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CARNEGIE STEEL COMPANY

PREFACE

Edition of 1900. Revised 1008

The present edition includes most of the data of the 1896
publication.

The safe transverse loads are now figured on the basis of
16,000 1bs. per square inch fiber stress for all rolled sections,
and 15,000 lbs. per square inch for riveted beam box and
plate girders.

New standard connecting angles for beams and channels
have been introduced; also additional tables of standards used
in detailing,

All bolts for separators will be i in. diameter, except
those for 8 in. beams.

The tables of properties of angles have been extended to
include all thicknesses rolled, and new tables of safe loads for
channel columns have been added.




CARNEGIE STEEL COMPANY

GENERAL NOTES

The flanges of both I-beams and standard channels have
now a uniform slope of 1624 per cent., being equivalent to 2
inches per foot. The small fillets on I-beams and standard
channels have been made to a radius of  of the minimum
web thickness; the large fillets to a radius of the minimum
web thickness plus &; of an inch.

General (nearly straight line) formule have been adopted
for both I-beams and standard channels to determine their
dimensions and weights per foot, so that similar sections de-
signed hereafter have their dimensions and weights already
determined.

The manner in which the weight of the various sections is
increased is illustrated on page 25, Figs. 1, 2, 8 and 4.

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. Z-bars are increased
in thickness in the same manner as angles.

I-beams and channels should be ordered to weights given
in the tables. Any weights ordered other than those shown
in the tables will be furnished and charged for at the next
higher weight. Sections of shapes shown correspond only to
the minimum weight, excepting Z-bars.

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 weight given.

All weights given are per lineal foot of the section.

A recapitulation of all rolled shapes is given on pages 27
to 46 inclusive.

In ordering, designate weight or thickness wanted, but
not both. Quicker deliveries can be obtained by ordering
standard sections and weights.

All structural material will be cut to lengths with extreme
variation not exceeding 3 of an inch, unless otherwise ar-
ranged. /

In calculating the areas and weights of the various sections
herein shown the fillets were disregarded except in special cases.
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Shapes

Manufactured by

Carnegie Steel Company

Pittsburg, Pa.




CARNEGIE STEEL COMPANY

I-BEAMS

B 1—8B0 Lbs.
85, 90, 95 and 100 Ibs.

"
R -

328

Woeights In heavy print are standard, others are special.




CARNEGIE STEEL COMPANY

l| I-BEAMS
F e e [ e

IF P —

‘é 's| B2-80Lbs. 34 :& B 3-65 Lbs.
| <1 s, 90, 95 and 100 Ibs. & 70 and 75 Ibs.
! :

4
| iV
b-m-2a75%

Woeights in heavy print are standard, others are special.




CARNEGIE STEEL COMPANY

6.00"

I-BEAMS

B 7=42 Lbs. L
45, 50 and 55 Ibs.

B 5-60 Lbs. 0.3545
65, 70 and 75 Ibs.

B 4-80 Lbs. Ty
85, 90, 95 and 100 Ibs.

B 80-55 Lbs. 0,970
60, 65 and 70 Ibs. &

Weights in heavy orint are standard, othern are special.




CARNEGIE STEEL COMPANY

I-BEAMS

B 13-21 Lbs. A

25, 30 and 35 (bs. > '/

30, 35 and 40 lbs.

B 8-40 Lbs.
45, 50 and 55 [ba,

Woights in heavy print are standard, others are spechl.




CARNEGIE STEEL COMPANY

—

I-BEAMS
B 77—5.5 Lbs.
6.5 and 7.5 Ibs.
o. 107

B 23—7.5 Lbs.
8.5, 9.5 and 105 Ibs.

0. 1147

7

4233

B 21—9.75 Lbs.
12.25 and 14.75 Ibs.

B 17—15 Lbs. "%
H 17.5 and 20.0 lbs.

0,28"

B 15—18 Lbs.
20.5. 23.0 and 25,5 Ibs.

0.27"

Waelghts in heavy print ure standard, others are spogial




CARNEGIE STEEL COMPANY

CHANNELS

C4—18.26 Lbs. , o
15, 20 and 25 Ibs,

.,

e C 3—15 Lbs.
al 20, 25, 30 and 35 Ibs, ;
g :
i %
Mrcreis e anaasos T v
e
P C 2—-20.5 Lbs. o.tes’ gy »
o k 25, 30, 35 and 40 Ibs. a!
3 | 8
o -
i -
M e e oy e 1" L R NN e
oa”
C 1—33 Lbs. s
35, 40, 45, 50 and 55 |ba. L

ﬁ-—*-—ﬂjﬂt—-h

]
1
e 1.1

Waeights in heavy print are standard, others are speclal.




CARNEGIE STEEL COMPANY

CHANNELS
C 72—4 Lbs.

5 and 6 Ibs,
. a.n'

C 8—86.5 Lbs.

9 1151
o 1e o hi'“

A “
C 7—8 Lbs.

10.5, 13.0 and 15.5 Ibs, ,
= 0.12' GR

C 6—9.75 Lbs.
12.25, 1475, 17.25 and 19.75 Ibg.
021",

C 5—11.26 Lbs.

13.75, 16.25, 18.75 and 21.25 Ibs. .
0o, 182" L™

I e - |

Waights In heavy print are standard, others are special.
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CARNEGIE STEEL COMPANY

CAR-TRUCK CHANNELS

C 20.
13°-32.0, 35.0, 37.0, 40.0 and 50.0 Ibs.

SHIP-BUILDING CHANNELS

0. 34" o.478"

o
C 109. ! ﬁ
6215.0 Ibs. o 7220.9, 22.1 and 23.3 Ibs.
<
ITI I
i § 0, 88" 4
R 3 T

| PRSP,




CARNEGIE STEEL COMPANY

SHIP-BUILDING CHANNELS

C 150.
10%27.2, 28.9 and 30.6 Ibs.

:‘“"“3.50":""‘

3375~

PROPOSED SHIP-BUILDING CHANNELS

v
R i 17
4 &
i |
| C 160. N
0 1031.8, 34.4 and 36.9 Ibs. "
- ¥
| |
! &
H
L S [ 1 A "
0. 65"
Bl g

o
¥

freeemead B985~ -—--n

12°.44.3, 46.3 and 48.4 |bs.

L - |s LI




CARNEGIE STEEL COMPANY

BARS

STANDARD 2Z

Zl.

22,7 to0 28.0 Ibs.

PR e AL e

6 t0 21.0 |bs.

AT S

116 to 164 Ibs.

R 1 e

29.3 10 34,6 |bs.

23.7 to 28.3 lbs.
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CARNEGIE STEEL COMPANY

STANDARD Z-BARS

=y
b
2l
+
\
H
i
P
H
'
-

s
9.7 t0 114 fbs.




C!

SPECIAL Z-BARS

b Sy 12 R
62145 Ibs.




CARNEGIE STEEL COMPANY

ANGLES WITH EQUAL LEGS

Angles marked * are special

A 108.
264 to 56.9 Ibs.

14.9 to 374 lbs.

12.3 1o 30.6 Ibs.

8.2 t0 19.9 |bs.

A 99.
7210 17.1 Ibs,

2210461




CARNEGIE STEEL COMPANY

14

—

ANGLES WITH EQUAL LEGS
Angles marked * are spocial

AN L
= A 80. ot
A 102. m 0810 1.5 Ibs. %
1.3 to 34 lbs. >

X

sy, *A82, Ay,
nﬁ Ifl-h' .,\"gf_"."?’ 0.7 and 1.0 Ibs. "@
o ¥

AB4., Ly
061009 iba. 41N

ANGLES WITH UNEQUAL LEGS

Angles marked * are special

*A 140,
20.5 Ibs,

Can ba rolled s’

*A 159,
15.0 to 32.3 Ibs,

Ales,
12.3 t0 30.6 lbs,

%

AI1T77




15 CARNEGIE STEEL COMPANY

ANGLES WITH UNEQUAL LEGS

Angles marked * are special

A ®A 970, . aon
A 986, 1.0 10 1.9 lbs, o e
8.7 10 22,7 Ibs, - s
5
*A 277,

T ¢ O\, 21027 Ibs. ;F"'
A 280. , 8, >’
8210199 Ibs - ; .

RALTB i

N 231056 s g
3 A
*A 97, s >
7.7 to 185 Ibs. Ny
»
*A 08,

7710 185 lbs. .~

ST | G

4110 7.7 Iba, .
Pl

A 228,
7.2 to 17.1 Ibs.

A 237.
6.6 to 15.8 Ibs,

" A 281 N

A 245. 4.3 10 9.0 Ibs. /¥
49 10 12.5 Iba.




'cinmmx;n STEEL COMPANY g

SPECIAL ANGLES—-SQUARE ROOT

L P

A 379.
41 lbs, g

-




17 CARNEGIE STEEL COMPANY

SPECIAL ANGLES—SQUARE ROOT

A 430.
13l g vy,

AN |
tﬁ’ LJ

S A 407.
. 1.3 1be.
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TEES WITH EQUAL LEGS

: \‘\\\\aﬁ\\\ =
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TEES WITH EQUAL LEGS
T 16, 3 I s

HAND-RAIL TEES




CARNEGIE STEEL COMPANY 20

TEES WITH UNEQUAL LEGS

oy |

T 57.
15.7 Ibs,

”
S o -

| Wyt
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TEES WITH UNEQUAL LEGS

AHenees

st wiod o




CARNEGIE STEEL COMPANY

0

TEES WITH UNEQUAL LEGS

s e

-
\
A
el

et
8.6 Ibs.

s
e mmanis




= CARNEGIE STEEL COMPANY

TEES WITH UNEQUAL LEGS




CARNEGIE STEEL COMPANY % |

PLATES
TROUGH PLATE.

M 10.
16.3 10 23.2 Ibs.

& RS

Ry

A PUN————

CORRUGATED PLATES,
M 30.

8.1 to 12.0 Ibs,

e . St
'

M 33.
17,75 to 23.67 Ibs.

123 =X MR

CHECKERED PLATE.

2t gt ot et

"Illrnum vﬂdﬂl 7

Hato ¥ Thick




2% CARNEGIE STEEL COMPANY

METHOD OF INCREASING SECTIONAL AREAS
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CARNEGIE STEEL COMPANY

DIMENSIONS AND WEIGHTS OF
CARNEGIE BARS

ROUNDS
|

gize | Weight || oo | Weght || g0 | Wesht || oo | Weight
Inches uru.n::‘ Inches ru:l:‘ Inches Jufi':‘ Inches ‘ﬂmﬂ‘
4 A1 |l @ | 128 | 1y | 417 8 24.03
% | .21 1.38 || 15 | 4.60 || 82 | 26.08
.26 3; 1.44 | 1 5.05 || 8% | 28.20
1| s || % | 1000 || 1% | 5.5 || 8% | 80.42
.85 || § 1.63 || 14§ | 6.77 || 8% | 82.%
88 || 33 | 176 || 1% | e.o1 || 8% | 85.00
1-5 A1 || 83 | 1.84 || 13 | 6.52 || 8% | 87.56
i 44 gﬁ 1.91 | 1 7.05 || 3% | 40.10
7 .51 L e 1;} 7.60 | 4 | 42.78
[ .85 || % | 2.04 || 1 8.18 || 4y | 48.24
| .59 2.19 || 133 | 8.77 || 4% | 54.07
| .63 2.85 || 1% | 9.89 || 4% | 60.25
| 87 2.51 || 138 [10.02 || 5 66.76
ol 2.50 || 2 |10.68 || 5% | 73.60
5 |1 2.67 || 2 | 12.08 || 5% | 80.77
5 | .80 |l 14 | 2.84 || 2% |18.52 || 5% | 88.29
86 |l 1% | 8.01 (| 236 | 15.07 || 6 96.14
94 |18 | 8.19 || 2% | 16.69 || 6% | 104.30
.99 1,;2 3.28 [ 256 |18.40 || 63% | 112.80
1.04 |1 3.38 || 2% |20.20 || 6¥% |121.70

H | 115 |18 | 8.7 | 2% |22.07

SQUARES
i 21 % | 2.60 || 1¢ | 765 o | 17.22
: .88 Il 3§ | 2.99 || 1% | 880 || 2% | 21.25
48 |11 8.40 || 1 8.98 || 2% | 25.00
'I?‘ .65 1'11;; 3.84 I 1& 9.68 3 80 .60
A 85 |1 4.80 || 13 |10.41 || 8% | 85.92
|

S | 1.08 (184 | 4.80 || 143 [ 1017 || 8% | 41.65
8 |18 [|1% | 581 || 1% | 1095 || 8% | 47ise
.5} 1.61 [ 1% | 6.86 || 135 | 12.56 | 4 54.40
191 | 13 643 || 2 | 13.60 || 4% | 08.85
3 |22 |[[1% | 7.08 | 2% (1585 | & 85.00




CARNEGIE STEEL COMPANY 28
DIMENSIONS AND WEIGHTS OF
CARNEGIE BARS—Continued
FLATS
Width |  Thickness | Minimum Wt ‘ Width | Thickness | Minimum W,
Inches Inches per Foot, Pounds || Inches Inches per Foot, Pounds
% | feto 5% 40 | 8% | pto1y | 2.8
i frto ¥ .48 | 8% | {ftolk 2.39
% | frto % .36 4 Fto 1y 2.55
1 Ato % 64 || 4 | Jtoll 2.63
1% | &to % 72 | 4% | Jptolk 2.71
1% | fto % .80 435 | Atol 2.79
138 frto % 88 || 44 | Ftolk 2.87
1% | &tol | 96 || 4% | ftoly 2.95
15% | #to1 | 1.08 | eto 1% 3.03
1¥ Lol | 1L || 4% | Htolk 8.11
1% | Htol | 1.20 | & frto 2% 3.19
2 Frtol 1.28 || 5% | #to14 8.27
2y | Htol 1.44 | 6% | Htol¥ 3.85
236 | Mtol | 1.5 53% | fyto1% 3.43
214 | Ftol 1.59 5% | &tol} 8.51
23 | $tol 1.67 || 8% | &tolk 3.59
2% to1l 175 || 5% | Htol¥% 3.67
3 Hto1y | 1.91 || 5% | Hto1k 3.75
8% Prto 13 1.99 l 6 Hrto 2% 3.83
8y | Htoly 2.07 7 Jrto 2% 4.46
8% | Atoly 2.16' || 8 fsto 2% 5.10

3% | frtol¥ 2.2 |
HALF ROUNDS
% 303 4 3 % W O 18 % W 4
o a1 4 8 % 88 45 1 19y 1%, 1K, 13 1%
i 1 Pt ey
| For weights take half of those for corresponding rounds
OVALS
Waight We s | Weight || gy | Weight
i [l |l |8 | s | 0 |
1.50 || % x T8 (| d8xo] .43 Yx3| .50
1.20 |3 x 5 || fex 38| LB0T || Mxf| .50
90 [|3xk| .60 [1ix2| .36




CARNEGIE STEEL COMPANY

DIMENSIONS AND WEIGHTS OF
CARNEGIE BARS—Continued
FLAT OVALS

Weight Weight
8i Sizo
Rai || e | R } s
5.22 1 x1 5.65 2x1
6.18 || 17 x1% | 6.44 2x1%
7.14 17%x1% | 7.24 2x13
ROUND OVALS
Weight Weight
Siee "‘f
Foads . e
8.01 29 x 18 9.12

ROUND EDGE FLATS

4

-

P ket o D Ve el NS D b e b e

W P P N P 0 U 0 PR g e g

R R R R R T R N R R T N R R R R,

203 M O3 M oM O XM OO OMK MK MMM N N KN

Weight . Weight Weight .

Ly L - o
61 |[13x 72| 2.46 |25 x 7| 8.21 |24 x 7
81 [[13¢x 3| 2719 |12 x 3| 8.65 |[2xx
90 |0 B B2 | 407 2%x 3y
‘16 |[13¢x 34| 8,43 [123¢x 34| 4.50 |23 x

'35 [l13¢x §3| 8074 |[25¢x 33| 4.92 [23¢x 12
s M wes e |6 ks
i 3 x ! X T X

ek e 3
. o0 : i x ) %

Gl e ire ol Fogtii Bl vt
2ol x |20 [arx X208 (3 X X
.0 X . X 2. X

81 |12 xﬁ 2.45 (|234x 3| 8.08 |8 x';g
2.00 |2 x 7| 2.83 |[23x 7| 8.58 |3 : 3y
2.87 2 x 3| 822 |[2%x 3| 4.07 |38 «x

2.64 2 x ]850 |[234x 2| 4.55 |8 x

2.90 |[2 x’;g 3.96 ||234x 34| 5.02 |3 xfz
316 |2 x 13| 4.32 [[2%x §1| 5,49 |8 x §i
341 [2 x 3| 4.69 |[2%x ¥|5.97 |3 x ¥
8.65 (2 x 13| 5.04 |[2%x 33’ 542 8 x }
8.90 |2 x}g 5.39 ||2%x 7 6.87 (|3 x}g
414 |le x 38| 578 [|2%x §5| 782 |8 x i8
487 2 x1™| 6.07 |[2%x1 | 7.77 |18 x1
13 g,’éx ¥\ Ler g;éx;-;( 220 e
1.7 x & 2 x 2l e8|l il
2.13 |23 x ;% 2.76 [|23/x 34| 840 || 22010

[

&

SREBESSERRINERIC2SESEREE

.

.
.
.




CARNEGIE STEEL COMPANY 0

LIST OF EXTREME SIZES OF RECTANGULAR
PLATES ROLLED BY CARNEGIE
STEEL COMPANY

SHEARED PLATES

i! Width, Inches

120 [ 148 | 415 | 422 | 110 | 408 | 105 ! 100 {96 {90 |84 |80 |76 | 72| 64 | 56 | 48
. (100|130 160 | 190 | 245 | 20C | 275 | 800 | 850 | 430
1060|200 | 210|220 | 2/5 | 300 | 820 | 850 | 400 | 500
200 | 8101830 | 360 | 880 | 400 ) 420 | 460 | 500 | 500
245|810 840|880 | 400 {420 | 480 | 480 | 500 | 500
240 290 | 330 | 860 | 870 [890 | 410 | 480 | 500 | 500
230 | 270 | 200 (340 | 300 {870 [ 300 | 450 | 50O | 500
820 | 240 | 260 [300 | 810 | 830 | 850 | 400 | 480 | 50O
200 | 220 | 240 |20 | 280 | 810 | 830 | 880 | 480 | 500
200 | 210|220 | 250 | 280 | 800 [ 320 | 360 | 410 | 480
1002001215 | 245 | 200 {280 {800 | 840 | 880 | 450
180|190 | 205 | 220 | 280 | 210 | 270 | 820 | 860 (430

1 170|180] 195|215 (230 {210 | 260 | 200 | 830 | 550

1 150(160] 175|190 | 210 | 220 | 230 | 260 | 300 | 850

1 140]145]155]175] 185 | 105|276 [ 2302 5|810

1 140 145| 155{ 175 | 185 | 195 | 200 | 225 260 | 300

Plates of greater dimensions than shown in the above table may
submitted for special consideration.

