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THE CARNEGIE STEEL COMPANY, LIMITED

PREFACE.

EpITION OF 1893.

The feature of this edition is the elimination of all data
relative to iron sections. Certain changes have also been made
in the dimensions of Channels, for details of which see Litho-
graphs.

Our product hereafter will be exclusively steel.

In all respects the present edition will be found to com-

pare favorably with its predecessors.
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THE CARNEGIE STEEL COMPANY, LIMITED.

(

GENERAL NOTES.

The flanges of both I-beams and Channels have now a slope
of 15 per cent.

The manner in which the weight of various sections is increased
is illustrated on page 58, Figures 1,2, 3, 4 and 5.

For Channels and I-beams the enlargement of the section
adds an equal amount to the thickness of web and the width of
the flanges.

The effect on angles of spreading the rolls is to slightly increase
the length of the legs. Most of the sizes, however, are rolled in
finishing grooves, whereby the exact dimensions are maintained
for different thicknesses. These are indicated in the lithograph
plates of .angles, Z-bars are increased in thickness in the same
manner as angles,

I-beams, Channels, Deck Beams, Angles and Z-bars can be
rolled to any weight intermediate between those given. Lith-
ographed sections shown correspond only to the minimum weight.
Channels having but one weight specified can be rolled only as
shown. T-shapes do not admit of any variation, and can be rolled
only to the weights given. All weights given are per lineal
foot of the section.

A recapitulation of all rolled shapes, with their minimum and
maximum weights per foot, is given on pages 32 to 46, inclusive.

In ordering designate weight or thickness wanted, but not both.

Quicker deliveries can be made by ordering standard weights,
i. e., those indicated in the lithographs.
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SHAPES
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THE CARNEGIE STEEL COMPANY, LIMITED.
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THE CARNEGIE STEEL COMPANY, LIMITED

BEAMS,
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THE CARNEGIE STEEL COMPANY, LIMITED.
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THE CARNEGIE STEEL COMPANY, LIMITED.
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THE CARNEGIE STEEL COMPANY, LIMITED.

CHANNELS.
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THE CARNEGIE STEEL COMPANY, LIMITED
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THE CARNEGIE STEEL COMPANY, LIMITED

= CAR TRUCK CHANNELS.
EQUAL AND UNEQUAL FLANGES.
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THE CARNEGIE STEEL COMPANY, LIMITED.
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THE CARNEGIE STEEL

COMPANY, LIMITED.

Z BARS.

7%
8.2 to 12.4 lbs,

i

(he"

{ Vart 3?5,.

PR 11109 L B

Z 8.
13.8 to 17.9 lbs,

zZ 12,
12.5 to 14.2 lbs.

P




THE CARNEGIE STEEL

COMPANY, LIMITED.

SPECIAL Z BARS.
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| THE CARNEGIE STEEL COMPANY, LIMITED.

ANGLES WITH EQUAL LEGS.

A 3.
28.7 10 33.x lbs, .-’
8 5

A 13.
20,010 21.8 lbs,‘,"

17,
12,310 16.2 Ibs, .
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THE CARNEGIE STEEL COMPANY, LIMITED.
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ANGLES WITH EQUAL LEGS s

A 21 WV’
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6.6 to 8.5 Ibs, ¥’
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THE CARNEGIE STEEL COMPANY, LIMITED.

ANGLES WITH EQUAL LEGS.
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THE CARNEGIE STEEL COMPANY, LIMITED.

ANGLES WITH UNEQUAL LEGS.

A 154.
24.9 to 32.3 Ibs. .

A 157, 2
1y.0 to 24.9 Ibs. v s

A 159,
15.0 to 19.0 Ibs,

A 162.
23.6 to 27.2 lbs,

A 166,
16.2 to 23.6 lbs. 2

A 168.
12.3 to 16.2 lbs,




THE CARNEGIE STEEL COMPANY, LIMITED.

ANGLES WITH UNEQUAL LEGS.

A 171,
22.3 to 25.7 lbs.

il
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= A 175.
15.3 to 22.3 lbs,

A 177,
11.7 to 15.3 lbs,

A 180

A 181.
19.5 to 24,2 lbs, .-

A 184,
14.5 to 19.5 lbs.

A 186. )
110 t0 14.5 Ibs, .~
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4.810 17.xlhT




THE CARNEGIE STEEL COMPANY, LIMITED

ANGLES WITH UNEQUAL LEGS.
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8.3 tu 10.4 Ibs.
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THE CARNEGIE STEEL COMPANY, LIMITED.

ANGLES WITH UNEQUAL LEGS.
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THE CARNEGIE STEEL COMPANY, LIMITED,

SQUARE ROOT ANGLES.

A 854,
12,8 lbs. b‘»v
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THE CARNEGIE STEEL COMPANY, LIMITED.

SPECIAL ANGLES.

]

COVER ANGLES.

OBTUSE ANGLES.

A 468,
.1 to 8.2 lbs.

A 466.
6.1 to 8.2 Ibs

A 469.
6.1 to0 8.4 1bs.

B A 459, SAFE ANGLES.
6.8t0 8.5 1bs.
L, P g
N A 470.

Py azlbs.
% =

HALF TEES.
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THE CARNEGIE STEEL COMPANY, LIMITED.
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STEEL COMPANY, LIMITED.

THE CARNEGIE

TEES WITH EQUAL LEGS.

T 21.
1.23 lbs.
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SPECIAL TEES.
HAND RAILS.
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THE CARNEGIE STEEL COMPANY, LIMITED.

TEES WITH UNEQUAL LEGS.
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THE CARNEGIE STEEL COMPANY, LIMITED.

TEES WITH UNEQUAL LEGS.

12,0 Ibs,

1 11,4 Ibs,

T 63.
7.3 lbs.

Also rolled 5.8 lbs.
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THE CARNEGIE STEEL COMPANY, LIMITED.

TEES WITH UNEQUAL LEGS.
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THE CARNEGIE STEEL COMPANY, LIMITED.

PLATES.

e

TROUGH PLATE.

e

M. 10.
16.3 to 23.2 lbs.

N

M. 30. CORRUGATED PLATES.
8.1 to 12.0 lbs, L

P Uit

B >

CHECKFHRED PLATE.
Weight per sq. foot 13.8 to 2r.4 lbs, -
Bt . Maximumawidth gyfRe===cc-stesmnesotog b

ot 035’ Thigk

31




THE CARNEGIE STEEL: COMPANY, LIMITED.

SIZES OF CARNEGIE BARS.

All dimensions given are in inches.

| @ ROUNDS. ]
.&)%’Tu’ % T 5 1h &6 %, 18 80 %, 10, 1, 1% 1A’14’
1'iu’ 1/7 1Tu’ 1A’ 1To’ 1/§ 1/4: lAv 2 2A; 2/“ 2/81 2/!
236, R34, R%, 8, 83, 814, 83¢, 4, 424, 4}, 4%, 434,
456, 434, 4%, 5,514, b, 5%, 52, 536,
634, 6, 6%, 624, 63{.
. SQUARES. .

o % 1o ¥ T %, 15 %, 13 %7 To’ 1, 175, 124, 1%, 1%,
iTSE’ 1/47 ‘1’73) 14’ 1T 1/§; 1 /-H 11T§7 1A: 1167 2 2%’
24: 2%, 2A7 2%; 2/4- ) 2A: 3,8X4, 8%, 4

&S HALF-ROUNDS.
'1 %7 %, 1’ 1%1 1%9 1%)1%’2’2%’2%’3’4%'
A
| @& OVALS. D
xS, X% KXTs
[ ROUND EDGE FLATS. D

134X %, 14X Y, 13 X 36, 1 X ¥ 1/><%, 174X 3%, 174 X %,
17X 3, 2X 3%,2X %,2X 5, 2/x%,2 { X 15,2 X 565
YK 25X Y%, 215 X 36, 2Y X%, B4 X ¥,
23 X 5%, 38X 3, 8X ¥4, 8X 5%, 38X ¥

- FLATS. T
T
Thickness. Width, | Thickness, | Width. | Thickness,

e

! 3% 1% 2 toiiis 4 Y tod
;ém 2 I KWto1yd | 4% | Ko
% to 12 2y Y to13y 5 { o2
1% to 1 25 | o134 | 5% | ¥ to?
1% to 114 2% £-to 13 6 Kt

1% | 258 | W1 | 64 | Y02
1% to 1Y PE ¥ to11% 7 Y tod
w1l | 8 Y o2 64 /4:02
Sl | 84 | Y2 e .

-

S
-
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THE CARNEGIE STEEL COMPANY, LIMITED.

EXTREME LENGTHS IN INCHES
OF RECTANGULAR PLATES ROLLED BY

THE CARNEGIE STEEL CO., LIMITED.

gﬁ #4In | 908In. | 05Tn. | 100Tn. | 96In. | 90In. | 84In. | 80Im.
é'g Wide, | Wide. | Wide. | Wide | Wide | Wide. | Wide. | Wide,

y| 260 | 25 | 200 | 310 | 365 | 430 | 500 | 500
300 | 320 | 360 | 400 | 460 | 500 | 550 | 600
‘;Z 400 | 420 | 440 | 460 | 500 | 570 | 600 | 600
420 | 430 | 450 | 480 | 530 | 570 | 600 | 600
£/ 390 | 410 | 450 | 480 | 520 | 570 | 600 | 600
370 | 390 | 420 | 450 | 500 | 570 | 600 | 600
330 | 350 | 370 | 400 | 480 | 530 | 600 | 600
310 | 330 | 850 | 380 | 430 | 500 | 600 | 600
300 | 320 | 340 | 360 | 410 | 480 | 540 | 600
33 280 | 300 | 320 | 340 | 380 | 450 | 540 | 600
%| 260 | 270 | 300 | 320 | 360 | 430 | 540 | 600

R
3
(=]
8
(—]
2
g
g
g
g
8

B




THE CARNEGIE

STEEL COMPANY, LIMITED.

I BEAMS.

| MINIMUM AND MAXIMUM WEIGHTS AND
DIMENSIONS OF CARNEGIE

| i D?;"h Weight per foot. rwlﬁﬁ" thix;l:ss. :wc:l:‘::; ; ;E
Beam, nges for |7 :
Index, in each 1b.in- E‘*
inches. | Min, | Max. | Min, | Max. | Min | Max. g::af_f =
B1| 2 |80.00]100.00| 6,95 | 7.20 | .60 | .75 0128 |1
B2 | 20 80.00| 100.00 | 7.00 | 7.30 | .60 | .90 015 2
B3| 20 64.00 75.00 | 6.25 | 641 | .50 | .66 015 2
B4 | 15 80.00| 100.00 | 6.41 | 6.81 | .77 [1.17 .020 3
Bb5| 15 .[60.00| 75.00| 6.04 | 6.34 | .64 | B4 020 3
B6 | 15 50.00| 55.00 | 575 | 585 | .45 | .55 .020 3
B7| 16 41.00| 45.00 | 550 | 558 | 40 | .48 .020 3
B8 | 12 40.00| 56.67 | 550 [ 591 | .39 | .80 025 4
B9 | 12 32.00| 36.00 | @5 | 535 | 35 | 4b 025 4
B10 | 10. 33.00| 40.00 | 5.00 | 520 | 37 | b7 .029 4
Bi1 | 10, 25.00| 30.00 [ 4.74 | 488 | 31 | 45 029 4
B3 | 9. 21.00 | 30.00 4.50 480 | 27 | b7 .033 4
Bi5 | 8 [18.00( 2500 425 | 451 | .25 | .51 087 5
| Bi7 [ 7. |15.00] 20.00| 3.98 | 419 | .21 | 42 042 5
- B9 | 6. |[13.00| 18.00 | 3.50 | 3.74 | .23 | 47 049 [5
| B2 | 5 [10.00| 1500 3.00 ( .30 | .22 | .52 059 5
B23 | 4 7.00| 10.00 | 2.59 | 281 | .17 | .39 074 5
BT | 8. 6.00| 7.001226|236| .20 ! .30 .098 5
MINIMUM AND MAXIMUM WEIGHTS AND
DIMENSIONS OF CARNEGIE
DECK BEAMS.
DI | Wightperfok | el | ik | wbaul |98
Beam, flanges for [o 8
S, each Ib.in- | 3
inches. | Min. ' Max. | Min. | Max. | Min. | Max, mgf b
10. [27.28| 85.70 | 5.25 | 550 | .38 | .63 .029 8
9. [26.00| 30.00| 4.94 | 5.07 | 44 | 57 .033 6
8 |20.15| 24.48| 5.00 | 5.16 | 31 | 47 037 6
7. |1811| 2346|487 | 510 | 31 | b4 042 6
6. |1530| 1836} 4.38 | 453 | .28 | 43 049 6
34




THE CARNEGIE STEEL COMPANY, LIMITED.

WEIGHTS AND DIMENSIONS OF CARNEGIE

BULE ANGLES.

i | D’ | oy | nep | e | P
B130 10 26,50 3.5 48 7
B131 9 21.80 3.5 44 7
B132 8 19.23 35 41 2
B133 7 18.25 3.0 44 7
Bi34 6 17.20 3.0 50 7
B135 6 13.75 3.0 38 7
B136 6 12.30 3.0 31 7
B137 5 10.00 2.5 31 7

DIMENSIONS OF CARNEGIE

MINIMUM AND MAXIMUM WEIGHTS AND

CHANNELS.

. ;}ﬁ Weight per foot | ity ke I:fmf fg
Index. | nel, each 1b, in- | 808 |
| Min | Maxr | Min | Max. Min. | Max. mh:f i

C1| 15 | 33.00 | 55.00 | 3.400 | 3.840 | .400 840 .02 8

~ CR0 | 13 | 3150 | 52.00 | 4.000 | 4.460 | .375 | .840 |  .023 8
C2| 12 | 20.00 | 44.00 | 2.868 | 3.460 | .268 | .860 | .025 8 |
C38| 10 | 16,50 | 33.00 | 2.665 | 8.150 | .265 | .750 029 8 |
C4| 9 |14.00 | 25.00 | 2.450 [ 2.810 |.250 | .610 | .033 8
Cb| 8 |11.00 | 22.00 | 2.205|2.610 | .205 | .610| .087 9 |
C6| 7| 950 |20.00 |R.011|2.450|.211|.650 ( .042 9 |
C7| 6| 800 |16.00 |1.895|2288.195.588 | .049 9 |

C8| b5 | 6501200 | 1.772 [2.095 [ .172 | 495 | .059 9

C9| 4| b50 | 800 |1.670(1.854 |.170|.354 | .074 9
3 | 500 9




THE CARNEGIE STEEL COMPANY, LIMITED.

MINIMUM AND MAXIMUM WEIGHTS AND
DIMENSIONS OF CARNEGIE EQUAL
AND UNEQUAL FLANGE
CAR TRUCK

CHANNELS. y
"i ;
! Depth 5 Flange Web Iners £
;‘q | op"| Weightper foot. width, Thickness. | fange and | S8
| Section | oy web for each | & & R
| Tndex. nel, in 1b, increase 3
1 inches.| Min, | Max. | Min, | Max. | Min. | Max | of weight |~ ©

) C20 (13.0( 31.50 | 52.0 | 4.00 | 446 |.375 | .84 .023 10
i Cb4 12.0( 2133 | 30.0 (264 | 285 | 81| .52 025 10
Smaller.| Larger.
C103 | 10.5( 2000 | . . | 250 |8.375|.375| . . 8 10

C106 | 10.5 | 26.50 . | 250 |8375| 50| . . R3t 10

| WEIGHTS AND DIMENSIONS OF CARNEGIE
SPECIAL Z-BARS.

e
1
-

:L - 1'::3;; SIZE, IN INOHES. e :31 {:

1| Metal: | Flange. Web. Flangs.

|

b 23| % | s 6 3 145 13

B2t | % | 2% | s 3 124 | 18
Z5 | % | o4 4 3 111 13
716 | % | 2u4 3 3 100 13

R | & | % 3 3 84 13

718 | 3% s 13 13 13 13

19 | . . I 1%x5 | 13xfs | 284xY 45 13




THE CARNRGIE YSTEEL‘ CCMPANY, LIMITED.
MINIMUM AND MAXIMUM WEIGHTS AND
DIMENSIONS OF CARNEGIE
Z-BARS.
" Thick- SIZE IN INCH;S.
T | of Mol Weight per fot, | *io:
ininches | Flange. Web. Flange.
Z1 % | 8% | 6 314 15.6 1
« <GV S 183 0
« 2|3 8l | 3 21.0 Fo
Z2 i e ) 314 27 i
I 3% 31 67 3% 254 ..
e H | 3% | 6% | 35 28.0 G
Z3 ¥ | 8% |6 814 29.3 1
2 .00 3% | 6% | 3% 32.0 i
“ % | 8% | 614 | 83 34.6 p
Baa a3 | 3y 11,6 11
w L3 | 38 | 5 |8 139 e
« | 8% | b} | 83 16:4 el
L5 % | 8% |5 8y 17.8 Rt
« 158 Bl 202 - fick
< 38 334 514 334 22.6
Z 6 18 3y 237 - 11
« i | 88 | & | 8% 26,0 Dy
« $3 | 8% | 5% | 3% 28.3 s
L7 A L R Y 8 82 12
« X $1¢ | 1% -1igie 1. 358 s
« ‘;Z 83 | 43 | 8& | 124 .
SR 1 o ik ey 3 188 12
« ] 8% | oax | 8k 158 o
i Tgir 31’”? 4% 31'313 179 > W
29 | % | 3% | ¢ 3, 189 18
w g sh | g | 83 20,9 s
“ % |sx | 4 | 8% 22,9 3
710 iR {8 213 6.7 - 12
« | o8y | 84 | 2% 84 ‘
z11 4 | 21 | 3 211 9.3, 12
« 23 | 8% | o 114 i
TS Seugh 211 | 3 211 125 2.4
B | asy | osa | 3y 142 s
. 37




THE CARNEGIE STEEL COMPANY, LIMITED
MINIMUM AND MAXIMUM WEIGHTS AND
DIMENSIOE’S é)FE(SJARNEGIE
NGL
EQUAL LEGS.

Seotion | Thickness ¢ | o S Bl . [Thickness| S8
Imia“x].l i'gilm‘:;é_ in i:::hes. perel o!:)tt E}:g SI?&O: i“'f ﬁgﬁé insil:gixes. g:logt §:§
Al 7% |6 x6 | 331 |.|A36| 25 |8 x3 |*94 (15
AR 13 |6 x6 | 809 |.|A87| % (3 x8 | 83 [1b
A8| 3 (6 x6 | 287 |14]*A38| 3£ (8 x3 | 72 |15
Ad %;é 6 x6 | 265 |.]|A%| 5 (3 x3 | 61 .
: ﬁg ; g ig %‘f% 0] X (3 a3 | 49 115
A7l 3 |6 6 | 196 | | AL % (2%02%| 8B .
Bl 5 |6 6 | 172 |14 AR O [202) T

T *A43| 34 2},{%% 6.6 | 15
A9 7% (5 xb | 272 | . | A4 £ [R%xR 65| .
‘ _é 5 ﬁg w4 | «Ad5| 3¢ [23x03 | 45 |15
% X o0 | L | ALB| 14 (R4x@M| T
H (6 x5 | 28 |14] A7l 7 |235217| 68 | .
% |5 xb |*R00 114 kAd8| 3¢ |21 | 59 |16
1;% 6 x6 | 181 1.1 Ad9l B (2524 | 50| .
Té g :g %2% 14<A50| 3¢ (2%xY4| 4.1 |16
% (55 | 123 1) 4k % BOSE) 67
12 e x4 | 199 [AB8| 3% (242%| 53 [18
% (4 x4 | 185 | 0 | AB4| B (22X | 45| .
3o le x| 171 [15[FABD| X |242K| 87 |18
: 4 x4 |57 |15] AB6| Z [2 2 | 58
BA%2| o |4 x4 | 143 | . | AB7| 3% (2 x@ | 47 |.
KA%3| 3, |4 x4 | 128 |15[*AB8| B (2 x2 | 40 |16
AU 1}1{5 4 4 | 18| . |As9 ¥ |2 2 | 32|~
4 x4 | 98 |15[A60| & 12 «2 | 25 |16
b 11 841834 1 || A8 7 (1) 48
A% 3} 814x8%4| 160 | ﬁgg A 1%“{% §2
Bass| 11 (335,35 | 148 (15 |ags| 1 |1etiy| o8 |16
(AR0) 56 18)4:340 1 138 | . eadh| A |13(x13(| 21 [ 16
FASL| 32 (815:832| 111 (15 |e 8 |1 29 | 16
MR
: At ydy | 24 | .
;5 3 :3 | 104 |15|a71 ’;T 14:14 19 |16
Angles marked thus * have finishing passes. ]
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THE CARNEGIE STEEL COMPANY, LIMITED

ANGLES—EQUAL LEGS.—Continued.

.o Thickness| g : F-g (
?;‘:it:? of Motal, Size, Weight 2.

Soction | THSKDSSS iz | Weight ) g
in inches| 1% inches. | per foot. gﬂg

Index. i:fil::cm in inches. | per foot.

Page No. of
Section.

sa2| & |1yxty| 15 |16]am9 & |t « | 12
*AT3| 3 1%1? 10 |16[*a80) 3¢ (1 «1 | 08 [16
ATa| B |15ase| 21 | . [*astl B | mx%| 10 |18
4 | ¥ 1igxtsg | A7 |18[ase 3§ | %x %| 07 |16
| earel 3 (15| 13 |16[*A88 3 | ¥x 3| 08 |16
| eamr| W [156a5¢ | 09 |16]*A8 % | ¥x x| 06 |16
»a78| 3 (177 | 15 [16]*a85 3 | 54x 54| 05 |16

Angles marked thus * have finishing passes.

SPECIAL ANGLES,

jon | Thickness g Weight | 2 2| octon |ThiCkDeSS g | Weight | S8
m? i:f il::ctl:i{a. in?l:&'m. pareloot. E’g Index. igf ??:;lk in inches. | per foot. E
A4S0 18 18 x3 | 144 | . | AR T R¥%xRV 71 :
Adbl| 3¢ (3 x3 | 134 | . [FA463 3¢ R15x2% 6.1 |24
*A4520 11 B x3 | 124 | 24| A4B4 15 BN xR 82 . |+
A3 54 1B 8 | 114 | . | A4ty 7 B2 | 1 | .
*A454f 2 13«8 | 104 | 24 [*A466| 35 (84x2 61 |24
Adb5| 11 Rux14 101 | . | A467 ¢x 3 x3 84 s
A4BB 36 [R14x215| 93 | . | Ad68 3% B x3 72 " [ng
*A457| B 214214 85 | 24 [FA469 £ B x3 61 |24
A8 15 R1RY| 7T | . [FAAT0 i RIRM| 42 24
*A49 I [214x214| 6.8 |24 [FA4TY i RIUKRY| 35 24
*A460] Exi [214x21f| 87 | 24 [FAATH| tox 3KPBXx 76 49 |4
AdBl| 15 14215 82 | . [*A476 %x %BYx K| 46 24

Angles marked thus * have finishing passes.

A450 to A459 known as “ COVER ANGLES.”
A461 to A469 known as *0BTUSE ANGLES.”
A470 and A471 known as “ SAFE ANGLES.”
A475 and A476 known as  HALF TEES.”

SR

powre L




THE CARNEGIE STEEL COMPANY, LIMITED.

DIMENSIONS OF CARNEGIE
ANGLES.

UNEQUAL LEGS.

MINIMUM AND MAXIMUM WEIGHTS AND

: 2 : v
jon | THICkRESS g0 | Weight | =3 | Seotion |THISKRSSY gipy | Waight | =5
mho? i":m‘ﬂ;_ in inches. | per ogt. gé Ind‘tx. i”é iln.g:;é. in inches, | per foot. E
AfS0| 1 | 7x381 | 33 | . [FA184 1 b x4 | 145 |18
A5l 13 (783 | 305 | T | A8 7 b x4 | 128 ] .
A 74 | D% | BT | A8 3 B | 100 |8
x3 %5 ? K
*A154 {}—/f 7,(32 249 | 17| A187 7% b x3l4| 227
1 | mar | 230 | . | AIS8 §5 b a3 213 |
5§ |18y | 210 | . [A18) X b k8l 198 (19
B | 8 | 190 | 17[FA190 }}é 5 x3%5| 183 | 19
o8y | 1o | . | A9 5«3 168 | .
2 | mas | 0 | 17)A198 ¥ b 3% 162 |
_ A193 32 5 33/ 136 | 19
% |6d | 2| . |asd Z b .82 120 | .
H 64 || Al 35 kgl 104 | 19
X 3 £
i{ Bxd 918 | . |A196 1% b x3 | 199
i (64 | 500 A9 3 b s3 | 185 | .
2| 6xd 181 1 . [*A198 4 b 8 | 171 |19
3 | 6xd 162 | 17] A199 55 b x3 | 167 | .
7| bk 143 | . | A200 fg 65 x3 | 142 | .
;,Z 6xd 128 | 17{*AR01] 14 b x3 | 128 |19
A202 5 x3 11,8 =
% ooy | o7 | bas 3 B3| 68| o
18 | 6355 | 240 | . |*A0 2 b 3 | 82 |19
}} 6x3% | 223 | 18] A04] 1% [415x8 | 185 | .
i1 (685 | 206 | . | A28 ¥ ios | 172 | |
6:3% | 189 | . [A208 i1 433 | 159 | 19
oo |63y | w1 | | A7 34 e | 146 | .
1ol 6ds | 153 | 18| A28 2 Wiss | 133 |
| 6@hy | 135 | . [a200 12 323 | 119 | 19
3683 | 117 | 18 20 ,/zg 403 | 105 | .
3, 1
T Ll b 4158 | 91 | 19
1 |5a | 226 | . |A2g 33 44 8yl 185
% |54 |1 | 18| A218 ¥ & 8% 172 | |
fi |5 | 195 | 18]ea21a] 3 |4 8% 159 | 19
se |bxd | 178 | . | A28 3¢ l& 875 146 | .
o I | 162 | . la2te 2 4 337l 133

Angles marked thus * have finishing passes.

40




THE CARNEGIE STEEL COMPANY, LIMITED. ;
;‘
| MINIMUM AND MAXIMUM WEIGHTS AND |
¢ DIMENSIONS OF CARNEGIE |
R ANGLES. |
¢ UNEQUAL LEGS.—Continued. |
. . | Thickness . . ég ;on | Thickness| e ',g,é
D | e | e £ o B e | vt ]
‘\ xa217l 1 |4 3y 119 | 19] A9 3¢ 82 | 62 | .
A28 o |4 8% 105 | . | A0 2 [81x® | 53 | .
*A219| 3% |4 815 91 |19[¢A251| ¥ [3%xe | 43 |20
B | A0 12 |4 8 | 171 | . |a%e & 8 2y 95
b | a1 ¥ |4 8 | 160 | . |A2s3 3 3«3 85 |-
*A22l 11 (4 x3 | 148 |19fa%4| 7 (3 23| 7.6 |20
A28 3% |4 «3 [ 196 | . | A28 34 [3 «23f 66 | .
B [ Azl o 4 a3 | 128 | | A6l B 8 @3 b5 |
Al g 4 3 | IL1 | 20panr X I3 2k 45 |2
. A ) 3
or| W I3 | s8] o 82 | 1
“AR8| & 14 x3 | 71 X ;
A229 : 3yx3 1;7 3 Azgo % 8 gg ;
: % 7| . | a%et| 2 X B
A2%0 3¢ 13953 | 147 | . a2 i |8 x2 | 41 |21
*A281| 1 (8373 | 136 |20[*a268| 7, (3 k2 | 3.6 |21
A2 56 353 | 125 | .
A233 5 [814x3 | 114 | . | AR64] 5 23R | 68 | .
*A234| 3 (8153 | 102 |20[ A5| 7 [23x@ | 61 | .
’9« A235 8173 91 | . [FAR66] 3% [214x2 | 53 |21
A236 ’;Z 8143 | 78 | . [FA%7 B 224 | 45 |21
*A237| B [314x3 | 6.6 |20[AR68 X |12)5x2 | 3.7 |21
A60) 7 [2%4x2 | 28 |21
))) A238 314x214| 124
A239 i5:2%| 114 | . | A20] 3% |2yl 65 | .
: A0l B 852341404 |20f A1) T Riaidg) 5O |
: Aut| 2 (890037 04 | A2l 3% Ry« 43 |2t
I | A2 7 33215 83 |20[*A2M8| B |24l 87 |21
¢ A3 3% [3340u| *7e | 20[A2m| i [2x13 3.0 |21
: A4 B (315034 61 | . [*AB| & [2%xiig 23 |21
A *A 1 1, 1, X
) A5 A PRy 49 | A0L o ¥ |2 3l 27 |2t
& | AuSl & By | 00 | . ATl & 2 dj 21 |2
A7 % B2 | 81| | A% m |13 | 16 | .
*AUB 75 1332 | 72 |20fA%9| 3 1341 | 1.0 |21
Y Angles marked thus * have finishing passes.
41



THE CARNEGIE

STEEL: COMPANY, LIMITED.

MINIMUM AND MAXIMUM WEIGHTS AND
DIMENSIONS OF CARNEGIE

D \=at

ot
e b e e e

m—Xm

It

e W e

ANGLES.
SQUARE ROOT.
| weignt | 5| seetion Sie,
mmches per oot‘ Index. | : A in inches.
185 | . | A385 914 x21(
171 | . | A386 93¢ X2
157 |22 [eassy 214 X2
43 | .

A388 2 2

12.8 |22l A38 2 2
97 |2 (A0 o |12 @
: <391 3 [2 x@
21 180 12 asm 2 |1y
156 | A%l 3¢ |1y
o8 | | A3 & |[tixty
{1;0 o [A395| X [13(x1¥
98 | . | A396| 36 [134x134
85 |22| AS97| 2 |13ga3]
e | [A3%8 ¥ [135a%
f0 | [ase9| & (15473
94 | .| a 1y
i L g s
72 | . |*Ad02| & |13ty
6.0 [22[vAd08| 1 [134x1%
L9012 basor| 3¢ [13gx %
88 | . [eadls) K |13 %
T8 1 fasos| x- [13gxtng
55 | 2L%08 3¢ |l
¥ 1 14x11
'g'g - [FA480) 5 |175x 1
59 i *A40‘(3) b4 % x}

9| o brasto| x
22(1) Rleaatt] ¥ 11«
Ad12 %x 7
ﬁ. : *Aﬁ?{ T’jéj é:ﬁ
39 |22leadtd| B | yxy
68 | . [<a4ts| 3 | 3x ¥
6.0 *A416 = %" %

42
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THE CARNEGIE STEEL COMPANY, LIMITED.

WEIGHTS AND DIMENSIONS OF CARNEGIE
TEES. U
EQUAL LEGS.

THICKNESS OF METAL,
SIZB, IN
Saction e D eight | Poge,No-
Index. per foot, | g i
Flange, Stem, Flange. Stem.
90} 4 4 Ltogh | X to 137 %
T2 4 4 3 to % | 3% to 10.9 25

T3 3% 8% |24tof | A tos 11.7 25
T4 3% 8% | 3toh | 3 to 9.2 25
T5b 3% 8% |ijto3l |4fto 3} 6.8 25

T6 e Ktof | Hto 10.0 25
BRI 3 3 Tsto g | 5 to 3¢ 9.1 25
{8 3 3 34 to % | 3 to 5 7.8 25
T9 3 3 Srto 34 | Prto 34 6.6 25
TI0 | 2% 1 2% |stopy |t | 64 | 2
TH | 2% | 2% |fto3 |fsto| 55 | 2B
TI2 | 2 | 2% |ftosk|ftoss| 49 | 2%
TI8 | 2y | 2% |[ytop |Htog| 41 | 2
T4 | 2 2 | pto3 |0z | 48 | 5
T1b 2 2 Y to | i to o 3. 26

T16 1% 134 | Y to P | 4 tofs 3.1 26

T17 11 1% | 4 tofs | 4 tofs R.6 26
TI8 | 13 | 4 |fstoyy |[fstody | 184 | 21
T19 1Y 14 |4 tof | 4 tof 2.04 2%
T20 1% 1% | Sstoqs | Fsto 1.53 26

T21 1 1 s to g [ B to 1.23 26
TR 1 1 % to o | Yto By 0.87. | 26
43



THE CARNEGIE STEEL COMPANY, LIMITED.

WEIGHTS AND DIMENSIONS OF CARNEGIE
j TEES.

UNEQUAL LEGS.

THICENESS OF METAL,
SIZE, IN INCHES, IN INOHES,

Weight
per foot,

Flange. Stem, TFlange. Stem,

3 1 to % | 33 to 3% 13.6
215 | 36 to 5 | {5 to §} 11.0

3% |Ystos |1hto % 15.8
3 Frto 3% | Fsto 34 85
3 ¥tos | toyy | 100

2 | fsto 3% | f5to 34 8.0
2% |Htoys| jtory 9.3
5 1 to %5 | X4 to o5 15.6
5 34 to 1+ | 3 to 1% 12.0

4 | Htof |Htofs| 148
: ;| 3% to o | Y to
3 % toys | 38 tors

% to 1y | I to s
P5to 3% | s to 34
3 to 7 | 3% to 1%

fsto 3% | fsto 3

Y to 1% / to 'Is
3 to 1%
sto )4
Y510 1%

3 to 75
75 to 34
7 o 1%
s to Y

X W

W= > oo o O O B 290 O 9
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THE CARNEGIE STEEL COMPANY, LIMITED. ~

g

-

WEIGHTS AND DIMENSIONS OF CARNEGIE

TEES.

UNEQUAL LEGS.—Continued.

THICKNESS OF METAL,
Sl T S el Veight | Po8%, .
Index. per oot | gyotion,
Flange. Stem, Flange. Stem,
T | 8 4 |shtogs|3ktogs| 98 | 29
™ | 8 310 | 4to% | gton| 109 | 29
T76 3 3% | Ltok | fstoXf 9.8 29
T 3 3 | 3%to{s | 3k tory 85 29
™ | 3 9 | tods | Htods| 72 | 30
9 | 3 9  Hto¥|ftosk| 61 | 80
780 | 2 | 2 || ¥ 74 | 80
T8 | oy | 1% |moi| ¥ 66 | 30
T8 | 8¢ | 8 |stof|stog| 72 | B
188 | 2% | 3 | fto36|fto3k| 61 | %0
T84 % 2% |3tofs | Htofsy 6.7 30
185 | 2 | ¢ |ftosk|fstox| 58 | 80
T86 2% 14 | fstogs | fstors 2.9 30
T87 2 1% | 4 tofs | X tofs 3.1 30
T8 | 1y | 1% |tog | tog| 86 | 30
T89 1% 1% |fstogy|fstogs 1.94 30
190 | 1% | 1% | Htosk|ftos| 80 | %0
T | 1% | 1% | Mo | Ktog| 224 %0
T | 1% | 1% |ftogs|Atogs| 17| %0
98 | 1 | 1% |dtok| & 133 | %0
o | 1% | ¥ | & A 133 | 0
T% | 1 13 | Ktogy | tog| 112 | 30




MISCELLANEOUS SHAPES.

Designation of
hape,

Thickness
of Metal,

_in
inches,

Weight
per foot.

Trough Plate,

3
13
143
“«©

Checkered Plate,

“«©
“

915x83(
915x33
915x33(
935,33
915x33

Corrugated Plate,|  83(x1%

83¢x114

83¢x1%
123,23
12%x23¢

12753

Width.
8477
3477
8477
477

16.32
18.02
19.72
21.42
23.15

8.06
10.10

Per Square Ft.
13.77
16.32
18.87
21.42

SPECIAL TEES.

Page
Size, Weight | No. | Section Size,

in inches, | per

oot. of
Section,

Index. | in inches. | per foot.

Weight

|

T156‘ 4 R

3 ' 11,00

RAIL.

Size, in inches.

Weight per foot. Page No.

of Seotion.

156x1%4

i

} 26




THE CARNEGIE STEEL COMPANY, LIMITED.

CAST SEPARATORS FOR I BEAMS.

See illustrations page 57, Figs. 9 and 10.

Separators for 2077 and 24/ beams are made of 5§// metal.
i % 6/7 to 15’/ heams are made of ¥/ metal,
3 “ 57 beams and under are made of 35’/ metal.

DESIGNATION DISTANCES, BOLTS, WEIGHTS.

OF BEAM. ¥ D
o il g 5 i
) &3 ™ 4 'g‘g .‘5’3
' s G 2 g |s7e| o |8
: = | g8 4|3 (BEy| § B2
l 4| sz =8]8 gs ¥|E |Bag e
§~ g | 2 |38|8= 5|~ | 2|22 =
IF S g 2 358 is
) - o ssg 8
| a5
inches, Ibs, |inches. jinches.inch. inches. inches) 1bs. | 1bs. | Ibs. | Ibs,

SEPARATORS WITH TWO BOLTS.

24 | B1[80 |1y [7ar|m[12 [or4[arg] 038 [312

2 | B2(80 |143( |73 ﬁ 10 9y/: 4@ i 24?

20 |B3(6a |18k |7 |% |10 [832]a3| « :

15 | B4/80 135672 7 9 |8] 025 |18y

15 | B 5|60 1252 eé ;;i; 7..18 3%4 “ 12?'

15 | B650 |12 |634|3¢|7 (8 [834| « [12%

6 | B7/4 |16 |3 | 7 |ogls” | « |1k

12 | B840 |11:216 |3¢| 634|734l |o025 | 02

2 [Bgiz |kl 3 | 6% 7};3; g | Mo ok

SEPARATORS WITH ONE BOLT.

12 | B 840 1146 . 17315 012 | 9% |
2 |5sE 11f6 § 736l |« | 9 fZ
10 | B10(88 |10 52|53 |. |67 |13¢] « | 77| 13
10 | B11|25 (105 55|37 | . |6%|134| « |74 5?
o [Bs|2n | 0%l ||, -lex|i3e| « |67 1%
8 [ Bi15(18 | 9% M. 84|13k “ | 5% | 42
7 4BA7 15 | 8% ay|¥ | 14| « 4% 1
8 IB1913 | 7 la |3, .lsuliy| o« |ei| =
5 [B2r(10 | 6% 3¢ x|, . laxg|1| « [1y%-| &
4 (B8 7 | 5% 8% |% . |au|is| « |14 3
3B 6 | bywis (% laxlslon]1n] ¥

FS
g




THE CARNEGIE STEEL COMPANY, LIMITED,
STANDARD SPACING AND DIMENSIONS OF
RIVET AND BOLT HOLES THROUGH :
FLANGES AND CONNECTION
ANGLES OF T BEAMS.
3 zy" b zy' -
P - ‘ b b’
T | Weignt it or 8 o
inches, | PO¥ Mt\niv:t’ Tathes |/ Skt
inches, 1 R
10 | 33 |3 |23 | b=43%
|26 | 3| R | 4y
2l 1Ry Ak f
‘ 18 | 3 |2y | «d4y-
|15 | % 9. w4y
{48 156 | - |W=4X4
| 10 | % 1 | «dy
‘ 7 % ARE
6 1;/3\ “ 448
. ANGLES
b o
. -
Maxi- il Maxi-
dll::nin:mof i(: of leg, ':.:!‘t;.mof g
A chw nvet,oxl;x inches. | iphes ::'et.oi;i-“‘h“‘
| inches. inches.
46 { 830 |[17% (4% | % |7 |1 |8% (2 %[ 1%
W a5 |2 .. xle |1 |8%|1x| ¥%| &
121 200 | 156 13 #1611 L2301 | el 4
01 165 | 132 |43 |3 |4 |1 | 2% [k | % | ¥
9| 140 | 135 |44 | % |4 1 RUN1% L % | 13
B8l 110 | 1Y 44 | 4 |8% |t 2. | 1% | % %
| 95 | 126 |45 | 6184 | 7 |13 | Ide | 35 | %
80 |17 a0 | KDL
01 65 |1 4815623 | 1)s | Znas e
4 65 |1 i |\ B R | % |18 X | K| 1%
@1 60 [1 4% ) %124 | X I1K | B 551 %
NOTE: The spaces b/ in above table correspond with spacmgs
on page 50 for standard connection angles.
48 b
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THE CARNEGIE STEEL COMPANY, LIMITED.

NOTES ON STA.NDARD CONNECTION AN-
GLES FOR CARNEGIE T BEAMS.

The standard connection angles, for all sizes and weights of
Standard I beams manufactured by The Carnegie Steel Com-
pany, Limited, are illustrated on opposite page. These connec-
tions were designed on the basis of an allowable shearing strain
of 10,000 1bs. per square inch, and a bearing strain of 20,000 1bs.
per square inch on rivets or bolts, corresponding with extreme
fiber strains in the I beams of 16,000 bs. per square inch. The
number of rivets or bolts required was found to be dependent, in
most instances, on their bearing values.

The connections have been proportioned with a view to cover-
ing most cases, occuring in ordinary practice, with the usual
relations of depth of beam to length of span. In extreme in- .
stances, however, where beams of short relative span lengths are
loaded to their full capacity, it may be found necessary to make
provision for additional strength in the connections. The limit-
ing span lengths, at and above which the standard connection
angles may be used with perfect safety, are given in the follow-
ing table :

Table of Minimum Spans, for Carnegie I Beams, for which Standard
Connection Angles may be Safely Used, with Beams

Loaded to their Full Capacity.
2 3 S >
Designation E & Designation E & Designation 2 é
B o 8= of 8= of E=
= = = i
24/7-80. lbs. | R0.5 | 1577-41. lbs. | 10.5 | 87/-18. 1bs. | 7.0
2077-80. “. | 17.0 | 1277-40. “ 86| ™6 % | b5
Rl B B TS RG-S 75| 67748 « | 6.0
16/7-80. “ | 126 | 107-83. « | 105 | 5/-10. “ | 4.0 ¢
§e20560. Y 15T tiealby, 90 | 47-7. © | 80
g R ELRS B L 1 B T 80| 37-6. % |30

See illustrations of Standard Connection Angles for Carnegie
L Beams on opposite page.

v
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STANDARD CONNECTION ANGLES.
FOR T BEAMS,

aPalSn 1'm6"g,
100
4o ﬁ& 9% 0—e - fior 24’”.1{'5

. &,‘ym*y&%ﬂ»w*&uw

axax L—1-3g.

2 al‘.—aﬂl‘-s" ,é'

K:;";‘,, u’“ 7 %[W/

.
k6L — 0-10"1g,

YaseliagL— 0 231z,
_____ ;x » {%%i@fmel :311»
: Hﬂ-{#*"'.! 13

ooy L—o0La%1g,

for x"z"’I ‘; ; l’l:s. 2_? + for 7 I% 15'1bs.
vadam L 5 L g

"o

sXexzL— 0-8'1g.

for xo"I% ;; lg" T for 817 18 Ibs. )’y
= "' -’ for ¢ 21 lbs.
247 'ig
iy EO=
CHANNELS,
B34'X814"X%"L—0"-5"1g,

for 8”C |1x Ibs, ’

for 15”:_33 Ibs. for o” 14 Ibs,

aw—ﬁ;ﬁ)‘ 10 /)V
L—0-83"1g.  B3EIX336" X% L—0"43"1g. 834"336'% %" L— 0634”1,

for 12 L

for 10”'C
20 lbs. =

16.5 lbs, /3

Mmlm' for 8", 4" 5" and 6" I-heams apply also to Chamuh

Solbs, 68y’ L-ax"
g for 31 ﬁlbi;&?p
% £ E for 4”13 7lbs]

?

All Foles for 34" Bolts or Rivets. i
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FIREPROOF FLOORS,
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Fig. 1.

e
i e

BUILT COLUMN SECTIONS.

Fig. 2. Fig. 3.

S
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F"’ig

Fig. 10.

I

Fig. 13.
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Fig. 16.
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DETAILS SHOWING FIREPROOFING, AND BASES FOR
Z-BAR COLUMNS. :
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DETAILS OF STANDARD CONNECTIONS OF
I-BEAMS AND Z-BAR COLUMNS.
These connections to be used when columns are mnot spliced at
seat level of girder.

Fig. 1. Figr 2.
ETTr T |
o b = ie|al q
4 i i s :
il [ It s ‘
e i i i il
T i I
1R H > alle
Dol HE 1 ! i
N O ¢ M
12 1" 1 i allt ik
T T gl i v -
oM | K 1 [ (o) ¥ 4=} A B e it
» Bl 4 1 [ o i z
"E‘ & (s % 30| 3\:‘455 i 4 '
wa3all i i *5 22 JH Q & W d e
3 x84 % edodiolll & |4 e |
IR eSS oitolll &  pula e
> w133 iR S Lat 2|9 o1lid
14 R il ol RS il
33 iblloli |33 gk 38 iblldis i
oA i Hit i ! > Wl
i il i : ) Hlp
I : oih «‘% ;. 2 ; all 2|
3 i Sl A L WLl
24/ & 20/ Beama 3 16/ 12/ Beams
u 1825 Tons
Where a rigid connection between
beams and columns is required to pre-
vent side motion, use rivets instead of
bolts and insert plates 34" or 1-16” Slc
thick, or both, between top flanges of -
beams and columns, as shown in s e
Fif' E, opposite page. . -
f the space is large, cast iron may, .
in addition to the thin wrought plates, g
used to advantage.
Fig. 3. ig. 4.
T —-4:\1
g :
. b
S ;
3 .
2 ¥
BOES W 1
- D Hi
'\;‘ Qi @
5 H ’"é ..E |
$ 5 i s
® s ™
= e 2
@ 107, 0 & 8 Beams X 7 x 0/ Boams
8.8 Tons, 2 4.4 Tons.

‘The number of tons indicated denote the end reactions due to the loading on
eac beam, and for which the connections are proportioned.
Rivets and bolts, 34" diameter, All bolts through beams have bevelled heads,

’
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3

DETAILS OF STANDARD CONNECTIONS OF
I-BEAMS AND Z-BAR COLUMNS.

These connections to be used when columns are spliced at seat |
level of girder. This is the usual arrangement,

Fig. A.
T 1 Fig. B
| ]
Bl it |
Pl% { T T
| : i !
il ffolldi |4
gl Helie il B
5 Q e 3 -
1 ife a5 ool |2
e e [ S
L ] K] H &g [ H s
i 41
i) Hilfv s (e, 7€} IS
o ol astill e % I.,'f- 2
77.P, T == "
o]l Y| ¢ Za o lTMefF™ 3 ., ;
lighololelld  Jqfofiiioff = 3 3
4! IES * |leltllHe 2 S x
dololic |2 & (felflifall * > 1 5
ibliaft V5 ¥ (folflie {9 w
i s 2 iletlne I3 3
Eirgle o poull® ¢J® X
N | & 2077 Boamsy) . 1 1|1 3 ¥
RS | eomons, (2802 !
= 4 ) SN 1677 & 127 Beams
| - 13.25 Tons.
oo Fig. .
¥ . Where a rigid connection between
'ij. besms and columus is required to

prevent side motion. use rivets in-
= ™. O |stead of bolts, and insert plates "

or 1.16/ thick, or both, between top
- flanges of beams and columns, thus;
= If the space is large, castiron may,
3 in addition 10 the thin wrought
plates, be used to advantage, thus:
iFig. C.
G E v
el
IS IE b
i g“" Double B Gingle B _.
: 2
19
) Rk
% ih 3
1 it P o
Bl | e <
G 3
i i ©H :‘g’ 5
B &
o £ 3
38 7/’ & /7 Beams
1077, 9/ & 87 Beams 4.4Tons,
88 Tons,
of tous indicated d the end reactions due to the loading on

each beam, and for which the connections are proportioned,
ets and bolts, 35 diameter, All bolts through beams have bevelled heads.
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CONSTRUCTIONAL DETAILS.

= R Fig. 9. " Fig. 10.

“

Fig. 13.

Fig. 14. * Fig. 15. Fig. 16, Fig. 17,
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METHOD OF INCREASING SECTIONAL
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GENERAL NOTES ON FLOORS. e

Examples of floor joists and their connections, of common |
occurrence, are shown on page 57, Figures 1 and 3. Girders i
consisting of two I-beams, or more, side by side, as in Figures 16 }
and 13, should be connected by means of bolts and cast-iron sep-
arators, fitting closely between the flanges of the beams. The ;
office of these separators is, in a measure, to hold in position the
compression flanges of the beams, preventing side deflection or
buckling, and to unite the two beams so as to cause them to act
in unison as regards verticle deflection. Separators should be
provided near the supports and at points where heavy loads are
imposed, otherwise at regular intervals of from 5 to 6 feet;
these are shown in Figures 9 and 10. Their weights range
from 134 1bs. for the light 87, to 8114 ibs. for the heaviest section
of 24” beams. Complete tables for the weights of separators for |
I-beams are given on page 47. '

On page b7, Figures 1 and 8 show different methods of con-
necting beams with each other. Figure 1 represents the floor
beam coped to the girder and joined to it by the means of a pair
of connecting angles, which are usually riveted to the floor beam
and bolted to the girder. Notes on standard sizes of these con-
necting angles, and the number of bolts and rivets required for
all sizes of I-beams, are given, with illustrations, on pages 49
and 50. Figure 3 on page 57 indicates the method of connect-
ing the floor beams with the girders when they rest on top of the
latter. In this case the floor beams are secured by means of a
pair of wrought iron clips, shown in Figure 2, shaped so as to
closely fit the top flange of the girder and either bolted or riveted
to the lower flange of the floor beam, on opposite sides of the
same. |

The old method of construction for fire-proof floors in build-i

ings is by means of brick arches. These usually consist of a
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single 4” course of brick, with arise at the center of 8 or 4 inches
and resting on the lower flanges of the I-Beams, against brick
~ skewbacks. This method of construction is illustrated on page
. b1, Figure 7. 1In case the floor is designed for very heavy loads
' several courses of brick should be used. The floor beams should
be placed about 5 or 6 feet, center to center, A convenient de-
vice for centering the arches consists of wooden frames, called
centers, suspended by iron hooks from the lower flanges of the
beams, and detachable on one side so that they may be
shifted at pleasure as the work progresses. The space above the
- arches is filled with concrete, in which are embedded wooden
strips for securing the flooring. To finish the ceiling below,
~ plaster is generally applied on the bottom of the arches, directly
to the brick work. The horizontal thrust of the arches is
y provided for by the use of tie rods, from 5¢” to %" diameter,
spaced along the center line of the beams, or a little below, at

- regular intervals of from b to 7 feet. The thrust of these arches

g 15WL2 ,
per lineal foot can be found by the formula T= in which

- W is equal to the load per square foot, R the rise of the arch in
~ inches, and L the span in feet. The tierods in the arch abutting

against the wall are securely anchored to the wall; an angle,
- channel or simply a wall plate can be used to support the arch
andto properly distribute the load upon the wall. The weight
-~ of a fire-proof floor of this description, that is, 4” brick arches,
-~ concrete and flooring, exclusive of the weight of the beams, will
- average about 70 pounds per square foot.
~ Corrugated sheet may be used instead of the brick arches. It
s placed against the lower flanges of the I-beams, and thus se-
 curelyheld in position, while the space aboveis filled with grouting.
" Tie rods are used the same as in the previous case. The distance
between beams should be limited to 5 or 6 feet. The corrugated

sheet is usually left exposed below to form the ceiling, and it is thus

gy T g e ap Ty .
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open to the objection that the moisture in the atmosphere may con-
dense upon the surface of the sheet in sufficient quantities todropinto
the room below. Ceilings of thiskind should therefore be restricted
in their use, or the sheets properly protected from contactof the air

Two modern types of fire-proof floor constructions, and
which have grown in favor so rapidly as to be used now almost
to the exclusion of all others, are illustrated on page 51, Figures
4 and . The arches in this case are formed of hollow blocks,
consisting of burnt fire-clay or similar refractory material. These
are furnished by the manufacturers in a great variety of patterns
and of a strength to meet the desired requirements. ]

In regard to their composition, there may be said to exist two 7 }
distinctive varieties.

In the first, known as hollow pottery, the material consists of
burnt fire-clay, and differs from the second variety, called
“porous earthenware,” in being thinner, harder, and more |
compact. ]

In the second variety the clay, before it is burnt, is mixed in
considerable proportions with sawdust and finely-cut straw,
which, being consumed during the process of burning, leaves the
material in a finely honeycombed state.

Figures 4 and 5, on page b1, show two methods of construc-
tion of hollow pottery and porous earthenware arches. The
method illustrated by Figure 4 is the later and better.

From tests recently made it appears that this latter construc-
tion gives the best results in regard to strength. This is evi-
dently due to the fact that the full section of the material is
placed in its most advantageous position to take the direct
pressure coming thereon.

When used in floor construction both varieties of arches are
backed to the depth of several inches with concrete, in which
are embedded wooden strips to which the floor planking is
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- secured. The joints are all made radial, and the blocks should
 be thoroughly cemented together. They are made to project
lbout 1 inch below the bottom flange of the I-beams, which are
further protected by the insertion of a thin strip of tile. The
‘weight and cost of both hollow pottery and porous earthenware
are about the same, and, through their superior lightness, possess
an important advantage over the brick arch. The saving in
weight amounts to from 40 to 50 per cent., thus warranting more
economical proportions for the steel framing, while in other re-
spects the cost of this construction is about the same. The
‘weight of these arches per square foot of floor, without plaster-
' ing, concrete or flooring, is about as follows :

3 127 arches, used for warehouses, 45 Ths.

“ % theatres 36 1bs.

8 «  «  « office buildings, 30 Ibs.

e % « <« light purposes, 22 Ibs.

For long spans or unusually heavy loads special arches should

‘be constructed. A combination arch, to satisfy this purpose is
Lslwwn on page b1, Figure 6. It consists of hollow fire-proof
blocks of the ordinary dimensions, as used for partitions, from 47/
‘to 12/ wide and about 12// in depth, set end to end and sup-

ported by steel or iron tension straps fastened by good and sub-
' stantial means to the webs or upper flanges of thebeams. These
straps must be of sufficient strength and placed between the
successive rows of the fire-proof blocks. The space over the
straps and between the fire-proof blocks is filled up with
Portland cement, thus uniting the blocks and producing a
solid floor. The fire-proofing, therefore, no longer serves the
function of an arch, but merely takes the compression caused
- by the strap, whose tendency is to pull the floor beams together.

The straps should be at least 1};//wide and not lessthan }{//in
thickness. Tests made by The Carnegie Steel Company, Limited,
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with this combination construction have given very satisfactory ‘
results.
The following are the usual assumptions made in good practice

for superimposed loads :

Floors of dwellings and offices, 70 Ibs, per sq. ft.
«  « churches, theatres and ball rooms, 125 Ibs. ¢« « «
«“  « warehouses, 200 to 250 Ths, ¢« ¢« &«
“ for heavy machinery, 250 to 400 Ths. « « «

It has been shown by a careful investigation that the weight
of a crowd of people, densely packed, will not exceed 80 Ibs, per

square foot,
The cost of fire-proof floor construction has been further greatly

reduced by the substitution of steel for iron in the manufacture of

I-beams and channels. The former material recommends itself,
not only for its superior strength, but also by its use the rolling
of much lighter sections than in iron has been rendered practi-

cable. These advantages are now universally conceded, and in
view of this fact, The Carnegie Steel Company, Limited, have
discarded the use of iron, and the manufacture of structural

shapes consists entirely of steel.

Where girders extend below bottom of floor beams, they are
made fire-proof by surrounding them with hollow earthenware
blocks especially made to fit the bottom of the beams, as shown

on page 51, Figures 1, 2 and 8,

An example of fire-proof tile construction, as applied to ceilings

and roofs, is given on page 52, Figure 2.  For ceilings the Tees

are suspended from the lower flanges of the I-beams at intervals

of 127 or 157, and support a layer of very thin tile, weighing about

5 pounds per square foot, to which the plastering is applied. For

roofs somewhat heavier Tees are used, resting on the top'

flanges of the I-beams and spaced about 18” apart. The tiling,

weighing about 10 Ibs. per square foot, may be covered with
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‘concrete, then with a layer of felt and gravel, or, in the case of
T slate roofs, the slate may be nailed directly to the tiling. .~ -

A semi-fire-proof construction is shown on page 52, Figure 1,
,":"nd consists of angles resting on the top of the floor beams,

and supporting wooden strips. The finished floor can be directly
‘nailed on these latter, which are spaced from 12 to 16 inches apart.

- The ceiling is composed of wire lathing, which is fastened to
* Tees suspended from the floor beams and spaced. about 16/
~apart. The plastering is directly attached to the wire lathing,

and thus a level ceiling is obtained.
Wire lathing can also be used to good advantage in fire-proofing

columns and girders, and has shown itself to be of great utility

in many instances where hollow pottery could‘ not be used.

On page 52, Figure 3, is given an elevation and section of three
‘;methods used for the construction of fire-proof partitions. One
~consists of the ordinary fire-proof square blocks, set with broken
,; ints and held at intervals with light I-beams, which take the
place of wood studding.
~ In the second me:hod, the space between the I-beams is filled
with a new material called plaster boards. The third method
consists of wire lathing attached to the flanges of the I-beams
and stiffened at intervals of 2 feet with "angles. In all these

methods plastering is applied directly to the surfaces in the

‘usual manner,
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GIRDERS IN BUILDINGS.

In the design of a building, cases may occur where a single

I-beam girder will not answer. It may be found desirable to

increase the lengths of the spans so as to reduce the number of
supporting columns to a minimum, or perhaps heavy concen-
trated loads, such as vaults, brick walls, etc., will render single

. I-beam girders inadequate. On page 57, Figs. 11 to 17, inclusive,
are shown various forms of girders that may be used in such

cases Where the ends of the girders rest upon the wall, steel
bearing plates (Figs. 12 and 13), should be used to distribute the

pressure over a greater surface,and thereby prevent the crush-

ing of the material in the wall directly under the girder. In

some cases a tough, large stone will answer without the plates
(Fig. 11), but where the pressure is heavy, both plates and stone
should be used (Fig. 13).

