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PEEFACE.

'*~lr*HE present edition of the MANUAL is a new work

-*-

throughout. It is intended to supply such special

information and tables as, it was thought, would prove

valuable to workers in wrought iron in general, and the

patrons of the publishers, THE PASSAIC ROLLING MILL Co.,

in particular.

The tables, with a few exceptions, were computed expressly

for this work, and some of them are original in both matter

and form.

The author hopes that they will befound to possess the quali-

ties of accuracy and reliability.

Such of the tables as were not calculated for this work were

obtained from two or more works of presumably independent

origin, which were comparedfor the detection oferrors.

The table of weight of a ciibic foot and of the iiltimate

strength of substances was derived mostly from Trautwine.

The list of shapes rolled by THE PASSAIC ROLLING MILLS

will be found increased in mimber, and some of the 'sections

improved in form. All angle irons are now made with

flanges of uniform thickness ; the range between the minimum

and maximum weight for a number of the shapes has been

increased.
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PLATE 1

15 '/8 HEAVY BEAM.
200 Ibs. pr.Yd.

I53/J6 LIGHT BEAM
ISO Ibs. pr.Yd.
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PLATE

K4- HEAVY BEAM .

I7O Ibs.pr.Yd.

5/8
"

12 '4 LIGHT BEAM
125 Ibs.pr.Yd.

*- r

10 y2
'

4,3/4

10 '

2 EXTRA LIGHT BEAM \
90 Ibs.pr.Yd.
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PLATE 3
10V2

IO'/2 HEAVY BEAM
I35 lbs.pr.Yd.

10 V2

IO'/2 LIGHT BEAM.
I05 Ibs. pr.Yd.

9* HEAVY BEAM.
85 Ibs. pr.Yd.

9" LIGHT BEAM.
7O Ibs. pr.Yd.

,:..*.

r\
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8'HEAVY BEAM.
80 Ibs-pr.Yd.

8" LIGHT BEAM.
65 Ibs.pr. Yd.

SO....

r

7" BEAM .

60 Ibs.pr.Yd.

6 EX. HEAVY BEAM
90 to 120 Ibs.pr.Yd.

13/32"
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6 BEAM. PLATE 5 6 'BEAM.
50 IbS pr.Yd. 40 Ibs.pp.Yd.

1

5' BEAM.
30 Ibs.pr. Yd.

5' BEAM.
40 Ibs.pr. Yd.

4-" BEAM.
37 Ibs.pr. Yd.

4 BEAM
30 IbS. pr.Yd

4- BEAM.
18 Ibs. pr.Yd.
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PLATE 6

5"L 17lbs.pp.Yd. 1ft

15^16" CHANNEL
125 to 150 Ibs.pr.Yd

1 f * ^

I/ 4.-Cl3*tbs.pr.Yd. H

12 '/4 CHANNEL 12 '/4 CHANNEL
100 to 140 Ibs.pr.Yd. 80to-95 Ibs.pr.Yd.
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PLATE .7

9 CHANNEL
6O to 70 Ibs.pr.Yd. -.

6 CHANNEL
50 to 60 tbs.pr.Yd.

6 CHANNEL 6 CHANNEL
3Oto45 IbS.pr.Yd. 22'/2to28 Ibs.pr.Yd.
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PLATE 8
EQUAL- TEE.

4'x4x*t'to1lB 33 to 33 Ibs.pr.Yd.

3fex3*fe'xk*7,fe' 28to33 Ibs.pr.Yd.

'x2yax 5fatft! ISto 18 Ibs.pr.Yd.

.Yd.

T9 '/2 to 12 Ibs.pr.Yd.

"^1

(TS

FLATTED ROUND

1 3/4 & Smaller
l
s/8

"1
jJ^lbsp

U

6'/2to8'/2 Ibs.pr.Yd,

HALF ROUND

a'/z&Smaller

ROUNDED FLATS

4 and 3"

"
/2 Ibs.pr.Yd.
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PLATE 9
UN EQUAL TEIE:

-46 to 60 Ibs pr.Yd.

5'x3'x*g 30to36 Ibs.pr.Yd.

^ C

5'x2^'xVS"27to33 Ibs pr.Yd.

4-'x2"x3/8'2l Ibs. pr.Yd.

r
3 "x 2x^8 17 Ibs.pr.Yd.

3'x4<xV2'33 Ibs. pr.Yd.

15 Ibs.pr.Yd.

U

"^ f82 Ibs.pr.Yd

BEAD IRON.

i6' 7!/2 Ibs.pr.Yd.

II Ibs.pr.Yd.

'x 5-
xi6' 15 Ibs. pr.Yd.

21 Ibs.pr.Yd.
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PLATE 11

4'x4?'x%to%" 28tc58 Ibs.pr.Yd

3%x31fe'x%loV* 24to5l Ibs.pr.Yd

SQUARE ROOT ANGLES. |o3.6 lbs.pr.Yd.

V*x^ 17 Ibs.pr.Yd.
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FIG. 2.

FIG. 8.
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PLATE 13

TrrrTrrmi

FIG. 9

FIG. 10.
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THE FIRE PROOF BUILDING COMPANY OF NEW YORK.
Fire Proof Construction with Iron and Hollow Brick.

PLATE 14
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SECTIONS OF COLUMNS
PLATE 16

FIG I.

FIG. 2.

1

FIG. 8.

I 1

FFG.3.

FIG.4.

FIG.5.n
F1G.6.