For intermediate widths not shown, use the dimensions of the next
greatest width in the above table,

UNIVERSAL MILL PLATES

Widih, Inches
Thickness | ga 4 | 4541 | 40-96 | 3591 | 30-28 | 2591 | 2047 | 1645 | 141 | 307
Inclu- | Incle- | Inlu- | Inclu- | Inslu- | Inclu- | Inclu- | Inclu- | Inclo- | Incla-
give | sive | mive | sive | smive | sive | sive | sive | sive | sive
840 | 840 [ 060 | 1080 | 1080 | 1200 | 1200 | 060 [ 900 | 840
060 | 060 | ©60 | 1080 | 1080 | 1200 | 1200 | 960 | 900 | 840
060 | 960 | 1080 | 1080 | 1140 | 1140 | 1140 | 1020 | 1020 | S840
060 [ 60 | 1080 | 1080 | 1080 | 1080 | 1080 | 1020 | 1020 | 840
Q60 | 960 | 960 | 060 | 1020 | 1020 | 1020 | 1020 | 1020 | B840
780 | 780 | THO | T8O | 78O | 900 | 060 | 960 | 900 | 840
G600 | 600 | 600 | 600 | 720 | B840 | 060 | 060 | 900 | 840
1 420 | 420 | 480 | 540 | GOO | TBO | 900 [ 960 [ 900 | 840
1 960 | 860 | 420 | 480 | 480 | 720 | T8O | 7850 | 840 | S840
1 824 | 324 | 860 | 420 | 480 | 600 | T20 | TSO | 840 | 840
1 824 | 800| 800 | 860 | 860 | 540 | GO0 | THO | 840 | B4
1 800 | 800 | 800 | 800 | 860 | 480 | 600 | TR0 | 840 [ 8B40
1 240 | 240 | 240 | 240 | 800 | 800 | 800 | 600 | 84" | 840
1 240 | 240 | 240 | 240 | 800 | 800 | 800 [ 240 | .... | ...
1 180 | 180 | 180 | 180 | 240 | 240 | 240 | 180 | ....
2 180 | 180 | 180 | 180 | 240 | 240 | 240 | 180 ] .

Plates of greater dimensions than shown in the above table may be

submitted for special consideration.
Both Sheared and Universal Mill Plates of extreme dimensions, as
shown in the above tables, are subject to special prices.




31 CARNEGIE STEEL COMPANY

LIST OF EXTREME SIZES OF RECTANGULAR
STEEL SHEETS & IN. AND LIGHTER ROLLED
BY CARNEGIE STEEL COMPANY

n%fi{inl.:h 66 Inch | 64 Inch | 62 Inch | 60 Inch | 58 Inch | 56 Inch |54 Inch

Thickness Width | Width | Width | Width | Width | Width | Width

a’, 160 | 180 | 180 | 192 | 216 | 228 | 240 | 252
K. 8 BW.G.] 160 | 180 | 180 | 182 | 186 | 190 | 196 | 200

9 *|....| 160 | 160 | 166 | 172 | 184 | 180 | 200
“10, | .... | 140 | 145 | 165 | 160 | 168 | 176 | 180
11, ¢ | ... | 120 | 180 | 140 | 150 | 156 | 1656 | 170
12, ¢ | .... ]| 108 | 115 | 124 | 180 | 140 | 150 | 160

Thickness | 02, Inch | 50 Inch 48 Tnch | 44 Tnch | 40 Tnch | 36 Inch | 24 Inch | .....
Width | Width | Width | Width | Width | Width | Width | .....

i 264 | 288 | 800 | 816 | 3860 | 860 | 860
No. 8 BW.G| 212 | 224 | 240 | 240 | W4 | 64 | 264

w g, 212 | 220 | 224 | 236 | 248 | 248 | 248 | ...,
w10, | 196 | 200 | 212 | 212 | 212 | 212 | 212 | ...
w11, « | 180 | 186 | 192 | 196 | 200 | 200 | 200 | ...
wig « | 170 | 176 | 180 | 180 | 180 | 180 | 180
LIST OF EXTREME SIZES OF CIRCULAR
PLATES ROLLED BY CARNEGIE
STEEL COMPANY
Thickness in AR TR Diameter in
Inches Inches } Inghes Inches
% 102 ¥ 120
s 108 i 120
3 110 % 120
7 115 1 120
I 115 1% | 11
115 1% 112
: ’;’E 120 1% 112
H 120




CARNEGIE STEEL COMPANY 82

MINIMUM, MAXIMUM AND INTERMEDIATE

WEIGHTS AND DIMENSIONS OF

I-BEAMS
| i Flange Widih Web Thickness §
Welght | e
Section
5 : =
Index i’fmﬂ. Inches Inches Decimal | Practional | §
g. and Decimal | and Practional|  Parts of |  Parlsof
Parts Parts Tnch Inch &
100.00 | 7.954 7 T
%.00 | 7108 7 .602 ﬁ
B 1|24 w00 713 7 ~081 3% 1
8.00 | 7.000 e ‘5 =
80.00 | 7.000 7 500 i
100.00 | 7.2%4 7 884 %
w5.00| 7210 i 1810
B 2|20 | | 78t e o a
8.00 [  7.063 70 )
80.00 | 7.000 7 600
.00 6.8 6 040
B 8|20 | wo00| 685 \675 n a
@6.00 | 8.260 8 .BOO i
g §§ 657 g
B8O| 18 | g | 6095 [ 1555 3
56.00 | 6.000 8 460
100.00 | 6.774 oi 1.184 12
%.00 | 6.67 6 1.085 1
B &| 16| s0.00| 6.5 6 87 a
£5.00 6.470 6 L
{80.00 | 6.400 8 810
ooo| o | o5 g1 '
B 6|15 | gioo| 6.0% 64 1686 | 8
60.00 | 8.000 6 590
%000 | 5648 ot ‘88 :
B 718 | 40| 565 59 460 il 3
42,00 | 5.500 5 410
Rul g L8 lom
B 8|12 | goo| 5.3 5 576 %. 4
00 | 5.250 5 i

Weights in heavy print are standard, others are special




3 CARNEGIE STEEL COMPANY

MINIMUM, MAXIMUM AND INTERMEDIATE
WEIGHTS AND DIMENSIONS OF
I-BEAMS—Continued

‘g Flange Widh Web Thickness §
8 | Weight -
Saction ) per Foot , ; -
Index | 5 |"pounds | Inches Inches Decimal | Practional | 2
2 and Decimal | and Practional| Parts of | Partsof | g
= Parts Parts Inch Inch =
85.00 | 5.086 (3.3 436
B 9|12 3756 | 5.000 5 850 i
g8t g ol g
B11 (10| 30:00| 4805 45‘] 455 } 4
25.00 | 4.860 43 810 3
IR
B13| O o500 | 4de6 ait 40 %
21.00 | 4.880 a3} 900
A T A
B16| 8| sog0| 408 4 867 i 6
18,00 | 4.000 270
20.00 | 3.868 3% 458 g
B 17 7 | 17.50 8.768 s*l 858 B
16,00 | 8.660 3} .250 ]
wes| 8. 83 475 )
B19| e | 1475| 8452 B 832 i 5
12,26 | 3.380 sil 230
nlsee e et
21| 5| 12 147
B 9.76 | 8.000 3" 210 i 3
AR R
B323| 4| gs| 9ims } 963 5
7.60 | 2.660 24 190
650 | 2 i 363 }
B77| 3| 550 | 2830 2! 170 t v

Weights in heavy print are standard. others are special




CARNEGIE STEEL COMPANY

MINIMUM, MAXIMUM AND INTERMEDIATE
WEIGHTS AND DIMENSIONS

P S © © © © ~ ™~ IS

RERMTERTS SRR NSRS SR SR RS R RS AR S

Fractional
Parts of
Inch

Web Thickness
Decimal

Inch

ammmmmm ) mmmmmmmmmmmmmmmm S E3E35E8 mmmmo

..... P
.

Parts

R R AR A AR BERRE TaRS e s a

Inches

and Fractional | Parts of

mmmmmmsmmwmmmmw smmmmmw¢%smmw

wosmwn T dndn® wueisiT s Y cicicici™ sicicic

Flange Width

mmmwmomm 822

217 ™ 1]4.

OF CHANNELS

Inches
and Decimal
Parts

o B S -
333 | ssss3gs3333 83889 8820 REREL LRLAL BSRQ RS0 REL 88
7 g2 mmhw%mmuM%mww%mm%mmmmwmwmmnumwmmmannu7smssm
saqou] L] o o @ ] I~ © o] + ®
gy jo gyeg ~ ~ ~

Bection
Index

s - e M L, TR - N - DY SO | | -
GRG0 ., @ T 0  n 0O O 0

Weights in heavy priut are standard, others are special




35 CARNEGIE STEEL COMPANY

MINIMUM AND MAXIMUM WEIGHTS AND DIMEN-
SIONS OF CAR-TRUCK AND SHIP-
BUILDING CHANNELS

| z T Increase of |
Depth | Weight per B Flange Width | Web Thick |
i | 2] VG | Mo | apiiee [EESH] e
Index |c::ll‘-i_ T | T | - i;" lh'f 5::-
; Inches | Min, | Mazx, . Min, | Max | Min. Ma1. | f&’;tu tion
2020 l 18 | 82.0 | 50.0 | 4.00 | 4.42 | .38 .80 023 8
ca0d | 8|50 s 860 | qsaess s B A | 8
C 120 7| 209 | 23.3 | 3.45  8.56 | 45 .DH 042 8
C 1380 8 23.8 | 26.5 | 8.60 | 8.60 | .bO .60 087 8
140 9| 28.6 | 84.7 | 3.80 | 4.00 | .45 .65 088 | 8
C150 | 10 | 27.2 I 80.6 | 8.50 | 8.60 | .BO .60 L029 a9
C150b 10 | 21.8 | ...... 1888 | eurese | .88 b 9

Rolls not turned up for the following Channe'l;a
C160 | 10| 81.8 | 86.9 | 3.85 | 4.00 | .60 | .65 .029 9
C170 12 443 | 48.4 ‘ 400 410 70 | B0 0% | 9

MINIMUM, MAXIMUM AND INTERMEDIATE
WEIGHTS AND DIMENSIONS OF
STANDARD Z-BARS

] Size, Tnches : ey
st Bl Yo | neke
Fangs | Web | Fange Inches Pounds | Section
Z1 g}é 6 3 % 183 0
: 3 ; 18. 1
8% | 6 33 ) 21.0
8% | 6 834 ;E 99.7
Z2 82 | 63 8 2.4 | 10
g | 8% | 3B [ 'H 28.0
PO - e TR R O R
z8 | 83 : ; :
3 634 | 83 ﬁ 34.6
8 | 5 8% ;E 11.6
zZ4 3, 512 3% 189 | 10
| 8 5} 8 A 16.4




CARNEGIE STEEL COMPANY 36

MINIMUM, MAXIMUM AND INTERMEDIATE

WEIGHTS AND DIMENSIONS OF
STANDARD Z-BARS —Continued

d $ize, Inch ‘ ;
- = T
Flange Web FPlange Inches unds Bection
zZ5 gi g 3%{ g %g'g 10
. 1 .

8% | & 834 22.6
8y | & 81 3 93.7

Z6 3% 5, 35, f 2.0 | 10
834 | b} 334 ji | 283
8 4 3 % 8.2

zZT 3}2 i 33‘2 g 10.3 | 11
8% | 4% | 8% 12.4
3 4 3 13.8

Z8 3‘;2 43 3}2 fZ 158 | 1
8% | 43 3% | 179
8, 4 8 5% 18.9

Z9 aﬁ rEn sﬁ # | 2009 | u
88 | 414 8% Z 23.0
21 3 2 6.7

Z39 23§ 81y 2§ ¥ 2 8.4 1
2 3 2 3% 9.7

A 25? 34y 2§ (' 11.4 3s

3 211 % 12.5
z13 | 28 | 5y | o% | % | 12 2

WEIGHTS AND DIMENSIONS OF SPECIAL

Z-BARS
Size, Inches
i X | Thisk Weight Page N
Sotim | oMol | Perfoot | et
Flange Web Flange | Inches Pounds Section
Z13 3 6 3 3% 14.5 12
Z19 | 1% 13¢ 254 et 3.5 12




CARNEGIE STEEL COMPANY

MINIMUM, MAXIMUM AND INTERMEDIATE
WEIGHTS AND DIMENSIONS OF

ANGLES
EQUAL LEGS
] 83 | waight | ares || o0 Weight | Area
e |t | 8 | e |8
A118/8 x8 |[134 | 56.0(16.78|*A 145 x5 ﬁ 18.1 5.81
Al12)8 x8 |1 | 54.0/15.87|[*A 155 x5 16.2| 4.75
A111|8 x8 [1 | 51.0(15.00/*A 16|56 x5 }:2 14.3| 4.18
A110j8 x8 ﬁ 48.1(14.12|[*A 17|56 x5 12.3| 8.61
A109/8 x8 | 7% | 45.0(18.28
A108/8 x8 ,;§ 49.0(12.84
A107|8 x8 88.9111.44/1 A 18l4 x4 19.9| 5.84
Al106(8 x8 g 85.8110.53/| A 19/4 x4 3} 18.5| 5.44
Al105|8 x8 82.7| 9.61)| A 9pls x4 1 [ 17.1] 5.08
Al04/8 x8 1;; 20.6| 8.68| A o1l4 x4 lg 15.7| 4.61
Al10318 x8 26.4| 7.75 A 29l4 x4 2 14.8| 4.18
A 234 x4 12.8/ 3.75
A24l4 x4 | 7% |11.8] 3.81
A 866 x6 |1 |B87.4[11.00 A 254 x4 %/z 9.8 2.86
A 876 x6 ,;2 35.8(10.87|| A 90/4 x4 || 8.2]| 2.40
A 16 x6 33.1| 9.74
SR
X ¥ [T 8.44i A 26i834x814| 13 | 17.1] 5.08
A 46 6 |1} | 255|778 & 3rissassd| o | 16.0/ 4.0
A 56 x6 24,21 T.11)| A 28/8%4x3% 34| 14.8] 4.84
A 6|6 x6 1;2- 21.9 §;4_3 A 20[8%x314 18.6| 8.98
A TI6 x6 19.6| 5.75/| A 80334x334| & | 12.4| 8.62
A 86 x6 | vy [ 17.2/ 5.08| A 31[33/x34 11.1] 8.25
A 886 x6 |35 |14.94.36 A 82/832x3Y 9.8| 2.87
A 83|8%x3%| 3% | 8.5|2.48
A 99/8%x8%| & | 7.2]2.09
*A 04[5 x5 (1 | 80.6]9.00
*A 955 x5 | 38| 28.9]8.50
*A 05 x5 | 7% | 27.2|7.99|| A 843 x3 | 5 | 11.5] 3.36
*A 10/5 xb |13 |95.4| 7.46/[ A 853 x8 | 4% | 10.4] 3.08
*A 1105 x5 | i |23.6| 6.04| A 863 x3 | 3 | 9.4| 2.7
*A 125 x5 ;g 21.8/6.42|| A 378 x8 | 7| 8.8]2.48
*A 135 x5 | 55 [ 20.0 5.86| A 888 x8 7.2| 2.11

Angles marked * are special.




CARNEGIE STEEL COMPANY s
MINIMUM, MAXIMUM AND INTERMEDIATE
WEIGHTS AND DIMENSIONS OF
ANGLES -Continued
EQUAL LEGS I
s £5 | weight| Ares || o gise | £3 | Weight| dres
e | Tadi E; Pgng‘:,': Square || Toder’ | Inches g; N T
A39038 x3 | |6.1 1.78| A6 |1xx3| 75 [ 4.6 | 130
A408 x38 |3 |4.9|1.44| A 6213¢x13| 35 | 40117
A 63[1%x1%| % | 8.4]1.00
A 64[13x13% 2.8 | 0.81
*a 41losas| % | 8.5 | 2.00] A 65|1x1%| ¥ | 22| 062
*A 42(23(x23( 7.6 | 2.2
*A 4323(x23 ﬁ 6.6 |1.02
*A 44(23(x23¢| 2 | 5.6 | 1.62|| A 66|134x134| 3¢ | 8.4 | 0.99
*A 4523023 | % | 4.5 | 1.81|| A 67]1%x1%| 7 | 2.9 | 0 84
A 68[1%x1%| ¥ | 2.4 | 0.69
A 69]1%x1%| & | 1.8 | 0.58
3% 1.8
A 46l2x0x| 1 | 7.7 | 2.95| A102|128x108 1.3 1 0.38
A 47(2%4x2%4 6.8 | 2.00 |
A 48(235x0% 5.9 |1.7
A 49[2%x274 5.0 | 147\ A 70| 1xx1x| oy | 24| 0.60 [
A 50(2%x23 41| 1.9l A m1|1xx%| ¥ | 2.0 | 0 56
A100[23%:2%| & [ 8.1 | 0.90(| A 72|1i¢x1¥| 2 | 1.5 043 | |
A 73|1x1%| 3% [ 1.1 ] 0.30
'\
*A 51252y % | 6.8 | 2.00
*A 5212323 | 7 | 6.1 1.78]| A8l1 x1 |3 |1.5]044
*A 53/23¢x2%| 34 | 5.8 | 1.55|| A 19[1 «x1 1.2 ] 0.84
*A 54(23¢x2%¢| & | 4.5 [1.81| A 80[t x1 8| 0.24
*A 55(23x2%| i | 8.7 (1.06
*A101[23¢x2%| 2 | 2.8 | 0.81
A 81| %x % 1.0 | 0.20
%A 82| Zx % ‘;g 0.7 021
A56/2 x2 |4 |5.8]1.56 |
ABT2 x2 |34 |4.7]1.88 |
AB8I2 x2 | & |40]|1.15 |
AB92 x2 | |32 |004f A 88| xx 09|02
AG2 x2 [P |25|0m| Asel ¥x¥| %|06[017 [ |
] |
Angles marked ¥ are special, |




CARNEGIE STEEL COMPANY

MINIMUM, MAXIMUM AND INTERMEDIATE
WEIGHTS AND DIMENSIONS
OF ANGLES

UNEQUAL LEGS

3 |2E2 | arw || gotion | sim |23 (23| Arm
me | g (3130 in e | éi; 32 |
*A140(8 x8%| 33 | 20.5/ 6.02|| A1706 x824| 13 | 24.0] 7.06

