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In the following pages are compiled a number of diagrams and con-

cise tables relating to the strength of beams and structural design,

carefully selected from MACHINEKY'S monthly Data Sheets, issued as

supplements to the Engineering and Railway editions of MACHINERY
since September, 1898.

In order to enhance the value of the tables and diagrams, brief ex-

planatory notes have been provided. In many cases in these notes,

references are made to articles which have appeared in MACHINERY,
and to matter published in MACHINERY'S Reference Series, giving addi-

tional information on the subject. These references will be of consider-

able value to readers who wish to make a more thorough study of the

subject. In a note at the foot of each table reference is made to the

page on which the explanatory note relating to the table appears.



BEAM FORMULAS AND STRUCTURAL
DESIGN

Formulas and Tables for Beam
Calculations

On page 4 is given a collection of for-

mulas for beams of rectangular or round

cross-section, supported and loaded in

various manners. The table has been

arranged in the simplest possible man-

ner, and any required formula can be

found at a glance. [MACHINERY, Decem-

ber, 1903, Flexure Simplified; March and

May, 1907, Fundamental Ideas on the

Strength of Beams; MACHINERY'S Refer-

ence Series No. 19, Use of Formulas in

Mechanics, Second Edition, Chapter V,

The First Principles of the Strength of

Beams.]
On page 5 are given constants used

in beam calculations for various cross-

sections of beam. The formulas for

maximum bending moment and maxi-

mum deflection for beams loaded in

various ways are also given on the

same page. [MACHINERY, June, 1909,

The Relation of Depth to Span of a

Girder; January, 1910, To Calculate the

Deflection of a Special Steel Section;

February, 1910, Deflection of Beam Uni-

formly Loaded for Part of its Length;

June, 1910, Limitations of the Common
Theory of Flexure.]

On pages 6 and 7 tables are given
of section moduli and weights per foot

of beams of round, square and rectan-

gular section, as well as of I-beams,
channels and angles. These tables will

be found particularly convenient for

quickly determining the sizes of beams
for supporting given loads. [MACHIN-
ERY, December, 1904, Strength of Beams
with Ribbed Sections; June, 1905, Notes
on the Strength of Beams, Plates and

Columns; September, 1905, Beam Formu-
las; May, 1906, Sections of Cast-iron

Beams.]

On pages 8 and 9 are given two beam
charts by means of which the proper
section to support a given load with a

given length of beam may be found.

The directions for the use of these

charts are given on page 7.

Areas for Small Rectangles Net
Areas of Structural Angles

On pages 11, 12 and 13 are given ta-

bles for the areas of rectangles, the sides

of which are given in fractions of an

inch. These tables will be found es-

pecially convenient when calculating

the moment of inertia and section mo-

dulus of built-up structural shapes.

[MACHINERY, January, 1910, To Calcu-

late the Deflection of a Special Steel

Section.]

On pages 14 to 17, inclusive, are given

tables of the weight and areas of struc

tural angles, together with the net area

of the section with holes for rivets de-

ducted. When using these tables, the

lengths of the legs of the angles are

added together, and the sum of the

lengths is first found in the left-hand

column of the tables. Then the thick

ness of the angle is found opposite this

sum in the second column; the third

and fourth columns give the weight in

pounds per foot, and the cross-sectional

area in square inches. The remaining
columns give the net area after having
deducted for one or two rivets of sizes

as specified at the head of the columns.

At the foot of the table on page 17 a

supplementary table is given of the area

which is to be deducted for various sizes

of rivets and angle thicknesses. This

table may be used for determining the

net area of angles of dimensions not

given in the table, or for rivet sizes not

specified.

347509
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Contributed by J. S. Myers, MACHINERY'S Data Sheet No. 27. Explanatory note: Page 3.
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Designing- Eccentrically Loaded
Bolt and Rivet Groups

On pages 18 to 21, inclusive, four ta-

bles are given which greatly facilitate

the solution of problems in the design

of eccentrically loaded bolt and rivet

groups. The explanatory example on

page 18 gives full directions for the use

of these tables. [MACHINEEY, August,

1910, Eccentrically Loaded Bolt and

Rivet Groups.]