I I

FIG. 7.

HH

FIG. 1 1. no.12.

I

FIG - 13 -

FIG.I4.

r i TL__jl JL

FIG.I5- FIG. 16.

4=

FIG. 17.

JL
nr

FIG. 18.
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PLATE 17

FIG. I.

TRIANGULAR OR WARREN TRUSS.

7
,

15' 13' L' 9' 1 5' 3'

18 16 14 12 10 8 420
WARREN TRUSS WITH INTERMEDIATE POSTS.

FIG. 2.
17' 15' 13' 11' 1' 5' 3 1'

18 16 14 12 1O 8 6 4?

WARREN TRUSS, WITH INTERMEDIATE SUSPENDERS.

FIG.3.
Z' 15' 13'

18 16 14 12 10 8 6 4-2

RECTANGULAR TRUSS, SINGLE INTERSECTION.

FIG- 4

KING AND QUEEN ROOF TRUSS.

FIG.5.

36265432 3
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STBENGTH OF BEAMS.

IF a beam, supported at its ends, is loaded with a weight,

this weight will produce reactions on the two supports, the

sum of which is equal to the weight. These are the external

forces acting on the beam. Under the influence of these ex-

ternal forces a bending of the beam occurs, the fibers of the

upper half of the cross-section are shortened, and those of the

lower half are elongated. These changes are the result of a

compressive strain in the upper half and of a tensile strain in

the lower half of the cross-section of the beam. In the middle

of the heights is a place where no shortening or lengthening
of the fibers occurs, and this is called the neutral axis. In

wrought iron, as in other homogeneous substances, this neu-

tral axis is coincident with the center of gravity of the section,

and in symmetrical sections, as in I beams, this is in the

middle of the depth of the beam.

The moment of inertia of a cross-section is an expression

which is used in the calculation of the strength of beams.

The sum of the products of the infinitely small areas of each

fiber, by the square of its distance (taken at right angles)

from the neutral axis, is its value with respect to this axis.

The moment of resistance is the moment of inertia divided

by the distance from the neutral axis (or center of gravity of

the section) to the most extreme fiber. This is used to deter-

mine the maximum strain in the most extreme fiber.

The radius of gyration is found by extracting the square
root of the moment of inertia divided by the area of the cross-

section. If all material were concentrated at this distance

from the neutral axis (or center of gravity), it would resist

against bending the same as the material distributed over the

cross-section.

Twice the radius of gyration may be called the effective

depth of the beam.
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TERMS USED IN FORMULAS:

W, Load.

/, Length of beam in inches.

A, Area of total cross-section of beam.

h, Depth of beam.

I, Moment of inertia of cross-section.

R, Moment of resistance of cross-section.

e, Distance of the most extreme fiber from the neutral axis

(usually e=
J.

d, Deflection in inches.

S, Strain per square inch.

M, Bending-moment produced by the load W in any cross-

section.

x, The distance of this cross-section from the support or

from the load.

The following tables give general formulas of bending-
moments M, maximum loads W, maximum fiber strains S,

and deflections d, for beams loaded and supported in different

ways. The bending-moments may be calculated with these

formulas for any cross-section by substituting the particular

value of JT, and from the value thus obtained the strain in this

cross-section is found by the general formula

The necessary section of the beam at any place is obtained

by reversing this formula, thus :

I M
-e

OT R=S'

This gives the moment of resistance required, arid the cor-

responding beam may be selected from the table giving the

different properties of beams and channels.
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PKOPEETIES OF PASSAIC EOLLING MILL'S

I BEAMS, CHANNEL BAKS, ANGLES,

AND TEE IKON.

THE following tables give co-efficients, by the use of which

the safe, uniformly distributed load for any Beam, Channel,

Tee, or Angle Iron can be easily determined. It is only

necessary to divide the co-efficient by the span between

centers of supports (in feet). This will give the safe, uni-

formly distributed load in Ibs. for a beam simply supported
on both ends, as in case 8 (see table of formulas for different

modes of loading). For any other way of loading, the result

has to be multiplied with a factor which is for

MODE OF LOADING.
FACTOR.

1. One end fixed, other end loaded l

/$

2. Both ends supported, concentrated load in center

of span y2
3. Both ends supported, concentrated load on rny

point of beam

4. One end fixed, other end supported, concentrated

load in center of span %'

5. Both ends fixed, concentrated load in center of

span I

6. Concentrated load at each end, two supports

between ends of beam y%

7. One end fixed, uniformly distributed load ^
8. Both ends supported, uniformly distributed load. . I

9. One end fixed, other end supported, uniformly dis-

tributed load . I

10. Both ends fixed, uniformly distributed load -3

n. One end fixed, load distributed, but increasing

toward the fixed end y%
12. Both ends supported, load distributed, but decreas-

ing toward the middle of the span f

13. Both ends supported, load distributed, but increas-

ing toward the middle of the span ^
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The co-efficients given in the tables for Beams and Chan-

nels have been calculated for maximum fiber strains of 12,000

Ibs. per square inch and 10,000 Ibs. per square inch, but those

for Tees and Angle Iron only for 12,000 Ibs. per square inch.