AIT16 x3%4| X | 22.4| 6.56
Rl e, || st 5ol ALTEIS: 8% J;é 20.6 | 6.06
waioofs xbait. | 89819001 Awvale X 18.9| 5.55
Saiksl o 15 [ 39-51 8-971l Airale x8% % 17.1] 5.08
salstlr sl {5 | 368|767 Alm0le x3% 15.3 | 4.50
vALBdlr xB% ; 54 9| 7 91| A176/6 x8%| 7 | 18.5| 8.97
Al i ‘;2 A0 o Avrle 83| 3¢ [ 11.7] 8.42
567 x 21.0| 6.17
sALTE bl | 19,1 5.59
*A158(7 x3%4 17.0| 5.00/*A178l5 x4 | 7% | 24.2| 7.11
*A159(7 x8%| & | 15.0| 4.40/[*A179[5 x4 |13 |22.7]6.65
vAllOl x| | 2111619
*A181(5 x4 |3} |19.5)5.72
Ase x|t | 906 0.0 30600 xs | | 178 5
A160[6 x4 ﬁ 97.3| 7.09, 21580 x4 1}’; e
A181(6 x4 |33 | 25.4| 7.47|, - Yol
A162)6 4 | % |28'6| 6lo4l A18010 x4 | ¥y | 12.8) B.78
ﬁlgg 1 ;’2 gég ggé 18616 x4 | 3s | 11. ;
1 xd 3 :
A165/6 x4 18.1| 5.81
At00)6 xa | 3| 1672 475 Atsrls xau| % | 22.7] 6.0
ALOTS 4 | % 14.3| 4.18| A188[5 x83%| 31 [ 21.8] 6.25
A168/6 x4 12.3| 3.61|| A189/5 x8%| ¥ | 19.8| 5.81
A190/5 x3% Q 18.3| 5.87
A191[5 x8% 16.8| 4.92
A 926 x8%|1 | 28.9] 8.50] A192/5 x3% I 15.2| 4.47
A 9816 s34 13 | 27.3) 8.08 A193)5 x8% 13.6| 4.00
A169)8 x3% 95.7| 7.55] A194/5 x8%| 7 | 12.0| 8.53

Augles marked * are special




CARNEGIE STEEL COMPANY 40
MINIMUM, MAXIMUM AND INTERMEDIATE
WEIGHTS AND DIMENSIONS OF
ANGLES—Centinued
UNEQUAL LEGS

se |33 |288| am || g 83 (223 am
Bemon | Sim |52 | B2 Section | Sue |28 |FEF | AT
Index 33 |5x2 Sduare | Tndex | Inches 23 §~:|§'l“m
’
A195|5 3% 34 | 10.4] 8.05/[*A216(4 8% 4 | 13.3 8.90
A 96/5 x3%4| 5 | 8.7| 2.56(*A217|4 8% ¥ | 11.9] 8.50
*A218(4 x3%4| 7 | 10.6| 8.09
*A219(4 x3%| 3 | 9.1| 267
A196/5 x3 |13 | 19.0] 5.84|[*A 084 8% B | 7.7] 2125
AT(5 38 | | 18:5) b.dd
A198(5 x8- |11 [17.1] 5.08
A199(5 x8 | % | 15.7| 4.61 P a;;,& 1 o
A00/5 33 | 4 | 14.8) 4,18 A4 w8 | X | 16.0) 4,68
A5 @ | | 128 8.5 ABRI4 3 | 1) | 14.8) 454
A25 3 | 7 | 11.8| 881 A4 B | 5 | 13.6) 3.98
A203|5 xB | 35 | 9.8| 2.86 v g }z 11-1 8.25
A0I5 8 | #s | 8.2 B0 o6l x3 | % | 908|287
A27ld 3 | 3| 85248
*A204(434x3 | 13 | 18.5] 5.48 A228(4 %8 | f | 7.2/ 2.09
1A2051438 | 17.3 5.06
614)5x3 | 13 | 16.0] 4.68l| o09|g1/8 15.8| 4
wasorlagas | | 1r) 430 5008 | 1100 40
A08|4%x3 | 4 | 183 8.90| 500 (BX | 3 | 12-01 480
* A 9 * - “ &
A001426x3 | J4 | 11.9] 8.501 ‘A5s0(577,3 12.5| 867
*A210/4%x3 | 7 | 10.6] 8.0/l 13351840 | 78 | 12-0) 387
A28 | 3 | 9.1) 2.67)| G3IEEN | T8 | 10-31 585
*A9|4%08 | | 7.7 325 onsB00 | 2 1103 300
A236/314x8 7.9] 230
1
*A212/4 x3%| 43 | 18.5] 5.48 ARB7|8%6x8 | 5 | 6.6) 1.93
*A218(4 x314 17.3| 5.06
*A214(4 x8% 16.0| 4.68|| A288|334x234 1}2 12.5] 8.65
*A215(4 X334 14.7 4.30|| A289|334x234 11.5| 8.36
|

Angles marked * are special




41 CARNEGIE STEEL COMPANY

MINIMUM, MAXIMUM AND INTERMEDIATE
WEIGHTS AND DIMENSIONS OF
ANGLES — Continued

UNEQUAL LEGS

. 53“"‘5 I - r = 3‘8.%|
Section |  Bize 88 & Ted || Section Siza 3 e s .
Index | Inches E;‘EEE Sqours || Todex | Inches |9 Sy 2 | Savare
A240(3%4x2%4| & | 10.4| 3.06{*A261/3 x2 | & | 5.0| 1.47
A241(3%x234| 3 | 9.4| 2.75f*A26213 x2 | X | 4.1] 1019
AA23x2% ’;Z 8.3| 243
|
X . .
A245/334x0%4| 3 | 4.9| 1.44)| A264]o3x2 | % | 6.8]2.00
A265(234x2 6.1 1.78
A266/(234x2 ﬁ 5.8 1.56
A27[2%x2 | % | 4.5]1.31
*A246/8x2 | & | 9.0| 2.64/ A268[23x2 | ¥ | 8.7|1.06
*A247(33¢x2 | 34 | 8.1 2.38) A269(2%x2 | 2 | 2.8| o081
*Au8I8Yxe | 7 | 7.2| 211
:ﬁg-;gs%xg 6.3 1.88
50(31¢ 5.8| 1.54
*A251 (3% x2 ﬁ 4.3| 1.25|*A27002x1%| % | 5.6|1.68
*A271[2% x1%| 7 | 5.0| 1.45
*A27202%¢x1%| J¢ | 4.4| 1.97
*Amsloxi¥| & | 8.7)1.07
A22/8 xoy| & | 9.5| 2.78[*A2nalolx1%:| i | 3.0| 088
A3(3 x2345| 3 | 8.5| 2.50[*A275 |2k x134| 7 | 28| 067
A2%4(3 x2% ‘,’g 7.6| 2,22
MRy iz
X, : .
A%%7(38 x234| ¥ | 4.5| 1.81[*a2w6le x13¢| ¥ | 2.7] 0.78
*A277|2 x13| 7% | 2.1|0.60
*A258(8 x2 | % | 7.7|2.25
*A59(3 x2 6.8| 2.00/*A278/13¢x1 | i | 1.9] 0.5
*A260(3 x2 ‘;% 5.9| 1.73/*A279(136x1 | 3% | 1.0| 0.28
I i = S

Angles marked * are special




CARNEGIE STEEL COMPANY

MINIMUM, MAXIMUM AND INTERMEDIATE
WEIGHTS AND DIMENSIONS OF
SPECIAL ANGLES

SQUARE ROOT

< Thickness | Weight : Thickness| Weight
o - e T e - R
AS50| 4 x4 | % |18.5| Asss|oxx2x | 3% | 5.3
Ass5i|4 x4 | 3 |1701 || Asse| 2% x2¥ o5 | 42
ass |4 i1 | B | 157 | Aser| 2k xon 3.7
A338|4 x4 | & [14:8
As54|4 x4 | 3 |12.8|lAsss|2 «x2 gg 5.3
AS55 |4 x4 11.3 || A389| 2 x2 4.7
A356 | 4 x4 ’;g 9.8 || A300| 2 x2 % | &
A391| 2 x2 3.9
AS57|3%x8% | ¥ |16.0
A358 | 834 x 8% gg 14.8 || A392 | 13¢ x13¢ T 4.6
A359 | 8% x3% 13.6 || A398 | 13 x13¢ 4.0
A360 | 8% x8% | & |12.4 || Asod| 13 x1¥ & 3.4
AS61| 8% x334 | 34 |11.1 || A895 [ 1 x1¥ 2.8
A362 | 8/ x 8% ;1% 9.8
A363 | 834 x 834 8.5 A896| 14x134 | 3% | 8.4
A397 | 1% x134 % 2.9
A364|3 x8 | 3 |11.5||A808|1%x1% 2.4
A365|3 x3 | & |10.4||As09|1%x1%5 | 3 | 1.8
A366(8 x3 | 34 | 9.4
A367|3 x3 | 7% | 88| Ad00|1xx1y }3 2.4
A368|8 x3 | 3% | 72| Ado1| 1 x1k 2.0
A369 (8 x3 | % | 6.1||Ad02|1¢x1% | % | 1.5
2370|838 x3 | ¥ | 49||ad08| 1% x1% | ¥ | 11
A371 | 23 x2 ) 8.5 || A408 | 1 x13 | X [ 1.7
A372 2%;;2?? . 7.6 || A407| 178 x1)4 }:2 1.8
AB73 | 2% x2% ‘;Z 6.6 || A408| 1)6x15¢ | Js | 0.9
A374( 23 x2% | & | 5.6| A480| 14ex i} | % | 1.1
ps | 2o | % | TTIAE0NT A1 | g | 13
X .
Aot 322”;/2 fé o9 Ad11|1 x1 | % | 08
T x2 0 [l A412 7| & | L0
ABT9 | 24 x2% | X | 4.1||Au8| %x % | X | 0.7
Ass3 | exxox | % | 68 |[Add| yx x| # | 0.9
Assd | 23 x2% | 7 | 6.1 |[Ad15| ¥x i | 0.6




43 CARNEGIE STEEL COMPANY

WEIGHTS AND DIMENSIONS OF CARNEGIE TEES

EQUAL LEGS

Size, Inches Thickness of Metal, Inches

Weight X

?:?,? Wmmt P.g:! )
Flange Stem Flange Stem
|

S Sl | 4 4 1 to {5 | M4 to f | 13.9 18
A 4 4 3 to ¥ | 36 to ¥ | 10.9 18
T 8 814 8% | ¥ to | ¥ to | 11.9 18
T 4 8 8% | % tofy|3tosy| 9.8 18
T g 3 3 ¥ to 5 | % to ¥ | 10.1 18
T 3 3 fgto % |Yrto 2| 9.0 18
T & 8 8 HBtoyp | tofy| 7.9 18
T .9 8 8 frto 34| fHto3| 6.8 18
T 10 2% 2% | 3% tofp| Htoyg| 6.5 18
T 11 2% 2% |fto | ftok | 5.6 18
T 12 2y 24 |frto 35 | frto3s| 5.0 18
T 18 2 1 2% | K tof | X to | 4.2 18
T 14 2 2 Yrto 34| frto 3| 4.4 18
T 15 2 2 Htofy| ¥ tof| 8.7 19
T 16 1y 1 | M to & | ¥ tof | 3.2 19
4 Yy 1% 1% | X to &y | X to 5| 2.8 19
T 18 1% 1% | frtogs | &togy| 2.0 19
T 19 14 1¥ | X to | X to | 2.1 19
T 20 1Y 1 [ Frto gy | frtoge| 1.7 19
T 21 1 1 frtoqs | frtogs| 1.8 19
T 22 1 1 14 to % to o 0 19




Pago[la.
ol
Section

ht
oot

unds

2

i

Stem

SRR8R SRFERE maaa a3888
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Thickness of Metal, Inches

UNEQUAL LEGS

Size, Inches

CARNEGIE STEEL COMPANY

Section
Index

‘WEIGHTS AND DIMENSIONS OF CARNEGIE TEES
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CARNEGIE STEEL COMPANY

WEIGHTS AND DIMENSIONS OF CARNEGIE
TEES —Continued

UNEQUAL LEGS

Sizs, Inches Thickness of Metal, Inches

seen ,E;uw‘. e

Fiasge | Stem Piange Stem EE |} SHO

T 74 3 4 | %tog | stok | 9.8 | 22

T 75 3 8% | Btogd | Mo |11.0 | 22

T 76 3 8% | to% | ok | 9.8 | 22

T 3 8% | %togk | o | 8.6 | 22

T78 3 9% | stogy | Mtoge | 7.2 | 28

T 79 3 9% | Hto3 | fto3é | 6.2 | 28

T 80 | o | Htold y 7.4 | o8

T 82 9% | 8 | stog | Htog | 7.2 | .28

T 83 2% | 8 | f&to¥% | Ato3s | 6.2 | 23

T 84 9% | 2 |3tog | Htog | 6.8 | 28

T 85 9% | 2% | ftods | frtods | 5.0 | 28

T 86 2% 1 | Atod | Atod | 8.0 23

T 87 2 1% | Ktof | Xtof | 8.2 28

HAND-RAIL TEES

: Weight | Page K Weight | Page No,

- B R 0 i 6~ R T 3
T154 | 4%4x28 7.00} 19 |T156| 4x3 ‘11.80' 19




CARNEGIE STEEL COMPANY

WEIGHTS AND DIMENSIONS OF CARNEGIE
MISCELLANEOUS SHAPES

TROUGH PLATES

Size W
Section Index Inches mﬁr&ﬂ s per mmu "ﬁu‘?u‘
M 10 934 x 83 % 16.8 26
M 11 9% x 8y }lz 18.0
M 12 | 9% x3% 19.7
M18 | 9% x3¥ g 21.4
M 14 914 x 8% 28.2
CORRUGATED PLATES
8ize Thiskness of Metal Weigh
Section Index Inches Tohes - por ?m't:sl':udl hg;g;ld
M 30 83¢ x 1% ¥ 8.1 26
M 81 83 x1 . 10.1
M 82 8% x1 12.0
M 38 | 124 x2¥ % 17.75 26
M3t | 12%x2 e 20.71
M 35 127, x 2% 15 28.67 e
CHECKERED PLATES
e | gt [t v, [ o
M 51 84 T 18.8 ‘ 26
M 53 34 ” 89 | o
d |
M 54 84 2 21.4

SNl i b ) A o e oo
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CARNEGIE STEEL COMPANY

CONSTRUCTION DETAIL

FIG. I6

I1f1 &

FiG. 2
—_—
r 4
rd
FIG. 8 FiG. 9

FIG. 18




CARNEGIE STEEL COMPANY

FIREPROOF FLOORS




49 CARNEGIE STEEL COMPANY

FIREPROOF FLOORS, SUSPENDED CEILINGS
AND PARTITIONS

=

FIG. 4

e e
o o




CARNEGIE STEEL COMPANY 50

DETAILS SHOWING FIREPROOFING AND BASES
FOR Z-BAR COLUMNS
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CARNEGIE STEEL COMPANY

BUILT COLUMN SECTIONS

Fia. 1

+

FIG. &

o

FiG. 8

L

FIG. 11

=

FIG. 14

ki

FI1G. 17

s

FiQ. 2 FIG. 3

& X

FlG. 6

It

FiG.

H

FIG. 12

[]

FIG. 16

M

FIG. 18

M

FiG. 4

e

FIG. 7

&

FiG. 10

be

FIG. 13

=

FIG. 18

X

FIG. 19

]




CARNEGIE STEEL COMPANY 52

}I

TYPES OF CANTILEVERS

FiG.2

Fl1G.8
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NOTES ON FOUNDATIONS

In designing the foundations of walls and plers of buildipgs, when
they rest upon a yielding stratum, proper provision must be made for
the uniform distribution of the weight. In case the walls are of different
thicknesses and heights, the widths of the foundations must be propor-
tioned 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 structure is insured.

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 continually moist. Where
this is not the case, the timber will soon rot away, thereby causing 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 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 sufficlent saving effected to more than
compensate for their additional cost per pound.

The foundation should be prepared (see illustrations pages 164, 166)
by first laying a bed of concrete toa 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 9to 24in.
according to circumstances, i ¢., length of their projection beyond the
masonry, thickness of concrete, estimated pressure per square foot, ete.
They should be placed at least far enough apart to permit the introdue-
tion of the concrete filling and its proper tamping between the beams,
Unless the concrete is of unusual thickness, it will not be advisable to
exceed 20 in, spacing, since otherwise the concrete may not be of
sufficient strength to properly transmit the upward pressure to the
beams. The most useful application of this method of founding is in
loealities 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 pene-
trating the firm upper stratum or carrying the footing-courses to such
a height as to encroach unduly upon the basement-room.

—-—
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CANTILEVERS

In buildings where it is not desirable to undermine the
adjoining property, or where the building laws do not permit
of the foundations being carried under the same, cantilever
girders are used to carry the columns next to the building line.

Three different designs of cantilevers, as actually applied,
are shown on page 52. Fig. 1 shows deep steel beams, used
when the load on the columns resting on the cantilever pro-
duces such bending moments as can be taken up by the beams;
it also shows a connection for the other end of the cantilever to
an interior column. Evidently, the product obtained by multi-
plying the load on the interior column by the distance from its
center to the fulerum foundation must be greater than that of
the load on the wall column times its distance to the fulerum
foundation. Should it be less, the interior column must be
anchored down to an especially designed foundation.

The load on the fulerum foundation is equal to the sum of
the loads on the wall column and the reaction of the cantilever
at the interior column. Fig. 2 shows a method of cantilever
construction where it is not desirable to have a separate
foundation under each column and a heavy box girder of suit-
able design is used to transmit the various column loads to two
independent foundations.

The reaction on foundations due to the different column
loads can be quickly determined by means of well-known
formulz.

In Fig. 8 is shown a special design which avoids the use of
a continuous girder.

The stresses ina continuous girder with supports fixed can
be readily determined; but as it is impossible to fix the sup-
ports, # ¢., to prevent unequal settlement, this form of girder
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should be avoided if possible. There are, however, conditions
which make their application desirable. On the other hand, a
simple cantilever admits of easy calculation and adapts itself
to any slight settlements that may occur without materially
affecting the reactions on the foundations or changing the
stresses in the girder,

An important feature in connection with cantilever con-
struction is to adopt a pin support in place of resting the canti-
lever beam directly on the top course of the foundation beams.
For, if the cantilever rests directly upon the upper course of
foundation beams without a pin support, the outer beam near-
est the wall column will be strained more than any of the
others, and thus the center of pressure will not be exactly in
the middle of the foundation, as it should be.

The extra cost involved in the two shoes and pin is very
small as compared to the desirability of having the center of
pressure in the center of the foundation.

The shoes for ordinary loads and conditions are made solid
of cast iron and the pin of steel. The height of each shoe
should not be less than 6 in. and the pin 2% in. diameter.
Each individual case should be figured by itself.

The pin need be figured for bearing only, as it extends
through the whole length of the casting. A clearance of ¥ in.
to 1 in. is given between the cast shoes, which are always
faced, and the hole bored to suit the pin.




a7 CARNEGIE STEEL COMPANY

NOTES ON WIND BRACING

On page 53 are shown two types of wind bracing used in
buildings. The upper one shows the method of bracing usually
applied where no openings such as doors and windows occur.
‘This construction has adjustable diagonals properly fastened to
the adjacent columns in the building. The horizontal compo-
nents of the stresses in the diagonals are taken up by means
of two latticed channel bars located in the floor system of the
different floors. The vertical components are taken up by
the columns themselves and must be added to the other loads
to which the columns are subjected. In this calculation care
should be taken to provide for such design as to avoid eccentric
stresses on the columns, Should the design be such as to
cause these stresses, the columns must be figured accordingly.