Angles of Hopper Side
Intersections

The finding of the angle of intersec-

tion between the various inclined planes

in a rectangular hopper is a rather per-

plexing problem. In order to make the

solution of problems of this kind easier,

the diagrams on pages 22, 24 and 25

have been prepared. These diagrams

permit the required angle of intersection

to be read off at a glance, when the in-

clinations of the side planes of the hop-

per are known. The descriptive mat-

ter on page 22 and the directions for the

use of the diagrams on page 23, give the

necessary information for their appli-

cation to practical problems.

Sections for Crane and
Telpher Runways

In the design of crane, telpher and

similar runways, suitable provision

should be made for the lateral strength.

The three types of section most com-

monly used for the purposes mentioned

above consist of: 1. An I-beam for ver-

tical strength with a channel riveted

to the compression flange for lateral

stiffness. 2. The same construction,

with the addition of a smaller channel

to the tension flange to increase the

vertical strength. 3. Two I-beams side

by side, with a cover plate on the top

flanges only.

An illustration of each of these three

types is shown on pages 26 and 27,

where also the section modulus, moment
of inertia and other properties of the

three types of built-up sections are given.

[MACHINEKY, May, 1908, Maximum

Stresses; April, 1910, The Design of a

Plate Girder.]

Formulas for Beams Supporting-
Moving Loads

The most common case of moving
loads is that of two wheels equally

loaded, such as a crane trolley on the

crane bridge, or the bridge upon the

runway. There is nothing difficult about

finding the maximum moment, provided

the location of the load upon the span
which produces the maximum moment
is known. The general rule covering

this case is:

For moving loads, when all the loads

are upon the span at once, the maximum
moment under any particular load will

occur when the center of the span is

midway between this load and the cen-

ter of gravity of all the loads.

ar CALCULATED
BY METHOD
OF MOMENTS

Piff. 1

The load which produces the maxi-

mum moment will in nearly all cases be

the heaviest one of the two loads ad-

joining the center of gravity, hence the

rule may be stated:

Place the center of gravity of all the

loads and the heaviest load adjacent to

the center of gravity equidistant from
the supports, and find the moment un-

der the heaviest load.

Example. What is the maximum mo-

ment produced by the system of wheel

loading shown in Fig. 1?

Solution. First find the center of

gravity of all the loads by taking mo-

ments about some point of reference.

Dividing the algebraic sum of the mo-

ments by the sum of the loads gives the

distance from the point of reference to

the center of gravity, thus:

(Continued on page 46.)
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AREAS OF SMALL RECTANGLES I
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AREAS OF SMALL RECTANGLES II

No. 18
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AREAS OF SMALL RECTANGLES III
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NET AREAS OF STRUCTURAL ANGLES I
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NET AREAS OF STRUCTURAL ANGLES II
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NET AREAS OF STRUCTURAL ANGLES III
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NET AREAS OF STRUCTURAL ANGLES IV
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LOADS FOR ECCENTRICALLY LOADED RIVET GROUPS I
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LOADS FOR ECCENTRICALLY LOADED RIVET GROUPS II
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LOADS FOR ECCENTRICALLY LOADED RIVET GROUPS III
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LOADS FOR ECCENTRICALLY LOADED RIVET GROUPS IV
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I
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ANGLES OF HOPPER SIDE INTERSECTIONS II

Secf/'on B-B. Secf/'on D-D.

Aboye secfions faffen in p/ane
perpendicu/ar to tine of/nfersecf/on.

DJreefions for fhe use of fhe diao/rams.

In fhe accompanying iJ/usffafion ofhopper, /ef fhe s/opes of fhe fotsr s/'cfes

be known, as indicafed by fhe sfope in /'nches per foof. For fhe infersecf/on

ang/e 'of fhe side shp/ng // inches Jn /2 /nches w/'fh fhe s/'c/e s/op/ng /2

inches in 6%. inches, use diagram for one ang/e more fhan 4 degrees
and one angle /ess fhan 45 degrees . (See 'upper d/'agrcrm, sheefs 112

and IY.) d+ fhe Jeff of fhe cf/agrcrm are Ycr/ves rang/ng from
inches fo /2 inches for ang/es /ess fhan 4S degrees. FO//OW fhe

horizonfa/ /me af ///nches unf/7 if meefs fhe rerf/ca/ //ne pro/ecfecf^
up from 6% /nches. The '/nfersecf/'on of fhese f-fvo //'r?es gives, on
fhe curves across fhe d/crgrams, fhe nearesf rcr/i/e for fhe /nfersecf/'on

angle, which in fhis case is 4\ /'nches in /2 /'nches. (5ee secf/'on 4-/I

of hopper on fhis sheef.) Jn a simi/err manner, use fhe d/crgrerm for

fwo ang/es bofh more fhan 45" degrees (lower cf/crgrcrm sheefs III crnd

IY) for sec fion B-B, and for secf/'on D-D use d/'agrctm for

crng/es /ess fhan 4 degrees ,
sheef I.