If it be desired to find the carrying capacity for any other

strain per square inch, this is simply done by increasing or

decreasing the co-efficient given in the tables in proportion

to the strains allowed. These tables have been calculated

under the supposition that the beams are sufficiently secured

against yielding sideways. Usually, it is assumed that this

is the case if the free length of the beam does not exceed

twenty times its width. If longer beams are required, it is

necessary that they should be stayed at intermediate points,

or the safe load has to be reduced as given in the table for

beams not secured against yielding sideways.
Beams or Channels in short lengths have to be proportioned

so that the section of the web is sufficient to resist the shearing
strain. The shearing strain on the web should not be more

than the half of the fiber strain allowed on the flanges ;
that

is, 6000 and 5000 Ibs. resp. per square inch. This gives for

short beams a maximum safe load which such beam may
support without buckling or crushing of the web.

The tables show the dimensions and different properties of

I Beams, Channels, Tees, and Angle Iron. I Beams are

usually rolled heavy, and light weight, as given in the table.

Channels and Angle Iron frequently are made of varying

weights, but Tee Iron can be rolled only to the weights
shown in the lithographed plates.
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I BEAMS.

THE following tables are designed for practical use, to

guide the selection of the most economical beam, by simple

inspection, when me load and the span between centers of

supports are given. The maximum fiber strain assumed is

12,000 Ibs. per square inch, which is sufficient for all build-

ing purposes. Where beams have to carry moving loads, as

in bridges, etc., this maximum fiber strain should be reduced;

but for entirely permanent and dead loads, it may be increased

with safety up to 16,000 Ibs. per square inch, as the limit of

elasticity is at least fifty per cent, larger than this. The

corresponding bearing capacity of beams can be easily found

by simply multiplying the safe loads given in the table by the

proportion of maximum strain allowed. The deflections for

each greater load are always in proportion to the loads.

Another table has been calculated for the safe loads which

may be carried by beams not supported sideways. This

table is calculated from Rankine's formula,

1

5000 w*

in which a = the strain allowed in beams braced sideways,

/= length in inches, and w width in inches.
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FLOORS.
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construction of openings for stair- wajs, liatc

ends of joists or beams should rest 01

of iron or of stone, so as to distribute the pPffSflre over the

brick-work ; also, anchors have to be connected to the ends

in the wall. Tie-rods, three-fourths to one inch in diameter,

are used to tie the joists together and take up the thrust of

the arches. Concrete is frequently used instead of brick

arches. Corrugated iron is placed between the joists, resting

on the lower flanges, and concrete is laid top of it. Also,

hollow bricks and blocks of different shapes have been used

for fire-proof floors. These have the advantage of reducing
the dead load considerably. They may be used for flat or

segmental arches.

Girders consisting of two or more beams are used when

single beams do not give the necessary strength. Usually,

they are bolted together with cast-iron separators. For

carrying walls, it is necessary to have girders consisting of

at least two beams, so as to give sufficient width. The beams

should have separators near the supports, and besides these,

from five to seven feet apart. A table of the weight of Cast-

iron Separators is given here below.

APPKOXIMATE WEIGHTS OF SEPARATOKS

AND BOLTS.

Size of



** .
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I BEAMS, USED AS FLOCKING JOISTS.

Load, 150 Ibs. per D ft.

Clear

Span.



I

Clear

Span.
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EIYETED

RIVETED girders are used where rolled beams are not

sufficiently strong for carrying the load. Sometimes it may
be more economical to use a deeper built beam instead of a

solid rolled beam, but generally the Kolledbeam is the cheaper
one, if it can be had strong enough to carry the weight.
Plate girders have either single or double webs. The latter

ones, box girders, have more stiffness sideways ;
and plain

plate girders, with single webs, are somewhat cheaper. The
width of the top flange of the girders should be at least one-

twentieth of the span, or the section of the top flange should

be increased accordingly. For girders not protected against

yielding sideways, box girders are preferable, as they have

greater stiffness laterally. Shearing strains in the web should

never be more than half of the strains allowed in the flanges ;

and if the depth is considerable, stiffeners should be used to

prevent buckling of the web-plates. A good rule is to have

stiffeners if the depth of the web-plate exceeds eighty times

its thickness. Angle irons are better as stiffeners than Tee
iron on account of having larger flanges, which allow more

space for rivets. The stiffeners should always reach over the

vertical sides of the angles forming the chords of the girder,
and there should be filling pieces between the stiffening angles
and the web-plate. In every case, whether there are web-

stiffeners used or not, there should be a reinforcing by angles
or plates at the ends of the girders where they rest on columns

or on the wall, so that the reaction of the support may be

resisted by an increased section of the web. In larger girders,

one, two, or more cover-plates are required to make up the

necessary section of the, chords or flanges. Frequently all

these cover-plates are made the whole length of the girder,

but this is only a waste of material, as the outer cover-plates
are only required for a part of the length. Plate girders
should never be made too shallow, on account of the deflection;

they should have at least a depth of one twenty-fourth of the

clear span ; if built shallower, more material should be put in

the flanges and webs, so as to reduce the strain per square

inch, and the deflection in proportion.
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CALCULATION OF A RIVETED GIRDER.

Box girder, to carry a wall 20 inches wide.

Span, 30 feet between centers of supports= 360 inches.

Total weight to be carried, 100 tons= 200,000 Ibs.

Depth available, 36".
Load on each support, X 200,000= 100,000 Ibs.

100,000 Ibs.
Web section required, ^ = 20 D .

5,000 Ibs.

Two web-plates, 34/'.X
" =

25.^ D".
Bending moment in middle of span,

| X 200,000 X 360 = 9,000,000 inch Ibs.