If desirable, the diagonals may run through one floor
and attach to the columns at the floors above and below the
intermediate floor; thus in some instances passageways can
be obtained.

The other type of wind bracing shows what is known as
portal bracing. Thisarch design recommends itself for use in
buildings where the diagonal system cannot be applied on
account of lack of room. It is usually placed between adja-
cent columns in halls or passageways and extends from the
foundations up, from floor to floor, to such a height that the
stability of the building itself is sufficient to resist the assumed
wind pressure. In general, wind bracing should be placed,
if the building is square or nearly so, close to the corners; if of
a parallelogram shape, in the direction parallel with the least
width and at such points as to equally divide the stresses in
all the panels. In case neither of the above methods can be
applied, brackets should be used at each floor level or a con-
tinuous deep beam or girder carried all around the building.
In either case the number of rivets fastening the columns and
girders should be carefully figured, as upon the.value of the
resistance of these rivets, as well as the girders and brackets,
depends the stability of the structure. In the last two men-
tioned methods the columns will all be subject to a bending
stress which should be added to the other loads of the columns.
Besides this, they will be subject to vertical loads resulting
from the resistance they offer to the overturning moment
of the wind against the structure.
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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 length of the spans so as to reduce the number of
supporting columns to a minimum, or perhaps heavy concen-
trated loads, such as columns, brick walls, etc., will render
single I-beam girders inadequate. On page 47, Figs. 10 to 16
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. 11 and 12) should be used to
distribute the pressure over a greater surface and thereby pre-
yent the crushing of the material in the wall directly under the
girder. Standard wall plates are given on pages 177, 179 and
181. In somecases a large, tough stone will answer without the
plates (Fig. 10), but where the pressure is heavy, both plates
‘and stone should be used (Fig. 12).

The allowed pressure per square foot for first-class brick
work should not exceed eleven tons and for ordinary masonry
eighteen tons.

For spanning openings in brick walls, girders composed of
two or more I-beams connected by bolts and separators (Figs.
12 and 15, page 47) are most commonly used.

Where the bricks have been laid regularly, the probable line
‘of rupture, if the girders should fail, will be found to be inside
of the sides of an isosceles triangle whose base is the span and
‘whose height is 1{ 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 fre-
quently 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 lbs. per cubic foot
‘the weights per superficial foot for different walls are as foiiows

For 9in. wall . - . . 5 s 84 1bs.
LBy AL = . g - . R 1 TR
W i8an. . . A . . Ae gl
AR < g . : 5 o ISAH A
= ks = - " . 248

&
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GENERAL NOTES ON FLOORS

Examples of floor joists and their connections of common
occurrence are shown on page 47, Figs. 1 and 2. Girders con-
sisting of two I-beams or more, side by side, as in Figs. 12 and
15, should be connected by means of bolts and cast-iron sepa-
rators 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 deflec-
tion or buckling, and to unite the two beams so as to cause them
¢ act in unison as regards vertical 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 Figs. 8 and 9. Complete tables
for the weights of separators for I-beams are given on page 173,

On page 47, Figs. 1 and 2 show different methods of con-
necting beams with each other. Fig. 1 represents the floor
beam coped to the girder and joined to it by 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 connecting angles for all sizes of I-beams and chan-
nels are given with illustrations on page 178 to 186. Fig. 2
shows ¢ne floor beam resting on shelf angles riveted to the
girder. Stiffening angles are usually placed under these shelf
angles to take up the bending in the same and should contain
a sufficient number of rivets to take up the end reaction of the
floor beam. This method is usually adopted to facilitate the
work of erection when the girders are composed of two or more
beams and of sufficient depth to allow the floor beam to abut
against the girder without being coped.

The oid method of constructing fireproof floors in buildings
is by means of brick arches. These usually consist of a single
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' lgtn. course of brick with a rise at the center of 8 or 4 in. and
y mting on the lower flanges of the I-beams against brick skew-
| backs. This method of construction is illustrated on page 48,
Fig. 7. In case the floor is designed for very heavy loads,
Ligg_veral courses of brick should be used. The floor beams
should be placed about 5 or 6 ft., center to center. A con-
| venient device 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

Il ‘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 provided for by the use of tie rods from $ in. to 7 in.

| diameter spaced along the center line of the beams, or a little
| below, at regular intervals of from 5 to 7 ft. The thrust
of these arches per lineal foot can be found by the formula

|T= I'GEL', in which W is equal to the load per square foot, R

gl e

‘the rise of the arch in inches and L the span in feet. The tie
‘rods 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 and to properly distribute the load
‘upon the wall. The weight of a fireproof floor of this descrip-
tion, that is, of 4 in. brick arches, concrete and flooring, exclu-
sive of the weight of the beams, will average about 70 1bs. per
-_ quare foot.
Corrugated sheets may be used instead of the brick arches.
They are placed against the lower flanges of the I-beams and
thus securely held in position while the space above is filled
grouting. Tie rods are used the same as in the previous
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case. The distance between beams should be limited to 5 or
6 ft. The corrugated sheets are usually left exposed below to
form the ceiling, and are thus open to the objection that the
moisture in the atmosphere may condense upon the surface of
the sheets in sufficient quantities to drop into the room below,
Ceilings of this kind should therefore be restricted in their
use, or the sheets properly protected from contact with the air.

Two modern types of fireproof floor construction which
have grown in favor so rapidly as to be used now almost to the
exclusion of all others are illustrated on page 48, Figs. 4 and 5.
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 distinct 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

with sawdust and finely cut straw, which, being consumed
during the process of burning, leaves the material in a finely
honeycombed state.

Figs. 4 and 5 on page 48 show two methods of construc-
tion of hollow pottery and porous earthenware arches. The
method illustrated by Fig. 4 is the later and better.

From tests recently made, it appears that this latter con-
struction gives the best results in regard to strength. This is
evidently 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.
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| When used in floor construction both varieties of arches are
| packed to the depth of several inches with concrete in which
_are embedded wooden strips to which the floor planking is
aecm'ed. The joints should be made radial and the blocks
nhould be thoroughly cemented together. They are made to
- project about 1 inch below the bottom flange of the I-beams,
| which are further protected by the insertion of a thin strip of
i ‘tile. The weight and cost of both hollow pottery and porous
_earthenware are about the same, and through their superior
lightness they possess an important advantage over the brick
The saving in weight amounts to from 40 to 50 per cent.,

,t.hus warranting more economical proportions for the steel
E f%_'ﬁ_*nming. while in other respects the cost of this construction is
‘about the same, The weight of these arches per square foot of
floor without plastering, concrete or flooring is about as follows:

12 in. arches, used for warehouses . . 45 1bs,
QO T e @ theatred . . . 86 ¢
g« 1 L Ll Oﬁ‘icﬁ buildings ol OO L%E

6 “ (0 Ll light purposes . 22 «

It is to be noted that such fireproof floors as fill the spaces
! j’:_etween the floor beams, together with the tie rods forming a

e more equally distributed to all the columns.

Horizontal bracing by means of diagonal rods or bars laid
n the floor system should be avoided on account of difficult
details of connection. This is not necessary if a proper fire-
proof floor, as outlined above, is adopted.

| Fig. 6, page 48, shows a type of fireproof floor composed of
Carnegie trough sections; thisstyle of floor is used in buildings
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where extremely heavy loads must be sustained, and also for
railway bridges.

The following are the usual assumptions made in good
practice for superimposed loads:

Floors of dwellings and offices . . . . . 70lbs. per sq. ft.
‘  * churches, theaters and ballrooms 125 ‘¢ « ¢ «
v 4t warehotses. . . . oo . 200to 260 s 4 e e
* for heavy machinery . . . 250to400 '+ « &

The building laws of many of our large cities have recently
fixed superimposed loads for floors in buildings depending upon
the purpose for which the building is to be used, and it is for
these loads that the floors must be designed. In general they
compare favorably with the above.

Where girders extend below bottom of floor beams they
are made fireproof by surrounding them with hollow earthen-
ware blocks especially made to fit the bottom of the beams, as
shown on page 48, Figs. 1, 2 and 8.

Examples of fireproof tile construction, as applied to ceil-
ings and roofs, are given on page 49. In Fig. 2 the tees are
suspended from the lower flanges of the I-beams at intervals of
12 in. or 15 in. and support a layer of very thin tile, weighing
about 5 1bs. 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 in. apart. The
tiling, weighing about 10 1bs. per square foot, may be covered
with concrete, then with a layer of felt and gravel, or in the
case of slate roofs, the slate may be nailed directly to the tiling.

In Fig. 8.is shown a new type of suspended ceiling which
recommends itself for easy erection. Upon the rafter beams
are placed light purlin angles between which are hung rods for
supporting the ceiling tees.
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Between the purlin angles are laid tile, then a course of
concrete to level up, and two coats of asphalt. Upon the ceiling
tees are placed like tiles; or metal lath can be wired directly
to them, on which the plastering is applied.

A semi-fireproof construction which may be used to advan-
tage in dwellings is shown on page 49, Fig. 1, and consists ofs
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 in. apart. The
geiling is composed of wire lathing, which is fastened to tees
suspended from the floor beams and spaced about 16 in. apart.
The plastering is applied directly 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 49, Fig. 4, is given an elevation and section of
three methods used in the construction of fireproof partitions,
One consists of the ordinary fireproof square blocks, set with
broken joints and held at intervals with light I-beams, which
take the place of wood studding.

In the second method, the space between the I-beams is
filled with a material called plaster boards. The third method
consists of wire lathing attached to the fianges 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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EXPLANATION OF TABLES ON SAFE LOADS AND
SPACING FOR CARNEGIE SECTIONS

(Pages 69 to 88 inclusive)

The tables on pages 70 to 72 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 nef Joad which the beam will carry.

On pages 78 to 80 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 a maximum fiber stress of 16,000 pounds per
square inch,

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 stress allowed should be reduced as per table,
page 68.

In some instances, defliecfion rather than adsolute sirengih
may become the governing consideration in determining the
size of beam to be used. For beams carrying plastered ceil-
ings, for example, it has been found by practical tests that, if
the deflection exceeds y}; of the distance between supports,
or 4 of an inch per foot of this distance, there is danger of
the ceiling cracking.

A table of deflections of Carnegie sections is given on page
69. It may generally be assumed both for rolled and built
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peams that this limit is not exceeded so long as the deptn of the

beam is not less than ¢4 of the distance between supports
(5% in. per foot). This limit isindicated in the following tables

by cross lines, beyond which the beams should not be used, if
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: 3

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 required
load, See example II1 page 68.

Inasmuch as the carrying capacity of beams increaces
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.

The tables ox pages 81 to 88 inclusive for I-beams give the
proper spacing, center to center of beams, for loads varying
from 100 to 175 1bs. per square foot and for spans ranging in
length from 5 to 80 ft. The spacing of beams is inversely
proportioned 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, ete.
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EXAMPLES

1. What will be the most economical arrangement of floor
beams and girders for carrying a load of 150 1bs., including
weight of floor, assuming floor to be supported by brick arches
resting between the beams and carrying a plastered ceiling
below ?

Answer : The spacing of floor beams for brick arches, as
stated above, should not exceed 6 ft. Referring to pages 85
and 86 we find the deepest I-beam corresponding to this space
(above horizontal cross lines) to be a 9 in. 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 ft. apart, and from
the table we find that either a 20 in. I 65 1bs. 23 ft. long or a
15 in. I 42 1bs. 16 ft. long will answer. By using the former
the number of supporting columns will be reduced, but the
weight of the girders increased. The relative cost must be
determined by the circumstances of the case, Z ¢., length of
columns, ete. The headroom required may render it necessary
to use a double girder of shallower beams, say two 10 in.
I-beams 25 lbs. 15 ft. long.

II. What size and weight of beam 19 ft. 6 in. long in clear
between walls, and, therefore, 20 ft. 0 in. long between centers
of supports, will be required to carry safely a uniformly dis-
tributed load of 17 tons, the weight of the beam included ?

Answer: From the table of safe loads of I-beams a 15 in.
I 42 Ibs. will carry safely for a span of 20 ft. 15.71 tons, or 1.29
tons less than required in this case. From the next column
we find that for every pound increase in weight of beam we
may add 0.20 tons to the load. Hence, for 1.29 tons we must
increase the weight per foot of beam by 1.20-=-.20 = 6.4 1bs,,
7 ¢., the beam required should weigh 42 + 6.4 = 48.4 1bs. per
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foot, but as this weight is not rolled the beam to be used
should weigh 50 1bs. L

III. What load uniformly distributed, including its own
weight, will a 15 in. I-beam weighing 60.0 1bs. per foot carry
for a span of 30 ft. without deflecting sufficiently to endanges
a plastered ceiling ?

Answer: From the table for safe loads of I-beams we:
find at the limit indicated for plastered ceilings that a 15 in
60.0 1b. beam will carry safely a uniform load of 17.32 tons
over a span of 25 ft. In order not to give rise to undue de-
flection, the safe load for a 80 ft. span, according to the rule

given on page 66, will beﬂg’:o%(__zr":n.oa tons.

BEAMS WITHOUT LATERAL SUPPORT

s et e
20 times flange width Whole tabular load
80 ““ i it 'I!D' “ [

40 i I 0 Tﬂﬂ' “ [7

50 i i o TTU “ “

60 B “ w 150_ w w

70 i i he 'IFU it w
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DEFLECTION COEFFICIENTS FOR CARNEGIE
SHAPES GIVEN IN 64THS OF AN iNCH

Distance between Supporis in Feet

Joeffioient
Index
8 8 10 [ 12 | 14 | 18 18 20 22

C. S. |38.1|67.8 [105.9]152.5[207.6(271.2| 343.2 | 423.7 | 512.7

C."S. [20.8|53.0 82.8119.21162.2211.8 268.1 | 831.0 | 400.5

Distance between Supports in Feet

Deaffotant

Index

24 | 26 | 28 | 80 3213‘1 368 38 | 40

C. S. 1610.2(716.1/830.5(953.4 1085.0'1225.0 1873.0(1530. |1695.
C."' S. 476.6/559.4/648.8/744.8| 847.4| 956.6(1078.0/1195.[1324.

Figures given opposite C. S. and C.’ S. are the deflection
coefficients for steel shapes, subject to transverse strain for
varying spans under their maximum uniformly distributed safe
loads, derived from a fiber stress of 16,000 and 12,500 respect-
ively; the modulus of elasticity being taken at 29,000,000,

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 unsymmetrical axes, such as tees, angles,
etc., divide by twice the greatest distance of the neutral axis
from the outside fiber.

ExampLE: Required the deflection of a 12" I-beam 81.5
Ibs. 20 ft. span under its maximum uniformly distributed safe
load of 9.59 tons, as given on page 71. The above tables give
423.7 as the deflection coefficient; dividing this by 12 gives
85.3 as the required deflection in 64ths of an inch.

For deflections due to different systems of loading see

page 94.
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SAFE LOADS UNIFORMLY DISTRIBUTED

FOR STANDARD AND SPECIAL

IN TO

I-BEAMS

NS OF 2,000 LBS.

Z (2471

20" 1

18" 1 15" I

L

inerease in weight

Add for every 1h,

80
lbs.

65
1bs,

80 80 42
Ibs, | Ibs | Db

Add for every b,
_Add for every Ih,

increase in weight

55
Ibs,

I Add for every Ib,

12 |77.83].
18 |71.38].
14 (66.28| .
15 |61.86.
16 (58.00|.
17 |54.58|.
18 |51.56/.
19 |48.84/.¢

20 (46.40| .
21 [44.19].
22 142.18] .
23 40,35
24 138.67| .
25 187.12.
26 (35.69, .
271(34.87| .

28 (38.14.
29 182.00 .
30 1(30.93, .
81(20.94) .
82 129.00j.
88 [28.12, .
84 27.29].
85 126.51| .
86 (25.78].

cn
KLEEEE

o
<t

O W0 10 1O oo g8
L= = == T -]

65.18
60.16
55.87
52.14
48,88
46.01
43.45
41.17

39.11
37.24
35.50
34.01
32.59
31.20
30.08
28.97
27.93
26.97
26.07
25.23
24.44
23.70

51.98| .
47.98| .
44,56/ .
41.59].
38.99) .
36.69|.
34,66/,
32.88.
81.19],
29.70/.
28.35|,

27.12
25.99
24.95
23.99
23.10
22.28
21.61
20.79
20.12
19.49
18.90

89.29,
36.27|.
33.68|.
31.43|.

47.14/36.09/26.18
43.51(33.31/24.17
40.40(30.93/22 . 44
37.71(28.87120.94
29.47].20 |35.35(27.07(19.63
27.74|.48 (38.27|25.47|18.48
206.19).26 |31.42/24.06(17.45
24 .82(.25 (20.77(22.79(16.58] .21

23.58|.24 (28.28[21.65/15.71] .20
22.45|.22 |26.94/20.62|14.96| .19
21.43].21 [25.71(19.68(14.28| .18
.23 [20.50/.20 |24.59(18.83|13.66| .17
.22 [19.65(.20 (23.57(18.04/13.09] .16
.21 |18.86/.19 [22.68|17.82/12.57| .16
.20 |18.14/.18 [21.76/16.66/12.08| .15
.19 [17.46).17 [20.95(16.04/11.64] .14

19 [16.84].17 [20.20(15.47(11.22| .14
.18 16.26/.16 (19.51(14.93(10.83) .18
17 |15.72|.16 |18.86(14.48(10.47| .18
17 |15.21].15 [18.25/18.97(10.13( .18
16 (14.73|.15 |17.68(13.53( 9.82| .12
16 [14.20].14 [17.14/13.12| 9.59( .12

%wmmww
DS W

wwwmmwwc_wﬂ-ﬁ_ s x
[0 =T U~ ) increase in weight

ipis i ip i g | e Rk

:ﬁ

23.00
22.35
21.73

18.35
17.82
17.33

.15 [13.87).14 (16.64(12.74] 9.24] .11
.15 |13.47|.13 (16.16(12.87| 8.98| .11
.15 (13.10.13 [15.71(12.08] 8.78] .11

Bafe loads given include weight of beam. Maximum fibet stress,
16,000 1bs, per square Inch,




CARNEGIE STEEL COMPANY

SAFE LOADS UNIFORMLY DISTRIBUTED

FOR STANDARD AND SPECIAL

I-BEAMS

IN TONS OF 2,000 LBS,
E 12' I f}? 101 (57 01 E«% g.‘; 81 i;g

s 59 8 B )
E 40 35 EE *EE 2 ﬁE 5% g |
& Me | D [FF| e |ZF)| e |F5| IS | I |
12 |19.92 | 15.99 | .26 10.85 [ .22 | 8.89 |.20 5 16,17 | .42
13 | 18.839 | 14.76 | .24 | 10.02 | .20 | -7.74 | .18 6 |12.064 (.35
14 (17.08 | 13.70 | .23 | 9.30|.19 | 7.19(.17| 7 |10.84 .30
15 | 15.94 112.79 (.21 | 8.68 |.17| 6.71|.16] 8 | 9.48(.26
16 | 14.94[11.99 | .20 | 8.14|.16| 6.20(.15| 9 | 8.43.28
17 | 14.06 | 11.29 | .19 | 7.66|.15| 5.82(.14] 10 | 7.59|.21
18 | 13.28 | 10.66 | .18 | 7.24|.14| 559(.13] 11 | 6.90)].19
19 | 12.58 | 10.10 | .17 | 6.86 | .14 | 5.30|.12] 12 6.82 | .18
20 |11.95| 959 |.16| 6.51].18| 5.03 .12] 13 _5_8_‘-]_ .16
21 111.38| 9.14|.15| 6.20|.12| 479 ].11]| 14 | 542|.15
22 | 10.87| 8.72|.14| 5.92|.12 | 4.58|.11] 15 5.06 | .14
28 [10.39| 8.34|.14| 566 |.11| 4.38|.10| 16 | 4.74 .18
24| 9.96| 7.99|.13| 5.43 |.11| 4.19(.10] 17 | 446 (.12
25| 9.56| 7.67|.18| b5.21|.10| 4.08|.00| 18 4.211.12
26| 919 7.88).12| 501|.10| 8.87|.00] 19 | 3.99].11
27| 885 7.11).12| 4.82|.10| 8.93|.09] 20 | 8.79].11
28 | 854 6.85(.11| 4.65|.09| 8.50|.08] 21 | 8.61).10
20 | 8241 6.62 .11 449].09| B4T[.08]....lieeivi]inn .
80| 7.97| 6.40 .11 484|.09| 8.36|.08).... ieuvencfonne

Safe loads given include weight of beam.

