  distance  of  over  ten  miles  from  the 
Huron  River,  the  power  being  furnished  in 
this  case  by  an  electric  motor.  On  one  section 
of  Seven  Mile  road  water  was  pumped  by 
gasoline  engines  from  a  drive  well  to  the 
mixer  three  miles  away.  On  another  section 
of  the  same  road  we  secured  our  supply  from 
a  Detroit  city  water  main  and  pumped  it  2^2 miles. 

Cross  Section. — The  standard  width  for 
secondary  roads  of  concrete  is  15  ft.,  with  a 
minimum  width  over  all  of  24  ft.  The  con- 

crete is  6  ins.  thick  at  the  sides  and  8  ins.  thick 
in  the  center  built  on  a  flat  subgrade.  Six  inch 
channels  12  ft.  long  are  used  instead  of  wooden 
forms  along  the  side.  As  these  forms  are 
subsequently  used  to  support  the  templet  and 
bridge  from  which  the  finishers  work,  great 
care  is  exercised  to  get  them  true  and  rigid 
E.xpansion  joints  consisting  of  two  thicknesses 
of  asphalted  felt  (about  ̂   in.)  inserted  be- 

tween two  Baker  armor  plates,  are  placed  in 
the  road  25  ft.  apart. 

Mixing. — A    concrete    mixer   is    used    which 

TABLE  n 
—QUANTITIES  OF  MATERIALS  FOR  ONE  MILE  OF  ROAD. 

vv 

dth 
' ^ ' ' 

Car- 

of road. Cu  yds. Tons. Carloads. 
Cu  yds. 

Tons. Carloads. Bbls. Tons. 
loads 

12 

ft. 
1,369 

1,916 

55 

684 

855 

20 

2,396 

455 13 

l.-i 

ft. 

1,711 2,395 
69 855 

1,069 

24 

2,995 

569 16 

lb 

ft. 

1,825 2,555 
73 912 

1,140 

26 

3,194 

607 17 
18 ft. 2,053 " 2,874 

82 

1,026 

1,383 

31 
3,594 

682 

20 

Cu.  yd.—  Tons. 
I'ebbles  weighs     1.4 
Sand  weighs     1  25 
Cement  weighs       o.l9 
Carload—  Tons. 

Pebbles   weighs          3.5 
.Sand  weighs         44 

Cement   weighs      ]',. .     36 

Stock  piles  are  also  established  in  the  ̂ 11  at 
various  unloading  points  so  that  break<3wns, 
car  shortages,  intermittent  or  irregular  deliv- 

eries will  not  interfere  with  the  work  after 
getting  under  way  in  the  spring. 

travels  under  its  own  power,  from  -which  a 
20-ft.  boom  projects  which  swings  over 
a  180°  arc.  The  dumping  bucket  is  carried 
out  on  this  boom  under  power  and  eliminates 
much  hand  labor.  One  batch  consists  of  3 
sacks  of  Portland  cement,  454  ft.  of  sand  and 
9  ft.  of  gravel.  The  specification  that  the  batch 
shall  receive  16  complete  revolutions  and  re- 

main in  the  mixer  for  1  min.  is  resulting  in 
producing  an  excellent  quality  of  concrete 
Batches  are  discharged  at  intervals  of  about 
two  minutes.  On  a  15  ft.  road  the  crew  of  32 

men  is  capable  of  laying  an  average  of  ap- 
proximately 450  lin.  ft.  of  concrete  during  a  10 

Fig.  2.     Transferring   Road  Material  from   Railroad  to   Industrial 
Railw.ay    Cars.    Using   a   Clamshell    Bucket. 

Fig.   3.— County    Road   Camp,    Industrial    Railway    Loading   Yards and   Transfer   Loader. 

used.    Teams  work  cconomirall'  Ji.. 
tances,  but  weather  condition^  .r, 
handicap,  and  at  certain  in,    ytar 
ilie  ikuiand  is  so  great  foi  ral'',   ihrii 
they  arc  difficult  t<>  secure  ...    -..  .  ,ical   lini.j. 

.\1  iSCELLANEOUS  DETAILS. 
//<».  During  the  past  year  long  hauls  were general  On  the  Ir^reka  road  the  farthest 

!'omt  of  haul  was  li',-:  miles.  On  one  portion of  I.      Seven  Milo  uod  the  shortest  haul  was 

hour  day.    As  high  as  525   ft.   has   been  laid 
when  conditions  were  at  the  best. 

Before  any  concrete  is  placed  in  order  to 
prevent  absorption  of  the  water  from  the 
mixed    material,    the    subgrade    is    thoroughly 
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wet  down.  The  mix  is  fairly  wet,  and  of  such 
consistency  that  men  working  in  the  concrete 
sink  four  or  five  inches.  Clean  material  is  an 
absolute  requisite  to  securing  good  concrete. 
Pebbles  are  washed  and  screened  so  as  to 
be  free  from  loam,  clay,  and  other  foreign 
substances.  They  range  from  ̂ 4  to  1^  in.  and 
are  so  graded  as  to  reduce  the  voids  to  a 
minimum.  Sand  is  bank  sand,  washed  and 
screened,  free  from  loam,  clay,  etc.,  and  ranges 
in  size  from  54  '"•  to  dust  with  the  coarser 
particles  predominating.  Wayne  County  has 
no  stone  hard  enough,  and  all  stone  and  sand 
used  are  shipped  from  outside  points. 
When  the  mixer  is  close  to  the  stock  piles, 

congestion  is  avoided  by  having  6  men  load 
the  barrows  and  6  men  wheel  the  materials  to 
the  skip.  Wheelers  and  shovelers  alternate  in 
their  work  for  each  successive  block  of  con- 

crete, a  scheme  that  has  proved  efficient  be- 
cause the  variety  of  work  tends  to  prevent  its 

becoming  monotonous.  When  the  stock  piles 
are  a  relatively  great  distance  from  the  mixer, 
each  of  the  twelve  material  men  loads  and 
wheels  his  own  barrow  so  that  a  continuous 
stream  of  material  is  always  enroute. 

Finishing. — The  concrete  is  brought  to  grade 
and  shape  by  the  use  of  a  templet.  This  tem- 

plet or  strike  board  is  made  of  two-inch  plank, 
preferably  in  a  single  piece,  the  curvature  of 
the  edge  being  made  to  exactly  conform  to  the 
finished  surface  of  the  concrete  road  which  is 

edge  with  a  shovel,  and  allowing  the  surplus 
thus  cut  off  to  fall  to  the  side.  This  prevents  a 
sharp  division  line  between  the  concrete  and 

the  shoulders.  Each  day's  work  is  finished  up 
to  an  expansion  joint,  and  no  more  than  20 
mins.  is  permitted  to  elapse  between  batches 
during  the  day.  The  day  following  the  laying 
of  the  concrete  it  is  covered  with  about  2  ins. 
of  sand  or  loose  soil  such  as  is  available,  and 
is  sprinkled  during  the  day  for  10  continuous 
days.  This  prevents  the  road  from  drying  out 
and  is  an  important  factor  in  properly  curing 
the  concrete  so  that  it  will  attain  its  maximum 
hardness  and  strength.  Plenty  of  water  is 
vitally  essential  in  producing  good  concrete. 
Roads  are  not  opened  for  traffic  until  from 

3  to  6  weeks  have  elapsed  after  the  last  batch 
of  concrete  is  laid ;  the  length  of  time  depends 
upon  the  season  of  the  year  as  concrete  sets 
up  much  more  slowly  in  cold  weather  than 
when  it  is  hot  and  dry. 

Shoulders  of  crushed  stone  or  gravel,  which- 
ever is  the  more  available,  are  built  3  to  7 

ins.  thick  and  3  to  4  ft.  wide  on  each  side  of 
the  concrete ;  on  many  roads  additional  width 
of  earth  shoulders  is  built.  This  work  is  not 
started  until  after  the  road  is  at  least  three 
weeks  old. 

L,\BOR. 

During  the  past  year  most  of  the  work  has 
been  carried  on  well  away  from  towns  where 
suitable  quarters  could  not  be  obtained  for  the 

crew  consisting  of  seven  men  and  a  team, 
provided  with  a  tar  kettle  is  utilized  for  this 
work.  The  foreman  is  paid  $5.00  a  day,  the 

team  and  driver  $5.00  a  day,  the  "tar  man" $3.00  a  day,  two  laborers  $2.50  each  and  two 
laborers  $2.25  each.  The  tools  used  consist  of 
two  wire  bristle  brooms,  a  wheelbarrow,  a 
couple  of  shovels  and  a  tar  bucket  with  a round  spout. 

A  grade  of  Tarvia  between  A  and  X  with  a 

melting  point  of  approximately  80°  F.  is  now used  exclusively.  A  lighter  grade  was  first 

tried  out,  but  did  not  give  such  permanent  re- 
suits  as  the  heavier  grade.  Two  men  are 
utilized  to  sweep  all  cracks  clean  with  the 
wire  brooms,  after  which  the  man  with  the  tar 
kettle  fills  the  cracks  with  the  tar  which  is 

heated  to  about  225°  F.  An  excess  of  tar  is 
poured  in  so  that  it  extends  an  inch  or  so 

beyond  the  edges  of  the  crack.  It  is  then  al- lowed to  stand  on  the  crack  for  a  few  minutes 

to  prevent  it  from  "bubbling"  out  in  case  the 
sand  is  wet.  The  sand,  which  is  dry  and 
coarse,  is  spread  with  a  shovel  over  the  crack 

and  into  the  tar,  and  the  w'hole  is  left  for  traf- fic to  iron  out.  The  excess  tar  and  sand  is 
worn  away  leaving  a  smooth,  even  surface, 
over  which  no  jolt  is  apparent  in  passing 
either  with  a  horse  drawn  or  motor  driven 
vehicle.  This  method  of  repair  prevents  the 
edges  of  the  concrete  from  spalling  and  chip- 

ping,  and   no   water   can   get    through   to   the 

Fig.   4.'     Sprinkling    Subgrade    Preparatory   to    Placing    Concrete.     Fig.    5.     Sprinkling    Finished    Road    and    Covering    with    Earth. 
Note   Side    Forms   in    Place.  Sprinkling  Is  Continued  at  Least  8  Days. 

crowned  approximately  one-fourth  of  an  inch 
to  the  foot.  On  each  side  of  each  end  is  an 
iron  handle  for  drawing  the  strike  back  and 
forth.  The  curved  edge  is  shod  with  1  in. 
angle  irons  bent  to  the  curvature  of  the  strike, 
giving  it  a  metal  wearing  surface.  The  length 
of  the  strike  exceeds  the  width  of  the  road 
metal  by  1  ft.  A  12  in.  plank  is  suitable  for 
width  of  road  metal  up  to  18  ft.  If  the  road  is 
wider  than  this,  a  built  up  form  of  strike  is 
necessary,  which  is  trussed  to  prevent  a  sag  or 
flattening  of  the  crown.  The  strikeboard  is 
sawed  back  and  forth  on  the  side  rails,_  and 
moved  slightly  forward  at  each  stroke,  giving 
the  concrete  its  initial  shape.  After  this  opera- 

tion no  workman  is  permitted  to  disturb  the 
concrete  in  any  way  either  by  stepping  in  it 
or  bv  throwing  anything  upon  it.  This  rule  is 
imperative,  as  a  violation  of  it  means  a  road 
with  waves  and  depressions  by  causing  the  neat 
cement  and  finer  particles  to  rise  to  the  top. 
We  aim  to  have  the  stone  take  the  wear  as  it 

is'  the  hardest  part  of  the  aggregate. The  final  finishing  up  of  the  road  is  done 

by  two  men  who  are  termed  "floaters,"  who 
work  from  a  bridge  which  rests  on  the  side 
rails,  having  no  actual  contact  with  the  con- 

crete. A  wooden  trowel  of  home  manufacture 
is  used  for  this  purpose.  The  use  of  a  trowel 
of  this  nature  prevents  the  road  from  becom- 

ing slippery. 
When  the  concrete  will  stand  of  its  own 

weight,  the  side  rails  are  removed  and  a  3  in. 

bevel  is  made  at  about  45°  by  cutting  o(if  the 

men,  so  we  provide  sleeping  and  eating  quar- 
ters in  tents  along  the  road.  The  men  obtain 

food  from  the  nearest  town  and  cook  their 
own  meals,  while  the  water  supply  for  the 
roads  serves  as  well  for  the  men.  The  mixer 

crew's  quarters  are  kept  at  sites  a  convenient 
walking  distance  from  the  work,  and  the  men 
unloading  and  transporting  materials  live  in 
tents  pitched  close  to  the  railroad  siding. 

Tliree  concreting  crews  were  maintained  in 
the  field  during  the  past  summer  and  to  each 
of  these  crews  is  attached  a  grading  crew,  a 
shouldering  and  ditching  crew,  an  unloading 
outfit,  and  a  culvert  crew.  An  additional 
bridge  and  culvert  crew  was  also  kept  busy 

building  bridges  and  culverts  over  roads  pre- 
viously improved.  All  work  is  specialized  and 

machinery  is  used  wherever  possible  since  man 
and  horse  labor  are  scarce  and  expensive  in 
the  country  districts  during  the  road  building 
season. 

MAINTENANCE    OF    CONCRETE   ROADS. 

All  ditches  and  culverts  are  cleaned  out 
before  freezing  weather  sets  in  and  are  also 
cleaned  out  in  the  spring.  Bridges  and  guard 
rails  are  also  painted  and  weeds  and  brush 
removed.  The  shoulders  of  narrow  concrete 
roads  need  considerable  attention  and  this  is 
one  of  the  reasons  for  altering  construction 
to  a  width  of  not  less  than  15  ft. 
Wherever  cracks  have  developed  or  any 

spalling  has  taken  place  at  the  joints  they  are 
maintained   bv    the    use   of   tar   and    sand.     A 

subgrade  to  freeze  and  heave  in  cold  weather. 
The  work  is  preferably  done  on  hot,  dry  days. 

It  has  been  suggested  to  us  that  the  better 
time  to  handle  this  work  would  be  in  the  late 
fall  when  the  cracks  would  be  open  the  widest 

due  to  contraction,  but  the  results  we  have  se- 
cured in  the  summer  months  have  been  so 

satisfactory,  that  we  have  not  tried  out  the 
latter  plan.  The  small  pit  holes  which  are  due 
simply  to  some  foreign  substance  getting  into 
the  concrete  like  clay,  wood  or  some  fragment 
of  inferior  rock  which  might  chance  to  be  a 

part  of  the  aggregate,  are  treated  in  the  same 
manner. 

Approximately  two  miles  of  concrete  was 
previously  covered  with  a  tar  and  sand  top. 
This  mileage  has  also  been  taken  care  of,  the 
same  grade  of  Tarvia  being  used  for  other 
maintenance  purposes.  Instead  of  sand,  washed 
and  screened  pebbles  are  used.  These  sections 
of  road  came  through  the  winter  in  much 
better  condition  than  ever  before,  and  the 
repairs  were  correspondingly  lighter.  The 
method  followed  has  been  to  sweep  the  spots 
to  be  treated  with  wire  brooms  after  which 
the  tar  is  poured.  The  pebbles  are  then  spread 
over  the  tar  from  barrows  or  wagon,  and 
rolled  in  with  a  10  ton  roller. 

MAINTENANCE   OF    EQUIPMENT. 

Each  construction  crew  is  furnished  with  a 

mechanic,  whose  duty  it  is  to  keep  the  equip- 
ment of  that  particular  crew  in  the  highest 

possible    state    of    efficiency.     Ever\'    piece    of 
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machinery  acquired  is  constantly  under  the  eye 
of  one  of  these  men  from  the  hour  of  its  de- 

livery. Weaknesses  arc  usually  detected  and 
the  proper  remedy  applied  before  an  actual 
breakdown  occurs.  Where  a  break  does  occur, 
no  time  is  lost  in  replacing  or  repairing  the 
broken  part. 

At  the  close  of  the  season  all  machinery  fol- 

Rock  Asphalt  Pavements  in  Salt  Lake 

City,   Utah. 
The  greatest  difficulty  encountered  in  the 

use  of  crushed  rock  asphalt  as  a  paving  mate- 
rial lies  in  securing  a  uniform  product,  i.  e., 

a  uniform  distribution  of  bitumen  in  all  por- 
tions of  the  completed  pavement.     The  expe- 
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l-ig.    1.   Average    Analyses    of    Rock    Asphalt. 

lowed  by  the  mechanics  is  assembled  at  the 
machine  shops  at  Wayne.  The  process  of 
overhauling  then  commences.  During  the  win- 

ter months  these  men  make  a  detailed  exam- 
ination; defective  parts  are  removed  and  re- 

placd  by  new,  steel  work  is  cleaned,  woodwork 
is  painted,  etc.  Every  effort  is  made  to  check 
the  inevitable  advance  of  deterioration  and 
decay,  and  when  the  equipment  comes  out  for 
the  resumption  of  work  the  following  spring, 
it  has  been  brought  back  to  the  standard  of 
newness  as  far  as  skilled  labor  and  up-to-date 
machinery  can  carry  it.  For  repairs  and  re- 

newals have  been  expended  $11,809.05. 
BRIDGK5  AND  CULVERTS. 

Culverts  up  to  a  span  of  18  ft.  are  built 
according  to  a  uniform  plan.  .Ml  are  of  rein- 

forced concrete  of  the  tlat  slab  type,  the  slab 
supported  by  the  abutments  at  the  sides  of  the 
stream.  The  concrete  mix  in  the  footings  is 
1-3-6;  in  the  wall  l-2J/^-.5;  and  in  the  floor  slab 
and  copings  1-1J4-3.  Twisted  bar  reinforce- 

ment is  used.  The  culverts  are  designed  to 
carry  a  15  ton  live  load  with  a  factor  of  safety 
of  four.  Where  a  bridge  has  a  span  in  excess 
of  18  ft.,  or  where  special  or  unusual  condi- 

tions are  encountered  in  the  construction  of  a 
particular  bridge  or  culvert,  the  plans  are 
altered  from  the  usual  standard  to  meet  the 
contingency. 

CONCRETE  TILE. 

;\  tile  plant  is  located  in  one  of  the  buildings 
of  the  storage  yard  at  Wayne.  A  number  of 
men  are  kept  constantly  employed  at  the 
buildings  for  miscellaneous  work,  and  when- 

ever other  work  becomes  slack,  the  men  are 
kept  busy  making  tile.  In  other  words  this 
industry  is  used  as  a  filler.  The  tile  are  man- 

ufactured S,  12,  18  and  21  ins.  in  size,  and  the 
mix  used  is  one  part  .■.■iiimi  t,,  m. .  parts 
sharp  sand. 

i;ience  of  Salt  Lake  City,  Utah,  with  their 
material  is  interesting  and  indicates  some  of 
the  limitations  as  well  as  the  possibiUties  of 
rock  asphalt. 
Up  to  the  beginning  of  the  year  1913  there 

existed  in  Salt  Lake  City  31.03  miles  of  as- 
phalt pavement,  of  which  approximately  1% 

miles  were  paved  with  rock  asphalt,  consisting 
of  bituminous  sandstone  from  California  and 

bituminous  limestone  -from  Utah.  The  yard- 
age of  California  stone  was  greatly  in  excess 

of  the  Utah  limestone,  as  only  two  blocks  or 
1,320  lin.   ft.  were  paved  with  the  latter. 
The  first  pavements  of  California  bitu- 

minous sandstone  were  laid  from  20  to  23 
years  ago.  These  pavements  failed  rapidly, 
and  in  some  places  the  greater  portions  of 
certain  blocks  were  resurfaced  ten  years  later. 
As  a  result  of  the  extensive  patching  annually 
on  these  streets,  there  is  at  the  present  time 
comparatively  little  of  the  original  surface 
remaining. 

The  cost  of  maintaining  the  two  blocks  paved 

asphalt  was  agitated,  and  resulted  in  the  let- 
ting of  contracts  for  appro.ximately  1.4  miles, 

or  29,000  sq.  yds.  of  this  type  of  paving. 
Due  to  the  inaccessibility  of  bituminous 

limestone  in  commercial  quantities  and  to  the 
abundance  of  a  bituminous  sandstone  locally 
near  Sunnyside,  the  latter  has  been  used.  Pav- 

ing witli  this  material  was  begun  August,  1913. 
In  the  meantime  additional  contracts  were  let 
for  3.2  miles  or  77,000  sq.  yds.  of  rock  asphalt. 
Samples  first  obtained  of  this  material  showed 
quite  uniform  bitumen  content,  but  as  devel- 

opment continued  it  became  much  more  vari- 
able, until  it  has  become  necessary  recently  to 

test  every  hour  at  the  crusher. 
The  following  is  an  average  analysis  of  85 

samples  of  raw  material : Per  cent. 

Bitumen            9.6 
Mineral  aggregate  passing  a  No.  200  sieve  18.9 
Mineral  aggregate  passing  a  No.  80  sieve  39.8 
Mineral  aggregate  passing  a  No.  40  sieve  29.2 
Mineral  aggregate  passing  a  No.    10  sieve      2.6 

100.0 

The  range  of  the  bitumen  content  has  been 

from  about  8  to  11.5  per  cent,  of  which  ap- 
proximately 2  per  cent  is  a  light  volatile  oil. 

The  mineral  aggregate,  after  crushing,  is,  as 
will  be  noted,  extremely  fine.  It  is  found  that 
at  least  11  per  cent  of  bitumen  is  needed  in 
this  material  to  make  it  bind  properly.  Con- 

sequently for  lack  of  sufficient  native  bitu- 
men of  suitable  cementing  value  it  is  necessary 

to  add  refined  asphalt  before  laying.  In  order 
to  have  the  mineral  aggregate  properly  grad- 

ed the  addition  of  coarser  sand  is  also  de- 
sirable. 

Laid  down  in  Salt  Lake  Citv,  the  cost  of  the 
raw  material  plus  the  crushing  amounts  to 
at  least  $(loO  per  ton,  or  approximately  65 
cts.  per  square  yard  for  material  at  the  plant, 
as  compared  with  $3.40,  or  approximately  34 

cts.  per  square  yard  for  the  raw  materials  re- 
quired to  lay  an  equal  amount  of  artificial 

asphalt — namely,  1  ton  of  sand  and  filler  at 
the  plant  and  240  pounds  of  refined  asphalt. 
This  excessive  cost  of  the  rock  asphalt  almost 
prohibits  the  use  of  a  binder  course,  which  is 
very  essential  to  asphalt  pavements. 
The  method  of  handling  the  rock  asphalt 

this  past  season  has  been  to  crush  the  rock  in 
a  Williams  crusher  to  pass  a  10-mesh  screen, 
and  to  heat  it  either  in  a  Koehring  hot  blast 
mixer  or  in  a  stationary  asphalt  plant  to  a 

temperature  of  from  200°  to  250°  Fahrenheit, 
with  the  addition  of  refined  asphalt  when  low 
in  bitumen.  After  spreading  on  the  street  it 
is  rolled  with  an  8-ton  roller. 

The  results  obtained  thus  far  with  the  rock 

New  Course  in  Road  Building,  Drainage 
and  Irrigation.  The  departnienl  of  civil  and 
highway  engineering  of  the  Kansa.s  State  Ag- 
ricullMral  College  is  planning  on  giving  a  short 
course  in  road  building,  irrigation  and  drain- 

age during  the  coming  winter.  The  course 

will  be  of  ten  weeks'  duration  and  is  intended 
to  accommodate  county  surveyors  and  county 
engineers  at  present  in  practice  who  desire 
additional  technical  work  along  lines  in  wl.ich 
they  are  particularly  interested. 

Surveying,    road    construction,    bridge    and 
culvert  construction,   road   laws  and  adminis 
tration,    irrigation    and    drainage    engineering 
and  specifications  and  contracts  are  among  the 
subjects  which  will  be  treated  in  the  course. 
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Fig.  2.  Average  Analyses  of  Standard   Sheet   Asphalt. 

with  Utah  rock  asphalt  was  very  slight  dur- 
ing the  first  ten  years.  Since  that  time  annual 

repairs  have  been  necessary,  the  maintenance 
averaging  at  the  rate  of  ten  cents  for  each 
square  yard  of  original  surface.  This  mate- 

rial has  pro\i.n  to  he  too  soft  in  summer  to 
withstand  he.ivy  irnfTic,  and  has,  in  a  measure, 
been  crowded  from  ;he  mainlv  traveled  por- tinp  of  the  roadway  toward  the  gutter, 

ihirmg  1912  the  question  of  using  Utah  rock 

asphalt  have  not'  been  altogether  satisfactory. 
Whether  heated  by  indirect  heat  or  by  the 
hot  blast,  the  results  have  been  practically  the 
same.  Though  the  greatest  care  has  been  ex- 

ercised in  raking  and  rolling,  the  finished  sur- 
face is  quite  uneven  and  in  places  has  ravelled 

and  broken  up  shortly  after  laying.  That  this 
is  not  due  to  burning  of  the  material  is  evi- 

denced by  the  fact  that  it  occurs  on  those 
portions  where  the  indirect  heat  was  used  as 
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much  as  where  the  direct  heat  was  in  use, 
and.  further,  by  the  fact  that  repeated  analyses 
of  the  material  that  has  been  broken  up  show 
almost  no  evidence  whatever  of  any  burning 
of  the  material,  but  do  show  that  it  lacks 
asphaltic  cement.  This  results,  apparently, 
from  the  variation  which  has  prevailed  in  the 
bitumen  content  of  the  raw  material,  and  the 
consequent  difficulty  of  determining  accurately 
the  amount  of  refined  asphalt  needed. 

How  this  pavement  will  stand  heavy  traffic 
and  weather  conditions  is  at  present  indeter- 

minate.    With  a  large  yardage  laid  and  a  large 

Adaptability  and  Cost  of  Concrete  and 
Macadam   Pavement   Bases  in 

Oakland,  California. 
Modern  pavements  ordinarily  consist  of  a 

distinct  base  and  wearing  surface,  and  these 
two  parts  of  the  complete  pavement  may 
profitably  be  considered  separately.  In  a 
paper  before  the  Department  of  Engineers, 
Councilmen  and  Street  Superintendents  of  the 
League  of  California  Municipalities  W.  H. 
Frickstad,  assistant  superintendent  of  streets, 
Oakland,    Cal.,    discussed    pavement   bases    in 

Fig.    3.   Rock     Asphalt     Crushing      Plant     in   Operation    in    Salt    Lake.    Utah. 

amount  additional  contracted  for,  the  results 
are,  naturally,  of  much  concern. 

The  foregoing  analysis  of  rock  asphalt  has 
recently  been  materially  changed,  permitting 
the  addition  of  appro.ximately  40  per  cent  of 
sand  properly  graded  and  sufficient  asphaltic 
cement  to  bring  the  amount  contained  to  ap- 

proximately 12  per  cent,  and  eliminating  the 
use  of  any  process  where  the  flame  comes  in 
direct   contact   with   the  mixture. 

The  above  alterations  have  been  very  bene- 
ficial in  more  respects  than  one.  A  very  satis- 

factory sand  grading  has  been  secured — that 
is,  the  high  percentage  of  fines  naturally  con- 

tained in  the  rock  have  been  decreased,  being 
replaced  by  stone  dust  or  cement  to  the  proper 
limit,  and  the  percentages  of  10  and  40  per 
cent  mesh  materia!  have  been  increased  in  the 

resultant  mixture.  By  the  addition  of  .asphal- 
tic cement  not  only  was  the  percentage  in 

the  mixture  controlled,  but  the  proper  pene- 
tration that  the  traffic  and  other  conditions  on 

the  street  demanded  was  secured. 

The  cost  of  the  pavement  has  been  decidedly 
cheapened,  in  consequence  of  which  it  was 
possible  to  lay  a  1-in.  close  binder  that  was 
omitted  from  the  straight  rock  asphalt  speci- 

fications. The  surface  of  the  pavements  laid 
last  year  under  the  original  specifications  are 
extremely  uneven,  due  to  the  size  of  the  batch, 
which  of  necessity  was  small,  with  the  type 
of  heater  used,  and  owing  to  the  fact  that  it 
was  impossible  to  place  the  roller  until  the 
material  was  at  a  temperature  that  did  not 
permit  of  satisfactory  compression,  and  re- 

sulted in  noticeable  and  uneven  joints.  The 
pavements  as  laid  this  year  are  extremely 
smooth  and  even,  conforming  to  the  street 
grade  and  crown. 

The  use  of  Utah  rock  asphalt  was  accepted 
this  time  with  qualifications.  However,  the 
pavement  being  laid  this  year  seems  justifi- 
able. 

Sylvester  O.  Cameron  is  city  engineer,  and 
from  his  report  and  information  furnished  us 
by  F.  N.  Huddleston.  engineer  of  streets,  the 
above  article   has  been   prepared. 

Oakland,  and  a  portion  of  his  paper  is  given 
here : 

The  usual  foundation  of  pavements  in  gen- 
eral use  consists  of  Portland  cement  concrete 

about  6  ins.  thick.  This  gives  a  foundation 
that  will  bridge  weak  spots  in  the  subgrade 
caused  by  backfilled  trenches  or  poor  soil.  If 
laid  with  ordinary  care  it  will  outlast  any  type 
of  wearing  surface.  .Assuming  a  cost  of  20 
cts.  per  square  foot  for  sheet  asphalt  com- 

plete, the  foundation  costs  about  9  cts.  in  Oak- 
land. 

The  only  substitutes  suggested  are  water- 
bound  macadam  and  asphaltic  concrete.  Five 

or  6  ins.  of  water-bound  macadam,  .measured 
after  rolling,  formerly  cost  us  7  to  8  cts.  per 
square  foot.  For  the  sake  of  resolving  all 
doubts  in  favor  of  the  macadam,  let  us  assume 
that  as  a  foundation  0  ins.  of  macadam  can 
be  produced  for  6Vz  cts.  Asphaltic  concrete 
6  ins.  thick  would  cost  us  about  14  cts.    There- 

through all  varieties  of  poorly  drained  sand, 
gravel,  clay,  loam,  adobe  and  mixtures  there- 

of, on  a  street  with  three  or  more  main  pipe 
trenches  throughout  its  length,  and  three  serv- 

ice trenches  to  each  lot,  it  is  a  poor  founda- 
tion  for  an  expensive  surface. 

If  the  macadam  base  already  exists,  of 
course  the  financial  estimate  has  a  different 
complexion.  Instead  of  costing  6%  cts.,  or 
any  other  amount,  it  may  seem  to  cost  less 
than  nothing  in  that  it  need  not  be  removed. 
But  trouble  begins  with  the  construction.  The 
surface  of  the  macadam  will  be  found  irreg- 

ular, with  a  strong  tendency  to  have  a  crown 
too  steep  for  an  asphaltic  surface.  Then,  about 
that  time,  if  the  gas  company  and  water  com- 

pany are  enterprising  or  the  Council  insist- 
ent, each  service  pipe  will  be  inspected  and  re- 

moved. Perhaps  a  larger  main  will  be  laid 
by  one  or  both  companies.  Perhaps  the  Coun- 

cil will  be  possessed  of  real  forethought  and 
order  side  sewers  to  run  to  every  vacant  lot. 

At  any  rate,  when  it  comes  to  laying  "hot 
stuff,"  the  foundation  is  not  the  foundation 
that  entered  into  the  discussion  prior  to  the 
adoption  of  the  specifications. 
Oakland  has  had  experience  with  macadam 

bases  covering  twenty  or  more  years.  Most 
of  the  heaviest  travel  sections  have  long  since 
worn  out.  Others  are  being  gradually  re- 

placed. Still  others  have  given  fairly  good 
service.  Whenever  we  make  a  repair  of  the 
surface  or  replace  the  pavement  over  a  trench 
we  put  in  concrete  base.  This  temporarj'  ex- 

pedient is  increasing  the  cost  of  repairs,  but  it 
staves  off  the  cost  of  reconstruction. 

Of  course  there  may  be  cases  where  it  is 
proper  to  lay  asphaltic  surface  on  macadam 
base,  as  on  country  roads,  or  in  cities  that 
have  an  alley  system,  where  there  is  small  oc- 

casion to  break  into  the  pavement.  But  it 
must  be  remembered  always  that  macadam  de- 

pends for  its  strength  essentially  upon  the 
character  of   the   subgrade. 

It  has  been  proposed  to  decrease  the  thick- 
ness of  the  base  to  5  ins.  or  even  to  4.  On 

the  basis  of  9  cts.  for  6  ins.  or  concrete.  4  ins. 
would  cost  about  6V2  cts.  Four  inches  of 
macadam  would  cost  about  4%  cts.  on  the 
basis  of  6%  cts.  for  6  ins.  It  is  impossible  to 
give  any  conclusive  reasons  for  adopting  anv 
certain  thickness  of  base.  Pavements  with 
thin  bases  have  successfully  withstood  traffic 
for  many  years.  On  the  other  hand,  wheel 
loads  and  speeds  are  constantly  increasing-,  and 
some  of  the  larger  cities  have  already  adopted 
8  or  9  ins.  as  the  proper  thickness  for 
concrete  base.     Thinking  of  the  base  as  the 

Fig.  4.   Heating  and   Laying   Rock  Asphalt. 

A  large  working  model  of  the  New  York 
state  barge  canal  system  has  been  shipped 
to  the  Panama-Pacific  exposition  from  the 

New  York  state  engineer's  office.  The  model 
was  prepared  under  the  personal  direction  of 
Mr.  John  A.  Bensel,  state  engineer.  It  will 
occupy  2,600  sq.  ft.  of  space  in  the  Liberal 
Arts    Palace. 

fore,  the  only  choice  seems  to  be  between  hy- 
draulic concrete  and  water-bound  macadam, 

the  latter  ordinarily  costing  about  three- 
fourths  of  the  former. 

Water-bound  macadam,  thoroughly  com- 
pacted by  months  or  years  of  traffic,  placed 

on  a  perfect  subgrade,  makes  a  strong  foun- 
dation. But  if  compacted  only  by  rollers  and 

placed  on   the   ordinary   surface   soil,   ranging 

element  that  gives  strength  to  withstand  heavy 
loads,  essential  to  the  very  existence  of  the 

pavement,  and  if  we  expect  it  to  outlast  sev- 
eral renewals  of  the  wearing  surface,  it  seertis 

wise  to  be  conservative  on  this  question.  This 
is  especially  true  if  the  surface  is  to  be  of  an 
expensive  type.  It  is  surely  unwise  to  econo- 

mize on  the  base  if  the  surface  is  to  cost  five 
or  ten  times  the  possible  saving. 
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Inspection  of  State  Aid  Road  Construc- 
tion in  Wisconsin. 

Inspection  of  road  construction  accom- 
plished under  the  direction  of  the  State  High- 

way Commission  of  Wisconsin  is  made  diffi- 
cult by  the  large  number  of  small  projects 

undertaken,  making  it  uneconomical  to  place 
an  inspector  on  each  section  of  road  under 
construction.  The  methods  followed  in  over- 

coming this  difficulty  are  outlined  by  J.  T. 
Donaghey,  chief  inspector  for  the  Wisconsin 
Highway  Commission,  in  a  paper  before  the 
Northwestern  Road  Congress,  and  his  paper 
is  given  here  in  part. 

ORCVNIZATION    FOR    INSPECTION. 

It  was  impossible  to  place  an  inspector  on 
each  individual  job,  as  some  states  do,  for 
the  reason  that  funds  were  limited.  The  work 
was  widely  scattered  and  the  appropriations 
available  would  not  warrant  the  expendi- 

ture. Neither  could  a  sufficient  number  of 
competent  inspectors  be  found,  for  during  the 
season  of  1913  no  less  than  200  jobs  were 
under  way  at  all  times,  and  now  it  has 
reached  ViO  or  more.  Also  the  state  aid  law 
provided  for  the  election  by  each  county  board 
of  a  county  highway  commissioner,  who 
would  have  direct  charge  of  the  construc- 

tion and  who  should  eventually  be  competent 
to  direct  the  greater  part  of  the  work  in  his 
county. 

To  give  the  necessary  supervision  at  the 
lowest  possible  cost  it  was  decided  by  the 
commission  to  divide  the  state  into  seven  dis- 

tricts, each  containing  from  nine  to  twelve 
counties.  A  division  office  was  established 

at  the  principal  railroad  center  of  each  di- 
vision and  a  division  engineer  working  under 

the  direction  of  the  chief  engineer  was  placed 
in   charge. 

A  chief  inspector  was  employed,  who, 
working  from  the  main  office  at  Madison, 
ijives  genera!  inspection  to  the  work  under 
the  direction  of  the  chief  engineer.  It  is 
necessary  for  him  to  be  familiar  with  the 
conditions  in  each  county  as  to  materials 
available,  type,  quality,  cost  of  work,  etc. 
He  is  called  upon  to  attend  county  board 

meetings,  farmers'  institutes,  good  roads  and 
various  other  meetings,  and  must  be  suffi- 

ciently informed  to  talk  intelligently  upon 
each  local  road  problem. 

Day  Labor  Work. — The  division  engineer's duties  are  varied.  Under  his  direction  all 
surveys  and  plans  are  made,  relocations  and 
changes  in  the  proposed  state  aid  system  are 
investigated,  materials  selected,  etc.  The 

greater  portion  of  his  time,  however,  is  ap- 
plied to  road  and  bridge  inspections.  Mon- 

day  of  each   week   he   may   he    found   in   his 

,.ffice  attending  to  the  correspondence  of  the 

week,  approving  grades  and  lookmg  after  the 
details  of  his  division.  The  balance  of  the 

week  he  drives  from  one  job  to  another 

throughout  the  division,  inspecting  the  work 

under  construction,  making  a  final  mspec- 

tion  and  report  of  each  job  as  soon  as  com- 

pleted. He  has  authority  to  make  necessary  changes 

or  corrections  in  the  plans,  as  changes  are 

frequently  advisable  and  mistakes  will  some- times occur.  He  stays  on  a  job  only  such 

time  as  is  necessary  to  determine  whether  or 

not  the  work  is  being  carried  on  in  a  work- 
manlike manner  and  according  to  the  plans 

and    specifications. 

If  not,  it  is  his  duty  to  locate  the  trouble 

and  remedy  it  before  leaving.  Also  on  force 
account  work  to  investigate  the  unit  costs 
and  determine  whether  or  not  the  foreman 

on  the  job  is  keeping  his  accounts  correctly. 
He  carries  with  him  a  plan  of  each  piece  of 
work  and  he  checks  it  up  from  time  to  time. 
When  weather  conditions  permit,  the  division 
engineers  inspect  from  15  to  30  separate  jobs  ̂ 
during  the  week,  often  driving  100  miles  per 
day.  The  greater  portion  of  the  roads  and 
a  small  number  of  bridges  are  built  by  force 

account,  with  the  county  highway  commis- 
sioner's foreman  in  direct  charge  of  the  work. 

Contract  Work. — On  the  contract  work  a 
resident  inspector  is  placed  by  the  county 
highway  commissioner,  excepting  on  grading 
jobs.  The  inspector  is  furnished  with  a  copy 
of  the  plans,  cross  sections,  contract  and  speci- 

fications, it  being  his  duty  to  see  them  prop- 
erly carried  out.  He  must  give  the  contractor 

to  understand  at  the  outset  that  he  will  be 
compelled  to  do  all  that  the  contract  calls 
for  and  in  the  manner  specified,  no  more  or 

less.  The  inspector  who  thoroughly  under- 
stands the  plans,  contract  and  specifications 

and  insists  calmly  but  firmly  on  having  them 
lived  up  to  invariably  gets  along  better  with 
the  contractor  and  secures  the  best  results. 
Xo  inspector  should  allow  work  to  start 

until  the  contractor  has  the  necessary  equip- 
ment and  materials  on  the  ground  to  enable 

him  to  carry  on  the  work  in  a  rapid  and 
workmanlike  manner.  The  job  that  drags 

along  indefinitely  for  lack  of  labor,  equip- 
ment or  •material  is  never  as  satisfactory  as 

is  the  one  carried  on  rapidly  from  start  to 
finish,  and  this  applies  equally  as  well  to 
force  account  work. 
The  division  engineer  inspects  the  contract 

jobs  only  often  enough  to  determine  whether 

or  not  the  resident  inspector  is  insisting"  upon 
proper  results  and  at  times  to  settle  any  con- 

troversy that  may  arise  between  the  inspector 
and  contractor.  He  also  makes  a  final  inspec- 

tion  when   the   job  is   completed. 

General  Features. — The  state  aid  law  pro- 
vides for  a  wide  distribution  of  state  aid 

work.  In  Wisconsin  there  are  71  counties, 
several  of  which  are  larger  than  the  state  of 

Rhode  Island,  containing  1,'JOO  towns,  294 
villages  and  90  cities  under  5,000  inhabitants, 
in  all  1,584  units  of  government  that  are  eli- 

gible to  receive  state  aid  for  highways.  In 
1914  there  is  under  construction  either  roads 
or  bridges  in  about  1,200  of  these  units.  It 
would  be  impossible  to  secure  a  competent 
inspector  on  each  of  these  jobs  and  it  would 
be  an  unnecessary  expenditure  of  money  if 
we  could. 
Owing  to  the  fact  that  75  per  cent  of  the 

road  work  is  force  account,  under  the  direc- 
tion of  the  county  highway  commissioner, 

there  is  no  incentive  to  cut  down  the  amount 

of  material  used  or  to  slight  the  work,  there- 
by eliminating  the  necessity  of  the  close  in- 

spection necessary  on  contract  work.  The 
cost  of  inspection  on  the  1.306  miles  of  road 
was  $8,900,  and  for  the  320  bridges  $3,57tj. 
or  about  $6.81  per  mile  for  roads  and  about 
$11.18  for  each  bridge. 

It  is  very  difficult  to  estimate  the  true  value 
of  the  inspections.  However,  the  fact  that 
the  state  road  and  bridge  inspectors  travel 
from  one  town  to  another  and  from  one 

county  to  another,  picking  up  from  and  dis- 
seminating among  the  various  road  and  bridge 

crews  the  latest  and  best  methods  of  selecting 
and  handling  the  various  kinds  of  material, 
road,  bridge  and  culvert  construction,  also 

the  necessity  and  use  of  up-to-date  road- 
building  machinery,  alone  has  been  worth  to 
the  state  at  large  several  times  the  total  cost 
of    inspections. 

A  few  pointers  for  road  inspectors :  In- 
form yourself  on  the  plans,  contract  and 

specifications  before  reaching  the  job,  if  pos- 
sible. Look  the  job  over  carefully  before 

making  any  comments.  If  criticism  is  neces- 
sary, direct  it  to  the  man  highest  in  authority 

on  the  job,  and  do  so  privately.  When  a  de- 
cision is  asked  for  that  is  purely  a  matter  of 

judgment,  give  it  then  and  there.  Your  judg- 
ment never  will  be  better  than  right  at  thai 

minute.  Do  not  "take  sides"  in  any  contro- 
versy that  you  are  called  on  to  settle.  Inves- 
tigate the  matter  thoroughly,  then  render  your 

decision.  Never  correct  a  workman.  He  is 

not  to  blame  for  following  the  foreman's  or- 
ders. Remember  you  have  a  decided  advan- 

tage if  able  to  control  your  temper  when  the 
other  fellow  loses  his.  Be  firm,  but  abso- 

lutely fair.  Remember  it  may  be  possible  for 
you  to  learn  something  each  day,  and  often 
from  a  source  least  expected.  If  you  have 
made  a  mistake,  candidly  admit  it.  The  men 
who  never  make  mistakes  never  do  much business. 

T^ 

r ',MF,RAL 
A  New  Fuse  for  Eliminating  Misfires 

in   Blasting. 

.•\s  staled  by  the  author  the  object  of  this 
paper  is  to  bring  to  the  notice  of  engineers  a 
safety  detonating  fuse  by  the  use  of  which 
misfires  in  blasting  may  be  eliminated  and 
safety  in  blasting  operations  promoted.  This 
new  detonator  is  a  French  invention  and  is 
known  as  Cordeau  detonant  or  detonating 
fuse  and' is  sold  under  the  name  of  Cordcau- 
Bickford.  It  consists  of  a  lead  tube  5  to  6 
mm.  in  diameter,  filled  with  trinitro-toluene. 
While  applicable  to  all  classes  of  mining  it 
will  appeal  especially  to  those  who  have  to 
do  with  cleep-holc  blasting  in  open-cut  mines 
or  quarries,  or  any  operations  where  a  largo 
number  of  holes  are  to  be  shot  at  one  time. 

.■\n  abstract  of  the  paper  which  is  published 
by  Mr.  Harrison  Souder  in  Transactions 
."Vmerican  Institute  of  Mining  Engineei  ̂   for 
October,  1914,  is  as  follows:  To  summarize, 
this  fuse  has  three  very  important  qualities : 
(\)  It  is  safe.  C2)  It  is  instantaneous.  (a> 
It  increases  the  efficiency  of  an  explosive 
•■li:irce. 

Safety. — There  is  no  danger  in  the  handling 
or  storage  of  the  fuse.  It  cannot  be  exploded 
by  friction,  fire,  or  ordinary  shock.  It  re- 

quires the  use  of  a  strong  blasting  cap  prop- 

1 

Urancb 
Line  ot 

Conleaa 

Fig.    1.     Diagram   Showing    Method   of  Con- 
necting   IHoles. 

erly  attached  to  explode  it.  In  blasting 
charged  holes,  the  cap  or  exploder  can  be  ap- 

plied outside  the  hole,  thus  avoiding  the  dan- 
ger of  burned  powder  caused  by  side  spit 

iro^n  ordinary  fuse;  also  any  risk  of  accident 

while  tamping  and  the  risk  from  a  portion 
of  an  unexploded  charge  accompanied  by  a 
cap  remaining  in  the  debris  from  a  blast  is 
entirely  obviated. 

Speed. — The  average  rate  of  speed  of  this 
fuse  is  estimated  to  be  close  to  17,000  ft.  per 
second,  so  that  when  it  is  used  the  explosive 
charge  is  detonated  instantly  throughout  its 
entire  length,  instead  of  at  one  point  as  is  the 
case  with  the  blasting  cap  or  electric  ex- 

ploder. Efficiency. — It  is  known  that  the  speed  of  an 
explosive  decreases  as  the  explosive  wave 
travels  away  from  the  detonator.  That  the 
powder  in  a  hole  has  the  strongest  explosive 
effect  around  the  exploder  is  evident  from  an 
examination  of  the  face  of  the  bank  after  a 

shot.  This  can  be  demonstrated  also  by  plac- 
ing sticks  of  dynamite  on  the  ground  end  for 

end,  about  6  ins.  apart,  with  the  cap  in  the 
first  stick.  The  explosive  force  gradually 
lessens  until  it  finally  ceases  to  progress,  leav- 

ing the  farthest  sticks  unexploded. 
By  using  this  fuse  the  charge  is  detonated 

instaiUaneously  throughdtit  its  entire  length. 
This  results  in  a  saving  of  about   10  per  cent 
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of  explosives  as  determined  by  results  ob- 
tained. It  is  not  affected  bj'  heat,  cold,  or 

moisture,  and  lasts  indefinitely  without  de- 
terioration. It  is  wound  in  continuous 

lengths  on  spools  containing  100,  200,  or  300 
ft.  each,  and  weighs  about  7  lbs.  per  100  ft.  It 
IS  accepted  by  transportation  companies  with- 

mmiH 

carefully  borne  in  mind,  there  can  be  as  many 
branches  and  sub-branches  as  are  desired.  To 
slit  the  end  of  the  branch  line  an  instrument 

called  a  "cordeau  slitter"  is  provided.  It  can, 
however,  be  done  easily  with  a  sharp  knife. 
After  slitting  it  for  a  distance  of  3  or  4  ins., 
separate  the  legs  and,  after  placing  the  main Cap. 

cent  of  total  mining  expense.  To  do  this  work 
there  are  in  commission  43  No.  12A,  three  No. 
17V  and  eight  No.  16V  Waugh  stopers,  three 
Jackhamers,  two  Waugh  pluggers,  and  17  No. 
8  and  two  No.  7  water  Leyners. 

For  the  past  three  years  a  record  has  been 
kept  of  the  repairs  on  each  machine  and  num- 

Fulminate  Cap      -Brass-Sleeve 

-Main  :.'AX'/f^PPX<-'^e^:. 

Counecting 

Cordeau.. 
Fulminate 

Brass-Sleere 

Fig.    4.     Diagram    Showing    Method    of   Connecting  Two   Main   Lines. 

Fig.  2.     Diagram    Showing    Method   of   Con- 
necting   Main   and    Branches. 

out  restrictions  except  that  it  shall  not  be 
packed  with  other  high  explosives. 
The  method  of  applying  the  fuse  is  shown 

clearly  by  the  accompanying  sketches.  Figure 
I  shows  how  the  holes  are  connected  by  the 

detonating  fuse.  The  method  of  making  con- 
nections between  main  and  branch  lines  is 

shown  in  Fig.  2,  and  that  of  attaching  the 
detonator  to  the  fuse  in  Fig.  3.  Either  or- 

dinary fuse  and  cap,  or  an  electric  exploder, 
can  be  used  to  set  off  the  detonating  fuse. 
How  to  Attach  a  Detonator  to  the  Detonat- 

ing Fuse. — First,  be  sure  the  end  of  the  de'- tonating  fuse  is  freshly  and  squarely  cut  off. 
If  ordinary  fuse  is  used,  attach  a  cap  by 
crimping  it  to  the  fuse  in  the  usual  manner. 
N'ext  attach  a  union  to.  the  detonating  fuse 
by  crimping  the  end  opposite  the  slit.  Insert 
the  cIP  in  the  slit  end  of  the  union  till  it 
comes  firmly  against  the  detonating  fuse  arid 
then  slip  the  ring  over  it  to  hold  it  firmly  in 
place.  Be  sure  the  detonating  fuse  is  cut  off 
squarely  and  that  the  cap  is  firmly  seated 
against  it.  A  space  of  %  in.  between  cap 
and  fuse  may  be  suiificieTit  to  cause  a  misfire. 
.  Branch  line  A  is  joined  to  trunk  line  B  by 
twisting  the  split  ends,  one  to  the  right,  the 
other  to  the  left  of  the  intersection.  These 
joints  may  be  protected  from  danger  of 
loosening  or  breaking  by  winding  with  electric 
tape.  This  also  protects  them  from  mois- 

ture. This  precaution  is  not  necessary  ex- 
cept where  many  connections  have  to  be  made 

or  wet  work  is  encoimtered. 
This  operation  is  not  difficult,  but  it  is  very 

important,  and   should   be  done  carefully  and 

Sliding  sleeve  or  ring 
on  union.  This  holds  the 
cap  in  places 

snugly  in  the  crotch,  wind  the  legs  about  it, 
one  to  the  right  and  the  other  to  the  left.  If 
some  of  the  trinitro-toluene  is  lost  from  the 
split  ends,  no  harm  is  done  provided  the  main 
is  pushed  firmly  against  the  exposed  material 
in  the  crotch.  If  many  connections  have  to  be 
made,  it  is  possible  that  the  handling  and 
•moving  of  the  fuse  may  displace  some  of  the 
connections  first  made  before  all  can  be  com- 

pleted. To  guard  against  such  an  occurrence 
it  is  better  to  wind  all  joints  with  electric 
tape.  This  will  hold  them  firmly  in  place.  Be- 

fore a  shot  is  fired,  the  line  should  be  thor- 
oughly inspected.  See  that  the  branches  leave 

the  main  at  right  angles.  Be  sure  that  they 
are  all  made  firm. 

On  very  large  and  important  work  where 
more  than  one  main  is  employed,  these  mains 

may  be  joined  together  as  a  measure  of  pre- 
caution. This  is  done  in  the  manner  shown 

in  Fig.  4  by  cutting  the  mains  and  putting 
caps  on  the  ends  and  then  uniting  them  again 
by  means  of  a  bi'ass  sleeve,  the  ends  of  which 
are  firmly  crimped  to  the  detonating  fuse. 
Around  these  brass  sleeves  the  ends  of  the 
connecting  line  are  wound  in  exactly  the  same 
manner  as  when  attaching  a  branch  to  a  main line. 

Costs  of  Drilling  and  Method  of  Test- 
ing Drill  Efficiency  at  North 
Star  Mine,  California. 

A  method  of  testing  drills  which  is  believed 
by  the  author  to  prove  a  satisfactory  basis 
upon  which  to  judge  rock  drills  is  described  in 
a  paper  by  R.  H.  Bedford  and  William  Hague 
in  the  August  Transactions  of  the  American 
Institute  of  Mining  Engineers. 

The  rock  at  this  mine  is  either  close-grained 
diabase  in  the  upper  levels,  or  tough  grano- 
diorite  in  the  lower  levels.  The  vein,  which 

has  an  average  dip  of  23°,  consists  of  about  5 
ft.  of  "formation"  lying  between  walls  of  un- 

altered country  rock.  Of  the  5  ft.,  solid  quartz 
and  stringers  make  up  18  ins.  of  pay  ore.  The 
formation,  which  consisted  of  but  slightly 
altered  country  rock,  is  almost  as  hard  as  the 
unaltered  walls.     From  4  to  AVi   ft.  is  sent  to 

,Union 

Crnnp 

Main  Cordeau 

Union  crnnped  to  Cordrau 
at  tliis  point 

her  of  shifts  operated  by  it.  The  figures  giver, 
in  Tables  I  and  II  for  the  cost  of  repairs  per 
drill  shift  have  been  taken  from  this  record. 
The  underground  air  pressure  is  about  90  lbs. 
The  air  consumption  per  drill  shift  was  meas- 

ured by  aerometers.  The  leakage  of  pipe  lines 
between  compressor  and  meter  is  not  included. 
From  the  number  of  pieces  of  steel  sharpened 
for  each  type  of  drill  during  the  year  the  aver- 

age used  per  drill  shift  has  been  ascertained. 
For  other  supplies  the  figures  given  represent 
a  year's  average. 
The  16V  and  17V  Waugh  drills  cost  10  cts. 

less  for  maintenance  supplies,  but  require  16 
pieces  of  steel  per  shift  instead  of  10,  which 
leaves  the  cost  about  equal. 

The  drilling  at  this  m.ine  is  one-third  of  the 
cost  of  delivering  ore  at  the  mill.  The  impor- 

tance of  selecting  a  suitable  drill  for  the  work 
and  keeping  it  in  its  highest  state  of  efificienc\ 
is  obvious.  At  first,  time  was  wasted  and 
trouble  e.xperienced  in  testing  underground 
drills  which  were  unsuitable.  Drills  which 
sounded  all  right  when  run  in  the  repair  shop 
failed  to  work  satisfactorily  underground. 

There  was  need  for  some  reliable  testing  ma- 
chine to  overcome  the  difficulties.  W.  D. 

Paynter,  who  was  responsible  for  keeping  drills 
in  repair,  after  experimenting  for  some  time, 
perfected  a  testing  machine,  which  he  has 

patented.  Briefly  it  consists  of  a  device  where- 
by the  blow  of  the  drill  delivered  against  a 

plunger  is  measured  by  the  distension  of  a 

diaphragm,  oil  being  the  medium  of  transmis- 

s  0.40 

it  0.30 

Fig.    3.     Diagram    Showing    Method    of  Attaching   Detonator. 

~"~30  10  60 

STRENGTH  OF  BLOW (FOOT  pounds; 

Fig.      1.       Curves      Showing      Influence      of 

Strength  of  Blow  on  Drilling  Speed;    Air 
Fed   Stoper. 

m  accordance  with  three  simp'.e  rules.  (1) 
Remember  that  it  is  the  branch  fuse  that  is 
to  be  slit  and  twisted  about  the  main  and 
never  the  opposite;  (2)  Be  sure  to  make  a 
firm  joint;  (3)  At  the  point  of  intersection, 
be  sure  to  lead  the  branch  fuse  away  from 
the  main  at  a  right  angle,  at  least  for  an  inch 
or  two.  Beyond  that  curves  and  angles  do  no 
harm. 

If    the    direction   of    the    explosive   wave   is 

the  mill.  One-third  of  the  holes  are  drilled  in 
the  quartz;  two-thirds  in  the  formation.  The 
holes  are  about  4%  ft.  deep  and  break  on  the 
average  of  1.15  tons  per  hole.  The  average 
number  of  holes  per  stope  drill  shift  is  at 
present  5.65.  The  number  of  drill  shifts 
throughout  the  mine  in  1913  was  18,679,  and 

the  cost  of  labor  for  drilling,  power;  supp'ies, 
upkeep  of  machines  and  air  lines,  tool  shar- 

pening,  and   distribution,  amounted  to  33  per 

sion.  By  means  of  a  lever  arm,  tiit  movement 
of  the  diaphragm  is  amplified.  A  pencil  on  the 
end  of  the  lever,  marking  a  piece  of  paper  on 
a  revolving  drum,  gives  a  graph  of  the  work 
done  by  the  drill  over  a  given  period  of  time. 

Th.e  general  method  of  testing  a  drill  con- 
sists in  first  obtaining  graphs  in  the  shop  and 

then  the  drilling  speed  underground.  Having 
passed  the  first  test,  the  drill  is  used  in  the 
mine,  a  record  being  kept  for  several  months 
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of  the  footage  drilled.  Graphs  taken  from 

time  to  time  show  whether  or  not  the  drill  is 

deteriorating,  while  the  card  record  of  repairs 

gives  the  cost  of  its  upkeep.  Drills  sent  to  the 

shop  for  repairs  are  not  returned  to  the  mine 

until  they  show  on  the  tester  a  satisfactory 
graph.  ,  .„         .,  . 

■     Table  III  compares  (a)  three  drills  striking .3or 

(a) 

(b) 

Foot  pounds. 

53 

52 
55 
40 
42 

TABLE  III. 

Blows 
per  n  inute. 936 

1,320 
1,584 
1,260 

.  2,352 

DrlUing  speed 

feet  per  minute. 
0.126 
0.165 

0.250 0.108 0.195 

Blows 
per  minute. 

(d)  1.2T2 

1,222 

1,200 1,170 

These  results  indicate  that  dri
lling  speed 

varies  approximately  with  the  
blows  per  min- 

ute, the  strength  of  the  blow  rema
ining  con- 

^^T'able  IV  compares  drilling  speed  with  vary- 

ing strengths  of  blows.  The  conditions  
of  test 

were  Ground  onlv  medium  hard;  
length  ot 

each  test,  5  minutes;  1%-in.  cross  
steel  wi  h 

2-in.  bit;  holes  at  an  inclination  of  4&  
,  drill 

used,  air-feed  stoper.     . 

STRENGTH  OF  BLOW 
ON  FOOT   POUNDS) 

Fig.  2.  Curve  Showing  Influence  of  St
rength 

of    Blow    Upon    Drilling    Speed    of    Wate
r- 

Leyner    No.   8. 

a  hard  blow,  (fr)  two  drills  striking  a  mediu
m 

blow.  These  were  tested  in  very  hard  ground 

with  holes  at  an  inclination  of  25  ,  1  A-in. 

cross  steel  with  2'/4  and  2-in.  bits  being  used ; 

conditions,  however,  were  kept  the  same  for 

each  test,  which  lasted  o  minutes. 

re) 

Blows 

per  minute. 

1,272 
1,222 
1,200 1.170 

1,090 

TABLE  TV. 
Foot-pounds 

per  blow. 

48V& 

43 

38V4 
34% 
30% Feet  drilled 

per  minute. 0.378 

0.447 0.308 0.250 0.188 

A  test  under  the  same  conditions  as  in  (c),
 

except  that  the  inclination  of  the  h
oles  was 

■'0°    gave  the  results  shown  in    1  able   V. 

A  test  (i?)  was  made  under  the 
 following 

conditions  :    Ground  hard ;  length  of  ea
ch  test. 

TABLE    I. 
-COST    PER   DRILL   SHIFT    FOR    WATER  LEYNER

  NO.   8. 

Item. Description  of  unit. 

Labor  of  drilling       S-hr.  shift. 
Maintenance — Labor      
Supplies    

r  1,000  cu.  ft.  of  free  alrl 

1  compressed  to   100   lbs.  j 
Power    

^"iubr?cli.ts          Quarts  of  "Red  Engine" 

fFeet      of     1-in.      5-ply1 Tinao    ■(  wire-wound      r 
"""^       Vl4-ln.  5-ply  wirc--A-oiindJ 

Drill  stee            Pieces   used   
Labor  shi«rpenlng  and  repairs   

Labor  dlatrfbutlon        Vi  • " '  W   
Stee'   consumed          Pounds   

f  1,000  cu.  ft.  of  free  alrl 

[  compressed  to   100   lbs.  j 

.j\\  tor  forge          Bbl.  of  42  gals   
Upkeep  of  air  pipe   

['ower  for  sharpener. 

0.66 
0.12 

0.12 6.75 

2.66 

5,00 

0.12 

$3.25 

0.0275 

0.07 0.33 

0.19 

0.125 

0.0276 
1.80 

Total 

TABLE  n.— COST  PER  DRILL  SHIFT  FOR  WAUGH  12-A. 

CO   . 

1 
Item. Description  ot  unit, 

shift   
IKj Labor  of  drilling        S-hr. 

.Vliilntcnanee^ LAbor      
Supplies     

f  1,000  cu.  ft.   of  free  alrl 

\  comprftssed   to   100  lbs.  J 

L^ibrlcants         Quarts  "Red  Engine"  oil 
Hose     '^"'■t  'i-ln.  6-ply  wire- wound     

Drill  steel          Pieces    used   
Ijilior  shnrppnlng  and  repairs   
Labor  distribution           V; ' " '  j   
Steel  consumed         Pounds     

Ci. 

{3.00 

0.0275 

Power   for  sharpener. 

M.O 

I  CO! 

.000  cu.  ft  of  free  air 

[comprefised   to   100   lbs 

on  for  sharpener        Bbl.   of  42  gals... 
Upkeep  of  air  pipe   

Total     

'1 

0.33 
0.12 

10 

2.2 1.5 
0.034 

et 

5  ̂ 

oo 

Uo. 

$3.25 0.10 

0.62 
0.41 

0.05 

0.04 0.025 

i'.ii 

0.35 
0.33 

0.15 

0.21 
0.09 

$6.75 

£? 
o  J 

Ob 

$3.00 

0.10 

0.37 

0.47 

0.07 
0.02 0.27 

O.OS 
0.665 0.30 

0.21 
0.14 0.0275 

0.04 

1.80 0.06 0.09 

TABLE  V. 
Foot-pounds 

per  blow. 

4S% 

43 

38% 
34% 

Feet  drilled 

per  minute. 
0.251 
0.206 
0.198 

0.135 

5  minutes;  drill  used.  No.  8  water  Leyner; 

iVs-in.  hollow  steel  with  2%-in.  bit;  holes 
nearly     horizontal.       In     this      test     varying 

-— 

/»/
■ 

Hard_Rock 

I  0.20 a:     ■    70  80  90  100 ^  GAUGE  PRESSURES 

Fig.   3.     Curve    Showing    Influence    of    Gage 

Pressure   on    Drilling   Speed. 

strengths  of  blow  were  obtained  by  means  of 

stops  of  different  lengths  screwed  into  the 
ends  of  the  valve  chest. 

As  already  stated,  Table  III  indicates  that 
for  blows  of  equal  strength  the  drilling  speed 

is  approximately  proportional  to  the  number 
of  blows,  even  "-hen  these  differ  as  much  as 
40  per  cent.  In  constructing  the  following 
curves  from  Tables  IV,  V  and  VI,  where  the 
maximum  variation  in  the  number  of  blows  is 

15  per  cent,  the  drilling  speed  has  been  arbi- 

trarily adjusted  according  to  the  results  ob- 
tained from  Table  III,  so  that  the  effects  of 

TABLE  VI. 

Blows              Foot-pounds  Feet  drilled 
per  minute.            per  blow.  per  minute. 

(e)    (1)    1,368                          40  0.162 1,272                          45  0,234 
1,260                          52  0.119 
1.212                          65  0.129 

Repetition  of  test   (1)   for  confirmation — 
(2)  1,368                          40  0.135 

1,272                          45  0.224 
1,260                          52  0.183 
1,212                          65  0.195 

the  strengths  of  blow  may  be  comparable. 
These  curves  all  show  the  same  tendency  to 
flatten  at  above  a  certain  strength  of  blow, 

which  in  this  ground  happens  to  b*  about 
45  ft. -lbs.  It  will  be  noticed  that  the  curves 

for  the  Leyner  and  for  the  stoper  at  45°  indi- cation are  almost  exactly  similar.  This  is 
thought  to  be  due  to  the  fact  that  in  each  case 
the  face  of  the  hole  is  clear  of  cuttings.  In  the 

cases  of  the  flat  holes,  which  do  not  clear 
themselves,  the  drilling  speed  is  not  only  lower, 

but  does  not  show  the  same  peak.  This  sug- 

gests that  where  holes  can  be  cleared  of  cut- 
tings a  45  ft. -lb.  blow  is  sufficient  to  obtain  the 

fastest  drilling,  whereas  in  holes  where  the 
deadening  effect  of  cuttings  exists  the  limit  of 

effective  blow  is  higher.  This  also  empha- 
sizes the  desirability  of  a  stoper  with  water 

feed  to  the  face  of  the  hole. 

From  these  tests,  and  others  giving  sirnilar 
results,  it  has  been  decided  that  for  conditions 
existing  at  this  mine,  stoping  drills  should 
strike  a  minimum  of  40  ft. -lbs.  .^s  none  of 
these  drills  has  yet  been  found  that  strikes 

over  .5-5,  it  remains  solely  a  question  of  main- 
tenance to  keep  them  at  this  point.  The  Ley- 

ner. with  blows  as  high  as  65  ft.-lbs.,  presents 
a  different  problem.  In  this  type  the  valve 
was  so  adjusted,  by  means  of  standard  plugs 
screwed  into  the  ends  of  the  valve  chest,  as 

to  give  at  average  gage  pressure  blows  in  the 
neighborhood  of  45  ft.-lbs.  It  is  hoped  that 
this  reduction  in  strength  of  blow  will  result 
in  lessened  breakage  of  steel,  decreased  repair 

costs,  ;md  maximum  drilling  speed.  The  ad- 
justment has  not  been  in  use  long  enough  to 

give  any  figures  on  the  first  two  points. 
The  effect  of  setting  the  minimum  strength 

of  blow  in  the  stoping  drills  at  40  ft.-lbs.  has 
been  to  increase  the  breakage  of  steel  by  1  lb. 

$4.83        per  drill  shift,  and  the  cost  of  repairs  by  27 
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cts.  per  drill  shift.  Tlie  footage  drilled,  how- 
ever, has  been  increased  15  per  cent,  reducing 

the  cost  per  foot  of  hole  drilled  from  20.3  to 
l8Vz  cts.  The  output  per  drill  shift  has  in- 

creased 10  per  cent  during  the  same  period, 
but  this  figure  is  complicated  by  the  width  of 
slope  broken,  and  is  therefore  not  quite  com- 
parable. 

In  the  case  of  the  Leyner  drill,  the  cost  for 
sharpening,  breakage,  and  repairs  make  a  high 
cost  per  drill  shift.  Comparison  with  a  type 
of  machine  in  which  these  items  are  low  is 
valuable,  as  it  proves  that  the  expense  is  justi- 

fiable. A  5  by  T-ft.  drift  in  this  mine  requires 
11  holes,  aggregating  43  ft.,  to  break  a  round. 
A  2%-in.  reciprocating  drill,  striking  40  to  50 
ft.-lb.  blows,  600  to  800  times  a  minute,  used 
to  require  two  drill  shifts  for  drilling  the 
round,  at  a  cost  of  $4.45  per  drill  shift,  or  20% 
cts.  per  foot  of  hole.  The  Leyner  does  this 
in  one  drill  shift  for  ISV2  cts.  per  foot  of  hole. 

The  use  of  the  tester  in  the  shop  has  greatly 
facilitated  repairs,  as  any  abnormal  action  in 
the  drill  is  disclosed  at  once.  Experiments 
have  demonstrated  several  points.  Among 
these  may  be  mentioned  the  effect  of  feed- 
barrel  pressure.  If  the  feed-barrel  packing  is 
slightly  defective,  the  drill  does  not  hold 
against  the  ground  hard  enough,  causing  as 
much  as  30  per  cent  decrease  in  drilling  speed. 
In  the  16V  stopers,  wear  in  the  barrel  brushing 
after  about  250  drill  shifts  causes  cushioning 
due  to  leakage  of  air,  with  reduction  in  the 
strength  of  blow,  amounting  to  as  much  as 
20  per  cent.  In  the  ITV  type,  at  pressures 
below  85  lbs.  per  square  inch,  the  strength  ot 
blow  drops  very  rapidly.  Plugging  some  of 
the  exhaust  ports  causes  the  strength  of  blow 
to  decrease  less  rapidly.  This  makes  the  drill 
more  effective  at  low  pressures. 

Examination  of  Table  IV  shows  the  de- 
crease in  drilling  speed  that  may  be  expected 

with  a  stoper  striking  30  ft. -lbs.,  as  compared 
with  45  ft. -lbs.  On  this  point  it  may  be  stated 
that  many  confirmatory  tests  have  been  made. 
Unless  the  drills  are  maintained  at  their  best, 
the  strength  of  blow  drops  rapidly  (sometimes 

after  100  drill  shifts"),  with  resulting  decrease 
in  drilling  speed.  The  cost  per  drill  shift, 
however,   remains  practically  the  same. 

Experience  at  Inglewood,  Calif.,  With 
the  City  Manager  Form  of 

Government. 
The  commission  form  of  government  has 

spread  with  surprising  rapidity  through  the 
United  States,  following  its  introduction  in 
Galveston  in  1901,  and  in  over  300  cities  of 
this  country  it  is  now  in  force.  While  this 
form  of  government  is  a  distinct  advance  over 
the  form  it  has  supplanted  there  is  still  room 
for  improvement.  This  improvement  will  be 

effected  by  the  adoption  of  the  commission- 
manager  form  of  government.  The  present 
article,  which  is  taken  from  a  paper  before 
the  recent  annual  convention  of  the  League  of 
California  IMunicipalities  by  Mr.  Paul  E. 
Kressley.  City  Manager  of  Inglewood,  Calif., 
points  out  some  of  the  defects  of  the  com- 

mission form  of  government,  shows  the  ad- 
vantage of  the  commission-manager  plan  and 

gives  the  results  of  the  application  of  this 
plan  in  his  city. 

In  some  cities  the  commission  form  has 
proved  very  successful,  while  in  others  it  has 
been  a  complete  failure.  This  must  not  be 
regarded  as  a  defect  in  the  form  of  govern- 

ment, but  is  due  rather  to  the  inefficiency  of 
the  members  composing  the  commission.  In 
some  cities  the  commisison  government  has 
superceded  administrations  which  were  not 
thoroughly  inefficient,  and  where  there  was 
not  quite  such  a  broad  opportunity  for  irn- 
provement  as  in  some  other  localities.  It  is 
in  such  cities  that  the  weaknesses  of  commis- 

sion government  are  beginning  to  appear  in  a. 
very  striking  way.  Take  for  example  Wichi- 

ta, Kansas,  where  as  elsewhere  the  commis- 

sion plan  was  hailed  five  years  ago  as  a  "busi- 
ness plan"  of  city  government  which  would 

settle  all  the  difficulties  under  which  the  town 
had  been  laboring.  Recently  the  commission 
in  that  city  authorized  the  issuing  of  $88,000 

in  five  year  bonds  to  cover  current  deficiencies. 
After  four  years  of  the  new  rule,  that  does 
not  look  like  good  business.  A  little  search- 

ing into  the  local  situation  reveals  certain 
things  which  are  directly  or  indirectly  re- 

sponsible for  this  condition.  One  of  the  mem- 
bers of  the  commission  is  an  ex-street  laborer. 

This  of  course,  is  an  honest  calling,  but  can 
one  be  sure  that  it  gives  a  man  quite  the 
preparation  for  managing  one  of  the  depart- 

ments of  a  city  as  important  as  Wichita? 
There  was  doubtless  excellent  reason  for  elect- 

ing him,  for  the  labor  people  had  an  unques- 
tionable right  to  select  one  of  their  men  to 

represent  them  in  the  city's  governing  body. 
The  man  in  question  had  a  reputation  for  in- 

tegrity and  honesty,  but  even  commission 
government  has  not  made  him  a  good  busi- 

ness manager. 
Here  then,  is  one  trouble  with  the  com- 

mission plan  which  the  Wichita  incident 
brought  out  in  a  graphic  way.  It  is  only  by 
accident  that  a  city  can  secure  five  men  who 
will  be  at  the  same  time  perfect  representa- 

tives of  a  recognized  divison  of  the  people  and 
properly   equipped    for   administrative   service. 

If  these  are  illustrations  of  the  weaknesses 
of  the  commission  form  of  government,  what 
then,  is  the  substantial  and  permanent  contri- 

bution of  commission  government  to  the  city 
problem?  The  one  great  thing  it  has  done  is 
to  demonstrate  the  wisdom  of  giving  over  to 
a  single  elective  governing  body  all  the  mu- 

nicipal powers.  It  has  given  the  people  a 
workable  instrument,  so  far  as  general  regula- 

tion is  concerned,  but  it  has  failed  to  give  the 
governing  body  the  means  with  which  to 
translate  the  general  will  of  the  people  into 

detailed  acts  of  government  in  the  most  effect- 
ive way.  A  five-headed  government  carries 

with  it  the  possibility  of  friction,  which  leads 
to  inefficiency,  which  in  turn  leads  to  waste 
and  even  corruption.  Furthermore  we  can 
not  secure  municipal  experts  by  the  process  of 

popular  election. 
Commission  government  in  the  old  sense, 

then,  is  a  five-headed  affair.  It  is  not  always 
intended  to  be  such,  but  it  is  so  regarded  by 
the  average  citizen,  and  so  it  works  out  in 

practice. The  commission-manager  plan  does  away 
with  this  five-headedness  of  municipal  admin- 

istration and  substitutes  a  single  head,  not 
with  advisory  powers  merely  but,  with  certain 
safeguards,  with  the  powers  of  administrative 
"hfe  and  death"  through  actual  control  of 
appointments  and  removals. 

The  chief  executive  or  city  manager  is  not 
an  elective  officer,  but  is  appointed  by  the  coun- 

cil or  commission ;  he  therefore  does  not  di- 
vide responsibility  with  the  commission,  but 

is  subordinate  to  it.  He  need  not  be,  at  the 
time  of  his  appointment,  a  resident  of  the 
city  but  may  be  chosen  from  anywhere  in  the 
country ;  he  is  not  chosen  for  a  definite  term 
but  holds  office  so  long  as  he  gives  satisfac- 

tion to  bis  superiors.  This  plan  filters  every- 
thing through  a  group.  It  reduces  the  per- 
sonal equation.  Without  loss  of  administra- 

tive unity,  it  abolishes  one-man  power. 
Mr.  Kressly  has  been  city  manager  of  Ingle- 

wood for  the  past  seven  months.  The  section 
of  the  city  ordinance  which  defines  his  powers 
and  duties  follows : 
1.  To  see  that   the   laws  and  ordinances  of  the 

city  are  enforced. 
2.  To  exercise  control  over  all   the  departments 

of  the  city  and  direct  the  work  of  all  ap- 
pointive officers; 

3.  To  employ  and  dismiss  all  city  employees. 
4.  To  superintend  the  construction  of  all  public 

work  within  the  said  city. 
5.  To  approve  or  disapprove  the  requisition  for 

the  purchase  of  any  article  or  articles  for 
the  said  city  by  any  department  or  officer 
before  the  purchase  is  made. 

6.  To  attend  all  meetings  of  the  Board  of  Trus- 
tees .-ind  to  recommend  to  the  said  board 

for  adoption  such  measures  as  he  may  deem 
necessary  or  expedient. 

7.  To  keep  the  Board  of  Trustees  fully  advised 
as  to  the  financial  condition  and  needs  of 
the  city:  and 

8.  To  perform  such  other  duties  as  may  be  pre- 
scribed by  ordinance  or  resolution  of  the 

Board  of  Trustees.  Provided,  however,  that 
any  and  all  acts  of  the  said  city  manager 
under  this  ordinance  shall  be  subject  to  the 
approval  and  control  of  the  Board  of  Trus- tees of  the  City  of  Inglewood,  and  they 
shall   have    full    power   to   correct    and    set 

aside  any  action  taken  by  him  under  this 
ordinance  whenever  they  shall  deem  it 
proper  to  so  do;  and  provided  further,  that 
the  legal  department  of  said  city  and  the 
City  Attorney  are  hereby  expressly  except- 

ed from  the  operation  of  this  ordinance. 
The  duties  and  powers  being  thus  defined 

the  question  arose :  What  plans  are  to  be 
adopted  and  what  methods  are  to  be  followed 
to   insure  the   success   of   the   administration? 

The  plan  of  selection  outlined  was  predicat- 
ed upon  two  ideals,  efficiency  and  economy. 

These  were  the  basis  upon  which  the  super- 
structure of  the  organization  was  erected.  We 

quote  from  the  paper  to  show  Mr.  Kressly's 
procedure : 

I  determined  that  the  requisites  of  all  em- 
ployes should  be  efficiency,  economy  and  loy- 

alty, and  that  all  employes  who  possess  these 
qualifications  should  be  retained  regardless  of 
their  political  faith.  With  the  requisites  thus 
set  forth,  I  formulated  plans  and  analyzed 
the  problems  that  confronted  me,  to  find  the 

best  way,  not  by  judgment  alone,  but  by  care- 
ful, thorough  and  painstaking  investigations 

of  all  the  details  of  the  various  departments, 
thereby  familarizing  myself  in  a  general  way 
with  the  work  and  enabling  myself  at  once 
to  detect  any  lack  of  efficiency  and  to  correct 
the  same  by  setting  up  tentative  standards  of 
performance,  by  better  methods  of  perform- 

ance, by  inducing  the  employes  to  attain  these 
standards,  or  by  equipping  them  with  a  clear, 
complete  and  exact  knowledge  of  the  best  and 
most  expeditious  way  of  doing  the  work  with 
the  least  possible  expenditure  of  material, 
capital  and  labor. 
On  account  of  having  served  as  city  en- 

gineer for  several  years,  I  was  familiar  in  a 
general  way  with  the  weaknesses  of  the  va- 

rious departments  and  was  therefore  in  a  po- 
sition to  devise  measures  which  would  elimin- 

ate these  ideas  and  practices,  by  requiring  all 

emploj-es  strictly  to  observe  office  ho.urs,  to 
get  permission  before  leaving  their  regular 
duties,  to  see  that  no  supplies,  materials,  ma- 

chinery, tools,  etc.,  were  purchased  without  an 
order  signed  by  the  city  manager,  and  by  re- 

quiring all  employes  to  fill  out  daily  time  cards, 
showing  the  number  of  hours  worked,  together 
with  a  description  of  such  work  and  the  cor- 

rectness thereof  verified  by  the  O.  K.  of  the 
head  of  the  department,  and  turned  in  daily 
to  the  city  clerk.  These  rules  are  strictly  en- 

forced and  it  is  impressed  upon  the  minds  of 
all  employes  that  their  indefinite  retention 
in  office  depends  solely  upon  the  efliciency  and 
skill  with   which   their  work  is  performed. 
Formerly  there  was  a  great  deal  of  waste  in 

the  purchasing  of  supplies,  due  to  a  lack  of  a 
proper  system.  Employes  would  purchase  sup- 

plies regardless  of  cost,  and  have  it  charged 

to  the  city,  and  when  the  bills  w-ere  presented, 
frequently  no  one  remembered  the  purchase. 
This  was  a  very  lax  method  and  gave  the  city 
clerk  no  opportunity  to  check  the  amounts  and 
charge  them  to  the  proper  account.  Further- 

more supplies  and  materials  were  purchased 
whether  they  were  needed  or  not,  and  the 
various  departments  continued  incurring  ex- 

penses by  purchasing  supplies,  machinery,  etc., 
until  the  city  treasury  was  drained. 

This  condition  was  controlled  by  the  adop- 
tion of  a  budget,  thereby  limiting  the  expend- 

itures of  all  departments  within  the  actual 
revenues  of  the  city,  and  requiring  depart- 

ments to  submit  at  the  end  of  every  month 
a  detailed  report  which  enables  me  to  follow 
closely  the  activities  of  all  departments.  An 
accounting  system  was  installed  which  pro- 

vides balance  sheets  of  all  accounts,  thus  en- 
abling the  city  clerk  to  furnish  me  with  a 

complete  report  of  all  departments  in  a  very 
short  time.  In  the  departments  where  it  was 
practical  a  unit  cost  system  was  installed  for 
the  purpose  of  comparison,  and  fi.xing  stand- 

ard methods  of  performance. 
I  wish  to  call  attention  to  another  impor- 

tant change  introduced  in  the  matter  of  han- 
dling complaints.  Formerly,  when  a  citizen  ob- 

jected to  something  done  by  a  city  officer,  he 
would  go  to  one  of  the  trustees  and  complain, 
frequently  with  the  injunction  that  his  name 
was  not  to  be  mentioned ;  then  the  trustee 

would  bring  the  matter  up  at  a  board  meet- 
ing, and  the  official,  not  knowing  who  made 
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the  charge,  would  be  in  a  very  bad  position 
when  it  came  to  defending  himself.  I  made 
a  ruling  that  all  complaints  of  any  nature  must 
be  made  in  writing,  containing  the  signature 
of  the  complainant,  so  that  the  employe  will 
have  full  knowledge  of  all  details  of  the 
charges  and  can  therefore  defend  himself 
properly.  This  procedure  has  reduced  the 
number  of  complaints  to  a  minimum,  and  it 
makes  the  employes  feel  that  they  are  receiv- 

ing a  square  deal  and  causes  tlicm  to  take  a 
greater  interest  in  their  work  than  when  con- 

tinually subjected  to   unjust  criticism. 
In  order  to  develop  harmony  and  depart- 

mental co-operation  I  arranged  for  regular 
conferences  to  be  held  with  the  heads  of  the 
various  departments,  where  all  important  mat- 

ters are  considered  and  the  programs  and  ac- 
tivities of  each  department  are  discussed  and 

planned. 
These  conferences  have  aroused  the  interest 

and  enthusiasm  of  every  employe,  and  today 
all  are  striving  to  place  the  business  affairs 
of  our  city  on  a  higher  plane.  To  give  an 
idea  of  our  success,  I  will  state  the  percent- 

age of  reduction  in  the  expenditures  of  the  va- 
rious departments  for  the  past  six  months 

compared  with  the  expenditures  for  the  same 
period  during  the  past  three  years.  It  is  as 
follows : 

Source  of  expenditure. 
Printing  and  supplies   
City  hall   maintenance   
Klre  Department      
Police  Department    
Street    cleiining      
Itecordei's   Department      Street  maintenance  and  repairs.... 

Per  cent saving. 
....       31 
....       24 
....       29 
....       21 

37 

....       30 
2S 

The  revenues  of  the  city  have  been  increased 
considerably  by  enforcing  ordinances  and  by 
greater  vigilance  with  peddlers,  etc.,  some  of 
the  most  important  being ; Per  cent 

Source  of  revenue.  increase 
Peddlins  licenses          12 
Doer  licenses            72 
Pines  for  speeding         35 

Receipts  from  renting  out  road  machinery 
have  averaged  $90  per  month.  The  building, 
plumbing  and  electrical  inspector  formerly  re- 

ceived all  fees  collected.  This  official  has  been 
placed  on  a  salary  and  the  receipts  of  this 
department  now  add  a  substantial  amount  to 
the  revenue  of  the  city. 
With  the  commission-manager  plan  of 

municipal  government  many  things  are  possi- 
ble, because  the  manager  can  keep  operating 

departments  running  in  harmony,  thus  cutting 
out  waste  of  time  and  effort.  The  various 
city  departments  can  be  made  to  assist  each 
other  in  numerous  ways.  Take  for  instance 
the  offices  of  street  superintendent  and  city 
engineer ;  where  heretofore  these  two  dcpart- 
mnts  were  separate  they  are  now  consolidated 
into  one.  The  engineer  who  designs  the  work 
can  now  also  supervise  its  construction  and 

.-ippoint  his  own  inspectors.  The  result  is  bet- 
ter work  in  every  respect,  and  the  engineer 

can  see  that  his  designs  are  properly  executed. 
This  proccedure  is  especially  eflfective  in  small 
cities  where  the  salary  of  the  street  superin- 

tendent is  usually  not  sufficient  to  obtain  the 
services  of  a  man  who  is  qualified  to  super- 

vise the  construction  of  new  improvements, 
but  who  is  sufficiently  well  qualified  to  super- 

vise the  cleaning,  maintenance  and  repairs  of 
streets,  etc.,  under  the  direction  of  the  en- gineering department. 

I  have  frequently  been  asked  the  question : 
From  what  profession  or  calling  should  the 
important  position  of  city  manager  be  filled? 
My  answer  is  that  city  managers  should  be 
civil  engineers,  preferably  with  municipal  en- 

gineering experience.  A  city  manager  should 
also  possess  the  additional  qualifications  of  the 
economist,  the  fiancier  and  the  executive.  In 
answering  in  this  manner  I  feel  that  I  am  fully 
justified  in  favoring  the  members  of  my  pro- 
fesion  because  they  are  recognized  as  an  im- 

portant factor  in  municipal  administration. 

What  other  profession  has  men  who  are  bet- 
ter qualified  as  nuraicipal  experts  than  the 

engineering  profession?  Are  not  the  mem- 
bers of  the  engineering  profession  made  pe- 

culiarly qualified  for  executive  duty,  in  the 
course  of  their  education,  field  work,  and  re- .search  work  ? 

Engineering  is  perhaps  as  much  a  matter 
of  common  sense  as  of  education,  and  the 
engineer  to  succeed  must  have  both.  There- 

fore a  capacity  to  get  at  the  facts  in  any  case, 
supplemented  by  good  judgment,  are  predom- 

inating traits,  characterizing  this  profession 
more  prominently  as  essentials  than  is  the  case 
with  any  other  profession  or  calling. 
Mr.  Kressly  wonders  wliether  even  those 

American  cities  which  have  progressed  as  far 
as  the  commission-manager  plan,  have  yet  got 
far  enough  away  from  past  traditions  and 
practices  to  keep  any  one  city  manager  long 
enough  in  office  to  give  either  him  or  the  plan 
a  fair  test.  He  expresses  the  hope  that  some 
of  the  cities  which  have  adopted  the  plan  will 
give  it  a  fair  trial. 

Rapid  Excavation  of  the  Slide  of  Octo- 

ber 15  at  Culebra  Cut,  Panama. 

The  dredges  at  Culebra  in  six  days'  opera- 
tions removed  119,(100  cu.  yds.  from  the  slide 

of  Oct.  l.L)  which  closed  the  cut  to  navigation 
and  imprisoned  a  number  of  vessels  in  the 
canal.  The  "Canal  Record"  gives  the  follow- ing account  of  the  work: 
A  large  slide  on  the  east  bank  of  Culebra 

Cut,  directly  north  of  Gold  Hill,  moving  be- 
tvveen  5  p.  m.,  Wednesday,  Oct.  14,  and  9  a.  m 
Thursday,  Oct.  15,  carried  about  72.5,000  cu 
yds.  of  earth  and  rock  into  the  Canal  prism 
and  blocked  the  channel  for  1,000  ft.  to  the 
passage  of  vessels  larger  than  towboats, 
causing  the  suspension  of  traffic.  This  occurred 
two  months,  to  the  day,  after  the  official  open- 

ing of  the  Canal  to  commercial  traffic.  The  big 
dredges    were    working    at    Cucaracha    slide 

DredRc. 
Ganiboa 

been  accomplished,  as  the  condition  of  the 
channel  was  such  that  loaded  barges  could  not 
be  passed  through  the  slide.  The  dredges  were 
worked  under  triple  shift.  The  15-yard  dipper 
dredges  Ganiboa  and  Paraiso,  and  the  5-yard 
dipper  dredge  Mindi,  began  excavation  at  the 
north  side  of  the  slide  during  the  night  of 
Oct.  14-15,  while  the  mass  was  still  in  motion. 
The  dipper  dredge  Cardenas  was  added  to  the 
fleet  on  Oct.  15,  and  during  the  16th  an  ex- 
terision  of  discharge  pipe  was  laid  from  a 
point  opposite  Cucaracha  slide,  which  allowed 
the  pipeline  suction  dredge  No.  86  to  take  part 
in  the  work. 

The  channel  was  cleared  sufficiently  by  noon 
of  Tuesday,  Oct.  20,  to  allow  the  passage  dur- 

ing the  afternoon  of  seven  vessels,  which  had 
been  delayed  at  the  south  end  of  the  Canal. 
The  vessels  had  been  taken  to  Pedro  Miguel 
Lock  and  moored  alongside  the  approach  piers 
and  within  the  lock.  The  actual  passage  of  the 
seven  through  the  cut  occupied  about  four 
hours ;  they  followed  each  other  at  intervals  of 
about  half  an  hour,  propelled  by  their  own 
power,  but  passing  the  slide  under  the  control 
of  a  tug  fore  and  aft,  to  hold  them  to  the 
course.  Thirteen  vessels  were  awaiting  pas- 

sage from  the  Atlantic  entrance ;  nine  of  them 
were  transferred  to  the  anchorage  basin  in 
Gatun  Lake,  south  of  Gatun  Locks,  on  Oct.  20. 
and  are  being  handled  through  the  cut  today. 
The  slide  which  blocked  the  Canal  is  2,100 

ft.  long,  and  broke  back  about  1,000  ft,  from 
the  center  line  of  the  channel.  It  occurred  in 
a  part  of  the  bank  formerly  involved  in  the 
east  Culebra  slide,  and  is  designated  as  the 
"New  Culebra"  slide.  The  old  slid  appeared  to 
be  dead,  and  the  channel  opposite  it  had  been 
cleared  to  almost  full  width  and  depth.  At  the 
present  time,  no  further  movement  is  in- 

dicated, but  practically  all  of  the  725,000  cu. 
yds.  involved  in  the  movement  of  Oct.  14-15 
will  have  to  be  dredged  from  the  prism,  which 
may  cause  further  motion.  The  material  is 
masses  of  rock  and  earth,  in  about  equal 

proportions. 
Following  the  preliminary  survey  made  on 

the  morning  of  Oct.  15.  after  the  slide  had 
come  to  rest,  it  was  estimated  that,  unless  fur- 

ther movements  occurred,  the  channel  could 
be  opened  in  one  week.  A  still  later  estimate 
set  Oct.  22  as  the  first  day  on  which  vessels 
could  pass  the  slide.  The  performance  of  the 
dredging  forces  in  clearing  the  channel  in  two 
days  less  time  than  was  believed  to  be  neces- 

sary indicates  the  fitness  of  the  equipment  and 
the  loyal  persistence  of  the  personnel. 

The  excavation  accomplished  by  the  dredges 
at  the  base  of  the  slide,  in  periods  ending  at 
8  a.  m.  of  each  day  named,  was : 

Paraiso      '.'..'.'.'.'.'.'.'.'.'.!     A Mlndl Cardenas 
•Vo.  S6  ... 

Total 

l.i»h 
IGth 

!.9.5u 
5,160 

i,150 
ti,900 

,845 

1,000 3,027 ;i,930 

16,087 

17th 18th 
19th 

20th 

Total. 

6,175 6,910 
7,800 5,775 35,755 7,625 7,600 
6.720 

4,975 

37,970 

2.403 2,709 
1,640 

2,137 
11,734 

3,251 
2,031 

3,210 2,052 

13,571 

3,825 5,850 6,250 4,650 
20,575 23,279 

25,100         25,620 19,689         119,605 

south  of  Gold  Hill,  at  the  time  the  slide  start- 
ed, and  with  commendable  foresight  on  the 

part  of  Messrs.  Comber  and  Macfarlane  steps 
were  taken  to  move  them  northward  •  but  for 
this  action  the  residts  secured  could  not  have 

The  maximum  day's  output  was  25,620  cu. 
yds.,  in  the  period  ending  at  8  a.  m.,  Oct.  19. 
or  Sunday,  when  the  dredge  and  towboat 
crews  appeared  for  dutv,  without  orders  or instructions. 

steel  Constructlon.~By  Henry  Jackson  Burt American  Technical  Society,  Chicago  111 
Lrcathcr;  4V4x7  Ins.;  372  pp.;  illustruted.    'j2.75. 
The  author's  object  has  been  to  give  facts and  formulas  needed  in  designing  the  struc- 

tural steel  framework  for  building...  The  ap- 
plication of  the  formulas  is  explained  by  the 

solution  of  problems  illustrating  current  prac- 
tice in  steel- frame  building  constructidu.  The 

book  is  intended  belli  as  a  text  for  students 
and  as  a  reference  for  designers,  althoU);h  it 
should  best  serve  the  former  purpose.  A  feat- 

ure of  the  book  is  a  complete  set  of  drawings 
and  detailed  explanations   in  connection  with 
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V 
the  desiv.n  ̂ i  u  lU-aury  btccl-irame  liolel.  The procedure  followed  and  the  data  given  on  this design  should  prove  of  value  both  to  students 
and  to  practicing  engineers  interested  in  steel skeleton  construction.  It  is  assumed  in  the  dis- 

cussion that  the  reader  has  mastered  such  sub- 

i^^'f.-^*  ..^f'^"?"'  f'f  Materials,"  "Structural Drafting,    "Statics,"  and  "Roof  Trusses." The  author  devotes  15  pages  to  the  pro- ceaure  followed  in  manufacturing  steel  from iron  ore;  v^,  j,.,^,^.^  ̂ ^  ̂ ^^  properties  of  steel sections  and  to  general  information  concern- 
ing them;  11  p:,gos  to  a  discussion  of  the  com- 

po.-Jition  and  proper'.ic?  of  structural  steel  ■  and 

about  20  pages  to  data  on  rivets  and  bolts  and 
to  information  on  rivet  spacing  and  driving. 

Under  the  heading  "Beams,"  45  pages  are 
given  to  a  discussion  of  beam  design,  calcu- 

lation of  load  effects  and  of  resistance,  prac- 
tical applications  and  details  of  construction. 

To  a  discussion  of  riveted  girders  the  author 
devotes  39  pages,  treating  the  theory  of  design, 
design  of  plate  girders  and  of  other  forms  of 
riveted  girders,  practical  applications  and  de- 

tails of  construction.  In  the  60  pages  of  dis- 
cussion and  data  on  steel  and  cast  iron  col- 

umns the  principal  items  considered  are 
strength,  column  sections  and  details  of  con- 
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struction.  Tension  members  (hangers)  are 
very  briefly  treated.  The  discussion  of  wind 
bracing  comprises  3i)  pages,  the  subjects  con- 

sidered being;  general  conditions,  systems  of 
framework,  design  of  wind  bracing  girders, 
combined  wind  and  gravity  stresses,  and  effect 
of  wind  stresses  on  columns.  The  design  of  a 
16-story  fireproof  hotel  covers  74  pages  of 
text,  the  subdivisions  considered  being:  fire- 

proof specifications,  loads,  type  of  floor  con- 
struction, framing  specifications,  design  of 

steel  members,  column  pedestals,  wind  bracing, 
miscellaneous  features,  and  dimensioning 
drawings.  The  protection  of  steel  from  rust 
and  fire  is  also  discussed  briefly.  The  text 
closes  with  some  general  instructions  covering 
the  writing  of  specifications  and  a  set  of 
specifications  offered  as  a  guide. 

Plane  Surveying. — By  William  G.  Raymond. 
American  Book  Co.,  New  York.  Flexible  leath- 

er, 5x7  ins.,  590  pp.,  illustrated.  $3. 
This  book,  now  in  its  second  edition,  is  in 

pocketbook  form  and  has  been  almost  en- 
tirely rewritten  and  rearranged.  There  are 

16  chapters  and  8  appendices.  The  chapter 
headings  are  as  follows :  Measurement  of 
Level  and  Horizontal  Lines;  Vernier  and 

Level  Bubble;  Measuring  Differences  of  Al- 
titude, or  Leveling;  Determination  of  Direc- 

tion and  Measurement  of  Angles ;  Land  Sur- 
vey Computations  ;  Some  Surveying  Problems  ; 

Some  Special  Office  Instruments  ;  Stadia  Meas- 
urements ;  Meridian,  Latitude,  and  Time  ;  Gen- 

eral Surveying  Methods ;  Curves  ;  Topographic 
Surveying;  Earthwork  Computations;  City 
Surveying;  Hydrographic  Surveying  and. 
Mine   Surveying. 
The  titles  of  the  eight  appendices  are : 

Examples  and  Problems  in  Surveying;  The 
Judicial  Functions  of  Surveyors;  The  Own- 

ership of  .Surveys;  Geographical  Positions  of 
Base  Lines  and  Principal  Meridians  Govern- 

ing the  Public  Surveys;  United  States  Public 
Land  Survevs;  Three-Point  Problems  With 
the  Plane  Table;  Field  Method  for  Deter- 

mining Refraction ;  and  Tables.  There  are 
19  tables. 

The  book  was  written  for_  use  in  the  class- 
room and  in  the  field.  While  w-ell  suited  to 

both  uses,  it  is  particularly  valuable  as  a  text- 
book for  engineering  students.  The  matter 

it  contains  is  logically  arranged  and  clearly 
and  concisely  stated.  A  feature  worthy  of 
note  is  the  large  number  of  problems  stated 
in  various  parts  of  the  book.  These  seem 
well  selected  for  the  purpose  of  illiistrating 
the  character  of  computations  made  in  plane 
surveying,  and  should  form  an  excellent  basis 
for  note-book  work  in  connection  with  class- 

room instruction. 
The  book  is  well  illustrated  by  cuts  of  field 

;tnd  office  instruments  taken  from  manufac- 

turers' catalogues. 

Concrete  Roads  and  Pavements. — Revised  edi- 
tion. Cloth,  5x7%  ins.,  33S  pp.  By  E.  S.  Han- 
son. The  Cement  Era  Publishing  Co.,  Chi- 
cago,  publishers.     $1.50. 

The  revised  edition  of  this  useful  compila- 
tion and  discussion  of  recent  literature  on 

concrete  road  construction  includes  several 
chapters  on  subjects  not  treated  in  the  former 
editions  and  more  than  100  new  pages  have 
been  added  to  the  book.  Other  subjects  briefly 
treated  in  the  first  edition  have  been  expanded 
into  full  chapters.  The  advantages  of  con- 

crete as  a  road  material  are  fully  discussed 
and  a  new  chapter  included  on  the  promotion 
of  concrete  roadways.  The  methods  and  costs 
of  concrete  road  construction  are  fully  treated, 

the  various  stepj  being  described  and  com- 
plete abstracts  given  of  important  descriptive 

articles  that  have  appeared  in  technical  pub- 
lications. Concrete  culverts  and  bridges  are 

also  discussed.  The  specifications  and  appen- 
dix have  been  revised  to  conform  with  pres- 
ent standards. 

The  Microscopy  of  Drinking  Water. — By  Georg-; 
C.   Whipple.     John  Wiley  &  Sons,   New  York. 
Cloth;  6x9  ins.;  450  pp.;  illustrated.     $4. 
This  work,  which  is  now  in  its  third  edition. 

is  intended  primarily  for  superintendents  of 
water  works  who  are  in  charge  of  storage 
reservoirs,  water  works  engineers  and  students 
of  water  analysis.  The  first  part  of  the  book 
has  been  entirely  rewritten,  new  material  has 
been  inserted  in  nearly  every  chapter  and 
several  new  chapters  have  been  added.  Among 
the  new  chapters  the  most  important  relate  to 

the  copper  sulphate  treatment  of  stored  waters, 

the  stripping  of  reservoir  sites,  the  purification 
of  water  containing  much  algae,  and  the  use 

of  microscope  and  photomicrography.  The  last 
named  chapter  was  prepared  by  Dr.  John 
Bunker  of  Harvard  University.  Dr.  Bunker 

also  prepared  the  plates  which  show  in  colors 

the  common  organisms  found  in  water  sup- 
plies. The  book  is  divided  into  two  parts. 

The  first  part  contains  18  chapters  and  dis- 
cusses sanitary-  problems.  The  second  part 

contains  12  chapters  and  is  devoted  to  a  tech- 
nical classification  of  the  microscopical  organ- 
isms found  in  water  supplies.  The  book  is 

fullv  illustrated.  This  work  should  be  m  every 

water  works  engineer's  office.  It  has  been 
greatly  improved  in  its  revision  and  takes  rank 
among  engineering  classics. 

mite,  handling  of  explosives,  blasting  caps, 
dynamite,  making  the  primer,  charging  and 
firing,  misfires,  thawing  dynamite,  blasting  by 

electricity,  electric  machine,  electric  detonat- 
ors, operation  of  electric  blasting  machine, 

black  powder. 

Production  of  Explosives  in  the  United  States. 
— Technical  Paper  85,  Bureau  of  Mines,  Wash- 

ington, D.  C.  By  Albert  H.  Fay.  Paper,  6x9 
ins.;  16  pp.     Free  on  application. 

Classification  of  explosives.  Tables :  amount 
of  explosives  manufactured,  amount  of  black 

blasting  powder  used,  amount  of  high  ex- 
plosives used,  amount  of  permissible  explosives 

used,  and  mine  fatalities  due  to  explosives, 
short  flame  explosives  used  in  coal  mining, 
amount  of  coal  produced  per  pound  of  ex- 

plosive, permissible  explosives  used  in  different 
coal  fields. 

Report  of  the  State  Commission  of  Highways  of 
New  York.— 1913.  Two  volumes,  cloth,  6x9 
ins.,  602  and  219  pp.,  illustrated. 

The  .\nnual  Report  of  the  i  New  York 
Highway  Commission  for  1913  is  contained  in 
two  volumes.  The  first  volume  consists  of  a 

report  on  the  work  of  the  commission  in  the 
various  countries  of  the  state,  expenditures 
and  recommendations  for  the  ensuing  year. 

The  second  volume  is  of  unusual  interest  giv- 
ing in  a  readable  and  well  illjistrated  form 

recent  road  practice  and  experience  in  Europe 
presented  by  the  late  W.  De  H.  Washington, 
delegate  to  the  Third  International  Road  Con- 

gress. 
strength  of  IVIateriais.— By  H.  E.  Murdock.  John 

Wiley  &  Sons.  Inc.,  New  Tork.  Cloth;  4';8X 
714  ins.;  341  pp.;  illustrated.  $2.00. 

In  this,  the  second  edition  of  Mr.  Murdock's 
book  on  the  "Strength  of  Materials,"  the 
author  has  revised  and  enlarged  the  text.  The 

present  edition  follows  the  same  simple  treat- 
ment of  the  subject  as  did  the  first — withoiit 

the  formal  use  of  the  calculus.  The  book  is 
designed  to  give  a  fairly  complete  course  in 
the  subject  to  students  who  have  not  had  the 
calculus  or  to  those  who  prefer  graphical  rep- 

resentations. .\lthough  the  aim  has  been  to 
emphasize  the  elementary  principles  and  to 
develop  independent  reasoning  in  the  student, 
the  ground  covered  is  that  usually  given  in 
college  courses  for  engineering  students.  The 
book  meets  a  need  for  a  simple  treatment  of 
this  important  subject. 

Statistics    of    Gas    and    Electric    Companies. — 
Report  of  Public  Service  Commission.  First  Dis- 

trict, New  York.  Cloth,  6x9  Ins.;  600  pp.  Free 
at  discretion. 

Gives  the  returns  filed  by  gas  and  electrical 
corporations  (including  the  so-called  electrical 
conduit  companies)  for  the  year  ended  Dec. 
31,  1912.  An  abstract  of  each  return  appears 
in  Part  III  in  its  alphabetical  order  and  con- 

tains the  essential  items  relating  to  the  opera- 
tions of  the  year  and  the  condition  of  the 

property  at  the  close  of  the  year.  Financial 
data  are  presented  in  the  abstracts  in  com- 

parative fullness,  while  operating  statistics  are 
presented  more  fully  in  the  tabular  summaries 
of  Part  II.  An  interpretation  of  the  results  of 
tabulation  and  compilation  is  presented  in  the 
analysis  of  Part  I,  where  their  significance  is 
brought  out  by  means  of  comparisons  with 
previous  years. 

Stream  Gaging  and  Spirit  Leveling  Records, 
New  York. — Report  of  Bureau  of  Hydraulics. 
Barge  Canal  Department,  Office  of  State  Engi- 

neers, Albany.  N.  Y.  Cloth,  6x9  ins.;  pp.  45S; 
illustrated.     Free  at  discretion. 
Describes  methods  and  tabulates  results  of 

stream  gagings  for  1913,  281  pp.  Gives  results 
of  spirit  leveling  from  1906  to  1911,  pp.  287- 

4.53. 

Specifications    for    Vitrified    Brick    Street    Pave- 
ments   and    Vitrified    Brick    Highways. — Paper. 

6x9    ins.,    4S   pp.,    illustrated.      Distributed    free 

by  the  National  Paving  Brick  ilanufacturers' .Association.  Engineers'  Bldg..  Cleveland,  Ohio. 

This  pamphlet  is  a  revision  of  the  Directions 
for   Laving  Vitrified   Brick   Pavements   issued 

in  1911'  bv  the  National  Paving  Brick  Manu- 
facturer's' .Association    that    has    had    a    wide 

circulation    among    those    interested    in    street 

pavements. 
The  new  pamphlet  presents  in  a  readable 

and  attractively  illustrated  booklet  the  recom- 
mendations of  a  committee  of  the  Brick  Man- 

ufacturers' .Association  with  regard  to  the  lay- 

ing of  brick  on  city  streets  and  countrv'  roads. 
The  following  subjects  are  treated :  Grading, 

Drainage.  Stone  Curbing,  Concrete  Founda- 
tion. Cushion,  Expansion  Joints.  Brick,  Brick 

Laving  and  Inspection,  Rolling,  Cement,  Grout 
Filler,  Cement  Filled  Brick  Pavement  Without 

Curb,  Crushed  Stone  Foundation,  Old  Gravel 

or  Macadam  Foundation,  Paving  Brick  Found- 
ation, and  Sand  Filler. 

Reports    and    Bulletins   of   Interest   to 

Engineers. 
Prevention  of  Accidents  From  Explosives  In 

iVIetal  Mining.— Minei-s'  Circular  19.  Bureau  of 
Mines,  Washington.  D.  C.  By  Edwin  Higgins. 

Pamphlet,  6x9  ins.;  16  pp.;  illustrated.  Free  on 

application. 
Some  facts  about  dynamite,  storage  of  dyna- 

Chicago  Traction. — Report  of  Board  of  Super- 
vising Engineers,  Chicago.  Cloth,  6x9  ins.;  pp. 

259:  illustrated.     Free  at  discretion. 

Summary  of  financial  and  operating  sta- 
tistics and  report  of  chief  engineer  on  con- 

struction, renewal  and  improvement  of  track, 
rolling  stock,  buildings,  tunnels,  power  plants, 

etc. 

Origin  of  Coal. — Bulletin  3S,  Bureau  of  Mines. 
Washington.  D.  C.  By  David  White  and  R. 
Theissen.  Paper.  6x9  ins.;  390  pp.;  illustrated. 
Free  on  application. 

Covers  geologic  relations  of  coal,  phy- 
siographic conditions  attending  the  formation 

of  coal,  rate  of  disposition  of  coal,  regional 
metamorphism  of  coal,  origin  and  formation 
of  peat,  microscopic  study  of  coal. 

Weights  and  IVIeasures. — Definitions  and  Ta- 
bles of  Equivalents,  Kansas  City  Testing  Lab- 

oratory, Kansas  City,  Mo.  Paper,  6x9  Ins.;  16 
pp.     Free  at  discretion. 

Purposes  to  show  in  concise  form  all  or- 
dinary relations  and  one  common  relation  of 

all  units  of  measurement  usually  encountered 

in  the  dift'erent  branches  of  applied  scientific work. 

Illinois  River. — Physical  Relation.?  and  the 
Removal  of  the  Navigation  Dams,  with  Supple- 

ment on  the  Waterway  Relations  01  the  Sani- 

tary and  Ship  Canal  of  Chicago.  Sanitary  Dis- trict of  Chicago.  Chicago,  111.  By  Lyman  E. 

Cooley.  Paper,  6x9  ins.;  121  pp.;  illustrated. 
Free  on  application. 

Sets  forth  the  pertinent  facts  relating  to 
the  removal  of  the  navigation  dams  in  the 

lower  Illinois  River,  and  increasing  the  capac- 
ity of  the  stream  bed  between  Utica  and  the 

Mississippi  River. 
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Progress  of  Stream  Measurements  In  Canada, 
1912. — Department  of  the  Interior,  Ottawa,  On- 

tario. By  P.  M.  Sauder.  Paper,  6V4x9i^  ins.; 
460  pp. ;  illustrated.    Free  at  discretion. 

Describes  scope  of  organization  for  and 
methods  of  conducting  stream  measurements 

followed  by  tabulations  of  records  of  meas- 
urements conducted  in  1912. 

Report  on  Irrigation. — Department  of  the  In- 
terior, Ottawa,  Canada.  Paper,  6^Ax9>^  ins.: 

170  pp.;  illustrated.     Free  at  discretion. 

Gives  annual  reports  of  commissioner  and 

superintendent  of  irrigation,  reports  of  engi- 
neers, inspectors  and  hydrographers,  statis- 

tics, etc. 

Condensed  Catalogs  of  Mechanical  Equipment. 
— A  Collection  of  Catalog  Data  Concerning  the 
Products  of  Manufacturers  of  Mechanical  Equip- 

ment. The  American  Society  of  Mechanical  En- 
gineers, New  York.     Cloth,  6x9  ins.;  307  pp. 

This  is  the  fourth  issue  of  this  publication. 
The  purpose  is  to  present  in  condensed  form 
the  principal  facts  and  details  concerning 
various  classes  of  mechanical  equipment  (1) 
as  a  convenient  index  to  individual  catalogs 
issued  by  manufacturers,   (2)   as  a  means  of 

comparison    between    various    makes    of    the same  line  of  goods. 

Relative  Resistance  of  Various  Conifers  to  Im- 

pregnation With  Creosote.— Bulletin  101,  U.  S. 

Department  of  Agriculture,  Washington,  D.  C. 

By  C.  H.  Teesdale.  Paper,  6x9  ins.;  43  pp.;  il- lustrated.    Free  on  application. 

Structure  of  conifers,  experimental  methods, 

materials  used,  method  of  application,  pene- 
tration as  affected  by  wood  structure,  groupmg 

of  species,  theorj'  of  penetrance,  records,  con- clusions. 

Thermal  Properties  of  Steam.— Bulletin  75, 
Engineering  Experiment  Station,  University  of 
Illinois,  Urbana.  111.  By  G^  A.  Goodenough. 

Paper,  6x9  Ins.;  69  pp.;  illustrated.    Price,  35  cts. 

Thermodynamic  relations,  review  of  earlier 
investigations,  development  of  general  theory 

of  the  properties  of  steam,  resume  of  for- mulas, conclusions. 

Illuminating  Power  of  Kerosene.— Bulletin  37. 
Engineering  Experiment  Station,  Iowa  State 
College,  Ames,  la.  By  William  Kunerth.  Paper, 
6x9  ins.;  31  pp.;  illustrated.    Free  at  discretion. 

Introduction :      historical      review,      object, 

scope  and  reliability  of  tests,  quantity  of  oil 
obtained,  apparatus  used — illuminating  power: 
how  determined — table  of  results — relation  of 
cost  of  illuminating  power — fogging  of  chim- 

ney— illuminating  power  and  charring  of  wick 
— odor  and  illuminating  power — density  and  its 
relation  to  illuminating  power — flash  point  and 
its  relation  to  illuminating  power — burn  point 
and  its  relation  to  illuminating  power — vis- 

cosity and  its  relation  to  illuminating  power — 
surface  tension  and  its  relation  to  illuminating 

power — optical  proprties :  red  oil,  index  of  re- 
fraction, effect  of  light  on  the  illuminating 

pow-er — color  of  kerosene  flame — burning  qual- 
ity— illuminating  power  and  draft — effect  of 

air  on  the  illuminating  power  of  an  oil — B.  T. 
U.'s — the  kerosene  oil  lamp  as  an  illuminant^ 
the  kerosene  oil  lamp  as  an  illuminant — 

summarv. 

Diaphragm  Method  for  the  Measurement  of 
Water  in  Open  Channels  of  Uniform  Cross-Sec- 

tion.— Bulletin,  Engineering  Experiment  Station, 
University  of  Wisconsin.  By  C.  R.  Weidner. 
Paper,  6x9  ins.;  72  pp.;  illustrated.     Price,  25  cts. 
Descriptions  of  apparatus  and  methods  of 

measuring  at  three  European  installations — 
Swiss  Bureau  of  Hydrography  experiments  to 
determine  accuracy — conclusions. 
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The   Application   of   a   Power   Scraper 
to  Gravel  Pit  Excavation. 

.\n  economical  method  of  excavating  packed 
gravel  without  the  use  of  expensive  plant  has 
long  been  sought.  The  layout  of  a  success- 

ful gravel  excavating,  crushing  and  screening 
plant  is  clearly  shown  in  Fig.  1.  This  plant 
i>  owned  and  operated  by  Patrick  Clark  at 
Ottawa,  Illinois,  and  consists  of  a  Vz-cu.  yd. 
Sauerman   power   scraper   operated   by   a   50- 

;  Hoist  House 
.Crusher  &  Screen 

^       Belt ^Conv^eyor 

■-Load  Rope 
■  Tail  Rope 
-Pi+  Face 

Scraper 

Tail  Black 

F.  «. 

Fig. 
Power   Scraper   Operating   Along 

Pit   Runway. 

Iir.  Fairbanks-Morse  electric  hoist,  a  belt 
conveyor  delivering  to  the  crusher,  a  crushing 
screening  plant  and  storing  bins  dtlivciing 
into  railroad  cars. 

The  method  of  excavating  the  gravel  and 
delivering  it  to  the  belt  conveyor,  illustrated 
in  Figs.  1  and  2.  is  as  follows:     One  drum 

of  the  hoist  tightens  the  tail  or  pull  back 
rope  drawing  the  scraper  into  the  pit.  The 
load  rope  is  tightened  by  the  other  drum 
and  the  scraper  travels  toward  the  conveyor 
hopper  digging  its  load.  At  the  conveyor  the 
material  gathered  by  the  scraper  is  dropped  on 
the  belt,  the  scraper  being  of  the  bottom- 

less type.  The  tail  rope  is  then  tightened  and 
the  process  repeated.  The  scraper  is  simply 
pulled  back  and  forth  over  the  material  to  be 
excavated.  The  position  of  the  guide  block 
through  which  the  tail  rope  operates  is 
shifted  slightly  when  a  change  in  the  location 
of  the  scraper  runway  is  desired. 
Ample  power  is  desirable  in  operating  the 

digging  outfit.  With  a  %-cu.  yd.  scraper,  a 
•50-IIP.  hoist  as  described,  or  a  9  x  IC' in. 
double  cylinder  standard  double  drum  steam 
engine  with  ample  boiler  capacity,  ar&  about 
the   right  sizes  to  use. 
The  Sauerman  bottomless  power  scraper  is 

built  with  two  heavy  side  plates  and  a  back 
plate  riveted  to  these  side  plates.  A  renew- 

able cutter  edge  is  fastened  on  a  runner  frame 
which  is  pivotally  and  adjustably  connected  to 
two  hinge  plates  which  are  bolted  to  the  back 
end  and  lower  side  of  the  side  plates  of  the 
scraper.  The  cutter  edge,  being  pivotally  and 
adjustably  connected,  can  be  readily  adjusted 
for  digging  the  different  kinds  of  material 
and  soil.  The  scraper  is  substantially  rein- 

forced throughout.  The  sides  of  the 'bucket are  equipped  with  renewable  wearing  strips These  wearing  strips  can  be  easily  taken  off 
and  put  on  by  means  of  bolts.  In  case  of 
hard  digging  the  cutter  edge  can  be  equipped with  teeth.  The  scraper  is  built  in  five  stand- 

ard sizes :  1/2,  %,  1,  IVa  and  2-cu.  yds  ca- pacities and  is  sold  by  Sauerman  Bros  322 S.  Dearborn  St.,  Chicago. 

A    New    Method    of    Tin    Lining    or Coating. 

(Contributed.) 

,r^^i".'„'''  'f  ̂   ̂'■'■'■'"«"  material  which 
serves  to  protect  metal  against  corrosion.  It consists  of  pure  tin  powder  reduced  to  dust 
and  a  liquid  deoxidizer.  These  are  mixed to  the  consistency  of  a  thick  paint  The mcial  surfaces  to  be  coated  should  be  care- 

fully cleaned,  painted  and  then  heated  by any  suitable  means,  as  over  a  charcoal  fire, or  by  a  powerful  blow  torch,  etc.,  to  the melting   point    of   the   coating   metal         The 

coating  will  run  no  more  than  does  paint, 
thus  making  possible  the  tinning  of  vertical 
or  even  of  inverted  surfaces.  Articles  of 
any  size,  weight  or  wall  thickness  whether 
steel,    wrought     iron,     cast     iron,     copper    or 

gr.,.  Belt       ;• 
,    -^^  Con\^eyor 

.■JT;,,'^  Conueycif^jWA 

Fig.  2.     Power  Scraper   Dumping  at  the 
Conveyor. 

brass,  etc.,  may  be  tinned  without  dismantling 
or  moving.  The  usual  loss  of  material  at- 

tending the  ordinary  methods  of  applying 
metal  coatings  is  avoided  as  there  is  no  oxi- 

dation or  drip  waste.  A  coat  may  be  ap- 
plied to  one  side  of  an  article  only,  at  a 

saving  of  one-half  the  metal  in  dip  coating 
and   in   addition   to   this   coatings   which   have 
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469 been  locally  damaged  can  be  promptly  and 
easily  repaired  with  Epicassit.  Epicassit  is 
not  a  new  material,  though  new  to  this 

country'.  As  stated  above  it  was  compounded 
in  Germany  and  has  been  employed  for  many 
years  by  makers  of  machines  and  apparatus 
for  preparing  food,  and  in  hospitals,  baker- 

ies, hotels,  restaurants,  creameries,  dairies, 
breweries,  distilleries,  military  barracks,  etc., 
etc.  For  articles  coming  into  contact  with 

food  Epicassit  brand  "A"  is  used  as  it  con- 
tains pure  tin  without  any  alloy  of  lead  or 

zinc.  Brands  "B"  to  "E''  for  other  uses  con- 
tain tin,  lead  and  zinc.  This  material  is  now 

made  available  here  in  the  United  States  in 
live  brands  to  suit  various  uses  by  Hess  & 
Son.    103.3    Chestnut    St.,    Philadelphia.    Pa. 

An    Improved    Large    Size    Gasoline 
Hoist. 

(Contributed.) 

On  many   smaller  contracts,  gasoline  hoists 
have    been    preferred    because    of    their    light 
weight,  the  ease  with  which  their  fuel  could 

is  provided  to  carry  the  elevating  or  hauling 
cable  and  a  sheave  for  carrying  the  cable  to 
operate  the  elevator.  This  is  generally  fixed 
so  that  one  elevator  goes  up  while  the  other 
comes  down,  so  that  power  is  required  to 

hoist  only  the  actual  load.  Thus  one  plat- 
form is  at  the  bottom  being  loaded  while  the 

other  is  at  the  top  being  unloaded.  As  shown 
in  the  specifications,  the  hoist  may  be  equipped 
in  any  of  these  gears,  15  to  1,  12  to  1,  and 
9  to  1.  After  the  engine  is  started,  no 
further  attention  is  required.  With  the  oil 
cups,  gasoline  tank  and  hoppers  filled,  all 
the  operator  has  to  do  is  to  throw  the  lever, 
controlling  the  clutches  of  the  hoist.  When 
a  heavy  load  is  thrown  on,  the  throttle  gover- 

nor with  which  the  engine  is  equipped  opens 

up  and  allows  more  fuel  to  enter  the  cylin- ders. 

traction  drawn  wagons,  dump  wagons  and 
other  vehicles,  from  railroad  cars,  gravel 
pits,  cinder  piles,  coal  yards  and  other  sources 
where  the  material  to  be  hauled  can  be  shov- 

eled by  hand  or  elevated  by  mechanical  means 
into  the  loader.  It  is  so  designed  that  it  tips 
easily  and  returns  to  position  automatically 
by  gravity.  It  can  be  placed  so  that  it  will 
clear  any  standard  vehicle,  when  it  is  used 
to  load  wagons  from  railroad  cars.  It  is  in 
two  parts  and  is  light  enough  so  that  two 
men  can  handle  it  readily.  It  requires  only 
the  handling  of  about  300  cu.  yds.  of  crushed 
stone  or  gravel  out  of  railroad  cars  to  pay 
for  one  loader  by  the  saving  which  it  will 
make  in  team  time  over  the  old  style  meth- 

ods of  holding  the  team  while  shovehng  into 
the  wagon.  It  also  saves  time  shoveling  over 
any    other    method    or    device,    because    the 

Gasoline  Hoist  for  Contractors'  Use. Rapid  Wagon  Loader  for  Loading  from  Cars. 

be  transported  to  them  and  their  low  water 
consumption.  In  the  larger  hoists,  from  6  to 

10  hp.,  however,  the  power  produced  by  the 
ordinary  gasoline  engine  is  irregular  and  the 
weight  is  still  great. 

The  latest  tvpe  of  hoist  to  be  placed  on  the 

market,  endeavors  to  remedy  these  troubles. 

It  is  equipped  with  a  two-cylinder  opposed 

gasoline  engine,  which  gives  a  steady,  even 

power.  The  engine  is  •  hopper  cooled  and 
requires  only  a  couple  of  buckets  of  water  a 

day  to  keep  it  from  becoming  overheated. 

This  type  of  engine  runs  practically  without 
vibration ;  consequently  more  of  the  fuel  is 

used  up  in  useful  work  and  less  fuel  is  re- 
quired to  do  the  work.  This  type  of  engine 

is  built  bv  the  Heer  Engine  Co.,  of  Ports- 
mouth. Ohio,  in  six  sizes,  equipped  with  6,  8, 

10,   12,   14  and   16   hp.  engines. 

I 

Operating   Mechanism  of  the  Baker  PickUp 
Street   Sweeper. 

The  power  of  the  engine  is  transmitted  in 

either  direction  by  the  use  of  strong  clutches 

and  a  large  brake  controlled  by  a  ratchet 

lever,  which  holds  the  load  when  the  clutches 

are  disengaged.  Any  load  which  has  been 

lifted  by  the  cable  drum  may  be  lowered 

rapidly  by  using  a  foot  brake.  Contractors 

generally  use  the  outfit  in  connection  with 

double  platform  elevators.     A  winding  drum 

A  Simple  Pick-Up  Street  Sweeper. 
Many  city  street  cleaning  departments — 

especially  those  in  small  cities — have  frequent 
use  for  a  light  street  sweeper  that  picks  up 
and  carries  with  it  to  a  convenient  dumping 

point  the  street  refuse  it  encounters.  The 
sweeper  illustrated  is  designed  to  meet  these 
requirements,  being  light  in  weight,  about 
2,000  lbs.,  and  operated  by  two  horses  and  a 
driver.  The  machine  is  designed  to  operate 
close  to  the  street  curb,  a  special  guide  wheel 

(not  shown)  being  provided  to  prevent  dam- 
age to  the  curb. 
The  main  frame  of  the  sweeper  is  made 

of  steel  bars  3x^  ins.,  passing  completely 
around  the  broom  case  and  uniting  in  front 
with  the  truck  casting.  The  driving  wheel  is 

32  ins.  high,  with  2x3-in.  rim  and  dxYz-'m.  tire. Broom  is  7  ft.  long  and  when  new  24  ins.  in 
diameter.  Brooms  are  rope  wound  and  made 

of  any  fiber  desired,  for  general  use  a  com- 
bination of  brass  and  bamboo  being  recom- 
mended. Front  wheels  are  24  ins.  high,  with 

16  large  spokes  and  extra  heavy  sarven  hubs. 
The  rims  are  2x3  ins.  The  end  plates  in 
front  of  broom  case  and  above  dust  pan  are 
cast  iron  1  in.  thick,  thus  giving  great  strength 

and  rigidity.  The  dust  pan  and  broom  case 
are  made  of  10-gage  sheet  steel,  reinforced 

by  angle  steel.  The  gutter  wheel  is  solid 

cast  iron  1  in.  thick,  keyed  to  the  axle.  Com- 

pensating gear  wheels  allow  this  wheel  to 
drive  the  broom  when  the  other  wheel  is 

standing  still.  Thus  the  machine  sweeps  on 
a  curve  as  well  as  in  a  straight  line.  All 

gears  have  long  bearings  and  are  well 

equipped   for  lubrication. 
The  sweeper  is  manufactured  and  sold  by 

the  Baker  Mfg.  Co.,  506  Stanford  Ave., 

Springfield,  111. 

A  Device  for  Loading  Wagons  from 

Cars. 

The  rapid  wagon  loader  illustrated  is  a 

device  for  the  rapid  and  economical  loading 

of  sand,  gravel,  crushed  stone,  coal,  coke, 

cinders  and  other  material  into  motor  trucks, 

shovelers  can  always  see  where  they  are 
pitching  their  shovelful;  and  do  not  waste 
time  or  "soldier"  by  looking  over  the  side 
of  the  car  to  see  if  they  are  pitching  into 
the  wagon.  This  feature  alone  also  prevents 
a  large  percentage  of  the  waste  on  the  ground 
and  consequent  reshoveling  and  cleaning  up. 
Four  men  shoveling  into  the  rapid  loader  will 
handle  as  much  material  as  six  men  will 
handle  otherwise.  It  can  be  easily  used  for 

the  quick  loading  of  motor  trucks  and  trac- 
tion-drawn wagons  from  an  ordinary  rail- 

road gondola  or  coal  car.  Made  entirely  of 
steel,  it  is  practically  indestructible,  while 
at  the  same  time  it  is  as  light  as  consistent 
with  proper  strength  and  durability.  Being 
made  in  two  parts,  which  are  separable,  it  is 

easily  and  quickly  put  in  place  or  taken  down 
and  moved  to  another  car.  There  are  no 
hinges,  latches  or  doors  on  it  to  get  bent 
and  out  of  shape.  The  loader  is  built  in  one, 

one  and  one-quarter  and  one  and  one-half 
yard  sizes.  The  Bonney  Supply  Co.,  377  St. 
Paul  St.,  Rochester,  N.  Y. 

The  Kahn  Armor  Plate  for  Concrete Roads. 

Concrete  pavements  are  preferably  provided 
with  expansion  joints  across  the  roadway  to 

E.ac. 

The  Kahn  Armor  Plate  for  Concrete  Roads. 

allow    for  the   expansion  and   contraction   of 

the  concrete  and  to  prevent  the  formation  of 
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irregular  cracks  from  changes  in  temperature 
and  variation  in  moisture.  These  joints  are 
ordinarily  protected  by  steel  plates  so  that  the 
concrete  cannot  be  chipped  off  at  the  exposed 
edges  and  form  a  weak  spot  in  the  pavement. 
There  arc  two  general  types  of  these  plates, 
the  type  illustrated  with  beveled  edges  and  a 
type  without  beveled  edges.  The  square  cor- 

ner of  concrete  back  of  the  plate  in  the  lat- 
ter type  is  more  apt  to  chip  out  than  where 

a  beveled  corner  is  used,  hence  the  develop- 
ment of  the  former  type.  The  split  prong 

ends  of  the  joint  may  be  bent  in  for  ship- 
ment. When  bent  out  in  place  they  provide  a 

firm  bond  with  the  concrete.  The  plates  are 
made  of  open-hearth  steel  of  the  right  com- 

position and  hardness  to  wear  down  with  the 
pavement.  The  plates  are  2%  ins.  deep  and 
are  crowned  at  the  factory  as  desired.  The 
plastic  asphaltum  felt  between  the  plates  ex- 

tends through  the  entire  thickness  of  the  pave- 
ment. The  joint  is  manufactured  and  sold 

by  the  Trus-Con   Steel  Co.,   Detroit,  Mich. 

Camera  Equipped  for  Recording  Date 
and  Title  on  Negatives  When  Made. 

.\  variation  in  the  ordinary  ''kodak"  cam- 
era, which  permits  each  negative  when  made 

to  be  permanently  titled  and  dated,  should 
be  found  useful  by  engineers  in  photographic 
recording  of  construction  work.  The  Auto- 

graphic kodak  has  a  spring  door  in  the  back, 
which  covers  a  narrow  slot  through  which 
the  titling  is  done  (.with  a  pencil  or  with  the 
stylus  provided  for  the  purpose)  on  the  red 
paper  protecting  the  film.  This  slot  is  so 
located  as  to  bring  the  title  into  the  margin 
between  the  exposures.  Such  titling  would 
appear  on  the  bottom  of  an  upright  or  at 
the  left-hand  end  of  a  horizontal  negative. 
The  autographic  film  cartridge  differs  from 
the  regular  X.  C.  film  cartridge  in  this  re- 

spect: A  thin  red,  instead  of  the  familiar 
red  and  black  (duplex),  paper  is  used.  This 
red   paper,   in   itself,   is   not   fully   light-proof. 

Autographic  Kodak  Camera. 

Iiut  between  it  and  the  film  is  a  thin  strip  of 
black  displacing  tissue.  This  tissue  serves 
the  double  purpose  of  light-proofing  the 
cartridge  and  of  permitting  the  record- 

ing, by  light,  of  writing  upon  the  film.  When 
the  data  has  been  written  on  the  red  paper 
and  printed  (by  exposing  with  the  door  open 
to  the  sky  for  from  two  to  five  seconds) 
the  image  is  photographically  impressed  on 
the  film  and  appears  when  the  film  strip  is 
developed.  It  is  not  a  part  of  the  autographic 
plan  to  have  the  title  appear  on  the  print  it- 

self, but  simply  to  preserve  it  as  a  permanent 
record  on  the  negative.  It  is  obvious,  how- 

ever, that  the  title  may  readily  be  shown 
upon  the  print  itself,  the  letters  appearing 
in  white  upon  a  black  ground.  The  process 
of  development  of  the  autographic  film  car- 

tridge is  exactly  the  same  as  with  the  kodak 
N.  C.  film  cartridge.  .Autographic  kodaks 
may  be  used  with  the  regular  kodak  N.  C. 
film  cartridges.  The  other  models  of  kodaks 
may  be  used  with  autographic  cartridges, 
but  to  get  autographic  results  one  must  use 
an  autographic  kodak  and  autographic  film. 
Eastman  Kodak  Co.,  300  State  St.,  Roclu -- 
ter,  X.  Y. 

A  Telescoping  Concrete  Hoisting 
Tower. 

The  accompanying  illustration  shows  a  i  ew 
form  of  concrete  hoisting  tower,  the  principal 

feature  of  which  is  that  the  sections  tele- 

scope into  each  other,  thus  permitting  the  en- 
tire tower. to  be  loaded  on  a  wagon.  The 

tower  is  built  to   any  desired  height  in   IR-ft. 

sections,  the  sections  being  built  up  of  steel 
angles,  rigidly  braced.  At  each  corner  of  the 
l)ottom  section  there  is  fastened  a  worm  and 
gears  by  means  of  which  the  tower  is  raised 
or  lowered  by  four  men.  The  discharge  hop- 

per and  the  operating  mechanism  are  shown 
in  the  illustration,  which  shows  the  towei:  in 

its  "lowered''  position.  The  tower  can  be 
taken  down  and  put  up  in  a  new  position  in 
a  few  hours  without  dismantling  any  part  of 
it.  The  new  tower  is  manufactured  and  sold 
bv  the  Lorentz  Iron  &  Machine  Works,  with 

section:  0.0923;  moment  of  resistance  in  inch- 
pounds  with  factor  of  safety=i,  or  fibre  stress 
taken  at  16,000  lbs.  per  sq.  in.,  11,840:  least 
radius  ot  gyration  of  single  section:  0.536. 

This  piling  is  manufactured  by  the  Lacka- 
wanna Steel  Co.,  Lackawanna.  Erie  Countv. 

X.  Y. 

A  Portable  Gravel  Washing  Machine. 
The    washer    illustrated    is   built   in   various 

large   sizes    for   permanent   gravel   plants,   but 

Concrete    Hoisting    Tower   With    Telescopic    Sections,   for    Easy   Transportation. 

sales    offices    at    95    Liberty    St.,    New    York, 
and  works  at  Jersey  City,   N.  J. 

A  Cold  Rolled  Steel  Plate  Sheet  Pile 
The  steel  plate  sheet  piling  shown  by  sketch 

is  designed  for  use  pricipally  (1)  where  econ- 
(jmy  demands  a  very  low  weight  and  cost  per 
square   yard  of  wall,    (2)    where  the  sheeting 

the    illustration    is    of    a    small    portable    ma- 
chine  for  concrete  workers. 

The  washer  is  all  metal,  the  end  frames  are 
cast  iron,  the  revolving  drum  is  of  No.  16 
sheet  steel.  On  the  inside  of  the  drum  are 
riveted  angle  iron  bars,  to  which  steel  strips 
are  riveted,  forming  an  elevator  carrying  the 
material     to    the    upper    part    of    the    drum. 

Cold    Rolled    Steel    Plate    Sheet    Piling. 

will  not  be  driven  in  very  long  lengths  ur  in 
hard  material,  (3)  where  transverse  strength 
is  secondary  due  to  material  remaining  in  po- 
.sition  on  both  sides,  (4)  where  high  resist- 

ance against  the  passage  of  water  through  the 
joints  is  essential.  These  conditions  are  found 
in  cut-olT  walls  under  levees,  in  core  walls 
for  dams  and  similar  work  and  it  is  for  such 
work  that  the  pile  was  especially  designed. 
The  sketch  shows  clearly  the  shape  of  the  pile 
and  of  the   interlocking  joint.     The  principal 

Small  Portable  Gravel  Washing  Machine. 

characteristics  are:  Weight  per  square  foot  of 
wall:  11.50  lbs.;  weight  per  lineal  foot  of  piling 
section,  7.66  lbs. ;  modulus  of  single  section : 
0.74;    modulus    per    inch    of    width    of    single 

whence  it  drops  into 'steel  chutes,  which  are 
stationary  and  at  fixed  angle.  From  one  chute 
the  gravel  falls  into  the  water  at  the  bottom 
of  the  drum,  is  taken  up  by  the  elevator  and 

dropped  into  the  next  chute  and  so  on  until 
the  washed  material  finally  is  discharged  from 
the  last  chute.  The  clean  water  enters  at 
the  discharge  end  of  the  drum,  passing 

through  the  drum  in  opposite  direction  and 
against  the  material  and  discharges  over  a 

fiaring  flange  into  a  trougli 
The  drum  is  8  ft.  long  and 
30  ins.  in  diameter.  The 
base  of  the  frame  is  of 

angle  iron  4x6  ins.  No.  1 
is  a  machine  to  be  used  in 
concrete  block  factories, 

gravel  pits,  or  for  washing 
sand  or  gravel  along  river 
or  creek  banks  where 
liridge  building,  pier  and 
abutment  work  is  done. 

The  capacity  of  this  ma- cliinc  is  from  oO  to  60 

yards  per  day  of  10  hours 
with  a  water  supply  of  10 

to  15  gals,  per  minute.  A 
2%  hp.  gasoline  engine 
will  'run  it.  Floor  space 
3%  ft.  by  10  ft.:  weight 
of  washer,  1.700  lbs.  This 

furnished    with    a    rotary 

I). 

machine      can 

pump  attached. Stocker      Concrete 

Highland,   111. 

The  machine 
Material 

is  made  by  the 
Washer      Co.. . 
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Road  Construction  Plant  and  the  Con- 
tractor. 

Upon  undertaking  road  construction  it  is 
required  to  be  determined  what  type  of  con- 

struction plant  is  best  suited  to  the  work  in 
hand,  how  much  plant  is  required  to  com- 

plete the  work  with  the  greatest  economy  and 
profit,  and  what  additional  plant  is  required 
to  expedite  construction  so  that  time  limita- 

tions will  not  be  exceeded. 
Every  construction  project  has  certain  fixed 

limitations  within  which  the  contractor  must 
keep  in  planning  work  to  be  accomplished. 
These  limits  may  be  due  to  varied  and  un- 

controllable causes,  such  as  the  type  and  num- 
ber of  laborers  available,  the  location  of  the 

project  with  reference  to  bases  of  supplies, 
the  length  of  profitable  working  season, 
topographic  conditions  with  reference  to  ease 
of  hauling  and  as  affecting  the  installation 
and  use  of  plant,  climatic  conditions  during 
the  working  season — a  most  important  factor 
— and  facilities  for  quickly  and  profitably  dis- 

posing of  or  storing  plant  after  the  comple- 
tion of  the  \vork.  Moreover,  on  contract 

work  specifications  invariably  define  other 
limits,  such  as  the  time  of  completion,  the 
type  and  quality  of  material  to  be  used,  in- 

volving possible  delay  in  securing  materials 
at  the  proper  time  and  consequent  disorgani- 

zation and  loss  to  the  contractor,  and  the  pos- 
sibility of  important  changes  in  the  plan  and 

extent  of  the  work  while  in  progress. 

■  The  foregoing  are  the  broad  general  con- 
ditions confronting  the  contractor  upon  un- 

dertaking road  construction  work.  In  attack- 
ing this  equipment  problem  the  three  impor- 
tant questions  to  answer  are:  What  plant  is 

best  suited  to  the  work,  how  shall  it  be  ac- 
quired, and  what  will  be  its  value  after  the 

completion  of  the  work?  In  answering  these 
questions  sound  experience  is  undoubtedly  of 
greatest  value  in  the  proper  correlation  and 
nice  weighing  of  the  conditions  affecting  the 
])roposed   work. 

There  are,  however,  a  few  general  rules  of 
thumb  in  vogue  among  .contractors  that  are 
worthy  of  mention.  Plant  is  a  substitute  for 
labor,  and  its  use  is  economical  only  when 
it  will  yield  a  good  return  on  the  investment 
over  and  above  the  labor  cost  without  the  use 

•  if  plant.  The  economic  ratio  between  plant 
and  labor  is,  in  a  measure,  a  fixed  quantity 

for  each  ("onstruction  project.  Whether  or 
not  any  plant  at  all  is  needed  and  what  is 
the  least  amount  with  which  the  work  may 
lie  acomplished  are  fundamental  questions. 
Finally,  second-hand  plant  is  to  be  avoided 
if  the  contractor  expects  to  continue  in  the 
same  line  of  contracting;  if  he  expects  to  un- 

dertake a  different  type  of  work  on  the  next 
project  it  may  be  a  profitable  investment. 
Many  contractors  do  not  figure  on  plant 

expense  when  bidding  on  work.  The  first  job 
undertaken  is  frequently  figured  with  no 
profit  other  than  the  plant  purchased.  On 
succeeding  jobs  plant  cost  is  not  included,  un- 

less new  plant  is  required.  In  short,  the  job 
pays  for  the  plant.  In  figuring  on  the  dis- 

posal of  the  plant  at  the  conclusion  of  the 
work,  as  a  rule,  heavy  machinery  if  sold  will 
not  bring  to  exceed  25  per  cent  of  the  first 
cost.  Light  machinery  and  small  tools  are 
usually  worn  out  on  the  job  and  at  its  ter 
mination  must  be  disposed  of  as  scrap.  Sec- 

ond-hand machinerv  ordinarily  sells  at  about 

•■>0  per  cent  of  its  first  cost  after  overhauling 
by  machinery  dealers.  The  salvage  value  of 
second-hand  machinery  but  slightly  used  is 
larger  than  that  of  slightly  used  new  machin- 

ery. In  other  words,  the  ratio  of  the  value 
of    third-hand    to    second-liand    machinery    is 

greater    than    second-hand    to    first-hand ...  ma- chinery. 

Construction  plant  is  the  great  problem  of 
the  road  contractor.  The  cost  of  plant  used 
frequently  exceeds  33  per  cent  of  the  total 
cost  of  the  work  accomplished  and  seldom 
falls  below  20  per  cent.  Unless  plant  is  keenly 
judged,  shrewdly  acquired  and  kept  constant- 

ly at  work  the  profits  of  the  road  contractor 
may  be  continually  feeding  the  mill  in  the 
merry-go-round    of    machinery    purchasing. 

Inefficiency  in  Hiring  and  Discharging 
Men. 

Although  it  is  generally  recognized  that  the 
present  methods  used  by  managers  of  shops 
and  factories  in  hiring  and  discharging  work- 

men are  ineflicient  and  costly,  few  have  given 
serious  thought  to  a  betterment  of  methods 
or  even  to  a  correct  understanding  of  actual 
conditions.  Generally,  it  has  been  taken  as  a  mat- 

ter of  course  that  a  large  percentage  of  those 
employed  would  prove  inefficient  and  -unsuited 
to  the  work,  yet  the  actual  percentage  seemed 
to  be  a  matter  of  small  concern.  The  eco- 

nomic loss  caused  by  the  indiscriminate  hiring 
and  training  of  workmen  has  not  generally 
been  realized.  If  an  employer  desired  to  in- 

crease his  permanent  force,  say  from  1,000 
to  1,200  in  a  period  of  one  year,  under  ideal 
conditions  he  would  need  to  employ  only  200 
men,  but  conditions  are  not  ideal ;  some  die, 
some  fall  sick  and,  failing  to  return  within 
a  reasonable  time,  are  discharged,  while  a 
very  large  number  prove  unfitted  for  the  work 
at  hand.  The  employer  would  be  fortunate  if 
double  or  treble  the  original  force  were  not 
given  a  trial  before  the  permanent  organiza- 

tion was  increased  the  desired  20  per  cent. 
We  believe  the  data  submitted  by  M.  W. 
Alexander  in  a  paper  presented  before  the 
National  Machine  Tool  Builders'  Association 
will  surprise  even  those  who  have  considered 
themselves  acquainted  with  fisting  conditions 
and  will  show  the  need  of  a  better  under- 

standing of  this  subject.  Although  the  data 

apply'  specifically  to  factories,  they  are,  in  a general  way,  applicable  to  other  industries  as 
well. 

A  certain  group  of  factories  were  selected 
by  Mr.  Alexander  for  investigation,  the  total 
number  of  workmen  of  various  grades  em- 

ployed in  this  group  being  about  42,000.  From 
Jan.  1  to  Dec.  31  it  was  found  that  the  num- 

ber of  men  at  work  had  been  increased  to 
48,697,  an  actual  increase  in  the  permanent 
force  of  6,697  men.  To  gain  this  increase 
42,571  men  were  actually  hired  and  set  to 
work.  It  is  thus  seen  that  at  the  end  of  one 
year  only  about  16  per  cent  of  the  men  em- 

ployed were  retained.  It  was  concluded  by 
the  investigator  that  the  hiring  of  at  least 
22,200  of  these  men  could  have  been  avoided, 
this  number  having  been  reached  by  assum- 

ing that  1  per  cent  of  the  employees  die,  th.Tt 
5  per  cent  leave  on  account  of  sickness,  that 
10  per  cent  either  withdraw  or  are  discharged, 
and  that  the  efficiency  of  the  employment  de- 

partment is  75  per  cent.  The  economic  loss 
resulting  from  the  indiscriminate  hiring  and 
discharging  of  workmen  was  classified  in  the 
original  paper  under  the  following  heads : 
(a)  The  clerical  work  of  hiring. 
(b)  The  instruction  of  new  employees  by  the 

foremen  and  assistants. 
(c)  Increased  wear  and  tear  of  and  damage 

to  machinery  and  tools  by  new  men. 
(d)  Decreased  rate  of  production  during  the 

early  period  of  productivity  of  the  new  men. 
(e)  Increased  amount  of  spoiled  work  by  the 

new  emplovees. 
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By  using  the  preceding  classification  and  per- 
centages as  a  means  of  analyzing  the  direct 

loss  to  the  employer  and  by  dividing  the  work- 
men into  various  classes,  Mr.  Alexander 

reached  the  conclusion  that  the  22,200  men 
who  should  never  have  been  employed  caused 
an  actual  loss  of  over  $35  per  man,  or  a 
total  loss  of  about  $777,000  in  one  year.  To 
decrease  this  loss  the  following  suggestions  are offered : 

(a)  A  careful  study  of  current  emplo.NTnent 
statistics  should  be  made  with  an  analysis  of 
the  reasons  for  the  discharges. 

(b)  We  need  a  far  higher  grade  of  men  in 
charge  of  the  hiring  and  firing  of  men  than  we 
have  had  heretofore  in  our  employment  clerks. 

(c)  While  it  is  important  to  exercise  proper 
care,  thought  and  study  in  the  hiring  of  em- 

ployees, it  seems  vastly  more  important  to  apply 
the  proper  methods  in  initiating  new  employees 
in  the  work,  and  to  treat  them  properly. 
(d)  We  ought  to  have  effective  systems  of 

apprenticeship,  factory  schools,  special  training 
courses,  or  whatever  name  you  may  call  them, 
so  that  we  may  not  be  dependent  only  on  the 
grown-up  men  as  they  float  around  the  country, 
but  that  we  may  effectively  take  hold  of  the 
youths  of  the  country  and  train  them  in  the  ways 
of  our  industry,  and  in  loyalty  and  intelligence. 

(e)  So  far  as  it  can  be  done,  we  ought  to  be 
able  to  regulate  a  little  more  the  commercial 
requirements  as  they  come  to  the  factory. 

."Vn  investigation  of  several  factories  in  Eng- 
land and  Germany  indicates  that  the  conditions 

existing  in  these  countries  are  similar  to  those 
found  in  the  United  States,  which  tends  to 
prove  that  the  problem  is  of  a  somewhat  in- 

ternational character.  There  is  little  doubt, 
however,  that  a  systematic  study  of  the  prob- 

lem will  do  much  to  lessen  the  losses  occa- 
sioned by  our  present  systems  of  employment. 

In  our  endeavor  to  make  a  machine  do  the 
work  of  many  men  in  our  shops  and  factories 
we  have  over-emphasized  the  value  of  the  for- 

mer and  have  not  given  sufficient  consideratiori 
to  the  man  problem.  Mr.  Alexander  deserves 
great  credit  both  for  his  investigations  and 
for  his  analytic  treatment  of  this  important 
subject. 

What  Part  Should  the  Engineer  Take 
in    Present    Day    Road 

Legislation. 
Broadly  stated  road  economics  is  divided 

into  two  distinct  parts,  namely,  that  which  has 
to  do  with  the  welfare  of  society  as  a  whole, 
and  that  which  involves  the  economics  of  the 
methods  used  in  attaining  desired  betterment. 
The  former,  under  the  American  system  of 
government,  is  a  function  of  the  people  as  a 
whole  to  be  exercised  by  elected  representa- 

tives, the  latter  involves  the  consideration  of 
economic  factors  that  are  based  upon  detailed 
technical  knowledge.  The  one  is  legislative  in 
nature,  the  other  executive. 

Social  conditions  in  the  different  sections  of 
the  state  or  nation  are  known  to  the  citizens : 
the  need  for  road  improvement,  the  advisabil- 

ity of  expending  money  for  such  improvement, 
the  amounts  that  may  be  expended  by  the  state 
or  nation  without  embarassment  to  other  nec- 

essary features  of  good  government,  as  de- 
clared necessary  by  the  assembled  representa- 

tives of  the  various  smaller  political  units  and 
the  devising  of  the  necessary  machinery  to 
safeguard  the  expenditure  of  money  are  func- 

tions of  the  legislative  body.  But  the  initiation 
of  plans  for  improvement  involving  the  meth- 

ods and  materials  to  be  used  and  the  determin- 
ing of  the  expediency  of  the  extent  and  type  of 
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improvements  at  various  points  are  functions 
of  the  executive  branch  of  government  and 
are  in  reality  products  resulting  from  the 
operation  of  machinery  devised  by  the  legis- 

lative branch.  Legislation  may  bring  into  be- 
ing a  road  commission  created  for  the  purpose 

of  securing  economy  in  the  e.xecution  of  roads, 
but  when  legislation  specifies  more  than  the 
results  that  are  to  be  attained  by  that  commis- 

sion the  need  for  the  commission  is  vitiated; 
a  circle  is  formed,  responsibility  going  back  to 

the  people.  Machinery  is  created  but  responsi- 
bility is  not  fi.xed. 

What  part  should  the  engineer  take  in  road 
legislation?  Unquestionably  his  duty  as  a 
citizen  demands  that  he  take  some  part  in  the 
legislative  planning  of  road  work.  His  training 
in  efficiency  and  methods  aiul  costs  demands 
that  he  take  a  forceful  part.  The  amount  of 
work  demanded  of  the  individual  by  duty 
varies  with  the  fitness  of  the  individual  to  per- 

form the  work.  If  the  training  of  lawyers  in 
the  principles  of  law  peculiarly  tits  them  for 
devising  means  of  securing  improvements  in 
the  general  welfare  and  safeguarding  the  in- 

terests of  the  people,  the  training  of  engineers 
in  the  methods  and  economy  of  executing  work 
more  certainly  prepares  them  for  the  analysis 
of  problems  involving  the  economic  expend- 

iture of  money. 

I'ortunately  recent  road  Icfiislation  has  been 
influenced  to  some  degree  by  engineers.  To  no 
other  influence  can  be  ascribed  the  marked  im- 

provement in  the  types  of  road  construction  of 
the  present  day  over  those  in  vogue  several 
years  ago.  And  yet  many  improvements  are 
yet  to  be  made.  Old  evils  that  still  hang  on 
and  new  economic  evils  that  have  crept  in 
which  are  freely  discussed  and  their  danger 
generally  understood  among  engineers  must  be 
eradicated.  It  is  a  regrettable  fact,  however, 
that  the  influence  exerted  has  been  by  in- 

dividual officials  rather  than  the  concerted 

opinion  of  a  good  profession.  This  fact  has 

frequently  led  to  the  downfall  of  the  official 
that  has  had  the  moral  courage  to  stand  and 
fight  for  economical  work  and  efficiency  of 
subordinate  employes,  knowing  that  defeat 

means  undoing  and  victory  means  future  com- 
plication. The  work  of  these  men,  however, 

has  not  been  in  vain.  Engineers  are  realizing 

more  strongly  than  ever  before  the  value  of 
their  influence  as  a  profession  and  their  duty 
in  exercising  it  wisely  and  forcefully  in  affairs 
of  public  moment. 

An  Opportunity  to  Secure  the  Appoint- 
ment of  an  Engineer  as  a  Public 
Service  Commissioner. 

The  election  of  a  Republican  governor  in 
New  York  state  makes  it  probable  that  at 
least  two  new  public  service  commissioners 
will  be  appointed  by  him  early  next  year.  Not 
only  should  engineering  societies  in  New  York 
state  urge  upon  the  governor  the  appointment 
of  engineers  to  these  positions,  but  national 
engineering  societies  might  well  join  in  the 
appeal. 

More  and  more  is  it  apparent  that  appraisal 
and  rate  problems  are  largely  engineering 
problems.  Business  economics  play  a  part  in 
decisions  as  to  individual  rates  m  a  composite 
rate  schedule,  but  engineers  arc  fully  as  capa- 

ble of  passing  upon  the  broader  features  of 
business  economics  as  are  lawyers,  for  exam- 

ple. Ivnginccrs.  as  a  consequence  of  a  scien- 
tific training,  are  ardent  seekers  of  facts,  and 

certainly  they  arc  excellent  judges  of  the  sig- 
nificant facts  that  relate  to  costs  of  construct- 

ing and  operating  public  utilities.  We  have 
often  called  attention  to  complete  misinterpre- 

tation both  of  theories  and  of  facts  by  men 
not  trained  as  cnKineers. 

Kngineers  of  the  best  sort  arc  ordinarily 
tint  office  seekers.  Hence  the  necessity  of 

united  action  by  engineering  societies.  Indi- 
vidual members  of  the  societies  will  rnrcly 

attempt  to  secure  political  appointments.  This 
absence  of  political  ambition  is  itself  a  strong 

recommendation  for  position  on  a  public  serv- 
ice commission.  In  one  state  the  public  service 

commission  has  completely  changed  three 

times  in  six  years.     In  California  the  present 

chairman  of  the  commission  has  just  been 

elected  lieutenant  governor.  The  bane  of  com- 
mission regulation  in  several  states  has  been 

the  changing  of  commissioners,  either  as  a 
result  of  political  action  beyond  their  control 
or  as  a  result  of  the  political  ambitions  of 
commissioners.  It  is  especialy  noteworthy 

that  where  engineers  hold  positions  by  appoint- 
ment they  generally  last  through  several 

changes  of  political  administration.  Let  it 
once  be  generally  realized  that  the  work  of 
public  service  commissioners  is  mainly  of  an 
engineering  nature.  Let  high  class  engineers 
be  appointed  as  commissioners  so  as  to  form 
a  majority  of  each  commission,  and  it  may 
be  confidently  predicted  that  rate  regulation 
will  be  taken  out  of  politics. 

The  Significance  of  the  Voting  Down 
of  a  Full-Crew  Bill  in  Missouri. 

For  the  first  time  a  popular  vote  has  been 

cast  upon  a  "full-crew  bill."  Several  state 
legislatures  have  passed  such  bills  at  the  be- 

hest of  labor  unions,  but  hitherto  the  public 
that  must  ultimately  foot  the  bills  resulting 
from  such  "bills"  has  not  been  heard  from. 
Now,  by  an  overwhelming  referendum  vote, 
the  people  of  Missouri  have  reversed  the  de- 

cision of  their  legislators  and  governor  who 
had  passed  a  law  requiring  all  trains  to  carry 
a  "full  train  crew."  This  vote  is,  we  think, 
highly  significant. 
The  public  was  for  several  years  fed  on 

sensational  magazine  articles  about  the  alleged 
extortionate  profits  wrung  from  the  people 
by  railways  and  other  public  service  corpora- 

tions. The  millions  made  by  a  few  "railway 
kings"  formed  the  theme  of  many  a  magazine 
writer.  The  millions  lost  in  railway  enter- 

prises were  not  mentioned,  nor  was  attention 
called  to;  the  millions  of  dollars  of  land  values 
created  in  America  largely  by  the  railways,  to 
the  benefit  of  countless  individuals.  For  ob- 

vious reasons  the  spotlight  was  kept  on  a  few 
"swollen  fortunes"  and  on  instances  of  corrupt 
practices  of  which  some  railway  men  were 
guilty.  But  no  equivalent  light  was  turned 
upon  the  vastly  more  significant  development 
of  a  great  continent  through  the  agency  of 
the  iron  horse  and  his  wheeled  legs.  The 
muck-raking  writer  posed  his  model  not  with 
a  view  of  securing  a  correct  perspective,  but 
placed  the  model's  feet  as  near  to  and  his  head 
as  far  from  the  camera  as  possible.  Then 

pointing  to  the  photograph,  he  said :  "Note 
the  anatomy  of  this  monstrous  creature.  I 
call  your  attention  especially  to  these  huge  feet 
that  he  uses  to  trample  upon  your  rights,  and 
ask  you  to  observe  with  equal  care  the  almost 
microscopic  head  with  which  he  directs  his 
activities.  As  for  his  heart,  you  will  search 
in  vain  to  find  it  in  this  life-like  reproduction 

that  I  place  before  you." 
For  a  long  time  it  was,  and  to  a  limited  ex- 

tent it  still  is,  profitable  to  publish  distorted 
caricatures  of  men  and  organizations.  It  was 
not  particularly  profitable- — or  was  not  per- 

ceived to  be — to  publish  true  pictures,  for  sen- 
sationalism always  attracts  an  audience  when 

rationalism  can  scarcely  hold  attention.  A 
murder  trial  will  fill  a  court  room,  but  the 
trial  of  a  public  utility  rate  case  speedily  emp- 

ties the  same  room.  Yet  from  the  one  the  au- 
dience departs  as  poor  in  useful  knowledge 

as  it  entered,  while  from  the  other  a  hearer 
may  gain  not  only  a  knowledge  of  every  day 
economics  that  concern  his  own  pocketbook, 
but  he  may  come  to  see  far  into  the  broad 
principles  of  industrial  and  political  economy. 

The  public  is  shallow  as  to  its  reasoning,  but 
deep  as  to  its  sense  of  justice.  At  first  misled 
by  specious  articles  as  to  the  general  charac- 

ter of  corporations  and  their  managers,  the 
public  has  slowly  been  developing  an  intuitive 
perception  of  facts.  Appraisal  after  appraisal 
of  public  utility  property  has  disclosed  an  ab- 

sence of  over-capitalization  in  the  great  ma- 
jority of  cases,  and  with  only  the  rarest  ex- 

ceptions have  the  true  net  earnings  exceeded 
8  per  cent  on  the  cost  of  reproducing  the 
physical  property.  Slowly  these  facts  have  fil- 

tered into  the  public  press,  and  have  begun  to 
have  their  effect.  Intuition  has  led  the  public 
to   see   that   where   so    few    instances   of   ex- 

orbitant profit  have  as  yet  been  found  by  pub- 
lic service  or  railway  commissioners  there  is 

every  likelihood  that  few  can  be  found.  Com- 
missions will  naturally  pick  out  the  "shining 

marks"  among  public  utility  companies  as  their 
first  subjects  of  investigation.  Hence  the  rela- 

tively few  proven  cases  of  excessive  profits 
indicate  a  still  smaller  proportion  when  all 
utilities  shall  have  been  investigated.  The  pub- 

lic needs  no  profundity  of  knowledge  to  see 
the  signficance  of  the  abortive  efforts  to  find 
"robber  corporations."  But  beyond  this  self- 
evident  failure  to  find  an  instance  in  real  life 
to  match  the  fictions  of  the  magazines,  there 
have  been  other  reasons  for  a  popular  revul- 

sion of  feeling  toward  railways  and  other 

utility  corporations. 
Every  justice-loving  person  must  have  been 

shocked  by  certain  features  of  the  recent  hear- 

ings of  the  "5  per  cent  rate  increase  case"  be- fore the  Interstate  Commerce  Commission. 
First,  there  was  the  appointment  of  Louis 

Brandeis  as  "special  counsel"  to  the  Commis- 
sion. The  word  counsel  means,  to  the  ordi- 

nar>'  mind,  advisor.  The  Commission — a  semi- 
judicial  body — selects  as  advisor  an  attorney 
notoriously  opposed  to  the  railways,  a  man 
who  had  been  retained  previously  by  shippers 
to  fight  against  rate  increases.  This  also  was 
the  man  who  had  urged  that  by  applying 

"scientific  management"  the  railways  could  re- 
duce expenses  to  such  a  degree  that  existing 

rates  would  be  adequate.  Engineering  and 
Contracting  has  repeatedly  contended  that 

"scientific  management"  has  not  been  fully  ap- 
preciated, not  only  by  the  managers  of  rail- 

ways but  by  managers  of  every  other  industry. 
It  does  not  follow,  however,  that  they  can  be 

forced  to  apply  "scientific  management" against  their  wills,  nor  does  it  follow  that 
even  if  they  did  adopt  all  its  tenets  they  could 
secure  great  economies  for  a  considerable 
time.  The  first  spectacular  advertising  of 

"scientific  management"  resulting  from  the  as- 
sertion of  Brandeis  that  a  million  dollars  a 

day  could  be  saved  by  the  railways  has,  per- 
haps, done  much  to  retard  the  spread  of  its 

principles,  particularly  among  railway  man- 

agers. 
But  if  it  was  a  poor  sort  of  advisor  that  the 

I.  C.  C.  selected  in  person  of  Brandeis,  it  was 
a  worse  one  that  they  had  thrust  upon  them 
in  the  person  of  Clifford  Thome.  The  latter 
is  one  of  the  railway  commissioners  of  Iowa, 

yet  he  has  come  before  the  I.  C.  C.  in  the  ca- 
pacity of  a  prosecuting  attorney !  Could  any 

act  be  more  repugnant  to  a  sense  of  justice 

than  the  temporary  conversion  of  a  state  rail- 
way commissioner  into  an  avowed  prosecutor 

of  the  railways,  Bear  in  mind,  also,  that 

Thome's  own  state  was  not  directly  involved 
in  the  "5  per  cent  rate  case."  What  would  be 
thought  of  a  judge  who,  while  still  holding  a 
position  as  a  judge,  should  voluntarily  appear 
before  the  Supreme  Court  as  a  prosecuting  at- 

torney? Yet  this  is  precisely  the  sort  of  thing 
that  Clifford  Thorne  did.  Is  it  to  be  wondered 

that  the  public's  stomach  is  beginning  to  turn 
when  it  receives  this  sort  of  "justice"? But  this  is  not  all.  Decision  after  decision 

has  been  rendered  by  state  public  service  com- 
missions couched  in  language  so  abusive  of 

corporations,  so  extravagant  in  its  denuncia- 
tion that  every  well-balanced  man  who  has 

read  even  a  small  fraction  of  such  decisions 
must  have  been  impressed  with  the  absence  of 
fairness  and  judge-mindedness  in  those  who 
have  written  many  of  the  decisions.  The  gal- 

leries could  not  more  obviously  have  been 
played  to  by  a  melodramatic  actor. 

Finally  it  has  been  clear  that  the  fall  in  the 
prices  of  railway  securities  and  the  steady  de- 

cline in  railway  construction  continues  mainly 
because  of  alarm  among  investors.  It  was 

idle  to  tell  the  most  discerning  class  of  invest- 
ors that  railway  commissions  had  made  rail- 
way investments  more  secure  than  ever  in  the 

face  of  the  fact  that  rates  were  being  cut. 
Commissions  were  all  too  evidently  seeking 

the  "fat"  and  ignoring  the  "lean"  parts  of 
railway  income.  This  process  could  end  only 
in  skeletonizing  the  entire  railway  system.  At 
first  railway  managers  were  afraid  to  give 
voice  to  their  fears,  for  doing  so  would  make 
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jt  still  more  difficult  to  finance  the  refund- 
ing of  bonds,  and  the  like.  Ultimately  a  few 

of  the  bolder  railway  presidents  decided  to 
make  public  their  belief  that  a  continuation  of 
such  commission   regulation  as  they  were  ex- 

periencing would  end  either  in  government 
ownership  or  in  financial  disaster.  The  pub- 

lic has  been  listening  to  both  sides  of  the 
controversy,  and,  although  the  public  is  not 
a   good   judge   of   facts,   its   intuition  both  of 

what  is  fair  and  what  is  "gallery  playing"  is 
sound.  The  first  vigorous  expression  of  this 
intuition  comes  from  the  people  of  Missouri. 
Can  it  be  doubted  that  other  states  will  be 
heard  from  before  long  in  a  similar  manner? 

Converting  Old  Septic  Tank  and  Con- 

tact Beds  Into  Two-Story  Tank  and 

Sprinkling  Filters  at  Moores- 

town,  N.  J. — Operating 
Results. 

There    are    a    number    of    sewage    disposal 
plants  in  this  country  of  comparatively  recent 
construction    which    no    longer    meet    the    de- 

mands placed  upon  them  by  the  rapidly  grow- 
ing   community    which    they    serve    and    the 

more  and  more  exacting  demands  of  sanita- 
tion.    Many  of   these  plants  were  built  at  a 

time  when  the  engineering  profession  had  few 
data  to  guide  them  as  to  the  large  quantities 
of   ground   water  which,   in  certain   localities, 
are  likely  to  enter  the  sewers  and  sewage  dis- 

the  American   Society  of  Municipal  Improve- ments. 

ORIGINAL    PLANT. 

Septic  Tank. — The  sewerage  system  and 
sewage  disposal  plant  of  Moorestown,  N.  J., 
were  designed  and  built  by  Mr.  Potter  in 
1901.  As  originally  constructed  and  operated, 
the  disposal  plant  consisted  of  a  grit  chamber 
10  ft.  square  and  10  ft.  deep.  It  was  ex- 

pected that  this  chamber  would  be  cleaned 
out  frequently,  but  it  was  actually  cleaned 
out  about  once  a  year.  From  the  grit  cham- 

ber the  sewage  entered  an  open  septic  tank 
which  consisted  of  an  uncovered  brick  cham- 

ber 75  ft.  long,  25  ft.  6  ins.  wide  and  with 
an  average  depth  of  7  ft.  Two  20-in.  brick 
walls  divided  it  into  four  equal  compartments 
arranged   so   that   two,   three   or   four  of   the 

filter  material.  Each  unit  was  underdrained 

by  a  system  of  vitrified  sewer  pipe  laid  with 
open  joints  and  ranging  in  size  from  6  ins. 
to  10  ins.  Four  10-in.  pipes  conveyed  the  ef- 

fluent from  the  four  units  to  a  common  valve 
chamber,  about  45  ft.  away.  In  this  chamber 

were_  located  the  four  effluent  control  valves. 
A  15-in  vitrified  pipe  conveyed  the  effluent 
from  this  chamber  to  the  edge  of  Pensauken 
Creek,  a  small  stream  tributary  to  the  Dela- ware River. 

Early  Operating  Conditions. — For  a  period 
of  several  years  after  its  construction  the 
plant  was  virtually  allowed  to  take  care  of 
itself.  This  is  not  an  unusual  condition  in 
small  towns ;  in  fact,  the  indifference  of  mu- 

nicipalities, large  and  small,  as  to  the  proper 
care  of  such  improvements  costing  large  sums 
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Fig.   1.     Plan   of  Septic  Tank  at   Moorestown,    N.    J.,    as    Converted    Into    a     Modern    Two-story    Tank. 
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posal  plant.  Many  of  the  plants  are  greatly 
overloaded  and  badly  in  need  of  extension. 
To  extend  them  to  meet  the  increased  sewage 
flow  due,  either  to  the  rapid  growth  of  the 
community  or  to  the  large  quantities  of 
ground  water  reaching  the  plant,  but  not  pro- 

vided for  in  the  original  design,  runs  up  into 
large  sums  of  money  which  many  of  the  cora- 
munties  cannot  afford  to  spend.  Such  ex- 

tensions can  often  be  very  economically  made 
by  completely  remodeling  such  plants  to 
adapt  them  to  the  growing  needs  of  the 
municipality.  This  article  describes  in  some 
detail  how  Moorestown,  N.  J.,  has  solved  the 
problem  of  extending  its  sewage  disposal 
plant  by  completely  remodeling  it.  The  in- 

formation given  is  from  a  paper  by  Mr.  Alex- 
ander Potter,  consulting  engineer.  New  York 

City,  before  the  recent  annual  convention  of 

chambers  could  be  used  at  any  one  time.  The 
last  compartment  was  used  also  as  a  dosing 
chamber,  the  supematent  liquid  in  the  upper  4 
ft.  of  this  chamber  being  automatically  dis- 

charged by  two  8  in.  siphons  onto  the  con- 
tact bed. 

Contact  Bed. — The  contact  bed  was  divided 
into  four  units,  each  85  ft.  by  42  ft.  in  area. 
Each  unit  was  embanked  with  16-in.  brick 
walls.  The  natural  soil,  of  a  clayey  nature, 
formed  the  bottom  of  the  bed.  Three  of  the 
beds  were  filled  to  a  depth  of  4  ft.  with  slag 
rangmg  in  size  from  J4  in.  to  lyi  ins.;  the 
fourth  bed  was  filled  with  cinders.  The  dis- 

tribution onto  the  contact  bed  of  the  effluent 
from  the  septic  tank  was  accomplished  by 
means  of  a  system  of  open-joint  sewer  pipe 
ranging  in  size  from  10  ins.  to  8  ins.  and  im- 

bedded  up   to   its   horizontal    diameter   in   the 

of  money  is  most  surprising  and  is  one  of  the 
worst  evils  the  consulting  engineer  has  to 
fight.  This  condition  was  permitted  to  exist 
in  Moorestown  notwithstanding  the  fact  that 
the  chairman  of  the  Township  Committee 
was  a  physician  of  more  than  local  reputation. 

ORIGINAL     PLANT     OVERTA.XED. 

The  plant  as  built  in  1901  was  designed  to 
treat  from  200,000  to  250,000  gals,  daily  based 
upon  a  retention  period  of  eight  hours  in 
the  septic  tank  and  an  average  rate  of  600,000 
gals,  per  acre  per  day  for  the  contact  bed. 
Since  its  construction  in  1901,  the  sewer  dis- 

trict grew  very  rapidly  and  the  capacity  of 
the  plant  became  overtaxed. 
In  March  of  1911  the  State  Board  of 

Health  made  an  inspection  of  the  plant  and 
found  it  to  be  treating  a  flow  of  about  500,- 
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000  gals,  daily.  On  this  basis  the  total  cal- 
culated storage  in  the  septic  tank  was  four 

hours.  As  the  fourth  unit  of  the  septic  tank 
was  at  that  time  used  as  a  dosing  chamber, 
and  as  the  tanks  were  also  partially  filled  witn 
solids,  the  actual  storage  was  but  a  fraction 
of  this  amount  as  ascertained  by  tests  made 
by  the  State  Board  of  Health.  Uranine  placed 
in  the  sewage  at  the  inlet  to  the  plant  ap- 

peared in  the  effluent  of  the  filters  in  just 
one  hour.  The  net  rate  on  the  filters,  includ- 

ing the  periods  of  rest,  was  at  this  time 
1,250,000  gals,  per  acre  per  day.  The  flow 
was  so  great  that  the  automatic  siphons  for 
dosing    the    contact    beds    intermittently    were 

e'Circular  Openings 

a'  I'-e'^' 

■"■"JL 

pointed  to  the  advisability  of  remodeling  the 

plant.  Therefore,  the  latter  plan,  contemplat- 
ing the  remodeling  of  the  plant,  was  adopted 

as  being  not  only  the  more  sanitary,  but  the 
more   economic   one  in   the  end. 

THE    REMODELED    PL.\NT. 

The  plant  as  remodeled  is  of  more  than 
usual  interest  to  the  profession  in  that  it 

shows  that  a  disposal  plant  consisting  of  a 

septic  tank  and  contact  beds— a  combination 
used  extensively  in  this  country  a  decade  or 

more  ago— can'  be  readily  remodeled  into  a modern  two-story  settling  tank  and  sprinkling filter. 

Platform 

7-6  4 '. 

I  r 
IS_CJ_Pfc5ypl~o" 

1   JT   Ij 

Existing  WoH'-\ 

-I  —  I  •  ; <o  /T^  I 

'z'U,:'lJ'^  invert     yJ-,J\ 
&^lf         HI  140-1 J     I 

^-''^6  Sluice  Gate     I       I 
Space  to  be  tilled^       I with  earth      I 

EI-60- 

I 

i   I h 

i<-^'a''*---j-6"-'-  lo'^^s-e'-^ss 

Fig.    2.     Transverse    Section    of    Remodeled     Sewage  Tank  at   Moorestown,   N.  J. 

unable  to  handle  it  during  the  day  and  did 
not  bre»k  except  at  the  time  of  light  flow 
during  the  night.  In  spite  of  this  tremendous 
overload,  it  is  the  remarkable  fact  that  analy- 

ses made  on  two  separate  days  showed  con- 
siderable oxidation,  and  a  series  of  hourly 

samples  taken  on  the  7th  of  March  were 
found  to  be  nonputrescible  up  to  the  sample 
taken  at  4 :30  p.  m. 

In  view  of  the  overloaded  condition  of  the 

plant,  the  State  Department  of  Health  or- 
dered the  enlargement  of  the  plant  in  1912. 

The  following  summer  the  people  of  Moores- 
town voted  $30,000,  both  for  extensions  to 

the  sewerage  system  and  for  the  enlargement 
of  the  sewage  disposal  plant.  This  amount 
was  determined  upon  before  the  services  of 
an  engineer  were  secured  and  plans  of  any 
sort  prepared.  Of  the  total  amount  voted, 
$15,000  was  to  be  devoted  to  building  sewers, 
leaving  only  $15,000  available  for  sewage  dis- 

posal purposes,  irrespective  of  what  the  true 
needs  of  the  case  might  require. 

With  an  unlimited  appropriation,  design  in 
the  majority  of  cases  is  not  difficult.  With  an 
inadequate  appropriation,  it  is  often  necessary 
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Settling  Tank. — The  remodeled  tank  is 
shown  in  Figs.  1,  2  and  3,  the  new  work  in 
solid  lines  and  the  old  work  in  dotted  lines. 

Figure  1  is  a  general  plan ;  Fig.  2,  a  trans- 
verse section ;  and  Fig.  3,  a  longitudinal  sec- 

tion of  the  remodeled  tank.  The  work  of  re- 
modeling consisted  in  removing  the  existing 

bottom  and  excavating  to  an  additional  depth 
of  2  ft.  2  ins.  As  the  new  bottom  is  carried 
below  the  foundation  walls  of  the  old  tank 
it  was  built  in  the  form  of  an  arch  to  give 

the  necessary  stability  to  the  walls  and  to  as- 
sist in  the  removal  of  the  sludge.  In  the 

old  septic  tank  the  level  of  the  liquid  was 
maintained  at  an  elevation  of  15  ft.  above 
sea-level.  In  the  remodeled  tank  this  was 
raised  to  elevation  15.5,  necessitating  the  rais- 

ing of  the  outside  walls  a  height  of  6  ins. 
These  changes  increased  the  depth  of  the 
tank  from  7  ft.  to  9.5  ft. 
The  remodeled  tank  consists  of  four  units 

each  of  which  is  again  divided  into  three 
compartments  by  a  false  bottom  constructed 
of  2-in.  creosoted  yellow  pine.  This  false 

bottom  makes  a  slope  of  40°  with  the  ver- 
tical.    The  upper  two  compartments  are  set- 

the  various  units  is  of  interest,  as  it  possesses 
not  only  flexibility  of  operation,  but  also  is 
very  efficient  in  preventing  disturbances  from 
currents  and  vortex  motion  in  the  settling 

compartments. After  leaving  the  remodeled  grit  chamber, 
the  sewage  enters  the  main  distributing 
trough,  a  concrete  rectangular  channel  built 
directly  upon  the  existing  wall  of  the  settling 
tank.  This  channel  extends  the  entire  length 
of  the  basin.  Extending  across  the  tanks  are 
four  lateral  rectangular  troughs,  each  15 
ins.  wide  and  2  ft.  deep.  These  lateral 
troughs  can  be  used  either  as  distributors  or 
collectors.  For  this  purpose  each  of  the  lat- 

eral troughs  is  provided  with  shear  gates  at 
either  end  so  as  to  regulate  the  direction  of 
the  flow. 

Attention  is  called  to  the  method  used  of 

leading  the  sewage  into  the  settling  compart- 
ment. The  liquid  enters  the  basin  in  the  di- 
rection opposite  to  that  it  must  take  in  tra- 
versing the  basin.  This  method  has  proven 

to  be  very  effective  in  arresting  vorte.x  motion 
by  impinging  the  inflowing  current  against 
the  wall  of  the  basin.  The  collecting  trough 
acts  as  a  scum  board  and  tends  to  prevent 
floating  matter  from  being  carried  out  with 
the  effluent.  In  each  unit  the  direction  of 
flow  can  be  reversed  by  the  simple  process 
of  closing  two  shear  gates  and  opening  two 
others.  Reversing  the  flow  at  periods  of 
about  a  month  tends  to  the  more  uniform 

distribution  of  the  sludge  in  the  sludge  di- 
gestion  chamber. 

Six  transverse  concrete  walks,  each  3  ft. 
wide,  give  the  operator  ready  access  to  all 
parts  of  the  tank.  Except  for  these  walks, 
the  top  of  the  tank  is  entirely  open. 
Wooden  covers  are  provided  for  the  main 

distributing  channel  and  the  main  collecting 
channel  so  that  during  the  winter  months 
these  channels  can  be  covered  to  prevent  the 
freezing  of  the  sewage- at  the  dead  ends. 

Sludge  Dist'osal. — An  8-in.  cast  iron  pipe 
conveys  the  sludge  from  the  tank  to  the  sludge 
bed  the  surface  of  which  is  5.5  ft.  below  the 

water  level  in  the  settling  tank.  Unfortunate- 
ly, this  sludge  bed  had  to  be  located  about 

200  ft.  away  from  the  settling  tank  and  a 
closed  conduit  used  to  convey  the  sludge 
from  the  tank  to  the  bed.  There  are  several 
objections  to  a  closed  conduit  for  conveying 
sludge  from  an  Imhoff  tank  to  the  sludge 

bed,  the  principal  one  of  which  is  the  diffi- 
culty of  controlling  the  character  of  the 

sludge  discharged  and  the  large  quantity  of 
water  required  to  flush  out  the  sludge  piping. 
To  prevent  the  clogging  of  the  sludge  drain, 
provision  is  made  so  that  the  sludge  pipe  can 
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Fig.  3.     Longitudinal   Section  of  Remodeled    Sewage  Tank  at  Moorestown,  N.  J. 

to  resort  to  expedients  which  at  times  develop 
interesting  results. 

TWO     PLANS    CONSIDERED. 

With  a  view  of  increasing  the  capacity  of 
the  plant,  two  alternate  plans  were  consid- 

ered, the  one  suggested  by  the  State  Board 
of  Health  to  double  both  the  septic  tank  ca- 

pacity and  to  increase  the  area  of  the  con- 
tact bed,  and  the  other  to  remodel  the  exist- 
ing septic  tank  into  a  modern  two-story  set- 

tling tank  and  to  change  the  existing  con- 
tact bed  over  into  sprinkling  filters.  Further 

investigation  showed  that  the  existing  contact 
bed  was  more  or  less  clogged  and  needed 
(■verhauling.  The  disposal  of  the  sludge 
from  the  existing  settling  tank  also  had  be- 

come   an    appreciable    nuisance,    all    of    which 

tling  compartments  and  the  lower  and  larger 
compartment  is  the  sludge  digestion  compart- 

ment. The  total  settling  capacity  amounts  to 

a  retention  of  1.35  hours  when'  the  plant  is operated  at  the  rate  of  500,000  gals,  daily. 
The  total  capacity  of  the  sludge  digestion 
chamber  figured  below  the  level  of  the  walls 
is  5,470  cu.  ft.,  about  50  per  cent,  larger  than 
required  by  the  established  practice.  The 
general  arrangement  is  clearly  shown  in 
Fig.  2. 
Three  6-in.  sludge  pipes  extend  down  into 

the  sludge  digestion  chamber  of  each  unit. 
All  the  sludge  pipes  are  connected  to  a  com- 

mon 8-in.  cast  iron  sludge  drain,  the  general 
arrangement  being  that  shown  in  Figs.  1 
and  3. 

The   system   of   distributing   the   sewage  to 

be  flushed  out  with  settled  sewage  after  every use. 

CONT.\CT   BEDS   CH.\NGED    TO   SPRINKLING   FILTERS. 

Instead  of  increasing  the  area  of  the  con- 
tact beds  to  take  care  of  the  additional  flow 

and  to  put  them  in  proper  condition,  it  was 
found  more  economical  to  remodel  the  beds 
into  sprinkling  filters.  The  original  beds  were 
only  4  ft.  deep,  a  depth  which  is  not  sufficient 
for  an  efficient  sprinkling  filter.  It  was. 
therefore,  decided  to  excavate  the  bottom  of 
the  beds  from  0  to  12  ins.  below  the  bottom 

of  the  old  contact  beds  and  to  bring  the  fin- 
ished surface  of  the  sprinkling  filter  6  ins. 

above  the  level  of  the  old  bed.  This  gave  a 
depth  of  filtering  material  ranging  from  5.5 
ft.  over  the  main  drain  to  5  ft.  at  either  side. 
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It  was  found  that  the  maximum  head  avail- 
able to  operate  the  nozzles  was  about  4  ft.  9 

ins.  A  circular  type  of  nozzle  was  used 
which  was  spaced  10  ft.  to  4  ins.  on  centers 
in  rows  spaced  9J4  ins.  apart.  To  reduce 
the  frictional  losses  in  the  siphon  and  piping 
system  to  the  minimum,  the  siphon  was  made 
24  ins.  in  size — somewhat  larger  than  cus- 
tom.ary.  The  main  distributor  and  all  piping 
were   made   of   ample   size   so   as   to   keep   the 
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frictional  losses,  even  when  the  plant  is  ex- 
tended  in  the   future,  within  6  ins. 

The  nozzles  were  furnished  by  the  Pacific 
I'lush  Tank  Co.,  and  are  provided  with  ad- 

justable orifices.  Adjustable  orifices,  although 
not  generally  used  except  for  experimental 
purposes,  are  of  value  in  such  a  plant  in  that 
the  operator  can  curtail  the  discharge  from 
those  nozzles  over  any  portion  of  the  bed 
where  a  tendency  to  pobl  and  clog  exists. 
This  adjustable  orifice  has  proved  of  value 
for  when  the  plant  had  been  in  operation 
several  months,  an  area  about  10  ft.  by  25  ft. 
in  extent,  over  which  the  teams  traveled  in 
I'lacing  the  filter  material  and  which  had  been 
compacted  by  traffic,  commenced  to  pool.  This 
trouble  was  quickly  remedied  by  throttling 
the  nozzles  which  discharged  over  this  area, 
thereby  doing  away  with  the  tendency  to  pool. 

Because  of  the  limited  funds  available,  and 
in  view  of  the  clayey  nature  of  the  subsoil,  it 
was  decided  to  place  the  filtering  material 
directly  upon  the  subsoil.  The  underdrain 
system  of  each  unit  consits  of  a  central  con- 

crete channel  15  ins.  in  diameter.  Extend- 
ing at  right-angles  from  this  channel  and 

spaced  24  ins.  on  centers,  are  lateral  drains 
consisting  of  6-in.  vitrified  bell;  and  spigot 
pipe  laid  with  open  joints.  The  central  drain 
is  ventilated  at  either  end. 

COST   OF   REMODELING    THE    PL.^lNT. 

The   cost   of   remodeling  the   plant   and  en- 
larging it  50  per  cent  to  adopt  it  to  the  pres- 

ent flow  was  as  follows : 

Remodeling    septic    tank    into    two-story tank     .......      %  3,100 
Con.striiction    of   dosing   tank,    siphon   and 

piping          1,800 
Sprinkling  filter,  one-quarter  of  an  acre..     8,300 
Sludge  bed  and  piping          300 
Additional  piping  around  plant       ^''^2" 
Final   settling   basin          500 

Total      .$15,300 

The  cost  of  remodeling  the  contact  beds 
into  a  sprinkling  filter  was  somewhat  more 
than  was  expected,  as  it  was  found  that  less 
than  10  per  cent  of  the  filter  medium  of  the 
original  beds  could  be  used  in  the  new  filter. 

OPERATION    OF   THE    PLANT. 

Trouble  with  Fungus. — Almost  from  the 
very  beginning  when  the  plant  was  put  in  op- 

eration, the  operator  experienced  consider- 
able trouble  with  sewage  fungi  of  the  Lep- 

tomitus  type.  Masses  of  sewage  fungus 
reached  the  plant  continuously  in  such  quan- 

tity as  to  completely  cover,  within  24  hours, 
the  surface  of  the  grit  chamber  100  sq.  ft.  in 
extent  with  a  solid  floating  mat  varying  in 
depth  from  a  few  inches  to  12  ins.  This 
fungus,     because    of    its    tendency     to     float, 

attached  to  the  wetted  perimeter  of  the  pipe, 
the  outlet  sewer  was  found  to  be  quite  clean 
because  of  the  high  velocity  of  the  sewage, 
amounting  to  from  2  to  3  ft.  per  second.  This 
condition  was  not  found  to  be  the  case  in 
the  laterals  and  the  upper  end  of  the  outfall 
sewer  where  the  velocity  was  about  lyi  ft. 
per  second  and  where  the  sewers  were  more 
or  less  unclean.  All  along  the  trunk  sewer 
and  in  the  laterals  the  growth  of  the  fungus 

was  so  luxuriant  that  in  many  cases  it  com- 
pletely covered  the  wetted  perimeter  of  the 

sewer,  not  only  where  the  flow  was  less  than 
2  ft.  per  second,  but  also  in  the  lower  portions 
of   the   outfall    sewer   where   it   reached    from 
3  to  4  ft.  per  second.  Large  masses  of  this 
sewage  fungus  were  constantly  becoming  de- 

tached from  the  sides  of  the  sewers  and  were 

TABLE  I.— AVERAGE  AN.^LYTICAL  RESULTS    OF    SAMPLES    OF    SEWAGE,    MOORESTOWN, 
NEW  JERSEY. 

(Expressed    in    parts    per   million.) 
Grit 

Nature  of                                                                      'Raw        cliamber  Tank      Sprinkler  Final 
determination.                                                               sewage.        outlet.        outlet.  effluent.  effluent. 

Turbidity                220                220  147  30  25 
Total  solids  in  suspension              15                  17  3  11  11 
Fixed  solids  in  suspension                4                    3  2  6  4 
Loss    on    ignition              11                   14  3  5  7 
Organic  nitrogen                 30.0               49.9  43.3  33.3  31.1 
Nitrogen    in    solution              23.3               36.6  34.4  28.3  28.2 
Nitrites                   0.040             0.113  0.119  0.227  0.228 
Nitrates                   O.OS               0.45  0.39  2.63  2.90 
Free    ammonia                 15.00             13.07  13.07  8.13  6.90 
Oxygen  consumed  in  solution              52.30             40.13  30.80  16.23  12.29 
Oxyden  dissolved                                 0.S5  0,87  5. 87  5., 2 
Chlorine                 33                   40  36  34  31 

♦Determination   made   only  on   one  dav. 

passed  through  the  settling  basin  and  dosing 
chamber  and  onto  the  filter  bed.  The  large 
masses  of  fungus,  sometimes  a  square  foot 
or  more  in  extent,  gave  considerable  trouble 
in  clogging  the  nozzles.  At  first  the  operator 
tried  to  improve  conditions  by  inserting  a 
baffle  board  in  the  outlet  of  the  grit  cham- 

ber, thereby  retaining  practically  all  the  fungi 
and  preventing  them  from  reaching  the  set- 
ling  basin.  This  method  involved  a  large 
amount  of  labor  daily  in  removing  the  ac- 

cumulated inasses  of  fungus  from  the  grit 
chamber.  The  fungus  thus  removed  was 

highly  putrescible  because  of  the  large  quan- 
tity of  fecal  matter  which  was  mixed  up  with 

it,  and  produced  ofifensive  conditions  around 
the  plant.  At  the  suggestion  of  Mr.  Francis 
E.  Daniels,  Director  of  Water  and  Sewerage 
Inspection,  New  Jersey  State  Board  of 
Health,  an  open  channel  was  constructed  con- 

reaching  the  plant  continuously  in  enormous 

quantities. Remedial  steps  were  taken  to  abate  this 
nuisance,  by  flushing  the  sewers  from  the 
fire  hydrants.  Enormous  quantities  of  fungus 
were  thus  dislodged  and  flushed  out.  The 
treatment  has  been  quite  effective  and  very 
little,  if  any,  Leptomitus  is  now  reaching  the 
sewage  disposal  plant. 
Sludge  Trouble. — Considerable  trouble  has 

also  been  e.xperienced  in  operating  the  re- 
modeled plant.  .  from  floating  sludge.  It  is 

the  author's  opinion  that  this  trouble  is  not  pe- 
culiar to  the  Moorestown  plant,  but  is  ex- 

perienced more  or  less  generally  in  connec- 
tion with  the  operation  of  all  two-story  set- 
tling tanks,  difTering  only  in  degree.  After 

the  Moorestown  plant  was  placed  in  opera- 
tion it  appeared  that  the  gas  ebullition  in  the 

digestion    chamber    produced     a     very    thick 

Fig.  5.     View  of  Top  of  IVIoorestown  Sewage   Tank,  Showing  Floating  Sludge. 

necting  the  grit  chamber  with  the  sludge  di- 
gestion chamber,  through  which  the  floating 

masses  of  fungus  accumulating  in  the  grit 
chamber  could  be  pushed  into  the  sludge  di- 

gestion chamber.  This  method,  although  a 
material  improvement  on  the  method  first 
used  by  the  operator,  was  not  entirely  suc- 

cessful because  of  the  large  quantity  of  fun- 
gus that  had  to  be  handled  daily. 

.'\  thorough  inspection  of  the  town  sewers 
showed  that  the  sewage  fungus  grew  in 
great  abundance  in  the  main  outlet  sewer  and 
the   laterals.      Except    for   the    fungus  growth 

scum.  The  suspended  matter  in  the  sewage 
which  had  settled  into  the  digestion  chamber 
was  lifted  to  its  surface  by  the  active  gas 
ebullition  and  kept  there.  On  reaching  the 
surface  it  was  matted  together  by  means  of 

paper,  hair,  fat  and  to  some  extent  by  vege- table molds,  producing  a  tough  floating  mass 
which  reached  after  several  months  a  depth 
of  3  ft.  or  more.  AS*  the  surface  of  the  scum 
became  weathered,  the  escape  of  the  gases  of 
decomposition  was  further  retarded,  thereby 

aggravating  the  condition.  A  view  of  the 
floating  sludge  is   shown  in  Fig.  5. 
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When  the  surface  of  the  scum  was  lifted 
more  than  12  ins.  above  the  water  line  and 
there  was  danger  of  it  overtopping  the  walls 
of  the  tank,  the  operator  was  instructed  to 

break  up  the  compacted  sludge  by  means  of 
a  long-handled  rake  worked  up  and  down 
through  the  scum,  thus  liberating  the  gases 
which  were  giving  the  mass  its  buoyancy. 
This  operation  was  only  partially  successful. 
Although  the  sludge  when  properly  broken 
up  settled  back  to  the  level  of  the  liquid,  with- 

in 48  hours  it  had  regained  its  original  posi- 
tion and  the  process  had  to  be  repeated. 

As  this  method  involved  considerable  labor 
and  had  to  be  freqnently  repeated,  another 
method  was  tried.  In  the  operation  of  septic 
tanks  it  has  been  noticed  that  rain  falling 
upon  scum  in  an  open  tank  tends  to  break 

it  up  and  causes  a  large  portion  of  the  float- 
ing matter  to  sink  to  the  bottom  of  the  tank. 

The  experiment  was,  therefore,  tried  of 
sprinkling  the  surface  of  the  scum  with  set- 

tled sewage,  no  water  being  available  at  the 
plant.  The  water  thus  applied  softens  the 
crust  which  has  formed  on  top  of  the  scum, 
giving  the  gases  of  decomposition  which  have 
collected  in  the  mass  a  chance  to  escape. 
Furthermore,  it  seems  to  increase  the  specific 
gravity  of  the  floating  matter  sufficiently  to 
cause  it  to  settle.  Even  with  the  application 
of  water  a  certain  amount  of  stirring  has 
been   found  to  be  of  value. 

At  the  Moorestown  plant  the  area  of  the 
sludge  digestion  chamber  exposed  to  the  at- 

mosphere is  appro.ximately  28  per  cent  of  the 
surface  of  the  settling  compartment.  It  is 

the  author's  opinion  that  the  smaller  this  ratio the  more  serious  will  be  the  trouble  from 
floating  sludge  on  account  of  the  smaller 
surface  from  which  the  gases  can  escape. 

OPERATING  RESULTS. 

Table  I  gives  the  average  analytical  results 
of  samples  of  sewage  taken  at  the  Moores- 

town sewage  disposal  plant,  by  the  New  Jer- 
sey State  Board  of  Health. 

Three  separate  determinations  were  made 
by  the  State  Board,  one  on  May  12,  one  on 
June  4  and  one  on  Sept.  10.  Composite  sam- 

ples were  taken  on  those  days  at  half-hourly 
intervals  covering  the  period  from  11  a.  m. 
to  2 :30  p.  m.  Only  one  determination  was 
made  on  the  character  of  the  raw  sewage, 
namely  on   Sept.    10. 

Considerable  sedimentation  takes  places  in 
the  grit  chamber,  far  more  than  is  indicated 
by  Table  I  as  the  sewage  on  Sept.  10  was  con- 

siderably weaker  than  that  taken  on  the 
other  two  days  It  appears  that  the  grit 
chamber  is  entirely  unnecessary  and  should 
have  been  abandoned  when  the  old  plant 
was  remorjelcd.  Its  continued  use  entails 
considerable  work  upon  the  operator  in 
removing  the  large  quantities  of  heavier  sus- 

pended matter  which  settle  out  of  the  sew- 
age in  the  grit  chamber. 

The  plant  yields  an  unsqally  clear  effluent, 
free  from  sediment  and  very  low  in  turbidity. 
The  oxidation  in  the  filters  is  very  complete. 
Tests  show  the  effluent  to  be  non-putrescible 
during  the  greater  part  of  the  time. 

handling  and  use  of  large  quantities  of  gaso- 
line necessary  and  it  is  inevitable  that  m  the 

handling  of  this  material  some  will  be  spiUed 

or  wasted  either  by  accident  or  design,  which 

will  find  its  way  into  the  sewers.  The  solution 

of  this  problem  is  now  occupying  the  attention 

of  sewerage  engineers.  The  present  article, 
which  is  taken  from  a  paper  by  Mr.  N.  b. 

Sprague,  Superintendent  of  the  Pittsburgh  
De- 

partment of  Public  Works,  before  the  recent 
annual  convention  of  the  American  Society  ot 

Municipal  Improvements,  discusses  the  dis- 
charge of  inflammable  wastes  into  sewerage 

systems  and  the  problem  of  prevention.  I  he 

scope  of  the  sewer  explosion  investigation  now 

being  conducted  in  Pittsburgh  is  also  descnbed. 

There  are  many  sources  which  contribute  in- 
flammable wastes  in  a  greater  or  less  degree, 

ranging  from  the  small  and  irregular  dis- 
charges from  households  and  private  garages, 

which  may  amount  to  considerable  in  the  ag- 

gregate, to  the  large  and  intermittent  dis- 
charges from  manufacturing  and  storage  plants 

and  other  enterprises  which  use  large  quan- tities of  gasoline. 

In  some  cities  (Pittsburgh  included)  the 

laws  relating  to  the  storage  of  gasoline  require 
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Discharge  of  Inflammable  Wastes  Into 

Sewers — Problem  of  Prevention — 

The  Pittsburgh  Sewer  Explo- 

sion Investigation. 

It  is  thought  that  some  of  the  more  recent 
and  more  violent  explosions  in  sewers  were 
caused  by  the  presence  of  gasoline  vapor.  If 
this  belief  is  well  founded  it  follows  that  the 
advent  of  motor  driven  vehicles  has  created  a 
problem  in  sewer  design  and  maintenance 
which  may  prove  difficult  and  expensive  to 
solve.  Sewer  systems  are  generally  looked 
upon  by  the  average  person  as  a  quick  and 
easy  means  of  disposing  of  any  or  all  waste 
matter  which  can  be  carried  away  by  the  sewer, 
without  any  consideration  whatsoever  of  the 
effect  of  such  discharge,  cither  upon  the  struc- 

ture itself,  or  upon  its  maintenance  and  opera- 
tion. The  tr.-insition  in  the  mode  of  travel 

from  horse-driven  vehicles  to  the  motor-driven 
car  and  auto-truck  renders  the  transportation. 
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the  tanks  to  be  buried  in  the  ground.  These 
tanks,  which  are  made  of  riveted  steel  plates, 
vary  in  capacity  from  about  50  to  15,000  gals. 
The  purpose  of  placing  them  underground  is  to 
prevent  possible  ignition  of  the  gas  and  protect 
them  in  case  of  a  nearby  fire.  It  is  not  the 

author's  intention  to  discuss  the  advisability  or 
the  objection  to  placing  gasoline  storage  tanks 
underground,  but  simply  to  point  out  the 

possible  danger  of  gasoline  escaping  from'these tanks  and  entering  the  sewers.  The  thickness 
of  the  steel  plates  of  which  the  tanks  are  made, 
s  generally  from  %  to  3/16  in.  and  their 
only  protection  from  corrosion  is  the  applica- 

tion of  ordinary  structural  paint.  The  tanks 
arc  laid  directly  upon  the  ground  and  then 
covered  with  earth.  Under  such  conditions, 
corrosion  is  rapid.  It  is  also  possible,  under 
favorable  conditions,  that  the  tanks  may  suffer 
injury  due  to  electrolytic  action.  In  any  case, 
there  is  no  opportunity  for  inspection  or  repairs 
and  leaks  can  only  be  detected  by  making  a 
comparison  of  the  quantity  of  gasoline  put 
into  the  tank  with  the  quantity  removed.  This 
information  is  in  the  possession  of  the  owners 
and  in  case  a  leak  is  disclosed  by  a  comparison 
of  the  figures,  the  owners  are  not  likely  to 
volunteer  the  information  to  the  public  au- 
thorities. 

The  possibility  of  gasoline  escaping  from  the 
tanks  into  the  ground  and  finding  its  way  into 
the  sewers  may  be  remote,  but  with  pervious 
soil  or  a  nearby  catch  basin  or  trap,  the  oppor- 

tunity for  leakage  into  the  sewers  is  at  least 
present.  In  certain  locations  it  is  quite  possible 
to  set  these  tanks  above  ground,  where  ample 
opportunity  for  inspection  and  repairs  would 

be  possible.  The  waste  gasoline  from  house- 
holds, private  garages  and  shops  is  so  well 

distributed  throughout  the  lateral  sewer  system 
and  the  average  amount  discharged  at  any  one 
time  so  small  that  it  is  quickly  dissipated  be- 

fore the  formation  of  explosive  vapors  can 
occur.  It  is  therefore  to  be  supposed  that  the 

formation  of  gasoline  vapor  and  other  explo- 

sive gases  present  in  sewers  originates  frotn  es- tablishments which  are  large  users  or  dealers 
in  inflammable  materials. 

There  being  in  most  cases  no  laws  prohibit- 
ing the  discharge  of  inflammable  wastes  into 

sewers  and  the  danger  of  such  practice  not 

being  generally  understood,  the  natural  dis- 
position of  such  wastes  is  into  the  sewers. 

These  wastes  comprise  dirty  and  used  gasoline, 

benzine,  oil,  washings  from  tanks,  and  refuse 

from  gas  plants,  paint  works,  etc.  The  quan- 
tity of  these  waste  products  varies  according  to 

the  magnitude  of  business  and  methods  em- 

ployed. 

While  the  discharge  of  gasoline  into  the 
public  sewers  probably  exceeds  in  quantity  any 
other  inflammable  waste,  yet  the  discharee  of 

waste  products  from  paint  works,  oil  re- 
fineries, gas  works,  etc.,  is  likely  to  produce 

conditions,  which,  under  favorable  circum- 
stances, may  fill  the  sewer  with  explosive  gas. 

Ignition  of  explosive  gases,  when  present  in 

the  sewers,  may  occur  in  many  diff^erent  ways —for  instance :  Sparks  from  street  railway 

tracks,  hot  cinders  and  sparks  from  locomo- 
tives, stacks,  etc.,  which  may  enter  the  man- 
holes through  the  perforations  iii  the  covers, 

or  when  same  are  removed  for  inspection  or 

repairs;  also  the  dropping  of  matches  or 
lighted  cigars  into  manholes  or  catch  basins : 
lights  and  sparks  from  tools,  while  making 
inspection  or  repairs  within  the  sewer  or  at 
chambers,  pumping  stations  or  disposal  plants. 

The  problem  of  preventing  sewer  explosions 
would  then  seem  to  be  a  question  of  either 
effectually  sealing  all  openings  into  sewers  or 

excluding  or  regulating  the  discharge  of  in- flammable or  explosive  wastes. 
A  number  of  cities  have  attempted  to  solve 

the  problem  by  procuring  legislation  prohibiting 
or  regulating  the  discharge  of  inflammable 
waste  materials  into  the  sewers.  Prior  to  the 
general  use  of  motor  vehicles  there  were 
many  industrial  and  business  establishments 
using  inflammable  and  volatile  wastes,  such  as 

dry  cleaning  establishments,  paint  manufac- 
tories, gas  works,  etc.  Notwithstanding  the 

fact,  explosions  in  sewers  caused  by  the  igni- 
tion of  gasoline  vapor  were  uncommon.  This 

fact  would  seem  to  indicate  that  the  greatly 
increased  use  of  gasoline  due  to  the  growth 
of  the  automobile  industry  has  been  responsible 
for  many  of  the  recent  sewer  explosions. 

Accepting  this  theory  as  a  working  basis,  we 
must  determine  whether  or  not  the  gasoline  is 
discharging  into  the  sewers  in  large  quantities 
by  a  relatively  few  people  or  in  small  quantities 

by  a  great  number.  In  the  first  case  the  situa- 
tion is  relatively  easy  to  control,  while  in  the 

latter,  it  would  be  difficult.  Moreover,  it  is 
necessary  and  important  to  determine  whether 
the  explosive  vapor  is  generated  from  the 
.iccumulative  effect  of  a  great  number  of  small 
discharges  or  from  the  discharge  of  large 

doses.  Past  experience  has  shown  that  the  or- 
dinary means  of  providing  ventilation  in  sew- 

erage systems  has  been  generally  adequate  to 
prevent  the  collection  of  explosive  gases.  If 
large  doses  of  inflammable  wastes  are  allowed 
to  enter  the  sewers,  other  means  of  ventilation 
will  have  to  be  provided  or  the  sewers  sealed 
The  installation  of  mechanical  ventilation  in 

the  sewers  throughout  the  system  would  re- 
move the  gases,  but  would  involve  great  initial 

outlay  and  the  cost  of  maintenance  and  opera- 
tion would  generally  be  prohibitive.  This 

scheme  would  not  seem  practicable.  There  is 

no  practical  way  of  providing  sufficient  ventila- 
tion either  by  mechanical  or  natural  means 

which  would  exhaust  the  air  inside  the  sewer 

quickly  enough  to  prevent  the  formation  of  an 
explosive  compound  in  case  large  quantities 
of  gasoline  were  present  in  the  sewer.  With 
the  exclusion  of  large  discharges  of  gasoline 
into  the  sewers,  the  danger  of  explosions  can 
be  greatly  lessened  by  giving  more  attention  to 

I 



November  18,  1914. Engineering   and    Contracting 
477 

the  improvement  of  the  natural  ventilation. 
This  would  probably  be  sufficient  to  prevent 
the  collection  of  explosive  vapors  arising  from 
the  normal  amount  of  gasoline  discharged  into 
the  sewers.  To  form  an  explosive  mixture  a 
certaiii  amount  of  air  and  gas  is  required.  If 
there  is  a  shortage  of  gas  or  an  excess  of  air, 
no  explosion  can  occur. 

It  cannot  be  ignored  that  many  sewer  ex- 
plosions have  resulted  from  the  leakage  of 

natural  or  artificial  gas  into  the  sewers.  Evi- 
dence has  been  conclusive  in  a  sufficient  num- 

ber of  cases  to  show  unmistakably  that  this  is 
a  fact.  The  prevention  of  explosions  from  this 
source,  however,  is  well  within  the  jurisdiction 
of  public  officials  and  the  remedy  is  the  tight 
construction  of  sewers  and  proper  laying  and 
location  of  gas  pipes.  The  remedy  in  this  case 
consists,  therefore,  in  the  enforcement  of  pow- 

ers that  municipalities  at  present  possess. 
Modern  sewer  design  provides  for  the 

ventilation  and  inspection  of  the  structure. 
The  discharge  of  inflammable  wastes  into 
sewer  systems  would  not  of  itself  be  a  serious 
matter,  or  objectionable,  were  it  not  for  the 
possibilities  of  igniting  the  explosive  com- 

pounds. Ignition  of  gases  in  the  sewers  could 
be  prevented  by  sealinsr  all  openings,  but  this 
would  prevent  inspection  and  create  impossible 
working  conditions  inside  the  sewer  when  re- 

pairs became  necessary.  Moreover,  the  sealing 
of  the  sewers  would  not  prevent  ignition  at 
chambers,  pumping  stations  and  disposal 
plants.  In  addition  to  the  foregoing,  there  are 
other  reasons  which  would  make  the  sealing 
of  the  sewers  impracticable  and  inadvisable. 

The  exclusion  of  inflammable  wastes  from  a 
sewer  system  brings  up  the  question  of  how  it 
shall  be  accomplished.  The  regulations  of  the 
Municipal  Explosives  Commission  of  the  City 
of  New  York,  adopted  Jan.  3,  1912,  require  the 
installation  of  oil  separator  traps  or  similar 
apparatus.  The  city  of  Boston  requires  a  spe- 

cial trap  which  will  prevent  the  discharge  of 
the  objectionable  wastes  into  the  sewers,  and 
the  city  of  Chicago  has  somewhat  similar  reg- 

ulations to  those  of  New  York,  governing  this 
matter. 

The  efficiency  of  these  devices  is  dependent 
upon  the  attention  paid  to  their  operation  by 
the  individual.  Careless  operation  or  neglect 
mi.ght  render  them  of  little  value  and  defeat 
the  purpose  for  which  they  were  installed. 
Therefore,  frequent  inspection  should  be 
made  by  the  proper  public  officers.  Their 
general  use  on  all  sewer  connections  where 
gasoline  or  other  inflammable  waste  is  dis- 

charged W'ould  seem  prohibitive,  if  found  ad- 
visable, on  account  of  the  cost.  The  compul- 

sory installation  of  devices  for  removing  oil 
will  generally  meet  with  opposition  by  those 
affected,  which  has  been  recently  demonstrated 
by  the  passage  of  an  ordinance  in  New  York 
City  repealing  the  ordinance  requiring  the  in- 

stallation of  oil  separators.  I  am  informed  that 
this  repealing  ordinance  was  vetoed  by  the 
Mayor. 
Formulation  of  legislation  directed  toward 

the  prohibition  of  the  discharge  of  inflatnmable 
wastes  into  sewers  is  at  present  receiving  at- 

tention in  many  cities.  That  the  same  may  be 
effectual  requires  the  most  careful  considera- 

tion. It  is  most  desirable  that  the  necessity  for 
such  regulations  be  demonstrated  and  the 
efficiency  of  any  devices  thoroughly  proven 
before  they  are  required  by  ordinance. 

The  writer  has  examined  the  regulations  of 
a  number  of  cities  and  has  come  to  the  con- 

clusion that  it  would  be  best  from  the  stand- 
point of  enforcement,  to  have  all  regulations  of 

this  nature  contained  in  a  single  ordinance 
which  would  cover  all  phases  of  the  discharge 
of  wastes  of  all  descriptions  into  the  sewers. 
Such  an  ordinance  should  contain  the  follow- 
ing: 

(a)  Prohibition  against  the  discharge  of  any 
inflammable  gas,  volatile  inflammable  liquid, 
inflammable  liquid,  oil  or  gas,  or  any  calcium 
carbide  or  residue  therefrom,  or  any  liquid  or 

other  material  or  substance  containing  inflam- 

mable gas  or  which  would  evolve  an  inflam- 
mable gas  when  in  contact  with  water  or 

sewage. 

(b)  Regulations  as   to   how   sewer   connec- 

tions with  establishments  from  which  the  fore 

going  wastes  emanate  may  be  made.  This  m-iy 
or  may  not  require  the  installation  of  special 
traps,  separators  or  similar  devices. 

(c)  Provision  for  the  examination  and  ap- 
proval of  all  intercepting  devices  and  pro- 

vision for  their  inspection,  maintenance  and 

operation. 
(d)  Provision  with  regard  to  the  discharge 

or  placing  of  obstructing  material  in  any  part 
of  the  sewer  system. 

(e)  Regulations  as  to  the  discharge  of  steam 
or  hot  liquid  or  gaseous  waste  into  the  sewers. 

(f)  Regulating  the  location  of  gas  pipes  in 
city  streets  with  reference  to  the  sewer;  pro- 

hibiting the  placing  of  gas  pipes  close  to  or 
within  the  masonry  of  sewers. 

(g)  Prohibiting  connections  from  manholes, 
gate  boxes,  or  other  apparatus  of  public  serv- 

ice corporations  to  the  sewers,  except  in  an 
approved  manner  and  when  properly  trapped. 

Legislation  alone  will  not  secure  or  prevent 
the  discharge  of  these  objectionable  wastes  into 
sewer  systems,  but  by  informing  the  people  of 
the  damage  resulting  from  this  practice,  the 
offense  will  be  greatly  lessened. 

It  would  appear  desirable,  in  the  interest  of 
public  safety,  where  oil  separators  or  similar 
devices  are  installed,  for  the  municipality  to 
undertake  the  final  disposition  of  the  residue 
rather  than  entrust  it  to  the  individual.  The 
importance  of  the  problem  of  regulating  the 
discharge  of  inflammable  waste,  etc.,  and  the 
necessity  for  its  strict  and  effectual  regulation 
has  been  amply  and  forcefully  demonstrated 
by  recent  violent  and  destructive  explosions. 

As  recent  as  Sept.  22,  1914,  another  serious 
explosion  occurred  in  the  sewer  on  East  42nd 
St.,  between  3rd  Ave.  and  East  River,  New 
York,  making  the  third  explosion  in  the  same 
sewer  within  a  year.  Reports  state  that  the 
physical  damage  to  the  sewer,  buildings  and 
street,  was  not  extensive.  This  is  accounted 
for  by  the  fact  that  the  sewer  was  a  brick 
lined  tunnel  in  rock  about  40  ft.  below  the 
street  surface.  Under  less  favorable  conditions 
of  location  and  design  this  result  would  have 
been  far  more  serious. 
The  most  disastrous  and  expensive  sewer 

explosion  vp  to  the  present  time,  although  en- 
tailing no  loss  of  life,  occurred  at  Pittsburgh, 

on  Nov.  25,  1913.  This  explosion  to  date  has 
cost  the  city  about  $300,000,  which  may  be 
increased  by  possible  damage  suits. 

This  problem  is  not  confined  to  the  preven- 
tion of  explosions  in  the  sewers  themselves,  but 

may  extend  to  all  kinds  of  sewerage  works  as 
shown  by  the  explosion  in  the  screen  chamber 
at  East  Boston,  which  occurred  June  1st,  of 
this  year.  In  this  explosion,  which  was  caused 
by  the  presence  of  gasoline  vapor,  six  lives 
were  lost  and  three  men  severely  injured. 
Without  mention  of  other  recent  sewer 

explosions,  it  is  evident  from  experience  cov- 
ering many  cities,  that  an  immediate,  effectual 

and  permanent  remedy  must  be  found  to  con- 
trol the  situation.  With  three  explosions  in 

the  42nd  St.  sewer  in  New  York  and  two  in  the 
33rd  S*.  sewer  in  Pittsburgh,  all  within  less 
than  a  year  of  each  other,  there  can  be  no 
question  but  what  the  conditions  inside  of  all 
large  sewers  draining  garages,  etc.,  are  such 
as  to  oroduce  explosions  whenever  ignition 

occurs.'  The  safety  of  the  public  and  the  wel- 
fare of  the  community  are  therefore  now  de- 

pendent mere  upon  good  fortune  than  trie 
certainty  of  scientific  control,  hence  the  public 

is  always  exposed  to  the  hidden  danger  which 

only  requires  a  chance  spark  to  cause  havoc 
and  disaster. 

The  present  situation  can  be  likened  to  the 
man  sitting  on  a  keg  of  powder. 
SEWER  EXPLOSION  INVESTIGATION  AT  PITTSBURGH. 

The  city  of  Pittsburgh,  immediately  after  the 
second  explosion,  set  about  to  make  an  in- 

vestigation and  study  with  a  view  of  preventing 
a  repetition  of  such  disasters.  This  investiga- 

tion is  being  conducted  jointly  by  the  city  and 
the  local  office  of  the  U.  S.  Bureau  of  Mines, 
who  have  rendered  valuable  assistance  and 

advice. 
The  purpose  of  this  investigation,  which  is 

still  in  progress,  follows:  (1)  To  locate  all 
possible  sources  from  which  gasoline  or  other 

explosive  wastes  might  enter  the  sewers.  (2) 
To  determine  by  a  series  of  examinations  and 
tests  the  location  of  the  sources  where  the 

waste  was, discharged.  (3)  The  determination 
of  the  presence,  extent  and  quantity  of  vapor 
within  the  sewers.  (4)  Experiments  to  deter- 

mine the  effect  and  behavior  of  gasoline 
dumped  into  the  sewer  in  different  quantities 
and  at  different  intervals. 

The  33rd  St.  drainage  basin  was  selected  for 
study  because  of  the  number  of  garages  within 
the  basin  and  the  fact  that  two  explosions  have 
already  occurred,  indicating  the  discharge  of 
large  quantities  of  explosive  waste  into  the 
sewer.  The  33rd  St.  drainage  basin  has  an 
area  of  1,642  acres,  a  population  of  53,785,  and 
a  total  of  417  structures  where  inflammable 
and  explosive  materials  are  handled.  These 
structures  are  classified  as  follows :  295  small 

garages,  not  more  than  two  cars,  includes  pri- 
vate and  small  business  garages ;  67  large 

garages,  not  less  than  three  cars,  includes  pub- 
lic garages,  repair  shops,  large  business 

garages,  etc. ;  12  gasoline  storage  establish- 
ments ;  1  dry  cleaning  establishment ;  2  paint 

shops;  39  business  or  manufacturing  places 
where  inflammable  oil  or  gases  are  manufac- 

tured, used,  sold,  handled  or  washed ;  includes 

gasoline  supply  establishments,  large  automo- 
bile establishments  where  gasoline  is  stored, 

sold  and  used  in  large  quantities. 

A  map  was  prepared  showing  the  outline  of 
the  basin,  the  sewer  system  within  and  the 
location  of  all  garages,  dry  cleaning  establish- 

ments and  other  places  where  inflammable  or 
explosive  wastes  are  likely  to  be  discharged 

into  the  sewers.  The  map  will  be  used  in  con- 
nection with  studies  to  locate  the  point  or 

points  where  the  discharge  of  inflammable 
wastes  occur. 

Letters  of  inquiry  were  sent  to  all  the  prin- 
cipal cities  in  the  country  with  a  view  of  ob- 

taining data  and  information  relative  to  sewer 
explosions  and  what  laws  or  ordinances  were 
in  force  regulating  or  controlling  the  discharge 
of  inflammable  or  explosive  wastes  into  the 
sewerage  systems.  The  answers  received  in 
reply  to  those  inquiries  were  compiled  and 
have  been  printed  in  pamphlet  form  and  copies 
furnished  to  each  city  supplying  information. 

Apparatus  was  designed  for  securing  sam- 
ples of  air  within  the  sewer  and  for  making 

field  tests  of  same.  The  apparatus  used  is 
shown   in  the  accompanying  cut. 

The  results  so  far  secured  in  the  investiga- 
tion indicate  the  presence  of  gasoline  vapor  in 

the  sewers  of  both  the  33rd  St.  and  Negley 
Run  systems.  This  latter  system  drains  an 
area  of  about  2..500  acres  with  a  population  of 
about  50,000  and  there  are  considerably  less 
sources  from  which  inflammable  wastes  are 

discharged  than  in  the  33rd  St.  system.  Ana- 
lyses of  a  series  of  samples  taken  on  the  same 

day  at  various  points  in  these  systems  have 
shown  that  gasoline  vapor  in  small  amounts  is 

present  throughout  the  sewer  system.  The 

gasoline  vapor  ranges  from  0.012  to  0.065  per 
cent  of  the  volume  of  sewer  air  in  the  sample. 
While  these  percentages  of  gasoline  vapor  are 
considerably  below  the  danger  mark,  which 

may  be  taken  as  2  per  cent,  it  goes  to  show 
that  the  natural  ventilation  of  these  sewer 

systems  is  not  sufficient  to  remove  the  effects 

of  the  ordinary  or  norma!  discharge  of  gaso- line. 

The  Negley  Run  system  drains  through 

duplicate  outlet  sewers  for  a  distance  of  over 

a  mile,  during  which  distance  there  are  no 

connections  known  which  could  by  any  possi- 
bility discharge  gasoline.  Above  this  point, 

there  are  a  number  of  large  branch  sewers  of 

considerable  length  so  that  taking  these  larger 
sewers  of  the  system  together  with  the  many 

miles  of  laterals,  with  the  opportunity  for 

ventilation  provided,  it  must  follow  that  nat- 
ural ventilation  would  not  suffice  to  remove 

the  effects  of  the  discharge  of  gasoline  in large  doses.  .  . 

It  is  expected  that  these  experiments  will 

require  considerable  time  before  definite  con- 
clusions can  be  reached  and  preventive  meas- 

ures, based  upon  them,  can  be  formulated,  but 

it  is  hoped  that  some  plan  or  action  can  be  de- 

vised which,  without  imposing  hardship  or  un- 
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due  expense  upon  the  people,  will  secure  to 
them  freedom  from  the  peril  and  danger  to 
which  they  are  now  constantly  exposed. 

The  Milwaukee  Sewerage  Problem. 
To  THE  EiiiTOKS :  In  yuiir  issue  of  Oct.  H, 

1914,  vou  printed  a  portion  of  a  paper  entitled 

'•The  Milwaukee  Sewerage  Problem,"  which 
I  presented  at  the  annual  convention  of  the 
American  Society  of  Municipal  Improvements 

recently  held  at  Boston.  In  this  paper  I  stated 
that  the  Menominee  Sewerage  Commission, 

consisting  of  Messrs.  John  W.  Alvord,  George 

C.  Whipple  and  Harrison  P.  Eddy,  had  rec- 
ommended that  the  preliminary  treatment  of 

sewage  in  Milwaukee  should  consist  of  chem- 

ical precipitation  and  disinfection.  I  made  an 

error  in  this  statement  which  I  wish  to  corr
ect. 

What  this  Commission  did  recommend  as  a
 

preliminary  treatment  for  the  sewage  of  M
il- 

waukee, was  grit  chambers,  screens  and  sedi- 
mentation tanks  for  the  removal  ol  suspended 

matters  and  a  disinfecting  station— the  eff
luent 

therefrom  to  be  discharged  into  the  Kmmcki
n- 

nic  River.  When  this  River  could  no  longer 

provide  dilution  for  sufficient  oxidation,  t
he 

effluent  was  to  be  carried  through  a  13  ft.  tun- 

nel under  the  bottom  of  Lake  Michigan  and 

dispersed  on  the  bottom  about  1%  miles  fro
m 

the  shore.  The  Commission  suggested  that,  in 

order  to  delay  for  some  years  the  building  ot 

this   large   outfall   tunnel,   provision   might   be 

made  for  temporarily  treating  the  sewage  by 

chemical  precipitation.  It  further  suggested 

that  Imhoff  tanks  might  prove  more  advaii- 

tageous  than  shallow  horizontal-flow  well  baf- fled tanks,  and  recommended  a  careful  study 
be  made  of  the  adaptability  of  these  tanks  to 

the  conditions  in   Milwaukee. 
In  the  event  that  sedimentation,  disinfection 

and  dispersion  in  the  lake  did  not  satisfactorily 

dispose  of  the  sewage,  the  Commission  recom- mended that  the  tank  effluent  be  further  treated 

by  sprinkling  filters. Very  truly  yours, 

T.  Chalkley  Hatton,  Chief  Engr., 

Sewerage  Commission  of  Milwaukee. 
Milwaukee.  Wis.,  Nov.  9,  1914. 

Design  and  Construction  of  the  Lower 

Ganges  Bridge  in  India. 
(.Staff   Article.) 

The  Lower  Ganges  Bridge,  which  is  under 
construction  near  Sara,  India,  about  115  niiles 
northeast  of  Calcutta,  will  connect  the  o-ft. 
(i-in.-gage  system  of  the  Eastern  Bengal  Rail- 

way south  of  the  Ganges  River  with  the  rail- 
ways north  of  the  river.  The  bridge,  which 

has  a  total  length  of  about  5,900  ft.,  consists 
of  fifteen  through  truss  spans  of  345  ft.  1^ 
in.  each,  center  to  center  of  bearings,  and 
symmetrical  steel  approaches,  each  of  which 
consists  of  three  T-i-ft.  deck  girder  spans. 
The  piers  of  the  truss  spans  are  spaced 

359.1325  ft.  on  centers,  and  their  caisson 
foundations  extend  to  a  maximum  depth  of 
IGO  ft.  below  low  water  level,  the  total  height 

of  these  piers  and  their  foundations  being  '222 
ft.  (i  ins.  The  bridge  has  a  clearance  of  40  ft. 
at  high  water,  the  variation  between  high  and 
low  water  levels  being  31   ft. 

.\  bridge  at  this  site  was  proposed  more 
than  20  years  before  its  construction  was 
sanctioned  in  1908.  Proposals  put  forward 

by  the  Eastern  Bengal  Ry.  in  1889  were  in- 
vestigated by  a  committee  and  reported 

feasible.     In    1902   Mr.   F.  J.   E.   Spring   pre- 

19it8.  Earlier  proposals  projected  a  single- 

track  bridge  with  a  clearance  at  high  flood 

level  of  3314  ft.  and  protection  works  on 

each  bank.  Further  investigation  and  ex- 

perience with  the  vagaries  of  the  river  re- 
sulted in  the  provision,  in  the  final  design, 

for  a  double-track  bridge  with  a  clearance  at 

high  water  of  40  ft.,  a  public  footway,  and 

protection  w^orks  at  Raita  and  Sara,  in  addi- 
tion to  more  strongly  built  protection  works 

at   the  site  of  the  bridge. 

APPROACHES    AND    PROTECTION    WORKS. 

The  portion  of  the  line  which  includes  the 

bridge  and  its  approaches  is  about  15  miles 

long  It  starts  just  north  of  the  Bhairamara 
station  on  the  Eastern  Bengal  Ry.  (see  Fig. 

1)  and  joins  the  northern  section  of  that 
railwav  about  three  miles  north  of  Gopalpur. 