Depth of girders bet. centers of chords or flanges, about 34".
9,000,000Maximum chord strain,
- = 264,700 Ibs.

34

Chord section required,
~

263- D
"

.

This section ) ^ of the web-plates. .............. 4j H"
is made up > 2 L iron, 6 ;/ X 4"X i ............. 9f D"
as follows : ) I cover plate, 20" X f ............. 12^ D "

26| D"
STIFFENERS. Angle iron, 3"X 3

/7X f", placed about 4 to

5 feet apart.

By the use of the following table, it is easy to find the sec-

tion required in the chords of riveted girders, if the load and

span are given. This table is calculated for a maximum strain

of 10,000 Ibs. per square inch of gross section. If a higher
strain per square inch is admissible, as in case of strictly

permanent loads for structures which are not exposed to

vibrations and sudden applications of heavy weights,-*- it is

only necessary to reduce the result obtained in proportion to

the higher strain per square inch allowed.

Plate No. 15, fig. i, shows an elevation of a plain plate

girder, built of a web-plate, and four angle irons, stiffened

with angle-iron stiffeners.

Fig. 2. Section of plain plate girder, without cover-plate.

Fig. 3. Section of plate girder, with top and bottom cover-

plates.

Fig. 4. Section of ordinary box girder, with two web-plates,
two cover-plates, and four angle irons in chords.

Fig. 5. Same with extra angle irons riveted to the side of
the web-plate. The floor joists, either iron or wood, are car-

ried on these angles.

Fig. 6. Compound girder, consisting of two ordinary plain
plate girders, connected together at intervals with wrought
or cast iron separators.

Fig. 7. Box girder, composed of two vertical plates and
two horizontal channel irons.
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EIVETED GIRDERS.

Multiply by the load in tons of 2000 Ibs., uniformly dis-

tributed, and divide by 1000. The result is the gross area

in square inches required for each flange, allowing a maxi-

mum fiber strain of 10,000 Ibs. per D inch.

Span
in

feet.



-*
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STBENGTH OF WOODEN BEAMS.

The following table is calculated for rectangular beams

one inch thick, and for different spans and depth of beams.

Maximum fiber strain allowed, 1000 Ibs. per square inch.

Beams to be braced sideways. For a factor of safety of 5

multiply by
I .o for ash.

i.o 1.3 for spruce.
i . 44 1.8 for white oak.

i.o i . 12 for white pine.
1.6 for long leaf yellow pine.

Span
DEPTH IN INCHES.

8-

feet.

5
6
7
8
9
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COLUMNS, POSTS AND STRUTS.

THE following tables of strength of columns are calculated

for safe working strains, and not for the ultimate strength, as

it is of greater consequence to know what load a column will

support with safety, than to know under what load it will

fail.

The first table is copied from a paper read by Mr. Theo-

dore Cooper, before the A. S. of C. E., and it is based on

experiments made on full size columns at the Watertown

Arsenal. The allowed working strains are calculated so that

they are in proportion to the limit of elasticity (0.44 of it).

For posts which are liable to be struck by passing bodies as

f : i, the web-posts in through-bridges, smaller working strains

are given.

The second table shows strains per square inch as allowed

by the specifications of the New York, Lake Erie and Western

Railroad, which have been adopted by a great many roads all

through the United States, and on which base a great number

of structures have been designed and executed. The values

of ratio of length to diameter for different shapes of struts,

are only approximate, but they are sufficient for ordinary use.

Both of these tables are calculated for moving loads ;
for

steady loads, as in buildings, the safe working strains may
be increased 25 per cent.

The table of safe loads on rolled I beams used as columns

or struts is intended for steady loads only. Such columns

are frequently used in buildings, and give very satisfactory

results if the length is not too great. If two I beams, well

braced together, are used, they will carry a larger load. The

co-efficients, as given for box columns, may be used for such

columns without great error.
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Plate 16 shows sections of different types of columns.

Fig. i. Box column, composed of two channels and two

plates.

Fig. 2. Box column, composed of four angle irons and

four plates.

Fig. 3. Open column, composed of two channels connected

with lattice bars or lacing.

Fig. 4. Open column, built of two plates and four angle

irons, connected with lattice bars.

Fig. 5. Open column, built of two I beams, connected with

lattice bars.

Figs. 6 and 7. Columns built of two C and one I beam, or

of three I beams.

Fig. 8. Columns of similar section
;

in place of solid rolled

beams and channels, angles and plates are used.

Fig. ii. Column consisting of two plain bars riveted to-

gether with an I beam.

Fig. 12. Plain I beam used as column.

Fig. 9. Two I beams connected with cast-iron separators

and bolts or rivets.

Fig. 10. Two channel bars connected in the same way.

Fig. 1 8. Two flat bars connected in the same way.

Fig. 13. Open column, built of four angle irons, latticed.

Fig. 14. Four angles connected with solid web-plate, or

latticed.

Figs. 15 and 17. Two T irons or four angle irons riveted

together in star shape.

Fig. 1 6. Similar column. The angles are separated by
cast-iron thimbles.
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TABLE OF

ALLOWED WORKING STRAINS ON
WROUdHT-IRON COLUMNS.

Calculated from formulas of the N. Y., Lake Erie, and W. R. R.

For Square Ends. Pin and Square Ends.

8,000 8,000
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TABLE OF SAFE LOADS
FOR

HOLLOW CYLINDRICAL CAST AND
WROUGHT IRON COLUMNS.

CAST-IRON COLUMNS, with factor of safety 6.