The allowed pressure per square foot for brick work should

not exceed six tons, and for stone, twelve to twenty tons, accord-
ing to its character.

For spanning openings in brick walls, girders composed ot
two or more I-beams, connected by bolts and separators (Figs.
13 and 16, page 57), are most commonly used.

The probable line of rupture, where the bricks have been laid
regularly, if the girder should fail, will be found to be inside of
the sides of an isosceles triangle whose base is the span and
whose height is 24 of the span. In order to be entirely on the
safe side, the weight of wall between vertical lines directly over
the girder for a height equal to that of the triangle is frequently
adopted as the load to be carried. It should be noted however
that for green walls or walls having openings, this rule does not
apply.

Placing the weight of brick work at 112 Ibs, per cubic foot, the
weights per superficial foot for different walls are as follows :

R e R e O LR SR 84 1bs,
e T R e RN et A Sy |
AT S S e mee e B A L 168 «
RN, = 0 Ny, Iy e o = 20b A€
L e LS R RS SERT D e S 243 o
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EXPLANATION OF TABLES ON CARNEGIE
SECTIONS.

Paces 70 To 90, INCLUSIVE.

These tables have been calculated for the lightest weights to
 which each shape or pattern can be rolled. Heavier weights
can be rolled in the same grooves by separating the rolls, but
they are not kept in stock, and can only be obtained by special
- rolling. ‘

The tables on pages 71 to 73 for I-beams, give the loads
which a beam will carry safely (distributed uniformly over its
' length) for the distances between supports indicated. These loads
' include the weight of the beam, which must be deducted in order
to arrive at the n¢¢ Zoad which the beam will carry. On pages
74 to 82, will also be found the safe loads for other sections.

For beams of heavier sections than those calculated in the
tables, a separate column of corrections is given for each size,
stating the proper increase of safe load for every additional pound
in the weight per foot of beam. The values given are based on
‘2 maximum fiber strain of 16,000 1bs. per square inch for I-beams
‘and channels, while for other shapes, 12,000 1bs. has been used.
- It has been assumed in these tables that proper provision is
‘made for preventing the compression flanges of the beams from
deflecting sideways. They should be held in position at distances
not exceeding twenty times the width of the flange, otherwise the
strain allowed should be reduced as per table, page 69.

In some instances deflection, rather than absolute strength,

eflection exceeds ylsth of the distance between supports, or
#5th of an inch per foot of this distance, there is danger of the
ceiling cracking. This limit is indicated in the following tables
by cross lines, beyond which the beams should not be used, if
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intended to carry plastered ceilings, unless the allowable loads
given in the tables are reduced. There is an element of safety .
not taken into account in the tables, viz., the fact that the dead
load of the floor is carried by the beams before the plaster is
applied; consequently, only the deflection due to the live load is
liable to cause damage to the plaster. The following method
can be used to obtain the reduced loads:

Multiply the load given immediately above the cross line by the
square of the corresponding span, and divide by the square of the
required span,; the result will be the requived load. See exam-
ple 171, page 69.

A table of deflections of Carnegie sections is given on page
70. It may generally be assumed, both for rolled and built |
beams, that the above limit is not exceeded so long as the depth
of the beam is not less than ;};th of the distance between sup- |
ports (3§ inch per foot).

Inasmuch as the carrying capacity of beams increases largely
with their depth, and it is therefore economical to use the greatest
depth of beam consistent with the other conditions to which it is
necessary to conform, (as clear height, etc.), the above cases of
extreme deflection will rarely be met with in practice.

As the deflection of beams is not very uniform in either iron or
steel, the question of the relative deflection of iron and steel
beams can be decided only from the average results of a large
number of tests, Such experiments as have been made, though
insufficient in number to be conclusive, indicate that a steel beam
will deflect slightly less than an iron heam of the same section,
under the same load, in about the inverse ratio of the moduli of
elasticity for these materials as generally assumed, or say as 14

to 15,

The tables on pages 83 to 90, inclusive, for I-beams give the .
proper spacing, center to center of beams, for loads varying from
100 to 175 bs, per square foot, and for spans ranging in length
from 5 to 30 feet. The spacing of beams is inversely propor-
tionate to the loads; therefore, for a load not given in the table,
as for instance, 200 1bs. per square foot, divide the spaces given

for 100 1bs. per square foot by 2, etc.
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- EXAMPLES OF APPLICATION OF TABLES.

I. What will be the most economical arrangement of floor
beams and girders for carrying a load of 150 Ibs., including
weight of floor, assuming the floor to be supported by brick

arches resting between the beams and carrying a plastered ceil-

ing below ?
Answer : The spacing of floor beams for brick arches, as stated
above, should not exceed 6 feet. Referring to pages 87 and 83,

we find the deepest I-beam corresponding to this space (above
- horizontal cross lines) to be a 97 I, 21.0 Ibs., with a length of

span of 15 feet. The girders to which the floor beams are
framed should, therefore, be spaced 15 feet apart, and from the
table we find that either a 207/ I, 64 1bs., 23 feet long, or a 157/

1,50 ibs., 18 feet long, will answer. By using the former, the
‘number of supporting columns will be reduced, butthe weight

of the girders increased. The relative cost must be determined
by the circumstances of the case 1. e., length of columns, etc.
The headroom required may render it necessary to use a double
girder of shallower beams, say 2—10// I-beams, 25 Ibs, 15
feet long.

" II. What size and weight of beam 19/ 6/ long in clear

Tbetween walls, and therefore, 20/ 0’/ long between centers of

supports, will be required to carry safelya uniformly distributed

load of 16 tons, the weight of the beam included ?

Answer: From the table for safe loads of I-beams, a 157/ I, 41. 0
1bs., will carry safely, for a span of 20 feet, 15.08 tons, or 0.92 tons

less than required in this case. From the next column we find

for every pound increase in weight of beam, we may add
tons to the load. Hence, for 0,92 tons, we must increase
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the weight per foot of beam by 0.92+0.20 = 4.6 Ibs,, 7. e,
the beam required should weigh 41.0 4- 4.6 = 45.6Ibs. per
foot.

IIT. What load uniformly distributed, including its own
weight, will a 15’/ I-beam, weighing 50.0 Ibs. per foot,
carry for a span of 30 feet, without deflecting sufficiently to en-
danger a plastered ceiling ? {

Answer : From the table for safe loads of I-beams we find, at
the limit indicated for plastered ceilings, that a 157 50 Ib. beam
will carry safely a uniform load of 15.06 tons over a span of 25
feet. In order not to give rise to undue deflection, the safe load
for a 30 foot span, according to the rule given on page 67 will be

15.06 X262 __
—3()—2,-——10.46 tons.

BEAMS WITHOUT LATERAL SUPPORT.

e et v
20 times flange width. Whole tabular load.
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' CTION COEFFICIENTS FOR CARNEGIE
= SHAPES, GIVEN IN 64ths OF AN INCH.

DISTANCE BETWEEN SUPPORTS, IN FEET.

|1o!12 16 | 18

105.9 | 152.5 .6 | R71.2 | 343.2
8.8 [ 119.2 .2 | 211.8 | 2681
8563 | 1229 .3 | 2184 | 276.5
711 | 1024 4 | 182.0 | 230.4

DISTANCE BETWEEN SUPPORTS, IN FEET.

28 | 30 | 82 34 | 36

648.8 7448

- Figures given opposite C. S. and C’. S. are the deflection coeffi-
cients for steel shapes, subject to transverse strain for varying
ns, under their maximum uniformly distributed safe loads,
ived from a fiber strain of 16000 and 12500 respectively ;
modulus of elasticity being taken at 29,000,000. Figures given

10000 respectively, the modulus of elasticity being taken at
27,000,000. To find the deflection of any symmetrical shape
used as a beam under its corresponding safe load, divide the
‘coefficients given in the above tables by the depth of the beam,
‘This applies to such shapes as I-Beams, channels, Z-bars, etc.
For those beams having unsvmmetrical axes, such as tees, angles,
. ete., divide by twice the greatest distance of the neutral axis from
| the outside fibre.

ExaMpLE:—Required the deflection of a 127/ I-Beam, 32 Ibs.,
| 20 ft. span under its maximum uniformly distributed safe load of
| 0.88 tons, as given onpage 7I. The above tables give 423.7 as the
deflection coefficient; dividing this by 12, gives 35.3 as the
| required deflection in 64ths of an inch.

For deflections due to different systems of loading. see page 96.
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IN TONS OF 2,000 LBS

SAFE LOADS, UNIFORMLY DISTRIBU'f'ED, ¥YOR
CARNEGIE I BEAMS.

207 1.

80 64
Ibs. | Ibs.

80
Ibs.

Distance between |
supports in feet,
2|
Add for every Ib.
inorease in weight.
Add for every Ib.
increass in weight.

1577 1.

60
Ibs,

50
Ibs.

4
Ibs.

Add for every 1b.

increase in weight.

40
Ibs.

(%]
7R

_Add for every b,
increase in weight. |

12 |76.27)0.53]64.40(50.93|0.44)46.58
13 170.41|0.49159.45 |47.01|0.40{42.99
14 |65.38(0.46{55.20|43.660.37}39.93
15 161.02|0.43(51.52|40.75|0.35/37.26
16 [57.20|0.40/48.30|38.20|0.33{34.93
17 [53.84/0.38|45.46(35.95|0.31}32.88
18 |50.85|0.36]42.93|33.96/0.29}31.05
32.17/0.28{29.41

30.56(0.26§27.94
29.10/0.25§26.61
27.78|0.24125.40
26.58|0.23(24.30
25.4710.22{23.29

S
<
(=2}
3

23.51|0.20}21.50
22,64

21.83
21.08
20.37
19.72
19.10
1852
17.97
17.46
16.980.
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36 125.42/0.18

24.45(0.21/22.35|

38.18
35.24
3272
30.54
28.63
26.95
25.45
411

22.91
21.81
20.82
19.92
19.09

31.39
2897
26.90
2511
23.54
22.16
20.93
19.82

18.83
17.93
17.12
16,37
15.69
15.06

25.130.
23.20/0.

21.54
20. 10
18.85
17.74
16.75
16,87

15.080.
14.36(0.
13.71
13.11
12.57

12.06/0.

18.33
17.62
16.97

16 36
15.80
16.27
14.78
14.32
13.88
13.48
1309

52|13.73

14.48
13.95

13.45
12.98
12.55
12.15
11.77
11.41
11.08
10.76
10.46

11.60)0.
11.17]0.

10.7710.
10.40/0.
10.050.
9.73|0.
9.43|0.
0.12] 7.58

9.14

8.87/0.

8.62

8.38/0.
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00 © Co

oS¢
Bt

20.84
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17.86
16.67
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14.71

13.90
1317

12,51
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9.26

893
862
834
8.07
7.81

7.36
7.14
6.95

00
(=]
(3]
cocoo cooooooo oooooooo

h ek P ok o ok b
OO COCS W= =TT IO = O W= o

16,000 lbs. per square inch.

Safe loads given include weight of beam. Maximum fiber strain,
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THE CARNEGIE STEEL COMPANY, LIMITED.

SAFE LOADS, UNIFORMLY DISTRIBUTED,
FOR CARNEGIE IBEAMS.

IN TONS OF 2,000 LBS.

: S5 =5l 8. == S5
B2 101 (52| or |E22l122 | 8 |58 || BR
= £ 57 || 2= g ER
f ] W] ey N s
E B | % |3 g u |sBll3E| s |2 g 5 |3 g
s, | s |[SE| ms |ZENSF| s | Ibs. | =,

14,33 10,88 [0.22] 833 |0.20f] 5 | 15.40 | 0.42 | 11.58 | 0.37
13.23(10.05[0.20| 7.69 |0.18]} 6 | 12.83 | 0.35 | 9.65 | 0.31
1229 9.33(0.19| 7.14 (0.17]] 7 | 11.00 | 0.30 | 827 | 0.26
1147 871|0.17| 6.66 [0.16)] 8 | 9.63 | 0.26 | 7.24 | 0.23

6 [10.75] 8.16(0.16] 6.25 |0.15|] 9 | 856 | 0.23 | 6.43 | 0.20

17 1042 7.68(015| 588 [0.14| 10 | 770 | 021 | 579 |0.48
956( 7.26(0.5| 555 (043 11 | 7.00 [ 019 | 527 |0.47
9.05| 687(0.14] 526 [0.12f 12 | 642 | 017 | 4583 [0.15
860| 654(013| 5.00 |02 13 | 592 | 0.16 | 445 |04
I | 819| 622(0.12| 476 |0A1[ 14 | 550 | 0.15 | 4.4 0.3

7.82| 5.94|012| 454 |01 15 | 513 | 0.14 | 3.86 | 0.12
7.48| 5.69|0.11] 435 |0.40ff 16 | 481 | 0.13 | 3.63 | 0.11
747| 545|041) 417 |0.10ff 17 | 453 | 0.12 | 3.41 [0.11
6.88| 5.23|0.10 4.00 [0.09]] 18 | 428 | 0.12 | 3.22 | 0.10
6.62| 5.02(0.10| 3.84 [0.09] 19 | 4.05 | 0.11 | 8.04 | 0.10

6.37| 4.84/0.10] 3.70 [0.09{| 20 | 3.85 | 0.10 | 2.90 | 0.09
6.14| 4.67]0.09 3.57 [0.08[| ®1 | 3.67 | 0.10 | 2.76 | 0.09
5.93| 4.51/0.09| 3.45 |0.08
5.73| 4.36/0.09( 3.33 |0.08

Safe loads given, include weight of beam. Maximum fiber
ain, 16,000 lbs. per square inch.
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THE CARNEGIE STEEL COMPANY, LIMITED.

SAFE LOADS, UNIFORMLY DISTRIBUTED,
FOR CARNEGIE I BEAMS.

IN TONS OF 2,000 LBS.

|

+ 77 S5 /7 S5 |4 S5 |ar -
§§ 6 L ?éﬁ b7 I. o 4’ 1. 5 371 E
gy &t :2 4 53
A RN EEA -

g | me |5 Qb | Z5 o | FE | om | F

5 835 | 031 | 529 | 0.26 | 3.04 | 021 | 1.86 | 0.16

6 696 | 026 | 441 | 022 | 254 | 017 | 1.55 | 0.1

7 596 | 022 | 378 | 019 [ 217 | 0156 | 1.33 | 0.1

8 522 | 020 | 831 | 0.16 | 1.90 | 0.13 | 1.16 | 0.10

9 464 | 017 | 294 | 015 | 1.68 | 0.12 | 1.03 | 0.09:
10 418 | 0.16 | 265 | 013 | 1,62 | 0.10 | 0.93 | 0.08
11 380 | 014 | 240 | 0.12 | 188 | 0.10 | 0.84 | 0.
12 848 | 013 | 220 | 011 | 1.27 | 0.09 | 0.77 | 0.06°
13 321 | 012 | 208 | 0.10 | 1.17 | 0.08 | 0.71 | 0.06
14 298 | 011 | 1.89 | 0.09 | 1.09 | 0.07 | 0.66 | 0.05
15 278 | 010 | .76 | 0.09 | 1.02 | 0.07 | 0.62 | 0.05
16 261 | 010 | 1.65 | 0.08 | 095 | 0.07 | 0.58 | 0.05
17 246 | 0.09 | 1.56 | 0.08 | 089 | 0.06 | 0.55 | 0.04
18 232 | 009 | 147 | 0.07 | 0.84 | 0.06 | 052 | 0.04
19 220 ( 008 | 1.39 | 0.07 | 0.80 | 0.06 | 0.49 | 0.04
20 2.09 | 0.08 | 132 | 0.07 | 0.77 | 0.05 | 0.46 | 0.04
21 199 | 0.07 | 1.26 | 0.06 | 0.78 | 0.05 | 0.44 | 0.03

Safe loads given, include weight of beam. Maximum fil

strain, 16,000 lbs. per square inch.
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THE CARNEGIE STEEL COMPANY, LIMITED.
E LOADS, IN TONS OF 2,000 LLBS., UNI-
FORMLY DISTRIBUTED, FOR CARNEGIE
DECK BEAMS AND BULB ANGLES.
g | Maximum Fiber Strain, 12,000 Ibs,, per square inch.
33 DECK BEAMS—DISTANCE BETWEEN SUPPORTS, IN FEEL.
[ | 6| 6| 7] 8] o |10 1214|1618
35.70/20.52 [ 17.10 | 14.66 | 12.82 | 11.40 | 10.26 | 8,55 | 7.33 | 6.41 | 5.70
27.28(16.93 |14.1112.09 | 10.58 | 9.41| 8.46 | 7.05|6.05 | 5.29 | 4.70
80.00(15.64 [13.03 (11.17 | 9.77 | 8.69| 7.82| 6.52|5.59 | 4.89 | 4.34
26.00|14.18 11.8210.13 | 8.86| 7.88| 7.09| 591 |5.06| 4.43 | 3.94 _.
24.48/11.26| 9.38| 8.04| 7.04| 6.26| 5.63 | 4.69|4.02|3.52|3.13 \
20.15| 9.74| 8.12| 6.96| 6.09| 5.41| 4.87 | 4.06(3.48|3.04 | 2.71
23.46| 9.34| 7.78| 6.67| 5.84 | 519 | 4.67| 8.69|3.34|2.92|2.569
118.11| 7.73| 6.44| 552 | 4.83| 4.29| 3.86|3.22(2.76|2.42(2.15
18.36| 6.58 | 5.48| 4.70| 4.11| 3.66| 3.29 | 2.74 [2.35|2.06 | 1.83
15,30/ 5.80| 4.83| 4.14| 3.62| 3.22| 290 | 2.42|2.0711.81)1.61
i Maximum Fiber Strain, 10,000 1bs., per square inch.
35.70/17.10 | 14.25|12.2110.69 | 9.50 | 855 | 7.12| 6.11 | 5.34 | 4.75
27.2314.11|11.76 | 10.08 | 8.82| 7.84 | 7.06 | 5.88 | 5.04 | 4.41 |3.92
30.00/ 13.03 [ 10.86 | 9.30| 8.14 | 7.24| 6,51 | 5,43 | 4.65|4.07 | 3.62
26.00/11.82| 9.85| 844 | 7.39| 6.57| 591 | 4.92 | 4.223.70|3.28
2448 9.38| 7.82| 6.70| 586|521 | 4.69| 3.91 | 3.35(2.93 | 2.61
120.15| 8.11| 6.76| 5.79| 5.07 | 4.51 | 4.05| 3.38| 2.90|2.53 | 2.25
23.46) 7.79| 6.49| 556 | 4.87|4.33| 3.89| 3.25| 2.78|R.43 [2.16
18.11| 6.44| 537 | 4.60| 4.02 | 3.568( 3.22| 2.68 230|201 |1.79
[18.36) 5.48| 4.57| 3.91| 342 3.04| 2.74| 2.28, 1.96(1.71 | 1.52
3115.30| 4.84| 4.03] 346 3.02| 2.69| 242| 2.02| 1.73|1.51 | 1.34
. BULB ANGLES—Maximum Fiber Strain, 12,000 Ibs,, per square inch.
1126.50| 15,88 13.23 [ 11.34 | 9.93| 8.82| 7.94| 6.62 | 5.67 | 4.96 | 4.41
121.80] 11.67 | 9.64| 8.26| 7.23 | 6.43 | 5.78| 4.82|4.13(3.62|8.21
19.23| 9.36| 7.80| 6.69 | 5.85| 5.20| 4.68 | 3.90 | 3.34|2.92(2.60
1825 7.67| 6.39| 548 | 4.79| 4.26| 3.83| 3.20|2.74|2.40(2.13
117.20| 6.04| 5.03| 4.31|3.77| 8.36| 3.02| 2.52|2.16|1.89(1.68
113.75| 5.28| 4.40| 3.77| 3.30| 2.93| 2.64| 2.20(1.891.65 [ 1.47
112.30| 4.53| 8.77| 3.24 | 2.83| 262 | 2.26| 1.89| 1.62|1.42|1.26
1110,00] 3.25) 2.71| 232 2.03| 1.81| 1.621 1.35| 1.16| 1.02| 0.90
BULB_ANGLES—Maximum Fiber Strain, 10,000 Ibs, per square inch,
126.50( 18.23 [ 11.02| 9.45| 8.27| 7.35| 6.61 | 5.51 | 4.72 [4.13|8.68
121.80| 9.64| 8.03| 6.88| 6.02| 5.36| 4.82| 4.02| 8.44 [8.01 [2.68
19.23| 7.80| 6.50| 557 | 4.87| 4.33| 3.90| 3.25| 2.79 (2.44 | .17
18.25| 6.39| 5.32| 4.56| 8.99| 3.65| 3,19| 2.66 | 2.28 2.00 | 1.77
1720| 5.08| 4.19| 3.59| 8.14| 2.79| 251 | 210 1.80 | 1.57 | 1.40
13.76| 4.40| 3.67| 3.14| 2.75| 2.44| 2.20| 1.83| 1.67 (1.37|1.22
12.30| 3.77| 3.14| 2.69( 2.36| 2.09| 1.88( 1.57 | 1.35|1.18(1.06
110.00/ 2.71| 2.26| 1.94] 1.69) 1.51| 1.35] 1.13| 0.97|0.85|0.756
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THE CARNEGIE STEEL COMPANY, LIMITED.

SAFE LOADS, UNIFORMLY DISTRIBUTED,
FOR CARNEGIE CHANNELS.

IN TONS OF 2,000 LBS.

7T | 85 7T | s YL | S5 71 | 53 7’ et st
MEL 43 1871531270 |43 1070 | 3| 970 | 2%
- 1 1 5% 1 £E
THIEL 53| a15 23| 200 (25 165 23| 10 |£3
48 =4 =4 = = =
1bs. -5 1bs. -t g 1bs, =g Ibs. - g Ibs. ==
10 | 21.76 |0.40| 19.49 |0.35| 11.25 |0.31| 7.70 |0.26| 5.86 I 0.4
11 | 19.78 (036 17.72 |10.81| 10.23 (0.28| 7.00 |0.24| 533  0.22
12 | 18.13 |0.33| 1624 [0.29| 9.88 {0.26| 6.41 [0.22| 4.88 [0.20
13 | 16,74 10.30| 14.99 |10.27| 8.65 [0.24| 592 0.20| 4.51 |0.18
14 | 15,54 [0.28| 1392 [0.25| 8.04 (0.22| 550 |0.19| 419 |0.17
15 | 14.51 | 0.26| 12.99 |0.23| 7.50 (0.21| 5.13 [0.17| 3.91 |0.16 ;
16 | 13.60 |0.25| 12.18 [022| 7.03 [0.20| 4.81 |0.16| 3.66 |0.15 j
17 | 12.80 (023 | 11.47 [0.20| 6.62 [0.18| 453 [0.15| 3.45 |0.14 |
18 | 12.09 [0.22| 10.83 [0.19| 6.25 |0.17| 428 |0.15( 8.26 |0.13 |
19 | 11.45 [0.21] 1026 [0.18| 5.92 |0.17| 4.05 |0.14| 3.08 | 0.12 "
20 | 1088 [0.20( 9.75 [0.17| 5.63 [0.16 3.85 |0.13| 293 0.12 |
21 | 1086 |0.19| 9.28 [0.16| 5.6 [0.15| 3.66 |0.12| 2.79 |0.11 1‘
22 | 989 (0.18 886|016 5.11 |0.14| 350 [0.12| 2.66 |0.11 |
23 | 946 |0.17| 847 [0.15| 4.89 [0.14| 835 |0.11| 255 |0.10 |
24 | 907 016| 812 [0.14] 4.69 |0.13| 3.21 |0.11| 244 |0.10 i
25 | 870 (0.16| 7.80 |0.14| 450 |0.13| 8,08 [0.10| R34 [0.09 |
26 | 837 (015| 7.50 [0.13| 4.33 |0.12| 2.96 |0.10| 225 [0.09
27 | 806 (015 7.22 (0.48| 4.17 |0.12( 2.85 [0.10| 217 [0.09 |
28 | 7.77 1014 6.96 [0.12| 4.02 |0.11| 275 (0.09 2.09 (0.08
29 | 750 (0.14| 672 |0.12| 8.88 |0.11| 2.65 |0.09| 2.02 |0.08
80 | 7.25|013| 650 [0.12| 3.75 [0.10] R57 |0.09| 1.95 0.08

Safe loads given, include weight of channel.

strain, 16,000 1bs.

per square inch.

‘Maximum fiber
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THE CARNEGIE STEEL COMPANY, LIMITED.

SAFE LOADS, UNIFORMLY DISTRIBUTED,
FOR CARNEGIE CHANNELS.

IN TONS OF 2,000 LBS.

A 2 e 2N d O ;f‘;” v R
| g2 gs £x gzl |Es
E8| g5 |98 80 |58 65 |E &3] 50 &
H gg o ;;_g e gg e g_g - gg . g_g
b |847|0.4216.220.37|4.72/0.31]8.20| 0.26{2.17|0.21] 1.40/ 0.16
6 [7.06{0.35]5.18|0.318.93|0.26|2.67 | 0.22]1.81/0.17 1.17/0.13
7 16.05/0.30{4.44|0.26]3.37|0.2212.29(0.19]1.55| 0.151 1.00{ 0.11
8 15.29]0.25]3.,89(0.2312.95|0.2042.00|0.16|1.36/0.13} 0.88/ 0.10
9 1471/0.2313.46(0.20]2.62{0.17] 1.78|0.15}1.21 | 0.12 0.78/ 0.09

| [4.24|0.21 [3.11|0.18]2.36 0.16 1.60 | 0.13] 1,09/ 0.10{ 0.70| 0.08

3.85(0.19]12.83|0.17|2.15(0.14| 1.45 | 0.12/0.99 | 0.10] 0.64| 0.07
3.630.1712.569 (0.15(1.97 | 0.13| 1.33 | 0.11]0.90 0.09] 0.58| 0.07
3.26/0.16{2.39 | 0.1411.82 | 0.12| 1.23 | 0.100.83| 0.08] 0.54 | 0.06
3.03{0.1512.22 | 0.13]1.69 0.11 | 1.14 | 0.09]0.78| 0.07] 0.50| 0.06
2.8210.14]2.07|0.12|1.57 [0.10 1.07 | 0.09] 0.72 0.07| 0.47 | 0.05

| 12.6610.1311.94 0,11 |1.48 0.10 1,00 | 0.08{0.68 0.07] 0.43| 0.05
2.49(0.1211.83 | 0.11]1.39{0.090.94 | 0.08{0.640.06| 0.41 | 0.05
2.35(0.121.73 [0.10 1.31 | 0.09 0.89 | 0.07 | 0.60 0.06] 0.39| 0.04
2.23/0.1111.64 | 0.10]1.240.08]0.84 | 0.07| 0.57 | 0.06] 0.87| 0.04
2.12(0.1011.56 | 0.09[1.18|0.08 0.80 | 0.07 ] 0.54 | 0.05] 0.35 | 0.04

L 12.02{0.1011.480.091.12{0.07 0.76 | 0.06 | 0.52 0.05| 0.33| 0.04
1.93/0.0911.410.081.07 [0.07) 0.73 | 0.06 | 0.49| 0.05] 0.32 | 0.04
1.84/0.0911.35|0.081.08 | 0.070.70| 0.06 | 0.47 | 0.04| 0.30 | 0.08
1.76/0.09{1.30{ 0.08]0.98| 0.07]0.67 | 0.05 | 0.45 | 0.04| 0.29| 0.08

1.6910.08  1.240.07]0.94{0.06]0.64 | 0.050.43| 0.04| 0.28| 0.03

Safe loads given include weight of channel. Maximum fiber
tin, 16,000 Ibs, per square inch.
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THE CARNEGIE STEEL COMPANY,

LIMITED.

SAFE LOADS, IN TONS OF 2000 LBS., UNI.
FORMLY DISTRIBUTED, FOR CARNEGIE

Z-BARS.
si §3 DISTANCE BETWEEN SUPPORTS, IN FEET.
g B4 B :
s 25 |74 5‘6J7|8|9|1012\14
6 | 3¢ | 844/ 675 563 482|422 575 338 281 241
65| 7y | 083|785 655 561 491437 |33 828|281
6;2 12 1122 | 898 | 7.48| 641 |5.61 499 449 3.74|3.21
6 | % [1155| 924 | 7.70 660 577 |5.13 | 4.62| 385 3.80
67| 3¢ 12182 1026 | 855|7.33| 641|570 |5.13|4.27|3.66
65| 11 |1410 [11.28 | 940 8.06|7.05|627 | 5.64|470 | 4.03
6 | 3¢ |1404 1123 | 936 8.02|7.02| 624 |5.61|4.68|4.01
64 1% |1522 1218 1015|870 |7.61 |67 | 6.09 507|435
634| 7 |1640 1312 |10.98 9.37 |8.20 |7.29 | 656 5.47 |4.69
5 | i | 534| 4.27| 856)3.05 267|237 | 2.8]1.78 | 1.52
52| 3% | 639 | 511 | 426(3.65(3.19(2.84 | 255|213 | 1.82
53| 7 | 744 | 595 | 496 4.25(3.72 3,31 [2.97| 248|212
5 | 34 | 767 | 614 512439 (.84 (341 [3.07| 256|219
By 862 | 6.90 | 575 4.93|4.31(3.83 |3.45| 287 | 2.46
534 057 | 7.66 | 6.38 547|479 |4.25 |3.83|319 274
5 g} 947 | 7.58 | 632 541|474 421 |3.79|3.16|2.71
5% 10.34 | 827 | 639 |5.91|5.17 450 | 4.14 | 8,45 | 2,95
53| 14 (1120 | 896 | 7.47 6,40 5.60 | 4.98 | 448|873 3.20.
4 |y | 814 251 2091.79(157 (139 |1.26]1.05|0.90
ey ;2 391 | 313 | 261|224 (1,96 |1.74 | 1556 1,30 | 1.12
43 468 | 374 | 312|267 |2:34 | 2.08 | 187 | 1,56 | 1.34
4 ,}75 483 | 386 | 3.22 276|241 2,14 |1.93| 1.61 [1.38
4| 1 | 550 | 440 | 367|314 (275 [2.44 |2.20 (188 | 157
43| 7 | 618 | 494 412 353800 | 274 | 2.47| 2.08|1.76
4 | 56 | 605 484 4.03/3.46/3.02(2.69 242 2.02|1.78
Af| 43 | 665 | 532 443/380)3.33/296 2.6 222|190
43| 3 | 7.26] 581 | 484|415 363|323 290 242|207
3 |y | 193] 154 1.28]1.10]0.96|0.86 | 0.77| 0.64 | 055
85| 5 | 238 1.90| 158(1.36 1,19 1.06 |0.95 0.79 | 0.68
3 | 36 | 258 2.06| 1.72|1.47|1.29|1.14|1.03| 0.86 | 0.74
875| 7 | 298| 238| 1.98/1.70|1.49|1.32| 1119 | 0.99| 0.8
8 | 1 | 306| 245|204/ 1.75| 153|136 | 1.22| 1.02] 0.8
85 % | 343 274 | 2.28/1.96/171/152 ) 137 | 1.14 | 0.98

=
28 =
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Safe loads given include weight of Z-bar,
strain, 12,000 lbs. per square inch,

Maximum fiber
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THE CARNEGIE STEEL COMPANY, LIMITED.

SAFE LOADS IN TONS OF 2,000 POUNDS, UNI-
- FORMLY DISTRIBUTED, FOR CARNEGIE
3 ANGLES, WITH EQUAL LEGS.

DISTANCE BETWEEN SUPPORTS, IN FEET.

-
[V
w
»
)]
@
-
o]
©
)

oo
B82S

sk 2EEE

235

0.
0.14 (0.1 {0.0980.

0.19 {0.15 {0.13 (0.11 !009500840.076
! ! .10410.083/0,0690,059 0.052/0.046,0.042
044 | 022 | 0.15 109008700730.062005500480044
0.20 | 0.10 0065004900390038’002800250022,0020

035 | 0.7 | 0.12 [0.087/0.0700.05500.0500.0440.099/0.035
0.16 | 078 0.0520.090.031,0.0260.02200200.0170.018
022 | 0.1 | 0.0750.0560.0450.0370.03200.0280.0250,022
0.12 | 0.062| 0.0410.081/0.0250.0210.0180.0160.0140,012

0.13 | 0.086] 0.0440.0380. 0260.0220.019(0.017/0.015/0.013
Tx Zex Y5 | 0,092 0,046 0.0310.0280.0180.0150.0180.012/0.0100.009
%ix %xz 0.096/ 0.048 0.0820. 02410 .019/0.016/0.014{0.012{0.011/0.010
1

0.068] 0. 034 0.0230.017|0.014/0.011/0.010/0.009{0.008/0.007
5éx 5éx25 | 0.044] 0 0.015|0.011/0.009,0.007/0.00610.005/0.005,0.004
Safe Toads given mclude weight of Angle. Maximum fiber
ain, 12,000 lbs. per square inch. Neutral axis through centre of
: 'ty parallel to one leg.
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THE CARNEGIE STEEL COMPANY, LIMITED

|
|
|
SAFE LOADS, IN TONS, OF 2,000 LBS., UNI.|
FORMLY DISTRIBUTED, FOR CARNEGIE
ANGLES, WITH UNEQUAL LEGS.
LONG LEG VERTICAL.

Size of DISTANCE BETWEEN SUPPORTS, IN FERT.

L e R N S N T T T B e
7 x3%%x1 |42.32/21.16(14.11 1058 | 8.46 | 7.05 | 6.05 | 5,29 | 4.70 423
7 x8%x7%(20.04/10.02| 6.68| 5.01 | 4.01 | 3.34 | .86 | 2,50 | 2.23 | 2.00
6 x4 x7 (28.60/14.30| 9.53 | 7.15| 5,72 | 4.77 | 4.09 | 8.58 | 3.18 | 2.86
6 x4 x34(13.28| 6.64| 4.43| 3.82|2.66|2.21|1.90| 1.66 | 1.48| 1.83 |
6 x3%4x7 (27.92|113.96] 9.31| 6.98| 5,58 | 4.65|3.99(8.49(8.10(2.79 |
6 x3%4x34(13.00] 6.50| 4.33| 3.25|R.60 | 2.17 | 1.86 | 1.63 | 1.44 | 1.30
5 x4 x7 [19.96] 9,98| 6.65| 4.99| 3.99 | 3.33 | 2.85 | 2.50 | 2.22 | 2.00
5 x4 x34| 9.36| 4.68/8.12| 234 | 1.87|1.56| 1.34 | 1.17 | 1.04 | 0.94 |
b x3%4x7 (19.52| 9.76| 6,561 | 4.88|3.90 | 8.25 | 2.79 | 2.44 [ .17 | 1.95
b x3%4x34| 9.16] 4.568/3.06| 2.29|1.83| 1.53 | 1.31 | 1.15| 1.02 | 0.92
5 x3 x1$(17.80] 8.90|5.93 | 4.45|3.56| 2.97 | 2.54 | 2.23 | 1.98 | 1.78
5 x3 x| 7.50| 3.75/2.50| 1.88 | 1.50 | 1.25 | 1.07 | 0.94 | 0.83 | 0.75

435x8 x}8 1448 7.24] 478 8.62(2.90| 2.41 | 2.07 | 1.81 | 1.61 | 1.45
43/x3 x34 | 7.32| 3.66|2.44 | 1.83 [ 1.46 | 1.22(1.05[0.92 | 0.81 | 0.73
4 "x814x}8 11,68 5.84|3.89 | 2.92 2.34 [ 1.92 | 1.67 | 1.46 | 1.30| 1.17
4 x334x34 | 6.00] 3.00]2.00| 150 | 1.20 | 1.00 | 0.86 | 0.75 | 0.67 | 0.60 |

4 x3 x}3[1148 5.74(3.83| 2.87(2.30 | 1.91 | 1.64 | 1.44|1.98| 1.15 |
4 x8 x5 | 492 2.46(1.64| 1.23 0.98(0.82|0.70| 0.62 | 0.55| 0.49
8143 xii| 8.80| 4.40/2.93 | 2.20| 1.76| 1.47| 1.26 | 1.10| 0.98 | 0.83
815x3 x5 | 8.84| 1.92| 1.28| 0.96 | 0.77 | 0.64 [ 0.55 | 0.48 | 0.43 | 0.38 |
814x24x11 | 7.40| 8.70| 2.47| 1.85| 145 | 1.23 [ 1.06| 0.98] 0.82 | 0.74 |
814x2%2x1¢ | 8.00( 1,50/ 1.00 | 0.75| 0.60| 0.50 | 0.43 | 0.38| 0.33 | 0.30 |
81(x2 x.% | 5.20| 2.60| 1.73| 1.30 | 1.04 [ 0.87 [ 0.74 | 0.65 | 058 | 0.52 |
35x2 x4 | 252| 1.26] 0.84| 0.63] 050 | 0.42| 0.36| 0.32| 028 | 0.25

3 x@%x | 4.60| 2.30| 1.53| 1.150.92| 0.7| 0.66| 0.58| 0.51 | 0.46 |
3 x2%x3 | 2.24| 1.12] 0.75| 0.56| 0.48| 0.37 | 0.82 | 0.28] 0.25 | 0.22 |
3 x2 x34| 4.00] 2.00|1.33| 1.00{ 0.80 | 0.67 | 0.57 | 0.50 | 0.44 | 0.40
3 2 xpy | 1.92] 0.96] 0.64| 048] 0.38|0.32| 027 [ 0.24 | 021 | 0.19

214x2 x1 | 2.80| 1.40/0.93 | 0.70| 0.56 | 0.47 | 0.40 | 0.35| 0.31 | 0.28 |
21 x2 xfﬁ 1,16/ 0.58(0.39| 0,29 0.28 | 0.19| 0.17| 0.15 | 0.13 | 0.12
Ry x15x1s | 2,36 1.18,0.79 | 0.59 | 0.47 | 0.39 | 0.34 | 0.30 | 0.26 | 0.24

\
|
23(x134x s | 0.92| 046|031 | 0.23| 0.16{ 0.15| 0.13] 0.12 | 0.10 | 0.09 |
|

2 x13gx} | 0.92| 0.46| 0.31 | 0,23 | 0.18| 0.15| 0,13 0.12| 0.10 | 0.09 |
2 x134x4| 0.72| 0.36] 0.24| 018 0.14 | 0.12 | 0.10| 0.09 | 0.08 | 0.07
1381 x5 | 036] 0.18]0.12| 0.09| 0.07 | 0.06 | 0.05 | 0.04 | 0.04 | 0.03 |
134x1 x3% | 0.24! 0.12' 0.08"' 0.06' 0.05' 0.04’ 0.03" 0.03 1 0.03 ' 0.02 |

Safe loads given include weight of. Angle. Maximum fiber |
strain, 12,000 lbs. per square inch, Neutral axis through center of
gravity parallel to short leg,

|
|
|
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THE CARNEGIE STEEL COMPANY, LIMITED.

SAFE LOADS, IN TONS OF 2,000 LBS., UNI-
- FORMLY DISTRIBUTED, FOR CARNEGIE
! ANGLES, WITH UNEQUAL LEGS.

SHORT LEG VERTICAL.

DISTANCE BETWEEN SUPPORTS, IN FEET.,
4 2|8|4|56|6]|7 8"
7 8%4x1 |11.84]5.92 | 8.95 2.96(2.37 | 1.97[1.69 148
7 x8/2x§ 88| 2.94 | 1.96 | 1.47| 1.18 | 0.98 | 0.84 | 0.74

8 678 | 452|839 271|226 | 104|170
Y 213 | 1.60 1.28 | 1.07| 0,91 | 0.80

6 x315x7% (10.36] b. .45 [ 2.59(2.07 | 1.73 | 1.48 | 1.30
- x3Y5x34| 4.92| 246 | 1.64 | 1.23| 0.98 | 0.82 0.70 | 0.62
) % 6.62 3.31|2.65 221 1.89|1.66
1.57 | 1.26 | 1.05| 0.90 [ 0.79

A .36 | 2.52| 2.02 | 1.68 | 1.44 [ 1.26
2.42 | 1.61 | 1.21]0.96 | 0.81 | 0.67 | 0.61
348 1.74|1.39 | 1.16 | 0.99 | 0.87
0.75| 0.60 | 0.50 | 0.43 | 0.38

; 28 [1.71]1.87 | 1.14| 0.98 | 0.86
1.76 | 1.17 | 0.88 | 0.70 | 0.59 | 0.50 | 0.44
4.60 230(1.84 | 1.53 1.16
157 | 1.18 0.94 | 0.79 | 0.67 | 059

.36 | 2,24 | 1.68] 1.34 | 1.12 1 0.96 | 0.84
1.48 | 0.97 | 0.74| 0.69 | 0.49 | 0.42 | 0.87
3.30 (2.20 | 1.65| 1.32 | 1.10| 0.94 [ 0 83
0.96 | 0.72 | 0.58 | 0.48| 0.41 | 0.36

98| 1.32 1099 0.79 | 0.66 | 057 | 0.50
0.82 | 0.55 | 0.41{0.33 | 0.27 { 0.23 | 0.21
1.06 | 0.71 | 0.53| 0.42 | 0.35 | 0.30 | 0.27
0.35 | 026 021 0.17| 0.15 {0.13
1.64 1.09 | 0.82| 0.66 | 0.55 | 0.47 | 0.41
0.80 | 0.53 | 0.40| 0.32 | 0.27 | 0.23 | 0.20
0.94 | 0.63 | 047|038 | 0.31 | 0.27 | 0.24
0.31 | 0,23 0.18 | 0.15| 0.13 | 0.12
.92 |0.61 | 0.26 0.7 | 0.31 0.26 | 0.23
0.40 (0.27 | 0.20 0.16 | 0.13 0.10
0.52 | 0.35 | 0.26| 0.21 | 0.17 0.13
0.15 | 0.11 0.09 | 0.07 0.06 |
0.24 0.16 | 0,12/ 0.10 | 0.08 | 0.07 | 0.06
0.18 | 0.i2 | 0.09 0.07 | 0.06 | 0.05 | 0.05
0.10 | 0.07 | 0.05| 0.04 | 0.03 0.02
0.06 | 0.04 | 0.03/ 0.02 | 0.02 0.01

_Safe loads given lnclude weight of Angle Maximum

rain, 12,000 lbs. per square inch ~ Neutral axis through center of
ravity parallel to long leg.
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THE CARNEGIE STEEL COMPANY, LIMITED.

SAFE LOADS IN TONS OF 2,000 POUNDS, UNI-
FORMLY DISTRIBU;I‘ED, FOR CARNEGIE
TEES.

8ize | Weight DISTANCE BETWEEN SUPPORTS, IN FEET.
Flange or
3 4 | 6 (5] 7 8

by Stem. | Foot.

5 x3 |13.6 1.57(1.18|0.94 |0.79 | 0.67 | 0.59

b x2%|11.0 1.1510.86|0.69 | 0.57 | 0.49| 0.43

4%x315(16.8 2.84(2.13|1.70(1.42]1.22
1.08| 0.81 | 0.65 | 0.54| 0.46 | 0.41

414x3

4348 1.85/0.94 [ 0.75 | 0.63 | 0.54

41ixRY% 0.750.56 | 0.45 | 0.37 | 0.32

41424 0.87 (0.65|0.52 | 0.43 | 0.37
4.13(3.10 (248 (2.07|1.77

4 xb
x5 3.24(2.43/1.94(1.62(1.39
x4 3.402.55(2.04|1.70 | 1.46
x4%5 2.64(1.98(1.68(1.32|1.13
2.69(2.02(1.63|1.35|1.15

2.19(1.64(1.31(1.09
1.1710.88]0.70 | 0.59
0.83]0.62 | 0.50 | 0.41
0.73 {0.55 | 0.44 | 0.37

0.560.42|0.34
0.53 0.400.82
0.45/0.34 | 0.27
2.64(1.98 1.

2.07 |1.55
2,03 |1.52
1.59(1.19
1.4

1.91
1.51
117
0.96

2.69|1.
2.37 (1.
2.09
1.99
1.83
1.61
14711.10

Safe loads given include weight of Tee, Maximum fiber strai
12,000 lbs. per square inch.

[y

coo
25 |

2IAB] RS B8R

e
© oM eo00co

3 38&3 ﬁ%’;fe’:k%

—
No
@0 29
o

H
{—]
oo ooro rooo o

PP P G S
OSSN N0
&S

—

—— —
LoVOor= NS HO-=©
SO0

e

...
DR IO VWND® PHRDX WHwD R

x3L%
x3%
x3%
x3

SIAREV= BS&

S SV SN I

—
o™
oo
5
=
&




THE CARNEGIE STEEL COMPANY, LIMITED.

SAFE LOADS, IN TONS OF 2,000 POUNDS , UNI-
FORMLY DISTRIBUTED, FOR CA.RNEGIE
w TEES.—Continued.

Weight DISTANCE BETWEEN SUPPORTS, IN FEET.

.| fool. 1 2 3|4 |5 |86 718 | 9|10

1 4.0412,02(1.35 [1.01 [0.81 | 0.67 | 0.58 | 0.51 | 0.45 | 0.40
3.4411.72/1.15 0.86 | 0.69 | 0.57 | 0.49 | 0.43 | 0.38 | 0.34
2.9611.480.99 0.74 | 0.59( 0.49 | 0.42 | 0.37 | 0.33 | 0.30
2.40(1.20 [ 0.80 | 0.60 | 0.48|0.40 | 0.34| 0.30 | 0.27 | 0.24

2.08(1.04 0.69 | 0.52 | 0.42| 0.35 | 0.30 | 0.26 | 0.23 | 0.21
:8.00(1.50(1.00 | 0.75 | 0.60 | 0.50 | 0.43 | 0.38 | 0.83 | 0.30
2.00|1.000.67 | 0.50| 0.40| 0.33 | 0.29| 0.25 | 0.22 | 0.20
3.48(1.74(1.16 | 0.87 | 0.70| 0.58 | 0.50 | 0.44 | 0.39 | 0.35

8.04 1,52 (1.01 | 0.76|0.61| 0.51 | 0.43 | 0.38 | 0.34 | 0.30
2.9211.46(0.97 (0.73|0.58| 0.49 | 0.42 | 0.37 | 0.82 | 0.29
2.40(1.20(0.80 | 0.60 | 0.480.40 0.34 [ 0.30 | 0.27 | 0.24
2.36(1.18(0.79 | 0.59 [ 0.47 | 0.39 | 0.34 | 0.30 | 0.26 | 0.24

2.00(1.00 | 0.67 { 0.50 | 0.40 | 0.33 [ 0.29 | 0.25 | 0.22 | 0.20
0.36(0.18 (0.12 | 0.09 | 0.07 | 0.06 | 0.05 | 0.04 | 0.04 | 0.03
1.6810.84|0.56 | 0.42|0.34|0.28 [ 0.24|0.21 | 0.19|0.17
1.2810.64 | 0.43 | 0.32 | 0.26| 0.21 [ 0.180.16 | 0.14 | 0.13

1.320.66 | 0.44 | 0.33|0.26| 0.22 | 0.19|0.17] 0.15 | 0.13
:0010.50 (0.33 | 0.250.20(0.17 | 0.14 | 0.13| 0.11 [ 0.10
0.60(0.30{0.20 | 0.15|0.12{ 0.10 | 0.09 | 0.08 | 0.07 | 0.06
0.76|0.38|0.25 | 0.19|0.15(0.13 | 0.11 | 0.10 | 0.08 | 0.07

0.60(0.30(0.20  0.150.12/0.10 | 0.09 | 0.08
0.320.16/0.11 [ 0.08 { 0.06 | 0.05 | 0.05
0.56|0.280.19 (0.14|0.11 | 0.09 | 0.08
0.44 0,22 0.15 | 0.11 | 0.09 | 0.07 | 0.06
0.07
0.06

2 888

0.48/0.24(0.16 [ 0.12|0.10 0.08
0.40(0.20|0.13 | 0.10| 0.08 | 0.07 | 0.
0.3210.16 | 0.11 | 0.08|0.06 | 0.05 | 0.05
0.20{0.100.07 | 0.05 | 0.04 | 0.03 | 0.03

0.12{0.060.04 | 0.03|0.020.02 | 0.02
204 | 0.40(0.20|0.13|0.100.08 | 0.07 | 0.06
1.63 | 0.28(0.14]0.09 | 0.07|0.06 | 0.05 | 0.04
112 | 0.32{0.16|0.11 | 0.080.06|0.05 | 0.05

1.23 | 0.20{0.10{0.07 | 0.05]0.04|0.03 | 0.03
0.87 | 0.12(0.060.04 |0.03(0.0210.02 ] 0.02
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12,0co lbs. per square inch.

Safe loads given include weight of Tee Maximum fiber strain,
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THE CARNEGIE STEEL COMPANY, LIMITED.

SPACING OF CARNEGIE I BEAMS FOR UNI-
FORM LOAD OF 100 LBS. PER
SQUARE FOOT.

Proper Distance in Feet, Center to Center of Beams,

i 1672 1. 18471 1077 1. 1948

80 | 64 | 8 | 60 [ 50 | 41 | 40 | 32 | 33 | 25 | 2
lbs. | lbs | Ibs. | Ibs. | Ibs | Ibs. | Ibs. | lbs. | Ibe | Ibs. | Iba

Distance between
Supports in feet.

107.3| 84.9 | 77.6 | 63.6 | 52.3 | 41.9 [ 84.7 [ 27.4|23.9 | 18.1 | 189
91.5|72.3 | 66.1 | 54.2 | 44.6 | 5.7 [ 29.6 | 28.4 [ 20.4 | 155 | 11.8
788|624 | 57.0 | 46.7 | 38.4 | 30.8 | 25.5(20.2|17.6 [ 13.3 | 102
15 | 687|543 |50.0|40.7 |83.5|26.8]|22.2 (17.6]15.3 | 11.6] 89
16 | 60.4|47.7 | 43.7 | 85.8 [ 29.4 | 28.6 ]| 19.5 | 15.4 [ 18.4| 10.2| 78

—
- o o

17 | 535|423 |88.7|81.7|26.120.9|17.3|18.7]|11.9| 9.0| 6
18 | 47.7|87.7 |184.5|28.3 | 23.3 | 18.6| 15.4 | 12.2]10.6 | 81| 6
19 | 42.8(83.9 |81.0|25.4(20.9|16.7/13.9]|109]| 95| 7.2| &
0 | 38.6/30.6 |28.0(22.9|188|15.1[125| 9.9| 86| 65| &
21| 85.0|27.7 | 25.320.8|17.1 |18.7| 113 89] 7.8| 59| 4

22| 819|258 |23.1|18.9 15,6 |125]10.8| 82| 71| b.4| 41
23 | 202|231 |21.1|17.8|14.2|11.4| 95| 75| 65| 4.9
24| 268|21.2|19.4|15.9 |18.1|105| 87| 6.9] 6.0| 45
25 | 2471961179 | 147|121 | 9.6] 80| 63| 55 4.2
26 | 229|181 [165 13,6 |11.1| 89| 74| 58| 51| 89

oo o oo

27| 212|168 153|126 |103 | 83| 69| 54| 47| 36
28 | 19.7|15.6 | 148 |11.7| 9.6| 7.7| 64| 50| 44| 83
29 | 184(1451133(109| 90| 7.2| 59| 47| 41| 3.1
30 | 17.2|13.6 [ 124|102 | 84| 6.7| 5.6 | 44| 88| 29

po 1o

For load of 2co lbs. per square foot, divide the spacing giver

by 2. Maximum fiber strain, 16,000 Ibs. per square inch.
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THE CARNEGIE STEEL COMPANY, LIMITED. ‘

SPACING: OF CARNEGIE T BEAMS FOR UNI-
FORM LOAD OF 100 LBS. PER
SQUARE FOOT.

Proper Distance in Feet, Center to Center of Beams.

8L L. Lot T J B L T B2 Los J A8 Lo |- AL

L B

=
g% 18 5 13

- E3

10 7
lbs, Ibs. 1bs. Ibs. Ibs, Ibs.

o

61.6 46.3 334 21.2 121 74
42.8 322 232 14.7 85 | 52
31.4 23.6 17.0 108 | 62 3.8
24.1 181 13.0 8.3 4.8 29

19.0 14.3 10.3 6.5 3.7 23

15.4 11.6 8.4 5.3 3.0 1.9
1.7 9.6 6.9 44 25 1.5
10.7 8.1 5.8 3.7 21 1.3
9.1 6.8 49 3.1 1.8 14
7.9 5.9 43 27 1.6 0.9

6.8 51 3.7 2.3 14
6.0 45 33 2.1 12
5.3 4.0 2.9 1.8 1.0
438 3.6 2.6 1.6 0.9

43 3.2 23 1.5
3.9 2.9 21 13
3.5 2.6 1.9 1.2
32 2.4 1 11

~ For load of 200 Ibs. per square foot, divide the spacing given
by 2. Maximum fiber strain, 16,000 Ibs. per square inch.
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THE CARNEGIE STEEL COMPANY, LIMITED.

SPACING OF CARNEGIE I BEAMS FOR UNI-
FORM LOAD OF 125 LBS. PER
SQUARE FOOT.

Proper Distance in Feet, Center to Center of Beams.

N 22| 2071 15 1. 1271 | 1071 |91
o | 3= :
|
§§ 80 | 64 | 80 | 60 |50 | 40 |40 | 22 | 33| 25| 2
D {25 e | e | e | |t | | b | b | e | e
-~ =)

. e | i —

12'| 85.9 | 67.9 [ 62.1 | 50.9 | 41.8 | 83.5 [ 27.8 | 21.9 [ 19.1 ‘14.5111.1
) 13 | 73.2 | 57.8 [ 52.9 | 43.4 | 35.7 | 28.6 (3.7 | 18.7 | 16.3  12.4 | 95 |
4 14 | 63.1 | 49.9 | 45.6 [ 37.4|30.7 | 24.6  R0.4 | 162 14.1 [10.7| 82 |
15 | 55.0 |43.5(39.7 [ 32.6 | 26.8 | 21.4 [17.8 | 14.1 [ 1R.2| 9.3
16 | 483 [38.2(34.9 28.6(235 (189 (156|128 107 | 82 (762

17 | 42.8 [33.8|830.9 | 25.4 {209 |16.7 18.8|11.0| 95| 7.2| 55
\ 18 | 882 | 80.2 | 7.6 | 22.6 | 18.614.9 123 | 98| 85| 65| 49
0 | 19 | 842 |27.1(248)20.3|16.7 (134 (11.1| 87| 7.6| 58| 44
& 20 | 30.9 [24.5|22.4 /183 15.0|12.1 /100 79| 69| 52| 40
21 | 280 (222203 166|137 |11.0| 90| 71| 62 47| 36

ot 22 | 25,5 |02 185|151 {125 (100 82| 66| 67| 43| 33
23 | 234 185(16.9|139(11.4| 91| 76| 6.0| 52| 39| 3.0
V. 24 | 215 [17.0| 155127105 84| 7.0| 65| 48| 3.6| 28
. 25 | 198 |15.7 148 | 11.7| 9.7| 7.7| 64| 5.0| 44| 33| 26
26 | 183 [145|132[108| 89| 7.1| 59| 47| 41| 31| 24

27 | 17.0 [18.4 (123|101 | 82| 6.6| 55| 43| 88| 29| 22
28| 158 [125(11.4| 98| 7.7| 62| 51| 40| 35| 27| R0
o 29 | 14.7 (11,6106 | 87| 7.2| 58| 47| 88| 33| 25| 19
a2 80 | 187109 99| 81| 6.7| 54| 45| 35| 3.0 23| 18

For load of 250 1bs. per square foot, divide the spacing given
by 2. Maximum fiber strain, 16,000 lbs. per square inch.

856




THE CARNEGIE STEEL COMPANY, LIMITED.

FORM LOAD OF 125 LLBS. PER
SQUARE FOOT.

Proper Distance in Feet, Center to Center of Beams,

ACING OF CARNEGIE T BEAMS FOR UNI-

6.3 47 34 22 1.2

5.4 41 | 380 18 11
48 3.6 2.6 17 1.0
42 82 2.3 14
38 2.9 24 1.3

3.4 2.6 18 12
3.1 2.3 1.7 11
2.8 2.1 1.5 1.0
2.6 1.9 14

E|ls/r |mr |evn |71 | v | 871

i}

E 18 15 13 10 7 6

g Ibs. 1bs. Ibs. 1bs. Ibs. 1bs.
493 87.1 26.7 17.0 9.7 6.0
342 25.7 18.6 118 6.8 41
251 189 13.6 8.6 5.0 3.0
19.3 145 104 6.6 3.8 2.3
15.2 114 82 5.2 3.0 18
12.3 9.3 6.7 42 2.4 1.5
102 i 55 35 2.0 1.2
8.6 6.4 4.6 2.9 1.7 1.0
7.3 55 3.9 25 14 0.9

2, Maximum fiber strain, 16,000 lbs. per square inch.

For load of 250 Ibs. per square foot, divide the spacing given
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THE CARNEGIE STEEL COMPANY, LIMITED.

' SPACING OF CARNEGIE I BEAMS FOR UNI-
FORM LOAD OF 150 LBS. PER
SQUARE FOOT.

Proper Distance in Feet, Center to Center of Beams.