From 'the  south  (Calcutta)  side  the  approach 
line  to  the  bridge  has  a  slope  of  0.25  per  cent 

for  a  distance  of  about  3^  miles.  On  the 

north  (Siliguri)  side  the  track  is  level  for 

2  000  ft.  at  Paksey  station  and  then  grades 

downward  for  about  3j4  miles  at  a  slope  of 

O'^O  per  cent.  At  the  abutments  the  approach 

banks  are  50  ft.  high.  Figure  2  shows  a  plan 

of  the  protection  works  at  the  bridge  site 

and  the  manner  of  providing  access  to  them. 
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course  through  the  bridge  was  the  most  dif- 
ficult one  which  confronted  the  engineers.  The 

system  adopted  is  that  originated  by  the  late 

Mr.  J.  R.  Bell  for  rivers  with  erodible  banks. 
At  the  bridge  site  there  are  two  guide  banks 
of  the  "Bell"'  embankment  type.  Each  pro- 

tection embankment  is  4,000  ft.  long,  ex- 
tending 3,000  ft.  above  the  bridge  and  1,000 

ft.  below  it  (see  Figs.  1  and  2).  The  ends 

are  curved  inward  and  are  heavily  pitched 
with  stone.  The  embankment  consists  of  a 

core  of  earth  raised  18  ft.  above  the  high- 
est flood  level,  protected  on  its  river  slope 

with  a  covering  of  pitched  stone  2  ft.  to  'iyi ft.  thick.  From  the  toe  of  the  slope  an  apron 

iyi  to  8H  ft-  thick  is  spread  outwards  a  dis- 
tance of  150  ft.  As  the  river  cuts  away  the 

earth  from  under  the  outer  edge  of  this 

span,  the  stone  falls  and  eventually  the  en- 
tire apron  will  lie  at  a  slope  equal  to  that 

of  the  pitched  slope  of  the  bank  to  a  depth 
of  100  ft. — the  maximum  known  depth  of 

bend  scour.  It  has  been  possible  to  make 

these  guide  banks  shorter  than  would  other- 
wise have  been  necessary,  due  to  the  exist- 
ence at  "Sara  (three  miles  above  the  bridge 

on  the  north  bank)  and  at  Raita  (seven 
miles     above     the     bridge     on     the     opposite 
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Fig.    1.  Site    of    Lower    Ganges    Bridge    and 

River    Bank    Protection    Works. 
Fig.  2.  Plans  of  Protection  Works  at  North    and    South    Ends   of 

Lower  Ganges  Bridge — Note  Approaches  to  Protection  VVorks. 

pared  a  detailed  project,  and  in  1907  a  com- 
mittee representing  commercial  interests  rec- 

ommended one  of  the  "Sara"  sites,  which 
also  had  been  favored  by  Mr.  Spring.  A 
technical  committee  appointed  in  19ii8  report- 

ed that  a  bridge  could  be  constructed  and  ad- 
vocated a  site  near  Sara.  This  was  followed 

by  the  sanction  of  the  Secretary  of  State  to 
the  construction  of  the  bridge  at  or  near 
Sara  and  the  appointment  of  Mr.  R.  K. 
Gales    as    engineer-in-chicf,    at    the    close    of 

There  are  five  roads  under  bridges  through 
the  high  approach  bank  and  two  small  cul- 

verts for  local  drainage.  There  are  also  four 
culverts  beyond  the  northern  approach  grade 
for  local  drainage.  These  culverts  are  heav- 

ily protected  against  failure  during  floods. 
From  the  Bhairamara  station  on  the  south 
bank  to  the  Ishurdi  station  on  the  north  bank 
(see  Fig.  1)  the  railway  is  double  track;  be- 

yond these  stations  it  is  single  track. 
The   problem    of    keeping    the    river    to    its 

bank)  of  benches  of  clay  of  considerable  ex- 
tent which  form  semi-permanent  points  in 

the  banks  of  the  river  (see  Fig.  1).  To  ren- 
der these  points  permanent,  and  thus  con- 
fine the  river  to  a  domparatively  straight  ap- 

proach to  the  bridge,  they  have  been  rein- 
forced with  pitched-stone  guide  banks  and 

aprons,  each  4,000  ft.  long. 
SUBSTRUCTURE  OF   BRIDGE. 

Caisson     Foundations. — The     sixteen     main 
piers    are   founded    on    caissons   sunk    by    the 
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-pen  dredging  process  to  a  depth  of  from  l.jn  the  low  water  level.     The  walls  are  strength- lo   lt)0   ft.   below   low  water  level.     The  sub-  ened   with   eighteen   1^-in.  vertical   rods   and sou    through    which    the    caissons    were    sunk  (ix?4-in.  bond   rings  spaced  on   !••>   ft    centers 
onsists    of    sand,    with    occasional    strata    of  After   the   caissons   have   been    sunk    to   their 
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Fig.  3.   Half  Elevation  and  Half  Longitudinal   Section   of  Typical   Caisson  and   Masonry  Por- 
tion of  Pier  for  345-ft.  1^-in  Truss  Spans  of  Lower  Ganges  Bridge. 

the    space    between    the    plugs    is    filled    with sand    (see   Fig.   3). 

Some  of  the  curbs,  or  cutting  edges,  were 
erected  on  the  bank  during  the  dry  season, 
and  were  floated  into  position  during  the 
rainy  season;  others  were  launched  from 
slips  similar  to  those  used  for  launching 
ships ;  most  of  them,  however,  were  built  on 
wooden  pontoons  and  were  launched  by  sink- 

ing the  pontoons.  On  account  of  magnitude 
of  the  work,  the  heavy  loads  to  be  handled, 
and  the  fact  that  it  was  necessary  to  sink 
each  well  to  its  full  depth  in  a  single  season 
(to  avoid  the  following  floods),  special  over- 

head floating  stagings,  equipped  with  electric 
cranes    and   concrete   mixers,    were    used. 

In  general,  the  procedure  followed  in  con- 
structing this  part  of  the  work  w^as  as  fol- 

lows :  The  cutting  edge  was  floated  into  po- 
sition and  placed  in  the  staging,  and  the  lat- 

ter then  moored  in  place.  The  plates  were 
then  built  up,  one  by  one,  and  the  caisson 
gradually  sunk  to  a  level  near  the  bed  of 
the  river  by  filling  it  with  concrete.  The 
caisson  was  grounded  quickly,  both  to  avoid 
the  scouring  of  the  river  bed  under  it  and 
to  insure  its  being  placed  in  exact  position, 
the  bed  of  the  river  being  protected  previous- 

ly With  a  layer  of  sand  bags.  To  insure  a 
quick  grounding  the  dredging  holes  were  pro- 

vided with  water-tight  false  bottoms,  which, 
when  opened,  permitted  the  caisson  to  sink 
rapidly  to  a  firm  bearing  on  the  sand  bags. 
The  false  bottoms  were  then  removed,  and 
the  remainder  of  the  space  filled  with  con- 

crete. The  caisson  was  then  sunk  by  dredges 
equipped  with  buckets  of  100  cu.  ft.  capacity, 
the  concrete  blocks  being  built  up  as  the  sink- 

ing progressed.  Each  caisson  contained  ap- 
proximately 355  tons  of  steel  and  15,300  tons 

of  masonry. 

Piers. — To  reduce  the  weight  on  the  foun- 
dations it  was  necessary  to  build  the  upper 

portions  of  the  piers  (above  high  water 
level)  in  the  form  of  steel  towers.  These 
towers  rest  on  masonry  piers,  which  are  29 
ft.  wide  and  55  ft.  long  and  have  semi-cir- 

cular ends  and  straight  sides.  The  pier  shafts 
consist  of  brickwork  laid  in  cement  mortar 
and  faced  with  moulded  concrete  blocks.  The 
bases  of  the  piers,  which  rest  directly  on  the 
caissons,  are  of  concrete  6  ft.  thick.  The 
pier  shafts  are  capped  with  a  reinforced  con- 

crete slab  654  ft.  thick,  enclosing  the  heavy 
steel  grillages  upon  which  rest  the  tower 
legs   (see  Fig.  3). 

The  two  abutment-piers  have  been  con- 
structed of  masonry  to  their  full  height,  as 

the  loads  carried  by  them  are  much  lighter. 
(Each  of  these  piers  supports  one  end  of  a 
345-ft.  V/i-m.  through  span  and  one  end  of 
a  75-ft.  deck  plate  girder.)  The  bases  of 
these  abutment-piers  are  of  reinforced  con- 

crete, about  11  ft.  thick.  Above  the  bases 
the  piers  consist  of  concrete  blocks  with  a 
core  of  mass  concrete,  while  the  shafts  are 
capped    with   a   3-ft.    reinforced   concrete   slab 

■^tift  clay.  These  caissons  rest  on  a  bed  of 
sand,  which  lies  about  50  ft.  below  the  deep- 

est known  bend  scour  Hne  of  the  river,  and 
they  are  the  deepest  foundations  of  their  kind 
m  the  world.  The  load  on  the  base  of  the  cais- 

sons, allowing  for  buoyancy  but  not  for  skin 
friction,  is  about  9  tons  per  square  foot. 

In  plan  the  caissons  have  semi-circular  ends 
and  straight  sides.  These  caissons  are  35 
ft.  wide,  63  ft.  long  and  from  150  to  160  ft. 
deep.  Figure  3  shows  a  half  elevation  and  a 
lialf  longitudinal  section  of  a  typical  caisson 
and  masonry  pier,  and  indicates  the  type  of 
construction  used.  The  Caissons  contain  two 
dredging  holes,  each  18j^  ft.  in  diameter. 
The  curb  (cutting  edge)  has  a  height  of  15 
ft.  7  ins.  and  weighs  140  tons.  It  is  continued 
upward  as  a  caisson  by  adding  steel  plates  in 
unit  lengths  of  7  ft.  to  a  maximum  height 
of  05  ft.  Above  this  level  the  dredging  wells 
ire  lined  with  steel  to  insure  water-tightness 
and  to  give  increased  strength.  This  steel 
lining  also  acts  as  a  form  for  the  mass  con- 

crete filling  between  the  wells.  Above  the 
steel  enclosed  portion  the  walls  consist  of 
moulded  concrete  blocks  weighing  about  6 
tons    each,    these   blocks    being   carried   up   to 
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Fig.  4.   North  Truss  Span  and  Girder  Approach  Spans   of    Lower    Ganges    Bridge.      Note 
Protection  Works  and  Deep  Caissons. 

final    depth    the    tops    and    bottoms     of     the      enclosing   the   grillages.    In   plan,   these   piers 
dredging  wells  are  plugged  with  concrete,  and      are   rectangular,   their   length    being   45    ft.   6 
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ins.  and  their  width  27  ft.  6  ins.,  with  rec- 
tangular recesses  on  the  river  sides.  In  addi- 

tion to  reducing  the  weight  of  the  piers  these 
recesses  tend  to  centralize  the  load  on  the 
caissons. 

mansions  and  types  of  construction  used,  and 
shows  the  protection  works  at  this  end  of 
the  bridge. 

Erection     Features. — Where     the     river     is 

shallow  the  main  spans  were  erected  on  tim- 

Fig.    5.  View    Showing    Manner    of    Erecting  South  Truss  Span  of  Lower  Ganges  Bridge — 
Note   Falsework  and   Gantry   Crane. 

her  falsework,  which  was  supported  on  piles 

where  necessary.  In  deep  water  a  34.')-ft., 1,000-ton  steel  erection  span  was  used.  This 
span  was  supported  on  the  masonry  piers 
during  the  erection  of  the  through  truss 

spans  upon  it.  The  erection  span  was  trans- 
ported from  span  to  span  on  two  pontoons, 

upon  which  were  placed  timber  stagings  of 
adjustable  height.  Figure  S  is  a  view  taken 
during  the  erection  of  the  end  span  on  the 
south  bank  of  the  river,  while  Figs.  6  and 

7  are  views  showing  the  erection  of  a  cen- 
tral span  in  deep  water.  It  is  expected  that 

eight  spans  will  be  erected  on  timber  false- 
work and  seven  by  means  of  the  steel  erec- 

tion span. 

The  main  spans  are  erected  by  means  of 

an  electrically-driven  gantry  traveler  run- 
ning over  tracks  supported  either  on  the  erec- 
tion span  or  on  the  falsework  (see  Figs.  5 and  6). 

The  total  weight  of  the  steelwork  in  the 

superstructure  is  about  21,000  tons.  The  60,- 
000  field  rivets  in  each  truss  span  were  driven 
by    hydraulic    and    pneumatic    riveters.    About 

The  masonry  piers  were  constructed  by 
means  of  the  same  stagings  which  were  used 
in  sinking  the  caissons,  while  the  steel  towers 
were  erected  by  10-ton  electric  floating  cranes. 
The  sixteen  piers  and  towers  contain  3,1.50 
tons  of  steel  and  47,800  tons  of  masonry. 

SUPERSTRUCTURE    OF    BRIDGE. 

Design  Features. — The  fifteen  main  through 
truss  spans  are  of  the  Petit  type.  Each  span 
has  a  length,  center  to  center  of  bearings,  of 
345  ft.  I'/z  in.,  and  a  maximum  height,  center 
to  center  of  chords,  of  52  ft.  The  bridge 
carries  two  5-ft.  6-in.-gage  tracks  and  a  5-ft. 
footway  bracketed  from  the  downstream 
truss.  The  trusses  are  spaced  32  ft.  on  cen- 

ters, each  truss  consisting  of  twenty-two  15- 
ft.  8j4-in.  panels.  The  trusses  rest  on  cast 
steel  rocker  bearings  about  5  ft.  6  ins.  high. 
Each  main  span  weighs  about  1,250  tons. 
The  steel  approach  at  each  end  of  the 

bridge  consists  of  three  75-ft.  deck  plate 
girders,  with  a  trough  deck  on  top  carrying 
the  two  tracks  and  with  parapets  on  both 
sides. 

Figure  4  is  a  general  elevation  of  the  truss 
span  and  approach  at  the  north  end  of  the 
bridge.     This   drawing  gives   the   general   di- 

Fig.  6.  View   Showing  345-ft.   Erection   Truss   Used — Lower    Ganges in   Erecting   Main  Spans  in   Deep  Water 
Bridge. 

Fig.  7.  View  of  Lower  Ganges  Bridge  Showing  Erection    of   a    Main    Span    on    the    Erection 

Truss — View  Also   Shows  a  Completed   Span   and   Pier. 

4,000  tons  of  pine  timbers  were  obtained  from 
America  for  the  falsework,  the  fittings  for 
which   weighed    about   40   tons. 

MATERIALS. 

The  stone  for  the  protection  works,  that 
for  the  concrete,  and  for  ballasting  the  line 
was  quarried  at  three  bridge  quarries,  one 
located  at  Phudkipur,  near  Rajmahal,  one 
at  Pakur,  and  the  third  at  Jainti,  at  the  foot 

of  the  Himalayas.  The  stone  was  trans- 
ported from  Pakur  and  Jainti,  distant  234 

and  218  miles  from  the  bridge  site,  respec- 

tively, by  train,  and  from  Phudkipur,  a  dis- 
tance of  134  miles,  by  a  chartered  fleet  of 

steamers  and  flats.  The  building  sand  was 

delivered  by  train,  while  the  cement  was  ob- 
tained from  England  through  the  stores  de- 

partment of  the  India  office. 
The  concrete  blocks  for  the  caissons  and 

for  facing  the  piers  were  moulded  in  yards 
located  on  both  banks  of  the  river.  Each 

yard  has  a  full  equipment,  including  a  10- 
ton,  53-ft.  span  traveling  crane,  concrete  mix- 

ers, stone  crushers,  tramways,  moulds,  etc. 
On  the  north  bank  the  yard  had  a  special 

moulding  shed  with  an  overhead  trolley  gan- 
try for  manufacturing  and  handling  the 

facing  blocks  for  the  piers.  About  24.000 
caisson  blocks  and  16,000  facing  blocks  were 
moulded  in  these  yards. 

EQUIPMENT    AND   POWER. 

The  truss  spans  were  received  in  special 

yards  and  were  unloaded  by  20-ton  steam 
traveling  jib  cranes  onto  skids,  on  which  the 
pieces  were  sorted  and  stacked.  All  material 
consigned  to  the  north,  or  Sara,  bank  was 

transported  by  ferry  across  the  Ganges  River 

by  the  Eastern  Bengal  Ry.  and  was  run  into 
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the  storeyards.  The  materials  for  the  river 
works  were  taken  out  on  pontoons  and 
barges,   being  handled  by  floating  cranes. 
The  power  and  light  are  supplied  from  two 

powerhouses,  one  on  each  bank  of  the  river. 
The  capacity  of  these  plants  is  1,125  kw.  The 
alternating  current  is  generated  at  440  volts; 
it  is  transmitted  at  3,300  volts ;  and  is  stepped 
down  to  440  volts  for  the  machines  and  to 
110  volts   for  the  lights. 
The  construction  plant  is  a  large  item  in 

the  cost  of  this  project,  some  of  the  impor- 
tant equipment  being  recorded  in  the  accom- 

panying table : 
Two  erection  travelers. 
Two  10-ton.  53 -ft.  span  traveling  cranes. 
Two  20-ton  steam  traveling  Jib  cranes. 
Three  SO-ft.,   10-ton,  floating  derrick  cranes. 
Five  fixed  and  traveling  10-ton  hand  cranes. 
Ten  15-ton  overhead  cranes  on  the  caisson 

sinking  sets. 
Two  paddle  steamers,  3  steam  launches,  3 

motor  boats  and  about  50  pontoons  and  barges. 
Broad-gage  (5-ft.  6-in.),  meter-gage  and  2- 

ft.  6-in.  gage  rolling  stock,  including  24  locomo- 
tives, 28  brakevans  and  about  S30  trucks. 

About  SI  miles  of  5-ft.  6-in.  gage,  meter-gage, 
and  2-ft.  6-in.  gage  service  track. 
Pneumatic  and   hydraulic   riveting  plants. 
Twenty-one  concrete  mixers  and'  5  stone crushers. 
Power  plant,  eauipment,  etc. 

PROGRESS    OF    CONSTRUCTION    .^ND    CENER.AL   DATA. 

Preliminary  surveys  and  prospecting  for 
sources  of  stone  supply  were  carried  on  dur- 

ing the  early  part  of  1909.  The  season  of 
1909-1910  was  occupied  in  opening  up  quar- 

ries, constructing  service  lines,  offices,  and 
staff  quarters  at  the  bridge  site.  The  season 
of  1910-1911  was  spent  in  completing  the 
service  works  and  in  constructing  the  prin- 

cipal part  of  the  north  and  south  bank  pro- 
tection works.  During  the  season  of  1911- 

1912  the  protection  works  at  the  bridge  site 

were  completed,  the  "Raita"  bank  works 
started,  and  five  caissons  were  sunk  to  their 
full  depth.  During  the  season  of  1912-1913 
seven  more  caissons  were  completed,  the 

"Raita"  bank  was  practically  finished,  and 
one  main  span  and  the  erection  truss  erected. 
Further  progress  might  have  been  made  on 
the  truss  spans  and  piers  if  the  material  had 
arrived  from  England  on  scheduled  time, 
considerable  delay  in  supplying  the  steelwork 
being  due  to  strikes  in  England.  The  first 
main  span  and  the  erection  truss  were  erect- 

ed very  late  in  the  season,  under  great  pres- 
sure and  considerable  risk  from  the  rising 

river.  Their  completion,  however,  saved 
about  a  year  in  the  time  required  for  the 

completion  of  the  bridge.  '  During  the  cur- 
rent season  it  is  expected  that  the  four  re- 

maining caissons  and  all  the  piers  will  be 
completed  and  that,  ten  main  spans  will  be 
erected.  It  is  also  expected  that  all  of  the 
approach  works,  stations  and  land  spans  will 
be  completed  by  the  end  of  the  rainy  season. 
It  is  proposed  to  open  the  bridge  to  traffic  in 

1915.  The  north,  or  "Sara"  bank,  cannot  be constructed  until  the  traffic  has  been  diverted 

over  the  bridge,  as  this  work  involves  the  dis- 
mantling of  the  existing  pass  at  Sara. 

About  299,000  tons  of  masonry  and  nearly 
30,000  tons  of  steel  will  be  required  for  the 
superstructure  and  substructure.  At  high 
flood  level  about  2,500,000  Cu.  ft.  of  water 
will  pass  the  bridge  per  second.  The  bank 
protection  works,  when  completed,  will  con- 

tain about  865,500  cu.  yds.  of  pitching  stone 
and  about  1,429,600  cu.  yds.  of  earthwork, 
while  a  reserve  supply  of  stone  of  about  104,- 
000  cu.  yds.  is  stored  near  the  bridge  site. 
In  each  main  span  there  are  about  60,000 
field  rivets,  and  in  each  pier  and  caisson 
about  50,000  field  rivets,  a  total  of  about 
1,700.000  field  rivets.  The  deepest  caisson 
has  been  sunk  to  a  depth  of  159.6  ft.  below 
lowest  water  level,  or  190.6  ft.  below  flood 
level.  The  estimated  cost  of  the  work  is  as 
follows : 

Bridge  proper — 
Protection   works      J  3,633,000 
Piers   and   steel   spans       6,308,000 

Construction  plant,  general  charges, 
service  works  and  preliminary  ex- 

penses          2,757,000 

Total       $12,698,000 
Approaches   (beyond   steelwork)       2.724,000 

Grand  total     $15,422,000 

In  February,  1912,  there  were  24,400  men 
employed  on  various  parts  of  this  work,  which 
gives  some  idea  of  its  magnitude. 

PERSONNEL. 

The  superstructure  was  designed  under  the 
British  standard  specifications  by  Rendel, 
Palmer  and  Tritton,  consulting  engineers  of 
the  India  office.  The  Cleveland  Bridge  & 
Engineering  Co.,  Ltd.,  built  nine  of  the  main 
spans  and  Braithwaite  &  Kirk,  Ltd.,  the  re- 

maining six  spans.  We  are  indebted  to  the 
Railway  Board  of  the  Railway  Department, 
Government  of  India,  for  the  data  upon 
which   this   article  is  based. 

Results  of  Tests  of  Treated  and  Un- 

tre-ated  Oregon  Fir  Piling  to  Deter- 
mine the  Effect  of  the  Steaming 

Process  of  Creosoting  on  the  Phys- 
ical Properties. 

The  Atchison,  Topeka  &  Santa  Fe  Ry.  has 
recently  made  a  series  of  tests  to  determine 
the  effect  of  the  steaming  process  of  creosoi- 
iiig  on  the  physical  properties  of  Oregon  fir 
pihng.  The  material  tested  was  taken  froni 
the  regular  stock  of  a  treating  plant,  and  it 
was  considered  representative  timber  as  to 
density  of  grain,  sap  wood,  knots  and  condi- 

tions of  creosoting.  The  sap  wood,  however, 
v»as  deeper  than  that  ordinarily  found  in  aver- 

age material.  The  tests  were  made  by  H.  B. 
MacFarland,  engineer  of  tests,  and  were  re- 

ported in  the  Bulletin  of  the  American  Rail- 
way Engineering  Association,  the  following 

data  being  abstracted  from  this  report: 

Scope  and  Character  of  Tests. 
MATERIAL  TESTED. 

Twenty  Oregon  fir  logs,  varying  in  diameter 
at  the  butt  from  12  to  18  ins.  and  in  length 
from  40  to  60  ft.  were  selected  for  the  test. 
From  each  log  two  specimens,  each  15  ft. 
long,    were    cut.     Ten    of    the    40    specimens 

table  of  a  200,000-lb.  Olsen  testing  machine. 
The  specimen  was  supported  by  two  concave 
oak  blocks  6  ins.  wide  and  12  ins.  long,  fitting 
the  contour  of  the  pile.  The  load  was  applied 

at  the  third  points  on  concave  oak  blocks  simi- 
lar to  those  used  to  support  the  piling,  the 

length  of  span  being  13  ft.  The  load  was  ap- 
plied in  increments  of  5,000  lbs.,  the  head  of 

the  screw  descending  at  the  rate  of  0.15  in. 
per  minute  until  failure  occurred. 

In  making  the  compression  tests  parallel  to 
the  grain  a  specimen  5x5.xr2  ins.  was  taken, 
care  being  taken  that  the  specimens  were  free 
from  the  effects  of  the  transverse  test.  The 
ends  were  made  parallel  and  perpendicular  to 
the  axis  of  the  piece  by  shaving  them  in  a 
wood  trimming  machine.  The  load  was  ap- 

plied in  increments  of  5,000  lbs.,  the  speed  of 
the  machine  being  0.15  in.  per  minute. 

The  specimens  used  in  making  the  compres- 
sion tests  perpendicular  to  the  grain  were 

6x6x24  ins.  To  obtain  comparable  data  the 
specimens  were  tested  in  such  a  way  that  the 

load  was  applied  through  a  plate  2xo"8x8  ins. to  the  convex  side  of  the  growth  rings.  The 
load  was  applied  in  increments  of  5,000  lbs.  up 
to  about  the  elastic  limit  when  the  increments 
were  decreased  to  1,000  lbs. 

In  making  the  shearing  tests  parallel  to  the 
grain  the  specimens  used  were  3  11/16  x  3  11/16 
x40  ins.  long,  an  openitig  l%x4  ins.  being  cut 
6  ins.  from  the  end.  A  machined  piece  of 
iron  l%x3  ins.  was  placed  in  the  mortise,  the 
rate  of  motion  of  the  machine  head  being  0.16 

in.  per  minute. 

Tests — Minor  Speci)nens. — The  "minor" tests  were  made  to  determine  whether  the 

wood  in  the  interior  and  in  the  untreated  por- 
tions of  the  creosoted  piling  was  injured  in 

any  way  by  the  creosoting  process. 
The  transverse  test  specimens  were  5x5x60 

ins.,  the  span  being  50  ins.  These  specimens 
were  placed  with  the  side  nearest  the  center 
of  the  original  pile  downward.  The  wood  was 

protected  by  iron  plates  resting  on  the  knife- 
edge  supports  and  load  points.     The  loading 

Time  of 
;tart.     Stop. 

TABLE  I.— DETAILS  OF  CREOSOTING  TREATMENT. 
Total  Pressure, 
time,  lbs.  per  sq.  in.             Vacuum,   ins. 
h.     m.  Max.   Min.     Av.         Max.   Min.     Av. 

Steaming  Process: 
Tank  1,  Tank  2         3 

Vacuum  Process: 
Tank  1,  Tank  2       10 

Oil  Process: 
Tank  1,  Tank  2         4 

Steaming  Process: 
4:50  p.  m.,  2:00  a.  m         9 

Vacuum  Process: 
2:10  a.  m.,  3:00  p.  m       12 

Oil  Process; 
3:S0  p.  m.,  7:55  p.  m         4 

18 -HOUR    TREATMENT. 

5  92  7         75 
10     28M; 

45  114         10         77 

26-HOUR    TREATMENT. 

10  04  20  '■'4 50          ...  26 

5  125         15         :.". 

25 

Temperature, 
deg.  F. 

lax.  llin.  Av. 

335 

275 

317 

265 190 

219 
204 

190 

19S 

330 200 

300 

276 

206 

225 
201 1S6 190 

were  given  the  regular  treatment,  which  is 
known  as  the  18-hour  treatment,  and  ten  were 
given  an  e.xtra  heavy  26-hour  treatment  for 
the  specific  purpose  of  obtaining  deeper  pene- 

tration ;  the  remainder  were  tested  without 

treatment.  In  order  to  get  the  best  compara- 
tive data  as  to  the  effect  of  creosoting  on  the 

different  parts  of  the  log,  alternate  butts  and 
tops  were  treated.  At  the  time  of  treatment 
the  logs  had  been  cut  from  three  to  six 
months.  Just  previous  to  treatment  the  logs 
were  taken  from  salt  water  and  the  bark  re- 

moved, the  logs  then  being  ready  for  treat- 
ment. 

The  "major"  tests  were  made  of  the  entire 
section  of  the  log,  while  the  material  used  in 
the  "minor"  tests  was  taken  from  the  hearts 
of  the  treated  and  untreated  major  specimens 
used  in  the  transverse  tests. 

DESCRIPTION  OF  TREATMENT  AND  TESTS. 

Treatment. — Table  I  gives  details  of  the 
creosoting  treatinent  of  the  specimens,  the 
process  consisting  of  three  parts,  namely, 
steaming,  removing  moisture  and  filling  with 
creosote.  Observations  as  to  temperature, 

pressure  and  vacuum  were  taken  at  ten-min- ute intervals  throughout  the  tests. 
Tests — Major  Specimens.— The  transverse 

tests  were  made  by  placing  the  specimen  on 
two  18-in.  I-beams  which  were  set  across  the 

was  applied  at  the  third  points,  the  load  incre- 
ments being  200  lbs. 

The  compression  tests  parallel  and  perpen- 
dicular to  the  grain  were  made  on  material 

sawed  from  the  transverse  test  specimens. 

Discussion   of   Results   of  Tests. 

By  means  of  descriptions,  diagrams,  pho- 
tographs and  tabular  data  the  test  of  each 

specimen  is  fully  covered  in  the  bulletin.  The 
preceding  data  and  the  following  discussion  of 
the  results  of  the  tests,  however,  are  sufficient 
to  indicate  the  character  and  scope  of  the 
tests  and  to  give  the  effect,  on  the  physical 

properties,   of   creosoting  Oregon  fir  piling. 
GENERAL    CONDITIONS — MAJOR    SPECIMENS. 

Physieal  Defects.— It  was  noted  from  a  study 

of  the  photographs  of  end  views  of  treated 

and  untreated  specimens  that  the  treated  ma- 
terial, in  general,  showed  clearly  the  effect  of 

high  temperature  from  pressure  used  in  the 
steam  creosoting  process. 

The  original  defects  in  untreated  specimens 

are,  as  a  rule,  amplified  by  the  treatment. 
Checks  and  cracks  are  enlarged,  and  in  many 

cases  the  cohesion  of  annual  growth  rings  has 

been  lessened  to  such  an  extent  that  separa- 
tion of  the  rings  in  the  form  of  a  circular 

check  takes  place,  particularly  where  there  are 

pitch   rings. 
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MOISTURE   CONTENT. 

It  is  seen  from  the  following  data  that  the 
moisture  at  the  time  of  test  in  the  treated  ma- 

terial is  greater  than  that  in  the  untreated 
material: 

Moisture  content, 
per  cent. Untreated.     Treated. 

IS-hour  treatment       12.G  15.7 
26-hour  treatment       14.8  17.9 
The  seaming  and  vacuum  process,  instead 

of  removing  moisture  from  the  material,  in- 
troduced 3.1  per  cent. 
PENETRATION  OF  CREOSOTE. 

Microscopic  Examinations — Saf'  and  Heart 
Wood. — It  was  observed,  by  examining  very 
thin  sections  of  treated  and  untreated  Oregon 
fir  under  the  microscope,  that  the  sap  wood 
consisted  of  small  fibers  of  cellulose,  appro.xi- 
mately  0.0006  in.  in  diameter;  that  is,  in  a  field 
0.06  in.  in  diameter  there  were  100  fibers.  The 
fibers  were  separated  by  small  ducts  contain- 

ing coagulated  sap.  Resins  were  entirely  ab- 
sent. The  heart  wood  appeared  to  be  little 

different  from  the  sap  wood  in  size  or  in  fine- 
ness of  fiber.  The  ducts  contained  resinified 

sap.  Minute  pockets  of  resin  were  easily  dis- 
cerned. 

Spring  and  Summer  Wood. — On  examina- 
tion of  the  cross  section  of  wood,  the  alternate 

soft  and  hard  rings  are  easily  seen.  The  soft 
rings  consist  of  somewhat  spongy  material 

and  are  called  "spring  wood."  The  rings  of 
spring  wood  are  surrounded  by  rings  of  "sum- 

mer wood."  As  a  rule  the  rings  of  summer wood  are  much  narrower  than  those  of  the 
spring  wood.  The  summer  wood,  by  reason 
of  the  greater  vitality  of  the  tree  in  summer 
than  in  spring,  has  a  greater  strength  and  den- 
sity. 

Under  the  microscope  it  was  observed  that 
the  summer  wood  had  a  well  defined  fibrous 
structure,  indicating  a  certain  measure  of  cap- 

illarity. The  spring  wood,  however,  was 
poorly  organized ;  the  fibers  of  cellulose  were 
widely  separated  by  ducts  probably  containing 
albumin,    starch   and    unorganized   cellulose. 

Penetration  in  Heart  Wood. — It  was  noted 
from  the  photographs  of  cross  sections  of 
treated  specimens  that  the  treated  areas  were 
sharply  defined.  The  untreated  areas  con- 

sisted of  heart  wood. 
The  impenetrability  of  heart  wood  in  re- 

gard to  absorption  of  creosote  is  seen  by  com- 
paring the  depth  of  penetration  in  treated 

specimens  with  the  depth  of  sap  wood  of  un- 
treated specimens.  It  is  to  be  noted  that  the 

depth  of  penetration  in  75  per  cent  of  the 
treated  specimens  corresponds  very  closely  to 
the  depth  of  sap  wood  in  the  untreated  speci- 
mens. 

The  heart  wood  in  Oregon  fir  is  so  refrac- 
tory that  it  is  almost  impossible  to  bring  about 

an  absorption  of  creosote,  and  then  only  to  a 
slight  degree,  even  in  perfectly  seasoned  ma- 

terial, without  the  use  of  great  pressure  and 
high  temperature. 

It  was  observed  from  the  photographs 
of  end  penetration  that  the  ends  of  the  fibers 
in  cross  sectional  treatment  are  almost  totally 
resistent  to  treatment,  indicated  by  the  ab- 

sence of  any  dark  coloration  in  the  ends  of 
the  specimens.  That  portion  of  the  cross  sec- 

tion containing  sap  wood  undoubtedly  takes 
up  considerable  treatment  longitudinally. 
Wood  containing  checks,  cracks,  shakes,  loose 
open  fibers,  and  other  physical  defects,  absorbs 
considerable  creosote  longitudinally  by  reason 
of  the  pressure  used  in  the  creosoting  process. 
Penetration  in  Summer  Wood. — It  was 

noted  that  there  is  practically  no  end  penetra- 
tion whatever  in  a  perfectly  sound  specimen  of 

Oregon  fir.  The  dark  striations  separated  by 
margins  of  uncolored  wood,  coinciding  with 
the  rings  of  summer  wood,  extended  for  some 
distance  into  the  wood.  These  striations  are 
due  to  longitudinal  absorption  by  summer 
wood  of  a  very  small  amount  of  creosote.  They 
often  extend  to  considerable  distances  into  the 
treated   specimens. 

It  is  often  seen  in  boring  into  a  treated  pile 
or  bridge  timber  perpendicular  to  the  grain 
that  dark  colored  fiber  is  nearly  always  found 
well  outside  the  zone  of  active  penetration. 

The  alternate  areas  of  treated  and  untreated 
material  are  easily  seen  by  examination  of  the 
core  extracted  by  an  increment  auger. 
The  dark  portions  of  treated  in  untreated 

material  are  due  to  longitudinal  capillary  ab- 
sorption of  creosote  by  summer  growth  rings. 

It  is  doubtful  if  the  amount  of  treatment 
contained  in  the  summer  growth  rings  of  heart 
wood  is  sufficient  to  resist  the  incursions  of 

the  "Teredo  Navalis." 
In  measuring  the  depth  of  penetration  of 

treatment  in  creosoted  Oregon  fir,  that  por- 
tion which  contains  active  penetration  should 

be  considered  and  not  the  dark  striations  out- 
side the  zone  of  penetration. 

PHYSICAL    TESTS — MAJOR    SPECIMENS. 

Transverse  Tests. — The  number  and  kinds 

oi  failures  of  treated  and  untreated  speci- 
mens in  transverse  test  are  as  follows : 

Horizontal  .shear.  Tension. 
Number.  Per  cent.  Number.  Per  cent. 

Treated          13  65  7  35 
Untreated    ....      IS  90  2  10 

It  is  seen  that  65  per  cent  of  the  treated 

specimens  and  90  per  cent  of  the  untreated 
specimens  failed  in  horizontal  shear.  The  fact 
that  more  untreated  than  treated  specimens 

failed  by  horizontal  shear  was  due  to  the  fact 

that  the  outer  fiber  in  the  untreated  speci- 
mens was  much  stronger  than  in  the  treated. 

In  the  treated  specimens  the  outside  fiber  vyas 
weakened  to  such  an  extent  by  creosoting 

process  that  in  some  cases  failure  occurred 
in  tension  before  a  stress  sufficient  to   shear 

ture,  treated  and  untreated  specimens,  is  here 
given  :  Jlodulus  of  rupture,  lbs.  per 

sq.  in. 

3a, 

Untreated 
..13.68 

S,233 
6,002 

7,028 ion 
Treated    . . 

.16.70 

5,215 

2,206 

4,058 
58 

The  above  rating  is  based  on  taking  the 
modulus  of  rupture  of  untreated  specimens 
as  100  per  cent. 

It  is  to  be  noted  from  this  table  that  the 

transverse  strength  of  the  treated  specimens  is 
little  more  than  half  as  great  as  that  of  the 
untreated.  It  is  also  seen  that  there  is  very 
wide  divergence  between  the  maximum  and 

minimum  moduli  of  rupture  of  treated  speci- 
mens. The  minimum  was  obtained  from 

specimen  16B. 
It  was  noted  from  the  modulus  of  rupture 

(transverse  tests  of  untreated  specimens)  that 

specimen  16A,  the  untreated  portion  of  the 
pile,  was  3%  times  as  strong  as  the  treated 

specimen  16B.  The  cause  of  this  great  di- 
minution in  strength  and  quality  was  probably 

due  largely  to  treating  conditions.  Specimen 

16A  contained  both  old  and  new  growth,  in- 
dicated by  the  widened  growth  rings  in  the 

outer  layers  of  sap  wood.  This  timber  was 
abnormal  in  that  new  growth  had  been  added 
to  the  old. 

This   condition   was  probably  due  either  to 

TABLE    II.  — COMPARATIVE    STRENGTHS    OF    BUTTS  AND  TOPS  OF  PILING. 

Untreated: 
Butts  . .  , 

Tops     Treated: 
Butts   . . . 
Tops     

Transverse  test. 
Modulus  of 

ruptui'e,  lbs. 
per  sq.  in. 

Parallel  to  grain. -Compression  test.- 

Rating, 

per  cent. 
6,827 

7,229 4.530 

3,586 

100 
106 

100 

79 

Maximum 
load,  lbs. 

per  sq.  in. 
3,586 
3,539 

2,959 

2,172 

Rating, 

per  cent. 

100 

99 

100 

Perpendicular  to  grain 

Load, 

lbs.  per  sq. 

in.,  deflec-      Rating, 
tion  %  in-     Per  cent. 

1,020 

995 

765 
610 

100 
98 

100 

80 

the  specimens  was  reached.  The  failure  in 
some  specimens  was  influenced  by  knots  and 
checks. 

It  has  been  found  in  tests  on  rectangular 
beams  of  treated  and  untreated  Oregon  fir  that 
the  common  failure  in  treated  specimens  was 

by  horizontal  shear.  In  the  untreated  speci- 
mens, half  failed  by  horizontal  shear  and  half 

by  tension.  The  reason  that  horizontal  shear 
failures  are  more  common  in  treated  material 

having  rectangular  cross  section  than  in 
treated  material  of  circular  cross  section  is 
due  to  the  different  effects  of  vertical  stress 

in  transverse  test  on  the  rectangular  and  cir- 
cular cross  section.  In  the  rectangular  cross 

section  the  horizontal  shear  is  of  greater  in- 
tensity than  in  a  circular  cross  section  of  the 

same  area  for  the  same  loading. 

Modulus  of  Elasticity. — In  order  to  show  the 
effect  of  treatment  on  the  strength  of  Oregon 

fir  piling,  the  following  table  of  values  giving 
comparative  results  is  shown : 

Modulus  of  elasticity,  lbs.  per  sq.  in. 
Rating, 

per 

Maximum.  Minimum.  Average,  cent. 
Untreated    ...2,235,000     1,384,000     1,846,000     100 
Treated      1,692,000        990,000     1,328,925       72 

The  above  rating  is  based  on  taking  the 
modulus  of  elasticity  of  untreated  specimens  as 
100  per  cent. 

It  is  to  be  observed  that  the  modulus  of 

elasticity  of  treated  specimens  is  28  per  cent 
less  than  that  of  the  untreated  specimens.  The 
modulus  of  elasticity  is,  of  course,  influenced 
by  knots,  checks  and  other  defects,  which  cause 

early  failures. 
The  mininnim  value,  900,000  lbs.  per  square 

inch  was  obtained  from  specimen  16B,  which 
not  only  had  many  defects,  but  appeared  to 
have  been  injured  by  the  creosoting  process. 

The  general  average  for  untreated  speci- 
mens is  high,  due  to  the  excellent  quality  of 

the  material  and  to  good  seasoning. 

Modulus  of  Rupture. — For  comparison,  a 
table  containing  the  average  modulus  of  rup- 

disease  or  natural  causes.  The  defective  cell 
structure,  although  not  revealed  by  transverse 
test  of  the  untreated  portion  of  the  timber, 

rapidly  deteriorated  under  treatment  condi- 
tions, causing  an  early  failure  in  transverse 

and  compression  test. 
COMPRESSION    TESTS. 

Parallel  to  Grain. — The  following  table  shows 
comparative  results  of  compression  tests  paral- 

lel to  the  grain  of  treated  and  untreated  ma- 
terial : 

2" 

Z  a 

C  M 

w^ 

tc 

^m  sJ  w  ^  o  _i  K 

H£  S.a         S-x:K  a: Untreated           3,003         3,563         325,940         100 
Treated            2,257         2,595         252,770  73 

The  above  rating  is  based  on  taking  the 
maximum  load,  in  pounds  per  square  inch,  in 

untreated  specimens  as  100  per  cent.  It  is 
seen  from  the  table  that  the  treated  material 

is  27  per  cent  weaker  than  the  untreated, 
while  in  transverse  test  the  treated  specimen 
is  42  per  cent  weaker.  The  effect  of  abnormal 
temperature  and  pressure  is  to  bring  about  a 
greater  loss  in  transverse  than  in  compression 
strength. 

Perpendicular  to  Grain. — A  comparison  of 
compression  tests  perpendicular  to  the  grain, 
treated  and  untreated  specimens,  is  as  follows: 

Load, 

Elastic         lbs.  per  sq. 

limit,  lbs.     in.  for  deflec-     Rating, 
per  sq.  in.     tionof%-in.     percent. Untreated         664  1,007  100 

Treated        313  687  68 

The  above  rating  is  based  on  taking  the 

load,  in  pounds  per  square  inch,  for  a  deflec- 
tion of  %  in.  in  untreated  specimens  as  100 

per  cent. It  is  seen  that  the  loss  in  compressive 

strength  of  treated  material  is  32  per  cent. 
This  loss  is  due  to  the  softening  of  the  fiber 

by    the    steaming    process.      It    was    noted    in 
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making  compression  tests  perpendicular  to  tlie 
gram  that  the  fiber  appeared  to  be  very  elastic. 
.\fter  failure  by  crushing  the  specimen  re- 

turned almost  to  its  original  shape. 
Shearing  Strength.— Tht  following  table 

gives  the  horizontal  shearing  strength  in  trans- 
verse test,  and  the  shearing  strength  parallel 

to  the  grain : 
Rating, 

per 

Ma:ximum.  Minimum.  Average,  cent. 
Horizontal  shear,  lbs.  per  sq.  in. 

Untreated    .  .     3S2  262  318  100 
Treated         254  S3  180  52 

Shear  parallel  to  grain. 
Untreated    . .     391  250  311  100 
Treated        340  136  217  70 

It  is  seen  from  the  above  data  that  the  loss 

in  horizontal  shear  in  the  treated  specimens  is 
48  per  cent,  and  in  shear  parallel  to  grain,  .30 
per  cent. 

Creosoting  processes  greatly  diminish  the 
cohesion  of  fibers  in  Oregon  fir.  The  loss  in 
shearing  strength  is  a  serious  defect  not  only 
in  bridge  timbers,  but  also  in  piling.  Treated 
bridge  timbers  usually  fail  by  shearing  rather 
than  by  tension.  The  method  of  driving  pil- 

ing causes  severe  and  sudden  vertical  stresses 

to  be  applied,  and  in  case  there  is  especial 
weakness  in  shearing  strength,  failure  is 

brought  about  by  the  "shelling  off"  of  annual 
growth  rings  under  the  blows  of  the  pile 
driver. 

Comparative  Strength — Butts  and  Tot^s. — 
The  comparative  strength  of  tops  and  butts 
of  treated  and  untreated  Oregon  fir  piling  is 
given  in  Table  II.  .  These  results  are  based  on 
taking  the  strength  of  the  butts  as  100  per  cent. 

It  is  seen  from  the  above  data  that  there  is 

little  difference  in  the  strength  of  butts  and 
tops   of  untreated  specimens,  but  the  treated 

The  ratings  in  this  table  are  based  on  taking 

the  values  for  the  18-hour  treatment  as  100  per 
cent.  The  results  of  the  tests  indicate  that  the 
'26-hour  treatment  is  more  detrimental  to  the 
strength  of  material  than  is  the  18-hour  treat- 
ment. 

PHYSIC.'^L    TESTS — MINOR    SPECtMENS. 

Table  IV  gives  the  comparative  results  of 
transverse    and    compression    tests    of   treated 

Value  of  Physical  Data. — The  purpose  for 
which  the  material  is  intended  should  be  taken 

into  account  in  the  consideration  of  compara- 
tive results.  The  transverse  strength  of  piling 

is  not  of  as  great  importance  as  the  compres- 
sion strength.  The  loss  in  compressive 

strength  is  manifested  in  the  failure  of  piling 
to  withstand  the  sudden  severe  vertical  stress- 

es applied  by  the  pile  driver.    It  is  also  im- 

TABLE  IV.— RESULTS  OF  TESTS  OF  TREATED  AND  UNTREATED  SPECIMENS. 

Major  specimens: 
Untreated      
Treated     

Minor  specimens: 
Untreated      
Treated    

Transverse  test 

Modulus  of 
rupture,  lbs. 

per  sq.  in. 

Parallel  to  grain. Compression  test.- 

Rating, 

per  cent. 
7.028 

4,058 
G.150 

4,842 

100 
58 

100 

79 

Maximum 
load,  lbs. 

per  sq.  in. 

3,563 
2,595 

4.137 

2,781 

Rating, 

per  cent. 
100 

100 
67 

Perpendicular  to  grain. 

Load, 

lbs.  per  sq. 

in.,  deflec-      Rating, 
tion  %  in.     per  cent. 

1,007 
687 

1.117 
745 

100 

68 

100 
67 

and  untreated  major  and  minor  specimens. 
The  above  ratings  are  based  on  taking  the 

strength  of  untreated  specimens  as  100  per 

cent.  It  is  seen  by  a  comparison  of  the  re- 
sults that  the  treated  minor  specimens  show 

considerable  loss  in  strength,-  as  compared  with 
the  untreated  specimens. 

The  loss  in  strength  in  the  modulus  of  rup- 
ture, transverse  test,  is  twice  as  great  in  the 

major  as  in  the  minor  specimens.  This  is  due 
to  the  influence  of  the  treated  sap  wood,  which 

causes  early  failure  in  the  treated  major  speci- 
mens. It  is  to  be  noted  that  the  minor  speci- 

mens were  taken  from  the  heart  of  the  speci- 
mens, so  that  there  was  no  influence  of  sap 

wood  checks  or  treatments  on  the  results  of 
the  test. 

The   loss   in   strength   of  the  treated   major 

TABLE  III.— COMPARATIVE   STRENGTHS FOR    IS  AND  26-HOUR  TREATMENT. 

-Compression  test.- 

IS-hour 
26-hour 

Transverse  test. 
Modulus  of 
rupture,  lbs.     Rating, 

per  sq.  in.     per  cent. 
2.722  100 
2,405  88 

Parallel  to  grain. 

Maximum 
load,  lbs.  Rating. 
per  sq.  in.  per  cent. 
2.705  100 
2.486  92 

Perpendicular  to  grain. 
Load, 

lbs.  per  sq. 

in.,  deflec-  Rating, 
tion  %  in.  per  cent. 

715  100 
660  92 

tops  are  considerably  weaker  than  the  treated 
butts.  This,  no  doubt,  is  due  to  the  fact  that, 
although  the  depth  of  sap  wood  is  the  same  in 

untreated  and  treated  timbers,  the  actual  per- 
centage of  sap  wood  is  greater  in  the  tops 

than  in  the  butts,  due  to  the  smaller  cross 
sectional  area.  As  a  result,  the  percentage  of 
weakened  fiber  due  to  treatment  in  the  top 

is  greater  than  in  the  butt,  thereby  causing  a 

lower  stress  in  pounds  per  unit  area  to  pro- 
duce failure. 

Comfiarison  of  Strength — iS-Hour  and  26- 
Hour  Treatment. — In  order  to  show  the  effect 

of  length  of  time  of  steaming  on  the  strength 
of  the  material.  Table  III  is  given. 

and  minor  specimens  in  the  comparison  tests 
is  practically  the  same. 

GENER.'iL  SUMMARY. 

It  is  to  be  noted  that  in  every  case  the  treat- 
ed material  shows  a  decided  loss  in  strength. 

The  greatest  loss  is  in  transverse  strength, 
due  to  the  influence  of  the  treated  sap  wood. 
It  should  also  be  noted  that  the  loss  in  com- 

pressive strength  is   considerable. 
As  has  before  been  noted,  Oregon  fir  is  very 

refractory  to  all  kinds  of  treatment.  More- 
over, the  subjection  of  the  Oregon  fir  to  high 

temperatures  and  pressures,  e.xtending  over 
considerable  length  of  time,  causes  permanent 
deterioration  of  the  fiber. 

portant  that  the  piling  have  sufficient  strength 

in  shear  parallel  to  the  grain  to  prevent  "shell- 
ing out"  during  the  driving. 

The  minimum  deterioration  and  loss  of 

strength  is  obtained  by  the  treatment  of  Ore- 
gon fir  under  as  nearly  normal  conditions  as 

possible.  E.\cessive  time  and  high  tempera- 
tures  of  steaming  should  be  avoided. 

CONCLUSIONS. 

The  results  of  the  tests  indicate  the  follow- 
ing conclusions  relative  to  the  effect  of  the 

steaming  process  of  creosoting  Oregon  fir  pil- ing: 

(1)  The  depth  of  penetration  of  creosote 
is  mainly  dependent  upon  the  depth  of  sap 
wood. 

(2)  The  heart  wood  of  Oregon  fir  piling  is 
almost  impervious  to  treatment 

(•3)  The  depth  of  penetration  of  creosote  is 
the  same  in  the  butts  as  in  the  tops. 

(4)  The  depth  of  penetration  of  creosote 
should  be  interpreted  as  to  mean  the  depth  of 
"active"  penetration. 

(5)  Tests  of  minor  specimens  show  that  in- 
jury to  fiber  through  method  of  treatment  is 

not  localized  to  treated  fiber  alone,  but  ex- 
tends throughout  the  whole  specimen. 

(6)  The  transverse  strength  of  Oregon  fir 
piling  was  decreased  42  per  cent,  due  to  the 
steaming  process  of  creosoting. 

(7)  The  compressive  strength  perpendicular 
to  the  grain  was  decreased  32  per  cent,  due 
to  the  steaming  process. 

(8)  The  compressive  strength  parallel  to  the 
grain  was  decreased  27  per  cent,  due  to  the 
steaming  process. 

(9)  In  general  the  average  strength  of  Ore- 
gon fir  piling  subjected  to  the  steaming  process 

of  creosoting  was  only  two-thirds  of  its 
original   strength. 

EO  /\DS  AMD  STW 
Methods  and  Cost  of  Resurfacing  As- 

phalt  Pavements   in   Brooklyn  by 
the  Surface  Heater  Method. 

In  resurfacing  asphalt  pavements  the  burn- 
er and  surface  heater  method  of  removing  the 

old  asphalt  and  preparing  the  surface  for 
new  material  has  come  into  quite  general 

use.  In  a  paper  before  the  Brooklyn  Engi- 
neers' Club  Joseph  C.  Huseman  describes  the 

methods  in  vogue  in  Brooklyn,  New  York,  and 
his  paper  is  given  here  in  part. 

The  method  of  chopping  out  the  old  asphalt 
when  applied  to  large  areas,  necessitating  the 

repairing  of  many  wear  holes  and  depres- 
sions, is  expensive  and  not  satisfactory  for 

these  reasons :  "It  is  claimed  that  the  new, 
hot  material  does  not  weld  or  vulcanize  onto 

the  old,  cold  pavement,  even  though  painted 
with  hot  liquid  asphalt.  There  being  no  union 
between  the  old  and  the  new  material,  cracks 

open  up,  admitting  destructive  elements,  caus- 
ing decomposition  to  set  in  and  soon  necessi- 

tating replacement."  In  the  writer's  mind, 
the  simplest,  most  durable  and  practical  meth- 

od is  not  to  disturb  the  old  pavement  in  its 
present  condition,  which  has  settled  under 

years  of  heavy  traffic,  but  upon  this  founda- 
tion to  lay  an  asphalt  pavement  that  will  not 

creep  or  shove,  because  its  underlying  surface 
adheres  firmly  to  the  old  pavement,  unifying 
the   old   foundation   and   the  new  asphalt  top. 

HAND    BURNER    WORK. 

A  method  sometimes  employed  in  repairing 
asphalt  streets  is  by  the  use  of  hand  burners. 
The  idea  of  the  hand  burner  is  to  blow  a 

flame  upon  the  pavement  until  the  surface  of 
the  pavement  has  softened  so  it  can  be  scraped 
off  with  a  rake  to  such  a  depth  as  may  be 
necessary  to  reach  undisintegrated  material. 
This  old  surface  material  is  disposed  of  and 
new  material  is  added.  Figure  1  shows  a 

hand   burner  in   operation. 

Machine. — This  type  of  surface  heater,  com- 
monly known  as  hand  burner,  consists  of  a 

machine  which  directs  a  blast  of  flame  from 

a  series  of  naphtha  burners  upon  the  asphalt 
surface.  It  is  made  with  a  hood  4  ft.  wide, 

,")  ft.  long,  having  five  2-in.  burners.  The 
frames  are  of  3-in.  channel,  supported  on 
suitable  axle  and  steel  spoke  wheels,  30  ins. 

in  diameter.  The  fuel  tank  is  of  20  gals,  ca- 
pacity, provided  with  suitable  brass  air  pump, 

pressure  gauge,  necessary  valves  and  metal 
funnel  for  filling.  The  extended  handle  is 

provided  with  counterweight  to  counter- 
lialance  the  weight  of  the  hood  and  burners. 
The  machine  weighs  about  750  lbs. 

SITRF.^CE    HE..\TER    WORK. 

The  method  of  resurfacing  employed  in 

Brooklyn  during  1912  consisted  in  drawing 
together  a  large  volume  of  air,  heated  to  the 
proper  temperature,  gently  heating  the  old 

asphalt  to  about  300°  F.,  thereby  softening  it 
to  the  same  consistency  as  the  new  material; 
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the  heating  being  done  without  flame,  because 
of  its  destructive  effect,  in  that  the  flame  car- 

bonizes the  old  asphalt  surface. 
Surface  Heater.— The  Lutz  surface  heater 

used  for  this  work,  Fig.  2,  is  equipped  with  a 
50-HP.  return  tubular  boiler,  .38  ins.  in  diam- 

eter  and   8    ft.   long.     It   is   operated   with   a 

The  surface  of  the  old  material,  having  been 

heated  to  about  300°  F.,  is  scraped  off  with 
the  hoe  and  rake  about  16  in.  deep,  which 

leaves  a  clean,  corrugated  surface  on  which 

the  new  material  is  immediately  laid,  care 

being  taken  to  remove  all  inert,  disintegrated, 

ineven.    worn    and    worthless    surface    mate- 

Fig.    1.     View   Showing    Mefncd    of   Operating   a   Hand   Burner. 

30-HP.  rotary  egnine,  which  is  cast  of  a  clo.se- 
fillcd   steel. 

The  cut-oflF  or  reciprocating  blades  are  of 
solid  cast  steel  and  are  supported  by  six 
packing-strip  blades,  which  are  held  in  place 

by  piston  rings  and  are  given  their  work- 
ing pressure  by  si.\  strong  steel  springs.  The 

engine,  having  no  dead  center,  can  be  started 
and  stopped  at  any  point.  The  main  driving 
gear  is  of  the  compensating  type,  with  bull- 
pinion  and  bevel  following  gear. 
The  fuel  used  in  operating  the  Lutz  surface 

heater  is  crude  petroleum,  which  is  stored  in 
a  tank  over  the  boiler  and  which  has  a  ca- 

pacity of  210  gals.  The  oil  is  carried  to  the 
burner  by  gravity  and  forced  into  the  com- 

bustion chamber  by  steam.  The  oil  burner 
is  of  a  self-heating  type,  having  a  chamber 
of  sufiicient  size  to  hold  enough  oil  that  it 
may  become  heated  to  the  proper  temperature 
before  being  forced  into  the  combustion  cham- 
ber. 

The  heat  is  controlled  by  a  cast  lined  Xo. 
10  rolled  sheet  steel  hood,  with  partitions  suf- 

ficiently arranged  to  spread  the  heat  evenly 
as  it  is  blown  from  the  heating  chamber 
through  the  hood  onto  the  pavement,  and  can 

be  regulatt'i  to  throw  from  2.')0°  to  •'iOO"  F. heat  upon  tlie  pavement  by  a  steam  jet  blower. 
The  hood  is  raised  and  lowered  at  will  oy  a 
jteam  cylinder,  which  has  a  lifting  capacitv  of 
i,ono  lbs. 

The  machine  is  ecjuipped  with  two  safety 
valves,  each  set  at  12-5  lbs.  pressure;  one  Pem- 

E.&C. 

rial,  to  cut  joints  around  all  wear  holes  and 
to  cushion  out  these  holes  and  depressions 
with  new  material  before  laying  the  finished 

surface,  so  as  to  get  as  near  a  uniform  com- 
pression as  possible  with  the  roller.  While 

the  surface  is  still  hot,  clean  and  corrugated 
sufficient  new  material  (at  a  temperature  of 
from  27.5°  to  .325°  F.)  is  added  to  bring  up 
the  grade  and  contour  of  the  street. 

The  temperature -of  both  the  old  and  new- 
material  being  at  the  vulcanizing  point,  when 
tamped,  smoothed  and  rolled  a  perfect  weld 
is  produced.  The  new  asphalt  being  raked  to 
give  a  depth  of  not  less  than  Yz  in.  or  more 
than  1  in.  above  the  old  or  heated  asphalt 
surface  after  final  compression;  as  required 
by  local  conditions,  depressions  and  wear 
holes  were  given  a  cushion  layer  sufficient  to 
bring  the  surface  about  level  with  the  pre- 

pared   sub-surface. 

SIRF.XCE    HE.MERS    IN    OPER.^TION. 

The  paving  composition  is  compressed  by 
means  of  rollers  and  tamping  irons,  the  latter 

being  heated  in  a  fire,  and  are  used  for  tamp- 
ing such  portions  as  are  inaccessible  to  the 

rollers,  such  as  gutters,  around  manhole  heads, 

etc. Two  rollers  are  employed.  One,  weighing 
from  3  to  5  tons  and  of  a  narrow  tread,  is 

used  to  give  the  first  compression;  the  other, 
weighing  about  10  tons  and  of  a  broad  tread, 
is  used  for  finishing.  The  amount  of  rolling 
\aries  with  the  depth  of  the  material,  but 

the  rolling  should  continue  until  no  impres- 
sion is  made  upon  the  surface,  being  accom- 

l)lished  by  first  straight  rolling  and  then  • cross   rolling. 

Before  the  surface  heater  can  be  used  .to 
any  advantage  the  surface  to  be  treated  must 
lie  swept  clean  and  dry  with  hand  brooms, 
as  the  heater  will  not  dry  up  satisfactorily 
any  small  pool  of  water  on  the  pavement. 
Tlie  hood  of  the  surface  heater  should  re- 

main down  for  a  period  of  from  2  to  -5  mins.. 
the  time  varying  according  to  the  condition  of 
the  surface  to  be  treated  and  atmospheric 

conditions,  as  on  a  damp  day  it  is  neces- 
sary for  the  hood  to  remain  down  for  a 

greater  period  than  on  a  clear  day.  The  time 
required  for  properly  heating  the  surface  can 
be  determined  by  trying  the  asphalt  surface 
around  the  hood  with  a  rake.  The  hood 
should  in  no  case  remain  down  long  enough 
to  set  fire  to  the  pavement,  but  it  wdll  happen 
where  a  patch  has  been  put  in  recently  the 
patch  will  sometimes  start  to  burn  before  the 
remainder  of  the  surface  has  been  properly 
heated. 

In  accordance  with  the  specifications  for 

the  Brooklyn  work  for  1912.  the  asphalt  wear- 
ing surface  and  binder  used  in  this  w'ork  was 

to  be  measured  in  the  trucks  at  site.  This 
was  done  by  taking  nine  soundings  with  an 
iron  rod  to  determine  the  depth  of  asphalt 
in  the  truck,  three  soundings  being  taken  in 
the  front,  three  in  the  middle  and  three  in 
the  back,  then  averaging  these  and  calculating 
the  cubical  contents  of  the  truck.  For  con- 

venience, a  table  can  be  prepared  by  calcu- 
lation to  give  the  cubic  contents  of  the  truck 

for   diiTerent   depths   of   asphalt. 
In  a  long  haul  of  about  two  hours  from  the 

plant  the  asphalt  wearing  surface  in  the  truck 
will  consolidate  about  20  per  cent  of  its  orig- 

inal   volume,    as    determined   by   measurement 

Fig.    2.     Surface    Heater    in    Operation. 
Fig.  3.   Typical  Resurfacing.   Surface  Prepared   by  the  Heater  In  the  Foreground,  New  Mate- 

rial  Added   and   Finished   Surface   in   the   Background. 

berthy  injector  and  one  (lardner  doubb-  cyl- 
inder pump,  having  a  0-in.  stroke  and  a 

pumping  capacity  of  Jifi  gals,  of  water  per 
minute.  The  water  tank  is  located  under  the 
heiiting  chamber  and  has  a  storage  capacity 
oi  620  gals.  The  machine  can  travel  from 
three  to  five  miles  an  hour. 

No  asphalt  should  be  laid  in  wet  weather, 
because  the  water  is  converted  into  steam, 
with  the  result  that  coherence  of  the  asphalt 
mixture  is  prevented,  and,  although  its  sur- 

face may  be  smooth,  the  mass  is  really  honey- 
combed, and  when  the  pavement  is  subjected 

to  traffic  the  voids  open  up. 

nf  the  trucks  at  the  site  and  comparison  with 

the  contractor's  statement  as  to  the  number 
of  boxes  of  asphalt  in  the  truck,  but  this  is 

not  taken  into  consideration  when  measuring 
the  trucks   at  the  site. 

The  hood  of  the  surface  heater  will  cover 

about    5    sq.    yds.    at    each    heating;    being    a 
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little  less  than  lU  ft.  long,  makes  it  con- 
venient to  work  three  surface  heaters  in  a 

street  having  a  30- ft.  roadway.  In  narrow 
streets  of  about  24-ft.  roadway,  where  it  is 
not  convenient  to  run  three  machines  across 
the  roadway  at  a  time,  it  may  be  accom- 

plished by  running  one  up  on  each  side  of 
the  street,  keeping  about  6  ins.  from  the  curb, 
and  then  following  these  with  a  third  ma- 
>hine,  about  15  ft.  behind,  and  in  the  middle 
of   the   street,   so   as   to   cover   the   space   left 

tion  is  not  a  success,  because  the  foundation 
is  destroyed.  The  binder  does  not  adhere  to 

the  smooth  surface  of  the  granite,  allowing 
the  pavement  to  creep  and  shove.  If  a  binder 
is  not  used,  the  sheet  asphalt  (.without  heat- 

ing the  stone)  will  not  adhere  to  the  granite. 
With  the  use  of  a  surface  heater  this  difficulty 
is  overcome  by  heating  the  stone  or  brick 
and  the  asphalt  top,  which  is  not  affected  by 
heat  or  cold  and  cannot  be  separated. 

The    simplest,    most    durable    and    practical 

Fig.    4. Typical    Patching    Work    on    Wabash    Avenue,    Chicago,    Showing     Area     Prepared 
for   the   Addition   of   New    Material. 

lyn  stated  that  for  resurfacing  asphalt  con- 
tract prices  are  about  So  to  !)0  cents  per  square 

yard.  The  price  for  asphalt  wearing  surface 
on  one  contract  in  Brooklyn,  completed  dur- 

ing September,  1912,  was  iii'/i  cents  per  cubic 
foot.  The  measurements  of  the  material  were 

made  in  the  trucks  upon  their  arrival  on  the 

street  just  previous  to  dumping.  On  this  con- 
tract 49,1)47  cu.  ft.  of  wearing  surface  were  de- 

livered and  laid  to  a  thickness,  after  compres- 

sion, of  about  J<2  in.  The  area  of  new  pave- 
ment surface  produced  was  carefully  meas- 

ured and  totaled  38,580  sq.  yds.  On  this  con- 
tract, therefore,  1  sq.  yd.  of  pavement  re- 

quired 1.287  cu.  ft.  of  wearing  surface  and 
cost  83  cents. 

On  the  contracts  for  entirely  reconstructing 
streets  and  placing  a  3-in.  asphalt  pavement, 
consisting  of  1  in.  of  binder  and  2  ins.  of 
asphalt  wearing  surface,,  the  average  prices 
for  three  years  are : 

Cost  per 

sq.  yd. 

I  :i  1 0       0.836 
1911      0.915 
1!>12   .-.       1.042 

On  these  contracts  the  contractor  sometimes 

maintains  the  pavement  surface  in  good  con- 
dition, without  cost  to  the  city,  for  the  period 

of  five  years.  On  the  resurfacing  contracts 

there  is  no  guarantee  by  the  contractor.  If 

the  curb  is  in  good  condition  and  the  foun- 
dation under  an  old  pavement  not  too  much 

out  of  grade,  the  burner  method  is  quite  sat- 
isfactory and  has  the  great  advantage  of  re- 

ducing the  length  of  time  during  which  the 
street  is  closed   to   traffic. 

between  the  two  side  machines.  An  iron  or 

asbestos  guard  is  placed  against  the  curb 
to  prevent  the  action  of  the  intense  heat  from 
cracking  the  curb,  as  the  heat  will  crack  all 

unsound  and  seamy  stones,  necessitating  re- 
placement. 
One  surface  heater  can  conveniently  heat 

850  sq.  yds.  of  surface  in  an  8-hr.  working 
day,  the  machine  covering  5  sq.  yds.  every 
2  to  5  mins.,  and  will  consume  about  210  gals, 
of  fuel  oil  in  this  operation,  requiring  the 
engineer,  one  foreman  and  eight  laborers. 
This  includes  the  laying  of  the  new  material. 
When  the  new  material  is  not  at  the  site 

ready  to  be  laid  the  surface  heater  should  be 

shut  down,  not  only  because  it  consumes  un- 
necessary fuel  oil,  but  because  the  surface 

must  be  reheated  before  the  new  material  is 

laid,  for  if  it  is  not  warm  and  soft  a  per- 
fect bond  between  the  old  and  the  new  ma- 

terial will  not  be  secured ;  also  because  the 

old  materia!  scraped  off  in  reheating  has  to 
be  built  up  with  new  material  to  bring  up  the 
grade  and  contour  of  the  street.  Figure  3 
■ihows  a  typical  piece  of  resurfacing,  with  a 

depth  of  new  material  varying  from  '/4  in. to  1  in. 

After  the  contractor's  guarantee  on  an 
asphalt  street  has  expired,  and  when  local 

conditions  require  improvement  over  a  large 

area,  resurfacing  by  the  heater  method  will 

prove  most  advantageous,  when  the  time  the 

street  is  closed  to  traffic  has  to  be  taken  into 

consideration,  as  by  the  old  method  of  taking 

up  the  asphalt  and  binder  and  disposmg  of 

this  the  street  would  be  closed  to  traffic  for 

several  days,  while  in  resurfacing  the  street 

is  open  to  traffic  in  less  than  24  hrs.  It  must 

also  be  observed  that  under  the  old  method 

the  old  asphalt  and  binder  are  considered  use- 
less, and  where  resurfacing  is  possible  it 

means  the  saving  of  a  large  amount  of  money 

by  reason  of  the  fact  that  only  about  yi  in. 
of  the   surface  is   removed. 

PREP.^RIXG    OLD    BLOCK    P.WEMENTS    FOR    ASPH.VLT 
SURF.\CING. 

In  discussing  this  paper,  Mr.  Moore  of  Kan- 

sas City  stated  that  to  remove  a  brick  or  stone 

pavement,  to  make  way  for  a  more  modern 

and  up-to-date  pavement,  necessitates  taking 

up  the  old,  wornout  pavement  and  building  a 

new  concrete  foundation  on  which  to  lay  the 

new  asphalt  top.  or  whatever  the  material 

mav  be.  Some  cities  have  taken  up  the  gran- 

ite blocks  and  laid  them  down  flat,  on  which 

thev  laid  binder  and  asphalt  top.     This  opera- 

method  is  not  to  disturb  the  old  pavement 
in  its  present  condition,  which  has  formed  an 
excellent  foundation,  having  settled  under 

years  of  heavy  traffic,  but  upon  this  founda- 
tion lay  an  asphalt  pavement  that  will  not 

creep  or  shove,  because  its  underlying  surface 
adheres  firmly  to  the  old  pavement,  unifying 
the  old  foundation  and  the  new  asphalt  top. 
These  results  are  obtained  by  thoroughly 
cleaning  the  pavement,  after  which  it  is  heated 
with  a  machine  for  repairing  asphalt  and 
other  hard  pavements,  whereby  no  flame  is 

permitted  to  come  in  contact  with  the  pave- 
ment to  overheat  or  burst  any  part  of  it. 

While  the  brick  or  stone  is  in  this  heated 

state  it  is  given  a  coat  of  hot  liquid  asphalt  or 
other  bituminous  cement,  and  upon  this  is  laid 

Cost  of  Boulevard  Lighting  and  Street 

Sprinkling  and  Flushing  in  Grand 
Rapids,  Michigan. 

The  last  annual  report  of  the  Board  of 
Public  Works  of  Grand  Rapids,  Mich.,  gives 
the  detailed  cost  of  boulevard  lighting  and 
street  sprinkling  and  flushing  as  shown  in 
Tables  I,  II  and  III. 
Total  pounds  of  coal  consumed     13,015,036 
Average  pounds  of  coal  consumed  per 

day       35.658 
Average  cost  per  2,000  pounds  in  bins.  $2.42 
Total  kilowatt  hours  for  the  year       2,100,500 
Average  kilowatt  hours  per  day    5,755 
Total  number  of  lamp  hours  per  year.     3,982,756 
Average  number  of  lamp  hours  per  day  10,912 
Total    number   of    hours    operated    per 

year             3,864.55 

TABI.K  I.— DETAIL  STATEMENT   OF  OPERATION  OF  LIGHTING  PLANT. 

Coal      Wages 
Globes     . 
Carbons 

Repairs 
Supplies 
Oils     .... 

Total 

cost  of — Sl.^,75,';.74 
l.^,G2S.2n 
1.1')6.64 

1,864,52 

2,925.27 

.",310.15 

420.10 

143,098.65 

.\verase  cost 

per  day. 
J  43.16 42. S2 

3  28 5.11 
8.01 

14.55 

1.15 

Average 

cost  per 

lamp 

per  day. 
.04223 
.04190 

.00321 .00500 .00784 

.01424 

.00112 

Average  Average 
cost  per  cost  per 

k.  w.  hour,  lamp  hour 
.0075  .003955 
.00744  .003924 
.00057  .000301 
.00089  .000468 
.00139  .000734 
.00252  .001333 
.00020  .000105 

Average 

cost  per  k.  w 
hour  (station 
exp.  only). 

.0075 

.0025 

$118.08 

.11554 .02051 .010820 

.00139 .00044 

.0002 

.01203 

Maintenance    Cost 
TABLE    11. 
Per    Lamp —DETAIL   COST   OF   BOULEVARD    LIGHTING. 

Is    Shown.      Also   Number  and    Kinds   Repaired. 

A.    B.    iron    case   
A.   B.   copper  case   
Fort  Wavne  D.  C   
Fort    Wayne   A.    C   
Fort    Wayne    magnetite. . 
G.    E.    magnetite      
■\A'cstinphouse   magnetite 

Totals    . . 
Averages 

Tot.il  No. 

lepaired. 

383 
120 
93 
1 

132 

724 

Cost  of 
repairs. 
$521.02 178.90 

52.38 1.38 

Average 

cost. 

$1.30 

1.49 
.56 

66.40 
1.50 

$821.58 

.54 

.30 

$1.13 

Number  in 
service. 

442 
380 

109 

55 
7 

100 

6 

1,099 

Average 

cost. 

$1.17 

.47 

.48 

.02 

.66 

.25 

$0.74 an  asphalt  top,  which  makes  the  perfect  ad- 
hesion, rendering  complete  a  smooth,  noise- 

less   and    sanitary    street. 

Most  all  of  the  principal  cities  have  con- 
demned the  use  of  a  machine  forcing  a  flame 

upon  the  pavement  because  of  the  destructive 
effect  of  intense  heat.  This  opinion  is  well 
founded,  because  such  appliances  are  iiot  only 
destructive,  but  expensive,  in  that  the  flame 
carbonizes  the  old  asphalt  surface,  causing 
the  new  asphalt  top  to  creep  and  shove  and 

develop  holes  soon  after  the  repairs  are  com- 

]lctcd. 
COST. 

In  further  discussion  J.  Strachon  of  Brook- 

Average  number  of  hours  operated  per  ■ day     10  35 
.Average  number  of  lamps  in  circuit...  1,032 
.Vverage  number  of  lamps  reported  out  10 
.■\verage  number  of  lamps  operated  per 

day       1,022 
.Vverage  cost  per  lamp  per  vear  com- puted on  above  basis           $42.17 
Average  cost  per  lamp  per  year  (sta- tion   expenses    only)    $24.72 
.Werage  cost  per  lamp  per  year  (dis- 

tribution   only)       $17.45 

.Werage   cost   per  lamp   hour   (opera- 
tion   only)      ,   ^...      $0.00634 

.Average   cnst  per  lamp  hour   (distrib- 
ution   onbO           $0.00448 

.\verage  cost  per  kilowatt  hour  (sta- 
tion expenses)             $0.01203 

.^^•(-•■aep   tost  per  kilowatt  hour   (dls- 
tr:bution)           $0.00848 
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TABLE  III.— COST  OF  STREET  SPKINKLINil 
AND   KLfSHING. 

Street  Railway. 
The   sprinkling  season  started     on     Aprii     14, 

1913,  and  was  carried  on  until  October  7,   1913. 
Number  of  miles  in  route,  28.56. 

Number  of   miles  sprinkled,   10,669.85 
at  12c  per  mile   $  1,280.37 

Gallons   of   water   used,    23,415,000   at 
4c  per  M  gals          936.60 

Total  cost  of  sprinkling   %  2,216.97 
Cost  of  sprinkling  per  mile  (St.  Ry.)..        $0.12 
Cost  of  water  per  mile    .OSS 

J0.20S 
Total  cost  of  sprinkling  per  mile... 

.\verage  cost  per  foot  (lineal)   sprin- 
kled     J0.0147 

Gallons  of  water  used  per  mile         2,194 
Average  cost  per  mile  of  route  sprin- 

kled            J77.62 
Highway  Sprinkling. 

The   sprinkling   sea.sun    started     on     April      1, 
1913,  and  was  carried  on  until  tJctober  7.  1913. 
Number  of  miles  of  streets  included  In  route, 

206.970. 
Number  of  sprinkling  carts  in  service,  31  (750 

gailonsK 
Number  of  miles  sprinkled,  35,193.105 

g^l      jjig  g4g  23 

Gallons  of  water  used,  90,723!256  at.' .'     4!355!66 
Total  cost  of  sprinkling   $20,204.89 

Cost    of    sprinkling    per    mile    (labor 
only)        $0.41S 

Cost  of  sprinkling  per  mile  (supplies 
and  repairs)       .032 

Cost   of   sprinkling   per    mile    (water 
used) 

.124 

$0,574 
$97.62 

$0.0185 
2,592 

Total  cost  of  sprinkling  per  mile.. 
Average  cost  per  mile  of  route  sprin- 
kled    

Average   cost   per   foot   (lineal    30-ft, 
roadway)      

Gallons  of  water  used  per  mile   
Gasoline  Power  Flusher. 

Number  of  miles  of  streets  flushed,  316,  equal 
to  7,759,798  sq.  yds. 
Number  of  gallons  of  water  used,  840,000  gal- lons. 
Gallons  of  water  used   per  1,000  sq.  yds.,   108 

gallons. 
Gallons  of  water  used  per  mile,  2.65S  gallons. 
Total  cost  of: 

Water      $  40.31 
Labor        318  75 
Repairs        216.62 
Oils  and  gas       51.20 

Per  1.000 
Per  mile. 

sq.  yds. 

$0.12 
$0.0052 

1.01 
.410 

.69 .0279 

.16 .0066 

$1.98 $0.0807 $620.88 Air  Pressure  Flusher. 
Number  of  miles  of  street  flushed,   235,    equal 

to  5,568,794  sq.  yds. 
Number  of  gallons  of  water  used,  948,750  gal- lons. 
Gallons  of  water  used   per  1,000  sq.  yds.,   170 

gallons. 
Gallons  of  water  used  per  mile,  4,037  gallons. 
Total  cost  of: 

Per  1.000 
Per  mile.      sq.  yds. 

Water      $45.55  $0.19  $0.0081 
Labor        244.39  1.04  .0440 
Repairs             6.06  .03  .0010 

Comparative  Statement. 
1909-10  1910-11  1911-12  1912-13  1913-14 No.    of  lamps    

operated    ..877         879         877         933      1,022 

^per^l^e'^r".".  $36.26     $38.92     $39.33     $36.11     $42.17 
The  total  cost  per  lamp  per  annum  for  main- tenance and  operation,  fixed  charges,  etc.,  is  as 

follows: 
Maintenance  and  operation   *  n't!. 
Loss  through  non-taxation       ^-oO 
Depreciation        °-^5 
Interest  on  bonded  debt         4.90 
Interest  on  investment  over  bonded  debt...     7.01 

Total  cost  per  lamp  per  annum   $62.23 
Post  nights. 

197—5   light   posts    (340   watt  per  post) 
operated  from  April  1  to  October 
1,   1913,   equals       36,051 

230—5  light  posts  (340  watts  per  post) 
operated  from  October  1,  1913,  to 
April  1,  1914,  equals       41,860 

Total  post  nights  per  year       77,911 

Cost Cost  per  post 

per  night. 

Total 

cost  of — 
Wages      $    952.51 
Current     . 
Globes      
Lamps     
Repairs,    etc. 

4,579.79 
96.68 

663.61 

459.85 

$6,752.44 

$0.0122 
O.05S7 
0.0013 

0.0085 0.0059 

$0.0866 

per  post 

per  year. 
$  4.45 21.42 

.47 

3.10 

2.16 

provement  there  are  made  from  ten  to  twelve 

blue  prints  of  the  plans  and  details,  approxi- 
mately si.x;  of  the  grade  sheets  and  two  of 

the  assessment  plats.  Prints  of  the  city  maps, 
subdivisions,  prohles  and  surveys  are  made 
for  private  parties  for  7M  cts.  per  square 
foot  on  paper  and  10  cts.  on  cloth.  During 

the  year  approximately  26,.500  sq.  ft.  of  blue 
print  paper  and  cloth  was  used.  The  cost 
per  square  foot  for  making  cloth  prints  was 
5%   cts. ;   for  paper,  2%  cts. 

The  principal  work  of  the  photographic  di- 
vision consists  of  making  negatives  and  prints 

of  public  improvements  before,  after  and  dur- 
ing the  course  of  construction ;  also  each  page 

of  the  sewer  plat  books  are  photographed 
and  prints  made  for  the  field  party  staking 
the  house  connection.  Besides  this,  a  large 

amount  of  work  is  done  for  the  park  depart- 
ment, the  health  department,  the  law  depart- 

ment and  the  daily  papers.  During  the  year 
there  were  made  179  8x10  and  147  6%x8% 

negatives,  and  630  8x10  and  147  6%x8% 
prints.    The  average  cost  per  print  was  74  cts. 

$31.60 

Cost  of  Photographic  and  Blue  Print 

Work  for  the  Engineering  Depart- 
ment of  Salt  Lake,  Utah. 

A  recent  report  of  the  city  engineer  of  Salt 
Lake,    Utah,    states    that    the    photographing 
and    blue    printing     divisions,     although     not 

Cost  of  Concrete  Culverts  and  Bridges 
in  Milwaukee  County,  Wisconsin, 

in  1913. 
(Staff  Article.) 

Culverts  atid  small  bridges  constructed  in 
Milwaukee  County,  Wis.,  in  connection  with 
the  concrete  road  described  in  the  issue  of 

Engineering    and   Contr.'\cting    for    May    13 

Fig.  1.     Type    of   Concrete   Girder   Bridge. 

$296.00 

$1.26 
$0.0531 

maintained  under  separate  heads,  are  big  fac- 

tors  in   the   work  of  the  engineering  'depart- ment. 

For   almost   every   contract    for   public   im- 

were  built  according  to  standard  designs  pre- 

pared by  the  Wisconsin  Highway  Commis- 
sion, some  of  which  designs  being  given  in 

the  issue  of  Oct.  28. 

TABLE  I.— COST  OF  CONCRETE  BRIDGES  IN  MILWAUKEE  COUNTY  IN  1913. 

>..  headwalls, 
yds   

Item. 
Span,    ft.    ... 
Length,  o.  to 
(.'oncretc,    cu. 
Steel       
Cement      
Sand  and  gravel   
Lumber       
Hardware      
Uilior      

'Workmen's    compensation 
'Machinery   depreciation... 

(1) 

18 
36 
31 SI. 64 

83.17 
26.00 
27.20 1.79 

251.30 
11.58 

12.25 

(2) 20 

26 
26 

73.02 
73.14 25.00 

22.80 

4.00 143.90 
8.40 
8.88 

(3) 
10 
24 
55 

26.41 89.30 42.50 

48.20 
7. 88 480.63 

17.08 
18.07 

(4) 
20 
27 

36 

125.90 
68.29 70.00 
60.20 

5.34 211.60 

13.06 
13.81 

(5) 

12 
22 

16 

59.20 
29.41 

24.75 22.28 

2.37 124.70 

.    6.46 6.83 

(6) 

12 

22 

90 

41.80' 

162.04 

150.99 
99.02 12.9S 

615.25 26.60 
28.13 

(7) 

20 
22 
98 

41. 9S 
160.13 1G4.81 

107.97 
12.38 

742.2S 
30.22 
31.96 

(8)* 

20 
24 

31 

76.S2 
22.79 

7.50 97.19 
4.72 

72S07 

23.04 
24.36 

(9) 

20 

22 
105 140.87 

160.27 102.95 

264.28 
13.58 

567.19 30.71 

32.47 

(10) 
12 
30 

67 

69.47 

115.40 14.95 60.00 

3.50 459.58 

17.77 
18.79 

Totals Per  cent 

of  total. 

555 
$    737.11 

964.00 629.45 
799.14 
08.54 

4.324.55 184.92 
195.55 

9.2 

12.2 S.O 
10.2 
0.9 

54.7 
2.3 

2.5 

Total  cost            $494.93        $359.14        $730.18        $558.20  $276.00     $1,136.81    $1,291.73        $984.49     $1,312.32        $759.46     $7,903.26          100 
Cost  per  cu.  yd.,  concrete    15.90  13.80  13.30  15.50  17.25  12.62  13.20        12.50  11.30  14.25 

'State  law  requires  compensation  for  lost  time.  Injury,  etc.     Prorated  from  total  of  all  classes  for  work  of  the  year.    ̂ Depreciation  prorated  from 
total  of  all  classes  at  work  during  the  year.     'Old  rails.     'Slab  only— no  abutments.     Other  work  included. 

Item. 

Span,  ft. 

TABLE  II.— COST  OF  CONCRETE  CULVERTS  IN  MILWAUKEE 

(  1-3'^ 

,<1) 
Length,  o.  to  c,  headwalls,  ft. 

I   2-small 

30 

(2)  (3) 
   1-6  ft.* 
3-small  l-4ft.« 
   1-7  ft. 

(•1)              (5) 

6-ft.«      •  1-5 4-ft.*      n-small 7-ft.«         

(6) 
5-small 

(7) 1-6  (ext.) 
i -small 

COUNTY 
(8) 

IN  1913. 

(9)  (10) Totals. 

Per  cent 
of  total. 

1-314       1 -small      4-small 

Concrete,   cu.   yds. 

Steel      

{*
 

Cement      
Sand  and  gravel   
Lumber      
Hardware      
Labor      

'Workingmen's   compens: 
'Machinery    depreciation   

Total  cost    $856.01        $686.71        $910.22 
Cost  per  cu.  yd.,  concrete    12.25  14.00  13.00 

'State  law  requires  compensation  for  lost  time,  injury,  etc. 
total  of  all  classes  of  work  during  the  year.     'Extension. 

t'on. 

70 
22.79 

24.13 

141.47 
107.C0 

2.00 
2.85 623.13 20.24 

21.40 

28 

49 

$      14.92 
76.87 

54.60 
64.00 
13..S8 

439.88 

16.07 16.99 

7  ft. -27 

70 

8.29 
4.49 

33.15 
92.27 8B.S7 

123.44 
0.94 

518.30 21.30 

22.52 

l-3i.> 

9-30 

1-50 
1-27 

193 

29 

95 

30 

134 

30 

119 

30 

54 

$      64.63     $      B1.12     $      62.77    J      46.48     $      22.79     $ 

336.48 9.90 
249.27 

42  sn 

1,509.86 57.84 61.16 

$2,472,(10 12.S0 
Prorated 

143.08 

103.88 

82.06 
17.07 289.23 
16.89 
17.86 

261.57 36.57 

110.55 

■1.00 

1.237.13 
42.24 
44.67 

146.98 

27.20 

22.74 
12.53 99S.11 

30.83 32.60 

75,56 
66.20 

34.80 1.36 421.63 

15.30 16.18 

62 

17 

4.97 

22.18 
5.00 

.      25 

42 
19.89 
84,29 

78.00 

183.83  318.55 5.31  12.31 
5.61  13.01 

843 

$    380.05 

1,410,75 
684.22 
685.46 
83.82 

6,439.65 
238.33 

252.00 
$721.79     $1,805.50    $1,317.74        $653. S2        $226.90 
7.60  13.50  11.10  12.00  13.35 

from  total  of  all  classes  of  work  for  the  year. 

3.7 

13.9 

6.7 

6.8 

0.8 

63  3 2.3 

2.5 

"lOO 

$526.05  $10,185.47 
12.50  13.50 

'Depreciation  prorated  frol 
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The  structures  are  designed  to  safely  bear 
an  18-ton  road  roller.  Cement  was  purchased 
in   large  quantities   and   was  of  a  tested  uni- 

/xy'-r'jj. 

and  bridges  are  given  in  the  accompanying 
Tables  I  and  II.  The  percentage  the  average 
cost  of  each  of  the  main   items  bears  to  the 

iO-6  ■-- 

4  Plan  Finished Roadway 

Am' 
mr-mtirtttb 
^-^i^Bia.fflfepii   GS   

Cross  Section 
I.-liy so 

Section  A  A 

Fig.  2.     Type   of   Concrete   Culvert. 

form  quality.     .-^   sandy   gravel  was  used   for       total   cost   of   the   structure   is   noted   in   both 
aggregate.     All  the  costs  of  concrete,  culverts       tables.     The   work   was   accomplished  entirely 

with  laljor  hired  by  the  county.  Foremen 
were  paid  $12.5  a  month.  Laborers  received 
$2.50  a  day  and  teams  $G. 

Figure  1  illustrates  the  type  of  bridge  co'  - structed  and  Fig.  2  shows  the  type  of  culvert 
used.  The  work  was  supervised  by  A.  J. 
Knelling,   county   highway   commissioner. 

Cost  of  Supervision  and  Work  Accom- 
plished by  the  Ohio  Highway  Department. 

— A  recent  publication  oi  the  <Jhio  Highway 
Department  states  that  the  cost  of  engineer- 
mg  supervision  of  road  and  bridge  construc- 

tion work  by  the  department  has  been  as 
follows : Percentage 

Tear.  of  total  cost. 
1914        4.03 
1912  and  1913       5.71 
:911  and  1E12.        G.18 
1910  and  1911        6.40 
1909  and  1910        5.39 
laoS  and  1909          5.43 
1907  and  1908          5.28 
ISOO  and  1907          7.55 

The  total  miieato  oi  }oads  in  Ohio  (ex- 
clusive of  municipalities)  is  approximately 

!)0  000.  The  state  road  system  includes  9,400 
miles  in  the  inter-county  system  and  2,400 
miles  in  the  main  market  road  system.  Of 
the  above  system  approximately  900  miles 
will  have  been  placed  under  contract  during 
the  year  ending  January  1,  1915.  During  the 
current  year  the  state  will  have  expended 
$3,150,000  and  the  counties  $3,450,000,  a  total 
of  SO.GOO.OOO  in  the  construction  of  their 
svstem. 

W:4TER  \yuim 
Michigan   Supreme   Court   Decision  in 

Case   of   Kalamazoo   vs.    Standard 

Paper  Co.  to  Recover  Value  of 
Water    Taken    from    Fire 
Lines  for  Industrial  Use. 

Herewith  is  presented  the  te.xt  of  the  de- 
cision of  the  Supreme  Court  of  Michigan,  re- 
cently handed  down,  in  the  case  of  the  City 

of  Kalamazoo,  plaintiff  and  appellee,  vs.  Stand- 
ard Paper  Co.,  defendant  and  appellant.  This 

case,  it  will  be  recalled,  is  an  action  brought 
by  the  city  of  Kalamazoo  against  the  Standard 
Paper  Co.  to  recover  the  value  of  water  which 
the  plaintiff  alleges  was  converted  by  the  de- 

fendant during  the  period  from  Nov.  17,  1906, 
to  Nov.  17,  1910.  The  case  is  of  great  in- 

terest, on  account  of  the  precedent  which  it 
appears  to  establish,  to  -all  water  works  in- 

terests. We  here  quote  the  decision  in  full, 
since  the  line  of  defense  is  of  great  interest, 

as  well  as  the  court's  reasoning  and  findings ; 
The  defendant  company  is  a  manufacturer 

of  paper,  and  in  the  process  of  manufacture 
uses  a  large  amount  of  water.  It  had  con- 

structed an  aqueduct  by  means  of  which  it 
could  bring  water  from  the  Kalamazoo  River 
to  reservoirs  near  its  mill.  In  1906  an  auto- 

matic sprinkling  device  was  installed  by  the 
defendant,  ostensibly  with  two  sources  of  sup- 

ply, one  being  a  pressure  pump  pumping  di- 

rectly from  the  defendant's  reservoir,  the  other 
being  the  city  water  brought  to  the  sprinkler 
system  by  a  6-in.  line  connected  with  the  city 
mains.  This  is  a  customary  arrangement  to 

insure  a  supply  from  the  factory's  own  source 
and  a  supply  from  the  outside  in  case  of  in- 

jury to  the  private  supply  during  a  fire.  The 
city  water  was  furnished  by  direct  pressure 

from  the  city  water  works,  and  the  defendant's pressure  pump  and  the  city  water  works  were 
connected  on  the  same  line.  This  arrangement 

is  shown  by  the  defendant's  exhibit  4  here  set 
forth.  (A  reproduction  o/  said  exhibit  was 
hereto  attached.) 
At  this  time  there  was  no  meter  on  the 

city's  line  to  this  sprinkler  system,  nor  on  the 
lines  to  sprinklers  in  other  factories.  There 
was  a  clapper  valve  in  the  line  designed  to 
keep  the  water  pumped  by  the  pressure  pump 
from   entering   the   city   mains   when   the   pri- 

vate pressure  exceeded  the  city  pressure,  and 
only  to  allow  the  city  water  to  pass  into  the 
sprinkler  system  when  the  private  pressure  fell 
below  the  city  pressure. 
During  the  aforementioned  period  there 

were  three  water  service  lines  to  the  defend- 

ant's property.  One  was  a  %-in.  metered 
pipe  furnishing  water  to  the  office.  Another 
was  the  line  to  the  sprinklers,  just  described. 
The  third  was  a  4-in.  main,  with  a  2%-in. 
metered  connection  running  to  one  of  the  two 
overhead  tanks  which  supplied  the  filtered  wa- 

ter for  the  manufacturing  process.  The  city 
installed  a  sealed  2-in.  by-pass  around  the 
meter,  to  be  used  only  when  the  meter  should 
be  taken   out   for  repairs. 

It  is  charged  by  the  plaintiff,  and  support 
thereof  is  found  in  the  evidence,  that  the  de- 

fendant opened  the  2-in.  by-pass  around  the 
meter,  tapped  the  sprinkler  system  in  numer- 

ous places,  made  connections  on  the  %-in. 
pipe  ahead  of  the  meter,  and  unlawfully  took 
and  used  city  water  from  these  three  sources 
without  its  having  been  registered  by  meters 
and  without  paying  for  it,  in  violation  of  Or- 

dinance No.  1!)7  of  the  City  of  Kalamazoo, 
which  provided  rules  and  regulations  under 
which  water  was  to  be  used.  It  is  charged, 
and  there  was  evidence  to  support  it,  that 

there  were  27  taps  put  on  the  sprinkler  sys- 
tem and  water  taken  through  them  under  or- 
ders from  the  defendant's  superintendent  and 

with  the  approval  of  the  defendant's  man- 

ager. In  August,  1910,  computations  having  been 
made  which  showed  that  less  than  50  per  cent 
of  the  water  delivered  into  the  mains  by  the 

city  water  works  was  being  paid  for,  Ordi- 
nance No.  305  was  passed  by  the  city  council, 

requiring  meters  on  all  water  lines  save  as 
therein  provided.  .Accordingly,  on  Nov.  17, 
1910,  a  Hersey  Detector  Meter  was  installed 

on  the  defendant's  sprinkler  line,  and  a  28-hour test  revealed  that  the  defendant  was  receiving 
a  much  larger  amount  of  water  than  it  was 
paying  for,  and  that  the  conditions  during  this 
2S-hour  period  were  no  different  than  they 
liad  been  before  that  time.  Immediately  there- 

after the  fire  pump  was  dismantled  and  re- 
paired and  the  taps  on  the  sprinkler  system 

disconnected.  .An  investigation  was  made  by 

city  officials,  which  revealed  that  the  pressiire 
pump  gage  showed  a  pressure  equal  to  the  city 

pressure.  But  when  the  city  main  was  sud- 

denly cut  off  the  gage  on  the  defendant's 
pressure  pump  dropped  from  68  lbs.  to  5  lbs. 
A  further  investigation  by  a  council  committee 
followed,  in  which  it  was  found  that  the  de- 

fendant was  taking  city  water  in  the  three 
ways  hereinbefore  described.  It  is  the  plain- 

tiff's claim,  and  evidence  was  presented  tend- 

ing to  show,  that  the  defendant's  pressure pump  was  a  mere  blind,  and  that  it  never  did 
maintain  a  pressure  equal  to  or  greater  than 

the  city  pressure. 
On  the  other  hand,  it  was  claimed  by  the 

defendant  that  the  taps  had  been  put  on  the 
sprinkler  system  by  its  mechanics  for  their 
own  convenience,  and  without  the  knowledge 
of  the  defendant ;  that  its  pump  maintained 
a  pressure  greater  than  the  city  pressure  up  to 
a  short  time  prior  to  the  suit;  and  that  up  to 
said  time  no  city  water  was  drawn  from  the 
taps.  It  was  also  claimed  by  the  defendant 
that  the  water  was  taken  from  the  2-in.  by- 

pass on  the  2%-in.  line  openly,  with  the  con- 
structive knowledge  of  the  plaintiff's  inspector; also  that  at  the  time  the  Hersey  meter  was 

read  the  pressure  pump  was  down  for  repairs 
and  there  was  a  large  leak  in  the  basement, 
causing  a  large  temporary  waste  of  water ; 
that  the  flow  during  the  28  hours  during  which 
the  test  was  I)eing  made  was  unusual  and 
therefore  not  a  fair  basis  on  which  to  estimate 
the  amount  used  in  four  years. 

The  evidence  in  support  of  these  claims  be- 
ing submitted  to  a  jury,  a  verdict  was  found 

for  the  plaintiff  in  the  sum  of  $15  840.7(;,  and 
judgment  was  entered  thereon  by  the  court. 

Defendant's  motion  for  a  new  trial  was  over- 
ruled. The  cause  being  removed  here  by  writ 

of  error,  the  assignments  of  error  are  grouped 
by  counsel  for  convenience  as  follows : 

1st.  Errors  in  the  ruling  of  the  court  during 
the  trial  and  errors  in  ruling  on  misjoinder  of 
assumpsit  and  tort  counts. 

2nd.  The  error  committed  by  the  court  in 

permitting  a  statement  or  account,  not  an  ex- 
hibit in  the  case,  prepared  by  plaintiff's  counsel, 

of  plaintiff's  claim,  to  be  taken  to  the  Jury  room. 
3d.     Improper  argument  of  counsel. 

4th.  Errors  tn  the  court's  charge  and  refusals 
to  charge. 

5th.     Excessive  verdict. 

The  declaration  of  the  plaintiff  contains  six 
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counts.  It  is  appellant's  claim  that  the  first 
four  counts  are  all  in  assumpsit  and  the  last 

two  are  in  tort,  and  that  these  two  actions  can- 
not be  joined  and  the  plaintiff  must  elect. 

The  plaintiff  does  not  dispute  the  latter  con- 
tention, but  says  that  the  first  three  counts 

are  purely  counts  in  trespass  on  the  case  and 
the  last  three  are  in  trever.  The  claim  that 

the  counts  are  in  assumpsit  is  urged  because 
of  the  fact  that  Ordinance  No.  lilT  of  the  City 
of  Kalamazoo  with  relation  to  the  water  works 

!.<!  set  forth  in  these  counts,  and  that  in  effect 

a  contract  relation  between  the  parties  is  al- 

leged. The  plaintiff's  claim  is  that  the  de- 
fendant, without  any  regard  for  the  ordinance, 

took  water  wrongfully  and  unlawfully.  It 
appears  from  a  reading  of  these  counts  that 
the  ordinance  is  set  forth  for  the  purpose  of 
showing  that  the  conduct  of  the  defendant  in 

this  case  was  unlawful,  unauthorized,  wrong- 
ful, and  in  violation  of  the  law  of  the  City  of 

Kalamazoo,  which  makes  these  counts  sound 
m  tort  instead  of  in  contract.  In  the  case  of 
Dillon  V.  Craig,  168  Mich.  210,  relied  upon  by 

the  defendant,  the  declaration  showed  a  con- 
tract obligation,  and  there  was  no  statute  or 

ordinance  which  made  the  violation  of  the  con- 

tract tortious.  There  is  no  merit  to  appel- 

lant's contention  as  to  a  misjoinder  of  counts. 

During  the  final  argument  of  plaintiff's  coun- 
sel, in  the  discussion  of  the  question  of  dam- 

ages, two  typewritten  computations  which  had 

been  prepared  were  handed  to  the  jury,  show- 
ing how  the  plaintiff  estimated  its  damages. 

The  statements  were  as  follows : 
FIRST  STATEMENT. 

Hersey  Meter. 
27,144  cu.  ft.  In  24  hours. 
27,144x365  days  equals  9,907,560  cu.  ft.  per  year. 
9,907,560x4  years  equals  39,u30,230  cu.  ft. 
Water  rates  are 

$1.00  for  each  1,000  cu.  ft.  up  to  3.000. 
.80  for  each  1,000  cu.  ft.  from  3,000  to  10,000. 
.60  for  each  1,000  cu.  ft.  over  10,000, 

3,000  cu.  ft.  at  $1  equals   $         3.00 
7,000  cu.  ft.  at  80  cts.  equals    5.60 
39.620,230  cu.  ft.  at  60  cts.  equals     23,772.14 

$23,780.74 Take  out  $444,93  paid  by  defendant          444.93 

$23,335.81 Add   Interest  at  5   per  cent  from   Nov. 
17.    1910.    1    year.    2    months    and    25 
days,   equals          1.442  25 

$24,778.06 SECOND  STATEMENT. 

Mav  17,   1909,  got  "3d   machine  working May  17.  1909,  to  Nov.  17.  1910,  equals  IS  months. 
That   leaves  out   of  the   4   years,   30   months  de- 

f*-ndant  had  two  machines. 
With   3  machines  defendant   used  1,500,000  gals. 
With   2  machines   defendant   used   1.000.000  gals. 
27.144  cu.   ft.  for  24  hours  eciuals  9.907,560  cu.  ft. 

per   year,   or  14,861,340  cu.   ft.   for  IS   month.s, 
usinE  In  the  mill  1.500.000  Hals,  per  day. 

2  machines  used  1,000,000  cu.   ft.   in  24  hours,  or 
%  of  9.907,560  equals  6,605,040  per  year. 

30  months  equals  2'/4  years. 
6,605.040  X   2'/«!  equals  16.512,600. 

Add  together  what  3  machines  used  in  IS  months 
and  what  2  machines  used  In  30  months, 

14.861.340   plus  16.512.600   equals  31.373,490   cu.    ft. 
3.000  cu.  ft.  at  $1  equals   $  3,00 
7.000  cu.  ft.  nt  SO  cts.  equals    5.60 
3.136.940  cu.  ft,  at  60  cts.  equals     18,818.36 

$18,826.96 Take  out  $444.93  paid  by  defendant          444.93 

$18,382.02 Interest    at    E    per   cent    from    Nov.    17. 

1910   1  year.  2  months.  25  days       1,]36.'>3 

$19,518,06 
These  statements  were  read  in  open  court 

in  the  presence  of  counsel.  An  examination 

of  these  statements  shows  that  they  are  noth- 
ing more  or  less  than  compulations  in  arith- 

metic based  on  facts  claimed  to  have  been 

proved  by  the  plaintiff  in  the  rase.  When  the 

jurv  was  about  to  retire  plaintiff's  counsel 
called  the  court's  attention  to  the  fact  that 
some  of  the  statements  were  still  in  the  hands 

of  the  jury,  and  said  with  reference  thereto: 

It  Is  simply  a  computation  as  claimed  by  the 
plaintiff  as  to  the  amount  of  damages  along  the 
two  lines  mapped  out  on  that  paper.  We  claim 

It  is  for  the  consideration  of  the  jury  the  sani'.> 
as  any  other  fact  In  the  case,  not  binding,  t'l*. 
that  they  may  consider  It  In  arriving  at  their 
veidict.  We  have  no  objection  to  the  Jury  tak- 

ing that  to  their  Jury  room  and  If  the  other 

side  have  some  flguret-  they  wish  to  give  to  the 
jui-y  we  have  no  objection. 

It  is  claimed  that  these  statements  were 

never  given  to  defendant's  counsel  for  ex- amination. The  record  does  not  show  that 

copies  were  requested,  and  counsel  must  have 
heard  the  contents  thereof  as  they  were  read 

to  the  stenographer.  Counsel  was  unques- 
tionably entitled  to  copies,  and  undoubtedly 

such  copies  would  have  been  furnished  if  a 

request  had  been  made. 
It  is  urged  that  allowing  the  jury  to  take 

the  memoranda  to  the  jury  room  was  error, 
under  the  decision  of  this  court  in  Harroun 

V.  C.  &  W.  M.  Ry.  Co.,  68  Mich.  2<J8.  It  seems 

to  be  clear  that  according  to  the  rule  an- 
nounced in  that  case  the  practice  followed  in 

the  instant  case  is  not  to  be  considered,  and 
that  it  was  improper  for  the  court  to  allow 
these  memoranda  to  be  taken  into  the  jury 
room  without  the  consent  of  the  opposing 
counsel.  We  are  of  the  opinion,  however,  that 
the  defendant  was  not  prejudiced  thereby,  as 

the  verdict  of  the  jury  was  in  a  sum  consider- 
ably less  than  the  amounts  claimed  in  the  com- 

putations. In  his  charge  the  court  gave  the  following : 

5.  1  instruct  you  that  the  plaintiff  has  called 

the  following  witnesses:  Ale.\ander  Clark,  Wil- 
liam Wilhelm,  Fred  Phetteplace,  Jason  Spade, 

.leremiah  Linehan,  Frank  Handy.  William  Hew- 
itt. Walter  Jones,  Perry  Norman,  Warren  John- 

son. William  Gaylor,  Ernest  Shepard,  and  Geoi'ge 
Harvey,  under  Act  307  of  the  Public  Acts  of 
Michigan  for  the  year  1909,  which  provides  as 
follows:  An  act  to  authorize  parties  litigant 

when  they  call  as  witnesses  in  their  behalf 
the  oppsite  party,  employe,  or  agent  of  said 

party,  to  cross  examine  such  witnesses,  and  pro- 
viding that  they  shall  not  be  bound  by  their 

answers. 

The  people  of  the  State  of  Michigan  enact: 
Section  1.  Hereafter  in  any  suit  or  proceeding 

ill  any  court  of  law  or  equity  in  this  state, 
either  party,  if  he  shall  call  as  a  witness  in  his 
behalf  the  opposite  party,  employe  or  agent  of 
said  opposite  party,  or  any  person  who,  at  the 
time  of  the  happening  of  the  transaction  out  of 
which  such  suit  or  proceeding  grew,  was  an 
employe  or  agent  of  "the  opposite  party,  shall 
have  the  right  to  crossexamine  such  witness 
the  same  as  if  he  were  called  by  the  opposite 
party:  and  that  ans\\  ers  of  sucli  witness  shall 
not  interfere  with  the  right  of  such  party  to 
introduce  evidence  upon  any  issue  involved  in 
such  suit  of  proceeding,  and  that  the  party  so 
calling  and  examining  such  witness,  shall  not  be 
bound  to  accept  such  answers  as  true. 
That  is  the  end  of  section  1.  And  in  so  call- 

ing said  witnesses,  or  any  of  them,  the  plaintiff 

is  not  bound  by  the  answers  given  by  said  wit- 
ness or  witnesses,  nor  is  said  plaintiff  bound  to 

accept  the  answer  or  answers  of  any  one  or 
ones  of  said  witnesses  as  being  true  answers  and 
the  plaintiff  may  accept  such  part  or  parts  of 
the  answers  of  anyone  or  ones  of  said  witnesses 
as  the  plaintiff  elects  so  to  accept  and  so  far 

as  the  plaintiff  is  concerned  such  of  said  an- 
swers, if  any,  which  the  plaintiff  does  accept  as 

being  true,  are  for  the  consideration  of  the  jury 
the  same  as  any  other  facts  or  circumstances  in 
the  case. 

With  reference  thereto  counsel  for  appel- 
lant says  in  brief : 

While  the  plaintiff  is  not  bound  to  accept  the 
answers  as  true,  if  the  answers  stand  uncontro- 
verled,  they  stand  as  facts  in  the  case,  and  just 
exactly  with  the  same  force  and  effect  as  if  they 
had  been  sworn  to  by  any  other  witness  in  the 

case,  admitting  of  course  the  jury's  right  to  con- 
sider the  credibility  of  such  witnesses,  but  the 

Judge  said  that  the  plaintiff  need  not  accept 
anything  which  was  adverse  to  it,  and  that  they 
were  only  to  consider  such  things  as  were  favor- 

able to  the  plaintiff.  In  other  words,  only  con- 
sider such  things  as  the  plaintiff  did  accept. 

It  is  also  claimed  that  by  this  instruction 
the  trial  court  swept  aside  and  eliminated  from 
the  case  some  of  the  most  valuable  testimony 
of  the  defendant  as  to  the  capacity  of  the 
pressure  pump,  as  several  witnesses  called  un- 

der this  statute  had  given  testimony  with  ref- 
erence thereto. 

It  is  true  that  this  instruction  of  the  court, 
taken  by  itself,  in  e.X|)laining  to  the  jury  the 
effect  of  the  statute,  -Was  somewhat  incomplete 
and  confusing.  However,  the  court  did  not 
say  that  any  testimony  that  was  favorable  to 
the  defendant  and  which  plaintiff  did  not  ac- 

cept   was    not    for    the    consideration    of    the 

jury,  and  in  this  connection  the  following  in- 
struction of  the  court  given  to  fhe  jury  should 

be  considered : 

And  I  further  instruct  you  that  any  state- 
ments or  testimony  submitted  by  the  defendant 

or  any  employe  or  foimer  employes  of  the  de- 
fendant called  by  the  plaintiff  as  to  the  condi- 

tion of  this  pump  during  the  entire  four  years 

mentioned  in  the  plaintiff's  declaration  is  not 
necessarily  to  be  taken  as  true,  but  should  oe 
considered  by,  you,  and  you  are  to  determine  the 
condition  of  this  pump  during  said  period  and 
the  question  of  whether  or  not  it  did  actually 
maintain  the  pressure  claimed  by  the  defendant 

by  all  of  the  facts  and  circumstances  and  testi- 
mony left  in  this  case  for  your  consideration. 

In  our  opinion,  this  instruction  taken  in 
connection  with  the  other  made  it  clear  to 

the  jury  that  they  must  consider  all  the  testi- 
mony in  the  case,  and  there  was  not  elim- 
inated from  their  consideration  such  testi- 

mony favorable  to  the  defendant,  given  by  wit- 
nesses called  under  the  statute,  which  had  not 

been  accepted  by  the  plaintiff.  See  lones  v, 
P.  M.  R.  R.  Co,  1(58  Mich.  14;  Johnson  v. 
Union  Carbide  Co.,  169  Mich.  659. 
The  court  charged. 

If  you  believe  that  these  taps  or  connections 
did  exist  ahead  of  the  meter  and  that  the  water 

passing  through  these  pipes  was  not  registered 
by  the  meter  then  I  instruct  you,  gentlemen  of 
the  jury,  that  any  water  taken  through  such 
pipes  by  the  defendant  company,  was  taken 
wrongfully  and  unlawfully  and  your  verdict 

should  be  for  the  plaintiff,  the  City  of  Kala- 
mazoo, in  the  amount  of  the  value  of  the  water 

so  wrongfully  taken  to  be  determined  by  you  as 

I  shall  hereafter  instruct  you.  even  if  the  de- 

fendant's officers,  directors,  and  stockholders, 
any  or  all  of  them,  did  not  know  water  was 
being  so  used  by  the  defendant; 

and  it  is  contended'  that  no  verdict  should 
be  rendered  against  the  company  unless  the 
fact  of  the  wrongful  and  unlawful  taking  of 
the  water  is  brought  home  to  some  officer  of 

the  corporation.  In  this  case,  there  being  evi- 
dence to  warrant  the  jury  in  finding  that  the 

defendant  established  the  sham  pressure  pump 

and  the  improper  openings  on  the  sprinkler 
system,  it  is  not  unreasonable  to  assume  that 
the  wrongful  means  were  installed  to  take  the 

plaintiff's  water  without  metering  and  paying 
for  it.  By  so  doing,  the  defendant  invited 
its  employes  to  use  the  unlawful  means  for 

the  unlawful  purpose.  .■\s  is  said  by  counsel 
in  his  brief : 

This  is  a  case  of  the  employe  using  the  means 

furnished  by  the  employer  to  accomplish  an  un- 

lawful purpose  in  furthering  the  master's  inter- 
ests and  out  of  which  nobody  but  the  master 

received  the   benefit. 

Cooley,  in  his  work  on  Torts  (od  ed,).  p, 
1017,    says: 

The  master  is  reliable  for  the  acts  of  his  ser- 
vants not  onlj'  when  they  are  directed  by  him 

but  also  when  the  scope  of  his  employment  or 
trust  is  such  that  he  has  been  left  at  liberty  to 

do,  while  pursuing  or  attempting  to  discharge  it, 

the  injurious  act  complained  of.  It  is  not  mere- 
ly for  the  wrongful  acts  he  was  directed  to  do 

but  the  wrongful  acts  he  was  suffered  to  do 
that  the  master  must  respond. 

See  also  21   Cyc,  pages   l.")82-lo8o. There  was  an  error  in  the  charge  as  given. 

If  entitled  to  damages — and  a  reading  of 
this  record  is  convincing  that  the  jury  were 

warranted  in  finding  that  unmetered  water 

was  taken  by  the  defendant's  servants  and 
employes  for  the  use  and  benefit  of  the  de- 

fendant, for  which  the  defendant  did  not 

pay— the  damages  should  be  the  full  value  of 

the  property  at  the  time  of  conversion,  to- 
gether with  the  interest  on  that  value  from 

that  lime.  It  is  clearly  impossible  for  the 

plaintiff  to.  prove  with  absolute  certainty  the 
amount  of  water  the  defendant  converted, 

and  this  want  of  certainty  is  properly  attrib- 
utable to  the  fault  of  the  defendant.  The 

claims  made  by  the '  plaintiff  were  for  the 
highest  amount  of  water  which  could  possibly 
have  been  used  by  the  defendant  by  means  of 

the  unlawful  taps  and  by-passes.  The  defend- 
ant sought  to  reduce  this  by  attempting  to 

show  that  such  an  amount  of  water  could  not 



November  18,  1914. Engineering   and    Contracting 
489 

have  been  and  was  not  taken  froni  the  city's 
mains  as  alleged.  Taking  the  water  in  the 
way  it  did,  the  defendant  must  bear  the  risk 
of  the  uncertainty  thus  produced.  AlHson  v. 
Chandler,  11  Mich.  542;  Gilbert  v.  Kennedy, 
22  Mich.  117;  Krumenaker  v.  Dougherty,  74 
App.  Div.  (N.  Y.)  4.52.  We  are  satisfied  that 
a  large  amount  of  nnmetered  water  was  taken 
by  the  defendant,  and  while  the  amount  taken 
must  be  necessarily  an  approximation  based 
on  the  test  made  by  the  Hersey  meter  and  all 
the  other  facts  and  circumstances  shown  in 
the  case,  we  are  not  convinced  that  the  amount 
found  by  the  jury  is  excessive. 

During  the  closing  argument  of  plaintiff's 
counsel  an  exception  was  taken  by  defend- 

ant's counsel,   as   follows: 
Mr.  Irish:  I  will  take  an  exception  to  counsel 

talking  about  stealing  water. 
The  Court:  I  think  the  argument  may  pro- 

ceed, that  has  been  indulged  in  by  the  other 
side,  as  a  matter  of  law.  I  will  charge  the  jurv 
about  its  weight. 

Mr.    Irish:     An    exception. 

The  trial  court,  in  charging  the  jury  with 
references  to  this,  said : 
The  jury  are  instructed  that  under  the  dec- 

laration as  it  now  stands  they  are  not  to  con- 
sider the  question  as  to  whether  the  Standard 

Paper  Co.  or  any  of  its  agents  have  been  guilty 
of  stealing  water.  There  can  be  no  stealing  or 
larceny  of  water  unless  the  elements  of  larceny 
or  stealing  are  charged  in  the  declaration  and 
proven  in  this  case.  No  larceny  is  charged  or 
proven  in  this  case.     I  will  not  say  proven. 

.^n  examination  of  the  excerpts  from  the 

arguments  of  defendant's  attorneys  shows  that 
the  statement  of  the  trial  judge  is  justified,  and 
it  appears  that  language  with  reference  to  the 
stealing  of  water  had  been  used  by  the  attor- 

neys for  the  defense  in  their  argument.  Al- 
though the  question  of  the  stealing  of  the 

water  was  not  in  the  case,  having  been  made 
prominent    and    commented    upon    by    defend- 

A 

ins.  square  at  the  top,  with  one  rod  in  each 
corner.  They  are  7  ft.  long  and  set  2  ft.  6  ins. 
in  the  ground.  Angle  and  gate  posts  are  10  ins. 
square  for  their  whole  length,  with  a  2  in. 
projection  2M!  ins.  below  the  top  and  rein- 

forced with  eight  rods,  four  at  the  corners  and 
four  in  the  faces.  They  are  7  ft.  6  ins.  long, 
2  ft.  6  ins.  in  the  ground  and  project  6  ins. 
above  ordinary  posts.  Two  lugs,  2  ins.  by  % 
in.,  running  through  the  posts,  carry  the  panels. 
These  lugs  extend  a  short  distance  on  two 
sides  of  the  post,  and  have  the  2  in.  dimension 
horizontal. 

The  panels  and  gates  are  made  up  of  3-in. 
o-lb.  channels  with  %-in.  round  pickets.  The 
pickets  are  caulked  tight  in  the  channels  on  the 
under  side.  The  lugs  are  bent  after  the  posts 
are  seasoned  to  suit  the  slope  of  the  fence. 
Panels  secured  to  the  posts  by  %-in.  bolts  ex- 

tending vertically  through  channel  and  lug. 
At  the  site  of  most  of  the  Ohio  River  dams 

the  property  is  overflowed  in  extreme  floods. 
The  panels  are  then  simply  removed  and  laid 
flat  on  the  ground  so  as  not  to  obstruct  the 
passage  of  drift  and  debris  with  which  the 
river  is  filled  at  such  times.  After  the  floods 
have  passed  the  panels  are  brushed  off  and 
replaced. 
Through  some  of  the  lowest  ground  where 

the  current  was  very  strong  during  floods  the 
posts  were  made  7  ft.  6  ins.  long  and  set  3  ft. 
in  the  ground,  the  hole  for  the  post  being  filled 
with  poor  concrete  to  within  about  10  ins.  of 
the  surface. 

If  the  posts  are  brushed  over  with  the 
following  mixture  much  will  be  added  to  the 
appearance  of  the  fence:  20  parts  cement,  2(1 
parts  very  fine  sand,  1  part  yellow  coloring 
matter.  Add  suflicient  water  to  make  a  thin 
grout,  keep  well  stirred  and  apply  with  a  small 
whitewash    brush.    At   Dam   No.    1.5   this   cost 

^Grade-^ 

Section  A-B 

Fig.   1.   Detail   of  Typical   Post  and   Panel   of      Concrete     and 

Georgetown    Reservoir,    Washington,  D.  C. 

Metal      Fence     Around 

ant's  attorneys  in  their  arguments,  there  was 
no  prejudicial  error  in  plaintiff's  attorney 
using  the  same  language  jn  his  reply.  People 
V.  Swift,  172  Mich.  473.  We  are  not  satisfied 
that  the  argument  contributed  to  the  result. 
Houser  v.   Carmody,   173  Mich.   121. 

Criticism  is  also  made  that  the  trial  judge 

unduly  emphasized  plaintiff's  claim  in  his 
charge,  but  a  careful  reading  of  the  entire 
charge  is  satisfying  that  the  questions  in  issue 
were  fairly  submitted  to  the  jury. 

Finding  no  prejudicial  error  in  the  record, 
and  being  convinced  that  the  verdict  finds  sup- 

port in  the  evidence  in  the  case,  the  judgment 
is  affirined. 

Design  and  Cost  of  Two  Types  of  Con- 
crete and  Metal  Fence. 

The  present  article  describes  tlie  design  and 
gives  the  cost  of  two  types  of  combined  con- 

crete and  steel  fence.  Both  fences  were  de- 
signed by  and  built  under  the  direction  of  the 

corps  of  engineers  of  the  U.  S.  Army.  They 
are  described  in  Professional  Memoirs  for 

March-April,  1914,  by  Mr.  Frank  D.  Hol- 
brook.  The  information  given  here  is  from 
that  article. 

Dam  No.  15. — The  first  fence  was  made  by 
the  day  labor  force  at  Dam  No.  15,  Ohio  River. 
This  fence  is  about  one  mile  long,  and  it  was 
built  to  enclose  the  Government  property  at 
Dams  Nos.  14,  15  and  18.  All  posts  are  1 :2  :4 
concrete,  mortar  faced,  beveled  corners  and 
reinforced  with  %-in.  steel  rods.  Ordinary 
posts  are  5  by  8  ins.  at  the  base,  tapering  to  5 

6  cts.  per  post.     The  following  cost  data  have 
been  taken  from  the  record  at  Dam  No.  15 : 

Angle  and  gate  posts,  each   •.  J3.35 Ordinary  posts,   each     1.23 
Fabricating  panels,   each     2.7S 
Painting  panels  (three  coats),  each   71 
Setting   fence   (295  panels  at  Dam   No.    15). 

each      91 

Above  prices  include  cost  of  forms  for  posts 
and  all  materials  and  labor. 

Panels  are  9  ft.  11  ins.  center  to  center  of 
posts,  large  gate  has  10  ft.  clear  opening  and 
small  gates  4  ft. 

Cost  of  about  3,000  lin.  ft.  of  fence  erected 
at  Dam  No.  15,  $0.57  per  lin.  ft.  in  place. 
The  cost  of  setting  up  the  fence  will  vary 

with  the  nature  of  the  soil.  At  Dam  No.  15, 
for  about  one-half  the  fence  erected,  the  soil 
was  a  heavy  clay  with  much  shale  embedded. 
This  made  the  digging  of  post  holes  rather 

expensive. 
JVashiiigton  Aqueduct. — The  accompanying 

cost  data.  Table  I,  and  the  two  illustrations 
given  pertain  to  the  concrete  and  steel  fence  at 
the  Georgetown  Reservoir  of  the  Washington 
.\queduct.  This  fence  was  designed  by  Captain 
Hannum,  Corps  of  Engineers,  U.  S.  Army.  A 
line  drawing  of  a  typical  post  and  panel  of  this 
fence  is  shown  in  Fig.  1,  and  Fig.  2  is  a  view 
of  the  same  portion  of  the  completed  fence. 
The  gates  have  a  clear  opening  of  9  ft.  and 
consist  of  %-in.  square  pickets  caulked  into 
top  and  bottom  horizontal  channel  irons  2xlx 
3-10  ins.  in  section.  The  cost  data  given  in 
Table  I  pertain  to  this  fence  at  the  Georgetown 
Reservoir. 

TABLE  I.— COST  OF  CONCRETE  AND  STEEL 
FENCE  AT  GEORGETOWN  RESERVOIR. 

Steel  fence  and  gates   $1.092.3J 
Paint          105.00 
Cement      784.44 
Sand       22.54 
Gravel       51.75 
Stone  dust      133.00 
Granolithic    423.00 
Lumber  for  forms    74.82 
Brass  letters     28.70 
Wire  brushes       4.5fi 
Labor,    surveying    72.53 
Excavating  and  placing  foundation    220.67 
Building  forms     73.18 
Mixing  and  placing  concrete    1,442.18 
Removing  forms  and  scrubbing  concrete      341.17 
Hauling   materials       44.80 
Erecting  steel  fence  and  painting    121.SS 
Grading       213.24 
Superintendence  and  office  work    139.06 
Main  ofhce  charges    145.42 

Total      $5,498.26 
Number  of  linear  feet  of  fence      2,15S 

Cost,    per  linear  foot     $2..")o 

The  Aeration  Basin  of  the  New  Water 
Purification  Plant  at  Miraflores, 

Canal  Zone. 

A  w-ater  purification  plant  is  now  under  con- 
struction by  the  United  States  Government 

near  the  Miraflores  locks  of  the  Panama  Ca- 
nal. This  plant  will  purify  water  for  the  six 

towns   along  the  canal   south   of   the   Culebra 

Fig.    2.  View    of    Typical    Panel    of    George- 
town Reservoir  Fence. 

Cut.  The  raw  water  is  taken  from  an  arm 
of  the  Miraflores  Lake,  which  will  always  be 
more  or  less  polluted.  The  water  is  to  be 
subjected  to  aeration,  sedimentation,  coagula- 

tion, filtration  and  sterilization.  The  several 
units  of  the  plant  are:  Aeration  basin,  head 

house  and  mixing  chambers,  sedimentation  ba- 
sin, filter  building,  injection  chaml.ier,  effluent 

controllers,  alum  and  hypochlorite  mi.xing  ap- 
paratus and  hypochlorite  dosing  apparatus. 

The  entire  plant  w-as  described  by  Mr.  George 
M.  Wells,  Division  Engineer,  in  a  paper  before 
the  annual  meeting  of  the  New  England  Water 
Works  Association.  The  following  description 

of  the  aeration  basin  is  taken  from  Mr.  Wells' 

paper : 

All  ground  waters  on  the  Isthmus  of  Pan- 
ama, at  least  all  within  the  Canal  Zone,  when 

allowed  to  stand  in  reservoirs  or  pipes,  at 

times  give  off  objectionable  odors  when  dis- 
charged. These  odors  result  from  the  hydro- 

gen sulphide  gas  given  off  by  the  large  quan- 
tities of  decomposing  vegetable  matter  pres- 

ent in  the  raw  water.  Aside  from  being 
acutely  disagreeable  to  the  sense  of  smell,  this 

gas  attacks  all  paints  in  the  immediate  vicin- 
ity having  lead  or  zinc  bases,  and  also  dis- 

colors metals.  The  odor  given  off  by  the  Ga- 
tun  Lake  water  as  it  flows  over  the  spillway 
at  times  reaches  such  volume  and  strength 
as  to  be  plainly  noticeable  down  the  wind  for 

a  distance  of  nearly  tw-o  miles.  It  is  obvious 
that  in  the  treatment  of  water  of  such  char- 
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acter  more   or   less   elaborate   aeration   seems 
warranted. 
The  iron  content  in  the  water  of  the  Mira- 

llores  lake  generally  runs  from  0.8  to  2.5  parts 
per  million.  This  iron  is  in  solution,  and  ex- 

periments conducted,  using  compressed  air  at 
low  pressure  and  considerable  volume,  indi- 

cated that  aeration  might  be  expected  to  prove 
of  valuable  assistance  as  a  preliminary  treat- 

ment to  the  application  of  sulphate  of  alumi- 
num. The  changing  of  the  iron  from  the  fer- 

rous to  the  ferric  state  during  aeration  and  its 
partial  elimination  by  precipitation  in  the 
aeration  basin  seemed  to  result — at  least  in 
the  case  of  the  water  passing  the  Gatun  puri- 
iication  plant  at  Agua  Clara — in  an  appreciable 
reduction  in  the  amount  of  aluminum  sulphate 
required  to  remove  the  color.  This  becomes  a 
vital  point  in  waters  of  low  alkalinity  and  high 
color,  and  Mr.  Wells  in  designing  the  new 
plant  for  Colon  and  Cristobal  attempted  a 
more  or  less  elaborate  aeration  system.  This 
plant  is  just  going  into  operation,  and  definite 
data  on  results  are  therefore  not  available  at 
this  time. 

For  similar  reasons,  although  the  iron  con- 
tent in  the  Miraflores  water  is  a  little  lower 

than  in  the  Colon  water,  the  aeration  basin  be- 
comes an  important  part  of  the  Miraflores 

plant. 
This  Ijasin,  as  designed,  will  be  a  reinforced 

concrete  structure,  rectangular  in  plan,  8(1  ft. 
wide  by  125  ft.  long,  inside  wall  dimensions. 
The  floor  will  be  flat,  resting  lliroughout  it.s 
area  directly  on  clay  foundation,  and  will  have 
a  thickness  of  approximately  6  ins.  The  side 
walls,  6  ins.  in  tnickness,  will  extend  C  ft.  above 
the  floor,  and  are  merely  to  prevent  the  waste 
of  water  that  would  result  from  the  striking 
of  the  spray  on  the  concrete  floor  after  falling 
from  a  height  of  15  to  20  ft.  The  elevation 
of  the  floor  has  been  fixed  at  126. 

The  30-in.  main  from  the  raw  water  station 
will  extend  the  full  length  of  the  north  side  oi 
tlie  basin  and  will  be  outside  the  wall,  distant 
therefrom  about  4.5  ft.,  and  below  the  flooi; 
level  approximately  2.5  ft.  From  the  top  of 
this  30-in.  pipe  will  be  taken  off  seven  12-in. 
pipes  spaced  at  intervals  of  16  ft.  Each  oi 
these  pipes  will  lead  horizontally  through  the 
side  wall  on  to  the  floor  of  the  basin,  and  at 

a  point  15  ft.  inside  will  split  into  two  8-in. 
pil)es,  which  will  form  a  loop  extending  across 
the  basin.  The  pipes  when  assembled  will 
present  the  appearance  of  a  grid  of  14  8-in. 
pipes,  with  each  pair  cross-connected  at  the 
southerly  side  of  the  basin  and  fed  by  a  single 
12-in.   line  at  the  opposite  side. 

.•\t  intervals  of  8  ft.  on  the  8-in.  pipe  will 
be  located  4  in.  outlets  extending  vertically  up- 

ward. These  outlets  will  be  staggered  in  such 

a  way  as  to  cause  them  to  be  located  in  tri- 
angular plan.  To  each  of  these  outlets  will 

iH-  located  the  bronze  aeration  nozzle.  This 
will  thus  give  a  total  of  105  nozzles. 

The  nozzle  adopted  will  consist  of  a  special 
tianged  outlet  within  which  will  fit  a  bronze 

truncated  cone  having  a  face  angle  of  20"  in- 
clination from  the  vertical.  The  diameter  of 

the  outlet  will  be  3%  ins.,  but  the  maximum 
opening  between  the  lip  of  the  outlet  and  the 
lace  of  the  cone  will  not  exceed  3/16  in,  meas- 

ured perpendicular  to  the  cone  for  maximum 
re(|uired  discharge.  The  cone  will  be  held  in 
place  hy  an  adjustable  bronze  bolt  extending 
into  a  cross  rib  located  just  above  the  plane 
of  the  flanges  connecting  the  nozzle  to  the 
l-in.  outlet  from  the  8-in,   feed  pipe. 
The  design  of  these  nozzles  was  determined 

upon  after  experiments  with  nozzles  of  differ- 
ent types  and  by  full  sized  tests  had  shown 

the  character,  volume,  and  shape  of  the  spray 
delivered  under  varying  heads. 

I'ndir  operating  conditions  it  is  expected 
that  the  water  from  these  nozzles  will  be 
thrown  from  15  to  20  ft.  into  the  air,  and  the 
tests  showed  that  the  water  was  broken  from 

a  thin  sheet  into  coarse  drops  about  two-thirds 
of  the  distance  up,  changing  to  spray  at  the  top 
of   the   rise  and   falling  as   such   to  the  basin 
floor.    

Fach  nozzle  at  full  pressure  will  deliver  ap- 
proximately 200,000  gals,  per  day,  but  the 

opening  is  so  designed  that  when  delivering  50 

per  cent   of  this   amount   at   a   low   pressure, 

satisfactory  breaking  up  of  the  water  may  be 
expected. 

Outside  the  basin  wall,  in  each  12-in.  feed 
pipe,  will  be  located  two  valves,  one  hand- 
operated  and  one  hydraulically  operated.  The 

piping  from  the  latter  valves  will  lead  to  con- trollers located  in  a  float  box  in  the  head 

house.  This  box  will  be  connected  by  a  r2-in, 
pipe  to  the  receiving  chamber  at  the  entrance 
to  the  filter  building,  and  the  water  level  rising 
or  falling  in  this  box  simultaneously  with  the 
level  in  the  receiving  chamber  will  actuate 
floats  carrying  stems  to  small  piston  valves, 
which  will  open  or  close  the  hydraulic  valves 
at  the  aeration  basin,  cutting  out  or  in  the 
various  banks  of  nozzles  according  as  the 

throwing  in  or  out  of  filters  increases  or  de- 
creases the  draft  on  the  sedimentation  basin. 

By  this  means  the  quantity  of  water  admitted 
to  the  aeration  basin  will  be  automatically 
regulated  to  meet  the  more  or  less  constantly 

varying  outflow  to  the  clear-water  basin,  re- 
sulting from  throwing  filters  in  and  out  of 

service. 
The  float  controller  for  the  hydraulic  valves 

will  consist   of   a  bronze  shell,   within    which 
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will  be  placed  a  cylindrical  piston  attached  by 
a  vertical  stem  to  a  copper  float  resting  on  the 
surface  of  the  water  in  the  float  box.  The 
shell  has  been  so  designed  that  the  feed  water 
for  operating  the  hydraulic  cylinders  on  the 
valves  w'ill  pass  into  it  through  ports,  and, 
according  to  position  of  the  piston,  will  flow- 
to  the  top  or  bottom  side  of  the  valve  cylinder, 
under  pressure.  The  water  from  the  opposite 
side  of  the  hydraulic  valve  piston  will  escape 
through  a  waste  port  in  the  shell.  In  short, 
the  controller  is  a  simple  adaptation  of  a  cylin- 

der and  piston  valve  for  accomplishment 
through  float  nwvemcnt  of  the  same  result  ob- 

tained by  the  ordinary  hand-operated  four-way 
valve.  The  hand-operated  12-in,  valves  re- 

ferred to  are  to  be  operated  only  at  times  when 
the  occasion  may  arise  to  remove  or  repair 
the  hydraulic  valves. 
The  water  will  pass  from  the  aeration  basin 

to  (he  mixing  chambers  in  the  head  house  over 
three  weirs  12  ins.  deep  by  15  ft.  in  length, 
which  will  be  simple  slots  in  the  back  wall  of 
the  head  house.  These  weirs  will  have  their 
crests  at  such  an  elevation  that  for  maximum 
flow  the  depth  of  water  on  the  floor  of  the 
aeration  basin  will  not  exceed  9  ins. 

Disastrous  fires  at  the  docks  along  the  Seat- 
tle water  front  have  led  to  an  ordinance  pro- 

viding that  all  docks  constructed  hereafter 
shall  be  provided  with  fire  walls  spaced  not 
farther  apart  than  500  ft,  on  centers  and  fire 
stops  not  more  than  100  ft.  apart.  These  pro- 

visions arc_  not  required  in  structures  fully 
equipped  with  automatic  sprinklers. 

Waste-Pi;eventing  Fountain  for  Drink- 
ing  and   Horse   Watering, 
Somerville,  Mass. 

The  present  article  describes  a  simple,  in- 
expensive, waste  preventing  drinking  fountain, 

for  the  use  of  men,  horses  and  dogs  at  Somer- 
ville, Mass.  This  fountain  was  devised  for 

the  two-fold  object  of  saving  water  and,  by 
using  the  pail  system  of  watering  and  of  abol- 

ishing large,  open  watering  troughs,  of  pre- 
venting the  spread  of  glanders  among  horses. 

The  Somerville  fountains  are  still  being  tried 
out  with  every  indication  of  ultimate  success. 
Our  information  pertaining  to  this  fountain  is 
taken  from  a  paper  by  Mr.  Frank  E.  Merrill, 
before  the  latest  annual  meeting  of  the  New 
England  Water  Works  Association.  Mr.  Mer- 

rill is  Water  Commissioner  of  Somerville  and 
originated  the  design  here  described. 

In  ordinary  open  watering  troughs,  in  which 
the  flow  is  not  controlled  by  a  ball-cock,  the 
waste  of  water  is  very  high,  amounting  often- 

times to  99  per  cent  of  the  total  flow  through 
the  trough.  In  the  pail  watering  system,  how- 

ever, this  waste  is  eliminated.  The  type  of 
watering  station  here  described  has  the  advan- 

tage of  low  cost  and  small  size.  It  can  there- 
fore be  installed  at  frequent  intervals  in  con- 

gested value  districts.  While  the  application  of 
faucets  to  fire  hydrants,  for  the  purpose  here 

described,  is  a  simple  and  easy  way  of  fur- 
nishing watering  stations  in  sufficient  fre- 

quency, this  user  of  a  city's  fire  service  is  not to  be  commended.  This  is  especially  true  where 
hydrants  are  not  equipped  with  outlet  valves, 
and  this  use  of  hydrants  should  lie  regarded 
only  as  a  temporary  expedient. 

The  keynote  of  the  Somerville  watering  sta- 

tion construction  is  "simplicity."  It  may  be 
described  as  being  in  its  essential  parts,  a  piece 
of  12-in,  cast  iron  pipe  set  in  the  ground  with 
its  bell  end  upwards,  the  face  of  the  bell  being 
29  ins.  above  the  sidewalk  grade  and  the  other 
end  being  a  sufficient  distance  below  the  sur- 

face to  obtain  stability.  A  l-in.  service  pipe 
from  the  street  main  makes  into  a  2-in.  riser 
w'hich  comes  up  through  the  center  of  the 
standard  and  is  held  in  position  by  a  cast-iron 
strainer  resting  in  the  bell  of  the  large  pipe. 

This  riser  is  capped  with  a  side-outlet  cross 
standing  12  ins.  above  the  top  of  the  bell  end 
of  the  pipe,  which  forms  a  convenient  ledge 
upon  which  to  rest  a  pail  while  filling.  Into  one 
of  the  outlets  of  the  cross  is  inserted  a  %-in, 
self-closing  hose  bibb  so  that  a  hose  line  may 
be  attached  if  needed  for  any  purpose ;  into 
two  other  outlets  are  inserted  self-closing  plain 
bibbs  and  into  the  outlet  facing  the  sidewalk  is 
fitted  a  bubbler  controlled  by  a  self-closing 
cock.  In  this  condensed  space  there  is  found, 

therefore,  opportunities  at  once  for  three  team- 
sters to  draw  water  and  for  another  one  to 

obtain  a  refreshing  draught  for  himself. 

Attached  to  the  side  of  the  12-in,  standard 
near  the  sidewalk  grade  is  a  bowl  for  dogs 
which  is  kept  supplied  with  fresh  water  by  the 

drip  of  the  bubbler  overhead,  the  water  bein"? 
caught  in  a  tunnel  set  underneath  the  strainer 
and  conveyed  through  a  small  pipe  into  the 

dog  bowl. The  waste  from  the  faucets  and  dog  bowl  is 

discharged  into  the  interior  of  the  12-in.  stand- 
ard which  has  a  cement  bottom,  at  which  point 

an  opening  allows  the  waste  to  escape  into  a 
drain  pipe  leading  to  the  sewer.  On  the  side 
of  the  12-in.  standard  under  the  bubbler  is 
fastened  a  step  at  a  convenient  height  for 
cliildren  to  reach  the  water  from  that  fixture. 

.Ml  the  materials  used  in  the  constructionof 
this  watering  station  are,  with  the  exception 
of  the  castings  for  the  strainer,  dog  bowl  and 

step,  such  as  are  found  in  every  water  works 

shop  or  supply  house,'  The  cost  of  the  outfit made  up  in  the  shop  and  ready  to  set  m 

position  will  be  found  to  be  about  $20,  and  if  as 
much  more  is  added  for  the  cost  of  installing 

it,  with  supply  and  drainage  connections,^  there 

results  a  pretty  complete  water  combination  at 
a  very  moderate  outlay  of  money. 
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The  Highway  Commission  of  Alabama 
and  Some  of  the  Results  It 

Has  Accomplished. 
The  efficiency  of  state  highway  commissions 

is  best  judged  by  the  results  accomphshed.  The 
southern  states  have  been  very  slow  to  adopt 
the  commission  form  of  state  road  administra- 

tion and  in  those  states  where  it  has  been 
instituted  the  funds  provided  have  been  in- 

sufficient for  the  highest  efficiency.  Results 
obtained  by  these  commissions  have,  however, 
been  gratifying  to  the  engineer  and  citizen  that 
is  anxious  to  see  the  expenditures  of  public 
funds  placed  in  the  hands  of  those  trained  in 
the  fundamentals  of  economy  and  skilled  in 
the  details  of  satisfactorj-  road  construction. 
The  Alabama  highway  commission  has  au- 

thority to  enforce  its  regulations  as  to  the 
quality  of  the  work  accomplished  under  its 
direction.  At  the  same  time  the  ideas  of 
local  self  government  so  strongly  rooted  in  the 
minds  of  the  inhabitants  of  the  southern 
states  have  not  been  too  rudely  violated  by 
making  the  commission  autocratic.  The  com- 

mission controls  the  quality  of  work  performed 
but  the  disposition  of  funds  and  the  acceptance 
of  state  supervision  is  with  the  people  and 
the  county  unit. 

The  division  of  state  funds  into  small  al- 
lotments while  undesirable  perhaps  from  a 

standpoint  of  economical  work,  has  accom- 
plished a  much  more  important  result  than 

the  saving  of  a  few  dollars.  In  each  county 
that  has  asked  state  aid  there  has  been  con- 

structed a  section,  or  sections,  of  road  that 

conform  to  the  best  principles  of  road  build- 
ing. The  educational  value  of  such  work,  as 

illustrated  by  the  work  of  the  United  States 
Office  of  Public  Roads  and  the  beginnings  of 
many  other  state  highway  commissions,  is  of 
extreme  importance. 

The  commission  has  successfully  supervised 
work  accomplished  by  different  methods  of 
construction :  by  day  labor,  by  convict  labor 
and  by  contract.  This  fact  demonstrates  the 
flexibility  and  efficiency  of  a  state  highway 
commission  in  supervising  work  in  a  sparsely 
settled  state,  and  the  fact  is  also  demonstrated 
that  state  supervision  and  control  is  not  de- 

pendent on  the  building  up  of  a  large  force  of 
employes  paid  by  the  state.  However,  it  is 
probable  that  future  developments  will  indicate 
the  need  of  absolute  state  control.  But  in  the 

early  stages  of  the  development  of  state  su- 
pervision in  the  south  the  authority  vested  in 

the  Alabama  commission  appears  to  fit  condi- 
tions. 

The  most  important  result  accomplished  by 
the  commission,  however,  is  in  the  unifying  of 
the  various  types  of  road  construction  used 
throughout  the  state  and  promoting  efficiency 
in  local  county  organizations.  Results  in  this 
form  have  been  most  marked.  State  road 
work  is  on  a  sound  basis  in  Alabama.  The 
foundation  of  efficient  work  once  laid,  large 
works  may  be  undertaken  with  confidence  that 
economical  returns  will  be  secured  from  the 
expenditure  of  public  funds. 

Preference    of    Employment    to    Resi- 
dents of  Cities. 

A  plan  of  employment  whicli  has  much  to 
commend  it  has  recently  been  advocated  in 
Chicago  and  will  probably  be  put  into  eflfect 
in  the  near  future.  The  purpose  of  the  pro- 

posed plan  is  to  give  preference  in  the  mat- 
ter of  employment  to  residents  of  Chicago. 

The  scheme  has  been  given  countenance  by 
the    Chicago    Association    of    Commerce,    and 

Superintendent  Calley,  of  the  Bureau  of  Em- 
ployment, Department  of  Public  Welfare,  with 

the  approval  of  Mayor  Harrison,  has  drafted 
a  form  of  identification  and  employment  card 
which  first  is  to  be  made  use  of  among  those 
men  out  of  employment  who  are  on  the  lists 
of  the  county  agent.  The  preferential  employ- 

ment card  devised  is  drafted  in  the  following form: 

PREFERENTIAL,  EMPLOYMENT  CARD. 

,^''     is  a  resident  of Chicago.  He  is  supporting  a  family  in  Chicago 
and  has  complied  with  the  conditions  which  give 
him  first  preference  in  employment,  other 
things  being  equal. 

Signature   
Superintendent   Bureau   of  Employment, 

Department  of  Public  Welfare. 
Signature  of  owner   Address      

(Please  return  to  Department  of  Public  Wel- 
fare when  employment  has  been  secured.) 

The  back  of  the  card  contains  the  following ; 
DEPARTMENT  OF  PUBLIC  WELFARE, 

CITY  OF  CHICAGO. 
PLEASE  TAKE   NOTICE — 
1.  That  this  card  does  not  guarantee  employ- 

ment. It  is  simply  an  arrangement  to  identify 
the  owner  so  that  employers  of  labor  in  Chicago 
who  desire  and  are  willing  to  give  preference 
in  employment  to  residents  of  Chicago,  all  other 
things  being  equal,  may  feel  assured  that  the 
holder  of  this  card  is  a  permanent  resident  of this  city. 

?,.  It  is  the  purpose  of  the  department  of 
public  welfare  to  add  to  the  number  of  em- 

ployers who  have  already  indicated  their  will- 
ingness to  recognize  this  card.  This  card  should 

be  retained  by  the  owner  until  employment  has 
been  secured,  because  of  its  preferential  value 
when  large  fields  of  employment  are  open  in this  city. 

Signature   
Superintendent  Bureau  of  Employment, 

Department  of  Public  Welfare. 

The  problem  of  providing  food  and  lodging 
( or  rather  employment  so  that  men  may  earn 
money  with  which  to  buy  these  necessities) 
for  the  floating  population  of  our  large  cities 
has  long  been  recognized  as  a  serious  one,  and 
very  often  this  class  of  intermittent  labor  has 
taken  the  places  of  permanent  residents  who 
have  families  to  support.  In  the  main  the 
class  of  men  which  concentrates  in  our  large 
cities,  especially  in  the  winter,  is  inefficient, 
as  it  lacks  the  main  incentives  for  work — 
pride  in  its  work,  and  responsibility  for  the 
maintenance  and  welfare  of  others. 
In  our  issue  of  November  18,  1914,  we 

commented  editorially  on  "Inefficiency  in  Hir- 
ing and  Discharging  Men";  and  the  subject 

under  discussion  is  closely  linked  with  that 
discussed  in  our  previous  issue.  In  the  edi- 

torial referred  to  the  fact  was  pointed  out 
that,  in  a  certain  group  of  factories,  it  was 
necessary  to  hire  42,571  men  within  a  period 
of  one  year  in  order  to  increase  the  perma- 

nent force  of  this  group  of  factories 
from  42,000  to  48,697.  In  other  words, 
only  about  16  per  cent  of  those  em- 

ployed were  retained  as  a  part  of  the 
permanent  force.  The  economic  loss  of 
indiscriminate  hiring  and  discharging  of  men 
is  emphasized  by  the  foregoing  example, 
which  we  believe  is  not  an  exceptional  case. 
It  is  often  impossible  for  those  in  charge  of 
employing  workmen  to  determine  definitely 
in  advance  the  attitude  which  the  men  em- 

ployed will  take  toward  their  work,  or  the 
ability  of  those  men  to  perform  successfully 
the  particular  kind  of  work  required.  With 
the  active  co-operation  of  those  in  charge  of 
the  city  departments  of  public  welfare,  who 
are  in  a  position  to  investigate  individual 
cases,  much  of  this  inefficiency  could  be  elim- 
inated. 
To  be  of  real  value  this  scheme  of  prefer- 

ential employment  must  be  adopted  generally 
by  cities.  Little  will  be  accomplished  by  its 
trial  in  a  single  citv.     The  scheme  has  great 
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possibilities,  however,  if  cities  throughout  the 
country  will  adopt  a  similar  plan  of  employ- 

ment. Following  the  general  adoption  of 
such  a  scheme  there  should  naturally  follow 
an  interchange  of  identification  and  employ- 

ment cards  between  the  different  cities.  In 
this  way  no  injustice  would  be  done  to  any 
worthy  man  who  for  good  reasons  moved 
from  one  city  to  another.  The  essential  thing 
to  accomplish  is  to  eliminate  from  considera- 

tion the  man  who  refuses  to  accept  responsi- 
bilities—the man  who  expects  food  and  shel- 

ter, but  refuses  permanent  employment.  The 
proposed  plan  should  operate  to  do  this,  and 
should  tend  to  better  existing  conditions 
which  now  only  serve  to  increase  the  floating 
population  of  our  principal  cities. 

Bituminous  Nomenclature. 
The  definitions  used  in  connection  with 

bituminous  road  materials  are  fairly  well  es- 
tablished. Some  confusion,  however,  exists  in 

defining  the  methods  of  construction  in  which 
such  materials  are  used.  Simple  terms  are  al- 
w-ays  best  for  general  reference  to  a  method  or 
process,  qualifying  words  or  phrases  being 
used  to  denote  the  various  refinements  in methods. 

The  term  bituminous  is  generic  in  nature 
and  used  alone  means  nothing  more  than  that 
the  pavement  is  of  a  bituminous  type.  It  is, 
however,  a  convenient  word,  although  super- 

fluous, and  has  come  into  general  use.  Its 
use  merely  differentiates  the  bituminous  from 
the  mineral  cements. 

The  best  results  in  the  use  of  bituminous 
binders  have  undoubtedly  been  obtained  in 

those  pavements  in  w'hich  the  mineral  aggre- 
gate is  proportioned  for  voids.  By  common 

usage  the  word  concrete  has  come  to  mean  a 
mineral  aggregate  composed  of  various  sized 
particles,  proportioned  in  such  a  manner  that 
the  percentage  of  voids  is  reduced  to  a  mini- 

mum, bound  together  by  a  cement.  Bituminous 
concrete,  then,  properly  may  be  said  to  mean 
a  pavement  in  which  the  aggregate  is  propor- 

tioned for  voids  and  a  bituminous  cement  used. 
Should  a  more  specific  term  be  desired  say  tar 
concrete,  or  still  more  specifically,  water  gas 
tar  concrete  and  coal  gas  tar  concrete.  Like- 

wise, say  asphaltic  concrete  and,  if  desired,  oil 
asphaltic  concrete  and  natural  asphaltic  con- 

crete. Sheet  asphalt  partakes  more  of  the  na- 
ture of  a  bituminous  mortar  but  is  in  reality  a 

bituminous  concrete. 

Macadam  is  fundamentally  a  pavement  com- 
posed of  stones  none  of  which  exceed,  say,  3% 

ins.  in  diameter,  laid  in  such  a  manner  that 
a  mechanical  interlocking  is  secured  and 
bonded  by  the  use  of  water  and  stone  dust, 
loam  or,  in  some  cases,  clay,  asphalt  or  tar, 
Portland  cement  grout  or  silicate  cement  grout 
such  as  rocmac  matrix,  or  other  binders  such 
as  glutrin.  The  term  macadam  has,  like  the 
word  bitumen,  become  generic  in  usage  when 
applied  to  pavements  and  requires  a  modifier 
when  referring  to  a  method  or  process,  i.  e., 
water  bound  macadam,  bituminous  macadam 
and  rocmac  or  glutrin  macadam. 

With  this  conception  of  a  macadam  pave- 
ment the  term  bituminous  macadam  is  correctly 

used  to  denote  a  macadam  pavement  bound 
with  bitumen.  More  specific  reference  re- 

quires the  use  of  qualifying  terms,  such  as, 
asphaltic  macadam  and  tar  macadam ;  likewise, 
say  coal  tar  macadam  and  water  gas  tar  mac- 

adam. Should  reference  to  the  method  of  con- 
struction be  desirable  say  asphaltic  macadam 

by  the  penetration  method  or  asphaltic  mac- 
adam by  the  mixing  method.  A  similar  meth- 

od of  reference  is  used  for  the  tar  products. 
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Different  kinds  of  pavements  such  as  the 
various  tj'pes  of  macadam  and  Portland  ce- 

ment and  bituminous  concrete  pavements  are 
sometimes  treated  with  bitumen  after  their 
completion.  Such  treatment  may  be  referred 

to  as  a  paint  coat  if  only  a  light  application,  is- 
made,  or  a  bituminous  carpet  if  several  appli- 

cations are  made  and  mineral  aggregate  incor- 

porated with  the  bitumen  to  form  a  protecting 
coat  varving  from  %  to  %  in.  in  thickness. 

The  v'ery  light  oils,  tars  and  other  dust 
palliatives  are  correctly  classed  wMth  water  as 
dust  lavers,  although  their  value  is  greater 

than  that  of  water.  Patented  bituminous  mix- 
tures are  correctly  called  by  their  trade 

names. 

The  nomenclature  outlined  is  that  adopted 
by  this  journal  as  a  matter  of  convenience  and 
conforms  to  that  used  by  most  authorities  on 
the  use  of  bitumens.  It  is  desirable  that  the 
Interpretation  of  terms  be  universally  the  same 
and  to  this  end  convenient  and  simple  terms 
are  necessary  in  speaking  and  writing  of  bitu- 

minous methods  and  processes. 

Design   and   Construction   of   the    San 

Jacinto  St.  Reinforced  Concrete 

Bridge,  Houston,  Texas. 

(Staff  Article.) 
The  San  Jacinto  St.  bridge  is  one  of  several 

reinforced  concrete  bridges  which  are  included 
in  a  general  program  of  bridge  building  by  the 
city  of  Houston.  It  spans  Buffalo  Bayou  and 
is  located  in  the  heart  of  Houston,  forming  a 
connecting  link  between  the  business  section 
and  one  of  the  manufacturing  and  jobbing  dis- 

tricts. Buffalo  Bayou  is  a  navigable  stream, 
although  at  the  site  of  this  bridge  the  water 
traffic  is  confined  to  comparatively  small  crafts. 
The   volume  of  traffic,   however,  is   relatively 

BRIDCFS 
the  axis  of  the  bridge.  The  columns  support- 

ing the  girder  spans  have  spread  footing,  while 
the  arch  is  founded  on  pre-cast  concrete  piles. 
In  addition  to  providing  for  a  large  volume  of 

heavy  traffic,  provisions  were  made  in  the  de- 
sign for  future  street  car  traffic.  The  bridge 

is  paved  with  3y2-in.  creosoted  wood  blocks, 
the  blocks  being  laid  on  a  %-in.  mortar 
cushion  on  a  6-in.  concrete  base. 

LOADS    AND   ALLOWABLE    STRESSES. 

Live  Lofldj.— The  hve  load  assumed  for  the 
central  portion  of  the  roadway  covered  by  car 
tracks  consisted  of  two  50-ton  cars  en  train 

plus  50  per  cent  impact,  while  that  on  the  re- 
mainder of  the  roadway  consisted  of  a  15-ton 

road  roller  with  no  allowance  for  impact.   The 
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Fig.  1.  Details  of  20-ft.  Reinforced  Concrete  Piles   Used   in   San   Jacinto  St.    Bridge, 
Houston,   Texas. 

large,  the  stream  at  this  point  having  a  width 
of  about  100  ft.  and  a  depth  of  10  ft.  A  few 
miles  further  down  is  the  Turning  Basin, 
which  is  the  head  of  navigation  for  ocean- 

going vessels  and  at  which  point  the  city  of 
Houston  is  preparing  to  build  extensive  docks, 
wharves  and  warehouses.  From  the  Turning 
Basin  to  the  Gulf  of  Mexico — a  distance  of 
about  50  miles — a  channel  has  just  been  dug 
to  a  depth  of  26%  ft. 

GENERAL  FEATURES. 

The  bridge  has  a  total  width  of  70  ft.,  with 
a  50-ft.  clear  roadway  and  two  8-ft.  11%-in. 
clear  sidewalks,  supported  on  cantilever  brack- 

live  load  on  the  sidewalks  was  taken  at  100 
lbs.  per  square  foot.  In  designing  the  arch  a 

variation  in  temperature  of  40°  F.  was  con- sidered. 

The  trucks  of  the  car  considered  are  spaced 
22  ft.  on  centers,  the  axles  of  each  truck  being 
spaced  6  ft.  on  centers.  The  distance  between 
centers  of  rear  truck  on  front  car  and  front 
truck  on  rear  car  is  also  22  ft.  For  the  road 
roller,  6  tons  are  carried  on  the  front  axle  and 
!)  tons  on  the  rear  axle,  the  a.xles  being  spaced 
11  ft.  on  centers. 

Allowable  Stresses. — In  general  the  recom- 
mendations  of  the  "Joint   Committee  bn  Re- 

were  figured  for  a  bearing  value  of  15  tons 
each. 

CONCRETE   PROPORTIONS. 

The  concrete  used  in  the  balustrade  was  a 
1 :2 :3  mix,  the  coarse  aggregate  ranging  in  size 
from  %  in.  to  V2  in. 

A  1  ;2  :4  mixture  was  used  for  piles,  columns, 
footings,  beams,  slabs,  retaining  walls,  arch 
and  abutments.  In  the  arch  and  abutments  the 

coarse  aggregate  ranged  in  size  from  %  in.  to 
2  ins. ;  in  the  concrete  for  the  remaining  parts 
the  maximum  size  used  was  1  in. 
A  1:2%  :5  mixture  was  used  for  sidewalk 

foundations  on  fill  and  for  the  pavement  base, 
with  coarse  aggregate  up  to  IV2  in. 
A  1  :5  mixture  was  used  for  the  conduits, 

hydrated  lime  being  used  to  replace  10  per  cent 
of  the  cement  to  insure  a  smooth  surface  for 
pulling  the  cables.  The  aggregate  consisted  of 
a  mi.xture  of  sand  and  fine  gravel. 

DESIGN    FEATURES. 

Concrete  Piles. — The  abutments  of  the  110- 
ft.  arch  are  founded  on  pre-cast  reiaforced 
concrete  piles  having  a  length  of  20  ft.  A  total 

of  455  piles  was  required  for  the  two  abut- 
ments, the  piles  being  made  at  the  site.  The 

piles  were  octagonal  in  section,  with  a  small 
diameter  at  the  butt  of  15  ins.  and  at  the  tip  of 
10  ins.  Figure  1  shows  the  details  of  these 
piles  and  indicates  the  type  of  reinforcement 
used.  As  the  footings  of  the  abutments  ex- 

tended 23  ft.  below  the  water  level  in  Buffalo 
Bayou  a  length  of  pile  of  20  ft.  was  sufficient, 
the  piles  extending  6  ins.  into  the  footing.  The 
reinforcement  used  in  each  pile  was  sufficient 
to  enable  it  to  be  picked  up  from  a  horizontal 
position  by  attacliing  a  line  near  its  end. 
Spiral  hooping  was  used  at  the  butt  of  the  pile 
to  insure  it  a.gainst  damage  in  driving.  _ 

It  was  decided  to  use  concrete  piles,  instead 
of  timber  ones,  because  a  lesser  number  would 

L*-  ■  10-:'         ~  ??3-- 
S^i'i:  Angle  \ 

5:10 
.Concrite  Conduit    \  I 

Moms       RboOnay 

Water 

:^too  ̂ eiriT    ̂   cenfert>ous  ^  'yfC.c 
dexter 'or  boy?  ̂''  'O'c-C  Alt  bars  up  and  over 

t(r'  3f Creosoted v^ood  Block: ■  &(3S  MO'n? 

r-8-ll|   mM 

i''8icc  Alt  bars 
up  oner  over  brackeTs. . 

Brochets  lO'wiae^tf 
■.-   e-9-  -   -'vMi" 

^  *S1irrups  '     Zrl" 
OrrderonshewofdS'with  brtdgej"'/'^,!*-    .i-6'-\-^ 
'''6^90' with  brl<lseafis)Jax!^  —  '" ■'■■■"  ori  girder  cwis   " 

.'^--Girder 

-"^     ;s-.<46-..- 

..  .'.?.•?.'  X??'.>X'.t.'31?.':'.?'5.s..<?i<.'.%.>  _ 
3-li-!-li-  f'^tirrup^ 

55t  .^    _         ̂ s^-^der  i8k£ 
.  'OOpOhpa  2}  pitch 

a'-e-t'bori 3  wtreiraiis  ic'cc 

6s"bori 

J:^a. 

"■g  .  ■3-ir!-ir      f'^firrup,        iT^g-i's-q  ^ij-,r 
r- hooked  at  col'.  S  t  ,  ̂   ,-      ̂    K     Jt   ,••  "      ' 
r'f"jtfffr>d7a-Das-cc/       n  .^•«c    -   „o     !"  ..Typicol  Cross  Sect,  li— ;r-i.-  ILasJ it.xtena,.pa^,.ci.      77- j 'Stirrups    ,«,       Additional  oors  top  3r-Z-l^-/ 

f^-'r'MmVP]~-^Vfi   I  I   I   I    I  tip'   I    '    !    i   ;   I  l't'rrTT^Tjit)<"f---iSg5^  ,, ,,..    .e-Zwowe/^  r.n-ia  ■.  -  /-i-n        ,  •-.  .  ,.,,.,  ̂  

I  ■-■j...L..t<iAl--K>:J;j-j-,^i-,-J-.-jTrr--j--;lr.-J;-t^-CT.t;cjrj.-f.jta:jA>.I.U.i    3  -   (t^T   hyi  V   '  '■■■i-jC       '-     '  •    .       Jf.,  '^     '"t^  •  V ".' j i  ■'>-  I-  I       I 

Ki-r  zy-Q-- •3;'o- 
Longitudinal  Section 

Beom'A' 

(0'0'sp 

d-5'sq 

Interior  Tootingi  Exterior  Footing 

Fig.  2.  Details  of  31-ft.  Girder  Spans  of  San   Jacinto  St.  Bridge.    Note  Earth  Fill  for  Pipes    and   Conduits. 

ets.  The  total  length  of  the  structure  is  500  ft, 
consisting  of  a  skew  arch  with  a  clear  span 
of  110  ft.,  31-ft.  reinforced  concrete  girder 
spans,  and  retaining  wall  approaches.  The  ap- 

proaches have  a  combined  length  of  178  ft.,  and 
the  bridge  proper  a  length  of  322  ft.  between 

abutments.   The  arch  is  on  a  skew  of  65°  with 

inforced  Concrete"  were  followed  in  the  de- 
sign. The  elastic  arch  theory,  as  given  in 

Tumeaure  and  Maurer's  "Principles  of  Rein- 
forced Concrete,"  was  followed  in  the  design. 

The  allowable  bearing  value  of  the  clay  was 
taken  at  4,000  lbs.  per  square  foot  for  the 
spread  footing.  The  piles  under  the  abutments 

be  required,  thus  affording  a  better  spacing  and 

permitting  the  piles  to  be  driven  in  a  shorter 

time,  which  is  an  important  item  when  an  ex- 
cavation is  opened  up  to  the  depth  reached  in this  case. 

Aft>roaclies.—'The  approaches  consist  of  an 
earth  fill  between  reinforced  concrete  retaining 
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walls.  The  walls  are  of  the  cantilever  type, 
counterforts  being  used  for  walls  having  a 
height  greater  than  12  ft.  For  a  12-ft.  wall  the 
thickness  at  the  top  is  8  ins.,  with  a  coping 
lirojecting  3  ins.  beyond  the  face  of  the  wall. 
The  front  face  is  vertical  and  the  rear  face  has 
a  batter  of  1  :lo.  The  footing  has  a  width  of  7 
ft.  and  a  thickness  of  15  ins.   For  a  17-ft.  wall 

to  be  dredged  to  a  greater  depth  if  required 
later.  The  footing  of  the  south  abutment  has 
a  width  of  3ti  ft.,  and  that  of  the  north  abut- 

ment a  width  of  40  ft. 
The  arch  has  a  clear  span  of  110  ft.  and  a 

rise  of  28  ft.  9  ins.,  the  distance  from  the 
average  water  level  to  the  soffit  being  36  ft.  6 
ins.  The  thickness  of  the  arch  rib  at  the  crown 

clam-shell  buckets.  Timber  cotiferdams  were 
constructed,  the  sheeting  for  which  consisted 
of  8xl0-in.  by  30-ft.  timbers  with  tongue-and- 
groove  strips,  or  cleats.  These  timbers  were 
driven  in  place,  and  were  braced  with  12xl2-in. 
members  at  7-ft.  intervals  vertically  as  the 
excavation  progressed.  The  timbers  were  well 
braced  and  bolted   (see  Fig.  4),  and  this  type 

,,.  26- 

,i'«  29'-0"'g 

O   0  Q) -Q  -O  i 

Q>  0)  O 

.>«.* 

—  ZT-6-—   Retnforcer^enf  lapped  4-'af Joints and  Ijo'nf-s  staggered  ^ 

  "-'fT   Tl  i>! 

This  c/earbricetobe',    \  f^; 

maintain<  ' 

cpnsfruc: 

2-1'  7^0-lg 

1% 

/n  each  buttress 

ZO-9-lg.  S>  IZ'cfrs 

SS^ 

,<?• 

A    l5'-0-    \?- 

.^^ 
-;i  •  l4'-0' i^ertical  Spaced  IZ'ctrs. 

I  between  buttress  walls 

■  3,l5-g'S0'-g-lg. 

"■■-- J4-/J  '6-0'0owel5  spaced  IZ'ctrs. 
between  buttress  walls. 

^-??-,?'ot 

prb'tection fl.i'Aitp work tn         .Buffalo  Bayou 

1  1    >■           Average  Water  Level 

4.6 

  Ilff-O  .-   

  --36-£-   
South  Abutment 

■JO-J'IS-e'/g.az^O'ctrs  SauthAbut 

■  30-|'"  ̂0■e•  " ' "  •  ■     ■       North  Abut 
Lap  at  Center 

I      I  '(^  ,o.-    T 

I      I     20-lf'/llg.  ■?\'°  .''    ' 
J      I  In  each  rib:  ^      \''. 'i"\' 

il  lU.LL-LJ-U'.lt^LJ-i  U-timJ"; |l  I   I   I  I  I   I   I  I  I   I  I  T  U-l-UlJill 
^Lj=l — f^_Fi._,Tq_^v-pj_F>..f^_cvpv4=v«:y^*3.^ ;  Lj  Ij  lJ  lJ  U  tJ  iJ  LJ  Lj  LJ  Lj  LJLJLJ  I 

'   'i       r*       M      1      1       ri      M      ''      "    M     '^    "   fi  P   I tu      u     u    li    u     u     u    u     uui}uuu| 

U   1   -  4o:o--   ^ 
North    Abutment 

Half   Section  of  Arch  Half  Elevation  of  Arch  E.&c 

Fig.  3.   Half  Section  and  Half  Elevation  of  110-ft.  Arch  Span  of  San  Jacinto  St.  Bridge.      Note   Buttress  Type  of  Abutments  and  Depth  of 
Footings   Below   Water   Level. 

the  thickness  at  the  top  is  8  ins.  and  at  the 

bottom,  11-14  ins.  The  footing  has  a  width  of 
10  ft.  and  a  thickness  of  15  ins.  The  counter- 

forts have  a  width  of  14  ins.  and  are  spaced  9 
ft.  on  centers.  The  footings  of  both  types 
project  12  ins.  beyond  the  face  of  the  walls. 

The  retaining  walls  are  reinforced  with  "cor- 
rugated" bars. 

Girder  Spans. — The  girders,  which  have  a 
section  of  18x48  ins.  and  are  on  a  skew  of  65° 
with  the  axis  of  the  bridge,  are  spaced  35  ft.  on 
centers  and  are  carried  on  four  lines  of  rein- 

forced concrete  columns.  The  outside  lines  of 
columns  are  spaced  50  ft.  on  centers,  measured 
at  right  angles  to  the  axis  of  the  bridge,  or 
55  ft.  2  ins.  on  centers,  measured  along  the 
girder  axis;  the  inside  lines  are  each  7  ft.  6  ins. 
from  the  center  line  of  the  bridge,  measured 
at  right  angles  to  the  axis  of  the  bridge.  The 
floor  slab  is  carried  on  ten  lines  of  floorbeams. 
The  inside  lines  of  beams  have  a  depth,  in- 

cluding tlie  floor  slab,  of  3  ft.  2  ins.  and  a 
width  of  16  ins. ;  the  two  outside  lines  have  the 
same  depth  but  their  width  is  increased  to  18 
ins. 
The  sidewalks  are  carried  on  cantilever 

brackets,  which  project  10  ft.  beyond  the  center 
lines  of  the  outside  columns. 

The  columns  have  a  section  2  ft.  square,  the 
inside  lines  being  reinforced  with  vertical  and 

spiral  reinforcement.  The  vertical  reinforce- 
ment of  the  outside  columns  is  arranged  in  the 

form  of  a  square,  the  horizontal  reinforce- 
ment consisting  of  hoops.  The  spread  footings 

of  the  inside  lines  of  columns  are  10  ft. 

square,  while  those  of  the  outside  lines  are  8 
I  ft.  3  ins.  square. 

Figure  2  shows  details  of  the  girder  spans 

[and   indicates   the   type   of   construction   used. 
It  will  be  noted  that  the  floor  slab  carries  an 

earth  fill  in  which  are  embedded  the  water  and 

I  gas  mains  and  the  conduits. 
Arch  Span.— The  arch  and  its  abutments 

contain  about  three-fourths  of  the  total  yard- 
age in  the  bridge,  the  abutments  being  of  the 

buttress  type.  A  heavy  skewback  is  supported 
on  nine  thick  buttresses  and  a  front  wall  which 

is  securely  dowelled  to  the  footing,  the  latter 

being  3  ft.  thick  and  reinforced  both  top  and 
bottom.  As  has  been  noted  the  abutments  are 
founded  on  reinforced  concrete  piles.  The 

footings  were  carried  to  a  depth  of  23  ft.  below 
the  water  level,  which  will  enable  the  channel 

is  2  ft.  6  ins.  and  at  the  abutment,  about  4  ft. 
8  ins. 

Figure  3  shows  a  half  section  and  a  half  ele- 
vation of  the  arch.  This  drawing  indicates  the 

type  of  construction  and  gives  the  governing 
dimensions  and  the  system  of  reinforcement 
used. 

Expansion  joints  are  provided  at  each  end 
of  the  arch  and  also  at  the  end  abutments.  At 

these  joints  %-in.  steel  plates  are  set  under 
the  beams,  and  sheets  of  zinc  are  placed  be- 

tween the  bearing  plates. 
Balustrade. — The  concrete  balustrade  of  the 

bridge  extends  3  ft.  4%  ins.  above  the  sidewalk 

of  coft'erdam  proved  very  eft'ective.  "Emerson" pumps  were  used  in  the  cofferdams,  although 
the  amount  of  water  pumped  was  not  large, 
due  to  efficient  caulking. 

A  hoisting  derrick  was  located  at  each  cof- 
ferdam, and  the  material  after  being  excavated 

was  hauled  away  in  dump  cars  over  a  tramway. 

This  tramway  was  also  used  to  transport  ma- 
terials throughout  the  work. 

Casting  and  Driving  Piles. — In  making  the 
concrete  piles  several  rows  of  large  sills  were 
laid  on  the  ground,  and  2xl2-in.  planks  were 
laid  at  right  angles  to  the  sills.  The  forms  con- 

sisted of  2-in.  dressed  pine.  The  reinforcement 

Fig.  4.  View   of   Top   of  Cofferdam   for  Arch   Abutment    of   San    Jacinto    St.    Bridge. 

Heavy  Bracing  and  8x10-in.  Timber  Sheeting. 
Note 

slab.  It  is  reinforced  for  temperature  stresses 
only.  Between  the  10-in.  posts,  which  are 
spaced  10  ft.  4  ins.  on  centers,  the  balustrade 
is  paneled,  nine  oblong  openings  being  left  in 
each  panel. 

CONSTRfCTlON    FEATURES. 

Excavation  and  Cofferdams. — Excavation  for 
the  abutments  was  made  with  orange-peel  and 

for  each  pile  fsee  Fig.  1)  was  first  made  up 
into  a  unit  and  then  placed  in  the  form.  After 
the  reinforcement  had  been  centered  in  the 
form  the  concrete  was  puddled  around  it. 
Although  the  specifications  required  that  the 
piles  be  cured  for  only  80  days,  it  was  decided 
to  cast  them  early,  and  as  a  result  no  pile  was 
driven  until  it  was  five  months  old. 



494 Engineering  and    Contracting 

XT.n         \'r The  piles  were  driven  by  a  "Vulcan"  steam 
trip  hammer  through  strata  of  red  sandy  clay 
and  stiff  clay.  The  hammer  weighed  5,000  lbs. 
and  had  a  42-in.  drop,  and  the  piles  were  driven 
until  the  penetration  did  not  exceed  ahoiit  V4- 
in.  Although  the  concrete  at  the  head  of  the 
pile    crushed    down    to    the    reinforcement    in 

was  about  38  ft.  wide  and  24  ft.  high  above 
the  average  water  level.  The  arch  centering 
was  supported  by  timber  piles  spaced  in  such 
a  manner  as  to  throw  a  maximum  load  of  12 
tons  on  any  pile.  It  was  braced  with  the  object 

of  counteracting,  as  far  as  possible,  the  "buck- 
ing-up"  tendency  of  the  forms  during  the  con- 

Figure  6  shows  a  view  of  the  partially  finished 
arch  centering,  and  Fig.  7  shows  the  complet- 

ed centering  and  supports. 

Placing  Reinforcement. — Great  care  was 
used  in  wiring  the  reinforcing  steel  securely  in 
place  to  prevent  displacement  during  concreting. 
Spacers,  consisting  of  beveled  concrete  blocks 

2S<i2r' ^^'^=/^-■, 

l3!0"!      6'-0' 
v — »h-   

Fig.  5.   Details  of  Arch   Centering   and   Supports  for    110-ft.  Span  of  San  Jacinto  St.  Bridge.     Note  Size  of    Opening  for  Navigation. 

many  cases  the  pile  was  not  otherwise  dam- 
aged in  driving.  A  number  of  different  meth- 
ods were  tried  to  protect  the  head  of  the 

pile,  the  most  satisfactory  cushion  tried  con- 
sisting of  cement  sacks  tilled  with  cotton 

waste. 

Forms  and  Centering. — Timber  forms  were 
used  for  all  parts  of  the  bridge,  the  forms  be- 

ing constructed  in  units  which  could  be  han- 
dled by  two  or  three  men  and  which  could  be 

wrecked  easily  without  wrecking  the  adjacent 
units.  The  forms  were  made  of  IVi-in.  lumber. 
The  supports  for  the  beam  and  slab  forms 
were  C.xC-in.  timbers  spaced  about  4  ft.  on 
centers.  They  were  capped  with  timbers  of  the 
same  size  and  were  well  cross  braced. 

In  casting  the  concrete  conduits  wood  cores 
covered  with  galvanized  iron  were  used  The 
railing  forms  were  made  light  and  free  from 
joints,  which  made  the  surface  finishing 
(which  was  done  with  carborundum  blocks 
without  wetting)  an  easy  process.    The  forms 

crcting  of  the  arch.  Wedges  were  used  to 
bring  the  decking  to  the  proper  elevation. 

Nine  lines  of  special  30-in.  200-lb.  "Bethlehem" beams  were  used  over  the  channel  to  support 
the  arch  and  its  centering.  A  special  study  was 
made  of  side  thrusts,  etc.,  caused  by  the  arch 
being  on  a  skew,  and  a  system  of  struts  and 
braces  was  used  to  resist  the  thrusts.  The 
centering  was  designed  in  the  St.  Louis  office 
of  the  contractor. 

with  embedded  wires  for  fastening  them  to  the 
bars,  were  used  at  the  sides  and  bottoms  of 
beams.  The  upper  and  lower  layers  of  arch 
reinforcing  bars  were  connected  with  %-in. 
shear  bars. 

Concrete  Plant.— The  chuting  system  was 
used  in  placing  the  concrete.  As  another  con- 

crete bridge  had  just  been  constructed  a  short 
distance  from  this  structure,  the  same  plant 
was  used  as  for  the  first  bridge,  which  required 

Fig.   €.  View   of   Partially   Completed   Centering   for    110-ft.  Span 
of  San  Jacinto  St.  Bridge. 

Fig.  7.     View  of  Centering  and   Supports  for  110-ft.   Span  of  San 
Jacinto  St.  Bridge.   Note  Opening  for  Navigation. 

were  brushed  with  paralin  oil,  and  the  railing 
was  cast  monolithic.  The  forms  were  removed 
after  24  hours. 
As  Buffalo  Bayou  is  a  navigable  stream  it 

was  necessary  to  leave  a  large  opening  in  the 
arch  centering  and  its  supports.   This  opening 

Figure  5  shows  a  cross  section  of  the  arch 
centering  and  its  supports.  This  drawing  gives 
the  dimensions  of  the  members,  their  spacing 
and  indicates  the  type  of  construction  used. 
It  will  be  noted  that  a  line  of  protection  piles 
was   driven   along   each   side   of  the   opening. 

the  use  of  long  chutes.  The  hoisting  tower  was 
185  ft.  high,  the  concrete  being  hoisted  in  it  by 
a  25-lip.  motor.  A  second  tower  was  built  near 
the  new  bridge,  the  two  towers  being  connected 
by  a  chute  about  500  ft.  long.  Between  these 
towers  there  was  erected  a  third  tower  to  sup- 

1 
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port  a  branch  chute.  Figure  8  shows  a  view  of 
a  part  of  the  main  chuting  system  and  the  dis- 

tribution chutes.  The  maximum  distance  which 
the  concrete  was  chuted  was  about  900  ft.  Be- 

fore concreting,  the  chutes  were  always  washed 
with  water,  followed  by  a  batch  of  cement 
grout. 

Properties  of  Vanadium  Steel  and  Its 
Use  in  Long-Span  Bridges. 

Some  interesting  and  instructive  comment 
has  been  brought  out  in  the  discussion  of  J. 

A.  L.  Waddell's  paper  on  ''The  Possibilities 
in  Bridge  Construction  by  the  Use  of  High- 

.A.Uoy   Steels."    The  following  data  are   from 

Fig.  8.  View  of  Portion  of  Concrete  Spouting   System    for    San    Jacinto    St.    Bridge.     Note 
Wooden   Distribution  Spouts. 

The  mixing  plant  was  located  on  the  bank 
of  the  stream.  The  sand  was  hoisted  directly 
into  the  hoppers  from  barges,  and  the  gravel 
and  broken  stone  were  unloaded  from  cars  on 

a  spur  track.  A  %-cu.  yd.  "Ransome"  mixer 
was  used,  although  a  small  quantity  of  concrete 
was  mixed  with  a  small  portable  gasoline 
mixer. 

Concreting  Procedure. — The  abutments  were 
concreted  in  sections,  each  section  containing  a 

day's  run.  In  addition  to  keying  the  sections, 
the  concrete  surfaces  were  roughened.  One- 
half  of  the  reinforcing  bars  of  the  abutments 
projected  a  distance  of  4  ft.  and  the  other  half 
a  distance  of  8  ft.  to  give  staggered  splices.  -A 
bulkhead  was  placed  on  a  radial  line  at  each 
skewback,   keys   being   provided    for   the   arch 
ring- 
The  arch  rmg  was  concreted  contmuously, 

beginning  at  both  skewbacks  and  meeting  at 
the  crown.  The  concrete  distribution  system 
is  shown  in  Fig.  8.  The  concreting  of  the  arch 
ring  required  about  70  hours.  The  maximum 
settlement  of  the  piles  which  supported  the 
centering  was  %-in.,  while  the  :^0-in.  I-beams, 
deflected  about  %-in. 

QUANTITIES  OF  MATERIALS  AND  COST. 

The  arch  ring  between  skewbacks  contains 
816  cu.  yds.  of  concrete,  the  total  quantity 
placed  in  the  entire  bridge  being  about  hJM 
cu.  vds.  About  200  tons  of  reinforcing  bars 

were  used.  The  total  cost  of  the  bridge,  in- 

cluding engineering  and  supervision,  was  ap- 
proximately $150,000. 

Figure  9  is  a  view  of  the  completed  struc- 
ture. This  view  shows  clearly  the  general  de- 

sign features  of  the  arch  and  girder  spans. 
PERSONNEL. 

The  work  described  in  this  article  was  in 

charge  of  E.  E.  Sands,  city  engineer  of  Hous- 
ton. The  bridge  was  constructed  by  the  Wm. 

P.  Carmicheal  Co.,  of  St.  Louis,  Mo.  W.  W, 
Washburn  was  resident  engineer  for  the  city, 
to  whom  we  are  indebted  for  the  data  upon 
which  this  article  is  based. 

tlie  discussion  of  this  paper  by  George  L. 
Norris.  in  Proceedings,  .American  Society  of 
Civil  Engineers,  Vol.  XL,  p.  2.342.  The  need 
of  a  moderately  cheap  structural  material 
possessing  a  high  elastic  limit  and  capable  of 
being  worked  readily  in  the  shop  has  long 
been   felt  by   designers   of   long-span   bridges. 
With  alloy  steel  it  is  entirely  feasible  to 

obtain  elastic  limits  of  from  90,000  to  100,- 
000  lbs.  per  square  inch  by  heat  treatment, 
and  even  in  the  condition  as  rolled,  but  this, 
of  necessity,  would  increase  considerably  the 
difficulties  of  shop  manipulation.  In  the  con- 

dition as  rolled,  the  alloy  steels  would  natur- 
ally be  too  variable  in  hardness  for  safe  use. 

in  the  case  of  nickel  steel,  in  order  to  at- 
tain  an    elastic   limit   of   60,000   lbs.   or   more. 

ing  tool  steels,  is  about  0.10  or  0.20  per  cent. 
The  price  of  vanadium  has  been  reduced  60 
per  cent  within  the  past  three  years,  and  it  is 

now  low  enough  to  bring  it  within  considera- 
tion for  use  in  steel  for  eye-bars  and  other 

parts  of  long-span  bridges. 

Vanadium  has  generally  been  used  in  com- 
bination with  chromium,  although  when  used 

with  nickel  or  nickel  and  chromium  it  gives 
greatly  increased  physical  properties ;  these 
latter  combinations  are  naturally  more  ex- 

pensive. Added  to  simple  carbon  steel,  es- 
pecially if  the  percentage  of  manganese  is 

more  than  0.60  per  cent,  it  gives  an  increase 
of  about  40  per  cent  in  the  clastic  limit  and 
about  20  per  cent  in  the  tensile  strength,  with 
practically  the  same  or  even  greater  ductility. 

What  is  known  as  Type  "A"  chrome  vana- dium steel  will  fulfill  the  requirements  of 
high  elastic  limit  and  be  workable  under  shop 
manipulations.  The  cost  of  this  steel  would 

be  only  slightly  in  excess  of  that  of  3'/t  per 
cent  nickel  steel.  Its  chemical  range  would 
be: 

Per  cent. 
Carbon      0.17  to  0.27 
Manganese      0.40  to  0.60 
Chromium      0.60  to  0.90 
Phosphorus,  not  more  than     0.05 
Sulphur,  not  more  than     0.05 
Vanadium,  not  less  than    0.15 
As  rolled  in  plates,  shapes,  and  bars  this 

steel  would  have  approximately  the  following 
properties :  Elastic  limit,  60,000  to  80,000  lbs. 
per  square  inch ;  tensile  strength,  8-5,000  to 
110,000  lbs.  per  square  inch;  elongation  in  8 
ins.,  12  to  20  per  cent;  and  reduction  of  area, 
45  to  60  per  cent. 

By  the  simple  operation  of  heating  to  1,100 

or  1,150°  F.  any  irregularities  in  hardness 
and  strength,  due  to  variation  in  rolling  tem- 

peratures or  uneven  cooling,  can  be  removed 
without  appreciably  decreasing  the  elastic  lim- 

it and  tensile  strength,  and,  at  the  same  time, 
increasing  the  ductility.  This  operation  would 
not  be  an  expensive  one,  and  experience  might 
show  that  it  would  be  unnecessary  for  this 

grade   of   steel. 
Type  "A''  chrome  vanadium  steel  can  be 

sheared,  punched,  reamed,  bent,  etc.,  without 
any  considerable  increase  of  shop  manipula- 
tions. 
Much  higher  elastic  limit  and  tensile 

strength  can  be  obtained  from  this  steel  by 
heat  treatment,  quenching  and  tempering,  but 
this  would  increase  the  shop  manipulations 
very  materially,  necessitating  drilling  instead 
of  punching  and  reaming.  It  would  also  add 
materially  to  the  cost.  Any  bends  would 
have  to  be  made  before  heat  treatment. 

Rather  than  heat-treat  steel  of  this  type  it 

A  motor  omnibus  service  in  the  iiational 
territories  of  Argentina  is  under  consideration 

by  the  government.  The  lack  of  transporta- 
tion facilities  in  some  of  the  tobacco-growing 

districts  has  caused  great  losses  and  the  estab- 
lishment of  a  motor  omnibus  service  would 

relieve  that  situation. 

Fig.    9.  View    of   Completed    San    Jacinto   St. 

Constr 

it   is   necessary   to  increase  the   percentage  of 
carbon  to  undesirable  limits. 

To  produce  steel  having  an  elastic  limit  ap- 
proaching 100,000  lbs.  per  square  inch,  and 

workable  under  ordinary  shop  manipulations, 
the  writer  believes  that  recourse  will  be  had 
to  the  use  of  vanadium  alone,  or  with  some 
other  metal  such  as  chromium  in  the  steel. 
Vanadium  is  undoubtedly  the  element  which, 
together  with  carbon,  acts  with  the  greatest 
intensity  in  improving  alloys  of  iron ;  that  is, 
in  very  small  percentages.  The  quantity  of 
vanadium  generally  alloyed  with  steel,  except- 

Bridge,     Houston,     Tex.,    Showing    Types     of 
uction. 

would    be    preferable   to   attain    clastic   limits 
of  80,000  to  100,000  lbs.  by  increasing  the  car- 

bon   percentage,    and    normalize    the    steel    by 

heating   to    1,100°    to   1,150°    F. The  range  in  chemical  composition  for  this 

grade  would  be : Per  cent. 

Carbon      0-30  Jo  0.40 
Manganese      O-^O  \°  0.60 
Chromium      0-60  to  0.90 
Phosphorus,  not  more  than    «.U| 
Sulphur,   not   more   than    0.05 
Vanadium,  not  Jess  than    015 

Plates   j^   in.  thick,  in  the  upper  range  of 
this   composition,    have   shown   the    following 
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physical  properties:  Elastic  limit,  125,000 
lbs.  per  square  inch ;  tensile  strength,  145,000 
lbs.  per  square  inch :  elongation  in  2  ins.,  18 
per  cent;  and  reduction  of  area,  58  per  cent. 
These  plates  could  be  punched  and  sheared 
as  rolled,  but  it  would  be  advisable,  no  doubt, 
to  normalize,  as  before  described,  and  also  to 
drill  rather  than  to  punch  the  holes. 

Plates  ->^  in.  thick,  at  the  low  range  of  this 
composition,  have  shown  the  following  phys- 

ical properties :  Elastic  limit,  83,000  lbs.  per 
square  inch ;  tensile  strength,  116,000  lbs.  per 
square  inch  ;  elongation  in  2  ins.,  20  per  cent : 
and  reduction  of  area,  45  per  cent. 

Normalized,  this  grade  of  steel  would  give, 
in  plates  and  shapes,  the  following  physical 
properties:  Elastic  limit,  75,000  to  100,000 
lbs.  per  square  inch ;  tensile  strength,  100,0^0 
to  125,000  lbs.  per  square  inch :  elongation  in 
8  ins.,  more  than  12  per  cent ;  and  reduction 
of  area,  more  than  50  per  cent. 
The  cost  of  these  chrome  vanadium  steels 

would  be  about  3  cts.  per  pound  more  than 
for  ordinary  carbon  steel. 
The  writer  believes  than  a  simple  carbon 

vanadium  steel  would  prove  commercially 
more  attractive  than  the  vanadium  steels  con- 

taining chromium  or  nickel,  or  both.  It  is  pos- 
sible to  obtain  a  very  material  increase  in 

elastic  limit  by  the  addition  of  vanadium  to 
a  simple  carbon  steel,  and  such  steels  can  be 
manipulated  almost,  if  not  quite,  as  readily 
as  ordinary  carbon   steel. 

Tests  from  1  1/16-in.  round,  rolled  bars  of 
acid  open-hearth  casting  steel  of  the  following 
composition  give  a  very  good  idea  of  what 
can  be  e.xpected  from  this  type  of  steel  and 
how  it  compares  with  simple  carbon  acid 
open-hearth  casting  steel : 

Per  cent. 
Carbon       0.26  to  0.27 
M.Tntranese       •   0.60  to  0.6i 
Silkon      0.25  to  0.2.-> Vanadium      0.21  to  0.00 
Ph(>.«phorus.  less  than    COS 
Sulphur,    les.s    than....,    0.05 

These  tests  gave  the  following  results : 
Elastic  limit,  lbs.  per  square  inch. 70,000  to  56,000 
Tensile   strength,    lbs.   per   square 

inch       88.000  to  72,00n 
KlonRatlon  in  2  Ins.,  per  cent       28.5  to        34 
Reduction  of  area,  per  cent       57.5  to        58 
From  these  and  other  tests,  it  would  seem 

feasible  to  specify  as  follows,  for  this  type 
of  steel : 

Per  cent. 
C.Trhnn       0  20  to  0.30 
Maneanese      0.60  to  0.80 
Pho.sphorus.  not  more  than    0.05 
Sulphur,  not  more  than     0.0.^ 
Vanadium,   not   less   than     0.15 

Libs,  per  sn.  In, 
Elastic  limit     50,000  to    70,000 
Tensile   strength      80,000  to  100,000 

Per  cent. 
RIonKation  In  2  Ins.  more  than       20 
Reduction  of  area,  more  than       45 

The  additional  cost  af  vanadium  steel  of 
this  grade  over  that  of  ordinary  carbon  steel 
should  not  be  more  than  1  ct.  per  pound,  and 
vorv  likely  it  would  be  less. 

For  built-up  members  of  vanadium  steel, 
the  writer  believes  that  vanadium  steel  rivets 
should  be  used,  in  order  to  utilize  more  fully 
than  would  be  otherwise  possible  the  high 
physical  qualities  of  the  vanadium  steel  shapes 
and    plates.      The    rivets   could    he    either    of 

chrome  vanadium  steel  or  simple  carbon 

vanadium  steel.  The  composition  for 
chrome  vanadium  steel  rivets  should  be: 

Per  cent. 
Carbon       0.15  to  0.20 
MangTnese       "AVf^nUl 
Chromium      0.10  to  0.60 
Phosphorus,   not  more  than     ".JJ? 
Sulphur,   not  more  than     Jj-Oa 
Vanadium,  not  less  than     0.15 

This  steel,  as  rolled  in  rounds,  would  have 

the  following  properties:  Elastic  limit,  50,- 
1100  to  U-"),000  lbs.  per  square  inch;  tensile 
strength,  70,000  to  90,000  lbs.  per  square  inch ; 
elongation  in  8  ins.,  more  than  IB  per  cent; 
and  reduction  of  area,  more  than  50  per  cent. 

Single  and  double  shear  tests  of  rivets  of 

steel  of  this  type  show  values  for  single  shear 

of  20  per  cent  and  for  double  shear  of  30 

per  cent  greater  than  for  ordinary  rivets  with 
a  tensile  strength  of  5,000  lbs.  per  square inch. 

The   simple   carbon   vanadium    steel    should 
have  a  chemical  range  of : Per  cent. 

Carbon      0. 15  to  0. 20 
Manranese     O.eo  to  O.SO 
Phosphorus,  not  more  than    0.05 
Sulphur,  not  more  than    O.Oji 
Vanadium,  not  less  than    O-lj 
This  steel,  as  rolled  in  rounds,  would  have 

the  following  properties:  Elastic  limit,  40,000 
to  55,000  lbs.  per  square  inch ;  tensile  strength, 

65,000  to  85,000  lbs.  per  square  inch;  elonga- tion in  8  ins.,  more  than  18  per  cent;  and 
reduction  of  area,  more  than  50  per  cent. 
There  should  be  no  difficulty  in  driving 

rivets  of  either  of  these  types  of  steel. 

In  the  case  of  eye-bars,  possibly  the  condi- 
tions are  more  favorable  for  the  use  of  alloy 

steels  than  for  built-up  members.  They  can 
be  more  readily  and  advantageously  heat- 
treated  to  develop  high   elastic   limits. 

In  1909  a  number  of  tests  were  made  of 
full-sized  eye-bars,  heat-treated,  of  chrome 
vanadium  and  chrome  nickel  vanadium  steel. 
These  eye-bars  were  made  from  bars  14x2 
ins.,  had  34-in.  heads  with  12-in.  pin-holes, 
and  were  25%  ft.  long  over  the  pin-holes. 
The  chrome  vanadium  steel  bars  experi- 

mented with  were  too  high  in  carbon,  and  the 
results  obtained  for  elongation  in  20  ft.  were 
not  quite  as  good  as  in  the  case  of  the  bars 
from  the  chrome  nickel  vanadium  steel.  Tests 
from  this  latter  steel  gave  results  ranging  as 
follows,  depending  on  the  drawback  or  an- 

nealing temperature  after  quenching : 
No.  1.     No.  2. 

Rlastic  limit,  lbs   63,280     80,480 
Tensile  strength,  lbs   93,500,   99,800 
Elongation,  12  ins.,  per  cent       35  32.5 
Klonsation,  20  ft.,  per  cent       14.2  7.9 
Reduction  of  area,  per  cent       50.8        52.3 
Tests  on  2x%-in.  specimens  turned  up  from 

the  disks  cut  out  in  machining  the  eyes  check 
the  elastic  limit  and  the  tensile  strength  ob- 

tained from  the  full-sized  bar  very  well.  A 
test  from  the  eve  disk  of  bar  No.  2  showed : 
Elastic   limit,   lbs   83,040 
Tensile  strength,  lbs   94,140 
Elongation.   2  ins,   per  cent       25 
Reduction  of  area,   per  cent   •-     71.9 
The  chemical  composition  of  this  steel  was 

approximately : 
Per  cent. 

Carbon           0.25 
Chromium          0.90 
Nickel          1.20 
Vanadium          0.17 

Based  on  these  tests,  it  is  perfectly  feasible 

to  specify  as  follows  for  heat-treated  eye-bars 
of  chrome  vanadium  or  chrome  nickel  va- 

nadium steel : 
Elastic    limit,    lbs   65,000  to    80;000 
Tensile    strength,    lbs   85,000  to  105,000 
Elongation  in  2  ins.,  per  cent    20 
Reduction  of  area,  per  cent     50 

The  cost  of  heat  treatment  for  eye-bars 
would  probably  be  from  %  to  %  ct.  per 
pound.  The  cost  per  pound  of  the  chrome 
vanadium  or  chrome  nickel  vanadium  steel 
would  be  about  3  cts.  more  than  that  for 
carbon  steel. 
The  writer  believes  that  eye-bars 

made  from  simple  carbon  vanadium  steel  of 

the  following  composition,  either  heat-treat- 
ed, quenched  and  annealed,  or  normalized, 

heating  to  about  1,100°  or  1,150°  F.  after  the 
heads  have  been  forged,  will  give  elastic  limits 
approaching  those  of  the  more  expensive 
chrome  or  chrome  nickel  vanadium  steels: 

HEAT-TREATED  OR  NORMALIZED. 
Chemical  Composition. 

Per  cent. 
Carbon       0.30  to  0.40 
Manganese      0.60  to  0.30 
Phosphorus,  not  more  than   O.Oo 
Sulphur,    not   more    than     0.05 
Vanadium,  not  less  than    0.15 

Phvsical   Properties. 
Elastic   limit,    lbs   60,000  to    75,000 
Tensile  strength,  lbs   85,000  to  100,000 
Elongation  in   2  ins.,   more  than, 

per  cent     IS 
Reduction  of  area,   more  than, 

per  cent     45 
The  writer  has  given  considerable  attention 

to  simple  carbon  vanadium  steel  containing 
from  0.60  to  0.80  per  cent  of  manganese.  This 
steel  will  be  the  commercial  or  every-day 
vanadium  steel  of  the  immediate  future.  It 
is  much  cheaper  than  the  vanadium  steels 
containing  chrome  or  nickel.  It  is  at  least 
40  per  cent  better  than  simple  carbon  steel  of 
otherwise  the  same  composition,  and  is  bound 
to  be  used  extensively  in  the  near  future  for 
rails,  general  and  locomotive  forgings,  and 

special  structural  purposes.  It  presents  no  es- 
pecial difficulties  m  manufacture  over  simple 

steel. 
The  quantity  of  vanadium  which  remains  in 

the  steel  is  about  80  per  cent  of  that  added. 
It  is  very  evenly  distributed.  No  instances 
of  segregation  are  known,  and  it  has  a  strong 
influence  in  overcoming  the  segregation  of 
other  elements,  particularly  carbon. 
Vanadium  will  readily  alloy  with  nickel,  and 

better  results  can  be  obtained  from  a  2  per 
cent  nickel  vanadium  steel  than  from  a  3% 

per  cent  straight  nickel  steel  of  the  same  car- 
bon content. 

There  would  be  absolutely  no  advantage 
gained  in  the  use  of  titanium  with  vanadium. 
Vanadium  is  an  alloying  metal  and  is  used 
as  such,  not  as  a  scavenger  or  deoxidizer.  It 
is  only  the  vanadium  which  alloys  with  the 
steel  that  can  be  considered  as  influencing  the 
quality  of  the  latter.  Titanium  has  a  little 
merit  as  a  deoxidizer  over  silicon  or  alumi- 

num, and  its  action  is  apparently  a  surface  re- 
action. It  is  a  question  whether  the  observ- 

able reaction,  when  evident,  is  not  with  the 
highly  oxidizable  basic  slag  with  which  it 
comes  in  contact,  or  even  with  the  atmos- 

phere. 

WATER 
Works  for  the  Improved  Water  Sup- 

ply of  Columbus,  Ga. 
(Staff  .\rtielc.) 

A  new  water  supply  will  soon  be  secured 
by  Columbus,  Ga.  The  plant  now  in  use  will 
he  replaced  except  for  the  distribution  sys- 

tem which  will  he  extende<l  and  reinforced. 

The  new  supply  will  be  drawn  through  a  'ill- 
in.  suction  line,  400  ft.  in  length,  extending 
out  to  the  intake  crib  in  the  Chattahoochee 
River  just  above  its  junction  with  Roaring 
Creek.  The  location  of  the  intake  crib  is 
shown   in   Fig.    1.     The   two  pumps   drawing 

from  the  crib  will  be  direct-connected  cen- 
trifugal pumps,  each  of  10,000,000  gals,  daily 

capacity.  The  pump  discharge  lines  will  run 
to  the  sedimentation  reservoir  which  will 
have  a  capacity  of  40,000,000  gals.  This  will 
provide  a  sedimentation  period  of  from  8  to 

15  days,  according  to  the  rate  of  consump- 
tion, before  the  water  is  treated  in  the  purifi- 

cation plant.  The  general  layout  of  the  puri- 
fication plant  is  shown  in  Fig.  2. 

The  water  will  enter  the  sedimentation 
reservoir  at  the  upper  end  and  be  taken  out 
through  a  gate  tower  near  the  lower  end,  ar- 

ranged so  that  the  water  w'ill  always  be  taken 
from   near  the   surface,  after  having  secured 

the  maximum  improvement  by  plain  sub- 
sidence. From  the  reservoir  the  water  will 

flow  bv  gravity  to  a  mechanical  filtration  plant 
of  6,000,000  gals,  capacity  per  day,  passing 
through  a  coagulating  basin  of  1,200,000  gals, 

capacity,  to  better  prepare  the  water  for  suc- cessful treatment  by  the  filters.  From  the 
filters  the  water  will  flow  by  gravity  into  a 
filtered  water  reservoir  having  a  capacity  of 

2.500,000  gals.  From  the  filtered  water  reser- voir the  water  will  fiow  by  gravity  to  the  pipe 

distribution  system  in  the  city.  A  50,000-gal. 
tank  on  a  75-ft.  tower  is  to  be  erected  near 

the  filter  plant  to  provide  availalile  water  un- 
der suitable  pressure  for  use  around  tbe  filter 
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plant.      There     will     be     two     buildings— the 
pumping  station  and  the  lilter  house. 

Intake.— -The  supply-line  will  be  of  30-in., 
bell  and  spigot  cast  iron  pipe.  This  will  ex- 

tend from  the  intake  crib  to  the  sand  pit  and 
suction  chamber  of  the  new  pumping  station. 
The  pipe  will  be  laid  on  the  rock  bottom  of 

will  lead  from  one  end  of  the  pipe  described 
to  the  centrifugal  sand  pump  located  in  the 
station  building.  The  sand  pump  discharge 
line  is  also  8  ins.  in  diameter.  The  suction 
well  proper  lies  on  the  opposite  side  of  the 
station  building  end  wall  from  the  sand  pit. 
The    two    chambers    are    connected    by    three 
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Fig.    1.    Details   of   Intake   Crib   of   Proposed  New  Water  Supply,  Columbus,  Ga. 

the  river,  which  will  be  blasted  out  for  a  suit- 
able trench  where  necessary  to  secure  the 

proper  grade  of  the  pipe.  The  fall  of  the 
supply  line  is  1  ft.  in  about  37.5  ft.  from  the 
crib  to  the  sand  pit.  Where  the  pipe  is  laid 
on  the  river  bottom  it  is  to  be  secured  to  the 
bottom  by  a  sufficient  number  of  strong  bands 
securely  anchored  into  the  rock  bottom  by 
bolts  driven  with  wedge  spreaders  at  the  bot- 

tom, the  intention  being  to  have  the  suction 
securely  fastened  in  place,  either  in  a  rock 
trench  in  the  river  bed  or  securely  anchored 
to  the  rock  bottom.  The  crib  intake  will  have 

two  30-in.  by  30-in.  openings  with  cast  iron 
linings  through  the  wall,  with  screens  con- 

structed at  the  outer  edge  of  the  wall,  as 
shown  in  Fig.  1.  It  will  also  be  covered  with 
a  reinforced  concrete  cover,  except  for  a  sec- 

tion of  2  ft.  wide,  which'  is  to  be  made  of iron  bars  hinged  and  securely  fastened  to  the 
top   of  the   intake  chamber. 

Pumping  Station. — The  pumping  station  will 
be  40x.50  ft.  in  plant.  The  building  will  be  of 
1  ;3  :.j  concrete  with  a  slate  roof.  Hydrated 
lime  will  be  used  for  waterproofing  the  lower 
portion  of  the  substructure.  The  roof  trusses 
of  the  station  building  will  be  of  long  leaf 
pine.  The  same  grade  of  timber  will  be  used 
for  purlins  and  rafters.  The  sheathing  will 
be  l%x4-in.  tongue  and  grooved  stock.  The 
roofing  slate  will  be  Georgia  or  Buckingham 
slate,  cut  12.xl8  ins.  and  laid  with  a  lap  of 
3  ins.  Galvanized  iron  nails  will  be  used  to 
fasten  down  the  slate.  The  top  ends  of  all 
upper  courses  under  the  ridge  covering,  and 
for  2  ft.  from  all  eaves,  will  be  bedded  in 

"slater's"  cement.  A  layer  of  heavy  building 
paper  will  be  laid  beneath  the  slate  with  a 
lap  of  2  ins.  The  downspouts  will  be  3  ins. 
in  diameter,  with  strainers  at  top  and  elbows 
near  the  ground  fitted  into  an  8-in.  pipe  sewer 
drain. 

The  bottom  of  the  sand  pit  will  be  7%  ft. 
lower  than  the  invert  of  the  supply  pipe.  The 
pit  will  extend  the  full  width  of  the  building 
and  will  be  9  ft.  wide.  .A.n  8  in.  sand  pipe 
will  extend  along  the  center  line  of  the  pit 
bottom.  Shear  valves  placed  in  this  pipe  will 
be  operated  by  rods  extending  to  the  concrete 
roof  of  the  pit,  which  is  outside  but  adjacent 
to  the  station  building.     The  sand  suction  pipe 

openings  through  the  wall.  These  openings, 
which  are  at  the  same  level,  will  be  12  ft.  long 
by  3  ft.  high.  Bar  screens,  consisting  of  %x3- 
in.  iron  bars  spaced  1%  ins.  on  centers,  will  be 
fitted  into  these  openings.  The  suction  well 
will  be  5  ft.  wide,  14  ft.  6  ins.  deep  and  will 
extend  the  full  width  of  the  station  building. 
The  pump  suctions  will  be  18  ins.  in  diameter 
terminating  4  ft.  above  the  well  bottom  and 
fitted  at  their  lower  ends  with  foot  valves  and 
strainers. 

Sedimentation  Reservoir. — The  capacity  of 
this  reservoir  will  be  40,000,000  gals  when 
filled  to  within  3  ft.  of  the  top  of  the  reser- 

voir banks.  The  raw  water  enters  the  sedi- 
mentation reservoir  through  a  24-in.  cast  iron 

pipe  line  extending  across  its  upper  end.  The 
discharge    from    this    supply    pipe    is    from    -5 

it  being  the  engineer's  intention  that  enough material  be  excavated  within  the  lines  of  the 
reservoir  to  make  the  embankment.  It  is  be- 

lieved that  all  the  material  in  excavation  will 
be  suitable  for  promiscuous  placing  in  the  em- 

bankment, but  should  it  develop  otherwise, 
the  better  material  will  be  placed  on  the  in- 

side of  the  embankment.  The  embankment 
will  have  a  width  at  the  top  and  inside  and 
outside  slopes  as  shown  by  Fig.  3. 

The  material  may  be  taken  out  of  the  exca- 
vation with  any  vehicles  desired,  but  it  will  be 

placed  in  the  embankment  in  layers  not  ex- 
ceeding 12  ins.  and  each  layer  will  be  well 

moistened  by  sprinkling  cart  or  hose  and 
well  compacted  with  a  grooved  roller  weigh- 

ing not  less  than  150  lbs.  per  lineal  inch  of 
roller.  Before  a  new  layer  is  put  on,  the  fin- 

ished and  rolled  previous  layer  will  be  run 
over  with  a  light  harrow  to  loosen  the  sur- 

face. The  number  of  times  that  the  roller 
will  pass  over  each  layer  will  be  determined 
by  the  character  and  dryness  of  the  material, 
but  it  will  be  sufficient  to  make  a  well  com- 

pacted  embankment. 
Before  the  embankments  are  begun,  the  sur- 

face to  be  covered  and  where  excavation  is 

to  be  made,  will  be  stripped  clean  of  all  vege- 
tation and  surface  soil  to  the  subsoil,  the 

strippings  to  be  used  in  building  up  the  out- 
side face  of  the  embankment.  The  surface 

thus  exposed  beneath  the  embankments  will 
be  plowed  to  a  depth  of  8  ins.  and  harrowed 
until  all  the  surface  lumps  are  broken  up, 
then  rolled  and  treated  in  the  same  manner 

as  described  above  for  other  layers  in  the  em- 
bankment. When  the  embankment  is  com- 

pleted the  inside  will  be  carefully  dressed  to 
true  lines  and  slopes. 

The  upper  portion  of  the  reservoir  will 

have  a  4-in.  concrete  lining  as  shown' in  Fig. 
3.  Before  placing  this  lining  the  earth  em- 

bankment will  be  trimmed  down  to  a  depth 
of  12  ins.  to  compact  material.  Allowance  for 
this  trimming  will  be  made  in  building  up  the 
embankment.  The  lining  will  be  constructed 
in  sections  10  ft.  in  horizontal  width.  It  will 
be  floated  and  troweled  to  a  smooth  finish  sur- 
face. 

The  openings  through  the  embankments 
will  be  as  follows :  A  30-in.  cast  iron  outlet 

pipe,  weight  292  lbs.  per  lineal  foot,  and  a  24- 
in.  cast  iron  inlet  pipe  weight  204  lbs.  per  lin- 

eal foot.  The  outlet  pipe  will  be  laid  in 

trenches  of  proper  depth  beneath  the  embank- 
ments with  two  concrete  cut-off  walls,  at  in- 

tervals of  20  ft.  The  trenches  will  be  filled 
with  material  selected  to  pack  well,  to  be  filled 
in  12-in.  layers  properly  wet  and  thoroughly 
packed  with  heavy  rammers.  The  outlet  pipe 
will  extend  from  the  gate  chamber  inside  the 

rower  and 
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equidistant  24xl0-in.  tees.  Each  pipe  joint  is 
supported  on  a  reinforced  concrete  pier  3  ft. 
square  at  the  bottom  and  1x3  ft.  at  the  top. 
Figure  3  is  a  vertical  section  through  the 
reservoir  wall,  gate  tower  and  outlet  pipe 
leading  to  the  coagulation  basin.  The  basin 
will  be  built  in  excavation  and  embankment. 

reservoirs  to  the  coagulating  basin  as  shown 
in   Fig.  2. 

The  gate  chamber,  shown  in  detail  in  Fig.  4, 
will  be  built  of  1 :3 :5  concrete.  The  founda- 

tion will  be  3  ft.  thick,  11  ft.  6  ins.  square  at 
the  bottom  and  9  ft.  at  the  top.  The  walls  will 
be  18  ins.  thick  at  the  bottom  and  12  ins.  at 



498 
Engineering  and    Contracting 

Vol.  XLII.     No.  22. 

the  top.  Inside  the  chamber  will  be  5  ft.  square 
and  2-5  ft.  high.  The  chamber  will  be  equipped 
with  two  24  in.  by  3G  in.  and  one  12.xl2  in. 
sluice  gate  with  riser  stems  and  platform 
stands  as  shown. 

Filter  House. — The  filter  house  will  be  a  brick 
and   reinforced   1:3:5  concrete  structure  with 

admitted  to  the  basin  at  the  inlet  chamber 
which  lies  inside  the  basin  at  one  corner  and 
is  10.x40  ft.  in  plan.  .A.  float  valve  in  this 
chamber  regulates  the  flow  into  the  basin.  The 
long  side  wall  of  the  chamber  extends  to  the 
flow  line  of  the  basin  while  the  end  wall  is  4 
ft.  less  in  height.   The  first  bafiie  wall  has  two 
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Fig.  3.  Cross  Section  of  Sedimentation  ReservoirThrough    Gate    Chamber   and    Outlet    Pipe, 
Columbus,  Ga. 

stone  trimmings  and  slate  roof.  Filter  walls 
win  be  waterproofed  by  the  addition  of  hy- 
drated  lime.  I5rick  walls  will  be  12  ins.  thick. 
The  belt  course  around  the  entire  building  will 
be  of  gray  granite.  This  course  will  be  8  ins. 
high,  e.xtcnd  into  the  wall  G  ins.  and  project  2 
ins.  beyond  the  face  of  the  wall  with  a  2  in. 
chamfer  on  top.  The  roof  trusses,  purlins, 
rafters  and  sheathing  will  be  of  long  leaf  yellow 
pine.  The  roofing  slate  will  be  as  described  for 
the  pumping  station  building. 

Coat;itlaling  Basin. — The  coagulating  basin 
will  be  near  the  filter  house  as  shown  in  Fig.  2. 
It  will  be  rectangular  in  plan  with  inside 
dimensions  60x140  ft.,  with  concrete  walls  22 
ft.  6  ins.  in  depth.  The  capacity  will  be  ap- 

proximately 1,200,000  gals,  when  filled  to 
within  1  ft.  of  the  top  of  the  walls.  The  basin 
will  be  C  ins.  thick.    The  inside  of  the  walls 
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and  bottom  will  be  plastered  with  a  %  in. 
coating  of  1 :2  Portland  cement  mortar,  placed 
while  the  concrete  is  fresh  and  moist.  The 
baffle  walls  will  be  9  ins.  thick.  These  walls 
are  three  in  number  and  are  40  ft.  apart.  They 
extend  entirely  across  the  basin.  The  last  one 

is   20   ft.    from   the   basin's   outlet.    Water   is 

openings,  one  a  rectangular  notch  3x20  ft.  at 
the  upper  right  hand  corner  and  the  other  a 
semi  circle  of  2  ft.  radius  at  the  lower  left 
hand  corner.  These  openings  are  reversed  in 
the  second  baffle  wall.  In  the  third  wall  the 
semi-circular  opening  is  like  that  in  the  first 
wall  and  is  similarly  placed.  In  addition  to 
this  opening  there  are  two  rectangular  notches 
in  the  top  of  the  wall  each  3  ft.  deep,  below 
the  flow  line,  the  one  on  the  right  hand  to 
the  direction  of  flow  being  20  ft.  and  that  on 
the  left  hand  being  10  ft.  wide.  Inlet  and 
outlet  pipes  are  30  ins.  in  diameter.  A  12  in. 
cast  iron  sewer  line  drains  the  basin. 

Filtration  Plant. — The  filtration  plant  will 
be  of  the  rapid  gravity  type  installed  complete 
in  the  filter  house.  It  will  be  of  modern 
standard  design  and  construction,  and  each 
unit  will  have  a  guaranteed  net  capacity  per 
24  hours  of  not  less  than  1,000,000  gals.,  guar- 

anteed to  deliver  the  water  from  the  sedimen- 
tation reservoir,  after  passing  through  the 

coagulating  basin,  to  the  filtered  water  reser- 
voir uniformly  clear,  free  from  color  and 

turbidity,  free  from  matter  in  suspension,  and 
with  a  high  standard  of  chemical  and  bac- 

teriological hygienic  purity,  at  the  above  rate ; 
the  bacteriological  efficiency  is  specified  to  be 
not  less  than  the  removal  of  97  per  cent  of  all 
bacteria  when  exceeding  3,000  per  c.c.-in  the 
raw  water;  bacteria  in  filtered  water  taken 
direct  from  the  filter  shall  not  exceed  100  per 
c.c.  when  the  bacteria  in  the  raw  water  num- 

ber less  than  3,000  per  c.c. 

The  walls  of  the  filters  are  to  be  a  part  of 
the  filter  house  and  built  monolithic  therewith. 
Of  the  six  filter  units  provided,  four  are  to  be 

equipped  for  service  with  proper'  blanks placed  in  the  walls  of  the  remaining  two  units 

for  equipment  in  the  future.  The  filter' boxes 
are  rectangular  in  plan  16x24  ft.  with  a  total 
depth  of  7%  ft.  The  equipment  is  to  be  com- 

plete and  in  accordance  with  the  best  modern 

practice. 
The  filter  beds  will  be  40  ins.  total  depth ; 

34  ins.  will  be  carefully  graded  quartz  sand 
with  an  effective  size  of  0.35  mm.  and  uni- 

formity coefficient  of  1.5.  The  supporting 
gravel  bed  will  be  C  ins.  thick  composed  of 
rounded  gravel  of  a  size  that  will  pass  a  %-in. 
mesh  and  be  retained  on  a  3-16-in.  mesh  sieve. 

The  manifold  and  strainer  system  will  be  in 
accord  with  standard  practice  to  provide  dur- 

ability and  efficiency.  It  will  be  designed  to 
pass  wash  water  at  5  times  the  normal  rate  of 
filtration  when  delivered  to  the  strainer  system 
at  60  ft.  head.  The  air  wash  system  will  be 
made  with  %  in.  brass  pipe  spaced  4  ins.  on 
centers  with  3-64  in.  holes  drilled  2%  ins.  on 
centers  on  the  under  side  of  the  pipe.  The 
air  supply  will  be  sufficient  to  give  3  cu.  ft.  of 
free  air  per  minute  per  square  foot  of  filter 
area  when  two  filters  are  being  washed  at  the 
same  time.  The  wash  trough  will  be  placed 
all  around  each  filter.  These  troughs  will  be 
of  concrete  and  monolithic  with  the  walls  as 
shown  in  Fig.  5.   There  will  be  two  alum  and 

two  lime  tanks  and  one  hypo  tank,  all  of  rein- 
forced concrete.  The  coagulant  tanks  will  be 

at  such  an  elevation  as  will  give  reliable  grav- 
ity feed  to  the  inlet  of  the  coagulating  basin. 

Standard  porcelain  lined  cast  iron  orifice 
boxes  with  standard  fittings  for  adjusting  and 
regulating    the    flow    of    the    solution   will   be 
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Fig.  5.  Section  of  Filter  Partition  Wall  Show- 

ing Type  of  Wash  Water  Gutters, 
Columbus,  Ga. 

used.  Each  filter  will  be  provided  with  rate 
controller,  loss  of  head  gage,  sample  pump, 
and  operating  table. 

The  machinery  room  will  be  equipped  with 
two  suitable  motor  driven  Root  blowers,  of 
not  less  than  2,300  cu.  ft.  per  mmute  capacity 

each,  and  two  motor  driven  500-gal.  per  min- 
ute centrifugal  pumps  for  taking  water  from 

the  clear  water  basin  and  delivering  to  water 

tower,  with  all  necessary  piping  and  connec- 
tions to  clear  water  basin  and  to  the  riser  pipe 

of  tower  and  tank.  The  pipe  to  clear  water 
basin  and  elevated  tank  will  be  12  and  10  ins. 
respectively. 

The  laboratory  will  be  equipped  with  a  com- 
plete operating  board  and  suitable  apparatus 

for  plating,  incubating,  examinations  and  ana- 
lyses in  connection  with  the  proper  operation 

of  the  plant. 

Filtered  Water  Reseri-oir. — The  filtered 
water  reservoir  will  be  150  ft.  in  clear  inside 
diameter  with  a  total  depth  of  20  ft.,  holding 
2,500,000  gals,  when  filled  to  a  depth  of  19  ft. 
This  reservoir  will  be  constructed  of  1:3:5 
concrete.  This  wall  will  have  a  total  depth  of 
22  ft.  I)  ins.  with  reinforcement  as  shown  in 
Fig.  6.    The  bottom  will  be  6  ins.  thick.    The 
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Clear  Water  Reservoir,  Columbus,  Ga., 

Water    Purification    Plant. 

inside   of  this   reservoir   will   be   plastered  as 
described  for  the  coagulating  basin. 
The  works  here  described  were  designed  by 

Mr.  J.  L.  Ludlow,  consulting  engineer,  Win- 
ston-Salem, N.  C,  from  whose  plans  and 

specifications  this  article  has  been  prepared. 

The  new  third  lock  of  the  St.  Mary's  Falls 
canal  system,  said  to  be  the  longest  lock  in  the 
world,  was  formally  opened  to  navigation, 
Oct.  21.  The  lock  is  1,250  ft.  long,  80  ft.  wide 
and  23  ft.  deep.  Its  construction  was  begun 
in  1908,  and  the  cost  is  given  as  $6,250,000. 
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Data  and  Discussion  on  Allowable 
Leakage  from  Cast  Iron 

Water  Mains. 
In  recent  extensive  improvements  to  the  wa- 
ter works  distribution  system  of  Akron,  Ohio, 

special  attention  was  given  to  the  curtailment 
of  joint  leakage  and  to  the  measurement  of 
such  leakage  as  resulted.  The  consulting  engi- 

neers, Messrs.  F.  A.  Barbour  of  Boston  and  E. 
G.  Bradbury  of  Columbus.  Ohio,  specified  a 
ma.ximum  permissible  leakage  of  200  gals,  per 
mile  per  day  per  inch  of  diameter  of  pipe.  This 
allowable  leakage  is  about  1.6  gals,  per  lineal 
ft.  of  lead  joint.  The  pipe  mentioned  consists 
of  new  supply  lines,  lines  parallel  to  and  rein- 

forcing old  mains  of  inadequate  capacity,  and 
ordinary  pipe  line  extensions  intopreviouslyun- 
supplied  sections  of  the  city.  The  new  supplv 
and  reinforcing  lines  were  laid  by  contract; 
the  extensions  were  put  in  by  water  depart- 

ment employes.  The  contract  work  was  super- 
vised by  the  designing  engineers  with  Mr.  E. 

A.  Kemmler  in  charge;  the  department  work 
was  performed  under  the  supervision  of  Mr. 
H.  H.  Frost,  superintendent  of  the  Akron 
water  works.  All  pipe  was  purchased  under 
specifications  and  w^as  properly  inspected  at  the 
foundry.  In  the  case  under  consideration  all 
lead  joints  had  a  depth  of  2V4  ins.  The  pres- 

ent article,  based  on  information  given  in  a 
paper  before  the  New  England  Water  Works 
Association  by  Mr.  Bradbury,  and  published  in 
full  in  the  Journal  of  the  Association  for 
September,  describes  construction  and  test 
methods  and  gives  the  results  of  the  leakage 
tests.  It  is  not  the  purpose  of  the  paper  to 
discuss  at  length  the  miscellaneous  losses  of 
water  from  existing  pipe  systems,  but  rather 

TABLE  I.  —  PROPORTION  OF  MAIN  JOINT 
LEAKAGE  DETECTED  AT  WASHINGTON, 

D.    C,    COMPARED    WITH    TOTAL 
UNDERGROUND  LEAICAGE. 

Total  under-     From  joints 
Year.               ground  leakage,     in  mains.  Per 

gal.  per  day.     gal.  per  day.  cent. 
190S          4,243,900             1.013,900  24 
1909           0,657,635              1.345,620  20.2 
1910          6,364.000             1,034,000  16.2 
1911          6,921,916             2,562,461  37.1 
1912          5,115.320                746.305  14.6 
1913          4,196,070                962,310  23 

Average        23 

to  consider  the  reasonable  standard  of  work- 
manship in  the  laying  of  new  pipe. 

Numerous  investigations  conducted  within 
the  past  few  years  have  shown  enormous 
losses  by  leakage  and  carelessness.  The  fact 
that  willful  waste  and  defective  plumbing  are 
responsible  for  the  major  part  of  such  losses, 
and  are,  moreover,  more  easily  located  and 
stopped,  has  resulted  in  greater  attention  being 
paid  to  them  than  to  the  leakage  occurring 
underground,  although  considerable  work  has 
been  done  in  the  way  of  discovering  and  cor- 

recting large  breaks. 
It  is  well  known  that  the  water  unaccounted 

for  in  the  average  system  ranges  from  20  to 
60  per  cent,  and  published  records  of  measured 
leakage   vary  from   2,000  to  200,000   gals,  per 
mile   of   pipe   daily.     In   many   of   the   water 
waste  survey  reports,  underground  leakage  and 
the    losses    through    unmetered     services     and 
sprinkler   systems   are    combined   as    a   single 

;         item.    The  Bureau  of  Economy  and  Efficiency 
I         in  Milwaukee  finds  that  about  23  per  cent  of 
'         the  total  pumpage  is  lost  in  this  manner.    The 

New   York   reports   refer   to  joint  leakage   as 

"relatively  small,"  while  showing  that  under- ground losses  of  various  kinds  reach  a  very 

large    figure.     Mr.    Phillips    places  the  under- 
j         ground   leakage   and   willful   waste   at   57   per 
I        cent  of  the  total  amount  of  water  unaccounted 

for  in  Chicago.     The  city  of  Washington  pre- 
sents  the   only  evidence   in   the  hands  of  the 

writer  indicative  of  the  relative  proportion  of 
main  joint  leakage,  the  reports  of  the  engineer 
department  of  the   District   of   Columbia  con- 

taining figures  showing  that  such  leakage  aver- 
ages approximately  23  per  cent  of  the  entire 

amount  of  water  lost  beneath  the  ground  sur- 
face.    These  data  are  shown  in  Table  I. 