Square Bearing.

*3333
1.2

1 +
800 </*

Pin and Square.

13333

Pin Bearing.

13333

1 +
400 d

WROUGHT-IRON COLUMNS, with factor of safety 4.

Square Bearing.

IOOOO

+ -

3000^

Pin and Square.
IOOOO

i +
2000 d*

Pin Bearing.

IOOOO

T~2

i +
1500 d*

L, length of columns in inches.

d, diameter of columns in inches.

This table is calculated only for dead loads. For moving
loads, deduct. 20% for wrought-iron columns and 2$% for

cast-iron columns.

CAST-IRON COLUMNS.

Safe Loads, in Ibs. per D in.
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TABLE OF

SAFE LOADS FOE RECTANGULAR
TIMBER POSTS, SEASONED.

This table is calculated for a factor of safety of 5 from the

following formulas :

Square Bearing.

1 120

Pin and Square
Bearing.

1 120

Pin Bearing.

1 120

275

Deducted from Lemande's experiments with posts of

French oak, and may be used for American white pine of

best quality.

Ratio of Length
to

Least Side.

L
d
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EOOFS.

THE most frequent types of Roof trusses are shown in

plates 17 and 18. The strains in the different members of

these trusses are easily found by the use of the following

tables. They may be built of iron, or of wood and iron com-

bined. If iron only is used in the construction, the rafters

are made of two channel-bars, with an iron cover-plate, or

properly latticed together. This is the best mode of con-

structing the rafter. For smaller spans or lighter roofs a

single I beam makes a good rafter. If the purlins are sup-

ported only at the joints, a T iron or two angle-irons make a

satisfactory rafter
;
but if the purlins have to be carried on

points between the joints of the truss, the bending strains

produced are usually too large to be carried on a rafter of

this cross section. The bottom end of the rafters usually has

a shoe riveted on, or rests on a pin which is supported by a

separate shoe. The top connection of the two main rafters

is also either a riveted one (the two rafters being cut so as to

bear one against the other), or the connection is made by

having both rafters bearing against a pin. If the roof is pin-

connected throughout, the latter connection at the peak (with

the pin simply) is the better one, and the roof is more easily

erected.

The tension members are either flat bars with forged eyes,

bored for iron pins, or round or square rods with loop-

welded eyes.

The struts are made in very many different ways. A good
construction is to use two light channel-bars connected

together to form a strut, which has a pin-hole at its lower end

to connect with the bottom chord and the tension braces.

Sometimes these trusses are built with wooden main-rafters

and struts. In this case, the ends of these members are

usually fitted to cast-iron pin-boxes, and the tension members

constructed in the same way as in all iron trusses.
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LOADS ON ROOFS SPANS 75 FEET AND LESS.

Roofcovered with corrugated iron, unbearded . 8 Ibs. perD ft.

" " " " " on boards .11" "

" " " slate unboarded or on laths 13
"

" " " " on boards iV thick. . .16 " "

" " "
shingles on laths 10 " "

If plastered below the rafters or tie-beam, add. 10 "

For the weight of iron construction, add 4
"

For snow and wind, add 20 "

The velocity and pressure of wind against surfaces at right

angles to the direction of the wind is, as given by Smeaton :

Vel. in miles

per hour.
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MAXIMUM STRAINS IN KING AND
QUEEN ROOF TRUSSES.

Plate 17, Fig. 5.

To find the maximum strains in any member of these

trusses, multiply the co-efficients given here below.

_ length of rafter

2. For bo

3. For in

4. For ve

Multiply
by

III
1^-5

1
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MAXIMUM STRAINS IN BELGIAN
OE FINK ROOF TRUSSES.

Plate 1 8, Figs. I and 2.

To find the maximum strain in any member of these trusses,

multiply the co-efficients given in the table below with the

panel load.

Ratio of depth 0.333
to length of span.

-
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MAXIMUM STRAINS IN RECTANGU-
LAR AND TRIANGULAR TRUSSES.

BY using the following tables, it will be found easy to de-

termine the maximum strains in different trusses or girders

with parallel chords, if the dead and moving loads are given.

In many cases it will be sufficient to consider only a uniform

dead load and a uniform moving load. The third columns

give the influence of a heavier load in front of a uniform load ;

f. i., a locomotive ahead of a train of cars.

The panel points are numbered, beginning with o at the

abutment, those of the bottom chord with plain numbers, and

those of the top chord with a prime (
'

), so as to indicate the

position of the different members without its being necessary

to refer to the diagram.
In the calculation of a double intersection rectangular truss,

it is necessary to treat the truss as a combination of two sin-

gle intersection trusses ;
and if the number of panels is an odd

one, there exists some uncertainty in which way the full load

is transmitted to the abutments. Sometimes it is assumed

that the counter-rods are without strain under full load, and

this gives somewhat smaller strains in the top chord and

larger strains in the bottom chord than those given in the

table.

But generally the counter-rods are made adjustable, and

have always some initial strain, so that it is more consistent

to assume that the trusses under full load, as well as under

partial loads, act like two separate single intersection trusses.

The difference in the results in either case is of no practical

importance.

In calculating these tables, the loads were supposed to be

concentrated at the bottom chord joints for through-bridges,
and at the top-chord joints for deck-bridges. In through-

bridges, the strains in the web-members under compression

(web-posts) obtained this way should be increased by the

weight of a panel of top-chord and top-lateral bracing.
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EXAMPLE OF APPLICATION OF TABLE.

