AISC E&R Library

LT

5537




0D 7TIW ONIT10Y DIVSSYd IHL A8 17IN8 "ALID YHOA M3IN ‘Y3AIY WITHVH ¥3A0 ELIJET: NOLONIHSYM

e ecsbbdlb




- Aonoey —x‘cr z8 - 97.
; o
327/

A MANUAL

OF

USEFUL INFORMATION AND TABLES
APPERTAINING TO THE USE OF

STRUCTURAL STEEL,

' AS MANUFACTURED BY

THE PASSAIC
ROLLING MILL CO.,

PATERSON, NEW JERSEY.

(NEW YORK OFFICE, 45 BROADWAY.)

¥

FOR ENGINEERS, ARCHITECTS
AND BUILDERS.

¥

BY

GEO. H. BLAKELEY, C. E.
M. AM. SOC. C. E.

1897.




Entered according to Act of Congress, in the year 1897, by
THE PASSAIC ROLLING MILL CO.,
in the Office of the Librarian of Congress, at Washington.

THE DE VINNE PRESS, NEW-YORK.




&

: < : e
/‘i" £ o R -7

WATTS COOKE, Pres. A. C. PATRCHILD, Sec’y.
W. 0. FAYERWEATHER, Vice-Pres. and Treas. J. K. COOKE, Sup't.

G. H. BLAKELEY, Chf. Eng.

THE

PASSAIC
ROLLING MILL CO,

PATERSON, NEW JERSEY,
¥

MANUFACTURERS OE,

OPEN HEARTH
STRUCTURAL STEEL AND
: HIGH GRADE IRON.

¥
BEAMS, CHANNELS, ANGLES,
TEES, Z Bl}NI}S, PLATES
MERCHANT BARS.

¥

DESIGNERS, MANUFACTURERS AND CONTRACTORS FOR
ALL KINDS OF STEEL AND IRON WORK FOR

BRIDGES AND BUILDINGS,

ROO¥S, POWER STA-
TIONS, TRAIN SHEDS, RAILWAY
AND HIGHWAY BRIDGES AND VIADUCTS,
STANDARD RAILWAY TURNTABLES, EYE BARS,
BUCKLE PLATES, SLEEVE NUTS, RIVETS,
AND STRUCTURAL STEEL WORK
OF ALL DESCRIPTIONS.

¥

PLANS AND SPECIFICATIONS FURNISHED =
ON APPLICATION.

¥
NEW YORK OFFICE, 45 BROADWAY.




i S camens L AR

¥

2 THE PASSAIC ROLLING MILL COMPANY.

. own practice.

PREFACE.

This manual is a new work throughout. It is intended to
supply such special information and tables as, it was thought,
would prove of value and service to those who are engaged in
the design of structural steel work in general, and the patrons
of the publishers, THE Passaic RoLLING MILL Co., in par-
ticular.

The tables, with a few exceptions, were computed expressly
for this work, and many of them are original in both matter
and form. .

The author hopes that they will be found to possess the
qualities of accuracy and reliability.

Such of the tables as were not calculated for this work were
obtained from works of presumably independent origin, which
were compared for the detection of errors.

The tables of the weights and ultimate strengths of materi-
als have been compiled by comparison of all the available data
on the subject.

No attempt has been made to encumber the work with
abridgments of mathematical tables, as such tables, to be of
value, must be very extended and complete. Only such mat-
ter is given as the author has found to be of service in his
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EXPLANATORY NOTES.

All weights given are for steel, and are per lineal foot of the
section.

The manner in which the weights of various sections are
increased is illustrated on page 3o. .

For channels and I beams, the enlargement of the section
adds an equal amount to the thickness of the web and the width
of the flanges. Lithograph sections are given for the princi-
pal weights of beams and channels. The dimensions of other
weights of beams and channels can be obtained from the tables
of minimum and maximum weights and dimensions of I beams
and channels.

The effect of spreading the rolls, to increase the thickness of
angles, slightly increases the length of the legs. Where the
thickness is rolled in finishing grooves, the exact length of
the legs is maintained. The finishing grooves for angles are
given in the table on page 33. Intermediate and thicker sec-
tions have slightly increased length of legs.

Z bars are increased in thickness in the same manner as
angles. The dimensions of the various thicknesses of Z bars
are given in the tables of the weights and properties of Z
bars.

T shapes do not admit of any variation, and can only be
rolled to the weights given. ;

Beams, Channels,and Z bars are rolled only of steel. Uni- -
versal Mill Plates and Angles are rolled of steel, but can be
rolled of iron by special arrangement. T shapes can be rolled
of steel or iron. Merchant Bars can be rolled either of steel
or iron.

In ordering sections, the weight or thickness wanted must
be designated, but not both.

Unless stated to the contrary, all tables are for steel sec-
tions, as steel is now almost exclusively used for all structural
purposes.

Unless otherwise arranged, all structural material will be
cut to lengths with an extreme variation not exceeding 3{ of
an inch.
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90 Les. Pr. FT. STEEL BEAMS

E L\ 280 LBS. PR. FT.
o7st k\ /,

%
0.78

‘u.g
A
\\r;

PPN
2 fia

20"

50,697




o]

THE PASSAIC ROLLING MILL COMPANY. 7

75 LBS. PR. FT. STEEL BEAMS

\ /65 LBS, PR: FT-

T 6,007y |
9
© .
8 'o.es'»s' \\
\
4 ‘o
ol |
0.50 n-a—u Y]
A
6.16~ e RS
0.637
]
@ %




:
/ %
8 THE PASSAIC ROLLING MILL COMPANY.

STEEL BEAMS

75 LBS. PR. FT.
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STEEL BEAMS
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STEEL BEAMS

55 LBS. PR. FT.

CAN BE INCREASED TO 65 LBS.
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STEEL BEAMS
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27 LBS. PR. FT.
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STEEL BEAMS

22 LBS. PR. FT.
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STEEL BEAMS
IS Les. PR. FT. 12 LBS. PR. FT.
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STEEL CHANNELS

40 70 50 LBS. PR. FT.
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STEEL CHANNELS
27 170 35 LBS. PR. FT. 20‘ ,TO 25 LBS. PR. FT.
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STEEL CHANNELS
16 TO 21 LBS. PR.FT. 13 TQ__I5 LBS. PR. FT.
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STEEL CHANNELS

I8 TO I7 LBS. PR. FT. 9TOI2 LBS.PR.FT.
F/J ; L
';0-38” ; 0.30_
79” : » z”
o28= g j {020=L%
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e-—2.22- «--2.00--4
2397 o2 137
17 TO 20 LBS. PR. FT. 12 TO IS LBS. PR. FT.
.
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STEEL CHANNELS

© TO 12 LBS. PR. FT.

. &-—-2,0 ¥

SPECIAL TEES

e .

>

6 TO8 LBS.PR.FT.
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te1.50%
- 1.74%5

STEEL OR IRON




20 THE PASSAIC ROLLING MILL COMPANY.

EQUAL TEES STEEL OR IRON,

I Wi

3 .
10.4 Lss.PR.F1.

e

0
11.7 Lss.Pr.FT. 10.4 Lss.Pr.FT.
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W 3 e

10.0 Les.Pr.Fr. . 9lLes.PRFr.
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o

EQUAL TEES
2%,_’".“.

e
[
l"ﬂ

2.25 LBs.
PR. FT.

STEEL OR IRON

.....

5
S Y
2.65 LBs. B 1.85 LBs. o
PR.FT. 4 PR.FT. L3
e 3
X |_|’.. &%
e L | ’—1@_1\?019
': 7 k_: ”t?
.55 Les. |& — 0.9 Les. |jg 7T
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UNEQUAL TEES STEEL OR IRON

/
e, = 6 s

17.0 LBs.
PR. FT. <
8 g

% gt Wt
56 T 2

13.5 LsBs.
PR. FT.

1.9 LBs.
PR EF:
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6x 6"x2" 70 2" 14,8 70 34,0 Ls. PR. FT.

2%")(2

RE)OT ANGLES 13%13"x4"10 &7 1,02 70 2,55 Las. P, FT.
1'% 2%"x 3" 5.8 Lss. PR, FT. iy

EQUAL ANGLES STEEL OR IRON

)

( 5% 5"x 370 3" 12,3 70 24.2 Lss. PR. FT.

)

4"x 4"x 1570 12 8,16 10 20.8 L8S. PR, FT.

3%"x 35 x 2770 £ 7.11 70 13.5 Las. PR. FT.

= o, qu, 17 +n 57
L 3"'x3"x 5 103 4.97012.1 L8S.PR.FT.
3 2 x2E w0
u gn_ qn 4.0570 7.85 LBS. PR.FT.
X% 105" 2,75 707,17 LBS.PR.FT, 85 Los.be.F

2'x2"x %" 10 5 2.41706.32 LS. PR.FT,

13%13"% 210 " 21110 4,72 LBS.PR.FT. 1

w3,

17, q1%. 370 30
SQUARE 12'x13 % 36 103" 1.80 70 3.33 Les.PR.FT. .I

i]"x 1"x% 105" 0,78 T01.57 L8s. PR.FT,

gh, qer Ared 3
g Xg Xg 1045

1% 17 1" 0.8 Lss. P, 1. 0.68 10 0.99 Lss. PR, FT.

f l O L
%”X %HX %u 0.71 Lss. PR. T, 0.58 10 0.85 Les. PR F1.
U 2"x ¥"x " 0.61 Lss. Pr. FT.

2"x 2"x " 3.2 LBs, PR, FT.
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UNEQUAL ANGLES  STEEL OR IRON
6"x4"x 310 £ 12,3 70 28.4 LBs. PR FT.
3

5"x 33"x 310 2710.4 10 20.3 Les. PR. FT.
J

5'x 3"x %70 3" 8.16 70 19.3 LBs. PR, FT.
)

41"x 3"x %10 3 7.65 70 17.8 Lss. PR. FT.
T

4% 3}x8"103"7,657017.8 Les. PR.F1 |}

4"x3"x &"70 5" 7.1 7013.5 Les. PR, FT.

31"x 3"x 370 3" 6.56 10 12.5 LS. PR. FT.

33"x 25 "% 70 %" 4.97010.6 Les. PR, FT.

3% 23"x 170 %" 4.45 70 9.69 Lss. PR. FT.

3% 2"x £'70 1" 4,05 10 7,65 Les. PR. FT.

T &7
22 x13 x,6 10 73

SQUARE ROOT 2.28 70 3.64 Las PR. FT S

ANGLES N B
2% 137% 10 3%
116 X }16’,( 3 " 0.7 Lss. PR, FT. 2,28 10 3. 64 LBS PR.FT.

Wy

1.02 10 2.45 Les. PA. FT.
TV 193
Z'x 3"x & 0,53 Les. Pr. Fr.

e r
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STEEL Z BARS

T ‘ oo |
. 3.!‘".;...., < _“2%// S
1 6" Z .(b "'%' :(:D t.-%l 6" Z
§| 15.6 TO 2l : 22771028
LBS.PR.FT. i . LBS.PR.FT.
L WF . ;
S - ) .\' tcvg
:1 3.é‘n _,‘ 1. "3*11 o
“ole
D —_—
: . : e 2:_%‘? o
oo @i : .6
) TO
&z . I8 o §¥ LBSI GF;: F
203 - Vi
TO i 5 . I% .hl‘_°
34.6 % i
| fesem Bl

5 7
2315
TO
28.3
LBS. PR.FT.

LBS.PR.FT.: : o
l e i o=
- 3% > < - 3# >
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STEEL Z BARS

4" Z

R

13.8
4” Z " . TO
82 ;} 1z ’-ﬁr 17.9
TO ! _5; LBS.PR.FT.

124 . :
LBS.PR. FT.""”; A oy T,

229 |
ERSPRFT. 1.

LBS.PR.FT.




"

THE PASSAIC ROLLING MILL COMPANY. 27

MISCELLANEOUS SHAPES IRON ONLY
BEAD IRON.

B1'x3e” A 2.5LB.s.PrR.FT.
” ”
4 x \a A 3.7 LesS.PR:FT.

42 x sAs”As_z Les.Pr.FT.
S5x3%6 %70 Les.Pr.FT.

HAND RAIL. GROOVES.

v i° D ,,D” | |1~;
1V2'x34x\4

2Vix Vb x4 vexiaxia’

ROUND EDGE FLATS.

L)

2 ex¥Todx!l”

HE XAGON. HALF ROUND,
s 38To3le”

PICTURE FRAME.
N
1Vex\a”

St

e

S s
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SIZES OF PASSAIC BARS;
STEEL OR IRON,

IN INCHES.

& : ROUNDS. ®
%, 116; '&; 1961 g‘y %%{v %y ‘}%y %y H’ ]v ]TIG') 1%!
1136'7 1&‘) ]156‘1 1%7 lé" lg" l&-, 1%7 2: 2%’
2%, R, 2%, 28, 24, 24, 3, 3, 8%,
3%, 3%, 38, 8%, 3%, 4,
44, 4%, 43, 5.

F~] SQUARES.
g.! -125’ é” 158'7 9-7 %%1 %7 %’ ﬁ’ 1’ 1%1 1%7 ]%—1 lé’

1§, 1%, 1%, 2, 24, 24, 24, 3, 31, 3}, 4.
- HALF-ROUNDS. 2
%1 ]73', %y 136" g‘; Hy g‘y }%r 'Z'r ‘H’r lv 1*;
1&'7 1’3‘1 1%7 1%’ l%’ 21 2&? 3’ 3&'
HEXAGONS.
‘[Ib‘r %y %v Hr ’}7 %7 ‘1’%’ 11 1115» 1%7 1‘3‘-

D ROUND EDGE FLATS. [:Ze]

24 x4, 24 % T, 28 %%, 28 X%, 3XE, 4XE, 4x1.

o] FLATS. b e
Thickness. Thickness. ” Thickness.
Width. Width. | Width.
Min. | Max. Min. | Max. | Min. | Max.
4 * ¥ 13 | M ‘ 3% ¥ 3%
3 1 2 [ & | 1% || 4 + | 3%
§F 4| 1| % |2 \ 4 |} | st
1 + || °% T T 4% T 3i
1} i 1] 2% T 2 || 5 ¥ 2
1} 1 1 3 1 2 || 6 1 2
1% $ 11 -3 i | %
1% i ¥ J 3% 7 oS i H | L T 1%
.. - ‘ I
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e

STEEL.

Universal mill plates can be rolled to any width between
6" and 24", varying in width by 1", and to any specified
thickness from }” upward, varying by %", and to a maximum
limit of length of 70 ft., provided the total wexgbt of the
plate does not exceed 3,000 Ibs.

EXTREME LENGTHS OF UNIVERSAL PLATES,
IN FEET.

PASSAIC UNIVERSAL MILL PLATES.

THICKNESS, IN INCHES.

3 H
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METHOD OF INCREASING SECTIONAL
' AREAS

A

FiG. S

T
I, T

Fie. 4.
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MINIMUM AND MAXIMUM
WEIGHTS AND DIMENSIONS OF PASSAIC
STEEL X BEAMS.
j Weight per Width Thicknessof | B5 8 Inter-
.g foot, in Ibs, | ©f Flanges, | web 'in inches. | 5 & 245 | mediate
o5 | in inches. =53 | Weights,
2 : 8555 | ibs.
g 7 § ~-=5 | per foot.
g' Min. | Max. | Min. | Max. | Min. | Max. | E5§
20 | 90 6.75 g 0.78
20| 80| 8 |[6.38 | 6.46 | 0.69 | 0.77 .015
20| 65 | 75 | 6.00 | 6.16 | 0.50 | 0.66 015 & 70
15( 60 | 75 | 6.00 | 6.29 | 0.52 | 0.81 020 |66%&70
15| 50 | 55 | 5.75 | 5.85 | 0.45 | 0.55 .020
15| 42 | 45 | 5.50 | 5.58 | 0.40 | 0.48 .020
12| 85| 65 | 6.00 | 6.25 | 0.63 | 0.88 .025 60
12( 40| 60 | 5.50 | 5.75 | 0.39 | 0.64 .025 45
12| 813 35 | 5.13 | 5.21 | 0.35 | 0.43 .025
10 | 83 | 40 | 5.00 | 5.21 | 0.37 | 0.58 .029 35
10| 25 | 30 | 4.75 | 4.89 | 0.31 | 0.45 .029 7
| 2% | 33 | 4.75 | 4.95 | 0.31 { 0.51 .033
921 2 |4.50 | 4.63 | 0.27 | 0.40 .033 23}
| 8| 22| 27 [4.38|4.56 | 0.29 | 0.48 | .037 25
8|18 | 20 | 4.13 | 4.20 | 0.25 | 0.32 .037
7] 20| 22 | 4.09 | 4.17 | 0.28 |'0.36 042
7| 15 | 173 3.68 | 3.98 | 0.23 | 0.34 .042
6|15 | 20 | 3.52 | 3.77 | 0.25 | 0.50 .049 173
61 12| 14 | 3.38 | 3.48 | 0.22 | 0.32 .049 13
5| 13 | 15 | 3,13 | 3.25 | 0.26 | 0.38 .059
5 9% 12 | 3.00 | 3.12 | 0.21 | 0.33 .059
4 8| 10 | 2.54 | 2.69 | 0.24 | 0.39 074 9
4 6 73°2.19 | 2.50 | 0.18 | 0.20 074
h WEIGHTS IN HEAVY-FACED TYPE ARE CONSTANTLY KEPT
IN STOCK. OTHER WEIGHTS ARE ROLLED
ONLY ON ORDER.




|
& o 1
32 THE PASSAIC ROLLING MILL COMPANY. \
{
MINIMUM AND MAXIMUM
WEIGHTS AND DIMENSIONS OF PASSAIC |
STEEL CHANNELS.
!
g Width S5 |
g% Weigh i Thick f B8
o3 footcin Ioe, | OfFlanges, | pSCo0 o ;.zg%; etk
Q' 9 & .9 Weights, | =
=8 :Q;x.ﬁz Ibs. ]
835 £.5 S | per foot.
A S| Min. | Max. | Min. | Max Min. | Max. |2 g §
15 | 40 50 | 3.63 | 3.83 | .47 .67 .020 45
15| 88 38 |(3.38|3.48 | .40 .50 020 35
12| 27 35 3.1813:33 38 .58 1025 [80&33
12| 20 25 | 2.88 | 3.00 | .28 .40 025 23
10 | 20 30 |-2.88|3:.17 | .31 .60 .029: 25
n 18 18 | 2.60 | 2.67 | .25 5 ) .029 1%
9| 16 21 | 2.56 | 2.73 | .28 45 .033 18
9| 13 15 2.36 | '2.43 | .23 .30 .033 14
8| 18 17 -1 2.22 | 2.37. | %6 .40 037 15
8| 10 12 2.08 | 2.15 | .20 7 .037 6 § |
7| 18 | 17 |2.22|2.39| .28 | .45 | .042 15
4 9 12 2.00 | 2.13 | .20 33 .042 10
ol 17 20 |2.41 | 2.56 | .38 53 .049 18
6| 12 15 2.19 | 2.34 | .28 .43 .049 13
6 8 10 | 1.94 | 2.04 | .20 30 .049 9
5 9 12| 1.91 {-2:09| .25 .43 .059 10
5 6 8 |1.66 | 1.78 | .18 .30 .059 i
4 8 10 186 | 2.01 | 27 42 .074 9
4 5 7 1.59 | 1.74 | .17 32 .074 6 BB
WEIGHTS IN HEAVY-FACED TYPE ARE CONSTANTLY KEPT
IN STOCK. OTHER WEIGHTS ARE ROLLED
L ONLY ON ORDER.
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SIZES OF FINISHING GROOVES FOR
PASSAIC STEEL ANGLES.

ALL DIMENSIONS ARE GIVEN IN INCHES.

EQUAL LEGS. UNEQUAL LEGS.
Size. Thickness. Size. Thickness.
6 X6 2 and + 6 x4 ¢and &
5 X5 4and & 5 X3 ¢and §

4 X4 5, ¥s and & 5 X3 5, 75 and 1%
3 X3% | 51 and § 4 x 3 5, 75 and &
3 x3 1, f5 and Y 4 X3k 5 T and §
2k X 2% 1, f5 and 4 X3 5, 15 and £
2 x 2} ¥, tand 2 3k x3 5 &, and §
2x2 &, +and § 3} x 2%  fand}
13 x 1§ ¥, tand § * 3 X 2% 4, #and §
1 x 13 &, Yand 3 3 x2 3}, $and}
11 x 1% 4 and 3 2k x 1% +% and
it 1 ¥ and 3 2 x1% 5 and 5
IX %+ and & 13 x 1} tand %
X % t and 15

When the angle is obtained from a finishing groove, the
exact lengths of the legs are preserved; but for intermediate
and greater thicknesses, the lengths of the legs are slightly
| increased. This increase of length amounts to about v of
an inch for each y§ inch increase in thickness.
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BEAMPROTECTION. GIRDER PROTECTION.

BRICK ARCH.

m
-\-

COLUMN PROTECTION.
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TILE ROOF CONSTRUCTION,

SR

“EXCELSIOR’END CONSTRUCTION
FLAT ARCH.
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| CHANNEL COLUMN ~ Z BAR COLUMN
j [V] Ha
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APPROXIMATE WEIGHTS OF STANDARD
SEPARATORS AND BOLTS FOR
€S- STEEL BEAMS. P8
izn- 2
gl Seacixa or Bowrs,
Ayl /2 A=W for 20” Beams/ 24§
FR= 7f° = [ for 15 Beams.
e = "W for 12 Beams, ===
*---w--—i,/y a I8 = D
|29 .
Designation |Widths, in inches, Wetghtein ponmts, 3 §_§ 8 ]
pam | e | vl | 2282
5, 5'5 o L
=4 Width | Width : . |$EE5 |22
B2 o, i P [T £ | 2
=g = ‘per foot. W R » |Separator| Bolts. | Bolts. _5,__:;5,5 Z
2| 90 | 133 | 6f | 22k | 4 | %% | 3.7 | &
20| 80 13 6 214 4 25i 3.7 =
2| 75 | 128 | 53 | 205 | 4 | 24 3.7 4 8
20| 65 | 12 | 53 | 208 | 33 | 241 | 3.7 | &
15| 75 | 12¢ | 58 | 12F | 4 16} | 2.4 |3
15 | 663 | 1% 5% 124 4 16} 2.4 g
15} 60 | 12F | 53 | 191 | 4 168 | 2.4 3
15| 50 11% 5% 11% 3% 15% 2.4
15| 42 114 53 114 3% 15 2.4 3
12| 60 | 113 | 5% 9t | 8% | 18 20 | S
12| 40 114 53 94 3% 13 2.0 Z
12 [* 314 | 104 5 8% 3% 121 2.0 &
10 | 40 103 4% 7 1% 8% 1:5
10 [ 33 104 4% % 1% 8% 1:6
10 | 30 10 42 6% 13 8% 1.5
10| 25 93 4% 6% 13 8% 1.5
9| 27 9% | 4 6 13 7% | 1470
9| 23% 9} 4 5% 13 7% 1.4 2
9| 21 9% 43 5% | 13 7% 1.4 &
R0 oy 93 41 5 1% 63 1.3l
8| 22 9 4% 5 1% 6% 1.3 g
8| 18 Sg 4% 4% 13 6% 1.3 =
7120 4% 4} 13 6 1.1 | =
7| 15 8 3L 4 13 5% | 1.1 |
6| 15 3 3% 3 B 4% 1.0 | o
6| 12 7 34 3 13 4% 1.0 29
5113 | e |3 | o0 || 38| 09 |8
5| 93| 61 | 3 2 1 3t | 0.9
4| 10 58 2% 13 1 3 0.7
4 8 54 2} 1} 1} 3 0.7
4|76 4 | 2of 13k 28 | 0.7
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STANDARD CONNECTION ANGLES
FOR PASSAIC STEEL I BEAMS.

The standard connection angles, for the principal sizes and
weights of Passaic steel I beams, are illustrated on the fol-
lowing pages. These connections are designed on the basis
of an allowable shearing strain of 9,000 lbs. per square inch,
and a bearing strain of 18,000 lbs. per square inch on bolts.
The number of bolts is dependent, in most instances, upon
their bearing values on the webs of the beams.
The connections are proportioned to cover most cases oc-
curring in ordinary practice. Where beams have short spans
and are loaded to their full capacity, it may be found neces-
sary to use connections having a greater number of bolts than
is used in the standard connections. The minimum spans
for which the standard connection angles may be used are given
in the following table; and the approximate weights of the
standard connections are also given.

Connection angles may be riveted to the beams, instead of
being bolted, if so specified; but, unless ordered to the con-
trary, bolted connections are generally used.

MINIMUM A SPANS
FOR WHICH STANDARD CONNECTIONS CAN BE USED.

Depth | WeIght| Minimum eright’ Depth ]Wcﬂ bt i Weight
ot Beoam Safe C‘:m:?:z- of | Beam, | Safe |opnnect
| Im Lbs. pe:r inS 1’;} tion, IBe%m, Lbs. per| . Span, tion,
| " | Foot. * | Lbs. nches. | “root. | B 2ot The

20 90 20.5 38 9 27 | 10.5 718
" 80 18.0 n " 23| 7.5 "
" 75 16.5 " " 21 9.0 "
" 65 18.0 "
; 8 7 6.0 17
15 75 16.0 30 " 22 9.0 "
7 663 | 15.0 " " 18 7.6 "
" 60 16.0 "
" 50 15.5 v 7 20 7.0 16
" 42 14.0 " " 15 6.5 "
12 55 13.5 28 6 16 (7;2 ‘10
" 40 12.0 " 6 13 2 u
" 31y | 10.5 " g 16
5 13 ’
10 40 12.0 20 " 9% g g 1/9
u 33 11.5 " 4 10 .
" 30 9.0 " ” 8 2.5 "
" 25 10.5 " " 6 2.5 "

Weights of Connections do not include bolts for field use.
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STANDARD BEAM CONNECTIONS
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44 THE PASSAIC ROLLING MILL COMPANY. |
STANDARD SPACING AND DIMENSIONS OF : '
RIVET AND BOLT HOLES THROUGH FLANGES
I AND CONNECTION ANGLES OF I BEAMS.
e [Depen, | weigne | Bt of PRt o | v foun
ln’:::g Inc‘l’z‘es,‘p}'egun?i‘;f‘ I}ive‘:éin in Ins. | in Ins. In:::es. P:O?i!' l}ivc):é;n in Ins. |in Ins. 1‘: J
| Inches. | P'nds. | Inches. NCHE:
7 | 20 90 32 4 53 9 | 27 3 o1 | 55|
¥a| 20 | 80 3 3} 5¥g 9 | 288 3 2i | 68 |7
Ya | 20 75 32 38 6t% || 9 | 21 3 2% | 5% | /2
a | 20 65 o], s§ B S| 3 2 575 | 7z
78 | 15 75 T F & 513 8 | 2 32 2 53 | /=2
7 | 15 663 F) 3} | 58 8 | 18 3 21 5*7 ;L‘
g 15 60 3 3k | b4 T | 30 £ 2 5 7=
[ 3a | 15 50 3 shrlesy (I 7 115 = § Juigtal 5? E78R
_? 15 g9y SRR | §§,; T 8. | F ey 51 | %
[ | Ta 55 3 3 5 . . Qo v ie Sk s A »5; _;/L
IS AR IR I R AR
A B EEEE A A e A Al L
TARAE AR AR R IR AR
| 72| 10 26 3 23 51“: %
cg'ﬁ o A
. 1 [} 0
.5,.'5.'
- CHANNELS. ANGLES.
Dot ¢ Dia. of L'gth| Dia. of
. Depth,| Weight | pid: of b, | Be v b,
Bl 7':' 1..3‘»: pr;in%%f. R?;E’:tl.c;n in?ns. inIns. ::i;}:‘:: l%}:::s? ln:ns. {n?’ns. in Ins. |
Ya | 15 40 6 4 .
1 : 15 33 ;* 3* gé} 5 Gg 33 g* %i
2 | 12 T 1f | Bi 4 g ;i NG 5 /
vz | 12 20 | 3 1 Jiigk 4 3 13 |1
72110 |20 I [ 3 [b 8} % 2
3 10 18 % | 13 | & 3 2 1
o 9 o i{ 1 Bi_ 21 3 1
3 (T e WA R N S 7%; 2 (1 1 ‘
7z 8 i 1 1 2 8 1
3 8 1o | g . 1‘___%:,4 1; 3 1 4
_ﬁ- ; Ig ¥ }1L -3 }3 ia i
"?_J R R jé’ 35 gg i ¢
 {HE NS
T e e \
Ya 5 6 i £ 5% |
ey 1 8| PET
£ )
—
'
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EXPLANATION OF TABLES

OF THE PROPERTIES OF PASSAIC
STRUCTURAL SHAPES.

# The properties of I beams are calculated for the principal
weights of beams usually rolled.  The increase of the coef-
ficients of strength for 11b. increase in the weights of the beams
is given, by means of which the coefficients of strength for
intermediate or heavier weights of beams can be obtained, by
multiplying the increase of the coefficient for 1 lb. by the
| number of lbs. the section is heavier than the section given in
| the table.
| The properties of channels are given for the minimum
| weights of each section. The increase of the section modulus
| and of the coefficient of strength is given for 1 lb. increase in
 the weights of the channels. The coefficient of strength for the
| heavier weights of channels can be obtained by increasing the
 coefficient of strength given for the minimum welght' such in-
crease being obtained by multiplying the increase of the
coefficient, for 1 Ib. by the number of Ibs. the section is
heavier than the minimum section given. The section modu-
lus for heavy sections may be obtained in the same way.
- The properties of Tees are calculated for all weights rolled.
The horizontal portion of the T is called the flange, and the
“vertical portion the stem. For the position of the neutral
axis parallel to the flange, there are two values of the sec-
tion modulus, and the smaller only is given, as the fiber strain
calculated from it gives the greater strain in the extreme fibers.
4 The properties of angles aré calculated for the minimum and
imum weights of each size of angle. The section modulus
the coefficient of strength for weights intermediate between
minimum and maximum are approximately proportional
ythe weights. There are two values of the section modulus for
position of the neutral axis, since the distance between
e neutral axis and the extreme fiber is greater on one side
f the axis than on the other side. The section modulus given
in the table is the smaller of these two values.

-
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The properties of Z bars are calculated for thicknesses
varying by 1"’ for each size.

The coefficients of strength are calculated for a fiber strain
of 16,000 lbs. per square inch, for all shapes. This corresponds
to a strain of % the elastic limit of the structural steel ordinar-
ily used, and provides an ample margin of safety for building
construction or other purposes where the loads are quiescent
or nearly so. Ifmoving loads are to be provided for, the fiber
strain should not exceed 12,000 lbs. per square inch. The
coefficients of strength for I beams and channels are also calcu-"
lated for a fiber strain of 12,000 Ibs. per square inch. If a load
is suddenly applied, it produces an effect double that produced
by the same load in a quiescent state, so that where structures
are subjected to the sudden application of loads, -as in railroad
bridges, still smaller fiber strains than those given in the ta-
bles must be used. As the coefficients of strength are propor- |
tional to the fiber strains assumed, they can readily be deter-
mined for any assumed fiber strain by proportion. Thus, the
coefficient of strength for a fiber strain of 8,000 Ibs.. per
square inch, will be ¥ the coefficient for 16,000 Ibs. fiber strain.

The coefficients of strength given in the tables furnish an |
easy means of determining the safe uniformly distributed load |
on any shape, by simply dividing the coefficient, given for the ]
shape, by the length of the span, in feet; the quotient being
the safe uniformly distributed load in Ibs. Thus,if it is de-
sired to find the safe uniformly distributed load on a 12" X 40
1b. I beam on a span of 20 ft., allowing a maximum fiber strain |
of 16,000 lbs. per square inch, itis only necessary to divide the
coefficient, 500,700, given in the table of properties, by 20; the
quotient being 25,005, which is the safe load required, in Ibs.,
including the weight of the beam itself. If a section is to be
selected to sustain a certain load, for a given length of span,
it will only be necessary to obtain the coefficient of strength
required and refer to the tables for the section having a coef-
ficient of that value. The coefficient required is obtained by |
multiplying the uniformly distributed load, in lbs., by the
length of span in feet. Thus, if it is desired to find the
size of an I beam required to carry a uniformly distributed
load of 30,000 1bs., including its own weight, on a span 20 ft.
between supports, allowing a fiber strain of 16,000 Ibs. per
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o

square inch, the coefficient required is obtained by multiplying
the load, in 1bs., by the span,in feet, thus;

C = 30,000 X 20 = 600,000 = Coefficient required,

| and by reference to the table of properties of I beams, it will
| be found that a 15" I beam, weighing 42 lbs. per foot, has a
| coefficient of strength of 611,000 and is sufficient for the pur-
| pose. ~

If the load is not uniformly distributed, but is concentrated
at the center of the span, multiply the load by 2 and.consider
the result as a uniformly distributed load.

If the load is not uniformly distributed, or not concentrated
at the center of the span, the bending-moment in foot-lbs.
must be obtained; this bending-moment in foot-lbs. multi-
plied by 8 will give the coefficient required. Formulz for the
bending-moments for most cases occurring in ordinary prac-
tice are given on pages 88-92. The bending-moment will
be in foot-1bs., if the lengths are taken in feet.

The section modulus is used to determine the fiber strain
per-square inch on a beam, or other shape, subjected to bend-
ing, by simply dividing the bending-moment expressed in
inch-Ibs. by the section modulus. The section modulus is
also used to guide in the selection of a beam, or other shape,
required to sustain a given load. The section modulus required
is obtained by dividing the bending moment,in inch-Ibs., by
the allowable fiber strain per square inch.

The use of the radii of gyration, given in the tables of prop-
erties for all sectiops, is explained in connection with the ta-
~ bles of the strength of columns.
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( Continued).

PROPERTIES OF PASSAIC STEEL T BEAMS
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THE PASSAIC ROLLING MILL COMPANY. 53ﬁ
PROPERTIES OF PASSAIC STEEL
, ANGLES
OF MAXIMUM AND MINIMUM THICKNESSES AND WEIGHTS,
EQUAL LEGS.
O s ab | o g g égﬁ
; 818 |6q (88| 85 |8s| §s | 8s |08
B | 2|<, | 28028 B 38| Bg | ig sk
<5 3 g’_'g ®n.8 23‘5 'oo-.: g.g B O8] g-g
BE | 8| 23| (a8l 29 |28 24 [s9|%E
| 85 | 2 |5~ g8 (255 5?; Sa| Ba | g0 |28
e | 2|2 |5%(882 85 | 39| &9 |99 g4
I Q C ¥ &
6 X6 | ¥ [34.0 |10.03| 1.87135.3 [8.17 | 87,100 [1.87 |1.20
|6 x6 | & (14.8 | 4.36] 1.64{15.4 |3.52 | 37,500 (1.88 |1.20
5 Xb | 4 |24.2 | 7.11| 1.56/17.0 (4.78 | 51,000 (1.55 |1.00
5 x5 | # [12.3 | 3.61| 1.39] 8.74 |2.42 | 25,800 {1.56 (1.00
4 x4 | 1% [20.8 | 6.11| 1.35( 9.45 (3.32 | 35,400 (1.24 | .80
4 x4 | % | 8.16 2.40| 1.12| 3.72 (1.29 | 13,800 [1.24 | .80
3yx3%| & [13.5 | 3.98/ 1.10( 4.33 (1.81 | 19,300 (1.04 | .70
35%3% £ | 7.11] 2.09] 0.99] 2.45 | .98 | 10,400 [1.08 | .70
13 x3 | & [12.1 | 3.56] 1.03| 3.20 [1.48 | 15,800 | .94 | .60
3 x3| + [4.9|1.44/ 0.84/ 1.24 | .58 | 6,190 | .93 | .60
2hx2%| 4 | 7.85) 2.31| 0.82) 1.33 | .76 | 8,160 .76 | .50
24%2% % | 4.05) 1.19| 0.72) 0.70 | .40 | 4,270 .77 | .50
(k%2 ¥ | 7.17| 2.11] 0.78| 1.04 | .65 | 6,940 | .70 | .45
x24| 4 | 2.75 0.81| 0.63| .39 | .24 | 2,590 | .69 | .45
2 X2 | 4 | 6.32 1.86| 0.72| .72 | .51 | 5,440 | .62 | .40
2 X2 | ¥% | 2.41] 0.71 0.57 .28 | .19 | 2,030 | .62 | .40
1x13| 7 | 4.72 1.39| 0.61| .39 | .92 | 3,450 | .52 | .35
1x1% % | 2.11| 0.62| 0.51| .18 | .14 | 1,490 | .54 | .35
k%1% % | 3.33 0.98/ 0.51] .19 | .19 | 2,000 | .44 | .30
(13 x14| v5 | 1.80| 0.53| 0.44] .110( .104| 1,110| .46 | .30
‘liyxlk 5 | .55 0.75| 0.46| .123| .134| 1,370 | .40 | .26
14x13| & | 1.02) 0.30] 0.35| .044| .049 525 | .38 | .25
1 X1 | % | 1.57| 0.46| 0.36( .045| .064 682 | .31 | .20
1x1)| + |0.78 0.23 0.30| .022 .031 330| .31 | .20
IX 7| 5 | 0.990.20 0.29 .019| .033( 352 | .26 | .17
¥x % + | 0.68 0.20] 0.25 .014| .022 240 | .27 | .175
X 4| ¥ | 0.85 0.25| 0.26] .012| .024 256 | .22 | .16
1 #x % + | 0.58 0.17| 0.23] .009] .017 181 | .23 | .15
Coefficients of strength are calculated for a maximum fiber strain of
16,000 Ibs. per square inch.
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AREAS
OF PASSAIC STEEL ANGLES.

Size of Areas, in Square Inches, for different Thickngésses.

Angle,
in Inches. vl g
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WEIGHTS
OF PASSAIC STEEL ANGLES.

Weights per foot for different thicknesses.

04

16

19.9
16.6

|
22.525.0/26.
18.619.922

HII %Il

14.4 [16.5
14.0
13.0

12.1

s oy
T

—
=)

&l

18.6/19.9
15.816.7
14.215.9

13.714.6

Y=y
[Ee

ool on

99.0
24,2
24.2
20.3/
19.3

17.8

e
(=2)

12.9
12.1

o e

eoeow | @ | w
=&

14.715.7
13.7.14. 61

11.3(12.713.5

==
o>

ol w

19.1/20.
17.8] 1

St
ge

11.0{12.5
10.2(11.6

13.5
12.5

Weights per foot for different thicknesses.

i”

3 ¥ |t &
4.906.15(7.178.43(9.3510.6
4.906.057.308.26(9.56,10.8
4.45/5.64/6.537.72/8.50| 9.69
4.055.105.886.94/7.65.

Mﬁ;.%e.oﬁg.m 7.8
19.75! 3.6014.56/5.206.92/7.17
2.98 3.063.68 | ‘
| 2.41] 3.19/4:054.62)5.47(6.32
| 2.98 34063.64
2.11| 2.753.503.984.72
1.80| 2.352.96/3.33
1.53 1.002.45 |
1.46) 2.012.55
1.15| 1.57
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60 THE PASSAIC ROLLING MILL COMPANY.

EXPLANATION OF TABLES
ON SAFE LOADS.

The following tables give the safe uniformly distributed
loads, in tons of 2,000 Ibs., on Passaic Structural Shapes cal-
culated for a maximum fiber strain of 16,000 lbs. per square
inch. The loads given in the tables include the weights of
the shapes, which must be deducted from the tabular loads in
order to obtain the net superimposed loads which the shapes
will carry.

Safe loads are given for the principal weights of I beams
usually rolled. The safe loads for intermediate or heavier
weights of beams than those tabulated, can be obtained by the
use of the separate column of corrections given for each size,
which states the increase of safe load for each additional 1b.
increase in the weight per foot of the beam.

The safe loads of channels are tabulated only for the mini-
mum weights. A separate column for each depth of channel
gives the additional safe load for each 1b. per foot increase in
the weight of the channel, by the use of which the safe loads
on the heavier weights of channels may be obtained.

The safe loads for Tees are given for all weights rolled.

The safe loads for Angles are given only for the minimum
and maximum weights. The safe loads for intermediate
weights may be obtained approximately by proportion.

The safe loads for Z Bars are given for all the weights
rolled.

It is assumed in these tables that the compression flanges
of the beams or shapes are secured against yielding sideways.
They should be held in position at distances not exceeding 20
times the width of the flange, otherwise the allowable loads
should be reduced according to the following table :

BEAMS UNSUPPORTED SIDEWAYS.

Unsupported Length Greatest Safe Unsupported Length Greatest Safe
of Beam. Load. of Beam, s Load.

20 % flange width. | 1.0 tabular load. | 50 X flange width. | 0. 7 tabular lo
304 n ¥ 059" o u [60n u n (0.6 u
407 u " 0.8 «» " 70n n # |lo.§ «
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Deflection Coefficients are given for all the shapes, by the
use of which the deflections, under the tabular loads, can be
obtained by simply multiplying the Deflection Coefficient of
the shape by the square of the span, in feet; the result being
the deflection in inches. Thus, the deflection of a 15"/ X 42
Ib. X beam on a span of 20 feet, fully loaded, is obtained by

result being 0.44, which is the deflection in inches, or about

Beams used in floors should not only be strong enough
to carry the superimposed loads, but also sufficiently rigid to
prevent vibration. For beams carrying plastered ceilings, if
the deflection exceeds zky of the distance between supports,
or 45 of an inch per foot of span, there is danger of cracking
the plaster. This limit is indicated in the tables by heavy
cross lines beyond which the beams should not be used if in-
tended to carry plastered ceilings, unless the allowable loads
given in the tables are reduced in the following manner:

Let A = deflection coefficient for the shape.

L = limiting span, in feet, at which the shape, fully

loaded, has a deflection of 3}y of span.

L' = given span, in feet.

W’ = tabular safe load for span L.

W =1load on span L’ producing deflection of ¢}y of

- span.
Then,

" wl
_I, (1); W' =
AN

L
y (2); W' =W, (3).
T ) = 3)

Thus, if it is desired to find the load ona 10” X 25 Ib. I beam
on a span of 30 ft., which will produce a deflection of only i+
of the span ; the safe load, 4.35 tons, given in the table for a
span of 30 feet, must be reduced by formula (3) as follows:

' W = _><435—-290tons
30

- It may generally be assumed that the above limit of deflec-
tion is not exceeded, both for rolled and built beams, unless
‘the depth of the beam is less than gy of the span. It should
be noted, however, that some local building ordinances pro-
ide that no beam shall be of less depth than g5 of the span.

multiplying the Deflection Coefficient (.0o1103) by 20; the’
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62 THE PASSAIC ROLLING MILL COMPANY. '{

SAFE LOADS, UNIFORMLY DISTRIBUTED,
FOR PASSAIC STEEL I BEAMS, %

IN Tons orF 2000 Lss.,

BEAMS BEING SECURED AGAINST YIELDING SIDEWAYS.

/

g 20" 1. |A%] 15" 1 32}
= { g3 || &0
.5 | 9080|7565 | .2 %5 1663 60| 50 | 42 | i3
= | Lbs. | Lbs. Lbs.‘Lbs. Ex ‘ Lbs. | Lbs. |Lbs. | Lbs. | Lbs. | S5
& |_per | per | per | per -'gg per | per | per | per per g,_;
> |Foot.|Foot. Foot.|Foot.| «,5 || Foot. |Foot.|Foot.| Foot. | Foot. | «,5
80.371.7‘66.561.3‘0.52 || 51.248.1[45.4/37.7 [30.6 [0.39
‘73.065.2‘60.555.7;0.48 Il 46.643.741.2134.‘2 R7.8710.36
66.959.8‘55.4‘51.0‘0.44 | 42.740.1137.831.4 25 0.33

|61.8/55.2/51.247.1/0.40 [ 39.437.034.9;29.() 23.5 [0.30 y
{57.451.247.5;43.8:0‘37 36.6/34.3|32.4126.9 [21.8 0.28
53.647.844.340.9,0.35 | 34.232.1130.225.1 [20.4 (0.26

50.2/44.841.6/38.3/0.3: 30. 1] 3. ; X

47.3142.239.1]36.00.
.6(39.936.9[34.10.

& 37.835.032.310.28 1
35.9

_l'sz::
(7 E=2]

5.933.330.70.26
3034.231.729.20.25 |
32.6/30.227.50.24
31.228.926.60.23 . ; : :
.5[29.9197.725.50.22 | .018.9115. . L

FEFTT:
QU L = UV O OV 0

.1/28.7/26.624.5/0.21 19.
27.6/25.623.6/0.20 18.

29.8126.6/24.6/22.7/0. 17.
28.7/25.6123.821.90. .3(17.1/16.2/13. {
97.7124.7122.9121.20.18 | 17.7/16.5(15.6/13.0 [10.5 [0.14
26.8/23.922.220.50.17 :\ 17.1/16.0/15.1/12.6 (10.2 [0.13 | *
25.92:;.121.5;19,&0.17} 16.515.5(14.6/12.2 | 9.86/0.13
25.1122.4/20.819.20.16 | 16.0/15.0/14.211.8 | 9.56/0.13
24.3121.7/20.2/18.6/0.16 || 15.5(14.5(13.7/11.4 | 9.26/0.12 Py
23.621.119.6/18.10.15 | 15.114.1]13.311.1 | 8.980.11
23.020.519.017.6/0.15 | 14.6/13.7]13.010.8 | 8.730.11
92.3(19.9(18.517.1/0.15 || 14.2/13.3(12.6/10.5 | 8.49/0.11 | -
21.719.4(18.016.50.14 || 12.813.0/12.310.2 | 8.26/0.11 K
91.1/18.9/17.516.1/0.14 \ 13.5/12.6(11.9, 9.91| 8.04(0.10
20.6/18.4/17.1/15.7/0.13 | 13.1/12.3/11.6| 9.66| 7.83/0.10°
20.1]17.9/16.615.30.13 | 12.8/12.011.3] 9.42 7.64(0.10

Deflection Coefficient, Deflection Coefficient,

. 000828 .001103

Safe loads given include weight of beam. Maximum fiber strain, 16,000
Ibs. per square inch, Deflection of beam, in inches, under tabular load
gq\tx_als the product of the Deflection Coefficient by the square of the span,
in feet.

s —%
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SAFE LOADS, UNIFORMLY DISTRIBUTED,
FOR PASSAIC STEEL X BEAMS,

IN TonNs ofF 2000 Lszs.,

BEAMS BEING SECURED AGAINST YIELDING SIDEWAYS.

' § 12 1 i}ﬁ»‘ 10" 1 2%
E o o
= o | gz
| 85 | 40 | 813 (S5 40 | 83 | 80 | 26 | <&
& | Lbs, Lbs. Lbs. g d Lbs. | Lbs. Lbs. Lbs Bl
& | per Ft. | per Ft. | per Ft. | <8 || per Ft. per Ft. | per Ft. | per Ft. | <5

8 39.8 | 31.3 | 24.5 [0.39 23.8 | 21.5 .33
9| 35.4.| 27.8 | 21.8 [0.35]| 21.2 | 19.1 .29
\ 10/ 31.3 | 25.0 | 19.6 [0.31| 19.0 | 17.2 .26
J11 288 | 22,7 [17.9 029 17.3 L 15.6 .24
12| 26.5 | 20.8 | 16.4 [0.26|_15.9 ['14. 3
) 13 24.5 [ 19.27] 15.1 [0.24[ 14.7 | 13.2
14[ 22.87( 17.9 | 14.0 [0.22| 13.6 | 12.3

‘ 15/ 21.2 [ 16.7 | 13.1 [0.21| 12.7 | 11.6
16/ 19.9 | 15.6 | 12.3 [0.20| 11.9 | 10.8
17| 18.7 | 14.7 | 11.5 [0.18 11.2 | 10.1 |:.

18 17.7 | 13.9 | 10.9 [0.17| 10.6 | 9.56
19 16.8 | 13.2 | 10.3 [0.17] 10.0 | 9.05
¢ 12015.9 | 12.5 9.800.16i 9.52| 8.60

N |21 152 [ 119 | 9.330.15 5,07 R0
99 1474 | 11.4 | 8.910.14| 8.65 7.8
23| 13.8 | 10.9 | 8.520.14| R.28 7.48
24| 13.3 | 10.4 | 8.160.13| 7.93 7.17
95/ 12.7 | 10.0 | - 7.83/0.13] 7.62 6.88
26 12.2 | 9.62) 7.5400.12| 7.32( 6.62

- |27 11.8 | 9.26] 7.260.12| 7.05| 6.37
|28 11.4 | 8.93| 7.000.11] 6.80] 6.14

N 29 11.0 | 8.62| 6.760.11| 6.57| 5.93
30/ 10.6 | 8.34] 6.54/0.10/ 6.35 5.73 4.35/0.09
31| 10.3 | 8.07| 6.32/0.10/ 6.14) 5.54 4.21/0.08
32| 10.0 [ 7.81| 6.13/0.10|| 5.95| 5.38 4.08/0.08
33| 9.6 | 7.58 5.94/0.10|| 5.77| 5.21 3.96/0.08

34 9.4 7.35 5.760.09| 5.60| 5.06 3.84/0.08
35 9.1 | 7.14] 5.600.09 5.44 4.91 3.730.08

Deflection Coefficient,
.001379

Deflection Coefficient,

.001655

>

Safe loads given include weight of beam. Maximum fiber strain, 16.000
Ibs. per square inch. Deflection of beam, in inches, under tabular load
equals the product of the Deflection Coefficient by the square of the span,
@ in feet,

&
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SAFE LOADS, UNIFORMLY DISTRIBUTED,
FOR PASSAIC STEEL X BEAMS,

IN Tons or 2000 Lss.,

BEAMS BEING SECURED AGAINST YIELDING SIDEWAYS.

" L § 44l 81 A4l 2T | A€
= '8 | sl‘ﬂ G.0
£ 97 [234| 21 |23 27 | 22 | 18 (3| 20 |18| =%
=
g | Lbs. | Lbs. | Lbs. ‘:f.g‘ Lbs. | Lbs. | Lbs. |58 || Lbs. |Lbs.| 3.5
| o, | o | o | 23 o | o | e | 32| o o 38
718.7 [15.1[14.3 [0.34/T2.5 |13.3 |10.8 0.30/10.4 [5:680.96
816.4 [13.2712.5 0.29/12.9 1.6 [9.450.26] 9.077.070.23
914.6 [11.7 [11.1 o.%]in.s 10.3 | 8.410.23 8.066.280.20
1013.1 110.6 10.0 0.24'10.3 | 9.30 7.570.21) 7.26!5.66;0.18
1111.9] 9.59 9.090.21 9.40 8.45 6.830.19 6.605.140.17
12110.9'| 8.79 8.330.20-8.62 7.75 6.310.17| 6.054.710.15
1310.1 | 8.11 7.690.18| 7.96 7.15 5.820.16| 5.584.350.14
14 9.36 7.53 7.140.17 7.39 6.64 5.410.15 5.184.040.13
15 8.74| 7.03 6.660.16 6.90] 6.17| 5.050.14) 4.843.770.12
16 8.19 6.59 6.250.15 6.47 5.81 4.73;0.13! 4.533.530.11
117/ 7.71] 6.20] 5.880.14! 6.08 5.47 4.45;0.1-2| 4.273.330.11
18 7.28 5.86 5.500.13 5.75 5.16 4.210.12) 4.033.140.10
197°6.90, 5.55 5.26|O.12:) 5.44 4.89 3.980.11] 3.822.980.10
20| 6.56 5.27| 5.000.12] 5.17 4.65 3.790.10) 3.632.830.09
21 6.24 5.02 4.760.11) 4.93 4.43 3.600.10| 3.452.690.09
22/ 5.96 4.79 4.540.11) 4.70 4.23 3.440.09 3.302.570.08
23 5.70 4.58 4.350.10) 4.50 4.04| 3.290.09| 3.152.460.08
2 5.46 4.39 4,160.10 4.31 3.87) 3.150.09| 3.022.360.08
25 5.241 4.92 4.000.09| 4.14 3.72 3.030.08| 2.902.260.07
2 5.04 4.06 3.840.09 3.98 3.58 2.91]0.08‘ 2.792.180.07
27/ 4.86 3.91 3.700.09| 3.83 3.44/ 2.800.08) 2.692.090.07
28 4.68} 3.77 3.570.08| 3.69 3.32 2.700.07) 2.592.020.07
20 4.52 3.64 3.450.08| 3.57 3.21| 2.610.07| 2.501.950.06
30;4.37‘ 3.52 3:330.08) 3.45 3.10) 2.520.07 2.421.880.06
‘ Defiection Coefficient, Deflection Coefficient, Deflection Coeff.,
| .001839 .002069 .002365 |

in feet.

Safe loads given include weight of beam. Maximum fiber strain, 16,000
Ibs. per square inch, Deflection of beam, in inches, under tabular load
equals the product of the Deflection Coefficient by the square of the span,

Fom SPANS ABovE STEL ZIEZAE LiNE
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SAFE LOADS, UNIFORMLY DISTRIBUTED,
FOR PASSAIC STEEL X BEAMS,

IN TonNs oF-2000 Lszs.,

\ BEAMS BEING SECURED AGAINST YIELDING SIDEWAYS.

6’1 5" I 4" 1

10 7% -6
Lbs. | Lbs. | Lbs.
per er | per
Foot. |Foot. | Foot.

| 30"
40%%O£'jj¢mm&2 3
8516.45,0.26 || 5.58(4.32/0.22 | 3.0
7215.53/0.23 || 4.78(3.71/0.19 | 2.6
314.84/0.20 | .19‘3.25;0.16 2.2
4.30(0.18 ‘ .72(2.88(0.15 || 2.0

.35(2.60/0.13 || 1.83

.04|2.360.12 || 1.66
2.16 0.11 | 1.52

13 | 9
Lbs. | Lbs.
per | per
Foot. |Foot. |

Lbs. | Lbs.

per | per
Foot. | Foot.

Add for ea. Lb.
Inc. in Weight.
Add for ea. Lb.
Inc. in Weight.
Add for ea. Lb.
Inc. in Weight.
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Deflection Coeff,, | Deflection Coeff,, | Deflection Coefficient,

L . 002759 [ .003310 ‘ .004138
| |

Safe loads given include weight of beam. Maximum fiber strain, 16,000
Ibs. per square inch. Deflectign of beam, in inches, under tabular load,
equals the product of the Deflection Coefficient by the square of the span,
in feet.

38
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66 THE PASSAIC ROLLING MILL COMPANY.

SAFE LOADS, UNIFORMLY DISTRIBUTED, FOR
PASSAIC STEEL CHANNELS,

In tons of 2000 lbs.,
CHANNELS BEING SECURED AGAINST YIELDING SIDEWAYS.

- K
LT85 4% g%
Span,| 185" | 15" |#AgE=T|| 127 | 12" |B§h=%
in | 40 Lbs. | 83 Lbs. | 85222 | 27 Lbs. | 20 Lbs. |8 15-5-?3‘
Feet. | per Ft. pa Ft. | B=d 25 || per Ft. per Ft. |24 55
<85¢e <8gs
- B v
6 |#44.0 | 36.0 0.65 | 23.85 |18.48 0.52
el 377 |- 30.8 0.56 || 20.44 | 15.84 0.44
8| 33.0 | 27.0 0.49 | 17.89 | 13.86 0.39
9| 29.4 | 24.0 0.43 || 15.90 | 12.32 0.35
10 | 26.4 | 21.6 0.39 || 14.31 | 11.09 0.31
11 | 24.0 | 19.6 0.36 | 13.01 | 10.08 0.29
12 2.0 | 18.0 | 0.33 || 11.93 | 9.24 | 0.26
13 | 20.3 | 16.6 0.30 || 11.01 | 8.53 0.24
14 | 18.9 15.4 0.28 || 10.22 7.92 0.22
15 | 17.6 | 14.4 0.26 9.54 | 7.39 0.21
16 | 16,5 | 13.5 0.25 8.94 | 6.93 0.20
17 | 15.5 | 12.7 0.23 8.42 | 6.52 0.18
g 18| 147 | 12.0 0.22 || 7.95 | 6.16 0.17
10141810 | 11.4 0.21 7.53 | 5.83 0.17
2 | 13.2 10.8 0.20 |~ 7.16 | 5.54 0.16
21| "12.6 | 10.3 0.19 || 6.81 | 5.28 0.15
22 | 12.0 9.81 | 0.18 | 6.50 | 5.04 0.14
23 | 11.5 9.40 | 0.17 || 6.22 | 4.82 0.14
24 | 11.0 9.01| 0.16 | 5.96 | 4.62 0.13
25 | 10.6 8.65 | 0.16 5.72 | 4.43 0.13
26 | 10.2 8.32 [ 0.15 | 5.50 | 4.26 0.12
27 9.79 [ 8.00| 0.15 | 5.30 | 4.11 0.12
23 9.44| 7.72| 0.14 5.11 3.96 0.11
29 9.11| 7.46| 0.14 4.93 | 3.82 0.11

30 8.81 7.22 0.13 4.77 3.70 0.10

31 8.52 6.98 0.13 4.62 3.58 0.10
32 8.26 6.76 0.13 | .4.47 3.46 0.10
33 8.01 6.55 0.12 4.34 3.36 0.10
34 7.77 6.36 0.11 4.21 3.26 0.09

7.55 6.18 0.11 4.09 3.17 0.09

Deflection Coefficient, d Deflection Coefficient,

.001103 .001379

Safe loads given include weight of channel. Maximum fiber strain, 16,000
Ibs. per squareinch. Deflection of channel, ininches, under tabularload equals
the product of the Deflection Coefficient by the square of the span, in feet.

2




THE PASSAIC ROLLING MILL COMPANY. 67

e

SAFE LOADS, UNIFORMLY DISTRIBUTED, FOR

PASSAIC STEEL CHANNELS,
In tons of 2000 lbs.,
CHANNELS BEING SECURED AGAINST YIELDING SIDEWAYS.

8/! 8”
13 Ibs.| 10 lbs.
per Ft. | per Fe

91/
.| 18 lbs.
per Ft.

10" | 10"
20 Ibs.| 15 Ibs.
per Ft. | per Ft.