Contributed by Chas. T. Lewis and Horace R. Thayer, MACHINERY'S Data Sheet No. 86.

Explanatory note : Page 10.
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SECTIONS FOR CRANE AND TELPHER RUNWAYS II

27
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TABLES FOR SHEAR OR MOMENT. TWO WHEELS EQUALLY LOADED

Nofafion : W= fofal loadon whee/s. 2. W= load on one wheel. L - /engfn of spar?.
g= wheel base. D= d/'sfance from 5upporf fopo/'nf af rr/7/cf/ momenr or
shear is required. /?= raf/o of B fo L -

B/t_ . OC = raffo^ of O fo L =

D/t_ .
_
M =

bending momenf. v5= Yerf/'caf shear on beam which /s a/so ffye reacf/'on of
fhe support nearesf fofhe po'rnf under consideration. Vm crna l/s are
var/abfes fo be faken from fables.
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DIAGRAMS OF MOMENT AND SHEAR. TWO WHEELS EQUALLY LOADED
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SAFE STRESSES FOR BEAMS UNSUPPORTED LATERALLY

31

In order foprovide fhe same security irt boffi f/ano/es ofcrbeam ffte

compression f/ano/e ^nou/d eifner be supporfed againsf /afercr/

flexure af d/'sfances nof greafer fnan 2O f/'mes f/?e f/crnge widfn,
or a lower sfress ^hou/d be used for fne compress/'on f/ange fnan

is permissible for fhe fens/on f/ano/e.

The formula given in fhe Cambria 5fee/ Cos. hand-book coi

responding fo /6OOO /bs. per so/ inch safe fensi/e sfress is:

t+

Va/ues

of

^c
=

A
flow

able

5f
re

5
5
in

Compression

F/ange,

if?

Thousands

of

Pounds.

boCn-kC^^^CtjCQ^

^feoi^^^
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STRESSES IN THE MEMBERS OF ROOF TRUSSES.

The accompanying tables give the percentage of the total load on a roof truss which

each member of that truss bears. This load is made up of the weight due to the

material of the roof covering, slate, corrugated iron, or other material; the weight due

to miscellaneous loads, such as shafting, suspended machinery, etc. ; and the load due

to wind pressure and snow. The sum of all these for a surface whose length is the

total width of the roof from eaves to eaves, and whose width is the distance between

the center line of adjacent spans, is the total load on each span.

Having found the total load, select a suitable form of truss from among those

represented by the skeleton diagrams in the accompanying data sheets. In these dia-

grams the tension members are represented by single lines, and the compression mem-
bers by double lines. Under the column representing the desired pitch of roof will be

found a coefficient for each member of the truss. This coefficient, multiplied by the

total load, gives the tensile or compressive stress, as the case may be, for that member

Knowing the values of these stresses, suitable sections may be calculated from the data

given in the handbooks of the various steel companies. The pitch of a roof is the

height of the span divided by its length.

The cut below illustrates the construction of a common form of roof truss. "Erec-

tion marks," U L, LI, L 2, etc , are shown at all the connection points. Every member
which goes to make up the connection at any given point is marked in the shop with

the erection mark for that connection, and the drawings for each of the parts are

similarly marked. This facilitates both the checking of the calculations and the erec-

tion of the structure.

Machinery, X. f.

Roof Truss with three Struts on a Side, showing Erection Marks.

Contributed by R. F. Kiefer, MACHINERY'S Data Sheet No. 53. Explanatory note: Page 47.



No. 18 BEAM FORMULAS AND STRUCTURAL DESIGN 33

O
O

CO
III

CO
CO

h
LL

O
O
tt

U.