WARREN TRUSS, DECK BRIDGE WITH INTERMEDIATE
POSTS.

Span, 150' ; depth, 20'.

Number of panels 10, of 15' each.

Dead load, 1,200 Ibs. per lin. ft.

Live load, 2,400
" " "

D= Dead load= 9,000 Ibs. per panel and I truss.

L = Live " = 18,000
" " " "

i
"

E= Excess of locomotive weight = 10,000 Ibs. for I truss.

/= 18,000 =1>8oo
10

10,000^=_J = 1,000
10

Length of diagonal members, 25'

Sec. = = ..25 Tang. =^1=0.75
Strain in middle piece of bottom chord 4-6

12. 5 (D + L) = 337,500

5 e = 5,000

342,500 X tang. 256,875

Compressive strain in brace, 45'.

0.5 D = 4,500

15. / = 27,000

5. e = 5,000

36,500 X sec. = 45,625

Tensile strain in brace, 5' 6,

0.5 D =4,500
10. / = 18,000

4. e = 4,000

1 7,500 X sec. =21,875

It will be observed that, by beginning with o at the left-

hand abutment, the compression member 45' becomes the

tension member 5' 6, and the maximum strains change from

45,625 compression to 21,875 tension. The strains in the

other members are found in similar way.
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EIVETS AND PINS.

IN proportioning riveted work it is customary not to take

into account the friction between the shapes or plates con-

nected. The rivets have to resist the whole strain which has

to be transmitted from one part to the other by their resist-

ance against shearing. The bearing surfaces of the rivets

and of the connected parts must be large enough to avoid

damage by crushing. Therefore, it will be always necessary

to calculate the rivet connections for shear as well as for

bearing. The following tables give shearing and bearing

values of rivets of different diameters for shearing strains of

6,000 Ibs. and 7,500 Ibs. per square inch section, and for

bearing values of 12,000 Ibs. and 15,000 Ibs. per square inch.

The smaller values shou^ be used for moving loads, and

the larger values may be used for steady loads.

Pins are subject to strains by shearing, bearing, and bend-

ing. The corresponding values for these three different

strains are

SHEARING. BEARING. BENDING,

For R. R. bridges and iron pins 7,500 12.000 15,000
" " " " steel pins 11,250 18,000 22,500

For steady loads and) iins g
highway bridges $



HE PASSAIC ROLLING MILL COMPANY. 87

GC~tO CO
TH !>* CO

n*!
(H !

<;

ozj*

O* CO CO

M ^

'tits

O O O O
00 lO TH CO

8i 8

; CO
^d-CO^

C, Q

U I

Oi

o o

:

! OJ C*

8SS

o o

t^ i> GO CO 00 GO GO
COCO1> O50*CO*H

tH



88 THE PASSAIC ROLLING MILL COMPANY.



THE PASSAIC ROLLING MILL COMPANY. 89



90 THE PASSAIC ROLLING MILL COMPANY.

IRON EIYETS.

Weight per 100.
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AREAS AND' WEIGHTS or SQUARE AND

ROUND WROU&HT-IRON BARS.

Thick-

ness,
Inches.
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AREAS OF FLAT ROLLED IRON.
(Continued. )

Thickness
in Inches.
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WEIGHTS OF FLAT ROLLED IRON,
PER LINEAL FOOT.

Iron Weighing 480 Lbs. per Cubic Foot.

Thickness
in Inches.

*i
t
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WEIGHT PER SQUARE FOOT OF SHEETS OF

WROUGHT IRON, STEEL, COPPER,
AND BRASS.

THICKNESS BY AMERICAN GAUGE.

No. of

Gauge.
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DIFFEEENT STANDARDS FOR WIRE
GlAUdE IN USE IN THE TJ. S.

DIMENSIONS IN DECIMAL PARTS OF AN INCH.

Number
of

Wire
Gauge.
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GALVANIZED AND BLACK IRON.

Weight in Pounds per Square Foot of Galvanized

Sheet Iron, both Flat and Corrugated.

The numbers and thicknesses are those of the iron before it

is galvanized. When a flat sheet (the ordinary size of which

is from 2 to 2^ feet in width, by 6 to 8 feet in length) is

converted into a corrugated one, with corrugations 5 inches

wide from center to center, and about an inch deep (the com-

mon sizes), its width is thereby reduced about yjyth part, or

from 30 to 27 inches ; and consequently the weight per square,

foot of area 'covered is increased about ^th part. When
the corrugated sheets are laid upon a roof, the overlapping

of about 2.y2 inches along their sides, and of four inches along

their ends, diminishes the covered area about yth part more ;

making their weight per square foot of roof about ^th part

greater than before. Or the weight of corrugated iron per

square foot, in place on a roof, is about l/z greater than that of

the flat sheets of above sizes of which it is made.

Number
\.v
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WIRE IKON, STEEL, COPPEK, BRASS.

Weight of 100 Feet in Pounds.
BIRMINGHAM WIRE GAUGE.

No. of

Gauge.
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BOLTS WITH SQUARE HEADS AND
NUTS.

Weight of 100 Bolts.

^ength.
Inches.
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FRANKLIN INSTITUTE
STANDARD SIZES

SQUARE AND HEXAGTON NUTS.
Number of Each Size in 100 libs.

THESE NUTS ARE CHAMFERED AND TRIMMED.

Width.
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NAILS AND SPIKES.
Size, Length, and Number to the Pound.