§§ 20/ 1. 15/ 1. 271 | 1L |va
g2

§§: 80 64 80 60 50 4 40 32 33 25 2
2s 1bs. Ibs, | Ibs. | 1bs. | 1bs. | Ibs. | Ibs, | Ibs. | lbs. | Ibs. | Ibs
12 | 715 | 56.6 | 51.8 | 42.4 | 349 | 27.9|23.1 | 188 159 | 121 | 93

13 | 61.0 | 482 ]44.1 | 36.2 [29.7|23.8|19.7 | 15.6 | 13.6 | 103 | 7.
14 | 525 | 41.638.0 312 [25.6 [R0.5(17.0 [ 135|117 | 89| 68
15| 458 [36.2|33.1 | 27.2 | 223 |17.9|14.8[11.7(102| 7.7 | 59
40.3 | 31.8129.1 [23.9(19.6 [ 15.7|13.0|103| 89| 6.8] b

35,7 | 282|268 211|174 (189|115] 91| 79| 6.0] 46
31.8 |25.1[23.0(189 155 1241103 | 81| 7.1 | 54| 4
285 [22.6[20.6 169|140 | 11.1| 93| 73| 63| 48] 3.
5.7 | 204186153 |125(10.0| 83| 66| 5.7 | 44 |
233 | 185169138 |il4| 91| 75| 60| 52| 39| 30

21.3 169154 | 12.6 104 | 83| 69| 55| 47| 3.6/ 2
231195 |154|14.0|11.6| 95| 76| 63| 50| 43| 33| 25
241179 |141(129|106| 87| 7.0| 58| 46| 40| 3.0 23
25165 |13.1|11.9| 98| 81| 64| 53| 42| 37| 28] 21
26| 163 |121[11.0) 9.0 74| 59| 49| 39| 34| 26| 20

271141 [11.2]102| 84| 69| 55| 46| 36| 31| 24| 1.8
281131 (104 95| 78| 6.4 51| 43| 83| 29| 22| 1.7
201123 | 9.7] 89| 73| 6.0 48] 39| 81| 27| 21| 16
830|115 91] 83| 68| 56| 45| 37| 29| 25| 1.9] 15

For load of 300 Ibs. per square foot, divide the spacing given

B REBexS =

by 2. Maximum fiber strain, 16,000 Ibs. per square inch.
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SPACING OF CARNEGIE I BEAMS FOR UNI-
FORM LOAD OF 150 LLBS. PER
SQUARE FOOT.

Proper Distance in Feet, Center to Center of Beams.

i S IS OOy R O Y R R B e

18 10

15 13 7
lbs, 1bs, Ibs, Ibs. 1bs.

411 30.9 22.3 14.1 8.1
285 214 15.5 9.8 5.6
20.9 15.8 11.3 7.2 41
16.1 121 87 bb | 82
127 9.5 6.9 43 2.5

103 7.7 5.6 35 2.0
85 6.4 46 2.9 1.7
74 54 | 39 24 14
6.1 4.6 3.3 21 12
5.2 39 28 |- 18 1.0

4.6 3.4 25 1.6 0.9
4.0 3.0 2.2 1.4
3.5 27 1.9 1.2
3.2 2.4 1.7 1.1

29 21 1.5 1.0
2.6 1.9 1.4
2.3 1.7 1.3
1.6 11

" For load of 300 lbs. per square foot, divide the spacing given
r 2. Maximum fiber strain, 16,000 Ibs. per square inch.
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THE CARNEGIE STEEL COMPANY, LIMITED.

SPACING OF CARNEGIE I BEAMS FOR UNI
FORM LOAD OF 175 LBS. PER
SQUARE FOOT.

Proper Distance in Feet, Center to Center of Beams.

- ]
£2| 2071 157 1. 1271 | 1071 |90
£s .
SEl o0 | oo |0 [0 | 50| s |uo| 2]z

25| s | Ibs | Ibs | Ibs | Ibs, | Ibs. | Ibs. [ 1bs | Ibs. | Ibs.

a7

12 | 61.3 | 485 |44.4|36.429.9 (239198 (157|137 | 10.4
13 | 52.3|41.3|37.8|81.0 |55 [20.4|16.9 [13.4)|11.7 | 88
14 | 45.0 | 35.6]382.6 (26,7 [21.9 (17.6 | 14.6 |11.5|10.1 | 7.6
15 | 39.3[31.0128.4 (233 [19.1 1563|127 |10.1| 87| 6.6
16 | 84.5|27.3|25.0 204|168 (135[11.2| 88| 7.7| 5.8

17 | 80.6 | R4.2 [22.1 | 181 [14.9 (11.9] 99| 7.8| 68| 5.2
18 | 273 |R1.6/19.7| 162|133 [10.6| 88| 7.0| 6.1 | 46
19 | 245 (1941177145 [11.9| 95] 79| 62| 54| 41
20 | 22.1(17.5(16,0(13.1 |{108| 86] 7.1| 56| 49| 37
21 | 20.0(158]145(11.9| 98| 7.8| 65| 51| 45| 34

22 | 18211441182 (108 89| 7.1| 59| 47| 41| 31
23 | 16.711321121| 99| 81| 65| 54| 43| 3.7| 28
24 | 153 (121114 91| 75| 6.0 50| 39| 3.4 26
25 | 14111121102 | 84| 6.9| 55| 46| 36| 3.1 24
26 | 131|103 94| 77| 64| 51| 42| 83| 29| 22

R7 | 121 ] 9.6| 88| 72| 59| 47| 89| 81| 27| 21
28 | 11.3| 89| 82| 67| 55| 4.4] 86| 29| 25| 1.9
29 | 105 83| 76| 62| 51| 41| 84| 27| 23| 18
30 | 98| 78| 71| 58| 48| 38| 82 25| 22| 1.7

For load of 350 Ibs. per square foot, divide the spacing given |
by 2. Maximum fiber strain, 16,000 Ibs. per square inch,
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IPACING OF CARNEGIE I BEAMS FOR UNI-
FORM LOAD OF 175 LBS. PER
SQUARE FOOT.

Proper Distance in Feet, Center to Center of Beams.

LS I (8 5 U i el S 1

5 T
supports in feet.

18 15 13 10 7
Ibs, Ibs. Ibs. 1bs.

35.2 26.5 19.1 121 6.9
4.4 184 133 84 48
18.0 13.5 9.7 6.2 3.5
13.8 10.3 75 4.7 _7
10.9 82 5.9 3.7 21

8.8 6.6 4.8 3.0 17
7.3 5.5 3.9 2.5 1.4
6.1 4.6 3.3 21 1.2
5.2 3.9 2.8 1.8 1.0
4.5 3.4 2.4 1.5 0.9

3.9 29 21 1.3 0.8
3.4 2.6 1.9 1.2
3.0 .23 1.7 1.0
2.7 .0 1.5

2.4 18 1.3
2.2 s 1.2
2 2.0 15 11
1.8 14 1.0

fi

@w 00 =~ o oOv

[ =

—
co

[~

~ For load of 350 lbs. per square foot, divide the spacing given
: ., Maximum fiber strain, 16,000 lbs. per square inch.
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THE CARNEGIE STEEL COMPANY, LIMITED.

EXPLANATION OF TABLES
ON THE PROPERTIES OF CARNEGIE I
AND DECK BEAMS, CHANNELS, =
BARS, ANGLES, TEES, TROUGH
AND CORRUGATED PLATES.

(Pages 99 to 111, inclusive.)

The tables on I-beams are calculated for the minimum weight:
to which each pattern can be rolled. The tables for Channels,
Deck Beams and Angles are calculated for the minimum and
maximum weights of the various shapes, while the properties of
Z-bars are given for thicknesses differing by ; inch. The above.
shapes can all be furnished in any weight intermediate between
the minimum and maximum weights given.

For Tees, each shape can be rolled to one weight only.

Columns 11 and 13, in the tables for I and Deck Beams
and Channels, give coefficients by the help of which the
safe, uniformly distributed load may be readily and quickly
determined. To do this, it is only necessary to divide the
coefficient given, by the span or distance between supports in
feet. If the weight of the section is intermediate between the
minimum and maximum weights given, add to the coefficient for
the minimum weight, the value given in columns 12 or 14, (for
one pound increase of weight,) multiplied by the number of
pounds the section is heavier than the minimum.

If a section is to be selected, (as will usually be the case)
intended to carry a certain load, for a length of span already
determined on, it will only be necessary to ascertain the coefficient
which this load and span will require, and refer to the table for
a section having a coefficient of this value. The coefficient is
obtained by multiplying the load, in pounds uniformly distrib-
uted, by the span length in feet. :
In case the load is not uniformly distributed, but is concen-
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trated at the middle of the span, multiply the load by 2 and
then consider it as uniformly distributed. The deflection will
be %;ths of the deflection for the latter load. ~

For other cases of loading obtain the bending moment in ft,
(the most common cases are given on page 96) ; this multi-

If the loads are quiescent, the coefficients for a fiber strain of
16,000 Ibs, per square inch for steel, may be used ; but if moving
loads are to be provided for, the coefficient for 12,500 ibs, should
be taken, Inasmuch as the effects of impact may be very con-

be advisable to use still smaller fiber strains than those given in
the tables. In such cases, the coefficients can readily be de-
termined by proportion. Thus, for a fiber strain of 8,000 Ibs.

5,000 ibs. fiber strain, from the table, divided by 2.

The moments of resistance given in column g are used to de-
ine the fiber strain per s juare inch in a beam, or other shape,
subjected to bending or transverse strains, by simply dividing
same into the bending moment expressed in inch-pounds,

The table on the properties of Carnegie T-shapes is modeled
after the foregoing, and will, therefore, scarcely require explana-
. The horizontal portion of the T is called the flange, and
e vertical portion the stem. In the case of the neutral axis
allel to the flange, there will be two moments of resistance,
and the smaller is given. The fiber strain calculated from it
vill, therefore, give the larger of the two strains in the extreme
fibers, since these strains are equal to the bending moment

vided by the moment of resistance of the section.

For Carnegie Z-bars, complete tables of moments of inertia,
moments of resistance, radii of gyration and values of the
coefficients (C) are given on pages 101 and 102 for thicknesses
ying by /s inch. These coefficients may be applied, as ex-
ined above, for cases where the Z-bars are subjected to trans-
e loading, as, for example, in the case of roof-purlins. A
lable of safe loads of Z bars is given on page 77.
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For angles, there will be two moments of resistance for
each position of the neutral axis, since the distance between
the neutral axis and the extreme fibers has a different value on
one side of the axis from what it has on the other. The moment
of resistance given in the table is the smaller of these two
values.

The use of the radii of gyration will be explained in con-
nection with the tables on the strength of wrought iron columns,

Column 15 in the table of the Properties of Carnegie Chan-
nels, giving the distance of the center of gravity of channel
from the outside of web, is used to obtain the radius of gyration
for columns or struts consisting of two channels latticed, as
represented by Figs. 11 and 12, page 53, for the case of the neutral
axis passing through the center of the cross section parallel to the
webs of the channels. This radius of gyration is equal to the
distance between the center of gravity of the channel and the
center of the section, 7. ¢., neglecting the moments of inertia of -
the channels around their own axes, thereby introducing a slight
error on the side of safety. )

These tables have all been prepared with great care. No
approximations have entered into any of the calculations, so
that the figures given may be relied upon as accurate.

EXAMPLES OF APPLICATION OF TABLES.

I. What section of I-beam will be required to carry
40,000 1bs., uniformly distributed, including its own weigbt,-over
a span of 16 feet between supports, allowing a fiber strain of
16,000 Ibs. per square inch? .

Answer: The coefficient (C) required = 40,000 X 16 = |
640,000.

From table for 15’/ I—41.0 Ibs., C = 603,200 Ibs. ; hence
640,000-603,200
7800
=4.7 Ibs., 7. . the beam required will be a 157/ I-beam, 45.7

1bs. per foot.

II. What load, uniformly distributed, will a 6/ Z-bar carry,
weighing 18.3 Ibs. per foot and measuring 12 feet between sup-
ports, with a maximum fiber strain of 12,000 1bs?

the weight of the section must be increased :
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\ Answer: From table on page 101, the coefficient (C”) for a
6//Z-bar, 18.3 1bs.,=78,600. Hence the safe load=78,600-+-12
or 6,550 1bs., including weight of Z-bar.

LA light 4’/ X 3’/ angle weighing 7.1 Ibs. per foot,
spanning 4 feet, is loaded with 1,000 Ibs. at center. What will
¢ the maximum fiber strain if the 4// flange is in a vertical
ition?

Answer : Bending moment = 12,000 inch-pounds.

: From table, moment of resistance = 1.23. Therefore, maxi-

12,000

mum fiber strain = 22299 or 0,756 1bs., which is the strain

furthest from the neutral axis, 7. ¢., at the end of the long flange.

SPECIAL CASES OF LOADING.

I, Beam loaded at a point distant “a” feet from the left
‘hand and “b”’ from the right hand support by a single load P.
- 1= length of beam between supports == a -} b.
. Pressure or Reaction at left hand support=P_l;. and at
right hand support = P—Tl

Maximum bending moment, neglecting dead weight of

'

beam, occurs at point of application of the load and et
S (1oad given in tables, pages 71 to 82 ) X EEB
a

Whena=b=141:
Rezaction =—§— 3 maximum bending inomanon L i Fist
4
load given in tables X 4.
- II. Beam fixed at one end and unsupported at the other,
'l representing the length of beam from end to support.
- If loaded by a uniformly distributed load W:
W1

Maximum bending moment occurs at support and = ——
2

W = (load given in tables, pages 71 to 82) X X4.

If loaded with a single load P at its extremity :
Maximum bending moment occurs at support and =P1L
P = (load given in tables) X 4.
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GENERAL FORMULZZE ON THE FLEXURE OF REAMS
OF ANY CROSS-SECTION.

Let A = area of section, in square inches,

1 = length of span, in inches,

W = load, uniformily distributed, in lbs.,

M = bending moment, in inch-pounds,

h == height of cross-section, out to out, in inches,

n = distance of center of gravity of section, from top or
from bottom, in mches,

s == strain per square inch in extreme fibers of beam, elther s
top or bottom, in Ibs., according as n relates to dis-
tance from top or from bottom of section.

D = maximum deflection, in inches,”

I = moment of inertia of section, neutral axis through
center of gravity.

1/= moment of inertia cf section, neutral axis parallel to
above, but not through center of gravity.

d = distance between these neutral axes.

R == moment of resistance,

r == radius of gyration, in inches,

E = modulus of elasticity, (for wrought iron, assume
27,000,000, for steel, 29.000,000.)

I !
¢ R = . = 25
Then: R = r—l %
— s1 =SR,
n
S = Mn == 1\{ N
1 R
Emattl Ll Seny,
In 1
e Wilkiss o W
81 8R ’

7 =14 Ad?, 4
__ 5 WI® for beam supported at both ends and uni-
384 EI formly loaded.
D— P1*  for beam supported at both ends and loaded
48 EI with a single load P at middle.

D _WI2_for beam fixed at one end and unsupportec
8 EI at the other and uniformly loaded. !

e Pl  for beam fixed at one end and unsupported
3 EI at other, and loaded with a single load P

the latter end.
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_ ENDING MOMENTS AND DEFLECTIONS OF
BEAMS, UNDER VARIOUS SYSTEMS
OF LOADING.

‘W=total load.

l=length of beam.

I=moment of Inertia.

j ol

modulus of elasticity.

(1) Beam fixed at one end and
loaded at the other,

N Q.

\ —
Safe load=1/ that given in tables.
Maximum bending moment at point
3 ofsuppon~Wl
Maximum shear at points of sup-

port=W

Deflection—

Wwis
3EI

single load in the middle.

' Q

P N
A@:———» /- e \%

e load=14 that given in tables.

aximum bending moment at middle

'rff bcam=T

'xxmum shear at points of sup-
port=14

Wis
48E1

Deflection—=———

Beam supported at both ends,

() Beam fixed at one end and
uniformly loaded.
QQ_@Q_QQ_QQ_QQ
\\\ 7

Safe load=1/ that given in tables.
Maximum endm" moment at point

of support=~2—
Maximum shear at point of sup-
port=W,
W13
Deﬂecuon——-

8EI

(4.) Beam supported at both ends
and uniformly loaded.

Safe load=that given in tables.
Maximum bending moment at middle

of beam=——

Maximum shear at points of sup-
port=4W,
Deflection AL
R T

5.) Beam supported at both ends,
single unsymmetncal load.

e N
| @A——bz q

afe load=that given in tablesx&qb

imum bending moment under
Wab
1

[aximum shears :
W

at sup}‘)\qn near

; at other support=—1'-

\Vab 2] —a)
9E

ax. Deflec Via@l—.)

(6.) Beam supported at both ends,
two symmetrical loads.

Y@ Q Yiw
E——*’ L.a

Safe load=that given in tab]es)(;‘

#f
= L

Maximum bending moment between
loads=14Wa.

Maximum shear between load and
nearer suppon.—/W

Max, Deﬂection— (312.._43 2)

4dLI

N

96

B -




g

THE CARNEGIE STEEL COMPANY, LIMITED.

|

VALUES OF MOMENTS OF INERTIA FOR ‘
CARNEGIE SHAPES. ‘

I=Moment of Inertia, neutral axis parallel to flange.
II= " 13 3 « “« ¢ [ Web,

(i
Batter=r=b—__t~

T [bds—g. (hi—14)]

Ve, T8 (d—h)HIt 4 (b —t4)]

Area=A=2bs+4ht+- (b—t) (h%l)

o h—1

bofiprle=—1 Batter—r—z———

E :[ ? E acler=r 2(1)—{)

TP T x=his bt rb—t)2(b420] A

\g,... '-..9. é‘ I=_1Jﬁ[bd3_1_ ht—14,]
<o ‘ 8r

1/=14[2sb? -1t3 434 (b —t4)]—Ax?

1 B i
s T [bd?—8c(h—yd)*]
ke /=, [d(b4-c)*—2hc3—Bhcb?]
....,b,“,,i— .
s it
B o i
At T o 2(h+b)
sl

T34 bx3 4-t(d—x 3—(b—t)(x—1)?]

Y
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VALUES OF I (Moment of Inertia), AND R (Moment of
Registance)) FOR USUAL SECTIONS.

SECTIONS. R

I='ﬁ‘ e

joc w4 &
Zo s 32
=0.0491 d* ==(.0982d2

[ — bhe-b/h’e I
5 050

, Qe
=009 @dt) | 0092 [0-] )

o b’n**+bn'*3—(»b'>as Min— %

[ — bhs-2hre I
12 0.5

B —

» Denotes position of neutral axis.
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Cor (’=L1=8 M.

Cor (7,
8

N

1

Cor(,

} Lfi

g 0 and (’—Coefficients given above,

1—=Safe Lnd in Ibs, uniformly distributed; 1==Span in feet,

- M=—Moment of forces in foot-1bs.
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Cor (/=L1=8 M.

M:

Cor(’,

1

Ji

I—S8afe Load in Ibs, uniformly distributed; 1—Span in feet,
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THE CARNEGIE STEEL COMPANY, LIMITED.

a

PROPERTIES OF CARNEGIE ANGLE BARS
OF MAXIMUM AND MINIMUM THICK-
NESSES AND WEIGHTS.

ANGLES WITH EQUAL LEGS.

1 2 BT N N T 8 | o 10
2 5gg|d80gsn |5, 5853
g g 2| £ |SEEEEEEE |28 (CSs3E
2§ [Hlel3 Eia’ﬂg&ggié PR L
CIN BRE R R e
' | & | B |8b3|EEEE|52% B8 |2EE
3 B 4 |gs2 ségggg gn ggggﬂ
inches, sq. in. | inches. LR <R b o
A16 x6 | % 74| 1.82 | 8192 |7.64 | 181 | 147
A86 xb |7 1.66 | 17.68 | 4.07 | 1.87| 119
‘A9b5 x5 | % 1.57 | 17.75 | 6.7 | 149| 098
Al7b X5 | % 189 | 874 (242 | 1.56| 099
Al84 x4 |13 129 | 814 301 | 1.18| 080
A0 4 x4 | 5| 8 112 | 8711129 | 1.24| 083
A26( 81738 | 18 | 17, 117 | 525 (225 | 1.02| 0.69
A33 81581 | 3% | 8. 1.01 | 287 [1.15 | 1.07| 070
AS413 3 | 5 | 114 0.98 | 262|130 | 0.88| 0.59
Ad08 x8 |} | 49 0.84 | 1.24 | 058 | 093 0.60
Adl) 230x23 | 37 | .85 0.87 | 1.67 (089 | 0.82| 054
Adb(230x3 | I | 45 0.78 | 0.93 | 048 | 0.85| 055
A48 234x0Y | 34 | 1T 081 | 1.28 (078 | 0.74| 049
A0 215217 | i | 41 0.72 | 070|040 | 0.77| 050
AB1 21 x21 | 22 | 6.8 0.74 | 087 (058 | 0.66| 048
ABB 210,23 | 3 | 87 0.66 | 051|032 | 069 046
A5B2 %2 | | b3 0.66 | 054 | 040 | 059| 039
AB02 x2 | 3| 25 057 | 028 (019 | 0.62| 040
AB1 13(x13( | 5 | 4.6 059 | 035|030 | 051| 035
AB5 13/x13/ | & | 21 051 | 018|014 | 0.54| 036
ABB 114x1%5 | 34 | 34 051 | 0.9 [019 | 044| 031
A9 135x134 | 3 | 18 0447 041 |0.104| 046 082
AT0 1313 | 55 | 24 042 | 0.09 | 0109/ 0.36| 0.25 °
ABYXY | 14| 1.0 0.35 | 0.044| 0.049| 0.38| 026
A4 136x13% | & | 2.1 0.39 | 0.063| 0.087| 082 | 0.24
AT71%x114 | 14| 0.9 032 | 0082 0.039] 034 028
1A781 " 1| 15 0.34 | 0.037) 0.056 0.29| 020
A801 x1 | 3% | 08 0.30 | 0.022 0031 0.31| 021
A81| %x % | & | 1.0 029 | - 0.019| 0.033( 026 0.8
%hx % | % | 07 026 | 0.014] 0.023( 026| 0.19
¥x 3 | 2| 08 0.26 | 0.012] 0.024| 0.22| 0.16
(x4 | % | 06 023 | 0.009 0017 023/ 0.7
Sx 5% %] 05 0.20 | 0.005 0011/ 0.18) 0.13




JARNEGIE STEEL

COMPANY, LIMITED.

AREAS OF ANGLES VARYING BY // IN
THICKNESS.

'in. Tnches. T"x”‘%”:r‘r:”"yi’_’ Tsa_g/_/f%;ﬂ H/% —%g_//is Tgullu
. |4.40|5.005.59) 6.17| 6.75| 7.31| 7.87 8.42 897 950
c+ | . B.O(B75 6.43 7,11 7.78 8.44/9.09 974 .. | ..
.. |8.61]4.18) 4.75|5.31| 5.86| 6.41| 6.94|7.47|7.99
.. |8.42]3.97|4.50( 5.08| 5.55| 6.06| 6.56|7.06| 7.55| .
.. |8.61/4.18|4.75| 5.31| 5.86| 6.42| 6.94|7.46/ 7.99| .
. |8.28) 3,75/ 4.25| 4.75| 5.23| 5.72| 6.19/6.65/ 7.1 .
.. |3.05/8.53(4.00 4.47| 4.92) 5.37| 5.81/6.25, 6.67| .
. [2.40(2.86|3.31| 3.75! 4.18| 4.61/ 5,03| 5.44/5.84] . .
| . |2.673.09(8.50 3.90) 4.30| 4.68|5.065.43) ..
. |2.40/2.86/3.31|3.75| 4.18| 4.61|5.03] 5.4 5.84 . .
.. |2.67/3.09|8.50/ 3.90] 4.30| 4.68|5.06/5.43 . .
. 12.09/2.4812.878.25/ 3.62| 3.98| 4.34/4.69/5.03) . .
.. |2.48/2.:873.25/.62] 3.99] 4.34(4.69)5.08) . . :
. 11.93/2.30| 2.65, .00} 3.34 8.67| 4.004.314.62| . . ;
%// 1'31*// 7‘]2_//%// T5’1_// %3// 1’7?',/ %”TQK// %N z1}//
i 1.44) 1.78) 2.11| 2.43) 2,75 3.06| 3.36 3.60| .
125154/ 1.83( 2.1/ 2.88/2.64| .. | ..
1.44/1.78 2,11/ 2.44 2.75/3.06/ .36 . ,
.. |1.81/1.62/1.92 2.22(2.502.78| . .
105 1,19 147/ 1.73 2,00 2.25) . . | .
1.31/1.62] 1.92(2.22 2.50| . .
o | oo | on (1190147173 2,00/ 2,25 . .
. 1081] .. [1.06/1.31|1.55 1,78/2.00 . .
cle. | | 1,08 1.31] 155 178/ 2,00 .
.. (067 ..]0881.07/1.27/1.45/1.63 .. | . ;
.. 1071 .. |0.94]1.15 1.36/ 1.56] . . : y
01 Il e B e . ]
.. |0.62] .. 081100 1.i7 130 . o :
|.. 058 ..[069 084099 ..
1028 Lod7l L
. 10.30 043 . . | 0.560.69 . g
.1027,0.39 .. | 050 0.61] . ‘
. 1024/0.34] .. 044 ..
RIS S e § ?
e171 06| o i AT
R S B e e e b
For \\elghts see pagcs JS to 42.
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Coefficients € and C’ calculated for Fiber Strains of 16,000 and 12,500 Ibs. per square inch respectively.
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CARNEGIE STHEEL COMPANY,

LIMITED.

PROPERTIES OF CARNEGIE T SHAPES.
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THE CARNEGIE STEEL COMPANY, LIMITED.

;‘ ] PROPERTIES OF CARNEGIE TROUGH PLAT ol
" <= g
g £ EE | #¢
e AT ERE REAE
| = = = WEIGET ¥ |[388| C%
\ g =] g ; B} EES fz.va S
? » 3 E g : |£2°] B¢
| 2 | =
| 3 R
M10 | 93483 | X% | 1632 | 48 | 368 | 1.38
Mil | 9% x38% | o 18.02 653 | 413 | 157
M12 | 9%x83 | 56 | 1972 | 58 | ab7 | 17
M13 | 925%x38% | 1} 21.42 63 | 502 | 1.96
Mi14 | 9%x3y | % | 2815 | 68 | 546 | 215

PROPERTIES OF CARNEGIE CORRUGA.

PLATES.

il g |1 {5 gg
g Zg .; WEIGHT, éz' ';;Ei o
H 5 g t | &5 :é

: R
M30 | 8%x1%| ¥ | 806 | 24 | 064 | 080
M3t | 8y x1%| & | 1040 | 80 | 095 | 118
M32 | 8% x1%| 3 | 1204 | 85 | 125 | 142
M8 |1284x2% | 3% | 177 | 52 | 479 | 838
M34 [128%x2% | 5 | 2071 | 61 | 581 | 3.90
M35 | 12%x2% | % | 2367 | 7.0 | 682 | 446




THE CARNEGIE STEEL COMPANY, LIMITED.

EXPLANATION OF TABLES ON
BEAM BOX GIRDERS.

An economical style of box girder, well adapted for short span
lengths, is one composed of a pair of I-beams with top and
“bottom flange plates. Such girders are commonly used for sup-
porting interior walls in buildings. The tables are prepared to
conform with standard sizes of Carnegie I-beams,
The values given in the tables are founded upon the moments
of inertia of the various sections. Deductions were made for the
fivet holes in both flanges. The maximum strain in extreme
fibers was limited to 13,000 Ibs. per square inch, while in the
tables on rolled steel beams a fiber strain of 16,000 Ibs. was used.
his reduction was made in order to amply compensate for the
deterioration of the metal around the rivet holes from punching.
Box girders should not be used in damp or exposed places,
: ince the interior surfaces do not readily admit of repainting.

EXAMPLE.

A 13’/ brick wall, 15 feet high, is to be built over an
opening of 24 feet. What will be the section of the girder
required ? P :
Answer :—Assuming 25 feet as the distance, center to center
of bearings, the weight of the wall will be 25X 15X 121=45,375
Ibs., or 22.68 tons.

On page 114 we find that a girder composed of two 12’/
eams, each weighing 32.0 Ihs. per foot, and two 14//X
4/ flange plates will carry safely, for a span of 25 feet, a
niformly distributed load of 23.23 tons, including its own
sight. Deducting the latter, 1.42 tons, given in the next
umn, we find 21.81 tons for the value of the safe net load,
ch is 1.07 tons less than required. From the following
folumn we find that by increasing the thickness of the flange
75’/ we may add 1.52 tons to the allowable load. This
yill more than cover the difference. Hence the required section
will be two 127/ beams 32.0 1bs. per foot, and two 147X %’/
plates
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rivet holes in both flanges deducted. Weights

1 1//
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T
spond to lengths, center to center of bearings.

Above values are based on maximum fiber strains of 13,000

Ibs. per sq. in.;
of girders corre
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girders correspond to lengths, center to center of bearings.

‘Above values are based on maximum fiber strains of 1

per sq.in. ;
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Above values are based on maximum fiber strains of 13,000 Ib
per sq. in.; 337/ rivet holes in both flanges deducted. Weight

of girders correspond to lengths, center to center of bearings
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'} THE CARNEGIE STEEL COMPANY, LIMITED.
) BEAM BOX GIRDER.
Y SAFE LOADS IN TONS, UNIFORMLY DISTRIBUTED.
) 2-24’/ T Beams and 2 Plates 1877 X 3{7/
Y § 2 plal 247 T Beams,
}}' ;;;' lg’xg 80.0 Ibs, per foot.
F
2q
B Tnoreaso in safo | Inoreasein
8 Safe load uniformly dis- | Weight ofgi ” ; ;
S| byt | Wikt i | ik
g weight of girder) in |heads) in tons of m;?ﬂmogke- r;‘{m% e
2 tons of 2,000 lbs. 2,000 lbs, Tals, o plate
14 i82.64 178 %.19 0.05
15 170.46 1.91 6.71 0.06
16 159.81 2.03 6.29 0.06
lg 150.40 2.16 5.92 0.06
1 142.05 2.29 5.569 0.07
19 134.57%7 241 5.30 0.07
20 12?.84 2.564 5.08 0.08
21 121.76 2.6%7 4.9 0.08
_2 116.22 2.79 4.5% 0.08
23 111.1% 2.92 4.38 0.09
g 24 106.54 3.06 4.19 0.09
y 25 102.27 3.18 4.03 0.09
e 26 98 34 8.30 3.8% 0.10
(g _% 94.70 3.43 3.3 0.10
28 91.82 3.566 3.569 0.11
ﬁ 29 88.17%7 3.68 3.4% 0.11
A e 30 85.23 3.81 3.35 0.11
Z 31 82.48 3.94 3.256 0.12
32 %79.90 4.08 3.156 0.12
R 33 w48 4.19 3.056 0.12
B 34 %520 432 296 013
bl 35 %3.05 4.45 2.88 0.13
36 %1.03 4.5%7 2.80 0.14
3 69.11 4.70 2.2 0.14
N 3 6%7.29 4.83 2.65 0.14
gy 39 65.56 4.95 2.58 0.15
40 63.92 5.08 2.52 0.15
41 62.36 5.20 2.45 0.16
42 60.88 5.33 2.40 0.16
J 43 59.46 5.46 2.34 0.16
44 58.11 5.569 2.29 0.17
45 56.82 5.%3 2.25 0.1%
Above values are based on maximum fiber strains of 13,000
1bs. per sq. in.; 33// rivet holes in both flanges deducted. Weights
of girders correspond to lengths, center to center of bearings.
R A




THE CARNEGIE STEEL COMPANY, LIMITED.

EXPLANATION OF TABLES ON RIVETED
PLATE GIRDERS.

Riveted girders are used in cases where rolled beams are in-
sufficient to carry the load. On page 57 of the lithograph plates
will be found illustrations of various forms of riveted girders.
The sections with single webs are more economical than those
with double webs box girders, but the latter are stiffer laterally,
and should always be used where great length of span
requires a wide-top flange. If the girder is not held in posi-
tion sideways, the proportion of length of span to width of flange
should not exceed twenty, without making provision for such
increase by an addition of metal in the compression flange
beyond that required by the table.

The web of the girder must be made of such thickness that
there will be no tendency to buckle, and that the vertical shear-
ing strain per square inch will not exceed 10,000 pounds. This
shearing stress is greatest near the supports and is obtained by
\dividing half the load upon the girder (provided the load is
‘symmetrically applied) by the web section. The first condition
(security against buckling) is attained when this shearing strain
1 11000

“does not t:xceed1 d? in which d represents the

3000 t2

depth of web in clear of flange of girder, and t the thickness of
one web plate in inches. Ordinarily this formula gives a lower
strain per square inch than 10,000 pounds, so that both condi-
tions are usually attained when the first is. Instead of increas-
ing the thickness of the web, it may be stiffened by means
of vertical angles riveted to it at proper intervals. These
latter should always be less than the depth of the girder, at
least near the ends, but toward the middle of the girder the
stiffeners may be placed further apart or entirely omitted.  Stiff-
eners should always be used at or near the supports, and at any-
other point where there is a concentration of heavy loads. The
duty of these stiffeners. in such cases is twofold : first, to prevent
buckling of the web; second, to transmit the shear to the web
y means of the abutting areas and the rivets, both of which must
be sufficient for the purpose.

The rivets generally should be 37/ and the spacing in
flanges ought not to exceed six inches, and should be closer for
heavy flanges ; but in all cases it should be close at the ends,
y three inches for a distance equal to the depth of the girder.
‘Where loads are great, especial calculation for rivet spacing
d be made, allowing 9,000 pounds per square inch for
shearing and 18,000 pounds per square inch for bearing.

- The unsupported width of flange plates, subjected to compres-

\
"
L
1

118




THE CARNEGIE STEEL COMPANY, LIMITED.

sion, should not exceed 32 times their thickness, nor should the
flange plates extend beyond the outer line of rivets more than five
inches nor more than eight times their thickness,

The term “ flange,” as applied to the riveted girders, embraces
all the metal in top or bottom of girder exclusive of web plate;
or, inthe case of a rolled beam or channel with top and bottom
plates, all the metal exclusive of thatpart of the web between
fillets. 4

Girders intended to carry plastering should be limited in depth
from out to out to J; of the span length (3¢ per foot); other-
wise the deflection is liable to cause the plastering to crack.

The following pages, Nos. 120 to 123, inclusive, furnish a
ready means for determining the sections of plate or box girders
necessary to carry specified loads for spans varying from 20 to 40
feet, center to center of bearings.

The “Safe Loads” are given for the sections shown, and in
columns headed “Increase in Safe Load” is given the increase
in safe load for each {7 increase in thickness of flange plates.
The flange plates may be altered in width and thickness, pro-
vided the section remains the same as that required in the table
and the conditions in regard to unsupported width be fulfilled.

EXAMPLE OF APPLICATION OF TABLE.

A 307/ box girder is to carry a load of 80 tons over a clear
spanof 80 feet. What section of girder is required? The span
" from center to center of bearings we will assume to be 31 feet.
In.the table, page 122, the safe load for this span and for the
girder shown is found tobe 62.96 tons including weight of girder,
which latter, according to the table, may be assumed at about
3.5 tons. The total load to be carried is, therefore, 83.5 tons,
The increase in safe load for ;// increase in thickness of flange
plate given in the table is 8,70 tons. The thickness of the flange
plate is then obtained as follows: 83.5 tons—62.96 tons=20.54
tons. This—+3.70 tons is very nearly 6. Each flange plate,
therefore, must be increased by 8;//, making a total thickness of
flange plate of 347/.

The section of ’the girder is then composed of two 307/ X 14/
web plates, two 167734’/ flange plates (which could be made
1877 X 1}/7 or 2077%5/’, etc.—see previous note), and four
8147/ X314’/ X1/’ flange angles. The shear in one web is

83.5 % 2000 : R
=5 _or 2785 pounds per square inch, whichis also safe

2x2x 30X % 11000

against buckling, since it is less than 1+ d3 which, in
3000 t2 ;

this case, is 5,000 pounds.




THE CARNEGIE STEEL COMPANY, LIMITED.

PLATE GIRDERS.

SAFE LOADS IN TONS, UNIFORMLY

DISTRIBUTED.

§ 2 ' ¥4
I 22w
9 B s 2 B °
B i T ax
T e | e
o EEFRER P P FEFNEEE R
2 =85 |F3.88|1B% (. |<&85 [¥5.58
FEPREE LI Bk | a?;?..aﬁé%
U e PN e
ko = — b0 ~o8 ~
SR S
8118 | 1.62 | 400 | .05 | 9171 | 170 | 440 | .05
21| 77.32 | 1.69 | 380 | .05 | 8734 1.77| 420 | 05
2 | 7380 | 1.76 | 363 | .06 | 83.37 | 1.84 | 4.00 | .06
28| 70.60°| 1.86 | 347 | .06 | 7974 | 1.95| 383 | 06
24 (67.66 | 193 | 332 | .06 | 7642 | 202 | 3867 | .06
6495 | 201 | 319 | .06 | 73.36 | 209 | 852 | .06 -
% | 62.45 | 2.07 | 8.07 | .07 | 7054 | 217 | 839 | .07
27 (6014 [ 214 | 296 | .07 | 67.93| 224 | 326 | .07
28 (57.99 (221 | 285 | .07 | 6550 | 231 | 815 | .07
20 | 5599 | 231 | 275 | .07 | 6325 | 242 | 303 | .07
80 (5412 (238 | 266 | .08 | 61.14 | 249| 294 | .08
8315238 [ 245 | 257 | .08 | 59.16 | 256 | 285 | .08
82 (5074 | 252 | 250 | .08 | 57.32| 264 | 275 | .08
33 (4920 (259 | 242 | .08 | 5558 | 271 | 267 | .08
4776 [ 266 | 284 | .09 | 53.94 | 278 | 259 | .09
8514639 | 273 | 228 | .09 | 5240 | 285 | 252 | .09
36 | 4510 | 283 | 222 | .09 | 5095 | 296 | 245 | .09
87 (4388 | 290 | 216 | .09 | 4957 | 3.03 | 238 | .09
384273 | 297 | 210 | 10 | 4827 | 341 | 281 | .10
89 |41.63 | 8.04 | 205 | 40 | 47.03| 318 | 225 | 10
40 | 4059 | 8.1 | 200 | .10 | 4585 | 325 | 2921 | 10

The above values are founded on the moments of inertia of the
ions using a maximum fiber strain of 13,000 1bs. per square inch;

// rivet holes in both flanges deducted.

Weights of girders

spond to lengths, center to center of bearings and include rivet

heads, stiffeners and fillers.
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THE CARNEGIE STEEL COMPANY, LIMITED.
) PLATE GIRDERS.
" SAFE LOADS IN TONS, UNIFORMLY DISTRIBUTED.
g 2 o 58
£ 2 2% = 25
4 g 2 B3, E i
& -] E é % ) é X
25 =
% THe (2 & ~ i
S | 225 BS8q+. 258 |52
; S|y 385,00 |z, (04,0
;29 | Bs |e g 288" cas |2 (eS8 cE82sE5
2 |1%5| 5% gf;g—;?;.a& $5E| 5E [5C 223520
- g8 |EE88|s | P +E1EE
a1 e |7 |
20 102,57 | 1.7 | 4.80 05 |[152.54( 272 | 6.71 .06
21 | 97.67 | 1.85 | 4.58 05 |14528| 284 6.39 | .06
22 | 93.23 | 1.92 | 437 06 113868 295 ( 6.09 | .07
23 | 89.18 | 2.04 | 418 06 |132.65| 312 | 583 | .07
24 | 85.46 | 217 | 4.01 06 112712 824 | 558 | .07
25 | 82.04 | 219 | 3.85 06 |122.04] 336 | 536 | .07
26 | 7888 | 2.26 | 3.70 07 |117.34| 348 | 516 | .08
27 | 75.96 | 2.34 | 3.56 07 |113.00| 359 | 497 | .08
28 | 7326 | 241 | 343 07 1108971 371 | 478 | .08
T 29 | 70.73 | 253 | 331 07 10520 388 | 4.63 | .09
# 0 | 3016337 (260| 321 | .08 |100.70| 4.00 | 448 | .09
=4 31 | 66,16 | 2.68 | 8.10 .08 9842 412 | 432 | .09
32 | 64.10 | 275 | 3.00 .08 9534 | 423 | 420 | .10
) 33 | 62.16 | 2.82 | 291 .08 9245| 435 | 4.07 | .10
34 16033 | 2.89 | 283 .09 80.74 | 447 | 394 [ .10
: 35 | 58.60 | 2.98 | 275 .09 87.17' 459 | 383 | .10
. 86 | 56,98 | 8.09 | 2.66 .09 84741 476 373 | A1
| *‘p"\ ! 87 [ 5544 | .16 | 259 .08 846 487 | 362 | .1
& 38 | 5398|324 | 252 10 8029 | 4.99 | 3853 | .1
39 | 52,59 | 831 [ R47 10 7823 b11| 843 | A2
"~ 40 | 51.26 | 3.39 | 240 A0 76271 528 | 835 | .12
4
» The above values are founded on the moments of inertia of the
sections using a maximum fiber strain of 13,000 Ibs. per square inchj
P! 33§// rivet holes in both flanges deducted. ~Weights of girders
; correspond to lengths, center to center of bearings and include rivet
heads, stiffeners and fillers.
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BOX GIRDERS. ‘
SAFE LOADS IN TONS, UNIFORMLY DISTRIBUTED.
I i & g £ ‘
4 W ” ]33 £
! 2 & 2 g 3
I | 22 fEE ‘
; i :&' & il o :ra Ao
ool £ RE £ TR
. 2% (588, 225 388
B% - =8 208 g8 2% = ol | ooy 5%
PR ng,, = EFR R P :T‘.‘*Eg
Fe5|E5 |53 50| R |50 Eqa%
=0 | B g 3-8 -S| S| B Y-
- L ;g;%g‘s 3 éé’g gég‘s
20 | 97.59 [ 2.13 | b5.73 07 |1302 | 244 | 7.9 .09
219294 (223 | b5.46 07 | 124.0 | 255 | 7.68 .09
22 |8.72 | 232 | 520 08 | 1183 | 2.66 | 7.22 .09
23 |184.86 | 245 | 4.98 .08 | 1132 | 2.80 | 6.90 10
24 81,32 | 254 | 478 .08 | 1085 | 291 | 6.62 10
2 [ 78.07 | .64 | 459 09 | 1041 | 8.03 | 6.35 A1
26| 75.07 | 2.74 | 441 09 | 1001 | 314! 6.12 g1
27 | 7220 | 2.83 | 426 .09 964 | 325 5.89 A2
28 69.70 | 2.93 | 4.10 10 93.0 | 336 | 5.67 A2
29 | 67.30 | 3.06 | 3.96 10 89.8 | 850 | 548 A2
30 | 65.06 | 3.16 | 3.82 10 86.8 | 3.61 | 529 A3
31 | 6296 | 325 | 3.70 al 84,0 | 372 | 513 A3
82| 61,00 | 8.35 | 3.58 A 814 | 383 | 497 A4
33| 69.14 | 350 | 348 by 3 3 789 | 895 | 4.82 14
34| 6740 | 8.64 | 3.38 A2 76.6 | 4.06 | 4.67 A4
3 | 65,76 | 8.64 | 3.28 A2 744 | 417 | 453 15
36| 54.22 | 3.76 | 3.18 A2 723 | 431 | 441 A5
37 | 52.75 | .86 | 3.09 A3 704 | 441 | 430 16
38 | 51.36 | 8.95 | 3.02 A3 685 | 453 | 4.18 16
89 | 50.04 | 4.05 | 294 A3 66.7 | 4.65 | 4.07 A7
40 | 48.80 4.15 2.86 .14‘ 65.1 | 4.76 | 8.97 A7
,7 The above values are founded on the moments of inertia of the
ections using a maximum fiber strain of 13,000 1bs. per square inch;
3/ rivet holes in both flanges deducted. ~Weights of girders
orrespond to lengths, center to center of bearings and include rivet
eads, stiffeners and fillers.
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BOX GIRDERS.

SAFE LOADS IN TONS, UNIFORMLY DISTRIBUTED.

¢ c 21 4 < 5.
g | s 22 § 24

LN IR : 52
BN IR . L e
s (il L] T = R
BE| (b ofi| B OFE g
25 o B ! i
§ '§ 2o [+ & e o ikl q
S |3y 22k 5884 2s gk 1858
1|55 P L
& |55 |85 |50 82sc 8955 |58 |5 8558

RIS TEE EIECRERS CiE

Rl vl
20 | 1849292 | 1059 | .10 | 2885) 878 | 1580 | 13
21 | 1762 | 306 | 1010 | .11 | 2748 | 395 | 15.05 | 13
221682 | 319 | o964 | 11 | 2023 | 413 | 1487 | ‘14
23| 1608 (336 [ 922 | 12 | 2510 424 | 1374 | 15
24 | 1542 (349 | 881 | 12 | 2405 | 452 | 1847 | 1
95| 1480 [ 363 | 848 | 13 | 230.9 | 469 | 12.64 | ‘18
26 | 1424|376 | 818 | 13 | 2020 487 | 1246 | 17
27| 1370 (389 | 785 | 14 | 2138 504 | 1070 | 17
28| 1321 [4.03 | 757 | 14 | 2062 521 | 1129 | 18
291276 (415 | 731 | 15 | 199.0 | 543 | 1001 | 19
30 (1238|433 | 706 | 15 | 1924 5.61 | 1054 | 19
811193 | 445 | 683 ! 16 ¢ 1862 | 578 | 1021 | 20
32| 1156|460 | 663 | 16 | 1803 | 5.95 | 988 | .20
33| 1121|474 | 643 | 47 | 1749 612 | 958 | 21
94 (1038 [487 | 624 | 17 | 1698( 620 | 930 | 22
35 1057 [ 500 | 606 | 18 | 1649| 647 | 903 | =2
36 | 1028 | 517 | 590 | 18 | 1603 | 669 | 878 | 23
371000 | 531 | 574 | 19 | 1560 6386 | 854 | 2
38| 974|544 | 558 | 19 | 1519 694 | 832 | o4
39| 949|558 | 544 | 20 | 1480 720 | 811 | 5
40| 925|571 | 530 | 20 | 1443 738 | 7o1 | 6

The above values are founded on the moments of inertia of thi
sections using a maximum fiber strain of 13,000 Ibs. per square inch!
12/7 rivet holes in both flanges deducted. ~Weights of girder
correspond to lengths, center to center of bearings and include rive
heads, stiffeners and fillers.
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I-BEAMS AS USED IN FOUNDATIONS.

In designing the foundations of walls and piers of buildings,
when they rest upon a yielding stratum, proper provision must
be made for the uniform distribution of the weight. 1In case the
walls are of different thicknesses and heights, the widths of the
foundations must be proportioned according to the different loads
resulting therefrom, so that the bearing per unit of ground-area
will be equal and a uniform settlement of the completed struct-
ure is ensured.

The introduction of timber beams as a means of obtaining
wider bearing surfaces at the base, is a practice to be strongly
condemned, unless the wood is in a position to remain contin-
‘ually moist. Where this is not the case, the timber will soon rot
away, thereby giving rise to an unequal settlement of the walls,
which is very injurious, if not destructive, to the masonry.

Rails, imbedded in concrete, are not open to this objection.
‘They offer, however, comparatively little resistance to deflection,
and for this reason, if allowed to project beyond the masonry to
any considerable length, the concrete filling is liable to crack,
and thus the strength of the foundation becomes impaired.

I-beams, more recently used for this purpose, are found to be
superior in every respect. A greater depth can be adopted, the
deflection thus reduced to a minimum and a sufficient saving
effected to more than compensate for ‘their additional cost per

ound.
1 The foundation should be prepared (see illustration p. 126) by
first laying a bed of concrete to a depth of from 4 to 12 inches and
then placing upon this a row of I-beams at right angles to the
face of the wall. In the case of heavy piers, the beams may be
crossed in two directions. Their distances apart, from center to
center, may vary from 9 to 24 inches according to circumstances,
i.e., length of their projection beyond the masonry, thickness of
concrete, estimated pressure per square foot, etc. They should
be placed at least far enough apart to permit the introduction of
the concrete filling and its proper tamping between the beams.
Unless the concrete is of unusual thickness, it will not be advisa-
ble to exceed 20’/ spacing, since otherwise the concrete may not
be of sufficient strength to properly transmit the npward pressure

‘to the beams. The most useful application of this method of i

founding, is in localities where a thin and comparatively compact
stratum overlies another of a more yielding nature. By using
I-beams in such cases, the requisite spread at the base may be
obtained without either penetrating the firm upper stratom or
carrying the footing-courses to such a height as to encroach un-
duly upon the basement-room.

A A A A
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"

METHOD OF CALCULATION.

Let L=Weight of wall per lineal foot, in tons.

and b=Assumed bearing capacity of ground, per square
foot, (usually from I to 3 tons.)

L
Then $=W=Required width of foundation, in feet.

w=Width of lowest course of footing-stones. i
p=Projection of beams beyond masonry, in feet.
s=Spacing of beams center to center, in feet.

Evidently the size of beams required will depend upon their
strength as cantilevers of a length “p,” sustaining the upward
reaction, which may be regarded as a uniformly distributed load.

Thus p b=uniformly distributed load (in tons) on canti-
levers, per lineal foot of wall,

and p b s=uniform load in tons, on each beam.

The table on the following page gives the safe lengths “p”
for the various sizes and weights of beams, for s=1 foot and |
“b” ranging from I to 5 tons per square foot. For other values
of “s” say 15//,7.e., 1%/, the table may be used by simply
considering “b” increased in the same ratio as “s” (see
example below). As regards the weight of beams, it is advan-
tageous to assign to “s’’ as great a value as is warranted by the
other considerations which obtain.

EXAMPLE SHOWING APPLICATION OF TABLE.

The weight of a brick wall, together with the load it must
support, is 40 tons per lineal foot. The width of the lowest
footing-course of masonry is 6 feet. Allowing a pressure of 2
tons per square foot on the foundation, what size and length of
I-beams 187/ center to center will be required?

Answer: L=40 b=2 w=6 s=1};.

Therefore W=40-+-2=20 feet, the required length of beams.
The projection “ p”’=14 (20~6)=7 feet.

In order to apply the table (calculated for s=1/), we must
consider “b” increased in the same ratio as “s,” 7. e.,, b=2X
1}4=3 tons.

In the column for 3 tons, we find the length 7 feet to agree

with 207/ I-beams 64.0 lbs. per foot. ]
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GIVING SAFE LENGTHS OF PROJECTIONS “p” IN FEET, (SEE
ILLUSTRATION,) FOR “s"=1 FOOT AND VALUES OF “b”
RANGING FROM 1 TO 5 TONS,

'Weioht b (TONS PER SQUARE FOOT.)

fof | 1| 14| 1% 2 21214 3 |3%] 4 |4%] 5

14.0 (125 (11.5(10.0({ 9.0 | 9.0 | 80 75| 7.0 | 6.5 | 6.0
125(11.0{ 10.0( 85|80 (80| 70| 65| 6.0 | 6.0 | 55

105 95| 85| 75| 7.0 | 65| 6.0 | 55| 5.5 | 5.0 | 5.0
95| 85| 80| 7.0{ 65| 60| 55505045 |45

80
64
80 [12.0(10.5| 95| 85|80 (7.5 (70| 65| 6.0 |55 | 5.0
60
50
41 | 85| 80| 7.0/ 6.0| 6.0 | 55|50 | 45|45 |4.0|40

40 | 80| 7.0( 65| 55|55 |50 |45(40|40|35|35
3R | 7.0 65| 55| 50| 45| 45|4.0(40|35|85]30
33 | 65| 60| 55| 45|45 |4.0(4.0|35(35(3.0]30
2 | 65| 50| 45| 40(40(85[85(80(30(25|25

21 | 50| 45| 40| 85|85 (80(3.0/[25|25(25](20
18 | 45| 4.0 85| 8.0/80 (80| 25[25/(20]|20]20
7|15 | 40| 85| 30| 2525 [25/(.20(20]|20(2015
B[ 13 | 30| 3.0| 25| 25/20(20| 20|15 15[15(15

b 10 | 25| 25| 20( 20/ 15| 15[ 15[15] 15
7120 20[ 15| 1501515

- Values given based on extreme fiber strains of 16,000 lbs. per
inch.
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COLUMNS IN FIRE-PROOF BUILDINGS.

The subject of fire-proof construction is steadily growing in
importance. The need of fire-proof. buildings in the business
centers of our great cities has been well demonstrated, and their
superiority has become so generally recognized, that at present
but few structures of any size or importance are designed which |
are not more or less of this type. This change has been facili-
tated in no small measure by a number of signal improvements
made of late in the art of fire-proof construction, ensuring not
only a higher degree of efficiency, but a considerable reduction in-
cost, compared with methods formerly practiced. 4

The old style of solid brick arch, once so prevalent in floor-
construction, has been almost wholly supplanted by the more
modern forms of hollow tile and terra cotta arches. The im-
portant advantages of the latter have been already pointed out in
these pages. Roofs, ceilings and partition walls are now also
largely constructed of these light refractory materials,

The substitution of steel for iron in beams may be cited as a_
more recent though hardly less radical improvement in this
direction, and, simultaneously, the introduction by this firm of
new patterns for its steel beams. These patterns are of more
convenient shape and much more economical of material than
the old forms.

Another change which is gradually taking place is the subsn
tution of steel for cast iron in the composition of columns.
iron isa material, so uncertain in character, that its use has long
since been abandoned in bridge construction. In buildings ths
loads are generally quiescent, and the liability to sudden shocks is
more remote than. in bridges; yet, on the other hand,
columns seldom receive their loads as favorably as in brid;
in most cases there exists considerable eccentricity, that
the loads on one side of the column are heavier than tho
on the other side, and the bending strains arising therefrom in-
crease the strains from direct compression materially.

The following are some of the contingencies which may aris
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in the manufacture of castings, and which preclude anything
approaching uniformity in the product.

In the case of hollow cast iron columns, while the metal is yet
in a molten state, the buoyancy of the central core tends to cause
it to rise, thereby reducing the thickness of the metal above and
increasing the same below. When columns are of such a length
- as to make it necessary to pour the metal into the mould from
both ends, it sometimes occurs that the iron becomes too much
chilled on the surface to properly mix and unite, thus creating
a weak seam at the very point where the greatest strength will be
‘needed. 'The presence of confined air, producing ¢ blow holes”
“and “ honey-comb,” and the collection of impurities at the bottom
of the mould may be further mentioned as frequent sources of
- weakness in cast iron,

The most critical condition, however, is that due to the unequal

contraction of the metal during the process of cooling, thereby
' giving rise to initial strains, at times of sufficient force to produce
rupture in the column or in its lugs on the slightest provocation.
~ In many cases, the trouble can be ascribed to faulty designing or
carelessness in the execution of the work, yet even under favor-
able conditions, itis so difficult to secure equal radiation from the
moulds in all directions that castings, entirely exempt from in-
‘herent shrinkage strains, are probably seldom produced.

As a protection against these contingencies, resort must be had
either to the crude and uncertain expedient of a high safety
factor, not less than eight or ten, or a material, such as rolled
steel, must be adopted, of a more uniform and reliable character
than cast iron.

v

STEEL coLUMNs fail either by deflecting bodily out of a
straight line, or by the buckling of the metal between rivets
or other points of support. Both actions may take place at the
same time, but if the latter occurs alone, it may be an indication
that the rivet spacing or the thickness of the metal is insufficient.

The rule has been deduced from actual experiments upon
wrought iron columns, that 'the distance between centers of rivets
should not exceed, in the line of strain sixteen times the thick-
of metal of the parts joined, and that the distance between
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rivets or other points of support, at right angles to the line of '
strain, should not exceed thirty-two times the thickness of the
‘metal.

On page 53 sections are shown of some of the most common
forms of built columns, Figs. 6, 13, 15 and 16, belong to
the type known as Closed Columns. As it is impracticable to
repaint the inner surfaces of such columns, they should prefer-
ably be used only for interior work, where the changes in
temperature are not considerable, and the air is comparatively
dry. In places exposed to the extremes of temperature and
unprotected from the rain, the paint on the inner surface of the
column will, sooner or later, cease to be a protection, corrosion
will set in, and, once begun, will continue as long as there is
unoxidized metal left in the column,

The remaining figures on the same page represent types of
columns with open sections, which readily admit of repainting,
and are therefore suitable for out-door work.

Of these, Fig. 14, known as Z-bar column, is believed to offer

advantages superior to those of any other steel or wrought iron
column in the market,

Its claims for superiority are based mainly on the following
qualitiés : 1

zst.  EcoNoMy OF MANUFACTURE.—Only two rows of rivets
are required, while four or more are used for any other column
of an equal sectional area.

2d. HicHa ULTIMATE RESISTANCE TO ComPRESsION.—For
discussion on this point see pages 131 to 133, inciusive. i

3d. GREAT ADAPTABILITY FOR EFFECTING CONNECTIONS
WITH I-BEAMS, AND REDUCING ECCENTRICITY OF LOADING,—
‘When used in buildings, for supporting single floor beams or
double beam girders, these qualities are of the greatest impor-
tance. Complete details of these connections are shown on pages

55 and 56.

4th. FAVORABLE FORM FOR INSPECTION AND REPAINTING.—
This is a very desirable feature when used for out-door work.
In buildings, as a rule, the columns are permanently encased in
a fire-proofing composition.
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‘When unusually heavy loads must be provided for, asin the
se of columns for the lower stories of very high buildings, the
standard sections of Z-bar columns may be reinforced to the
quired strength by using either a double central web plate or

and 8, page 54.

- The standard connections for double I-beam girders and single
floor beams to Z-bar columns, detailed on pages 55 and 56, were
designed to fairly cover the range of ordinary practice. When
maximum loads, in tons, indicated for each case, are ex-
ceeded, the connections may be correspondingly strengthened by
imply using longer vertical angles for the brackets and increas-
g the number of rivets. In proportioning these connections,
shearing strain on rivets was assumed of a maximum intensity
of 10,000 Ibs. per square inch.

On page b4, Figs. 1, 2 and 3, are shown different forms of fire-
proofing for Z-bar columns, giving the latter a cylindrical or a
prismatic finish with rounded corners, as may be preferred. The
air space between the tiling and the metal adds to the protection
of the latter in the event of fire. The recesses in the columns
may be used to good advantage in buildings for conducting water
and gas pipes, electric wires, etc.

- Complete tables of dimensions and safe loads in tons for
standard Z-bar columns of different lengths are given on pages
135 to 148, incluslve.

.
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COLUMNS AND STRUTS.

EXPLANATION OF TABLES, PAGES 135 To 154, INCLUSIVE.