The  records  of  fullv  metered  cities  and  the 

results  of  water  waste  surveys  prove  that,  al- 
though possible,  it  is  the  rare  exception  when 

underground  leakage  is  kept  down  to  a  low 
figure.  Very  few  cities  keep  such  loss  below 
3,000  to  o,000  gals,  per  mile  daily,  and  many 
very  greatly  exceed  these  figures.  Mr.  Kuich- 
ling,  in  a  paper  before  the  American  Society 
of  Civil  Engineers  (Transactions,  Vol.  38),  set 
the  familiar  standard  of  one  drop  per  second 
from  each  joint,  five  drops  from  each  hydrant 
or  stop  valve,  and  three  drops  from  each  serv- 

ice pipe  as  a  fair  average  in  a  well-constructed 
system,  resulting  in  a  total  of  2,500  to  3,000 
gals,  per  mile  daily. 
Main  joint  leakage  is  so  distributed,  except 

in  case  of  an  occasional  blow-out,  as  to  make 
repairs  more  expensive  than  can  be  justified  by 
the  saving  accomplished,  and  yet  may  in  the 
aggregate  result  in  serious  losses.  This  fact 
imposes  on  the  builder  of  water  lines  the  duty 
of  exercising  every  reasonable  precaution  to 
insure  the  tightest  possible  work.  Pipe  systems 
necessarily  deteriorate  more  or  less  from  year 
to  year,  but  carelessly  made  joints  must  be 
more  likely  to  loosen  than  thorough  and  pains- 

taking work,  and  the  ratio  of  loss  between 
tight  and  slovenly  work  will  at  least  not  de- 

crease with  age. 

Statements  of  leakage  in  terms  of  percent- 
age of  total  water  pumped,  or  gallons  per 

capita,  mean  very  little.  The  only  rational 
unit  is  one  which  takes  into  consideration 
length  and  size  of  pipe;  the  writer  prefers  the 
number  of  gallons  daily  per  mile  for  each  inch 

of  diameter,  expressed  as  "gallons  daily  per 
inch-mile."  "Gallons  daily  per  foot  of  lead 
joint"  is  an  equally  rational  unit — in  fact, 
slightly  more  so — but  is  less  convenient,  espe- 

cially if  used  w^ith  exactness.  The  length  of 
lead  joint  per  inch-mile  is  about  120  ft. 

The  practice  of  applying  a  test  of  some  char- 
acter to  newly  laid  pipe  is  probably  general  at 

the  present  time.  This  test  should  preferably 
be  made  in  the  open  trench,  examining  all 
joints  under  pressure  before  covering,  but  if 
the  pipe  is  necessarily  covered  before  testing. 
a  maximum  allowable  leakage  per  inch-mile 
should  be  specified  and  rigidly  enforced. 
By  the  method  of  open  trench  inspection  it 

is  possible  to  make  a  new  system  practically 
bottle  tight.  The  measured  leakage  in  5.5 
miles  of  6  to  12-in.  pipe  laid  and  thus  tested 
by  the  writer  at  Grandview  Heights,  a  suburb 
of  Columbus,  Ohio,  amounted  to  2.3  gals,  per 
mile  daily,  or  0.31  gal.  per  inch  mile.  This  sys- 

tem is  supplied  through  a  meter  from  the  city 
of  Columbus,  and  every  service  is  metered. 
The  actual  amount  of  water  entering  the  mains 
in  the  2.5  years  since  its  installation  was  2,104,- 
000  cu.  ft.,  according  to  bills  rendered.  The 
quantity  sold  through  individual  meters  for  the 
same  period  was  1,998,600  cu.  ft.,  and  about 
30,000  cu.  ft.  was  used  in  flushing  sewer 
trenches.  In  addition  to  this,  contractors  for 
several  macadam  streets  were  permitted  to  use 
water  without  measurement.  Even  without 
making  any  allowance  for  this  last  item,  nor 
for  the  fact  that  nearly  a  mile  of  extensions 
has  been  laid  during  the  period,  it  will  be 
seen  that  the  water  unaccounted  for  amounts 

to  less  than  20  gals,  per  inch-mile  daily. 

In  the  opinion  of  the  writer,  the  incon- 
venience to  which  the  public  is  necessarily  sub- 

jected by  this  method  of  testing  is  well  justi- 
fied by  the  certainty  of  results  and  the  per- 

petual saving  accomplished,  except  in  the  busy 
streets  of  the  downtown  district  in  cities  of 
considerable  size.  Where  the  demands  of 
traffic  are  such  that  it  is  absolutely  impossible 

to  hold  the  trenches  open,  the  specified  leak- 
age test  must  be  substituted. 

The  method  used  in  all  tests  at  Akron  was  as 
follows:  After  completion  of  laying,  the  pipe 
was  filled  with  water  and  usually  allowed  to 
stand  for  about  24  hours,  to  permit  a  yarn  in  the 
joints  to  become  saturated.  The  pipe  havig  been 

tapped  for  a  %-in.  connection,  a  small  hand- 
pump  was  connected  by  wrought  iron  pipe  and 
fittings,  on  which  a  gage  was  set,  the  suction 
being  placed  in  a  barrel  of  water.  All  gates 
were  then  closed  and  a  hydrant  valve  opened 
to  determine  whether  gate  leakage  existed  in 
amount  sufficient  to  flow.  The  depth  of  water 
in  the  barrel  and  its  diameter  at   water  level 

were  then  measured,  and  pumping  begun.  If 
the  pressure  was  readily  raised  to  the  required 
amount,  the  time  was  noted  and  the  amount  of 
water  required  to  hold  the  gage  stationary  for 
a  period  of  from  10  to  30  mmutes  carefully  ob- 

served. The  leakage  was  computed  from  the 
quantity  so  used.  If  too  great  difficulty  was 
found  in  raising  the  pressure,  or  if  the  leak- 

age was  found  to  exceed  the  allowed  quan- 

tity, pumping  \yas  stopped  and  the  gage  ob- 
served to  see  if  it  would  remain  stationary 

after  dropping  to  city  pressure,  thus  indicat- 
ing gate  leakage ;  if  such  leakage  was  not  dem 

onstrated,  effort  was  made  to  find  defects  in 
the  pipe.  In  one  or  two  instances  pipe  which 
could  not  be  pumped  up  to  pressure  on  the 
first  trial  were  successfully  tested  on  the  fol- 

lowing day,  no  satisfactory  explanation  being 
found.  In  a  considerable  number  of  cases  the 
contractor  was  required  to  locate  leaks  and 
recalk  joints,  sometimes  causing  the  reopen- 

ing of  the  trench  for  considerable  distances. 
In  two  cases  cracked  pipe  was  located  and  re- 
moved. 

The  final  results  of  the  tests  have  been  very 
gratifying.  One  hundred  tests  have  been  of 
pipe  laid  by  contract,  of  which  86  are  included 
in  the  summary  given  in  Table  II.  Of  the  re- 

maining 14,  there  were  8  in  which  all  joints 

TABLE  II.  —  LEAKAGE  TESTS  ON  NEWLY 
LAID  CAST  IRON  WATER  MAINS 

AT   AKRON,    O. 

S6  Tests  of  Pipe  Laid  by  Contract.' Leakage  in 

Length,      gallons  daily     Number 
Size,  ins.  ft.         per  inch-mile,     of  tests. 

4           717  23  1 
6      31,066  66  34 
S        6,882  42  6 

10        5,123  81  5 
12        9,704  102  8 
16        8,792  135  11 

20        8,389  69  '       10 24        3,358  69  3 
30      14,445  82  g 

SS.476                      83.4  86 
16.76  miles 

38  Tests  of  Pipe  Laid  by  Water  Department 
Employees. 

6      37.524                      59  S2 
8        6,509                      63  S 

10       2,850                    133  1 

46,883  61.7  38 
8.9  miles 

•Pressure  from  66  to  152  lbs.;  35  lbs.  greater 
than  static  head  when  improvements  are  com- 

plete. 
were  visible  and  no  leakage  existed,  but  on 
account  of  loss  through  gates  no  measurement 
was  made ;  3  in  which  the  measured  loss  some- 

what exceeded  the  specified  maximum,  but 
evidence  of  gate  leakage  was  such  as  to  satisfy 
the  engineers  that  the  specifications  were  com- 

plied with;  and  3  in  which  the  leakage  was 
above  the  specified  amount  and  the  work  not 
accepted.  Of  40  tests  made  by  the  superin- 

tendent of  water  works,  of  pipe  laid  by  his 
department  employes,  38  have  been  tabulated, 
the  remaining  2  exceeding  the  permissible 
loss;  these  are  to  be  dug  up  if  necessary,  to 
locate  and  repair  the  leaks. 

It  is  to  be  noted  that  all  the  above  figures 
are  probably  high,  as  they  include  whatever 
leakage  may  have  occurred  through  gates  as 
well  as  actual  loss.  Such  leakage  was  known 
to  exist  in  many  cases,  and  in  20  of  the  tests 
of  pipe  laid  by  contract  and  included  in  the 
above  summary  every  joint  was  visible  and 

tight,  although  usually  some  water  was  re- 
quired to  keep  up  the  pressure.  The  amount 

pumped  also  covers  any  contraction  or  absorp- 
tion of  air  contained  in  the  pipe.  The  pres- 
ence of  any  considerable  amount  of  air  makes 

the  tests  unsatisfactory,  and  occasionally  it  be- 
comes necessary  to  tap  the  pipe  to  release  it. 

Check  tests  made  several  months  after  the 
original  test  in  two  districts  of  about  one  mile 
each,  of  24  and  30-in.  pipe,  verified  closely  the 
previous  work,  showing  losses  of  55  and  79 
gals,  per  inch-mile  respectively. 

Assuming  the  average  diameter  of  pipe  in  a 
complete  system  to  be  9  Ins.,  each  100  gals, 
daily  per  inch-mile  saved  or  lost  has  a  value  of 
$3.28  per  year  for  each  mile  of  pipe  at  a  pro- 

duction cost  of  $10  per  1,000,000  gals.,  or,  cap- 
italized at  7  per  cent,  is  worth  $46.86.    Apply- 
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ing  these  figures  to  a  concrete  example,  a  city 

of  100,000  population  with  a  production  cost 

of  $25  per  1,000,000  gals.,  and  100  miles  of 

mains,  would  gain  $5,206  per  year  by  a  saving 

nf  400  gals,  per  inch-mile;  and,  figuring  inter- 
est and  sinking  fund  at  7  per  cent,  could  afford 

to  have  spent  $75,000,  or  about  $-170  per  mile, 
more  on  construction  to  accomplish  this  result, 

and  the  same  amount  lost  per  inch-mile  would 

cost  a  city  of  200,000  population  with  300  miles 
of  mains  and  a  production  cost  of  $50  per 

1,000,000  gals.,  $19,700  per  year— equal  to  an 
investment  of  $281,430. 

The  expense  of  testing  in  the  manner  de- 
scribed is  not  heavy,  averaging  about  $50  per 

mile.  Occasionally  where  careless  work  has 

been  done  and  the  pipe  covered,  the  contractor 

foots  a  rather  heavy  bill  of  expense;  but  the 

knowledge  that  the  work  is  to  be  tested  dis- 
courages carelessness,  and  most  of  the  tests 

are  made  quickly  and  without  trouble. 
The  writer  believes  that  the  results  at  Akron 

arc  as  good  as  can  usually  be  obtained  under 

practical  conditions.  Many  years  ago  Mr.  C. 
F.  Loweth  stated  before  the  American  Society 

of  Civil  Engineers  that  he  had  satisfied  him- 
self of  the  possibility  of  laying  water  pipe  with 

a  leakage  not  exceeding  60  to  80  gals,  per  inch 
mile  daily.  This  is  borne  out  by  the  data 

given  here.  It  is  apparent  that  to  go  farther 

than  this  in  a  specification  is  not  safe,  on  ac- 

count of  gate  leakage  and  other  internal  con- ditions. 

In  view  of  all  the  above  facts,  the  writer 

proposes  as  a  standard  for  allowable  leakage 
in  new  cast  iron  water  pipe  an  average  of  100 

gals,  daily  per  mile  per  inch  of  diameter  for 

each  complete  contract  or  district  with  a  maxi- 
mum limit  of  200  gals,  daily  per  mile  per  inch 

of  diameter  not  to  be  exceeded  in  any  single 
test.  The  recommendation  is  made,  however, 
that  open-trench  testing,  with  all  joints  visible, 

be  specified,  covering  being  done  only  by  spe- 
cial order,  and  the  allowable  leakage  clause 

used  only  when  it  is  entirely  impracticable  to 
keep  the  ground  open. 

Use  of  Magnetic   Dip  Needle  for  Lo- 
cating Lost  Shut-off  and  Valve 

Boxes. 

In  new  water  systems,  in  small  but  grow- 
ing towns,  there  is  frequent  necessity  of  lay- 
ing pipes  in  streets  and  private  ways  where 

the  grade  is  not  established,  the  boundary 
lines  are  crude  or  imperfect,  and  where  later 
there  may  be  considerable  change  as  improve- 

ments arc  made  and  sidewalks  constructed. 

Mouses  are  often  built  in  advance  of  such  im- 
jirovemcnts,  water  supply  is  furnished,  and 
the  records  of  stop-box  locations  are  not 
wholly  satisfactory  or  the  ties  of  gate  boxes 
reliable.  When  a  sidewalk  is  made,  the  grade 
is  often  raised  a  few  inches,  or  low  spots  are 
leveled  up,  and  unless  the  waterworks  man  is 
at  hand,  or  notified,  the  service  box  is  sub- 

ject to  being  buried,  particularly  if  it  were 
not  in  sight  at  the  beginning  of  such  work. 
I^ater,  when  it  may  become  necessary  to  use 
such  a  box,  it  is  of  great  assistance  to  be  able 
to  locate  it  exactly,  particularly  if  the  ground 
is  frozen.  This  is  the  function  of  the  dip 

compass,  or  "detector,"  which  can  be  used with  most  satisfactory  success  when  the  box 
is  covered  not  over  6  or  7  ins.,  which  will 
include  most  all  cases.  The  notes  here  given 

on  the  use  of  the  dip  compass  in  finding  hid- 
den service  and  gate  boxes  arc  from  the 

paper  on  this  subject  by  Mr.  Edward  D.  EI- 
dredgc,  superintendent  of  the  Onset  Water 
Co.  of  Onset,  Mass.,  before  the  New  England 
Water  Works  Association,  .\dditional  notes 
are  included  from  the  discussion  of  the  paper 

as  published  in  the  Journal  of  the  Associa- 
tion  for   September. 

The  dip  compass  consists  of  a  magnetized 
needle  or  pointer,  mounted  on  a  horizontal 
axis  and  free  to  revolve  in  a  vertical  plane, 
normally  that  of  the  magnetic  meridian.  The 
needle  is  accurately  balanced  for  the  latitude 
of  the  locality  in  which  it  is  to  be  used,  so 
it  will  assume  a  horizontal  position  when 
held  in  a  north  and  south  line,  and  subject 

only  to  the  earth's  magnetic  attraction. 

\  service  or  gate  box  is  a  sufficiently  large 

mass  to  offer  a  strong  attraction  to  the  needle,
 

particularly  as  they  are  set  in  a  vertical 
 po- 

sition, which  is  the  most  favorable.  If  the 

detector  is  held  as  described,  with  the  needle 

at  rest  on  the  north  and  south  line,  and 

moved  carefully,  to  avoid  oscillation,  over
 

the  ground  and  as  close  as  possible  to  it  with
- 

out touching,  when  within  6  or  7  ins.  in  any 

direction  from  the  hidden  stop  box,  the  needle 

will  begin  to  show  a  deflection  or  dip,  and 

by  following  it  up  to  the  point  of  greatest 

dip  the  exact  location  of  the  box  is  discov
- 

ered. As  magnetism,  unlike  electricity,  is  not 

insulated  by  any  substance,  the  attraction  is 

ever  present  through  air,  frozen  earth,  cement, 

stone,  tar,  or  anything  likely  to  be  encoun- tered. .  „ 

In  a  case  where  a  cement  sidewalk  o  or  u 

ins.  thick  was  laid  over  a  stop  box,  the  box 

was  located  exactlv,  although  the  deflection 

is  not  so  decided  and  quickly  recognized  m 

such  a  case  as  when  a  lesser  covering  exists. 

The  same  process,  of  course,  applies  to  the 

ordinary  iron  gate  boxes  in  street  mains, 

which,  in  some  of  our  unfinished  streets,  are often  covered  3  or  4  ins. 

DISCUSSION. 

In  the  discussion  Mr.  L.  M.  Bancroft  told 

of  locating,  by  means  of  the  dipping  needle, 

a  service  box  under  a  tar  concrete  sidewalk. 

It  was  13  ins.  from  the  top  of  the  walk  to 

the  box.  Mr.  J.  M.  Diven  told  of  locating  a 
valve  box  covered  to  a  depth  of  14  ins.,  and 

also  of  locating  a  curb  box  through  a  concrete 
sidewalk.  Mr.  Diven  said  he  had  formerly 

had  some  trouble  with  the  demagnetization  of 

the  needle.  This  was  caused  by  hanging  the 

instrument  on  a  gas  pipe  where  the  constant 

contact  with  iron  sapped  the  needle's  magnet- ism. Since  discovery  of  the  cause  of  the 

trouble  the  compass  has  been  kept  in  a  wood- 
en draw^er,  protected  from  the  influence  of 

all  iron,  and  no  further  trouble  has  been  ex- 

perienced. Mr.  C.  D.  Sharpe  advocated  the  use  ot  a 

pipe  locating  apparatus  in  conjunction  with 

the  magnetic  dipping  needle.  The  former 

gives  the  line  of  the  pipe  and  the  latter  lo- 
cates the  buried  box  readily  without  first  lo- 

cating buried  horseshoes,   etc. 

Method  and  Cost  of  Constructing  Shaft 

and  Tunnel  at  Lake  View  Pump- 
ing Station,  Chicago  Water 

Works. 
The  present  article  gives  the  methods  and 

cost  of  constructing  by  day  labor  a  shaft,  at 

the  Lake  View  Pumping  Station  of  the  Chi- 
cago water  works,  and  the  tunnel  connection 

between  this  shaft  and  the  proposed  Wilson 
Avenue  supply  tunnel  which  will  be  described 
in  a  later  article.  The  connecting  tunnel  is  8 

ft.  in  diameter  and  it  is  a  spur  from  th'e  pro- 
posed Wilson  Avenue  tunnel  to  the  north  wet 

well  in  the  station.  The  tunnel  is  1,381  ft. 
long  and  is  lined  with  three  rings  of  brick. 
The  information  here  given  is  based  upon 
the  latest  annual  report  of  Mr.  Henry  W. 
Clausen,  engineer  of  water  works  construction. 

THE   SHAFT. 

Work  was  begun  on  April  4,  1913,  when  the 
excavation  for  the  shaft  was  started,  by  break- 

ing out  an  opening  16  ft.  square  in  the  con- 
crete floor  of  the  old  coal  room  of  the  Lake 

■View  Pumping  Station,  now  torn  down.  Sheet- 
ing, made  up  from  2xl0-in.  and  2x8-in.  yellow 

pine,  in  12-ft.  lengths,  was  driven  around  the 
four  sides  and  held  in  place  by  3  sets  of  6x10- 
in.  braces  10  ft.  square.  Work  on  the  square 
excavation  for  the  shaft  was  completed  by 

.\pril  10.  Elevation  bottom  of  hole,  — 1.6.  At 
this  depth,  or  12  ft.  below  the  surface,  water 
was  encountered  and  the  work  was  discon- 

tinued until  the  steel  shell  could  be  placed. 

The  steel  shell  is  a  hollow  cylinder  of  %-in. 
boiler  plate,  11  ft.  6  ins.  in  diameter  and  .30  ft. 
long  with  both  ends  open.  It  was  made  in 
five  6-ft.  sections.  The  two  bottom  sections 

were  riveted  together  in  the  shop  and  pro- 
vided wih  a  beveled  cutting  edge  stiffened 

around  the  inside  with  an  additional  plate  and 
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a  6x8-in.  angle  1  ft.  above  the  cutting  edge. 
The  total  weight  of  the  shell  was  21,385  lbs. 
Each  section  of  the  shell  was  thoroughly 

caulked,  and  as  the  shell  was  made  with  flush 

joints  and  countersunk  head  rivets  on  the  out- side the  resistance  to  sinking  it  was  reduced  to 
a  minimum. 

The  two  bottom  sections  were  first  placed 

in  the  square  excavation  above  described  and 
lined  up  by  means  of  vertical  guide  timbers  on 
four  sides.  The  third  section  was  then  added 

and  the  SVi-in.  brick  lining  started,  the  6x8-in. 
angle  serving  as  a  footing.  Preparations  were 
then  made  to  sink  the  18  ft.  of  erected  shell 

deep  enough  to  permit  the  erection  and  rivet- 
ing of  the  remaining  two  sections. 

A  No.  4  Nye  pump  was  suspended  within 
the  shell  as  the  material  first  to  be  excavated 

was  the  water-bearing  stratum  of  lake  sand. 
This  sand  was  11  ft.  deep  and  overlay  the  soft 

blue  clay,  through  which  the  balance  of  the 
shaft  was  sunk.  After  excavating  the  sand 

from  within  the  shell,  it  finally  settled  suffi- 
cientlv  so  that  the  remaining  two  sections 

could"  be  added.  The  SVi-in.  brick  lining  was 
then  carried  up  to  elevation  — 0.66  or  4  ft.  8 

ins.  below  the  top  of  the  fifth  section.  The  ex- 
cavation within  the  shaft  was  then  resumed, 

no  additional  weight  to  the  shell  being  neces- 
sary other  than  the  brick  lining  to  sink  it  to 

the'  soft  clav  stratum  encountered  at  elevation 

—12.40. 

At  this  step  it  became  necessary  to  cover  the 

top  of  the  shell  with  a  lOxlO-in.  timber  plat- 
form on  which  pig  iron  was  loaded,  le.-iving  a 

square  boxed  opening  in  the  center  for  the 
hoisting  bucket.  In  all,  198,900  lbs.  of  iron 
was  put  on  before  excavation  was  resumed. 
With  this  weight  the  shell  was  gradually 
forced  to  its  final  depth,  the  cutting  edge 

being  at  elevation  of  —26.0.  It  had  then  pene- trated 13.6  ft.  into  the  soft  blue  clay  which  had 

closed  around  the  shell  and  eft'ectually  shut off  the  water.  The  weight  on  the  shell  was 
then  removed  and  excavating  for  the  shaft 
carried  5  ft.  below  the  cutting  edge  or  to^  the 

top  of  the  tunnel  bore  and  lined  with  a  13-in. 
brick  wall.  The  brick  lining  in  this  one  sec- 

tion was  suspended  by  eight  1-in.  hanging  rods 
having  plate  washers.  Each  rod  had  an  eye 

at  the  lower  end  which  supported  the  8xl2-in. 

washers  and  provided  for  hooking  on  addi- 
tional rods  below  if  they  were  needed.  In  the 

6x8-in.  angle  which  supported  the  brick  lining 
for  the  steel  shell,  short  eye  bolts  were  placed 

before  any  brick  work  was  started  and  from 
these  were  hung  the  above  set  of  rods.  The 
shaft  was  then  carried  down  to  its  full  depth 

and  the  two  tunnel  eyes  excavated  and  lined 
10  ft.  each  way  from  the  shaft. 
The  total  cost  of  the  shaft  before  the  gate 

and  fish  screens  were  installed  was  as  follows: Item.  „  *^,°?*A,v 
28,127  sewer  brick  at  $S   S    ̂ iZ'^.X 

72  bbls.  Utica  cement  at  95  cts          68.40 
36  bbls.   Portland  cement  at  $1.C0           57.60 

3.500  ft.  B.  M.  lumber  at  $27  per  M . . . .        94-50 
Steel   shell        1,289.00 
Hanging  rods  and  ladder  irons  Cmaterial)       JO.OO Labor  and   teams     •''Sll'll 
15ngineering  and  inspection         VXo'ca 

Rental  of  pig  iron  and  freight        t"''''" 

Total       $4,092.51 
In  addition  to  the  above,  20  cu.  yds.  of 

beach  sand,  taken  from  the  excavation,  was 

used.  The  total  depth  of  shaft  below  the  sur- 
face is  54  ft.,  making  the  cost.Jnchiding  the 

turning  of  the  two  tunnel  eyes,  $75.80  per  ft. 
TUNNEL  CON.STRUCTK.IN. 

Ahcr  the  shaft  had  been  carried  down  to  its 

full  depth  and  the  two  tunnel  eyes  excavated 
and  lined  Hi  ft.  each  way  from  the  shaft,  the 

balance  of  the  work  was  confined  entirely  to 

the  tunnel.  The  diameter  of  the  excavation 

was  made  10  ft.  2  ins.,  to  provide  room  for 

the  three  rings  of  brick  of  the  tunnel.  Ex- cavation was  carried  on  mostly  with  clay 

knives,  the  bore  throughout  its  entire  length 

lying  in  a  stratum  of  medium  stift'  blue  clay. The  mortar  used  in  the  brick  liniiii;  for  both 

shaft    and    tunnel    was    mixed    uniformly    the 

same,  a  batch  being  made  up  as  follows: 2  bags  of  Utica  cement.   •  ■  •  •  ;  ̂"-  IT 

2  bags  ot  Universal  Portland  cement...   2  eu.  ft- 
3  wheelbarrows  of  beach  sand    i  li 

or,   in  the   proportion   of   1   of  cement   to   1^ of  sand. 
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An  8-in.  brick  bulkhead  was  built  at  the 
Wilson  avenue  end  and  another  one  5  ft. 
thick  about  60  ft.  farther  back,  having  a  3-in. 
wrought  iron  drain  pipe  through  it  near  the 
bottom  with  a  valve  on  its  north  end  left 
closed. 

The  tearing  up  of  the  track  and  floor,  re- 
moval of  air  pipe  and  sweeping  out  of  tunnel 

with  steel  brooms  was  then  resumed  and  com- 
pleted by  Aug.  27.  The  total  cost  of  work  done 

during  1913  on  the  construction  of  the  tunnel 
itself  was  $30,558.  This  divided  by  the  actual 
number  of  lineal  ft.  completed  (1,336)  makes 
the  cost  per  foot  nearly  $23. 

The  construction  work  on  the  Wilson  ave- 
nue tunnel  connection  was  in  local  charge  of 

Mr.  E.  P.  Scott,  assistant  engineer. 

Should  Meters  Register  in  Gallons  or 
Cubic  Feet? — The  question  as  to  whether 
water  meters  should  register  in  gallons  or 
cubic  feet  is  still  a  live  one.  as  indicated  bv  the 
comments  thereon  by  the  Committee  on  Meter 
Rates  _  of  the  New  England  Water  Works 
Association.  We  quote  from  the  report  as 
follows : 

It  is  most  unfortunate  that  two  units  of 
measurement  are  in  common  use.  It  would 
be  much  better  if  one  could  he  discarded. 
More  than  three-fourths  of  the  meters  now  in 
service  record  the  quantity  in  cubic  feet.  Ac- 

cording to  replies  to  the  committee's  inquiries, 
schedules  of  water  rates  are  about  equally 
•divided  between  cubic  feet  and  gallons. 
The  CofBn  committee  on  Meter  Rates 
recommended  the  use  of  cubic  feet  in  its  report 
submitted  in  1905.  The  number  of  meters  now 
being  sold  to  register  in  gallons  is  increasing 
much  faster  than  the  total  number  sold.  This 
indicates  a  gain  in  popularity  of  the  gallon. 
There  is  much  to  be  said  in  favor  of  each  of 
these  units.  Replies  to  the  circular  letter  of 
the  committee  indicated  very  evenly  divided 
preference.      In   view   of  this   condition,    and   in 

view  of  the  further  fact  that  members  of  the 
committee  have  different  preferences,  it  is 
not  thought  best  to  attempt  to  recommend  at 
this  time  that  either  unit  shall  be  used  to  the 
exclusion  of  the  other.  The  committee  recom- 

mends further  general  discussion  of  this  sub- 
ject, and  suggests  after  such  discussions  that 

a  vote  might  be  taken  to  show  the  preference 
of  the  members. 

It  is  absurd  that  two  units  .should  continue  in 
general  use.  The  advantages  of  adopting  either 
one  would  be  vastly  greater  than  any  possible 
advantage  in  either.  It  would  seem  that  the 
Association  could  determine  which  it  prefers 
and  throw  its  influence  toward  its  universal 
adoption.  The  committee  feels  that  this  should 
be  done  by  action  of  the  whole  Association  and 
not   by   a   committee. 

In  the  interest  of  economy  of  labor,  it  is  ob- 
viously desirable  that  the  same  unit  should  be 

used  in  any  system  for  both  meter  registers 
and  schedules.  Thus  the  use  of  meters  reading 
in  cubic  feet,  with  a  schedule  of  rates  in  gal- 

lons, is  undesirable  and  should  be  avoided  by 
changing  as  rapidly  as  is  possible  .so  that  both 
are   on   the   same   basis. 

Proper    Installation    of    Service    Pipes. — 
The  following  notes  on  the  proper  installation 
of  service  pipes  are  taken  from  the  latest  an- 

nual report  of  the  Lincoln,  Neb.,  Water  De- 
partment, Mr  James  Tyler,  Water  Commis- 

sioner: Just  inside  the  basement  wall  of  the 
dwelling,  or  building,  into  which  the  service 
pipe  extends,  a  stop  and  waste  cock  should  be 
conveniently  located,  and  arranged  so  that  the 
water  may  be  drawn  back  and  all  the  pipes 
within  the  dwelling,  or  building,  emptied 
through  the  stop  and  waste  by  opening  the  fau- 

cets at  the  highest  points  therein  and  allowing 
the  air  to  enter  the  pipes.  All  of  the  pipes  con- 

nected with  the  service  inside  the  dwelling,  or 
building,  should  be  laid  with  an  inclination 
toward  the  point  in  the  cellar  where  the  stop 
and  waste  is  located,  w'ithout  any  sags  or  pock- 

ets, so  that  the  pipes  may  thoroughly  empty 
themselves  from  water  when  the  waste  is 
opened.  But  in  cases  where  such  sags  or  traps 
are  unavoidable  an  additional  stop  and  waste 
should  be  put  in.  The  service  pipes  in  the 
dwelling  or  building  should  be  located  in  the 
parts  thereof  best  protected  from  frost,  and 
should  in  no  case  be  carried  any  considerable 
distance  alongside  walls,  but  should  be  car- 

ried immediately  under  the  bottom  of  the 
basement  or  celfar  to  the  center  or  least  ex- 

posed point  therein,  previous  to  being  carried 
upward  into  the  inhabited  parts  of  the  dwell- 

ing or  building.  No  water  supply  pipe  should 
be  laid  in  the  same  trench  with  a  sewer.  At  Lin- 

coln a  record  of  the  locations  and  sizes  of  all 
service  pipes  laid,  with  all  necessary  data,  are 
kept  so  that  in  case  the  boxes  are  covered  up 
the  services  can  readily  be  located  from  the 
accurate  measurements  recorded. 

Operating  Costs  of  Ultra- Violet  Steriliza- 
tion Plants. — The  following  statement  as  to 

the  operating  costs  of  ultra-violet  ray  water 
sterilization  plants  is  quoted  from  a  paper  be- 

fore the  -American  Water  Works  .Association 
bv  Dr.  Max  von  Recklinghausen  of  New  York City : 

Operating  costs  will  vary  with  the  size  and 
the  running  hours  of  the  plant,  and  the  co- 

efficient of  safety  for  the  ultra-violet  ray  treat- 
ment. According  to  the  quality  of  the  water  I 

expect  in  large  plants  which  run  24  hours  that 
the  current  consumption  will  vary  between 
30  and  125  kw.  hours  per  1.000.000  gals.,  allow- 

ing for  a  large  safety  coefKcient.  The  labor 
charges  are  negligible  as  the  apparatus  only 
needs  an  occasional  cleaning  and  starting  of 
lamps.  Apart  from  this  the  lamps  have  to  be 
repumped  and  repaired  from  time  to  time. 
When  the  water  is  of  variable  physica.1  qual- 

ity, one  will  have  so  to  establish  the  plant  that 
all  the  lamps  will  be  running  during  the  period 
of  least  transparent  water  and  only  some  of 

them  during'  the  period  of  best  transparency. 

ENER4L 
Some  Design  and  Operation  Features 

of  Refuse  Destructors. 
For  the  sake  of  a  clear  deinition.  furnaces 

operated  at  a  temperature  of  about  1,500^  F. or  less,  will  be  called  incinerators,  and  those 
which  have  a  working  temperature  of  over 

1,500°  will  be  called  destructors.  In  America 
these  furnaces  are  called  low  and  high  tem- 

perature incinerators,  respectively.  It  seems 
preferable  to  know  what  is  referred  to  by  a 
distinctive  name  rather  than  by  a  qualifying 
term  which  is  often  omitted. 

Fire  is  the  oldest  and  best  known  method  of 
disposing  of  offensive  rubbish.  It  has  been 
adopted  by  all  races  and  in  all  ages,  with 
more  or  less  satisfaction.  Burying  offensive 

matter  is  another  ancient  and  effective  w-ay  of 
getting  rid  of  it. 

The  first  engineer  who  successfully  designed 
a  furnace  to  effectually  destroy  town  refuse  by 
fire  was  Mr.  Alfred  Fryer  of  Nottingham, 
England.  This  was  in  1874.  He  built  two 
such  furnaces  in  Manchester  in  1876  and  these 
have  been  extended  and  improved  and  are 
still  in  use,  which  fact,  at  least  suggests  that 
Fryer  had  evolved  a  scheme  based  on  right 
principles. 

This  innovation,  however  met  with  a  hos- 
tile reception.  The  public  prejudices  against 

the  adoption  of  such  furnaces  were  so  strong 
that  it  is  surprising  it  survived. 

Following  Fryer,  there  were  several  as- 
pirants who  claimed  to  have  designed  furnaces 

superior  to  Fryer's,  for  example,  Pickard's 
"Command,"  Wilkinson  of  Birmingham,  Healy 
of  Brighouse.  Heard  of  Paddington,  Burton 
of  London,  Stafford  and  Pearson  and  others, 

but  Fryer's  furnace  held  its  position.  These, and  some  which  were  designed  later  on.  were 
of  the  incinerator  class — low  temperature, 
slow^  burning,  producing  soft  clinker  and  ob- 

noxious gases.     Mr.   Charles  Jones    (Ealing) 

in  1885  introduced  his  "fume  cremator"  which 
was  an  ample  proof  that  something  was  need- 

ed to  improve  the  combustion. 
Mr.  William  Horsfall  in  1887  brought  out 

the  first  high  temperature  furnace,  which  im- 
provement gave  a  new  impetus  to  the  process. 

Horsfall  also  improved  the  furnace  by  arrang- 
ing for  a  front  exhaust  of  gases,  by  which 

means  all  gases  had  to  pass  over  the  active 
grate  before  being  discharged  and  by  so  do- 

ing the  fume  cremator  was  found  to  be  un- 
necessary and  was  ultimately  abandoned. 

From  1887  to  the  present  time  many  im- 
provements have  been  introduced,  such  as 

steam  jet  blowers,  forced  air  draft,  re.genera- 
tors  or  air  preheaters,  continuous  grates,  twin 
grates,  mechanical  feeders  and  clinkerinp, 
dust  catchers,  steam  producers,  and  so  on.  To 
deal  with  each  of  these  would  entail  a  long 

paper,  as  each  maker  has  devised  certain  feat- 
ures in  connection  with  furnaces,  etc.,  they 

will  therefore  be  referred  to  collectively  as 
far  as  possible. 

Incinerators,  then,  are  the  survivors  of  the 

earliest  types  and  destructors  are  the  later  de- 
velopments. 

Incinerators  are  furnaces  capable  only  of 
slow  combustion  and  require  .some  form  of 
drying-hearth  or  device  for  reducing  the 
moisture  contained  in  the  refuse,  preparatory 
to  cremation.  Some  incinerators  are  charged 
with  large  quantities  of  refuse  at  one  opera- 

tion, the  result  being  the  lowering  of  the  tem- 
perature of  the  furnace,  the  orolonging  of  the 

period  of  cremation  as  the  combustion  is  more 
often  local  than  general,  the  passage  of  green 
gases  and  the  production  of  soft  clinker  and 
little  steam.  An  analysis  of  the  gases  and  a 
record  of  the  maximum  and  minimum  tem- 

peratures in  incinerators  will  doubtless  show 
that  the  work  done  is  not  altogether  satis- factory. 

Experience   has    shown    that    with    destruc- 

tors, the  same  as  with  other  furnaces,  the 
percentage  of  carbon  dioxide,  oxypen  and 
carbon  monoxide  contained  in  the  gases  in  the 
main  flues,  is  in  proportion  to  the  complete- 

ness of  the  combustion  of  the  fuel  and  the 
carefulness  of  firing  and  clinkering. 

It  is  manifest  that  not  even  the  best  coal- 
fired  furnace  can  produce  satisfactory  per- 

centages of  the  above  constituent  gases  of 
combustion  unless  the  temperature  of  the  fur- 

nace is  uniformly  maintained,  the  range  of 
heat  fluctuations  kept  as  small  as  possible,  the 

quantity  of  primary  and  secondary  air  sup- 
plied is  controlled  to  satisfy  as  nearly  as  prac- 

ticable the  requirements  of  the  fuel  used,  and 
that  the  fuel  is  charged  in  small  and  regular 
quantities.  Although  coal  is  not  usually 
quite  constant  in  its  calorific  quality,  it  is 
vastly  more  so  than  town  refuse,  and  if  care 
is  needed  in  the  case  of  coal-fired  furnaces,  it 
is  reasonable  to  advocate  somewhat  similar 
care  in  the  cremation  of  refuse,  if  scientific  and 
sanitary  results  are  to  be  achieved. 
Many  incinerators  require  coal  or  other 

fuel  to  assist  in  the  combustion  of  refuse,  al- 
though the  proportion  of  combustible  matter 

in  such  refuse  approximates  that  contained 
in  refuse  in  other  places  where  with  destruc- 

tors no  other  fuel  is  required  or  used,  and 
good  clinker  and  power  are  produced. 

Engineers  have  during  the  last  century  de- 
veloped the  dcsi.gn  of  coal  furnaces  for  steam 

raising  and  countless  other  purposes.  Dif- 
ferent grades  of  coal  reouire  different  types  of 

grates,  etc.  It  would  not  be  expected  that  a 
grate  designed  to  burn  steam  coal  with  the 
maximum  of  efficiency  would  nroduce  good 
results  if  bark  was  consumed. 

A  prudent  manufacturer  wlio  requires  a  fur- 
nace for  any  ordinary  industrial  purpose  would 

ordinarily  adopt  one  that  has  already  proven 
efficient,  and  if  for  any  special  purpose  which 
needed  some  experimentation,  he  would  start 
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where  others  had  left  off  (unless  he  had  good 
reasons  for  doing  otherwise),  and  so  make  use 
of  whatever  knowledge  there  was  available. 
Bearing  in  mind  what  has  been  achieved  in 
many  parts  of  the  world  with  destructors,  it 
would  seem  inadvisable  to  erect  incinerators. 
The  more  municipal  engineers  investigate 

this  important  problem,  the  more  readily  thev 
will  appreciate  the  necessity  for  the  fullest 
consideration  of  the  capabilities  of  various 
types  of  furnaces  which  it  is  contemplated  to 
install. 

There  are  several  makers  of  destructors  and 
incinerators  on  the  market.  Each  maker 
claims  to  have  some  features  of  superiority 
over  others  and  doubtless  some  do  possess 
certain  advantageous  qualities. 
The  original  furnaces  were  top-fed  and 

.some  are  now  being  built  on  this  plan,  but  in 
course  of  the  last  ten  years  or  so  back  feed 
and  front  feed  arrangements  are  found  to 
answer  rather  better.  Top  feeding  allows  of 
mechanical  labor-saving  devices  to  be  used, 
but  even  then  it  entails  more  arduous  labor  to 
the  men  below  in  raking  in  the  material  by 
long  rakes  over  the  fires.  Back  feeding  was 
introduced  in  1891  and  is  claimed  to  be  under 
better  control  while  front  feeding  means  a 
better  concentration  of  labor.  Conditions  will 
vary  in  different  places  and  these  must  be 
taken  into  account  when  deciding  the  method 
of  feeding. 

Destructor  furnaces  require  a  strong  draft 
in  addition  to  the  normal  pull  of  the  chimney, 
although  as  one  writer  stated  that  since  it  has 
been  demonstrated  that  incandescence  can  be 
maintained  apart  from  the  use  of  fans  and 
regenerators,  the  question  to  be  considered  is 
whether  it  is  good  practice  to  run  machines 
which  absorb  up  to  1.5  per  cent  of  the  total 
steam  produced.  The  steam  jet  is  a  simple, 
effective  and  economical  blower,  and  the  fan, 
being  entirely  mechanical,  is  more  subject  to 
wear  and  tear  and  liable  to  breakdowns  and 
therefore  should  be  in  duplicate.  The  furnace 
nressure  should  be  in  balance,  that  is,  the  force 
of  the  blast  under  the  furnace  should  be 

slightly  in  excess  of  the  draw-  of  the  chimney, 
so  as  to  render  the  intake  of  air  at  the  doors 
during  the  time  charging  or  clinkering  takes 
place,  as  nearly  nil  as  possible.  The  aim, 
nevertheless,  of  the  furnacemen  is  to  have 
these  doors  opened  as  few  times  as  possible. 

The  advantage  of  either  forms  of  blast  does 
not  appear  to  be  very  pronounced  and  to  pro- 

vide for  all  contingencies,  the  makers  now 
usually  include  both  in  recent  installations. 

Piefieating  of  the  primary  air  is  claimed  to 
be  of  considerable  value.  The  air  after  being 
preheated  absorbs  the  moisture  in  the  refuse 
most  readilv.  and  this  is  found  to  be  done 
sulnciently  quickly  that  refuse  can  be  cre- 

mated without  the  intervention  of  a  drying- 
hearth.  In  ordinary  steam  boiler  practice, 
preheated  air  is  found  to  be  of  such  value, 
for  it  increases  the  amount  of  water  evaporated 
per  hour.  Brislec  gives  an  example  of  the 
advantage  of  preheated  air.  Two  boilers  were 
tested  with  the  fnllowing  results: 

.N'o.  1  boiler.       No.  2  boiler. 
Cold       Hot      Cold       Hot 
air.        air.        air.        air. 

Weight     of     water 
evap  orated  In 
pound.s  per  hour.:!2.:ilO     4n,0Gr)     li).800     24, GOO 
The  increased  evaporation  was  due  to  the 

extra  heat  brought  into  the  furnace  and  the 
increased  rate  of  combustion  of  fuel  due  to 
it. 

In  the  case  of  the  boiler  No.  1  the  evapora- 
tion was  increased  79  per  cent  and  the  No.  2 

55.4   per  cent. 
Brislec  points  out  that  if  air  is  heated  before 

combustion  is  allowed  to  fake  place,  then  the 
heat  in  the  air  is  added  to  the  heat  of  com- 

bustion, and  the  quantity  of  heat  available 
for  raising  the  temperature  of  the  products  is 
therefore  greater.  In  other  words  conditions 
being  equal  in  other  respects,  the  preheatinw 
of  air  means  economy  of  coal  and  the  in- 

creased output  of  the  boiler. 
In  destructors,  regenerators,  however,  do 

not  constitute  the  only  method  of  preheating 
of  air.  Regenerators  consist  of  stacks  of 
pipes,  through  which  the  hot  gases  pass  out  on 
their  way  to  the  chimney  and  around  which 
the  cold  air  passes  into  the     furnaces.      The 

sensible  heat  of  the  hot  gases  is  partially  im- 
parted to  the  cold  air  and  in  this  way  the 

temperature  of  the  air  is  increased  from  200° to  300°  or  often  more.  This,  of  course, 
means  the  conservation  of  heat  which  would 
otherwise  be  lost  in  the  chimney.  Such  re- 

generators offer  some  obstruction  to  the  out- 
going gases  and  to  the  incoming  air,  and  to 

overcome  this  it  is  necessary  to  absorb  some 
energy  in  driving  fans.  About  5  to  10  per 
cent  of  the  total  steam  produced  from  the 
refuse  is  thus  utilized.  Regenerators  have  in 
some  instances  been  taken  out  for  different 
reasons.  It  is  easy  to  arrange  for  the  primary 
air  to  be  heated  by  passing  it  through  flues 
built  in  the  walls  of  the  furnaces.  This_  is 
being  done  in  gasworks  practice  and  has  been 
found  to  be  very  effective.  Indeed  such  meth- 

od of  preheating  air  or  an  adaptation  of  the 
idea  is  provided  in  some  destructors.  Inci- 

dentally, the  air  required  for  the  furnaces  is 
taken  from  the  vicinity  of  the  refuse  and  by 
this  means  the  building  is  ventilated. 

Continuous  grates  in  one  chamber  are  sup- 
planting individual  cells  and  grates  and  the 

advantage  is  evident.  In  the  case  of  in- 
dividual or  single  cells  when  refuse  is  charged 

into  the  furnace,  it  has  the  tendency  of  lower- 
ing the  temoerature  of  that  cell,  and  the  ef- 

fectual mixture  and  burning  of  the  gases  must 

take  place  in  the  combustion  chamber.  Where- 
as in  the  case  of  the  continuous  grates,  two  or 

more  grates  are  built  side  by  side  in  one  cham- 
ber with  independent  ash  pits  beneath.  When 

any  refuse  is  charged  onto  any  one  of  these 
grates,  the  cooled  gases  therefrom  are  mingled 
and  burnt  in  the  furnace  itself  and  no  green 
gases  can  escape  into  the  combustion  chamber 
without  first  passing  over  an  incandescent 

body.  Meldrum's  Simplex  Destructor  was  the 
first  constructed  on  this  principle  and  its  use- 

fulness was  appreciated  by  other  makers. 
Heenan  and  Froude,  Horsfall,  Fryer,  Dawson 
and  Manfield  and  other  destructor  builders 
now  design  some  form  of  continuous,  twin  or 
series  grates. 

Mechanical  stoking  and  clinkering  and  other 
forms  of  labor  saving  devices  are  installed  in 
a  number  of  destructors.  Boulnois  and 

Brodie's  charging  trucks.  Marten's  chargine 
apparatus,  Horsfall's  tub  feed,  Heenan  and 
Fronde's  hydraulic  feeder  and  others  are  ex- 

amples of  the  methods  most  in  use.  Heenan 

&  Froude's  trough  grate  and  hydraulic  ram 
clinkering  machine  and  Sterling's  clinkering 
grate  are  installed  in  many  plants.  According 

to  Mr.  Fetherston's  report  the  arduous  work 
of  charging  and  clinkering  at  the  Clifton 
(New  York)  destructor  has  been  reduced  by 
the  use  of  the  hydraulic  ram  charger  and 
clinkerer  and  trough  grate.  The  following 
figure'  are  extracted  from  his  report: 

supply.  Such  a  position  is  both  cool  and 
handy  for  hand  firing. 

In  the  more  recent  developments  of  destruc- 
tors the  authorities  have  observed  that  it  was 

possible  to  derive  considerable  steam  power. 
The  ordinary  steam  producing  capacity  of  de- 

structors is  calculated  ut  one  pound  of  steam 
for  each  pound  of  refuse  burned  and  as  one 
horsepower  may  be  based  on  30  lbs.  of  steam 
per  hour,  it  W'ill  be  seen  that  one  ton  (2,000 
lbs.)  will  on  the  above  basis  produce  67  HP., 
but  a  large  quantity  of  steam  is  required  for 
the  plant  itself  so  that  the  net  quantity  of 
steam  available  for  other  purposes  is  less. 
There  are  plenty  of  instances  where  the 

production  of  steam  has  exceeded  one  pound 

per  pound  of   refuse. Official  tests  made  at  the  Clifton  destructor 
in  1913  with  a  winter  mixture  of  refuse  gave  a 

gross  equivalent  evaporation  from  and  at  212° of  1.00  to  1.11  lbs.  at  a  pressure  ranging  from 
117  to  126  lbs.  per  square  inch,  but  at  the 
West  New  Brighton  destructor  the  results 
were  1.10  to  1.41  lbs.  of  steam  at  a  Pressure  of 
130  to  137  lbs.  jjer  square  inch.  The  produc- 

tion of  steam  during  the  year  1911  was  1.23 

lbs.  per  pound  of  refuse. 
In  Milwaukee  the  evaporation  was  1.34  to 

1.45  lbs.  and  at  Westmount,  P.  Q.,  from  1.48 
to  2.11  lbs.  In  Calgary,  Alta,  the  average 
evaporation  at  tests  was  1.13  lbs.  In  Darwen 
(England)  the  average  evaporation  during  the 
year  was  1.23  lbs.,  while  on  a  test  when  burn- 

ing unscreened  refuse  and  slaughter  house 
refuse  was  1.55  lbs.  of  steam  from  and  at 

212°  F.  In  Huddersfield  (England)  with  one 
part  of  sewage  sludge  and  two  Darts  of  refuse 
1.4  lbs.  of   steam   were   obtained. 
A  test  was  made  in  Rochdale,  England,  for 

the  purpose  of  comparison.  By  using  ordinary 
coal  slack  having  a  calorific  value  of  about 
12,500  B.  T.  U.,  7.33  lbs.  of  steam  were  pro- 

duced from  and  at  212°  F.,  as  compared  with 
1.97  lbs.  from  refuse.  At  Montgomery  (Ala.) 
in  1011  the  following  test  results  were  secured  : 
1.37  lbs.  of  steam  per  pound  of  refuse;  carbon 
di-oxide  in  the  waste  gases,  11  per  cent;  tem- 

perature in  combustion  chamber,  1,920°  F. The  refuse  consisted  of  25  per  cent  ashes,  42 

per  cent  garbage,  13  per  cent  rubbish,  and  20 
per  cent  manure. 
The  steam  produced  by  burning  refuse  is 

utilized  for  a  variety  of  purposes,  such  as 

pumping  sewage,  or  water,  generating  elec- 
tricity, etc. 

Part  of  the  steam  venerated  from  refuse  in 
London,  Ont.,  is  used  for  heating  the  Victoria 
Hospital,  which  is  situated  50  ft.  away.  In 
one  city  72,000,000  ft.-lbs.  of  energy  is  derived 
from  every  ton  of  refuse  and  used  for  pump- 

ing sewage.    In  Liverpool  and  Rotterdam,  for 

Plant  (both  In  New  York). 
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COMPARISON    OF    WORK    ELEMENTS— OFFICI.\L   TESTS. 

Cost  per  ton.     Pounds  burned    Pounds  burned 

West  New  Brighton 
Clifton.  1913     

supervision and  labor. 

•$0.76 

0.41 

per  furnace man  per  hour. 

1,357 
3,330 

per  sq.  ft. 

per  hour. 
54.3 

144.2 

Per  cent  of 
time  furnace 
door  open. 

73.7 
5.1 

Mr.  Fetherston,  however,  expresses  his 
opinion  that  sotne  time  must  elapse  before  the 
complete  economy  of  the  mechanical  devices  is 
demonstrated. 

Conveyors  have  been  tried  in  several  in- 
stallations, but  owing  to  the  heterogeneous 

character  of  the  refuse,  they  have  not  always 
been  found  to  answer.  The  same  remark  ap- 

plies to  refuse  elevators,  etc.  The  three  buck- 
ets and  rake  elevators  in  use  at  the  Hackncv 

destructor  (London,  England)  capable  of  rais- 
ing 10  to  12  tons  per  lioiir,  are  found  to  be 

v>  ry  exnensive  to  maintain  and  are  liable  to 
serious  breakdowns. 

Hoppers  or  storage  bins  above  the  destructor 
furnaces  are  often  bound  to  be  unsatisfactory 
owing  to  the  tendency  of  the  refuse  to  bind 
and  arch  over  the  opening,  and  the  bulky  na- 

ture of  the  refuse  often  renders  the  hoppers 
inadequate  in  capacity,  in  which  case  some  citv 
authorities  store  the  refuse  in  the  carts  or 
wagons  and  thus  obviate  creating  a  nuisance. 
Iri  some  cases  the  refuse  in  bins  tends  to  ig- 

nite and  cause  an  emission  of  noxious  gases. 
In  recently  built  destructors  the  hoppers  are 
located  behind  or  in  front  of  the  furnaces  and 

are  sufficiently  large  to  hold  one  or  more  days' 

example,  the  electric  energ\-  generated  is  used 
for  street  railway  operation.  In  West  New 
Brighton  and  Clifton  plants  already  referred 
to,  a  large  quantity  of  steam  is  not  utilized 
owing  to  the  fact  that  the  New  York  City 
charter  prohibits  its  sale  and  consequently  no 
revenue  can  be  derived  in  this  manner,  this 
represents  a  loss  of  about  $7,500  per  annum. 
The  quantity  of  refuse  burned  at  each  of  these 
places  is  about  9,500  tons  per  year.  In  West- 
mount,  P.  Q.,  the  destructor  is  an  auxiliary 
enterprise  operated  in  the  same  building  as  the 
municipal  electric  lighting  plant,  the  steam 
generated  by  the  cremation  of  the  refuse  being 
used  in  the  production  of  electrical  energy. 
Messrs.  Hallock  and  Runyon,  the  engineers 
who  were  appointed  to  report  on  the  disposal 
of  refuse,  bv  the  City  of  Newark,  stated  that 
the  total  revenue  in  1910  for  electric  lighting 
and  destructor  plants  was  $102,149.17,  and  the 
total  cost  of  operation  of  the  combined  plant 

was  $75.426..38,  leaving  a  net  profit  of  $26.- 
722.79.  The  operating  costs  include  all  cpital 

charges  and  depreciation.  The  cost  to  the 

hLalth  department  for  the  refuse  destroyed 

was  $9,449.06  for  the  year.  The  ponulation  of Westmount  is  about   16,000. 
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One  incidental  result  of  good  steam  nroduc- 
tion  is  the  production  of  good  clinker,  which 

can  be  used  for  many  purposes.  Low  tem- 
perature cremation  results  in  soft  clinker 

which  is  not  only  useless  but  objectionable,  as 

it  cannot  be  used  and  it  often  contains  par- 
tially consumed  organic  matter.  Clinker  should 

he  well  fused  and  vitrified  and  this  can  only 
be  produced  by  maintaining  a  uniformly  liieh 
temperature  in  the  furnace. 
Good  clinker  is  used  for  making  pavement 

slabs,  for  sewage  filtering  media,  brickmakinf, 
crushed  into  sand  and  mixed  with  lime  for 
mortar,  etc. 

Reference  has  already  been  made  to  steam 
production.  In  the  earlier  plants,  the  boilers 
were  placed  in  the  furnace  directly  over  the 
fire,  but  it  was  found  that  the  cooling  effects 
of  such  boiler  militated  against  the  successful 
cremation  of  the  refuse.  The  next  step  was 

to  place  the  boiler  between  the  cells  and  al- 
though better  results  were  obtained,  the  mak- 

ers i  later  installation  have  located  the  boil- 
ers beyond  the  combustion  chamber.  By  this 

means  the  maximum  temperature  is  secured 
and  the  gases  adequately  combusted  before 
coming  into  contact  with  any  cooling  surfaces. 
The  figures  quoted  point  to  the  possibility  of 
developing  considerable  power  by  the  high 

temperature  cremation  of  refuse.  If  due  at- 
tention is  paid  to  the  fundamental  requisites 

of  a  destructor  the  cost  of  operating  the  same 

can  be  materially  reduced  by  the  sale  or  utili- 
zation of  the  steam  and  hard  vitrified  clinker 

produced. 
Some  disappointment  has  in  places  been 

experienced  owing  to  the  makers'  claims  being 
cxae'gerated  and  impossible  of  realization.  It 
would  of  course,  be  lolly  to  decry  every  new 
device,  arrangement  or  design,  until  it  has 
been  put  to  a  practical  test,  for  that  would  be 

tantamount  to  placing  an  embargo  on  all  legiti- 
mate developments,  but  experiments  are  costly 

and  occasionally  disturbing  as  was  recently 
found  to  be  the  case  in  a  large  plant  in  North 

.\merica.  whose  designers  received  due  pub- 
licity in  engineering  journals.  The  achieve- 
ments that  were  going  to  be  accomplished  fell 

short  and  the  works  are  now  being  improved. 
The  evolution  of  the  destructor  has  been 

slow  and  expensive  and  the  results  of  experi- 
ence in  all  parts  of  the  world  has  greatly  as- 

sisted the  makers  in  deciding  upon  the  arrange- 
ments, capacity  and  construction  best  suited 

for  the  refuse  produced  in  dififerent  places  in 
different  climes. 

New  York,  Westmount.  or  other  destruc- 
tors in  the  East  may  not  be  quite  suitable  for 

Western  refuse,  and  doubtless  this  is  the  case. 

Kach  city  has  its  ow-n  problem  to  solve  and  it. 
therefore,  behooves  that  the  authority  con- 

templating the  installation  of  a  destructor  cr 

incinerator  should  take  the  fullest  possible  ad- 
vantage of  the  experience  of  others  under 

similar  conditions  and  of  the  plant  best  suited 
to  satisfy  its  own  specific  needs. 

.\CKN0\VLEE  GHENT. 

The  foregoing  matter  is  from  a  paper  pre- 
pared  for  presentation  before     the     Canadian 

Public  Health  Convention,  at  its  scheduled 

annual  meeting,  by  Mr.  R.  O.  Wynne-Roberts, 
consulting  engineer,  Kegina,  Sask.  Owing  to 
unsettled  conditions  due  to  the  European  war 
the  meeting  was  cancelled  and  a  copy  of  the 
paper  was  sent  to  this  journal  for  editorial use. 

Results   Obtained  at  Abilene,  Kansas, 

in  16  Months  under  Commission- 

Manager  Government. 
In  order  to  prove  the  greater  economy  in 

transacting  city  business  under  the  commis- 
sion-manager form  of  municipal  government 

as'  compared  with  results  under  the  old  form 
of  government,  Mr.  Kenyon  Riddle,  city  en- 

gineer-manager of  Abilene,  Kans.,  cited  cer- 
tain savings  effected  in  that  city,  during  the 

past  16  months,  in  a  paper  before  the  annual 

convention  of  the  Kansas  League  of  Munici- 
palities. The  figures  cited  are  here  given  as 

are  the  general  results  obtained  at  Abilene 

during  Mr.  Riddle's  handling  of  the  city's  busi- ness. 

Sewer  Work. — In  sewer  work  ■5,.530  lin.  ft. 
were  laid  at  40  cts.  per  ft.     The  former  price 

has  been  in  force  at  .Abilene.  The  table  com- 

pares the  actual  cost  of  work  done  in  pros- 
pecting, connections,  repairs,  etc.,  under  the 

existing  conditions,  to  the  necessary  costs,  had 
the  past  work  of  the  water  works  department 
been  under  the  control  and  supervision  of  one 
cciuippcd  to  manage  that  class  of  work. 

This  same  evidence  of  waste  has  shown  up 

in  many  cases,  all  a  result  of  no  records  and 
a  lack  of  engineering  knowledge. 

Mr.  Riddle  also  points  out  a  few  instances 
of  waste  in  the  street  and  alley  department. 

These  data  are  given  in  Table  II.  This  waste 
is  due  to  the  fact  that  the  work  was  carried  on 

in  times  past  by  some  ordinarj'  laborer  acting 
as  street  commissioner,  under  the  supervision 
of  the  council. 

To  save  enumeration.  Group  1  in  Table  II 

was  a  singular  case,  there  were  three  others 
almost  identical  to  those  sighted  in  Group  2. 
and  four  similar  to  those  of  Group  3.  To  sum 

up  these  blunders,  the  total  waste  was  $2,050.75. 
The  intersections  mentioned  in  Table  II  have 

been  paved  within  the  past  two  years,  and  with 
the  necessary  cross  section  notes,  and  existing 

evidence  of  the  original  earth  grade  the  com- 
parative earth  work  costs  were  derived.  The 

grades,    which    were   correctly   established   by 

TABLE  I. -WATER  V.ORKS  EXPENDITURES   NECESSITATETD  IN  16  MONTHS  BY  L.ACK  OF 
RECORDS    AT    ABILENE,    KANS. 

Location. Neces- 
Amount     sary 
.spent,     amount. 

Olive  and  First       $4.50 
Kuney  and  Eleventti.. 
Buclieye  and  Third. 
Spruce  and  Second. 

Second  street      

40.00 
26.00 

19.50 

.  9.50 

Buckeye  avenue 

$0.00 
4.00 

2.00 

3.00 

2.00 

0.00 

Remarks.  Waste. 

-\ttempting  to  locate  main  under  street  to  be  paved. 
Found  in  parking   $     4.50 

An  effort  to  locate  cross  and  connect  an  extension..     36.00 
To  cut  off  old  line  under  pavement       24.00 
To  connect  an  extension  underneath  pavement       16.50 
Attempt  to  locate  and  cut  oft  aljandoned  line  under 

pavement            '^■''•' Unsuccessful;   may  burst  and  cause  damage.     To 
$7.50   add   further  possible   cost   of   prospecting 
and  probable  damage  from  leak. 

Necessarv  excavation  to  examine  line  in  street  to  be 
paved      ■     1200 

Total      $100.50 

was  60.3  cts.,  so  the  saving  was  $1,122. .59.  The 
cost  of  flush  tanks  installed  has  dropped  from 
$i;()  to  $51.80,  gi\ing  a  saving  of  $56.80  on  the 
four  installed.  Manholes  now  average  $23  as 

against  the  old  average  of  $40.80.  This  gave 
a  saving  of  $89  on  five  manholes.  The  total 
saving  on  sewer  work  was  thus  estimated  to 

be  $1,268.39. 
Water  Pipe  Extension. — The  present  cost  of 

installing  4  and  2-in.  pipes  are  10  and  6  cts. 
lower  than  the  old  costs.  On  2,-500  ft.  of  4-in. 
and  4.200  ft.  of  2-in.  the  saving  has  amounted 
to  $502. 

Street  Cleaning. — The  unit  cost  of  street 
cleaning  has  dropped  from  50  cts.  per  1,000 
sq.  yds.  to  34.2  cts.  In  cleaning  180,300  sq.  yds. 

three  times  during  the  past  16  months  the  sav- 
ing has  been  $876.95. 

W-\STE    IN    WATER    WORKS    DEP.VRTME.N'T. 
Listed  in  Table  I  is  certain  work  done  in 

the  water  works  department  during  the  past 
16  months,  the  period  of  time  during  which 
the   commission-manager   plan   of  government 

reputable  engineers   in    1889,  and   which   were 
totally  ignored  by  the  city,  made  it  possible  to 
estimate  the  cost  of  the  improvements  which 
should  have  been  made,  and  to  compare  with 

the   faulty   works   which   existed. 

Some  of  the  things  accomplished  within  the 

past  16  months  follow : 

A  complete  Ve-survey  of  the  town,  which  in- 
cluded the  locating  of  permanent  monuments. 

A  map  showing  the  recorded  measurements, 
together  with  actual  measurements,  and  record 
of  all  monuments  with  their  ties  and  guides  to 
assist  in  future  surveys. 

A  system  of  blanks  and  maps  to  aid  in  re- 
cording all  new  underground  work  and  for 

obtaining  records  of  existing  underground 
work,  not  recorded  in  the  past. 

A  schedule  and  log  sheet  for  the  dragging 
districts. 

A  diary  or  history  of  all  construction  work 
done  under  guarantee,  to  serve  as  evidence  of 
doubtful  material  or  workmanship. 

Cost  data  sheets  of  all  municipal   work,   to 

TABLE  II.- 

Location. 

Third  and   ilulber 

-WASTE  IN  STREET  DEPARTMENT  OF  ABILENE  DUE  TO   IGNORING  OF  ESTABLISHED  GRADES  IN  PAST  YEARS 

First   and    Buckeye. 

Si.xth  and    Kuney. 

Cedar  and    Fiftli 

Amount  spent  to  bring  street 
to  established  grade. 

.Excavation      $  70.00 
Taking  out  culverts      .-3-0" 

Lowering   manhole      '  5.00 Lowering    sidewalks       21.00 

$120.00 .  Excavation      $  75.25 
Disposing   of  culvert       12.0iJ 
Lowering   manhole         7.00 
I.x)wering   sidewalks       24.00 

$118.2') 

...$  80.00 

9.00 3.00 ...     12.90 

$104.00 
.E.\cavatioli      ?  -"iS.OO 
Ivov.-erin.g   manliole         4.i)0 
Lowering   sidewalks       24.00 

$63.00 

Necessary  expense,   liad  sys- tem of  established  grades 
I'een  followed  in  past lOxcavation 

Two  concrete  gutters. . 
.$31.59 

24,00 

$53.^0 

Cost  of  existing  useless  im- 
provements which  had  to 

be  removed. 
Tv/o  concrete  culverts.  ..$250.00 
Unnecessary   fill       44  00 

Waste 

.  I'^xcavation      
Disposing  of  culvert. 
Lowerin.'T  manhole... 
Lowerin.g    sidewalk  .  . . 

Excavation 
One  gutter 

I->:ca\'ation 
One  gutter 

Excavation 

.$35.00        One  culvert    .   12.1-9        Unnecessary    filL $291,110 
.$150.00 
.     46.00 

$17.'  0 

.?i:!.;i0        One  culvert   
12.00        Unnecessary  fill. 

$55.00 
.$14.00  Unru-i  i->.->iii,>    lill 

$14.00 

$l;ii;.Ort 

.$140,011 

.■   12.011 

$182.00 

Cedar  and  Sixth. .Practically  the  sa^ue  as  above. 

$:«7.2r, 

$231.00 

$77.00. 
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be  used  as  a  guide  in  future  work  of  a  similar 
nature. 

The  laying  out  of  the  paved  area  into  dis- 
tricts, in  order  to  experiment  on  modes  of 

clearing  and  to  study  results,  so  as  to  apply 
the  most  efficient  methods  to  particular  dis- 
tricts. 

.\  thorough  examination  of  the  sewer  sys- 
tem, to  detect  sluggish  sewers,  and  to  adjust 

the  How  of  water  into  flush  tanks. 
An  over-hauling  of  the  water  pumping  plant, 

and  a  contract  let  to  a  private  power  company 

to  deliver  all  water  to  the  city's  distribution 
system  for  $1,000.00  less  than  it  had  cost  the 

city  the  previous  year,  making  the  rate  "2% 
cts.  per  1,(M'0  gals,  meter  measure. 
Readjustment  of  rates,  based  on  a  sliding 

scale,  cutting  the  price  of  luO.OOO  gals,  from 
f30  to  $15.50, 
A  survey  of  all  existing  tree  lines  in  the 

streets,  to  aid  in  the  formulation  of  an  ordi- 
nance regulating  these  lines. 

The  adoption  of  standard  plans  and  specifi- 
cations for  every  class  of  work  coming  under 

the  city's  control  and  regulation. 
The  inspection  of  all  plumbing,  sewer  and 

water  lines,  chimney  construction,  meters,  elec- 
trical work,  etc. 

The  re-establishment  of  a  complete  system 
of  grades,  and  the  rigid  recognition  of  this 
svstem. 

Some    Faults    of   Engineers    from    the 

Contractor's  Viewpoint. 
Probably  tlic  majority  of  young  engineer- 

ing graduates  go  upnn  their  tirst  construction 
job  with  a  firm  belief  that  contractors  are  de- 

termined to  take  advantage  of  engineers  at 
every  opportunity.  Consequently  the  young 
engineer  is  inclined,  oftentimes,  to  get  the 
best  of  the  contractor  before  the  contractor 
gets  the  best  of  him.  Some  aspects  of  this 
matter  and  its  effect  on  bidding  prices  were 
discussed  recently  before  the  .Mbany  Society 
of  Civil  Engineers  by  Mr.  Richard  \\.  Sher- 

man, chief  engineer  of  the  New  York  State 
Conservation  Commission.  The  following 

paragraphs  are  from  Mr.  Sherman's  paper: 1  have  known  experienced  contractors  who, 
when  they  read  a  list  of  engineering  grad- 

uates, said,  with  an  air  of  despair ;  "Sec  what 
has  been  turned  loose  on  us  now."  Contract- 

ors dread  the  "boy  engineer"  just  from  col- 
lege without,  as  a  rule,  any  practical  experi- 
ence in  construction.  Experience  as  con- 

tractors has  taught  them  that  the  engineer 
just  graduated,  with  a  few  exceptions,  is 
preiudiccd  against  contractors.  These  young 
engineers  arc  extremely  technical.  They  ex- 

pect a  literal  comnliance  with  every  provision 
of  the  contract  obligations  by  the  contractor, 

concede  the  contractor  few,  if  any,  rights; 
consider  the  engineer  as  infallible  and  final  in 
all  matters  under  the  contract  and  almost 

scoff  at  the  contractor's  views  of  his  rights 
and  his  construction  of  the  meaning  of  con- 

tracts and  specifications.  They,  as  a  rule,  are 
conceited,  opinionated,  arbitrary,  unjust  and 
unmerciful.  This  is  about  the  state  of  de- 

velopment in  which  a  large  majority  of  en- 
gineers start  out  on  their  professional  careers 

With  few  exceptions,  they  immediately  begin 
to  improve,  to  lose  much  of  their  conceit,  to 
learn  that  their  opinions  are  not  infallible  and 
to  be  less  arbitrary  and  more  just. 

Contractors  are  largely  influenced  by  their 
opinions  of  engineers.  The  engineer  who  has 
a  reputation  for  ability,  honesty,  fairness  and 
good  disposition,  will  attract  bidders  for  any 
work  of  which  he  has  charge  and  the  desire 
to  do  work  under  him  would  be  an  incentive 
to  reasonably  low  prices.  On  the  contrary,  if 
contractors  consider  an  engineer  incompetent, 

dishonest,  an  inebriate  or  of  a  cranky  disposi- 
tion, they  will  often  avoid  bidding  on  the  work 

of  which  he  has  charge  or  add  to  their  bids 
a  sum  which  they  hope  will  cover  the  excess 
cost  of  the  work  due  to  the  unfavorable  at- 

tributes in  the  makeup  of  the  engineer.  It 

is  a  feature  of  contracting  to  "size  up"  the engineer  with  as  much  accuracy  as  possible, 
and  many  contractors  become  very  expert 
thereat. 

In  bidding  for  work,  contractors  are  almost 
as  sensitive  as  weather  vanes.  As  a  rule,  they 
run  quite  a  risk  of  loss  if  they  bid  too  low  ; 
and  the  engineer  is  at  least  one  of  the  most 
important  features  in  the  situation,  as  by 
reason  of  the  characteristics  of  the  engineer 
it  may  be  possible  to  make  a  profit  at  a  given 
hid  under  one  engineer  and  impossible  to 
avoid  a  loss  under  some  other  engineer  with 
all  conditions,  aside  from  the  engineer  him- 

self, precisely  similar. 

Contractors  who  do  not  care  for  the  con- 
tract often  bid  fafrly  high  without  any  ex- 

pectation of  securing  the  contract,  but  merely 
to  avoid  a  reputation  among  contractors  of 
being  low  bidders  and  with  the  bare  chance 
of  getting  the  work  at  good  prices.  Exces- 

sively high  bids  are  usually  the  result  of  lack 
of  knowledge  of  the  value  of  the  work,  lack 
of  time  to  become  familiar  with  it,  and  not 
infrequently  from  a  variety  of  reasons  by 

which  the  engineer  has  been  "sized  up"  so 
unfavorably  by  some  contractors  that  thev  do 
not  want  the  work  under  him.  are  prejudiced 
against  him  and  the  work  and  consequently 
unintentionally  or  otherwise  bid  too  high.  The 
treatment  which  bidders  think  they  will  re- 

ceive from  the  engineer  if  they  secure  the 
work  is  an  important  feature  of  the  bidding. 

If  an  engineer's  preliminary  estimate  is  be- 
lieved to  be  too  low  it  drives  away  bidders 

and  tends  to  indifferent  high  bidding.  Some 
over-anxious  contractors  may  be  influenced 
thereby, to  bid  too  low.  They  may  secure  the 
work,  in  which  event  the  engineer  has  an  un- 

pleasant task  during  construction.  There  is 
almost  sure  to  be  a  disposition  on  the 
part  of  the  contractor  to  save  himself  from 
loss,  and  he  is  thus  tempted  to  slight 
or  cheat  in  the  quality  of  the  work 
which  the  engineer  tries  to  prevent  (as 
he  should).  The  engineer.  no  matter 
how  fair  and  just  he  may  be  to  the  con- 

tractor, will  usually  end  with  a  feeling  of 
enmity  toward  hini.  Both  contractor  and  en- 

gineer are  in  some  degree  injured  by  the 
work  having  been  done  at  less  than  cost.  It 
is  detrimental  to  an  engineer  to  make  a  prac- 

tice of  making  his  preliminary  estimates  high- 
er than  the  prices  at  which  it  is  later  found 

the  work  can  be  let  to  reliable  parties.  On 
the  other  hand,  great  annoyance  and  trouble 
and,  in  most  cases,  detrimental  features  which 
ui  one  way  and  another  cause  loss  to  the 
owner  and  detriment  to  the  reputation  of  the 
engineer  result  from  making  preliminary  es- 

timates too  low. 

In  the  matter  of  monthly  and  final  estimates, 
contractors,  particularly  those  ignorant  of  en- 

gineering, are  very  prone  to  suspect  that  en- 
gineers have  underestimated  or  cheated  them. 

There  never  has  been  any  good  reason  why 

contractors  should  not  check  up  measure- 
ments and  quantities  even  if  it  is  necessary 

to  employ  contractors'  engineers  to  do  so. In  large  contracts  this  has  been  the  custom 
for  some  years  and  is  becoming  more  so. 
Many  more  engineers  than  formerly  are  en- 

gaged in  contracting  and  this  feature  adds  to 
the  practice  of  contractors  measuring  and 
checking  up  estimates.  It  is  to  be  hoped  that 
this  practice  will  become  general. 

Great  injustice  has  been  done  engineers,  as 

many  intelligent  contractors  know,  by  the  per- 
petual suspicion  that  the  engineer  is  under 

of  having  cheated  contractors.  There  is  sel- 
dom a  motive  other  than  spite  for  an  engineer 

to  cheat  a  contractor  and  the  spite  cases  I  be- 
lieve to  be  very  rare.  In  small  w^orks,  for  in- 

stance, such  as  village  water  works  and  sew- 
ers, some  engineers  may  be  tempted  to  un- 

derestimate in  order  to  keep  the  cost  of  the 

work  down  to  the  preliminary  estimate  or  ap- 
propriations, I  trust  there  are  not  many  such, 

but  I   fear  there  are  some. 

.•\n  indolent,  indifferent  engineer  and  also  a 
procrastinator,  are  torments  to  contractors 
and  a  cause  of  considerable  unnecessary  cost 
in  executing  the  work. 

ROA n AND 
Organization    for    and    Methods    and 

Cost  of  State  Aid  Road  Construc- 
tion in  Alabama. 

(Staff  .Xrticle.) 
ORr,,\NI7..\TION. 

The  state  highway  commission  of  .Mabama 
consists  of  five  members:  the  state  geologist, 
a  professor  of  engineering  in  the  Alabama 
Polytechnic  Institute,  and  three  civilians  ap- 

pointed by  the  governor,  who  hold  office  for 
four  years.  The  commission  serves  without 
pay  and  has  general  authority  in  the  interpre- 

tation of  road  laws  and  outlining  the  state's 
policy  in  road  improvements. 
The  state  highway  engineer  selected  by  ihe 

commission  acts  as  iheir  executive  officer.  The 
selection  of  state  aid  roads,  the  determination 
of  the  character  of  improvement  and  the  su- 

pervision of  construction  are  (luties  of  the 
state  engineer  together  with  the  collection  of 
informaticm  and  the  preparation  of  a  general 
highway  plan  for  Ihe  state. 

In  this  state  the  county  is  the  unit  of  gov- 
ernment in  road  and  bridge  construction  and 

Finished  Road 

Fig.  1.     Typical  Cross  Sections  for  Sand-Clay  Roads, 

maintenance,    the    state    highway    commission 
having  authority  only  over  state  aided  roads. 

County  road  affairs  are  in  the  hands  of  boards 
of  county  commissioners  or  boards  of  revenue 
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that  apportion  funds  for  county  roads  and 
perform  other  necessary  duties.  Many  conn- 
tics  maintain  county  convict  gangs  or  employ 
road  forces  under  the  supervision  of  county 
road  foremen.  These  forces  are  constantly 
employed  on  work  within  the  various  counties. 
State   aid    road    construction   supplements   the 

priated  and  rendered  available  a  sum  equal  to 
the  amount  to  be  received  from  the  state.  .Ac- 

companying the  application  shall  be  attached 

the  probate  judge's  certificate  or  treasurer's receipt  showing  that  the  county  has  set  aside 
a  fund  to  be  known  as  the  state  aid  road  fund 
to  be  used  jointly  by  the  state  and  county. 

Fig.  2.     Typical   Cross   Sections  for    Gravel    and    Chert    Roads.     Note  Profile  Grade. 

work  of  the  various  counties.  Engineering 

.\ND  CoNTR.\CTiNG  for  June  24,  1914,  gives  fur- 
ther data  upon  the  present  organization. 

STATE    AID    FUNDS    AND    METHOD    OF    APPORTION- 
MENT. 

A  cash  appropriation  is  made  by  the  state 
legislature  which  is  apportioned  equally  to  the 
various  counties  on  condition  that  the  counties 
provide  an  equal  amount.  In  1013  the  state 
appropriation  was  $154,000,  less  the  expenses 
of  the  commission,  and  the  amount  apportioned 
was  about  $2,000  to  each  county.  In  some 
cases  $4,000  was  apportioned.  County  aid  if 
not  used  may  accumulate  for  several  years  and 
be  used  at  the  termination  of  a  period  of 
years. 

A  county  desiring  aid  makes  application  to 
the  state  highway  commission.  The  approval 
of  the  application,  the  preparation  of  plans 
and  specifications  and  the  supervision  of  the 
actual  construction  are  under  the  direct  con- 

trol of  the  state  highway  engineer.  After  the 
completion  of  a  state  aid  road  maintenance  is 
in  the  hands  of  the  county,  but  if  such  main- 

tenance is  not  performed  as  directed  by  the 
state  the  commission  has  authority  to  main- 

tain the  road,  deducting  the  cost  thereof  from 
future  state  aid  appropriations  to  the  county. 

TOPOGRAPHY    AND    SOCIAL    CONDITIONS. 

The  state  of  Alabama  is  mountainous  in 

the  northern  section,  hilly  in  the  central  sec- 
tion and  somewhat  rolling  in  the  southern  por- 

tion. Stone  or  gravel  is  well  distributed 
throughout  the  state  and  natural  sand-clays 
are  abundant  in  portions  of  it.  The  soil  for 
the  most  part  is  of  a  residual  type  composed 
of  sand  and  clay,  although  in  the  valleys  and 
along  the  coast  alluvial  soil  is  found. 

For  the  most  part  the  state  is  sparsel^^  set- 
tled and  the  main  occupation  of  the  inhabitants 

is  that  of  farming.  In  the  northern  portion 

are  many  mines  and  there  is  much  manufac- 
turing there.  The  negro  population  is  large 

and  most  public  works  are  carried  on  with 
this  class  of  labor. 

Selection  of  H'ork  to  Be  Perfonned.— The 
commissioners'  court  or  board  of  revenue  des- 

ignates the  section  of  road  to  be  improved. 
No  financial  aid  will  be  given  any  county  by 
the  state  unless  the  contemplated  work  is  to 
be  on  a  main  traveled  thoroughfare,  culvert 
or  bridge  and  unless  the  improvement  is  to 
be  of  a  permanent  nature  and  a  public  utility 
and  convenience.  The  state  highway  commis- 

sion approves  the  contemplated  work  upon  re- 
port of  the  state  engineer  or  his  assistant.  In 

the  construction  of  roads,  one  year's  appro- 
priation  is   used   on    a   continuous   section    of 

Kides  of  Coitstnutioii. — The  widlh  (if  the 
travel  way  of  any  state  aid  road  must  not  be 
less  than  2u  ft.  between  side  ditches.  The 
siiace  between  the  improved  surfaced  part  of 
any  road  and  the  ditches,  known  as  the  shoul- 

ders, shall  not  be  less  than  4  ft.  each  in  width 
and  the  surfaced  part  on  macadam  roads  shall 
he  not  less  than  10  ft.  in  width.  On  gravel 
roads,  the  surfaced  or  graveled  width  shall 
not  be  less  than  12  ft.  Sand-clay  may  be  placed 
any  width  e-xceeding  14  ft.,  but  not  less  than 
14  ft.  The  depth  of  surfacing  material  will 
vary  with  the  quality  of  the  material  and  will 
be  left  to  the  judgment  of  the  state  highway 
engineer  or  his  assistant.  The  grade  of  any 
state  aid  road  shall  not  exceed  o  per  cent. 
The  best  surfacing  material  near  the  work 
may  be  used  and  it  must  be  approved  by  the 

state  highway  engineer  or  his  assistant.  Speci- 
fications for  the  construction  of  any  state  aid 

road  or  bridge  shall  be  prepared  by  the  state 
highway  engineer.  Where  a  county  has  a 
competent  county  engineer,  he  may  prepare 

plans,  profiles  and  specifications,  but  such  speci- 
fications must  be  submitted  to  the  state  high- 

way engineer  for  his  approval  or  disapproval, 
or  for  such  changes  as  he  may  deem  wise. 

Change  in  Location. — In  order  to  secure  a 
good  alignment  and  not  exceed  the  maximum 
grade  or  to  secure  a  better  foundation,  it  is 
often  necessary  to  make  changes  in  the  old 

road.  Such  changes  in  location,  where  neces- 
sary for  good  construction,  in  the  opinion  of 

the  state  highway  engineer,  shall  be  adopted 
by  the  county,  and  such  disposition  of  the  old 
road  made  as  the  county  sees  fit.  The  state 
will  not  be  responsible  for  damage  to  crops  or 
land  caused  by  change  in  location  of  a  road 
or  by  the  change  of  the  flow  of  water  caused 
by  the  construction  of  a  road  or  culvert. 

The  state  highway  engineer  is  the  executive 
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ished  Road 

Fig.    3.     Typical     Cross    Sections    for    Gravel    and     Chert    Roads.      Note Grade. 

road.  However,  a  different  road  may  be  se- 

lected each  year,  or  if  two  years'  appropriations 
are  being  used,  half  may  be  used  on  one  road 
and  half  on  another. 

Length  of  Road. — The  construction  begins  at 
the  point  designated  and  continues  as  far  as 
possible  with  the  funds  in  hand. 

Right  of  (I'aj.— Width  of  right  of  way  of 
all  state  aid  roads  must  not  be  less  than  oO 
ft.  and  must  be  acquired  by  the  county,  either 
by  donation  by  the  owners  of  lands  througli which   such   road 

agreement 

Fig.  4.     Typical  Cross  Sections  for  Gravel  and  Chert   Roads.    Note  
  Profile  Grade. 

METHOD    OF    STATE    SUPERVISION. 

The  methods  employed  by  the  state  in  the 
supervision  of  construction  work,  as  stated  in 
a  recent  report  of  the  commission,  are  given 
below. 

Al>plieation  for  Wi'rf.— No  financial  aid  is 
given  by  the  state  until  the  county  has  appro- 

lietween  the  owners  and  the  proper  authori- 
ties in  such  county,  or  by  the  exercise  of  the 

proper  eminent  domain;  without  expense  to 

the  state  and  exclusive  of  the  $2,000.00  appro- 
priation made  by  the  county.  Right  of  way 

must  be  secured  before  any  contract  is  let  or 
construction  work  begins. 

oflScer  of  the  commission,  and  he  has  charge 
of  all  state  aid  work.  All  employes  on  state 
aid  work  are  subject  to  his  orders.  Upon 
requisition  in  writing  from  the  state  highway 

engineer,  the  county  or  contraclur  shall  dis- 
charge any  employe  engaged  in  state  aid  work, 

provided  no  man  be  discharged  except  for 
cause.  The  following  reasons  shall  be  deemed 
cause  for  discharge :  incompetency,  dishonesty, 
drunkenness,  insubordination  and  misconduct. 

The  Surzey. — The  state  makes  a  survey  only 
long  enough  to  cover  the  amount  of  money  to 
be  expended,  or  to  secure  proper  alignment. 
If  any  county  wishes  to  continue  the  survey 
were  the  state  aid  survey  stops,  or  make  an- 

other survey,  the  county  employs  the  engineer. 
The  commission  allows  resident  engineers, 
when  not  engaged  on  work  for  the  state,  to  do 
this  work.  The  state  highway  engineer  will 
consult  and  advise  witli  any  county  relative  to 
any  survey  work  on  any  highway  other  than 
that  upon  which  the  state  aid  money  is  ex- 

pended. 
Resident  Engineers. — Application  being  made 

and  approved  and  the  road  selected,  the  county 
will  be  furnished  an  engineer  as  soon  as  pos- 

sible. I\esident  engineers  are  required  to  fur- 
nish their  own  instruments,  rods,  chains,  etc. 

The  commission  furnishes  profile  paper,  note 

books,  keel,  report  blanks,  pay  rolls,  estimate 
blanks,  etc. 

Salary  of  Resident  Engineers.— Resident  en- 
gineers are  paid  at  the  rate  of  $-5.00  per  day 

and    they    pay    their    own    maintenance    after 
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reaching  a  countv,  Rodmen,  cliainmen  a

nd 

helpers  are  allowed  the  resident  engineer  a
nd 

paid  for  at  a  reasonable  rate.  Where  possible,
 

an  engineer  is  used  in  more  than  one  county
. 

When  en  route  to  a  county,  his  expenses  are 

^.Uowed,  such  as  railroad  fare,  board  and  lo
dg- 

ing,  charges    for   checking   and    hauling   bag- 

and  allowing  a  reasonable  amount  per  da
y  for 

teams  and  drivers  belonging  to  the  cou
nty  or 

hiring  teams.  If  this  method  is  adopte
d,  no 

supplies  are  paid  for  and  no  "^bor 
 or  teams 

maintained.  The  other  method-all  
labor  is 

paid  for  at  the  rate  paid  by  the  coun
tN  and 

teams   arc   maintained,  but   no  allowance 
  per 
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Section  on  A-A Jp  Stream  End  Elevot
ion 

Fig.  5.     Standard    Rubble   Culvert   Design 

Flag  stone  to 
prevent  undermining Down  Streom  End  Elev 

gage  and  nectsiary  expenses  incurred  by  the 

work.  In  going  from  one  county  to  another, 

the  countv  to  which  he  goes  pays  the  expense 

incurred  reaching  that  county  one  way  only. 

Ml  salaries  of  the  resident  engineer,  rodmen 

and  helpers  and  their  traveling  expenses  are 

paid  out  of  the  joint  fund  of  the  state  and 

county  and  charged  to  the  road.  All  expenses 

must  be  shown  in  detail  and  receipts  attached 

for  all  expenditures  over  $1.00,  except  rail- 
road fare.  Engineering  pay  rolls  are  made  out 

in  duplicate  at  the  end  of  the  month  and  both 

the  original  and  duplicate  sent  to  the  office 

for  approval.  The  duplicate  is  retained  in  the 
office  and  the  original  returned  for  payment. 

Probate  judges  should  see  that  all  engineering 

pay  rolls  and  other  vouchers  are  approved  bv 
the  state  highway  engineer  before  payment. 

How  the  Work  Shall  Be  Done.— The  com- 
missioners' court  or  board  of  revenue  shall 

say  whether  the  work  shall  be  done  by  con- 
tract, by  their  own  forces  or  by  hired  forces. 

Contract  IVork.—li  the  work  is  to  be  done 

by  contract,  the  law  requires  that  bids  be  ad- 
vertised for  30  days  before  bids  are  received. 

•\  copy  of  the  plans  and  specifications  are  on 

lile  with  the  probate  judge  and  in  the  office  of 

the  commissioners  for  the  information  of  con- 
tractors. On  the  date  of  receiving  bids,  the 

state  highway  engineer  or  his  assistant  is 

present  to  open  bids  and  advise  the  county 
whether  to  accept  or  reject  them.  If  bids  arc 

satisfactory,  the  engineer  recommends  that 

the  work  be  awarded  to  the  lowest  responsible 

bidder.  The  slate  highway  engineer  will  say 

when  a  bidder  is  responsible.  All  contracts 

are  made  conditional  upon  the  approval  of  the 

commission.  Contracts  will  be  approved  or 

rejected  by  the  commission  at  the  first  regular 

meeting  after  they  have  been  awarded.  A 

bond  equal  to  double  the  amount  of  the  con- 
tract will  be  required  on  all  state  aid  contracts. 

Monthly  estimates  are  given  the  contractors 
for  the  work  performed. 

Couuly  Forces.— 1i  a  county  owns  its  own 

equipment,  such  as  wheel  and  drag  scrapers, 
road  machine,  roller,  plows  and  small  tools, 

the  work  can  be  done  with  its  own  force?. 

The  state  is  not  responsible  for  damage  to 

any  machinery,  tools  or  teams  engaged  in  the 
construction  of  state  aid  roads.  The  state 

will  not  buy  any  machinery,  tools,  supplies, 

etc.,  except  those  actually  consumed  in  the 

work,  such  as  cement,  pipe,  lumber  for  bridges, 

or  forms,  dvnamitc,  nails,  etc.  Such  items  as 

shovels,  picks,  harness,  etc.,  every  outfit  should 

have,  and  they  can  no  more  be  paid  for  than 

wheel  scrapers,  road  machines  and  rollers. 

Small  repairs  necessary  while  work  is  in  prog- 
ress will  be  paid  for. 

There  are  two  ways  of  working  county 

forces.  One  in  which  all  labor  is  paid  for  at 

the  prevailing  price  of  labor  in   that   soition 

dav  for  teams  will  be  made. .  When  convicts 

are  used  both  men  and  teams  are  maintained 

and  the  salaries  of  foremen  and  guards  are 

paid  out  of  the  joint  fund  of  state  and  county until  it  is  exhausted. 

DET.\ILS    OF   CONSTRUCTION. 

Cross  sections.— Figures  1  to  4  illustrate 

typical  cross-sections  used  on  state  aided 
roads.  It  will  be  noted  that  heavy  grading  is 

finished  to  a  flat  cross-section  shown  on  the 

profile.  Fine  grading  and  shaping  forms  the 

flat  surface  to  the  desired  cross-section.  The 

relation  of  the  finished  cross-section  to  the 

flat  grading  is  shown  on  the  plans. 
The  following  abstracts  from  specifications 

of  the  commission  describe  the  the  details  of 

construction  used  on  various  types  of  roads. 
EARTH  ROADS. 

Grading  and  Grubbing.— The  completed  grade 
niu.-;t  conform  to  the  grade  as  established  and 

.■ihown  by  profile  in  the  office  of  the  State  High- 
way Engineer  at  Jlontgomery  and  stakes  set  by 

the  County  Engineer.  Nothing  other  than 

earth,  gravel  or  stone  will  be  allowed  ~in  any 
embankment  and  all  brush,  logs  or  matter  that 
will  decay  must  be  removed. 

All  decayed  stumps  must  he  grubbed  up. 

Creen  stumps  will  be  allowed  where  there  is 

as  much  as  eighteen  inches  of  earth  fill  over 

the  top  of  same,  when  grade  calls  for  less 

tlian  eighteen  inches  of  fill  over  top  of  green 

.-stumps,  -said  stumps  must  be  grubbed  up.  The 

grade   when   completed  must   have   a   crown   or 

top   width   of         feet.      This   width   applies 

to  both  grade  on  embankments  and  in  cuts. 

Side  ditches  or  gutters  must  be  made  in  cuts 

of  sufficient  width  and  depth  to  carry  all  water 

reaching  the  road  during  the  heaviest  rainfall. 

Such  ditches  where  emptying  from  cuts  to 

embankments    must    be    turned    so    as    not    to 

accounted  for.  Material  taken  from  excava- 
tions shall  be  deposited  in  embankments  unless 

otherwise  ordered  by  the  Resident  Engineer. 

Over- Haul. — The  engineer  will  indicate  on 

profile  where  the  distance  of  haul  exceeds  500 
ft.  All  earth  moved  more  than  500  ft.  shall 
be  known  as  over-haul  and  shall  be  paid  for  at 

the  rate  per  cubic  yard  bid  by  contractor  plus 
   cent  for  each  additional  100  ft.  over  500  ft. 

Classification  of  Material.— Excavations  will 
be  classified  under  the  following  heads,  viz: 

earth,  loose  rock,  and  solid  rock. 
Earth  will  include  loam,  clay,  sand,  gravel, 

marl,  decomposed  rock  and  slate,  stone  and 
boulders  containing  less  than  one  cubic  foot  of 

material,  and  all  other  material  of  any  earthy 

kind,  however  hard,  stiff  or  compact.  Loose 

rock  will  include  all  boulders  and  detached 

masses  of  rock  over  one  cubic  foot  in  bulk,  and 

less  than  one  cubic  yard;  also  all  slate,  coal, 

shale,  and  other  rock  soft  or  loose  enough  to 

be  removed  without  blasting,  although  blast- 

ing may  occasionally  be  resorted  to.  Solid 
rock  will  include  all  rock  occurring  in  masses 

of  more  than  one  cubic  yard  and  which  in  the 

judgment  of  the  engineer  requires  blasting.  In 

road  alterations,  or  changes  of  water  courses, 

the  contractor  will  be  entitled  to  the  same  com- 

pensation as  for  like  material  on  the  same 
section. 

Berms.— Where  fills  of  as  much  as  two  (2) 

feet  are  made  from  side  ditches  or  borrow  pits, 

berms  4  ft.  in  width  shall  be  left  between  such 

ditches  or  borrow  pits  and  the  toe  of  the  fill. 

Finished  Grade.— The  finished  graded  road 

must  have  a  smooth  even  surface,  tree  from 

holes  or  high  places  and  must  be  to  grade 

established   and   shown   on   profile.     The   width 

between  ditches  must  be     ft.  at  all  points. 

The  tall  from  center  of  road  to  side  ditches 

must  be  at  the  ratio  of  one  inch  to  one  foot. 

On  grades  this  tall  must  be  increased  suffi
- 

ciently to  carry  water  that  falls  on  the  road 

to  side  ditches  instead  of  down  the  road.  Side 

ditches  or  gutters  must  be  parallel  to  the 

center  line  of  the  road  and  tree  from  any 

obstruction. 

Grades  to  Be  Surfaced.— Before  any  State  Aid 

Road  is  surfaced  with  gravel  chert,  stone,  sand- 

clay  or  other  surfacing  material,  it  shall  be 

graded  in  accordance  with  the  foregoing  speci- 
fications, with  the  exception  that  road  bed 

must  be  either  flat  or  have  a  crown  not  ex- 

ceeding a  rise  of  %  inch  to  the  foot. 

Payments.— The  grading  will  be  paid  for  in 

excavation  only.  If  the  excavation  exceed
s 

the  embankment  all  wasted  material  is  paid
 

for  If  the  excavation  is  not  sufficient  to  ma
ke 

the  embankment  the  borrow  will  be  paid  for
. 

Payments  for  the  work  done  shall  be  m
ade 

monthly  on  the  estimates  furnished  by  t
he 

Resident  Engineer  upon  being  approved  by  th
e 

State  Highway  Engineer;  15  per  cent  bei
ng  re- 

served until  the  work  is  completed  and  accepted 

by  the  State  Highway  Engineer. 

SPECIFICATIONS  FOR  TOP  SOIL  OR  SAN
D 

CLAY  ROADS. 

Before  any  top  soil  or  sand  clay  is  brough
t 

on  the  road  the  finished  grade  must  be  sm
ooth 

and  true  to  cross  section  and  grade  shown 
 on 

profile,  free  from  dips  and  high  places
  and 

must  have  a  crown  of  %  in.  to  the  foot. 
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Fig.  6. 
wash  said  embankments.  The  slope  of  em- 

bankments will  be  IV-  ft.  horizontal  to  1  ft. 

vertical  and  the  slope  in  cuts  will  be  one  foot 

horizontal  to  one  foot  vertical.  The  right  to 

alter  the  slopes  is  reserved,  but  in  all  cases 
will  be  shown  by  slope  stakes,  and  all  changes 

in  earth  quantities  will  be  properly  shown  and 

Gross  Section 

Standard    Wooden    Bridge    Design. 

Top    soil    or    sand    Clay.-The    fi
nished    road 

«hall  have  a   crown  or  slope  to  the  dit
ches  of 

inch   to  the   foot.     The  top  soil  or 
 sand 

clay  shall  be    inches  deep  and   . ....  ■  feet 

wide  with  a  4  ft.  shoulder  on  each
  side.  Top 

soil  or  sand  clay  will  be  used  from
  P'ts  along 

the  right  of  way  and  they  wiU  be  
designated  by 
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the  engineer.  No  top  .soil  or  sand  clay  sliall 
be  placed  on  the  road  until  it  has  been  in- 
.<:pected  and  passed  by  the  engineer.  The  top son  or  sand  clay  shall  be  free  from  all  trash 
and  foreign  matter  and  shall  contain  no  rocks 
or  boulders  that  will  not  pass  through  a  1>^  in. 
ring.      If   any    such    non-road    building   material 

.<?o  as  to  pull  the  sand  clay  or  top  soil  toward the  center.  The  shoulders  should  then  be 
pulled  up  against  the  sand  clay  or  top  soil  by 
the  use  of  the  grader  and  the  entire  road  bed 
sniiiothed  and  trimmed  to  the  cross  section 
.•shown   on   the   plan. 

Thi.s  shaping  and  dressing  should  be  kept  up 

W 

Cross  Section  Abutment 

-Z'Pipe 

-^   -   8^6'^     - 

■5r7 

^o^  fy>^-Expdi  Mefol I      'J     '^■^jT^      n  °  *  o     '^    ,.    "J     ̂  

tlti^:-,3' 

P^v~i~ 

Cross  Section  of' Floor  and  Parapet 

K]  Minimum  Depth 

Longi+udinal    Section 
End  Elevation 

Fig.  7.     Standard    Concrete    Bridge    Design. 

is   placed  on   the   road   it  must  be   removed   by 
the   contractor   at   his   own   expense. 

All  top  soil  or  sand  clay  pits  will  be  fur- 
nished by  the  county  and  the  price  bid  by  the 

contractor  is  for  loading,  hauling,  dumping, 
spreading,  shaping  and  maintaining.  The  top 
soil  or  sand  clay  will  be  paid  for  by  the  cubic 
yard  measured  in  wagons  before  it  is  dumped. 
If  any  other  means  is  used  to  apply  the  sur- 

facing as  by  wheelers  or  shoveling,  the  top 
soil  or  sand  clay  will  be  paid  for  by  road  bed 
measurement  and  the  yardage  will  he  arrived 
at  by  multiplying  the  depth  by  the  width  and 
the  length,  in  feet,  of  the  surface  top  soiled  and 
divided    by    twenty-seven. 
The  pits  from  which  the  top  soil  or  sand 

clay  will  be  taken  are  located  at  Station    
The  pits  are  furnished  by  the  county  and  the 

contract  price  bid  by  the  contractor  is  for 
hauling  the  material  from  these  pits.  In  the 
event  that  the  material  is  found  unsatisfactory 
or  the  material  gives  out,  necessitating  the 
hauling  from  another  pit,  and  the  length  of  the 
haul  is  not  increased,  the  price  bid  will  still 
apply  to  the   contract. 

The  longest  average  haul  -shown  on  the  pro- 
file is       ft.,  and   in  the   event   the  haul   i.s 

increased    for    every    additional    1.000    ft.    haul 
over   ft.,  I  agree  to  haul  the  material  for 

    cts.   per  yard,  additional  to  the  contract 
price,    including    spreading,    dressing,    etc. 

Dumping.— The  top  osil  shall  be  dumped  on 
the  road  with  three  or  more  loads  opposite 

each  other;  the  distance  between  the  loads  de- 
pending on  the  width  and  thickness  of  the  top 

soil.  The  loads  should  be  dumped  in  this  way 

in  three  or  more  parallel  lines  until  a  hundred 

or  so  feet  have  been  dumped.  The  shaping  of 

the  top  soil  should  be  commenced  before  the 
individual  loads   begin   to   pack. 

Shaping. — The  grader  or  road  machine  should 
first  be  run  over  the  top  of  the  piles,  filling  in 
the  space  between  the  piles.  Xext  the  outside 

edges  should  be  gone  over  with  the  grader,  set 

from  time  to  time  until  the  road  packs 
firm  and  smooth.  The  best  time  to  surface 
and  trim  up  the  road  is  when  the  ground  is 
just   beginning   to  dry  after  a  rain. 
The  contractor  must  keep  the  road  dragged 

either  with  road  machine  or  split  log  drag  until 
it  becomes  hard  and  firm,  free  from  ruts,  holes, 
bumps    and    irregularities    of    surface. 

Additional  IVIaterial. — Where  it  is  deemed 
necessary  to  place  additional  surfacing  on  the 
road,  the  engineer  will  order  same  placed  and 
see  to  the  spreading  of  it.  The  contractor  will 
be  paid  for  such  extra  material  at  the  price 
bid   for   sand   clay   or  top   soil. 

Mixing  Sand  and  Clay. — If  the  surfacing  used 
is  not  a  good  natural  mixture  of  sand  and  clay 
the   mixture  will  have  to  be  made  on  the  road 

road  machine.  On  a  sandy  foundation  the 
sand  must  be  plowed  to  a  depth  of  6  ins.  and 
a  suitable  clay  spread  to  a  depth  of  4  ins.  and 
niixed  as  above  described.  The  mixing  and 
puddling  process  must  be  kept  up  from  time 
to  time  until  a  good  mixture  is  obtained  and 
the  road  packs  firm  and  hard  and  is  true  to 
grade  and  cross  section  and  free  from  holes 
and  bumps.  The  mixing  will  be  paid  for  by 
the  square  yard  and  the  material  that  is  hauled 
whether  sand  or  clay  will  be  paid  for  at  the 
price  bid. 
SPECIFICATIONS  FOR  GRAVEL  RO\D 
Sub-Grading.-After  the  road  has  been 

graded  according  to  specifications  herein  given and  before  any  gravel  is  placed  on  the  road  a 
sub-grade  must  be  prepared.  Sub-grading  con- sists of  cutting  out  a  trench  or  pit  the  width 
and  depth  the  road  is  to  be  surfaced  so  that 
the  earth  surface  will  have  the  same  shape and  fall  from  center  to  ditches  as  the  finished 
road  will  have  with  the  addition  of  4  ft.  shoul- 

ders on  either  side  to  hold  the  material  in 
place,  as  well  as  to  provide  for  additional room  for  vehicles  to  pass.  This  pit  must  be 
cut  so  that  when  filled  with  gravel,  water  fall- 

ing on  the  road  will  flow  easily  from  the  gravel surface  on  to  the  shoulders  into  the  ditch. 
.A.fter  the  gravel  has  been  placed  according  to the  specifications  herein  given,  the  shoulders 
must  be  dressed  with  grading  machine,  or  by 
hand  until  they  are  smooth  and  even  with  uni- 

form width  and  with  a  fall  of  1^4  ins.  to  the foot. 

Just  before  any  gravel  is  placed  the  sub- 
grade  must  be  thoroughly  rolled  with  a  roller weighing  not  less  than   six  tons. 

Gravel.— Before  any  gravel  is  used  in  the 
construction  of  a  State  Aid  Road,  it  must  be 
examined  and  approved  by  the  State  Highway 
Engineer,  or  the  Assistant  State  Highway  Engi- 

neer. If  it  is  found  advisable  to  add  screened 
gravel  or  clay  to  the  gravel  it  will  be  so 
specified  in  the  specifications  for  the  work in  hand. 

All  gravel  pits  will  be  furnished  by  the  County 
and  the  price  bid  is  for  loading,  hauling,  dump- 

ing, spreading  and  finishing  the  road  to  the 
required   cross   section. 
When  gravel  is  shipped  in,  the  contractor 

must  pay  the  freight  on  the  gravel,  load  and 
unload  cars,  and  any  demurrage  must  be  paid 
by  the  contractor.  The  County  will  not  be 
liable  for  any  damage  occasioned  by  delay  in 
furnishing  cars  for  gravel  or  the  movement  of 
same. 
The  pits  from  which  the  gravel  will  be  taken 

are    located    at    Station      :    Station      : 
Station           These    pits    are    furnished    by 
the  County  and  the  contract  price  bid  by  the 
contractor  is  for  hauling  the  material  from 
these  pits.  In  the  event  that  the  material  is 
found  unsatisfactory  or  gives  out,  necessitating 
the  hauling  from  another  pit  and  the  length 
of  the  haul  is  not  increased,  the  price  bid  will 
still  apply  to  the  contract. 

The     longest    average     haul     shown     on     the 
profile   is         ft.,   and   in   the  event  the  haul 

Fig.  8,    Typical    Concrete    Girder  Bridge. 

in  the  following  manner  on  a  clay  foundation 
the  sub-grade  must  be  plowed  up  to  a  depth 
of  4  ins.,  all  clods  being  thoroughly  pulverized 
by  h.arrowing  or  otherwise,  and  sand  spread  on 
to  a  depth  of  6  ins.,  the  mass  shall  then  be 
mixed  and  puddled  by  turning  with  a  plow  and 
using  a  disc  harrow  and   dressed   up   with   the 

is   increased  for  every  additional   1.000  ft.   haul 
over       ft.  I  agree  to  haul  the  material  for 
     cts.    per    cubic    yard    additional    to    the 
contract    price    including     spreading,     dressing, 
rolling,   etc. 

Graveling. — After   the   road   has   been   graded 
and   sub-graded  as  specified,   a   coat  of  gravel. 
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approved  by  the  State  Highway  Engineer,  or 
the    .\.<!Sistant    State    Highway    Engineer,    shall 
be    nlaced    on    the    road    to    a    deoth    o(      

inche.-;   before   rolling   and   to   a   uniform   width 
of        ft.     This   material  must  be  dampened 

and  rolled  with  a  . 10-ton  power  roller  until  the 
surface  is  hard  and  firm  and  until  the  gravel 
cea.ses  to  creep  in  front  of  the  roller  with 
every  particle  of  gravel  thoroughly  nested.  Xo 
gravel  must  be  placed  on  road  when  the  surface 

of  the  sub-grade  is  wet  or  spong^y.  The  road 
must  present  a  smooth,  even  surface,  free  from 
dips  or  high  places,  and  must  conform  to  the 
1,'rade  and  cross  section  shown  on  the  profile 
and  plans.  The  ditches  must  be  parallel  to  the 
center  of  the  road,  except  where  it  is  possible 
to  turn  ditch  away  from  the  road. 

The  contractor  must  see  that  no  strippings, 

earth  or  other  inferior  or  non-road  building 
material  is  placed  on  the  road.  Where  such 
material  shows  on  the  road  the  contractor  will 
be  required  to  move  same  and  place  instead 

material  that  has  been  approved  by  the  Engi- 
neer  or  his   Assistant. 

Clay. — When  it  is  deemed  necessary  by  the 
Engineer  to  place  .sand-gravel  on  the  road,  a 
good  quality  of  mineral  clay  approved  by  the 
Engineer  will  be  required  mixed  with  said  sand 

gravel  to  make  a  firm  bond  of  the  mass.  Speci- 
fications heretofore  given  for  quarrying  and 

hauling  gravel  shall  cover  the  excavating  and 
hauling  of  clay. 

Mixing  Clay. — The  mixing  of  the  clay  and 
gravel  on  the  road  must  be  done  in  strict 
accord  with  the  following  directions:  Where 

possible,  the  wagons  must  be  loaded  one-third 
clay  and  two- thirds  gravel  and  dumped  on  the 
road.  Where  such  is  not  possible,  4  ins.  of 
clay  must  be  hauled  and  placed  on  the  road, 
after  which  5  ins.  of  gravel  must  be  placed  on 
said  clay.  In  both  cases  after  400  or  500  lin. 

ft.  of  the  mass  has  been  placed,  a  thorough  plow- 
ing must  be  given  the  road  so  that  the  clay  is 

well  broken:  after  such  plowing  the  entire  mass 
must  be  harrowed  until  the  gravel  and  the  clay 

are  thoroughly  mixed.  After  the  thorough  mix- 
ing and  the  road  has  sufficiently  dried  out,  it 

must  be  properly  shaped  so  as  to  have  a  fall 
from  center  to  ditches  of  1  in.  to  the  foot  and 
then  thoroughly  rolled.  In  the  event  a  lack  of 

mixing  is  apparent,  the  contractor  will  be  re- 
quired to  repeat  the  process  until  the  mass  is 

well  mixed. 

SPECIFICATIONS    FOR    CHERT    ItOAn.S. 

Before  an.v  chert  is  used  in  the  construction 
of  a  State  Aid  Road,  it  must  be  examined  and 

approved  by  the  State  Highway  Engineer  or 
the  Assistant  Highway  Engineer.  If  it  is  found 
advisable  to  screen  the  chert  it  will  be  .so 
specified  in  special  sintcificatiutis. 
When  chert  is  not  screened  it  must  be  placed 

•in  the  .sub-grade  the  required  depth,  which  in 
no  case  must  be  less  than  6  ins.  and  must  be 

immmediately  spread  after  dumping  to  the  re- 
quired form  of  the  road;  that  is,  with  fall 

from  center  to  shoulders  of  1  in.  to  the  foot, 
and  must  be  kept  smooth  and  even.  .\ny 

.solid  pieces  of  chert  more  than  2  ins.  in  diame- 
ter must  be  broken  with  a  hammer  before  the 

masH  is  rolled.  After  as  much  as  300  lin.  ft. 
has  been  .so  spread,  it  must  be  rolled  with  a 
road  roller  weighing  not  less  than  6  tons.  If 
possible,  a  steam  or  gasoline  roller  must  be 
used. 
The  road  must  be  rolled  until  the  chert 

cert.ses  to  creep  in  front  of  the  roller.  If  the 
chert  Is  dry  and  does  not  readily  bind  under 
the  action  of  the  roller,  it  must  be  sprinkled 
before   rolling. 

Finished  Road   The  flnl-shcd  road  must  be  to 

grade  as  established  and  shown  on  profile, 
plus  the  thickness  of  the  surface  material.  The 
surf.'ice  must  be  smooth  and  even,  free  from 
dips,  holes  and  depressions,  bumps  and  high 
places:  hard  and  firm  and  free  from  spongy 
places.  The  alignment  of  the  road  must  be 
in  strict  accord  with  the  alignment  as  estab- 

lished by  the  engineer,  and  side  ditches  or 
gutters  must  be  parallel  with  center  line  of 
the  road,  except  where  it  is  possible  to  turn 
the  water  from  the  roadway.  The  road  must 
present  a  neat  appearance.  All  material  which 
has  been  condemned,  all  broken  tools  or  ma- 

chinery, plank  or  other  material,  or  tools  not 
intended    to   be    a    part    of   the    road,   must    be 

removed  from  the  road  right-of-way.  At  all 
curves  the  trees  and  brush  must  be  cut  far 

enough  back  from  the  road  so  that  an  aproach- 
ing  vehicle  can  be  seen  from  any  point  for  a 
distance  of  400  ft. 

Payments.— Payments  shall  be  made  monthly 
for  the  actual  number  of  cubic  yards  of  chert 

placed  on  the  road  in  accordance  with  the  fore- 
going specifications,  by  actual  count  of  cubic 

yards  of  loose  material  in  wagons  as  made  by 
an  inspector  furnished  by  the  county,  less  15 
per  cent  (15%)  reserved  until  the  entire  road  is 
completed. 

The  pits  from  which  the  chert  will  be  taken 
.ire    located   at    Station      ;    Station      ; 
.station      ;   Station          These   pits   are 
furnLshed  by  the  county  and  the  contract  price 

bid  by  the  contractor  is  for  hauling  the  mate- 
rial from  these  pits.  In  the  event  that  the 

material  is  found  unsatisfactory  or  gives  out 
necessitating  the  hauling  from  another  pit  and 
the  length  of  the  haul  is  not  increased  the  price 
bid  will  still  aply  to  the  contract.     The  longest 
average    haul    shown    on    the    profile    is      
ft.,  and  in  the  event  the  haul  is  increased  for 
every  additional  1,000  ft.  over   ft.  I  agree 
to   haul   the    material    for         cts.    per    cubic 

yard  additional  to  the  contract  price,  includ- 
ing   spreading,    rolling,    dressing    up,    etc. 

Where  chert  is  shipped  in,  the  contractor 
must  pay  the  freight  on  the  chert,  load  and 
unload  cars,  and  any  demurrage  must  be  paid 
by  him.  The  county  will  not  be  liable  for  any 
damage  occasioned  by  delay  in  furnishing  cars 
for  chert  or  the  movement  of  same. 

BRIDGES.     CULVERTS     AND     HE.\nWALLS. 

Concrete. — Concrete  shall  be  composed  of  Port- 

land cement  (subject  to  engineer's  approval), 
clean,  sharp  sand  or  limestone  screening,  and 
durable  stone,  gravel  or  slag  broken  to  pass 

through  a  2^-in.  ring  and  free  from  dirt  or  clay. 
The  proportion  of  the  mix  will  depend  on  the 
material  used,  but  it  will  be  approximately  one 

part  of  cement  to  three  parts  of  sand  or  screen- 

ing, and  five  parts  'of  stone  gravel  or  slag. 
The  mass  shall  be  mixed  in  small  batches  thor- 

oughly dry,  then  sufficient  water  added  to 
make  it  consistent  with  placing  and  then  mixed 
again  after  being  wet.  The  concrete  shall  be 
placed  without  delay  and  thoroughly  tamped  in 
place.  The  forms  shall  be  so  carefully  placed 
that  when  removed  the  concrete  will  present  a 
smooth  surface.  All  facings  that  are  exposed 
to  view  shall  l)e  finished  by  spading.  All  rein- 

forcement shall  be  to  size  and  length  and 

placed  as  shown  on  plan  and  tied  so  as^not  to 
be  displaced  by  concreting.  All  reinforcement 
shall  be  embedded  to  a  depth  of  at  least  one 
inch. 

Concrete  will  be  paid  for  by  the   cubic  yard 

from  the  lower  surface  to  the  horizontal  center 
line.  Depressions  shall  be  cut  in  the  trench  to 

fit  the  sockets,  so  that  when  the  pipe  is  laid 
its  entire  lower  surface  from  end  to  end  shall 
have  a  solid  bearing.  All  joints  of  the  pipe 
shall  be  cemented  with  mortar,  composed  of 
clean,  sharp  sand  and  Louisville  cement,  mixed 
one  to  one.  The  ends  of  the  pipe  shall  be 
protected  by  headwalls  as  shown  by  detail 
drawings. 

Box  Culvert  Masonry. — Bo.\  culvert  mason'v 
shall  be  laid  dry.  The  side  walls  shall  be  built 
of  good  size  and  well  shaped  stones  properly 
laid  and  bonded  together  in  each  course  by 
stones  extending  entirely  through  the  wall  at 

least  every  6  ft.   in  the  length  of  the  wall. 
Headers  and  stretches  shall  not  be  less  than 

15  ins.  wide  and  at  least  as  wide  as  high.  The 
back  of  the  wall  is  to  be  the  same  as  front, 
with  the  exception  of  the  facing.  The  upper 

course  to  have  at  least  one-half  of  the  stones, 
headers  and  stretchers  in  no  case  less  than  18 
ins.  wide;  no  stone  in  the  course  to  be  less 
than  8  ins.   thick. 

The  covering  stones  to  be  sound  and  strong 
and  of  such  shape  to  form  suitable  joints:  to 
be  of  approved  thickness  according  to  width  of 
opening  but  in  no  case  less  than  12  ins.  thick, 
and  to  lie  with  their  whole  width  not  less  than 
12  ins.  on  each  side  of  the  wall.  Care  will  be 
taken  to  show  a  neat  finish  at  the  ends  of  the 

culvert. 

COST    OF    WORK    .^CCOMI'USHED. 
The  cost  of  work  accomplished  during  the 

past  year,  the  extent  and  type  of  which  is 
shown  in  Table  I,  is  given  in  Table  II.  About 
one-half  of  this  work  was  accomplished  by 

contract  and  one-half  by  day  labor  or  convict 
forces. 

TABLE    I.    —   EXTENT    OF   ROAD   WORK    IN 
.ALABAMA   FROM    MARCH    1,    1913,   TO 

APRIL    1,    1914. 

,   Miles  built. - Kind  By 
of  road.  state  aid. 

Graded          31.81 
Top  soil          44.72 
Gravel          24.02 
Chert          21.53 
Macadam           7.00   

The  total  expenditure  for  road  work  from 

March,  1913,  to  April,  l!tl4,  on  work  super- 
vised by  the  highway  commission  and  other 

work  performed  independently  by  the  counties 
was  as  follows : 
Expended  bv  counties: 

For  road  work   $2,003,146.00 
For   bridge  work         529,638.00 

Expended      by     state     and     counties 
jointly; 

For  road   work        250,795.41 
For  bridge  work           44,168.26 

Total      $2,833,747.67 

""bv      ' 

counties. 
Total. 531.70 
563.51 

170.00 
214.72 

153.30 177.32 
101.75 

123.28 

44.75 

51.75 

TABLE  II.— UNIT  COSTS  OF  STATE  AID  ROAD   WORK  IN  ALABAMA  FROM  MARCH,  1913,  TO APRIL,   1914. 
Item. 

Earth   excavation,   cu.   yd   
Loose  rock  excavation,  cu.  yd   
Solid   rock  excavation,   cu.   yd   
Lumber  in   lir'dges.  M  ft   
,nox  culvert  dry  masonry,  cu.  yd   
Uetainlng  wall  dry  masonry,  cu.  yd   
Riprap,    cu.    yd   
Plain  concrete,   cu.    j-d   Reinforced   concrete,    cu.   yd   
Clearing  and  grubbing,  per  acre   !!!!!.!!! 
Clearini!  and  grubbing,  per  mile   
Sand-clay  or  top  soil  In  place,  maintained  30  days,  cu.  yd   iSravel     

Chert     '.'...'.'.'['.'."".'."".' 

Macadam     
' ' Vitrified  culvert  pipe  In  place,  per  lin.  ft. — 12-ln   15-in   

18-ln      
20-ln   ■         .    
24-ln   ;.   
*13  Jobs,     tn  jobs      t31  jobs.     543  Jobs.     "7   Jobs.     •••5  Jobs. 

Maximum. 

$  0.38 
.73 

1.50 50.00 

4.50 
6.00 3.50 

12.00 14.00 

92.00 

225.00 

.85 

1.30 

l.!>0 

2.00 
2.50 

Average. 

$  0.23 .42'^ 

.90% 

33.26* 

3.56 

3.37t 

2.05 

S.78t 

11.74 

52.931 

"".ii'A 

.86 

.80«» 

1.46*«« 

.02 

.83% 

1,07 

1.40 
1.60 

Minimum. 

$  0.13 

.30 

.50 
22.00 
1.50 1.18 

.50 

5.00 

7.00 

15.00 

20.00 

.25 

.55 

.50 .90 

.65 
■■nd  the  price  bid  includes  all  excavations  unless 
in  solid  rock.  Then  the  price  bid  for  solid 
rock  shall  be  paid. 

Bridging. — The  timber  composing  the  bridges 
shall  be  long  leaf  yellow  pine  or  white  oak  and 
must  be  90  per  cent  heart  or  better,  free  from 
shales,    loose    knots   or    other    imperfections. 

Drain  Pipe,— In  localities  where  but  small 
I'uantities  of  water  pass,  drain  pipe  .shall  be 
u.sed  for  culverts.  Contractors  will  bid  fur- 

nishing and  laying  best  double  strength  vltri- 
lied  stone  sewer  pipe,  of  sizes  as  shown  on 
plans  and   profiles. 

Before  laying  the  pipe  the  bottom  of  the 
trench    shall    be    rounded    out    to    fit    the    pipe 

The  cost  of  operating  the  state  highway  de- 
partment in  addition  to  the  above  was  as  fol- lows : 

Item. 
Salaries      $  7,486.54 
Traveling  expense   i    1,388.97 
Miscellaneous       1,279.50 

Total   $10,155.31 
PERSONNEL. 

The  personnel  of  the  present  highway  com- 
mission is  as  follows:  Robert  K.  Spraeins. 

cb.iirman,  G.  H.  Hitcham.  E.  A,  Smith.  V.  B. 

Atkins  and  John  Craft.  W.  S.  Keller  is  state 

highway  engineer  and  secretary  of  the  com- 
mission, and  R.  P.  Boyd,  assistant  engineer. 
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509 Instructions  Governing  the  Care  of  Steam 
Rollers. — A  book  of  instructions  to  em- 
plojes  recently  issued  by  the  Pennsylvania 
Highway  Department  contains  instructions  for 
the  care  of  steam  rollers.  It  is  of  especial  iin- 
])ortance,  the  instructions  state,  never  to  blow 
out  the  boiler  below  normal  water  level  while 

under  steam  pressure.  The  following  direc- 
tions are  also  given : 

1st.  Thoroughly  clean  the  boiler  as  follows: 
Remove  hand-hole  plates  in  firebox  legs,  also 
in  smoke-box,  and  over  crown  sheet.  Use  a 
hose  with  good  pressure  and  wash  out  all  dirt 
and  scale.  If  there  is  anything  which  cannot 
be  washed  out  with  the  hose,  use  a  small  scrap- 

er or  the  hand  and  pull  it  out  of  hand-holes. 
Then  put  hand-hole  plates  with  a  gasket  in 
position  and  fill  boiler  with  water  until  all 

flues'  and  crown  sheets  are  covered.  Put  a 
quart  of  common  oil  in  the  boiler  and  allow 
the  water  to  run  out.  Then  take  out  one  hand- 
hole  plate  in  the  lowest  point  in  the  legs,  and 
sponge  or  soak  out  any  water  that  may  remain. 

2d.  Scrape  off  all  scale  or  corrosion  inside 
of  firebox  and  flue  sheet.  Sweep  clean  with 
a  steel  brush  or  broom  and  then  apply  a  coat 
of  boiled  oil.  Do  the  same  with  the  smokebox. 
Scrape  clean  the  outside  of  firebox  and  also 
all  parts  of  the  boiler  that  are  not  jacketed 
and  paint  with  a  good  locomotive  black  (lin- 
seeed  oil  and  lamp  black  will  answer  if  loco- 

motive black  cannot  be  obtained).  Smoke- 
stack also  should  be  painted. 

3d.  Remove  the  injectors  and  see  that  they 
are  perfectly  dry.  Drain  all  pipes,  both  steam 
and  water,  dry. 

4th.  Remove  manhole  plates  in  bottom  of 
tanks  and  drain  them  dry  and  paint  inside  with 
white  lead  and  boiled  linseed  oil  (never  use 
boiler  paint).  If  this  is  done  injector  trou- 

bles from  tank  scale  will  be  avoided.  Clean  all 

grease  and  dirt  from  all  parts  of  the  machine, 
as  it  will  come  oflf  more  easily  now  than  it 
will  ne.xt  spring. 

■5th.     Remove  the  old  packing  in  piston  and 

value  steam  glands.  Take  oflf  the  cylinder 
heads  and  steam  chest  bonnets. 

•  6th.  Especially  prepared  grease  or  heavy 
cylinder  oil  should  be  applied  with  a  brush 
to  all  parts  of  the  engine,  inside  the  cylin- 

ders and  valve  seats,  piston  rods,  crossheads, 
slides,  connecting  rods,  cranks,  lever  handles ; 
also  Russia  iron  jacket  and  every  place  that 
IS  liable  to  rust. 
Under  no  consideration  should  the  coal  be 

left  in  coal  bunker  when  roller  is  not  in  use. 
The  corners  of  the  coal  bunker  and  the  foot 

plate  should  be  thoroughly  cleaned  and  accu- 
mulation of  coal  dust  removed  to  prevent  rust- 

ing. .\  coat  of  paint  (same  as  used  on  the 
boiler)  will  greatly  add  to  the  life  of  the  tank. 

If  the  roller  is  exposed  to  weather,  cover 
the  top  of  smokestack  to  keep  out  rain  and 
snow.  Examine  the  roller  carefully,  espe- 

cially links,  link  blocks,  eccentric  rods,  slide 
bushing,  connecting  rods,  crosshead  shoes, 
gears  and  all  parts  which  may  have  become 
worn  and  in  need  of  repair. 

Kcim. L^ DEViCES 

^LANT 
MA'i^EiiiALS 

A  Pneumatic  Railroad  Tie  Tamper. 
The  two  views  shown  herewith  illustrate  the 

pneumatic  tie  tamper  now  in  use  for  tamping 
ballast  under  railroad  ties  and  for  surfacing 
track  on  the  New  York  Central  lines.  Fig.  1 
is  a  close  view  of  the  tamper,  and  Fig.  2  is  a 

£*!<? 

Fig.     1.     View     of     Imperiai     Pneumatic     Tie 

Tamper. 

view  of  the  application  of  the  tool,  working  in 
pairs,  on  the  River  Division  of  the  New  York 
Central  and  Hudson  River  railroad.  It  is 
claimed  that  the  tool  here  described  effects  a 
saving  over  hand  methods  in  tie  tamping,  is 
more  readily  used  in  points  diflicult  of  access, 

as  under  frogs  and  switches,  and  does  better 
and  more  permanent  work  than  is  possible  by 
hand  tools.  It  is  claimed  that  two  men. 
equipped  with  the  pneumatic  tamper,  can  tamp 
more  ties  than  8  or  10  men  using  picks  and 
bars.  Twelve  of  these  pneumatic  tamping 
plants  are  now  in  use  on  the  railroad  named. 
Their  adoption  was  the  result  of  a  careful  test 
of  their  worth. 

.A  stability  test  was  made  on  a  stretch  of 
track  1,000  ft.  long  across  the  Hackensack 
Meadows  in  1913.  Half  of  the  test  section 
was  tamped  by  the  usual  hand  methods  and 
half  by  the  pneumatic  tamper  here  described. 
.\t  this  point,  owing  to  yielding  foundation,  it 
is  difficult  to  maintain  the  track  in  proper  sur- 

face. .\fter  six  months  of  service  under  heavy 
trafiic  the  ma.ximum  settlement  of  hand 
tamped  ties  was  .116  ft.  and  of  the , machine 
tamped  was  .063.  The  corresponding  mini- 

mum figures  were  .018  and  .004,  and  the  fig- 
ures for  average  settlement  were  .067  for  hand 

and  .033  for  machine  tamped  ties  respectively. 

A  year's  cost  record  for  one  pneumatic  tamp- 
er showed  an  average  cost  per  tie  tamped  of 

$i(.0-2(i. The  complete  pneumatic  tie  tamping  outfit 
consists  of  two  tie  tamping  machines,  an  air 
compressor,  direct  connected  with  a  gasoline 
engine  which  is  mounted  on  a  car  fitted  with 
flanged  wheels,  standard  gage.  The  car  is 

self-propelled,  geared  for  a  speed  of  12  to  l-"i miles  per  hour ;  has  a  capacity  of  carrying  12 
men  or  for  supplying  sufficient  air  at  the  prop- 

er pressure  for  running  two  of  the  tie  tamp- 
ing machines  continuously.  The  car  is  also 

fitted  with  cross  trucks  having  double  flanged 
wheels  so  that  it  can  be  easily  removed  from 
or  placed  on  the  track  by  four  men.  Each 
side  of  the  car  is  raised  in  turn  2  or  3  ins.  and 

temporary  tracks  made  of  2x4-in.  scantlings 
are  slipped  under  the  derailing  wheels  at 
either  end  of  the  car  and  the  car  is  rolled  to 

the  outside  of  the  main  track.  The  time  re- 
quired to  remove  the  car  in  this  manner  with 

four  men  is  about  45  seconds.  The  car,  fully 

equipped  weighs  about  1,740  lbs.  The  car  is 
also  equipped  with  a  fuel  tank,  water  cooling 
radiator,  air  receiver,  tool  box,  and  with  a 
housing  which  covers  the  entire  mechanism 
so  that  it  can  be  locked  up  when  the  plant  is 

not  in  use.  The  weight  of  the  tamper,  in- 

cluding the  tamping  bar  is  37%  lbs.  A  600-ft. 
length  of  %-in.  air  supply  hose  has  been  satis- 

factorily  used. 

The  tie  tamper  here  described  is  known  as 
tile  Imperial  Pneumatic  Tie  Tamper  and  is 
manufactured  and  sold  by  the  IngersoU-Rand 
Co.,  11  Broadway,  New  York  City. 

A   Concrete   Mixer  and  Atomizer. 
(Contributed.) 

The  concrete  atomizer  will  nii.x  cement, 
sand,  broken  stone  or  pebbles  and  water  in 
any  desired  proportion  and  project  the  wet 
concrete  upon  the  work.  For  this  purpose 
compressed  air  is  used  at  from  40  to  50 

pounds  pressure.  The  concrete  adheres  strong- 
ly to  old  concrete,  masonry  and  brickwork  or 

to  structural  steel  or.  wooden  buildings  cov- 
ered with  coarse  wire  netting.  The  aggregate 

used  should  be  suitable  broken  stone  or  peb- 
bles of  a  size  which  will  pass  through  a  screen 

of  1-inch  mesh  with  Xo.  12  wire.  Special 
machines  can  be  supplied  to  handle  stone  up 
to  IVs   ins. 

When  aggregate  is  used  and  the  stream  of 
concrete  is  first  sprayed  upon  the  walls  or 
floors,  the  pebbles  will  bound  away  and  can 
be  collected  gnd  used  a  second  time.  But 
after  from  %  in.  to  %  in.  of  cement  mortar 
has  been  deposited  on  the  work,  the  pebbles 
will  imbed  themselves  and  thereafter,  no  part 
of  the  material  is  wasted,  provided  the  proper 
amount  of  water  is  used  and  the  hose  nozzle 
is  handled  in  accordance  with  directions.  The 

amount  of  water  can  be  accurately  propor- 
tioned to  the  work  and  the  materials  thor- 

oughly  mixed ;   the   product   is   therefore   uni- 

Fig.  2.  View  of  Pair  of  Pneumatic  Tie  Tamp- 
ers   in    Operation. 

form.  The  use  of  pebbles  or  broken  stone 
gives  very  great  strength  and  density  to  the 
work  since  the  blows  delivered  by  these  pro- 

jectiles thoroughly  tamp  the  concrete  and  fill 
all    voids. 

The  No.  2  size  of  madiino,  shown  in  Fig.  1, 



510 
Engineering    and    Contracting 

Vol.  XLII.     No.  22. 

comprises  a  mi.xing  cylinder  with  loading 
chute  closed  by  a  sliding  door.  A  central 
~haft  carrying  mixing  blades  and  scraping  dt?- 
\  ices  is  driven  by  a  motor  or  air  engine. 
.\fter  a  batch  is  thoroughly  mi.xed  the  air  is 
admitted  through  the  valve  P.  The  air  valve 
.\  is  opened  and  a  stream  of  compressed  air 
released  through  the  hose.    The  delivery  valve 

about  2,000  lbs.  and  can  be  operated  with  one 
level-headed  man  at  the  nozzle,  one  at  the 
machine  and  two  or  three  laborers  for  han- 

dling the  material.  Where  a  troweled  or 
floated  surface  is  desired,  one  or  two  good 

masons  will  be  needed,  but  a  skillful  nozzle- 
man  can  produce  a  very  smooth  surface  by 
his  control  of  the  jet.     It  rec|uires  about  250 

per  of  the  built-up  type.  The  body  of  the 
dipper  consists  of  Init  two  pieces,  the  front 
and  back  castings.  The  lap-joints  at  the  sides 
make  the  dipper  very  rigid  and  relieve  the 
rivets  from  strain.  The  bail  brackets  are  at- 

tached to  the  front  casting  at  an  angle  con- 
forming to  the  line  of  pull  on  the  bail,  which 

throws  the  strain  of  the  pull  directly  on  the 
front  casting.  Shoulders  or  offsets  to  relieve 
the  strain  on  rivets  arc  provided  throughout 
the  dipper. 

A  Pocket  Rule  and  Level. 
The  illustration  shows  a  combination  fold- 

ing pocket  rule  and  level;  the  rule  is  2  ft.  of 
bo.xwood.  The  three  8-in.  rule-sections  are 
each  1  in.  wide,  .3/10  in.  thick,  and  are  united 

by  substantial  brass  joints.  The  rule  is 'fully 
graduated  its  entire  length  uu  both  sides,  one 
side  inches  to  eighths,  and  the  other  side  to 
sixteenths.  The  spirit  level  is  neatlv  set  into 
and   flush   with  the  upper  edge  of  the  middle 

Machine   for    Mixing.    Atomizing    and    Placing   Concrete. 

P  is  then  opened  and  the  concrete  is  forced 
out  in  an  atomized  stream  which  adheres  to 
the  work  wherever  it  strikes.  When  the  mix- 

ing cylinder  is  emptied,  the  air  valve  A  is 
closed  and  the  fall  of  pressure  releases  the 
door  for  a  fresh  charge.  The  delivery  valve 
is  self-clearing  and  the  mixer  shell  and  pad- 

dles are  kept  free  from  clogging  by  special 
devices. 

The  same  machine  can  be  used  with  dry 
sand  or  pebbles  as  a  sand  blast  to  clean  paint, 
rust  or  dirt  from  the  surface  of  old  work.  It 
can  also  be  used  with  plaster  or  cement  mor- 

tar, whitewash  or  paint,  since  in  each  case 
with  the  proper  adjustment,  the  sprayed  ma- 

terial will  adhere  to  the  work  and  can  be 
evenly  applied.  The  patent  expansible  nozzle 
gives  the  operator  complete  control  of  dis- 

charge rate  and  prevents  clogging.  Special 
hose  connections  are  furnished  which  do  not 
cause  trouble  by  reducing  the  inner  diameter 

Portable    Device  for   Loading    Wagons  from 
Stock   Piles. 

of  hose.  The  alomi/er  can  also  be  used  as  a 
grotit  ejector  under  hiKli  i)ressnre  to  till 
cracks  in  masonry  or  under  foimdation  work, 
using  grout  mixed  to  the  consistency  of  cream 
piped  into  the  crack. 
The  machine  is  very  strongly  made,  has 

hut  few  moving  parts  and  is  very  easily  han- 
dled.    Mounted   on   a  metal   truck,   it   weighs 

cu.  ft.  of  free  air  per  minute  at  40  to  50  lbs. 
pressure  when  operated  at  full  capacity.  For 
out-of-door  work  with  the  proper  apparatus, 
steam  instead  of  compressed  air  can  be  used 
to  atomize  the  concrete.  The  concrete  atom- 

izer can  be  purchased  outright  or  can  be  leased 
with  privilege  of  applying  rental  on  price.  The 
special  concrete  hose  used  with  the  machine 
is  not  rented  as  it  can  be  easily  injured  by 
careless  handling:  the  wear  upon  it  is  very 
slight.  It  is  marketed  by  Harold  P.  Brown, 
124  Liberty  Street,  New  York. 

Device    for    Loading    Wagons    From 
Stock  Piles. 

A  wagon  loader  which  weighs  only  1,000  lbs. 
and  can  be  moved  about  by  one  man  is  illus- 

trated here.  The  operation  of  the  loader  is 
clearly  indicated  I)y  the  illustration.  A  note- 

worthy /eature  is  the  provision  when  desired 
of  a  chule  with  a  screen  bottom,  which  en- 

ables the  rnaterial  loading  to  be  screened  at 
the  same  time.  In  handling  gravel  for  con- 

crete this  is  a  practice  that  is  frequently  de- 
sirable. When  screening  is  not  desired  an 

adjustable  plate  is  provided  which  fits  over 
the  screen  and  transforms  the  screen  chute 
into  a  plain  chute.  The  chute  mouth  is  10 
ft.  al)0ve  the  ground.  The  illustration  shows 
the  original  device  which  has  been  improved 
by  sul)stituting  the  top  construction  indi- 

cated by  dotted  lines  instead  of  the  square 
top  shown.  This  loader  is  made  bv  the 

Jersey  Wagon  Loader  Co.,  95  Libert'v  St., Xew    York    Citv. 

Combination     Folding     Rule     and     Level. 

section  of  the  rule  where  most  convenient  for 
use  and  where  it  is  securely  protected  by  the 
two  outer  sections  of  the  rule,  which  fold 
against  it  on  either  side  when  closed  for  car- 

rying in  the  pocket.  The  combination  rule 
and  level  being  light  and  but  8  ins.  long  when 
folded,  is  conveniently  carried  in  the  pocket. 
Closing  pins  especially  designed  for  the  pur- 

pose hold  the  sections  of  the  rule  in  proper 
alignment,  insuring  a  perfect  bearing  surface. 
The  accuracy  of  the  rule  and  level  is  guaran- 

teed. The  article  is  new  in  every  sense  of  the 
word  and  both  as  rule  and  level  is  a  practical 

Ten  Cubic  Yard  Manganese  Steel  Dip- 

pers for  Panama  Canal  Dredges. 
(Contributed.) 

Two  manganese  steel  dippers  of  lit  cu.  yds. 
capacity  and  weighing  approximatelv  37.00.1 
lbs.  each,  were  recently  purchased  bv  the  gov- 

ernment to  be  used  on  the  new  dipper  dredges 
"Paraiso"  and  "Gamboa"  on  the  Panama 
Canal.  These  arc  known  as  the  "Missabe" 
type  dippers;  are  patented,  and  were  manufac- 

tured by  the  Edgar  .Mien  American  Man- 
ganese Steel  Co.  for  the  Bucyrus  Company. 

They  are  the  largest  manganese  steel  dippers 
ever  made.  The  dippers  are  of  manganese 
steel  construction  throughout  with  the  excep- 

tion, of  course,  of  the  bolts,  nuts  and  rivets. 
The  overall  dimensions  are  10%x9x9  ft.  The 
lips  of  the  dippers  are  VA  ins.  thick;  the 
fronts  are  W*  ins.  thick  underneath  the  teeth; 
IVfe  ins.  thick  between  the  teeth  and  ,3%  ins. 
thick  at  the  bottom  band;  the  backs  are  1V4 
nm.  thick  at  the  sides  and  3%  ins.  thick  at  the bottom  bands. 

It  will  be  noted  from  the  illustration  that 
there  are  few  rivets  as  compared  with  a  dip- 

Manydiicsc     Steel     Dipper    for     New     Dredge 
on    Panama    Canal. 

tool.    The  Lufkin  Rule.  Co.  of  Saginaw,  Mich., 
are  ils  manufacturers  and  patents  arc  pending. 

The  St.  Louis  public  school  system  is  being 
extended  to  give  night  courses  for  men  em- 

ployed in  the  mechanical  trades,  covering  pat- 
ternmaking,  foundry  practice,  cabinetmaking. 
mechanical   drawing,  etc. 
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Increasing    the     Length    of     Life     of 
Wooden  Stave  Pipe. 

In  this  issue  we  publish  the  second  article  in 
the  series  pertaining  to  wooden  stave  pipe.  The 
article  is  entitled :  The  Durability  of  Wooden 
Stave  Pipe.  In  discussing  durability  our  con- 

tributor deals  with  both  the  staves  and  bands. 
The  durability  of  staves  is  discussed  primarily 
with  respect  to  the  kinds  of  wood  of  which 
they  commonly  are  made,  to  their  design,  to 
the  agencies  of  decay  and  to  the  depth  and 
nature  of  the  covering  over  the  completed  pipe 
line.  The  durability  of  the  bands  is  considered 
with  special  reference  to  the  material  of  which 
they  are  made,  to  their  coating  and  to  their 
design.  The  decay  of  staves  is  discussed  fur- 

ther with  respect  to  the  influence  on  durability 
of  the  location  of  the  pipe  line,  to  the  charac- 

teristics of  the  soil  in  which  the  pipe  is  em- 
bedded, to  the  care  with  which  the  line  is 

constructed  and  to  the  degree  of  saturation  of 
the  staves. 

Mr.  Swickard  enumerates  and  fully  discusses 
the  factors  which  tend  to  increase  the  length 
of  life  of  wooden  pipe  lines  and  their  com- 

ponent parts  and  also  considers,  in  a  very 
concise  manner,  the  causes  which  contribute  to 
the  failure  of  pipe  of  this  type.  He  shows 
how  the  former  may  be  enlisted  by  the  engi- 

neer who  seeks  durability  and  how  the  latter 
may,  in  large  measure,  be  avoided  by  compe- 

tent selection  of  material,  design  and  con- 
struction. 

Numerous  illuminating  examples  of  the 
failure  of  engineers  to  take  advantage  of  the 
conditions  which  are  known  to  inhibit  the  de- 

caying of  wooden  staves  and  the  rusting  of  the 
bands  are  cited.  The  article  is  of  major  im- 

portance to  all  who  are  charged  with  the 
responsibility  of  selecting  a  material  of  con- 

struction for  water  pipe  lines  and  of  designing 
and  building  such  lines. 

Influence  of  Highway  Commissions  on 
Bridge  Work. 

The  preparation  of  standard  designs  for 
steel  and  concrete  highway  bridges,  together 
with  the  supervision  of  the  construction  of  a 
considerable  number  of  such  bridges,  by  the 
various  state  highway  commissions,  have  al- 

ready exerted  a  marked  influence  in  raising 
the  standards  for  highway  bridge  constructioa. 
The  designs  of  several  of  the  commissions  are 
especially  commendable  in  that  they  are  suffi- 

ciently complete  in  all  their  details  to  serve  as 
models  to  practicing  engineers.  In  the  old 
types  of  light  highway  bridges  poor  details 
were  common,  but  the  increased  loadings  and 
the  appreciation  of  the  need  of  better  struc- 

tures along  our  improved  highways  have  re- 
sulted in  better  designed  details.  In  making 

use  of  these  standard  designs  engineers  should 
bear  in  mind  that  they  are  not  to  be  followed 
blindly,  but  are  intended  to  be  representative 
of  good  practice. 

For  culvert  work  it  is  possible  to  prepare 
standards  which  can  be  followed  closely  in 
the  construction  of  like  structures,  provided 
the  engineer  exercises  ordinary  judgment  in 
determining  the  size  of  opening  required  and 
also  takes  precautions  to  prevent  scour.  For 
bridges  of  considerable  span,  however,  the 
substructure  design  is  always  a  special  prob- 

lem, and  it  is  in  the  foundation  work  that 
standard  designs  are  likely  to  be  of  little  value. 
There  is  too  great  a  tendency  on  the  part  of 
engineers  to  select  a  type  of  bridge  and  then 
make  it  conform  to  existing  conditions,  in- 

stead   of    first    investigating   topographic   and 

subsoil  conditions  and  then  selecting  the  type 
of  bridge  which  will  meet  these  conditions. 
Although  it  requires  time  and  patience  to  de- 

termine accurately  the  subsoil  conditions  and 
the  volume  of  water  for  which  provision  must 
be  made,  a  careful  study  of  bridge  failures 
will  show  conclusively  that  an  ultimate  saving 
will  be  made  by  increased  attention  to  this 
part  of  the  work.  Shallow  spread  footings 
are  often  used  in  soils  where  even  a  casual 
examination  would  show  the  probability  of 
danger  from  rapid  scour:  in  other  cases  pile 
foundations  are  used  where  rip-rapping  or  a 
small  expenditure  in  straightening  the  channel 
would  render  the  use  of  piles  unnecessary. 
Due  to  the  tendency  to  make  a  particular  type 
and  span  of  bridge  fit  the  site,  piers  and  abut- 

ments are  often  located  without  reference 

cither  to  economy  or  to  permanence  of  con- 
struction. Although  it  is  the  experience  of 

most  engineers  that  the  majority  of  highway 
bridge  failures  is  due  to  the  undermining  of 
piers  and  abutments  there  are  still  numerous 
evidences  of  neglect  to  exercise  ordinary 

judgment  in  designing  and  constructing  foun- 
dations. The  decision  as  -to  the  depth  to 

which  foundations  are  to  be  carried  too  often 

is  left  to  the  inspector,  instead  of  to  the  en- 
gineer who  designed  the  bridge  and  should 

superintend  its  construction. 
Some  of  the  highway  commissions  are  now 

issuing  their  bridge  plans  on  a  good  quality 
of  white  paper  in  the  form  of  small  sheets. 
This  practice  is  to  be  commended,  as  it  en- 

ables the  plans  and  specifications  to  be  bound 
in  a  single  volume,  and  thus  furnishes  an  in- 

centive to  the  contractor  to  study  both  more 
carefully  in  their  relation  to  each  other.  This 
is  an  advance  in  the  right  direction,  and  when 
engineers  will  practice  writing  soecifications 
which  apply  only  to  the  particular  job  at  hand 
there  will  be  less  criticism  of  contractors  for 

not  following  more  closely  the  plans  and  spe- 
cifications. It  is  gratifying  to  note  that  the 

latest  specifications  of  some  of  the  more 

progressive  highway  commissions  show  a  de- 
cided tendency  to  break  away  from  the  old 

stereotyped  form  of  specification  and  to  omit 
non-essentials.  The  carefully  prepared  in- 

structions to  employees  which  some  commis- 
sions are  now  issuing  contain  data  which  will 

prove  of  considerable  value  to  practicing  en- 
gineers and  to  contractors.  _  More  attention 

to  the  work  of  these  commissions  by  engineers 
and  contractors  in  general  will  not  only  result 
in  direct  benefit  to  them,  but  will  also  act  as  an 
incentive  to  the  commissions  to  set  higher 
standards   for  future  work. 

Some     Difficulties     Involved     in     the 

Development  of  an  Economic 
Theory  of  Highways. 

From  the  earliest  periods  the  use  of  the 

public  highway  has  been  considered  an  in- 
herent right  of  the  citizen.  Conversely,  the 

right  of  use  implies  that  each  individual  should 
be  supplied  with  a  road  to  travel  and  the  pro- 

vision of  this  road  is  a  public  work  to  be 

performed  by  the  state.  But  from  the  stand- 
point of  economic  location,  construction  and 

maintenance  of  highways  only  those  roads 
should  be  provided  that  produce  a  profitable 
return  on  the  investment. 

There  exists  now  and  always  has  existed  a 
contention  as  to  relation  of  the  individual 
to  the  state.  On  the  one  hand,  it  is  thought 
that  the  welfare  of  the  state  is  supreme  and 
that  individual  injury  or  benefit  should  be 
subordinated  to  the  well  being  of  the  ma- 

jority.   On  the  other  hand,  while  the  impor- 
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tance  of  the  state  is  admitted,  it  is  believed 
that  each  individual  should  share  equally  in  the 
benefits  of  the  government  and  works  under- 

taken by  the  state  for  the  welfare  of  its 
citizens.  Under  the  latter  premise  it  is  almost 
impossible  to  develop  an  economic  theory  of 
highways  without  making  it  hopelessly  in- 

volved and  therefore  of  little  practical  value. 
Under  the  former  premise,  when  a  sufficient 
number  of  data  have  been  obtained,  it  should 
be  possible  to  formulate  certain  principles  the 
observance  of  which  in  the  location,  construc- 

tion and  maintenance  of  roads,  will  benefit  the 
majority  of  the  people. 

The  proposition  is  axiomatic  that  only  those 
public  works  should  be  undertaken  that  will 
yield  a  profitable  return  on  the  investment.  But 
what  constitutes  a  profitable  return  on  the  in- 

vestment? Can  it  be  measured  in  dollars  and 
cents;  if  so,  under  what  conditions?  It  is 
self-evident  that  each  individual  cannot  share 
alike  in  the  benefits  of  road  improvement  and, 
therefore,  it  would  seem  the  return  must  be 
measured  by  the  increased  welfare  of  the  peo- 

ple as  a  whole.  Granting  this  fact,  what  con- 
ditions must  be  investigated  and  what  data 

secured  for  use  in  measuring  "profitable  re- 

turn"? 

Several  thoughts  occur  to  the  writer.  So- 
cial conditions  of  wealth,  type  of  industry, 

intensity  of  settlement  and  urgent  needs  of 

public  welfare  vary  so  widely  in  dififerent  sec- 
tions of  the  nation,  state  and  even  county 

that  any  attempt  to  generalize,  or  average  the 
problems  of  various  localities,  can  lead  to 
nothing  but  fallacious  conclusions.  The  prob- 

lem of  each  locality  must  be  the  unit  of  an- 
alysis. The  present  status  of  the  returns  from 

public  investments  must  be  determined  in  each 
locality,  i.  e.,  the  cost  of  hauling  farm  produce 
and  goods  distributed  from  the  cities  and  the 
value  of  time  and  convenience  of  travel  esti- 

mated. The  last-named  element  must  be  de- 
termined indirectly  from,  say,  the  economic  ef- 

ficiency of  the  people  as  determined  from  the 
returns  on  investments  in  manufacturing  en- 
terprizes,  health  and  educational  statistics,  and 
other  factors  that  might  furnish  a  means  of 
comparison  with  other  communities  and  the 
improvement  in  welfare  of  the  community 
in  question.  Also,  a  study  of  the  effect  upon 
costs  of  hauling,  the  radius  of  hauhng,  changes 
in  types  and  distance  of  profitable  hauling  and 
the  effect  upon  public  intercourse  and  com- 

munication should  be  undertaken  for  various 

improved  roads.  With  these  data  the  funda- 
mentals of  an  economic  theory  may  possibly 

be  established,  the  principles  of  which  may  be 

applied  to  any  problem  to  determine  approx- 
imately the  "profitable  return"  to  be  expected 

from  any  investment  in  higliways — as  meas- 
ured by  the  yardstick  money. 

It  is  believed  an  economic  theory  of  pave- 
ments will  be  developed  before  many  years 

have  past.  The  elements  involved  are  less 
in  number  and  admit  of  more  accurate  de- 

termination than  those  of  the  general  prob- 
lem of  road  economics.  Excluding  the  cost 

of  hauling  and  the  value  of  increased  speed 
and  convenience  of  travel  an  economic  pave- 

ment is  determined  by  first  cost,  maintenance 
cost  and  the  effect  of  traffic.  Reliable  data 

concerning  these'  factors  are  being  obtained 
and  results  of  some  accuracy  will  undoubtedly 
be  derived  from  them. 
The  difficulties  mentioned  are  a  few  of 

those  confronting  the  road  engineer  of  the 

present  day  in  the  study  of  road  economics. 
The  field  for  original  research  is  vast  and  the 

opportunities  for  accomplishing  work  of  ex- 
ceeding value  to  society  are  inspiring. 
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Formulas    and     Data     for     Designing 
Eccentric  Riveted  Connections. 

The  trial  method  of  determining  the  num- 
ber of  rivets  required  in  an  eccentric  riveted 

connection  often  results  in  several  solutions 
before  a  satisfactory  connection  is  designed. 
On  account  of  the  variables  involved  the  de- 

duction of  a  general  formula  is  a  long  and 
tedious  process,  but  where  many  connections 
are  to  be  designed  a  formula  is  desirable.  In 
a  paper  published  in  tlic  Columbia  School  of 
Mines  Quarterly,  Joseph  Di  Stasio  has  derived 
a  general  formula,  together  with  some  formulas 
for  special  cases,  and  has  given  some  data  to 
facilitate  the  designing  of  eccentric  riveted 
connection,  from  which  we  have  abstracted  the 
following : 

FORMULAS. 

General   Formula. — The   sale    load    on    any 
eccentric    riveted    connection      in     which      the 
rivets  arc  arranged  in  horizontal  and  vertical 
rows  may  be  found  from  the  formula, 

Rn 
!V=    (1), 

Vl  +  -2ek  +  e'(k'  +  q'} 
in  which   IV  is  dependent  upon  the  variables 
e,  n,  d,  r,  and  f>.    In  this  formula, 

/?  =  maximum    safe    value    of    one    rivet    in 
either  shear  or  bearing, 

»  =  total  number  of  rivets, 
f  =  eccentricity  of  load  from  center  of  the 

group  of  rivets, 

6rfr=(r  — 1) 

6  rp  (n  —  r) 

-r=) 

<fr  (r  — 1)  +  p'in'  —  r") 
d  =  distance  between  vertical  rows  of  rivets, 
r^nuniber  of  vertical  rows  of  rivets,  and 
/>  =  pitch  of  rivets  in  any  vertical  row. 
When  (1  =  0. — In  some  special  cases,  when 

q  =  0,  i.  e.,  when  )i  =  r.  formula  (1)  becomes. 
Rn 

W  =          (2). 

\J  {ek+  \y  +  e'q^' Single  lloriconlal  Row  of  Rivets. — When  all 
the  rivets  are  placed  in  a  single  horizontal  row. 
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then  it^r  and  /'  =  0.  Therefore  k  =  - 

and  (i^^O. 
■    .Substituting   these    vrdues 
And  squaring,  we  have, 

R'n' 

ir-  =  -   

rf(n+l) 

equation    (1) 

6e 

+  1 
V 

.(3). 

rf(n+n 
from   which, 

Rnd  («  +  1) 
W  =     

f!f-|-d(H  +  l) 

Single   I  'crlical  Row  of  Rivets. — When  all 
the  rivets  arc  placed  in  a  single  vertical  row, 
ri  =  ()  and   (  =  1      Therefore   /■■  =  0   and   g  = G 

fin  +  l) 
Substituting    tliese    values    in    equation    (1) 

and  squaring,  we  have, 
R'lr 

36<>= /-=(».  +  \Y 
from   which, Rn 

IV  =   

+  1 

..(■1). 

4-
 +  1 

fin  +  iy 
Beam  Fixed  at  Both  Ends — Uniformly 

Loaded. — If  we  have  a  rigid  connection,  such 
as  exists  when  a  beam  is  rigidly  fixed  at  both 

ends  by  riveting,  even  though  the  reaction  may 
be  assumed  to  act  at  the  center  of  gravity  of 
the  groups  of  rivets,  still  the  rivets  will  be 
subject  to  a  bending  stress  in  addition  to  the 
direct  stress,  the  intensity  of  this  bending 
stress  depending  upon  the  degree  of  fixedness 
of  the  connection  and  the  subsequent  deflec- 

tion of  the  beam  under  loading.  The  safe 
method  of  design  when  the  ends  are  rigidly 
fixed  and  the  beam  is  uniformly  loaded  is  in- 

dicated by  the   following : 

Negative   bending  moment  at   end   of  beam 
1  PL 

=  —  wL'^   ,    where   n=load    per    linear 
12  12 

foot  of  beam,  /.^length   of  beam,  and  P  — 
total   load  on  beam.     In  the  general   formula, 
the  eccentric  moment  is  indicated  by  JVe. 

!Ve=V2  (PL^U)   in. -lbs. 
P 

But  IV  —  — ,  therefore  IVe  =  2  WL,  or  c. 
2 

in  inches,  ̂   2  L,  in  feet. 
Substituting  for  e  in  formula  (1)  its  value 

2  L,  we  have, 

Rn 
n-  =   ...(5). 

For  any  other  kind  of  loading  a  similar  pro- 
cedure can  be  used. 

TABULAR  DATA. 

Table  I  (see  page  513)  gives  the  safe  ec- 
centric loads,  for  various  eccentricities,  for 

%-in.  rivets  spaced  3  ins.  apart  vertically  and 
for  various  distances  between  the  vertical 
rows  of  rivets;  the  value  of  R  is  taken  at 
4,400,  which  is  the  allowable  single  shear  on 
.T  v4-in.  rivet  at  10,000  lbs.  per  square  inch. 
In  this  table  the  safe  eccentric  loads  are  given 
in    thousand    pounds. 

The   Use   of   Reinforced   Cinder   Con- 
crete   Floors   in   Buildings. 

The  extensive  use  of  cinder  concrete  in  the 
floors  of  high  commercial  buildings,  par- 

ticularly in  our  Eastern  cities,  has  led  to  a 
demand  for  definite  data  on  the  value  of  this 
material  for  reinforced  floor  slabs.  In-  New 
York,  where  about  90  per  cent  of  the  fireproof 
floors  are  cinder  concrete,  actual  tests  of 
cinder  coricrete  floor  slabs  have  been  required 
by  the  building  department  as  a  basis  for  the 
acceptance  or  rejection  of  such  construction. 
The  attempt  to  place  the  design  of  such  floors 
on  a  more  rational  basis  by  adopting  certain 
allowable  stresses  has  been  made  bv  some 
engineers.  In  our  issue  of  Mav  27,  1914,  we 
gave  some  pertinent  data  on  this  subject^  and 
in  this  article  extracts  from  the  discussions 
of  several  engineers  and  architects  are  given, 
the  data  being  taken  from  the  discussion  of 

a  paper  "Cinder  Concrete  Floors,"  by  Guy  B. Waitc.  in  Proceedings.  American  Society  of 
Civil  Engineers,  vol  XL,  p.  1963. 

mscussioN  nv  a.  w.  buell. 

When  safe  working  stresses  for  cinder 
concrete  have  been  correctly  determined  for 
the  various  specified  conditions  encountered 
in  practice  it  will,  witboiit  much  doubt,  become 
clearly  apparent  that  there  is  little,  if  any, 
economy  in  its  use  for  structural  elements 
subject  to  stress,  notwithstanding  its  lower 
weight  per  unit  of  volume  as  compared  with stone  concrete. 

The  w.riter  regrets  that  Mr.  Waite  has  not 
taken  up  the  question  of  the  corrosion  of  em- 

bedded steel,  as  it  is  of  vital  importance  in 
a  permanent  structure,  especially  as  the  rec- 

ords of  some  experiments  and  considerable  ex- 
perience have  shown  bad  results. 

.Mthough  a  satisfactory  series  of  experi- 
ments from  which  to  deduce  safe  unit  stresses 

for  cinder  concrete  would  be  a  valuable  addi- 
tion to  our  knowledge  of  the  subject,  it  would 

seem  advisable  first  to  determine  by  experi- 
ment and  experience  whether  the  material  is 

suitable  for  permanent  structures  and  whether 
the  reinforcing  metal  is  reasonably  safe  from 
corrosion.  Until  this  is  done  it  will  hardly 
be  safe  to  specify  cinder  concrete  for  rein- 

forced members  or  to  adopt  it  as  an  acceptable 
material  of  engineering  or  of  construction — 
except  as  a  filler — no  matter  how  satisfactory 
the  experimental  determinations  of  its  strength 
may  be. 

In  1907  it  was  stated  by  William  H.  Fox 
that  the  results  of  experience  and  experiment 
show  serious  corrosion  in  almost  all  cases, 
and  recommends  that  with  cinder  concrete  no 
mixture  less  rich  than  1  :1  :3,  or  one  still  richer 
in  cement,  should  be  used.  In  a  report  of  a 
committee  read  before  the  Structural  Associa- 

tion of  San  Francisco  it  was  stated  that  metal 
encased  in  cinder  concrete  had  been  corroded, 
and  the  committee  advised  a  revision  of  the 
code,  to  exclude  the  use  of  cinder  concrete. 
Mr.  Fox  reports  a  set  of  experiments  at  the 
Thayer  School,  with  the  following  conclusion : 

Witti  but  one  exception  one  or  more  of  the 
ttiree  steel  pieces  in  each  specimen  showed  un- 

mistakable signs  of  corrosion.  Apparently  it 
made  no  difference  how  the  concrete  was  mixed 
— wet  or  dry,  tamped  or  untamped:  whether  the 
steam  or  water  treatment  was  used,  the  result 
was  the  same — rust  streaks  and  spots  were 
found,  the  difference  in  the  amount  of  corro- 

sion being  imperceptible. 

These  records  seem  to  make  a  case  against 
cinders  for  reinforced  concrete  that  will  re- 

quire something  more  than  explanation,  and 

a  good  deal  of  substantial  evidence  to  the  con- 
trary, before  conservative  engineers  and  archi- 

tects can  safely  adopt  this  material.  The  ad- 
vocates of  cinder  concrete  should  accept  the 

task  of  making  the  necessary  demonstrations. 

niSCUSSION    BY   CHARLES   C.    HURLBUT. 

Good  cinders  are  sometimes  hard  to  obtain, 
even  with  the  best  intentions,  and  on  many 
occasions  the  writer  has  rejected  cinders  on 
the  job,  which  otherwise  would  have  been 
used  in  the  floor  construction.  It  may  be  noted 

in  passing  that  the  floor  construction  in  ques- 
tion had  been  duly  "passed"  by  the  Building 

Department,  but  it  is  safe  to  say  that  the 
test  on  which  the  approval  was  based  was 
made  with  very  different  cinders  from  those 

rejected,  illustrating  Mr.  Waite's  objection 
that  the  Building  Department  tests  have  small 
relation  to  what  may  be  expected  of  any  par- 

ticular floor.  The  cinders  rejected  in  some 
cases  were  full  of  unburned  coal  and  in  other 
cases  contained  little  but  fine  ashes.  Wherever 
cinders  are  used  they  should  be  subject  to 
rigid  inspection.  In  the  matter  of  unburned 

coal  in  cinders,  although  it  is  the_  writer's practice  not  to  accept  cinders  containing  more 
than  the  small  necessary  proportion,  it  is  his 
opinion  that  the  danger  from  unburned  coal 
in  concrete  is  over-estimated.  This  opinion  is 
based  on  a  rather  crude  test  made  on  a  par- 

tition built  of  2-in.  cinder  concrete  blocks.  Th: 
blocks  were  literally  filled  with  unburned  coal. 
.\  small  covered  enclosure  was  built  and  sub- 

jected for  more  than  an  hour  to  a  very  hot 
wood  fire.  The  coal  on  the  surface  was  re- 

duced to  cinder,  but  all  below  the  surface 
seemed  to  be  entirely  unaffected. 
The  objection  has  been  raised,  in  designing 

cinder  concrete  by  formula  instead  of  by  test, 

that  the  material  is  too  variable.  This  argu- 
ment does  not  seem  to  be  well  founded.  Given 

a  certain  system  of  reinforcement  the  strength 
of  any  floor  slab  will  varv  from  that  developed 
by  a  full-sized  test  sample  in  just  the  same 
degree  that  the  materials  in  it  vary  from  those 

in  the  slab  tested.  It  is  just  as  proper,  there- 
fore, to  designate  a  safe  unit  compressive 

strength  and  other  properties  for  cinder  con- 
crete as  it  is  to  assume  a  safe  slab  strength 

based  on  a  test,  and  far  more  rational.  As  a 
matter  of  fact  it  is  a  far  safer  method,  for 
the  average  strength  of  cinder  concrete  can  be 
determined   with   some   approximation   to   the 
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truth  by  taking  a  large  number  of  tests  on 
varying  grades  of  cinders.  On  the  other  hand 
a  test  made  on  a  slab  proves  little  beyond 
the  slab  tested.  Only  one  test  is  made  on 

each  "system,"  and  it  is  safe  to  say  that  the 
cinders  entering  into  these  tests  are  the  best 
that  can  be  obtained.  The  writer  has  wit- 

nessed a  number  of  these  tests;  he  has  seen 
some  of  the  test  slabs  built,  and  knows  that 
the  cinders  were  better  than  the  average  used 
throughout  the  city.  The  charge  is  not  made 

that  any  of  the  tests  have  been  "faked,"  or even  that  the  materials  used  were  not  such  as 

can  be  obtained  in  the  open  market,  but  mere- 
ly that  the  tests  of  which  the  speaker  has 

knowledge  were  made  with  exceptionally  clean 
cinders,  which  are  not  always  used  in  actual 
construction.  No  proof  as  to  the  accuracy  of 
an  engineering  formula  would  be  deemed 
conclusive  if  based  on  a  single  test,  yet  a 
single  test  with  an  admittedly  variable  ma- 

terial is  here  used  as  a  pattern  to  be  followed 
without  variation.  It  would  be  possible  to 
define  a  standard  cinder  aggregate,  the  prop- 

erties of  which  would  not  vary  beyond  reason- 
able limits,  no  more,  for  instance,  than  timber 

varies,  or  some  other  materials  the  use  of 
which  is  based  on  rational  formulas.  The 

proportion  of  fine  asb  can  readily  be  deter- 
mined with  a  sieve  of  some  standard  mesh, 

and  the  percentage  of  unburned  material  can 
be  determined  with  sufficient  accuracy  by 
means  available  almost  anywhere.  These  are 

the  two  principal  uncertain  and  variable  ele- 
ments in  cinders  as  used  in  concrete. 

A  serious  objection  that  has  been  raised  to 
the  use  of  cinders  is  their  alleged  tendency  to 
corrode  metal  with  which  they  come  in  con- 

tact, and  it  is  to  be  regretted  that  Mr.  Waite 
did  not  take  up  this  phase  of  the  question. 

It  has  been  the  writer's  opinion  that  a  cinder 
concrete,  if  mixed  not  leaner  than  1 :2V2  -.5  and 
placed  rather  wet,  would  not  injure  pipes  or 
steel  reinforcement  embedded  in  it.  No  cases 
of  corrosion  clearly  attributable  to  the  cinders 
have  come  to  his  attention  under  these  con- 

ditions. There  are  many  cases,  however, 
where  pipes  embedded  in  a  weak  cinder  fill 
have  been  destroyed,  and  the  presumption  has 
been  that  the  cinders  were  to  blame.  It  is 

the  writer's  practice  to  specify  and  enforce 
rigidly  the  requirement  that  all  pipes  embedded 
in  the  floor  construction  or  fill,  where  cinders 
are  involved,  are  to  be  solidly  encased  in  ce- 

ment mortar  made  with  1  part  cement  to  2 
parts  sand.  The  Lackawanna  Railroad  has 
experienced  considerable  difficulty  with  the 
corrosion  of  pipes  in  its  stations  which,  in 
some  cases  at  least,  the  eneineers  have  attri- 

buted to  the  effects  of  contact  with  cinder 
concrete.  Owing  to  this  belief,  they  are  now 
prohibiting  cinder  concrete  in  every  form.  In 
this  case  at  least  some  of  the  trouble  was 
subsequently  found  to  be  the  result  of  elec- 

trolysis. How  much  of  the  corrosion,  if  any. 
was  actually  due  to  cinders,  it  would  be  hard 
to  say.  It  is  quite  possible  that  in  other  cases 
of  damage  to  pipes  cinder  concrete  has  been 
made  to  bear  the  blame  which  should  have 
been  attributed  to  stray  currents  of  electricity. 

DISCUSSION  OF  W.  P.  CI.AFLIN. 

.'Vbout  sixteen  or  seventeen  years  ago.  cin- 
der concrete,  having  been  officially  tested  and 

approved  by  the  New  York  building  depart- 
m.ent,  was  introduced.  That  it  has  been  a 

success  in  its  limited _  field  of  application 
time  has  shown  conclusively.  The  method  of 
testing  originally  devised,  and  still  followed, 
does  not  give  accurate  results,  but  it  was  the 
best  that  knowledge  then  available  afforded. 

For  several  years  after  its  introduction  the 
cinder  concrete  industry  was  dominated  by 
reputable  individuals  and  companies  of  finan- 

cial responsibility  who  generally  controlled  a 
patented  method  of  reinforcing  which  was 
not  available  to  others  in  the  trade.  It  was 
their  custom,  as  a  rule,  to  arrange  for  a  steady 
supply  of  cinders  from  fairly  reliable  sources. 
The  patents  referred  to  cover  the  forms  of 
reinforcing  bars  and  rods,  either  nlain  or  de- 

formed, with  spacers,  clips,  and  hangers  for 
insuring  the  proper  placing  of  the  reinforce- 

ment and  holding  the  concrete  protecting  the 
bottom   flanges   of   the   steel   floor-beams   and 

girders.  There  is  also  a  rectangular_  wire 
mesh  with  welded  intersections,  which  is  one 
of  the  best  types  of  reinforcement. 

Each  concern  conducted  a  series  of  tests  un- 
der the  direction  of  the  Building  Department, 

and  obtained  approvals  on  forms  of  construc- 
tion which  gave  the  architects  a  range  of 

choice  sufficiently  wide  to  cover  generally  all 
the  requirements  of  jjractice.  The  conditions 
in  the  trade  were  fairly  stable,  with  reason- 

able competition,  a  good  grade  of  cinders, 
and  responsible  concerns  to  deal  with. 

Five  or  six  years  ago  a  subsidiary  of  the 
Steel  Corporation  began  the  manufacture  of 
a  triangular-mesh,  wire  reinforcement,  which, 
having  been  tested  and  approved  in  slabs  of 
various  spans  and  for  various  quantities  of 
steel,  was  placed  on  the  market.  This  is  sold 
to  any  one  having  the  means  to  oay  for  it,  and 
it  is  so  cheap  that,  in  many  instances,  as  a 
result  of  the  ensuing  sharp  competition,  the 
proprietors  are  obliged  to  use  it  instead  of 
their  own  methods  of  reinforcement.  No 
criticism  of  this  form  of  reinforcement  is 
here  implied,  for  it  is  one  of  the  best  in  use today. 

The  trade  is  not  now  in  such  a  satisfactorj' 
condition  as  formerly,  for  the  reason  that  an 
irresponsible,  unskilled,  and.  too  frequently, 
careless  element  has  appeared,  which,  through 

ignorance  or  willingness  to  assume  risks,  un- 
derbids its  more  conservative  and  responsible 

competitors.  It  is  practically  impossible  for 
the  architect  to  induce  the  average  owner 

(especially  the  speculator)  to  discriminate  be- tween the  two  elements  in  the  trade.  Cinder 
concrete  is  cinder  concrete  to  him,  and  it  is 
difficult  for  him  to  see  beyond  the  dollars 

apparently  saved  by  the  acceptance  of  an  un- 
duly low  estimate. 

In  times  of  normal  building  activity,  it  is 
difficult  and  sometimes  impossible  for  the  new 
element  in  the  trade  to  obtain  cinders  of  good 

quality;  consequently,  they  are  often  taken 
from  household  refuse  at  the  dumps,  and  con- 

tain all  sorts  of  foreign  matter  adversely 
affecting  their  quality  and  the  strength  of  the 
concrete. 

The  foregoing  has  been  written  for  the  pur 
pose  of  showing  clearly  the  influences  which 
have  resulted  in  conditions  as  they  are  today. 

For  some  time  the  method  of  arbitrary  tests 
imposed  by  the  Bureau  of  Buildings  has  caused 
dissatisfaction,  not  only  in  the  trade,  but 
among  architects,  because  thev  require  much 
time  and  are  expensive,  and  because  the  ap- 

proval is  limited  to  the  exact  form  testtd,  no 
variation  whatever  being  allowed.  This  means 
that  a  firm  desiring  to  use  a  number  of  forms 
of  construction  must  take  the  time  for,  and 
incur  the  expense  of.  a  test  on  each  one,  no 
matter  how  slight  the  difference  may  be. 

This  condition  has  naturally  led  to  the  de- 
sire, on  the  part  of  the  cinder  concrete  in- 

terests, for  a  more  rational  and  simple  method 
of  determining  the  strength  of  slabs,  and  the 
proposal  to  calculate  their  stability  ort  the 
basis  of  unit  stresses  is  the  result.  This  pro- 

posal is  logical  and  highly  desirable,  if  it  can 
be  done  with  safety,  but  there  are  points  in- 

volved which  would  seem  to  make  it  unwise. 

lentil  recently  all  slabs  were  tested  under 
uniformly  distributed  loads,  developing  un- 

believable carrj'ing  canacities.  The  only  way 
to  account  for  this  is  that  the  load  arches 
itself,  a  large  and  indeterminate  portion  being 
transferred  to  the  haunches.  In  fact,  it  would 

require  great  skill  in  placing  the  load  to  pre- 
vent it.  We  are  in  the  dark,  therefore,  as  to 

the  true  strength  of  the  slabs  we  have  used. 
Within  the  last  two  or  three  years  slabs  have 
been  tested  under  concentrated  loads  at  the 
middle. 

.^s  has  liecn  intimated,  it  is  difficult  to  ob- 
tain cinders  of  anywhere  near  a  standard  qual- 

The  proper  inspection  of  cinder  concrete  re- 
quires a  superintendent  continually  on  the 

work  to  see  that  the  materials  are  of  the  prop- 
er kind,  and  that  they  are  mixed  and  claced 

as  they  should  be.  It  is  practically  impossible 
to  persuade  an  owner  to  incur  the  expense  of 
a  clerk  of  the  works,  especially  in  commercial 
work.  This  is  another  valid  reason  for  a 
strict  law  safeguarding  the  use  of  cinders. 

The  most  uncertain  of  all  the  elements  en- 
tering into  the  composition  of  any  concrete, 

but  more  especially  cinder  concrete,  is  the  so- 
called  human  element.  Carelessness  in  or  in- 

difference to  any  one  of  the  many  precautions 
which  must  be  observed  in  the  mixing  and 
placing  of  concrete  may  lead  to  failure. 

If  unit  stresses  are  used  in  the  calculation 
of  cinder  concrete  slabs,  they  should  be  low 
enough  to  discount  faulty  cinders,  carelessness, 

possible  dishonesty,  indiff^erence,  and  lack  of inspection.  To  accomplish  this,  the  unit 
stresses  must  be  so  low  that  the  cinder  con- 

crete interests  themselves  would  object  on  the 
ground  that  the  quantity  of  material  required 
would  be  increased  to  such  an  extent  that  they 
could  not  compete  successfully  with  other 
forms  of  floor  construction.  If  unit  stresses 
are  used  the  cinders  should  be  standardized : 
the  law  should  require  that  they  be  washed 
and  screened. 

The  fire-resisting  qualities  of  cinder  con- 
crete have  been  developed  so  many  times  in 

tests  and  during  actual  fires  that  it  would  seem 
that  the  time  has  come  when  they  may  be  ac- 

cepted as  proved  and  fire  tests  eliminated  in 
the  future. 

The  following  recommendations  are  made : 

(1)  That  the  Bureau  of  Buildings  conduct 
a  series  of  tests,  approximating  as  closely  as 
possible  commercial  conditions  in  the  mixing 
and  placing. 

(2)  That  the  slabs  be  tested  under  concen- 
trated loads  at  the  middle  of  the  spans,  with 

various  combinations  of  span  lengths,  thick- 
nesses of  slab,  and  areas  of  reinforcement. 

(3)  That  the  results  of  these  tests  be  di- 
vided by  a  conservative  factor  of  safety  and 

the  rernainders  be  tabulated  for  use  as  the 

basis  of  slab  design.  For  instance,  if  it  is  de- 
sired to  use  a  slab  4  ins.  thick,  with  a  6-ft. 

span,  carrying  an  applied  load  of  150  lbs.  per 
square  foot,  a  given  area  of  reinforcing  steel 
per  foot  of  width  should  be  required. 

(4)  That  a  ruling  be  made  requiring  the 
washing  and  screening  of  all  cinders  used  in 
all  future  buildings. 

(5)  That  all  existing  approvals  be  revoked, 
after  the  results  of  the  new  tests  are  available. 

The  adoption  of  these  recommendations 
would  place  the  use  of  cinder  concrete  on  a 
rational  basis  and  enable  those  interested  to 

proportion  the  slabs  with  a  degree  of  freedom 
and    safety   hitherto   unknown. 

Several  years  ago  A.  N.  Talbot  embedded 
steel  in  cinder  concrete  and  concluded  that 
the  corrosion  was  negligible,  because,  with  the 

wet  mixtures  used,  a  film  of  cement  was  de- 
posited around  the  steel  which  protected  it 

against  the  action  of  any  chemicals  in  the 
cinders  tending  to  cause  corrosion. 

It  is  not  safe  to  place  unprotected  pipes  in 
the  cinder  fill  over  slabs.  This  can  probably 
be  explained  bv  the  fact  that  the  mixture  is 
usually  1 :7  or  more,  and  is  placed  quite  drv, 

the  consequence  being  that  there  is  not  suffi- 
cient water  present  to  carry  in  suspension 

enough  cement  to  coat  the  pipes.  Piping  thus 
placed  should  alwavs  be  given  a  heavy  coat 
of  asphaltic  or  similar  acid-resisting  paint. 
About  the  only  knowledge  we  have  of  the 

effect  of  cinder  concrete  on  reinforcing  sterl 
in  actual  construction  is  derived  from  the 
Pabst  Building,  which  was  removed  (to  make 
way  for  the  Times  Building)  after  having  been 
occupied  for  seven  years.  Corrosion  of  the 
steel  was  found  in  a  few  places,  but  not  to 

a  degree  affecting  its  strength.  Pipes  em- 
bedded in  the  cinder  fill  were  badly  corroded. 

DISCUSSION  BY  A.  L.   A.  HIMMELWRICHT. 

The  great  difficulty  in  evolving  a  rational 
theory  of  design  is  that  the  strength  is  not 

the  only  important  feature  of  fire-proof  con- struction ;  fire  resistance  and  durability  are 

even  more  important.  Conditions  which  will 

produce  the  greatest  strength  generally  result 
in  the  poorest  fire  resistance;  that  is  to  say, 
the  farther  away  the  reinforcing  metal  is 

from  the  neutral  axis  and  the  nearer  it  ap- 
proaches the  underside  of  the  slab,  the  greater 

will  be  the  strength;  on  the  other  hand,  the 

nearer  the  reinforcing  metal  approaches  the 

under  side  of  the  slab,  the  thinner  will  be  the 

protective  covering  and  the  more  quickly  the 
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reinforcing  metal  will  be  heated  in  a  fire  so 
as  to  become  weak. 

The  question  of  durability  is  most  import- 
ant. Exposure  to  the  elements,  which  is  a 

necessary  condition  in  practical  building  con- 
struction, always  causes  initial  rusting.  When 

the  reinforcing  metal  is  in  the  form  of  bars  or 
rods  of  considerable  size  and  section,  the 
rusting  is  not  important,  and  does  not  ma- 

terially weaken  the  metal.  When,  however, 
the  reinforcement  is  in  tlie  form  of  wire  or 
small  mesh  made  from  light  sheet-metal  or 
similar  material,  the  rusting  affects  the 
strength  very  materially  by  reducing  the  ef- 

fective section,  _  and  when  embedded  in  wet 
concrete  it  continues  to  rust  in  rainy  weather 
and  until  the  building  is  roofed  over.  In  ex- 

treme cases  such  reinforcing  metal  under 
normal  conditions  becomes  weakened  by  oxi- 

dation so  that  it  retains  only  a  fraction  of 
the  strength  shown  by  the  formula. 

Density  is  another  factor  that  has  large  im- 
portance in  cinder  concrete  fireproofing. 

When  stone  aggregates  are  used  and  the  con- 
crete is  thoroughly  rammed  so  as  to  ehminate 

all  voids  the  action  of  the  concrete  approaches 
more  nearly  to  that  of  the  solid  stone  of 
which  the  aggregates  are  composed,  and  it 
cracks  much  more  readily  when  exposed  to 
heat  and  sudden  cooling  than  when  the  con- 

crete is  full  of  voids.  This,  in  fact,  is  the 
principal  reason  that  cinder  concrete  develops 
higher  fire  resistance  than  any  concrete  with 
stone  aggregates.  It  is  impossible  to  eliminate 
all  the  voids  in  the  cinder  aggregate  by  ram- 

ming, as  such  voids  are  always  present  in  the 
aggregates  themselves,  to  a  greater  or  less  ex- 

tent, even  if  the  cementing  material  is  free 
from  them. 

Tests  made  by  the  writer  conclusively  dem- 
onstrated that  the  more  porous  the  concrete 

the  less  likely  it  is  to  crack  and  fail  under 
sudden  and  violent  changes  of  temperature. 
Cinders  crushed  so  as  to  pass  a  %-in.  screen, 
made  into  concrete  mixed  in  the  proportion  of 
1:2:5,  and  simply  spread  over  the  forms  and 
leveled  and  patted  down  with  shovels  in  seg- 

mental arch  construction,  will  develop  ample 
strength  to  carry  ordinary  loads  up  to,  say, 
200  lbs.,  with  a  safety  factor  of  5.  The  ma- 

terial manipulated  in  this  way  will  be  ex- 
tremely porous,  light  in  weight,  and  will  ex- 

ceed in  fire  resistance  any  other  material 
known  to  the  writer,  except  possibly  a  con- 

crete made  from  "tetzlonti,"  a  porous  lava 
rock  which  the  writer  has  used  in  a  number 
of  buildings  in  the  City  of  Mexico. 

It  is  well  known,  of  course,  that  density 
is  desirable,  as  tending  to  prevent  oxidation 
of  the  steel  reinforcement,  since  oxidation 
takes  place  more  rapidly  where  voids  occur 
in  the  surrounding  concrete ;  but  this  oxidation 
practically  ceases  when  the  concrete  becomes 
perfectly  dry  after  a  building  is  enclosed  and 
finished!  This  phase  of  the  problem,  therefore, 
is  of  minor  importance,  especially  when  the  re- 

inforcing metal  is  in  the  preferred  form  of 
rods  or  bars  of  considerable  section. 

The  economic  advantage  of  voids  in  secur- 
ing lightness  is  much  more  important  than 

the  initial  oxidation,  but  it  has  never  received 
the  attention  it  deserves.  A  concrete  made 
and  deposited  as  above  described  will  weigh 
onlv  from  70  to  75  lbs.  oer  cubic  foot,  as 
against  95  to  100  lbs.  when  thoroughly  rammed. 
This  is  a  gain  of  25  per  cent  in  the  dead 
load,  in  favor  of  economy,  and,  as  above 
stated,  amnle  strength  is  also  obtained. 
From  what  precedes  it  will  be  apparent  that 

certain  qualities  and  conditions  \yhich  result 
in  improved  fire  resistance,  both  in  the  form 
of  the  reinforcing  metal  and  in  the  concrete, 
tend  toward  weakness,  so  that  we  have  two 
conflicting  elements  in  the  design  of  cinder 
concrete  floors  which  will  forever  prohibit  the 
development  of  a  practical  rational  formula 
of  general  application. 

An  important  feature  of  this  whole  problem 
is  the  fact  that  it  is  a  mistake  to  legislate  or 
inaugurate  regulations  that  are  restrictive  and 
tend  toward  the  development  and  improvement 
of  only  a  few  forms  of  construction.  The  er- 

ror of  this,  perhaps,  is  more  plainly  illustrated 

in  the  regulations  governing  theater  construc- 
tion than  in   anything  else.     AH  the  building 

laws  at  the  present  time  specify  refinements 
uf  the  conventional  design  %or  theaters,  and 
absolutely  prohibit  other  designs  which  might 
provide  greater  safety  and  result  in  larger 
seating  capacity.  It  is  always  better,  in  pre- 

paring building  codes  and  city  ordinances,  to 
specify  results  to  be  obtained  rather  than  de- 

tailed specifications. 

The  best  that  can  be  done  with  the  problem 
is  to  develop  a  theory  and  formula  in  accord- 

ance with  the  results  of  the  usual  and  more 
common  forms  of  cinder  concrete  floors,  as 
proposed  by  Mr.  Waite,  and,  in  addition,  make 
a  separate  provision  for  the  determination  by 
test  of  the  strength  of  those  special  forms 
of  construction  to  which  the  formula  and 
rational  theory  do  not  apply.  This  course  has 
recently  been  followed  in  the  most  up-to-date 
building  codes,  in  order  not  to  discourage  or 
prohibit  methods  which  aim  at  superior  fire 
resistance,  lightness,  and  other  economies. 

Cinders  with  any  considerable  quantity  of 
soluble  sulphates  are  entirely  unsuited  for  con- 

crete aggregates,  and  should  be  prohibited.    A 

sumetl  in  large  steam  boiler  plants,  free  from 
soluble  sulphates  and  silicates,  and  in  which  the 
fine  material  is  composed  wholly  of  grit.  (Note: 
— Ashes  or  cinders  from  ordinary  coal  stoves, 
ranges,  hot-air  furnaces,  small  steam  boilers,  or 
locomotive  or  gas-plant  cinders,  shall  in  no  case 
be  used  for  aggregates  for  cinder  concrete.) 
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Fig.  1.  Sketch  Showing  Extent  of  Failure 

of  Theater  and  Arcade  Building,  Younijs- 
town,  Ohio,  and  Positions  of  Camera  In 

Taking  Views  Shown   in   Figs.  2  and  3. 

good  quality  is  obtained  from  large  steam 
boiler  plants  in  which  the  cinders  are  cooled 
by  spraying.  They  contain  practically  no 
soluble  sulphates  or  silicates,  and  from  95  to 
98  per  cent  of  the  fine  material  is  grit  fully 
equal  to  sand  of  good  quality  for  the  purpose 
of  making  concrete.  When  a  building  law  re- 

quires screening,  it  can  readily  be  understood 
that  excellent  material  (the  fine  grit)  is  thus 
prohibited  and  wasted,  which  involves  useless 

expense  and  a  large  loss  in  economy  of  con- 
struction. Locomotive  cinders — on  account  of 

the  coating  of  soot — and  cinders  from  gas 
plants  are  also  unsuitable  for  concrete.  The 
extremely  coarse  clinker  from  bituminous 
coal  is  objectionable,  as  is,  in  fact,  any  coarse 
material. 

To  get  uniform  and  satisfactory  results,  all 
cinders  should  be  passed  through  rollers  or 
crushers  which  will  reduce  them  to  a  size  that 

will  pass  a  %-in.  square  mesh  screen.  If  sand 
is  added  to  the  fine  material,  so  as  to  make  a 

mixture  in  the  proportion  of  1  part  of  high- 
grade  Portland  cement  to  2  parts  of  fine  ma- 

terial and  sand,  and  5  parts  of  crushed  cinder 

aggregate,  a  most  excellent  fire-resisting  con- 
crete will  result. 

A  good  definition  for  a  suitable  quality  of 
cinders  in  a  building  code  is  the  following: 

Cinders,  when  referred  to  In  this  code,  shall 
be  construed  to  mean   the   residue  of  coal  con- 

Comment  on  the  Failure  of  the  Thea- 
ter and  Arcade  Building, 

Youngstown,  Ohio. 
To  THE  Editors  :  On  the  afternoon  of  Oct. 

26,  1914,  there  occurred,  at  Youngstown,  Ohio, 
a  partial  collapse  of  the  reinforced  concrete 
portion  of  the  new  Theater  and  Arcade 
Building  which  was  under  construction  for 
the  Youngstown  Hippodrome  Co.  The  sketch 
in  Fig.  1  shows  roughly  the  e.xtent  of  the 
wreck,  as  well  as  the  positions  from  which 
the  views  shown  in  Figs.  2  and  3  were  taken. 
These  views  were  taken  at  noon  on  Oct.  27, 
and  they  show  the  condition  of  the  building  at 
that  time. 
The  floors  were  ribbed  construction  using 

steel  "Floretyles,"  the  spans  being  about  15  ft. 
They  were  carried  by  reinforced  concrete 
girders,  the  girders  being  reinforced  with 
"Kahn"  bars.  The  columns  were  square  con- 

crete columns  having  a  small  rod  in  each 
corner.  Brick  pilasters  were  provided  where 

the  girders  rested  in  the  tile-and-brick  wall. 
I  am  informed  that  the  concrete  of  the 

roof  was  poured  one  week  before  the  wreck. 
This  would  make  the  concrete  in  the  first  and 
second  floors  several  weeks  old.  The  collapse 
was  sudden  and  without  warning.  Three 

men  were  killed  and  three  were  injured.  News- 
paper accounts  are  very  indefinite  as  to  where 

and  how  the  wreck  started,  as  might  be  ex- 
pected, since  the  collapse  was  so  sudden  and 

so  complete. 
Of  course  there  will  be  the  usual  investiga- 

tion and  the  usual  stereotyped  conclusions. 
Several  things  are  certain,  and  these  can  be 
written  now  as  well  as  later.  One  of  these 
is  that  cold  weather  had  absolutely  nothing  to 
do  with  the  failure,  in  spite  of  an  editorial  in 
a  Pittsburgh  newspaper  the  day  after  the 

occurrence  calling  loudly  for  reinforced  con- 
crete work  to  be  stopped  when  cold  weather 

arrives.  Cold  weather  did  arrive  the  day  after 
the  wreck,  but  for  a  long  period  before  it  the 
weather  was  ideal  for  concrete  work.  There 
were  not  even  nightly  frosts. 
Wind  had  nothing  to  do  with  it,  for  tliJ 

building  is  completely  shielded  from  wind. 
We  Pennsylvania  engineers  are  worked  up 

over  a  proposed  law  to  license  engineers  on 
the  pretext  that  excluding  the  incompetent 
will  diminish  failures.  There  is  apparently 

no  ground  for  finding  fault  in  this  case  with 

the  competence  of  either  architects,  consultinp' 
engineer,  or  contractors.  As  I  stated  before 
the  State  Commission,  which  was  responsible 
for  this  law.  this  failure  would  not  change 
engineering    designs    one    iota. 

i  do  not  hesitate  to  say  that  the  one-  big cause  behind  this  wreck  was  bad  design,  and 
I  do  not  hesitate  to  place  the  blame  on  the 
structural  engineering  profession  at  large. 
This  is  just  another  of  the  countless  wrecks 
due  to  abominable  standards  of  design,_  stand- 

ards that  I  have  been  publicly  condemning  for 
eight  years,  standards  that  no  engineer  has 
dared  to  defend  publicly  for  a  large  portion  of 

that  time ;  nevertheless  the  "Joint  Committee 
Report"  has  in  that  time  twice  sanctioned  those 
standards. 
\  man  on  the  job  told  me  that  they  were 

pulling  forme  when  the  collapse  took  place.  I 
surmise  that  if  any  forms  were  being  pulled 
it  was  in  the  cellar.  It  is  scarcely  probable 
that  thcv  would  be  pulling  forms  from  under 
week-old  concrete  girders.  The  photographs 

(Figs.  2  and  3)  show  that  there  are  still  re- maining the  props  under  that  portion  of  the 
roof  which  did  not  collapse,  as  well  as  the 

props  under  the  second-story  girders,  and  a 
few  of  those  under  'the  first-story  girders. 
But  suppose  they  were  pulling  forms  from 
under  the  ribs  in  the  roof  prematurely,  why 
did  not  the  second  floor  catch  and  hold  the 
falling  roof,  at  least  to  the  extent  of  delaying 
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a  complete  collapse?  Why  did  not  the  girders 
and  columns,  relieved  of  their  load,  stand  up? 

There  are  visible  two  props  under  the  first 
floor  girder  shown  in  Fig.  2,  whereas  four 
are  to  be  seen  under  the  roof  girder.  This 
indicates  that  the  props  had  been  quite  gen- 

erally drawn  out  in  the  basement  storj\  It 
means  that  the  girders  and  columns  of  the 
first  story  were  doing  a  large  part  of  their 
work. 

There  was  a  lot  of  "unripe"  concrete  about 
the  place,  as  would  be  expected  when  much  of 

about  10  ins.  square  and  about  13  or  14  ft. 

high.  And  these  foolish  little  shafts  of  con- 
crete pass  as  structural  members  equivalent 

to  a  steel  column,  or  a  cast-iron  column,  or  a 

hooped  column.  They  have  been  present  m 

nearlv  all  of  the  large  wrecks,  and  the^y  in- 
variably break  up  into  short  pieces  and  tail 

utterly  to  carr\^  their  intended  loads  or  even to  stand  upright.  ,,.,., 

In  one  wreck  a  column  of  this  kind— a  sea- 
soned column  standing  nearly  100  ft.  from 

the   wrecked   portion    of   the   building— broke 

to  develop  fully  the  assumed  strength  of  all 
web  reinforcement."  This  is  commonly  in- 

terpreted to  mean  that  shear  members  should 
be  attached  to  the  longitudinal  steel  rods,  and 
it  was  probably  written  for  the  benefit  of  the 
systems  that  have  such  details.  It  certainly 
does  not  say  that  web  reinforcement,  nor  does 
it  say  that  longitudinal  reinforcement,  should 
be  anchored  into  the  support.^  The  Joint 
Committee  seemed  to  be  satisfied  if  a  beam 
held  togetlier:  the  little  matter  of  its  load 
being  carried  to  the  support  did  not  concern 

Fig.  2.     View  of  Wrecked  Portion  of  Theater  and    ArcaHe 

Building — Note    Props   for    Floor  and    Stump   of    Column — 
See    Fig.    1    for    Location   of   Camera. 

Fig.  3.     View  of  Wrecked   Portion  of  Theater     and    Arcade    Building- 
Note    Squareness    of    Girder    Fracture — See    Fig.    1    for 

Location    of  Camera. 

it  was  only  a  week  old.  But  there  were  evi- 
dences much  more  sinister  than  unhardened 

concrete,  for  the  building  might  have  stood 
up  until  it  was  occupied,  when  a  much  more 
serious  wreck  might  have  taken  place. 
One  of  these  evidences  is  in  the  columns, 

these  columns  being  conspicuous  by  their  ab- 
sence. Of  the  several  three-story  cnhimns  in 

the  wrecked  portion,  one  lone  stum"  remains. 
This  may  be  seen  in  the  lower  left  portion  of 

Fig.  2.  Note  the  "reinforcing"  rods.  These 
are  curled  up,  illustrating  how  they  expired 
in  a  vain  effort  to  do  their  work  as  four  little 
columns.  The  other  columns  were  broken  up 
into  short  chunks.  These  were  standard  col- 

umns, columns  approved  by  the  Joint  Com- 
mittee from  the  great  eneineering  societies. 

That  committee's  report  will  allow  plain  con- 
crete columns:  it  also  will  allow  concrete  col- 
umns with  a  little  rod  in  each  corner  held  in 

place  with  a  little  wire  "during  the  pouring  of 
the  concrete."     Some  of  these  columns  were 

under  a  load  of  200  lbs.  per  square  inch,  simp- 
ly from  the  jar  of  the  nearby  collapse. 
This  style  of  so-called  reinforced  concrete 

column  has  not,  and  never  had,  and  never 
could  have,  any  excuse  for  its  existence.  Tests 
and  wrecks  have  demonstrated  again  and 
again  that  it  is  unreliable  and  dangerous.  The 
Joint  Committee  ought  to  be  called  in  special 
session  to  revoke  their  recommendations  con- 

cerning it,  and  the  innumerable  building  codes 
based  on  those  recommendations  ought  to  be 
amended. 

.\nother  bad  feature  of  design  in  this  build- 
ing is  in  the  girders,  as  is  evidenced  in  the 

wreck.  These  girders  sheared  squarely  from 
the  columns  and  walls,  showing  that  the  steel 
did  nf)t  penetrate  the  supporting  columns  and 
walls.  There  were  shear  members,  web  rein- 

forcement, of  course,  and  that  web  reinforce- 
ment fulfilled  the  Joint  Committee  Report. 

That  report  says,  "It  is  important  that  ade- 
quate bond  strength  or  anchorage  be  provided 

it.  How  any  intelligent  man  can  place  any 

dependence  on  stirrups  or  short  sliear  mem- 
bers is  a  mystery  to  me.  If  there  had  been 

three  times  as  many  shear  members  in  these 
girders  they  would  have  fallen  away  from 
their  supports  with  exactly  the  same  facility. 

As    I    have    said    before   these    wrecks    and 
their  cause   (bad  design)  are  a  burning  shame 
on  the   engineering  profession. 

Very   truly   yours. 
Edward  Godfrey. 

Monongahela   Bank   Building, 
Pittsburgh,  Pa..  Nov.  9.  IPU. 

(It  will  be  noted  that  no  criticism  of  in- 
dividuals is  intended  by  the  writer  of  this 

letter,  as  it  is  specifically  stated  that  even 

though  "the  one  big  cause  behind  this  wreck 
was  bad  design,"  the  blame  is  placed  on  the 
"structural  engineering  profession  at  large." It  will  also  be  noted  that  the  writer  definitely 

points  out  the  features  which  he  criticises  as 
had  design. — Editors.) 

WATER 
The   Use.    Design,   Construction,   Cost 

and  Durability  of  Wooden 

Stave  Pipe. 
11. 

The  Durability  of  Wooden  Stave  Pipe. 
Contilbuf'rt  tiy  Anilrcw  Swiikaril.  Hydr.uillc  En- 

gineer, Palo  Alto,  Calif. 

The  materials  used   in   a   wooden   pipe  are, 
more   or   less,   subject   to   deteriorating   influ- 

ences ;    the   wood   decays   and   the   iron    rusts. 
When  these  natural  phenomena  have  proceed- 

ed   far   enough   a   pipe   becomes   useless,   and 
must  be  renewed.  The  length  of  time  between 
installation    and    renewal,    may    be    long    or 
short,    depending    on:    (a)    the    general    and 
local  physical  conditions  of  the  region  through 
which   the   pipe   is   built;    (b)    the   kind    and 

character  of  the  material  used;  (c)  the  de- 
sign; (d)  the  care  used  in  the  manufacture 

of  the  material,  and  the  location,  construction, 
and  operation  of  the  pipe,  and  (e)  the  meas- 

ures taken  to  prevent  or  retard  the  action  of 
decay  and  rust. 

If  decay  destroyed  wood,  and  rust  corroded 
iron  w-ith  the  same  avidity  in  all  localities, 
under  all  physical  conditions,  of  soil  and 
climate,  then  a  wooden  pipe  would  last  as 
long  in  one  place  as  in  another.  Then  the 
useful  life  of  a  pipe,  as  determined  by  an 
actual  case,  would  determine  the  useful  life 
of  any  other  pipe;  but  this  is  not  the  case. 
Wooden  pipe  has  been  in  use  now  long 

enough  to  furnish  examples  that  indicate 
conclusively  that  pipes  built  of  equally  good 
material,  and  with  equal  care,  and  under 
similar   operating   conditions,    will    last    much 

longer  in  one  locality  than  in  another,  and 
that  some  parts  of  a  pipe  line  will  last  longer 
than  other  parts. 

The  same  thing  is  noticeable  in  the  case  of 
iron  pipe.  The  metal  rusts  gradually  in  the 
presence  of  moisture  and  oxygen.  These  two 
elements  being  everywhere  on  the  earth,  rust 

is  equally  prevalent.  But  rust  is  greatly  ac- 
celerated by  the  presence  of  acid,  common 

salt,  or  weak  alkaline  solutions.  There  may 
be  in  the  water,  carbonic  acid,  or  in  the  soil 
humus  acids,  common  salt,  or  alkalis.  The 
presence  or  absence  of  these  accelerating 
agents  would  make  a  vast  difference  in  the 
life  of  an  iron  pipe;  they  are  prevalent  in 
some  localities  and  wanting  in  others. 

The  same  agency,  rust,  attacks  the  bands 
of  a  wooden  pipe.  Here  the  rapidity  of  its 
action  is  but  little  influenced  by  any  acids  or 
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separated  from  the  bands  by  the  staves,  but 
elements  in  the  soil  or  the  air  will  have  an 
accelerating  effect,  which  will  vary  largely 
with  localities  in  proportion  to  the  presence 
or  absence  of  such  elements. 

The  only  serious  destructive  agency,  affect- 
ing the  staves  of  a  wooden  pipe  is  decay,  and 

the  life  of  the  staves  will  depend  on  the 
rapidity  of  growth  of  the  decay  fungus. 
This,  in  turn,  will  depend  for  its  prevalence 
and  rapid  growth  on  propitious  climatic  con- 
ditions. 

Decay  is  purely  a  vegetable  growth,  that 
spreads  its  small  thread-like  branches  in  a 
network  through  the  walls  of  the  wood  cells, 
converting  the  wood  substance  and  cell  con- 

tents into  the  food  on  which  the  fungus  lives, 
until  eventually  nothing  remains  except  a 
punky  mass.  In  order  to  thrive,  the  fungus 
must  have,  besides  the  food  obtained  from  the 
wood,  some  water,  air,  and  heat.  New  decay 
growths  start  from  seed,  which  is  furnished 
in  abundance  by  the  toadstool  growth  which 
appears  on  the  outside  of  a  decayed  piece  of 
timber.  Extreme  cold  only  retards  decay  but 

heat  exceeding  150°  F.  will  kill  it.  A  tem- 
perature around  75°  and  80°  F.  is  most  suit- 

able for  a  rapid  decay  growth. 

It  is  an  easy  matter  to  conclude  from  these 
facts  that  a  timber  structure  will  decay  more 
rapidly  in  a  uniform,  temperate  climate  of  a 
region  subject  to  a  large  annual  rainfall  that 
is  distributed  over  a  good  part  of  the  year. 
Such  a  region  would  be  timbered,  and  decay- 

ing logs  and  branches  would  be  scattered  in 
profusion  among  the  trees,  supplying  the 
fungus  seed  or  spores  in  clouds.  Staves  taken 
into  a  region  of  this  sort  would  be  literally 
covered  with  seed  or  spores  before  being  built 
into  the  pipe.  While  the  wood  remains  dry 
the  spores  will  not  grow,  but  after  being  built 
into  the  pipe  will  start  if  the  conditions  of 
growth  are  favorable,  or  are  permitted  to  be- 

come favorable.  Nor  is  it  difficult,  consider- 
ing the  same  facts,  to  conclude  that  decay 

growth  will  be  at  a  disadvantage  in  a  semi- 
arid  region  of  high  altitude.  Here  the  low 
temperature  for  the  most  part  of  the  year 
prevents  or  retards  decay,  and  when  the 
temperature  becomes  favorable,  other  condi- 

tions are  likely  to  be  generally  unfavorable. 
It  is  in  regions  of  this  sort  that  wooden  pipe 
will  have  a  long  life,  and  be  much  in  demand. 

Twenty-two  years  ago  the  Butte  Water 
Co.  of  Butte,  Mont.,  built  a  long  line  of 
wooden  pipe  that  is  today  in  excellent  condi- 

tion. The  maintenance  charges  on  this  line 
have  been  merely  nominal  from  the  beginning 
to  date.  It  would  be  safe  to  say  that  this  pipe 

line  is  good  for  another  20  years.  The  Gar- 
field Water  Co.  of  Garfield,  Utah,  installed 

several  miles  of  large  pipe  eight  years  ago. 
This  pipe  is  above  ground  and  shows  abso- 

lutely no  signs  of  deterioration.  The  mainte- 
nance charges  have  to  date  consisted  of  a 

patrolman's  salary.  There  are  many  other  pipe 
lines  in  this  region,  which  extends  from  the 
Rocky  to  the  Sierra  Nevada  Mountains  and 
from  up  in  British  Columbia  down  into 
Mexico,  that  are  giving  extraordinarily  long 
service. 

The  wooden  pipe  built  by  the  city  of  As- 
toria, Ore..  18  years  ago,  affords  a  good  ex- 
ample of  what  might  be  expected  in  a  region 

as  first  described  above.  In  article  I  this  pipe 
was  referred  to  as  an  example  of  the  results 
of  poor  location.  Extensive  repairs  were 
necessary  after  ten  years,  due  largely  to  lo- 

cating parts  of  the  line  close  to  the  hydraulic 
grade  line.  The  unfavorable  location  was 
the  more  reprehensible  when  the  unfavorable 
climatic  and  local  conditions  are  taken  into 
consideration.  An  examination  of  the 

portions  of  the  pipe,  more  favorably  lo- 
cated, made  at  the  time  of  these  re- 

newals, was  the  basis  of  an  opinion 
that  the  pipe  would  not  last  more  than  10 
years  more,  making  20  years  the  total  life 
of  the  pipe  line.  It  is  very  probable  that  this 

pipe  has  nearly  reached  the  end  of  its  use- 
fulness. The  climatic  conditions  around  As- 

toria are  almost  ideal  for  rapid  decay.  The 
rainfall  is  generally  distributed  throughout 
the   year,   the   temperature   is   mild   and   even 

and  rotten  wood  is  scattered  everywhere 
through   the    forests. 
The  climatic  influence  of  a  large  area  of 

country  cannot  be  avoided,  but  should  be 
given  due  consideration  in  determining 
whether  or  not  wooden  pipe  will  be  the  eco- 

nomical kind   to  use. 
Local  conditions  and  influences  embrace 

more  particularly  the  character  of  the  soil, 
and  of  the  vegetation  along  the  pipe  line. 
Different  conditions  of  soils  have  decided 
differences  in  effect  upon  the  life  of  both 
bands  and  staves.  Soils  impregnated  with 
alkalis  or  common  salt  hasten  the  corrosion 
of  the  bands;  so  also  will  the  presence  of 
any  kind  of  an  acid.  Carbonic  acid  is  even 
present  in  the  air,  and  can  be  partly  avoided 
by  covering  the  pipe  with  a  heavy  soil  that 
will  largely  exclude  the  air. 
One  of  the  products  of  vegetable  decay,  by 

oxidation,  is  humus  acid,  which  is  an  active 
agent  in  the  corrosion  of  iron.  This  acid  is 
formed  in  all  damp  ground  when  the  decay 
of  vegetable  matter  is  going  on.  The  back- 

filling over  a  pipe  should  contain  no  vege- 
table matter.  Leaf  mold  through  wooded 

areas  should  be  excluded  from  backfilling, 
but  even  then  the  infiltration  of  water  from 
above  will  carry  down  humus  and  carbonic 
acid,  but  in  lesser  amounts  as  the  depth  to 

the  pipe  increases,  and  especially  if  the  back- 
filling is  a  dense  soil. 

Destructive  agencies  that  cannot  be  avoid- 
ed can  be  inhibited  in  their  action  on  the 

iron  bands  by  painting  or  galvanizing.  The 
action  of  alkalis  and  common  salt  can  best 
be  avoided  by  building  the  pipe  above  ground 
when  soils  impregnated  with  these  salts  are 
encountered.  The  outfall  sewer  of  the  city 
of  Palo  Alto  is  a  12  in.  wooden  pipe,  laid 

through  a  salt  marsh.  After  seven  years' service  the  bands  were  nearly  rusted  away, 
while  the  wood  was  as  sound  as  when  the 
pipe  was  installed.  At  this  time  the  City 
Engineer  reported  to  the  Council  on  the  con- 

dition  of  the  pipe,  in  part,  as   follows : 
In  one  place,  about  600  ft.  from  the  outfall, 

there  was  evidence  of  sewage  on  the  surface 
above  the  pipe,  so  1  uncovered  the  pipe  for  a 
distance  of  15  ft.  in  that  location,  and  found  a 
V.i-in.  slit  between  two  wood  staves  through 
which  the  leakage  occurred.  The  only  remains 
that  I  could  find  of  iron  bands  at  this  point  was 
a  small  piece  about  6  ins.  long.  In  my  opinion 
the  pipe  is  entirely  without  support  of  bands, 
or  at  best  only  feebly  supported,  throughout  Its 
whole  length,  and  is  held  together  merely  by 
the  pressure  of  the  mire  around  it. 

The  elements  making  up  the  soil  are  not 
important  as  far  as  the  life  of  the  staves  is 
concerned.  In  order  to  decay,  the  destroying 
fungus  must  have  water,  air,  food,  and  heat. 
If  the  air  is  cut  off  the  fungus  will  not  grow. 
A  loose  covering  of  soil  will  not  cut  off  the 
air  supply,  but  a  covering  of  a  dense  soil 
about  4  ft.  in  thickness,  well  packed,  will 

largely  exclude  the  air,  and  thus  inhibit  de- 
cay growth.  The  dense  covering  also  pre- 

vents the  evaporation  of  the  water  that  per- 
colates through  the  staves,  thereby  insuring  a 

more  nearly  complete  saturation  of  the  staves 
and  contiguous  soil  with  water,  thus  form- 

ing a  medium  which  aids  in  if  not  entirely 
excluding  the  air  from  the  surface  of  the 
staves,  and  thus  further  inhibiting  or  pre- 

venting the  growth  of  decay.  While  this 
fungus  growth  must  have  water,  a  saturated 
piece  of  wood  (not  immersed)  either  con- 

tains too  much  moisture,  or  the  wood  cells 
being  filled  with  water  prevent  the  growth 
getting  the  proper  supply  of  oxygen  from  the 
air,  for  the  degree  of  saturation  of  the  wood 
seems  to  affect,  inversely,  the  growth  of  de- cay. 

The  superintendent  of  the  Butte  Water  Co. 
of  Butte,  Mont.,  in  writing  of  the  condition 
of  their  pipe  in  190C,  wrote  in  part,  as  fol- 

lows : 
In  the  first  pipe  we  built,  in  1892,  for  a  short 

distance  through  a  rocky  cut,  we  were  not  par- 
ticular about  backfilling,  and  considerable  of  the 

covering  was  broken  stone.  In  a  short  time 
after  using  It  we  discovered  that  the  staves  were 
be.ijinning  to  show  indications  of  decay  along 
this   portion   of   the   line.     Believing   decay   was 

caused  by  the  rock  filling  allowing  the  air  to  get 
to  the  outside  of  the  pipe,  thereby  causing  de- 

cay, I  had  the  filling  entirely  removed  and  re- 
placed with  good  dirt  on  top  of  the  pipe.  Since 

then  we  have  had  no  trouble  and  have  never 
found  a  stave  rotted  sufficiently  to  require  its 
removal.  Where  the  pipe  is  properly  backfilled 
with  good  dirt  all  around  the  pipe  the  seepage 

from  the  pipe  keeps  the  earth  damp,  and  prac- 
tically waterlogs  the  wood,  so  that  I  see  no 

leason  why  we  should  ever  have  trouble  with rot. 

Up  to  about  the  year  1875  the  city  of  De- 
troit had  installed  in  all  about  200  miles  of 

log  pipe  in  their  water  system.  These  logs 
were  of  tamarack  with  about  a  2j^-in.  hole 
bored  through  them.  They  were  laid  for  the 
most  part  in  blue  clay,  with  the  exception 
that  an  occasional  pocket  of  sand  or  gravel 
was  encountered,  and  the  pipe  was  laid 
through  it.  It  was  found  that  logs  laid  in 
the  sand  or  gravel  would  rot  out  within  five 
or  six  years,  while  specimens  have  been  taken 

from  the  blue  clay  after  about  50  years' 
service  in  good  condition.  Here  the  clay  cov- 

ering excluded  the  air  from  the  pipe  surface, 
thereby  cutting  off  the  supply  of  oxygen  re- 

quired by  the  decay  fungus,  while  in  the 
sand  or  gravel  pockets  the  air  reached  the  pipe, 
supplying  the  fungus  with  oxygen  and  also 
allowing  the  water  that  filtered  through  the 
logs  to  drain  away  from  the  surface,  and  also 
to  evaporate  to  some  extent,  thereby  reducing 
the  degree  of  saturation  of  the  log  surface 
to  that  more  nearly  suitable  for  a  rapid 

growth. Brush  or  trees  that  grow  rapidly  and  re- 
quire much  water,  if  permitted  near  a  pipe, 

will,  as  mentioned  in  Article  I  of  this  series, 
send  great  masses  of  roots  that  will  spread 
over  the  surface  of  the  pipe.  Under  these 
circumstances  the  pipe  is  ready  to  be  renewed 

after  from  two  to  ten  years'  service.  It  is 
known  that  the  staves  will  decay  exceeding- 

ly rapidly  under  this  condition,  but  the  reason 
for  the  rapidity  of  the  deterioration  is  not 
apparent.  The  moisture  in  the  surface  of 
the  staves  is  reduced  to  a  state  suitable  for 
decay  growth,  but  it  seems  as  though  the 
roots  exert  some  influence  that  is  not  under- 

stood. In  Article  I  reference  was  made  to 
the  destruction  of  part  of  a  pipe  line  at  Long 
Beach,  Calif.,   from  this  cause. 

In  1896  and  1897  the  West  Los  Angeles 
Water  Co.  of  Los  Angeles,  Calif.,  built  quite 
a  long  stretch  of  30-in.  wooden  pipe  that 
after  about  ten  years  gave  considerable  trou- 

ble, making  it  necessary  to  do  considerable 
repair  work  each  year.  The  main  trouble 
was  that  portions  of  this  pipe  were  laid  in 
ground  that  was  overgrown  with  willow 
brush,  and  the  soil  was  sandy  and  porous, 

thus  permitting  air  to  reach  the  pipe.  More- 
over, the  winter  of  1897-1898  was  very  dry 

and  during  the  summer  of  1898  the  pipe  was 
not  kept  full  of  water.  During  this  period 
(lecav  started  and  grew  very  rapidly,  encom- 

passing the  almost  total  destruction  of  staves 
at  places,  making  repairs  necessary  during 
the  first  year. 
The  Southern  California  Mountain  Water 

Co.,  at  San  Diego,  Calif.,  had  a  similar  ex- 
lierience  with  a  pipe  that  was  only  partly 
full  at  places  during  a  hot,  dry  summer. 
Some  staves  decayed  in  one  season  to  such 
an  extent  that  renewals  were  necessary. 
When  wood  is  once  attacked  by  the  fungus 
it  becomes  predisposed  to  further  decay; 

therefore,  it  is  desirable  to  inhibit  the  com- 
mencement  as   far  as   is   practicable. 

Under  certain  conditions  the  bands  of  a 

pipe  give  way  before  the  staves,  but  general- ly the  staves  give  out  first.  As  long  as  the 
pipe  must  wear  out  it  is  desirable  to  have 

all  parts  go  at  about  the  same  time.  If  pre- cautions be  taken  to  keep  the  air  away  from 
the  surface  of  the  pipe,  by  putting  the  pipe 

a  good  depth  below  the  surface,  the  depth  of 
cover  varying  inversely  as  the  density  of  the 
soil,  and  backfilling  with  clean,  dense  earth 
so  that  the  water  that  percolates  through 
the  staves  will  keep  them  thoroughly  sat- 

urated, a  combination  is  secured  that  insures 
a  long  life  to  the  staves,  regardless  of  the 
natural  durability  of  the  wood.     If  the  con- 
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ditions  are  such  that  a  pipe  cannot  be  so 
covered,  and  the  soil  is  hght  and  porous, 
then  the  available  wood  that  is  naturally  the 
most  resistant  to  decay  should  be  selected. 
However,  the  selection  of  any  one  variety 
does  not  mean  that  all  staves  obtained  will 
have  equal  resistant  qualities. 
Under  the  most  favorable  conditions  of 

heat,  light,  soil  and  moisture  hardwoods  pro- 
duce the  most  durable  woods,  but  in  the 

case  of  coniferous  trees  it  is  the  opposite. 

Pipe  staves  are  made  exclusively  from  con- 
iferous woods,  and  come  largely  from  the 

regions  where  the  trees  grew  most  luxuriant- 
ly. If,  for  any  particular  project,  arrange- 

rnents  could  be  made  for  securing  staves 
from  mills  located  in  regions  where  the  con- 

ditions are  less  favorable  for  rapid  growth, 
staves  of  a  more  durable  quality  would  be 
obtained.  The  redwood  belt  in  California 

is  along  the  coast,  extending  from  the  Ore- 
gon line  to  Monterey  Bay.  The  most  favor- 
able conditions  for  growth  are  in  the  North, 

decreasing  to  the  South.  It  is  a  well  known 
fact  that  the  Santa  Cruz  lumber,  coming 
from  the  lower  end  of  this  belt,  is  more 
durable  than  the  timber  from  the  North. 
But,  get  staves  where  you  will,  and  they 
will  not  be  uniform  in  quality  since  trees  in 
the  same  locality  produce  lumber  of  differ- 

ent quality,  and  this  is  even  so  in  the  case 
of  individual  trees.  Lumber  from  the  lower 
cuts  of  a  tree  are  much  more  durable  than 

those  from  the  upper  cuts.  It  is  not  prac- 
tical to  get  all  butt-cut  lumber,  but  it  is  prac- 
tical to  exclude  the  light  lumber  from  the 

upper   cuts. 
.•\bout  eight  or  nine  years  ago  a  city  near 

the  Atlantic  Sea  Coast  had  installed  about 
20  miles  of  wooden  pipe  30  ins.  in  diameter. 
The  staves  were  made  from  redwood  lum- 

ber, and  were  manufactured  on  the  Pacific 
Coast.  In  order  to  effect  a  saving  in  freight 
the  manufacturer  picked  from  the  yard  all 
light  weight  lumber.  Some  cars  that  were 
shipped  averaged  as  low  as  1.800  lbs.  per 
1,000  ft.  board  measure;  which  means,  of 
course,  that  some  staves  were  even  lighter 
than  this.  This  light  material  was  built  into 
the  pipe,  and  some  of  it  stood  nearly  two 
years  before  water  was  turned  on.  Then  it 
was  found  that  many  staves  had  punky 
places  in  them  and,  where  the  pressure  was 
sufficient,  the  water  would  break  through. 
A  large  number  of  cast  plates  were  made 
that  fitted  the  surface  of  the  pipe,  and  were 
put  on  at  these  places  and  fastened  down 
with  the  bands.  It  is  probable  that  it  will 
not  be  long  before  we  hear  of  this  pipe  be- 

ing cited  as  an  example  of  the  short  life  that 
might  be  expected  of  wooden  pipe. 

The  bands  of  a  pipe  should  be  made  from 
mild,  homogeneous  steel.  Segregations  in 
the  structure  of  the  metal  stimulates  corro- 

sion. .Steel  that  has  been  carelessly  manu- 
factured or  that  contains  a  high  percentage 

of  impurities  should  be  avoided.  It  is  con- 
tended by  some  that  a  certain-  percentage  of 

impurities  inhibits  corrosion,  but  the  ad- 
herents to  this  theory  seem  to  be  in  the  mi- 

nority. If  heterogeneousness  cannot  be 
avoided  with  the  presence  of  impurities,  they 
should  be  kept  at  a  minimum.  Basic  open- 
hearth  steel  is  now  being  manufactured  that 
is  almost  pure.  However,  most  of  the  bands 
used  on  "continuous"  stave  has  been  Besse- 

mer steel,  and  it  has  given  good  results. 
Most  machine  banded  pipe  is  wrapped  with 

cold  drawn  open  hearth  steel  wire  that  has 
been  heat  treated  and  galvanized.  The  qual- 

ity and  continuity'  of  the  galvanizing  is  very 
important.  In  order  to  be  reasonably  sure  of 
a  continuous  coating  of  pure  zinc  of  uniform 
thickness  that  adheres  firmly  to  the  steel,  all 
lots   should   be   tested. 

The  American  Telephone  and  Telegraph 
Co.  uses  the  following  test : 
The  samples  shall  be  cleaned  with  benzine 

and  cotton  waste,  then  rinsed  In  clean  water 
and  wiped  dry  with  waste. 
The  solution  shall  consist  of  commercial  cop- 

per sulphate  crystals  dissolved  In  cold  water  In 

the  proportion  of  3G  parts,  by  weight,  of  cr>'stai3 
to  100  parts  of  water.  Then  neutralize  the  solu- 

tion   by   adding   an    excess    of   chemically    pure 

cupric  oxide.     The  sediment  of  this  reagent  at 
the  bottom  will  indicate  an  excess. 

Then  niter  through  filter  paper,  and  the  fil- 
tered solution  shall  have  a  specific  gravity  of 

1.1S6  at  65°  F. 
The  temperature  of  the  solution  should  be 

maintained  at  about  65°  F.  during  the  following 

test: 
Immerse  samples  four  times,  of  one  minute 

duration  to  each  immersion.  After  each  im- 
mersion the  samples  should  be  washed  in  clean 

water  having  a  temperature  of  about  65°  F. and  wiped  dry  with  cotton  waste. 

If  there  should  be  bright  metallic  copper  de- 

posited upon  the  samples  after  the  immersions 

the  lot  represented  by  the  samples  should  be  re- 

jected. 
However,  copper  deposits  on  the  zinc  or  within 

1  in.  of  the  end  shall  not  be  a  cause  tor  re- 

jection. This  test  will  disclose  the  thickness  of  the 

galvanizing,  but  not  the  purity  of  the  coating. 

The  shoes  or  band  couplings  on  continu- 
ous pipe  should  be  made  of  malleable  cast 

iron  in  order  to  avoid  breakage  and  to  se- 
cure a  lighter  shoe.  Malleable  iron  resists 

t-orrosion  exceedingly  well.  The  clips  used 
to  fasten  the  ends  of  the  wire  on  machine 

banded  pipe  would  better  be  made  of  mal- 
leable iron  rather  than  from  steel  plate,  be- 

cause it  is  more  resistant  to  rust. 
There  are  two  features  of  the  design  of 

pipe   that   particularly   affects   durability. 
If  the  rods  or  wire  used  for  banding  are 

of  unusually  small  size,  the  thickness  of  the 
ring  of  metal  that  provides  a  factor  of  safety 
would  be  very  thin,  and  would  be  rusted 
away  in  a  comparatively  short  time.  For  all 
sizes  of  pipe,  where  the  bearing  strength  of 
the  wood  under  the  band  controls  the 
spacing  the  factor  of  safety  against  the  water 
pressure  for  any  given  size  of  rod  or  wire 
increases  as  the  size  of  pipe  decreases.  It  is 
customary  to  use  smaller  wire  on  the  smaller 
sizes  of  pipe  in  order  to  avoid  the  use  of  an 

excessive  quantity  of  metal,  but  where_  com- 
petition is  keen  this  is  likely  to  be  carried  to 

extremes. 

The  weight  of  the  metal  and  the  conse- 
quent increase  in  the  cost  of  the  pipe,  do  not 

increase  proportionately  with  the  factor  of 
safety.  For  example,  a  6-in.  pipe  banded 
with  a  No.  6  wire  would  have  a  factor  of 
safety  of  5.3,  and  if  branded  with  a  No.  3 
wire  would  have  a  factor  of  safety  of  7.5. 
In  the  first  case,  if  banded  for  a  100-ft.  head, 
the  wire  would  weigh  1.42  lbs.  per  foot  of 

pipe  and  in  the  latter  case,  1.85  lbs."  This means  an  increase  in  the  cost  of  the  pipe 
per  foot  of  about  one  cent;  a  cent  well  spent. 