16,000 1bs, per square inch.

Maximum fiber gtress,




CARNEGIE STEEL CONPANY 2

SAFE LOADS UNIFORMLY DISTRIBUTED
FOR STANDARD AND SPECIAL
I-BEAMS

IN TONS OF 2,000 LBS.

$ |71 |28 61|28 51 |28 0 1|25 9 1 |28
= EE = (2] =4 E
§“§: Ss g.s-. E,g Ea ;3
- 235 |= 9. = 7 = :
52 ™ z g e EE I 3k e, = g s Eg
5 |[11.04].86| 7.75 |.81| 6.16 | .26| 8.18 | .21 | 1.76 | .16
G 9.20|.30| 6.46 | .26 | 4.80 | .22| 2.65 | .18 1.47 | .18
f 7.89|.26| 5.54 | .22 8.69 |.19| 2.27 | .15] 1.26 | .11
8 6.90|.23|4.84 |.19| 8.28 | .16( 1.99 | .18 1.10 | .10
9 6.13)|.20| 4.81 | .17| 2.87 | .14| 1.77 | .12| 0.98 | .09
10 5.62|.18| 8.88 | .16| 2.58 | .,18| 1.690 | .11| 0.88 | .08
11 5.02|.16| 8.52 | .14| 2.85 | .12| 1.45 | .10| 0.80 | .07
12 4.60|.15| 8.28 | .18 2.16 | .11| 1.38 | .09| 0.78 | .07
13 4.95|.14| 2.98 | .12 1.98 | .10| 1.22 | .08| 0.68 | .08

14 | 8.94(.18| 2.77 |.11] 1.84 [.09| 1.14 | .08| 0.68 | .06
15 8.68|.12| 2.58 |.10| 1.72 | .00 1.06 | .07| 0.59 | .05
16 8.45|.11| 2.42 | .10( 1.61 | .08| 0.99 | .07| 0.55 (.05
17 8.25|.11| 2.28 | .09 1.52 | .08| 0.94 | .06| 0.52 | .05

18 | 8.07|.10| 2.15 | .09| 1.43 | .07 | 0.88 | .06 0.49
19 | 2.91|.09| 2.04 |.08| 1.36 | .07| 0.84 | .06| 0.46
20 | 2.76|.09|1.94 |.08] 1.20 [.07| 0.80 |.05| 0.44
21 2.63(.00]| 1.85 [ .07| 1.23 |.06( 0.76 | .05] 0.42 | .

Bafe loads given include welght of beam. Maximum fiber stress,
16,000 1bs. per square inch.

ERER




e CARNEGIE STEEL COMPANY

SAFE LOADS UNIFORMLY DISTRIBUTED
FOR STANDARD AND SPECIAL
CHANNELS

IN TONS OF 2,000 LBS.

" P o B =0 T
Ei 15" € Eg’ 12'C j 10" € §§ 9'C gg
10 {22.25| .80 |11.80| .32 | 7.14| .26 | 5.61 | .24
11 [20.20] .35 [10.35] .20 | 6.40 | .24 | 5.10 | .21
19 | 18.52| .38 | 9.49| .26 | 5.95| .22 | 4.68 | .20
13 | 17.10| .80 | 8.76| .24 | 5.49 | .20 | 4.82 | .18
14 |15.87| .28 | 8.14| .28 | 5.10| .19 | 4.01 | .17
15 |14.82| .26 | 7.59| .21 | 4.76 | .17 | 8.74|,.16
16 |18.80| .24 | 7.12| .20 | 4.46 | .16 | 8.51 | .15
17 | 18.07| .28 | 6.70| .18 | 4.20| .15 | 8.80 | .14
18 [12.85] .22 | 6.33| .18 | 3.06 | .14 | 8.12 | .13
19 |11.70| .21 | 5.99| .17 | 3.76 | .14 | 2.05 | .12
20 |11.11] .20 | 5.70| .16 | 8.57| .18 | 2.81 | .12
21 |10.58] .19 | 5.42| .15 | 8.40| .12 | 2.67 | .11
22 |10.10| .18 | 5.18| .14 | 8.24| .12 | 2.55 | .11
23 | 9.66] .17 | 4.95| .14 | 8.10| .11 | 2.44| .10
24 | 9.26] .16 | 4.75| .13 | 2.97| .11 | 2.84] .10
2 | 8.80| .16 | 4.56| .18 | 2.85| .10 | 2.24 | .00
26 | 8.55 .15 | 4.88] .12 | 274 | .10 | 2.16 | .09
27 | 8.28] .14 | 4.22] .12 | 2.64| .10 | 2.08 | .09
28 | 7.94| .14 | d.07| .11 | 2.55| .09 | 2.00| .08
20 | 7.66| .18 | 8.93) .11 | 2.46| .00 | 1.98 | .08
80 | 7.41| .13 | 8.80| .11 | 2.88| .09 | 1.87| .08

Bafe loads given include weight of channel. Maximum fiber stress,
16,000 1bs. per square inch.




CARNEGIE STEEL COMPANY

SAFE LOADS UNIFORMLY DISTRIBUTED
FOR STANDARD AND SPECIAL

CHANNELS
IN TONS OF 2,000 LBS.
§ 8'C fé‘g = gjg 6'C §~§' sc|gg 4T -;jén TR
P e e
é Ibs, EE bs, (FF| e |F5| lbs. Eg Ibs, gg Ibs. |= %
5 |8.61,.42|6.68 (.36 |4.62(.81|3.16(.26 (2.02| .21 |1.16 |.16
6 |7.18/.85|6.57 (.80 |3.85(.26|2.63|.22|1.68 .18 .97|.13
7 16.15|.80|4.77 (.26 (3.80(.222.26 .19 | 1.44| .15( .83].11
8 |5.88|.26|4.18 (.23 (2.80|.19|1.98|.16|1.26( .18 .73|.10
9 |4.78].23(8.71(.20(2.567|.17|1.76|.14|1.12( .12 .64].09
10 (4.81(.21(8.84|.18|2.81(.16(1.58|.13|1.01|.11| .58 .08
11 [8.91/.198.04|.16(2.10 |.14 |1.44|.12| .92].10| .53 .07
12 (8.59(.18|2.78|.15|1.93 (.18 (1.82|.11| .84|.09 .48).07
18 (8.81(.16|2.57|.1411.78/.12(1.22|.10| .78|.08| .45).06
14 |8.08(.15/2.89|.18(1.65|.11|1.13|.09| .72(.08| .41|.06
15 (2.87(.14|2.23|.12|1.54|.10(1.05|.09| .67|.07| .39 .08
16 (2.69].13]2.09|.11(1.44|.10| .99|.08| .68|.07| .36|.05
17 |2.58(.1211.96|.11 (1.36|.09| .93(.08| .59(.08| .34|.05
18 [2.89(.11(1.86(.10|1.28|.09 | .88|.07| .56|.06( .32|.04
19 (2.27|.11|1.76|.09(1.22(.08| .83|.07| .58|.06| .81|.04
20 |12.15(.11/1.67|.09|1.16 [.08| .79(.07| .51|.05| .29|.04
21 (2.05(.10/1.59.09|1.10|.07| .75|.06| .48|.06| .28|.04
22 11.96(.10(1.52(.08]1.05|.07 | .72|.08| .46|.06| .26).04
28 (1.87).00|1.45(.08(1.00(.07| .69(.06| .44 .05| .25(.08
24 |1.79(.09(1.39|.08| .96/.06| .66(.05| .42|.04| .24].08
25 |1.72(.08(1.34|.07| .92|.06| .63|.05 .40|.04| .23[.08

Safe loads given include welght of channel, Maximum fiber stress,
16,000 1bs. per square inch.




7h CARNEGIE STEEL COMPANY

SAFE LOADS IN TONS OF 2,000 LBS.
UNIFORMLY DISTRIBUTED FOR
STANDARD Z-BARS

Size EE Distance between Supports in Fest

"
iS5 a [ 6 [ e [ 7 |8 o |10]12]1a]16
6 | 36 [11.25] 9.00| 7.50| 6.43| 5.63(5.00(4.50| 8.75/3.21'2.81
sﬁ v [18.11[10.48| 8.78| 7.48| 6.55| 5.82( 5.24 4.37(8.74 3.28
6| 3 [14.96(11.97| 9.97| 8.55| 7.48|6.65/5.99 4.994.283.74
6 | % [15.40/12.82(10.27| 8.80| 7.70| 6.84| 6.16| 5.13|4,40 3.85
64 3¢ [17.00(13.67|11.40| 9.76 8.55|7.60/ 6.84| 5.70/4.88/4.97
635 14 [18.80[15.04/12.53]10.74] 9.40|8.36) 7.52 8.275.37i4.70
6 | ¥ |18.72{14.98/12.48(10.70( 9.36| 8.82| 7.49] 6.24/5.85 4,68

13 [20.29/16.23/13.58/11.59(10.15(9.02| 8.12) 6.76(5.80/5.07
66| 7 [21.86(17.40(14.57|12.49(10.98]9.72(8.75 7.296.25i5.47
b 3:3 7.12| 5.70| 4.75| 4.07| 8.56]8.17] 2.85(2.37/2.03(1.78
By 76 | 8.59| 6.82| 5.68) 4.87| 4.26/3.79) 8.41/2.842.48(2.13
5| v's | 9.92| 7.94] 6.62| 5.67| 4.06/4.41/8.97| 8.812.832.43
5 | % |10.24] 8.19| 6.88| 5.85| 5.12( 4.55/4.098.41/2.92.2.56
bo| i [11.49] 9.19] 7.68| 6.56] 5.755.11| 4.60]8.83/8.28/2.87
51| 3 |12.76]10.21| 8.51| 7.29| 6.88|5.675.11 4.253.65[3.19
5 |4} [12.68{10.10| 8.42| 7.21| 6.82(5.61|5.05| 4.21(3.613.16
Byl 3 [18.79/11.03 9.19) 7.88] 6.89)6.13|5.52/ 4.60/3.94 3.45
536 13 [14.94/11.95] 9.96) 8.54] 7.47| 6.64]5.97| 4.95/4.273.78
4 | X |4.19] 8.35) 2.79| 2.89| 2.09|1.86(1.68 1.40(1.20/1.05
4l % | 5.21] 4.17| 8.48| 2.98| 2.60(2.82|2.08|1.74/1.49/1.80
414 ?g 6.22| 4.98| 4.15| 8.56] 8.11)2.77| 2.49| 2.08{1.78/1.56
4 | ¥z | 6.44] 5.15| 4.20| 8.68| 8.22(2.86] 2.57| 2.15/1.84/1.61
4| % | 7.88| 5.87| 4.89( 4.19| 8.67(3.26/ 2.93|2.44/2.00/1.88
435 v | 8.24| 6.569] 5.49) 4,71| 4.12| 8.66/ 3.20{2.75/2.85(2.06
4 | 36 | 8.06] 6.45| 5.87| 4.61]| 4.03]3.58|3.23/2.692.81/2.01
4 43 | 8.86] 7.09] 5.91| 5.06| 4.43(3.95| 8.55|2.96(2.53/2. 21
41 34 | 9.68| 7.74] 6.45| 5.58| 4.84|4,80| 8.87|3.28/2.76/2.42
8 | X | 2.562.05) 1.71] 1.46| 1.25|1.14{1.03/ 0.85/0,73/0.64
87y ¥ | 8.17| 2.54] 2.12| 1.81| 1.58)1.41|1.27/1.06/0.91/0.79
3 | 3 | 8.44] 2.74| 2.28| 1.96] 1.72|1.52|1.87|1.14/0.98/0.86
37| ¥ | 8.97] 8.18| 2.65| 2.27| 1.98|1.77|1.50(1.82(1.18/0.99
8 | % |4.08] 3.26( 2.72| 2.83| 2.04]1.81/ 1.63{1.86/1.17[1.02
84| v's | 4.57) 8.66| 8.05| 2.62) 2.28/2.031.831.52/1.81/1.14

Safe loads given include weight of Z-bar. Maximum fiber stress, »
16,000 1bs, per square inch,
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CARNEGIE STEEL COMPANY

SAFE LOADS IN TONS OF 2,000 LBS. UNIFORMLY

DISTRIBUTED FOR STANDARD AND SPECIAL

ANGLES WITH EQUAL LEGS

Maximum fiber stress,
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Safe loads given include weight of angle.
16,000 1bs. per square inch.

Neutral axis through center of gravity

“parallel to one leg.

Angles marked * are special.
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CARNEGIE STEEL COMPANY

SAFE LOADS IN TONS OF 2,000 LBS., UNIFORMLY
DISTRIBUTED FOR STANDARD AND SPECIAL

ANGLES WITH UNEQUAL LEGS

LONG LEG VERTICAL

Distancoe between Supports in Fect

8ize of Angle

P o] 8 e G e BT e 10

8 XX §h (12.5921.29 14.20 10,65 8.527.10/6.08(5.83|4.73(4.96
T xB%xl - (06.4328.21 18.8114.11(11.29/9.40(8.06/7.056.27 5.64
*7 xB¥x Jy [26.72(18.36] 8.91| 6.68| 5.84|4.45(8.82(3.84/2.972.67
6 x4 x1 |42.77/21.39/14.26/10.69| 8.55(7.18(6.11|5.85/4.75 .28
6 xk x 3 |17.71) 8.85/ 5.90| 4.43) 8.5412.0512.582.21L.97 .77
6 x334x1" |41.76/20.88/13.92(10.44| 8.356.96(5.975.22/4.644.18
8 x3J45x 3 [17.88) 8.67| 5.78| 4.33| 8.47/2.89(2.48/2.171.981.78
*5 x4 x 7 |26.61/18.81| 8.87 6.65 5.82|4.44(3.80|3.832.96 2.66
*5 x4 x 36 [12.48] 6.24] 4.16| 8.12| 2.50/2.08[1.78/1.56/1.89 1.25
5 x334x 7 [26.03(13.01| 8.68| 6.51| 5.214.84(3.72/3.25/2.89 2.60
5 x8%x oi 10.35| 5.18 3.45( 2.59| 2.07[1.73(1.48(1.29/1.151.04
5 x8 x i [28.73(11.87| 7.91 5.98| 4.75/3.96(8.89/2.97/2.64 2.87
5 x38 x ¥ [10.08 5.04| 3.86| 2.52 2021881441‘26112|1 01
*412x8 x {3 |19.81| 9.65| 6.44| 4.83| 8.86/8.22(2.76(2.412.15 1.93
*414x8 x % | 8.21| 4.11| 2.74| 2.05| 1.64/1.87(1.17]1.030.91/0.82
*4" x334x 14 [15.57] 7.79) 5.19| 3.89| 8.11(2.602.22{1.95(1.78/1.56
*4 x3%x 5 | 6.72| .86] 2.24| 1.68| 1.84/1.12(0.96/0.84/0.750.67
M x38 x 1§ [15.81) 7.65] 5.10| 3.83| 8.06/2.55/2.19]1.91(1.70/1.58
4 x3 x | 6.56 3.28) 2.19| 1.64] 1.81[1.10/0.94/0.82/0.73 0.66
834x8 x 43 [11.78| 5.87 8.91| 2.93| 2.35(1.96/1.68(1.47(1.8011.17
814x8 x ¢ | 5.12] 2.56) 1.71| 1.28] 1.02/0.85/0.73/0.64/0.57 0.51
83x3%x 11 | 0.87) 4.08 8.20| 2.47| 1.07/1.64/1.41/1.281.10,0.99
84x2%x J | 4.00( 2.00) 1.83( 1.00| 0.80/0.67/0.57/0.50,0.44 0.40
*3%x3 x o | 6.93 8.47| 2.31( 1.73| 1.891.16/0.99/0.87/0.77 0.6
*33x3 x i | 8.36) 1.68| 1.12( 0.84| 0.67/0.56/0.48/0.420.87 0.84
8" x23x & | 6.1 8.07) 2.04| 1.53| 1.28{1.02/0.88(0.770.68 0.61
8 x234x X | 2.99( 1.50 1.00( 0.75| 0.60/0.50|0.430.870.83 0.: 0
*3 x2" x 14| 5.33( 2.67| 1.78| 1.83| 1.07/0.89(0.76/0.67/0.59 0.53
*8 x2 x i | 2.88) 1.44 0.96| 0.72 0.580.48/0.41/0.860.32/0.29
2%x2 x % | 8.78( 1.87| 1.24| 0.98| 0.75/0.62/0.580.47/0.41(0.87
2% x ,;2 1.5 0.77) 0.52/ 0.39] 0.31/0.26/0.92/0.19(0.170.16
24 x1%x J5 | 2.87) 1.43) 0.96/ 0.72| 0.57/0.480.410.86/0.82 0.29
*23¢x1%x Jy | 1.28) 0.61| 0.41| 0.31] 0.25/0.21/0.18/0.15/0.14 0.12
x134x i | 1.23( 0.61| 0.41) 0.81 0.250.21/0.18(0.15/0.140.12

%3 x136x o | 0.96( 0.48 0.82| 0.24/ 0.19(0.16{0.14/0.12/0.11/0.10
*136x1” x X | 0.48] 0.24{ 0.16] 0.12| 0.10/0.08/0.07|0.06/0.05 0.0
*134x1 x % | 0.82 0.16] 0.11] 0.08] 0.06.0.05/0.05/0.04/0.040.03

Safe loads given include welght of angle, Maximum flber stress,
16,000 1bs, per square inch. Neutral axis through center of gravity
parallel to short leg. Angles marked * are special,




STEEL COMPANY

CARNEGIE

DISTRIBUTED FOR STANDARD AND SPECIAL
ANGLES WITH UNEQUAL LEGS

SAFE LOADS IN TONS OF 2,000 LBS. UNIFORMLY
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Maxiuuuim nber stress,

Safe loads given Include weight of angle,

Neutral axis through center of gravity

parallel to long leg. Angles marked * are speclal,

16,000 1bs, per square inch.
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Distance between Supports in Feet

3

Maximum fiber stress,

CARNEGIE STEEL COMPANY

DISTRIBUTED FOR CARNEGIE TEES
l?oot 1 | 2

Weight

Sine
ge
by Stem

SAFE LOADS IN TONS OF 2,000 LBS. UNIFORMLY

70

Safe loads given Include weight of tee.