O
CO

u
GQ

s
III

u
X
h

CO
u
CO
CO
u
o:

co

CM CM 00
CM CM en
i r- CO

LO
CM
to

U)
CM

co co
CM r-

hO LO
ro CM
co co

CM
ro

CM
ro in

CM

CD r-^ ro r^-

ro co ro co
CM i CO CO

ro r*. en
ro co co
co co CM

LO CM CO
CM CM r-

CM r>- ro
CM r*. ro
r** to sf

cn co r LO LO
r un <=> co CM r^.
CM CM CM T- CO LO rO

< PQ

LO LOCOLOLOrOrfrJ-LOCOn-CMLOr^-esesr^.^rra-cMcococor*-
i CDCSCOCMCMF-T csr^ro
^- i r-

cncncnCMLOLOLo LOLOLOi>.rorococMCMCM^a-r^cMr^.COCOCOLOCMCMT T cocoro

LO r^r>>LOLOCOCMLOr^.LOLo i i CM CM LO n- r^.COr^r^.LOCMCMr-r-r%.LOrO

ent>-iv.^- LocMLocniocor^-r^LOi T csir-cocor^.r-coco-c^-cMcvji rcon-ro



34 MACHINERY'S DATA SHEETS No. 18

I
c

c
o
o

co
III

CO
CO

D
ft:

H

O
O

O
CO
tt

u
CO

2
u

u
X
H

co
u
co
CO
III

CO

ror^. to r- CM r co T 10 co a- r*
co ro co rt- i LO ro to T r^csi^i-cni r>

CO CM tO CM LO rf 10 CM LO 1A CO
I^-CMCOT i CMCMCMr-|-^ LO r^ ITS i

cn cn co co i i CMT-T ro 10 r^. co CM m T

r^r LT5coc3c=)T C3C3CM ro . uo co T r- LO

cncMLoroc3cr>c=>cnc=>cor^coLocococ=>
r^.r>.COLOTC3CMC3i CMrOtOCOT COCM

be

r> i** co ^r 03 un 03 co CM GO fo ro CN

co co en en LO co r^. LO LO in

CncncOCOCMCMCMr-T T COr^-COLTJ

inm LO CM r^cotninco T ro

en en co ro r cacocoincorocnLo
CO CO 1^. CO CO LT) T CO IT) CM IT) CO CO f^-i>r^coincMCMCMT r-t coiner, ro



No. 18 BEAM FORMULAS AND STRUCTURAL DESIGN 35

O
3
C
+3

O
O

CO
u
CO
CO

D
K
H
b.

O
O
o:

u.

O
CO

a
u
a
E
u
5
u
X

CO
u
CO
CO
III

tt

co

00 LA
LA ro CM
CM CT3 CO

rf rf LA LA LA
oo co ro CM r*-

LA IA ro IA IA ro
r> r^. ro CM co r

co co ro ro IA
r- r* T IA co r^.
co co ro CM LA ro

pq

r^ CN CM CO LA
* T T ro ro CM
C3 en ro CM en co

ro CM LA CM LA
co r^ CM CM r> LA

LO fs. i> co
LA CM i i ^- IO
!>- CO CM CM CO 5t-

CO IX. CO CO IO LA
r- ro co cs co r*

CO LA T CM LA rO

<< pq

ro CM
CM IO
T 03

CM CM IO LA
C3 CD *3- CM
CM CM C3 CO

r> c LA co co
ro LA co ro co co ro
asr>-r>-hOi T COLO

ro co co co
rococooo
co to co CM

r^. r- ro
cocMro

CM LA CM LA LA l> LA
O-COLA*d-LALA^-r^
r^-LALACMi J CO IO



36 MACHINERY'S DATA SHEETS

SPLICES FOR I-BEAMS I

No. 18

Splice for 24 inch, 90pound I-beam.

ifflliJ7\.r\ r\ n\ ,.f*\ /TX, ^ /^</4\ /-Kj

Neutral

,^0
i o-ei ^:

@|

-

"I
!

I -j
-

Q

k_ *-:;

i

-4-
i

9

Q

Benct/ng efficiency of<sp//cei

Rivets, 8S.4%

Nefsection ofbeam, 85.2%

Efficiency of sp/fce for
direct tens/on :

Rivets, 83.7%

Net section ofbeam, 9f. 2%
Net section ofsplice
plates, 82.4%

"

Rivets,
'

Weight ofSplice P/afes

171pounds.