=3
ES@
=ty

Span, in Feet,

Add to Safe Load for
each 1b. per ft. inc. in

weight of Channel.

—_

7.52

—

& @ = O | weight of Channel.
=S ® | weight of Channel.

L= YW O

SR BES
Soo| oo oo o |Add to Safe Load for

soolamoRE
ioioioligiotom each Ib. per ft. inc. in

ipiois 89:&:“&” each Ib. per ft. inc. in
(=2

—
7]
()
—
-
50
cooos| oo Add to Safe Load for

whhhs}‘ [S1 %=~ Ho oR ]
=N
—
@
secss|esses
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Deflection Coefficient, | Deflection Coefficient, | Deflection Coefficient,
001655 00206

Safe loads given include weight of ch 1. Maxi fiber strain, 16,000
Ibs. per square inch. Deflection of channel, in inches, under tabularload,equals
the product of the Deflection Coefficient by the square of the span, in feet.
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SAFE LOADS, UNIFORMLY DISTRIBUTED, FOR
PASSAIC STEEL CHANNELS,

In tons of 2000 lbs.,
CHANNELS BEING SECURED AGAINST VIELDING SIDEWAYS.
& 23 s (0 =R B
Gien: & - mﬂf“\,‘ ‘2:22 8" 6" 8/ E'gy g;?
in |[18Lbs. 9 Lbs. | & g.E.?g 17Lbs.|12Lbs.| 8 Lbs. | 2 g,g_%ng
Feet. | per Ft. | per Ft. | 35« ;5 per Ft. | per Ft. | per Ft. popfl 35
<§ 8.2 < § §.2
‘ [
5 8.33 | 5.79 0.37 || 9.05 | 6.64 | 4.54 0.31
6 6.94 | 4.83 0.32 7.63 | 5.63 | 3.78 0.26
7 5.95 | 4.13 0.26 | 6.46 | 4.74 | 3.24 0.22
8 5.21 | 3.62 0.23 5.64 | 4.15 | 2.84 0.20
9 4.63 | 3.22 0.20 5.02 | 3.69 | 2.52 0.17
10 4.17 | 2.90 0.18 4.62 | 3.32 | 2.27 0.16
11 3.79 | 2.62 0.17 4.10 | 3.02 | 2.06 0.14
12 3.47 | 2.41 0.156 3.76 | 2.77 | 1.89 0.13
13 3.20 | 2.22 0.14 3.48 | .65 | 1.74 0.12
14 2.98 | 2.06 0.13 3.23| 2.35 [1.62 0.11
15 2.7 | 1.93 0.12 3.01 | 2.21|/1.51 0.10
16 2.60 | 1.81 0.11 2.82 | 2.07 | 1.42 0.10
17 2.45 | 1.70 0.11 2.66 | 1.95 | 1.33 0.09
18 2.32 | 1.61 0.10 2.51 | 1.84 | 1.26 0.09
19 2.19 | 1.52 0.10 || 2.38| 1.75 | 1.19 0.08
20 2.08 | 1.45 0.09 2.2611.66 ( 1.13 0.08
21 1.97 | 1.38 0.09 2.15 | 1.58 | 1.08 0.07
22 1.89 | 1.32 0.08 2.05  1.51 | 1.03 0.07
23 1.82 | 1.26 0.08 1.96 | 1.44 .99 0.07
24 1.74 | 1.20 0.08 1.88 | 1.38 .95 0.07
25 1.67 | 1.16 0.07 1.81 | 1.33 .91 0.06
Deflection Coefficient, Deflection Coeﬂicient,
.002364 002760
Safe loads given include weight of channel. Maximum fiber strain, 16,000
Ibs. per squareinch. Deflection of channel, ininches, undertabularload,equals |
the product of the Deflection Coefficient by the square of the span, in feet. |
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| SAFE LOADS, UNIFORMLY DISTRIBUTED, FOR

PASSAIC STEEL CHANNELS,
In tons of 2000 Ibs.,

CHANNELS BEING SECURED AGAINST YIELDING SIDEWAYS.

Add to Safe

o ©oooo |Loadforeachlb.

Add to Safe
© @222 |Loadforeachlb.
in weight of

per ft.increase
Channel.
in weight of
Channel

per ft. increase

& 288
b RamR

w

Soecw
8885 &

97
.91
.86
.81
Wiz

coso2

228888 | 83888

.73
.69
.66
.63
.61
.58

RBBI2I
sooooo

Deflection Coefficient, Deflection Coefficient,

00331 .00414

] Safe loads given include weight of channel. Maximum fiber strain, 16,000
Ibs. per squareinch. Deflection of channel, ininches, undertabularloadequals
the product of the Deflection Coefficient by the square of the span, in feet.

&%
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72 THE PASSAIC ROLLING MILL COMPANY.

FOR PASSAIC STEEL ANGLES,
EQUAL LEGS, IN TONS OF 2,000 LBS.,

Angles being secured against yielding sideways.

SAFE LOADS, UNIFORMLY DISTRIBUTED,

7

2

gle,

Inches.

Span in feet.

Size of An;
Coefficient of
strength, in

tons.

2131416568101

Deflection
Coefficient.

21.8 (14.5/10.9/8.71/7.26/5.4
9.386.9514.69/3.753.132.3

=
@®w
™o

4.36/3.63|.
1.88/1.56/.

2.5 |12.8 [3.506.385.10/4.25
12:9 | 6.45/4.303.232.582.15

9[2.552.13/.00
1/1.29(1.08|.

17.7 | 8.85(5.90/4.433.542.95(2.

NN EEER
XX|XX| XX
NG RN

9.65| 4.833.2212.4111.93/1.611.

. 21]1.77]1.48.
6.90| 3.45(2.30(1.73/1.38|1.15| .86| .69] -58|.

.97] .801.

T
X|X X
W Lo

L i

7.90| 3.952.63[1.99(1.581.32| .
3 X3
24 X2
23 X2
2 x 21
2% %2

1.30| .65 .43 .32| .26/ .29| .16| .13| .11

¥ 21
5.20| 2.60(1.73/1.30|1.04| .87| .65 .52] -43|.
99

3.10| 1.551.03| .77| .62| .52| .30] .31| .26/,

4.08] 2.0411.36(1.02| .82| .68] .51| .41| .34].
2.14| 1.07| .71| .54| .43| .36] .27| .21| .18|.

3.47| 1.74[1.16|.87| .69| .58| -43| .35] .29|.

2 %2
2.X2

2.72| 1.36| .91| .68| .54] .45| .34/ .27
1.02| .51| .34| .25/ .20] .17| .13| .10

1.73| 86| .57| .43| .35| .29| .22 .17

1ix13 :
.75 .37| .25 .19] .15 .12 .09] .07

1§ Xx1%

1.00] .50( .33| .25] -R0] .17| .13| .10
.56| .28 .19| .14] .11| .09| .07| .06

13 x13
13 x1}

.69 .34| .23] .17| .14] .11| .09| .07

1+ x 1% v
.26| .13[ .09] .07| .05| .04 .03| .03

14 x1%

11
1 X1

.34 .17] .11| .08| .07| .06| .04
.17| .08| .06| .04| .03| .03| .02

.18) .09] .06/ .04 .04 .03
12| .06) .04] .03(.024] .02

eS| b | b Sheie f Bl ;ju.q- ;}a@- tep| o | Snoefn| S22 cekss| <ot | Thickness, Ins,

o

.13 .06 .04] .03/.03
.09 .05] .03].022/.018

o b
KX XX

Niab
o+

Safe loads given include weight of angle. Maximum fiber strain,
Ibs. per sq. in.

Safe loads for intermediate spans can be obtained by dividing the
cient of strength by the span, in feet. N

sk of the span. Deflections, in inches, under tabular loads, can

in feet,

8

Loads given to the right of the zigzag line produce deflections exceeding
e

tained by multiplying the Deflection Coefficient by the square of the span,

16,A

coeffi=
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THE PASSAIC ROLLING MILL COMPANY. 73
SAFE LOADS, UNIFORMLY DISTRIBUTED, |
FOR PASSAIC STEEL ANGLES, |
UNEQUAL LEGS, IN TONS OF 2,000 LBS. |
Long Leg Vertical. Angles being secured against yielding sideways. ‘
§u§ ’% %E: Span in feet. g J
<o 21854 ! 2.8 <
B |=23% | 2|8|4|5|6|8[10/12| RS
=
x4 | T 42.1 !21.0 [14.010.58.417.015.26/4.21/3.50/.0022
X4 | & [17.7 8.85‘5.90;4.433.54&9_52.211.771.46 .0020
X34 # 24.2 (12.1 8.05/6.044.834.033.02(2.422.01|.0026
X35 2 [12.2 | 6.104.07/3.052.442.03/1.53(1.22(1.02].0024
X3 | $124.3 [12.1 ‘8.086.064.854-043 03[2.4312.02].0027
X3 | 5 [10.1 5.033.35%_.—5_1-2.011.681.261.01 .84].0025
X3 | $.19.1 | 9.556.37(4.783.82!3.18/2.39(1.91(1.59]. 0029
X3 | 5| 8.2 | 4.102.732.051.64/1.37/1.03| .82| .68].0027
X33 4 [15.7 | 7.85/5.23/3.933.14(2.62(1.96(1.57)1.91|.0031"
X3b| 75 | 6.6 | 3.302.201.651.32/1.10| .83| .66| .55/.0029 3
X3 | & [12.3 | 6.154.10/3.082.462.05/1.54(1.23|1.03|.0032. b
X3 || 6.55 3.282.181.64/1.31/1.09| .82| . .55/.0030
X3 | £19.38 4.693.12/2.34/1.87/1.56/1.17 94| .78/.0036 K
X3 | 15| 5.11) 2.56/1.70/1.281.02| .85( .64| -51| .43/.0034 <
gzﬁ; 8.64] 4.322.882.16/1.73/1.44(1.08] -86| -72(.0037 "
X 41 4.00 2.00(1.33[1.00 80‘ .67 .50] .40| -33[.0035 8
2| % | 6.45 3.232.15/1.611.291.08| .81| -65| .54/.0042 2
‘2‘} 1| 2.99 1.49) .99| .75/ .60, .50 .37| -30| .25|.0040 :
4 | 5.34 2.671.78(1.441.07| .89| .67| -53| .44/.0043 L
K2 | 4 | 2:88 1.44) .96| .72 .58| .48 .36] -29| .24(,0041
15 | 1.97 .99 .66| .49 .39| .33] .25| .20| .16|.0057 1
K13 % | 1.23 .61 .41| .31| .25 .20] .15 .12| .10(.0055 ¥
41| 1.60 .80 .53| .40, .32] -27| .20| .16/ .13/.0061 i
13 % | 1.01| .50 .34| .25 .20] .17| .13| .10| .08|.0059 4
8 | .77 .39 .26 .19] .15| .13| .10| .08| .06|.0096
+( .81 .15 .10] .08 .06 .05 .04| .03| .03|.0087
loads given include weight of angle. Maximum fiber strain, 16,000
‘wlts)g'd;ni'or intermediate spans can be obtained by dividing the coeffi-
t of strength by the span, in feet. 3 .
given to the right of the zigzag line produce deflections exceeding
of the span. Deflections, in inches, under tabular loads, can be ob-
by multiplying the Deflection Coefficient by the square of the span,

&8
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74 THE PASSAIC ROLLING MILL COMPANY.

SAFE LOADS, UNIFORMLY DISTRIBUTE
FOR PASSAIC STEEL ANGLES,
UNEQUAL LEGS, IN TONS OF 2,000 LBS.

Short Leg Vertical. Angles being secured against yielding sideways,
S A . ]
I e L Span in feet. g4
°8 |5 (g2 3
K] g[8 2 (3(4|5|6|8|10/12| A~
1] = ©
6 x4 | % [20.5 (10.3 6.83‘5.134.103.412.562.05 1. 7198
6 x4 | 3| 8.50 4.25/2.83(2.13|1.70(1.42/1.06| .85] .71{.
5 x3% 3 |12.75] 6.384.25/3.19{2.552.13(1.59(1.28|1.06|.
5 X3} 2 | 6.45 3.232.15|1.61|1.29(1.08| .81| .64] .54|.
5 X3 | 4| 9.85 4.933.282.46/1.97|1.64(1.23] .99| .82|.
5 X3 || 3.99) 2.00/1.33(1.00( .80| .67| .50] .40| .33|.
45%x3 | 3 | 9.33 4.663.1112.33[1.87|1.55|1.17] .93| .78|.
41 %3 || 3.99) 2.001.33/1.00( .80| .67| .50] .40| .33|.
4 x3% 4 |12.4 | 6.20/4.1313.10(2.48(2.07(1.55|1.24(1.03|.
4 X3} 5| 5.3 | 2.651.77/1.33|1.06| .88| .66] .53| .44|.
4 X3 |%|6.8|3.402.27|1.70/1.36/1.13| .85] .68| .57|.
4 X3 |%| 3.95| 1.97]1.32| .99| .79| .66 .49] .40| .33|.
33x3 | & | 7.04] 3.522.35/1.76|1.41(1.17| .88] .70| .59|.
35x3 || 3.84 1.92/1.28| .96/ .77| .64] .48] .38| .32|.
34 x2% 1| 4.75| 2.371.58/1.19| .95| .79 .59| .48| .40|.
3y x24 1| 2.19 1.09 .73| .55| .44| .36] .27 .22| .18|.
3 x23| % | 4.59 2.29/1.53]1.15| .93| .76] .57| .46/ .38|.
3 x28 + | 2.13 1.07| .71| .53| .43| .36] .27| .21| .18|.
3 X2 |3 |2.51] 1.25 .83| .63| .50] .42| .31| .25| .21|.
3 x2|%+|1.39 .69 .46| .35 .28| .23| .17| .14| .12|.
'2})(1&‘{’5 061 AB. 89 24] J19]- (16] 12| .10]. i)
A2 x1d 7| .69 .29 .19| .15] .12| .10| .07| .06|...-|.
12 X131 % 1.23 .61| .41| .31] .25| .20| .15 .12|....|.Of
2 X134 | .80 .40 .27| .20] .16| .13| .10| .08|....|[.
l%xlﬂ | .53 .27 18} .13| .11f .09 .07]....[. .- |- ON
]%Xl%} i W21 11) <07) .05) .041..04 .03]....|: =

Safe loads given include weight of angle. Maximum fiber strain, 16,
1bs. per sq. in.

Safe loads for intermediate spans can be obtained by dividing the ci
cient of strength by the span, in feet.

Loads given to the right of the zigzag line produce deflections exceedi
akp of the span. Deflections, in inches, under tabular loads, can be o
gai?ed by multiplying the Deflection Coefficient by the square of the
in feet.
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THE PASSAIC ROLLING MILL COMPANY, 75
AFE LOADS, UNIFORMLY DISTRIBUTED,
FOR PASSAIC STEEL Z BARS,
IN TONS OF 2000 LBS.
Web vertical. Z bars being secured against yielding sideways.
? i ‘é"ﬁ. A n in fel 8%
| e 2321 i i
s | s (352 2 183/ 4|5 |6|8|10[12| 22
| 2 45.0(22.5/15.0(11.2/9.00|7.50|5.62|4.50/3.75]. 0028
T | 52.4 [26.2(17.513.1/10.5(8.73(6.55(5.24(4.37]. 0027
¥ 159.9(29.9/19.9(14.9(11.9/9.98(7.49(5.99(4.99]. 0027
1% [61.6 (30.8/20.5|15.4(12.3[10.3(7.70|6.16(5. 13].0028
4 68.4 (34.2/22.8(17.1(13.7(11.4/8.55(6.84/|5.70]. 0027
14 |75.2 37.6/25.1/18.8(15.0(12.5(9.40(7.52|6.27]. 0027
1 75.0(37.5/25.0/18.8(15.0(12.6(9.38|7.50(6 .25]. 0028
1#81.2(40.6/27.1/20.3|16.2(13.5[10.2|8.12(6.77|. 0027
¥ |87.5(43.8/29.2/21.9(17.5(14.6(10.9(8.75(7.29]. 00”7
15| 28.5(14.3| 9.5(7.12| 5.7/4.75(3.56/2.85[2.38|.0033
# 34.1(17.1|11.4(8.52/6.82/5.67|4.26|3.41|2.84/.0033
T | 39.7 (19.9(13.2/9.92/7.94/6.62|4.96(3.97|3.31/.0032
1 [41.0[20.5/13.7(10.28.20/6.83|5.13/4.10/3.42|. 0033
15| 46.0 (23.0(15.3|11.5/9.20(7.67|5.75|4.603.83|.0033
% |51.1(25.6]17.0[12.8/10.2/8.52/6.39(5.11|4.26|.0032
1% |50.5(25.3]16.8/12.6/10.1/8.42(6.31(5.05[4.21|.0033
% 155.227.6|18.4(13.8(11.0/9.20(6.90|5.52|4.60/. 0033
1% [61.0(30.520.3]15.2{12.2(10.2(7.63/6.10]5.10|.0032
4 116.8| 8.4| 5.6| 4.2/3.36/2.80(2.10]1.68/1.40(.0041
& [20.9(10.56.97|5.22/4.183.48(2.61|2.09(1.74/.0041
#]24.9(12.58.30/6.22/4.98/4.15(3.11{2.49 2.08|.0040
75 [25.8(12.9/8.60/6.455.16/4.30(3.23 2'58|2‘15 .0041
3 (29.4(14.7/9.80(7.35/5.88(4.90(3.68 2.94‘2.45 .0041
15 [33.016.5/11.0/8.25(6.60/5.50(4.13]3.30 2.75|.0040
§(82.3(16.210.8/8.04/6.465.38(4.04[3.232.69/.0041
5 |85.5(17.8/11.8[8.887.105.92/4.88/3.55/2.96/.0041
4 138.7 (19.4(12.9(9.68/7.76(6.45/4.84|3.87|3.23|.0040
1 10.3(5.15/3.43/2.58/2.06/1.72[1.29|1.03| .86/.0055
5 | 12.7 6.35(4.23(3.18/2.54/2.12|1.59(1.27(1.06|.0054
$ 13.7 |6.85/4.57(3.42(2.74/2.28]1.71|1.37(1.01/.0055
15 | 156.9 7.95/5.30|3.98 3.182.65]1.99|1.59 1.33|. 0054
3 16.3 B.155.43/4.08 3.262.72]2.04/1.63/1.36/.0055
1 18.319.156.10/4.583.663.05}2.29(1.83/1.53|.0054
loads given include weight of Z. Maximum fiber strain, 16,000 1bs. per sq. in.
3 lllnl:dsmfgrs i:'t.erillx:efzeﬁ;te spans can lwj obtained by dividing the coefficient of
-oads given tol:he'right of the zigzag line produce deflections exceeding 1/360 of
geln. Deflection, in inches, unﬁer tabular loads, can be obtained by multiplying

flection Coefficient by the square of the span, in feet. =
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BEAM GIRDERS.

It frequently happens in building construction that a single
I beam is insufficient to carry the imposed load. Where heavy
loads, such as brick walls, vaults, etc.,are to be supported,'a '
single I beam is inadequate and two or more beams are used
side by side, bolted together with cast iron or steel separators,
as shown on page 34, Figs. 7, 8, and 9. These separators
serve to hold the compression flanges of the beams in position
to prevent deflection sideways, and also, in a measure, to cause
the beams to act together and distribute the load uniformly on
the component beams of the girder. Separators should be
provided at the supports and at points where heavy loads are
imposed and at intervals of not exceeding 6 feet. A table is
given on page 40 by which the approximate weights of sepa-
rators can be obtained for any size and width of beam girders.

In designing floors for buildings, it is desirable to have a
minimum number of interior supporting columns consistent
with economy, and a beam girder, consisting of a pair of I
beams, is frequently advantageous for supporting the steel

floor joists as in Figs. 1 and 3 on page 34.
" Girders, composed of two or more I beams, are commonly
" used to span openings in brick walls. If the wall to be sup-
ported is thoroughly seasoned and without openings, the
weight carried by the girder can safely be assumed to that of a
rectangle of wall having a length equal to the opening and a
height of % of the opening; for, if the girder should fail, the
line of rupture of the brickwork would be found within this
rectangle. Ifthe wall is newly built, or if it has openings for
windows or other purposes, the girder must be designed to
carry the entire wall above the girder and between the sup-.
ports. :

In obtaining the weight of brick walls, it is customary to’
assume a cubic foot of brickwork as weighing 120 1bs.  The
weights, per superficial square foot, for different walls, are,

R L e S0'1h8Y, 20 Cwall ot Y 200 lbs.
e S S T20° 46 Sl eRec, T Lk, 240 «
FORRE. o s T A b e (L Mt 280 ¢

When walls are faced with stone, the weight of the stonework,
taken at 160 lbs. per cubic foot, must be added. If the walls.
are plastered, add 5 Ibs. per square foot for the weight of the
plastering.
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STEEL BEAM BOX GIRDERS. |

A box girder consisting of a pair of steel I beams, with top
and bottom flange plates, furnishes an economical girder for
hort spans.  The flange plates are riveted to the beams with
4" diameter rivets spaced from 6 to 9/’ centers. In short
girders. care must be taken to have a sufficient number of rivets
in each plate, between the end of the girder and the center of |
span, to develop the full tensile or compressive strength of the

The safe loads in the following tables have been com-
puted from the moments of inertia of the sections, deducting
the rivet holes in each flange. A maximum fiber strain of |
15,000 1bs. per square inch is used, instead of the 16,000 1bs. | =
ber strain allowed on rolled beams, to allow for the thury
to the strength of the material due to punching the holes for
the rivets.

- Suppose it is required to select a beam box girder to safely
support a load of 45 tons, including the weight of the girder
itself, over a span of 25 feet. By referring to the tables it
ill be found that a girder, composed of two 15" X 42 1b. I
beams with flange plates 14" X %'/, has a safe load of only 40.0
tons on this span; but each ;' increase in thickness of flange
plates adds 2.16 tons to the safe load, so that the flange plates
would require to be %/ thicker, or }#" for each plate.

The deflection of the -girder under this load, in inches,
vould be obtained by multiplying the Deflection Coefficient
by the square of the span in feet; or, .

—2
.00102 X 25 = 0.64".
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STEEL BEAM BOX GIRDERS.

SAFE LoADS, IN ToNs oF 2000 Lss,, UNIFORMLY DISTRIBU
2-12" Steel I Beams and 2 Steel Plates 14" X 3"/

GH
e l : ' 5
E Py ; Iéz” | 2 Iéezu s_
9 2 eams ams
gy | Plams 0 Ibs, ||, Pates, gibibe| &
§£ W% :)grofoo:. Lt per foost. §
- %] 3
>3 l; Heenn . -
o
o
- Inc. in Safe Inc. in Safe I
2 | sotLoats | IS | sue onae [0 |
vgz' mf)l? %ﬁ‘x_gt' Increase in ‘"c};"ég(}v“‘ Increase in 2
. > | Thickn £ (| O ZTC€NH | Thickness of
in Tons. Flange lglsast:s RS Tons. Flar:;enlg‘lgates.
12 61.8 3.61 55.3 3.65
13 57.0 8.33 51.0 8.37
14 53.0 3.09 47.4 3.13 g
15 49.5 2.89 44.2 2.92 8
16 46.4 2.71 41.5 2.7
h i 43.6 2.55 39.0 2.58 g ¢
18 41.2 2.41 | 36.8 2.43 -
19 39.0 2.28 34.9 2.31 ‘g- |
20 37.1 2.17 33.2 2.19 -
21 35.3 2.06 31.6 2 gg :‘;
22 3.7 1.97 [ 30.2 1§,
23 32.3 1.88 28.8 1.90 b}
24 30.9 1.80 27.6 1.83 E
=]
25 29.7 1.73 26.5 1 ’(t;g E
26 . 28.5 1.67 25.5 1. i
27 7.5 1.60 51.6 1.62 e
28 26.5 1.55 23.7 1.56 =
29 25.6 1.49 ! 22.9 1.51 g
30 %17 1.4 || 22.1 1.46 ot
31 23.9 1.40 21.4 1.41 ;
32 23.2 1.35 20.7 l.gg =8
33 22.5 1.31 20.1 I .
34 218 1.27 19.5 1.29 g ‘
35 21.2 1.24 19.0 1.25 &
36 20.6 1.20 18.4 1.22 e
37 20.1 117 [ 17.9 1.18 =
38 19.5 114 || 15 1.15 '
39 19.0 L |l e 1.12
Wagt. per lineal ft. of girder,|| Wgt. per lineal ft. of girder,
includ’g rivet heads=131 lbs. inc%ud'g rivet heads=115 lbs.

Maximum fiber strain of 15,000 lbs, per square inch; holes for ' rivets
in both flanges deducted.

Deflection, in inches, under tabular loads, equals the product of the
Deflection Coefficient by the square of the span, in feet.
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STEEL BEAM BOX GIRDERS.
SAFE LoADS, 1IN ToNs oF 2000 Lss., UNIFORMLY DISTRIBUTED.
2-15"" Steel I Beams and 2 Steel Plates 14" X §''.
| 8"
T :
15” | . 15” 8.
I Beams | 3 I Beams II
60.0 Ibs. | BIES, ©olbs |
per foot. | per foot. -2
| %
I = ssessew
I‘ 9}/: (&)
o
Inc. in Safe || Inc. in Safe 2
Safe Loads, | Safe Loads, . £
includ’g W;t. L';ad for g in. i in;\fd'g WZL Lt}ad for fy in. é
of Girder, | pITeCor || Of Girden, | b recsof | A
inTons, Flange Plates. 1 Tons. Flange Plates.
105.3 4.32 83.4 4.49
97.2 3.99 77.0 4.15
90.3 3.7 71.5 3.85
84.3 3.46 66.7 3.59 e
79.0 3.24 62.6 3.37 's..s
4.4 3.05 58.9 3.17 g
70.2 2.88 55.6 299 g
66.5 2.73 52.7 2.83 ._2'5
63.2 2.60 50.1 2.69 3
60.2 2.47 | 47.7 2.57 .
57.5 2.36 45.5 2.45 +a
55.0 2.26 43.5 2.34 54
52.7 2.16 41.7 2.25 -
50.6 2.08 | 40.0 2.16 é"
48.6 200 | 385 2.07 gl
46.8" 1.92 | 37.1 2.00 g
45.1 ras [ 358 1.92 EZ
43.6 1.79 34.5 1.86 O
4.1 1.73 33.4 1.80 ig
40.8 1.67 || 323 1.74 >
39.56 1.62 31.3 1.68 g'g
38.3 1.57 30.3 1.63 =4
37.2 1.53 29.4 1.59 -
36.1 1.48 28.6 1.54 g.u
35.1 1.44 27.8 1.50 2E
34.2 1.40 | 27.% 1.46 |
33.3 1.37 I 26.3 1.42
32.4 1.33 [ 25.7 1.38
31.6 1.30 . || 25.0 1.35
Wgt. per lineal ft. of girder,|| Wgt. per lineal ft. of girder,
includ’g rivet heads=1831bs. | includ’g rivet heads=147 Ibs.
~ Maximum fiber strains of 15,000 lbs. per square inch ; holes for § rivets
in both flanges deducted.
" Deflection, in inches, under tabular loads, equals the product of the
eflection Coefficient by the square of the span, in feet.
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STEEL BEAM BOX GIRDERS.

SAFE LoADS, IN ToNs oF 2000 LBs., UNIFORMLY DISTRIBUTED
2-20" Steel I Beams and 2 Steel Plates 16" X 3/

7 |
SRasA Bevess . =
s 7 g0 : 20" §
8 I Beams I Beams I
g 80.0 1bs. 65.0 lbs. -
8 .. per foot. . per foot. _g
-8 &
: S
g.
- Inc. in Safe | Inc. in Safe ,H
ms;f:d.l‘oevds’t Load for 5 in. insai:dpoégs,: Load for /g in. g
of Cvg—dcrg j ’Il‘gprl:ase o el of Gigrderg . ,[!}‘:.C‘ifase " : 2 '
. 4 ickness o : 3 ickness o
in Tons. Flange Plates. in Tons. Flange Plates.
14 154.3 6.01 144.1 6.06
15 144.1 5.61 134.5 5.66
16 135.1 5.26 126.1 5.30 8
17 e 4.95 118.7 4.99 28
18 120.1 4.68 112.1 4.72 g
19 113.7 4.43 106.2 4.47 g -
20 108.1 4.21 100.8 4.24 i
21 102.9 4.01 96.0 4.04 Rl
22 98.2 3.83 91.7 3.86 L8
23 93.9 3.66 87.7 3.69 =
24 90.0 3.51 84.0 3.54 '_
25 86.4 3.37 80.7 3.40 =
26 83.1 3.24 77.6 3.26 <
27 80.0 3.12 74.7 3.14
28 77.2 3.01 72.0 3.03
29 74.5 2.90 69.6 2.93
30 72.0 2.81 67.2 2.83
31 69.7 2.72 65.0 2.74
32 67.5 2.63 63.0 2.65
33 65.5 2.55 61.1 2.57
34 63.6 2.48 59.3 2.50
35 61.7 2.41 57.6 2.43
36 60.0 2.34 56.0 2.36
37 58.4 2.27 54.5 2.29
38 56.9 2.22 53.1 2.23
39 55.4 2.16 51.7 2.18
40 54.0 2.10 50.4 2.12
W%t per lineal ft. of girder,|| Wgt. per lineal ft. of girder,
includ’g rivet heads=z2451bs. || includ’g rivet heads=z215 Ibs.

Maximum fiber strains of 15,000 Ibs. per square inch ; holes for 3 rivets
in both flanges deducted.

Deflection, in inches, under tabular loads, equals the product of the
Deflection Coefficient by the square of the span, in feet.




THE PASSAIC ROLLING MILL COMPANY. 81

]

" NOTES ON THE STRENGTH AND
: DEFLECTION OF BEAMS.

Let A = area of section, in square inches.

L = length of span, in feet.

! = length of span, in inches.

W = load, uniformly distributed, in Ibs.

P = load, concentrated at any point, in Ibs.

% = height of cross-section, in inches.

M = bending moment, in foot-Ibs.

m = bending moment, in inch-lbs.

n = greatest distance of center of gravity of section from
top or from bottom, in inches.

S = strain per square inch in extreme fibers of beam,
either top or bottom, in Ibs., according as 7 refers
to distance from top or from bottom of section.

maximum deflection, in inches.

moment of inertia of section, neutral axis through °

center of gravity.

moment of inertia of section, neutral axis parallel to

above, but not through center of gravity.
distance between these neutral axes.
Q = section modulus.
R = least moment of resistance of section, in inch-1bs.
7 = radius of gyration, in inches.
= coefficient of transverse strength, in lbs.
E = modulus of elasticity (27,000,000 for wrought iron
and 29,000,000 for steel).
For a beam of any cross-section the following formule ex-
ess the relation existing between the properties of the
on.

I’=I+A22; r=,‘/l; Q=l;
A ”n

Bl 083 € w06
n 3

_ If a beam, supported at the ends, is loaded with a weight,
is weight produces reactions at the two supports, the sum of
hich is equal to the weight. The weight and the reactions
e the external forces acting on the beam. They produce a

%
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e

bending of the beam, by which the fibers of the upper portion
of the beam are shortened and the fibers of the lower portion
are elongated, the result of a compressive strain in the upper
portion and a tensile strain in the lower portion of the cross-sec-
tion of the beam. Between the top and the bottom of the cross-
section is a place where no shortening or lengthening of the
fibers occurs, and this is called the neutral axis. In steel,and
in other homogeneous materials having equal resistances to
compression and tension alike,the neutral axis is coincident with
the center of gravity of the section, and in symmetrical sections,
as in I-beams, this is at the middle of the depth of the beam.

At any point in the length of the beam, the tendency to pro-
duce bending is equal to the algebraic sum of the moments of
the external forces at that point. This moment of the exter-
nal forces is called the “bending moment.” A beam resists
bending at any point by the resistance of its particles to ex-
tension or compression, the sum of the moments of which
about the neutral axis of the cross-section is called the “mo-
ment of resistance.” The fundamental principle of the strength
of beams is that the bending moment of the external forces is
equal to the moment of resistance of the internal forces re-
sisting flexure. As the moment of resistance of a section is
generally expressed in inch-pounds, the bending-moment
must also be expressed in inch-pounds. The following for-
mule give the relations existing between bending-moment,
moment of resistance, section modulus, and the strain per
square inch.

m:R; Q:

m=QS; S=

oly »ls

If the bending-moment is in foot-pounds the following rela-
tions are convenient :
C=8M H = E;
8
and for a uniformly distributed load, W, in lbs., the span, L,
being taken in feet,
C= WL; W= E -
L
These last two formule are of great practical convenience
for obtaining the safe uniformly distributed loads for the va-
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rious sections, as it is only necessary to divide the coefficient
of strength by the span, in feet, to obtain the safe uniformly
distributed load, in lbs. If the uniformly distributed load,
‘in Ibs., is given, multiply it by the span in feet and the re-
sult is the required coefficient of strength, and the proper
section required can be obtained by inspection of the tables.
- The moment of inertia, section modulus, radius of gyration,
and coefficient of strength are given in the tables of proper-
ties for all sections of structural shapes of steel rolled by the
Passaic Rolling Mill Co.

REACTIONS.

If a beam resting at its extremities upon two supports is
loaded with a weight, each support reacts with an upward
pressure, which is called the 7eaction of the support. This
reaction is equal to the weight carried by the support. The
sum of the reactions of the two supports will equal the total
load on the beam. If the load is either uniformly distributed,
applied at the center of the span, or symmetrically placed on
‘each side of the center of the span, the reaction of the two
supports will be the same and each equal to one-half the load.

- When the loads are not ’ e

‘symmetrically placed, the Fie. 1. @P P

reactions are determined A B8

in the following man- H 1
per: — Let AB represent ——C-%—a--b-

a beam supported at A \fe—— — —— Ji=—— =l

‘and Band loaded with the

veights P’ and P/, The reaction at one support due to a weight
is equal to the weight multiplied by the distance of its center
of gravity from the other support and divided by the length
of the span. The total reaction at the support is equal to the
sum of the reactions produced by all the loads. Then,

P b - .
= reaction at A due to weight P’/,
L(“_l'l‘_[’) = reaction at A due to weight P/,
V' = # . P;(“l'*-_&) = total reaction at A.

In the same way the total reaction V”, at B is obtained, and
s a check on the calculations, V' 4 V'’ must equal P/ 4 P”’.
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SHEAR.

The loads and opposing reactions on a beam not only tend
to bend the beam but also to shear it across vertically. The
vertical force which tends to produce shearing is called the
shear. The shear at an abutment or support is equal to
the reaction of the support. At any point between the sup-
ports the shear is equal to the difference between the reac-
tion at one support and the total load occurring between that
support and the point considered. Thus, referring to Fig. 1,
the shear at the support A is equal to the reaction V'. The
shear at all points between A and the peint of application of
the load P’ is uniform and equal to the reaction V’, for the
reason that no load occurs to be deducted from the reaction.
The shear atany point between P’ and P"/ is obtained by deduct-
ing the load P’ from the reaction V’, and the shear is there-
fore uniform between the points of application of these loads.

in the amount of shear occur only at the points where the loads
are applied. If the load is distributed, the shear changes in
amount at every point of the loaded length. In all cases the
shear can be calculated by first finding the reaction at one sup-
port produced by the total load, and the shear at any point
will be the difference between this reaction and the sum of all
the loads occurring between that support and the point con-
sidered.

If a beam, supported at both ends, carries a uniformly dis-
tributed load over its entire length, the shear at each support
is one-half the total load on the beam, and decreases uni-
formly to zero at the center of the span. If the load is con-
centrated at the center of the span, the shear is uniform
throughout the entire length of the beam, and equal to one-
half the load.

If the reaction, which acts upward, is considered as positive,
and the loads, which act downward, are considered as nega-
tive, the shear at any point is the algebraic sum of the verti-
cal forces acting on the beam between either support and the
point considered.

BENDING-MOMENT.

The applied loads and their reactions constitute the exter-
nal forces which tend to bend the beam. This bending is

8

Where a beam is loaded with concentrated weights, changes -

'
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.

easured by the moment of the external forces, which is called
the bending-moment. Let P P, P
AB be a beam supported A k B el :
at its ends and loaded 291y : i

with the weights P, P, -8-%-b - - - —>
and Pg. These weights \e —— ——— 1 ————— Ay
produce reactions at A Fic. 2.

and B, which are represented by V/ and V' respectively. Ifa
section is taken at 4, at a distance, x, from the left support, and
the left-hand portion only of the beam is considered, the ten-
‘dency to produce bending at £ is measured by the moment of
the reaction about that point. The moment of a force being
equal to the product of the force by the lever arm of its action,
the bending-moment at Z is equal to the reaction V’ multiplied
by the distance x. Similarly the bending-moment at Py is
‘equal to the product of the reaction V' by the distance @. At
Py the reaction V' produces a moment equal to the product of
the reaction by its distance from Py, and the weight Py also
produces a moment equal to the weight Py multiplied by its
distance from Py. The reaction acts upward and tends to pro-
‘duce rotation about Py in the direction of the motion of the
‘hands of a watch. The weight Py acts downward and tends
fo produce rotation around Py in a direction opposite to the
‘motion of the hands of a watch. The reaction V' and the
- weight Py, therefore, produce moments around Pg tending to
- produce rotation in opposite directions. The resulting bend-
ing-moment at Py is the difference of the two moments. If
‘moments tending to produce rotation in one direction are con-
sidered as positive, and moments tending to produce rotation
in the opposite direction as negative, then the bending moment
‘at any point is obtained by taking the algebraic sum of the
moments of all the forces, acting on the beam between either
support and the point considered, around that point. From
this it follows that the bending moment

atP1=V'a.
atPog=V'(a+86)— Py é
atPg =V (a+64+¢)—P1(64¢c)—Pge.

In calculating the bending moment the weights are taken
“in pounds. If the distances are taken in feet the bending-
moment will be expressed in foot-lbs. If the distances are
taken in inches the bending-moment will be in inch 1bs.
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The bending-moment varies from point to point and attains
a maximum value at some point the location of which can be
obtained by trial. The point at which the bending-moment
attains 2 maximum depends upon the shear. If the load is
distributed, the maximum moment will occur at that point
in the length of the beam where the shear becomes equal to
zero; that is, at the point where the load on the beam be-
tween one support or abutment and the point considered be-
comes equal to the reaction of that support. If the loads are
concentrated at several points, maximum bending will always
occur at the point of application of one of the loads. The
particular load at which maximum bending occurs, is the one
at which the sum of all the loads on the beam between one
support or abutment up to and including the load in question,
first becomes equal to or greater than the reaction at the
support.

In general, the bending-moment is a maximum at the point
where the shear becomes equal to zero, or, due regard being
paid to the algebraic sign of the shear, at the point where the
shear changes from a positive value to a negative value, or the
reverse.

EXAMPLE.

Let AB represent a beam, 20 feet long between centers of sup-
ports, loaded in the manner shown:

The portion of the load

Fig:itD. - H00016a A0S 6000ibs. Py carried by the left-
i 0 hand support is 4% of

A (JPP, @Pa CDPS 8 Pg, or lrjgoo lbsjz:wthe
--80-—%- 60" <-80~~¥40" portion of Py carried by
"""""" 240-—-—-=—-—3 the left-hand support is

v, Vol 33§ of Py, or 5,000

Ibs.; similarly the portion of Py carried by the same sup-:
port is 343 of Pq; or 6,000 Ibs. The reaction, Vy, of the left
support is the sum of these three, or 12,000 lIbs. In the same
manner the reaction Vy, at the right-hand support, can be ob-
tained by taking the sum of the portions of the loads going
to that support, and will be found to be 15,000 Ibs. The sum
of the two reactions must equal the sum of the loads on the
beam.

If the bending-moment is taken at the point of application
of the load Py, and the left-hand portion of the beam only is
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considered, the reaction Vy produces a moment equal to the
product of the reaction by its distance from Pg; and the load
P produces a moment equal to the product of the load by its
“distance from Py. As these two moments tend to produce
rotation in opposite directions, the resultant moment of the
external forces around Py is equal to the difference between
these two moments, or the bending moment, in inch-lbs.,

m=V; X 140— P; X 60 = 12,000 X 140—9,000 X 60
= 1,140,000 inch-lbs.

| between the support A up to and including Py first becomes
| equal to, or greater than, the reaction at A.
If it is required to find the proper size of steel beam neces-

found from the foregoing formulze, assuming a fiber strain of
16,000 1bs. per square inch, as follows :

Q=" = hid00 _

| S 16,000

- A 15" steel I-beam, weighing 501bs. to the foot, has a section

modulus of 70.6, and is sufficient for the purpose.

Ifthe bending-moment is wanted in foot-pounds, the lengths
are taken in feet instead of in inches ; and

= 71.25

M=V; X 113 — Py X 5=12,000 X 113 —09,000 X §
= 95,000 foot-lbs.

and the coefficient of strength requlred for a steel beam to
carry the loads is,

= 8M = 8 X 95,000 = 760,000

A 15" steel I, weighing 50 Ibs. per foot, has a coefficient of
strength of 753,300 Ibs., and the size of beam required is the
' same as before.

The following tables give general formulz for the bending-
‘moments, maximum safe loads, and deflections for beams
loaded and supported in different ways. In usingthese tables
‘to obtain loads, or deflections, all lengths must be expressed
in inches.
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MOMENT OF INERT},A OF RECTANGLES.

A X 1S. e éﬁﬂ/’?
N

Width of Rectangle, in inches.

3 3 1 5 3 X 1 |
4 8 2 8 ‘ 4 8 \

6| 4.500 6.75 9.00 11.25 13.50 15.75| 18.00

7 | 7.15 10.72| 14.29 17.86 21.44| 25.01) 28.58

8 | 10.67 16.00] 21.33 26.67 32.00| 37.33 42.67

9 | 15.19 22.78 30.38 37.97 45.56 53.16| 60.75

10 | 20.83 31.25 41.67 52.08 62.50, 72.92| 83.33

11 | 27.73| 41.59| 55.46) 69.32) 83.18 97.06| 110.92

12 | 36.00 54.00] 72.00 90.00 108.00| 126.00, 144.00

13 | 45.77) 68.66] 91.54) 114.43 137.31| 160.20| 183.08

14 | 57.17| 85.75| 114.33 142.92| 171.50| 200.08| 228.67

15 | 70.31| 105.47| 140.63 175.78 210.94| 246.09| 281.25

16 | 85.33 128.00| 170.67| 213.33 256.00| 298.67| 341.33

17 | 102.35) 153.53) 204.71| 255.80 307.06| 358.24| 409.42

18 | 121.50] 182.25| 243.00( 303.75| 364.50| 425.25| 486.00
i 142.90| 214.34| 285.79| 357.24) 428.68 500.14| 571.58
166.67) 250.00| 333.33| 416.67 500.00| 583.33 666.67

192.94| 289.41| 385.88| 482.34| 578.81| 675.28| 771.75
2 | 221.83| 332.75| 443.67| 554.58 665.50| 776.42| 887.33
23. | 2563.48| 380.22| 506.96/ 633.70, 760.44| 887.18/1013.92
288.00| 432.00| 576.00| 720.00, 864.00/1008.00/1152.00
325.52| 483.28| 651.04| 813.80| 976.56/1139.32{1302.08

366.17| 549.25| 732.33| 915.42(1098.50(1281 .58/1464.67
410.06| 615.09| 820.13/1025.16/1230.19(1435.22(1640.25
457.33| 686.00| 914.67/1143.33/1372. 00{1600.67|1829.33
508.10| 762.16{1016.21/1270.2611524. 31{1778.36/2032.42
562.50| 843.75(1125.00(1406. 251687 . 501968 . 75(2250. 00

1 | 620.65| 930.97|1241.30/1551. 62 1861.94(2172.26 2482.60
682.67|1024.00(1365 . 33(1706. 67 2048. 002389 .33 2730.67
748.69(1123. 03(1497 . 381871. 72 2246 . 062620 . 40/2094.76
818.83(1228.25(1637 . 672047 . 082456 . 50(2865 . 92/3275.33 ‘
893.23|1339.84/1786. 46/2233. 072679 . 683126 . 30 3572.92

972.00(1458. 00(1944.00/2430. 00/2916 . 003402 . 00(3888. 00
1055.27|1582.90|2110. 54/2638. 17|3165. 803693 . 44|4221.08
1143.17|1714.75|2286 . 332857 . 92 3429.. 504001 . 08|4572.67
1235.81(1853.72|2471.62(3089. 53 3707 . 44/4325. 34|4943.24
1333.33(2000. 00|2666 . 673333 . 33 4000 . 004666 . 675333 . 33}
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MOMENT OF INERTIA axp SECTION MODULUS
FOR USUAL SECTIONS.

Moment of Inertia,

| Section Modulus,

Sections. o =
Ebrw, .
X LR T P }_)llf Eﬁ
12 ;
#-b-
Al
: 3
h v ti
X X4 -
bh8
~ 36 Min, = —
3
p=Ph®
12
A
x@;"ﬁ' 4 “_df Ldi‘l
X i "
e =0.0491 d4¢ =
- b’
e %
X P? 'h =ﬁ3_‘lﬂ'h’3 —I‘
s SisolS & -
kb-%
r--. ----- 2
# e
d l‘& d | 1=0.0491 (d4-d’4) |0.0982 (ds__
e _.._.w‘b
T
éx:._ ...X—'é":. I b M&w Min. 8
- SN 3
&3 ::;;? bh3-2b’ h' 8 :
- Hoxh: b [ bhs-2b'h'8 -
= b 0.5h
k-D-A

XX Denotes position of neutral axis.
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FIREPROOF CONSTRUCTION.

A simple type of fireproof construction is illustrated in Fig,
1, page 34. Figs. 2, 3 and 4 show the, manner of connecting
the beams and girders with each other by means of connection
angles, which are riveted or bolted to the beams and girders.
The standard sizes of these connection angles and the number
of bolts or rivets required are given on pages 41-43. The
manner of connecting the beams and girders to the columns is
illustrated by the drawings on page 39.

Brick arches were formerly largely used for the construc-
tion of fireproof floors in buildings. This type of construc-
tion consists usually of a 4/ course of brick, resting on the
lower flanges of the I beams against brick skewbacks, the
arch having a rise at the center of not less than 3”, and not
less than 1}/’ rise for each foot of span; in case the floor is to
carry heavy loads, two or more courses of brick should be
used. The X beam joists should be spaced about 5 or 6 ft.
centers. The space above the arches is filled with concrete
in which wooden strips are imbedded, to which the floor is
nailed. The plastered ceiling is applied directly to the under

side of the brick arches. The horizontal thrust of the arches
must be provided for by the use of tie-rods, generally 4/ diam-
eter, spaced at intervals of from 5 to 6 ft. The tie-rods should
pass through the beams as near the center of the skewback as
possible; generally, the tie-rods should pass through the
beams at a distance from the bottom of the beam equal to ¥
the depth of the beam. The thrust of the arches, in Ibs. per

lineal foot, can be found by the formula, T=%L2, in which
2

W is the load per square foot, L the span of the arch in feet,
and R the rise of the arch in inches. A channel or an angle
should be used to support the arches abutting against the
walls, and to properly distribute the loads upon the walls.
The tie-rods in the arches abutting against the walls should be
securely anchored to the wall channels or angles. The exces-
sive weight and the lack of adequate protection of the lower
flanges of the beams are serious objections to this type of
construction ; and where flat ceilings are required it is unavail-
able.
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Hollow brick flat arches of the types shown on pages 35
and 36 are very generally used for the construction of fire-
proof floors. These arches are generally of porous terra-
cotta material, which is made of a mixture of clay and sawdust
subjected to an intense heat, which consumes the combustible
material, leaving the brick porous and reducing the weight
materially while preserving the fireproof qualities intact. For
arches, partitions, furring, column covering, roof and ceiling
tiles, etc., it is particularly adapted. It receives and holds
plaster and readily admits driving of nails, which hold equally
as well as if driven in wood. The underside of the arch being
flat permits the construction of a level ceiling. The joints in
the arches are made radial, and the blocks should be thor-
oughly cemented together. The beams should be spaced from
4 to 6 ft. apart and connected together with / diameter tie-
rods at intervals not exceeding 6 ft. The arch should have a
thickness of at least 1} for each foot of span. The space

“above the arches is filled with a light concrete consisting of
cinders and cement, into which wooden strips are imbedded, to
which the flooring is nailed.

Fireproof partitions are constructed of porous terra-cotta
hollow brick blocks set with broken joints and held in place
at intervals with light angle iron or Tee iron studding,. ‘

Roofs and ceilings are constructed of hollow tiles set be-
tween Tee irons, as shown on page 36. Suspended ceilings
may also be constructed of light Tee irons covered with wire
lathing and plastered.

All ironwork should be protected by a covering of fire-
proof material. The arches should always have a protection
flange covering the underside of the beams. Beams, girders
and columns, not inclosed in the flooring or partitions, should
have a covering of fireproof material similar to the types illus-
trated on page 35. Particular attention should always be
given to the proper covering of all ironwork with firepreof
material in order that it may be protected from heat and pre-
vent warping and settlement in case of fire.

The following table gives approximate safe loads, in Ibs. per
square foot, for ordinary flat arches, with a factor of safety of
from 6 to 8, deduced from recent experiments on arches of this
type. The margin of safety should be large for the reason
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 that, owing to the hasty and imperfect manner in which the
 arches are built in ordinary construction, they are liable to fail
under much lighter loads than if carefully set.

APPROXIMATE SAFE LOADS ON FLAT ARCHES,
Pounds per Square Foot.

Depth Distance between Beams.
of Arch,
s 4t 5 ft. eas | el sl

150 100

200 150

75 175 125

300 200 140

325 225 150 100

400 250 200 125 100

The weight of the fireproof construction should be calcu-
lated for each case. The floor weight consists of the weight
of the arches, filling, flooring, plaster ceiling, and steel con-
struction. Where partitions are permanent the floor beams
immediately under them should be calculated to carry the par-
 titions in addition to the regular floor load ; but where parti-
tions are not permanent, as in office buildings, it is customary
to add 20 lbs. per sq. ft. to the weight of the floor construc-
tion in order to cover the weight of the partitions, thus per-
mitting them to be changed, from time to time, as circum-
stances may require. The approximate weights of different
types of fireproof floor construction are given in the following
table.

The weights of the arches are taken from catalogues of
standard manufacturers. The weight of the cinder concrete
filling is taken at 72 lbs. per cubic foot. The finished floor
| line is assumed to be 3/ above the top of the steel I beams,
and the finished plaster line 2’ below the underside of the
I beams, except for brick arches. Cinder concrete is some-
times assumed to weigh 48 Ibs. per cubic foot, but samples
of perfectly dry cinder concrete from filling in New York
‘buildings will average 72 Ibs. per cubic foot.
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APPROXIMATE WEIGHTS OF FIREPROOF
FLOORS,

Exclusive of Partitions.

Depth | Thick- | Thick- Weight, in Ibs., per Square Foot.
To e oIf ne?s ne?s
[8) I
Arch. | Beam, | Arch, | Floor, | Arches. | Filling, [ F1oor-| Ceil- | steel. | Total.
+| Ins. Ins. Ins. Wge (g
o0 ) o ST R | T R Y 8| 74
Eg 9 4 10 €40 [ 18 i d g 8 | 74
45 | 10 4 |13 | 40 | 24 | 4 | 4 9 | 81
&8 | 12 4|15 | 40 | 36 | 4 | 4 |10 | 94
a1 15 4|48 | 40 | 'Ba [0 &0 40018 IAS
Lo B e il 1300 29 [ap [ svieid 7| 1"
g 8 g8 Hasil 88 [as i 4l 7| 68
Sl 9 |6 [ 140 20 |88 [ 4,540 ESRTCECED
g5 9| 9|14 | 37 | 18|44 &l =5
_3 10 g 15 35| 30 4 e 8| 81
48| 1010|155 | 41 | 18|4|4a]| 8| 7B
Ag | 12| 8|17 | 35 | 4 | 4 | 4 | 8| 93
R lqe | 190 17 | 48} 18] 4 | 4 8| &},
ic] 151 &2 | 3 |60 | 4 [ 4 | 200 H3HE
= 15 | 12 | 20 | 48 | 36 [ 4 | 4 | 10 |102] 4
,0 .

ja| 8| 8|1 | 30|18 4|4} 76 by
35_ QL[ 8 (g T 80| 24 AR 7| 69 k-
S5l o] ol | = |1 |e el 7] 6k
8|10 8|15 | 3 |3 |4|4]| 8| 1
45|10 | 10|15 | 34 | 18 | 4 | 4| 8| 68 N
g3 (12| 8|17 | 30 | 42 [4 | 4 8| 88}k
33 | 12 (12 (17 | 37 | 18 | 4 [ 4 8| m|Y4
8= |15 8| 2 |30 | .60 |4 [ 4 [F10 52081
22 | 15|12 |2 |37 |36 |4]|4]|10] an]%

In addition to the weight of the floor construction, which is
called the dead load, the floors must be designed to carry a
live load of sufficient amount, which is usually determined by
the purpose for which the building is to be used. The live
load comprises the people in the building, furniture, movable
stocks of goods, small safes, and varyingloads of any character.
Large safes require special provision usually embodied in the
construction. The following live loads, per sq. ft., are rec-
‘ommended as good practice in building construction :

& —%
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Axie § 6.6 & - /j PR
Dwellings 1702 & ol sl S A 50 Ibs.
o OIICBEI G S35 0 e S R B o S 2 5 qO0n., «
Hotels and apartment houses .......... o5 D
‘Theatres and churches:. ios . visliols v so 120,
Ball-rooms and drill-halls ......... ... Y20 <
" Lofts for light manufacturing purposes..150
BACLOYIOR . . o il el St el L L0 from 150 “ up.
e/ KW arehouses. . .. cooiiiien i o O
B Ad Y b

The »;eigixt of a crowd of people is usually assumed at 80 Ibs.
per sq. ft., but the weight of a very densely packed crowd
may be as much as 120 Ibs.  The latter load can scarcely oc-
cur under the conditions governing an office building. Large
crowds seldom collect in offices except on the lower floors de-
voted to stores and banking purposes, for which floors proper
allowance for live loads is-usually made. The actual live
loads on office floors are generally much less than given inthe
preceding table. Messrs. Blackall & Everett, Architects, of
Boston, made a careful canvass of the live loads in 210 Boston
offices, and found that the average live load for the entire num-
ber of offices was about 17 Ibs. per sq. ft. The greatest live
load in any one office was 40 lbs. per sq. ft., while the aver-
age live load for the heaviest 10 offices was 33 Ibs. per sq. ft.
These figures give some idea of the average actual live loads
in such buildings ; but the use of such light average loads is
not to be recommended, as the actual live load is liable to be
concentrated, thus producingan effect greater than represented
by the average load. Provision should be made for all possi-
bilities of extreme, either present or future. No single floor
should be proportioned for a live load less than those previ-
ously given. In high office buildings, hotels, and apartment
houses, the foundations and lower tiers of columns may safely
be proportioned for a live load of 50 lbs.. per sq. ft. on all the
floors ; but the floors themselves and the upper tiers of col-
umns should be proportioned for the full live loads previously
given. Factories, warehouses, and similar buildings should be
proportioned throughout for the full live load on each floor.

g Building ordinances regulate the design of buildings in several
‘| of the larger cities, and the designer must be governed accord-
ingly. The salient features of the Building Laws of New York,
Chicago, and Boston are embodied in the following table.

| & %
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COMPARISON OF BUILDING LAWS.

| New York. | Chicago. Boston.

Floor Loads, Ibs. per sq. ft.

e S 70 50 70
Hotels and Apartments. . ... 0 4o 70
Office Buildings ........... 100 74 70
Places of Public Assembly. . 120 7, 70
Stores, Warehouses, Fac-

ROLUI, B s visovrscnsiis 150 up 150 up

Allowable Strains, Ibs. per

sq. in.
Rolled Steel Beams and [bo e

SHADER o, v iaids 0o sonisnes 15,000 16,000
Tension, Steel Shapes...... /6o 16,000
Compression Flanges, built

Steel Beams ............. 15,000 13,500
Shearing, Steel Web Plates . 7,000 1()’()()() -
Shearing, Shop Rivets, Steel. 9,000 9,000
Shearing, Field Rivets, Steel. s 7,500

Bearing on Steel Pins and
RAVELRY: 5. il ams b 15,000

Bending on Steel Pins. .....

12,000 _ |17,000— 60
Steel Columns........... 22187 | ” .
1+ and not to 1 1+
36,0002 13,500
‘ 16,000 10,000
Round Cast Iron Columns. . 72 72
1% : + 1:E
40042 60042
: J 16,000 10,000
Square CastIron Col . ) | )
1% £ 5 1+ 2 +
% 2
Allowable Pressures, tons 5004 8004
per sq. ft.
Bramite oo Lo s vl spleans yeisn 38
Marble and Limestone. ..... Ty 30
SRRARLONE .o 1vcevonsoaisns A 24
Brickwork in Portland Ce-
ment Mortar ............ ) 15
Brickwork in ordinary Ce-
ment Mortar ............ 15 12
Brickwork in Cement and
Lima Mortar .. «x.u..s ..o 114 ecrad
Brickwork in Lime Mortar. . 8 8
Cly, 136 thick. .. ... U e 2
Dry Sand, 15 ft. thick ...... el 13
Clay and Sand ........... S 14
Good Solid Natural Earth .. 4 i
Loads on piles, tons each ... 20
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EXPLANATION OF TABLES ON PASSAIC
STEEL I BEAMS USED AS FLOOR
JOISTS AND GIRDERS.

The tables on pages 102-109, inclusive, furnish a convenient
| means of selecting the proper number, size, and weight of steel
I beams for floor joists and girders for total floor loads of 125
to 200 lbs. per sq. ft.