The tables on Safe Loads for Z-bar Columns are applicable to
lengths up to 50/ for the larger, and up to 40/ for the
smaller columns. Complete dimensions are given opposite the
tables of safe loads. These tables are compiled on the basis of an
allowable strain per square inch of 12,000 pounds (factor of
safety 4), for lengths of 90 radii and under, and an allowable

strain, deduced from the formula 17,100—57%, for lengths greater

than this limit.

No tests have as yet been made on full sized sfee/ Z-bar
columns, and the above deductions are based on a series of ex-
periments made on full sized 7rom Z-bar columns. For a de:
tailed report of these tests, see Trans. Am. Soc. C. E., paper by
C. L. Strobel on Z-bar Columns, April, 1888. A condensed sum
mary of the results of these compression tests is given below ::

Section of Columns : 4 Z-hars, 21¢ 7/ X 8’/ X 2} //— (latticed.)
Radius of Gyration—(Lattice bars not considered)=2.056"/ '

] "
by actual tests; | Ratio of lengthiRanina-Gordon
yl’ounds per |0 least radius : 36000 .

g

by formula;

: TUltim. Strongth A
Sexi:::al tim, Strengt] by forum.lag1 Ultimate
uare

Column. isgnhes. square inch, of gyration, | — 35— 16000—125
1+ 3500072
10—1114"| 9.485 | 36800 64 32300
w _«*| 9084 | 34600 “ “ :
15'— 0" | 9.480 | 34600 88 2
«_ & | 9.280 | 36600 « 8900 | ‘Sog%

19— 0%4”| 9.241 | 33800 3 300
- A 10.104 | 88700 12 26790, 5N ,

22— o | 9.286 | 30700 | 129 460 :
w_ % | 9386 | 29500 % 24600 | 2088
« — « | 9286 | 30700 “ “ “
25— o | 9.156 | 28100 | 146
w_ % | 9156 | 28000 “ 89500 | SN
«Z« | 518 | 28400 “ “ “

s " |
o |oae | aes | sen | sopeo | ssg
i 9.375 | 27600 i & &
From these tests the ultimate stress per square inch for 77on
Z-bar columns whose lengths were equal to or less than 90 re
was found to be 85,000 lbs; and for columns, whose leng
exceeded this limit, this stress conformed very closely to

deduced from the formula 46,000—1251_—.
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It has been customary to allow 8,000 pounds per square inch
in compression for bridge members of short length, which corres-

ponds to a factor of safety of 5}85&%)':4'375' when taken with

eference to the ultimate strength.
. Dividing the constants in the above formula by 4.375, we ob-

tain nearly 10,600—?8.5% . For convenience and as providing ad-

ditional security for long members, it was thought advisable to
substitute 30 for 28.5 as the second constant, thus reducing the
formula to the shape in which it appears in the tables,

It is to be noted that the allowable stresses were assumed at
8,000 and 10,000 pounds per square inch respectively for lengths
of 90 radii and under. The above mentioned tests on Iron
Z-bar columns, as well as former tests upon columns of other
types all warrant the conclusion that to this limit at least the
ultimate strength is practically constant irrespective of length,
though varying for different types of columns.

Further experiments made to determine the relative strength
of steel and iron struts indicate, that for lengths up to 90 radii of
gyration, the ultimate strength of steel is about 20 per cent.
higher than for iron. Beyond this point the excessive strength
diminishes, until it becomes zero at about 200 radii. After
passing this limit the compressive resistance of steel and iron
seems to become practically equal.

From these experiments the final results are obtained; for
teel Z-bar columns, of lengths of 90 radii and under, 12,000 bs.
per square inch is taken as the allowsable stress, being 20 per
cent. in excess of that for iron (factor of safety 4). The formula

'17,100—57%, used for columns of greater lengths gives results 20

per cent. higher than the corresponding values for iron for lengths
of 90 radii, and from this point the ratio of excess will be found
to decrease after the manner of the above mentioned experi-
‘mental resul's.

The steel referred to here is what is known as “mild " steel
having an ultimate strength of about 60,000 pounds per square
‘inch and containing a comparatively low percentage of carbon.

- The values given in tables on steel Z-bar columns should be
used only for cases in which the loads are for the most part
statical, and equal, or very nearly so, on opposite sides of the
column.  When there is much eccentricity of loading, or the
ds are subject to sudden changes, the tabulated values must be
reduced according to circumstances,
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The weights included in the headings of the tables refer to the
weight per foot of the entire section, exclusive of rivet heads
‘When 34’/ rivets are used about Y4 Ib. for each rivet should be
added to obtain the gross weight. A

The table on the “Ultimate Strength of Wrought Iron Col-
umns”’ gives the strain per square inch of section at which
columns will fail, for various proportions of length, in feet, to
least radius of gyration, in inches. This table should be used
for columns and struts which are not cylindrical. )

If the column or strut is a single rolled beam, channel or other
shape, the radius of gyration will be found in the foregoing tables:
" on the “Properties of Carnegie Shapes.” ‘

If the column is composed of two channels latticed, the chan-
nels are usually placed far enough apart so that the column w Hf
be weakest in the direction of the web, i. e., with neutral axis a
right angles to the web, for which case the radius of gyration of
the column is the same as that of the single channel. But if the
radius of gyration is wanted for the neutral axis through the center
of section parallel with web, it can readily b= found, as the dis-
tance between the center of gravity of channel and center of
section may be found with the aid of column 15 in table on’ the
“ Properties of Carnegie Channel Bars.” 3

Iftwo channels are connected by means of two plates, instead
of lattice bars, as shown by Fig. 11 on page 53, it is necessary to
obtain first the moment of inertia of the section whence the radius
of gyration is found as the squareroot of the quotient of
moment of inertia divided by the area of the section. T
moment of inertia, for a neutral axis, through center of section
perpendicular to the plates, is equal to the cube of the width of
the plate, multiplied by 4 of the thickness of the two plates
added, plus the combined area of the two channels multiplied b
the square of the distance from their ‘centers of gravity to the
neutral axis. For a neutral axis in a direction parallel to the
plates, it is equal to the moments of inertia of the channels as
found in the tables increased by the area of the two pla'es multi-
plied by the square of the distance between the center of the
plate and the center of the section.

A common form of column or strut, to be recommended for
comparatively light loads is that formed simply of two ang
back to back or four angles united either with a single course o
lattice bars or a central web plate, as in Fig. 1, page 53. 1

i

The radii of gyration for such struts are tabulated on pages
150, 151 and 152, They are given for the neutral axis parall
to either flange and for all sizes of Carnegie Angle Bars.
cases where four angles are used, the two pairs should be spaced
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far enough apart to make the column weakest about a neutral
axis parallel to the central web or latticing. The radius of gyra-
tion will then be the same as that given in the tables for a single
pair of angles, since the moment of inertia of the web plate about
such an axis is so small that it may be disregarded entirely.

The table on ¢ Ultimate Strength of Hollow Cast Iron Col-
umns”’ and that on “ Safe Loads on Hollow Cylindrical Cast Iron
Columns ”’ was computed by Gordon’s formula and coversa range
of lengths that will seldom be exceeded in practice.

A column is sguare bearing when it has square ends which
butt against or are firmly connected with an immovable surface,
such as the floor of a building; it is pin and square bearing
when one end only is square bearing and the other presses
against a close-fitting pin, and it is pin bearing when both ends
are thus pin-jointed, with the axis of the pins in parallel direc-
tions (for example, the posts in pin-connected bridges).

EXAMPLES OF APPLICATION OF TABLES.

I. What size of Z-bar. column 26 feet long, with square bear-
ing ends, will be required to carry a load of 200 tons, using a
safety factor of 4?

From the tables on steel Z-bar columns, it will be seen that
for the length given, a 12’/ column weighing 1185 Ibs. per foot
‘will carry safely a load of 209.1 tons or 6.6 tons in excess of
that required. '

- II. A strut 16 feet long, to be fixed rigidly at both ends, is
needed for supporting a load of 80,000 1bs, It is to be composed
of two pairs of angles, united with a single line of 14/ lattice
. along the central plane. What weight of angles will be re-
quired with a safety factor of 5? ;
 Answer: We will assume 4—3//X 47/ angles and determine
the thickness of metal required. The angles must be spread 1477
“in order to admit the latticing. From the table on page 152, we
find the radius of gyration of a pair of 3//X4//X%// angles
with the 8// legs parallel and 147/ apart to be 1.97/7. Hence

the value of l—=1-1_?=8. 1, for which the ultimate strength, as
r

the table on page 149=31,680 Ibs.

The allowable strain per square inch with a safety factor of §
~will therefore be 31,680-+-5=6,340 1bs.,and the area of the re-
uired cross-section 80,000+-6,340=12.62 square inches, or
16 square inches for each angle. Hence the weight per foot
of each angle will be 3,16+-0.3—=105 Ibs. This weight will be
found to agree with a thickness of £ inch for a 47X 3’/ angle.

v
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| THE CARNEGIE STEEL COMPANY, LIMITED.

Z-

BAR COLUMN DIMENSIONS.

6”7 COLUMNS.
4 7-Bars 3-3/7/ deep.
1 Web Plate 53¢/ X thickness of Z-Bars.

pew A IBlelnlz|lwlic % |
Matal,

i 120, 1856 (55 | 27 | 236 | 156 | 214 | 834 | 8%
B (123487, |5 | 2% | 232 | 15 | 23¢ | 8% | 8%
At b

3

Wit (300|078 | %5 | 1% B |87 | 3%
o 1120 |8k (57 | 2% | 252 | 156 | 2% 95

8” COLUMNS.
4 7-Bars 4-41¢"7 deep.
1 Web Plate 6147/ X thickness of Z-Bars.

A B G D E F G
141) (426 1645 | 84 | 3 | 14 | 37
1457 |47; |6 | 34 | 3 | 1% | 83
1413 |47 |60 | 34 | 3 | 134 | 3%
144 (5% |34 | 8 |1% |83
145 |45 (5% |84 | 3 |13 | 844
145 (413 |5% |3 | 8 | 1% | 8%
143 |45 (645 |84 | "8 | 1% | 8/
143 (413 511 | 3 | 8 |1% | 8%
13 145150t (32 | 8 |13 | 8%
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THE CARNEGIE STEEL COMPANY, LIMITED.

Z-BAR COLUMN DIMENSIONS.

..(,'..A.i e :‘*

€ €
10” COLUMNS.

4 Z-Bars 5-5147/ deep.
1 Web Plate 7” ¥ thwkness of Z-Bars,

o R 1 R R Sl B T
Metal,

1615 (59 | 67 (8% | 8y (1% | 314|104 | 6
’;2 165 4 @G 31} 3’,§ 12 35 0 52
v |1656 | 534 | 6471814 | 8Y | 1% $ | 9% | b
% (1636 |51 6% 834 |81 | 1% | 814 | 9% | 5%
o5 |167% 1511 |63 1825 | 8% | 1% | 385 | 9 5%
5 [16% |57 6% (8% |8y | 1% | 8% | 9% | 6%
b [165 | 534|645 1825 | 8y | 1% | 814 | 936 | bih
3 |16} |5y 675 |83 | 8Y | 1% | 85 | 9% | 613
1 1165|545 16% 18% [ 8% | 1% | 8% | 9% | 513 |

.2” COLUMNS.
4 Z-Bars 6-61477 deep.

1 Web Plate 8”7 x thickness of Z-Bars.
e A Infclplelrlel g%
Metal, i
5% 187 60 73] 4 | 4 | 2 |33 |11z | 6%
g (1812 |68 (734 4 | 4 | 2 |82 |11} | 6%
ArancRERRRAL et

1811 | 6,5 | 612 4 1 V4 9
‘:/’i 185 6%(613| 4 | 4 | 2 |37 |10 |6}
$ |18i3{6iz(615| 4 | 4 | 2 |83 |10% |61}
5 1182 |63:|63;| 4 | 4 | 2 | 835|104 |63
$1183¢(61363;| 4 | 4 | 2 |83 |10% |6%
%6 11811 (6.5 | 63| 4 | 4 | 2 |85¢|10% |7
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THE CARNEGIE STEEL COMPANY, LIMITED.

SAFE LOADS IN TONS OF 2,000 LLBS.
Z-BAR COLUMNS.
SQUARE ENDS.
Allowed strains per square inch; ( 12,000 lbs.for lengths of 90 radii or unde;
safety factor 4: 17,100-57 1, for lengths over 90 radil
B 14/ Z-BAR COLUMNS,
Sotion: 4 Z-Bars s/"xi-%". 1 Web Plate 8”X14"s 2 Side Plates s 147 wid

=) =Y - - B §
g Bdg | By B g Edg|8dy |85 Sag EEMERY
B T8 |TEE e8|y 8 (752|958 | 528|595
53 (441 11 Ley Ber ket Bt Tv 1) D
g7 |579) 574|579 | 215504 |274 =74 | 278 50
- G ¥ 0.8 L& E | gy L B
E X RN Eer i £ b SER | EEN [RE N K2R ES 1
28 | ,'
Méd 304.5/315.0/325.5/336.0 8346.5 35'7.036%.5378.0
uni A
.8(29%.2/30%.7318.3 4 339.5'350.0-360.4370.,
& 288.1 298.3 o .9(329.2339. 4‘349 5/359. 7
3 298. .9|318. 9328 8338.6/348. 8
X 8.8/308. 6318 2/32'.%|33%. 3
38 279.5/289.0/1298. 330'7 6/316.8|326.2
40 9.77|2'78.9|288.0298%.0(306.0/315.0
42 0.1/269.0(2'7"7.8/286.4(295.1(308.8
44 0.4|258.9|26'7.4/2'75.8/284.2(292
46 ¥ 0.71249.0/(25'7.2(265.2(273.3281
48 g 0.9|238.9(246. 9254 6|262.41270.3
50 4 1.8/229.0 244.0/251.5(259.1
14”7 Z-BAR COLUMNS
Section: 4 3-Dars 6774’ 1 Web Plato 894" 28id Plates 14" wids.
- ) « 3 3 a o
§ |2de €48 ap Eag Bdg | 54 Sdz (54 |H4g
2. |Fgs| 15T 5 78| T ogros | | ges | | g3 | 1 g5 | ]| ged
Sy |187| 457| k47| 497 ey | 12| bt (45T |55
o Er;’g’ 53‘4? =223 284 a"ﬂ?é A2 érﬁ =% é‘?
T (San| et ved| Tt et T Tat 500
28 /
u;d } 306.0/316.5/327.0,38".5/348.0/358.5/369.0 390.0
ander
30 [296.7/30%.2/31%7.8/328.3/338.9/349.4/359.9 381.1
32 |287.4(29%7.6/307.9/318.2/328.4, gggg 348.9 89
‘ ; 4/317.2 Y
306.4
295.6
284.8
274.1
263.4
262.6
241.8




' THE CARNEGIE STEEL COMPANY, LIMITED.

Z-BAR COLUMN DIMENSIONS.

T e
L $2Me 4Y. 398 N
A 5

14” COLUMNS.

4 7-Bars 61¢// X 1177,
1 Web Plate 8”>< 1 177,
2 Side Plates 147/ wxds

s A B c D
Sida Plates. |
: % 19, 63 1 105
23 e 1911 615 14 105
e % 19% | o4 | 1 | 10
5% o 9% | 1 102
AEEE S A
t 1% by ¥ 3 ?
F 5 20% | m | |10k
i3 2014 T 1 105¢
% 205 2 14 1036
14” COLUMNS.
4 7-Bars 677X 37"/,
1 Web Plaio 8775377
2 Side Plates 14’/ wide.
P A B c D
; Side Plates. ‘
= " 19 634 13 1024
a3 i 1937 613 1% 1015
- 1 19% 67 1 1053
2% 5 193¢ 612 1% 102
& 5 1912 7 134 1037
# | % | 7a | os | 108
3 20 7% 13 1044
g i w4 | T4 | 1% | 1%
3 % 201% 7% 13 1052

Fvybveo?

A 4B 40 4B i i 2R
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THE CARNEGIE STEEL COMPANY, LIMITED.

SAFE LOADS IN TONS OF 2,000 LLBS.
Z-BAR COLUMNS.
SQUARE ENDS.

Allowed strains per square inch; ( 12,000 Ibs.,for lengtas of 90 radii or und

safoty factor 4: 17,0057, for lengths over 90 radii. |

Section: 4 Z-Bars 675" 13”. 1 Web Plate 8”%%3" 2 Side Plates 14” wide,

14’7 Z-BAR COLUMNS.

in Feet.

Length of Column,

209.4

8q. in.

in.
7.

in
73,

14x 1% Plates—191.5
378,
221.3

31%‘2:

14x34 Platas=197.5

Ibs.=58.1
r (min, )
9

q. in.
r (min.)=3.76.
14x54 Plates==
=3.77.
.1 8q. in.

5
66.88q. in.

61 6
r (min.)=3.79.

5465
‘gPIates=-=203.4

T

Tlatss
4
6:

1bs.

r (min.)=3.78.
14x3 3 Plates—227.2

Ibs.—63.3¢q. in.
1bs.

r (min.)

5.=59.8 5
14x3

14x34 Platas-=185.6
Tbs.=!

r (min.)
1bs.=56.3 5

r (min.)=

1bs.

T (min.)
l4x{%Plates=215.

14x
1b

26
for } 3277.5/338.0/348.5/359.0/360.5

401.0

326.7(338%.5/348.5/359.0/369.5/380.0(390.5(401.0
816.7|32%.2/33".7/348.3/358.9/369.5/380.0/390.6

306.8/318.0/32"7.2(33".4/34".7//358.0 gg&2 373.5

@
®
o
=)
@
©
)
@

GCaCy
oAl

%296 i ; -3/335.0
276.7/286.0/205.4/304.8(314.2 323.6332.9

W00
VOV
DI
P RO
20310

VOV

RIDD

D=OOH

147 Z BAR COLUMNS
614X nm Plats s"><7/" 28ids Pates 147 wids,

4

in Feet.

197.8
3.76.
.,
78

143/ Plates=233.5
q. in.
3.77.

s

ates—203.8 E:

59.9 sq. in.
Plates=239.5
70.4 sq. in.

.LSS.Z 8q. in.
5 Pl
7 Plates=215.7
5.=03.4 8q, 1
r (min)=377,
14x74 Plates—245.4 ¥

T
r (min.)=3.74.

Plates:
e
r (min.)=3.70.
Ths,
T (min.)=3.72.
14x14 Platas=209.7
r (min, )=
5
Ib:
14x54 Plates=221.6
1bs,—65.28q, in.
r (min.)=3.75,
14x}} Plates=227.6
1bs.=66.9 £q. in.
r (min.)
1bs.=68.7 £q. i
r (min.)
)
1bs.=T2.2
T (min.).

Ibs.=6€1,7sq. in.

14x3
14x
14x
14x15
Ths.=

lg Length of Column,

and } 349.1(359.6/3'70.1380.6391.1401.6412.1422.6

34'7.4/358.3/369.1380.0/390.9/401.61412.1/422.6
336.7(34%.2/35'%.9368.4/378.9/389.5/400.1410.7

326.0/336.3/346.6/356.8/36'7.1/3'77.8|38".6/39"7.9
315.3|325.2/335.2/345. 2 355.1/365.2/375.2|385.1
304.5|314.2/324.0/333.6/343.3|353.0(362.7|372.4
293.8|303.2|312.6/322.0/331.4/340.8(350.2|359.6/369.
283.1/292.2(301.3/310.4/319.5|328.6(33%.7|346.8

_212. 3 281.21290.0[298.8/307.6|316.4 825 2 334.0
261.6[270.2|2778.7287.2|205.71304.2(312.7321.2
250.9|259.1/126'7.4(2'75.6/283.8/1292.1 800.8 808.5
240.2/248.1/256.1/264.0[2772.0/2779.8/28%.8/295.%|3
229.5/237.1|244.8/252.4/260.0/267.6/275.3(283.0|200.6
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THE CARNEGIE STEEL COMPANY, LIMITED.

G L

WaNC e D UE DYt

Z-BAR COLUMN DIMENSIONS.

',.-i
/
14” COLUMNS.
4 7-Bars 6-1 7% %n.
1 Web Plgt‘fs'fx%-}gﬂ.
2 Side Plates 1477 wide.
g zend A B c D
; Side Plates,
o % 19+% 637 11 10%
Y - 193¢ 629 1} 103
3 A 193 631 11 10%
2 ¥ 197 Tde 1} 105
& % 19}3 T 1} 103
1 0 U5s 1 10%
3 2014 o 1} 103
13 207 (€Y 1 10%
% 2014 71 143 103¢
14” COLUMNS.
4 7-Bars 61477 X %",
1 Web Plate 87X 7.
2 Side Plates 14’7 wide.
Thiofneas iy B c D
Side Plates.
= . 4 193¢ 613 1% 10y
B | it | 7 | 1% | 0¥
S| X | wE | 1n | s | 10w
' < 20 7% 1% 103
= | % N4 | 7 1% | 10%
S84 2014 71 1% 10y
i 20 s 1% 103
1 2075 734 1% 10Yy
% 2075 s 1% 104

A A g A G S A

142




THE CARNEGIE STEEL COMPANY, LIMITED.

SAFE LOADS IN TONS OF 2,000 LLBS.
Z-BAR COLUMNS.

SQUARE ENDS.
Allowed strains per square inch;
safety factor 4:

16”7 Z-BAR COLUMNS.

Seotion :

4 I-Bars 614" X74". 1 Web Plate 10”X1”. 2 8Side Plates 16” wide.

12,000 1bs, for lengths 0f 90 radii or under,
17,100-57-1;, for lengths over 90 radii.

i

.,
51

e 2

. in.
51

-y
& Plates—274.3
iy

1
21

in,
r (min.)zsz..‘)l.
16x34 Plates—=253.9

16x1.Plates=2811

Ibg:=82.7 8q. in.

16x74 Plates—267.5

1bs.=72.7 sq.
1bs.=T74.7

r (min.)
1bs.=176.7

r (min.)
1b8.=T78.7

r (min.)
16x

1bs,=80.7

r (min.)

16x}§ Plates—260.7
o

16x54 Plates—240.3
16x} % Plates—247.1

r (min,)=452,

5o
Thé =707 5q, in. >
e ¥ (min.jmed 50,

L
o oZ
S ®
[y

411.
400.4141
389.6

[

.1388.4
."7|366.7376.8
345.71355.4/365.113

18”7 Z-BAR COLUMNS.

Section: 4 Z-Bars 634" X74”. 1 Web Plate 12”X1”. 2&(10 Plates 18” wide.
<

in,
.

in.
98,
18x3/4 Plates=271.0

in.
26.

18 x1 Plates==301.6
1bs.==88.7 s8q. in,

o
18x1% Pla;za=248.0
o
b6

Plates=263.0

1
Tboo 7.4

=T70.7
Plates—293.

Yo

r (min.)=5.14,

18x7 g Plates—286.3
in
22,

r (min. )

5
3&864 B
r (min,)

r (min.)
Ibs,=81.9 sq. in.
1bs.=84.2 8q. in.

r (min.)

1

Length of Column,
in Feet.
1bs.=79.7 sq. in.
r (min.)=§.06.
18 § Plates—278,6

18x14 Platos=240.4

18x
18x:
1bs.

r (min.)==5.26,

.1464.6/478.1

.6|4'78.1
456.2/4"%7

491.6/505.1

491.6/505.1
:2/476.8491.6/505.
449.5/466. i482.6 499.1

.3438.8/455.34"71.7/488.1
.7428.2|1444.5460.8(4"77.0/4
401.2/41"7.5(433.8/449.9/466.04
390.7/406.9/423.0439.0(454.9/46
380.2/396.21412.2428.11443.9|4

5]
-
®
o]

®
-

9
4.5
.9/364.

[*]
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THE CARNEGIE STEEL COMPANY, LIMITED.

Z-BAR COLUMN DIMENSIONS.

16” COLUMNS.

4 7-Bars 6147/ X %4,
1 Web Plate 107/ x 177,
2 Side Plates 1677 wide.

Thickness

\. Sf({e A B C D
R Plates.

| % |ong| |1 12u

B | & |13l 7al1m| 12y

& % |21 | T |17 124

2| B |28|7a1%| 121

S| ¥ |2y |73\ 124

B | 1 O|AR|TN|1%4] 124

S | % |13 |7Tn|1%| 124

S| B2 |71 12«

1 |224 756|124 124

18” COLUMNS.
4 Z-Bars 6147/ X %67,

1 Web Plate 127/ x 177,
2 Side Plates 187/ wide.
Thickness

ot} o fiaitBled D
:\m Plates.

B K |B |11 141

& 5 |28 | T8 176 144

s 3% 283 |7y (14| 144

2| 1 |2&|78|14 144

S| a0 |2 | 7|1 1y

& | 1F (234 | Th|1%| 144

g | B |8\ THHK| 144

a 15 |2 |TR|1%| 144

1 |2856|75¢|1%] 144

N

S N A Y

144

B NN




' THE CARNEGIE STEEL COMPANY, LIMITED.

SAFH LOADS IN TONS OF 2,000 LBS.
Z-BAR COLUMNS.
SQUARE ENDS.

Allowed strains per square inch; ( 12,000 lbs., for lengths 0f90 radii or under,
safety factor 4: 17,100-57 ., for lengths over 90 radii-

20”7 Z-BAR COLUMNS.
Section: 4 Z-Bars 6147X74". 1 Web Plate 14”1 Sido Plates 20 wide.

2 SIDE PLATES. 4 SIDE PLATES.

.9

in,
44,

n.

sg. in,
=555

8q. in,

1n.
2%,
r (min.)—5.65.

Plates=372.9

1047 sq. in.
r (min.)=>5.60.
20x11% Plates—364,4
109.7 sq. in.

s
—

.—92.2 5q. i
(min.);?.
r (min.)=>5,
r (min.)
1bs.=107.2

r (min.)
20x11/4 Plates—355.9

20x4

=07
r (min.)

8.

12 Plates—313.4
1m.
32.
20x1 Plates=321.9
1bs.—94.7 sq. in.
in.)—5.39.
20x11%5 Plaées=330 4
7 s i
r (min );.g 50,

20x74 Plates=—304.9
Ths.—-80.7
1
r
1bs.
20x11% Plates—347.4
Tbs.—1022
1b

20x13
1bs.

o
(]
@
(=
o
®
[
-
o
o
Lo
[
]
-
o
-

38

.ﬁz } 5388.1/5563.1 628.1643.1
under
532.9|561.1/568.1/583.1/698.1/613.1/628.1/643.1
42 (521.2/589.2|657.2/5'74.5/691.9 Gggg 626.4/643.1 -

»
>
5]
Q
©
(]
53
(]
o
[2]
0
)
o
3
©
S

20”7 Z-BAR COLUMNS.
Seotion: 4 Z-Bars 634”74, 1 Web Plate 14”X1”. 4 Side Plates 20" wide.

géé""ﬁ‘saﬁsgé ERRE

BB | 88 S8y j'.si Ag i«.sg 3y j i

Sg | 259 iz‘i £ 5745|457 | 457|837 157 | 250

=% | 283323 | 255|492 (795 | 234 | 254|824y

T |plE[NTE|LTE R18 ] 8 xna::,v:uvxuéﬂzé ]

S | gB-|XE~ | 4~ XE~ |4~ | R4~ 24| R4~ |28
£ R I RTIRT CIRT K" |87 187

42 :

u::;(: } 6'73.1/688.1/703.1718.1/733.1/748.1763.1/778.1

r

44" (665.0/682.5/699.7/71'7.0733.1/748.1/763.1/778.1

46 (651.7/668.8/(686.0/703.1(720.2/735.6/750.2(764.%7 3

48 (638.4/655.8(6'72.2|689.2(706.1/721.2/735.5/749.8(764

50 |625.0641.7/658.4/675.3/692.0706.8/720.8/734.8(748.8
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THE CARNEGIE STEEL COMPANY, LIMITED.

Z-BAR COLUMN DIMENSIONS.

€
/r\l 211 }v’ I

20” COLUMNS.

1 4 Z-Bars, 6147/ X %/".
g 1 Web Plate, 147177,
] Side Plates 207 wide,
Thickness of Number of
l{:ﬂf& : A B Cc D Side Plates.
% 25 % 1% 16 | Two.
, 1 25 s T8 1% 161 “
B 1 258 756 1% 163" «
Bl 1 251 1 17% 1614 «
B 1% 255 73 1% 16y i
15 2534 713 1% 16% Four.
= 1y 25 % 1% 1614 #
20 15 258 1 1% 1614 “
< 25% 8 1% 16} V
63 8 1% 1624 &
251 814 1% 161 “
25% 8¢5 1% 16X %
2513 81 1% 16 -
26,1 85 1% 16 .
2614 834 1% 163 %
2675 875 1% 16 ¢
26 - 8y 1% 164 *
26, 82 1% 16 «
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THE CARNEGIE STEEL COMPANY, LIMITED.

SAFE LOADS IN TONS OF 2,000 LLBS.
Z-BAR COLUMNS.

SQUARE ENDS.

Allowed strains per square inch, | 12,000 Ibs., for lengths of 30 radii or under,
safety factor 4: 17,100-57 , for Lengths over 90 radil

20”7 Z-BAR COLUMNS.

Section: 4 Z-Bars 614”7 X74". 1 Web Plate 14”X1”. 6 Side Plates 20" wide,

n =] wn =3 w =3 w =3 7
g |8y |8dy|Bdg| 84,84 | 84|84 54|84
El ;Eg,si lfs.f * 8 I'-.ng = | 58 5o 1-.; 8
SN STNENHISE S TSRS
‘su?. 33—-\ ST 8sT = fva:’? Rty B ,sgf.‘ 4
2 234 5«,2 S m,‘%.g 23| 255 8%d| =8 E (22
B |BTE|2TE|wlE|LTE NTE |8 28|88
8§ |22%| 98- |DE-| S5~|DE- | g4~ 0E| 54~ |22
iy 8 s s I8 = | 8 £
44 )
u:id 808.1/823.1/838.1/853.1/868.1/883.1/898.1913.1 |928.1
under
46 |793.7/808.3/823.083'7.5852.1/866.7/881.2 895.8910
48 [778.2/792.5/806.9/821.2/835.5/849.'7/864.08'78.3 |802.¢
50 762-6‘776.’7 '790.8/804."7 818.‘7|832.8 846.7860.7|874

20’ Z-BAR COLUMNS.
Section: 4 Z-Bars 614”74, 1 Web Plato 14”X1”. 6 Side Plates 20" wide,

g |B4g|3ag| BeniBay | Bay |Bay | B4
CREEP f.ag i o isg Tg i o

= 90 g ¥ 3 S

NG R T A B

Za |ABE|E8d| mgF|fZy| 284 | £27 | =R

£ |azl8 %i =18 518 | =78 | §78 | =18

5 | SE|9E-|gE0E | T | Re- | T2

s I8 s I8 s s s

42

.ﬁd } 943.1/958.19'73.1988.1/1003.1/11018.1

under

44" |943.1/958.1/973.098%.8/1002.5101%.5

46 [925.0939.6/954.2/968.8| 983.3| 997.7/1

48 (906.9/921.1/935.4/949.6| 963.9| 978.1

50 (888.7/902.6/916.6/930.5| 944.5| 958.4
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THE CARNEGIE STEEL COMPANY, LIMITED.

Z-BAR COLUMN DIMENSIONS.

e e 2
§ N Boteons ot A
v - = '_'_'. - _' .

e Qe S

20” COLUMNS.
4 7-Bars, 6247/ X 74",
1 Web Plate, 147X 177,
6 Side Plates, 2077 wide.

Thickness of
Metal on A B
Each Side.

2 85
15 &
21 83
275
RY
2TSK
234
21:;\]'
R}

9
2TK

o
oe P\ o= :ﬁ

29




THE

CARNEGIE STEEL

COMPANY,

LIMITED.

IRON COLUMNS,

For different proportions of length in feet (-- 1)
To least radius of gyration in inches (=

Ultimate Strength in Ibs. per square inch =

ULTIMATE STRENGTH OF WROUGE'I'

y Column Column Column
e Square Bearing:  Pin and Square Bearing:  Pin Bearing:
40000 40000 40000
(121 121)? 121)2
P 1+ g 1 mwe 1 e

To obtam Safe Resistance :

For quiescent loads, as in buildings, divide by 4.
For moving loads, as in bridges, divide by .

Ultimate Strength in Lbs. Ultimate Strength in
. per square inch. 1 per square inch.
P! Pin and . T i .-
2 Square. Square. Pin. Square. Psl;uaafg Pm. ;
3.0 | 38610 | 37950 | 37310 | 8.0 | 81850 | 28900 | 26460
5.2 | 88430 | 37680 | 36970 | 8.2 | 81520 | 28500 2601 )
3.4 | 88230 | 37400 | 36610 | 8.4 | 81190 | 28100 | 25570
3.6 | 38030 | 87110 | 36240 | 8.6 | 80870 | 27700 | 25130
38 o37’820 36810 | 85860 | 8.8 | 30540 | 27310 | 24700
4.0 | 37590 | 86500 | 35460 | 9.0 | 30210 | 26920 | 242
42 | 37360 | 36170 | 35050 | 9.2 | 29880 | 26530 | 238
44 | 37120 | 35840 | 34640 | 9.4 | 29550 | 26140
4.6 | 36870 | 35500 | 34210 | 9.6 | 29230 | 25760 | 23030
48 | 36620 | 35140 | 83770 [ 9.8 | 28900 | 25370 | 22620
5.0 36360 | 34780 | 33330 | 10.0 | 28570 | 25000 | 22220
B 52 | 36090 | 34420 | 32890 | 10.2 | 28250 | 24630 | 21830
| 54 | 35820 | 34050 | 32440 | 10.4 | 27920 | 24260 | 21440
y 5.6 | 35540 | 33670 | 31980 | 10.6 | 27600 | 23390 | 21060
R 5.8 | 85260 | 33280 | 31520 | 10.8 | 27270 | 28530 | 20690
) } )
7 6.0 | 34970 | 32890 | 31060 | 11.0 | 26950 | 23170 | 20330
. 6.2 | 34670 | 32500 & 30590 | 11.2 | 26640 | 22820 | 19960
6.4 | 34370 | 32110 | 30130 | 11.4 | 26820 | 22470 | 19610
) 6.6 | 34060 | 81710 | 29670 | 11.6 | 26000 | 22130 | 19270
Sy 6.8 | 83750 | 31310 | 29200 | 11.8 | 25690 | 21800 | 18930
X 7.0 | 33440 | 30910 | 28740 | 12.0 | 25380 | 21460 | 18590
o 7.2 | 33130 | 30510 | 28270 | 12.2 | 25070 | 21130 | 18260
- 74 | 32810 | 30110 | 27820 | 12.4 | 24770 | 20810 | 1
7.6 ) 32490 | 29710 | 27360 | 12.6 | 24470 | 20490 | 17620
7.8 | 32170 | 29310 | 26910 | 12.8 | 24170 | 20180 | 17310




THE CARNEGIE STEEL COMPANY, LIMITED.

ULTIMATE STRENGTH OF WROUGHT IRON COLUMNS.—Continued,

23870 | 19860 | 17000 | 17.0 | 18550 | 14630 | 12080
23570 | 19560 | 16710 | 17.2 | 18320 | 14410 | 11880
23140 | 19110 | 16280 | 17.5 | 17980 | 14100 | 11590
22700 | 18670 | 15850 | 17.8 | 17640 | 13790 | 11320

22420 | 18380 | 15580 | 18.0 | 17420 | 13590 | 11140
22150 | 18100 | 15310 | 182 | 17200 | 13390 | 10960
21740 | 17690 | 14920 | 185 | 16880 | 13100 | 10700
21320 | 17290 | 14530 | 18.8 | 16570 | 12820 | 10450

21050 | 17020 | 14290 | 19.0 | 16370 | 12630 | 10290
20790 | 16760 | 14040 | 19.2 | 16170 | 12450 | 10130
20290 | 16390 | 13690 | 19.5 | 15870 | 12190 | 9890
20020 | 16010 | 13350 | 19.8 | 15570 | 11930 | 9670
19760 | 15770 | 13120 | 20.0 | 15380 | 11760 | 9520
19510 | 15540 | 12910 | 20.2 | 15200 | 11600 | 9380
19150 | 15190 | 12590 | 20.5 | 14920 | 11360 [ 9170
18790 | 14850 | 12280 | 20.8 | 14650 | 11120 | 8970

RADII OF GYRATION FOR TWO ANGLES PLACED BACK TO BACK.
ANGLES WITH rmum. LEGS,

S
222

4 _y" §i 3 /7
‘; Radii of Gyration given, correspond {0 directions indicated by arrow-heads.

Sise. Mhickness. | A5 0) RADIT OF GYRATION,
Inches. Inches. miﬂ:;ffle Ty Ty T, Ty
6 x6 L | 178 | 187 | 260 | 267.] o
“ % | 81 | 181 | 257 | 275 | 28
x5 % | 123 | 156 | 2090 | 226 | 235
¥ % | 27-2} 149 | 217 | 235 | 245
X4 3% | 98 | 193 | 1.68 | 1.8 | 1.9
@ $ | 199 | 118 | 17 | 1.94 | 204
814%31% 92 85 | 1.07 | 147 | 166 | 1.7
i 8 | 171 | 102 | 155 | 174 | 18
3 x3 Y 49 | 093 | 1.2 | 143 | 153
= % | 114 | 08 | 132 | 151 | 1.62
23 X23% 4 45 | 08 | 115 | 134 | 144
“ % 85 | 08 | 119 | 189 | 149
RUX2Y 4 41 { 077 | 1.06 | 124 | 134
bl vr | oom | 110 | 120 | 140
2y XY 5%/ 37 | 069 | 096 | 114 | 124
¥ 5 | 68 | 066 | 099 | 119 | 130




|
THE CARNEGIE STEEL: COMPANY, LIMITED.
N RADII OF GYRATION FOR TWO ANGLES
: PLACED BACK TO BACK.
R ANGLES WITH UNEQUAL LEGS.
L ry
i ‘, ,,/,\\\\»
) Pos I%‘§b
:  Radii of Gyration given, correspond to directions indicated by arrow-heads,
i) Size, b clness.| Weight pr RADIT OF GYRATION,
L _fointo 1e
} “j; 3 Inches. Inches. mﬁ:ﬂ‘d‘;g Ty r, T, Ty
2 ST %83 x| 160 [ 298 | 121 | 139 | 14788
1 o R I I R 160
B 6 x4 3% | 123 | 1903 | 150 | 1.67 | 176
 SavinSg e Reoenl SR REL S
X8% 3% . 194 | 1. ¢ 5
@ L % BT | 1gr | 185 | 154 | 1640
5 x4 3% | 1.0 | 159 158 | 1.5 | 18
SRR AN AR A
x8% 160 | 1. ] 4
o 2 % | 27| 158 | 12 | 16 | 1710
b x3 % 98 | 161 | 110 | 127 | 182
“ 1 199 | 155 | 118 | 137 | 1.47
434 %3 ;é 91 | 14 | 113 | 131 | 145
“ $ | 185 | 138 | 125 | 146 | 1549
4 xX8Y% 3% 91 | 125 | 143 | 1.60 | 170
« % | {3 | 185 | 119 | 150 | 169 | 179
4 x3 o5 o197 | 117 | 135 | 14498
“ $# | 171 | 121 | 125 | 145 | 155
814 %3 5 66 | 110 | 122 | 140 | 149
R | e
) X ! . 1 & 1 28
"0 | 41| 124 | 106 | 1.08 | 128 | 138
33 X2 ¥ | 43 | 104 | 074 | 092 | 1.02
‘ a s 90 | 100 | 079 | 099 | 110 |
L/ 3 x2¥ ; 45 | 09 | 1.00 | 118 | 1.28
: “ 2 | 95 | o9f | 1.05 | 125 | 1.35
8 x2 36 | 098 | 075 | 098 | 1.08 |
’ “ £ | %7 | 092 | 08 | 1.00 | 1.10
214 X2 ,}, 28 | 079 | 079 | 097 | 107
“ % | 68 | 075 | 084 | 1.04 | 115
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THE CARNEGIE STEEL COMPANY, LIMITED.

RADII OF GYRATION FOR TWO ANGLES
PLACED BACK TO BACK.

ANGLES WITH UNEQUAL LEGS.

“iolmm_ nght })er RADII OF GYRATION.
foot o

Inches. sni)%l&;ggle Ty ry Ty Ty
7 | 150 | 095 | 837 | 856 | .66
T | 223 | 089 | 348 | 368 | 37

%% | 123 | 117 | 274 | 292 | 301
% |22 | 111 | 282 | %02 | 812
% | 17 | 099 | 281 | 300 | 310
% | 257 | 093 | 290 | 310 | 320
% | 10 | 120 | 220 | 238 | 248
% | 242 | 114 | 229 | 248 | 258
¢ | 104 | 102 | 227 | 245 | 255
% | 27 | 096 | 236 | 265 | 265
% | 98 | 085 | 285 | 252 | 262
i | 199 | o0 | 242 | 262 | 2@
443 ;é 91 | 086 | 207 | 225 | 235
“ {3 | 185 | 081 | 215 | 235 | 245

4 x3 v 91 | 106 | 17 | 192 | 202
= {; 185 | 100 | 181 | 201 | 241
4 x3 5| 71 | ose | 1 | 197 | 207
¢ 15 | 171 | o83 | 188 | 208 | 218
813 s | 68 | 090 | 152 | 17 | 180
b || |88 1818 |
x 10| 49 | o . i
7 L 45 124 | 067 | 166 | 186 | 196
31 X2 yw | a3 | o57 | 151 | 170 | 180
“ % | o0 | 088 | 157 | 17 | 188
8 x2% | % | 45 | 075 | 181 | 150 | 159
“« % | 95 | o7e | 137 | 156 | 166
8 x2 o | 86 | 088 | 138 | 156 | 1.66
“ 2| 77 | os5 | 142 | 162 | 173
9yx2 "% | €8 | 060 | 110 | 128 | 139
“ % | 68 | 056 | 116 | 135 | 1.46




THE CARNEGIE STEEL COMPANY, LIMITED.

ULTIMATE STRENGTH OF HOLLOW CYLIN-
DRICAL AND HOLLOW RECTANGULAR
CAST IRON COLUMNS.
Ultimate Strength in Pounds per Square Inch:

CyYLINDRICAL COLUMNS. RECTANGULAR COLUMNS,

Square Bearing: Pin & Square: Pin Bearing: |Square Bearing: Pin & Square: Pin
80000 80000 80000 80000 80000 80000
(121)2 3(121)2 (121)2 3(121)2 9(121)2 }
e ot el e Mg :

I=Length of Column, in feet.

—External diameter or least side of rectangle, in inches.

CYLINDRICAL COLUMNS. RECTANGULAR COLUMNS, 1
_1_ Ultimate Strength 1n Ibs, per sq. in. Ultimate Strength in lbs. per sq. in,
d i i 3 nare Pin and i
gg:na;%: P&\:v‘x::ed ety Bsgmng Square, 2

1.0 67800 62990 58820 70480 66520 62990
11 65690 60300 55730 68790 64260 60300
1.2 63530 57600 52690 67000 61940 57600
1.3 61340 54930 49740 65140 59600 54960
14 59140 52310 46900 63260 57270 52320
1.5 56940 49770 44200 61350 54960 49760
1.6 54760 47300 41630 59450 52680 47300
| 52620 44940 39210 57550 50460 44960
1.8 50530 42670, | 36930 55670 48300 42670
19 48490 40510 34790 53800 46230 40510
2.0 46510 38460 32790 51940 44200 38460
2.1 44600 36520 30920 50160 42260 36520
2.2 42750 34680 29180 48400 40400 34680
2.3 40380 | 32940 27540 46670 38630 32050
24 39280 31310 26030 44990 36930 31310
2.5 37650 | 29770 24620 43390 35310 29760
2.6 36090 28320 23300 41820 33770 28320
7 34600 26950 22070 40320 32310 26950
2.8 33180 25670 - | 20930 38870 30920 25670
2.9 31820 24460 19860 37470 29600 24460
3.0 30530 23320 18870 36120 28340 23320
3.1 29310 22250 17940 34830 27150 ‘
32 28140 21250 17070 33580 26030 21250
33 27030 20300 16260 32390 24960 20300
34 25970 19410 15500 31240 23940 19410
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THE CARNEGIE STEEL COMPANY, LIMITED.

Safg Loads, in Tons of 2,060 Lbs,, for Hollow Cylindrical Cast Iron Columns,

Out- 24 LENGTH OF COLUMNS, IN FEET. Seo- |wght.,lbs,,
g |55 8 [10[12]14[16[18[20[22[24 oo bt v
es| & = | Tons, | Tons. | Tons. | Tons. | Tons. | Tons. | Tons. | Tons. | Tons, |inches.|o length,
6| 27| 26.2 23.0 20.1 17.5| 15.2] 13.2 11.5] . .. | 86| 2695
6 i 37.5| 83.0 28.8| 25.0 21.7| 189 165/ . . | . . |12.4| 88.59
6| 76|42.7 37.6 32.8 285 24.7| 21.5| 188 . . | . . |14.1| 43.96
61 | 47.6 41.9) 36.5 31.8 27.6| 24.0/ 1.0/ . . | . . |16.7| 49.01
6 (114|522 46.0 40.1) 34.8) 30.2 6.3 23.0 . . | . . [17.2| 53.76
7| 34| 477 43.1) 38.5| 34.3 30.4] 26.9) 23:9| 21.2) 18.914.7| 45.96
7|1 | 611 55.2 49.3| 43.8 38.9| 34.4| 80.6| 27.1| 4.2 18.9| 58.90
7124 67.2 60.8| 54.3| 48.3 42.8 37.9) 33.7| 29.9| 26.7| 20.8| 64.77
8| 34| 57.9 563.3 48.6| 44.1| 39.7| 35.8 32.2 28,9 26.1|17.1| 53.29
L 8 (1 | 74.6) 68.7 62.5] 56.7) 51.1] 46.0) 41.4] 37.3| 83.6/22.0| 68.64
8 (1% | 89.9 82.8 75,5 68.4| 61.7| 65.5 49.9) 44.9] 40.5(26.5| 82.71
9| 3| 68.1] 63.6) 589| 54.2| 49.6 45.2 41.2 37.5| 34.1/19.4| 60.65
91 88.0 82,3 76.2| 70.0/ 64.1| 584/ 53.2 484 44.1/25.1| 78.40
9 |12{ 106.6/ 99.6) 92.2| 84.8| 77.6| 70.8 64.4] 68.7| 53.4/30.4 | 94.94
- 91134 (123.8115.7]107.1) 98.5 90.1| 82.2 74.8 68.1| 62.0/35.3 | 110.26
9 | 137 1139.6130.5(120.8111.1/101.6| 92.7 84.4) 76.8| 69.9) 39.9 | 124.36
10 |1 [101.4] 95,9 89.8 83.6| 77.4| 71.5) 65.8 60.5| 55.5/28.3| 88.23
10 (124 (123.3116.5/109.1/101.6 94.1| 86.8 79.9| 73.4| 67.5(34.4| 107.23
10 | 124 (143.7/135.8/127.31118.5[109.7/101.2| 93.2| 85.6 78.7/40.1 | 124,99
10 | 134 |162.7/153.8/144.1/184.1/124,2/114.6/105.5( 97.0 89.1| 45.4 | 141.65
11 (1 114.8109.4/103.5| 97.3 91.0] 84.8| 80.2) 73.1| 67.7|81.4| 98.08
11 |11 139, 9’1333 5,11118.6(110.9/103.3| 97.8| 89.4) 82.5| 38.3 | 119.46
11 114 [163.5/155.9/147.5/138.6/128.7(120.8 114.3/104.1| 96.4] 44.8 | 139,68
11 | 134 (185.7177.1/167.5/157.5(147.3/137.2/129,8118.3/109.5| 50.9 | 158.68
11 |2 206.6/196.9]186. % .81152.6/144,4/181,5/121.8 56,6 | 176.44
12 |11 [128.0122.91117.21111.0/104.7| 98.4 92.2) 86.1| 80.4/34.6 | 107.51
1211y 156‘4[150.1 .11185,7/127.91120.2/112.6/105.2| 98.2] 42.2 | 181.41
12 174 (188.3175.9(167.7/159.0/149.9/140.9/182,0/128.3/115.1| 49.5 | 154.10
12 | 137 R08.7200.4191.01181.1170.7/160.4/150.3/140.5 131.1| 56.4 | 175.53
12 |2 [232.7223.4218.0201.9/190.4/178.9/167.6/156.6/146.1| 62.8 | 195.75
18 (1 [141.21136.31130.7/124.7[118.5/112.1/105.8| 99.5| 93.5(87.7 | 117,58
13 (14 1728|166.8 .0/152.7145.0137.2{129.4/121.8/114.4| 46,1 | 143.86
13 | 114 203.0/195.9/187.9/179.3(170.3/161.1/152,0/143.1/184.3 54.2 | 168.98
13 | 134 231, 62236 .5204.7/194.4/183.91173.5/163.3(153.3| 61.9 | 192.88
13 |2 8.9249.9239.71228.71217.8205.5(198.9/182.5/171.8| 69.1 | 215.56
14 |1 |154.3/149.6/144.3/138.5(132.3125.9/119.5(118.1/106.8) 40.8 | 127.60
14 | 114 [189.2/183.4/176.9(169.7|162.2/154.4(146,5/188,6/131.0( 50.1 | 156.31
14 | 114 [222,6215.8208.1/199.7/190.8/181.7/172.8/163.1/154.1| 58.9 | 183.67
14 |13¢ 254.41246.71237.9/228.3218,11207.6/197.0/186.5/176.2 67.4 | 210.00
14 |2 [284.8276.21266.41255. 6244212324|22062088197.2 75.4 | 235,12
15 (1 167.4“162.9 8152.1/146,01139.71138.3126.81120.4] 44.0| 137.28 |-
15 |11 05.5200.0/193.7/186.7/179.3/171.5/163,61155,7/147.9| 54.0 | 168.48
15 | 115 [242.112356.7) 220.0211.21202.1192.8/133.5/174.2| 63.6 | 198.74
16 [ 134 R77.2/269, 82613 1.9241 %ﬁ1422072101199.5 72.9| 227.45
15 |2 1081302.512930 9.5/247.5235.5/223.6) 81.7 | 254.90

154 |



THE CARNEGIE STEEL COMPANY, LIMITED,

CORRUGATED FLOORING.

The trough and corrugated plate sections shown on page 31
used for floors of bridges and fire-proof buildings.

The following tables give weights per lineal foot of ea
rolled section and per square foot of floor surface for thicknesses
varying by % inch; also the moments of resistance for one foot
in width and the safe loads per square foot for spans of different

lengths using fiber strains of 12000 and 10000 1bs.

TAREARY

I»-- B L -xx---'t aass -~8'---l—--~g' -~---=

PROPERTIES OF TROUGH SECTION.
gsctonindex-> . LT Ly M10 | Mi1 | MIR 1\;;3 1\;14
Thickness of base . . . . . . 1
Weight per lineal foot . . . . 165 | 130e | 16% | ofie | 20t
Weight per square foot . . . .| 25.00 | 28.15 | 31.31 | 84.48 | 37.74
Moment of resistance . . . . . 11.56 | 13.06 | 14.57 | 16.12 | 17.67
SAFE LOADS IN LBS. PER SQUARE FOOT OF FLOOR FOR SPANS OF
DIFFERENT LENGTHS.
L3 M10 M Mi12 Mi13 M14
; 12000 | 10000 | 12000 | 10000 | 12000 | 40000 | 12000 | 10000 | 12000 | 10000

Ibs. | Lbs. | Lbs. | Ibs. [ Ibs. | Ibs. | Lbs. | Lbs. | Lbs, | Ibs

5 | 8699 | 3083 | 4179 | 3483 | 4662 | 3885 | 5158 | 4298 | 5654 | 4712
6 | 2569 | 2141 | 2902 | 2418 | 8238 | 2698 | 8582 | 2985 | 3927 | 3272
7 | 1887 | 1578 | 2182 | 1777 | 2379 | 1983 | 2632 | 2193 | 2885 | 2404
8 | 1445 1204 | 1633 | 1361 | 1821 | 1517 | 2015 | 1679 | 2209 | 1841

9 (1142 | 952 | 1290 | 1075 | 1439 | 1199 | 1592 | 1827 | 1745 | 1454 |
10| 95| 771 11045 | 871 | 1166 | 972 1290 | 1075 | 1414 | 1178
11| 764 | 637 | 864 | 720 | 963 | 803 1066 | 888 |1168| 973
12| 642 | 535 | 726 | 605 | 809 | 674 | 896 | 747 | 982| 818

13 | 547 | 456 | 618 | 515 | 690 | 575 | 763 | 636 | 836| 697
14 | 472 | 893 | 533 | 444 | 595 | 496 | 658 | 548 | 721 601
15| 411 | 343 | 464 | 387 | 518 | 432 | 573 | 478 | 628 528
16 | 361 | 801 | 408 | 340 | 455 379 | 504 | 420 | 552| 460
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CARNEGIE STEEL COMPANY, LIMITED.

CORRUGATED FLOORING.

/}\ M 30 M 33 /§\
s I @«
E....--_..séclz ......... Pemeass: e m m e o] O ".;.-.......J‘

PROPERTIES OF CORRUGATED FLATE.

'i'slelciﬁkon inde:; C M/30 M31 | M32 | M33 | M34 | M35

' Thickness of metal . . | iy 3% 3¢ 1
 Woightpor Lineol bt | 606 | 1010 | 1904 | 1775 | 2071 | 2956
Weight per square foot | 11,05 | 13.78 | 16.50 | 17.47 | 20.39 | 23.30
Moment of resistance . | 1.10 | 1.55 | 1.95| 328 | 884 | 439

SAFE LOADS IN LBS. PER SQUARE FOOT OF FLOOR.
an M30 M31. M32.

inFeet. 719000 Ths. | 10000 Lbs. | 12000 Lbs. | 10000 Lbs. | 12000 Lbs. [ 10000 Lbs.

5 352 203 496 413 624 520

6 244 203 345 287 433 361

7 180 150 253 211 318 265

8 138 115 194 162 244 203

9 109 91 153 128 193 161

10 88 73 124 103 156 130

11 73 61 103 86 129 108

12 61 51 86 T2 108 90

13 52 43 73 61 2 7

14 45 38 63 53 80 67

15 39 33 55 46 69 58

16 35 29 49 41 61 51

Span M33 M34 M35

inFeet. | 45000 Tbs. | 10000 Ths. | 12000 Tbs. | 10000 Lbs. | 12000 Lbs. | 10000 Lts.

5 1049 874 1228 1023 1404 170

6 728 607 853 gh! 975 813

627 523 "7 598

480 400 549 458

379 316 433 361

307 256 351 293

254 212 290 242

213 178 244 203

182 1562 208 173

1567 131 179 149

136 113 156 130

120 100 137 114
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BUCKLED PLATES.

The old form of Buckled Plate contains one buckle and is square
or rectangular, and supported along its four edges in the manner
shown by Fig. 2. The central part or buckle is surrounded by a
flat rim called the fillet.

A new form of Buckled Plate, made in long lengths, with
several buckles to the plate, is shown by Fig. 1, and is manufac-
tured by The Carnegie Steel Company, Limited. In this form the
plate is usually supported at the two long edges only.

Buckled plates are used for the floors of fire-proof buildings and
of high-way bridges. They are usually covered with concrete
or asphalt and stone paving, etc. They are generally made in
length and width from 3’/ to 4/-6/, and in thicknesses of ;" to
3¢/7; they are very strong, as indicated by the following table,
In order to allow for some deterioration by corrosion, they are,
however, rarely made thinner than 14//,while %’/ is a usual
thickness for bridge floors. '

There has not yet been a reliable formula devised from which
the strength of buckled plates can be figured, but from experi-
ments on plates 8/-0’/ square, arched 13/, and well bolted down
on all sides, the following table of quiescent safe loads, uni-
formly distributed, has been deduced.

Weight of Safe Load (one-fourth of

Thickness. 011)1: ul;l;r mﬁm dls,M)' Per ;m‘fm
75"/ 68 5600 622
" 90 10080 1120
£/ 113 13888 1544
w 13 20160 2240

The resistance of buckled plates bolted or riveted down all
around is double the resistance of the same plate merely supported
all around, and if the two opposite sides are unsupported, the
resistance is reduced in the proportion of 8 to 5.
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STANDARD DIMENSIONS OF BUCKLE

PLATES.
DIMENSIONS OF CONTINUOUS BUCKLES. (Fia. 1.)
No. of Buckle. Fillets | Fillets | Fillet | .. o b g
Plate, % a b. 0. a Riso £ pu; ]i”'nt one
8
i [81177 | & 6/ s |88
9 |4 67| 81177 3.5 T 3/12: Z
8 |11 | 67 |2% i 7
4 | % 67 3’11” S R 8
b |8 9718 9/ | HFE|T > |58 | « 8
6 |3 17 3/ 97 | 9= 4 % 3 l « 9
7 |8 9|8 1 g}f% i 5 « 8
8 |3 87 |3 g I!_Eas Bt e i g
b9 |28 Yy |ST3TEIES| L 10
0 |¥8|2e | s3ElaE(5F] ) 8 \
U 9/ |8 87 H = » 10 ’
B | 87 87 |8 97 EE BT 8
8 | 8 07 |& o7 |72 i 9
|2 97| o] = Elg | 10
Plates given above can be made with one buckle or any number up to the limit indicated,
*DIMENSIONS OF SINGLE BUCKLES. (Fia. 2.)
PR | Wi, | legn, | Pl o it !
16 2/ 5 77 2/ 53/// 21 77 2/ 1! 144 2/ 1! 77 21 144
17 3/ 0% 8/ 0// 4 2/ 7%// 2/ 7%// 2;/%//
18 3/ 4// 3/ 4// 3%// 2/ 9// 2/ 9// 2%//

*No variation from these dimensions can be made.