16,000 1bs, per square inch.




CARNEGIE STEEL COMPANY Su

SAFE LOADS IN TONS OF 2,000 LBS. UNIFORMLY
DISTRIBUTED FOR CARNEGIE TEES

Size iWﬂight Distance between Supports in Feet
Flange ;er o e gl

by Stem oot 1 2| 8|4 |6 |6 7T |8 g | 10
l ' b 2

3 x3 9.0 | 5.39(2.69(1.80/1.85 1.08[0.900.7']‘0.670.600.54
3 x3 7.9 | 4.59(2.20/1.53(1.15/0.92(0.76/0.66(0,57|0.51|0.46
3 x3 6.8 | 8.95/1.97]1.82|0.99/0.79/0.66/0.56/0.49/0.44/0.39
8 x214| 7.2 | 3.20/1.60{1.070.80(0.64/0.53/0.46/0.40/0.86/0.52
8 x23%|6.2|2.77/11.39/0.92(0.69]0.55/0.46{0.40/0.85(0.31/|0.28
23 x2 7.4 4.002‘0();1.33 1.00{0.80/0.67(0.57|0.50/0.44/0.40
215 x8 T.2(4.64 2.3251.55 1.16(0.93/0,77/0.66/0.58/0.52(0.46
212 x8 6.2 | 4.05/2.08/1.85[1.01(0.81/0.68|0.58/0.51/0.45/0.41
21.x23% | 6.8 3.80(1.95/1.80]0.97]0.78(0.650.,56(0.49(0.43(0.89
21 x23 | 5.9 | 3.20/1.60/1.07|0.80(0.64/0.53/0.46/0.40/0.386(0.32
214 x 21 | 6.5 | 8.15/1.57|1.05/0.79/0.63]0.52(0.45(0.89/0.85/0.31
21sx2% | 5.6 | 2.67|1.83/0.89/0.67|0.58/0.44/0.88/0.83/0.30/0.27
21 x1% | 3.0 | 0.48)0.24/0.16/0.12(0.10/0.08/0.07(0.06/0.05(0.05
24 x2% | 5.0 | 2.24(1.12|0.75/0.56/0.45)0.37|0.32(0.28/0.25/0.22
21 x21 | 4.2 | 1.71|0.85(0.57/0.48(0.34/0.28/0.24/0.21|0.19/0.17
2 x3 4.4 | 1.76/0.88 0.59||_0.44 0.35(0.29/0.25(0.22/0.200.18
2 x2 3.7 | 1.83(0.67/|0.44/0.38/0.27/0.22/0.19/0.17/0.15/0.13
2 x1%/| 8.2 0.80[0.40/0.27/0.20(0.16/0.18/0.11|0.10/0.09/0.08
13 x13 | 8.2 | 1.01]0.51/0.34(0.25/0.20/0.17|0.14/0.13/0.11(0.10
13 x1% | 8.7 | 0.80]0.40/0.27(0.20/0.16(0.13/0.11|0.10/0.09/0.08
1% x1% | 2.6 | 0.75/0.87)0.25/0.19/0.15/0.12/0.11/0.09/0.08(0.07
1% x1% | 2.0 | 0.59,0.29/0.20(0.15/0.12/0.10]0.08/0.07]0.07|0.06
1 x1% | 2.1 | 0.530.27/0.18(0.13/0.11(0.09(0.08/0.07|0.06/0.05
14 x1% | 1.7 | 0.87(0.19/0.12/0.09(0.07/0.06(0.05(0.05 U.O4+0.04
e x i 1.8 | 0.27]0.18(0.090.07(0.05/0.04/0.04(0.080.03/0.03
%l 1.0 0.160.08i0.05f0 04 0.!)3;0.030.020.02i0.02 0.02

I |

Safe loads given include weight of tee, Maximum fiber stress,
16,000 1bs. per square inch,




81 CARNEGIE STEEL COMPANY

SPACING OF STANDARD I-EEAMS FOR
UNIFORM LOAD OF 100 LBS.
PER SQUARE FOOT

PROPER DISTANGCE IN FEET CENTER TO CENTER OF BEAMX

24" I 20" 1

18" I

15" 1

12°1

10" 1

80 80
lbs, lbs,

Distance between

65
1bs.

55
Ibs,

80
1bs,

60
Ibs,

42
Tbs,

40
Ibs,

35
Ibs,

25
Ibs.

128.9 |108.6
109.8 | 92.6
04.7 | 79.8
82.5 | 69.5
72.5 | 61.1

64.2 | 54.1
18| 57.8 | 48.3
19| 51.4 | 43.3
20 46.4 | 39.1
21| 42.1|35.5

22(88.4|32.3
23| 85.1 | 20.6
24| 82.2 | 27.2
25(20.7 | 25.0
2| 27.5 | 23.1

27| 25.5 | 21.5
28| 23.7 | 20.0
20| 22.1| 18.6
80 20.6 | 17.4

—_ s
- WL w |, Supports in Feet

-
o o

-
-3

86.6
73.8
63.7
55.5
48.7
43.2
88.5
34.6
31.2
28.3

25.8
23.6
21.7
20.0
18.5

1951
15.9
14.8
13.9

65.5
55.8
48.1
41.9
86.8

82.6
29.1
26.1
R3.6
21.4

19.5
17.8
16.4
15.1
13.9

12.9
12.0
11.2
10 5

78.6
67.0
57.7
50.3
44.2

89.2
34.9
3L.3
28.8
25.7

23.4
21.4
19.6
18.1
16.7

15.5
14.4
13.5
12.6

60.1
51.3
44.2
38.5
33.8

30.0
26.7
24.0
21.%
19.6

17.9
16.4
15.0
18.9
12.8

11.9

11.0
10.3
9.6

43.6
87.2
32.1
27.9
24.5

21.7
19.4
17.4
15.7
14.2

13.0
11.9
10.9
10._1

9.3

8.6
8.0
7.5
7.0

33.2
28.8
24.4
21.8
18.7

16.5
14.8
18.2
12.0
10.8

9.9
9.0
8.3
b %
il

6.6
6.1
5.7
5.3

26.6
22.7
19.6
17.1
15.0

18.3
11.8
10.6
9.6

8.7

7.9
7.3
6.7
6.1
5.7

5.3
4.9
4.6
4.3

18.1
15.4
13.3
11.6

10.2

9.0
8.0
7.2
6.5
5.9

54
4.9
4.5
4.2
3.9

8.6
3.3
3.1
2.9

For load of 200 lbs. per square foot divide the spacing given by 2,
Maximum flber stress, 16,000 1bs, per square inch,




CARNEGIE STEEL COMPANY 82
SPACING OF STANDARD I-BEAMS FOR
UNIFORM LOAD OF 100 LBS.
PER SQUARE FOOT
PROPER DISTANCE IN FEET CENTER TO CENTER OF BEAMS
£3 | o1 | 87 Ll | 6" 1 i 5T, 47T | 850
%2
EE # | 15 125 | % 75 55
=) 1bs. : 1bs. Lbs, 1hs. 1bs. Lbs. Ibs.
5| 80.6 | 60.7 | 4.2 | 81.0 | 20.6 |12.7| 7.0
6 55.9 43.1 80.7 21.56 14.8 8.8 4.9
7| 4.1 81.0 | 22.5 15.8 | 105 | 6.5| 8.6
gl 8.5, | a8 | 178 12.1 | 8.1 5.0| 2.8
o 249 | 187 13.6 9.6 6.4 | 8.9 2.2
190 | .20.1 1521 || 1142 7.8 il T R
11 16.6 12.5 9.1 6.4 4.3 2.4 | 18
12 | 14.0 | 10.5 7.7 5.4 §.6n |22 [ 158
48 |1:11.9 9.0 6.5 4.6 8.1 195 140
14 10.3 ! o 5.6 4.0 2.6 1.6 | 0.9
35 | 9.0 | 6.7 4.9 8.4 .80V 14
16 %9 5.9 4.3 3.0 2.0 [1e
17 7.0 5.8 8.8 8.7 1.8" | ‘11
18 6.2 4.1 8.4 2.4 1.6 .08
19 5.6 4.2 8.1 2.2 1.4
20 5.0 8.8 2.8 1.9 1.8
21 4.6 8.4 2.5 1.8 10
22 3.8 8.1 2.3 . 1.6 1.1

For load of 200 1bs. per square foot divide the spacing given by 2.
Maximum fiber stress, 16,000 1bs. per square inch.




CARNEGIE STEEL COMPANY

SPACING OF STANDARD I-BEAMS FOR

UNIFORM

PER SQUARE FOOT

LOAD OF 125 LBS.

PROPER DISTANCE IN FEET CENTER TO CENTER OF BEAMS

24" 1

20" 1

18" I

15" 1

12" I

107 1

80
Ibs.

80
1bs.

65
1bs.

80
1hs,

42
Ibs,

40
Ths,

35
Ibs,

25
Ibs,

103.1
87.8
75.8
66.0

16| 58.0

17| 51.4
18| 45.8
19| 41.1
20| 37.1
21| 83.7

80.7
28.1
25.8
23.8
22.0

27| 20.4
28| 19.0
201 17.7
80| 16.5

bk Frgk [mmm between
2 w9 Supports in Feet

-
(=

EERES

86.9
4.1
63.8
55.0
48.9
43.8
88.6
34.6
31.3
28.4

25.8
23.7
21.8
20.0
18.5

17.2
16.0
14.9
13.9

69.3
59.0
51.0
44.4
39.0

34.6
80.8
7.7
25.0

22.6

20.6
18.9
17.4
16.0
14.8

18.7
12.7
11.8
111

52.4
44.6
88.5
33.5
20.5

26.1
23.3

20.9

18.9
17

15.6
14.8
13.1
12.1
11.2

10.8
9.6
9.0
8.4

62.9
53.6
46.2
40.2
35.4

31.4
27.9
25.0
22.6

20.6

18.7
17.1
15.7
14.5
18.4

12.4
11.5
10.8
10.1

48.1
41.0
35.4
30.8
21.0

24.0
21.4
19.2
17.4
15.7

14.38
13.1
12.0
w3
10.2

9.5
8.8
8.2
7.7

34.9
29.8
25.7
22.3
19.6

17.4
15.5
13.9
12.6
11.4

10.4
9.5
8.7

8.1
7.4

6.9
6.4
6.0
5.6

26.6
22.6
19.5
17.0
15.0

13.2
11.8
10.6

9.6

8.6

7.9
7.2
6.6
6.2
5.7
5.8
4.9
4.6
4.2

|21.3
18.2
15.7
18.%
12.0

10.6
9.4
8.5

7.0

6.3
5.8
5.4
4.9
4.6

4.2
3.9
3.7
3.4

1]

14.5
12.8
10.6
9.3
8.2

——

7.2
6.4
5.8
5.2
4.7

4.3
8.9
3.6
3.4
3.1

2.9
2.6
2.5
2.3

For load of 250 1bs. per square foot divide the spacing given by &
Maximum fiber stress, 18,000 1bs. per square inch.




CARNEGIE STEEL COMPANY e |
SPACING OF STANDARD I-BEAMS FOR
UNIFORM LOAD OF 125 LBS.

PER SQUARE FOOT

PROPER DISTANCE IN FEET CENTER TO CENTER OF BEAMS

o1 | o1 | 71| x| 51 |ar]ex
8- |
EE: bl 18 15 12.25 2.75 75 5.5
22 1bs, Iba, 1bs. 1bs, 1bs. 1ba, 1ha
5| 644 | 486 | 5.4 | 248 | 16.5 |10.2 | 5.6
6| 447 | 887 | 246 | 1.2 | 11.4 | 7.1 | 8.9
7| 82.9 | 248 | 180 | 126 | 84 | 52 | 2.9
8| 25.2 | 19.0 | 188 | 97 | 6.4 | 4.0 | 2.2
9| 199 | 15.0 | 100 | 77 | 51 | 8.2 | 1.7
10| 161 | 122 | 89 | 62 | 41| 2.5 | 1.4
1| 188 | 100 | 7.8 | 6.1 | 84 | 21 |12
12| 11.2 | 84| 61| 48| 29 | 1.8 | 1.0
18| 95| 72| 52 | 87| 24| 1.5 |08
1| s2 | 62 | 45| 82| 21| 1.8
5] 72| 54| 89| 28| 18| 1.1
16 68 | 47| 84| 24| 16| 1.0
Bl 56 | 49 | 819 14
18] 50| 87| 27| 19| 18
B s | i | Yaad ke laa
20| 40| 80| 22| 16| 1.0
91| 87 | 28 | 20| 1.4 | o9
B 83| 25 1.8 | 1.8

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




CARNEGIE STEEL COMPANY

SPACING OF STANDARD I-BEAMS FOR

UNIFORM

PER SQUARE FOOT

LOAD OF 150 LBS.

PROPER DISTANCE IN FEET CENTER TO CENTER OF BEAMS

EE o' 1| 201 181 16" 1 121 {101
ééwmssﬁmwamwm

=.-5 s, 1bs. 1bs. 1bs. 1ba. 1ba. Ibs. 1ba. 1bs, lbs,

12| 85.9 |72.4|57.7] 48.7 [2.4}10.1]20.1|22.1 }17.7] 12.1
13| 73.2 |61.7|49.2| 87.2 |44.7[34.2[24.8[18.9[15.1] 10.8
14| 63.1 |53.2|42.5] 82.1 [s8.5[20.5]21.416.3/13.1] 8.9
15| 55.0 [46.3]87.0| 27.9 |33.5]25.7|18.6 | 14.2|11.4| 7.7
16| 48.3 [40.7]32.5| 24.5 [20.5[22.5]16.8 | 12.5(10.0| _6.8
17| 42.8 |36.1]28.8] 21.7 [26.1]20.0]14.5]11.0{ 8.9 6.0
18| 38.2 [82.2]25.7] 10.4 [23.8|17.8]12.9| 9.9] 7.9 5.3
19| 4.8 |28.9(28.1] 17.4 [20.0[16.0|11.6| 8.8| 7.1| 4.8
20| 80.9 [26.1[20.8| 15.7 [18.9[14.5(10.5| 8.0/ 6.4| 4.3
91| 28.1 [28.7]18.9] 14.3 [17.113.1| 9.5| 7.2[ 5.8| 8.9
92| 95.6 |21.5|17.2| 13.0 [15.6|11.9| 8.7| 6.6|5.3| 3.6
93| 23.4 |19.7|15.7| 11.9 [14.8]10.9] 7.9| 6.0[ 4.9 3.3
24] 21.5 |18.1|14.5| 10.9 [13.1|10.0| 7.8| 5.5 45| 8.0
25 19.8 |16.7[18.8| 10.1 |12.1| 9.8 6.7| 5.1| 4.1| 2.8
26| 18.3 |15.4|12.3| 9.3 [11.1|8.5| 6.2| 4.7/ 3.8 2.6
97| 17.0 |14.3|11.4| 8.6 [10.3] 7.9] 5.7| 4.4] 8.5 2.4
28| 15.8 [13.3|10.6| 8.0|9.6|7.3| 5.3] 4.1[8.3] 2.2
99| 14.7 [12.4| 9.9] 7.5 |0.0]6 0| 5.0 8.8|8.1] 2.1
30 18.7 [11.6] 9.3 7.0|8.4]|6.4| 4.7| 8.5/ 2.9] 1.9

For load of 800 1bs. per square foot divide the spacing given by 2.

Maximum fiber stress 16,000 1bs. per square inch,




CARNEGIE STEEL COMPANY 88

SPACING OF STANDARD I-BEAMS FOR
UNIFORM LOAD OF 150 LBS.
PER SQUARE FOOT

PROPER DISTANCE IN FEET CENTER TO CENTER OF BEAMS

;! o5 R (0 2 ML 61 1 | 1| 81

H

ip 2 18 15 1225 2.7 75 55
Ibe, 1ba 1bs, 1bs. Iba, Ibs, Ibe

53.7 40.5 20.5 20.7 13.7 8.5 4.7
87.8 28.1 20.5 14.3 9.5 5.9 3.3
27.4 20.7 15.0 10.5 7.0 4.3 2.4
21.0 15.8 11.5 8.1 5.4 3.8 1.8
16.6 12.5 9.1 6.4 4.3 2.6 1.5

- - -

10| 18.4 10.1 7.4 5.2 8.4 2.1 1.2
11| 11.1 8.8 6.1 4.3 2.8 1.8 1.0
12/ 0.8 7.0 5.1 3.0 2.4 1.5 0.8
13| 7.9 6.0 4.4 8.1 2.0 1.8
14| 6.9 5.2 8.8 2.6 1.8 1.4

15| 6.0 4.5 3.8 2.3 1.5 0.9
16| 5.2 4.0 2.9 2.0 1.4
17| 4.7 3.5 2.6 1.8 1.2
18| 4.1 8.1 2.3 1.6 1.1

2wl 8.7 2.8 2.0 1.4 1.0
) 8.4 2.5 1.8 1.8
2A| 8.0 2.3 13 1.2
2! 28 2.1 1.5 1.1

For load of 300 1bs. per square foot divide the spacing given by 2.
Maximum fiber stress, 16,000 lbs. per square inch.




CARNEGIE STEEL COMPANY

SPACING OF STANDARD I-BEAMS FOR

UNIFORM LOAD OF 175 LBS.