Thus, if it is desired to select a steel I beam used as a floor
joist, when the beams are spaced 5 ft. centers on a span of
20 ft., to support a total uniformly distributed load of 175 lbs.
per sq. ft., it is found by reference to the table of floor joists,
page 106, opposite a span of 20 ft. and in the column § ft.
centers, that the beam required is a 12’ X weighing 314 lbs.
per foot. -

The girders for the same floor may be selected in a similar

are spaced 20 ft. centers (which is the span of the joists as be-
fore), and the columns supporting the girders are spaced 20 ft.
apart, it is found by referring to the table of girders, page 107,
opposite a span of 20 ft. and in the column 20 ft. centers, that
the girder required must consist of two 15" X 50 1b. I beams.
- It must be observed that these tables are calculated for
uniformly distributed loads, and if the loads are concentrated
it is advisable to make a separate calculation in each case.
Where the loads on girders are concentrated at a few points,
or irregularly spaced, the tables of girders are not exact in all
cases; but for ordinary cases where the joists are regularly
spaced, and the length of the girder is at least twice the spac.
ing of the joists, the tables of girders are sufficiently exact for
all practical purposes.

Strict accuracy in the design of girders can only be ob-
tained by calculation, following the method outlined in the
article on The Strength and Deflection of Beams, and using
the actual concentrations of load.

manner, knowing their span and spacing. Thus, if the girders
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102 THE PASSAIC ROLLING MILL COMPANY,
PASSAIC STEEL X BEAMS
USED AS FLOOR JOISTS.
Total Uniformly distributed Load, 125 1bs. per square foot.
S;‘and Weight of Steel I Beams required for Joists,

S f when Joists are Spaced,
a_n (&)

_]Pmst,

infeet. | 4ft. | 5ft 8 fi. 7 ft. 8ft. | Oft. | 10ft.
centers. centers. centers. centers. centers. centers. centers,

ins. lbs. |ins. lbs. |ins. Ibs. | ins. lbs. | ins. Ibs. | ins. Ibs. | ins. Ibs.
4X6 4X6 4X 6 | 4X 6 | 4X 6 | 4X 7§ 4X @
4X6 4X6 4X. 8 | 4X 74| B5X 93 5X 93| 5X
4X6 4AX7E | 65X 9% 65X 93| 5X 9% 6X12 | 6X12
4X8 5X9% | 65X 9% 6X12 | 6X12 | 6X12 | 6X12
5X9% | 5X9% | 6X12 | 6X12 | 6X15 | 6X15 | 6X15

© 00 I O

10 | 5X 9% 6X12 | 6X12 | 6X15 | 7X15 | 7X15
11 | 6X12 | 6X12 | 6X15 | 7X15 | 8X18 | 8X18
12 | 6X12 | 6X16 | 7X15 | 8X18 | 8X18 | 9X21
13- | 6X156 [ 7X15 | 8X18 | 8X18 | 9X21 | 9X21
14 | 7X156 | 8X18 | 8X18 | 9X21 | 9X21 [10X25

15 | 8X18 | 8X18 | 9X21 | 9X21 [10X25 |10X25 |10%X30
16 | 8X18 | 9X21 | 9X21 |10X25 (10X25 [10X30 (12X3l
17 | 9X21 | 9X21 [10X26 [10X25 [10X30 (12X 314/12X3L
18 | 9X21 | 9X21 110X25 [10x30 12X 31412 X31%/12X 31
19 | 9X21 [10X25 [10X30 |12X 31|12 X 31412 X 31412 X 40

20 [10X25 (10X25 [12X31412X31}3(12X 314({12X40 (12X40
21 |10X25 (12X313{12X315{12X 314 (12X 40 [12X40 [15X42
22 |10X30 |12X315{12X314/12X40 (12X40 [15X42 (15X42
23 [12X315/12X313{12X314/12X 40 (15X42 [15X42 (15X50
24 (12X31312X313(12X40 (12X40 (15X42 (15X50 |15X50

12X315(12X40 |15X42 [15X42 (156X50 (15X50 [15X60
12X31512X40 [15X42 |[15X42 [156X50 |15X50 |15X60
12X40 |156X42 [15X42 [15X50 [15X50 [15X60 |15X60
15X42 [15X42 [15X42 (156X50 |15X60 [156X60 (15X

15X42 [15X42 [15X50 |15X50 |[15X60 [15X66%|15X75
15X42 |15X42 |156X50 [15X60 [15X60 [156X75 2065

S A

Deflections not exceeding zhy of the span.
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104 THE PASSAIC ROLLING MILL COMPANY.

PASSAIC STEEL X BEAMS
USED AS FLOOR JOISTS.
Total uniformly distributed Load, 150 Ibs. per square foot.

Size and Weight of Steel I Beams required for Joists,

o) when Joists are Spaced,

oist,
infeet. | 4 ft 5 ft. B ft. 78 8 ft. 9 ft.
centers. | centers. | centers. | centers. | centers. | centers.
ins. Ibs. | ins. Ibs. | ins. Ibs. | ins. Ibs. |ins. Ibs. | ins. lbs. | i
4X6 | 4X6 | 4X 6 | 4X 73 4X 73| 5X 9%
4X6 4X75 | BX 9&-| 5X 9% 5X 9% 5X 9%
4X73 | 5X9% | 5X 93 5X 9% 6X12 | 6X12
5X9% | 5X9% | 6X12 | 6X12 | 6X12 | 6X15
5X9% | 6X12 | 6X12 | 6X15 | 7X15 | 7X15

LIS NM

10 | 6X12 | 6X12 | 6X15 | 7X15 | 8X18 | 8X18
11 | 6X12 | 6X156 | 7X15 | 8X18 | 8X18 | 9X21
12 | 6X15 | 7X15 | 8X18 | 8X18 | 9X21 | 9X21
13 7X15 | 8X18 | 8X18 | 9X21 | 9X21 [10X25
14 8X18 | 8X18 | 9X21 | 9X23%10X25 |10X25

15 | 8X18 [ 9X21 | 9%X21 [10X25 [10X30 [12X31}
16 | 8X18 | 9X21 [10X25 [10X30 (12X313(12X313
17 | 9X21 [10X25 [10X25 [12X3112X314(12X314
18 | 9X21 |10X25 [10X30 [12X314{12X314[12X 40
19 [10X25 (10X30 |[12X314{12X314{12X40 |12X40

20 |10X25 (12X31412X313{12X40 |12X40 (15X42
21 [10X30 [12X31512X31${12X40 (15X42 |15X42
22 [12X313[12X31}12X40 [12X40 (15X42 [15X50
23 |12X31}4{12X31}{12X40 [15X42 [15X50 |15X50
24 [12X314/12X40 |15X42 |15X42 [15X50 [15X60

12X315{12X40 [15X42 [15X50 [156X50 (15X60

12X40 [15X42 15%X42 [15X50 |{15X60 [15X60

15X42 [15X42 [15X50 [15X50 [15X60 [15X66F

15X42 [15X42 15X50 |15X60 |15X66% (20X 65

15X42 [156X50 [156X50 {15X60 |15X75 (20X65

15X42 |15X50 |[15X60 ‘15><66§20><65 20X 65
\

SBEIRKR

Deflections not exceeding 34y of the span.
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106 THE PASSAIC ROLLING MILL COMPANY. ﬁ
PASSAIC STEEL X BEAMS
USED AS FLOOR JOISTS.
Total uniformly distributed Load, 175 lbs. per square foot.
Size and Weight of Steel I Beams required for Joists,
Spaniof when Joists are Spaced,
foist,
in feet, 4 ft. 5 ft. 6 ft. 7.4t 8 ft. 9 ft. 10 ft.
centers. centers. centers. centers. centers. centers. centers,
ins. Ibs. | ins. lbs. | ins. Ibs. | ins. lbs. | ins. lbs. |ins. Ibs. |ins. lbs.
5 4X6 4X6 4X TH 4X 73 4X10 | 5X 9% 65X 9§
6 4X74 | AXT7) | BX 93 5X 9% 65X 93 6X12 | 6X12
74 5X9% | 5X9% | 5X 9% 6X12 | 6X12 [ 6X12 | 6X15
8 5X9% | 6X12 | 6X12 | 6X12 | 6X15 | 7X15 | 7X15
9 6X12 | 6X12 | 6X15 | 7X156 | 7X15 | 8X18 | 8X18
10 6X12 | 6X15 | 7X15 | 8X18 | 8X18 | 9X21 | 9X21
11 6X15 | 7X15 | 8X18 | 8X18 | 9X21 | 9X21 9X23ﬁ
12 7X15 | 8X18 | 8X18 | 9X21 | 9X21 [10X25 [10X25
13 8X18 | 8X18 | 9X21 | 9X233/10X25 [10X25 [10X30
14 8X18 | 9XR21 | 9x23110X25 |10X30 |12X313{12X 314
15 9X21 | 9X21 [10%X25 [10X30 [12X314{12X 31312314
16 9X21 [10X25 [10X30 [12X31}{12X 315{12X315{12X40
17 9X21 (10X25 (12X 31512X31412X315(12X40 (12X40
18 |10X25 (10X30 (12X 313[12X314{12X40 |12X40 [15X42
19 |10X25 [12X313{12X314[12X40 [12X40 [15X42 [15X50
20 (10X30 |12X313{12X40 (12X40 (15X42 [15X50 |15X50
21 |[12X313{12X314{12X40 [15X42 (15X42 [15X50 [15X60
22 [12X313{12X40 |12X40 |15%X42 [15X50 [15X50 [15X60
23 |12X31312X40 [15X42 [15X50 (15X50 [15X60 [15X60
24 |12X313{12X40 [15X42 |15%X50 [15X60 |15X60 |15X75
25 |12X40 [15X42 [15X50 (15X50 |15X60 [16X75 [20X65
26 [15X42 [15X42 15X50 |15X60 |15X66320X65 {20X65
27 |15X42 [15X50 [156X50 (15X60 [15X75 [20X65 [20X75
28 [156X42 |15X50 (15X60 [15X66%/20X65 20X65 (2080
29 |15X42 |15X50 [15X60 [15X75 [20X65 [20X75 [20X90
30 [15X50 (15X60 (15X66320X65 20X75 [20X80 (20X90
Deflections not exceeding zy of the span.
& %
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108 THE PASSAIC ROLLING MILL COMPANY.

PASSAIC STEEL X BEAMS
USED AS FLOOR JOISTS.

Total uniformly distributed Load, 200 Ibs. per square foot.

Size and Weight of Steel I Beams required for Joists,

Span of when Joists are Spaced,

oist, |
in feet. 4 ft. 5 ft. 6 ft. 7 it
centers. | centers. | centers. centers.

8 ft. oft. | 10f

centers. | centers. | cente

ins. Ibs, | ins. lbs. | ins. lbs. | ins. Ibs. !ins. Ibs. | ins. lbs. | ins. Ib
4X6 4X6 4X 73 5X 9% 5X 9% 5X 93| 5X
4AX74 | AX7E | 5X 93 5X 93 6X12 | 6X12 | 6 X1
5X9% | 5X9% | 6X12 | 6X12 | 6X12 | 6X15 | TXH
5%0% | 6X12 |'6X12 | 6X15 | 7X15 | 7X15 | 8XIE
6X12 | 6X15 | 7X15 | 7X15 | 8X18 | 8X18 | 9X¥

N=fe JRn Joriuy)

10 | 6x15 | 7X15 | 8x18 | 8x18 | 9x21 | 9%21 | 93
11 | 7X15 | 8X18 | 8x18 | 9%21 | 9x21 [10X25 |[10%2
12 | 7x15 | 8X18 | 9%21 | 9x21 [10%25 [10X25 (10X
13 | 8X18 | 9%X21 | 9X21 [10X25 [10X30 |12X31}(12X3]
14 | 9%21 | 9x21 10x25 [10X30 |12x31}[12% 313|128

15 | 9X21 [10X25 [10X30 |12X 31312 X313 (12X 313 {12X4
16 | 9X23}10X25 [12X31}{12X314(12X40 [12X40 [15X4
17 [10X25 |10X30 |[12X313{12X314(12X40 [156X42 [156X4
18 |10X25 (12X313(12X314{12X40 (15%X42 [156X42 |15XH
19 |10X30 [12X315{12X40 {12X40 [15X42 [15X50 .[15X5

20 |12X31312X314{12X40 [15X42 [15X50 [156X50 |15X¢
21 |12X31}{12X40 [15X42 (15X42 [156X50 [15X60 [15X6
22 [12X313/12X40 (15X42 [15X50 [156X60 (15X60 (15X6
23 [12X40 |15X42 |15X50 (15X50 (15X60 [15X 663 20X
24 |12X40 |15X42 (15X50 [15X60 (15X60 |[15X75 206

15X42 [15X50 [156X50 [15X60 [15X75 [20X65 [20X%
15X42 [15X50 [156X60 (15X66%20X65 [20X65 [20XT
15X42 |15X50 [16X60 |156X75 [20X65 [20X75 [R0OXE
15X50 (15X60 (15X66%20X65 [20X75 [20X80 (20X
15X50 |15X60 15X75 [20X65 [20X75 2090
15X50 [15X60 [20X65 |20><75 20X 80 20%X90

LBEIRR

Deflections not exceeding 34y of the span.
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RIVETED GIRDERS.

Riveted girders are used where rolled beams are not suf-
ficiently strong for carrying the load. Riveted girders with
single webs, known as plate girders, are more economical than
those with double webs, known as box girders; but the latter
are stiffer laterally, and should always be used where a great
length of span requires a wide top flange for lateral stiffness.
If the girder is not held in position laterally, the width of the
top flange of the girder should be at least 35 of the span, other-
wise the section of the top flange should be increased as
follows :

Let A = the gross area requiredin the top flange, the girder
being supported laterally.

A’ = the gross area required in the top flange, the girder
being unsupported laterally.

b =length of span — width of flange, both in inches.

b2
Then A’ = A (l + —)
5000

The web of the girder must be made of such a thickness
that the vertical shearing strain shall not exceed 7500 Ibs. per
square inch on a vertical cross section of the web. This shear-
ing strain is greatest at the supports ; and, if the load is sym-
metrically applied, is obtained by dividing one-half the load
upon the girder by the area of the vertical cross section of
the web. In addition, the web of the girder must either be
of sufficient thickness to resist any tendency to buckle, or else
it must be stiffened by means of vertical angles riveted to it
at intervals not exceeding the depth of the girder. Such stif-
feners must be used when the shearing strain, per square
inch, exceeds the strain allowed by the formula :

Allowable shearing strain per square inch =

in which “%” represents depth of the web between flanges
of girder, and “#”’ the thickness of one web plate, both in
inches. The stiffeners should always reach over the verti

i8
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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 intermediate stiffeners are
used or not, the web at the ends of the girder, where it rests
upon supports, should be reinforced by stiffeners so that the
reaction of the support may be resisted by an increased sec-
tion. These end stiffeners should be considered as columns
taking the entire load upon the support and transferring it to
the web of the girder; and should have sufficient rivets con-
necting them to the web of the girder to transmit the total
reaction at the support. The strain upon the end stiffeners
should not exceed 15,000 1bs. per square inch of cross section.
Stiffeners should always be used at any point where there is
concentration of heavy loads; the duty of the stiffeners in such
cases is to prevent buckling of the web, and to transmit the
load to the web by means of theabutting areas and the rivets,
both of which must be sufficient for the purpose.

The rivets used should generally be 4 or ¥’ diameter,
the latter size being preferable and often necessary where
girders are to carry heavy loads. Rivets should never be
spaced exceeding six inches centers; but in all cases the pitch
of the rivets must be closer at the ends of the girder. Atany
point of the girder there must be sufficient rivets connecting
the web to each flange, in a length of flange equal to the depth
of the girder, to transmit the total shear at that point. At the
end of the girder there must be sufficient rivets connecting
the web to each flange, in a length equal to the depth of the
girder, to transmit the end reaction of the girder. In the
calculation of rivet spacing for girders used in buildings it is
customary to allow 9,000 lbs. per square inch for shearing
and 18,000 Ibs. per square inch for bearing on the rivets. In
plate girders the rivet pitch will usually be determined by the
bearing value of the rivets, and in box girders by the shearing
value of the rivets. The shearing and bearing values of rivets,
for use in building construction, are given on pages 220-221.
Plate girders should never be made too shallow, on account
f the deflection ; they should have a depth of not less than
e-twentieth of the clear span; if built shallower, more ma-
erial must be put in the flanges so as to reduce the strain per
uare inch, and the deflection in proportion.
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The flange of a riveted girder comprises all the metal at the
top or the bottom of the girder. Itis customary in building con-
struction to consider § of the area of the web plate as available
for flange section, in which case care should be taken to avoid
splicing the web plate at or near the center of the girder; if
this is observed, it is proper to consider } of the web as a part |
of each flange. If a pair of angle irons does not provide suf-
ficient area for the flange, it is customary to use flange plates
to make up the required area. Where flange plates are used, |
the angles should comprise one-half of the flange section, but
in heavy flanges where this is impossible, the flange angles
should be the heaviest sections rolled. The unsupported
width of a flange plate, subjected to compression, should not
exceed thirty-two times its thickness, nor should the flange
plate extend beyond the outer line of rivets more than five
inches, nor more than eight times its thickness.

It is customary in building construction to allow a strain of
15,000 lbs. per square inch on the net section of the bottom
or tension flange. Care must be observed to deduct all the
area lost by rivet holes, and the rivets should be arranged in
the flanges of the girder to make this reduction of area as
small as possible. In deducting area lost by rivet holes, the
diameter of the holes should be taken } inch greater than the
rivets, to compensate for injury done the metal by punching.
The top or compression flange of the girder is usually made
of the same gross area as the bottom or tension flange.

DESIGN OF A RIVETED GIRDER.

Box girder, to carry a wall 20 inches wide. I
Span, 30 feet between centers of supports = 360 inches.
Total weight to be carried, 200 tons = 400,000 Ibs. 3
Depth available, 36 inches over all.
Load on each support, X 400,000 = 200,000.
Web section required, 200,000 =+ 7,500 = 26.66 sq. ins.
Two web plates, 333" X %" = 29.3 sq. ins.
Bending moment at center of span, :

% X 400,000 X 360 = 18,000,000 inch Ibs.
Depth of girder, center of gravity of flanges, 33 inches.
Maximum flange strain, 18,000,000 + 33 = 545,450 lbs.
Net flange area required, 545,450 <+ 15,000 = 36.4 sq. ins.
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This section is made up as follows :

Gross. Net.
Rlofarea of web ..o vaviiias 4.88 sq. ins.  4.88 sq. ins.
Bangles, 67 X% 4" X " ...... 1206 % 11,88
BRIBLES, 20" X f!! o v cavia. vin 22.50 % 20,38 Fi e
36,707 "

In obtaining the above net area of the flange, one rivet hole
has been deducted from the area of each angle, and two rivet
holes from the area of each cover plate. This deduction is
made upon the assumption that the rivets connecting the an-
gles to the web plates are arranged to stagger with the rivets
connecting the angles to the flange plates. It is, generally,
possible to effect such an arrangement of rivets for a consid-
erable length at the center of the span. If such an arrange-
ment of rivets is not possible, then two rivet holes should be
deducted from the area of each angle, and } the gross area of
the web should be reduced by the area lost for a rivet hole at
the extreme edge of the web connecting it to the flange. If
a stiffener is used at or near the center of the span, the net
area of the web plate available for flange section should be
taken at § the gross area of the web.

The end reaction of 200,000 lbs. on this girder requires 37
rivets, '/ diameter, in single shear to transmit it to either
flange in a length equal to the depth of the girder. The depth
of the girder for this purpose is taken as the depth, center to
center of gravity of flanges; there being two lines of rivets,
one line connecting each web to the flange, the rivets will re-

quire to be spaced 13’ pitch at the end of the girder. This
requires an angle having a 6/ leg against the web.

The area required for the stiffeners over the supports is
200,000 1bs. <+ 15,000 = 13.33 square inches. Four angles,
3} X 33/ X }”, provide an area of 13 square inches,and are
sufficient for the purpose at each end of the girder.

Applying the formula already given for the allowable shear-
ing strain in the web, it will be found that 6,500 lbs. per square
inch is the maximum allowable shearing strain, unless the webs
are stiffened. Stiffeners of 33/ X 33’ X #' angles will, therefore,
be required for a short distance near each support where the
shearing strain exceeds 6,500 Ibs. per square inch.




Tllal THE PASSAIC ROLLING MILL COMPANY.

As the bending moment is greatest at the center of the span
and diminishes to zero at the supports, it is unnecessary to
have the full flange section the whole length of the girder;
and, in the present case, one of the two flange plates can be
stopped off, short of thesupports, without affecting the strength
of the girder. ,¢¢
Let A = total ﬂange area of girder. |

A" = total area of that portion of the flange which is to
be stopped off.

L = length of girder, centers of supports, in feet.

L’ = required length, symmetrically arranged about the
center of span, of that portion of the flange
which is to be stopped off, in feet.

=
Then L, =2+L"/A

In the present instance

L’=2+3,o"/'°;Iz =17.7
36.71

so that the outer flange plates need only be 17} feet long,
placed symmetrically about the center of the span.

This girder is illustrated on page 37.

The following table furnishes a convenient means for finding
the net area required in the flange of riveted girders when
the load, span, and depth are given.

To obtain the net flange area required, multiply the coef-
ficient given in the table for the given span and depth by the
uniformly distributed load in tons of 2,000 lbs. The result
will be the net area in square inches required for each flange
allowing a maximum fiber strain of 15,000 Ibs. per square
inch of net area. To illustrate the application of this table,
take the box girder already proportioned in detail. By ref-
erence to the table, the coefficient for a span of 30 feet and
depth of 32 inches is 0.187, and the coefficient for the same
span with a depth of 34 inches is 0.177. The coefficient for
a depth of 33 inches will be the mean of these two values, or
0.182; and multiplying this by the load, 200 tons, gives 36.4
as the number of square inches of net area required in the
flange. This is the same result as that obtained by the ex-
tended calculations already illustrated.
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RIVETED GIRDERS.

Multiply the coefficient given in the table by the uniformly
distributed load, in tons of 2000 lbs. The result will be the
net area, in square inches, required for each flange, allowing a
maximum fiber strain of 15,000 Ibs. per square inch of net area.

Depth, Center to Center of Gravity of Flanges, in Inches.

22 |24 (26|28 |30 32|34 (36 |38|40| 42

-0911.083|.077(.071|.067|.063/.059| . 055| . 053|. 050|.047
.100/.092[.085(.079/.073|.069|.065|.061|.058| . 055|.053
.109/.100(.092|.086|.080.075(.071|.067|.063|.060|.057
.118/.109|.100/.093|.087| . 081|.077|.072|. 068, . 065| . 062
.127.117|.108|.100|.093| . 087.083| . 078|.073|.070|. 067
.137.125(.115{.107|.100] .094|. 088| . 083|.079|.075|. 071

.145(.133[.123|. 114 .107|.100/. 094 . 089, . 084/ 080|.076
1565(.142|.131].121|.113].106| . 100| . 095| . 089|. 085|. 081
-163|.150(.139].129|.120(.113/. 106, . 100, . 095|. 090/ . 086
173].159|.146|.136|.127|.119|. 112 . 105. 100| . 095/ . 091
.182(.167|.1564|.143|.133.125(.117|.111{.105|.100| . 095

.191{.175|.161|.150.140|.131|.123|.117|.110|.105 . 100
.200(.183|.169|.157|.147|.137|.129.122|.115|.110,.105
.209|.192(.177(.164|.153| . 144|.135|.128/.121(.115/. 109
.218(.200|.185|.171|.160/.150|.141|.133|.126|.120.114
.227|.209|.192|.179|.167| . 156/ .147|.139|.131|.125(.119

.237|.217|.200|.186|.173(.163|.153| . 145| . 137|.130|. 124
-245(.225|.208| .193|.180/.169|.159| . 150| .142|.135|. 129
.265(.233|.215|.200(.187|.175.165| . 155|.147|.140,.133
.263.242.223|.207|.193.181(.171|.161|.153|.145|.138
.273|.250|.231|.214|.200(.187|.177|.167|.157|.150| . 143

.282(.259|.239(.221|.207|.194|.183|.172|.163|.155|. 147
.201.267|.246|.229|.213|.200|.188|.178|.168|.160|.152
.300(.275|.264.236/|.220|.206|.194|.183|.173|.165/.157
.309(.283/.261.243|.227| .213(.200|.189|.179|.170/.162
.318.202|.269|.250/.233|.219|.206| . 195| . 184|.175| . 167

-327].300|.277|.257|.240(.225/.212) .200| . 189|.180/.171
.337|.309|.285|.264|.247|.231|.217| .205/.195|.185|.176
.345(.317|.292|.271|.253|.237|.223|.211|.199|.190| . 181
.355(.325/.300|.279.260|.244/.229|.217|.205(.195|.185
.364(.333|.307|.286/.267|.250|.235|.222.210|.200|.191

errRERrREE EBRE RENS

If the section of a girder is given, the safe uniformly distributed load
(in tons of 20001bs.) can be obtained by dividing the net area of the flange
by the coefficient given in the table.




]
116 THE PASSAIC ROLLING MILL COMPANY.

STEEL PLATE GIRDERS.

SAFE LoADS, IN ToNs oF 2000 Lps.,UNIFORMLY DISTRIBUTED,

No stiffeners required Girders equivalent to
except at ends, over a 24" T beam.
supports only.
=S

Web. 24" x ¢ 6" x 3 28" x ¢’ 307 x ¢
Angles. 5/IX 3&_// X‘}” sllx 3.%// x]'lsl' 5// x %Il x %I/ 5// x 3llx ’_‘
: -3‘:? s s ey
£E8 1 . - 28| :

S ) 3 N P93 =] e f B0 =y
Ceniers| ¥4 E2E| Ba (255) 3a [253] B4 | &5
of Bear- ) G ] W b S o | 26 |
A HERI THE S THE
Feet. ] Egg Lz Egé w ..52? v En
— —_ -t -
20 |(47.2 | 5.3 [ 46.5 | 5.8 | 45.1 ) 6.2 | 47.7 6.4
21 4.9| 5.0 |44.3| 5.5 [ 42.9] 5.9 | 45.5 | 6:§
2 |142.9| 4.8 [42.3 | 5.2 | 41.0 | 5.7 | 43.4 | 58
23 | 41.0| 4.6 | 40.4 | 5.0 | 39.2 | 5.4 |41.5 | Ok
24 30.3| 4.4 | 38.8| 4.8 | 37.6 | 5.2 | 39.8 | &3
25 |37.7 | 4.2 | 37.2 | 4.6 | 36.1 | 5.0 | 38.2 | Gi
2 |36.3| 4.1 [35.8| 4.4 | 34.7 | 4.8 | 36.7 | 4.8
27 34.9.| 3.9 | 34.4| 4.3 (33.4| 4.6 | 35.4 | 48
28 133.71 8.8 |33.2| 4.1 |32.2| 4.6 | 4.1 [N
20| 32.5| 3.6 |32.1| 4.0 |31.1]| 4.3 | 32.9| 2=
30 [31.4| 3.5 |31.0]| 3.8 (30.0| 4.2 |31.8 | 438
31 30.4 | 3.4 |30.0 | 3.7 | 20.1| 4.0 | 30.8 | 438
32 (29.4| 3.3 [29.1( 3.6 | 28.2| 3.9 |29.8 | 4.0
331286 | 3.2 [28:2| 3.5 | 27.3 | 3.8 | 28:9 .
2.7 81 | 274 3.4 [28.5].3.7 |28 3 |t
35 °126.9| 3.0 (6.6 3.3 [25.8|-3.6 |27.3 | 3NN
36 | 26.2| 2.9 (2.8 3.2 [25.0| 3.5 | 26.5 |,
37 |2.5| 2.8 |2.1| 3.1 | 244 (8.4 |25.8 ]| S
38 | 24.8| 2.8 |.24.5°| 3.0 |28.7 | 3-3 |:25:1 | 1n.
39 | 24.2 | 2.7 | 23.8]| 2.9 | 23.1| 3.2 | 24.5 | &%
40 | 23.6 | 2.6 | 23.3| 2.9 | 22.5 | 3.1 [ 23.9 | .

| 3

VisiEe 88 | 7.2 | &4 (72| 7 |72 7 |68

Safe loads given include weight of girder.

Weights of girders given include weight of rivet heads, but not stiffeners.

Maximum fiber strain, 15,000 lbs. per square inch of net area, holes for
$" rivets being deducted. !
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STEEL BOX GIRDERS.
SAFE LoADS, IN ToNs oF 2000 LBs.,UNIFORMLY DISTRIBUTED.
g Gl mividentiy
supports only. 2
Webs. 24//X %// 26//x ;g” 28”)( %:/ 30/Ix %/l
Angles. 5le 3/Ix_§‘ll sllx 3”)(']16” 5//x 3/lx %Il 5/IX 3//x * 4
Plates. 14/1X_1§!5_/I 1411 x_é_ll 14H><_176_Il 14[/ x%’l
S it et 2 .%
2l ¢ x8 ¢ = 5
span, | 9 |TEE| v |TEE| ¢ |TEE| < |7E
Centers| 84 |Cam .32 S =l Sd |Sap jm -.95
of Bear-| 1§ | g5 8 Lgrig | SRLE < Taie 8 ‘%
ings, | ge | §8°| o5 | 385 4r | 580 o §§
Feet. | o} 588 | @ 50¢| o 582 | & 5
S8 LS S8 22
2 |93.8( 4.3 [93.5| 4.7 | 92.9 | 5.1 | 95.6 | 5.4
21 89.3'| 4.1 |'89:0 | 4.5 |:88.6 | 4.8 | 91.1 | &8
22 85.3 | 3.9 |8.0| 4.3 (84.5| 4.6 | 86.9 | 4.
23 81.6 | 3.8 | 81.3| 4.1 | 80.8| 4.4 | 83.2 | 4.
24 7821 3.6 |77.9 | 3.9 |97.4|-4.2 | 79.7 | 48
25 7.0 | 35 |74.8| 3.8 |74.3 | 4.1 | 76.5 | &
26 2.2 3.3 |71.9| 3.6 |71.6 | 3.9 | 73.6 | 43
27 69.5 | 3.2 | 69.2 | 3.5 [ 68.8| 3.8 | 70.8 | 4.0
28 [67.1 3.1 [66.8| 3.4 [ 66.3| 3.6 |68.3| 3.8
29 64.7 | 3.0 | 64.4 )| 3.2 | 64.0 | 3.5 | 66.0 | 3
30 62.5 ( 2.9 (62.3 | 3.1 (61.9 | 3.4 | 63.8 | 31§
31 60.5 | 2.8 [60.3 ( 3.0 [60.0 [ 3.3 |61.7 | S48
32 68.6 | 2.7 | 658.4 | 2.9 [568.1 | 3.2 | 59.8 | 38
33 56.9 | 2.6 |:56.6 | 2.8 [56.8 | 3.1 [ 58:0 | 3%
34 66.2 [ 2.5 | 55.0 | 2.7 | 54.6 | 3.0 | 56.3 | 33
35 3.6 | 2.5 (63.4 | 2.7 |568.1 | 2.9 |b64.7 | N8
36 b2.1 (2.4 |61.9 | 2.6 |'61i6 [ 2.8 (15631 (NS
37 650.7 | 2.3 |50.5 | 2.5 | 50.2 | 2.7 |51.7 | 23
38 49.4 | 2.3 [ 49.2 | 2.5 | 48.9 | 2.7 | 50.3 | 2.9
39 48.1 | 2.2 (47.9 | 2.4 | 47.6 | 2.6 | 49.0 | 2:8
40 46.9 | 2.2 | 46.7 | 2.4 | 46.4 | 2.6 | 48.0 | &
Wgt.
iibe’| 174 | 6.0 | 166 | 6.0 | 159 | 6.0 | 158 | 6.
Safe loads given include weight of girder.
Weights of %irders given include weight of rivet heads, but not stiffeners.
Maximum fiber strain, 15,000 lbs. per square inch of net area, holes for
§" rivets being deducted.

&8
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THE PASSAIC ROLLING MILL COMPANY. 119
STEEL BOX GIRDERS.
SAFE LOADS, IN ToNs oF 2000 LBs.,UNIFORMLY DISTRIBUTED.
No stiffeners required Girders equivalent to
except at ends, over a 24" Beam Box
supports only. Girder.
24IIX g_l/ 26//x %II 28//>< %II 3O/IX %Il
sllx %’Ix%ll 5//x35//x511 5//x3 ’/X116“ 5//)(3 I/szs_l
18// X%H lsllxgll 18”)(]96” 18(/ x .bll
4 |w58| 3. |sB8| 9. |sFs| . |sEF
Q¥ | w gfly 2 |S gl YA |=gh @ | gy
HE | 9 ~E Ri=aal Bl RS ~E (3™
2| 848 25% g8f ;ég 5
130.7| 5.9 [129.5( 6.3 |128.4| 6.8 |131.7 | 7.3
124.5| 5.6 |123.3| 6.0 |122.3| 6.5 (1R6.4.| 7.0
118.8( 5.4 (117.7| 5.8 |116.8( 6.2 [119.7 | 6.7
118:61 5.1 [112.6 5.6 [11X:7]: 6.0 (114251 624
108.9( 4.9 |107.9( 5.8 |107.0| 5.7 [109.7 | 6.1
104.5| 4.7 |103.6( 5.1 |102.8( 5.5 (105.3 | 5.9
100.5| 4.5 99.6| 4.9 98.8( 5.3 [101.3 | 5.6
96.8| 4.4 95.9| 4.7 95.1| 5.1 97.5 | 5.4
93.3( 4.2 92R.5| 4.5 91.7( 4.9 | 94.1| 5.2
90.1| 4.1 89.3| 4.4 88.6| 4.7 | 90.8 | 5.1
87.1| 3.9 86.3| 4.2 85.6| 4.6 | 87.8 | 4.9
84.3| 3.8 83.5( 4.1 82.9( 4.4 | 8.0 | 4.7
81.7| 3.7 80.9( 4.0 80.3| 4.3 | 8.4 | 4.6
49.21 3.6 78.5| 3.8 77.8| 4.1 | 79.8 | 4.4
76.9| 3.5 b R s vo-0| 4.0 | %75 |43
74.7| 3.4 74.0! 8.6 73.4] 3.9 | 76.2 | 4.2
72.6| 3.3 71.9] 3.5 71.4| 3.8 | 73.2 | 4.1
70.6| 3.2 70.0| 3.4 69:41°8.7 |71.2 | 4.0
68.8| 3.1 68.1| 3.3 67.6| 3.6 | 69.3 | 8.9
67.0| 3.0 66.4( 3.3 65.9( 3.5 | 67:5 | 3:8
65.3| 2.9 64.7| 3.2 64.2| 3.4 | 65.8 | 3.7
216 . 7.7 |- 06 r'T. 7. |y 398 | .9 193: |- ¥
Safe loads given include weight of girder. :
Weights of girders given include weight of rivet heads, but not stiffeners.
Maximum fiber strain, 15,000 lbs. per square inch of net area, holes for
" rivets being deducted.

)
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SUDDENLY APPLIED LOADS.

If a load is Suddenly, that is, instantaneously, applied to a
beam, it produces twice the strain that the same load would pro-
duce if at rest upon the beam. The safe suddenly applied load
is, therefore, only one-half the safe static load.

If the load is not only suddenly applied, but falls upon the
beam from a height, it produces more than twice the strain that
the same load statically applied would produce.

Let P — the weight that falls upon the beam.

h = height of fall, in inches.

P’'= equivalent static load producing the same strain as
that produced by the falling weight.

d = deflectionof beam, in inches, produced by the weight,
P, if statically applied.

B = the weight of the beam together with its superim-
posed dead load, such as arches and flooring, whose
combined mass tends to absorb the impact.

ot
17 B

I

e 35 P

P’=P<I+,‘/ ———ZIdnh +x )

From which the equivalent static load, P’, is obtained, and the

strain can then be computed in the ordinary manner,

The uniformly distributed static load, equivalent to the falling

weight, can be obtained in the following manner: —
Let W= equivalent uniformly distributed load.

W = safe uniformly distributed load on beam, from the

tables. !

D = deflection, in inches, under safe uniformly distributed

* load.

Then, if m =

b 5Whm
Tben,W_2P<I+ _——4PD +I>

In applying these formulee P’ and W’ will be in tons or pounds'
according as the weights are taken in tons or pounds.
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8

LINTELS.

Lintels of steel shapes or of cast iron are employed to span
openings in walls over doors and windows. Itis generally neces-
that the lintels should have a flat soffit. Where the load
be carried is small, steel channels, laid flat, furnish a very sat-
factory lintel on moderate spans. The table on page 122 gives
| az uniformly distributed loads, in tons of 2,000 lbs., for
Passaic steel channels used as lintels, by which the channel re-
quired for any given span and load may be easily selected.
~ Sometimes the load to be carried by a lintel consists of a uni-
formly distributed load from the wall above and also the concen-
| tration from a floor joist which rests upon the wall at or near the
center of the span. In such instances, the concentrated load
must be multiplied by 2, the result being considered as an equiv-
alent uniform load, which, added to the regular distributed load,
may be taken as the equivalent total uniformly distributed load.
Thus, if a lintel spanning an opening of 4 ft. is to carry a uni-
formly distributed load of 2 tons and a concentrated load of 2 tons
at the center of the span, the concentrated load multiplied by 2
and added to the distributed load gives 6 tons as the equivalent
distributed load. By referring to the table, it will be found that
a15"" X 50 1b. steel channel, which has a safe load of 6.28 tons,
isrequired.

Where the loads are considerable and the use of beam girders
is not advisable, cast iron lintels are used. The table on page
‘123 gives the coefficients of strength, in tons of 2,000 1bs., for
cast iron lintels, by which the safe uniformly distributed loads, in
tons, for any given span may be found by dividing the coefficient
given by the span in ft. Thus, if it is required to find the safe
uniformly distributed load on a cast iron lintel, 12" wide, 10"
p and 1’/ metal, on a span of 6 ft., by referring to the table,
the coefficient of strength given for this lintel is 72.2 tons, which
divided by the span gives the safe load as 12.03 tons.
If a part of the load is concentrated, it must first be multiplied
: , and the result considered as the equivalent uniform load.
eg)roper lintel required for any given span and load may be
found by multiplying the equivalent uniform load, in tons, by the
span, in feet, the result being the coefficient required; then,
reference to the table, the lintel, having the required coef-
ent of strength, can be easily selected. Thus, if it is required
oselect a lintel carrying a 20’ wall on a span of 8 ft. to sup-
rt a uniformly distributed load of § tons, and a cgncentrated
load of 5 tons at the center, the method is as follows. The con-
centrated load must first be reduced to an equivalent uniform
d by multiplying it by 2, and added to the regular uniform
giving 15 tons as the equivalent uniform load on the span
which, multiplied by the span in feet, gives the coefficient re-
red as 120 tons. Then, referring to the table it will be found
t a lintel, 20" wide, 10"’ deep and 1"’ metal, which has a
coefficient of 125.4 tons, will be required.
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SAFE LOADS, UNIFORMLY DISTRIBUTED,
FOR PASSAIC STEEL CHANNELS,

IN TONS OF 2000 LBS.,

x-&ﬁﬁﬂ—‘ WEB HORIZONTAL. X./._ . _4. X

Safe loads given, include weight of channel.

5'% :’2 ‘ gi Span in feet, g‘é
g"g E gg‘é ‘ | gé
R3l s | 2 (8|4 |56 |6 |7 (8|9 |10] &8
e \ Lt LB i

15(50/25.1 [12.6 |8.376.28/5.02/4.18 3.59(3.1412.79/2.51/.0028
15{40(22.4 [11.2 7.475.604.48:3.733.202.802.492.24/.0030
_15@16.3 8.205.434.083.262.71 2.3312.04/1.81/1.63].0032
1235(15.0 | 7.505.003.753.002.50 2.14]1.881.67|1.50|. 0032
12\2712.9 6.454.303.2312.582.151.84 1.61 1.43{1.25/. 0035
1220 8.97 4.492.992.24/1.791.501.281.1211.00| .90/.0038
1030|11.7 | 5.853.902.932.341.951.67|1.46/1.30|1 .17|.0034
1020| 9.33 4.673.11'2.331.871.561.331.171.04 .93/.0039
10 15| 6.66 3.332.221.6711.331.11) .95 .83| .74 .67].0041
921 8.21 4.112.742.051.64'1.371.171.03 .01 .82[.0040
916 7.25 3.632.421.811.451.2111.04f .91] .81 .73|.0044

913 4.90 2.451.631.23 .98 .82 .70| .61 .54 .49/.0046
817| 5.50 2.75"1.83%1.381.10 .93 _.79] .69 .61 .55(.0046
813/ 4.80, 2.401.601.20 .96/ .80| .69| .60 .53| .48].0051
810| 3.41 1.711.14 .85 .68 .57| .49| .43| .38| .34/.0053

7/17| 7.04) 3.522.351.76/1.41/1.17[1.01| .88 . 78| .70[-0047
713 3.152.101.56/1.26/1.05 .90 .79 .70| .63[.0052
79 1.47) .98 .74| .59 .49| .42| .37| .33 .29/.0056

w0
P
(=]

0o
—

620 "4.462.972.931.781.49|1.27 1.11| .99| .89[.0047

617 3.922.611.961.57/1.31[1.12| .98 .87 .78/.0051

612 2.401.601.20| .96/ .80} .69 .60 .53| .48| 0054
53

6 8 1.34| .89 .67 . .45 .38 .33| .30| .27|.0058

(=

S Qe
<3

5|12 1.95(1.30 .97| .78] .65| .56| .49 .43| .39/.0055
1.60(1.07| .80 .64{ .53| .46| .40| .36| .32.0062

9
.86/ .57 .43] .34 .29 .24] .21 .19] .17|.0068

8

~} W
- O

g
3

5
5.6 1] 19
410 ‘ ‘ .84 .67| .56 .48‘i .42 .37| .34/.0059
4| 8| 2.88 1.44 .96 .72| .58 .48| .41| .36| .32| .29(.0065
4 5/ 1.39 .70 .46 .35| .28| .23 .20 .17 .15| .14/.0073

Safe loads, uniformly distributed, in tons of 2,000 lbs., for intermediate
spans can be obtained by dividing the Coefficient of Slrcn%th by the span, in
feet. Deflection, in inches, under tabular load, can be obtained by multi-
plying the Deflection Coefficient by the square of the span, in feet.

B
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5z
COEFFICIENTS OF STRENGTH FOR
CAST IRON LINTELS,

IN TONS OF 2000 LBS.
ST e
\ i 7
DEPTH
|

{ ¥ -

“— wiotH —| k— WIDTH —3
SINGLE WEB LINTEL. DOUBLE WEB LINTEL.

Width | Depth Thickness of metal,
of of in inches, Noiof
flange, | lintel, - Webs.
\ Ins. | Ins. b3 ’ s 1 1} 1%

28| 6 59.5 64.9 69.8 74.6 77.8

" 8 95.5 | 106.2 | 115.0 | 123.0 | 130.5

» | 10 | 140.5 | 150.5 | 164.8 | 176.2 | 192.0

s |12 |171.4 | 196.5 | 216.1 |236.3 | 256.7
. |16 | 235.8 | 272.5 |307.4 |342.0 | 375.0

94| 6 | 52.8 | 57.4 | 62.6 | 66.6 | 70.0
» | 8 | 83.4 | 93.4 [102.4 |109.6 |117.0
» | 10 | 116.0 | 130.4 | 144.4 | 156.2 | 167.6
» |12 | 150.4 | 168.6 | 189.6 | 207.0 | 223.0
k » | 16 | 225.0 | 257.0 | 286.0 | 316.5 | 345.0

20| 6 47.2 51.4 55.1 58.5 62.0
" 8 72.6 84.7 89.5 96.0 | 102.5
» |10 | 100.5 | 113.2 | 125.4 | 136.0 | 146.8
» |12 | 122.6 | 141.8 | 158.0 | 174.7 | 189.5
v |16 | 196.4 | 224.7 |251.4 | 277.2 | 301.5

16| 6 | 33.0 | 3.1 | 37.7 | 40.3 | 41.8
ol 8 | 621 | 6577 | 28 | 67.2 | 71.6
» |10 | 72.2 | 8l.2 | 8.6 | 96.8 |104.0
\ « |12 | 92.4 [106.1 |117.5 |128.8 |138.8

#« |16 | 139.4 | 159.0. | 177.8 | 196.0 | 214.0

12| 6 26.4 28.7 31.3 33.3 35.0
" 8 41.7 46.7 51.2 54.8 58.5
n | 10 58.0 65.2 2.2 78.1 83.8
w | 12 75.2 84.3 94.8 | 103.5 | 111.5

8 6 19.7 21.7 23.4 24.9 26.4
" 8 30.6 34.4 37.7 40.7 43.3
# | 10 42.6 48.1 53.0 57.8 62.9
v |12 55.4 62.4 70.0 76.7 83.5

Ll N B R N R R CR OR SR G ORUR UR OF DL OF OF OF UF

y Coefficients are calculated for a maximum tensile strain of 3,000 lbs. per
) square inch. The safe uniformly distributed load, in tons, for any given span
; may be found by dividing the coefficient, as above, by the span in feet.




124 THE PASSAIC ROLLING MILL COMPANY.

- distance from the center will develop greater strength. Ifall

" firmly at the ends that they are liable to fail in the body of the

COLUMNS.

Columns of steel shapes riveted together are largely used in
the construction of buildings. Several types of built columns:
are shown on page 38. The columns generally used in build-
ing construction are the Plate and Angle columns, Figs. 2
and 3; the Plate and Channel columns, Figs. 8 and 9; and
the Z-Bar columns, Figs. 11 and 12. Where these do not
furnish sufficient section for carrying the loads, the column
shown in Fig. 5 can be advantageously used and made largu
enough for very heavy loads by increasing the thickness of!
the material. The manner of connecting the segments of the
columns together, and the mode of attaching beams and gir-
ders is illustrated on page 39. Abutting segments of col
umns should be thoroughly connected in a manner to preserve
the continuity of strength, thus adding to the stiffness of the
steel frame work.

The strength of a column depends upon its shape a
lJength. Long columns have less strength than shorter col
umns of the same size for the reason that they are liable to fail
by lateral flexure, and of two columns having the same ares
and length, the one in which the material is placed at a gre

the material in the cross section were concentrated at a d
tance from the neutral axis equal to the radius of gyration,
the resistance to flexure would be the same as for the mate-
rial distributed over the cross section. Formule for the
strength of columns therefore také into consideration the
length of the column and the radius of gyration of the section.
The manner of securing the ends of the columns also has an
appreciable effect upon their strength. Columns fixed so

column before rupturing their end connections develop greater
strength than columns connected by means of pins through
the ends. Columns with square ends develop less ultima
strength than if the ends are firmly fixed, but greater than if
the ends are pin connected. ~Medium steel columns develop
practically a uniform streneth for all lengths up to 5o radii of
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gyration, and soft steel columns develop practically a uniform
trength for all lengths up to 30 radii of gyration, the ulti-
mate for both grades of steel being about 48,000 lbs. per sq.
in., up to the lengths indicated.

" The following straight-line formula represent very closely
the ultimate strength, in lbs. per sq. in., of columns whose
engths are between 50 and 150 radii of gyration, {

, Medium Steel. Soft Steel.
Fixed Ends, 60,000 — 210 . 54,000 — 185 2
1 r r
' Square Ends, 60,000 — 230 -~ 54,000 — 200~
x r
Pin Ends, 60,000 — 260 54,000 — 225 %
| r T

here / = length of column, and r = least radius of gyra-
tion, both in inches. Columns used in building construction
y be considered as having square ends, as pin connections
are seldom used ; and as it is usual to allow a factor of safety of
4 for such columns, the following formule may, therefore, be
aken as giving the allowable strain, in lbs. per sq. in., on
are ended columns for building construction.

12,000 for lengths up to 50 radii of gyration.
15,000 — 57~ for lengths over 50 radii.
= 3

Medium Steel g

: 12,000 for lengths up to 30 radii of gyration.
Steel 13,500 —.50 i for lengths over 30 radii.
T

*No column should be used having a length greater than 150
dii of gyration, or whose length exceeds 45 times the least
dimension of the column. -
The following tables of safe loads on steel columns have
een calculated from the foregoing formule. The tables for
he safe loads on Angle and I Beam columns have been cal-
ulated for soft steel. The tables of safe loads for Plate and
ngle columns, Channel and Plate columns and Z Bar col-
imns have been calculated for medium steel, that being the
rade of steel advisable to use for such columns.

=)
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The weights given for the various columns do not include
rivets or connections of any kind.  Rivets should be spaced
not exceeding 3’/ centers at the ends of a column fora distance
equal to twice the width of the column. The distance be-
tween centers of rivets, in the line of strain, should not exceed
16 times the least thickness of metal of the parts joined; and
the distance between rivets, at right angles to the line of
strain, should not exceed 32 times the least thickness of metal.

The table on page 128 gives the ultimate strength of
wrought iron columns calculated from Gordon’s formule.
This table may be of use in determining the safety of existing
structures of wrought iron. Steel columns are now exclu-
sively used instead of wrought iron, because of their superi-
ority of strength without increased cost. |

Cast iron columns are sometimes used in buildings of mod-
erate height, but their use is not to be recommended for build-
ings where the iron framework must be rigid and afford suf-
ficient lateral stability. The manner in which cast iron col-
umns are connected together, and the mode of attaching
beams and girders to them does not permit obtaining suffi-
cient rigidity for such buildings. Cast iron columns have
more or less internal strains due to the unequal cooling of
the metal in the moulds, which makes it necessary to employ
a large factor of safety. No cast iron column should be used
in a building with a factor of safety less than 8. Particular
attention should be paid to the designing of the cast iron
brackets for supporting the beams and girders, in order that
they may not be subjected to large internal strains making
them liable to break off undera sudden shock. The tables on
pages 170-172, inclusive, furnish an easy method of determin-
ing the safe loads on round and square cast iron columns.
Where the loads are eccentrically applied, producing bending
strains in the columns, cast iron columns are inadmissible
because of their inability to resist such strains.

The safe loads given in thetables are calculated for concen-
tric loading, 7. e., the center of gravity of the load being coin-
cident with the center of gravity of the column. Where this is
not the case, the load being greater on one side of the column
than on the other, or the entire load being applied on one side
only of the column, the effect of the eccentricity must be in-
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vestigated.  If the unbalanced load, in 1bs., is multiplied by
the distance of its point of application from the center of the
column, in inches, the result is the bending moment in inch
lbs., which, being divided by the section modulus of the col-
umn, gives the strain per sq. in. on the extreme fiber pro-
N duced by the bending. The load on the column produces a
uniform compressive strain on the entire cross section to
which must be added the bending strain,the sum being the
maximum strain on the extreme fiber. Where the loads are
very eccentrically applied, the bending effect is very consider-
able and must never be neglected. If the maximum fiber
strain, due to direct compression and bending, exceeds the
allowable strains per sq. in. on the column by more than 25%,
y the section of the column should be increased. Thus if the
allowable strain on a column from direct load is 10,000 lbs.
per sq. in., the combined bending and compression should not 1
exceed 12,500 lbs. per sq. in.

Tables are given of the properties of all columns, for which
safe loads are calculated, by means of which the effects of ec-
centricloading are easily calculated.

EXAMPLE.

3 A 12" channel column, 16 ft. long, consisting of two 12 X
20 Ib. channels and two 14" X ' plates sustains a total load
of 100 tons of which 40 tons are unbalanced by opposing loads.
Find the fiber strain, the point of application of the eccentric
load being 6% from the center of the column, producing bend- . 1
ing around the axis XX. ;

Referring to the table of Properties of Channel Columns,
» on page 137, the area of the column is found to be 22.3 sq.
ins., and its Section Modulus around the axis XX is found to
be 102. The calculation then is as follows:

Bending moment = 80,000 X 6 = 510,000 in. 1bs.

Strain due to bending, Ibs. per sq. in.
510,000 — Section modulus (=102) = 5,000

Strain due to direct compression,

' 200,000 = Area (= 22.3) = 8,960
* Maximum Fiber Strain, = 13,960
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ULTIMATE STRENGTHS OF
WROUGHT TRON COLUMNS.

For Fixed Ends. For Square Ends. For Pin Ends. *
40,000 40,000 40,000
2 12 ‘ 4

1+ 26,0007 '*30000- | '"30,000"

U = length in inches. 2 = least radius of gyration in inches. '

Raftio Ultimate Strength, lbs. per sq. in.| Ratio of Length to Diameter.

Leggth [ | |

Ratdofi_us 1 )}{‘ ‘ —l -
O 3 3 |

orion| Jisd | S | il benll

_l_ | | ZBar | Box | Open Star

r | ‘ColumnﬂColumn.‘Co]umn Col mn

30 | 39,100 | 38,800 | 38300 | 9 | 10 | 12 | 7

35 38,800 | 38,400 | 37,700 10 b Mgl o 8

40 38,500 | 38,000 | 37,000 12 13 15 9

45 38,100 | 37,500 | 36,300 13 15 17 10

50 37,700 | 36,900 | 35,600 | 15 ‘ 140 2D 11

55 37,200 | 36,300 | 34,800 | 16 ‘ 18 21 12

60 36,700 | 35,700 = 33,900 18 20 23 13

65 36,200 | 35,100 | 33,000 19 22 25 14 ‘[

70 35,600 | 34,400 @ 32,100 | 21 X | 27 15

7% 35,100 | 33,700 | 31,200 | 22 2 | 2 17

80 34,500 | 33,000 30,300 | 24 27 31 183

85 34,000 | 32,200 | 29,400 | 25 28 | 33 .| 198

90 33,300 | 31,500 | 28,500 | 26 30 | 35 20

95 32,600 | 30,800 | 27,600 | 28 32 36 21

100 | 32,000 30,000 | 26,700 | 29 ‘ 33 | 38 | o

105 31,400 | 29,300 | 25,800 ( 31 | 35 | 40 234

110 | 30,700 | 28500 | 24900 | 32 | 37 | 42 | 24

115 30,100 | 27,800 | 24,100 | 34 | 38 44 2%

120 20,300 | 27,000 | 23,300 | 35 | 40 46 274

125 28,800 | 26,300 | 22,500 | 37 42 48 28

130 | 28100 25600 | 21,700 | 38 | 43 ‘ 5 | 2

135 | 27,500 | 24,900 | 20,900 | 40 | 45 | 52 | 30

140 26, | 24,200 | 20,200 | 41 i 31

145 26,200 | 23,500 | 19,500 | 43 | 48 | 56 2

150 | 25,600 | 22,900 18,800 | 44 | 50 | 58 | 33

For safe quiescent loads, as in buildings, divide above values by 4.

&
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- ULTIMATE STRENGTHS OF SOFT
AND MEDIUM STEEL COLUMNS,

Calculated from the following Formula.

SOFT STEEL. l MEDIUM STEEL.

Fised Ends = 54,000 — 185 — ’ Fixed Ends = 60,000 —210 —

Square Ends = 80,000 — 230 %

Pin Ends = 60,000 —260 —::-

Square Ends = 54,000 —200 -

= 54,000 — 225 —

1 = length in inches. » = least radius of gyration in inches.

Ultimate Strength, Ibs. per sq. in.

Soft Steel. Medium Steel.
Fixed Square Pin Fixed Square Pin
Ends. nds. Ends. Ends. nds. Ends.

MR SSES
48,500 | 45,000 | 47,300
47,500 | 47,000 | 46,100
46,600 | 46,000 | 45,000
45,700 | 45,000 | 43,900
44,300 | 44,000 | 42,800 | 49,500 | 48,500 | 47,000
43,800 | 43,000 | 41,600 | 48500 | 47,400 | 45,700
42,000 | 40,500 | 47,400 | 46200 | 44,400
42,000 | 41,000 | 39,400 | 46,400 | 45100 | 43,100
41100 | 40,000 | 38,300 | 45300 | 43,900 | 41,800
40100 | 39,000 | 37.100 | 44,300 | 42,200 | 40,500
39:200 | 38,000 | 36,000 | 43,200 | 41,600 | 39,200
33300 | 37.000 | 34,900 | 42200 | 40,500 | 37,900
37.400 | 36,000 | 33,200 | 41,100 | 39,300 | 36,600
36.400 | 35,000 | 32,600 | 40,100 | 38.200 | 35.300

'_lé

35500 | 34000 | 31500 | 39.000 | 37,000 | 34,000
34600 33,000 | 30,400 | 38,000 | 35900 | 32,700
33700 | 32,000 | 29,300 | 36,900 | 34,700 | 31.400
39700 | 31000 | 2100 | 35900 | 33,600 | 30,100
31,800 | 30,000 | 27,000 | 34,200 | 32400 | 28,800
30,000 | 29,000 | 25900 | 33,800 | 31,300 | 27,500
30,000 28,000 | 24,200 | 32,700 | 30,100 | 26,200
90,000 | 27,000 23,600 | 31700 | 29,000 | 24,900
25100 | 26,000 | 22,500 | 30,600 | 27,800 | 23,600
97,900 } 25,000 | 21,400 | 29,600 | 26,700 | 22,300

26,300 | 24,000 | 20,300 = 28,500 | 25,500 | 21,000

For safe quiescent loads, as in buildings, divide above values by 4.
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RADII OF GYRATION FOR TWO

ANGLES
PLACED BACK TO BACK.
Co SPES Ll e,
C J o J C )
A "~ L
RS R
v v v
i e 4
% %

EQUAL LEGS.

Radii of Gyration given correspond to directions of the arrow-heads.

= i iy
| Radii of Gyration.

Size, Thickness,
inches. inches.

e ) iR ) et r,
6X6 \ I 1.87 2.64 2.83 2.92
6X6 ‘ & 1.88 2.49 2.66 2.7
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RADII OF GYRATION FOR TWO
ANGLES

PLACED BACK TO BACK,
LONG LEG VERTICAL.

I 4 r
e = > o 2o, -2
5 ; gk
;l'ol r°| I'01
v
w b -3 b

Y 7%
UNEQUAL LEGS.

adii of Gyration given correspond to directions of the arrow-heads.