TRy

(- I X ol_n_\ouooooo =, <
f
{

I o) £
| :
i - el = 5 £
o e
F I N
L < o H
H
I e

(<] [} (] L) :’,_ e M+ Lo A ] 4
IO - VN W DR ) U - R« VR o P 1
o 9] f
) S N
e £ i £ %

Ryt Fig2




it

THE CARNEGIE STEEL COMPANY, LIMITED.

CORRUGATED AND GALVANIZED SHEETS,

Corrugated sheet is used for roofs and sides of buildings. Itis
usually laid directly upon the purlins in roofs, and held in place by
means of clips of hoop iron, which encircle the purlin and are
placed in distances of about twelve inches apart. Special care

must be taken that the projecting edges of the corrugated sheets,
at the eaves and gable ends of the roof, are well secured, other-

wise the wind will loosen the sheets and fold them up.
The corrugations are made of various sizes; the smaller present
a more pleasing appearance to the eye, while the larger are stiffer

and will span a greater distance, thereby permitting the purlinsto

be placed further apart. The sizes of sheets generally used for
both roofing and siding, are Nos. 20 and 22.

The corrugated sheet which will be described in the following,

is manufactured by The Carnegie Steel Company, Limited. It

is of medium size, presenting both a good appearance and being

of sufficient strength for usual requirements.

By one corrugation is meant the double curve between corre-
sponding points, and by depth of corrugation the greatest deviation

from the straight line measured between the concave surfaces of

the corrugated sheet.

Our corrugations are 2,425/ long, measured on the straight line;

they require a length of sheet of 2,725’/ to make one corrugation, |

and the depth of corrugationis 23/, One corrugation is allowed
for lap in the width of the sheet and 6/ in the length for the usual

pitch of roof of two to one. Sheets can be corrugated of any

length not exceeding ten feet. The most advantageous width is
30247/, which (allowing 247/ for irregularities) will make eleven
corrugations=380//, or, making allowance for laps, will cover
R4( 7’ of the surface of the roof.

By actual trial it was found that corrugated sheet No. 20, span-
ning 6 feet, will begin to give a permanent deflection for a load
of 80 Ibs. per square foot, and that it will collapse with a load of

60 Ibs. per square foot. The distance between centers of purlins

should therefore not exceed 6 feet, and, preferably, be less than

this. g
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CORRUGATED SHEETS.

* The following table is calculated for sheets 8074/’ wide before
' corrugating. :

= = g e
2 || ity | 23
& 24 §=§ 5 | Tg 8| 2%’ or one corrugation in width of gg
] E's = 5 ’%}E sheet, for sheet le of: B%
2 2
|l o 56|78 |e |10 2
16 | .065 | 2.61 | 3.28 | 865 | 858 | 853 | 850 | 348 | 846 | 2.95
18 | .049 | 1.97 | 2.48 | 275 | 270 | 267 | 264 | 262 | 261 | 2.31

20 |.035 | 1.40 | 1.76 | 196 | 192 | 190 | 188 | 186 | 185 | 1.74
22 | .028 | 1.12 | 1.41 | 156 | 154 | 152 | 150 | 149 | 148 | 1.46
24 | .022 | 83| 1.41 123|121 | 119 | 118 [ 117 [ 117 | 1.22
2 |.018| 72| 91101 99| 97| 97| 96| 95 | 1.08

Note.—For weights per square laid with one and one-half lap,
add to above 5 per cent. For weights per square laid with two
laps, add to above 10 per cent.

. TRANSVERSE STRENGTH.

I=Unsupported length of sheet, in inches.
t=Thickness of sheet, in inches.

b=Width of sheet, in inches.

d=Depth of corrugations in inches:
W=Breaking weight distributed in tons.
Wi L % i ¢ pounds.

W 49,951t.b.d.

< 99902 tb.d.

160




THE CARNEGIE STEEL COMPANY, LIMITED.

EXPLANATION OF TABLES ON MAXIMUM
STRESSES IN PRATT AND WHIPPLE
TRUSSES.

Pages 163 to 166.

These tables give the stress in each member of a Pratt (single
quadrangular) or Whipple (double quadrangular) truss, for any
number of panels not exceeding twelve in the former, and twenty
in the latter case, on the assumption that the load is uniform per
foot, and the panels are all of the same length. The stresses are |
given in terms of the truss-panel dead and moving loads, repre- |
sented respectively by W. and L. These are obtained by multi-
plying the dead load per foot of bridge, in the case of W, and
the moving or live Joad per foot of bridge, in the case of L, by
half the panel length.

The letters W and L are placed at the top of column in tables,
and not next to the figures to which they belong, for want of space,

The stress in aB, for example, in a twelve panel Pratt truss,
=b55W 4+ 55L, and in Bc=45W 4 §3 L, both multi-
plied by the quotient specified in the last column, 4

The system of lettering employed is shown by Figs, 1 and S,
on page 162, opposite, and, it is believed, is the best in
use. By making a sketch of the truss under consideration and
lettering the vertices in the manner shown, the truss members to.
which reference is had in the tables, can be readily identified.

The dead load is assumed as concentrated at the lower vertices
of the trusses, for through bridges, and at the upper vertices, for
deck bridges. For through bridges of very large span, the
‘stresses thus obtained for the posts must be increased by the truss-
panel weight of the upper portion of the truss, including the
lateral bracing ; but in small spans, the increase of stress on this
account is so inconsiderable that it is usually neglected.

Note » In order to calculate the stresses in a Whipple or double
quadrangulsr truss by statical methods, it is necessary to consider
the truss as the combination of two Pratt trusses or single systems
of bracing, and assume that each of these two systems is strained
in the same manner as if one were independent of the other,
the number of panels is odd, each of the two systems is unsym-
metrical, which has the effect of making the stress in the middle
panel of the lower chord slightly smaller than the stress in the
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- corresponding panel of the top chord. The difference is, how-
ever, frequently neglected, ¢nd the stress in middle panel of
bottom chord assumed the same as in middle panel of top chord.
Each of the two systems is assumed to carry one-half of the
panel load at the top of the inclined end posts,
Fig. x

Pratt or Single Quadrangular Truss.
D E 5
a I a J E F; %
! Fig. 2
Whipple or Double Quadrangular Truss.
E F 7 A e P

. Y € VIR 4 F; % 7 £73 7 7
Tllustration of Application of Tables, also of the Use of Table of Natural
! Sines, Tangents and Secants.

A Pratt truss of 135/ span and 18/ depth, is divided into nine
panels of 15/ each. Required the stress in first main tie Bc, and
' in middle panel DE of top chord, for a dead load of 1200 Ibs.,
and a moving load of 8000 Ibs. per lineal foot of bridge.

waBll g S
L—- _3_0%) X 15 = 22500 1bs.
Length B
Bc—(3w+%L) x
15
DE — (10 W 410 L) 1

- The factor 1—58” or panel length divided by depth of truss, is

tangent of the angle, for which the length B, divided by depth
of truss, is the secant. By table of natural sines, tangents and

ts, for tangent — :—g =(.833, the secant = 1,302; therefore :—
' Be = 97000 x 1.30 = 126100 1bs,

! 15
b - DE = 315000 X i 262500 1bs.
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MAXIMUM STRESSES UNDER DEAD AND |
MOVING LOADS IN PRATT OR SINGLE
QUADRANGULAR TRUSSES |

With inclined end posts and equal panels, for Through and Deck Bridges.
‘W = dead load and L = moving load per truss and per panel.

12 Panel | 11 Panel | 10 Panel | 9 Panel | 8 Panel
Member. Truss. Truss. Truss. Truss. Truss.
W+L WL WL WL WL
aB | b5.545.5 545 45445 | 444 | 35435
Be | 45 4443 | 85486 | 34328 Rb6543% !
Cd | 854% 3 25428 | 242 | 154-%
De | R54-% 2 15421 | 1432 | 0.64%°
Ef | 1.54% 1434 | 05415 | 043P [-0.54
Fg | 0542 0+1% | -0541.0 | 14 & |-1.54
Gh ‘—0.5 —1.—‘—7*]' -1 .5+0-6 —2+ %
Hi [-1.5 24+
abe | 554 55| b4 5 | 454 45| 44 4| 3543
B0, cd |10.04-100/ 949 | 8.04-80| 74 7| 6.046.
(D, de |[13.54-13.5| 12412 |10.54-10.5| 94 9 | 7.54-7.
DE, ef |16.0416.0| 144-14 |12.04-12.0| 10410 | 8.04-8.
EF, fg |17.64175| 154-15 | 1254125
FG 18.0-4-18.0
Thro', Deck.
Oc | 45 4 35436 | 3428 | 254
Dd | 35 3 25428 | 24 1.54
Dd, Ee | 2.5 2 15421 | 1437 | 054
Ee, Ff | 15 14-2 05415 | 044 [-0.54
Ff, Gg | 0.543 04-1% [-0.54-1.0
g —0.5411

aB | 848 | 25425| 2420 | 15415 141
Be | 2 154 1412 [ 054+ 3| 04}
0d | 141 | 05410 006 |05+
Do | 04§ |-054+05| -14-02 |-
Bf | 144
abe| 848 | 25425| 242 | 15415 141
BO, od | 545 4.014.0 ais 2.01'2.0 11'1
ODE do | 646 | 45445
ik 2415 | 154+ | 1412 | 0542
O, Dd| 14% | 0541.0| 0406 |-054 1+
Dd 0+ 3§ |-05405
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| MAXIMUM STRESSES UNDER DEAD AND Q
‘ MOVING LOADS IN WHIPPLE OR

DOUBLE QUADRANGULAR
TRUSSES ‘
With inclined end posts and equal panels, for Through and Deck Bridges.

W — dead load and L = moving load per truss and per panel.

90 Panel | 19 Panel | 18 Panel | 17 Panel | 16 Panel gz '

Truss. Truss. Truss. Truss. Truss. |=Z2
W4L | W4L | WL | WL | WL

95195 | 949 |85485 | 848 | 75475 Y
45459 49 Hog8 40H128) 5 00| 354000

40 o0a) 14 iy 851008 19 ot | 30447

85-F 1255|4400 | 804008 44 40| 25H40 R
80103 44 4503 25440 11 48| 2023511
9515555 32 +4359| 2044258 354554 | 1542052 ES
2.0-p8350| 34 9537 1540068 41 +009| L0427 1B 0
Usdo| #1007 104908 13 2071 05H3 10 B
1049355 15 +2p2| 05+ | £+ | 0041058

051405 o 1250 | 0.0-F2bie -y +1byt 05410 |
e et An G am e ey Q
104 4E | T

9054+ 05| 9+9 |85+ 85 848 |T754TS

14414 |3 +%00 1254125944 | 11411 =

99199 |s85-4495 (195419530434 | 17417 | 1
29499 [yt 554y | 242 (2]
95185 |923-629 (3054-805 4844 | 26426 [S
40440 [7074-707 (3454845345 | 20420 [
a4 |4 (7548 |Esy | 81481 (S E
4747 [smfaar (3954805 (607 a0y 82482 [=T
49449 |53 -431% 40,5405 617+ HI—GH |&

50450 |04 | K= =

’&l: *k—

g wﬁﬁ 40 AP

. 0.5 88 51 4, 38 4-63;5| 8| 1

S B et fh b et

8541gie| 41400 B0-fopye 15 byt 254440

3.04-0557| i 4003 25-H480) 15 +opet| 204 300)
25455t 4§ -H40| 2044 155941 164008 8
B0-Hiket -Hate) Lo a1 L0 |
154a25| 43 +200| 104908 43 3050 | 0542050

SEb I e v ) |
00 #iye| 34 obyel 0541k T : y:
054245 :

164 ,.’
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MAXIMUM STRESSES UNDER DEAD AND
MOVING LOADS IN WHIPPLE OR ]
DOUBLE QUADRANGULAR
TRUSSES

With inclined end posts and equal panels, for Through and Deck Bridges.
W =dead load and L = moving load per truss and per panel.

; 15 Panel | 14 Panel | 13 Panel | 12 Panel | 11 Panel |22
Wisgver. Truss. Truss. Truss. Truss. Truss. -
W4L | WHL | W4L | WL | W4L
Be | 43 Lol 80147 ¢ ogis Sbpang| 44 Lo
c 37| 3. 3 +23£5°| 2. 3% £ e
Bd | 48 -4£:%| 2542058 $0 4-20:8) R.04-245) £ {2000
Co | £8 42257 2.04-20:5 224248 154205 {3 415517
Df | $14-208) 1542401 11 4-2050) 1041859 o 150188
Bg | 1 4+280) 10420050 3 41350 05410581 g2 48 | B
Fh [ 134302 054108 oy 41258) 0.0 87 + 4
Gi | ol 1557 0.04-1455 A £ o8 054 48 i 4 45
Ak - 152 054 87 i 44 10444 447 (€
I EERELAR TR IR )
Km |4} + 44
abe| 747 | 654 65 646 | 55+ 55| 545
o |'P24-408 | 954 951324108 | 804 80 7§ 4 3§
BO, de |2874-3% | 1454145 1784178 | 1204120/ 24119 |
(D, ef [393499 |1854-185 2074217 |15.04-15.0{145 4145 |
DE, fg |%574-%57 | 21542153504 257 |17.04-17.0/ 188 4 163%
SF, gh 454493 |2854285 2694 269% 18.04-18.0 ]ﬁiﬁ :
F6, hi [474-407% 2454245277427 | F6=EF | Fo=
GHI|4%+ 4% | GR=FG | GH=FG g 4
hi= b= P+
ey ::*;b B0+47; 2”131 25+200| 14 o]
: 50| 3.04-42:2 §2 57| & 52| H i
Dd | 48 4857 2.6-4-22:5 §9 48045 04240 29 - 20.8158
Co, Eo | 335058 204200 §8 4247 1.54-2050) {5 1381
Dd, Ff | $£+80:51 1542401 Jf 2045 1.0-4-1858) o L 12,81
Bo, Gg | 4842457 L0205 o5 4-195°) 0.5+ 1430 A 4 S
Ff, Hh | 3842058 06+19:% v 147 00457 S 18
‘%lg 15 1988 0.04145° % +-§:3-|-05-+ %4 ¥
~5 L1447 0.6 & l :
§
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STANDARD CLEVIS NUTS.

5| ¥E=nf|

ERSER R B

N3

e

o

20

S

20 20

Alw|a|B|o|D|B|F | @

il IR TR Thick- | Width |p;

End T | Sauare | ed e et | o | nasot | of (TG

Rg::n'd Bar. ‘:" . e Por];‘ F:rl:fl =

136 | 126 | 156 | 4% | 6% | @ | 3 | 2% | 1%

15 | 12 | 13 | 5% | 6% | 23 | 3 | 3% | 24

13 | 1% | 178 | 5% | 6% | 2% | % | 85 | 2%

1% | 19 | 1% | 5% | 635 | 2% | 3 | 845 | 2%

2 | 134 |2 | 6% | 6% | 2% | ¥ | 8% | 2K

2 |17 | 2% | 5% | 6% | 2% | ¥ |30 | 2K

R14 5% | 6% | R} | 4 | 8% | RK

2% | 135 | 2% | 6% | 7 | 2% | % | 3% | 2%

o3 |19 | 2% |63 | 7 | 2% | % | | 2%

Y | 15 | R3% | 636 | 7 7% | 7% | 3% | %

R% | 113 | 236 | 636 | 7 2% | 7% | 8% | 2%

9% | 130 | 2% | 7% |8 | 8% | 1% | 3% | 8%

% | 148 | 2% | 7% | 8 8% | 134 | 3% | 3%

958 | 174 | 256 | 7% | 8 | 8% | 1% | 8% | 8%

25 | 138 | 2% | 7% | 8 8% | 136 | 8% | 3%

23 |2 | 2% | "% |8 | 8% | 1% | 9% | 8%

o .| 7% |8 | 8% | 1% | 8% | 8% ‘
o% | 2 | 2% 8 |4 |1 | 411 | 8% 1
8 |25 |8 |9 |8%[4 |1y |4is| 8%

836 (23 | 3% |9 |8% |4 |1 |43 | 3%

336 | 230 | 3% |9 |84 |4 |1y |4l | 3% 4
83 |op 8% |9 (8% |4 |1y |4afi| 8%

83 | 234 | 8% |9 |8% |4 |1y |48 | 38% 4
A e S T R R 4§ 35

93 | o7 | 836 | 93¢ | 9 |4y | 1% | 5% | 3% |
83, | 230 (3% | 93¢ |9 | 43 | 15 | 5% | 3%

8% | 20 | 85 | 9% | 9 | 4% | 1% | 5% | 3%

85 | 250 | 856 | 93¢ | 9 | 4% | 1% | 5% | 8%

* This Clevis used for all smaller Bars.
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STANDARD EYE BAR HEADS.
SIZES IN INCHES.
Hrrat |
T ) a!
L TS \
%—nﬁ__a??
R
.SE 52:: 8: §= g: %:B E? §= g’ E:
=17 2 = - =4 = = <
2. |d2 |0 | B |3 g |02 | B |0 | B0
8 | 2% | 7 8| 64| 6|8 |17 | syt
8 |8 | Tl 8y | ex| 7 | 4x 7%
TR e R T R
8 |4 | 8y%|ayx | 1%| 7| b%|16| 8 |14
8 |4% | 9 |4z | 8| 7| 6 |16 8y
8 |5 | 9y|ax | 9| 7| 6x|17 | 8%|15
8 [5% |10 (5 | o] 7 | 7 |11 8% |16
8 |6 |10%| 5y [10%] 7 | 74|18 | 9
8 |63 |11 |53 10| 7 | 8 |18y 9y |17
8 | 7 |1x| 5% (1] 7 | 84|19 | 9
45 3 9 |4y | el 7|9 |194]-9%
4 [ 8% | 94 43¢ | 8%| 8 |5 |17 | 8%
4 10 |5 | 9 | 8| by|17%| 8% |15
4 | 4% |10%| 6% | 95| 8 | 6 |18
4 1173 | 532 [10%4| 8 | 63| 18%| 9y
4 | 5% |1 by |10 ]| 8 | 7 |19 | 9
¢ |6 127 |6 |113| 8 | 7| 19%| 9%
4 | 6% |12%| 6y [11iz] 8 | 8 (207|107 |18
4 |7 [ 187 | eig | 12| 8 | 81| 20%|10%
5 | 3y |11 53 | 9| 8 | 9 |2 " |10}7(19
5 |47 | 113|535 [107 | 8 | 93 |23 | 10%
b | 41 (12| 6" [105%| 8 (10 |22 11
5[5 |12%| 6% (11| 9 | 6 |19%]| 9y
5 | by (137 | el [ 11%]| 9 | 62420 |10
5 | 6 |13y| 63 | 123%] 9 201 | 101
5 | 61 |14 18] 9| 7|27 | 10%
5 43| 7% [18%] 9 | 87 | 2124/ 103
b | 7% |15 | 7z | 14| 9 | 8% |22 |11
6 |4 (13 |6y (1| 9 | 9 |24 112
6 | 4% |13%5| 630 |13 9 | 952 115
] g 14 7/ }3% 9 1g/ :3/2 113
6 | 5% |14 74 10 | 7% |22%| 11y
RO ke dbol AR A Wb
)2 s % )2 5 <113
6 |7 |16 145 | 10 24
8| 734 |163| 8y | 15| . .
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CONVENTIONAL SIGNS FOR RIVETING.
SHOP. FIELD.

TWO FULL HEADS. ‘

#

Countersunk Inside and Chipped.

Countersunk Outside and Chipped.

OUTSIDE. BOTH SIDES.

@ Sl

Flattened to 4’ High or Countersunk and not Chipped.

Flattened to 14” High.

‘ Flattened to 3¢’ High.

This system, as designed by F. C. Osborne, C. E., has for
foundation the diagonal cross to represent a countersink, the
 blackened circle for a field rivet, and the vertical stroke to indi-
cate a flattened head. The position of the cross, with respect to
the circle (inside, outside, or both sides), indicates the location of
the countersink, and the number and position of the vertical strokes
indicate the height and position of the flattened heads.

- Any combination of field, countersunk and flattened head rivets

liable to occur may be readily indicated by the proper combina-
tion of above signs.
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NOTES ON ROOFS AND LOADS FOR SAME.

Angles of roofs as commonly used. i
—
Pro m‘aon ANGLE. an::nm of ch rxi‘:'laon ANGLE. lengthof
1o SpaB. | Dog, Min. rorm. |t gan | Dog. M, | TR
>4 45 00 1.4142 X 26 34 2.2361
1A 33 41 1.8028 74 21 48 2.6926
73 30 00 2.0000 % 18 26 3.1623

" APPROXIMATE LOADS PER SQUARE FOOT FOR ROOFS, OF SPANS
UNDER 75 FEET, INCLUDING WEIGHT OF TRUSS.

Roof covered with corrugated sheets, unboarded, - 8 poun
Roof covered with corrugated sheets, on boards, - - II
Roof covered with slate, on laths, - - - = 13 8
Same, on boards, 1%/// thick, - - . - 2ie
Roof covered with shingles, on laths, - = s 10
Add to above, if plastered below rafters, - - - 1o
Snow, light, weighs per cubic foot, - - §to 12 e

For spans over 75 feet, add 4 lbs, to the above loads, per square

foot.
It is customary to add 30 lbs, per square foot to the above for
snow and wind, when separate calculations are not made.

PRESSURE OF WIND ON ROOFS. (Unwin)

a=Angle of surface of roof with direction of wind.

F=Force of wind in lbs. per square foot.

A=Pressure normal to surface of roof=F Sin, a 1.8 Cos. a-1.
B=Pressure perpendicular to direction of wind—F Cot. a Sin a 1+84 Cos.
C=Pressure parallel to direction of wind=F Sin, a 1.84 Cos. a,

Angle of roof=a | 5° | 10°( 20° | 30°| 40° | 50°| 60° | 70°| 80° | 90°
A=FXx AR5| 24| 45| .66 .83 .95/1.001.021.01 |1
B=Fx AR 24| 4R) 57| 64| 61] 50| 35| AT
0=Fx 01 | .04/ .15, 33" 63| .73| .85| .96 .99(1.00
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ROOF TRUSSES.

Tables for finding strains in members for roof trusses of
the different types and pitches as given
below and of any span.

RULE,—To find the strain in sny member, multiply the coeffi-
cient given for that member by total dead load carried by truss
(=span in feetX distance between trusses in feetX weight per
square foot), If the trussis acted upon by wind forces or other
unsymmetrical loading . the strains in the members must be calcu-
lated accordingly and combined with the dead load strains as
found below.

Member PITCH. (Depth to Span.)

N

Note.— Heavy lines
denote compression and
light lines tension mem-
bers. Loads are con-
sidered as concentrated
at the joints,

Fig. 1.
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EXPLANATION OF TABLES ON RIVETS
AND PINS.

PAGES 173 TO 176 INCLUSIVE.

Tn transmitting strains by means of rivets, it is customary to

disregard the friction between the parts joined, as too uncertain
an element to be relied upon to any extent. The rivets must |

then be proportioned for the entire strain which is to be trans-

mitted from one plate, or group of plates, to the other, and they '

must be of sufficient size and number to present ample resistance
to shearing and afford sufficient bearing area so as not to cause a
crushing of the metal at the rivet holes. This latter condition,

while generally observed for pins, is very often entirely over-
looked in riveted work. Its observance, in most cases of riveted

girders with single webs, determines the size and number of
rivets to be used, and frequently makes it necessary to adopta
greater thickness of web than would otherwise be required.

Thus, if the web is %/ thick, the rivets connecting the same |
with the flange angles have a bearing value of only 3520 lbs.

for a 3{7” rivet, while their shearing value is =2 X 3310 = 6620

lbs. per rivet, the rivets being in double shear. Consequently,

while the usual thickness of web of floor beams for railway bridges

is 347/, it sometimes becomes necessary, for shallow floor beams, :

to increase this thickness to 277/ and even 3§77, in order that the

pressure of the rivets upon the semi-intrados of the rivet holes

be not excessive, between the points of support of floor beam and

of application of the load, (in which space the transmission of

strain from web to flanges takes place).
The most usual pressures allowed upon rivet bearing are 15000
and 12000 1bs. per square inch, as assumed in the tables, the bear-

ing area being the diameter of hole multiplied by the thickness
of metal. The former pressure, though somewhat greater than is

generally allowed for pins, is frequently used in riveted work in

171

consideration of the neglect of the friction betweer plates. i
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The heavy zig-zag lines in tables on rivets, indicate the limit
at which bearing exceeds single shear. All values above these

| lines are in excess of single shear, all values below are less than

| single shear.

Pins must be calculated for shearing, bending and bearing

strains, but one of the latter two only, in almost every case,
determines the size to be used. The strain allowed upon pin-
 bearing in bridges proportioned to a factor of safety of five, is
usually 12000 1bs., and the maximum fiber strain by bending,
- 15000 1bs. per square inch. When groups of bars are connected
to the same pin, as in the lower chords of truss bridges, the sizes
of bars must be so chosen and the bars so placed that at no
~ point on the pin will there be an excessive bending strain, on the
‘ presumption that all the bars are strained equally per square inch.

The following examples will illustrate the use of the tables:

I. A pin in the bolster or end shoe of a bridge has to carry a
load of 40000 1bs. between two points of support; what size of
pin is required, assuming the distance between points (7. e.,
centers) of support of bolster plates and centers of pressure of
. end post plates = 2147/ ?

" Answer ‘—Bending moment — 20000 Ibs. X 2% = 50000 inch
 Ibs., therefore 3%/ pin required for 15000 lbs. fiber strain, since
| the allowed moment for 37/ = 50600, as per table.

. IL. Required the thickness of metal in the top chord orin a
| post of a bridge, that will give sufficient bearing area to a 3347/
.~ pin having to transmit a strain of 60700 Ibs., the allowed pressure
- per square inch on bearing being 12000 Ibs. maximum.

The bearing value of a 334’/ pin for 17/ thickness of plate =

60700
40500 1bs. therefore the thickness of metal required = —— =
40500

11477, or each of the two plates in the chord or pest will have to
be 3¢/ thick.
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— i
Sy e e e ——

MAXIMUM BENDING MOMENTS TO BE AL-
LOWED ON PINS FOR MAXIMUM FIBER
STRAINS OF 15000, 20000 AND 22500 LBS.|
PER SQUA.RE INCH.

o 0| Moment | Moment Moment |z Moment Moment Moment
) for for for 8 =] for or for

E_q‘ 8—15000. | S=20000. | S=22500. | 5 & | S=15000 §=20000 §=22500

Aa&| Lbs In. Ibs, In, Ibs. In. |&& | Ibs. In. Lbs, In. Lbs. In.

414 134200/ 178900 201300/
%| 2100/ 2800 3140 4 145700 194300 218500
15 48] 236700

s 8830, 5100/ 5%40] 4% 170600| 227500 255900
184100 245400 276100

319600|
228700 304900/ 343000/
1800| 15%00| 17700l 51 245000/ 326700/ 367500

19700| 26300 29600 5% 298600/ 398200 447900}
2;/ 23000/ 30'700| 34500 6 | 318100 424100 477100/
507600|

35000 46700 52500 654 381500 508700 572300|
3 | 39800 53000| 59600| 614 404400 539200/ 60660
31| 24900 59900 67400| 65| 428200 570900 64230
31| 50600/ 6%400 ¥5800| 63 452000 603900 67940
3%| 56600| 75500 84900| 67 478500 628000 71780
3%| 63100 84200 94700 7 | 505200 673400 75760
5 93190

0 0| 828400
3%| 7'7'700103500/116500[ 8 | '?54000/1005400/113110!
2 85'700/114200/128500] 815/ 904400/1205900/1356%0

1073600/1431400/1809500

94200/125700/141400

41£1103400/13'7800(155000]1 !
25 113000/150'700/169600f1 029400

2 123300/164400/185000{12 |21508003393000/381'7100/

RemArks—The following is the formula for the flexure applied to pins:

Smd SAd
M= T
T 8
M=moment of forces for any section through pin.
S=strain per sq. in, in extreme fibers of pin at that section.
A=area of section,
d=diameter.
=3.14159
‘The forces are assumed to act in a plane passing through the axis of the pin. |
The above table gives the values of M for different diameters of pin, and for|
three values of S, |
If M max. is known, an inspection of the table will therefore show what
diameter of pin must be used in order that & may not exceed 15000, 20000 or |
Ibs., as the requirements of the case may be. 4
For Railroad Bridges proportioned to a factor of safety of 5, it is customary §
to make § max, = 1 Ibs. in iron and = 20000 lbs. in steel, g
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BEARING VALUES OF PINS

(=Diameter of PinX 17X Strain per Square Inch.)

FOR ONE INCH THICKNESS OF PLATE.

Diameter of

DOIODORD  DOPODODD b b

woococe oo

d Bearing | Bearing | « 4 Bearing Bearing

£| Areaof | Valueat | Valusat | =5 Area of Value at Value at
2| Pin. [12000 Lbs. | 15,000 Lbs. | £.2 Pin. 12,000 Lbs. | 15,000 Lbs.
i Per 8q. In. | Per Sq.In.| & ', Per 8q. In. | Per Sq. In.

& sq. in. Ths, Ibs. a5 sa. in, Ibs. Ibs.

1| .785/12000|15000| 4% 1590 54000| 867500
%| .994/13500|16900| 45| 18.80| 55500 69400
¥ 1.227/15000(18800| 43/| 17.72| 57000 71300
3%| 1.485/1650020600| 47| 18.87| 58500 73100
%! 1.767 18000 |22500| 5 19.64| 60000| 75000
52 2.074/19500|24400| 5%| 20.863| 61500 769800
¥| 2.40521000(28300| 5% | 21.65| 63000| 78800
7%| 2.761/22500|28100| 535 22.69| 64500 80600
3.142/24000(30000| 54| 23.76| 68000| 82500
1| 3.547|25500|31900| 53| 24.85| 67500| 84400
Y| 3.976/27000|33800| 53| 25.97| 69000, 86300
36| 4.430 28500|85600| 57| 27.11| 70500 88100
% 4.90930000|37500( 6 28.27| 72000| 90000
54 5.412 31500 39400| 615 29.46| 73500 91900
3| 5.940/33000(41300( 64| 30.68| 75000| 93800
7%| 6.492/34500|43100| 63%| 31.92| 76500, 95600
3 | 7.089/36000|45000| 674| 33.18| 78000 97500
1% 7.670 37500|46900| 6355 3447 79500 99400
¥| 8.298/39000|48800| 63| 385.79| 81000| 101300
3%| 8.946/40500(50800| 67%| 37.12| 82500| 103100
% 9.621/42000|52500| 7 3848 | 84000| 105000
}2 10.32 |43500|54400| 74| 44.18| 90000| 112500
3({11.05 |45000|56300| 8 50.27| 96000 120000
7%/11.79 |46500|58100| 8%%| 56.75|102000| 127500
4 (12.57 [48000|60000( 9 63.62| 108000 135000
4£13.36 (49500|61900(10 78.54| 120000 | 150000
47(11419 |51000(63800(11 95.03 132000 165000
43415.03 | 525006560012 |113.10/144000| 180000
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THE

CARNEGIE STEEL COMPANY, LIMITED.

SPECIFICATIONS FOR CONSTRUCTIONAL IRON.

CHARACTER AND
FINISH,

MANUFACTURE,

1. All wrought iron must be tough, ductile, fibrous and of 1
uniform quality, Finished bars must be thoroughly welded ;

during the rolling, and be straight, smooth and free from in-

jurious' seams, blisters, buckles, cracks or imperfect edges.

2. No specific process or provision of manufacture will be

demanded, provided the material fulfills the requirements of.

these specifications,

sraxoaro Test 3. The tensile strength, limit of elasticity and ductility,

PIECE.

ELASTIC LIMIT,

HIGH TEST OR
TENSION IRON.

BENDING TEST.

* ANGLE AND
OTHER SHAPED
IRON.

shall be determined from a standard test piece of as near 14
square inch sectional area as possible, The elongation shall
be measured on an original length of 8 inches,

4, Tron of all grades shall have an elastic limit of not less

han 26, O(X) pounds per square inch.

5. When tested in specimens of uniform sectional area of at.

least 14 square inch, taken from members which have been |
rolled to a section of not more than 414 square inches, the -

iron shall show a minimum ultimate strength of 50,000 pounds:

per square inch, and a minimum elongation of 18 per cent, in

8 inches.

6. Specimens taken from bars of a larger cross section than

414 square inches, will be allowed a reduction of 500 poundt

for each additional square inch ‘of section, down to a minimum

of 48,000 pounds, and have an elongation of 15 per cent, in

.

8 inches,

7. All iron for tension members must bend cold through

thickness of the pxece without cracking. At least one sam
in three must bend ‘through 180 degrees to this curve, witho

t

3

00 degrees to a curve whose diameter is not over twice the

2

cracking., When nicked on one side and bent by a blow from .

a sledge, the fracture must be mostly fibrous,

8. The same sized specimens taken from angle and oth

shaped iron shall have a minimum ultimate strength of 48,000

pounds per square inch, and a minimum elongation of 15 per

cent, in 8 inches,
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PIN IRON,

FuLL 81z
| TesT.'

\TION IN

9. Specimens from angle and other shaped iron must bend
cold through 90 degrees to a curve whose diameter is not over

twice the thickness of the piece, without cracking,

10. The same sized specimens, taken from plates 8 inches
to 24 inches in width, shall show a minimum ultimate strength
of 48,000 pounds per square inch, and a minimum elongation of
15 per cent, in 8 inches; plates from 24 inches to 86 inches
wide shall show a minimum ultimate strength of 46,000 pounds
per square inch, and elongate 10 per cent, in 8 inches; plates‘
over 86 inches wide shall have a minimum elongation of 8 per

cent, in 8 inches,

11, Samples of plate iron shall stand bending cold through
90 degrees to a curve whose diameter is not over three times its
thickness, without cracking. When nicked and bent cold, the

fracture must be mostly fibrous,

12. Rivet iron shall have the same physical requirements as
high test iron, and, in addition, shall bend cold 180 degrees to a
curve whose diameter is equal to the thickness of the rod

tested, without sign of fracture on the convex side,

13. Specimens taken from pin iron under 4 inches diameter
shall have a minimum- ultimate strength of 50,000 pounds per
square inch, and elongate 15 per cent, in 8 inches, Rounds
over 4 inches diameter, having a minimum elongation of 10 per

cent, in 8 inches will be satisfactory,

14. Full size pieces of flat, round or square iron not over
4}4 inches in sectional area, shall have an ultimate strength of
50,000 pounds per square inch, and stretch 1214 per cent. in the
body of the bar. Bars of a larger sectional area than 414
square inches,Awﬂl be allowed a reduction of 1,000 pounds per
square inch, down to a minimum of 46,000 pounds per square
inch, and stretch 10 per cent. in the body of the bar,

15. The variation in cross section or weight of rolled
material of more than 214 per cent, from that specified, may

be cause for rejection,
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SPECIFICATIONS FOR CONSTRUCTIONAL STEEL.

process or 1. Steel may be made by either the Open Hearth or Bes-

MANUFACTURE,
u € semer process,

Test Pieces. 2. 1he tensile strength, limit of elasticity and ductility
be determined from a standard test piece cut from the finis
material and planed or turned parallel; the piece to havea
near 14 square inch sectional area as possible, and elongation
to be measured on an original length of 8 inches; two
pieces to be taken from each heat or blow of finished material

one for tension and one for bending.

3. Every finished piece of steel shall be stamped on
side near the middle with the blow number identifying the
melt; and steel for pins shall have the melt number stampet
on the ends. Rivet and lacing steel, and small pieces for pil
plates and stiffeners, may be shipped in bundles securely v
together, with the melt number on a metal tag attached.

FINISH. 4. TFinished bars must be free from injurious seams, flaw

or cracks and have a workmanlike finish,
Graoe of sTeer.  D.  Steel shall be of three grades: soFT, MEDIUM, HIGH,

- gorr steer. 6. Specimens from finished material for test, cut to si
specified above, shall have an ultimate strength of from 54,00
to 62,000 pounds per square inch ; elastic limit one-half the alt
mate strength; minimum elongation of 26 per cent. in 8 inches
minimum reduction of area at fracture 50 per cent. This
of steel to bend cold 180 degrees flat on itself, without s :7
fracture on the outside of the bent portion,

weoim 6Teee. 7. Specimens from finished material for test, cut to si
specified above, shall have an ultimate strength of 60,000 {
68,000 pounds per square inch; elastic limit one-half the ul
mate strength ; minimum elongation 20 per cent, in 8 inche
minimum reduction of area at fracture, 40 per cent,
grade of steel to bend cold 180 degrees to a diameter
the thickness of the piece tested, without crack or flaw on |

ontside of the bent portion.
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Hiod stee. 8. Specimens from finished material for test, cut to size
specified above, shall have an ultimate strength of 63,000
pounds to 74,000 pounds per square inch ; elastic limit one-half
the ultimate strength; minimum elongation 18 per cent, in 8
inches ; minimum reduction of area at fracture, 85 per cent,
This grade of steel to bend cold 180 degrees, to a diameter
equal to three times the thickness of the test piece, without

crack or flaw on the outside of the bent portion,

PiN STEEL. 9. Pins made of either of the above mentioned grades
of steel, shall, on specimen test pieces cut from finished mater-
ial, fill the physical requirements of the grade of steel from
which it is rolled, for ultimate strength, elastic limit and bend-
ing, but the elongation shall be decreased 5 per cent., and re-
duction of area at fracture 10 per cent, from that specified.

wanation v 10, The variation in cross-section or weight of more than

e 214 per cent, from that specified, will be sufficient cause for

rejection.

L size Tests 11, Full size tests of steel used for eye-bars shall not be re-

STEEL BARS. nired to show more than 10 per cent. elongation in the body
of the bar, and tensile strength not more than 4,000 pounds
below the minimum tensile strength required in specimen tests,

of the grade of steel from which it is rolled.

SPECIFICATIONS FOR CONSTRUCTIONAL CAST IRON.

1. Except where chilled iron is specified, all castings shall be
tough gray iron, free from injurious cold shuts or blow holes,
true to pattern and of a workmanlike finish, Sample pieces 1
inch square cast from the same heat of metal in sand molds
shall be capable of sustaining on a clear span of 4 feet 6inches
a central load of 500 pounds when tested in the rough bar.

SPECIFICATIONS FOR WORKMANSHIP.

1. Inspection of work shall be made as it progresses, and at
as early a period as the nature of the work permits.
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2. All workmanship must be first class, All abutting sur- .
faces of compression members, except flanges of plate girders
where the joints are fully spliced, must be planed or turnedto
even bearings s> that they shall be in such contact throughout
as may be obtained by such means. All finished surfaces
must be protected by white lead and tallow.

3. The rivet holes for splice plates of abutting members
~ shall be so accurately spaced that when the members are
brought into position the holes shall be truly opposite before

the rivets are driven, i

4. Rollers must be finished perfectly round and roller-beds
planed. f

RIVETS. 5. The pitch of rivets in all classes of work shall never ex-
ceed 6 inches, nor 16 times the thinnest outside plate, nor be
less than 8 diameters of the rivet, The rivets used shall gen-
erally be 5§, 3{ and 7% inch diameter, The distance between
the edge of any piece and the center of a rivet hole must ne
be less than 13{ inches, except for bars less than 214 inche
wide, When practicable it shall be at least two diameters o
the rivet, Rivets must completely fill the holes, have
heads concentric with the rivet, of a height not less than ,
the diameter of the rivet, and in full contact with the su
or be countersunk when so required, and machine-driven

wherever practicable.

PUNCHING. 6. The diameter of the punch shall not exceed by more
than 1-16 inch the diameter of the rivets to be used,
all holes must be clean cuts without torn or ragged
Rivet holes must be accurately spaced; the use of drift
will be allowed only for bringing together the several
forming a member, and they must not be driven with such
as to disturb the metal about the holes,

7. Built members must, when finished, be true and free
twists, kinks, buckles, or open joints between the componer
pieces, ¢

Eve Bars avo 8. All pin-holes must be accurately bored at right

PINHOLES.  the axis of the members, unless otherwise shown in the dra
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ANNEALING.

PAINTING.

ings, and in pieces not adjustable for length no variation of
more than 1-32 of an inch will be allowed in the length between
centers of pin-holes ; the diameter of the pin-holes shall not ex-
ceed that of the pins by more than 1-32 inch, nor by more than
1-50 inch for pins under 314 inches diameter, Eye-bars must
be straight before boring ; the holes must be in the center of the
heads, and on the center line of the bars. Whenever eye-bars
are to be packed more than 14 of an inch to the foot of their
length out of parallel with the axis of the structure, they must
be bent with a gentle curve until the head stands at right angles
to the pin in their intended position before being bored, All
eye-bars belonging to the same panel, when placed in a pile,
must allow the pin at each end to pass through at the same
time without forcing,  No welds will be allowed in the body
of the bar of eye-bars, laterals or counters, except to form the
loops of laterals, counters ana sway rods; eyes of laterals,
stirrups, sway rods and counters must be bored; pins and lateral
bolts must be finished perfectly round and straight, and the

Pilot Nuts. Party contracting to erect the work must provide pilot nuts

where necessary to preserve the threads while the pins are
being driven, Thimbles or washers must be used whenever

required to fill the vacant spaces on pins or bolts,

9. In all cases where a steel piece in which the full strength
isrequired has been partially heated the whole piece must be
subsequently annealed, All bends in steel must be made cold,
or if the degree of curvature is so great as to require heating,

the whole piece must be subsequently annealed.

10. All surfaces inaccessible after assembling must be well

painted or oiled before the parts are assembled.,

11. The decision of the engineer shall control as to the in-
terpretation of drawings and specifications during the execu-
tion of work thereunder, but this shall not deprive the con-
tractor of his right to redress, after the completion of the

work, for an improper decision
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NOTES ON STEEL AND IRON.

1. The average weight of wrought iron is 48qs™bs. per cubie
foot. A bar I inch square and 3 feet long weighs, therefore,
exactly 10 1bs. Hence:

To find the sectional area, given the weight per foot :

Multiply by +%

7o find the weight per fool, given the sectional area :

Multiply by 10,

2. The weight of steel is 2 per cent. greater than that cf
wrought iron,

3. The center load, at Which a bar of wrought iron 1 inch
square and 12 inches center to center of 1pou'lts of support will
give way, is very nearly one Zon (of 2,240 lbs

4. Within the elastic limit, the extension and compression of
wrought iron is very nearly 1545 of its length for a strain of
one ton (of 2,240 1bs.) per HRALS inch.

For cast iron this ratio is 54'5 for tension, but becomes varia.
ble for compression.

5. The contraction or expansmn of wrought iron under
changes of temperature is about TUUUU of its length for a varia-
tion of 15° Fahrenheit.

The strain thus induced, if the ends are held rigidly fixed,
will be about v#ze Zon2 (of 2,240 Ibs.) per square inch of cross.
section.

6. The coefficient of expansion of wrought iron, for r00°
Fahrenheit, is0.c00686. Therefore, for a variation in tempera-
ture of 125°, a bar of wrought iron 100 feet long will expand or
contract 1.029 inches.

Conversely: A thange in length of 1 inch per hundred feet
would be produced by « variation in temperature of 121 50
Fahrenheit. ,

7. The melting point of iron and steel is about as follows :

Wrought iron, : 7 3,000° Fahrenheit.
Cast iron, . ? g . 2,000° o
Steel, y - 2,400° “

8. The welding hoal of w roug]xt iren is 2,733° Fahrenheit.

MISCELLANEOUS NOTES.
1. Thrust of arch per lineal foot :

I
o = aX , in which w=load per square foot, r
rise in arch in inches, and 1 =span in feet.

2. Approximately the radius of gyration for a box section
% the least side.
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WOODEN PILLARS.

Extensive tests have been made at the Watertown Arsenal,
Mass., to determine the resistance of wooden posts to crushing.
These tests, conducted partly by the U. S. Government and
partly by Prof. Lanza, furnish the most reliable data existing at
present on this subject.

Prof. Lanza’s experiments were made upon short rectangular
blocks and upon circular posts such as are commonly used in
mills. In diameter the latter ranged from 64 to 10}4 inches,
in some cases tapering slightly towards the top. They were
from 2 to 14 feet in length and were tested with flat ends.

The following are the results thus obtained :

ULTIMATE RESISTANCE TO COMPRESSION.

POUNDS PER SQUARE INCH.

KIND OF TIMBER. MAXIMON, MININUM, MEAN,
White Oak, . . . 4450 3006 3470
Yellow Pine, . . . 5452 3604 4544

The timber employed in these tests was neither green nor
thoroughly seasoned. It was selected so as to fairly represent its
condition as ordinarily used for constructional purposes.

Prof. Lanza made further a series of tests upon old and thor-
'~ oughly seasoned mill posts of white oak, some varying from 63
(inches diameter at the base to 53{ inches at the top, and others
having a uniform diameter of about 10 inches. They were ap-
proximately from 12 to 14 feet in length. For the ultimate
resistance to compression in this case he obtained an average
value of 3,957 pounds per square inch. It is to be noted that
this result is only about 14 per cent, in excess of the mean
value given above for similar posts of white oak of the character
there described. ’

In all the foregoing tests, failure took place by direct crushing,
the bending of the post being too inconsiderable to materially
affect the result.

The other series of tests conducted at the Watertown Arsenal,
was made upon rectangular posts with flat ends having a length
of from 5 to 28 feet, and ranging in sectional area from 27 to 140
square inches.

The results may be veneralized as follows, calling —l~ the ratio

of length of post to least side of cross-section, and f the ultimate
istance to compression, in pounds per square inch:

184 i ‘
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WHITE PINE. | YELLOW PINE.

1 ‘ ¢ ]Batioof' 1
- ghtlie of L

¢ ‘ Ratio of |
s

"ease,

0t0 10 2500 1.00 0t 15 4000 1.00

10 “ 85 2000 0.8 15 “ 30 3500 0.88 -

35 « 4b 1500 0.60 30 « 40 3000 0.76

45 “ 60 1000 0.40 40 “ 45 2500 0.63
45 “ 50 2000 0.50
50 “ 60 1500 0.38

Experiments upon white oak posts of such lengths have up to
the present time not been made. Probably values from 75 per
cent. to 80 per cent. of those given for yellow pine may be safely
assumed. i

‘WOODEN BEAMS. |

The following is a general summary of the results obtained by ‘
Prof. Lanza from numerous experiments upon wooden beams. \

They were of an average section of about I2x4 inches and
were tested for mean span lengths of about 18 feet:

M (Moment of forces causing rupture)

KIND OF TIMBER. lua o Ray e R (Moment of resistance of cross section.)
X Maximum, Minimum. Mean,
Sprucs . ... 5878 2995 4884
ite Pine, . . 6415 3438 4808
A e 7659 4984 6075
Yellow Pine, . . 11360 5092 7292

‘soft timber there is an almost equal tendency for beams to fail by

The above statement of the maximum and minimum values
does not consider the results obtained in a few isolated cases for
which the conditions were radically different than for the others.
It was found that the beams frequently gave way through longi-
tudinal shearing near the neutral axis, though this was not as
common a source of failure as breaking across the grain.

For spruce, the mean intensity of the shearing strains, for
beams that failed in this manner, was 191 Ibs., and for yellow
pine 248 Ibs. For beams that failed otherwise, the mean inten-
sity of shearing strains at the moment of rupture was very nearly
the same. i

The conclusion appears, therefore, to be warranted that for

shearing longitudinally at the neutral axis, as by the tearing of the
outside fibers. . g

Owing to the wide range of the results obtained and the |
generally erratic behavior of timber subjected to strains, Prof.
Lanza recommends the following values for Moduli of Rupture
to be adopted in practice : i




THE CARNEGIE STEEL COMPANY, LIMITED.

Spruce and thte pme, . 3,000 Ibs.
Oak, ” . i . . 4,000 “
5 000 “

g ellow pine, . 3
These values are lower than heretofore in use and a safety
factor of 4, on the basis of these values, may be assumed as

ample for all cases.
The following table has been calculated for extreme fibre

strains of 750 Ibs. per square inch :

| SAFE LOADS, UNIFORMLY DISTRIBUTED, FOR RECT-
ANGULAR SPRUCE OR WHITE PINE BEAMS.
ONE INCH THICK.
(For oak, increase values in table by 14.)
(For yellow pine, increase values in table by 24.)

g DEPTH OF BEAM.
g'g 8”|w| 8” 9” (10”| 117|127 | 18”7 | 14”7 | 15”7 | 16"

600 | 820 1070 | 1350 | 1670 | 2020 | 2400 | 2820 | 3270 | 8750 | 4270
500 680 | 890 | 1120|1390 | 1630 | 2000 | 2350 | 2730 | 3120 | 3560
430 (580 760 9601190 1440 | 1710 | 2010 | 2330 | 2680 | 3050
380|510 670| 8401040 | 1260 | 1500 | 1760 | 2040 | 2340 | 2670
330(460 | 590 750| 930 1120 | 1330 | 1560 | 1810 | 2080 | 2370

300 /410( 530| 670 830| 1010 | 1200 | 1410 | 1630 | 1880 | 2130
270 (370 490 610 760| 920 | 1090 | 1280 | 1490 | 1710 | 1940
250 (340 440 560 690 840 | 1000 | 1180 | 1360 | 1560 | 1780
230|810 410 520| 640| 780 | 930 | 1080 | 1260 | 1440 | 1640
210(290| 380 480( 590 720 | 860 (1010 | 1170 | 1340 | 1580

200|270 360| 450 560| 670 | 800 | 940 | 1090 | 1250 | 1420
190260 | 330 420( 520| 630 | 750 | 8801020 | 1180 | 1330
180(240( 310 400| 490| 590 | 710 | 830 960 | 1100 | 1260
170230 90| 370 460 560 | 670 | 780 | 910 (1040 | 1190
360 440 530 | 630 | 740| 860 [ 990 | 1130

150|200 | 270| 340| 420| 510 600| 710 | 820| 9401070
140|190| 260| 320| 390| 480 570 | 670 | 780 | 890 | 1020
140(190| 40| 310| 380 460 | 540 | 640 | 740 850 | 970
130[180| 230| 290| 360| 440 50| 610/ 710| 810 920
130|170| 20| 280 350 420 | 500 590 | 680 | 780 | 890

120160 | 210| 270 330 410 | 480 560 | 660 | 750 | 860
110160 10| 260| 320 390 | 460 | 540 630 720 80 |
110150 200| 250 | 310 370 | 440 520 610 690 | 790
110140 190| 240| 300 | 360 | 430 | 500 | 580 | 670 | 760
110]140| 180| 230 290 350 | 410 | 490 | 560 | 640 | 740

To obtain the safe load for any thickness: Multiply values for

1inch by thickness of beam.
To obtain the requlred thickness for any load : Divide by safe

Ioad for 1 inch.

SRUIEE PBURRR SENEE RERED woaoor
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STRENGTH OF MATERIALS.

ULTIMATE RESISTANCE TO TENSION

IN LBS. PER SQUARE INCH.

METALS AND ALLOYS.

Aluminum Dronze, AVERAGE.
10 per cent Al and go per cent. Copper, s 85000
1 /1 { 3 €« 98 % « €@ z ¥ 280(”
Brass, cast, . " : ; . . 2 v 18000
“. wire, . ¢ . s : . . . 49000
Bronze or gun metal, . y 1 3 5 . 36000
Copper, cast, . X } 2 . s : . 19000
& sheet, s v ; 4 : £ . 30000
£ bolts, . . s S . 5 . 36000
£ wire, (unannealed,) i 2 : . 60000
Iron, cast, 13,400 to 29,000, . 18500
¢ wrought, round or square bars of 1:tor2 mch ‘
diameter, double refined, . 2 50000 to 54000
“ wrought, specimens }¢ inch square, cut from large
bars of double refined iron, . . 50000 to 53000
“ wrought, double refined, in large bars of about 7
square inches section, ! ; 46000 to 47000
« wrought, universal mill plates, angles and other ‘
shapes, . - . 48000 to 51000

« - wrought plates over 36’ / Wlde, - 46000 to 50000

The modulus of elasticity of Union Iron Mills’ double refined
bar iron is 25000000 to 27000000 from tests made on finished
eye bars.

Iron; wire, . ; % > % . 70000 to 100000

S IWINE YOPeS,) G’ [ hote b at e Pl 90000 |
Lead, sheet, . i O5d : & $ - . 8300 ‘
Steel, SaUNG . . . . 85000t 120000
Tin, cast, = rken: 3 ! ! ; . 4600

Zinc, e AR AP I S NERR ( 9 )5V

187
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STRENGTH OF MATERIALS.—Continued.

TIMBER, SEASONED, AND OTHER ORGANIC FIBER.

Taken largely from Trautwine’s pocket book, (edition of 1888.)

AVERAGE.

N T R L v . [

“  American, . ; : > : > . 16000

I Beech, « . : 5 - " . 15000 to 18000
Birch, g : : 3 2 ! s 15000
Cedar of Lebanon, . : - . . . . 11400

“  American, red, . : : s : N 10300

Fir or Spruce, ’ 3 X ; : : - 10000
Hempen Ropes, . . 2 3 . 12000 to 16000

|| Hickory, American, . 3 . , 4 - . 11000
| Mahogany, g : : 2 8000 to 21800
‘} Oak, American, wlntc, ’ Ha . 10000 to 18000
i ¢«  European, ., 10000 to 19800
| Pine, American, white, red and pltch, Memel Riga, . 10000
Ny« “ long leaf yellow, . . 12600 to 19200
Poplar, - . ; ¢ . : : . 7000

| Silk fiber, . . > % ‘ : 3 . 52000
| Walnut, black, . g : ¥ 5 . v 16000

STONE, NATURAL AND ARTIFICIAL.

iin'ck and Cement, 2 L ; g 280 to 300
g R e R e I . 9400
Slate, . : - : g - 9600 to 12800
Mortar, ordinary, 1 h 3 ! . % e 50

ULTIMATE RESISTANCE YC COMPRESSION.

_ METALS.
Brass, cast, . % ) ] : X z 10800
Rfon, « : : ; : 82000 to 145000
“ wrought, . . i : - 38000 to 40000
188 ot
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STRENGTH OF MATERIALS.—Continued.

TIMBER, SEASONED, COMPRESSED IN THE'
DIRECTION OF THE GRAIN.

Taken largely from Trautwine’s pocket book, (edition of 1888.)

AVERAGE.
Ash, American, $ - ¥ = s 5 3 6800
Beech, ¢ " 3 5 i s a < . 7000
Birch, . . 3 . " 5 g 8000
Cedar of Lebanon, . s . . . 5900
¢  American, red, s 7 5 s 5 5 6000
Chestnut, . : . . ¥ . X » . 5300
Deal, red, . a i . ; 4 " 3 6500
Fir or Spruce, . : = £ % . ¢ . 5000
Hickory, . . 5 . 5 . % 8000
Oak, American, whlte, = % = 5 s 7000
¢  British, . b < : : 4 2 : 10000
s Dantzig, ' . g s ‘ - . : . 7700
Pine, American, white, . s . . 5 A 5400
“ “ long leaf yellow, e
Walnut, black, . k 3 . . 5 f 8000
STONE, NATURAL AND ARTIFICIAL.
Brick, weak, . v . . » ; . 550 to 800
B SEONI, S s i T G e e e mintd s R
“ fire, . S 0 . . ‘ . 1700
Brickwork, ordinary, in cement 2 $ . 800 to 800
“ best, . v f . ‘ . . 1000
Granite, - 5 $ - S0 e 5000 to 18000
Limestone, 5 . ¢ 3 . . 4000 to 16000
Sandstone, ordinary, RN 5 f 2500 to 10000
ULTIMATE RESISTANCE TO SHEARING.
METALS.
Iron, cast, . : d & 3 3 25000
¢ wrought, along the ﬁber, - - - ; . 45000
TIMBER, SEASONED, ALONG THE GRAIN.
White Pine, Spruce, Hemlock, A 3 : 250 to 500
Yellow Pine, long leaf, . i s 3 . 3800to 800
Ole, T < » . » : i . £ 400 to 700

g
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LINEAR 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 degrees and

by the length of the bar, and divide by 100.

NAME OF SUBSTANCE.

Coeﬂ%oient for 100°

Coefficient for 180°

‘ahrenheit, F"h’&ﬁ‘i’m&wo
Baywood, (in the direction of the{ '091826 '0(,)1.%46
gTain’ dry,) & i E .00031 .00057
Brass, (cast,) - - - .00104 .00188
«  (wire,) - - = 00107 .00193
Brick, (fire,) - - .0003 .0005
Cement, (Roman,) - - .0008 .0014
Copper, - - .0009 .0017
Dea(};;i)n the direction of the grain, { 00024 .00044
Glass, (English flint,) - - .00045 .00081
~ “  (French white lead,) - .00048 .00087
L Gold, - - - - - .0008 .0015
 Granite, (average,) .00047 .00085
- Iron, (cast,) - .0006 .0011
.« (soft forged,) .0007 .0012
B {(wire,) - . = o .0008 .0014
Lead, - - - - - .0016 0029
.00036 .00065
Matsie, (Carrara,) - - - { TO TO
. .0006 0011
Mercury, - - - - - .0033 .0060
Platinum, - : .0005 .0009
; .0005 .0009
- Sandstone, - - 2 . { TO TO
: .0007 .0012
Silver, S S s et .0011 .002
Slate, (Wales,) - - - .0006 .001
Water, (varies considerably with 0086 0155

. the temperature,) - -

180
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. AREAS OF FLAT ROLLED BARS,

For Thicknesses from {; in. to 2 in. and Widths |
from 1 in. to 12% In.