CUMBERLAND NAIL AND IRON CO.

ORDINARY.
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WINDOW GLASS.
Number of Lights per Box of 50 Feet.

Inches.
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BOOFINO SLATE.

General Rule for the Computation of Slate.

From the length of the Slate take three inches, or as many
as the third covers the first; divide the remainder by 2, and

multiply the quotient by the width of the slate, and the prod-
uct will be the number of square inches in a single slate.

Divide the number of square inches thus procured by 144,

the number of square inches in square foot, and the quotient

will be the number of feet and inches required. A square of

slate is what will cover 100 feet square, when laid upon the

roof.

Weight per Cubic Foot, - 174 Pounds.

Weight per Square Foot.

Thickness
|

ft I >& -ft f i
'

f 1

Weight |l.
812 713.625.437.259.0610.87

1 inch.

14.51bs.

TABLE OF SIZES AND NUMBER OF SLATE

IN ONE SQUARE.

Size in

Inches.

6X12
7 12
8 12
9 12
10 1-2

12 12
7 14
8 14
9 14
10 14
12 14

No. of
Slate in

Square.

530
457
400
355
320
266
374
327
291
261
218

Inches.

8X16
9 16
10 16
12 16

9 18
10 18
11 18
12 18
14 18
10 20
11 20

No. of
Slate in

Square.

277
246
221
184
213
192
174
160
137
169
154

Size in

Inches.

12X20
14 20
11 22
12 22
14 22
12 24
14 24
16 24
14 26
16 26

No. of
Slate in

Square.

141
121
137
126
108
114
98
86
89
78
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NOTES ON BRICKWORK.

IN ordinary brickwork, one cubic foot of wall will require

21 bricks of 8 in. X 2^ in. X Z
1A in -

For .1000 ordinary bricks is required I barrel of good lime,

2 cartloads of ordinary sharp sand.

One brick as above weighs 4 Ibs., dry; if perfectly soaked

in water, 5 Ibs. It will absorb I Ib. or I pint of water.

Edgewise arches will require about 7 bricks per square
foot of floor, and endwise arches will require about 14 bricks

of the size given above.

For i cubic yard of concrete is required i barrel, of

cement, 2 barrels of good sharp sand, i cubic yard of broken

stone. "If
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LINEAK EXPANSION OF METALS.
Between o and 100 C. For i C. For i Fahr.

Zinc 0.00294 ....

Lead 0.00284
Tin 0.00222

Copper, yellow 0.00188
red 0.00171

*
Forged iron 0.00122 .0000122 .00000677

tSteel 0.00114 .0000114 .000(10633
* Cast iron 0.00111 .0000111 .00000616

For a change of 100 Fahr. a bar of iron 1475' long will
(

extend I foot. Similarly, a bar loo feet long will extend

.0678 foot, or .8136 inch.

According to the experiments of Du Long & Petit, we have

the mean expansion of iron, copper, and platinum, between

o and 100 C., and o and 300 C., as below :

From o to 100 C. o to 300 C.

Iron 0.00180 0.00146

Copper 0.00171 0.00188
Platinum 0.00884 0.00918

The law for the expansion of iron, steel, and cast iron, at

very high temperatures, according to Rinman, is as follows :

For.oC. x o Fahr.

Iron 00714 .0000143=. 0000080
Steel 01071 .0000214=. 0000119
Cast iron 01250 .0000250=. 0000139

From 25 to 1300
nascent white = 1275 C.

Iron 01250 .00000981=.00000545
Steel 01787 .0000 1 400==. 00000777
Cast iron 02144 . 00001680=. 00000933

From 500. to 1500
dull red to white heat = 1000 C.

difference.

Iron . , 00535 .00000535=. 0000030
Steel 00714 .00000714=. 000(040
Cast iron 0'0893 .00000893=. 0000050

Ratio of Expansion in Hundred parts, assuming-

Forge Iron to expand between and 100 C. =
.00122.

From o to 100 25 to 525 25 to 1300 500 to 1500

Iron 100 per ct. 117 per ct. 80 per ct. 44 per ct.

Steel 93 " 175 " 114 " 58 "

Cast iron . 91 " 205 " 137 " 73

Laplace and Lavoisier, t Ramsden.
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The contraction of a wrought-iron rod in cooling is about

equivalent to Timorr f its length from a decrease of 15 Fahr.,

and the strain thus induced is about one ton for every square

inch of sectional area in the bar.

For a rod of the lengths given below, the contraction will

be as follows :

Length of rod in feet. . 10 20 30 40 50 75 100 150

Contrac'nin inches for 15 .012 .024 .036 .048 .060 .090 .120 .180

150 .120 .240 .360 .480 .600 .900 1.200 1.800

100 .080 .160 .240 .320 .400 .600 .800 1.200

Contraction and expansion being equal, the pressure per

square inch induced by heating or cooling is as follows :

For temperatures varying by 15 Fahr. :

Variation.... 15 30 45 60 75 105 120 150 degrees.

Pressure ....12345 7 8 10 tons.

Stoney givesS
3 C. = 14.4 Fahr. as equivalent to a pressure

of one ton per square inch for wrought iron, and 15 C.= 27
Fahr. for cast iron.

DIMINUTION OF TENACITY OF WROUGHT
IKON AT HIGH TEMPEKATUBES.

EXPERIMENTS FRANKLIN INSTITUTE, 1839. WALTER JOHNSON AND BENJ.