E " Radii of Gyration.
Size, Thickness, : :
inches. inches. r, ‘ r, ; r, r,
6x4 % I B 1.97
Bx4 3 1208, | —aus0' | s182 1.76
65X 3} 3 1.59 1.44 | 1.63 1.73
5X 3k 3 1.60 1.34 1.51 1.61
5% 3 3 1.62 1.23 1.42 1.52
5X3 e 1.61 1.09 1.26 1.36
3 3 BT L T 1.55
X3 5 1.45 T AT 1.40
4% 3} 3 1:240 | Ve 580 1. 9D 1.83
4% 3% 5 1.26 1.41 1.58 1.69
4x3 ] 1.23 1.20 1.39 1.50
4% 3 s 1.27 1.17 1.35 1.45
X3 1 1.06 1.27 1.46 1.56
X3 5 1.10 1.21 1.39 1.49
X 2} N 1.10 1.04 1.23 1.34
X 2} 1 1.12 .96 1.17 1.24
Bxor [ & .93 1.07 1.27 1.37
3X 2 1 .95 1.00 1.18 1.28
X2 3 .92 .80 1.00 1.10
3X2 1 .96 7 .93 1.04
X1y | 5 .70 .60 .79 .91
fx 11 15 72 57 .75 86 |
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RADIT OF GYRATION FOR TWO
ANGLES

PLACED BACK TO BACK,

SHORT LEG VERTICAL.

gt N L1 S

: g
8 f qHﬁ ra} éHﬁ
- e - e~
% a

UNEQUAL LEGS.

Radii of Gyration given correspond to direction of the arrow-heads

Radii of Gyration.

- Si}z‘e, Tl_xicl}clness,

inches. inches. ro ‘ 1‘, ‘ I', r‘
64 1 1.19 l 2.94 1 3.13 | 3.2
64 3 1.17 .74 | 2.92 3.02
5% 3% 1.01 2.39 92.58 2.68
5% 3% 3 1.02 2.97 92.45 2.55
5X3 .86 2.50 2.69 2.79
5X3 £ .85 2.33 92.51 2.61
4 %3 3 8 | 2.18 | 2.38 | 2.48
45 %3 £ 87 2.06 | 2.2 2.33
4% 3% 1.05 1.85 2.04 2.14
4% 3} £ 1.07 1.73 1.91 2.00
4%3 5 83 1.84 2.03 2.13
4%3 s 89 1.79 | 1.97 2.07
31X 3 g .87 1.57 1.76 1.87
31X 3 £ .90 1.53 1.71 1.81
3L %2 2 .72 1.66 1.85 1.9
3L%2 1 .74 1.58 1.76 1.86
3x9k | & 73 1.40 1.59 1.69
3X 9% 75 1.32 1.49 1.60
3X2 3 .55 1.42 1.62 1
3% 2 .57 1.39 1.57 1

k .
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PROPERTIES OF PASSAIC STEEL PLATE

AND ANGLE COLUMNS.
&

P L
9
i ¢
4 l.av_g‘ ?;E o Axis XX. Axis YY.

812818820 82 | 22 (5.1 -4 [Baql 2a| et 58
Bicdse | 25 |85 | g8 | 85 (284 2d | 83 (258
82855 o¢ ;'5"1 58 | §% 658 g8 | B8 |Gt
B 572 5z |72 | 27| 93 |87 37 | = |do"
® | .. 1 |6.74 22.9 36.3 12.09(2.32| 10.4] 3.321.24
b 3| " sl 8052 29.0 44.6) 14.87/2.29 | 13.6| 4.24(1.26
W X 2 U (11.71] 39.8) 59.0| 19.68/2.25 | 21.1) 6.421.34
| | "4 13.00| 44.2| 64.6| 21.53)2.23 | 24.7| 7.60|1.38
T | % | 7.5 25.5 5.3 16.652.78| 16.1 4.431.46
W |5 fi| 9.43 32.1) 71.9 20.55/2.76 | 20.8| 5.501.49
w | X |5 " [12.98] 44.1| 95.8 27.38) 2.72 | 30.8( 8.15/1.54
W 2" 14,50, 49.3/105.1] 30.02]2.69 | 36.3) 9.69/1.58
8 |5 |10.86 36.9|107.5 26.88|3.14 | 30.3 7.30/1.67
v |, | 4[13.12 44.6(128.5 32.13 3.13 | 37.4| 8.79]1.69
o | |5 [14.98 50.91144.6 36.15 3.1 | 44.410.541.72
' 4+ |17.24) 58.6|163.5 40.883.08 | 53.1/12.29/1.75
| |5 119.50] 66.3(182.9 45.73(3.06 | 61.914.041.78
5 20.92| 71.11193.5 48.38 3.04 | 69.1/16.04/1.82

J; 11.81 40.1154.2 34.26|3.62 | 42.6 9.151.90

o |3 [14.22| 48.3(183.5 40.78 3.59 | 52.9/11.131.93

% |7 [16.30| 55.5(207.5 46.123.57 | 63.1/13.371.97

2 1™" 3 [18.74) 63.7/235.9) 52.44]3.55 | 75.3(15.64/2.01

) (¥ |5 lo1.18] 72.0(263.0 58.44 3.52 | 87.917.902.04
5 122.83 77.6/279.1 62.24 3.50 | 99.0/20.57/2.08

F |12.73 43.31211.8 42.36|4.08 | 57.6(11.162.13

W | & [15.35] 52.21252.7) 50.54)4.06 | 71.9/18.682.17
Js [17.62] 59.9286.4) 57.98 4.03 | 85.9/16.46/2.21

X 17% 1 190.24| 68.8(326.0| 65.20] 4.01 [102.2(19.222.25

@ | " 199.35] 76.01355.7| 71.14] 4.00 [118.1(22.362.29

§ (24.97) 84.9392.3 78.46 3.97 [136.6/25.432.34

T |13.94 64.4443.6 73.37 4.85 [119.619.342.51

15 22.17) 75.4513.6| 85.60| 4.81 [144.523.032.55

< |} [25.44| 86.5584.5 97.42| 4.80 (171.8/26.962.60

% | [28.67| 97.5/651.0108.5 | 4.77 [199.7/30.912.64

o | §  [30.94104.9693.4115.6 | 4.75 [223.435.392.69
H 34.17116.2760.1196.8 |4.72 |255.739.882.73

3 [37.44127.31895.3137.6 |4.70 288.71\44.44@.7833
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PROPERTIES OF PASSAIC STEEL PLATE
AND ANGLE COLUMNS.

x——
‘u...,? | 54 5 Axis XX, | Axis YY,
o e gk Eenr 2 = 1
28 Bl a8 18 | S B, S i
#O 227 §5 |5 |88| 88 §E8 EZ | 33
BC | 48| T& (27| 98 |k 2= | @2
+ [41.44/140.911291174.0/5.22 | 366.1| 56.32
% 43.07/146.5(1199 182.6/ 5.27 | 389.0) 59.843.
£ |44.69(152.0[1269(192.0/ 5.33 | 411.8| 63.36;
s s 8| 15/46.321157.5(1340200.3 5.38| 434.7 66.88
TAE | §47.94163.01415200.8 5.44| 457.6 70.403.
Xx? 18 [49.57/168.5(1492219.3| 5.49 | 480.5| 73.923.
5% | F|51.19(174.0/1563227.2( 5.52 | 503.4| 77.44(3.14
X™ 5 | 15(52.82(179.6/1642237.0/ 5.59 | 526.2| 81.00(3.16
L2881 54.44185.111723246.0/5.64| 549.1 84.483.
gEa | 1y 56.07190.61803256.1 5.68| 572.0 88.003.
3 5 | 1 [57.60196.21834264.9 5.72 504.9) 91.523.29
g2 2 | 1% [59.32201.7/1965274.35.75 | 617.8| 95.043.23
S70 | 14 160.94/207.2/2050283.2( 5.80 | 640.6 98.56(3.25
T | 19% (62.57/212.82143292.7| 5.85 | 663.5/102.1 |
13 [64.19218.312224301.8/ 5.88 | 686.4/105.6
1% 65.82223.8/2311311.2/ 5.93 | 709.3(109.1
14 |67.44229.312406321.3 5.98 | 732.2[112.6 (3.
3 [53.94/183.2/1981 264.1/ 6.05 | 569.5) 75.93(3.
1% [55.82/189.82088276.2 6.12 | 604.6 80.613.30
£ [57.69/196.1/2195288.3( 6.17 | 639.8 85.30(3.
. o |+ [59.57202.62304299.8 6.22 | 674.9 89.983.
AalS |3 (61.44/208.82417 312.8 6.28| 710.1| 94.66)3.
XxZ |13 [63.32215.32533325.3] 6.32 | 745.2 99.36/3.
LB | F65.19/221.612645336.2 6.36 | 780.4104.0
x= " |18 |67.07/228.12765349.4] 6.41 | 815.5108.7
S 22| 1 68.94234.42885361. 850.7113.4
sl 8 70.82/240 83004 373. 885.9/118.1
2o | 1 72.69/247.13131386.1 921.0122.8
g2 2 | Iy |74.57/253.6{3251 398.4 956.2/127.5
<7 S| 11 76.44(259.93383 409.7 991.3/132.2
e | 145 |78.32/266.3(3510 421.6 1026.5136.9
1% |80.19/272.6/3635437.3 1061.6/141.5
177 |82.07279.1/3770 448.2 1096.8146.2
11 |83.94/285.4(3903 459.9 6.83 [1132.0150.9

%
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PROPERTIES OF PASSAIC STEEL

CHANNEL COLUMNS.
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PROPERTIES OF PASSAIC STEEL

™
> A A G O O [ e s e
m ARNIRD | RIIREIEI IR BS2|5222E23388
oo wxon Orsts |t | DR 937m482m0
55 BEEE|ZZRRARTRR|2E 5HR|BEERRARER
38|3807|2e8085822 (53|28 STSahRATIREEE
o P A e i el B e R R R
9 arenad todeaHRHR[0nenR[CRne oo nara
2 g e i e i 2 Lol ol
m RB|TEER | RBBRLBBRE |28 RIRBBI =~~~
e onnalvorsse agle ~R o )
SZ RENR|B3RIRS588 |35 A3 E5BERE3ELR
om|GHrsgcmeizofnhone Ive M| worhom@O oy NS
mfafochciotad g~ R N b FARERRIERER
I I B O e - I
A |l WS | e o e | e R U -
=P o EENE o JE ST TETE S T fcl seisssassanxs

136 THE PASSAIC ROLLING MILL COMPANY.

OpIM 01

soje|d 10A00 Z pue daap ,8 sppuueyd g

: umnjo)) Puuey) ,8

*ap 11 sarefd 12400 Z pue daap ;6 SPUUEYD g

: uwnjo) Puuey) ,6




%4
THE PASSAIC ROLLING MILL COMPANY. 137
PROPERTIES OF PASSAIC STEEL
CHANNEL COLUMNS.
Y,
P S
S =
X—= X
= Q
i
;6‘-;;‘5 é‘gﬁ. gg“ﬁ Axis XX, Axis YV,
r§§% ﬁa_."; §'§_§ Mom. | Section Rgd.of Mon}ent Section |Rad.
P OE| F52 | 233 |nenia| e | s, | tmenin. | M |2
’ 15 116.3| 336| 63.2 | 4.49 | 227 | 37.9 |3.69
A |18.2| 377 | 70.2 | 4.55 | 245 | 40.9 |3.67
f§ 20 4120.8| 412| 77.0 | 4.46 | 286 | 47.7 |3.71
2| v |15 |2R.3| 457 | 84.0 | 4.53 | 304 | 50.7 |3.69
A v 3123.8| 502(91.5| 4.60 | 322 | 53.7 |3.68
g 2 |+ (26.7| 526| 95.8 | 4.45 | 348 | 58.0 |3.61
S| 15 |28.2| 572| 103 | 4.51 | 366 | 61.1 |3.61
Bs| « | & |20.7| 619| 110 | 4.56 | 384 | 64.0 |3.60
‘ 8‘ 30 & ‘32_6 643 | 114 | 4.44 | 408 | 68.0 |3.54}
B » [+ |34.1] 691 122 | 4.50 | 426 | 71.0 | 3.53}
g-i n 2135.6| 740| 129 | 4.56 | 444 | 74.0 | 3.53} 4
8| » (43 |37.1| 790| 136 | 4.62 | 462 | 77.0 |3.53
S| v % /33.6 841 144 | 4.68 | 480 | 80.0 |3.53
S 7 1% |40.1| 893| 150 | 4.73 | 498 | 83.0 [3.52
2 » 1/41.6| 949 158 | 4.78 | 516 | 86.0 | 3.52 )
_§ n |1% |44.6(1059( 172 | 4.87 | 552 | 92.0 | 3.52 i
B » 11 |47.6(1173| 188 | 4.97 | 588 | 98.0 |3.51 3
i » |13 |50.6(1292| 203 | 5.05 | 624 | 104 |3.51
" 1} |53.6(1416| 217 | 5.14 | 660 | 110 |3.51}
2 | 8% 22.3| 650 102 | 5.40 [ 429 | 61.3 14.39]
" T (24.1| 724 112 | 5.48 | 457 | 65.3 |4.36 |
25 (i (27.1| 760| 118 | 5.30 [ 505 | 72.1 |4.31
" | 4+ |28.8| 833| 128 | 5.38 | 534 | 76.3 |4.31
30 |+ 31.6| 891| 137 | 5.32 | 600 | 85.7 (4.36}
u 5 (33.4] 964 | 147 | 5.37 | 628 | 89.7 |4.34}
v | & 35.1/1043| 157 | 5.45 | 657 | 93.9 |4.33
" 44136.9/1118| 168 | 5.51 | 686 | 98.0 |4.31
v | % 38.6(1198| 178 | 5.67 | 714 | 102 (4.30
35 $141.6(1234| 183 | 5.44 | 753 | 108 |4.25
v |} [43.4|1316| 193 | 5.50 | 782 | 112 |4.25}
" T (45.1(1396| 204 | 5.56 | 810 | 116 (4.24
v |1% |(46.9|1482| 214 | 5.63 | 840 | 120 |4.24
” 1|48.6|1565| 224 | 5.68 | 867 | 124 (4.22
o | 1% |52.1|1742| 245 | 5.79 | 925 | 132 [4.21
" 11 [55.6(1922| 266 | 5.90 | 981 | 140 (4.21
» | 1% |59.1[2105( 287 | 5.98 | 1039 | 148 |4.19
" 1} |62.6(2302| 308 | 6.08 | 1096 | 157 4.19sg
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PROPERTIES OF PASSAIC STEEL |

CHANNEL COLUMNS,

HEAVY SECTION.
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PROPERTIES OF PASSAIC STEEL

Z BAR COLUMNS.

*sayour i~ SN | = O o r=i o0 v - i~ v~
by | searerrer|I33I2S3RRFR5R2002(2385853
R R A ) e e o S e o ol R R
™
> | sompoy | 2SR ¥ voanv|mo—vonowa|connoanww[onnoms
o 3 - D (3] - o = < 0D -
| RS |SESERRIRE BRI BREB | IARBBTIIST [ R2AREKS
™~
Tl |0 = 7%2%4%%38 3248%2%1% TS
' S SS R1\8 D S ™ =
roreuon| BRI SRR R0 | 2RGRIREZS|HEIZHRRRE|gSHSRE
“satpu r|onccomnow | taraes ™~
Q:o:u;@ mmwwnmm7% OlllMQJl% 4&.54&.5&%& %.ulﬂ.d%%%
VA. JOSNIPEY | VNN NMNMMNNMNMNMNNMNMNMNNMN | RN G CR | v vl v v vl =i
08 & LAV AND oot DN|[ONmmooOS | e
wnoy | SBIEEREEE | Grtinas s [SasnanEna|ssdsaa
.m vopes | SIBBSEB SSIRVBIIRRRET | RRKIRBBRER S8 EES
~m MLOBOD
"enaauy 77%79%2”0 9% m—38031 . s SO0 GR T Ee 00 e e e
: QXD NS | = R o9 S —HOD S
piwwy| RFFFLBRIR|ZEIZSEZIRT|ggnn 22228 RILIBLE
soqom ozenbs | ¥R RVBVHL [KonwnanoS [wancanmno s |[@0N H©0 -
3 1 [ s R AR AR A ORI SRR TR S R e R AT R 4 B,
wwss | HRKHERS I [ dddIngdde| S5 daggRs |sng8ng
crmdgm | oo ogooe Jde g ool de e e 2 [ e
jossowprqy, | AR we e ro| c Ao de e we dmowe e S NS oS
‘uumion) apim 8 23e(d qam T opmm 4 aeld qam T apia ,fg 2reid qam 1 OpIM 9
. pue pue pue arerd qam T pue
Jo uouda gy

doop ,9s12q 7 §

doap g s1eq Z ¥

doap ¥ s1eq Z §

doop g sreq 7 ¥

*uoneudisacy

“gmnion xeq 7 .51

Juunjon) xeq 7 ,0F

‘uwmo) 1vq 7,8

“ummjos)
ieq Z ,,9




8

140 THE PASSAIC ROLLING MILL COMPANY.
PROPERTIES OF PASSAIC STEEL Z BAR COLUMNS,
Y 3
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'v
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S | 855 dd | 59.8 1431 |202.7| 4.89 |893.7 |127.7 | 3.8

N geg 3 | 61.5/1511 [ 212.0 | 4.96 |922.0131.7 |3
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: |4+ | 66.9/1618|223.2| 4.92 [979.3 139.7 | 3.83)
g[S | % 68.7/1711|234.0| 4.99 | 1007 |143.8 | 3.8
E |X%8 1% | 70.51805 |244.8| 5.06 | 1035 |147.9 |3.84
g S s%| | 72.2(1901 | 255.7| 5.13 | 1064 |152.0 | 3.8
O |B%y 1 | 74.0/1999 | 266.5| 5.20 | 1092 |156.2 | 3.8
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2 XX 14 | 97.4)3275(406.3 | 5.80 | 2067 |258.9 | 4.6
8 ggaﬁ 15| 99.4 3406 |419.2| 5.86 | 2110 |264.1 | 4.6(
51928 18 101.43530|432.3| 5.91 | 2153 |269.4 | 4.6]
A | 528 1411103.4 3674 | 445.5 | 5.96 | 2195 |274.8 | 4.6]
N [ Sop| 13 105.4/3811 [458.5| 6.01 | 2238 |280.1 |4.61
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2 [113.4]4381 (511.7| 6.21 | 2409 |[301.4 |4.6
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2% |117.4 4679 | 538.6| 6.31 | 2494 [312.2 | 4.6
2.3 (119.4/ 4831 | 552.1 | 6.36 | 2537 |317.4 | 4.61
& 24 [121.4/4985 | 565.3 | 6.41 | 2579 [322.9 | 4.6]
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COMPANY.

EQUAL LEGS
Usep As StruTs OR Corumys, IN Tons or 2000 Lss. | 5

SAFE LOADS FOR PASSAIC STEEL ANGLES,

18"
- e~

SQUARE ENDS.

Two Angles, placed back to back, }'’ apart.

o = o e
Sl .5 El
e = E S
o 2= o
gl Sa 5% A8
38 2528
So oo 253 %
2| 2glsal | 758
g [ SEr B s R g% 9
o | TR[T© ag3s
~os o 24 N
- RRIF gE
o | @e[e[am @ 2
o P P LR &
.3_5 25 e sl m& é%—-t 5 o
5_ @ | || '
& vt Budoss B
E| | EB|BR|FS
S ‘ a| SRS~ |Rwwen
s e 5w vo
HEIELIEEIEEIFEER
Bl gl pelua|cx|vonalawn
5 ol it D] B =
% AR (B8FBR -(ﬁo oo
{'é IECIEEIEEEEIE R
B | O S| = 0 <
SMECIERERCEEEIE
é cn|un|avones
[ R ke e
3RS :953 %m§°° (]
5. FIERIEEREREIED
S
- '-4 i~ -
a8 3 S8
o ®
B IQ,. :
IEEEEIRE
l i St
[
l{‘a N -
7 =
A ‘ ‘ S
b SN
w8
o B
¢2% | SRIRY || K22F
EgE %0 o .« e Ly o' g3,
<8 KO- e
e o~
o
B 0S4 =00 =
é.ﬁg_ﬁ EXRBR|INTESE
EG.E P e e e R
7
HE P I 2 e
She
- I T L A
B
—
g8 | oo |ww == R men
gme | XX|XX|XX|XXXX
3 5.8
Ng'g | ©O (W0 | W |




THE PASSAIC ROLLING MILL COMPANY. 143

®
| [~] . -
f Q|2 = <
L O o0 = -3 E
ﬁg o|m®n ﬁg 8
SRetis 2
7 | |S[zas ; £2 3
j R g%gé
@ T S
BH | |~2Rses LR
.
ﬂ; o|RSn RIS RO :eﬁé
S S R e & 4
gg S BRIFBIBEREAR §s
&
) ¢ |[ReRASTVORNBANNNOD W§ z
o (e e e Bk B e et o
SIRRIATERERER/IA[/EE® g
Q[EHRCRERASABIFOI D HFRDS
HSRERERIRSNREIRESET A

] o e 00 v O v O v

DN OO NI HIS D b v = b

BREIBRE[E2ZER2{ARTR®

10

00 G = Ty 00 =i 0D RN MmEOD

8

LSNOMUIRANO= N =IO OOV

Unsupported length of column, in feet.

© Auri
STx 220 T D < O R s 5 G I Oyt
SCRBREIBITAZZZIRIRA®?
AR OROO N =DV ONO DM

2UBRIRBRLLINAIRLIBRYSS

» SRR HDDRD AR H K = DD
R rH OIS OO~ eI O HHND D
SRBRERCSIREITRBERIIES

DDOVODHN DDA DO
® 523 1n QI s De 10 23 QU s B Q1018 08 i 2~
RZRBRETRZAREIBREET

Ancmes
Janzas

2

3SR RSRSRELIRRRLARRI

'whﬁeﬁqcvcvhvhmwmdmw&mﬂ
L S IS B B |

Two angles, long legs placed back to back, }/ apart.

sq. inches.

Area of
Section,

TrRUTS OR Corumns, IN Tons or 2000 LBs.

o e
8¢d .,

Al D= R o v [i=] i~ SONNIY NON
%ﬁgmwmm*%vn&mgmgﬁﬁﬁmagmhh
JE&E P R

Thickness,
inches.

. ey i i
R A o e o o o o i X X T - -
XXXXXXXXXXKXXXXXXXXX XX
0 01510 1910 o T < o) 00 60 08 et

- ;Mo a N

F_ : USED A‘S S

L
Size of
Angles,
in inches,

K|




144 THE PASSAIC ROLLING MILL COMPANY.

ey - 16 |6°0T19°3T | ¥ €T 8" VL0°STI6" S "OT| ¥8'3 £0° :
_a.,.azhm“o_mez_esﬂ €5|0°23(8°08 | L FE | 298 (9°8E(S"OF|G BF|[V " ¥F| ¥P°L | ST'T ¥ X8
WU eSO SUPNS  18°6 (S TT [@°CL[6°FL (8°ST (9 9T/S LT[V 8I[6"6T| w'¢ | &1'T | % 18X 18
GP3|[8°8C [8°GE | 6°9¢ | 6°0F | 6°2F [0°CF0° LY 6°87/9°0¢ ¥P'8 @I F | WXtz
L°ST|0°9T | €8I |2°0%|0°6a | 1°¥3 (€S8 989" L& 8% 9L'V @ T ¥ faxXia
G'8G (L°BE|0°LE |3 TV | ¥°GP |9°LF |L 678" 1G|6°€C|C S| ¥3°6 €1 §.| feX143

T°LT| G 6T (6713 |6 ¥3 | L7983 63| 08 |9 TE[R 207 9L'¢C = gX¢
V'3V(8°LF|37ES|9'8S (6769 (€769 | L VL |V LL T 088 @8V S8 ¥ VT | 691 § exXg
0°93/0°63 1°3¢ |1 3°8E |@°TF |3 ¥V |8 € LFR"8F3 09 968 T A 2 e X f¢
9°CP|€TS|6°9S) 9°%9 | 3°89 |8 €L |P6L | 1°S8 [6°L8 |L°06/C°£6/¢"C6 ST | 04T ¥ | feX1e
¥ L3 (G 08(9° €€ 8986768 | 0°Sh | T'OF |&°6F | ¥°&C | 6°8¢ [¢'CC9° LS 09°6 oR | ¥X¥
6°LL (3 9R[F"T6/9°66 L0T | PIT | T2T | 621 | 9ST | 66T |EFT | LFI Wvs | €08 | ¥Xy
LTS |PeCP 693 €9, 0729 | 8°0L | L°FL|CS'8L | €28 & ¥R |T°98 WvL | &6 | # aXg
90T | STT | 13T 83T | SST | @PT | 6%T | QT | $9T | 29T | TAT 7P'8% | 8% ¥ gXg
G OL [P PLIP BLIC @8/ €798 | @06 | T°F6|1°86 | 0T | 701 LT | 993 | 9X9
69T | LLT | 98T | V61| €0& | 113 | 083 | 68 | L&a | T¥G L0V | €83 § 9X9

Jiliodsati kil 8 |4 bs |, SoqRut | :

¥ (83|02 (8T | 9T | ¥TI | 3T | O 8 mm_ﬁﬂ“muwm .”Mﬂw._mo .mum_w..—_nﬂ_wo m.ww__nvm_m%m
*399) i ‘awmio)) jo yiSua parsoddnsup jovary |4 ums%mm SSPWPN| Jo g

*SANT TIVADS
‘SOHAT TVADH

"SAT )00 IO SNOJT, NT ‘SNINATO)) MO STOMIY SV ads() 3
‘SHTHNV TAULS DIVSSVd 0 SAVOT HAVS

saede |, §peq 03 yoeq paoeyd ‘sajduy oy

I




[
i | :.mn.wnw*nmu‘.‘\n\w\t\muu:ﬁzw 31 uewy $s3[ J0u pareredas pue ‘uonoe jo Ajun 2ansus o} h::uwe Pa2mie] 8q ISNUI SPUUERYD YT,
= 8| OF | & 14 0¢ Q9 8¢ 09 09 09 €6°6 9°¢ ¥
- €6 | 96 | 8€ | OF o9 0¢ (34 €g £€e &g L'g 4
= 0% | @8 | ¥&€ | 9¢ 68 &F ¥ 9F 9% oF 0¥ &
z 93 3¢ | 08 | &8 o 68 |54 @ o o 0¥ o
< €8 | ¥6 | 98 | L& 0¢ g4 o8 <8 98 o | % 4
B 06 | &6 | €& | ¥& Le 08¢ £ 1% £ | £5 ey 2
= ¥¥ | L¥ ¥9 19 <9 99 89 69 9°G i
w (U3 ¥ 0¢ 99 6¢ 09 &f &9 L's "
88 | I¥ L¥ ee 9¢ L8 8¢ 89 8@ L
= 66 | 9¢ 53 Ly 6¥ ¢ e &y 6°c i
= 8¢ | 18 o oF ¥ L oF oF L5 i
= L& | 68 ¥e 86 oF 154 &¥ ¥ @ =
= iE | ¥8 85 18 | 68 | ¥8 | <8 o “
08 | &8 @ 66 0g¢ I8 a8 ot Yy
= 61 | 08 88 98 | 28 | 88 | 88 8@ 9
- 86 08 o8 e 8¢ 68 @ el o
= G | ¥ | 28 | 68 | 18 | &8 | €8 Ve 01 Y
= 13| € | ¥6 | 98 | 86 | 65 | 08 £ 6 i
o Lt | 61 15 i ¥e 95 98 8& 8 2
ot | ¢t | 61 | 08 | 88 | 88 | 88 oG . 7
4] FI St 91 ST 61 0@ 0@ 18 13 9 g
m c ‘wm\‘c ou,ldlww _.m um\ Yoz | Y ‘wn | gor | yhr |y ﬂi Pyir |ygor | Pyb #“..._.m m.mn..u,m 4 : smﬂuw =
= - oqm ..vm sayour | *sayout .m B mqm‘
M “Ipel of 1240 Sy1Sua 10§ 5 LS—o000'S1 M :yous axenbs 1ad surens ajqEAO[LY gE g ‘a p |8 55z
“Iopun pue upe: of jo syySua| 10§ sq[ 00o‘zx SE P o
M — — ., L
o] ‘suwn|od jo syiSud| pajroddnsun Suimooy a3 10,4 'z
3]
‘ mnu 4841 ()()(0G 40 SNOL NI ,wczﬁ mm«oem ‘SNINATOD TANNVHD

QQQ\.\%Q\HN\Q k\\\b\wbr\\ =

7

Teg =

zAd +. XN = \\Q«\b.\\w\\\} 2

L




146 THE PASSAIC ROLLING MILL COMPANY.

wm oL | 2L | 18| ¥ | 28 | 16 | ¥6 | 86 | TOT| SOT woﬂ 90T ||€G°€| 9°LL| V'8 | ¥'G | 08 "
Ge | 09 | 99 [ 69 | T2 | WL | 4L | 08 | @8 | @8 | 88 | 88 | 88 (|99°€| A°VL| 98|49 | GG a
9y | 05 | €6 | 4G | 69 | 19 | €9 | 99 | 49 | 69 | TL | TL | TL ||[IB°€| 8T/ 6°8 | 0°9 | 0B “
W | SF | 6F | TS | €5 [ 99 | 4G | 69 | 19 | €9 | ¥9 [ ¥9 | ¥9 || €4°6| L°0T| 9°8 | 0°9 | BT u
68 | €V | 9 | 8% | 05 | @3 | ¥S | S | LS [ 69 | 09 | 09 | 09 ||AL°E| T°OL| 4B | 19| LI d
Ge [ 88 | v | €% [ SV | 9P | 8 | 6V | TS | €5 | €S | €9 | €9 ||68°€|08°'8 | 6'8 | €9 | ST | O
9% | 16 | ¥G | S [ 6S | @9 | ¥O | L9 | 69 | GL | WL | VL |[08°€| ¥'BL| LL | TS| TG 2
W | Sy | 4P | 09 | S | %G | 99 [ 85 | 09 | @9 [ ¥9 | ¥9 ||O¥V°€| 9°0T| 0°'8 | €S | 8T u
8¢ | v | 6% | SV | LV | 6% | 09 | @9 | ¥Q | 99 | 99 | 99 |[8v°E€|0V°6 | I'8 9GS | O "
V€ | L8 | 68 | TV |Gk | &F | SV | AV |-6F | IS 6 | €S ||9e€|6L8 | AL |99 | 9L L
16 | 68 [ 96 | 48 | 66 | TV | @F | €V | SV | 8% | 6F | 6F ||OV'€|6L'8 [BL|9'G| VI "
0 | €6 | Se [ 9¢ | 88 | 66 | TV | &F | ¥F | Sv | 9V | 9% ||9V°€({09°L [ 6°L | L°G | €T 6
6 | IV | VW | 9 | 8% | TS | €9 | 99 | 89 | 09 [|06°CG(L6°6 |89 | SV | A 4
Ge | 28 | 68 | QY | VB | OF | 8V | 0S | €9 | VG ||L6°G(8L°8 | 0L | LV | ST L]
¢ | ¥6 | S6 | L8 | 8€ | OF | GV | € | SF | 9% [|L0°€|09°L (&L | 6°F | €1 “
66 | 1€ | @8 | ¥& | 98 | L8 [ 68 | OF | @F | €F ||96°C(SL'L |89 |8'F | GI " .
L8 | 8 | 08 | 1€ | €6 |. V6 | 9 | 4€ | 68 | OF ||10°€(69'9 | 6°9 | 6°F | II ”
$ | 96 | 86 | 66 | 1€ | € | €€ | S€ | 9€ | 9E€ ||80°€|00°9 T4 405 101 8
yor |yof |yt |yof |yse |yor |yre |wee [wos |ysr [yor |yrr TN om | o2 T e
5 5 Z g5aL .m.m_w sy [sagout | G BT | RS
“npex oS 1240 sy3fua) 105 — £S— 000*ST wmw.m =24 a <] g5 = w.u =2
*Japun pue 1pe: oS jo syadus| SM *sq[ SO.EM DT S1C s I S ST MY w..m N) m..w B m«.m.m 2 .m.w.
g 8 5
2 *sumnjod jo sy3dua| pazroddnsun Suimoroy ay3 10,
. 4 ¢
.a-f SET 000G IO SNOJ, NT ‘SaNjy aavadg "SNIWATOD TANNVHD -
AEOILLVT THHLS DIVSSVd 404 SAVOT HAVS

I




® 5 ApAndadsar @ pue P SIOUEISIP Y3 UBY) $SI] Jou pajexedas 2q ISNUW PuE ‘UONOE Jo AJWIOJUN JNSUD 03 1Y32503 vuu_.:m_ 2q ISNW SPUUERYD YT, 8
-
. | VoL | 1€ |6ET | LFT |#ST| @91 | 99T | 69T | €41 | LLT | 8LT | 84T | BLI | 86°G | 9°66 | ¥'GI | 8°'8 | 09 "
> | €11 |03l |96T | €61 | 66T | 9¥T | 6¥1 | €SI | 9ST | 09T | 09T | 09T | 09T || 8F'G | 9°9G | 9°GL | 0°6 | S¥ u
i m. €0T (80T [VIT [0GT |9GL | TET | PET | LET | OFT | @FL | GVL | GVI | GVL || @9°G | 9°€6 | 8'GL | €6 | OF "
| ~ | 96 |@0T |80 |STT|61T| 93T | 8GL | TET | $ET | G6T | ST | GET | 961 || Sv'S | #'86 | €°GL | 3°6 | 8€ u
W = | 88 |66 (86 |€0T (80T | €IT | 9TT | 8IT | TaT | ¥&I | %ol | ¥6I | ¥&I || €9°G | 9°06 | S°GI [ €6 | <€ o
m ¥8 |88 |€6 |86 |&OT| LOT | 60T | TIT | ¥TIT | OTL { OLT | OIT | OTT || ¥9°G | ¥°61 | L°QL | G°6 | €€ aI
e 9L |€8 |68 |96 | @OT | SOT | 60T | GIT | OIT | 61T | @&T | €L || 66°F% [ 9°0& | 0°0L | 6°9 | S€ %
= GL |6L |98 |16 |26 | 00T | €0T | 90T | 60T | SIT | ST | OIT || ¥€'¥% [ ¥°61 | T:OL [ O°L | €€ a
s L9 |€L |8L |€8 (68 [T16 |[¥6 |46 | OOT [ GOT | SOT | 90T || &v°¥ | 9°LT | G°OT | T°L | 0€ v
79 (99 [TL (94 |18 | €8 | S8 |88 |06 | €6 |56 | G6 ¥a'v | 8°SL | 90T | V4 | Lo .
M 9¢ |09 (S99 |69 |¥L |94 | 6L |18 (€8 |98 (88 |68 68y | 8°F%L | 0°0T | €4 | S ¢
- ¢S |9G |09 |¥9 |69 | TL | €L [SL (4L |6L (I8 (@8 Lv'¥ (9°€1 | GO0L | ¥4 | €6 .
u 9y |6F |€S (4G |09 (@9 |¥9 (99 |49 |69 |TL | T& 65V (81T | ¥ 0L | 4°L | 0B ol
o P .mmu— 10
arzs [arer|udr | qto€] wee | ot |- - avz | mez |-
~ Y23 | P8y |y yob 'y ot | et | yof | yge | YPoz |Yhe | Pzz Yoz 3y g1 Imnm_m. m.w . mewm Imﬂ
2 3 % 15 oot BY| 55 || cEE EEY
“IIpEI 0f 19A0 sy3fua} 40§ — LS —000S1 A z 2 =N o..:‘lmr 55
m “Iapun pue per of jo sy3dus] wo.« *sq[ ooo‘z1 § o ol el peton pEAOTY g m.m.. mmS # =8 # ,w. 2
< o ¢ B
“ 'suwnjod jo sy3Sud] payroddnsun Surmofjoy a3 104
¢
& ~af “SET 000G 40 SNOT, NI ‘SANF[ auvAdS ‘SNIWATOD TANNVHD MT_M
HOLLLVT THHLS OIVSSVd d0d SAVOT HAVS




148 THE PASSAIC ROLLING MILL COMPANY,.

‘ . A‘ »

‘upe1 og 1940 sqiSua] 10§ £0c-008°CT oy | 1S wo 6S | 0L V8 |66 |[IBI (07

: z . M 08 | OF | €V | ¥G | G4 | @9 | €L (48 (0T [SBI | 98
opun pus HPEI 0 JO SI] 103 *Sq 000°3L 9 |66 | @8 | €F | SP | 28 | 9L | ¥9 | 94 16 [GOT 831 | @€
syout asends sod sureng % | L3 |83 |98 | Ve [ SF | LV | 6S | 08 | L9 | 6L (V6 [SOT [3€I | 83

6L | %3 | ¥¢ [ 63 | 06 (8¢ | 9¢ [ 8F | 05 | @9 | ¥R | 69 | &8 (86 [TT1T |9¢1 | %3

ST |81 | 03|93 |S |16 |18 |68 |28 |08 | TS |79 |98 | 0L | €8 [00T (€TT [8€1 | @B

9L |61 | 1& | L& |96 |26 | @8 | TF [ 8€ | IS | @G | 99 | 88 | &4 | S8 |TOT [FIT |O¥VI | OB

L |91 | 9T |03 | @& | 8a | L& | €6 |€e |ah | OF [ €S| €S |29 | 06 | €2 | 98 |€0T |SIT |TFI | ST

ST L1 |21 |Te | %2 |6 |8 |¥ve |ve |ev | v | ¥G | ¥S [ 89 | @6 | w2 | 88 [C0T 91
¥L|%6| ¥ |81 |81 |23 | €| 08|62 |ce|ce| v |Gy |93 |95 |69 |¥6 | L | 88 |90T $1
1°8| OT | ¥T | 6T |61 | €3 | V2 |16 |08 |96 | 98 | 9% | €% | 2G| 99 | 1L | 26 )
8'8| 1T |CL|03|0c|va|ce|ce| 18|88 | L8| L¥ | ¥¥ | 8 o1
¥6|ar |91 |18 | 15| |9 |ve |18 |88 | L8| Ly 8
OT | T | 2T |28 | & | 93 | 92 | € 9
T1 | €1 | 214 €8 ¥
: A ! WA T

*SqQT 000Z JO suoJ, ut ‘peoT] yeg pasod

-dnsun)

'Sq7 Ul
9 | %L |6 |81 |3T|QT|CST |02 |81 |38 |13 |43 |93 |8e |f{18|0% |99 |2V | 0% |09 |99 |08 oagt
. SR

; “weag

:* :« :n :m :o :0 :Nu :N- :m :m :Q :m :o,ﬂ \\OH :NH :N.ﬁ :N.H :mH :m.ﬂ :n.ﬁ :om :om ﬁ.wﬂova

semapig Supprx jsureSe pauoddng sureag

‘SANAT TIVNOS

‘SNINATOD MO SLAMLS SV dEs SWVHL X TAALS DIVSSVd ¥0d SAVOT HAVS

&




THE PASSAIC ROLLING MILL COMPANY. 149

‘npel Og 1240 SPSuI| 105 monnoom.maw 2

“Iapun pue uper og jo syidua| 10§ 'sq[ 000ZL L 8T | 1

; T 16 | AT

:your axenbs 1ad sureng ar |11l 1 g2 |

0 (&'8 | ¥1 | €1 | 08 9% | €8

L. | €| o1 91 | oI | %8 83 | <

6°L (66 | ¥T | GI| 8T | 9T | S& 1€ | 83

9°9 66 | TI[9T| ¥I| 61 | 8L |23 ¥e | 1¢

6'C (68 [I'8 | TI| @I| 8T | SI| 16 | 08 | 68 9¢ | ¥¢

9'9 18°6 (9°6 | €Il VI| 0G| AI| €¢ | &5 | 1€ 6¢ | 92

&V |6 T TI| ¥I| 9T/ &3 | 6I| 9% | ¥3 | €€ av | 68

0°€p°S 6 CI| €1 91| AI V6 | 1o Lo | 9¢ | 9€ W | &y

1°v19°9 GI| ¥I| 8I| 6I 96| €3 66 | 85 | 8¢ Ly | v

£'G18°L 91| 91| 6I| 03 4o | ¥o| 1€ | 08 | OF 08 | ¥

7°90°6 87| LAI| To| @@ 68 | 96| €6 | @6 | aF oS | 0g

9°L| 0T 61| 81| €3 €3 16| 83/ 98 | ¥e | op G | go

L8| TI To| 08| ¥o| So6| 66 | 06| L& | 9€ | Ly 8¢ | ag

66| €I €6 T8 93] 90| ¥€ | TE| 86 | L8 | LY 8¢ | 9¢
'SQT 000 jo suoj, ut ‘peory ayeg

& ST |QT|ST (ST |03 |81 |33 |13 |43 ee [ite

i 74 :m 9 "9 :N. :N. :w :Q 16 "8 :O,H :QH :Nﬁ

skemopig Suipprx jsurede pauroddng jou sureag

1€ | ST | 9% |28 [0€ |o¥ | 08
S¢ | 8T [ 63 |TF |c¢ |9p-| 61
68 |23 | €€ (9P |oF |2e | SI
€ |96 | L8 |6V |ov [8e | AT
Ly [ 68 | 0F (€S |og |¥9 | OT
1 (a8 | ¥% (28 |ge |0z | g1
gg [ ge |8 (19 |09 |92 | PT
89 | 65 | 1S |99 |29 |28 | eI
%9 | av | e |69 [0 (88 | BT
99 | 9% | 6G |82 [¥L [¥6 | TIT
0L |67 |2 |22 |6 |001| OT
VL €5 |99 (18 |98 |901| 6
8L |99 |0L (98 |68 |2II| 8
18 | 6| €L (68 |96 [8IT| &
o8 [ €9 | LL |86 |66 [P2I| 9
68|99 | 18 [26 |FoT|0CT| @
€6 | 0L | ¥8 |20T|60T |SCT| ¥
26 | €L | 88 | 90T |¥IT|TPI| €
L6 | ¥L | 88 | 90T |STT|THT| @
3 ‘M
pa.dusupn
98|37 (09|09 | 99|08 sy
WBL|ST|/ST|/ST (/08,08 | jomdag

‘SANT TAVNOS
‘SNINATOD 90 SLAYMLS SV dUsN SWVHT X TAHLS DIVSSVd 904 SAVOT HAV!




150 THE PASSAIC ROLLING MILL COMPANY,

1| 3IT| 9TT| LTT| 211

EX¥

T - < -

fexie

| WS e e e e

faxe

42

RO WN (WO NODO N
i S )

SEEMEEERIEEERE IS
OO |~ CD(DG)@G)GJ‘

¥9 60 8L°1
9G | €9 9L | @ | 68 | @6 | 96 | 66 | 0T €0T| €OT | SL°T
AV | €S | 65 | 99 | T | AL | 0B | €8 | 98 | 68 | 06 | 06 [ LT
Ov | Sy | 1S [ 95| 19| 99 |69 [ @2 | wa | 22 [ 6L | 64 | 69°1
€€ | L8 | Q¥ | OF | TS | 99 [ 2S5 [ 09 | 29 | ¥9 | 99 <9 A1
89 89 | Q9 | WL WAL 8y [IsT s 09°1T
Oy | @G | LS | €9 | 99 [ 69 | TL | WL | LL 8L 0oL
G | 98 [ TV | G | LF | 6V | 3G | VS | 99 | 99 6v°1
96 | B& [ 36 | 96 | L& | 68 | ¥ | &F | W v L |
9y (@ | 69 [ @9 ( 99 | 69 | GL | S 8L 86°1
O | OF | @8 ['SS | 89| 19| ¥9 .| L9 04 el
L6 [ @€ | 98 | 66 | TV | €. | SV | 8F 0s 961
Te | v | 8 | 06 | @8 | ¥&€ | o€.| 28 68 Vel
Wee | yoz | gr | Por [ybr | yper | Yz |yor | Y6 | Pg | Pl .m.mm_Mc PM.
Ty SN SIS IO o
% o . 2 A
BRRDepads S oy T 495000417 : yout axenbs 1ad surens ajqemory RU.WWQ
I9pun 10 UPEI 0g Jo ST 10§ Sq[ 000°GL S 3 g8

oup
uy
s

b

T

100}
*sq[ ‘uwmn
‘sayouy -
‘g
JO WPIM

531

«

pue a7e1g
Jossowpory,

*sut *bs ‘uon
-09g JO BaIy
10003
suy ‘sajduy

xad

suwn|od jo syidud] paroddnsun Sumoljoj sy 10y

e R CA RV T N e

ﬁf.wﬁ 000G 40 SNOJ, N ‘SaNff 2uvad§ ‘SNWATOD TTONYV ANV
ALVTd THALS DIVSSVd d0d SAVOT TAVS

i




€91 181 | 061 | 661 913 | a5 Vo || 8L°G gl
9¥1 €91 | 121 | 081 L6 | 0% G0% || 84°% gott| H
161 LVT | SST | €91 8LT | 981 981 | 69°a 611 %| o
051 Y61 | &FT | 671 POT | 1T B || ¥9°% g6 | % | x
<] 8IT | 93T | 1€1 ¥PI | 1ST %<l | 09°3 og8 | ¥l
68 001 | 901 | 31T YL | 06T ger || 993 vl | %
GL @| |06 |96 90T | TIT PIT | 1S°Q 779 $
@6 90T | PIT | 13T 9¢T | SFI 0ST | ¥€°3 6°¥8 | &
18 ¥6 | TOT | 80T 131 | 8T ¥eI || 63°3 kA e (6
3L ¥8 |06 | 96 60T | STT %I | @3 889 | § %
19 e | 8L |8 v6 | 00T 90T | 18°3 LR R
4 @9 |29 | 8 | 98 6 | L1°3 see |
ap 1 [ se | 6g L9 | 14 9L | €1'3 ger | A
68 |96 | ¥0T STL | 931 L1 || 80°G 9 LL | & 6
I8 |88 | <6 60T | 91T L2l || 70°3 oa| % &6
, T TR 96 | €01 SIL || 10°3 Le9 | § 6
09 (99 | 1L g8 |88 L6 || 26°T yeg| | Xlg
S [9¢ |19 L |9 ¥8 | €6°T voep | £ w6
av | 9% | 0g 65 | €9 0L || 06°T oy | & 6
" (=}
\:om el «.«l qyoc | a8 ay br |y e mmmﬂw .mum"m. Wmm ew.v%m QWS %m
~c n Wl - oN o
‘Hpet oS 1240 mEM:& ._el nmlooo.mn M“ your axenbs 1od surens ajqemory ..N.M ..vm .m mam. ,.wm umq .mn uu.m.
“1apun 10 1pex o jo syFua) 10§ ‘sqj 000z gow Pog (RR8|8 [} -

THE PASSAIC ROLLING MILL COMPANY. 151

‘suwnjod jo syIFuay vur_ﬁ_n:mcz Suwmoy[oy 23 1o

che 0008 20 SNOL, NI .wazﬁ mﬁsom mzsbqoo




168 |8va | SL3 | 686 | Q0% | 916 | 0SE | &PE | A9€ | L€ | PBE | S6E | 968 || 63°€ 2T
€18 |0VG | 293 | 083 | ¥63 | 208 | Ta€ | VEE | 8¥€ | T9€ | GL€ | G8€ | 98¢ || L&°€ 1
808 (V63| 098 | €48 | 982 | 662 | BIE | G&E | 8EE | TSE | POL | GL€ | GL€ | 98°€ o RS
003 | 933 | 896 | ¥93 | L8 | 065 | €0S | 9TE | 82€ | TPE | ¥SE | S9E | 9OE || G&°€ 1| O
V6L | 613 | PG | 298 | 048 | €83 | 968 | B0E | TaE | €€ | SPE | 99€ | 99€ | €3°€ Br gzt
831 |12 | 968 | 6V | 198 | €48 | 983 | 463 | OT€ | T&E | PEE | GFE | GFE | 33°€ 1|52
8LI [S0% | 685 | TFG | €98 | 998 | L& | 68& | T0E | €I€ | 9BE | L€€ | L€€ | 61°€ g i) Fec
€41 |L6T| T3 | 363 | ¥V@ | 998 | 898 | 08G | 863 | £0€ | STE | L3¢ | 82¢ | 8T'E 1|23
061 | €13 | ¥&3 | 968 | LVS | 698 | 043 | @83 | €63 | S08 | 918 | LIE || 9T°€ oA
681 | C0& | LT3 | 8% | 668 | 0S8 | T93 | €43 | ¥83 | 962 | 90€ | L0€ || V'€ Bl w®X
9LL | 86T | 60& | 083 | 16& | TF& | BSE | €98 | 748 | 983 | 968 | 863 | BI'€ Hod axs
691 | 06T | 103 | 313 | @&& | €63 | €73 | ¥SG | 998 | 948 | 98G | 883 || OI'€ | B
191 | @81 | @6T | €03 | €T& | 783 | VEQ | SVE | SS& | 998 | 948 | 443 | L0°€ Hailis s
VGL| VAL | ¥8T | V61 | 903 | STG | S68 | 986 | SF3 | 993 | 996 | 893 || $0°€ §
9VT| 99T | OLT | 98T | 96T | S0 | ST3 | S8 | €3 | S¥3 | 998 | 696 || 00°€ ey
OVL | 691 | 89T | BLT | 48T | L6T | 903 | 918 | S6& | 9€& | VW& | 873 || 86°G §
Yob |yof| yz€ | gof [ygz |yoz | Yz |yzz |goz [3ygr [yor | yhx .Mwu_uwc .MUPW .MSV wlao% of
‘ RER| B2 iog| £&
‘npex of 1240 syISusy 10§ 45— o00'st M b &l il e D G M.m:m m.w.” ‘wm m m g
“I2pun 10 mper of jo syISusd] 10§ *sq| 000‘z1 Ep R ang Te

152: THE PASSAIC ROLLING MILL COMPANY.