N o 12 I e
£ || o e B
inlcna.h:.' i 1%1/‘ 1%11‘ 1%1/ o ’21/4112%11 2}4// 127
J | .063| .078| .004| .109| .125| 41| 156 72| 760
F | 425 56| 88| 219| 250 281| 313| 344 | 150
d | 88| 234| 981 328| 375 | 492| 469 516| 22
250 313| .375| 433 500 563 | .625| .638| 300
P | 813| .391| 469 547| 625| 708| 781 859 | 876
875| 469| 563| .656| 750 | 844 | 938 1.08 | 450
433 | 47| 656| 7766| 875 984 (1.09 120 | 525
1 | 00| .625| 750| 875 (1.00 |1.13 |15 |1.38 | 6.00
S | 568| 03| 844! 984(118 (127 [141 155 | 67
T | 625 731| 938/1.09 125 141 |156 [172 | 750
Bl 4 859 1.03 |120 |1.38 155 |172 |189 | 825
— £ | .750| 938 |1.18 |1.31 |1.50 |1.69 |1.83 |2.06 | 9.00
2 813 (1.02 [1.22 142 |1.63 [1.83 {203 |228 | 978
o 875(1.00 {131 |153 |175 |1.97 [2.19 |241 |10
S | 13 | 938|117 [141 [164 188 211 |234 |28 11
PO | 1 100 025 150 |17 200 225 250 275 |12
& | 1 (106 (133 159 [186 [213 239 |2.66 292 [1276
S | 11 113 (141 [1.69 {197 (2125 253 |28 |3.09 |18
L 14 1119 (148 [178 | 208 (2338 |2.67 297 | 827 |1
@ | 11 1257156 |18 219 (250 281 (313 |3.44 [1500
e | 15 (131 (164 [1.97 (230 |2.63 295 !328 |3.61 |15
P2 | 17 (138 (172 206 |241 |275 (309 344 (378 |16
@ | 17 144|180 (216 252 288 {323 (359 [3.95 |17
| 17 150 [188 225 [263 [3.00 338 375 |413 |1800
19 (156 [1.95 [234 (273 [3.13 (852 (891 (430 |1875
13 [1.63 (203 |244 |2:84 (325 |3.66 |4.06 |4.47 | 1950
135 [1.69 (211 253 |2.95 |3:38 380 422 |4.64 |20%5
1% [175 {219 [263 [3.06 [350 [394 |4.38 |481 |21
1313|181 |227 |272 |3.47 |3.68 |4.08 |453 |4.98 |32
AL 284 (281 (328 (375 |4.22 4,69 |5.6
242 (291 339|388 |4.36 484 |53
250 [3.00 |850 |4.00 450 500 |550
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AREAS OF FLAT ROLLED BARS.

(CONTINUED.)

12.76
1350

14.25
15.00

16.76
16.50

17.25
18.00

207

594

8061
1.19

6.23

563

5.63 | 5.94

6.47 | 6.83

1.06 |1.13

452 |4.78 |5.05
5.06 |b.34 |b.64

5.68 |5.91
6.11

250 | .266 | .281
500 | 531 .
760 | 797 | .844

0 478 |5.06 |b.34

0 | 5.31

S i
~ < <5

50 1584 619 | 653

.76
.00 | 638 |6.75 |7.12

234

469
03|
938 | 1.00

219
438
.656
875

g/ 3%” 3}5" 334//‘ 4" 4%// 4%/1 4%/1 12/ .

188 | .208
: 406
609
813

375
063
750

Thickness

in Inches,

A{2roeef i

7
2250

21

192

.80 |6.78 | 7.7 |7.76 |823 (872 [9.20
.50 [7.00 |7.50 8.00 |850 [9.00 |9.50

89 634 (680 (7.6 |7.70 |8.16 |8.61
.09 (656 |7.08 |7.50 |7.97 [8.44 |8.91




12/

2288

o3 <15 S

6.75
7.50
8.25
9.00

16.50
17.25

18.00

834/
422
844

1.69

— 10
— 103

o G2 6 69

8445

717 | 12.75
7.59 [13.50
8.02 | 14.25

406,
813

EIDN

G2 G2 61 D

Do -
604

oD < < <

13 | 8.44 [ 15.00
853 | 886 | 15.75
9.75 [10.13

9.34 | 9.70

8.94 | 9.28

e%u‘ 814"
117 | 122 | 1.27

1.56 | 1.63

761

IR

1.228

—_oS
mgn.onnv

0% 0D <

750
113
1.60

BRSS

~ G2 6 oD

RICEI

o0 o3 < <

|
|

.359‘ 37| 891
719

STEEL COMPANY, LIMITED
144

(CONTINUED.)

ERR

~— 6d 62 62

KE8=

o5 e0 03

.34 | 9.75 [10.16 (10.56 10.97 | 19.50
9.70 [10.13 {1055 [10.97 |11.89 | R0.25

{8)‘98 9.38 | 9.77 |10.16 |10.55 | 18.75
10.06 10.50 {10.94 {11.38 [11.81 | 21.00

1.38

REIR

— i 6 od

S3Ik

8334

59
.94
28

31 110.78 [11.25 (11.72 |12.19 |12.66 | 22.50
66 |11.14 |11.63 12.11 |12.59 |13.08 | R3.25

97 110.42 (10.88 (11.33 |11.78 [12.23 | R1.76
00 [11.50 [12.00 {12.50 [13.00 13.50 |24.00

et

|
|

EGIE

4

)

984 1.03 | 1.08

656 688

2523

~— G026
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STMTce
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-

AREAS OF FLAT ROLLED BARS.

(CONTINUED.)

R . | | | |
e | 117 11§/ |1147113"| 12 121"=12§" 123"

.703' .719‘ .766! 781

1.63 | 1.56
2.30 | R.34
3.06 | 3.13

e
[—]

e,

3.52 | 8.69

< EoN@

e R e Pk

ot
e
© 00ONm orotese porom
- Q0
-~
BIRE KLHBR

..
SO DN OUTEO O

DS 0NN MG CO
-
=y

BE3 SkEI Sks3d sk
o
=
o

sl welliede  wChokle

Skge BERs Zx=k IS8

B O 0N U0 00
——

SO (ONNTH. Ot b

STRE RIAIE 28N

—
—
—
or
=]
[=
—
ot
—
b
8
—
[
&
—
o
o
o

11.69 |11.95 |12.22 1248 |12.75 |18.02 |13.28

13.06 |13.36 |13.66 [13.95 14.25 [14.55 [14.84
13.75 (14.06 |14.38 [14.69 |15.00 (15.3t |15.63

14.44 11477 |15.00 (1642 |15.75 16.08 |16.41
15.18 [15.47 |15.81 |16.16 |16.50 |16.84 |17.19
156,81 [16.17 116.63 116.89 |17.25 |17.61 |17.97
16.50 116.88 [17.25 |17.63 18.00 |18.88 18.75

17.19 17.58 117.97 18.36 18.75 |19.14 |19.53

1856 (1898 |19.41 11983 120.25 20,67 [21.09
19.25 [19.69 12013 2056 21.00 21.44 21.88

19.94 120.39 20.84 21.30 121.75 22.20 [22.66
20.63 21.09 21.56 22.03 [22.50 [22.97 [23.44 28
21.31 21.80 22.28 122.77 [28.25 28.78 24.22
l22.00 2250 23.00 23.50 24.00 24.60 25.00 25,5

b
tofind the area of 153"/ X 7", add the areas fo be found in the same line for 33 X % and 12 X % = 2.84

——

ﬁ‘:lz"vﬁth are repeated on each page to facilitate making the additions necessary to obtain tho areas of plates wider
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WEIGHTS OF FLAT ROLLED BARS.
PER LINEAL FOOT.

For thicknesses from %; in. to 2 m. and Widths from 1 m. to 123( in.

: | I
e e e S B R 2

7.65
1620 |
127 |

2 | .838| 707 | 97| 141] 128] 144 1
i | 850106 128 | 1.49| 170| 191 2
2

2.39




o
WEIGHTS OF FLAT ROLLED BARS.

PER LINEAL FOOT,

(CONTINUED.)

Thickness y 3%// 4% 77 4%//

1 inches.

228 | 2. .05 | 71| 287
298| 3. . 3.61| 3.83

372 | 8. ) 452 | 478
447 | 4

5.20
5.95

670
744
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A

WEIGHTS_OF FLAT ROLLED BARS.
PER LINEAL FOOT.

(CONTINUED.)

Thick: X
inlianclll:?ss. 577 153477 |53477 b3/ | 677 | 6347|6357 637" | 1972 |

S | 319 835| 851| 8.67| 8.83| 8.99| 414 430 7.65
| 425 | 446| 4.67| 489 | b510| 531 | 553 | 5.74 | 10.20 ¢

. | 53] 558 584| 641 68| 664/ 6.90| 7.47 1275 |
% | 633| 669 7.02| 734 7.65| 7.97| 829.| 8611530
‘7 | 744) 781 818| 856 | 893| 9.29 | 9.67|10.04 éﬁg
% | 850( 893| 935 9771020 | 1063 | 11.05|11.48 | 2040 |

957 | 10.04 [ 10.52 | 11.00 | 11.48 | 11.95| 1243 | 12,91 | 22.95
;Z 0,63 | 11,14 | 11.69 | 12.22 | 12.75 | 13.28.| 13.81 | 14.34 | 25,50
ﬁ 11,69 | 12.27 | 12.85 | 13.44 | 14.03 | 14.61 | 15.20 | 15.78 | 28.05 -

12.75 | 13.39 |.14.03 | 14.67 | 15.30 | 16.94 | 16.58 | 17.22 | 80.60

13.811 14,50 | 15,19 | 15,88 | 16,58 | 17,27 | 17.95 | 18.65 | 83.15

7% | 14.87|15.62(16.36 | 17.10 | 17.85 | 18.60 | 19.34 | 20.08 | 35.
4% | 15,94 | 16,74 | 17,58 | 18.33 | 19.18 | 19,92 | R0.72 | 21.51 | 88
1 17.00 | 17.85 | 18.70 | 19.55 | 20.40 | 21.25{ 22,10 | 22.95 | 40.

1 17 [1806 ) 18.96 | 19.87 | 20.77 | 21,68 | 22,58 | 23.48 | 24.89 | 43.35

11 [19.13(20.08 | 21.04 | 21.99 | 22.95 | 23.91 | 24.87 | 25.82 | 45.9(
17 120,19 21.20 | 22.21 | 23.22 | 24.28 | 2523 | R6.24 | R7.25 | 48
13 | 21.25|22.32 | 23.38| 24.44 | 25,50 | 26.56 | 27.62 | 28.69 | 51.0

| 15 1223219343 2454 | 25.66 | 26.78 | 27.90 | 29.01 | 30.12 | 5355

134 |23.38|2454 | 2571 | 26.88 | 28.05 | 20.22 | 30.39 | 3156 | 56.1
17 | 2444 | 25.66 | 26.88 | 28.10 1 29.33 | 80,55 | 31.77 | 32.99 | 58.65
3 |2550 | 2678 zsos 2033 | 30.60 | 31.88 | 33.15 | 34.43 | 61.20

: 9.92 1 30,55 | 31.88 | 33.20 | 34,53 | 35.86 | 63,75
15§ | 20.68129.01|30.89 | 31.77 | 33.15 | 34.53 | 35.91 | 37.29 | 66,30
111 1 28601480.12 | 31.55 | 32.99 | 34.43 | 35.86 | 37.30 | 38.73 | 68.85
3¢kl .24 | 32.73 | 34.22 | 35.70 | 37.19 | 38.68 | 40.17 | 71.40

33.89 | 35.43 | 36.98 | 38.52 | 40.05 | 41.60 | 73.95
47 35.06 | 36.65 | 38.25 | 39,85 | 41.44 | 43,03 | 76.50
0 36,23 | 37.88 | 39.53 | 41.17 | 42.82 | 44.46 | 79.05
70 | 87.40 | 89.10 | 40.80 | 42,50 | 44.20 | 45.90 | 81.




THE CA

.

RNEGIE

STEEL COME

WEIGHTS OF FLAT ROLLED BARS.

PER LINEAL FOOT.

(CONTINUED. )

Y A N7
ANY, L

IMITED

MASGEIRSLISEEEIE~ .

Thickness

e

SROE

Fhimed ' 7// 7%// 7%// 7%1/ 8’/ 8%// 8%// 8%//; 12/) %
]
s | 446| 462 | 478| 494| 510| 526| 42| 58| 765 | ¥ m
i/ | 95| 66| 636| 658| 680| 7.01| 7.22| 7.43|1020 |
ST T B 770 7971 823! 850 | 876/ 9.03| 9291275
3% | 898 957 | -9.83 | 10.20 | 10.52 | 10.84 | 11.16] 15130
o | 1041 1078 1116 | 1153 | 11790 | 1227 | 12:64 | 13.02| 1785
% | 1190|1232 | 1275 1318 1860 | 1403 1444 | 14,87 2040
s 113391386 | 1434 ] 1482 15 30| 15,78 | 1626 | 1674 | 22.95
;? 1487 | 15.40 | 15,94 | 16.47 | 17.00 | 17.53 | 18.06 | 1859 | 25,50,
i1 116361694 |17.58 | 18.12 | 1870 | 19.28 | 1986 | 2045 | 2805
3 17851849 | 1913 | 19.77 | 2040 | 21.04 | 21.68 | 2232 | 30.60°
1o 119.34(20.03 | 2072 2141|2210 [22.79 | 23.48 | 2417 | 8315
% | 2083 | 2157 | 22.32 | 23.05 | 23.80 | 2455 | 25,30 | 26.04 | 3570
13122322311 | 2391|2470 | 25,50 | 26.30 | 27.10 | 2789 | 3825
1" | 2380|2465 | 25,50 | 26.35 | 27.20 | 28.05 | 28.90 | 29.75 | 4080
1.4 (252912619 |27.10]28.00 | 28.90 | 29.80 | 30.70 | 81.61 | 4335
11¢ | 2678 | 27,73 | 28168 | 29.64 | 30.60 | 31.56 | 32.52 | 33.47 | 45.90
1. 128262927 | 3028|3129 | 32.30 | 3331 | 3432 | 8533|4845 | %
13 | 2075|3081 3188 (3294 |34.00 | 35.06 | 36.12| 37.20 5100 | i
15 131233235 | 33.48 | 3459 : 9.05
134 3272|3389 | 35.06 | 36.23
17 (3421 | 35.44 | 36.66 | 57.88
13, | 35.70 | 36.98 | 33.26 | 39.53
15 | 3719|3851 [ 39.84 | 4117
15 | 38.67 | 40.05 | 41.44 | 4282
111 | 40.16 | 41.59 | 43.03 | 4447
13 |41.65|43.14 | 44.63 | 46.12
132 4314|4468 | 4622 | 4776
17 | 44.63| 4622 | 4782 | 49.40
113 | 4612 |47.76 | 49.41 | 51.05
4760 | 4930 | 51,00 52.70



w' 3

E THE CARNHGI

WEIGHTS OF FLATROLLED BARS.

PER LINEAL FOOT.

(CONTINUED.)

Thickness 17 77
in inches, 9 9%

107 1103 //10%4771034 77| 1277

9%// _,/.(//

590| 6.06| 6.22| 6.98| 654 6.70| €86| 7.65 |
7.86| 808 829 850 871 892 9.14)10.20 §

9.8310.10 | 10.36 | 10.62 [ 10.89 [ 11.16 | 11.42 | 12,75 |
11.80 | 12.12 | 12.44 13.07, 13,39 | 13.71 | 15.30 |
13.76 | 14.14 | 14.51 | 14.88 | 15.25115.62 | 15.99 | 17.85 §
15.78 | 16.16 | 16,58 [ 17.00 | 17.42 | 17.85 | 18.28 | 20.40

17.69 | 18.18 | 18.65 | 19.14 | 19.61 | 20.08 | 20.56
19.65 | 20.19 | 20.72 | | 21.78 | 22.32 | 22.85
21.62 | 22.21 [ 22.79 | 23.38 | 23.96 | 24.54 | 25.13
23.59 | 24.23 | 24.86 | 25,50 | 26.14 | 26.78 | 27.42

25.55 | 26,24 | 26,94 28.32 | 29.00 29.69
27.52 | 28.26 | 29.01 3050 (31,24
290,49 | 30,28 | 31.08 | 81.88 | 32.67 | 33.48
31.45  82.30 | 33.15 )0 | 34.85 85.70

33.41 | 34.32 [ 35,22 | 36.12 | 37.08 | 37.92
35.38 | 36.34 | 37.29 | 3825 | 89.21 | 40.17
37.35 | 38.36 | 39.37 | 40.38 | 41.39 | 42.40
89.31 | 40.37 | 41.44 | 4250 | 43.56 | 44.63

41,28 | 4240 | 43.52 | 44.64 | 45.75 | 46.86
44.41 | 45.58 | 46.75 | 47.92 | 49.08
46.44 | 47.66 | 48.88 | 50.10 | 51.32
4845 | 49.73 | 51.00 | 52.28 | 53.55

50.48 | 51 .14 | 54.46 | 55.78
52,49 | 53, .25 | 56,63 | 58.02
58,81 | 60.24
60.99 | 62.48

| 63.17 [ 64.70
65.35 | 66.94
67.52 | 69.18
69.70
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2 CARNEGIE STEEL: COMPANY, LIMIT BD.

WEIGHTS OF FAT ROLLED BARS.

PER LINEAL FOOT.

(CONTINUED.)

1]

Thickness
ininches.

1137

1347

113477

12/

1237

12347/

12347/

e

W

W

=SSy

; .
=

717
9.57

11.95
14.35
16,74
19.13

21.51
23.91
26.30
28.68

31.08

7.2
9.78

12.22
14.68
17.12
19.55

| 32.46

| 44.94

7.49
10.00

12.49
1499
17.49
19.97

22.48
24.97
27.47
20.97

34.95
37.46
39.95

4245

4745
49.94

5244
54,93
57.43
59.93

62.43
64.92
67.42
69.92

7241
74.90
7741
79.90

7.65
10.20

12.75
15.30
17.85
20.40

22.95
26,50
28.05
30.60

33.16
35.70
38.25
40.80

43.35
45.90
48.45
51.00

53.55
56.10
58,65
61.20

63.75
66.30

7.82
10,42

13.01
15.62
18.23
20.82

23.43
26.03
28.64
31.25

33.83

7.98
10.63

13.28
15,94
18.60
21,25

23.90
26.56
20.22
31.88

34.53

e}
—_—
w

-
=
the weights of plates

3.

Dt
%o S

o
RIL ‘SR @

BENR
=

facilitate making the additions necessary to obtain

;}x';g;

RS S53%
to

or
S

&
=538 wesl

weights for 127 width aro epeated on

15]

‘than 127,

’

nphmmm

+ 0=l s

add the weights to be found in the same line for 334X74 and $2X74 ==

o 2..




T

WEIGHTS AND A

REAS OF SQUARE AND

ROUND BARS AND CIRCUMFER-
ENCES OF ROUND BARS.

One cubic foot weighing 490 lbs.

Thickness
or Diameter
in Inches.

Weight of
Bar
One Foot Jong.

Weight of
Bar
One Foot long.

Area of
[] Bar
in sq, inches.

Area of

Q Bar

in sq, inches,

Circumferencs |

of O Bar

in inches.

»

H e o = o o ST ;}-:—;—-;}-o

013

.0039
0156
0352

0825
0977
.1408
.1914

.2500
3164
.3908
4727

5625
.6602
.7656
.8789

1.0000
1.1289
1.2656

1.4102

1.5625
1.7227
1.8906

| 2.0664

2.2500
2.4414
2.6406
2.8477

3.0825
3.2852
3.5156

0031
0123
0276

0491
0767
1104
.1503

3.7539 i 2.9483

.1963 |
3927 |
.5890 |

7864 |

9817
1.1781
1.3744

1.5708 |
1.7671

1.9635 |
21598 |

2.3562
2.5525 |




= ? "‘T‘J?-@ﬁg’\f_x,. T TR o, B
THE (,.‘:;\55_‘\(“‘.&:"!1"4‘ STEEL CO) NY, LIMITED,
SQUARE AND ROUND BARS.

(CONTINUED.) !
Thickness | Weight of Weight of Area of Area of Circumference ;
of Diameter Bar Bar [] Ber QO Bar of O Bar '
in Inches, | One Foot long. | One Foot long. | in sq. inches, | in sq. inches, in inches, ‘
8 1224 | 96.14 | 36.000 | 28.274 | 18.850 |
& | 125.0 | 9814 | 36.754 | 28.866 | 19.046 !
3 1276 | 100.2 | 37.516 | 29.465 | 19.242 |
4 | 1802 | 1022 | 38.285 | 30.089 | 19.439 |
1 | 1828 | 1043 | 39.083 | 80.680 | 19.835 i
& | 1855 | 1084 | 39.848 | 31.296 | 19.831 |
1 1382 | 1085 | 40.641 | 31.919 | 20.028 |
1 f. 1409 | 110.7 | 41.441 | 32.548 20.224
| 1 | 1438 | 1128 | 42.250 | 83.183 | 20.420 |
4 | 1485 | 1149 | 43.086 | 33.824 | 20.617 |
3 149.2 | 117.2 | 43.801 | 34.472 | 20.813
$# | 1621 | 1194 | 44.723 | 35.125 | 21.009 |
E 3 1549 | 1217 | 45.563 | 35.785 | 21.206 |
. I3 | 157.8 | 1239 | 46.410 | 36.450 | 21.
7 160.8 | 1262 | 47.266 | 37.122 | 21.598
i3 | 1638 | 1285 | 48.129 | 37.800 | 21.795
7 1668 | 1309 | 49.000 | 38.485 | 21.991
4 | 169.8 | 1332 | 49.879 | 39.175 | 22.187
E ] 1728 | 1358 | 50.768 | 39.871 | 22.384
. & | 1756 | 1879 | 51.660 | 40.574 | 22.580
3‘ 1787 | 140.4 | 52.563 | 41.282 | 22.777
181.8 | 1428 | 53.473 | 41.997 | 22.973
3« 184.9 | 1453 | 54.3901 | 42.718 | 23.169
188.1 | 147.7 | 55.316 7
1 | 1913 | 1502
% | 1944 | 152.7
. % 197.7 | 155.2
# | 2009 | 157.8
P 2 204.2 .| 160.3
, ? 207.6 | 163.0
, 2108 | 165.8
| 2142 | 1682




THE CARNEGIE STEEL COMPANY, LIMITED.

SQUARE AND ROUND BARS.

(CONTINUED.)

Thickness | Weight of | Weight of Area of Area of Ciroumference
or Diameter| [ | Bar O Bar [] Bar QO Bar | of O Bar
in Inches. | One Foot long. | One Foot long. | in sq. inches, | in sq, inches. in inches,

217.8 171.0 | 64.000 | 50.265 | 25.133
221.0 173.6 | 65.004 | 51.0564 | 25.329
224.6 176.3 66.016 | 51.849 | 25.526
228.0 179.0 67.085 | 52.649 | 25.722 |

231.4 181.8 g 53.456
234.9 . | 54.269
238.5 : X 55.088
242.0 : . 55.914

56.745

© it e et it ”

A
2

*
|
|
§




THE CARNEGIE STEEL COMPANY, LIMITED

At e Sl

SQUARE AND ROUND BARS.

(CONTINUED. )

e
-

« Thickness | Weight of Weight of Area of Area of Circumference
or Diameter| [ | Bar O Bar [] Bar O Bar | of O Bar

in Inches. | One Foot long, | One Foot long. | in sq. inches, | in sq. inches, | ininches,

10 3400 | 2670 | 100.00 | 78.540| 81.416
4 | 8443 | 2704 | 101.25 & 79.525 | 31.612
T | 8485 | 2738 | 102,52 | 80.516 | 31.809
J | 8529 | 2771 | 108.79 | 81.513| 82.005
+ | 857.2 | 2808 | 105.08 | 82.516| 32.201
4 | 3616 | 2840 | 106.35 | 83.525| 32.398
{ | 3660 | 2874 | 107.64 | 84541 32504
5 | 8704 | 2909 | 108.94 @ 85.562 | 32.790
1 | 8749 | 2044 | 11025 | 86.500 | 32.987
# | 8794 | 297.9 | 11157 | 87.624| 33.183
% | 3838 | 3014 | 112.89 | 88.664| 33.379
i1 | 888.3 | 8050 | 114.22 | 89.710| 83.576
s | 3929 | 3086 | 115.568 | 90.763 | 33.772
{s | 897.5 | 3122 | 116.91 | 91.821 | 33.968
7 | 4021 | 3158 | 118.27 | 92.886 | 34.165
{3 | 406.8 | 319.5 | 119.63 | 93.956 | 34.361

4114 | 3231 121.00 | 95.033 | 34.558
416.1 326.8 | 122.38 | 96.116 | 34.754
4209 | 3305 | 123.77 | 97.205 | 34.950
425.5 | 38343 | 125.16 | 98.301 | 35.147

430.3 | 337.9 | 126.566 | 99.402 | 35.343
435.1 341.7 | 127.97 | 100.51 | 35.539
439.9 | 345.5 | 129.39 | 101.82 | 35.736
444.8 | 3494 | 130.82 | 102.74 | 35.932

4496 | 353.1 | 132.25 | 103.87 | 36.128
454.5 | 357.0 | 133.69 | 105.00 | 36 }
459.5 | 3609 | 135.14 | 106.14
4644 | 3648 | 136.60 | 107.28

4694 | 368.8 | 138.08 | 108.43
4744 | 3726 | 139.54 | 109.59
479.5 | 376.6 | 141.02 | 110.756
4845 | 3806 | 142.50 | 111.92

it e Seoste Seerth




THE CARNEGIE

STEEL. COMPANY, LIMITED,

Length from under head.

7/

WEIGHT OF RIVETS, and ROUND HEADED |
BOLTS WITHOUT NUTS, PER 100.

One cubic foot weighing 480 lbs.

I‘engﬂl_ %II },éll }S,é/l 34// 78’" | 1// ’1}6//“ 1%"

Inches.| Dia. | Dia. | Dia. | Dia. | Dia: ; Dia. | Dia. | Dia.

: b4 | 126 | 205: 287 | 431 | 653 | 915 | 128,
15| 62| 139, 237.| 818 | 478 | 707 | 984 | 138,
137 | 69 | 1587 258 | 849 | 514 | 762 | 105. | 142
2 | 77168 | 278 | 379 | 556 | 816 112 | 150,

85180 800 ! 410 | 508 | 8.1 | 119. | 150,

92 | 194 | %292 | 41| 630 | 925 | 126 | 167

10.0 | 207 | 843 | 474 | 681 | 980 | 133. | 176

108 | 221 | 364 502 | 723|103 | 140. | 184

115 | 235 | 386 | 533 | 765 | 109. | 147. | 198,

123 | 248 | 407 | 564 | 807 | 114. | 154. | 201,

13.1 | 262 | 428 | 594 | 848 120. | 161. | 210,

| 188 | 275 | 450 | 625 | 89.0 | 125, | 167. | 218,

146 | 289 | 471 | 656 | 932 | 181 | 174 | 221

154 | 80.8 | 492 | 686 | 97.4 | 136. | 181. | 236

162 | 81.6 | 514 | 717 | 102 | 142 | 188, | 244

169 | 830 | 535 | 748 | 106 | 147. | 195. | 253 |

17.7 | 844 | 556 | 77.8 | 110. | 153. | 202. | 261

184 | 857 | 577 | 80.9 | 114. | 158. | 200. | 270,

192 | 871 | 599 | 840 | 118 | 163, | 216, | 278,

200 | 385 | 620 | 87.0 | 122, | 169. | 223 | 287,

205 | 412 | 663 | 932 | 131. | 180. | 236. | S04

230 | 439 705 | 993 | 139, | 191, | 250. | 821, .

246 | 466 | 748 | 106, | 147. | 202. | 264. | 838 |

| 261 [ 494 | 79.0°| 112, | 156. | 213 | 278. | 855, '

18121 276 | 521 | 833|118, | 164 | 208. | 202. |87
e *ﬁ;& 202 | 548 | 87.6 | 124, | 173, | 284, | 306. | 389,
ol 9% | 807 | b7.6 | 918 | 130. | 181, | 245. | 819. | 408. -
| 100 [ 822 | 603 | 961 | 136. | 180 | 256, | 833. | 428,
£ 838 | 63.0 | 101. | 142, | 198. | 267. | 847. | 440, .|
§ 11 858 [ 657 | 105. | 143. | 206. | 278 | 361, | 457, |
‘i}g-.&ss.s 685 | 109. | 155. | 214. | 289, | 875. | 474 |
| 284 T2 | 113 | 161 |28 | 300 | 3. | 491 |
| Heads| 18 | b7 134 | 222 | 380 | 7.0 | 820

109




THE CARNEGIE STEEL COMPANY, LIMIEED.

- WEIGHT OF 100 BOLTS WITH SQUARE
HEADS AND NUTS.

 Length DIAMETER OF BOLTS,

3
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THE CARNEGIE STEEL COMPANY, LIMI'I'E(D.

__ Bolt. | 00 Nuts |
971 15|
4| a9
% l 4.9
L 7.7
1 8.6
;,/Z } 11.8

16.7

E;: 17.7/
3% 22.8
3 32.3

: é 39.8
7% 53.
e 63.
. |68-'

W o4,

o 11 103.

f1lg | 187.

Ty 145,

: 152 1886.
135 | 247.
1| 819

1% | 400

134 | 600
1% | 62e.

‘g | 750
9lg | 780.
2tz 930.

SIZES AND WEIGHTS OF HOT PRESSED |
SQUARE NUTS. :

The sizes ara the usnal manufacturers', not the Franklin Institute Standard, Both weights an
sizes are for the unfinished Nut. The weights are calculated, one cubic foot weighing 480 Ibs,

Size of | Weight of 1

|
Thickness |

Rl?t?l? of Nut. | g;mf Diagonal, No.‘%.]l;lbt:in_
% | % | .1 es00
319: f}‘, 5 | ‘88 | 8480
i | ¥ | % | 106 | 2080
3 7% | 124 | 1200
i’v: }2 % | 124 | 1170 8
o R AR | 141 | 850
1 & | 1% | 150 | 6008
5 % 14 | 1.59 | 570
% | 5 | 1% | 171 | 440
s #l ¥% | 134 | 104 | 310
8| % | 1 212 | 251
i3 7% | 15 | 2.80 | 190
5| % | 1% | 227 | a9
% 0 41 1% | 247 | 146
7% |1 9" | 2:83 | 108
B 1| 2 |28 97
$# |1 2y |sis| 7808
15 14 2y .| 8.18 69
1% | 134 | 215 | 354 | 54
Y | 1% | 2% |'sse | 41 %
15 | 1% | 8 424 | 818
1% | 1% | 8% | 460 | 248
1% | 1% | 8% | 495 | 1998
Wi | 1% | 8% | 530 | 162
13 | 2 4 | 566
1% |2 | 4 | 5.8
2 2 | a1 | 801
4y | 6.01
4i; | 6.36
4y, | 6.7%
07
78
49

W=

_ogo
N



THE CARNEGIE STEEL COMPANY

, LIMITED,

SIZES AND WEIGHTS OF HOT PRESSED

HEXAGON NUT

The sizes are the usual manufacturers’, not the Franklin Institute Standard. Both wmfh ts and

| sizes are for the \mﬁmshed Nnt.. The welghts are caloulated, one oubic foot weighing

80 lhs.

Sizoof | Weightof' | Rongh | Thickness Short
Bolt, | 100 Nuts. | ~Hole. | of Nut. | Diameter.

Long

Dimewr.

No. of Nuts in
100 Ibs.

b A

1
3

)
%)
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rejoorspene Sraf T
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NN
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8000
4170
2410
1460

1410
1020
710

680




THE CARNEGIE STEEL COMPANY, LIMITED.

UPSET SCREW ENDS FOR ROUND AND |

SQUARE BARS.

Dia, of ROUND BARS. SQUARE BARS.
- v Excess of Excess of
i Dia. of i - ia. > Ndl
f”?‘:: Tt Sy ot | Throds ) Dﬁ;sg{ Sorow st |-Threeds s
“q Screw | Root of | per Inch. of 1 Serew | Root of | per Inch. | ATed of |
Bar. | Bnd. | Thread. | No, |SrewEnd] gy Yo. [orem AN
Inches, | Inches.| Inches. Per Cent, | Inches. | Inches Per Cent. I
| % | 6010 54 | 34| 6201 10 21 4
| %| 60|10 | 20 | % W9 | 8
s | % | m| 9 & L 8% | 8 41
|1 837 | 8 48 |1 887 | 8 17
11 8% | 8 2% |1 940 | 7 28
{16 ] 0| 7 | u 1§; 1065| 7 | %8
7 | 134 | 1.085 | 7 48 | 137 | 1160 | 6 3
35 | 137 | 1.065 | 7 29 | 135’ 1.160 | 6 20
1 13 11160 | 6 | '8 | 115|128 | & 29
14 | 135 | 1.160 | 6 19 | 15 (1389 | By | %
13 | 124 | 1284 | 6 30 | 154 |1.389 | 52 | 20
1% | 125 | 1284 | 6 17 | 137 14% | 5 %
13 | 156 | 1389 | b1 | 28 | 1% | 1616 | 5 319
19 | 137 | 1490 | 5 29 | 1% | 1615 | & 19
13 | 134 | 1490 | 5 18 |2 |12 45| 22
1 | 1% | 1615 | 5 | 26 | 214 | 1887 | 41| 28
1 |2 [172| 415 | 80 | 214 | 1887 [ 4| 18"
1% |2 |1712| 4| 20 |21 |1962| 416 | 4
156 | 214 | 1.887 | 41 | 28 | 235 | 2087 | 41 | 809
130 | 2 | 1897 | 415 | 18 | 237 | 2087 | 41 | 20
134 | 214 | 1962 | 4% | 26 | 21 (2475 | 4 21
135|214 | 1962 | 434 | 17 | 255 [ 2300 | 4 2
1% | 23¢ | 2.087 | 41 | 24 | 254 | 2800 | 4 18
i |2e |30 | €°| w |30 |Bum | & | B
2 |2 || 4 18 | 27¢ | 2550 | 4 28
20 | 25 | 2300 | 4 24 | 277 | 2550 | 4 20
e 9% 19800 | 4 17 |8 |2629| 85| 2
28 : : 28 | 814 | 2754 | 815 | 2%




THE CARNEGE STEEL COMPANY, LIMITED.

UPSET SCREW ENDS.
(CONTINUED. )

)as| ROUND BARS. SQUARE BARS.

e Excess of Excess of
Side of | Dia. of | Dia. of S % | Dia.of | Dia. of s
Squ:’e Upset | Screw at | Threads Eﬂ‘emv; Upset | Screw at | Threads Efrﬁ":;

Area o
o, | Sy | Rkl | oo v aa) S | Aol | e o ey o
Inches, | Inches. | Inches. Per Cent, Inches. | Inches, Per Cent,

o1 |27z [2mo0| 4 | 28 | 3¢ |2ma| 84| 18
o4 | 2% |2650 | 4 | 22 |37 |28 815 2
23 |3 |26 | 16| 28 [83¢ (3004 34| 26
o |34 |amsa | 81| 28 | %35 | %004 | 3 | 19
o1 | 3¢ | omsa | 8¢ | 21 | 31 |30 | 84| 21
% |81z |28 | sig | 26 | 95 |32 | 3if | 4
o5 |32 |28 | 31| 20 | 95|82 sy | 19
53 | 35 5000 | 31y | 55 | 30 337 3% %0

23, | 835 3004 | 8% | 19 | 8% | 3442 3 23
21t |8 8100 8 | 22 |37 3442 3 18
97 |85 | 8205 | 8| 26 |4 |8567| 8 21
213 | 85 | 3295 | 817 | 21 | 414 | 3692 | 3 24
3 |38y |3s17| 8 22 | 415 | 3692 | 3 19
3¢ | 8% 8442 | 38 21 | 435|898 | 2% | .4
81, |4 |3567| 8 20 | 414 | 4028 23y | 2
83; | 414 [ 3692 | 8 20 | 455 | 4153 | 23 | 19

81 |41 | 3798 | 2% | 18
85 |41 | 4028 | 237 | 28
83 | 45 | 4158 | 23 | 28
g7, | 43, | 4285 | 25 | 21

REMARKS,—As upsetting reduces the strength, bars having the same
diameter at root of thread as that of the bar, invariably break in the
. screw end, when tested to destruction, without developing the full strength
“of the bar. It is therefore necessary to make up for this loss in strength
by an excess of metal in the upset screw ends over that in the bar.
The above table is the result of numerous tests on finished bars made
- by The Carnegie Steel Company, Limited, and gives proportions that will
cause the bar to break in the body in preference to the upket end.
The screw threads in above table are the Franklin Institute standard. o
To make one upset end for 5” length of thread allow 6”7 length of | [
rod additional, ;
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THE CARNEGIE STEEL COMPANY, LIMITED.

STANDARD SCREW THREADS, NUTS AND i
BOLT HEADS.—Recommended by the in Institute. E

SCREW THREADS.

Nuts and Bolt Heads
are determined by the fol-
lowing rules, which apply to
Square and Hexagon Nuts
both :

S "\¥| Short diameter of rough nut
Angle of Thread 60°. Flat at Top and Bottom= 3¢ of pitch.| =114 x dia. of bolt + L4 in.
" Dia.of | Dia. at Root| Threads |Shortdiameteroffinished nut |’
Screw. of Thread. | per Inch. =1}4 X dia. of bolt + 1-16in. |
Inches, Inches. | No. Thickness of rough nut

= diameter of bolt.
Thickness of finished nut

=diameter of bolt —1-16in. |
Short diameter of rough head |-

=114 X dia.of bolt + L4in,
Short dia. of finished head |

=114 X dia. of bolt 4 1-18 in. |
Thickness of rough head

= 14 short dia. of head.
Thickness of finished head

= dia. of bolt —1-18 in.

SRR X

hexagon nut may be obtained
by multiplying the short}
diameter by 1.155, and the
long diameter of a square |
nut by multiplying the short |
diameter by 1.414.

The above standards for|
serew threads, nuts and bolt |
heads, were recommended by
the Franklin Institute in
Dec. 1864, The standard for
serew threads has been very
generally adopted in the
United States, but the pro-
portions recommended for
nuts and bolt heads have not |
found general acceptance be-|
cause of the odd sizes of bar
—not usually rolled by the|
mills—required to make th
nut.

N
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THE CARNEGIE STEEL COMPANY, LIMITED.

WHITWORTH'S STANDARD ANGULAR
SCREW THREADS.

Angle of thread 55°.
of screw.

Nat top and bottom.

Depth of thread = pitch
1% of depth is rounded off

\ ¥ \
Number of threads to the inch in square threads = 3 the num-
ber in angular threads.

Dia. of | Threadsto| Dia.of |Threadsto| Dia.of |[Threadsto| Dia.of |Threadsto
Screw. | the inchi | Secrew. | theinch. | Screw. | theinch. | Screw. | the inch.
In, No. In. No. In. No. In, No.
$74 20 1 8 2 4y 4 3
s 18 1% ¥ 2Y 4 4y 27
33 16 1y 7 2y 4 4 2%
% | u |8 | |||
b [z, P
11 1 2 1
¥ | w |1 [ 5 | 9% | sx | 5| 2%
% 9 1% 4y 3y 3 53 2y
6 2y
STANDARD SLEEVE NUTS.
SCREW. o SLEEVE NUT. SCREW. | 4 A SLEEVE NUT.
§ ﬂ §.§ 5 = = e 5 g’g 5 =2 i 2
2s|gd| & 24 3 i | Z=|gd| = |24 2
11853050 500 2| 2| 5030 FYELE
A o R e A
1 4 (21115 | 7| 6| 42|12 | 5 (214 |3y [131| 8 (148
13| 4 (235|156 | 42| 6 | 46{23¢| 5 (37 (334 |2 | 9 |198
1| 4 (20|13 [145| 6| 48]|2%4| 5 [8 (856 (25 | 91200
1361 418 (12|15 | 7| 6.0|R58| b5 |R% (8% (R75| 9 (227
121 4|18 (24|15 | 7| 66|23 | 6 [224|8% |27 | 9 |252
15| 4 |22¢ |25 (134 | 7| 7h|27% | 6 |37 |42 |25 | 10 |208
1371 4125124 |1% | 7| 9.0]8 6 (3 (41|25 | 10 |30.6
1% 5 |3 156 | 8 (1051315 | 6 |21 (435 |R3 | 10 |34.8
2 5|3 |23 |123| 8 (1143} | 6 215|456 2% 10 |39.2
914 51234187 |127| 8 |185[334| 6 (877 |ai¢ (3" | 11 |4t0
3% | 613 |5 |314] 11 |356

All dimensions are in inches.

Weights are for finished nuts.
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THE CARNEGIE STEEL COMPANY, LIMITHED.

STANDARD PIN-NUTS.

PINS, PIN-KUTS. PINS. PIN-NUTS,

P T P P EAET e
' géggggaggéiéhéégassﬁzég
17 |1¢| 8 |23 256 | %0858 (8| 6|5 |5y |14
216|134 8 (234 (276 | §1|1.08)436(374| 6 |55 |634 (1%
ou |15¢] 8 [234 (27 |1 097|434 |34 6 534|634 |1
o3¢ 13¢| 8|8 |s3s|1 |150fase |83 | 6 |53 636 1%
2zl 8|8 8%t |187fam|s | 6|6 |eps|1x
9562 |8(sigle {1 [208)5%(s |6|6 [e1s|1y
osclosg| 8 (8sa |1 |196)53 (4| 6 (6 |638 |1
27 |23 | 8 |¢ [a56 |13 |338]556 [a24 | 6 63 |73 |1x
8 [23¢|8|e [a56|13¢|022]5% |a3¢| 6 |63¢ 738 |1
814217 | 8 |ax¢ |47 |13¢ |3:68 ] 63¢ 43¢ | 6 |63 738 |13
8i [25¢] 8 |an¢ (a7 |13¢ [3.a1) 6565 | 6|8 [on |13
93¢ 237 | 6 |44 5% |13 |09 656 |53 | 6 (8 [9% |13
84 27| 6 43¢ (524 |13 |a63] 6% 54| 6 |8 |93 |13
gs¢l8 | 6|5 [5y|1yisasdinlsy] 68 |9 (1%

All dimensions given above are in inches. Weights refer to untapped nuts.

WOOD SCREWS.
Diameter=numberx 0.01325--0.056.

No. | Diam. | No. | Diam. | No. | Diam. No. | Diam.
0| 066 | 6| .35 | 12 | 215 18 | .298
1] 069 | 7| 149 | 13 | 228 | 19 | .308
2| 08| 8| .162 | 14 | 241 | 20 | .321
8| .006] 9| 176 ] 156 | 2556 | 21 | .884
4| 09 | 10 | 183 | 16 | 268 | 22 | .847
5| J22 | 11 | 201 | 17 | 281 | 28 | .861




[ THE CARNEGIE STEEL COMPANY, LIMITED.

SPIKES, NAILS AND TACKS.
STANDARD STEEL WIRE NAILS,

Common, Finishing.

STEEL WIRE SPIKES, [COMMON IRON NAILS,

o, o, er . | oo | angtn Diam. %o, Bt i | Langtn o g
177 |.0524 1060 |.0453 | 1558 |87~ |.1620 |41 | 2a |17/ |800
13477 0588 | 640 |.0508| 913|81477].1819]30 | 3d|1:¢77 400
1327 0720| 380 |.0508| 761|477 |2043|28 | 4a|1%%77 300
15¢7/| 0764 | 275|.0571 | 500 |43477| 229417 | 5d | 13{7/| 200

27 |.0808| 210 |.0641 | 8505 |.2576(18 | 6a |27 |150
21777|.0858 | 160 |.0641 | 815|514/ 2898 |11 | 7d |23¢77|120
21477.0985 | 115(.0720 | 214|677 [2898/10 | 8a |23/ 85
23¢7/.0963 | 93(.0720 | 195 |6147/|.2249 | 734| 9d |23¢77| 75

377 1.1082| 77|.0808| 187 |77 |.2249| 7 |10d (3’ | 60
31{7/|.1144| 60(.0808| 12787 [.3648| 5 |12d|3%//| b0
8147711285 48|.0907| 90|97 |.3648| 414116d (3157/| 40

47 1.1620| 81].1019| 62]. . 20d (477 | 20
417711819 22| . . . |30d |41577] 16
577 12043 17|. A . |40d (577 | 14
5157712204 | 13 . .150d {5347/ 11
R : 60d | 677 8

Title, |Length,| Number | Title, |Length, | Number | Title. | Length. | Number
in, | per pound. | oz in. |perpound.| oz in. | per pound.

3% | 16000 | 4 | 7 | 4000 | 14 | 33 | 1143
15 | 2 | 10866 | 6 1}92 2666 | 16 | 7 | 1000

‘ i |- 000 | 8 2000 | 18 | 3 | 888
915 | 2 | 600 | 10 | 33 | 1600 | 20 | 1 800
9° | 30| b33 | 12| 3/ | 1388 | 2|18 | wr

o4 | 13§ | 666

WROUGHT SPIKES.
Number to a keg of 150 lbs,

sength, | 1-4 inch, | 5-16 inch. 3-8 inch.jlength.| 1-4 inch, 5-16inch | 3-8inch,|7-16inch-| 1-2inch
YNo. No. Ko. | In, No. Yo, YNo. Yo, No.

o o e | 7| 1161 | 662 | 482 | 445 | 306

1890 | 1208 | . .| 8 | . . | 635 | 455 | 384 | R56
: 9| ... | 573 | 44 | 300 | 240

1464 | 1064 | . . | 10| . .| . .| 391 | 270 | 202
1380 { 930 | 742 | M1 | . .. .|+ o | 249 | 203
R0 | 868 (670112 | . . 1. . 1. . 1236 | 180




THE CARNEGIE STEEL COMPANY, LIMITED.

WEIGHT OF SHEETS OF WROUGHT IRON,

STEEL, COPPER AND BRASS. (From Haswell.) |

Weights per Square Foot. Thickness by Birmingham Gauge.

- é‘:u;{ g o ' Tron. Steel. | Copper. Brass.
0000 454 18.22 18.46 20.57 19.43
000 425 17.056 17.28 19.25 18.19
00 .38 15.25 15.45 17.21 18.26
0 34 13.64 13.82 15.40 14.55
1 3 12.04 12.20 13.59 12.84
2 284 11.40 11.55 12.87 12.16
3 .259 10.39 10.53 11.73 11.09
4 238 9.565 9.68 10.78 10.19
8 22 8.83 8.95 9.97 9.42
(6] .203 8.15 8.25 9.20 8.69
1 .18 7.22 7.32 8.15 .
8 .185 6.62 6.71 7.47
9 .148 5.94 6.02 8.70 .
10 134 5.38 5.45 6.07 5. 74
11 12 4.82 4.88 5.44 5.14
12 .109 4.37 443 4.94 4.67
13 0956 3.81 3.86 4.30 4.07
14 .083 3.33 3.37 3.76 3.56
15 072 2.89 2.93 3.26 3.08
16 .085 2.61 2.64 2.94 2.78
17 .058 2.33 2.36 2.63
18 .049 1.97 1.99 2.22 -
19 .042 1.69 1.71 1.90
20 .035 1.40 1.42 1.569
21 .032 1.28 1.30 1.45
22 028 1.12 1.14 1.27
23 .025 1.00 1.02 1.13
24 .022 .883 .895 1.00
25 .02 .803 .813 .806
26 .018 722 732 815
27 016 .642 651 725
28 014 .562 569 .634
29 .013 522 529 589
30 012 482 488 544
31 .01 401 407 453
32 .009 .361 .366 408
33 .008 321 325 .362
34 007 .281 285 317
35 .005 .201 .203 227
m 7.704 7.808 8.698
[ Ollblc OOt, 481.25 |487.756 |543.6
) 2787 2823 .3146
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THE CARNEGIE STEBEL: COMPANY, LIMITED

WEIGHT OF SHEETS OF WROUGHT IRON,
STEEL, COPPER AND BRASS. (From Haswell.)
‘Weights per Sq. Foot. Thickness by American (Browne & Sharpe's) Gauge.

3 1 S
é‘:ugg, juokhes | Irom. | Steel. |  Copper. Brass.
0000 | .46 18.46 18.70 20.84 19.69
000 | .4096 | 16.44 | 16.68 18.56 17.53
00 .3648 | 14.64 | 14.83 16.53 15.61
0 3249 | 13.04 | 138.21 14.72 13.90
1 2893 | 11.61 11.76 138.11 12.38
2 2576 | 10.84 | 10.48 11.67 11.03
3 2294 9.21 9.33 10.39 9.82
4 .2043 8.20 8.31 9.26 8.74 :
5 1819 7.30 7.40 8.24 7.79 ;
8 | .1620 6.50 6.59 7.34 6.93 2
7 1443 5.79 5.87 6.54 6.18
8 1285 5.18 5.22 5.82 5.50
9 1144 4.59. 4.65 5.18 4.90
10 .1019 4.09 4.14 4.82 4.38
la .0907 3.64 3.69 4,11 3.88
12 .0808 3.24 3.29 3.66 3.46
13 .0720 2.89 2.93 3.26 3.08
14 .0641 2.57 2.61 2.90 2.74
15 0571 2.29 2.32 2.59 244
16 .0508 2.04 2.07 2.30 2.18
17 .0453 1.82 1.84 2.05 1.94
18 .0403 1.62 1.64 1.83 1.73
19 .0359 1.44 1.468 1.63 1.54
20 .0320 1.28 1.30 1.45 1.837 g
21 .0285 1.14 1.16 1.29 1.29° e
22 .0253 1.02 1.03 1.15 1.08
23 .0226 908 918 1.02 .966
24 .0201 .807 -.817 911 .860
25 .0179 718 728 811 .766
26 .0159 .840 .648 722 682
27+ | .0142 570 B77 .843 .808
28 .01286 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 | !
83 .0071 .284 288 .321 .303 ~
34 .0063 253 256 .286 270
35 .0056 225 228 254 240

- As there are many geuges in use differing from each other, and oven the thicknesses of & S
certain specified gauge, as the Birmingham, are not assumed the same b(y all manufactu ers, A
orders for heets and wire should always state the weight per squara foot, or the thickness
in thousandths of an inch.
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THE CARNEGIE STEEL COMPANY, LIMITED.

WEIGHT OF SUBSTANCES—Continued.

Aver:

NAMES OF SUBSTANCES, Wﬁg 3

Mud, wet, fluid, maximum, % 3 : - H 120
| Oak, live, dry, . . 2 3 : - : . b9
“ white, dry, . s 3 . ; ; s 50
« other kinds, . % 5 > . A . 32to 45
Petroleum, X 2 s 7 : . B 5 55
Pine, white, dry, . " y " 5 v " = 25
¢« yellow, Northern, , s 2 x 2 - 34
“ “ Southern, % . x . ‘ . 45
Platinum, g . i K . f e . 1342
Quartz, common, pure, . k : . . . . 185
Rosin, ) . - . i » 69
Balt, coarse, Syracuse, N Y., s - ¢ A «t4b
“ Liverpool, fine, for table use, . i & - 49

Sand, of pure quartz, dry, loose, . 1 . 90 to 1068
% well shaken, . s RRETE o At

-~ «  vperfectly wet, n . 3 5 . 120 to 140
Sandstones, fit for building, 5 g Y % . 151
 Shales, red or black, . 3 . % . . . 162
Silver, : 2 " 2 2 . P . s 655
Slate, . it ‘ ! ’ . s . « A8
Snow, freshly fallen, Y A . 4 o B toRka
o« moxstened and compacted by rain, A . 15to 50
Spruce, dry, i : v 1 3 . . . 25
Steel, { J 3 3 : . G s . 490
Sulphur, T TR : o ol (AU 125
‘Sycamore, dry, . ; ” : s : e . 87
'g‘ar, : e A X : x L : . 62
Tin, cast, ; 4 . : . . 459
Turf or Peat, dry, unpressed A ; ; : 20 to 30
Walnut, black, dry, 3 . " 5 ; o 1488
‘Water, pure rain or distilled, at 60° Fa.hrenhelt, ' % 62y
o« SR . . . 5 . . . .
ax, bees, 3 N ‘ g . 3 ' 80.5
nc or Spelter, . . : < <G i 4 437.5

~ Green timbers usually weigh from one-fifth to one-half more than dry.
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THE

CARNEGIRE

STEEL

COMPANY, LIMITED.,

AREAS and CIRCUMFERENCES OF CIRCLES. ‘l
For Diameters from 15 to 100, advancing by Tenths.

[
l
1

Diam. | Area. ’ Circum. Diam, Area. Circum.
0.0 4.0 12.5664 12.5664
A .007854 31416 1 13.2025 12.8805
2 031416 .62832 2 13.8544 13.1947
3 .070686 94248 3 14.5220 13.5088
4 12566 1.2566 4 15.2053 13.8230
5 .19635 1.5708 b 15.9043 14.1872
6 28274 1.8850 6 16.6190 14.4518
v 4 .38485 2.1991 il 17.3494 14.7656
8 50266 2.5133 .8 18.0956 15.0796 |
9 63617 2.8274 9 | 188574 15.3938
1.0 7854 3.1416 5.0 19.6350 15.7080
5 ) 9503 3.4558 1l 20.4282 16.0221
o 1.1310 3.7699 2 21.2372 16.3363
3 1.3273 4.0841 3 22.0618 16.6504
4 1.5394 4.3982 4 22.9022 16.9646
] 1.7671 4.7124 B 23.7683 17.2788
6 2.0106 5.0265 .6 24.6301 176929
/4 2.2698 5.3407 5 25.5176 17.9071
8 2.5447 5.6549 8 26.4208 182212
9 2.8353 5.9690 9 27.3397 18.5354
2.0 3.1416 6.2832 6.0 28.2743 18.8496
b 3.4636 6.5973 1 29.2247. 19.1637
2 3.8013 6.9115 2 30.1907 19.4779
B 4.1548 7.2257 3 81.1725 19.7920
4 45239 7.5398 4 32.1699 20.1062
B 4.9087 7.8540 b 33.1831 20.4204
K 5.3093 8.1681 .6 34.2119 20.7345
7 5.7256 8.4823 o 35.2665 21.0487
8 6.1575 8.7965 8 36.3168 21.362
9 6.6052 9.1106 9 87.3928 21.67
3.0 7.0686 9.4248 7.0 38.4845 21.9911
o 7.5477 9.7389 a 89.5919 22.3063
2 8.0425 10.0531 2 40.7150 22.619
3 8.5530 10.3673 3 41.8539 22.933
4 9.0792 10.6814 4 43.0084 23.247
b 9.6211 10.9956 5 441786 | 23.5619
6 10.1788 11.3097 .6 453646 | 23.876
b 10.7521 11.6239 o 46.5663 24.190
8 11.3411 11.9381 8 47.7836 24,504
9 11.9459 9 49.0167 24.818




THE CARNEGIE STEEL COMPANY, LIMITED

AREAS and CIRCUMFERENCES OF CIRCLES.

(CONTINUED.)

§

A ] Area. Circum. | Diam. Area. I Circum.

50.2655 25.1827 12.0 113.0973 37.6991
51.5300 25.4469 ; 114.9901 38.0133
52.8102 25.7611 116.8987 38.3274
54.1061 26.0752 118.8229 38.6416
55.4177 26.3894 120.7628 38.9557

56.7450 26.7035 122.7185 39.2699
58.0880 27.0177 124.6898 39.5841
59.4468 27.3319 126.6769 39.8982
60.8212 27.6460 128.6796 40.2124
62.2114 27.9602 130.6981 40.5265

63.6173 28.2743 13. 132.7323 40.8407
65.0388 28.5885 134.7822 41.1549
66.4761 28.9027 136.8478 41.4690 Gao
67.9291 29.2168 138.9291 41.7832 |
69.3978 29.5310 141.0261 42.0973 H

€
70.8822 29.8451 143.1388 424115
72.3823 30.1593 145.2672 42,7257
78.8981 30.4734 1474114 43.0398
75.4296 30.7876 149.5712 43.3540
76.9769 31.1018 151.7468 43.6681

78.5398 31.4159 14 153.9380 43.9823
80.1185 31.7301 156.1450 44.2965
81.7128 382.0442 1568.3677 44.6106
83.3229 32.3584 160.6061 449248
84.9487 32.6726 | 162.8602 45.2389

86.5901 32.9867 165.1300 45.5531
88.2473 33.3009 167.4155 45.8673
89.9202 33.6150 169.7167 46.1814
91.6088 33.9292 172.0336 46.4956
93.3132 34.2434 174.3662 46.8097

95.0332 345575 15. 176.7146 47.1239
96.7689 34.8717 179.0786 47.4380
98.5203 35.1858 181.4584 47.76522
100.2875 35.5000 183.8539 48.0664
102.0703 35.8142 186.2650 48.3805

103.8689 36.1283 188.6919 48.6947
105.6832 36.4425 191.1345 - | 49.0088
107.5182 36.7566 193.5928 | 49.3230
109.3588 37.0708 196.0668 49.6372
111.2202 37.3850 198.5565 49.9513

. . s
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THE CARNEGIE STEEL COMPANY, LIMITED.,

AREAS and CIRCUMFERENCES OF CIRCLES:

(CONTINUED.)

E

16.
203.5831
206.1199
208.6724
211.2407

213.8246
216.4243
219.0397
221.6708
224.3176

226.9801
229.6583
232.3522
2385.0618
2387.7871

240.5282
243.2849
R46.0674
248.8456
51.6494

254.4690
257.3043
260.1553
263.0220
265.9044

268.8025
271.7164
274.6459
2775911
280.5521

283.5287
286.5211
289.5292
292.5630
295.5926

208.6477
301.7186
i 804.8062
807.9075
311.0255

-
o~ - . . .
O woNSOU LD DONSUD rwoRO

[y
0o

-
©
DONZUT D LoNSUT oo

Area. -
201.0619

Circum. Diam. Area, Circum,
50.2655 20.0 314.1593 62.8319
50.5796 % 317.3087 63.1460
50.8938 2 320.4739 63.4602
51.2080 3 323.6547 63.7743
51.5221 4 326.8513 64.0885
51.8363 5 330.0636

52.1504 6 333.2916

52.4646 o 336.5353

52.7788 8 339.7947

53.0929 9 343.0698

53.4071 21.0 346.3606

53.7212 A 349.6671

54.0354 2 852.9894

54.3496 3 356.3273

54.6637 4 859.6809

54.9779 b 363.0503

55.2920 .6 366.4354

55.6062 7 369.8361

55.9203 3 873.2526

56.2345 9 376.6848

56.5486 22.0 3880.1327

56.8628 4 383.5963

67.1770 2 387.0756

57.4911 3 390.5707

57.8063 4 394.0814

58.1195 ) 397.6078

58.4336 .6 401.1500

58.7478 o 404.7078

59.0619 .8 408.2814

59.3761 9 411.8707

59.6903 23.0 4154756

60.0044 5| 419.0963

60.3186 2 422.7327

60.6327 3 426.3848

60.9469 4 430.0526

61.2611 5 433.7361

61.5752 6 4374354

61.8894 7 441.1503

62.2035 8 444.8809

62.5177 9 448 "973
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THE CARNEGIE STEEL COMPANY, LIMITED.