In  cases  where  the  bearing  strength  of 
the  strip  of  wood  under  the  bands  controls 
the  spacing,  if  the  strength  of  the  wood  has 
been  assumed  too  large,  the  staves  will  move 
outward  when  the  pressure  comes  on  until 
the  increasing  width  of  the  indentation  pro- 

vides sufficient  area  to  hold,  which  it  will 

do  if  the  discrepancy  has  not  been  too- great, 
but  the  wood  fibre  along  the  edges  of  the 
indentation  will  be  broken  and  decay  will  be- 

gin first  and  will  proceed  rapidly  in  these 

broken  places.  If  the  width  of  the  indenta- 
tion does  not  exceed  one-half  the  diameter 

of  the  rod  the  wood  fibre  will  be  bent  but 
not  broken. 
The  rods  and  wire  used  in  banding  must 

be  of  careful  manufacture.  For  continuous 
pipe  the  heads  on  the  rods  should  be  of  full 
dimensions  and  must  be  uniform;  if  not  of 
exact  size  and  uniform  they  will  not  fit  prop- 

erly in  the  shoe.  When  the  shoes  are  being 
manufactured  care  must  be  taken  that  the 
receptacle  for  the  bolt  head  is  of  the  right 
dimensions  and  is  of  sufficient  smoothness 
to  allow  the  bolt  head  to  enter  easily.  The 
thread  on  the  rod  should  be  cut  or  rolled  so 
accurately  that  the  nuts  will  fit  close,  but 
still  turn  easily  and   smoothly. 
The  staves  should  be  milled  very  accurate- 
ly to  the  required  dimensions.  A  steel  tem- 

plet should  be  at  hand  so  that  tests  can  be 
made  frequently  in  order  to  detect  any 
change  that  might  occur  in  the  setting  of 
the  cutters  on  the  machine.  The  first  stave 
run  after  the  machine  has  been  set  up  should 

be  sawed  into  short  pieces,  and  the  number 
necessary  to  complete  the  ring  of  the  pipe 

be  bound  together,  thus  forming  a  short  sec- 
tion of  the  pipe.  Then  it  can  be  noted 

whether  or  not  the  diameter  is  of  the  requi- 
site dimension  and  whether  or  not  the  radial 

joints  fit  accurately  at  both  the  outside  and 
inside  of  the  pipe.  Seams  that  gap  open,  es- 

pecially on  the  outside,  form  excellent  places 
for  decay  to  begin. 

It  is  especially  important  that  the  saw  kerfs 
across  the  ends  of  staves  of  continuous  pipe 
be  of  uniform  position  and  of  accurate  and 
uniform  depth.  If  not  of  uniform  position 
then  the  staves  do  not  butt  together  so  as  to 
form  smooth  outside  and  inside  surfaces. 

Unevenness  on  the  outside  provides  favor- 
able spots  for  decay  to  begin,  and  on  the  in- 
side interferes  with  the  flow  of  the  water. 

If  the  kerf  is  cut  too  deep  the  tongue  does 
not  jam  into  the  bottom  sufficiently  to  make 
a  watertight  joint,  and  if  not  deep  enough 
the  tongue  will  split  the  staves  when  they 
are  driven  home.  The  tongues  must  be  cut 
from  band  iron  of  uniform  width  or  the 
same  trouble  will  result. 

In  machine  banded  pipe  the  surface  of  the 
tenons  should  be  concentric  with  the  inside 

surface  of  the  pipe,  otherwise  an  uneven- 
ness in  the  inside  surface  occurs  that  reduces 

the  capacity  of  the  pipe.  The  lengths  of  the 
tenons  should  be  such  that  a  space  will  not 
be  left  inside  the  pipe  when  driven  home  in 
the  connecting  collar. 

In  banding  continuous  pipe  the  rods  should 
not  he  hammered  so  hard  in  an  endeavor 
to  give  them  the  proper  seating  that  the 
matter  is  overdone  and  the  pipe  of  the  wood 
broken.  The  same  thing  applies  to  the  ma- 

chine banded  pipe;  if  the  tension  in  the  wire 
is  too  great  when  being  wrapped  the  wood 
will  be  broken.  Injuring  the  wood  in  any 
way  makes  spots  where  decay  will  start  first 
by  striking  them  with  a  hammer  hard  enough 
to  break  the  fibre. 

It  is  not  probable  that  natural  conditions 
■will  often  be  found  under  working  circum- 

stances that  will  absolutely  prevent  decay  and 
often  injured,  so  as  to  produce  this  result, 
and  will  be  particularly  active.  Staves  are 
rust,  but  advantage  can  be  taken  of  favorable 
conditions  to  such  an  extent  as  to  largely  in- 

hibit destruction  from  these  sources.  In  the 

past  the  coating  of  the  staves  with  some  de- 
cay preventive  has  been  suggested  and  tried, 

but  nothing  is  so  effectual  as  keeping  the 
staves  saturated  with  water  if  the  pipe  is 

buried.  A  thorough  saturation  is  not  de- 
sired or  obtainable  if  above  ground. 

As  stated  before,  the  fungus  growth  caus- 
ing decay  must  have  food,  heat,  moisture  and 

air.  If  any  one  of  these  requisites  is  cut  off 
entirely  then  there  is  no  decay.  The  food- 

stuff is  the  wood  itself,  so  that  will  always 
be  on  hand  and  cannot  be  eliminated.  Under 
all  practical  conditions  there  will  be  some 
degree  of  heat  present.  High  temperature, 
150°  F.  and  up,  will  kill  the  fungus,  but  we 
cannot  keep  the  pipe  hot.  With  the  absence 
of  moisture  wood  is  dry.  We  all  know  that 
dry  wood  will  not  decay.  Wood  immersed 
in  water  will  not  decay  because  the  supply 
of  air  is  cut  off. 

In  a  pipe  line  we  can  have  wood  containing 
moisture  as  far  as  practical  results  are  con- 

cerned in  all  degrees  from  dryness  to  im- 
mersion. The  rate  of  evaporation  from  the 

surface  of  a  pipe  built  entirely  above  the 
ground  will  be  so  rapid  that  a  skin  of  dry 
wood,  varying  in  thickness  indirectly  as  the 

pressure,  will  surround  the  entire  pipe.  De- 
cay will  take  place  only  at  poorly  fitted  joints 

where  the  wood  has  been  injured  as  by  a 
hammer  blow,  or  wlicre  the  fiber  has  been 

broken  by  the  band  being  indented  too  deep- 
ly. With  a  covering  of  dense,  heavy  soil  of 

sufficient  thickness  to  prevent  the  air  read- 
ily reaching  the  pipe  and  of  a  character  that 

will  hold  the  moisture  that  percolates  through 

the  staves,  there  is  obtained  a  moist- 
ure condition  surrounding  the  pipe  that  will 

exclude  any  air  that  might  come  through 

the  covering,  and  thus  prevent  decay  almost 

as  readily  as  will  complete  immersion  m water. 
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If  a  pipe  line  along  which  pressures  vary 
from  that  dye  to  a  few  feet  of  head  to  that 
due  to  200  ft.  is  covered  with  ordinary  soil 
porous  enough  to  allow  air  to  reach  the 
pipe,  but  that  will  retard  evaporation  and 
prevent  rapid  drainage,  the  parts  under  the 
higher  heads  will  be  surrounded  by  a  moist- 

ure condition  that  will  inhibit  decay.  As 
the  parts  under  low  pressure  are  approached 
the  moisture  condition  of  the  staves  and 
surrounding  the  staves  will  not  exclude  the 
air  from  the  stave  surface,  and  decay  will 
become  more  rapid.  Under  ordinary  condi- 

tions durability  alone  would  demand  that 
wooden  pipe  be  used  for  heads  from  about 
40  ft.  up  to  the  limit.  For  lower  heads  than 
40  ft.  the  pipe  should  be  covered  by  a  denser 
covering  and  to  a  greater  depth,  or  located 
entirely  above  the  ground. 

It  requires  moisture  in  the  presence  of 
oxygen  to  rust  iron.  The  corrosion  will  be 
greatly  accelerated  by  the  presence  of  even 
a  weak  acid.  Alkalis  are  opposed  to  acid, 
but  weak  alkali  solutions  aid  corrosion,  while 
concentrated  solutions  will  inhibit.  If  it  were 
practicable  to  cover  the  pipe  entirely  with 
slacked  lime  the  iron  would  not  rust.  Under 
all  ordinary  conditions  attending  a  pipe  line 
the  bands  will  rust,  and  some  good  quality 
of  elastic  paint  will  help  in  prolonging  their 
usefulness.  The  paint  must  form  a  coat 
that  will  not  fly  when  struck  by  a  hammer, 
but  will  simply  mash  to  a  thin  film.  The 
galvanized  banding  of  machine  banded  pipe 
is  very  likely  to  have  the  galvanizing  cracked 
during  the  process  of  winding  it  on  the  pipe, 
and  unless  protected  is  subject  to  further 
injury  during  transportation  and  handling. 
Running  the  wire  through  a  paint  that  will 
form  an  elastic  coat,  while  the  pipe  is  being 
wrapped  will  atTord  some  protection,  but  this 

coating  would  be  badly  injured  during  trans- 
portation. Coating  the  entire  pipe  with  a 

hot  asphaltum  mixture  and  rolling  the  pipe 
in  sawdust  if  carried  far  enough  to  make  a 
covering  about  J^  or  Vi  in.  thick  will  give 
good  protection,  as  this  forms  a  very  tough 
and  elastic  covering.  This  covering  prevents 
the  deposit  of  decay  spores  on  the  wood, 
thus   putting   off  the  time  when   decay   starts. 
Under  all  ordinary  conditions  for  which 

wooden  pipe  is  built  decay  and  rust  take 
place,  and  it  therefore  behooves  one  to  make 
these  agencies  as  ineffectual  as  circumstances 

and   economy  will  permit.' 
Any  references  to  the  design  of  pipe  in 

the  present  article  will  be  taken  up  in  detail 

in  the  article  to  follow,  entitled  "The  De- 

sign  of   Wooden   Stave   Pipe." 

British  Practice  in  the  Design  of  Rein- 
forced Concrete  Reservoirs. 

The  following  notes  on  British  practice  in 

the  design  of  teinforced  concrete  water  supply 

reservoirs  are  from  an  address  at  Universit;; 

College.  London,  England,  by  Prof.  E.  R. 

Matthews  of  the  Department  of  Municipal 

Engineering  of  the  University  of  Lx)ndon. 

Some  of  the  advantages  of  reinforced  con- 
crete as  the  material  of  construction  for  water 

works  reservoirs  are :  There  is  a  saving  m 
first  cost;  a  reservoir  built  of  this  material 

occupies  less  space  than  one  constructed  in 

masonry  or  brickwork,  or  a  combination  of 
both:  it  can  more  easilv  be  made  watertight; 

it  increases  in  strength  with  age;  there  is 

less  likelv  to  be  vegetation  upon  the  face  of 

the  walls';  practically  no  cost  in  mamtenance. 
Circular  vs.  Rectangular  Reservoirs.— In 

the  United  States  most  of  the  modern  reser- 
voirs are  circular  in  plan.  Resen'oirs  of  this 

shape  are  seldom  constructed  in  England, 

British  engineers  preferring  a  rectangular 
structure.  I  recommend  the  circular  shape, 

the  chief  advantage  being  that  when  of  this 

shape  no  angles  occur,  so  that  the  reservoir 
wall  can  be  built  without  a  joint.  This  is  a 

great  advantage,  for  one  often  finds  that 

when  leakage  occurs  in  a  reservoir_  it  can  be 
traced  to  the  ooint  where  the  walls  join.  Cir- 

cular reservoirs,  because  of  their  circular 

form,    are    also   better   adapted    to   withstand 

external  earth  pressure ;  they  are  cheaper  than 
rectangtilar  ones. 

The  Twin  Peaks  reservoir  at  San  Francisco 
is  a  good  illustration  of  the  curvilinear  type  of 
reservoir.  This  may  be  briefly  described  as 
follows : 
The  reservoir  was  completed  about  two 

years  ago,  and  is  a  good  example  of  what  may 
be  done  in  reinforced  concrete.  It  is  oval  in 

plan,  and  divided  into  two  parts  by  a  rein- 
forced-concrete  dam.  The  reservoir  is  situated 
750  ft.  above  the  business  section  of  the  city, 

and  is  part  of  the  high-pressure  system  for 
fire-extinguishing  purposes  established  in  con- 

sequence of  the  great  fire  of  1906.  The  depth 
of  water  allowed  for  is  27  ft.,  and  the  ca- 

pacity is  11,000,000  gals.  The  buttresses  of 
the  dam  are  spaced  at  9-ft.  centers  on  both 
sides  of  the  wall.  They  are  1  ft.  in  thicknesf, 
and   13  ft.  wide  at  the  base. 

Watertight  Reservoirs. — Referring  to  the 
leakage  of  reservoirs,  we  would  say  that  this 
is  a  problem  which  has  engaged  the  serious 
attention  of  engineers  for  many  years  past. 
Reservoirs  have  been  constructed  in  what  ap- 

peared to  be  a  substantial  manner,  on  a  good 
foundation,  and  at  a  cost  of  many  thousands 
of  dollars,  but  they  have  never  ceased  to  leak, 
and  while  many  attempts  at  remedying  the 
leakage  have  been  made,  these  constructions 
are  looked  upon,  from  an  engineering  point 
of  view,  as  a  failure. 

I  know  of  no  type  of  reservoir,  however, 
which  is  more  likely  to  be  watertight  than 
that  constructed  of  reinforced  concrete,  pro- 

vided the  reservoir  is  properly  constructed  and 

expansion  joints  are  inserted  in  suitable  posi- 
tions both  in  the  walls  and  floor  of  the  reser- 
voir, and  if  suitable  material  is  used  for  the 

concrete,  and  the  walls  are  not  less  than  a 
minimum  thickness  of  5  ins.  and  are  well 
reinforced,  and  that  the  depth  of  water  in 
the  reservoir  does  not  exceed,  say,  30  ft. 

The  thickness  of  the  floor  will  depend  en- 
tirelv  upon  the  sub-foundation.  This  floor 

mav  be  either  of  plain  or  reinforced  cori- 
crete ;  if  the  latter  and  the  sub-foundation  is 
good,  the  thickness  of  floor  should  not  be 
less  than  6  ins.  for  a  depth  of  water  up  to  15 
ft.,  and  9  ins.  for  a  depth  ranging  from  15 
ft.  to  25  ft.,  and  12  ins.  from  25  ft.  to.  say,  35 
ft.  In  every  case  it  is  assumed  that  the  floor 

is  well  reinforced.  In  order  that  the  reservoir 

mav  be  watertight,  in  addition  to  the  before- 
named  precautions,  great  care  must  be  taken 
as  to  the  properties  used  in  the  concrete.  I 

would  suggest  that  never  should  a  weaker 
mixture  be  used  than  1 :2 :4,  and  where  the 

depth  of  water  to  be  stored  is  not  less  than, 

say.  20  ft..  I  would  recommend  a  mixture  of 

1:'iy2:3.  The  material;  should  be  very  care- 
fully graded,  as  most  of  the  trouble  in  reser- 

voir work  occurs  where  this  has  been  imper- fectly  done.  .  ,      1. 

I  also  recommend  for  reservoir  work  that 

a  wet  mixture  shall  always  be  used,  and  while 

a  dry  mixture  mav  show  a  better  result  as 

regards  its  strength  in  compression,  and  a 

plastic  mixture  mav  also  give  better  results 

in  this  wav,  still  a  wet  mixture  more  per- 
fectly prevents  leakage,  and  on  that  account 

should  always  be  used. 

Not  only  so.  but  with  a  wet  mixture  the  re- 
inforcement is  better  covered.  I  have  seen 

reinforced-concrete  work  where  a  fairly  dr\' 
mixture  had  been  used,  and  where  occasion 

had  arisen  for  the  breaking  up_  of  the  con- 
crete, where  the  reinforcement  in  places  had 

not  been  covered  in  the  least  degree  by  the  con- 
crete. This  had  occurred,  first,  because  the 

mixture  was  too  dry.  and.  secondly,  becaiise 

the  aggregate  u.sed  was  too  large.  In  practice 
the  concrete  should  be  of  such  a  consistency 

that  every  portion  of  the  reinforcement  will 
be  well  covered,  and  every  crevice  filled. 

Not  only  is  this  obtained  by  using  a  wet 

mixture,  but  with  such  a  mixture  when  the 
forms  are  removed  there  is  a  smooth  face  to 

the  concrete,  and  on  this  account  also  it  is 

wise  that  the  mixture  should  be  fairly  wet. 

Care,  however,  must  be  taken  to  see  that  it 
is  not  too  wet.  It  is  possible  for  too  large  a 

quantity  of  water  to  be  added  so  that  the 

grout  will  run  through  the  joints  in  the  forms, 
and    escape    from    the    wail:    on    no    account 

should  this  occur.  If  reservoir  walls  are 

constructed  with  a  mixture  of  1 :2 :4,  the  ulti- 
mate strength  of  this  concrete,  assuming 

well-graded  stone  and  sharp  sand  is  used  as 
the  aggregate,  will  be  about  2,000  lbs.  per 
square  inch  at  the  termination  of  one  month, 
and  2,700  lbs.  per  square  inch  at  the  end  of 
six  months.  The  usual  working  stress  for 
good  concrete  is  taken  at  600  lbs.  per  square 
inch.  Under  exceptional  circumstances,  how- 

ever, this  may  be  reduced  to,  say,  500  lbs.,  but 
I  would  recommend,  generally  speaking,  for 
reservoir  work,  600  lbs.  per  square  inch. 

Reservoir  Piers. — These  are  sometimes  built 
circular  in  plan,  and  there  is  a  slight  saving 

in  the  space  occupied  by  so  doing.  It  is,  how- 
ever, more  costly  to  construct  the  forms  in 

this  shape,  and  the  advantage  of  saving  in 

space  does  not  really  compensate  for  the  in- 
creased cost.  The  usual  practice  in  this  coun- 

try is  to  build  rectangular  piers,  and  to  cham- 
fer the  edges,  say,  with  a  1%-in.  chamfer  to 

a  10-in.  or  12-in.  square  pier.  The  square 
pier  has  the  advantage  also  that  it  affords  a 
better  seat  for  the  reinforced-concrete  beams 
carrying  the  roof  to  rest  upon. 

Reservoir  Roofs. — In  reinforced-concrete 
reservoirs  this  usually  consists  of  a  reinforced- 
concrete  slab  5  ins.  or  6  ins.  in  thickness, 

carried  by  reinforced-concrete  beams  which 
rest  on  the  piers  just  referred  to.  Som?  en- 
.eineers  prefer  a  lighter  slab,  and  to  ensure 
this  they  introduce  a  system  of  secondary 
beams.  For  my  own  part  I  do  not  care  for 
the  roof  slab  to  be  of  greater  thickness  than 
6  ins. ;  5  ins.  is  preferable,  and  the  beams 
can  be  designed  accordingly.  In  calculating 
the  weight  of  the  roof  it  is  necessary  to  in- 

clude the  weight  of  concrete  and  reinforcement 
forming  the  beams  and  slabs,  also  to  allow 
for  any  soil  which  may  be  soread  on  the  roof. 
This  is  usually  about  1  ft.  or  18  ins.  in  thick- 

ness, also  to  assume  a  thickness  of  snow  of, 
say,  2  ft.  It  is  necessary  to  construct  two  or 
three  openings  in  the  roof  for  the  purpose  of 
getting  to  the  inside  of  the  reservoir,  and  iron 
ladders  are  usually  built  in  at  these  points. 
The  openings  need  not  be  larger  than  6  ft.  bv 

3  ft. 
Cement  Grouting. — It  is  always  advisable 

after  short  sections  of  the  work  have  been 
completed  to  wash  the  walls  over  with  two 
coats  of  cement  grout.  1  to  1  Csand  and  ce- 

ment). This  fills  in  any  slight  cracks  which 
may  have  occurred  on  the  surface  of  the 
concrete.  A  fortnight  should  elapse  before  the 
grout  is  applied.  No  further  cracks  on  the 
surface  of  the  concrete  will  be  likelv  to  occur. 

Wetting  Concrete. — If  the  reservoir  is  be- 
ing built  during  the  summer  months,  when  the 

sun  is  likely  to  dry  the  surface  of  the  con- 
crete very  raoidly,  the  latter  .should  be  fre- 

quently wetted  so  as  to  retard  the  drying  ac- 
tion of  the  sun.  It  is  also  advisable  to  do 

this  in  high  winds. 

Size  of  Aggregate. — In  reservoir  work  the 

aggregate  used  in  the  construction  of  the 
walls,  floor,  piers  and  beams  of  the  reservoir 

should  be  capable  of  passing  through  a  %-in. 
ring;  for  the  roof  slabs  it  should  be  capable 

of  passing  through  a  %-in.  ring. 
Where  the  thickness  of  the  concrete  floor 

exceeds  9  ins.  the  aggregate  should  be  capable 
of  passing  through  a  1-in.  ring,  the  upper  4 

ins.  of  the  concrete  in  the  floor  should  con- 
sist of  concrete,  the  aggregate  of  which  is 

capable  of  passing  throueh  a  %-in.  ring. 

Reinforcement. — It  is  not  my  intention  to 

advocate  any  particular  system  of  reinforce- 
ment. There  are  many  in  the  market,  and  most 

of  them  are  good,  aiid  I  say  this  after  having 
used  several  different  systems  myself.  It  is 

quite  possible,  however,  and  I  strongly  advise 

you  to  adopt  this  course,  for  the  municipal 

engineer  to  work  out  his  own  stresses  and 

design  his  own  system  of  reinforcement. 

Thickness  of  Walls.— For  heads  uo  to  10  ft. 

a  5-in.  wall  will  sencrally  be  found  to  be  suffi- 

cient ;  a  4-in.  will  answer,  but  I  prefer  a  mini- 

mum thickness  of  wall  of  5  ins.  It  has,  how- 
ever, been  suggested  that  the  walls  should  be 

increased  in  thickness  for  every  additional  5 

ft.  increase  in  head  pressure.    I  agree  with  this 
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suggestion,  but  prefer  that  the  top  6  ft.  of 
the  reservoir  wall  shall  be  5  ins.  in  thickness, 
and  that  the  wall  shall  be  increased  in  thick- 

ness by  2  ins.  for  ever>-  additional  6  ft.  of 
its  height. 

It  is  usually  desirable  to  build  counter  Torts 
or  buttresses  at  the  back  of  the  wall. 

There  is  a  saving  of  from  20  to  2.5  per  cent 
by  using  reinforced  concrete  in  the  construc- 

tion of  reservoirs.  Some  engineers  recom- 
mend that  the  water  face  or  reservoir  walls  . 

shall  be  plastered  with  1  to  1  cement  mortar 
to  a  thickness  of  Vz  in.  or  %  in.,  but  I  do  not 
favor  this ;  I  think  it  is  unnecessary. 

Stresses. — The  elongation  of  steel  being  so 
much  greater  than  that  of  concrete,  it  is  ad- 

visable, in  order  to  ensure  of  the  reservoir 
being  watertight,  to  limit  the  stress  to  12,000 
lbs.  per  square  inch,  and  I  think  it  is  advisable 
in  reservoir  work  to  use  bars  which  give  a 
mechanical  bond,  such  as  the  indented  bar, 
twisted  bar,  lug  bar,  or  one  of  the  other  vari- 

ous types  of  bars,  rather  than  plain  bars,  but 
this  only  applies  to  reservoir  work,  as  plain 
bars  arc  admirable  for  all  other  reinforced 
concrete  work. 

It  is  neccssarv  that  an  adequate  percentage 
of  steel  be  inserted  in  the  concrete  in  both 
directions,  even  when  the  stresses  due  to 
water  pressure  occur  in  one  direction  only,  or 
otherwise  slight  cracks  may  occur. 

BACKING    OF    RESERVOIR    W.\LLS. 

Reservoirs  may  be :  (a)  Entirely  sunk  below- 
ground ;  (b)  partly  sunk  below  ground;  (c) 
out  of  ground. 

(a)  Reservoirs  Sunk  Below  Ground. — On 
designing  the  first  type  we  must  remember 
that  the  reservoir  may  be  full  or  empty.  When 
empty  the  walls  will  be  acting  as  retaining 
walls  with  all  the  pressure  at  the  back;  when 
the  reservoir  is  full  there  is  still  the  pressure 
of  the  soil  at  the  back  of  the  walls,  but 
counteracting  this  is  the  water  pressure  from 
within.  It  is  therefore  desirable  that  walls 
of  this  class  shall  have  reinforcement  on  both 
sides,  and  not  in  the  center  of  the  wall,  as 
had  the  reservoir  which  failed  at  Mittagong, 
N.  S.  W. 

(b)  Resenoir  Partly  Out  of  Ground.— 
These  are  known  as  the  cantilever  type.  In 
determining  the  width  of  the  heel  we  must 
remember  that  in  an  ordinary  retaining  wall 
the  weight  of  the  earth  at  the  back  of  the 
wall  would  help  to  keep  the  wall  from  over- 

turning, but  with  a  reservoir  the  weight  of 
the  water  should  be  disregarded.  The  heel 
should  therefore  be  made  of  sufficient  width 
and  thickness  to  be  stable  when  the  weight  of 
water  above  it  is  neglected.  One  of  the  most 
important  things  to  be  careful  with  in  design- 

ing a  reinforced  concrete  reservoir  is  the  ar- 
rangement of  the  bars  at  the  joint  between 

the  vertical  wall  and  the  footing. 

(c)  Reservoirs  Out  of  Ground. — These  will 
be  similar  in  design,  but  buttresses  are  usually 
added.  The  wall  acts  as  a  dam  to  withstand 
water  pressure. 

RESERVOIR     ROOF. 

The  reservoir  roof  often  acts  as  a  tie,  and 
holds  the  reservoir  walls  together;  the  rein- 

forcement is  therefore  arranged  accordingly. 
When  the  span  is  large,  however,  the  elonga- 

tion may  be  considerable,  and  it  is  then  npt 
advisable  to  tie  the  walls  in  this  way,  but  to 
give  the  roof  free  sides  for  expansion. 

Steel  Dumping  Pier. — At  Newport  News, 
Va.,  an  all-steel  dumping  pier  has  been  con- 

structed, one  side  of  which  was  completed  and 
put  into  operation  June  1,  1914.  This  pier  is 
electrically  operated  and  equipped  with  every 
modern  appliance  for  the  expeditious  handling 
of  coal  into  cargo  vessels  and  bunkers.  The 

cost  of  this  pier,  with  its  accompanying  facil- 
ities, is  about  $1,630,000.  The  pier  has  a  rated 

capacity  of  5,000  tons  per  hour  when  both 
sides  are  in  operation,  the  road  cars  being 
dumped  into  conveyor  cars  which  are  lifted  to 
the  top  of  the  pier  by  electric  elevators. 

Standard     Form     of     Correspondence 

Used    in    the     Department    of 

Water.    San     Diego,    Calif. 

In  order  to  standardize  the  correspondence 

between  the  various  bureaus  of  the  Depart- 

ment of  Water  of  the  city  of  San  Diego,  Cali- 
fornia, and  other  offices  in  connection  with 

the  city  government  a  standard  form  of  cor- 
respon<ience  has  been  adopted.  We  here  give 

a  sample  letter,  which  was  written  originally, 
of  course,  on  the  department  letter  head,  of 

Mr.  Herbert  R.  Fay,  Superintendent,  and  a 

copy  of  the  rules  governing  departmental  cor- 
respondence. It  has  been  found  that  this 

method  not  only  shortens  the  labor  of  corres- 
pondence but  keeps  the  letter  files  in  first  class shape. 

SAMPLE  LETTER. 

The   sample  letter  follows : 

November  18,   1914. 

FROM  the    Sup<>rintend6nt. 
TO  the  Chief  Clerk. 
SUBJECT:     Account  of  John  Smith. 
1.  Tou   will   please   furnish   this   office 

with  data  regarding  the  above  account  at  your 
earliest  convenience. 

H.  R.  FAT. 

1st.  Ind. 

Chief  Clerk  to  Sup.     11/18/14.     I  attach  here- 
with all  papers  pertaining  to  the  above  account. 

H.  L.  WORTHEN. 

(Rubber  stamped.)  Filed,  Nov.  19,  1914.  H.  R.  I'. 

RULES     G0\'ERNING     CORRESPONDENCE. 

The  rules  mentioned,  entitled :  Instructions 

for  the  Conducting  of  Official  Correspondence 
of  the  Department  of  Water.  City  of  San 

Diego,   California,   follow  :  * 
Heading   and    Subject    of   Letter. — The    letter 

will  begin  with  the  place  and  date,  written  as  at 

present;   below  this,   beginning  at  the  left  mar- 
gin, will  come  the  woi:d  "From,"  followed  by  the 

official  designation  of  the  writer,  or,  in  the  ab- 
sence  of  any   official   designation,   the   name   ot 

the  writer  with  his  rank  in  the  department;  be- 
low this,  also  beginning  at  the  left  margin,  will 

come   the   word    "To,"    followed    by   the   official 
designation    or    name    of   the    person    addressed. 

Next  will  come  the  subject  of  the  communica- 
tion,  indicated  as  briefly  as  possible  and  not  to 

exceed  10  words.     The  words  "From,"  "To"  and 
"Subject"  will   begin  on  the  same  vertical  line. 

Example. 

Superintendent's   Office, 
San  Diego,  Calif.,  March  1,  1913. 

From  the  Superintendent 
To  the  Chief  Clerk. 
Subject:  Account  of  John  Smith. 

1.  Tou  will  please  furnish  this  office  with  data 
regarding  the  above  account  at  your  earliest 
convenience. 

H.  R.  FAT. 

In  case  of  letter  paper,  the  upper  third,  and 
in  case  of  foolscap,  the  upper  fourth  of  the 

sheet,  will  be  devoted  solely  to  the  matter  de- 
scribed in  this  paragraph.     (.See  Par.  7.) 

II. 

Body. — Then  will  come  the  body  of  the  letter, 
which,  when  typewritten,  will  be  written  single- 
.spaced,  with  a  double  space  between  paragraphs, 
which  will  be  numbered  consecutively. 

lU. 
Signature. — The  body  of  the  letter  will  be  fol- 

lowed by  the  signature.  It  the  official  title  of 

the  writer  appears  at  the  beginning  of  the  let- 
ter, as  It  should,  it  will  not  appear  after  his 

name.     (See  example  In  paragraph  I.) 

IV.      " 

Omission  of  Ceremonial  Forms. ^ — All  ceremon- 
ial forms  at  the  beginning  and  end  of  letters, 

such  as  "Sir,"  "I  have  the  honor,"  "I  would 
respectfully,"  "Very  respectfully,"  etc.,  will  be omitted. 

V. 

Use  of  Only  One  Side  of  Sheet. — Only  one  side 
of  the  paper  will  be  used,  the  writing  begin- 

ning about  1  In.  from  the  top  except  in  cases 
where  the  department  letter  head  is  used,  and 

then  the  date  line  should  begin  two  spaces  be- 
low the  head. 

VI. 

Office  Marks. — All  office  marks  will  be  placed 
immediately  under  the  body  ot  the  letter,  and 
in  the  case  of  Indorsements,  immediately  after 
the  proper  indorsement. VII. 

Brief. — The   matter   described   In   paragraph   I 
will  constitute  the  brief  of  the  letter. 

VIII. 

Folding. — Letter  paper  will  be  folded  in  three 
and  foolscap  in  four,  equal  folds,  parallel  with 
the  writing;  the  top  fold  will  be  folded  toward 
the  back  of  the  letter  and  the  lower  fold  over 
the  face  of  the  letter.  In  three-fold  letters  the 
brief  will  be  on  the  outside,  as  will  be  the  case 
also  with  four-fold  letters. IX. 

Enclosures. — Enclosures  will  be  fastened  se- 
curely to  the  communication  by  means  of  paper 

fasteners  which  do  not  cut  holes  In  or  tear  the 
paper.  Pins  will  not  be  used.  The  number  of 
enclosures  will  be  noted  just  below  the  body  of 
the  letter  at  the  left-hand  margin.  If  others  are 
added  when  an  indorsement  Is  made  their  num- 

ber will  also  be  noted  under  the  proper  Indorse- 
ment, as:  2d  Indorsement.  2  enclosures. 

INDORSEMENTS. 

X. 

Note. — The    indorsement    will    be    used    in    all 

cases  where  a  reply  to  a  communication  is  re- 

quired. Form. — The  writing  widths  of  indorsement  will 
be  the  same  as  that  of  letters.  The  first  in- 

dorsement will  begin  about  \^  In.  below  the  sig- 
nature of  the  writer  of  the  letter,  and  suc- 
ceeding Indorsements  will  follow  one  another 

serially,  with  a  space  of  about  \z  in.  between 
Indorsements. 
Each  indorsement  will  be  numbered,  and  will 

give  the  title  of  the  writer,  to  whom  sent  and 
the  date. 

When  typewritten,  indorsements  will  be  writ- 
ten single-spaced  with  a  double  space  between 

paragraphs.  The  paragraphs  will  be  numbered 
consecutively. 

Should  one  or  more  additional  sheets  be  neces- 
sary for  Indorsements,  sheets  of  the  same  size 

as  the  letter  will  be  used. 

In  referring,  transmitting,  forwarding  and  re- 

turning papers,  the  expressions  "Respectfully 
transmitted,"  "Respectfully  forwarded,"  and 
"Respectfully  returned,"   will  be  omitted. 
Indorsements  of  a  routine  nature  referring, 

transmitting,  forwarding,  and  returning  papers, 
will  not  be  signed  with  the  full  name,  but  with 
the  Initials,  as: 

1st   Ind. 
Chief  Clerk  to  Superintendent,  March  2,   1913. 

— Attached  data  regarding  .above  account. 
H.   L.  W. 

Indorsements  will  not  be  used  where  the  Su- 
perintendent   or    the    Assistant    Superintendent 

requests  a  separate  communication. 
LETTERS  AND  INDORSEMENTS. 

XI. 

Numbering  of  Pages.  —  Communications  re- 
quiring more  than  one  page  will  have  the  pages 

numbered,  beginning  with  the  second  at  the  top 
of  the  page  and  on  the  right-hand  side,  the 
number  of  the  page  to  be  preceded  by  the  words 
"To  the    "  with  the  official  des- 

ignation of  the  recipient  of  the  letter,  as: 

To  the  Chief  Clerk— 2 In  referring  to  an  Indorsement  by  number  the 

number  of  the  page  will  also  be  given.'     Thus: "oth  Ind.,  page  3." XII. 

In  cases  where  communications  which  require 

replies  do  not  originate  In  the  Superintendent's office  a  carbon  copy  of  all  such  communications 
will  be  forwarded  to  that  office  for  file.  This 
applies  in  all  cases  whether  the  letter  be  sent 

to  the  Superintendent's  office  or  to  an  official 

outside  of  that  office.   ' XIII. 

Channels  of  Communications. — Except  In  cases 

where  commutiicatlons   originate  In   the   Super- 
intendent's   office,    all    correspondence    will    be 

carried  on  between  employees  and  their  Imme- 
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diate   superior,   who,    in   turn,    will   address    his 
superior. 

ACKNOWLEDGMENT. 

We  are  indebted  to  Mr.  H.  .\.  Whitney, 
Hydraulic  Engineer  of  the  San  Diego  Depart- 

ment of  Water,  for  the  foregoing  informa- tion. 

Novel  Method  of  Measuring  Leakage 
in  Gravity  Pipe  Line. 

To  THE  Editors  :-^In  1889  the  writer  was 
constructing  engineer  on  a  mountain  reservoir 
which  supplied  several  towns  by  means  of  a 
gravity  line  some  15  miles  long.  On  comple- 

tion the  line  was  found  to  leak  materially,  in 
the  neighborhood  of  .500,000  gals,  per  day. 
Men  were  immediately  put  to  work  to  hunt 
the  points  of  leakage  and  to  repair  the  leaks. 
In  order  to  determine  the  rate  of  progress  of 
the  repair  gang  it  was  desirable  to  find  some 
means  of  measuring  the  amount  of  the  leak- 

age from  time  to  time.     The  water  surface  in 

the  resen'oir  covered  some  30  acres,  so  it  was 
impracticable  to  use  the  principle  of  volumetric 
measurement.  The  following  simple  device 
proved   thoroughly  satisfactory: 

On  the  discharge  line  near  the  reservoir  was 
a  6-in.  branch  and  valve.  Both  above  and 
below  this  branch  were  gate  valves  on  the 
main  pipe.  A  1-in.  tap  was  made  on  the 
top  of  the  main  pipe  between  the  two  gate 
valves,  and  a  1-in.  pipe  and  valve  were  screwed 
into  this  tap.  Upon  opening  this  1-in.  valve 
the  water  spouted  up  to  a  height  of  some 
10  ft.,  whereupon  the  upstream  main  valve 
was  throttled  until  the  stream  just  barely 
trickled  over  the  top  of  the  1-in.  pipe.  Then 
the  downstream  gate  valve  was  closed  and 
the  water  again  spouted  up.  The  6-in.  branch 
valve  was  then  opened  gradually  until  the 
water  in  the  1-in.  pipe  again  trickled  over  the 
top,  and  having  previously  put  in  a  box  weir 
and  baffles  just  in  front  of  the  6-in.  branch, 
the  amount  of  water  going  through  the  6-in. 
pipe  was  readily  measured,  ten  minutes  being 
sufficient  for  the  operation.     During  this  time 

only  about  3,000  ft.  of  the  upper  part  of  the 
line  was  emptied  and  only  a  short  time  sufficed 
to  fill  it  up  again.  This  kind  of  measurement 
was  made  as  frequently  as  necessary,  some- 

times half  a  dozen  times  a  day  until  the  leak- 
age was  all  repaired. 

It  is  hardly  necessary  to  make  any  further 
explanation  to  prove  that  the  amount  of  water 

going  through  the  6-in.  branch  pipe  during-  the 
test  under  the  conditions  stated  was  equal  to 
the  leakage,  the  point  being  that  the  discharge 
through  the  upstream  gate  valve  was  equiva- 

lent to  that  through  an  orifice  produced  by  the 
gate  and  whose  piezometric  head  was  equal 
to  the  difference  in  level  between  the  water 
upstream  from  the  pate  valve  and  at  the  top 
of  the  1-in.  pipe. 

This  method  has  since  been  used  in  a  num- 
ber of  cases  always  with  satisfactory  results. 

Very  truly  yours, 

J.  W.  Ledoux. 
Chief   Engineer,   American    Pipe     and      Con- struction Co. 

Philadelphia,  Pa.,  Nov.  20,  1914. 

ROADS  AND  STREETS 
Road  Legislation  and  Economics. 
Highway  economics  both  with  regard  to 

legislation  and  economics  of  construction  is 
a  subject  of  vital  importance  at  the  present 
stage  of  our  highway  development.  In  a  pa- 

per before  the  American  Road  Congress  J.  E. 
Penny-backer  stated  some  of  the  fundamentals 
of  the  subject  which  paper  is  given  here. 

ROAD    ECONOMICS. 

Road  economics  may  be  defined  as  that 
branch  of  economic  science  which  treats  of 
the  cost  and  use  of  a  road  as  a  public  utility. 
Cost  and  public  utility,  in  a  comprehensive 
interpretation,  are  the  determining  factors 
with  reference  to  the  amount  of  money  to  be 
expended,  the  method  of  its.  procurement,  the 
liquidation  of  any  indebtedness  incurred  in 
connection  therewith,  the  location  of  the  im- 

provement, the  character  of  the  work,  econ- 
omy in  the  management  of  the  project,  and 

the  utilization  of  the  completed  road  for  the 
economic  benefit  of  the  public. 

The  subject  is  logically  comprised  in  two 
divisions,  the  first  of  which  deals  with  those 

larger  questions  of  legislation,  finance,  organ- 
ization, road  classification  or  selection,  the 

utilization  of  collateral  agencies,  and  the  rnan- 
agement  of  the. road  as  a  completed  project. 
The  second  division  of  the  subject  although 
more  limited  in  scope  than  the  first  division  is 
important  from  the  standpoint  of  economy 
and  efficiency,  as  it  relates  to  the  various  activ- 

ities in  connection  with  the  actual  work  of 
construction.  Examples  under  this  division 

would  be  the  lowering  of  cost  by  the  intelli- 
gent use  of  labor-saving  machinery;  the  keep- 

ing of  adequate  and  efficient  cost  records  so 
as  to  detect  extravagance,  incompetence  or 

dishonesty;  the  systematic  purchase  of  ma- 
terials, and  the  use  of  such  other  measures  as 

would  serve  to  produce  a  satisfactory  road  at 
the   lowest  practicable  outlay. 

Legislation,  to  be  effective,  must  be  econnra- 
icallv  sound,  and  it  is  necessary  to  the  intelli- 

gent' framing  of  road  laws  that  the  economic 
considerations  applicable  to  the  subject  should 

be  known  and  accepted  by  the  legislators.  A 

svstem  of  financing  road  improvement  is 

largelv  the  outcome  of  legislation,  but  is  often 

modified  by  the  exercise  of  administrative  dis- 
cretion. Organization,  like  finance,  is  to  a 

great  extent  prescribed  by  statute,  but  here 
again  the  personal  equation  enters  largely  in 
the  determination  of   efficiency  or  inefficiency.. 

The  utilization  of  collateral  facilities  of  the 

State,  such  as  convict  labor  and  the  aid  of 

State  institutions  for  investigative  and  educa- 
tional work  is  largely  determined  by  law  but 

here  again  administrative  discretion  and  the 

personal  equation  play  an  important  part.  The 

classification  and  selection  of  roads  for  im- 
provement,   although   resting  upon   legislative 

enactment,  are  much  more  largely  an  admin- 
istrative question  than  those  to  which  I  have 

already  referred,  and  the  same  holds  true  with 
reference  to  the  use  of  the  road  after  com- 

pletion so  as  to  best  serve  its  purpose  as  a 
public  utility. 

FUNDAMENTAL  CONSIDER.^TIONS. 

It  is  thus  evident  that  these  basic  factors 
should  be  correlated  and  that  the  undertaking 
as  a  whole  should  conform  to  those  economic 
considerations  which  may  be  regarded  as 

fundamentally  sound.  I  have,  therefore,  for- 
mulated ten  fundamental  proposition  which  I 

hold  to  be  incontrovertible  and  so  self-evident 
as  to  be  axiomatic.  I  shall,  therefore,  first 

submit  these  ten  propositions,  and  then  en- 
deavor to   explain   their   practical   application. 

1.  That  all  who  share  in  the  benefits  of 

road  improvement  should  share  proportionate- 
ly in  the  burdens. 
2.  That  the  degree  of  improvement  should 

be  proportionate  to  the  traffic  important  of 
the  road  improved. 
3.  That  the  rate  of  payment  or  the  rate  of 

accumulation  of  the  sinking  fund  on  any  pub- 
lic debt  contracted  for  road  improvement 

should  appro.ximately  equal  the  deterioration 
of  the  improvement. 
4.  That  road  building  and  maintenance 

comprise  work  requiring  special  qualifications 
on  the  part  of  those  who  direct  it. 

5.  That  responsibilities  should  be  definite 
as  to  persons. 

6.  That  continuous  employment  is  more 
conducive  to  efficient  service  than  intermittent 
and  temporary  employment. 

7.  That  the  specialists  who  direct  road 
work  should  be  appointed  instead  of  elected ; 

and  that  they  should  hold  office  during  effi- 
ciency  instead   of  for  a   fixed   term. 

8.  That  no  road  is  wholly  permanent  and 
that  it  requires  continuous  upkeep,  for  which 
financial  and  supervisory  provisions  must  be 
made. 
9.  That  cash  is  a  much  more  satisfactory 

form  of  tax  than  is  labor. 
10.  That  all  agencies  at  the  disposal  of  the 

State,  capable  of  use  in  works  of  public  im- 
provement, should  be  so  used,  rather  than  in 

such  commercial  production  as  would  con- 
flict with  private  enterprises. 

COSTS    AND    BENEFITS. 

The  practical  application  of  these  ten  prop- 
positions  does  not  involve  intricate  or  imprac- 

ticable procedure.  Under  the  first  proposition, 
that  burdens  and  benefits  should  be  shared 

proportionately,  I  would  call  attention  to  the 
fact  that  the  country  road  is  no  longer  a  more 
local  utility.  The  product  of  the  farm  is  ab- 

solutely essential  to  the  existence  of  the  city 
population,  while,  conversely,  the  product  of 
the  city  factories  finds  its  way  to  the  most  re- 

mote country  districts.  There  is  an  inter- 
dependence which  should  carry  with  it  a  co- 

operative sharing  of  the  burdens  incident  to 
improving  the  facilities  of  transportation  be- 

tween country  and  city.  Legislation  should, 
therefore,  be  framed  so  as  to  provide  for  city 
taxation  in  aid  of  country  road  improvement. 
.Automobile  owners  should  individually  pay  a 
material  portion  of  the  cost  of  our  public 
roads,  and  they  are  already  cheerfully  doing 
so  in  many  of  the  States.  Last  year  t1ie  state 
revenues  derived  from  automobiles  amounted 
to  about  eight  million  dollars  applicable  to 
roads,  out  of  a  total  from  all  sources  State 
and  local,  of  about  two  hundred  and  five  mil- 

lion dollars.  The  exact  method  of  appor- 
tioning the  road  taxes  is  a  detail  which  can 

readily  be  worked  out  by  each  individual 
State. 

TRAFFIC. 

The  second  proposition,  which  calls  for  the 
improvement  of  roads  in  proportion  to  their 
traffic  importance,  strikes  at  the  very  root  of 

our  present  method  of  apportioning  road  im- 
provement. Too  often  have  we  seen  examples 

of  costly  improvements  distributed  according 
to  the  dictates  of  a  few  influential  citizens  or 
according  to  some  arbitrary  arrangement  of 
political  units  or  for  sentimental  reasons,  or 
through  a  cheerful,  haphazard  indifference.  It 
is  now  generally  believed  that  four-fifths  of 
the  traffic  of  this  country  is  carried  on  one- 
fifth  of  the  road  mileage.  It  should  be  mani- 

fest that  the  most  heavily  traveled  roads 
should  first  receive  attention  and  should  be 
improved  in  the  most  substantial  manner.  It 
is  entirely  feasible  to  make  an  expert  study  of 
a  county  road  system  and  indicate  graphically 
the  traffic  areas  for  each  important  road,  much 

as  you  would  show  drainage  areas  for  water- 
ways. The  yield  and  the  probable  traffic  in 

ton  miles  for  these  traffic  areas  can  be  readily 
determined  so  as  to  establish  with  reasonable 
exactness  the  amount  of  outlay  which  the 
traffic  would  justify.  The  relative  cost  of  such 
a  determination  would  be  almost  negligible  if 
incurred  as  a  preliminary  to  a  large  outlay 
for  actual  construction. 

INCURRING  DEBTS. 

The  third  proposition,  that  debts  should  be 
liquidated  in  proportion  to  the  deterioration 
of  the  road,  is  intended  to  prevent  the  incur- 

ring of  a  debt  which  will  outlive  the  utility 
which  it  was  designed  to  create.  There  are 
two  extremes  in  the  controversy  which  rages 
over  this  question  of  public  debt.  There  is 
the  one  faction  which  either  opposes  debt  in 

any  degree,  or  contends  for  an  indebtedness  of 
such  short  term  as  to  make  it  almost  a  cash 
transaction,  and  asserts  that  the  road  is  en- 

tirely destroyed  long  before  the  debt  becomes 
due.    The  other  e.xtreme  faction  contends  for 
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long-term  indebtedness,  on  the  theory  that  as 
posterity  will  reap  the  benefits  it  should  bear 
the  burdens,  and  that  a  road  well  maintained 
never  wears  out.  As  a  matter  of  fact,  loca- 

tion, if  intelligently  made,  should  be  perma- 
nent ;  likewise  all  reduction  of  grades.  The 

drainage  features,  if  honestly  and  efficiently 
constructed,  should  be  reasonably  permanent. 
The  road,  except  under  extraordinary  condi- 

tions, should,  therefore,  be  considered  reason- 
ably permanent  as  to  these  features.  As  a 

general  rule,  the  foundation  of  a  road  should 
not  require  renewal  if  the  road  is  subjected 
to  adequate  and  continuous  maintenance. 
Avoiding  any  detailed  consideration  of  the 
exact  proportion  of  the  total  cost  of  a  road 
represented  by  these  features,  I  should  say 
that  in  general  the  permanent  features  would 
average  at  least  50  per  cent  of  the  total  cost. 
So  that,  if  the  other  50  per  cent  must  be  fig- 

ured as  perishable  and  subject  to  renewal,  the 
debt  should  not  cover  a  period  longer  than 
twice  the  length  of  this  perishable  portion.  For 
example,  if  a  macadam  road  is  constructed 
at  a  cost  of  $0,000  per  mile  and  has  an  esti 
mated  life  of  ten  years,  the  bonds  could  run 
twenty  years,  because,  at  the  end  of  ten  years 
the  depreciation  is  $3,000  and  the  actual  value 
is  $3,000.  Another  expenditure  of  $.3,000  is 
made  and  at  the  end  of  the  twenty  years 
when  the  bonds  become  due,  there  has  been  a 
total  outlay  of  $9,000,  against  which  should  be 
credited  the  permanent  value  of  the  road  at 
$3,000,  making  the  net  outlay  $6,000,  or  the 
face  amount  of  the  bonds.  This  is  merely  an 
example  and  a  generalization.  It  would  be 
desirable  to  ascertain  the  permanent  and  per- 

ishable portions  in  each  undertaking. 
SUPER  visiox. 

The  fourth  proposition,  which  calls  for  the 
employment  of  specialists  in  road  work,  is  so 
nearly  self-evident  in  its  application  as  to  re- 

quire very  little  explanation.  I  should  say, 

however,  that  if  the  laws  of  the  State  w-ould 
require  that  all  persons  selected  to  have  im- 

mediate direction  of  road  or  bridge  construc- 
tion and  maintenance  must  possess  practical 

knowledge  and  experience,  and  if  this  fitness 
should  be  tested  by  some  sort  of  competitive 
examination  to  be  prescribed  by  a  State  high- 

way department,  acting  either  directly  or 
through  a  civil  service  commission,  the  net 
result  would  undoubtedly  be  the  saving  of 
many  millions  of  dollars  of  road  revenue  and 
a  wonderfully  increased  efficiency  in  our  road 
system. 

EXECUTIVE  AUTHORITY. 

The  fifth  proposition,  that  responsibilities 
should  be  definite  as  to  persons,  is  aimed  at 
the  elimination  of  our  present  complex  and 
cunibercome  system  of  road  management.  If 
all  of  this  antiquated  organization  could  be 
swept  aside  and  in  its  stead  one  or  a  few  of- 

ficials endowed  with  authority  and  charged 
with  responsibility  in  each  county,  the  bene- 

ficial eflfects  could  not  fail  to  be  most  marked. 

If  the  people,  individually  or  in  a  representa- 
tive capacity,  could  immediately  place  their 

finger,  so  to  speak,  upon  the  man  responsible 
for  the  discharge  of  public  duties  we  should 
have  no  more  political  juggling  and  the  pass- 

ing of  responsibilities  and  duties  onward  in  an 
endless  chain, 

EMPLOYES. 

The  sixth  proposition,  that  continuous  em- 
ployment is  more  conducive  to  efficiency  than 

temporary  employment,  finds  its  antithesis  in 
our  present  annual  or  semi-annual  junket 

which  we  call  "working  the  roads."  It  is  so evident  that  a  minor  defect  in  a  road  can  be 
repaired  at  its  inception  with  little  effort,  and 
that  if  allowed  to  go  on  it  may  require  the  en- 

tire reconstruction  of  the  road  surface,  that 

it  seems  scarcely  necessary  to  urge  the  sound- 
ness of  this  proposition.  If  a  small  force  of 

laborers  with  necessary  tools  and  teams  were 
employed  throughout  the  year  on  the  roads 
it  would  not  cost  any  more  money  than  to  call 
out  a  sm.iU-sizcd  army  of  road  hands  twice  a 
year,  and  would  not  only  result  in  quick  re- 

pairs where  needed  but  would  also  insure  that 

the  most  work  would  he  done  .-it  the  places 
where  it  was  most  needed.  The  force  would 
be  small,  mobile,  trained,  interested,  subject  to 

effective  discipline  and  altogether  infinitely 
more  efficient  than  the  unwieldy  forces  now 

employed. 
APPOINTMENT  OF  OFFICIALS. 

The  seventh  proposition,  which  calls  for  ap- 
pointment rather  than  election  and  for  the 

holding  of  office  during  efficiency  instead  of 
for  fixed  terms,  is  designed  to  attract  to  the 

work  men  who  look  upon  road-buildmg  as  a 

life  profession  or  occupation.  A  good  engi- 
neer may  be  a  very  poor  politician  and  a  good 

politician  may  be  a  very  poor  engineer,  but  in 
a  contest  in  which  votes  are  essential  the  good 

politician  will  usually  defeat  the  good  engi- 
neer, although  the  position  requires  engmeer- 

ing  ability  rather  than  political  abiUty.  Do 

not  spoil  a  good  highway  engineer  or  superm- 
tendent  bv  making  him  cater  to  the  popular 

fancy.  If  he  is  the  right  man  in_  the  right 

place,  it  is  absurd  to  limit  him  to  a  fi.xed  term, 
for  his  position  is  not  a  reward.  The  county 

is  purchasing  his  services  and  is  supposed  to 

get  value  received,  and  it  should  continue  to 

purchase  so  long  as  he  delivers  the  goods. 

MAINTENANCE. 

The  eighth  proposition,  that  no  road  is 

wholly  permanent  and  that  it  requires  con- 
tinuous upkeep,  is  intended  to  impress  upon 

legislators  and  administrative  officials  the  ne- 
cessity for  making  adequate  financial  provision 

to  care  for  roads,  no  matter  how  costly  or 
efficient  their  construction.  A  house  is  not 

permanent  without  repair,  a  railroad  track  is 
not  permanent  without  repair,  then  why 

should  public  funds  in  a  large  amount  be  ex- 
pended in  road  construction  which,  without 

adequate  maintenance,  may  deteriorate  to  the 
extent  of  50  per  cent  in  a  few  years.  It  would 
seem  almost  a  reflection  upon  your  intelli- 

gence that  I  should  urge  upon  you  these  con- 
clusions which  are  so  generally  understood  and 

accepted,  were  it  not  for  the  fact  that  their 
acceptance  is  very  largely  in  theory  and  not 
in  actual   practice. 

CASH    TAXES. 

The  ninth  proposition,  that  cash  is  a  much 
more  satisfactory  form  of  tax  than  labor,  is 
put  forward  as  a  protest  against  the  continued 
cherishing  of  that  old  heirloom  known  as 
"statute  labor."  If  A  owes  B  $10  and  B  has 
the  option  of  collecting  that  $10  in  cash  or 
taking  the  amount  out  in  labor  which  A  shall 
select  and  which  is  totally  unfamiliar  with  the 
character  of  work  which  B  requires  and  which 
would  be  semi-independent  of  any  contr.ol  by 
B,  we  should  consider  it  very  unsound  busi- 

ness judgment  if  B  were  to  accept  the  pay- 
ment in  labor  instead  of  cash.  If  you  provide 

an  efficient  highway  engineer  or  county  sup- 
erintendent with  a  modest  amount  of  cash 

and  let  him  select  competent,  efficient  laborers, 

he  can  quadruple  the  effective  results  ob- 
tained by  the  same  number  of  laborers  under 

the  old  statute  system.  I  know  that  there  are 

sections  of  country  where  it  is  almost  impos- 
sible to  collect  a  cash  tax.  A  certain  amount 

of  discretion  might  in  such  cases  be  en- 
trusted to  the  county  authorities  to  accept  pay- 

ment in  labor. 

The  tenth  proposition,  that  state  agencies 
which  nay  be  used  in  works  of  public  improve- 

ment should  be  so  used  instead  of  in  commer- 
cial undertakings,  is  directed  partially  toward 

the  convict  labor  question,  and  is  based  upon 
the  assumption  that  offenders  against  society 
owe  a  debt  to  society  which  should  be  paid  in 
such  form  as  will  most  benefit  society,  and  the 
further  assumption  that  honest  labor  should 
not  be  discriminated  a.gainst  through  the  sale 
or  disposal  of  products  created  by  criminal 
labor.  The  practical  application  of  this  prop- 

osition would  mean  the  employment  of  con- 
victs in  road-building,  the  preparation  of  road 

materials,  or  in  other  works  of  public  im- 
provement so  far  as  practicable.  This  propo- 

sition is  intended  also  to  emphasize  the  neces- 
sity for  correlation  of  the  States'  various 

agencies  in  the  interest  of  road  imorovement. 
For  example,  a  State  geologist  should  be  help- 

ful in  the  selection  and  location  of  road  ma- 
terials, the  laboratories  of  state  universities 

should  be  useful  in  the  testing  of  materials, 
the  university  staff  should  be  helpful   in   the 

giving  of  theoretical  instruction  and  in  many 
cases  in  practical  extension  work,  state  bu- 

reaus of  statistics  and  agriculture  should  be 
helpful  in  accumulating  essential  data  for 
the  road  improvement  work  in  the  State,  and 
state  civil  service  commissions  should  be  of 

very  great  use  in  the  inauguration  and  con- 
duct of  the  merit  system  in  the  filling  of  po- 

sitions requiring  technical  or  practical  qual- 
ifications and  experience. 

SCOPE   OF   SUBJECT. 

The  subject  of  road  economics  is  entirely 
too  far  reaching  to  be  adequately  treated  in 
one  paper,  and  I  consider  it  more  advisable  to 

present  to  you  these  fundamental  considera- 
tions than  to  attempt  a  hurried  and  general 

treatment  of  the  whole  subject.  You  can 
readily  see  that  under  the  first  division  of  the 
subject  as  I  have  outlined  it.  there  yet  remains 
a  great  field  for  analysis  and  discussion  in  the 
detailed  application  of  systems  of  finance  and 
taxation  and  in  the  organization  and  work- 

ing policies  of  highway  departments  for  state 
and  local  work. 
The  second  division  of  the  subject  briefly 

referred  to  in  the  opening  paragraphs  and 
which  relates  to  the  efficient  and  economical 

management  of  the  actual  work  of  construc- 
tion is  important  enough  for  a  separate  paper. 

I  have  pointed  out  a  few  examples  to  show 

you  what  this  division  of  the  subject  com- 
prises, but  it  is  manifestly  impossible  in  the 

space  allotted,  to  take  up  the  second  division 
even  in  a  general  way.  The  time  is  fast  com- 

ing, however,  when  only  those  contractors 
and  those  officials  and  engineers  in  charge  of 
force  account  work  who  devote  attention  to 

the  economics  of  actual  construction  can  ob- 
tain  material   success. 

The  Location  and  Width  of  Highways 

and  the  Securing  of  Rights-of-Way. 
One  of  the  most  important  and  at  the  same 

time  vexing  works  with  which  the  road  engi- 
neer has  to  deal  is  the  securing  of  rights-of- 

wav.  In  a  paper  before  the  American  Road 

Congress  Austin  B.  Fletcher  outlined  the  diffi- 
culties involved,  with  some  methods  of  over- 
coming them,  and  his  paper  is  given  here. 

LOCATION. 

The  highway  location  is  the  one  really  per- 
manent feature  of  the  road  work.  The  time 

to  secure  proper  locations  for  the  roads,  and 
widths  sufficient  to  serve  all  purposes  for  long 

years  to  come,  is  now.  If  we  wait  until  some 
future  day  to  correct  improper  locations  and 
to  secure  suitable  widths  of  rights  of  way, 

when  we  have  more  leisure,  we  will  have  wast- 
ed much  money  in  pavements  constructed  and 

the  land  needed  will  cost  much  more  and  will 
be  more  difficult  to  acquire.  It  goes  without 

saying  that  all  land  owners  are  more  com- 
placent in  giving  up  portions  of  their  property 

to  the  public  before  the  improvements  are  be- 
gun than  at  any  time  afterward. 

In  some  of  the  older  States  the  people  came 

long  before  "sectionalization"  by  the  govern- 
ment was  thought  of  but  in  the  Middle  West 

and  on  the  Pacific  Coast,  most  of  the  laiid  was 

divided  years  ago  "checkerboard"  fashion  b> the  government  surveyors.  The  highways  in 
the  older  States  were  laid  out,  or  in  most 

cases,  simply  grew  where  the  travel  wanted  to 
go  but  in  the  flat  prairie  land  of  the  west,  and 
even  in  the  Pacific  Coast  valleys,  the  roads 
were  often,  if  not  generally,  laid  out  straddling 
the  section  lines,  the  center  of  the  right  of 

way  being  usuallv  coincident  with  the  section 
line.  This  plan  had  the  merit  of  lessening  the 
area  of  land  deducted  for  road  purposes  from 

the  holding  of  an  owner  by  making  his  ad- 

joining neighbor  provide  one-half  of  the  land required  for  the  roadway. 

This  method  of  road  location  often  proves 

to  be  an  embarrassment  to  the  present-day 

road  builder  since  this  time-honored  rectihnear 

scheme  does  not  fit  the  present  needs.  Cen- 

ters of  population  often  times  have  not  oc- 
curred in  conformity  to  such  a  plan:  often  the 

railroads  have  determined  the  location  of  the 

towns.  In  such  cases  it  is  desirable,  consider- 

ing the  volume  of  "through  travel"  in  motor 
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■cars  and  trucks,  to  construct  the  roads  in  the 
most  direct  hnes  possible.  This  often  entails 
rights  of  way  running  diagonally  across  the 

sections,  "cut  up"  land  holdings  and  makes 
trouble  generally  for  the  right-of-way  de- 
partment. 

But  when  the  rectilinear  plan  has  been  car- 
ried still  farther  and  the  land  owners,  to  con- 

serve particularly  good  areas  for  agricultural 
purposes,  have  had  in  times  past  enough  inHu- 
ence  to  cause  the  county  authorities  to  discon- 

tinue or  vacate  portions  of  ways  along  the  sec- 
tion lines  and  have  introduced  right  angled 

turns  into  the  half  or  even  quarter  section 
lines,  then  the  engineer  has  a  task  worthy  of 
his  mettle  to  secure  a  proper  location  for  his 
improved  road.  And  if  the  road  be  in  an 
orange  grove  section,  his  joy  is  indeed  com- 
plete. 

The  writer  knows  of  a  main  paved  road  in 
one  of  the  California  counties  which  has  at 
least  ten  right  angled  turns  in  it  in  a  distance 
of  about  20  miles  and  this  road  passes  through 
no  town  or  city  and  is  practically  level.  In 
planning  their  new  highway  system  several 
years  ago,  that  county  gave  up  as  hopeless  the 
task  of  securing  a  direct  route  in  the  locality 
referred  to,  so  for  many  years  to  come  all 
through  travel  over  those  20  miles  of  beauti- 

fully paved  highway  must  be  subjected  to  the 
dangerous  right  angled  turns  and  to  the  unnec- 

essarily increased  length. 
There  is  reason  in  cities  and  other  centers 

of  population  for  ways  laid  out  in  rectilinear 
fashion.  In  the  open  country,  there  is  no  ex- 

cuse for  planning  a  new  highway  system  along 
such  lines.  Land  should  be  condemned  if  the 
owners  will  not  donate  it.  There  should  be  as 

■direct  a  line  between  important  centers  as  the 
topographical  conditions  will  permit. 

Assuming  that  the  best  alignment  for  the 
highway  has  been  adopted  taking  into  consid- 

eration the  factors  of  topography,  climate  and 
traffic  needs,  present  and  prospective,  the  next 
question  confronting  the  highway  engineer  is 
the  width  of  right  of  way. 

It  is  certainly  desirable  that  in  any  highway 
system  the  right  of  way  be  of  uniform  width 
but  as  a  practical  matter,  each  link  in  the  sys- 

tem must  be  considered  by  itself.  Near  the 
centers  of  population  it  is  obvious  that  the 
pavement  and  the  rights  of  way  must  be  wider 
than  in  remote  rural  communities,  sparsely 
settled. 

It  is  the  writer's  opinion,  however,  that  for 
a  minimum  width  of  right  of  way  50  ft.  is  none 
too  much  and  that  wherever  possible,  a  width 
of  60  ft.  is  the  least  that  should  be  secured, 
even  in  sparsely  settled  localities. 

It  is  inevitable  that  street  railway,  electric 
light  and  power,  gas,  telephone,  and  telegraph 
companies  will  at  some  time  clamor  for  loca- 

tions in  the  highway,  and  although  too  little 
attention  has  thus  far  been  paid  to  the  matter, 
tree  planting  and  other  landscape  treatment  of 

our  country  highways  will  have  to  be  pro- 
vided for. 

In  many  of  the  older  sections  of  the  coun- 
try right  of  way  problems  are  not  serious  af- 

fairs. Ways  have  been  established  there,  well 
defined  and  traveled,  for  many  years,  and 
right  of  way  improvements  consist  chiefly  in 
rectifying  the  side  lines  of  locations  where 
abutting  land  owners  have  encroached  suc- 

cessfully under  the  "open  adverse  possession" 
statutes  which  apply  in  some  of  the  States. 

But  in  many  localities,  the  acquisition  of 
necessary  easements  of  way  becomes  as  im- 

portant a  factor  in  the  plan  and  progress  of 
highway  work  as  the  road  work  itself. 

In  the  more  sparsely  settled  communities, 
roads  have  been  built  following  lines  of  least 

resistance,  in  the  valleys  the  "sectionalized" 
land  lines,  and  in  the  hills  wherever  the  ranch- 

ers could  best  spare  it.  Accordingly,  when 
modern  road  building  methods  are  invoked,  it 
becomes  necessary  to  alter  meandering  and 
precipitous  roads  by  strainghtening,  widening, 
and  improving  the  gradients.  The  needed 
rights  of  way  for  these  purposes  must  be 
acquired. 

LITIGATION. 

This  feature  of  the  work  is  particularly  an- 
noying to  the  highway  engineer.  His  desire 

is  to  press  forward  the  best  line  in  the  best 
way  in  the  best  time.  When  he  is  confronted 
by  a  hostile,  reluctant  or  indifferent  land  own- 

er, the  engineer  usually  loses  his  patience. 
It  is  not  alone  in  cases  of  new  rights  of  way 

that  there  is  litigation,  but  frequently  old  sur- 
veys do  not  exactly  coincide  with  existing 

ways,  many  of  which  in  course  of  usage  have 
become  winding-  and  irregular,  and  conse- 

quently additional  land  has  to  be  acquired  to 
widen,  straighten  or  alter  them. 
Owners  often  build  fences  or  cultivate  up  to 

the  used  portion  of  the  ways  and  resist  the 
shifting  of  the  lines  and  delay  the  progress  of 
the  work.  In  many  cases  much  time  is  lost 
where  owners  who  have  allowed  people  to  pass 
and  re-pass  in  vehicles  without  objection  for 
years,  assert  adverse  claims  and  work  must  be 
delayed  to  avoid  complications. 

One  has  also  the  experience  of  attempting  to 
use  dedicated  rights  of  way  shown  on  plats 

recorded  in  times  past  but  which  have  been  en- 
tirely unused  or  allowed  to  fall  into  disuse, 

and  then  being  confronted  by  claimants,  with 
their  attorneys,  who  contest  the  rights  of  the 

public  therein. 
There  are  many  unavoidable  delays  in  ob- 

taining rights  of  way,  arising  outside  of  the 
disputed  rights  of  way  mentioned.  Even  when 
the  owners  intend  to  be  liberal  they  exact  a 
great  deal  of  information  before  signing  the 
deeds  of  easement.  The  records  have  to  be 
searched  to  ascertain  the  true  owners  of  the 

lands  affected;  owners  must  be  notified  or  cor- 
responded with ;  draftsmen  are  asked  to  fur- 

nish sketches  to  many  owners  defining  the 
rights  of  way  desired;  visits  to  the  lands  must 
be  made  and  surveys  inspected;  minor  adjust- 

ments of  lines  and  fences  must  be  settled  upon  ; 
vacation  proceedings  arranged  and  prepared, 
abandoning  the  old  roads  or  portions  of  roads 
over  property  so  as  to  leave  no  incumbrance 
on  the  same  when  the  new  road  is  located  and 

built ;  co-owners  must  consult  among  them- 
selves before  executing  deeds  of  easement; 

ownerships  involved  in  probate  proceedings  or 
title  liti,gation  must  be  searched  and  a  good 
title  to  the  roads  acquired  out  of  the  confusion, 
and  there  are  other  details  ad  infinitum. 

These  many  difficulties  have  led,  in  the  writ- 
er's western  experience  in  highway  work,  to 

the  employment  of  the  subtle  right  of  way 
m^.  who  needs  be  a  psychologist  as  well  as 

a  philosopher.  His  chief  duty  consists  in  at- 
tempting to  wheedle  the  often-times  contrary 

land  owners  into  signing  the  needed  convey- 
ances and  to  convince  them,  usually,  that  their 

duty  to  the  public  lies  in  giving  their  property 

gratis.  Such  an  employe  becomes  a  very  im- 
portant member  of  the  organization.  His  trou- 

bles are  many. 

In  addition  to  the  "right  of  way  man"  and his  assistants  in  the  California  work,  the  help 
and  advice  of  an  attorney  learned  in  eminent 
domain  practice  has  been  had  who  devotes  all 
of  his  time  to  the  highway  work  and  whose 
principal  activities  are  in  right  of  way  matters. 

In  many  jurisdictions,  if  the  deeds  cannot 
be  acquired  by  diplomatic  methods,  war  must 
be  declared  in  the  courts,  and  the  highway 
board  must  desist  from  its  efforts  to  promptly 

furnish  the  community  with  necessary  thor- 
oughfares until  the  courts  finallv  determine 

that  the  litigious  land  ow-ners'  holdings  may  be 
entered  upon. 

METHODS  OF  SECURING  RIGHT-OF-\V.^V. 

There  is  a  great  lack  of  uniformity  in  the 
different  States  in  the  methods  of  paying  or 
securing  the  payment  of  damages  in  taking 
property  for  public  highway  purooses.  Such 
methods  are  of  course  regulated  entirely  by 
the  constitutions  and  statutes  of  the  respective 
commonwealths. 

In  some  States  it  is  not  necessary  for  the 
authorities  to  pay  for  private  property  taken 
for  public  use  in  advance  of  the  actual  taking 
of  possession.  The  property  owner  has  been 
provided  with  a  method  of  making  his  claim 
and  with  a  tribunal  constituted  so  that  he  may 
enforce  his  claim  and  obtain  his  damages 
therein. 

In  such  jurisdictions,  highway  work  may 
speedily  progress  and  the  laymg  out  of  routes 
followed  by  immediate  construction.  The 
property  owner,  if  he  is  dissatisfied  with  the 
original  offer  of  payment  of  the  award  made 
to  him  by  the  public  authorities,  may  pursue 
his  remedy  in  the  appropriate  court,  even 
though  his  land  has  already  been  occupied  by 

the  public. 
The  public  has  the  advantage  of  celerity  in 

the  progress  of  its  enterprise ;  the  land  owner 
is  protected  by  ultimate  and  adequate  com- 

pensation for  his  injuries,  and  in  one  State,  at 
least,  he  may  wait  until  after  the  State  high- 

way is  completed  before  he  must  file  his  peti- 
tion for  jury  trial,  it  then  being  evident  to  all 

interested  parties  just  what  damage  has  been 
done,  not  only  by  reason  of  the  land  takftn  but 
by  the  road  construction  as  well. 

But  some  States  are  so  unfortunate  as  to  be 
harassed  in  their  public  work  by  constitutions 
and  statutes  expressly  requiring  prepayment 

before  entry  upon  the  land  required  tor  pub- 
lic use. 
The  writer  has  had  to  do  with  highway 

activities  in  two  States  which  have  operated 
under  each  of  these  methods,  the  one  having 
the  right  to  take  land  necessary  for  public  use 
in  advance  of  satisfying  the  owner;  the  other 
requiring  that  if  the  owner  is  not  pleased  with 

the  offer  m'ade  to  him  by  the  public  authorities, 
he  may  stand  back  on  his  property  with  a  shot- 

gun and  compel  public  officers  to  initiate  pro- 
ceedings in  the  court  and  remain  off  his  prop- 

erty until  after  judgment  has  been  obtained 
and  the  assessed  damages  paid  into  court  for 
his  use  and  benefit. 

In  the  first  mentioned  commonwealth,  the 
welfare  and  progress  of  the  people  as  a  whole 
are  superior  to  the  notions  and  eccentricities 
of  an  individual  land  owner. 

In  the  other  States,  the  recalcitrant  land 
owner  may  oppose  and  delay  the  vital  needs  of 
a  city,  county  or  State  as  the  case  may  be,  and 
his  immediate  rights  predominate  over  the  re- 

quirements of  the  community  at  large. 

No  rights  of  way,  in  States  having  regula- 
tions similar  to  the  latter,  can  arbitrarily  be 

taken  by  the  people  before  the  same,  after  a 
vast  amount  of  red  tape,  have  been  acquired 
by  donation,  purchase  or  condemnation ;  that 
is,  a  taking  cannot  be  made  and  compensation 
and  damages  adjusted  afterwards. 

Consequently  obstinate  land  owners  are  able 

to  "hold  up"  the  community  at  large  until  it 
either  pays  the  demands  or  contests  the  ques- 

tion of  compensation  and  damages  in  trials, 
the  latter  usually  requiring  considerable  time, 
particularly  in  the  case  of  the  belligerent  or 
indifferent  land  owners  residing  in  other  States 
or  foreign  countries  when  long  publications  of 
summons  are  necessary  before  the  suits  may 
be  commenced.  The  western  States  appear  to 
be  particularly  oppressed  by  such  roundabout 
methods  of  entering  upon  private  property  and 
installing  improvements  for  the  benefit  and 
welfare  of  millions  of  people. 

For  illustration,  under  such  a  system  a  large 
western  land  owner  owning  an  area  equal  in 
size  to  an  entire  eastern  State  may  be  lux- 

uriously traveling  abroad.  A  county  has  voted 
and  issued  bonds  for  a  large  amount  to  con- 

struct important  highways.  Before  the  great 
ranch  can  be  entered  upon,  except  for  surveys, 
a  correspondence  must  ensue  between  the  pub- 

lic authorities  and  the  land  magnate.  The 
owner  declines  to  sign  a  conveyance  and  the 
people  are  compelled  to  commence  proceedings 
in  eminent  domain  against  the  absent  owner. 
Before  a  trial  can  be  had,  summons  must  be 
published  for  sixty  days,  and  then  follow  the 
tedious  court  proceedings. 

It  usually  happens  that  pugnacious  land 
owners  demand  some  exorbitant  sum.  The 

court  may  upon  trial  only  allow  a  small  per- 
centnire  nf  their  original  claim  but  during  the 

pendency  of  the  action  --n  important  artery  of 

travel  may  be  debarrc' 
Such  a  system  is  absolutely  hostile  to  prog- 

ress ;  the  people  should  be  greater  than  the 
individual. 
The  writer  submits  that  at  this  time,  when 

modern  highway  construction  is  becoming  so 
active   throughout   the   nation,    it   is   apparent 
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that  there  should  be  simplification  in  the  con- 
stitutions and  statutes  relating  to  the  subject 

of  eminent  domain,  and  that  this  Congress  may 
render  invaluable  service  in  assisting  to  bring 
about  so  desirable  a  result. 

ABSTRACTS    OF    TITLE. 

Too  much  attention  can  be  given  to  the  title 
technicalities  of  right  of  way  activities.  It  has 
been  an  almost  universal  practice  for  public 
boards  performing  road  work  to  obtain  at 
great  expense  e.xhaustive  abstracts  of  title  to 
ascertain  land  ownerships. 

The  writer  has  had  under  his  supervision 
the  acquisition  of  hundreds  of  miles  of  high- 

way right  of  way  in  California  where  the  se- 
curing of  rights  of  way  could  not  be  made 

much  more  difficult,  comple.x  or  annoying,  yet 
the  purchase  of  e.\pensive  abstracts  of  title  has 
been  dispensed  with.  Out  of  hundreds  of 
ownerships  affected,  not  one  serious  complica- 

tion has  resulted  from  the  following  plan : 

When  the  field  parties  are  making  the  orig- 
inal surveys,  the  chiefs  of  party  usually  in- 

quire from  the  occupants  of  the  land  surveyed 
who  the  owners  or  those  interested  in  the 
property  may  be.  This  gives  a  clue  to  the 
ownership.  Thereafter,  one  of  the  staff  visits 
the  proper  county  offices  and  ascertains  from 
the  assessment  rolls  or  the  records  who  pur- 

port to  be  the  owners.  Deeds  or. agreements 
are  then  prepared,  containing  the  proper  de- 

scriptions, and  it  is  very  rare,  indeed,  that  any 
objection  has  been  made  to  the  accuracy  of 
the  instrument  submitted. 

By  thus  performing  its  own  title  searches, 
even  though  they  may  not  have  always  been 

the  most  e.xact  from  a  title  lawyer's  stand- 
point, the  authorities  have  saved  thousands  of 

dollars  and  have  never  had  an  injunction  or 
ejectment  proceeding  instituted  against  them 
by  objecting  land  owners. 

By  taking  a  few  remote  chances  of  com- 
plaints, work,  which  would  otherwise  be  hope- 

lessly harassed  and  delayed  in  the  performance 
of  a  highway  project,  may  proceed.  Further 

more,  in  most  States,  title'  may  be  obtained  to ways  by  user  or  implied  dedication  by  the  pas- 
sage of  time.  It  has  been  the  custom  in  Cali- 

fornia where  the  present  traveled  roads  are 
wide  enough  for  use  and  properly  located,  to 
place  the  monuments  and  build  the  pavements 
and  assert  jurisdiction  thereover,  the  theory 

being  that  if  the  owner  objects,  the  authority's 
title  being  fundamentally  weak,  the  State  can 

"condemn"  as  rapidly  as  the  alleged  owner  can "oust." 
CONTROL  OF  SIGHT-OF-WAV. 

The  so-called  State  highways  in  the  several. 
States  may  be  divided  into  at  least  two  classes 
with  regard  to  the  control  by  the  State  of  the 
roads  after  they  are  built,  namely,  those  which 
arc  maintained  by  the  State  and  over  which 
the  State  assumes  complete  charge  from  prop- 

erty line  to  property  line  with  the  possible  ex- 
ception of  the  policing  of  the  way,  and  those 

sometimes  called  State-Aid  roads  where  the 
commonwealth  has  little  or  nothing  to  do  with 
the  maintenance  of  the  roads  and  the  burden 
is  placed  by  law  upon  some  subdivision  of  the 
State,  usually  the  county. 

The  writer  has  had  to  do  only  with  the  class 
of  State  highways  first  mentioned  and  he  be- 

lieves that  the  State  ought  to  have  as  com- 
plete control  as  possible  over  its  highways. 

State  or  otherwise.  Such  control,  however, 
places  a  considerable  burden  upon  the  author- 

ity which  administers  the  law. 
More  is  expected  of  a  State  organization, 

and  rightly  so,  than  of  a  county  board.  Its 
work  must  be  done  carefully  and  accurately. 
The  surveys  and  plans  of  the  State  highways 
must  be  well  made  and  no  small  part  of  the 
engineering  costs  is  chargeable  to  the  careful 
work  needed  in  running  out  and  establishing 
the  right  of  way  lines. 

In  trying  to  establish  old  right  of  way  lines 
in  anticipation  of  highway  improvements, 
much  difficulty  is  often  experienced  in  finding 
any  landmarks  to  indicate  what  the  right  of 
way  really  is,  and  the  old  surveys  and  plans 
often  prove  to  be  of  little  assistance.  Often 
the  roads  to  be  taken  over  and  built  as  State 
highways  were  laid  out  when  the  land  was  of 

little  value  and  the  surveys  were  carelessly 
made  or  the  descriptions  carelessly  recorded. 
With  the  lapse  of  time  buildings,  trees,  and 
other  similar  features,  which  formerly  marked 

the  location  of  the  road,  have  entirely  disap- 
peared, and  the  traveled  ways  have  shifted 

from  place  to  place  as  the  action  of  the  ele- 
ments or  the  whims  of  the  travelers  have  di- 

rected. Fences,  if  they  exist,  have  been  so 
moved  about  that  they  in  no  way  indicate  the 
original  line   of  the   road. 

In  all  State  work  with  which  the  writer  has 
had  to  do  it  has  been  the  policy  to  fix  the 
right  of  way  lines  on  the  ground  by  setting 
proper  monuments  into  the  soil  to  such  a 
depth  that  they  serve  as  markers  for  all  time 
to  come.  In  planning  a  new  system  of  high- 

ways, careful  plans  should  be  made  and  per- 
manent monuments  set.  Future  generations 

will  surely  appreciate  such  records  and  the 
additional  cost  of  this  kind  of  work  should  not 
forbid. 

Unit     Costs     of     Bituminous     Carpet 

Treatment  and  Bituminous  Macad- 
am by  the  Penetration  Method 

on  Two  Roads  in  Illinois. 

The  unit  cost  of  surfacing  an  asphaltic 

painted  macadam  road  with  a  bituminous  car- 
pet and  the  cost  of  constructing  a  bituminous 

macadam  pavement  by  the  penetration  method 
are  given  in  a  recent  issue  of  the  official  pub- 

lication of  the  Illinois  state  highway  depart- ment. 

BITUMINOUS    CARPET    TREATMENT. 

The  Fieldon  road  in  Jersey  County,  Illinois, 
was  first  built  as  a  waterbound  macadam  road 
in  1909  and  1910.  In  1912  it  was  resurfaced, 
using  a  light  application  of  asphalt,  0.6  gal. 
per  sq.  yd.,  and  sand.  The  binder  was  of 
such  a  nature  that  it  bled  considerably  during 
hot  weather.  The  -result  was  that  the  road 
soon  became  pitted  and  full  of  ruts.  Mr. 
Warren,  county  superintendent  of  highways, 
influenced  interested  parties  to  furnish  the 
necessary  money  to  resurface  part  of  this 
road. 
The  state  highway  department  furnished 

the  necessary  equipment  for  surface  oiling 
the  road.  On  account  of  shortage  in  funds 
the  old  road  surface  was  not  scarified  or  dis- 

turbed, but  the  road  was  swept  clean  and  a 
light  application  of  asphalt  applied  to  'the 
surface  and  the  road  sanded  with  %  to  % 
inch  gravel.  The  ruts  were  then  filled  with 
gravel  and  asphalt  in  successive  layers  until 
the  same  was  brought  level  with  the  surface 
of  the  road.  The  entire  surface  was  again 
painted  lightly  with  the  asphalt  and  sanded. 
The  smooth  surface  required  about  %  gal. 
per  sq.  yd.,  while  the  ruts  required  from  %  to 
Vi  gal.  per  .sq.  yd.,  making  an  average  of 
about  0.8  gal.  per  square  yard. 

T.\BL,E  I.— COST  PER  SQUARE  YARD  FOR 
LABOR  AND  SUPPLIES. 

Superintendence   $0.0454* 
Unloading,  hauling  and  spreading  gravel     .0524 
Hauling,   heating  and  applying  asphalt..     .0170 
Asphalt,  f.  o.  h.  siding   0790 
Sweeping  and  cleaninj;  road   0192 
Gravel,  t.  o.  b.  sidins   0.">G3 Freight  on  repair  equipment   Oils* 
Roller  operator    0355* 

Total  cost  per  sq.  yd   $0.3172* 
Cost  to  local  people   jo.2245 

•Indicates  paid  by  state  highway  department. 
Conditions — E.xcluding  contractors  profit  and  overhead charges. 

Amount  of  road  repaired,  2,850  ft.,  2,535  sq. 

yds. 
■\Vldth  of  old  road,  12  ft.  Average  width  re- paired, 8  ft. 
Average  haul  for  materials,  H4  miles. 
Work  began,  Aug.  25,  1914.  Work  completed, 

Sept.  20,  1914. 
Rate  of  pay  for  men,  20  cts.  per  hour;  teams, 

40  cts.  per  hour. 

BITttMINOUS     MACADAM     BY     THE     PENETRATION 
METHOD. 

The  final  unit  costs  of  constructing  the 
Daysvillc  road  in  Ogle  County,  Illinois,  are 
given   in  Table  II. 

TABLE    II.— COST    PER    SQU.\RE    YARD    FOR 
LABOR   AND   SUPPLIES. 

Superintendence      $0.0168* Excavation       0136 
Stone,  t.  o.  b.  crusher   0874 
Miscellaneous  hauling     0072 
Hauling   stone,    gravel   and   bonding  ma- 

terial,   including  spreading   1060 
Hauling  binder    O06O 
Binder    gravel,     hauling,    screening    and 

placing      0315 
Binder,  33,000  gals.,  f.  o.  b.  siding   1680 
Shaping  and   rolling  sub-grade   and   side 

roads      0101 
Heating  and  applying  bituminous  binder.     .0305 
Rolling  and  sprinkling   OOeS* Bridge    repairs      0020 
Freight   on   equipment   
Depreciation  rental  on  equipment   * 

Total  cost  per  sq.  yd   $0.4859 
Cost,   excluding  excavation,   culverts  and 

bridges      4703 
♦Indicates  furnished  or  paid  by  the  state  high- 

way department. 

Conditions — Excluding  contractors'  profit  and  overhead charges. 

Amount  of  road  laid,  8.842  ft..  17,684  sq.  yds. 
Amount  of  road  treated  with  bitumen.  17,684 

.sq.  vds.  Width  of  road,  IS  ft.  Thickness,  3  to- 
C  ins. Average  length  of  haul,  1V4  miles. 
Work  began,  Aug.  IS;  work  completed,  Oct. 

23,    1914. 
Rate  of  pay  for  men.  25  cts.,  30  cts.  and  40 

cts.   per   hour;    teams,    50   cts.   per  hour. 

Course  in  Road  Building. — The  University 

of  Michiean  will  give  a  short  course  in  high- 
way engineering  for  the  benefit  of  township, 

county  and  state  highway  engineers  and  offi- 
cials. The  course  will  be  free,  one  week  in 

length,  and  will  consist  of  lecture  and  demon- 
strations. The  regular  highw^ay  engineering 

faculty  will  give  the  lectures,  and  the  following 
also  will  address  the  class :  F.  F.  Rogers,  of  the 

state  highwav  commission;  Prof.  T.  H.  Mc- 
Donald, head  of  the  highwav  w-ork  in  Iowa: 

Prevost  Hubbard,  head  of  the  board  of  Indus- 

trial research  at  Washington ;  W'.  W.  Crosby, 
consulting  engineer  of  Baltimore;  Dean  C.  H. 

Strahan  "of  .\thens,  Ga. :  Prof.  Ira  Baker, 
head  of  the  department  of  civil  engineering  of 
the  University  of  Illinois.  No  manufacturer 
of  or  agent  for  roadbuilding  materials  will 
be  allowed  to  enroll  for  tlie  ourpose  of  gettnig 
his  wares  before  the  engineers  attending.  The 
intention  of  the  university  is  to  take  up  the 

problems  of  Michigan  road  building  and  Mich- 
igan material,  and  to  go  deeply  into  the  ques- 
tion of  economic  road  construction  under  the 

various  conditions  existing  in  this  state.  The 
course  will  be  part  of  the  extension  work 
undertaken  some  years  ago  by  the  engineering 
department.   The  date  will  be  announced  soon. 

Large  Dredge  in  Toronto   Harbor. — The 
Cyclone,  the  first  of  two  large  dredges  to  be 
built  for  harbor  improvement  work  at  Toron- 

to, was  recently  launched  from  the  Poison  Iron 
Works  of  that  city. 

Although  this  dredge  is  surpassed  in  size  by 
some  of  the  dredges  used  in  constructing  the 
Panama  Canal,  it  is  said  to  be  the  most  power- 

ful dredge  in  the  world.  It  has  been  built  for 
the  Canadian  Stewart  Co.,  which  has  the  con- 

tract for  improving  the  harbor  of  Toronto,  a 
work  requiring  the  removal  of  some  .3.5,000.000 
cu.  yds.  of  sand  from  the  bottom  of  the  harbor 
to  the  Ashbridge  Bay  district,  which  is  being 
reclaimed  for  an  industrial  area.  It  is  under- 

stood that  the  Cyclone  has  the  capacity  for 
handling  1.5,000  cu.  yds.  a  day. 

The  length  of  this  dredge  is  170  ft.  and 

the  width  42  ft.  Steam  is  furnished  by  4  Bab- 
cock  boilers  of  a  semi-marine  type.  At  the 
end  of  the  ladder,  which  is  100  ft.  long,  is  a 
boring  machine  that  weighs  50  tons.  By  means 
of  a  long  stick  of  Pacific  coast  fir  swung  at 
the  opposite  end  of  the  dredge,  the  suction  pipe 
can  operate  in  a  channel  500  ft.  in  width.  The 
boring  mechanism  is  operated  at  the  end  of 
the  suction  line  by  a  500-HP.  engine.  The 

pump  in  the  middle  of  the  dredge,  which  is 
worked  by  an  engine  of  1,750  HP.,  can  handle 
very  large  boulders.  The  dredge  is  equipped 
with  a  pipe  line  more  than  a  mile  in  length. 
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New  Sewage  Pumping,  Screening  and 
Sterilizing  Station  at  Daytona,  Fla. 
There  is  now  under  construction  in  the  city 

of  Daytona,  Fla.,  a  complete  sanitary  sewerage 
system,  including  a  sewage  pumping  station 
and  an  outfall  line,  and  a  drainage  system. 
The  sewage  collection  system  comprises  about 
21  miles  of  vitrified  pipe  sewers,  ranging  in 
size  from  8  to  24  ins.,  with  manholes,  flush- 
tanks  and  other  appurtenances,  and  seven 
ejector  stations  with  cast  iron  force  mains  and 
air  piping  for  supplying  the  same  from  the 
sewage  pumping  station. 

The  sewage  pumping  station,  the  sub- 
structure of  w'hich  is  shown  in  detail  in  the 

accompanying  cut,  comprises  a  concrete  re- 
ceiving well  with  a  brick  superstructure  lo- 

cated on  the  city  water  works  lot.  In  this  sta- 
tion will  be  placed  two  50-hp.  oil  engines,  two 

tions  governing  the  design  and  construction  of 
the  screen  of  this  type,  proposed  for  Daytona. 

will  be  of  wide  interest  to  sewage  disposal  en- 
gineers. Consequently  that  portion  of  the 

specifications  is  here  quoted  in  full.  The  use 
of  liquid  chlorine  as  a  disinfecting  agent  for 

raw  and  screened  sewage  is  also  still  some- 
what new,  so  the  portion  of  the  specifications 

pertaining  to  the  sterilizing  equipment  is  also 

quoted  herewith  : 

SPECIFICATIONS  FOR  SEWAGE  SCREEN. 

General  Description. — The  screen  is  to  be  a 
device  for  tiie  clarification  of  sewage  by  me- 

chanical means.  It  is  to  consist  of  a  rotating, 

inclined,  perforated  plate,  8  ft.  in  diameter,  the 
lower  part  dipping  into  the  sewage,  the  higher 
part  being  exposed  and  provided  with  a  device 
for  the  continuous  cleaning  of  the  screen  plate 

and  removal  of  the  solid  deposits  and  the  trans- 

maintained  as  hereinafter  specified.  The  clear- 
ance between  the  screen  periphery  and  the 

screen  chamber  must  be  reduced  to  a  slit  not 

exceeding  in  width  that  of  the  screen  perfora- 
tions. This  clearance  must  be  constant  the  full 

distance  of  the  screen  perimeter. 

Lubrication  of  Screen   The  lubrication  sys- 
tem must  be  complete  in  every  detail.  Wher- 
ever possible,  oil  bearings  are  to  be  fed  and 

regulated  from  a  central  point. 
Performance  of  Screen. — The  screen  will  be 

required  to  remove  from  the  sewage  all  solids 
sedimentable  and  non-sedimentable  above  0.1 
in.  diameter,  and  must  deliver  these  screenings 

to  the  transporting  or  containing  device  with  a 
minimum  moisture  content,  accomplishing  these 
results  with  practically  no  disintegration  of  the 
screenings. 

Method  of  Operation. — The  screen  is  to  be 
operated  by  belt  power  as  hereinafter  specified, 
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Details    of    Sewage    Pumping    Station    Substructure    and    Machinery,    Daytona,    Fla.,    Showing    Arrangements   
 for    Fine    Screening    and 

Sterilization. 

air  compressors  of  a  capacity  of  150  cu.  ft.  of 

air  per  minute  each,  three  centrifugal  pumps — 
two  having  a  capacity  of  2,000,000  gals,  daily 

each  and  one  a  capacity  of  1,000,000  gals.— 

one  automatic  sewage  screen  of  the  Riensch- 

Wurl  type,  and  apparatus  for  sterilizmg  the 

sewage  with  liquid  chlorine.  The  outfall  sewer 

will  be  about  10,600  ft.  in  length,  consisting 

partlv  of  a  cast  iron  force  main  and  partly  of 

vitrified  pipe,  the  latter  supported  on  piling. 

It  will  extend  from  the  sewage  pumping  sta- 
tion to  the  southern  city  line,  and  thence  to  a 

point  in  the  Halifax  River  about  500  ft.  from 

shore.  The  drainage  system  will  comprise 

about  7,.500  ft.  of  pipe  sewers,  ranging  in  size 

from  12-in.  vitrified  pipe  to  30-in.  reiiiforced 
concrete,  storm  water  inlets,  and  the  widening 
of  two  canals. 

Owing  to  the  fact  that  the  Riensch-Wurl 
screen  is  iust  becoming  recognized  in  this 

country,  it  is  thought  the  engineer's  specifica- 

ferring  of  same  to  suitable  transporting  or  con- 

taining device.  The  screen  is  to  be  of  the  over- 
hung type.  The  entire  weight  of  the  screen  and 

driving  mechanism  to  be  supported  by  a  serv- 
ice bridge  located  directly  over  the  screen.  The 

screen  shaft  and  brush  shaft  will  each  be  held 

in  position  by  a  cast  iron  hanger  attached  to 
the  service  bridge.  The  service  bridge  will  also 

serve  as  an  operating-  platform  upon  which  the 

lubricating  devices  will  also  be  located.  All  bear- 
ings and  driving  mechanism  will  be  supported 

from  the  service  bridge,  no  bearings  or  any 

part  of  the  driving  mechanism  to  come  in  con- tact with  the  sewage. 

Screen  Plates. — The  screen  plates  are  to  have 

perforations  of  the  size  hereafter  specified  and 

removably  fastened  in  sections  to  a  stiff  cast 
iron  frame  carried  on  bearings  of  the  ball  or 

roller  type.  The  screen  plates  must  be  fastened 

to  the  frame  in  such  a  manner  that  the  maxi- 
mum effective  open  area  of  the  screen  plate  is 

the  main  driving  pulley  to  be  located  on  one 

side  ot  the  screen.  The  screen  disc  is  to"  rotate at  a  speed  of  approximately  0.5  revolutions  per 
minute. 

The  screen  must  be  arranged  so  that  the  sew- 
age flows  against  it  in  the  inclined  position, 

effluent  passing  on  through  the  screen  to  be 
discharged,  and  all  solids  of  the  size  herein 
specified  being  held  back.  The  rotation  of  the 
screen  is  to  lift  the  solids  gently  and  continu- 

ously from  the  sewage  until  they  are  above  the 
line  of  flow,  where  they  will  come  into  the 

cleaning  sphere  and  be  continually  swept  from 
the  surface  of  the  screen  by  a  series  of  rotating 
brushes. 

These  brushes  are  to  rotate  around  the  ver- 
tical axis  of  the  brush  shaft  at  a  speed  of  7.5 

revolutions  per  minute,  with  a  direction  of  rota- 
tion opposite  to  that  from  which  the  screen 

disc    travels.      At    the   same    time    the    brushes 

l^to   revolve   on   their   own   longitudinal   axis 
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at  a  speed  of  37.5  revolutions  per  minute,  and 
must  rotate  in  such  direction  and  be  suspended 
from  the  spider  carrying  them  in  such  a  manner 
that  their  action  is  to  avoid  forcing  screenings 
down  through  perforations,  but  rather  to  lift 
them  oft  the  disc  and  roll  the  same  along  ahead 
of  them. 

The  method  of  hanging  the  brushes  must  also 
give  a  constant  brush  pressure  on  the  screen 
plate  and  compensate  any  unevenness  in  the 
disc. 

The  relative  speeds  of  the  disc  brush  cleaning 
mechanisms  are  to  be  adjusted  so  that  all  parts 
of  the  screening  surface  are  cleaned  and  wiped 
at  leabt  three  times  during  each  revolution  of 
the  screen. 
Workmanship. — The  workmanship  and  finish 

of  all  parts  throughout  shall  be  highest  grade  in 
every  respect.  Working  parts  shall  be  machined 
accurately  to  gage  and  be  made  interchange- 

able without  any  further  fitting.  No  variations 
from  thicknesses  or  finishes  shown  on  drawings, 
shims,  filling  pieces  or  patches  will  be  allowed 
except  in  special  cases  where  specifically  ap- 

proved   by    the    engineer. 
Any  parts  that  should  be  finished,  either  by 

machine  or  hand,  to  insure  the  proper  assembly 
or  working  of  the  various  parts  must  be  fin- 

ished even  if  not  shown  or  described  on  draw- 
ings or  in  specifications. 

Details  of  Construction. — Screening  plates  to 
consist  of  six  monel  metal  plates  approximately 
4  ft.  by  3  ft.  5  ins.  by  %-in.  thick.  Plates  must 
be  cut  true  to  size  and  lie  perfectly  flat. 

All  sections  must  fit  nearly,  no  space  being:  al- 
lowed in  which  solid  matters  may  accumulate. 

Plates  to  be  arranged  so  that  each  section  will 
be  readily  removable. 

Screening  plate  perforations  to  be  rectangular, 
5/64  ins.  wide  by  2  ins.  long,  tapered  slots.  All 
perforations  to  be  machine  cut.  Both  sides 
of  the  plate  to  be  free  from  burrs.  Perforations 
must  be  arranged  so  that  in  the  operation  of 
the  screen  the  maximum  number  will  have  their 

long  axis  parallel  with  the  travel  of  the  clean- 
ing brushes.  Perforations  must  be  arranged  to 

give  an  effective  open  area  of  at  least  15  per 
cent  of  the  total  screening  surface,  and  they 
mu-st  be  staggered. 

Screening  Plate  Mounting   Plates  to  be  fast- 
ened to  the  screen  frame  by  5/16-in.  flat  head 

countersunk  brass  bolts  and  nuts.  Brass  wash- 
ers ^4-in.  thick  must  be  used  on  each  bolt  be- 

tween the  bolt  and  the  screen  frame.  All  screens 
must  be  finished  perfectly  fiat  and  smooth  with 
the  face  of  the  screen  plate. 

Screen  frame  to  consist  of  a  cast  iron  spider 
supported  from  a  central  hub.  Spider  to  have 
twelve  T-shaped  arms  extending  out  to  a  ring 
to  which  the  screen  plates  will  be  attached. 
The  frame  must  be  amply  stiff  to  retain  its 
shape  in  its  inclined  position  and  also  to  resist 
the  thrust  Imposed  on  it  on  account  of  the  flow 
of  sewage.  There  must  be  no  pockets  or  ledges 
on  the  frame  upon  which  solids  may  be  retained. 

Cone — The  cone  is  to  be  made  of  cast  iron 
and  will  be  of  the  solid  type  of  construction, 
measuring  about  2  ft.  in  diameter  at  the  bot- 

tom and  4  ins.   high. 
Shafting. — Main  drive  shaft,  countershaft, 

screen  shaft,  brush  shaft,  brush  spider  shaft, 
brush  body  shaft,  will  consist  of  cold-rolled 
steel  stock,  finished  all  over  and  perfectly  true. 
All  bearing  portions  are  to  be  accurately  turned. 
Shafts  to  be  provided  with  necessary  key-seats 
and  thrust  collars. 

Bearings   Main  drive-shaft  bearings,  coun- 
tershaft bearings,  screen-shaft  bearings,  brush- 

shaft  bearings,  are  to  be  of  ball-bearing  or 
roller-bearing  type,  radial  or  thrust  bearing, 
with  cast  iron  housing.  Necessary  provision  to 
be  made  for  lubrication.  All  bearings  to  be 
grease-packed  and  sealed  where  necessary. 
Screen-Shaft  and  Brush-Shaft  Hangers. — 

Scrcen-.shaft  and  brush-shaft  hangers  an-  to  be 
made  of  cast  iron  and  are  to  be  bolted  to  the 
service  bridge.  Hangers  to  be  of  suflSclent  size 
and  strength  to  .support  the  weights  of  the 
screen  and  brushes  rigidly  and  maintain  all 
parts  connected  thereto  in  perfect  aliprnment. 
Thrust  bearings  and  radial  bearings  for  the 
brush  and  screen  shaft  arc  to  be  bolted  to  these 
hangers. 

Brush   Spider   In  order  to  carry  the  brushes 
from  the  brush  main  driving  shaft,  a  supporting 

iron  casting  is  to  be  furished  consisting  of  a  hub 
and  four  radial  arms,  and  is  to  be  a  tight  fit  on 

the  driving  shaft  and  keyed  thereto.  The  arms 

arc  to  be  cast  in  ■•U"-shaped  sections,  provided 

with  bearing  at  each  end  of  support  of  brush 
main   shafts. 

Screen     Brushes   Screen    brushes    are    to    be 
four  in  number,  each  consisting  of  an  aluminum 

body  cylindrical  in  form.  The  outside  surface 
of  this  cylinder  to  be  drilled  and  countersunk 

to  receive  circumferential  rows  of  bristles.  The 

brushes  will  be  equipped  with  best  quality  of 

wild  hog  bristles,  will  be  wire-drawn  into  the 
body  of  the  brush  and  trimmed  so  as  to  project 
114  ins.  above  the  circumference  of  the  outside 
of  the  brush  body.  The  bru.sh  is  to  be  carried 
on  cast  iron  hubs,  mounted  on  and  fastened  to 
the  brush  body  shaft. 

Screening  Trough. — Screening  trough  for  re- 
ceiving and  guiding  the  screenings  after  they 

are  swept  from  the  disc  is  to  be  constructed  of 
steel  plate  and  vertical  walls  to  be  concentric 
to  conform  to  the  radius  of  travel  of  the  brushes 
and  provided  at  some  point  in  the  path  of  travel 
with  a  discharge  opening.  Trough  to  be  braced 
and  stiffened  with  necessary  stiffening  angles 

and  supports  provided  for  holding  trough  se- 
curely in  place. 

Driving  Mechanism. — The  screen  is  to  be  ar- 
ranged to  drive  from  an  18  by  3-in.  tight  and 

loose  pulley  mounted  off  to  one  side  of  the 
screen  and  running  at  a  speed  of  150  r.  p.  m. 
The  main  driving  shaft  to  extend  from  this 
pulley  to  a  worm-gear  speed  reduction,  ratio 
50  to  1.  The  worm  gear  is  to  drive  countershaft 
running  parallel  with  the  counter  line  of  the 
screen,  which  in  turn  drives  the  screen-shaft 
through  a  pair  of  bevel  gears,  ratio  6  to  1.  and 
also  drives  the  brush-shaft  through  a  pair  of 
bevel  gears,  ratio  25  to  1.  Worm  to  be  provided 
with  oil  pot  for  lubricating  of  worm  and  gear. 
Worm   to  run   immersed  in  oil. 

The  disc  brushes  are  to  be  driven  by  means  of 
a  fixed  bevel  gear,  which  is  to  be  fastened  to 
the  brush- shaft  hanger  and  meshing  with  bevel 
pinion  on  the  end  of  the  brush  spider  shafts. 
The  brush  body  shaft  to  rotate  in  a  direction 
opposite  that  of  the  screen  and  the  brushes  are 
to  revolve  on  their  own  axes  at  a  speed  of  about 
60  revolutions  per  minute. 

The  brushes  are  to  be  driven  by  a  set  of  spur 
gears  and  mounted  on  a  swivel  which  will  allow 
the  brushes  to  trail,  this  giving  a  constant 
brush  pressure  on  the  screen  plate  and  com- 

pensating for  any  unevenness  in  the   disc. 

The  entire  driving  mechanism  must  be  de- 
signed and  manufactured  to  secure  the  maxi- 

mum efficiency  and  screen  must  operate  without 
undue  vibration  under  all  conditions. 

Screen  Seal. — The  clearance  between  the  per- 
iphery of  the  screen  and  the  screening  chamber 

must  be  reduced  to  an  air  gap.  Hot  exceeding 
the  width  of  the  screen  plate  perforations.  This 
is  to  be  accomplishd  by  means  of  a  3-in.  chan- 

nel iron  set  into  the  concrete,  bent  to  conform 
to  the  shape  of  the  perimeter  of  the  screen.  This 
ch.annel  to  be  secured  to  the  concrete  by  %-in. 
approved  anchor  bolts  or  sockets.  The  upper 
fiango  of  the  channel  is  to  be  drilled  and  tapped 
on  approximately  8-in.  centers  for  %-in.  phos- 

phor bronze  tap  bolts;  upon  this  are  to  be 
mounted  14  cast  iron  segments  having  elongated 
radial  liules  to  permit  adjustment. 
Screen  Service  Bridge. — Screen  service  bridge 

to  consist  of  two  I-beams  of  suitable  size  for 
carrying  the  entire  weight  of  the  screen  and 
driving  mechanism.  The  space  -between  the 
beams  to  be  framed  with  4-in.  channels  and 
covered  with  approved  cast  iron  or  pressed  steel 
floor  plates.  Framing  for  supporting  the  service 
bridge  is  not  included  in  this  contract.  The 
bridge  is  to  be  provided  with  trap  doors  for 
removing  sludge  cans  and  sides  of  bridge  to  be 
provided  with  li/4-in.  galvanized  iron  hand  rail 
of  approved  desi.^n. 

Lubricating  System.— Lubricating  system  must 
be  complete  in  all  details.  Bearings  of  medium 
speed,  lubricated  with  oil.  are  to  be  provided 
for  ring  oiling.  On  slower  running  bearings  the 
oil  will  be  fed  and  regulated  from  a  central  lu- 

brication system  on  the  service  bridge.  Here 
all  the  oil  cups  to  be  mounted  together.  The 
ball  or  roller  bearings,  wherever  possible,  are  to 
be  packed  in  grease  and  sealed  to  exclude  for- 

eign matter  and  sewage. 

Shop  Assembly. — On  completion  the  screen 
must  be  assembled  in  the  shop,  the  parts  prop- 

erly fitted  and  tested.  The  disc  of  the  screen 
is  to  be  then  assembled  on  the  shaft  in  a  ver- 

tical position  and  properly  balanced,  this  being 
done  while  all  parts  are  mounted  on  it  that  will 
be  used  in  operation.  After  this  the  screen 
must  be  inclined  to  correspond  at  an  angle  at 

which  it  will  be  finally  installed.  In  this  con- 
nection, the  balancing  is  to  be  as  near  perfect 

as  possible  to  provide  against  any  uneven  run- 
ning or  variable  strains  in  the  shaft  when  oper- 

ating in  this  position.  After  assembly  screen  is 
to  be  dismantled,  every  part  being  properly 

marked  to  facilitate  re-erection. 
Painting. — Before  leaving  shop  all  exposed 

castings  shall  be  filled  and  rubbed  down  smooth 
and  given  two  coats  of  paint  as  instructed. 

Shipment. — All  parts  must  be  properly  packed, 
skidded,  boxed  or  crated,  and  prepared  for 
shipment.  Especial  attention  must  be  given  to 
the  manner  of  shipment  and  the  size  of  the 
pieces  shipped  so  that  there  will  be  no  trouble 
getting  the  screen  parts  into  the  screening 
chamber.  The  finished  surfaces  to  be  properly 
slushed. 

Screening  Cans. — The  contractor  shall  also 
furnish  and  deliver  one  screening  can  for  the 
coarse-bar  screen,  as  indicated  on  the  draw- 

ing, made  of  No.  16  gage  galvanized  iron.  He 
shall  also  supply  three  screening  cans  for  the 
fine  screen,  24  ins.  in  diameter  by  30  ins.  high, 
of  No.  16  Birmingham  wire  gage.  All  cans 

shall  be  provided  with  lids,  lift  handles  and  suit- 
able lifting  hooks.  The  contractor  shall  also 

supply  two  lifting  devices,  each  consisting  of  a 
small  jib  crane  suitable  for  attachment  to  the 
wall,  one  to  lift  out  the  coarse-bar  screening 
can  and  one  to  lift  out  the  fine  screening  cans. 

Each  jib  crane  shall  be  provided  with  a  suit- 
able chain  hoist. 

STERILIZING   EQUIPMEXT. 

The  following  quoted  paragraphs  comprise 

the  engineer's  specifications  for  the  sewage sterihzing  equipment: 

Chemical  Equipment, — The  contractor  shall 
furnish  and  install  in  the  sewage  pumping  sta- 

tion equipment  equal  to  that  of  the  Electro- 
Bleaching  Gas  Co.  suitable  for  the  treatment  of 

raw  sewage  with  liquid  chlorine.  The  appar- 
atus shall  be  capable  of  feeding  chlorine  gas  at 

any  desired  uniform  rate  between  the  limits  of 
10  lbs.  per  24  hours  and  150  lbs.  per  24  hours. 
The  delivery  of  the  chlorine  must  be  controlled 
by  means  of  simple  devices  which  will  afford 
easy  and  reliable  operation  in  spite  of  tempera- 

ture changes.  The  installation  must  be  so  ar- 
ranged as  to  allow  the  ready  removal  of  empty 

and  insertion  of  full  gas  containers.  The  sys- 
tem shall  be  equipped  with  necessary  reducing 

and  regulating  control  valves,  together  with 
gages,  and  all  other  necessary  appurtenances, 
all  of  which  shall  be  of  proper  design  and  of 

material  particularly  adapted  to  use  in  connec- 
tion with  chlorine  gas.  The  apparatus  shall  pro- 

vide for  a  perfect  and  absolute  absorption  of 
the  necessary  amount  of  chlorine  in  a  minimum 
quantity  of  water  without  escape  of  gas  to  the 
atmosphere.  All  connections  shall  be  made  of 
suitable  piping  to  allow  of  both  sterilizing  the 
raw  sewage  entering  the  pumping  station  be- 

fore screening  and  the  clarified  sewage  after screening. 

Operation  of  Chlorine  Apparatus. — The  con- 
tractor shall  control  the  operation  of  all  equip- 

ment for  a  period  of  15  days  after  erection,  and 
shall  operate  the  various  devices  to  the  satis- 

faction of  the  engineer.  The  chlorine  gas  re- 
quired for  this  test  will  be  furnished  by  the 

city.  The  contractor  shall  also  furnish  detailed 
written  instructions  for  the  operation,  care  and 
maintenance  of  the  apparatus. 

Guarantee  of  Chlorine  Apparatus. — The  con- 
tractor shall  guarantee  to  keep  all  the  apparatus 

in  repair  for  one  year  after  it  is  put  in  regular 

service,  such  repair  extending  only  to  the  cor- 
rection of  defects  in  the  design,  material  and 

workmanship  of  the  apparatus,  but  shall  not  be 
held  to  cover  ordinary  wear  and  tear.  At  the 
end  of  the  guarantee  period  the  engineer  will 
make  an  examination  of  the  apparatus,  and  any 
part  or  detail  found  defective  or  injured  through 
excessive  wear,  overstrain,  bad  materials  or 

faulty  design  shall  be  replaced  by  the  contrac- 



December  2,  1914. 
Engineering   and    Contracting 527 

tor  at  his  own  expense.  The  contractor  shall 
assume  all  responsibility  for  infringements  or 
alleged  infringements  of  patents  of  this  appar- 
atus. 

ACKNOWLEDGMENT. 

The  foregoing  quotations  are  from  the  set 
of  specifications  prepared  by  Mr.  George  W. 
Fuller,  consulting  engineer,  170  Broadway, 

New  York  City,  and  Mr.  C.  M.  Rogers,  en- 
gineer, Daytona,  Fla.  We  are  indebted  to  Mr. 

Fuller  for  a  copy  of  the  specifications  and  for 
the  detailed  drawing  of  the  pumping  and 
screening  station  substructure  and  machinery. 

Design  of  the  Sewage  Treatment  Ex- 
perimental Plant  at  Brooklyn,  N.  Y. 

The  design  of  an  experimental  plant  for  the 
study  of  sewage  disposal  offers  many  com- 

plex problems  and  presents  an  interesting 
study  in  itself  to  the  municipal  engineer.  The 
conditions  that  affect  sewage  disposal  are  so 
many  and  so  various,  and  the  methods  of 
treatment  which  may  be  applied  differ  so 

greatly,  in  cost  as  well  as  in  the  results  se- 
cured by  their  employment,  that  it  has  be- 

come quite  usual  to  make  experimental  study 
in  each  case  before  deciding  upon  the  method 
to  be  selected  and  the  design  of  extensive 
plants.  The  engineer  in  this  field  owes  much 
to  the  many  investigations  which  have  been 
made  by  the  use  of  such  plants  during  the  last 
few  years.  One  of  the  conclusions  that  each 
of  these  plants  enforces  is  that  each  was  of 
special  value  for  the  local  object,  and  that  the 
solution  of  the  local  problem  could  best  be 
solved  by  local  experimentation. 

It  is  generally  believed  that  the  description 
of  sewage  treatment  experimental  plants  is  of 
greater  general  value  than  the  specific  results 
of  the  experiments  performed.  This  is  due 
to  the  fact  that  the  latter  are  chiefly  significant 

only  to  the  locality  whose  sewage  is  tested. 
The  present  article  describes  the  design  of  the 
sewage  treatment  experimental  plant  at 
Brooklyn.  The  information  given  is  taken 

from  a'  paper  before  the  recent  annual  meet- 
ing of  the  .American  Society  of  Municipal  Im- 

provements by  George  T.  Hammond,  Chief 
Engineer  of  Sewers,  Brooklyn,  N.  Y. 
The  data  obtained  by  the  Metropolitan 

Sewerage  Commission,  conclusively  prove  the 

urgent  "need  of  adequate  sewage  disposal,  in 
New  York  Citv-;  but  no  experimental  work 

for  the  purpose  of  determining  the  most 
available  method  of  sewage  treatment  has 

hitherto  been  undertaken.  The  sewage  treat- 
ment and  disposal  which  experiment  shall 

demonstrate  will  be  the  most  reliable,  econ- 
omical and  simple  and  which  will,  without 

offense  or  nuisance,  for  the  least  cost  of  con- 
struction and  maintenance,  insure  an  effluent, 

satisfactory  and  suitable  at  all  times  for  dis- 

charge into  our  local  bodies  of  water  or  water- 
ways, we  consider  the  most  available  for  the 

purpose.  .  , 

Naturally  the  scope  of  the  experimental 

work  for  which  this  plant  is  designed  includes 

investigation  connected  with  sewage  disposal 

generally,  as  well  as  the  special  and  practical 

experiments  which  are  nrore  directly  related 

to  the  special  obiect  of  selecting  the  most 

suitable  method  of  treating  the  local  sewage. 

The  general  study  includes  rainfall  and 

storm-water  runoff;  subjects  so  closely  related 

to  sewage  treatment  and  disposal  that  their 

investigation  could  not  properly  be  omitted, 

especially  as  the  larger  portion  of  the  exist-
 

ing sewerage  is  now,  and  probably  will  con- 

tinue to  be,  on  the  "combined  plan.  Ut 

course  the  investigations  include  a  complete 

analytical  study  of  the  sewage  and  storm
- 

water  flow,  and  such  biological  study  as  may 

be  necessary  for  the  end  in  view.  The  che
mi- 

cal and  bacteriological  work  has  been  care- 

fully provided  for,  a  completely  equipped 

labo'ratorv-   being  an   essential   feature  of  the 

^  It  is  intended,  in  the  experimental  work,  not 

only  to  follow  the  general  scheme  of  
inves- 

tigation for  which  immediate  provision  was 

made  in  the  structures  now  erected,  but  
also 

to  change  the  structures,  from  time  to  tim
e, 

as  may  seem  desirable  to   follow   other  
Imes 

of  investigation  suggested  as  the  work  prog- 
resses. 

It  is  not  intended  in  this  paper  to  present 

results  which  at  this  time  could  only  be  de- 
rived from  a  short  period  of  experimental 

operation;  our  object  is  to  describe  the  plant 
and  the  general  purpose  of  the  work;  and 
call  attention  to  the  employment  of  such 
means  for  solving  sewage  problems. 
The  experimental  plant  is  located  in  close 

relation  to  the  existing  2Gth  Ward  Sewage 
Disposal  Plant,  and  obtains  its  sewage  from 
the  main  sewer,  which  serves  the  26th  Ward 
district  of  Brooklyn.  The  sewerage  system, 
for  which  this  sewer  is  the  outfall  main, 
serves  a  population  of  about  200,000,  occupying 
an  area  of  approximately  5,000  acres.  The 
sewers  are  on  the  combined  plan  and  have 
rather  flat  trades.  The  disposal  plant  is  about 
two  miles  from  the  center  of  population  and 

the  sewage  becomes  septic,  during  the  warm 
months  of  the  summer,  before  reaching  the 
outlet.  A  new  disposal  plant  is  urgently 

needed  for  this  district,  and  has  been  author- 

ized, the  design  to  await  the  results  of  experi- 
mental study  to  determine  the  most  suitable 

method  of  treatment  for  local  conditions. 

The  daily  flow  in  dry  weather,  determined 

by  weir  measurements  in  the  outfall,  varies 

from  18.000.000  to  22,000,000  gals.  The  storm- 

flow  ranges  up  to  about  1,000  cu.  ft.  per  sec- 
ond though  the  ordinary  storm  does  not  give 

more  than  300  to  500  cu.  ft.  per  sec- 
ond. The  dry  flow  is  mainly  of  a  domestic 

character,  but 'there  are  some  trade  wastes  that may  require  special  study.  The  suspended 

matters  vary-  widely  in  quantity  at  different 
seasons  and  different  hours  of  the  day. 

The  sewerage  system  of  the  26th  Ward  was 
mainlv  installed  between  the  years  1890  and 

1896  'and  includes  a  chemical  orecipitation 
sewage  disposal  plant,  designed  in  1888  and 

intended  to  take  care  of  a  maximum  popula- 

tion of  35,000,  which,  at  the  time,  was  con- 
<;idered  ample  provision  for  the  future.  This 

plant  was  completed  in  1896,  when  the  popu- 
lation had  already  reached  about  60,000,  and 

was  inadequate  'from  the  beginning  of  its 

operation,  although,  for  several  years,  it  ren- 
dered fairly  good  service.  It  cost  $350,000  and 

is,  at  the  present  time,  nearly  useless.  The 

grade  of  "purification"  secured  was  never  sat- 
isfactory for  an  effluent  to  be  discharged  into 

a  body  'of  water  of  the  character  of  Jamaica 

Bay,  in  which  the  shell  fish  industry  is  ex- 
tensive and  of  ereat  value.  All  the  sewage 

passing  through  "the  plant  flows  through  fixed screens,  through  long,  narrow  settling  tanks, 

with  considerable  velocity',  to  a  central  well, 

from  which  it  is  pumped  into  the  outfall  sew- 

er; the  pump  capacity  is  about  16,000,000  gals, 

per  day.  The  storm-water  flows  directly  into 

the  bay  without  treatment  or  screening. 

The  area  of  Jamaica  Bay  and  its  tidal  tribu- 
taries is  19.28  square  rriiles,  at  mean  tide 

level,  and  the  tide  range  is  about  4  ft.  It  is 

a  tidal  reservoir  connected  with  the  ocean 

bv  Rockawav  Inlet,  which  affords  a  rather 

narrow  and  deep  channel.  The  greater  por- 
tion of  the  bay  has  a  depth,  at  low  water,  of 

9  to  5  ft.,  with  extensive  flats  along  tl.e  north- 

erly portion,  which  have  become  considerably 

polluted  with  sewage  sludge  near  the  outlets 

of  the  sewers.  The  bay  contains  numerous 

small  islets  and  mud  flats,  bare  at  low  tide, 

and  extensive  bars  used  in  the  cultivation 

of  shell  fish.  The  sewer  outlets  are  remote 

from  the  shell  fish  beds  at  present  worked. 

The  main  sewer  above  referred  to  is  a  com- 

bined sewer  with  flat  grades ;  it  is  a  twin  sew- 
er of  sectional  area  equivalent  to  a  circle  15 

ft.  in  diameter. 
EXPERIMENTAL   PLANT. 

The  experimental  plant  consists  of  three  Im- 
hoff  tanks,  each  of  different  depth  but  with 

other  dimensions  equal;  six  spnnkhng  filters, 

two  of  which  receive  forced  aeration  within 

the  mass  of  the  medium;  various  tanks  and 

apparatus  for  the  investigation  of  sewage 

treatment  by  forced  aeration;  secondary 

settling  tanks  for  the  sprinkling  filters  and 

the  sewage  treated  bv  forced  aeration ;  a  plain 

settling  tank  for  crude  sewage  in  connectio
n 

with  an  airtight  sludge  digestion  tank,  whi
ch 

receives  the  settled  matters  and  sludge  from 
the  plain  tank,  being  in  effect  the  two 
essential  portions  of  an  Imhoff  tank  sep- 

arated :  a  roughing  filter ;  ten  sludge  dry- 
ing beds ;  various  experiments  for  screen- 
ing sewage,  and  for  drying  sludge,  in- 

cluding a  fixed  mesh  screen,  a  rotary  di  c 

tj-pe  screen,  and  a  canvas  vacuum  filtration 
system:  various  provisions  for  disinfection  ex- 

periments, etc.  The  mechanical  plant  consists 
of  steam-actuated  sewaee  pumps  and  an  air 
compressor. 

The  twin  sewers  pass,  at  the  location  of  the 
existing  disposal  plant,  throu.gh  a  silt  basin 
which,  in  dry  weather,  acts  as  a  grit  chamber 
for  the  sanitary  sewage.  This  basin,  which  is 
covered  with  a  masonry  roof  carried  on  I 
beams  and  piers,  is  80  ft.  by  60  ft.  in  interior 
dimensions,  and  9  ft.  deep.  The  hne  of  the 
sewer  is  continued  through  it  by  the  outfall 
sewer,  the  invert  of  which  is  2  ft.  higher  than 
the  inverts  of  the  twin  sewers.  The  outfall 
sewer  is  a  single  section,  26  ft.  wide,  of  the 
same  discharge  capacity  as  the  twin  sewers, 
and  for  the  first  300  ft.  is  of  masonry  with 
a  flat  roof  supported  by  I  beams,  after  which 
it  becomes  an  open  timber  structure  which 
crosses  the  salt  marshes,  about  4,000  ft.,  to 
Jamaica  Bay. 

A  passage  48  ins.  in  diameter  is  provided 
with  its  invert  at  the  floor  elevation  of  the 

silt  chamber,  for  carrj'ing  the  dr>-  weather 
flow  into  the  existing  sewage  disposal  plant, 
where  after  having  received  its  charge  of  milk 
of  lime,  and  having  passed  through  the  screens 
and  tanks,  it  flows  into  the  central  pump 
well,  from  which  it  is  pumped,  against  an 
average  head  of  20  ft.,  into  the  outfall  sewer, 
about  100  ft.,  downstream  from  the  silt  basin. 
A  low  dam,  9  ins.  high,  is  provided  in  the 
outfall  sewer  to  prevent  the  sewage,  pumped 
from  the  well,  from  backing  up  into  the  silt 
basin.  During  storms  the  sewage  by-pass 
valves  are  closed  and  the  entire  flow  of  the 
combined  sewer  discharges  directly  from  the 
silt  chamber,  over  the  dam  referred  to,  through 
the  outfall  sewer  to  the  bay. 

The  pumps  that  furnish  the  sewage  for  the 
experiments  are  located  within  the  existing 

disposal  plant  building,  and  steam  is  obtained 
from  the  boilers  of  the  plant.  There  are  two 

sewage  pumps,  both  of  them  direct  acting 

piston  pumps,  installed  so  that  either  pump 

may  be  cut  out  and  cleaned  or  repaired  with- out stooping  the  other;  either  pump  may  be 

operated  alone ;  or  both  may  be  operated  at 

the  same  time.  The  larger  pump  has  a  ca- 

pacity of  1,200,000  gals,  per  day,  and  the 
smaller  650,000  gals.  Provision  is  made  for 

placing  a  movable  screen  around  the  lower 
end  of  the  common  12-in.  suction  pipe 

through  which  both  pumps  operate.  This 
screen  consists  of  a  steel  frame,  upon  which 
wire  meshes  of  varying  fineness  can  be  used. 

The  screen  is  cleaned  bv  means  of  a  water 

jet  and  brush. The  scwafe  for  experiments  is  taken  from 

the  sewage  passage  between  the  silt  basin  and 

the  disposal  nlant,  and  is  practically  free  from 

grit.  It  is  discharged  from  the  pumps  through 

an  8-in.  iron  pipe  into  the  auieting  tank,  which 

supplies  sewa.ge  to  the  various  units  of  the 

experimental  plant  by  gravity. 
As  the  experiments  include  an  extensive 

study  of  sewage  aeration  by  means  of  com- 
pressed air,  a  sufficient  supply  of  air  is  of 

great  importance.  The  compressor  installed 

is  a  duplex  crank  and  fly  wheel  machine; 
automatic  in  starting,  stopping  and  speed; 

with  a  displacement  capacity  of  228  cu.  ft. 

of  air  per  minute  at  not  exceeding  210  r.p.  m. 

for  30  lbs.  air  pressure,  with  100  lbs.  of  steam 

at  the  throttle.  It  is  equipped  with  a  com- 

bination speed  and  pressure  governor,  ar- 
ranged to  bring  the  machine  to  a  dead  stop 

if  rio  air  is  demanded,  and  to  start  up  auto- 

matically when  the  pressure  drops.  It  has  en- 
closed splash  lubricated  frames  and  bearings, 

making  lubrication  automatic.  The  air 

cylinders  are  provided  with  water  jackets.  The 

air  passes  from  the  compressor  to  an  a^r 

receiver,  of  steel,  24  ins.  in  diameter  and  (2 

ins  high,  with  pressure  gage  and  safety  valve. 
The  low  elevation  of  the  ground  at  the  site 
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—but  a  few  inches  above  ordinary  h
igh  tide, 

a  tidal  marsh  in  fact-necessitated  the  d
esipj 

of  an  experimental  plant  above  
the  reach  of 

die  highest  tide,  and  pumping  of  the 
 sewage  up 

o  the  required  level  from  which 
 a  gravity 

flow  could  be  obtained  for  every  
unit  of  the 

p°ant  This  was  not  only  the  most  av
ailable 

design  but  afforded  some  advan
tages,  such 

as  the  possibihtv  of  getting  at 
 the  structures 

from  the  sides,  "in  most  plants  inacc
essible  on 

account    of    beine    placed    undergr
ound. 

The  datum  line  was  at  mean  high  wa
ter  and 

the  surface  of  the  sludge  beds  made 
 at  an  ele- 

vation of  2.67:  all  of  the  other  umts  of  t
he 

plant  were  given  such,  elevations  
above  th,s  as 

Their  operation  required.  Every  un
  t  was 

provided  with  a  measuring  device  
for  the  de- 

termination of  the  quantity  o  flow  usually 

consisting  of  an  adjustable  calibr
ated  orifice 

above  which  a  constant  head  ,s  maint
ained  b> 

a  svstem  of  overflow  weirs.  For  
measurmg 

compressed  air,  venturi  meters  were 
 provided. 

The  accuracv  of  all  the  measurin
g  devices 

was  carefully  tested  in  place. 

The  f^rst  thing  determined,  in  making 
 the 

design,  was  the  required  elevation  o
f  the  sur- 

face of  the  sewage  in  each  unit  o  the  plan
t. 

This  determined,  the  unit  was  design
ed  to 

comply  with  it;  and  to  support  the  s
tructures 

in  the' situation  selected,  pile  or  other  foun
da- 

tions were  provided,  as  required.  The  design 

of  such  structures  as  the  sprinkling  
tilters. 

carried  on  piles,  which  in  the  permarient 
 plant 

might  be  of  concrete,  with  the  peculiar
  form 

of  "slab-between-piers"  for  outside  walls,  to 

secure  the  lightest  construction  with  the 
 larg- 

est possible  aeration  surface  from  the  sides. 

was  considered  a  study  no  less  intere
sting 

than  the  treatment  of  sewage  m  the  fi
lters 

themselves.  The  above  ground  construction 
 ot 

the  plant  affords  opportunity  for  studying  th
e 

flow  of  kludges  of  different  kinds,  Imhoff  es
- 

pecially, which  could  not  as  easily  have  been 

observed  otherwise.  The  effect  of  cold  wea
th- 

er on  exposed  sprinkUng  filter  beds ;  and  the 

danger  of  freezing  of  the  various  chan
nels 

carrying  sewage,  and  the  proper  method  o
f 

protecting  and  operating  the  same,  are 
 inci- 

dental studies  of  great  importance  in  view 

of  the  projected  construction  of  a  plant  on 

piles  over  an  extensive  marshland. 

Early  in  the  studies  which  preceded  the  de- 

sign of  the  experimental  plant  it  was  of  im- 
portance to  ascertain  the  quantity  of  sewage 

flow  per  day  and  per  capita  from  the  dra
in- 

age a  d  sew'er  district,  the  entire  flow  passing 
into  Jamaica  Bav  at  this  point  through  the 

main  sewer,  as  already  described.  This  was 

done  bv  means  of  a  knife-edge  weir  with  end 

contractions  suppressed,  installed  in  the  open 

outfall  trunk  sewer.  This  weir  was  of  notable 

length  on  the  knife-edge,  26.8.3  ft.  The  ex- 

perimental nature  of  the  work  indicated  that 
all  of  the  structures  provided  for  the  plant 

should  be  so  designed  and  built  that  changes 

and  variations  might  be  made,  without  great 

cost  or  difficulty,  to  carry  out  more  fully  such 

variations  in  the  investigations  as  may  seem 

of  interest  or  may  be  suggested  by  the  tests 
as  they  proceed. 

Quieting  Tank.—Thc  quieting  tank  stills  the 

flow  coming  from  the  .pump,  and  supplies  a 

regulated  supply  of  sewage  to  every  part  of 

the  plant,  maintaining  a  constant  head  in  the 

supply  at  an  elevation  of  3.3.12.  It  is  placed  on 

top  of  a  strongly  braced  platform.  This  en- 
tire structure  is  built  of  timber.  The  support- 

ing posts  are  6  ins.  by  6  ins.  yellow  pine,  and 
the  tank  walls  are  of  yellow  pine  2%  ins. 

thick.  A  platform  around  the  tank  is  pro- 
vided for  convenient  inspection  and  opera- 

tion, which  is  connected  by  means  of  a  bridge 

with  the  tops  or  "decks"  of  the  three  Imhoff 
tanks.  A  handrail  is  also  provided  around  the 

platform  for  safety.  This  tank  is  rectangular 
in  shape,  5  ft.  in  depth,  and  12  ft.  3  ins.  by  8 
ft.  10  ins.  in  plan.  In  its  interior  each  end  is 

divided  off  by  a  partition,  forming  overflow 

chambers,  which  are  connected  with  the  waste 

pipe;  the  main  chamber  is  between  these  in- 
ternal partitions  and  is  9  ft.  in  length  by  8  ft. 

in  width.  Each  partition  is  cut  down  to  the 
waterline  a  distance  of  3  ft.  from  the  outlet 

side  of  the  tank,  forming  overflow  weirs  de- 

signed to  maintain  a  constant  head  over  the 

outlet  orifices.  Two  bafflfes  are  placed  leng
th- 

wise of  the  tank,  between  the  above  mentioned 

partitions  and  normal  to  the  line  of  flow,  i  he 

baffle  nearest  to  the  entrance  of  the  sewage 

extends  3  ft.  upward  from  the  bottom  and  is 

2  ft  6  ins.  from  the  entrance  side  of  the  tank.
 

The  other  baffle  extends  downward,  from  the 

top  of  the  tank,  to  within  1  ft.  of  tlie  bottom 

and  is  2  ft.  6  ins.  from  the  first  baffle,  parallel 

with  it,  toward  the  outlet  side.  Thus,  the 

sewage  which  enters,  submerged,  raises  over 

the  fi'"rst  baffle  and  then  passes  downward,  un- 
der the  second,  before  entering  the  constant 

level  chamber  from  which  it  is  fed,  through 

the  adjustable  orifices,  to  the  various  units. 

In  the  side  of  the  main  chamber  of  the  tank, 

opposite   to  the  entrance   of   the   sevvage,   are 

placed  six  outlets,  each  provided  with  an  ad- 
justable   orifice    having    a    cahbrated     scale, 

which   may   be   set   to   any   rate  of   discharge 

within   its' range   of  capacity.     These   orifices 

discharge    into    flumes    that    lead    to    the    va- 
rious  experimental   units,   each   orifice  into   a 

flume  which  it  serves.     The  method  of  meas- 
urement employed  depends  upon  the  use  of  a 

graduated  adjustable  orifice,  discharging  under 
a  constant  head,  calibrated  in  place  by  actual 

measurement  of   the  discharge  in  one  of  the 

large   tanks   emptied   for   that  purpose.      I  he 
means  of  maintaining  a  constant  head  is,  m 

all  cases,  an  overflow  weir,  over  which  a  sur- 

plus  flow   is   kept   wasting  to   a   lower   level, 
where  it  mav  be  used,  if  required,   for  other 

experiments  "or  led  back  to  the  main  sewer. 
As  the  supply  pumps  are  steam  operated  pis- 

ton pumps,  capable  of  adjustment  to  the  re- 
quirements    of     the    experiments,     no     great 

amount  is   wasted,   and  no  difficulty   is  expe- 
rienced  in  keeping  the  head  constant.     This 

method  of  measurement  was  adopted  as  part 

of  the  design  of  the  plant  after  extensive  in- 
vestigation of  possible  methods  of  measuring 

sewage  under  the  circumstances  of  these  tests. 
The   orifice   boxes   with   their   overflow   weirs 

were  built  bv  the  contractor   for  the   experi- 
mental   plant:    but    a    separate    contract    was 

made   for  supplying  and  installing  the  ontice 

fixtures    themselves,    and   the    Venturj    meters 

for  measuring  compressed  air,  including  their 

calibration  in  place,  with  the  Wallace  &  Tier- 
nan   Co.,   Inc.,   of   New   York.     The   smallest 
orifice    called    for    was    required    to    measure 

flows  ranging  up  to   1.50,000  gals.,  the  largest 

up  to  600,000  gals.,  in  24  hours.    The  adjust- 
able  orifices   are   made   of   bronze,   all   sliding 

parts  are  machined  so  as  to  work  easily  and 
vet   fit  tightly.     They  are  made  according  to 

the  principle  of  hydraulic  discharge;  but  the 

discharge,  as  actually  measured,  varied  some^ 

wliat   owing   probably   to    the   velocity   of   ao- 

proach  through  the  2-in.  planking  of  the  wall 
cif  the  constant  level  boxes,  on  the  outside  of 
which  they  were  placed. 
Three  of  the  flumes  leaving  the  quieting 

tank  pass  to  the  Imhoff  tanks,  each  tank  hav- 
ing its  individual  flume  by  which  it  receives 

sewage  from  the  quieting  tank.  These  flumes 
are  supported  on  a  bridge  or_  platform  carried 
on  angle  iron  supports  projecting  from  the 
sides  of  the  Imhoff  tanks. 

Imhoff  Vaults.— The  Imhoff  tanks,  three  in 
number,  differ  only  in  depth,  each  being  pro- 

vided with  a  sedimentation  chamber  with  the 
depth  proportionate  to  the  depth  of  the  tank 
in  which  it  is  placed,  so  that  the  effect  of 
depth  (other  conditions  being  equal)  may  be 
observed  in  the  comparative  performance  of 
the  tanks. 

The  scum  boards,  placed  12  ins.  from  and 
opposite  the  entrances  and  exits  of  the  tanks, 
are  in  all  cases  2  ft.  in  depth,  and  no  other 
bafllinu  is  provided  for  in  the  first  series  of 
experiments ;  the  aim  being  to  subject  an  equal 
flow,  disregarding  theoretical  retention  period, 
in  each  tank  in  parallel  operation  to  the  same 
baffling.  The  dimensions  of  the  horizontal 
section  of  each  sedimentation  chamber,  at 
ihe  lower  edge  of  the  scum  boards,  are  equal 
in  every  particular  in  all  the  tanks;  and  the 
entrance  and  exit  weirs  are  of  identical  de- 

sign and  dimensions.  When  the  experiments 

upon  the  comparative  effect  of  depth  in  sed- 
imentation    chamber,     and     sludge     digestion 

chamber,  have  been  completed,  baffling,  will 

be  provided  in  connection  with  experiments 
upon  rates  of  sedimentation  at  various  rates 
of  flow.  If  found  desirable  the  sedimentation 
chamber  of  either  of  the  tanks,  or,  indeed,  of 

all,  can  be  temporarily  removed  and  a  re- 
arrangement made  for  Dortmond  tank  ex- 

periments. Connection  can  be  made  between- 
the  tanks  so  that  the  whole  three  can  be  op- 

erated in  series,  either  as  Imhoff  or  as  Dort- 
mond tanks,  by  a  few  inexpensive  changes. 

The  tanks  are  of  pine  staves  3  ins._  thick, 
with  round  iron  hoops.  Each  tank  is  lo  ft.,  in. 
internal  diameter,  and  rests  upon  a  yellow  pine 

platform,  supported  bv  caps  carried  on  piles 
The  inlet  and  outlet  of  each  tank  is  made  of 

galvanized  iron,  forming  a  distributing  or  a 
collecting  chamber,  as  the  case  may  be,  in 

front  of  the  entrance  weir,  or  outside  of  the 

exit  weir,  which  weirs  are  both  full  width  of 
the  sedimentation  chamber;  the  aim  being  to 

distribute  the  flow  uniformly,  and  to  take 

off  the  effltient  in  the  same  manner. 

The  material  of  construction  of  the  sedi- 
mentation chambers  is  pine,  so  put  in  as  to 

be  easily  removed  and  reconstructed,  as  may 

be  desired  in  the  course  of  the  experiments. 

The  sloping  floors,  which  are  of  2-in.  pine,, 

planed  smooth,  were  placed  first,  after  which 
the  vertical  sides  were  put  in  place,  which  are 

of  P/4-in.  pine,  planed  smooth,  their  lower 

ends  resting  upon  the  sloping  bottom  planks, 

so  as  to  "eliminate  a  vertical  joint.  These 

vertical  walls  are  10  ft.  8  ins.  between  sides 

and  a  maximum  of  2  ft.  between  these  and  the 

outer  shell.  The  sides  and  sloping  floor  are 

of  tongued  and  grooved  boards,  carefully 

matched  and  smoothed  inside.  The  spaces  be- 
tween the  vertical  walls  and  outer  shell  serve 

as  gas  outlets  for  the  digestion  chamber. 

In  making  the  openings  from  the  sedimenta- 
tion chamber  for  the  passage  of  settlings  into 

the  digestion  chamber,  the  inclined  floors  do 

not  lap  or  pass,  the  one  below  the  others,  as 

is  frequently  the  case  in  such  tanks,  the  in- 
tention being  to  study  the  form  of  opening  by 

changing  it,  perhaps  several  times;  the  form 

at  present  installed  having  been  considered 

the  most  troublesome  to  try  out  was  selected 

for  the  first  trial.  There  is  some  reason  to 

think  that  this  form  of  opening  is  less  liable 

to  become  clogged  than  the  form  ordinarily 

used  and  in  six  months'  service  it  has  worked 
so  well  that  no  collection  of  settlings  has  at 

any  time  remained  upon  the  slopes.  The  open- ino-  is  CTuarded  bv  means  of  a  timber  shield  or 

baifle  board  placed  below  it  with  its  upper 

Mopes  the  same  as  the  bottom  slopes  of  the 
-sedimentation  chambers,  through  which  the 

sludge  pipe  passes  at  the  center  of  the  tank, 

care  having  been  taken  to  make  the  pipe  pass- 

ages gas  tight  through  the  wood.  The  sludge 

pipe  in  each  tank  is  8-in.  iron  pipe  with  a 

flange  at  the  top,  provided  with  a  cover,  and 

is  carried  bv  two  6-in.  by  8-in.  yellow  pine  tim- 
bers crossing  the  top  of  the  tank;  the  pipe  is 

suspended  from  iron  channels  crossing  from 

timber  to  timber  and  placed  under  the  flange 

at  the  top.  The  sludge  pipe  is  provided  with 

a  branch  pipe  for  drawing  sludge,  which  passes 

through  the  side  wall  of  the  tank,  having  a 

gate  valve  and  being  connected  with  the  sludre
 

outfall  channel  into  which  it  discharges. 

The  bottom  of  each  digestion  chamber  is 

formed  inside  of  the  cylindrical  tank,  in  the 

shape  of  an  inverted  truncated  hexagonal 

pyramid,  made  in  two  sections,  the  upper  over- lapping the  lower.  A  perforated  lead  pipe, 

1%  ins.  in  diameter,  connected  with  the  city 

water  supply,  and  controlled  by  a  gate  valve, 

is  placed  entirely  around  the  tank,  under  the 

overhanging  edge  of  the  upper  pyramid,  for 
use  to  start  the  sludge  sliding  down  the  slopes, 

if  necessary,  and  for  cleaning  the  slopes. 

The  effluent  from  the  tanks  may  be  dis- 
tributed bv  gravity  from  the  outlets  to  all 

the  experi'mental  iinits  where  its  use  is  re- 
quired As  there  will,  at  all  times,  be  a  con- 
siderable surplus  of  effluent,  provision  is  made 

to  return  this  to  the  main  sewer  by  means  of 

a  waste  pipe  controlled  by  a  gate  valve  lead- 
ing from  the  outlet  trunk  of  eachtank.  As 

these  waste  pipes,  which  are  all  of  iron,  4  ins. 

in   diameter,   are   led   down   the   sides   of   the- 
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tank  they  afford  branch  connections,  provided 
with  gate  valves,  for  tapping  the  tank  at  lower 
points.  Thus  it  is  possible  to  entirely  dis- 

charge the  contents  of  the  sedimentation 
chamber  without  disturbing  the  sludge  diges- 

tion chamber.  It  is  also  possible  either  to  ob- 
tain samples  of  sludge  from  the  bottom  of 

the  tank  without  the  disturbance  that  would 

be  caused  by  drawing  through  the  8-in.  sludge 
pipe,  or  to  discharge  the  entire  contents  of  the 
whole  tank  when  repairs  or  alterations  are 
requirea,   through   this  lower  outlet. 
The  tanks  are  covered  on  top,  except  for 

the  opening  over  the  inlet  and  outlet  weirs, 
with  movable  floors,  made  of  2-in.  pine  plank, 
in  sections,  with  lifting  rings  for  handling. 
The  floor  affords  an  acceptable  deck,  which 
is  reached  by  means  of  a  stairway  from  the 
main  floor;  it  is  surrounded  with  a  handrail, 
and  bridges  are  provided  between  the  tanks 
which  afford  easy  access  for  taking  samples 
or  conducting  the  tests,  as  well  as  for  the 
convenience  of  visitors. 

All  of  the  Imhoff  tanks  are  wooden  cylin- 
ders 1.5  ft.  in  internal  diameter,  and  they  differ 

only  in  vertical  dimensions  and  cubic  capacity. 
The  bottoms  of  all  the  tanks  are  exactly  alike 
in  all  dimensions,  as  are  the  tops,  the  inlet 

and  outlet  w-eirs,  and  the  scumboards.  It  will 
be  necessary,  therefore,  only  to  mention  the 
dimensions  in  which  the  tanks  differ,  the 
depths  being  given  inside   from  the  waterline 
downward : 

Depth  Depth  of 
of  tank  sedimentation  chamber, 
at  center.  Vertical  side.     Center. 

TaiA  No.  1. . .     30.38  ft.  9.22                 13.97 
Tanlv    No.    2..     21.S8  ft.  5.30                10.05 
Tank   No.    3..     13.67  ft.  2.42                   7.00 

As  these  tanks  are  constructed  of  timber, 

changes  in  the  interior  arrangements  for  ex- 
perimental purposes,  such  as  increasing  or 

diminishing  the  degree  of  the  sloping  bottoms, 
both  of  sedimentation  and  of  sludge  diges- 

tion chambers,  are  easily  possible;  also  chang- 
ing the  design  and  width  of  the  opening  be- 

tween the  upper  and  lower  chambers.  The 
intention  is  to  vary  these  parts  during  the 
course  of  experiments  for  purposes  of  study. 
With  this  end  in  view  the  slopes  were  pro- 

vided as  flat  as  was  thought  safe,  but  so  far 
thev  have  not  retained  any  sediment  and 

pro'bably  might  have  been  flatter  without 
causing"  trouble.  The  tanks  have  operated 
since  Oct.  4,  1913.  Probably  the  smooth  tim- 

ber surface  affords  less  friction  to  the  sliding 

of  settled  matter  than  would  concrete.  It  is 

intended  to  cover  the  slopes  with  a  concrete 

surface,  before  the  completion  of  the  experi- 
ments, to  investigate  this  question. 

The  effluent  from  the  Imhoff  tanks  flows  by 

gravity  to  the  following  units,  all  of  which 

may  be  simultaneously  in  action:  1.  The 

sprinkling  loiters  and  roughing  filter.  2.  The 

aerating  tank.  3.  The  .lerating  siphon.  4.  The 

sprinkling  filters  with  compressed  air  aeration. 

•5.  To  a  secondarv  settling  tank.  6.  To  dis- 

infection tanks.  '7.  To  mechanical  vacuum filter  tanks  of  the  Moore  pattern. 

Sludge  for  testing  and  drying  is  discharged 

to  the  Imhoff-  drying  beds ;  the  surplus  sludge 

is  washed  into  the  main  outfall  sewer. 

Plain  Sedimentation  With  Sludge  Digestion. 

—Plain  sedimentation  experiments  are  pro- 
vided for  in  a  tank  of  the  Dortmond  type, 

which  is  one  of  a  group  of  four  tanks,  each 

of  the  same  size  and  design,  constructed  of 

concrete,  8  ft.  bv  8  ft.  in  interior  plan  and 

8  ft.  deep  from 'the  waterline  in  the  center, 
the  bottom  being  designed  of  pyramidal  form. 
The  other  three  of  these  tanks  are  used  as 

secondarv  settUng  tanks  for  observing  the  ef- 
fluents of  the  aerating  siphon,  aerating  tank, 

and  the  Imhoff  tank.  The  flow,  entering,  is 

carried  down  under  the  center  of  the  tank 

and,  raising,  is  taken  off  through  V-shaped 
notches,  of  which  two  are  provided  on  each 

side,  into  wooden  troughs  which  completely 

surround  the  top  of  each  tank.  A  6-in.  sludge 

discharge  pipe  is  placed  in  the  center,  ter- 
minating with  a  bell  at  the  bottom  and  pro- 

vided w-ith  a  clean-out  at  the  top  of  the  ver- 

tical portion  above  the  water  surface.  Sludge 

is  discharged  through  a  horizontal  branch, 

passing  through  the  tank  wall  below  the  water- 

line,  into  a  flume  that  carries  it  to  the  sludge 
beds.  The  tank  selected  for  raw  sewage  sedi- 

mentation has,  in  addition,  a  sludge  discharge 
pipe  branching  from  the  pipe  described  above, 
which  passes  to  a  sludge  digestion  tank  es- 

pecially provided  for  the  purpose  of  experi- 
menting with  sludge  taken  from  raw  sewage. 

The  sludge  digestion  tank  is  of  steel,  made 
to  be  air  and  water  tight.  It  is  5  ft.  in  di- 

ameter and  15  ft.  in  depth,  with  a  pyramidal 
bottom,  set  vertically  in  the  ground  so  that 
no  part  of  it  shall  be  above  the  waterline  of 
the  plain  sedimentation  tank  from  which  it 
receives  sludge.  The  effect  of  varying  tem- 

perature or  of  chilling  from  ground-water  is 
minimized  by  a  double  shell  with  an  air  space 
between  shells.  In  operating  the  tank  sludge 
is  drawn  from  the  settling  tank  under  water 
pressure  due  to  the  head  of  water  in  the 
tank,  by  means  of  a  branch  in  the  sludge  pipe, 
and  passes  through  the  sludge  inspection  box; 
after  opening  the  valve  into  the  digestion 
tank.  The  sludge  remains  in  the  digestion 
tank  until  it  is  digested.  Before  any  sludge 
enters  it  is  necessary  to  let  out  enough  of 
the  water  from  the  top  of  the  tank  to  furnish 

sufficient  dift'erence  of  head  from  the  sludge  to 
flow  in.  The  digested  sludge  is  discharged 
upon  the  Imhoff  drying  beds  by  means  of  the 
sludge  pipe  in  the  same  manner  as  from  an 
Imhoff  tank. 

Direct  Aeration  of  Sewage  With  Com- 
pressed Air. — Direct  aeration  experiments  may 

be  carried  out  with  raw  sewage  supplies  from 
the  quieting  tank,  or  with  the  effluent  of  the 
Imhoff  tanks.  The  principal  direct  aeration 
experiments  provided  for  are  to  be  carried  out 
by  means  of  an  aerating  siphon,  and  an  aerat- 

ing tank.  Experiments  will  also  be  made  with 
sprinkling  filters  supplied  with  compressed  air 
through  a  grid  placed  within  the  mass  of 
medium. 

The  aerating  tank  is  a  design  developed 
from  experiments  made  at  the  26th  Ward  Sew- 

age Works,  in  1911,  by  Col.  William  M.  Black 
and  Prof.  Earle  B.  Phelps,  which  gave  much 
promise.  Other  experiments  will  be  made  than 
those  mentioned. 

Siphon  Aeration. — The  siphon  aerator  is  an 

application  of  the  siphon  air  compressor  prin- 
ciple to  the  aeration  of  sewage,  proposed  by 

the  late  C.  C.  Beddoes,  who  obtained  a  patent 
covering  the  use  of  the  siphon  for  sewage 
aeration.  It  may  be  operated  with  raw  sewage 
or  Imhoff  effluent.  The  flow  of  sewage  is  led, 

by  gravity,  to  the  bell  at  the  top  of  the  siphon 
down-take  pipe,  into  which  the  sewage  falls, 
entraining  or  sucking  the  air  in  with  it,  and 
passing  vertically  downward  through  the  pipe 
with  considerable  velocity,  the  entrained  air 

becoming  compressed.  It  is  claimed  that  the 

sewage  exposed  to  air  under  pressure  absorbs 

a  greater  portion  in  consequence  of  the  pres- 
sure, as  the  volume  of  air  absorbed  will  be  in 

proportion  to  the  pressure.  The  apparatus 
consists  of  a  4-in.  pipe  extending  vertically, 
downward,  130  ft.  from  the  bell  at  the  top: 

first  through  the  center  of  a  vertical  tank  30 

ft.  deep  and  4  ft.  in  internal  diameter,  and, 
second,  from  the  bottom  of  the  tank  through 

an  8-in.  pipe,  leaving  an  annular  space  through 
which  the  sewage  can  flow  upward  from  the 

bottom  of  the  4-in.  pipe  into  the  vertical  tank, 
in  which  it  is  retained  for  a  period  of  time  in 

proportion  to  the  quanity  of  flow  and  capacity 
of  the  tank.  The  effluent  is  discharged  from 

the  top  of  the  vertical  tank  by_  means  of  a 

waste  pipe  and  a  measuring  orifice  box  from 

which  a  portion  of  the  flow  is  led,  for  obser- 
vation, to  the  settHng  tank. 

Tank  Aerator.— The  tank  aerator  is  for  the 

purpose  of  experimenting,  both  upon  crude 
sewage  and  Imhoff  tank  effluent,  with  forced 

aeration,  either  bv  fill  and  draw  or  constant 

control.  It  is  a  "tank  12  ft.  in  diameter  and 25  ft.  8  in.  in  height.  The  sewage  enters  at 

the  top  of  the  tank  by  gravity  at  eight  points 

from  the  quieting  tank  or  the  Imhoff  tank 
outlets.  The  sewage  may  fill  the  tank  so  that 

these  points  of  entrance  are  submerged,  or 
the  tank  mav  be  operated  at  lesser  depths 

of  content.  The  sewage  or  effluent  of  the 

tank  is  taken  off  at  the  bottom  by  means  of 

four  3-in.  openings  into  a  5-in.  pipe. 

A  grid  for  supplying  compressed  air  is 
placed  at  the  bottom  of  the  tank,  upon  7% 
ins.  f  brokea  stone,  the  same  depth  of  broken 
stone  being  placed  over  it.  The  grid  consists 
of  1%-in.  pipes  at  right  angles,  forming  a 
cross,  connected  in  the  center,  the  arms  of 
the  cross  being  connected  with  quartercircles 
of  %-in.  pipe  forming  concentric  rings,  of 
which  there  are  five;  each  ring  being  per- 

forated at  6-in.  intervals  with  1/16-in.  holes. 
The  air  enters  through  the  1%-in  pipes  and 
is  distributed  thereby  to  the  rings,  and  is  dis- 

charged into  the  broken  stone  surrounding 
the  grid,  which  tends  to  break  up  any  upward 
streaming  effect.  The  main  outlet  for  the 
tank  effluent  is  1  ft.  above  this  grid. 

Through  the  central  axis  of  the  tank  is 
placed  a  vertical  4-in.  pipe  which  serves  to 
center  and  support  the  deflector  discs,  of  which 
there  are  nine,  provided  for  the  purpose  of 
deflecting  the  downward  flow  of  sewage  and 
upward  flow  of  air  bubbles,  so  as  to  obtain 
even  distribution  of  both   air  and  sewage. 
The  deflectors  are  designed  in  the  form  of 

a  wheel  with  a  hub  which  is  of  iron ;  six  radial 
arms  are  provided  between  which  slats  are 
placed,  running  from  arm  to  arm,  the  slats 
being  set  in  grooves  in  the  arms  and  at  an 

angle  of  about  45°  with  the  horizon,  the  slats 
in  each  alternate  deflector  being  set  at  angles 
alternating  from  and  toward  the  center  in 
order  to  give  the  sewage  a  sinuous  motion  in 

passing  downward. 
Sprinkling  Filter  Beds. — There  are  six  per- 

colating or  sprinkling  filter  beds,  all  of  them 
supplied  with  sewage  by  means  of  dosing 
tanks,  and  the  sewage  applied  may  be:  (1) 
crude  from  the  quieting  tank;  (2)  aerated 
sewage  eiBuent  from  the  siphon  aerator;  (3) 
aerated  sewage  effluent  from  the  aerating 

tank ;  (4)  settled  sewage  from  the  Imhoff 
tanks;  (5)  any  of  the  foregoing  passed 
through  a  gravel  roughing  filter;  (6)  effluent 
from  fine  screens  of  the  Reinsch-Wurl  pattern 

(not  yet  installed). 
The  sewage  flows  by  gravity  to  the  dosing 

tanks,  except  the  fine  screen  effluent  which 
requires   pumping. 

Each  dosing  tank  is  provided  with  a  5-in. 
Miller  siphon  which  discharges  the  dose  into 
the  inverted  pyramidal  feeding  tank  from  the 
bottom  of  which  it  is  carried  by  a  pipe  em- 

bedded in  the  medium  to  the  sprinkling  noz- 
zle, by  which  it  is  sprayed  over  the  bed. 

These  tanks,  and  the  inverted  pyramidal  feed- 
ing tanks  into  which  they  discharge,  are  con- 

structed of  yellow  pine.  The  gravel  rough- 
ing filter  is  also  constructed  of  yellow  pine 

and  is  so  arranged  that  sewage,  on  its  way  to 
the  dosing  tanks,  may  be  passed  through  it; 
the  medium  provided  is  gravel  passing  a  %-in. 
ring  and  retained  on  a  %-in.  ring.  The  gravel 
is  12  in.  deep,  supported  in  the  middle  third 
of  a  wooden  tank  by  m.eans  of  a  wire  screen 
of  %-in.  mesh.  Such  a  filter  has  been  found 

very  effective  by  Mr.  Watson  at  Birming- 
ham for  protecting  the  spraying  nozzles.  It  is 

very  effective  as  a  remover  of  hairs  and  small 
particles  that  have  escaped  the  settling  tank. 
The  roughing  filter  may  be  used  or  bv-passed 
at  will. 

The  elevation  of  the  dosing  tank  water  hne 
at  the  instant  of  siphon  discharge  is  26.74  ft., 
which  is  9.40  ft.  above  the  surface  of  the  filter 
beds.  The  elevation  of  the  water  line  in  the 
inverted  pyramidal  feeding  tanks  is  controlled 
by  the  amount  of  sewage  discharged  from  the 

dosing  tanks,  and  its  maximum  elevation  with 
the  largest  dose  that  can  be  discharged  is 
23.50  ft.,  which  is  6  ft.  2  in.  above  the  beds. 
This  head  can  be  varied  by  a  movable  bulk- 

head placed  in  the  dosing  tank  which  varies 
the  quantity  of  discharge  delivered  by  the 
siphon  and  increases  the  number  of  doses  per hour. 

The  sprinkling  filters,  all  of  which  are 
served  by  a  single  group  of  dosing  tanks, 

are  divided  into  two  groups.  The  first  con- sists of  four  filter  beds  of  the  ordinary  type; 

the  second  of  a  tank  12  ft.  in  diameter  and 

16  ft.  high,  in  which  are  placed  two  beds.  A 

partition  wall  divides  the  tank  into  two  equal 

parts  and  each  side  is  filled  with  stone  filter- 
ing medium  to  the  same  depth.    The  bottom  of 
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each  side  is  underdrained  with  6-in.  half-pi
pe 

tile  on  a  concrete  bed,  and  is  closed  irom  
ex- 

ternal air  by  the  tank  walls.  Each  side  is 

kept  entirely  separate  from  the  other  a
nd 

drains  independently  to  a  secondary  tank. 

Each  side  is  provided  with  a  grid  for  sup-
 

olvinR  compressed  air,  placed  within  the
  me- 

dium near  the  bottom  of  the  beds,  formed  of 

%-in  iron  pipe  perforated  every  6  in.  with 

%-in.  holes,  through  which  the  compressed
 

air  is  supplied. 

In  operation,  the  sewage  is  spraved  upon 

the  surface  of  the  beds  by  a  single  nozzl
e 

placed  at  the  center  of  the  two  beds  
over 

the  dividing  wall  between  them.  Both  be
ds 

may  be  operated  as  ordinary  sprinkling 
 or 

percolating  filter  beds,  in  which  case  air 
 is 

carried  into  the  bed  from  the  surface  onl
y. 

Compressed  air  mav  be  supplied  to  both  s
ides 

at  the  same  time,  or  one  side  may  be  op
erat- 

ing as  on  ordinary  sprinkling  filter  while  
the 

other  is  operated  as  a  sprinkling  filter 
 with 

compressed  air  added  in  the  bed,  in  order  t
hat 

the  effluents  may  be  compared  and  the  ett
ect 

of  the  added  air  be  observed. 

The  filtering  medium  in  both  sides  is  best
 

selected  trap,  broken  to  pass  a  ring  2 ¥2  in
s. 

and  be  retained  bv  a  ring  IH  ms  in  diame
ter. 

The  depth  of  the  medium  is  10  ft.  which  ma
y 

be  increased  to  U  ft.  by  adding  to  the  su
r- 

face and  raising  the  nozzle. 

The  ordinarv  type  of  sprinkling  filters  
con- 

sist of  four  beds,  built  in  one  group;  the 

foundations  are  carried  on  piles  and  caps; 

the  bottoms  of  the  beds  are  6  ft.  above  the
 

level  of  the  marshland  over  which  they  are 

built  High  water  at  times  washes  un
der- 

neath, covering  the  marsh  to  a  depth  of  6  or 

8  ins.  Each  bed  is  square  and  has  an  effec
tive 

area  of  .00-5  of  an  acre.  A  partition  4  ins. 

thick  is  carried  from  the  floor  to  the  surfac
e 

of  the  medium  between  each  adjacent  bed. 

The  floor  is  formed  of  concrete  with  a 

slight  slope  to  the  outlet  of  the  underdrains.
 

Half-tile,  G  ins.  in  diameter,  is  laid  with  the 

convex  sides  up,  on  the  concrete  floor,  to  af- 
ford drainage,  the  effluent  flowing  to  gutters 

or  troughs  placed  around  the  bottom  of  the 

beds,  outside  of  the  wall  piers;  each  bed 

having  its  individual  gutter,  discharging  by 

means  of  iron  pipe  to  its  individual  secondary 

settling  tank. 

The  outer  walls  of  the  beds  are  formed  by 

means  of  reinforced  concrete  piers  carrying 

a  slab  coping  of  reinforced  concrete  at  the 

top.  Piers  are  cast  with  slots  for  receiving 

3-in  yellow  pine  slabs  or  shutters,  which  are 

set  at  an  angle  of  4.5°,  sloping  inward,  spaced 

2  ft,  apart,  against  which  the  medium  rests, 

affording  a  maximum  admission  of  air  and 

preventing  the  escape  of  sewage.  The  medium 

is  10  ft.  in  depth  over  the  top  of  the  under- 
drains and  is  of  very  carefully  selected  broken 

trap  rock,  many  runs  through  the  screens 

having  been  necessary  to  obtain  the  result 

required.  Following  are  the  sizes  of  the 
mediums  in  the  filter  beds. 

Bed  No.  1,  stone  passing  ring  IM:  'ns.  in  diam- eter, retained  by  %-ln.  ring. 
Bed   No.   2.   stone  passing  ring  2   ins.   in   diam- eter, retained  by  1-in.  ring.  ,      ,.   _ 
Bed  No.  S,  stone  passing  ring  2'/S  ins.  in  diam- eter,  retained  by  IM-in.  ring. 
Bed  No.  5.  stone  passing  ring  2%  ins.  in  diam- eter, retained  by  I'A-in.  ring. 
Bed  No.  6,  stone  passing  ring  2%  Ins.  in  diam- eter, retained  by  IVi-ln.  ring. 
Bed  No.  4,  stone  passing  ring  2'^  Ins.  In  diam- eter,  retained  by  1*1 -In.  ring. 

In  order  that  the  effect  of  the  depth  of  filter 

medium  under  similar  conditions  of  operation 

may  be  obtained,  test  trays  with  outlet  pines 

are  placed  in  the  filter  beds  at  different  depths. 

The  travs  are  V-shaped.  10  ins.  wide,  and  ex- 
tend from  the  wall  to  the  center  of  each  bed. 

Each   is   provided   with   a   drain   pipe   with    a 

stopper,    used    when    samples    arc    being    ob- 
tained.   The  trays  are  so  placed  that  samples 

may  be  taken  at  depths  from  the  surface  of 
the  bed  of  6  ft.,  7  ft.  .3  ins.  and  8  ft.  6  ins. 

Samples   taken   from   the  bottom   of   the  bed 
give  the  result  of  10  ft.  depth.    Thus,  samples 
from    four    different    depths    of    medium    are 

available   for  observation   from   each   bed. 

In  order  to  prevent  the  effect?  of  wind  on 

the  sewage  distribution,  a  shield  is  provided. 

consisting   of    a   board    fence    at   the    sur
face 

carried  between  the  beds  and  around  them.
 

The  secondary  settling  tanks  to  which  t
hese 

filters  discharge  are  placed  in  a  group.  Each
 

tank  is  an  inverted  truncated  pyramid,  10  tt. 

deep  from  the  water  line.  The  flow  e
nters 

through  a  2-in.  pipe  down  to  a  point  I  it. 

above  the  bottom.  Settlings  are  removed  by 

means  of  a  6-in.  sludge  pipe  operated  by  the 

hydraulic  head  of  the  tank.  The  tank  eff
luent 

is  taken  off  by  troughs  passing  entirely  aroun
d 

the  top  of  each  tank  through  V-sha
ped 

notches. 

Shtdge  Drying  Beds— For  the  purpose  of 

testing  the  character  of  sludges  from  the  dit- 

ferent  experimental  units,  and  making  obser- vations on  rates  of  drying,  sludge  drying 

beds  of  the  Imhoff  type  are  provided.  Ihere 

are  10  beds,  each  5  ft.  wide  by  12  ft.  long. 

The  elevation  of  the  surface  of  each  bed  is 

2.67  ft.  above  datum.  These  beds  are  con- 
structed upon  a  timber  platform  carried  on 

caps  supported  on  piles.  Each  bed  is  sup- 
plied with  a  6-in.  half-tile  pipe  underdrain, 

placed  along  the  center  from  near  the  inlet 

to  the  lower  end  of  the  bed.  The  medium 

consists  of  8  ins.  of  steam  ashes  surfaced 

with  1  in.  of  coarse  sand.  Timber  partitions 

separate  the  beds,  each  bed  being  m  effect  a 
tank  into  which  the  sludge  is  discharged  bv 

means  of  sluices  controlled  by  gates.  Sludges 

can  reach  these  beds  by  gravity  from  all  of 

the  sludge  producing  units  of  the  plant.  For 

the  experiments  only  a  portion  of  the  sludge 
formed  in  the  various  units  will  be  applied, 

the  surplus  being  discharged  into  the  mam 
sewer  outlet. 

Disinfection  Experiments. — Disinfection  in- 
vestigations will  be  undertaken  wheii  the  va- 

rious units  of  the  plant  have  been  given  suf- 

ficient time  to  develop  the  best  possible  efflu- 
ents, and  the  Reinsch-Wurl  screens,  and 

vacuum  filters  are  in  operation.  Tanks  are 
provided  for  the  purpose. 

The  experimental  plant  was,  for  the  most 

part,  completed  in  December  of  last  year  and 

put  into  regular  service  January  1st  of  this 
vear.  SuflScient  time  has  not  yet  elapsed  to 
make  any  results  available  for  publication. 
The  service  of  the  sprinkling  filters,  during 
the  zero  weather  of  last  winter,  was  accom- 

panied with  the  formation  of  considerable  ice. 

Sewage  Screens. — The  portions  of  the  plant 
not  yet  completed  include  the  major  portion  of 

the  screening  apparatus  of  which  two  Reinsch- 
Wurl  screens  are  intended  to  constitute  an  im- 

portant part.  A  description  of  the  screens 
designed,  and  now  awaiting  letting  of  the 
contract  for  installation  is,  therefore,  added  as 
showinp  this  important  portion  of  the  nlant. 
It  is  intended  that  the  screens  shall  remain 

a  permanent  part  of  the  proposed  sewage  dis- 
posal plant  to  be  installed  at  this  location. 

Each  screen  will  have  a  capacity  of  fi.OOO.OOO 
gals,  of  screened  sewage  per  dav,  giving  a 
total  of  12,000.000  gals. 

This  location  will  require  a  much  greater 
ultimate  capacity,  and  additional  screens  of  the 
same  type  may  be  installed  at  the  plant  as 
required  in  the  future.  The  design  of  the 
lilant  provides  for  a  by-pass  between  _  the 
screens  so  that  they  may  be  operated  indiv:  '- 
ually  or  in  series  so  that  double  screening  may 
be  tried  out.  the  second  screen  in  the  series 
bcinc  very  fine. 
The  screens  will  be  14  ft.  in  diameter  and 

operated  bv  steam  engine  drive,  a  I.')  HP.  en- 
gine is  provided  for  the  initial  installation. 

The  estimated  power  required,  as  a  maximum, 
'  to  drive  each  screen  and  the  screen  cleaning 
devices  is  4  HP,,  leaving  7  HP,  available  for 
driving  a  belt  conveyor,  etc,  for  removing 
the  screenings  from  the  building  to  the  carts. 

The  apertures  in  the  screens,  or  ppeninffs 
through  which  the  sewage  passes  in  being 
screened,  are  to  be  made  of  such  size  as  may 

be  found  to  give  the  best  results  with  the  aver- 
age flow  of  sewage  at  this  location.  Screen- 
ing practice  and  experience  elsewhere  shows 

that  this  should  be  determined  experimentally, 
and  with  this  end  in  view  the  specifications 
provide,  in  relation  to  this  subject,  that  four 
complete  sets  of  screen  surface  plates  shall 
be  supplied ;   each   set  being  a  complete   sur- 

face outfit  for  a  screen ;  each  set  to  be  cut 

with  apertures  of  different  dimensions,  as  fol- 
lows—the first  set  to  be  cut  with  apertures 

5/64-in.  wide ;  the  second  with  apertures  1/16- 
in  wide ;  the  third  with  apertures  3/64-in. 

wide;  and  the  fourth  with  apertures  1/64-in. 
wide ;  in  each  set  the  apertures  will  be  2  in. 

long  and  will  be  staggered  in  the  bronze  sur- 
face plate,  which  is  %-in.  thick,  each  aperture 

to  have  a  counter-sunk  cross-section  with  the 
narrow  part  of  the  opening  on  the  face  of  the 
screen. 

These  sets  of  screen  plates  are  to  be  mount- 
ed on  the  screen  frame  successively  and  tried 

out,  and  the  aperture  dimension  decided  to  be 
the  most  suitable  for  screening  the  sewage 
at  this  plant  will  be  selected;  the  screen  plates 
not  selected  remaining  the  property  of  the 
screen  contractor  who  may  recut  them,  if  the 

apertures  are  too  small,  or  use  them  else- where. 

The  size  and  number  of  apertures  in  the 
screen  surface  must  be  such  that  6,000,000  gals, 

of  sewage  will  pass  through  the  screen  in  24 
hours,  the  difference  of  head  of  sewage  on 

entering  and  leaving  sides  of  screen  plate  be- 
ing not  more  than  12  ins.  The  screen  must 

remove  from  the  sewage  practically  all  par- 
ticles of  suspended  matter  with  a  diameter  50 

per  cent  greater  than  the  cross  section  of  the 
aperture :  the  removal  of  suspended  matter  is 
intended  to  be  approximately  equal  to  _  that 
effected  in  a  ilain  sedimentation  tank  with  a 

retention  of  one  hour,  but  what  shall  be  con- 
sidered a  satisfactory  removal  nf  suspended 

matter  will  be  determined  by  tests  to  be  made 

with  the  plates  having  graded  apertures  under 

the  engineer's  direction. 
In  designing  sewage  screens  one  has  but 

little  information  to  go  on.  Data  are  very 

meager  and  unsatisfactorv.  Claims  are  made 

that"  removal  mav  be  effected  of  from  2-5  per 
cent  all  the  way  to  SO  per  cent  of  the  matters 

in  suspension  which  would  settle  in  an  or- dinarv- sedimentation  tank  in  four  hours. 

Sewages  differ  very  widely  in  the  character 

of  suspended  solids,  and  naturally  the  kind  of 
screens  which  will  serve  best  with  a  given 

sewage,  and  the  required  fineness  of  the 

screening  surface,  varies  widely.  In  Dresden. 

Germany,  where  there  are  four  large  screens 
of  the  Reinsch-Wurl  design,  the  breadth  of 

the  apertures  is  2  mm.,  which  is  found  at 

that  place  to  give  satisfactory  removal  of  sus- 
pended matter,  and  this  is  the  only  treatment 

found  necessary  for  the  sewage  of  that  cit\% 

which,  after  screening,  is  discharged  through 

multiple  ■  outlets  directly  into  the  Elbe  River, 

affording  at  all  times  a  satisf acton-  disposal 

of  sewage.  Dresden  has  a  population  of  be- 
tween 300,000  and  400,000,  and  at  its  lowest 

stages  the  river  is  a  small  stream. 

Slits  or  apertures  of  lesser  width  than  2  mm. 

are  said,  in  German  practice,  to  reduce  the 

capacity  of  the  screens  without  much  added 
advantage.  This  is  especially  the  case  where, 

from  the  nature  of  the  suspended  matter,  a 

mat  tends  to  form  over  the  screen  surface  and 

produce  a  straining  effect.  In  Dresden  the 
difference  of  head  through  the  screens  vanes 

from  2  to  6  cm.,  under  ordinary  conditions, 

but  at  times  is  much  greater  than  the  larger 

figure— possibly    four    times    as    much. 

The  four  screens  at  Dresden,  each  of  which 

is  8  meters  in  diameter,  with  an  ordinary 

submergence  of  2.4  meters,  together  handle 
18.000  second-liters. 

Douglas  Fir  Principally  Used  in  Hawaii. —The  lumber  bought  on  Puget  Sound  for 

Hawaii  is  almost  all  Douglas  fir,  but  is  known 

in  the  Territory  as  Oregon  pine  and  is  some- 
tim.es  called  Northwestern  pine.  Nearly  all 

of  it  is  No.  1  merchantable  grade  and  is 

graded  and  sold  under  the  certificate  of  the 
Pacific  Lumber  Inspection  Bureau.  Small 

quantities  of  rough  clears  are  also  included  m 

some  of  the  orders.  In  October.  1914  the 

base  price  on  rough  Douglas  fir  varied  from 

$24.50  to  $28  per  thousand  feet,  according  to 

the  size  of  the  order,  credit  demanded,  and 

other  factors.  In  other  years  the  base  price 
has  been  as  high  as  $32.50. 
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Traffic  Statistics  and  Their  Import  in 

the   Financing  of   Road   Improve- 
ments and  the  Selection  of 
Pavements. 

In  a  paper  before  the  Fourth  American 
Road  Congress,  Henry  G.  Shirley,  state  high- 

way engineer  of  Maryland,  makes  the  follow- 
ing statement: 

"Before  selecting  the  type  of  pavement  to 
be  used,  a  close  and  accurate  census  of  the 
different  kinds  of  traffic  should  be  taken,  a 
very  thorough  study  made  of  the  surrounding 
section,  and  an  estimate  made  as  to  the  pos- 

sible increase  of  the  different  kinds  of  traffic, 
or  the  decrease  of  one  kind  and  the  large  in- 

crease of  another.  It  is  the  opinion  of  the 
writer  that  in  no  other  line  of  engineering 
sliould  there  be  a  larger  factor  of  safety  used 
than  in  estimating  the  amount,  intensity,  and 
kind  of  motor  and  self-propelled  traffic  that 
will  pass  over  our  improved  roads  in  the  near 
future.  The  great  change  in  the  character  »f 
traffic  developed  in  the  past  five  years,  is  but 
a  small  index  to  what  can  be  expected  in  the 

next  five  years  to  come." 

"The  types  of  pavements  used  on  heavy traffic  roads  should  be  selected  for  their  fitness 
to  stand  the  kind  and-  intensity  of  the  traffic 
that  ivill  travel  them.  Roads  in  the  outlying 
districts,  where  horse-drawn  traffic  comprises 
the  larger  percentage,  should  be  constructed  of 
macadam  with  a  light  surface  treatment.  Con- 

crete will  also  be  found  serviceable  and  de- 
sirable. Where  motor  traffic  is  in  the  ma- 

jority, bituminous  macadam  or  concrete  will 
give  good  results.  Near  the  centers  of  popu- 

lation, where  the  traffic  is' mixed  and  heavy, 
concrete,  bituminous  concrete,  asphalt  or  vit- 

rified brick  will  prove  the  most  economical. 
Where  the  heavy  traffic  is  concentrated,  brick, 

asphalt  or  stone  block  are  most  suitable." 
The  two  statements  we  have  italicized  are 

worthy  of  comment:  the  first,  with  regard  to 

interpretation  of  the  term  "factor  of  safety,'' and  the  second,  in  connection  with  some 
recent  tendencies  in  the  selection  of  pave- 
ments. 

It  is  well  to  remember  when  discussing  the 
selection  of  pavements  that  the  pavement  is 
essentially  a  wearing  surface  and  bears  but 
little  relation  to  the  location,  culverting  and 
other  important  details  of  the  road,  although 
affected  to  some  extent  by  maximum  grades. 
Furthermore,  the  former  great  importance  of 

adapting  the  pavement  to  a  greater  or  less  de- 
gree to  soil  conditions  and  the  availability  of 

road  materials  has  been  overshadowed  by 
traffic  requirements.  This  is  rightly  so.  The 
primary  fjjnction  of  a  pavement  is  to  provide 
a  means  of  quick  and  economical  communica- 

tion and  transportation. 
There  has  been  much  learned  discussion  of 

late  concerning  the  folly  of  liuilding  roads 
that  will  wear  out  before  the  expiration  of  the 

life  of  bonds  issued  to  pay  for  their  construc- 
tion. The  shaking  of  heads  and  wagging  of 

beards  has  become  contagious.  Financial 
geniuses  have  developed  in  the  period  of  a 
single  night.  .According  to  them  the  debit 
side  of  the  ledgers  of  many  states  presents  a 
fearful  spectacle  of  accumulating  interest 
charges.  But  what  is  shown  on  the  credit 
side  of  the  account?  Does  not  the  rapid  and 

profitable  expansion  of  any  business — or  sec- 
tion of  the  country — require  the  use  of  large 

amounts  of  capital  which  ordinarily  can  be 

obtained  only  by  borrowing  and  paying  in- 
terest? What  percentage  of  the  total  cost  of 

the  road  is  invested  in  parts  that  will  wear 
out?     What  saving  of  money  is  derived  from 

the  realignment  of  roads  while  property  values 
are  low  ?  What  is  the  value  of  an  improve- 

ment that  permits  a  man  to  do  in  one  day 
work  which  formerly  required  two  days  to 
accomplish?  Finally,  what  have  been  the  re- 

sults in  communities  where  extensive  im- 
provements have  been  made  on  borrowed  capi- 

tal? In  short,  what  "factor  of  safety"  have 
the  citizens  of  various  cominunities  applied  to 
the  traffic  requirements  of  their  section?  Are 
the  benefits  all  to  disappear  in  a  few  years, 
as  some  would  lead  us  to  believe,  or  has  a 

"factor  of  safety"  been  applied  to  provide  for 
the  future  welfare  of  the  community?  These 
ideas  are  perhaps  somewhat  foreign  to  the 
meaning  intended  by  Mr.  Shirley  in  the  paper 
quoted  but  the  application  is  no  less  striking 
than  in  the  other  more  technical  phase  of  the 
use  of  the  term. 

.A  rigid  technical  interpretation  of  the 

"factor  of  safety"  as  applied  to  traffic  re- 
quirements is  illustrated  in  the  construction 

of  a  type  of  pavement  that  careful  study  in- 
dicates will  be  adapted  to  future  traffic. 

Present  tendencies  indicate  this  will  be  influ- 
enced by  the  type  of  vehicles  used  and  the  size 

of  loads  hauled,  the  attraction  the  improvement 
of  the  thoroughfare  will  exert  upon  traffic  us- 

ing other  roads,  and  the  general  gross  increase 
in  traffic  due  to  improved  facilities.  When 
these  matters  are  considered  the  importance 
of  obtaining  accurate  data  upon  which  to  base 
estimates — a  point  frequently  emphasized  by 
this  journal — becomes  evident  to  a  marked  de- 

gree. The  ver>-  fact  that  the  use  of  a  factor 
of  safety  is  advocated  indicates  a  lack  of  data. 
The  great  folly  lies,  not  in  investing 
large  sums  of  money  in  roads,  but  in  building 
expensive  roads  through  sections,  or  in  regions 
where  future  traffic  will  never  justify  such 
construction.  We  have  some  most  interesting 
examples  of  the  application  of  this  principle  in 
railroad  building  and,  for  the  lack  of  some- 

thing more  directly  applicable,  we  earnestly 
recommend  to  highway  engineers  engaged  in 
the  laying  out  and  improvement  of  roads  the 
conscientious  study  of  Wellington. 

There  is  much  written  concerning  the  su- 
periority of  this  road  material,  or  that  method 

of  construction,  or  the  excellence  'of  another 
type  of  pavement.  Discussion  is  fostered  and 
the  volume  of  printed  matter  augmented  by 
business  organizations  crying  their  wares. 
Much  of  this  discusion  is  of  great  value  and 
important  investigations  have  been  made  and 
the  results  published  by  commercial  concerns. 
The  e.xperimental  work  on  hauling  and  trac- 

tion carried  out  by  a  firm  of  wagon  manufac- 
turers is  especially  notable.  But  wisdom  dic- 

tates the  use  of  the  proverbial  "grain  of  salt" 
as  adding  much  to  the  palatable  qualities  of 
statements  with  regard  to  the  superiority  of 
various  pavements.  The  engineer  is  his  own 

judge  as  to  the  fitness  of  a  pavement  to  ful- 
fill the  requirements  of  the  location  to  which 

he  may  adapt  it.  Fads  in  pavements  are  as 
transitory  as  fads  in  fashions.  The  tendency 
to  restrict  road  pavements  to  certain  types 

cannot  be  too  heartily  condemned.  Experi- 
ence in  this  country  and  abroad  indicates  that 

there  are  many  efficient  types  of  pavements 
and  the  adoptions  and  advocacy  by  an  inde- 

pendent engineer  of  any  one  type  to  the  ex- 
clusion of  all  others  can  but  only  indicate  ig- 

norance, sloth,  or  the  use  of  undue  influence. 
Such  opinions  are  excusable  in  a  layman  but 
are   inexcusable   in  an  engineer. 

Statistics  of  traffic,  the  number  and  rate  of 
increase  of  vehicles  in  a  community,  types  and 
amounts  of  crops  raised,  industrial  conditions 
and  the  many  other  conditions  that  may  affect 
traffic   are   perhaps   drv   and   uninteresting   to 
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some  engineers.  How  much  easier  it  is  to  say 

offhand,  "We  will  build  such  and  such  type 
of  pavement."  This  was  the  method  of  early 
day  railroad  builders  and  we  are  still  paying 

interest  on  the  errors  of  their  "practical  judg- 
ment," and  while  many  mistakes  have  been 

corrected  many  more  are  irremediable.  The 
sangfroid  with  which  automobilists  are  to- 

day laying  out  through  roads  holds  one  agape. 
We  sometimes  wonder  how  much  the  fact 
that  such  a  one  lives  in  one  town,  or  that  an- 

other city  has  an  unusually  active  chamber  of 
commerce,  affects  the  location  of  these  roads. 
Work  of  this  nature  is  a  function  of  the  na- 

tional government  in  relation  to  interstate 
roads  and  of  the  state  government  as  affecting 
state  roads,  and  such  selection  of  roads  should 
be  made  only  after  most  careful  studies  if  it 
is  expected  to  expend  any  large  sums  of 
money  in  their  improvement.  If  this  selec- 

tion is  merely  for  the  convenience  of  travel- 
ers unacquainted  with  the  roads  then  their 

platting  is  of  utility.  The  kind  and  intensity 
of  traffic  that  travels  and  will  travel  the  road 
is  the  main  criterion  for  the  type  of  pavement 
to  employ,  but  the  selection  of  the  road  to 
improve  depends  upon  many  other  factors. 

A     Civil     Engineer     Member     of     the 

Maine  Public  Utilities  Com- 
mission. 

It  is  probable  that  Mr.  Charles  W.  Mullen's nomination  as  member  of  the  Maine  Public 
Utilities  Commission  will  be  confirmed  by  the 

legislature.  The  legislature  refused  to  con- 
firm the  nomination  of  Mr.  S.  W.  Gould,  the 

opposition  to  Mr.  Gould  being  based  on  the 
belief  that  the  commission  should  not  consist 
entirely  of  lawyers.  .Accordingly  the  governor 
has  nominated  Mr.  Mullen,  a  civil  engineer, 
who  has  been  mayor  of  Bangor.  Mr.  Mullen 
is  an  alumnus -of  the  University  of  Maine, 

class  of  '83. 
In  this  connection  it  is  pertinent  to  call  the 

attention  of  California  engineers  to  the  op- 
portunity to  secure  the  appointment  of  an 

engineer  to  take  the  place  of  Mr.  John  M. 
Eshleman,  who  has  been  elected  lieutenant 

governor. Mr.  D.  W.  Stanrod  has  resigned  from  the 
Idaho  Public  Utilities  Commission,  and  Mr. 
John  H.  Roemer,  chairman  of  the  Wisconsin 
Railroad  Commission,  has  announced  that  he 
will  resign  Jan.  1.  In  a  recent  issue  we  called 
attention  to  the  expiration  of  the  terms  of 
two  public  service  commissioners  on  the  two 
commissions   in   New   York   state. 

There  will  soon  be  vacancies  on  at  least  five 
public  service  commissions.  Engineers  in  the 
states  where  these  vacancies  exist,  or  will 
soon  exist,  should  lose  no  time  in  concertedly 

urging  the  appointment  of  experienced  engi- 
neers to   fill  these   places. 

It  was  contended  by  the  former  governor  of 
Maine  that  a  utility  commission  is  really  a 

court,  and  that  it  should  therefore  be  com- 
posed of  lawyers.  He  advanced  the  time- 

worn  argument  that  engineering  services 
could  be  hired  by  the  commission,  and  that 
consequently  none  of  the  commissioners  need 
be  an  engineer.  But  with  equal  logic  may  it 

be  urged  that  a  commission  may  hire  attor- 
neys, and  with  much  greater  force  may  it  be 

contended  that  a  commission  is  not  a  court 
in  the  ordinary  sense  of  that  term.  A  utility 
commission  should  primarily  be  a  body  of  ap- 

praisal and  rate-making  experts,  qualified  by 
training  and  experience  to  analyze  data  and 
evidence  relating  to  the  cost  of  constructing 
and  operating  public  utilities.  When  has  it 
been  shown  that  a  legal  training  is  superior 
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to  an  engineering  training  as  a  grounding  in 
a  knowledge  of  the  significance  of  cost  data? 
We  grant  that  a  lawyer  may  be  a  better 

judge  of  law  than  an  engineer.  But  must  it 
not  be  conceded  that  an  engineer  is  a  better 
judge  of  the  costs  of  constructing  and  operat- 

ing all  those  great  classes  of  engineering 
plants  commonly  called  public  utilities? 
Merely  to  name  them  is  to  carry  conviction 
that  they  are  engineering  properties — railways, 
water  works,  gas  plants,  electric  power  and 
light  plants,  telephones,   etc. 
There  should  be  a  lawyer  as  member  of 

every  utility  commission,  not  because  a  com- 
mission is  a  court,  but  because  it  is  a  semi- 

judicial  body  that  needs  the  lawyer's  point 
of  view  when  considering  rate  questions  be- 

hind closed  doors.  Precisely  the  same  sort 
of  reasoning  commends  the  appointment  of 
an   engineer  on  every   utility  commission. 
We  shall  not  repeat  the  numerous  reasons 

why  an  engineer  is  well  qualified  by  training 
and  experience  to  weigh  most  of  the  evidence 
submitted  in  a  rate  case.  It  is  no  answer  to 

these  reasons  to  say  that  an  "engineer  is 
merely  a  technical  expert,"'  for  a  competent 
engineer  is  not  merely  a  calculating  machine. 
He  is  a  keen  judge  of  economics,  a  judge  of 
men,  and  motives,  a  judge  of  everything  save, 
perhaps,  the  legal  technicalities,  that  go  to  form 
the  data  upon  which  an  equitable  rate  is  based. 
But  until  engineers  individually  and  collec- 

tively undertake  to  make  these  facts  clear  to 
the  public,  there  is  small  hope  that  engineers 

w^ill    be   appointed   members   of    public    utility 
commissions. 

Bridge  Renewal  Under  Traffic. 

The  replacement  of  a  railroad  bridge  under 

traffic  always  presents  special  problems  which 

usually  tax  the  ingenuity  of  the  engineers 

and  the  resources  of  the  operating  depart- 
ment. At  the  start  it  must  be  decided  wheth- 

er it  will  be  better  to  repair  and  strengthen 
the  old  bridge  or  to  replace  it  entirely  by  a 
new  structure.  With  a  view  to  economy  it 
may  be  decided  merely  to  strengthen  the  old 
bridge  and  to  renew  worn-out  parts,  only  to 
find  later  that  the  difficulties  had  been  under- 

estimated and  that  economy  would  have  jus- 
tified the  construction  of  an  entirely  new 

bridge.  In  either  case  the  problem  of  main- 
taining traffic  is  a  serious  one,  and  it  is  often 

the  roncVmo:  factor  in  determining  the  type 

of  bridge  to  be  used.  In  the  "Bridges"  sec- tion of  this  issue  we  are  publishing  Part  I  of 
an  article  on  the  design,  construction  and  cost 
of  the  renewal  under  traffic  of  a  970-ft.  rail- 

road bridge  at  Lacolle  Junction,  Quebec.  Part 
II,  which  gives  the  detailed  costs  of  this  work, 

will  appear  in  our  Dec.  2r!,  1914,  issue.  The  con- 
struction methods  used  in  the  renewal  of  this 

bridge  are  of  particular  interest,  and  the  de- 
tailed costs  are  exceptionally  complete. 

The  old  bridge  consisted  of  a  long  pile 
trestle,  near  the  center  of  which  was  a  swing 

span.  The  pivot  pier  of  the  movable  span  con- 
sisted of  a  timber  crib  filled  with  rubble  stone 

surrounding   a  cluster  of  piles,  the  latter  be- 

ing capped  with  a  timber  grillage  and  a  con- 
crete slab.  The  new  structure  comprises  a 

series  of  plate  girder  spans  and  a  250-ft. 
swing  span.  The  caisson  and  pier  construc- 

tion for  the  new  bridge  involved  some  un- 
usual features.  As  the  old  first  pier  was  too 

light  and  too  unstable  to  support  the  new 
swing  span  it  was  decided  to  reinforce  this 

pier  by  enclosing  it  with  a  double-wall  tim- 
ber caisson,  and  to  fill  in  the  space  between 

the  old  construction  and  the  caisson  with  con- 
crete. A  12-in.  space  was  left  between  the 

two  sections  of  the  double  wall,  and  the  cais- 
son was  sunk  by  filling  this  space  with  con- 

crete and  by  providing  additional  weights, 
where  necessary.  During  the  reconstruction 

of  the  old  pivot  pier  the  swing  span  was  sup- 
ported by  heavy  I-beams,  the  ends  of  which 

rested  on  the  new  caisson.  In  constructing 
the  piers  for  the  twelve  plate  girder  spans, 
those  in  deep  water  were  concreted  inside  of 
double-wall  caissons,  while  those  in  shallow 
water  were  built  inside  of  single-wall  cais- 

sons. The  total  and  unit  costs  for  each  part 
of  this  work  are  given  in  detail,  and  these 
costs  should  prove  of  considerable  value  in 
estimating  the  cost  of  similar  work.  The  de- 

tailed costs  were  used  as  a  basis  of  payment 
to  the  substructure  contractor,  who  did  the 

work  on  a  cost-plus-percentage  basis.  The 
superstructure  was  erected  and  track  facilities 
provided  by  the  operating  department  of  the 
railroad  company.  An  interesting  compari- 

son is  given  of  the  relation  between  the  cost 
and  height  of  the  twelve  concrete  piers  which 
support  the  60-ft.  girder  spans. 

:OADS  AMD  STREET, 
Methods   and   Cost   of   Removing   An 
Asphaltic    Macadam    Road    Surface, 
Reworking  the   Old  Material  and 

Relaying  It  as  Asphaltic 
Concrete. 

Contributed   by   O.    C.    Dillman,   Civil    Engineer, 
Michigan  State  Highway  Department, 

Lansing,  Mich. 

A  poured  process  asphaltic  macadam  sur- 
face 16  ft.  wide  was  laid  on  the  extension  of 

Woodward  .'\ve.,  Detroit,  in  1912.  This  road 
is  a  trunk  line  between  Detroit  and  Pontiac 
and  is  subjected  to  a  heavy  traffic  the  ap- 

proximate type  and  amount  of  which  is  in- 
dicated by  the  traffic  record  for  two  days 

shown  in  Table  I.  Holes  began  to  appear  in 
the  surface  soon  after  its  completion.  The 
condition  of  a  portion  of  the  surface  in  July, 
1914,  is  shown  in  Fig.  2. 

The    original    improvement    was    made    by 

shoveled  into  wheelbarrows,  the  material  cov- 
ering about  250  lin.  ft.  of  roadway  surface each  day. 

In  scalping  off  the  old  bituminous  top,  two 
places  were  broken  up  at  the  same  time  to 
hasten  the  work.  At  first  the  men  picking 
stood  on  the  surface  already  broken  up,  pulling 
the  chunks  as  picked  up,  toward  them.  This 
did  not  work  out  satisfactorily  so  another 
method  was  tried,  in  which  the  men  stood  on 
the  old  surface,  driving  the  pick  beneath  the 
broken  edge.  The  surface  coat  was  then 
readily  lifted  and  broken  into  pieces  that 
could  be  handled.  These  large  pieces  were 
then  thrown  back  where  three  men  picked 
them  into  still  smaller  ones  to  save  time  in 
the  rni.xers.  The  old  material  broke  up 
readily  in  the  morning  but  towards  noon 
softened  apd  more  time  was  needed  in  break- 

ing. .Mthough  the  depth  of  penetration  was 
far  from  being  uniform,  the  bituminous  top 
separated  readily  from  the  slag  foundation. 

Detroit  United Railway r: 
  gl.Q   
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Fig.   1.     Typical   Cross   Section   of   Roadway    Improved.       Asphaltic   Macadam   Wearing  Sur- 
face   Replaced    by    Asphaltic    Concrete. 

Royal  Oak  township  of  Wayne  Co.,  Mich., 
which  did  not  make  the  repairs  required  by 
the  state  reward  road  law  and  in  July,  1914, 
the  surface  was  reconstructed  under  the  di- 

rection of  F.  H.  Rogers,  state  highway  com- 
missioner. The  new  work  consisted  of  tear- 

ing up  the  old  asphaltic  surface,  heating  it 
with  necessary  new  material  added  and  relay- 

ing on  the  old  slag  macadam  base. 
REMOVING     OLD     SURFACE. 

The  asphaltic  surface  to  be  removed  was 
first  swept  clean.  Twelve  men  picking,  and 
lifted    and    picked    into    small    chunks    and 

Long  stretches  of  the  old  surface  were  laid 
when  the  foundation  was  wet,  and  the  bad 
effects  of  water  present  could  be  seen.  The 
asphalt  had  not  penetrated  to  a  sufficient 
depth,  and  there  was  practically  no  bond  in 
the  pavement  in  such  places.  In  other  places 
a  6-in.  penetration  was  observed.  When  the 
old  surface  was  broken  up  the  stone  was  often 
covered  with  moisture  and  the  asphalt  could 
be  peeled  from  the  stone.  This  presence  of 
moisture  may  be  partially  accounted  for  in 
that  the  general  drainage  of  the  road  was 
poor,   yet   it   is  probable  that  the    foundation 

TABLE     I.— TR.^FFIC     RECORD    ON  WOOD- 
WARD  AVE.,    DETROIT. 

Day  and  date. Saturday,  Sunday, 
Kind  of  vehicle,                     8/15/14.  8/16/14. 

Single   horse                34  30 
Double   team,    light    15    
Double    team,    loaded            35  15 
Motor  touring  car          994  1,912 
Motor   runabout             142  315 
Motortrucks               62  39 
Cotor  cycles              73  179 

Total  between  7  a.  m.  and 
9    p.    m       1,355 

2,490 

had  not  been  in  a  dry  condition  since  the 
pavement  was  laid.  When  the  road  was  re- 

surfaced, the   foundation  was  allowed  to  dry 

Fig.  2.     View  Showing  the  Condition  of 
Old  Surface   Prior  to   Resurfacing. 

out  and  the  general  drainage  was  also  taken 
care  of. 

MIXING    AND   PLACING. 

The  equipment  for  mixing  and  placing  con- 
sisted of  2  y2-cu.  yd.  hot  mixers,  1  500-gal. 

heating  kettle,  1  5-ton  roller,  carts,  small  tools, 

etc. The  old  surface  picked  into  small  chunks 
was  delivered  to  the  mixers  in  wheelbarrows. 

An  average  batch  consisted  of  sufficient  ma- 
terial to  lay  -S^  sq.  yds.  of  2V2  in.  surface, 

and  contained  728  lbs.  of  old  top,  252  lbs.  of 
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new  stone  and  15.92  lbs.  of  new  asphalt,  the 
variations  in  different  batches  being  shown  in 
Table  II.      • 
The  old  top  was  changed  into  the  mixer 

with  about  2.5  per  cent,  of  %  to  %  in  stone 
added  and  about  0.4.5  gals,  per  square  yard,  or 
about  l.G  gals,  per  batch,  of  new  asphalt.   Mix- 

original  poor  grading,  and  to  the  varying 
depths  of  penetration  of  the  asphalt.  All  de- 

pressions in  the  bottom  layer  were  filled  with 
%  in.  stone,  after  which  it  was  thoroughly 
compacted  by  rolling. 

After    the    bituminous    macadam    had    been 
laid  and  rolled  to  a   thickness  of  2Vfe  ins.,  a 

Fig.  3.     Tearing    Up    Old    Surface   and    Wheeling  to  the   IVIixer. 

TABLE   n.- -DAILY   VARIATION   IN   QUANTITIES  AND  PERCENTAGES  OF  MATERIALS 
USED. 

Date.  Batches. 
July  15    76 

16    67 
17    99 
IS    70 
20    106 

21    103 
22    106 

*23    51 
24    103 
23    115 

27    137 
28    127 
29    120 
30    125 
31    105 

Aug.     1    97 
3    103 
4    129 
•5    125 
■G    115 

7    136 
S    137 

10    96 
11    97 

•12    41 

Total       2,586 
Average  per  batch   -. 

•One-half  day. 

Old  bituminous  top New  stone  in 

Asphalt  in  mix.               in mix. mix 
Lin.  ft. Sq.  yds. 

Per 
Per Per laid. laid. Lbs. cent. Lbs. cent. 

Lbs. 
cent. 

172 305.8 

1,520 

2.2 53,200 74.4 16,720 

23.4 

146 259.6 402 0.5 68,005 82.5 14,070 17.0 

190 
337.8 

1,386 
1.6 

68.310 74.6 21.780 23. S 
132 234.7 980 1.6 46,300 74.6 15,400 

23.8 

242 430.3 
1,484 

1.6 

73,140 
74.6 

23,320 

23.3 

206 366.3 

1,442 1.5 
70,070 

74.7 22,660 

23.8 

215 382.3 
1,378 

1.5 
73,140 

74.7 23.320 
23.8 

100 177.8 510 

1.1 

35,190 
75.0 

11.220 

23.9 

206 366.3 927 0.9 71,070 
74.3 

23,690 

24.8 

211 375.2 1,150 1.1 79,350 75.0 25,300 
23.9 

227 
403.6 

1,781 

1.5 94,330 74.7 30,140 23.8 20  S 
369.8 1,905 1.6 87.430 74.6 

27,940 
23.8 

219 389.4 
1,560 

1.4 

82,800 
70.9 

59,400 

27.r 

254 451.6 
1.875 

1.5 93,750 

72.4 
33,750 

26.1 

228 405.4 

1,575 

1.5 

78,750 72.4 28,350 

26.1 

228 
405.4 1.455 

1.5 
72,750 

72.4 26,190 

26.1 

204 362.7 
1,545 1.5 

77,250 72.4 27,810 

26.1 

287 510.3 1,935 2.4 96,750 71.8 
34,830 

25.8 

260 
462.3 3,125 2.4 

93,750 71.8 33,750 

25.8 

247 439.2 2.300 2.0 86,250 72.1 31,050 

25.9 

236 419.6 
2.720 

2.0 

102,000 
72.1 

36.720 

25.9 

245 435.6 
2,740 

2.0 102,750 75.8 30,140 

22.2 

160 284.5 
1,920 

2.0 

72,000 75.8 
21,120 

22  2 

178 
316.5 

2,425 2.5 72,750 73.9 
23,280 23.6 87 154.7 

1,025 
41,065 

2.5 
30,750 

1,882,835 
73.9 98,400 

23.6 

6,088 9,046.5 
651,790 

1.97 3.50 15.92 
1.6 

728 

73.1 

252 

25.3 

large  size  stone  in  the  old  surface  material,  it 
was  necessary  to  double  this  quantity. 
Each  day  a  sample  of  the  surfacing  laid 

was  analyzed  by  the  chemist  and  from  the 
results  of  his  analysis,  together  with  the  ap- 

pearance of  the  old  material,  the  mix  was 
determined.  Almost  constant  attention  had 
to  be  given  the  mi.x  on  account  of  the  varying 
composition  of  the  materials.  Table  III  (see  p. 

634)  gives  the  chemist's  analysis  of  samples. 
An  attempt  was  made  to  keep  the  per  cent  of 
bitumen  between  5  and  G,  but  as  will  be  noted, 
it  was  low  at  times  due  to  the  large  stones 
in   the  sample  tested. 
The  road  was  closed  to  traffic  July  13,  1914 

and  opened  to  traffic  August  12,  1914,  about 
an  hour  after  completion.  Thirty-eight  men 
were  required  24  working  days  to  tear  up,  re- 

mix and  relay  9,0.55  sq.  yds.  In  a  10-hour  day 
a  maximum  of  510  sq.  yds.  was  laid. 

COST    AND    PERSONNEL. 

Table  IV  (see  p.  534)  gives  an  itemized 
statement  of  the  costs  per  square  yard  of  pave- 

ment laid.  These  figures  were  compiled  from 

the  daily  expenses  as  gathered  by  the  state  in- 
spector and  are  very  close  to  the  exact  cost. 

The  contract  price  for  laying  the  bituminous 
pavement  was  73  cts.  per  square  yard,  $.500 
being  allowed  for  the  extra  asphalt  used  for 

squeegee. 
The  prevailing  rate  of  wages  was  $2.25  a 

10-hr.  dav  for  ordinary  labor;  $2.50  and  $3.00 
being  paid  enginemen,  firemen  and  rollermen, 
and  $4.00  for  raker.  The  teams  cost  $5.00 
per  day. 
The  estimate  for  foreman  is  based  on  30 

days  at  $10.00.  The  contractors  had  two 
foremen  on  the  work  at  all  times,  both  being 
members  of  the  contracting  firm. 

The  equipment  cost  cannot  be  stated  in  exact 
figures,  since  it  was  owned  by  the  contractor, 
but  the  figures  given  represent  an  average 
rental  price. 

E.  W.  Seamans  of  Grand  Rapids,  Michigan, 

was  the  contractor,  working  under  the  gen- 
eral direction  of  H.  B.  Pullar  Company,  chem- 
ical engineers,  Detroit.  G.  C.  Dillman  was 

engineer  for  the  state  highway  department. 

Some  Practical  Notes  on  Brick  Road 
Construction. 

Excellent  specifications  for  brick  road  con- 
struction are  readily  obtainable  and  from  them 

instructions  as  to  methods  to  pursue  may  be 
obtained.  Many  faults,  however,  that  exist  in 

brick  paving  are  the  results  of  errors  of  com- 
mission rather  than  of  omission  and  in  a  paper 

before  the  Northwestern  Road  Congress 
Tames  M.  McCleary,  county  engineer  of 

Cuyahoga  County,  Ohio,  points  out  what  not 
to  do. 

Gradiny  and-  Drainage. — Do  not  place  too 
much  trust  in  a  fill  which  was  partially  made 
a  generation  or  two  ago.     The  older  portion 

Fig. 4.    Placing   the   Asphaltic  Concrete.     Note  the  Type  of  Cart 
Used. 

Fig.  5.     Placing,   Rolling,  Applying  Flush  Coat  and  Applying  Coat 
of    Stone    Chips. 

ing  was  usually  continued  8  mins.  at  the  end 
of  which  time  the  temperature  of  the  ma- 

terial would  average  about  240°  F.  Two 
high-wheeled  carts  were  used  to  convey  each 
batch  to  the  point  where  it  was  to  be  laid. 

The   base,   after   removing  the   surface   ma- 
terial, was  found  to  be  very  rough  due  to  the 

squeegee  coat  of  asphalt  was  applied  at  the 

rate  of  about  1  gal.  per  square  yard.  A  '/4  in. 
layer  of  stone  chips  free  from  dust,  was  then 

put  on  and  rolled  in.  It  was  believed  that 
Vz  gal.  of  asphalt  per  square  yard  would  be 
sufficient    for    the    squeegee,    but    due    to    the 

may  be  the  more  treacherous.  Perhaps  trees 
and  brush  were  used  in  making  the  original 
fill.  If  they  have  decayed,  the  fill  is  in  a 
honeycombed  condition  and  likely  to  give  way. 
The  best  method  of  locating  void  is  by 

puddling. Enclose     the     sub-grade     with     temporaiy 



534 Engineering  and    Contracting 
Vol.  XLII.    No.  24. 

TABLE   III.— ANALYSES  OF  SAMPLES   FOR  EACH  DAY'S  Ri;N. 
Date. 

July    15   
16   
17   
IS   
20   
21   
22   
23   
24   
25.....   
27   
28   
29   
30   
31   

Aug.      I   
3   
4   
5   
6   
7   
8   ;   

10   
11   
12   

Average            4.7 

Bitumen 
-Stone 

cent. 
Size  of 

200 80 40 

10 4 2 % 1 1%           2 
5.3 4  3 

0.7 
1.7 2.1 9.1 24.1 24.S 

27.9 

4.0 
3.2 1.5 

1.3 

2.8 6.6 16.9 23.9 39.9 
4.9 3.x 

1.3 
1.2 3.3 10.2 

17.5 

24.6 33.2 
ti.2 

5.8 1.0 

1.2 

5.6 
13.6 22.3 24.1 

14.4 
5.8 5.4 

4.2 
1.1 

1.3 

3.1 6.4 7.3 
21.4 18.5 31.3 4.6 

4.0 0.7 

0.9 

3.0 6.5 13.8 

28.6 

37.9 

6.6 

-.6 

1.5 1.8 5.3 
12.4 

18.8 25.0 

14.S 

6.2 

4.7 

0..1 

0.8 

1.0 

3.6 

7.1 

14.2 
28.4 13.2 

21.5 

3.1 
2.9 

0.5 
0.6 2.2 4.9 

10.3 
15.7 15.6 44.2 

5.1 
4.2 0.9 0.8 

3.2 

7.7 
21.8 

32.9 12.6 10.8 

5.3 
6.3 1.2 1.3 3.8 8.0 

30.0 

27.2 16.9 
3.6 

■Mi 

0.7 0.8 l.S 3.7 
12.9 

14.2 
7.9 

50.8 2.4 
3  5 06 0.6 1.2 

2.2 

5.1 14.3 25.1 10.8       35.2 

3.8 

4.2 
1.3 0.6 2.6 4.6 20.8 21.1 

20.5 
5.5       15.0 5.3 6.0 

1.7 

2.1 3.8 

5.2 

13.7 
11.7 

6.1 6.1       38.3 

4.1 
4.4 

09 
1.0 

2.3 

3.7 
11.9 

25.4 
11.0 33.3 

3.1 3.0 0.6 

0.6 

1.3 3.1 11.4 

29.0 
21.3 26.6 

3.8 3.S 
0.8 0.8 

2.0 2.7 

8.7 
26.7 

IS.O 

32.7 3.6 4.1 
07 

0.7 2.3 5.2 
20.2 25.2 

11.4 
26.6 

5.8 
3.7 

0.6 

0.7 

2.7 

3.6 

7.0 
12.8 

33.0 
30.1 

5.5 
RS 

0.9 
0.8 

2.8 

4.7 9.8 23.9 
15.1 

32.7 

5.S 
3.4 0.7 

0.8 

2.5 4.6 
13,8 

23.8 
10.0 

34.8 

3.9 3.5 
0.6 

0.6 1.6 

3.9 

16.6 
27.9 

8.8 
32.6 4.6 

4.4 
1.0 

1.0 

2.6 

5.6 6.7 
19.1 19.3 

35.7 
8.0 

6.2 1.7 

1.8 

5.6 
19  2 

16.2 15.0 26.3 

4.3 

1.0 

1.0 

14.9       22.7    '  19.1       25.2       29.5 

earth  dikes  2  ft.  higher  than  the  subgrade  and 
divide  it  into  compartments  by  similar  cross 
dikes.  Fill  the  compartments  with  water, 
one  at  a  time,  and  weakness,  if  any,  will 
shortly  appear.  The  usual  method  of  relying 
on  a  roller  for  compacting  a  fill  is  not  nearly 
as  efficacious.  In  my  experience,  not  more 

than  ten  per  cent  of  the  fills  could  be  prop- 
erly  compacted   with    a    roller   alone. 

Do  not  fall  into  the  error  of  thinking  that 
the  province  of  a  roller  is  to  produce  a  smooth 
even  surface  on  the  fill.  Rolling,  like  puddling, 
ousht  to  hold  in  developing  hidden  weak- 

nesses where  more  or  different  materia!  is 
needed. 

Do  not  undervalue  the  necessity  of  drain- 
age. My  rule  has  been  to  use  it  as  a  pre- 

caution in  dry  places  and  as  a  necessity  in 
wet  places.  Tile  drainage  is  much  better 
than  ditch  drainage,  but  do  not  place  your 
longitudinal  drain  beneath  the  pavement 
where  it  is  less  efficacious  in  removing  the 
water  which  the  pavement  sheds  and  where, 

also,  it  offers  a  source  of  back  seepage  in 
wet  times  which  may  keep  the  pavement  moist 
and  be  responsible  for  shifting  in  the  sand 
filler.  The  place  for  the  longitudinal  drain 

is  beIo\y  the  gutter.  Cross  drains  should  be 
proportioned  in  frequency  to  the  nature  of  the 

soil  and  the  character  of  the  natural  drainage. 
In  some  muddy  places  it  may  be  necessary  to 
lay  them  every  ten  or  fifteen  feet.  In  other 
places  they  will  be  unnecessary  for  a  con- 

siderable interval.  The  essentials  of  my  prac- 
tice in  inider  drainage  have  been:  1st,  ooen 

tile;  2nd,  pr^sition  below  the  frost  line:  3rd, 
the  use  of  gravel  or  cinders  in  filling  the 
trench. 

One  advantage  of  under  drainage  as  com- 
pared with  a  longitudinal  ditch,  is  the  lessen- 

ing of  danger  to  traffic  and  the  more  level 

shoulder  of  earth  that  can  be  graded  above 
an  underground  drain.  Such  a  shoulder  can 

be  kept  free  from  tall  grass  and  weeds  by 
means  of  a  mowing  machine. 

Concrete  Bases.— I  would  issue  three  warn- 
ings with  respect  to  concrete  bases;  do  not 

use  concrete  that  is  not  homogeneous;  do  not 
tolerate  the  existence  of  voids;  do  not  be  sat- 

isfied with  a  finished  surface  that  is  not  uni- 

formly smooth.  In  addition  to  these  points, 
one  should  observe  all  the  other  cautions  that 

apply  generally  to  concrete  mixing. 
The  value  of  the  first  and  second  warnings 

is  apparent  when  you  consider  that  the  sole 
object  of  a  foun<lation  is  to  strengthen  the 
natural  bearing  surface  and  transmit  the  bur- 

den widely  and  uniformly.  The  third  caution 
is  to  prevent  siKh  projections  of  depressions  in 
the  concrete  as  shall  result  in  a  different 

depth  of  and  cushion  at  different  points. 
The  importance  of  this  feature  will  be  ap- 

parent after  the  rolling  of  the  brick  surface 
is  in  progress,  .^n  undulating  surface  of 
brick  means  a  sounding  board  effect  when  the 
pavement  is  brought  into  use  and  a  possible 
breaking  of  the  bond.  Mere  spreading  of  the 
sand  is  never  sufficient. 

It  should  be  rolled  and  re-shaped  repeatedly 

until  both  the  surface  and  the  density  are 
uniform.  Too  often  the  road  builder  contents 

himself  with  one  rolling  after  which  he  fills 
the  depressions  with  loose  sand  and  finishes 
the  surface  with  a  template.  Each  refilling 
should  be  followed  by  rolling,  a  hand  roller 
of  350  pounds  weight  being  most  satisfactory. 
A  soft,  uncompacted  sand  cushion  will  work 
up  between  the  brick,  when  the  latter  are 
rolled. 

Culling  Brick. — In  the  culling  of  brick,  a 

good  judgment  is  the  exception.  Many  seem- 
ing defects,  as  viewed  by  the  casual  inspec- 
tor, are  not  defects.  The  cull  pile  may  well 

be  examined  for  later  decision  on  some  of  the 

brick  that  were  hastily  eliminated.  Softness 

is  the  chief  defect  to  avoid.  Kiln  marks  fre- 
quently indicate  unusually  good  brick,  because 

they  are  due  to   fus.ibility  and   pressure   from 

■f  fe 
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Fig.   1.     Types  of  Concrete    Curbs    Built    In- 
tegral with  Concrete    Pavements. 

the  weight  of  overlying  brick  in  the  kilns  and 
fusibility  means  vitrification.  Be  sure  that 

your  brick  are  used  their  best  side  up.  De- 
livery to  the  setter  in  such  a  position  is  recom- 

mended. Be  sure  that  the  lugs  are  all  in  the 
same  direction.  The  purpose  of  the  lug  is  to 
provide  a  uniform  interstice  and  permit  the 
grout  to  descend  to  the  bottom  of  the  brick. 
Laminations  are  not  to  be  avoided.  If  you 

visit  a  brick  plant  you  will  see  that  the  very- 
process  of  making  bricks  entails  the  exist- 

ence of  laminations. 

RolHiifi  and  GroutiiKj. — Do  not  begin  vour 
rolling  in  the  center  of  the  pavement.  Roll 
adjacent  to  the  curb  first,  approaching  the 
center  gradually.     When  the  center  has  been 

TABLE  IV.— UNIT  COSTS   OF  WORK. 
LABOR:  Cost 
Preparing  old  bituminous  top —  per  sq.  yd. 

2  engineraen   $0,016 
2  firemen        0.014 
2  platform  men       0.013 
6  wheelers        0.029 

12  pickers     0.064 

Total      $0,136 

Placing  new  material — 
4  cartmen      $0,020 
1  kettleman        0.008 
1  raker       0.013 
1  rollerman        0.008 

Total       $0,049 

Preparing  grade — 3  grademen      $0,015 
Putting  on  squeegee  and  chips — 

3  squeegeemen      $0,021 

Other  labor — 2  helpers      $0,012 
1  waterboy        0.003 
1  nightwatchman        0.007 

Incidental    labor     0.016 
1  team    ( steady)     0.017 

Total      $0,055 

Ccist  of  labor  per  sq.  yd   $0,276 
MATERIALS: 

Asphalt — 

20.53  tons  in  mix   $0,051 
49.80  tons  in  squeegee     0.123 

Cost  of  asphalt  per  sq.  yd..  $0,174, 

Stone— 

325,9  tons  in   mix   JO  068 
90.5  tons  in  chips     0,019 
12.7  tons  in  grade     0,003 

Cost  of  stone  per  sq.  yd,,  $0,090. 

Incidentals — Fuel,    insurance,   freight  on   equipment, 
etc   $0,073 

Eduinment   (e-stimated) — 
Roller  and  kettle   $"."23 Two    mixers        „i„„ 

Small  tools       00'"' 

Total       50,129 

Foreman    (estimated)   $0.03,i 

Grand  total     *0,74 

SUMMARY, 
Average  for 

2,5S6  hatches.   Totals. 

2,5S6 
9,046.5 

41.065 

Item 

Length  surfaced,  lin,  ft       1,9 
.Area   surfaced,   sq.    yds   
New  asphalt    added,    lbs   
New  asphalt  added,  per  cent. 
Oid   bitu.   top.   lbs   
Old  bitu.   top,  per  cent   
New   stone    in   mix.   lbs. 

3,. 50 

1  6 

12'! 

73,1 

25 

New  stone  in  mix,  per  cent...   24,3 

1,882,835 651,790 

reached,  start  at  the  opposite  curb  and  re- 

pePt  the  process. 

Good  grouting,  like  charity,  covereth  a  mul- 
titude of  sins.  No  badly  grouted  oavement 

was  ever  a  good  pavement,  but  well  grouted 

pavements  have  sometimes  passed  muster  for 

considerable  periods  in  spite  of  gross  faults  in 

other  details  of  construction.  Three  suc- 

cessive applications  of  a  one  to  one  mixture 

of  Portland  cement  and  clean  sand  has  been 

mv  rule.  The  utmost  care  in  selecting  ma- 

terials, in  applying  the  grout  and  sweeping  it 
into  the  verv  bottom  of  the  cracks  will  be 

repaid  in  results.  .Anything  less  than  the  most 
exacting  care  in  the  application  of  grout  is 

just  like  throwing  labor  and  material  awav. 

Be  careful  not  to  injure  your  curbing  dur- 

ing the  later  stages  of  construction.  Careless 

hauling  of  heavy  loads  of  machinery  over  an 

unprotected  edge  will  cause  breaks  which  ex- 

rose  the  brick  to  abnormal  wear  This  cau- 

tion has  frequently  been  violated  in  my  ob- 
servation. 

Some  Types  of  Concrete  Curbs  Built 
Integral  With  Concrete  Pavements. 

(Staff  Article.') 
It  has  become  a  well  accepted  practice  in 

the  construction  of  concrete  roads  and  street 

pavements  to  construct  the  curb  as  an  integral 
part  of  the  pavement,  in  cases  where  a  curb 
is  deemed  necessary.  This  practice  has  much 
to  commend  it  since  the  danger  of  curbs  get- 

ting out  of  line  is  eliminated  and  the  cost  of 
construction  is  materiallv  reduced. 

The  methods  employed  in  constructing  the.se 
curbs  vary  somewhat  with  the  tvpe  used.  In 

those  types  having  a  vertical  inside  face  a 
form  board  is  necessary  to  retain  the  con- 

crete. Other  types  that  provide  a  smooth 
flowing  curved  joint  with  the  earth  beyond 
the  limits  of  the  pavement  require  no  forms 

other  than  the  outside  form.     As  a  rule  con- 
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Crete  in  the  curbs  is  the  same  as  that  used  in 

the  body  of  the  pavement  and  no  special  mor- 
tar facing  is  provided.  The  surface,  how- 

ever, is  usually  floated  or  rubbed  to  improve 
the  appearance   ol   the  exposed  face. 

Details  used  in  various  cities  are  shown  in 
Fig.  1.  It  will  be  noted  that  care  is  used  in 

several  cases  to  provide  adequate  sub-drainage 
and  that  no  standard  shape  or  depth  is  fol- 

lowed. We  are  indebted  to  the  Universal 
Portland  Cement  Co.  for  the  illustration 
shown. 

Hauling  Gravel  with  Motor  Truck  and 

Trailers:    A  Service  Test  in  Con- 
crete  Road   Construction. 

A  service  test  to  determine  the  utility  of 
motor  trucks  and  trailers  in  hauling  gravel  to 
be  used  in  the  construction  of  a  concrete  road 

was  undertaken  at  Kenosha,  Wis.,  on  Oct.  5. 
Complete  time  studies  were  made  and  the  re- 

sults  obtained   are   given   here. 
DETAILS    OF    TEST. 

Crushed  stone  was  hauled  from  a  railroad 

team  track  near  the  center  of  the  city  of  Ke- 
nosha, a  distance  of  2.7  miles  to  the  site  of 

the  concrete  road  under  construction.  One- 
half  of  the  distance  traveled  was  over  a  re- 

cently completed  concrete  road,  the  remainder 
was  over  roads  of  the  type  shown  in  Table  I. 
To  avoid  undue  congestion  at  the  team 

track  a  portable  hopper  loader,  Fig.  1,  was 
used.  This  hopper  held  8  cu.  yds.  and  was 
intended  to  be  kept  filled  continuously  by  the 
shovelers.  A  load  of  1%  cu.  yds.  was  taken 
on  in  2  minutes,  with  the  aid  of  this  loader.  In 
the  test  five  round  trips  were  made.  There 
was  no  special  preparation  for  the  test,  the 
trucks  being  operated  in  connection  with  the 
team  hauling. 

On  the  first  trip  a  1%-cu.  yd.  JefTery  Quad 
truck  was  used,  with  one  1%-cu.  yd.  Bain 
dump  wagon  trailing.  The  time  required  for 
the  various  operations  was  as  follows: 

Time  in 
Item.  minutes. 

Loading        6 
Coupling  to  trailer     3^4 
Time   of  loaded    haul   to  job   24 
Dumping  and   coupling  for  return   16i^ 
Return   trip   empty   •.   13% 

Total  time  of  round  trip,  5.4  miles   63% 
Remarks — 
Length   of  loaded   haul,   rniles     2.7 
Gravel  hauled,  cu.   yds     3^^ 
Speed  through  sand,  miles  per  hour     2 
Average  loaded  speed,  miles  per  hour....   6.75 

On  the  second  trip  two  trailers  were  used 
and  the  average  loaded  speed  was  7.28  miles 
per  hour.  The  loading  time  for  the  truck  wa? 
2^4  minutes.  The  first  trailer  was  picked  up 

empty  and  loaded  from  the  hopper.  The  sec- 
ond one  was  already  loaded,  and  coupled  be- 
hind the  other  with  very  little  delay.  Three 

other  trips  were  made,  with  intervals  between 
two  of  them  to  allow  of  both  trailers  being 

picked  up  already  loaded. 
CONCLUSIONS    FROM    THE    TEST. 

The  following  conclusions  were  derived 
from  the  test : 

1.  To  use  four  trailers,  leaving  two  at  the 
team  track  to  be  loaded  while  the  others  were 
being  trailed. 

2.  To  hire  enough  extra  shovelers  at  the 
team  track  to  keep  the  hopper  and  the  two 

extra  trailers  always  full  when  the  truck  ar- 
rived with  its  two  empty  trailers  at  the  end  of 

each  trip.  The  two  loaded  trailers  were 
coupled  together  and  ready  to  be  fastened  by 

a  clevis  to  the  spring-supported  trailer  ring  on 
the  rear  frame  member  of  the  truck  without 
loss  of  time. 

3.  To  use  one  of  the  teams  on  the  job  to 
reverse  the  trailer  wagons  after  dumping  their 
loads  at  the  end  of  the  run,  while  the  truck 

was  making  its  turn  in  the  deep  sand  off  the 
end  of  the  concrete  road.  (The  road  was  only 
14  ft.  wide  at  this  point.) 

4.  To  let  the  truck  driver  do  nothing  but 
drive  his  truck,  and  leave  to  the  other  men 
such  operations  as  coupling,  uncoupling  and 
dumping  both  the  trailers  and  truck. 