PER SQUARE FOOT

PROPER DISTANCE IN FEET CENTER TO CENTER OF BEAMS

187 1

157 1

55 ! 80 80
Ibs, |lh& Ibs,

42
Ibs,
|

127 1 i10”1

40
Ibs,

| 315

Ibs,

25
Ibs,

12| 78.7
13| 62.7
14| 64.1
15| 47.1
16| 41.4

17| 36.7
18| 32.7
19| 20.4
20| 26.5
21| 24.1

221 21.9
23| 20.1
24| 18.4
25| 17.0
26| 15.7

27| 14.6
28| 13.5
“20] 12.6
80| 11.8

62.1
52.9
45.8
30.7
34.9

30.9
27.6
4.7
22.8
20.3

18.5
16.9
15.5
14.3
13.2

12.8
11.4
10.6

9.9

49.5
42.2
36.4
81.7
27.8

24.7
22.0
19.8
17.8
16.2

14.7
13.5
12.4
11.4
10.6

9.8
9.1
8.5
7.9

37.4
31.9
27.5
23.9
21.0

18.6
16.6
14.9
13.5
12.2

11.1
10.2
9.4
8.6
8.0

7.4
6.9
6.4
6.0

44.9
38.8
33.0
28.7
25.8

2.4
19.9
17.9
16.2
14.7

13.4
12.2
11.2
10.3

9.5

8.9
8.2
|
7.2

34.3
20.8
25.3
22.0
19.3

17.1
15.3
18.7
12.4
11.2

10.2
9.4
8.6

1.9
7.8

6.8
6.3
5.9
5.5

24.9
21.8
18.3
15.9
14.0

12.4
11.1
9.9
9.0
8.1

7.4
6.8
8.2

5.8
5.3

4.9
4.6
4.3
4.0

18.0
16.2
13.9
12.2
10.7

9.4
8.5
7.5

6.9
6.2

5.7
5.1
4.7
4.4
4.1

3.8
3.5
8.8
8.0

15.2
13.0
11.2
9.8
8.6

1,3
8.8
7.8
6.6
5.8

7.6
6.7
6.1
5.5
5.0

4.5
4.2
3.8
3.5
3.3

3.0
2.8
2.6
2.5

5.1
4.6
4.1
3.7
3.4

3.1
2.8
2.8
2.4
2.2

21
1.9
1.8
1.7

For load of 350 1bs. per square foot divide the spacing given by 2.
Maximum fiber stress, 16,000 1bs, per square inch.




CARNEGIE STEEL COMPANY L]

SPACING OF STANDARD I-BEAMS FOR

UNIFORM LOAD OF 175 LBS.
PER SQUARE FOOT

PROPER DISTANCE IN FEET CENTER TO CENTER OF BEAMS

15
16
17
18

19
20
21
22

it | en ] wrloen et | ea ek
o | 18 15 { 1225 s 75 535
Tbs, Ihs. ‘ bs. | I 1bs. Ibe. Ibs,
46.0 | 847 | 25.8 | 177 | 11.8 | 7.8 | 4.0
8.0 | 241 | 17.5 | 12.3 8.2 | 5.1 | 2.8
28.5 | 17.7 | 12.0 9.0 60 | 847 | a1
18.0 | 13.5 9.9 6.9 46 | 2.8 | 1.6
14.2 | 10.7 7.8 5.5 3.6 | 2.8 | 1.3
11.5 8.7 6.8 44 8.0 |risubralo
9.5 7.1 5.2 3.7 2.4 | 1.5 | 0.8
8.0 6.0 4.4 8.1 8.1 |1l | 0T
6.8 5.1 8.7 2.6 1.7 | 11

5.9 L4 83 | 28 1.5 | 0.9 |
K104 -89 2.8 2.0 i3 | 08 |
4.5 | 3.4 2.5 1.7 1.8

4.0 8.0 2.2 1.6 |_ 1.0

3.6 2.7 2.0 1.4

3.2 2.4 18 1.2

2.9 2.9 1.6 ¥

2.6 2.0 1.4 1.0

9.4 1.8 1.8 0.9

For load of 350 1bs, per square foot divide the spacing given by 2.
Maximum fiber stress, 16,000 1bs. per square inch,
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EXPLANATION OF TABLES

ON THE PROPERTIES OF STANDARD AND SPECIAL I-BEAMS
AND CHANNELS, STANDARD AND SPECIAL ANGLES, Z-BARS,
TEES, TROUGH AND CORRUGATED PLATES
AND STANDARD RAIL SECTIONS

(Pages 97 to 120 inclusive.)

The tables on I-beams, channels, Z-bars and angles are
calculated for all weights to which each pattern is rolled.

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

Columns 12 and 18 in the tables for I-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 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 distributed by the span length in feet.

In case the load is not uniformly distributed, but is con-
centrated at the middle of the span, multiply the load by 2 and
then consider it as uniformly distributed. The deflection will
be % of the deflection for the latter load.

For other cases of loading, obtain the bending moment in
foot-pounds (the most common cases are given on page 94);
this multiplied by 8 will give the coefficient required.

If the loads are quiescent, the coefficients for fiber
stress of 16,000 pounds per square inch for steel may be used;
but if moving loads are to be provided for, the coefficient for
12,5600 pounds should be taken. Inasmuch as the effects of
impact may be very considerable (the stresses produced in an
unyielding, inelastic material by a load suddenly applied
being double those produced by the same load in a gquiescent
state), it will sometimes be advisable to use still smaller fiber




CARNEGIE STEEL COMPANY 1]

stresses than those given in the tables. In such cases the co-
efficients can readily be determined by proportion. Thus, for
a fiber stress of 8,000 1bs. per square inch the coefficient will
equal the coefficient for 16,000 1bs, fiber stress divided by 2.

The section moduli are used to determine the fiber stress
per square inch in a beam or other shape, subjected to bending
or transverse stresses, by simply dividing the 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
requi- ¢ explanation. The horizontal portion of the T is called
the flange and the vertical portion the stem. In the case of
the neutral axis parallel to the flange, there will be two section
moduli and the smaller is given. The fiber stress calculated
from it will, therefore, give the larger of the two stresses in
the extreme fibers, since these stresses are equal to the bend-
ing moment divided by the section modulus of the section,

For Carnegie Z-bars complete tables of moments of inertia,
section moduli, radii of gyration and values of the coefficients
(C) are given on pages 103 and 104 for thicknesses varying by
¢ in. These coefficients may be applied, as explained above,
for cases where the Z-bars are subjected to transverse loading
as, for example, in the case of roof-purlins. A table of safe
loads of Z-bars is given on page 75.

For angles there will be two section moduli for each posi-
tion 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 section modulus
‘given in the table is the smaller of these two values.

Column 14 in the table of the ** Properties of Beams" gives
the distance c. t. c. of beams, making the radii of gyration
-equal for both axes.

The length of a beam used as a strut should not exceed
125 times its least radius of gyration.

Column 14 in the table of the *Properties of Standard
Channels” gives the distance which the channels should be
‘placed back to back to make the radii of gyration equal for
' both axes. Column 15 in the same table can be used to obtain
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the radius of gyration for struts consisting of two channels
when the distance back to back varies from that given in the
table.

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

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

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

In table of Properties of I-Beams, page 98, look in column
12 for the nearest number corresponding to 640,000, which is
648,200. Therefore the beam to be used is 15 in. 45 1bs.

II. What load uniformly distributed will a 6 in. Z-bar
carry, weighing 18.8 lbs. per foot and measuring 12 ft.
between supports, with a maximum fiber stress of 12,000 1bs,?

Answer : From table on page 104 the coefficient (C') for
a Bin, Z-bar 18.8 1bs. = 78,600. Hence the safe load = 78,600
=12, or 6,550 1bs., including weight of Z-bar.

III. A light 4 X 8 in. angle weighing 7.1 1bs. per foot,
spanning 4 ft., is loaded with 1,000 1bs. at center. What will
be the maximum fiber stress, if the 4 in. flange is in a vertical
position ?

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

From table, section modulus = 1.28. Therefore, maximum
fiber stress = 1?.;”0 or 9,756 1bs,, which is the stress furthest
from the neutral axis, 7 ¢., at the end of the long flange.
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SPECIAL CASES OF LOADING

I. Beam loaded by a single load P at a point distant “b™"
feet from the left hand and *‘a™ feet from the right hand
support.

1 = length of beam between supports =a + b,

Pressure or reaction at left hand support = P-T‘—and at
right hand support = P—ll)-.

Maximum bending moment neglecting dead weight of

beam occurs at point of application of the load and =P—fb—.

P =load given in tables, pages 70 to 80 X IB'Tb'

Whena=b=}1:

Reaction =%; maximum bending momm::%and P
= load given in tables X 4.

I1. Beam fixed at one end and unsupported at the other,
1 representing the length of beam from end to support.

If loaded by a uniformly distributed load W

Mazximum bending moment occurs at support and = %

W =load given in tables, pages 70 to 80 X ¥.
If loaded with a single load P at its extremity:

Maximum bending moment occurs at support and = PL

P = load given in tables X %.
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GENERAL FORMULAE ON THE FLEXURE OF BEAMS OF
ANY CROSS-SECTION

Let A = area of section in square inches,

1 = length of span in inches,

W= uniformly distributed in pounds,
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 inches,

f =stress per square inch in extreme fibers of beam,
either top or bottom, in pounds, according as n re-
lates to distance from top or from bottom of section,

D = maximum deflection in inches,

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

I"=moment of inertia of section neutral axis parallel to

* above, but not through center of gravity,

d = distance between these neutral axes,

S = section modulus,

r = radius of tion in inches,

E = modulus of elasticity for steel 20,000,000,

Then: S=_L r=
en: = = » —V/ A ]
M= f1 =f{5,
n
f— Mn M
£ 81!12 B Sf i
= 8
g AR S
£ Win _ Wl
e 85
I'=1+ Aaq®

D= 5 WI* for beam supported at both ends and uni-

884 EI formly loaded,
P1* for beam supported at both ends and loaded

D=BET witha single load P at middle,

D= WI1*  for beam fixed at one end and unsupported
~ BEI at the other and uniformly loaded,

D Pl* for beam fixed at one end and unsupportec

~ BET at other and loaded with a single load P at
the latter end.
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BENDING MOMENTS AND DEFLECTIONS OF BEAMS UNDER
VARIOUS SYSTEMS OF LOADING

W=total load
I=length of beam

(L) Beam fixed at one end and loaded at the
otber,

TS|

Safe load=14 that given in tables.

Maximum bcndlugwmoment at
point of support=WIL

Muximum shear at point of sup-
port=W.

I=moment of Inertia
E=modulus of elusticity

(2.) Beam fixed 2t one end and uniformly loaded,

ik

Safe lmd:}éthnt given in tables,
Maximum bending moment at

point of support= v-é-l.

Maximum shear at point of sup-
port=W.

Deflection = :L'; : Deﬂectim:-s—-—;.
Beam ¢ both le load in | (4.) Beam su at both ends and uni
B s . . g () o it i
D
_—--_P- -

Bafe load=1% that given in tables,
Maximum bending moment at mid-

dle of beam:-Tl-.
Maximum shear at points of su
port=3%W, wis - g %)

Deflection =BEr

iven in tables.
Maximum bendl‘t\lﬁ moment at mid.

dle of beam=—-.

Safe load =that

Maximum shear at points of sup-
port=4%W.

Deﬂection:,ms B

Beam both -
Qs v e s

Safe 'loadzthat given in tables
.
f 'Maximum bending moment under
| Wab
Toad=—7"
Maximum shears: at support near

lzT; at other support =_!_a_

Deﬂec.m% Y ia@a)

(6.) Beam supporied af bolh ends, two symmel-
rical loads,

Safe load = that given in tablea
1
x y T
Maximum bending moment be-
tween loads=1% Wa,
Maximum shear between load and
nearer support=

Max. Deamiouﬁ“l(m-a’).
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VALUES OF MOMENTS OF INERTIA FOR
CARNEGIE STANDARD SHAPES

I =Moment of Inertin Neutral Axis Parallel to Flange
Il'= L) . “ L) L) [0 “ “‘eb

i
i
1
.

S T
L —
d

Area=A=dt+(s+y)2z
I=1y[bd*—§(h*—14)].
I'=[ b (d—h)+1t2 + J (b—t4)].

i
1
s)

5»-_-.1,-----.'

-
r Area=A=dt+(s+y)z.
L 3
E | i x=[bfs+}ht?+ Js(b—t)*(b+2t)]--A.
o Al A
] 1 I=yy{bd*—f(hé—14)).
e I'=§[26b% + 162 + Jy(b'—t4)]—Ax2,
emmfymne
t.w 5 Area=A=(d+20)t.
1 f 1 I=y[bd?—c(2h—d)?].
e I'=4[d(b+c)®—2hc(c? +8b2)].
SR |

Area=A=(b+d—t)t.
_t(2h+4-b)+h?
= 7 e
I=}[bx?*+t(d—x) ’—{.b—t)(x—t)’}.
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VALUES OF I (Moment of Inertia) AND S (Section Modulus)
FOR USUAL SECTIONS

I s . B
_bhe bt
—-E. 6 -
,_bh?
I —Tn
bh? bh?
I=—8§. wn'=ﬁ'
,_bhs
Y= T
1-’.@1 wd?
T84 82
=0.0491 d*. =0.0082 ds.
[ bhe-b'h's 1
NS o 0.5h
A d'+
1=0.0491 (d4-d'¢), o.om(ds_d_ )
1—bn? +bn"—(b-b')a" Min =L
3 i
[ bhe-2bh's 1
NS T T 0.50'

xx Denotes position of neutral axis.
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I-BEAMS
10 11 e | e | 14 | 18
. -~ - ¥ o
$83ys|37ds, [Se5iRF | zafhs | 5E5EE; |
B =355 |5 55 | 2slgss 53333
'3'255“ sifad | 3Rl 2| RS 55533::’“ i
2 i | 3 e
e R S
C’ i
1.98 108.4 2115800 1655000 17.88
1.80 102.5 2052000 1 17.90
1.81 180.6 1990800 1554000 1881 B 1
1.88 1807 1027600 | 1506000 18.43
1.36 174.0 |1865800 | 1449900 18.72
1.84 165.6 1766100 | 1870800 14.768
1.85 100.7 1713900 1380000 14,92
1.86 165.8 1661600 1208100 15.10 B 2
1.87 150.9 1608800 1257300 15,30
1.39 146.7 |1664300 | 1222100 16.47
1.17 126.9 1853500 1057400 14.98
1.19 192.0 1301200 1016600 16.21 B 8
1.21 117.0 |1247600 | 974700 16.47
1.00 102.4 1091000 53000 13.20
1.11 97.9 1044500 810200 18.40 B8O
1.18 3.5 997700 79500 18.68
1.16 88.4 | 943000 | 736700 13.86
1.81 190.1 1280700 1000600 10.75
1.82 116.4 1241500 969000 10,66
i.82 112.7 1202800 930800 10,99 B 4
1,82 100.0 1163000 G0S600 11.18
1.32 108.1 | 1181300 | 883900 11.25
1.18 0.9 983000 765000 10.95
1.19 885 048500 87400 1111 B &
1,20 84.8 H04600 06700 11.20
1.21 81.2 | 866100 6600 11.49
1.02 68.1 20800 | 567800 11.05
1.04 B4.5 657500 537100 .97 B 7
1.07 60.8 5000 11.54
1.08 68.0 | 628300 | 490800 11.70
1.04 53.5 570000 445800 8.65
1.05 50.6 530200 421300 5.8 B 8
1.0 47.6 507900 306500 9.00
1.08 448 | 478100 | 373600 9.20
0.99 8.0 405800 817000 9.21 B ©
1.01 868.0 | 883700 00 9.45
0.90 8.7 833500 234500 7.12
0.91 208 812400 244100 7.88 B11
0.0 20 8 2RG900 293600 7,67
0.97 24.4 | 280500 7.91
0.84 24.8 265000 207000 6.5
0,85 26 241500 188700 7.58 B 18
0.58 20.4 217000 170800 6,50
0.90 18.9 | 201300 | 167300 7.12
paCorc: w=orc, Cor C=L=gw=213
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I-BEAMS —Continued

10 11 12 13 14 16
5B¥ys (3782, (SaGiyl | ma3iyg | EESE
§§§.§: i =§,E£:‘ i HE O

- | = . o - B

HE §=f‘ LR el 3

v Cc C’ !

0.80 171 189500 149600 | 5.82

0.51 16.1 173000 134400 58 |s5qs

0.58 151 161600 126200 6,13

084 | 142 | 151700 | 118500

0.74 12.1 198600 100400 5.16

0.76 112 119400 93300 5.81 B 17

0.78 104 | 110400 | 86300 5.50

0.08 8.7 8100 72800 4.3

0.69 8.0 60600 i |B19

0.72 7.3 77600 80500 4.70

0.68 | 6.1 50500

0 68 5.4 | BS100 45400 | ..., B 21
0.65 48 | 51600 | 40800 | ...

0.57 3.8 88100 20800 | .uin.

0.58 8.4 86000 22100 senen B 28

0.68 32 33900 a0 | ol

0.69 3.0 81800 | 24800

0.52 1.0 20700 16200 | even.