AREAS and CIRCUMFERENCES OF CIRCLES.
(CONTINUED.)

Diam. Area. Circum., Diam. } Area. Circum.

452.3893 75.3982
456.1671 75.7124
459.9606 76.0265
463.7698 76.3407
467.5947 76.6549

471.4352 76.9690
475.2916 77.2832
479.1636 77.6973
483.0513 779115
486.9547 78.2257

490.8739 78.5398
494.8087 78.8540
498.7592 79.1681
502.72565 79.4823
506.7075 79.7965

510.7052 80.1106
514.7185 80.4248
518.7476 80.7389
522.7924 81.0631
526.8529 81.3672

530.9292 81.6814 30.
535.0211 81.9956
539.1287 82.3097
543.2621 82.6239
547.3911 82.9380

551.5459 83.2522
555.7163 83.5664
559.9025 83.8805
564.1044 84.1947
568.3220 84.5088

572.5553 84.8230 31
576.8043 85.1372
581.0690 85.4513
585.3494 85.7655
589.6455 86.0796

593.9574 86.3938
598.2849 86.7080
602.6282 87.0221
606.9871 87.3363
611.3618 87.6504

615.7522 87.9646
620.1582 88.2788
624.5800 88.6929
629.0175 88.9071
633.4707 89.2212

637.9397 89.5354
642.4243 89.8495
646.9246 90.1637
651.4407 90.4779
655.9724 90.7920

660.5199 91.1062
665.0830 91.4203
669.6619 91.7345
674.2565 92.0487
678.8668 92.3628

683.4928 92.6770
688.1345 92.9911
692.7919 93.3063
697.4650 93.6195
702.1538 93.9336

706.8583 94.2478
711.5786 94.5619
716.3145 94.8761
721.0662 95.1903
725.8336 95.5044

780.6167 95.8186
735.4154 96.1327
740.2299 96.4469
745.0601 96.7611
749.9060 97.0752

754.7676 97.3804
759.6450 97.7035
764.5380 98.0177
769.4467 98.3319
743712 93.6460

779.3113 98.9602
784.2672 99.2743
789.2388 99.5885
794.2260 99.9026.
799.2290 | 100.2168
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THE CARNEGIE STEEL COMPANY, LIMITED.

AREAS and CIRCUMFERENCES OF CIRC
(CONTINUED.)

Diam, Area. Circum. Diam, Area.
32.0 804.2477 100.581C 86.0 1017.8760
] 809.2821 100.8451 A 1023.5387
2 814.3322 101.1593 i 1029.2172
3 819.3980 101.4734 3 1034.9113
4 824.4796 | 101.7876 4 1040.6212
5 829.5768 102.1018 5 1046.3467
6 834.6898 102.4159 8 1052.0880
v g 839.8185 102.7301 Y | 1057.8449
8 844.9628 103.0442 8 1063.6176
9 850.1229 103.3584 9 1069.4060
33.0 855.2986 103.6726 87.0 1075.2101
a 860.4902 103.9867 i 1081.0299
2 865.6973 104.3009 2 1086.8654
3 870.9202 104.6150 3 1092.7166
4 876.1588 104.9292 A4 1098.5835
b 881.4131 105.2434 b | 1104.4662
b 886.6831 105.5575 6 1110.3645
b d 891.9688 | 105.8717 v 1116.2786
3 897.2703 | 106.1858 8 | 1122.2083
9 902.5874 106.5000 9 1128.1538
34.0 907.9208 106.8142 88.0 1134.1149
A 913.2688 107.1283 | 1140.0918
2 918.6331 107.4425 2 1146.0844
3 924.0181 107.7566 3 1152.0927
4 929.4088 | 108.0708 ! 1158.1167
b 934.3202 | 108.3849 5 1164.1564
6 940.2473 108.6991 6 1170.2118
o 945.6901 109.0133 v g 1176.2830
8 951.1486 | 109.3274 8 1182.3698
9 956.6228 109.6416 9 1188.4724
85.0 962.1128 | 109.9557 39.0 1194.5906
i 967.6184 110.2699 A 1200.7246
2 973.1397 110.5841 2 1206.8742
3 978.6768 110.8982 3 1213.0396
4 984.2296 | 111.2124 4 1219.2207
b 989.7980 111.5265 5 1205.4175
6 995.3822 111.8407 6 | 1231.6300
7 | 1000.9821 112.1549 7 1237.8582
8 | 10065977 | 112.4690 8 1244.1021
9 | 1012.2290 112.7832 9 1250.8617
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THE CARNEGIE STEEL COMPANY, LIMITED.

AREAS and CIRCUMFERENCES OF CIRCLES.
(CONTINUED.)

Area. | Cireum. | Diam. | Area. | OCircum.

1256.6371 | 125.6637 | 44.0 | 1520.5308 | 138.2301
1262.9281 | 1R5.9779 ol 1627.4502 | 138.5442
1269.2348 | 126.2920 1534.3853 | 138.8584
1275.5573 | 126.6062 1541.3360 | 139.1726
1281.8956 | 126.9203 1548.3025 | 189.4867

1288.2493 | 127.2345 156552847 | 139.8009
1294.6189 | 127.5487 1562.2826 | 140.1153
1301.0042 | 127.8628 1569.2962 | 140.4292 |
1307.4052 | 128.1770 1576.8266 | 140.7434 |
1313.8219 | 1284911 1583.3706 | 141.0675

1320.2543 | 128.8053 | 45. 1590.4313 | 141.3717
1326.7024 | 129.1195 1597.6077 | 141.6858
1333.1663 | 129.4336 1604.56999 | 142.0000
1339.6458 | 129.7478 1611.7077 | 1423142
1346.1410 | 130.0619 1618.8313 | 142.6283

1352.6520 | 130.8761 1625.9706 | 142.9425
1359.1786 | 130.6903 1633.12656 | 143.2566
1365.7210 | 131.0044 1640.2962 | 143.5708
1372.2791 | 131.3186 1647.4826 | 143.8849
1378.8529 | 131.6827 1654.6847 | 144.1991

1885.4424 | 131.9469 | 46 1661.9025 | 144.5133
1392.0476 | 132.2611 1669.1360 | 144.8274
1398.6685 | 132.5752 1676.3853 | 145.1416
1405.3061 | 132.8894 1683.6502 | 145.4567
1411.9574 | 133.2035 1690.9308 | 145.7699

1418.6254 | 133.5177 1698.2272 | 146.0841
1425.3092 | 133.8318 1705.5392 | 146.3982
1432.0086 | 134.1460 1712.8670 | 146.7124 -
1438.7238 | 134.4602 1720.2105 | 147.0265
1445.4546 | 134.7743 17R7.5697 | 147.3407

1452.2012 | 135.0885 | 47 1734.9445 | 147.6550
1458.9635 | 135.4026 1742.3351 | 147.9690
1465.7415 | 135.7168 1749.7414 | 1482832
1472.5352 | 136.0310 1757.1635 | 148.5973
1479.3446 | 136.3451 1764.6012 | 1489115

1486.1697 | 136.6593 1772.0546 | 149.2267
1493.0105 | 136.9734 1779.5237 | 149.5398
1499.8670 | 137.2876 1787.0086 | 149.8540
1506.7393 | 137.6018 1794.5091 | 150.1681
1513.6272 | 137.9159 1802.0254 | 150.4828
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THE CARNEGIE STEEL COMPANY, LIMITED.

AREAS and CIRCUMFERENCES OF CIRCLES.

(CONTINUED. )

Area. | Cowm. | Diam. | Avea. | Ciroum.

1809.5574 | 150.7964 | 52.0 | 2123.7166 | 163.3628
1817.1050 | 151.1106 A | 2131.8926 | 163.6770
1824.6684 | 151.4248 2140.0843 | 163.9911
1832.2476 | 151.7389 21482017 | 164.3053
1839.8423 | 152.0531 2156.5149 | 164.6195

1847.4528 | 152.3672 2164.7587 | 164.9336
1855.0790 | 152.6814 2173.0082 | 165.2479
1862.7210 | 152.9956 2181.2785 | 165.6619
1870.3786 | 153.3097 2180.5644 | 165.8761
1878.0519 | 153.6239 2197.8661 | 166.1903

1885.7409 | 153.9380 | 53. 2206.1834 | 166.5044
1893.4467 | 154.2522 2214.5165 | 166.8186
1901.1662 | 154.5664 2222.8658 | 167.1327
1908.9024 | 154.8805 2231.2298 | 167.4469
1916.6543 | 155.1947 2239.6100 | 167.7610

19244218 | 155.5088 2248.0059 | 168.0752

1932.2061 | 155.8230 2256.4176 | 168.3894
1940.0042 | 156.1872 2264.8448 | 168.7036
19478189 | 156.4513 22732879 | 169.0177
1955.6493 | 156.7655 2281.7466 | 169.3318

1963.4954 | 167.0796 | 54.0 . | 2290.2210 | 169.6460
1971.3572 | 157.3938 2208.7112 | 169.9602
1979.2348 | 157.7080 2307.2171 | 170.2743
1987.1280 | 158.0221 2315.7386 | 170.5885
1995.0870 | 158.3363 2324.2759 | 170.9026

2002.9617 | 158.6504 2332.8280 | 171.2168
2010.9020 | 158.9646 2341.3976 | 171.5310
2018.8581 | 159.2787 2349.9820 | 171.8461
2026.8299 | 159.5929 23585821 | 172.1698

2034.8174 | 159.9071 2367.1979 | 172.4735

2042.8206 | 160.2212 | 5. 2375.8204 | 172.7876
2050.8395 | 160.5354 2384.4767 | 173.1017
058.8742 " | 160.8495 2393.1396 | 173.4159
2066.9245 | 161.1637 2401.8183 | 173.7301
R074.9905 | 161.4779 2410.5126 | 174.0442

2083.0723 | 161.7920 2419.2227 | 174.3584
2091.1697 | 162.1062
2099.2829 | 162.4203
2107.4118 | 162.7345
2115.5563 | 163.0487
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THE CARNEGIE STEEL COMPANY, LIMITED.

AREAS and CIRCUMFERENCES OF CIRCLES.
(CONTINUED.)

Diam, Area. Circum. Diam. Area. Circum.
56.0 | 2463.0086 | 175.9292 | 60.0 | 2827.4334 | 188.4956
4 | 2471.8130 | 176.2433 A1 | 2836.8660 | 188.8097
9 | 2480.6330 | 176.5575 2 | 2846.3144 | 189.1239
3 | 2489.4687 | 176.8717 3 | 2855.7784 | 189.4380
4 | 24983201 | 177.1858 4 | 28652582 | 189.7522
5| 25071873 | 177.5000 5 | 28747536 | 190.0664
6 | 2516.0701 | 177.8141 6 | 2884.2648 | 190.3805
7 | 2524.9687 | 178.1283 7| 28937917 | 190.6947
8 | 2533.8830 | 178.4425 8 | 2903.3343 | 191.0088
9 | 25428129 | 178.7566 9 | 2912.8026 | 191.3230
57.0 | 25517586 | 179.0708 | 61.0 | 29224686 | 191.6372
4 | 2560.7200 | 179.3849 4 | 2932.0563 | 191.9513
2 | 2569.6971 | 179.6991 2 | 29416617 | 192.2655
3 | 2578.6899 | 180.0133 3 | 2051.2828 | 1925796
4 | 2587.6985 |. 180.3274 4 | 29609197 | 192.8938
5 | 2596.7227 | 180.6416 5 | 29705722 | 193.2079
6 | 26057626 | 180.9557 6 | 2980.2405 | 193.5221
7 | 2614.8183 | 181.2699 7 | 2989.9244 | 193.8363
8 | 2623.8%96 | 181.5841 8 | 2999.6241 | 194.1504
9 | 26329767 | 181.8982 9 | 3000.3395 | 194.4648
58.0 | 2642.0794 | 1822124 | 620 | 8019.0705 | 194.7787
A | 26511979 | 1825265 4 | 30288173 | 195.0929
2 | 2660.3%21 | 182.8407 2 | 30385798 | 195.4071
3 | 26694820 | 183.1549 3 | 30483580 | 195.7212
4 | 26786476 | 183.4690 4 | 30581520 | 196.0854
5 | 2687.8289 | 183.7832 5 | 3067.9616 | 196.3495
6 | 2697.0259 | 184.0973 8 | 3077.7869 | 196.6637
7 | 27062886 | 184.4115 7 | 3087.6279 | 196.9779
8 | 27154670 | 184.7256 8 | 8097.4847 | 197.2920
9 | 27247112 | 185.0398 9 | 8107.3571 | 197.6062
 50.0 | 27339710 | 185.3540 | 63.0 | 8117.2453 | 197.9203
1 | 27432466 | 185.6681 d | 81271492 | 193.2845
2 | 27525378 | 185.9823 2 | 8137.0688 | 198.5487
3 | 2761.8448 | 186.2964 3 | 3147.0040 | 198.8628
4 | 27711675 | 186.6106 4 | 31569550 | 199.1770
5 | 27805058 | 186.9248 5 | 81669217 | 1954911
6 | 2789.8599 | 187.2389 6 | 31769043 | 199.8053
7 | 2799.2297 | 187.5531 7 | 81869023 | 200.1195
8 | 2808.6152 | 187.8672 8 | 81969161 | 200.4336
9 | 28180165 | 188.1814 9 | 82089456 | 200.7478
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THE

CARNEGIE STEEL

COMPANY,

LIMITED

AREAS and CIRCUMFERENCES OF CIRCLES.

(CONTINUED.)

h A A 4

Diam. | Area. Circum. | Diam. Area. | Oircum.
640 | 8216.9909 | 201.0620 | 68.0 | 86316811 | 213.6288
1 | 32270518 | 201.8761 1 | 3642.3704 | 213.94%
2 | 22871285 | 201.6902 2 | 3653.0754 | 214.2566
3 | 92472222 | 202.0044 3 | 36637960 | 2145708
4 | 82573289 | 202.3186 4 | 8674534 | 214.8849
5 | 92674527 | 202.6327 5 | 36852845 | 215.1991
6 | 82775922 | 202.9469 6 | 3696.0523 | 2155133
7 | s28v7ams | 2032610 7 | 3706.8359 | 215.8274
'8 | 32070183 | 2035752 8 | s717.6351 | 2161416 |
9 | 33081049 | 203.8804 9 | 87284500 | 216.4556 |
5.0 | 8318.3072 | 204.2035 | 69.0 | 3739.2807 | 2167699 |
1 | 3328523 | 2045176 1 | 87501270 | 217.084
2 | 33387590 | 204.8318 2 | 3760.9891 | 217.3982
3 | 3349.0085 | 205.1460 3 | 37718668 | 217.7124
4 | 33502736 | 205.4602 4 | 37827603 | 218.0265
5 | 33695545 | 2057743 5 | 8793.6605 | 218.8407
6 | 3379.8510 | 206.0885 6 | 33045944 | 218.6548
7 | 3390.1633 | 206.4026 7 | 8815:5350 | 218.9690
'8 | 81004913 | 206.7168 8 | 3826.4913 | 219.2832
9 | 34108350 | 207.0310 9 | 8837.4633 | 2195078
66.0 | 84211044 | 207.3451 | 700 | 98484510 | 2199115
1 | 84315695 | 207.6593 1 | 38594544 | 220.2256
2 | 84419603 | 207.9734 2 | 38704736 | 2205398
3 | 834523669 | 2082876 3 | 98315084 | 220.8540
4 | 34627891 | 208.6017 4 | 33925500 | 221.1681
5 | 34732270 | 208.9159 5 | 3903.6252 | 221.4828
6 | 3483.6807 | 209.2301 6 | 39147072 | 221.7964
7 | 34941500 | 2095442 7 | 39258049 | 2221106
8 | 85046851 | 200.8584 8 | 30369182 | 2224248
9 | 8515.1359 | 210.1725 9 | 30480473 | 2227389
67.0 | 3525.6524 | 2104867 | 71.0 | 3950.1921 | 203.0581
1 | 85361845 | 210.8009 1 | 39703526 | 223.3672
o | 35467324 | 211.1150 2 | 3981.5289 | 223.6814
'3 | 35572060 | 211.4202 3 | 39927208 | 223.9956

- 4 | 35678754 | 2117438 4 | 4003.9284 | 224.3007
5 | 5784704 | 212.0575 5 | 40151518 | 224.6289
6 | $520.0811 | 2123717 6 | 40263908 | 224.9380
7 | 85997075 | 212.6858 7 | 4037.6456 | 2252522
8 | 36103497 | 213.0000 8 | 404819160 | 2255664
9 | 8621.0075 | 213.3141 9 | 40602022 | 2258805
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THE CARNEGIE STEEL COMPANY, LIMITED

AREAS and CIRCUMFERENCES OF CIRCLES.

(CONTINUED.)

Diam Area. Circum., Diam. Area. Circum.
72.0 4071.5041 | 226.1947 76.0 4536.4598 | 238.7610
i3 4082.8217 | 226.5088 4 4548.4057 | 239.0752
2 4094.1550 | 226.8230 2 4560.3673 | 239.8894
8 4106.5040 | 227.1871 3 4572.3446 | 239.7035
A4 4116.8687 | 227.4513 4 45843377 | 240.0177
5 41282491 | 227.7655 b 4596.3464 | 240.3318
6 4139.6452 | 228.0796 6 4608.3708 | 240.6460
57 4151.0671 | 228.3938 0 4620.4110 | 240.9602
8 4162.4846 | 228.7079 8 4632.4669 | R41.2743
9 4173.9279 | 229.0221 9 4644.5384 | 241.5885
73.0 4185.3868 | 229.3363 77.0 4656.6267 | 241.9026
o 4196.8615 | 229.6504 1 4668.7287 | 242.2168
2 4208.3519 | 229.9646 2 4680.8474 | 242.5310
3 4219.8579 | 230.2787 3 4692.9818 | 242.8451
4 4231.3797 | 230.5929 4 4705.1319 | R43.1592
b 42429172 | 230.9071 b 47172977 | 2434734
6 42544704 | 231.2212 6 47294792 | R43.7876
of 4266.0894 | 231.53854 i 4741.6765 | 244.1017
8 4277.6240 | 231.8495 8 4753.8894 | 244.4159
9 42892243 | 232.1637 9 4766.1181 | 244.7301
740 | 4300.8408 | 232.4779 78.0 4778.8624 | 245.0442
A 43124721 | 232.7920 a4 4790.6225 | 245.3584
2 43241195 | 233.1062 2 4802.8983 | 245.6725
3 4335.7827 | 233.4203 3 4815.1897 | 245.9867
4 43474616 | 233.7345 4 4827.4969 | 246.3009
5 4359.1562 | 234.0487 b 4839.8198 | 246.6150
6 4370.8664 | 234.3628 .6 4852.1584 | 246.9292
N 43825924 | 234.6770 i 4864.5128 | 247.2433
8 4394.3341 | 234.9911 8 4876.8828 | R47.5575
9 4406.0916 | 235.8053 9 4889.2685 | R47.8717
75.0 4417.8647 | 235.6194 79.0 4901.6699 | 248.1858
5! 4429.6585 | 235.9336 A 4914.0871 | 248.5000
2 4441.4580 | 236.2478 2| 49265199 | 248.8141
3 44532783 | 236.5619 3 4938.9685 | 249.1283
4 4465.1142 | 236.8761 4 4951.4328 | 249.4425
5 4476.9659 | 237.1902 5 4963.9127 | 249.7566
6 4488.8332 | 237.5044 .6 4976.4084 | 250.0708
74 4500.7163 | 237.8186 i 4988.9198 | 250.3850
8 4512.6151 | 238.1327 8 5001.4469 | 250.6991
9 4524.5296 | 238.4469 9 5013.9897 | 251.0133
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THE CARNEGIE STEEL. COMPANY, LIMITED.

AREAS and CIRCUMFERENCES OF CIRCLES.

(CONTINUED.)

Diam. | Area. | Oreum. | Diam. | Avea. | Ciroum,

20 5026.5482 | 251.3274 | 84.0 | 3541.7694 | 263.8938

. 5039.1225 | R51.6416 55549720 | 264.2079
5051.7124 | R51.9557 5568.1902 | 264.5221
5064.3180 | R252.2699 5581.4242 | 264.8363
5076.9394 | 252.5840 5594.6739 | 2085.1514

5089.5764 | R52.89%2 5607.9392 | 265.4646
5102.2292 | 253.2124 5621.2203 | 265.7787
5114.8977 | R253.5265 56345171 | 266.0929
5127.5819 | R53.8407 5647.8296 | 266.4071
5140.2818 | R254.1548 5661.1578 | 266.7212

5152.9973 | 254.4690 | 8b. 5674.5017 | 267.0354
5165.7287 | 254.7832 5687.8614 | 2067.349%
5178.4767 | 255.0973 5701.2367 | 267.6637
5191.2384 | Rb5.4115 5714.6277 | 267.9779
5204.0168 | 255.7256 5728.0345 | 268.2920

5216.8110 | R56.0398 5741.4569 | 268.6062
5229.6208 | R56.3540 5754.8051 | 268.9203
5242.4463 | R56.6681 5768.3490 | 269.2345
5255.2876 | 256.9823 5781.8185 | 269.5486

0
1
2
3
4
5
6
7
8
9
0
1
2
3
4
5
6
g
. 9 | 52681446 | 257.2966 9 | 5795.3038 | 260.8628
‘ 820 | 5281.0173 | 257.6106 | 86
| 1
2
3
4
5
6
7
8
9
0
1
3
4
5
6
V4
8
9

81.

5808.8048 | R70.1770
5293.9066 | R57.9247

58223215 | R70.4911
5306.8097 | 258.2389 5835.8539 | 270.8053
5319.7295 | 258.5531

5849.4020 | R71.1194
5332.6650 | R58.8672 5862.9659 | 271.4336
5345.6162 | 259.1814

5876.6454 | 271.7478
5358.6832 | 259.4956

5890.1407 | R72.0619
5371.5658 | 259.8097 5903.7516 | 272.3761
5384.5641 | 260.1239

5917.3783 | 272.6902
5397.5782 | 260.4380

5931.0206 | 278.0044
5410.6079 | 260.7522 | 87 5944.6787 | 273.3186
5423.6634 | 261.0663 5958.85256 | 273.6327
5436.7146 | 261.3806

5972.0420 | 273.9469
5449.7915 | 261.6947

5985.7472 | 274.2610
5462.8840 | 262.0088

5999.4681 | 274.5752
54759923 | 262.3230 6013.2047 | 274.8894
5489.1163 | 262.6371 6026.9570 | 275.2035
5502.2561 | 262.9513

6040.7250 | 275.5177
5515.4115 | 263.2655 6054.5088 | 275.8318
55285826 | 268.5796 ,

83
2

D NDUT B D DONST WD DONZTT WD NS RO

60683082 | 276.1460
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THE CARNEGIE

STEEL COMPANY, LIMITED.

(CONTINUED.)

|AREAS and CIRCUMFERENCES OF CIRCLES.

Diam. | Area. Circum. Diam. Area. Circum.,
88.0 6082.1234 | 276.4602 92.0 6647.6101 | 289.0265
1 6095.9542 | 276.7743 al 6662.0692 | 289.3407
2 6109.8008 | 277.0885 2 6676.5441 | 289.6543
3 6123.6631 | 277.4026 3 6691.0847 | 289.9690
4 6187.5411 | 277.7168 A4 6705.5410 | 290.2832
5 6151.4348 | 278.0309 ¥ ] 6720.0630 | 290.5973
.6 6165.3442 | 278.3451 6 6734.6008 | 290.9115
i 6179.2693 | 278.6593 b 6749.1542 | 291.2256
8 6193.2101 | 278.9740 .8 6763.7233 | 291.5898
9 6207.1666 | R79.2876 9 6778.3082 | 291.8540
89.0 6221.1389 | 279.6017 93.0 6792.9087 | 292.1681
“ 6235.1268 | 279.9159 Jd 6807.5250 | 292.4823
2 6249.1304 | 280.2301 & 6822.1569 | 292.7964
3 6263.1498 | 280.5442 3 6836.8046 | 293.1106
4 6277.1849 | 280.8584 4 6851.4680 | 293.4248
5 6291.2356 | 281.1725 b 6866.1471 | 293.7389
6 6305.3021 | 281.4867 .6 6880.8419 | 294.0531
¥ 6319.3843 | 281.8009 ol 6895.5624 | 294.3672
8 6333.4822 | 282.1150) 3 6910.2786 | 294.6814
9 6347.5958 | 282.4292 9 6925.0205 | R94.9956
90.0 6361.7261 | 282.7483 94.0 6939.7782 | 295.3097
Ay 6375.8701 | 283.0575 o3 6954.5515 | 295.6239
2 6390.0309 | 283.3717 2 6969.3106 | 295.9380
3 6404.2073 | 283.6858 3 6984.1453 | 296.2522
4 6418.3995 | 284.0000 A4 6998.9658 | 296.5663
5 6432.6073 | 284.3141 b 7013.801% | 296.8805
.6 6446.8309 | 284.6283 6 7028.6588 | 297.1947
T 6461.0701 | 284.9425 i 7043.5214 | 297.5088
8 6475.3251 | 285.2566 8 70584047 | 297.8230
9 6489.5958 | 285.5708 9 7073.3083 - | 298.1371
91.0 6503.8822 | 285.8849 95.0 7088.2184 | R98.4513
. 6518.1843 | 286.1991 | 7103.1488 | R98.7655
2 6532.5021 | 286.5133 2 7118.1950 | 299.0796
3 6546.8356 | 286.8274 3 7183.06568 | 299.3938
4 6561.1848 | 287.1416 4 7148.0343 | R299.7079
5 6575.56498 | 287.4557 b 7163.0276 | 800.0221
.6 6589.9304 | 287.7699 6 7178.0366 | 800.3363
7 6604.8268 | 288.0840 A0 7198.0612 | 300.6504
8 6618.7388 | 288.3982 8 7208.1016 | 300.9646
9 6633.1666 | 288.7124 9 7223.1677 | 801.278™
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THE CARNEGIE STEEL COMPANY, LIMITED.

AREAS and CIRCUMFERENCES OF CIRCLES.
(CONTINUED.)

Diam. | Ares. | Cram. | Diam. | Ares. | Oiroum.
96.0 | 72382205 | 9015929 | 980 | 7542.9640 | 807.8761
A | 72538170 | %01.9071 | 1 | 75583656 | 308.1902
2 | 72684202 | 8029212 | 2 | 75737880 | 3085044
3 | 72835391 | 802534 | 3 | 7589.2161 | 3088186
4 | 72036737 | 9028405 [ 4 | 76046643 | 309.1827

5 | 73138240 | 8031637 | 5 | 76201208 | 809.4460

| 6 | 7389901 | 3034779 | .6 | 7635.6095 | 309.7610 |
; 7 | 7341718 | 8037920 | 7 | 76511054 | 810.0762
8 | 73503693 | 8041062 | 8 | 76666170 | 810.3804
9 | 734584 | 3044203 | 9 | 7621444 | 8107085 |
97.0 | 73808113 | 8047345 | 99.0 | 7697.6803 | 311.0177
A | 74050859 | 805.0486 | .1 | 77132461 | 811.3318
2 | 74203162 | 9053638 | 2 | 77288206 | 811.6460
3 | T3502 | 8056770 | 3 | 77adalor | 3119602
4 | T4508839 | 3059911 | 4 | 7760.0166 | 312.2743
5 | 74661913 | 3063053 | 5 | 7775632 | 3125885
6 | 7sibi44 | 8066194 | 6 | 7ror2rh4 | 8129026

7 | 7496353 | 3069336 | 7 | 78069284 | 3132168

8 | 122078 | 8072478 | 8 | 78225071 | 313.5309
9 | THT57T80 | 3075619 | 9 | 78332815 | 3138451
100.0 | 78539816 | 814.1503

- To compute the area or circumference of a diameter greater
than 100 and less than 1001 : ‘

Take out the area or circumference from table as though the =
number had one decimal, and move the decimal point two places
to the right for the area, and one place for the circumference.

EXAMPLE—Wanted the area and circumference of 567. The tabular area for 56.7

is 2524.9687, and ociroumference 1781283, Therefore area for 567 = 252496.87 and
clroumference = 1781283,

To compute the area or circumference of a diameter greater
. than 1000 :

Divide by a factor, as 2, 8, 4, b, etc., if practicable, that will
leave a quotient to be found in table, then multiply the tabular
area of the quotient by the sguare of the factor, or the tabular
circumference by the factor. :

Wanted the area and circumference of 2109. Dividing by 3, the qnount 3

EXAMPLE—
is 703, for which the area is 388150.84 and the ciroumference 2208,54. Therefore area
of 2109 = 388150.84 % 6 = 3493357.56 and ciroumference = 2208.54 X 3 = 6625.62
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THE CARNEGIE STEEL COMPANY, LIMITED.

LOGARITHMS OF NUMBERS.

No.

10
11

13
14

16
17

19
20
21
23

26
27

29

30
31
33

36
37

39

0414
0792
1139

1461
1761
2041

2304
2788
3010
3222
3617
3802
4150
4314

i

0043

0453
0828
173

1492
1790
2068

2330
2577
2810

3032

3243
3444
3636

3820
3997
4166

4330
4487
4639

3

0128

0531
0899
1239

1553
1847
2122

2380
2856

3075

3483
3674

3856
4031
4200

4362
4518
4669

4

o170

0569
0934
1271

1584
1875
2148

2405
2878

3096

3304
3502
3692

3874
4048
4216

4378
4533
4683

0212

0607
0969
1303

1614
1903
2175

2430
2672
2900

3118

3324
3522
3711

3892
4065
4232

4393
4548
4698

6

0253
0645
1004
1335

1644
1931
2201

2455
2695
2023

3139

7

0294

8|0

0334/ 0374

0682
1038
1367

1673
1959
2227

2480
2718
2045

3160

0719
1072
1399

1703
1987
2253

2504
2742
2967

3181

0755
1106
1430

1782
2014
2279

2529
2765
2989

3201

3345

3729
3909

4249

4409
4564
4713

3365
3560
3747

3927
4099
4265

4425
4579
4728

3385
3579
3766

3945
4116
4281

a7sh

4928
5065
5198

5328
5453
5575

5694
5809
5922

5933

4814
4955
5092
5224
5353
5599
5717

5944

4829

4969
5105
5287

5366

5611
5729

5955

4843
4983
5119
5250
5378
5623
5740

5966

4857

a8

4997
5132
5263

5391
5514
5635

5752
5977

5011
5145
5276

5403
5527
5647

5763
5877
5988

~ No.




THE CARNEGIE STEEL COMPANY, LIMITED.

LOGARITHMS OF NUMBERS—Continued.

No.{O|1|2|3|a|5|6|7|8]9

40 |6021 6031!6042 6053 | 6064 | 6075 | 6085 | 6096 | 617 | 6117

41 (6128|6138 |6149 (6160|6170 | 6180 | 6191 | 6201 | 6212 | 6222
6232 | 6243 | 6253 | 6263 | 6274 | 6284 | 6294 | 6304 | 6314 | 6325
6335 | 6345 | 6355 | 6365 | 6375 | 6385 | 6395 | 6405 | 6415 | 6425

42

43

44 (6435|6444 | 6454|6464 | 6474 | 6434 | 6493 | 6503 | 6518 | 6522
45 | 6532|6542 | 6551 | 6561 | 6571 | 6580 | 6590 | 6599 | 6609 | 6618
46
47
48
49

6628 | 6637 | 6646 | 6656 | 6665 | 6675 | 6684 | 6693 | 6702 | 6712

6721 6730 | 6739 | 6749 | 6758 | 6767 | 6776 | 6785 | 6794 | 6803
6812 | 6821 | 6830 | 6839 | 6848 | 6857 | 6866 | 6875 | 6884 | 6893
6902 | 6911 | 6920 | 6928 | 6937 | 6946 | 6955 | 6964 | 6972 | 6981

50 6990|6998 | 7007 | 7016|7024 | 7033 | 7042 | 7050 | 7059 [ 7067

51 |7076|7064 | 7098|7101 [7110 | 7118|7126 | 7185 | 7143|7152
52 7160|7168 | 7177 | 7185 | 7193 [ 7202 | 7210|7218 | 7226 | 7285
53 |7243|72b1 | 7259 | 7267 | 7275 | 7284 | 7292 | 7300 | 7308 | 7316

54 7324|7332 | 7340|7348 | 7356 | 7364 | 7872 | 7380 | 7388 | 7396
55 (7404|7412 | 7419 | 7427 | 7435 | 7443 | 74b1 | 7459 | 7466 | 7474
56 |7482|7490 | 7497|7505 | 7513 | 7520 | 7528 | 7536 | 7543 | 7551

57 |7559|7566 | 7574|7582 | 7589 | 7597 | 7604 | 7612 | 7619 | 7627
58 | 7634|7642 | 7649 | 7657 | 7664 | 7672 | 7679 | 7686|7694 | 7701
59 | 7709|7716 | 7728 | 7731 | 7738 | 7745 | 7752 | 7760 | 7767 | 7774

60 |7782 7789|7796 |7803 | 7810 | 7818 | 7825 | 7832 | 7839 | 7846

61 | 7853 | 7860 | 7868 | 7875 | 7882 | 7889 | 7896 | 7903 | 7910 | 7917
62 | 7924|7931 | 7938 | 7945 | 7952 | 7959 | 7966 | 7973 | 7980 | 7987
63 | 7993|8000 |8007 |8014 | 8021 | 8028 (8085 | 8041 | 8048 | 8055

64 8062|8069 8075|8082 | 8089 | 8096 | 8102 | 8109 | 8116|8122
65 (8129 (8136 (8142|8149 |8156 | 8162|8169 (8176 | 8182|8189
66 | 8195|8202 | 8209 | 8215 | 8222 | 8228 | 8235 | 8241 | 8248 | 8254

67 8261|8267 | 8274|8280 |8287 | 8293 (8299 | 8306 | 8312 (8319
68 | 8325 (8331 8338|8344 | 8351 | 8357 | 8363 | 8370 | 8376 | 8382
69 (8388|8395 8401 8407|8414 | 8420 (8426 | 8432 | 8439 8445

No, [®OSL "2 1-8 [¢4 |86 (-6 [-7 |.8: |29
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THE - CARNEGIE

STEEL COMPANY, LIMITED

LOGARITHMS OF NUMBERS—Continued.

No.

(0) ‘ il

70

71
72
73

74
75
76

77
| 78
79

| 80

81
82
83

84
85
86

87
88
89

90
91

92
93

94
95
96

97

98
99

No

8451 | 8457

8513}8519
8573 | 8579
8633 | 8639

8692 | 8698
8751 | 8756
8808 8814

8865 8871
8921 | 8927
8976 8982

2

8463

8525
8585
8645

8704
8762
8820

8876
8982
8987

3

8470

4

7

5

8482

6

8

8488

8500

8531
8591
8651

8710
8825

8882
8938
8993

9031 | 9036

9042

9047

8537
8597
8657

8716
8774
8831

8887
8943
8998

9053

8543
8603
8663

8722
8779
8837

8893
8949
9004

9058

8549

9085 | 9090
9138 19143
9191 19196

9243 | 9248
9294 | 9299
9345 | 9350

9395 | 9400
9445 | 9450
9494 19499

9096
9149
9201

9253
9304
9355

9405
9504

9101

9206

9268
9309
9360

9410
9460
9509

9106
9159
R12

9263
9315
9365

9415
9465
9513

9112
9165
R17

9269

9370

9420
9469
9518

8561
8621
8681

8739
8797
8854

8910
8965
9020

9074

9128
9180
9232

9284
9335
9385

9435
9533

9542 | 9547

9552

9557

9562

9566

9590 | 9595
9638 | 9643
9685 | 9689

9731 | 9736
9777 | 9782
9823 | 9827

9868 | 9872
9912 | 9917
9956 | 9961

9600
9647
9694

9741
9786
9832

9877
9921
9965

9605
9652
9699

9745
9791
9836

9881
9926
9969

9609
9657
9703

9750
9795
9841

9886
9930
9974

9614
9661
9708

9764
9800
9845

9890
9978

(5 s §

9581

9628
9675
9722

9768
9814
9859

9903
9948
9991

=
=

B OTOTE e OTOT - oToT QToTor OrOtoT O OIS oS oo l
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THE CARNEGIE STEEL COMPANY, LIMITED.

Advancing by 10 min.

NATURAL SINES, TANGENTS AND SECANTS,

Ta.ngent.‘ Secant.

Min.| Sine. Deg. |Min.| Sine. |Tangent.|Secant.
00| .0000 | .0000 |1.0000| 5 |00 | .0872 | .0875 |1.0038
10| .0029 | .0029 |1.0000 10 | .0901 | .0904 |1.0041
20 | .0058 | .0058 |1.0000 20 | .0929 | .0934 |1.0043
30| .0087 | .0087 |1.0000 30 | .0958 | .0963 |1.0046
40 | .0116 | .0116 |1.0001 40 | .0987 | .0992 |1.0049
50 [ .0145 | .0145 |1.0001 50 | .1016 | .1022 |1.0062
00| .0175 | .0175 [1.0002| 6 |00 | .1045 | .1051 |1.0065
10 | .0204 | .0204 |1.0002 10| .1074 | .1080 |1.0068
20 | .0233 | .0233 |1.0008 20| .1103 | .1110 |1.0061
30 | .0262 | .0262 |1.0003 30| .1132 | .1139 |1.0065
40 | .0291 | .0291 |1.0004 40 | 1161 | .1169 |1.0068
50 | .0320 | .0820 |1.0005 50 | .1190 | .1198 |1.0072
00 | .0349 | .0349 [1.0006 | 7 (00 .1219 | .1228 |1.0076
10| .0378 | .0378 | 1.0007 10 | .1248 | .1257 [1.0079
20 | .0407 | .0407 |1.0008 20 | .1276 | .1287 |1.0082
30 | .0436 | .0437 |1.0010 30| 1305 | .1317 |1.0086
40 | .0465 | .0466 |1.0011 40 | 1334 | .1346 |1.0090
50 | .0494 | .0495 |1.0012 50 | .1363 | .1376 |1.0094
00 | .0523 | .0524 (1.0014| 8 |00 | .1392 | .1405 |1.0098
10 | L0652 | .06563 |1.0016 10| 1421 | .1435 [1.0102
20 | .0581 | .0582 |1.0017 20 | .1449 | .1465 | 1.
30| .0610 | .0612 |1.0019 30 | .1478 | .1495
40 | .0640 | .0641 |1.0021 40 | 1507 | .1524
50 | .0669 | .0670 |1.0022 50 | .1536 | .1554
00| .0698 | .0699 |1.0024| © |00 | .1564 | .1584
107 0727 | .0729 |1.0027 10| .1593 | .1614
20 | .0756 | .0758 |1.0029 20 | 162 | .1644
30| .0785 | .0787 |1.0031 30| .1650 | .1673
40 | .0814 | .0816 |1.0033 40 | .1679 | .1703
50 | .0843 | .0846 | 1.0036 50 | .1708 | .1733
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THE CARNEGIE STEEL

COMPANY, LIMITED.

NATURAL SINES, TANGENTS AND SECANTS.

(CONTINUED.)

Deg.

10

11

12

13

14

Min.[ Sine. Ta.ngent.:Seca.nt. Deg. Min.| Sine. |Tangent.|Secant
00 .1786 | .1763 [1.0154 | 15|00 | 2588 | .2679 |1.0853
10\ 1765 | 1793 [1.0160 10 | 2616 | .2711 [1.0361

A794 | 1823 | 1.0165 20 | 2644 | .2742 [1.0369
30 | .1822 | .1853 |1.0170 30 | .2672 | 2773 |1.0377
40 | .1851 | .1883 |1.0176 40 | .2700 | .2805 [1.0386
50 | .1880 | .1914 |1.0181 50 | .2728 | .2836 |1.0394
00 | .1908 | .1944 |1.0187 | 16| 00 | .2756 | .2867 |1.0403
10 | 1937 | .1974 |1.0193 10 | 2784 | .2899 |1.0412
20 | .1965 | .2004 |1.0199 20 | 2812 | .2931 |1.0421
80 | .1994 | .2035 |1.0205 30 | 2840 | .2962 |1.0429
40 | .2022 | .2065 |1.0211 40 | 2868 | .2994 |1.0439
50 | .2051 | .2095 | 1.0217 50 | .2896 | .3026 |1.0448
00 | .2079 | .2126 |1.0223 | 17| 00 | .2924 | .3057 |1.0457
10 | .2108 | .2156 | 1.0230 10 [ 2952 | .3089 |1.0466
20 | 2136 | .2186 | 1.0236 20| 2979 | .3121 |1.0476
30 | .2164 | .2217 |1.0243 30 | .8007 | .3153 |1.0485
40 | 2193 | 2247 |1.0249 40 | 3085 | .3185 [1.0495
50 | .2221 | .2278 |1.0256 50 | .3062 | .3217 |1.0505
00 | .2250 | .2309 |1.0263 | 18| 00 | .3090 | .3249 |1.0515
10 | 2278 | .2339 |1.0270 10 [ .3118 | .3281 |1.0525
20 | 2306 | 2870 | 1.0277 20 | .3145 | .3314 |1.0535
30 | .2334 | .2401 |1.0284 30| 3178 | .3346 |1.0545
40 | 2363 | .2432 |1.0291 40 | .3201 | .3378 |1.0556
50 | .2391 | .2462 |1.0299 50 | .3228 | .3411 |1.0566
00| 2419 | 2493 |1.0306| 19| 00 | .3256 | .3443 |1.0576
10 | 2447 | 2524 |1.0814 10 | .3283 | .3476 | 1.0587
20 | .2476 | ".2655 | 1.0321 20| .3311 | .3508 |1.0598
30 | .2504 | .2586 |1.0829 30 | .3338 | .3541 |1.0608
40 | 2532 | .2617 [1.0337 40 | .3365 | .3574 |1.0619
50 | .2560 | .2648 |1.0345 50 | .3393 | .3607 |1.0631
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THE CARNEGIE STEEL COMPANY, LIMITED.

NATURAL SINES, TANGENTS AND SECANTS.

(CONTINUED.)

|
Deg. Min.| Sine. |Tangent.| Secant. | Deg. 'Min. Sine. l‘Ta,ngent. Secant. |

20 | 00 | .3420 | .8640 |1.0642 | 25 | 00 | 4226 | .4663 |1.1034 |

10 | .3448 | .3673 | 1.0653 10 | 453 | 4699 | 1.1049
20 | 3475 | .8706 |1.0665 20 | 4R79 | 4734 |1.1064 |
30 | .3502 | .3739 |1.0676 80 | 4305 | 4770 |1.1079
40 | .3529 | 3772 | 1.0688 40 | 4331 | .4806 |1.1095
50 | .3557 | .3805 |1.0700 50 | 4358 | 4841 |1.1110
21 |00 | .3584 | .3839 | 1.0711 | 26 | 00 | .4384 | 4877 |1.1126
10 | .8611 | .887R |1.0723 10 | 4410 | 4913 | 1.1142
20 | .3638 | .8906 |1.0736 20 | 4436 | 4950 | 1.1158 |
30 | .83665 | .3939 | 1.0748 30 | .4462 | 4986 | 1.1174
40 | 3692 | .3973 | 1.0760 40 | 4488 | 5022 |1.1190 |
50 | .3719 | .4006 | 1.0773 50 | 4514 | 5069 |1.1207
22 | 00| .3746 | .4040 |1.0785 | 27 | 00 | .4540 | .5095 |1.1223
10 | 8773 | .4074 |1.0798 10 | 4566 | 5132 | 1.1240
20 | .3800 | .4108 | 1.0811 20 | 4592 | .5169 | 1.1257
30 | 3827 | .4142 |1.0824 80 | 4617 | 5206 |1.1274
40 | 38564 | 4176 | 1.0837 40 | 4643 | 543 | 1.1291
50 | .3881 | .4210 |1.0850 50 | .4669 | .5280 |1.1308
23 | 00 | .3907 | .4245 | 1.0864 | 28 | 00 | .4695 | 5317 |1.1326
10 | .3934 | 4279 |1.0877 10 | 4720 | .53b4 |1.1343
20 | .3961 | 4314 |1.0891 20 | 4746 | 5392 | 1.1361
30 | .3987 | .4348 | 1.0904 80 | 4772 | .5430 | 1.1379
40 | 4014 | 4383 |1.0918 40 | 4797 | 5467 |1.1397
50 | 4041 | .4417 | 1.0932 50 | .4823 | .bb05 |1.14156
24 | 00| 4067 | 4452 | 1.0946 | 29 | 00 | 4848 | 5543 |1.1434
10 | 4094 | .4487 |1.0961 10 | 4874 | .6b81 |1.1462
20 | 4120 | 4522 | 1.0975 20 | .4899 | .5619 |1.1471
80 | 4147 | 4557 |1.0989 30 | .4924 | .5658 |1.1490
40 | 4173 | 4592 | 1.1004 40 | .4950 | .5696 |1.1509

50 | .4200 | .4628 | 1.1019 50 | 4975 | 6735 |1.15628




THE CARNEGIE STEEL COMPANY, LIMITED

NATURAL SINES, TANGENTS AND SECANTS.

(CONTINUED.)

Deg. Min.| Sine. |Tangent. Seeant. | Deg. Min.| Sine. |Tangent. Secant.
30| 00 | .5000 | .5774 | 1.1647 | 85 | 00 | 5736 | .7002 | 1.2208
10 | 5025 | .5812 | 1.1566 10 | 5760 | .7046 | 1.2233
20 | .5050 | .6851 | 1.1586 20 | 5783 | .7089 | 1.2258
30 | .5075 | .5890 | 1.1606 30 | .5807 | .7133 | 1.2283
40 | .5100 | .5930 | 1.1626 40 | B831 | .7177 | 1.2309
50 | 5125 | .5969 | 1.1646 50 | 5854 | .7221 | 1.2335
81|00 | .5150 | .6009 | 1.1666 | 36 | 00 | .5878 | .7265 | 1.2861
10 | 6175 | .6048 | 1.1687 10 | 5901 | .7810 | 1.2887
20 | .5200 | .6088 | 1.1707 20 | 5925 | .7355 | 1.2413
30 | .5225 | .6128 | 1.1728 30 | .5948 | .7400 | 1.2440
40 | 5250 | .6168 | 1.1749 40 | 597R | 7445 | 1.2467
50 | 6275 | .6208 | 1.1770 50 | 5995 | .7490 | 1.2494
82|00 | .5299 | .6249 | 1.1792 | 837 | 00 | .6018 | .7536 | 1.2521
10 | 5324 | .6289 | 1.1813 10 | .6041 | .7581 | 1.2549
20 | .5348 | .6330 | 1.1835 20 | .6065 | .7627 | 1.2577
30 | 6373 | .6371 | 1.1857 30 | .6088 | .7673 | 1.2605
40 | 5398 | .6412 | 1.1879 40 | .6111 | .7720 | 1.2683
50 | .5422 | .6453 | 1.1901 50 | .6134 | .7766 | 1.2661
33 | 00 | .5446 | .6494 | 1.1924 | 38 | 00 | .6157 | .7813 | 1.2690
10 | 5471 | .6536 | 1.1946 10 | .6180 | .7860 | 1.2719
20 | 5495 | .6577 | 1.1969 20 | .6202 | .7907 | 1.2748
30 | 5519 | .6619 | 1.1992 30 | 6225 | .7954 | 1.2778
40 | .b544 | .6661 | 1.2015 40 | .6248 | .8002 | 1.2808
50 | .6568 | .6703 | 1.2089 50 | .6271 | .8050 | 1.2887
84 | 00 | .5592 | .6745 | 1.2062 | 39 | 00 | .6293 | .8098 | 1.2868
10 | .5616 | .6787 | 1.2086 10 | .6316 | .8146 | 1.2898
20| .5640 | .6830 | 1.2110 20 | .6338 | .8195 | 1.2929
30 | .5664 | .6873 | 1.2134 30 | .6361 | .8243 | 1.2960
40 | .5688 | .6916 | 1.2158 40 | .6383 | .8292 | 1.2991
50 | 5712 | .6959 | 1.2183 50 | .6406 | .8342 | 1.3022




THE

CARNEGIE STEEL COMPANY, LIMITED,

NATURAL SINES, TANGENTS AND SECANTS.

(CONTINUED.)

41

Min
00
10
20
30
40
50
00
10
20
30
40
50
00
10
20
30
40
50
00
10
20
30
40
50
00
10
20
30
40
50

in.| Sine. |Tangent.| Secant. | Deg.
6428 | .8391 | 1.3064 | 45
.6450 | .8441 | 1.3086
6472 | 8491 | 1.3118
.6494 | 8641 | 1.31561
6517 | 8591 | 1.3184
6539 | .8642 | 1.3217
.6561 | .8693 | 1.3250 | 46
6583 | .8744 | 1.3284
.6604 | .8796 | 1.3318
.6626 | .8847 | 1.3352
.6648 | 8899 | 1.3386
.6670 | 8952 | 1.3421
.6691 | .9004 | 1.3456 | 47
6713 | 9067 | 1.3492
6734 | 9110 | 1.3527
.6756 | 9163 | 1.3563
6777 | 9217 | 1.3600
6799 | 9271 | 1.3636
6820 | .9325 | 1.3673 | 48
.6841 | 9380 | 1.3711
.6862 | 9435 | 1.3748
.6884 | 9490 | 1.3786
.6905 | .9545 | 1.3824
.6926 | .9601 | 1.3863
.6947 | 9657 | 1.3902 | 49
.6967 | 9713 | 1.3941
.6988 | .9770 | 1.3980
7009 | 9827 | 1.4020
7030 | .9884 | 1.4061
7050 | .9942 | 1.4101

Min.| Sine. |Tangent.| Secant. :

00 | .7071 |1.0000 | 1.4142
10 | .7092 | 1.0058 | 1.4183
20 | 7112 | 1.0117 | 1.4225

30 | .7133 | 1.0176 | 1.4267
40 | 7153 | 1.0235 | 1.4310
50 | .7173 | 1.0295 | 1.4352

00 | 7193 | 1.0355 | 1.4396
10 | 7214 | 1.0416 | 14439
20 | 7284 | 1.0477 | 1.4488 |

30 | .7254 | 1.0538 | 1.4527
40 | 7274 | 1.0699 | 1.4572
50 | .7294 | 1.0661 | 1.4617 |

00 | 7314 | 1.0724 | 1.4663 |
10 | 7333 | 1.0786 | 1.4709 |
20 | 7353 | 1.0850 | 1.4755 |

30 | 7373 | 1.0913 | 1.4802

40 | 7892 | 1.0077 | 1.4849
50 | 7412 | 11041 | 1.4897 |
00 | 7431 |1.1106 | 1.4945 |
10 | 7451 | 11171 | 14998 |
20 | 7470 | 11287 | 15042 |
30 | 7490 | 1.1303 | 15092
40 | 7500 | 11369 | 15141
50 | 7528 | 11436 | 1.5192
00 | 7547 | 1.1504 | 1.5243
10 | 7566 | 1.1571 | 1520 |
20 | 7585 | 11640 | 15345
30 | 7604 | 1.1708 | 15398
40 | 7623 | 14778 | 15450
50 | 7642 | 11847 | 15604




THE CARNEGIE STEEL COMPANY, LIMITED.

NATURAL SINES, TANGENTS AND SECANTS.

(CONTINUED.)

Deg. Min.| Sine. \Tangent.| Secant. | Deg. Min.| Sine. Tangent.| Secant.

50 | 00 | .7660 | 1.1918 | 1.5557 | 55 | 00 | .8192 | 1.4281 | 1.7434

10 | .7679 | 1.1988 | 1.5611 10 | .8208 | 1.4370 | 1.7507
20 | .7698 | 1.2059 | 1.5666 20 | .8225 | 1.4460 | 1.7581
30 | 7716 | 1.2131 | 1.57”1 30 | .8241 | 1.4550 | 1.76556
40 | 7785 | 1.2208 | 1.5777 40 | .8258 | 1.4641 | 1.7730
50 | 7753 | 1.2276 | 1.5833 50 | .8274 | 1.4733 | 1.7806
51|00 | .7771 | 1.2349 | 1.5890 | 56 | 00 | .8290 | 1.4826 | 1.7883 -‘
10 | 7790 | 1.2423 | 1.5948 10 | .8307 | 1.4919 | 1.7960 |
20 | .7808 | 1.2497 | 1.6005 20 | .8323 | 1.5013 | 1.8039
30 | .7826 | 1.2672 | 1.6064 30 | .8339 | 1.5108 | 1.8118
40 | 7844 | 1.2647 | 1.6123 40 | 8355 | 1.5204 | 1.8198
50 | 7862 | 1.2723 | 1.6183 - 50 | .8371 | 1.6301 | 1.8279
52 | 00 | .7830 | 1.2799 | 1.6243 | 57 | 00 | .8387 | 1.5399 | 1.8361
10 | .7898 | 1.2876 | 1.6303 10 | .8403 | 1.5497 | 1.8443
20 | .7916 | 1.2954 | 1.6365 20 | 8418 | 1.5597 | 1.8527
30 | .7934 | 1.3032 | 1.6427 30 | 8434 | 1.5697 | 1.8612
40 | .7951 | 1.3111 | 1.6489 40 | 3450 | 1.5798 | 1.8699
50 | .7969 | 1.3190 | 1.6553 50 | 8465 | 1.5900 | 1.8783
53 00 | 7986 | 1.3270 | 1.6616 | 58 | 00 | .8480 | 1.6003 | 1.8871
10 | .8004 | 1.3351 | 1.6681 10 | .8496 | 1.6107 | 1.8959
20 | .8021 | 1.3432 | 1.6746 20 | 8511 | 1.6213 | 1.9048
30 | .8039 | 1.3514 | 1.6812 80 | .8526 | 1.6319 | 1.9139
40 | .8056 | 1.3597 | 1.6878 40 | .8542 | 1.6426 | 1.9230
50 | .8073 | 1.3680 | 1.6945 50 | .8557 | 1.6534 | 1.9323
54|00 | .8090 | 1.3764 | 1.7013 | 59 | 00 | .8572 | 1.6643 | 1.9416
10 | .8107 | 1.3848 | 1.7081 10 | .8587 | 1.6753 | 1.9511
20 | .8124 | 1.3934 | 1.7151 20 | .8601 | 1.6864 | 1.9606
30 | .8141 | 1.4019 | 1.7221 30 | .8616 | 1.6977 {1.9703
40 | .8158 | 1.4106 | 1.7291 40 | 8631 | 1.7090 | 1.9801

50 | 8175 | 1.4193 | 1.7362 50 | .8646 | 1.7205 | 1.9900
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THE CARNEGIE STEEL COMPANY, LIMITED.

NATURAL SINES, TANGENTS AND SECANTS.

(CONTINUED.)

Deg. Min.| Sine. !Tangent. Secant. | Deg. Min.| Sine. {Tangent. Secant.
60 | 00 | .8660 | 1.7321 | R.0000 | 85 | 00 | .9063 | 2.1445 | 2.3662
10 | .8675 | 1.7437 | 2.0101 10 | 9075 | 2.1609 | 2.3811
20 | .8689 | 1.7556 | 2.0204 20 | .9088 | R.1775 | R.3961
30 | .8704 | 1.7675 | 2.0308 30 | .9100 | 2.1943 | 2.4114
40 | 8718 | 1.7796 | R.0413 40 | 9112 | 2.2113 | 2.4269 |
50 | .8782 | 1.7917 | 2.0619 50 | .9124 | R.2286 | 2.4426
61 | 00 | .8746 | 1.8040 | R.0627 | @6 | 00 | .9135 | 2.2460 | 2.4586
10 | .8760 | 1.8165 | 2.0736 10 | 9147 | 2.2637 | 2.4748
20 | 8774 | 1.8291 | 2.0846 20 | .9159 |R2.2817 | R.4912
30 | .8788 | 1.8418 | 2.0957 30 | 9171 | R.2998 | 2.5078
40 | .8802 | 1.8546 | 2.1070 40 | .9182 | 2.3183 | 2.5247
50 | .8816 | 1.8676 | 2.1185 50 | .9194 |2.3369 | 2.5419
62 | 00 | .8829 | 1.8807 | 2.1301 | 87 { 00 | .9205 |2.3559 | R.5593
10 | .8843 | 1.8940 | .1418 10 | .9216 | 2.3750 | 2.5770
20 | .8857 | 1.9074 | 2.1537 20 | 9228 | R.3945 | R.5949
30 | .8870 | 1.9210 | 2.1657 30 | 9239 |2.4141 | 2.6131 |
40 | .8884 | 1.9347 | 2.1786 40 | .9250 | 2.4342 | 2.6316
50 | .8897 | 1.9486 | 2.1902 50 | 9261 | R.4545 | R.6504
63 | 00 | .8910 | 1.9626 | 2.2027 | 88 | 00 | 972 | R.4751 | 2.6695
10 | .8923 | 1.9768 | 2.21563 10 | .9283 | R.4960 | 2.6888
20 | 8936 | 1.9912 | 2.2282 20 | .9293 | 2.5172 | 2.7085 |
80 | .8949 | 2.0057 | 2.241R 30 | 9304 | 25386 | 2.7285 |
40 | .8962 | R.0204 | R.2543 40 | 9315 | 2.5605 | 2.7488
50 | .8975 | 2.0353 | R.2677 50 | .9325 | R.5826 | 2.7695
64 | 00 | .8988 | 2.0503 | 2.2812 | 82 | 00 | .9336 | R.6051 | 2.7904
10 | .9001 | R.0655 | 2.2949 10 | .9346 | 2.6279 | R.8117
20 | .9013 | 2.0809 | 2.3088 20 | .9356 | 2.6511 | .8334
30 | .9026 | 2.0965 | 2.3228 30 | .9367 | 2.6746 | 2.8555
40 | .9088 | 2.1123 | 2.3371 40 | 9377 | 2.6985 | 2.8779
50 | .9051 | R.1283 | R.3515 50 | .9387 | R.7228 | 2.9006
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THE

CARNEGIE STEEL COMPANY, LIMITED.

| NATURAL SINES, TANGENTS AND SECANTS

(CONTINUED.)