ESTIMATE  OF   COST   OF   HAULING. 

Based  on  data  obtained  in  thi^  test  and  other 
data  derived   from   other  sources   an   estimate 

TABLE  L— SHOWING  THE  LENGTHS  OF 
VARIOUS  KINDS  OF  ROADS 
TRAVERSED  ON  HAUL. 

Pavement.  Miles 
Brick    (good)    o  20 
Concrete   (good)    0  05 
Asphalt    (good)    o  05 
Brick     (good)    o  50 
Macadam    (fair)    q  05 

Dirt    (fair)   ;  o.'o5 Loose  sandy  dii  t  (bad)    o  40 

Concrete    (excellent)    i'35 Sand  (very  bad)    o!05 

Length    of   haul     2.70 

was  made  of  the  cost  of  operating  truck  and 
trailers  in  hauling  gravel  on  this  job. 

The  time  of  the  series  of  operations  re- 
quired to  make  a  full  round  trip  would  be  as 

follows : 
Time. 

Item.  Mins. 
Time  to  load  truck    2 
Time  to  pick  up  loaded  trailers        % 
Running  time   to  job   22^ 
Time  to  dump  truck  and  trailers,  turn  trail- 

ers around,   reverse  truck,   and  couple  up 
again         9% 

Running    time    to    team    track,    truck    and 
trailers    empty   15  ̂ 4 

Total      50 

TABLE  III.— TRAILER  STATEMENT. 
Fixed  Costs,  Per  Day: 

Interest  on  investment  of  ?1,000  (four  Bain 
I'-A  yd.  patent  dumps  at  $250  each)  at  6 
per  cent,  is  $60  a  year,  which,  reckoning 
300  working  days  to  the  year,  is,  per  day. $0.20 

Yard  charges  for  storage,  four  trailers,  at 
$3  a  month  each,  are  $12,  which,  reckon- 

ing 25  worlsing  days  per  month,  is,  per 
day        0.48 

Painting  and  annual  overhaul  (say  $00  a 
year  for  four  of  them)  amounts,  per  day, 
to       0.20 

Total  fixed  costs,  per  day   $0.8S 
Variable  Costs,  Per  Mile:  Cts. 

Depreciation  on    two   trailers    (two   running 
while  two  are  being  loaded),  per  mile....  1.0 

Grease,  etc.,  for  two  trailers,  per  mile   O.a 
Repairs  and  maintenance,   for  two  trailers, 
per  mile    l.o 

Total    variable    costs,    per    mile     2.3 

At  this  rate,  the  truck  and  its  trailers  can 

make  exactly  12  round  trips  in  a  10-hr.  day. 
The  test  further  showed  that  rather  more 

than  5  miles  were  averaged  to  a  gallon  of 

gasoline,  including  both  the  outgoing  and  in- 
coming journeys.  The  oil  figures  were  also 

carefully  kept  and  appear  in  Table  II.  The 
tire  cost  is  an  estimate  made  after  careful  and 

Fig.  1.     Method  of  Loading  Motor  Truck  Used    in   Hauling  Test  at  Kenosha,  Wisconsin. 

TABLE   II.— TRUCK   STATEMENT. 
Fixed  Costs,   Per   Day: 

Interest    on    investment     of     $3,350     ($2,750, 
cost   of   chassis,   plus   $600,   cost  of  dump 
body)  at  6  per  cent,  is  $201  a  year,  which. 
reckoning   300   working  days  to   the  year. 
is.    per   day   $0.67 

Garage     rent,     dead     storage.     $10     month, 
which,   reckoning  25  working  days  to  the 
month,  is.  per  day     0.40 

Painting    and    annual    overhaul     (excluding 
running    repairs)    $150.    which,    reci^oniiig 
300  working  days  to  the  year,  is,  per  day  0.50 

Insurance  and  taxes,  per  year,  $1S0,  or  per 
day        0.60 

Driver's  wages,   per   day    3.00 

Total   fixed   costs,    per   day   $5.17 
Variable   Costs.   Per  Mile:  Cts. 

Tires,  per  mile     1.78 
Depreciation  of  chassis  (less  tires),  assum- 

ing life  of  "y™  years  at  65  miles  per  day, 
is.    per   mile     1.67 

Depreciation  on  dump  body  (value  $600,  life 
5  years),   is,  per  mile     0.60 

Gasoline,  average  5  miles  to  the  gallon 
(truck  loaded  and  unloaded),  at  15  cts. 
per  gallon  (to  allow  for  possible  tax  in- 

creases), is.  per  mile    3.00 
Oils,  waste  and  grease,  per  mile    0.40 
Repairs  to  truck,  per  mile   3.00 
Repairs  to  dump  body,  per  mile    0.40 

Total  variable  cost,  per  mile   10.85 

TABLE    IV.— QUAD    AND    TRAILER    STATE- MENT. 

Total  Fixed  Costs,  Per  Day: 

Quad    truck   $5.17 
Trailers       0.88 

Total       $6.05 
Total  Variable  Costs,  Per  Mile:  Cts. 

Quad    truck   m   10.85 
Trailers         2.30 

Total      13.15 

TABLE    v.— HAULING    COSTS    WITH    QUAD 
2-TON    TRUCK     AND     FOUR    TRAILERS, 
TWO  WORKING  AND  TWO  AT  TEAM 

TRACK,      ON      ROAD      BUILDING 
OPERATIONS  NEAR  KENOSHA, 

WISCONSIN. 

No.  of        Miles         Fixed       Running        Total 
Trips  Per  Cost         Costs  at  Cost 

Per  Day.     Day.      Per  Day.  13.15  Cts.  Per 
Per  Mile.        Day. 

5  27.0  $6.05  $3.55  $  9.60 
6  32.4  6.05  4.26  10.31 
7  37.8  6.05  4.97  11.02 
8  43.2  6.05  5.6S  11.73 
9  4S.6  6.05  6.39  12.44 
10  54.0  6.05  7.10  13.15 
U  59.4  6.05  7.81  13. S6 
12            64.8              6.05              8.52              14.57 
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long-continued  tractor  and  trailer  tests  on 
these  very  roads.  This  figure  may  be  too 
low  lor  the  average  roads  in  the  same  class 

of  work,  but  it  is  very  accurate  in  this  par- 
ticular case. 

TABLE  VI.— COSTS  PER  YARD  AND  YARD- 
MIUE    OF    HAULING    GRAVEL   BY    QUAD 
TRUCK  AND  TRAILERS,  AS  AGAINST 

$1.00    A    YARD     BY     HORSES.    OX 
ilOAD    BUILDING    OPERATIONS 

NEAR  KENOSHA,  WISCONSIN, 

No.  of        Total  No.  of    Cost  Per  Cost 
Trips         Cost  Yards  Yard  Per 

Per  Day.  Per  Day.  Hauled  Hauled.  Yard- 
Per  Day.  Mile. 

;            i  9.60            22.5  $0.42  $0.15 
6  10.31             27.0  0.3S  0.14 
7  11.02            31.5  0.35  0.13 
8  11.73            36.0  0.32  0.12 
S                12.44             40.5  0.30  0.11 
111  13.15  45.0  0.29  0.11 
11  13.86  49.5  0.28  0.11 
12  14.75  ,«.4.0  0.27  0.10 

The  depreciation  item.  Table  II,  is  one 
which  must  be  considered  in  connection  with 

the  annual  overhaul  charge  and  the  repairs 

item.  .-\  life  of  about  7%  years  is  assumed  for 
the  truck,  and  if  the  machine  made  12  trips 

a  day  on  such  a  job  as  the  one  under  consid- 
eration it  would  run  about  05  miles  a  day,  or 

appro.ximatcly  20,000  miles  a  year.  At  this 
rate  the  3  cents  a  mile  allowed  for  repairs 
amounts  to  $600  a  year,  which,  added  to  the 
$150  a  year  for  the  annual  overhaul,  makes  a 

total  of  $750  a  year  to  keep  the  truck  in  first- 
class   condition. 

In  7%  years  the  truck  would  travel  150,000 
miles,  and  in  this  time  the  sum  allowed  for 

upkeep  amounts  to  $5,550,  or  more  than  double 
the  original  investment  in  the  chassis,  even 
with  the  tires  included.  .'\nd  it  should  be  fur- 

ther noted  that  the  tires  are  well  provided  for 
in  another  item. 

The  figures  shown  in  Table  IV  indicate  that 
with  an  outfit  consisting  of  a  Quad  truck  and 
4  Bain  dump  wagons  (two  always  being  loaded 
at  the  track)  the  cost  of  operation  on  this 
job  would  be  $6.05  fixed  cost  per  day,  plus 
13.15  cents  a  mile  for  each  mile  operated. 
Table  V  shows  the  assumed  cost  of  operat- 

ing this  hauling  outfit  for  5,  6,  7,  8,  9,  10,  11 
and  12  trips  a  day.  If  the  truck  is  operated 
more  than  10  hours  a  day  the  total  costs  can 
be  ascertained  by  adding  the  extra  mileage 
cost  at  13.15  cents  a  mile  plus  the  cost  of  extra 
driver. 

Table  VI  shows  these  costs  worked  into 

cost  per  yard  hauled  and  the  cost  per  yard 
mile,  not  counting  the  cost  of  extra  shovelers 
that  may  be  needed  at  the  team  track. 

ACKXOWLEDC.MENT. 

This  test  was  undertaken  by  the  Thos.  R. 
Jcffery  Co.  of  Kenosha,  Wis.,  manufacturers 
of  the  motor  truck  described,  in  co-operation 
with  George  Wade,  the  contractor  on  the  road 

in  connection  with  which  the  test  was  run,  and 
the  data  given  was  presented  m  a  copyright 
pamphlet  issued  by  that  firm. 

Unit  Costs  of  Resurfacing  Portions  of 

the  Niagara  River  Road  in  Queen 

Victoria  Park,  Canada. 

In  reconstructing  a  five-mile  section  of  the 
Niagara  River  Road  in  Queen  Victoria  Park 
cost  data  were  obtained  of  consideralile  in- 

terest. The  road  was  formerly  constructed 
as  waterbound  macadam,  the  width  of  macad- 

am pavement  being  18  ft.  Reconstruction 

work  was  divided  into  three  parts,  i.  c.,  light 
resurfacing,  heavy  resurfacing  in  which  the 
entire  top  course  was  reconstructed,  and  a 
bituminous  carpet  treatment  of  anotlier  sec- 

tion of  the  same  road.  Contractor's  profit and  overhead  cost  are  excluded. 

LIGHT   RESURF.\CINC. 

On  this  section,  which  was  2.77  miles  in 

length,  the  work  consisted  of  spiking  up  tlie 
old  surface  with  a  steam  roller,  repairing  de- 

pression with  new  stone  when  needed,  shap- 
ing by  raking,  and  watering  and  rolling.  The 

cost  of  this  work  is  given  in  Tabic  I. 

TABLE    I-LIGHT   RESURFACING   WATER-  macadam    construction,    by    flushing   and    roll- 
BOUND  MACADAM  ROADWAY.  jng.     The  cost  of  this  work  is  given  in  Ta- 

Conditlons:  hip   II 

Aug.  5,  1913,  to  Oct.  21,  1913,  from  Slaters        '   . 
Dock!   South.         "'••-■  BITUMINUOUS     CARPET     TREATMENT. 

r^  smfn  'T-hi''  j^wa^"'^^*  """^^  ̂ ™"'  ̂ '  ̂   -"^   section  of  road  2.77  miles  in  length  was 

LenVth?^i4,625"'f^  ="^2.77  miles;  width,  18  ft.  =  covered   with   a  bituminous  carpet.    A   refined 
29.250  sq.  yds.  tar    known    as    "Tarvia    A"    and    Va-in.    stone 

Total  '^sq'yd'^  chips    were    used.      The    tar    was    shipped    in Labor:                                                   cost.           cts.  tank   cars   to   the   nearest    railway   siding   and 
Loading  2-in.  stone  and  screen-  heated  by  means  of  a  steam  boiler  to  a  tem- 

„!"S.s     *   1^5=?        ,-.?,  perature   of    100°    F..   when   it  was    forced   by Hauling           44J.yo        l.M  '^.                             •   ̂      .,       j-       m      ■ 
Pumping  and   watering          45.29          .15  steam  pressure  mto  the  distnbutmg  apparatus. 
Repairing  i-oadway         275.18          .94  and  then   hauled   to   the   site   of   the   work   and 
Rolling  and  spiking         97.29         -33  attached  to  the  steam  roller.     Connection  was 

$1,093.27       3.73  here  made  to  the  boiler  of  -the  roller  and  the 
Material:  tar  heated   to  a  temperature  of  between   175° 2-in  stone— 205.5  tons  at  $1.25..      256.88           .83  a_,i    0(),)»    p       Steam    nrp'ssurp    at    V,    Ihs     was 

Screenings-150.2  tons  at  $1.00.      150.20          .51  f""           ,•   j  .   ̂'^^'"    pressure   at   *J    los.    was            then  applied  to  spray  the  tar  from  the  distnb- 
$   407.08        1.39  uting  machine  onto  the  road.     The  distribut- 

^'Sbor'^^ '                                     .1093  27        3.73  '"S  apparatus  used  was  supplied  with  nozzles 
MateriaAs  .................... ..     '407!oS        1.39  at    the    rear    through    which    the    hot    tar    was            forced  in  a  fine  sprav. 

3;°'^'-''     $1,500.35        5.12  ji^g  portion  of  the  hot  tar  that  did  not  pen- 

RemaTks:""                                   ■■■•  ̂ 1"'^    the    road    surface     was    absorbed      by 
297    cu.    yds.    of    stone    and    screenings    were  %-in.   stone   chips   applied   at   a    rate   of    1    cu. 

placed  on  29,250  sq.  yds.  yd.    of    chips    on    G5    sq.    yds.    of    surface,    the 

^  on9S^';s°q.  yds"^  ''"'*  ̂ "^^"'"^^  ""'^^  ̂   '^ePfh    of    stone    and    tar 'being    slightly    over 
Ratio  oi"  2-in.  stone  to  screenings  used— 1  to  %   in.     Tar  was  applied  at  a   rate  of   V2   gal. 

rr,-"^^^-;          »,..,•            *    •  ,      ,0  o    .  a   square  yard.     As   shown   in   Table   III   the 

wl|e"r™esf°                       "  1°'^'    ̂ ost,    including    labor,    was    $0,123    per Teams,  per  hour   $0.55  square  yard,  or  about  $1,800  per  mile   for  an 
Laborers,  per  hour   22  18-ft.    roadway. 
Foremen,  per  hour   30  j^  -^  estimated  that  the  only  cost  of  upkeep 

Fig.    1.      Bituminous    Carpet    Treatment  of  a   Road   in   Queen   Victoria 

Park. 

HEAVY  RESURF.ACING. 

On  this  section,  2.74  miles  in  length,  the  top 
course  of  the  road  was  scarified,  new~  stone 
added  and  the  top  course  finished  as  in  new 

TABLE  II.— HEAVY  RESURFACING  WATER- 
BOUND  MAC.A.DAM  ROADWAY. 

Conditions: 

Aug.    1,    11)13,    to   Dec.    15.    1913,    from    Black 
Cieek,  North. 

Average  length  of  haul— 1.98  miles  from  Blaoit Creek  siding. 

Length.  14,467  ft.  =  2.74   miles;  width.  IS  ft.  = 28,934  sq.  yds. 
Cost  per 

.    .  Total     sq.  yd.. 

^,  """J.       „  eost.  cts. Loading  2-ln.  stone  and  screen- 

,   '"Ss      $    521.00  1.8 Hauling         1.509.00  5.2 
Pumping  and   watering        215.00  8 
liepairliig  roadway           547.00  1.9 
Rolling  and  spiking        425.00  1.5 

,,   .     ,   ,                                                   $3,217.00  n.2 
Material: 

2-in.  stone — 750  tons  .it  $1.10..       825.00  2.9 
Screenines— 324>4   tons  at   $1.10      357.00  1.2 

$1,182.00  4.1 .Summary; 

J-abor        3,217  00  11.2 
Materials       1,182.00  4.1 

Totals      $4,399.00         15.:J 
Cost  per  mile    1,600.00        ...: 

Remarks: 
895.4   cu.    yds.    of   stone   and   screenings   were 

placed  on  28,934  sq.  yds. 
1  cu.   yd.  of  stone  and  screenings  was  placed on  32. :i  sq.  yds. 

Ratio  of  2-in.   stone   to  screenings   used — 1   to 

,43.1. Ton-mile  cost  of  loading  and  hauling  materials —32.3  cts. 

Wage  rates: 
Teams,  per  hour   $0.45 
Laborers,  per  hour   20 
Foremen,  per  hour   30 
At  Queen  Victoria  Park  rates  for  teams,  55 

cts..  and  men,  22  ots.,  the  above  ton-mile  cost 
would  be  38.4  cts. 

for  this  surface  will  be  an  annual  tar  spray- 
ing, using  about  %  gal.  of  tar  per  square  yard, 

at  a  cost  of  between  3  and  4  cts.  per  square 

yard,  or  about  $320  per  mile  for  an  18-ft. 
roadway.  Figure  1  shows  the  type  of  surface 
obtained. 

TABLE      in.   —  BITU.AIINOUS      CARPET     OF 
T.vnVIA    A    AND    li-IN.    STONE. 

Conditions: 

Sept.  2  to  October  IG,  1913,  vicinitv  of  Usher's Creek. 
Length  of  haul — 3.4  miles. 
Length.  14.625  ft.  =:  2.77  miles;  width.  18  ft.  — 

26:i.250   .sq.    ft.  =  29,250   sq.    yds. 

Depth— i;^  in. 
Cost  per Total    sq.  yd.. 

Costs:  cost.  cts. 
Loadins.    hauling    .ind    placing 

stone      $    861.05         2.90 
Loading,    hauling    and    placing 

tarvia            353.71         1.'9 Pl.icing  and   removing  plant. . .         56.50  .19 

$1,271.24  4.28 
Materials: 

14-ln.  stone— 487.5  tons  at  $1.30      633.75         2.14 
Tarvia  "A"— 14.307  gals,  at  10c  1,430.701 

i      5.3S 
Freight.  $188.35;  demurrage,  $32      220.35  J 
.Soft  coal  for  heating  and  oper- 

ating   roller           88.90  .30 

Totals      $2,373.70  8.03 
Summary: 

I.^ibor        1,271.24  4.28 
Materials         2,373.70  8.02 

Totals      $3,644.94       12.30 
2.77  miles  cost    $3,644.94 
1   mile   cost     1.300.00 
1   square  yard  cost           0.1230 
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Methods   and    Cost   of   Reconstructing 

Old  Brick  Pavements  By  Turn- 
ing  the    Brick    in    Savan- 

nah, Georgia. 
(Staff  Article.) 

During  the  last  year  12,635  sq.  yds.  of  brick 
paving  in  Savannah,  Ga.,  has  been  recon- 

structed by  taking  up  the  worn  and  uneven 
pavement.  Fig.  1,  culling  out  the  broken,  badly 
worn  or  disintegrated  paving  brick,  and  relay- 

ing with  the  bright  edge  of  the  brick  upper- 
most, the  result  obtained  being  shown  in 

Fig.  2. 
The  method  employed  in  accomplishing  this 

work  was  to  remove  the  old  brick  from  the 
pavement,  culling  out  and  discarding  brick 
unfit  for  relaying,  and  piling  the  good  brick  at 
convenient  points.  The  sand  cushion  was  then 
formed  to  the  desired  cross  section,  adding 
new  sand  where  necessary,  and  the  old  bricks 
laid  in  the  usual  manner  but  with  the  unworn 
edge  uppermost.  It  is  readily  seen  that  this 
process  is  only  feasible  where  a  sand  or  bitu- 

minous filler  is  used. 
The  cost  of  turning  10,400  sq.  vds.  of  brick 

pavement  on  West  Broad  St.  was  $3,490.39,  or 
33.5  cts.  a  square  yard.  Of  this  cost,  25  cts.  a 
square  yard  was  for  labor  and  8%  cts.  for 
material.  On  State  St.,  2,235  sq.  yds.  of  pave- 

ment were  turned  at  a  cost  of  $432;  or  19.3 
cts.   a   square  yard.     It   was   necessary  to   re- 

Fig.    1.      Old    Brick    Pavement    in    Savannah, 
Ga.,    Prior   to    Turning. 

place  about  10  per  cent  of  the  old  brick  with 
new  ones. 

It  is  the  opinion  of  E.  R.  Conant,  city  engi- 
neer of  Savannah,  to  whom  we  are  indebted 

for  the  data  given  here,  that  the  life  of  the 
surface  has  been  increased  at  least  three  or 

four  years,  and  perhaps  longer.  A  recent  in- 
spection of  the  relaid  pavement  shows  the  sur- 

face to  be  even  and  smooth. 

Methods     and     Cost     of     Resurfacing 
Water  Bound  Macadam  With 

Rocmac  Macadam. 

During  the  past  year  a  section  of  heavy 
traffic  tnacadam  road  in  the  Queen  Victoria- 
Niagara  Falls  Park  was  resurfaced  with  roc- 

mac macadam.  The  work  was  accomplished 

under  the  direction  of  J.  H.  Jackson,  superin- 
tendent of  the  park,  and  is  described  in  his 

annual  report. 
The  section  of  driveway  resurfaced  is  on 

the  Rambler's  Rest  loop  about  %-mile  from 
the  Victoria  Park  railway  station.  This  por- 

tion of  the  drive  is  subjected  to  a  very  heavy 
traffic.  To  secure  a  proper  grade  and  pre- 

pare a  suitable  foundation  it  was  necessary  to 
loosen  and  remove  the  old  macadam  wearing 
surface  to  a  depth  of  4  ins.  This  work  was 
accomplished,  as  shown  in  Table  I,  at  a  cost 
of  ,11.26  cts.  per  square  yard. 

METHOD   OF  CONSTRUCTION. 

The  rocmac  wearing  surface  was  construct- 
ed in  the  following  manner :  Upon  the  rolled 

stone  base  of  the  old  macadam  road  was  de- 
posited a  layer  of  rocmac  matrix  about  1% 

ins.    in    thickness.     Rocmac    matrix   consisted 

merely  of  a  mortar  made  of  limestone  screen- 
ings mixed  with  rocmac  solution.  Rocmac 

solution  is  a  liquid  silicate  of  soda  which  re- 
acts with  carbonate  of  lime  contained  in  the 

limestone  screenings  and  assumes  a  s.et  sim- 
ilar to  that  of  Portland  cement,  although  dif- 

fering markedly  from  Portland  cement  in  that 
chemical  action  is  not  completed  immediately 
but  is  recommenced  with  each  addition  of 
moisture  after  the  road  is  completed.  This 
fact  tends  to  prevent  the  wearing  of  holes 
since  abraided  parts  of  the  surface  heal  over 
after  a  rain.  The  rocmac  matrix,  or  mortar, 
was  covered  with  4  ins.  of  coarse  crushed  stone 
and  rolled.  This  rolling  forced  the  stone 
down  into  the  matrix,  filling  the  voids  in  the 
stone.  As  the  matrix  rose  to  the  surface  it 
was  broomed  forward  and  diagonally  across 
the  road  and  rolling  continued  until  a  smooth 
even  surface  was  secured.  The  road  surface 

was  then  sprinkled  with  dry  limestone  screen- ings. 

COST. 
Table  I  gives  the  detailed  cost  of  this 

work.  The  resurfacing  was  accomplished  by 

day  labor. 

TABLE  I.— COST  OF  RESURFACING  OLJ3 
MACAD.'IM  WITH  ROCMAC  M.A.CAD.\M  IN 
QUEEN  VICTORIA  PARK,  CANADA. 

Per 
sq.  yd. 

Labor^  Total.      Cts. 
Removing  old  surface  (96  cu.  yds.).$  97.20     11.26 
Hauling   144    cu.    yds.    of   stone   and 

screenings     from     Victoria    Park 
station        119.08     13.S0 

Rolling         28.00       3.25 
Resurfacing         63.16       7.31 
Foreman          60.20       6.97 

Totals       $367.64     42.59 
Per 

sq.  yd. Material—  Total       Cts. 
2-in.   stone,   114  cu.   vds. — 136.S  tons 

at   $1.25      $171.00     19.82 
Screenings,   30   cu.   yds. — 36   tons  at 

$1.00          36.00       4.17 
Rocmac  solution,  374  gals,  at  45c...   168.30     19.50 

Totals      $375.30     43.4;i 
Summary. 

Per 

sq.  yd. 
Total.       Cts. 

Labor      $367.64     42.5;i 
Material        375.30     43.4;i 

Totals      $742.94     S6.ii\ 
Note.— Length  of  haul— 3.400  ft.  =  .644  mile 

I  from  Victoria  Park  siding).  -\rea  treated — 
Length  370  ft.,  width  21  ft.  =  7,760  sq.  ft.  =  863 
.sq.  vds.  Depth  removed — 4  ins.  Material  re- 

moved—370  ft.  X  21  ft.  X  4  ins.  =  2.590  cu.  ft.  ~ '.'6  cu.   yds.   (in  place). 

Notes  on   Road   Location  in   Pennsyl- 
vania and  Limiting  Grades  for 
Various  Pavements. 

In  a  pamphlet  of  instruction  to  employes, 
S.  D.  Foster,  chief  engineer  of  the  Pennsyl- 

vania highway  department,  gives  some  inter- 
estin,g  notes  on  road  location  and  satisfac- 
torv  grades   for  various  pavements. 
The  location  of  most  roads  which  come 

under  consideration  for  reconstruction  by  the 
engineer  are  usually  physically  established 
.-md  invariably  require  lengthy  legal  process 
to  change.  If  a  change  is  necessary  to  insure 
the  future  safety  of  the  traveling  public  and 
economic  maintenance,  the  principles  of  prop- 

er location  of  this  change  will  become  ap- 
plicable.     Proceed   by   establishing   a   line  be- 

be  perpetuated  which  will  accrue  to  the  ac- 
count of  heavy  maintenance  charges,  also  the 

purpose  of  constructing  a  highway — to  meet 
future  demands  of  travel — may  be  defeated. 

It  is  well  to  keep  in  mind  the  direction  of 
the  heavy  hauling  and,  if  topographically  pos- 

sible and  practicable,  to  arrange  the  grade  line 
so  that  the  maximum  grades  will  be  descend- 

ing grades  in  this  direction.  If  we  have  a 
certain  market  or  shipping  center  to  reach, 
the  profile  should  be  carefully  studied  to  as- 

certain the  maximum  grade  along  the  road 
which  cannot  be  eliminated  for  topographical 
or  other  reasons.  With  this  information  as  a 
guide,  considerable  money  can  be  saved  by 
avoiding  ruthless  slashing  of  knolls  and  ex- 

cessive filling  in  other  places. 
As  the  grade  increases,  the  load  a  team  can 

pull  rapidly  decreases ;  for  instance,  only  one- 
half  as  large  a  load  can  be  drawn  on  a  G  per 

cent  grade  as  on  the  level,  and  one-fourth  as 
much  on  a  10  per  cent  grade. 

It  is  readily  seen  that  considerable  study 
and  forethought  must  be  given  to  this  ques- 

tion. Grades  should  be  established  so  as  not 
to  damage  abutting  property  unnecessarily  and 
regulated  to  provide  properly  for  drainage, 
underdrainage  and  foundation.  On  existing 
old  stone  roads  a  considerable  saving  may  be 
effected  by  following  the  old  road  surface  as 
nearly  as  possible  so  as  not  to  disturb  this 
as   a   foundation. 
The  determination  of  surface  aside  from 

the   grades  will   depend  largely  on   the   funds 

Fig.     2.      Brick     Paverrent      Aftc     Turning, 
Showing    the    Type    of    Surface    Resulting. 

available  and  the  nature  and  amount  of-  trav- 
eling to  which  a  road  will  be  .=u1\iected. 

Table  I  show's  the  limiting  grades,  ma.xi- 
mum  and  minimum,  which  may  be  used  in  the 

several  types  of  pavement  which  do  not  re- 
ceive daily  attention  and  where  there  are  no 

curbs  and  water  is  carried  in  the  side  ditches, 
making  it  possible  to  secure  additional  fall 
between  cross  drains. 

Notes  on  the  Selection  of  Pavements 

for  Heavy  Traffic  Roads. 
The  requirements  of  pavements  used  on 

heavy  traffic  roads  are  quite  different  from 
those  bearing  a  light  traffic.  In  a  paper  before 
the  .American  Road  Congress  Henry  G. 
Shirley,  state  highwav  engineer  of  Maryland, 
outlined  the   factors  involved  in  the  selection 

TABLE  I.— LIMITING  GRADES  TO  BE  USED    OX    PENNSYLVANIA    STATE    ROADS. 

Maximum  Minimum 
Grade.       Grade. 
Percent.  Percent. 

Sheet    asphalt       4 

Class. Adaptable    to    Traffic. 

Brick          8 
I  iriok    (grooved)    12 
Asphaltic     concrete       5 
Cement  concrete          6 
Cement     concrete      (Bit.      Sur. 

treatment)           7 
Telford   macadam        14 

45 

Municipalities. 6 Municipalities    and 
On   steep  grades. 

interurban 

:> 

Municipalities    and Interurban 

55 

Suburban. 
65 Suburban. S 

Rural. 

tween  the  objective  points  that  will  avoid 
swampy  or  unsuitable  soil  if  possible  and  give 
due  thought  to  the  economic  possibilities  in 
the  problem  of  construction.  The  shortest 
distance  between  the  two  points  may  or  may 
not  be  the  proper  line  to  adopt,  as  the  first 
cost   may   be   reasonable,   but   conditions   may 

of  pavements  for  use  on  country  roads  and 

his  paper  is  given  here.  Some  costs  of  main- 
tenance work  on  Maryland  roads  were  given 

in  the  issue  of  Hngineering  and  Contr.acting 

for  June   17,   1014. 
Traffic. — The    rapid    change    that   has    taken 

place,  and   which   is  daily  taking  place  in  the 
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character  of  traffic  on  our  highways,  makes  the 
selection  of  the  type  of  surface  more  difficult 
each  day  for  the  highway  engineer.  In  select- 

ing a  type  of  surfacing  for  any  particular 
road,  the  engineer  not  only  has  to  study  the 
amount  and  kind  of  traffic  that  daily  passes 
over  the  road,  but  has  to  make  a  very  compre- 

hensive study  of  the  amount  and  kind  of 
traffic  that  will  probably  pass  over  the  road  in 
the  future,  by  virtue  of  the  development  of 
the  surrounding  territory  on  account  of  the 
improved  road. 

The  writer  has  made  studies  of  roads  where 
the  traffic,  before  improvement,  consisted  of 
light  vehicles  and  nothing  heavier  than  2- 
horse  loads,  but  as  soon  as  the  road  was  re- 

constructed, the  amount  of  traffic  increased 
from  50  to  300  per  cent,  and  the  loads  from 

light  '2-ton  loads  to  10  to  r2-ton  motor  trucks, 
and  14  to  18-ton  tractors.  He  also  recalls 
constructing  a  section  of  road  through  a  very 
sparsely  settled  section,  and  estimating  that  it 
would  be  quite  a  long  time  before  the  adjacent 
territory  would  be  more  thickly  populated, 
and  accordingly  selected  a  soft  local  limestone 
for  the  metal  surfacing,  but  which  had  suffi- 

cient strength  and  hardness  to  carry  the  traffic 
that  was  i)assing  over  the  road  at  that  time. 
Scarcely  had  the  road  been  completed  when 
several  large  tracts  of  woodland,  not  a  great 
distance  from  the  road,  were  cut  down,  and 
the  lumber  was  transported  on  wagons,  drawn 
by  large  traction  engines  with  cleats,  over  the 
road  to  the  railroad  station.  The  effect  of 
this  heavy  traffic  on  the  soft  limestone  surface 
can  be  easily  surmised. 

Before  selecting  the  type  of  pavement  to  be 
used,  a  close  and  accurate  census  of  the  dif- 

ferent kinds  of  traffic  should  be  taken,  a  very 
thorough  study  made  of  the  surrounding  sec- 

tion, and  an  estimate  made  as  to  the  possible 
increase  of  the  different  kinds  of  traffic,  or 
the  decrease  of  one  kind  and  the  large  in- 

crease of  the  other.  It  is  the  opinion  of  the 
writer  that  in  no  other  line  of  engineering 
should  there  be  a  larger  factor  of  safety  used 
than  in  estimating  the  amount,  intensity,  and 
kind  of  motor  and  self-propelled  traffic  that 
will  pass  over  our  improved  roads  in  the  near 
future.  The  great  change  in  the  character  of 
traffic  developed  in  the  past  five  years  is  but  a 
small  index  to  what  can  be  expected  in  the 
next  five  years  to  come. 

Types  of  Pavement. — The  types  of  pave- 
ments used   on  heavy   traffic  roads  should  be 

selected  as  to  their  fitness  to  stand  the  kind 
and  intensity  of  the  traffic  that  will  travel  them. 
Roads  in  the  outlaying  districts,  where  horse- 
drawn  traffic  comprises  the  larger  percentage 
should, be  constructed  of  macadam  with  a 
light  surface  treatment.  Concrete  will  also  be 
found  serviceable  and  desirable.  Where 
motor  traffic  is  in  the  majority,  bituminous 
macadam  or  concrete  will  give  good  results. 
Near  the  centers  of  population,  where  the 
traffic  is  mixed  and  heavy,  concrete,  bitum- 

inous concrete,  asphalt  or  vitrified  brick  will 
prove  the  most  economical.  Where  the  heavy 
traffic  is  concentrated,  brick,  asphalt  or  stone 
block  are  the  most  suitable. 

There  can  be  given  no  hard  and  set  rule 
for  selecting  the  type  of  construction  that 
should  be  used  on  a  given  section  of  road  to 
carry  a  known  traffic.  For  local  conditions, 
the  availability  of  materials,  etc.,  play  such 
an  important  part  in  the  selection  of  the  type 
of  surfacing  in  any  locality,  that  each  in- 

dividual case  must  be  worked  out  on  its  own merits. 

Criterion  for  the  Selection  of  the  Type  of 
Pavement. — The  following  method  of  select- 

ing a  type  of  surfacing  to  carry  an  estimated 
traffic,  however,  will  prove  fairly  accurate 
where  a  study  can  be  made  and  the  mainte- 

nance cost  can  be  had  of  roads  constructed 
and  maintained  under  similar  conditions: 

Where  the  annual  cost  of  maintenance  of  a 
less  durable  type  of  road  surfacing  zvitl  exceed 
the  annual  cost  of  maintenance  of  a  more 
durable  type  of  surfacing,  plus  4  per  cent  on 
the  c.rcess  cost  of  the  more  durable  type  over 
the  less  durable  type,  the  more  durable  type 
should  be  used,  and  vice  versa. 

The  maintenance  on  heavy  traffic  roads 
should  be  continuous  and  thorough — never 
allowing  the  surface  to  remain  broken  any 
length  of  time,  but  as  soon  as  the  slightest 
defect  or  indication  of  failure  appears,  it 
should  be  speedily  repaired. 

Drainage,  Widtli,  'Foundation  and  Thick- 
ness.— Drainage  of  a  road-bed  that  is  required 

to  carry  heavy  traffic,  should  be  well  taken 
care  of  by  tile  or  other  suh-surface  drains,  so 
as  to  render  the  sub-foundation  as  dry  and 
firm  as  possible.  The  maximum  grade  should 
not  exceed  a  6  per  cent,  and  the  alignment 
should  be  as  straight  as  possible,  with  all 
sharp  curves  and  bends  eliminated.  The 
width  of  the  roadway  and  the  width  and  thick- 

ness of  the  metal  surfacing  should  be  designed 
to  meet  the  requirements  of  the  present  as 
well  as  the  future  traffic  which  it  will  have 
to  accommodate,  but  the  minimum  width 
should  not  be  less  than  30  ft.,  nor  the  metal 
surfacing  less  than  18  ft.  Broken  stone  or 
gravel  make  a  fair  foundation,  but  concrete 
is  almost  as  cheap  and   is  more  preferable. 

The  thickness  of  macadam  and  gravel  should 
not  be  less  than  5  ins.  after  rolling,  nor  more 
than  10  ins.,  while  concrete  should  not  be  less 
than  4  ins.,  nor  more  than  8  ins.,  depending 
primarily  upon  the  character  of  the  soil  of  the 
sub-base,  and  the  intensity  and  character  of 
traffic  it  will  have  to  sustain.  In  some  cases 

where  the  loads  are  very  heavy,  but  the  num- 
ber of  loads  small,  it  has  been  found  economi- 
cal to  lay  a  strip  of  high-class  and  durable 

pavement  in  the  middle  of  the  road  for  a 
width  of  9  to  14  ft,,  with  a  cheaper  and  less 
durable  material  on  each  side. 

Motor  Planting. — There  is  a  great  necessity 
for  adequate  laws  to  regulate  the  heavy  loads 
that  have  to  be  borne  by  the  surface  of  the 
many  hundreds  of  miles  of  roads  that  have 
been  and  are  daily  being  constructed.  The 
manufacturers  of  tractors,  motor  trucks,  and 
other  hauling  engines,  have  given  but  little 
study  to  the  effect  and  injury  that  is  being 
done  and  may  be  done  by  the  heavy  loads  pro- 

pelled over  the  road  surface,  and  the  strain 
and  stress  caused  by  narrow  tires,  steel  cleats, 
ribs,  and  other  devices,  but  it  seems  that  the 
greater  amount  of  their  energies  have  been  to 
develop  an  engine  or  motor  truck  that  will 
haul  the  largest  load  in  the  shortest  period 

of  time,  using  the  least  amount  of  fuel — all 
of  which  is  very  commendable,  but  it  is  the 

duty,  as  weW  as  to  the  welfare  of  these  manu- 
facturers, to  devote  quite  as  much  energy  and 

brains  in  constructing  their  engines  and  motor 
trucks  in  such  a  way  that  the  least  amount  of 
damage  will  be  done  to  the  surfacing  in  pass- 

ing over  the  roads.  It  is  most  important  that 
the  manufacturers  of  hauling  equipment  and 

highway  engines  should  work  together  in 
framing  a  set  of  adequate  laws  controlling 
the  use  of  hauling  equipment  over  improved 
roads,  as  well  as  developing  wheels  and  other 
devices  so  as  to  do  the  road  surfacing  the 

least  amount  of  damage.  By  co-operating  and 
working  together,  large  sums  can  be  annually 
saved  on  maintenance,  which  will  greatly 
benefit  all  concerned. 'ATER 

Method  and  Cost  of  Constructing  and 
Repairing  Submerged  Water  Pipe 

Lines  at  Portland,  Ore. 
The  present  gravity  water  supply  for  the 

city  of  Portland,  Ore.,  is  taken  from  Bull 
Run  River,  in  the  Cascade  Mountains,  and  is 
brought  thence  to  the  eastern  border  of  the 
city  through  two  steel  conduits  24  miles  in 
length,  one  33  to  42  ins.  in  diameter,  built  in 
1893  and  1894,  and  one  44  to  52  ins.  in  di- 

ameter, completed  in  1911,  The  supply  for 
the  West  Side,  or  main  business  district  of 
the  city,  is  brought  across  the  city  through 
a  32  in.  cast  iron  main,  the  river  being  crossed 
by  one  24-in.  and  one  30-in.  flexible  joint 
steel  main.  The  present  article  describes  the 
pipe  laid  for  the  river  section  of  this  West 
Side  conduit,  the  construction  methods  and 
costs,  and  the  methods  subsequently  employed 
iri  repairing  and  reconstructing  the  submerged 
pipes  as  originally  laid.  The  work  described 
covers:  (1)  The  laying  of  a  28-in.  cast 
iron,  flexible-jointed  pipe  in  1894;  (2)  the 
laying  of  a  24-in,  steel  flexible-joint  pipe  in 
1898;  (31  the  repair  of  the  28-in,  cast  iron, 
flexible-joint  pine  in  1909;  (41  the  laying  of 
a  30-in.  steel,  flexible-joint  pipe  in  1911;  and 
(5)  the  work  undertaken  during  1913  and 
now  just  completed,  consisting  in  taking  up 
and  relaying  at  greater  depth  the  24-in.  line 
originally    laid    in    1898,    and    taking    up    and 

storing  for  future  use  at  another  point  the 

•JS-in.  cast  iron  pipe  laid  in  1894.  The  infor- 
mation given  is  from  a  paper  entitled :  Sub- 

merged Pipe  Work  at  Portland,  Ore,,  pre- 
pared by  Mr.  D,  D.  Clarke,  Engineer  of  the 

Portland  Water  Bureau,  for  presentation  be- 
fore the  American  Society  of  Civil  Engineers, 

and  published  in  the  Proceedings  of  the  So- 
cicU-  for  November,  1914,  Vol.  XL,  pp.  2657 to  2C75. 

i-.V-i'ii.  Line.~The  pipe  laid  in  1894  consisted 
of  .2,006  ft.  of  28-in.  cast  iron,  flexible-joint 
pipe,  iy2  ins.  thickness  of  shell,  in  net  laying 
lengths  of  15  ft.  8  ins. 

Per 
lin.  ft. 

The    contract    price    for    furnishing    this 
pipe    wa.s    a    lumi)    sum    for    a    certain 
specified   length,  which  equaled   $31.4275 

The    contr.act   for   laying       2.50 
Dredging,    18,746  eu.   yds.   at  40  cts       3.738 

Total       $37.6655 

or  for  2.00(5  lin.  ft.  of  28-in.  flexible-joint 
pipe,  in  place,  a  total  of  $75,.556.  During  1894 
the  water  department  labor  wage  in  Portland 
was  $1.75  per  day. 

For  details  regarding  this  work  reference  is 
made  to  the  paper.  Transactions,  Am.  Soc.  C. 

E..  Vol,  XXXIII  (1895-),  n,  2.57,  bv  Franklin 
Riffle  and  the  late  Albert  S,  Riffle,  entitled  "A 
Line  of  28-in.  Cast  Iron  Submerged  Pipes 
.\cross    the    Willamette    River,    at     Portland, 

Ore,"    This  paper  and  the  discussions  thereon 
are  exceedingly  interesting  and  instructive. 

24-in.  Line. — The  second  pipe,  the  24-in,  sub- 
merged line  laid  in  1898,  consisted  of  2,041.6 

lin.  ft.  of  lap-welded  steel  pipe,  %-in.  plate, 
including  58  flexible  joints,  of  special  design, 
placed  at  intervals  varying  from  20  to  40  ft., 
depending  on  the  alignment  and  grade  of  the 

pipe  trench. Messrs.  Smyth  and  Howard  of  Portland, 
Ore.,  were  the  general  contractors  for  this 
work,  the  contract  prices  being  as  follows 
(including  two  joints  and  72  lin.  ft.  of  pipe not  used)  : 

60   flexible  Joints,   $260  each   $15,600.00 
1,93S  lin,   ft,  of  24-in,  pipe  at  $8,50     16,472.32 
15,332  cu.  yds,  dredging  at  $0,40       6,132.80 
2,041.6    lin.     ft.     pipe-laying,      including 

joints,    at    $1.77       3,613.63 

Total      $41,818.75 

During  1898  the  Water  Department  labor 
wage  in  Portland  was  $1,75  to  $2  per  day. 

This  work  was  undertaken  in  the  late  sum- 
mer, after  the  subsidence  of  the  June  freshet 

in  the  Columbia  (which  sometimes  causes  a 
rise  of  20  ft.  or  higher  at  Portland),  and  was 
completed    the    same    season. 
The  methods  and  appliances  adopted  for 

this  work  were  similar  to  those  adopted  in 
laying  the  2S-in.  line,  four  years  before.  _  A 
ladder-dredge  was  used  in  excavating  the  pipe 
trench,  and  the  excavated  material  was  taken 
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away  on  barges  to  be  utilized  in  filling  low 
ground  adjacent  to  the  harbor  line  in  another 
portion  of  the  city.  A  cradle  was  also  used 
in  laying  the  pipe  in  the  excavated  trench,  as 
described  in  the.  paper  by  Messrs.  Franklin 
and  Albert  S.  Riffle. 

The  flexible  joint  used  of  the  type  shown 
in  Fig.  1  was  made  in  Portland,  from  designs 
prepared  by  the  water  department.  Figure  2 
shows  the  cradle  with  which  the  pipe  was 
laid. 

below  the  bed  of  the  stream,  a  cover  of  4  ft. 
being  thus  provided  which  was  deemed  ample 
to  protect  the  pipe  from  injury  by  the  passing 
or  anchoring  of  vessels.  In  view  of  the  ex- 

istence of  at  least  a  23  to  24-ft.  channel  ad- 
jacent to  the  west  harbor  line,  which  it  was 

thought  would  provide  for  all  shipping  inter- 
ests in  that  portion  of  the  harbor  (being  at 

the  head  of  deep-water  navigation),  it  was 
not  thought  necessary  to  incur  the  extra  ex- 

pense   required    to    dredge    a    trench    to    the 

Fig.   1.     Type  of  Cast   Iron   Ball   and   Socket  Joint    Used   for   30-ln.    Submerged    Steel    Pipe 
Line  at  Portland,  Oregon. 

The  pipe,  after  it  was  laid,  was  tested  in  a 
manner  similar  to  that  adopted  for  the  28- 
in.  line  in  1894.  The  results  secured  did  not 
indicate  that  the  pipe  was  absolutely  tight, 
but  they  were  accepted  at  the  time  as  being 
the  best  that  could  be  obtained.  The  final  test, 
under  a  pressure  of  from  170  to  180  lbs., 
showed  a  leakage  of  approximately  7  gals. 
per  minute,  or  10,080  gals,  per  day,  or  about 
8  gals,  per  lineal  foot  of  joint,  per  day,  under 
the  pressures  noted,  which  are  approximately 

50  per  cent  in  excess  of  the  normal  w'orking 
pressure. 
The  location  selected  for  this  pipe  was 

parallel  to  and  approximately  10  ft.  from  the 
28-in.  line,  until  the  harbor  line  was  reached 
on  each  side  of  the  river.  The  line  was  then 
deflected    southward,    or    upstream,     until     a 

depth  of  30  ft.  or  more  below  low  water  for 
the  entire  distance  between  harbor  lines.  The 

matter  was  compromised,  therefore,  by  plac- 
ing the  pipe  grade  so  as  to  permit  of  dredg- 
ing a  channel  at  least  IC  ft.  in  depth  at  all 

points  within  the  harbor  limits.  This  required 
dredging  in  places  to  a  depth  of  from  12  to 
14  ft.  with  at  least  an  8-ft.  trench  at  all  points. 
The  original  pipe  line  (the  28-in.)  was  laid 
on  a  grade  established  as  just  described,  and 
the  second  pipe  (the  24-in.)  also  conformed 
to  the  same  grade,  as  nearly  as  practicable. 

For  each  of  the  pipe  lines  heretofore  men- 
tioned the  flexible-joint  portion  was  a  little 

more  than  2,000  ft.  in  length  (2,006  ft.  for 
the  28-in,  and  2,041.6  ft.  for  the  24-in.  line). 
This  length  covered  the  distance  from  river 
bank    to   river   bank    and     reaching    a    point 

hers  being  2,706  ft.,  and  the  approximate  dis- 
tance between  harbor  lines  bemg  l,33.j   ft. 

Ke/>air  of  2S-in.  Line, — As  has  been  stated, 
the  28-in.  line  was  completed  in  1894  and  the 
24-in.  line  in  1898.  It  was  then  thought  that 
the  double  line  w'ould  provide  amply  for  all 
the  needs  of  the  West  Side  District  for  a 
long  term  of  years,  and  that,  by  means  of  the 
two  lines,  the  possibility  of  any  interruption 
to  the  supply  was  practically  eliminated.  In 
fact,  such  a  feeling  of  security  existed  for 
more  than  nine  years,  or  until  a  sudden  break 
in  the  28-in.  line  caused  all  dreams  of  security 
to  vanish. 

The  break  in  this  main  was  discovered  early 
on  the  morning  of  April  10,  1909,  when  it  was 
found  that  the  water  had  been  falling  in  the 
City  Park  Reservoir,  No.  3,  which  was  then 
being  supplied  through  the  broken  main.  Not 
being  able  to  find  any  trace  of  a  leak  along 
the  street  mains  leading  to  the  river,  the  at- 

tention of  the  inspectors  was  turned  to  the 
submerged  pipe  crossing.  Signs  were  then 
discovered  of  an  under-water  break  at  a  point 
near  the  east  shore  and  about  100  ft.  back 
from  the  established  harbor  line,  then  built 
up  with  a  dock  owned  and  operated  as  a  part 
of  the  terminal  system  of  the  Oregon  Water 
Power  and  Railway  Co.,  then  operating  a 
short  line  of  railway  leading  from  Portland 
to  the  valley  of  the  Clackamas,  a  distance  of 
about  40  miles. 

It  was  impossible  at  first  to  tell  in  which 

line  the  break  had_  occurred,  as  both  the  28-in. 
and  the  24-in.  lines  were  in  service  at  the 
time.  Therefore  it  became  necessary  to  shut 
the  gates  at  each  end  of  first  one  and  then 
the  other  of  the  two  submerged  pipes,  in  order 
to  see  if  the  pressure  on  the  main  would 

come  up  again  and  the  flow  become  re-estab- lished. 

The  first  trial  did  not  prove  successful,  the 
foreman  in  charge,  in  opening  the  gate  that 
had  just  been  closed  and  in  closing  those  on 
the  other  line,  became  confused,  in  the  haste 
and  excitement  of  the  moment,  with  the  re- 

sult that  one  of  the  gates  shutting  off  the 
broken  section  was  not  fully  closed,  the  ef- 

fect being  still  to  allow  so  much  water  to 
escape  as  to  hold  down  the  pressure   far  be- 

Fig.  2.    Detail  of  Pipe  Laying  Cradle  Used  in  Laying   Submerged    Pipe    Under   Willamette    River.    Portland,  Oregon. 

point  was  reached  100  ft.  fr.mi  the  28-in.  line, 
which  it  paralleled  for  the  remaining  distance. 
The  profile  of  the  original  line  shows  a  22 

to  24-ft.  channel,  100  ft.  or  more  in  width, 
near  the  west  shore,  and,  for  the  larger  part 
of  the  distance  thence  to  the  east  harbor  line^ 
the  low-water  depth  did  not  exceed  12  to  16 
ft.  In  establishing  the  grade  for  the  original 
line,  it  was  decided  first  to  place  the  pipe  in 
an   open   trench   dredged   to   a   depth   of   8   ft. 

where  the  grade  of  the  pipe  trench 
was  above  low-water  level  in  the  river. 
For  several  hundred  feet  additional  on 
each  side  of  the  river,  standard  cast  iron 

pipe  was  laid  to  a  connection  with  a  con- 
crete gate-chamber,  where  the  two  pipes  were 

united  with  one  32-in.  line  forming  a  section 
of  the  main  Bull  Run  Conduit  for  the  supply 
of  the  West  Portland  District,  the  total  dis- 

tance between   the   east  and   west  gate-cham- 

low    normal.      The     conclusion     immediately 
reached  was  that  both  pipes  were  broken. 
No  sooner  was  this  condition  reported  to 

the  Superintendent  than  he  at  once  made  ar- 
rangements for  starting  the  pumps  at  the 

Palatine  Hill  Pumping  Station,  in  order  to 

supply  the  West  Side  District,  the  entire  west 
side  storage  at  that  time  being  only  about 

35,000,000  gals,  or  approximately  two  days' 
supply  available  for  all  points.     The  Palatine 
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pumps  were  started  at  about  10  a.  m.  on  April 
11,  for  the  first  time  since  they  were  shut 
down  on  Jan.  2,  1895. 
The  pumping  of  Willamette  River  water 

into  the  city  mains  in  the  West  Side  District, 
as  was  done  during  three  days  (April  11  to 
13,  inclusive),  was  unfortunate,  and,  as  it 
proved,  entirely  unnecessary,  for,  when  the 
broken  pipe  was  so  nearly  uncovered  that  one 
pipe  could  be  distinguished  from  the  other, 
the  true  condition  of  affairs  was  discovered, 

namely,  that  the  28-in.  pipe  was  the  only  line 
broken. 

Fortunately,  no  harm  came  from  the  in- 
fusion of  Willamette  River  water  into  the 

city  mains,  although  at  one  time  it  was  feared 
that  a  typhoid  epidemic  might  result.  On  the 
renewal  of  the  Bull  Run  gravity  supply,  the 
pumps  were  shut  down,  tTie  reservoirs  and 
distribution  mains  were  promptly  flushed,  and 
no  unusual  sickness  was  reported. 
The  cause  of  the  break,  so  far  as  condi- 

tions have  been  diagnosed,  was  no  doubt  due 
to  the  strain  caused  by  an  unequal  settlement 
of  the  pipe  brought  about  by  a  gravel  fill, 
16  ft.  or  more  in  depth,  which  had  been  de- 

posited over  the  pipe  by  the  owners  of  the 
adjoining  property.  The  pipe  line  right  of 
way  at  this  point  was  only  30  ft.  in  width.  The 
railway  company  owning  the  property  on  each 
side  used  a  suction  dredge  to  fill  in  its  prop- 

uncovered  sufficiently  to  admit  of  e.xamma- 
tion  bv  a  diver,  it  was  found  that  one  of  the 
lo-ft.  8-in.  lengths  of  the  28-in.  cast  iron  pipe 

had  been  fractured  diagonally,  the  break  be- 
ing about  12  ft.  in  length  and  extending  from 

a  point  within  a  few  inches  of  one  bell  joint 
for  about  three-fourths  of  the  full  length  of 
the  pipe  section,  and  crossing  the  pipe  from 
one  side  to  the  other,  leaving  a  point  about 
1  ft.  in  width  at  the  end  of  each  fragment. 
These  two  pieces  were  separated  about  3  ft. 
by  the  force  of  the  jet  at  the  time  the  break 

o'curred,  the  pressure  at  this  point  being  about loO  lbs.  per  square  inch. 
In  no  case  were  the  balls  injured,  but  the 

fracture  came  so  near  to  them  that  it  was 
not  possible  to  use  a  band  or  sleeve  that  did 
not  cover  the  entire  length  of  the  fractured 
pipe,  together  with  a  ball  at  each  end. 
When  the  condition  of  the  pipe  was  ascer- 

tained, the  engineer  reported  the  facts  to  the 
Water  Board  and  suggested  a  possible  method 
of  repair.  In  view  of  the  proximity  of  the 
28-in.  to  the  24-in,  pipe  at  the  point  where 
the  break  occurred,  and  the  necessity  for  se- 

curing a  continuous  supply  for  the  West  Side 
without  danger  of  interruption  through  the 
failure  of  the  24-in.  line,  the  engineer  decided 
that  the  safest  plan  would  be  to  uncover  the 
28-in.  line  in  the  river  at  a  point  about  100 
ft.    from    the    east   harbor    line    (the   distance 
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Fig.   3.      Detail    of   All-Steel    Split   Sleeve   for    Repairing    28-in.    Submerged    Cast    Iron    Pipe, 
Portland,   Oregon. 

erty  between  the  shore  and  the  harbor  line. 
This  was  done  at  the  time  of  the  June  high 
water,  when  the  entire  tract  was  submerged. 
The  dredged  material  was  deposited  at  some 
little  distance  from  the  city  property,  but  when 
the  freshet  had  subsided  it  was  found  that 
the  filled  material  had  taken  a  very  flat  slope 
under  water,  and  had  actually  buried  the  sub- 

merged pipes  to  a  considerable  depth.  In  the 
paper  by  Messrs.  Franklin  and  Albert  S. 

Riffle  is  noted  the  fact  that  "On  the  east  side 
the  bed  of  the  river  consisted  of  boulders  ana 

hard  pan  firmly  cemented  together,"  and  it 
was  at  the  point  where  this  material  was  en- 

countered in  the  pipe  trench  that  the  break 
occurred,  presumably  caused,  as  has  been  sug- 

gested, by  the  pipe  not  having  a  uniform  bear- 
ing on  the  trench  bottom,  and  hence  being  un- 

equally loaded  by  the  weight  of  the  increased 
depth  of  fill. 

It  was  the  removal  of  the  overlying  deposit 
of  sand  and  gravel  which  was  largely  respon- 

sible for  the  delay  in  uncovering  and  repair- 
ing the  broken  pipe,  which  was  not  completed 

until  Oct.  11. 

At  first  a  clam-shell  dredge  was  used  in 
the  removal  of  this  material,  but,  later,  a  suc- 

tion dredge  produced  more  satisfactory  re- 
sults, the  flat  slope  taken  by  this  material  un- 

der water  greatly  increasing  the  volume  of 
the  excavation  required.     When  the  pipe  was 

between  the  two  pipes  being  approximately 
75  ft.),  and  there,  by  means  of  the  diver,  make 
an  under-water  connection  with  the  main  and 
lay  a  new  main  thence  to  the  east  shore  of 
the  river,  where  a  junction  could  be  made 
with  the  old  line  above  water  level. 

This  would  have  required  about  400  ft.  of 
new  pipe,  which  could  have  been  quickly  made 
of  steel  plates  in  local  shops,  and  could  have 
been  laid  from  a  platform  along  the  north  line 
of  the  pipe  line  tract.  The  only  work  in  con- 

nection therewith  requiring  the  services  of 
a  diver  would  have  been  the  making  of  the 
joint  \vitli  the  old  main  in  front  of  the  har- 

bor line.  It  was  planned  so  that  the  use  of 
three  or  four  joints  would  have  been  suflncient 
for  laying  that  portion  of  the  pipe  which 
would  have  been  below  water  level.  The  es- 

timated cost  of  this  work  was  approximately 

$9,500. The  foregoing  did  not  meet  with  the  ap- 
proval of  the  Water  Board,  owing  largely  to 

the  cost,  and  it  was  therefore  abandoned  for 
the  plan  of  constructing  a  split  sleeve  and 
encasing  a  full  length  of  the  broken  pipe  in 
its  original  bed,  including  a  flexible  joint  at 
each  end,  the  divers  giving  assurances  that 
they  could  make  the  necessary  joints  under water. 

Owing  to  the  fact  that  at  the  point  where 
the  break  occurred  the  two  pipes   were  near 

to  one  another  (approximately  only  2  ft.  be- 
tween them  for  a  short  distance)  and  that  the 

broken  pipe  was  also  about  2  ft.  lower  than 
the  24-in.  steel  pipe  which  must  be  kept  in 
service,  it  was  determined  that,  prior  .to  un- 

dertaking the  repair  work,  and  in  order  to 
protect  the  24-in.  main  thoroughly,  a  row  of 
timber  sheet-piling  should  be  driven  between 
the  two  pipes,  so  as  to  avoid  any  danger  of 
undermining  the  steel  main  by  the  e.xcavation 
for  the  broken  pipe.  The  pressure  on  this 
main  being  approximately  150  lbs.  at  the  bed 
of  the  river,  it  was  decided  to  reduce  this 
considerably  before  the  piles  were  driven. 
This  was  done  by  shutting  down  the  flow  dur- 

ing the  day,  when  the  work  of  pile-driving 
was  in  progress,  and  turning  it  on  again  at 
night  in  order  to  maintain  the  supply  in  the 
City  Park  Reservoirs.  One  hundred  and  ten 

9  by  12-in.  "Wakefield"  piles  were  driven, 
which  occupied  5  days,  and  on  the  completion 
of  this  work,  the  additional  dredging  required 
to  expose  the  28-in.  line  fully  was  undertaken. 

Preparatory  to  placing  the  split  sleeve  de- 
signed for  this  purpose.  Fig.  3,  the  ends  of 

the  broken  pipe  were  lifted  partly  from  the 
position  in  which  they  were  found,  and  also 
moved  horizontally  a  short  distance  from  the 
sheet-piling  in  order  to  give  room  for  the 
sleeve.  The  fractured  ends  of  the  pipe  were 
drawn  together  as  closely  as  possible  and  then 
wired  in  place  and  afterward  wrapped  in  heavy 
tarred  canvas,  securely  fastened,  the  object 
of  the  latter  being  to  prevent  the  cement 

grouting  placed  inside  the  sleeve  from  gain- 
ing admission  to  the  interior  of  the  pipe. 

.  The  sleeve  was  designed  to  be  built  of  riv- 
eted steel  plates,  of  sufficient  diameter  and 

length  to  take  in  an  entire  length  of  the  pipe, 
with  a  flexible  joint  at  each  end.  This  meant 
that  the  main  barrel  of  the  sleeve  must  be 
about  4  ft.  in  diameter  and  10  ft.  long,  with 
a  reducer  at  each  end.  diminishing  from  4  ft. 
to  a  diameter  of  about  32  ins.  at  each  end  in 

a  distance  of  about  3  ft.,  thus  fitting  the  out- 
side of  the  28-in.  pipe,  making  the  extreme 

length  over  all  22  ft. 
A  contract  for  the  construction  of  this 

sleeve  was  awarded  to  the  Moran  Company 

for  $1,026.50,  and  it  was  placed  by  depart- 
ment forces.  The  weight  of  the  sleeve  was 

14,100  lbs. 

The  progress  of  the  work  was  delayed  by 
the  high  stage  of  water  due  to  the  June  flood 
in  the  Columbia  River,  and  time  was  also  re- 

quired to  secure  the  necessary  materials  and 
manufacture  the  sleeve.  The  sleeve  was  not 
received  until  Sept.  8,  but  the  placing  of  it 
was  commenced  immediately  thereafter.  The 
work  of  placing  the  sleeve,  caulking  the  joints, 

testing  the  pipe,  and  grouting  the  space  be- 
tween the  sleeve  and  the  pipe  occupied  the 

time  from  Sept.  8  to  Oct.  11,  and  on  Oct.  12 
the  main  was  reported  as  being  again  ready 
for  service. 

For  the  longitudinal  seams  rubber  packing 
was  used,  but  the  end  joints  were  caulked 
with  lead  wool,  or  shredded  lead,  which  was 
held  in  place  by  a  steef  ring  fitting  closely 
around  the  pipe  and  bolted  to  the  sleeve. 

In  making  the  test  for  leakage,  the  small 
force  pump  used  in  testing  the  pipe  could 
not  raise  the  pressure  to  more  than  40  lbs. 
per  square  inch  and  maintain  it  in  the  full 
length  of  the  river  crossing,  the  estimated 

leakage  being  at  the  rate  of  llQ.-'iOO  gals,  per dav  on  the  entire  line  between  the  gates,  a 
distance  of  2,706  ft.  In  February.  1910,  it 
was  again  tested,  and  the  leakage  was  noted 

as  .38,000  gals,  in  24  hours ;  a  third  test,  in  De- 
cember, 1911,  shows  a  decrease  to  25,000  gals, 

per  day  under  normal  working  pressure. 
When  first  tested,  no  leakage  could  be  ob- 

served through  the  joints  of  the  sleeve,  and 
the  matter  was  allowed  to  rest,  as  it  was  not 

considered  of  sufficient  importance  to  war- 
rant further  investigation  and  expense. 

It  cannot  be  claimed  that  this  work  was 
done  at  small  expense,  or  in  an  especially 
economical  manner,  the  exigencies  of  the  case 
demanding  all  possible  speed  without  undue 
regard  to  cost. 
The  work  of  uncovering  the  pipe  was  de- 

layed on  account  of  its  proximity  to  the  rail- 
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way  dock,  a  section  of  which  had  to  be  taken 
out  in   order   to  admit   the  dredges;   and,   be- 

sides,  it   was    necessary   to   exercise   care   not 
to  injure  the  pipe  during  the  dredging  opera- 

tions.    The  cost  data  follow: 

The   dredges  were  engaged  by  the  day, 
and  the  total  cost  for  them,  including 
towage    and    removal    of    docks,    etc., 
amounted    to      $2,850.00 

The  split  sleeve  cost,  f.  o.  b.,  Portland..  1,026.50 
Placing  and  grouting  the  sleeve,  includ- 

ing the  sheet-piling-  and  timber  plat- 
form,  cost       3,138.00 

For  the  services  of  divers,  who  were 
in  constant  attendance  while  the  pipe 
was  being  uncovered  and  the  sleeve 
was  being  put  in  place,  the  allowance 
was       2,250.00 

The  total  cost  of  the  repairs,  including 
the  items  just  mentioned  and  inci- 

dental expenses,  was   $10,750.00 

Lowering  the  Pipes. — As  already  stated,  the 
grade  for  the  first  pipes  laid  was  established 
so  as  to  provide  for  an  available  channel 
depth  of  only  16  ft.  over  the  central  portion 
of  the  upper  harbor.  It  was  not  then  antici- 

pated that  the  development  of  the  manufac- 
turing and  shipping  interests  in  the  southern 

part  of  the  city  would  demand  increased  fa- 
cilities so  quickly. 

As  early  as  1902,  a  demand  was  made  on 

the  Water  Committee  for  the  low-ering  of  the 
central  portion  of  the  two  pipes,  in  order  to 
admit  of  a  channel  being  dredged  on  a  di- 

rect line  from  the  draw-span  of  the  Haw- 
thorne Avenue  Bridge  to  the  Inman-Poulsen 

Co.  mill — a  large  lumber  manufacturing  plant 
on  the  east  side.  Complaints  and  demands 
of  a  similar  character  were  made  nearly  every 
season  thereafter,  but  no  action  was  taken 
thereon,  except  to  call  on  the  engineer  for 
reports   and   estimates  of   cost. 

In  1911  it  finally  became  manifest  that  the 
shipping  interests  in  the  upper  harbor  would 
soon  require  improved  facilities,  and  it  w-as 
also  learned  that  the  plans  of  the  Port  of 
Portland  and  the  United  States  Government 
engineers  called  for  a  30-ft.  channel  in  the 
upper  harbor  above  the  Hawthorne  Bridge, 
it  being  claimed  that  this  would  suffice  for 
the  future  needs  of  the  port  in  that  direction, 
regardless  of  the  depths  that  will  ultimately 
be  required  in  the  lower  Willamette  and  Co- 

lumbian Rivers,  where  even  now  a  40-ft.  chan- 
nel is  dreamed  of  and  talked  about  by  the 

commercial  bodies  of  the  city  and  state  as 
among  the  possibilities  of  the  next  few  years. 

Investigations  and  studies  undertaken  in 
connection  with  this  work  developed  the  fact 
that  to  lower  the  two  submerged  pipes  so  as 
to  give  a  30-ft.  depth  at  low-water  stage  \vould 
practically  necessitate  the  lowering  of  the 
pipes  for  the  entire  distance  between  harbor 

lines,  approximately  1,3.35-  ft.,  together  with 
an  additional  distance  at  each  end  to  provide 
for  the  approaches  to  the  lower  level,  or  a  to- 

tal of  at  least  l.oOO  ft.  This  would  involve  a 
large  quantity  of  dredging,  in  addition  to  the 
adjustment  of  the  pipes  in  the  new  trench. 
The  first  plan  prepared  called  for  the  con- 

struction of  a  series  of  pile  bents  of  two 
piles  each,  with  timber  caps  and  ties,  placed 
at  intervals  equal  to  one  pipe  length,  from 
which  the  pipe  could  be  suspended  by  slings, 
and  rods  with  threads  of  sufficient  length  to 
permit  the  pipe  to  be  lowered  into  the  new 
position  after  the  supporting  earth  had  been 
removed  and  the  new  trench  excavated.  It 
was  thought  that  the  necessary  excavation 
could  be  made  from  the  side  of  the  pipe  with 
a  suction  dredge  which  could  be  manipulated 
so  as  to  undermine  the  pipe  gradually  and 
admit  of  lowering  it. 

This  plan  was  abandoned  later,  owing,  in 
part,  to  the  difficulty  in  handling  the  dredged 

material  -which  had  to  be  barged  away  and 
disposed  of  outside  of  the  river  channel. 

The  method  finally  adopted  called  for  tak- 
ing up  the  two  pipes  and,  after  making  neces- 

sary repairs,  relaying  them  in  the  trench  ex- 
cavated to  the  required  level,  as  described 

later. 

SO-hi.  Line. — After  considering  the  difficul- 
ties attending  the  lowering  of  the  two  pipes 

and  the  danger  of  breaking  one  or  both  of 
them,  and  the  consequent  interruption  of  the 

supply  for  the  entire  West  Side,  or  main  busi- 
ness district  of  the  city,  the  Water  Board  de- 

cided that,  in  the  interests  of  safety,  a  new 
and  entirely  separate  submerged  pipe  line 
should  be  laid  in  advance  of  any  work  which 
might  in  any  manner  disturb  the  two  pipes 
then  in  use.  Plans  and  specifications  w^ere 
therefore  prepared  by  the  office  staff  calling 
for  a  30-in.  line  crossing  the  river  at  the  foot 
of  Clay  St.,  or  approximately  GOO  ft.  distant 
from  the  two  pipes  already  in  use. 
The  new  line  was  planned  to  leave  the  32-in. 

supply  main  at  a  point  about  400  ft.  east  of 
the  original  East  Side  gate-chamber  at  Third 
and  Stephens  St.,  and  to  connect  again  with 
the  32-in.  main  at  the  West  Side  gate-cham- 

ber at  Water  and  Mill  Sts. 

This  plan  called  for  4,312.6  ft.  of  entirely 
new  pipe.  Of  this,  2,265.6  ft.  on  the  east  and 
west  sides  were  to  be  standard,  30-in.,  cast- 

iron  pipe.  Class  "F,"  New  England  Water 
Works  Association  specifications,  and  the  re- 

maining 2,047  ft.  were  to  be  30-in.,  lap-welded, 
galvanized  and  asphalted  steel  pipe,  of  7/16-in. 
plate  with  flange  joints.  Inserted  in  the  steel 

m^ain.  at  intervals  of  about  40  ft.,  were  placed 
27  flexible  joints  of  cast  iron  of  the  type 
shown  in   Fig.  1. 

The  grade  established  for  the  pipe  trench 
between  the  harbor  lines  was  .38  ft.  below  low- 
water  level,  which  provided  for  a  3  to  4-ft. 

cover  over  the  top  of  the  pipe,  -ivith  a  30-ft. 
depth  of  channel,  as  called  for  bv  the  plans 

of  the  Port  of  Portland  and  the'  U.  S.  En- gineers. This  work  was  commenced  in  Aug- 
ust, 1910,  and  completed  in  March,  1911. 

and   asphalted   pipe   was   purchased    from   the 
National  Tube  Co.  (2,200  ft.)  at  $14  per  foot. 

The  contract  for  laying  the  pipe  and  making 
the  joints  was  awarded  to  Robert  Wakefield 

TABLE  I.— COST  OF  LAYING  30-IN.  CAST 
IRON  AND  STEEL  PIPE  AT  PORT- 

LAND, OREGON. 

Trench     excavation,     5,705    cu.    vds.    at 
$0.90      $5,134.50 

Cast    iron    pipe    in    place,    2,265.6    ft.    at 
$11.10       25,148.16 

Steel    pipe,    with    flexible    Joints,    laid, 
2,047   lin.   ft.    at  $4.50       9,211.50 

Ball-and-socket  Joints    (only   27   used), 
30    at   $345     10,350.00 

Port     of    Portland     dredge,     estimated 
cost  of  102.655  cu.  yds     16,160.14 

Pacific   Bridge   Co.'s  dredge,   estimated 
cost  of  29,700   cu.   vds       4,158.00 

Valves,  30-in.,  4  at  $590       2,360.00 
Concrete,  in  two-gate  chambers,  59  cu. 

yds.   at   $12          708.00 
Specials,   43,962  lbs.  at  6  cts       2,637.72 
Extras — Labor  and  materials,  dock  re- 

pairs,    etc    10.197.84 
Steel  pipe  used,  2,047  ft    28,658.00 

Total      $114,723.86 
Summary  of  total  costs: 

Steel  pipe    $  29,135 
Dredging          20,318 
Cast  iron  pipe  and  pipe  laying       65,747 
Labor   and    engineerirg         4,808 

Total      $120,008 
Original   estimate     125,000 

and  Co.,  of  Portland,  for  the  prices  given  in Table  I. 

On  the  completion   of   the  work,  the  pipes, 

FLANGES  ON  BALL  AND  SOCKET  JOINTS.  ,'\,.„,-. 
MaieFlarie  Female  Maoje 

Fig.    4.      Details    of    Flanges    Used    on    24-in.   Submerged    Steel    Pipe    at    Portland,    Oregon. 

The  dredging  of  the  trench  for  this  main 
was  commenced  by  one  of  the  suction  dredges 
operated  by  the  Port  of  Portland  Commission, 

at  a  rental  of  $250  per  day.  The  -ivork  with 
this  dredge  was  soon  discontinued,  however, 
as  it  was  needed  for  channel  work  at  another 
point,  and  the  dredging  was  completed  with 
the  dipper-dredge  owned  by  the  Pacific  Bridge 
Co.,  this  Company  being  in  a  position  to 
utilize  the  dredged  material  for  filling  pur- 

poses in  a  nearby  district. 
The  30-in.,  standard,  cast  iron  pipe  used 

for  the  shore  connections  was  manufactured 

by  the  Oregon  Iron  and  Steel  Co.,  at  its  foun- 
dry near  Portland,  the  price,  in  place,  being 

$11.10  per  foot. 
The  flexible  joints  were  made  by  the  John 

Wood  Iron  Works,  of  Portland,  from  plans 
furnished  by  the  Water  Department,  for  $345 
each.    The  30-in..  lap-welded  steel,  galvanized 

including  the  standard  cast  iron  and  flexible- 
joint  steel  pipe,  were  tested  to  175  lbs.  per 
square  inch  and  the  leakage  under  the  normal 
pressure  of  150  lbs.  was  found  to  be  ap- 

proximately 30,000  gals,  per  day. 
Having  become  satisfied  that  this  loss  was 

from  no  one  leak  of  special  size,  but  rather 
from  a  number  of  small  leaks,  no  attempt 
was  made  to  check  them.  It  may  be  stated 
that  the  last  test  was  made  on  Sept.  28.  1912, 
when  the  seepage  loss  was  at  the  rate  of  5,000 
gals,  per  day — a  decrease  of  25,000  gals,  per 
day  from  that  which  occurred  shortly  after 
the  main  was  laid. 

Lowering  of  2i-Inch  Line. — Soon  after  the 
completion  of  the  new  line,  in  1911,  a  re- 

newed application  was  made  by  the  milling 
interests  and  the  Port  of  Portland  Commis- 

sion, for  the  removal  of  the  original  sub- 
merged pipe  lines,  which  were  claimed  to  be 



Engineering   and    Contracting 
Vol.  XLII.    No.  24. 

a  serious  obstruction  to  navigation  in  the 
upper  harbor. 
An  attempt  was  made  to  induce  the  Port  of 

Portland  Commission  to  share  in  the  expense 

of  this  work,  at  least  to  the  extent  of  con- 
tributing the  use  of  its  dredges  for  the  re- 

moval of  the  material  which  it  would  be 
necessary  to  excavate  to  uncover  the  pipe  and 
prepare  the  new  trench  at  a  lower  level,  but 
the  inability  of  the  Water  Department  to 
secure  a  satisfactory  dumping  ground  pre- 

vented the  consummation  of  the  arrangement 
finally  agreed  upon,  namely,  that  the  Port  of 
Portland  would  deduct  from  the  sum  due  for 
the  use  of  its  dredges  (at  $350  per  day)  a 
sum  sufficient  to  cover  the  cost  of  dredgmg  a 
channel  300  ft.  wide  at  the  submerged  pipe 
crossing  a  distance  of  100  to  200  ft.  on  the  line 
which  had  been  planned,  extending  from  the 
draw-span  toward  the  upper  river  channel. 
This  comprised  a  very  small  part  of  the  total 
work  required  for  this  channel,  which  had 
been  laid  out  in  such  a  position  as  to  oblige 

the  city  to  lower  its  pipes  for  the  entire  dis- 
tance between  harbor  lines,  the  natural  deep- 

water  channel  near  the  west  harbor  line  hav- 
ing been  entirely  ignored. 

The  conclusion  of  the  whole  matter  was  a 
decision  of  the  Water  Board  to  advertise  for 
bids  for  the  entire  work,  independent  of  any 
promise  or  expectation  of  aid  from  any 
source.  It  was  furthermore  decided  to  ask 

for  proposals,  on  a  unit  basis,  for  the  neces- 
sary dredging  and  the  disposal  of  the  dredged 

material ;  for  uncovering  and  taking  up  both 
the  28-  and  24-in.  pipes ;  and  for  relaying  the 
24-in.  pipe  only — the  28-in.  pipe  to  be  stored 
for  future  use  at  some  other  crossing. 

It  was  deemed  that  the  two  steel  pipes,  30 
and  24  ins.  in  diameter,  respectively,  would 
provide  an  ample  supply  for  the  West  Side 
District,  the  estimated  capacity  of  the  two 
pipes  being  nearly  40  per  cent  in  excess  of 
that  of  the  32-in,  line  forming  the  shore  ends 
of  the  submerged  pipes  and  connected  with 
the  city  reservoirs,  and  therefore  the  relaying 
of  the  28-in.  cast  iron  main  would  not  be 

necessary  or  advisable  under  the  circum- 
stances. 

Proposals  were  invited  for  doing  the  work 
on  a  unit  basis,  but  a  contract  was  finally 
awarded  to  Mr.  A.  C.  U.  Berry,  of  Portland, 
for  the  lump  sum  of  $(i9,400,  this  being  a  con- 

siderable reduction  from  the  unit  prices  bid, 
and    to    include    the    necessary    dredging    and 

the  disposal  o'f  the  material ;  the  takmg  up 
and  relaying  of  the  24-in.  line;  and  the  takmg 

up  of  the  28-in.  hne.  All  nt-ccssary  repairs  to 
the  24-in.  line  before  relaying  were  to  be  done 

by  force  account  (actual  cost  plus  10  per cent). 

The  actual  cost  of  this  work  to  the  depart- 
ment, as  shown  by  the  final  estimate,  equals 

$80,78.j,  divided  as  follows : 

85,000  cu.  yds.  sand  and  gravel  dredging. . 
6,0(i0  cu.    yds.    shore   excavation   
1,725  ft.  24-in.  steel  pipe  removed   
1,630ft.   2S-in.   cast  iron  pipe,   removed.. 1,714  ft.    24-in.    steel    pipe,    relaJd   ,ca  jnn 

Agreed  price   for  above  items   $by,4UU 
Extras,  at  cost  plus  10%  profit — Repairs 

to  49  ball  and  socket  joints  for  24-in. 
pipe,     including     cleaning,      machinmg, 
testing,    painting,    etc         3,438 

Repairs  to  1,714  ft.  of  24-in.  pipe,  includ- ing cleaning,  painting,  repair  of  flanges, 
testing,  etc.,  togetlier  with  SOS  lin.  ft. 
of    new    riveted    steel    pipe,     24-in.,    at 
$5.15    per    ft         S.45| 

Miscellaneous   extras          ■"* 

?S1,774 Deduct  for  breakage  of  pipe  by  con- 
tractor, and  for  minor  supplies  fur- 

nished  by  city    989 

Net  amount  of  coi.tract   $S0,7S5 

The  test  of  the  24-in.  line,  since  relaying  in 

new  position,  compares  favorably  with  the 
original  tests  when  the  pipe  was  first  laid,  in 
1898,  the  maximum  leakage  being  2,100  gals, 
per  day. 

The  28-in.  pipe,  completed  in  1894,  was  built 
under  the  direction  of  the  late  Col.  Isaac  W. 

Smith,  Chief  Engineer  of  the  Water  Com- 
mittee, Emery  Oliver,  being  the  Assistant 

Engineer  in  immediate  charge  of  the  work 
for  the  city.  The  flexible  joints  used  for  the 
24-in.  line,  completed  in  1898,  were  designed 

by  the  late  J.  A.  Lesourd,  mechanical  engi- 
neer, of  Portland,  W.  W.  Ambum,  M.  Am. 

Soc.  C.  E.,  was  the  Assistant  in  charge  of 
the  dredging  and  pipe,  laying.  The  joints  used 
for  the  30-in.  line,  built  in  1911,  were  made 
from  plans  prepared  by  W.  R.  Phillips,  M. 
Am.  Soc.  C.  E.,  also  of  Portland.  The  laying 
of  the  30-in,  line  was  under  the  direction  of 
F.  M.  Randlett,  Assoc.  M,  Am.  Soc.  C.  E., 
Assistant  Engineer,  Water  Department;  and 
the  taking  up  of  the  two  pipes  in  1913,  and 
the  relaying  of  one  of  them,  was  also  under, 
the  direction  of  Mr.  Randlett  with  B.  S.  Mor- 

row, Assoc.  M.  Am.  Soc.  C  E.,  Assistant  in 
immediate  charge  of  the  work. 

The  writer  was  also  connected  with  the 
work  described,  first  as  Principal  Assistant 
Engineer  in  charge  of  pipe  lines  for  the  Bull 
Run  gravity  supply,  completed  in  1894,  and 
since  1897  as  Engineer  in  charge  of  all  con- 

struction operations  for  the  Portland  Water 
Department,  now  organized  as  the  Bureau  of 
Water,  Department  of  Public  Utilities,  Will 
H.  Daly,  Commissioner  in  Charge. 

Since  the  foregoing  was  prepared  the  writer 
has  read  the  able  and  instructive  article  on 
Flexible  Joints  for  Submerged  Pipe  Lines 
(Engineering  &  Contracting,  April  1.5,  1914) 
by  the  late  Emil  Kuichling,  M.  Am.  Soc.  C.  E., 
who  made  an  exhaustive  study  of  the  sub- 

ject, and  by  his  presentation  of  the  matter 
placed  the  profession  under  obligations.  The 
data  he  gathered  regarding  the  several  types 
of  flexible  joints  heretofore  in  use,  and  his 
conclusions  drawn  therefrom,  form  a  valuable 
relerence  for  all  who  may  hereafter  have 
occasion   for  investigation  along  similar  lines. 

Reduction  in  Virginia  Pig  Iron  Rates  to 

New  England  and  Middle  Atlantic  States. — 
The  Interstate  Commerce  Commission  on 

July  9  ordered  a  reduction  in  pig-iron  rates 
from  Virginia  to  points  in  New  England  and 
the  Middle  Atlantic  States.  The  decision  was 
in  the  case  of  the  Lowmoor  Iron  Company, 
et  al.,  versus  the  Chesapeake  &  Ohio  Railroad, 
et  al.  The  commission  finds  that  the  pig-iron 
rates  for  Virginia  furnaces  to  the  districts 
named  are  unreasonably  high  as  compared 
with  rates  quoted  to  producers  of  pig  iron  at 
competing  points  in  Pennsylvania  and  New 
York.  New  tariffs  were  ordered  in  effect  as 
of  August  15  reducing  the  rate  to  Baltimore 
from  $2,45  a  ton  to  $2.25;  the  Philadelphia 
rate  from  $3  to  $2.75;  the  New  York  rate 
from  $3.95  to  $3  and  the  Boston  rate  from 
$3.75  to  3.25.  In  the  original  petition  the  rates 
complained  of  were  called  excessive  because 
of  the  large  proportion  demanded  and  re- 

ceived by  the  Pennsylvania  Railroad.  As  the 
complainants  alleged,  a  comparison  of  rates 

from  different  districts  indicated  that  "gen- 
erally speaking  the  rates  from  Virginia  fur- 

nace to  destinations  substantially  equally  dis- 
tant from  furnaces  in  Pennsylvania  and  New 

York  are  from  30  to  50  per  cent  higher."  The old  rate  frotn  Virginia  furnace  to  Boston,  for 
example,  figured  out  5.8  mills  per  ton  mile. 
From  Pittsburgh  to  Boston  it  was  4  mills; 

from  other  western  Pennsylvania  points  4,'. 
and  4,2  mills  and  from  Buffalo,  4.9  mills. 

Design,     Construction     and     Detailed 

Costs      of      the      Richelieu       River 

Bridge,  Lacolle  Junction,  Quebec. 

(Staff   Article.) 

The  renewal  under  traffic  of  the  Richelieu 
River  Bridge  at  Lacolle  Junction,  Quebec,  by 
the  Grand  Trunk  Railway  possesses  a  num- 

ber of  interesting  features.  This  bridge, 
which  spans  the  Richelieu  River,  the  northern 
outlet  of  Lake  Champlain,  originally  consisted 
of  a  180-ft.  swing  span  (providing  two  clear 
channels  of  73  ft.  each)  and  pile  trestle  ap- 

proaches, the  east  approach  having  a  length 
of  3.50  ft.  and  the  west  one  a  length  of  500 
ft.  The  center  pier  and  the  rest  piers  of 
the  old  swing  span  consisted  of  timber  cribs 
filled  with  rubble  stone  surrounding  the  sup- 

porting piles,  the  latter  being  capped  with 
timber  grillage  which  in  turn  supported  con- 

crete tops.  The  superstructure  for  the  new 
bridge  consists  of  one  250-ft.  swing  span  and 
twelve  GO-ft.  plate  girder  spans.  The  sub- 

structure consists  of  thirteen  piers,  including 
the  pivot  pier,  and  two  abutments.  In  addi- 

tion to  the  construction  of  these  piers  and 
abutments  the  renewal  of  the  bridge  required 
tht  reconstruction  of  the  old  protection  crib- 
work,  the  construction  of  wing  protection 
cribs  and  booms,  and  the  removal  of  the  old 

protection  works,  rest  piers  and  trestle.     The 
work  was  completed  in  1913. 

Part  I. 
DETAILS    OF    DESIGN     AND    CONSTRUCTIOfl. 

General  features. — Figure  2  shows  a  longi- 
tudinal section  of  the  bridge  along  the  center 

line  and  a  plan  of  the  substructure  and  pro- 
tection works.  These  drawings  indicate  the 

character  of  the  work  and  illustrate  the  gen- 
eral features  of  the  old  and  new  bridges.  It 

was  necessary  to  construct  ice  breakers  at 
short  distances  upstream,  and  to  provide  crib 
protection  works  for  the  rest  and  pivot  piers. 

Substructure. — The  new  pivot  pier  was  built 
around  the  old  pier  and  a  new  concrete  top 

constructed,  the  superstructure  being  sup- 
ported during  construction  on  steel  grillage 

lieams.  These  beams  had  for  their  support 
the  new  concrete  shell  which  surrounded  the 
old  pivot  pier.  The  open  caissons  used  in 
constructing  the  pivot  pier  and  seven  of  the 
twelve  remaining  piers,  including  the  two 
rest  piers,  had  double  walls  consisting  of 
lOxlO-in.  timbers,  the  two  parts  of  each 
wall  being  separated  by  12-in.  vertical  tim- 

bers resting  on  a  heavy  shoe.  These  caissons 
were  sunk  by  filling  the  12-in.  space  in  each 
wall  with  concrete  and  by  adding  other  loads. 
The  caissons  used  for  the  other  five  piers  were 
also  of  the  open  type,  but  they  had  single 
walls  consisting  of  lOxlO-in.  timbers.  These 
caissons  were  sunk  by  loading  them  with  rails. 

The  two  abutments  required  timber  coffer- 
dams. 

The  old  pivot  pier  consisted  of  a  timber 
crib  2C  ft.  square  and  33  ft.  high,  filled  with, 
rubble  stone,  which  surrounded  the  108  piles. 

These  piles  were  capped  with  a  timber  grill- 
age, which  was  3  ft.  below  low  water  and 

which  supported  a  concrete  top  8  ft.  high  and 
20  ft.  in  diameter.  A  timber  wall  surrounded 
the  concrete  top,  and  the  space  between  it  and 
the  crib  was  also  filled  with  rubble  stone.  As 
this  pier  was  considered  too  unstable  for  the 
loads  which  would  be  thrown  upon  it  by  the 

new  bridge,  it  was  reinforced  in  the  follow- 
ing manner : 

.A  double-wall  caisson,  38  ft.  square,  out- 
side dimensions,  built  up  of  lOxlO-in.  hori- 

zontal timbers  and  12xl2-in.  vertical  timbers 
between  the  walls  at  intervals,  was  sunk 

around  the  old  pier,  leaving  a  3-ft.  space  be- 
tween it  and  the  old  crib.  After  this  space 

was  filled  up  to  approximately  6  ft.  below 
low  w^ater  with  plain  concrete,  reinforced 
concrete  walls  were  carried  up  to  the  required 

level  to  receive  the  eleven  26-in., 'lee-lb,  I- 
beams,  on  which  the  swing  span  was  erected 
and  operated  during  the  completion  of  the 
piers.  Figure  1  gives  a  plan,  a  half  section 
showing  the  caisson  and  the  old  pivot  pier 

before  "alteration,  and  a  half  section  of  the 
completed   pivot  pier. 
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It  was  originally  intended  to  remove  the 
rubble  stone  rilling  from  the  old  crib  one 
pocket  at  a  time,  but  this  was  found  to  be 
impracticable  owing  to  the  existence  of 
fissures  in  the  slate-rock  foundation,  which 
made  unwatering  impossible.  The  stone  was, 
however,  taken  out  to  a  level  2  ft.  below  the 
old  timber  grillage.  The  old  piles,  the  tim- 

ber arrillage  and  the  concrete  top  were  left 
in  place,  except  the  upper  18  ins.  of  the  latter, 

w-hich  were  removed  by  blasting.  Instead  of 
unwatering  the   pier,   water  was  pumped  into 

differ  only  in  shape.  These  piers  are  pointed, 
both  on  the  upstream  and  downstream  ends. 
Figure  3  (a)  shows  a  half  cross  section  and 
a  half  end  elevation  of  a  typical  intermediate 
pier  and  caisson  in  which  the  double-wall 
type  of  caisson  was  used ;  Fig.  3  (b)  shows  a 
side  elevation  of  the  pier  and  caisson;  and 
Fig.  3  (c)  shows  a  plan  of  the  caisson.  Above 
elevation  70  (the  top  of  the  permanent 
caisson)  the  construction  for  all  of  these  piers 
is  alike.  The  respective  heights  of  the  seven 
piers,    from   foundation   to  base   of   rail,   are : 
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Fig.  1.     Plan,  Half  Section  of  Old  Pivot  Pier   and    Half  Section  of  Completed   Pivot  Pier  of 
Richelieu    River    Bridge. 

it  until  a  3-ft.  head  was  produced,  this  head 
being  utilized  in  forcing  a  1  ;2  grout  into 
the  voids  of  the  rubble  stone.  After  the 
voids  were  filled  the  water  was  pumped  out. 
and  the  concrete  work  was  completed  in  the 

dry,  grillage  beams  being  embedded  in  the 

coping  to  distribute  the  loads  from  the  swing 
span. 
Seven  of  the  intermediate  piers  (Nos.  4,  5, 

6,  7,  9,  10  and  11,  see  Fi'-r.  -2)  have  caisson 
foundations,  which  are  o:  similar  construc- 

tion to  that  used  for  the  pivot  pier  and  which 

Pier  No.  4,  29  ft.;  pier  No.  5,  34  ft.  6  ins.; 
pier  No.  6,  37  ft. ;  pier  No.  7,  39  ft. ;  pier  No. 
9,  41  ft.  6  ins. ;  pier  No.  10,  39  ft.  6  ins. ;  and 
pier  No.  11,  41  ft.  The  tops  of  these  concijpte 
piers  have  a  length  of  16  ft.  and  a  width  of 
9  ft.  From  the  top  of  each  pier,  at  elevation 
80..5,  down  to  elevation  72.-5  (which  is  6  ins. 
below  low  water  level)  the  downstream  face 
is  vertical,  while  the  upstream  face  is  beveled 
and  is  reinforced  with  a  l-5x%-in.  plate.  Below 
elevation  72.5  each  pier  has  a  width  of  13  ft., 

and  a  length  of  40  ft.  1%  in.    Originally  it  was 

intended  to  make  the  length  of  the  rest  piers, 
Nos.  7  and  9,  36  ft.  long  and  10  ft.  wide,  as 
shown  in  Fig.  2,  but  it  was  finally  decided  to 
make  the  dimensions  of  all  piers  requiring  dou- 

ble-wall caissons  the  same.  The  caissons  for 
these  piers  have  an  outside  width  of  15  ft.  and 
an  outside  length  of  43  ft.  The  upstream 

nose  forms  an  angle  of  90°,  while  the  down- 
stream face  makes  an  angle  of  60°.  The  out- 

side 10-in.  timber  walls  are  carried  up  to  ele- 
vation 76.0,  and  the  inside  walls  to  elevation 

70.0.  After  these  piers  were  completed  the 
outside  walls  were  removed  down  to  the  70.0. 

The  five  single-wall  caissons  (Nos.  1,  2,  3, 
12  and  13)  are  similar  in  shape  to  that  shown 
in  Fig.  3,  the  piers  for  which  these  caissons 
are  used  being  located  in  comparatively 
shallow  water.  Figure  4  shows  details  of 
these  piers  and  caissons.  The  elevation  of  the 
tops  of  these  piers  is  80.5,  while  the  elevations 
of  their  bottoms  are:  Pier  No.  1,  65.17;  Pier 
No.  2,  64.34;  Pier  No.  3,  62.66;  Pier  No.  12, 
61.83;  Pier  No.  13,  66.0.  After  these  piers 
were  built  the  caisson  walls  were  removed 
down  to  elevation  68.5. 
The  caisson  shoes  were  constructed  on  land 

and  were  launched  from  a  skidway.  Figure  5 
is  a  view  showing  the  launching  of  the  shoe 
for  an  intermediate  pier.  The  caissons  were 
built  up  in  place,  as  shown  in  Fig.  6,  which 
shows  a  double-wall  caisson  under  construc- tion. 

Figure  7  (a)  shows  a  plan  of  the  east  abut- 
ment ;  Fig.  7  (b)  shows  a  longitudinal  section 

along  the  center  line  of  the  abutment;  and 
Fig.  7  (c)  shows  a  cross  section  of  a  wing 
wall. 

In  general  the  piers  rest  on  slate  rock, 
hardpan  or  compact  gravel,  except  piers  Nos. 
12  and  13  and  the  east  abutment,  which  re- 

quired pile  foundations.  The  compact  ma- 
terial under  pier  No.  11  was  overlaid  with 

about  7  ft.  of  loose  material,  which  was  re- 
moved by  an  orange-peel  bucket.  Before  the 

piles  were  driven  for  piers  Nos.  12  and  13 
about  5  ft.  of  the  top  soil  was  removed.  Be- 

fore placing  concrete,  a  diver  leveled  off  the 
foundation  for  each  pier  and  also  for  the  pro- 

tection works.  In  addition  to  this  work  the 
diver,  who  was  employed  continuously  on  the 

iob,  assisted  in  landing  the  caissons,  in  blast- 
ing boulders  from  the  cutting  edge,  and  in 

blasting  away  the   old   crib  protection   works. 
-\fter  the  caissons  reached  bottom  they  were 

underpinned  with  burlap  bags  of  concrete  and 
were  then  filled  with  concrete,  which  was  de- 

posited by  bottom-dump  buckets.  The  water 
was  then  pumped  from  the  caisson  and  the 
concreting  continued  in  the  dry. 
The  rest  piers  and  the  pivot  piers  were 

started  after  navigation  had  closed,  and  the 
work  was  sufficiently  advanced  to  permit  the 
swing  span  to  be  erected  in  time  for  the 
opening  of  navigation.  Some  severe  weather 
was  encountered,  and  the  temperature  was  as 
low  as  28°  below  zero  when  the  upper  part  of 
the  pivot  pier  was  concreted. 

All  of  the  protection  piles  and  cribs  of  the 
old  bridge  required  replacing,  the  new  work 
consisting  of  six  cribs  (for  location  see  Fig. 
2b),  built  of  lOxlO-in.  timbers  and  loaded 
with  rubble  stone.  The  three  cribs  near  each 
rest  pier  are  connected  and  are  joined  to  the 

rest  pier  by  floating  booms.  These  booms  con- 
sist of  12xl2-in.  vertical  timbers  bolted  to  the 

cribs  and  rest  piers.  The  old  center  protection 
work  below  low  water  was  left  in  place,  and. 
after  being  strengthened  by  the  addition  of 
five  new  cribs,  a  new  top,  consisting  of  a 
double  row   of  walings,   was   constructed. 

Superstructure. — The  bridge,  which  is  a 
single-track  structure,  was  designed  for 

Cooper's  E-50  loading.  The  unit  stresses  used 
are  those  given  in  the  1910  specifications  of 
the  Grand  Trunk  Ry..  the  impact  allowances 

being  those  given  in  the  Dominion  Govern- 
ment's 1908  specifications.  The  twelve  deck 

plate  girder  spans  possess  no  unusual  features. 
The  swins  span  has  a  length,  center  to  cen- 

ter of  end  floorbeams.  of  244  ft.  7%  ins.,  and 
a  center  height,  center  to  center  of  chords,  of 
36  ft.  0  in.  It  is  of  the  center-bearing  type, 
the  ends  being  raised  and  lowered  by  wedges 

operated  bv  hand  power.  The  trusses  of  the 

swing  span  are  spaced  18  ft.  on  centers,  each 
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Fig.   3.      Details   of   Typical    Intermediate    Pier   and   Double-Wall    Caisson    of    Richelieu    River    Bridge. 
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iTone  Pitching  on  Slope 

Case  I. — Dead  lor.d,   bridge  as  cantilever. 
Case  II. — Dead  load,  bridge  on  three  supports. 
Case  III  (a). — Live  load,  bridge  on  three  sup- 

ports,  loads  at  b.   c,   and   d. 
Case  III  ̂ b). — Live  load,  bridge  on  three  sup- 

ports,  loads  at  c  and  d. 
Case  III  (c). — Live  load,  bridge  on  three  sup- 

ports,   load   at   d. 
Case  III  (d). — Live  load,  bridge  on  three  sup- 

ports,  loads  at  b  and  c. 
Case  III  (e). — Live  load,  bridge  on  three  sup- 

ports, load  at  b. Case  IV. — Live  load,  bridge  on  three  supports, 
fully  loaded. Case  V. — Live  load,  bridge  as  simple  span, 
one  arm  on  two  supports. 
Figure  8  shows  an  outline  of  the  trusses  of 

the  swing  span,  and  gives  tlie  stresses  in  tlie 
truss  numbers,  and  their  composition. 
The  circular  girder,  which  has  a  diameter 

of  18  ft.,  consists  of  four  (Jx4x%-in.  angles 
and  a  24x%-in.  web.  The  wheels  are  12  ins. 
in  diameter  and  8  ins.  wide.  The  center  bear- 

ing steel  casting  is  the  Grand  Trunk  Ry.'s 
l)atent  No.   11,28-3. 

Fig.  5.    View  Showing  Launching    of  Shoe  of  Caisson  for  Interme-  Fig.    6. 
diate   Pier — Richelieu    River   Bridge. 

View    of    Double-Wall    Caisson     Under    Construction- 

Richelieu    River   Bridge. 
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 Richelieu   River   Bridge. 
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Fig.  8.     Stresses  and  Composition  of  Truss  Members    of   New  Swing  Span   of   Richelieu   River  Bridge. 

Fig.  9.     View  Showing  Manner  of  Erecting   cu-it.    Plate  Girder   Spars  of  Fig.   10.      View   of   Swing   Span,    Protection   Works  and 

Richelieu    River    Bridge— Note    Type    of      Hooks   Used.  Adjacent   Girder  Spans  of  Completed    Richelieu   River  Bridge. 

The  CO-ft.  plate  girder  spans  were  erected, 
completely  riveted,  by  means  of  a  derrick  car. 
Figure  9  shows  the  manner  of  erectins  these 
spans.  This  view  shows  the  front  of  the  der- 

rick car  and  the  double  hooks  and  blocks  used. 
The  twelve  girder  spans  were  erected  in  5% 
days,  the  traffic  having  been  diverted  during 
their  erection. 

Figure  10  is  a  view  of  the  central  portion 
of  the  completed  bridge  showing  the  swing 
span,  the  protection  works,  and  an  adjacent 
plate  girder  span. 

Piling  Used  in  Honolulu  Harbor — Owing 
to  the  destructiveness  of  the  marine  life  in  the 
harbor  of  Honolulu,  concrete  has  been  re- 

sorted to  in  recent  years  as  a  substitute  for 
timber  piling.  Some  Douglas  fir  piling  is  still 
being  used,  in  70  and  80-ft.  lengths,  but  it  is 
necessary  to  sheatli  the  piles  with  copper  to 
protect  them  from  the  teredo.  Piles  when 
bought  on  the  Pacific  co,^st  reach  the  islands 
as  part  of  a  deck  load  of  lumber.  With  the 
opening  of  the  Panama  Canal  an  impetus  is 
expected  to  be  given  to  the  shipping  business 

of  Honolulu,  and  the  question  has  been  agi- 
tated of  enlarging  the  port  facilities  through 

the  improvement  of  Kalihi  Harbor  and  Chan- 
nel, which  lies  between  Honolulu  Harbor  and 

Pearl  Harbor.  Should  this  scheme  material- 

ize, a  decided  demand  for  lumber  would  fol- 
low for  dock  purposes. 

Exports  of  Philippine  hardwoods  to  the 
markets  of  the  Orient  and  the  United  States 
are  steadily  increasing,  and  the  demands  are 
much  greater  than  tlie  current  production  can fill. 
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The    Largest    Electric    Dragline    Ex- 
cavator. 

The  largest  electric  dragline  excavator  yet 
made,  which  also  carries  the  longest  boom,  is 
now  being  employed  by  Mr.  James  O.  Heyworth 
of  Chicago  in  excavating  on  Section  11  of  the 
Calumet-Sag  Canal  at  Blue  Island,  111.  The 
machine  itself,  exclusive  of  the  track  sections, 
vveighs  in  the  neighborhood  of  225  tons.  On 
time  tests  it  was  able  to  make  a  complete  dig- 

ging cycle  in  slightly  under  50  seconds  with 
the  bucket  filled  to  overflowing  and  holding 
from  3%  to  4  cu.  yds.  This  rate  cannot  be 
maintained  continuously,  of  course,  as  there 
are  numerous  delays  for  moving  track,  trim- 

ming slopes,  throwing  the  bucket  out  to  reach 
material  on  the  far  side  of  the  ditch,  etc.. 
which  lowers  the  machine  output  somewhat. 
On  the  Heyworth  contract  .this  machine  is 
working  two  10-hour  shifts  per  day.  On  the 
night  shift  preceding  the  day  of  the  writer's 
visit  the  machine  made  580  swings  in  10  hours. 
The  accompanying  view  shows  this  machine 
at  work  on  the  Calumet-Sag   Canal. 

The  turntable  is  24  ft.  in  diameter,  the  boom 
is  125  ft.  long  and  the  nominal  capacity  of  the 
bucket  is  SVz  cu.  yds.,  though  when  heaping 
full  it  holds  fully  4  cu.  yds.  The  hoist  motor 
is  250  and  the  swing  motor  135  HP.,  respect- 

ively. The  sub-base,  revolving  frame,  boom 
and  A-frame  are  of  structural  steel.  The  base 
is  of  extremely  heavy  design  and  is  built  en- 

tirely of  structural  steel.  All  its  principal 
members  are  reinforced  by  heavy  cover  and 
gusset  plates.  The  base  carries  on  its  bot- 

tom supports  for  the  propelling  mechanism, 
and  center  castings  for  the  trucks  and  equaliz- 

ing beam. 
The  trucks  are  of  the  4-wheel  type  and  are 

exceptionally  heavy.  The  wheels  are  double 
flanged.  Two  driving  trucks  support  the  base 
directly.  All  four  wheels  of  these  trucks  are 
drive  wheels.  The  other  two  trucks  are  also 
drivers  and  are  connected  by  means  of  an 
equalizing  beam  extending  the  full  width  of 
the  base.  This  beam  insures  an  even  load 
distribution  on  the  two  front  trucks  and  on 
the  two  rear  trucks  when  standing  on  uneven 
ground.  The, beam  carries  a  jackscrew  at 
each  end ;  these  are  over  the  center  of  the 
trucks.  These  screws  when  set  bear  against 
plates  on  the  bottom  of  the  base  and  transmit 
the  load  directly  from  base  to  trucks.  When 
the  machine  is  being  moved  the  jackscrews  are 
released  and  the  trucks  are  free  to  adjust 
themselves  to  irregularities  in  the  track.  Be- 

fore starting  to  dig  these  jackscrews  are  set 
to  relieve  the  equalizing  beam  from  excessive 
loads  when  the  machine  is  operating.  Each 
truck  is  so  designed  that  all  wheels  are  bear- 

ing on  the  track,  even  when  the  track  is  un- 
even— that  is,  one  axle  is  pivoted  on  the  center. 

The  turntable  consists  of  40  open-hearth 
steel  rollers  revolving  between  two  90-lb.  rail 
circles,  24  ft.  in  diameter,  one  attached  to  the 
bottom  of  the  revolving  frame  and  one  to  the 
top  of  the  base.  The  revolving  frame,  of  very 
heavy  construction,  consists  of  four  longi- 

tudinal beams  connected  by  transverse  beams 
and  separators.  All  the  heavy  forces  at  the 
front  end  of  the  revolving  frame,  caused  by 
the  boom  foot  reactions,  the  reaction  from 
the  front  gantry  and  from  the  swing  pinion 
are  carried  directly  into  the  heavy,  annealed, 
steel  casting  base  plate,  and  then  through  the 
turntable  rollers  to  the  heavy  sub-base. 
Power  for  driving  the  trucks  is  transmitted 

through  a  vertical  shaft  passing  through  the 
main  center  castings  of  the  machine  and 

geared  directly  by  means  of  a  double  reduc- 
tion to  the  main  hoisting  shaft.  A  jaw  clutch 

is  provided  on  this  shaft  for  disengaging  the 
entire  propelling  mechanism.  The  vertical 
shaft  drives  a  horizontal  transverse  shaft  be- 

neath the  base.  The  latter  shaft  carries  at 
each  end  a  double  chain  sprocket  with  a  jaw 
coupling,    thus    permitting   the    driving   of    all 

four  trucks  or  the  independent  driving  of  any 
two  side  trucks.  Heavy  propelling  chains  con- 

nect these  sprockets  with  two  large  split  driv- 
ing sprockets  located  on  intermediate  shafts 

of  the  driving  trucks.  Before  beginning  to 
dig,  after  moving,  four  90-lb.  Bates  rail 
clamps,  with  wedges,  are  attached  to  the  rails 
so  as  to  bear  against  the  trucks,  to  hold  the 
machine  firmly  in  position  during  operation. 
Dirt  and  iron  punchings  are  used  on  the  ma- 

chine as  ballast  or  counterweight. 
The  design  of  the  long  boom  is  rather  un- 

usual, inasmuch  as  it  is  only  3  ft.  wide  for 
its  full  length.  It  is  held  in  place  by  very 
heavy  guy  cables.  This  construction  combines 
lightness  with  strength.  This  reduces  the 
amount  of  counterweight  and  the  power  re- 

quired to  swing  the  machine. 
Another  special  feature  in  this  machine  is 

the  automatic  electrical  control.  The  main 

motor,  which  operates  the  dragline  and  hoist- 
ing line,  is  under  full  automatic  control  and 

the  operator  can  push  his  control  lever  di- 
rectly to  full  speed  position  without  injury  to 

the  motor,  which  will  be  given  current  as  fast 
as  it  can  take  care  of  it.  The  swing  motor 
is  similar  and  the  acceleration  is  entirely  au- 

tomatic. The  control  handle  can  be  thrown 
from  full  speed  forward  to  full  speed  reverse 
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along  a  line  which  approximates  a  straight  line 
parallel  to  the  canal  center  line.  The  rails  are 
curved,  of  course,  but  in  the  short  sections 
used  the  variation  from  tangent  is  small  when 
they  are  assembled  for  straight  portions  of  the 
work.  The  sections  are  held  together  by 
means  of  keyed  pins.  Each  section  weighs 
2%   tons. 

Each  section  has  a  main  diagonal  composed 
of  four  angles,  lattice  connected.  The 
stringers  under  the  two  tracks  are  held  to- 

gether by  heavy  I-beams  which  extend  along 
the  two  radii  at  the  ends  of  the  section.  To 
the  centers  of  these  I-beams,  on  their  inner 
surfaces,  are  riveted  bent  plates  in  which  are 
punched  holes  for  the  attachment  of  the  lift- 

ing hooks.  A  section  is  moved  from  one  end 
of  the  track  to  the  other  by  means  of  a  bridle 
chain  which  hooks  into  the  two  bent  plates  de- 

scribed and  to  any  convenient  third  point  on 
the  section.  This  chain  is  then  attached  to  the 

dragline  bucket  and  the  section  is  swung  into 
its  new  position. 

Current  is  obtained  from  the  Public  Service 
Commission  of  Nortliern  Illinois.  The  volt- 

age to  the  transformer  wagon  is  2,000.  Here 
it  is  stepped  down  to  440.  The  current  is 
3-phase,  00-cycle.  The  transformer  wagon  is. 
a   very   heavy   eight-wheeled   truck   formed  of 

View  of  Largest  Electric  Dragline   Excavator,   at  Work  on  Calumet-Sag  Canal,  Blue  Island, 
Illinois. 

and  the  motor  will  only  be  stopped  and  started 
in  the  opposite  direction  by  an  automatically 
regulated  amount  of  current.  This  method  is 

regularly  used  to  stop  the  swinging  of  the  ma- 
chine, although  a  hand-operated  brake  is  also 

provided  in  case  of  emergency. 
The  dumping  arrangement  of  the  bucket  is 

such  that  it  may  be  picked  up  in  a  carrying" 
position  directly  under  the  point  of  the  boom, 
or  even  beyond.  This  means  that  when  the 
bucket  fills  quickly  after  being  lowered  straight 
down  or  thrown  out  beyond  the  end  of  the 
boom  it  can  be  picked  up  at  once  and  no  delay 
nor  waste  of  power  is  necessary  to  haul  it  in 
some  distance  before  picking  it  up. 

The  track  sections  on  which  the  machine  is 
operating  were  furnished  by  Mr.  Heyworth  to 
his  own  designs.  They  are  built  up  of  heavy 
structural  steel  shapes.  The  track  sections  are 
made  in  the  form  of  partial  sectors  of  a 
circle.  The  chord  of  the  outside  arc  is  12  ft. 

and  that  of  the  inside  arc  is  8  ft.  long,  re- 
spectively. The  sections  are  30  ft.  wide.  The 

rails  are  mounted  on  I-beam  ties  which  rest 
on  parallel  pairs  of  I-beam  stringers.  The 
stringers  rest  on  4x6-in.  timbers  which  lie  on 
the  ground.  In  going  around  curves  the  sec- 

tions are  assembled  long  side  to  long  side, 
but  in  working  on  a  straight  section  of  the 
canal  the  sections  are  jointed  so  that  the  8-ft. 
^ide  of  one  abuts  against  the  12-ft.  side  of 
another.     This   causes   the   machine   to   travel 

two  4-wheel  sections  coupled  together.  The- 
wagon  is  moved  forward  by  means  of  a  cable 
which  is  attached  to  a  hook  on  the  base  of 
the  dragline  machine. 
The  electric  dragline  excavator  here  de- 

scribed was  manufactured  by  Bucyrus  Co., 
South  Milwaukee,  Wis.  It  is  a  special  ma- 

chine, but  is  known  as  type  175  B. 

Method  of  Lining  Wrought,  Steel  and 
Cast  Iron  Pipe  with  Cement. 

For  over  40  years  water  pipe  has  been  lined 
with  cement  in  New  England.  This  work 

was  ordinarily  done,  heretofore,  by  water  de- 
partment employes.  The  Macbee  Cement 

Lined  Pipe  Co.  of  Boston,  Mass.,  is  now 
equipped  to  line  wrought  iron,  steel  and  cast 
iron  pipes  with  cement.  The  first  two  types 

of  pipe  are  lined  as  a  protection  against  cor- 
rosion and  cast  iron  pipe  is  lined  to  prevent 

the  formation  of  tuberculcs.  The  process  of 
cement  lining  is  not  patented,  but  requires 
some  skill,  especially  in  mixing  the  cement 
to  the  proper  consistency.  This  varies,  it  is 

stated,  with  the  size  of  pipe  to  be  lined,  w-ith 
the  length  of  pipe  and  with  the  temperature 
of  the  air.  The  Macbee  methods  and  ap- 

paratus for  placing  the  cement  lining  are  here 
illustrated   and   described. 

In  general  the  pipe  is  filled  two-thirds  full 
with    soft    cement    and    bored    out    while    the- 
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cement  is  still  soft.  A  press  about  o  ins.  in 
diameter  and  18  ins.  long,  shown  in  the  ac- 

companying cut,  equipped  with  a  piston  on 
a  threaded  rod,  has  its  front  end  tapered  and 
hinged  to  swing  open  to  one  side.  The  front 
of  this  tapered  end  is  tapped  for  a  2-in.  pipe 
(other  sizes  are  fitted  to  a  bushing).  The 
press  is  secured  by  bolts  to  one  end  of  a  plank 
about  2  ins.  x  10  ins.  x  18  ft.  long.  This 
plank  is  on  supports  3  ft.  high  and  at  the  far 
end  a  pipe  vise  is  sometimes  fitted.  The  vise 
is  to  hold  the  pipe  firm,  although  it  may  be 
held  by  hand.  A  stiff  wire,  longer  than  the 
pipe,  with  a  hook  on  one  end  and  two  cones 
are  also  provided.  These  cones  are  in  a  set 
of  two  and  sets  are  made  of  different  diam- 

eters to  suit  the  sizes  of  pipe,  always  being 
Vi  in.  less  than  inside  of  the  pipe  to  be  lined, 
for  wrought  iron  an4  steel  pipe  up  to  3  ins. 
and  should  be  %  in.  smaller  diameter  for  cast 
iron  pipe  of  larger  sizes.  The  cones  are 
pointed  at  the  forward  ends,  and  are  joined 
together  by  a  chain  or  loose  wire.  The  first 
cone  has  four  tins  joined  together  by  a  chain 
or  loose  wire.  The  first  cone  has  four  fins 

set  at  90°,  of  a  spread  to  just  touch  the  in- 
side of  the  pipe,  thus  centering  it.  The  fol- 

lowing cone  is  without  fins  and  smooths  the 
cement. 

Neat  Portland  or  Rosendale  cement  is  used. 
It  is  first  sifted  to  a  fine  powder,  all  lumps, 
etc.,  being  removed,  and  is  then  wet  to  a 
plastic  mass.  The  piston  is  screwed  to  the 
rear  of  the  press,  cement  is  thrown  in,  the 
hinged  front  is  closed  and  secured  by  a  ta- 

pered pin.  the  pipe  to  be  lined  is  fitted  to  the 
tapered  front  and  the  piston  is  then  moved 
ahead,  forcing  the  cement  out  into  the  pipe. 
Two  wood  chocks  on  the  plank  support  the 
pipe  on  a  level  line  with  the  press.  When 
sufficient  cement  is  in  the  pipe  it  is  unscrewed 
and  shoved  along  the  chocks  for  a  couple  of 
feet.  .\  man  at  the  far  end  of  pipe  has,  in 
the  meantime,  set  up  a  coupling  on  the  end 
and  fitted  a  portable  piece  of  pipe  about  15 
ins.  long,  into  it.  He  then  shoves  the  stiff 
wire,  hook  end  first,  through  the  pipe  and 
cement  and  another  man  at  the  press  end  of 
the  pipe  hooks  the  leading  cone  onto  the  wire 
which  is  then  drawn  gently  until  the  end  of 
the  last  cone  is  flush  with  the  pipe,  stopping 
long  enough  for  the  cone  man  to  cut  the 
cement  clean,  leaving  it  flush  with  the  end 
of  pipe.  The  wire  man  then  draws  the  cones 
forward,  the  cone  man  passing  to  the  end 
of  the  short,  portable  pipe  and,  with  rubber 
mitts  on  his  hands,  waits   to  catch  the  cones 
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Sketch     of     Elements   of    Macbee    Apparatus 

Lining   Wrought   Steel   and   Cast    Iron 
with   Cement. 

as  they  come  out.  A  box  on  the  floor  catches 
the  excess  cement,  which  is  forced  out  ahead 
of  the  cones. 
Ahcr  the  cones  have  bored  the  cement  the 

portable  pipe  is  then  unscrewed,  leaving  about 
•5  threads  clear  for  the  next  pipe  when  laying 
in  the  trench.  The  cones  are  then  put  into 
a  pail  of  water  to  wash  off  any  sticky  cement 
and  the  pipe  is  examined.  Some  operators 
daitn  that  daylight  is  enough  for  this,  but 
two  portable  electric  lights  are  preferable, 
since  unless  the  men  look  through  the  pipe 
alternately  while  one  holds  a  light,  the  rough 
places,  cone  marks,  tearing  ofT  of  the  cement, 
etc.,  .  can  not  be  easily  detected.  The  pipe 
should  be  in  16-ft.  lengths,  but  it  is  possible 
to  make  a  good  job  on  a  22-ft.  length  of  1-in. 
pipe.    Lining  that  does  not  show  smooth  from 

both   ends   of   the  pipe   is    run   through   again 
with  the  cones. 

It  is  stated  that  pipe  may  be  shipped  one 
week  after  lining  without  danger  from  break- 

ing of  the  cement,  although  this  time  may  be 
shortened  or  lengthened  according  to  the  lo- 

cation. The  pipe  must  have  plenty  of  air,  a 
draft  is  good  (the  ends  of  course  set  up 
first),  and  a  warm  sun  to  heat  the  pipe  will 
often  hurry  the  set.  Some  operators  wet  the 
inside  of  pipe  before  lining,  but  it  is  not 
iiecessary,  as  a  good  bond  is  obtained  without 
doing  so.  Care  is  taken  to  avoid  much  oil 
in  the  pipe  (used  when  cutting  the  threads). 
Pipe  may  be  cement  lined  when  not  absolute- 

ly straight,  but  it  is  better  to  straighten  it  be- 
fore working.  Pipe  should  be  well  supported, 

generally  on  the  floor,  to  keep  straight  when 
the  cement  is  setting.  It  is  claimed  that  one 
barrel  of  Rosendale  cement  will  line  about 

1,000  ft.  of  1-pipe.  The  Company  has  lined 
800  ft.  of  1-in.  pipe  with  one  man  to  help,  in 
a  little  less  than  4  hours  or  better  than  1,600 
ft.,  in  an  8-hour  dav;  but  this  is  said  to  be 
fast  work.  Generally  1,200  ft.  to  1,400  ft. 
per  day  is  good  for  two  men. 

Galvanized  pipe  is  lined  as  well  as  plain 
pipe.  All  pipe  to  be  cement  lined  must  first 

be  "plugged" ;  that  is,  selected  for  clear  in- 
side surface.  Many  times  the  weld  in  wrought 

iron  pipe  will  have  small  pieces  projecting  in- 
side which  catch  on  the  cones,  making  a  clear 

bore  impossible.  This  "plugging''  is  often 
done  by  pulling  a  1-in.  diameter  steel  ball, 
pierced  by  a  wire,  turned  into  an  eye  at  each 
side,  to  which  is  attached  a  long  wire  through 
the  pipe.  If  the  ball  passes  through  the  pipe 
without  catching  the  surface  it  is  all  right, 
otherwise  it  is  discarded  and  another  pipe  is 
tested  in  its  turn.  Some  operators  keep  a 
steel  die,  mounted  on  a  small  pipe,  to  force 
in  and  break  off  these  bits  of  metal  if  there 
are  only  a  few,  rather  than  to  return  the  pipe 
to  the  mill. 

Continuity  of  surface  is  obtained  by  carry- 
ing the  cement  out  into  the  coupling,  as  al- 

readj'  described,  and  by  lining  tees,  elbows, 
etc.,  having  the  bore  same  as  the  pipe,  a 
smooth,  even  surface  for  flow  of  the  water 
is  secured.  The  cement  in  the  fittings  being 
kept  back  for  a  few  clear  threads  to  engage 
the  pipe  end.  Although  neat  Rosendale  cement 
is  advocated  for  the  pipe  lining,  Portland  is 
better  for  the  fittings,  as  the  body  of  material 
is  so  small  in  some  that  strength  is  required 
to  maintain  a  proper  hold. 
Cement  lined  pipe  is  cut  by  first  marking 

to  a  depth  of  1/16  in.  with  a  roll  cutter  and 
finishing  with  a  hack  saw.  The  resulting  end 
is  said  to  be  square  and  smooth,  metal  and 
cement  being  flush.  It  is  claimed  that  small- 
size  cement  lined  pipe  can  be  bent  sufficiently 
to  clear  ordinary  obstructions  without  an  ap- 

preciable breaking  down  of  the  lining.  It  is 
also  claimed  that  1-in.  pipe  when  cement 
lined  will  freeze  solid  without  splitting  the 
wall  of  the  pipe. 

Cement  lined  cast  iron  pipe  is  a  new  appli- 
cation of  an  old  method.  Tests  made  on  "un- 

dipped" pipe  of  6,  8  and  10-in.  sizes,  with  a 
cement  lining  %  in.  thick,  indicate  that  the 
lining  arihers  close  up  to  the  fracture  when 
the  pipe  is  cracked  and  broken.  Such  pipe  is 
readily  taliped  for  service  connections.  When 
lining  bell  and  spigot  cast  iron  pipe  the 
cement  is  carried  about  %  in.  into  the  bell  to 
give  a  continuous  cement  surface  when  the 
spigot  end  is  fitted.  The  joint  is  caulked  in 
the  usual  manner.  Cast  pipe  is  lined  with  one 
cone  having  a  tapered  after  end.  The  center- 

ing fins  are  carried  hack  of  the  center  of 
gravity  to  avoid   tipping. 

Drag   Scraper  Excavator  and  Wagon Loader. 

A  machine  used  for  excavating  and  loading 
sand  and  gravel  from  dry  pit,  excavating  for 
foundations,  digging  ditches  and  sewers 
where  fairly  dry  conditions  obtain,  and  other 
purposes  where  materials  are  to  be  excavated, 
carried  for  some  distance  and  automatically 
elevated  and  loaded  is  shown  in  the  accom- 

panying  illustration. 
The    machine   consists   of   an    inclined    run- 

way mounted  on  a  truck,  together  with  a 
drag  scraper.  The  scraper  is  hauled  back 
into  the  excavation  100  to  500  ft.  for  its  load, 
which  it  carries  up  the  runway  of  the  incline 
and  dumps  automatically  into  a  hopper  at 
the  top  to  be  loaded  into  wagons.  The  scraper 
is  dragged  by  a  continuous  drag  line  running 
over  a  pulley  at  the  top  of  the  machine  and 
another  pulley  anchored  at  any  convenient 
point  in  the  excavation.  Power  is  supplied 
by  a  gasoline  engine,  or  an  electric  motor.  The 
hopper  from  which  the  wagons  are  loaded 
have  a  capacity  of  IV2  cu.  yds.  and  the  gate, 
placed  6  ft.  above  the  ground,  may  be  operat- 

ed by  the  engineman.  A  125-gal.  water  tank 
is  mounted  on  the  truck.  The  front  wheels 
under  the  machine  are  in  pairs,  permitting  the 

Drag  Scraper  Excavator  and  Wagon  Loader. 

easy  rotation  of  the  apparatus  to  load  from 
any  position   of   the  excavation. 
The  outfit  is  manufactured  in  three  sizes 

of  6,  10  and  20  cu.  ft.  scraper  capacity  and 
has  a  rated  output  at  100-ft.  haul  of  15,  25 
and  40  cu.  yds.  per  hour  for  each  size,  respec- 
tivelv.  The  maximum  heights  vary  from  14 
ft,  to  16  ft.;  length  from  20  ft.  to  22  ft.; 
widths  from  5%  ft.  to  8  ft.;  and  shipping 
weights  from  7,000  lbs.  to  12,100  lbs.  Engines 
vary  from  10  to  25  hp.  Scraper  speed  may  be 
varied  from  150  to  350  ft.  per  minute.  Under 
ordinary  conditions  a  cost  of  4  cts.  per  cubic 
yard  for  excavating  and  loading  is  claimed 
for  their  machines. 
The  apparatus  is  manufactured  and  sold  by 

the  Insley  Mfg.  Co.,  Indianapolis,  Ind. 

A   Recording  Temperature  Device  for 
Bituminous   Paving  Work. 

In  many  of  the  larger  cities  it  has  been  im- 
perative that  the  contractors  equip  their  plants 

with  recording  temperature  devices,  or  the 
city  will  not  accept  their  asphalt.  If  it  is  of 
value  to  the  city,  it  is  of  much  more  value  to 
the  contractor  to  know  that  the  asphalt  is 
going  through  right,  because  he  is  the  loser, 
no  matter  which  way  things  break.  He  may 
get  some  asphalt  past  the  inspector,  but  if 

the  road  proves  faulty,  as  it  will  with  im- 
proper asphalt,  he  has  the  work  of  tearing  up 

the  road  and  relaying  it.  If  the  inspector  re- 
fuses the  load,  his  loss  is  the  certain  one,  and 

while  not  amounting  to  as  much  as  replacing 
the  road,  still  it  is  a  considerable  one,  and 
one  which   can  be  avoided. 
The  indicating  pyrometer,  the  details  cf 

which  are  clearly  shown  in  the  illustration, 
consists  of  a  thermo-couple  which  is  inserted 
in  the  material  the  temperature  of  which  it  is 
desired  to  maintain  or  determine  continuously 
and  a  recording  device  with  an  indicating 
hand.  The  temperature  of  sand  or  asphalt  is 
determined  equally  well  with  this  instrument. 

In  detail  it  may  be  explained  that  the  thermo- 
couple is  a  steel  tube  containing  an  insulated 

wire  of  a  different  composition.  The  junc- 
tion of  any  two  unlike  metals,  if  exposed  to 

heat,  will  generate  a  current  of  electricity 

proportional  to  the  temperature;  not  a  cur- 
rent which  can  be  felt,  like  a  1,000-volt 

charge,  but  a  very  light  current,  which  must 
be  measured  by  a  millivoltmeter.  as  the 
millivolts  generated  seldom  ever  exceed  60. 
By  building  a  sensitive  millivoltmeter,  and 
graduating  it  to  read  directly  in  temperature 
values  rather  than  millivolts,  it  is  apparent 

that  a  very  simple  temperature  measuring 
device  has  been   obtained,   one  that  is  robust. 



December  9,  1914. Engineering   and    Contracting 
549 

so  far  as  the  thermocouple  is  concerned,  yet  so  designed  as  not  to  interfere  with  the  lines 
very  quick  in  action,  more  so  than  a  mercurial  which  lead  to  the  drums.  The  two-speed 
thermometer.  The  thermocouple  and  the  in-  device  permits  a  shift  from  low  to  high  speed, 
dicator  are  connected  by  copper  wires,  and  or  vice  versa,  without  stopping  the  rotation 
the    distance   between   the   two   is   immaterial,      of  the  motor  or  drum  under  load.     Due  to  the 
   severity  of  service  on  which  these  hoists  are 

to  be  used  the  brakes  are  located  on  the  op- 
posite side  of  the  drum  from  the  friction,  so 

that  the  heat  generated  by  slipping  the  brakes 
cannot   affect   the   efficiency  of     the      friction. 

faster  when  traveling  upon  a  fairly  level  road. 
The  machine  is  provided  with  an  arrangement 
of  differential  gearing  similar  to  that  used  in 
automobiles,  thus  rendering  it  easy  and  prac- 

ticable for  turning  comers  and  negotiating 
curves. 

The  makers  claim  for  this  machine  that 
there  is  less  liability  of  damage  to  materials 
from  burning  or  overheating  than  any  other 
machine    on    the    market    and    that    it    has    a 

Continuous   Indicating   Device  for  Determin- 
ing the  Temperature  of  Bitumen  and  Sand. 

so  that  the  indicator  may  be  placed  where  it 
is  most  convenient  for  the  person  responsible 
for  the  sand  or  stone.  Of  course,  all  plants 
are  not  arranged  alike,  and  in  some  instances 
the  thermocouple  is  at  one  end.  the  indicator 

at  the  other,  while  in"  other  cases  they  are  at 
the  same  end  of  the  dryer.  The  cost  of  such 
an   outfit,    for  a   single   unit,  is  $46.00. 

The  present  method  employed  by  those  who 
have  not  adopted  pyrometers  is  to  dip  out  a 
cupful  of  sand  and  insert  a  thermometer  and 
secure  a  reading  in  that  way.  This  is  crude, 
requires  time  and,  it  is  claimed,  is  not  as 
accurate  as  the  pyrometer  method.  A  some- 

what similar  method  is  used  for  bitumen.  The 
pyrometer  is  manufactured  by  the  Thwing 
Instrument  Co.,  4.56  N.-  Fifth  St.,  Philadel- 

phia, Pa. 

Electric    Hoist    Designed    for    Heavy 
Service. 

The  accompanying  illustration  shows  the 
type  of  electric  hoist  which  is  to  be  used  by 

Electric    Hoist    for    Heavy    Service. 

Post  &  McCord,  New  York,  in  the  construc- 
tion of  the  new  Rapid  Transit  System  in 

Brooklyn.  These  hoists  are  of  the  band  fric- 
tion tvpe,  with  niggerheads  of  the  clutch  de- 
sign, lOO-HP.  motors,  2-phase,  60-cycle,  200- 

volt  controllers  of  the  gr.uphite  carbon  disc 
type,  and  steel  swingers  throughout.  The 
swingers   are  of   the   two-drum   type   and   are 

P^S'^: 
Small  Portable  Plant  for   Preparing  Bituminous  Concrete. 

The  boom  swinger  is  equipped  with  an  auto- 
matic lock  which  prevents  the  boom  from 

creeping  with  the  wind  strain  when  the  con- 
trol lever  is  in  the  neutral  position.  The 

hoists  are  furnished  by  the  Thomas  Eleva- 
tor Co.,  20-22  S.  Hoyne  Ave.,   Chicago,  111. 

capacity  sufficient  to  make  it  a  practical  outfit 
for  use  in  small  paving  contracts  or  for  coun- 

try road  building. 

A  Machine  for  Preparing  Bituminous 

Concrete  for  Country  Road  Con- 
struction. 

(Contributed.) 
The  accompanying  illustration  shows  a  new 

combination  concrete  and  hot  mixing  machine 
designed  and  built  by  Hetherington  &  Bemer 
Co.  of  Indianapolis.  Ind..  and  intended  to  be 
placed  upon  the  market  in  the  season  of 
191-5  along  with  the  1915  models  of  asphalt 
paving  plants  designed  by  that  company.  This 
machine  may  be  used  for  mixing  ordinary 
concrete  or,  without  any  material  alteration, 
may  be  used  effectively  for  the  manufacture 
of  bituminous  concrete  or  sheet  asphalt  mi.x- 
tures  for  road  building,  or  for  street  or  road 
repair  work. 
The  principle  involved  in  the  design  of  this 

mixer  is  that  common  to  all  hot  mi.xing  and 

concrete  mi.xing  machines.  In  making  mix- 
tures for  bituminous  concrete  paving  work  the 

mineral  ingredients  are  first  charged  into  the 
revolving  drum  by  means  of  a  skip  bucket 
operating  at  one  side  of  the  machine,  in  the 
usual  manner.  .\  hot  blast  caused  by  the 

consumption  of  common  fuel  oil  is  then  intro- 
duced into  the  drum  and  the  minerals  are 

heated  to  the  desired  temperature :  the  as- 
phaltic  material,  which  has  been  previously 
melted  and  made  ready  in  a  separate  melting 
kettle  which  stands  alongside  the  mixer,  is 
then  introduced  into  the  drum  and  the  whole 
mass  is  thoroughly  intermingled  by  means  of 
a  system  of  shovels  or  mixing  blades  attached 
to  the  interior  of  the  drum  shell.  When  the 
mixture  has  been  completed  it  is  automatically 
discharged  into  the  waiting  carts  or  barrows 
and  is  taken  to  the  street,  spread,  tamped  and 
rolled  in  the  usual  manner. 

This  outfit  is  self-propelling  frorn  power 
supplied  by  its  own  steam  engine.  It  is  geared 
for  two  speeds,  slow  and  faster,  the  slow 
speed  being  used   for  grade  climbing  and  the 

The  Monahan  Pipe  Layer. 
A  useful  device  for  laying  large  sewer  pipe 

is  shown  in  the  accompanying  illustration. 
The  machine  is  simple  of  construction  con- 

sisting of  a  frame  of  2-in.  pipe  the  rear  of 
which  is  mounted  on  wheels  to  facilitate  hand- 

ling. On  top  of  the  frame  a  hand  winch  and 
pullej'  tripod  are  mounted.  The  frame  is  se- 

curely braced  with  steel  angles. 
In  operation  the  machine  is  placed  astride 

the  sewer  trench  one  wheel  on  either  bank. 
The  width  of  tread  of  the  machine  may  be 
varied  by  using  different  length  cross  pipes. 
The  section  of  pipe  to  be  layed  is  rolled  upon 
two  boards  placed  across  the  trench  directly 
ahead  of  the  pipe  layer.  The  machine  is 
then  pulled  forward  until  the  pulley  is  over 

the  pipe  and  the  look  hook  illustrated  in- 
serted  in   the   end   of   the  pipe.     The   pipe   is 

The    Monahan   Sew/er   Pipe   Layer. 

lifted    slightly,    the    boards    removed    and   the 
pipe  lowered  into  place. 

This  machine  will  lower  pipe  varying  from 
18  to  36  ins.  in  diameter  rapidly  and  with 
no  breakage.  On  a  sewer  job  in  Winnetka, 

111.,  two  men  placed  175  ft.  of  2T-in.  vitrified 
pipe  in  a  13-ft  trench  in  4  hrs.  No  effort  was 
made   to   speed   up,    the     men    operating    the 
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machine  being  unaware  of  the  fact  the  work 
was  being  timed. 

Tlie  pipe  layer  is  manufactured  and  sold  by 
\Vm.   Hcgie,  Joliet,   111, 

A  Portable  Plant  Adapted  to  the  Use 
of  Contractors  on  Bituminous 

Road  Construction. 

The  requirements  of  a  mixing  plant  adapt- 
ed to  the  use  of  contractors  engaged  in  bitu- 

minous   road    construction    are,    first,    ease    in 
assembling,    moving   over    country    roads    and 
shipping  by  rail ;  second,  simplicity  of  design 
obviating  repairs  and   breakdowns   and,  third. 

A   New  Motor  Street   Sweeper. 

The  ideal  method  of  street  cleaning  must 
provide  means  of  picking  up  refuse.  The 
old  method  of  sweeping  or  washing  the  street 

dirt  into  the  gutters  is  gradually  being  aban- 
doned for  reasons  of  sanitation  and  economy. 

The  new  type  of  sweeper,  of  which  the  one 
illustrated  is  an  example,  is  motor  driven, 
as  a  rule,  provides  for  the  picking  up  the 
refuse,  and  frequently  sprays  water  in  front 
of  the  broom  to  settle  the  dust  and  prevent 
its   flying   when   sweeping. 
The  sweeper  illustrated  covers  a  strip  8  ft. 

wide  and  has  a  refuse  receptacle  with   a  ca- 

continuous  operation,  it  is  claimed  by  the 
makers,  shows  that  the  machine  will  sweep 
over  16,000  sq.  yds.  of  pavement  per  hour  of 
operating  time  at  an  average  cost  of  4  cents 
per  1,000  sq.  yds.,  for  the  operation  of  the 
sweeper.  The  sweeper  is  made  by  the  Elgin 
Motor  Sweeper  Co.,  Oak  St.,  Elgin,  HI. 

The    Baker    Concrete    Road-Finishing 
Machine. 

The  road-finishing  machine  illustrated  con- 
sists of  a  trussed  frame  spanning  the  entire 

paved  surface.  The  ends  of  the  frame  rest 
on  double-flanged  wheels  which  run  on  the 
side    forms    of    the    concrete    roadway.      The 

Dryer  and  Mixer  Unit  of  Small  Cummer  Asphalt  Plant The  Baker  Concrete  Road  Finishing  Machine. 

large  output.     The  plant  illustrated  is  claimed 
to  meet  these  requirements. 
The  plant  consists  of  three  units:  a  drying 

and  mixing  mill,  a  power  unit,  and  a  melting 
kettle.  The  drying  and  mixing  unit  is  made  . 

in  two  sizes  of  T.'iO  and  1,000  sq.  yds.  of  sheet asphalt,  or  asphaltic  concrete,  laid  2  ins.  thick 
in  a  day.  The  other  units  are  the  same  for 
both  plants.  A  brief  description  of  the  750 
sq.  yd.  capacity  plant  is  as  follows : 

.Xggregatc  is  elevated  by  the  bucket  con- 
veyor at  the  end  of  the  machine  and  dumped 

into  a  steel  air  heated  drum  of  8  tons  per 
hour  capacity.  Passing  from  this  drum  it  is 
elevated  in  the  vertical  bucket  elevator  and 
discharged  into  a  rotary  screen,  the  openings 
in  which  are  so  arranged  that  sheet  asphalt 
topping,  binder  or  asphaltic  concrete  may  be 
prepared  without  changing  the  screen.  The 
screened  material  falls  into  a  •5V4-ton  capacity 
bin,  thence  each  ingredient  passes  to  a  meas- 

uring box  on  a  beam  scale  arranged  so  that 
each  ingredient  may  be  weighed  separately  or 
combined,  or  a  5-cu.  ft.  measuring  box  may 
be  used.  The  aggregate  then  passes  into  the 
mixer,  where  the  jjitumen  is  added  from  a 
bucket  connected  with  the  melting  kettle  and 
after  mixing  the  finished  material  is  dumped 
into  wagons  and  hauled  to  the  road.  The 
apparatus  is  mounted  on  steel  trucks  the  front 
wheels  of  which  are  .30  ins.  by  12  ins.  and  the 
rear  wheels  36  ins.  by  12  ins. 
Power  is  supplied  by  a  belt  drive  from  the 

power  unit.  This  unit  consists  of  a  30-hp. 
locomotive  type  portable  boiler  and  a  2o-hp. 
engine,  mounted  together  on  a  steel  truck. 
The  melting  kettle  unit  consists  of  a  10-ton 
melting  kettle  mounted  on  a  steel  truck,  or 
two  5-ton  kettle. 
Each  unit  is  mounted  on  separate  trucks 

permitting  easy  hauling  over  roads  and  facili- 
tating loading  on  flat  cars  for  transportation  to 

another  city.  In  shipping  the  only  adjustment 
necessary  consists  of  removing  the  top  of 
the  bin  containing  the  screen  and  folding 
down  the  upper  4  ft,  of  the  elevator,  which 
is  hinged   for  that  purpose. 
The  plant  is  modeled  after  a  large  plant 

manufactured  for  14  years  by  the  F.  D.  Cum- 
mer &  Son  Co.,  Cleveland,  Ohio,  and  is  man- 

ufactured and  sold  by  that  company. 

pacity  of  3  cu.  yds.  The  apparatus  is  of  the 
light  motor  type  and  is  operated  by  one 
man.  Water  is  forced  through  atomizing 
sprays  placed  directly  in  front  of  the  broom 
at  a  pressure  of  40  lbs.  per  square  inch.  The 
water  and  air  pressure  are  contained  in  a 
steel  tank  with  a  capacity  of  about  200  gals, 
and  the  pressure  is  automatically  maintained 
by  a  compressor  driven  by  the  motor.  One 
filling  of  this  tank  will  run  from  3  to  4  miles. 
The  atomizers  extend  the  whole  width  of  the 
broom  and  are  all  operated  in  unison  by  a 

hand  wheel  convenient  to  the  driver.  "  The 
density  of  the  spray  to  be  thrown  upon  the 
street  is  under  the  direct  control  of  the  driver 
and  is  determined  by  a  changing  of  the  open- 

ing in  the  atomizers  and  not  by  increasing  or 

finishing  parts  of  the  machine  are  supported 
on  this  rigid  frame  and  consist  of  two  steel 
striking  plates  extending  across  the  roadway 
and  which  are  adjustable  to  form  any  crown 
desired.  The  under  side  of  the  striking  plates 
is  a  smooth  surface  5  ins.  wide,  the  forward 

strike  having  in  additi'on  a  steel  plate  set  at 
an  angle  of  about  60°  with  the  horizontal  that 
serves  to  shove  ahead  the  excess  concrete. 

In  operation  the  machine  travels  by  its  own 
power,  the  striking  plates  moving  across  the 
road  in  opposite  directions,  each  with  a  throw 
of  1%  ins.  Traveling  at  a  rate  of  5  or  6  ft. 
a  minute,  the  machine  strikes  the  surface, 
shapes  it  to  the  desired  crown  and  compresses 
it  firmly.  The  degree  of  compression  applied 
may  be  varied  by  changing  the  inclination  of 

The    Elgin    Motor   Street   Sweeper. 

decreasing  the  flow  of  water  through  the  feed 
pipe.  This  spray  is  capable  of  such  fine  ad- 

justment that  the  sweepings  may  just  be 
dampened  and  as  the  machine  moves  along  it 
leaves  a  clean  moistened  path  without  a  drop 
of  free  water  upon  the  street.     A  record  of 

the  lower  surface  of  the  piates,  relatively 
more  compression  being  required  for  dry 
concrete. 

This  machine  is  manufactured  and  sold  by 

R.  D.  Baker  Co.,  73  Home  Bank  Bldg.,  De- 
troit,  Mich. 
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Early   Difficulties   Encountered  Under 

the  Commission-Manager  Form 

of  Municipal  Government. 

The  commission-manager  form  of  municipal 
government  has  now  been  in  effect  in  several 
cities  for  a  length  of  time  sufficient  to  bring 
to  light  some  of  the  obstacles  to  its  complete 
success.  That  these  obstacles  will  finally  be 
surmounted  we  do  not  doubt,  for  the  form 

of  government  is  sound  in  its  essential  prin- 
ciples, and  requires  only  competent  adminis- 
tration to  prove  its  worth.  However,  the  first 

step  in  overcoming  obstacles  is  to  recognize 
them  as  such  and  to  study  methods  available 
for  surmounting  them.  Some  of  the  papers 
read  by  city  managers  before  engineering  and 
other  societies  have  served  to  bring  out  some 
of  the  initial  difficulties  encouhtered  both  by 

the  form  of  government  and  by  the  city  man- 
ager as  its  most  important  official.  Several 

oi  these  points  were  brought  out  in  papers 
read  by  city  managers  at  the  first  annual  con- 

vention of  the  Association  of  City  Managers 
which  was  held  at  Springfield,  Ohio,  recently. 

The  greatest  difliculty  seems  to  arise  from 
the  impatience  of  the  public  with  reform  ad- 

ministrations unless  more  or  less  spectacular 

reforms  are  quickly  brought  about.  The  tend- 
ency of  the  people  to  revert  to  conservatism 

after  a  short  season  of  extreme  radicalism 

is  a  phenomenon  often  witnessed  both  in  na- 
tional and  local  politics.  When  the  average 

man  goes  in  for  reform  of  any  kind  he  expects 
almost  immediate  results.  Immediate  results 
can  seldom  be  shown,  for  time  is  consumed 

in  the  learning  of  duties  pertaining  to  posi- 
tions, and  in  the  perfecting  of  plans  and  leg- 

islation, often  by  the  process  of  trial  and 
error.  During  such  periods  of  adjustment  the 
citizen  grows  exceedingly  impatient  and  is 
prone  to  renounce  the  new  order  of  things. 
One  city  manager  in  commenting  on  this  impa- 

tience expressed  the  fear  that  in  no  city  as  yet 
has  there  been  a  sufficient  breaking  away  from 
the  old  practice  of  turning  men  out  of  office 

to  give  either  the  commission-manager  form 
of  government  or  the  city,  manager  a  trial  of 
sufficient  length  to  enable  either  to  demonstrate 
fitness. 

The  best  way  to  quiet  the  impatient  critic 
is  to  let  him  know  what  is  going  on.  He  will 
seldom  remain  unreasonable  longer  than  he  re- 

mains uninformed.  The  co-operation  of  citi- 
zens must  be  secured,  and  this  can  be  effected 

only  by  a  carefully  planned  publicity  scheme. 
The  good  will  of  newspapers  must  be  sought 
in  all  legitimate  ways,  and  matter  for  publica- 

tion in  them  should  be  prepared  by  a  properly 
qualified  representative  of  the  administration. 
Talks  before  local  societies  and  clubs  are  also 

effective  measures  to  be  employed  in  this  con- 
nection. 

.Another  and  very  serious  difficulty  arises 
from  the  oernicious  activities  of  the  politi- 

cians who  were  relegated  to  private  life  by 

the  establishing  of  the  new  form  of  govern- 
ment. These  men  are  hard  and  efficient  work- 

ers in  their  own  behalf,  and  their  interests  are 

wholly  opposed  to  those  of_  the  officials  of  the 
commission-manager  administration.  They 
make  it  their  business  to  misrepresent  things 

and  in  every  way  possible  seek  to  reflect  dis- 
credit on  the  administration.  The  activities 

of  this  element  must  be  equaled  by  that  of 
the  officials,  who,  if  competent  to  perform  their 
duties  and  diligent  in  their  publicity  measures, 
can  offset  untruth  with  truth. 

.Another  obstacle  is  the  traditional  belief 
that  in  working  for  a  city  the  .employe  is 
justified  in  rendering  inefficient  service.     This 

obstacle  is  quickly  surmounted  by  a  firm  but 
judicious  exercise  of  the  right  to  discharge  the 
incompetent. 

So  far  we  have  considered  the  difficu'ties 
encountered  in  the  successful  application  of 
the  form  of  government.  Turning  directly  to 
the  city  manager  as  virtually  the  chief  official 
we  find  that  his  lot  is  indeed  a  hard  one,  par- 

ticularly in  the  early  months  of  his  engage- 
ment. In  general,  also,  we  believe  it  is  more 

difficult  and  vastly  more  trying  to  be  city  man- 
ager of  a  small  city  than  of  a  large  one.  The 

mana.§er  in  the  small  city  has  problems  fully 
as  difficult  to  solve  as  those  with  which  the 

big  city  manager  is  confronted,  and  has  less 
competent  heln  in  their  solution.  While  big 
city  undertakings  call  for  the  expenditure  of 
great  sums  of  money,  such  sums  are  usually 
more  easily  secured  than  are  the  much  smaller 
sums  expended  by  the  small  cities.  Municipal 

public  improvements  costing  hundreds  of  thou- 
sands of  dollars  seldom  present  more  engi- 

neering difficulties  than  arise  in  connection 
with  works  of  the  same  character  constructed 
on  a  smaller  scale. 

In  the  small  city  the  manager  must  train 
his  assistants.  He  cannot  get  them  in  any 
other  way,  on  account  of  the  necessity  of 

keeping  down  salaries.  The  number  of  assist- 
ants he  can  employ  must  necessarily  be  small, 

and  the  result  is  that  he  must  personally  give 
his  attention  to  many  matters  of  detail.  Many 
of  the  latter  are  exceedingly  trivial,  but  they 
must  be  attended  to  or  the  manager  will  be 
criticised  for  lack  of  attention  to  his  duties. 
One  such  manager  says  that  while  studying 

a  ve.xing  problem  of  law  enforcement  an  urg- 
ent call  for  help  will  come  to  him  on  account 

of  a  stopped  sewer.  This  is  merely  a  sug- 
gestion of  how  the  manager  of  a  small  city 

must  jump  from  one  thing  to  another  through- out the  day. 

The  theoretical  qualifications  of  the  success- 
ful city  manager  have  been  well  emphasized. 

It  has  been  said  that  he  must  have  engineer- 
ing and  legal  knowledge,  a  knowledge  of  busi- 
ness procedure,  executive  ability  and  a  judi- 

cial mind.  It  should  be  borne  in  mind,  how- 
ever, that  in  addition  to  these  qualifications 

the  successful  city  manager  must  also  be  a 
man  of  even  temper  and  one  who  is  fearless 
in  the  face  of  criticism  and  not  oversensitive 
about  it.  Again,  may  it  be  said,  the  additional 
qualifications  mentioned  are  especially  desir- 

able in  managers  of  small  cities. 

The  same  speaker  previously  mentioned  said 
that  he  had  done  some  hard  work  during  15 
years  of  engineering  before  becoming  a  city 
manager.  This  was  especially  true  when  he 
was  working  in  the  tropics,  handicapped  by  a 

strange  language,  inexperienced  labor,  an  en- 
ervating climate,  and  long  hours  of  work. 

.Added  to  these  impediments  were  the  responsi- 
bility of  the  work  and  the  liecessity  of  keeping 

the  cost  at  a  minimum.  "But,"  he  said,  "I 
have  never  held  a  position  requiring  such  an 

outlay  of  energy,  patience  and  varied  accom- 
plishment  as   does  the  one  of  city  manager." 

The  commission-manager  form  of  govern- 
ment, as  a  general  proposition,  seems  to  have 

caught  the  public  fancy,  and  it  is  spreading 
rapidly.  Doubtless  many  engineers  will  be 
offered  positions  as  city  managers.  For  their 
own  good  and  for  the  good  of  a  movement 
which  is  deserving  of  success  they  are  cau- 

tioned to  examine  themselves  thoroughly  as 

to  their  possession  of  the  requisite  qualifica- 
tions before  accepting  positions  of  this  char- 

acter. Many  men  possess  all  the  mental  quali- 
fications, but  lack  the  temperamental.  Their 

success  as  city  managers  would  therefore  be 

highly  problematical. 
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The  Engineer  and  the  Law. 

Due  to  his  knowledge  of  engineering  ma- 
terials and  of  construction  methods,  coupled 

with  his  reputation  for  honesty  and  fairness, 
the  engineer  has,  in  the  past,  been  permitted 
by  the  public  and  by  the  courts  to  exercise 
certain  judicial  functions  as  between  owner 
and  contractor.  This  assumption  of  authority 
has  caused  the  engineer  to  embody  in  his  con- 

struction contracts  and  specifications  clauses 
intended  to  give  him  final  decision  both  as  to 
the  intent  of  his  specifications  and  as  to  the 
character  of  the  completed  work.  This  often 
has  led  him  to  be  too  little  concerned  with  the 
wording  of  the  specifications;  and  there  is 
little  wonder  that  contractors  are  sometimes 
unable  to  grasp  the  exact  meaning  intended. 
Believing  that  he  is  to  act  as  interpreter  and 
also  as  judge  the  engineer  is  inclined  to  in- 

sert general  clauses  which  in  themselves  have 
little  or  no  meaning.  The  present  tendency 
of  courts  to  deny  the  right  of  individuals  to 
assume  judicial  powers  (which  is  in  line 
with  the  broad  policy  of  the  state  to  guard 
more  closely  the  rights  of  its  citizens)  has 
caused,  in  at  least  one  state,  a  law  to  be 
passed  which  denies  to  the  engineer  or 
architect  the  right  of  final  decision  in  case 
of  disputes  between  owner  .  and  contractor. 
The  fact  that  engineers  are  engaging  more 
and  more  in  work  not  heretofore  considered 
within  their  province  emphasizes  the  need  of 
a  better  understanding  on  their  part  of  those 
principles   of  law  affecting  their  work. 

In  this  issue  we  are  publishing  extracts 
from  a  paper  presented  by  William  L.  Bow- 

man before  the  Harvard  Engineering  Society 
of  New  York  in  which  the  author  discusses 
certain  legal  principles  and  decisions  of  inter- 

est to  engineers.  In  this  paper  Mr.  Bowman 
criticises  very  severely  the  present  general 
form  of  construction  contracts  and  specifica- 

tions, and  says :  "From  my  personal  knowl- 
edge of  the  contracts  of  the  city  of  New 

York,  and  of  the  interpretations  of  the  cor- 
poration counsel  and  some  of  the  engineers,  I 

am  of  the  opinion  that  in  signing  such  a  con- 
tract the  contractor,  architect,  or  engineer 

gambles  worse  than  on  the  stock  market." 
That  many  contracts  and  specifications  are 
imperfect  and  unsatisfactory  cannot  be  denied, 
and  we  believe  that  in  the  future  the  courts 
will  require  that  such  instruments  be  written 
with  greater  precision  and  with  a  better  knowl- 

edge of  legal  principles  if  they  are  to  be 
binding  upon  both  parties  to  the  contract.  As 
is  pointed  out  by  Mr.  Bowman  such  require- 

ments as :  "That  the  work  must  be  to  the  sat- 
isfaction of  the  owner  and  engineer ;"  "that 

the  contractor  shall  follow  the  plans  and  spe- 
cifications and  do  the  work  under  the  direc- 

tion of  the  engineer,"  and  then  to  call  for  a 
perfect  job  or  make  the  contractor  guarantee 

a  certain  result ;  "that  the  contractor  shall  as- 
sume all  underground  risks,"  even  though  the 

engineer  gives  borings  of  the  sub-strata:  and 
clauses  of  a  similar  character  are  likely  to 
be  given  little  consideration  if  taken  into 

court.  Too  often  "big  stick"  clauses,  which 
are  unfair  to  all  parties  and  which  create 
the  impression  that  the  engineer  himself  does 
not  know  definitely  what  he  wants,  are  in- 

serted in  specificatioiis. 
The  need  of  exercising  great  care  on  the 

part  of  the  engineer  in  contracting  to  do  work 
for  corporations  and  municipalities  is  em- 

phasized, and  the  following  advice  is  given 
to  engineers  who  contemplate  such  employ- 

ment : 

(a)  Know  that  there  is  an  appropriation  for 

your   work. 
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(b)  Know  that  the  official  employing  has  the 
power  to  employ. 

(c)  Keep  the  cost  of  the  work  within  the  ap- 
propriation. 

(d)  Get  your  money  as  soon  as  you  can. 

Unless  the  engineer  gives  full  consideration 
to  such  items  as  the  foregoing  it  is  extremely 
probable  that  he  will  find  himself  unable  to 
collect  for  his  service,  even  though  he  has 
acted  in  good  faith  in  every  particular.  The 
legal  principles  discussed  by  Mr.  Bowman 
may  well  be  given  serious  study  by  engineers. 
and  even  though  some  of  his  statements  m3y 
not  be  accepted  literally  they  are,  nevertheless, 
pertinent  and  timely. 

Residential    Sewage   Disposal    an    En- 
gineering Problem. 

The  design  of  sewage  disposal  plants  for 
residences  is  a  problem  for  the  sanitary  en- 
i;iTieer.  This  work  is  now  too  generally  en- 

trusted to  architects  or  plumbers  who  are  in- 
cumpetent  in  this  field.  Those  who  have 
made  a  special  study  of  residential  sewage  dis- 
|iosal  realize  that  here  as  in  municipal  sew- 

age disposal  the  design  should  be  governed  by 
local  conditions.  Moreover,  if  the  design  is 
not  governed  by  local  conditions  the  owner 
is  practically  certain  to  find  that  in  paying  for 
his  sewage  plant  he  has  paid  for  something 
which  will  produce  rather  than  prevent 
nuisance  to  his  senses  of  sight  and  smell. 

In  this  issue  we  publish  an  article  which 
illustrates  and  describes  the  essential  features 
of  designs  prepared,  by  a  sanitary  engineer,  to 
uovern  the  construction  of  sewage  treatment 
plants  for  two  estates  situated  near  Chicago. 
These  designs  well  illustrate  the  desirability 
of  employing  a  sanitary  engineer  to  solve 
residential  sewage  disposal  problems.  En- 

gineers will  be  interested  to  note  the  use  of 

two-story  tanks  of  the  Imhoff  type  in  these 
two  installations.  These  tanks  are  as  large 
as  some  which  have  been  successfully  operated 
at  sewage  treatment  experimental  stations  and 
tlieir  successful  operation  is  anticipated.  This 
application  of  the  Imhoff  principle  is  in  line 
with  the  progress  of  the  art. 

.Architects  and  plumbers  are  prone  to  use 
plain  septic  tanks,  in  all  cases,  without  any 
form  of  secondary  treatment  and  without  re- 

gard to  local  conditions  of  flow,  nature  of 
sewage  or  ultimate  disposal.  These  men  are 
among  those  who  were  convinced  some  years 
ago  that  the  plain  septic  tank  presented  the 
solution  of  all  sewage  disposal  prol)lems.  Thev 
still  hold  to  that  view.  Owners,  when  they 
have  any  ideas  on  the  subiect,  are  likely  to 
agree  with  the  architect  and  plumbers  in  this 
matter.  These  men  have  not  learned  that 
sewage  disposal  is  a  much  more  complex 
problem  than  it  was  generally  thought  to  be 
15  years  ago.    The  fault  is  not  theirs  so  much 

as  it  is  that  of  the  engineers  who  ten  or  fif- 
teen years  ago  were  so  exceedingly  en- 

thusiastic over  septic  tanks.  The  sanitary  en- 
gineers of  the  present  must  correct  the  ex- 

isting conditions.  Probably  this  can  be  best 
accomplished  by  co-operation  between  the  en- 

gineers and  architects  practicing  in  a  given 
locality.  Engineers  should  take  the  initiative 
in  securing  this  co-operation. 

The  Management  of  City  Paving  Prob- 
lems: The  Result  of  an  Investiga- 

tion in  Syracuse,  N.  Y. 
The  conclusions  reached  by  a  committee  of 

tlie  Chamber  of  Commerce  of  Syracuse,  N.  Y., 
after  a  careful  study  of  statistics  from  the  68 
cities  noted  in  the  article  on  another  page, 
including  their  own  city,  were  as  follows : 

(1)  Property  owners  sliould  not  be  permitted 
to  choose  t\-pes  of  pavements  to  be  used  without 
the  approval  of  some  more  expert  authority. 

(2)  The  city  at  large  should  pay  one-third  of 
the  cost  of  all  new  pavements,  as  well  as  street 
intersections, 

(3)  The  city  at  large  should  pay  the  entiro 
cost  of  repaving. 

While  there  may  be  cities  in  which  special 
conditions  exist  that  would  modify  the  appli- 

cation of  the  method  of  paving  management 
outlined  in  the  conclusions  stated,  their  use 
in  practically  every  city  of  the  United  States 
would  greatly  simplify  engineering  problems 
and  serve,  in  many  cases,  to  clarify  the  polit- 

ical atmosphere.  That  the  type  of  pavement 
should  be  decided  by  a  vote  of  the  citizens  is 
a  method  of  pavement  selection  inherited  from 
the  days  of  town  meetings.  It  is  an  excellent 

example  of  "let  the  people  rule"  run  into  the 
ground. 
The  apportionment  of  the  cost  in  propor- 

tion to  the  benefit  derived  is  a  principle  of 
local  assessment  for  public  improvements  that 
is  applied  in  many  forms  of  taxation.  Those 
directly  benefited,  such  as  abutting  property 
owners,  are  assessed  for  a  larger  proportion 
of  the  cost  than  those  indirecth-  benefited. 
The  basis  for  paving  work  of  two-thirds 
against  the  property  and  one-third  against  the 
city  appears  to  be  an  excellent  ratio  of  appor- 
tionment. 

That  the  city  should  bear  the  cost  of  repay- 
ing is  perhaps  the  most  practical  solution  of  a 

rather  involved  problem.  A  pavement  is 
usually  worn  out  by  traffic  by  which  the  in- 

terests of  the  abutting  property  owners  are 
but  little  bettered.  Furthermore,  repaving 
usually  consists  merely  of  replacing  a  wearing 
surface  and  it  is  difficult  to  arrive  at  the  cost 
of  such  work  accurately  before  the  repaving 
is  undertaken. 

In  connection  with  the  financing  of  paving 
work  it  might  appear  desirable,  in  some  cases, 
to  issue  bonds  for  tlie  first  paving  of  a  street, 
but  for  repaving  such  procedure  is  usually  not 

desirable.  The  pavement  is  worn  out  by  traffic, 
then  why  should  not  traffic  be  assessed  for  the 
maintenance  of  the  pavement?  In  Chicago  a 
wheel  tax  is  imposed  upon  all  vehicles  using 
the  streets,  the  proceeds  of  which  is  used 
exclusively  for  repaving  purposes.  Without 
entering  into  a  discussion  of  the  various  fea- 

tures of  the  wheel  tax  it. appears,  to  say  the 
least,  to  be  equitable. 

Statistics  of  methods  of  managing  paving 

problems  are  needed.  From  them  most  valu- 
able information  of  utility  in  drafting  ordi- 

nances and  the  systematizing  of  civic  works 
may  be  secured.  We  know  of  no  more  val- 

uable addition  that  could  be  made  with  little 

additional  work  to  every  city  engineer's  report, 
than  a  concise  statement  of  the  methods  em- 

ployed in  pavement  management.  The  method 
of  presenting  this  information  might  well  fol- 

low that  outlined  in  the  investigation  con- 
ducted by  the  citizens  of  Syracuse. 

The   Bonus   System   in   Paying   Meter 
Readers. 

In  this  issue  we  publish  an  account  of  the 
introduction  of  the  bonus  system  by  the  Mil- 

waukee Gas  Light  Co.  in  paying  its  meter 
readers.  Under  the  old  plan  readers  were 
paid  by  the  hour,  regardless  of  the  number  of 
meters  read.  Now  a  minimum  number  of 
readings  per  hour  is  required  and  for  all 
readings  in  excess  of  the  minimum  a  bonus 
is  paid.  The  plan  has  worked  out  to  the  ad- 

vantage of  company  and  readers.  The  num- 
ber of  readers  has  been  reduced  from  26  to  22, 

the  cost  per  reading  has  been  reduced  two- 
tenths  of  a  cent  and  the  average  monthly 
wages  of  the  readers  increased  from  $55.21 to  $61.48._ 

In  the  introductory  paragraph  of  the  article 
mentioned  we  state  that  the  plan  described 
might  be  adopted  to  advantage  in  the  handling 
of  water  meter  readers.  Of  the  fact  that  the 

plan  is  not  so  generally  applicable  to  the  read- 
ing of  water  meters  as  to  the  reading  of  gas 

meters  we  are  well  aware.  Gas  services  are 
always  metered  and  the  meters  are  usually 
read  at  monthly  intervals.  On  the  other  hand, 
there  are  but  comparatively  few  cities  in  which 
all  water  services  are  metered  and  water 
meters  are,  in  many  cities,  read  but  quarterly. 
In  many  cities  of  even  25,000  population,  par- 

tially metered,  one  man  working  part  time 
can  readily  read  the  water  meters  as  often  as 
the  local  custom  requires. 

Notwithstanding  these  considerable  points 
of  difference,  we  think  it  likely  that  in  the 
larger  and  secondary  cities  which  are  fairly 
well  metered  the  introduction  of  the  bonus 

system  in  compensating  readers  would  pro- 

mote both  economy  and  efficiency.  "Sidewalk" reading  is  readily  eliminated  by  withholding 
from  the  reader  the  last  reported  readings  of 
the  meters. 

RAT. 
A  Discussion  of  Some  Legal  Principles 

of  Interest  to  Engineers. 
In  the  past  the  engineer  has  been  permitted 

to  exercise  broad  judicial  functions  as  between 
owner  and  contractor,  and  this  assumption 
of  authority  has  led  him  to  embody  in  his 
specifications  clauses  which  have  little  or  no 
legal  standing.  A  better  understanding  of 
those  laws  which  touch  upon  the  rights  and 
liniitations  of  engineers  is  essential  if  engineers 
.ire  til  avoid  expensive  litigations  in  the  future. 
The  following  article  gives  some  pertinent 
data  on  this  subject,  the  data  being  abstracted 
from  a  paper  presented  before  the  Harvard 

I'Inginccring  Society  of  New  York  by  William L.  Bowman. 

With  our  present  methods  of  building  con- 
struction the  burden  of  all  such  construction 

has  fallen  chiefly  upon  the  engineer,  and  it 
will  continue  so  to  do  more  and  more  in  the 
future.  The  architect  still  plans  and  outlines 
the   work,  but  it  is  the   engineer  who   is   re- 

sponsible for  its  stability,  usefulness  and  per- 
manence. With  this  in  mind  it  seems  strange 

that  there  are  as  yet  no  state  statutes  restrict- 
ing the  practice  of  engineering.  Why  have 

the  engineers  escaped  while  architects  are 
controlled  in  Illinois,  California  and  New  Jer- 

sey? The  only  answer  which  seems  satis- 
factory is  politics.  If  that  is  so,  then  the  engi- 

neer, must  be  prepared  for  practice  statutes  in 
the  near  future  similar  to  those  governing 
architects  in  the  states  mentioned,  as  it  has 
been  held  time  and  again  that  such  statutes 
do  not  contravene  the  fourteenth  amendment 
of  the  United  States  constitution. 

City  or  town  laws  or  ordinances  taxing  the 
practice  of  engineering  in  the  city  or  town  are 
frequent  and  common.  The  taking  out  of 
these  licenses,  as  they  are  usually  called,  is 
often  required  not  only  in  the  place  where 
the  engineer  has  his  office  or  offices,  but  in 
the  place  where  he  is  doing  the  construction work. 

These  brief  considerations  call  for  the  fol- 
lowing  recommendations : 

(a)  Practicing  engineers  should  annually 
ascertain  whether  any  state  laws  have  been 
passed  governing  their  profession,  and  if  such 
laws  have  been  passed  they  should  carefully 
follow  each  and  every  provision. 

(b)  Ascertain  whether  or  not  there  is  any 
municipal  or  town  license  tax  on  the  engi- 

neering profession  where  they  have  offices  or 

jobs. 

(c)  Before  taking  employment  in  another 
state  ascertain  whether  there  are  any  state  re- 

strictions governing  non-resident  engineers. 

(d)  Many  engineers  practice  their  pro- 
fession under  the  form  of  partnership,  while 

the  partnersliip  named  uses  some  designation 
or  name  other  than  the  names  of  the  part- 

ners. In  such  cases  they  should  take  care  to 
file  the  proper  certificates  as  required  by  law. 

(e)  If  the  form  for  doing  business  is  a 
corporation   be   sure   to   comply   with   the   re- 
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qiiirements  of  the  state  in  which  you  are  in- 
corporated, and  also  with  the  requirements  for foreign  corporations  in  those  states  where  con- 

struction work  is  undertaken.  This  is  very 
important,  as  otherwise  you  may  do  work  and 
have  no  remedy  to  secure  your  pay  if  the  same 
IS  refused  and  especially  if  your  fees  are under  the  $3,000  limit  of  the  federal  court. 

Let  us  now  briefly  take  up  the  subject  of  the 
engineers  employment.  It  can  be  subdivided 
as:  employment  by  individuals,  by  corpora- 

tions, by  municipal  corporations,  and  by  a state  or  the  United  States.  No  matter  who 
your  employer  is,  be  sure  to  have  the  full  and 
complete  terms  of  your  employment  in  writ- 

ing. Then  don't  forget  that  such  a  written contract  excludes  in  a  court  of  law  all  con- 
sideration of  preliminary  negotiations  or  agree- 

ments or  documents  pertaining  thereto  prior 
to  the  written  contract  and  not  made  a  part 
of  the  contract.  Compliance  with  this  simple 
suggestion  will  prevent  many  disputes  and 
also  troubles  with  the  statute  of  frauds.  Know 
with  whom  you  are  dealing,  and  the  extent  of 
their  authority  if  they  are  acting  for  others 
and  beware  of  conditional  contracts,  or,  as It  might  better  be  stated,  contracts  with  con- 

ditional payment. 
Naturally  there  are  less  complications  in 

employment  by  individuals  than  in  the  other 
classes  stated.  It  will  probablv  be  sufficient  to 
dismiss  this  class  with  merely  a  warning  to 
look  out  for  agents,  committees  of  organ- 

izations, and  irresponsible  real  estate  dealers 
and  operators. 
When  considering  employment  bv  a  corpora- 

tion It  must  be  noted  that  a  corporation  is  a 
legal  person  endowed  with  life  bv  a  charter. 
That  charter  rules  and  governs  its  powers,  and 
hence  the  corporation   can  do  nothing  which 
IS  not   specified   or  essentially  implied   by  the 
charter.     It  is  therefore   possible,   though   not 
probable,    that    some    corporations    might    not 
have  the  power  to  employ  an  engineer,  and  if 

one    were    employed    and"    refused    compensa- tion  he   could    not    recover   at   law    for   such 
services.      The    chief    difficulty,    however,    in 
dealing  with  a  corporation  is  to  know  whether 
or  not  the  officer  with  whom  you  are  dealing 
has   the   power    to    act   or   has   been   granted 
authority  by  the  board  of  directors  to  emplov 
an  engineer.     Generally  speaking,  the  employ- 

ment by  the  president  or  general  manager  of 
a  corporation   is   sufficient  to   charge  the  cor- 

poration with  the  employment,  so  that  you  are 
assured   that   the  plea   of   "no   authority"  will 
not  be  used  against  you ;   but  the   only  safe- 

guard is  a  resolution  of  the  board  of  directors. 
When  we  think  of  the  dealings  of  engineers 

with  municipal  corporations  and  their  depart- 
ments we  usually  think  of  the  salaried  engi- 

neers  protected    by   the~  civil    service.      While there  are  many  interesting  questions  that  con- 
stantly arise  in   regard  to  the  civil  service  as 

regards  grading,  salaries,  etc.,  yet  they  are  not 
important  enough  to  dwell  upon,  especially  as 
they  are  dependent  upon  the  construction   of 
special  statutes.     We  are  more  interested  with 
the    consulting    engineer    in    practice    who    is 
called   upon  to  take  charge  of  special  or  im- 

portant work   for  the  municipality.     Early   in 
my  connection  with  municipal  cases  I  made  the 
recommendation,    which    later    experience    has 
shown   should   be   a   subject   for   a   desk  card, 

"'Never  do  any  work  for  a  public  corporation 
without   first  consulting  expert   legal   advice." 
That  sounds  as  though  there  might  be  a  great 
deal   of   personal   interest   involved,   but   it   is 
probably  the  best  advice  I  shall  give  you  in  this 
paper.     Let  me  tell  you  about  an  extreme  case, 
which    involved    an    architect,    bst    the    same 
principles    would   govern   a   contract   of   serv- 

ices   for    an    engineer.      In    one    of   the    New 
York  City  contracts  a  provision  is   found  as 
follows : 

The  architect  shall  on  or  before  the  first  day 
of  November,  1904,  furnish  a  set  of  preliminary 
studies  and  specifications,  together  with  an  es- 

timate of  the  cost  of  said  building  or  structure. 
If  the  said  preliminary  drawings  and  specifica- 

tions and  estimates  are  not  satisfactory  to  and 
approved  by  the  Commissioner,  then  the  archi- 

tect shall  and  will  revise  and  correct  the  same 
so  as  to  conform  to  the  suggestions  and  criti- 

cisms   and    requirements    of    the    Commissioner. 

and  so  that  the  estimated  cost,  including  the 
architect's  fees,  of  the  cost  and  service  and  in- spection shall  be  well  within  the  sum  of  $4S,000, 
the  funds  available  for  said  building  or  structure. 

It  has  been  judicially  determined  that  under 
such  a  clause  it  was  not  necessary  that  the 
preliminary  drawings,  specifications  and  esti- 

mate should  be  within  the  sum  mentioned, 
and  It  was  intimated  that  if  the  estimated  cost, 
including  architect's  fees,  ran  above  that  fig- ure It  would  become  a  question  for  the  jury  to determine  whether  or  not  there  had  been  a 
substantial  performance  of  the  contract  by 
the  architect.  In  the  latest  case,  however,  the 
same  court  held  that  the  architect  was  bound 
to  furnish  not  only  preliminary  plans,  draw- 

ings and  specifications,  which,  with  the  archi- 
tect's compensation,  should  be  within  the  Hmit of  cost  of  $48,000,  but  that  the  final  drawings, which  must  include  the  suggestions  and  criti- 

cisms of  the  commissioner,  should  also  be within  the  $48,000. 

.Another  clause  of  the  same  contract  provid- 
ed for  the  payment  of  1  per  cent  upon  the 

completion  of  the  drawings  and  specifications 
called  for  by  the  clause  hereinbefore  set  forth, 
and  it  was  contended  that  the  architect  was 
at  least  entitled  to  that  1  per  cent.  The  court 
held  to  the  contrary,  on  the  ground  that  the 
approved  revised  plans  did  not  come  within  the 
limit  of  cost  of  $48,000. 

This  case  and  others  seem  for  the  present 
to  establish  a  new  rule  of  law  in  such  em- 

ployment that  where  an  architect  contracts 
to  furnish  plans  not  to  exceed  a  certain  cost 
and  the  bids  being  largelv  in  excess  of  said 
cost,  so  that  the  plans  are  abandoned,  the 
architect  loses  his  right  to  anv  compensation 
for  the  work  done.  This  seems  an  exceed- 

ingly harsh  and  unfair  requirement  to  put 
upon  an  architect,  especially  when  one  notes 
the  range  of  prices  bid  by  contractors  upon 
the  same  plans  pursuant  to  the  ordinary  ad- 

vertisements for  bids.  How  can  a  munici- 
pality conscientiously  and  fairly  ask  an  archi- 

tect to  plan  a  building  and  make  his  remun- 
eration dependent  upon  his  follo\ving  not  only 

the  requirements  and  suggestions  of  the  offi- 
cial in  charge,  but  also  refuse  to  give  him  anv 

credit  in  case  there  is  delay  in  advertising 
for  bids,  especially  when  the  contractors'  bids 
will  van,-  30  per  cent  on  the  same  plans? However,  the  courts  have  so  held  and  it  be- 

hooves architects  and  engineers  to  take  it  into 
consideration  in  this  class  of  work. 

In  such  employment  the  engineer,  to  be 
assured  of  pay  for  his  services,  must  know 
that  each  and  every  provision  and  require- 

ment regarding  appropriation  and  employment 
have  been  complied  with  by  the  legal  and 
proper  officials  or  official.  The  board  can 
usually  only  act  by  action  at  a  board  meeting. 
Hence  employment  by  the  commissioner  of 
health  of  this  city  would  not  be  valid  since  it 
is  the  board  of  health  which  must  act.  It 
might  be  said  that  the  engineers  and  other  pro- 

fessional men  are  the  subjects  of  exception 
from  the  many  requirements  of  the  "Charter 
of  the  City  of  New  York"  regarding  written 
contracts  and  competitive  bidding  for  their 
jobs.  There  are  even  instances  where  the 
court  has  said  that,  after  plans  and  specifica- 

tions have  been  prepared  for  a  large  munici- 
pal building  (and  where  no  express  provision 

was  made  for  a  supervising  or  superintending 
architect  or  engineer),  it  might  be  considered 
as  one  of  the  things  essential  to  carrying  in 
effect  the  main  purpose  of  the  appropriation 
for  the  erection,  furnishing  and  equipment  of 
the  building  that  he  could  be  paid  from  the 
general  appropriation.  It  may  be  noted  that 
it  is  now  general  in  most  of  our  state  statutes 
to  find  a  clause  which  shows  that  the  appro- 

priation for  the  engineering  work  must  include 

the  engineer's  charges.  Employments  of  this 
nature  are  usually  largely  political,  and  I 
hardly  need  warn  you  that  you  should  at  all 
times  get  any  earned  money  as  soon  as  pos- 

sible, since  the  change  of  officials  or  new  ad- 
ministrations cause  many  unpaid  bills  to  be 

forever  unpaid.  As  a "  brief  summary  the following  is  offered : 

(1)    Know   there  is   .in  .-ipprnnrintion  for  your work. 

(2J  Know  that  the  official  employing  has  the power  to  employ. 

(3)  Keep  the  cost  of  the  work  within  the  ap- 
propriation. (4)  Get  your  money  as  soon  as  you  can. 
Employment  by  the  state  involves  all  the 

troubles  suggested  in  employment  by  munici. 
palities,  and  also  the  fact  that  in  many  states 
you  are  absolutely  at  the  mercy  of  the  con- 

tracting official  because  there  is  no  way  in 
which  you  can  compel  payment  for  your  serv- 

ices except  through  legislative  consent  to  sue 
the  state,  which  road  is  usually  blocked  if 
you  have  troubles  with  the  officials.  This 
statement  is,  of  course,  only  applicable  to  those 
states  like  Pennsylvania,  which  have  no  court 
or  board  of  claims. 

In  employment  by  the  United  States,  al- 
though you  have  to  exercise  mucli  the  same 

care  that  you  do  in  taking  employment  from 
municipalities,  yet  you  have  a  chance  for  vour 
compensation  in  the  court  of  claims. 

mechanics'  liexs. 
There  is  no  need  to  suggest  that  the  engi- 

neer seeking  employment  should  know  that  the 
party  is  good  for  his  compensation.  The  engi- 

neer is  protected  very  often  by  the  so-called 
"lien  laws."  As  these  law^s  are  statutory, 
there  are  few  of  them  that  are  worded  or  con- 

strued alike.  Generally  they  apply  to  all  im- 
provements of  real  property.  Of  course  that 

will  hold  on  any  building  erected  (although 
It  has  been  held  not  to  apply  to  a  mausoleum)  : 
and  again  in  other  statutes  it  has  held  good 
as  to  a  dam  and  not  to  drilling  oil  wells ;  still 
another  state  allows  a  lien  for  planting  trees, 
while  another  will  not  allow  one  for  side- 

walk improvements.  These  instances  show 
that  you  must  first  find  out  what  improvements 
or  structures  are  within  the  provisions  of  the lien  law. 

Is  an  engineer  entitled  to  such  protection 
for  his  services  in  preparing  the  plans  and 
specifications  for  and  in  superintending  the 
construction  of  work?  No  general  answer  can 
be  given,  as  each  state  has  a  lien  law  which 
in  its  wording  usually  differs  somewhat  from 
every  other  such  statute.  .Ml  such  statutes, 
however,  can  usually  be  divided  into  two  gen- 

eral classes— one  which  protects  "anv  person 
performing  labor"  upon  building  construction, and  the  other  which  specifies  certain  persons 
as  "mechanics,  laborers,"  etc.  This  classifi- cation at  the  same  time  will  gi\e  a  general 
idea  of  the  usual  decisions  on  the  subject  as 
regards  architects,  since  in  the  first  instance 
they  are  protected  and  in  the  second  they  are 
not.  Thus  it  would  seem  from  the  recorded 
cases  that  at  present,  where  the  architect  has 
an  entire  contract  both  for  preparation  of 
plans  and  specifications,  and  also  for  superin- 

tendence, and  fulfills  both  of  these  services, 

he  is  entitled  to  a  mechanics'  lien  in  Alabama' California,  Colorado,  Illinois,  Louisiana,  Min- 
nesota, Nebraska,  New  Jer'^ey,  New  Mexico, 

North  Dakota,  Pennsylv.i.iia,'  Rhode  Island] Washington,  and  probabjy  New  York.  On  the 
other  hand.  Iowa,  Kentucky,  Massachusetts, 
Missouri,  North  Carolina  and  Tennessee  deny 
an  architect  the  aid  of  the  lien  law  under  such 
circumstances. 

Suppose  tlie  architect  merely  prepares  plans 
and  .specifications.  Is  he  protected  by  the  lien 
law  for  such  services?  It  would  be  expected 
that  if  the  buildings  are  not  erected  there 
could  be  no  lien,  but  Wisconsin  seems  to  allow 
a  lien  even  then.  Where  the  construction 
work  is  actually  done  there  is  about  an  equal 
difference  of  opinion  in  the  reported  cases 
Illinois,  Iowa,  Minnesota,  Nebraska  and  Wis- 

consin aiding  the  architect,  and  Delaware, 
-Maine,  Massachusetts,  Missouri,  New  York 
and  Pennsylvania  refusing  him  the  advantages 
of  the  statute. 
Where  the  architect  merely  superintends  the 

construction  work  it  is  certain  that  he  would 
be  protected  in  those  states  where  he  is  bene- 

fited when  he  draws  the  plans  and  superin- 
tends the  construction.  New  York,  Rhode 

Island  and  Oregon  seem  to  help  the  architect 
in  such  a  case  upon  the  theory  that  such  serv- 

ices are  actually  performed  upon  the  con- 
struction work  in  contradistinction  to  the  work 

done  in  making  the  plans  and  specifications, 
which  is  all  performed  in  his  oflfice. 
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DUTIES   AND  LIABILITIES  OF  THE  ENGINEER. 

When  we  realize  tliat  upon  a  single  piece  of 
work  the  engineer  may  not  only  be  agent  for 
the  owner,  but  also  for  the  contractor,  and 
at  the  same  time  arbitrator  or  judge  bet^vcen 
the  same  parties,  we  must  recognize  his  unique 

position.  In  practically  all  construction  con- 
tracts the  engineer  today  is  paid  by  the  owner 

or  party  having  the  work  done,  and  at  the 
same  time  acts  in  a  quasi-judicial  capacity  in 
determining  what  the  plans  and  specifications 
mean,  what  they  call  for,  what  work  has  been 
done  at  certain  periods,  whether  or  not  the 
work  is  according  to  contract,  whether  or  not 
it  is  properly  and  satisfactorily  done,  and  the 

amount  of  the  quantities  for  which  the  con- 
tractor shall  receive  payment.  It  is  a  precari- 

ous position  for  the  strongest  human  charac- 
ter. Imagine  the  judges  on  our  benches  in 

the  pay  of  the  plaintiffs  or  defendants !  Yet 

that  is  practically  what  has  been  for  some 
time  and  still  exists  in  engineering  work.  The 

fact  that  the  engineer  has  stood  the  test  so 

well  is,  to  mv  mind,  remarkable.  How  much 

longer  w^ill  he  stand  it?  That  will  depend 

largely  upon  the  college  graduate  engineers 

^\'ho  are  now  being  turned  out  by  the  hun- 

v-Jreds.  I  might  add  that  the  courts  in  Penn- 

sylvania got  to  supporting  the  engineers  so 

strongly  in  their  decisions  and  certificates  that 

the  state  legislature  took  a  hand  in  the  mat- 
ter and  passed  a  statute  providing  that  no 

contract  clause  making  an  architect's  or  en- 
gineer's award  or  certificate  final  or  conclusive 

should  oust  the  courts  of  their  jurisdiction. 

and  that  anv  controversy  arising  on  such  a 

contract  should  be  determined  in  due  course 

of  law  with  the  same  effect  as  if  such  pro- 
vision were  not  in  the  contract. 

This  was  not  applicable  to  corporations  hav- 

ing the  power  of  eminent  domain,  which,  of 

course,  made  the  statute  inefltective  in  the 
cases  where  it  should  have  had  its  greatest 
effect. 

In  my  opinion  the  entire  trouble  is  with  the 

present-dav    construction    contracts    and    their 

specifications,   or   at  least   the   general   condi- 
tions of  the  specifications.     In  discussing  the 

present-day  railroad  construction  contracts  the 

following  has  been  stated :     "It  is  safe  to  say 
that    in    no    other   business    relation    between 

men  are  such  one-sided  agreements  customary. 

In  no  other  relation  is  a  man  conceived  to  be 

clothed,    bv    reason    of    a   written    instrument, 

in  a  mantle  of  infallibility  as  is  the  engineer 

in   customarv-   railroad   contracts."    The   same 
is  true  of  all  United  States,  state  or  municipal 

contracts,  and  even  of  many  private  contracts. 

From  personal  knowledge  of  the  contracts  of 

llie  city  of  New  York  and  of  the  interpreta- 
tions by  the  corporation  counsel  and  some  of 

the    engineers,    I    am    of   the   opinion   that    in 

signing  such  a  contract  the  contractor,  archi- 
tect  or   engineer   gambles   worse   than   on   the 

.Atork  market.     He  frequently  becomes  an  in- 

surer and  an  exponent  of  faith,  hope  and  char- 
ity.    The   unrest   caused   by   these   classes   of 

contracts  has  kept  all  the  contractors  and  many 

of  the  architectural  and  engineering  organiza- 

tion'; in  this  country  and  in  England  busy  dis- 
cussing  the   subject   and   trying  to  better  the 

conditions.     In  England  they  have  done  much 

better  and  gone  much   further  than  we  have. 

Lately   the  new  standard   forms  of  invitation 

to  submit  a  proposal,  the  contract  bond  and  the 

general  conditions  of  the  contract  of  the  Amer- 
ican  Institute  of   Architects  are  quite  an  ad- 

vance upon  the  old-style  so-called  uniform  con- 

tract.    In  private  work  the  use  of  the  cost- 

plus-percentage,   or  cost-plus-a-fixcd-sum.   has 
made  great  advances,  and  seems  generally  to 

prevent  many  of  the  common  disputes  of  the 

past.    You  as  engineers  can  help  this  situation 

by  rever  presenting  to  a  contractor  a  contract 
in  a  form  which  you  would  not  be  willing  to 

sign    were    the    situations    changed.     Be    sure 

that   the   general   conditions   of   the    specifica- 
tions are  not  contrary  to  or  different  from  the 

contract  requirements.     Do  not  call  upon  the 
contractor  to  do  everything  which  tlic  engineer 

deems  part  of  the  complete  performance  if  it 
is  not  shown  on  the  drawings  or  mentioned  in 

the  .specifications;  that  this  or  that  part  of  the 

work,    or   method    of    working,    etc.,    shall    be 

determined  bv  the  "discretion  or  judgment  of 

the  engineer";  that  anv  and  all  changes  can 

be  made  at  the  demand  of  the  engineer ;  that 

the  work  must  be  to  the  satisfaction  of  the 

owner  and  engineer;  that  the  contractor  shal
l 

follow  the  plans  and  specifications,  and  do  the 

work  under  the  directions  of  the  engineer,  and 

then  call  for  a  perfect  job  or  make  him  war-
 

rant a  result ;  that  the  contractor  shall  assume 

all  underground  risks,  even  though  the  engi- 

neer gives  borings  of  the  sub-strata  :  that  the 
contractor  shall  tear  down  any  portion  of  the 

work  i.t  any  time  before  complete  acceptance 
at  the  direction  of  the  engineer,  etc. 

This  brings  us  to  one  of  the  most  frequent 

causes  of  trouble  between  owners,  engineers 

and  contractors— namely,  the  inability  of  some 

engineers  to  express  their  requirements  clear- 
ly, concisely  and  in  plain  unequivocal  English, 

so  that  all  concerned  may  read  and  know  what 

their  specifications  mean  and  call  for.  Most 

of  this  trouble  can  be  ascribed  to  the  practice 

of  copying  specification  provisions  from  some 

other  person's  work  or  from  some  ancient 

specifications  with  no  regard  or  consideration 
ns  to  whether  the  class  of  materials  is  the 

present  market  classification  or  whether  even 

obtainable  except  at  an  exorbitant  price. 

Such  specifications  usually  contain  ambiguous 

phrases  which  have  been  rightly  named  "club 
or  big  stick  clauses,"  unfair  to  all  parties,  and 
which  create  the  impression  that  the  engineer 

himself  does  not  know  what  he  wants,  and 

that  he  expects  to  cover  up  his  deficiency  by 

other  common  phrases,  such  as  "the  decision of  the  architect  as  to  the  true  construction  and 

meaning  of  the  drawings  and  specifications 

shall  be  final";  "that  all  work  and  materials 

must  be  to  the  entire  satisfaction  of  the  engi- 
neer" :  "that  all  materials  must  be  of  the  best 

quality"  ;  "that  all  work  must  be  done  in  the 

best  manner  as  the  engineer  shall  direct,"  etc. 
Nor  do  these  expressions  always  accomplish 
the  expected  result.  Por  example,  where  a 
contract  for  a  heating  plant  provided  for  a 

"complete  and  perfect  job,  even  though  every 
item  required  to  make  it  such,  is  not  speciaUy 

noted  in  the  drawings  or  these  specifications" ; 
also  that  the  contractor  "shall  furnish  all  labor, 
tools  and  appliances  necessary  to  complete  his 
work  according  to  these  specifications,  and 
shall  perform  his  work  in  a  true  workmanlike 
manner  in  every  particular,  and  thus  provide 
the  building  with  a  durable  and  mechanically 

perfect  system,"  it  was  held  that  the  con- tractor was  not  required  to  improve  upon  the 
plans  in  order  to  make  a  mechanically  perfect 

system. 
Similarly,  when  a  contract  requires  the  con- 

struction of  a  cellar  according  to  specifications 
it  w-as  held  that  an  additional  requirernent 
that  "the  whole  to  be  perfectly  water-tight 
and  guaranteed"  only  bound  the  contractor  so 
far  as  his  own  work  was  concerned,  and  that 
he  was  not  held  to  guarantee  that  the  plans 
would  produce  a  water-tight  job.  In  another 

instance,  where  a  tin  roof  of  the  "best  qual- 
itv"  was  called  for  the  trial  justice  in  charg- 

ing the  jury  held  that  such  a  requirement  was 
satisfied  when  the  roof  as  finished  "was  equal 
to  the  standard  contemplated  by  the  contract." 
These  examples  are  given  because  of  the  tend- 

ency on  the  part  of  some  architects  and  engi- 
neers to  reject  work  under  such  circumstances, 

should  be  avoided,  because  it  often  causes  a 

contractor  to  increase  his  estimate,  and  be- 
cause it  opens  the  door  for  questioning  the 

engineer's  motives.  If  the  specifications  are 
made  liberal  in  this  respect,  and  call  for  rnate- 
rial  of  a  certain  make  or  equal,  the  engineer 
is,  of  course,  the  judge  as  to  what  is  equal, 

and  the  owner  is  thus  protected  in  this  re- 
spect. It  might  be  here  noted  that  if  the  speci- 

fications do  call  for  a  particular  brand  or 

equal  the  contractor  may  use  the  equal  mate- 
rial in  the  first  instance,  and  it  has  been  held 

that  such  use  could  not  be  made  to  depend 
upon  the  question  as  to  whether  the  material 
specified  was  procurable  or  not.  I  quote  the 

following  e.xcerpts  from  a  late  written  dis- 
cussion of  the  subject: 

The  engineer  or  professional  adviser  who 
draws  up  the  specifications  is  too  lazy  to  write 
out  the  details  of  the  paragraph,  and  so  he  says 

we  will  leave  that  to  the  Judgment  of  the  archi- 
tect or  the  engineer.  It  is  the  result  of  his  own 

mental  laziness.  Now,  then,  if  you  go  to  the 
opposite  extreme  and  specify  everything,  there 
IS  nothing  left  for  the  engineer  to  decide,  and 
there  is  nothing  left  for  the  arbitration  to  de- 

cide, .  .  .  leaving  also  much  less  to  fight 
about  than  if  you  left  the  things  to  the  dis- 

cretion of  the  engineer  or  put  in  'big  stick" compulsion  clauses,  which  do  not  belong  there. 
Let  the  professional  advisers  work  entirely 

for  the  man  who  employs  them,  and  nobody  else, 
and  not  have  him  a  Judge  of  any  kind  whatever. 
When  he  is  not  acting  as  a  Judge,  he  will  write 
specifications  that  will  explain  themselves.  .  . 
,  •  It  is  morally  w'rong  to  have  a  Judge  in  liti- 

gation paid  by  one  of  the  litigants.  If  our 
Judges  on  the  bench  were  paid  that  way  .  .  . 
you  would  get  wrong  decisions:  and  this  is  a 
case  where  you  propose  to  have  the  Judge  paid 
by  one  of  them,  the  owner,  and  expect  him  to 

Judge  fairly  between  the  owner  and  the  con- 
tractor. 

In  connection  with  this  subject,  however,  it 
should  be  noted  that  the  satisfaction  of  an 
architect  does  not  permit  the  engineer  to  force 
his  personal  idiosyncrasies  or  personal  tastes 
upon  a  contractor.  To  require  work  to  be 
done  "in  the  best  workmanlike  manner,"  or 
"with  material  of  the  best  quality,"  does  not 
permit  the  engineer  to  declare  arbitrarily  and 
unreasonably  that  work  or  materials  are  not 
such  as  called  for  in  the  body  of  the  specifi- 

cations. The  legal  rule  for  these  instances  is 
"that  which  the  law  will  say  a  contracting 

party  or  engineer  ought  in  reason  to  be  satis- 
fied "with,  that  the  law  will  say  he  is  satisfied 

with" ;  or,  in  other  words,  all  that  is  required 
is  materials  and  workmanship  which  would 
satisfy  that  legal  creation  named  a  reasonable man. 

Thus  it  is  that  materials  and  workmanship 

for  a  building  cannot  be  compared  with  por- 
traits, statuary,  clothing,  etc.,  which  require 

the   absolute   satisfaction   of   personal   taste. 
Just  lately  I  have  been  engaged  in  looking 

over  and  criticising  a  proposed  amendment 

to  our  state  municipal  law-.  This  amendment 
was  proposed  chiefly  to  prevent  the  abuses  of 
narrow-minded,  straight-laced  or  dishonest 

engineers  and  other  officials.  It  has  been  crit- 
icised by  some  as  foolish,  on  the  ground  that 

vou  cannot  legislate  such  a  difficulty,  but  that 
it  all  lays  in  the  education  of  the  engineer; 
that  we  must  educate  him  more  broadly,  give 
him  more  common  sense  and  not  so  much 
book  knowledge  and  technical  theory.  While 
I  agree  with  the  education  proposition,  I  am 
of  the  opinion  that  we  can  prevent  by  lavvs 
some  of  the  wrongs  committed  by  the  engi- neer. 

Take  all  of  our  big  engineering  work :  The 
engineers  are  required  to  estimate  on  the 
quantities  and  fix  the  kinds  of  work.  Why 
should  we  not  lake  the  next  step  and  make 
that  estimate  a  bill  of  quantities  which  shall 

become  a  part  of  the  contract  and  fix  the  con- 
tract work?  Would  not  that  save  many  dis- 

putes and  help  to  drive  away  that  specter 
of  extra  work  for  the  owner  or  the  nightmare 
of  work  without  pay  for  the  contractor?  In 
England  and  somewhat  in  this  country,  espe- 

cially with  engineer's  building  construction, 
this  is  the  practice,  and  it  also  usually  enables 
the  owner  to  get  a  lower  figure  for  his  work, 
■iince  the  contractor  does  not  have  to  charge 

for  the  time  spent  determining  the  quantities 
and  then  adding  a  big  percentage  over  his 
cost  to  cover  contingencies  hidden  in  the  club 
clauses  and  evasions  in  the  specifications  which 
are  going  to  permit  the  engineer  to  make  or 
break  him.  Our  methods  of  submitting  plans 

and  specifications  for  estimates  have  much 
need  of  improvement.  It  rnust  come.  Our  eco- 

nomic waste  in  this  our  present  method  is 
too  great  to  last.  (This  phase  of  tlie  subject 
was  discussed  in  detail  in  our  June  10,  1914, 
issue. — Editors.) 

A  Strauss  lift  bridge  was  put  into  op- 
eration recentlv  across  the  Eraser  river  at 

Fort  George  B.  C.  This  bridge  is  2.6.54  ft. 
long  and  required  6,500  tons  of  steel  in  its 
construction.  The  total  cost  was  about  $1.- 

500,000. 
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Cost  of  a  Kilowatt-Hour. 
The  final  summing  up  of  the  results  of 

operation  of  any  power  plant  is  the  cost  per 
"kilowatt-hour."  This  term  is  certainly  brief and  looks  as  if  it  might  be  easily  understood. 
But  when  it  is  considered  that  there  are  more 
than  a  score  of  items  involved  in  power  plant 
operation,  and  that  every  one  of  these  items  is 
more  or  less  variable,  and  finally  that  each 
item  has  its  individual  effect  upon  the  cost  of 
a  kilowatt-hour,  the  term  looks  somewhat 
more  formidable.  The  present  article,  w^hich 
IS  from  an  article  by  Albert  F.  Strouse  in  The 
Electric  Journal,  explains  the  terms  and  ele- 

ments involved  in  power  generation. 

In  taking  up  the  "kilowatt"  we  are  dealing 
with  _ a  term,  which  at  first  seems  to  have  no 
relation  to  anything  connected  with  horse- 

power. A  kilowatt  is  primarily  an  electrical 
term,  while  a  horse-power  is  considered  a  me- 

chanical   term.     The     fundamental    electrical 
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Fig.    1.   Load    Characteristics   of   a    100    KW. 
PUnt  Operating  3,000  Hours  Per  Year. 

unit  of  power  is  the  "watt,"  one  thousand  of 
which  make  one  kilowatt,  from  the  prefix 

"kilo"  denoting  1,000.  A  watt  (in  direct  cur- 
rent circuits)  is  the  product  of  one  volt  and 

one  ampere. 
It  has  been  determined  experimentally  that 

one  watt  is  the  power  equivalent  of  1/746  of 
a  horse-power.  Therefore  1,000  watts  or  a 
kilowatt  is  1,000/746  or  1.34  times  a  horse- 

power. Thus  to  convert  kilowatts  to  horse- 
power multiply  by  1.34,  and  to  convert  horse- 
power to  kilowatts  divide  by  1.34.  A  kilo- 

watt used  for  one  hour  constitutes  a  "kilo- 
watt-hour." 
The  cost  of  power  may  be  separated  into 

two  main  divisions,  "fixed  charges"  and  "oper- 
ating charges,"  their  sum  making  the  "total 

operating  expense."  The  total  expense  di- 
vided by  the  number  of  kilowatt-hours  used, 

gives  the  cost  of  a  kilowatt-hour.  It  is  evi- 
dent that  it  is  necessary  to  have  an  accurate 

record  both  of  the  total  operating  expense, 
and  of  the  number  of  kilowatt-hours.  This 
latter  can  only  be  obtained  by  accurate  mea- 

surement with  suitable  integrating  or  record- 
ing instruments. 

In  summing  up  the  fixed  charges  we  have  as 
the  main  items,  interest,  depreciation,  insur- 

ance and  taxes,  obsolescence  and  fair  profit. 
The  fixed  charges  considered  as  a  lump  sum 
remain  the  same  when  taken  as  a  yearly, 
monthly,  or  daily  expense,  but  this  method  is 
neither  satisfactory  nor  correct,  because  il 
prohibits  an  accurate  determination  of  the 

cost  of  pow-er  per  kilowatt-hour.  Obviously. 
a  greater  number  of  kilowatt-hours  makes  the 
cost  per  unit  less  and  vice  versa.  This  is  the 

thought  that  is  expressed  by  the  term  "load 
factor." Load  factor  is  a  measure  of  the  ratio  of  the 
actual  power  generated  (or  consumed)  by  an 
installation  to  the  maximum  that  may  be  gen- 

erated (or  consumed).  Unfortunately,  there 
are  several  interpretations  of  the  term,  so  that 
wherever  it  is  used  it  becomes  necessary  to 
explain  what  particular  meaning  is  intended. 
The  differences  are  caused  by  a  lack  of  uni- 

formity in  choosing  the  maximum  power.  It 
may  be  taken  as  the  full-load  rating  of  the 
apparatus  times  the  total  hours  in  a  given 
period  or  times  the  actual  operating  hours  in 
a  given  period.     Also  it  may  be  considered  as 

the  maximum  demand  for  power  over  any 
given  period  and  multiplied  by  the  total  pos- 

sible hours  or  by  actual  running  hours  in  an- 
other period.  In  order  that  the  reader  be  not 

confused,  we  will  hold  to  one  idea,  viz.,  the 
load  factor  is  the  actual  power  consumed  per 
annum  divided  by  the  product  of  the  installed 
rated  capacity  times  t^.TtiO  (.hours  in  one  year). 
The  average  load  factors  in  various  indus- 

tries are  pretty  well  known.  A  few  of  them 
are  as  follows : 

„  .,  Per  cent. Boiler  shops     lo  to  20 
Shoe  factories    15  to  25 
Breweries      about  45 
Cement  plants        60  to  90 
Coal  mines     15  to  30 
Cotton  mills    20  to  30 
Flour  mills       20  to  25 
Foundries          5  to  15 
Knitting  mills   about  25 
Machine  shops        5  to  25 
Clay  products    15  to  20 
Tanneries      lo  to  20 
Textiles  (general)     about  25 
Woodworking        5  to  30 

These  figures  apply  broadly  to  the  industries 
as  a  class ;  certain  cases  will  not  lie  within 
the  given  limits. 

It  is  frequently  necessary  to  arrive  at  a 
preliminary  approximation  of  the  total  power 
that  a  plant  would  generate  or  a  factory  would 
consume.  This  can  be  done  by  figuring  the 
maximum  possible  power  from  the  rated  ca- 

pacity of  the  installation  and  multiplying  by  a 
load  factor  selected  to  suit  the  case.  For  in- 

stance, in  a  certain  machine  shop,  the  condi- 
tions indicate  that  the  existing  load  factor 

would  be  nearer  to  the  high  than  to  the  low 
limit  of  the  average  figures  given  in  the  pre- 

ceding list.  Suppose  we  say  it  will  be  about 
20  per  cent  and  suppose  the  shop  power  plant 
to  have  100  kilowatts  of  rated  generating  ca- 

pacity. The  maximum  power  that  could  be 
generated  in  a  year  would  be  100X8,760=876,- 
000  kilowatt-hours.  Then  with  a  load  factor 
of  20  per  cent,  the  actual  power  would  be  20 
per  cent  of  876,000  or  175,200  kilowatt-hours. 
Money  invested  in  a  power  plant  incurs  a 

permanent  yearly  expense.  This  e.xpense  is 
no  respecter  of  business  conditions.  Unlike 
the  cost  of  labor,  coal,  etc.,  it  does  not  decrease 
when  the  plant  is  running  slack  or  cease  when 
the  plant  is  shut  down.  Therefore,  the  magni- 

tude of  the  fixed  charges  can  only  be  realized 
when  based  upon  the  net  power.  Again  take 
the  example  of  the  100  kilowatt-hour  plant 
and  let  its  original  value  be  $10,000  and  the 
fixed  charges  as  follows :  Interest  5  per  cent, 
depreciation  5  per  cent,  insurance  and  taxes  2 
per  cent,  total  12  per  cent.  The  annual  fixed 
charges  are  12  per  cent  of  $10,000  or  $1,200. 
If  this  plant  has  a  load  factor  of  100  per  cent, 
the  total  power  generated  would  be  876,000 
kilowatt-hours,  and  the  fixed  charges  per  kilo- 

watt-hour would  be  $1,200  divided  by  876,000 
equals  $0.00137,  but  if  the  load  factor  is  only 
25  per  cent,  the  fixed  charges  are  four  times 
as  great,  or  over  half  a  cent. 

The  amount  of  fuel  used  per  kilowatt-hour 
depends  upon  two  things,  viz.,  the  amount  of 
steam  generated  per  pound  of  fuel  fired  and 
the  amount  of  steam  consumed  per  kilowatt- 
hour  by  the  various  power  plant  machines. 
Each  of  these  items  is  dependent  upon  other 
variables.     The   steam  product  per  pound  of 

unit  of  power,  attention  is  called  to  Figs.  1 
and  2.  The  curves  on  Figk  1  are  based  on  the 
assumed  100  kilowatt  plant  operating  3,000 
hours  per  year,  and  the  assumed  efficiencies, 
steam  consumption,  and  steam  generated  per 
pound  of  coal.  Curve  A,  shows  the  relation 
between  load  factor  and  kilowatt-hours  gen- 

erated per  year.  Curve  B  shows  the  .pounds 
of  steam  per  indicated  horse-power  at  the  en- 

gine at  various  operating  loads,  the  loads 
being  simply  another  expression  of  the  power 
outfit.  Curve  C  shows  the  coal  consumed  per 
kilowatt-hour  corresponding  to  the  conditions 
of  steam  per  indicated  horse-power.  This 
curve  involves  the  efficiencies  of  the  machinery 
and  coal  rate. 

Figure  2  shows  the  cost  of  coal  only  per 
kilowatt-hour  with  coal  at  different  prices  per 
ton,  and  based  on  the  coal  consumed  per  kilo- 

watt-hour as  given  in  Curve  C  of  Fig.  1.  Next 
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Fig.  2.  Cost  of  Coal   per  KW.-Hr.  at  Various 
Loads  on  a   100  KW.   Plant. 

to  fuel,  the  labor  is  the  highest  expense  in 
operating  costs.  Inasmuch  as  it  is  a  constant 
e.xpense  it  affects  the  kilowatt-hour  cost  in  the 
same  manner  as  the  fi.xed  charges. 

Miscellaneous  expense  will  include  feed  wa- 
ter, repairs,  oil,  waste,  packing,  etc.  These 

expenses  vary  with  the  size,  type  and  care  of 
the  plant. 

In  a  manufacturing  plant,  having  several  de- 
partments which  not  only  require  power,  but 

also  use  steam  for  various  processes  requiring 

heat,  in  addition  to  the  general  heating  re- 
quired in  cold  weather  for  buildings,  the  cost 

of  generating  live  steam  must  be  separated 
from  the  cost  of  power.  It  is  obvious  that  to 

get  the  correct  cost  of  power,  the  entire  ex- 
pense of  the  power  plant,  especially  the  boilfr 

plant,  must  be  analyzed  and  proportioned  ac- 
curately. This  is  particularly  important  in 

negotiations  between  central  stations  and  in- 
dustrial power  users.  The  solution  of  these 

points  must  come  from  actual  test. 

Method    of    Planking    for    Drag    Line 
Work  Over  Soft  Ground. 

The  sketch  shows  a  method  of  planking  for 
drag  line  excavation  work  for  drainage  ditch 
near   Viro,    Fla.     The   ground    consists   of   a 
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Fig.  1.    Sketch  of  Planking  for  Drag  Line   Excavation  Work   Over  Soft  Ground. 

coal  depends  upon  the  heat  value  of  the  fuel, 
the  manner  in  which  it  is  fired,  the  quality  and 
temperature  of  feed  water,  the  general  boiler 
conditions  and  the  load.  The  steam  consumed 
by  prime  movers  per  unit  of  delivered  power 
depends  upon  the  efficiency  of  the  machinery, 
the  method  of  drive  between  engines  and  gen- 

erators and  driven  machinery,  upon  the  many 
details  of  transmission  up  to  the  point  where 
power  is  used,  and  lastly  upon  load  conditions. 

In  order  to  give  more  complete  information 
regarding  the  variation  of  steam  and  coal  per 

top  layer  of  vegetable  fiber  on  which  a  man 
can  stand  in  most  places,  but  which  will  not 

carry  a  team.  A  6-ft.  bar  can  be  shoved 
down  its  whole  length  with  one  hand.  On 
6x6-in.  stringers  laid  parallel  to  the  direction 
of  movement  are  laid  platforms  of  3xl2-in. 
X  12-ft.  planks  set  close,  and  at  the  center  of 
each  platform  is  laid  a  roller  track  of  three 
6xl2-in.  X  14-ft.  timbers  set  close.  These  track 
timbers  are  staggered  better  to  distribute  the 
load  to  the  plank.  The  stringers  are  pressed 
down   into   the   ground   by  the  weight  of  the 
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excavator  and  apparently  so  confined  the  ma- 
terial as  to  preverjt  it  from  squashing  out 

sideways  under  the  ends  of  the  planks.  The 
stringers  have  to  be  dug  out  to  be  shifted 
ahead,  but  the  planks  can  be  easily  picked  up. 
Four  pitmen  pile  the  plank  in  bundles  behind 

the  machine  which  with  a  chain  hooked  to 
the  bucket  picks  up  the  bundles  and  swings 
them  ahead  for  the  pitmen  to  relay.  The 
four  pitmen,  with  the  use  of  the  machine  as 
described,  pick  up  and  relay  the  stringers, 
plank  and   track  timbers   as   fast  as   the  ma- 

cliine  can  work.  The  excavator  used  on  the 
work  being  noticed  is  a  Bucyrus  Co.,  Class 
14 ;  the  contractor  is  the  Marshall  Contract- 

ing Co.,  and  Mr.  Geo.  Stanberry  describes  the 

system  of  planking  in  the  "Excavating  En- 
gineer"  for  September,  1914. 

WATER  WOl 
Some   Observations   on  Water  Works 

Valuation. 

Among  the  points  on  which  there  is  a  di- 
vergence of  views  in  the  details  of  procedure 

and  analysis  in  water  works  valuation  the  fol- 
lowing may  be  mentioned :  Is  the  value  the 

same  whether  the  case  be  one  of  condemna- 
tion or  of  rates  determination?  Should  the 

value  be  based  on  cost,  net  income  or  estimat- 
ed cost  of  reproduction  less  depreciation? 

How  much  should  be  allowed  for  the  various 

items  which  are  generally  known  as  "intangi- 
bles"? Should  depreciation  be  deducted  from 

the  established  value  whether  the  company 
has  been  earning  enough  to  pav  it  or  not? 

Should  the  cost  of  pavements  laid  by  the  cit}- 
after  the  works  were  completed  be  included 
in  the  valuation?  In  rates,  should  the  com- 

pany always  be  allowed  a  reasonable  return 
on  the  investment,  or  should  rates  be  based 
on  what  other  cities  are  paying  for  similar 

service,  regardless  of  cost?  Is  the  term  "go- 
ing value"  synonymous  with  "development 

cost"  or  is  it  the  present  worth  of  an  income. 
the  amount  of  which  is  changing  from  year  to 

year.  If  "going  value"  or  development  cost  is  to be  included,  how  is  it  to  be  determined  ?  Should 
depreciation  be  figured  by  what  is  known  as 

the  "straight  line"  or  the  "sinking  fund" 
method,  and  if  the  latter,  wiiat  rate  per  cent 
should  be  taken  ?  Should  the  company  be  al- 

lowed for  items  once  useful  but  now  obsolete? 

If  "going  value"  or  development  cost  meas- 
ured principally  by  past  losses  is  to  be  added 

to  the  physical  value,  should  not  undue  re- 
turns in  the  shape  of  past  dividends  be  de- 
ducted therefrom  ?  Considering  all  these  diffi- 

cult (luestions  it  must-  be  evident  that  even 

where  the  tribunal  is  actuated  by  principle's 
of  pure  justice  and  equity,  it  must  frequently 
be  impossible  to  decide  questions  of  valuation 
without  serious  loss  to  innocent  parties.  The 
present  article,  which  is  based  on  a  oaoer  by 
J.  W.  Ledoux  before  the  Pennsylvania  Water 
Works  Association  is  a  plea  for  fairness  in 

making  valuations.  Mr.  Ledoux's  response 
to  the  discussions  drawn  out  by  his  paper  is 
also  given  since  in  it  he  amplifies  many  points 
touched   upon  in  the  paper. 
The  courts  may  be  in  a  position  to  make 

decisions  that  conform  in  the  highest  degree 
to  fairness  because  they  are  presented  with 
all  the  data  with  the  most  elaborate  complete- 

ness in  detail,  but  each  party  is  endeavoring 
not  to  instruct  the  court  in  the  truth,  but  to 
show  his  side  of  the  case  in  the  most  plausible 
and  attractive  manner,  and  it  becomes  a  bat- 

tle wherein  sharp  practice  and  duplicity  are 
common  weapons.  Even  engineers  commonly 
hold  that  when  they  are  employed  on  one  side 
it  is  not  their  duty  to  expose  the  weak  points 
in  their  own  case,  and  in  this  phase  of  the 

matter,  according  to  the  writer's  opinion,  lies 
the  weakness  of  the  courts,  which  might  as 
a  partial  remedy  employ  their  ow'n  witnesses. 

If  a  municipality  were  to  negotiate  for  the 
purchase  of  a  public  utility  operating  therein, 
and  if  the  rates  were  fixed  and  the  laws  did 
not  provide  for  condemnation,  it  is  evident 
that  not  the  cost  but  the  value  of  the  utility 
would  be  the  main  consideration,  and  in  de- 

termining this  value  the  net  revenue,  present 
and  prospective,  would  be  the  controlling  fac- 
tor. 

If  the  municipality  has  the  right  to  condemn 
and  the  laws  of  condemnation  prescribe  only 
thai  the  value  of  the  property  is  to  be  de- 

termined and  paid  for,  it  appears  reasonable 
that  all  the  elements  entering  into  the  value 
of  the  plant  should  be  given  consideration — 

the  cost  of  reproduction,  the  net  revenue  and 
the  rate  at  which  it  is  varying. 

If  a  public  commission  has  in  hand  the  es- 
tablishment of  rates  for  a  utility  it  w'ould seem  that  what  it  should  have  cost  to  date 

would  be  the  proper  valuation  on  which  to 
base  the  fixed  charges.  This  can  sometimes 
Ijc  estimated  with  more  reliability  than  the 
books  and  records  of  the  utiilty  indicate,  for 
the  reason  that  the  works  may  have  cost  less 
or  more  than  reasonable,  dependent  on  the 

relative  efficiency  of  the  constructing  and  op- 
erating organization.  The  tribunal  should 

concern  itself  with  average  and  not  unusual 
conditions. 

Among  experienced  builders  of  water  works, 
who  have  kept  close  accounts  of  the  cost,  there 
is  a  firm  conviction  that  estimates  are  generally 
very  much  too  low,  unless  a  liberal  allowance 
be  made  for  items  apart  from  the  actual  phys- 

ical cost. 

Such  things  w-hich  cannot  generally  be  avoid- 
ed in  average  or  ordinary  practice  are :  The 

cost  of  preliminary  engineering,  legal,  financial 
and  other  expert  reports,  cost  of  promotion 
and  organization ;  and  after  these  are  effected, 
the  detailed  surveys  and  designs  have  to  be 
made  and  the  Durchase  of  land,  rights  of  way, 
water  rights,  the  examination  of  titles  and  the 
general  management  of  all  these  matters  have 
to  be  attended  to  before  actual  construction  is 
begun.  Then  besides  the  cost  of  construction 
we  have  such  items  as  engineering,  archi- 

tectural, chemical  and  legal  expert  services, 
liability  and  other  insurance,  cost  of  law  suits 
and  damages;  interest  on  money  during  con- 

struction, general  contractor's  profit,  commis- sions on  financing  or  discount  on  bonds ;  and 
after  all  these  are  reasonably  allowed  for 
there  should  be  added  an  item  of  contingencies 
to  cover  things  which  cannot  be  foreseen,  but 
which  in  some  form  or  other  are  sure  Jo  oc- 

cur, such  for  instance,  as  floods,  washouts, 
wind,  frost,  errors,  accidents  to  the  plant  or 
materials  of  construction,  delays  and  extra 
expense  due  to  various  causes,  such  as  non- 
arrival  of  the  material,  injunctions,  trouble 
in  obtaining  permits,  changes  of  grade,  caving, 
settling  of  embankment  and  foundations, 
strikes,  failure  of  sub-contractors,  and  many 
others  which  should  be  allowed  for  in  a  gen- 

eral percentage  based  on  experience. 
Take  the  item  of  General  Contractors 

profit,  which  is  usually  objected  to  in  valua- 
tions and  is  seldom  seen  in  the  estimates  of 

men  looked  upon  as  authority  in  this  line  of 
work,  but  no  one  knows  better  than  the  ex- 

perienced manufacturer  how  necessary  it  is 
to  include  not  only  such  an  item  but  over- 

head charges  in  estimating  the  price  to  be 
charged  for  his  commodities.  Take  such  a 
plant  as  the  Baldwin  Locomotive  Works,  and 
suppose  they  figured  the  actual  wages  of  labor 
and  the  cost  of  material  and  added  to  that 
only  such  ordinary  sums  as  are  commonly 
used  in  expert  water  works  valuations,  ft 
would  be  a  question  of  but  a  short  time  be- 

fore they  would  be  in  the  hands  of  a  receiver, 
but,  as  a  matter  of  fact,  the  salaries  of  the 
officers  of  the  company,  the  rentals  of  the 
property,  the  cost  of  advertising  and  procur- 

ing business,  taxes,  insurance,  bookkeeping, 
depreciation  and  interest  on  the  plant  and 
property,  the  cost  of  making  good  defective 
work  and  taking  care  of  all  fixed  charges  dur- 

ing periods  of  depression,  and  manv  other 

Items,  are  a  part  of  the  actual  cost'  of  the sale  articles,  to  which  must  be  added  a  sum 
for  profit,  if  the  business  is  to  be  successful. 
The  same  principle  applies  to  a  general  con- 

tractor of  water  works ;  pipe,  trenching,  lead, 
yarn  and  labor,  are  only  part  of  the  actual 
cost  to  the  contractor.  He  has  his  plant  to 
maintain,  his  managing  force,  his  office,  and 
practically  must  consider  the  same  items  as 
are  included  in  the  estimate  of  a  skillful  manu- 

facturer, and  that  he  does  not  include  such 
items  is  proved  by  the  fact  that  it  is  only  a 
question  of  time  before  nearly  all  these  water 
works  contractors  become  bankrupt. 

When  the  works  are  finally  finished,  capa- 
ble of  supplying  service  to  the  community,  it 

usually  takes  from  10  to  30  years  before  there 
can  be  obtained  enough  contracts  to  pay  op- 

erating expenses  and  fixed  charges.  During 
this  period  there  will  be  further  improvements 
and  extensions,  and  all  this  time  the  owners 
will  have  to  pay  out  much  more  than  they  re- 

ceive, and  this  deficiency  of  receipts  is  a  neces- 
sary item,  which  should  be  allowed  for  in  the 

development  cost  of  the  plant. 
There  is  an  opinion,  which  is  probably  held 

by  the  majority  of  engineers,  that  the  valua- 
tion of  a  plant  should  be  the  same  whether 

the  question  of  rates  or  purchase  be  consid- 
ered. This  view,  it  would  seem  to  the  writer, 

is  theoretically  unsound.  There  is  no  such 
thing  as  true  value;  it  depends  on  the  human 
temperament  and  a  myriad  of  other  conditions 
which  are  constantly  changing;  for  instance, 
the  truest  measure  of  value  of  our  great 
commodities,  such  as  wheat,  com,  cotton, 
etc.,  is  obtained  in  the  quotations  made  from 
hour  to  hour  in  the  boards  of  trade  and  even 

the  value  of  a  great  property  like  the  Penn- 
sylvania Railroad  will  vary  by  millions  of 

dollars  in  a  day  without  any  change  what- 
ever in  the  physical  elem.ents;  therefore,  there 

is  no  such  thing  as  a  fixed  yard-stick  with 
which  to  measure  values.  We  can  measure 

the  length  of  pipe  and  the  dimensions  of  struc- 
tures with  certainty  and  can  determine  with 

some  degree  of  approximation  what  these 
items  have  or  should  cost,  but  when  we  come 
to  determine  value  without  definitely  fixing 

the  meaning  of  the  term,  irreconcilable  dis- 
agreement is  almost  sure  to  result.  Take  the 

simple  case  of  a  properh'  which  is  to  be  sold; 
the  price  or  value  will  depend  upon  inany  ele- 

ments, such  as  the  earnings  of  the  property 
and  the  relative  desires  of  the  owner  and  the 

'prospective  purchaser,  and  these  may  not 
have  much  to  do  w-ith  the  actual  cost  of  pro- 

ducing property.  In  the  same  manner  in  the 
case  of  the  purchaser  of  a  water  works,  there 
is  a  given  property  with  a  given  revenue  to 
determine  its  value,  or  relative  desirability  to 
the  purchaser,  and  it  is  evident  that  this  value 
is  influenced  more  by  the  net  income  and  i;s 
permanence  than  by  the  cost  of  the  property. 

In  a  case  of  determining  valuation  for  the 
establishment  of  rates,  the  tribunal  must  de- 

cide whether  the  venture  is  to  yield  a  profit 

or  loss  to  the  owner.  As  profit  or  loss  is  de- 
pendent upon  the  investment,  and  as  the  rev- 

enues which  go  to  make  profit  or  loss  are  de- 
pendent upon  the  rates,  it  is  evident  that  the 

cost  or  investment  and.  not  value  can  be  the 
only  logical  criterion  for  determining  rates, 

and"  therefore  the  moment  it  is  decreed  that 
the  state  through  a  commission  or  tribunal 
has  the  right  to  establish  or  regulate  rates,  its 
power  to  fix  value  follows  as  an  inevitable 
consequence. 

It  will  generally  be  conceded  that  the  state 
should  recognize  as  just  such  revenues  as  will 

pay  the  owners  of  the  utility  a  reasonable  re- turn on  the  investment.  But  the  investment 
of  the  present  owners  of  the  utility  may  have 
been  based  on  value  instead  of  cost.  They 
may  have   paid    for  the  utility  by   reason  of 
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557 its  existing  or  prospective  net  revenue,  more 
or  less,  than  the  cost  of  the  actual  items  en- 

tering into  the  creation  of  the  property. 
Where  there  is  no  contract  it  would  be  de- 

sirable and  equitable  if  the  value  of  all  public 
utilities  were  identical  with  the  proper  and 
necessar>'  investment,  so  if  the  rate-making 
commission  were  presented  a  case  in  which 
the  rates  were  so  high  or  low  as  to  produce 
revenues  which  would  make  the  value  differ- 

ent from  that  necessary  cost,  it  would  seem 
proper  that  these  rates  should  be  readjusted. 
The  selling  price  of  the  stocks  and  bonds  of 
the  company  should  have  little  or  no  weight 
in  determining  the  valuation.  The  heretofore 
existence  of  injustice  to  the  people  or  to  tie 
utility  does  not  establish  the  right  to  its  con- 
tinuance. 

In  the  abstract,  value  varies  as  revenue ; 
revenue  varies  as  rates,  and  if  rates  should  varj' 
as  cost  then  value  should  vary  likewise,  but  if 
the  commission  does  not  have  the  right  to  es- 

tablish rates,  then  value  varies  as  revenue; 
revenue  varies  as  rates,  but  rates  depend  upon 
what  the  traffic  will  bear  and  not  upon  cost; 
therefore,  it  is  seen  that  for  an  unregiilated 
utility  cost  and  value  have  no  necessarily  di- 

rect  relation. 
Heretofore  in  cases  of  condemnation  bv  the 

municipality  or  in  arbitration  of  the  value  of 
the  utility,  it  has  been  held  with  justification 
that  an  important  element  of  valuation  is 

"going  value,"  which  represented  what  a  pur- 
chaser could  afford  to  pay  for  a  given  plant 

with  revenue  above  what  the  same  plant  was 
worth  if  tife  purchaser  were  obliged  to  wait 
for  the  acquisition  of  that  revenue.  This  item 
is  in  such  cases  a  true  element  of  value,  but 
it  cannot  be  conceived  of  in  the  same  manner 
in  rate  cases,  because  the  rates  have  not  yet 
been  established  upon  which  to  figure  the 
growth  of  income.  In  any  case  it  would  be 
more  proper  to  call  this  item  the  cost  of  de- 

velopment, which  may  be  defined  as  the  neces- 
sary net  outlay  over  and  above  the  cost  of 

the  physical  plant  up  to  the  time  it  is  earning 
an  assumed  reasonable  return  on  the  total  in- 
vestment. 