*sumnjod jo syj3ua] pajroddnsun Summorioy ay3 104

“SAT (000G 40 SNOJ, NJ ‘SaNg[ @avadg ‘SNIWATOD ATONV ANV

HLVTId THHLS DIVSSVd 404 SAVOT HAVS




8

@ 98G |LIE | 8FC | 08€ | 96E | TIV | 9&V | GbF | 8SF | €LV | 68F | €0S | €09 || 89°€ | ¥6°€8 | ¥°986 T b
e | ALG |80€| 686 | 0LE | 9BE | TOV | 9TV | GE¥ | L¥F | €9V | 8LV | G6F | G6F || 99°€ | L0°&8 | T°6L8 T

. | 692 |663| 06 | 098 | GL€ | 06€ | SOF | TaF | 96F | TSP | 99% | 18V | 18V || ¥9°€ | 61°08 | 9°8L3 | #T
> 19¢ | 162 | 03€ | 096 | S9¢ | 08¢ | 968 | OTF | ¥a¥ | 62F | PSP | 697 | OLF | @9°€ | @€°8L | €995 | 4T | 2
Z | 758|683 | GIC | TG | 998 | 0L€ | 98¢ | 66€ | VIV | 8aP | €FF | LS¥ | 8SV || 09°€ | ¥P°9L | 67658 | IT Q wv
~ | 9¥8 |v28| €08 | TEC | OVE | 09€ | PAE | 88C | B0V | LIV | ISV | SbY | L¥P [ 8S'S | ASPA | 9°€98 |¥T | 2 B =
S | 868 [993 | 763 | &S | S€E | 6VE | €98 | 228 | 168 | SOV | 61F | €6V | 96F (| 99°€ | 69°BL | T'A¥G | 41 | N5 w.m
o | 083 |49¢| 98¢ | @I€ | G&E | 66 | €9€ | 99¢ | 08¢ | ¥6€ | L0V | Tap | Sap || ve'e | @804 | 8°0¥8 K1 | 2 M.v =3
© | @88 |6V3 | GL3 | 0€ | SIS | 63 | GFE | 99€ | 69€ | &8E | 96€ | 60V | €TF || @S°€ | P6'89 | P'PER 1 m Sk
a 0vG | 995 | €65 | 90¢ | 61€ | see | ove | 8ee | aze | 98e | 868 | @0y || 6v°E | 20°29 | T'sag ¥ | LX S
k- T6G | LSG | €86 | 968 | 80€ | T&E | PEE | LVE | 09€ | €L | 98€ | 16€ || 9v°€ | 61°99 | 9°Ic6 A ) u...v.m,
] €33 | 8v% | €13 | 98G | 863 | TIE | ¥ee | 98¢ | 6%¢ | 19€ | P2 | 08¢ || V'€ | ©6°€9 | €613 |# 2 X =
o €13 | 866 | €92 | 925 | 88| T0€ | €1€ | 9¢€ | 86¢ | ISE | €9¢€ | 89¢ || OF°E | ¥P°19 | B'808 F| Ao
Z 903 | 666 | €95 | 298 | L& | 06& | B0S | V1E | 9&¢ | BEE | 0S¢ | L9€ || L&°€ | 29769 | 97303 |t CES 3
& 961 | 0BG | €V6 | 996 | L9G | 63 | 163 | @0S | VIS | 92€ | BEE | 9¥E || €€ | 69°LS | T°961 o &
M L8T | 013 | €63 | Sb& | 99 | 89% | 083 | 165 | 008 | ¥1€ | 9a¢ | ge¢ || 06°€ | &R°eS | 87681 | %
~ LLT | 00% | 8% | V€& | SP& | 996G | 893 | 648 | 06% | G0E | €1€ | V&€ || 96°€ | ¥6°€S | 6°68T ¥

2 . 4 - - . - . . . . : *ssa] 10| ¢ ™ e, "
w Yty |yob | y9f |y2€ | yof | ‘yge | ‘Yoz ! Y ¥z |32z (yoz | ‘Pygr | Por b1 .AJD.:W. B oy, _w..mu% W.mw..nﬂn. MJMN
h : 0 . RER | B33 | wEw [FOR| BB ,
% NPELOA AQISHS i A0 Mnmlooo 81 M“ your axenbs 12d surens s[qeMo[y B M - m.m.w g3z (€2 g m g
M “I9pun 1o mpex of jo sySus| 10§ ‘sq| 0001 X m.} Bl e e |B L Po
(%] *suwn|od jo sy3fuaj pajroddnsun Suwmofoy a3 104
o .
& “SAT 0P0G IO SNOT, NI ‘SAN{[ @1vady ‘SNINATOD ATHNV ANV
HLVTId TAIHLS DIVSSVd JOd SAVOT HAVS




154 THE PASSAIC ROLLING MILL COMPANY.

S8 | @6 |66 |90 |€TL | 0BL | £G1 | VEL | 281 | TPL | VT | SPI | 96°G |0L°%G | 0°F8 =
@8 | 68 |6 |GOT | 8OT | SIT | @&l | 8GI | IET | €T | 8€T | &I | 9€°G | 0L°€c | 9°08 m.
6L [ S8 |16 (26 |VOL | OIT | OTT | @I | SoI | 8GL | GET | 96T | L€°G |0L°Go | G AL 8
9L | @8 (88 (¥6 | 00T | 90T | GIT | 8II | 13T | VoI | LGOI | OSL | 28°C | 041G | 8°€L & o
GL | BL |¥8 (06 |S6 T0T | 20T | €IT | 9IT | 61T | IBL | V&I || L€°G (0L°03| ¥°0L S
69 | ¥4 |08 |98 (16 | 96 | @OT | 20T ( OLT | €IT | 9IT | SIT | 8€°G [ 0461 | 0°L9 & Q
@9 [ L9 | €L (BL |¥8 |68 |96 | OOT [ €0T | 90T | 60T | GIT | 8&3°G |GL°8I| L°€9 ik
89 | €9 |89 | €L |64 w8 | 68 <6 86 T0T | ¥OT | 90T |l 86°G (LA | €709 aB
96 | 09 [S9 (04 | SL 08 | S8 06 | 6 | 96 86 00T || 86°G |GL9T| 8°99 Mm
6V | €9 |89 |39 |49 T | % 08 | @8 ¥ | 48 06 G€°C | 96°¥I | 6709 H m.
or | 09 | ¥S |89 | €9 L9 | L oL AL 6L 18 ¥8 G6'G | 96°61 | 9°L¥ o
€% | LV | IS |99 | 69 €9 (49 TL L 12 9L 8L G6°% | 96°3L | T'F¥ 58
66 | €V 9V |09 | €S 8 (19 W (99 |9 |69 1L L5'G |88°TL| ¥'0F ®
98 | 66 |GF | SV | 6F g | 99 69 9 | @9 €9 99 5% (88°0T| 0°28 | ¢ <
66 | 96 (86 | v | W Ly |09 | 19 |%¢ q¢ 29 69 L&' |88°6 | 9°€E | 1 &
66 | € [ ¥E | L€ | 6€ (A 4 4 Ly 87 6¥ 1< (4 T€°G | 04°8 | 9765 it $
Yge | Yoz [Yhe | Yyzz Yoz | qygr (Yor | Phr | yEx Y i .wwun_v”o .Wm..m. .m mvwv WMQM MW.M qu
~Eu 588 [wER |8 O
L Tper 0§ 1940 syiSuay 10§ .M\ n.m|ooo“m_ M : your axenbs s0d surens dqEAO[Y ‘u.m.:wQ m...m.m Mmm. ‘mm W B
pun pue npex oS jo sy3us| 10§ ‘sq[ 0oo‘z1 m 0 @ e e .m
‘suwmnpod jo sy3sua| paysoddnsun Sumoyoy 9y 104
n$9=90 “SAT ()00 IO SNOL NI ‘SaNf] @avadg ‘SNIWNTOD

vit=8 TANNVHD THHLS OIVSSVd 404 SAVOT HAVS




b &
2 €6 | 00T | 201 | v1T | 1T | 631 | 9¢1 | €1 | oot | 251 | 19T | %91 | 891 || €973 (96723 0°¢6 | T | T ~
= 63 | 96 | €01 | OIT | 9IL | €31 | 0ST | LET | €F1 | 0ST | VST | ST | 191 | $9°% |€8°9a| &°16 | &1 RL st

& 98 | @ | 66 | SOT | LT | 8IT | S&I | TEI | 8€T | ¥¥L | LFL | OST | ¥ST || ¥9°3 [0L° GG | ¥°L8 i 21 e AJ/
- % | 88 | ¥6 | 00T | 20T | €IT | 61T | S&I | G€T | 6€T | &FL | SPT | 8¥1 || ¥9°3 |89 ¥& | 9-€8 |# AR
M 9L | @8 | 88 | ¥6 | 00T | 90T | &IT | 8TI1 | V&I 7 0ST | €61 | 96T | OVI | ¥9°G (SV'€C | L 6L | AT B i
o SL| 18 | 98 | @6 | 26 | €01 | 60T | PIT | 03T | 92T | 631 | TSI | €1 || 99°% (€€ a5 | 6°9L |H LT D..m.r.
= TL| 9L | @8 | 48 | €6 | 86 | €0T | 60T | ¥IT | 611 | &L | ¥&I | 281 || 99°G |08 Ta | 1@ & L1 0~
w 80| €L | 8L | €8 | 88 | €6 | 86 | €0I | 80T 7 SIT | OTT | 61T | &1 || €9°3 [R0°0&| €89 | % i1 | Q9o

7O 69 | PL | 6L | €8 | 88 | € | 86 | @OT | Z0T | 60T | &IT | ¥II || 99'G |S6°8T | ¥'¥9 §| 21 m m
- === iRy
2 8G| GO | 99 | OL | WL | 8L | @B W 98 | 06 | ¥6 | 96 | 86 | 00T || €L°G |09°9T | ¥°9S § er | =
= | v| 89 |3 |99 | 69 | € 2L | I8 | 98 | 68 | 06 | ®6 | €6 | €4°G [8y°SL|96s | H|er | B
) 0S| €5 | 28 | 09 | ¥9 | 29 | TL | %A | AL | 08 | @8 | ¥8 | 9R | 9L'® |Se°¥I| 88y (& €l | = m..u
Z. v | 02 | €9 | 99 | 69 | @ | 29 ~ 80 | TL | ¥L | G4 | AL | 6L || 9L°C |€G°EL| 0°SY | o1 | RE
: — — gk
# L8| 66 ( Qv | SV | LF | 0G | €S _ ee | 29 | 09 | 19 | €9 | 99 | 12'3 (¥8°0T| 6°9¢ | 6 m @
non ¥vE| 9 | S€ | OF | €F | OF | L¥ _ 06 | @ | ¥ | 99 | 49 | 8S || TL°G |aL°6 | T'€E ¥|6 |*
* JHEST C5mAG SRy mnmlooo.m; M:ﬂ:: arenbs 1ad surens a[qeMo[[y ‘m_..m W m £:8 E: mm .m.m\“. f: m.m B
M “1apun pue upex of jo syIfua 10§ *sq[ 000‘z1 K mz)w m RN e |@ g m mu.m.m. m.
(5] “suwm[od Jo syyFud] payroddnsun Furmo[jof a3 104
o]
£ | #9=0 “SAT ()00 0 SNOJ, NI ‘SANf] aavadg

#iv=a ‘SNINATOD TUANNVHD TAHLS DIVSSVd d0d SAVOTL HAVS




156 THE PASSAIC ROLLING MILL COMPANY.

98T 66°C |GL'8G| 9726 o
€6 161 66°C | LV LG | ¥°E6 g
63 a1 00°¢ |%3°9%| 1°68 B
9 611 | c0°e |L6'VE | 618 & a
18 €1 o0°€ |BL°E6| L70B %2
LL 201 G0°€ |LV'Go| VOL MWM..
€L (8L (€8 96 |TOT|90T|0TT|SIT| 0XT | 921 | 2&1 | Z31 || €0°¢ |a&'Ta| T3l | % o 5
69 (€4 [8L @6 (96 |TOT|SOT | OIT| ¥IT | 8IT | 0BT | 0BT || ¥0°€ |L6°61 | 6°L9 AT 28 M
— oo
2 |99 [0z |7z |8z |28 [98 |06 |v6 |86 | ot | cor [ 901 | 901 | so'€ [o92r[86S [ F | 4 | =F
8G (39 |99 |69 [BL |9L (6L |€8 |48 (06 |¥6 |46 |86 |86 01°€ |S6°9T| 9°9S S » g8
¥S |28 |09 |79 (49 [0 (¥4 (4L |08 |¥8 |28 |06 | ¥6 |16 L€ [0T°ST| €19 | £ “ R
0S |69 |92 |68 |39 |99 |89 |14 |PL |4L |08 |€8 (€8 |€3 | VI'E |98°€I|T2F | % | €1 | 3
eV |9% |6V (1S [¥S |29 [6S (B9 |99 |49 | 0L | €L VL | VA 60°¢ |93 oL | L°1¥ | % o &
6 |1V |¥P (9% (6% (@S [¥S (29|09 (&9 | ¥O |99 |99 |99 GL°€ [00°TT| ¥°L€ | o1
3y 9F |y ¥€ |y 2€ [y of |y gz |y 9z [y ¥z ')y 22 | yoz |"ygr| Yor |Yr | Y€ Mwuwmc m.,mum.m. .m..%vv #0d v.l..do.c.u Wm.% &
. " . eiEa|BRd |28 |fokluon| B2
i e e e S S e M : youy orenbs xod surens a|qeMoqy $Scm 58g 887 22|58 -3 .um
“I9pun pue upex of jo syyua| 10§ *sq[ 000 zI e =N Rl n.u.m 2 O
suwn|od jo syifuay payroddnsun Surmoqjoy 3y 10 -O-»

:?Wo “SAT ()0 IO SNOJ, NT ‘saNg] @uvadg ‘SNIWATOD
ne=a TUNNVHD THHLS DIVSSVd 904 SAVOT HAVS

LI Y




:%mﬂo

suwnyod jo sySud| parsoddnsun Surmoloy uﬁ 00

rwmﬁH OOON d0 mZO,H NI “mQZmH mSH&.DGm WZHSHD.-HOO

GET | 6FT | 29T | SLT | 81 | @6T | 10& | 60G | 813 | Laa | €6a | 663 | La°€ 48766 (G SEI| FI A
S | st | vPT | 091 | 69T | LLT | GBI | €61 | 10G | 013 | 8I& | L33 | 163 || L&°€ |09°8€ |6°0ST | %1
= | gar | 66T | SST | €91 | TZT | 6LT | 48T | 961 | €03 | 11& | 818 | ¥&3 | L&°€ |dI°28|3°9al| {1 m
s | 6IT | %81 | 6FT | 2ST | ¥9T | &LT | 641 | 28T | ¥61 | 360G | 603 | STa || 43°€ [SL°S€|9° T8I | %1 5
Zz (JIL| 6el | &1 | 191 8GT | 9T | €41 | ORI | 281 | 961 | @03 | 90% [ 83'€ |2&°¥€|6°91T| I 1
~ | OrT | %@ | 86T | SPT | &ST | 6ST | 99T | €41 | OST | 281 | ¥6T | 86T | 82°¢ |00°€E | BIT| & =i
= | <01 | 61T | €8T | 681 | 9¥T | €CT | 09T | 99T | €41 | 081 | 98T | 06I || 6&°€ (39°1€|G°L0T | £ g0
S | 10T | €11 | 93T | @ET | 66T | SPT | IST | 8ST | ¥OT | 121 | ZLT | @8I | 68°€ |98°0€|6°301| & B

26 | 60T | TSI | 23T | €8T | 6ST | GFT | TST | 2ST | €91 | 89T | €LT | 0€°€ |28°83(2'86 | % mm
= | 3 |.%0T | OTT | T&I | Z3T | €61 | 661 | SFL | OST | 9ST | 19T | 99T || 06°€ |0S°L&| S €6 { to &
=~ | 8 |66 | 60T | SIT | 0BT | 93I | T€T | 281 | @¥T | 8FL | €91 | ST | 1€°C (31°93 | R'88 g§e
= | ¥8 | ¥6 | ¥OT | OTT | QIT | 03T | SGI | OST | ST | OFT | OFT | 6FL || 3€°E |SL°¥3|&'¥8 8
o |64 | 68 |86 | €0T | 20T | BIT | 21T | T31 | 981 | IET | 98T | OFT || €6°€ |L€°€3 |G 6L 28
Z |12 [ 6L |28 | T6 | S6 | 66 |€OT|LZ0T | TIT |SIL [ 0BL | &I || I¥°€ [OF 03| ¥°69 AR
S |29 |6 | |98 |06 |¥6 |86 | TOL|SOT | 80T | BIT | ¥IT | TP°E |€0°6L|L'¥9 =
S | @ |69 |9, |64 | € |98 (06 €6 |26 |00L | YOI | 90T || €¥°€ | 99°4T | 0°09 kS
solee 1y e | T Tanl N0 es | 48 08 'e6! | a6 .|l 'Be G 9B 91 | 6788 &
o |08 |98 (@ |9 |29 |0 |6 9L |6L (3B |98 | L8 | OV'E |8V 'V |E 6V ;
@ REd |BE883 |wEw [BOR w08 §
M .=cEOm._u>o mﬁM:v_‘énS.looo.m.M“:uﬁoazvmuoam:ahm a[qEMO[ Y Eom|C80 [8BE .mm.. 8ps g
i “1opun pue npex of jo sySuay 10§ *sq| 000Z1 3 ' w.}m. B¥ = | 2P |B82 m...m.w. m.
e}
13




158 THE PASSAIC ROLLING MILL COMPANY.

€08 | €13 TEE | TV 3G | C T0E | ¥ 19°¢ -y
061 | 66 81G | L33 | 966 | SVe | 996 | ¥9G | €40 | €86 | 98G || @S°€ | 9°4F |6° 191 &
6LT | 28T V0G| €16 | aoe | 066 | 68& | LVG | 996 | 99¢ | 89% || @8°€ | 9°F%F | L 1S m
991 (VLT 06T | 86T | L0G | GTG | €66 | 166 | 66 | LVG | 093 || @G°€ | 9°TF | Q' TFT &
191 | 891 ¥8L| @61 | 661 | L0& | ST& | €68 | 06¢ | BE& | OV& || €9°€ | 1°0% |¥°9€1 2=
Ggqr | €91 BLI| 98T | &6T | 00G | 80G | ST& | &% | 063 | 68 || €5°€ | 98¢ [£°1€ &
6¥1 | 99T TLT | BLT | 98T | Q6L | 003 | 206 | ¥1& | 16 | €26 || €9°€ | T°L€ 3931 m m
EPT | 0ST POT | TLL | 8BLL | S81 | G6I | 661 | 90% | 3I¢ | ¥1a || €9°€ | 9°6€ | 1°Tal 8 B
LET | PPT 9CT | €91 | 69T | 9LT | €8T | 68T | 961 | 20& | 0T || ¥S'€ | T'¥€ [0° 91T abB
IE6T | LE1 6¥1| 9ST | @91 | 89T | %L1 | OBT | 28T | €61 | 961 || #S°€ | 9°2¢ (67011 o= mlJ.
11 | 9a1 8ET| €VT | 6T | SST | 09T | 99T | GLT | 84T | 8LT || 09°€ | 4766 |0 10T m o,
SIT | 13T TET| 96T | TPT | LPT | QST | LST | €91 | 69T | 69T || 09°€ | 6'8a |6°S6 = m
60T | ¥IT [6TT |¥3T | 6L | PET | 6ET | SFT | OST | SST | 09T | 091 || T9°€ | 279G [8°06 =1
66 | 70T SIT| 41T | 16T | 96T | OST | ST | 66T | €FT | €V1 || 89°€ | 8°€& |6°08 &
€6 |L6 SOT| 60T | PIT | BIT | &1 | 9T | OST | GE€T | S€1 || 69°€ | €G3 |8°GL m
8 | 06 86 | @0T | 90T | OTT | €T | ATT | T3I | SoI | ST || 0L°€ | 8708 | L°0 g,
QL |64 98 (06 | €6 |6 | 00T | €OT | 90T | 60T | 60T || 29°¢ | &°8T (6°T9 | & &
0L | €L 6L |8 | S8 | 88 16 | ¥6 |26 | 00T | 00T || 89°€ | 2°9T |8°99
Yo [yselyrefueeiu o] vae [yor | e |yes [ woe [y |0t |00 Bl £ on | FoS | Fal (FR 8 8
B AT @ : TS2E4| ER8 |wER |EQ8 wEEw| 8 &
Eiposose mﬁm;u_._o..'m TR M : your axenbs 1ad surens s|qemoqy [#Eocm S.80 |8 m = .m.n - s mE| B
“1opun pue upe:x of Jo sySua| 10§ *sq| 000°Z1 e | [ S 7 Lagit- S B el B e Bl

16 =9
H9=9

‘summjod jo syydusy payroddnsun Suimo(oy ay3 10,q

“SA'T ())0F 0 SNOJ, NT ‘SaNg] @avadg ‘SNIWNATOD

TUNNVHD THHLS DIVSSVd 404 SAVOT HAVS

e

I A

L

@ ||o

53

Retfpa | ‘PUUEYD)




. ik 4 ddied I P —— v | RS EEp———

& 0C% | 992 | 9L3 | 98% | 963 | 90€ | 91€ | 9&€ | 9€€ | 9¥€ | 99€ | 99€ | GLE || 61'F | 0969 | L°GIG 41 -

2 v |19z | 192 | 04% | 083 | 683 | 668 | 80€ | 816 | L&€ | 268 | 9¥E | ¥SE || 61°F | 01°64 | 67008 i | »
1.. Le% |9e8 | ova | ¥ue | €93 | a3 | 183 | 063 | 663 | 80E | L1€ | 986 | €8¢ | 13°% |09°SS | 0°68I £ | & m‘
> VIe |2ee | 163 | 683 | L¥a | 99& | P9& | €43 | 183 | 063 | 86& | 906 | €1€ | Ta'V |01'@S | & LLT 1|~ m.
z 66T 1902 | ¥12 | 233 | 023 | 8€a | 9¥& | ¥o& | @93 | 043 | BLG | 98¢ | @66 || @3'V |09°8V (G°99L| T | # —
M €61 1003 | 802 | S1% | €23 | 083 | 86% | SPa | @96 | 098 | L96 | GL6 | I8G || V&'V (9B 9¥ | €641 | » B e
s 08T | €61 | 003 | 20% | ¥13 | Gaa | 68& | 96a | €¥& | 196 | 896 | 996 | 146 || V&'V |01°Sv | €°6ST i Al Bam
o} 6LT |98T | €61 | 003 | 902 | €15 | 083 | L&G | €63 | OVG | L¥& | ¥SG | 096 || &P | SE°EF | V' LVI H| o~ |8 £
= LT |6L1| 981 | €61 | 002 | 208 | VIS | 1&g | 82 | 98¢ | @Fe | 8V | 096 || &% |09 1v | §° TP £ Ge | B B
o 29T 89T | ¥2T | 08T | 98T | @61 | 861 | ¥0& | 018 | 9T& | &&e | 8GG | G€G 2V |09°8€ | €°TET | A
- ¥GT | 69T | €T | TZT | 221 | €8T | 68T | V61 | 00& | 903 | &I6 | 816 | 186 || 1€°V |S8°9€ | €°G61 i v18aQ
= LT l€eer | 8er | ¥9T | 69T | S21 | 18T | 98T | 16T | 261 | 03 | 806 | 1T& | €&°F (01°GE | 61T | » |8 m.
o 68T |¥PI | 6FT | ¥ST | 09T | GOT | OLT | SZT | I8T | 981 | 161 | L6T | 00@ | ¥&'V |S6°€E | ¥ €11 % ” =B
z | 661 [8ET| €V | 8FI | €91 | 8ST | €91 | 89T GL1 | 84T | €8T | 881 | 06T || 9€°% (09°1€ | ¥ 201 § | o8 m. =
z 02T |¥o1 | 63T | €61 | 8ST | T | 4T | 19T | 99T | 091 | 99T | TAY | €LT || 1€°F% |08'83| 6 L6 'y e 13
mv. CGIT (211 | T&T | S&I | 08T | VET | 8€T SPT | VT | TST | SST | 09T | €91 || I€°¥ [S0°L& | 6°16 e mu
& 20T |90T | OTT | ¥TT | 21T | 18T | 93T | 631 | €8T | 9€T | OFT | VT | PFI || 9€°F |S0°¥G (8°18 s nole
o ¥6 |26 | TOT | ¥OT | 80T | YII | STT | STI | &&I | SGT | 6L | GET | ¥ET || 6€°F 0€ 36 | B GL .ml 0G |-

_ Ll -

: 3 M._Mv 9y o \.d 8¢ [y om»l.wu*“m ‘.W.« Mm\ uo‘m 3z [ Woz | ye |yez | Yoz qu_w“c .Wum..m. ,m WV Wumm% Wm;m WWM mﬂ

" M pe: of 1940 syISud] 10j M LS—o000S1 M : qour axenbs 1ad surES SqEAO[Y m_.m w m.w.w .m mlﬁ.w... xnmumx ..m. WW _m
“ “Tapun pue npex of jo syIFua] 10§ *sq[ 000Z1 4 ; m.lw gee »Pe BE g .umrw W.
o 102 3o sypSud) payrodd Summorpoy 3y 104 .T‘nw )

8 =
e | A1=9 “8arT ()00T J0 SNOL NI ‘SaNg] auavads ‘SNIWNTOD h
Jds—a  TENNVHO THHLS OIVSSVA ¥0d SAVOT HAVS




160 THE PASSAIC ROLLING MILL COMPANY.

966 19¢ ‘€ | 1°98 |¥°683 MM *R=3
14t 8VE Ve'€ | 1°88 (G°6L8 Mm..nm
106 VEE | 09€ | 99€ - VE'€ | T°6L | 07698 4 m,m %
89G | 686 | S0E | 03E | 9E€ | G9E | L9€ | €8E | 86E | VIV | 6% | S¥p | LSV || €€°€ | T°9L |8'8%%| I 28, ]
8VG | 8L3 | €68 | B0E | B0E | LEE | ¥9E | L9F | GBE | L6E | GIV | L8V | 66V | €6°€ | T'€L (9°8¥3| 1 | £ .5 m
8EG | L9G | I8G | G6& | OTE | V&S | 8€E | €9€ | 29S| TRE | 968 | OIF | 1&¥ || 28°€ | T°0L |¥°8€a| 1 w.Ou $®
LGG | 9SG | 69G | €8G | L6G | TIE |'GaE | 686 | €€ | 29€ | 18€ | €6€ | €OF || 1€°€ | T°49 |&'828| £I X =
L1G | €96 | LSG | 0L3 | €86 | 963 | 60€ | @¢€ | SEC | 8VE | T9¢ | 928 | 98C || T€°€ | T'¥9 [0°'81&| +I Z m Q
903 | T€6 | ¥¥3 | L9G | 693G | 868G | €63 | L0€ | 0GE | €86 | SPE | 8GE | L9€ || 08°€ | T°T9 [8°203| T .M. ¥ e
V6L | 816G | 163 | €6 | 9SG | L9¢ | 643 | 16& | S0S | LT1€ | 63E | OVE | 6V€ || 63°€ | T'8S |9°L6T| 1T B B
V8L | L0G | 8I& | 063G | THG | €58 | 793 | 948 | L8G | 663 | 0T€ | &3¢ | 166 || 83°€ | T°GS |P°L8T| . 1 Ga @
BLL | 003 | 118 | 3G | €€¢ | VW& | 996 | 998 | LL3 | 883 | 006 | BIE | T2€ || 8&°¢ | 9°€S (€281 | #1 |3 o
GLL | P6L | 0% | 9TG | LoG | 8€e | 6V3 | 093 | 143 | GB& | €66 | 70€ | €16 || L&°€ | T°8S |3°2LT o i Xog, £
89T | 68T | 003 | 013 | 163 | 163 | 3¥3 | ®9G | €98 | 628 | V88 | 965 | #0E | £3°€ | 9°09 |T'&LL| &t | *8E'5
G9T | €8T | €61 | €0 | PI& | 66 | ¥63 | GV& | 9S8 | 99G | L& | 983 | 963 || 9¢°€ | 1°6F |0°L91 ¥ LB
=y0F | 930€ V¥E | *yy2€ | yof [“ygz |yoz |"y¥z | yzz | yoz [ ygr | Yor ..mmu | o & (ol ]
1 39 | Y 1 3 ¥ 82 | Y9z |y Y Y J 8 ¥ 9 y b m...O..w.m. .maSW WmJaM m.mm... nw
. L 2 0d ™ 29 =R | &7
1pe1 of 1940 sy3ud| 10j 7 L5—000 ST M < yout axenbs 1ad surens s|qeMo[y m.wm m.m m. m m.w. nq.%.m 3
*Iapun pue npex of jo syiFuaj 10§ *sq[ 000‘z1 ..m £|p B =P e w. o m

‘suwn|od jo sqadua] payroddnsun Surmoioj Y3 104

A6=0 tgq 000G IO SNOJ, N] ‘NOLIOES XAVAT ‘SAN uVAdS ‘S NINQTOD

el TANNVHD TAHLS OIVSSVd 04 SAVOT HAVS




%

161

THE PASSAIC ROLLING MILL COMPANY.

=t

NN OOWs 0=
(=]
-
(]

6ce 9% g 209
LV 9r¥ 08¢
vee 0y | 2 09¢
128 €1p 868
608 | 658 86¢ G 8IS
963 | ¥a 086 5 | 96%
€83 98 LY
023 8¥e Sh | ¥Sp
863 £ce ; o
e 91¢ | 68 g v
o8 863 16¢
963 63 T8¢
053 93 | €88 : vee | are | ¢ 08
318 | €68 L3 938 6c¢
908 993 91¢ 9ve | 6re

3eg
am

gsssszzzaazaea
RERREZRZ

(=2
<

uE X 11 s9re[d qam g pue Opis .51

sareqd 12400 g “'sq[ ¢g X /L SPUURYD) 3
{ uwno)) Puuey) LB eNXF T

yo¥ [yzb [ygE | y¥e | Yof |- Yoz [Yyhe | Yyez | ‘3 g1 .mww_wu-c

B[] 19A00)

*sayour

*sayouy
‘uonelds) jo

‘npes oS 1240 syISua) 0§ - * 1§ —o000tS1 3
1 : your axenbs 1ad surens s|qemo|y
“sopun pue npex of jo sySua) 10§ ‘sqp oozt §

STIPEY ISEIT | 0 0 = < < F = = = = = o = =
sy | RRIBSBRERIBBERE

*sut *bs ‘uon
JO ssauyony J,

‘say

‘uoneussaq

*suwnjood Jo syySua] pajroddnsun Surmo|joy ayy 10,0

A= ..mmq 0003 d0 SNOJ, NJ ‘NOLLOES XAV ‘SANF[ aavadg ‘SNIWATOD
.:mm 1 THNNVHD THHLS DIVSSVd 4Od SAVOT HAVS




162 THE PASSAIC ROLLING MILL COMPANY.

GOT| OTT | ATT | 93T | ST | OVT | ZPT | SST | @OT | 99T | 141 | W2l || 26°G | 0°62 | 9°86 | 41 = -t B
06 |26 | ¥OT | TTIT | 61T | 92T | ST | OVT | ST | TSI | SST | 8CT || S°'G | €98 | ¥°68 ¥ o M. M
48 | ¥6 | 00T | LOT | €IT | OGT | 93T | €61 | 6€T | GFI | 9vL | 6VI | 69°C | 8°VG | 6°€8 5 4 o..w..r B
9, | @ (48 |86 |66 | SOT | TIT |LIT |3l |Gol |86l | IEL || ¥6'a|6'T6 | vz | § |Em%| 4
¥ |69 (b4 |08 (98 |06 |96 |00 | 90T | 80T | TIL | ¥IL || 69'3 | 061 | S99 |4 |PEel S
09 19 |69 |¥. |8 |€8 88 186 |46 |66 |TOL| €OT || 08 | T2l | I8S | & | 3|8
6V | 88 | LS 09 |¥9 (89 |&L (9L 6L 18 €8 a8 %' | BFL| a8y | & B B
8¢ | T¥ 44 v |08 | €9 |9S |69 €9 9 9 | 29 Ve | €11 | ¥°'8¢ ¥ N
PYof | yge | Yoz |*Yyrz [yez | Yoz [ygr Por | ybr |y €x _ ) z1 .m.”.w_n.“o
99 | & |08 |98 | €6 | 00T | €0T | 20T | OIL | SIT 81T | 11 || ¥6°T [ 106 | €189 [ & [=,&[ 2
49 | € |0 | |€8 |63 |16 |¥6 |26 | 00T | O | 20T || 68°T 821 | G090 | § |BEEg| N
68 | L8 | 89 69 17/ 08 €8 |68 |88 16 | 76 L6 T B g e O m B
€ [8F (89 |49 (@9 |29 (69 |[@L | WL L | 6L €8 28°T | 8°€L | 9°9¥% ¥ - = «@| 8
8E (o |4V | TS (S¢S |68 (19 [¥9 | 99 89 | 0L TL T6°T | 810 | T°0F | & D e
68 |G |9€ |66 [ €V |9F |8V |09 | @S €9 | 99 99 98°'T | ¥'6 6°T¢ ¥le & m
Yre | yoz [ yoz |ygr |yor | ybr [ yex .WNM g1 | gor | 6 .wﬂw_m: IWWJ m.uvw mw W.umumﬂ muw.. nﬂ
3 ge| 58 | 280 | SRl 28 | &
“TIPEI O 1940 SYIBUS] J0J - 19— 000°CT ) FR@| 88 | 353 | 5as | BS 5
“sopun pue wpex 0g Jo syaFus] 1oj sqp 000/GE S Lt T 0 SIS ANV | 88| E¥ | =9 gEo| ° 2 g
*w y - 3.5 T ON E

‘sumnfod jo sydus] pajroddnsun Surmorjoy ayy 10§ “*sqq OO0 Jo Suoj ur ‘spujy 2aenbg

‘SNINQTOO ¥V Z THHLS DIVSSVd 904 SAVOT HAVS

%




[ 3
THE PASSAIC ROLLING MILL COMPANY, 163

Z BAR COLUMN DIMENSIONS,

in inches.

§<-G-§I k-D-;‘w'/
R e, SO
6" Columns ;

4 Z bars, 3'-3%" deep,
1 Web plate 6" X thickness of Z bars.

’g E
i 2| A|B|C|D E|Flc| HK
5 |ES
Bl (128 |3 |65 (34| 3|18 2|9 |3
5| B | 12§23 | 34 |51 | 38| 3 | 18|23 | 8| 3%
8 | % |12 |34 (55| 3| 3| 18|20 | 8| 3%
[ |12 (3 |50 | 3p| 3 | 1012t | 8 3
B | b | 1255 | 3 s | 35| 3 | 18 | 2k | 85| 33
o | 12% |34 |58 | 3% 3 | 15|28 | 8% | 3%
8" Columns ;
4 Z bars, 4''-4}" deep,
1 Web plate 65" X thickness of Z bars.
i<
| A |B|C|D E|F|G|H| K
i[5S 7
© |3 |147 |4 |63 | 33| 31| 13|34 | 03|44
8. |6 |15 |47 |63 | 33| 3F| 18|30 | of |4
Soe | § | 1585 | 4% | 6% | 3% | 3t | 13 | 375 | 9% | 4}
§ o |45 | 4|6 | S| 3| 113 | O 4y
+ | 148 |45 |6 | 33| 3t | 13 |3k | 9f | 4
g fr 147 |43 (6 | 32| 3t | 13|33 | of |4
§ | 14) |4 (542 | 33| 34| 13 | 3¢5 | 9 |4k
| 1475 | 448 | 64¢ | 3% | 3 | 13 | 3¢ | 8F | 4%
F (144 | 4F [543 | 33| 3% | 13 |3 | 8% | 4%
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- Z BAR COLUMN DIMENSIONS,

in inches.

s . S LN
| By
= = | ' I

m
Py
’
.-
R

EET

W B

O

10" Columns ;
4 Z bars, 5''-5%' deep,
1 Web plate 7" X thickness of Z bars.

3
. || A |B|C | D|E|F|G|H K
5|5
"
5 £ | 164} | 5 6% | 3% |.3% | 1% | 3% |108 | 5
AU R
| 7 ol S el 3| 3| T |3 |10 (8
5 |60 |shy|er | 38| 30| 17|35 | 9% | 5F
MRS R ab | 1f | 3b 5
2 |1 [ei [0 |en | 38| 3f| 1i |3t | of | sfy
% (16} |57 | 6 | 38 | 3% | 14 | 34 | o | 5t
th | 168 | 5k5 | 6g | 38 | ab | 1d |38 | of | 5ik

12" Columns;
4 Z bars, 6'-6}" deep,
1 Web plate 8’ X thickness of Z bars.

g4
5 ; fé A | B|C|D|E|(F|Cc|H|K
: =k ey
HEEEEREEET
B | ¥ 10w ef" |74 | al|al| 2 |3° |ud
o e | 18F | 6 | 7oy | 48 [ 4F | 2 | 3% |11}
5 £ 119 |68 |7 | 44| 42| 2 [3% (11
‘ h | 198 | 643 | Ty | 4% | 41| 2 |33 | 10F| 6%
S | % | 181 63 | 4f| 4t | 2 |3L |10
‘ 13 | 18F | 645 | 6F | 4F | 4F | 2 | 37 | 10%| 6%
T (19 |6% |6 | 4| af| 2|38 |10 o
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Z BAR COLUMN DIMENSIONS,

in inches.

R s B
s = -
9 r@] S
] S | v ooy i
U”Ul B
frah o SO L=
v \\ \l’/,\ =
-

14" Columns ;
4 Z bars, 6 X §'; 1 Web plate 8’ X '3
2 cover plates 14" wide.

Thickness
of Cover A B (o} D
5 Plates.
"
5 3 197 61| 1k 103
= % | 194 6{# elf 10%
2 192 6% 1% 103
o 16 194 615 1% 104
5 3 1943 7 18 103
£ 1 19 ers 18 104
= 1 20 | % 1% 104
F #| 2% | 7 it 103
¥ 204 =% 12 104

14" Columns;
4 Z bars, 6}/ X ¥'; 1 Web plate 8" X §/;
2 cover plates 14" wide.

Thickness
of Cover A B C D
by Plates.
v
p = H 20} 7% 13 10}
5 3 204 755 13 10
3. 1 20+ vis 1 10}
S T 2017 T 1 10%
5 18 204 7 1 104
3 1 203 T 13 1
H 1ok 2041 7 1 1
A 13 204 7 1 104
13 207 74 1 10}
11 21 713 13 104
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Z BAR COLUMN DIMENSIONS,
IN INCHES.
Ot -0 -2
A ko i ¥
s mant '
&5 A 7 g
gy ; e ,’(
'J'Q' (e Q.ll i
4 ~ 7
\t/’
16" Columns ;
4 Z bars 63" x ¥
1 web plate 10" x £
2 cover plates 16/ wide.
Thic;kness - B c D
Cover Plates.
1 22 s 13 12%
15 224 & 14 12}
1% 223 4 13 124
13 24 7 1 125
3 14 22% 7 13 124
2 14 921 7 1 121
fo 13 2 748 13 124
e 15 298 8 19 12}
2 15 2211 8 1 12k
- 1% 2244 8% 14 124
c 1% 201 87 13 124
5 14 23 84 1 12}
c 13 B 1 12}
& 113 23+ 83 1% 124
3 1% 231 8y 1 12%
14§ 2305 | 8 1 12}
93 8% 13 12}
2k 9231 82 13 12}
2k 238 814 1 123
235 2314 8 1% 12}
2% 2314 813 14 124
3
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170 THE PASSAIC ROLLING MILL COMPANY.
SAFE LOADS, IN TONS OF 2000 LBS., FOR
HOLLOW CYLINDRICAL CAST IRON COLUMNS.
Square ends. Factor of safety of 8.
E i
E .| o8 Length of column, in feet. Lo
Sg| 8% o858
CEIEN | e FE
s 3T|EE| 8 |10 12:14_16i18|20 22(24|%% "
6 3| 47| 41 36| 31| 27| 24| 21 12.4
6 |1 60| 524 46| 40| 35| 30 ‘ 26 15.7
7 3| 60| 54] 48| 43| 38| 34| 30| 27| 24| 14.7
A 76| 69 55| 49| 43| 38| 34| 30| 18.9
8 3| 72| 67| 61) 55| 60| 45| 40| 36| 33| 17.1
211 93| 86| 78Y:T1| 64| 58| 52| 47| 42| 22.0
8 | 13 |112 | 104 86| 77| 69| 62| 66| 51| 26.5
9 $| 8| 8 74| 68] 62| 57| 52| 47| 43| 19.4
9|1 [110(103| 95| 88%-80| 73| 67| 61| 55| 25.1
9 [ 14 1133(125|115|106| 97| 89| 81| 73| 67| 30.4
9 | 14 |155| 145 | 134 | 123|113 | 103 | 94| 85| 78| 35.3
10 | 1 [127|120 | 112|105 97} 89| 82| 76| 69| 28.3
10 | 1} (154|146 | 136 | 127 | 1184.109 | 100 | 92| 84 | 34.4
10 | 14 (180|170 | 159 | 148 | 137 [127 117 | 107 | 98| 40.1
10 | 13 | 203 [ 192 | 180 | 168 | 155 | 143 | 132 | 121 | 111 | 45.4
11 | 1 |144 (137|129 | 122|114 [106 |100 | 91 31.4
11 | 1} (175|167 | 158 | 148 | 139 | 129 [ 122 | 112 | 103 | 38.3
11 | 13 (204|195 | 184 | 173 | 161 | 151 | 143 | 130 | 121 | 44.8
11 | 17 (232|221 | 209 | 197 | 184 | 172 | 162 | 148 | 137 | 50.9
11 | 2 | 258|246 | 233 | 219 | 205 | 191 ‘]81 164 | 152 | 56.6
12 | 1 |160| 154 | 147 | 139 | 131 | 123 | 115 | 108 | 101 | 34.6
12 | 14 196 | 188 | 180 | 170 | 160 | 150 | 141 | 132 [ 123 | 42.2
12 | 14 | 229 (220 (210 | 199 | 187 | 176 | 165 | 154 | 144 | 49.5
12 | 15 [ 261 | 251 | 239 | 226 | 213 | 201 | 188 | 176 | 164 | 56.4
12 | 2 1291|279 | 266 | 252 | 238 | 224 ( 210 | 196 | 183 | 62.8
13 | 1 (177|170 | 163 | 156 | 148 | 140 | 132 | 124 } 117 | 37.7
13 | 1} (216|209 | 200 | 191 | 181 | 172 | 162 | 152 | 143 | 46.1
13 | 1§ [ 254 | 245 | 235 | 224 | 213 | 201 | 190 | 179 | 168 | 54.2
13 | 13 | 289 | 280 | 268 | 256 | 243 | 229 | 217 | 204 [ 192 | 61.9
13 | 2 (324|312 | 300 | 286 | 272 | 257 | 242 | 228 | 214 | 69.1 | 2
14 | 1 (193|187 (180 | 173 | 165 | 157 | 149 | 141 [ 134 | 40.8
14 | 1} (237 (229 (221 | 212|203 ( 193 | 183 | 173 | 164 | 50.1
14 | 14 (278 | 270 | 260 | 250 | 239 | 227 | 215 | 204 | 193 | 58.9
14 | 13 (318 | 308 | 297 | 285 | 273 | 260 | 246 | 233 | 220 | 67.4
14 | 2 | 356|345 | 333 | 320 | 305 | 291 | 276 | 261 | 247 | 75.4
15 | 1 (209|204 (197 | 190 | 183 | 175 | 167 | 159 | 151 | 44.0
15 | 13 | 257 | 250 | 242 | 233 | 224 | 214 | 205 | 195 | 185 | 54.0
15 | 14 | 303 | 295 | 285 | 275 | 264 | 253 | 241 | 229 | 218 | 63.6
15 | 13 (347|337 | 327 | 315 | 302 | 289 | 276 | 263 | 249 | 72.9 | 2
15 | 2 | 389|378 |366 | 353 | 339 | 324 | 309 | 294 | 280 | 81.7 | 2
16 | 1} | 277 | 270 | 262 | 254 | 245 | 235 | 225 | 216 | 206 | 57.8
16 | 14 | 327 | 319 | 311 | 300 | 290 | 278 | 267 | 255 | 244 | 68.4 | 2
16 | 13 | 375 | 366 | 356 | 344 | 332 | 319 | 306 | 292 | 279 | 78.4. 2
16 | 2 |421 411|400 | 387 | 373 | 358 | 343 | 328 | 313 | 88.0 | 2
a16 21 1465 | 454 | 441 | 427 | 412 | 396 | 379 | 363 | 346 | 97.2 |
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SAFE LOADS, IN TONS OF 2000 LBS., FOR

HOLLOW SQUARE CAST IRON COLUMNS.

Square ends. Factor of safety of 8.

4% 4 S
.5,.":; g_.ﬁ; Length of column, in feet. “ g4 "‘:é
vd| gt gg= g o
#5|29 b 3% g8
3 = iESj 8 (10 12|14 | 16 (18|20 | 22|24 |™“ ;ﬂu
6 3 1\64| 57| 51| 45| 40| 36| 32 15.8 | 49
6|1 L 1T 65| 58| 51| 45| 40 20.0 | 63
(4 3 73| 67| 61| 55| 50| 45 18.8 | 59
Tl el 10, 94| 8| 78| 70| 63| 57 24.0| 75
8 2| 96\ 90| 83| 77| 71| 65| 59| 54 49| 21.8 | 68
8|1 (123 \%16 107 99| 91| 83| 76| 69/ 63| 28.0 | 88
8 | 1} | 149 9 (129 | 119 | 110 | 100 | 92 %‘ 76 | 33.8 | 106
9 31112 |1 100| 93| 87| 80| 74| 69| 63| 24.8 | 77
9 |1 [144|13%[129|121 (112|104 | 96| /89 | 82| 32.0 | 100
9 | 11 (175 | 166 | 156 ] 146 | 136 | 126 | 116 /107 | 99 | 38.8 | 121
9 | 14 | 203|193 [\182 | 170 | 158 | 146 | 135/| 125 | 115 | 45.0 | 141
10 | 1 | 166|159 | 191 | 142 ’ 134 (125 | 117 | 109 [ 101 | 36.0 | 113
10 | 1% | 201|193 {183 [ 173 | 163 | 152 | 1421132 | 123 | 43.8 | 137
10 | 14 | 235 (225|214 | 202 | 189 | 177 | 166 | 154 | 143 | 51.0 | 159
10 | 13 | 266 | 254 | 242 228 | 215 | 201 /188 | 175 | 162 | 57.8 | 181
11 | 1 |187|180 172 \%33 156 | 147/ 138 { 130 | 122 | 40.0 | 125
11 | 14 | 227|219 | 210 190 | 179 | 169 | 158 | 148 | 48.8 | 152
11 | 14 | 266 | 256 | 246 | 234 | 222 | 209 | 197 | 185 [ 174 | 57.0 | 178
11 | 12 | 302|291 | 279 | 266 | 252 | 238 (224 | 210 | 197 | 64.8 | 202
11 | 2 | 336|324 | 310 | 295\ 280 /264 | 249 | 234 | 219 | 72.0 | 225
- 12 | 1 | 208|201 |194 | 186 \177/ 169 | 160 | 151 | 143 | 44.0 | 138
| 12 | 1} | 254 | 246 | 237 | 227 206 | 196 | 185 | 174 | 53.8 | 168
12 | 14 | 297 | 288 | 278 | 266 | 2 242 | 229 | 217 | 205 | 63.0 | 197
| 12 | 13 | 338 | 328 | 316 | 303 ) | 275 | 261 | 247 | 233 | 71.8 | 224
; 12 | 2 | 377|366 | 352 | 338 |/323\ 307 | 291 | 275 | 260 | 80.0 | 250
13 |1 | 228222215208/ 199 \191 | 182 | 173 | 164 | 48.0 | 150
| 13 | 11 | 279 | 272 | 263 2% | 244 | 233 | 223 [ 212 [ 201 | 58.8 | 184
b 13 | 14 | 328|319 | 309 | 2 286 | 274 | 261 | 249 | 236 | 69.0 | 216
13 | 12 | 375|365 | 353 | 341 | 327 | 31§ | 298 | 284 | 270 | 78.8 | 246
13| 2 | 419|407 | 394 /380 365 | 350\ 334 | 317 | 301 | 88.0 | 275
| 14 | 1 | 249 (243 | 236/ 229 | 221 | 213 \204 | 195 | 186 | 52.0 | 163
14 | 1} | 305|298 29{ 281 | 271 | 261 % 239 | 228 | 63.8 | 199
14 | 11359 | 351 330 | 319 | 307 4 (281 | 268 | 75.0 | 234
: 14 | 13 | 411 [ 401 | 390 | 378 | 365 | 351 322 (307 | 85.8 | 268
: 14 | 2 | 460 | 449 | 437 | 423 | 408 | 393 316\ 360 (344 | 96.0 | 300
' 156 | 1 | 270|264/ 258 | 250 | 243 | 235 | 226 |\217 | 208 | 56.0 | 175
15 | 13 [ 331 | 324 | 316 | 308 | 298 | 288 | 277 | 266 | 255 | 68.8 | 215
15 | 14 | 390 | 382 | 373 | 362 | 351 | 339 | 327 | 314 | 301 | 81.0 | 253
15 | 1§ 446 | 437 | 427 | 415 | 402 | 388 | 374 | 359 | 345 92.8 | 289
. 15 | 2 | 501 [490 | 479 | 465 401 436 | 420 | 403\| 386 (104.0 | 325
16 | 1% | 357/ 350 | 343 | 334 | 325 | 315 | 305 | 204 |\286 | 73.8 | 231
/ 16 | 11 | 42) | 413 | 404 | 394 383 372 | 359 | 347 | 834 | 87.0 | 272
167+ 474 | 463 | 452 | 440 | 426 | 412 | 397 | 383 | 99.8 | 312
16 | 2 1| 532 | 520 | 507 | 493 | 478 | 463 | 446 112.0 | 350
i , 16 | 2% /598 | 588 | 575 | 561 | 545 \ 529 | 511 | 493 | 475\(123.8 | 387

?6‘/0(' 22,3 s ey '/5,,7/ 22
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ULTIMATE STRENGTH OF
HOLLOW CYLINDRICAL AND RECTANG
CAST TRON COLUMNS.

Ultimate Strength in Pounds per Square Inch:

CYLINDRICAL COLUMNS. RECTANGULAR COLUMNS.

Square Pin and Pin Square Pin and
Bearing : Square : Bearing : Bearing : Square : Bearing: |
80000 80000 80000 50000 80000 80000 -
H_@LV 3(122)% 1+(12L)2 1 8(122)2| | 9(12) 3(12L)2
800 42 1600 42 400 42 8200 42 6400 42 :

L= Length of Column, in feet.

d= External diameter or least side of rectangle, in inches.

|

CYLINDRICAL COLUMNS.  RECTANGULAR COLUMNS,
Ultimate Strengthinlbs. persq.in. || Ultimate Strengthin Ibs. persq.in|

i
4 Square | Pin and Pin Square | Pin and
Bearing. | Square. | Bearing. || Bearing. | Square.

76560 | 74940 | 73390 | 77380 | 76150
75130 | 72910 | 70820 | 76200 | 74560
73520 | 70650 | 68000 | 75030 | 7780
71740 | 68210 | ‘65020 | 73640 | 70820
69820 | 65640 | 61940 | 72110 | 68730

67800 | 62990 | 58820 | 70480 | 66520
65690 | 60300 | 55730 | 68790 | 64260
63530 | 57600 | 52690 | 67000 | 61940
61340 | 54930 | 49740 | 65140 | 59600
59140 | 52310 | 46900 | 63260 | 57270

56940 | 49770 | 44200 | 61350 | 54960
54760 | 47300 | 41630 | 59450 | 52680
52620 | 44940 | 39210 | 57550 | 50460
50530 | 42670 | 36930 | 55670 | 48300
48490 | 40510 | 34790 | 53800 | 46230

46510 | 38460 | 32790 | 51940 | 44200
44600 | 36520 | 30920 | 50160 | 42260
42750 | 34680 | R9180 | 48400 | 40400
40980 | 32940 | 27540 | 46670 | 38630
39280 | 31310 | 26030 | 44990 | 36930

37650 | 29770 | 24620 | 43390 | 35310
36090 | 28320 | 23300 | 41820 | 33770
34600 | 26950 | 22070 || 40320 | 32310
33180 | 256670 | 20930 | 38870 | 30920
31820 | 24460 | 19860 | 37470 | 29600

WDV | DD D XD | b bk ok ok ok | ok ok ek ok ok cp‘oco
sl hwo-o [Coaot | hwwRo |ooaos o

&

For safe quiescent loads, as in buildings, divide the above values by 8.
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BEARINGS AND FOUNDATIONS.

If steel beams are supported on walls they should have a bear-
ing on the wall, at each end, not less than the following:

Bi-Beams and unler= . .. e i0es v teng 6’/ bearing.
SRR 8V Beamertr Nt 1 MO 8/ S
SN0 e d T2 Beams . 10 s iR 107" 2
IR RAn 20" BeRtng e, vV, S TS S 19" o

Steel bearing plates should be used under the ends of steel
beams where they rest upon a brick wall to distribute the pres-
sure and prevent crushing the material of the wall. The bearing
plate should be as long as the bearing of the beam on the wall,
| and of sufficient width so that the pressure, per square inch, on

first-class brickwork of hard burned bricks shall not exceed,

On brickwork laid in cement mortar ........... 200 1bs. p~
£ 5 ‘ * cement and lime mortar ..150 *¢
o 5t ¢ lime mortar . vaviiuneeil 100

For good brickwork laid in cement mortar, the following sizes
| of bearing plates will suffice for the ordinary spans on which the

| beams are used : —

Standard Bearing Safe End Reaction,

Plates, in Tons. eright

Size'of Beam. Thick- | 1°© Ibs. | 150 Ibs. | 200 Ibs. (I)’]:tl:
- |Length.| Width. per per per Lbs.

¥ ness. | sq. In. | Sq. In. | Sq. In.

90/ 19" 16" 3/ 9.6 | 14.4 | 19.2 | 40.8
B’ | 127 | 127 | & | 7.2 | 10.8|14.4 | 955
12 100 | 107 | & | 5.0 | 7.5|10.0 | 17.7
10 and 97 | 107 | 8" | 4 | 4.0 | 6.0| 8.0 11.3
(8 and 7/ | 8 | & | & | 3.2 | 48| 6.4 .9.1
6 Sl ¥ 2.4 3.6 | 4.8 | 6.8

A template of bluestone, or other hard quality of stone, is fre-
quently used, instead of a steel bearing plate, at the wall ends of
steel beams. Where the pressure is great, as at the ends of gird-
ers, both steel bearing plates and stone templates should be
used, the size of the bearing plate being sufficient to limit the
pressure between it and the bluestone template to 300 Ibs. per
- square inch. The size of the stone template must be sufficient to
limit its pressure on the brickwork to the proper pressure as
- givenabove. The stone template should not project beyond the

ﬁzaaring plate, in any direction, more than 3 of the thickness of
the stone.
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FOUNDATIONS.

The proper design of foundations is of the utmost importance, -
The maximum load carried by the foundation must first be ob-
tained. The loads to be considered in buildings are of two
kinds: the dead load, which is the actual weight of the materials
of construction ; and the live load, which is the weight that the
floors may be required to support. The live load is variable,
In office buildings, parts of the floors may be loaded to their full
capacity, but the probability of the entire structure being 'so
loaded is remote; while in breweries, storage warehouses and
buildings for similar purposes, all the floors may be fully loaded.
The maximum of both dead and live loads must be considered, -
and the area of the footing of the foundation must be such that
;he_greatest pressure on different soils does not exceed the fol-
owing:

b

. Safe pressure
n tons per sq.
Compact bed rock, if of granite................
“ “ “ oo limeStOne
£ M s acandstone ...
SOt FIAD1e TOCK v.w ivcirss ko ois
Clay, in thick beds, absolutely dry
paapis ¢ noderately. ary.; . .5 v o v ine .
L e S B X
Dry coarse gravel, well packed and confined..... 6
Compact dry sand, well cemented and confined. .4
| Clean dry sand, in natural beds and confined. ,..2
L, Good solid dry natural earth..........0euuinenn. +

Kind of material.

4 Except where foundations are upon rock, the possibility of the |
\i bearing material being loosened, by water or by adjacent build-
| ing operations, must be considered and proper precautions must
be taken to prevent it.

Foundations upon yielding material will always settle more or.
less. In order that this settlement shall be uniform, it is essen~
tial that the various foundations in a structure shall produce
equal pressures per unit of area on their footings; that is, the
areas of the foundations must be proportional to the loads ca
ried. - In office buildings, where the actual live load is varia
and rarely approaches the load assumed, the best results in
way of equal settlement of the foundations are obtained by pro=
portioning the areas of the footings so that the dead loads pro-
duce equal pressures. Thus, if in such a building the maximu
foundation supports a dead load of 200 tons and a live load of
200 tons, and another foundation a dead load of 150 tons and a
live load of 100 tons, the total load on the first foundation is 400
tons and, assuming the soil to carry a load of 4 tons per sq. ft.
the area required is 100 sq. ft. This corresponds with a pressure
of 2 tons per sq. ft. for the dead load alone. Using this sam

ressure for dead load requires an area of 75 sq. ft. for the seco
oundation, instead of an area of 62.5 sq. ft. which would ha
been obtained had the foundation been proportioned for the tol
live and dead load at 4 tons per sq. ft.

The foundation illustrated in %‘ig. 1 is frequently used wh
the soil is good dry natural earth capable of safely supporting
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7~ 77

fromi 3 to 4 tons per square
foot. Such a foundation must
be designed to distribute the
concentrated load which it
| supports over the proper area
of footing required. Thecap-
stone shouldqbe of granite or
limestone having a minimum
thickness of one foot, and not S
less than one-fifth its greatest GRANITE
' dimension, The body of the r
Eier should be of first quality a2 =1
rick laid in I;ort}and cem?nt e~
- mortar, and the footing of a
layer of concrete not less than edaia i g
18/ thick. When the load is —S8
| g're:it, z}l‘ helzvy cast iron ped- =
estal should be used to dis-
tribute the load over the cap- CONCES SE
stone. The height of this
R_edestal should be one-half the greatest dimension of its base.
he requisite spread of footing is obtained by offsets in the suc-
cessive courses, and the proper design of the foundation is based
upon the following values: —
Maximum pres- Maximum offset of
sure, lbs. per course in terms
sq. in. of thickness.
LEPRDITE o ¢ v ovseaavisiviivivimens 350
Limestone
Sandstone
Brickwork in Portland cement .
Concrete

b7 £ 7, o
':'
(2]
g 7%/7/7 é”{ar

CH

0zl
w

B 7
®4
7;,

k

a7
Aot

To illustrate the application of these principles they will be
applied to the design of a foundation for a load of 400 tons on a
soil capable of supporting a load of 4 tons per square foot. The
size of the cast iron base will be determined by limiting its pres-
sure on the granite cap to 350 Ibs. per square inch ; then,

400 tons = 800,000 1bs. = 350 = 2286 sq. ins. required.

A base, 48'/ square, having an area of 2304 sq. ins., will be re-
quired.
The size of the granite cap will be determined by limiting its
pressure on the brickwork to 200 Ibs. per sq. in.; then,
800,000 1bs. = 200 = 4,000 sq. ins. required.

A capstone, 5/ zﬁl square, has an area of 4096 sq. ins., and is the
size required. Its thicknesswill be1s’’, or about one-fourth itsbase.
The area of the footing required is,

400 tons < 4 = 100 sq. ft. required.

The footing will be of concrete, 1oft. square, and 18" thick. The
projection of this footing will be one-half its thickness, or g, all
around ; so that the brickwork must be 8’ 6’ square where it
rests upon the concrete. The projection of a single course of
brickwork is limited to 1. Each course of brick thus adds 2"’ to
the spread of the foundation, and to obtain the necessary spread

%
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in the brickwork, from the under side of the capstone to the to
of the concrete, requires 19 courses of brick. This foundation is |
illustrated in Fig. 1. )

PILE FOUNDATIONS.

Properly driven timber piles make a satisfactory and perma-
nent foundation if they are kept submerged under water. Piles
are usually driven from 2 to 3 feet between centers, the tops cut
off level and capped with a timber grillage, care being observed
to have all wood kept below low-water line. The maximum load
on a single pile should be limited to 20 tons. Where piles are |
driven to bed rock, and the surrounding soil is stiff enough to
supply sufficient lateral support, the.bearing power of the pile is
equal to the safe direct compression on its least cross section ; if
the surrounding soil is plastic, the bearing power of the pile is
its safe load computed as a column of the total length of the pile.
Where piles are driven into yielding soil without reaching rock,
the safe load on the pile should not exceed the value given by
the formula, SWH

L=
where L is the safe load in tons on the pile; W is the weight of
the hammer in tons ; H is the fall of the hammer in feet; andp |
is the penetration of the pile, under the last blow of the hammer,
in inches. The broom and splinters should be removed from the |
head of the pile in obtaining the penetration under the last blow.

STEEL BEAM GRILLAGE.

Where foundations rest up-
on a yielding stratum, a gril-
lage consisting of two or more
layersofsteel I beams furnishes |
an economical and satisfactory |
method of distributing the
load. Fig. 2 illustrates sucha
foundation, A bed of concrete,
not less than 12 inches thick, is
laid,on which the steel I beams
are placed side by side, a suf-
C ) lI*';cient nun&ber of proper sizg

eing used to distribute the
| — e loadgover the desired area.
] ———— This layer of beams is covered.
| T 1 with concrete well rammed be-
— ) tween the beams. The second
I ] y layer of beams on which the
foot of the column is to rest is
& laid across the first layer,reach-
= T ] ing to the extreme outer
[ r ] of the first layer, and is
—_—
| P——
| P —
e

Fia. 2.

R T T T T T4

Seereiet

——— filled between and covered
with concrete. The beams
——— each layer should be connec
1 with separators and tie £
[ 1 Thebeams should have a clea
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‘:Eace of at least 3 inches between flanges to permit ramming
e concrete, and should not be spaced exceeding 18 inches
on centers.

‘When the load is great, the number of beams required in the sec-
ond layer may necessitate a greater spread than can be spanned
b{ the shoe or the foot of the column, in which case a third layer
of short beams or a box girder may be used to advantage.

This type of foundation is adapted for heavy loads, as the req-
uisite spread of foundation area is obtained in small depth.
useful application of the method is in situations where a thin and
compact stratum overlies another of a more yielding nature, and
where the available height of foundation is limited ; as the requis-
ite.area of the footing may be obtained without penetrating the
firmer stratum, and without undue vertical encroachment.

S ;]I‘he method of calculating the strength of grillage beams is as
ollows : —

Let W = Superimposed load on beam. wo-B-x

B = Length over which superim-
posed load is applied. | |
L = Length of beam. —_———k———

The superimposed load is considered as uniformly distributed
over the length on which it is applied, and the pressure of the
soil as uniformly distributed over the entire length of the beam.
' The maximum bending moment is at the center of the length of
the beam and is equal to % WSL—B). If the load is taken in
unds, the bending moment will be found either in foot 1bs. or
in inch Ibs., according as the lengths are taken in feet or in
inches ; and the size o% the steel beam required can be found in
the manner explained under the Strength of Beams.
- To facilitate calculation, the following table gives the greatest
safe loads on Passaic steel I beams ‘used in grillages for various
values of (L-B). In using this table, it is only necessary to assume
the number of beams to be used in thelayer. The superimposed
load on each beam equals the total load on the layer divided by
the number of beams in the layer, and by reference to the table,
the E‘lioper beam capable of supporting this load is at once deter-
min,

To illustrate the application of the table, take a foundation
‘carrying a load of 400 tons on a soil capable of supporting a load
of 2 tons per square foot. The required area of the footing will
be 200 sq. ft. If a square footing is used, a square with 14-ft.
ides has an area of 196 sq. ft. and will be assumed as ample.
he upper layer of beams will be proportioned first.
The base of the column will be assumed as 4 ft. square ; then,
in this case, B is 4 ft., L is 14 ft., and (L-B) is 10 ft. The upper
layer will be assumed to consist of 5 beams, as this number is the
greatest that will provide sufficient space between the flanges of
the beams to permit satisfactory ramming of the concrete filling.
Each beam will then take % the total load, or 8o tons. By refer-
fing to the table, a 20’’ X go 1b. I has a safe load of 80.3 tons
when L-B is 10 ft. The upper layer will, therefore, consist of
five 20'’ X go1b. I beams,

In the under layer, in this instance, L. and B have the same
alues as in the upper layer. If the beams are spaced about 12"

20
o8
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@

on centers, there will be 15 beams in the layer, each carrying &
the total load, or 26%3 tons. By referring to the table, the light=
est beam, whose safe load is nearest to this, is a 15"’ X 42 lg. B
which has a safe load of 30.6 tons. A less number of beams can
therefore be used. Thirteen beams, 15" X 42 Ibs., will provide
for the total load within a small amount, which considering the
nature of the load, can be neglected. This foundation is illus-
trated in Fig. 2.

‘Where two columns, carrying unequal loads, rest upon the
same grillage, care should be taken to have the center of gravity
of the grillage coincide with the point of application of the re-
sultant of the loads on the columns, in order to secure uniform
pressure on the footing.

Frequently three columns are supported on the same grillag:,
the beams being continuous. The calculation of such a founda-
tion is involved, and the distribution of pressure uncertain. It
is advisable to design such a foundation with a system of simple
beams, giving a distribution of weight readily determined by the
application of the simple law of the lever.

CANTILEVER FOUNDATIONS.

Where it is not advisable to undermine existing walls on ad-
joining propertg, or where it is not possible to have the wall
columns over the center of the foundations along an existing
wall, cantilever girders are used to carry the wall columns adja-
cent to the building line. A simple type of such a foundation is
illustrated in Fig. 3.