Splice for 20 inch, 80pound I-beam.

i i
i

i !
i i i i

'
i

i i
'

! *"i I

!
! -I/I

! i

IA A A /Ki^-^ A ^+> A m ^fv A, ^ A /A A

K-<
Bending efficiency ofsplice:

Rivets, 90 %
Net section ofbeam 82.8%

Efficiency ofsplice for
direcT tension :

Rivets, 80.7%

Net section of beam, 88.8%

Net section ofsp/ice
plates, 86.7%

Weight of 5p/ice Plates

J83pounds.

Contributed by A. L. Campbell, MACHINERY'S Data Sheet No. 123. Explanatory note : Page 47.
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SPLICES FOR I-BEAMS -II

37

Splice f

1 i

j

1
i i ! ! ! ! i

] ! I

!! j J <iv /^ A A A A { ] ; i



38 MACHINERY'S DATA SHEETS

SPLICES FOR I-BEAMS III

No. 18

Splice for /2 inch - 40pound I beam.

;

Bending efficiency ofspf/ce:

Netsection ofbeam, 80.1%

Efficiency ofsp/ice for

ft/vets, 89.7%

Netsection ofbeamr 86.7%

Nefsection ofsp/ice
plates, 95.4%

Weight of Sptice P/afes

85 pounds.

Splice for 10Inch-30pound I-beam.

A A A A ,k i l

r* Bending efficiency ofsp/ice:

i 1 4 Rivets, B9.l/o

Nefsection ofbeam, 84.5%

*4%'xlo"Plate

S
% Rive fs, ft

Holes-

^ Efficiency ofsp/ice for

^ direct fens/on:

Rivets, 79.2%

Nefsection ofbeam, 89.8%

Nefsection ofspl/ce

plates 90.4%

Weighf 6f5p//ce P/afes

SO pounds.

Contributed by A. L. Campbell, MACHINERY'S Data Sheet No. 123. Explanatory note: Page 47.
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SPLICES FOR I-BEAMS IV
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Splice for 8 inch, 2O^pound I-beam.

Bending efficiency ofsplice:

Rivefs, 8/%
Nef sec fion ofbeam, 82. & %

Efficiency ofsp/ice for
direcf fension :

Rivefs, 82.2%

Nef secfion of beam, 88. 8%
Nef secfion ofsplice
p/afes, IOO%

of Splice P/afes

35pounds.

Splice for 7inch, 17.5pound I-beam.

Bending efficiency ofsp/ice:

Rivefs, 32.3%

Nefsecfion of beam. 82.8%
i AA AA AA

Neutral
'Axis

7"I,/7.S*
Efficiency ofspfice for

}

*L
''

}**\*.^^j-\'~l> ^sk'x^'p'ote--^
direcf fension:

' ^ S
'x3%x 19 'Plate .

)< /?| J

I, -,'9L
> Rivets, Holes

Rivefs, 78%
Nefsecfion of beam, 88.4%

Nef secfion ofspfice

pfafes, 89.7%

26pounds.

Splice for 6 inch, I4\ pound I-beam.

Bending efficiency ofsp/ice:

Rivefs, 83.3%

Nefsecfion ofbeam, 89%

Efficiency ofsp/ice for
direcf fension:

Rivefs, 81.3%

Nef secfion ofbeam, 87.8%

Nef secfion ofsp/ice
p/afes,

L__ L _
r ttoy We'/ghf of 5plice Pfafes

23 pounds.

Contributed by A. L. Campbell, MACHINERY'S Data Sheet No. 123. Explanatory note : Page 47.
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SPLICES FOR CHANNELS I

No. 18

Splice for /Sfach, 40pound' Channel.

k ,*-J
(e 2 'gl j

Bending efficiency.ofsp/icei

Rivefs, 87. 7%

Nefsection ofchannel, 8/%

Efficiency ofspfice for
cfirecf tension:

Rivete, 87%
Nefsection ofcfianne/, 89.8%

Netsection ofsp/ice
plates' 39%

Weighf^of Splice P/crfes

77pounds.

Splice' for 12inch, 30pound Channel.

Bending efficiency ofsplice:
* Rivets, . 94.8%

Netsection ofchannel, 83. 7%

----4

L _ J _g_ [ . j Q. gJQ _ _ L -

Efficiency ofsplice for
,< '//T V direct: fens/on:

3'Q x // Plate \'

Rivets 33.2%

Net sectie-notchannel, 91.6%

Nefsection of splice

plates, 93.3%

3% x 23 P/ate

f

, Hois3

Weight of Splice Plates

47'pounds.