There  have  been  many  ingenious  attempts 
to  determine  these  elements  of  cost  by  ra- 

tional computation,  but  as  these  calculations 
have  been  based  more  or  less  upon  future  pre- 

diction, the  results  when  obtained  by  differ- 
ent computers  of  equal  abilitj-  have  varied 

materially. 

It  would  seem  to  the  writer  that  the  logical 
method  is  to  take  actual  experience  with  the 
property  under  consideration,  a  method  that 
has  been  recommended  by  the  Wisconsin  Com- 

mission. The  practical  difficulty  about  the 
adoption  of  this  method  is  that  the  plant  might 
have  been  grossly  mismanaged  or  more  than 
ordinarily  well  managed.  In  the  former  case 
the  company  would  obtain  a  premium  for  in- 

efficiency; in  the  latter  case  a  penalty  for  dis- 
playing more  than  ordinary  ability,  and  it  is 

(liflicult  to  figure  what  the  results  would  have 
been  under  average  conditions. 

There  is  some  justification  for  a  method 
which  will  take  the  plant  as  it  exists  and  cal- 

culate what  it  w^ould  reasonably  cost  to  con- 
struct and  develop  up  to  the  present  time,  but, 

of  course,  this  would  depend  entirely  upon  the 

appraiser's  judgment.  If  he  were  a  man  of 
wide  experience,  he  would  probably  take  the 
exact  accounts  of  the  company  as  far  as  prac- 

ticable, if  available,  and  modify  such  items  as 

he  found  to  be  grossly  dift'erent  from  average 
practice.  In  many  cases,  however,  the  ac- 

counts of  the  utility  are  so  kept  that  they 

would  afford  the  appraiser  very  little  assist- 
ance and  are  frequently  misleading  on  account 

of  the  illogical  system  in  use.  In  such  cases  it 
is  necessary  to  estimate  the  cost  by  the  aid  of 

experience  in  other  more  or  less  similar  con- 
ditions. A  man  of  large  experience  in  con- 
structing and  operating  water  plants  can  make 

as  close  an  estimate  of  the  cost  of  say  a 

million-dollar  plant  in  two  or  three  days' 
work  as  he  could  in  six  months.  Neverthe- 

less, in  order  to  satisfy  the  courts  it  has  been 
considered  necessary  to  fortify  all  the  esti- 

mates with  the  most  painstaking  detail,  which, 
while  not  adding  in  the  least  to  the  reliability 

of  the  Imal  result  is  intended  to  impress  the 
court  with  the  profound  accuracy  and  relia- 

bility of  the  work.  A  given  piece  of  construc- 
tion, such,  for  instance,  as  the  steam  and  ex- 
haust piping  of  a  pumping  station,  may  cost 

anywhere  from  $5,000  to  $10,000  dependent 
on  the  conditions  and  skill  with  which  the 
work  was  carried  out,  but  this  large  element 
of  uncertainty  cannot  be  eliminated  by  ount- 
ing  all  the  fittings  and  minutia  entering  into 
the  work.  Ask  for  bids  on  a  given  pumping 
station  or  piping  job  and  let  ten  skilled  con- 

tractors estimate.  Their  figures  will  vary 
anywhere  from  10  to  50  per  cent,  and  this 
variation  concerns  items  about  which  there 
are  no  difficulties  in  calculation,  but  when  we 
come  to  estimate  the  sum  that  should  be  added 
for  development  cost  (what  is  frequently 

known  as  "going  value")  we  are  confronted 
with  such  great  difficulties  and  uncertainties 
that  unless  the  exact  experience  of  the  plant 
is  to  be  taken  as  a  basis,  it  would  seem  that 
the  engineering  profession  should  agree  upon 
some  uniform  allowance  to  use  in  every  case. 
To  determine  what  this  allowance  should  be 
it  is  desirable  that  a  careful  history  of  a  large 
number  of  representative  plants  should  be 

made  for  towns  having  populations  from  "3,000 
to  1,000,000  and  the  data  so  obtained  could  be 
used  for  calculating  the  difficult  and  uncertain 
elements  of  the  plant  under  consideration. 
The  modus  operandi  of  such  a  procedure 
would  be  first  to  estimate  the  cost  of  the 
physical  plant  and  property  as  it  exists,  taking 
average  prices  that  have  been  current  for  the 
past  ten  years.  To  the  sum  so  obtained  would 
be  added  certain  percentages  fo'  each  of  the 
following  items : 

Promotion,  organization  expenses,  engineer- 
ing, financing,  legal  expenses,  interest  on  the 

cost  during  construction,  rental  or  cost  of 
construction  plant  and  housing  of  employes, 

contingencies,  and  general  contractor's  profit. From  this  total  sum  should  be  deducted  the 
cost  of  constructions  which  are  obsolete  or  of 
no  value  in  the  plant ;  the  remainder  would 
be  the  cost  to  reproduce  the  useful  physical 
plant  as  it  stands,  to  which  should  be  added  a 

general  percentage  for  errors  and  construc- 
tions that  are  useless  but  which  are  practically 

sure  to  occur  and  impossible  to  avoid  in  the 
majority  of  plants.  Then  there  should  be 
added  a  general  uniform  percentage  for  de- 

velopment cost,  which  is  determined  from  the 
analysis  of  the  history  of  the  representative 

plants  above  referred  to.  From  the  writer's 
own  experience  he  is  of  the  opinion  that  the 
following  allowances  would  not  be  far  from 
average  practice,  for  a  plant  costing  about 
$1,000,000:  physical  cost,  100  (material  and 
labor  only)  ;  promotion,  2%  ;  orgaiiization  ex- 

penses, 2%;  engineering,  3;  financing,  18;  le- 
gal expenses,  2 ;  rental  or  cost  of  construction 

plant  and  housing  of  employes,  2 ;  contingen- 
cies, 10;  interest  during  construction,  5;  gen- 
eral contractor's  profit,  15 ;  development  cost, 

20;  allowance  for  useless  items,  3;  total  183 
per  cent  of  the  physical  cost. 

These  percentages,  of  course,  are  not  pro- 
posed with  the  idea  of  recommending  their 

use,  but  they  are  the  result  of  offhand  judg- 
ment based  on  a  considerable  amount  of  prac- 
tical experience,  .^.t  any  rate  when  such  per- 

centages are  once  determined  and  recognized 
as  reasonable,  the  method  would  seem  to  be 

the  most  satisfactory  that  could  be  devel- 
oped for  arriving  at  the  proper  cost,  and  it 

will  in  a  majority  of  cases  b.2  fair  to  the  owner 
of  the  utility  and  to  the  people.  Many  engi- 

neers, of  course,  would  object  to  this  method 
on  account  of  the  arbitrary  fixing  of  certain 

percentages  to  allow  for  uncertain  elements 
of  cost,  but  no  matter  what  allowances  are 
made  they  must  necessarily  be  based  largely 
on  speculation,  and  it  is  an  advantage  where 
speculation  cannot  be  avoided  for  all  engi- 

neers to  speculate  uniformly,  and  then  we 
will  not  be  confronted  with  such  cases  as 

came  to  the  writer's  notice  some  time  ago, 
when  three  eminent  valuation  engineers  dif- 

fered in  their  estimates  of  the  "going  value" 
by  300  per  cent. 
At  first  sight  the  method  would  appear  to 

give   the   recently  established   water   company 

an  undue  advantage  by  reason  of  its  not  hav- 
ing incurred  the  expenses  of  development  be- 

longing to  one  established  for  over  ten  years, 
but  these  expenses  are  sure  to  occur  later  and 
the  rates  should  be  such  as  would  yield  the 
desired  revenue  when  the  consumers  are  con- 

nected up  at  the  end  of  the  development 

period,  or  the  time  at  which  the  water  w-orks would  begin  to  yield  a  reasonable  profit  on 
the  investment. 

In  recent  valuations  it  has  been  the  custom 

to  calculate  the  accrued  depreciation  and  de- 
duct this  from  the  determined  valuation  of 

the  plant.  In  determining  value  this  is  no 
doubt  an  intelligent  procedure,  but  it  would 
appear  unjust  to  make  this  deduction  in  case 
of  fixing  rates  or  condemnation  where  it  is 
known  that  the  water  company  has  neither 
earned  a  profit  nor  a  sufficient  amount  to 
cover  depreciation.  The  only  source  the  water 
company  has  to  meet  its  expenditures  is  the 

people  or  municipality,  and,  therefore,'  it  would seem  that  the  people  must  at  least  pay  the 

cost  of  operation,  fixed  charges,  and  a  suffi- 
cient sum  to  maintain  the  olant  in  a  100  per 

cent  condition,  so  that  if  the  water  company 

has  not  as  yet  received  any  profit  the  valua- 
tion should  certainly  not  fall  short  of  the  de- 

preciation. On  the  other  hand,  if  the  water 
company  has  been  earning  a  sufficient  amount 
to  pav  all  operating  expenses  and  fixed 
charges,  a  reasonable  profit  and  a  sufficient 
sum  to  cover  accrued  depreciation,  and  this 
depreciation  fund  is  not  available  for  the  use 
of  the  water  works,  then  it  would  seem  proper 
to  deduct  it. 

The  question  of  street  pavements  also  leads 
to  a  confusion  of  thought.  If  the  works  were 
built  when  no  pavements  existed  and  which 

were  afterwards  constructed  by  the  cit\-, 
should  the  rates  be  increased  thereby,  and  in 
case  of  purchase  or  condemnation  should 
these  pavements  be  an  element  to  increase  the 
value  of  the  utility?  In  the  case  of  rates,  the 

municipality  has  added  a  feature  which  in- 
creases the  cost  of  maintenance  and  the  final 

duplication  of  the  piping  system,  and  to  that 
extent  the  revenues  and  rates  should  be  in- 

creased. In  case  of  ourchase  by  barter,  where 
the  municipality  has  no  right  to  condemn, 
these  pavements  certainly  add  to  the  value  of 
the  utility  on  account  of  the  greater  cost  to 
the  municipality  of  duplicating  the  piping  sys- 

tem. In  case  of  condemnation  by  the  munici- 
pality or  the  establishment  by  the  commission 

of  a  sale  valuation  it  is  a  serious  question 
whether  the  court  or  commission  should 
recognize  as  just  an  element  of  value  that  is 
created  by  and  at  the  expense  of  the  people. 

Summarizing,  it  will  be  seen  that  where  the 

property  of  a  public  utility  is  under  regula- 
tion by  the  state  through  commissions  or 

courts,  the  writer  is  strongly  inclined  to  a  be- 
lief in  the  equity  of  basing  the  valuation  upon 

the  necessary  investment  instead  of  value. 
The  public  should  not  expect  people  to  make 

investments  in  regulated  utilities  and  after- 
wards have  part  of  their  investment  confis- 

cated by  so-called  determination  of  value. 
Where  an  investment  is  made  in  an  unreg- 

ulated business  or  manufactory  the  owner 

must  necessarily  take  the  chances  on  the  vicis- 
situdes of  competition,  supply  and  demand, 

and  he  never  can  reasonably  e.xpect  to  receive 
more  for  his  property  than  its  market  valiie; 
and  he  will  do  his  utmost  to  see  that  his  in- 

vestment shall  never  be  greater  than  its  mar- 
ket value. 

But,  in  the  public  utility  or  water  works 
plant  whose  rates  are  now  to  be  determined, 

based  on  the  so-called  "true  value"  of  the 
property,  the  owner  of  the  utility  at  once 
knows  that  his  investment  is  in  jeopardy,  and 
unless  the  court  or  tribunal  which  is  to  pass 
upon  this  matter  is  broad  enough  to  protect 
the  rights  of  the  owner  in  the  same  degree 
as  it  protects  the  rights  of  the  public,  and  is 
uninfluenced  by  the  public  clamor  for  depre- 

ciation, the  owner  is  sure  to  suffer.  The  only 
course  open  which  will  do  justice  to  the 
water  company  is  to  base  the  valuation  on  the 
investment,  and  while  there  are  some  excep- 

tional cases  in  which  this  principle  would 
seem  to  fail,  they  are  almost  rare  enough  to 
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be  negligible,  and  it  is  believed  that  even  now 
the  commissions  and  courts  are  leaning  to- 

ward the  idea  that  valuation  should  in  every 
case,  where  possible,  be  based  on  the  proper, 
legitimate  and  necessary  investment  required 
to  bring  the  property  to  its  present  condition. 
When  an  engineer  undertakes  an  inquiry 

into  any  problem  whose  solution  depends 
upon  intelligence  and  justice  he  makes  no 
permanent  headway  by  basing  his  conclusions 
upon  the  opinions  or  pronunciamentos  of 
others,  no  matter  how  reputable.  We  say  the 
product  of  labor  should  belong  to  its  producer, 
not  because  great  authorities  like  John  Stuart 
Mill,  Adam  Smith,  Richard  Cobden  or  Henry 
George  said  so,  but  because  it  is  an  axiom  of 
justice;  hence  when  a  water  works  is  ap- 

praised at  less  than  it  properly  and  legitimate- 
ly cost,  the  laborer  or  owner  is  compelled  to 

give  up  part  of  his  own  handiwork  to  others 
who  have  not  produced  it. 

DISCUSSION. 

(The  preceding  paper  was  discussed  by 
Messrs.  Geo.  W.  Fuller,  Morris  Knowles  and 
John  Chester.  In  the  following  paragraphs 
Mr.  Ledoux  replied  to  points  raised  by  these 
engineers  and  further  discussed  the  subject 
in  some  matters  of  detail.) 

■  Mr.  Chester  thinks  that  the  writer  will 
have  difficulty  in  convincing  the  commissions 

and  courts  that  the  so-called  "intangibles"  will 
amount  to  something  over  8.3  per  cent  of  the 
physical  cost.  In  the  first  place  it  must  be 
imderstood  that  what  is  meant  by  phys- 

ical cost  is  the  bare  cost  of  labor  and 
material,  for  instance,  if  the  cast  iron  pipe 
weighs  50  lbs.  per  foot  and  costs  laid  down 
1.2  cts.  per  pound,  and  the  labor,  lead  and 
yarn  necessary  to  lay,  cost  40  cts..  the  physical 

cost  of  pipe  is  $1  per  foot  to  w-hich  the  per- 
centage items  enumerated  must  be  added  to 

get  the  complete  cost  of  the  finished  propo- 
sition. This  estimate  was  based  on  the  con- 
ception of  plants  costing  in  the  neighborhood 

of  $1,000,000. 
Promotion  represents  about  what  a  man  of 

diplomatic  and  social  mixing  ability,  combined 

with  a  general  knowledge  of  w'ater  works  un- 
dertakings, would  modestly  expect  for  his 

services  in  working  up  a  proposition  and 
pushing  it  through  the  various  municipal 
bodies  to  the  point  where  it  becomes  attrac- 

tive to  water  works  investors,  and  then  comes 
the  by  no  means  easy  task  of  finding  not  only 
an  investor,  but  a  reliable  concern  to  organ- 

ize and  manage  the  undertaking.  Out  of  the 
allowance  for  his  services  he  would  have  to 

pay  for  more  or  less  expert  engineering  ad- 
vice and  be  under  a  considerable  burden  of 

■expense.  Some  may  assume  that  the  writer 
has  in  mind  that  graft  or  bribery  will  con- 

stitute a  certain  portion  of  this  unavoidable 
promotion  expense.  While  we  fully  realize 
the  widespread  existence  of  human  frailty  it 
must  not  for  one  moment  be  considered  in 

an  engineer's  allowance  and  properly  merits his  disgust  and  condemnation,  as  would  any 
other  species  of  criminality. 

Organization  expenses,  which  we  estimate 
at  2^  per  cent,  would  probably  be  greatly  e.x- 
ceeded  in  a  small  undertaking.  These  costs 
are  real  and  material — the  preparation  of  the 
mortgage  and  the  franchise — legislative  ex- 

penses, legal  and  business  services,  and  the 
compensation  in  some  way  or  other  of  people 
of  worth  and  influence,  who,  in  a  perfectly 
legitimate  manner,  consent  to  be  identified 
with  the  enterprise. 

After  hearing  the  admirable  criticism  of 
Messrs.  Geo.  W.  Fuller,  Morris  Knowles  and 
J.  N.  Chester,  I  feel  convinced  that  my  al- 

lowance of  3  per  cent  for  engineering  was  too 
low  as  an  average,  but  was  justified  for  the 
cases  I  had  in  mind,  where  for  works  costing 
in  the  neighborhood  of  $1,000,000  3  per  cent 
would  generally  be  sufficient.  However,  as  this 
estimate  was  based  on  the  final  developed  plant 
after  a  considerable  number  of  years,  and  as 
there  are  engineering  expenses  required  in 
piecemeal,  the  final  total  would  generally  be 
ffreafer ;  and  then,  again,  for  works  costing 
less  than  $100,000,  3  per  cent  would  be  entirely 
inadequate.     There    are    sometimes    as    much 

engineering  expenses  in  a  small  works  as  m 

one  costing  many  times  as  much,  and  prob- 
ably it  would  be  better  to  cut  out  engineermg 

altogether  from  the  item  of  intangibles  and 
estimate  it  as  a  part  of  the  physical  cost 

based  on  the  amount  of  skillful  engineermg 

that  is  required  in  the  specific  plant  under 
consideration. 

Financinrj.—li  the  final  cost  of  a  plant  with- 
out making  anv  allowance  for  the  cost  of 

financing  is,  say,  65  per  cent  higher  than  the 

actual  price  of  labor  and  materials  on  the 
ground,  then,  when  we  consider  the  ordinary 
average  practice  of  selling  bonds  to  obtain 

money  for  construction,  which  is  the  usual 
method  of  financing  w^ater  works,  we  find  that 

about  90  is  as  good  a  price  as  water  compa- 
nies can  expect  to  obtain.  Therefore,  if  we 

divide  165  by  90  we  would  find  that  the  allow- 
ance for  financing,  as  rrteasured  by  the  dis- 
count on  bonds,  should  be  about  18  per  cent. 

In  other  words,  18  per  cent  on  the  physical 
cost  of  labor  and  material  is  equal  to  about 
11  per  cent  on  the  total  cash  cost. 

Many  valuators  omit  this  item  on  the 
ground  that  the  water  company  should  have 
the  total  amount  of  cash  in  hand  before  un- 

dertaking the  work,  but  this  is  almost  never 
done,  the  general  method  being  to  sell  bonds. 
In  some  of  the  court  cases  there  has  been  a 
distinction  made  between  the  investment  by 

the  stockholders  and  that  made  by  the  peo- 
ple who  have  loaned  the  stockholders  money, 

and  in  that  case  the  return  on  the  money  loaned 
was  to  be  paid  back  by  a  sinking  fund,  but  that 
seems  to  be  complicated  and  not  the  business 
of  the  tribunals.  The  total  amount  of  monev 
invested  according  to  the  prevailing  methods 
of  raising  money  in  such  enterprises  would 
seem  to  be  the  logical  view.  If  the  water 
company  has  to  pay  8  Der  cent  on  the  money 
borrowed  when  the  prevailing  rates  are  G  per 
cent,  it  is  their  own  fault  and  if  they  are  able 
to  borrow  money  for  4  per  cent  when  the 

prevailing  rates  are  6  per  cent  they  are  en- 
titled to  the  difference. 

Legal  expenses  at  2  per  cent  is  certainly 
not  too  high,  and  does  not  cover  the  annual 
legal  expenses  which  are  assumed  to  be 
charged  to  operation. 
The  rental  or  cost  of  construction  plant  and 

housing  of  employes  is  a  very  material  item 
in  an  average  water  works,  and  many  con- 

tractors, after  building  a  plant,  find  them- 
selves in  possession  of  an  immense  amount  of 

plant  upon  which  it  is  extremely  difficult  to 
realize.  There  are  derricks,  pile-drivers,  steam 
shovels,  pumps,  boilers  and  pipes  used  in  con- 

struction, cofferdams,  shanties,  office  buildings, 
tram  roads,  cars,  commissaries,  wagons,  dump 
carts  and  tools  of  all  kinds,  which  are  best  al- 

lowed for  in  a  separate  item  rather  than  to 
estimate  such  in  the  cost  of  labor  and  material. 

Two  per  cent  is  certainly  not  too  high  an  al- 
lowance. Take  a  storage  reservoir,  and  the 

writer  is  in  charge  of  one  at  the  present'time 
which  is  about  completed.  It  is  done  by  con- 

tract and  the  contract  price  is  approximately 
$120,000.  There  are  steam  shovels,  derricks, 

pumps,  boilers,  dump  wagons,  drilling  ma- 
chines and  small  tools  of  all  kinds.  The  en- 

tire plant  account  is  $35,000  including  horses. 
Without  the  horses  and  wagons  the  plant  ac- 

count is  about  $25,000.  The  contractor  esti- 
mates a  depreciation  of  25  per  cent  for  the 

job.  If  he  can  go  right  from  this  work  to 
another  job  with  the  same  plant  this  25  per 
cent  may  be  considered  reasonable,  but  the 
best  that  he  can  do  he  will  be  subject  to  a 
loss  in  plant  of  over  $6,000,  which  is  5  per 
cent  of  his  contract  price.  However,  in  a  gen- 

eral water  works  proposition  the  plant  and 
tool  account  bears  a  lower  proportion  than  on 
the  reservoir,  but  it  is  an  item  that  is  nearly 
always  lost  sight  of  in  expert  appraisals. 

Some  would  object  to  putting  in  this  item  at 
all  on  the  ground  that  it  has  been  allowed  for 

in  contractor's  profit.  In  other  words  when 
the  contractor  is  paid  his  15  per  cent  he  is 
supposed  to  furnish  his  own  plant,  but  15  per 
cent  on  the  cost  of  labor  and  material  is  a 
lower  price  than  most  general  contractors 
would   be   willing   to   accept   unless   they  had 

continuously   a   constant   volume   of   v^ork,   or 
unless  the  plant  was  paid  for  in  addition. 

Contingencies. — Every  engineer  who  has 
built  many  water  plants,  after  making  as  care- 

ful an  estimate  as  possible  of  their  cost  in  each 
case,  finds  that  an  allowance  of  10  per  cent 
is  not  excessive. 

•  Interest  During  Construction. — The  item  of 
interest  during  construction  is,  of  course,  de- 

pendent upon  the  length  of  time  required  to 
construct  the  works  and  the  method  by  which 

it  is  financed.  Five  per  cent  is  a  common  al- 
lowance and  as  a  general  proposition  is  not 

excessive. 

General  Contractor's  Profit.— Tht  argument 
in  favor  of  general  contractor's  profit  at  some 
such  figure  as  15  per  cent  has  been  covered  in 
the  body  of  the  paper.  Many  engineers  for 
various  reasons  prefer  to  figure  this  allowance 
in  the  cost  of  labor  and  material,  and  in  the 
same  manner  hide  other  unavoidable  items, 
but  this  performance  will  in  no  way  affect  the 
final  result,  unless  it  is  the  intention  to  scale 
down  the  estimate  as  much  as  possible,  which 
the  process   facilitates. 

Development  Cost,  20  Per  Cent. — In  actual 

experience  this  w-ill  be  more  often  exceeded* than  found  in  excess.  It  is  easy  enough  for 
estimators  to  present  a  hypothetical  case  and 
scale  down  this  cost  to  an  amount  that  is 

awav  below  the  possibilities  under  the  cir- 
cumstances in  which  the  plant  has  been  built 

and  developed,  but  if  they  could  only  actually 
go  through  the  financial  vicissitudes  of  a 
dozen  or  more  important  and  ordinary  cases, 
their  viewpoint  would  be  materially  modified, 
and  it  is  not  a  sufficient  excuse  to  say  that  the 
"courts  or  commissions  will  not  stand  for  such 

a  high  allowance." Allowance  for  Useless  Items,  3  Per  Cent.— 
This,  of  course,  is  based  on  cutting  out  all 
such  items  found  in  the  plant  under  consid- 

eration and  then  adding  a  reasonable  percent- 
age. On  the  whole,  I  ,-ini  fully  convinced  that 

the  allowance  of  183  per  cent  is  not  only  fully 

justified,  but  greatly  exceeded  in  practice. 

Successful   Application   of  the   Bonus 

System  in  Paying  Meter  Read- ers at  Milwaukee,  Wis. 
Until  about  a  year  ago  the  Milwaukee  Gas 

Light  Co.  paid  its  meter  readers  at  a  certain 
rate  per  hour,  irrespective  of  the  number  of 
readings  taken.  At  that  time  the  basis  of  pay- 
me  t  to  readers  was  changed  to  the  plan  of 

paying  a  certain  rate  per  hour  with  a  mini- mum return  of  a  special  number  of  readings 

per  hour,  and  for  readings  over  this  mini- mum return  a  bonus  is  paid.  The  successful 
working  of  this  plan  at  Milwaukee  is  here 
brought  to  the  attention  of  water  departments, 
in  the  larger  of  which  the  bonus  system  of 
paying  meter  readers  seems  equally  applicable. 
Oiir  information  is  from  a  paper  by  Mr.  H.  C. 

Schaper,  chief  clerk  of  the  coinpany  named, 
before   the   American    Gas    Institute: 

The  reason  for  making  this  change  was  pri- 
marily to  establish  a  system  that  would  more 

equitably  compensate  meter  readers  for  actual 
work  done.  Some  basis  of  what  should  con- 

stitute a  reasonable  hour's  work  had  been  in 
a  manner  established  through  years  of  experi- 

ence, although  districts  vary  greatly,  some  lo- 
calities offering  opportunities  of  reading  meters 

easily,  while  others  are  harder  to  get  and  hav- 
ing a  smaller  number  to  read.  Furthermore, 

conditions  are  likely  to  change  in  the  same 
district,  so  that  an  average  per  hour  basis  does 
not  in  every  case  truly  decide  whether  or  not 

a  reader  has  done  an  honest  hour's  work. 
In  1907  our  company  abolished  separate 

rates  for  fuel  and  illuminating  purposes  and 

began  to  remove  duplicate  meters.  It  was  nat- 
ural that  this  should  reduce  the  average  re- 

turns per  hour,  and  when  this  work  was  prac- 
tically completed  it  was  necessary  to  establish 

some  new  basis  of  an  hourly  return.  To  de- 
termine this,  we  picked  five  men  at  random 

from  our  reading  force  and  placed  them  upon 
a  monthly  basis.  They  were  paid  $60  per 
month,  irrespective  of  the  number  of  hours 
required  to  work  each  day,  but  we  did  make 
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a  provision  that  no  more  tlian  eight  hours 
were  to  be  put  in  in  any  one  day.  We  had 
been  getting  an  average  of  25  readings  per 
hour,  but  by  making  this  change  we  increased 
this  average  to  30  per  hour.  This  average  was 
obtained  not  only  from  the  monthly  men  but 
from  the  day  men  as  well.  After  several 

months'  trial  we  concluded  that  the  average of  30  readings  per  hour  represented  a  reason- 
able return,  and  this  was  used  as  a  basis  for 

our  present  method:  a  merit  basis  of  com- 
pensation, which  is  as  follows: 

New  men  are  paid  2-1  cts.  per  hour  and 
with  continued  service  this  rate  is  gradually 
increased  to  27  cts.  per  hour.  For  this  a 
minimum  return  of  30  readings  per  hour  is 
expected,  so  that  our  primarv  labor  cost  is 

from  $0,008  to  $0,009  per  read'ing.  For  read- ings taken  in  excess  of  30  per  hour  the  men 
receive  extra  compensation  at  the  rate  of 
$0,008  per  reading,  this  rate  being  paid  to  old 
men  and  new  men  alike.  Tliis  has  made  it 

possible  to  do  our  w'ork  with  22  men,  who  are 
in  charge  of  one  supervisor,  and  at  an  average 
cost  per  reading  of  $0.01(l.j.  including  the  cost 

,  of  a  supervisor  and  miscellaneous  expenses. 
Under  the  old  system  it  required  26  readers, 
with  one  supervisor,  at  an  average  cost  of 
$0.0125  per  reading. 

We  have  in  no  case  so  far  found  it  neces- 
sary to  fine  a  man  for  not  bringing  in  the 

minimum  number  of  readings  per  hour,  and 
whether  we  would  feel  inclined  to  do  this  or 
not  I  question  very  much,  as  a  man  who  could 
not  bring  in  the  minimum  number  of  readings 
per  hour  would  hardly  be  considered  compe- 

tent for  the  work  and  would  be  discharged. 
At  the  end  of  each  of  the  three  reading 

periods  each  man  reads  his  own  stragglers  and 
retakes,  for  which  he  is  paid  a  flat  rate  of 

.$1.25,  irrespective  of  how-  many  or  how  few 
he  may  have.  Our  purpose  of  having  this  flat 
rate  is  to  encourage  bringing  in  as  few 
stragglers  with  the  regular  readings  as  pos- 

sible, and  the  few'er  stragglers  a  reader  has, 
the  easier  he  will  earn  his  $1.25.  I  find  that 
men  will  now  make  a  second  call  to  get  the 
reading  at  the  regular  period  rather  than  bring 

in  a  report  of  "not  at  home,"  as  it  lessens  his 
work  on  straggler  day,  besides  paying  him  the 
bonus  on  regular  reading  days.  As  evidence,  I 
submit  the  number  of  stragglers  we  had  for 
March,  1913,  and  March,  1914,  which  were 
-1,536  and  2,698,  respectively.  Another  reason, 
and  a  more  material  one,  is  to  avoid  the 
making   of    stragglers   purposely. 

Stragglers  and  retakes  naturally  are  scat- 
tered, and  it  would  be  unreasonable  to  ex- 

pect these  read  at  the  regular  reading  rate. 
If  we  were  to  pay  some  equitable  rate  per 
reading,  and  which  of  necessity  would  have 
TO  be  considerably  higher  than  the  regular 
reading  rate,  the  meter  reader  could  then  pur- 

posely fail  to  read  some  meters  at  the  regular 
reading  time  and  report  them  as  stragglers, 
and  receive  the  higher  straggler  rate  of  pay. 

With  this  flat  rate  of  $1.25  this  obje^ction  is overcome. 

We  have  approximately  200  meters  that  are 
read  weekly  and,  as  these  are  considerably 
scattered,  we  pay  a  flat  rate  of  30  cts.  per 
hour.  This  rate  is  also  paid  when  special 
readings  are  taken. 
Our  work  is  so  arranged  that  the  metei 

readers  also  deliver  gas  bills,  and  this  work 
is  likewise  paid  for  on  the  merit  basis.  The 
men  are  paid  the  same  as  for  meter  reading, 
from  24  cts.  to  27  cts.  per  hour,  and  for  which 
a  minimum  delivery  of  65  bills  per  hour  is  ex- 

pected. For  each  bill  delivered  over  this  av- 
erage they  receive  extra  pay  at  the  rate  of 

$ii.ii04  per  delivery.  This  has  resulted  in  re- 
ducing the  cost  per  delivery  from  $0.0062  to 

$0.0053. 
It  occasionallly  occurs  that  we  have  special 

work  for  the  readers  which  can  be  done  in 
connection  with  their  regular  work,  such  as 

delivering  advertising  matter  or  making  can- 
vasses. Frequently  vve  have  advertising  stick- 

ers attached  to  our  gas  bills,  and  for  attaching 
these  stickers  we  pay  them  5  cts.  per  100  and 
for  delivery  an  additional  5  cts.  per  100.  Some 
months  ago  we  made  a  canvass  of  large  dwell- 

ings   having    certain    types    of    heating    appa- 

ratus,  and    for   each   prospect   accepted   by   us 
the  reader  was  paid  5  cts. 
The  average  wages  paid  during  the  past 

eleven  months,  the  period  covered  by  the 
present  system,  has  been  $61.48,  compared  with 
a  previous  average  of  $55.21.  The  maximum 
average  earned  by  one  reader  during  this  pe- 

riod was  $71.45,  and  the  maximum  for  any 
one  month  by  one   reader  was  $75.89. 
Another  result  that  we  have  accomplished 

wnth  this  system,  and  one  that  will  readily 
commend  itself,  is  that  our  men  always  ap- 

pear busy,  as  it  is  natural  that  loitering  will 
pay  them  nothing.  To  see  a  busy  man  read 
his  meter  inspires  a  consumer  with  more  con- 

fidence than  to  see  a  boy,  and  sometimes  a 
pair  of  them,  fooling  away  part  of  their  time. 
Our  readers  apparently  are  very  well  satis- 

fied with  this  merit  system,  and  probably  the  . 
best  evidence  of  this  is  the  fact  that  we  have 
had  no  men  leave  us  since  it  was  inaugurated. 
Our  men  are  taken  from  all  walks  of  life,  and 
we  have  amongst  our  number  of  readers  me- 

chanics, former  school  teachers,  artists,  mu- 
sicians, ball  players,  etc.  Whenever  necessary 

to  call  in  an  extra  man  to  help  out  we  usually 
do  so  from  students  of  the  high  schools,  nor- 

mal school  or  the  university. 
Our  men  are  uniformed,  the  uniform  being 

of  approved  design,  and  is  made  for  us  by 
one  tailoring  concern.  The  uniforms  are 
charged  to  the  men,  and  they  pay  for  them 
in  installments  of  $3  per  month.  No  objec- 

tions have  been  raised  by  any  of  our  men  be- 
cause they  are  obliged  to  wear  uniforms,  and 

by  having  them  uniformed  they  present  a 
neater  appearance  and  are  readily  recognized 
by   consumers   as   gas   meter   readers. 

In  addition  to  this  we  aim  to  keep  our  read- 
ers in  the  same  district  as  long  as  we  can,  as 

greater  confidence  in  the  reader  is  gained  as 
he  becomes  known  to  the  consumer.  We  are 
opposed  to  any  system  of  trying  to  check  up 
the  readers  that  will  require  frequent  changes 

of  reading  districts,  as  this  surely  is  an  an- 
noyance to  the  consumer.  We  endeavor  to 

get  reliable  men  and  then  trust  them,  and  our 
trust  in  them  has  so  far  not  been  misused. 

We  use  a  coupon  reading  slip  and  cut  off 

the  previous  month's  reading  before  the  slips 
are  turned  over  to  the  readers  for  the  next 

month's  reading,  so  that  no  reader  can  tell 
from  the  slip  what  the  previous  reading  was. 
We  also  get  a  check  on  the  readers  with  our 
meter  changes  and,  while  this  may  not  check 
up  a  reader  for  periods  which  may  sometimes 
cover  more  than  a  year,  the  reader  is  con- 

stantly in  the  dark  as  to  just  when  such  a 
change  will  be  made,  and  he  will  not  risk  his 
position,  knowing  that  any  time  he  might  be 
found  out. 

Method    of    Testing    Verticality    of    a 

Deep  Well  at  Audubon,  lo'wa. 
During  the  years  1912  and  1913  the  city  of 

.Audubon,  la.,  put  down  an  artesian  well  2,400 
ft.  deep  and  14  ins.  in  diameter  at  the  top. 
Inside  the  well  an  8-in.  drop  pipe  400  ft.  long 
was  suspended.  The  brass  well  barrel  or  deep 
well  pumping  cylinder  is  hung  on  the  lower 
end  of  this  drop  pipe.  The  pump  installed 
in  this  well  caused  the  city  great  annoyance 
and  considerable  expense  due  to  frequent 

breaking  of  pump  rods.  The  pump  manu- 
facturers contended  that  the  well  bore  was 

crooked  and  so  induced  stresses  in  the  rods 

which  caused  them  to  fail.  The  city  main- 
tained that  the  well  was  substantially  straight 

and  that  the  rods  failed  because  they  were 
overloaded.  To  determine  the  true  condition 
of  the  well  the  tests  here  described  were  con- 

ducted by  Prof.  W.  H.  Meeker  of  the  Iowa 
State  College.  Our  information  is  from  an 

article  by  P.  F.  Hopkins  in  The  Iowa  Engi- 
neer for  November,  1914.  The  procedure  was 

as  follows : 

The  center  of  the  well  head  flange  was  ac- 
curately located  by  stretching  tw'o  fine  cords 

at  right  angles  across  it.  A  point  was  then 
located,  on  the  well  house,  26  ft.  IIM,  ins. 

vertically  above  the  flange  center.  A  three- 
bladed  gage,  which  was  a  snug  sliding  fit  on 
the  inside  of  the  8-in.  pipe,  was  attached  to  a 

reel  of  fine  steel  piano  wire.  The  gage  was 
lowered  into  the  drop  pipe,  the  wire  leading 

up  and  through  the  point  which  had  been  es- 
tablished in  the  tower  of  the  pump  house 

above  the  well-head  flange.  From  this  point 
the  wire  was  led  over  a  pulley  and  down  to 
a  drum  near  the  floor.  .A  10-lb.  sash  weight 
was  hung  to  the  gage,  thus  insuring  a  proper 
tension  to  the  wire.  By  unwinding  the  drum 
carrying  the  wire,  the  gage  could  be  lowered 
to  any  desired  point  in  the  drop  pipe.  The 
amount  that  the  center  of  the  drop  pipe  was 

out  of  plumb  at  any  position  could  be  deter- 
mined by  calculations  based  on  measurements 

of  the  distance  of  the  wire  at  the  pump-head 
flange  from  the  north  and  south  and  east  and 
w-est  lines,  which  were  stretched  across  the 
face  of  the  flange  to  determine  its  center. 
Readings  were  taken  at  each  11  ft.  of  depth. 
The  actual  readings  taken  from  the  positions 

of  the  wire  at  the  face  of  the  flange  were  re- 

corded in  inches  as  "top  deflections."  The radial  deflection  is  the  actual  distance  of  the 

wire  from  the  center  of  the  flange.  Its  mag- 
nitude was  the  hypotenuse  of  the  right  tri- 

angle of  which  the  two  measured  top  coordin- 

ates were  the  legs.  Under  "total  deflection" were  recorded  the  corresponding  distances  of 
the  position  of  the  gage  in  the  drop  pipe,  also 

in  inches.  These  were  obtained,  for  each  po- 
sition of  the  gage  by  the  solution  of  propor- 

tions based  on  similar  triangles.  For  exam- 

ple: at  a  depth  of  242  ft.  the  "top  deflections" or  co-ordinates  of  the  point  where  the  wire 
intersected  the  plane  of  the  top  of  the  casing 
were,  by  actual  measurement,  found  to  be 
0.75  in.  and  1.06  ins.,  for  the  north  and  west 
deflections,  respectively.  The  north  deflection, 
X,  of  the  center  of  the  gage  was  then  solved 
for  from  the  following  proportion : 

26  ft.  11%  ins.  :0.75  in.  : :  242  +  iCj  ft.  Iiy4 
ins.  :x. 

In  a  similar  manner  the  west  deflection,  y. 
was  solved  for  by  replacing  the  figure  0.75,  in 
the  above  proportion,  with  the  measured  west 

top  deflection  of  1.06.  In  this  case  the  "total 
deflections"  x  and  y  equaled  7.48  ins.  and 
10.56  ins.,  respectively. 

Profiles  of  the  projections  of  the  center 
line  of  the  drop  pipe  on  east  and  west  and 
north  and  south  planes  were  platted  after  the 
measurements  and  computations  were  made. 
The  horizontal  scale  used  in  plotting  the 

profiles  was  very  much  larger  than  the  ver- 
tical scale.  On  the  horizontal  scale  1  in. 

equals  20  ins.,  while  on  the  vertical  scale  1 
in.  equals  20  ft.  Had  the  same  scale  been 
used  for  the  vertical  dimensions  as  for  the 
horizontal,  the  profile  would  have  been  very 

long  and  the  apparent  sudden  change  in  di- 
rection of  the  north  and  south  profile  at  150 

ft.  and  at  194  ft,  in  the  .Audubon  well,  would 
have  been  so  reduced  as  to  be  hardly  appre- 
ciable. 
At  Audubon  the  profiles  showed  that  the 

center  line  of  the  drop  pipe  was  not  abso- 

lutely plumb.  The  profiles,  how-ever,  did  not 
show  any  sudden  changes  in  direction  and  the 
investigator  concluded  that  there  is  no  reason 
why  so  flexible  a  construction  as  the  rods 
which  are  being  used  in  this  well  should  not 

work  freely  without  undue  binding  or  cramp- 

ing. 

Railway  Ties  in  Canada. — .\  total  of  19,- 
881,714  cross-ties  were  purchased  by  the  steam 
and  electric  railways  of  Canada  during  1913, 
according  to  a  Forestry  Branch  Bulletin.  In 
1912,  a  total  of  21,308,571  ties  were  purchased. 
Of  the  1913  total,  39.1  per  cent  were  of  jack 
pine ;  12.3  per  cent,  white  cedar :  12.2  per  cent, 
Douglas  fir ;  6.2  per  cent,  western  larch ;  6  per 
cent,  hemlock ;  5.7  per  cent  hard  pine ;  4.9  per 
cent,  oak;  4.4  per  cent  tamarack;  and  small 

percentages  of  western  hemlock,  spruce,  chest- 
nut, red  cedar,  red  pine,  beech,  birch,  maple, 

elm,  ash  and  cherry. 

The  Welland  Canal,  for  which  all  contracts 
have  been  let,  is  to  be  finished  by  1918  at 
a  cost  of  $50,000,000,  all  of  which  is  to  be 

borne  by  the  Dominion  Government.  At  pres- 
ent about  2,000  men  are  at  work  excavating 

the  northern  end  of  the  canal. 



560 Engineering   and    Contracting 
Vol.  XLII.     No.  25. 

Comparative  Cost  Data  on  the  Various 

Units  of  the  Arizona  Copper  Co.'s 
Smelter,  Clifton,  Ariz. 

The  construction  of  new  smelter  of  the 

Arizona  Copper  Co.,  at  CHfton,  Ariz.,  which 
was  built  at  a  total  cost  of  $2,105,020.07,  was 

started  in  February,  1912,  and  completed  in 
February,  1914.  The  plant  is  completely 

equipped  for  the  smelting  of  copper,  and  mod- 
em facilities  are  provided  in  all  particulars. 

In  our  Sept.  16,  1914,  issue  we  gave  a  layout 
of  the  smelter  showing  to  scale  the  size  and 

location  of  each  unit  of  the  plant,  and  de- 
scribed the  design,  construction  and  costs  of 

the  power  house.  In  this  issue  we  shall  give 
cost  data  applicable  to  the  various  parts  of 
the  work,  the  data  being  arranged  in  such  a 
manner  as  to  facilitate  a  comparison  of  the 
costs  of  the  various  units  of  the  plant.  Data 

will  also  be  given  on  the  construction  meth- 
ods used  and  on  the  general  features  of  the 

buildings.  The  article  is  based  on  a  paper 

by  E.  Horton  Jones,  in  Bulletin  for' July,  1914, 
American  Institute  of  Mining  Engineers.  The 

"Dewey''  decimal  system  was  used  to  classify 
the  cost  data.  The  costs,  as  given,  are  actual 
costs  and  were  compiled  by  an  efficient  cost 
keeping  organization.  Each  cost  item  has  been 

judged  solely  on  its  merits  for  use  by  an  esti- 
mator. All  delays  due  to  changes  in  plans, 

delayed  shipments,  labor  troubles,  changes  in 
working  hours  and  rates,  and  variable  weather 
conditions  have  been  included.  The  cost  data 

are  given  first,  followed  by  an  explanation  of 

them.  Many  of  the  data  are  applicable  to  oth- 
er kinds  of  plants. 

Cost  Data. 

TOTAL  COSTS  OF  VARIOUS  UNITS. 

The  accompanying  table  gives  the  total  cost 
of  each  unit  oi  the  plant: 
Ref.  Total 
No.                   Item.  cost. 

7100  Engineering  expense     $  100,649.88 
7300  Yard  tracks  and  Industrial  sys- 

tem      156,326.43 
7460  Receiving  bins       44,185.06 
7700  Crushing  plant      9,268.62 
7800  Sampling  plant     34,108.74 
7900  Bedding  plant  and  bunker  bins  150,939.05 
8100  Roasting  plant       136,734.87 
8120  Roaster  dust  chamber    49,664.76 
.8300  Reverberatory  plant      328,945.02 
8400  Converter  plant       216,033.37 
8420  Converter  dust  chamber    27,813.58 
8500  Conveying  system     45,411.15 
8600  Chimney      45,471.34 
8610  Reverberatory  flue     13,453.70 
8620  Converter  flue      7.602.8S 

8625  Roaster  dust  chamber  flue    '  12,859.10 
8700  Boiler  and  blacksmith  shop    21,449.23 
8714  Machine  and  carpenter  shop...  27,356.27 
8800  General  office    1,394.95 
8809  Warehouse       13.602.71 
8819  T-aboratorv       6,144.02 
8840  Sample  room       2,826.11 
890O  Miscellaneous  accounts    37,186.48 
8999  Indirect  expense    140.277  72 
soon  Power  plant     434,703.15 
9060  Oil     supply    sump    and     pump 

house     40,611.88 

Total  cost    $2,105,020.07 

Table  I  gives  the  area  of  each  building,  its 
total  cost,  and  its  cost  per  square  foot  of 
floor  space.  These  costs  are  for  the  buildings 
alone. 

Table  IT  gives  the  volume  of  each  building, 
its  total  cost,  and  its  cost  per  cubic  foot 
These  costs  are  for  the  buildings  alone. 

Table  III  gives  the  area  of  each  building,  its 
total  costs,  fully  equipped,  and  its  cost  per 
square  foot  of  floor  space,  fully  equipped. 

Table  IV  gives  the  volume  of  each  building, 
in  cubic  feet,  its  total  cost,  fully  equipped,  and 
its  cost  per  cubic  foot,  fully  equipped. 

MISCELLANEOUS    COSTS. 

The  cost  of  the  cooling  tower  per  thousand 
gallons  per  minute  (capacity  12,000  gals,  per 
minute)  was  $2,189.42,  its  total  cost  ben  g 
$26,27.3.01. 

MyiLDINC 
TABLE  I.— COST  OF  EACH  BUILDING  PER 

SQUARE  FOOT. 
Floor 

Cost 
Ref. Name  of 

space. 
Total 

per 

No. building. 
sq.  ft. cost. 

sq.  ft. 7700 Crushing  plant... .  1,650 
$  5,968.32 

$3.62 

7800 Sampling   plant.. .   6,140 16,299.16 2.65 8100 Roasting  plant... .28,740 43,322.75 
1.51 

8300 
Reverbe  r  a  t  o  r y 

plant      .20,370 
50,687.28 

2.49 
S307 Reverber  a  t  o  r  j 

boiler   building 
.14,310 36,887.67 

2.58 
840O Converter      build 

mg     .26,084 
87,231.14 3.34 S700 Boiler  and   black 

smith  shop   .   4,424 
11,320.58 

2.56 

8714 
Machine  and   car - 

penter   shop. ... .   5,144 14,905.56 
2.90 8809 

Warehouse     .   5,040 
11,512.93 

2.28 
8819 laboratory     

.   1,492 11,363.77 2.92 8840 Sample  room  — .      600 
991.46 1.65 9000 Power  plant     .32,096 77,452.56 2.41 

TABLE  II.— COST  OF  EACH  BUILDING  PER 

CUBIC  FOOT. 
Cost Ref.            Name  of            Volume,  Total  per 

No.            building.                cu.  ft.  cost.       cu.  ft. 
7700     Crushing  plant...       27,040  $5,968.32  $0.22 
7800     Sampling  plant...       80,547  16.299.16  0.20 
8100     Roasting  plant...     410,140  43,322.75  0.11 
8300    Reverber  a  t  o  r  y 

plant          474,350  50,687.28  0.11 
8307    Reverbera  t  o  r  y 

boiler  building..    500,850  36,887.67  0.07 
8400    Converter     build- 

ing     1,529,636  87,231.14  0.06 
3700     Boiler  and  black- 

smith shop         86,268  11,320.58  0.15 
8714     Machine  and  car- 

penter  shop      100,308  14,905.56  0.15 
8809     Warehouse            83,160  11,512.93  0.14 
8819     Laboratory-          16.140  4.363.77  0.27 
8840     Sample  room          6,000  991.46  0.16 
9000     Power  house      784,000  77,452.56  0.10 

TABLE  III.— COST  OF  EACH  BUILDING 
EQUIPPED  PER  SQUARE  FOOT. 

Floor  Total        Cost  per 
Ref.            Name  of        space,  cost.           sq.  ft.. 
No.            building.         sq.  ft.  equipped,  equipped. 
7700     Crushing  plant...   1,650  $     9,268.62     $5.62 
7800     Sampling   plant..   6,140  34,108.74       5.56 
SlOO     Roasting  plant.  ..28,740  136,734.87       4.76 
S30O     Reverbera  t  o  r  v 

plant      20,370  172,171.55       S.45 
8307     Reverbera  t  o  r  y 

boiler  building.  14,310  159,716.26     11. IC 
S400     Converter    build- 

ing   26,084  216,033.37-      8.28 
S700     Boiler  and  black- 

smith   shop     4,424  21,449.23       4.85 

S714     Machine  and  car- 
penter  shop....   5,144  27,356.27       5.32 

8809     Warehouse    5,040  13,602.71      2.70 
S819     Laboratory       1,492  6,144.02       4.12 
S840     Sample    room         600  2,826.11       4.71 
9000     Power   house   32,096  359.590.10     11.20 

TABLE   IV.— COST    OF    EACH    BUILDING 
EQUIPPED  PER  CUBIC  FOOT. 

Total        Cost  per 
Ref.            Name  of      Volume,  cost.          cu.  ft., 
No.            building.         cu.  ft.  equipped,  equipped. 

7700     Crushing  plant      27,040  $     9,263.62     $0.34 
7800     Sampling  plant      80,547  34,108.74       0.42 
SlOO     Roasting   plant    410,140  136,734.87       0.33 
8300     Reverberatory 

plant          474,350  172,171.55       0.36 
S307     Reverberatory 

boiler     build- 
ing       500,850  159,716.26       0.32 

8400     Converter  build- 
ing     1,529,636  216,033.37       0.14 8700     Boiler      and 

blacksm  i  t  h 

shop            86,286  21,449.23       0.24 8714     Machine    and 
carp  enter 
shop          100,308  27,356.27       0.27 

8809     Warehouse    ...      83.160  13.602.71       0.16 
8819     Laboratorj'    ...       16,140  6.144.02       0.38 
8840     Sample   room..         6,000  2,826.11       0.47 
9000     Powerhouse..     784,000  359.590.10       0.46 

TABLE  v.— TOTAL  AND  UNIT  COSTS 

Ref. 
No.            Item. 
8701  Excavation     
8702  Fnnndatinn       

OF  VARIO 
SHOP 

Labor 

cost. 
..$1,142.07 . .      416.57 

;;      "6'9'3'.62 

.       119.80 

.      477.95 
18.89 

.       112.17 286  62 

16.01 
■:         59.73 

87.83 92.53 

. .       119.60 ..      798.51 

. .      105.59 
9.S  9.9. 

US    ITEl 

Material cost. 

$       44.81 584.49 
"2,45'6'.2S 

50.87 
612.62 

  2.72 

828.24 
261.50 

1.25 
49.43 

60.73 438.41 

7,859.36 
301.16 
347.54 
44.50 

IS    OF   BC 

Total 

cost. 

$1,186.88 
1,001.06 
2,913.90 

3,149.30 170.67 

1,090.57 
18.89 

114.89 

1,114.76 
277.51 

60.98 
137.26 
153.26 
558.01 

8,655.87 
406.75 

370.76 

67.91 

MLER    AND    BLA 

Quantity. 1.458  cu.  yds. 
78.7   cu.   yds. 
32.72    tons 
2,581    sq.    ft.    ope 
251.5    lin.    ft. 
2,297  cu.    ft. 
69.70  tons 
290   lin.    ft. 
66.49   squares 
3  vents 

CKSMITH 

Total 
unit  cost. 

$     0.81 12.71 8703 

.1 

.11 

.2 

.21 

.22 

Steel  structure    
Doors,   windows  and  frames   
Concrete  sills      
Tile  walls     
Unloading  tile      

89.06 

ning       1.22 

0.68 
0.48 

0.27 0.40 

.30 S703.31 

40 Roof      
Ventilators      
Dirt  floor    16.77 

92.50 
.50 
.60 

S704 

8705 8706 
8707 

Painting       
Crane      
Tools     
Shafting,    pulleys,    belting   

1,574  sq.  yds. 
I  crane 

si'ii'ii.'ft.   

20  HP. 
17  drops 

0.10 
558.01 

  i.'g's 

18.54 

8708 Lighting              23.41 

Total  cost— Boiler  and  blacksmith  shop 
4.00 

$21,449.23 

TABLE  VI.— TOTAL  AND  UNIT  COSTS 

Ref. 
No.            Item. 

S715          Excavation      

OF  VABI 
SHOP. 

Labor 

cost. 
.  .$1,615.83 

OUS ITE 

Material 
cost. 

$    325.28 584.06 

MS  OF  Mi 

Total 
cost. 

$1,941.11 
1,376.11 

3,431.42 3,915.77 179.35 

1,102.73 
44.06 145.37 

1,250.89 
259.40 
863.10 
165.00 
205.40 
589.55 

9,397.20 
1,802.65 496.31 190.85 

^.CHINE  AND  CA 

Quantity. 
1.765  cu.  yds. 105.5   cu.   yds. 
38.23   tons 
3,037  sq.  ft.  open 
295.3   lin.    ft. 
2.397  cu.  ft. 
58.80   tons 320  lin.   ft. 

77.21   squares 
3  ventilators 

4,136   sq.    ft. 

RPBNTER 

Total 
unit  cost. 

$  1.10 

8716 Foundation      792.05 
13.04 

S717 89.76 

.1 

.11 
Doors,  windows  and  frames   
Concrete  sills      
Tile   walls      

.       923.61 

.      111.65 . .     531  45 
2,992.16 

67.70 571.28 2.00 

23.70 953.04 
248.24 593.30 

35.00 87.40 
564.36 

8.953.13 1,513.36 
477.97 

135.01 

ing       1.29 

0.61 
0.46 

.21 

.22 

Unloading  tile      42.06 

121.67 
.      297.85 

11.16 .      269.80 
.       130.00 .       118.00 

25.19 444.07 

.       289.29 

18.34 
55.84 

0.75 
0.45 

.30 Roof       
16.20 .31 

86.45 .40 

Floor      

0.21 

.50 
Benches      
Painting      .60 

S718 
1,989  sq.   yds. 0.10 

8719 Tools 8720 
8721 Shafting,  pulleys  and  belting. . .  . 152  lin.  ft. 

40  HP. 20   drops 

11.86  ■ 

12.40 8722 
Lighting     

9.54 Total  cost— Machine  and  carper 

$27,356.27 

The  cost  of  the  power  plant,  including  boiler 
plant,  per  indicated  horse  power  (capacity  10,- 
660  I.  HP.)  was  $55.32,  its  total  cost  being 
$589,717.16.  The  capacity,  indicated  horse 
power,  of  the  three  turbines  was  9,460 ;  that 
of  the  two  Nordberg  blowers  (see  Sept.  16, 
1914,  issue),  1,000;  and  that  of  the  single  air 
compressor,  200. 

The  cost  of  the  power  plant,  exclusive  of 
boiler  plant,  per  indicated  horse  power,  was 
$37.40,  its  total  cost  being  $.398,631.17. 

The  cost  of  the  boiler  plant  per  boiler  horse 

power  (capacitv  6,143  HP.)  was  $31.11,  its 
total  cost  being  $191,08.5.99.  The  total  capacity 

is  given  by  seven  waste  heat  units  at  713  HP. 
each  and  three  oil-fired  units  at  384  HP.  each. 

.■ill 
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DETAILED      COSTS      OF     BOILER     AND     BLACKSMITH 

,  SHOP.    MACHINE    AND    CARPENTER    SHOP, 

WAREHOUSE,    AND    CHIMNEY. 

The  detailed  costs  of  some  of  the  buildings, 
which  are  applicable  to  other  kinds  of  plants, 
will  now  be  given.  The  detailed  costs  of  the 
power  plant  were  given  in  our  Sept.  16,  1914, 
issue. 

Boiler  and  Blacksmith  Shop. — Table  V  gives 
the  separate  costs  of  the  various  labor  and 
material  items,  the  total  costs  of  these  items, 
the  actual  quantities  of  materials,  and  the  unit 
costs  for  the  boiler  and  blacksmith  shop. 

Machine  and  Carpenter  Shop. — Table  VI 
gives  the  separate  costs  of  the  various  labor 
and  material  items  of  the  machine  and  car- 

penter shop,  the  total  costs  of  these  items,  the 
actual  quantities  of  materials,  and  the  unit 
costs. 

Warehouse. — Table  VII  gives  the  separate 
costs  of  the  various  labor  and  material  items 

of  the  warehouse,  the  total  costs  of  these  items, 
the  actual  quantities  of  materials,  and  the  unit 
costs. 

Chimney. — The  large  chimney  of  the  smelter 

plant  is  300  ft.  high,  26  ft.  8  ins.  inside  diam- 
eter at  the  base  and  22  ft.  at  the  top.  The 

average  thickness  of  the  walls  is  24%  ins. 
The  chimney  is  corbeled  out  every  25  ft.  to 
hold  the  lining  of  radial  perforated  fire  brick 

laid  in  acid-proof  mortar.  The  foundation  of 
the  chimney  is  constructed  of  concrete,  the 
base  of  red  brick,  and  the  chimney  proper  of 
radial  blocks.  The  upper  75  ft.  of  the  chimney 

are  pointed  with  acid-proof  mortar.  Table  VIII 

gives  the  total  and  unit  costs  of  the  excava- 
tion, the  foundation  and  the  chimney  proper. 

The  excavation  for  the  foundation  was  a 

deep  hexagonal  cut  through  clay  and  caliche, 
and  penetrating  a  considerable  distance  into 
sand  and  gravel  containing  large  boulders.  The 
material  was  loosened  with  picks,  slipped  out 
with  f  resnos.  dumped  through  a  trap  into  carts, 
and  hauled  2,700  ft. 

The  foundation  consists  of  a  concrete  block, 

cast  in  a  hexagonal  shape,  with  a  depth  of 
20  ft.  and  a  least  diameter  of  50  ft.  The  bot- 

tom of  the  block  is  reinforced  with  three  layers 

of  1-in.  rods  spaced  1  ft.  on  centers.  The  con- 
crete was  machine  mixed  and  consists  of  1 

part  cement  to  8  parts  sand  and  gravel,  with 
large  stones  embedded  in  it.  Forms  were  built 
for  about  40  per  cent  of  the  vertical  surface. 
The  concrete  was  transported  about  100  ft.  in 
cars. 

The  chimney  proper  was  constructed  by  the 
Alphons  Custodis  Chimney  Construction  Co., 
the  costs  given  including  constant  inspection  by 
the  Arizona  Copper  Co.  There  were  used  in 
the  construction  of  the  chimney  proper  138,000 

lbs.  of  lime,  290  lbs.  cem'ent,  1,638  tons  of 
radial  brick,  652  tons  of  wire-cut  brick,  56  tons 

of  wedge  brick,  and  100  bbls.  of  acid-proof 
mortar. 

Data  Explanatory  of  Cost  Data. 

WAGE  SCALE. 

As  the  construction  work  extended  over  a 

period  of  two  years  the  rates  of  wage  for  vari- 
ous classes  of  labor  changed  somewhat.  Table 

IX  gives  the  labor  scale  throu.ghout  the  job. 
It  will  be  noted  that  some  Mexican  labor  was 
used. 

BOILER    AND    BL.\CKSMITH    SHOP    (sEE   TABLE   V.). 

The  following  data  give  a  good  idea  of  the 

type  of  construction  used  in  the  boiler  and 

blacksmith  shop,  the  materials  used,  and  the 
conditions  under  which  the  work  was  done. 
The  steel  frame  consists  of  Fink  trusses  on 

10-in.  steel  columns.  The  span  of  the  trusses 
is  48  ft.,  and  the  clear  height  of  the  building 

is  20  ft.    The  building  has  8-iu.  tile  walls. 

Account  8701—E.rcavation. — The  excavation 

involved  making  a  6-ft.  slice  to  get  the  proper 

grade  for  the  building  site,  together  with  piers 
and  small  wall  excavation.  It  was  plowed  and 

slipped  away  in  fresnos  400  ft. 

S70S — Foundations. — These  foundations  were 
the  small  walls  and  piers  for  the  brick  and 
steel  column  supports.    The  concrete  was  plain, 

hand  mixed  in  the  proportions  of  6  sand  and 
gravel  to  1  cement,  and  it  was  handled  100  ft. 

in  W'heelbarrows  to  the  forms.  Fifty  per  c  it 
of  the  vertical  surface  was  formed.  1  his  was 
the  first  concrete  cast  at  the  smelter. 

S70S — Steel  Structure. — There  were  32.72  tons 
of  structural  steel  used  in  the  framework  of 

the  building,  consisting  of  48-ft.  span  Fink 
trusses  on  8-in.  columns. 

a^os.i — Doors,  IVindoivs  and  Frames. — This 

TABLE    VII  —TOTAL,    AND    UNIT    COSTS    OF    A'ARIOUS  ITEMS  OF  WAREHOUSE. 
Ref.  I>abor      Material 
No.  Item.  cost.  cost. 
SSIU  Excavation           $944.59     $      51.49 
S811  Foundation            878.16  856.09 
8812  Steel  structure      

Doors,  windows  and  frames        533.02 
Concrete  sills           164.72 
Tile  walls            438.00 
Unloading   tile              15.50 
Coping            176.60 

.1 

.11 

.2 

.21 

.22 

.3 .31 

.4 

.41 

.1 .11 

81.16 
30.38 129.03 

558.04 
45.09 

548.66 26.50 

Painting   sash           122.78 

Painting  rcol' 
Ventilators      
Floor  excavation   . . . 
Floor  concrete      
Lighting      
Warehouse   fixtures Painting 

1,056.31 61.63 

477.86 
1.00 36.68 

65.66 
207.12 

'721.60 

70.48 
1,541.12 

14.17 
15.34 

Total 

cost. 
i    996.0S 
1,734.25 

3,734.08 
1,589.33 226.35 

915.86 16.50 213.13 

146.82 

237.50 
129.03 

1,279.64 
115.57 

2,089.78 40.67 

138.12 

Quantity. 1,287   cu.   yds 123  cu.  yds. 

39.76  tons 

1.982    sq.    ft. 241.5   lin.    ft. 

2,342  cu.  ft. 74.20  tons 
S20  lin.   ft. 
813  sq.  ft. 
3  vents 
66  cu.  yds. 
8,298  sq.   ft. 26  drops 

openin 

Total 
unit  cost. 

i  0.77 

14.09 93.92 

0.80 

0.94 

0.39 

0.22 

0.67 
0.18 79.17 

1.96 
0.15 
4.45 

412  sq.  yds. 

189  sash 

0.10 
0.73 Total  cost— Warehouse    $13,602.71 

TABLE  VIII.— TOTAL  AND  UNIT  COSTS  OF  CHIMNEY. 
Ref. 
No. i>i;01 

S602 8603 

Labor  Material  Total 
Item                                                          cost.            cost.  cost. 

Excavation       $337.44  $      29.61  $    367.05 
Foundation         654.42       4,199.65  4,854.07 
Chimney  proper        891.88  39,358.34  40,250.22 

Total  cost    $45,471.34 

Quantity. 597  cu.  yds. 
872.7  cu.  yds. 

58,644  cu.  ft. 

Total 
unit  cost. 

$0.61 

5.56 

0.69 

TABLE  IX.— WAGS  SCALE  DURING  CONSTRUCTION  OF  SMELTER. 
Feb.  28,  April  1,  July  24,  JV!?  !• 

Occupation. 

Blacksmiths 

1912, 
Ten  hours. 
A.         M. 

$....     $2.50 

1912. 
Nine  hours. A.         M. 

$4.00     $.... 

1912. 
Nine  hours. A.         M. 

$4.50     $.... 
Blacksmiths'    helpers    . . 

Boilermaker  boss     
Boilermakers       
Boilermakers'  layer-out  . 
Boilermakers'  helpers  . .  • Brick  inasons     

Brick  masons'  tenders... 
Carpenter  boss   
Carpenters,    first-class    . . 
Carpenters,  second-class 
Carpenters'  helpers     
Carpenters  (with  tools).. 
Carpenters'  helpers     Cart   drivers      
Cement  finisher  boss   
Cement  finisher  boss.... 

4.50 
4.00 

3.00 

4.00 

3.00 

4.00 

3.06 

Concrete  boss   
Concrete  mixers    . . 
Corral   boss      
Corral   men      
Drillers       
Electrician  boss  . . . 

3.50 

2.25       3.00       3.00 

4.50 

3.66 

5.66 
4.50 

V.OO 

3.50 2.25 

4.56 4.50 

3.56 
2.25 !.25 

Electrician      
Electrician  helpers 

Engineers,  locomotive  . 
Engineers,  compressors 
Engineers,    stationary    . 
Janitors      
Labor   bosses      

3.25 

Laborers      

Machine  shop  boss   
Machine  shop  boss  (outside). 
Machinist      
Machinist  helpers    
Miners,  underground    
Miners,   surface     
Office  boys     

1.75 

Pipe  fitter  boss   
Pipe   fitter      
Pipe  fitter  helpers. 
Plow  holders   
Plumbers       
Plumbers'   helpers 
Rigger  boss    
Rigger      

2.50 

Rigger    helpers 

3.25 
4.00 

4.00 3.00 

2.25 

4.56 

■2'.25 

3.00 

'2.25 

2.25 

2.66 

2.00 

2.00 
2.50 
3.00 
1.75 •2.75 

2.25 

Stone  mason   boss      
Stone  mason    
Steam   fitters      

Steam    fitters'    helpers   Teamsters,  4  and  6  head   
Teamsters,  ?  head   
Teamsters,  fresnos  and  slips   
Teamsters,   plow     
Tinners       

Tinners'    helpers      
Tool    room    man   
rool  sharpeners   
Track  boss     
Water  boys     
Warehouse  help   

3.00 
2.25 

3.50 
3.00 

2.75 

        3.00  ....         2.00  2.00 

2.25       2.00  2.00 
2.25  2.25 

l.SO 

2.00 

2.50 1.00 

3.50 

3.00 

4.00 

4.50 
3.00 

4.50 

3.00 

5.00 

4.50 3.00 

3.00 

2.25 

2.50 

4.66 
2.50 

2.25 
3.50 4.25 

2.00 

1913. 

Nine  hours. 
A.         M. 

$4.50     $   

2.25 

2.25 
2.25 

2.2E 

2.00 

3.00 
2.75 

2.25 

3.00 

2.25 2.50 

2.50 

2.00 

2.50 

3.00 

3.50 

5.50 

4.50 
4.75 

3.00 

*6.50 

s'.oo 

4.50 

'3.66 

3.50 

3.50 

4.00 
4.50 

3.56 

5.00 

4.50 

3.00 

3.50 

4.00 

4.50 

5.00 
5.50 

4.50 3.00 

5.50 4.50 

3.00 

3.50 

4.50 
2.25 

2.50 
3.00 

3.00 

4.50 

4.66 

2.66 
3.00 

2.50 

3.00 

3.00 

*2'.25 

Sept.  1. 

1913. 
Eight  hours. A.         M. 

$4.25     $.... 
4.50        

2.50 

3.50 

4.00 

2.25 

2.25 

.00 

2.50 

2.00 
2.25 

2.50 

3.25 

5.50 

4.25 

4.75 3.0D 

•6.50 
5'.66 

4.25 ¥.56 3.00 

5.00 

3.50 

4.50 
5.00 

4.25 

2.75 
3.00 

3'.56 

4.00 

5.00 4.25 3.00 

2.50 

3.35 

3.00 

•2.25 

1.75 

2.00 

3.00 

5.50 

4.25 

3.00 

4.25 

t2.00 

2.25 

2.25  2.25 
2.50  3.50 3.00      .... 

3.00 

2.25 

3.50 

2.00 
2.50 

4.25 

3.00 1.75 

3.00 
1.75 

A— American.    M— Mexican     'Eight    hours.     tNine  hours. 
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account  covers  the  purchase  price  of  all  doors, 

windows,  their  frames,  lintels  and  glass.  It 

also  covers  the  labor  of  installing  the  steel 

lintels  which  run  from  building  column  to 

building  column ;  the  erection  of  the  steel  door 

and  window  frames;  the  erection  of  the  steel 

•^ash  and  doors;  and  the  glazing  of  these  doors 

and  windows.  After  the  lintels  had  been 

framed  in  and  the  tile  work  brought  up  to  the 

^ill  base  and  the  sill  set,  the  frames  were  put 

in  place,  bolted  to  the  lintels,  and  tied  by  rods 

back  to  the  building  columns.  When  the  frames 

had  been  entirely  bricked  in,  the  steel  sashes 

were  bolted  in  place  and  later  glazed.  A  segre- 
gated material  list  is  as  follows : 

13  11-ft.  7-ln.  X  12-ft.  %-ln.  steel  sash,  63 
lights,  2  mullions,  with  3  to  6  light  ventilators, 
not  glazed.  ,  ..  t. 

1  10-ft.  3-in.  X  12-ft.  rs-ln.  steel  sash,  5C  lights, 
1  mulllon,  no  ventilators,  not  glazed.        „  ,.   ,  , 

2  10-ft.  o-ln.  X  12-ft.  %-in.  steel  sash,  48  lights, 
1  muillon,  no  ventilators,  not  glazed. 

1  4x9-ft.  steel  slidinK  door,  with  six  14x20-in. 
lights,  not  glazed,  lower  panels  steel  plate. 

1  Sx9-ft.  steel  sliding  door,  with  eighteen  14x 
20-ln.  liixlits.  not  glazed,  lower  panels  steel  plate. 

1  ]4x20-ft.  Kinner  steel  rolling  door. 
1  lOxlO-ft.   Kinner  steel  rolling  door. 
11  14-ft.  10-ln.  lintels  built  up  of  8-in.  chan- 

nels. „  .        ,  , 
2  13-ft.  4- in.  lintels  built  up  of  8-in.  channels. 
2  11-ft.  6-in.  lintels  built  up  of  S-in.  channels. 
1  10-ft.  4-in.  lintels  built  up  of  8-in.  channels. 
I  11-ft.  6-in.  lintels  built  up  of  8-in.  channels. 
850    lights,    14x20    Ins.,    %-in.    factory    ribbed 

leV  lights,  13%xl9%  ins.,  factory  ribbed  glass. 
82  lights,    14x19%   ins.,   factory  ribbed  glass. 
44  lights.  1314x20  Ins.,  factory  ribbed  glass. 
Steel    windows    and    door    frames    for    above 

made  of  two  ?,'A-x2MxVi-in.  angles. 

8703.11 — Concrete  Sills. — This  account  covers 
the  labor  and  material  used  to  make  the  fol- 
Jowing  list  of  concrete  sills.  The  sills  were 
made  3  parts  sand  and  gravel  to  1  cement,  cast 
in  collapsible  moulds  and  later  finished.  Three 
%-in.  rods  are  used  in  each  sill. 

II  sills,  81,4x10  ins.,  14  ft.  10  ins.  long. 
1  sill,  SVixlO  ins.,  11  ft.  6  ins.  long. 
1  sill,  SVixlO  ins.,  8  ft.  6  ins.  long. 
2  sills,  8HxlO  ins.,  12  ft.  2  ins.  long. 

8703.2— Tile  Walls.— 'V\i\s  cost  includes  the 
cost  of  tile,  mortar  and  scaffolds,  together 
with  the  mason  and  carpenter  labor  used  to 
build  the  walls.  The  walls  were  non-bearing 
8  ins.  thick,  built  of  hollow  tile,  laid  in  between 
the  steel  building  columns.  The  mortar  used 
was  1  cement,  1  lime  and  1  sand. 

8703.31— Unloading  Tile. — This  covers  the 
cost  of  preparing  site,  unloading,  and  checking 
quantity  of  tile. 

8703.22. — Coping. — This  covers  the  cost  of 
labor  and  material  incident  to  coping  the  walls 

at  the  top,  beneath  the  roof.  A  2x4-in.  piece 
was  bolted  to  the  top  course  of  tile  and  another 
to  the  underside  of  the  roof.  These  were 

lathed  across  with  metal  lath  and  plastered 
with  cement  mortar. 

8703.30. — Roof. — This  account  covers  the  cost 
of  the  material  and  labor  incident  to  roofing 
the  boiler  and  blacksmith  shop.  Oregon  pine 

sheathing,  2x8-in.,  surfaced,  tongued  and 
grooved,  was  nailed  to  strips  bolted  to  the 

purlins.  Over  this  three-ply  asbestos  roofing 
paper  was  laid. 

8703.31. — Ventilators. — This  covers  the  cost 
of  labor  and  material  incident  to  installing 

three  48-in.  "Burt"  ventilators  on  the  peak 
of  the  boiler  and  blacksmith  shop  roof.  The 
ventilators  were  skidded  up  onto  the  roof  with 
hand  tackle  along  a  runway,  bolted  to  the 
purlins  and  flashed. 

8703.4 — Dirt  /-/oor.^This  account  covers  the 
labor  incident  to  bringing  the  dirt  floor  of  this 
building  to  the  required  grade.  The  dirt  was 

wheeled  in  and  tamped  in  3-in.  layers. 

^703.5 — Benches. — This  account  covers  the 
labor  and  material  of  making  from  time  to 
time  benches,  racks  and  the  like  used  in  this 
shop. 

8703.6 — Painting. — This  covers  the  cost  of 

painting  all  the  steel  sash  one  coat  of  "turkey 
red,"  and  the  woodwork,  namely,  the  under 
side  of  the  roof,  two  coats  of  white  lead  and 
linseed  oil,  cream  color. 

S704. — Crane. — This  covers  the  purchase  of 
the  crane  listed  below,  the  labor  of  overhauling 
and  erecting  it. 

One  3-ton  Hand-power  traveling  c
rane, 

chain  block  transfer  type,  li-tt.  span,
 

complete  with  roller  bushed  gea
red 

trolley  and  provided  with  3-ton  t
riplex 

chain  block  for  13-ft.  hft   ^^'Jkia 
Miscellaneous      60.06 

,„  .   ,    $438.41 Total      

S705— Tools.— This  account  covers 
 the  pur- 

chase price  of  the  tools  enumerated  below  
and 

the  labor  required  to  install  them. 

Factory.  Freight, 
1    No.    2    punch    and 

shear.     Hi  lies     & 
Jones       $1,030.00 

1  No.  0  bending  rolls..      5S0.00 

1  1,100-lb.  steam  ham- 

mer,   Niles-Bement- Pond  Co.,   1  blower. size      5,      type      D, American   Blower  ,„,.„„ 

Qq      1,01a. 00 

1     5-hp.   "440-volt      " 

$435.00 
75.00 

Clifton. 

$1,965.00 

655.00 

408.00       1,423.00 

160.00 19.90          179.90               35.08 

             70.57 

           106.63 

             16.02 

40.70       3,230.70              46.60 

             48.10 
             12.62 
             41.00 
             29.14 

phase,     60-cycle,    1,- 720-r.p.m.   motor    .... 
1  No.  5  swage  block   
1   Peter  Wright  anvil, 
weight  497  lbs   

10-in.    galv.    iron    pipe 
and    connections      

3    sheets   steel.    Vs.    >"• 
X  48  in.  by  120  in   

1  2-in.  heading,  upset- 
t  i  n  g    and    forging 
machine,   Acme  Ma- 
chinery  Co   2,790.00 

1  Sisco   anvil,    407    lbs   
1    Hav    Budden    anvil, 420    lbs   

40  ft.  of  6-in.  I-beam   
Castings      • Miscellaneous      ; 

Total       $7,859.36 

8706—Shafiing,  Pulleys,  Belting.— TXnf  ac- 
count covers  the  purchase  price  of  the  list  of 

material  below  and  the  labor  of  installing  the 

same,  and  the  necessary  wooden  bridge  trees. 

33  ft.  of  2  7/16-in.  and  IS  ft.  of  2  15/16-in. shafting.  „„  .       ̂       ,„  .  i»u 

5  pulleys,  varying  from  26-in.  to  52-in.,  with bearings  and  hangers.  ,    ,x   ,«,    ,,. 

1    length   of   8-in.    double   leather   belt   104   ft. 

1  length  of  6-in.  double  leather  belt  140  ft. long. 

8707 — Motor. — This  account  covers  the  pur- 
chase price  of  the  material  below  and  the  labor 

of  installing  it.  This  motor  furnished  the 

power  for  the  boiler  and  blacksmith  shops. 
One  20-HP.,  440-voU,  3-phase,  60-cycle,  850- 

r.p.m.  motor. 

870S— Lighting. — This  account  covers  the 
cost  of  the  material  below  and  the  labor  of  its 
installation. 

14   carbon  lamps.  16  c.p. 
3  tungstens,  250  watt. 
260  ft.   brewery  cord. 
300  ft.  No.  12  wire. 
100  ft.  conduit. 

MACHINE  AND   CARPENTER  SHOP    (SEE  TABLE  Vl). 

871^  and  8716 — Excavation  and  Foundation. 
— Same  as  8701  and  8702,  respectively. 

8717 — Steel  Structure. — This  building  is  the 
same  as  boiler  and  blacksmith  shop.  There 
were  used  here  ,38.23  tons  of  structural  steel. 

8717.1 — Doors,  Windo'ws  and  Frames. — This 
account  is  the  same  as  8703.10,  with  the  fol- 

lowing list  of  material : 
13  11-ft.  7-in.  X  12-ft.  %-in.  steel  sash,  63 

lights,  2  mullions,  with  3  to  6  light  ventilators, 
unglazed. 2  10-ft.  3-in.  X  12-ft.  %-in.  steel  sash,  56  lights, 
1  mullion,  no  ventilators,  unglazed. 

2  10-ft.  3-ln,  X  12-ft.  %-in.  steel  sash,  48  lights. 
1  mullion,  no  ventilators,  unglazed. 

2  4x9-ft.  steel  sliding  doors,  with  six  14x20-in. 
lights,  unglazed,  lower  panels  steel. 

1  11x12  ft.  steel  sliding  door,  with  forty  14x20- 
In.  lights,  unglazed,  lower  panels  steel. 

2  14x20-ft.   Kinner  steel  rolling  doors. 
14  14-ft.  10-in.  lintels,  made  of  8-in.  channels. 
6  11-ft.  6-in.  lintels,  made  of  S-in.  channels. 
740  14x20-ln.,  Va-in.  thick,  factory  ribbed  glass 

window  panes. 
82  ]4xl9>/(i-in„  %-in  thick,  factory  ribbed  glass 

window  panes. 
20  15x20-in.,  %-in.  thick,  factory  ribbed  glass 

window  panes. 

Steel  window  and  door  frames  for  the  above 

list.  .- 

87 17. 1 1 — Concrete  Sills. — Same  as  account 
8703.11,  but  the  following  product; 

13  8V,xlO-in.,  14-ft.  sills. 
2  SVixlO-in.,  11-ft.  6-in.  slils. 
2  8'AxlO-ln.,  6-ft.  6-in.  sills. 

S717.20,  8717.21,  8717.22,  8717.30  and  S717.31. 

— These  accounts,  which  are  tile  walls,  unload- 
ing tile,   wall   coping  and   roof,   arc   the   same 

20.1: 

28. sr. 2.3^ 

as  accounts  8703.20,  8703.21,  8703.22,  and 

8703.30  and  8703.31,  respectively.  The  roof 

contains  77.21  squares,  equal  to  14, .543  ft.  B.  M. 

of  2x8-in.  lumber. 

S717.40 — F/oor.— This  account  covers  the  cost 
of  the  material  and  labor  required  to  lay  this 

floor.  The  6x8-in.  stringers  were  laid  2  ft. 

6  ins.  on  centers  with  earth  tamped  in  between 

them.  On  the  stringers  No.  3  grade,  3xl2-in. 

white  cedar  planking  of  various  lengths  was 

spiked. S717.50  and  8717.60— Benches  and  Painting.- 

Same  as  accounts  8703.50  and  8703.60,  respec- tively. 

S71S— Crane.— This  is  the  same  as  account 

8704,  with  the  exception  that  the  crane  here 
used  is  of  5-ton  capacity. 

S^l^-Tools.— This  account  covers  the  pur- 
chase price  of  all  the  material  listed  below  ami 

the  labor  cost  of  installing  it; 

Factory.  Freight.  Clifton 1  Prentiss  machine  bench 
vise,   No.   2       * 

1     machine    bench    vise, No.    21   

1     machine     bench    vise. No.  22   

1  machine  pipe  vise.   No. 2A      

1  machine  pipe  vise.  No. 4A   

1   stationary   bench   vise, No.  56   

40  ft.  of  1%-in.  pipe   

1  No.    48    power    grind- stone    

2  emery  wheels   

1  emery  wheel  grinder   
1   No.   40   special  turning 
machine   

1    set    faces    for    wiring machine    
1  gauge   V  •  ■.■  ■  ■  J      

1  burr  machine  and  stand      
1    No.    17    S.    P.    crimper and  stand    

1  No.  3  beading  machine   

1  No.  0236  squaring  shears   
1  stake-holder  and  stakes      
1  rivet  set   •   

1  No.  101  tinner's  rule   
1  power  hack  saw  No.  3   
1  radial  drill  press,  42-in   
Miscellaneous              icc  oc 

1  50-in.  cornice  brake    i'tn 
1  16-in.  rip  saw    '-^J^ 
Castings      'ViV 

1  No.  1  drill  chuck    »-»^ 
1  No.  2%  drill  chuck    '-^^ 

?sS?gcf^0;^S:^1f6-in:;$lS0:00     $26:70        206:70 1  lathe.  McCabe  patented  9  ,rr  ir; 

double  spindle  .   2.111.00  277.15  2.388-15 

1  Crescent  saw  table. ... .  16S.,5  51.34  220.09 

1   20-in.   Rockford   shaper  42D.0O  175.07  600.07
 

1   2-in     bolt   cutter    355.00  4i.l0  iOi.W 
1    Crane    pipe    machine,  ^^^^^  ̂ ^  .^  ̂   ̂08.56 

pipe    machine,  ^^^^^^  ̂ ^^^^ 

20.-
 

56.62 

S.90 17.10 

36.L'2 5.:i<i 

2.3.". 

9.92 
10.77 26.79 

180.86 

42.15 

2.65 

2.73 

29.63 

752.20 
21.92 

2-in.'    . 

1    Crane 

1  Crane  pipe  machine, 
12-in   1,500.00 

Small  tools,  miscellane- ous   equipment      

163.59 

Total 

524.10 

1.663.59 
349.36 

.$8,953.13 
8720— Shafting,  Pulleys  and  Belting.

— This 

account  covers  the  purchase  price  of  the  m
a- 

terial below  and  its  cost  of  installation  : 

1  nc    30  ft.,  2  15/16  in.  diameter  shafting. 

1  PC  60  ft.  2  15/16  in.  diameter  shafting. 

1  PC  IS  ft.,  2  15/16  in.  diameter  shafting. 
1  PC    IS  ft.,  2  7/16  in.  diameter  shafting. 

1  PC     22  ft  ,  2  7/16  in.  diameter  shafting. 
1  nc"  10  ft     2  7/16  in.  diameter  shafting. 

1  pc.   4   ft.,   2  7/16  in.  diameter  shafting. 

Manv  pulleys  ranging  from  10  ins.  to  68  i
ns. 

in   diameter,   with   necessary   hangers,   collars,
 

boxes,  etc.,  were  used. 

8721—Motor.— This  account  covers  the  pur-
 

chase price  and  cost  of  installing  the  following 

One  40-HP.,  440-voIt.  3-phase,  60-cycle,  850
- 

i.p.ra.  motor.  ,  ^     r  .u 

8722— Lighting.— This  covers  the  cost  of  the 

following  material  and  the  labor  of  i
nstalling* 

17  carbon  lamps,  16  c.p. 
2  tun.gstens,  250  watt. 
240  ft.  brewery  cord. 
100  ft.  conduit. 
360  ft.   No.  12  weatherproof  wire. 

WAREHOUSE     (SEE    T.\BLE    VIl)  . 

This  building  is  the  same  as  boiler  and  b
lack- 

smith shop,  except  that  a  corrugated  iron  root
 

was  used.  There  were  26.5  tons  of  struc
tural 

steel  and  13.26  tons  of  corrugated  iron  
used. 

,\ll  accounts  except  those  given  below  are 
 the 

same  as  for  the  boiler  and  blacksmith  shop.
 



December  16,  1914.                     E 11  g i D e c f i n g   a n d    Contracting  563 
SSii.i— Doors,  Windows  and  Frames— Tht  transmission   may   be   minimized   and   the   ice  inside  of  the  house  will  be  reduced  to  a  min- doors  and  all  Imtels  for  the  warehouse  were  houses  filled  at  a  time  when  they  have  been  imum. 

similar  to  those  for  the  boiler  and  blacksmith  cooled  by  the  low  temperature  of  the  air.  Many  types  of  construction  have  been  fol- 
shop.     ihe  small  doors  and  all  window  frames  In  the  case  of  natural  ice,  advantage  must  lowed,   and   great   loss   has   been   suffered   on 
were  wood      Ihis  account  covers  the  cost  of  be  taken  of  the  seasons,  and  a  supply  must  be  account  of  improper  understanding  of  the  con- 
u    r°K ''  ='"5'. window  material  listed  below  and  obtained    when    available    during    the    winter,  ditions  to  be  met.     In  some  cases  it  has  been the  latwr  ot  instalhng  the  same.  being  distributed   at   that  time  to  fill  the  ice  considered   sufficient  to   store  ice   directly  on 

''\x"^i?f°ins'  ̂ (thes^e'V^r'  ''r^  "'  d''*l6^°^'  houses  at  the  various  points  where  a  demand  the  ground   and   build   four  walls  and  a  roof 
triple  frames),  all  glazecf.™."^^     .'."$   305.99  ̂ ^'"    ̂ "^'^^   during   the    following   months.      In  over  it,  decreasing  the  shrinkage  by  covering 16  wood  frames  for  48  of  above  windows     170.32  'he  case  of  artificial  ice  only  small  houses  at  the    ice    with    hay,    sawdust    or   other   similar 

^fSmes'and^an'ha°?'  ̂ '"^™*^'  ̂ ^^  '^°'""       „ -„  outlying  points  must  be  supplied  by  ice  hauled  materials.      The    extent   to   which    such   prac- 
1  O.  G.  1-light  glaztd  doo7,'3'n."6'iris"x  °^'"  ̂   considerable  distance,  as  points  where  a  tice  can  be  followed  and  the  amount  of  shrink- 

7  ft.  1%  ins   '   ■   ;..         7.91  large  amount   of  ice   is  used  can  be  supplied  age  that  may  be  suffered  depends  entirely  on 
"  doors^""'"'  ̂   ̂  ̂''  ̂'^''"'  K'^ne""  rolling  ^y  'he  installation  of  an  ice  plant.  the  cost  and  the  supply  of  ice  and  the  condi- 
Steel  linikis''.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'..'.'.'.        33101  '^^^    points    of    supply    of    natural    ice    are  tion   of   its   use.     The   cheapest   type   of   con- 
    '■ —  controlled  by  nature,  and  in  the  use  of  natural  struction  will   probably     suffice     at     northern Total   •■■•■••   $1,056.31  ice  all  other  things  must  be  made  subordinate  points  immediately  adjoining  large  lakes  that 

88i3.s — Painting    Roof. — This    covers    the    la-  to    its    availability.      The    supply    of    artificial  freeze  over  every  winter,   where  the   cost  of 
bor   and   material    for   painting  the   underside  ice,    however,   can   be    controlled    by   artificial  ice  is  very  small ;  while  in  hot  southern  coun- 
of  the  corrugated  iron  roof  two  coats  of  lead  means,   both  as  to  amount  and  location.     To  tries,    where   natural   ice    must    be   hauled    in 
and  linseed  oil,  cream  color.  keep  the  ice  machinery  going  with  reasonable  during   the   winter,   or   artificial   ice   manufac- 

8812.40 — Floor     E.rcavation. — This     entailed  uniformity   the   surplus    supply   in   the   winter  tured    at    all    times,    very   expensive    types   of 
cutting  down  the  front  in  the  warehouse  6  to  months  is  usually  stored.  construction  are  justified. 
8  ins.  and  backfilling  in  places.  The    demand    is   controlled   entirely    by    the  insulation. 

8812.41-— Floor  Concrete.— This  concrete  floor  use  that  is  made  of  the  ice.     At  points  where  t,  ■     „„.  „„„„,-,ii„  „„j„,ot'  „j  ♦u^t  ,  „„j  ;„ 
was  cast  in  large  6-ft.   to  8-ft.  blocks,  4  ins.  ice  is  used  only  for  supplying  local  needs,  the  ,  1' A'  "?'  f,?"  '     Ln   hr    V^r     ll  ZL^ 
thick,   with   sand  joints  between  block^.     The  demand  is  fairly  uniform  through  the  months  fu^^^'"JT^T       ,^-              or  concrete  and 
concrete  was  hand  mixed  in  the  proportions  of  of  any  season,  but  less,  of  course,  in  the  win-  ̂ !  ̂,"1",°^  insulation  cannot  be  solved  by 

6  sand  and  sravel  to  1  cement.     It  was  trans-  ter  season  than  in  the  summer;  this,  however,  ""^'^  changing  from  a  wood  frame  to  brick 

ported  in  wheelbarrows  100  ft.    The  top  finish,  makes    the    smallest   demand,   ̂ s   the    greatest  °'u'''Zltl\  n??n.Tt'inn   ""r  i°W  n""^!?''."?! 
%  in.  thick,  was  composed  of  2  sand  to  1  ce-  demand  is  created  by  the  handHng  of  perish-  "^l""  ™?"^  °^  insulation.     Brick  or  concrete 

ment.     This  top  was  troweled  smooth.  able    freight,   such   as    fruit,   meat!,   etc      For  ̂ '^"     ̂ '"  P'^\«"*  '^e  circulation  of  air  to  a 

88i2.5C^Lighting.-Thh  account  covers  the  the  latter  purpose  supplies  of  ice  must  be  fur-  ̂ 'T^J'^'Z    I't  l°^tJ^^Tji'T\^uUA 

inanition  '°"°^'"^  "'^'^"^'  ̂ "'  '''  '''°'  °'  "^  an'd  '^1^^"'''^'"    ̂ '^ '  't""''""'  "  od '?ram'e"  ice  h  u  e"  ' so  Var    '  Va  Is'    i'h installation  tramc    and    operating    conditions    existing    on  •  »    ,.1,        ■       1  »•           r      •      »u         u    »u 
„„        .        ,             .„                                                      „„„!    „:,   i^   T       ?„                       •     !u     u  resist    the    circulation    of    air    through    them 

170  ft.  NO.  12  weatherproof  wire.  .^^^"^^ha^   mus  '  be   iced  "on  inues   fl    b    unl-  '''^'J  '^'%  '^'T"  "f '  ""'  ̂T'^'^    '% 
S8is-F,xtures.-Th,s    account     covers    the  form  throughout  the  year,  the  amount  of  ice  ga'-dless    of    the    type    of    construction ;    ana 

purchase  price  of  the  steel  bins,  shelving,  coun-  required,  of  course,  being  greater  in  summer  ^^h™    ''H^  '°"''^"1  t   ,     Z     .     f          f ter    scales,    office    partition    and    furniture,    as  than  in  winter,  while  in  Sther  cases,  as  in  the  F^^te   houses   cost  from  $4  to   $6  Per  ton   of 
listed  below ;  also  the  erection  cost ;  handlin<r  of  fruit    there  is  uractica  Iv  no  de-  '"    storage    capacity    as    compared    with    well 

197  ft    Berger's  sectional  steel  bins  and  S   through  mU  months'  of  the  year°  but  ?°"^;-f 't'"'^  T^'^'f-  "°°'^"  houses  cost- shelving  (bins  received  knocked  down,                      ii,„.„  •„   ^  j  „      j  j      •             u    V        •    i  '"g  $2  to  $3  per  ton,  it  is  questionable  if,  un- 

1  ̂̂ -^"  ?L?"-}^"''^  V  *°  ̂ "l   ••■n.ll6.S2  there  is  a  great  demand  during  a  short  period  ̂ ^    ̂„   eonditions,    the   more   expensive   type 1   No.    1046   dormant   warehouse   scales.  ihese  features  must  be  studied  in  order  that       „f  „  „„,  „  ̂-   •     ̂ .^.-c^j 
weighing  5,000  lbs.  to  %  lb       ....      141.42  the  house  may  be  designed  to  meet  the  con-  ot  construction  is  justified. 

Furniture,   material  for  ofHcc-  partiUon,  ditions  to  which  it  will  be  subjected.  ^^hen    brick    or    concrete    houses    are    con- 

    —  TYPE  OF  coNSTHTTTioN  structcd   tlic   walls   are   of  ordinary  construc- 
Total    n.541.12  „,               TYPE  OF  CONSTRLCTION.  tion,    but    in    addition   their    interior    Surfaces 
557?J0—Fawfi"ne— This  account  covers  the  ,    ̂ he  type  of  construction  which  can  be  fol-  ̂ ust    be    thoroughly     insulated     to     provide 

cosfi/^Siind    labor   of   miscellaneous  °Te  itern'oT  \ens'"'h"°"  t°h    '""?""/   °"'  ̂ =^'"^'  '""^   passa'ge   of  heat   from   the'warm 
painting  at  the  warehouse  The  steel  doors  ItrTti'r  mlinTe^n^c^e 'aTd^'perarn  "oV^h^  ̂ Sn  c^an  usuahy  "bf  prrde/?n  f  wood were  given  one  coat  of  turkey  red.  The  iron  i,„„,„  ̂ '  j  ̂ i,  „,.u„  i  _„  •;  a.^  ̂   ̂   suiation  can  usuauy  oe  proviaea  in  a  wooa 

lintels  were  given  one  coat  of  lamp  black  in  ̂i?"',"'  f  11^^.°"'^  '"P  u^\°^  ̂ TT  ^""^"^  ̂ °'''^  ̂ '  "°  greater  cost  than  in  a  brick 
linseed  oil.  The  counter  was  stained  and  oiled.  I'f  %''  '^f"'^  .''^^°"sh  shnnkage  of  the  or  concrete  house.  At  the  present  time  the 
557j.7/-P<:,-»;mg  j-a^/i.-This  account  covers  w  Ti'' J'f '''T  k  ̂ h  .  °  '''°°'^  ̂ '^""^  '"  house  is  universally  .  used, 

the  cost  of  material  and  labor  used  to  paint  all  ̂ ^  "^vT  t^lu  f  ̂T^^^  companies  there  being  only  a  very  few  exceptions  in  the 

the  warehouse  sash.  They  were  given  two  '"indc  ̂ fMcT.  fh?'  °l  '°'T  f"''^^^  '"'^^  °^  ̂""^  ̂ '"^  '°"^'^'^  '^°"="- 

coats  of  white  lead  and  hnseed  oil,  crTam  color.  L°  th^  mos?  mnHern  mithndc  nf  rLlfZ  I'  '^  '""'t  important  to  prevent  absolutely   .  "5^   "'^   "'°'t   ""O/""  .methods   of   construe-  ^^^  circulation  of  air  within  the  house,  for  if 

ThP    Dp^itm    of    Ranrn:,H    Tr^    «;tnra.re  1°     H       ""^T     ,   refrigeration  must  be  em-  circulation  occurs  the  warm  air  will  con- The    Design    of    Railroad    Ice    Storage  ployed    m    order   to   guard   absolutely   against  ji„>,3„^,    ̂ ^^^    j„    ̂ ^„j^^j    ̂ ,ij^    j^^    i^g    3„j 
Houses.  -  f    f^''"ie    °\  'he   plant    that   would    cause    a  -j^         -^  shrinkage,  while  if  the  air  is 

T,                 ,            uy  u  ̂  ̂               u    ̂     ■  're-^endous    loss     hrough    the    decay    of    the  ̂              ■       "^jj^gr    by    confining    it    to    small There  are  few  published  data  on  the  design,  penshable  materials.     In  the  case  of  railroad  ^ces  or   filling   it   with  porous  materials,   it construction    and    effectiveness     of     different  ice    houses    however    the   only   thing   that   is  -^  ̂̂ ^  ̂ ^.j  insulation  that  can  be  found. types    of   ice   storage   houses.     There   also   is  stored  is  the  ice,  and  defects  in  construction. 
considerable  misunderstanding  as  to  the  rela-  failure  in  the  plant,  etc.,  will  merely  result  foundation  details. 
tive  efficiencies  of  various  systems  of  insula-  in  the  loss  of  ice,  which,  while  not  so  serious  A  feature  that  has  been  given  only  slight 
tion.  To  meet  a  need  for  data  on  railroad  as  the  loss  of  perishable  goods  of  greater  consideration  is  the  insulation  of  the  floor. 
ice  storage  houses  the  American  Railway  value,  is  still  so  important  as  to  necessitate  A  great  majority  of  the  designers  have 
Bridge  and  Building  Association  appointed  a  the  most  careful  construction  at  reasonable  thought  that  it  would  be  sufficient  to  level  off 
committee  to  investigate  and  report  upon  this  expense.  the  ground  and  place  the  ice  directly  upon  it, 
subject,  the  following  data  being  taken  from  The  percentage  of  shrinkage  in  stored  ice  is  sometimes  covering  the  surface  with  cinders, 
the  comprehensive  report  of  this  committee.  dependent  on  the  efficiency  of  the  insulation  boards  or  concrete,  but  it  has  not  been  uni- 
Although  the  report  refers  particularly  to  rail-  of  the  ice  house  and  can  be  reduced,  but  not  formly  recognized  that  the  floor  must  be 
road  ice  storage  houses  most  of  the  data  are  entirely  eliminated,  by  proper  insulation.  thoroughly  insulated.  Heavy  losses  due  to 
applicable  to  ice  storage  houses  in  general.  A  Where  only  natural  ice  is  stored,  and  where  shrinkage  at  the  floor  line  in  a  number  of 
general  discussion  of  the  subject,  based  on  the  artificial  ice  is  stored  at  points  removed  from  houses  indicate  that  the  stored  ice  will  not 
data  received  from  the  railroad  companies,  the  refrigerating  plant,  it  is  necessary  that  overcome  the  ground  heat  which  continually 

f ollow  s :  all  reasonable  precautions  be  taken  to  keep  the  rises  to  the  surface.  In  more  recent  house's 
The  conditions  governing  the  supply  and  shrinkage  at  a  minimum.  the  shrinkage  from  this  cause  has  been  large- 

demand  of  ice  are  probably  different  from  .\t  points  where  refrigerating  plants  are  op-  ly  reduced  by  providing  air  spaces  between  the 
those  pertaining  to  any  other  material  used  in  erated  it  is  possible  to  employ  the  additional  ice  and  the  ground,  usually  by  placing  joists 
railroad  operation.  During  a  very  consider-  precaution  of  keeping  the  temperature  of  the  and  covering  them  with  a  slat  floor  for  the 
able  portion  of  the  year  the  demand  is  largely  house  below  freezing  by  equipping  each  room  support  of  the  ice.  These  air  spaces  are  from 
in  excess  of  the  average,  while  during  the  within  the  ice  house  with  cooling  pipes  that  6  ins.  to  12  ins.  between  the  bottorn  of  the 
remaining  months  the  demand  is  always  less  will  keep  the  temperature  so  low  as  to  pre-  ice  and  the  surface  of  the  ground.  With  other 
than  the  average,  usually  very  slight,  and  vent  entirely  the  melting  of  the  stored  ice.  construction,  so  handled  as  to  keep  this  air 
sometimes  there  is  no  demand  at  all.  Con-  The  amount  of  power  that  must  be  applied  .stationary,  this  forms  a  good  bottom  insula- 
siderable   supplies   are  needed   during  the  hot  to  prevent  the  melting  of  the  stored  ice  will  tion. 
months  at  points  far  removed  from  points  be  controlled  largely  by  the  type  and  efficiency  The  foundations  for  the  walls  niay  follow 
of  supply  and  it  is  of  greatest  advantage  in  of  the  insulation  of  the  house.  In  any  event  the  usual  t>'pes  of  construction  with  proper 
such  cases  to  transport  the  ice  during  the  it  is  important  to  construct  ice  houses  so  that  regard  to  insulation.  Foundations  of  con- 
winter  months  in   order  that  the  loss  during  the  passage  of  heat  from  the  outside  to  the  crete,   brick,  wood   blocking,  posts,  pile  stubs 
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and  other  designs  are  much  used.  Especially 
where  masonry  foundations  are  used  care 
must  be  taken  to  secure  proper  insulation.  .V 
concrete  foundation  wall  projecting  2  or  S  ft. 
above  the  ground  line,  without  inside  insula- 

tion, has  been  known  to  be  the  cause  of  heavy 
losses  by  the  transmission  of  heat  from  the 
ground  and  outer  air  through  the  walls  to  the 
air  near  the  floor,  which  rises  and  comes  in 
contact  with  the  ice. 

In  porous  soils  the  water  from  the  melted 
ice  is  permitted  to  go  directly  into  the  ground, 
but  at  other  points  drains  must  be  installed. 
These  are  no  different  from  other  drains,  but 
special  precautions  must  be  taken  to  trap 
them  so  securely  that  no  air  currents  can  find 
their  way  into  the  houses  through  thcni.  The 
amount  of  air  entering  a  room  containing 
1,0(10  tons  of  ice  througli  a  -1-in.  pipe  can  easily 
melt  all  the  ice  in  a  single  season. 

SIZE  AND  CONSTRUCTION. 

The  information  received  from  many 
sources  indicates  that  ice  storage  rooms  vary 
from  30  to  1,-300  tons,  the  average  being  about 
1,000  tons,  the  usual  dimensions  being  ̂ iO  ft. 
wide,  40  ft.  deep  and  .30  ft.  high,  although 
many   other   proportions   are  used. 
While  many  different  arrangements,  thick- 

nesses and  designs  of  wall  construction  are 
used  they  all  follow  the  same  general  trend; 
i.  e.,  vertical  studs  (!  ins.  to  12  ins.  wide,  cov- 

ered on  both  sides  with  wood  sheeting,  build- 
ing paper,  etc.  The  best  construction  requires 

double  sheelins  both  inside  and  outside,  with 
waterproof  building  paper  between  the  layers, 
the  spaces  between  the  sheeting  from  stud  tn 
stud  being  fdled  with  insulating  material. 

It  was  formerly  thought  that  air  spaces 
afforded  excellent  insulation,  but  the  manu- 

facturers of  insulating  materials  have  done 
their  best  to  explode  that  theory.  Tt  is 
claimed  that  air  in  a  space  8  ins.  or  10  ins. 
wide,  for  example  (although  theoretically 
thinner  spaces  can  have  the  same  result),  will 
be  set  in  circulation  by  the  air  against  the 
outer  wall  becoming  warm  and  rising  while 
that  near  the  inner  wall  is  cooler  and  falls. 
The  difference  in  temperature  of  the  air  at 
the  two  sides  of  the  space  can  certainly  be 
great,  as  air  is  a  poor  conductor  of  heat  and 
it  is  evident  that  the  circulation,  which  will 
rapidly  transfer  the  heat  which  penetrates  the 
outer  sheeting  to  the  inner  sheeting,  must  l)e 
prevented.  This  can  be  done  by  cutting  such 
spaces  into  smaller  spaces  by  proper  framing 
or  by  filling  them  with  suitable  porous  insu- 

lating materials,  which  will  filf  the  spaces  yet 
leave  the  greater  part  of  the  space,  consisting 
of  pores  in  the  insulating  materials  composed 
of  air,  so  separated  as  to  permit  no  circulation. 

INSULATING    MATERIALS. 

In  the  past  it  was  the  universal  custom  to 
fill  the  spaces  with  sawdust  or  ground  cork, 
but  on  account  of  the  continual  dampness  the 
sawdust  decayed  rapidly  and  brought  about 
the  decay  of  the  timber  enclosing  it,  which 
was  also  true  of  crushed  cork.  ."Xt  the  pres- 

ent time  various  materials,  which  are  specially 
treated  and  manufactured  for  this  purpose, 
principally  from  flax,  cork  and  liinestone,  are 
used. 

Flax  is  made  tip  into  blankets  enclosed  by 
sheets  of  waterproof  paper.  Cork  is  made 
up  into  cakes  pressed  and  cemented  together 
with  asphaltum  or  other  waterproof  cement. 

Limestone  is  heated  to  .1.500°  and  when  lique- fied is  blown  into  shreds  so  as  to  make  a 
sort  of  rock  wool  enclosing  a  very  large  per- 

centage of  air  bubbles  forming  excellent  in- 
sulation. The  latter  material  forms  an  excel- 

lent  filling  for  ice  hou.se  walls. 
The  treatment  of  partitions  is  somewhat 

similar,  but  as  the  difl^erence  in  temperature 
between  the  two  sides  of  the  partitions  is  not 
so  great  as  between  the  interior  of  the  house 
and  the  exterior  the  same  care  and  insulation 
is  not  justified. 

wool)    FRA.ME    ICE    IIOISES. 

The  two  principal  objections  which  can  be 
raised  to  wood  frame  ice  houses  are  the  dan- 
rer  of  fire  and  the  decay  of  the  timber.  ,\s 
timber  lends  itself  so  well  to  ice  house  con- 

struction,  safety  against  fire  can   be  obtained 

by  covering  the  exterior  walls  with  stucco  and 
expanded  metal  and  covering  the  roof  with  a 
fireproof  material.  Any  openings  into  which 
birds  might  otherwise  enter  and  build  their 
nests  should  be  covered  by  a  galvanized  iron 
mesh.  Decay  can  be  postponed  for  many 
years  by  treating  the  timber  and  there  seems 
no  good  reason  why  treated  timber  should 
not  be  used  in  ice  house  construction. 

Several  of  the  large  meat  packers  are  still 
building  ice  houses  of  frame  construction  with 
excellent  results,  the  Cudahy  company  report- 

ing that  one  of  their  wood  frame  ice  houses 
at  Seymour  Lake,  South  Omaha,  Neb.,  has 
gone  through  two  or  three  seasons  with  a 
shrinkage  of  only  about  4  per  cent. 

In  brick  and  concrete  houses  the  walls  must 

he  insulated  fully  as  effectively  as  for  wood- 
en houses.  In  some  cases  timber  frames  have 

been  built  inside  the  brick  and  concrete  houses 
and  filled  with  rock  wool  or  other  material 
similar  to  the  method  used  in  the  wooden 
houses,  but  in  by  far  the  great  majority  of 
cases  the  inside  surfaces  of  the  walls  are  com- 

pletely covered  by  slabs  made  up  of  water- 
proof materials  such  as  cork,  board,  etc.,  plas- 
tered to  the  walls  and  in  some  cases  plastered 

on  the   interior. 

ROOF    CONSTRUCTION. 

There  is  little  difference  in  the  type  of  roof 
used  for  the  various  kinds  of  houses.  Steel 
trusses  are  seldom  or  never  used  on  account 
of  the  rapid  corrosion  which  would  result 
from  the  dampness.  These  trusses  are  usually 
so  built  that  the  roof  covering  can  he  applied 
to  the  top  chord  while  the  ceiling  for  the  ice 
chambers  can  be  applied  to  the  bottom  chord. 
This  affords  an  air  space  between  the  roof 
and  the  ceiling  of  the  ice  house  through  which 
air  can  circulate  and  a  good  insulating  air 
cushion  results.  The  ceiling  of  the  ice  house 
must  be  insulated  just  as  effectively  as  the 
walls,  and  practically  the  same  type  of  con- 

struction is  made  use  of  for  that  purpose. 

The  greatest  care  must  be  taken  with  the 
connections  of  the  walls  to  the  foundations 
and  also  with  the  connections  of  the  ceiling 
to  the  walls  and  partitions  in  order  that  there 
may  be  no  opening,  however  small,  through 
which  air  can  enter  directly  into  the  ice  cham- bers. 

The  height  of  the  attic  space  is  usually  not 
less  than  -3  ft.  and  varies  in  height  to  8  or 
10  ft.,  as  in  some  cases  extensive  machinery  is 
located  in  this  space.  The  space  between  the 

ceiling  and  the  roof  affords  a  good  'air  insu- 
lator and  the  roof  prevents  the  direct  rays 

and  heat  of  the  sun  from  playing  on  the  ceil- 
ing. The  walls  around  this  space  should  be 

built  up  tight  enough  to  prevent  birds  from 
entering  and  building  their  nests,  wdiile  there 
must  be  sufficient  openings  in  the  form  of 
louvres  to  permit  the  free  circulation  of  air. 
These  louvres  and  any  other  openings  should 
be  covered  with  galvanized  wire  screening  to 

keep  oiit  birds'  nests  and  rubbish  wliich  would otherwise  create  a  fire  hazard. 

The  doors  are  usually  of  ordinary  refrig- 
erator construction  with  several  sections  sep- 
arated by  air  spaces  which  are  now  some- 

times filled  with  insulating  material.  The 
greatest  care  must  be  taken  in  the  connec- 

tions of  the  doors  to  the  houses  that  no  air 
can  circulate  between  the  door  and  the  frame. 
In  some  houses  doors  are  separated  and  in 
others  they  extend  vertically  from  the  top  to 
the  bottom  of  the  house  in  each  chamber.  In 
the  first  type  the  openings  can  be  so  controlled 
as  to  admit  of  the  entrance  of  very  little 
warm  air  to  the  chaml)ers,  although  when  the 
doors  extend  the  full  height  of  the  house 
there  is  more  likelihood  of  the  entrance  of 
warm  air  and  greater  difliculty  in  keeping  the 
joints  between   the  doors  tight, 

STORING    OF   ICE, 

Cakes  of  ice  are  stored  in  all  sizes  and  on 
edge  as  much  as  flat.  In  many  cases  the 
cakes  are  placed  as  close  together  and  as  close 
to  the  walls  and  partitions  as  possible,  while 
in  others  spaces  several  inclies  wide  are  left 
between  the  cakes  of  ice  and  between  the  ice 
and  the  walls.  It  is  difficult  to  understand  the 
reason  for  leaving  these  spaces,  as  they  give 

the  best  possible  freedom  to  the  circulation  of 
the  air,  resulting  in  increased  melting  of  the 
ice,  which  could  be  avoided  by  filling  up  the 
entire  space  between  the  walls  with  ice  laid 
in  contact.  The  cakes,  however,  need  not  be 
in  close  contact  as  would  result  in  their  freez- 

ing together.  This  also  applies  to  the  individ- 
ual rooms,  which  should  be  filled  up  as  close 

to  the  ceiling  as  possible. 

In  the  past  it  was  the  quite  universal  prac- 
tice to  cover  ice  with  sawdust  and  to  fill  all 

crevices  between  the  cakes  and  against  the 
walls  with  that  material  in  addition  to  cover- 

ing the  ice  with  several  feet  of  it.  That  prac- 
tice has  practically  ceased,  as  it  was  found 

that  the  cleaning  of  the  ice  resulted  in  a  very 
great  loss  due  to  the  ice  melting  rapidly  un- 

der the  water  used  in  washing  it.  The  circu- 
lation of  air  between  the  cakes  of  ice  is  also 

decreased  somewhat  by  placing  alternate  lay- 
ers on  edge  and  flat  when  the  size  of  cakes  is 

sufficiently  uniform  to  permit  this. 
It  is  necessary,  however,  to  use  some  means 

to  keep  the  cakes  of  ice  apart  in  order  that 
they  will  not  melt  together  if  shrinkage  is 
rather  rapid.  In  many  cases  strips  of  board 
have  been  placed  between  the  layers,  but  that 
does  not  appear  to  have  been  very  effective,  as 
the  strips  usually  melt  into  the  ice  and  per- 

mit the  cakes  to  come  together.  More  recent 
experiments  have  been  tried  in  the  use  of 

waterproof  paper  which,  of  course,  will  ef- 
fectually prevent  the  cakes  from  freezing  to- 

gether and  will,  in  any  case,  prevent  the  cir- 
culation of  air  from  layer  to  layer.  In  rooms 

holding  ice  which  must  be  stored  for  many 
months  for  rapid  use  when  the  demand  arises 
it  is  well  to  cover  the  ice  with  a  thick  layer 
of  some  insulating  material,  such  as  hay  or 
straw,  which  will  prevent  the  circulation  of 
air.  The  use  of  materials  which  necessitate 
washing  the  ice,  however,  should  be  avoided. 

PLATFORMS     AND     HANDLING    EQUIPMENT. 

The  length  and  width  of  the  platform  for 
handling  ice  between  the  cars  and  ice  house, 
depend  upon  the  requirements.  As  a  rule 
when  conveyors  are  not  used  and  ice  is 
handled  in  buggies,  a  platform  16  ft.  wide 
will  be  found  to  be  very  convenient,  although 
narrower  platforms  have  been  successfully  op- 

erated. Where  a  comparatively  small  number 
of  cars  is  iced  short  platforms  are  some- 

times built  in  front  of  the  house  of  sufficient 
length  to  accommodate  5  or  10  cars,  a  switch 
engine  being  required  to  handle  the  cars  when 
there  are  more  than  can  be  placed  at  one 
time.  Where  there  are  many  trains  to  be  iced 
it  is  of  considerable  advantage  to  have  an 
icing  platform  e.xtend  the  full  length  of  a 
train  so  that  it  can  be  iced  at  one  spotting, 
especially  at  engine  terminals  where  such 
trains  do  not  need  to  be  broken  up. 
The  method  used  for  distributing  the  ice 

along  the  platform  also  depends  upon  the 
amount  of  icing  to  be  done.  Where  many 
trains  are  to  be  iced  and  where  platforms  are 
long  it  is  of  advantage  to  use  continuous 
platform  conveyors  to  carry  the  ice  from  in 
front  of  the  ice  house  to  the  points  where  it  is 

put  in  the  cars. 
In  some  cases  adjustable  platforms  are  built 

adjoining  the  house  and  continuous  convey- 
ors carry  the  ice  to  and  from  the  house  by 

adjustable  inclines.  Many  houses,  however, 
are  built  with  no  mechanical  means  for  han- 

dling ice,  and  temporary  hoists  operated  by 
horse  power  or  by  temporary  hoisting  engine 
are  used.  Such  means,  however,  are  entirely 
inadequate  for  large  houses.  In  the  great 
majority  of  such  cases  vertical  elevators  or 
skips  are  used.  The  skips  handle  from  600 
to  2,000  lbs.  of  ice  each  trip  and  some  make  as 
many  as  three  trips  a  minute,  the  floor  and 
wiring  of  the  skip  being  so  adjusted  that  the 
'^kip  stops  and  the  ice  automatically  slides  off 
when  the  proper  level  is  reached.  Such  ele- 
\ritors  will  handle  from  .500  to  1,000  tons  per 

day  in  or  out  of  'the  house. 
In  some  cases  ice  is  gotten  out  alon.g  the 

platform  in  advance  of  the  arrival  of  trains, 
and  the  cars  are  iced  with  very  little  delay: 
while  at  other  points,  particularly  where  cars 
must  wait  for  some  time  in  any  event,  ice  is 
gotten  out  while  the  cars  are   standing.     The 



December  16,  1914. Engineering   and    Contracting 
565 

best  method,  of  course,  is  to  have  the  ice  on 
the  platform  immediately  in  advance  of  the 
arrival  of  the  train,  where  it  can  be  covered 
and  protected  from  the  direct  rays  of  the  sun. 

REMARKS. 

The  information  also  indicated  that  wher- 
ever at  all  convenient  and  practicable  tlie  rail- 

roads  rely   on   commercial   ice   companies   for 

ice.  This  is  especially  true  in  the  East  where 
the  greater  density  of  population  necessitates 
the  manufacture  of  great  quantities  of  ice, 

and  the  manufacturers  can  supply  the  addi- 
tional amount  required  by  the  railroads  at 

much  less  cost  than  the  roads  can  furnish  it 

themselves.  Especially  in  the  West,  how- 
ever, it  is  necessary  for  the  railroads  to  pro- 

vide their  own  ice  supply.  About  one-third  of 
the  railroads  from  whom  information  was 
asked  reported  no  ice  houses,  as  they  relied 
entirely  upon  commercial  firms  for  their  ice 
supply.  The  remaining  two-thirds,  comprising 
practically  all  of  the  large  systems,  gave  de- 

tailed reports  of  their  standards,  customs  and 
experiences. 

Design    of    Two    Residential    Sewage 

Treatment   Plants,   Including   Set- 
tling Tanks   of   Imhoff  Type. 

Cuntributed    by    Samuel    .\.    Greeley,    Hydraulic 
and    Sanitary   Engineer,   200   Chestnut   St.. 

Winnetka.  111. 

Higher  standards  of  sanitation  and  a  more 
general  knowledge  of  the  nuisances  and  dan- 

gers resulting  from  improper  sewage  disposal 
are  requiring  architects  to  seek  the  co-opera- 

tion of  sanitary  engineers  in  the  design  of 
sewage  treatment  plants  for  residences  and 
institut'ons.  Experience  is  showing  them  that 
special  knowledge  is  required  properly  to  de- 

sign such  plants  and  that  local  conditions 
must  be  considered.  Owners  of  estates  where 

there  are  no  public  sew-ers  are  looking  for  the 
best  and  most  practical  method  of  treating 

their  ow'n  sewage,  so  that  they  may  require 
of   their  neigfibors   equally   satisfactory   meth- 

e.Ouflef 
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Tank   at    Residence    A. 

ods.  The  discharge  of  raw  sewage  into  ra- 
vines or  small  streams  will  make  nuisances 

and  sources  of  disease  which  may  be  distrib- 

uted by  flies  or  contracted  by  children.  Con- 
ditions like  this  have  recently  called  for  the 

design  of  two  residential  sewage  disposal 

plants  in  a  small  town  near  Chicago.  These 

plants    are    here    illustrated    and    described. 

The  town  is  cut  by  seven  main  ravines  ex- 
tending easterlv  from  the  center  of  the  town 

to  Lake  Michigan.  The  extension  of  sewers 
across  these  ravines  is  difficult.  Consequently 

the   high   land   along   one   large   ravine   at  the 

southern  end  of  the  town  is  not  sewered  and 

the  residences  adjacent  need  individual  sew- 
age treatment  plants.  The  flow  of  water  in 

the  bottom  of  the  ravine  is  negligible  during 
the  summer  months,  so  that  a  thorougtly 

stable  effluent  from  the  disposal  plant  is  nec- 
essary  for  discharge   into  the   ravine. 

.\t  both  residences  the  plumbing  and  outlet 
sewers  were  built  before  the  designs  for  sew- 

age disposal  were  undertaken,  so  that  the  lo- 
cation and  elevation  of  the  end  of  the  outlet 

sewer  w'cre  fixed.  This  and  certain  other 
local  conditions  placed  limitations  upon  the 

designing  engineer.  The  hearty  co-operation 
of  the  architects  in  both  instances  helped  to 
offset  these  limitations. 

Residence  A  was  designed  by  Mr.  Howard 
Shaw.  Sewage  disposal  is  required  for  the 
residence,  a  group  of  service  buildings  and  a 
small  garage.  The  number  of  people  was  es- 

timated to  range  from  22  to  28.  The  outlet 
sewer  for  all  of  the  establishment  terminated 

in  a  small  ravine  tributary  to  the  main  ra- 
vine. The  outlet  was  set  too  low  for  sub- 

surface   treatment    on    the    flat   ground    above 

The  average  daily  flow  of  sewage  was  taken 
at  50  gals,  per  capita  and  the  rate  during  the 
daytime  was  taken  at  twice  the  average  rate, 

the  plant  being  designed  on  a  basis  of  2b  peo- 
ple. The  Emscher  tank  was  designed  to  give 

a  settling  period  of  three  hours  on  the  av- 
erage daily  rate  of  flow.  The  sludge  diges- 

tion space  is  estimated  to  provide  2U  months' .storage.  The  floating  sludge  space  was  made 
large,  amounting  to  12-5  per  cent  by  area  of 
the  surface  of  the  tank.  This  was  done  be- 

cause of  the  character  of  the  sewage.  A 
sludge  draw-off  manhole  was  built,  but  no 
sludge  bed   was   deemed   necessary. 

Novel  features  of  the  Emscher  tank  are  the 

wire-glass  balfles  separating  the  settling  com- 
partment from  the  sludge  chamber.  These 

were  selected  for  structural  reasons  as  being 
the  easiest  to  install  and  offering  a  desirable 
and   lasting   material. 
The  settled  sewage  flows  to  a  covered 

sprinkling  filter  designed  to  operate  at  a  load- 
ing rate  of  10,000  people  per  acre  per  day. 

There  is  a  manhole  in  the  line  from  the  set- 
tling  tank   to   the   filter.     The    sewage   is   ap- 
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Fig.    2.     Section    Through    Sprinkling    Filter   and   Housing,   Residence  A. 

the    ravine.      The    fall   to    the   bottom    of    the 
main  ravine,  however,  was  about  -JO  ft. 

There  was  not  sufficient  space  in  the  small 
ravine  or  the  main  ravine  for  sand  filters. 
Moreover,  the  desirability  of  covering  these 
would  have  added  to  the  cost  and  would  have 

made  cleaning  and  attention  difficult.  There 

was  plenty  of  fall  for  sprinkling  filters,  and 
these  were  considered  preferable  to  contact 

beds.  The  layout  finally  adopted  included  a 

settling  tank  of  the  Emscher  or  Imhoff  type, 

a  covered  sprinkling  filter  and  a  small  sec- 

ondarj-  settling  basin.  The  details  of  the  de- 
sign are  shown  in  Figs.  1,  2,  3  and  4. 

plied  to  the  filter  by  a  tipping  bucket  which 
discharges  l.o  cu.  ft.  alternately  onto  one  of 
two  brass  splash  plates.  The  tipping  bucket, 
illustrated  in  Fig.  3,  is  a  very  simple  dosing 

apparatus,  not  subject  to  the  danger  of  break- 
ing if  not  in  use  during  freezing  weather. 

Each  bucket  discharges  into  a  galvanized 
sheet  iron  hopper  designed  to  give  a  varying 
head  and  varying  quantity  of  sewage,  corre- 

sponding to  the  decreasing  annular  area  of 
filter  reached  by  the  spray. 
The  splash  plates,  illustrated  in  Figs.  4  and 

•"),  are  of  brass,  screwed  onto  copper  rods 
working    in    galvanized    iron    pipes    anchored 
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into  the  filter  material  by  a  concrete  block. 
They  were  selected  to  avoid  trouble  with 
nozzles   clogging. 
The  filtering  material  is  6.5  ft.  deep,  com- 

posed of  1^-in.  to  2i4-in.  Wisconsin  lime- 
stone carefully  graded  and  washed.  The  un- 

derdrains  are  half-round  tile,  sloping  to  a 
main  drain  in  the  concrete  extending  along 
the  center  of  the  floor.  Riser  pipes  from  the 
underdrains  for  ventilation  and  flushing  are 
set  in  each  corner  outside  the  circular  spray 
line. 

A  shallow  final  settling  basm  is  provided 

having  a  sloping  bottom  and  large  enough  to 

give  a  settling  period  of  1..5  hours  on  the 
average  daily  rate  of  flow. 

It  was  considered  advisable  to  cover  the 

filter  and  final  settling  basin  with  a  small 

house,  17  ft.  by  14  ft.  in  plan.  This  was 

done  to  prevent  any  possibility  of  odors  and 

TABLE   I— ENGINEERS    FINAL.    ESTIMAT
E 

FOR   SEWAGE  TREATMENT    PLANT 
AT  RESIDENCE  A.  ^^^^ 

Eirtrexcavation.  284  cu.  yds,  at  $1.00..$    284.00
 

6- in.  vitrified  pipe,  346  ft    at  2o  cts. .... . . 
Steel  reinforcement,  2,879  lbs    at  4  cts... 

Settling  tank  and  manhole,  lump  sum.. Dosing  apparatus,  lump  sum        Jincin 

Sprinkling  filter,  lump  sum        d.u.uu 
Filter  house,  lump  sum   

S6.50 115.16 

400.00 
95.00 

620.00 

Total  of 
estimate   52.120.06 

E  Schmidt,  Martin  and  Garden.  The  dis- 

posal of  sewage  was  required  for  the  resi- 
dence only,  the  estimated  number  of  people 

ranging  from  15  to  25.  Meter  records  of  the 

water  supply  were  available,  showing  an  ap- 
proximate average  daily  consumption  of  50 

gals,  per  capita.  The  new  sewage  works  were 
designed  on  this  basis. 

1-9 
All  Edges  of  Bucket  and  Box   ,-*'■;''  Crimped  Around  4  Rods 
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ter.  This  gives  a  long  travel  and  ample  op- 
portunity for  large  particles  in  the  sewage  to 

become  water-logged  and  sink.  The  flowing 
through  time,  based  on  the  average  daily 
flow,  is  six  hours.  This  was  considered  safe 
on  account  of  the  final  treatment  below  the 
surface  of  the  ground.  The  sludge  digestion 

chamber  has  sufficient  capacity  for  20  months' 
storage.  A  sludge  outlet  manhole  is  pro- 

vided. The  lower  deflecting  baffle  in  this 
tank  is  built  of  creosoted  cypress.  It  was 
built  up  outside  the  tank  and  lowered  into 
place  and  nailed  to  the  horizontal  cypress 
strips  previously  anchored  into  the  concrete 
side  walls  of  the  tank.  The  upper  baffles  of 
the  tank  are  built  of  concrete.  These  were 

cast  outside  the  tank  in  four  slabs,  each  re- 
inforced with  2-in.  wire  mesh.  The  mesh 

was  left  extending  from  the  upper  end  of 
each  slab  about  6  ins.  These  slabs  were 
lowered  into  the  tank  with  an  A-frame,  and 
the  wire  reinforcement  fastened  to  steel  rods 
set  in  concrete  beams  spanning  the  tank.  The 
corners  were  afterwards  reinforced  and 

plastered  with  cement  mortar. 
The  settled  sewage  flows  into  a  siphon 

chamber,  in  which  is  a  4-in.  Miller  siphon. 

This  siphon  discharges  through  a  line  of  6-in. 
tile  pipe  to  a  diverting  manhole,  where  the 
discharge  or  flush  may  be  turned  to  either 
half  of  the  sand  filter,  as  desired. 
The  sewage  is  distributed  over  the  filter 

area  through  a  system  of  4-in.   tile  laid  with 
,-4"  Radius 
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Fig.   3.     Plan   and    Section    of    Dosing    Tank,    Residence  A. 
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Fig.    4.      Detail    of    Splash     Plate,     Plant    at 

Residence  A. 

to  give  the  plant  an  attractive  appearance. 
The  house  was  built  of  hollow  tile,  rough 
plastered  with  cement  mortar  and  covered 
with  a  blue  slate  tile  root.  The  design  con- 

forms to  the  other  service  buildings  on  the 
estate.  Four  windows,  a  door  and  ventilator 
are  provided.  The  house  sets  low  on  the  side 
ravine  and  is  not  visible   from  the  residence. 

All  parts  of  the  plant  are  accessible,  and 
bypasses  are  provided  for  the  filter  and  final 
settling  basin,  but  not  for  the  Emscher  tank. 

Bids  were  received  for  the  construction  of 
the  plant  in  accordance  with  Table  I,  which 

gives  the  engineer's  final  estimate.  The  total 
amount  of  the  bid  was  very  close  to  the  en- 

gineer's estimate  and  is  a  fair  figure  for  the 
cost  of  the  work. 
The  work  at  Residence  B  was  done  in  con- 

junction with  extensive  additions  to  an  old 
house.     The   architects  were  Messrs.   Richard 

The  old  house  was  provided  with  a  large 
sand  filter  and  there  was  available,  there- 

fore, a  large  quantity  of  sand.  The  main 
sewer  from  the  new  house  was  set  at  a  suffi- 

cient elevation  so  that  an  area  for  sub-surface 
disposal  could  he  made  available  by  grading 
down  the  present  surface  about  3  ft.  The  soil 
was  heavy  clay,  so  that  the  excavated  space 
was  refilled  with  the  available  sand  to  make 
a  soil  suitable  for  sewage  treatment.  There 
was  sufficient  sand  available  to  make  a  dis- 

posal field  covering  approximately  C,000  sq. 
ft.  Owing  to  these  local  conditions  it  was 

found  expedient  to  select  treatment  by  pre- 
liminary sedimentation,  followed  by  sub-sur- 

face irrigation  in  a  sandy  soil. 
The  settling  tank  is  of  the  Emscher  type, 

illustrated  in  Fig.  6.  The  sewage  flows 

around  the  tank  in  the  flow  space  at  the  out- 
side, with  a  floating  sludge  space  at  the  cen- 

open  joints  and  terminating  in  short  riser 

pipes.  These  distribution  tile  are  set  into  a 
sand  cover  of  from  9  to  12  ins.  Below  these, 

3  to  4  ft.  from  the  surface  and  set  in  trench- 
es, are  the  collecting  tile,  draining  to  a  main 

drain  at  the  center.  These  collecting  tile 

are  completely  surrounded  with  coarse  gravel. 
The  effluent  discharges  through  a  sand  bank 
into  the  main   ravine. 

The  cost  of  the  settling  tank  complete,  in- 
cluding the  Imhoff  royalty  and  the  siphon 

chamber,  was  $.385.  The  filter  work  was  done 

by  day  labor  under  the  direction  of  the writer's  resident  engineer. 

The  design  of  Emscher  tanks  for  small 

works  is  new,  but  is  in  line  with  present  de- 
velopments. The  tanks  are  no  smaller  than 

a  number  that  have  been  successfully  op- 

erated at  testing  stations.  Certain  modifica- 
tions   have   been    made    to    meet    this    special 
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567 service.  Experimental  work  along  this  line 
is  now  being  performed  by  the  U.  S.  Public 
Health  Service,  two  test  plants  having  been 
built,  one  for  the  sewage  of  15  people  and 
another  for  the  sewage  of  100  people.  A 
more  noteworthy  feature  is  the  indication 
that  architects  and  owners  are  realizing  the 
need  for  a  rational  design  of  small  sewage 
treatment  plants  with  due  regard  for  dif- 

ferences in  local  conditions  and  the  degree 
of   purification   required. 

Fig.   5.     View  of  Splash   Plate   in   Use. 

The  plants  were  designed  by  the  writer  and 
Iniilt  under  his  supervision.  Mr.  Robert  A. 

.\llton,  recently  of  the  New  York  State 

Board  of  Health,  was  resident  engineer.  The 

L.  K.  Sherman  Co.,  of  Chicago,  was  con- 
tractor for  both  installations.  Both  plants 

went  into  operation  in  June,  1914,  and  have 

been   working   satisfactorily   since   that   time. 

Recommended    General    Procedure    in 

Sewage   Works   Operation. 

Sewage  treatment  plants  are  built  to  accom- 
plish one  of  the  two  purposes  here  mentioned : 

(a)  To  promote  the  comfort  and  convenience 

ijf  the  people  by  maintaining  water  courses 
in  a  clear  condition,  free  from  nuisance  to 

sight  or  smell,  or  (b)  to  aid  in  protectmg  the 

public  health,  when  necessary,  by  maintainmg 
water  courses  as  fit  sources  of  water  supply 

after  adequate  purification  or  fit  for  the  culti- vation of   shell  fish. 

In  line  with  the  two  purposes  mentioned, 

the  operation  of  a  sewage  treatment  plant  may 

he  judged  bv  the  following  standards;  (a) 
Prevention  of  nuisance  either  at  the  works  or 

in   the   body   of   water   receiving   the   effluent; 

(b)  Protection  to  the  puMic  health,  for  exam- 
ple, in  reducing  the  pollution  in  a  water  course 

to  relieve  the  load  on  a  water  purification 

plant.  In  the  present  discussion,  which  is 

from  the  report  of  the  Committee  on  Sewage 

Works  Operation  and  .Analytical  Methods  of 

the  Sanitary  Engineering  Section  of  the  Amer- 
ican Public  Heahh  Association,  it  is  assumed 

that  under  the  guidance  of  competent  sanitary- 
engineers  the  specific  problem  has  been  studied, 

resulting  in  the  design  and  construction  of 
efficient  sewage  treatment  works  and,  upon 

completion,  the  owner  is  confronted  with  the 

problem  of  its  operation  and  maintenance. 

The    second    portion   of   the    report,    which   is 

a  progress  report  on  analytical  methods,  will 
be  published  in  a  subsequent  issue  of  this 
journal.  The  committee  members  are;  C.  B. 
Hoover,  H.  C.  McRae,  Langdon  Pearse, 
George  C.  Whipple  and  W.  L.  Stevenson, 
chairman.  The  committee  acknowledges  the 

helpful  co-operation  of  Mr.  F.  E.  Daniels  of 
the  New  Jersey  State  Board  of  Health. 
One  of  the  first  and  most  important  mat- 

ters to  be  considered  in  the  operation  of  a 
sewage  treatment  works  is  the  heterogeneous 
nature  of  sewage.  Its  composition  varies 
widely  in  different  towns,  influenced  by  the 

ways  of  living  and  amount  and  kind  of  indus- 
trial wastes.  Some  works  receive  a  sewage 

so  fresh  that  original  faecal  matter,  paper 
and  fats  are  practically  unchanged,  while  in 
others  the  solids  have  disintegrated  and  partly 
dissolved. 
The  hourly  character  and  composition  of 

the  sewage  may  also  vary  from  day  to  day, 
being  uniform  in  one  place  and  different  in 
another.  During  storms  the  sewage  collected 
by  a  combined  system  of  sewers  is  increaseil 
in  volume  and  its  composition  changed  to  a 
very  marked  degree. 
Many  of  the  forces  of  nature  are  utilized 

in  sewage  treatment  in  an  involved  and  cotn- 
plex  manner.  Gravitation  is  utilized  in  sedi- 

mentation and  in  the  hydraulics  of  the_  flow- 
ing liquids ;  chemical  reactions  occur  in  the 

use  of  precipitants,  in  disinfection  and  in  the 
changing  combinations  of  sewage  materials ; 
and  biological  forces  are  active  in  the  diges- 

tion of  sludge  and  in  the  oxidation  of  the 
dissolved  organic  matter. 

In  successful  operation  all  of  these  factors 
must  be  controlled.  It  is,  therefore,  self-evi- 

dent that  sewage  treatment  works,  particularly 
of  any  size,  cannot  be  made  automatic,  but 
require  constant  observation  and  supervision 
by  trained,  skilled  operators  in  order  to  ac- 

complish the  purpose  for  which  the  plant  was 
installed  and  the   funds  invested. 

SUPERVISION. 

The  degree  of  technical  skill  required  de- 
pends upon  the  following  factors,  but  not 

necessarily  in  the  order  given:  (a)  The  mag- 
nitude and  design  of  the  works,  (b)  the  proc- 

esses used,  (c)  the  composition  of  the  sewage 
treated,  (d)  the  receiving  body  of  water. 

It  does  not  always  follow  that  because  a 

sewage  treatment  works  receives  a  large  vol- 
ume of  sewage  that  the  responsibility  is  in  pro- 

portion to  the  magnitude,  because  the  process- 
es used  may  be  simple  and  the  dilution  of  the 

effluent  large.  Some  small  works,  for  particu- 
lar purposes,  e.  g.,  fat  recovery,  may  require 

very  expert  supervision. 
The  use  of  biological  works  for  oxidation 

or  the  use  of  disinfection  always  requires 
more  attention  than  simple  sedimentation. 
Emscher  tanks,  which  include  sedimentation 
and  sludge  digestion  in  a  single  device,  require 
a  higher  degree  of  skill  to  operate  than  plain 
sedimentation  tanks.  The  presence  of  con- 

siderable volumes  of  trade  wastes  in  sewage 
usually  introduces  difficulties  not  encountered 
with  ordinary   domestic   sewage. 

Constant  attendance  upon  a  sewage  plant  for 

a  private  estate  or  small  institution  is  un- 
necessary. Such  plants  should  be  simply  de- 

signed, so  that  an  employee  with  other  duties 
is  required  to  give  but  a  small  part  of  his 
time  to  the  care  of  the  plant.  But  in  such 

cases  successful  results  are  not  always  ob- 
tained unless  the  designing  engineer  or  some 

competent  person  is  called  in  at  regular  times 

to  inspect  and  advise  concerning  the  technical 

details  of  operation.  Such  inspections  arc  par- 
ticularly important  during  the  early  life  of  the 

plant  to  train  the  attendant  to  observe  and 

interpret  the  conditions  which  require  atten- 
tion. 

For  the  larger  institutional  plants  and  works 

for  small  towns  more  skilled  attendants  are 

required  and  the  need  for  competent  supervi- sion more  urgent. 

In  municipal  sewage  treatment  works  of 

any  magnitude  the  constant  services  of  a  sci- 
entifically trained  man  in  charge  is  practically 

essential  to  success.  The  larger  volumes  of 

sewage    treated    afford    greater    potentialities 

for  the  creation  of  nuisance  from  bad  odors 
if  the  works  are  not  constantly  kept  in  the 
best  condition.  The  effect  upon  the  receiving 

body  of  water  is  also  greater  and  a  deteriora- 
tion in  the  quality  of  the  final  effluent  may 

allow  the  development  of  conditions  such  as 
nuisance  in  the  water  course  or  danger  to 

water  supplies  which  it  is  the  very  function  of 
the  works  to  prevent.  And  finally  it  is  eco- 

nomical to  pay  a  liberal  salary  to  the  right 
kind  of  man  to  keep  the  annual  charges  for 

operation  and  maintenance  at  a  minimum  fig- 
ure by  business-like  management. 

RECORDS. 

The  keeping  of  careful,  thorough  and  neat 
records  of  operation  is  essential  to  efficient 
operation.  State  authorities  charged  with 
supervision  over  the  condition  of  the  water 
courses  should  require  a  uniform  record.  Such 
records  from  the  operating  point  of  view  show 
the  effect  of  changing  methods  of  operation 
and  enable  the  selection  of  the  most  efficient 

and  economical  procedure.  Complaints  of  citi- 
zens can  frequently  be  answered  and  ex- 

plained away  by  reference  to  the  records,  and 
often  well  kept  records  have  prevented  suits 
or  lessened  damages. 

As  an  example  of  the  value  of  records,  two 
different  hypothetical  cases  may  be  cited:  A 
sewage  treatment  works  required  to  prevent 
the  creation  of  nuisance  in  a  stream  not  used 
nearby  as  a  source  of  water  supply.  Here 
records  of  the  stage  and  conditions  of  the 
stream  and  condition  of  the  final  effluent  may 
show  that  less  than  complete  treatment  would 
be  sufficient  during  a  portion  of  the  year  and 
the  saving  in  labor  of  operation  materially  re- 

duce annual  operating  charges  and  still  the 
plant  would  efficiently  perform  the  function  for 
which  it  was  installed. 

On  the  other  hand,  a  plant  whose  purpose 
is  primarily  intended  to  protect  the  nearby 
source  of  water  supply  requires  most  careful 
records,  so  that  in  case  of  the  failure  of  the 

water  purification  plant  to  produce  a  whole- 
some water  the  responsibility  cannot  be  placed 

upon  the   sewage   treatment   works. 

J^  Inlet 
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Fig.  6. — Plan  and   Section  of  Imhoff  Settling 

Tank,  Residence  B. 

Records  to  be  really  valuable  should  not  be 
cumbered  with  useless  data.  The  essentials 
should  be  carefully  determined  and  made 

graphic  wherever  possible. NEATNESS. 

Too  much  stress  cannot  be  laid  upon  th? 
importance  of  neatness  and  cleanliness  in  and 
around  the  works  and  the  surrounding 
urounds.  To  accomplish  its  purpose  this  clean- 

liness must  begin  in  the  sewer  system,  for 
accumulation  of  decomposing  matters  therein 
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uill  surely  hasten  decomposition  to  such  a 
degree  that  at  times  no  amount  of  care  at  the 
works  can  prevent  the  dissemination  of  bad 
odors.  The  cleanliness  begun  in  the  sewers 
should  be  carried  out  through  the  plant  and 
no  filth  should  be  allowed  to  accumulate,  but 
it  should  be  promptly  disposed  of. 

But  small  expense  is  involved  in  laying  out 
flower  beds  or  shrubbery,  especially  at  the  en- 

trance to  and  to  serve  as  a  screen  around  un- 
sightly parts  of  the  works.  A  moderate 

amount  of  attention  to  these  details  removes 
the  inherent  prejudice  in  the  mind  of  the 
visitor  or  passerby. 

Construction  Plant  and  Methods  Em- 

ployed on  the  North  Shore  Inter- 
cepting Sewer,  Sanitary  Dis- 

trict of  Chicago. 
Contributed    by    M.    ,\.    Berns.    Chicago,    111. 
The  Sanitary  District  of  Chicago  has  done 

and  is  doing  much  to  decrease  the  pollution 
of  the  waters  of  Lake  Michigan,  from  which 

the  city's  water  supply  is  drawn,  by  diverting 
into  the  Chicago  River  and  the  Drainage  Canal 
the  sewage  formerly  discharged  into  the  lake 
by  the  Xorth  Shore  tow^ns.  The  sewers  built 
by  the  Sanitary  District  are  for  municipal 
sewage  only,  not  for  storm  water  or  individual 
house  connections.  Temporarily,  some  storm 

water  will  pass  through  these  sew-ers,  but  grad- 
ually the  villages  will  intercept  this. 

One  of  the  large  intercepters  now  under 
construction  is  the  North  Shore  intercepting 
sewer,  which  extends  along  Sheridan  Road 
from  the  North  Shore  channel  at  Wilmette 
through  Winnetka,  Kenihvorth,  Glencoe  and 
part  of  the  Township  of  New  Trier  and  in- 

tercepts all  the  municipal  sewers  of  these  sub- 
urbs. It  varies  in  size  from  9  ins.  in  diameter 

to  a  large  6xi1-ft.  egg-shape  section  running  on 
an  average  grade  of  .0.5  per  cent.  Concrete  is 
being  used  as  the  material  of  construction 
because  of  its  durability  and  economy,  and  the 
ease  with  which  it  is  handled  and  spouted  to 

place.  The  usual  mixture  is  1 :2V4  :o  of  Uni- 
versal Portland  Cement,  washed  and  screened 

sand  and  gravel,  or  stone.  On  the  smaller 

egg-shaped  sewers  a  1  •.2  :4  mixture  is  used. 

Fig.     1.  View     Showing     Mixer     Mounted     on 
Rollers,  and    Flexible   Concreting  Chute, 

North   Shore   Intercepting   Sewer  Con- 
struction, Chicago. 

WORK   0.\   LARGE   ECC-SHAPED   SEWER. 

Work  along  the  North  Shore  is  divided  into 
three  separate  contracts.  Contract  No.  1  runs 
along  Sheridan  Road  from  the  North  Shore 
channel  through  Wilmette  to  Cherrv  Street, 
Winnetka.  This  is  made  up  of  10,0(30  ft.  of 
6x9-ft.  sewer  and  4,280  ft.  of  6x8-ft.  sewer. 

giving  a  total  of  approximately  2%  miles.  The 
crown  is  given  a  thickness  of  10  ins.  and  the 
invert  a  thickness  of  12  ins.,  requiring  a  total 
amount  of  concrete  of  over  15,000  cu.  yds. 

The  cut  for  this  part  of  the  work  varies  from 
■2(>  to  2-1  ft.  and  the  work  is  done  at  a  cost 

per  lineal  foot,  including  excavation,  back  lill- 

Fig.    2.  View     Showing     Steel     Invert     Form 
Collapsed  for  Removal  to  New  Position, 

North   Shore   Intercepting  Sewer. 

ing  and  concreting  of  $15  for  the  6x9-ft.  section 
and  $14.50  for  the  Cx8-ft.  section,  making  a 
total  price  for  the  contract  complete  of 

$23.3,999.75. 
Method  of  Handling  Concreting  Materials. 

— The  aggregates  are  brought  to  the  site  in 
ordinarj'  dump  wagons  and  delivered  at  con- 

venient places  along  the  sides  of  the  streets. 
From  there  they  are  wheeled  in  barrows  and 
dumped  into  the  hopper  of  the  Smith  concrete 
mixer  on  a  level  with  the  mixer  floor.  For 
convenience  in  moving,  the  contractor  has 
dismounted  the  mixer  from  its  trucks  'and 
placed  it  on  a  platform  spanning  the  trench, 
the  platform  being  carried  on  rollers,  as  shown 
in  Fig.  1.  Concrete  is  chuted  through  a  flex- 

ible steel  spout  as  shown.  No  concrete  for  the 
arch  portions  is  poured  until  the  concrete  pre- 

viously placed  up  to  the  springing  line  has 
set,  so  that  it  is  necessary  to  move  the  mixer 
back  from  60  to  125  ft.  for  pouring  on  the  arch 
form.  This  moving  operation  requires  only 
si.x  minutes. 

Use  of  Collapsible  Steel  Forms. — Specially 
designed  collapsible  Blaw  steel  forms  are  used. 
They  are  in  5-ft.  lengths  with  the  invert  form 
a  separate  unit  from  the  arch  form.  The  in- 

vert form  is  hinged  at  the  bottom  center  line 
and  at  a  point  18  ins.  below  the  springing  line 
so  that  it  will  telescope  within  itself  in  order 
to  permit  of  moving  through  the  set  up  forms 
.ihead.  Tum-bucklcs  across  the  horizontal 
center  line  serve  to  keep  the  forms  in  line. 
Aliout  100  ft.  of  invert  forms  were  supplied, 
rmd  these  are  placed  on  cast  concrete  blocks, 
15x9  ins.  long,  spaced  on  5-ft.  centers.  When 
the  concrete  is  cast  these  blocks  become  a  part 
nf  the  monolithic  sewer. 

In  operation  the  men  remove  the  rear  forms, 
telescope  them  and  push  them  ahead  on  a 
specially  designed  car.  Within  the  forms  and 
for  soirie  distance  back  on  the  already  finished 
invert  is  provided  a  2%-ft.  gage  track  about 
IVz  ft.  above  the  bottom  of  the  invert  and 

supported  on  cradles,  as  shown  in  Fig.  2.  On 
this  track  runs  a  10-ft.  traveler,  counter- 
weighted  on  one  end  with  concrete  and  so 
designed  as  to  clear  the  turnbuckles.  Unbolt- 

ing a  f9rm  and  allowing  it  to  collapse  permits 
of  raising  and  supporting  it  by  means  of  a 
cable  running  over  a   sheave   operated  bv   a 

hoist  on  the  counterweight  of  the  traveler. 
The  men  then  move  the  traveler  back  and 
place  a  cradle  and  temporary  track  to  span 
the  space  where  the  form  was  removed,  after 
wliich  the  traveler  is  ready  to  be  pushed  for- 

ward through  the  forms  to  a  new  position 
ahead.  Crown  forms  are  also  used  telescopic- 
ally  and  handled  on  the  traveler.  Trained  men 
can  move  ahead  and  set  up  a  maximum  of  125 
ft.  of  bottom  forms  per  8-hour  day,  while  the 
average  movement  was  80  ft.  per  day.  Except 
in  soft  or  wet  sandy  soil,  the  bottom  forms 
are  removed  after  the  concrete  has  set  for  24 
hours,  and  the  arch  forms  after  48  hours. 

E.vcavating  and  Back  Filling. — A  65-ton,  1% 
cu.  yd.  self-propelling  Bucyrus  shovel  mount- 

ed across  the  trench  on  rollers  in  a  fashion 
similar  to  that  described  for  the  mixer  is  used 
for  excavating,  as  shown  in  Fig.  3.  Hand 
labor  is  used  to  bring  the  cut  to  its  proper 
shape  and  depth.  There  are  about  7%  cu.  yds. 
nf  excavation  per  lineal  foot  of  trench,  and 
the  shovel  is  able  to  make  an  average  progress 
iif  125  lineal  feet  per  9-hour  day.  Five-yard 
W'estern  dump  cars  and  a  Davenport  dinke\ 
locomotive  are  used  to  transport  the  excavated 
material  for  back-filling,  the  surplus  being 
dumped  in  the  spoil  area  along  the  lake  shore 
east  of  Sheridan  Road.  At  the  discretion  of 
the  engineer  some  cold  weather  work  is  done. 
In  such  cases  the  sand  and  gravel  are  heated 
by  exhaust  steam  conveyed  through  pipes  run- 

ning under  the  sand  and  gravel. 
TU.NXEL    WORK   REQUIREP   FOR   DEEP    SECTIONS. 

Contract  No.  2  is  for  the  40xC2-in.  egg- 
shaped  sewer  from  Sheridan  Road  along  Win- 

Fig,   i.   View   Showing    Excavating   and   Tim- 
bering   Methods,   North   Shore   Iniercept- 

ing   Sewer. 
netka  Avenue  in  Winnetka  to  Hill  Road.  It 
consists  of  2,891  ft.  of  work  in  open  cut.  for 
w'hich  a  Parsons  trench  machine  was  used,  and 
3.G80  ft.  of  tunnel.  The  total  contract  price  for 
this  was  $84,404.25.  Air  through  2-in.  and 
2'4-in.  pipe  lines  for  the  tunnel  work  was  sup- 

plied by  an  engine  driven  blower.     Light  was 
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furnished  by  electricity  taken  from  the  Win- 
netka  pole  line  along  the  work.  Excavation 
for  the  tunnel  was  carried  on  from  three 

shafts,  800  to  1,000  ft.  apart,  working  one  head- 
ing each  way  and  using  three  shifts  per  24 

hours.  Owing  to  the  ease  with  which  the 
concrete  could  be  placed  it  was  found  that  the 

limit  of  a  day's  work  was  always  determined 
by  the  rapidity  of  the  excavation.  For  this 
reason  two  shifts  in  each  heading  excavated 
and  one  shift  set  up  the  forms  and  placed  the 
concrete.  Small  tunnel  cars  on  a  15-in.  gage 
track  brought  the  clay  to  the  shaft,  where  it 
was  hoisted  to  the  surface  and  to  an  over- 
liead  trestle  from  which  cars  and  wagons  were 

filled.  The  concrete  for  the  sewer  was  brought 
to  proper  shape  and  grade  by  placing  steel 
forms  on  cast  concrete  blocks  similar  to  those 
used  in  the  work  on  Contract  No.  1.  The 
contractor  finished  the  work  practically  14 
months  ahead  of  scheduled  time,  notwithstand- 

ing the  fact  that  right-of-way  trouble  necessi- 
tated making  a  reverse  curve  in  the  tunnel 

work  after  it  was  well  under  way. 
Contract  No.  3  was  for  the  work  from  Hill 

Road  along  the  Skokie  Marsh  to  Glencoe. 
Part  was  in  open  cut,  and  part  in  tunnel  with 
the  sewer  of  varying  sizes  down  to  9  ins.  in 
diameter.  This  was  carried  on  in  much  the 
same   manner   as   that   described    for   Contract 

No.  2.    The  contract  price  was  $248,376.30. 
These  projects  are  paid  for  in  cash  by  the 

Sanitary  District  of  Chicago  out  of  its  tax 

levy  or  bond  issue.  Work  is  under  the  direc- 
tion of  George  Wisner,  chief  engineer,  and 

Langdon  Pearse,  division  engineer,  with  H.  R. 
Abbott,  assistant  engineer  in  charge  of  the 
three  sections  along  the  North  Shore.  On 
Contract  No.  1  the  H.  J.  McNichols  Co.,  Chi- 

cago, is  contractor,  with  J.  H.  Flagg  as  con- 
sulting engineer  and  Richard  McNichols  in 

charge  of  the  work.  Work  on  Contracts  Nos. 
2  and  3  is  being  done  respectively  by  the  Mar- 

quette Construction  Co.  and  Nash  Bros.,  both 
of   Chicago. 

BADS  AMD  STEEEl 

•ITTpl/f^ 

Paving  Procedure  in  American  Cities. 
To  secure  statistics  upon  which  to  base  rec- 

ommendations for  future  paving  work  in  the 

city  of  Syracuse,  N.  Y.,  a  committee  of  the 
Chamber  of  Commerce  of  that  city  sent  letters 
to  the  officials  of  cities  exceeding  50,000  in 

population,  requesting  specific  information 
concerning  paving  practice.  From  the  replies 
received  from  68  cities  the  following  statistics 
were  obtained : 

Method  of  Ordering  Pavements. — In  60  per 
cent  of  the  cities  heard  from,  any  city  street 

may  be  ordered  paved  by  the  common  council, 

the'  majority  varying  from  one-half  to  five- 
sixths,  it  usually  being  two-thirds.  In  30  per 

cent  of  the  cities,  no  new  paving  can  be  or- 

dered except  by  a  petition  of  from  one-half  to 
two-thirds  of  the  abutting  property  owners. 

In  10  per  cent  of  the  cities,  the  common  coun- 

cil is  permitted  by  ordinance  to  order  a  stipu- 
lated amount  of  new  pavement  each  year. 

f/o:c'  Neiv  Paling  Is  Paid  for— In  only  22 
per  cent  of  the  cities  do  property  owners  pay 
entire  cost  of  new  paving.  In  IT  per  cent, 

the  city  pays  for  the  street  intersections  only. 

In  9  per  cent,  the  city  pays  2  per  cent  of  the 
entire  cost  of  paving.  In  10  per  cent,  the  city 

pays  SSVs  per  cent  of  the  entire  cost  of  pav- 
ing. In  10  per  cent,  the  city  pays  50  per  cent 

of  the  entire  cost  of  paving.  In  20  per  cent, 

the  city  pavs  entire  cost  of  paving.  In  the 

remaining  cities,  the  percentage  of  public  ben- 

efit is  adjudicated  bv  a  board  of  commission- 
ers. Three  per  cent  of  the  cities  make  an 

allowance   for  corner  lot  paving. 

Hotv  Repazing  Is  Paid  for.— In  16  per  cent 

of  the  cities,  property  owner  pays  entire  cost. 

In  0  per  cent  of  the  cities,  city  pays  for  street 

intersections  only.  In  6  per  cent  of  the  "ties 

city  pavs  one-third  of  "repaving  cost.  In  1.) 
per  cent  of  the  cities,  city  pays  one-half  of 

repaving  cost.  In  43  per  cent  of  the  cities,  city 

pays  entire  cost  of  repaving.  In  balance  ot 

cases,  the  public  benefit  is  adjudicated  by  a 
board   of   commissioners. 

How  Type  of  Pavement  Is  i>elecled.—
ln 

only  15  per  cent  of  the  cities  do  the  abutting 

property  owners  have  the  final  decision  in 

selection  of  tvpe  of  pavement.  In  a  few  cases, 

the  common  council  or  even  a  single  alderman 

has  the  deciding  power.  In  about  80  per  cent 

of  the  cities,  however,  the  type  of  pavement  is 

selected  bv  a  paving  commission,  highway  or 

engineering  department,  after  due  conside
ra- 

tion of  the  wishes  of  the  abutting  property 
owners.  ,    , 

Paling  Material.- Ahoui  85  per  cent  of  the 

cities  use  creosoted  wood  block  to  some  ex- 
tent on  heavv  traffic  streets,  the  average  being 

about  1.9  per  cent  of  the  total  paved  streets 

One  city  has  50  per  cent  of  its  pavements  of 

this    material.      The    usual    guarantee    is    five 

Nearly  all  cities  heard  from  use  asphalt, 

brick,  granite  block  and  waterbound  macadam 

to  a  greater  or  less  extent,  depending  on 

traffic  conditions,  cost  of  material,  etc.  Brick 

seems  to  be  used  largelv  where  it  is  manu- 
factured locally.  The  average  percentage  ot 

the  various  tvpes  of  pavement  to  the  total 

is  about  as  follows  ;  Wood  block,  1.9  per  cent_; 

sheet  asphah.  29  per  cent:   asphalt  blocks,   l.i 

per  cent ;  brick,  14  per  cent ;  waterbound  and 
bituminous  macadam,  35  per  cent ;  stone  block, 

13.5  per  cent.  Balance  is  made  up  of  con- 
crete, bitulithic,  asphalt  and  other  types  in 

small   quantities. 
.\  five-year  guarantee  is  customary  with 

asphalt,  brick  and  wood  block;  two  to  three- 
year  guarantee  on  waterbound  and  bituminous 
macadam,  and  one  year  on  granite  block.  The 
total  mileage  of  paved  streets  in  different 
cities  varies  from  12  to  90  per  cent  of  the  tota_l 
street  mileage,  a  fair  average  being  about  48.5 

per  cent. .1/ani((7na)u-(?.— Practically  all  the  cities  pay 
for  repair  and  maintenance  of  pavements  after 
expiration  of  guarantee.  .\  large  number  own 
and  operate  their  own  asphalt  plants,  some 
even  building  their  new  pavements  by  day 
labor. 

financing. — Where  city  pays  entire  or  major 

portion  of  paving,  in  most  cases  it  is  taken 
care  of  in  the  annual  budget  and  tax  levy. 
In  a   few  cases  by   serial  bonds. 

Where  the  property  owner's  share  of  pay- 
ing is  proportionately  small  it  is  usually  paid 

in  cash  within  thirty  days  from  time  work  is 

begun.  In  some  cases  two  to  three  years 
are  allowed  in  which  to  pay.  Where  the 

property  owners  pay  the  major  share  it  is 

usually  paid  in  ten  annual  payments.  In  a 
few  cases  it  is  five  or  six  years.  Bonds  are 
usually  issued. 

Railroad  Strip  Paving.— Th\s  is  more  often 

done  by  the  city  at  railroad  expense,  ahhough 

in  many  cases  it  is  done  by  the  railroad  it- 
self. In  50  per  cent  of  the  cities  the  strip  out- 
side the  outer  rail  which  the  railroad  is 

obliged  to  pay  for  and  maintain  is  2  ft.  wide. 
In  the  remaining  cases  it  varies  from  1  ft.  to 

18  ins.  Usually  depends  on  franchise  agree- ment. 
Recommendations.— In  order  to  make  the 

work  of  this  committee  constructive  and  ot 

the  greatest  value  to  our  city  we  must  de- termine the  fundamental  cause  of  the  poor 

road  conditions  and  change  that  first. 

The  paving  situation  in  Syracuse  will  never 

be  satisfactorily  settled  until  the  statutes  gov- 
erning us  are  radically  changed  and  a  more 

equitable  treatment  of  the  property  owner  is made. 

Removing  from  the  property  owner  the  bur- 
den of  paving  the  proportionate  cost  of  new 

paving,  which  is  a  public  benefit  and  should  be 

paid  for  bv  the  city  at  large,  will  be  an  added 
inducement  for  new  paving,  and  the  present 

necessity  of  forcing  pavements  on  the  prop- crtv  owners  will  be  greatlv  lessened. 

Placing  in  the  hands  of  experts  the  designa- 
tion of  the  tvpe  of  pavement  most  suited  to 

the  traffic  conditions,  after  a  public  hearing 

of  property  owners,  will  result  in  the  most 

efficient  tvpe  being  designated,  and  less  ob- 
jection will  come  from  the  property  owner,  as 

he  pavs  only  part  of  the  cost. 

The  present  poor  condition  ni  our  paved 
streets  is  due  to  the  objections  of  property 

owners  on  account  of  the  cost  of  resurfacing. 

If  the  city  would  assume  the  entire  cost  of 

resurfacing,  property  owners  tlirough  their 

representatives  would  not  hold  up  the  resur- 
facing of  the  manv  miles  of  pavement  which 

the  city  engineer's  record  shows  to  be  worn 
out. 
From  a  careful  study  of  the  experiences  of 

sixty-eight  cities  and  also  that  of  our  own 

city,  we  would  make  the  following  recom- mendations : 

(1)  Property  owners  should  not  be  permit- 
ted to  choose  type  of  pavement  without  the 

approval  of  some  more  expert  authority.  (2) 
City  at  large  should  pay  one-third  of  the  cost 
of  all  new  pavements  as  well  as  street  inter- 

sections. (3)  City  at  large  should  pay  entire 
cost  of  repaving. 

Following  is  a  list  of  cities  from  which  in- formation  was  received : 
.\kron,  O. 
Albany,   N.   Y. Atlanta,   Ga. 
Atlantic  City,  N.  J. 
Baltimore,   Md. 
Birmingham,    Ala. 
Boston,   Mass. 
Bayonne,  N.  J. 
Bridgeport,   Conn. Charleston,   S.   C. 
Camden,  N.  J. 
Columbus,   O. 
Chicago,    111. 
Cambiidge,   Mass. 
Duluth,  Minn. 
Dayton.  O. 
Des  Moines,    la. 
Elizabeth.   N.   J. 
East  St.   Louis,  111. 
Erie,  Pa. 
Evansville,    Ind. 
Fort  Wayne,  Ind. 
Fall  River.  Mass. 
Grand   Rapids.    Mich. 
Hoboken,  N.  J. 
Hartford.   Conn. 
Jersey  Qty,  N.  J. 
Johnstown,  Pa. 
Jacksonville,  Fla. 
Kansas  City,  Mo. 
Lawrence,   Mass. 

Lynn,  Mass. Los  Angeles.  Cal. 
Milwaukee.   Wis. 

Minneapolis,    Minn. 
.Manchester,  N.  H. 
Newark,  N.  J. New  Haven,  Conn. 
Nashville.   Tenn. 
New  York — Bronx. 
New  York — Manhattan. New  Y'ork — Brooklyn. 
New  Y'ork — Richmond. 
Norfolk,  Va. 
Oklahoma  City,  Okla. 
Oakland,   Cal. 
Providence,  R.  I. 
Pittsburgh,    Pa. 
Paterson.  N.  J. 
Philadelphia,  Pa. 
Portland,  Me. 
Richmond,  Va. 
Somerville,  Mass. 
Schenectady,   N.   T. 
Scranton,  Pa. 
St    Paul,  Minn. St.  Louis,  Mo. 
Salt  Lake  City.  Utah. 
Spokane.   Wash. South  Bend,  Ind. 
Troy,  N.  Y. Toledo,  O. 

Tacoma,  Wash. 
Utica,  N.  T. 
Washington.    D.    C. Worcester.    Mass. 
Wilmington,  Del. 
Youngstown,  O. 

Methods  and   Cost   of   Constructing  a 
Bituminous  Carpet  on  Concrete 

Roads,  with  Notes  on  Gen- eral Maintenance. 
Contributed  bv  F.   W.   Whitlow,    Superintendent 

of  Construction,   Milwaukee   County,   Wis- consin. 

BITUMINOUS   CARPET   CONSTRUCmON. 

In  Milwaukee  County,  Wisconsin,  58,000  sq. 

yds.  of  concrete  road  surface  were  covered 
with  a  bituminous  carpet  in  1913.  The  method 

employed  in  this  work  was  as   follows: 

.Method  of  Construction.— The  surface  of 
the  concrete  was  first  swept  with  steel  brooms 

to  loosen  the  heaviest  of  the  accumulated  dirt, 

after  which  it  was  again  swept  with  fibre 

street  brooms,  these  sweepings  removing  all 

the  dirt  except  a  thin  film  of  dust,  which  is 

impossible  to  remove  with  street  brooms,  but 
which  we  found  could  readily  be  removed 

with  ordinar\'  house  brooms.  (It  is  astonish- 

ing the  amount  of  dust  that  can  be  swept  from 
a  concrete  road  surface  with  house  brooms 

after  it  is,  apparently,  perfectly  clean.)  The 

depressions  in  the  concrete  were  then  painted 
over  with  Tarvia  A,  after  which  they  were 

brovight  to  grade  with  crushed  stone,  using 

stone,  as  near  as  possible,  equal  in  size  to  the 

depth  of  the  depressRn.    This  stone  was  care- 
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fully  tamped  in  place  witfi  hand  tampers  and 
the  voids  filled  with  a  heavy  bituminous  road 

binder.  For  each  square  yard  of  surface  about 

1  gal.  of  binder  was  used  to  each  inch  in 
depth  of  stone. 

When  all  depressions  had  been  brought 

to  grade  in  this  manner,  the  entire  sur- 
face of  the  pavement  was  then  cov- 

ered with  Tarvia  "A,"  heated  to  about  •230°  F. 
The  tarvia  was  delivered  to  the  work  in  bar- 

rels and  was  heated  in  portable  kettles  on  the 

job.  It  was  spread  on  the  surface  by  hand 
with  spreading  cans,  using  about  %  gal.  to 

each  square  vard  of  road  surface.  The  tar  was 
then  covered  with  clean,  sharp  sand,  using 

about  1  cu.  yd.  of  sand  to  100  sq.  yds.  of  road 

surface,  no  attempt  being  made  to  dry  or  heat 
the  sand.  The  surface  was  then  left  to  the 
traffic  to  iron  out. 

This  gave  a  surface  that  was  resilient, 
noiseless  and  certainly  added  greatly  to 
the  life  of  the  pavement,  as  it  cush; 
iimeti  the  impact  from  steel  tires  and  horses 

shoes  and  prevented  chipping  and  wear  from 
abrasion.  Such  a  treatment  also  waterproofs 

the  surface  and  prevents  frost  from  acting  on 

the  cracks  in  the  concrete.  By  keeping  the 

moisture  in  the  concrete  uniform  it  tends  to 

reduce  the  expansion  and  contraction  to  a 
minimum. 

The  roads  treated  were  all  without  curbs 

and  all  intersecting  roads  were  unpayed,  re- 
sulting in  considerable  dirt  being  carried  onto 

the  surface  of  the  pavement,  there  to  be 

ground  into  the  bituminous  covering,  this,  of 
course,  not  adding  anything  to  the  life  of  the 

coating.  The  roads  also  carry  a  heavy  mixed 
traffic  which,  at  the  end  of  one  year,  had  worn 

through  the  bituminous  carpet,  leaving  the 
concrete  bear  in  spots.  In  the  spring  of  1914 
some  of  the  roads  were  again  treated  with 

Tarvia  X,  and  from  present  appearances  are 

going  to  give  much  better  service  than  the 
Tarvia  A  treatment.  Tarvia  X  is  heavier  and 
seems  to  adhere  to  the  surface  equally  as  well 
as  the  lighter  material. 

Cost.— The  cost  of  placing  bituminous  car- 
pet coats  on  concrete  road  surfaces  in  Milwau- 
kee County  has  been  about  10  cts.  per  square 

yard  for  labor  and  materials,  this  including 
the  cost  of  cleaning  the  old  concrete  surface. 
This  cost  could  be  reduced  considerably  if  the 
tar  was  bought  in  tank  cars  and  applied  with 
a  pressure  spray  system. 

CONCLUSIONS. 

As  a  result  of  the  experience  obtained  in 
this  work  the  following  suggestions  are  made 
in  connection  with  the  bituminous  carpet  treat- 

ment of  concrete  roads : 
After  thoroughly  cleaning  the  surface  of 

the  concrete  of  all  dust  and  dirt  that  has 

accumulated,  and  being  assured  that  the  con- 
crete is  thoroughly  dry,  spread  evenly  over  the 

surface  from  %  to  %  gal.  of  bitumen  per 
square  yard.  If  Tarvia  is  to  be  used,  I 

would  by  all  means  recommend  the  "X"  grade. 
The  Tarvia  should  be  heated  before  spreading 

to  about  230°  F.  Immediately  after  the  bitu- 
men is  spread  it  should  be  covered  with  clean 

%  in.  gravel  or  stone  chips  and  rolled  with 
a  light  road  roller.  .After  this  course  is  spread 
and  rolled,  a  second  treatment  should  be  given 
in  the  same  manner  as  the  first,  using  the  same 
amount  of  material.  This  should  build  up 

the  coating  to  a  sufficient  thickness  to  with- 
stand the  traffic  for  a  considerable  time. 

It  has  often  been  stated  that  tar  should  be 

applied  on  very  hot  days.  This,  I  believe,  is 
not  necessary,  as  we  have  had  better  success 
when  the  temperature  of  the  air  has  been  in 

the  neighborhood  of  55  or  C0°  F.  A  good, 
clean,  dry  surface  is  more  essential  than  hot 
weather. 
The  treatment  with  a  bituminous  carpet  of 

concrete  roads  that  have  proven  defective 
through  poor  workmanship,  bad  materials, 
freezing  or  other  defects,  seems  to  be  the  most 
satisfactory  method  of  repair  in  use  at  the 
present  time.  It  will  not  build  up  the  surface 
more  than  %  in.  at  the  most.  It  acts  as  a 
cushion,  preventing  wear  on  the  concrete  and 
prolonging  the  life  of  the  pavement.  It  can 
be  applied  cheaply  and  quickly  and  does  not 
tie   up   traffic    on   the   streets    for    any    great 

length  of  time,  in  fact,  in  most  cases,  traffic 
can  be  allowed  on  the  street  all  the  time  that 
the  repairs  are  going  on. 

GENERAL     MAINTENANCE. 

Patching.— Patching  with  concrete  has  prov- 

en expensive  and  unsatisfactory,  as  it  is  neces- 
sary to  keep  traffic  off  the  patch  for  at  least 

three  weeks,  while  the  difficulty  of  properly 

caring  for  and  curing  several  widely  scattered 

patches  is  no  small  matter.  It  would  be  neces- 
sary to  cut  entirely  through  the  old  pavement 

and  square  up  the  edges  of  the  hole  before 

placing  the  patch.  It  is  very  difficult  to  secure  . 
a  bond  between  the  old  concrete  and  the  new. 

This  would  result  in  a  new  source  of  trouble, 

as  the  joint  around  the  patch  would  soon 
break  down  from  chipping,  resulting  in  new 

holes.  Experience  has  proven  that  an  unpro- 
tected joint  in  a  concrete  road  surface  will 

chip  and  wear  away  very  quickly  under  traffic. 
/oi«;.r.— When  concrete  pavements  are  prop- 

erly laid  with  proper  materials,  maintenance 
becomes  easier.  We  find  on  our  later  work 
that  it  is  only  necessary  to  maintain  joints  and 
cracks  which  occasionally  appear  and  now  and 
then  a  small  defective  spot  on  the  surface, 
which  is  usually  caused  by  a  small  lump  of 
clay  or  a  chip  of  wood  that  floated  to  the 
surface  when  the  concrete  was  poured. 
In  Milwaukee  County  we  are  filling  the 

joints  in  the  concrete  as  soon  as  the  road  is 
completed,  using  Tarvia  X  applied  hot  and 
covered  with  coarse  sand  or  fine  gravel-  Just 
enough  tarvia  is  used  to  fill  the  depression 
in  the  surface  and  extend  about  %  in.  onto 
the  good  surface.  Great  care  is  taken 
to  thoroughly  clean  the  concrete  before  pour- 

ing the  tarvia,  as  dust  or  moisture  on  the 
surface  will  destroy  the  bond  between  the 
concrete  and  the  bitumen.  We  are  using  for 
this  work  a  crew  consisting  of  1  foreman,  1 
team  and  4  laborers.  A  crew  of  this  size  will, 

under  average  conditions,  as  found  in  Milwau- 
kee County,  cover  all  the  joints,  cracks  and 

small  pits  in  from  one  to  two  miles  of  18-ft. 
road,  in  one  day  at  a  cost  of  from  $15  to  $30 
per  mile  for  labor  and  material. 

Concrete  Pavement  Design. 

To  THE  Editors  : — Engineers  have  written 

numerous  articles  during  the  past  few'  years 
concerning  concrete  pavements,  laying  stress 

on  the  importance  of  workmanship  and  ma- 
terials, and  in  their  endeavor  to  secure  the  best 

results  by  better  'workmanship  and  materials 
they  have  almost  ignored  the  more  important 
item  of  design. 

Concrete  is  subject  to  certain  laws  and  its 
behavior  has  often  been  demonstrated,  both  in 
bridge  and  building  construction.  What  are 
these  stresses  which  cause  defects  in  concrete 
pavements?  Where  are  they  applied?  How 
great  are  they?  How  may  they  be  overcome? 
These  questions  may  be  briefly  answered  as 
follows : 

Expansion  and  contraction  will  cause  trans- 
verse cracks  in  a  pavement  slab  6  ins.  thick, 

provided  the  transverse  joints  are  left  50  ft. 
apart,  for  experience  has  demonstrated  this 
fact,  and  also  the  further  fact  that  25  or  30 
ft.  is  a  safe  distance  to  space  them.  Joints 
so  spaced  and  protected  by  metal  plates  will 
free  such  a  slab  from  any  danger  of  trans- 

verse cracks  due  to  contraction  and  expansion. 
The  other  important  stresses  tending  to  pro- 

duce cracks  have  been  found  to  act  vertically. 

This  vertical  motion  is  produced  by  the  move- 
ment of  the  foundation  upon  absorbing  mois- 
ture and  again  upon  drying  out.  It  is  pro- 

duced by  the  settlement  of  the  sides  of  the 
roadbed,  where  they  are  less  compact  than  the 
center  and,  furthermore,  this  vertical  move- 

ment is  suiificient  to  cause  the  slab  to  act  as  a 
beam. 

In  every  city  may  be  found  miles  of  con- 
crete sidewalk  blocks  cracked  longitudinally, 

and  in  every  city  where  concrete  pavements 
have  been  built  there  may  be  found  a  large 
percentage  of  the  slabs  cracked  longitudinally. 
They  all  show  a  failure  along  the  center,  or, 
in  cases  of  extreme  width,  probably  ten  feet 
out  from  the  gutter  line.  Many  hundreds  of 
miles   of   such    failures,   all   of   them    similar. 

teach  but  one  thing,  i.  e.,  they  were  caused  by 
forces  acting  vertically. 

If  a  concrete  sidewalk  block  4  ft.  long,  4  ft. 

wide,  and  4  ins.  thick  does  not  crack  longi- 
tudinally, and  yet  a  block  4  ft.  long,  8  ft.  wide 

and  4  ins.  thick  does  crack  longitudinally, 
what  is  the  reason?  If  a  thousand  of  such 

blocks  crack  longitudinally,  what  is  the  rea- 
son? It  isn't  temperature  stresses,  contraction, 

expansion,  unknown  -  factor,  dished  or 
crowned  sub-base,  lack  of  reinforce- 

ment, but  simply  lack  of  strength  in  the 
slab  to  withstand  the  vertical  movements  of 
the  foundation.  In  other  words,  for  every 
width  of  slab,  a  definite  thickness  is  required. 
This  law  is  absolutely  universal  and  every 
longitudinal  crack  in  Wayne  County,  Mich., 
Iowa,  Illinois,  or  any  other  place,  could  have 

been  prevented  had  the  slabs  been  correctly  de- 

signed. It  is  a  waste  of  time  to  listen  to  the  argu- 
ment that  the  cracks  in  these  pavements  were 

not  caused  by  vertical  movements  in  the  foun- 
dation. These  facts  are  known  by  too  many 

engineers  and  yet,  notwithstanding,  we  often 

hear  the  plea  that  we  haven't  any  scientific 
knowledge  that  would  lead  us  to  expect  such 

powerful  vertical  movements  in  the  founda- 

tion. 
However,  we  know  the  force  of  the  ver- 

tical movements,  for  if  they  have  caused 
uniform  failures,  and  if  they  have  been  pre- 

vented by  a  uniform  reduction  in  width  of 
slab  to  meet  the  thickness,  we  know  all  the 
necessary  facts  required  to  correctly  design 
such  a  slab  to  withstand  such  vertical  move- ments. 

One  reason  why  engineers  have  devoted 
so  little  time  to  concrete  pavement  design  is 
that  pavements  have  been  a  gradual  growth 
from  sidewalks  and  private  driveways  and 
few  people  have  realized  that  a  concrete  slab 
for  such  purposes  requires  a  design.  Also 
another  reason  is  that  the  cement  and  steel 

people  have  designed  either  directly  or  in- 
directly many  of  the  pavements  and  year 

after  year  they  have  proceeded  with  utter  dis- 
regard  to   engineering   principles. 

The  writer  attended  the  National  Confer- 
ence on  Concrete  Roads,  held  last  February 

in  Chicago,  and  was  in  touch  with  many  of 
the  engineers  there.  It  was  observed  that 
few  came  out  with  a  frank  admission  of 
failure  in  design,  and  yet  were  more  than 
anxious  to  learn  a  means  of  building  con- 

crete pavements  without  cracks,  when  it  was 
intimated  that  such  a  thing  was  possible.  In 

an  article  published  in  Engineering  and  Con- 
tracting in  July,  1913,  by  The  Morse-Warren 

Engineering  Company  of  Carlinville,  Illinois, 
the  mathematics  of  design  was  discussed  at 
some  length,  and  a  table  presented  showing 
the  thickness  required  for  certain  widths. 

During  the  past  year,  the  correctness  of  de- 
sign outlined  therein  has  been  demonstrated 

to  numerous  engineers.  While  it  is  true  that 
in  rare  instances  a  pavement  may  be  built 
on  a  porous  foundation,  which  %yill  not  be 
subject  to  vertical  movements,  it  is  poor 
economy  to  build  any  concrete  pavement 
which  is  not  designed  to  meet  general  con- ditions. 

There  are  a  few  principles  of  design  which, 
if  followed,  will  produce  at  an  economical 
cost,  a  concrete  pavement  free  from  cracks. 

They  may  be  briefly  outlined   as   follows: 

1.  Transverse  and  longitudinal  cracks  are 

caused  by  stresses  which  are  greater  than  the 

strength  of  the  concrete. 

In  other  words,  a  slab  of  concrete,  say  4 

ft.  square  and  6  ins.  thick,  could  withstand 

the  forces  of  expansion  and  contraction  and 

the  vertical  movements  of  the  foundation, 

even  though  they  should  raise  it  several 
inches.  It  could  stand  the  shock  of  travel 

and  the  action  of  the  elements,  in  fact,  such 

a  slab  would  be   free  from   defects. 

If  it  is  possible  to  design  a  slab  free  from 

defects,  the  next  proposition  is  to  secure  an 

economical  design.  That  the  economical  slab 

is  much  greater  in  size  than  one  4  ft.  square 

has  been  often  demonstrated,  and  that  there 

is  a  definite  economical  size  of  slab  will  be 

more    fullv   explained   in   this   article. 
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2.  Vertical  movements  in  tlie  foundation  can- 
not be  ecomonically  prevented  by  additional  roll- 
ing of  the  subgrade  nor  by  drainage. 

This  principle  will  be  more  fully  under- 
stood when  it  is  known  that  some  of  the 

strongest  efforts  to  reduce  cracking  have  en- 
tirely failed  where  it  was  undertaken  to  put 

the  subgrade  in  a  permanent,  immovable,  and 
absolutely  stable  condition,  free  from  moist- 

ure, and  free  from  any  tendency  toward  fu- 
ture settlement. 

Take  for  instance  the  sub-grade  at  the  edge 
of  a  pavement  with  a  6-in.  tile  laid  4  ft.  deep 
under  that  edge.  In  our  section  of  the  coun- 

try, today,  the  entire  sub-grade  is  dry.  Now 
suppose  we  have  a  season  of  real  wet  rainy 
weather,  with  water  covering  the  ground  in 
many  places.  The  6-in.  tile  will  act  promptly 
and  proceed  to  _ carry  off  water,  but  at  the 
same  time  the  earth  at  the  sides  of  the  pave- 

ment will  have  absorbed  moisture,  causing 
it  to  swell  and  the  earth  under  the  center  of 
the  pavement  being  more  dry  will  swell  less, 
thereby  causing  unequal  movement  in  the 
foundation  and  cracks  in  the  pavement  slab. 
This  force  again  acts  when  the  earth  becomes 
drained  at  the  sides  more  quickly  than  at 
the  center. 
The  writer  has  observed  slabs  of  concrete 

absolutely  supported  by  a  longitudinal  ridge 
of  earth,  with  the  edges  of  the  slab  extended 
out  into  space,  so  to  speak,  and  acting  as  a 
cantilever. 

As  said  before,  in  this  article,  the  proof  of 
these  vertical  movements  and  the  uselessness 
of  extreme  pains  in  rolling  and  draining  have 
been  too  universally  demonstrated  not  to  be 
known   by  those   seeking   better  design. 

3.  Reinforcement  is  a  deception,  as  generally recommended. 

Several  scientific  articles  have  been  pub- 
lished in  Engineering  and  Contr.'\cting  dur- 

ing the  last  year,  calling  attention  to  the  fact 
that  any  sufficient  amount  of  reinforcement 
to  prevent  cracks  in  concrete  pavements  is 
prohibitive  in  cost ;  also  it  has  been  shown 
that  the  per  cent  of  reinforcement  now  gen- 

erally recommended  and  used  is  only  about 
one-tenth    that    ordinarily    required. 
Many  engineers  have  built  reinforced  pave- 

ments after  having  had  failures  in  plain  con- 
crete pavement  construction,  and  have  not 

taken  into  consideration  the  fact  that  they  are 
getting  better  results  in  their  later  work,  not 
with  reinforcement,  but  with  better  workman- 

ship and  material. 

A  representative  of  one  of  the  iarge  steel 
industries,  after  having  inspected  many  miles 
of  pavements,  recently  informed  the  writer 
that  he  had  at  last  given  up  the  theory  that 
concrete  pavements  were  to  be  saved  from 
cracking  by  the  use  of  reinforcement. 
The  vertical  forces  tending  to  destroy  a 

concrete  pavement  act  both  upward  and 
downward,  and  yet  some  material  men  have 
the  boldness  to  advertise  that  a  reinforce- 

ment placed  2  ins.  below  the  top  of  a  pave- 
ment will  absolutely  prevent  cracks.  If 

necessarv'  2  ins.  below  the  top  it  is  equally 
as  necessary  2  ins.  above  the  bottom,  but  the 
point  to  be  made  here  is  that  all  such  so 
called  reinforcement  is  not  reinforcement  at 
all;  never  was  figured  to  be;  and  never  can 
be  anything  but  an  extravagance  and  a  de- 
ception. 

4.  For  a  given  thickness  of  slab,  with  good 
workmanship  and  material,  a  definite  width  is 
required.  The  limit  of  width  tor  a  6-in.  slab, 
1:1%:3  mtx,   is  10  to  13  ft.. 

In  every  city  you  will  find  concrete  pave- 
ments with  longitudinal  cracks,  where  the 

width  is  any  greater  for  the  thickness  than 
that  mentioned. 

5.  It  is  economical  to  make  a  longitudinal 
Joint  in  a  pavement  slab  rather  than  increase 
the  thickness  where  the  width  is  increased. 

If  6  ins.  is  ample  to  give  strength  and 
durability  sufficient  for  travel,  it  is  poor 
economy  to  make  the  pavement  any  thicker 
simply  to  have  a  continuous  beam  or  slab 
across  the  roadway.  Such  a  longitudinal 
joint  should  be  protected  by  a  metal  plate 
now   manufactured   for  that   purpose. 

6.  A  joint   in   a   concrete   pavement,    properly 

protected  and  covered  by  a  metal  plate,  is  not  a 
weakness. 

Engineers  have  in  recent  years  thrown  up 
their  hands  in  horror  at  the  idea  of  a  joint 
down  the  center  of  a  concrete  pavement. 
The  facts  are  that  today  thousands  of  tax- 

payers are  throwing  up  their  hands  in  "holy 
horror"  at  the  joints  in  their  pavements — 
joints  not  planned,  either,  and  not  protected 
by  metal  plates — iDUt  joints  which  are  un- 

sightly, damaging,  and  irregular,  and  each 
year  a  growing  expense  to  maintain.  As  sug- 

gested a  year  ago  in  one  of  our  leading  en- 
gineering magazines,  longitudinal  joints  are 

not  to  be  avoided;  they  are  an  absolute  struc- 
tural  necessity. 

7.  A  factor  of  safety  should  be  allowed  in  de- 
sign. 

Every  pavement  should  be  designed  to  meet 
average  conditions,  not  ideal  conditions.  The 
methods  of  design  herein  outlined  will  pro- 

duce a  concrete  pavement  free  from  cracks — 
a  pavement  costing  much  less  per  mile  than 
now  recommended  by  engineers,  and  a  pave- 

ment which  contractors  will  with  safety 
guarantee  against  cracking  for  a  five-year 

period. The  attempt  is  frequently  made  to  belittle 
the  importance  of  cracks  and  to  refer  to 
them  as  of  slight  expense  to  maintain,  but 
to  those  who  will  read  the  proceedings  of  the 
National  Conference  on  Concrete  Roads,  held 
in  Chicago,  the  attention  given  them  will  be 
appreciated.  And  yet  with  all  the  time  de- 

voted at  the  conference  to  this  topic,  there 
was  no  effective  remedy  agreed  upon. 
One  of  the  leading  engineering  journals  in 

commenting  upon  the  results  of  the  con- 
ference advises  its   readers  as   follows : 

"Tradition  is  adhered  to  in  design  and  in  con- 
struction methods  and  material,  in  subgrade 

construction,  expansion  joints,  and  in  mixing, 
placing  and  curing  the  concrete  slab.  This  is 
wholly  natural  and  proper  and  it  lends  emphasis 
to  the  few  new  thoughts  of  attraction  for  the 

more  expert." 
It  is  the  belief  of  the  writer  that  the  design 

of  concrete  pavements  and  the  proper  pro- 
tection of  a  longitudinal  joint  down  the  cen- 

ter of  the  pavement  should  now  receive  the 

attention  of  the  "more  expert,"  and  that 
present  knowledge  of  construction  chould  be 
classified,  with  the  thought  in  mind  that  con- 

crete pavement  design  be  reduced  to  a  science. 
W.  D.  P.  Warren, 

3.31   Citizens  Title  &  Trust   Bldg., 
Decatur,   Illinois. 

Results  of  French  Experiments  on  the 
Transmission  of  Pressure  Through 

Macadam  to  the  Subgrade. 
The  following  notes  on  the  transmission  of 

pressure  through  macadam  to  the  subgrade 
were  made  by  W.  de  H.  Washington  in  the 
last  annual  report  of  the  New  York  High- 

way  Commission : 

French  tests  on  the  amount  of  pressure  ex- 
erted through  the  road  on  the  subgrade  by  a 

wheel  load  of  4  tons,  with  a  5%-in.  tire  give 
the  following  results : 

On  macadam  alone: 
Thickness    of    crust, 

inches            1.97     3.94     5.91     7.87  11.81 
Pressure      on      sub- 

soil, lbs.  per  sq.  in.  102.5     47.7     27.4     17.4       9.1 
On   foundation 

alone: 
Foundation   thick- ness,  inches       5.91     7.81   11.81 
Pressure  on  sub- 

soil,  per  sq.   in   56.0     37.4     20.7 
On  combined  foundation  and  macadam: 

With       foundation 
thickness,  of,  ins         5.91     7.87     9.84  11.81 

3.94  in.  of  stone,  pres- sure on   subsoil,  in 
lbs.,    sq.    in       19.3     14.7     12.6     10.2 

5.91  in.  of  stone,  pres- 
sure on  subsoil,  in 

lbs.,    sq.    in       13.2     10.9       9.1       7.7 
7.87  in.  of  stone,  pres- sure on  subsoil,  in 

lbs.,    .sq.    in         9.7       S.2       6.8       6.1 

The  pressure  on  the  subsoil  through  a  12-in. 
bed  of  simple  macadam  is  apparently  the  same 

as  the  pressure  through  a  6-in.  bed  of  macad- 
am laid  over  a  10-in.  stone  foundation. 

It  is  considered  that  poor  soil  requires  at 
least  a  12-in.  macadam  layer  or  its  equivalent. 

Cost  of  Tree  Planting  in  Queen  Victoria 
Park,  Canada. —  The  report  of  the  Commis- 

sioners of  Queen  Victoria  Niagara  Falls  Park 
states  that  in  connection  with  the  planting  op- 

erations an  experiment  was  started  on  the  sec- 
tions of  stiff  clay  where  the  ordinary  methods 

were  likely  to  prove  unsuccessful,  the  soil  be- 
ing so  impervious  as  to  prevent  drainage, 

proper  aeration,  and  the  ramification  of  roots. 
Holes  dug  with  the  spade  were  useless  and 
dynamiting  was,  therefore,  resorted  to,  the 
40  per  cent  grade  being  used.  Fissures  for 
drainage  and  aeration  were  thus  opened,  and 
the  soil  shattered,  although  not  actually 
ejected.  The  data  relative  to  the  foregoing 
experiment  will,  when  published,  be  interesting 
crease  on  maintenance,  for  as  the  trees,  thrubs 
and  lawns  approach  maturity  they  must  be 

properly  cared  for,  otherwise  dilapidation  v,'.l\ work  of  ornamentation  in  sight,  the  exoendi- 

ture  will  decrease  on  capital' account,  and  in- and  instructive.  For  tree  planting  purposes 
considerable  quantities  of  soil  were  filled  into 
the  dynamited  holes  to  afford  a  rooting 
medium  until  the  surrounding  area  will 
through  cultivation  and  aeration  be  brought 
mto  a  fertile  condition.  The  approximate 
cost  of  constructional  operations  and  items  are 
as  follows : 
Item.  Coat. 

Filling,    grading,    harrowing   and    seed- 
ing during  the  year  1913   $14,000.00 

Four  miles  were  completed,  the  cost  per 
mile   being          3,500.00 

Planting,  staking,  mulching  and  prun- 
ing trees        3,000.00 

Trees   (2,000  planted)       1,000.00 
Average  cost  of  established  tree    2.00 
Initial  cost  of  each  tree    .50 
Four  miles  of  boulevard  were  planted, 

the  average  cost  of  ornamentation  per 
mile  being  $4,500.  or  a  total  of  4  miles 
of      18.000.00 

For  the  year  1913  the  cost  of  maintenance 
of  the  sections  ornamented  in  previous  years 
amounted  to  $1,800.  This,  however,  must  not 
be  used  as  a  criterion  of  the  cost  of  subse- 

quent years  as  with  the  completion  of  the ensue. 

Civil  Service  Examination  for  County 
Road  Supervisors  in  Wisconsin. — Civil  ser- 

vice examinations  have  been  conducted  by 
the  state  highway  department  of  Wisconsin  in 
various  counties  during  the  past  month.  The 
county  boards  are  required  to  hire  one  of  the 
two  highest  eligibles  for  highway  commis- sioner. 

The  points  on  which  the  examinations  are 
graded   are  as   follows : 

Physical  ability,  industry,  sobriety,  10 ;  gen- 
eral education,  6;  knowledge  of  mathematics 

and  computations.  10;  knowledge  of  state 
highway  law,  4;  business  experience  and 
ability,  10;  personality  and  indications  of  lead- 

ership, 12;  familiarity  with  county,  4;  engin- 
eering and  surveyjng,  8 ;  experience  in  road- 

building  and  work  of  allied  nature,  20;  ex- 
perience in  selecting  and  handling  stone  and 

gravel,  6 ;  experience  with  heavy  machinery, 
4;  culvert  and  bridge  construction,  6. 

Candidates  for  the  examinations  need  not 
necessarily  be  residents  of  the  county,  or  even 
of  the  state. 
The  standings  of  candidates  who  pass  the 

tests  are  submitted  to  the  county  clerk.  No 
candidate  is  eligible  who  has  a  standing  of 
less  than  70  per  cent. 

Wood  Block  Paving  in  Honolulu. — Wood 
paving  block  is  specified  by  the  Departmeent  of 
Public  Works  of  Honolulu,  as  one  of  five 
kinds  of  paving  that  may  be  laid  in  Honolulu 
streets.  Approximately  100,000  Douglas  fir 
blocks  have  been  laid  in  the  city  streets.  The 
size  of  block  that  is  thought  best  adapted  is 
.3x4x4  ins.  A  bid  submitted  by  a  contractor 
during  the  middle  of  October,  1914,  named 
$1,962  per  square  yard  for  Douglas  fir  blocks, 
furnished    and    placed,    including    foundation. 
Ohia  also  has  been  used  for  paving  block 

and,  being  a  native  wood,  has  probably  been 
favored.  No  large  amount  of  wood-block 
paving  remains  to  be  done  in  Honolulu,  but 
much  will  be  done  in  the  future  in  the  next 

largest  city,  Hilo. 
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Standard      Small      Culverts      Recom- 
mended by  the  Illinois  Highway 
Commission. 

The  drawings  shown  on  this  page  are  pre- 

pared from  standard  phins  used  by  the  Illi- 

nois Highway  C'onimi-sion,  CHfFord  Older, 
bridge  engineer.  The  tables  give  the  quanti- 

ties of  materials  required.  The  drawings  and 

tables  are  self-explanatory . 

A_H.-\LF    ROUND    PRIVATE  ENTRANCE 
DITCH  CROSSINGS. 

Roadway,  Roadway, 
Radius,                              12    ft.  16  ft. 

Cu.    yds.  Cu.  yds. 
Ft.  Ins.                        concrete.  concrete. 
r     0"                 1.67  2.18 
r     4"                 1.82  2.38 
2'     0"                2.91  3.80 
2'     6"                 3.53  4.61 

C— SPAN  OF  2  TO  10  FT..   ROADWAY   30  FT. 
j:  * 
o  y 
u  u 
rt  CO  m  • 

£        -5         °  °  I-         .-         -  & 

£      I      2  1      2  1       ll    |S    SS       «=■ 
24  12  6  6  6  8  10  6.7 
32  16  6  6  6  10  12  8.9 
48  24  6  8  6  13  14  13.7 
60  30  7  8  6  16  16  18.4 
72  36  7  10  6  18  18  23.2 

96  48  8  10  6  23  24  So..'; 
120  6U  8  12  6  28  27  49.0 

B— DITCH   CROSSINGS  FOR   PRIVATE  ENTRANCES. 

Size,  ft. 

r  6"  X  2'  0". 
1'  6"  X  3'  0". 

2'  0"  X  3'  0". 

2'  6"  X  3'  0". 

2'  6"  X  4'  0". 

3'  6"  X  4'  0". 

4'  0"  X  5'  0". 

No, 

of  bars. 

-Roadway, 

-Steel.   

Length.  Lbs. 

[24 

2 

'24 
'24 

3 

'24 

3 

'24 

4 

'24 

4 

'24 

2'  6" 
11'  6" 

3'  6"
' 

11'  6" 3'  6"^ 

11'  6" 3'  6" 

11'  6" 4'  6" 

11'  6" 4'  C" 

11'  6" ?.'   6" 

11'  6"  J 

71 

100 

100 100 

131 

131 

100 

Concrete. Cu.  yds. 

1.79 

2.30 

2. SO 

3.05 4.13 

4.73 

5.40 6. 28 

No. of  bars. 

32 

3 

32 

3 

32 

3 

32 

4 

32 

4 

32 

5 

-Roadway.  16  ft.- -Steel.   > 

Length.  Lbs. 

2'
 

6"
 

111' 

«"  J 

6"1 

3' 

15' 

K" 

3'
 

6" 

15' 

6"
 

3'
 

6"
 

15' 

6" 

4'
 

6"
 

15' 

6" 

4'
 

6" 

15' 

6"
 

5'
 

6" 

15" 

6"  J 94 

134 
134 

134 

175 

175 

215 

Concrete. 

Cu.  yds. 
2.26 

2.97 3.61 

3.95 

5.09 

5.84 6.66 

7.76 

D— BOX  CULVERTS-6  TO   10-FT.   SPAN,    ROADWAY  30  FT 

Span, 
ft. 

6 

10 

^-Head  walls.— .^ 
  Reinforcing , Plain 

Reinf. Clearance, 
ft. 

Length,     Base, 
ft.              ins. Letter. No.         Size. Length. 

Weight, 

lbs. 
cu.  yds. cu.  yds 

3V4 

20                 22 a 
h 

1S4             1/2"* 12             %" 

7'  9" 

17'  0" 

1.3S5 

22.5 
11.9 

5 24                 28 a 
b 

184             %" 

12    ,         %" 

7'  9" 17'  0" 

1,385 
35.9 11.9 

4 22                 24 a 
b 

1S4             %" 
14             %" 

S'  9" 
17'  0" 

1,570 
26.9 

13.4 

5^ 

27                 30 a 
b 

1S4             W 

14             %" 

8'  9" 

17'  0" 

1,570 

42.5 

13.4 5 26                 28 a 

b- 

1S4              %" 
16              Vs" 

9'  9" 

17'  0" 

2.610 
37.1 14.8 

6% 

31                34 a 
b 

1S4              v," 
16              %" 

9'  9" 

17'  0" 

2,610 
56.1 14. S 

5'/2 

2D                  30 a 
b 

184              %" 

IS              %" 

10'  9" 

17'  0" 

2,S85 

43.9 

16.3 
7 33                 36 a 

b 

1S4              %" 
IS              V4" 

10'  9" 
17'  0" 

2,885 

63.3 16.3 

6  V. 
33                 34 

1S4              %" 

11'  9" 

17.3 

h 

20              %" 

17'  0" 

3,160 

57.6 
8 37                 40 

a. 

b 
1S4              %" 

20             ¥•" 

11'  9" 

17'  0" 

3.160 

SO. 2 
17.8 

•Square. 

,— Head  walls. - Span,  Clearance,  Length,     Kase, 

E— BOX  CULVERT  1  TO  5-FT.   SPAN. 
■  Roadway   30   ft.  —   ^       ,   — Roadway  24  ft. 

-Reinforcing  steel.- 

ft. 
1 

2 

2 

3 

3 

4 

4 

ft. 

1 
ft. 

IVi 

10 
0 11 

2 
12 

2'i 
13 

2 
13 

16 

3 17 

4 20 

•Square. 

Ins. 
10 

12 

14 14 

16 11 

18 18 

22 

Letter. No. 
100 

4 100 

4 

100 4 
100 

6 
100 

6 

100 8 100 

8 

ion 10 

mo 

10 

Size. 

w 

w 

■A" 

Length. 

2'  3" 

13'  6" 3'  3" 

13'  6" 3'  3" 

13'  6" 4'  3" 
13'  6" 
4'  3" 

13'  6" 
5'  3" 

13'  0" 

5'  3" 
13'  6" 6'  3" 

13'  6" 6'  3" 
13'  6" 

Weight,     Cone, 
lbs.     cu.  yds. 

-Reinforcing  steel. 

240 

320 

430 

430 540 

540 650 

650 

8.9 

10.7 

12.0 

13.3 

18.3 

19.7 

26.3 

Letter, 

a 
b 

No. 

124 
4 

124 
4 

124 
4 

124 
6 

124 
6 

124 
8 

124 
S 

124 
10 

124 
10 

Size. 

%"• 

%" %" 
V4"

 

%" 

V2"
 

%" 

%" %" %" 

Length. 

2'  3" 

16'  6" 3'  3" 
16'  6" 3'  3" 

16'  6" 4'  3" 

16'  6" 

4'  3" 

16'  6" 5'  3" 

16'  6" 
5'  3" 

16'  6" 
6'  3" 

16'  6" 6'  3" 

16'  6" 

^     Plain Weight,     cone, lbs.      cu.  yds. 

293 
399 

399 

532 

532 

665 

665 

799 
799 

4.01 

6.43 

8.37 
S.75 

10.95 

9.12 

14.52 

14.94 
21.82 

Keinf. 

cone. 

cu.  yds. 2.59 

3.70 

3.70 

4.S2 
4.S2 5.93 
5.93 

7.04 
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The  Contractor  and  Management  En- 
gineering. 

Close  attention  to  technical  literature  in 

recent  years  has  given  the  editor  the  impres- 
sion that  there  is  a  growing  sentiment  on  the 

part  of  engineers  in  favor  of  the  day  labor 
as  opposed  to  the  contract  system  of  handling 
public  works  construction.  This  trend  is  due, 

largely,  to  a  desire  to  save  the  contractor's 
profit.  Much  of  the  reasoning  in  this  con- 

nection is  fallacious,  as  we  have  many  times 
pointed  out.  Whether  the  trend  mentione:l 
is  for  the  ultimate  public  good  or  not  its  im- 

mediate effect  should  be  to  put  the  contractor 
(in  his  mettle.  It  indicates  the  extreme  de- 

sirability of  reducing  contract  prices,  in  some 
localities  at  least,  and  this,  of  course,  will 
necessitate  the  reduction  of  costs  to  the  con- 

tractor. This,  in  turn,  will  call  for  the  more 
general  adoption  by  contractors  of  the  prin- 

ciples of  scientific  management  or,  as  we 
prefer  to  call  it  in  this  field,  of  management 
cn,gineering. 

In  this  issue  we  publish  an  article  which 
describes  the  results  of  applying  the  princi- 

ples of  management  engineering  to  the  clean- 
ing of  filter  sands  at  the  several  slow  sand 

water  filtration  plants  in  the  city  of  Phila- 
delphia. This  kind  of  work  is,  of  course, 

usually  done  by  day  labor,  but  the  contractor 
reader  will  find  much  of  interest  in  the  arti- 

cle to  which  we  refer.  How^ever,  it  is  the 
introductory  paragraph  of  the  full  paper,  from 
which  our  article  is  taken,  that  we  desire  here 
to  call  to  the  attention  of  contractors.  The 
paragraph  follows: 

Efficiency  in  municipal  government  will  come 
about  only  as  the  work  in  the  various  depart- 

ments is  put  on  a  basis  which  gives  each  man, 
from  the  common  laborer  up  to  the  skilled  arti- 

san and  clerk,  a  well-defined  task  to  do  in  a 
given  time,  with  a  definite  reward  for  its  ac- 

complishment. Under  the  ordinary  methods  of 
handling  city  work  it  is  cheaper  where  there  is 
fair  competition  to  let  work  by  contract  than  to 
handle  it  by  day  labor.  With  an  effective  sys- 

tem that  eliminates  not  merely  favoritism,  but 
also  presents  a  definite  incentive  for  each  man 

to  do  a  fair  day's  work,  a  city  may  save  the 
contractor's  profit,  employ  its  own  force  of  city 
men,  and  avoid  one  of  the  largest  sources  for 
mulcting  a  city  treasury  through  collusion  be- 

tween the  city  officials  and  contractors. 

The  paragraph  quoted  relates  to  mainte- 
nance and  operation  as  well  as  to  construc- 
tion. Very  likely  the  introduction  of  set 

tasks,  piece  work  and  the  bonus  system  of 
payment  will  do  much  to  promote  economy 

and  efficiency  in  the  maintenance-  and  opera- 
tion of  city  works  and  in  doing  the  work  of 

city  departments ;  we  are  not  at  present  con- 
cerned with  these  matters.  Moreover,  we 

agree  with  Mr.  Thompson  that  "under  the ordinary  methods  of  handling  city  work  it  is 

cheaper  where  there  is  fair  competition  to  let 
work  bv  contract  than  to  handle  it  by  day 

labor."  "The  point  in  the  quotation  of  particu- lar interest,  however,  is  the  expressed  belief 
that  with  an  effective  day  labor  system,  of 
handling  construction  work,  which  presents  a 

definite'incentive  for  each  man  to  do  a  fair 
day's  work,  the  city  may  save  the  contractor's 
profit.  There  is  truth  in  this  also,  for  obvi- 

ously day  labor  plus  management  engineering 

is  niore  "likely  to  produce  good  work  at  low 
cost  than  is  "day  labor  alone.  On  the  other 
hand,  it  is  equally  true,  and  this  is  the  point 

we  wish  to  emphasize,  that  the  contract  sys- 
tem plus  management  engineering  is  better 

than  the  contract  system  alone. 

In  general,  we  believe  in  the  greater  econ- 
omy of  the  contract  system  as  opposed  to  the 

day  labor  system.  This  belief  is  not  based 
so  much  on  comparative  figures,  although 
these  when  truly  comparable  show  to  the  ad- 

vantage of  the  contract  system  in  a  large 

majority  of  cases,  as  on  the  principles  in- 
volved. The  day  when  the  city  officials  and 

employes  will  have  the  same  incentive  that 
the  contractor  now  has  may  come,  but  as  yet 
it  is  an  uncertain  but  long  distance  in  the 
future.  The  contractor  now  has,  in  full  meas- 

ure, the  money  incentive  and  the  mcmey  men- 

tioned is  his  money,  not  the  city's.  This  in- centive is  so  much  greater  than  is  likely  ever 

to  be  held  out  to  a  city  official  that  we  be- 
lieve that  the  contract  system  will  always  be 

more  economical  than  the  day  labor  system, 
provided  that  the  contractor  is  as  good  a 
manager  as  the  engineer  representing  the  city 
on  a  day  labor  project. 
As  we  view  the  matter  the  contractor  is 

now  confronted  with  the  necessity  of  lower- 
ing his  prices  and  this  means  he  must  lower 

his  costs.  Hte  must  lower  his  prices,  in  the 

first  place,  on  account  of  the  ever-present 
and  always-strong  competition,  actual  or 
potential,  of  the  day  labor  system.  .Advocates 
of  the  latter  system  sometimes  succeed  in 
making  it  appear  to  better  advantage  than 
the  contract  system  by  means  of  more  or 
less  frenzied  bookkeeping.  This  is  a  condi- 

tion with  which  the  contractor  must  contend. 
Even  thougli  the  present  run  of  contract 

prices  should  be  maintained,  it  is  incumbent 
upon  the  contractor  to  reduce  his  costs.  This 
point  was  well  brought  out  in  the  article  on 
water  works  valuation  published  in  our  issue 

of  December  16.  Speaking  of  over-head 
charges  allowed  for  by  the  experienced  manu- 

facturer, the  author,  Mr.  J.  W.  Ledoux,  said: 
The  same  principle  applies  to  a  general  con- 

tractor of  waterworks;  pipe,  trenching,  lead, 
yarn  and  labor  are  only  part  of  the  actual  cost 
to  the  contractor.  He  has  his  plant  to  main- 

tain, his  managing  force,  his  office  and  prac- 
tically must  consider  the  same  items  as  are  in- 

cluded in  the  estimate  of  a  skillful  manufac- 
turer, and  that  he  does  not  include  such  items 

is  proved  by  the  fact  that  it  is  only  a  question 
of  time  before  nearly  all  these  waterworks  con- 

tractors become  bankrupt. 

The  tendency  to  report  only  the  physical 
costs,  labor  and  material,  plus  the  expense 
of  direct  supervision,  by  advocates  of  the  day 

labor  system,  probably  prompts  some  con- 
tractors to  approximate  the  same  faulty  meth- 

od of  estimating  preparatory  to  making  bids. 
The  temptation  to  figure  in  this  slip-shod 
manner  is  no  doubt  augmented  by  the  neces- 

sity of  keeping  down  the  bidding  price  to 
where  there  is  a  fair  chance  of  obtaining  the 
work.  The  hard  fact  remains,  however,  that 

the  contractor  must  allow  for  extra  and  over- 
head expenses  of  all  kinds  or  eventually  fail. 

as  Mr.  Ledoux  points  out. 
In  the  foregoing  the  disadvantages  under 

which  the  contractor  operates  are  considered 
and  but  for  a  single  saving  advantage  one 
might  almost  conclude  that  the  business  of 

contracting  will  always  be  one  in  which  finan- 
cial disaster  eventually  overtakes  the  majority 

of  those  who  engage  in  it.  The  saving  ad- 
vantage is  that  the  contractor  has  only  hirn- 

self  to  convince  before  adopting  the  princi- 

ples of  management  engineering  on  his  con- struction work.  In  view  of  the  fact  that  in 
this  wav  only  can  he  make  enough  profit  to 
enable  him  to  continue  in  the  business  indefi- 

nitely, he  ought  to  be  easily  convinced. 

In  closing,  just  a  word  as  to  Mr.  Thomp- 
son's statement  to  the  effect  that  the  contract 

system  facilitates  the  debauching  of  the  pub- 
li"c  treasury.  It  is  really  necessary  to  go 
farther  back   than  that   in   the  eradication   of 

573 

graft.  Bad  morals  are  very  elastic  and  read- 
ily adjust  themselves  to  changes  in  forms  of 

government  or  to  changes  in  the  methods  of 
administering  the  public  affairs.  The  disposi- 

tion to  graft  is  the  thing  to  eradicate  and  not 
the  chance  vehicle  of  the  grafter.  Where  city 
officials  or  employes  are  dishonest  they  can 

graft  quite  as  readily  under  one  plan  of  do- 
ing public  work  as  under  another.  For  in- 

stance, while  writing  the  foregoing,  a  con- 
tributed article  was  handed  to  the  writer.  It 

tells  how  the  municipally  owned  water  works 
in  one  of  our  large  cities  checks  its  payrolls. 
The  plan  of  checking  was  devised  following 
''the  betrayal  of  his  trust  by  a  foreman  of  a 
construction  gang  by  a  method  of  juggling 

his  payroll  returns." 
The  Engineer  and  the  Public. 

In  this  issue  we  publish  two  articles  of  ex- 
ceptional merit  pertaining  to  the  relations 

which  now  exist  and  those  which  should  exist 
between  the  engineer  and  the  public.  Engi- 

neers have  long  complained  of  a  lack  of  .appre- 
ciation of  their  services  on  the  part  of  the  pub- 

lic. They  have  also  complained  of  poor  sal- 
aries and  other  things  which  spring  directly 

from  this  lack  of  mutual  understanding  be- 
tween themselves  and  the  public.  The  .belief 

is  rapidly  growing  that  the  engineer  has 
only  himself  to  blame  that  conditions  are  as 

they  are,  and  plans  for  the  promotion  of  a  bet- 
ter understanding  are  beginning  to  take  defi- 
nite form.  The  article  on  the  publicity  work 

of  the  Cleveland  Engineering  Society  describes 
the  various  publicity  measures  employed  by 
that  progressive  body  during  the  past  two 
years  and  outlines  the  results  effected. 

The  fact  that  the  Society  mentioned  readily 
secured  the  co-operation  of  the  local  news- 

papers in  its  publicity  work  is  a  fact  of  the 
highest  significance.  Engineers  have  often 
wondered  why  the  large  dailies  pay  so  little 
attention  to  matters  of  an  engineering  nature. 
If  we  may  judge  from  the  statement  of  the 
managing  editor  of  one  of  the  Cleveland 
papers  the  explanation  of  this  condition  of  af- 

fairs is  exceedingly  simple.  He  said  engineer- 
ing news  does  not  ordinarily  get  into  the  news- 

papers for  the  reason  that  the  average  reporter 
lacks  the  technical  knowledge  to  handle  it  sat- 

isfactorily. The  Cleveland  papers  gladly  ac- 
cepted for  publication  publicity  matter  prepared 

for  that  purpose  by  a  committee  of  the  Society. 
While  probably  the  most  important  educa- 

tional agency  in  this  connection  is  the  news- 
paper there  are  other  a.gencies  for  the  popular- 

izing of  engineering.  These,  also  are  described 
in  the  article  mentioned.  Engineerin.g  society 
members  and  workers  will  no  doubt  be  inter- 

ested to  note  that  the  publicity  measures  at 
Cleveland  had  a  direct  effect  upon  engineers 
as  well  as  laymen.  This  is  conclusively  shown 
by  the  fact  that  the  membership  increased  over 
50  per  cent  in  two  years.  This  is  a  truly  re- 

markable growth  in  a  society  more  than  30 
years  old.  It  indicates  that  there  are  many 
engineers  who  hold  to  the  view  that  it  is  high 

time  that  engineerine-  societies  should  broaden 
their  field  of  activities. 
The  other  article  relates  to  the  education  of 

the  public  in  municipal  engineering  matters. 
In  view  of  the  fact  that  engineers  have  a  pro- 

nounced tendency  to  commiserate  with  each 
other  when  discussing  their  relations  with  the 
public  the  two  following  sentences  from  the 

second  article  are  refreshing:  "I  am  not  one 
of  those  who  feel  that  all  our  short-comings 
are  'the  fault  of  the  oeople.''  I  would  rather 
assume  my  share  of  the  responsibility  for  con- 

ditions as  they  are  and  then  join  with  my  pro- 
fessional associates  and  the  community  at  large 

in  bettering  them." 
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The  Engineer  and  Publicity,  with  Spe- 
cial   Reference    to    the    Publicity 

Work  of  the  Cleveland  Engi- 
neering Society. 

People,  generally,  are  interested  in  the 
work  of  engineers.  The  public  wants  to 
know  of  advance  in  engineering  science  and 
also  what  men  make  it  possible.  There  is 
also  a  general  desire  to  give  credit  where  it 
belongs.  There  is  also  a  duty,  on  the  part 
of  engineers,  to  give  the  public  dependable 
technical  information.  The  ordinary  news- 

paper uses  the  same  reporter  to  write  about 
crime,  politics,  sport,  invention  and  tech- 

nical achievement.  An  editor  of  a  Cleveland 
daily  paper  once  expressed  the  opinion  that 
one  reason  why  news  of  an  engineering  na- 

ture does  not  .get  into  the  daily  papers  is  be- 
cause the  ordinary  reporter  has  not  the  tech- 
nical knowledge  to  handle  it. 

The  public  and  the  engineering  profession 
liave  something  to  exchange  and  both  sides 
will  receive  substantial  benefit  in  the  exchange. 
The  profession  will  find  itself  in  a  better  po- 

sition by  having  the  public  appreciate  the  im- 
portant service  it  is  rendering;  the  public 

will  find  itself  deeply  interested  in  the  infor- 
mation we  are  able  to  give,  because  it  ad- 
vances public  welfare.  Here.  then,  are  the 

two  elements  of  a  bargain.  This  subject  was 
discussed  by  Mr.  C.  E.  Drayer,  chairman  of 
the  Publicity  Committee  of  the  Cleveland  Eln- 
gineering  Society  in  a  paper  before  the  an- 

nual meeting  of  the  American  Society  of 
Mechanical  Engineers.  The  following  para- 

graphs are  from  that  paper : 
PfBLIClTY     WORK    IN    CLEVELAND. 

Let  us  review  the  publicity  work  of  the 
Cleveland  Engineering  Society,  extending 
now  over  a  period  of  two  years.  Our  experi- 

ences there  are  the  same  as  might  be  expected 
in  any  similar  situation.  Our  first  step  was 
to  get  acquainted  with  the  managing  editors 
of  the  two  leading  papers  in  the  city.  They 
were  told  that  the  society  had  about  500  mem- 

bers, many  of  whom  are  at  the  head  of  large 
undertakings  on  which  the  growth  and  pros- 

perity of  the  city  depend.  They  were  told 
that  the  society  stood  ready  to  co-operate  with 
them  in  obtaining  such  engineering  news  as 
would  be  of  interest  to  the  community.  We 
were  assured  that  the  newspapers  welcomed 
our  assistance,  and  were  advised  to  have  the 
society  try  being  its  own  reporter. 

If  so  happened  that  the  outcoming  issue 

of  the  society's  journal  contained  the  report 
of  a  special  committee  on  technical  education 
in  Cleveland.  Naturally,  a  large  number  of 
people  in  the  city  were  interested  in  what 
engineers  had  to  say  about  their  technical 
schools.  .Abstracts  to  make  about  three-quar- 

ters of  a  column  were  written,  ready  to  set 
in  type,  and  were  handed  to  the  editors  of  the 
two  morning  papers.  They  were  printed  with- 

out alteration.  A  third  paper  printed  its  own 
abstract  and  an  editorial.  If  the  committee 
had  something  to  say  which  the  public  woula 
be  benefited  in  knowin.g.  surely  200,000  papers 
with  authentic  information  was  a  better  me- 

dium than  the  1,500  copies  of  The  Journal 
read  largely  by  technical  men. 

.Another  subject  of  great  interest  to  the 
public,  although  it  might  not  appear  so  from 

the  title,  was  discussed  in  R.  H.  Fernald's 
paper  on  The  Relation  of  the  Gas  Producer 
to  Low-Grade  Fuels  and  Concentration  of 
Power  at  the  Mines.  When  an  abstract  ap- 

peared in  the  paper  on  the  Sunday  following 
the  lecture,  it  was  headlined  as  shown  in  the 
accompanying    bold-face    type. 

Reference  to  the  paper  printed  in  the  Jour- 
nal of  the  Cleveland  Engineering  Society  will 

bear  out  the  assertion  that  the  headlines  do 
not  exaggerate  the  statements  made  by  Dr. 
Fernald.  Our  task  was  merely  to  make  news 
of  plain   facts.     To  the  citizens  of  any  large 
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industrial  center  like  Cleveland,  smoke  elim- 

ination and  fuel  conservation  are  mighty  live 
questions.  News  is  the  turning  of  facts  and 
ideas  into  interesting  reading. 

Probably  the  largest  service  to  the  com- 
munity performed  by  the  publicity  committee 

of  the  Cleveland  Society  was  the  publishing 
of  14  inspirational  articles  by  prominent  local 
engineers  on  Engineering  as  Life  Work.  The 
articles  appeared  on  successive  Sundays  in 
the  magazine  section  of  a  local  paper.  Be- 

neath the  title  of  each  was  an  editor's  note 
stating  the  purpose  of  the  series  and  that  they 
were  published  under  the  auspices  of  the  so- 

ciety. Among  the  contribiitors  were  two  past- 
presidents  of  The  American  Society  of  Me- 

chanical Engineers  and  a  past-president  of 
the  American  Railway  Engineering  Associa-. 
tion.  The  theme  of  the  series  was  to  tell  the 
young  man  about  to  choose  life  work  what  is 
before  him  in  the  various  branches  of  the 
engineering  profession.  Besides  appearing 
in  the  local  paper,  most  of  them  were  pub- 

lished in  the  Scientific  American  and  the  Case 
Tech.  the  student  publication  of  Case  School 
of  Applied  Science.  Some  appeared  in  other 
periodicals  over  the  country.  A  young  immi- 

grant wTote  to  one  of  the  contributors  and 
asked  for  permission  to  translate  his  paper 
into  French  and  Russian  to  send  to  those 
countries. 

PRODUCER-GAS  TO 
ELIMINATE  SMOKE 

AND  SAVE  FUEL 

United     States     Engineer     of     Mines     Tells 
Local  Society  of  Broad  Conservation 

Plan. 

MILLIONS  OF  TONS  OF 

COAL  WASTED  YEARLY 

Production    of    Gas    at    Mines    from    Coal 
Now  Unmined  Would  Solve 

Problem. 

While  we  might  multiply  instances  like  the 
above  where  our  work  was  distinctly  a  service 
rendered  the  public,  we  shall  pass  to  an 
enumeration  of  the  tangible  benefits  to  the 
society  and  to  ihe  profession  growing  out  of 
the  publicity  work. 
A  higher  standing  in  the  estimation  of  the 

l)copIe  and  of  those  in  authority  in  the  affairs 

of  the  community  is  one  gain.'  In  Cleveland, the  co-operation  of  the  society  is  usually 
sought  in  the  solution  of  questions  of  public 
welfare  were  engineers  are  qualified  to  speak. 
To  cite  an  instance,  the  Civil  Service  Commis- 

sion early  in  the  present  year  asked  the  so- 
ciety to  assist  it  by  taking  charge  of  the  prep- 

.;iration  and  marking  of  papers  for  engineer- 
ing positions.  The  first  request  was  for  ten 

examinations,  and  the  results  to  both  the  Com- 
mission and  to  the  society  were  very  gratify- 

ing. The  Commission  secured  the  service  of 
experts  at  no  cost  to  the  citv,  but  which  were 
worth  more  than  it  had  available  funds  to 
employ.  The  secretary  of  the  Commission 
told  u.s  that  the  candidates  were  satisfied  with 
the  fairness  of  the  examination.  Concerning 
previous  examinations  complaints  have  been 
made  that  proper  relative  weights  had  not 
been  given  to  experience  and  theoretical  train- 

ing. Our  publicity  committee  saw  to  it  that 
the  public  learned  through  the  newspapers  of 
the  arrangement  between  the  Civil  Service 
Commission  and  the  Engineering  Society. 
Credit  was  given  where  it  was  due. 

It  is  hardly  possible  that  any  sudden  gust 
of  public  disapproval  would  arise  where  en- 

gineers are  concerned  if  the  public  felt  that 
It  was  well  acquainted  with  them.     When  the 

local  society  engages  in  publicity  work,  a  re- 
vival in  the  interest  of  its  members  in  the 

activities  of  the  society  will  be  apparent.  The 
indifferent  members  find  they  have  some  pride 
in  their  society  when  its  activities,  of  which 
they  approve,  are  described  in  the  daily  paper. 
It  is  said  on  good  authority  that  the  publicity 
campaigns  undertaken  by  Memphis  and  Des 
Moines,  to  present  to  business  men  their  ad- 

vantages for  a  location,  resulted  in  a  renewed 
city  spirit  equal  in  value  to  the  new  business 

acquired. 
Due  largely  to  the  publicity  work,  there  has 

been  a  substantial  increase  in  percentage  of 
attendance  at  the  meetings.  One  estimate 
was  15  per  cent.  To  stimulate  attendance, 
the  committee  furnishes  the  papers  advance 
notices  of  the  meetings,  consisting  of  a  picture 
of  the  speaker  and  some  150  words  of  text 
telling  about  him  and  his  subject. 
During  the  last  two  years  some  250  new 

members  have  been  added  to  the  roll,  an  in- 
crease of  over  50  per  cent  in  a  society  past 

30  years  old.  Of  course,  it  is  diflicult  to  say 
just  what  per  cent  of  increase  in  an  organiza- 

tion recently  very  active  in  all  its  functions 
may  be  credited  to  publicity  work. 

AN.^LYSIS   FOR    EXTENDING  THE   WORK. 

We  have  enumerated  some  of  the  benefits 
accruing  to  the  profession  and  to  the  public 
from  publicity  work  conducted  along  a  definite 
plan  in  one  locality.  Let  us  now  turn  our 
attention  to  a  statement  and  suggestion  of  a 
solution  of  the  problem  in  its  application  to  a 
broader  field. 