FIG.3.
aal
f .
; =
@ e
0, ——1t
>
w
SROLINNTRY =0 =R
CONCRETE

The foundation is placed as near the existing wall as possible,
and the wall column rests upon a girder which overhangs the
foundation and is anchoredto one of the interior columns. The
maximum bending moment is obtained by multiplying the load
on the wall column by the distance between the center of the
column and the center of the supporting foundation. The size
of cantilever beams can then be determined in the manner already
given in the article on Strength and Deflection of Beams. Care
must be observed to have the minimum load on the interior col-
umn greater than the maximum lifting tendency produced by the
cantilever.
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PASSAIC STEEL X BEAMS,
USED AS GRILLAGE BEAMS IN FOUNDATIONS.
iﬁr?nhf L = Length of Beam in Feet.
B = Length, in Feet, over which super-
| imposed Load is distributed.
- — — | —-—-—
Total Safe Load on a single Beam, in Tons of 2000 Lbs., for the
following values of L=B.
Beam. | Unloaded Length of Beam, L=B, in feet.
Wgt., } ‘ i
|56 |7 8|9 10(11|12/13 (14|15
Ft. 1
2 | 90 115 (100 (89.2/80.373.0/66.961.857.4/53.6
» | 80 102 [89.679.871.7/65.2/59.8/55.2(51.2/47 .8
| 75 95.083.273.8i66.560.555.451.2 7.544.3
v | 65 87.5(76.8/68.1/61.3/55.7/51.1|47.1(43.8(40.9
15 | 75 73.2;64.057.0;51.2;46.6;42.7 39.4/36.6(34.2
t | 66§ 68.6i60.253.4’48.1i43.7i40.]37.034.332.1
n | 60 64.8'56.650.4[45.4;41.237.834.932.430.2
» | 50 53.8;47.04[.8‘37.7134.231.429.026.925.1
v | 42 43.7/38.2(34.0|30.6/27.7(25.523.5/21.9/120.4
| 55 53.045.639.835.413]..8§28.826.524.522.821.2
40 41.635.831.3‘27.8‘ .0[22.7|20.8/19.2/17.9(16.7
314 32.6|28.0/24.521 .8|19.617.8 16.3/15.1/14.0{13.1
40 33.031.827.223.821.2'19.0 17.3‘15.9 14.7/13.612.7
33 34.428.624.621.5"19.117.215.614.313.212.311.5
30 28.824.020.618.0‘16.014.413.] 12.0[11.1(10.3, 9.6
25 [26.2/21.8/18.7(16.3{14.5/13.111.910.9/10.1| 9.3| 8.7
27 26.‘22[.818.716.4514.6;13.111.9;10.910.1 9.4 8.7
235‘21.217.615.113.2:11.7{10.6 9.6| 8.8 8.1 7.5/ 7.0
21 |20.0(16.7(14.3/12.5(11.1(10.0| 9.1 8.3| 7.7| 7.1| 6.7
27 20.7|17.2/14.8(12.9(11.510.3) 9.4| 8.6 7.9
22 18.6(15.5(13.3(11.6(10.3) 9.3 8.4| 7.7| 7.1
18 |15.1{12.6(10.8| 9.4| 8.4| 7.6/ 6.9| 6.3| 5.8
2|34 56|6|7|8|9(10/11 |12
20 18.114.512.1 10.4] 9.1] 8.1 7.3 6.6 6.1
15 14.1{11.3| 9.4} 8.1| 7.1| 6.3| 5.7| 5.1 4.7
15 15.7|11.8| 9.4| 7.8| 6.7| 5.9| 5.2| 4.7
12 12.9| 9.7| 7.8| 6.5| 6.5 4.8 4.3 3.9
13 11.2| 8.4 6.7 5.6| 4.8 4.2
9% 8.6| 6.6 5.3' 4.4 3.8| 3.3
10 | 9.2 6.1| 4.6 3.7/ 3.1 2.6
73 7.8 5.2| 3.9| 3.1| 2.6| 2.2
6 6.1 4.1] 3.1/ 2.5/ 2.0| 1.8
Maximum fiber strain, 16,000 lbs. per square inch.
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WIND BRACING.

Adequate provision must be made in all buildings to resist
horizontal wind pressure. In mercantile and office buildings
the walls and partitions provide a certain amount of resist-
ance, though in the skeleton construction, now extensively
used for tall buildings, the thin curtain walls and the ex-
tremely light tile partitions provide a very uncertain means
resistance.

A building, whose height does not exceed twice its base,
and which has a well-constructed steel frame, scarcely needs a
special system of wind bracing to make it secure, if the ex-
terior walls are well built and of sufficient thickness, or if it is
provided with substantial interior brick partitions. The col-
umns should be of steel of any of the usual types, and be in
lengths of two or more stories and thoroughly spliced at the
joints with plates and rivets sufficient to make the section
nearly continuous as far as the transverse bendingis concerned.
The column splices should be arranged so that not more
than one-half the total number of columns splice at any one
floor level. All connections between columns, girders and
beams should be riveted.

Buildings, whose height exceeds twice their base, should
have wind-bracing, of some form, calculated to resist a hori-
zontal wind pressure of 30 lbs. per sq. ft. on their greatest
exposed surface. It is seldom possible to use diagonal rods
between the columns, and either of the two following forms
of bracmg are generally used in buildings. The columns in’
massive buildings may be considered as fixed at the ends, but
in sheds and low mill and shop bulldmgs the columns are nof
fixed at the ends unless special provision is made to anchor
them very securely to foundations of much larger size than is
generally provided. The total strains, due to the combination
of the maximum effects of live, dead and wind loads, should
not exceed the following, in Ibs. per sq. in.,

Massive Buildings. Shed Buildings.
Tension .. ...... 20,000 18,000
Compression. . ..20,000 — 75 . 18,000 — 75 £
r

The wind increases the compression on the leeward columns
and also produces a bending in the columns, both of which
effects must be considered.
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o= vns § meme 4 ieoh
“~h- «b~
o ; : .
= total horizontal force \ d
acting at top of frame. 5 )X
Posts considered as fixed L o i
at both ends. % i
' All members constructed rz
to resist tension or com- i
pression. J’

H e

1 ey
Tension or compression in brackets, = H (7 =k 4({) 3
g -, g ( “) 1
posts,...=H \d.+ =7
a
e & i “ girder,..=H (1 + 47)
a
Bending moment on posts,. ... ... = —4

1 a
e e on (5=
{ H M N
H = total horizontal g \d
force acting at top s, ¥
of frame. & 0.~ =] i
Posts considered as &\ |
fixed at both ends. + I
All members con- eas Soate (s nneey |¢
structed to resist |
tension or com- ,
pression. L He— AHe— ¥
a
Tension or compression in MN,... .. =H (1 + 4-1—1)
““ “ ‘“ “ OP s H 1 + a )
ey by
1 H d a) ¥y
“ “ “ “« v i e ) R
diagonals, = (2 + 3)ia
a\1
S 5 SR postise, . = H (d+ ?>7
a
Bending moment on posts, .......... = His—

4
- NotEe.—If the posts are not fixed at the ends, substitute 22
for @ in the above formulze.
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Spruce or White Pine,
White Oak,
Southern Yellow Pine,

.75
.00

ordinary
purposes.

STRENGTH OF WOODEN BEAMS.

The following table gives the safe uniformly distributed
loads, in lbs., on rectangular wooden beams one inch thick,
for a maximum allowable fiber strain of 1,000 lbs. per sq. in.

For the different kinds of wood, ordinarily used in construc-
tion, the values given in the table are to be multiplied by the
following factors :

S?an,

in
feet.

o OEAAM
DEPTHAIN INCHES.

800
670
570
500

i,

1090
910
780
680

440

610

8

1420
1190
1020

890

790

400
360
330
310
290

270
250
240

220
210

200
190
180
175
167
160
154
149
143
138

134

540
495

450
420
390
360
340
320
300
290
272
260

248
237
228

218
210
202
195
188

182

710
650

9

1800
1500
1290
1130
1000

900
820

590
550
510

480

450
420
400
380

360

340
325
310
97
285
275
265
255
246

37

750

10
2220
1850
1590
1390

1230
1110
1010

930

690
640
600
560
530
500
480
450
430
410
390
380
360
350
330
315
307

207

860

11

2690
2240
11920
11630
1490
1340
1220
1120
1030

800

960

740
700
650
620
590
560
530
510
480
460
450
430
410
400
380

370

840

2290

90011070

12
3200
2670
2000
1780

1600.
1450

1330
1230
1150

1000

790

940

750
710}

640

GIOE

590 |

520
500
480
465
450

670 800

13
3980
3220
2840
2490

2210

1990
1810

1660
1530
1430
1330
1250
1170

890
840

760
730
700
670

1110
1050

990
950

910
870
830

620
590
570/
550 |
530

540 640 800

770
740
710
690
660

14
4380
3650

3130
2740

2430

2190
1990

1820
1690
1570

1460

1370
1290

1220
1150

1090

1040

1000
950
910

880

840
810
780
750
730

et ot ok |t St bt ok | o ok ki
b 3

Loads given below the zig-zag line y
To obtain the safe load for any thickness, multiply the values given for one inch by
thickness of the beam, 3
To obtain the required thickness for any load, divide by safe load given for one i
2

roduce deflections liable to crack plastered ceil
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WHITE PINE PURLINS.
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Size of
Joists,

nches.

1—0.9 e e TR T
o~

24.819
27.2121
31.4/24
34.327

|
\

8
6
n to g}y of the span, and the maximum fiber strain to

pans given in the table for the above loads, are determined

ectio:

. S SO o R | X - <
IR R R REAERRY PR S R RO

XXXIXXXX|XXXXX[XXXX X[ XXX XXXX|XXXXX[XXXXX
NIO|mFOoW (Yoo |wHrowo |wwro(wron|nwroms | mtowS

Total
Load.

‘ - Maximum Spans in feet, for the followin,

'Joo1 jo 100y axenbs 1ad *sqf 0% : *Joox aienbs xad -

!

- The maximum s

ing the defl 1 1m ]
Ibs. per square inch, the lesser value given by either condition being used.
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YELLOW PINE PURLINS.

Maximum Spans in feet, for the following total uniformly

distributed loads.
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YELLOW PINE JOISTS.
Maximum Spans in feet, for the following total uniformly
distributed loads.
Total Size of Distance from center to center of joists, inches.
Boad. Joists,
inches. | 19 14 16 18 20 | 22 | 24
2x8 13.4 | 12.8 1'12.2' | 11.7 | 11.0]:10.5 | 10.1
§ 3X8 15.4114.6 | 13.9 | 13.4 | 12.9 | 12.6 | 12.2
% | 2x10[16.8(15.9(15.3|14.7 | 14.2 [ 13.7]13.2
§ g 3x10|19.2 | 18.2 | 17.4 | 16.7 | 16.2 | 15.7 | 15.2
o8| 2x12|20.2|19.1|18.3 | 17.6 | 17.0 | 16.5 | 15.8
g; 3xX12 | 23.1 | 21.9 ( 20.9 | 20.1 | 19.4 | 18.9|18.3
o [3x14[26.9|25.524.4(23.4 | 92.7 [22.0]21.3
4x14]|2.6|28.2|26.9|25.9| 25.0 | 24.2|23.6
3X16 | 30.8 | 29.2 | 27.9 | 26.8 | 25.9 | 25.1 | 24.4
4x16 | 33.9 | 32.2 | 30.8 | 29.6 | 28.6 | 27.7 | 27.0
2Xx8 12.6 | 11.8 | 11.3.| 10.9 | 10.3 | 9.8| 9.4 4
3X8 14.3]| 13.5 | 12.9 | 12.4 | 12.0 |111.7 | 1153 3
2x10 | 15.6 | 14.8 [ 14.2 | 13.6 | 12.9 | 12.3 |11.8 ]
i’ 3%x10|17.8|16.9 | 16.2 | 15.6 | 15.0 | 14.5 | 14.1
8|2x12|18.7 | 17.7 | 17.0 | 16.3 | 15.5 [ 14.8| 14.1 4
8 (3x12 | 21.5 | 20.3 | 19.4 | 18.7 | 18.0 | 17.5| 16.9
° 3% 14 25.0 | 23.7 | 22.6 | 21.9 | 21.0 | 20.4 | 19.8
4x14|27.5 | 26.1 | 25.0 | 24.0 | 23.2 | 22.5 | 21.8
316 | 28.56 |1 27.0 2.9 |2.0| 24.0 | 23.2 | 22.6
416 | 31.4 | 29.8 | 28.6 | 27.5 | 26.6 | 25.7 | 25.0 j
9x8 |11.7|11.1]10.6 |10.0| 9.4 8.9 8.6 |
3X8 13.4|12.71.12.2. | 11.7'| 11581111011 10:5
2x10 | 14.7 | 13.9 | 13.2 | 12.4 | 11.8 | 11.2 | 10.8
3X10 | 16.8 | 156.9 | 15.2 | 14.6 | 14.1 | 13.7 | 13.2
=
8| 2x12 | 17.6 | 16.7 | 15.8 | 14.9 | 14.2 | 13.5 | 12.9
E 3x12|20.1|19.1 |18.3|17.5| 16.9 | 16.5 | 15.8 ]
°l[3x14|235|2.3|21.3|20.4]|19.819.2/18.6
4%14 | 25.9 | 24.6 | 23.6 | 22.6 | 21.8 | 21.2|20.6
3% 16 ' 26.8 | 25.5 ‘ 24.4 | 23.4 | 22.6 | 21.9|21.0
4x16 | 29.6 | 28.2 | 26.9 | 25.8 | 25.0 | 24.2 | 23.5
The maximum spans given in the table for the above loads, are determined
limiting the deflection to z}5 of the span, and the maximum fiber strain to
Ibs. per square inch, the fesser value given by either condition being used.

%
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YELLOW PINE JOISTS.

distributed loads.

Maximum Spans in feet, for the following total uniformly

Size of Distance from center to center of joists, feet. |
Total | Yoists,
od| pehes. | 2 [ 8|4 | 8| 6|7 |8 9]10
4 x 10/14.4/12.2/10.6| 9.5| 8.6| 8.0| 7.5 7.1| 6.7
6 X 10/16.5/14.5/12.9(11.5|10.5| 9.8 9.2| 8.6| 8.2
. | 8Xx10/18.2({15.9(14.4/13.3|12.2(11.3/10.5| 9.9| 9.4
5 |10 X 10/19.6(17.1(15.6|14.4|13.6(12.6(11.8|11.1(10.6
= 4 X 12/17.3|14.6({12.7{11.3|10.3| 9.6/ 9.0| 8.4 8.0
S | 6x12/19.9(17.4|15.5 13.8"12.7 11.7(11.0/10.3| 9.8]
3 | 8% 12(21.9(19.1/17.3(16.0(14.6|13.5(12.7(11.9/11.3'
& |10 X 12/23.6(20.6(18.6(17.3(16.3|15.1/14.1|13.4|12.7
o |12 X 12/25.0(21.9(19.8/18.4(17.4(16.5(15.5(14.6(13.9|
S | 4x14/20.2/17.1/14.8(13.2|12-1|11.2(|10.5| 9.9| 9.4
7 | 6.x14/23.3/20.218.2|16.2(14.8(13.7|12.8(12.1 11.5|
5 | 8X14(25.6(22.2(20.2(18.7(17.1(15.8/14.8(14.0(13.2]
A 110 X 14(27.6(24.0/21.7(20.2(19.0|17.7|16.5|15.6|14.8
'_'é" 12 X 14/29.2|25.5|23.1|21.5|20.3|19.3(18.1|17.1|16.2
'é 4 X 1623.2(19.5(16.9(15.1(13.8(12.7(11.9(11.310.7
& | 6 X16/26.6(23.2(20.6(18.4(16.8|15.6|14.6(13.8(13.0
8 X 1629.2|25.4|23.1(21.3({19.5|18.0/16.9|15.9 (15.1
10 X 16/31.4/27.4|24.8|23.1|21.8(20.1|18.8/17.8|16.9
12 X 16/33.4[29.2/26.4[24.6/23.2|22.0/20.6/19.5(18.5
4 % 10/12.9(10.3| 8.9 8.0| 7.3 6.7 6.3| 5.9 5.6
6 % 10/14.8/12.6{10.9| 9.8| 8.9| 8.2 7.7| 7.3| 6.9
. | 8x1016.3/14.2(12.6/11.3|10.3| 9.5| 8.9| 8.4| 8.0
5 |10 X 1017.5‘15.3 13.9(12.6/11.5|10.6/10.0| 9.4| 8.9
& [4x12 15.1/12.3|10.7| 9.6| 8.7| 8.1| 7.6| 7.1[ 6.8
bS] 6X1217.8’15.1 13.1/11.7|10.7| 9.9| 9.3| 8.7| 8%
5 | 8x1219.6/17.1|15.1(13.5|12.3|11.4/10.7(10.1| 9.
& (10 X 12(21.0(18.4(16.6(15.1|13.8({12.8({11.9|11.3|10.%
o 12)(1222.4{19.5 A7 % 16.5‘15.1 14.0(13.1|12.3|11.
S | 4x 14]17.7/14.4|12.5 11.2|10.2| 9.4| 8.9| 8.4| 74
g | 6 14/20.8/17.7/15.3(13.7|12.5(11.5(10.8(10.2| 9
& | 8x1422.8/19.9(17.7|15.8/14.4|13.3(12.5|11.8| 113
A 110 X 1424.5‘21.4 19.4/17.6/16.1/14.9(13.9(13.2|125
E‘ 12 X 14126.2(22.9(20.7|19.3(17.7|16.3|15.3|14.4|13.
o | 4X 1620.1‘16.4 14.2/12.7|11.6({10.7{10.1| 9.5( 93
= | 6X16[23.7/20.1/17.5/15.6|14.3/13.2|12.3 | 11.6 |11
8 X 16;26.0 22.8/20.1/18.0|16.4(15.2(14.2/13.4 12,
10 X 16/28.0(24.5|22.2(20.1|18.4|17.0(15.9|15.0 (143
12 X 1629.9.26.1.23.7\22.0120.2 18.6/17.4/16.5|15.¢

The maximum spans given in the table for the above loads are determint
by limiting the deflection to g5 of the span, and the maximum fiber strain
1260 Ibs. per square inch, the lesser value given by either condition being
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SAFE LOADS FOR SEASONED
RECTANGULAR TIMBER POSTS,

Calculated from the following formule for the safe loads,
in lbs. per square inch, on square-ended posts.

South: . ‘White Pi
Yellow ;;il:]e. White Oak. and‘gzpmlg:.
1125 st 800
i 12 1, i 12
*1ioo0a: 1100a: 1+ {i00a:

These formule are deduced from the latest tests of timber
posts, and give safe loads of one-fourth the ultimate strength for
short posts, decreasing to one-fifth the ultimate for long posts.

Ratio ott'olgngth Safe Loads, in lbs. per square inch of Section.
| Least Side,
l ik - White Pi

N Yellow Pine. | White Oak. and Spruce
12 1000 820 710
14 960 790 680
16 910 750 650
18 870 710 620
20 830 680 590
22 780 640 560
24 740 610 530
26 700 570 500
28 660 540 470
30 620 510 440
32 580 480 410
34 550 450 390
36 520 420 370
38 490 400 350
40 460 380 330

1 = length of post, in inches.
d = width of smallest side, in inches.
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SAFE LOADS FOR
SQUARE TIMBER COLUMNS,

In tons of 2000 Ibs.
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Safe load in pounds per square inch

110042
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Where /

width of side, in inches.

of column, in inches; and &

length

925;

1125.

for White Oak, C

pruce, C = 800 ;
ern Yellow Pine, C

for South

For White Pine or S




THE PASSAIC ROLLING MILL COMPANY. 189

ROOFS.

The types of roof trusses generally used for spans from 30 ft.
{0 100 ft. are shown on pages r1gzand 193. The King and Queen
truss, Fig. 1, is the type usually employed when the construction
is a combination of wood and iron; the rafters, diagonal struts
nd bottom chord being of wood and the verticals of iron or steel
rods. - This type is sometimes used when the entire construction
is to be of steel, though it is not as economical of material as the
Belgian or Fink type of trusses, Figs. 2, 3 and 4, which are the
‘most commonly used for steel roofs over mills, shops, warehouses,
ete., for spans up to 100 ft. The lower chord is usually horizon-
tal, though for some special reason it may be raised at the center
ls shown in Figs. 5, 6 and 7 on page 193. This camber of the
lower chord materially increases the strains in the truss members,
and should therefore, if economy of material is a consideration,
be made as small as possible.

Roof trusses are usually made with riveted connections as be-
ing the cheapest construction for the usual short spans. A pair
of angles may be used for the rafters if the purlins are supported
only at the joints, but if the purlins are carried by the rafter at
points between the joints, the bending strains produced are usu-
ly too great to be sustained by a rafter of this cross section, in
which case, the rafter may consist of a pair of angles and a verti-
web plate, deeper than the angles, forming a built-up T sec-
tion. The bottom chord, main struts and tension members are
best constructed of a pair of angles, while the secondary struts
and tension members may be single angles.

For long spans, or heavy loading, pin connections may be de-
irable, affording convenience in transportation and economy in
tion. The compression members are conveniently made of a
r of channels, latticed, and the tension members of steel eye-
bars or square rods with loop eyes.

- When the purlins rest on the rafter between the panel points, the
rafter is subjected to a bending strain which must be considered.
f the rafter is continuous over panel points it may be consid-
red as a partially continuous beam, and at the center of span
ween joints the bending will produce compression in the upper .
and tension in the lower fibers, while at the joints the bend-
ing produces reverse effects. The rafters must be proportioned
o that the total compressive strain per square inch, due to direct
compression and bending, shall not exceed % the elastic limit of
the material. If the bending moment on the rafter between ad-
acent panel points be calculated ‘as if for a beam with ends
simply supported, the bending moments at the ends and at the
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center of the panel for the continuous rafter may be taken as %
of the maximum bending moment for the simple beam.

The slope of the rafter is usually determined by the kind of
roof covering used. Slate should not be used on a slope less than
Ito 3 and preferably 1 to2. Gravel should not be used on a

slope greater than 1 to 4. Corrugated iron if used on a slope
less than 1 to 3is apt to leak under a driving rain, and when pos- /
sible the slope should not be less than 1 to 2,
0/(/?/‘ 7~ af Jroo Y, TAGuseS = ALCT <Tove f'e(/ ’?// wd ed
= U roocf arca, and sra//i // 6/(; e 7s
per sguare oo ro 2/ zoble,
ALLOWABLE STRAINS
IN STEEL ROOF TRUSSES.
i Ibs. per sq. in.
shension (SBEDERY: <\ < wosvo camiamis sivs s v ses s b s 15,000 /
Tension rods and eye-bars...................... 18,000
Maximum fiber stresson I beams............... 16,000
Combined bending and direct strain............. 15,000
Compressiontit . W 8 e s 13,500 — 50 -l-

where / = length of member and r = least radius of gyranon of
member, both in inches.

APPROXIMATE WEIGHT, PER SQUARE FOOT, OF ’
ROOF COVERINGS, EXCLUSIVE OF STEEL

CONSTRUCTION. 4

Corrugated iron, unboarded, No. 26 to No. 18...1to 3 Ibs.

Felt and asphalt, without sheathing............. 20

Felt and gravel, i ) Gl eeniele L AL 81010 ‘¢

Slate, without sheathing, %'/ to 3'/,..........u... Tto 9 * A

Copper, * S S R et 1 i T

Tin, o8 b LR R L ek toldd <

Shinples, with lath. .. .o. ik Jives o ine s VRS 2% ¢

Skylight of glass, &'’ to} "', including frame..... 4t010

White pine sheathing, 1’/ thick

Yellow * e 1" thick

Spruce sheathing, 1" thick e

Lath and plaster ceiling Eats

SENO At vt anand’ mis vmeseran o nesvonbaiel ¥

il corrugatetl . Uiy sue i d i s C \

Tile, on 3" fireproof blocks. .. ......cocusmsecns i
o— - & :
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The weight of the steel roof construction must be added to the
above. For ordinary light roofs, without ceilings, the weight of
the steel construction may be taken at 5 lbs. per square foot for
spans up to 50 ft., and 1 1b. additional for each 10 ft. increase of
span.

It is customary to add 30 Ibs. per square foot to the above for
wind and snow. No roof should be calculated for a total load
less than 40 1bs. per sq. ft.

The total load found as above is to be considered as distrib-
uted over the entire truss. It is not necessary to consider the
separate effects of wind and snow on spans of less than 100 ft.,
but for greater spans separate calculations should be made.

The relation between the velocity and pressure of wind against
surfaces at right angles to the direction of the wind is given in the
following table, based upon experiments conducted by the U. S.
Signal Service, at Mt. Washington.

. Vel. in miles Pressure, lbs. per
per hour. square foot.

S g N 0 e Fresh breeze.
LA . i 4 (R 1
Q5 i s e B BE s onsmiews Strong wind.
RN R T e T High wind.
AT ESST W0siiiicuens Storm
R rehiss 2 ssa i v« Mk el Violent storm.
BV Ry S e 2.6 Hurricane.
B0 e e s v s O i e Violent Hurricane.

The components of pressure caused by wind acting upon in-
clined surfaces are given in the following table :

A = Angle of surface of roof with direction of wind.
F = Force of wind, in lbs. per square foot.

N = Pressure normal to surface of roof.

V = Pressure perpendicular to direction of wind.
H = Pressure parallel to direction of wind.

gle of Roof. | 5° | 10° | 20° | 30° | 40° | 50° | 60° | 70° | 80° | 90°

|

=F x |.125| .24| .45| .66 | .83 |.95(1.00(1.02(1.01/1.00
=F x [.122 .24|.42|.57|.64|.61| .50| .35| .17| .00
=F x (.01 |.04|.15(.33|.53|.73| .85| .96
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ROOF TRUSSES

LIGHT LINES INDICATE TENSION MEMBERS
HEAVY LINES INDICATE COMPRESSION MEMBERS

FIG.'I #

FIG.3.

FIG.4.
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CAMBERED ROOF TRUSSES

LIGHT LINES INDICATE TENSION MEMBERS
HEAVY LINES INDICATE COMPRESSION MEMBERS

FIG.2.
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MAXIMUM STRAINS IN KING ]
QUEEN ROOF TRUSSES.

Fig. 1, Page 192.
To find the maximum strains in any member of thes
trusses, multiply the co-efficients given here below.

1 h of
1. For rafters, by the panel load ........ X iir:aitth 2f ::;
! f
2. For bottom chord, L T 1o b 4 /:l:}i;no? =
1 f strut
3. For inclined struts, e e X e;gtghﬂ:) ofsr =
4. For vertical rod, R TN S X1
14 12 10 8 6
Member. | panel, | Panel. | Panel. | Panel. | Panel. | P:
02 8.5 |.5.5. 4.6'| 3.5 | 2-57 .
23 6. 5. 4. 3. 2.
Bottom 34 |55 [4.5 1 3.6 R.5
Chords. 45 5. 4. 3.
56 4.5 | 3.5
6 7 4.
03¢ 6.5 56| 4.5 | 3.5 | 261
38 6. 5. 4. 3 2. 13
23 9.5, 4.5 | 3.6 | 2:6.| 16
Rafters. 34 5. 4. 3. 2.
4'5' 4.5 | 3.6 | 2.0
5 6 4. 3.
b/ 3.5
12 0.5| 0.5 | 0.5 | 0.5 | 0.5 | 0%
2'3 130 174,07 350 | 1.0 CH=E
Inclined 34 1:8 | 1.6 15| 15
Struts. 4'5 2,051 2.0 |v2.0
56 29 1 2.6
6' 7 3.0
¥ 0 0 0 0 0
2% 0.5 | 0561 0.5 | 0.5 | -0.55=
33 1 R T s T W 1 (-
Vertical 4 4 5 1.5 1.5 3.
Rods. 55 2.0 2.0 4.
6 6 2.5 .| 5¢
oy o4 6.
% | |
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AXTMUM STRAINS IN BELGIAN
OR FINK ROOF TRUSSES.

Figs. 2, 3 and 4, Page 192.

Ratio of depth 0.333]0.2890.250|0.200|0.167 | 0.125
to length of span. 3 |3lsz| 3% 1 kS +
nclinat’n of rafters. §33° 41| 300 [26° 34/121° 48/(18° 26/ 1402
Bott 01 5.25 | 6.06 | 7.00 | 8.75 [10.50 (14.00
hoed. | 12 | 4.50 | 5.19 | 6.00 | 7.50 | 9.00 |12.00
chord. | 99 | 3.00 | 3.46 | 4.00 | 5.00 | 6.00 | 8.00

01’ 6.30 | 7.00 | 7.83 | 9.42 |11.08 (14 44

Top 12 5.75 | 6.50 | 7.38 | 9.05 |10.76 14.20 |.
s [chord. | 23 5.20 | 6.00 | 6.93 | 8.68 |10.45 (13.95
34 4.65 | 5.50 | 6.48 | 8.31 |10.13 (13.71
. 23 1.50 | 1.73 | 2.00 | 2.50 | 3.00 | 4.00
{’:"csé‘;“ 34’ | 2.25|2.60 | 3.00 | 3.75 | 4.50 | 6.00
aces. 119/&32/| 0.75 | 0.87 | 1.00 | 1.25 | 1.50 | 2.00
Giruts 111/'&33/| 0.83 | 0.87 | 0.89 | 0.93 | 0.95 | 0.97
’ 29/ 1.66 | 1.73 | 1.78 | 1.86 | 1.90 | 1.94
Bottom | 01 3.75 | 4.33 | 5.00 | 6.25 | 7.50 |10.00
chord. | 11 .25 | 2.60 | 3.00 | 3.75 | 4.50 | 6.00
To 01’ 4.51 | 5.00 | 5.59 | 6.74 | 7.91 |10.31
Chor% 19! 3.563 | 4.00 | 4.55 | 5.59 | 6.65 | 8.77
ol 23¢ 3.40 | 4.00 | 4.70 | 6.00 | 7.29 | 9.83

Tension /

e 13 1.50 | 1.73 | 2.00 | 2.50 | 3.00 | 4.00
Struts. ‘11’&12’ 93| 1.00/ [ 1.07'| 1:20 | 1.34') 1.62
%Bottom 01 2.25 | 2.60 | 3.00 | 3.75 | 4.50 | 6.00
3 chord. | 11 1.50 | 1.73 | 2.00 | 2.50 | 3.00 | 4.00
o Top 01 .70 | 3.00 | 3.35 | 4.04 | 4.75 | 6.19
g chord. | 12 | 2.15 | 2.50 | 2.90 | 3.67 | 4.44 | 5.95
§. Rod. 12 0.75 | 0.87 | 1.00 | 1.25 | 1.50 | 2.00
> Saat. | 11" 0.83 | 0.87 | 0.89°| 0.93 | 0.95 | 0.97
To find the maximum strain in any member of these trusses, multiply the

coefficients given in the table above by the panel load. l

e
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MAXIMUM STRAINS IN CAMBERED
BELGIAN OR FINK ROOF TRUSSES.
CAMBER = } TOTAL HEIGHT.

Figs. 1, 2 and 3, Page 193.

To find the maximum strain in any member of these trusses, multiply the co-
efficients given in the table below, by the panel load.

Ratio of depth  [0.333|0.289 | 0.250 | 0.200 [0.167 | 0.125
to length of span. + |vter| % 3 3 kS
Inclinat’n of rafters. [33°40'| 30° |26° 34'|21°48'|18°26/| 14°2

Bottom| 01 | 7-17 | 8.44 | 9.90 [12.61 [15.31 20.66

oo | 12 | 6.15 | 7.23 | 8.48 [10.81 [13.12 [17.71
L *| 22 |3.60|4.16 | 4.80 | 6.00 | 7.20 [ 9.60
) 01 |8.49 | 9.63 [10.96 [13.49 [16.05 [21.21
& | Top | 1?2 |7.949.13 [10.51 [13.11 [15.73 [20.98

& | chord. | 23" | 7.39 | 8.63 [10.06 [12.74 [15.41 20.74
Z 34 | 6.83 | 8.13 | 9.61 [12.37 [15.10 [20.49
2 .| 23 |2.87(3.37|3.96|5.046.12 | 8.2
§ [fension) 34 | 3789 | 4.58 | 5.37 | 6.85 | 8.31 [11.21
2 "[12/&32 1.02 [ 1.21 | 1.41 [ 1.80 | 2.19 [ 2.95

Strats, [11/&33| 0.83 | 0.87 | 0.89 | 0.93 | 0.95 | 0.97

| 22 [1.661.73|1.79 [1.86 | 1.89 | 1.94

ot |Bottom| 01 |5.12 |6.03 | 7.07 | 9.01 (10.94 [14.76
g |chord. | 11 |2.70 | 3.12 | 3.60 | 4.50 | 5.40 | 7.20
7| Top | 01 | 6.09 | 6.88 | 7.83 | 9.64 [11.47 [15.15
8 | ol | 12 [4.89 |5.63 | 6.48 | 8.10 | 9.72 [12.98
- ‘| 23 |4.96|5.88 | 6.93 | 8.89 [10.83 [14.67
€ | Tie. | 13 |2.66|3.13|3.67 | 4.69 | 5.69 | 7.67
&' |Struts. [11'&12/| 1.04 | 1.15 | 1.26 | 1.49 | 1.71 | 2.17
= |Bottom| 01 |[3.07|3.62|4.24|5.40|6.56 | 8.85
2 chord. | 11 |1.80| 2.08 | 2:40 | 3.00 | 3.60 | 4.80
2 [ Top | 01/ |3.64|4.13|4.70 | 5.78 | 6.8 | 9.00
E |chord. | 12 [3.093.63|4.25|5.41 |6.56 | 8.85
€| Tie | 12 |1.43|1.69 | 1.98|2.52 |3.06 | 4.11
5| strut. | 11 | 0.83 | 0.87 | 0.89 | 0.93 | 0.95 | 0.97
o =%
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MAXIMUM STRAINS
IN TRUSSES WITH PARALLEL CHORDS.

The maximum strains in the different members of ordinary
trusses with parallel chords can be determined by the use of
the following tables, 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 live load. The third column gives
the influence of a heavier load in front of a uniform load ; such
as a locomotive at the head 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 it being necessary
to refer to the diagram.

In calculating these tables, the loads were supposed to be
concentrated at the lower chord joints for through-bridges,
and at the upper chord Jomts for deck-bridges. In through-
bndges the strain, obtained in this manner, for the web mem-
bers under compression should be increased by the weight of
a panel of top chord and top lateral bracing.
~ Highway bridges are calculated for a live load of 100 Ibs.
per sq. ft. of floor for all spans up to 100 ft., and 8o lbs. for
spans over 200 ft., due provision being made for concen-
| trated loads, such as heavy steam road rollers or electric cars.
The dead weight of ordinary highway bridges, exclusive of
timber flooring, is given, approximately, by the following
formula :

Weight of metal, Ibs. per lineal foot of span =} 4 /4 150
| where /= length of bridge, and & = width of floor, both in feet.

Railroad bridges are calculated for concentrated loads typi-
cal of the actual load of two locomotives at the head of a train
of cars on each track. The following diagram of such a load-
ing is from Theodore Cooper’s 1896 Specification for Railroad
Bridges, and represents two 106.5 ton locomotives followed
by a uniform load of 3,000 lbs. per lineal ft. on one track.
- For short spans an alternate loading of 100,000 lbs., equally
distributed on two driving wheel axles spaced 7} ft. centers,
is also specified.
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This loading may be represented by an equivalent uniform
load; or, it may also be represented by a uniform load com-
bined with an engine excess. The representation by an equiv-
alent load is not applicable to the calculation of trusses with
more than one system of web bracing. Such trusses must be!
calculated by a uniform load combined with an engine excess.
Either method is only an approximation and may give re-
sults materially in error. The following table gives the
equivalent loads by either method for the above loading fora
single track. |

Equivalent Uniform Load, Uniform Load,
Span 1bs. per foot of Track. with Engine Excess.
mn
feet. niform .
Moments. Shears. l{bs. erItJ'gz‘ti Engm;: Ex
of Track. 8
10 10,000 12,500 3,400 33,000
15 7,500 10,000 u 32,000
20 6,600 8,100 “ 32,000
25 5,900 6800 | 31,000
30 5,500 6,300 “ 30,000
40 4,900 5,600 " 30,000
50 4,600 5,200 " 30,000
75 4,100 4,700 { " 30,000
100 4,000 4,500 u 30,000
150 3,800 4,200 [ " 30,000
200 3,700 - 3,900 ‘ " 30,000
300 [ 3,500 3,700 | " 30,000

%

The weight of track material (ties, rails and guard-rails) is
about 400 lbs. per ft. of single track. The weights of railroad
bridges, per lineal ft. of span, exclusive of track material, are
given, approximately, by the following formulee, where 7/ =
length of span in ft. !

Single track, deck plate girder, 974 100

“ . s lattice o 87+ 100
e “ through pin truss, 6/ 4 400
# “ deck st 67+ 300
Double track, through pin truss, 12 / 41000
& S5 GRCi g s TN o 127 4 800
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(o

EXAMPLE OF APPLICATION OF TABLE.

WARREN TRUSS, DECK BRIDGE WITH INTERMEDIATE POSTS,
FOR SINGLE TRACK RAILROAD.

Span, 150’; Depth, 20’.

Number of panels 10, of 15’ each.

Dead load, 1,600 Ibs. per lin. ft. of bridge.

Live load, 3,400 lbs. per lin. ft. of bridge.

D = dead load = 12,000 lbs. per panel for I truss.

L =live load =25,500 « ¢« &« « 1 «

E = excess of locomotive weight = 15,000 lbs. for 1 truss.

/= LSOO = 2,550
10

e = 15°% _ 1500
10
Length of diagonal members, 25 ft.
Gac = A5 & 1.25 Tang. = Lo 0.75
20 20

Strain in middle piece of bottom chord 4—6,
12.5 (D + L) = 468,750
25e = 37,500

506,250 X tang. = 379,687.
Compressive strain in brace, 45'.

0.5 D = 6,000
15. 7 = 38,250
5. e= 7,500

51,750 X sec. = 64,687.

Tensile strain in brace, 5’ 6.

—0.5 D = — 6,000

10. / = 25,500

4. ¢ = 6,000
25,500 X sec. = 31,875.

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
64,687 compression to 31,875 tension. The strains in the
other members are found in a similar manner.

The load on any of the intermediate posts is found as follows :

15 ft. X 1,700 = 25,500
E = 16,000

41,500
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1

TRUSSES WITH PARALLEL CHORDS

FIBd. o g 7’ o s & & 2 1

o 9 8 7 8.1"8 4 S e 0

FIG.2. o gl gl gl B e g hwh ha e

09 8 +7 8- B -4 & = ()
FIG.s. 15 9’ o 3 5’ 3’ F
12 10 8 ) 4 2 [
FIG.4. Tt 9’ 7. 5’ 3’ i
12 10 8 ) 4 2 0
FiG.5. W o 2’ 5’ =’ ’
2 10 8 e 4 2

FlB.6. 2’| 10°9” 8" 7" & 8’ 4 =' 2 |4

i3 12 11.10 ® 8 7 6 8 4 3 & 1=
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MAXIMUM STRAINS PRObUCED BY DEAD AND LIVE LOADS IN

SINGLE INTERSECTION RECTANGULAR TRUSSES.

END-POsTS INCLINED, EQUAL PANELS, THROUGH AND DECK BRIDGES.

(Fig. 1, page 200.)
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Multiply for inclined members by Sec.
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(Fig. 2, Page 200.)
WitH INCLINED END-pPosTS, EQUAL PANELS, FOR THROUGH AND DECK BRIDGES.
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DOUBLE INTERSECTION RECTANGULAR TRUSSES.
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2= Number of panels.
D = Dead load

Vertical
Members.

MAXIMUM STRAINS PRODUCED BY DEAD AND LIVE LOADS IN
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MAXIMUM STRAINS PRODUCED BY DEAD AND LIVE LoaAps IN SINGLE INTER-

SECTION TRIANGULAR OR WARREN DECK TRUSSES. (Fig. 3, Page 200.)
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%

MAXIMUM STRAINS PRODUCED BY DEAD AND LIVE LOADS IN | 2

SINGLE INTERSECTION TRIANGULAR OR WARREN GIRDERS,

THROUGH OR DECK BRIDGES, WITH INTERMEDIATE SUSPENDERS OR PosTs (Figs. 4 and 5, Page 200), WiTH

INCLINED END-POSTS AND EQUAL PANELS.
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THE PASSAIC ROLLING MILL COMPANY’S
STANDARD TURNTABLES.

The table is entirely center bearing, and rests on hardened
steel discs, which offer very little resistance to turning, and at
the same time are of sufficiently large diameter to give ample
bearing surface to maintain them in good working order, and
prevent abrasion by excessive pressure. The discs are six inches
in diameter for the smaller tables, and seven inches for the larger
sizes. The tables are suspended from the saddle and center pin by
two bolts made of rolled iron. Two bolts are used, in preference
to four, to avoid the uneven distribution of the load produced by
the tightening of the bolts, which is liable to occur when more
than two are used. A wrought iron band is shrunk around the
top of the pivot casting, and is effective, in case of the binding of
the discs, in resisting the strains produced by the tipping of the
table. The vertical adjustment of the table is easily made with
the suspending bolts, and without the use of packing plates or
other devices. The flanges are made of six inch angle irons,
extending the full length of the table without splices, and
re-enforced at the center with cover plates. The sections of th
flanges are proportioned with due regard to the effect of the re:
versal of strains at any point of either flange due to the shiftin
position of the locomotive, and the stresses are kept low to avoit
excessive deflection at the ends of the table when loaded.
girders are connected to each other with rigid angle iron bracin
effectively secured to the flanges, and with six transverse fram
also of angleiron. The center and saddle castings and the en
bearing wheels are open hearth steel castings. b

The 55 ft. and the 6o ft. turntables are made in three weights,

?1 . A heavy pattern for turning 103 ton locomotives,
2 v 90 “ “
3).

A medium pattern * ¥
A light pattern & = Vi £
‘Where shipment can be made by rail, the tables are loaded o
cars, complete, ready to set in the pit. Dimensions for building
pit, and instructions for setting the table accompany each con
‘When the pits are already built the tables can be made to
them at a slight additional cost.

DIMENSIONS OF PASSAIC STANDARD TURNTAB

Diameter of Pit. .o, 5o v, 40/ 0" | 45/ 0" | 50’ 0" | 55’ 0" | 60"

Length of Girder, out to out....| 39/ 4// 44/ 4| 49' 6" | 54’ 6 | 59!

Diameter of Circular Tracks, 36/ 0”410 |46' 0" |51’ 0" 56/

center to center of Rail .......

Depth from top of Rail on Table 7 /@l " /
to top of Center Stone........ 570" | 50 5'6 56 5 -

Depth from top of Rail on Table
zgtop of Rail of Circular Track. 374" 134" 310" 310" 3 .

Depth frofm to; ?é Rail l:nTTabl‘:e
to top of Rail of Circular Track, N /" /@l - /
for Special Turn Table with | 2 0" | 20" [ 2'6" | 2/6” | 2

ABallow BiE .. o visn sr s s
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‘% inch or less, in which case the elongation shall be measured ir

SPECIFICATIONS FOR STRUCTURAL
STEEL.

Condensed from the Standard Specifications of the Association
of American Steel Manufacturers.

PROCESS OF MANUFACTURE.

(x). Steel shall be made by either the Open Hearth or
semer process.

TEST PIECES.

(2). All tests and inspections shall be made at place of mau
facture prior to shipment.

(3). The tensile strength, limit of elasticity and ductility shall
be determined from a standard test piece, planed or turned paral
lel throughout its entire length, cut from the finished material,
The elongation shall be measured on an original length of
inches, except when the thickness of the finished material is

a length equal to sixteen times the thickness; and except i
rounds of § inch or less in diameter, in which case the elonga:
tion shall be measured in a length equal to eight times the'di
eter of section tested. Two test pieces shall be taken from eac
heat of finished material, one for tension and one for bending.

(4). Every finished piece of steel shall be stamped with the
heat number. Steel for pins shall have the heat numbers stamped
on the ends. Rivet and lacing steel, and small pieces for ti
plates and stiffeners, may be shipped in bundles securely wired
together with the heat number on a metal tag attached.

FINISH.

(3). Finished bars must be free from injurious seams, flaws ot
cracks, and have a workmanlike finish,

CHEMICAL PROPERTIES.

(6). Steel for buildings, train sheds, highway bridges an
similar structures shall not contain more than o.10 per cent. o
phosphorus.

(7). Steel for railway bridges shall not contain more than 0.0
per cent. of phosphorus.
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PHYSICAL PROPERTIES.

(8). Structural steel shall be of three grades: Rivet Steel,
Soft Steel, and Medium Steel.

RIVET STEEL.

. (9). Rivet steel shall have an ultimate strength of 48,000 to
58,000 pounds per square inch, an elastic limit of not less than
one-half the ultimate strength, and an elongation of 26 per cent.,
and shall bend, 180 degrees flat on itself, without fracture on the
outside of the bent portion.

SOFT STEEL,

(10). Soft steel shall have an ultimate strength of 52,000 to
62,000 pounds per square inch, an elastic limit of not less than
one-half the ultimate strength, and an elongation of 25 per cent.,
and shall bend 180 degrees, flat on itself, without fracture on the
outside of the bent portion.

MEDIUM STEEL.

(11). Medium steel shall have an ultimate strength of 60,000
to 70,000 pounds per square inch, an elastic limit of notless than
one-half the ultimate strength, and an elongation of 22 per cent.,
‘and shall bend 180 degrees, around a curve having a diameter
equal to the thickness of the piece tested, without fracture on the
outside of the bent portion.

PIN STEEL.

(12). Pins made from either of the above mentioned grades of
steel shall, on specimen test pieces cut at adepth of one inch from
the surface of finished material, fill the physical requirements of
the grade of steel from which they are rolled for ultimate strength,
elastic limit and bending, but the required percentage of elonga-
tion shall be decreased 5 per cent.

EYE-BAR STEEL.

(13). Eye-bar material 14 inches and less in thickness, made
of either of the above mentioned grades of steel, shall, on test
pieces cut from finished material, fill the requirements of the
e of steel from which it is rolled. For thicknesses greater
n I} inches, there will be allowed a reduction in percentage
of elongation of one per cent. for each  of an inch increase in
thickness, to a minimum of 20 per cent. for medium steel and 22
per cent. for soft steel.
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FULL SIZE TEST OF STEEL EYE-BARS.

(14). Full size tests of steel eye-bars shall be required to show
not less than 1o per cent. elongation in the body of the bar, and a
tensile strength not more than 5,000 pounds below the minimum
tensile strength required in specimen tests of the grade of steel
from which the bars are rolled. The bars will be required to
break in the body; should a bar break in the head, but develop
10 per cent. elongation and the ultimate strength specified, it
shall not be cause for rejection, provided not more than one-
third of the total number of bars tested break in the head.

VARIATION IN WEIGHT.

(15). A variation in cross-section or weight of more than 2§
per cent. from that specified will be sufficient cause for rejection,
except in the case of sheared plates.

‘When sheared plates are ordered by weight, the permissible
variation shall not be more than 2% per cent. from that spedr
fied, except for plates %'’ to {4’/ thick (10.2 to 12.75 Ibs.
square foot), which, when ordered to weight, shall not averagen
variation greater than 5 per cent. above or below the theoreti
weight for plates over 75" wide.

When sheared plates are ordered to gauge, the overweigh
shall not exceed the percentages given in the following table: —

PERCENTAGES OF ALLOWABLE OVERWEIGHTS
FOR SHEARED PLATES WHEN
ORDERED TO GAUGE.

Width of Plate.
Thickness of Plate.
Up to 75 inches. | 75 to 100 inches. | Over 100 i
4 inch. 10 14 18
5 # 8 12 16
2 v 4 10 13
I 6 8 10
3 o 5 7 93
rige 4} 6} 8)
£ w 4 6 8
Over £ inch. 3% 5 6k
2



THE PASSAIC ROLLING MILL COMPANY. 215

CORRUGATED IRON.

Corrugated iron is largely used for roofing and siding of
buildings and can be applied directly upon steel purlins or
studding by means of clips of hoop iron, placed not more than
12" apart, which encircle the purlin or stud. The projecting
edges at the gables and eaves must be secured to prevent the
sheets being loosened or folded up by the wind.

The usual dimensions of corrugated iron are given in the
subjoined table. The 2} inch corrugation is the one gener-
ally employed for roofing and siding, and the regular lengths
of sheets are 6, 7, 8, g and 10 ft.

DIMENSIONS OF SHEETS AND

CORRUGATIONS.

No. of | Cov. width .
M| Dot |, S| gt |1oma
gation. | rugation. tl?eoglieteot. ans Corrugation. | Sheets.

Corrugation.

& & 19 24 « R0 -« 8 ft.

inch. | % inch. 10 ’ 24 inch. 26 inch. 10 ft.
g « + « 34} 25 « Diet 8 ft.

~ Roofing is measured by the square, equal to 100 sq. ft. of
finished roofing in place. The corrugated sheets are usually
laid with one corrugation lap on the sides and an end lap of
6" for roofing and 2" for siding.

MBER OF SQUARE FEET OF 2} CORRUGATED
IRON REQUIRED TO LAY ONE SQUARE.
Side Lap, One Corrugation.

Length of End Lap.
"

1inch. | 2 inch. | 8 inch. | 4 inch. | B inch. | 8 inch.

110 112 114 116 118 120
110 111 113 115 117 118
110 110 112 114 115 117
109 110 112 113 114 115
309 | 110 112 113 114 115
108 109 110 111 112 113
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CORRUGATED IRON (continuea,.

The maximum spans for roofing and siding are as follows :

No. 16. No. 18. No. 20, No. 22. No, 24, No. 26. No. 28.
Rooﬁng’ 5/ 9/1 5/ 0// 4[ 3” 4/ O/l 3/ 6[/ 3/ O/I 2/ 9//
Siding’ 71 OII 6[ 3/[ 5/ 31/ 4l 9// 4/ 3// 3/ 9// 3' 3//
and if used on greater spans the excessive deflection is liable
to impair the tightness of the joints.

Numbers 20 and 22 are the gauges most in use for roofs,
and number 24 for siding, The sheets may be either painted
or galvanized.

The United States standard gauge, adopted by Act of Con-
gress in 1893, is in general use by manufacturers of sheetiron.
The following table gives the thickness and weight of corru-
gated iron in accordance with United States standard gauge.

No. by
United States
Gauge.

Wei,
when Faid, allowing 6'/ lap in length,and
214" or one Corrugation in width of sheet,
for sheet lengths of : .

ht per Square of 100 Square Feet,

Flat, 1bs.

Sq. Ft., Corru-

Thickness,
inches.
Weight per
Weight per
gated, Ibs.
Galvanized.
Wgt. per Sq. Ft.,
Corrugated.

Square Foot,

5| 8" | 7 | 8

325 | 320
264 | 260 | 256 | 254
198 | 195 | 193 | 190
| 166 | 163 | 161 | 159
134|131 130 | 128
101 (100 | 99| 98
83| 82| 81| 80

=t ek 20 RO

Pl 2020
reRbpye

aASRESE
s enio I8

2rpmgaky

.

TRANSVERSE STRENGTH OF
CORRUGATED IRON.

The transverse strength of corrugated iron may be calcu-
lated in the following manner :

/ = unsupported length of sheet, in inches.
t = thickness of sheet, in inches.
b = width of sheet, in inches.
d = depth of corrugation, in inches.
\  w=safe uniformly distributed load, in pounds.

Then, w = Mlb—td

. —
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RIVETS AND PINS.

In proportioning riveted work the friction is neglected be-
tween the parts connected as it is an uncertain element. The
rivets must resist the whole strain which is to be transmitted
from one part to the other, and they must be of sufficient size
and number to present ample resistance to shearing, and af-
ford sufficient bearing area so as not to cause a crushing of
the metal at the rivet holes. Itis, therefore, always necessary
to calculate rivet connections for shear as well as for bearing.
The usual strains, Ibs. per square inch, allowable on riveted
work are as follows : —

Rivets. Shearing.  Bearing.
Iron rivets, railroad bridges, 6,000 12,000
Iron rivets, highway bridges and buildings, 7,500 15,000
Steel rivets, railroad bridges, 7,500 15,000

Steel rivets, highway bridges and buildings, 9:000 18,000

The following tables give the shearing and bearing values
of rivets, of different diameters, for the above strains. Sin%}e
shear occurs when a single shearing across the body of the
rivet suffices to produce separation of the parts connected; as,
for instance, wEen a thick plate is connected with another
single thick plate by means of a rivet, the connection can fail
only by a single shearing of the body of the rivet. If, how-
ever, tge plates are thin they may not offer sufficient bearing
against the rivet to prevent rupture by the rivet bodily crush-
(ing the plates ; the latter condition is determined by the bear-
ing value of the rivet upon the plates. If a 3 diameter rivet
is used, and the plates are only 1"/ thick, by reference to the
tables, it will be found that the bearing value of the rivet on a
1" plate is less than its value in single shear, and the bearing
value of the rivet determines the strength of the connection.

Pins are subject to strains by shearing, bearing and bend-
ing, but their resistance to the latter two, in almost every case,
determines the size of the pin to be used. The usual allow-
able strains, lbs. per square inch, on pins are as follows :

Pins. Shearing.  Bearing.  Bending.

Iron pins, railroad bridges, 7,500 12,000 15,000
Iron pins, highway bridges and

. buildings, 9,000 15,000 18,000

Steel pins, railroad bridges, 9,000 15,000 18,000
Steel pins, highway bridges and

buildings, 11,250 18,000 22,500

The following tables give the shearing, bearing and bend-
values of pins, of different diameters, for the above strains.

2
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Lengths from under head.

WEIGHT OF RIVETS, AND ROUND-HEAD
BOLTS WITHOUT NUTS, PER 100.

Noica i 3 g1l gu 1 1" i !
Inches.| Dia Dia. Dia. Dia. Dia. Dia, i
1} 5.4| 12.6 | 21.5| 28.7 | 43.1| 65.3 |1
13 6.2 13.9( 23.7| 31.8| 47.3| 70.7 |1
13 6.9| 15.3| 25.8| 34.9| 51.4 | 76.2 | 142
2 7.7 | 16.6 | 27.9 | 37.9| 55.6 | 81.6 | 150
p) 8.5 | 18.0 | 30.0 | 41.0 | 59.8 | 87.1 | 159
2 9.2 19.4 | 32.2 | 44.1 | 63.0| 92.5 |1
2 | 10.0 | 20.7 | 34.3 | 47.1| 68.1 | 98.0 | 176i
3 10.8 | 22.1| 36.4 | 50.2 | 72.3 |103. | 184
3% | 11.5| 23.5| 38.6 | 53.3 | 76.5|109. |1

12.3| 24.8| 40.7 | 56.4 | 80.7 { 114. | 20
3% | 13.1| 26.2 | 42.8 |-59.4 | 84.8 | 120. | 210
4 13.8 | 27.5| 45.0 | 62.5| 89.0 |125. |2
4 98.9 | 47.1 | 65.6 | 93.2 | 131.
4 30.3 | 49.2 | 68.6 | 97.4 | 136.
43 31.6 | 51.4| 71.7 | 102. | 142.
5 33.0 | 53.5| 74.8 | 106. | 147.
Igg 55.6 | 77.8 | 110. | 153.
7.7 | 80.9 | 114. | 158,
5% 59.9 | 84.0 | 118. | 163.
6 62.0 | 87.0 | 122. | 169.
63 93.2 | 131. | 180. )
7 99.3 | 139. | 191. | &2
73 106. | 147. | 202.
8 P e b s T e se e
100 ! ‘
i ].8‘ 5.7| 10.9 | 13.4| 22.2 | 38.0

All dimensions in inches.

LENGTH OF RIVET SHANK REQUIRED
TO FORM ONE RIVET HEAD. :

Button Head. " Countersunk Hi
Grip. Diameter of Rivet. Diameter of Rivet,
p[elafefr|sfef2]a]
itolg BE R IR NN gi
1 to2F |1 1§ 1% |13 ([ & | 4| %
3 todp 13|33 |315 (13|15 ]| 3|2 |1 |2
4ot |13 18|13 |13 |2 1
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(Hoopes and Townsend’s List.)
Length DIAMETER OF BOLTS.
under
head !
. | . . . .
pgﬁ,h 1 in. —lﬁgil'l.‘ $in. |75 in.“ ¥ in. (‘ $in, | #in. | ¥ in. | 1 in:
lbs. ‘[ Ibs. | Ibs. Ibs. | Ibs. Ibs. Ibs. Ibs. | lbs.
13 | 40| 7.0| 10.5| 15.2 | 225 | 30.5| 63.0 .....
13 4.4 7.5 | 11.3 | 16.3 | 23.8 ‘ 41.6 6601 2 isne
2 4.8 8.0 12.0 | 17.4 | 25.2 43.8 |, 69.0 | 109.0 | 163
21 5.2 8.5°| 12.8 | 18.5 | 26.6 | 45.8 72.0 | 113.8 | 169
24 5.5 9.0 [ 13.6 | 19.6 ‘ 27.8 48.0 75.0 | 117.5 | 174
23 5.8 9.5 | 14.8| 20.7( 29.1 650.1 | 78.0 | 121.8 | 180
3 6.8| 10.0 | 15.0 | 21.8 | 80.56 52.3 81.0 | 126.0 | 185
8% 7.0| 11.0 ( 16.5 | 24.0 | 33.1 56.56 | 87.0 | 134.3 | 196
4 78| 12.0 | 18.0 [ 26.2 | 35.8 | .60.8 93.1 | 142.5 | 207
.43 86| 13.0( 19.5 | 28.4 | 38.4 | 66.0 | 99.1 | 151.0 | 218
b 9.3 14.0| 21.0 | 30.6 | 41.1 69.3 | 105.2 | 169.6 | 229
53 10.0 | 15.0 | 22.5 | 82.8 | 48.7 | 738.5 | 111.8 | 168.0 | 240
6 10.8 | 16.0 | 24.0 | 35.0 | 46.4 77.8 | 117.3 | 176.6 | 251
63 AN 26.6 | 87.2 | 49.0 82.0 | 123.4 | 185.0 | 262
7 27.0 | 39.4 | b1.7 86.3 | 129.4 | 193.7 | 273
73 28.5 | 41.6 | 4.8 90.5 | 185.0 | 202.0 | 284
8 30.0 | 43.8 | 59.6 94.8 | 141.5 | 210.7 | 295
9 46.0 I 64.9 | 103.3 | 153.6 | 227.8 | 817
10 48.2 | 70.2 | 111.8 | 165.7 | 224.8 | 339
11 50.4 | 75.6 | 120.3 | 177.8 | 261.9 | 360
12 52.6 | 80.8 | 128.8 | 189.9 | 278.9 | 882
Per in. [
addi- | 1.4 2.1 3.1 4.2 ‘ 5.6 8.5 12.3 | 16.7 | 21.8
tional.
WEIGHTS or NUTS axp BOLT-HEADS,
For Calculating the Weight of Longer Bolts.
Diameter of Bolt in Inches. 3 3 3 § S 4
Weight of Hexagon Nut and
755 AR B S .017 | .057 | .128 | .267 | .48 | .78
Weight of Square Nut and
(T R AR e I -] .021 | .069 | .164 | .320 | .56 .88
Diameter of Bolt in Inches. 1 ‘ 1} 13 13 2 23 | 8
Weight of Hexagon Nut and
L I, 1.10 | 2.14 | 8.78 | 5.6 | 8.75 | 17 | 28.8
Weight of Square Nut and | |
R S S o e ool oo ) 9 e\s s 1.81 | 2.56 | 4.42 | 7.0 [10:5 21 36.453

h A
5
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BOLTS AND NUTS.