Contributed by A. L. Campbell, MACHINERY'S Data Sheet No. 123. Explanatory note: Page 47.
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SPLICES FOR CHANNELS II

41

Splice for 10inch, 2pot/nd Channel.

-I l I I I I I
I I I I I

IA A A A A A A Js A /U

]*' $-*-<-

\ Rivets, *jj
Holes

| ^ Bending efficiency ofsp/ice:

* ahf ^^ ^7J%

^- Nef section ofchannel, 92/a

Efficiency ofsp/ice for
direct fens/on:

\ ig^_Q_Qg]_Q Q_Q_oJ ]

Rivefs,

Nef section ofchanne/, 9/.8%

Net section ofsp/ice
plates, 83.8%

Weight of Sp/ice P/afes

37\pouncf5-.

Splice for 3inch, 20pound Channel.

9 C, 20"

x Z% x l'& P/afe

[o_Q .9-3J9_Q .g-Qi j

Bending efficiency ofsp/ice.

Rivets, 90.8%

Net section ofchannel, 30.4%

Efficiency ofsp//ce for
dir.ecf fens/on:

Rivete, 60.7%

Net section ofchgnnef, 89.&%
Nef section ofsp/ice
plafes, !00/

Weight of Sp/ice P/afes

3/pooncfs.

Contributed by A. L. Campbell, MACHINERY'S Data Sheet No. 125. Explanatory note : Page 47.
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SPLICES FOR CHANNELS III

No. 18

5piice for 8inch, 16. 2Spound Chctnr/sf.

IAAAAAAAAAA'

Neutral
~

o
!
o j-v^^fv

SSJ^asbS^-/'! x /O Plate '''

%/ftre/s, 'f6

*

Holes

|O_QO_Q.QJQ_Q_Q[ \

Bending efficien

R/vets, SO %
Metsection ofchonne/, 80. 2%

Efficiency ofsp/ice for
direct fension:

Riyefs, 79.S%

/Vef secfion ofchannel, 89%
Netsecfion ofsp/ice
p/afes,

Weight of Splice P/afes
'

25pounds.

5pl/'ce for 7inch, I4.7Spound Chcrnnef.

Rivets, 'f6 Holes.

Weight ofSplice P/afes
21pounds.

Bending efficiency ofspfice :

ft/rets, 83.2%

Nefsection ofchannef, 79.3%

Efficiency of spfice for
direct fensioni

R/vefs, 78. 7%
Netsection ofch'anne/, 88.8%

Net section of sp/ice

pfates, 30.3%

Splice for 6inch,JO.Spound Channef.

7 . /|/J/J/J/|/J/J/J"
3

'?
'

ofH<-*->H<->M^ ,

I I I I I I I i
I I

r Zx l9

js Rivets, jL Ho/es

Bending efficiency ofsp/ice:

Rivets, 38%
Netsecfion-ofchanne/, 78. 2%

Efficiency ofsp/ice for
direct fens/on:

Rivets, 8S.7%<

Nefsection ofchannef, 87.8%

Net section ofspf/ce
p/afes, /OO%

L- Jft9-9A9.ai9.ft9J9.Aal /

Weight offp/ice P/afes
18 pounds.

Contributed by A. L. Campbell, MACHINERY'S Data Sheet No. 125. Explanatory note : Page 41
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STANDARD PROPORTIONS OF RIVETED JOINTS FOR PRESSURE TANKS
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Taking the 5000-pound load as the

point of reference,

Loads Distances Moments

5000 X = 000
3000 X (+ 60) = + 180,000
3000 X (+ 100) = + 300,000
4000' X (45) = 180,000

15,000 Ibs.

300,000

300,000

= 20 inches.

15,000

The dimension thus found is the dis-

tance of center of gravity to the right

of the line of reference (=#) in Fig. 1.