It  is  possible  at  this  time  to  know  only  the 
general  nature  and  approximate  limits  of  pub- 

licity with  any  degree  of  accuracy.  They  may 
be  determined  in  accordance  with  the  laws 

of  psychology.  For  instance,  it  is  the  pro- 
vince of  the  educator  and  psychologist  to 

formulate  the  laws  involved  in  the  mental 
processes  between  appeal  and  response.  They 
are  also  able  to  measure  memory  in  a  prac- 

tical manner.  It  is  sufficient  to  say  that  con- 
siderable study  should  be  given  to  the  tech- 

nical aspect  of  our  problem  before  active 
work  in  a  large  w-ay  is  undertaken. 
We  can,  however,  enumerate  the  various 

channels  by  which  information  of  an  engi- 
neering nature  may  be  placed  before  the  pub- 

lic. It  is  also  possible  to  give  approximate 
relative  values  to  them.  In  the  matter  of 
choosing  mediums  we  are  inclined  to  lay 
down  this  broad  general  principle :  When 
one  man  has  something  to  tell  another,  the 

telling  of  which  w'ill  do  them  both  good,  he 
may  employ  the  most  direct  honorable  means. 
It  may  be  either  the  written  or  spoken  word. 

Lender  the  written  word  we  would  include 
newspapers,  periodicals,  such  as  national  mag- 

azines, and  pamphlets.  The  spoken  word 
would  be  confined  to  a  rather  narrow  field 
and  would  consist  for  the  most  part  of  talks 
by  engineers  before  high  school  classes, 

classes  in  Y.  M.  C.  A.'s,  and  lectures  before 
clubs,  at  special  gatherings  in  churches  and 
the  like. 

Newsf'al^crs. — Everybody  reads.  If  they 
read  nothing  else,  they  read  newspapers,  so 
it  is  the  most  direct  way  to  reach  the  great- 

est number.  An  important  point  in  favor  of 
the  newspaper  is  that  it  is  local  and  offers  an 
opportunity  for  the  local  engineering  society 
to  place  in  its  columns  engineering  news  that 
has  an  especial  appeal  to  the  community.  Most 
people  have  a  friendly  attitude  toward  one  of 
their  local  papers  arid  are  ready  to  take  to 
heart  what  they  read  in  its  columns,  particu- 

larly when  they  know  the  source  is  authentic. 
So  the  community  will  learn  about  its  citizens 
who  are  engineers  and  what  they  are  doing 
to  promote  its  welfare.  For  these  and  other 
reasons,  such  as  frequency  of  appeal,  we  are 
inclined  to  give  newspapers  the  place  of  first 
importance  in  publicity  work  for  engineers. 

National  Magazines. — The  national  period- 
ical or  magazine  has  a  quality  of  permanence 
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whicli  the  newspaper  lacks.  Each  issue  is  like- 
ly to  be  before  the  public  for  from  a  week  to 

a  month,  whereas,  at  least  in  our  large  cities, 
each  issue  of  the  newspaper  is  being  reafl  but 
part  of  one  day.  On  the  other  hand,  care 
must  be  taken  in  the  selection  of  magazines 
for  publicity^  purposes  unless  the  plan  is  to 
reach  a  particular  class.  If  a  magazine  has 
an  article  on  a  special  subject,  it  is  unlikely 
that  any  considerable  space  will  be  allotted  to 
the  same  subject  during  the  same  year.  It 
has  been  demonstrated  that  the  first  appeal 
must  be  reinforced  by  subsequent  ones  for  the 
memory   to   retain  a  definite  impression. 

Pamphlets. — Pamphlets  or  monographs  pos- 
sess an  important  advantage  over  newspaper 

and  magazine  publicity  in  that  their  contents 
do  not  have  to  pass  a  possibly  unsympathetic 
censorship.  They  can  be  placed  directly  and 
quickly  into  the  hands  of  those  for  whom 
they  are  intended.  While  they  should  have 
attention-holding  power  able  to  compete  with 
the  newspapers  for  the  readers'  interest,  they 
are  free  from  the  competition  due  to  a  mul- 

tiplicity of  appeals  existing  in  every  maga- 
zine and  paper.  It  is  probable  that  efifective 

work  could  be  done  by  using  pamphlets  for 
engineering  publicity. 

Lectures  by  Engineers. — It  is  doubtful  if 
memory  is  more  retentive  and  the  mind  more 
plastic  at  any  time  in  life  than  during  the 
high-school  age ;  also  at  that  time  informa- 

tion is  eagerly  sought  for  making  a  choice  of 
lifework.  Here  lies  an  opportunity  to  tell 
the  future  leaders  in  all  walks  of  life  what  it 
means  to  be  an  engineer  as  well  as  to  warn 
away  -those  who  have  been  captivated  merely 
by  its  romantic  side. 

In  every  city  there  are  a  great  many  op- 
portunities to  talk  before  clubs  of  many  kinds. 

We  are  aware  that  a  good  deal  is  being  done 
in  the  way  of  popular  lectures  on  scientific 
subjects,  but  more  might  be  done,  as  a  part 
of  our  service  to  the  community.  Where  pos- 

sible the  local  engineering  society  might  let 
it  be  known  that  it  could  by  arrangement,  fur- 

nish  speakers   on   certain   subjects. 
Miscellaneous. — There  remain  a  variety  of 

ways  by  which  information  may  be  placed  be- 
fore the  public.  For  the  most  part  they  have 

not  been  analyzed,  some  not  even  suggested. 
In  this  miscellaneous  class  may  be  mentioned 
the  exhibit  and  moving  pictures.  We  are  in- 

clined to  believe  that  both  have  possibilities 
which  would  be  discovered  when  once  the 
work  was   undertaken.     . 

CONCLUSIONS. 

We  have  shown  that  the  public  and  the  en- 
gineering profession  are  in  a  position  to  make 

an  exchange  at  a  profit  to  both  parties.  A 
record  of  results  in  one  locality  where  it  has 
been  tried  points  to  what  may  be  expected 

through  co-operation  in  a  larger  field.  Me- 
diums of  exchange  have  been  discussed. 

There  remains  yet  to  be  suggested  a  prelimi- 

nary plan  by  which  systematic  and  effective- work  may  be  done. 
Inasmuch  as  all  the  profession  will  share 

in  the  benefits  of  a  closer  relation  with  the 
public,  we  assume  that  the  efforts  of  all 
should  be  united  on  a  common  ground.  More 

definite  plans  may  be  worked  out  by^  repre- 
sentatives of  leading  national  engineering  or- 

ganizations at  such  a  time  and  place  as  is 
deemed  best.  In  general  we  believe  that  the 
local  society  working  in  co-operation  with  a 
central  national  organization  will  produce  the 
most  satisfactory  results. 

Educating  the  Public  in  Municipal  En- 
gineering Matters. 

The  role  which  the  engineer  is  to  play  in 

the  development  of  our  municipalities  will  de- 
pend primarily  upon  the  attitude  taken  by 

the  profession  as  a  whole  toward  what  ap- 
pears to  be  a  wonderful  present  opportunity 

and  also  upon  the  ability  with  which  the 

work  of  the  engineer  is  brought  to  the  at- 
tention of  the  public.  There  is  no  real  reason 

why  municipal  engineering  should  not  be 

made  to  comprise  most  municipal  undertak- ings. 
There   was   recently  held   by  the   American 

Society  of  Mechanical  Engineers  a  Public 
Service  meeting.  At  that  meeting  the  possi- 

bilities of  engineers  in  the  public  service  were 
considered  from  several  viewpoints.  Mr. 
Morris  L.  Cooke,  Director  of  the  Philadel- 

phia Department  of  Public  Works,  read  a 
paper  entitled :  Some  Factors  in  Municipal 
Engineering.  The  following  paragraphs  are 
quoted   from   that  paper : 

In  inviting  the  attention  of  our  profession 
to  the  municipal  field,  we  are  apparently  open- 

ing the  door  of  opportunity  to  tens  of  millions 
of  dollars  worth  of  work  which  is  not  now 
either  considered  engineering  nor  carried  on 
by  engineers.  The  municipal  field  is  almost 
virgin  soil  so  far  as  engineering  is  concerned. 
As  recently  as  ten  years  ago  the  problem  of 
snow  removal  which  is  being  discussed  as  a 

part  of  this  day's  program,  was  so  absolutely 
in  the  hands  of  thumb  rule,  and  in  many  in- 

stances even  of  inexperienced  men,  that  it 
is  probably  true  that  in  no  city  in  this  coun- 

try was  it  being  attacked  either  by  engineer- 
ing methods  or  by  engineers.  Yet  it  will  not 

be  denied  that  on  work  of  this  kind,  in  which 
one  city  spent  nearly  $3,000,000  in  six  weeks 
last  year,  there  is  in  reality  an  engineering 
problem  of  considerable  magnitude. 

If  this  municipal  field  is  to  be  one  in  which 

engineers  of  ability,  sincerity  of-  purpose  and 
high  ideals  are  to  find  a  permanent  and  satis- 

factory outlet  for  their  energies,  our  profes- 
sion acting  as  a  profession  will  be  one  of  the 

main  agencies  bringing  about  certain  funda- 
mental changes  in  the  attitude  of  the  public. 

In  the  minds  of  too  many  engineers,  partici- 
pating collectively  in  matters  pertaining  to 

municipal  engineering  means  "getting  into 
politics."  Architectural  work  being  a  part 
of  the  business  of  the  Department  of  Public 
Works  in  Philadelphia,  we  have  had  the  co- 

operation of  the  .American  Institute  of  Archi- 
tects and  of  its  Philadelphia  chapter  from  the 

beginning.  We  have  made  many  demands  on 
them  and  in  every  case  have  met  with  gen- 

erous and  enthusiastic  response.  This  assist- 
ance has  been  entirely  apart  from  the  help 

rendered  us  by  individual  architects.  We 
have  had  the  constant,  indefatigable  and  val- 

uable support  of  the  secretary  of  the  Amer- 
ican Society  of  Mechanical  Engineers  in  our 

efforts  to  maintain  the  highest  professional 
standards  in  the  work  of  the  department.  But 
engineering  bodies  as  such  have  given  us  no 
assistance  and  so  far  as  I  know  have  taken 
no  part  in  the  discussion  of  federal,  state  and 

municipal  engineering'  e.xcept  in  the  matter 
of  conservation  which  for  some  reason  is 
considered  as  innocuous  from  an  engineering 

standpoint  as  a  prayer-meeting. 
Many  municipal  engineers  in  this  country 

are  beginning  to  adopt  the  European  system 
of  employing  non-residents  for  certain  highly 
specialized  positions.  Whenever  this  is  prac- 

ticed it  excites  criticism  and  abuse,  .^.s  yet 
no  technical  organization,  so  far  as  I  know, 
has  recognized  the  opening  thus  made  for 
technical  merit  and  given  moral  support  to 
the  movement.  Again,  I  have  tried  to  get 

support  from  organized  engineers  in  the  ob- 
viously necessary  procedure  of  employing  ex- 

perts outside  our  regular  staff,  but  without 
results. 
From  an  engineering  standpoint  any  scheme 

of  highway  construction  which  does  not  in- 
clude an  ample  repair  program,  is  futile.  In 

our  community  this  is  not  at  all  understood 
because  the  plan  has  never  been  followed. 
It  would  seem  a  proper  function  of  an  en- 

gineering body  to  educate  the  community  to 
this  point  of  view.  But  as  a  matter  of  fact 
engineers  as  such  have  taken  so  small  a  part 
in  public  discussions  that  the  layman  with 
us  settles  more  engineering  questions  than  the 
engineers  themselves  and  the  taxpayer  foots 
the  bills. 

The  public  today  is  undoulitedly  Impatient 

for  "results."  It  "has  an  unmistakable  liking 
for  men  who  "do  things."  It  has  little  pa- 

tience for  experimental  work.  There  was 
introduced  in  our  Philadelphia  City  Councils 

an  appropriation  for  $-50,000  for  an  experi- 
mental test  roadway  and  the  bill  was  defeated 

on  the  ground  that  I  had  stated  that  the  man 
who  was  to  spend  the  money  was  one  of  the 

best  experts  on  buuminous  road  work  in  the 
country.  It  was  held  that  this  statement  and 

the  appropriation  were  inconsistent  —  that 
either  the  engineer  was  less  expert  than  I  had 
claimed  or  that  we  did  not  need  an  experi- 

mental test  roadway.  The  title  of  the  road 
in  the  appropriation  bill  was  changed  to  read 
"service  test  roadway"  and  the  bill  was 
passed  by  a  good  majority. 
The  public  must  be  taught  that  public 

service  is  not  different  from  private  service 
in  that  forward  steps  come  frequently,  even 
usually,  as  the  result  of  a  large  amount  of 

preHminary  investigation.  Again,  the  pub- 
lic, of  which  please  remember  we  are  a  part, 

must  be  educated  to  place  more  responsibility 
on  individuals,  thus  making  it  possible  to  do 

away  with  the  great  inefficiencies  which  in- 
evitably accompany  board  and  committee 

management,  .^.s  long  as  we  have  boards  and 

committees  they  will  vote — and  they  will  in- 
sist on  voting — on  matters  that  are  not  ques- 

tions of  personal  opinion,  but  questions  of 
facts  which  ought  to  be  determined  by  the 
facts.  It  is  one  of  our  duties  as  technical 
men  to  carry  on  a  propaganda  which  will 
show  to  the  public  the  difference  between 
those  problems  of  policy  and  public  interest, 
that  are  properly  settled  by  public  opinion  and 
those  scientific  problems  which  are  improperly 
settled  unless  they  are  settled  according  to  the 
facts.  Notwithstanding  all  the  boards  and 
commissions  that  are  created  in  the  generally 
approved  laws  of  today,  there  should  be  no 
uncertainty  as  to  what  questions  they  may 
vote  upon.  It  is  therefore  one  of  the  duties 
of  the  educated  to  carry  this  message  to  the 
people  and  in  doing  so  I  do  not  think  there 
will  be  any  more  powerful  method  than  to 
give  the  great  mass  of  the  people  a  larger 
and   larger   knowledge   of    expert   work. 
Lord  Kelvin  is  the  authority  for  the  state- 

ment that  the  physicist  who  has  discovered 
some  great  principle  or  invented  some  new 
process  in  physics  should  be  able  to  explain 
it  to  the  first  man  he  meets  on  the  street — 
both  what  the  discovery  is  and  why  it  is  use- 

ful; or  failing  in  this  he  should  go  back  to 
his  laboratory  and  put  in  some  more  time. 
If  Lord  Kelvin  could  say  this  about  discov- 

eries in  physics,  surely  our  city  officials  and 

the  public  service  engineers  with  whom  th^- 
co-operate  should  take  the  position  that  their 
work  is  capable  of  being  fully  explained  to 
those  who  are  footing  the  bills. 

I  am  not  one  of  those  who  feel  that  all  our 

short-comings  are  ''the  fault  of  the  people." 
I  would  rather  assume  my  share  of  the  re- 

sponsibility for  conditions  as  they  are  and 
then  join  with  my  professional  associates  and 
the  community  at  large  in  bettering  them.  If 
we  engineers  are  to  have  any  prominent  part 
in  this  there  are  fundamental  changes  which 
we  shall  have  to  make  in  our  own  equipment 
for  the  work.  In  the  first  place,  we  have  to 

get  rid  of  the  now  old-fashioned  idea  that 
advertising  is  a  crime.  I  admit  that  as  a  part 
of  my  work  as  a  public  official  I  put  in  a 
great  deal  of  thought  on  what  may  be  quite 
properly  called  advertising.  By  that  I  mean 
that  I  pay-  less  attention  in  my  reports  to  dig- 

nity of  form  and  diction  than  to  making 
them  sufficiently  interesting  to  be  read.  It 

is  only  as  we  engineers  who  are  public  offi- 
cials learn  to  make  the  public,  sometimes 

against  its  will,  understand  our  work,  that 
we  are  to  get  that  degree  of  popular  support 
for  it  which  will  make  it  possible  for  it  to 
be  done  in  an   efficient  manner. 

In  my  opinion  it  is  going  to  become  more 
and  more  a  necessity,  not  only  in  public  but 
in  private  work,  for  engineers  to  be  able  to 
popularize  what  they  are  doing.  It  is  true 
today  that  a  man  who  wants  to  do  really 
good  and  efficient  work  can  do  so  only  after 
an  aroused  public  ojiinion.  You  cannot  drive 
people  in  a  democracy.  So  I  admit  that  in 
offering  employment  to  an  engineer,  other 
things  being  equal,  I  want  what  might  be 
called  a  good  advertiser.  You  can  secure  ap- 

propriations for  work  more  easily  when  it  is 
well  advertised.  The  Panama  Canal  is  a 

good  example  of  this  principle.  Again,  ad- 
vertising is  the  best  possible  check  against 

ill-advised  expenditures.     In  building  our  By- 
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berry  and  Berfsalem  Service  Test  Roadway 
we  erected  sign-boards  on  each  of  the  2(i 
sections,  giving  the  layman  the  exact  method 
of  its  construction  in  non-technical  language. 
If  the  public  knows  how  a  street  is  supposed 
to  be  constructed  or  cleaned,  you  do  not  re- 

quire as  many  paid  inspectors  on  the  job. 
The  development  of  some  varieties  of  mu- 

nicipal engineering  is  absolutely  dependent 
upon  the  development  of  public  opinion  and 
must  proceed  with  it.  The  matter  of  street 
cleaning  is  largely  a  question  of  an  improved 
public  taste  in  the  matter  of  street  paving.  Un- 

less streets  are  well  paved  they  cannot  be 
well  cleaned  except  at  a  prohibitive  cost.  To 
jump  from  one  degree  of  cleanliness  in  this 
respect,  to  another,  without  a  supporting  pub- 

lic opinion,  may  be  enough  to  wreck  an  ad- 
ministration and  to  set  the  tide  of  civic  im- 

proxement  running  in  the  opposite  direction. 
The  newspaper  is  the  great  educator  in 

these  matters  today.  But  we  are  already 
using  in  Philadelphia  moving  pictures,  pa- 

rades and  exhibitions.  The  possibilities  of 
these  and  other  means  of  publicity  are  not 
yet   fully  understood. 

Again,  more  effort  must  be  put  into  hu- 
manizing public  administration.  The  engineer 

shares  with  those  who  have  had  the  oppor- 
tunity for  education,  the  mistaken  idea  that 

the  man  at  the  top  is  in  a  position  to  tell  the 
man  at  the  bottom  what  is  good  for  him.  The 
fact  that  our  country  was  founded  and  has 
been  perpetuated  on  the  contrary  idea  has  not 
seemed  to  affect  the  situation  very  much. 

Take,  for  instance,  the  movement  which  has 
led  to  the  formation  of  large  numbers  of 

business  men's  associations  and  improvement 
associations.  This  affords  one  of  the  very 
best  examples  of  the  present  vitality  of 
.American  public  life.  Our  leading  men 
should  accejjt  them  as  something  that  has 
come  to  stay  and  co-operate  with  them  in 
such  a  way  as  to  direct  their  activities  into 
profitable  channels.  It  seems  to  me  they  af- 

ford the  most  promising  agency  through 
which  in  the  first  place,  the  thought  of  the  pub- 

lic on  civic  questions  can  be  crystallized,  and 
secondly  through  which  that  thought  can  be 
given  expression  in  definite  public  procedure. 
I  have  found  these  associations  ready  and 
anxious  to  hear  from  men  who  had  definite 
knowledge  on  matters  of  public  interest.  It 
should  be  the  attitude  of  any  engineer  who 
wants  to  play  his  part  in  the  community,  to 
affiliate  with  one  of  these  organizations  and 
to  help  make  it  an  influence.  You  can  rest 
assured  that  the  man  who  is  in  public  life 
for  his  own  personal  advancement  is  bending 
every  energy  to  defile  and  degrade  these  in- 

stitutions and  to  divert  them  from  the  high 
mission  which  they  have  it  in  their  power  to 
carry  out,  so  they  need  our  help. 

Experiences  in  Refuse  Collection  and 
Disposal  with  Reference  to  Odors. 
Public  opinion  greatly  needs  development 

along  rational  lines  with  regard  to  the  ques- 
tion of  odors  which  result  from  the  collection 

and  disposal  of  municipal  refuse.  For  ex- 
ample, the  location  of  a  garbage  disposal  plant 

recently  received  much  public  discussion  in  a 
certain  large  city.  A  city  official  in  urging 
the  removal  of  the  plant  from  one  location  to 
another  argued  that  the  residents  near  the 
old  location  had  suffered  their  share  of  odors 

from  city  garbage.  Later  in  urging  the  pur- 
chase of  a  new  site,  he  described  in  glowing 

terms  the  sanitary  and  odorless  plant  to  be 
erected  there.  Unfortunately,  the  first  argu- 

ment was  not  forgotten  and  the  plant  loca- 
tion was  not  changed.  The  matter  should 

have  been  determined  on  other  grounds  as 
well.  The  present  discussion  of  the  odor 
question  in  refuse  collection  and  disposal  is 
from  a  paper  by  Mr.  Samuel  A.  Greeley,  of 
Winnetka,  111.,  before  the  American  Public 
Health   Association. 
The  odor  question  should  be  met  squarely, 

with  due  consideration  of  the  cost  of  remov- 
ing the  plant  to  another  location  and  of  sup- 

pressing the  odors  altogether.  Odors  from 
manured  lawns,  tanneries,  slaughter  houses  and 
other  industries  are  tolerated  in  many  places, 

because  they  are  concerned  in  the  livelihood 
of  many,  and  cause  an  inconvenience  from 
odors  not  commensurate  with  losses  that 
would  follow  the  loss  of  the  industry.  Projects 
for  the  location  of  refuse  disposal  plants 
should  not  be  based  solely  on  the  odor  ques- 

tion, but  on  the  greatest  benefit  to  the  larg- 
est number  of  people  at  a  fair  cost. 

These  comments  are  not  advanced  as  an 
argument  that  odors  from  the  collection  and 
disposal  of  garbage  are  necessary  or  that 
every  reasonable  means  should  not  be  taken 
to  avoid  them.  The  point  at  issue  is  that  the 
presence  of  relatively  small  odors  should  not 
prevent  the  carrying  out  of  a  needed  public 
improvement  on  an  economical  basis.  In 
other  words,  a  fair  distinction  should  be  made 

between  odors  and  a  "public  nuisance.'' In  refuse  disposal  work,  odors  come  chiefly 

from  garbage  and  quite  as  often  from  the  col- 
lection of  garbage  as  from  its  disposal.  It 

is  entirely  feasible  to  control  and  suppress 
odors  from  the  decomposition  of  garbage  to 
a  safe  and  reasonable  minimum. 

It  should  be  remembered  that  unclean  gar- 
bage wagons  will  carry  their  odor  along  their 

route.  Such  odors  are  noticeable  two  to  three 
hundred  feet  from  the  wagon.  They  can  be 
eliminated  by  the  selection  of  a  type  of  wagon 
easily  cleaned,  with  a  good  cover,  and  by 
washing  the  wagon  at  regular  intervals.  The 
European  practice  is  to  wash  the  collection 
wagons  daily.  The  practice  is  growing  in  this 
country,  particularly  during  the  summer 
months.  Washing  wagons  on  alternate  days 
will  materially  reduce  odors,  but  will  not 
eliminate  them.  With  only  two  washings  a 
week,  odors  will  surely  develop  in  garbage 
collection  wagons  in  warm  weather.  Odors 
in  the  wagons  will  be  reduced  if  the  garbage 
is  collected  at  least  every  other  day  in  the 
summer  months. 

Odors  from  garbage  disposal  are  also  sub- 
ject to  control  through  proper  design  and  op- 

eration. The  cost  for  suppressing  odors  must 
be  judged  after  due  consideration  of  the  char- 

acter of  the  neighborhood.  The  garbage  of 
a  city  of  some  300,000  people  is  disposed  of 
by  burning  with  coal.  The  quantity  of  coal 
used  amounts  to  about  I-jO  lbs.  and  costs  2-5 
cts.  per  ton  of  garbage.  With  this  quantity 
of  coal,  it  is  inevitable  that  odors  should  at 
times  escape  from  the  chimney  top.  I  have 
seen  a  thick  brown  smoke  coming  from  the 
chimney.  To  completely  eliminate  this  condi- 

tion would  require  the  use  of  more  coal  at  an 
increased  cost  of  disposal  per  ton,  which 
might  amount  to  15  cts.  Yet  this  plant  is 
considered  a  success  by  the  people  in  this 
city  and  is  widely  advertised  in  that  light. 
There  would  seem  to  be  no  justification  for 
the  additional  amount  of  coal  and  extra  cost 
required,  in  this  instance,  to  eliminate  the 
odor. 

Reduction  plants  have  in  the  past  come  in 
for  a  large  share  of  public  criticism  because 
of  odors.  The  balance  between  the  elimina- 

tion of  odors  and  the  cost  thereof  had  not 
been  properly  adjusted.  This  was  because 
many  reduction  plants  were  operated  by  con- 

tractors who  had  no  incentive  to  spend  money 
unproductively  to  suppress  odors.  A  great 
deal  of  improvement  has  been  made  during 
the  last  few  years.  A  new  reduction  plant 
has  recently  been  put  into  operation  at  Sche- 

nectady, N.  Y.  This  plant  is  attractively 
housed  and  its  location  is  near  other  buildings 
and  indicates  a  growing  confidence  in  the 
possibility  of  reducing  odors  from  a  reduc- 

tion plant. 

The  odor  question  as  relates  to  the  work- 
men at  the  disposal  plant,  is  not  so  important 

as  the  general  cleanliness  of  the  plant  and  ita 
freedom  from  dust.  Attention  to  these  details 
will  promote  odorless  operation.  Odors,  in 
themselves,    are    not    injurious    to    health. 
In  small  towns,  where  the  method  of  dis- 

posal may  be  by  burial  or  feeding  to  pigs, 
the  odor  question  will  not  be  so  acute.  Iso- 

lated locations  are  generally  available,  where 
the  odors  should  not  be  more  of  a  nuisance 
than  those  from  a  farm  pig  pen.  Odors  and 
nuisance  will  more  often  arise  from  the  un- 

controlled dumping  of  garbage  in  vacant  lots 
near  residential  districts.  I  have  known  odors 

from  such  an  uncovered  dump  to  carry  three- 
quarters  of  a  mile.  The  remedy  lies  in 
stricter  supervision  by  public  officials  rather 
than  •  in  large  expenditures  for  improved methods. 

The  structural  details  for  suppressing  odors 
at  refuse  disposal  works  are  not  within  the 
scope  of  this  discussion.  Good  construction, 
however,  is  essential.  Poor  construction  is 
an  important  cause  of  odors.  Incomplete 
combustion  may  result  from  broken  grates 
and  cracked  furnace  walls.  These  defects 
are  inevitable  with  bad  foundations  and  poor 
furnace  construction.  In  reduction  works, 
floors  and  conveyors  should  be  substantially 
built  with  ample  provision  for  washing.  Many 
details  of  construction,  if  properly  carried 
out,  will  materially  assist  in  the  elimination 
of  odors.  .\1I  these  matters  should  be  taken 

up  in  the  design.  Both  faulty  design  and  con- 
struction are  difficult  to  correct  later  and 

should  be  given  competent  attention  in  the 
first   place. 

Summarizing,  the  effect  of  odors  from  the 
collection  and  disposal  of  refuse  is  largely 
relative,  depending  a  good  deal  upon  the  en- 

vironment and  in  particular  upon  the  Indus-  ' trial  odors  present.  Nuisances  should,  of 
course,  be  avoided.  But  sentimental  objection 
to  garbage  works  are  too  often  raised 
through  a  fear  of  odors  of  less  intensity  than 
a  nuisance,  and  frequentlv  not  noticeable 
at   all. 

A  rational  viewpoint  has  due  regard  for 
the  cost  of  suppressing  odors  and  also  em- 

phasizes the  advantage  of  good  design  and 
construction  in  the  first  place,  followed  by 
clean  and  careful  operation. 

Lake  Superior  Iron  Ore  Shipments  32,- 
021,900  Tons  in  1914.— Reports  to  The  Iron 
Age  from  the  11  shipping  docks  on  Lake  Su- 

perior and  Lake  Michigan  show  that  the  total 
movement  of  Lake  Superior  ore  by  water  in 
the  season  of  1914  was  32,021,900  tons.  In 
this  total_  is  included  an  estimate  for  one 
cargo  which  was  being  loaded  at  Escanaba 
and  had  not  left  the  dock  on  Dec.  1.  The 
total  shipments  in  November  were  1,070.095 
tons.  The  water  shipments  in  1913  were  49,- 
070,478  tons,  so  that  the  falling  off  is  roundly 
17,050,000  tons.  Shipments  by  ports  for  the  sea- 

son are  given  below,  together  with  the  com- 
parison with  the  two  preceding  years : 

IRON  ORE  SHIPMENTS  FROM  UPPER  LAKE 
PORTS— GROSS   TONS. 

1914.  1913.  1912. 
E.scanaba        3,664,454       5,399,444       5.234,655 
Marquette        1,755.726       3,137,617       3,296,761 
Ashland        3.363,419       4,338,230       4,797,101 
Two  Harbors       5,610,262     10,075,718       9,370,969 
Superior      11,309,748     13,788,343  14,240,714 
Duluth         6,318,291     12,331,126  10,495,577 

Total  by  lake... 32,021,900     49,070,478     47,435,777 
Total  all   rail    876,638  785,769 

Total  shipments            49,947,116     48,221,546 

It  will  be  noticed  that  Superior  has  been  far 
in  the  lead  in  shipments  this  season,  the  total 
for  that  port  being  nearly  equal  to  the  move- 

ment from  both  Duluth  and  Two  Harbors. 

As  is  well  known,  the  Steel  Corporation's 
lease  of  Great  Northern  ore  properties  ex- 

pires at  the  end  of  this  year  and  the  heavy 
Superior  shipments  represent  the  effort  to  get 
out  all  the  ore  called  for  by  the  minimum  pro- 

visions of  the  lease.  Minnesota's  percentage 
of  the  total  Lake  Superior  shipment  this  year, 
due  to  the  special  activity  on  the  Great 
Northern  properties,  is  greater  than  hereto- 

fore, being  close  to  73  as  against  72  in  1913, 
the  previovis  maximum. 

American    Concrete    Pipe    Association. — 
The  next  annual  convention  of  the  American 

Concrete  Pipe  Association  will  be  held  in  Chi- 
cago, Feb.  15  and  16,  1915.  This  will  be  dur- 

ing the  cement  show,  .thus  enabling  all  those 
who  come  to  the  association  convention  to 
attend  the   show  as  well. 

Several  addresses  of  unusual  interest  are 

being  prepared  for  the  program,  detailed  an- 
nouncement of  which  will  be  made  in  due 

time. 

I 
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Design  and  Construction  of  the  North 

Side  Reservoir  of  the  Pittsburgh 
Water  Works. 

The  new  North  Side  (Cabbage  Hill)  reser- 
voir of  the  Pittsburgh  water  works  is  located 

about  six  miles  from  the  point  section  of  the 
city.  The  flow  line  elevation  is  275  ft.,  Pitts- 

burgh datum,  and  is  the  same  as  that  of  the 
lower  Highland  Park  reservoir  which  supplies 
that  portion  of  the  central  cit.v  along  both 
rivers,  and  the  entire  South  Side. 

The  reservoir  is  of  160,000,000  gals,  capacity 
with  a  water  area  of  17  acres  and  a  water 
depth  of  38  ft.  It  has  been  built  by  the  cut 
and  fill  method,  three  sides  being  built  of 
rolled  embankment,  the  remaining  side  being 

entirely  in  cuts,  surrounded  by  a  re'inforced 
concrete  retaining  wall  along  a  public  road- 

way. The  reservoir  is  divided  into  east  and 
west  basins  by  a  reinforced  concrete  dividing 
wall  18  ft.  high,  containing  the  inlet  conduit 
which  connects  the  main,  or  inlet  and  outlet 
gate  house  in  the  northerly  embankment,  with 
the  distribution  or  secondary  gate  house  in 
the  southerly  slope. 
The  objects  of  tlie  reservoir  are:  (1)  To 

replace  the  old,  small  and  unsafe  Troy  Hill 
reservoir  in  the  supply  system  of  the  North 
Side  (formerly  Allegheny)  :  and  (2)  to  act 
as  an  equalizer  in  conjunction  with  Highland 
No.  2  Reservoir.  The  main  distribution 
feeder  mains  from  both  reservoirs  are  to  be 

cross-connected  b^-  a  48-in.  steel  main  under 
the  Allegheny  River.  The  design  and  con- 

struction of  the  reservoir  are  here  described 
from  information  taken  from  a  paper  by  E.  E. 

Lanpher  and  J.  S.  Cole  before  the  Engineers' Society  of  Western  Pennsylvania.  The  full 
paper  and  discussion  are  in  the  October,  1914. 
Proceedings. 

In  1806  the  former  city  of  Allegheny  laid  a 
60-in.  steel  water  main  from  its  pumping  sta- 

tion on  the  .\llegheny  River,  a  distance  of 
about  8.6  miles,  to  the  Troy  Hill  reservoir. 
.At  Etna  this  main  deviated  north  from  the 
river  over  a  divide  and  thence  back  to  the 
river  bank  near  Millvale. 

The  new  North  Side  reservoir  is  constructed 
on  this  divide,  so  that  the  toe  of  the  northerly 
embankment  is  bounded  by  the  water  main. 
.'Allegheny  had  intended  to  construct  such  a 
reservoir  about  one-third  mile  north,  and 
about  100  ft.  higher  than  the  present  reservoir, 
and  installed  two  Y's  and  valves  on  this 
main  about  oiie-half  mile  apart  and  looking 

toward  the  higher  elevation.  These  Y's  and 
valves  were  of  great  value  in  the  connecting 
of  the  new  reservoir  to  the  supply  main,  with- 

out interfering  with  the  water  supply,  inas- 
much as  the  fiO-in.  main  was  the  sole  source 

of  water  supply  of  the  North  Side. 
The  reservoir  is  constructed  from  designs 

and  specificatioTis  prepared  in  the  Division  of 
Engineering  and  Construction  of  the  Bureau 
of  Water,  and  contract  was  awarded  upon  the 
unit  price  basis,  July  6,  1912,  to  the  John  F. 
Casey  Co.     The  contract  price  was  $681,976. 

EXC.WATIOX   .\ND   EMB.\NKMENTS. 

\\'ork  of  clearing  the  site  was  started  July 
20,  1912.  Preparatory  to  embankment  work, 
the  entire  site  of  24  acres  was  cleared  of  all 

vegetable  growth  and  the  top  soil  remo\-ed  to 
storage  piles.  Good  foundation  for  embank- 

ment was  found  in  most  places  at  a  depth  of 
about  18  ins.  All  embankment  material  was 
obtained  from  excavation  in  the  basin 
and  consisted  mainly  of  first  class  clay 
of  several  shades,  and  of  easily  broken 
stone  of  shale  formation,  although  in 
some  cases  low  grade  dynamite  was  used  to 

facilitate  digging."  Most  of  this  shale  dis- integrated rapidly  when  exposed  to  the  at- 
mosphere. .A.  mixture  of  the  clay  and  shale 

spread  in  layers  of  6  ins.  or  less,  and  rolled 
with  grooved  rollers  of  two  tons  per  foot 
produced  a  very  hard,  impervious  embank- 

ment, but  it  was   necessary  to  pass  the  roller 

over  each  layer  at  least  six  times  to  thorough- 
ly compact  the  soil,  and  to  further  break  the 

small  stones.  (There  are  no  stones  in  the 
embankment  larger  than  4  ins.  in  diameter.) 

Three  steam  shovels  with  3,  1%,  and  %  cu. 
yd.  dippers  respectively  and  a  McMyler  crane 
were  used  in  excavating,  the  larger  shovels 
working  efficiently  in  the  shale.  Four  con- 

tractor's engines  and  50  dump  cars,  of  4  cu. 
yds.  capacity,  were  used  in  conveying  the  ma- 

terial to  the  embankments.  An  engine  op- 
erated spreader,  two  road  graders  and  four 

16-ton  rollers  were  used  in  spreading  and  roll- 
ing the  embankments.  The  maximum  yard- 
age excavated  and  rolled  in  embankment  in 

one  day  of  11%  hours,  was  3,500  cu.  yds. 
The  embankments  have  a  slope  on  the  out- 

side of  2  to  1  for  a  height  of  about  20  ft., 
where  there  is  a  5-ft.  berm.  Above  this  berm 
the  slope  is  1%  to  1  for  a  height  of  20  ft.  On 
the  inside,  the  slope  is  uniform  at  2  to  1  from 
the  bottom  to  the  top,  the  height  being  about 
42  ft.  above  the  floor  of  the  basins.  The  out- 

side of  the  embankment  was  scored  and  cov- 
ered with  6  ins.  (measured  vertically!  of  top 

soil,  which  is  seeded  and  sodded.  This  top 
soil  was  dumped  from,  the  top  of  the  embank- 

ment, graded  and  rolled,  a  horse  operated 
roller  being  used. 
The  top  of  the  embankment  is  15  ft.  w^de. 

while  the  maximum  width  of  the  foot  of  the 
embankment  is  185  ft. 

STEEL    PIPE    ..VXD    CONXECTIONS. 

In  order  to  m.aintain  the  supply  through  the 
single  60-in.  main  and  make  the  difficult  con- 

nections to  the  main  gate  house,  about  one- 
half  mile  of  60-in.  riveted  steel  main  of  %-in. 
plate  was  laid  parallel  to.  and  connected  to 

the  Y's  left  in  the  old  main.  From  these  two 
mains  two  60-in.  steel  inlet  pipes  and  two  60- 
in.  steel  outlet  pipes  were  installed  to  the 
main  gate  house  in  the  northerly  embankment. 
Both  60-in.  mains  are  equipped  with  Venturi 
meters  (.30-in.  diameter  of  throat)  consisting 
of  cast  iron  up-stream  ends,  bronze  throat 
pieces  and  reinforced  concrete  tail  pieces. 
These  tail  pieces  were  built  in  place  and  at 
ten  days  were  subjected  to  a  90-lb.  pressure 
test,  showing  no  signs  of  leakage. 

The  70-ton  traveling  crane  was  used  in  con- 
nection with  all  of  the  steel  pipe  work,  no 

tripods  being  used.  Even  the  excavation  was 
done  by  this  crane  with  an  orange  peel  bucket. 
A  300-ft.  length  of  60-in.  pipe  was  laid  in 
one  day,  the  major  portion  of  it  being  riveted. 
-At  one  time  it  became  necessary  to  shut  oflf 
the  water  in  the  old  main,  cut  out  the  rivets 
of  three  joints,  remove  125  ft.  of  the  pipe, 
replace  a  portion  of  this  pipe  with  one  section 
containing  a  bulkhead  and  rivet  this  section 
to  the  pipe  in  place :  all  of  which  was  done  in 
four  hours. 

Riveted  steel  Y's  and  Tees  of  %-in.  plate 
were  used  in  place  of  the  usual  cast  iron  spe- 
cials. 

M.MN"    AND    SECONDARY    GATE    HOUSES. 

The  main  gate  house  foundation  is  a  rein- 
forced concrete  structure,  42  .x  .38  ft.  in  plan, 

extending  from  bed  rock  to  the  top  of  the 
northerly  embankment.  Water  enters  through 
the  two  inlet  pipes  at  elevation  242.5.  and  rises 
in  the  inlet  wells  and  flows  over  w^eirs  at  ele- 

vation 271  into  two  inlet  chambers  controlled 
by  stop  planks,  thence  through  the  main  inlet 
chamber  again  controlled  by  stop  planks  to  a 
7-ft.  reinforced  concrete  conduit  through  the 
embankment  and  directly  across  the  reservoir 
to  the  secondary  gate  house  in  the  southerly 
slope.  The  secondary  gate  house  is  a  well 
24  ft.  6  ins.  x  11  ft.  3  ins.  in  plan,  into  which 
the  water  enters  at  reservoir  floor  elevation, 
rises  to  elevation  263.90,  where  it  is  passed 

through  5-ft.  circular  sluice  gates  to  distribut- 
ing conduits  in  both  basins.  The  water  again 

re-enters  the  main  house  through  two  5-ft. 
reinforced  concrete  conduits,  passing  directly 
through  the  gate  house  to  the  two  outlet  pipes. 
Both  outlet  channels  through  the  gate  house 

are  controlled  by  6-ft.  x3%-ft.  sluice  gates  in 
addition  to  stop  planks  on  both  sides  of  each sluice  gate. 

The  main  gate  house  is  so  arranged  that 
water  may  be  passed  from  the  inlet  pipes  to 
the  inlet  chambers,  to  the  outlet  chambers  and 
outlet  pipes,  without  entering  the  reservoir. 
Water  may  be  drained  from  either  basin  to 
the  main  drain  through  3-ft.  x  2%-ft.  sluice 
gates  in  the  outlet  chambers. 
The  main  gate  house  was  poured  in  two 

horizontal  sections  and  five  vertical  sections, 
and  contains  approximately  800  cu.  yds.  of 
concrete  mixed  in  a  1-cu.  yd.  batch  mi.xer,  elec- 

trically operated,  all  material  being  handled 
by  the  traveling  crane. 

The  superstructures  of  these  gate  houses  are 
not  included  in  the  present  contract. 

DR.MNAGE    SYSTEM. 

In  the  main  gate  house  a  waste  weir  at  ele- 
vation 275  is  provided  against  overflowing,  the 

water  being  carried  to  the  main  drain  which 
is  a  36-in.  circular  conduit  approximately  2,300 
ft.  long,  running  parallel  to  the  main  pipe 
lines  to  a  small  stream  discharging  into  the 

Allegheny  River.  Into  this  drain  also  dis- 
charges surface  water  from  a  3  x  2-ft.  egg 

shaped  concrete  drain,  emending  along  the 
roadways  on  the  southerly  and  easterly  sides 
and  a  12-in.  and  18-in.  tile  drain  extending 
along  the  westerly  and  northerly  sides  of  the 
reservoir.  Along  the  southerly,  or  hillside, 
portion  of  the  reservoir,  between  the  Friday 
avenue  wall  and  the  roadway,  a  ground  water 
cut-oflf  drain  was  installed  consisting  of  a  6-in. 
open  joint  tile  pipe  in  a  30-in.  trench,  the 
trench  being  filled  with  gravel  to  the  surface. 
This  tile  pipe  is  at  elevation  approximately 
255,  or  about  18  ft.  above  the  floor  of  the 
basins,  and  failed  to  cut  off  all  ground  water 
as  was  shown  when  excavation  proceeded  to 
grade.  This  condition  caused  the  construction 
of  shallow  diagonal  drains  under  the  floor  sys- 

tem along  the  easterly  and  southerly  slopes  as 

nearly  perpendicular  as  possible  to  the  direc- 
tion of  ground  water  flow  as  determined  by 

observations  from  a  system  of  test  wells. 
These  diagonal  or  herring-bone  drains  carry 
the  water  to  main  collector  drains  along  the 
toe  of  the  southerly  slope,  and  thence  to  two 
8-in.  main  drains  under  the  dividing  wall  and 
through  the  embankment  to  the  waste  drain 
in  the  gate  house.  All  of  the  collecting  drains 
consist  of  4-in.  and  6-in.  open  joint  tile  sur- 

rounded by  gravel,  all  covered  by  a  12-in.  con- 
crete cap  which  forms  a  foundation  for  the 

floors.  The  8-in.  drains  are  surrounded  by 
concrete  to  prevent  upward  pressure  on  the 
base  of  the  dividing  wall. 

Steel  forms  were  used  for  the  36-in.  main 
drain  and  part  of  the  egg  drain,  and  both 
drains  were  poured  in  two  sections,  except 
where  the  main  drain  was  reinforced  near  the 

gate  house.  In  the  deep  trench  of  the  cut-off 
drain  an  A-frame  movable  crane  with  hoisting 
drums  was  used  to  remove  excavated  ma- 

terials. Concrete  in  drains  was  mainly  hand 
mi.xed.  These  drains  were  constructed  mainly 
in  cold  weather,  making  it  necessary  to  heat 
the  sand  and  gravel,  and  to  maintain  fires  in 
the  trenches. 

FRIDAY   .AVENUE  RETAINING    WALL. 

The  reinforced  concrete  retaining  wall,  ex- 
tending for  875  ft.  along  the  southerly  side  of 

the  reservoir  and  holding  in  place  a  public 
roadway,  is  built  at  the  top  of  the  2  to  1  slope 
and  varies  in  height  from  2  to  21%  ft.  The 
heel  of  the  wall  is  tied  into  a  2x.3-ft.  egg 
shaped  drain  for  stability.  The  vertical  sec- 

tion of  this  wall  is  18  ins.  thick.  The  founda- 
tion extends  2  ft.  in  front  and  in  the  higher 

sections  9  ft.  back  of  the  face  of  the  wall. 

The  vertical  reinforcing  of  the  higher  sec- 
tions of  the  wall  consists  of  %-in.  rods  on 

16-in.  centers  from  the  top  to  the  base,  %-in. 
rods  on  8-in.  centers  from  a  point  10  ft.  below 

the  top  of  the  base,  %-in.  rods  on  4-in.  centers 
from  a  point  12  ft.  below  the  top  to  the  base. 
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and  in  addition,  %-in.  rods  on  lO-in.  centers 
through  the  base  and  the  top  of  the  egg  drain, 
and  %-in.  rods  on  12-in.  centers  extending 
from  the  base  both  sides  of  the  egg  drain, 
with  additional  short  rods  at  construction 

joints. 
The  base  of  this  wall  was  constructed  in  8- 

ft.  sections  because  of  interference  of  the 
bracing  that  held  the  roadway  in  place,  while 
the  wall  proper  was  built  in  48-ft.  sections, 
or  from  one  galvanized  plate  expansion  joint 
to  another. 

After  this  wall  had  been  practically  com- 
pleted and  the  slope  trimmed,  a  slippery  clay 

was  exposed,  showing  that  a  general  move- 
ment of  the  \vall  would  probably  follow  the 

back-filling.  .\  large  toe  pier  or  buttress  was 
therefore  constructed  below  and  in  front  of 
the  base  of  the  retaining  wall  and  extending 
to  the  rock,  increasing  the  stability  of  the 
wall  against  sliding  from  0.98  to  1.50  as  com- 

puted from  Baker's  formula  with  a  coefficient 
of  0.2.5  for  the  sliding  of  clay  on  clay.  Hy 
working  the,  concrete  dry  a  close  joint  was 
made  between  the  toe  pier  and  the  base  of 
the  wall,  no  sulphur,  lead  or  wedges  being 
used. 

Concrete    for    the    wall    and    toe    pier    was 

Fig.  1.    View  of  Combined  Dividing  Wall  and 
Inlet   Conduit   of   North    Side    Reservoir, 

of  Pittsburgh,  Under  Construction. 

mixed  along  Friday  avenue  in  a  %-cu.  yd. 
batch  mixer;  the  A-frame  traveling  crane  be- 

ing used  in  the  handling  of  the  forms  and 
in  the   backfilling. 

DIVIDING   W.\LL  AND  CONDUIT. 

The  original  design  of  the  reservoir  pro- 
vided for  an  earth  dividing  embankment  sur- 

mounted by  a  7-ft.  reinforced  concrete  inlet 
conduit  extendiner  between  the  two  gate 
houses.  Inability  to  obtain  sufficient  clay  to 
mix  with  the  shale  for  outside  embankment 
purposes  caused  the  substitution  of  a  com- 

bined dividing  wall  and  conduit  for  the  di- 
viding embankment  and  circular  conduit.  A 

view  of  the  dividing  wall  and  conduit  is 
shown  in  Fig.   1. 
The  conduit  wall  is  a  triangular  conduit  of 

an  area  equivalent  to  a  7-ft.  circle,  supported 
on  two  legs  or  cut-off  walls  extending  from 
5  to  9  ft.  below  the  floor  to  bed  rock,  all  sur- 

mounted by  an  18-in.  wall  about  5  ft.  high, 
making  the  height  of  the  conduit  wall  16  ft. 
above  one  basin  floor  and  18  ft.  above  the 
other  basin  floor.  The  sides  of  the  triangular 
conduit  are  "20  ins.  thick,  reinforced  with  Ya- 

rn, diamond  bars  on  9-in.  centers,  extending 
from  the  legs  to  the  surmounting  walls  and 
%-in.  diamond  bars  on  12-in.  centers  at  both 
surfaces.  The  base  of  the  triangle  is  designed 
as  a  beam  with  the  same  reinforcement  as  the 

sides.  The  surmounting  wall  is  designed  as  a 
cantilever.  'Copper  expansion  joints  are  used 
in  the  legs  and  floors. 

This  conduit  wall  was  built  in  .58%-ft.  sec- 
tions; the  legs,  the  conduit  floor  and  the 

sides  with  the  surmounting  wall  being  built 

at  separate  pourings.  It  being  practically  irn- 
possible  to  work  the  concrete  in  the  conduit 
forms,  two  air  hammers  were  kept  constantly 
but  gently  hammering  the  forms  during  the 
pouring,  resulting  in  a  thoroughly  compacted 
concrete  of  smooth  finish.  All  forms  and 
material  for  the  dividing  wall  and  conduit 
were  handled  by  the  cableway. 

That  portion  of  the  inlet  conduit  from^the 
main  gate  house  to  the  conduit  wall  is  a  T-ft. 
circular,  reinforced,  concrete  conduit  for  a 
distance  of  40  ft.  to  a  vertical  well,  whicii 
forms  the  junction  of  the  circular  section  and 
the  triangular  section  of  the  inlet  conduit. 
The  reinforcement  of  the  circular  conduit 

consisted  of  %-in.  rods  on  6-in.  centers  run- 
ning longitudinally,  and  %-in.  rods  on  4-in. 

centers  running  transversely,  except  in  the 

outside  layer  of  the  reinforcement  in  the  bot- 
tom where  %-in.  rods  on  24-in.  centers  run- 
ning transversely,  and  %-in.  rods  on  4-in.  cen- 
ters running  longitudinally,  were  used. 

The  concrete  for  the  circular  conduit  was 
mixed  in  a  %-cu.  yd.  batch  mixer,  while  the 
concrete  for  the  vertical   well  was  mixed   in 

bins  held  approximately  400  cu.  yds.  of  con- 
crete gravel,  200  cu.  yds.  of  sand  and  200  cu. 

yds.  of  coarse  gravel.  Storage  was  provided 
for  two  cars  of  cement  in  the  cement  house 
and  one  car  on  the  platform.  Sand  and 
gravel  were  dumped  from  the  trucks  directly 
into  the  bins.  The  cement  was  dumped  on 
the  Friday  Ave.  platform  and  hand  handled 
to  the  chute  leading  to  the  cement  house. 
An  electrically  operated  1%.  cu.  yd.  batch 

mixer  was  installed  on  the  secondary  gate 
house  foundation  directly  in  front  of  the 
storage  bins.  The  sand  and  gravel  from  the 
bins  were  controlled  by  shear  gates  directly 
above  the  mixer  hopper,  while  the  cement 
was  placed  in  a  vertical  chute  directly  over 
the  hopper,  and  controlled  by  a  slide  gate. 

The  liopper  was  standardized  for  1  cu.  )'d.  of 
concrete.  During  the  busy  season  1  cu.  yd. 
of  concrete  could  be  turned  out  of  the  mixer 
every  minute,  although  the  average  time  of 
mixing  was  about  1%  minutes ;  this,  of  course, 
was  for  wet  concrete  used  in  walls  and  all  flat 

work.  The  dry  concrete  used  on  slopes  re- 
quired about  2%  minutes  for  mixing  each 

batch. 
The  mixer  discharged  directly  into  shear 

gate  buckets  on  flat  cars,  or  to  cradle  cars. 

Three  contractors'  locomotives  were  required, 
during  the  time  of  the  laying  of  the  floor  and 
slope   blocks,   to   transport   the   concrete   from 

Fig.  2.   View  of  Central  Concrete  Mixing  Plant,    North     Side     Reservoir    Construction,    Pitts- 
burgh,   Pa. 

the  central  mixing  plant,  and  placed  by  means 
of  the  cableway. 

CENTR.\L      CONCRETE      MIXING      PL.\NT      ANID      ITS 
SUPPLY    AND     DISTRIBUTION     PLANT. 

All  the  sand  and  gravel  used  in  the  con- 
struction of  the  reservoir  was  dug  from  the 

Allegheny  River  in  the  vicinity  of  Hoboken, 
from  which  point  it  was  transported  in  barges 
to  Alillvade,  where  the  contractor  installed  a 
hoisting  plant.  The  material  was  taken  from 
the  barge  in  a  clam  shell  bucket  and  dumped 
into  an  elevated  storage  bin  containing  com- 

partments for  coarse  gravel,  fine  gravel  and 
sand.  From  this  bin  it  was  taken  to  the 
reservoir,  a  distance  of  1%  miles  by  a  group 
of  six  S-ton  auto  trucks,  each  truck  making 
from  18  to  20  trips  per  day  of  11  hours.  The 
cement  was  received  at  a  siding  adjacent  to 
the  Millvale  storage  bin,  and  transported  to 
the  reservoir  in  a  o-ton  flat-bed  truck.  Dur- 

ing the  summer  of  1914  these  trucks  were 
operated  double  shift,  or  22  hours  per  day,  in 
order  to  maintain  a  supply  of  materials  at  the 
reservoir  site.  From  the  fleet  of  seven  trucks 
it  was  found  necessary  to  hold  one  truck  each 
day  in  the  shop  for  overhauling. 
At  the  reservoir  the  supply  bins  and  the 

cement  house  were  built  on  the  southerly 
slope  between  the  foundation  of  the  secondary 
gate  house  and  the  Fridav  Ave.  wall.     These 

the  mixer  to  the  crane.     A  view  of  the  cen- 
tral mixing  plant  is  shown  in  Fig.  2. 

A  stationary  cableway  was  used  in  the  con- 
struction of  the  dividing  wall  and  conduit, 

and  the  well  in  the  northerly  embankment, 
also  for  general  transportation  purposes  from 
Friday  Ave.,  including  the  transporting  of  the 
steel  reinforcement  and  concrete  forms.  The 
head  tower  is  50  ft.  high,  located  on  the 
southerly  side  of  Friday  Ave.,  and  the  tail 
tower  is  45  ft.  high,  located  on  the  gate  house 
in  the  northerly  embankment.  The  distance 
between  towers   is  approximately  850  ft. 

Ri;SERVOIR    LINING. 

The  lining  of  the  reservoir  floor  and  of  the 
slopes  up  to  the  revetment  consists  of  two 
4-in.  layers  of  concrete,  the  joints  overlap- 

ping 8  ins.  instead  of  the  usual  method  of 
overlapping  from  center  to  center  of  blocks. 
The  lining  of  the  slopes  above  the  revetment 
drain  consists  of  a  4-in.  layer  of  concrete 
covered  to  a  depth  of  12  ins.  with  large  gravel, 
upon  which  rests  a  6-in.  layer  of  reinforced 
concrete,  the  waterproofing  and  a  4-in.  sur- 

face layer  of  concrete.  The  floor  blocks  are 
10  ft.  square,  while  the  blocks  on  the  slopes 
vary  from  8  X  10  ft.  to  16  X  38  ft.,  the 
larger  blocks  being  in  the  6-in.  reinforced 

layer. Waterproofing    of    the    slopes    consists    of 
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four  1/16-in.  layers  of  asphalt  and  three  layers 

of  8-oz.  saturated  burlap  laid  alternately,'  be- tween the  layers  of  concrete,  while  in  the 
floors  three  layers  of  asphalt  and  two  layers 
of  burlap  in  18-in.  strips  were  used  at  the 
floor  joints  only  in  such  a  manner  that  the 
waterproofing  overlaps  the  joints  of  both 
layers  by  5  ins.  All  joints  were  treated  with 
asphalt  either  by  mopping  or  by  pouring  the 
spaces  left  by  the  M,-in.  steel  plates  used  as 
forms.  The  three-ply  waterproofing  is  about 
%-in.  thick,  while  the  two-ply  waterproofing 
is  about  ■'/i-in.  thick. 

All  concrete  used  below  the  revetment  was 
mixed  at  the  central  mixing  plant,  transported 
in  1-cu.  yd.  batches  in  shear  gate  buckets  on 
flat  cars,  lifted  from  the  flat  cars  by  the  70- 
ton  crane  and  dumped  into  the  forms.  A 
few  of  the  blocks  above  the  revetment  were 
placed  in  this  same  manner :  a  few  such 

blocks  w-ere  also  built  from  concrete  mixed 
in  a  %  cu.  yd.  mixed  on  top  of  the  embank- 

ment, dumping  directly  into  the  forms:  but 
the  major  portion  of  these  blocks  were  built 
from  concrete  mixed  at  the  central  plant, 
conveyed  in  yard  cradle  cars  along  the  top 
of  the  embankment  and  dumped  into  the 
forms.  The  concrete  for  the  floor  blocks 
was  of  a  wet  mix,  while  the  concrete  for  the 
slope  blocks  was  much   dryer. 
On  the  slopes  the  usual  system  of  pouring 

alternate  blocks  was  followed.  On  the  floors 
the  concrete  was  laid  in  rows  extending  from 
one  side  of  the  basin  to  the  opposite  side, 
the  longitudinal  forms  consisting  of  4-in.  X 
6-in.  stringers,  while  the  transverse  forms 
were  Vi-in.  X  4-in.  steel  plates  set  in  the 
stringers  and  the  points  of  the  preceding  row 
of  blocks.  The  concrete  was  finished  with 
straight   edge  and  wooden  trowels.     In  a  day 

Filtration  Works.  During  the  first  season  of 
construction  the  floor  which  was  of  two  layers, 
each  4  ins.  thick,  was  put  in  with  the  upper 
blocks  breaking  joints  at  the  center  of  the 
lower  layer  blocks,  and  after  the  winter  had 
passed  yve  found  that  the  upper  blocks  had 
broken  just  over  the  joints  in  the  lower  layer. 
In  the  endeavor  to  avoid  this  next  season 
we  brought  out  the  construction  used  here, 
i.  e.,  offsetting  the  vertical  joints  in  the  up- 

per and  lower  layers  from  6  to  8  ins.,  and 
this  proved   effective. 

The  explanation  for  the  cause  of  the  cracks 
offered  is  that  the  contraction  in  the  lower 
blocks  during  the  cold  weather  had  been 
sufficient  to  break  the  upper  blocks  and  by 
lapping  the  joints  a  small  amount  we  did  not 
get  that  effect,  as  the  adhesion  of  the  sur- 

face in  contact  was  less  than  the  strength  of 
the  upper  layer  of  concrete,  and  thus  sliding 
instead  of  cracking  occurred. 

In  spite  of  the  precaution  taken  to  secure 
watertightness  and  the  adoption  of  a  water- 

proofing membrane,  this  reservoir  compares 
very  favorably  in  cost  per  million  gallons 
with  reservoirs  of  similar  size,  as  shown  in 
Table  I,  which  gives  some  costs  of  large 
basins   constructed  in  the  United  States. 

One  of  the  most  interesting  points  discov- 
ered in  the  course  of  the  construction  work 

was  in  connection  with  the  waterproofing. 
This  consisted  of  three  plies  of  saturated 
burlap  mopped  on  with  hot  asphalt.  Mr.  S.  L. 
Fuller  discussed  that   feature  as   follows : 

The  specifications  said  "all  surfaces  receiv- 
ing waterproofing  shall  be  clean,  dry  and 

smooth."  The  word  "dry"  in  relation  to  set- 
ting concrete  was  subject  to  the  decision  of 

the  inspectors  and  naturally  was  an  open 
point   for   argument,   as   in  order  to  keep  the 

TABLE   I.— COST  OF   SIX   LARGE   AMERICAN    WATER  WORKS  RESERVOIRS. 

Reservoir.  Location. 
Queen    Lane   Philadelphia,    Pa... 
New   Roxborough   Philadelphia,    Pa. . . 
Settling  Basins   Cincinnati,  Ohio   .  . 
.Service   Reservoir   Minneapolis,  Minn. 
Prospect      Rochester,  N.  T. . . . 
Northside      Pittsburgh,  Pa   

Capacity in Cost  per 
million   gals. Cost. million  gals 383 

$i,iss,noo $3,100 147 524,000 

3,600 

33(1 

1,276,000 

3,900 

93 

442,000 4,750 

lln 
554,000 

5,000 
150 

676,000 4,100 
of  11  hours  488  cu.  yds.  of  concrete  were 
placed  in  floor  blocks  and  finished. 
The  distributing  conduits,  which  extend 

along  the  southerly  slopes  of  both  basins,  were 
built  from  concrete  mixed  in  the  %  cu.  yd. 

mixer  working  along  Friday  Ave.  A  sec- 
tion of  this  conduit  is  in  the  form  of  a  trape- 

zoid, the  top  of  which  is  horizontal,  the  bot- 
tom of  which  is  the  upper  layer  of  the  floor 

system  on  the  2  to  1  slope,  and  the  sides  of 
which  are  vertical.  Circular  openings  are 
provided  in  the  top  of  the  conduit,  to  provide 
for  circulation  of  water  near  the  secondary 
gate  house. 

The  asphalt  was  heated  to  400°  F.  and  ap- 
plied with  ordinary  cotton  mops.  In  three- 

ply  waterproofing  the  burlap  was  lapped  13 
ins.,  the  width  of  burlap  being  39  ins. 

All  concrete  used  in  the  construction  of 
the  reservoir  was  of  1:2:4  mix,  except  in 

negligible  cases,  such  as  manholes,  catch  bas- 
ins and  gate  vaults. 

The  responsibility  of  the  reservoir  lies  with 
Mr.  Joseph  G.  Armstrong  and  Mr.  Robert 
Swan,  former  and  present  directors  of  the 
Department  of  Public  Works:  Mr.  Charles 
A.  Finlev,  supei  intendent  of  the  Bureau  of 
Water;  Mr.  C.  O.  Daughaday  and  Mr.  John 
M.  Rice,  Division  Superintendent  and  Assist- 

ant Engineer,  respectively,  of  the  division  of 
engineering  in  charge  during  the  design  and 
first  four  months  of  construction  work:  Mr. 

E.  E.  Lanpher  and  Mr.  John  S.  Cole,  Divi- 
sion Superintendent  and  Assistant  Engineer, 

respectively,  of  the  distribution  division,  in 
charge    since    November,    1912. 

DISCUSSION. 

The  following  interesting  points  were 
brought  out  in  the  discussion.  Mr.^  J.  M. 
Rice  explained  the  advantage  of  lapping  the 
two  layers  of  concrete  only  8  ins.  instead  of 
lapping  them  half  their  length,  as  is  usually 
done,  as   follows : 
We  adopted  this  design  from  experience 

gained  in   the   construction  of  the   Pittsburgh 

work  moving  we  desired  to  lay  the  water- 
proofing as  soon  as  possible,  while  the  in- 
spectors held  out  for  strictly  dry  surfaces. 

We  had  occasion  to  remove  one  of  the  top 

blocks  and  much  to  our  surprise  and  gratifi- 
cation we  found  that  while  the  layer  of  wa- 

terproofing which  had  been  mopped  on  to 
the  24-hour  old  concrete  had  no  adiiesion  to 
it  at  all,  yet  the  top  block  which  had  been 
poured  wet  on  to  the  asphalt  could  not  be 
separated  from  it.  We  then  made  several 
experiments  and  we  found  that  the  best  bond 
between  the  asphalt  and  concrete  was  ob- 

tained wdien  the  asphalt  was  mopped  on  as 
soon  as  the  concrete  had  set,  so  that  it  could 
be  walked  on  without  injury.  The  theory  we 
advance  is  that  as  soon  as  concrete  starts  to 

set  it  starts  to  "dust,",  and  by  applying  the 
asphalt  practically  before  this  starts  we  avoid 
the  thin  layer  of  dust,  which  it  is  impossible 
to  remove  and  which  prevents  the  close  adhe- 

sion of  asphalt  to  concrete. 

Probably  the  most  remarkable  thing  about 
the  job  was  the  speed  obtained  in  laying  the 
4-in.  floor  slabs.  Through  a  carefully  de- 

signed concrete  plant  with  one  Ransome  40 
cu.  ft.  mixer,  motor  driven,  we  were  able  to 
average  37.5  cu.  yds.  per  day  for  a  period  of 

four  weeks,  the  maximum  day's  output  being 
489  cu.  yds.  AH  of  the  material  for  this  was 
hauled  by  five,  5-ton  Pierce  .-^rrow  motor 
trucks,  which  we  found  most  economical  in 
operation.  These  we  worked  24  hours  a  day 
and  they  hauled  over  a  distance  of  1%  miles, 
the  last  %  mile  being  all  up  a  4  to  6  per  cent 
grade.  The  economy  of  the  motor  truck  was 
marked.  We  cut  down  the  haul  by  probably 
half  over  what  we  could  have  accomplislied 
with  teams,  and  it  would  have  been  impossible 
to  complete  the  reservoir  in  one  season  had  it 
not  been  for  the  truck  proposition,  because 
we  could  not  have  worked  loO  teams  in  arid 
out.  As  it  was,  with  the  team  making  six 
trips  a  day  from  the  hoist  to  the  job,  we  had 
to    snap   them   all   up   the    hill.     We   put   on 

three  teams  and  had  four  teams  to  bring  up 

the  three  wagons.  That  was  before  we  pro- 
cured the  trucks.  Of  course  the  upkeep  of 

trucks  is  heavy  on  that  hill,  but  there  is  no 
question  that  the  truck  proposition  was  the 
life  saver  of  the  job. 

Time  Studies  in  Connection  With  the 

Cleaning  of  Filter  Sand  at 
Philadelphia. 

Efficiency  in  municipal  government  will 
only  come  about  as  the  work  in  the  various 
departments  is  put  on  a  basis  which  gives 
each  man,  from  the  common  laborer  up  to 
the  skilled  artisan  and  clerk,  a  well-defined 
task  to  do  in  a  given  time,  with  a  definite  re- 

ward for  its  accomplishment.  Under  the 
ordinary  methods  of  handling  city  work  it  is 
cheaper  where  there  is  fair  competition  to  let 
work  by  contract  than  to  handle  it  by  day 

labor.  With  an  effective  system  that  elimi- 
nates not  merely  favoritism  but  also  presents 

a  definite  incentive  for  each  man  to  do  a  fair 

day's  work,  the  day  labor  plan  becomes  more 
attractive  from  an  economic  standpoint.  The 
construction  and  maintenance  work  in  the 

department  of  public  works  is  a  field  that 
offers  the  largest  opportunities  from  an  engi- 

neering standpoint.  It  includes  such  opera- 
tions as  trenching,  pipe-laying,  sewer  con- 

struction, aqueduct  construction,  filter  clean- 
ing, street  cleaning,  road  building,  grading, 

concrete  work  and  building  construction.  Un- 
der ordinary  municipal  management  it  is  out 

of  the  question,  as  above  indicated,  to  handle 
work  of  this  kind  economically.  However, 

practically  every  one  of  the  classes  of  work 
mentioned  has  been  handled  at  large  reduc- 

tion of  cost  by  means  of  systematic  planning 
of  the  work  in  advance  and  layout  of  tasks 
or  establishment  of  piece  rates. 

The  present  article  describes  one  accom- 
plishment of  Philadelphia  along  the  line  of 

improved  methods.  The  particular  operation 
studied  is  the  cleaning  of  filter  sand.  Our 

information  is  from  a  paper  before  the  Amer- 
ican Society  of  Mechanical  Engineers  by  Mr. 

Sanford  E.  Thompson. 
Philadelphia  has  five  large  filtration  plants 

consisting  of  covered  reservoirs  operated  by 
slow  sand  filtration.  The  water  pumped  into 
the  reservoir  from  the  Schuylkill  and  the 
Delaware  Rivers,  after  passing  through  the 
pre-filters,  percolates  through  about  4  ft.  of 
sand  and  gravel  and  is  thus  purified.  The 
impurities  are  caught  largely  in  the  upper  few 
inches  of  sand,  so  that  if  this  upper  portion 
is  washed  the  filtration  area  is  practically  re- 

newed. Several  metlnids  nf  cleaning  filter 

sands  are  in  use.  all  of  them  involving  con- 
siderable manual  labor.  Further  details  of 

the  methods  followed  in  the  case  under  ob- 
servation are  referred  to  below. 

RESULTS. 

The  object  of  the  plan  has  been  to  lay  or.t 
the  work  of  each  gang  of  men  so  as  to  in- 

crease the  effectiveness  of  the  plant  and  pro- 
vide a  definite  task  to  be  accomplished  in  a 

day.  The  results  of  the  plan  which  is  being 
put  into  operation  are  as  follows : 

Rotation  of  cleaning  the  filters  is  planned  in 

advance  by  well-defined  rule. 
A  definite  area  of  sand  to  clean  is  assigned 

to  each  gang,  this  area  depending  upon  the 
depth   of  cleaning   necessary. 

This  setting  of  tasks  has  increased  output  of 

each  gang  15  per  cent  and  this  should  be  fur- 
ther increased  to  at  least  25  per  cent. 

Accurate  records  are  kept,  showing  the  time 
consumed  by  each  gang. 

Cost  accounts,  as  well  as  pay-roll,  are  made 
up  from  the   time  tickets  furnished  to  the  men. 
Gang  leaders  are  required  to  pay  closer  at- 

tention to  their  duties. 
Improved  apparatus  and  machinery  are  under 

consideration. 
Methods    of    determining    depths    of    sand    to 

clean  are  being  standardized. 
OBST.XCLES. 

The  greatest  obstacle  encountered  has  been 
the  city  ordinance  fixing  the  rate  of  pay  of 
unskilled    laborers   on   a   level  wage   per   day 
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regardless  of  the  quality  of  the  workman  or 
the  amount  of  work  he  is  able  to  accomplish. 
While  in  city  government  strict  regulation  is 

necessary,  a  plan  such  as  is  followed  in  Chi- 
cago, where  the  employes  in  each  department 

are  definitely  graded,  with  different  wages 
for  each  grade,  provides  a  means  for  re\vard- 
ing  a  man  according  to  his  ability  and  giving 
a  city  good  value  for  money  expended.  The 
Philadelphia  ordinances  prevent  the  payment 
of  a  bonus  and  thus  make  it  difficult  to  en- 

courage the  men  to  accomplish  the  tasks  as- 
signed  them. 

Another  hindrance  to  efficient  management 
that  is  found  ordinarily  in  city  laws  is  the 
fact  that  civil  service  regulation,  while  pre- 

venting the  discharge  of  a  man  for  political 
reasons,  at  the  same  time  limits  the  power  of 
discharge  for  inefficiency.  The  municipality 
thus  pays  inferior  men  not  only  the  same 
rate  as  first-class  men.  but  prevents  the  good 
man  who  is  out  of  a  job  which  he  really  de- 

serves from  obtaining  a  situation  wliich  the 

loafer  holds.  '  Altliough  the  fear  of  discharge 
or  reduction  in  wage  is  a  crude  and  unsatis- 

factory way  of  obtaining  a  fair  day's  work, its  elimination  with  no  means  of  providing  a 

corresponding  substitute  increases  the  diffi- 
culties in  the  way  of  giving  a  city  fair  return 

for  its  money. 
In  the  case  under  consideration,  for  ex- 

ample, the  handling  of  the  work  would  have 
been  much  simplified  and  made  substantially 
automatic  if  it  had  been  possible  to  provide. 
for  a  man  well  fitted  to  his  work,  a  reward 

for  accomplishing  a  good  day's  task.  As  this 
was  impossible,  and  as  it  is  unfair  in  any  case 

to  expect  a  inan  to  do  an  exceptional  day's 
work  without  an  exceptional  day's  pay,  the tasks  laid  out  were  lower  than  would  be  set 
under  a  proper  system  of  task  and  bonus,  and 
their  maintenance  was  more  difficult  to  en- 
force. 

At  the  beginning,  the  general  attitude  of  the 
men  and  the  foremen  was  antagonistic,  as  is 
almost  always  the  case  where  new  methods 
are  being  introduced.  This  is  gradually  over- 

come as  the  results  become  evident. 

METHOD    OF    CI.E.\XIXG. 

In  the  filtration  plant  first  handled  by  the 
new  method  there  are  65  filters,  employing 
about  128  men  for  cleaning.  Each  filter  is 
about  140  ft.  wide  by  250  ft.  long,  and  is 
built  with  groined  arch  bottom  and  roof, 
having  columns  about  IG  ft.  on  centers. 
The  Nichols  method  of  washing  is  used  in 

this  plant.  In  this  method  the  dirty  sand 
from  the  surface  of  the  bed  to  a  depth  speci- 

fied is  shoveled  to  an  ejector,  furnishing 
water  under  about  85  to  100  lbs.  pressure, 
which  forces  it  through  a  large  hose  into 
the  separator,  which  is  a  cylindrical  iron  tank 
provided  with  a  concentric  baffle  about  0  or 
8  ins.  from  the  outside  shell.  The  water  and 

sand  swirl  around  this,  the  clean  sand  set- 
tling in  the  conical  bottom  and  passing  out 

through  a  2-in.  hose  below.  The  dirty  water 
passes  under  the  baffle  and  out  of  the  top  of 
the  tank,  whence  it  passes  out  of  the  bed 
through  a  hose  and  pipe  to  sewer. 
From  the  separator  the  sand  is  returned  by 

the  hose  to  the  bed,  where  it  is  properly  dis- 
tributed and  leveled.  Sometimes,  according 

to  conditions,  the  dirty  sand  is  shoveled  di- 
rect to  the  hopper  of  the  ejector,  and  in 

other  cases  is  scraped  and  piled  from  the  first 
and  one-half  the  third  bay  into  the  second 
line  of  bays;  from  the  other  half  of  the  third 
and  one-half  the  fifth  line  of  bays 
into  the  fourth  line  of  bays;  and  so  on. 
to  include  the  ninth  bay.  This  scraping 
and  piling  is  done  usually  as  an  independ- 

ent operation  by  old  men  unfit  for  harder 
work. 

Four  washing  gangs  are  required  for  each 
filter  bed,  the  outside  gangs  having  2%  bays 
each  and  the  inside  gangs  having  2  bays  to 
clean.  In  each  gang  there  are  3  shovelers  to 
a  hopper,  2  men  shoveling  at  a  time  while 
one  rests.  Fach  man  sliovels  40  minutes  and 
then  rests  20  minutes.  The  fourth  man  takes 

care  of  the  hose  from  the  separator,  distribut- 
ing the  clean  sand  to  the  bed.  A  fifth  man, 

recently    introduced,    working    with    2    gangs, 

cpades   up   the   hard   sand   that   has  been   un- 
covered before  replacing  the  washed  sand. 

METHOD   OF   ATTACK. 

The  method  of  attacking  any  problem  in 

order  to  place  it  on  a  scientific  basis  varies 

with  the  character  of  the  work.  In  certain 

cases,  such  as  intricate  factory  operations,  it 

is  necessary,  before  any  tasks  are  set  or  even 

before  time  studies  are  made,  to  establish  a 

complete  system  of  routing  the  materials  and 

the  emploves.  In  other  cases  the  first  neces- 

sity is  to 'establish  standards,  making  minute 
investigation  of  the  processes.  In  still  other 
cases  time  studies  can  be  made  at  the  start. 

In  the  sand  cleaning  proposition  all  of  these 

methods  were  carried  on  in  a  measure  simul- 
taneously. Studies  were  made  of  the  men 

and  the  methods  employed  to  see  where  the 

manner  of  handling  the  work  could  be  im- 

proved. Time  studies  were  made  to  deter- 
mine the  unit  times  for  each  individual  op- 

eration, so  that  the  tasks  could  be  figured  ac- 
curately in  advance.  From  records  already 

on  file,' giving  the  approximate  time  for  clean- 
ing, it  was  possible  to  begin  the  organization 

of  the  routing  system. 

OPERATION  ORDER 

Returned 

! 
Issued 

Charge  to 

DFT 

Operation  or  Symbol 

DFT 

Filter  Station 

.1 

Work  to  Be Finished Hours  to  Date 

Rate 

Am't 

Earned Total Hours Regular 
Hours 

0.  Time Hours 

(Do  not  mi 
out  here  for 

gang  work) 

Man's  Name 

j  If  Job  is  not  finished  ,,«»_  i      "p scratch  out  this            "»     !      -■■  • 

Foreman 

If  Job  is  finished         ijegp-  T\T    "P 
scratch  out  this           '»=*'      IN  •  T  . Route 

Sheet 

Pav 
Roil 

Cost 
Div. 

Sup 

erintendent 

Fig.  1.    Time  Ticket. 

Besides  the  studies  in  this  particular  plant, 
time  studies  were  also  made  on  various  op- 

erations in  the  other  plants  and  methods  in 
various  places  compared.  The  general  laws 
of  the  variation  of  the  filters  as  regards  loss 
of  head,  rate,  and  turbidity,  were  sought  by 
means  of  graphical  tabulations  and  curves. 

Unit  costs  of  labor  in  the  past  were  investi- 

gated. 
ROUTING. 

As  soon  as  tlic  preliminary  studies  were  far 
enough  advanced  a  bulletin  board  of  the  type 

used  in  the  Taylor  system  w-as  set  up  in  the 
office  at  the  plant,  provided  with  suitable 
hooks  for  the  tickets  which  designated  the 
work  of  each  man.  One  of  the  lines  of  hooks 

held  tickets  indicating  "Work  to  be  done 
NOT  RE.\DY" ;  a  second  line  above  it. 
"Work  to  be  done  READY";  and  the  third 

line,  above  this  "WORK  IN  PROGRESS.'' On  these  tickets,  which  are  iVi  by  AVi  ins., 
there  is  space  for  all  the  information  required. 
The   ticket  is  shown  in  Fig.  1. 
The  order  in  which  the  filters  were  to  be 

cleaned  was  designated  by  the  superintendent. 
The  time  each  task  is  begun  is  recorded  on 
the  ticket  and  also  the  time  of  completion. 
From   these   tickets   records   are   kept    at   the 

plant  in  terms  of  labor  hours  on  every  class 

of  operation  for  each  individual  bed,  and  the 

payroll  is  made  up  from  them.  From  the  pay- 
roll division  the  tickets  go  to  the  cost  division, 

where  they  are  filed  under  the  various 

charges,  so  that  a  monthly  cost  of  operation 
sheet   can  be  made. 

A  definite  system  of  cross-checking  is  pro- 
vided. Previously  the  time  was  charged 

against  the  various  cost  items  by  the  gang 
leader  on  a  daily  report  sheet  and  the  pay 
roll  and  the  cost  sheet  made  out  from  these 

were  sent  to  the  cost  division.  The  results 

were  inaccurate,  as  the  charging  of  the  time 
was  kept  by  the  gang  leader. 

The  initial  stages  of  the  introduction  of  the 

new  methods  were  under  the  personal  direc- 

tion of  Mr.  Thompson's  associate,  Mr.  Licht- 
ner.  The  system  of  routing  was  handled  by 

Mr.  Albert  'Tolson,  and  the  studies  and  tab- 
ulations made  by  Mr.  Lyle  L.  Jenne.  As 

soon  as  the  routine  was  established,  it  was 

taken  over  by  Mr.  Siddons.  the  superintend- ent. . 

Eventually,  the  central  planning  office  will 

be  established  at  City  Hall,  with  auxiliary  bul- 
letin boards  at  the  various  plants  operated  by 

telephone  from  the  central  office.  This  plan 
was  started  at  the  beginning,  but  it  was  found 

that  further  standardization  of  the  method  of 

determining  the  order  in  wdiich  the  filters  are 

to  be  cleaned  was  necessary  before  the  cen- 

tralized planning  office  would  work  satisfac- 
torily. New  record  forms  have  been  devel- 

oped" and  the  system  is  working  smoothly. 
UNIT  TIMES. 

Time  studies  were  made  by  the  aid  of  the 

stop  watch  on  the  labor  operations  in  the  beds, 

such  as  shoveling  dirty  sand  to  hopper,  clean- 

ing up  around  hopper,  moving  hopper,  mov- 

ing separator,  and  moving  track.  These  times 
for  individual  operations  \yere  then  converted 

for  direct  use  into  the  time  per  cubic  vara for  1  in.  of  depth. 

Studies  were  also  made  on  the  rate  of  de- 

livery of  sand  from  separator  and  the  effect 

of  opening  and  closing  the  separator  on  the 

rate  of  '^shoveling.  Different  methods  of 
handling  the  ejectors  were  also  included  in 
the  investigation. 

The  object  of  the  time  studies  was  to  hnd 
the  time  of  each  individual  operation,  so  that 

unnecessary  operations  could  be  eliminated 

and  the  unit  times  of  the  necessary  opera- 

tions could  be  combined  to  apply  to  all  con- 
ditions. Over-all  time  records  are  of  no  use 

whatever,  because,  for  example,  with  each 

change  in  depth  of  shoveling,  the  number  of 
moves   of    the   hopper   and   of    the    separator 
varv.  ,.   .  ,     , 

The  unit  times  for  the  individual  operations 

were  determined  by  the  taking  of  a  large 

number  of  time  studies  in  such  a  way  as  to 

eliminate  all  unnecessary  delays,  but  with  a 

suflicient  allowance  for  resting  and  delays 

which  were  unavoidable.  The  unit  times  ob- 
tained are  given  in  Table  1. 

T\BLE      I.— UNIT      TIMES      FOR      VARIOUS 

OPERATIONS       IN       CLEANING       FILTER SAND.  „.                            , 

Unit  time  per  Time  per  cu.  yd. 
operation,  per  l-in.  depth. 

Operation.                       min.  rnin. 
Moving  hopper       0.20  0.d4 
Moving  separator       O.oO  0.4b 
Moving  iiopper  hose..     0.25  JJ.ll 
Moving  track          0.S3  0.44 
Waiting  for  hopper  to  n  <!« 

empty       0.42  0.3S 
Moving  pressure  hose    l.SO  u.so 
Additional      necessary 

regt       ■ 

Shoveling  to  hopper    6-32 

The  time  given  in  each  case  is  that  for  the 

gang,  since  it  was  necessary  on  this  work  to 
set  a  task  for  the  entire  gang  instead  of 

starting  the  individual  men,  as  it  is  always 

best  to  do  when  possible.  The  time  of  shov- 

eling into  the  hopper  is  in  each  case  based 
on  the  rate  of  output  that  the  ejectors  will 
take  care  of.  It  w^as  found  that  one  man, 

instead  of  two,  could  very  nearly  produce  the 

required  output,  but  this  would  have  length- 
ened the  time  of  cleaning  so  as  to  be  inadvisa- 
ble.    For   example,   with   one   man    shoveling, 
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581 the  shoveling  time  per  cubic  yard  is  8.8  min- 
utes with  a  1-in.  depth,  and  6.75  minutes  per 

cubic  yard  when  the  depth  is  18  ins.  These 
studies  indicate  therefore  that  further  change 
is  necessary  in  the  method  of  operation  so  as 
to  increase  the  output  of  the  ejector  and  sep- 

arator in  order  to  obtain  the  full  value  of 
the  labor  of  the  gang. 

In  addition  to  the  time  studies  on  the  work 
of  the  laborers  in  the  filters,  time  studies 
were  also  made  on  the  clerical  work,  such 
as  making  out  tickets,  operating  bulletin 
board,  extending  time  on  tickets,  entering 
time  on  various  records,  and  checking  up  the 
payroll  in  order  to  distribute  the  work  equally 
among  the  force  employed  to  carry  it  an. 

SETTING    TASKS. 

Having  determined  the  unit  times  and  es- 
tablished the  system  of  routing  and  giving 

out  of  tickets,  the  area  of  surface  that  should 
be  shoveled  by  each  gang  was  figured  and 
the  point  tq  which  they  were  supposed  to  go 

in  a  day's  work  was  marked  with  a  flag.  In 
order  to  fix  this,  it  is  necessary  to  determine 
in  advance  by  test  holes  the  depth  which 
should  be  cleaned,  figuring  the  area  from 
the  volume  at  the  required  depth.  Curves 
have  been  plotted,  giving  areas  or  rather  dis- 

tances to  clean  for  the  outside  and  inside 
.gangs  for  various  depths.  These  distances 
are  converted  into  pier  locations,  so  many  feet 
in  front  or  back  of  pier  number  so  and  so. 
The  actual  point  reached  each  day  is  reported 
at  the  office  and  the  mark  for  the  following 
day  calculated   therefrom. 

On  the  first  two  days,  after  everything  was 
ready,  no  instructions  were  given  the  gang 
leader  or  the  men  as  to  how  much  they  were 
expected  to  do.  The  total  area  shoveled  by 
€ach  gang,  however,  was  noted,  and  com- 

pared with  the  area  they  should  have  ac- 
complished. Every  gang  shoveled  less  than 

the  figured  area,  the  amount  running  from 
10%  per  cent  less  to  31%.  per  cent  less.  After 

this  second  day's  work  we  concentrated  on 
E-1  gang,  since  it  is  always  necessary  in  order 
to  avoid  friction  to  work  with  a  single  man 
or  a  single  gang,  and  laid  out  in  advance  the 
amount  this  gang  should  accomplish  in  a 
day  by  setting  a  flag  at  the  point  which 

marked  the  end  of  the  day's  work.  As  a  re- sult, they  readily  accomplished  the  task  and 
reached  the  mark.  The  task  setting  was  then 
extended  to  other  gangs. 
One  rather  interesting-  point  came  up  in 

connection  with  the  handling  of  the  work  at 

first.  The  men  in  the  outside  bays  had  to 
shovel  about  7  per  cent  more  sand  than  those 
in  the  inside  bays  because  the  areas  were 
wider ;  nevertheless,  all  gangs  had  been  ac- 

customed to  keep  abreast,  the  men  who  had 
the  narrower  width  to  handle  slowing  up  to 
accommodate  their  speed  to  the  outside  men. 
When  the  men  began  working  by  the  task, 
the  operation  was  somewhat  similar,  except  in 
the  other  direction,  until  the  men  realized 
the  difference.  The  inside  men,  because  of 
the  narrower  width,  were  given  the  longer 
area  to  cover  and  gaged  their  speed  to  ac- 
commplish  their  task.  The  outside  men,  al- 

though shoveling  a  greater  width  kept 
abreast  with  them  without  special  trouble, 
thus  exceeding  their  task. 

ACCOMPLISHMENTS. 

The  rates  were  set  on  the  basis  of  a  fair 

day's  work  which  should  be  acconiiplished 
with  a  first-class  foreman  and  with  no  in- 

centive to  the  laborers.  Because  of  this  ab- 
sence of  incentive  the  work  actually  done 

averages  considerably  less  than  the  actual 
tasks. 
To  compare  the  amount  of  work  accom- 

plished before  and  after  setting  tasks  the 
records  were  averaged  of  27  cleanings  taken 
at  random  from  a  period  of  IVz  years  pre- 

vious to  the  introduction  of  the  new  methods. 
These  showed  an  avera.ge  rate  of  6.3  cu.  yds. 
shoveled  per  day  per  gang.  An  average  of 
■io  cleanings  after  task  work  was  started  gave 
7.2  cu.  yds.  per  day,  an  increase  of  nearly  15 
per  cent.  This  increase,  however,  was  less 
than  half  of  what  it  should  have  been,  the 

figured  rate  being  8.4  cu.  yds.  per  day.  Al- 
though the  15  per  cent  increase  was  well 

worth  accomplishing,  our  tests  showed  posi- 
tively that  the  larger  increase  of  over  30  per 

cent  should  readily  be  accomplished  with 
first-class  supervision.  One  plan  considered 
as  a  partial  incentive  is  a  record  card  for 
each  man  showing  his  output  and  thus  indi- 

cating his  relative  rank  as  a  workman.  The 
rank  of  a  man  would  influence  the  laying  off 
if  work  is  slack,  or,  on  the  other  hand,  if  a 
man  is  required  for  a  higher  position,  this 
ranking  would  be  taken  into  account.  If  it 
had  been  possible  to  pay  an  actual  money 
bonus,  the  task  would  have  been  set  still 

higher  and  the  output  would  have  been  in- 
creased about  50  per  cent. 

As  the  work  on  the  filter  management  was 
getting  under  way,  circumstances  called  the 
men   in  charge  to  other  locations  in   the  city 

temporarily.  Going  back  to  the  job  and 
making  further  studies,  it  was  found  that 
time  had  been  lost:  (a)  by  not  throttling 

down  the  separator  so  as  to  make  it  run  con- 
tinuously and  thus  deliver  its  full  output; 

(6)  by  unnecessary  throttling  of  the  hopper 
and  cleaning  up  ahead  before  moving  hopper 
to  next  portion  of  pile;  (r)  by  not  keeping 
spray  open  to  fullest  capacity.  It  was  noticed 
whenever  the  gang  was  watched  closely  that 

they  accomplished  their  task  without  any  dif- 
ficulty. 

APPARATUS. 

The  studies,  as  is  always  the  case  where 
thorough  investigations  are  made,  indicated  a 
number  of  changes  advisable  in  the  appara- 

tus and  methods'  of  handling  it.  It  was  found 
that  the  line  of  piping  for  the  water  used 
under  pressure  were  poorly  arranged,  so  as 
to  require  in  certain  cases  long  lengths  of 
hose  and  a  consequent  deduction  in  pressure 
which  largely  increased  labor  costs.  In  other 
cases  certain  pipe  lines  had  to  be  moved  from 
bed  to  bed  during  the  operation  of  cleaning. 
The  studies  have  shown  that  a  mechanical 
washing  device  probably  can  be  devised  which 
will  greatly  reduce  the  cost  of  cleaning. 

Even  with  the  present  apparatus  the  method 
of  handling  the  separators  and  ejectors  can 
be  considerably  improved  and  the  cost  of  this 
quickly  made  up  by  labor  saved. 
The  design  of  the  hoppers  and  separators, 

as  already  stated,  could  be  improved  so  that 
they  would  handle  just  the  right  amount  of 
material  that  a  gang  can  readily  shovel.  The 
present  output  is  limited  by  the  design  of 
the  hopper  and  ejector. 

These  various  matters  are  under  considera- 
tion and  improvements  are  being  made  from 

time  to  time. 
CONCLUSIONS. 

It  is  evident  from  the  results  obtained  here 
and  also  from  similar  experience  in  other 

work,  that  output  on  city  work  can  be  ap- 
preciably increased  simply  by  careful  plan- 

ning of  the  work  in  advance,  systematizing 
its  handling,  and  following  it  up  in  routine 
fashion.  To  obtain  the  full  value  of  organ- 

ization, however,  it  is  necessary  to  provide 
some  definite  incentive  to  the  men  to  accom- 

plish their  tasks.  This  makes  the  handling 
of  the  work  automatic  and  eliminates  fric- 

tion, and.  especially,  gives  the  men  the  extra 
money  which  they  actually  deserve  whenever 
the  tasks  are  set  high  enough  to  require  a 

good  day's  work. 

From  the  Soil  Up — A  New  Method  of 
Designing. 

Contributed  by  Arvid  Eeuterdahl,  Consulting 
Engineer,  Kansas  City,  Mo. 

Modern  engineering  design  involves  a  knowl- 
edge of  two  factors — constants  pertaining  to 

the  materials  and  to  the  principles  of  me- 
chanics. These  "weapons"  of  design  are  em- 

ployed by  the  designing  engineer  in  investigat- 
ing the  engineering  efficacy  of  an  assurned 

quantitv  of  material  displayed  in  a  tentative 
shape  or  form.  At  the  end  of  the  investiga- 

tion the  engineer  becomes  aware  of  the  cor- 
rectness or  incorrectness  of  his  assumptions 

in  regard  to  quantity  and  of  his  guess  as  to 
the  form  of  the  proposed  structure.  Ex- 

perience and  knowledge  concerning  quantity 
and  form  of  other  similar  structures  aids  the 
engineer  in   these   assumptions   and   guesses. 

This  procedure  is  universal  in  engineering 
design.  First,  the  designer  guesses  at  mass 
and  form ;  then  he  tests  the  engineering  value 

of  the  guess  by  an  application  of  the  con- 
stants of  the  material  and  the  principles  of 

mechanics  to  the  tentative  or  trial  design.  The 
writer  is  unaware  of  any  other  procedure  in 
the  entire  literature  of  engineering. 

It  is  with  a  thorough  knowledge  of  the  dif- 
ficulties involved  in  any  radical  departure  from 

the  above  universally  adopted  procedure  in  en- 

gineering  design  that  the  writer  ventures  to 
suggest  the  splendid  possibilities  open  to  the 
designer  who  has  the  courage  to  leave  the 
trodden  path  of  universal  practice  and  sally 
forth  into  regions  unexplored  but  replete  with 
gratifying  possibilities. 

The  writer  has  selected  the  design  of  a  re- 
taining wall  in  order  to  exhibit  the  steps  and 

principles  involved  in  his  proposed  method  of 
design.  This  single  illustration  should  prove 
sufficient  to  demonstrate  the  possibilities  of 
the  method. 

DESIGN    OF    A     REINFORCED     CONCRETE     RETAINING WALL. 

Order  of  Procedure. — According  to  the 
writer's  method,  the  following  procedure 
should  be   followed : 

(1)  Adopt  a  safe  maximum  bearing  power 
for  the  soil  at  the  site. 

(a)  This  value  is  determined  from  actual 
soil  tests  of  the  ultimate  bearing  power  by 
dividing  the  ultimate  value  by  some  arbitrarily 
adopted  safety  constant. 

(2)  Review  the  given  field  data  pertaining 
to  the  required  structure. 

(a)  Ground  profiles,  required  grade  lines, 
earth  slope,  etc. 

(b)  Determine  height  of  wall  from  top  to 
bottom  of  foundation  from  the  given  field 
data. 

(3)  Review  the  data  from  engineering  ex- 
perience applicable  to  the  proposed  structure. 

(a)  Adopt  a  ratio  between  height  of  wall 
and  length  of  base  (a  section  being  considered) 
consistent  with  good  engineering  practice. 

(b)  Adopt  a  ratio  between  length  of  toe  and 
length  of  base  in  accord  with  engineering 

practice. (4)  Locate  the  position  of  the  final  force 
resultant  in  respect  to  the  foundation  center. 

This  is  equivalent  to  a  predetermination  of 
the  amount  of  the  final  force  eccentricity  which 
the  designer  intends  that  the  structure  shall 
have.  In  other  words  if  the  designer  desires 
that  the  final  force  resultant  shall  fall  within 
the  middle  third  of  the  base  he  locates  it  ac- 

cordmgly  and  then  proceeds  to  force  the  sub- 
sequent design  to  meet  this  requirement. 

(.According  to  prevalent  methods,  the  final 
resultant,  in  magnitude  and  location,  is  dis- 

covered last  and  after  an  investigation  of  a 
tentative  design.  If  the  designer  is  experienced 

or  a  good  guesser  he  is  ready  for  congratula- 
tions if  the  final  resultant  appears  in  such  a 

relative  position  to  the  foundation  center  that 
excessive  soil  pressures  will  not  be  developed.) 

(5)  Calculate  the  value  of  the  normal 
(vertical)  component  of  the  final  force  re- 
sultant. 

(6)  Calculate    the    required    base    thickness 
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at   the   toe   consistent   with   the   value   of   the 
normal  component  and  its  eccentricity. 

(7)  Calculate  the  magnitude  and  determine 
the  location  of  the  horizontal  component  of 
the  earth  pressure  on  the  stem  of  the  wall. 

The  point  of  intersection  of  the  resultant  of 

the  horizontal  components  with  the  resultant 

of  the  vertical  components  is  one  point  in  the 

line  of  direction  of  the  final  resultant.  Pomt 
"E"  (see  Fig.  1),  1.31  ft.  to  the  left  of  the b  =  9-01   >, 
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Figs.  1  to  11.    Diagrams  Used  to  Explain  New    Method   of   Designing   as  Applied   to  the 

Design  of  a   Retaining  Wall. 

(8)  Calculate  the  required  thicl<ness  of 
stem  at  the  plane  of  junction  with  the  base. 

This  can  readily  be  done  since  the  magni- 
tude and  location  of  the  horizontal  component 

of  the  earth  pressure  is  known. 
(9)  Find  the  location  of  the  resultant  of 

all  the  vertical   force  components. 
In  this  case  the  vertical  forces  are  the  earth 

load,  H\,  and  the  wall  load,  Wc. 

base  center  "C,''  has  been  arbitrarily  located. 
These  two  points  determine  the  location  and 
direction  of  the  final  resultant. 

(10)  Calculate  the  factor  of  stability  against 
overturning  for  the  system  as  now  developed. 

(11)  Adopt  an  earth  load  area  and  calculate 
its  value  in  pounds. 

(12)  F'ind   the   location   and   direction   of   a 

single    force    equivalent,    in    its    effect,   to    the 
earth  load  area. 

(13)  F'ind  the  magnitude  and  location  of the  resultant  of  the  load  due  to  the  weight  of 

the  wall  itself. 
(a)  Wall  load  =  normal  component  —  earth load. 

(b)  The  magnitudes  of  all  the  load  factors 
are  known  at  this  stage  of  the  work.  The 

locations  of  all  except  one  of  the  force  fac- 
tors (the  unknown  being  the  location  of  the 

wall  load)  are  also  known. 
(c)  Calculate  the  location  of  the  wall  load 

by  taking  moments  about  some  convenient 

point. 

(14)  Calculate  the  wall  load  area. 
This  is  found  by  dividing  the  w'all  load  by 

the  weight  of  one  unit  of  wall  volume. 

(15)  Determine  the  actual  working  dimen- 
sions of  the  stem  consistent  with  the  eccen- 

tricity of  the  final  resultant  and  the  magni- 
tude of  its  vertical  component. 

(16)  Calculate  the  actual  thickness  of  the 

base  required  to  fulfill  the  conditions  of  loca- 
tion and  magnitude  of  the  wall  load. 

APPLICATION     OF     SUGGESTED     PROCEDURE     TO     ATX 

ACTUAL   DESIGN. 

The  above  outlined  method  will  now  be 

applied  to  the  actual  design  of  a  reinforced 
concrete  retaining  wall. 

(1)  Safe  Maximum  Bearing  Potccr  of  the 
Soil. — Soil  tests  at  the  site  developed  the  fact 
that  displacement  of  the  adjoining  soil  oc- 

curred when  the  load  per  square  foot  exceeded 
11,220  lbs.  This  value  was  then  taken  as  the 
ultimate  bearing  power  of  the  soil.  Using  a 
safety  factor  of  4,  the  safe  maximum  bearing 
power  of  the  soil  is  11,220^4  =  2.80.5  lbs.  per 

square  foot. 
(2)  Field  Data. — From  the  field  data  it  was 

ascertained  that  the  w-all  height  h  must  be  18 
ft.  from  bottom  of  foundation  or  base  to  the 

top  of  the  wall.  Furthermore  the  location  pre- 
cluded a  surcharge. 

(3)  Applicable  Engineering  Data. —  (a)  The 
ratio  between  the  length  of  base  b  to  the  wall 

heigh'-  /;  used  in  good  construction  varies  from 0.4  to  0.5. 

Using  the  maximum  of  these  ratios,  &  -i-  /j  = 
0.5,  and  since  h  =  18  ft.,  b  =  9  ft. 

(b)  A  prevalent  and  safe  ratio  between  the 
length  of  the  toe  /  and  the  base  length  6  is  1 :3. 

Hence  with  b  =  9  ft.,  <  =  3  ft. 

(4)  Location  of  Final  Force  Resultant. — It 
is  generally  a  desideratum  in  the  design  of 
walls,  piers,  abutments  and  dams  that  the  final 
force  resultant  shall  lie  witliin  the  middle 
third  section.  Since  b  ̂   9  ft.  the  middle  third 
zone  is  3  ft.  in  length.  Hence  the  distance 
from  the  mid-point  of  the  base  to  either  ex- 

tremity of  the  middle  third  zone  is  Vr,  of  9  ft. 
=  1.5  ft. 

If  the  final  resultant  falls  within  one  of  the 
extreme  thirds  then  tension  is  developed  in  the 

other  extreme  third.  Consequently  the  de- 
signer who  employs  the  orthodox  method  of 

designing  is  often  chagrined  when  he -finds, 
after  a  series  of  laborious  calculations,  that 
the  final  force  resultant  falls  outside  the 

middle  third,  for  this,  in  most  cases,  necessi- 
tates a  complete  revision  of  his  design. 

According  to  the  writer's  method  this  is  en- 
tirely avoided  by  arbitrarily,  and  at  the  start, 

locating  the  final  force  resultant  in  a  position 
satisfactory  to  the  designer,  after  which  the 
design  is  constructed  to  conform  with  the  re- 

quirements involved  in  the  initial  predetermina- 
tion of  the  position  of  the  final  resultant. 

Let  us  then  arbitrarily  select  a  suitable  lo- 
cation of  the  final  resultant.  It  is  reasonable 

to  suppose  at  the  outset  that  the  horizontal 
component  of  the  earth  pressure  will  tend  to 
translate  the  force  lines  in  a  direction  similar 
to  its  own.  Hence  with  the  toe  of  the  wall 
located  at  the  left  we  assume  that  the  final 
resultant  will  be  found  to  the  left  of  the  base 

center.  Therefore,  in  Fig.  1,  where  AB  repre- 
sents the  bottom  of  the  foundation,  the  final 

resultant  7?  is  shown  cutting  the  line  AB  at  a 

point  E  to  the  left  of  the  center  C.  The  dis- 
tance EC  is  generally  termed  the  eccentricity 

of  the  force  and  we  shall  use  the  symbol  "e" to    denote   its   value.     Furthermore,   we   shall 
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adopt  the  following  conventional  system  in 
regard  to  distance  and  forces: 
Horizontal  distances  measured  to  the  right  of 
the  center  are     + 

Horizontal  distances  measured  to  the  left  of 
the  center  are    — 

Vertical  distances  measured  above  AB  are. ...  + 
Vertical  distances  measured  below  AB  are...  — 
Horizontal  forces  acting  to  the  right  are....   + 
Horizontal  forces  acting  to  the  left  are    — 
Vertical   forces   acting   downward   are      -f 
Vertical  forces  acting  upward  are    — 

In  accordance  with  this  conventional  nota- 

tion the  distance  EC  or  "e"  is  here  negative. 
Since  Vr,  b  =  1.5  ft.,  e  mav  be  any  value  less 

than  1.50  ft.    Let  e  =  1.31  ft. 
(5)  Calculation  of  Magnitude  of  Normal 

Component  of  Final  Force  Resultant. — The 
forces  considered  are  those  developed  by  the 
active  load  masses  and  the  reactive  soil  pres- 

sures contained  between  two  parallel  vertical 
planes  perpendicular  to  the  longitudinal  axis 
of  the  stem  of  the  wall  and  distant  1  ft.  from 
each  other.  We  therefore  consider  a  rec- 

tangular plane  area  between  the  bottom  of  the 
foundation  and  the  supporting  soil  whose  di- 

mensions are  9  ft.  x  1  ft.,  and  whose  area  is 

9  sq.  ft.  This  basic  rectangle  (Fig.  2)  is  con- 
tained between  the  two  vertical  cutting  planes. 

Let 
Ft  :=  maximum  force  exerted  under  the 

front  edge  of  the  toe. 
Fa  ::=  average  force  exerted  on  the  soil. 
Ft,  =  minimum  force  exerted  under  back 

edge  of  the  heel. 
g  =  eccentricity  of  the  final  force  resultant. 
b  =  width  of  the  foundation. 

A'  :=  normal  component  of  the  final  force resultant. 
Then  the  following  relations  obtain : 

Ft F»=—        (1) 

Ft F.  =     :..  .(2) 

U   I 

f  6,,'  1 
F^  =  F.    i  1   I-      (3) 

I        -b  \ 
\  Ft  +  Fn] 

.V=  -i   1-    b      (4) 

■V  =  ;^^  b    (o) 
Since  the  maximum  force  will  be  exerted  at 

the  front  edge  of  the  toe  with  "e"  negative, 
and  because  the  maximum  safe  bearing  power 

of  the  soil  is  2,805  lbs.  per  square  foot,  it  fol- 
lows that  we  must  equate  the  maximum  toe 

pressure  to  the  maximum,  safe  soil  bearing 
power.     Hence. 

Ft  =  — 2,805  lbs.  per  square  foot. 

Substituting  the  known  values  (Ft  ̂ =  — 2,805 
lbs.,  e  =  1.31  ft.,  and  b  =  9.0  ft.)  in  equation 
(1)  we  have, 

—2,805 

F.  =   =  —1,500  lbs.  per  sq.  ft. 
6  (1.31) 

1+   9 
Substituting  the  now  known  values  in  equa- 

tion  (3),  we  have 
Fb  =  —1,500  (1  —  0.87)  =  —195  lbs.  per 

square  foot. 

Now   solving  equation    (4)    for  N,  we  have 
i  —2,805  — 1S5    1 

^T  =  J   [   9  =  —13,500  lbs. 
I  2  J 

The  value  of  A'  can  also  be  determined  from 
equation  (5)  as  the  latter  equation  follows 
from   the   fact  that 

Ft-l-Fh    =  Fa. 
2 

A  graphical  illustration  of  the  force  relations 
is  seen  in  the  force  trapezoid  of  Fig.  3. 
N  =  area  of  force  trapezoid  = 

r  —2.805  —195   1 
-I   I  9  =  —13,500  lbs. 
I  2  J 

The  center  of  gravity  of  the  force  trapeozid 
is  located  at  a  distance  .r  from  Ft,  where. 

b    (Ft-h2(Fh)l         9    f  2,805-f  2  (195)   1 
.v=  -\    }■  =-  -j   )■ 

3    [    Ft-fFh   J        3    [    2,805 -h  195     J =  3.19  ft. 

Hence  c  =  4.50  —3.19  =  1.31  ft.  to  the  left 
of  the  base  center  c,  which  demonstrates  the 
fact  that  the  force  trapezoid  truly  represents 
the  assumed  conditions. 
The  force  trapezoid  may  be  regarded  as 

representing  the  relative  distribution  of  the 
earth  reaction  under  the  bottom  plane  of  the 
foundation.  Its  force  area  is  equal  in  magni- 

tude to  +  iV  the  normal  active  downward 
force  component  but  opposite  in  direction. 
Therefore  the  force  elements  of  the  trapezoid 
must  point  upward  and  the  resultant  of  the 
force  trapezoid  acts  upward,  and  is  equal  to 
—  iV,  thus  causing  the  system  to  be  in 
equilibrium  as  far  as  vertical  components  are 
concerned.  The  horizontal  component  will  be 
considered  later  in  the  proper  place. 
(6)  Calculation  of  Base  Thickness  at  Toe. 

— In  the  main  force  trapezoid  ABCD  (Fig.  4) 
the  distance  AE  =  3.0  ft.  represents  the 
adopted  length  of  toe. 
Draw  the  line  GC  parallel  to  AB.  It  is  evi- 

dent from  this  ccrtistruction  that 

DG  =  {AD  —  BC)  =  (  — 2,805  —  (—195)  ) 
=  —2,610  lbs. 

From  the  similar  triangles  DGC  and  FHC we  have, 

DC   :  GC  =  FH   :  HC:  hence 
DG  X  HC       —2,610  X  6.0 

FH  =   =   =  -1,740. 
GC  9 

Furthermore,  it  is  evident  that  EF  =  FH 
+  HE  =  —1,740  —  195  =  —1,935. 
We  shall  now  consider  the  toe  force  trape- 

zoid ADFE. 
\AD  +  EF] 

Force  area  ADFE  =    -i   }  AE 

I  —2,805  — 1,935 

I  2 
3.0  =  —7,110  lbs. 

The  resultant  T,  equal  to  the  force  area  of 

the  toe  trapezoid  ADFE,  acts  through  the  cen- 
ter of  gravity  of  this  trapezoid. 

The  center  of  gravity  of  ADFE  is  distant  r 
from  point  E,  where 

AE      \2(AD)+EF 

z  =      \   
3       y     AD  +  EF 

3    f  2  (2,805)  -f  1,935  1 ■i-  =1.59  ft. 

3    [     2,805  +  1,935     J 

Regarding  the  toe  of  the  foundation  as  a 
cantilever  acted  upon  by  the  force  F  at  a  dis- 

tance z  from  point  E,  we  find  that  the  moment 
due  to  the  force  T  is 

M  =  r  (r)  =  7,110  (1.59)  =  11,305  ft.-lbs., 
or  135,660  in.-lbs. If 

n  =  £. -H  £c  =  15  =:  ratio  of  the  moduli  of 
elasticity  of  steel  and  concrete ; 

/.  =  safe  unit  fiber  stress  in  steel  =  15,000 
lbs.  per  square  inch ; 

/c  =  safe  unit  fiber  stress  in  concrete  =  600 
lbs.  per  square  inch ; 

fc,  =  width  of  beam  =  12  ins.  (see  Fig.  2)  ; 
d  =  depth  of  beam  from  compressive  face 

to  center  of  gravity  of  steel ; 
p  ̂   steel  ratio  =  0.0075 ; 

and  i?  =  a  constant  =  p.f'-j.  =  98.44 ; 
then 

'  =  ̂¥^,  =  ̂9 135,660 10.72  ins. ^R.bi~  > 98.44  X  12 

Allowing  for  sufficient  concrete  covering  for 
the  steel  the  minimum  thickness  of  the  base, 
bending  moment  effect  alone  being  considered, 
is  13  ins. 

Let  us  use  a  thickness  of  2  ft.  for  the  foiin- 
dation  to  provide  amply  against  the  shearing 
effect  of  the  stem  and  for  the  earth  load  ac- 

tion on  the  heel. 

(7)  Magnitude  and  Location  of  Horizontal 

Component  of  Earth  Pressure  on  Stem. — Ac- 
cording to  Rankine,  the  pressure  Hi.  at  a 

depth  h,  in  a  bank  of  earth  whose  upper  sur- face is  horizontal,  is  given  by  the  expression, 

I   1  — •  .rif!  6 
//b  =  10 ;» {   

i  1  +  sin  e 

where  w  is  weight  of  a  cubic  foot  of  earth  and 
0  is  the  angle  of  repose. 

r  1  —  sin  e   1 

Since  ui  and    \    ■    are  both  con- 
[  1  -I-  jin  e  J 

slants  for  any  given  case  it  follows  that  the 
pressure  varies  directly  with  h,  and  hence  the 
variations  in  pressure  can  be  represented  by 
the  parallel  elements  of  a  triangle  ABC,  as  in 

Fig.  5.  • 

If  ©,  the  angle  of  repose,  is  30°,  the  ex- 
f  1  —  sine   ] 

pression 
[     reduces    to    %,    and 

L  1  -f  sin  e   j 

wh BC  =  Hi.  =   . 3 

The  summation  of  all  the  parallel  forces  act- 
ing upon  AB  (Fig.  5)  is  readily  accompHshed 

by  means  of  the  integral  calculus  and  is  given 
by  the  expression, 

wh' 

H.=
— 

. 6 

It  is  evide
nt  

that 
 
this  expre

ssion
  

repre
sents

 

■wh 

the  area  of  a  triangle  whose  base  is    and 3 

whose  altitude  is  h. 

The  force  Ht  is  equivalent  to  the  total  ac- 
tion of  the   forces  varjing  in  intensity   from 

wh 
zero  at  the  top  of  the  wall  to   at  the  depth 3 

h.   Force  Ht  acts  through  the  center  of  gravity 
of    the    force     triangle  ABC  (Fig.  5).     The 
vertical  ordinate   of   the   center  of   gravity  is 

h 

equal  to  — . 
3 

h        16 

Since  h  =  16  ft.,  Ht  acts  —  =  —  =  5.34  ft. 
3  3 

above  the  top  surface  of  the  foundation,  or 
since  the  foundation  is  2  ft.  thick,  Ht  acts  7.34 
ft.  above  the  bottom  surface  of  the  foundation Csee  Fig.  7). 

Since  w,  the  weight  of  a  cubic  foot  of  earth, is  100  lbs., 

wh^  100(16)  = 
Ht  =    =   =  4,267  lbs. 

6  6 

(8)     Stem  Thickness.— The  moment  of  Hi 
referred  to  point  D  of  the  line  AD  (Fig.  7)  is, 
M  =  Ht  (5.34)  =  4,267  X  5.34  =  22,786  ft.- 

lbs.,  or  273,432  in.-lbs. 

where  R  =  />./».;  ̂ =  98.44,  and  b,  =  12  ins. 
Hence 

■4 

273,432 15.2  ins. 

1181 To  cover  the  steel  reinforcement  we  need 

about  3  ins.  This  would  make  a  minimum  re- 
quired thickness  of  stem  of  19  ins.  Had  we 

regarded  the  altitude  h  of  the  pressure  tri- 
angle ABC  as  18  ft.  (the  distance  to  the  bottom 

of  the  foundation)  then  Ht  would  equal  5,400 
h        18 

lbs.,  and  the  arm  —  =  —  ̂ 6  ft.,  which  multi- 
3         3 

plied  by  Ht  would  give  a  moment  of 
Ht  (6.0)  =  5,400  (6)  =  32,400  ft.-lbs.,  or 

388,800  in.-lbs.  To  resist  this  bending  moment 
d  must  equal  18.1  ins.,  which  means  a  mini- 

mum working  thickness  of  21  ins. 
It  is  evident  that  the  above  calculation  as- 

sumes that  the  stem  is  a  cantilever  beam  load- 
ed with  a  concentrated  load  Ht. 

Since  the  2-ft.  thickness  of  base,  which  is 
included  in  /i  =  18  ft.,  is  not  productive  in 
exerting  pressure  on  the  stem,  the  moment 
calculated  with  h  =  18  ft.  is,  no  doubt,  in  ex- 

cess of  the  actual  moment. 
We  may  find  later  in  the  investigation  that 

more  mass  will  be  needed  in  the  stem  in  order 

to  satisfy  the  conditions  inherent  in  the  arbi- 
trary location  of  the  final  resultant.  There- 

fore, we  leave  the  actual  determination  of  the 
stem  thickness  until  we  have  considered  the 
requirements  imposed  upon  the  vertical  loads. 
The  sole  purpose  of  the  present  investigation 
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concerning  the  stem  thickness  is  to  set  a  mini- 
mum limit  to  the  stem  thickness. 

(9)  Location  of  Resultant  of  All  Vertical 
Force  Compotients.—U  we  define  the  factor  of 
stability  against  overturning  as  the  ratio  o4 
the  resisting  moment  to  the  overturning  mo- 

ment, yic  have : 
Factor  of  stability 

Resisting  moment  of  entire  structure 

Overturning  moment  of   structure. 

Referring  to  Fig.  6,  where  line  AB  repre- 
sents the  bottom  of  the  foundation,  we  find : 

Resisting  moment  =  (W'+  IVc)  AD.  where 
IVo  =  earth  load,  and  TFc  —  wall  load. 
If  the  wall  is  to  overturn,  it  must  do  so 

about  the  point  A.  Consequently  the  resist- 
ing moment  must  be  calculated  with  point  A 

as  a  center  of  moments.  Therefore,  the  arm 

of  the  combined  force  ( M'e  -f  IVc)  is  AD. 
The  length  AD  is  unknown  at  this  stage  of 
the  computation.  In  order  to  find  the  length 
of  AD  we  shall  proceed  as  follows : 
AD  — AC  -\-  C£»  =  4.5  ft.  +  x.  where  .v=CD. 

Overturning  moment  =  Ht  (y). 
Factor  of   stability   = 

( Wt  +  Wc)  AD  ( »'.  -f  W^)  (4.0  +  x) 

Hiy  Hi   (7.34) 

Since  the  triangle  OED   (Fig.  6)   is  a  pro- 
portional  triangle    in   which   the   ratio   of   the 

sides  OD  and  ED  is  equal  to  the  ratio  of  the 
forces  ( W-: .+  Wc)  and  //t,  it  follows  that 

W.  +  IVc         OD 
   =   .     Substituting  this  value 
Ih  ED 

in  the   expression   for  the   factor  of  stability, 
we  have : 

W.  +  W. 
Factor  of  stability  = 

(W^  +  IV
c  \        AD 

OD         AD 
=      X     ,  but  since  OD  =  y,  the  ex- 
ED  y 

pression  becomes : 
AD         4.5  +  X 

Factor  of  stabilitv  =     =    ,  be- 
ED        1.31  +  X 

cause  ED  =  EC  -\-  CD  =  e  +  X  =  1.31  ft. 
+  .r. 
Equating  this  latter  value  of  the  factor  of 

stability  with  the   former,  we  obtain, 

(^^'.+  H^c)  (4.5-f  jr)  i.h  +  x 

Ht  (7.34)  1.31 +  .r 
Since  the  vertical  or  normal  component  N 

of  the  final  resultant  must  be  equal  to  the 
sum  of  the  contributing  vertical  components 
W'  and  He,  it  is  evident  that 

(fK.  -t-  H/o)  =  AT  =  13,500  lbs. 
Hence  all  the  values  in  the  above  equation, 

except  X,  are  known,  since  //t  =  4,267  lbs.  Sub- 
stituting these  values  the  expression  becomes 

13,500  (4.5 -I- .v)            4.5-1-.V 
   =    ,    which   reduces 

4,267  (7.34)  1.31 -f  .r 
to  the  form 

13,.500.r-t-47,115  x  —  61,357  =  0; 
and    since    this   quadratic   equation    is    in    the 
form 

a.r'  -|-  6jr  +  c  =  0,  in  which 
—  b±  y/  b'  —  4c 

-,  we  have  by  proper 
2a 

substitution,  x  = 

^7,115  ±  V  (47,115)°  — 4(13,500)  (—61,3.57)' 
2(13,500) 

^t7,115  ±  74,385 

27,000 

Using  the  negative  sign,  x  =  — 4.5  ft. 
Using  the  positive  sign,  x  =  -1-1.01  ft. 
For  the  value  .r  =  —4.5,  the  expression  for 

the  factor  of  stability  vanishes.  Consequently 
the  true  value  of  x  is  1.01  ft.  to  the  right  of 
the  base  center  C. 

By  the  above  physico-mathematical  maneuver 
we  have  found  the  location  of  the  combined 

vertical  component  (^Fe-f  H-'r). 
(10)  Calculation  of  Factor  of  Stability. — 

For  the  above  imposed  conditions  the 

factor    of    stability 

4.5  +  1.01 

13,500  (4.5  +  1.01) 

4,267  (7.34) 

=  2.37,  since  x  =  1.01  ft. 1.31 -f  1.01  ^  .      ,      ,      r,- 

(11)  Calculation  of  Earth  Load.— in  fig. 
7  the  lengths  FE,  DE,  AG  and  CD  are  known 

at  this  stage  of  the  work.  Suppose  we  as- 
sume that  the  minimum  length  KD  of  the  heel 

shall  be  equal  to  the  toe  length  AG  —  3.0  ft. 
Then  the  cross-sectional  area  of  the  stem 

must  be  contained  within  the  area  GBLK. 

(This  assumes  the  front  face  BG  vertical.  A 

slight  batter  may  be  given  to  this  face.) 

A  line  joining  points  B  and  K  will  repre- 
sent the  hmiting  position  of  the  back  face  of 

the  stem.  In  this  position  the  stem  thickness 

at  the  top  is  zero.  Practical  reasons  eliminate 

this  position  from  further  consideration.  Sup- 
pose that  we  decide  to  make  the  top  stem 

thickness  not  less  than  1  ft.,  then  if  BK  is  re- 
volved about  its  own  center  point  O  until 

BN  =  1  ft.,  the  new  position  of  line  BK  will 

be  NM,  for  which  position  the  batter  of  the 
back  face  of  the  stem  will  be  %  in.  for  each 
foot  of  vertical  height.  This  will  give  us  an 

earth  trapezoid  NCDK  whose  upper  base  NC 
is  5  ft.  and  whose  lower  base  MD  is  4  ft.,  with 
an  altitude  CD  equal  to  10  ft. 

Let  us  now  determine  the  abscissa  of  the 
center  of  gravity  of  the  earth  trapezoid  in 
respect  to  the  axis  Y-Y  (Fig.  8). 

Subdivide  the  trapezoid  into  the  triangle 
MNS  and  the  rectangle  MSCD. 

It  is  a  well  known  fact  that  the  center  of 

13,500  lbs.,  and  its  liorizontal  component  —Hi 
=  —4.267  lbs.,  both  acting  at  the  point  E  of  the 
line  AB,  which  represents  the  bottom  surface 
of  the  foundation.  The  system  is  not  in 

equilibrium  under  the  action  of  these  two  com- 
ponents. Consequently  we  must  introduce  two 

components  equal  in  magnitude  and  acting  in 
directions  opposite  to  the  above  at  point  E. 

Therefore,  in  Fig.  9,  we  have  added  — A'  = 
—13,500  lbs.  and  +Ht  =  -M,267  lbs.,  both  act- 

ing at  the  point  E.  in  order  to  produce  equilib- 
rium. 

In  Fig.  10,  there  is  shov;n  the  equilibrated 

system.  Above  line  AB  we  show  the  individ- 
ual forces  -f  fi'e.  -hlf't,  and  — Hi  which,  when 

combined,  produce  the  final  resultant  or  its 

equivalent  -\-N  and  — Ht. 
At  this  stage  of  the  investigation  the  magni- 

tude and  location  of  +fl'c  and  — Ht  r.re 
known.  It  remains  to  determine  the  magni- 

tude and  location  of  W<:,  the  wall  load. Since 

AT  =  W,  -f  IFc,  it  follows  that 
{-Fc  =  ,V  —  IFo  =  13,500  —  7,200  =  6,300  lbs. 

Referring  once  more  to  Fig.  10,  let  us  take 

moments  about  the  mid-point  "C"  of  AB; 
then 
+  W.  (-1-2.24)   +   (Fc  (.r)  —Ht  (+7.34)  —N 

(—1.31)   =  0. 
The  arm  x  of  W^  is  the  only  unknown  quan- 

tity in  this  equation,  which  represents  alge- 
braically a  system  in  equilibrium  since  the  sum 

of  the  moments  of  all  the  forces  equals  zero 

Substituting  the  values  of  the  known  quanti- 
ties, we  have, 

+7.200   (+2.24)   +6,300   (.i--)  —4,267   (+7.34) 

TABLE    I.— CALCULATIONS    FOR   DETERMINING  VALUE  OF  X. 
Section. 

A      

B      

A  +  B 

Area. 
16.0  X  4.0  =  64.0  sq.  ft. 
16.0  X  1.0    =  8.0  sq.  ft. 

72.0  sq.  ft. 

Arm. 

a  =  2.0    ft. 
Area  Moment. 

A  (a)  =  64.0  X  2.0  =r  128.0fl 

b  =  4.34  ft. B  (b)  =  S.O  X  4.34  =  34.72 

A(a)+B(b) 

(A-FB) 162.72 =   =  2.26  ft 
A  (a)  +  B  (b)  =  162.72 

72.0 

gravity  of  the  triangle  MA' 5"  must  be  located along  a  line  through  point  U  parallel  to  the 
base  MS,  provided  that  US  is  equal  to  Vs  of 
NS.  Since  NS  —  1.0  ft.,  US  —  0.33  +,  or 

say  0.34  ft. 
Note  that  MS  is  parallel  to  axis  Y-Y  and 

that  distances  are  measured  perpendicularly 
to   Y-Y. 

Similarly  the  center  of  gravity  of  the  rec- 
tangle is  found  in  the  line  XV,  parallel  to 

Y-Y  and  at  a  distance  of  2  ft.  from  the 
axis. 

Let  the  area  of  the  rectangle  MSCD  be 
represented  by  A,  and  the  area  of  the  triangle 
MNS  be  represented  bv  B.  Furthermore,  let 
a  and  b  be  the  respective  distances  from  axis 
Y-Y  to  the  center  of  gravity  of  A  and  B; 
then  the  following  equation  will  enable  us  to 
find  the  distance  .r  of  the  center  of  gravity  of 

the  combined  area  (A  +  B)  from  the'  axis 
Y-Y: 

A  (a)  +  B  (b)  =  (A  +  B)  x; licncc, 

A  (o)  +  B  (b) 

(A  +  B) 

The  calculation   for  x  may  be  conveniently 
tabulated  as  shown  in  Table  I. 

(12)  Earth  Load  Area  as  a  Single  Force. 
— Since  we  are  considering  a  slice  of  earth 
between  two  parallel  planes  1  ft.  apart, 
the  volume  corresponding  to  the  earth  trape- 

zoid MNCD  is  72.0  X  1.0  =  72.0  cu.  ft.  If 
the  weight  of  the  earth  be  taken  at  100  lbs. 

per   cubic    foot,    the   earth   load    I'F*    is — 
IF.  =  72.0  X  100  =  7,200  lbs. 
This  earth  load  FFo  acts  at  a  distance  2.26 

tt.  to  the  left  of  the  axis  Y-Y.  or  2.24  ft.  to 
the  right  of  the  base  center  C,  since  4.5  —  2.26 =  2.24  ft. 

(13)  Magnitude  and  Location  of  Wall  Load 
Resultant. — In  the  following  discussion  we 
shall  use  the  conventional  signs  regarding 
forces  and  distances  adopted  in  Section  4. 

The  "Final  Resultant"  (Fig.  9)  can  be  re- 
place.! by  its  vertical  component  +   A'  =  + 

—13.500  (—1.31)  =  0. 
from  which, 

2,583 
1-^   =  —0.41  ft.  to  the  left  of  point  C. 

0,300 

(14)  Calculation  of  Wall  Load  Area.—li 
we  take  the  weight  ot  of  a  cubic  foot  of  con- 

crete at  150  lbs.,  we  have 
Wo  6,300 

F  =     =     =  42  cu.  ft. 

w  150 
where   V  is  the  volume  in  cubic  feet. 

Now  since  all  loads  have  been  calculated  be- 
tween two  parallel  vertical  planes  distant  1  ft., 

it  follows  that 

^  X  1.0  ̂   V,  where  A  is  the  area  shown 
in  the  section. 

Hence,  A  =  V  -i-   1  =  42.0  sq.  ft. 
This  area  A  is  made  up,  in  this  case,  of  the 

stem  and  the  base,  or  foundation. 

(15)  Dimensions  of  Wall  Stem. — Since  A =  stem  area  +  base  area,  we  may  adopt  a 
definite  area  for  either  (consistent,  however, 
with  the  minima  already  determined  from 

other  requirements),  and  then  force  the  di- 
mensional distribution  of  the  remaining  area 

to  satisfy  the  condition  which  we  have  im- 
posed upon  the  system  when  we  determined 

the  location  o£  the  wall  load  fT'c Let  us  therefore  arbitrarily  remain  with  our 
assumptions  concerning  the  dimensions  of  the 
earth  trapezoid  which  was  equivalent  to  a  ten- 

tative determination  of  the  dimensions  of  the 
stem.  In  Fig.  11,  the  .stem  MXBG  is  shown. 
The  top  BN  =  1.0  ft.,  and  the  thickness  GM 
=  2.0  ft.  This  is  safe,  since  it  is  in  excess 

of  the  requirements  due  to  the  earth  pressure 
Ht. 

(16)  Calculation  of  Base  Thickness  Neces- 

sarv  to  Conform  with  Imposed  Conditions.— 
In  Fig.  11  we  have  subdivided  the  stem  into 

two  areas,  a  triangle  MNL,  whose  area  is  des- 
ignated by  the  letter  C,  and  a  rectangle  LNBG. 

whose  area  is  designated  by  the  letter  D. 
For  the  area  of  tlie  base  we  shall  use  the letter  E. 
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The  respective  centers  of  gravity  of  C,  D, 
and  E  are  shown  in  Fig.  11. 

Since  the  length,  FS  —  b  =  9.0  ft.,  has 
already  been  determined,  we  must  calculate 
RS.  the  thickness  necessary  to  conform  with 
the  following  two  conditions. 

(a)    Stem  area  +  base  area  =  42.0  sq.  ft.  ' 
(&,)  Wall  load  ICc  must  act  0.41  ft.  to  the 

left  of  the  base  center  C,  or  4.91  ft.  to  the  left 

of  axis  Y-]'. 
Letting  .r  ̂   RS  =  the  required  base  thick- 

ness, and  taking  moments  about  the  axis  Y-Y, 
u'e  have, 

C  (4.1)7)    +  D(o.b)    +  9.0   (.v)    (4.5)  =42.0 
14.91). 

Area  C  =   (IG   X    1)    -H  2  =     8.0  sq.   ft. 
Area  D  =   (10   X    1)  =  10.0  sq.   ft. 
Substituting  these  values  of  C  and  D  in  the 

above  equation  we  have, 

8.0    (4.07)    +    10.0    (."j.o)    +    9    (.r)     (4.5)    = 42.0  (4.91), 

or  .1-  =  2.0  ft. 
Discussion. 

The  consideration  of  the  required  steel  re- 
inforcement is  omitted  in  this  article  for  the 

reason  that  expositions  of  the  method  involved 
in  the  steel  determination  can  be  found  in  any 
of  the  works  on  reinforced  concrete. 

Tlie  reader  has  undoubtedly  discovered  nu- 
merous modifications  in  the  above  outlined 

method  and  procedure.  The  writer  is  aware 
of  a  number  of  them,  for  instance,  the  wall 

load  Jf  c  may  be  determined  before  the  earth 
load  is  determined.  It  is  not  the  purpose  of 

this  article  to  exhaust  the  possibilities  but  to 
suggest  them. 
We  have  advisedly  entered  into  numerous 

calculation  details  in  order  that  even  the  engi- 

neering student  may  appreciate  the  possibili- 
ties of  the  outlined  method. 

We  have  proceeded  from  the  soil  up.  in  the 
same  manner  in  which  the  structure  is  built, 

instead  of  beginning  at  the  top  and  proceeding 
downward  to  the  soil  only  to  find,  perhaps, 
that  we  have  exceeded  the  bearing  power  of 
the  soil  upon  which  the  structure  is  to  rest. 
We  could  have  calculated  the  factor  of  sta- 

bility agaii.st  overturning  for  the  proposed 

structure  at  the  very  beginning  of  the  investi- 
gation. 

Furthermore,  it 'is  evident  that  the  calcula- 
tions can  be  reduced  to  a  few  simple  steps  not 

in  the  least  more  cumbersome  than  the  present 

orthodox  procedure  and  much  more  positixe 
and  certain  in  its  ultimate  effect.  The  writer 

wishes  to  emphasize  the  fact  that  the  selection 
of  a  retaining  wall  was  not  a  choice  due  to 
necessity  but  due  solely  to  the  fact  that  the 
elements  involved  are  known  almost  univer- 

sally among  engineers. 

bams,  piers,  and  abutments  can  be  designed 
by  the  method  here  outlined. 

A  fertile,  though  more  difficult  field  of  appli- 
cation, is  that  of  concrete  arch  designing. 

In  conclusion,  the  writer  expresses  the  hope 

that  the  method  here  suggested  will  be  pro- 
ductive in  turning  the  trend  of  engineering 

thought  into  a  new  domain,  fertile  in  possi- 
bilities and   fruitful  in  valuable  results. 

Design,     Construction     and     Detailed 
Costs  of  the  Richelieu  River  Bridge, 

Lacolle  Junction,  Quebec. 
(  Staff  Article.) 

In  our  issue  of  Dec.  9,  1914,  we  published 

an  article  describing  and  illustrating  the  de- 
sign and  construction  features  connected  with 

the  replacement  under  traffic  of  an  old  railroad 
Ijridge  at  Lacolle  Junction,  Quebec,  by  a  new 
structure  consisting  of  a  2.50-ft.  swing  span 
and  twelve  plate  girder  spans.  In  this  issue 
we  shall  give  the  detailed  costs  of  this  work. 
The  substructure  work  occasioned  by  the  re- 

newal of  this  bridge  is  of  particular  interest, 

and  the  cost  data  are  complete.* 
Part  II— Cost  Data. 

The  cost  of  the  substructure  was  $155,955.49, 

and    that    of    the    superstructure   $77,877.7f),    a 
total  of  $233,833.28. 

The  detailed  cost  data  which  follow  repre- 
sent actual  costs  and  include  all  possible 

charges  against  the  structure.  They  were 

taken  from  the  contractor's  records  and  give the  correct  labor  distributions  and  material 

costs.  All  railway  departmental  charges  were 

obtained  from  the  auditor's  statement.  The 
superstructure  was  erected  by  the  railway 
company,  while  the  substructure  work  was 

done  on  a  percentage  basis,  the  contractor  re- 
ceiving, as  profit,  0%  per  cent  of  the  cost  of 

all  labor  and  materials. 

DISTRIBUTION   OF  COSTS. 

Table  I  gives  the  distribution  of  the  costs 
of  the  substructure  and  superstructure  of  the 

bridge,   taken   from   the  auditor's   statement. 

TABLE  I.  —  DISTRIBUTION  OF  SUBSTRUC- 
TURE AND  SUPERSTRUCTURE  COSTS. 

Substructure   ,, 

  $     2,705.5,5 
        2,J60..5'j 

ij^gineering 
Grillagt;  beams  and  freight. 
Special  Accounts; 

Soundings      $  Sl.OO 

Dredging        S4.'i.00 Damage  to   barge       75.00  1,001.00 

Transportation  Dept.,  switch- 
ing      $  1,773.44 

Less   superstiTJCture  acc't..        200.00       1,573.41 

Freight  on  material   $11,395.95 

Less   superstructure  acc't..     1,680.44       0,715,51 

Material.  G.  T.  Ry.  Purchasing  Dept.: 
Stationery      $        67.58 
Ottawa    stores        55,077.53 
Montreal    stores        1.222.32     56,367.43 

Fuel        2,159.40 
J.   S.   Metcalfe  Co.: 
Percentage      $  9,263.09 

Less   superstructure   acc't..          74.29  9, 188,80 

Expenditure  —  Supt.,  $2, - 
635.12;   mat..  .?1. 100.66   $  3,735.78 

Less   supei'structuie   acc't — 
Sup't        50.00       3,685.78 

Labor      $66,063.95 

Less   superstructure   acc't..     1,143.07     64,920.88 

B.  &  B.  Dept.:  $  8,159.32 

Less   superstructure   acc't. .     6,312.12 
.Motive  Power  Dept.  for  B.  &  B.; 
Driving  piles     

*1, 847.20 

329.61 

Total,   substructure      $155,955.49 

$647.20. 
♦Jlaterial.    $1,200.00;    labor 

Total  Material: 
Stores   Department      
J.   S.  Metcalfe  Co   
B,  &  B.  Department   

56.367. 4:i 
1.100.60 
1,200.00 

Total      $58,668.00 
Total  Labor: 

Labor      $64,920.88 
Superintendence          2,585.12 
Sounding        81.00 
B.   &  B.  Dept           647.20 

Total       $68,234.20 

Superstructure   - Engineering    $      609. o3 
Dominion  Bridge  Co     70,201.92 
Motive  Power  Dept. — Power  house          102... B.  &  B.  Dept.: 

Removing    ties    and    painting 
girders    $    512  12 

Bridge  floor      5,050,00 
Placing  runouts,  temporary 

tit'Stle  spur  and  removing 
old  deck  during  erecting  of 
steel            T50.00     6,312.12 

Transportation  charges,  switching          200.00 
.1,   S.   Metcalfe  Co.:      ' 
Operating  bridge  during  const.: 

Labor       ^^•'^iVr.l Superintendence             '''''•  .X     ,  „„-  ., . 
Percentage            74.29     l,,2bi.oo 

Road  Department           Hn'j^ 

Freight  on  old  and  new  steel     1.680.44 

Total      $80,603.96 Credit:  .    „^_  ,„ 

Scrap  steel   •••$    265.oS 
Orillase    beams   $2,387.59 
Freight             73.00  2.460.39 

2,726.17 
Total — Superstructure      $77,877.79 

*  The  r.>.st  pier.-f  as  constructed  are  10  ft.  wich' 
and  36  ft.  long,  notwithstanding  a  statement  ;,(i 
the  contrarv  on  p.  543  of  our  Dec.  9.  1914,  issu.>. 
.\s  constructed,  the  booms  between  protection 
cribs  shown  in  Fig.  2  of  ̂ hat  issue  were,built 
up  of  five  parallel  lines  of  ]2xl2-iii.  timbers. 

MATERI.M.    I'RUKS, 

The  following  data  give  the  materials  used, 

where  they  were  obtained,  and  the  prices  paid 

_  for  them  : 
Sand.  f.  o.  b.  Swanton,  Vt.,  32  cts.  per  ton,  duty free. 

Crushed  stone,  f.  o.  b.  Chazy,  N.  Y.,  75  cts.   per 
ton,  duty  17V2  per  cent. 

Rubble  stone,   f.   o.   b.   Chazy,   N.   Y.,   60  cts.   per 
ton,  duty  free. 

Rubble  stone,  f.  o.  b.  bridge  site,  by  barge  from 
Isle  La  Motte,  Vt.,  85  cts.  per  ton,  duty  free. 

Cement,    f.    o.      b.      Belleville.     Ont.      (Canadian 
brand),  net  $1.25  per  barrel. 

Lumber,  McAulifte-Davis  Lumber  Co,.  Chicago; 
2  X  4-in.  X  10  to  14-ft.  hemlock  at  $15  per  M. 
2  X  6 -in.  X  10  to  14-ft.  hemlock  at  $15  per  M. 
2  X  S-in.  X  10  to  14-ft.  hemlock  at  $15  per  M. 
1  X  6  to  S-in.  X  10  to  IS-ft.  hemlock  at  $15  per 

M. 

1    X   6-in.   X    12   to    16-ft.    pine   form    lumber  at 
$19.50  per  M. 

Lumber.  E.  Hines  Lumber  Co.,  Chicago: 
12  X  12-in.  X  26-ft.  1.  1.  y.  p.  at  $28.50  per  M. 
12  X  12-in.  X  18-ft.  1.  1.  y.  p.  at  $26.50  per  M. 
12  X  12-in.  X  22  to  24-ft.  1.  1.  v.  p.  at  $27.50  per 

M. 

10  X  10-in.  X  22-ft.  1.  1.  v.  p.  at  $25.50  per  M. 
10  X  14-in.  X  14  to  25-ft.  1.  1.  y.  p.  at  $34.00  per 

M. 

Lumber.    John   Harrison    &    Sons,    Owen    Sound. 
Canada: 

10  X  10-in.  X  10  to  20-ft.  hemlock  at  $20  per  M. 
12  X  12-in.  X  10  to  20-ft.  hemlock  at  $20  per  M. 

Lumber,  A.  J.  Martin,  Sherbrooke,  Canada; 
10  X  10-in.  X  14-ft.  hemlock  at  $18  per  M. 
10  X  10-in.  X  20-ft.  hemlock  at  $20  per  M. 
10  X  10-in.  X  22-ft.  hemlock  at  $22  per  M. 

Lumber,  Marsh  &  Bingham,  Chicago; 
lOxlO-in.  X  10  to  14-ft..  1.  1.  V.  p.,  at  $28  per  M. 
lOxlO-in.  X  10  to  20-ft..  1.  1.  y.  p.,  at  $32  per  M. 
12xl2-in.  X  10  to  14-ft..  1.  1.  v.  p..  at  $30  per  M. 
12xl2-in.  X  16  to  20-ft.,  1.  1.  y.  p.,  at  $31  per  M. 
12xl2-in.  X  26-ft.,  1.  1.  y.  p.,  at  $33  per  M. 

Lumber,  W.  H.   Bromley,   Canada; 
12  X  12-in.  X  12  to  20-ft.  red  pine,  at  $25  per  M. 

Lumber.  Colonial  Lumber  Co.,  Canada: 
12  X  12-in.  X  12  to  20-ft.  red  pine,  at  $25  per  M. 

Lumber,  Long  Lumber  Co..  Hamilton.  Ontario: 
10  X  10-in.  X  12  to  18-ft.  hemlock,  at  $10  per  M. 
12  X  12-in.  X  16  to  IS-tt.  hemlock,  at  $20  per  M. 

Lumber.  R.  Laidlaw  &  Co.,  Canada: 
12  X  12-in.  X  16-ft.  Georgia  pine,  at  $35  per  M. 
12  X  12-in.  X  18-ft.  Georgia  pine,  at  $37  per  M. 

Lumber,  VV.  B.  Crane  &  Co..  Chicago: 
12  X  14-in.  X  14  to  16-ft.  white  oak.  at  $38  per 

M. 

PRICiiS     OF     MISCEI.L.\NEOUS     M.\TERI.\LS. 

The  following  prices  were  paid  for  the 
miscellaneous  materials  listed  in  the  accom- 

panying table : 
Iteinforcing  steel,  per  100  lbs   $  1.15 
Drifts,    sheared   points   without   head,    per 

100  lbs    1.90 
Ship  spikes,  per  100  lbs    2.90 
Anchor    straps,    each    4.80 
Machine  bolts: 

■'i,xl5-in.,   per  100    29.40 
'4ix24-in.,  per  100    42.00 
iAxl5-in..    per    100    10.62 

Nose   plates,    each    7.15 
1    10-in.  sheave  block     14.00 
1    10-in.   sheave  snatch  block    7.50 
1   S-in.   triple  wood  block    1.95 
Steam  hose,  per  lin.  ft    .93 
Suction  hose,   per  lin.   ft    1  33 
1  3-ton  M.  .1.  duplex  block    72  00 
1   1-ton  M.  J.  differential  block    7.00 
1   3-ton  Harrington  block    67.r>0 
Dynamite,  f.  o.  b.  factory,  per  lb    .19 
-Amazon  3-plv  roofin,g  paper,  per  stiuare..  2.25 
1  motor  boat,  18-HP     600.00 

Sr.^LE    OF    W.\GES. 

The  prices  paid  for  the  various  classes  of 
labor  were  as  follows : 

Cts.  per  hr. Common  laborers       22^4 
Handymen      ,    _  25 
Carpenters      ;    35  to  40 
I.abor  foreman    35 
Carpenter  foreman       40 
General  foreman    60 Per  day. 

Superintendent      $8.00 
•Driver    6.50 
♦Helper       4.50 

•Furnished  by  railway  company. 

EQUM'MFNT    FURNISHED    BY    SUBSTRUCTURE    CON- 
TR.\CTOR. 

The  accompanying  table  gives  the  equip- 
ment, and  its  value,  furnished  by  the  J.  S. 

Metcalfe  Co.,  the  substructure  contractor: 

6  Hudson,  V-shaped,  1-cu.  yd.  cars   $    390 Track            t? 
1   No.  3  Gould  trench  pump           2= 
1  1,4-cu.  vd.  Cube  mixer     1.600 
1  H-cu.  yd.  Smith  mixer  (old>        400 
1    Pul.sonieter   pump        JOO 
I   Emerson  Jr.  B.  pump         120 
1  No.  2  Emerson  steam  pump        .iBS 
2  No.  2  Wood  electric  drills        2aii 
Motor  and  fittings   '■         ojjo 2  locomotive   boilers        JUO 
1    vertical   boiler     :        ""'! 
12  wheelbarrows   ■   ■   ^l^ 

Total      ■   ■   .$5,038 

WORK     DONE     liV    BRIDC.E    .\Nn    BUTI.mNf;     DEP.^RT- MENT. 

The  data  given  in  Table  II  refer  to  ma- 
terials furnished'and  work  done  by  the  Bridge 

nnd  Building  Department  of  the  Grand  Trunk 

Rv. 
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TABLE  11.— CCJST  DATA  OX  WORK  DONE  BY 

BRIDGE  AND  BUILDING  DEPAKTJIENT. 

  Piles   and   Pile   Driving   > 

117   40-ft.    piles   (4.670   lln.    ft.    at   1.5    -*" 
Xt     nv-Kt..     i^..^«     ■,.,^,^       -     -- 
per  ft.)      * 700.00 

Motive    Power   Department   •  ■  •  •  329.G1 
l4Vi    days'    pile   driving   at   J§   per  day. 
labor  $16    •,   *•  lin'mi 
•Labor,  oulting  piles— east  abutment.  -U.MU 

Labor,    cutting   plies   by   driver,   average 
about  S  piles  per  day  at  $17  per  day;  . 

total.  62  piles  in  8  days    l|b.uu 
Freight    fAl 
Overhead  charges    '"•"" 

Total  cost  (per  ft..  33.8  cts.)  .......••■•  ■$1.576'51
 

,   Supporting  Traclt  by  Bridge  Dept.    ̂ ^_  ̂ ^ 
Labor     *    =;on  00 
Material           f°;ll 
Freight         h^'XX 
Overhead   charges      _____ 

■Total    $1,106.20 

^Worli  bone  by  J.  S.  Metcalfe  Co.  as  Part  of-x
 

B.    &    B.    Dept.'s   A\  ork. 
This  work  consisted  of  changing  trestle 

bents,   supporting  track  and   removing 
old  trestle  piles.  ....$1,411.57 

Labor           *  ',(,(,  og 
.Material            ^ou.uu 

Transportation             -o...^ Freight      
Overhead   charges      

■  -  a-,  acc-^"  r^c.  :i  ~  '"  '£  =^2 

•I.'      I3rt     'Ton-^     -llll    1      .  IP  o  CI  V  00  O  CO  M  ̂   ■*  ̂ O  C-l  CO 

**  r.^C«  rOCO«>«  COM 

i:;- 

0.00 

159.00 

Total    •$1,S64.01 
•$1. 864.01  —  $20.00  —  $1,844.01. 

Table  III  gives  cost  data  on  work  done  by 

the  diver,  such  as  cutting  off  piles  and  excava- 
tion for  caissons  and  protection  cribs. 

DONE TABLE    III.— COST    DATA    ON   WORK 
BY    DIVER. 

Cutting  off  piles  in  foundation:  $100  00 Ijahor_  ._          nn't-ift Material 
Freight      
Overhead   charges 

0.00 

2.75 13.25 

Total      .•••■.••-.•■   „     «"«■"» 
Cutting    of   old    trestle   piles    inside    and 

T..°hor"^^  of  caissons:       ^^^^^^^ L-aoor       tyn  nn 
Material 
Freight 20.00 2.76 
-rn^iSi't-         iq7^ 
Overhead  charges             '■^■" 

Total          $136.51 
Excavation  by  diver: 

This  account  was  for  excavation  work 
for  caissons  (area.  6.400  sq.  ft.;  cost. 

$1  975).  and  for  protection  cnbs 

carea.  2.000  sq.  ft.;  cost.  $851)     ̂^ 

Serial- -.-.v.-/.-.-.-.-.-.-.-.-;        moo 
Freight            40-^^' Overhead  charges   ___!__ 

•  Total       $2,826.00 

•Cost  per  square  foot  (8.400  sq.  ft.)  =    34  cts. 
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Grand  total .$3,098.51 

n.\T.\     ON     OPEN     TIMBER     C.-MSSONS. 

Talile  IV  gives  the  quantity  of  timber  re- 

quired for  the  caisson  of  each  pier  and  abut- 
ment, the  various  labor  and  material  costs  of 

each  caisson,  the  cost  of  miscellaneous  items, 
the  total  cost  of  each  caisson?  and  its  unit  cost. 

The  contractor's  percentage  and  the  engineer- 

ing costs  are  not  included  (for  contractor's percentage  of  the  total  cost  of  each  pier  and 
abutment  see  Table  VI 1).  The  overhead 

charges  given  include :  construction  buildings. 

timekeeper,  tool  boys,  watchman,  shoveling 

snow,  superintendence,  general  expense,  equip- 
ment, labor  and  material. 

CONCRETE    WORK. 

Table  V  gives  the  quantity  of  concrete 
placed  in  each  pier,  the  various  labor  and 
material  costs  for  each  pier  and  abutment,  the 
cost  of  miscellaneous  items,  the  total  cost  of 
the  concrete  in  each  pier  and  abutment,  and 

its  unit  cost.  The  contractor's  percentage  and 
the  engineering  costs  are  not  included.  (For 

contractor's  percentage  of  the  total  cost  of 
each  pier  and  abutment  see  Table  VII.)  The 
overhead  charges  given  in  Table  V  include : 

construction  buildings,  shoveling  snow,  time- 
keeper, tool  boys,  watchman,  superintendence 

and  general  expenses.  The  concrete  was  de- 
posited under  water  bv  bucket,  the  average 

depth  of  water  being  about  two-thirds  of  the 
height  of  the  pier.  In  connection  with  the 
concrete  work  the  puniiiing^  account  amounted 

to  $l,«i76.!1'2,  divided  as  follows:  labor,  $7!)7.<J-J : 
fuel,  $530;  miscellaneous  material,  $200;  and 
overhead  charges,  $14f);   this  amounts  to  31.2 
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cts.   per   cubic   yard   of   concrete   in   the   piers 

and  abutments. 
CRIB   PROTECTION    WORKS,    BOOMS    AND    WALING. 

Table  VI  gives  the  quantities  of  materials 
used  in  the  cribs,  booms  and  waling,  the  labor 
and  material  costs  of  various  items,  the  cost 
of  miscellaneous  items,  the  total  costs  of  the 

cribs,  booms  and  waling,  and  their  unit  costs. 
The  engineering  costs  are  not  included.  The 
cribs  were  filled  with  stone  from  barges,  the 

rip-rap  being  unloaded  from  trains.  The  total 
cost  of  the  wing  cribs  and  booms  was  $15,.j94, 
and  that  of  removing  the  old  protection  work 
$1,190.98   (for  details  .see  Table  VIII). 

SUMM.^RY  OF  PIER  COSTS. 

Table  VII  gives  a  summary  of  the  cost  of 
the  various  items  of  each  pier  and  abutment, 
the  total  cost  of  each  pier,  and  the  total  cost 
of  all  piers  and  abutments.  The  engineering 
costs  are  not  included.  The  total  cost  given 
for  the  pivot  pier.  No.  8,  does  not  include  the 
cost  of  removing  the  old  pier,  which  was  $900. 
Cofferdams  were  constructed  for  the  two  abut- 

ments and  for  pier  No.  1.  The  cofferdam 

used  for  pier  No.  1  consisted  of  2-in.  sheeting 
driven  flush  with  the  outside  of  the  caisson 

and  banked  with  clay  on  the  outside.  The  cost 

given  for  this  cofferdam,  $.306.98.  includes 
the  cost  of  excavating  for  the  pier  and  that 

of  puddling.  The  excavation  work  for  the 

two  abutments  (cost,  $300)  was  done  by  or- 
dinari-  labor;  that  for  pier  No.  11  (cost,  $600) 

was  done  by  a  dredge ;  and  that  for  the  re- 
maining piers  (cost,  $1.97.5).  by  divers.  The 

cost  given  for  the  caisson  of  the  west  abut- 

ment ($448)  was  for  rip-rap  only.  The  dis- 
tance from  the  top  of  masonry  to  the  base  of 

rail  is  8   ft.  6  ins. 

The  itemized  costs  of  the  pivot  pier  (No.  8) 
are  shown  in  Table  VII.  These  costs  do  not 

include  engineering  nor  removal  of  old  pier, 

the  costs  of  which  were  $416  and  $900,  re- 
spectively. If  these  items  are  included,  the 

total  cost  of  the  pivot  pier  is  $24, -517. 96.  The 
total  cost  of  the  concrete  work  for  this  pier 

was  $]1,827.4.5,  which  was  divided  as  follows: 
12-in.  wall,  140  cu.  yds.  at  $9.00   $  1,260.00 
Encasing     walls     and     concrete     burlap 

bags,  G50  cu.  yds.  at  $8.46       5,500.00 
Rubble  .£!routing,   450  cu.  yds.   =  150  cu. 

vds.  grout  at  $12.00   :       l.SOO.On 
Pier  top,   360  cu.  vds.  at  $8.22       2,969.45 
Forms              298.00 

Total      $11,827.4.^ 

The  estimated  cost  of  the  pivot  pier,  includ- 
ing its  proportion  of  the  general  charges, 

freight,  interest  and  depreciation  of  plant, 

contingencies,  engineering,  and  superintend- 
ence, was  $31,2.50.  The  difference  between  this 

and  the  actual  cost  of  about  $24,.500  is  due 

mainly  to:  (a)  Grouting  the  rubble  filling  in- 
stead of  removing  it  and  replacing  with  con- 
crete (approximate  saving,  $;3..500)  ;  (b)  lower 

cost  of  concrete  than  estimated  (approximate 

saving.  $2,.500)  ;  and  (c)  lower  cost  of  caisson 
(ai^proximate  saving.  $7.50). 

Table  VIII  gives  a  general  summary  of  the 
costs  of  the  bridge,  the  tabulation  being  made 
in  such  a  manner  as  tn  show  the  costs  of  labor 

and  superintendence,  material,  transportation, 

fuel,  freight,  overhead  charges  and  totals  for 
each  item  of  the  work.  It  will  be  noted  that 
the  cost  of  labor  and  superintendence  was 

about  $9,600  in  excess  of  that  of  materials. 
In  Fig.  11  the  heights  of  the  piers  have  been 

platted  "as  ordinates  and  their  total  costs  as 
abscissas.  Excluding  the  rest  piers,  which  are 

special  cases,  it  is  seen  that  the  height-cost 
curve  is  practically  a  straight  line. 

UNIT   COSTS. 

The  following  unit  costs  include,  in  addition 
to  the  items  noted,  train  service  and  freight, 

but  do  not  include  contractor's  percentage  nor 
engineering  charges : 

Timber  in    Caissons.— The  average   cost   of 
the    timber    in    the    caissons,    framed,    erected 

and  in  place,  includina  materials,  tools,  equip- 

!j   ment  and  laljor,  was  $69.n2  per  M    ft.  13.  i\I. 

15        Timber  in  Protection  Crib   ]Vork.—'X\K  av- 
g    crage  cost  of  the  timber  in  the  crib  protection 
<!    work,   framed,  erected  and  in  place,  including 

*     materials,    tools,    equipment     and     labor,    was 

$60.^7   per   M     ft.   B.   M.     The   prices   of   the 
various   kinds   of   timber,   per   M     ft.   B.   M., 
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were:  hemlock  aiul  spruce,  $20;  red  ijiiic, 

$■25;   long  leaf  yellow   pine,  $2(>  to  $M. 
Concrete. — The  average  cost  of  the  concrete, 

including  materials,  e(|uipnient,  tools  and  labor, 
was  $8.20  per  cubic  yard.  Tlie  prices  of  the 
materials  were:  crushed  stone,  $I.I1(  per  cubic 

yard  ($0.7.5  per  ton)  ;  sand,  $0..'!2  per  cubic 
yard;  and  cement,  $1.2.j  per  barrel,  net. 

Excavation. — The  cost  of  the  e.Kcavation,  in- 
cluding equipment  and  labor,  for  the  three 

classes  of  work  was  as  follows : 

By  diver,  preparing  bottom.  S.tOO  sti.  ft.,  $0.o4 

per  square  foot. 
By  orange-peel  bucket,  200  cu.  yds.,  $4.22  per 

cubic  yard. 
By  ordinary  labor.  200  ou.  yds.,  $l.i)0  per  cubic \ard. 

Rip-rafi. — The  cost  of  the  1,800  cu.  yds.  of 

rip-rap,  including  equipment  and  labor,  was 

$2.25  per  cubic  yard. 
Stone  Filling.^The  5,400  cu.  yds.  of  stone 

fdling,  including  equipment  and  labor,  cost  $1.69 

per  cubic  yard. 
Piles. — The  40- it.  hardwood  piles  cost,  in 

place,   $13.48    eacli,    or   $0.84   per   linear    foot. 
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TABLE  \I 

Itt-ins. 
Overhead   ehaiKes: 
Constiuction   buildings   
Timekeeper,   tool  boys.   Hatchmun   
y hoveling    snow   
Kquipnient   (handling  and  repairing)   
General    expense   
Superintendence      

Caissons       
Crib  protection  work,  etc.: 

Waling      
Booms      
Wing   protection   
Center   protection   

Concrete: 
Concrete      
Forms    

Rubble  stone: 
Riprap      
Filling     cribs   

Removing  old  structure: 
Old  rest  piers   
Old    center   piei'   
Old   wine    protection   
Old   center  protection   
Old  who  rf    
Removing  under  water  by  diver   
Cutting  tre.stle  piles  inside  caisson   

Cleaning  bottom  of  piers  and  crib.s  by  diver   
Excavation  and  cofferdams— E.  &  W.  Abut,  and 

Pier  No.   1      

I'nvvatering  all  piers   Sounding     
B.  &  B.   Dept.  work: 
By  .1.  S.  Metcalfe  Co. — 
Resupporting    track   
Removing  old  trestle  piles   
Cutting  foimdation   piles   

By  O.  T,  Ry.  B.  &  B.  Dept.— 
Resupporting    track   
Pile   driving   
Motive    Power  Dept   

Grillage  beams   
Dredging: 

Excavation      
Removing  old  structures   

Damage  to  barge   
Engineering      

Contractor's    percentage   
Total   

11.— GE.NEUAL  SUMMARY  AND  CL-^SSI Superintendence  „  ,    .■ 

and  labor.       Material.  Transportation. 

$1,660.53 2,.i00.00 

64.00 
2,922.00 

"2,r,'s5.i2 

14,800.00 
813.72 

1,253.00 
3,795.00 

7,465.00 

11, 792.. 16 

■   2,941.00 

960.00 
2,543.15 

1,0)0.00  1 600.00  1 

576.00 
614.98 
244.00 

2.14S.3S 
100.00 2.100.00 

1,232.98 797.92 
256.00 

1,411. .■:i7 

""I'ob'.oo 

415.20 232.00 

$1,562.80  $      50.00 

1,300.00 593.00 

";i,'770.00 

585.00 
780.00 

4,850.00 12,330.00 

17,281.00 550.00 

1.127.00 

4,713.00 

1,041.29 

130.00 

20.011 

130.00 
235.00 
200.00 
50.00 

200.00 

■"  i'o'.oij 

rl.i.OO 

14.00 
16.00 100.00 

200.00 600.00 
25.00 

300.00 

FICATION 
Fuel. 

$    400.00 

29.10 

60.00 

140. '10 
i;40.oo 

160.00 

OF  COSTS. 

Freight. 

$200.00 

1,050.00 80.00 

120.00 

500.00 1.1.^0.00 

Miscel-         Overhead 
laneous.  charges.  Total. 

.,580.00 
160.00 

200.00 
350.00 

20.00 2.76 10.00 

20.00 

30.00 

23.44 

500.00 

700.00 

$68,234.20         $58,668.09 
$1,573.44 $2,159.40 

70.00 2.75 

120.00 

80.00 

$9,715.51 

$      329.61 
2,460.59 

600.00 
245.00 

75.00 

2,705.85 
9,188.80 

$15,604.85 

$2,701.00 

$28,795.40 

169.00 
248.00 

l.OOO.OO 

2,490.00 

1,661.72 
2,417.00 

10,305.00 

23,775.00 
4.036.00 
344.00 

39,929.56 
4,180.00 332.00 

832.00 

2,919,09 8,438,15 

432.00 

4,518.27 
258.00 

13.75 
286.00 

2,556.38 
136.51 

2,826.00 169.00 149,00 

55.45 1,656.98 1,676.92 361.45 

159.00 
1,864.01 13.25 
136.00 

71.00 

79.00 

1,106.20 
1,191.00 329.61 

2,460.59 
600. OOj 

245.00 
75.00 2  705  85 

9  188.80 

$155,955.49 
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Fig.    11. Curve    Showing    Relation    between    Height    and    Cost 
Richelieu    River    Bridge. 

of    Intermediate    Piers    of 

alinut    14    per    cent    nf    the    actual    labor    cost 

alone. 
Supcrstnithnc. — The  following  are  the  per- 

centages of  the  total  superstructure  cost  ($77,- 
877.70)  of  several  items: 

Per  cent. 
ICngineering,  including-  shop  and  field  in- 

spection         0.78 
Bridge  and  Building  Dept. — run-outs....     0.96 
Bridge  and  Building  Dept. — new  floor....     6.50 

COMPARISON    OF    ACTUAL    AND    ESTIMATED    COSTS. 

Table  IX  gives  a  comparison  of  the  actual 
and  estimated  costs  nf  this  bridge.  The  data 
are  of  particular  interest  in  that  they  show 
the  value  of  tlie  percentage  basis  of  payment 
to  tlie  contractor.  It  will  be  noted  that  the 

"e.xti"as"  required  in  the  substructure  amounted 

to  about  16  per  cent  of  the  total  cost.  The  es- 
timated total  cost  of  the  substructure  plus 

the  cost  of  extras  was  $157,688.30,  while  its 
actual  cost  was  $155,955.49,  a  difference  of 

$1,732.90.  The  estimated  total  cost  of  the 
superstructure  was  $72,615.00,  while  the  actual 
cost  was  $77,877.79,  a  difference  of  $5,262.79. 

This  cost  inclu<lcs  material,  equipment,  driv- 
ing, cutting  off  and  all  other  labor. 

Supcrstruclure. — The  weight  of  the  250-ft. 
swing  span  was  737,il62  lbs.,  and  its  cost, 
erected,  was  5.34  cts.  per  pound. 

The  weight  of  the  twelve  60-ft.  deck  plate 
girders  was  710,370  lbs.,  and  their  cost,  erected, 
was  3.27  cts.  per  pound. 

The  power  plant  and  machinery  cost  $5,167. 
PERCENTACKS    OF   TOTAL    COST    OF    V.\R10US    ITEMS. 

Substructure. — The  following  are  the  per- 
centages of  the  total  substructure  cost  ($155,- 

955.49)  of  some  pf  the  principal  items : 

Per  cent. 
Engineering,    indudln.g   preliminary  sur- 

veys, plans  and  field  inspection        1.73 
Bridge  .tiHl  Building  Dept.,  Including 
changing  of   trestle  bents,    re-support- 
tlng  track,  etc       1.90 

Sounding.^          0.23 

Contractor's    superintendent          1.66 
General  charges,  including  overhead 
charges,  engineering,  contractor's  su- 

perintendence, and  contractor's  per- 
centage        S.SS 

Freight          6.23 
Transportation          1.01 

The  substructure  contractor's  percentage  was 
6%  per  cent  of  the  total  cost  (exclusive  of 
engineering)  of  the  substructure,  which  equals 

TABLE  IX.— COMPARISON  OF  ACTUAL  AND    ESTIMATED COSTS  OF 
BRIDGE. 

.\ctual  cost: 
Total    pier    costs                                     

Total  cost. 

$  85,895.51 
47,683.96 

7,450.16 

2,950.21 
75.00 

2,705,85 

Contractor's 6%  per  cent. 

$5,415.00 
3,097.00 

484.80 

192.00 

Grand 

total  cost. 

$  91,310.51 

50,780.96 
Uemo\'ing  old  structures — 

By    ordinary   labor       $4,518.27 
I'elmv  water,  by  diver         2,556.38 
I'.clow   water,   bv  dredge            245.00 
Trestle  piles,  bv  diver             136.51 

7  940  96 Bridge  and   Building  Dept.   work   not   included 

in  pier  costs — 
By  .1.   S.  Metcail'e  Co.,  $1,864.01  —  $20.00  =..     $1,844.01 By  G.  T.  Ry.  B.  &  B.  Dept         1.106.20 

75.00 
lOngineering                 .                 

2,705.85 Total  actual  cost   
Estimated  cost: 

l<3stiniated  according  to  plans,  Engliieerin; $14fi,766.i;9 
$9,188.80  $155,955.49 

Dept   »$136.500.00 

,117.00. 

Extra  wing  cribs  and  booms:     Cribs,   $13,177.00;   booms,    $2 
Removal  of  old  wing  cribs:     $870;  bv  diver,  $300   
Extra   waling      
Extra  piling,  2  piers  and   1  abutment   
Extra  extension  of  center  crib  work,  3.760  ft.  at  $55.30      ■   
New  crib  K:     22.000  ft.  at  $55.30  =  $1,216;  removal  bv  dredge  and  diver.  $300. 
Removal   of   old   wharf   

Total  estimated  cost  plus  extras   
SUPERSTRUCTURE 

15,594.00 

1,170.00 830, S6 

1,576.61 207.92 

1,516,00 
293.00 

$157,688.39 Actual  cost          $77,877.79 
Estimated  cost:     Steel,  $67,755;  floor,  $4,860         72,615.00 

•Contractor's  estimate,  $141,000. 
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This  'lifference  was  due  mainly  to  freight 
charges  which  were  not  inchided  in  the  orig- 

inal estimate. 
flCKSOXNEL. 

The  work  described  in  this  article  was  in 
charge  of  H.  R.  Safiford,  chief  engineer,  Grand 
Trunk  Ry. :  R.  Armour,  masonry  engineer ; 
H.  B.  Stuart,  structural  engineer;  and  A.  Lar- 
sen,  assistant  engineer,  to  whom  we  are  in- 

debted for  the  data  upon  which  this  article  is 
based.  The  substructure  was  built  by  the 
J.  S.  Metcalfe  Co.,  the  remaining  work  being 
done  by  the  forces  of  the  railway  company. 

A    Discussion    of    the    Administrative 

and  Design  Features  of  Highway 
Bridge   and    Culvert   Work. 

The  establishment  of  state  highway  commis- 
sions, in  centralizing  authority  for  state  and 

bridge  design  and  construction,  has  made  pos- 
sible a  more  thorough  and  systematic  study 

of  this  subject  than  has  heretofore  been  pos- 
sible. The  work  is  still  in  its  infancy,  but  the 

possibilities  of  enormous  savings  are  already 
apparent.  That  highway  bridge  work  has  been 
inefficiently  carried  on  in  the  past  cannot  be 
denied.  To  avoid  future  mistakes  will  require 
that  the  subject  be  carefully  studied,  beginning 
with  fundamentals,  as  past  practice  offers  lit- 

tle of  value.  The  following  discussion  is  of 
particular  value  in  that  it  discusses  broadly 
the  design,  construction  and  administrative 
features  of  highway  bridge  work.  The  discus- 

sion is  taken  from  a  paper  presented  at  the 
first  Xorthwestern  Road  Congress,  in  Milwau- 
wee.  Wis.,  by  -A.  Mar.ston,  of  the  Iowa  State 
Highway   Commission. 

State  highwav  commissions  and  engineers 
must  take  up  the  question  of  higliway  bridge 
and  culvert  work  from  many  other  standpoints 
than  that  of  structural  design.  The  broad 
general  question  of  administration  of  the  work 
must  be  properly  solved.  There  are  many 
general  features  of  highway  bridge  and  culvert 

construction  w-hich  must  be  settled  by  central 
state  authority. 
The  local  engineer  and  road  officer  also 

must  determine  many  important  general  fea- 
tures of  highway  bridge  and  culvert   work. 

-VnMINISTR-'MIOK    OF    HIGHWAY    BRIDfiE    AND    CUL- 
VERT   WORK. 

The  best  system  of  general  administration 
of  highway  bridge  and  culvert  work  is  still 
open  to  discussion.  In  fact,  a  system  suitable 
to  one  state  may  be  unsatisfactory  to  another. 
However,  the  principles  which  determine  the 
best  system  are  general  in  character. 
Former  Practice.  On  one  point  all  investi- 

gators of  highway  bridge  and  culvert  work 
are  agreed,  namely,  that  the  former  prac- 

tice of  administration  of  such  work  through- 
out the  United  States  has  been  extremely  un- 

satisfactory. Literally  millions  of  dollars  have 
been   wasted   in   the   work. 

There  has  been  a  general  lack  of  centraliza- 
tion of  authority  and  responsibility  in  the  past. 

Tlie  countries,  the  townships,  and  the  cities 
have  had  partial  and  illy-defined  authority  in 
connection  with  the  work.  The  men  having 
charge  had  no  training  whatever  for  the  work, 
and  with  the  best  of  intentions  could  not  avoid 
waste  of  funds  and  failure  to  secure  satisfac- 

tory  structures. 
The  higliway  bridge  contractor,  who  did 

the  work  in  the  majority  of  cases,  had  no 
assurance  whatever  of  securing  contracts  by 
low  prices  and  excellent  work.  For  most  of 
the  work  contracts  were  let  and  orders  given 
privately  by  county  supervisors  and  township 
trustees  without  public  competition,  and  with- 

out definite  plans  and  specifications.  Very 
generally  the  state  was  divided  by  agreement 
between  different  contractors. 

Proper  Practice.— In  proper  highway  bridge 
and  culvert  administration  probably  the  first 
question  to  be  settled  is  the  proper  unit.  For 
small  states  this  may  perhaps  properly  be  the 
state,  but  in  the  central  west  the  county  is  un- 

doubtedly the  proper  unit  of  administration. 
The  county  should  employ  a  thoroughly  com- 

petent engineer  to  have  full  charge  of  this 
work  as  an  employee  of  the  supervisors.  Defii- 

nite  and  complete  plans  and  specifications 
should  be  placed  on  file  in  advance.  Competi- 

tive bids  should  be  secured  for  all  contract 
work  of  importance.  Construction  should 
proceed  under  skilled  inspectors.  Absolutely 
complete  records  of  cost  should  be  kept. 

All  this  work  should  be  carried  out  under 
the  general  supervision  of  a  state  highway 
commission  with  real  authority.  Only  in  this 
way  can  the  work  of  one  county  properly  fit 
that  of  others  surrounding,  and  only  under 
active  and  competent  central  supervision  can 
highway  bridge  and  culvert  work  be  carried 
on   efficiently   and   economically. 

Contract  vs.  Day  Labor  U'ork. — Another question  of  general  administration  is  whether 
it  is  advisable  to  construct  all  or  any  part  of 
the  highway  culverts  and  bridges  by  day  labor. 
Without  discussing  this  important  question  in 
detail  it  may  be  said  that  the  experience  of 
the  Iowa  State  Highway  .Commission  indicates 
that  the  best  results  in  all  ordinary  culvert 
construction,  both  as  to  cost  and  quality,  are 
being  secured  by  day  labor  wherever  com- 

petent foremen  can  be  secured  to  take  charge 
of  the  crews.  By  this  plan  the  high  overhead 
costs  of  private  contractors  are  practically 
eliminated,  and  this  without  any  correspond- 

ing overhead  cost  to  the  county,  whicii  must 
in  any  case  employ  a  county  engineer  and 
county   auditor. 

On  the  other  hand,  it  is  altogether  probable 
that  few  if  any  counties  can  afford  the  large 

amount  of  contractors'  appurtenance  or  secure 
the  services  of  the  hi.gh  grade  contractors' foremen  required  to  build  large  and  important 
highway  bridges.  Undoubtedly  such  structures 
can  best  be  erected  by  contract. 

GENERAL     FE.\TURES     OF     HIGHW.W     BRIECE     AND 

CULVERT   WORK. 

Definitions. — Any  law  using  the  terms  cul- 
vert and  bridge  should  define  them.  The  new- 

Iowa  road  law,  for  example,  prescribes  a 

i^O-ft.  roadway  for  culverts  and  only  16-ft. 
for  bridges,  without  defining  these  terms. 
Originally  a  culvert  was  a  structure  to  carry 
a  waterway  under  something  else.  Thus  the 
meaning  had  no  reference  to  the  size  of  the 
structure. 

In  common  parlance,  however,  a  culvert  is 

only  a  small  bridge.  In  supervising  the  ex- 
ecution of  the  Iowa  Road  Law  the  State 

Highway  Commission  has  defined  culverts  to 
mean  all  structures  of  lii-it.  span  or  less. 

.'^fandardi:ation  of  Plans. — It  evidently  is 
quite  important  that  there  should  be  a  gen- 

era! standardization  of  plans  for  highway 
bridges  and  culverts  throughout  the  entire 
state.  There  is  just  as  much  need  for  this 
as  for  a  standardization  of  railway  plans  on 
a  particular  system  of  railways.  Otherwise  it 
would  be  impossible  to  construct  a  proper  sys- 

tem of  highways  covering  the  state. 
Loadings. — The  size  of  loads  in  highway 

traffic  has  been  greatly  increased  of  late  vears. 
.A  large  proportion  of  the  highway  bridges 
formerly  built  in  Iowa  are  at  present  unsafe 
under  the  heavy  tractors  now  so  extensively 
used  in  road  construction.  The  use  of  aiito 
trucks  is  likelv  to  increase  greatly  the  size 
of  loads  in  the  near  future.  -All  highway 
bridges  and  culverts  should  be  designed  for 

very  heavy  loadings.  At  least  a  l-">-ton  trac- tion engine  should  be  provided   for. 
Permanent  Culver  Is. —Fermanent  culverts 

will  ordinarily  include  only  tliose  made  of 

vcrv  permanent  masonry.  Probably  consider- 
ably more  than  flO  per  cent  of  the  permanent 

culverts  in  the  middle  west  are  being  made 
of  reinforced  concrete,  of  the  Iiox  type.  This 

tvpe  is  especially  adapted  to  foundations  of 

ordinary  soils.  However,  the  arch  type  of  cul- 
verts, made  of  concrete,  or  stone,  or  lirick,  is 

especially  well  adapted  to  hi.gh  emliankments 
where  the  foundations  are  solid  and  are  en- 

tirelv  safe  against  underminin.g.  All  perma- 
nent culverts  should  be  fully  provided  with 

wing-walls,  thorougldy  protecting  the  embank- 
ments, and  with  proper  cut-off  walls,  safely 

guarded   against  undermining. 
.'^emi-Pcrmanenf  CH/c<-r/.f.— Semi-permanent 

culverts  include  those  made  of  corrugated 

pipe,  boiler  pipe,  reinforced  concrete  pipe,  and 

vitrified  pipe.    The  corrugated  pipe  is  especial- 

ly well  adapted  to  work  of  a  temporary  na- 
ture, such  as  replacing  an  old  broken-down  or 

washed-out  culvert,  until  a  permanent  ma- 
sonry structure  can  be  constructed.  The  dura- 
bility of  corrugated  and  boiler  pipe  culverts 

is  a  subject  which  should  be  thoroughly  inves- 
tigated, together  with  the  preparation  of  stand- 

ard specifications  for  the  quality  of  the  ma- 
terials. The  question  of  whether  head-walls 

and  wing-walls  should  be  provided  for  semi- 
permanent pipe  culverts  is  mainly  one  of  prob- 

able length  of  time  which  the  culverts  will 
remain  in  place.  Manifestly,  if  they  are  to 
be  replaced  within  a  very  few  years  by  ma- 

sonry structures,  it  will  be  good  engineering 
to  keep  the  cost  of  the  temporary  structures 
as  low  as  possible.  On  the  other  hand,  if  it 
is  expected  that  these  pipe  culverts  shall  re- 

main in  place  I'O  to  30  years,  then  head-walls 
and  wing-walls  should  be  constructed,  in  order 
to  protect  the  embankment  and  the  culvert 
against  washing  out  and  the  culvert  against 
dislodgment. 

Temporary  Culverts. — Temporary  culverts 
have  heretofore  been  built  in  large  numbers  of 
\yood.  The  high  cost  of  lumber  and  the  short 
life  of  the  structure  now  make  these  the  most 
expensive  of  all  types.  The  only  proper  use 
for  temporary'  wooden  structures  in  connection 
with  culverts  is  to  provide  temporary  passage- 

way during  construction. 
Special  Culvert  Problems. — It  takes  a  good 

engineer  to  proportion  properly,  locate  and 
design  a  highway  culvert.  It  is  work  which 
should  never  be  given  over  to  a  mere  instru- 

ment man.  Careful  study  should  be  given  in 
each  case  to  the  special  conditions.  One  of 
the  most  difficult  special  culvert  problems  is 
the  proper  design  of  the  structure  where  the 
difference  in  level  between  the  upstream  and 
downstream  sides  of  the  road  is  great.  In 
such  cases  the  water  is  almost  certain  to  un- 

dermine the  structure  unless  the  latter  is  so 
designed  as  to  break  up  entirely  the  force 
generated  by  the  fall.  The  writer  has  seen 
places  in  Iowa  where  gulches  30  to  50  ft. 
in  depth  have  been  formed  within  a  few  years. 
He  has  seen  individual  instances  where  thou- 

sands of  dollars  have  been  spent  in  the  at- 
tempt to  stay  the  progress  of  such  a  ditch,  and 

he  has  noted  other  cases  where  a  township 
road  had  practically  to  be  abandoned.  In  all 
such  cases  the  water  should  be  conveyed  from 
the  upper  level  to  the  lower  level  entirely 
within  the  culvert  structure  and  discharged  at 
the  lower  end  with  its  velocity  mainly  de- 
stroyed. 

Permanent  Bridges. — Permanent  bridges  in- 
clude both  those  built  entirely  of  masonry  and 

of  very  heavy  steel  constructed  on  masonry 
piers  and  abutments. 

Reinforced  concrete  is  the  material  most 
extensively  used  where  the  span  is  not  too 
great.  The  different  types  of  structures  in- 

clude reinforced  concrete  slabs,  reinforced  con- 
crete girders,  and  reinforced  concrete  arches. 

The  slabs  and  girders  are  especially  well 
adapted  to  foundations  on  ordinary  soils,  and 
arches  to  rock  foundations. 

•Arches  may,  of  course,  be  built  of  stone  and 
brick,  as  well  as  concrete,  but  these  materials 
are  not  nearl\-  so  extensively  used. 

Permanent  steel  bridges  should  in  all  ordi- 
nary cases  lie  placed  on  heavy  permanent  ma- 
sonry foundations.  These  should  be  extended 

well  below  the  bed  of  the  stream  and  should 

be  supported  on  piling  in  ordinary  cases,  un- 
less they  reach  to  rock.  It  does  not  pay  to 

take  chances  of  the  undermining  or  settlement 
of  an  expensive  masonry  abutment  for  the 

sake  of  saving  a  few  hundred  dollars'  ex- 
pense for  piling.  High  masonry  abut- 

ments are  especially  expensive  features  for 
permanent  bridges.  However,  a  saving  as 
much  as  50  per  cent  of  the  cost  of  the  abut- 

ments can  often  be  made  by  adopting  pedestal 
types  of  structures,  constituting  a  sort  of  an 
approach  span  at  each  end  whereby  the  earth 
is   allowed  to  assume  its  natural  slope. 
The  steel  bridge  standards  of  the  Iowa 

State  Highway  Commission  provide  for: 
I-beams,  carrying  reinforced  concrete  floors, 
for  spans  of  IG  to  32  ft.,  inclusive;  riveted 
pony  trusses,  carry  in.g  reinforced  concrete 
fioors.   for  spans  of  35  to   100   ft.,  inclusive; 
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and  riveted  tlirough  trusses,  carrying  rein- 
forced concrete  floors,  for  spans  of  100  to 

150  ft.,  inclusive.  It  is  believed  that  the  above 
steel  structures,  if  properly  m.iintained  by 
paintinpr  and  repairing  of  floors,  should  be 
practically  indestructible.  Above  l-JO-ft.  span, 
special  designs  will,  of  course,  be  made,  and 
pin-connected  bridges  may  be  used. 

Temporary  Bridges. — The  permanent  bridges 
mentioned  above  are,  of  course,  somewhat  ex- 

pensive to  build,  and,  in  view  of  the  large  num- 
ber of  highway  bridges  in  the  ordinary  county, 

it  seems  manifest  that  a  considerable  number 
of  structures  must  still  be  reconstructed  of 
cheaper  material  for  a  number  of  years.  For 
such  cases,  a  good,  heavy  wooden  pile  bridge 
is  still  about  the  most  satisfactory  structure. 
Such  bridges  should  be  made  heavy  enough  to 
carry  15-ton  traction  engines. 

Si:es  of  Highway  Bridges  and  Culverts. — 
The  question  of  the  proper  size  of  a  highway 

bridge,  or  a  culvert,  is  an  exceedingly  im- 
portant one.  In  former  practice  the  size 

adopted  depended  upon  the  notions  of  un- 
trained men  and  frequently  varied  100  per 

cent  within  a  distance  of  a  mile  on  the  same 
stream,  with  the  small  structure  downstream. 
The  writer  has  seen  a  $4,000  permanent  bridge 

spanning  a  ravine  with  only  a  few  acres  drain- 
age area,  where  a  2-1-in,  pipe  would  have  car- 
ried all  the  water.  With  a  proper  organiza- 
tion of  the  highway  bridge  and  culvert  work 

of  the  state,  however,  all  this  should  be 
changed. 

Under  the  direction  of  the  State  Highway 

Commission  a  state-wide  study  of  the  run- 
offs of  the  important  streams  of  the  state 

should  be  undertaken  from  their  mouths  to 
their  sources,  which  will  afford  in  the  end 
reliable  data  for  determination  of  the  sizes  of 
structures  needed.  The  same  wide  study 
should  be  made  of  the  size  of  culverts  needed 

for  different  drainage  areas  in  different  por- 
tions of  the  state. 

In  such  a  state-wide  study  accurate  data 
should  be  kept  of  every  culvert  and  bridge 
which  washes  out.  It  has  been  stated  that  it 

would  not  be  good  engineering  to  build  cul- 
verts so  large  that  they  would  never  wash  out, 

for  the  reason  that  excessive  storms  come  at 

very  long  intervals,  which  would  call  for  struc- 
tures so  large  that  the  interest  on  their  in- 

creased cost  would  more  than  pay  for  all  the 
damage  and  the  cost  of  renewal.  The  estab- 

lishment of  highway  commissions  makes  it 

possible,  for  the  first  time,  to  conduct  a  thor- 
ough and  systematic  study  of  this  subject. 

In  the  meantime,  most  of  the  states  in 
which  the  highway  bridge  and  culvert  work 
has  been  properly  organized  are  using  em- 

pirical formulas  to  determine  the  size  of 
waterway  required.  The  use  of  such  formulas, 
coupled  with  close  watch  of  the  behavior  of 
the    structures    built    during   excessive    floods. 

affords  a  good  method  of  attacking  the  sub- 

ject until  the  state-wide  study  above  recom- 
mended is  completed.  In  the  end.  however, 

the  proportioning  of  culverts  and  highway 

bridges  should  be  reduced  to  a  question  of 

cubic  feet  per  second  of  run-off,  as  compared 
with  area  of  waterway  and  allowable  velocity 
without   undermining. 

I,ET.\ILEn     FE.\TURES     OF     HIGHW.W     BRIDGE     AND 

CULVERT  WORK. 

The  details  of  highway  bridge  and  culvert 

work  must  fall  mainly  to  the  county  or  to  the 
local  engineer  in  charge. 

Preliminary  IFor*.— The  entire  season  s 

work  of  a  county,  in  the  construction  and  re- 
pair of  culverts  and  bridges,  should  be  planned 

in  advance,  so  far  as  practicable.  During  the 

winter  months  the  county  engineer,  accom- 

panied bv  the  various  supervisors,  should  go 

over  the  entire  territory,  selecting  the  struc- 
tures to  be  built  or  repaired.  The  plans  and 

specifications  for  all  the  work  should  be  pre- 
pared and  filed.  All  contract  work  should  be 

advertised  and  let  by  competitive  bids  before 
the  season  opens. 

In  the  preliminary  work  the  engineer  should  ̂  
carefully    determine     the     drainage    area    and 
other    special    conditions    for    each    structure. 
Excellent    engineering    judgment    will    be    re- 

quired in  doing  this  work  properly. 
Relations  of  Engineer  and  Supennsors  to 

Citizens  Interested.— Our  American  system  of 

government  is  such  that  very  properly  each  in- 
dividual citizen  feels  tliat  he  has  a  right  to  some 

direct  say  concerning"  public  work  in  which  he 
is  immediately  interested.  Also,  citizens  living 

in  the  immediate  vicinity  of  the  proposed  cul- 
verts and  bridges  can  sometimes  give  valuable 

information  concerning  high-water  marks  and 
floods.  For  -these  reasons  the  county  engi- 

neer should  consult,  to  a  reasonable  extent, 
in  advance  with  the  citizens  living  in  the  im- 

mediate vicinity  of  the  proposed  structure. 
The  engineer  will  need,  however,  to  be  a  man 
of  much  good  sense,  and  with  a  large  amount 
of  backbone  as  well  as  diplomacy,  to  avoid 
serious  mistakes  and  harsh  criticism.  Very 
often,  perhaps  usually,  the  farmer  who  lives 
nearest  will  advise  twice  the  size  of  structure 

which  is  thought  necessary  by  those  at  a  dis- 
tance. 

Plans  and  Specifications. — For  most  culvert 
work  all  that  will  be  necessary  in  the  way 
of  plans  is  a  blue  print  from  a  standard 
tracing,  filling  in  properly  the  location,  the 
drainage  area,  and  perhaps  special  dimensions. 
For  larger  work  a  special  plan  must  be  pre- 

pared, either  by  the  county  engineer  or  by  the 
highway  commission  at  his  request.  Even  for 

the  culverts,  how"ever,  the  county  engineer  has 
responsible  work  to  do  in  connection  with  the 

preparation  of  the  plans.  After  he  has  de- 
termined the  necessary  waterway,  for  example, 

lie  must  still  settle  the  proportion  of  span  to 

height.  The  writer  has  seen  highway  culverts 

designed  by  engineers  where  flat  land  ad- 
joining would  be  flooded  4  ft.  in  depth  before 

the  culvert  was  filled,  whereas  the  high-water 
mark  was  not  more  than  a  foot  above  the 
surface  of  the  ground.  The  upper  part  of 
such  a  structure  was  worse  than  useless,  for 
the  whole  grade  of  the  road  had  to  be  raised 
to  get  over  the  culvert.  In  general,  the  county 
engineer  should  remember  that  the  desired 
waterway  must  be  secured  with  very  little  ad- 

ditional backing-up  of  the  water  on  adjacent 
lands. 
Another  important  matter  to  be  considered 

in  preparing  culvert  plans  is  the  exact  location 
and  direction  of  the  structure.  The  ideal 
water  channel  and  roadway  each  should  be 
straight,  which  would  call  for  skew  culverts 
in  a  large  number  of  cases.  Moreover,  very 
frequently  the  culvert  should  not  be  located 
directly  in  the  old  channel,  but  a  new  channel 
should  be  provided  on  each  side.  Where  the 
culvert  is  placed  on  the  skew,  special  care 
should  be  taken  to  protect  the  embankment  at 
the  acute  angle  between  channel  and  structure 
on  each  side. 

In  a  large  number  of  cases  special  construc- 
tion must  be  undertaken  to  prevent  danger  of 

washing  out  of  culverts  by  undermining  when 
they  discharge  under  a  head. 

.Staking  Out  and  Inspection. — The  county 
engineer  is  an  extremely  busy  man,  but  he 
siiould  not  entrust  the  staking  out  of  his  cul- 

verts to  an  inexperienced  man.  He  will  find 
it  practically  impossible  to  be  actually  on  the 

ground  during  much  of  the  culvert  construc- 
tion, but  every  structure  should  be  inspected 

by  him  a  reasonable  number  of  times.  For 
important  bridges  he  should  have  a  competent 
inspector  constantly  on  the  work. 

Records. — The  county  engineer  should  be  re- 

quired by  law  to  keep  and  to  file  detailed  rec- 
ords of  the  cost  of  such  structure,  both  with 

the  county  authorities  and  with  the  State 
Highway  Commission.  The  county  should  be 
required  by  law  to  have  a  bridge  book,  in 
which  an  account  is  kept  for  each  individual 
structure. 
The  statement  has  been  made  in  this  paper 

that,  in  the  past,  literally  milhons  of  dollars 
have  been  wasted  in  the  highway  bridge  and 
culvert  w-ork  in  the  United  States.  It  is  be- 

lieved that  this  statement  can  be  verified  within 

a  few  years  by  actual  records  showing  the  dif- 
ference in  cost  between  work  done  under  for- 

mer practice  and  that  done  under  proper  prac- 
tice. In  Iowa  it  is  still  too  early  to  give  defi- 

nite figures  of  saving  which  shall  eliminate 
all  factors  except  that  of  difference  in  admin- 

istration. An  approximate  preliminary  study 
of  prices  for  1912  and  1914  indicates  that  those 
for  1914  may  be  as  much  as  .30  per  cent  lower. 
Part  of  this  is  due  to  the  fall  in  the  price  of 
steel,  although,  on  the  other  hand,  the  new 
svstem  is  not  vet  working  at  its  best. 

AMD 
Maintenance   and    Repair    of    Pennsyl- 

vania State  Roads. 

Specific  directions  concerning  the  mainte- 
nance and  repair  of  state  roads  are  given  in  a 

pamphlet  of  instruction  recently  issued  by  the 
Pennsylvania  Highway  Department,  a  part  of 
which  is  given  below.  The  standards  of  this 
department  and  an  abstract  of  the  specifica- 

tions in  use  were  given  in  Engineering  &  Con- 
tracting for  August  19,  1914. 

maintenance  and  repair  of   earth   roads. 
The  ordinary  dirt  or  country  road  should  be 

thoroughly  drained  in  order  that  it  may  be 
kept  dry  and  solid.  Any  spongy  or  loose  places 
should  be  removed  by  placing  proper  sub-drain- 

age. All  depressions  or  ruts  should  be  filled  up 
immediately  and  an  even  surface  maintained. 
Operations  incident  to  the  maintenance  of  an 
earth  road  may  be  classified  under  the  follow- 

ing headings :  Drainage  and  sub-drainage. 
Grades  and  slopes.    Surface. 

Drainage  and  Sub-Drainage. — In  the  matter 

r)f  drainage  it  is  necessary,  first,  to  ascertain 
the  nature  of  the  soil  and  drainage  area  of  the 
locality  under  consideration.  This  necessary 
information  should  be  forwarded  to  the  assist- 

ant engineer  who  w'ill  make  calculations  to 
determine  the  necessary  waterway  required. 
Proceed  then  by  placing  culverts  of  suitable 
size  and  construction,  specified  by  the  assist- 

ant engineer,  at  the  proper  locations.  In  the 
construction  of  drains  and  culverts  care  should 
be  taken  to  avoid  the  use  of  unsatisfactory 
material.  Where  a  pipe  or  drain  can  be  placed 
having  a  covering  of  30-in.  or  more,  vitrified 
pipe  should  be  used.  Less  covering  will  indi- 

cate that  approved  metal,  concrete  or  cast  iron 
pipes  be  placed.  The  joints  nf  pipes  must  be 
made  water  tight  by  calking  with  portland  ce- 

ment mortar,  1  part  cement  and  2  parts  clean 
sand.  All  pipes  will  be  furnished  the  superin- 

tendent upon  requisition  to  the  department, 
approved  by  the  assistant  engineer  of  the  dis- 

trict. Concrete  has  proved  very  satisfactory 
and  economical  in  the  construction  of  culverts 

and  bridges  and  plans,  specifications  and  ma- 
terial for  structures  of  this  character  will  be 

furnished  upon  requisition  from  the  assistant 
engineer  to  the  department.  In  placing  pipes 

or  drains,  care  also  must  be  exercised  in  giv- 
ing them  sufficient  grade,  as  a  fall  of  at  least 

%-in.  to  1  ft.,  where  possible,  is  most  neces- 
sary. The  inlet  and  outlet  of  all  drains  and 

•culverts  should  be  kept  open  and  clean  at  all 
times  and  where  the  soil  is  of  a  silty  nature  or 
liable  to  wash,  paving  at  the  ends  of  the  pipe 

and  part  of  the  way  up  the  side  slopes  be- 
comes necessary.  Standard  plans  showing 

form  of  construction  at  pipe  ends  will  be  fur- 
nished the  superintendent.  Ditches  should  be 

maintained  at  the  sides  of  the  road  of  sufficient 
width  and  depth  to  dispose  properly  of  the 
drainage.  Water  should  be  taken  off  the  road 
at  intervals  by  cutting  ditches  into  the  fields 
where  possible,  especially  on  steep  grades  and 
where  it  is  not  possible  to  do  this,  the  ditches 
should  be  paved  with  cobble  or  rubble. 

Frequently  it  is  found  necessary  to  carry  the 

t 
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water  from  one  side  of  the  road  to  the  other 
and  in  many  instances  this  has  been  done  by 
raising   the   surface   of   the   road   transversely 
or  by  placing  mounds   in   the   road   in   an   in- 

verted   "V"    shaped     form     commonly     called 
"breakers."     In  no  case  should  this  be  resorted to.    A  catch  basin  on  one  side  of  the  road  with 
a  suitable  size  drain  crossing  the  highway   is 
the  correct  solution  to  the  problem  and  at  the 
same   time  a   great  improvement  to   the   road 
surface.    Ditches  should  be  kept  open  and  free 
from   obstructions   at   all   times.     Where     ap- 

proaches  or   entrances  to   fields,  barns,  build- 
ings,  propert}',   etc.,   obstruct   the   drainage  of 

the    side    ditches,    the    superintendent    will    be 
permitted   to   perform   the   necessary   labor   to 
place   pipes   through   said   approaches    or    en- 

trances, provided  the  owner  or  owners  of  the 
property  so  affected  furnish  said  pipe  or  pipes 
free  of  cost  to  the  state  highway  department 
and    provided,    further,   that,   upon   refusal    or 
neglect  of  said  owner  or  owners  of  said  prop- 

erty to  furnish  the  necessary  pipes  within  fif- 
teen days  from  w'ritten  notice  from  the  super- 

intendent, the  superintendent  must  proceed  to 

open  the  ditch  through  the  approaches  or  en- 
trances.     When   pipes   of   this    character    are 

contemplated,  the  superintendent  must  specify 
the  size  or  sizes  thereof  in  his  notice  to  the 

owner  or  owners  of  the  property  and  the  own- 
er or  owners  of  said  prooerty  thereafter  must 

maintain  said  pipe  or  pipes  in  good  condition 
or  they  will  be  removed  by  the  superintendent. 
Where  there  is  no  natural  under-drainage  in 
the  soil  and  the  water  lies  below  the  surface 

to  a  depth  of  several  feet  or  less,  it  is  neces- 
sary  to   place   some   form   of  artificial   under- 

drainage.     Porous  drain  tile  and  French  drain 

when   properly   placed   will   give   excellent   re- 
sults.     Drain   tile    is    manufactured    in     short 

sections  with  collars  to  place  over  the  joints 
and  it  is  laid  in  a  ditch  dug  for  that  purpose 
under  the   surface  of  the  road  to   a  grade  of 
not  less  than  3  ins.  in  100  ft.     The  tile  is  then 
covered  to  a  depth  of  2  ft.  with  broken  stone 
and  the  ditch  is  filled  with  some  other  porous 
material.     A   French    drain   is   constructed   by 
digging  a  trench  of  the  same  character  as  that 
used  in  placing  drain  tile  and  filling  the  same 

■  with  broken  stones  of  various  sizes.     In  spring 
thaws  the  road  will  dry  and  become  solid  more 

quickly  and  on  an  earth  road  with  bad  under- 
drainage    money    cannot    be    expended    to    a 
greater  advantage. 

Grades  and  Slopes. — The  grade  of  a  road 
should  be  given  special  attention,  as  steep 
grades  increase  the  cost  of  maintenance.  It  is 
obvious,  therefore,  that  they  should  be  reduced 

when  possible  and  when  the  funds  and  condi- 
tions will  permit.  The  impression  must  not 

be  entertained  that  roads  should  be  level  and 
have  no  grade.  This  is  entirely  wrong,  as  the 
minimum  grade  of  an  earth  road  should  not 
be  less  than  1  ft.  in  125  ft.  After  having  de- 

cided the  proper  grade  and  width  of  a  pro- 
posed change  of  a  highway,  begin  by  making 

the  cuts  full  width,  with  the  sides  perpendicu- 
lar, taking  care  of  the  side  slopes  afterward. 

In  filling  up  the  low  places  in  the  road,  care 
should  be  taken  to  see  that  the  sub-surface  is 
free  from  water  and  spongy  places,  and  the 

.surface  is  cleared  of  rubbish  or  vegetable  ma- 
terial of  any  description.  The  filling  should  be 

deposited  in  layers  of  1  ft.  in  depth  the  full 
width  of  the  roadway  and  thoroughly  rolled 

with  a  10-ton  roller.  Any  spongy'  or  loose 

places  showing  up  under  such  rolling  should 
be  dug  out  and  refilled  with  suitable  material 
and  Tolled   until  thoroughly  compressed. 

In  the  grading  of  roads  it  becomes  neces- 
sarv  to  provide  new  side  slopes,  sufficient  to 

eliminate  the  danger  of  slips  or  slides.  Dif- 
ferent soils  require  different  slopes.  For 

ordinary  soils,  such  as  a  mixture  of  sand  and 
c'av,  compact  clav  and  compact  stony  soil,  a 

slo'ne  of  1  ft.  baseto  1  ft.  perpendicular  is  gen- 
erallv  given,  but  Wz  ft.  base  to  1  ft.  perpen- 

dicular" will  give  more  satisfactory  results. 
Gravel  mav  require  a  ereater  slope.  Solid 

rock,  which  does  not  disintegrate  upon  ex- 

posure to  the  atmosphere,  might  be  made  per- 
pendicular, but  it  is  better  practice  to  give  it 

a  slope  of  1  ft.  base  to  1  ft.  perpendicular,  oi 
even  1%  ft.  base  to  1  ft,  perpendicular,  as  the 

side  being  perpendicular  in  some  degree  ex- 
cludes the  action  of  the  sun  and  air  upon  the 

road.  Slopes  on  the  south  sides  of  highways 
should  be  greater  in  order  to  expose  better  the 

road  surface  to  the  sun's  rays.  Slopes,  when 
necessary,  and  upon  the  approval  of  the  de- 

partment, may  be  protected  by  paving  with 
cobble  or  rubble  or  by  sodding.  In  some  in- 

stances it  is  found  necessary  to  build  small  re- 
taining walls  at  the  foot  of  the  slope.  When 

possible  a  ditch  may  be  dug  at  the  crest  of  the 

slope,  parallel  to  the  road,  and  the  water  car- 
ried to  the  natural  drainage  course  without 

coming  in  contact  thereon  with  the  actual  road 
drainage.  If  springs  are  found  in  the  side 
slopes  they  should  be  drained  by  means  of  tile, 
French  drain,  or  otherwise,  according  to  the 
nature  of  the  conditions  and  good  judgment. 
If  the  whole  surface  of  the  slope  appears  sat- 

urated it  is  evident  that  the  source  of  the 
water  or  spring  is  not  isolated  and  can  be 
readily  drained  by  digging  a  trench  in  the  side 
slopes  and  placing  therein  a  line  of  drain  tile 
or  French  drain  and  discharging  the  same  in 
the  side  ditch  or  most  convenient  place.  If 
the  source  is  unknown  careful  study  and  ex- 

periment are  necessary.  Slopes  of  embank- 
ments are  also  governed  by  the  material  used. 

Loose  earth,  sand  and  gravel  require  1%  ft. 
base  to  1  ft.  vertical ;  sand,  2  ft.  base  to  1  ft. 
vertical ;  soft,  greasy  clay,  3  ft.  base  to  1  ft. 
vertical,  and  rock,  if  sound,  1^/4  to  1  ft.  vertical. 
Embankments  of  greater  depth  than  4  ft. 
should  be  protected  by  guard  fence. 

Surface. — The  surface  of  the  roads  should 
be  kept  smooth  at  all  times  by  filling  up  the 
depressions  and  maintaining  a  suitable  crown. 
This  can  best  be  accomplished  by  the  proper 
and  liberal  use  of  the  road  drag. 

Dragging  should  be  begun  on  a  road  as  soon 
as  the  frost  leaves  the  ground  in  the  spring 
and  continued  throughout  the  season  at  the 
proper  time  after  rains.  This  time  is  when  the 
surface  is  still  plastic  and  the  mud  does  not 
adhere  to  the  drag.  \\\  minor  ruts  and  de- 

pressions can  be  evened  up  in  this  manner.  In 

dragging  a  road  the  drag  should  be  started 

alorig  the  one  side  near  the  ditch  and  the  re- 
turn trip  should  be  made  along  the  other  side, 

always  working  toward  the  center.  A  last  trip 
should  be  made  up  the  center  of  the  road  with 

the  cutting  edges  of  the  drag  at  right  angles 
to  the  center  of  the  road. 

If  the  road  has  become  so  badly  rutted  that 

dragging  will  not  suffice,  the  sides  should  be 
rooted  or  plowed  up  and  combed  down  with  a 

road  machine  or  grader  and,  if  possible,  rolled 
with  a  10-ton  road  roller. 

Crowns  should  vary  with  the  nature  of  the 
soil.  For  ordinary  soil  a  rise  from  the  side  of 

the  road  to  the  center  of  %  in.  to  1  ft.  is  suffi- 
cient; sandy  loam,  1  in.  to  1  ft.;  clay.  1%  m. to  1  ft.  ■  u       u 

A  curve  of  suitable  convexity  can  be  ob- 
tained as  follows :  give  %  of  the  total  rise  at 

Vi  the  width  from  the  center  of  the  road  to 

the  side  and  %  of  the  total  rise  at  V2  width. 
When  a  road  is  composed  of  clayey  or  loamy 

soil,  it  will  prove  most  troublesome  from  the 

point  of  maintenance  and  eventually  it  may  be- 
come necessary  to  remove  several  inches  of 

the  top  soil  and  replace  it,  if  possible,  with 

sand,  good  gravel  or  crushed  stone.  This  can 

be  done  only  upon  the  approval  of  the  depart- ment. 

M.MNTENANCE   OF   BRICK   RO.VDS. 

The  brick  road,  when  approved  block  and 

material  are  used  and  constructed  on  a  con- 
crete foundation  for  some  time,  seldom  needs 

attention  other  than  sweeping  of  the  surface, 

which  mav  be  done  with  mechanical  sweepers 

or  hand  brooms;  trimming  berms  and  opening 

the  side  ditches  and  drains.  It  becomes  neces- 

sary, however,  when  bricks  are  cracked  or  dis- 
torted to  remove  the  same  and  replace  with 

good  sound  specimens  of  approved  manufac- ture. 

Brick  roads  arc  usually  constructed  on  a  con- 

crete, crushed  stone;  slag  or  gravel  foundatioru 

Concrete  is  most  preferable,  as  in  tlje  point  of 

maintenance  it  will  be  found  that  brick  roads 

laid  on  anything  but  concrete  usually  present 

an  uneven  and  wavy  surface,  which  surface  is 

quick  to  show  the  effects  of  wear. 

When  a  brick  road  develops  deep  depressions 
not  from  the  abrasive  action  of  the  travel  on 
the  brick,  it  is  evident  that  the  cause  is  faulty 
foundation  and  this  should  be  attended  to  at 
once  by  removing  the  necessary  amount  of 
bricks  and  sub-base  in  order  to  prepare  a 
proper  foundation  and,  if  found  necessary,  to 
place  sub-drainage  therein.  The  trench  should 
then  be  filled  in  layers  with  good  solid  loose 

stone  and  earth  thoroughly  tamped  until  it  pre- 
sents an  unyielding  surface.  This  surface 

should  then  be  covered  with  a  slab  of  concrete, 

mixed  in  proportions  of  1-3-5,  at  least  12  ins. 
in  thickness  with  a  bearing  of  9  ins.  on  solid 
foundation  which  has  not  been  disturbed. 
When  concrete  has  set  sufficiently,  the  brick 
may  be  replaced  upon  a  sand  cushion,  allowing 
due  amount  for  settlement.  The  surface  should 
then  be  thoroughly  rolled  or  tamped  and  a 
cement  grout,  mixed  in  the  proportions  of  1 
part  cement  to  2  parts  sand,  swept  into  the 
joints  and  the  work  barricaded  until  the  ce- 

ment has  thoroughly  set  and  hardened. 
REP.MR    -^ND    M.\INTEN.\NCE    OF    BITITMINOUS 

.\I.\C.ADAM  RO.^DS. 

Before  going  into  the  actual  description  of 
the  proper  methods  of  repair  and  maintenance 
of  bituminous  roads,  we  believe  it  will  be  of 
advantage  to  make  some  mention  of  the  small 
tools,  etc..  used  in  this  work. 

The  ordinary  tools  used  in  the  preparation 
and  construction  of  bituminous  macadam  or 
similar  types  of  bituminous  roads  consist  of 
ordinary  picks  and  shovels,  cutters,  tampers, 
smoothers  and  special  asphalt  rakes.  It  is  not 
necessary  to  dwell  upon  the  use  of  ordinary 
picks  and  shovels  other  than  to  speak  of  their 
care  and  the  tool  dressing  of  picks  and  such 

other  tools  as  are  termed  "hot  tools"  and  used 
while  hot.  Care  should  be  exercised  in  over- 

seeing the  use  of  these  tools  and  to  prevent 
their  being  overheated. 

The  only  time  that  it  will  be  necessary  to 

use  tampers  and  smoothers  is  when  the  mix- 
ture requires  compression  and  surface  dressing 

in  places  that  cannot  be  reached  by  the  roller 
and  at  joints  and  gutters  prior  to  the  rolling. 

The  tines  of  the  rake  should  not  be  used  in 
the  raking  of  bituminous  mixes  wherein  the 
large  screened  stones  are  incorporated  in  the 
mixture.  To  do  so  separates  the  graded  pro- 

portions and  forces  the  larger  stones  to  the 
surface  of  the  road.  After  the  bituminous 

mixture  is  properly  forked  into  place,  a  com- 
petent raker  will  spread  the  material  evenly 

over  the  entire  surface  of  the  roadway  by 

using  the  back  of  the  rake.  Should  depres- 
sions appear  after  the  initial  compression,  the 

tines  of  the  rake  should  be  used  to  loosen  up 
the  mixture  before  any  additional  hot  stuff  is 

placed  to  eliminate  depressions. 
In  preparing  hot  mixtures,  such  as  asphaltic 

concrete  or  sheet  asphalt,  the  same  care  must 

be  exercised  for  repair  work  as  when  it  is  be- 
ing furnished   for  repaving  or  resurfacing. 

The  foundation  and  drainage  should  be  per- 
fect. If  not,  the  bituminous  surface  will  soon 

disintegrate  and  crumble  into  dirt  regardless 
of  the  utmost  care  and  supervision  that  might 

be  secured  in  the  handling  of  the  best  materials 

that  might  enter  into  the  mixture. 

Too  much  cannot  be  said  relative  to  the  con- 
stant use  of  thermometers  the  care  in  handling 

bituminous  cement  and  mineral  particles  dur- 

ing the  process  of  drying,  heating,  melting  and 

proportioning  the  proper  ciuantities  of  mixture. 

Excessively  "high  temperature  burns  and  de- 
stroys the  bonding  powers  of  the  various  ma- 
terials that  may  enter  into  the  construction  of 

the  mixed  bituminous  pavements. 

Ma'mteiiaitcc  of  Asphaltic  Concrete  Road.-- 
When  the  road  indicates  the  need  of  repairs  in 

the  nature  of  ruts,  disintegrated  spots  or  any 

other  form  of  deterioration,  they  should  be 

repaired  by  cutting  out  the  area  affected  down 

(o  the  sub-base,  being  careful  to  secure  a  ver- 
tical joint  between  the  remaining  orieiiial  road 

surface  and  the  material  anplied.  If  the  de- 

pression was  caused  l>v  faullv  under-drainage, 
see  that  this  is  remedied  before  any  new  ma- 

terial is  placed.  Prepare  this  area  by  clean- 
ing all  dust  and  foreign  matter  from  the  top  of 

the  sub-base,  painting  the  vertical  joint  with 

hot  bituminous  cement  and  deposit,  spread  and 



592 Engineering   and    Contracting 
Volume  XLII.     No.  26. 

roll  a  layer  of  properly  prepared  asplialtic  mix- 
ture, tamping  the  material  especially  at  the 

joint  with  heated  tampers,  weighing  25  lbs., 
until  thoroughly  compressed.  The  whole  sur- 

face then  should  be. rolled  thoroughly  with  a 
10-ton  power  roller.  Over  this  surface  will  be 
applied  a  light  treatment  of  bituminous  mix- 

ture and  covered  with  torpedo  sand,  stone 
chips  or  fine  gravel,  which  should  be  rolled 
again  until  compact  and  solid.  .A.11  excess  dis- 

integrated material  should  be  removed  imme- 
diately from  the  road  in  order  to  maintain  ease 

of  travel. 
Maintenance  of  Bituminoits  Macadam  by  the 

Penetration  Method.  —  Penetration  treated 
highways  which  are  in  need  of  repair,  should 
be  treated  according  to  the  nature  of  the  con 
dition. 

Depressions  or  ruts  which  show  up  under 
heavy  travel  and  not  from  the  disintegration 
of  the  bituminous  material  may  be  repaired  by 
cleaning  thoroughly  the  surface  affected  and 

applying  thereto  sufficient  clean  stone  to  pro- 
duce a  surface  when  thoroughly  rolled,  with 

a  10-ton  roller,  true  to  lines  and  grades  and 
cross-sections,  applying  to  the  surface  approved 
bituminous  material  in  the  specified  quantity. 
When  a  highway  of  this  character  shows  a 

disintegration  of  the  bituminous  material  and 
the  surface  has  become  loose  or  ravelled,  it 
will  be  necessary  to  remove  all  the  material 

from  the  surface  of  the  road  down  to  ̂ he  sub- 
base,  screening  the  same  if  possible,  in  order 
to  remove  the  disintegrated  bituminous  mate- 

rial. Suitable  stone  taken  therefrom  should 

be  replaced  together  with  additional  stone  suf- 
ficient to  bring  the  surface  of  the  road  true  to 

lines,  grades  and  cross-section.  After  it  has 
been  thoroughly  rolled  with  a  10-ton  roller,  a 
specified  quantity  of  approved  bituminous  ma- 

terial should  be  applied  to  the  surface  and 
treated  according  to  the  specifications  for  this 
class  of  road. 

Maintenance  of  Surface  Treated  Roads. — 
Surface  treated  roads  should  be  kept  true  to 
lines,  grades  and  cross-sections  by  tilling  up 
the  ruts  and  depressions  as  mentioned  under 

the  heading  of  "Maintenance  of  Water  Bound 
Macadam  Roads."  .\fter  the  surface  has  be- 

come compacted  thoroughly,  proceed  by  sweep- 
ing it  clean  of  all  dust,  dirt,  vegetable  matter 

and  all  ruljbish  of  any  character,  and  this  can 
best  be  accomplished  by  the  liberal  use  of 
fiber  brooms,  mechanical  sweepers  or  other  ap- 

paratus. Great  care  should  be  exercised  in 
doing  this  work  so  as  not  to  displace  any  of 
the  stones  of  the  top  course,  thereby  breaking 
the  bond  of  the  roadway.  Designated  bitumin- 

ous material  should  then  be  applied  in  quan- 
tity and  manner  as  stipulated  in  specifications 

covering  this  class  of  work. 

M.-\INTEN.\NCK  .W'l)  REl'.-MR  OF  THE  CO.N'CRETE 
KOAIlS. 

A  few. causes  for  the  failure  of  wear  show- 
ing on  the  face  of  the  concrete  road  in  the 

nature  of  uneven  or  pitted  places  will  first  be 
mentioned.  Tlie  spots  may  be  the  result  of 
cither  or  both  poor  mixing  and  placing  which 
develops  the  segregation  of  the  ingredients 
and,  once  started,  the  affected  spot  grows  rap- 

idly. The  abrasive  action  of  the  traffic  will 
attack  and  grind  out  even  the  good  concrete. 
Exposed  faces  of  large  pieces  of  aggregate 
sometimes  become  loosened  and  displaced  by 

horses'  calks  and  abrasion  of  travel,  produc- 
ing the  same  result.  The  geological  difference 

between  the  aggregate  and  the  other  ingredi- 
ents, especially  so  where  hard  stone  such  as 

trap  rock,  granite,  gneiss  and  otlier  stones 
of  similar  character  are  used,  ip  advanced  by 
some  engineers  as  the  cause  for  the  separation 
of  the  mass  under  the  action  of  traffic,  caus- 

ing irregularities  in  the  surface.  Such  ])laces 
should  be  repaired  by  cutting  theili  out  for  a 
depth  of  at  least  -3  ins.  and  thoroughly  cleaning 
out  the  section  before  any  new  material  is 
placed.  This  area  should  lie  lilled  with  ce- 

ment or  bituminous  concrete,  being  careful  to 
secure  a  perpendicular  joint  between  the  new 
material  and  the  surrounding  s\irface.  The 
material  should  then  be  thordughly  rolled  or 
tanined  into  place. 

Places  where  cracks  have  formed  should  be 
given  very  close  attention,  since  the  edges  of 

the  cracks  and  the  surface  adjacent  to  them 

soon  wear  away.  Thev  may  be  filled  with  a 
bituminous  filler  which  will  protect  the  edges 

and  prevent  the  water  from  seeping  into  the 
foundation,  The  same  care  should  be  given 

all  expansion  joints.  It  is  readily  seen  that  an 

application  of  some  bituminous  treatment  to 
roads  of  this  character  is  most  essential. 

M.\I.NTEN.\N-CE   OF   THE    WATER   BOUND    M.\C.AD.\M 
RO.\DS. 

Distributed  over  the  state  today  are  numer- 
ous stretches  of  state-built  and  other  improved 

roads,  which,  in  many  instances,  form  a  part 
of  the  present  main  highway  system.  From 
lack  of  attention  on  the  part  of  the  local  road 
authorities,  most  of  these  roads,  especially  the 

water  bound  macadam  construction,  have  be- 
come considerably  worn  and  on  many  the  ma- 

cadam is  entirely  worn  out  and  nothing  left 
but  the  sub-base.  Recent  laws  passed  by  the 

legislature  place  the  care  and  maintenance  of 
these  roads,  under  certain  regulations,  on  the 
state  highway  department.  It  is  necessary, 
therefore,  that  those  traveled  most  and  in  the 
worst  condition  should  receive  attention  at 

the  earliest  possible  date.  Roads  of  this  char- 
acter should  be  resurfaced  in  the  following 

manner : 

When  a  road  is  entirely  worn  down  to  the 
sub-base,  it  should  be  reshaped  by  adding  the 

required  amount  of  crushed  stone  in  the  fol- 
lowing manner  after  having  constructed  the 

proper  shoulders  or  berms : 
Upon  the  sub-base,  wihch  must  be  free  from 

all  rubbish,  vegetable  matter,  etc.,  must  be 
spread  a  layer  of  approved  broken  stone.  The 
stone  must  be  of  such  size  that  it  will  pass 

through  a  2%-in.  ring  and  not  through  a  1-in. 
ring.  This  layer  of  stone  must  be  of  such 
thickness  that  when  it  has  been  rolled  thor- 

oughly with  a  10-ton  roller,  it  will  have  a 
thickness  of  at  least  4  ins.  .\ll  depressions 
must  be  filled  with  stones  of  the  same  size  and 

quality  and  again  rolled  thoroughly  until  the 
surface  is  true  and  e^•en.  The  surface  voids 
must  then  be  filled  with  smaller  sized  stones 
and  dry  screenings  and  thoroughly  rolled.  The 
road  should  be  then  alternately  sprinkled  and 
rolled,  applying  additional  screenings  when 
necessary.  This  surface  should  be  sprinkled 
and  rolled  until  water  flushes  to  the  top  and 
the  passage  of  the  roller  causes  no  wave  in 
the  surface.  The  surface  of  the  road  after 
final  rolling  must  be  true  to  established  lines, 
grades  and  cross-sections.  If  the  road,  in  the 
spring  following,  shows  the  efifect  of  a  frost, 
it  should  be  thoroughly  rolled  and  covered  with 
a  light  sprinkling  of  screenings.  Where  a 
macadam  road  surface  presents  a  series  of  ruts 
and  depressions  not  entirely  worn  down  to  the 
sub-base  the  depressions  should  be  thoroughly 
cleaned  out  and  the  surface  loosened  or  scari- 

fied and  sufficient  broken  stone  of  the  size  and 
quality  hereinbefore  mentioned,  added  to 
crown  the  surface  true  to  lines  and  grades  in 
the  same  manner  as  specified  above.  Slight 

ruts  or  depressions  can  be  loosened  '  and patched  in  the  same  manner. 

In  patching  the  superintendent  should  use 

no  stone  -"lO  per  cent  of  wdiich  shall  not  be  less 
than  1%  ins.  in  diameter,  excepting  as  a  binder 
course.  Small  stones  used  in  repairs  of  this 
character  wear  and  crush  into  dust  quickly, 
making  it  difficult  to  maintain  an  even  sur- 

face. Macadam  roads  shoidd  be  kept  free 
from  loose  stone,  rubbish,  vegetable  matter, 
etc.,  at  all  times,  and  during  dry  weather,  wdiere 
possible,  the  surface  should  be  sprinkled. 
Where  highways  are  so  situated  as  to  be 

expo.sed  to  wind  action  you  will  find  that  con- 
siderable raveling  will  result  which  may  be 

remedied  temporarily  by  covering  the  surface 
with  a  layer  of  stone  chips  or  coarse  sand 
1-2  in.  in  depth  and  about  10  ft.  wide  in  the 
center  of  the  road. 

Where  possible  and  practicable,  iiiles  of 
crushed  stone  should  be  maintained  at  conve- 

nient intervals  along  the  road.  .Ml  berms  or 
shoulilcrs  should  be  kept  free  of  weeds  and 
rubbish  of^  any  character  and  trimmed  true  to 
grade  and  cross-sections.  The  ditches,  culverts, 
drains,  etc..  should  be  kept  clean  and  free  from 
ob-structions  at  all  seasons  of  the  year. 

Guard  rails  should  be  kept  in  good  condition 

and  where  state  highway  standard  or  similar 
guard  fence  has  been  placed,  it  should  be  paint- 

ed with  approved  white  paint  from  time  to 
time  when  found  necessary. 

M.\I.\TEN.\NCE  OF   FLINT  ANU   GRAVEL   ROADS. 

The  methods  of  repair  and  maintenance  of 

both  types  of  road  are  similar  in  a  great  mea- 
sure. However,  the  materials  are  dissimilar  in 

almost  every  particular. 
The  flint  of  Pennsylvania,  as  referred  to  in 

these  instructions,  is  found  in  broken  forma- 

tions ranging  in  size  from  Vi  in.  to  ."i  and  6  ins. in  the  longest  diameter. 

These  roads  are  usually  constructed  as  fol- 
lows :  Upon  the  foundation  properly  prepared 

a  layer  of  flint  8  ins.  in  depth  should  be  de- 
posited and  thoroughly  compacted.  Upon  this 

surface  is  spread  a  layer  of  the  smaller  sized 

material  properly  graded  and  thoroughly  com- 
pacted in  a  manner  similar  to  the  water  bound 

macadam  construction. 

In  the  spreading  of  flint  it  is  ofien  found 
convenient  to  deposit  the  load  in  the  center  of 

the  road,  spreading  into  place  with  a  road  ma- 
chine or  grader.  However,  good  results  are 

secured  with  hand  rakes  and  care  should  be 
exercised  in  that  all  larger  particles  are  raked 
out  and  deposited  in  the  foundation  ahead. 
When  a  flint  road  has  become  partly  worn 

and  rutted,  if  there  is  sufficient  depth  of  mate- 
rial remaining,  it  is  necessary  and  essential 

that  the  surface  should  be  broken  up  or  scari- 
fied and  reshaped,  applying  sufficient  material 

to  produce  the  proper  crown  and  cross  section. 
When  applying  material,  it  is  imoortant  tn 

see  that  it  is  furnished  in  small  sizes  from  - 
ins.  down  to  %  in.,  with  sufficient  clay  or  loam 
to  insure  proper  bonding.  Larger  material 
may  be  used  where  it  is  possible  to  secure  the 
services  of  a  road  roller.  In  the  passing  of 
the  roller  over  the  road,  the  flint  becomes 
crushed  and  packed,  insuring  a  more  solid 
mass,  alternating  with  sprinkling,  and  in  this 
way  very  satisfactory  roads  may  lie  made  and 
maintained   for  light  vehicular  travel. 

In  the  construction  and  repair  of  roads  of 
this  type,  there  are  many  important  points  to 
lie  considered  before  beginning  work.  The 
character  of  the  material  should  be  thoroughly 
studied  (1)  with  an  idea  as  to  its  adaptability 
for  the  road  under  consideration,  (2)  accessi- 

bility, and  (3)  nature  of  the  traffic. 
It  is  well  in  the  construction  of  flint  roads 

to  give  first  thought  to  the  materials  easy  of 
access,  as  long  hauls  materially  increase  cost 
and  it  may  be  possible  to  procure  a  material  of 
a  more  permanent  nature,  such  as  crushed 
stone,  more  economically  by  shipping. 

In  considering  the  nature  of  the  traffic,  the 
width  of  the  road  is  an  important  factor,  as  if 
much  teaming  is  done  on  a  narrow  road  all 
vehicles  will  track  and  considerably  increase 
the  maintenance  cost. 

Sufticient  crown  should  be  provided  to  dis- 
charge the  surface  water  into  the  ditches  quick- 

ly. Three-fourths  of  an  inch  to  1  ft.  is  most 
desirable  for  roads  of  this  type.  When  a  flint 

road  begins  to  show  signs  of  wear,  the  depres- 
sions should  be  cleaned  out  and  loosened  up 

with  a  pick  and  more  material  added,  being 
careful  to  see  that  the  new  material  forms  a 

proper  bond  with  the  old.  The  use  of  a  heav\ 
road  drag  to  repair  the  surface  of  a  road  of 

this  type  will  give  very  excellent  results.  Like- 
wise, the  services  of  a  roller,  if  available,  will 

compact  and  lengthen  the  life  of  the  same. 
The  gravel  road  is  constructed  in  layers 

practically  in  the  same  manner  and  the  several 
points  for  consideration  prior  to  maintenance 
and  repair  apply  likewise  to  this  type  of  road. 

The  selection  of  the  material  should  be  given 
careful  consideration  and  it  may  be  necessary 
to  have  it  screened  in  order  to  properly  grade 

the  same.  All  flint  or  gravel  for  the  top  sur- 
face should  contain  about  00  per  cent  of  mate- 
rial V2  in.  and  under;  no  particle  being  larger 

than  wall  pass  through  a  1-in.  ring.  It  is  im- 
portant to  see  that  there  is  not  too  great  a 

percentage  of  sand,  as  an  excess  of  sand  will 
not  permit  of  proper  bonding,  in  which  case  it 
is  necessary  in  incorporate  a  sm.ill  aniounl  nf 
claV  or  loam. 