BOLTS. NUTS.
U. S. Standard Screw Threads. Manufacturers Standard. =
/ Diam. A H . S ]
Pl sl 0B | fomet | o' | SR
Bolt, | per | qyy | Bolt | qpreag | Shor | Son8 Sideof
dns. | TInch, Inches. Sq. Ins. Sq. Ins. Ins. | Ins. | ins
1] 2 185 | ..049 | 027 | 4 |0.58 | %
& | 18 240 | 077 .045 | & |0.72| B
16 .204 | .110| .068 | 3 |0.87| 2
7 | 014 344 | .150 | .093 | % |1.01 | %
3| 13 | 00| .196| .126| 1 |1.15| 1
2 | 12 4547 .249 | .162 | 13 |1.30 | 1}
£ 11 507 | .307 | .201 | 1% |1.44 | 1 ‘
3110 620 | .442 | .302 | 1% | 1.59 | 1} [i2d
£ | 9 | .731| .601| .419 | 15 |1.88| 13 |
1 8| .837| .78 | .550 | 13 |2.02 | 2 |2
1+ 7 940 | .994| .694 | 2 | 2.31| 2k |8
1} 7 |1.06 |1.23 .890 | 2% | 2.60 | 2F |igd
1 6 |1.16 |1.48 |1.06 | 25 |2.89 | 2% &
1. 6 [1.28 [1.77 [1.29 | 2% |'3.18 | Sl
15 54 (1.39 |2.07 |1.51 | 3 |3.46 4
13 5 |1.49 |2.40 |[1.74 | 3% | 3.7
1% BU 1561, | 2:7%6 | 2.05 34 |4.04 | 3% |
2 af [ 1.71 |3.14 [2.30.| 3 | 4.04 4
1 41 (1.96 |3.98 [3.02 | 33 |4.33:| 4%
ol 2.17 |4.91 |3.71 | 4 [4.01 | 4
23 4 (2.42 |5.94 |4.62 | 4} |'5.20 |43 |€
3 3} |92.63 |7.07 |5.43 | 43 |5.48| 5
3k 3i 2.8 (830 |6.51 | 5 |5.77 [ 5& |8
3} 31 [3.10 |9.62 |7.55 | 5% |6.06 | 53 |&
33 3 [3.32 [11.04 |8.64 | 6 | 6.93| 6} |8
4 3 [3.57 [12.57 [10.00 | 6§ | 7.51 |7 %
4% 2L | 3:80 [14.19 (11.33 | 7 |8.09 | 75 [
4} 9% | 4.03 [15.90 |12.74 | 7} | 8.58 | 8 (M
43 2 | 4.25 [17.72 (14.23 | 73 |8.95 | 8t [
24 | 4.48 [19.63 [15.76 | 8 | 9.24 | 85 |1

: 1770 O Threg s Cor o AT Dolte |
’zzw 2 ofﬂaé?’l){, /é,/,&» 2 z%;s"z >, 2 3
F3 -~ Led

fi’f._:. ""-': 5 - - -
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8

MANUFACTURERS STANDARD,

SQUARE AND HEXAGON
HOT-PRESSED NUTS.

NUMBER OF EACH SIZE IN I0O0 LBS.

Sizehof Number of | Number of sli32 ei of Number of | Number of
d Square. Hexagon. I C(;);’s Square. Hexagon.
6,800 8,000 12 41.0 56.0
Sy 3,480 4,170 13 31.3 42.0
2,050 2,410 12 24.8 33.4
Dl 1,290 - 1,460 13 19.9 26.7
& | oo | 'm0 | o | 54 | 2
440 520 2k 10.7 17.7
3 251 370 2% 8.9 12.3
= 159 226 2 7.3 10.2
1 106 176 3} 6.2 8.7
73 104 3 4.7 7.5
1} 54 75 3% 4.0 6.3

STANDARD SIZES OF WASHERS.

NUMBER IN IOO LBS.

Diameter of . Avera
Size of Hole, | Thickness, o
Inzsh}::;’ Inches. Wire Gauge. u'fqluorgll)l:;

3 £ 16 13,845

{ 3 16 11,920
1 e 14 6,573
1} % 14 4,261
13 15 12 2,683
13 £ 12 2,249
1% t{ 10 1,315
2 10 1,013
24 i 9 £58
2% 1 9 617
2% 1 9 516
3 1% 9 403
3 14 8 320
3 12 8 278
3% 13 8 247
4 1% 8 224
4 2 8 200
4 2% 8 180
44 28 6 110
5 - %8 6 91
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BUCKLE PLATES.

Buckle plates are used for concrete, asphaltor stone paved flo
of buildings and highway bridges. The width of the plates v:
from 3 ft. to 5 ft., and the thickness from }” to §”. The thickn
should never be less than 1", while 4" is the usual thickness for
bridge floors.

Buckle plates are made in long lengths having several buckles
or domes in each plate. ‘They are usually supported along the
two longitudinal edges and at the extreme ends, and should be
bolted or riveted to the supports, with §” or #” bolts or rivet
spaced not over 6 centers. If the ends of the buckle plates do
not rest on supports, they should be spliced with T iron or @
pair of angles riveted together.

The approximate total safe uniformly distributed loads are
given in the following table for different thicknesses and sizes 0

uckle plates, well bolted down, calculated from the formula,

W = 4 Sdt
where W = total safe uniform load, in lbs., on a single square.
S = allowable unit strain, in lbs., per square inch.
d = depth of buckle, inches.
t = thickness of plate, inches.

TOTAL SAFE UNIFORMLY DISTRIBUTED LOADS,
IN LBS., ON BUCKLE PLATES.

Si;llz of | 30” 36" 42 48" 54"

te. | Square. | Square. | Square. | Square. | Square.
?;,hll"::;,?:’ | 2 Inches, Depth of Buckle.

11,000 | 9,100 | 7,300 | 6,000 | 5,000
16,400 | 13,200 | 11,800 | 10,000 | 8,600
22,200 | 19,400 | 17,000 | 14,700 | 12,700

S
* i

2} Inches, Depth of Buckle.

-

13,800 | 11,300 | 9,100 | . 7,500 | 6,300
5 20,500 | 17,300 | 14,800 | 12,500 | 10,700
3 | 27,600 | 24,300 | 21,300 | 18,400 | 15,900

3 Inches, Depth of Buckle.

4 16,600 | 13,600 | 10,900 | 9,000 | 7,500
£5 | 24,600 | 20,700 | 17,700 | 15,000 | 12,900
33,200 | 29,000 | 25,400 | 22,100 | 19,100

xpe

If the buckles are inverted, 7. e., suspended, the safe loads wil
be increased from 2 to 4 times that given in the above table, d
pending upon the size of the plate.

Buckle plates are preferably made of soft steel.
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PASSAIC BUCKLE PLATES.

e - - v ,,,,.4 ac ,..,,, 1
e L STty =
1!
. -: |
BN s, o o ‘06 o o e_ o o o | Z
‘ k4 [ | / .
i [
I H
. i“\ l;
i |
; W \\
. } |

DIMEﬁSIONS OF BUCKLE PLATES.

No. Buckle Depth of | Numberof | Fillets.
O.f Buckle. Buckles in
Plate. L. w. H. One Plate. F.
il 2 —24'| 2 —3§ 23 1to8
B | o9—5 | 33—2 2 | 1t06 :
o =}
3 R —=7" 7" 3" 1to 6 g
B v |y | e 1t06 =
.5 3/_2// 31_4// 31/ 1 to 6
[ T T A 1t06 5,
- X
g
g
£
8
=
Buckles of other dimensions than those given in table may be made
by special arrangement. 4
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STANDARD SLEEVE NUTS
AND UPSETS.

DIMENSIONS IN INCHES.
g -l | F T I 52 Add'ﬁonni‘
H iam-| Side §. g. ; ; ’g E zu len;th of
cerol or | 5 | 2188|2854 | § | By i
O|0| & | g |AF|AS|5e| % |38 | =8
Rods. | Rods. E g' Fal otk iR Wk -
: B |3 |2 F|E (O
g1 &1 1 | 4 | 24| 2%|-8 | 8| 4|2k
| %] 1p|-4 | 24| 2| 7 | 8| 5 [3%
1 R 1% 4k | 22| %] B 9| 7 |43 |6
i (O N S S 2 S 0 (O O T O -
b 13| 15| 4| 2% | 3f| Sb| O | 9 |3%
st | 12 s %k 8% | 5 |10k | 18 [SE
13| 12| 2 | 5 | 3+ | 3% | 4¢|101| 13 |43 |4
19| 1| 24| 5 | 3% | 4f%| 44| 104 | 16 | 4} |8
1% b | 54| 33| 48| 4b |11 | 18 | 4}
1% | 18| 28| 58| 4 | 48 | 4 (114 | 21 |4 |4
2 | 13| 2| 55| 4 | 48 | 4 | 111 | 22 [ 32
oL | 13| 2| 6 | 48| 53 | 4 |12 | 29 | 3% |
21 2| 2| 6 4% | 5% | 3% |12} | 33 | 4% |4
oy | 24| 3+| 6 | 5% | 54| 34| 125 | 40 |5 |
24| 2| 34| 6 | 5% | 6% | 3% |12% | 47 | 4k |
3 33| 6 | 52| 62| 3 |13 | 58 [4 ]
&8
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STANDARD STEEL EYE BARS.

R = RADIUS OF NECK =D Si

; — 4 2
W. t. D. d. | S8-S. L.
| |
Bt Diameter | Sectional A Additional
Width of I}I}:[::ll?:;? Diameter la:)?e < of f‘f;:l::lngn Lil::s Lengt.;lt lgil} %ar
Bar, og e S| of Head, Largest | S—S inexcess | beyond Cen. of
Inches Taches. Inches. | Pin Hole, | of that in Body | Pin Hole to form|
p Inches. of Bar. one Head, Ins.
3 3 7 oH 42% 14}
3 2 8 34 42 18%
4 4 9% 318 374 18%
4 3 10} | 4% 39 233
5 3 | 114 43 1 21
5 | 1 12} | 5¢ 41 25}
6 % 133 4% 42 22
6 i 14} | 5% 42 26}
7 1 16 5% 43 28
8 1} 18 7 37} 324
10 1} 23 9 40 40

NOTES ON PASSAIC STEEL EYE BARS.

Passaic standard steel eye bars are forged without the addition of extra-
neous metal and without welds of any kind, and are guaranteed under the
conditions given in the above table to develop the full strength of the bar
when tested to destruction.

The maximum sizes of pin holes, given in the above table, allow an excess
in the net section of the head over that of the body of the bar of 40 percent.,
when the thickness of the head is the same as the thickness of the body of
the bar. The thickness of the head is usually 1-16 of an inch thicker than the
body of the bar; and where a number of eye bars are to be placed closely
together, as at a joint, the thicknesses of the heads should be considered
1-8 of an inch greater than the hodies of the bars in order to allow for the
increased thickness of the heads and for the usual roughness of forged work.

Unless otherwise specified, the steel manufactured by us for the use of
eye bars is open hearth medium steel conforming with the standard specifi-
cations of the Association of American Steel Manufacturers.

All eye bars are finished to length, and the eyes bored at the specified
distances, center to center, according to U. S. standard measurements.

Eye bars having larger or smaller heads than the above standards can be
furnished by special arrangement.
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STANDARD PINS AND NUTS.

Wer o ea,

S| 'S

:
Yt JOSSOURSR [ S

G=GRIP. L=G+¥"

D. Fe S.

Diameter Diameter Length | Short Dia. | Long Dia. | Weight of
of Pin, of Thread, | of Thread, | of Nut, of Nut, One Nut,
Inches. Inches. Inches. Inches. Inches. Lbs.

16 1 13 13 9
1% 1 " 13 2
113 14 " 3t 3% 1.5
118 1} " 34 3% 1.5
2% 1} 14 3% 3% 1.5
2 12 - 3, | 3% 1.5
24 2 u 3% 4} 2.5
215 ok ; 4 3.0
3% | 2 13 4 5% 2.8
3 2} p 4 | 5% 2.8
3 | 2 " 43 54 3.0
3t 3 " 4% 55 3.0
4% 3% 1% 5% 6% 3.8
4% 3% u 5% 6% 3.8
4% 4 " 6 7 6.7
53 : 4 2 6 7 6.7
51 4 p) 7 8 9.1
7 5 91 8 9k 12.0
8 6 oL 108 | 12 22.8
9 7 2L 10% 12 18.8
J 8
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PASSAIC STANDARD CLEVISES.

The distance X can be varied to suit connections.

U D P L | W T S
Num- Si?_e Weight
bes . . 2
o{r Square Upset De'i‘;" 11‘:;" Lenfgth Width T:c“:k' Length oci-n;
Clevis.|, Bar, for of of o o! O?S of Clevis,
inches.|Square Tos Pin Fork, | Fork, Fotk Thread 1bs.
Bar. | chen linches. inches. |inches. Shckas inches.
il L | 1
1{ 1% 1% 43 | 2% 64 2 3 24 12
1% | 1%
13 2
2 By (et | 7 |2 | % | 28 | 20
13 2%
1§ | °%
3412 | o8 [Ver (o185 e [hs 1% [ 3 28
1% | °%
2 %
4 R Xl S s ) R T ¢
2t | 3%

I

Passaic clevises are proportioned to develop the full strength
of iron or steel bars of the sizes' given.
The size of pin given is the maximum for each size of clevis
when the largest bar is used.

2
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LINEAL EXPANSION
OF SUBSTANCES BY HEAT.

To find the increase in the length of a bar of any material
due to an increase of temperature, multiply the number of
degrees of increase of temperature by the coefficient for 100°
nd by the length of the bar, and divide by one hundred.

Coefficient Coefficient for

NAME OF SUBSTANCE. for g0, |190° Felueakey

Fahrenheit. | o Centigrade.
R (cast): s v 001234 .00222
L AR AR .000957 .00172
B« sisis s i e sy R .000306 .00055
BRI . s /o el s i g e .000986 00177
Jement, Portland ............... .000594 .00107
L IS S .000795 .00143
R ot e e e e .000887 .00160
BRI, ., <o o ve ey boee i .000451 .00081

L e R .000438 .00079
BERERE -7, oo s b T 5 o 5P .000786 .00142
Yought . ................. .000648 .00117
R i oot oo e e e 000556 .00100

.......................... .001571 .00283

g g SRR SRR .000308 .00055
N 000786 .00142
By, brick { SOOTN £ o's s s oaless . 000256 .00046

4 10 i B PRI .000494 .00089
lercury (cubic expansion)....... .009984 .01797
RS s . .000652 .00117
LR el .001079 -00194
B, o e s ian e b ik e e -000577 .00104
L R e R R .000636 .00114
REetnral. . . . ocewin ot vooe .000663 .00119

IR tempered .o vioironennans 000689 .00124

i R PR .001163 .00210
BIRBDIOR . . o oo onins e snme .000276 .00050
......... S PR S I 1T 1 .001407 00253
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AREAS axp WEIGHTS or SQUARE
ROUND STEEL BARS.

& (| & .
gg = O é_&ﬂ = O
g8 Weigh Weight | 2 £ Weigh We
ﬁ-—‘-’- Area. p::gﬂ_t Area. p::gﬁ.t ﬁ,—. Area. p:;gﬂ.t Area. per}
0 2 | 4.00013.60/ 3.14210.
15 (0.004] 0.013(0.003 0.010 5 | 4.25414.46 3.34111.
: .016| .053 .012 .042 & | 4.516/15.35 3.547/12.
5 | -035 .119) .028 .094 | 4.78516.27 3.75812.
3 .062 .212] .049) .167 5.063(17.22| 3.976/13.
f5 | 008 .333| .077] .26 5.34818.19 4.20014
$+ | .141] .478 .110 .375 # | 5.64119.18 4.430/15.
4 | .191] .651 .150] .511| % | 5.941/20.20| 4.666
3 .250| .850| .196 .667) & 6.250121.925 4.909/16
| A% | -316 1.076 .248 845 6.566/22. 33| 5.157/17
£ .391| 1.328] .307 1. 043 6.891/23.43 5.41218
4} | 473 1.608 .371] 1.262 ﬁ 7.223/24.56) 5.673
3 .562 1.913( .442 1.502) 3 | 7.56325.71| 5.940/20
12 | .660 2.245 .518 1.763| 13 | 7.910126.90| 6.21
7 .766| 2.603 .601) 2.044] 7 | 8.266/28.10, 6.492
1§ | .879) 2.989) .690| 2.347| 1% | 8.629(29.34 6.777
1 [1.000] 3.400| .785 2.670 8 | 9.000/30.60| 7. )
£ [1:129] 3.838 .887 3.014 | 9.37931.89| 7.3662
3 [1.266] 4.303 .994| 3.379 &+ | 9.766/33.20| 7.6702
5 [1.410) 4.7951.108 3.766) % 10.16 |34.55 7.98022
3 [1.563 5.3121.227 4.173) 1 [10.56 |35.92| 8.296/2
£ [1.723) 5.857/1.353 4.600| 5 (10.97 (37.31| 8.6182
§  [1.891] 6.4281.485 5.049| 3 [11.39 [38.73| 8.946/30
T [2.066] 7.026/1.623 5.518| 1 [11.82 [40.18 9.281
3 [2.950| 7.650/1.767 6.008| } [12.25 |41.65( 9.62
5 [2.441| 8.3011.918 6.520| 5 [12.69 (43.14] 9.
£ [2.641] 8.97812.074| 7.051 & [13.14 |44.6810.32 |3
14 [2.848 9.682/2.237 7.604| ,u 13.60 |46.24/10.68. |3
3 [3.06310.41 [2.405 8.178 g 14.06 |47.82/11.06
13 [3.985/11.17 [2.580, 8.773] 43 |14.54 |49.42/11.42
% [3.516(11.95 [2.761| 9.388| 1 |15.02 [51.05/11.79
; 14 [3.754/12.76 [2. 94810 02 } 14 {15.50 [52.71/12.18.
88
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EAS axp WEIGHTS or SQUARE AND
ROUND STEEL BARS
K ( Continued).
P o 5 [ | o O
£ : g ‘
v v i 22 e [ v | Yl
16.00 54.40/12.5742.73| 6 | 36.00/122.4| 28.27| 96.14
5 [16.50| 56.11/12.96/44.07| | | 37.52127.6| 29.471100.2
17.02| 57.8513.36/45.44 | 39.06/132.8| 30.68/104.3
17.54] 59.62(13.7 "7.46 83‘\ ‘3| 40.64/138.2| 31.921108.5
. [18.06| 61.41/14. 1948 24 3 | 42.25/143.6| 33.18112.8
¥ [18.60| 63.2314.61149.66 % | 43.89(149.2| 34.47/117.2
" 119.14] 65.08/15.0351.11 |3 | 45.56/154.9| 35.79(121.7
19.69| 66.95(15. 47102 58 | 47.27/160.8) 37.12126.2
90.95| 68.85/15. 9054 077 | 49.00(166.6, 38.49/130.9
90.82 70.78)16.3555 59; 1| 52.56/178.7| 41.28140.4
91.30| 72.73/16.8057.12] + | 56.25/191.3| 44.18/150.2
91,97 74.70(17.26/58. 67‘< 60.06/204.2| 47.17/160.3
22,56/ 76.71(17.72/60.25) 64.00/217.6| 50.27/171.0
4 [23.16 78.74(18.19/61.84 % 68.06/231.4| 53.46/181.8
" 193.77| 80.81[18.67/63.46| 1 | 72.25245.6| 56.75/193.0
i 24.38 82.89(19.15(65. 10; 3| 76.56/260.3 60.13(204.4
95.00 85.00/19.64/66.76 9 81.00/275.4| 63.62216.3
25.63 87.14/20.1363.44 85.56/290.9| 67.20228.5
~ 196.27 89.30(20.6370.14 90.25/306.8| 70.83241.0
& 196.01) 91.49(91.1471.86| 3 | 95.06/323.2| 74.66/253.9
' [27.56 93.7221.6573.60’ 10 [100.0 [340.0| 78.54/267.0
98.92| 05.96/22.17/75.37 1 |105.1 |357.2| 82.52280.6
98.89| 98.23/22.6977.15/ 1 [110.3 [374.9| 86.59(294.4
99.57/100.5 (23.22178.95 | 2 [115.6 (392.9| 90.76308.6
130.25102.8 [23. 7680 77/l 11 [121.0 [411.4] 95.03/323.1
30.94105.2 |24.3082. 62| 1 126.6 |430.3| 99.40337.9
~ [31.64107.6 24.8584.49 1~ [132.3 |449.6/103.9 |353.1
§ [32.35110.0 [25.4186. 38‘ 3 [138.1 [469.4/108.4 (368.6
_ [33.06112.4 [25. 9788 99| 12 (144.0 (489.6/113.1 (384.5
3 133.79/114.9 |26.54/90.22] .
34.52117.4 (27.11/92.17
35.95119.9 |27.6094.14
e %
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WEIGHTS OF STEEL FLATS,
PER LINEAL FOOT.
}:“.lc:c?xe:ss., 1/ 1%// 137 | 137 | o 2%// 2%/1 2%// 3/ ‘
& | .21 .26 .32| .37| .43 .48 .53 .58 .63
+ 42 +.563 64| ..75| .85 96| 1.06| 1.17| 1.28
% 63 79 96| 1.11| 1.28| 1.44] 1.59| 1.75| 1.91
% 85 1.06] 1.28) 1.49| 1.70| 1.91| 2.12| 2.34| 2.55
5 | 1.06| 1.33 1.59( 1.86( 2.12| 2.39| 2.65( 2.92( 3.19
1.28) 1.59| 1.92| 2.23| 2.55| 2.87| 3.19| 3.51| 3.83
5 | 1.49| 1.86| 2.23| 2.60| 2.98| 3.35| 3.72| 4.09| 4.46 1
1.70| 2.12| 2.55| 2.98| 3.40| 3.83| 4.25| 4.67| 5.10
5 | 1.92| 2.39| 2.87| 3.35| 3.83| 4.30| 4.78 5.26) 5.74
! £ 2.12| 2.65| 3.19| 3.72| 4.25| 4.78| 5.31| 5.84] 6.38
| 2.34; .92 3.51| 4.09| 4.67| 5.26| 5.84| 6.43| 7.0z
2.55| 3.19| 3.83| 4.47| 5.10| 5.75| 6.38| 7.02| 7.65
\ 13 | 2.76| 3.45| 4.14] 4.84] 5.53| 6.21| 6.90| 7.60| 8.29
s 2.98] 3.72| 4.47| 5.20| 5.95| 6.69| 7.44| 8.18| 8.93
o 45 | 3.19| 3.99 4.78| 5.58| 6.38| 7.18| 7.97| 8.77| 9.57 v
| 1 3.40| 4.25| 5.10{ 5.95| 6.80| 7.65| 8.50| 9.35(10.20
r 14 | 3.61| 4.52| 5.42 6.32| 7.22| 8.13| 9.03| 9.93/10.84
1% 3.83| 4.78 5.74| 6.70| 7.65| 8.61| 9.5710.52(11.48
13 | 4.04] 5.05 6.06| 7.07[ 8.08) 9.09(10.10/11.11/12.12
1} 4.925| 5.31| 6.38| 7.44| 8.50| 9.57|10.63|11.6912.75
1£5 | 4.46 5.58 6.69| 7.81| 8.93(10.04|11.16/12.27[13.39
) 1% 4.67| 5.84| 7.02| 8.18| 9.35(10.52|11.69|12.85(14.03 ‘
11 | 4.89] 6.11] 7.34| 8.56| 9.78/11.00(12.22(13.44(14.66
1} 5.10 6.3Si 7.65| 8.93(10.20(11.48(12.75(14.03(15.30
17 | 5.32| 6.64| 7.97| 9.30(10.63(11.95(13.28/14.61{15.94
1% 5.52) 6.90{ 8.29| 9.67(11.05(12.43|13.81|15.19/16.58
14 | 5.74| 7.17| 8.61(10.04(11.47/12.91/14.34/15.78/17.22
13 5.95 7.44| 8.9310.42(11.90(13.40(14.88|16.37|17.85
112 | 6.16| 7.70 9.24/10.79|12.33/13.86/15.40/|16.95(18.49 :
1% 6.38| 7.97| 9.57/11.15(12.75/14.34(15.94/17.53/19.13
112 | 6.59) 8.24] 9.88/11.53(13.18(14.83(16.47|18.12/19.77
6.80“ 8.50 10.20‘]1.90 13.6015.30(17.00/18.70(20.40
0
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11.48

15.30

12.75/14.87
14.0316.36

|
113.39

17.85

20. 40,

17.22
19.13
21.04
122.96|

15.30
17.00]
18.70:

9.67
10.41

16.58
17.85
19.13
20.40

19.34

20.83
22.32
23.80

22.10
23.80
25.50
27.20

24.86
26.78
28.69
30.60

|
12.65/14.45 16.26/18. 06
13.3915.3017.2219.13
14.1316.1518.17:20.19
145717.0019.1321.25

21.68
22.95
24.23
25.50

i25.29

26.78
28.26
29.75

28.90
30.60
32.30
34.00

32.52
34.43
36.34
38.26

16.36
17.10

15.62’17.8520.08

18.702

19.8521.99
17.85‘20.4022‘95

26.78
28.05
20.33
30.60

22.32
23.38
24.44
25.50

1.04

31.23
32.72
34.21
35.70

35.70
37.40
39.10
40.80

40.16
42.08
44.00
45.90

18.6021.2523.91
© [19.3422.1024.87
20.08 22.9525. 82 28.69
" 20.8323.8026.7829.75

26.57
27.63

33.15
34.43
35.70

31.88

37.19
138.67
40.16

\41.65

47.82
49.73
51.64
53.56

42.50
44.20
45.90
47.60

53.14
55.25
57.38
59.50

|
21.5724.6527.7330.81
22.31125.5028.6931.87
23.0626.3529.64 32.94
23.8027.20 30.60‘34.OO|40.80|47160

36.98
38.25
39.53

43.14
44.63
46.12

|
|

49.30(55.46 61.62
51.00/57.3863.75
52.70/59.29 65.88 |.
54.4061.20|68.00
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Weight Cubic in.
2

244 THE PASSAIC ROLLING MILL COMPANY.
WEeIGHT PER SQUARE FooT OF SHEETS OF
WrouGHT IRON, STEEL, COPPER,

AND BRrass.
THICKNESS BY BIRMINGHAM GAUGE.
g;"_;g‘g 'f;)h‘lcnkc';s; it ’ Steel. Copper. l Brass.
0000 | .454 18.22 | 18.46 20.57 19.43
000 | .425 17.05 17.28 19.25 18.19
0| .38 15.25 15.45 17.21 16.26
0| .34 13.64 13.82 15.40 14.55
i 12.04 12.20 13.59 12.84
2| .284 11.40 11.55 12.87 12.16
3. .25 10.39 10.53 11.73 11.09
4| .38 9.55 9.68 10.78 10.19
-5 .22 8.83 8.95 9.97 9.42
6| .203 8.15 8.25 9.20 8.69
AT 7.22 7.32 8.15 7.70 8
8| .165 6.62 6.71 7.47 7.06
9| .148 5.94 6.02 6.70 6.33
10| .134 5.38 5.45 6.07 5.74
] M 4.82 4.88 5.44 5.14
12 .109 4.37 4.43 4.94 4:67
13| .09 3.81 3.86 4.30 4.07 |
14| .083 3.33 3.37 3.76 3.55
5| .072 2.89 2.93 3.26 3.08
16| .065 2.61 92.64 2.94 2.78
17| .058 2.33 2.36 2.63 9.48
18| .049 1.97 1.99 2.92 2.10
19| .042 1.69 1.71 1.90 1.80
2 | .03 1.40 1.42 1.59 1.50
o1 | .032 1.98 1.30 1.45 1.578
22 | 028 1.12 1.14 1.27 1.20
23 025 1.00 1.02 1.3 1.07
o4 | .022 .883 .895 1.00 )
9 | .02 .803 .813 .906 ;
2 | .018 722 .732 815 !
97| .016 .642 .651 725 ;
98 | .014 562 .569 .634 K
29 | .013 .522 .529 .589
30 | 012 482 .488 .544 .51
8 =01 .401 407 .453 4
32| .009 .361 .366 .408 ;
33| .008 .321 .325 .362 .3
34| .007 .281 .285 .317
3% | .005 .201 .203 .2%7 214
Specific Gravity..| 7.704 7.806 8.698 8.21
Weight Cubic ft..| 481.25 | 487.75 | 543.6 513.6
2787 L2823 .3146 .29
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]

| WeIGHT PER SQUARE FooT OF SHEETS OF
‘WrouveHT IRON, STEEL, COPPER,

AND BRASss.
THICKNESS BY AMERICAN GAUGE.

;I;lhﬁkc'}'lis: Iron. Steel. Copper. Brass.

.46 18.46 18.70 20.84 19.69

.4096 16.44 16.66 18.56 17.53

. 3648 14.64 14.83 16.53 15.61

.3249 13.04 13.21 14.72 13.90

.2893 11.61 11.76 13.11 12.38

.2576 10.34 10.48 11.67 11.03

L2204 9.21 9.33 10.39 9.82

.2043 8.20 8.31 9.26 '8.74

.1819 7.30 7.40 8.24 7.79

.1620 6.50 6.59 7.34 6.93

.1443 5.79 5.87 6.54 6.18

L1285 5.16 5.22 5.82 5.50

L1144 4.59 4.65 5.18 4.90

.1019 4.00 4.14 4.62 4.36

L0907 3.64 3.69 4.11 3.88

.0808 3.24 3.29 3.66 3.46

.0720 2.89 2.93 3.26 3.08

L0641 2.57 2.61 2.90 2.74

L0571 2.29 2.32 2.569 2.44

L0508 2.04 2.07 2.30 2.18

.0453 1.82 1.84 2.05 1.94

.0403 1.62 1.64 1.83 1.73

L0359 1.44 1.46 1.63 1.54

20 .0320 1.28 1.30 1.45 1.37

21 L0285 1.14 1.16 1.29 1.22

2 L0253 1.02 1.03 1.15 1.08
23 L0226 .906 .918 1.02 .966
24 .0201 807 817 911 .860
25 L0179 718 728 .811 .766

26 L0159 640 .648 722 .

7 0142 570 577 .643 608
28 0126 .507 .514 .573 541
29 0113 452 .458 510 482
30 0100 402 .408 454 429
31 0089 358 .363 404 .382
32 0080 319 .323 360 340
33 0071 284 .288 321 303
A 0063 253 .256 286 270
35 0056 225 .228 254 240

As there are many gauges in use differing from each other, and even the
hicknesses of a certain specified gauge, as the Birmingham, are not assum-
ed the same by all manufacturers, orders for sheets and wire should always
the weight per o foot or the thickness in thousandths of an inch.

28
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GAUGE IN USE IN THE U. S.

DIMENSIONS IN DECIMAL PARTS OF AN INCH.

Number |American, or i Birm- |Washburn | qpron o | United

of Brown |ingham, N?‘fMoé“ Iron Co., | States | En;
Wire & or W" 8. ~0s| Trenton, | Standard. |from B
Gauge. Sharpe. Stubs’. OM";Z?“’ N. J. Mfts.
000000 .46 .46875
00000 .43 .45 .4375
0000 .46 .454 .393 4 .40625

000 | .40964 | .425 | .362 .36 .375
00 | .3648 .38 .331 293 .34375
0| .32495 | .34 .307 .305 | .3125
1| .2893 i3 .283 285 | .28125
2| .25763 | .284 | .263 .265 | .26563
3| .22042 | .259 | .244 245 | .25

4| .20431 | .238 | .225 225 | .23438
5| .18194 | .22 .207 .205 | .21875
6| .16202 | .203 | .192 .19 .20313
7 | .14428. | .18 177 175 | 1875
8| .12849 | .165 | .162 .16 | .17188
9| .11443 | .148 | .148 145 | 15625
10 | .10189 | .134 | .135, | .13 | .14063
11| .090742 | .12 .12 1175 | .125
12 | .080808 | .109 | .105 .105 | .10938
13 | .071961 | .095 | .092 L0925 | 09375
14 | .064024 | .083 | .08 .08 07813
15 | .057068 | .072 | .072 .07 .07031
16 | .05082 | .065 | .063 .061 | .0625
17 | .045257 | .058 | .054 L0525 | .05625
18 | .040303 | .049 | .047 .045 | .05

19 | .03539 | .042 | .041 .039 | .04375
2 | .031961 | .035 | .035 .034 | .0375
21 | .028462 | .032 | .032 .03 .03438
22 | 025347 | .028 | .028 .027 | .03125
23 | .022571 | .025 | .025 .024 | .02813
24 | .0201 022 | .023 0215 | .025
95 | .0179 .02 .02 .019
26 | .01594 | .018 | .018 .018
27 | .014195 | .016 | .017 .017
28 | .012641 | .014 | .016 .016
29 | .011257 | .013 | .015 .015
30 | .010025 | .012 | .014 014 |. i
31| .008928 | .01 L0135 | .013 | .01094 | .01225
32| .00795 | .009 | .013 .012 | .01016 | .01125 |
33| .00708 | .008 | .011 .011 | .00938 | .01025
34 | .006304 | .007 | .01 .01 .00859 | .0095
35| .005614 | .005 | .0095 | .009 | .0078L  .009
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WIRE—IroN, Steer, CoppER, BRrass.
Weight of 100 Feet in Pounds.
BIRMINGHAM WIRE GAUGE.
PER 100 LINEAL FEET.
No. of
Gauge.
Iron. Steel. Copper. Brass.
| 0000 54.62 55.13 62.39 58.93
000 47.86 48.32 54.67 51.64
00 38.27 38.63 43.71 41.28
0 30.63 30.92 34.99 33.05 |
1 23.85 24.07 27.24 25.73 ~
2 21.37 21.57 24.41 23.06
3 17.78 17.94 20.3 19.18
4 15.01 15.15 17.15 16.19
5 12.82 12.95 14.65 13.84
6 10.92 11.02 12.47 11.78
7 8.586 8.667 9.807 9.263
8 7.214 7.283 8.241 7.783
9 5.805 5.859 6.63 6.262
10 4.758 4.803 5.435 5.133 !
11 3.816 3.852 4.359 4.117 1
12 3.148 3.178 3.596 3.397 )
13 2.392 2.414 .732 2.58
14 1.826 1.843 2.085 1.969
15 1.374 1.387 1.569 1.482
16 1.119 1.13 1.279 1.208
17 .8915 .9 1.018 .9618
18 .6363 .6423 7268 .6864
19 .4675 472 .534 .5043
20 .3246 L3277 .3709 .3502
21 2714 .274 cok .2929
22 .2079 .2098 .2373 .2241
23 .1656 L1672 .1892 .1788
24 .1283 .1295 .1465 .1384
25 .106 .107 1211 .1144
26 .0859 .0867 L0981 0926
7 .0678 .0685 .0775 .0732
28 .0519 .0524 .0593 .056
29 .0448 L0452 L0511 .0483
) 30 .0382 .0385 .0436 L0412
| 31 .0265 L0267 .0303 .0286
‘ 32 .0215 .0217 .0245 .0231
33 .017 L0171 .0194 .0183
34 .013 L0131 .0148 .014
35 .0066 .0067 .0076 .0071
36 L0042 .0043 .0048 .0046 ﬁqL
- S
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LAP-WELDED AMERICAN

CHARCOAL IRON BOILER TUBES.
TABLES OF STANDARD SIZES.

MORRIS, TASKER & CO.

Internal
Diameter.
surface.

Pipe per o
foot outside

Diameter.
Length of
Pipe per 0
foot inside
surface.
Length of

Internal Cir-
cumference.

=
o
-

BEEEESE
- by

28
g=
ggas

8.639
9.425
10.210| 9.
10.995/10.248
11.781,11 .033

g
g

D

12.566(11.753
14.137(13.323
15. 708’14.818

WA

2
2
12
41
41
2

e e 00 50 00 S0 1O 1O KD 1D bt bk 1ok ok © 1
3 o

o«

&

OB 5 DL O

g838e3gE

0.151 {18.849/17.904 0. i 3 2
0.172 [21.991/20.914| 0. - 184. e 12.
0.182125.132/23.989| 0. . y . 15.109
0.193 |28.274/27.055/ * 0. : 58.291 63.617) 18.002
0.214 31.416|30.074 s 0.382 |71.975 I'IB.MO 22:19

abidal
b~ 313
L

@43

WROUGHT-IRON WELDED TUBES.
EXTRA STRONG.

Double
iameter.
Extra Strong,

Extra
Strong.

Actual
SP]RZB | Outside*
o Diameter.
Thickness.
Thickness
g
O L nside
gEEER o
Actual In-
side Diam.
Double
Extra Strong

Nominal
Diameter.
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STANDARD STEEL WIRE NAILS.

Common. Finishing.

saess. [Length. [0 . [NG. per] D, [ No: [ Diam., [Nolgel
in::zll::s., ‘ P:ulll);.r in::?:r::\s-, | P:ussr Length.' inchesilt ol

2d 1 L0524 | 1060 | .0453 | 1558 | 3" L1620 | 41
3d 11 | .0588| 640 | .0508| 913 | 34 |.1819| 30
4d | 14 |.0720| 380 | .0508| 761 | 4 .2043
5d 137 |.0764| 275 | .0571| 500 | 43" | .2294

6d | 2 |.0808| 210 .0641| 350 | 5" |.2576
7d | 2} 1.0858| 160 |.0641| 315 | 54/ |.2893| 11
8 | 23 |.0935| 115 |.0720| 214 | 6"’ |.2893
9d | 23 |.0963 93 | .0720| 195 | 63" |.2249

10d | 3" |.1082 77 | .0808| 137 | 7" |.2249

31 | .1144 60 (.0808| 127 | 8" |[.3648| &
16d | 33" |.1285 48 1.0907| 90 [ 9” |.3648| 4§
20d | 47 |.1620 31 |.1019 62 ‘

30d | 44" |.1819| 22

1 .2043 s bl
50d | 53 |.2204 13
60d | 6" |.2576 11

WOOD SCREWS.

No. | Diam. || No. | Diam. || No. | Diam. || No. | Diam. | No. |. Diam.
0 |.056| 6|.135( 12| .215|[ 18 | .203 || 24 #.374
1 |.069( 7|.149 || 13|..228 (| 19 |_.308 | 25 | .387
2 |.082 | 8| .162 144 .241 || 20% .321 | 26 | .401
3 |.096( 9(.175 | 15| .255 || 21 | .334 || 27 | .414
4 |~.109 || 10%.188 || 16 | .268 || 22 | .347 || 28 | .

5 PR.1922 | 11 | .201 || 17 | .281 || 23 | .361 || 20 | .440

B 30 | 1453 |

WROUGHT SPIKES.
Number to a keg of 150 Ibs.

L’gth,| } inch. inch.| §inch. || L’gth,| }inch. in, | § inch. in. | § in
o ol O R o o
3 | 2250 7 | 1161 | 662 | 482 | 445
3} | 1800 | 1208 8 635 | 455 | 384
4 | 1650 | 1135 9 573 | 424 | 300
4} | 1464 | 1064 10 391 | 270

5 | 1330 | 930 | 742 | 11 ‘ 249
868




THE PASSAIC ROLLING MILL COMPANY. 9517
NAILS AND SPIKES.
Size, Length, and Number to the Pound.
ORDINARY. i CLINCH. | FINISHING.
Size. Length. t:I Eb Length.’ t(ygb. | Size. Length. t?%h
d 1 800 | . 7
g 13" 400 | 2 152 44 1§ | 384
4 137 300 | 2% 133 5 13 | 256
3 13" 20| 2% | 92 6 2 204
6 o 150 | 2% 72 8 2% | 102
” oL/ 120 | 3 60| 10 3 80
8 pIYy 85 | 3% 43 | ‘12 38 65
9 23/ ol |—— 20 3% 46
10 3" 60 FENCE
12 31 50 CORE.
16 33/ 0 g | g
20 4" 20 9 66 | %
30 4" | 18| % | e ¢ | 143
40 | 5" 4| 2% | 56 - 2y | 68
50 sy | 11| 2 | 80 10 Zi 60
60 6" g| 3 40 12 3 42
L2 3 | 25
LIGHT. | SPIKES. 30 4 | 18
40 41 | 14
4d 12 | a73| 3% | 19 .
5 | 11|24 |15 “ i |t
6 2 196 | 4% 13 |
5 10
BRADS 5% 9 SLATE.
6 7
" 1t
64 2 163 | 3d 16 | 288
8 o | 9g] ioBOAR 1 17 | 244
10 23 el o 5 1§ | 187
12 3} 50 | 14 | 206| 6 2 | 146
TACKS
Size. |[Length.| 03, ;‘ Size. Length.| 3. ” Size. [Length.| Npy
loz| & |16000| 4oz 75 |4000 | 140z {3 | 1143
13 | 8 [10666| 6 B | 2666 || 16 | 1000
2 1 | gooo| 8 & | 2000 |18 15 | &8
2 | 5 | 6400 10 #1600 (20 |1 800
3 i 5333 | 12 3 | 1333 (122 |14 727&
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WINDOW GLASS.
Number of Lights per Box of 50 Feet.

T
Inches. No. Inches. No. || Inches. No. Inches.
6 8 150 1218 33 16 <44 10 2682
7 9 115 12 20 30 18 20 20 26 34
8 10 90 12 22 27 18 22 18 26 36
8 11 82 12 24 25 18 24 17 26 40
8 12 75 12 26 23 18 26 15 26 42
8 13 70 12 28 21 18 28 14 26 44
8 14 64 12 30 20 18 30 13 26 48
8 15 60 12 32 18 18 32 13 26 50
8 16 b5 12 34 17 18 34 12 26 54
9 11 72 13 14 40 18 36 11 26 58
9 12 67 13 16 35 18 38 11 28 30
9 18 62 13 18 31 18 40 10 28 32
9 14 b7 13 20 28 18 44 9 28 34
9 15 53 13 22 25 20 22 16 28 36
9 16 50 13 24 23 20 24 15 28 38
9 17 47 13 26 21 20 26 14 28 40
9 18 44 13 28 19 20 28 13 28 44
9 20 40 13 30 18 20 30 12 28 46
10 12 60 14 16 32 20 32 11 28 50
10 13 55 14 18 29 20 34 11 28 52
10 14 52 14 20 26 20 36 10 28 56
10 15 |[* 48 14 22 23 20 38 9 30 36
10 16 45 14 24 22 20 40 9 30 40
10 17 42 14 26 20 20 44 8 30 42
10 18 40 14 28 18 20 46 8 30 44
10 20 36 14 30 17 20 48 8 30 46
10 22 33 14 32 16 20 50 7 30 48
10 24 30 14 34 15 20 60 6 30 50
10 26 28 14 36 14 22 24 14 30 54
10 28 26 14 40 13 22 26 13 30 56
10 30 24 14 44 11 22 28 12 30 60
10 32 22 15 18 27 22 30 1l 32 42
10 34 21 15 20 24 22 32 10 32 44
11 13 50 15 22 22 22 34 10 32 46
11 14 47 15 24 20 22 36 9 32 48
1 15 44 15 26 18 22 38 9 32 50
11 16 41 15 28 17 22 40 8 32 54
-1y 39 15 30 16 22 44 8 32 56
11 18 36 15 32 15 22 46 7 32 60
11 33 16 18 25 22 50 7 34 40
11 22 30 16 20 23 24 28 11 34 44
11 24 27 16 22 20 24 30 10 34 46
11 26 25 16 24 19 24 32 9 34 50
11 28 23 16 26 17 24 36 8 34 52
11 30 21 16 28 16 24 40 8 34 56
11 32 20 16 30 15 24 44 7 36 44
11 34 19 16 32 14 24 46 q 36 50
12 14 43 16 34 13 24 48 6 36 56
12 15 40 16 36 12 24 50 6 36 60
12 16 38 16 38 12 24 54 5 36 64
12 17 35 16 40 11 24 56 5 40 60

o O O O O o e B e DT 1 ST O M e D1 1 OF OF O3 O3 = e O 01 O O 3 =T =3 05 00 40 O TY OB O 3 =1 =T 08 0 D
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ROOFING SLATE.

General Rule for the Computation of Slate.

A square of slating is 100 sq. ft. of finished roofing. Slating °

is usually laid so that the third slate laps the first slate by
 three inches. To compute the number of slates, of a given size,
required to cover a square of roof; subtract three inches from
the length of the slate, multiply the remainder by the width
of the slate and divide by 2; the result is the number of sq.
ins. of roof covered per slate; divide 14,400 (the number of
§¢. ins. in a square) by the number so found, and the result
will be the number of slates required for a square.

Weight per Cubic Foot, - 174 Pounds.

Weight per Square Foot.

1 inch.
14.51bs.

Thickness. . .... L

& 1|2 \ 3
Weight ........ 1.81

2.7113.625.437.25

$ |2
9.06/10.87

TABLE OF S1zZES AND NUMBER OF SLATE
IN ONE SQUARE.

No. of |

No. of | Size in . ize in No. of
gg‘lut;rl: ‘ Inches. gi;::::: Isntzzhes. g]:&:.r'e"
533 8% 16 717 1220 141
457 9 16 246 14 20 121
400 | 10 -16 221 11 22 137
355 12 16 184 12 22 126
320 9 18 213 14 22 108
266 10 18 192 12 24 114
374 1 R 4 174 14 24 98
327 12 18 160 16 24 86
201 14 18 137 14 26 89
261 10 20 169 16 26 78

9218 11 2 | 154 |
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CAPACITY OF CISTERNS OR TANKS,
In Gallons, for Each Foot in Depth.

el Gallons. !] g Gallons.
2. 23.5 9. 475.87
2.5 36.7 9.5 553.67
3. 52.9 10. 587.6.
3.5 71.96 i3 710.9
4. 94.02 12. 846.4
4.5 119. 13. 992.9
5. 146.8 14. 1,151.5
5.5 177.7 15. 1,321.9
6. 211.6 20. 2,350.0
6.5 248.22 25. 3,670.7 %
7 987.84 30. 5,287.7
7.5 330.48 35. 7,189.
8 376 40. 9,367.2

8.5 424,44 46. 11,803.2

The American standard gallon contains 231 cubic inches, or 8}4 pounds
of pure water. A cubic foot contains 62.3 pounds of water, or 7.4
gallons. Pressure per square inch is equal to the depth or head in feel
multiplied by .433. 1’1 27.72 inches of depth gives a pressure of one
pound to the square inch

SKYLIGHT AND FLOOR GLASS.
Weight per Cubic Foot, - 156 Pounds.

Weight per Square Foot.

Thickness. ..... ¥ 1 {15 i
Weaght'~ . ... .. 1. 622 433 254. 886 50

8. 13!9 75| 131bs

FLAGGING.
Weight per Cubic Foot, - 168 Pounds.

Weight per Square Foot.

2
28

1
14

3 | 4
42

5
70

6. %
84 | 98




THE PASSAIC ROLLING MILL COMPANY. 255

]

NOTES ON BRICKWORK.

IN ordinary brickwork, one cubic foot of wall will require
21 bricks of 8 in. X 224 in. X 3% in.

For 1000 ordinary bricks is required I barrel of good lime,
2 cartloads of ordinary sharp sand.

One brick as above weighs 4 lbs., dry; if perfectly soaked
in water, 5 Ibs. It will absorb 1 Ib. or one 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 1 cubic yard of concrete is required 1 barrel of
' cement, 2 barrels of good sharp sand, 1 cubic yard of broken
- stone.

TRANSVERSE STRENGTH OF
BUILDING STONES.

b = width of stone, in inches.

d =thickness of stone, in inches.

/=length of span, in inches.

The safe uniformly distributed loads, in tons of 2000 Ibs.,
for a factor of safety of 10, can be obtained by multiplying the

coefficients, given in the table, by #

Coefficients.
IBluEgione B, o IESNLER, D S 0.18
T Gy R e A I e SRR ISy 0.12
ERTPBRORE . e v caie2s s an Gaeh s aal 0.10
T T R e R R e AR R 0.08
T e OV e la i e 0.36

Thus, a granite lintel, 24 inches wide and 12 inches thick,
spanning an opening of 48 inches would sustain a safe load of

24 X 144 5 0.12 =8.64 tons.

48
If the loads are concentrated at the center of the span, the
afe load will be one-half the safe uniform load given by the
le.
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NOTES ON STEEL AND IRON.

Wrought iron weighs 480 lbs. per cubic foot. A bar, I in.
square and 3 ft. long, weighs, therefore, exactly 10 lbs.
Hence:

The sectional area,in sq. ins. = the weight per foot X %

The weight per foot, in Ibs. = sectional area X 1

Steel weighs 490 lbs. per cubic foot, or 2 per cent. greater
than wrought iron. Hence for steel :

The sectional area, in sq. ins. = weight per foot + 3.4
The weight per foot in lbs. = sectional area X 3.4
The melting-points of iron and steel are about as follows :

Wrought Iron .........
Castdront . .0 b

The welding heat of wrought iron is 2,700° Fahrenheit.
The contraction of a wrought-iron rod in cooling is about
equivalent to yghgy of its length for a decrease of 15° Fahr.,
and the strain thus induced is about one oz (2240 lbs.) 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 50 100 150

Contrac’n in inches for 16° .012 .024 .036 .048 .060 .120 .180
o - 150° .120 .240 .360 .480 .600 1.200 1.800
i o 100° .080 .160 .240 .320 .400 .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..... v JERNL ToRN R ] ) 7 8 10 tons.
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AVERAGE ULTIMATE STRENGTHS OF MATERIALS|
Lbs. per Square Inch. (Continued).
Modulus
MATERIAL. Compression. | Tension. of |}
Rupture, i
BUILDING STONES: i
lEeONe . S . C o st oy 13,500 1,400 | 2,700 |
[Granite; BYerage , . . il s s s 15,000 600 | 1,800
ERConnectont . 55 .55 12,000 Lo o
“  New Hampshire ...... 15,000 1,500
“  Massachusetts ........ 16,000 1,800
& .New York ....ov.m -, 15,000 {3 « o
Limestone, average............ 7,000 1,000 | 1,500
g Hudson River, N. Y.| 17,000 e « o
] IO o ek s s a e 12,000 coe. | AN
Marble, average ............. 8,000 700 | ..oE
BN EVETONT, 5 00 s st 8,000 700 | 1,200 |
Sandstone, average............ 5,000 150 | 1,200 |
o New [ersey oo 12,000 hE 650 |
- New York ... .. o 10,000 o o | TSR
~ GhID & vde 505 o5 9,000 100 700 |
e WL 10,000 | 10,000 | 5,000
Stonework . .. . oiv. s vimaeas (% Strength| of (Stone.)
BRICKS :
Bricls; light red ....vovivvoeee 1,000 40| ..
8 ood common. ,........ 10,000 200 600
e esthatd, .. 56000 12,000 400 800 |
s Philas pressed i Gt 6,000 200 600 |
Brickwork, common  (lime
ROOEEIE Y . - 5 Tarsiis o sl & 1,000 50
Brickwork, good (cement and
e mortay) - ;. fiseiss sk 1,500 100| . SN
Brickwork, best (cementmortar). 2,000 300
e B AR 5,000 - .
s R R WOEK o o5 s s 2,000
CEMENTS, ETC. :
Cement, Rosendale, 1 month old. 1,200 200 200
“ Fortland, ¥ €. ¢ 2,000 400 400
“  Rosendale, 1 year old. 2,000 300 400 |
i Bortland, 1 %% -@ 3,000 500 800 f
Mortar, lime, 1 year old ....... 400 50 100 |
“ lime & Rosendale, 1y.old 600 75| 200
Mortar, Rosendale cement, I
BRE Ol % s 2. s a5 it s » : 1,000 125 300 |
Mortar, Portland cement, I'y. old. 2,000 250 600
Concrete, Portland, 1 month old 1,000 200 100 |
i Rosendale,1  « ¢ 500 100 50
L Portland, 1 year old. 2,000 400 150
“ Rosendale, 1 ¢«  « | 1,000 200

Safe strengths of Stone, Brick and Cement, ¢ to 4. of ultimate.
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WEIGHTS OF VARIOUS SUBSTANCES.

Average
NAME OF SUBSTANCE. Weight per
cubic foot, Ibs.

ENGEHOL, COMMETCIRL, o oo o s we i e snioiois vnomnisiominngs 52
T L R S R 166
RIRENEONEY CASE. . 4y o wiio wios daded it bpiant s 418
Rt O L 47
As , American, perfectly dry .................... 38

RN anadian, ¢ o S e e o ) 38

Asphalt, pavement composmon ............... 130
.« SRR, R st e S s AT 93

BRI T OREE . % i hwivis b v b b s i ST (g
Bluestone .. ........ ..
Boxwood, perfectly dry
g e SR W N SR R
B iest . DLEREO. oy i n bimes o s v wn 8 6T SRR
B COMMON - HAE o, o oqiiriasioim ooq oo s FHEES RS
G TR S e N A e P 140 « 150
BRI PTG o oh i v s it A AT 100
W Brickwork, pressed brick .......ccco00en e s 112 to 140
i U OYOIABEN s, 0,4 ocdon b 6,50 S AT 110 « 112
552

BENRMER EERRSDATENE (4 o 06 05 00 s0m by o s G0 5 S 170
T R R R A, 39 to 41
BB L OMIS VI . o o oo o cotnos c Rty S AR 50

G IEORUIBnd) {8 Suan v cn i e e s By s sh oW 80 to 100

IROBERAIID: 5 ves v ivivn e sine e sioein g
T I N
Cherry, perfectly dry
T A T
Clay, e e e
dry, loose ........................... A
Coal T o T 1 52 to 56
& moderately shaken.............. 56 “ 60
o BOld ST, st v s nite AR 93
= heaped bushel, loose ............ (77 to 83)
DI RONE, BONM <. .« ovs oo sivs e s s 84
5 Droken; 100Se . . ......o5.0mments 54
* heaped bushel, loose........... (74)
oL good coal, [008e. ... ..0cvononnosdnonesres 30 to 50
T e S T T 120 “ 140
R R R T 552

2
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WEIGHTS OF VARIOUS SUBSTANCES (Continued).