Placing the load so that the center

of the span is midway between the cen-

ter of gravity and the heaviest wheel

load, or, what is the same thing, placing

the load so that the center of gravity

of all the loads and the heaviest load are

equidistant from the supports, gives the

locations as indicated at the bottom of

Fig. 1. To find RI and R r take moments

as follows : Since the center of gravity

of all loads is now known, consider them

concentrated at this point; then RI

15,000 X 110
_6875 pounds and R T=

240

15,000 X 130= 8125 pounds. Taking
240

moments under the 5000-pound load,

6875 X HO = + 756,250

4000 X (45) =180,000

Maximum moment = 576,250 inch-

pounds.

Two Wheels Equally Loaded

The general rule previously stated,

when applied to two wheels equally

loaded, may be given as follows:

When the wheel-base is less than (2

V^T times the span (=0.5858 X span),

the maximum moment occurs with both

wheels on the span and when the dis-

tance from one support to the wheel

nearest to it is equal to one-half the span
minus one-fourth the wheel-base.

When the wheel-base exceeds 0.5858

times the span, the maximum moment

occurs when one wheel is in the center

of the span.

From this the maximum stress can be

calculated when the section modulus is

known, or the section modulus required

to withstand a given moment and not ex-

ceed a specified stress may be deter-

mined.

The first part of the chart on page 28

gives in condensed form the location for

the maximum moment, with formulas

for same. The second part gives a sum-

mary of the formulas for two wheels

equally loaded, together with diagrams

showing how the moment and shear

varies for a specific location of the load,

or for any point of the beam.

The third part of the chart on page

28 refers to the oblique reaction caused

in a beam carrying a moving load and

supported at one end by a tie-rod or a

strut making an acute angle with the

beam. In the case of a strut, this pro-

duces a direct tensile stress in the beam
in addition to the bending stress, and in

the case of a tie-rod a direct compressive

stress is produced. A familiar example
of this latter case is found in the ordi-

nary jib crane.

The tables on page 29 give values of

the variable "Fm in the formula M =
WLVm , where M= the moment occur-

ring at any point throughout the length

of the beam, L= length of span, and W
= the load. The lower table on this

page gives values of the variable VB ,
in

the formula S=WV B where S= the

shear at any point of the beam, and W
= the load.

The diagram on page 30 gives the

same data as the tables on page 29, but

in diagram form, which makes it easier

to interpolate for intermediate values.

By the aid of these tables or diagrams,

the moment or shear at any point on the

beam or girder can be quickly deter-

mined. This being known, it is easy to

find the section modulus required, how
close to the supports it may be necessary

to bring the cover plates if a built-up sec-

tion be used, and at what point the
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shear decreases sufficiently so that the

Web stiffeners may be omitted when such

is permissible.

Example. A girder of 20 feet span

supports a load of 30,000 pounds carried

on two wheels equally loaded, the wheel-

base being 10 feet. What is the maxi-

mum moment?
Solution. L= 12 x 20= 240 inches ;

W= 30,000 pounds; .8= 10 feet = 0.5Z/.

From the table on page 29, or the dia-

gram on page 30, the maximum value of

Fm is found to be 0.1406, say 0.14, then

M = WLVm = 30,000 X 240 X 0.14 =
1,008,000 inch-pounds. This is the an-

swer to the question.

Example. A girder carries a moving
load on two wheels equally loaded, the

wheel-base being 0.2 of the span. At
what point could the outside cover plate

be stopped off if it constitutes one-third

of the flange area?

Solution. It could be stopped off at a

point where the moment is two-thirds

the value of the maximum moment. Re-

ferring to the diagram on page 30, the

curve for B= 0.2L shows the maximum
value of ym to be 0.2025. Two-thirds of

0.2025= 0.135. The same curve shows
for Ym =0.135 that D= about 0.19L,

which is the required answer. If the

girder were 40 feet long, the outside

cover plate could be stopped off at 0.19 X
40= 7.6 feet from each end. The plate

should be carried beyond the theoretic

point for a distance sufficient to insert

two or three rivets.

Example. The wheel-base being 0.4

the span, what is the maximum shear?

Solution. By referring to either the

table or diagram, the maximum shear is

found to be 0.8 of the load.

Beams Unsupported Laterally

The Cambria Steel Co. gives the fol-

lowing formula,

18,000

1 +
3000 &2

in which &c = safe compressive stress

when the safe tensile stress is 16,000

pounds per square inch. This formula is

derived from Gordon's by making an al-

lowance for a factor of safety and taking

into account the fact that the compres-

sion flange receives some support from

the parts in tension.