In  resurfacing  both  flint  and  gravel  roads 

where  automobile  traffic  is  hea\y,  it  is  essen- 
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tial  that  some  bituminous  material  be  incor- 
porated or  applied  to  the  surface,  and  it  is  also 

necessary  in  this  connection  that  the  road  be 
as  solid  and  compact  as  possible  before  bitu- 

minous material  is  applied,  which  necessitates 
the  use  of  a  road  roller  or  a  period  of  wear  to 
insure  a  solid  surface. 

REPAIRING   ROADS   OVER   TREXCHES. 

In  making  repairs  to  ditches  and  openings 
such  as  are  made  by  water,  gas  or  electric  light 
companies  and  other  service  corporations,  at- 

tention is  called  to  the  cardinal  points  relative 
to  the  back  filling,  repairing  foundation,  pre- 

paring the  joints  of  the  surface  of  road  and 
relaying  surface  material  over  the  cuts.  The 
back  filling  should  be  of  suitable  material  that 
will  pack  and  readily  settle.  The  necessary 
tamping  should  be  enforced  as  the  back  filling 
material  is  being  shoveled  into  the  ditch.  Back 
filling  should  be  brought  to  the  surface  of  the 
road  and  the  necessary  time  allowed  to  elapse 
in  natural  settlement  or  compression  by  traf- 

fic before  being  concreted. 
When  thoroughly  settled,  the  main  body  of 

the  ditch  should  be  e.xcavated  to  the  depth  of 
1  ft.  and  concrete  placed  over  the  original 
ditch  and  lapping  the  sides  and  ends  with  the 
required  thickness  to  equal  that  of  the  original 
foundation.  When  this  surface  has  become 
hardened  thoroughly  and  set,  the  surfacing  of 
the  road  may  be  replaced  in  a  manner  similar 
to  that  used  in  the  original  construction.  All 
repaired  joints  shall  be  tamped  before  final 
compression  with  roller.  Careful  supervision 
should  be  exercised  in  order  that  no  depres- 

sions on  raised  sections  exist  about  the  joints 
and  that  the  repairs  in  general  correspond  to 
the  methods  used  in  the  original  construction. 

Patching  Sheet  Asphalt  with  Bitumin- 
ous Concrete. 

(Staflf   Article.) 

In  Benton  Harbor,  Mich.,  a  town  of  14,000 
population,  there  are  13  miles  of  paved 
streets  constructed  largely  of  asphalt.  Traffic 
there  is  heavy  at  certain  seasons  of  the  year 
due  to  the  heavy  fruit  shipments  from  that 
point.  Produce  sufficient  to  load  three  ships 
a  day  is  hauled  over  one  street  leading  to  the 
docks.  An  interesting  feature  connected  with 
the  wear  of  the  pavement  on  this  street  is 
the  much  greater  wear  on  the  side  of  the 

street  traveled  by  the  loaded  w-agons  on  the 
way  to  the  docks  than  on  the  side  on  which 
the  empty  wagons  return. 

For  the  purpose  of  repairing  streets  out  of 

guarantee  and,  by  arrangement  w-ith  the  con- 
tractors, those  still  under  guarantee,  the  city 

acquired  the  following  plant :  A  %-cu.  yd. 
Smith  hot  mixer,  a  T-ton  tandem  roller, 
a  2-bbl.  portable  tar  tank  with  heating  attach- 

ment, and  the  necessary  small  tools — tampers, 
smoothing  irons,  valves,  shovels,  etc.  This 
equioment  was  used  for  a  large  amount  of 
patching  work.  In  operating  this  equipment 
and  executing  the  work  the  following  crew 
was  used :  One  engineer  who  fired  and  op- 

erated the  mixer,  1  kettle  man  who  attended 
to  the  delivery  of  asphalt  to  the  mixer  and 
who  handled,  hoisted  and  emptied  the  tar  bar- 

rels, 1  steam  roller  man.  1  man  who  loaded 
the  mixer  skip  with  aggregate,  2  men  who 
wheeled  mixed  material  from  the  mixer_  to 
the  work,  and  1  man  spreading  and  tamping. 
The  method  employed  was  to  heat  the  old 

asphalt,  picked  up  to  provide  a  firm  bond  for 
the  patch,  with  new  aggregate  and  asphalt 
added  to  make  the  proper  proportions.  This 
material  was  placed,  tamped  and  rolled  as  in 
placing  an  asphalt  patch. 

The  cost  of  similar  work  with  approximate- 
ly the  same  plant  in  Dayton,  Ohio,  as  deter- 

mined by  the  Bureau  of  Municipal  Research 
of  that  city,  is  given  in  Table  I,  the  amounts 
of  materia!  used  being  shown  in  Table  11. 
The  report  on  the  Dayton  work  states  that 
the  disadvantage  of  the  machine  is  the  im- 

possibility of  obtaining  a  definite  proportion 
of  aggregate  and  bitumen  in  the  mixture  when 
remelting  old  material.  How  long  patches 
will  wear  made  from  such  material  is  con- 

jectural.   Analysis  of  remixed  material  at  first 

TABLE 
UNIT 

I.— OPERATION     STATISTICS     AND 
COSTS  OF  HOT  MIXING  WORK. 

3  a  ̂ B 

Date. 
Nov.  24 
Nov.  25 
Nov.  26 
Dec.  1 
Dec.  2 
Dec.  3 
Dec.  4 
Dec.  5 
Dec.  6 
Dec.  8 

o 
a 

2% 

7 

4  37 
19  22 2  30 
14  21 
32  17 
39  14 40  135 
29  14 
34  15 
24  22 

O 

60 
285 

30 

210 4  SO 624 
640 

9 
97 
4 

S4 
194 

197 
203 

464  1,115 
544  173 
384    123 

66.00 72.50 

32.60 

70.35 
84.10 

88.10 

57.30 69.40 

59.35 

$7.33 

.74 

' '  '.39 

.36 

.43 

.43 

.51 

.40 .48 
Total    ...56       212     ..     3,346     1,0S6     $461.90       
Avge           35     15        557        181         30.90     $0.42 

Notes. — Nov.  24,  plant  put  in  operation;  entire 
gang  cutting  out.  Nov.  25,  cutting  out  2  hours. 
Nov.   26,   rain.     Dec.    1.   rain.     Jlaterial,   rock. 
The  first  three  days'  operation  were  not  in- cluded in  total  or  average  owing  to  peculiar 

conditions. 
Dec.  5,  all  new  material  was  used,  the  cost 

per  square  yard  of  surface  being  $1.63. 

showed  it  to  contain  17  per  cent  bitumen.  The 
amount  of  new  asphaltic  cement  was  cut 
down  to  secure  a  10  to  13  per  cent  mixture, 
but  no  tests  were  made  to  see  if  the  right 
mixture  was  obtained  after  the  completion  of 
those  given  in  Tables  I  and  II. 
The  test  on  new  material  was  made  under 

very  unfavorable  conditions,  with  an  unneces- 
sarily large  force  of  laborers  and  the  unit 

costs  of  laying  new  pavement  can  be  ma- 
terially reduced.  Analysis  of  the  mixture 

showed  10  to  13  per  cent  bitumen.     The  cost 

Notes    on    Sand-Clay   Road    Construc- 
tion in  Virginia. 

Sand-clay  roads  have  been  extensively  built 
by  the  Virginia  state  highway  commission.  In 

a  paper  before  the  Virginia  Road  Builders' Association  F.  D.  Henly,  an  engineer  of  the 
commission,  commented  on  methods  of  con- 

struction in  vogue  in  that  state,  a  part  of 
which  paper  is  given  here. 
Equipment. — An  ideal  equipment  for  one 

force,  in  my  opinion,  consists  of  10  to  2ii 
mules,  1  six-horse  grader,  1  two-horse  grader. 
1  rooter  plow,  1  four-horse  turn  plow,  2  two- 
horse  turn  plows,  about  7  wheel  and  drag 

scrapers,  1  wagon  with  slat  body  to  each  two- 
horse  team,  1  heavy  disc  harrow.  1  plank  or 
split-log  drag  for  every  4  or  5  miles  of  road, 
1  spike-tooth  drag  and  hand  tools,  such  as 
picks,  shovels,  etc.  An  equipment  of  this  size 
will  cost  about  $6,000,  and  depreciates  at  the 
rate  of  about  1-5  per  cent  per  year. 
Two  foremen  and  20  to  30  laborers  are 

usually  required  to  operate  this  equipment,  and 
the  cost  per  month  will  average  about  $1,200 
to  $1,500.  Where  convicts  are  used  the  cost 
to  the  countj'  is  about  one-half  of  this  amount. 
.\  force  of  this  size  will  build  from  one 
three  miles  of  road  per  month. 

Materials. — .''is  the  name  implies,  sand  and 
clay  are  required  and  the  coarse  the  sand 
and  the  more  tenacious  the  clay  the  better 
the  results.  In  some  instances  both  elements 

are  found  in  roadbed,  and  with  this  condi- 
tion it  is  only  necessary  to  mix  the  two  and 

shape  the  road.  In  other  instances  it  is  neces- 
sary to  haul  either  sand  or  clay  onto  road-bed 

and  mix  with  material  in  subgrade,  and  some 
conditions   require  both   sand   and   clay   tj  be 

Fig.   1.      Hot   Mixing   Plant   Used   for   Repair   Work. 

of  laying  asphalt  with  this  machine,  using  old 
material,  can  be  greatly  reduced  in  the  sum- 

mer with   a   more   efficiently   organized   force. 

TABLE  II.— MATERIAL  USED  IX  REMELT- 
ING OLD  ASPHALT  AND  WITH  ALL  NEW 

MATERIAL. 
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hauled.  On  sections  of  road  where  drainage 
has  been  poor  for  a  long  time  it  is  always 
advisable  to  haul  both  sand  and  clay.  When- 

ever a  natural  mixture  of  sand  and  clay  in 

the  right  proportions  can  be  found  it  is  advis- 
able to  use  this  for  surfacing  in  preference 

to  hauling  either  sand  or  clay  separately. 
When  the  last  mentioned  method  is  adopted 
we  designate  it  a  top  soil  road.  This  type 
of  road  is  being  built  in  a  great  many  coun- 

ties of  Virginia,  and  is  giving  general  satis- 
faction. The  top  soil  road  is  a  very  near  rela- 

tive of  the  gravel  road,  and,  as  a  matter  of 
fact,  is  a  gravel  road  in  which  the  gravel  is 
either  small  in  size  or  percentage,  .-^s  no 
rule  has  been  formulated  for  determining  the 
size  or  percentage  of  gravel  in  a  gravel  road. 
I  would  suggest  that  a  more  appropriate  name 
for  a  top  soil  road  would  be  a  No.  2  gravel 

road. 
If  it  is  necessary  to  ship  surfacing  material 

I  would  recommend  the  gravel  (or  possibly 
the  macadam  road  if  in  a  section  financially 
able  to  build  and  maintain  the  macadam),  as 
with  our  conditions  I  do  not  believe  the  grave! 
road  would  be  much  more  expensive  than  the 
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sand-clay,  and  would  be  well  worth  the  dif- 
ference in  cost;  but  on  roads  that  do  not 

carry  a  very  heavy  traffic,  and  where  gravel 
or  (with  the  above  modification),  suitable 
rock  for  macadam,  can  not  l)e  had  locally,  I 
would  recommend  the  soil  or  sand-clay  road. 
The  two  elements,  sand  and  clay,  in  the 

proportion  of  7-5  to  8.5  per  cent  sand  and  1.5  to 
25  per  cent  clay  should  be  thoroughly  mixed 
until  of  uniform  color.  For  the  liest  results 
only  sufficient  clay  to  fill  the  voids  between 
the  sand  grains  should  be  used,  the  clay  serv- 

ing as  a  binder  to  prevent  the  sand  grains 
from  moving  under  traffic.  On  sections  of 
road  that  are  not  exposed  to  the  sun  and 
wind,  as  in  a  dense  woods  or  deep  cut,  or 
on  low,  boggy  sections,  a  very  small  per- 

centage of  clay  is  required,  as  water  will  par- 
tially fill  the  voids  between  the  sand  grains. 

On  heavy  grades,  especially  when  e.xposed  to 
the  sun  and  wind,  the  percentage  of  clay 
should  be  greater  than  with  any  other  con- 
dition. 

Placing  and  Finishing. — The  sand-clay  mix- 
ture should  be  8  to  12  ins.  in  thickness  at  the 

center  and  run  to  a  feather  edge  at  ditch 
line,  and  20  to  2fi  ft.  in  width,  deoending  on 
the  traffic  and  local  conditions.  In  roads  built 
as  above  described  the  crown  is  made  alto- 

gether of  the  surfacing  material. 
Unless  the  surfacing  material  has  been 

thoroughly  mixed  before  being  dumped  on 
the  road,  the  sand  and  clay  should  be  spread 
before  mixing  to  roughly  conform  to  the 
proposed  finished  cross-section,  which  should 
be  not  less  than  three- fourths  and  not  more 
than  1  in.  to  the  foot,  with  side  ditches  some- 

what deeper  than  for  macadam. 

The  sand-clay  or  soil  road  should  not  be 
considered  completed  the  first  time  the  sur- 

face is  put  in  good  shape,  as  bad  sections  often 
develop  after  the  surface  has  been  in  shape 
for  as  long  a  period  .as  one  year.  The  real 
tests  for  the  sand-clay  road  are  the  pro- 

tracted droughts  and  the  long-continued,  slow, 
dribbling  rains,  followed  by  freezing.  The 
last  mentioned  condition  is  very  trying  on 
sand-clay  and  soil  roads  and  the  best  con- 

structed road  will  very  probably  require  some 
attention  after  such  weather.  If  the  road 

has  been  properly  constructed,  a  split-log  drag 
used  at  the  right  time  will  put  the  surface  in 
good  shape. 

The  use  of  a  roller  on  this  class  of  road  is 
not  necessary,  and  may  be  a  decided  disad- 

vantage. The  surface  should,  like  a  wound 
in  the  flesh,  heal  from  the  bottom.  It  is  not 
practical  to  lay  surfacing  in  more-  than  two 
courses,  and  use  of  the  roller  case-hardens  the 
surface,  and  this  case-hardened  surface  will 
often  carry  the  traffic  until  the  first  protracted 
wet  or  dry  spell  of  weather,  when  it  will  cut 
through  or  break  up.  While  this  probably 
would  not  be  a  permanent  injury  to  the  road 
It  would  certainly  be  very  inconvenient  to  the 
users  of  the  same. 

Cost. — On  account  of  the  great  variance 
in  local  conditions,  it  is  impossible  to  set  one 
price  for  sand-clay  work.  However,  I  would 
say,  that  under  the  most  favorable  condi- 

tions a  fair  sand-clay  road  may  be  built  for 
about  $400  per  mile,  and  when  built  under 
adverse  conditions  may  cost  as  much  as  $l,(iO() 
per  mile.  About  270  miles  of  sand-clay  road 
were  built  during  the  fiscal  year  ending  Sept. 
30,  1913,  by  the  Virginia  highway  commis- 

sion, at  an  average  cost  of  about  $885  per 
mile. 

Poles  Used  in  Canada. — In  1913,  accord- 
ing to  a  rei)ort  by  the  Forestry  Bureau  of  Can- 

ada a  total  of  534,592  poles  were  purchased 
in  that  country  by  railway,  telephone  and 
telegraph  companies.  The  total  number  pur- 

chased in  1912  was  008,556.  In  1913,  49.4  per 
cent  of  the  poles  purchased  were  of  white 
cedar;  27.2  per  cent,  red  cedar;  21.6  per  cent, 
tamarack;  while,  1  per  cent  or  less  of  each 
were  of  spruce,  jack  pine,  balsam  fir  and 
white  pine. 

The  Life  of  English  Roads  as  Deter- 
mined from  Traffic  Statistics. 

In  England  statistics  of  the  tonnage  of 
traffic  passing  over  various  roads  have  been 

kept  for  a  number  of  years.  Information  con- 
cerning this  traffic  collected  by  W.  de  H. 

Washington  and  published  in  the  last  annual 

report  of  the  New  York  State  Highway  Com- 
mission is  given  here. 

RESULTS   OF  EXPERIENCE  IN   LIVERPOOL. 

J.  A.  Brodie  of  Liverpool  has  very  care- 
fully recorded  his  experience  there  for  ten 

years  with  various  types  of  roads.  In  some 
ways  his  data  are  among  the  most  important 
road  statistics  vet  gathered,  and  are  given  in 
Table  I. 

With  an  actual  traffic  of  120,000  tons  per 

yard  widtli  per  year,  he  give  the  life  of  wa- 
terbound  macadam  at  one  year;  tar  sprayed  at 
two  years ;  and  pitch  macadam  at  eleven  years. 

Engineer  Brodie  also  measured  the  wear  of 
various  experimental  surfaces  by  a  wire  run- 

ning over  pulleys  at  both  sides  of  the  road, 
stretched  across  and  kept  at  a  constant  curve 
by  a  standard  weight.  The  fall  in  the  height 
of  the  road  was  originally  measured  by  a 
steel  rule,  but  this  inethod  is  now  improved 

upon. OTHER   TESTS. 

On  the  Norfolk  macadam  roads,  where  the 
total  weight  of  traffic  is  about  9,023  tons  per 
day,   or   3,300,000   per   year,    the   average    cost 

TABLE    I.- 
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Type  of  road.  .     E 
o  c«  c i-<  >,a 

6-in.    blocks       524,000 
Soft   wood      204.000 
Pitch  macadam      120,000 
Tar-sprayed   macadam      120,000 
Water-bound   macadam      120,000 
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Costs. — His  experience  gives  the  cost  per 
square  yard  of  surface,  considering  water- 
bound  macadam  as  already  laid,  at  $.24  for 

tar-sprayed  macadam ;  $.72  for  pitch  macad- 
am ;  $2.04  for  soft  wood  blocks  ;  $3.24  for  hard 

wood  blocks,  and  $2.40  for  (i-in.  granite  blocks. 
Life  Tonnage. — His  records  show  the  total 

tonnage  which  can  be  borne  by  a  yard  width 
of  surface  before  wearing  out.  as  120,000  tons 
for  waterbound  macadam ;  240,000  tons  for 
tar-sprayed  macadam;  1,320,000  tons  for  pitch 
macadam;  3,672,000  tons  for  soft  wood  blocks; 
2,754,000  tons  for  hard  wood  blocks,  and 
9,452,000  tons  for  6-in.  granite  lilocks. 
Annual  Cost. — He  gives  the  annual  cost  per 

square  yard,  including  capital  charges,  as 

$.18  for  waterbound  macadam;  $.12  for  tar- 
sprayed  macadam ;  $.066  for  pitch  macadam ; 
$.15  for  soft  wood  blocks;  $.25  for  hard  wood 

blocks,  and  $.175  for  granite  6-in.  blocks. 
Cost  Per  Ton  Mile. — The  number  of  ton- 

miles  of  traffic  per  yard  width  which  1  ct.  of 
total  expenditure  yields  is  3.8  for  waterbound 
inacadam ;  5.7  for  tar-sprayed  macadam ;  10.3 
for  pitch  macadam ;  7.8  for  soft  wood  blocks ; 
3.7  for  hard  wood  blocks,  and  17  for  granite 
(i-in.  blocks. 

of  maintenance  per  ton  mile  of  traffic  was  .16 
pence  or  .32  of  a  cent. 

On  the  Warwickshire  macadam  roads,  with 

about  the  same  total  traffic,  the  cost  of  main- 
tenance per  ton  mile  of  traffic  was  .27  nence 

or  .54  of  a  cent. 
IN    IRELAND. 

Engineer  GuUan  of  Belfast  gives  as  the  re- 
sults from  different  types  of  roads  through- 

out 20  years,  all  on  existing  foundations,  the 
figures  shown  in  Table  II. 

Engineer  Hatfield  of  Sheffield  gives  tlie  re- 
sults of  two  tar  macadam  roads  as  compared 

with  two  paved  roads  as  shown  in  Table  III. 

Some  Requirements  of  Road  Specifica- 
tions with  Special  Reference  to Rolling. 

Constructive  criticism  of  road  specifications 
is  of  great  value.  In  a  paper  before  the 
-\merican  Association  for  the  Advancement 
of  Science,  W.  W.  Crosby  commented  upon 

some  of  the  failings  of  modern  road  specifica- 
tions  and  his   paper  is  given  here. 

Before  proceeding  to  details,  it  seems  neces- 
TABLE 
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The  cost  per  100-ton  miles  of  traffic  is  $.264 
for  waterbound  macadam;  $.18  for  tar-sprayed 
macadam;  $.096  for  pitch  macadam;  $.128  for 
soft  wood  blocks :  $.272  for  hard  wood  blocks, 
and  $.06  for  6-in.  granite  blocks. 

TABLE     III.— TRAFFIC      STATISTICS     FROM 
SHEFFIELD,   ENGLAND. 
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sary,  for  the  sake  of  clearness,  to  state  cer- 
tain general  principles  in  regard  to  specifica- 

tions. Recognition  of  them  may  be  more 
general  than  the  writer  is  aware,  but  it  seems 
to  him  their  etnphasis  at  the  expense  of  reit- 

eration is  demanded  by  the  apparent  frequency 
of   their   neglect. 

In  the  first  place,  while  it  may  be  neces- 

sary sometimes  to  restrict  in  details  the  meth- 
ods to  be  followed,  generally  it  will  be  found 

more  satisfactory  to  specify  the  results  to  be 
obtained  rather  than  one  exact  method  for 
reaching  the  result.  Elasticity  for  meeting 

variations  in  conditions  encountered  w-ill  then 
not  be  wanting.  This  is  especially  true  as  re- 

gards rolling.  Also,  where  necessary  the 

methods  of  producing  the  result  may  be  limit- 
ed by  specific  description,  but  this  should  be 

done  only  when  unavoidable  for  the  insurance 

of  proper  results  and  for  preventing  the  pro- 
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duction  of  a  result  wiiich  will  lie  offered  for 

acceptance  as  "just  as  good."  Furthermore, 
for  economic  reasons  as  much  elasticity  in  the 
provisions  for  limits,  in  the  descriptions  of  the 
machinery  or  tools  allowed  for  use,  should  be 
given  as  is  practicable.  Finally,  the  specifica- 

tion of  the  result  to  be  secured  should  be 
absolutely  definite,  clear,  and  as  brief  as  may 
be  consistent.  The  specification  should  so  de- 

scribe the  product  that  no  more  room  for  ar- 
gument as  to  the  fulfillment  of  the  specifica- 

tion will  exist  than  will  be  occupied  by  a  few 
questions  whose  answers  can  and  must  be  de- 

termined by  scientific  methods,  such  as  phys- 
ical or  chemical  analyses  and  arithmetical  cal- 

culations or  measurements. 
With  specifications  drawn  on  the  basis  of 

the  foregoing,  most  of  the  difficulties  com- 
plained of  in  many  specifications  would  be 

obviated.  The  ever-recurrent  question  of  the 
interpretation  of  the  clauses  would  have  elim- 

inated from  it  such  extremely  annoying  and 
indefinite  factors  as  the  meaning  of  many 
phrases,  the  permitting  of  substitute  methods, 
the  personal  equation  in  interpretations  under 
varied  conditions  and  be  resolved  into  one 
simple  one— that  of  what  will  be  the  maxi- 

mum allowance  of  variation  from  the  specified 
results  for  the  actual  result  secured  to  be  ac- 
ceptable. 
Assuming  now  that  the  specifications  in  re- 

gard to  the  road  crust  have  been  drawn  in 
all  other  points  on  the  basis  outlined,  the 
clauses  regarding  the  rolling  will  be  consid- 
ered. 

As  a  horrible  example  of  tvhat  not  to  do,  the 
following   may   be    cited: 

"Immediately  after  the  application  of  the  re- 
fined tar,  a  layer  of  dry  No.  1  broken  stone, 

not  to  exceed  three-eighths  (%)  of  an  inch  in 
thickness,  shall  be  spread  and  broomed,  as  di- 

rected by  the  engineer,  over  the  surface  of  the 
refined  tar,  and  shall  be  at  once  rolled  as  di- 

i-ected  by  the  engineer  with  a  roller  weighing 
between  eight   (S)  and  fifteen   (15)   tons." 

To  the  speaker  this  is  indeed  a  "Monstrum 
horrendum.  informe,  ingens,  cui  eunen  ademp- 
tum."  And  yet  it  is  not  a  "creature  of  the 
imagination"  of  the  speaker,  but  really  a  ver- 

batim extract  from  a  set  of  specifications  re- 
cently adopted  as  "standard"  (save  the 

mark)  by  a  national  society  of  considerable 
pretensions.  It  is  not  the  intention  of  the 
speaker  to  digress  into  a  discussion  of  either 
the  syntax  of  the  clause  or  the  propriety  of 

the  expression  "as  directed  by  the  engineer." Familiarity  of  his  audience  with  the  discus- 
sion on  the  latter  will  be  assumed.  He  merely 

wishes  to  illustrate  by  the  quotations  his  re- 
niarks  here.  Take  the  foregoing  as  the  "be- 

fore" picture.  Let  us  see  how  an  "after" looks : 

Immediately  after  the  application  of  the  re- 
fined tar  dry  No.  1  broken  stone  sliall  be  spread 

and  broomed  into  an  even  layer  that  will  not 
be  over  three-eighths  (%)  of  an  inch  in  thick- 

ness over  the  surface  of  the  refined  tar,  and 
this  layer  shall  be  at  once  rolled  with  a  roller 
of  not  less  than  eight  (8)  nor  more  than  fifteen 
(15)  tons  in  weight.  The  rolling  shall  be  con- 

tinued until  the  surface  shall  be  compact  and 
even. 

Which  form  of  the  clause  is  more  definitely 
interpreted?  Under  which  are  opportunities 
for  the  display  of  idiosyncrasies  by  engineer 
and  contractor  greater?  Under  which  form 
is  it  more  easily  possible  to  estimate  the  cost 
of  doing  the  work  and  there  to  name  a  definite 
price   for   it? 
For  further  illustration  of  the  theme,  let  us 

consider  for  a  moment  a  clause  from  the 
printed  specifications  for  macadam  used  by 
a  large  English  city : 

"The  second  coat  (of  metal)  shall  then  be 
uniformly  applied  and  the  whole  surface  shall 
receive  a  thin  coating  of  fine  granite  chippings 
or  other  binding  material,  approved  hy  the  city 
surveyor,  not  exceeding  one  inch  in  size,  which 

shall  be  well  rolled  again  three   time.s. " 
Now  regardless  of  whether  this  city  sur- 

veyor, who  it  may  be  supposed  is  at  least  not 
expected  to  be  of  extraordinarily  small  size  in 
any  particular,  would  lose  his  job  and  be  sup- 

planted   (by  what)    if  the  commas   were  lost, 

is  not  the  inelasticity  or  unnecessary  and  in- 
convenient rigidity  of  the  clause  as  it  stands 

apparent  ? 
Again,  from  a  large  city's  (in  this  coun- 

try)   specifications  : 
"When  the  grading  has  been  completed  the 

entire  surface  shall  be  rolled  not  less  than  three 
times  with  a  steam  roller  weighing  not  less 
than  350  pounds  per  lineal  inch  of  roller,  or,  if 
in  the  opinion  of  the  engineer  the  use  of  a 
steam  roller  is  impracticable  he  may  permit  the 
use  of  a  horse-roller  weighing  not  less  than 

250  pounds  per  inch." 
Will  any  two  contractors  estimate  the  cost 

of  the  rolling  under  this  clause  at  the  same 

figures? 
One  more  illustration,  this  time  from  specifi- 

cations of  one  of  the  so-called  progressive 
cities  of  the  country.  (It  now  has  a  city  man- 

ager who  seems  to  be  doing  good  work,  and 

perhaps  it  should  be  presumed  that  the  city's 
specifications  have  since  been  brought  beyond 
criticism.  Nevertheless,  the  counterpart  of 
the  clause  may  also  be   found  elsewhere.) 
"The  surface  must  be  made  perfectly  even 

by  heated  smoothers  and  be  rolled  with  a  steam 
roller  weighing  not  less  than  250  lbs.  to  the 
inch  run:  the  rolling  must  be  continued  for  not 
less  than  five  (5)  hours  for  each  1,000  square 

yards   of  surface." 
Does  this  mean  that  the  roller  must  be 

constantly  moving,  and,  if  so,  at  what  rate 
of  speed?  Will  rolling  part  of  the  1,000  sq. 
yds.  of  surface  once  and  the  rest  of  it  as 
many  more  times  as  may  be  necessary  to  oc- 

cupy the  period  fulfill  the  specification? 

Various  other  questions  are  easily  framed 
and  it  is  necessary  to  consider  the  possibilities 
for  all  such  questions,  as  have  been  suggested, 
because  of  the  conditions  usually  present  in 
connection  with  public  work — the  great  bulk 
of  highway  work.  It  is  futile  to  argue  that 
the  clauses  as  they  stand  should  be  readily 
understood  to  mean  this  or  that  by  all  com- 

petent highway  engineers  and  contractors,  and 
that  the  questions  above  suggested  are  rarely 
captious  criticisms.  Contractors  for  public 
work  of  this  character  are  not  yet  usually  se- 

lected and  invited  to  bid.  The  bidding  is  open 
to  all — experienced  or  inexperienced,  intelli- 

gent or  stupid,  straight  or  crooked,  who  can 
fulfill  certain  (generally)  financial  require- 

ments, and  the  difficulties  in  the  way  of  re- 
jecting the  low  bid  are  well  known.  Many 

green  contractors  have  to  be  educated,  many 
would-be  sharp  ones  held  in  the  narrow  path, 
and  competition  in  bidding  must  be  encour- 

aged. Again  this  supply  of  inspectors,  as 
well  as  of  contractors,  must  be  examined 
through  the  same  glasses,  and  provisions  be 
made  for  using  that  material  also  to  the  best 
advantage  considering  its  likely  qualities.  Fric- 

tion as  well  as  lawsuits  inust  be  avoided. 

x\s  far  as  possible,  there  should  be  left  no 

opportunity  for  such  questions  as  are  indi- 
cated above,  and  the  specifications  may,  to  this 

end,  even  express,  to  a  certain  extent  and  as 
before  suggested,  definite  methods  to  be  fol- 

lowed in  the  productions  of  results,  as  well  as 
describe  exactly  the  results  themselves. 

Having  criticised  what  has  been  done,  it  is 
but  fair  that  the  writer  should  specifically 
propose  something  to  be  done  in  this  line  and 
illustrate  his  proposition  also.  To  attempt  to 
cover  here  every  case  of  rolling  the  road  crust 
would  be  probably  as  unnecessary  as  it  would 
be  uninteresting  to  the  audience.  Hence  the 
speaker  will  limit  his  suggestions  to  what  he 
considers  a  few,  but  perhaps  typical,  exhibit. 

He  thinks  the  "rolling"  clauses  should  be  as follows : 
WATER-BOUND  MACADAM. 

Sub-Grade. 
"The  portion  of  the  road-bed  prepared  for  the 

cru.<!t   shall   be   feet   wide,    be  brought 
to  the  grades  and  cross-sections  shown  on  the 
plans,  and  be  rolled  with  a  self-propolled  roller 
until  firm  and  solid.  All  depressions  that  may 
appear  during  the  rolling  shall  be  filled  with 
approved  earth  and  rerolled  until  a  firm,  even 
surface  with  a  proper  grade  and  cross-section 

shall  be  obtained." 

First  Course. 

"After  the  layer  of  broken  stone,  slag,  gravel, 
shelLs.  or  other  metal  for  the  first  course  shall 

have  been  spread  uniformly  to  the  proper  cross- 
section  it  shall  be  rolled  with  a  three -wheeled, 
self-propelled  roller,  weighing  not  less  than  ten 
tons,  until  the  layer  shall  be  compacted  to  form 
a  firm,  even  surface.  Should  any  serious  diffi- 

culty in  compacting  such  metal  as  certain 
granitic  rocks  be  experienced  while  rolling, 
lightly  spreading  the  layer  with  sand  or  other 
material  or  sprinkling  it  with  water,  all  as 

may  be  approved  by  the  engineer,  shall  be  em- 
ployed. The  rolling  shall  begin  at  the  sides 

and  work  toward  the  center  of  tlie  roadway, 
thoroughly  covering  the  space  with  the  rear 
wheels  of  the  roller.  The  rolling  shall  be  dis- 

continued before  the  pieces  of  metal  lose  their 
angular   character. 
"Should  any  unevenness  or  depressions  ap- 

pear during  or  after  the  rolling  of  the  first 
course,  they  shall  be  remedied  with  fresh  metal 
of  the  same  kind  as  previously  used,  and  the 
rolling  shall  thereupon  be  resumed  and  con- 

tinued until  a  firm,  uniform  and  even  surface 
shall  be  obtained.  Should  sub-grade  material 
appear  at  any  time  to  have  churned  up  into 
or  n^ixed  with  the  metal  of  the  first  course  the 

contractor  shall,  at  his  own  expense  and  with- 
out extra  compensation,  dig  out  and  remove  the 

mixture  of  sub-grade  material  and  metal  and 
replace  the  same  with  clean,  fresh  metal  of  the 
same  kind  as  previously  used  in  this  course, 
thoroughly  rerolling  and  compacting  the  fresh 
metal  so  that  the  first  course  shall  finally  be 
firm,  uniform  and  even  on  its  surface  with  the 

latter  at  the  proper  grades  and  cross-sections." 
Second    Course. 

"After  the  metal  for  the  second  course  shall 
have  been  spread  to  the  proper  thickness  and 
cross-sections,  it  shall  be  rolled  as  hereinbe- 

fore provided  under  the  head  of  "First  Course." 
except  that  water,  in  connection  with  the  roll- 

ing, shall  be  used  as  follows:  When  the  roll- 
ing shall  have  been  carried  on  to  the  point 

where  the  metal  of  the  second  course  will  not 

push  or  "weave"  ahead  of  the  roller  and  any 
depressions  or  unevennesses  have  been  properly 
remedied  as  provided,  the  rolling  shall  be  in- 

terrupted and  a  thin  layer  of  sand,  screenings, 
or  other  approved  binding  material  shall  be 
evenly  spread  over  the  surface  of  the  second 
course  metal  with  as  little  disturbance  of  the 

latter  as  possible.  The  quantity  of  fine  mate- 
rial so  applied  shall  be  just  sufficient  to  cover 

the  metal  and  care  shall  be  exercised  to  avoid 
its  use  in  excess.  Water  shall  then  be  sprin- 

kled on  the  roadway  surface  and  the  rolling 
at  the  same  time  resumed,  the  quantity  of 
water  used  being  such  as  will  prevent  the  fine 
material  from  sticking  to  the  wheels  of  the 
roller.  The  combined  watering  and  rolling 
shall  be  continued  until  the  voids  of  the  metal 
shall  become  so  filled  with  the  finer  particles 
as  to  result  in  a  wave  of  water  being  pushed 
along  the  roadway  surface  ahead  of  the  roller 
wheel.  The  watering  and  rolling  shall  then 
be  discontinued  until  the  macadam  shall  have 
dried  out.  If  tlien  the  metal  shall  begin  to 
loosen  and  to  appear  on  the  road%vay  surface, 
or  if  the  voids  in  the  metal  shall  appear  to  be 
not  properly  filled,  the  watering  and  rolling 
shall  be  resumed  with  the  application  of  only 
as  much  additional  fine  material  as  may  be 
necessary.  Any  depressions  or  unevennesses 
appearing  during  the  above  operations  shall  be 
remedied  by  the  contractor,  as  hereinbefore 
provided,  and  when  completed  the  macadam 
shall  be  uniform,  firm,  compact  and  of  at  least 
the  thickness  required  and  shall  have  an  even 
surface,  nowhere  departing  by  more  than  one 
inch  from  the  grades  and  cross-sections  shown 

on  the  plans." BRICK    PAVEMENTS. 

"The    portion    of    the    road-bed    prepared    for 
the  crust  shall  be     feet  wide,  be  brought 
to  the  grades  and  cross-sections  shown  on  the 
plans,  and  be  rolled  with  a  self-propelled  roller 
until  firm  and  solid.  All  depressions  that  may 

appear  during  the  rolling  shall  be  filled  with 
approved  earth  and  rerolled  until  a  Arm,  even 
surface  with  a  proper  grade  and  cross-section 

shall  be  obtained." 
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Cushion. 
"Alter  the  material  tor  the  cushion  shall 

have  been  evenly  distributed  to  the  proper 
thickness  and  spread  to  the  proper  grades  and 
cross-section  it  shall  be  thoroughly,  firmly  and 
evenly   compacted   by   rolling.     The   roller   shall 
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Fig.    1.     Half    Section    of   One-Course    Alley 
Pavement. 

weigh  not  less  than  ten  (10)  pounds  per  inch 
in  length,  should  approximate  twenty-four  (24) 
inches  in  diameter,  and  shall  not  be  more  than 

thirty  (30)  inches  in  length.  After  rolling  un- 
til the  cushion  shall  be  properly  compacted  as 

above  prescribed,  the  template  shall  be  applied, 
and  it  the  surface  of  the  cushion  shall  be  found 
to   be   not   uniformly  parallel  to   the  surface   re- 

Fig.  3.    Street  Paving  Showing  Lower  Course 
and    Reinforcing    in    Place. 

quired  for  the  finished  pavement  nor  at  the 
proper  grades,  the  detects  shall  be  remedied 
and  the  rolling  shall  then  be  repeated." 

Rolling  the  Brick. 

"After  the  bricks  for  the  pavement  shall  have 
been  laid  as  provided  and  the  surface  of  the 
roadway  swept   clean,   the  brick  shall  be  rolled 

Fig.   5.     IVlethod   of    Placing    Expansion   Joint. 

with  a  self-propelled  tandem  roller,  having  a 
weight  of  not  less  than  three  (3)  nor  of  more 
than  five  (5)  tons.  The  first  passage  of  the 
roller  over  the  brick  shall  be  at  a  slow  pace, 
shall  be  begun  at  the  curb,  and  the  rolling  shall, 
by  means  of  overlapping  passages  parallel  to 
the  curb,  proceed  to  the  center  of  the  street. 
The  rolling  shall  then  proceed  from  the  other 
curb  to  the  center  in  the  same  manner.  The 
roadway  shall  thereafter  be  rolled  transversely 
by  parallel  overlapping  passages  from  curb  to 
curb  at  each  angle  of  forty-five  (45)  degrees, 
with  the  curbs,  and  finally  by  passages  of  the 
roller  parallel  to  the  curbs  as  at  first  above  de- 

scribed.    When  the  rolling  shall  have  been  com- 

pleted, as  above  described,  the  surface  shall  be 

even  at  the  proper  grades  and  cross-sections
. 

Any  depression  exceeding  one-quarter  (%)  of 

an  inch  in  depth  under  a  ten  (10)  foot  straight 

edge  laid  on  the  surface  of  the  brick  parallel 
with    the    curb   shall   be   properly    remedied    by 

working  the  surface  with  a  wooden  float  bv 
hand  and  then  brooming  the  surface  hghtl_\ 
to  give  uniform  appearance.  Expansion  joints 
were  placed  at  intervals  varying  from  25  to 
35  feet  apart.  All  joints  were  made  by  using 
Kahn  armor  plate  and  Carey  elastite. 
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Fig.    2.      Half    Section    of    Two-Course    Concrete    Pavement. 

the  contractor,  at  his  own  expense  and  without 

extra  compensation." 

Concrete  Street  and  Alley  Paving  and 

Curb    Construction   in   Gary, 

Indiana. 

To  the  Editors : 

In  the  current  number  of  Exgixeering  and 

CoNTR.^CTixr,  (Dec.  9)  I  note  an  article  on 
the  construction  of  concrete  curbs  integral 
with  concrete  pavements.  Having  had  some 
experience  and  some  trouble  with  this  work, 
and  having  overcome  our  troubles,  I  subrnit 
the  enclosed  sketches  and  photographs  with 
hope  that  some  one  may  be  saved  the  trouble 
we  had. 

During  the  past  season  we  have  constructed 
bv  contract  4,850  lin.  ft.  of  concrete  pavements 

in  alleys  and  3,500  sq.  yds.  of  concrete  pave- 

ment '(%  m:\e)  on  street  improvement.  On all  this  work  the  curbs  were  built  as  part  of 

the  paveiTient  and  paid  for  as  such.  A  com- 
parison of  cost  to  abutting  property  for  con- 

crete pavements  and  brick  pavements  in  alley 
improvements  shows  a  saving  in  favor  of  the 
concrete  of  $0.25  per  lineal  foot,  under  very 
similar  conditions  as  to  competition  in  bidding 
and  work  to  be  done. 

In  construction  of  these  pavements  grade 

stakes  were  set  for  "top  of  curb  and  reference line  established  for  back  of  curbs.  From  these 
the  contractor  set  form  boards  for  back  of 
curbs.  Templates  were  used  for  striking  of? 
SLibgrade  and  top  of  concrete  surface — the 
back  form  board  was  used  as  a  runway  for 
the  templates.  After  striking  off  the  surface 
of  the  pavement  the  face  board  for  the  curbs 
was  set  and  clamped  to  the  back  board.  The 

face  of  this  board  was  plastered  with  a  1-in. 
facing  of  1 :1  mortar  using  Portland  cement 
and  torpedo  sand,  and  after  placing  and  tamp- 

ing the  concrete  backing,  a  1-in.  top  of  same 
mortar  was  applied.  The  finish  of  the  curb 
was  then  the  same  as  for  ordinary  curb  con- 
struction. 

In  the  alley  improvements  a  one-course 
pavement  was  used.  Concrete  was  a  1 :2  :^i 
mixture  composed  of  washed  and  screened 

gravel  and  torpedo  sand  for  the  mineral  ag- 
gregate and  Universal  Portland  Cement,  used 

almost  exclusively.  On  one  small  contract, 
crushed  limestone,  screenings  and  Marquette 
Portland  cement  was  used  and  at  present 
seems  to  be  equally  as  good  as  the  balance. 
The  bid  prices  on  the  several  contracts  varied 
from  $1.32  per  square  yard  to  $1.40  per  square 
yard.  Payments  were  to  be  made  in  bonds 
worth  about  93  cts.  on  the  dollar. 
On  the  street  work  a  two-course  reinforced 

section  was  used.  The  lower  courses  in  this 
work  was  a  1 :2%  :4  mix,  and  top  or  wearing 
surface  a  1 :2  mi.x,  using  equal  parts  of  sand 
and  pea  gravel  for  the  fine  aggregate.  The 
pea  gravel  was  obtained  by  screening  a  por- 

tion of  the  small  material  out  of  the  gravel' supplied   for  the   lower  course. 
We  experimented  on  the  finish  for  all  pave- 

ments   and   adopted    a     finish     obtained     by 

Local  conditions  make  it  unnecessary  tcj 
provide  for  subdrainage  as  all  our  work  is  on 
sand  sub-grade.  The  sub-grade  was  com- 

pacted by  sprinkling  ahead  of  the  concrete 
work  and  this  watering  served  to  prevent  a 

drying  out  of  the  concrete.  Sprinkling  wa^ 
also  resorted  to  in  curing  the  pavement  in  its 
early  stage.  A  sand  cover  was  placed  on  the 
surface  during  the  night  by  the  watchman  and 

Fig.  4.    Method  of  Constructing   Curb. 
Note.— Usually  the  finisher  was  not  so  far 

ahead  of  the  curb  work  or  so  near  the  newl.v struck  concrete. 

kept  moist  by  him  for  ten  days.  Plans  and 
specifications  for  this  work  were  prepared  by 

the  engineer's  office,  and  construction  was  un- der our  supervision. 
I  trust  that  this  information  will  help  some 

one  in  the  construction  of  concrete  pavements 

s 
Fig.  6.    Method  of  Floating  the  Surface  at 

Intersection. 

and  will  be  glad  to  explain  further  any  point 
I  have  not  made  clear. 

Very   truly  yours. 
\V.    P.    COTTINGHAM, 

.Assistant    City   Engineer. 
Gary.   Ind.,  Dec.  10,  1914. 

Quantity  of  'Water  Required  for  Street 
Sprinkling.— The  last  annual  report  of  the Street  Commissioner  of  Newport,  R.  I.,  gives 

the  quantities  of  water  required  for  street 
sprinkling  as   shown   in   Table   1. 

D.ays. 

1973-2 
1977-2 
1771-3 
1526-6 
1469-5 
1074-1 
1446-1 

TABLE  I. — GATiT/INS  OF  "WATER  USED  AND     AREA  SPRINKLED  BY  "5 
)ns  of  water  used   ^          ,   Mileage  of  streets  watered   , 

Salt.                 Total.              Fresh.                 Salt.                 Total. 
2,245,075             31,867.989           14,918.61             1,812.24             16.730.85 
1,861,038             32,214,776           15,007.45             1,768.34             16,775.79 
1,661,662             28,593,114           13,352.02             1,539.13             14.891.15 
2,221.574             26.634.572           10.943.16             1,393.47             12,336.63 
1,647,200             19,515,383            9,336.57                978.39             10,314.96 
1,865,650            21.949.7::;l           11.251.24             1,067.77             12,319.01 
1,477.500             19,359,271            9,563.45                678.33             10,241.78 

Year. 
1907 
1908 
1909 
1910 
1911 
1912 
1913 

Fresh. 
29,622,914 
30.353,738 
26,931,452 
24,412,998 
17,868,183 
20,084,089 
17,881,771 

YEARS  IN  NEWPORT,    R.  I. 
  Sq.  yds.  of  street  watered 
Fresh.  Salt. 

202,983,848.35 
204,414,971.15 
182,801,035.46 
156,700,279.00 
135,028,329.00 
163,772,122.00 
142,389,874.00 

30,867,466.84 30,205,186.88 
26,490,043.34 
31,087,143.00 
18,377,241.00 20,480.371.00 
13.846,873.00 

Total. 
233,851,315.19 
234,620,158.03 
209,291,078.80 

187,787,422.00 
153,405.570.00 
184,252,493.00 
156,236,747.00 
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Traffic   and  Road  Maintenance. 

It  may  perhaps  be  thought  that  the  dis- 
cussion of  road  maintenance  is  somewhat  be- 

side the  point  since,  for  the  most  part,  the  pri- 
mary- consideration  in  this  country-  is  that  of 

constructing  rather  than  maintaining  roads.  On 
the  contrary,  maintenance  when  considered 
with  traffic  is  a  matter  of  primary  importance 
in  road  construction.  It  is  the  factor  upon 

which  hinges  the  selection  of  the  type  of  pave- 
ment, a  matter  most  intimately  related  to  that 

of  first  cost. 
In  the  article  on  another  page  of  this  issue 

is  given  a  complete  discussion  of  this  subject 
based  on  actual  experience  and  data.  Some  of 
the  conclusions  reached  in  this  article  are 

worthy  of  emphasis.  It  is  stated  that  eco- 
nomical maintenance  is  only  possible  on  prop- 

erly constructed  roads.  The  reconstruction  of 
a  poorly  built  road  is  not  maintenance,  it  is 
merely  the  correction  of  a  blunder.  Where 
motor  traffic  is  heavy  a  water-bound  macadam 
road  will  be  destroyed  within  a  month  unless 

treated  with  some  sort  of  binder.  With  cer- 
tain volume  and  weight  of  traffic  granite  block 

on  a  concrete  base  is  believed  to  be  the  most 

economical  type  of  pavement.  In  round  num- 
bers the  cost  of  road  maintenance  will  ap- 

proximate a  cent  a  vehicle  per  mile  each  year. 
With  a  certain  volume  of  traffic  the  use  of  a 

concrete  base,  or  in  some  places  a  concrete 
road,  becomes  economical.  In  England  a 

rough  estimate  of  the  increased  cost  of  main- 
tenance on  water-bound  macadam  roads  due 

to  each  motor  vehicle  traveling  the  road  per 

mile  for  each  mile  traveled  is  as  follows: 
Motor  bus  of  6  tons  and  load,  4  cts.  a  mile; 

small  touring  car,  %  ct.  a  mile;  large  tour- 

ing car,  1  to  2  cts.  a  mile ;  and  a  heavy  horse- 
drawn  vehicle  with  a  3-ton  load,  1  to  2  cts.  a 
mile. 

It  would  perhaps  be  well  to  call  attention 
to  distinction  between-  the  two  uses  of  the 

term  "ton-mile."  When  referring  to  the  cost 

of  hauling  "ton-miles"  are  obtained  by  multi- 
plying the  weight  of  the  load  bv  the  distance 

hauled.  This  product  divided  into  the  total 

cost  of  hauling  the  load  the  whole  distance 

is  "cost  per  ton-mile."  With  reference  to  cost 
of  maintenance  the  "ton-mile  cost"  of  main- 

tenance is  obtained  by 'dividing  the  product  of 
the  tonnage  passing  and  the  distance  into  the 
total  cost  of  maintaining  the  length  of  road. 

It  is  readily  seen  that  confusion  may  exist 
unless  this  distinction  is  carefully  borne  in 
mind. 

As  to  the  actual  cost  of  maintenance  on 

country  roads  paved  with  various  types  of 
macadam  it  will  be  noted  that  French  roads 

approximate  $770  a  mile  a  year,  English  roads 

$1,100  a  mile  a  year,  and  Massachusetts  roads 

$8.50  a  mile  each  vear.  It  must  be  borne  in 

mind,  however,  that  these  figures  include  the 

cost  of  resurfacing;  the  life  of  the  road  thus 

being,  in  a  measure,  unlimited. 
Accurate  data  concerning  other  types  of 

pavements  used  on  country  roads  considered  in 
connection  with  traffic  do  not  exist.  It  may 

be  stated,  however,  that  the  resurfacing  of 

concrete  roads,  if  necessary  after  a  period  of 

years,  whether  with  brick,  asphalt  or  addi- 
tional concrete  must  be  considered  as  main- 

tenance. Also  the  interest  on  the  additional 

cost  of  the  investment,  if  any,  must  be  in- cluded. . 

The  important  relation  between  the  hrst 
cost  of  road  improvement  and  the  cost  of 
maintenance  is  shown  indirectly  by  the  fact 

that  from  60  per  cent  of  the  total  cost  in  the 

case  of  gravel,  to  85  per  cent  in  the  case  of 
brick  roads  is  exnended  on  the  paved  surface. 

The    relative   costs   of     maintaining     various 

types  of  surface  considered  in  connection  with 
interest  charges  is  undoubtedly  the  economic 
basis  upon  which  pavement  types  should  be 
selected. 

Some  Facts  Emphasized  by  the  Edison 
Fire. 

The  destructive  fire  which  occurred  on  Dec. 
9,  1914,  at  the  plant  of  Thos.  A.  Edison,  Inc., 
West  Orange,  N.  J.,  again  emphasized  some 
essential  requirements  of  so-called  fireproof 
buildings.  Although  this  fire  may  well  be  care- 

fully studied  by  engineers  and  architects  we 
do  not  believe  that  the  findings  of  investigat- 

ing bodies  will  disclose  facts  which  are  not 
already  known.  They  will,  however,  un- 

doubtedly disclose  facts  which  continue  to  be 
disregarded  by  some  engineers  and  architects. 
In  the  area  affected  by  the  fire  two  types  of 
buildings  were  in  general  use — brick  buildings 
with  steel  beams  and  roof  trusses,  and  those 

constructed  of  reinforced  concrete.  The  build- 
ing in  which  the  fire  started  was  used  for 

film  testing,  and  it  was  a  one-story  structure 
with  sheet  metal  covering.  The  buildings  were 

closelv  spaced,  which  made  it  impossible  to 

stop  the  progress  of  the  fire  with  the  inade- 
quate facilities  at  hand.  As  a  result  of  this 

disaster  the  brick  buildings  and  their  contents 

were  completely  destroyed,  while  the  contents 

of  the  reinforced  concrete  ones  were  de- 
stroyed, and  in  many  cases  the  columns  either 

were  destroyed  or  were  badly  damaged.  In 

general,  the  reinforced  concrete  floors  and 
walls  effectively  resisted  the  fire,  the  damage 

to  them  being  due  mainly  to  the  failure  of 
the  columns. 

Even  though  the  contents  of  the  buildings 

were  highly  inflammable,  and  the  fire  hazard 

was  known  to  be  great,  the  reinforced  con- 
crete buildings  were  fitted  with  wooden  sash 

and  plain  glass  windows.  Moreover,  there 
was  a  decided  lack  of  fire  walls,  the  buildings 

generally  being  open  and  with  few  partitions. 
There  were  also  open  elevator  shafts  and 

some  unprotected  stairs.  Finally,  the  buildings 

were  not  equipped  with  automatic  sprinkler 

systems,  even  though  the  water  supply  for 

fire-fighting  purposes  was  inadequate. 

It  has  been  demonstrated  by  many  fires  that 

no  building  which  contains  wooden  frames  and 

plain  glass  windows  should  be  classed  as  a 

fireproof  structure,  as  it  neither  can  retard  ;i 

fire  originating  from  within  nor  can  it  offer 

protection  in  case  of  a  fire  in  adjacent  build- 
ings. The  automatic  sprinkler  system  has  also 

proved  its  worth  as  an  effective  means  of  pro- 

tecting the  contents  of  a  building.  Further- 
more, the  value  of  fire  walls  and  of  enclosed 

shafts  for  elevator  openings  is  generally  recog- 
nized. In  view  of  these  facts  any  engineer  or 

architect  is  inviting  severe  and  merited  criti- 
cism if  he  does  not  strongly  impress  upon  the 

prospective  builder  the  need  of  recognized 

fire  protection  measures  for  buildings  of  this 
character. 

As  has  been  pointed  out  in  previous  issues 

of  Engineering  AND  CoNTR.\CTiNG  the  so-called 
rodded  columns,  without  spiral  reinforcement 

or  efficient  hooping,  should  not  be  classed  as 

a  reinforced  concrete  member.  The  columns 

in  the  reinforced  concrete  building  affected 

by  this  fire  were  of  the  rodded  type,  as  is 

evidenced  by  photographs  of  numerous  col- umns which  failed.  The  vertical  rods  simply 

bent  out  of  line  as  soon  as  the  outside  layer 

of  concrete  fell  away  and  thus  left  nothing 

to  resist  the  horizontal  shear— the  character- 

istic failures  being  along  diagonal  lines.  Al- 

though the  water  thrown  upon  these  columns 
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undoubtedly  contributed  to  their  failure,  total 
failure  would  not  have  occurred  in  at  least 

some  of  them  if  horizontal  shear  reinforce- 
ment had  been  provided.  It  should  be  remem- 

bered by  designers  that  the  columns  are  the 
vulnerable  points  in  destructive  fires,  and  that 
the  utmost  care  should  be  exercised  in  their 

design  and  construction. 
The  prominence  given  to  this  fire  may  well 

be  taken  advantage  of  by  engineers  and  archi- 
tects in  emphasizing  the  lessons  pointed  out 

by  it,  even  though  these  lessons  are  not  new 
and  should  need  no  reiteration. 

Inscriptions  on  Engineering  Structures. 
It  has  long  been  the  custom  to  place  in- 

scriptions on  engineering  structures,  either  on 
comer  stones,  on  stones  over  main  entrances 
to  buildings,  or  on  metal  plates,  placed  on  the 
end  posts  of  bridges  or  on  the  inside  walls  of 
buildings.  The  custom  has  not  been  general 
by  any  means,  but  it  should  become  so. 
There  are  substantial  reasons  why  this 

custom  should  become  general.  In  the  first 
place  there  is  the  item  of  public  interest  to 
be  considered,  and  in  the  second  place  the 
fixing  of  individual  responsibility.  The  official 
name  of  everv-  important  engineering  struc- 

ture should  be  -Permanently  inscribed  at  some 

conspicuous  point  on  the  structure's  exterior. This  is  for  the  information  of  citizens,  par- 

ticularly of  visitors  who  have  occasion  to  in- 
spect the  public  works  of  a  city.  Moreover, 

this  appears  to  be  a  suitable  and  efficacious 
method  of  calling  the  attention  of  the  public 
to  the  work  of  engineers,  a  consideration  of 

great  importance  to  both  engineers  and  lay- 
men. To  illustrate  our  thought  in  this  mat- 

ter, let  us  take  the  case  of  a  modern  rapid 
sand  water  filtration  plant.  The  official  name 

of  the  plant  should  be  cut  into  the  stone  over 

the  entrance  to  the  head  house  or  administra- 
tion building.  Inside  the  same  structure  a 

metal  plate  bearing  appropriate  data,  in  raised 
letters,  should  be  prominently  displayed  on  a 
wall.  The  data  given  should  comprise  the 

dates  significant  in  the  history  of  the  incep- 
tion and  construction  of  the  plant.  The  names 

of  the  city  officials  who  had  to  do  with  the 
plant's  installation  should  also  be  given,  as 

should  the  names  of  consulting  engineers,  resi- 

dent engineers,  architects  and  contractors  en- 

gaged upon  the  design  and  construction  of  the 

plant. 

The  fixing  of  responsibility  for  the  struc- 

ture in  this  manner  is  sure  to  have  a  salutary- 

effect  upon  its  serviceableness.  What  is  prob- 

ably more  to  the  point,  in  most  cases,  it  wilt 

give  credit  for  the  work  to  those  to  whom 
credit  is  due.  The  public  is  quick  to  forget 

the  names  of  its  servants  unless  they  are  kept 

before  it  in  some  manner. 

Incidental  to  the  foregoing  matter  -ive  take 

this  opportunity  to  record  a  irotest  against 
the  use  of  the  letter  v  for  the  letter  u  in  such 

inscriptions.  The  architect  frequently  collab- 
orates with  the  engineer  in  the  design  of  en- 

gineering structures  of  which  buildings  forni 

a  part  He  brings  his  entire  "box  of  tricks" along  with  him,  including  the  alphabet  fron* 

which  the  perfectly  good  letter  u  is  missing. 

The  origin  of  this  custom  is  doubtless  fa- 
miliar to  our  readers;  we  are  not  concerned! 

with  its  origin,  however,  but  with  its  finish. 

It  is  a  custom  which  has  nothing  to  commend' it  .^t  best  it  is  only  a  superficial  indicatior» 

of  a  certain  form  of  culture.  It  causes  mo- 
mentary confusion  to  the  reader,  and  if  he  be 

a  plain  man,  and  most  readers  are  plain  men, 

it  causes  him  a  certain  feeling  of  irritation. 
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The  Protection  of  Riveted  Steel  Pipe. 
Contributed  by  Leonard  Metcalt,  of  Metcalf  and 

Eddy,   Consulting  Engineers,  Boston 
and  Chicago. 

During  a  recent  engagement  in  California, 
the  writer  had  an  opportunity  of  obtaining 
some  information  regarding  the  experience  of 
the  Spring  Valley  Water  Co.,  of  San  Fran- 

cisco, with  pipe  coatings,  which  is  of  par- 
ticular value  on  account  of  the  length  of  the 

period  these  coatings  have  been  in  satisfactory 
service.  The  work  has  been  under  Mr.  Her- 

mann Schussler  as  chief  engineer  for  many 
years.  The  available  information  on  the  nre- 
servation  of  riveted  pipe  is  so  limited  and  the 
subject  is  so  much  more  important  in  the  case 
of  a  pipe  of  thin  steel  than  where  a  thick  cast- 
iron  shell  is  used,  that  the  writer  believes  the 
readers  of  Exgineerixg  and  Coxtr.actixg  will 
be  interested  in  what  he  learned.  This  is  still 
more  the  case  because  the  Calif ornian  expe- 

rience shows  that  under  the  soil  and  climatic 
conditions  of  that  section  of  the  countr>'  a 
coating  has  given  a  good  account  of  itself 
which  was  unlike  those  of  several  pipe  lines 
recently  constructed  in  the  Eastern   states. 

In  the  case  of  the  Spring  Valley  Water 

Company's  pipes,  a  barrel  of  coal  tar  is 
poured  into  a  kettle  under  which  a  fire  has 
teen  started :  the  barrel  contains  about  50 
gals.  Into  this  heated  tar  are  tossed  pieces  of 
crude  asphaltum  from  2  to  4  ins.  in  greatest 
dimensions.  This  material  is  obtained  from 
Santa  Barbara.  As  it  melts  and  is  stirred  into 
the  tar,  more  of  it  is  added  until  about  3,000 
lbs.  has  been  placed  in  the  kettle.  In  order 
to  make  the  coating  as  tough  and  tenacious 
as  possible,  a  second  barrel  of  coal  tar  is  then 
added  very  slowly  and  when  all  has  been 

placed  in  the  tctt'le  it  is  allowed  to  boil  for about  four  hours  without  stirring.  Through- 
out this  refining  process  the  kettle  is  kept  at 

a  temperature  of  about  300°  F..  and  when  the 
boiling  is  finished,  after  about  twelve  hours 
from  the  initial  charging  of  the  kettle  with 
tar,  the  coatinsr  is  ready  to  be  skimmed  to 
remove  the  dross  and  to  be  baled  into  a  pipe- 
dipping  trough.  About  650  lbs.  of  sand,  gravel 
and  bituminous  material  are  left  in  the  bottom 
of  the  kettle  after  each  melting  and  are 
cleaned  out  before  the  melting  of  another 
charge  is  begun.  In  a  long  coating  operation, 
it  was  found  that  about  1,400  lbs.  of  crude 
asphaltum  were  used  with  each  50-gal.  barrel 
of  oil. 

It  is  considered  necessary  to  have  the  coat- 
ing at  a  somewhat  higher  temperature.  3G0  to 

400°  F.,  for  dipping  than  for  refining;  this 
is  maintained  by  a  fire  under  each  end  of  a 
long  dipping  trough,  or,  if  two  troughs  are 
used,  the  second  is  kept  at  a  temperature  about 

30°  below  that  of  the  first.  The  consistency 
of  the  dip  is  tested  frequently  by  dipping  a 
stick  into  it.  allowing  the  skin  collected  in 
this  way  to  cool,  and  then  observing  its  re- 

sistance to  the  point  of  a  knife.  If  the  din 
needs  to  be  corrected,  the  proper  amount  of 
coal  tar  or  of  refined  asphaltum  from  the  ket- 

tle is  placed  in  the  trough.  Contrary  to  the 
usual  practice  elsewhere,  the  pipes  are  not 
lieated  before  being  coated,  but  are  immersed 
cold  and  allowed  to  remain  in  the  bath  until 
they  attain  the  temperature  of  the  dip.  When 
this  condition  is  reached  a  bar  will  slide  free- 

ly along  the  immersed  pipe,  but  it  will  drag  if 
the  metal  is  not  yet  at  this  temperature.  This 
procedure  takes  more  time  than  dipping  a 
hot^  pipe.  For  example,  a  54-in.  pipe  of  steel 
0,.2T5  in.  thick  must  be  immersed  in  the  tank 
about  25  minutes,  and  before  it  is  removed  the 
dip  is  stirred  and  the  pipe  rolled  over  in  or- 

der to  have  it  uniformly  coated.  It  is  then 
raised  above  the  tank  and  held  at  an  angle  of 

about  45°  to  drain  and  cool.  When  the  coat- 
ing ha  becorne  firm  but  is  still  very  stickv. 

the  pipe  is  dipped  again,  either  in  the  first 
tank  or  in  another.  It  is  rolled  over  in  the 
tank  and  after  remaining  there  from  three 

•to   five   minutes,   it   is   lifted   out,   held   at   an 

angle  of  45"  again,  and  when  cool  is  removed on  skids  covered  with  sand. 

The  writer  examined  a  large  number  of 
pipe  coated  in  this  way,  which  had  been  in 
service  for  various  periods  up  to  47  years. 
The  interior  coating  generally  adhered  te- 
naceously  to  the  metal  and  could  be  dented  by 
pressing  the  finger-nail  against  it.  It  was 
smooth  and  unbroken  and  could  be  pushed 

aside  by  a  slow,  hard  pressure  without  crack- 
ing. When  this  was  done  the  metal  below 

the  coating  was  found  to  be  clean,  even  where 
mill  scale  covered  it.  There  was  very  little 
blistering,  tuberculation  or  pitting,  and  it  is 

doubtful  if  the  carrying  capacity  had  been  re- 
duced by  these  causes  more  than  10  per  cent 

on  the  average.  In  the  worst  case  found, 
which  was  also  the  oldest  pipe,  the  reduction 
in  capacity  was  shown  bv  tests  to  be  under 
20  per  cent.  The  condition  of  the  exterior 

coating  was  hardly  so  good,  but  was  satis- 
factory except  where  the  soil  conditions 

were  unusually  destructive  on  account  of  or- 
ganic or  acid  substances  in  them. 

In  the  Los  Angeles  district,  the  writer  found 

that  steel  pipe  were  not  dipped  but  were  paint- 
ed in  a  manner  which  had  given  satisfaction 

during  an  experience  covering  many  years. 
The  paint  used  was  the  pitch  left  in  making 
gas  from  the  local  asphaltic  oils,  which  is  a 
very  different  material  from  the  tar  produced 
in  the  Eastern  states.  Ordinarily  the  material 
is  applied  with  a  brush  without  any  prepara- 

tion, but  in  cold  weather  it  is  heated  and 
thinned  with   distillate. 

This  Pacific  Coast  experience  is  instructive 
in  view  of  the  experience  in  the  Eastern 
states,  where  difficulty  has  been  experienced 
in  producing  satisfactory  pipe  dips  from  mix- 

tures of  asphalt  and,  tar.  The  Pioneer  pipe 
dip,  which  has  been  much  used,  was  produced 
by  a  process  kept  a  trade  secret  until  the  time 
of  the  litigation  to  establish  the  validity  of  the 
Byerly  blown-oil  patents  a  few  years  ago. 
Testimony  was  then  given  that  this  dip  was 
a  mixture  of  28  per  cent  of  gilsonite  and  72 
per  cent  of  petroleum  residuum,  made  by  melt- 

ing the  materials  and  blowing  air  through 
them  for  85  to  37  hours.  This  is  manifestly 
a  much  more  expensive  and  complicated  proc- 

ess than  that  followed  by  Mr.  Schussler's  staff, 
but  the  actual  dipping  in  the  material  has 
been  carried  on  more  rapidlv.  A  vertical  tank 
has  been  used,  as  a  rule.  The  pipe  is  heated 
to  the  temperature  of  the  bath,  plunged  in  the 
latter  for  a  few  minutes,  and  then  removed 
to  drain  and  cool.  In  actual  practice,  there 
has  been  some  difficulty  in  heating  the  pipe 
uniformly  to  the  temperature  desired  and  in 
keeping  the  bath  in  a  uniform  condition.  These 
difficulties  have  proved  more  troublesome  with 
coal  tar  dips  than  with  those  containing  as- 

phaltum, and  the  writer  is  inclined  to  believe 
that  some  of  these  troubles  may  be  due  to 
departures  from  the  pipe  coating  methods  rec- 

ommended by  the  originator  of  the  tar  var- 
nish. Dr.  Angus  Smith.  The  earliest  state- 

ment concerning  these  methods  published  in' this  country  was  probablv  written  bv  him  to 
James  P.  Kirkwood  in  18-50  and  printed  in  a 
report  of  18.58  on  the  Brooklyn  water-works. 
It   reads  as   follows : 
The  pipe  is  made  clean,  free  from  rust  and 

earth  which  clings  to  it  in  coming  from  the 
molds.  The  cleaning  is  a  very  important  thing, 
as  the  success  very  much  depends  upon  it.  The 
.surface  is  then  oiled  with  linseed  oil  in  order  to 
preserve  it  until  it  is  ready  to  be  dipped;  when 
the  coating  is  to  be  made  the  pipe  is  heated  in 
an  oven  to  about  300°  F.  It  should  also  be  man- 

aged in  such  a  manner  as  to  prevent  soot  from 
settling  on  it.  It  is  then  dipped  into  a  pan  of 
gas  pitch  and  kept  In  it  for  .some  time  until  it 
has  taken  up  the  pitch  as  intimately  as  pos- 

sible. The  pitch  should  not  be  too  hard,  so 
hard  as  to  be  brittle;  nor  should  it  be  too  soft, 
so  as  to  adhere  to  anything,  ^\^len  it  becomes 
too  hard  it  may  be  softened  by  adding  more  oil; 

when  the  pipes  are  taken  out  they  are  covered 
with  a  fine  black  varnish  and  look  exceedingly 
weU. 

An  oven  is  made  to  heat  the  pipe  in,  and  from 
it  they  are  transferred  to  the  pitch  vessel; 
they  are  dipped  vertically,  slowly  removed,  the 
liquid  running  off  very  clear,  leaving  a  very 
thin  coating.  ...  I  do  not  know  if  you  have 
any  distilleries  of  tar  in  New  York,  but.  if  so, 
you  will  readily  obtain  the  proper  pitch;  we  like 
it  distilled  till  the  pitch  is  about  the  consistency 
of  wax  in  our  climate.  If  hard,  the  mixture  of 
5  or  6  per  cent  of  linseed  oil  is  a  great  advan- 

tage, or  even  if  not  very  hard. 

This  coating  was  made  with  coal-gas  tar, 
and  was  used  on  a  large  part  of  the  Scotch 
iron  pipe  imported  into  this  country  many 
years  ago.  As  made  at  Manchester,  England, 
in  1849.  the  pitch  or  tar  was  free  from  naphtha 
compounds  and  was  cut  with  enough  mineral 
oil  to  give  it  the  required  consistency.  The 

oiling  of  the  pipe,  mentioned  in  Dr.  Smith's 
letter,  was  considered  an  important  detail  at 
Manchester.  The  late  George  W.  Rafter  was 
informed  in  1895  (Trans.  Am.  Soc.  C.  E.,  xxxi, 
293)  that  these  pipe  were  believed  to  be 
practically  as  clean  then  as  when  first  laid. 
The  imported  pipe  in  Brooklyn  and  Boston  re- 

mained in  good  condition  for  a  long  period  of 
years,  and  the  early  coating  honestly  applied 
in  this  country  under  the  same  or  equivalent 
specifications  gave  excellent  results.  With 
changes  in  the  gas  industry  there  came  corre- 

sponding changes  in  tar.  Higher  temperatures 
were  used,  different  materials  were  employed 
and  the  tar  produced  m  most  gas  works  to- 

day resembles  the  tar  recommended  by  Dr. 
Smith  in  little  more  than  color  and  odor.  It 
is  not  surprising,  therefore,  that  a  great  deal 
of  dissatisfaction  has  been  experienced  for  a 
number  of  years  with  tar  pipe  coatings,  and 

in  view  of  the  great  demand  for  old-fashioned 
coal-gas  tar  road  binders  it  will  probably 
prove  troublesome  to  get  the  proper  material 
for  pipe  preservation.  Unless  it  is  obtained, 
however,  it  is  questionable  if  the  tar  coating 
will  be  reliable.  Furthermore,  experience  in- 

dicates that  a  tar  pipe  dip  must  be  heated  more 
carefully  than  an  asphaltic  dip,  for  the  range 
of  temperature  within  which  it  is  in  a  suitable 
condition  to  receive  the  pipe  is  smaller.  This 

concerns  not  only  the  bath  but  also  the  heat- 
ing of  the  pipe  before  it  is.  immersed.  It  is 

improbable  that  as  good  coating  with  a  tar 
preparation  cannot  be  done  today  as  was  done 
50  years  ago,  but  it  evidently  cannot  be  done 
without  much  care  in  the  selection  of  the  ma- 

terials and  the  conduct  of  the  work. 
In  order  to  reduce  the  danger  of  rusting 

and  tuberculation  to  a  minimum,  the  sections 
of  pipe  have  sometimes  been  brushed  clean, 
then  dipped  in  weak  acid  and  finally  dipped  in 
lime  water  to  neutralize  the  acid,  before  they 
were  dipped  in  the  coating.  Theoretically  this 
is  a  desirable  procedure,  but  it  has  been  found 
in  practice  to  be  difficult  of  execution,  owing 
to  erratic  changes  in  the  acid  and  alkaline 
baths.  Where  a  high  degree  of  protection  is 
desired  for  many  years,  the  money  needed  for 
this  pickling  process  may  possibly  be  better 
spent  in  wrapping  the  pipe  with  burlap  dipped 

in  the  coating.  "This  has  been  done  on  a  num- 
ber of  pipe  lines  in  the  last  two  years,  and 

the  burlap  undoubtedly  protects  the  coating 
from  many  of  the  scratches  and  bruises  it 

would  suffer  during  transportation  and  han- 
dling, if  not  covered  in  this  way. 

The  importance  of  the  subject  can  only  be 
appreciated  by  making  an  actual  comparison 
of  cast-iron  and  steel  pipe  for  a  given  case. 
The  life  of  the  steel  pipe  will  be  found  to  be 
a  \er\'  important  factor  and  this  life  depends 
very  largely  on  the  pipe  coating.  If  a  steel 
pipe  begins  to  leak  in  seven  years  on  account 
of  pitting,  as  was  the  case  with  the  Rochester 
conduit  of  1893-4,  and  costs  annually  there- 

after from  $300  to  $400  per  mile  for  stopping 
leaks    through    pitted    plates,    this    peculiarity 
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must  be  taken  into  account.  In  the  case  of 
the  Portland,  Ore.,  riveted  steel  pipe  laid  in 
1895-6,  the  rust  caused  leakage  in  0.2-in.  plates 
in  about  nine  years  and  a  few  years  later  in 
0.25-in.  plates.  On  the  other  hand  no  It  ikage 
due  to  corrosion  appeared  in  the  Newark, 
N.  J.,  conduit  laid  in  1890-1  until  1909.  Such 
pitting  does  not  appreciably  injure  the  strength 
of  the  pipe  so  long  as  the  spots  are  not  close 
together.  It  is  not  difficult  to  repair  the 
early  leaks  due  to  such  corrosion.  But  it  is 
very  difficult  to  reach  a  satisfactory  estimate 
of  the  hfe  to  be  assumed  for  such  a  pipe  in 
making  estimates  of  the  relative  total  annual 
cost  of  steel  and  cast  iron.  It  is  certain  that 
steel  has  not  shown  such  durability  as  wrought 
iron.  Wrought-iron  pipe  are  practically  all 
there  are  to  furnish  long-time  records  of 
service,  so  in  order  to  be  able  to  use  the 

wrought-iron  data  in  connection  with  steel, 
the  greatest  care  rnust  be  taken  in  preparini? 
and  applying  a  coating,  and  the  hasty  methods 
now  followed  in  some  cases  should  be  regard- 

ed very  critically  before  they  are  permitted. 

Design  Features  of  the  Proposed  Wa- 

ter Supply  and  Purification  Works, 

Corpus  Christi,  Texas. 

(Staff  Article.) 

The  new  water  supply  of  Corpus  Christi, 
Texas,  will  be  drawn  from  the  Neuces  River. 
The  hydraulic  elements  of  the  proposed 
works  are  shown  herewith  in  the  diagram- 

matic profile,  Fig.  1.  This  is  the  form  of 
sectional  profile  which  we  commended  in  an 

editorial  some  months  ago.  The  reader's  at- 
tention is  directed  to  the  fact  that  a  single 

glance  at  Fig.  1  shows  all  the  hydraulic  ele- 
ments of  this  interesting  design.  The  rela- 

tion of  parts  is  at  once  made  apparent  and 
subsequent  reference  to  more  detailed  draw- 

ings is  greatly  facilitated  by  the  form  of  dia- 
gram shown  in  Fig.  1.  As  indicated  the  raw 

water  passes  through  the  grated  opening  in 
the  intake  structure  to  the  20-in.  cast  iron 
intake  pipe  leading  to  the  suction  well  in  the 
lower  portion  of  the  combined  suction  well, 
sterilization  and  coagulation  chamber  and 
wash  water  tank  structure.  The  water  is 
then  picked  up  by  the  high  lift  pump  and 
sent  through  the  pressure  filters.    Thence  the 

£/  54  0-' 

Suction  Well,  Sterilisation  and  Coagulation 
Chamber  and  IVash  Water  Tank. — The  de- 

tails of  this  structure  are  shown  in  Fig.  3. 
The  20-in.  cast  iron  intake  pipe  discharges 
into  the  suction  well,  a  circular  reinforced 
concrete  structure  15  ft.  in  diameter  carried 
down  12  ft.  below  the  river  level.  Cast  iron 
suction  pipes  extend  down  into  this  well  and 
convey  the  water  to  the  high-lift  pumps.  At 
elevation  18  the  suction  well  is  covered  with 
a  reinforced  concrete  floor,  on  which  are  lo- 

cated the  sterilization  and  coagulating  appara- 
tus. Both  the  sterilizing  medium  and  the  co- 

agulant are  introduced  into  the  water  at  the 
suction  well.  Directly  above  the  suction  well 
at  a  height  of  IG  ft.  above  the  floor  there  is 
to  be  erected  a  reinforced  concrete  water 
tank  15  ft.  in  diameter  and  18  ft.  deep,  hold- 

ing 25,000  gals,  of  filtered  water.  The  water 
thus  stored  is  to  be  used  for  washing  the  fil- ters. 

High  Lift  Pumps.~The  high-lift  pumps  are 
housed  in  a  brick  building  24  ft.  6  ins.  wide 
and  72  ft.  6  ins.  long.  Within  this  building 
are  to  be  installed  the  two  750,000-gaI.  triplex 
pumps  direct  connected  to  50-HP.  De  La 
Vergne  oil  engines  which  were  purchased  last 
year  by  the  city  for  the  temporary  relay 
pumping  station.  There  is  to  be  purchased 
an  additional  1,500,000-gal.  triplex  pump,  di- 

rect connected  to  a  100-HP.  De  La  Vergne  oil 
engine  of  the  F.  H.  type.  The  F.  H.  type  of 
engine  is  only  manufactured  in  the  larger 
sizes.  It  is  very  much  more  economical  than 
the  smaller  units.  An  oil  engine  of  this  type 
develops  a  brake  horsepower  at  about  60  per 
cent  of  the  fuel  consumption  required  by  the 
smaller  units. 

Filtration  Plant. — The  waters  of  the  Nueces 
River  from  a  sanitary  standpoint  are,  as 
shown  by  analysis,  of  fairly  good  quality. 
However,  the  mineral  constituents  of  the 
water  vary  widely  with  the  flow  and  are 
present  at  times  in  such  large  quantities  as  to 
render  the  water  objectionable  for  a  domes- 

tic supply.  The  quality  of  the  water  will  be 
improved  by  the  ultimate  construction  of  a 
storage  reservoir  outside  of  the  river  basin. 
In  such  a  reservoir  the  flood  waters  of  the 
river  will  be  stored,  which  are  of  far  better 
quality  than  the  water  which  ordinarily  flows 
in  the  Nueces  River.  There  will  be  no  ob- 

jection to  the  turbidity  in  these  flood  waters, 

the  immediate  installation  of  three  5UO,000- 
gal.  units;  further  units  can  be  added  from 
time  to  time  as  necessary. 

The  total  quantity  of  water  pumped  to  the 
city  is  to  be  measured,  after  being  filtered,  by 
means  of  a  recording  Venturi  meter. 
Surge  Tank. — It  is  not  advisable  to  pump 

directly  through  the  15-mile  pipe  line  to  the 
city,  as  the  strains  set  un  in  the  pipe  line  by 
direct  pumping  are  considerable  and  may  be 
as  much  as  60  lbs.  or  more  per  square  inch 
over  and  above  the  hj'drostatic  pressure.     By 

3-0'-> 

.-.  Bar  Screen 

fflDKE; 
Flexible  Joint 

Fig.    2.      Sectional     Elevation     of      Proposed 

Water    Supply    Intake    Structure    Corpus 

Christi,   Texas. 

pumping  into  a  standpipe  at  Calallen  and  not 
directly  into  the  main  leading  to  the  city, 
all  strains  in  the  pipe  line  due  to  pumping 
will  be  practically  eliminated.  A  standpipe,-. 
to  be  efficient,  would  have  to  be  about  250  ft. 
high.  Because  of  this  height  its  construction 
is  not  recommended,  especially  in  view  of  the 
fact  that  it  is  possible  to  build  an  air-tight 
tank  which  will  perform  the  work  equally 
well  at  less  than  one-fifth  of  the  cost  of  such 
a  standpipe.  Such  a  tank  is  shown  in  Fig. 
4.  It  is  8  ft.  in  diameter  and  about  22  ft. 
high.  Under  operating  conditions  it  will  be 
filled  about  half  full  of  compressed  air,  which 
absorbs  practically  all  of  the  shocks  from  the 
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Fig.   1.      Diagrammatic    Profile    of    Proposed   Water  Supply  and.  Purification  Works,  Corpus    Christi,   Texas. 

water  passes  through  a  surge  tank  to  the  20- 
in.  main  leading  to  the  city. 
The  plant  as  designed  has  a  working  ca- 

pacity of  1.500,000  gals,  daily,  which  can  for 
short  periods  be  increased  to  a  maximum  rate 
of  3,000,000  gals. 

Intake. — In  order  not  to  interfere  with  the 
continuous  operation  of  the  existing  plant, 
and  also  for  economic  reasons, -it  was  thought 
best  to  construct  a  new  plant  entirely  inde- 

pendent of  the  existing  pumping  plant.  The 
new  intake  consists  of  a  20-in.  cast  iron  pipe 
line  about  60  ft.  long.  At  its  outer  end  this 
pipe  line  is  protected  by  a  concrete  structure 
9  ft.  square  and  10  ft.  8  ins.  deep,  carried  up 
to  mean  water-  level.  .A.  screen,  consisting 
of  2%-x%-in.  bars  placed  %  in.  on  centers, 
protects  the  intake  pipe  from  drift  and  other 
foreign  matter.  The  detail  of  the  intake  is 
shown   in   Fig.  2. 

as  this  will  be  removed  to  a  very  great  extent 
by  sedimentation  in  the  storage  basin,  and 
the  water  is  to  be  purified  by  rapid  sand  fil- 
tration. 
This  Calallen  site  possesses  an  advantage 

over  the  Tule  Lake  site,  formerly  considered, 
in  that  the  city,  not  being  entirely  dependent 
upon  storage,  can  select  water  of  a  better 
quality  for  storage;  whereas,  at  Tule  Lake 
the  reservoir  must  be  repleni.shed  at  every 
opportunity  when  the  river  water  is  free  from 
salt  irrespective  of  its  other  qualities. 

Pressure  filters  are  oreferred  to  the  open 

type  of  sand  filter,  for  economical  reasons 
and  no  others.  A  pressure  filter  installation, 
where  properly  designed  and  _  equipped  with 
a  system  of  flow  controls,  will  give  almost, 
if  not  entirely,  as  good  results  as  the  open 

type  at  about  one-quarter  the  cost  for  main- 
tenance and  operation.     The  plans  provide  for 

pimips.  When  the  water  rises  in  the  tank 
to  a  predetermined  level  thereby  reducing  the 

air  space,  a  float  operating  an  electrical  con- 
nection will  ring  an  alarm  in  the  pumping, 

station.  A  tank  such  as  described  is  advisable 
irrespective  of  the  material  of  which  the  pipe 
line  is  to  be  constructed. 

Pipe  Line. — The  most  important  element 
entering  into  the  proposed  improvement,  from 
the  standpoint  of  cost,  is  the  15-mile  pipe  line 
from  the  surge  tank  to  the  city.  The  cost 
of  this  fine  will  be  fully  75  per  cent  of  the 
total  expenditure.  The  line  is  designed  to 

carry  3,000,000  gals,  daily,  which  it  is  esti- 
mated will  serve  the  city  for  the  next  20 

years.  The  materials  available  for  this  line 
are  cast  iron,  steel,  concrete  and  wood.  The 

bidding  prices  will  govern  the  choice  of  ma- 
terial. The  first  two  and  the  last  type  of 

pipe   are   of   the   usual   standard    construction. 
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and  call  for  no  further  comment  here.  The 

■consulting  engineer's  comments  on  reinforced 
■concrete  pipe,  however,  are  of  special  interest 
■and   are  here  given   in   substance. 

On   his    trip    to    Europe    in    the   winter   of 
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Fig.  3.    Sections  of  Proposed  Combined  Suc- 

tion  Well,  Sterilization   and  Coagulating 

Chamber    and    Wash    Water   Tank, 
Corpus  Christi,  Texas. 

1913-14,  Mr.  Potter  investigated  a  type  of  re- 
mforced  concrete  pipe  manufactured  by  the 

'Jagger"  process,  a  process  in  which  the  con- 

crete is  compacted  bv  oscillation  and  vibra- 
tion to  an  extent  which  renders  it  absolutelv 

watertight  under  the  pressure  to  which  such 
a  pipe  line  would  be  subjected  at  Corpus 
Christi.  The  interior  of  pipe  manufactured 
by  this  process  is  as  smooth  as  glazed  stone 

w'are,  which  gives  it  about  the  same  carrying 
capacity  as  cast  iron  pipe  of  the  same  diameter 
five  years  old.  The  physical  life  of  this  pipe 
is  fully  as  long  as  that  of  cast  iron,  in  the 
judgment  of  the  consulting  engineer.  Pipe 

manufactured  by  the  "Jagger"  process  de- 
signed to  resist  a  working  pressure  of  100 

lbs.  can  be  manufactured  at  Corpus  Christi 
for  about  $1.50  per  foot.  The  cost  of  laying 
such  pipe  in  the  trench  is  said  to  be  no  greater 
than  that  of  laying  cast  iron  pipe. 

PERSONNEL. 

Mr.  Alexander  Potter  of  New  York  City 
is  Consulting  Engineer  on  this  work,  and 
Mr.  H.  A.  Stevens  is  City  Engineer.  The  in- 

formation here  presented  has  been  compiled 
from  the  nlans,  specifications  and  report  pre- 

pared by  Mr.  Potter. 

A  Discussion  of  the  Elements  of  Wa- 
ter Works  Accounting. 

There  are  three  interests  involved  in  every 
water  plant:  (1)  the  proprietors,  (2)  the  pub- 

lic, (.3)  the  managers.  It  is  a  function  of  ac- 
counting to  present  a  history  of  a  plant  in 

such  form  that  it  may  be  used  as  a  guide  by 
each  interest  in  its  future  conduct  toward  the 
plant.  This  history  should  be  presented 
periodically  and  at  least  annually.  Mr.  R.  A. 
Stevenson,  instructor  in  accounting  at  the 
Iowa  State  University,  recently  had  the  op- 

portunity of  investigating  the  report  of  a 
large  number  of  water  plants,  both  municipal- 
Iv  and  privately  owned.  He  read  a  paper, 
from  which  the  following  matter  is  taken,  at 
the  second  annual  field  day,  Nov.  20,  1914, 
in  which  he  discussed  the  evidences  of  poor 
and  indifferent  accounting  by  water  utilities. 
He  also  discusses  the  elements  of  the  subject 
and  gives  examples  to  illustrate  the  system 
of  accounts  that  he  recommends. 

The  report  of  a  certain  municipally  owned 
plant  of  a  city  with  a  population  of  about 
20,000  is  taken  as  typical  of  the  reports  issued 
by  all  of  them.  For  the  purposes  of  this  dis- 

cussion we  may  call  the  city  "Urban."  Al- 
though this  was  a  municipal  plant,  the  ques- 

tions involved  are  applicable  to  both  private 
and  municipal  plants.  The  only  difference 
between  the  two  being  that  in  a  municipal 
plant  the  public  assumes  the  interest  of  pro- 

prietor as  well  as  consumer.  The  report  in- 
vestigated continued  the  figures  for  the  two 

years  1912  and  191.3.  The  first  question  con- 
cerned the  investment.  How  much  was  the 

public's  investment  in  the  plant?  .A  thorough investigation  of  the  report  brought  forth  the 
following  information:  From  "the  .\nnual Report   of  the  Urban   Water  Department   for 

1.  Taken  from  page  3  of  the  report: 
Ok   water  works  plant   $  15,000.00 Lake  Michigan  pumping  station     219  410  00 
Water  main  extension  to  date    512,975.'72 

'^°tal       $747,385.72 
^'^'^^'-^L'^'^P'^''''"''"'  supplies  on  hand. .  .$  22  375  99 2.  Taken  from  page  10  of  the  report- Bonded   indebtedness: 
Water  works   bonds,   series  of  1890,  5 

per   cent       t-ynQ  qqq  oo 
Water  works  bonds,  series  of  1911  "41,4 per  cent       145  000  00 
Lake  Michigan  water  works  ref.  bonds' 5  per  cent   ;     20,000.00 

Lake  Michigan  water  works  ref.  bonds, 
4   per   cent       25,000.00 

Water  main  extension  bonds.  i%  per 
cent        300,000.00 

Total       $630,000.00 

This  is  all  the  information  that  it  was  pos- 
sible to  obtain  from  the  report  and  it  is  all 

that  the  state  required  the  cities  to  keep.  An 
investigation  was  made  into  all  the  city  rec- 

ords and  another  one  of  the  physical  property 

to  determine'  its  present  value.  It  was  found 
that  the  old  water  works  plant  had  been 
abandoned  20  years  before  and  was  worthless 
and  that  the  plant  in  use  had  depreciated  by 
$30,000.  The  unpaid  water  accounts  were 
$7,550.  There  was  a  sinking  fund  of  $15,000 
accumulated  to  retire  the  bonds.  The  cash 
balance   for  the   water   department   was   $23,- 
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Detail  of  Pipe  Support- Fig.  4.    Details  of  Surge  Tank  and  Pipe  Line 

Supports,  Corpus  Christi,  Texas. 

576.25.  The  amount  due  to  creditors  for  pur- 
chase was  $13,875.  With  these  facts  it  was 

possible  to  determine  the  public's  interest  in the  business,  because  the  total  assets  of  the 
plant  were  known  and  the  total  liabilities 
were  known.  Deductin!"  the  liabilities  from 
the  assets  gave  the  net  investment  of  the 
public.  In  a  private  plant  the  same  figure 
■would  be  the  net  investment  of  the  stock- 

holders.    The  same  information  was  obtained 

TABLE   L— COMPARATIVE    BAUATSICE    SHEET 
WATER    DEPARTMENT— REARRANGED Assets.  1913,  1912. 

Pumping  :station   $219,410.00     $219,410  00 Distribution  system     612,975.72      512,975.72 
Water  property  used  for — 

Municipal   service       40,000.00  35,000.00 
JVater  dept.   supplies    44,754.15  22,375.99 .^'inking   fund       30,(100.00  15,000.00 Accounts   receivable       12,:).S0.00  7,550  00 
•-as"     10,955.76  23,576.25 

$971,045.63  $835,887.96 

FOR     1913     AND     1912     OF     THE  "URBAN" FROM    WATER    DEPARTMENT    REPORTS: 
Liabilities.                       1913.  1912. 

Bonds: 
Series  1S90.  5  per  cent   $140,000.00  $140,000.00 
Series  1911,  4%  per  cent...   145,000.00  145,000.00 
Series  1913,   4^   per  cent..   100,000.00         
L.  Mich.  W.  W.  Ref.  5  per 

cent          20,000.00  20,000.00 
L.  Mich.  W.  W.  Ref.  4  per 

cent          25,000.00  25,000.00 
Water  main  extension   300,000.00  300,000.00 
Creditors'  accounts         15.450.00  13,875.00 
Depreciation  reserve       40,000. DM  30,000.00 
Sinking  fund  reserve       30.000.00  15,000.00 
Surplus        155,595.63  147,012.96 

$971,045.63  $835,887.96 
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for  the  year  1913  anl  the  net  investment  de- 
termined. The  information  for  the  past  two 

years  was  set  down  in  a  comparative  balance 
sheet  as   shown  in  Table  I. 

This    statement    shows    the    net    investment 

to  be  $147,012.96   for  1912  and  $155,595.63  m 

1913,  plus  the  sinking  fund  reserve  of  $15,000 

in  1912  and  $30,000  in  1913.    The  sinking  fund 

created  through  a  reserve  is  simply  a  means 

of  purchasing  the  plant   from  the  bondhold- 
•ers.     If  the  plant  is  maintained  and  a  sinking 

fund  reserve  created  besides,  the  reserve  be- 

comes part  of  the  net  investment  of  the  pro- 

prietors   when   the   bonds   are    retired.      It   is 

■sometimes    argued    that    the    net    investment 

figure   for  a  municipal  plant  is  of  no  signifi- 
cance.     That    figure    represents    the    financial 

advantage  to  the  present  water  consumers  of 

owning  the   plant   assuming  that   it   could   be 

•managed  just  as  efficiently  under  either  form 

of    management.     The    plant    of   the    city    of 

"Urban"  is  valued   at  approximately  $805,000 

(after    deducting   the    depreciation    from    the 

cost    figure)  ;    the    indebtedness     amounts    to 

$658,000.  leavine  a  net  surplus  of  approximate- 

ly $147,000.     The   consumers   of   water   must 

pay  in  rates  enough  to  cover  all  expenses_  and 

the  interest  on  the  interest-bearing  liabilities, 

while   if   the  plant   were  owned  by   a   private 

corporation,  the  consumer  would  have  to  pay 

enough   in   rates  to   cover  all  expenses  and_a 

return  on  the  whole  value  of  the  plant,_  $805,- 

OOO.      Therefore,    the    surplus    or    net   invest- 

ment  in   a  municipal   plant   is   a   measure   of 

the    financial    advantage   to    the   present   con- 
sumers   from    the    nublic    ownership    of    the 

plant.      What    further    information    may    be 

gathered    from   this  balance   sheet?     The  net 

inv  stment    (surplus)    has   mcreased  $8,.d82.67. 

■besides  the  $1.5,000  added  to  the  sinkmg  fund 

revenue   during  the   year;   $100,000  has   been 

expended     on     the     distribution    system,    that 

amount  having  been  raised  through  the  issu- 

ing of  $100,000,  W"  ner  cent  bonds.   The  plant 

has    also   depreciated   $10,000   luring  the   vear 

as   shown  bv   the  denreciation   reserve.     This 

comparative'balance  sheet  then  is  sufficient  for showing  the  condition  of  the  plant.     It  gives 

an  analvsis   of  financial   changes  in  the  busi
- 

ness.    The  balance  sheet  should  be  the  corner- 

stone   of   anv   accounting   system.     While  the 

balance   sheet   gives   a  comparison  of   net   re- 

sults, it  does  not  show  any  of  the  causes  for 

the    increase    or    decrease    m    surplus.     \\  hat 

were  the  causes  for  the  increase  of  $8..D8
^.b( 

in   the  surplus  item  in  the  balance  sheet?    It 

is    the    function    of   the    income   statement   to
 

analvze    that    increase.      An    examination    of 

the  water  department  report  of  Urban  showed 

that  the  nearest  aoproach  to  an  income  state-
 

ment   was    an    extract    from   the    Citv   Treas- 

urer's report  for  1913,  referring  to  the  finan- 

ces of    the  water  plant. .  That  report  follows: 

From  the  Treasurer's  'Penort  of  the  City  of 
Urban   for   the  year   1918: 

Receipts    and    disbursements    of    the    water 

department. 
1.     Receipts:  ,■,■,  qrt>r 

Assessed   rates      '?q'?,,48 
Metered   water      ■•  ̂ s.  i>:J.'» 

Mason  work          836.04 
Metered   rentals       7175 Miscellaneous 

Total   receipts 
$64,770.07 2.     Disbursements: 

Operation —  .   .  ,„,  -, 

Pumping  station  expense   $  «-4gj;|* 

Office  ■  ■  and " '  'distribution     ex-  ̂ ^^^^^^^ Maintenance —  .._  „- 

Repairs  to  distribution  system 
 607.35 

Repairs  to  pumping  station. . . .  644.1S 

Repairs  to  meters. ........  ••.■•■  osi.av 

Interest  on  bonds  and  sinKing  ̂ ^  qqCOO 
fund    Q'nnn'nn New    extension      

Insurance     8,000.00 414.88 

Total    disbursements 77,390.56 
^   .   .»      12,620.4!) Deficit      

On  the  basis  of  these  figures,  th
e  City 

Treasurer  reported  that  the  water  
plant  had 

been  operated  at  a  loss  of  $12,620.
49,  and  rec- 

ommended that  the  rates  be  raised  Can  we 

base  a  iudgment  as  to  the  reason
ableness  ot 

rates  from  the  above  statement?  It  i
s  true 

that  the  treasurer  paid  out  $12,620.49  m
ore  of 

water    department    funds    that     he     took    in.
 

What  were  the  payments  for?  Were  they  all 
expenses?  An  income  account  is  necessary  to 

answer  those  questions.  The  income  state- ment should  first  show  the  total  revenue  for 

the  year,  whether  actually  collected  in  cash 

or  still  owed  by  the  consumer.  The  above  re- 

port shows  only  the  amounts  actually  collect- 
ed in  cash.  What  constitutes  revenue  to  the 

plant?  A  certain  amount  of  water  is  pumped 
into  the  mains  at  the  pumping  plant  and  is 
all  consumed  for  different  purposes  and  by 

difTerent  parties.  A  benefit  is  conferred  to 

each  party  for  all  the  water  consumed.  The 

return  for  those  benefits  constitutes  the  rev- 
enue. The  revenue  should  be  classified  as  to 

source  somewhat  as  follows : 

1.  Private  service;    (a)   metered;    (b)   un- 
metered. 

2.  Municipal    ser\-ice;    (a)    fire   protection; 

(b)    parks;    (c)   nubhc  buildings,  etc. 
3.  Miscellaneous  service;   (a)  meter  rentals. 

It   mav   seem   like   taking   money   from   one 

pocket  and  putting  it  into  another  to  call  mu- 

nicipallv  consumed  water  a  revenue  to  a  mu- 

nicipally owned  plant.  There  is  no  necessity 

for  the  transfer  of  money  by  the  Treasurer 

to  treat  that  service  as  revenue,  and  in  order 

to  determine  the  reasonableness  of  rates,  it 

is  necessar\-  to  so  treat  it,  and  to  charge  it  to 

the  department  of  the  city  which  receives  the 

benefit.  It  is  the  policy  of  cities  to  use  the 

property  tax  receipts  for  the  cost  of  protect- 
ino-  property  and  snecial  taxes  for  parks  and 

public  buildings.  If  no  charge  is  made  against 

the  funds  created  for  these  purposes  and  cred- 

ited to  the  revenue  of  the  water  department 

for  water  consumed  for  the  city  use,  the  water 

users  are  paying  part  of  the  expenses  for  the 

protection  of  property,  the  beautifying  of 

parks  and  the  maintenance  of  public  buildings 

which  should  be  apportioned  to  the  citizens  on 

some  other  tax  basis.  The  revenues  of  the 

"Urban"  water  plant  should  be  shown  as  fol- 

°Y.^  ■  Private  Service :  There  was  $29,722.68 

received  in  cash  for  metered  service  as  shown 

by  the  Treasurer's  report.  There  was  $8,(40 
more  of  water  used  during  the  year  and  still 

due  from  consumers  which  also  constitutes 

revenue.  The  unmetered  was  $33,967.36.  The 

total  private  service,  therefore,  was  $72,429.84 

2.  Municipal  Service;  An  investigation  of 

the  water  used  by  the  city  showed  that  the 

water  for  fire  protection  if  charged  on  the 

meter  rates  would  amount  to  $10,000.  for 

parks  $5,000  and  for  public  buildings  $
9,.500, 

making   the    total    municipal    revenue   $Z4,o(JU. 

3    Miscellaneous   revenue  amounted  to  ?1,- 080.23.  ,  .     .     «Qs 

The  total  revenue  then  amounts  to  $»»,- 

010.07,  although  the  receipts  as  sj]own  by  the 

treasurer's   report  were  only  $64, 1 70.07 

The  expenses  should  next  be  deducted  f
rom 

the  revenue  to  find  the  net  revenue.  The  t
otal 

disbursements  of  cash  are  not  always  al
l  ex- 

penses. Some  cash  may  be  paid  out  for  new 

nroperty  or  improvements,  etc.  On  t
he  other 

hand  there  mav  be  some  expenses  which 
 are 

not  represented  in  cash  disbursements,
  such 

as  depreciation.  The  expenses  must
  repre- 

sent the  actual  cost  of  bringing  in  the  revenue
 

represented  in  the  revenue  section.  They  ma
y 

be  classified  as  follows: 

1.     General  Expenses,   (a)  Administration.   
(W 

^T'cfp'el-aUng  Expenses,  (a)  OPf^f  igf3  "j^^: 

agement.    (b)    Collection  system,     
(c)   Distribu 

"T  lllnYlnance  Expenses.  <a)  Collection  sy
s- 

tem, repairs,  (b)  Distribution  system  repairs,  
(c) 

Depreciation  on  plant. 

The  item  of  depreciation  on  plant  m
ust  be 

included  in  expenses  to  obtain  
the  correct 

cost  of  operation.  In  spite  of  all  r
epairs,  the 

plant  is  gradually  wearing  out  a
nd  at  some 

time  will  have  to  be  replaced.  The 
 cost  of 

the  plant  throughout  its  life  is  jus
t  as  much 

a  cost  of  operation  as  materia
ls  furnished 

which  are  used  up  within  the  year
.  If  we 

were  to  make  out  an  income  accoun
t  to  cover 

the  whole  life  of  a  plant,  one  of  
the  expense 

items  would  be  Cost  of  Plant.  Sin
ce  we  are 

making  our  income  accounts  s
everal  times 

during  the  life  of  the  plant,  we  m
ust  appor- 

tion to  each  vear  the  value  of  the  plant 
 used 

up   during  the  year.     If  this   were
  not  done. 

at  the  end  of  the  life  of  the  plant,  the  ex- 

penses of  one  year  would  be  burdened  with 

the  whole  cost  of  the  plant.  The  expenses 
should  be  restated  as  follows: 

1.  General  Expenses.  These  had  been 

lumped  in  with  the  operating  expenses  so  that 

insurance  was  the  only  item  under  this  head 

which    could   be    found — $414.88. 

2  Operating  Expenses.  These  were  cor- rectly stated  at  $22,142.64. 

3.  Maintenance.    The  repair  items  were  cor- 

rectly  stated   in  the   report.     Depreciation  on 

the  plant  for  the  year  was  estimated  by  en- 

gineers  at  $10,000,   making  the  total  mainte- 
nance   $11,869.88.  ^  ^o.Aon  Ar, 

The  total  expenses  amounted  to  $34,4Z^4U, 

although   the   total   disbursements   were   $77,- 

390.56.    Deducting  the  expenses  from  the  rev- 

enue gives   the   net   revenues  $63,582.67.     All 

expenses  having  been  met,  the  next  thing  is 

to  meet  the  capital   charges,  that  is  the  pay- 
ments made  for  the  use  of  capital.     In  this 

case   it  is  interest  on  bonds  and  amounts  to 

$30,000,  included  in  the  item  interest  on  bonds 

and    sinking    fund    in    the   treasurer's    report. 
The  other  $15,000  is  an  allowance  for  sinking 

fund   and   is   not   a   deduction   from   revenue. 

It  is  not  a  cost  of  the  capital,  it  is  simply  a 

saving   of   a   part   of   the   profits   with   which 

to  buv  out   the   bondholder's   interests.     It  is 
estimated,  however,  that  $2,000  of  the  unpaid 

accounts  will  prove  worthless  and  these  miust 

be    charged    against    the    net    revenue.    The 

total   charges   of   $32,000,   deducted    from   the 

net   revenue,    gives   $31,582.67,   the   net   profit 

on  the  plant,  instead  of  a  deficit  of  $12,620.49, 

which   is  the  excess   of   expenditure  over   re- 

ceipts.    Of   the    $31,582.67    net   profit,    $8,000 

was  used  to  extend  the  plant  and  $15,000  was 

put  into  the  sinking  fund  to  retire  the  bonds. 

The  remainder.  $8,582.67.  was  carried  to  sur- 

plus and  explains  the  increase  in  the  surplus 

as    shown   by   the   comparative   balance    sheet 

for  the  two  years.    The  reconstructed  income 
statement  is  as  follows: 

Reconstructed  Income  Account  of  the  City 

of  Urban  for  the  year  1913: 1. 

Private  Service: 

(a)  Metered     (cash),    $29,- 
722.45,  plus  charged  $S,740.$38,462.48 

(b)  Unmetered     33,967.36 -572,429.84 

2.  Municipal  Service: (a)  Fire  protection   *^?'XSAnS 
(b)  Parks     ■       g'SnS-nn 

(c)  Public  buildings,  etc       9,500.00 
24.500.00 

Miscellaneous  Revenue: 

(a)  Special   work   
(b)  Meter  rentals   
(c)  Sundry  accounts   . . . 

S36.04 
172.44 
71.75 

1.0S0.23 

Total  revenue    598,010.07 
EXPENSES. 

.  General  Expenses: 

(a)  Administration. 
(b)  Insurance,    etc   

.  Operating  Expenses: 

(a)   Operating  management, 
(b)    Collection   system   ^ii'Pcci 

(c)  Distribution  system    10,bi!>.b4 

.$      414.8 

-$22,142.64 

3    Maintenance  Expenses: 

(a)  Collection    system pairs      ■  •  ■ (b)  Distribution  system  re-     ̂   ̂̂ .  ̂^ pan-s  •■•,•_-•-•_•  VJ'.^iV,;;""  lo.'ooo.'oo .$      644.19 

(c)  Depreciation  on  plant. 
11,869.88 

Total   expenses 
.$34,427.40 

Net  revenue     
5^3,582.67 

Deductions  from  net  revenue: 
1.  Interest  on  bonds   H'moOO 

2.  Bad  debts  charged  oft   ■     ̂ -"""-""^^y  nnn  no 

Net  profit   
lEiiiii? 

Distribution  of. profit:  .  o  nno  00 
1,  New  construction     *i5'n0000 
o       C!«l.-iTio.    fund             lO.IIUU.UV 

2.  Sinking  fund 23,000.00 

Net  amount  carried  to  surplus  
 $  8,582.67 

If  the  public  were  to  base  its  ju
dgment  on 

the  treasurer's  report,  the  rates
  would  have 

to  be  raised,  whereas  the  plant  is
  actually  op- 

erating at  a  profit  and  in  a  condition 
 to  re- 

duce fhe  rates.  The  reports  then  i
n  which 

the  proprietors  and  public  ar
e  interested  are 

the  balance  sheet  and  income  s
tatement.  With 

these  two  statements  which  gi
ve  a  concise 

historv  of  the  business,  they  ar
e  both  able 

to  form  an  accurate  judgment  
as  to  the  con- 



602 
Engineering   and    Contracting 

Volume  XLII.     No.  27. 

dition  of  the  plant  and  as  to  the  reasonable- 
ness of  rates.  Having  formed  a  judgment, 

they  can  e.\ercise  their  power  of  control  to 
the  best  interests  of  the  public  and  the  plant. 
The  specfal  problems  of  the  manager  are : 
(1)  the  determining  of  causes  behind  the  ex- 

pense account ;  (2)  the  determining  of  unit 
costs  of  distribution;  (3)  unit  costs  for  laying 
pipe,  installing  meters  and  services;  (4)  the 
location  of  waste  from  the  loss  of  water  and 
other  sources ;  the  results  obtained  from  the 
installation  of  meters  or  from  the  installation 
of  any  new  device.  The  manager  demands 
statistics  which  will  serve  as  an  aid  in  the 
direct  management  of  the  plant.  In  order  to 
give  the  needed  information  to  the  managers 

it  is  necessary  to  develop  a  set  of  statistics 
which  will  keep,  a  record  of  each  class  of  in- 

formation desired.  These  statistics  may  be 
entirely  separate  from  the  financial  accounts. 
An  account  should  be  opened  for  laying  of 

pipe  to  get  the  unit  costs  of  laying  pipe.  The 
same  should  be  done  for  installing  meters. 

There  would  have  to  be  kept  statistics  show- 
ing the  amount  of  water  pumped  and  then 

the  amount  recorded  by  the  consumers'  meters to  locate  lost  water,  etc.  What  should  a  water 

plant  which  has  no  adequate  accounting  sys- 
tem do  to  install  one?  There  are  just  four 

steps  to  be  taken ; 
1.     Take    a    complete    inventory    of    all    the 

assets    and    liabilities    to    construct   a   balance 
sheet  as  a  starting  point. 
2.  Employ  a  bookkeeper  to  look  after  all 

the  accounts  of  the  department,  including  the 

manager's  statistics. 
3.  Study  the  plant  with  the  view  of  having 

the  necessary  forms  ruled  to  fit  the  needs  of 
the  plant.  The  forms  to  be  used  are  of  the 
utmost  importance.  They  should  be  ruled  so 
that  the  information  may  be  readily  entered 
on  them  and  readily  collected  from  them.  Too 
many  forms  will  make  a  person  feel  that  the 
inforrnation  is  not  worth  the  bother  or  that 

there  is  too  much  "'red  tape." 4.  After  the  system  is  installed,  keep  it 
working — give  it  a  chance. 

UILDIMG; 
Design  Features  of  the  Open  Hearth 

Building      of     the      Pennsylvania 
Steel  Co.,  Steelton,  Pa. 

(Staff  Article.) 

The  Pennsylvania  Steel  Co.,  in  carrying  out 
a   general    program    of     reconstruction,     has 
built  a  centralized  steel  making  plant,  which 
affords    it    excellent    facilities    for   producing 

1906,  is  448  ft.  long  by  172  ft.  5  ins.  wide, 
with  gas  producer  buildings  and  a  calcining 
plant.  During  1913  an  extension  392  ft.  long 
was  built  at  the  west  end  of  the  main  build- 

ing, and  another  extension  84  ft.  long  was 
constructed  at  the  east  end,  the  minor  build- 

ings also  being  extended  where  necessary. 
GENERAL    FE.\TURES. 

Figure   1   is  a  plan  of  the  main  section  of 

other  65  ft.  wide.  The  72-ft.  runway  is 

equipped  with  two  50-ton  "Morgan"  cranes 
and  one  75-ton  "Alliance"  crane,  with  25-ton 
secondary  hoists.  The  65-ft.  runway  is  served 

by  two  115-ton  "Morgan"  ladle  cranes  equipped 
with  25-ton  auxiliary  hoists  and  one  150-ton 
"Alliance"  crane  with  separate  auxiliary 
hoists  having  capacities  of  40  tons  and  25 
tons  respectively. 

&4-0  Extension 

Bessemer  Dry  House 
-108  ̂ --^^   ?52 

■  6as  Producers 

Fig.  1.     Plan  of  Open  Hearth  Building  of  Pennsylvania  Steel  Co.,  Steelton,  Pa.,  Showing  Layout  of  Furnaces  and   Equipment. 

any  grade  of  Bessemer  or  open-hearth  steel 

by  any  known  process.  The  company's  original 
Bessemer  converter  plant,  which  was  built  in 
1867,  consisted  of  two  small  converters,  while 

the  open-hearth  plant  and  of  the  east  and 
west  extensions,  and  Fig.  2  is  a  cross  section 
of  the  main  and  auxiliary  buildings.  These 
drawings  give  the  locations  of  the  converters 

The  six  90-ton  stationary  open-hearth  fur- 
naces (see  Fig.  1)  are  modem  in  all  par- 

ticulars, and  have  a  total  capacity  of  25,000 
tons  of  ingots  per  month,  using  hot  pig  iron 

Fig.  2.     Cross  Section  of  Main  and  Auxiliary    Buildings  of  Open    Hearth    Plant  of  Pennsylvania   Steel   Co. 

fn;the7Stio°ra",;'d"w"sa&%r/sSo^s  st"r'uct^irs  ̂ "' ''''''''''  "^'^  ''^'^  °^  '=°"-  r'  ̂   .r^^^  ?^^^  ̂ """^" '-' '''  '' 

t^n^hea'nh'^plLrthi^h^r,  VI'AriT  ''''  -'"  '"'•^■"^consists  of  two  parallel      '7t  tl^Ts?  end'T  tL Tu'lding  there  are open  hearth    plant,   which    was   built   in    190o-       crane  runways,  one  of  which  is  72  ft.  and  the       two  200-ton  tilting  furnaces.     ThI  fronts   of 
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these    furnaces    are    water   cooled,     and     the  The  metal  mixers,  one  of  800  tons  and  the 
doors  are  electrically  operated.    The  estimated  other  of  400  tons  capacity  can  be  fired  either 
capacity    of    each    of    these    furnaces    is    6,000  with  tar  or  oil. 
tons  per  month  when  using  a  mixture  of  pig  The  Bessemer  converters    (see  Fig.   1)    are 

•.eGdrs.       ̂ '"caTaBoVe^scfap^""^      Open  mer  conv'rters.. Note   C^op  Chord  Bracg  shown  dotted 
  IBoTt     '  '  '        full 

t^ofeA!/  Sizes  not  shown 

-.3S-0-,   »~ 
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Fig-  3.     Framing  Plan  and  Elevations  of  Main  Building   of   Pennsylvania   Steel    Co.'s   Open Hearth  Plant. 

iron    and    scrap,   and    20,000   tons    per   month  tilted   electrically    and    are    arranged    so   that 
when    duplexing.      These    furnaces    are    also  they  can  be  charged  and  poured  from  the  same 
charged  bv  a  "Wellman"  machine.  side.     The  cranes   from  the  stock  yard  place 

the  scrap  on  a  platform,  from  which  it  is 
dropped  into  the  converters  by  a  5-ton "Shepard"   crane. 

The  heats  are  generally  handled  in  110-ton 
capacity  ladles,  which  are  equipped  with  the 
usual   bottom    stopper   arrangement. 
The  stock  yard  is  924  ft.  long  by  75  ft. 

wide,  and  it  is  served  by  two  75-ft.,  10-ton 
"Morgan"  cranes,  equipped  with  lifting  mag- 

nets, and  one  2o-ton  "Alliance"  crane,  the 
latter  being  used  principally  to  handle  the 
iron  ladles  from  the  blast  furnaces,  where  they 
are  emptied  into  the  metal  mixers.  These 
iron  ladles  have  a  capacity  of  235  cu.  ft.  each, 
and  they  are  moved  along  a  track  at  the  side 
of  the  stock  yard. 

STRUCTURAL  FEATURES. 

To  illustrate  the  structural  features  of  the 

open-hearth  building  the  west  392-ft.  exte-sion 
will  be  considered,  this  extension  consisting  of 
fourteen  28-ft.  bays.  Figure  r!  (a)  is  a  fram- 

ing plan  of  the  bracing  used  in  this  extension, 
and  Fig.  3  (b)  is  an  elevation  of  the  trusses, 
the  bracing  in  the  plane  of  the  lower  chord 
being  shown  by  full  lines  and  that  in  the  top 
chord  by  dotted  lines.  It  will  be  noted  that 
no  lateral  bracing  is  used  in  the  planes  of  the 
top  chords  of  the  trusses  in  the  main  part  of 
this  addition  (the  north  145  ft.  2  ins.  of  it). 
The  "lean-to"  at  the  south  side  has  both  top 
and  bottom  lateral  bracing,  as  shown.  The 

purlins,  which  are  not  shown  in  this  draw- 
ing, give  sufficient  bracing  to  the  top  chords  of 

the  trusses. 

Along  the  line  marked  "D"  in  Fig.  3  (a) 
the  main  column  spacings  are  28  ft.  and  42  ft. 

The  spacing  of  these  columns  and  the  fram- 
ing in  the  plane  of  them  are  show-n  in  Fig. 

3  (c).  The  framing  along  the  line  marked 
"C"  in  Fig.  3  (a)  is  shown  in  Fig.  3  (d)  ;  that 
along  the  line  "B"  is  shown  in  Fig.  3  (e)  ; 
and  that  along  the  line  "A"  in  Fig.  3  (f). 
These  drawings  show  clearly  the  general 
structural  features  of  the  building.  By  re- 

ferring to  Fig.  3  (e)  it  will  be  noted  that  the 
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of   Heavy  Cranes  Serving   Open    Heartli   Builc 

ing   of   Pennsylvania   Steel    Co. 

transverse  trusses  are  supported  by  98-ft., 
parallel-chord.  longitudinal  trusses,  and  that 
the  crane  runway  girders  along  this  line  of 
columns  also  have  a  span  of  98  ft. 
The  98-ft.  trusses  have  an  effective  depth 

of  12  ft.  and  are  of  the  type  shown  in  Fig. 
3  (e).  Each  of  these  trusses  supports  three 
sets  of  transverse  trusses  at  intermediate  panel 
points.  The  maximum  stress  in  the  upper 
chord  of  a  98-ft.  truss  is  339,000  lbs.,  and  its 
section  consists  of  two  15-in.,  33-lb.  channels 
and  one  23  x  %-in.  cover  plate.  The  maxi- 

mum stress  in  the  lower  chord  is  361,000  lbs., 
and  its  section  consists  of  four  5  x  3%  x  9/16- 
angles  and  two  12  x  %-in.  plates.  All  web 
members  are  composed  of  four  angles. 
The  98-ft.  crane  runway  girders  (see  Fig. 

3e)  in  the  69-ft.  6-in.  bay  are  of  the  plate 
girder  type,  their  depth,  back  to  back  of 
angles,  being  9  ft.  11%  ins.  These  girders 
carry  150-ton  and  llo-ton  cranes,  the  load- 

ings being  as  shown  in  Fig.  4.  The  maximum 
moment  in  these  girders  is  22,645,000  ft.-lbs., 
and  the  maximum  end  shear  is  980,000  lbs. ; 
these  values  include  25  per  cent  impact.  The 

bottom  flanges  of  the  girders  have  the  fol- 
lowing composition,  the  total  net  section 

being   129.22  sq.  ins.: 
2  SxSxl3/16-in.  angles. 
2  lSx%-ln.  flange  plates. 
1  25^x?i-in.    X   77-tt.   cover   plate. 
1  22x%-in.  X  68-ft.  cover  plate. 
1  22x%-in.  X  59-ft.  cover  plate. 
1  22x11 /16-in.  x  4S-ft.  cover  plate. 
1  22xll/16-in.  x  35-ft.  cover  plate. 
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The  composition  of  the  top  flange  is  the 
same  as  that  of  the  bottom,  except  that  the 
cover  plates  are  full  length.  The  web  plate 
is  119  ins.  wide  and  %  in.  thick.  The  end 
stiffeners  consist  of  four  6  x  6  x  %-in.  angles, 
with  20  X  %-in.  fills  for  the  flange  plates  and 
16U  X  13/16-in.  fills  for  the  flange  angles.  The 
19  pairs  of  interior  stiffeners  are  each  com- 

posed of  two  6x4  X  %-in.  angles. 
The  98-ft.  crane  runway  girders  in  the  To- 

ft. 8-in.  bay,  which  carrj'  75-ton  and  50-ton 
cranes,  have  a  depth  of  10  ft.  0 13/16  ins., 
back  to  back  of  angles.  The  maximum  mo- 

ment in  these  girders  is  15,330,000  ft.-lbs.,  and 

Methods  Used  to  Protect  the  Founda- 
tion of  a  Heavy  Tower  During 

Adjacent  Subway  Construc- 
tion in  Boston,  Mass. 

The  construction  of  subways  often  involves 
the  use  of  special  construction  methods  to 
protect  the  foundation  of  adjacent  buildings. 
This  is  particularly  true  where  the  buildings 
are  found  on  material  which  has  a  decided 
tendency  to  flow.  During  the  construction  of 
a  portion  of  the  Copley  Square  station  of 
the  Boylston  St.   subway  west  of  Dartmouth 
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ardous  by  the  proximity  of  the  high  stone 
tower  of  the  Old  South  Church,  the  founda- 

tions of  which  had,  even  before  the  subway 
construction  was  started,  settled  unequally 
in  the  soft  silt  and  clay,  causing  the  tower 
to  lean  an  appreciable  amount  toward  the 
street.  The  following  article  describes  the 
methods  used  to  prevent  further  displace- 

ment during  subway  construction,  the  data 
upon  which  the  article  is  based  being  taken 

from  the  discussion  of  a  paper,  "Boston 
Foundation,"  by  L.  B.  Manley,  in  the  Jour- 

nal of  the  Boston  Society  of  Civil  Engineers. 
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Fig.  5.     Roof  Trusses  Over  Bays  of  Open  Hearth  Building  of  Pennsylvania 
Steel   Co.,  Showing  Stresses  and   Sections. 

the  maximum  shear  is  668,000  lbs.     The  web  St.,   Boston,   Mass.,  the  work  was  made  haz- 
plate  is  120  ins.  wide  and  9/16  in.  thick,  and 
the  net  area  of  the  flange  is  90.96  sq.  ins. 
The  28-ft.  girders  in  the  69-ft.  6-in.  bays 

have  a  depth  of  5  ft.  0%  in.,  back  to  back 
of  angles,  while  the  28-ft.  girders  in  the  75- 
ft.  8-in.  bays  have  a  depth  of  6  ft.  1%  in., 
back  to  back  of  angles.  The  42-ft.  girders  in 
the  75-ft.  8-in.  bays  have  a  depth  of  6  ft. 
0%  in.,  back  to  back  of  angles. 

Figure  5  gives  the  stresses  and  sections  of 
the  members  of  the  trusses  and  monitor  over 
the  69-ft.  6-in.  and  75-ft.  8-in.  bays,  and  the 
"lean-to."  No  lateral  bracing  is  used  in  the planes  of  the  top  chords  of  the  69-ft.  6-in.  and 
75-ft.  8-in.  trusses  as  the  closely  spaced  10-in. 
channel  purlins  afford  sufficient  bracing.  The 
bracing  in  the  plane  of  the  lower  chords  is 
shown  in  Fig.  3  (a). 
The  height  of  the  columns,  and  the  heavy 

roof  and  crane  loads  carried  by  them,  recuired 
the  use  of  several  tvpes  of  column  sections. 
Figure  6  (a)  gives  the  height,  loading  and 
composition  of  the  outside  columns,  Nos.  24 

and  26  in  line  "A"  (see  Fig.  3a).  These  col- 
umns support  one  end  of  the  69-ft.  6-in.  trui^, 

aiid  carry  a  line  of  98-ft.  crane  runwav  girders. 
Figure  6  (b)  gives  essential  data  on  the  com- 

position and  loads  carried  by  the  interior  col- 
umns along  line  "B,"  the  maximum  load  on 

which,  including  the  crane  thrust,  is  3,318,000 
lbs.  These  columns  carrv  the  adjacent  ends 
of  the  69-ft.  6-in.  and  75-ft.  8-in.  trusses  and 
also  tvyo  lines  of  98-ft.  crane  runway  girders, 
in  addition  to  floor  loads.  Figures  6  (c)  gives 
data  on  column  No.  21  in  line  C,"  and  Fig. 
6  (d)  gives  data  on  columns  Nos.  25,  26%, 
28%  and  30  in  line  "C."  These  columns  are 
along  the  south  side  of  the  75-ft.  8-in.  bay — 
between  that  bay  and  the  "lean-to."  Figure 6  (e)  shows  the  composition  of  and  the  load- 

ing on  column  No.  21  in  line  "D,"  the  out- 
side line  of  columns  of  the  "lean-to." 

PERSONNEL. 

The  work  described  was  designed  by  the 
Bridge  and  Construction  Department  of  the 
Pennsylvania  Steel  Co.,  Charles  H.  Mercer, 
chief  engineer. 

walk,  the  peak  being  246.5  ft.  above  the  bot- 
tom of  the  foundations  and  263  ft.  above  the 

bottom  of  the  subway  excavation.  The  foot- 
ings are  of  granite,  stepped  out  to  37x42.5 

ft.  They  are  laid  in  lime  mortar,  as  is  the 
remainder  of  the  stone  work,  and  rest  directly 
on  spruce  piles,  cut  off  at  3.5  ft.  above  mean 
low  water. 
The  total  weight  of  the  tower  and  its 

foundations  is  about  5,000  tons,  which,  if  uni- 
formly distributed  on  its  base,  would  produce 

a  load  of  3.18  tons  per  square  foot.  The  effect 
of  the  inclination  of  the  tower  is  to  shift  the 
center  of  loading  toward  the  lowest  corner 
of  the  base ;  and  the  inclination,  combined 
with  a  wind  pressure  from  the  northeast  of 
30  lbs.  per  square  foot,  has  been  computed  to 
give  a  maximum  intensity  of  loading  under 
the  southwest  corner  of  over  5  tons  per  square 
foot.  The  number  and  length  of  the  support- 

ing piles  are  not  known,  but  if,  as  supposed, 
these  piles  are  spaced  2.5  ft.  on  centers,  this 
maximum  loading  would  correspond  to  a  load 
of  32.5  tons  per  pile. 

The  records  show  that  shortly  after  the  com- 
pletion of  the  tower  in  1875  a  distinct  inclina- 

tion was  observed  which  gradually  increased 
until  at  the  time  the  subway  work  was  begun 
the  tower  leaned  2.5  ft.  toward  Boylston  St. 
and  1.4  ft.  toward  Exeter  St.,  the  resultant 

inclination  being  about  3  ft.  toward  its  south- 
west corner,  or  in  the  direction  of  the  sub- 

way location.  This  movement  of  the  peak  of 
the  tower  corresponds  quite  closely  with  the 
inequalities  of  grade  in  the  stone  water  table 
extending  around  the  base  of  the  tower  and 
along  the  church  vestry  and  parsonage  to- 

ward the  west,  and  it  indicates  an  unequal  set- 
tlement of  the  tower  considerably  more  than 

that  of  the  neighboring  buildings. 
CHARACTER     OF     SUBSOIL     AND     SETTLEMENTS    OF 

SAME. 
The  character  of  the  soil  below  the  founda- 

tions of  the  tower  is  shown  by  the  borings  to 
be  silt  and  clay  for  a  depth  of  115th  ft.  The 
filled  material  extends  from  20  to  22  ft.  below 
the  sidewalk,  or  about  6.5  ft.  below  the  tops 
of  the  piles.  Below  this  gravel  fill  there  are 
16  ft.  of  black  silt  resting  on  pockets  of  sand 
and  gravel,  and  below  the  sand  there  are  102 
ft.  of  clay,  hard  at  its  surface  but  verj'  soft 
for  the  remainder  of   the   depth.     Below   the 
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Fig.  6.     Types  of  Columns,  Loads  and  Sections  in  Open  Hearth  Building  of  Pennsylvania 
Steel  Co. 

Dustless  street  cleaners,  operated  on  the 
combined  vacuum  and  sweeper  principle,  are 
in  use  in  a  number  of  cities  in  the  United 
States  and  Canada.  It  is  claimed  that  their 
work  is  entirely  satisfactory,  and  that  after 
cleaning  no  sprinkling  is  necessary,  as  the 
dust  has  been  thoroughly  removed. 

DESCRIPTION   OF    lOWE'!. 

The  tower  is  a  hollow  stone  shaft.  25x28 
ft.  in  outside  dimensions,  with  walls  from-  2.5 
to  4  ft.  thick,  being  connected  on  its  north  and 
east  sides  with  the  church  building.  At  the 
belfry  level,  120  ft.  above  the  sidewalk,  four 
corner  turrets  of  brown  sandstone  are  cor- 

beled out  and  support  the  slate  covered  wooden 
roof  whose  peak  is  231.6  ft.  above  the  side- 

clay  there  is  a  layer  about  4  ft.  thick  of  hard- 
pan,  resting  on  boulders  or  rock. 
The  great  depth  of  silt  and  clay  has  also 

caused  a  general  subsidence  of  the  adjacent 
territory.  The  northwest  corner  of  the  Bos- 

ton Public  Library,  which  is  across  Boylston 
St.,  has  settled  about  10  ins.,  and  the  curb 
between  Clarendon  St.  and  Fairfield  St.  has 
settled  from  3  to  4  ins.  since  1904.     In  Dart- 
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mouth  St.,  where  the  depth  of  the  silt  layer IS  greatest,  the  curb  at  the  southwest  corner 
of  Huntington  Ave.  has  settled  0.4ti  ft.  in  9 
years;  at  Marlborough  St.  it  has  settled  1.54 
ft.  in  39  years;  while  a  6-ft.  brick  sewer  in 
this  street  at  Boylston  St.  was  found  to  be  2 
ft-  lower  than  the  grade  at  which  it  was  set 
in  1870.  It  appears  that  the  general  subsid- 

ence in  the  vicinity  of  Copley  Square  has  been 
progressing  at  the  rate  of  nearly  5  ins.  in 10  years. 

SUBWAY  CONSTRUCTION   AND   METHODS   USED. 

The  Boylston  St.  subway,  which  is  directly 
opposite  the  tower,  consists  of  a  two-track 
bore  with  a  20-ft.  platform  and  a  lobbv  for 
entrance  stairways  and  ticket  offices  30x55  ft. 
on  the  southerly  side  of  the  street  (see  Fig. 
1).  West  of  the  lobby  the  two  tracks  and  plat- 

form with  side  walls  occupy  a  space  50  ft. 
wide.  East  of  the  tower  the  structure  is 
widened  by  the  addition  of  the  north  plat- 

form to  70  ft.,  the  roof  of  which  is  supported 
by  three  interior  rows  of  columns.  The  whole 
station  is  constructed  of  reinforced  concrete 
and  rests  on  a  heavy  invert  designed  to  assure 
a  uniform  bearing  over  its  entire  area.  The 
bottom  of  the  subway  structure  is  30  ft.  below 
the  surface  and  is  27  ft.  from  the  foundations 
of  the  tower  at  its  nearest  point. 

To  encourage  bidding  on  this  section  of  the 
subway  the  transit  commission  assumed  the 
responsibility  for  the  safety  of  the  tower  un- 

der certain  conditions,  and  in  the  exercise  of 
this  responsibility  its  chief  engineer,  E.  S. 
Davis,    prescribed    the    methods    of    construe; 

Street 

for  a  length  of  about  200  ft.  on  each  side  of the  tower. 
Throughout  this  length  it  was  decided  to 

rest  the  subway  structure  directly  on  the  silt, 
without  foundations,  on  account  of  the  possible 
effect  on  the  tower  of  the  vibrations  resulting 
from  pile  driving  and  of  the  risk  of  lowering 
the  level  of  the  ground  water  consequent  upon 
sinking  foundations  to  the  hard  clay.  To  pre- 

vent any  lateral  movement  of  the  soil  below 
the  subway  a  line  of  steel  cut-off  sheeting  was driven  below  the  invert  at  Dartmouth  St.  be- 

tween the  rows  of  side-wall  sheeting,  and  the 
soil  inside  the  cofferdam  thus  formed  was 
grouted  with  cement  both  before  and  after  the 
construction  of  the  subway  structure. 
The  first  operation  was  the  driving  of  the 

steel  sheeting  around  both  sides  of  the  sub- 
way and  around  the  westerly  side  of  the  lobby 

in  Dartmouth  St.,  in  a  trench  about  12  ft. 
wide  and  10  ft.  deep.  The  sheeting  used  was 
of  the  arched  web  "Lackawanna"  type,  hav- 

ing a  length  of  85  ft.  and  weighing  .35  lbs.  per 
square  foot.  This  was  driven  to  the  top  of 
the  subway  structure  by  means  of  a  "Union 
Iron  Works"  No.  1  hammer,  operated  by  com- pressed air,  the  bottom  of  the  piling  extending 
into  the  clay  a  distance  of  15  ft.  below  the 
bottom  of  the  subway. 

The  grouting  operations  were  next  begun 
through  2-in.  pipes,  spaced  10  ft.  apart  next 
to  the  sheeting  (except  in  front  of  the  church 
tower,  where  they  were  5  ft.  apart),  the  pipes 
being  driven  to  the  clay  by  aid  of  a  water  jet. 
Through   the  open   ends   of   these  pipes   neat 

J\ 

Sfe^sl  Sheet  Piling 

Fig.    1. 

Soft  Clay 

Cross   Section   Showing    Foundation   of  Tower  of  Oid  South  Church,  Boston,  Mass., 
Adjacent   Subway   and   Character  of   Subsoil    at  Site. 

tion  to  be  followed  at  this  location,  which 
methods  have  been  successfully  carried  out 
by  the  contractor. 

The  commission  finally  decided  not  to  at- 
tempt the  difficult  engineering  feat  of  under- 

pinning the  heavy  tower  of  the  Old  South 
Church,  but  in  place  of  such  underpinning  to 
take  the  greatest  care  to  prevent  any  move- 

ment of  the  earth  which  would  tend  to  reduce 
the  bearing  power  of  the  piles  supporting  the 
tower.  The  method  of  operation  adopted  was, 
in  brief,  to  construct  the  station  in  short  trans- 

verse slices  between  lines  of  steel  sheet  piling 
previously  driven,  each  slice  on  acccnint  of  the 
possible  upward  movement  of  the  bottom  of 
the  trench  being  completed  before  the  excava- 

tion for  the  ne.xt  had  reached  a  depth  of 
more  than  10  ft.  To  prevent  any  inward 
movement  of  the  steel  sheeting  during  the 
construction  of  the  slices  a  self-sustainng  back- 
wall  of  reinforced  concrete  was  first  con- 

structed in  a  narrow  trench,  the  timbering  be- 
ing so  arranged  as  to  permit  the  completion 

of  the  back-wall  without  the  removal  of  any 
braces.  After  this  wall  was  completed  the 
remaining  core  of  earth  was  removed,  and  the 
entire  section  of  the  subway  slice  was  con- 

structed in  one  operation.  As  an  additional 
precaution  the  ground  between  the  steel  sheet- 

ing and  the  tower  was  filled  with  large  quan- 
tities of  neat  cement  grout,  with  the  object 

of  solidifying  the  sand  pockets,  closing  under- 
ground water  courses,  and  making  the  sheet- 

ing water-tight.    These  precautions  were  taken 

cement  grout  under  90  lbs.  pressure  was  forced 
into  the  ground  until  it  would  take  no  more; 
the  pipe  was  then  drawn  up  4  ft.  and  the  grout- 

ing was  continued  in  successive  operations  un- 
til the  surface  was  reached.  The  pressure  of 

90  lbs.  per  square  inch  proved  so  great  as  to 
lift  the  walks  and  even  to  start  one  of  the  in- 

terior columns  of  the  church,  and  it  was  aft- 
erward reduced  to  50  lbs.  per  square  inch  with 

sati.sfactory  results. 

After  the  grouting  was  completed,  the  slice 
construction  was  begun  simultaneously  at  the 
east  and  west  ends  of  the  sheet  piling.  The 
first  operation  consisted  of  constructing  the 
self-sustaining  back-wall  in  narrow  trenches 
next  to  the  steel  sheeting.  On  the  south  side 
of  the  subway  this  back-wall  carried  a  36-in. 
sewer  and  was  4  ft.  thick ;  on  the  north  side 
the  wall  was  about  12  ins.  thick  and  was  re- 

inforced with  steel  rods  laid  horizontally.  As 
each  increment  of  this  wall  was  carried  about 
5  ft.  ahead  of  its  corresponding  slice  it  was 
supported  against  an  inward  movement  by  this 
amount  of  the  earth  core  on  its  forward  end 
and  by  the  completed  subway  in  the  rear.  As 
the  earth  between  the  back-walls  was  being 
excavated  these  walls  were  braced  apart  by 

a  heavy  trussed  brace  set  at  the  top  and  for- 
ward ends  to  supplement  the  supporting  power 

of  the  earth  core.  These  supports  were  suf- 
ficient in  most  cases  to  sustain  the  back-wall 

during  the  excavation  of  the  core  and  the  plac- 
ing of  the  main  subway  structure,  but  opposite 

the  church  tower  ordinary  timber  braces  were 

added  for  additional  support,  as  the  excava- tion was  carried  down. 

After  the  excavation  between  the  side  walls 
was  completed  the  concrete  mat  was  immedi- 

ately placed,  and  the  floor  and  walls  water- 
proofed. Then  the  invert  was  constructed; 

the  side  walls  and  structural  steel  were  placed, 
and  the  roof  was  concreted  and  back-filled 
in  the  order  named.  This  cycle  of  operations 
took  about  seven  days  for  completion.  As 
soon  as  the  invert  was  concreted  in  slice  No. 
1  the  excavation  for  the  back-walls  of  slice 
No.  2  was  begun,  so  that  by  the  time  the  whole 
of  the  construction  in  slice  No.  2  was  com- 

pleted the  walls  for  the  next  slice  were  fin- 
ished and  the  excavation  of  the  core  between them  was  begun. 

The  driving  of  sheet  piling  and  the  grout- 
ing of  the  soil  were  begun  in  the  early  sum- 
mer of  1913,  and  the  work  of  subway  con- struction was  started  at  both  ends  of  the  sheet 

piling  during  the  last  of  June.  After  a  short 
time  spent  in  getting  the  organization  to  run 
smoothly,  rapid  progress  was  made,  each  slice, 
involving  from  740  to  1,100  cu.  yds.  of  excava- 

tion and  from  178  to  200  cu.  yds.  of  concrete, 
being  completed  in  about  seven  days.  After 
about  20  anxious  weeks,  during  which  time  the 
tower  was  constantly  under  surveillance,  the 
slices  approached  each  other,  and  on  Thanks- 

giving day,  a  day  of  special  significance  to  all 
concerned  in  the  work,  the  closing  slice  was 
substantially  completed. 

In  consequence  of  this  work  the  total  set- 
tlement of  the  tower  at  its  lowest  point  wat 

about  %  in.,  and  the  increase  of  inclination  at 
the  belfry  was  slightly  over  1  in.  toward  the street.  During  this  time  the  use  of  the  church 
was  continued  as  usual,  and  no  visible  results 
of  any  magnitude  are  apparent  in  the  building 
in  consequence  of  the  subway  construction- 
in  fact,  on  account  of  the  soKdification  of  the 
subsoil  by  means  of  the  grouting  it  is  sup- 

posed that  the  tower  is  now  more  stable  than ever. 

Topography  of  the  Bed  Rock  Under- 
lying Chicago. 

Although  architects,  engineers  and  contract- 
ors usually  have  detailed  information  on  the 

depth  of  bed  rock  under  buildings  with  which 
they  have  been  connected,  their  knowledge  of 
the  depth  of  rock  under  different  parts  of  th» 
city  IS  generally  very  limited.  As  large  build- 

ings are  being  erected  farther  and  farther 
from  the  loop  district  in  Chicago  there  has 
arisen  a  demand  for  more  definite  data  on 
the  general  trend  of  the  rock  topography  This 
demand  caused  Dr.  Wallace  W.  Atwood  to 
initiate,  for  the  Chicago  Academy  of  Sciences, an  investigation  of  the  depth  of  bed  rock 
under  the  city  of  Chicago.  Much  of  the  in- 

formation obtained  is  given  in  a  paper  by 
Roderick  Peattie,  presented  before  the  West- 
em  Society  of  Engineers,  from  which  the  fol- 

lowing data  have  been  abstracted. 
The  investigation  was  started  with  the  idea 

of  cataloging  the  data  from  the  various  offices 
in  some  available  form;  of  making  a  contour 
map  of  the  surface  of  the  Niagara  limestone; 
and,  if  possible,  of  making  a  model  for  pop- 

ular exhibition.  The  map  was  to  be  not  mere- 
ly a  collection  of  the  data,  but  it  was  hoped 

that,  by  means  of  it,  it  would  be  possible  to 
anticipate  the  depth  of  rock  in  parts  of  the 
city  where  no  caissons  had  been  previously 
sunk.  This  was  to  be  accomplished  by  the 
map  maker  through  the  interpolation  of  con- 

tours from  known  regions  surrounding  the 
district,  and  by  a  knowledge  of  the  general 
behavior  of  contour  lines. 

The  catalog  of  well  borings  and  caisson  bor- 
ings has  materialized  in  the  form  of  a  card 

index  (a  copy  of  which  is  in  the  library  of 
the  Western  Society  of  Engineers),  which 
contains  about  2,000  records.  These  are,  how- 

ever, the  averages  of  many  records.  Where 
a  building  had  a  number  of  caissons,  all  with- 

in a  short  distance  of  each  other  and  not  vary- 
ing greatly  in  depth  the  record  is  merely  an 

average  of  the  lot.     As  the  purpose  was  to 
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discover  the  depth  of  rock  under  the  adjacent      on   one   street   the   drilling    farthest   west   re- 
piece  of  land  only  the  general  trend  was  of      ceived  first  attention, 
value.    The  records  are  catalogued  by  streets,  Figure  1  shows  an  outline  map  of  Chicago 

L 

Fig.  1.    Map  Showing  Elevation  of  Bed   Rock  at  Various  Points  In  Chicago— All  Elevations Referred  to  City  Datum. 

as  no  other  system   is  intelligible  to  the  lay-      on  which  have  been  plotted  the  elevations  of 
T'^A  fi^^  'I''"  Z^"*'^''  "°''''  •'^f  i*^,^^'*      ̂ ^^  '"""^  ̂ t  ̂ "io"s  points-    These  elevat  on filed  first;  where  there  were  several  drilhngj      were    compiled    from    data    on    file    with    the 

Western  Society  of  Engineers,  the  Bureau  of 
Engineering  and  the  Board  of  Local  Improve- 
ments. 
The  contour  map  (which  is  not  vet  avail- 

able) will  probably  be  of  greater  value  than 
either  of  the  other  forms.  This  map  when 
finished  will  have  a  contour  interval  of  10 
ft.  Data  are  not  at  present  numerous  enougk 
to  allow  the  use  of  a  5-ft.  contour,  and  it  is 
doubtful  that  this  will  ever  be  the  case,  with 
the  exception  of  the  loop  district  and  perhaps 
some  of  the  surrounding  manufacturing  dis- 

tricts. The  map  is  accurate,  so  far  as  it  goes, 
but  there  are  details  in  the  contours  that  are 
not  recorded  here.  This  is  proven  by  the 
many  irregularities  in  the  contours  of  the 
loop  section  where  more  information  was 
available.  The  writer  can  see  no  reason  to 
expect  that  the  other  level  lines  will  be  more 
nearly  regular,  except  those  west  of  the  di- 

vide, which  would,  of  course,  have  fewer 
deviations  owing  to  the  milder  slopes. 

Nearly  70  firms  were  visited.  About  40  of 
these  firms  were  kind  enough  to  furnish  data, 
and  some  went  to  considerable  trouble  to  ob- 

tain it.  Some  firms  refused  to  furnish  the  in- 
formation because  they  considered  it  their 

stock  in  trade,  and  others  did  not  think  it 
worth  while  to  look  up  their  records.  They 
did  not  comprehend  that  to  pool  their  data 
with  other  offices  would  be  of  mutual  benefit, 
for  the  data  would  be  not  only  a  source  of 
general  information  for  their  estimators,  but 
would  result  in  actual  money  returns  to  them. 
The  map  will  perhaps  never  be  finished,  but 
it  will  be  revised  from  time  to  time  as  more 
data  are  accumulated.  The  more  detailed  it 
becomes,  the  more  valuable  it  will  be,  and  it 

is  only  through  co-operation  that  it  can  be developed. 

Referring  to  the  description  of  the  surface 
of  the  rock  the  zero  contour  represents  the 
city  datum.  (City  datum  corresponds  to  the 
low  water  level  of  1847.  It  is  about  14  ft. 

below  the  surface  in  the  down-town  district.) 
.^  divide  starts  at  the  north  end  of  Lincoln 

Park  at  the  height  of  about  —20  ft.  The  col 
or  pass  between  this  and  the  next  hill  of  the 
divide  it  as  low  as — 6-5  ft.  The  peak  of  the  next 
hill  (Kinzie  St.  and  Western  Ave.),  reaches 
the  greatest  height  of  any  of  the  rock  hills. 
The  rock  here  is  25  ft.  above  the  level  of  the 
lake.  The  divide  then  swings  about  to  a 

smaller  hill,  whose  apex  at  Cicero  .'\ve.  and 
31st  St.  is  10  ft.  above  datum.  The  water- 

shed then  goes  southeast  until  at  63d  St.  and 
Ashland  Ave.,  at  about  25  ft.  in  elevation,  it 
turns  and  runs  southwest  to  the  corner  of 
the  area  mapped.  To  the  west  of  this  divide 
there  is  a  gently  sloping  area  which,  as  far 
as  can  be  discovered,  never  reaches  a  greater 
depth  than  50  odd  feet  below  datum.  A  great 
deal  of  this  western  region  is  mapped  on  in- 

sufficient data,  as  a  few  isolated  factories  and 
the  drainage  canal  were  the  only  sources  of 
information.  For  the  existence  of  such  a 

contour  as  the  40-ft.  line  directly  west_  of 
55th  St.,  the  writer  has  no  real  justification, 
but  from  the  shape  and  proximity  of  the  other 
contours  he  is  led  to  believe  that  the  40-ft. 
contour  is  there.  Another  section  where  data 

are  lacking  is  the  one  at  the  extreme  south- 
west comer  of  the  map.  Here  the  records 

show  a  canyon  60  ft.  deep.  From  the  nar- 
rowness of  the  canyon,  its  shape,  and  sud- 

den termination  (this  canyon  has  been  fol- 
lowed beyond  the  limits  of  the  map),  together 

with  the  uncertain  accuracy  of  the  data,  its 
existence  is  doubtful. 

The  factories  of  South  Chicaeo,  and  the 

soundings  made  by  the  LT.  S.  War  Depart- 
ment and  the  Illinois  Steel  Co.,  in  making 

boat  slips  in  Calumet  Harbor,  furnished  the 
writer  with  ample  material  for  making  ac- 

curately the  contours  of  the  next  hill  north. 
The  rock  comes  to  the  surface  in  one  section 
here,  which  facilitated  the  mapping.  The 
well-known  outcrop  at  7<)th  St.  and  the  lake, 
and  the  old  quarrv  at  75th  St.  and  Railroad 
.\ve.  three  blocks  back  from  the  lake,  mark 

the  top  of  a  hill.  Four  blocks  north,  at  the 
water  tunnel  at  73d  St.,  the  rock  dips  until  it 
is  52  ft.  below  datum.  This  tunnel,  which 
continues  west  to  State  St.  and  thence  south 
to   104th   St.,   has   furnished   data   where  they 



December  30,  1914. Engineering   and    Contracting 607 

would  be  otherwise  wanting.  The  depression 
to  the  north  continues  to  deepen  until  it 
reaches  the  — 90-ft,  contour.  This  contour 
has  eaten  back  until  it  crosses  Cottage  Grove 
Ave.  An  arm  of  this  valley,  marked  by  the 
— 70-ft.  contour,  reaches  to  the  north  as  far 
as  63d  St.  at  Stony  Island  Ave.  To  the  north 
of  this  there  is  a  pass  into  the  next  valley 
which  is  25  ft.  below  the  surface.  To  the 
cast  of  it  is  a  hill,  the  top  of  which  is  only 
10  to  20  ft.  below  the  surface  of  the  lake.   The 

present  Field  Columbian  Musuem  records  it- 
self as  being  on  the  side  of  a  hill,  for  its 

well  record  reads  65  ft.  to  rock,  and  1,000  ft. 
to  the  east  the  rock  is  only  15  ft.  below  the 
surface. 

The  next  district  of  numerous  data  is  the 
Stock  Yards.  From  thence  on,  the  data  are 
excellent,  both  in  quantity  and  in  accuracy. 
The  surface  of  the  rock  descends  with  various 
irregularities   to   the   depth   of    120   ft.   below 

datum.  The  120-ft.  ancient  stream  bed  comes 
under  the  city  at  about  the  river  mouth  and 
goes  as  far  as  the  corner  of  Franklin  and 
Randolph  Sts.  The  greatest  depth  the  writer 
has  discovered  for  the  rock  was  a  well  at 
Union  and  Randolph  Sts.  This  was  132  ft. 
below  the  surface.  The  data  in  the  bottom 

of  this  gorge,  above  which  the  loop  district 

Stands,  are  almost  sufficient  to  permit  the  con- 
struction of  a  5-ft.  contour  map. 

Traffic  and  the  Methods  and  Cost  of 

Road   Maintenance  in    Massachu- 
setts and  a  Comparison  With 

EngUsh  and  French  Con- 
ditions. 

Maintenance  methods  have  perhaps  reached 
their  highest  development  in  this  country  in 
the  state  of  Massachusetts.  In  a  paper  be- 

fore the  Fourth  American  Road  Congress  W. 

D.  Sohier,  chairman  of  the  Massachusetts 
Highway  Commission,  summarized  existing 
conditions  and  his  paper  is  given  here.  It 

should  be  borne  in  mind  that  proper  mainte- 
nance implies  that  the  road  is  kept  continually 

in  as  good  condition  as  when  it  was  first  com- 
pleted. The  life  of  a  properly  maintained 

road  is,  generally  speaking,  unlimited,  replace- 
ment or  reconstruction  of  the  wearing  surface 

being  an  economic  factor  which  is  dependent 
upon  annual  maintenance  costs. 

If  the  road  is  to  be  properly  maintained, 
it  must  in  the  first  instance  be  properly  con- 

structed. The  materials  and  methods  used 
must  be  adequate  to  withstand  the  traffic  that 

goes  over  the  road  without  serious  deteriora- tion in  a  few  months  or  even  a  year  or  two. 
This  means  that  the  road  surface  as  much 

as  the  bridge  and  the  road  foundation  as 
much  as  the  bridge  foundation  must  be  able 
to  stand  without  being  destroyed  the  heaviest 
moving  load   that  is  going  over  it. 

I  am  giving  a  number  of  tables  showing 
the  cost  of  maintenance  in  France  and  Eng- 

land and  Massachusetts,  with  some  tables  on 
traffic  that  will  illustrate  this  point.  We  can 
well  learn  something  from  the  experience  of 
other  countries  where  road  building  has  been 
a  science  for  nearlv  70  years  in  France  and 
for  the  last  25  or  30  years  in  England. 

M-^IXTENANCE   OF  FRENXH   ROADS. 

Thev  established  their  French  road  system 
beginning  in  1826,  and  constructed  their  total 
road  system  of  371,000  miles  in  about  the 
next  25  years. 

Their  roads,  practically  uniform  except  as 
to  width,  have  been  built  almost_  entirely  of 
local  macadam  originally,  6  or  8  ins.  deep  on 
a  proper  foundation.  In  resurfacing  some  of 
the  main  roads  in  later  years  they  have  used 
a  harder  stone  and  Welsh  or  Belgium  granite. 
The  macadam  surface  of  the  road  on  the 
Routes  Nationales  is  24  ft.:  Routes  Depart- 
mentales.  18  ft.,  and  the  roads  de  grande 

communication  and  d'interest  commun,  15  ft. 
The  vearly  cost  of  maintenance  has  been  $273 

a  mile  on  the  Routes  Nationales,  this  mainte- 

nance cost  varying  to  $78  a  mile  on  the  184.- 
000  miles  of  ordinary  country  road  of  only 
local   interest. 

The  French  engineers  last  spring  estimated 
that  some  8,000  miles  of  road  ought  to  be 

resurfaced,  using  a  tar  macadam,  because  of 

the  large  increase  in  automobile  travel  around 

the  cities,  which  travel  was  rapidly  destroy- 
ing their  macadam  roads,  and  they  requested 

the  government  to  furnish  $60,000,000  for  that 
purpose,  about  $7,500  a  mile. 
Their  greatest  problem  for  over  50  years 

has  been  maintenance.  The  roads  are  main- 
tained practically  by  a  central  organization. 

The  whole  country  is  divided  into  86  depart- 
ments, and  all  of  the  county  and  rural  roads 

within   the   department   are   managed   by   the 

prefect  of  that  department,  and  the  expendi- 
tures  appropriated   by   the  council. 

Direct  charge  is  in  the  hands  of  a  central- 
ized body  of  competent  engineers,  about  half 

of  whom  are  graduates  of  the  National 
School. 
Each  department  is  divided  into  four  or 

five  political  districts,  each  district  being  called 
an  arrondissement,  and  the  roads  are  in 
charge  of  a  district  engineer,  who  is  under 
the  direction  of  the  chief  engineer.  Each 
arrondissement  is  again  divided  into  districts 
or  cantons,  and  an  assistant  road  engineer 
under  the  direction  of  the  district  road  en- 

gineer looks  after  all  the  county  and  rural 
roads  within  the  canton.  Then  comes  the 
final  subdivision,  where  the  roads  are  divided 
into  sections  of  a  few  miles  long,  taken  care 
of  by  patrolmen.  All  of  these  are  under  civil 
service  and  the  men  are  promoted  from  time 
to  time  according  to  their  ability. 

Table  I  gives  the  approximate  cost  of 
maintenance  on  the  French  roads,  annually. 

Five  or  six  patrolmen  are  under  a  foreman 

who  is  also  a  patrolman.  When  any  resur- 
facing or  reconstruction  is  to  be  done  they 

use  machinery,  rollers,  etc.,  belonging  to  the 
department  and  collect  together  enough  of 
the   patrolmen,   with   a  section     foreman,     to 

TABLE    I.— APPROXIMATE    ANNUAL.    COST 
OF  MAINTAINING  FRENCH  ROADS. 

Total        Per 
Miles,      expense,  mile. 

Routes   Nationales     23,800     $6,500,000     $273 
Routes  Departmentales   f      8,000       1,500,000       185 C  h  e  m  i  n  s 

Vicinaux   115,400^ 
De    grande    commuca- 

tion       U07,300     16,900,000      157 
D'interest  commun     47,500       6,000,000       126 
Ordinaires     184,700    14,500,000        78 

reconstruct  the  road  under  the  supervision  of 
the  district  engineer.  This  provides  them  with 
men  who  are  thoroughly  familiar  with  the 
work. 

You  will  note  that  the  French  engineers 
state  that  on  the  main  roads  near  the  cities 
the  $273  a  mil^  a  year  for  maintenance  is  not 

keeping  the  roads  up;  that  they  need  $60,- 
000,000  to  resurface  with  tar  macadam  3,000 
miles  of  these  roads  at  a  cost  of  about  $7,500 

a  mile;  that  is,  practically  one-third  of  their 
main  roads  should  be  of  tar  macadam.  If 

this  expenditure  is  made  in  say  a  five-year 
period,  or  $12,000,000  a  year,  it  will  increase 
the  cost  of  maintenance  on  their  23,800  miles 
of  national  roads  about  $500  a  mile  a  year 

for  resurfacing  on  the  average^  and  will  make 
their  total  maintenance  charge  on  their  mam 

roads  $770  a  mile  in  place  of  the  present  cost 

of  $273  a  mile.  Of  course,  if  spread  over  a 

ten-year  period  it  would  only  increase  the 

cost  half  as  much,  the  present  roads  would 

be  practically  impassable.  This  is  in  accord- ance with  our  Massachusetts  experience  on 

our  state  highwavs  where  our  expenses  per 

mile  including  resurfacing  averaged  over 

$850  in   1913. 
MAINTENANCE    OF    ENT.U.SH    ROADS, 

Originallv  there  was  no  road  system  in 

England.  Evervone  made  his  own  road.  Then 
came  "statue  labor"  which  was  required  by 

a  general  act  passed  in  1555.  This  practice 

was  not  superseded  by  "highway  rates"  until 1835.     The   roads   were     cared   for     by     the 

parishes,    and    a   little    later    several    parishes 
were  combined  in  a  highway  district. 

In  1663  England  began  to  pass  "Turnpike 
Acts,"  authorizing  the  creation  of  a  corpora- 

tion with  trustees,  who  were  to  build  roads, 
maintain  toll  gates  and  charge  tolls. 

By  1833  Parliament  had  passed  3,800  Turn- 
pike Acts,  and  created  in  England  and  Wales 

1,116  Turnpike  trusts,  controlling  22,000  miles 
of  road.  They  almost  all  failed  and  in  the  22 
years  after  1864  the  number  of  Turnpike 
trusts  was  reduced  from  1,048  controlling  20,- 
589  miles  of  road  to  20  trusts  with  700  miles 
of  road. 

In  1878  the  cost  of  these  main  roads  which 
had  been  disturnpiked  was  placed  upon  the 
counties.  In  order  to  even  up  the  expense 
more  or  less  the  English  government  made 
appropriations  to  aid  in  the  maintenance  of 
these  main  roads,  beginning  in  1882  with  an 
appropriation  of  about  $800,000.  In  1888  about 
$2,500,000  was  appropriated,  and  now  the 
Road  Board  has  something  over  $6,000,000  an- 

nually which  can  be  spent  in  improving  the 
main  roads. 

They  have  now  a  combination  of  the  coun- 
ty taking  care  of  the  urban  and  rural  main 

roads,  with  the  parish  and  local  authorities 
taking  care  of  the  rural  roads.  The  main 
roads  are  something  over  20  per  cent  of  all 
the  mileage,  leaving  out  London. 

In  almost  all  of  the  counties  they  have  sec- 
tions of  road  in  charge  of  regular  mainte- 
nance men.  They  have  almost  universally 

been  obliged  to  give  up  the  old  system  of 
patching  the  roads  by  putting  in  loose  broken 
stone  from  the  roadside  because  of  the  large 
number  of  automobiles  that  threw  it  out  so 
rapidly,  and  they  have  substituted  patches 
made  of  either  tarred  stone  or  tarred  slag,  or 
the  patches  are  made  by  a  painting  method 
using  stone  chips  and  dust. 

Most  of  the  main  roads  in  England  outside 
of  Metropolitan  London  and  the  other  large 
cities,  are  maintained  by  the  use  of  tar.  Some 
40,000  miles  of  road  were  tarred  in  England 
last  year,  and  some  6,500  miles  were  built  of 
tarred  macadam.  Their  system  of  mainte- 

nance now  is  not  only  to  keep  the  roads  con- 
stantly patched,  but  every  year  or  twice  a 

year  on  their  macadam  roads  they  usually 
flush  them  and  roll  them  filling  the  holes  and 
depressions  first  and  adding  a  small  quantity 
of  chips  and  stone  dust.  On  the  tarred  roads 
a  section  man  keeps  them  constantly  patched. 

They  usually  require  a  fifth  or  a  sixth  of  a 
gallon  of  tar  per  square  yard  which  is 
sprayed  on  once  a  year,  and  this  is  covered 
with  nea  stone  or  gravel  and  kept  covered  so 

it  won't  pick  up.  The  tar  is  usually  sprayed 
on   under   pressure. 

Where  they  have  heavy  traffic  they  are  re- 
surfacing their  roads  with  tarred  Welsh  gran- 

ite which  is  like  our  trap  rock  or  with  tarmac 
which  is  a  tarred  iron  slag.  They  also  build 
a  road  of  three-inch  stone,  rolled  hard,  and 
grout  it  with  a  mixture  of  hot  sand  and  hot 
tar,  equal  volume,  poured  into  the  road  until 
it  flushes  it,  and  roll  in  1%-in.  stone  and 
smaller  stone  with  a  surface  coat  of  tar  and 
sand.  Thev  find  their  macadam  roads  with 
a  tarred  surface  require  re-treatment  every 
year.  This  costs  about  2%  to  3  cts.  a  square 

yard  a  year.  On  the  tar-mix  roads  they  re- 
quire a  new  coat  of  a  fifth  of  a  gallon  of  tar 

applied   on  the  surface  every  two  years. 
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In  Table  II  is  given  the  cost  of  mainte- 

nance on  the  various  classes  of  road  in  Eng- 
land, in  which  you  will  see  that  the  average 

cost  is  $1,100  a  mile  a  year  to  maintain  the 
county  urban  main  roads,  and  the  county 
rural  roads  $-131  a  mile  a  year,  while  the  rural 
roads  which  are  merely  of  local  interest  cost 
about  $122  a  mile  a  year  to  maintain. 

CONTINUOUS     MAINTENANCE. 

In  both  France  and  England  they  keep  the 
roads  constantly  patched.  But  in  France 

near  the  large  cities  w-here  there  is  a  large 
amount  of  automobile  travel,  they  have  been 
unable  to  keep  their  water-bound  macadam 
roads  in  good  condition.  Many  of  them  are 
rough  with  a  large  number  of  pot-holes. 
Around  Paris  they  have  replaced  the  water- 
bound  macadam  with  a  tar  macadam  top  3  ins. 

TABLE  n.— ANNUAL  COST  OF  ROAD  MAIN- 
TENANCE IN  ENGLAND. 

"  .S      £  =  £      b"^ 

County  councils: 
Urban   main   roads.     4,189     $4,601,790        61  $1,110 
Rural  main  roads. .   23,565     10,177,740               431 

27.754  $14,779,530       
County  boroughs. . .     9,366     $6,437,380        28$    685 
London  authorities.     2,192       3,691,355  2     1,680 

11,558  $10,128,735        30        
Road 

authori- ties. 
Urban    roads     11,411     $4,848,020  1,733      $425 
Urban    roads       4,871       2,701.710             555 
Rural   roads     95.077     11,562,920             122 

111.359  $19,112,650       

Totals     150,671  $44,020,915  1,898      $290 
The  total  expenditures  per  year,  including  im- 

provements and  interest,  $.5,990,000. 

in  depth  on  many  of  the  roads  that  were  un- 
doubtedly worn  out  and  rough  and  impassable 

five  years  ago. 
In  both  countries  on  the  main  roads  they 

keep  section  men  constantly  patching  the 
roads.  They  add  a  little  additional  stone,  flush 
them  out  and  roll  them  every  year.  On  the 
main  roads  where  there  is  much  automobile 
travel  they  are  using  tar  in  making  their 
patches,  as  tliey  found  that  the  old  method  of 
putting  on  loose  broken  stnne  and  letting  the 
traffic  roll  it  down  is  of  no  use  because  the 
automobiles  throw  the  stones  out  over  the 
road. 
They  are  patching  by  two  methods,  more 

commonly  using  a  tarred  stone  or  tarred  slag 
with  tarred  chips,  cutting  a  square  edge  if 
there  is  a  pot-hole  and  tamping  the  tarred 
material  in.  The  largest  stone  used  are  at 
least  three-quarters  of  the  depth  of  the  hole. 
In  other  places  they  are  merely  painting  the 
little  place  where  the  tar  fails  and  covering 
with  pea  stone  or  pea  gravel. 

In  resurfacing  in  both  countries  they  are 
using  a  large  stone  about  the  3-in.  size.  In 
France  where  there  is  not  a  great  deal  of 
tarred  macadam  they  are  using  a  hard 
Belgium  granite  on  the  main  roads,  doing 
one-half  the  width  at  once. 

In  England  they  are  using  the  same  large 
size  stone  coated  with  tar  or  a  tarmac  (tar- 
coated  iron  slag).  Most  of  their  engineers 
use  very  little  small  stone  with  it.  They  use 
practically  all  large  size  with  tarmac  as  it 
compacts  under  the  roller.  Some  of  the 
county  engineers  use  10  per  cent  of  the  fine 
material.  They  also  do  one-half  the  road  at 
once.  The  engineers  state  that  they  have  been 
forced  to  use  this  larger  stone  in  resurfacing 
because  of  the  motor  trucks  and  the  large 
number  of  traction  engints  with  trailers.  Our 
practice  in  Massachusetts  is  the  same,  except 
that  we  are  very  often  on  heavy  traffic  roads 
using  asphalt  or  some  asphaltic  bitumen 
rather  than  tar  because  our  experience  leads 
us  to  believe  that  it  is  worfh  the  additional 
cost  for  the  material. 

We  are  also  in  Massachusetts — somewhat 
experimentally  as  yet  as  we  have  only  done 
three  or  four  miles — resurfacing  with  the  tar 
and  sand  mixture  grouted  into  the  three-inch stone  described  above. 

In  England,  France  and  Massachusetts  we 
have  found  it  necessarv  and  economical  with 
the  change  and  increase  in  traffic  to  very 
much  diminish  the  crown  of  our  macadam 
roads. 

Formerly  with  macadam  surfaces  1-5  ft.  in 
width  we  used  a  crown  of  %  in.  to  the  foot. 
We  now  try  to  secure  about  %  in.  to  the  foot 
on  our  bituminous  macadam  roads,  and  in  re- 

surfacing the  old  roads  we  are  widening  the 
macadam  surface  to  18  ft.  in  place  of  15,  as 
our  experience  shows  that  traflSc  otherwise 
will  spread  over  the  edge  of  the  road  and 
rapidly  sheer  down  into  the  macadam  and 
narrow  the  road   up. 
In  England  they  have  been  forced  to  do 

the  same;  to  wit,  widen  the  road  and  di- 
minish the  crown,  because  they  found  that 

the  traction  engine  with  trailers,  of  which 
they  use  large  numbers,  would  shear  down 
into  the  macadam,  thus  rapidly  destroying 
their  older  roads.  They  now  universally  use 
a  crown  that  does  not  exceed  one  inch  to  the 

yard. 
The  result  of  this  in  England  and  Massa- 

chusetts has  been  that  the  traffic  has  spread 
all  over  the  road,  that  no  rut  has  developed 
and  no  horse  track,  a  tremendous  change 
from  a  few  years  ago  when  the  center  of  the 
road  as  a  horse  track  wore  down  quicker  than 
the  sides.  In  traveling  over  2,000  miles  of 

road  in  England  this  year  and  last,  I  didn't 
see  a  single  rut  and  practically  not  a  single 

pot-hole. 
MAINTENANCE   OF    STATE    HIGHW.WS    IN    MASS.\- 

CHUSETTS. 

Our  commission  began  building  roads  in 
1894.  The  earlier  roads  were  almost  entirely 
macadam  with  a  few  miles  of  gravel  or  graded 
road.  The  standard  road  with  necessary 
foundation  and  proper  drainage  wherever 

necessary  was  l.j  ft. '  in  width,  water-bound 
macadam  either  of  trap  or  local  stone,  6  ins. 
deep  in  the  center  and  4  ins.  on  the  sides, 
with  a  3-ft.  gravel  shoulder  on  each  side  and 
with  a  %-in.  crown  to  the  foot. 

The  ordinary  cost  of  maintenance  is  given 
in  Table  III,  but  up  to  1907  when  some  of 
the  roads  were  12  years  old,  the  cost  of  or- 

dinary maintenance  was  substantially  $100  a 
mile  a  year.  Ordinary  maintenance  with  us 
consisted  merely  of  keeping  the  gutters,  catch 
basins,  and  drainage,  open  and  clean,  cutting 
out  the  grass  and  brush  on  the  roadsides, 
keeping  the  shoulders  in  proper  condition, 
spreadmg  a  little  gravel  or  sand  on  the  road 
surface  from  time  to  time  and  filling  the  few 
holes  or  ruts  that  might  occur,  with  broken 
stone  or  gravel.  Very  few  miles  of  road 
had  been  actually  resurfaced  prior  to  1907. 

In  1906  the  automobiles  began  to  come.  Our 
roads  were  some  of  them  IS.vears  old  and 
only  half  the  original  depth  of  stone  was  left. 
We  soon  found  that  automobile  travel,  espe- 

cially at  high  speed,  disintegrated  or  tore  up 
the   macadam    or   gravel    roads,   especially   on 

the  curves,  as  soon  as  there  were  any  con- 
siderable number,  say  50  or  more  in  a  day. 

The  traflSc,  of  course,  increased  tremendously 
in  the  number  of  vehicles,  because  of  the 
large  mileage  of  the  automobiles.  What  had 
been  country  roads  developed,  between  that 
year  and  the  present  year,  into  main  through routes  carrying  oftentimes  away  out  in  the 
country  on  a  main 'route  over  1,000  cars  a 

day. 

TRAFFIC   AND   THE  COST   OF    MAINTENANCE. 
In  connection  with  maintenance  traffic  is  of 

vital  consideration.  In  Table  IV  is  shown 
the  average  traffic  on  the  Massachusetts  state 
highways  in  1909  and  1912. 

TABLE  III.— COST  FOR  CONSTRUCTION,  RE- 
PAIR AND  MAINTENANCE  OF  STATE 

HIGHWAYS,  FROM  1S94  TO  1913. 
-State  highways- 

Repair  and  mam-       Av.  cost  Miles  Cost 
tenance.                per  mile  laid  of  con- 

Jon^""-     ̂ °^*-        Miles,  per  year.  out.  struction. 
1S94         39  35 1895 

50.03     %    637,847 
1896  $  4,727  89.10  $53.05         37.02  458,581 1897  13,267  126.01  105.28         53  25  482  078 

1898  20,661  179.26  115.26         42.68  499'm 
\fl  '    IW.l  221.94  110.56         44.56          407;30» 1900  33,562  266.50  125.93         49.40 
1901  31,061  315.90  9S.32         61.68 
1902  59,943  377.58  158.75 
1903  55,083  430.90  127.83 
1904  51,896  505.03  102.76 
1905  57,456  565.88  101.53 
1906  68,382  622.45  109.86 
1907  106,189  670.37  158.40 

1908  147,037  709.70   323.47    S8".40 1908  S2,628»    
1909  247,985  748.27   537.39    36.53 
1909  154,131*    
1910  214,561  784.80   642.28    52.80 
1910  289,498*    
1911  213.476  837.59   632.86    42.00 
1911  316.003*    
1912  208,687  879.59   708.39    40  72 
1912  414,407*    
1913  203,762  920.31   868.13    60.06 
1D13  595.183*    

396,45» 

453,826 53.32  466,74s 
74.17  443,972 
60.85  445,745 
56.55  509,007 

47.92          444,655. 
39.33  467,944 564, 71» 

4'3i',8i4 

462,165 

412,542 

366,424 
909,063 

        9S0.8S     $9, 262, 67+ 
Average  cost  of  repair  and  maintenance,  1895 

to  1907,  inclusive,  $105  per  mile  per  year. 
Average  cost  of  repair  and  maintenance,  1908 

to  1913,   inclusive.  $619  per  mile  per  year. 
Average  cost  of  repair  and  maintenance,  1895 

to  1913.  inclusive,  $267  per  mile  per  year. 
*Motor  vehicle  fees  fund. 

ROAD    MAINTENANCE. 

Increases  and  Changes  in  Traffic  from  igo^ 
to  I9I3. — In  Massachusetts  the  traffic  using 
our  roads  is  constantly  increasing,  but  it  is 
changing  much  more  rapidly  than  it  is  in- 

creasing. This  is  conclusively  shown  by Table   IV. 

Table  V  shows  the  traffic  on  certain  roads 
at  night.  We  had  a  count  made  for  24  hours 
a  day  at  a  few  points,  and  the  result  may  be interesting. 

I  computed  several  night  and  day  counts 
for  the  two  years  to  get  an  average,  and 
found  that  on  the  average  the  night  traffic 
constituted  about  18  per  cent  of  the  total 
traffic ;  consequently,  one  should  add  about 
22  per  cent  to  the  14-hour  day  count  to  ascer- 

tain the  total  number  of  vehicles. 
Pleasure  Traffic  Around  Boston.  —  The 

census  near  Boston  in  the  parks  may  be  in- 

TABLE  IV.— AVERAGE  TRAFFIC  ON  MASSACHUSETTS  ROADS  IN  1909  AND  1912. 1909  census,  238.5  stations. -1912   census,  156.5   stations. - 

Kind  of  vehicle. 

Z,  at 

Motors — Runabouts        4  955  5 

Touring  cars      '.'.'.'.'.'.'.['.[[[[  n'.95(}'.5 
Trucks      

Total  motors      22  909  0 

Horse-drawn  vehicles —             '' l-horse.   light       17,033.0 l-horse,  heavy    n  752  5 
2  or  more  horses,  light   '..'.'.    l'O06'0 2  or  more  horses,  heavy   !!!!!!  6  205^5 

Total  horse-drawn      36.007.0 

Totals  of  an  kinds   
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96.1 

71.5 
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TABLE     v.— DAY    AND     NIGHT,     12    HOURS 
EACH— OCTOBER,  1912. 

Per- 
cent- Vehicles      Total    ages 

Automobiles,  (all  kinds),     veh-        at 
.      ,         Day.  Night.  Day.  Night,    icles.  night. 

Lexington    .302         59         438         104         542         19 
Watertown  373         72         671         141         S12         17 
Chelsea     ...103         10         358  53         411         13 
Somerville   .266         70         689         231         920         25 
Boston      358         69         513  94         607         15 

teresting,  but  it  must  be  remembered  that  it 
is,  in  many  instances,  light  pleasure  traffic. 
The  figures  from  a  census  taken  in  August, 
1912,  show  that  with  a  total  number  of  ve- 
hkles  varying  from  1,109  to  3,009  from  60  to 

97  per  cent  were  motor  vehicles,  the  average 
being  about  90  per  cent. 

METROPOLJT.\X    PARKS    (MOSTLY    PLEAS- 
URE VEHICLES). 

m      o 

—         2    "^ 
°S        ̂      on 

3~      S    6- 
Location. 

Lynn,   Prescott  PI.   and   Shore 
Res     1,530  1,411  92 

Revere,  Saugus  River  Bridge..   1,872  1,808  97 
Somerville,   Alewife   Bridge....      491  474  97 
Mc-dford,  Parkway  and  Main  St.      515  492  95 
•Somerville,   Welling  Bridge...   2,526  2.174  86 
♦.Alilton.   Mattapan    Bridge     2,383  1,717  72 
Medford,   Maiden  River  Bridge  1,884  1,848  98 

BOSTON   PARKS    (ALL   CLASSES    OF 
VEHICLES. 

Prince   St.,  Jamaica  Plain     1,934     1,715     89 
Commonwealth     Ave.,     a     city 

residential    street        3,009     2,634     88 
Washington     St.,    a     suburban 

city  avenue         1,109        671     60 
•All  classes  of  vehicles. 

Motor  Vehicles  in  Massachusetts. — TabU 

VI  shows  the  number  of  motor  cars  regis- 
tered in  Massachusetts  from  1900  to  1914,  in- 

clusive. You  will  note  that  the  number  of 

automobiles  registered  has  increased  from 
about  7,300  in  1906  to  over  84.000  in  1914,  and 

fully  one-third  of  the  traffic  on  our  main 
roads  consists  of  automobiles  from  other 
states.  You  will  note  also  that  there  were 

less  than  LOO^f  trucks  registered  in  1909  and 
five  years  later  in  1914  there  were  8,000 — 8 
times  as  many. 

deposited  in  dust  over  the  country.  They 
were  rutted,  pot-holes  developed,  and,  as  you 
see,  we  had  to  increase  our  maintenance  cost. 
The  question  was,  how  to  best  preserve  our old  roads. 

In  1907  we  began  to  use  a  bituminous  ma- 
terial as  a  surface  coat.  We  used  refined  tar 

and  a  heavy  cold  asphaltic  oil,  applying  about 
one-half  gallon  to  the  square  yard. 

Proper  Methods  for  Economical  Mainte- 
nance.—In  passing  let  me  say  as  a  result  of 

our  experience  in  the  use  of  bituminous 
binders  on  road  surfaces,  that  we  invariably 
true  up  the  surface  and  patch  the  holes  and 
ruts  first.  We  invariably  thoroughly  brush 
and  clean  the  road  down  to  the  stone  or  hard 

gravel.  We  invariably  spread  our  bitumen, 
whether  tar  or  asphaltic  oil,  evenly  and  un- 

der pressure.  We  invariably  cover  it  and 
keep  it  covered  so  that  it  will  not  pick  up, 
brushing  the  cover  back  from  time  to  time 

when  necessary.  We  cover  it  with  pea-stone 
and  dust,  unless  we  can  secure  a  good  pea- 
stone  in  sand  or  gravel,  or  we  coat  it  when 
the  other  method  is  too  expensive  and  traffic 

is  light,  with  a  coarse  sharp  sand.  There- 
after, constantly  and  eternally,  we  keep  the 

road  and  road  surface  patched,  using  in  patch- 
ing substantially  the  same  bituminous  ma- 

terial that  was  used  for  the  surface  coat. 

We  used  %  gal.  per  square  yard  of  heavy 

asphaltic  oil  that  had  to  be  heated  to  250°  F. 
spread  upon  the  road.  We  used  the  same 
quantity  of  the  heaviest  oil  that  could  be 
spread  cold.  Where  we  had  only  money 
enough  for  a  dust  layer,  we  used  Vs  to  %  gal. 
of  light  asphaltic  oil  per  square  yard,  this  oil 
sometimes  being  called  a  40  per  cent  oil.  We 
used  %  gal.  of  hot  refined  tar.  and  we  have 
used  after  the  first  application  %  gal.  of  the 

same  tar  yearly.  We  have  used  water-gas 
tar  and  various  proorietary  materials  of  a 
bituminous  nature  known  by  various  trade 
names.  In  every  instance  that  has  succeeded 
the  road  has  always  been  properly  cleaned  and 
patched  beforehand,  and  has  always  been  cov- 

ered and  kept  sufficiently  covered  to  prevent 
its  picking  up.    It  has  been  constantly  patched. 

Surface  Coatings  of  Asphaltic  Oils,  Tars, 

etc. — Today  nine-tenths  of  all  our  state  high- 
ways that  have  not  been  resurfaced  have  been 

coated  and  kept  coated  with  some  bituminous 

material     and     have     been     kept     constantly 

TABLE   ^^.— STATEMENT  SHOWING  THE  NUMBER    OP    MOTOR    CARS    REGISTERED    AND 

Autos    (pleasure) 
Dealers'  autos   . . . 
Trucks       

Operator  and    chauf. . 

LICENSES  ISSUED,  1906  TO  1914. 
1906.         1907.  1908.         1909.         1910. 
6.572         7,733  18,066 

755             4.15         1,905 

7,327 
10,083 

8,1SS 10,696 
19,971 
13,170 

29,792 
3.305 

1,568 
34,665 
41,259 

1911. 

36,284 

4.92C 2.623 

43,827 
51,950 

1912. 
46,096 

6,301 4,036 

56,433 
66,645 

1913. 

56,712 

7,462 
5,948 

70,122 
81,034 

1914. 

68.100 

7,89S 
8,053 

84,051 95.577 

Total   receipts            $33,085     $92,095  $121,488  $169,973  $374,789  $477,417  $616,245  $764,153  $914,119 
Prior  to  1907  certificates  of  registration  did  not  e.\pire  annually.  Prior  to  1909  trucks  were  not 

classified. 
Between  1903   and  1907  all   automobile   registration  fees  were  $2. 
In  1907  the  automobile  registration  fee  was  increased  from  $2  to  $5.  In  that  year  9,006  cars, 

registered  at  $2.  were  re-registered  in  the  same   year  at  $5. 
Beginning  January  1.  1910.  the  automobile  registration  fees  were  based  on  the  horse-powers 

of  the  vehicles,  the  fees  varying  from  $5  to  $25.  The  fee  for  registration  of  a  truck,  however, 
was  $5  regardless  of  the  horse-power. 

Prior  to  1910  operators'  licenses  did  not  expire  annually,  but  continued  in  force  indeflnitelv. 
Since  1910  all  licenses  have  expired  annually. 

Increase  in  Maintenance  Cost. — Starting  in 
1907  you  will  note  that  our  cost  for  mainte- 

nance has  risen  by  leaps  and  bounds  from 
$158  a  mile  a  year  in  1907  to  over  $850  a  mile 
a  year  in   1913,  and  it  is  still  higher  in   1914. 
Our  roads  were  rapidly  going  to  pieces.  We 

needed  some  money.  We  got  the  legislature 
to  double  its  appropriation  of  $100,000  a  year 
and  make  it  $250,000  for  one  year  and  $200,000 
a  year  since.  We  secured  an  increase  in  the 

automobile  fees,  and  had  four-fifths  of  that 
money  available  for  the  maintenance  of  state 

highways,  and  the  other  one-fifth  for  the  im- 
provement or  maintenance  of  through  routes 

in  the  towns. 

We  found  that  our  old  roads  were  being 
destroyed  hv  the  rapidly  increasing  amount 
of  automobile  travel.  The  traffic  on  the  roads 
had  increased  from  10  to  40  times  in  volume. 

Our  roads,  both  gravel  and  macadam,  were 
rapidly  being  torn  up  by  the  automobiles  and 

patched.  Where  the  heavy  hot  oil  was  used,  it 
has  lasted  in  some  instances  for  five  vears, 
carrying  a  large  amount  of  automobile  travel 
but  a  small  amount  of  heavy  teaming.  Under 
many  heavy  teams  it  has  failed  in  a  month  or 
two.  We  have  then  used  a  light  oil  to  lay  the 

dust  and  prevent  the  automobiles  from  tear- 
ing the  road  up,  and  have  left  the  stone  to 

carry  the  travel  until  we  could  resurface  the 
road. 

Because  of  the  automobile  traffic  on  many 

main  routes,  we  are  now  using  in  our  re- 
surfacing a  bituminous  top  two  to  three 

inches  deep.  We  have  used  refined  tars  by 
both  the  mi.xing  and  grouting  method.  We 
have  used  asphalts  with  the  same  methods, 
and  we  believe  that  use  is  economical  and 

necessary  on  any  roads  that  have  more  than 
50  automobiles  a  day  and  where  there  are 
more  than  50  loaded  teams. 

I  am  giving  a  table  showing  the  class  and 

character  of  surfaced  roads  that  we  believe 
will  stand  traffic  of  a  certain  class,  kind,  and 
character — we  believe  it  will  prove  economical 
and  satisfactory  with  the  traffic. 
Of  course,  in  connection  with  this  table  it 

is  absolutely  essential  that  the  drainage  and 
foundation  are  sufficient  and  the  material  used 

is  strong  enough  to  carry  the  heaviest  load 

which  goes  over  the  road  without  the  road's- 
being  rapidly  destroyed. 

^Materials  That  Have  Not  Failed.— Table 
VII  has  been  somewhat  changed  as  the  result 
of  our  experience  since  1912  when  I  first 

published  a  like  table.  It  expresses  the  con- 
sensus of  opinion  of  our  chief  engineer  and 

four  division  engineers  and  my  own  best 

judgment. The  results  have  all  been  obtained  on  many 
miles  of  road  where  we  have  used  a  good 
grade  of  asphaltic  oil,  either  hot  or  cold, 
heavy  or  light,  or  a  good  grade  of  refined  tar. 
We  have  had  many  failures  on  short  sec- 

tions of  road  where  a  non-asphaltic  oil  was 
used  or  a  poor  grade  of  oil  or  tar.  and  many 
proprietary  so-called  dust-layers  have  failed. 
Roads  that  failed  have  been  resurfaced  or  re- 

treated, but  the  results  are  not  tabulated  in 
the  above  table. 

Table  VII  relates  merely  to  the  mainte- 
nance of  gravel  or  water-bound  macadam 

roads,  not  to  bituminous  macadam.  It  repre- 
sents our  average  experience  on  many  miles 

of   road   at   over   150   observation   points. 
Certain  exceptions  should  be  noted.  Army 

maneuvers,  especially  large  bodies  of  cavalry 
and  artillery,  will  rapidly  destroy  any  bitumi- 

nous blanket  surface.  A  blanket  "coat  of  hot 
oil  on  macadam  will  carry  a  much  larger  num- 

ber of  teams  if  there  is  a  ratio  of  two  to 
three  automobiles  on  pneumatic  tires  to  each 
team  to  keep  the  bituminous  surface  constant- 

ly rolled  down  when  the  horses  and  teams  pick 
it  up.  But  note  that  a  very  few  teams  on 
narrow  tires,  or- a  few  very  heavy  teams  every 
day,  will  destroy  the  surface  if  the  load  is 
heavy  enough  to  shear  down  entirely  through 
the  surface  to  the  stone.  If  this  process  is 
repeated  once  or  twice  a  day,  a  rut  soon  de- 

velops and  the  road  becomes  muddy  and  the 
bituminous  surface  rapidly  disintegrated. 
Light  oil  or  cold  tar  will  then  be  more  ser- 

viceable, laying  the  dust  while  the  stone  takes 
the  wear. 

We  have  maintained  a  few  miles  of  road  in 
reasonably  satisfactory  condition  with  annual 

applications  of  a  cold  tar  or  water  gas  tar. 
They  have  required  %  gal.  per  square  yard 
annually,  and  the  results  have  been  about  the 
same  and  certainly  no  better  than  where  we 

have  applied  two  %-gal.  coats  per  square  vard 
of  light  asphaltic  oil  the  first  year  and  % 
gal.  per  square  yard  each  succeeding  year. 
The  cost  for  the  cold  tar  has  been  more. 

Invariably  we  clean  and  patch  the  road 
first  and  cover  the  bituminous  material  suffi- 

ciently to  prevent  its  picking  up.  We  have 
sometimes  tried  dispensing  with  the  cleaning 
and  covering  but  shall  not  repeat  that  ex- 

pensive experiment.  We  can  usually  have  the 
light  asphaltic  oil  sprayed  onto  the  roads  by 
motor  trucks  for  1.2  cts.  to  1.5  cts.  per  square 

yard,  using  %  to  %  gal.  per  square  yard.  The 
cleaning,  patching  and  covering  costs  about 
the  same. 

Maintenance  .Methods  and  Costs. — On  gravel 
roads  we  have  found  it  necessary  to  keep 
them  constantly  shaped  and  patched.  We 
drag  some  of  our  reads  once  a  week  where 
there  are  150  or  more  automobiles  a  day.  We 
have  found  on  the  hills  that  have  rutted  with 
that  traffic  that  it  was  more  economical  to  use 

%  gal.  per  square  yard,  of  light  asphaltic  oil, 
using  the  first  year  two  applications  and  in 
subsequent  years  one.  keeping  it  properly  cov- 

ered. Roads  of  this  character  have  been  ex- 
tremely satisfactory  with  the  traffic  of  a  verr 

large  numher  of  automobiles,  certainly  -500  a. 
day,  but  they  will  not  stand  a  large  amount 
of  heavy  horse-drawn  vehicles  and  probably 
will  not  stand  many  loaded  trucks. 

As  you  will  note  from  Table  III,  our  or- 
dinary maintenance  which  has  consisted  of 

keeping  the  drainage  open,  shoulders  cut 
back,  and  the  road  sanded,  with  slight  patch- 
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ing,  has  averaged  about  $100  a  mile  a  year. 
Where  the  road  can  be  maintained  with  light 
oil,  the  additional  cost  is  about  $250  a  mile  a 

year,  or  $-350  a  mile  a  year  in  all.  The  cost 
of  heavy  oil  or  tar  on  the  surface  where  it  is 
suitable  to  use  it  because  it  will  stand  the 

traffic,  is  about  twice  the  cost  of  the  light  oil 
in  the  first  instance,  and  with  the  patching 
and  all  that  is  necessary  it  will  cost  about  the 
same  figure,  or  about  $250  to  $500  a  mile  a 

year,   this   being  on  a  five-year  basis. 

In  resurfacing  our  roads  with  2  to  3-in. 
bituminous  macadam  top,  the  cost  has  varied 

from  about  50  cts.  a  square  yard  for  a  1%-in. 
top  no  stone  being  larger  than  1%-in.,  and 
1%  gals,  of  tar  sprayed  into  it,  to  $1.10  a 

square  yard  for  a  3-in.  top,  made  of  2%-in. 
stone,  either  mixed  or  grouted  with  a  good 

I  have  used  the  English  long-ton  but  have 
changed  the  pennies  to  cents.  This  table 
shows  that  the  cost  on  water-bound  macadam 
roads  to  carry  one  ton  one  mile  over  the 
road,  varies  from  about  Vi  ct.  to  1%  cts.  for 
the  maintenance.  This  illustrates  very  well, 

I  think,  the  necessity  of  the  traffic  census 
.showing  the  class  and  character  of  the  vehicles 
which  use  the  road  rather  than  any  formula 
which  merely  uses  an  assumed  weight  for  each 
class  of  vehicle. 

Massachusetts  Experience. — We  have  found 
on  our  roads  in  Massachusetts  that  the  larg- 

est cost  of  up-keep  on  macadam  roads  could 
come  from  two  causes ;  first,  automobile 
travel,  which  would  disintegrate  a  plain  gravel 
or  macadam  road  in  a  month  if  there  were 

many  automobiles.     This  could  be  prevented 

TABLE    VIII.— TONS     CARRIED     ONE  MILE 
FOR  ONE  CENT  OF  MAINTENANCE 

COST. 
Weight  of  traffic  Average 

in  tons.               cost. 
c—  <o  <l£ 

t-         o  c  ^  a-;: <a        *-  c  ^     £ 

Sa  '"  m  , 

3  O  ~         E  C   -   O 

3  ^  ^S    -sir"  ̂ ^e (1,  and    !Su£  Oci 
14,200     $    206.25       .70  1 42 
35,000            80.00     4.50  22 
67,500  430.00     1.60  62 
87,200  635.00     1.45  68 
88,300  430.00     2.15  46 

TABLE  VII.— AVER.\GE  DAILY  TRAFFIC   LIMITS  IN  MASSACHUSETTS. 

Table  showing  results  of  observations  of  traffic   on  different  types  of  road  surfaces  in  Massachu- 
setts— Standard   road,   15   ft.    in  width;   gravel   or  waterbound  macadam,   5   to  6   ins.   in  thick- 
ness, with  adequate  drainage  and  proper  foundation,  with  3-ft.  gravel  shoulder  on  each  side. 

Light  Heavy 
teams,  teams, 
car-        Heavy        2 

riages,      teams,  or  more 
wagons.    1-horse.  horses.         Automobiles. 

A  good  gravel  road  will  wear  reasonably  well  and 
be   economical   with     50-75      25-30      10-15      50  to  75. 

Needs  to  be  oiled  with     50-  75      25-  30      10-15      Over   75. 
Oiled  gravel,  fairly  good,  heavy  cold  oil,  %  gal.  to 

the  square  yard,  applied  annually  with     75-100      30-  50  20     5O0   to  700  or  more. 
Waterbound  macadam  will  stand  with   175-200    175-200      60-80      Not  over  50  at  high 

speed. Cold  oil  or  tar  will  prove  serviceable  on  such  mac- 
adam with      175-20D     175-200       60-80       50-500. 

Macadam  will  then  stand  but  the  stone  wears,  of 
course,  with     175-200     175-200       60-80       500  or  more. 

Waterbound  macadam  with  hot  asphaltic  oil  blanket 
will  be  economical  with   100-150      50-  75      25-30      1,500  and  more  with 

fewer   teams. 
And  stand  at  least         50   trucks. 
But  will  crumble  and  perhaps  fail  with  over   150  75  30 

(On   narrow  tires,    ice,   farm   and  wood   teams, etc.) 
Waterbound  macadam  with  a  good  surface  coating 

of  tar  m  gal.  to  the  sq.  yd/"  will  stand  with   100-150       50-  75       25-30       1,500  or  more. 
(But   requires   to  be  recoated   annually  with   H 
gal  of  tar  per  sq.  yd.) 

It  is  assumed  that  all  road  surfaces  are  kept  constantly  patched,   that   before  applving  bitumen 
the   road   surface   is  cleaned  and  patched,   and  the    bitumen    covered    with    pea    stone   and    sand    or 
gravel  and  kept  covered  so  that  it  never  picks  up. 

grade  of  asphalt.  The  tar-sand  grouted  ma- 
cadam has  cost  from  90  cts.  to  a  dollar  per 

square  yard.  We  believe  that  the  roads  of 

this  character  will  have  a  very  small  main- 
tenance cost  outside  of  the  ordinary  mainte- 

nance for  a  period  of  from  eight  to  twelve 

years. 
TR.AFFIC    AND     MAINTENANCE. 

I  am  inserting  some  tables  showing  the 
maintenance  cost  on  certain  roads  compared 
with  the  maintenance  cost  in  England  on  roads 
of  the  same  character;  to  wit,  water-hound 
macadam,  giving  the  cost  per  mile  and  the 
cost  per  ton  mile  for  each  vehicle  that  is 

going  over  them.  This  figured  upon  the  fol- 
lowing formula,  which  is  substantially  the 

same  in  England  and  France,  showing  the 
assumed  average  weight  of  vehicles  in  tons. 

Motor  vehicles — 
Runabouts        1.43 
Touring  cars      2.23 
Trucks       6.25 

Horse-drawn  vehicles — 
Light  vehicles,  1  horse    0.36 
Heavy  vehicles.  1  horse    1.12 
Light  vehicles,  2  or  more  horses    0.54 
Heavy  vehicles,  2  or  more  horses..    2.46 

The  cost  in  Massachusetts  per  vehicle  per 
mile  as  shown  by  our  maintenance  cost  and 

traffic  census  taken  in  three-year  periods  has 
been  substantially  one  cent  a  vehicle  per  mile 
until  we  began  to  use  bituminous  binders. 
It  now  figures  about  8/10  ct.  a  vehicle  a  mile. 

It  may  be  stated  that  traffic  and  mainte- 
nance must  be  considered  together,  i.  e., 

quantity  and  character  of  traffic,  economical 
maintenance  and  cost  thereof,  materials  and 
methods  to  be  adapted  to  the  traffic  that  the 
road  has  to  bear. 

English  Roads. — There  is  a  very  interesting 
and  useful  paper  on  construction  and  mainte- 

nance published  in  connection  with  the  Inter- 
national Road  Congress  in  1913,  this  paper 

giving  the  experience  of  five  of  the  most 
competent  road  engineers  in  England.  Table 
VIII  shows  the  weight  in  traffic  in  tons  car- 

ried one  mile  for  one  cent  of  maintenance 
cost. 

by  the  use  of  some  bituminous  material  on 
the  surface,  provided  the  team  traffic  was  not 
so  heavy  that  it  would  quickly  wear  the  binder 

out.  A  large  number  of  heavily-laden  teams, 
of  say  three  tons  or  more,  would  wear  the 
binder  out  in  a  very  short  time.  Also,  a  very 
large  number  of  heavy  loads  carried  on  nar- 

row tires  would  wear  a  macadam  road  out 

relatively  quickly.  Some  of  the  roads  that 
I  am  showing  would  be  worn  from  %-in.  to 

1-in.  a  year  if  of  macadam,  whereas  when  a 
bituminous    macadam    road    with    a    3-in.    top 

y 
Norfolk  .  39 
Norfolk  .  96 
Warwick.  185 
Warwick.  239 
Warwick.     242 
•Kent    ...    348  126,700  1,495.00  .85  118 
Norfolk    .     359  131,000  366.25  3.70            26 
Norfolk    .     385  140,500  281.25  5.20  192 
Norfolk    .    390  142,300  275.00  5.35  186 
Warwick.    451  164,600  635.00  2.70            36 
Norfolk    .     504  184,000  251.25  T.55  132 
Kent     ...    528  192,100  1,740.00  1.10            90 
Warwick.     609  222,000  1,345.00  1.70            58 
Warwick.    734  268,000  2,095.00  1.35            74 
Warwick.     736  268,600  670.00  3.95  254 
"Kent   ...    796  289,800  960.00  3.15            32 
E.   Sussex    984  359,000  1,665.00  2.20            44 
Norfolk    .1.057  386.000  1,090.00  3.65            26 
'Kent   ...3,030  1,102,810  10.500.00  1.05            94 
Kent     3,030  1,102,810  8,960.00  1.25            80 
*Kent    ...3,030  1,102,810  8,960.00  1.25            80 
♦Surrey    .5,694  2,078,300  5,160.00  4.20            24 
Surrey    ..5,694  2,078,300  3,020.00  7.15            14 
•Surrey    .5,694  2,078,300  3,020.00  7.15            14 
Comparison  With   Two  Massachusetts   Roads. 

Beverly    .2,898  1,058,430  $3,257.00  6.50            37 
Weston    .1,920  699,924  1,933.00  7.02            28 •Surface  tarred. 

Period  of  14  years. 
All    waterbound    macadam    with    or    without 

surface  tar. 

in  Liverpool  has  been  58/1000  ct.  a  ton  a  mile. 
Table  IX  shows  some  of  the  costs  of  dif- 

ferent kinds  of  street  surfaces  and  pavements 
in  Liverpool. 

EXPLANATION    OF   TABLE    X. 

Table  X  shows  actual  facts  in  Massa- 
chusetts. It  illustrates  the  misleadingness  of 

statistics  if  read  without  adequate  knowledge 
of  actual  conditions.  The  variation  in  the 

costs  shown  are  due  to  various  causes,  traffic 

and  weight,  toughness  of  stone,  whether  road 
has  been  resurfaced  or  not,  good  and  bad 

bituminous  materials,  and  proper  and  im- 
proper use  of  materials.  A  study  of  each 

road   will   prove  profitable. 

Ashhy,  with  high  cost  of  maintenance,  small 
traffic,  can  be  compared  with  Hamilton,  with 
more  trafiic  and  a  small  cost  for  maintenance, 

per  ton.  Ashby,  built  of  local  stone,  com- 
paratively soft,  was  resurfaced  with  the  same 

local  stone  when  the  road  was  about  12  years 

old.   .30   tons   being  used   to   each    100    ft.   of 

TABLE  IX.— TABLE  GIVING  PARTICULARS  O 
WITH  DIFFERENT  CL.4SSES  OF  SURFAC 
AND  TON  MILES  PER  YARD  WIDTH  PER 

%h 

Pavement.  a  "■ 

§2i 

6-in.    Belgium   block    524,000 
4-in.    Belgium   block    150,000 
Hardwood        162,000 
Softwood        204,000 
4-in.   pitch   macadam    120,000 
7-in.   waterbound   macadam    120,000 
7-in.  waterbound  macadam  tar  sprayed.  120,000 

Tonnages  on  Roads  Board  basis,  except  on  ex 
mated  total  actual  weights. 

English  ton   =   2,240  pounds. 

F  EXPERIENCE  OBTAINED  IN  LIVERPOOL 

E  PAVEMENT.  INCLUDING  LIFE-TONNAGE 
CENT  OF  COST. 
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.272 
18 

3,672,000 

2.12 
.15 

7.7 

.128 
11 

1,320,000 

.75 

.066 

10.3 

.096 
1 120,000 

.18 

3.8 

.264 
2 

240,000 
.25 

.12 5.7 .18 

)tion ally  heavy  t raffle,  when  it  is 
based 

on  estl- 
was    constructed    amount   of    wear   was   very 
much  reduced. 

The  necessity  for  knowing  the  kind  of 
travel  is  well  shown  by  the  English  tables. 
On  one  road  in  one  of  the  counties  it  cost 

1  4-10  cts.  to  carry  a  ton  a  mile,  and  on  an- 
other macadam  road  in  the  same  country  it 

cost  12/100  ct.  It  appears  from  the  English 
figures  that  when  the  cost  of  maintenance 
exceeded  %  ct.  a  ton  a  mile,  it  was  more  eco- 

nomical to  use  granite  block  on  a  concrete 
base.  The  cost  for  annual  maintenance  of 
a  G-in.  block  on  a  concrete  base  near  the  docks 

road.  It  is  a  country  road.  It  had  an  appli- 
cation of  cold  asphaltic  oil  in  1913,  %  gal. 

being  used  to  the  square  yard  of  road.  Prac- 
tically, the  stone  had  worn  down  %  in.  a 

year. 

Hamilton  was  built  of  trap  rock  macadam 
and  it  is  on  a  main  through  route.  When  the 

road  was  eight  years  old  the  stone  had  worn 

down  about  3  ins.,  and  the  road  needed  resur- 
facing. Automobiles  had  arrived.  In  1907,  % 

gal.  of  the  heaviest  asphaltic  oil  that  can  be 
applied  cold  was  spread  upon  the  road  and 
properly  covered   with  pea   stone   and  gravel. 
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This  treatment  was  repeated  for  two  years. 

Then  -ii-gal.  of  heavy  hot  asphaltic  oil  was 
sprayed  upon  the  road  and  properly  cov- 

ered; this  treatment  has  been  repeated  once. 
The  road  has  been  constantly  kept  patched 
and  sanded  when  necessary.  It  is  in  better 
condition  today  than  in  1907. 

Beverly,  with  a  high  cost  of  maintenance 
per  ton  mile,  can  be  compared  with  Lynn, 
with  a  small  cost  per  ton  mile.  Both  roads 

are  on  main  routes.  Both  were  trap  rock 
macadam.  Beverly  has  a  large  number  of 
heavy  ice  teams  on  3-in.  tires.  It  was  resur- 

faced with  trap  rock  when  the  road  was  eight 
or  nine  years  old,  30  tons  of  stone  being  used 
to  each  100  ft.  of  road.  The  trap  rock  had 
worn  down  %  in.  a  year.  In  1910  it  was 
coated  with  %  gal.  of  hot  asphaltic  oil  per 
square  yard,  properly  covered  with  pea  stone 
and  dust.  This  failed  in  one  month  under 

the  heavy  ice  teaming,  though  the  same  ma- 
terial and  methods  were  used  on  the  next  20 

miles  of  road  on  the  same  route,  and  the  sur- 
face   has    stood    ever    since      with      constant 

out  so  rapidly  under  the  heavy  concentrated 
loads  on  iron  tires. 

Saiigus.  Trap  rock  macadam  on  a  through 
route  with  a  great  deal  of  heavy  teaming, 
both  teams  and  trucks.  The  stone  wore  out 

over  %-in.  a  year.  It  needed  constant  patch- 
ing with  additional  stone,  was  never  m  ex- 

cellent condition  e.xcept  when  recently  resur- 
faced. It  had  2  to  3  ins.  of  new  stone  every 

four  or  five  years.  In  1910  it  was  resurfaced 
with  3  ins.  of  asphaltic  macadam  at  a  cost  of 
about  $1  per  square  yard.  This  has  stood 
ever  since  but  has  needed  some  patching.  A 
portion  was  built  in  the  fall  when  it  was  cold 
and  this  portion  failed.  No  bituminous  work 
should  be  done  in  cold  weather  and  a  tem- 

perature of  over  60  degrees  is  vastly  better 

than  one  of  under  40°  F. 
Shrezvsbury.  A  through  route — too  much 

heavy  hot  oil  was  used  on  it  before  we  un- 
derstood how  to  use  oil.  One-half  gallon  per 

square  yard  was  apolied  on  two  successive 
years.  It  rolled,  rutted  and  was  always  in 
bad  condition.     It  has  cost  a  good  deal  to  re- 

Average  cost  per 

Sq.  yd.  per  an-  Cost  per  sq.  yd. 
num  for  three  years    for  1912-13  since 
previous  to  motor  the   advent   of 
omnibus  traffic,      motor    omnibuses* 

cents.  cents. Road. 

A              13.5  25.8 
B              11.2  33.1 
C              14.1  41.9 
D              15.6  16.9 
E                9.1  15.4 
F                8.7  15.1 
G                5.9  16.8 
H                5.1  11.1 
I              21.5  36.4 
J             16.9  42.9 

Average           12.3  25.6 

This  shows  that  the  average  cost  of  main- 
tenance for  three  years  before  the  motor  bus 

came  in  was  about  12  cts.  a  square  yard  a 
year.  Since  the  motor  bus  was  put  on  the 
cost  has  increased  to  over  2.5  cts.  a  square 
yard  a  year.  The  maintenance  cost  to  carry 
one  ton  one  mile  in  1911-12  was  1.2  cts.  When 
the  motor  bus  was  put  on  the  maintenance 
cost  was  raised  to  1.8  cts.  per  ton  per  mile. 

TABLE  X.— TRAFFIC  AND  COST  OF  MAINTENANCE  ON  MASSACHUSETTS  STATE  HIGHWAYS. 
Amount  of  traffic.  Repairs  and  maintenance.  Character  of  traffic. 

p  O  ^  c^ 

_                                                              C  c"  S  -S 
T"™-                                                g.  §„•  --u  u^ ii>»  2rt  ^d  <oa 

C^  ED  Coj  p, 

Ho.  y  a-a  Oa  OCo 
Ashby                271  81,150  $    266  0.38 
Beverly    (No.    1)         1.G18  485,220  1,104  0.23 
Hamilton         1,199  359,730  200  0.06 
Lynn             3,468  1,040,430  l.OSl  0.10 
Medford-Somerville     ,         1.332  399,570  1,031  0.26 
Milton            1.140  342,210  592  0.17 
Saugus             1.022  306,660  1,334  0.44 
Shrewsbury             1,305  391,500  510  0.13 
Truro               186  55,770  143  0.25 
Weston            1,918  575,280  1,040  0.18 

•1909  Report  used  and  results  increased  70  per  cent  to  correspond  with  1912  Report. 
Also  weight  of  double  heavy  teams  Increased  from  2.46  to  5  tons. 

t n 
3 

lis 
O 

Oica 

O 

=  £^ K 
<2§ 16 14 

65 

15 60 278 
15 

86 

334 
9 194 

1,365 
6 44 121 

14 15 

50 14 

15 58 
17 76 407 

17 

7 63 
15 

115 533 

-Number  of  vehicles   per  day- 
-Horse-drawn  vehicles- 

g  Single  horse.  Two  or  more. 
tH  Light.  Heavy.  Light.  Heavy. 
4  70  16            5            14    . 
8  66  46     4     12 
31  75  39     2     27 
13  28  19     1     14 
49  47  198     2  193 
0  30  77  2  88 
78  25  190  3  65 
17  64  60      4      36 
1  15  14  1  3 
30  167  98            5  ■           59 H 

patching  and  %  gal.  per  square  yard  of  the 
same  oil  sprayed  onto  the  center  of  the  road, 
8  ft.  in  width.  For  the  next  four  years  the 
Beverly  road  was  maintained  (except  where 
it  was  resurfaced)  by  the  use  of  %  gal.  of 
cold  oil  per  square  yard,  two  applications 
being  used  the  first  year,  one  each  year  since. 

One-third  of  the  road  was  resurfaced  in 
1913  with  an  asphaltic  macadam  two  inches 
in  depth,  at  a  cost  of  $1.20  per  square  yard, 
2%  ins.  stone  being  used  because  of  the  heavy 
teams  and  trucks. 

Lynn,  trap  rock  macadam,  connects  with 

Parkway  where  only  pleasure  vehicles  are  ad- 
mitted, except  on  local  business.  In  1907, 

V2  gal.  of  hot  refined  tar  was  sprayed  upon 
the  road,  and  covered  .and  kept  covered  with 
pea  stone  and  dust.  It  was  constantly 

patched,  with  tar  and  chips.  It  has  been  re- 
coated  twice  with  hot  refined  tar  sprayed  upon 

the  road  and  covered  as  before.  It  is  in  ex- 
cellent condition,  hut  note — 90  per  cent  of  the 

travel  is  motor  vehicles ;  it  has  few  teams 
and    fewer   heavy   teams. 

Medford-Somerville,  a  trap  rock  macadam, 
built  with  the  2%-in.  stone  on  top.  A  road 
28  ft.  in  width,  with  heavy  city  teaming.  A 
stone  quarry  on  the  side  crushing  100  to  300 
tons  of  stone  a  dav.  This  road  has  never 

been  in  good  condition  since  it  was  two  years 
old.  It  always  has  some  depressions,  although 

it  has  been  constantly  patched  and  all  de- 
pressions filled  with  trap  rock.  Constantly 

means  daily.  It  has  always  been  muddy.  .-\ 
part  of  it  was  resurfaced  with  asphalt  ma- 

cadam this  vear,  the  portion  beyond  the  stone 
quarries.  The  whole  road  needs  it.  It  has 
been  treated  with  tar.  .\  part  of  it  has  been 

coated  with  heavy  tar.  .-V  portion  had  three 
coats  of  %-.eal.  each  of  hot  refined  tar.  cov- 

ered with  pea  stone,  in  one  vear.  It  failed, 
was  never  in  good  condition,  and  we  are  in 
doubt  whether  to  reconstruct  with  granite 
block  on  a  concrete  base,  with  concrete,  or  to 
try  an  asphaltic  macadam. 

Milton  is  a  road  of  the  same  character  with 
heavv  granite  teams  going  over  it.  The  cost 
has    been    high    because   the   trap    rock   wore 

move  surplus  oil,  smooth  off  the  bunches  and 
rolls  and  keep  it  patched. 

Thuro.  A  country  road,  with  little  traffic. 
Built  12  ft.  wide  of  4  ins.  of  broken  stone  on 
sand,  the  stone  being  bound  with  clay.  An 

experiment  but  a  failure.  The  road  was  con- 
stantly ravelling  and  needed  more  stone.  It 

was  widened  to  16  ft.  New  stone  was  added 
and  rolled  in  and  it  was  coated  with  light 

oil  in  1912  and  1913  and  is  now  in  good  con- 
dition. 

Weston.  A  macadam  road  on  a  through 

route.  Refined  tar  applied  in  1907 — oiled  with 
hot  oil  on  surface  in  1909  and  1910 — main- 

tained with  patching  until  1912  when  a  por- 
tion of  the  road  was  resurfaced  with  a  2-in. 

bituminous  macadam.  Trap  rock  stone  2% 
ins.  in  size  were  rolled  hard  and  about  1%  to 

2  gals,  to  the  square  yard  of  a  good  grade  of 
asphalt  being  sprayed  in  under  pressure.  This 
was  covered  with  the  smaller  stone,  rolled, 

and  on  some  portions  of  the  road  a  surface 
application  was  sprayed  of  %  to  V2  gal.  per 

square  yard,  properly  covered  with  pea-stone 
and  rolled.  This  cost  from  90  cts.  to  $1  per 

square  yard.  The  road  is  in  most  excellent 
condition  and  we  expect  to  have  it  wear  10 

to  1.5  years  with  practically  no  patching,  al- 
though we  may  have  to  renew  the  surface 

coating  by  spraying  every  three  to  five  years. 
We  have  one  road  of  this  kind  six  years  old, 

that  hasn't  needed   a  single  patch  as  yet. 

MOTOR    TRUCKS    .\ND    THE    COST    OF    RCVD    M.MN- 

TENANCE. 

Mr.  H.  T.  Wakeland.  engineer  of  the  coun- 

ty of  Middlesex  w-hich  is  just  out  of  London 
and  has  a  very  large  amount  of  traffic  over 
its  roads,  has  given  some  very  careful  figures 
showing  damage  caused  to  roads  by  motor 
omnibuses  weighing  about  six  tons  each  when 

laden.  He  took  certain  roads  '  which  had 

heavy  traffic  and  gave  the  cost  of  mainte- 
nance (not  including  watering  or  cleaning) 

for  macadam  roads  for  three  years  previous 

to  the  motor  bus  traffic,  and  the  cost  ner 

square  yard  for  the  year  1912-13  as  follows: 

Mr.  Wakeland's  opinion  is  that  this  increase 
was  practically  all  due  to  the  motor  bus.  The 
increased  cost  of  the  road  upkeep  has  been 
found  to  be  about  four  cts.  per  car  per  mile, 
or  two-thirds  of  a  cent  per  ton  per  mile  in 
the  case  of  a  motor  bus  on  rubber  tires.  In 

many  cases  the  macadam  surface  has  been 

practically  destroyed  by  motor  bus  traffic  on 
hard  rubber  tires.  These  \yere  macadam 
roads  in  good  standard  condition  prior  to  the 
inauguration  of  the  motor  bus  traffic  and 
more  than  sufficient  to  carry  the  ordinary 

traffic.  The  road  authorities  should  be  author- 
ized to  direct  which  roads  shall  and  which 

roads  shall  not  be  used  by  motor  vehicles  and 
motor  buses,  and  Mr.  Wakeland.  states,  as  do 
the  other  county  engineers  in  England,  that  a 
license  fee  of  $^50  a  year  for  motor  trucks  is 
entirely  insuflicient  to  pay  for  the  increased 
cost  of  maintenance  caused  by  the  use  of  the 

trucks  on  the  roads. 

co^■CLUSIO^•s. 

.\  road  means  a  highway  that  can  be  trav- 
eled over  with  reasonable  convenience  and 

with  reasonable  effort  by  ordinary  vehicles. 
Two  ruts  and  a  horse  track  with  6  ins.  of  mud 

and  large  potholes  scattered  frequently  over 
its  surface  do  not  constitute  a  road. 

A  road  to  be  a  road  worthy  of  the  name 
must  be  constructed  and  maintained  so  that 

it  will  at  all  times  satisfactorily  and  economic- 
ally bear  the  traffic  which  passes  over  it.  Good 

drainage,  foundation  whenever  necessary,  and 
a  top  surface  always  maintained  so  that  it 
will  shed  water,  are  necessary  prerequisites. 

If  any  one  of  them  is  missing  you  do  nof 
have  a  good  road.  Constant  maintenance  is 
eternally  necessary:  drainage  must  be  always 

open,  and  road  surfaces  must  always  be  main- 
tained. The  most  economical  way  to  maintain 

a  road  is  by  constant  maintenance. 
With  modern  Massachusetts  motor  vehicle 

travel,  a  newly-built  macadam_  road  without 
any  bituminous  materials  having  been  used 
on  it,  will  easily  be  destroyed  in  one  month, 
so  far  as  its  surface  is  concerned,  and  will  be 
damaged  so  that  it  will  require  15  to  25 

cts.  a  square  yard  to  put  it  back  into  condi- 
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tion  so  that  some  bituminous  material  can  be 
used. 
Roads  and  road  surfaces  must  bear  the 

traffic  that  goes  over  them.  The  tables  show 
•conclusively  how  expensive  it  is  if  materials 
are  not  used  and  methods  are  not  used  with 
those  materials,  so  that  the  road  can  with- 

stand the  traffic  which  goes  over  it. 

I  think  by  a  study  of  the  tables  and  our 
experience,  you  can  gather,  knowing  the 
traffic  on  your  road,  what  will  probably  be  the 
most  economical  way  to  construct  or  recon- 

struct your  road.  With  a  certain  volume  and 
weight  of  traffic,  granite  block  on  a  concrete 
base  will  perhaps  be  the  most  economical,  es- 

pecially for  heavy  concentrated  loads.  Thirty- 
ton  loads  on  four  wheels  are  very  common 
near  the  docks  in  Liverpool,  where  6-in. 
granite  block  on  a  concrete  base  has  worn  18 
years. 

In  figuring  costs  you  must  figure  what  the 
road  has  to  bear  in  tons  or  otherwise.  Speak- 

ing in  round  numbers,  you  will  find  on  figur- 
ing the  English  roads  and  American  roads 

that  it  costs  about  a  cent  a  vehicle  a  mile 
per  year  to  maintain  the  roads.  It  would  not 
surprise  me  if  the  same  were  true  on  dirt 
roads.  Dirt  roads,  of  course,  will  not  stand 
very  much  heavy  teaming,  no  matter  if  they 
are  kept  constantly  patched.  This  money  you 
mast  have  and  it  must  be  properly  expended 
if  your  original  cost  of  construction  is  not  to 
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TABLE   I.— 
COST   OP MAINTENANCE    WORK    ON  VARIOUS  ROADS DURING 

1914. 

Permanent 

Average 

Section. Miles. Dragging:. 
Repair.            gradmg. Tools. 

Misc. 

Total. 
per  mile. 1   

.     13 
$245.00 

$583.75              $600.00 
$  36.74 

$  35.20 

$1,500.69 
$115.5(1 2   9 164.47 384.39                 31.20 

13.95 594.01 

66.00 

3   .    11 221.65 153.34                 31.20 9.76 
415.95 

37.80 
4   .     17 136.55 

1.404.30                 

33.00 

37.37 
1,611.22 

94,80 
5   

.    11^4 
151.00 514.14                  4.55 16.08 

685.77 59.60 

6   
.      9% 

225.90 123.75                  9.30 8.63 

367.58 

38.60 
7   

.      9% 

96.75 311.76                  

46.05 10.90 
465.46 

49.00 

S   .    15 
.      9V4 

.     14 

"S1A5 

172.98 

425.50                 
757.74                  
844.08                  

3.45 1.00 

7.89 

10.29 

20.18 
24.62 

439.24 
860.37 

1,049.57 

29.25 

9   
90.75 10   74.80 

11   .    13 
141.05 242.00                145.90 8.86 

12.92 

550.73 

42.85 
12   .    16 120.00                 

5.04 

3.02 
128.06 

8.00 
13   9 121.45 100.00                663.70 30.44 

21.99 

937.58 
104.17 14   

.    10 79.65 357.00                  

10.50 
447.15 

44.72 
15   

.     12% 

163.35 842.78                  

24.18 

1,030.31 82.50 16   .    15 251.82 332.18                  

14.03 

598.03 

39.85 
17   

C% 

69.65 381.32                207.00 15.80 673.77 
103.50 

18   .      3 
18.00 

76.00                   2.27 

96.67 32.22 

19   .       3 32.00 44.75                  1.84 
78.59 26.20 

20   a 63.55 126.14                  

4.55 
194.25 

38.85 
21   

■       4% 
27.67 39.92                   1.63 

69.22 

15.38 

22   .       6 
48.05 142.02                  

4.57 

194.64 
32.44 

Total    . 
.   2221^ $2,511.99 

$8,307.26           $1,616.60 
$248.72 

$304.28 

$12,988.85 

$55.76 heavy  I  mean  too  much  teaming,  by  the  same 
methods. 
You  can  maintain  a  bituminous  macadam 

road  more  economically  than  either  of  the 
above  roads  when  the  traffic  in  teams  or 
trucks  is  so  heavy  that  neither  of  the  other 
roads  are  economical.  With  heavy  concen- 

trated roads  that  will  crush  or  wear  a  trap- 
rock  macadam  say  at  the  rate  of  from  %-in. 
to  an  inch  a  year,  water-bound  macadam  is 
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Fig.  1.    Map  of  Clayton  County,  Iowa,  Showing  Roads  Under  Patrol   Maintenance. 

be  lost  and  you  are  not  to  find  yourself 
saddled  with  a  debt  on  which  you  are  con- 

stantly paying  interest  years  after  the  road 
has  passed  away  in  dust. 

But  you  must  go  further  than  that  and 

figure_  what  are  the  proper  methods,  proper 
materials,  and  the  best  and  most  economical 
surfaces.  As  I  have  shown,  for  merely  auto- 

mobile travel,  cars  on  pneumatic  tires,  you 
can  economically  and  satisfactorily  maintain 
a  gravel  or  macadam  road  in  the  summer 
season  by  the  proper  use  of  a  good  bitumen 
and  constant  maintenance  and  patching.  You 
crm  maintain  a  water-bound  macadam  road, 
if    the   traffic   is    not   too   heavy   and    by   too 

not  economical,  either  with  or  without  a  bi- 
tuminous surface.  Bituminous  macadam  will 

be  much  cheaper  in  the  end.  That  is,  of 
course,  provided  bituminous  macadam  can 
withstand  the  traffic  that  goes  over  it.  With 
a  certain  volume  of  traffic  it  is  more  eco- 

nomical to  construct  a  pavement  probably  on 
a  concrete  base  or  possibly  in  some  places  a concrete  road. 

You  will  note  that  the  increased  cost  on 
many  water-bound  macadam  roads  in  Eng- 

land when  the  motor  bus  service  was  put  on 
was  substantially  4  cts.  a  mile  for  every  mile 

that  the  buses,  which  weighed  6  tons  i'nclud- mg  their   load,   went  over   the   road.    Propor- 

tionately a  small  runabout  would  probably 
cost  about  Vi  ct. ;  a  large  touring  car  from 
1  to  2  cts.,  and  probably  a  heavy  horse-drawn 
vehicle  with  a  3-ton  load  would  cost  about 
the   same. 

Methods  of  Cost  of  Maintaining  Earth 
Roads  by  the  Patrol  System  in 

Clayton  County,  Iowa. 
The  patrol,  system  of  earth  road  mainte- 

nance inaugurated  by  E.  B.  Tourtelot,  county 

engineer  of  Clayton  county,  Iowa,  is  de- 
scribed by  him  in  a  recent  issue  of  the  service 

bulletin  of  the  Iowa  Highway  Commission. 
The  greatest  difficulty  in  the  past  with 

which  this  county  and  no  doubt  most  of  the 
counties  in  the  state,  has  had  to  contend,  has 
been  the  failure  to  secure  at  the  time  most 
needed,  labor  to  drag  or  repair  the  road. 
Contracts,  of  course,  had  been  made  for 

dragging,  but  in  very  few  cases  had  a  con- 
tract been  made  which  required  a  man  to  give 

his  undivided  attention  to  county  road  work. 
The  new  system,  as  planned  by  the  writer, 

tries  to  do  away  with  this  feature.  There  are 
twenty-two  patrolmen  who  cover  the  entire 
county  road  system,  all  of  whom  have  con- 

tracts with  the  county  to  work  at  such  a  time 
and  at  such  a  place  and  according  to  such 

methods  as  the  board  of  supervisors  or  en- 
gineer may  see  fit  to  adopt  in  order  to  rnain- 

tain  continuously  and  in  the  best  condition 
practicable,  the  entire  length  of  the  road. 
Nearly  all  of  the  patrolmen  have  given  a 
$.500  bond  for  the  faithful  performance  of  all 
the  duties  imposed  upon  them,  which  includes 
the  exercising  of  all  reasonable  diligence  and 
care  in  the  preservation  of  all  road  machinery 
and   tools   in   their  possession. 
All  of  the  maintenance,  repair  work  and 

most  of  the  permanent  work  on  the  county 

system  roads  is  taken  care  of  by  the  patrol- 
men. Each  man  is  supplied  by  the  county 

with  all  road  machinery  and  tools  necessary 
for  the  carrj'ing  on  of  the  work.  He  is  also 
allowed  to  hire  additional  help  at  the  same 
rate  he  is  paid,  to  assist  iii  dragging  or  other 

work,  providing  an  order  is  given  by  a  mem- 
ber of  the  board  or  engineer.  The  road  ma- 

chinery given  each  man  was  as  follows :  I 
wheel  scraper,  1  slip  scraper,  1  road  plow,  1 

Kelly  road  drag,  1  Glide.  ■2-horse  grader. Necessary  small  road  tools,  such  as  picks, 
shovels,   stone   hammers,   drills,   etc. 

The  patrolman  furnished  his  own  team  and 
wagon  and  paid  for  the  upkeep  of  the  team, 
as  well  as  his  own  expenses.  The  county 

paid  45  cts.  per  hour  for  man  and  team,  and 
2.5  cts.  per  hour  for  labor.  When  it  was 

necessary  to  use  more  than  two  horses  for 

dragging,  the  county  paid  7  cts.  per  hour  for 
each  additional  horse.  The  county  road  sys- 

tem has  been  well  dragged  and  repaired  this 

past  season.  Some  patrolmen  have  proven 
far  superior  to  others.  The  county  will  use 

the  patrol  system  next  year.  Incompetent 
men  will  be  weeded  out,  and  new  ones  se- 
cured. 

Table  I  gives  the  cost  of  maintenance  work 
on  various  roads.  Figure  1  shows  the  loca- 

tion of  the  roads  and  average  costs  of  main- 
tenance. 



rj  r 

>'/ 

>r 

/•'
 

^ 

•v 



i 

.^ 



UNIVERSITY  OF  TORONTO 

LIBRARY 

Acme   Library   Card    Pocket 

Under  Pat.  "  Ref.  Index  File." 

Made  ty  LIBRARY  BUREAU 