REEVES, COM.

C.

271
299
313
316
332
350
378
389
390
408
410
440

Fahr.

520

630

732

Diminution

p. ct. ofmax.

tenacity.

0.0738
0.0869
0.0899
0.0964
0.1047
0.1155
0.1436
0.1491
0.1535
0.1589
0.1627
0:2010

500
508
554
599
624
626
642
669
674
708

Fahr.
Diminution

p. ct. ofmax
tenacity.

932

1154

1245
1306

0.3324
0.3593
0.4478
0.5514
0.6000
0.6011
0.6352
0.6622
0.6715
0.7001
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DIFFERENT COLORS OF IRON
CAUSED BY HEAT.

POUILLET.

C. FAHR. COLOR.

210 410 Pale Yellow.

221 430 Dull Yellow.

256 493 Crimson.

{Violet,

Purple, and Dull Blue
;

be-

tween 261 C. to 370 C. it passes to

Bright Blue, to Sea Green, and
then disappears.

500 932 ...... Commences to be covered with a

light coating of oxide ;
loses a good

deal of its hardness ;
becomes a

good deal more impressible to the

hammer and can be twisted with

ease.

. . . Becomes Nascent Red.

. . . Somber Red.

. . . Nascent Cherry.

. . .Cherry.

. . . Bright Cherry.

. . .Dull Orange.

. . . Bright Orange.

. . .White.

. . .Brilliant White welding heat.

. . . Dazzling White.

525

700

800

900

1000

1100

1200

1300

1400

1500
1600

. 977 .

.1292 .

.1472 .

.1657 .

.1832 .

.2012 .

.2192 .

.2372 .

.2552 .

.2732 >

.2912 <

MELTING POINT OF METALS.
NAME.

Platina..

Antimony ....

Bismuth

Tin (average) .

Lead "

Zinc . .

FAHR.

. .4593

.. 955

.. 487

... 475

.. 622

. 772

FAHR. AUTHORITY.

Cast iron.. ..2786

Wrought iron . .

Copper (average)

..2552

. .2174"

... 842 J. Lowthian Bell.

....507

. . . .620
"

.

....782

1922.
|012

White, ? Pouillet<

. .. 2733" "tedmg heat. "
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ULTIMATE RESISTANCE OF
MATERIALS.

IN POUNDS, PER SQUARE INCH.



-j0
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SQUARE MEASURE.

Inches.

1

144. 1.

1296. 9.

39204. 272#.
1568160. 10890.

6272640. 43560.

Feet. Yards. Perches. Roods. Acre. Sq. Metres.

. 00694= . 000772= . 0000255= . 00000064= . 000000159= . 000645

.111

1210.

4840.

.00367

.0331

1.

40.

160.

0000918 .000023 .0929

.0002066 .8361

.00625 25.292

.25 1011.7

1. 4046.7

.025

1.

4.

I oo square feet = I square.

10 square chains = I acre.

i chain wide 8 acres per mile.

i hectare = 2.471143 acres.

r = 27878400 square feet,

i square mile ? = 3097600 square yards.

( = 646 acres.

Acres X .0015625 = square miles.

Square yard X .000000323 = square miles.

Acres X 4840 = square yards.

Square yards X .0002066 = acres.

A section of land is i mile square, and contains 640 acres.

A square acre is 208. 71 ft. at each side; or 220 X I98 ft.

A square ^-acre is 147. 58 ft. at each side; or no X 198 ft.

A square %-acre is 104.355 ft: at eacn side 5
or 55 X 198 ft.

A circular acre is 235.504 feet in diameter.

A circular ^-acre is 166.527 feet in diameter.

A circular ^-acre is ^17.752 feet iri diameter.-

FRENCH SQUARE MEASURE.

Square.

Millimetre . . .

Centimetre. ..

Decimetre . . .

Metre or Cen
Decametre. . .

Hectare
Kilometre

Square Inches. Square Feet.

.00154 .0000107

.15498 .0010763
15.498 .1076305

1549.8 10.76305
154988. 1076.305

107630.58
. 38607 D mis. 1 10763058 .

Square Yards.

000001
.000119
.011958

1.19589
119.589

11958.95
1195895.

Acres.

Myriametre. .

|38.607
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CUBIC MEASUEE.

Inches.

1. =
1728.

46656.

Feet.

.0005788 =
1.

27.

Yard. Cubic Metres.

.000002144 = .000016386

.03704 .028315

1. .764513

A cord of wood =128 cubic feet, being four feet high, four

feet wide, and eight feet long.

Forty-two cubic feet = a ton of shipping.

A perch of masonry contains 24^ cubic feet.

A CUBIC FOOT is EQUAL TO

1728 cubic inches.

.037037 cubic yard.

.803564 U. S. struck bushel

of 2150.42 cubic inches.

3.21426 U. S. pecks.

7.48052 U. S. liquid galls.

of 231 cubic inches.

6.42851 U. S. dry galls.

29.92208 U. S. liquid quarts.

25 . 71405 U. S. dry quarts.

59.84416 U. S. liquid pints.

51 .42809 U. S. dry pints.

239.37662 U. S. gills.

.26667 flour barrel of 3 struck

bushels.

.23748 U. S. liquid barrel of

galls.

FRENCH CUBIC OE SOLID
MEASUEE.
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DIMENSIONS OF PASSAIC E. M.
STANDAED TUEN-TABLES.

Plates 19 and 20.

Diameter of pit
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