Deg.

70

71

. Ta.ngent.‘ Secant.

2.7475
2.7725
R.7980

2.8239
2.8502
2.8770

2.9042
2.9319
2.9600

2.9887
3.0178
3.0475

3.0777
3.1084
3.1397

31716
3.2041
3.2371

3.2709
3.3062
3.3402

3.3759
3.4124
3.449

3.4874
3.5261
3.5656

3.6059
3.6470
3.6891

2.9238
2.9474
29713

2.9957
3.0206
3.0458

3.0716
3.0977
3.1244

3.1515
3.1792
3.2074

3.2361
3.2663
3.2051

3.32565
3.3565
3.3881

3.4203
3.4532
3.4867

3.5209
3.5659
3.5915

3.6280
3.6652
3.7032

3.7420
3.7817
3.8222

Deg.

75

76

77

78

79

Min,

00
10
20

30
40
50

00
10
20

30
40
50

00
10
20

30
40
50

00
10
20

30
40
50

00
10
20

30
40
50

Sine.

Tangent.

}; Secant.
|

.9659
.9667
9674

.9681
.9689
9696

9708
9710
9717

9724
9730
9787

9744
9750
9757
9763
9769
9775
9781
9787
9793
9799
9811
9816
9892
9827
9833

9843

3.7321
3.7760
3.8208

3.8667
3.9136
3.9617

4.0108
4.0611
4.1126

4.1653
4.2193
4.2747

4.3315
4.3897
4.4494

45107
4.5736
4.6382

4.7046
4.7729
4.8430

49152
4.9894
5.0658

5.1446
5.2257
5.3093

3.8637
3.9061
8.9495

3.9939
4.03%4
4.0859

4.1336
4.184
4.234

4.2837
4.3362
4.3901

4.4454
4.5022
4.5604

4.6202
4.6817
4.7448

4.8097
4.8765
4.9452

5.0159
5.0886
5.1636

5.2408
5.3205
5.4026

5.4874
5.5749
5.6653
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THE CARNEGIE STEEL COMPANY, LIMITED
NATURAL SINES, TANGENTS AND SECANTS.
(CONTINUED.)
\

Deg. ‘Mm Sie. ITangent.'Seca.nt. Deg. [Min.| Sine. Tangent.| Secant.

80 | 00 | .9848 | 5.6713 5.7588 | 85 | 00 | .9962 | 11.430 | 11.474

10 | 9858 | 5.7694| 5.8554 10 | .9964 | 11.826 | 11.868

20 | 9858 | 5.8708| 5.9554 20 | .9967 | 12.251 | 12.201

30 | .9863 | 5.9768  6.0689 30 | .9969 | 12.706 | 12.745

40 | .9868 | 6.0844 6.1661 40 | 9971 | 13.197 | 13.285

50 | .9872 | 6.1970 6.2772 50 | .9974 | 13.727 | 13.763

81 | 00| .9877 | 6.3138] 6.3925 | 86 | 00 | .9976 | 14.301 | 14.336

10 | 9881 | 6.4348 6.5121 10 | 9978 | 14.924 | 14.958

20 | .9886 | 6.5606 6.6363 20 | .9980 | 15.605 | 15.687
30 | .9890 | 6.6912| 6.7655 30 | .9981 | 16.350 | 16.380 |

40 | 9894 | 6.8269  6.8998 40 | 9983 | 17.169 | 17.198
50 | .9899 | 6.9682  7.0396 50 | .9985 | 18.075 | 18.403 |

82| 00| .9903 | 7.1154| 7.1953 [ 87 | 00 | .9986 | 19.081 | 19.107

10 | 9907 | 7.2687| 7.8372 10 | .9988 | 20.206 | 20.230

-~ 20 | 9911 | 7.4287| 7.4957 20 | .9989 | 21.470 | 21.494
‘) 80 | 9914 | 7.5958| 7.6613 30 | .9990 | 22.904 | 22.926
40 | 9918 | 7.7704| 7.8344 40 | 9992 | 24.542 | R4.562

50 | 9922 | 7.9530| 8.0156 50 | .9993 | 26.432 | 26.461

83 | 00 | .9925 | 8.1443| 8.2055 | 88 | 00 | .9994 | 28.636 | 28.654

10 | 9929 | 8.3450 8.4047 10 | .9995 | 31.242 | 31.258

20 | .9932 | 8.5655| 8.6138 20 | .9996 | 34.368 | 34.382

30 | .9936 | 8.7769| 8.8337 30 | .9997 | 38.188 | 38.202

40 | .9939 | 9.0098| 9.0652 40 | 9997 | 42.964 | 42.976

50 | .9942 | 9.2553 9.3092 50 | .9998 | 49104 | 49.114

84 | 00| 9945 | 9.5144 95668 | 89 | 00 | .9998 | 57.200 | 57.209

10-| .9948 | 9.7882| 9.8391 10 | .9999 | 68.750 | 68.767

20 | .9951 |10.0780 10.1275 20 | .9999 | 85.940 | 85.946

30 | .9954 |10.3854 10.4334 30 | 1.0000 114.589 | 114.593

N 40 | .9957 10.7119‘10.7585 40 | 1.0000 171.885 | 171.888
y 50 | 9959 |11.0594 11.1045 50 | 1.0000 343.774 | 343.775
3 90 | 00 | 1.0000 Infinite. | Infinite.
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THE CARNEGIE STEEL

COMPANY,

LIMITED.

SQUARES, CUBES AND RECIPROCALS.

Nos. | Squares. Cubes, Reciprocals. | Nos. | Squares, Cubes. Reciproeals.
1 1 1{1.000000000 | 51| 2601 132 651 | .019607843
2 4 8| .500000000 | 52| 2704 140 608 | .019230769
3 9 27| .333333333 § 53| 2809 148 877 [ .018867925
4 16 64| .250000000 | 54| 2916 157 464 | .018518519
5 25 125 .200000000 | &5 8025 166 875 | .018181818
6 36 216 | .166666667 | 56| 3136 175 616 | .0178571
7 49 343 | .142857143 | 67| 8249 185 193 | . 0175438
8 64 512 | 1256000000 | 58| 8364 195 112} 017241379
9 81 729| (111111111 | 59| 8481 205 879 | 016949153

10 100 1000 .100000000 | 60| 3600 216 000 ! .016666667
11 121 1331) .090909091 | 61| 3721 226 981 | .016393443
12 144 1728| .083333333 | 62| 8844 238 328 | .016129032
13 169 2197 | .076923077 | 63| 8969 250 047 | .015873016
14 196 2744 | 071428571 | 64| 4096 262 144 | .015625000
15 225 8375| .066666667 | 65| 4225 274 625 | .015384615
16 256 4096| .062500000 | 66| 4356 287496 .015151515
17 289 4913| .058823529 | 67| 4489 300763 .014925373
18 324 5832| .055565556 § 68| 4624 814 482 | 014705882
19 361 6859 | .052631579 | 69| 4761 509 | 014492754
20 400 8000 | .050000000 | 70| 4900 343 000 | .014285714
21 441 9261 | .047619048 | 71| 504t 357 911 | 014084507
22 484 10 648 | .045454545 | 72| 5184 873 248 | .013888889
23 529 12167 | .043478260 | 73| 5329 889 017 | .013698630
24 576 13824 | .041666667 | 74| 5476 405 224 | 013513514
25 625 15625 | .040000000 | 75| 5625 421 875 | .013333333
26 6 7&3 17576 | .038461538 | 76| 5776 438 976 | .013157895
27 729 19683 | .037037037 | 77| 5929| 4566 533 | 012987013
28 784 21952 .035714286 | 78 6084 474 552 | 012820513
29 841 24389 | .034482759 | 79| 6241 493 039 | .012658228
30 900 000 | .033333333 | 80| 6400 512 000 | 012500000
31 9 61 29791 | 032258065 | 81| 6561 531 441 | .012345679
32 | 1024 82768| .031250000 | 82| 6724 551 368 | .012195122
33 10 89 85937| .030303030 | 83| 6889| 571787|.012048193
34 | 1156 39304 | 029411765 | 84| 7056 592704 | 011904762
38| 122 42875 028571429 | 85| 7225| 614125 .011764706
36 | 1296 46 656 | 027777778 | 86| 7396 636 056 .011627907
37 | 1369 50 653 | 027027027 | 87| 7569 658 503 | .011494253
38 | 1444 54872 .026315789 | 88| 7744 681 472 .011363636
39 | 1521 59 319 .025641026 | 89| 7921 704 969 | .011285955
40 | 1600 000 | 025000000 | 90| 8100 729 000 011111111
41 | 1681 68921 024390244 | 91| 8281 753 571 | .010989011
42 | 17 64 74 083 | .023809524 | 92| 8464 778 688 | .010869565
43 | 1849 79 507 | 023255814 | 93| 8649 804 357 | .010762688
44 | 1936 85184 | 022727273 | 94| 8836 830 584 | .010638298
46| 2 91 125 95| 90 857 875 | .010526316
46 | 2116 97 .021739130 | 96| 9216 736 | .010416667
a7 | 2209 103823 | .021276600 | 97| 9409 912 673 | .010309278
48 | 2304 110 592 | .020%33333 | 98| 96 941 192 | 010204082
49 [ 2401 117 649 | .020408163 | 99| 980 970 299 | .010101010
50 ! 2500' 125000 .020000000 ! 100!1 0000’ 1000 000! .010000000

I~
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COMPANY, LIMITED.

THE CARNEGIE STEEL

SQUARES, CUBES AND RECIPROCALS—CONTINUED.
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THE CARNEGIE STEEL COMPANY, LIMITED
SQUARES, CUBES AND RECIPROCALS—CONTINUED.
Nos. | Squares. Cubes. Reciprocals. | Nos, | Squares, Cubes. Reciprocals.
201| 40401| 8120601 |,004975124 | 251( 63001 15813 251 | 003934064
202| 40804| 8242408|.004950495 | 252 63504 | 16 003 008 | .003968254
203 41209 8365427 .0049261 253 | 64009 | 16 194 277 | 003952569
204| 41616 8489 661|.004901961 | 254 | 645 16| 16 887 064 | 003937008
205| 42025 8615125 .004878019 65025| 16581 375 | 003921569
206| 42436| 8741816 .004854369 | 256 | 65536 16777 216 | .003906250
207 | 42549 | 8869 743 |.004830918 | 257 | 66049 | 16974 593 | .003891051
208| 43264 8998912 ,0048076 258 | 66564| 17173512 .003875969
209| 43681 | 9129329 .004784689 | 259 | 670 81| 17 373 979 | .003861004
210 44100| 9261000 .004761905 | 260 | 676 00| 17 576 000 | .003846154¢
211| 44521 | 9393931 .004739336 | 261 | 68121 | 17779 581 | 003331418
212| 44944 9528128 .004716981 | 262| 68644 | 17 984 728 | 003816794
213| 45369 | 9663597 |.004694836 | 263 | 691 69| 18 191 447 | .003802281
214| 45798| 9800344 |.004672897 | 264 | 696 96 | 18 399 744 | .003787879
215| 46225| 9938375 .004651163 | 265| 70225| 18 609 625 | .003773585
216 | 4 6¢ 56| 10 077 696 | .004629630 | 266 | 70756 | 18 821 096 | .003759398
217 | 47089 | 10 218 313 | 004608295 | 267 | 71280 | 19 034 163 | 003745318
218 | 47524 10360232 | 004587156 | 268 | 718 24| 19 248 832 | .003731343
219| 479 61| 10 503 459 | 004566210 | 269 | 723 61 | 19 465 109 | .003717472
220 | 4840010648000 | .004545455 | 270 | 729 00| 19 683 000 [ .003703704
221 | 48841 10793 861 | 004524887 | 271 | 73441 | 19902511 | 003690037
222| 49284 | 10941 048 | 004504505 | 272 | 73984 | 2u 123 648 | .003676471
223 | 49720 11089 567 | .0044%4305 | 273 | 74529 | 20 346 417 | .003663004
224 | 50176 | 11239 424 | .004464286 | 274 | 750 76 | 20 570 824 | 003649635
225 | 50625 11 390 625 | 004444444 | 275| 756 25| 20 796 875 | 003366364
226| 51076 | 11543 176 | .004424779 | 276 | 76176 | 21 024 576 | .003623188
227 | 51529 | 11697083 | 004405286 | 277 | 76729| 21253 933 | .003610108
228 | 51984 | 11852352 | ,004385965 | 278 | 77284 | 21484 952 | .003597122
229 | 524 41| 12008 989 | .004366812 | 279 | 77841 | 21717 639 | 003584229
230 | 52900 | 12 167 000 | .004347826 | 280| 78400 21 952000 | .003571429
231| 53361 | 12326391 | .004329004 | 281 | 789 61| 22 18% 041 .003558719
232| 58824 | 12487 163 | 004310345 | 232| 79524 | 22425768 | .003546099
23| 54289 | 12649 337 | 004201845 | 283 | 80089 | 22 665 187 | .003533569
234 | 54756 | 12812904 | ,004273504 | 234 | 806 56| 22 H06 304 | .003521127
235| 55225 12977 875 .004255319 | 285| 81225| 23 149 125 .003508772
236| 55696 | 13144 256 | 004237283 | 286 | 81796 | 23 393 656 | .003496503
237 | 561 69| 13812053 | 004219409 | 287 | 823 69| 23 639 903 | .003484321
238 | 56644 | 13481272 | .004201681 | 288 | 82044 | 23 887 872 .003472222
239 | 57121 | 13 651 919 | ,004184100 | 289 | 83521 | 24 137 569 | .003460208
240 | 57600 | 13 824 000 | .004166667 | 290 | 84100 | 24 389 00v | .003445276
241 | 58081 | 13 997 521 | .004149378 § 291 | 8 46 81 | 24 642 171 | .003436426
242| 58564 | 14172488 | 004132231 | 202 85264 | 24 897 088 | . 003424658
243| 59049 | 14 348 907 | .004115226 | 203 | 85849 | 25153 757 | .003412969
244| 59536 | 14 526 784 | .004093361 | 204 | 864 36| 25412184 003401361

25| 60025 | 14706 125 | 004081633 | 205 | 87025 | 25672375 | .00
246 60516 | 14 886 936 | .004065041 | 296 | 876 16| 25934 336 | .003378378
247 | 61009 | 15069 223 | .004043583 | 297 | 88209 | 24 198 073 | . 003367
218 | 61504 | 15252992 | .004032258 | 298 | 888 04 | 26 463 592 | . 003355705
249 | 62001 | 15438 249 | .00401606¢ | 299 | 894 0L [ 26 730 899 | .003344482
2501 62500 15625000 .004000000 ! 3001 9000¢! 27 000 000

252




THE CARNEGIE

STEEL

COMPA

NY, LIMITED.

SQUARES, CUBES AND RECIPROCALS—CONTINUED. ©

Squsres

Cubes.

l

Reciprocals.

Nos.

Squares.

Cubes.

Reciprocals.
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875

003322259

.003311258
.003300330
.003289474
.003278689
.003267974
.003257329
.003246753
. £03236:

29791000 -
30080231 .

1003174603

0031

.003164557
003154574
. 003144654
.003134796
.003125000

1 0
.002949853
.002941176
.002932551
.002923977
.0029 5452

002906977

-002898551

.002890173
.002881844
.002873563
.002865330
.002857143

13 24 96
138225

1339 56
13 46 89
135424
13 61 61

013 69 00

1376 41
1383 84
139129
13 9876
1406 25

141376

152100
1528 81

392115386 64

1544 49
155236
1560 25

396 | 15 68 16

1576 09
1584 04
159201
16 00 00

43 243 551
43 614 208
43 986 977
44 361 864
44738 875

45118 016

47 045 831

47 437 928 | &
47832147 .

48 228 541

48627125 .
49027896 | .

51064 811 | .
51478 818 .
51895117 | .
523813624 | .
52734375 | .

53157 376 | .
53582633 | .
540101521 .

54 439 939

54872000 .

.002849003
.002840909
.002832861

002824859

1002816901
002808959

55 806 341 | 002624672

57066 625 | .
57512456 | .

59 319 000 | .002564103

59 T76 471 | .

61629875 | .
G )

002525253
62570 773 | 002515892

1002512563
1002506268
1002500000

62 099 136

63 044 792
63 521 199
64 000 000

263




THE

CARNEGIE STEEL COMPANY, LIMITED.

SQUARES, CUBES AND RECIPROCALS—CONTINUED.

Nos,

Squares,

Cubes.

Reciprocals. | Nos.

Squares,

Cubes.

Reciprocals,

16 08 01

16 48 36
16 56 49

408 | 16 64 64

16 72 81
16 81 00

16 89 21

18 40 41

430 | 18 49 00

18 57 61

64 481 201

66430125 .
66923416 | .

67 419 143

67917312 .
68417 929 .
21000 | .

68 O

69 426 531
69 934 528
70 444 997
70 957 944
71473 875

71 991 296
72511 718
73 034 632
73 580 059
74 088 000

74 618461 | .
75151 448 | .
75 686 967 | .
76 225 024 | .
76765 625 | .

77 308 776

77854 488 | .
78 402 752 | 0023364
78 953 589 | .

79 507 000

80 062 991
80 621 568

811821737 .

81 746 504

25 | 82312875

85766121 | .
86 350 888 | .
86938 307 | .

87 528 384

5| 88121125 .

88716 536
89 314 623
89 915 392
90 518 849
91 125 000

.002493766 | 451
.002487562

.002433090

002427184 | 462
.002421308 | 463
002415459 | 464
.002409639 | 465

.002403846
.002398082 | 467
.002392344 | 468
.002386635 | 469
.002380952
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91 733 851
92 845 408
92 959 677
93 576 664
94 196 375

94 818 816

97 972 181
98 611 123
99 252 847
99 897 344
100 544 625

101 194 696
101 847 563
102 503 232
103 161 709
103 823 000

104 487 111
105 154 048

105823817 | .
106 496 424 | .
107171875 | .

«
107 850 176 | .
108 531 833

109 215 852

109 902239 | .
110592 000 | .

111 284 641
111 980 168
112 678 587
113 379 904
114 084 125

114 791 256

121 [ 116 930 169

24 01 00 | 117 649 000

241081 (118370 771 | .
242064 (119095488 | .
24 30 49 119823%21 .

.002217295
.002212389
.002207506
.002202643
.002197802

.002192982
.002188184
406

.00:
.002178649
.002173913

.002169197
.002164502
.002159821
.002155172
.002150538

.002145923
002141328
.002136752
.002132196
.002127660

.002079002
.002074689
.002070393
.002066116
.002061856

,002057613
1002053388

120 553
24 50 25 | 121 287 375 | 002020202

16 (122023 936 | .
122763473 | .




THE

CARNEGIE

STEEL COMPANY, LIMITED

SQUARES, CUBES AND RECIPROCALS—CONTINUED.

Nos. | Squares. | Cubes. Reciprocals, | Nos,| Squares. Cubes. Reciprocals,
501 (2510 01 | 125 751 501{ .001996008 | 551 (30 36 01 | 167 284 151 | .001814882
502 | 25 20 04 | 126 506 008] .001992082 | 552 | 30 47 04 | 168 196 608 | .001811594
503 | 25 80 09 | 127 263 527| .001988072 | 553 [ 30 58 09 | 169 112 877 | .001808318
504 | 25 40 16 | 128 024 064| .001984127 | 554 |30 69 16 | 170 031 464 | .001805054
505 |25 50 25 | 128 787 625] .001980198 | 555 | 30 80 25 | 170 953 875 | 001801802
506 | 25 60 36 | 129 554 216| .001976285 | 556 | 30 91 36 | 171 879 616 | .001798561
507 | 2570 49 | 130 323 843| .001972387 | 557 | 31 0249 | 172 808 693 | .001795332
508 | 25 80 64 | 131 096 512/ .001968504 | 558 |31 13 64 | 173 741 112 | .001792115
509 | 25 90 81 | 131 872 229| .001964637 | 559 |31 24 81 | 174 676 879 | .001788909
510 | 26 01 00 | 132 651 000| .001960784 | 560 | 31 36 00 | 175 616 000 | .001785714
511 |26 11 21 | 133 432 831 001956947 | 561 |31 47 21 | 176 558 481 | .001782581
512 | 26 21 44 | 134 217 728| 001953125 | 562 | 31 58 44 | 177 504 323 | 001779359
513 | 26 31 69 | 135 005 697| .001949318 | 563 | 81 69 69 | 178 453 547 | 001776199
514 | 26 41 96 | 135 796 744 .001945525 | 564 | 31 80 96 | 179 406 144 | .001773050
515 | 26 5225 | 136 590 875| .001941748 | 565 | 81 92 25 | 180 362 125 | 001769912
516 | 26 62 56 | 137 388 096] .001937984 | 566 |32 (3 56 | 181 321 496 | .001766784
517 | 2672 89 | 138 188 413| ,001934236 | 567 | 32 14 89 | 182 284 263 | .001763668
518 | 26 83 24 | 138 991 832( .001930502 | 568 | 32 26 24 | 183 250 432 | . 001760563
519 | 26 93 61 | 139 798 859| 001926782 | 569 |32 37 61 | 184 220 009 | 001757469
520 | 27 04 00 | 140 608 000| .001923077 | 570 |32 49 00 | 185 193 000 | .001754386
521 | 27 14 41 | 141 420 761( ,001919386 | 571 |32 60 41 | 186 169 411 | .001751313
522 | 27 24 84 | 142 236 648 ,001915709 | 572 | 3271 84 | 187 149 248 | 001748252
523 | 27 85 29 | 143 055 667| .001912046 | 573 | 32 83 29 | 188 132 517 | .001745201
524 | 27 4576 | 143 877 824 .001908397 | 574 | 32 94 76 | 189 119 224 | .001742160
525 | 27 56 25 | 144 703 125( 001904762 | 575 | 33 06 25 | 190 109 875 | . 001739130
526 | 27 66 76 | 145 531 576( .001901141 | 576 | 33 17 76 [ 191 102 976 | .001736111
527 | 27 77 29 | 146 363 183 001897533 | 577 [ 33 29 29 | 192 100 033 | . 001733102
528 | 27 87 84 | 147 197 952( .001893939 | 578 | 33 40 84 | 193 100 552 | .001730104
529 | 27 98 41 | 148 035 889 001890359 | 579 |33 52 41 | 194 104 539 | ,001727116
530 | 28 09 00 | 148 877 000 001886792 | 580 | 33 64 00 | 195 112 000 | 001724138
531 | 28 19 61 | 149 721 291 001883239 | 581 | 33 75 61 | 196 122 941 | 001721170
532 | 28 30 24 [ 150 568 768| 001879699 | 582 | 33 87 24 | 197 137 368 | . 001718213
533 | 28 40 89 | 151 419 437| .001876173 | 583 | 33 98 89 | 198 155 287 | .001715266
534 | 28 51 56 | 152 273 804 001872659 | 584 |34 10 56 | 199 176 704 | .001712329
535 | 28 62 25 | 153 130 875 001869159 | 585 |84 22 25 | 200 201 625 | 001709402
536 | 28 72 96 | 153 990 656| 001865672 | 586 | 34 33 96 | 201 230 056 | 001706485
537 | 28 83 69 [ 154 854 153| 001862197 | 587 | 84 45 69 | 202 262 003 | 001703578
538 | 28 94 44 | 155720 872| 001858736 } 588 | 84 57 44 | 203 297 472 | 001700680
539 | 29 0521 | 156 590 819| 001855288 § 589 [ 34 69 21 | 204 836 469 | .001697793
540 | 29 16 00 464 .001851852 | 590 | 31 81 00 | 205 879 000 | .001694915
541 [ 29 26 81 | 158 840 421( ,001848429 | 591 | 34 92 81 | 206 425 071 | 001692047
542 | 29 87 64 | 159 220 088| 001845018 | 592 | 35 04 64 | 207 474 688 | 001689189
543 | 29 48 49 [ 160 103 007| 001841621 | 593 | 35 16 49 | 208 527 857 | 001686341
544 [ 29 59 36 | 160 989 184] .001838235 | 594 | 35 28 36 | 209 584 534 | .001683502
545 |29 70 25 | 161 878 625| .001834862 | 595 |85 40 25 | 210 644 875 | 001680672 |
546 | 20 81 16 [ 162 771 336| 001831502 | 596 | 85 52 16 | 211 708 736 | .001677852
547 |29 92 09 | 163 667 823| ,001828154 | 597 | 35 64 09 | 212 776 173 | 001675042
548 | 30 03 04 | 164 566 592{ .001824818 | 598 | 35 76 04 | 213 847 192 | .001672241
549 |30 14 01 | 165 469 149| .001821494 | 599 | 35 88 01 | 214 921 799 | .001669449
550 130 25 00 1166 375 .001818182 | 600 /36 00 00/ 216 000 000

25656




THE CARNEGIE STEEL COMPANY, LIMITED.

SQUARES, CUBES AND RECIPROCALS—CONTINUED.

Nos.

Squares,

Cubes,

Raciprocals,

Nos,

Squares.

Cubes,

Reciprocals.
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4199 04
421201
422500

36 60 25| 221

217 081 801
218 167 208
219 256 227
220 348 864
445125

222 545 016
223 648 543

230 346 397
231 475 544
232 608 375

233 744 896

.001663894
001661130
001658375
.001655629
.001652893

.001650165
001647446
001644737
.001642036
.001639344

.001636661
.001633987
.001631321
001628664
.001626016

.001623377
9 | 234 885 113 |,

236 029 032 |.
237 176 659 |.

238 328 000 |. 001612903

239 483 061
240 641 848
241 804 367
242 970 624
244 140 625

245 314 376
246 491
247 673 152
248 858 189
250 047

251 239 591
252 435 968
253 636 137
254 840 104
256 047 875

257 259 456
258 47

259 694 072
262 144 000
263 374 721

264 609 238
265 847 707

001610306
.001607717
.001605136
.001602564

.001597444
883 |.001594896
.001592357
001589825
000 |.001587302

001584786

001582278

-001579779
-001577287
001574803

.001572327

001569859

'.001567393
260917 119 |

001564945

. 001562500

. 001560062
. 001557632
.001555210

2795

267 089 984 |.00155!

268 836 125
269 586 136

. 001550388
.001547988

023 |, 001545595

270 840

272 097 792
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274 625 000

.001543210
.001540832
.001538462
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4251 04

653 | 42 64 0D

670

427716
4290 25

43 03 36

43 82 44

275 894 451
277 167 808

281 011 875

282 300 416
283 593 393
284 890 312
286 191 179
287 496 000

288 804 781
290 117 528
201 434 247

292 754 944 |. 001
.001503759

.001501502
.001499250
001497006
.001494768
. 001492537

001490313
303 464 448 |.
304 821 217 |.
306 182 024 |.
1001481481

.001479290
.001477105
. 001474926
001472754
.001470588

001468429
.001466276
.001464129
. 001461988
. 001459854

.001457726
. 001455604
.001453488
.001451379
001449275

.001447178
331 373 888 |. 45087
.001443001

294 079 625

295 408 296
296 740 963

300 763 000
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307 546 875

308 915 776
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311 665 752
313 046 839
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320 013 504
321 419 125

322 828 856
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1 | 327 082 769
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334 255
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279 726 264 |,
1001526718

.001524390

001522070

1001519757
1001517451
1001515152

001512859
001510574
001508296

506024

5 384 |. 001440922

835702 875

337 153 536
338 608 873
340 068 392
341 532 099
343 000 000

.001438849

001436782

.001434720
.001432665
.00143u615
.001428571




THE CARNEGIE STEEL COMPANY, LIMITED.

SQUARES, CUBES AND RECIPROCALS—CONTINUED.

Squares.

Cubes.

Reciprocals.

Nos.

Squares.

Cubes,

Reciprocals,
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.001
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447 697 125 |.001307190

449 455 096 |.00
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493 039 000 |, 00;
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479729139 |.
474552 000 |.

476 379 541 (.00
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480 048 687 .
481 890 804 |
483736 625 .00

485 587 656 |

287




THE CARNEGIE

STEEL COMPANY, LIMITED.

SQUARES, CUBES AND RECIPROCALS—CONTINUED.
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Squares. Cubes.

Reciprocals. | Nos.

Squares,
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Reciproocals,
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001154734
651 714 363 | 0011534

-001149425

.001148106
001146789
001145475
001144165
. 001142857

.001141553

1

712 121 957 |. 001119821

714 516 984
716 917 375

719 323 136
721754 273
724 150

.001118568
.001117318

001116071

-001114827

792 |.001113586

726 572 699 |.00
729 ~001111111

000 000

1112347
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THE CARNEGIE STEEL COMPANY,

LIMITED.

SQUARES, CUBES AND RECIPROCALS—CONTINUED.

=

g

BEREZR BRERZ 28883 338

Squares, Cubes. Reciprocals, | Nos, Cubes, Reciprocals,
8118 01 | 731 432 701 |.001109878 | 951 860 085 351|.0010515256
81 36 64 | 733 870 808 |.001108647 | 952 862 801 408/. 001050420
81 54 09 | 736 314 327 |,001107420 | 953 865 523 177|.001049318
817216 | 738 763 264 |,001106195 | 954 868 250 664/.001048218
8190 25| 741 217 625|.001104972 | 955 870 983 875/. 001047120
8208 36 | 743 677 416 |,001103753 | 956 873 722 816/. 001046025
8226 49 | 746 142 643 . 001102536 | 957 876 467 493(.001044932
8244 64 | 748 613 312(,001101322 | 958 879 217 912/, 001043841
82 62 81 | 751 089 429 (,001100110 | 959 881 974 079).001042753
82 81 00 | 753 571 000 |.001098901 | 960 884 736 000/.001041667
8299 21 | 756 058 031 |, 001097695 | 961 887 503 681/,001040583
83 17 44 | 758 550 528 [.001096491 | 962 890 277 128/.001039501
83 35 69 | 761 048 497 |.001095290 | 963 893 056 347 .001038422
83 53 96 | 763 551 944 |.001094092 | 964 895 841 344/.001037344
83 72 25| 766 060 875 (.001092806 | 965 898 632 125(.001036269
83 90 56 | 768 575 296.001091703 | 966 901 428 696/.001035197
84 08 89 771 095 213,001090513 | 967 904 231 063/. 001

84 27 24 | 773 620 632].001089325 | 968 93 70 24 | 907 039 232/, 001!

84 45 61| 776 151 559|,001088139 | 969 93 89 61 [ 909 853 209|. 001031992
84 64 00 | 778 688 000 (.001086957 | 970 94 09 00 | 912 673 000,.001030928
84 8241 | 781 229 961|.001085776 | 971| 94 28 41 | 915 498 611{.001029866
85 00 84 | 783 777 448 (.001084599 | 972 94 47 84| 918 330 048/.001028807
85 19 20 | 786 330 467 .001083423 | 973| 94 67 29 001027749
853776 889 024 |.001082251 | 974 94 86 76 001026694
85 56 25 | 791 453 125 (001081081 | 975| 95 06 25 001025641
8574 76 | 794 022 776 001079914 | 976/ 95 2576 1

85 93 29 | 796 597 983 |.001078749 | 977| 95 45 29 001023541
86 11 84 | 799 178 752 (.001077586 | 978 95 64 84 1

86 30 41 | 801 765 089 |.001076426 | 979 95 84 41 001021450
86 49 00 | 804 357 000 |.001075269 | 980, 96 04 00 102

86 67 61 | 806 954 491 001074114 | 981| 96 23 61 .001019368
86 86 24 | 809 557 568 | 001072961 { 982| 96 43 24 001018330
87 04 89 | 812 166 237 |.001071811 | 983 96 62 89 001017294
87 23 56 | 814 780 504 .001070664 | 984 96 82 56 .001016260
87 42 25 | 817 400 875 |.001069519 | 985| 97 0225 .001015228
87 60 96 | 820 025 856 | . 001068376 97 21 96 001014199 |
87 79 69 | 822 656 953 |. 001067236 97 41 69 .001013171
87 98 44 | 825 203 672 (001066098 97 61 44 .001012146
88 17 21 | 827 936 019 |. 001064963 97 81 21 001011122
88 36 00 | 830 584 000 |.001063830 98 01 00 .001010101
88 54 81 | 833 237 621 |.001062699 98 20 81 001009082
88 73 64 | 835 896 888 |.001061571 98 40 64 001008065
88 92 49 | 838 561 807 |. 001060445 98 60 49 001007049
89 11 36 | 841 232 384 |. 001059322 98 80 36 001006036
8920 25 | 843 908 625 (. 001058201 9900 25 001005025
89 49 16 | 846 590 536 |. 001057082 99 20 16 .001004016
89 68 09 | 849 278 123 . 001055966 99 40 09 .001003009
89 87 04 | 851 971 392 | . 001054852 99 60 04 .001002004
90 06 01 | 854 670 349 | . 001053741 99 80 01 h .001001%
90 25 00 | 857 375 000 1.001052632 00 0000 .001
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THE CARNEGIE STEEL COMPANY, LI'MITED,
DECIMALS OF AN INCH FOR EACH th.
Fads. ﬁm,! Decimal. |Fraction| ylyds. | iths, Decimal. |Fraction
1 | .015625 33 | .515625
2 | .03125 17 | 34 | .53125
3 | .046875 35 | .546875
2| 4/.0625 |1-16| 18 | 38 | .5625 | 9-16
5 | .078125 37 | .578125
3| 6 |.09375 19 | 38 | .59375
7 | .109375 39 | .609375
8 .25 |1-8 | 20 | 40 | .625 5-8
9 | .140625 41 | .640625
10 | .15625 21 | 42 | .65625
11 |.171875 43 | .871875
12 |.1875 |3-16| 22 | 44 | .6875 |11-18
13 | .203125 45 | .703125
14 | .21875 23 | 48 | .71875
15 |.234375 47 | .734375
16 | .25 14 | 24 | 48 | .75 34
17 | .265625 49 | .765625
9 | 18 | .28125 25 | 50 | .78125
19 | .296875 51 | .796875
10 | 20 | .3125 |5-18| 26 | 52 | .8125 |13-16
21 | .328125 53 | .828125
11 | 22 | .34375 27 | 54 | .84375
23 | .359375 55 | .859375
i2 (24 |.375 |38 | 28 | 56 | .875 7-8
25 | .390625 57 | .890625
13 | 26 | .40825 29 | 58 | .90625
27 | .421875 59 | .921875
14 | 28 | 4375 |7-16| 30 | 60 | .9375 |15-16
29 | 453125 6l | .953125
15 | 30 |.46875 31 | 62 | .96875
31 | .484375 63 | .984375
18 | 32 | .5 1-2 | 32 | 64 |1 ‘
I
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THE CARNEGIE STEEL COMPANY, LIMITED.

DECIMALS OF A FOOT FOR EACH J; OF

AN INCH.
Inch. 0// 1// 2// 3// 4// 5//
) 0o |.0833 | .1667 | 2500 | .3333 | .4167
& | 0013 | .0846 | .1680 | .2513 | .3346 | .4180
4 | 0026 | .0859 | .1693 | .2526 | .3359 | 4193
2 | .0039 | .0872 | .1708 | .2539 | .3372 | .4208
4 | 0052 | .0885 | .1719 | .2552 | .3385 | .4219
& | 0085 | .0898 | .1732 | .2565 | .3398 | .4232
0078 | .0911 | .1745 | 2578 | .3411 | .4245
. | .0091 | .0924 | .1758 | .2591 | .3424 | 4258
1 | .0104 | .0937 | .1771 | .2604 | .3437 | .4271
& | .0117 | 0951 | 1784 | 2617 | 3451 | .4284
& | 0130 | 0964 | .1797 | .2630 | .3464 | .4297
i1 | 0143 | .0977 | .1810 | .2643 | .3477 | .4310
4 | 0156 | .0990 | .1823 | 2656 | .3490 | .4323
13 | 0169 | .1003 | 1836 | .2669 | .3503 | .4336
7, | .0182 | .1016 | .1849 | .2682 | .3516 | .4349
13 | .0195 | .1029 | .1862 | .2695 | .3529 | .4362
1 | .0208 | .1042 | .1875 | .2708 | .3542 | .4375
17 | 0221 | .1055 | .1888 | .2721 | .3555 | .4388
% | 0234 | 1088 | .1901 | .2734 | .3568 | .4401
19 | 0247 | .1081 | .1914 | .2747 | .3581 | .4414
% | 0260 | .1094 | .1927 | 2760 | .3594 | .4427
21 | .0273 | .1107 | .1940 | .2773 | .3607 | .4440
11 | (0286 | .1120 | .1953 | .2786 | .3620 | .4453
21 | 0299 | .1133 | .1966 | .2799 | .3633 | .4466
§ | 0312 | .1146 | .1979 | .2812 | .3646 | .4479
22 | 0326 | .1159 | .1992 | .2826 | .3659 | .4492
1} | 0839 | 1172 | .2005 | .2839 | .3672 | .4505
27 | 0352 | .1185 | .2018 | .2852 | .3685 | .4518
7 | .0865 | .1198 | .2031 | .2865 | .3698 | .4531
22 | .0378 | 1211 | 2044 | .2878 | .3711 | 4544
1; | .0391 | .1224 | 2057 | .2891 | .3724 | .4557
i1 | .0404 | 1237 | .2070 | .2904 | .3737 | .4570
] | .0417 | .1250 | .2083 | .2017 | .3750 | .4583
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THE CARNEGIE

STEEL:. COMPANY,

I \M ITED

DECIMALS OF A FOOT FOR EACH j; OF
AN INCH. :

Inch. | @7 | 7 | 87 | oV [ 107 | 11”7
0 | .5000 | 5833 | .6667 | .7500 | .8333 | 9167
4 | .5013 | .5846 | .6680 | .7513 | .8346 | .9180
4 | .5028 | .5859 | .6693 | 7526 | .8359 | .9193
& | 5039 | 5872 | .6706 | .7539 | .8372 | .9208
4 | .5052 | .5885 | .6719 | .7552 | .8385 | .9219
& | 5085 | 5898 | .6732 | .7565 | .8398 | 9232
& |.5078 | 5911 | .6745 | 7578 | .8411 | .9245
7 | 5091 | .5924 | .6758 | .7591 | .8424 | .9258
1 | 5104 | 5937 | .6771 | .7604 | .8437 | .9291.
& | .5117 | 5951 | .6784 | 7617 | 8451 | .9284
S | 56180 | .5964 | .6797 | .7630 | .8464 | 9297
i1 | 5143 | .5977 | .6810 | .7643 | .8477 | .9310
¥ | 5156 | .5990 | .6823 | .7656 | .8490 | .9323
i3 | 5169 | .6003 | .6836 | 7669 | .8503 | 9336
7y | 5182 | .6016 | .6849 | 7682 | .8516 | .9349
13 | 5195 | .6029 | .6862 | .7695 | 8520 | .9362
1 | .5208 | .6042 | .6875 | .7708 | .8542 | .9375
11 | 5221 | .6055 | .6888 | 7721 | .8555 | .9388
f’ 5234 | 6068 | .6901 | .7734 | .8568 | .9401
¢ | .5247 | .6081 | .6914 | .7747 | .8581 | .9414
¥s | 5260 | .6094 | .6927 | 7760 | .8594 | .9427
%i 5273 | .6107 | .6940 | .7773 | .8607 | .9440
i1 | .5286 | .6120 | .6953 | .7786 | .8620 | .9453
i1 | 5209 | .6133 | 6966 | .7799 | .8633 | .9466
i | 5312 | .6146 | .6979 | .7812 | .8646 | .9479
23 | 5326 | 6159 | .6992 | .7826 | .8659 | .9492
i | 5389 | 6172 | .7005 | .7839 | .8672 | .9505
21 | 5352 | .6185 | .7018 | 7852 | .8685 | .9518
Ys | 5365 | .6198 | .7031 | .7865 | .8698 | 9531
23 | 5378 | .6211 | .7044 | .7878 | .8711 | .9544
13 | 5391 | .6224 | 7057 | .7891 | .8724 | 9557
i1 | 5404 | .6237 | .7070 | .7904 | .8737 | .9570
i | 5417 | 6250 | 7083 | .7917 | .8750 | 9583

i




THE CARNEGIE STEEL COMPANY, LIMITED

DECIMALS OF A ¥OOT FOR EACH ¢ OF
AN INCH.

Inch. (0144 177 2// 3// 4// 5//

.0430 | .1263 | .2098 | .2930 | .3763 | .4596
.0443 | .1276 | .2109 | .2943 | .3776 | .4609
.0456 | .1289 | .2122 | .2056 | .3789 | .4622
.0469 | .1302 | .2135 | .2969 | .2802 | .4635

B
o Conar e

-,

37 | 0482 | .1315 | 2148 | .2082 | .3815 | .4648
é 0495 | .1328 | .2161 | .2995 | .3828 | .4661
3% | 0508 | .1341 | .2174 | .3008 | .3841 | .4674
7 | 0521 | .1354 | 2188 | .3021 | .3854 | .4688
41 | .0534 | .1367 | .2201 | .3034 | .3867 | .4701
| i1 | .0547 | 1380 | .2214 | .3047 | .3880 | 4714
| 1 i 0560 | .1393 | .2227 | .3080 | .3893 | .4727
: ] 0573 | .1408 | .2240 | .3073 | .3908 | .4740

.0586 | .1419 | .2253 | .3086 | .3919 | 4753
0599 | .1432 | .2266 | .3099 | .3932 | 4766
0812 | 1445 | .2279 | .3112 | .3945 | 4779

i 0625 | .1458 | .2292-| .3125 | .3958 | .4792

} | 0638 | .1471 | .2305 | .3138 | .3971 | .4805
: 06851 | .1484 | 2318 | .3151 | .3984 | 4818
- | .0864 | .1497 | .2331 | .3164 | .3997 | 4831
1 0877 | .1510 | .2344 | 3177 | 4010 | 4844

: .0690 | .1528 | .2357 | .3190 | 4023 | .4857
i 0708 | .1536 | .2370 | .3203 | 4038 | .4870
7 0716 | .1549 | .2383 | .3216 | .4049 | 4883
% .0729 | .1562 | .2398 | .3229 | 4062 | ‘4896

T .0742 | 1576 | 2409 | .3242 | .4076 | 4909
: 0755 | .1589 | .2422 | .3255 | .4089 | .4922
4 0768 | .1602 | .2435 | .326% | 4102 | .4935
14 .0781 | .1615 | .2448 | .3281 | 4115 | 4948

4 | 0794 | .1628 | .2461 | 3294 | 4128 | 4981
25 .0807 | .1641 | .2474 | .3307 | 4141 | 4974
¢} | 0820 | .1654 | 2487 | .3320 | 4154 | .4987




THE CARNEGIE

STEEL, COMPANY,

LIMITED

DECIMALS OF A FOOT FOR EACH j; OF

AN INCH.
Inch' 6// 7// 8// 9// 10// 11//
33 | 5430 | .6263 | .7096 | .7930 | .8763 | .9596
11 | 5443 | 6276 | 7109 | .7943 | 8776 | 9609
32 | 5456 | .6289 | 7122 | 79568 | .8789 | .9622
& | 5469 | .6302 | 71385 | .7969 | .8802 | .9635
37 | .5482 | .6315 | 7148 | 7982 | .8815 | .0848
10 | 5495 | .6328 | .7161 | .7995 | .8828 | .9661
35 | 5508 | .6341 | .7174 | .8008 | .8841 | .9674
3 | .5521 | .6354 | .7188 | .8021 | .8854 | .9688
41 | 5534 | .6387 | 7201 | .8034 | .8867 | .9701
21 | 5547 | .8380 | .7214 | .8047 | .8880 | .9714
i1 | 5560 | .6393 | .7227 | .8060 | .8893 | .9727
il | .5573 | .6408 | .7240 | .8073 | .8906 | .9740
43 | 5586 | .6419 | .7253 | .8086 | .8919 | .9753
g;} 5599 | 6432 | 7266 | .8099 | .8932 | .9766
7 | 5612 | .8445 | 7279 | 8112 | .8945 | .9779
3 | .5625 | .8458 | 7292 | .8125 | .8958 | .9792
s | .5838 | .6471 | 7305 | .8138 | .8971 | 9805
i | 5651 | .6484 | 7318 | .8151 | .8984 | .9818
1 | 5664 | .6497 | 7331 | .8164 | .8997 | .9831
11 | 5877 | .6510 | .7344 | 8177 | 9010 | .9844
. | 5690 | .6523 | .7357 | .8190 | .9023 | .9857
. | .5703 | .6536 | .7370 | .8203 | .8036 | .9870
. | 5716 | .6549 | .7383 | .8216 | 9049 | .9883
7 | 5720 | .6562 | .7398 | .8229 | .9062 | .9898
1 | 5742 | 8576 | 7409 | .8242 | .9076 | .9909
¢ | 5755 | B8589 | 7422 | .8255 | .9089 | .9922
5768 | .8602 | .7435 | .8268 | .9102 | .9935
5781 | 8615 | .7448 | .8281 | 9115 | .9948

.| 5794 | .6628 | .7461 | .8204 | 9128 | .9961
.| 5807 | .8641 | 7474 | .8307 | .9141 | 9974
i | .5820 | .6654 | .7487 | .8320 | .9154 | .9987
1 | 1.0000
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THE CARNEGIE STEEL COMPANY, LIMITED.

MENSURATION.

LENGTH.

Circumference of circle = diameter X 8.1416.

Diameter of circle = circumference X 0.3183.

Side of square of equal periphery as circle = diameter X 0.7854.
Diameter of circle of equal periphery as square = side X 1.2732.
Side of an inscribed square = diameter of circle X 0.7071.
Length of arc = No. of degrees X diameter X 0.008727.
Circumference of circle whose diameter is 1 =

7 = 3.14159265.
S IS e W
Rk T — R T i
72=9.869604. = M
Vi L 0564190,
R VRS

o2
or, very nearly, = ——

=g o= 1/r2—x2—(r—v).

Vi & ct
vV=r— r3— o or, very nearly, = —

8r

-AREA.

Triangle = base X half perpendicular hight.
Parallelogram = base X perpendicular hight. 4
Trapezoid = half the sum of the parallel sides X perpen-

dicular hight. ;
Trapezium, found by dividing into two triangles.
Circle = diameter squared X 0.7854; or,

= circumference squared X 0.07958.

Sector of circle = length of arc X half radius.
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THE CARNEGIE STEEL COMPANY, LIMITED.

MENSURATION—Continued.
Segment of circle = area of sector less triangle; also, for
2
flat segments very nearly =-4—;—1/0888 vz 4 0—4-

Side of square of equal area as circle = diameter X 0.8862;
also, = circumference X 0.2821.

Diameter of circle of equal area as square = side X 1.1284.

| Parabola = base X 24 hight.

| Ellipse = long diameter X short diameter X 0.7854.

| Regular polygon = sum of sides X half perpendicular distance
from center to sides. d

Surface of cylinder = circumference ¥ hight X area of both
ends.

Surface of sphere = diameter squared X 3.1416;

also, = circumference X diameter.

Surface of a right pyramid or cone = periphery or circumference
of base X half slant hight.

Surface of a frustrum of a regular right pyramid or cone = sum
of peripheries or circumferences of the two ends X half
slant hight 4 area of both ends.

The following formulee are used to obtain the areas of
| irregular plane surfaces which are bounded by a base line, “cc,”
and two ordinates, “2’” and “5,” as per figure.

—f——a——a—x%

The formulz are given in therorder of’their accuracy, be-
ginning with the most accurate.

The surface is divided into any number (7) of parallel strips
having the same widths, @, and whose middle ordinates are
represented by ﬁlﬁzﬁa cerseneneees 2and
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THE CARNEGIE STEEL COMPANY, LIMITED.

MENSURATION—Continued.

L ArssndxSh +%(8 a+h—9h) +%(8b+h’:19h‘)
(Francke’s rule.)

II. Area=d X =h +—%(a— h1) +-1£2—(b—h")

(Poncelet’s rule.)
III. Area=d X < h.

These formulee are more convenient for use than Simpson’s
rule, and I and II give generally and III sometimes more
accurate results.

= stands for sum of.

SOLID CONTENTS.

Prism, right or oblique, = area of base X perpendicular hight.
Cylinder, right or oblique, = area of section at right angles to
sides X length of side.
Sphere = diameter cubed X 0.5236.
also, = surface X ¥4 diameter.
Pyramid or cone, right or oblique, regular or irregular, = area
of base X 14 perpendicular hight.

PRrRISMOIDAL FORMULA.

A prismoid is a solid bounded by six plane surfaces, only
two of which are parallel.

To find the contents of a prismeid, add together the areas of the
two parallel surfaces and four times the area of a section
taken midway between and parallel to them, and multiply
the sum by Y4th of the perpendicular distance between the
parallel surfaces.

[0}
()]
~1




THE CARNEGIE STEEL COMPANY, LIMITED.

WEIGHTS AND MEASURES.

AVOIRDUPOIS or ORDINARY COMMERCIAL WEIGHT.

UNITED STATES AND BRITISH.

Ton. ‘ Cwis. Pounds. Qunces.
A | 20, 2240. 85840.
0.050 i 112. 1792.
l 0.0089 1. 16.

0.0625 1.

1 pound =27.7 cubic inches of distilled water at its maximum
density, (39° Fahrenheit.)

LONG MEASURE.

UNITED STATES AND BRITISH.

Miles. Rods. Yards. Feot. Inches.
T 320. 1760. 5280. 63360.
0.003125 ; 5 5.5 16.5 198,
0.000568 0.1818 1, 8. 36.
0.0001894 0.0606 0.3333 1. 12
0.0000158 0.005051 0.02778 0.08333 | - 1,

The British measures are shorter than those of the U. S. by
about 1 part in 17280 or 8.677 inches in a mile.

A fathom = 6 feet. A Gunter’s surveying chain = 66 feet
or 4 rods, 80 chains making a mile.

SQUARE OR LAND MEASURE.

UNITED STATES AND BRITISH,

Sq.Miles.| Acres. | Sq.Rods. | Sq. Yards. | Sg. Peet. | Sq. Inches.

1. 640.  |102400.  [3097600. |27878400.
i 15 160. 43840. 43560. 6272640.

48 30.25 27225 39204.
0.0331 1, 9.0 1296.
0.111 1. 144,

! 0.00694 1.
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THE CARNEGIE STEEL COMPANY, LIMITED,

WEIGHTS AND MEASURES—Continued.

CUBIC OR SOLID MEASURE.
UNITED STATES AND BRITISH.

1728 cubic inches = 1 cubic foot.
27 cubic feet = 1 cubic yard.
A cord of wood =4/ X 4/ X 8’ = 128 cubic feet.
A perch of masonry == 16.5/ X 1.5’ X 1/ =24.75 cubic feet,
but is generally assumed at 25 cubic feet,

DRY MEASURE.
UNITED STATES ONLY.

StruckBush | Pecks. | Quarts. Pints. | Gallons. |Oubic Inch. |
1 4 2. 64 8. 2150, |

1 8. 16 2, 537.6

1 2 025 67.2

05 1 0.125 33.6

4, 8 I 2688

A gallon of liquid measure = 231 cubic inches.

A heaped bushel =1 struck bushels. The cone in a heaped
bushel must be not less than 6 inches high.

A barrel of U. S. hydraulic cement = 800 to 810 1bs., usually,
and of genuine Portland cement = 425 1bs.

To reduce U. S. dry measures to British imperial of the same
name, divide by 1.032.

NAUTICAL MEASURE.

A nautical or sea mile is the length of a minute of longitude
of the earth at the equator at the level of the sea. It is assumed
= 6086.07 feet == 1.152664 statute or land miles by the United
Stites Coast Survey.

8 nautical miles = 1 league.
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THE CARNEGIE STEEL COMPANY, LIMITED.

COMPARATIVE TABLE OF

UNITED STATES AND FRENCH MEASURES.

MEASURES. No.

One grain = gramme, - - - 0.0648
One pound avoirdupois = kilogramme, = - 0.4536
One ton of 2240 1bs. = tonnes, - - 1.0160
One ton of 2000 lbs. = tonne, = - - 0.9071
One inch = millimetres, - - - 25.400
One foot = metre, - - - - 0.3048
One mile = kilometres, - - - 1.6094
One square inch = square millimetres, - - 645.2
One square foot = square metre, - - 0.09291
One acre = are (100 square metres), - - 40.47
One square mile = square kilometres, - 2.590
One cubic inch = cubic centimetres, - - 16.39
One cubic foot = cubic metre, - - 0.02832
One cubic yard = cubic metre, = - - 0.7646
One quart dry measure == litres, - - 1.101
One quart liquid or wine measure = litre, - 0.9485
One foot pound = kilogrammetre, = - 0.1383
One pound per foot = kilogrammes per métre, - 1.488

" One thousand pounds per square inch =kilogramme
3 per square millimetre, - - - 0.703

| One pound per square foot — kilogrammes per
' square metre, - - - - 4.882

One pound per cubic foot = kilogrammes per
cubic metre, - - - - 16.02
One degree Frhrenheit — degree centigrade, 0.55568
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THE CARNEGIE STEEL COMPANY, LIMITED.

COMPARATIVE TABLE OF

FRENCH AND UNITED STATES MEASURES.

MEASURES.

One gramme == grains, -

One kilogramme = pounds avoirdupois,

One tonne = tons of 2240 1lbs.
One tonne == tons of 2000 Ibs. -

One millimetre = inch, -
One metre = feet, B -
One kilometre = mile, -

One square millimetre == square inch,

One square metre = square feet,

One are (100 square metres) = acres,
One square kilometre = square mile,

One cubic centimetre = cubic inch,

One cubic metre or stere = cubic feet,

One cubic metre = cubic yards, =

One litre (one cubic decimetre) = cubic inches,

One litre = quarts, dry measure, -

One litre = quarts, liquid or wine measure, =

One kilogrammetre =: foot pounds,

One kilogramme per metre = pounds per foot,

One kilogramme per square millimetre = pounds

per square inch, - -
One kilogramme per square metre
square foot, - -

One kilogramme per cubic metre
cubic foot, - -

pounds per

pounds per

One degree centigrade = degrees Fahrenheit, -

No.

15.433
2.2047
0.9843
1.1024

0.0394
3.2807
0.6213

0.00155
10.763
0.02471
0.3861

0.0610
35.3105
1.3078
61.017
0.908
1.0566

7.2331
0.6720

1422

0.2048

0.0624
1.8
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THE CARNEGIE STEEL COMPANY, LIMITED,

OWNS AND OPERATES THE FOLLOWING WORKS:!—

Edgar Thomson Furnaces, - - Bessemer,

_‘ Lucy Furnaces, o W Pittsburg,

f Edgar Thomson Steel Works, - Bessemer,
Duquesne Steel Works, - - = Duquesne,
Homestead Steel Works, - - Munhall,

4

E Keystone Bridge Works, - - - Pittsburg,
Upper Union Mills, - - - - Pittsburg,
Lower Union Mills, - = .= - Pittsburg,
Beaver Falls Mills, - - - - Beaver Falls,
Larimer Coke Works, - = -« Larimer,

\
Youghiogheny Coke Works, - - Douglass,
Scotia Ore Mines, - - - - - Benore.




THE CARNEGIE STEEL COMPANY, LIMITED

—AT WHICH ARE PRODUCED:—

Armor Plate,

Billets (114” up), Blooms, Slabs, Coke.

Ferro Manganese, Spiegel-eisen, Pig Iron.

Forgings, such as Axles, Arch Bars, Links, Pins and other
Car Forgings, Connecting Rods, Crank Shafts, Locomo-
tive Frames, Eye Bars.

Plates for Boilers, Bridges, Ships and Tanks.

Rails, (16 to 85 1bs. per yd.).

Rolled Structural Shapes, such as Angles, Rounds, Flats,
Squares, Ovals, I-Beams, Channels, Bulb Angles, Deck
Beams, Tees, Zees, etc.

Structural Work, such as Bridges, Buildings, Elevated Rail-
roads, Girders, Columns, etc.

Wire, Wire Nails and Wire Rods.

—ADDRESS:—

General Offices;

42-48, Fifth Avenue, Pittsburg,

or Sales Offices;
10, Marietta St., Atlanta;

125, Milk St., Boston;

451, Main St., Buffalo;

205, La Salle St., Chicago;

126, W. Fourth St., Cincinnati;
103, Superior St., Cleveland;
Peoples Bank Building, Denver;
122, Griswold St., Detroit;
Guaranty Building, Minneapolis;
44-46, Wall St., New York;

203, S. Fourth St., Philadelphia;
604, Pine St., St. Louis;

258, Market St., San Francisco.
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THE CARNEGIE STEEL COMPANY, LIMITED.

PAGE.
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5 “ table of stresses for Pratt and Whipple . 163-165

Buckled plates, explanation of . . . . . . . . , . 157
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& 3 of Z-bar 135, 137, 139, 141, 143, 145, 147

.7« »connections for: Z-bar, o7 i lsalaana .« . 55-56
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. ¢ sheets, dimensions of ¥ #%7. . . . . 160
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