The diagram on page 31 is based upon
this formula, which gives values on the

side of safety. The curve giving safe

compressive stresses for various ratios of

L
corresponding to 16,000 pounds per

b

square inch tensile stress was laid out

from values calculated by the above for-

mula. The curves for the lower allow-

able tensile stresses were reduced pro-

portionally; thus, for 14,000 pounds ten-

14,000
sile stress any value of Sc = =

16,000

% of the value for 16,000 tensile stress.

[MACHINERY, March, 1908, Maximum
Stresses.]

Stresses in the Members of
Roof Trusses

On pages 32 to 35, inclusive, explana-

tory matter and tables are given for de-

termining the stresses in the members
of roof trusses. The tables give the per-

centage which each member of a roof

truss bears of the total load, in the

various designs, and the explanatory re-

marks on page 32 give further explana-

tion regarding the method of using

these tables.

Splices for I-Beams and
Channels

It often happens in the use of rolled

shapes for structural purposes, that the

material could be spliced together con-

veniently and with economy, provided an

efficient and reliable form of splice were

available. Splices for I-beams and chan-

nels, efficiently arranged and carefully

calculated, are shown on pages 36 to 42,

inclusive. The sections are taken from

Carnegie's Hand-book, and a medium sec-

tion of each size has been chosen. In

every case the splices for I-beams and
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channels consist of a top and bottom

plate, or plates, riveted to the flanges,

and two side plates riveted to the web.

The reason why medium-sized sections

have been selected for the calculations,

rather than the so-called standard sec-

tions, is that the medium-sized section

more nearly fulfills the average require-

ments in design, and as the steel mills

constantly roll other than the standard

sections, they can easily be obtained.

The efficiency of the riveting, net sec-

tion of the beam, etc., are also given in

percentages on the pages referred to.

Splices are not shown for I-beams and
channels smaller than the 6-inch sec-

tions, because it is not often necessary

to splice such small pieces; also, the

efficiency of the splice would probably

be low. [MACHINERY, November, 1909,

Splices for I-beams and Channels.]

Proportions of Riveted Joints for
Pressure Tanks

The tables and diagrams on pages 43,

44 and 45 are made up for use when de-

signing tanks subjected to internal pres-

sure. On page 43 are given standard

proportions for riveted joints for tanks

of this kind. The standard longitudinal

seams used for pressure tanks are: 1.

A single riveted lap joint with an effi-

ciency from 51 to 59 per cent. 2. A
double riveted lap joint with an effi-

ciency ranging from 60 to 74 per cent.

3. A double strap triple riveted butt

joint with an efficiency varying from 83

to 88 per cent.

The dimensions required for laying

out the riveted joints for any of these

three types are given in the table on

page 43. Page 44 gives the plate thick-

ness required for varying working pres-

sures in pounds, tank diameter in feet,

and different types of riveted joint. For

example, assume that the working pres-

sure in a tank is 200 pounds per square

inch, that the tank is 6 feet in diameter,

and that a double strap triple riveted

butt joint is to be used. Then locate

200 pounds on the scale at the bottom of

the diagram on page 44, and follow the

vertical line from 200 until it intersects

the diagonal line for 6 feet tank diam-

eter. From the point of intersection

follow the horizontal line until inter-

secting the diagonal line for a double

strap joint. From the point of intersec-

tion thus located follow a vertical line

downwards to the bottom scale. It will

be seen that a plate thickness of slightly

more than 3/4 inch is required. In this

case, a plate 13/16 inch thick would

probably be used.

Page 45 gives a diagram by means of

which it is possible to determine the ap-

proximate weight of a pressure tank

when the length and diameter in feet

and the thickness of the shell in inches

are known. Assume as an example that

the diameter of a tank is 10 feet and the

length 20 feet. The plate thickness is

5/8 inch. Adding the length and diam-

eter together, the sum 30 feet is located

to the left on the bottom scale in the

diagram on page 45 and the vertical line

from 30 is followed until it intersects

the diagonal line corresponding to a

diameter of 10 feet. From the point of

intersection follow the horizontal line

until it intersects the diagonal line for

5/8-inch plate thickness, and from this

point of intersection follow the vertical

line downward to the bottom, where the

approximate weight of the tank, 30,000

pounds, is found. [MACHINERY, July,

1910, Weights of Cylindrical Pressure

Tanks.]
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