Average
NAME OF SUBSTANCE. Weigh
cubnc?oot, Ibs.
T e R R R D = 15
Earth e VHIIOBE 5w v ol on i 13 i e e 72 to 80
e smoderately rammed.. ..« - v.» svicvms hid 90 “« 100 |-
. 'moist,-moderately packed......cc.iveucss. 90 « 100
“« asa soft HoWARE-T00A o v oiv o5 vl Seren bl slone 104 « 112
eI, B0, o i e vaninyoit s ool sl iraraie 115
RIS CanRasan, Ay . v« <o s o cuoiommihi e seiasis 47
LT e S DO B PR RS 250
T B R S A L S 58
SIRNDAL: L5l b amiri oo v o S R s e 166
S NewW EOpland. . oo voyiondies im e« oo 40
FHORE S v wovov aie 162
Glass, common window . . 163
O I o 00, i i 90 0 0 0 s S o Sk 186
«  Millville, N. J., flooring glass.............. 158
BRI SOOI 5 ¢ o« =% :0v 4" v s o i g o W 168
PR IO05E \DUES . ¢ . -+ v orvivivmivis vt v, we o0 s MR 96
g EORBIENAIC o o s w00 0 iae g iy oA 175
L g A L S S e S 1204
Granite ..o rraniei L S e R RS 170
L R e e S W T o e 117 to 125
BREEENSEONE, EYAD + v vrera e v e mwivivimsempadlasis e 187
e “ . quarried, SRR 107
BYUNPOWAET ... v vov 0000990 0o wama ¥ v o0 wala @ siata 56
ESBEBRE I OYCIR .- 3 /0 o1s1s1 w07 50151 axoret o ot o il ot 61
Hemlock, perfectly dry ......................... 26
Hickory, 48 to 53
Hornblende, black
HOBINDY < o oo assatevrane arwessio Aaislampnes
I T I A D SRR
BERRPORAE T oo o aviw e e e minim i o RS kS
CERPOlled- weoupht o . & oy oliats e 0 e amanaisama 480
FUBRRORE . ovimvios v coisionv 3 woammedBad o Lol 485
EINORASS .~ o roraccoronslo ool sot o wialv o e aulanaiminy i .07 2 4Nl 70
g A SRRSO ARPRPRRR AR LT SR 114
BRHEA o sermarcivan e e AT T IR G s o 59
Lead, commercial fca.st. s o ey e 7%%
Lignam Vite, perfectly dry ... .. dovcive oo,
lee, quick . p ...... y ........................ 95
B, 110080 o v v s OIS BTNl & o '8 5 53 to 59
5 ¢« | .thoroughly shaken. ii. idivesssons 7
IESBREONE - v cinviiv o isaiotobovesie.ns bis AR miow s - 170
' quarried, 1005€. . .. e eetoreie s e ass s 96
T 0] e e e e e S PO 110
3.
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WEIGHTS OF VARIOUS SUBSTANCES (continued).
Average
NAME OF SUBSTANCE. Weight per
cublc? oot, lbs.
EREL. . ol ie v syt et R AT 46
EIERENESia, CArbonate - ... v vuwers vicw varsirs 00 ohaaleleters 150
Mahogany, Spanish, perfectly dry ............... 53
EoRdaras, 5L 8 v s 35
ERREIIRTIERE o -: v wovro-ns o ruei shuns e s o 1oy o 'y Ta¥a Bt a2 5 B 499
Maple, perfectly dry... ... ..ot oty wrate st ate 42 to 49
e R S S O W A S DR TR 164
Masonry, gramte OF LHMeStone ..o v sorwrats v e ana ot erath 165
¥ < rubble . .. e ian 154
4 W ¢ dry rubble......... 138
i e ] rough mortar rubble 150
ML) &« “ 6 “« dry rubble. . 125
o OESANASLONE | 1o -orv-eve-pramevmene L0 AR o . 145
R Etvy At 8RY PR, .. L D0l el tan s 849
T AR R S | G SR 183
BRURIRTE, RADACHE 1 L0 s o areesifidsiness i el vt ot AR 90 to 100
Mud, wet, moderately pressed................... 110 “ 130
Tl e B S S SO R SR 104 “ 120
EERERERA" "5 L oo cirerea ranss lush-iite sk etate s wivla toseraselabiatee 53
ol R R R I S e S 488 to 549
Oak e, PETTACHly. ArY - . ivvieiibissoiivrenariass RN I 59 « 69
BERCURTL. . 0l oo e hcdri e evmrsnaness sofaselots 54
“ white, perfectly dry . 48 to 52
RERFE, DIRCK, 610, - -.-ucvieisroatoziraiatorets ale 32 ¢ 45
BEEEEE . 0 uiins o vmsrinnivrone aioesanetarars o sfara o ol oo b S w0 52
BRI T ALE OIEVE .- voucsaiorsmtanaioiiuremeton terdare isse g 0 57
B of turpentine ... wroniioniionteeninnn ey 54
EEAL, Yy, UNDYESSEd. o cicwsisioinse srommlisiniorsnis oo 20 to 30
IEBEHOLETITY L 1lverore loiannr caremarivetararossssiomlb hoaidie Bia sl 00400 55
g R R R e S SRR 453
L e N AR S < S 33
BN OIERETTI .y s aarerars o shestnrons vibobiae b Sibbardipeota O 34
BRRRERECHY L., o s is's s oaralaeretsterarens o e prerusa s orelalal shotbbe 65
R o S A SRR S CRR s T 45 to 48
B e Ba-oro vatroris oot st ErotgnaeTosasofdhaver ol MO caiti 25 « 28
i o RS - e (PR (S 75
B e T APt s - 5o i maaorshoruas . dLaTativosarion 0ER 142
BB e | in irrepular lumps e 82
SIS R PEOUN, 10088« i e wieis eres pimieay 56
g oo - s well shaken ... viivoaviieannae 64
L e R R P otk 1342
BERBRLD . 5« v\ vs sy vas viawnis s visvs Sb IR AR o d 142
Poplar (white wood) . ..........ccooviiiiinns 7
S ehory .. R AR SN XL ol 170
w"g ST E oN CEJLINGS — S peR Sa FL. )
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WEIGHTS OF VARIOUS SUBSTANCES (Continued).

NAME OF SUBSTANCE.

Average
Weight per
cubic foot, 1bs.

A et T =

T T T S SRRt ok - 56
VIR, COMTOOT, PULE <« o i s sbisns o dabiaisming 165

L0 quieried, 1o0se: . < o auds wimuiivneg o S akamid 94
S S T S R S R S P | 23
T S P SN SUPI PR SR IS LT 68
S S S NP S R R T 134 ‘

e A e e L R e 65 ]

T ) R R WA DR 80
T R e R T 130
Sand, pure c&uartz, dry, loose. ... . 90 to 106

« . perfectly wet........ S 118 « 129 |8

“ sharp, of }aure quartz, dry 11§
Sandstone; building; dry: .. s enimismati 144 to 151 |

s quarried and piled, ..ivi ot e 86 y
Ehalawred or Dlacle ™. s siiia it amd sen s s v 162

Esduarriediand piled ... conanesisicidssiesmantey 92
BRGEERARET &% L5 i e s BN YRR S A A e 655
T o e e e N 160 t:

s eSO = o 00w Vi e e s e R s b«

«  golid, saturated with moisture ............. 15 «
Sbapstone;, Or Steolite . ..., uoismas s adililion 170
EDrREONPETIECly ArY . oo wieiuisisinsimiomisiss o i eslugs 25 to 28

RS BIstenciural. o5 i vn sty ve b s raie VbR eu 490
BERER BRI o 550 50 ARG A S e DS AT 125
Sycamore, perfectly dry 37 to 40
BIARORWE . - 1 05 R s A e S T 59
BURERE o 5 1 s 2l 5 50 3.0 850 3 SR TR B LA S RS TS 63
BUBPTRSOREIRY . 40505 5 0 3.6 500 o m oV o VOSSR 110

SRR MARONTY WOPIE. i s erwisivje sielo /8 spviaiorristeste 112
T N S 110 to 120 |
T R T T Ty O 462
Traprock, quarried and piled .................. 107

s QODADACE: x5 v in.s 3 mivin 000w il 0 s e e e 187
uxf; or peat, UNPYeSsed ..o s oo b st 20 to 30
L Y o g e S T oy e 39
Water, pure or distilled, 32° Fah................ 62.5

o BERRI <. v 5o s, =505, KT RS VIS Tw A o b e et (o OIS 2
N AERDCOS 0. o v s R S M AT R O 60.5
L 0 S 04D L o 81
ONAELGIRE 0 b B0 200 v 6 i 3 5 e AT B e s 34
RV R S s T v s et e ; 62.3
NGO SSPEIBE, 5% 5 4555 5058 10 s a s 069359 0 438

Green timbers % to $ more than dry.

-
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WEIGHTS OF MERCHANDISE.,

Measurements and weights given are for one case, box, cask,
crate, barrel, bale, or bag, etc.

Measurements. Weights.
Floor Space
MATERIAL. Otcupied Iﬁ‘e)f' 15215_.
Sq. Ft. | Cu. Ft. [Cu.Ft.|Sq. Ft.
Cassimeres, woolen, in cases. ..... 10-5 | 28:0 2 | 52
Cement, American, in barrels ..... 3.8 55 59 | 86
| s English, in barrels....... 3.8 5.6 73 | 105
A AR RN L S0 [T NE
I, 10 baps ...l cand e 3.6 3.6 31 31 |
eton, in bales . ...l .0 0 neies 8.1 44.2 12| 64 ‘
“ extra compressed, in bales..| 1.25 | 3.13 | 40 | 100 |
Brockery, in casks. ..o.o.oovuo.n.s 13.4 42.5 14 52 |
{ 68 inlcrates Tl | @ Lo 9.9 | 36.6 40 | 162 ]
Dress goods, woolen, in cases. . ... 5.5 | 22.0 21 | 84 g
Flannels, heavy woolen, in cases...| 7.1 | 15.2 22 | 46
BSone, in barrels. ;... ...... 0000 4.1 5.4 40 | 53
[Eiass, in boxes.......\........:. 15 Sl o)1 WARD
T L R A s 5.0 |[20.0 14 | 57
i ¢ extra compressed, in bales...| 1.75| 5.25 | 24| 72
flides, raw, inbales ..........0. 6.0 30.0 23 | 137
Leather, sole, in bales ........... 12.6 8.9 16 | 22
< e anVDesy .ol i 2 ay il [
Bime, in barrels ....... 000000 3.6 4.5 50 | 63
RO DRRS . ... eseiensaeeisies 3.3 3.6 27 29
RO, lard, in barrels'.............. 4.3 | 12.3 341 98
RO, MEDIIA. . . 20 cse oninoimins s e s i 37|
B BEWEDADCT oo o\ i s visisiniiinin A i 38
“  super-calendered book..... | .... i3 69
RO WIBDDING . ot e et Ao v 10
IR W IAICIND: . oo b oo nivin oo 64
Prints, cotton, in cases ........... 4.5 | 13.4 31| 93
Rags, jute butts, in bales ......... 2.8 11.0 36 | 143
& woolen, m balés «.......... 7.5 | 30.0 20| 80
% white cotton, in bales....... 9.2 | 40.0 18| 78
“ s igen, in bales, . . 1o ... 8.5 | 39.5 23 | 107
Sheetings, bleached cotton, in cases.| 4.8 11.4 30| 69
Biarch, 1n bartels, .......coudvee 3.0. |.10.5 23| 83
Straw, extra compressed, in bales..| 1.75 | 5.25 | 19 | 57
Sugar, brown, in barrels.......... 3.0 7.5 45 | 113
Tickings, cotton, in bales......... 3:3 8.8 37| 99
IR DOXES . . .50 oloeinevononnes 7 0.5 |[278 | 99
EEERE AN DAOS . .o h e s 4.2 4.2 39 39
e e e ey 41+
| Wool, Australian, in bales........ 5.8 | 26.0 15 | 66
B Californian, © &« . . i:: 7.5 ] 33.0 17 73
%  South American,in bales...| 7.0 | 34.0 29 | 143 o

{
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WEIGHTS OF FIREPROOFING
MATERIALS.

POROUS TERRA COTTA FLOOR ARCHES.

Max. Span

Depth of | Weight,
Kind of Arch. ‘;;e‘;’;*:‘ Iﬁzﬁ}e‘é Ibs ggcr
eet.
¢« Excelsior” End Construction. . 5to 6 8 30
““ ““ “«“ 6 tO 7 9 32
* g ‘ol 7to8 10 34
s 5 v B8to9 12 37
Ordinary Flat Arch ........... 3hto4 6 29
L R 4 to 4} 7 33+
“ ol T ARG eyl R 44 to 5 8 37
L i L Rt et 55 to 6 9 40
“ AT RN 6 to 6} 10 43
“ b bl st 65 to 7 12 48
Segmental Arch (Hollow Brick).| 3to 8 4 20
a s % s SIS o0 6 30
& L - §€ 6 to 12 8 37

PARTITIONS, FURRING,

CEILING, ROOFING.

Thickness,
Inches.

perSa.

F:.’

15

Porous Terra Cotta Partltlons 4%
“, “ “

“ “ “ “
““ “ “« “«“

Hollow Brick Furring.........
Porous Terra Cotta Furring. ...

5 o o Ceiling:. . ;.
“ “ “ “

“ “ “ “

Porous Tetra Cotta Rooﬁng YA

“
““ “ “ €«

BWW | WV VY | e | W

8

R
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NOTES ON MENSURATION.

Triangle ..... Area = ] base X altitude.

= } product of two adjacent sides X sine of
the included angle.
Parallel- { Area = base X altitude.

= product of two adjacent sides X sine of

e the included angle. ’
Trapezoid ...Area = } sum of parallel sides X altitude.
Trapezium ...Area = productof diagonals X sineincluded angle.
= sum of areas of composing triangles.
Rrele: . ;. o0 s Circumference = 3.14159 X diameter.
Diameter = 0.31831 X circumference.
Area = 3.14159 X square of radius.

= (.78540 X square of diameter,
Length of an arc = No. of degrees X diameter

X 0.0087267.
Area of sector = length of arc X half radius.
/ ¢?
m: 0: ‘ m—r—.v r—=
Circular : 4m?® 4 ¢?
Arc e\ S 8m
0=Vr’—x’ — (r—m)
Ellipse....... Circumference (Sapproximately) = 1.82 X long
diameter 4 1.32 X short diameter,

Area = 3.14159 X product of the semi-axes.
Parabola..... Area = § base X altitude.
Convex surface = perimeter of right section X
length of lateral edge.
Contents = area of base X perpendicular height.
Cylinder, Convex surface — perimeter of right section X
right or length.
oblique. Contents = area of base X perpendicular height.
Pyramid Convex surface (right pyramid or cone) = § pe-
Snd rimeter of base X slant height.
Cone Contents (right or oblique pyramid or cone) = }
j area of base X perpendicular height. -
Convex surface (right frustum) = sum of perime-
ters of bases X 4 slant height.
Contents (right or oblique frustum) = 3} altitude
X sum of upper base, lower base and a mean
proportional,

Frustum of
Pyramid
and
Cone.

= }alt. (B—l—B’ +1/15)

BSphere....... Surface = 3.14159 X square of diameter.
Contents = 0.52360 X cube of diameter.
Prismoid ...... A prismoid is a solid bounded by six plane sur-

faces, only two of which are parallel. To find
the contents; add the areas of the two parallel
surfaces and four times the area of a section

tiply the sum by one sixth the altitude.

midway between and parallel tothem and mul-
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CIRCUMFERENCES OF CIRCLES.

Advancing by Eighths.

| 0 ¥ 1 ) 3 § i

0| .0 | .s027] .7854| 1.178 | 1.571 | 1.963 | 2.856 | 2.

1| 3142 8.584 | 8.927 | 4.320 | 4.712 | 5.105 | 5.498 | 5.

2 | 6.283 6.676 | 7.069 | 7.461 | 7.854 | 8.246 | 8'639 | 9.

3 | 9.425 9.817 (10.21 |10.60 (10.99 |11.89 |11.78 | 12

4 | 1256 (12.96 [13.35 |13.74 [14.13 |14.58 |14.02 | 15.

5 | 15.71 (16.10 [16.49 |16.88 [17.28 |17.67 |18.06 | 18.45
6 | 18.85 | 19.24 | 10.63 | 20.02 | 20.42 | 20.81 | 21.20 | 21.60
7 | 21.90 | 22.33 | 22.77 | 23.17 | 23.56 | 23.95 | 24.84 | 24.74
8 | 25.13 | 25.52 | 25.92 | 26.31 | 26.70 | 27.00 | 27.49 | 27.88
9 | 28.27 | 28.66 | 29.06 | 20.45 [ 20.84 | 80.23 | 30.63 | 31.02
10 | 31.41 | 31.81 | 82.20 | 32.50 | 82.98 | 83.38 | 88.77 | 34.16
11 | 34.55 | 84.95 | 35.34 | 35.73 | 36.13 | 86.52 | 86.91 | 87.30
12 | 87.70 | 38.09 | 38.48 | 88.87 | 39.27 | 39.66 | 40.05 | 40.45
13 | 40.84 | 41.23 | 41.62 | 42.02 | 42.41 | 42.80 | 48.19 | 43.59
14 | 43.08 | 44.37 | 44.76 | 45.16 | 45.55 | 45.04 | 46.34 | 46.73
15 | 47.12 | 47.51 | 47.91 | 48.30 | 4860 | 49.08 | 49.48 | d49.87
16 | 50.26 | 50.66 | 51.05 | 51.44 | 51.83 | 62.23 | 62.62 | 63.01
17 | 53.40 | 53.80 | 54.19 | 54.58 | 54.97 | 65.87 | 55.76 | . 56.15
18 | 56.55 | 56.94 | 57.33 | 57.72 | 58112 | 68.51 | 68.90 | 59.29
19 | 59.69 | 60.08 | 60.47 | 60.87 | 61.26 | 61.65 | 62.04 | 62.43
20 | 62.83 | 63.22 | 63.61 | 64.01 | 64.40 | 64.70 | 65.19 | 65.68
21 | 65.97 | 66.36 | 66.76 | 67.15 | 67.54 | 67.03 [ 68.83 | 68.72
22 | 69.11 | 69.50 | 69.90 | 70.20 | 70.68 | 71.08 | 71.47 | 71.86
23 | 72.25 | 72.65 | 73.04 | 73.43,| 73.82 | 74.22 | 74.61 | -75.00
24 | 75.40 | 75.79 | 76.18 | 76.57 | 76.97 | 77.36 | T7.75 | 78.14
25 | 78.54 | 78.93 | 79.32 | 79.71 | 80.11 50 | 80.89 | 81.29
26 | 81.68 | 82.07 | 82.46 | $2.86 | 83.25 | 83.64 | 84.08 | 84.43
27 | 84.82 | 85.21 | 85.60 | 86.00 | 86.30 | 86.78 | 87.18 | 87.57
28 | 87.96 | 83.35 | 88.75 | 89.14 | 80.53 [ 80.93 | 90.32 | 90.71
20 | 91.10 | 91.50 | 91.89 | 92.28 | 92.67 | 93.07 | 93.46 | 03.85
80 | 94.24 | 94.64 | 95.03 | 95.42 | 95.82 | 96.21 | 96.60 | 96.99
81 | 97.39 | 97.78 | 98.17 | 98.57 | 98.96 | 99.35 | 99.75 | 100.14
82 [100.53 | 100.92 | 101.32 | 101.71 | 102.10 | 102.49 | 102.89 | 103.28
33 |108.67 |104.07 [104.46 | 104.85 | 105.24 | 105.64 | 106.03 | 106 42
34 |106.81 [107.21 | 107.60 | 107.99 |108.39 | 108.78 [109.17 | 100.56
85 |109.96 |110.85 (110.74 | 111.13 | 111.68 | 111.92 [112.31 | 112.71
36 |113.10 | 113.49 | 118.88 | 114.28 | 114.67 | 115.06 | 115.45 | 115.85
87 (116.24 |116.63 | 117.02 | 117.42 | 117.81 | 118.20 | 118.60 | 118.99
88 |119.38 [119.77 [ 120.17 | 120.56 | 120.95 | 121.34 | 121.74 | 192.13
89 |122.52 |122.92 | 128.31 | 123.70 | 124.00 | 124.49 | 124.88 | 125.27
40 (125.66 [126.06 | 126.45 | 126.84 [ 127.24 | 127.63 | 128.02 | 128.41
41 (128.81 (120.20 | 129.59 | 129.98 [ 130.88 | 130.77 [ 181.36 | 181.55
42 (181.95 132.34 | 132.73 | 133.13 | 133.52 | 133.01 | 134.30 | 184.70
43 |185.09 [185.48 | 185.87 | 136.27 | 136.66 | 137.05 | 137.45 | 137.84
44 |138.23 |138.62 | 139.02 | 139.41 | 139.80 | 140.19 | 140.50 | 140.98
46 |141.37 [141.76 | 142.16 | 142.55 | 142.04 | 143.34 [ 143.73 | 144.12
46 |144.51 | 144.91 | 145.30 | 145.69 | 146.08 | 146.48 | 146.87 | 147.26
47 |147.66 | 148.05 | 148.44 | 148.83 | 149.23 | 149.62 | 150.01 | 150.40
48 |150.80 | 151.19 | 151.58 | 151.97 | 152.37 | 162.76 | 168.15 | 158.56
49 |153.94 | 154.33 | 154.72 | 155.12 | 156.51 | 155.90 | 156.20 | 156.69
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CIRCUMFERENCES OF CIRCLES

. 5 Continued).

Advancing by Eighths. 3 e

0 t 3 # ¥ L R ET - (]

50 | 157.08 | 157.47 | 157.87 | 168.26 | 158.65 | 160.04 | 159.44 | 159.83
51 | 160.22 | 160.61 | 161.01 | 161.40 | 161.79 | 162.19 | 162.58 | 162.97
| 52 | 163.36 | 163.76 | 164.15 | 164.54 | 164.93 | 165.83 | 165.72 | 166.11
53 | 166.50 | 166.90 | 167.29 | 167.68 | 168.08 | 168.47 | 168.86 | 169.25
54 | 169.65 | 170.04 | 170.43 | 170.82 | 171.22 | 171.61 | 172.00 | 172.40

| 56 | 172.79 | 178.18 | 173.57 | 173.97 | 174.36 | 174.75 | 175.14 | 175.54
| 56 | 175.93 | 176.82 | 176.72 | 177.11 | 177.50 | 177.89 | 178.29 | 178.68
57 | 179.07 | 179.46 | 179.86 | 180.25 | 180.64 | 181.03 | 181.43 | 181.82

| 58 | 182.21 | 182.61 | 183.00 [ 183.39 | 183.78 | 184.18 | 184.57 | 184.96
59 | 185.35 ) 185.75 | 186.14 | 186.53 | 186.93 | 187.32 | 187.71| 188.10
60 | 188.50 | 188.89 | 189.28 | 189.67 | 190.07 | 190.46 | 190.85 | 191.24

| 61 | 191.64 | 192.03 | 192.42 | 192.82 | 193.21 | 193.60 | 193.99 | 194.39
] 62 | 194.78 | 195.17 | 195.56 | 195.96 | 196.35 | 196.74 | 197.14 | 197.58
63 | 197.92 | 198.31 | 198.71 | 1909.10 | 199.49 | 199.88 | 200.28 | 200.67
64 | 201.06 | 201.46 | 201.85 | 202.24 | 202.63 | 203.03 | 203.42 | 203.81
65 | 204.20 | 204.60 | 204.99 | 205.38 | 205.77 | 206.17 | 206.56 | 206.95
66 | 207.35 | 207.74 | 208.13 | 208.52 | 208.92 | 209.31 | 209.70 | 210.09
67 | 210.49 | 210.88 | 211.27 | 211.67 | 212.06 | 212.45 | 212.84 | 213.24
68 | 213.63 | 214.02 | 214.41 | 214.81 | 215.20 | 215.59 | 215.98 | 216.38
69 | 216.77 | 217.16 | 217.56 | 217.95 | 218.34 | 218.73 | 219.18 | 219.52
70 | 219.91 | 220.80 | 220.70 | 221.09 | 221.48 | 221.88 | 222.27 | 222.66
71 | 228.05 | 223.45 | 223.84 | 224.23 | 224.62 | 225.02 | 225.41 | 225.80
72 | 226.20 | 226.59 | 226.98 | 227.37 | 227.77 | 228.16 | 228.556 | .228.94
78 | 229.34 | 220.78 | 230.12 | 280.51 | 230.91 | 281.30 | 231.69 | 232.09

| 74 | 232.48 | 232.87 | 233.26 | 233.66 | 234.05 | 234.44 | 234.83 | 235.23
| 76 | 285. 230.01 | 236.41 | 236.80 | 287.19 | 237.58 | 287.98 | 238.37
76 | 238.76 | 239.15 | 289.55 | 239.94 | 240.33 | 240.73 | 241.12 | 241.51
77 | 241.90 | 242.30 | 242.69 | 243.08 | 243.47 | 243.87 | 244.26 | 244.65
78 | 245.04 | 245.44 | 245.83 | 246.22 | 246.62 | 247.01 | 247.40 | 247.79
79 | 248.19 | 248.58 | 248.97 | 2490.36 | 249.76 | 250.15 | 250.54 | 250.94

| 80 | 251.33 | 261.72 | 252.11 | 252.51 | 252.90 | 258.29 | 253.68 | 254.08
81 | 254.47 | 254.86 | 255.25 | 2556.65 | 256.04 | 256.43 | 256.83 | 257.22
82 | 257.61 | 268.00 | 258.40 | 258.79 | 2560.18 | 259.57 | 2560.97 | 260.36
| 83 | 260.75 | 261.15 | 261.54 | 261.93 | 262.32 | 262.72 | 263.11 | 263.50
| 84 | 263.89 | 264.29 | 264.68 | 265.07 | 265.47 | 265.86 | 266.25 | 266.64
| 85 | 267.04 | 267.43 | 267.82 | 268.22 | 268.61 | 269.00 I 260.39 | 269.78
86 | 270.18 | 270.57 | 270.96 | 271.36 | 271.75 | 272.14 | 272.53 | 272.93
87 | 273.32 | 273.71 | 274.10 | 274.50 | 274.89 | 275.28 | 275.68 | 276.07
88 | 276.46 | 276.85 | 277.25 | 277.64 | 278.03 | 278.42 | 278.82 | 279.21
89 | 279.60 | 279.99 | 280.39 | 280.78 | 281.17 | 281.57 | 281.96 | 282.35

| 90 | 282.74 | 283.14 | 283.53 | 283.92 | 284.81 | 284.71 | 285.10 | 285.49
§ 91 | 285.89 | 286.28 | 286.67 | 287.06 | 287.46 | 287.85 | 288.24 | 288.63
92 | 289.03 | 289.42 | 289.81 | 200.21 | 290.60 | 290.99 | 201.38 | 201.78

§ 08 | 202.17 | 292.56 | 202.95 | 203.35 | 293.74 | 294.13 | 204.52 | 204.92
94 | 205.31 | 295.70 | 296.10 | 206.49 | 296.88 | 207.27 | 297.67 | 208.06

| 95 | 208.45 | 208.84 | 209.24 | 209.63 | 300.02 | 300.42 | 800.81 | 301.20
| 96 | 301.59 | 301.99 | 302.88 | 802.77 | 303.16 | 303.56 | 303.95 | 304.84
97 | 804.73 | 305.13 | 805.52 | 805.91 | 806.31 | 306.70 | 307.09 | 307.48
98 | 307.88 | 308.27 | 308.66 | 309.05 | 309.45 | 309.84 | 310.23 | 310.63

4 09 | 311.02 | 311.41 | 811.80 | 312.20 | 312.59 | 812.98 | 318.87.| 313.77




270 THE PASSAIC ROLLING MILL COMPANY,

AREAS OF CIRCLES.
Advancing by Eighths.

Diam-
eter. 0

-

Y § b £ % £

.0 .0122| .0491) .1104| .1963| .3068 .4418 .6013
.7854| .9940| 1.227 | 1.485 | 1.767 | 2.074 | 2.405 2.761
3.1416| 3.546 | 3.976 | 4.430 | 4.908 | 5.411 | 5.939 6.492
7.068 | 7.670 | 8.206 | 8.946 | 9.621 |10.32 | 11.04 11.79
12.56 [13.36 [14.18 [15.03 [15.90 |16.80 | 17.72 18.66
20.63 |21.65 |22.69 |23.76 |24.85 | 25.96 27.10

28.27 (29.46 |30.68 |31.92 |33.18 (34.47 |35.78 37.12
88.48 |389.87 |41.28 |42.72 |44,18 |(45.66 |47.17 48.70
50.26 |51.85 |58.46 |55.00 |56.74 |58.42 |60.13 61.86
63.61 |65.39 |67.20 |69.03 |70.88 |[72.76 |74.66 76.59
10 |78.54 |80.51 |82.51 |84.54 . |86.59 |88.66 |90.76 92.88

OIS | O OO
o
©

11 95.08) 97.20 99.40, 101.6 | 103.9 | 106.1 | 108.4 110.7
12 | 113.1 | 115.5 | 117.9 | 120.3 | 122.7 | 125.2 | 127.7 130.2
18 | 132.7 | 185.3 | 137.9 | 140.5 | 143.1 | 145.8 | 148.5 151.2
14 | 153.9 | 166.7 | 159.5 | 162.3 | 165.1 | 168.0 | 170.9 173.8
15 | 176.7 | 179.7 | 182.7 | 185.7 | 188.7 | 191.7 | 194.8 197.9

16 | 201.1| 204.2 | 207.4 | 210.6 | 213.8 | 217.1 | 220.3 223.6

17 | 227.0 | 230.3 | 233.7 | 237.1| 240.5 | 244.0 | 247.4 250.9
18 | 254.6 | 258.0 | 261.6 | 265.2 | 268.8 | 272.4 | 276.1 279.8
19 | 283.5 | 287.3 | 291.0 | 264.8 | 268.6 | 302.5 | 806.3 310.2
20 | 814.2 | 818.1 | 322.1 | 326.0 | 330.1 | 334.1 | 3838.2 342.2
21 | 846.4 | 850.5 | 354.7 | 358.8 | 863.0 | 367.3 | 371.56 375.8
22 | 880.1 | 384.5 | 383.8 | 393.2 | 397.6 | 402.0 | 406.5 411.0
23 | 415.5 | 420.0 | 424.6 | 429.1 | 433.7 | 438.4 | 443.0 47.7
24 | 452.4 | 457.1 | 461.9 | 466.6 | 471.4 | 476.3 | 481.1 486.0
25 | 490.9 | 495.8 | 500.7 | 505.7 | 510.7 | 515.7 |*520.8 525.8
26 | 530.9 | 586.0 | b541.2 | 546.3 | 5561.6 | 566.8 | 562.0 567.3
27 |.b672.6 | 577.9 | 583.2 | 588.6 | 594.0 | 599.4 | 604.8 610.3
28 | 615.7 | 621.3 | 626.8 | 632.4 | 637.9 | 643.5 | 640.2 654.8
29 | 660.5 | 666.2 | 672.0 | 677.7 | 683.5 | 689.3- | 695.1 701.0
30 | 706.9 | 712.8 | 718.7 | 724.6 | 730.6 | 736.6 | 742.6 748.7
31 | 754.8 | 760.9 | 767.0 | 773.1| 779.3 | 785.5 | T91.7 798.0
82 | 804.3 | 810.5 | 816.9 | 823.2 | 820.6 | 836.0 | 842.4 848.8
33 | 855.3 | 861.8 | 868.3 | 874.9 | 881.4 | 888.0 | 894.6 901.3
34 | 907.9 | 914.6 | 921.3 | 928.1 | 934.8 | 941.6 | 948.4 955.2
35 | 962.1 | 969.0 | 975.9 | 982.8 | 989.8 | 996.8 | 1003.8 [ 1010.8
86 |1017.9 | 1025.0 | 1032.1 | 1089.2 | 1046.3 | 1053.5 | 1060.7 | 1068.0
37 [1075.2 | 1082.5 | 1089.8 | 1097.1 | 1104.5 [ 1111.8 | 1119.2 | 1126.7
88 |1134.1 |1141.6 | 1149.1 | 1156.6 | 1164.2 | 1171.7 | 1179.3 | 1186.9
39 | 1194.6 | 1202.3 | 1210.0 | 1217.7 | 1225.4 | 1283.2 | 1241.0 | 1248.8

40 | 1256.6 1264.5 |1272.4 | 1280.3 | 1288.2 | 1206.2 | 1304.2 | 1312.2

41 [1820.3 |1828.3 |1336.4 | 1344.5 | 1852.7 | 1360.8 | 1369.0 | 1377.2
42 |1885.4 | 1393.7 | 1402.0 | 1410.3 | 1418.6 | 1427.0 | 1435.4 | 1443.8
43 [1452.2 | 1460.7 |1469.1 | 1477.6 | 1486.2 | 1404.7 | 1503.3 | 1511.9
44 | 1520.5 | 1529.2 | 1637.9 | 1546.6 | 1555.3 | 1564.0 | 1672.8 | 1581.6
45 | 1590.4 | 1599.3 | 1608.2 | 1617.0 | 1626.0 | 1634.9 | 1643.9 | 1652.9

46 | 1661.9 | 1670.9 | 1680.0 | 1689.1 | 1698.2 | 1707.4 | 1716.5 | 1725.7
47 | 1734.9 | 1744.2 | 1758.5 | 1762.7 | 1772.1 | 1781.4 | 1790.8 | 1800.1
48 |1809.6 | 1819.0 | 1828.5 | 1837.9 | 1847.5 | 1857.0 | 1866.5 | 1876.1
49 | 1885.7 |1895.4 |1905.0 | 1914.7 | 1024.4 | 1934.2 | 1943.9 | 1058.7
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AREAS OF OI_RCLES ( Continued).
Advancing by Eighths.

A RIS D NS D B et

1973.8 | 1983.2 | 1993.1 | 2003.0 | 2012.9
2052.8 | 2062.9 | 2073.0 | 2083.1 | 2093.2 i 3
2183.9 | 2144.2 | 2154.5 | 2164.8 | 2176.1 | 2185.4 | 2195.8 T
2216.6 | 2227.0 | 2237.5 | 2248.0 | 2258.5 | 2269.1 | 2279.6
2300.8 | 2311.5 | 2322.1 | 2332.8 | 2343.5 | 23564.3 | 2365.0
2386.6 | 2397.5 | 2408.3 | 2419.2 | 2430.1 | 2441.1 | 2452.0

2463.0 | 2474.0 | 2485.0 | 2496.1 | 2507.2 | 2518.3 | 2529.4 | 2540.6
2561.8 | 2563.0 | 2574.2 | 2585.4 | 2506.7 | 2608.0 | 26190.4 | 2680.7
2642.1 | 2653.5 | 2664.9 | 2676.4 | 2687.8 | 2609.3 | 2710.9 | 2722.4
2734.0 | 2745.6 | 2757.2 | 2768.8 | 2780.5 | 2702.2 | 2808.9 | 2815.7
2827.4 | 2839.2 | 2851.0 | 2862.9 | 2874.8 | 2886.6 | 2808.6 | 2910.5 .

56

57

58

59

60

61 | 2022.5 | 2034.5 | 2046.5 | 2058.5 | 2970.6 | 2082.7 | 2904.8 | 3006.9
62 | 3019.1 | 3031.3 | 3043.5 | 3055.7 | 3068.0 | 3080.3 | 8092.6 | 3104.9
63 | 8117.2 | 3129.6 | 3142.0 | 3154.5 | 3166.9 | 3179.4 | 3191.9 | 3204.4
64 | 3217.0 | 3229.6 | 8242.2 | 3254.8 | 3267.5 | 8280.1 | 3292.8 | 3305.6
65
66
67
68
69
70
71

154
8
0
o
[
&
3
@

3818.8 | 3331.1 | 8343.9 | 8356.7 | 3360.6 | 3382.4 | 3305.3 | 3408.2

3421.2 | 3434.3 | 3447.2 | 3460.2 | 3473.2 | 8486.8 | 3499.4 [ 3512.56
3525.7 | 8538.8 | 8552.0 | 3565.2 | 8578.5 | 8691.7 | 3605.0 | 3618.3
3631.7 | 8645.0 | 3658.4 | 3671.8 | 3685.3 | 8698.7 | 3712.2 | 8725.7
3739.8 | 3752.8 | 3766.4 | 3780.0 | 8793.7 | 8807.3 | 3821.0 | 8834.7
3848.5 | 3862.2 | 3876.0 | 3889.8 | 3903.6 | 8917.5 | 3931.4 | 3945.3

3050.2 | 3973.1 | 3987.1 | 4001.1 | 4015.2 | 4029.2 | 4043.3 | 4057.4
.5 | 4085.7 | 4099.8 | 4114.0 | 4128.2 | 4142.5 | 4156.8 | 4171.1
T8 | 4185.4 | 4199.7 | 4214.1 | 4228.5 | 4242.9 | 4257.4 | 4271.8 | 4286.3
74 | 4300.8 | 4315.4 | 4320.9 | 4344 .5 | 4359.2 | 4373.8 | 4388.5 | 4408.1
75 | 4417.9 | 4482.6 | 4447.4 | 4462.2 | 4477.0 | 4491.8 | 4506.7 | 4521.5

76 | 4536.5 | 4551.4 | 4566.4 | 4581.3 | 4596.3 | 4611.4 | 4626.4 | 4641.5

77 | 4656.6 | 4671.8 | 4686.9 | 4702.1 | 4717.3 | 4732.5 | 4747.8 | 4763.1
| 78 | 4778.4 | 4793.7 | 4809.0 | 4824.4 | 4839.8 | 4855.2 | 4870.7 | 4886.2
79 | 4901.7 | 4917.2 | 4932.7 | 4948.3 | 4063.9 | 4979.5 | 4095.2 | 5010.9
80 | 5026.5 | 5042.8 | 5058.0 | 5073.8 | 5080.6 | 5105.4 | 5121.2 | 5187.1

81 | 5153.0 | 5168.9 | 5184.9 | 5200.8 | 5216.8 | 5232.8 | 5248.9 | 5264.9
82 | 5281.0 | 5297.1 | 5313.3 | 5329.4 | 5345.6 | 5361.8 | 5378.1 | 5394.3

8
s
S
-
o

83 | 5410.6 | 5426.9 | 5443.8 | 5459.6 | 5476.0 | 5402.4 | 5608.8 | 55625.3
84 | 5541.8 | 5558.8 | 5574.8 | 5591.4 | 5607.9 | 5624.5 | 5641.2 | 5657.8
85 | 5674.5 | 5601.2 | 5707.9 | 65724.7 | 5741.5 | 6758.8 | 6776.1| 5701.9
86 | 5808.8 | 5825.7 | 5842.6 | 5859.6 | 5876.5 | 56893.5 | 5910.6 | 592F.6
87 | 5944.7 | 5961.8 | 5978.9 | 5996.0 | 6013.2 | 6030.4 | 6047.6 | 6064.9
88 | 6082.1| 6099.4 | 6116.7 | 6134.1 | 6151.4 | 6168.8 | 6186.2 | 6203.7
89 | 6221.1 | 6238.6 | 6256.1 | 6273.7 | 6201.2 | 6308.8 | 6326.4 | 6344.1
90 | 6361.7 | 6379.4 | 6397 1| 6414.9 | 6432.6 | 6450.4 | 6468.2 | 6486.0
91 | 6503.9 | 6521.8 | 6539.7 | 6557.6 | 6575.5 | 6693.5 | 6611.5 | 6629.6 |
92 | 6647.6 | 6665.7 | 6683.8 | 6701.976720.1 | 6738.2 | 6756.4 | 6774.7
93 | 6792.9 | 6811.2 | 6829.5 | 6847.8 | 6866.1 | 6884.5 | 6002.9 | 6921.3 |
94 | 6939.8 | 6958.2 | 6076.7 | 6995.3 | 7013.8 | 7032.4 | 7051.0 | 7069.6
95 | 7088.2 | 7106.9 | 7125.6 | 7144.8 | 7163.0 | 7181.8 | 7200.6 | 7219.4 !
96 | 7238.2 | 7267.1 | 7276.0 | 7204.9 | 7313.8 | 7332.8 | 7351.8 | 7370.8 |
07 | 7880.8 | 7408.0 | 7428.0 | 7447.1 | 7466.2 | 7485.3 | 7504.5 | 7528.7 |
98 | 7543.0 | 7562.2 | 7581.5 | 7600.8 | 7620.1 | 7639.5 | 7658.9 | 7678.8 |
99 | 7697.7 | T717.1| 7736.6 | 7756.1| 7775.6 | 7795.2 | 7814.8 | 7834.4 |

%
]




272 THE PASSAIC ROLLING MILL COMPANY.

LONG MEASURE.

Inches. Feet. Yards. Fath. Poles. Furl. Mile.  Metres.
1. = .083 = .02778 =.0139=.005 =.000126=.0000158= .0254
12. 1. .333 .1667 .0606 .00151 .0001894 .3048
36. 8. 1. O J182 .00464  .000568 9144
72. 6. 2. § s .364  .0001 .001136 1.8288
198. 163. b3. 23. 1, 0256 .003125 5.0202
7920. 660. 220. 110. 40. 1. .126 201.168
63360. 5280. 1769. 880. 320. 8. e 1609.344

A palm =3 inches.

A span =9 inches.

A hand =4 inches. E -
A cable’s length = 120 fathoms.

SQUARE MEASURE. i
Inches. Feet. Yards. Perches.  Roods. Acre. - Metres.
1. = .00694=.000772=.0000255=.00000064 = .000000159= 000645
144. b 1 11 ..00367 .0000918  .000023 .0929
1206. 9. X5 L0331 . .000826 0002066 .8362 .
39204. 272}. 303. o .025 00625 25.294"
1568160. 10800. 1210. 40. 3 .25 1011.78
6272640. 43560. 4840.  160. 4. =0 4047.11

100 square feet =1 square.
10 square chains =1 acre.
1 chain wide =8 acres per mile.
" 1 hectare = 2.471044 acres.
= 27878400 square feet.
1 square mile 3 =3097600 square yards.
= 640 acres.
Acres X .0015625 =square miles.
Square yards X .000000323 = square miles.
Acres X 4840 = square yards.
Square yards X .0002066 = acres.
A section of land is 1 mile square, and contains 640 acres.
A square acre is 208.71 ft. at each side; or 220 X 198 ft.
A square $-acre is 147.58 ft. at each side; or 110 X 198 ft.
A square }-acre is 104.355 ft. at each side; 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 117.752 feetin diameter.
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CUBIC MEASURE.

Inches. ' Feet. Yard. Metres.
Yoy = .0005788 = .000002144 = .000016387

1728. ) 14 .03704 .028317

46656. 7. 1. . 764552

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, British.

Forty cubic feet = a ton of shipping, U. S

A perch of masonry contains 24% cubic feet.

A CUBIC FOOT IS EQUAL TO

- 1728 cubic inches. 25.71405 U. S. dry quarts.
037037 cubic yard. 59.84416 U. S. liquid pints.
.803564 U. S. struck bushel | 51.42809 U. S. dry pints.

of 2150.42 cubic inches. 239.37662 U. S. gills.
3.21426 U. S. pecks. .26667 flour barrel of 3struck
7.48052 U. S. liquid galls. of bushels.

231 cubic inches. .23748 U. 8. liquid barrel of

6.42851 U. 8. dry galls. " 314 galls.
29.92208 U. S. liquid quarts. '

‘MEASURES OF CAPACITY.
LIQUID MEASURE.

Gill. Pint. Quart. Gallon. Cubic Inches. | Cubic Metres.
;| .25 .125 .03125 7.21875 .000118
4 1. .5 125 28.875 .000473
8 2 A 1 Rh 25 57.75 .000947
32 8 Jerds 1 231. .003786
DRY MEASURE.
‘| Pint. Quart. Peck. Bushel. Cubic Inches. |Cubic Metres.
% -
R .50 L0625 . 015625 33.6003 .000551
N 2 11E .125 .03125 67.2006 .001101
16 8. i 1 .25 537.605 .008811
64 32 4. 1.00 2150.42 035245 %
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AVOIRDUPOIS WEIGHT.

The standard avoirdupois pound is the weight of 27.7015
cubic inches of distilled water, weighed in the air,at 39.83
degrees Fahr., barometer at thirty inches.

27.343 grains =1 drachm.

Drachms. Ounces. Lbs. Qrs. Cwts. Ton.

Grammes.
1. = .0626=.0039 = .000139 =.000035 =.00000174 = 1.77189
16. : .0625 .00223 .000558 .000028 28.3502
266. . 16. : In .0357 .00893  .000447 453.603
7168.  448. 28. 1 .25 L0125  12700.884
28672. 1792. 112. 4. y 0% .05 50803.536
573440. 35840. 2240. 80. 20. 1168

1016070.72
A stone = 14 pounds.
A quintal = 100 pounds.

7000 grains = one avoirdupois pound = 1,21528 troy
pounds.

5760 grains =one troy pound = .82285 avoirdupois
pounds.

SURVEYING MEASURE (LINEAL).

Inches. Links. Feet. VYards. Chains. Mile. Metres.
. 1. = .126 = .0838 = .0278 = .00126 = .0000158 = .0254
7:92, T, .66 22 .01 .000125 .2012

12, 1.5156 1 .333 01515 .000189 .3048
36. 4.5456 3 1. .04545 .000568 .9144
792. 100. 66. 22. g .01256 20.1168
63360. 8000. 5280. 1760. 80. s 1609.344

One knot or geographical mile = 6086.07 feet = 1855.11
metres = 1.1526 statute miles.

One admiralty knot = 1.1515 statute miles = 6080 feet.
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)

CONVERSION TABLE.
METRIC SYSTEM To U. 8. WEIGHTS axp MEASURES.

Millimetres X 0.03937 = inches.

Centimetres X 0,393 0n= &

Metres X 939:3%7 “  (Act Congress.)
Metres 04 3.2809 feet.

Metres X 1.0936 yards.

Kilometres X 0.6214 = miles.

Kilometres X 3280.9 = feet.

(I

Square Millimetres X  0.00155 = sq. ins.

Square Centimetres X 0,155 = ¢

‘Square Metres X 10.7641 = sq. ft.

Square Kilometres X 247.10 = acres.

Hectare X 2.47104= *

Cubic Centimetres X 0.0610 = cu. ins.

Cubic 4 X 0.2704 = fl. drachms. (U. S. P.)
Cubic i X 0.0338 =fl. ounces. (U. S. P.)
Cubic Metres X 35.3155 = cu. ft.

Cubic ¢ X 1.3080 = cu. yards

Cubic « X 264.1785 = gallons. (231 cu. ins.)
Litres X 61.025 = cu. in. (Act Congress.)

Litres X 33.8006 = fl. ounces. (U. S. P.)

Litres X 0.2642 = gallons. (23I cu. ins.)

Litres X 0.0353 = cu. ft.

Hectolitres X 3.%315 = ¢

Hectolitres X 2.8378 = bushels. (2150.42 cu. ins.)
Hectolitres X 0.1308 = cu. yards.

Hectolitres X 26.42 = gallons. (231 cu. ins.)

Grammes X 15.432 = grains.(Act Cong.)
Grammes (water) X 0.03381 =f{l. ounces.
Grammes X 0.03527 = o0zs. avoirdupois._
Grammes per cu. cent. X 0.0361  =1bs. per cu. in.
Kilogrammes X 2.2046  =pounds.
Kilogrammes X 35.2736 = ozs. avoirdupois.
Kilogrammes X 0.0011023 =tons. (2000 lbs.)
Kilogrammes per sq. cent. X 14.223 = lbs. per sq. in.
Kilogram-metres X.-7:233% | =dtulbs,

Kilogram per metre X 0.,6720 . =lbs, perft.
Kilogram per cu. metre X 0.0624 =Ibs. per cu. ft.
Kilo per cheval X 2.235 = lbs. per H. P.

Kilowatts X 1.34 =H.P.

Calorie X 3.068 = B. T. U.

Cheval vapeur X .9863 = H. P.

1° Centigrade = 1°.8 Fahrenleit.

(Degrees, Cent. Therm. X 1.8) + 32 = degrees, Fahr.
Therm.
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NATURAL SINES, ETC.
E! Sine. Cover. | Cosecnt.| Tangt. i Cotang.! Secant. | Versin. | Cosine. g v
L 1 2
0| .00 [1.00000 |Infinite. | .0 |Infinite. | 1.00000 | .0  1.00000 90
1| .01745 | .98254 57.2986 | .01745 57.2899 | 1.00015 | .0001 | .99984 | 89
2 | 103489 | (96510 28,6537 | 03492 28.6362 | 1.00060 | .0006 | .99939 | 88
. 3 | .05233 | 94766 [19.1073 | .05240 [19.0811 | 1.00137 | .0013 | .99862 | 87
4 [ .06975 | .93024 |14.8355 | .06992 |14.3006 | 1.00244 | .0024 | .99756 | 86
5 | .08715 | .91284 (11.4737 | .08748 i11.4300 1.00381 | .0038 | .99619 | 85
6 | .10452 | .89547 | 9.5667 | .10510 | 9.5143 | 1.00550 | .0054 | .99452 | 84
7 | .12186 | .878183 | 8.2055 | .12278 | 8.1443 | 1.00750 | .0074 | .99254 | 83
8 | .13917 | .86082 | 7.1852 | .14054 | 7.1153 | 1.00982 | .0097 | .99026 | 82
9 | .15643 | .84356 | 6.3924 | .15838 | 6.3137 | 1.01246 | .0123 | .98768 | 81
10 | .17364 | .82635 | 5.7587 | .17632 | 5.6712 | 1.01542 | .0151 | .98480 | 80
11 | .19080 | .80919 | 5.2408 | .19438 | 5.1445 | 1.01871 | .0183 | .98162 | 79
12 | .20791 | .79208 | 4.8097 | .21255 | 4.7046 | 1.02234 | .0218 | .97814 | T8
13 | .22495 | .77504 | 4.4454 | .23086 | 4.3314 | 1.02630 | .0256 | .97437 | 77
14 | .24192 | .75807 | 4.1335 | .24932 | 4.0107 | 1.03061 | .0%97 | .97029 | 76
15 | .25881 | .74118 | 8.8637 | .26794 | 3.7320 | 1.08527 .96592 | 75
16 | .27563 | .72436 | 3.6279 | .28674 | 3.4874 | 1.04029 | .0387 | .96126 | T4
17 | .29287 | .70762 | 8.4203 | .80573 | 3.2708 | 1.04569 | .0436 | .95630 | T3
18 | .80901 | .69098 | 3.2360 .32491 | 3.0776 | 1.05146 | .0489 | .95105 | 72
19 | .82556 | .67443 | 3.0715 | .34482 | 2.9042 | 1.05762 | .0544 | .94551 | T1
20 | .84202 | .65797 | 2.9238 | .36397 | 2.7474 | 1.06417 | .0603 | .93969 | 70
21 | .35836 | .64163 | 2.7904 | .38386 | 2.6050 | 1.07114 | .0664 | .9 69
22 | .87460 | .62539 | 2.6694 | .40402 | 2.4750 | 1.07853 | .0728 | .92718 | 68
23 | .39073 | .60926 | 2.5593 | .42447 | 2.8558 | 1.08636 | .0794 | .92050 | 67"
24 | .40673 | .50326 | 2.4585 | .44522 | 2.2460 | 1.09463 | .0864 | .91354 | 66
25 | .42261 | .57738 | 2.8662 2.1445 | 1.10337 | .0936 65
26 | .43837 | .56162 | 2.2811 | .48773 | 2.0503 | 1.11260 | .1012 | .89879 | 64
27 | .45399 | .54600 | 2.2026 | .50952 | 1.9626 | 1.12232 | .1089 | .89100 | 63
28 | .46947 | .53052 | 2.1300 | .53170 | 1.8807 | 1™13257 | .1170 | .88294 | 62
29 | .48480 | .51519 | 2.0626 | .55430 | 1.8040 | 1.14335 | .1258 | .87461 | 61
30 | .50000 | .50000 | 2.0000 | .57735 | 1.7320 | 1.15470 | .1339 | .86602 | 60
81 | .51503 | .48496 | 1.9416 | .60086 | 1.6642 | 1.16663 | .1428 | .85716 | 59 |
32 | .52091 | .47008 | 1.8870 | .62486 | 1.6003 | 1.17917 | .1519 | .84804 | 58
33 | .54463 | .45536 | 1.8360 | .64940 | 1.5398 | 1.19236 | .1613 | .83867 | 57
84 | 55919 | .44080 | 1.7882 | .67450 | 1.4825 | 1.20621 | .1709 | .82903 | 56
85 | 57357 | .42642 | 1.7434 | .70020 | 1.4281 | 1.22077 | .1808 | .81915 | 55
36 | .58778 | .41221 | 1.7013 | .72654 | 1.8763 | 1.23606 | .1909 | .80901 | 54
37 | .60181 | .89818 | 1.6616 | .75355 | 1.8270 | 1.252183 | .2013 | .79863 | 53
38 | .61566 | .38433 | 1.6242 | .78128 | 1.2799 | 1.26901 | .2119 | .78801 | 52
39 | .62932 | .B7067 | 1.5890 | .80978 | 1.2348 | 1.28675 | .2228 | .77714 | 51
|| 40 | .64278 | .35721 | 1.5557 | .83909 | 1.1917 | 1.80540 | .2339 | .76604 | 50
41 .34394 | 1.5242 | .86928 | 1.1503 | 1.32501 | .2452 | .75470 | 49
42 | .66913 | .33086 | 1.4944 | .90040 | 1.1106 | 1.34563 | .2568 | .74814 | 48
43 | .68199 | .81800 | 1.4662 | .93251 | 1.0723 | 1.36732 | .2686 | .73135 | 47
44 | 69465 | .30584 | 1.4395 | .96568 | 1.0355 | 1.89016 | .2806 | .71933 | 46
45 | .70710 | .20289 | 1.4142 |1.00000 1.41421 | .2928 | .70710 | 45
Cosine. | Versin. ‘ Secanc!(:otang. Tangt. | Cosecant.| Cover. | Sine
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DECIMALS OF AN INCH
FOR EACH §4TH.

#ds. !-lzths. Decimal. | Fraction.|| 5l5ds. T,ﬁ—ths Decimal. |Fraction.
! 1 | .015625 33 | .515625
| 2 |.03125 17 | 34 | .53125
| 3 | .046875 ‘ 35 | .546875
| 4 | .0625 1-16 | 18 | 36 | .5625 9-16
| 5 | .078125 37 | .578125
[ 6 | .09375 19 | 38 | .59375
7 | .109375 39 | .609375
! 8 | .12 1-8 | 20 | 40 | .625 5-8
9 | .1406%5 3 41 | .640625
10 | .15625 21 | 42 | .65625
11 | .171875 43 | .671875
12 | .1875 3-16 || 22 | 44 | .6875 | 11-16
13 | .203125 45 | .703125
14 | .21875 23 | 46 | .71875
15 | .234375 47 | 734375
16 | .25 1-4 || 24 | 48 | .75 3-4
17 | .265625 49 | .765625
18 | .28125 2 | 50 | .78125
19 | .296875 51 | .796875
2 | .3125 5-16 | 26 | 52 | .8125 |[13-16
21 | .328125 53 | .828125
22 | .34375 27 | 54 | .84375
23 | .359375 55 | .859375
A | .37 3-8 || 28 | 56 | .87 7-8
2 | .300625 57 | 890625
2 | .40625 29 | 58 | .90625 |
27 | .421875 59 | .921875 |
28 | .4375 7-16 | 30 | 60 | .9375 | 15-16
. 929 | .453125 61 | .053125
30 | .46875 31 | 62 | .96875
31 | .484375 | - . 63 | .984375
32 | .5 1-2 || 32 | 64 [1. 1
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DECIMALS OF A FOOT FOR

EACH §# OF AN INCH.

e \ Inches.

16ths.

W O g T e W N~ O

S B
G R & B8 B &

]S O e WD - O

1 | . 3 | 3 [, Fr
g | Lol B N8 g | o8 k| BB

&+ 4 3] g 3]
& IlE|8) &8 (2|8 & 12|8] &

| |

2|8 |.1250 (|3 | 0 |.2500 |48 |.370
0026 1276 | 252 | | |.376
0052 9 | 1302 1 | 12552 9 | 3802
10078 1328 2578 3528
0104 10 | 1354 2 | 2604 10 | (3854
0130 1380 2630 3880
0156 11 | 1406 3 | 12656 11 | 13906
0182 1432 2682 3932
10208 12 | 1458 4 | 2708 12 | :3958
10234 1484 2734 3984
0260 13 | 1510 5 | ‘2760 13 | 11010
10286 1536 2786 4036
0313 14 | 1563 6 | 2813 14 | 14063
0339 1589 2839 4089
0365 15 | 1615 7 | 12865 15 | 4115
0391 1641 2801 4141
0417 || 2 | 0 | 1667 8 |:2917 | & | 0 | 4167
0443 1693 2943 14193
10469 1| 1m9 9 |.2060 | |1 |.4219
10495 || ° 1745 12995 4245
10521 2 | 1m 10 | 3021 2 | 4271
0547 1797 3047 4297
10573 3 | 1823 11 | 3073 3 | 4323
10599 11849 5009 4349
10625 4 | 1875 12 | 312 4 | 4375
0651 1901 3151 4401
10677 5 | 1927 13 | 3177 5 | 4427
10703 1953 3203 4453
10729 6 | 1079 14| 3220 6 | 4479
0755 2005 3255 4505
0781 7 | 2081 15 | 3281 7 | 4531
10807 2057 3307 4557
10833 8 |.2083 | 4| 0 | 3333 8 | 4583
0850 2109 3359 4609
0885 9 | 213 1 | 3385 9 | 463
0911 2161 3411 4661
10938 10 | 2188 2 | 3438 10 | 4688
0964 2214 3464 4714
0990 11 | 2240 3 | 3490 11 | 4740
1016 2266 3516 4766
1042 12 | 12292 4 | 3542 12 | 4792
11068 2318 3568 4818
1094 13 | 2344 5 | 3504 13 | 4844
1120 12370 3620 | .| | i4870
1146 14 | 12396 6 | :3646 14 | 14896
1172 2422 3672 4922
1198 15 | 2448 7 | 13608 15 | 14948
2474 3724 4974
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DECIMALS OF A FOOT FOR
EACH s OF AN INCH (continued).
| | Sl i b =] - a :"_ 2 A

6|0 |.5000 |7 | 8 |.6250 |® | 0 |.7500 (MO 8 | .8750
.5026 | .6276 7526 .8776

1 | .5052 9 | .6302 1 7552 9 | .8802
.5078 .6328 | . 757 .8828

2 5104 10 | .6354 2 7604 10 | .8854
5130 .6380 7630 .8880

3 |..5156 11 | .6406 3 7656 11 | .8906
.5182 6432 7682 .8932

4 | .5208 12 | .6458 4 | .7708 12 | .8958
.5234 .6484 7734 .8984

5 | .5260 13 | .6510 5 7760 13 | .9010
.5286 .6536 7786 .9036

6 | .5313 14 | .6563 6 | .7813 14 | .9063
.5339 .6589 7839 .9089

7 | .5365 15 | .6615 7 7865 15 | .9115
.5391 L6641 J7891 9141

8 | .5417 || 8 | 0 | .6667 8 |.7917 ||A1| O | .9167
5443 .6693 L7943 .9193

9 | .5469 1. | 8719 9 | .7969 1 | 9219
.5495 6745 .7995 .9245

10 | .5521 2 | .6771 10 | .8021 2 |.9271
0047 6797 .8047 .9297

11 | .5573 3 | .6823 11 | .8073 3 | .9323
.5599 .6849 .8099 .9349

12 | .5625 4 | .6875 | 12 | .8125 4 | .9375
.5651 L6901 | .8151 -] .9401

13 | .5677 || b | .6927 13 | .8177 5 | .9427
5703 | 6953 .8203 L0453
14 | 5729 || 6 | .6979 14 | .8229 6 | .9479
5755 L7005 .8255 9505

15 | .5781 i 7031 15 | .8281 7 | 9831
5807 7057 .8307 9557

7| 0 |.5833 8 |.7083 |10 0 | 8333 8 | .9583
.5859 = |.7109 8359 9609

1 | .5885 9 |.7135 1 8385 9 | .9635
56911 .7161 8411 9661

2 | .5938 10 | .7188 2 8438 10 | .9688
5964 L7214 8464 L9714

3 | .5990 11 | .7240 3 | .8490 11 | .9740
.6016 . 7266 8516 9766

4 | .6042 12 | .7292 | 4 | .8542 12 | .9792
.6068 .7318 | 8568 9818

5 | .6094 13 | .7344 5 8594 13 | .9844
.6120 L7370 || 8620 L9870

6 | .6146 14 | .7396 |L 6 | .8646 14 | .9896
.6172 | 7422 (i 8672 .9922

7 |.6198 | 15 | .7448 || 7 | .8698 15 | .9948

e S
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