0.59 1.8 10100 10000 0 St B 77

0.68 p 17800 13800 S

PROPERTIES OF CARNEGIE CORRUGATED
PLATES 3

: SRR AR
SR

ol o b B i:
M 30 Byx1l4 8.1 2.4 0.4 0.80 0.52
M3 Biixlfy E 10.1 8.0 0.95 1.18 0.57
M 82 83;x1 12.0 8.5 1.95 1.43 0.62
M8t | 1ottt E val el | BB | 2% | 0%
M 85 | 124x23% 28.07 7.0 6.82 4.40 0.99
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PROPERTIES OF
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PROPERTIES OF
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Coefficient of Strength
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PROPERTIES OF

1 2 ] 3 4 6 8 | 7
|
Moment "
Distane of Inerti Least
Size, Flan W 3 ofc!?]:n “{:f J;"“:Ir:uzi:w '?m':-
i i ht vy
%‘“d;m g2 e d;nat Section o of Gravity xi‘;jt."l
i hes BPouuds Square | Outside Parallol P
Inches of Flange, to Flange
Inches
I S
TE0 | 6 x3 186 | 390 | 0.75 2.6 1.18
T61 | 5 x2% | 110 | 322 | 066 1.8 0.86
T62 | 44x3% | 169 | 466 | 1.11 6.1 2.18
T63 | 4%x3 86 | 255 | 073 18 | 081
T64 | 413 100 | 3.00 | 0776 2.1 0.94
T6 | 4ux2% 80 | 240 | 058 1.1 | 0.68
T66 | aiix2iy 93 | 279 | 080 1.2 0.66
T67 | 4 5 167 | 456 | 1.68 | 10.7 8.10
T68 | 4 x5 123 | 364 | 1.61 8.6 2.43
T60 | 4 x4% | 148 | 420 | 187 80 | 266
TEO | 4 x4% | 118 | 338 | 1.31 63 | 1e8
T1| 4 xa 189 | 402 | 1.8 6.7 2.02
T2| 4 x4 109 | 821 | 116 a7 1.64
T6l | 4 x3 93 | 273 | o8 2.0 0.88
Te2 | 4 2% 87 | 2562 | 083 | 142 0.62
T63 | 4 x2i4 7.4 | 2,16 | 0.60 1.0 0.66
TE4 | 4 x2 7.9 | 231 | 043 0.6 0.40
T66 | 4 x2 67 | 196 0561 | 054 0.34
Tee | 8uxd 128 | 376 | 126 | &8 1.08
Te7 | 8ix4 | 100 | 201 | 1119 | 43 1.66
Tg| 243 | 18 | 845 | 1.08 3.7 1.52
T 4| 8ux8% | 83 | 270 | 1.01 3.0 119
Tao | 3uxa 110 | 321 o088 | 24 1.18
T70 | 31x3 87 | 249 | 083 1.9 0.88
T71 | 3iix3 7.7 | 228 o8 | 18 0.72
T2 | 3 4 110 | 348 | 132 52 1.94
T3 | 3 x4 106 | 312 | 1.32 48 1.78
T™4 | 8x2 | 98 | 278 | 120 ‘ 4.3 1.67
|
T75 | 8 :8% | 110 | 821 | 112 8.5 1.40
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CARNEGIE T SHAPES

8 o 10 11 12 13
X M t of s Coafficient of Stren, Coaffioient of
L Tueris, oniral | Sootion |  Bedis o Tt vt Strength
Gyration, | , Axis through Modulus. | oo of 16,000 Ibs. for Fiber Stress
autral Center of Gravity | Neutral mh‘ﬂ por squars inch, of 12,000 Ibs,
Axis | Ovincident with | Axisas Aieas Neutral Axis thro uare inch,
e Centar before befors (entar of Gravity Neutral Axis
& of Stam Parallel to Flange a3 before
T 4 s' o C Q!
0.82 5.8 2.22 1.18 12650 9410
0.71 4.3 170 | 1.16 2200 6900
1.04 8.7 1.85 | 0.90 22690 17020
0.87 2.6 1.18 1.03 8850 6400
0.86 8.1 1.38 1.04 100560 75640
0.68 2.8 1.18 1.07 8030 4520
0.68 3.1 1.88 1.08 6950 5220
1.64 2.8 1.41 0.78 33070 24800
1.66 2.1 1.06 | 0.78 25880 19410
1.37 2.8 1.41 0.81 27200 20400
1.38 2.1 1.08 | 0.80 21120 156840
1.20 2.8 1,40 | 0.84 21550 18170
1.23 a2 1.0 | 0.84 17470 13100
0.86 2.1 1.06 0.88 8430 7070
0.69 2.1 1,06 | 0.92 6640 4080
0.70 1.8 0.88 0.21 58560 4380
0.62 2.1 1.06 | 0.98 4250 3180
0.61 1.8 0.88 | 0.6 3600 2700
1.21 1.89 1.08 | 0.72 21150 16870
1.22 1.42 0.81 0.70 16510 12380
1.04 1.89 1.08 | 0.74 16210 12180
1.06 1.42 0.81 0.73 12710 0530
0.87 1.88 1.08 | 0.7 12070 2050
0.88 1.41 0.81 0.76 2380 7040
0.8 1.18 0688 | 0.76 7720 6790
1.23 1.21 0.81 0.59 20850 16480
1.26 1.09 0.72 0.80 18030 14270
1.26 0.93 0682 | 0.68 18720 12640
1.06 1.20 0.80 062 156880 11910
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PROPERTIES OF

1 2 3 5 6 o
¥ t
Distinee | ofInetia, s‘;‘;f:ﬂ
> sl ofﬁﬂmte‘r of ﬂi:m:lch?er Modulus
langs ravi n
?‘;im by Stem (3 ﬁﬂ'un!r of Gravity NT;{.“
B nches g’?nnds Outside Parallel  Dalive
of Flange, to Flange
Inches 1 g
T76| 38 x3 98 | 288 | 1.11 3.3 1.3
Ti7| 8334 | 36 | 248 | 108 2.9 131
T 6 8 x3 10.1 2.94 0.83 2.3 1.10
4 e | 3 x3 8.0 2.87 0.92 2.1 1.01
T 8 8 x»38 7.9 2.28 0.88 1.8 0.88
T 3 x8 8.8 1.6 0.88 18 0.74
" T78 3 x2y4 7.2 2.10 0.71 1.1 0.60
T7S 8 x2Y4% 6.2 1.80 0.88 0.94 0.62
T80 23/x2 7.4 2.16 0.563 11 0.76
T82 21 x3 7.2 2.10 0.87 1.8 0.87
T83 21£x3 8.2 1.80 0.92 1.6 0.78
T84 2 x 2y 8.8 1.98 0.87 1.4 0.73
T856 215223 b.o 1.71 0.83 1.2 0.80
T10 214 x2 8.6 1.89 0.768 1.0 0.69
Ti1 214 x 21 6.8 1.82 0.74 0.87 0.60
T86 2ux1y 3.0 0.84 0.29 0.084 0.09
T13 2y x 2y 5.0 1.44 0.69 0.68 0.42
Ti3 2y x2Y 4.2 1.20 0.66 0.561 0.32
Til4 2 23 4.4 1.28 0.83 0.456 0.33
T16 2 x2 3.7 1.08 0.69 0.38 0.26
T87 2 x1i 3.2 0.80 0.42 0.18 0.16
T16 14 x1¥% 3.2 0.80 0.64 0.28 0.19
T17 1%x1% 26 0.76 042 0.15 0.14
Tis 1lax1li4 2.0 0.64 g 0.11 0.11
T19 1 x1y 2.1 0.80 0.40 0.08 0.10
T20 1% x1¥% 1.7 0.46 0.38 0.08 0.07
T21 1 x1 1.3 0.36 0.32 0.03 0.06
T22 1 x1 1.0 0.28 0.20 0.02 0.038
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i CARNEGIE T SHAPES—Continued
, 8 - e} 10 11 12 13
: Moment of - Coeficiont of Strength Cosfficient
) s t ulus, : Fiber Str
Spat, Gontarofomsity| Neutral | & Tatiol, | per square inch, of 22,000 To8.
i Coincident with | Axisas Axis as Neutral Axis through | per square inch,
| wsbebire | Cemter Line | before | g, Center of Gravity | Neutral Axis
of Btem Parallel to Flange as before
r i 4 s’ £ © (85
1.08 1.31 0.88 0.68 14650 10920
1.09 0.93 0.62 | 061 12910 9680
0.88 1.20 0.80 0.84 11710 8780
0.90 1.08 0.72 0.64 10810 8110
0.90 0.90 0.60 | 0.83 9200 6900
0.90 0.76 0.60 0.62 7870 65800
072 | 088 0.80 0.66 8400 4800
0.73 0.76 0.60 0.85 5470 4100
a7 a ] 0.82 0.456 0.64 8000 8000
0.92 0.64 0.43 0.61 2280 8980
Rer 0.44 0.35 | 0.51 8150 6110
0.84 0.868 0.63 0.58 7810 6880
0.83 0.44 0.36 0.61 6440 4830
0.74 0.62 0.42 0.63 8270 4700
0.74 0.44 0.35 .62 5330 4000
0.31 0.209 0.23 0.68 860 710
0.68 0.33 0.30 0.48 4480 33680
0.87 0.26 0.22 0.47 3460 2800
0.80 0.23 0.23 0.43 3480 2810
0.80 0.18 0.18 0.42 2870 2000
0.42 0.18 0.18 0.45 1800 1200
0.561 0.12 0.14 0.37 20560 1540
0.49 0.08 0.10 0.34 1630 1150
0.46 0.08 .07 0.31 1160 880
0.36 0.05 0.07 | 0.27 1010 760
0.37 0.08 0.056 0.28 760 660
0.29 0.02 0.04 0.21 490 370
0.29 0.01 0.02 0.21 320 240
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PROPERTIES OF
ANGLES WITH UNEQUAL LEGS
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CARNEGIE STEEL COMPANY

STANDARD AND SPECIAL ANGLES

ANGLES WITH UNEQUAL LEGS
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ANGLES WITH UNEQUAL LEGS
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STANDARD AND SPECIAL ANGLES—Continued

ANGLES WITH UNEQUAL LEGS.
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PROPERTIES OF
ANGLES WITH UNEQUAL LEGS
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STANDARD AND SPECIAL ANGLES—Continuea

ANGLES WITH UNEQUAL LEGS
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PROPERTIES OF
ANGLES WITH UNEQUAL LEGS
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STANDARD AND SPECIAL ANGLES—Continued

ANGLES WITH UNEQUAL LEGS
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PROPERTIES OF STANDARD AND SPECIAL

ANGLES
ANGLES WiTH EQUAL LEGS
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el

WEIGHTS AND DIMENSIONS OF AMERICAN
STANDARD RAIL SECTIONS

¥ =
Hoightof BB

Weight Width of Width
Area in 4| Web Center of
Bection pﬂm"d Square ey o oy Gravity | Moment | Section |Radiusof

Haight A in
Pounds | [0che8 | i rihee | Tnches | pon oo | 8boVE | ofrnortia | Medulus | Gyration
Base in I S r

100A | 100 | 9.8 | By | % [ 2% | 2.8 | 48.8 | 14.6 | 2.13
95A| 95 [9.8| 5% | |2t | 2.7 | 88.6|13.8|2.08
90A | 90 | 8.8 5% | o |23% | 2.5 ['84.0|12.0|1.97
85A| 85 |8.8 | Of | fy | 2% | 2.5 [80.0|11.0|1.90
80A| 80 |7.8| 5 | §§|%4 | 2.4 [206.2|10.0|1.88
BA| 75 | T.4| 44| 45| 2% | 2.4 |22.9] 9.3/ 178
70A 70 |6.9| 43 | 33| 2% | 2.2 |19.6| 8.2|1.70
65A | 6.4 | 47 | %4 |213| 2.2 |16.9| 7.4|1.68
60A| 60 [5.9| 4% | }|2% | 2.1 [145| 6.7 [1.58

#

s

B5A | 55 | 5.4 | 4% 2y | 2.0 |11.9| 5.8 1.49
G0A | 50 |4.9| 8% 216 1.9 | 9.8 4.9|1.42
46A | 45 (44| 813 | 832 | 1.8 | 8.0| 4.2|1.85
40A| 40 (89| 3% | 38 |1% | 1.7 | 6.6 | 8.6|1.80
86A| 85 [8.4| 8% | 83|13 | 1.6 | 4.8| 2.8|1.19
80A| 30 [8.0| 3 $1 156 | 1.4 | 85| 2.8|1.11
25A| 25 |2.5| 2% | (1% | 1.8 | 2.4 1.7
20A| 2 (20| 2% | 33|14 )12 | 1.7| 1.8
16A| 16 |1.6| 2% | 3| 1% | 11 | 11| 0.97

£ 88
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COLUMNS IN FIREPROOF BUILDINGS

The subject of fireproof construction is steadily growing
in importance. The need of fireproof buildings in the busi-
ness 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. Thischange
has been facilitated in no small measure by a number of
signal improvements made of late in the art of fireproof con-
struction, insuring not only a higher degree of efficiency, but
a considerable reduction in cost compared with methods for-
merly practiced.

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 ou:
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 radical improvement in this direction, and, simultaneously, |
the introduction by this firm of new patterns for dts 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
substitution of steel for cast iron in the composition of columns.
Cast iron is a material so uncertain in character that its use
has long since been abandoned in bridge construction. In
buildings the loads are generally quiescent and tne liability to
sudden shocks is more remote than in bridges; yet, on the
other hand, the columns seldom receive their loads as favor-
ably as in bridges;"in most cases there exists considerable
eccentricity, that is, the loads on one side of the column are
heavier than those on the other side, and the bending strains
arising therefrom increase the strains from direct compression
materially.
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The following are some of the contingencies which may
arise in the manufacture of castings and which preclude any-
thing 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 it 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, pre=
ducing **blowholes " and ** honeycomb,™ and the collection of
impurities at the bottom of the mould may be further men-
tioned 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 stresses, 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 favorable conditions it is so difficult
to secure equal radiation from the moulds in all directions that
castings entirely exempt from inherent 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 8 or 10, or a material such as rolled
steel must be adopted of a more uniform and reliable char-
acter than cast iron.

SteeL Corumns 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 indica-
tion 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
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rivets should not exceed in the line of strain sixieen times the
thickness of metal of the parts joined, and that the distance
between 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 51 sections are shown of some of the most common
forms of built columns. Figs. 6, 13 and 19 belong to the type
knownas *“ Closed Columns.” As itis impracticable to repaint
the inner surfaces of such columns, they should preferably be
used only for interior work, where the changes in temperature
are not considerable, and the air is comparatively dry. In
places exposed to 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, is apt to continue as long as there is unoxi-
dized metal left in the column.

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

Of these, Figs. 14, 15, 16, 17 and 18, which are known as
Z-bar columns, have been shown by extended use to be par-
ticularly well adapted to many purposes in construction.

In the use of columns of the types shown in Figs. 5, 7, 8, 9,
10 and 12, care should be taken in designing that the flanges
are placed sufficiently far apart to permit machine-driving of
the rivets.

The Z-bar and channel columns are particularly well
adapted for buildings, owing to their facility for effecting
connection with floor beams and girders.

The advantage of the constant dimension Z-bar column
lies in the quicker preparation of plans and subsequent shop
details, the outside dimensions being the same throughout the
successive stories of the structure, making a guide for the
architect in dimensioning walls and pillars, and facilitating the
work of the engineer in the preparation of shop details, which
are the same for all typical floors.

Standard bases, which can be adapted to any section of
column, are shown on page 50, Figs. 4, 5 and 6 showing cast
iron, and Figs. 7 and 8 the built-up type.
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Connections for floor beams to constant dimension Z-bar
columns, detailed on pages 189 and 190, were designed to fairly
cover the range of ordinary practice. For other types of
columns, the make-up of these details should be altered to
suit the conditions governing, but, in a general way, they
indicate the standard practice.

When the maximum loads in tons, as assumed for each
case, are exceeded, the connections must be correspondingly
strengthened by using longer vertical angles for the brackets,
or by other suitable detail that will provide for the correct
number of rivets. In proportioning these connections the
shearing stress on rivets was assumed of a maximum intensity
of 10,000 pounds per square inch.

In buildings, as a rule, the columns are permanently en-
cased in a fireproofing composition. On page 50, Figs. 1, 2
and 8, are shown designs of fireproofing for Z-bar columns,
giving the latter a cylindrical, or a rectangular finish with
rounded corners, as may be preferred. Similar casings can be
used for any other type of built-up column, the air space
between the tiling and the metal adding to the protection of
the latter in the event of fire.

Complete tables of dimensions and safe loads in tons for
columns of different lengths are given on pages 127 to 130,
inclusive, covering the constant dimension as well as the other
type of Z-bar columns, and on pages 137 to 142 covering plate
and channel and latticed channel columns.

The length of a celumn unbraced should not exceed 125
times its least radius of gyration.

We believe the variety given in these tables will cover a
large majority of the cases presenting themselves in ordinary
practice.
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COLUMNS AND STRUTS
Explanation of Tables, pages 127 to 140 inclusive.

The tables of safe loads for steel Z.bar and channel columnsare com-
piled on the basis of an allowable stress per square inch of 12,000 pounds
(factor of safety of 4) for lengths of %0 radii and under, and an allowable

stress deduced from the formula 17.100—57%&” lengths greater than

this limit.

Complete dimensions of the Z-bar columns are given opposite their
tables of safe loads.

The steel used in these columns is known as * medium " steel, con-
taining a comparatively low percentage of carbon,

The values given in these tables should be used only for cases in
which the loads are for the most part statical, and equal, or nearly so,
on opposite sides of the column. When there is much eccentricity of
loading, or the loads are subject to a sudden change, the tabulated
values should be reduced according to circumstances.

The table on the * Ultimate Strength of Columns,” on page 143, gives
the stress 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 is based on Gordon's formula changed for the use of steel. The
table on page 147, showing the radii of gyration for round and square
columns, will be found useful in connection with this table.

_If the column or strut is a single rolled beam, ch 1 or other shape,
the radius of gyration will be found in the foregoing tables on pages 97 to
110 inclusive. '

If the column is composed of two channels latticed, the channels are
usually placed far enough apart so that the column will be weakest in
the direction of the web, £ ¢., with neutral axis at right angles to the
web, for which case the radius of gyration of the column is the same as
that of the single channel. In the table of **Properties of Standard
Channels," page 102, are given the distances back to back of channels,
which make the radii equal about both axes.

A common form of column or strut,to be recommended for com-
paratively light loads, is that formed of two angles back to back, or four
angles united either with a single course of lattice bars or a central web
plate, as in Fig. 1, page 61.

The radii of gyration for such struts are tabulated on pages 144, 145
and 146. They are given for the neutral axis parallel to either flange and
for minimum and maximum sizes of all standard and special angle bars,
In cases where four angles are used, the two pairs should be spaced far
enough apart to make the column weakest about a neutral axis parallel
to the central web or latticing, The radius of gyration will then be the
same as that given in the tables for a single pair cf angles, since the
moment 6f inertin of the web plate about such an axis is so small that it
may be disregarded entirely.
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The table on “Ultimate Strength of Hollow Cast Iron Columns’
and that on **Safe Loads for Hollow Round Cast Iron Columns’ were
computed by Gordon's formula and cover a range of length that will
seldom be exceeded in practice.

A column is sguare dearing 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 sguare bearing when one end only is
square bearing and the other presses against a close-fitting pin ; and it ie
pin bearing when both ends are thus pin-jointed with the axis of the pins
in parallel directions (for example, the posts in pin-connected bridges).

EXAMPLES

I. What size of constant dimension Z-bar column 24 ftr. long with
square bearing ends will be required to carry a load of 800 tons, using a
safety factor of 47

Answer; From the table on page 135 it will be seen that for the
length given 4Z% 414 % 8, X ¥ with 2 web plates 8 1% will sustain
806.0 tons, which is 6 tons in excess of that required, or referring to table
on channel columns, page 141, two 10 in. channels 85 1bs. and 2 side plates
12 % 1} will be found sufficiently strong.

II. A strut 16 ft. long, fixed rigidly at both ends, is needed for sup-
porting a load of 80,000 1bs. It is to be composed of two pairs of angles
united with a single line of ¥ in. lattice bars along the central plane.
What weight of angles will be required with a safety factor of 5?

Answer: We will assume four 8 X4 in, angles and determine the
thickness of metal required. The angles must be spread ¥ in. in order
to admit the latticing. From the table on page 146 we find the radius of
gyration of a pair of 3 X 4 X {4 in. angles with the 8 in. legs parallel and

1 16
¥ in. apart to be 1.97 in. Hencethovnlueof———l—?;=8.l for which the

ultlmata strength as per table on page 143 = 89,600 1bs.

The allowable strain per square inch with a safety factor of 5 will
therefore be 89,600 +5=7,920 1bs. and the area of the required cross-
section 80,000+ 7,920 = 10.10 square inches, or 2.52 square inches for each
angle. Hence the weight per foot of each angle will be 2.52 X 8.4 =8.81bs.
This weight will be found to agree nearly with a thickness of 3 in. for
a4 > 8in angle
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SBAFE LOADS IN TONS OF 2,000 LBS.

Z-BAR COLUMNS

SQUARE ENDS

lengths over 90 radii

T

12,000 1bs. for lengths of 80 radii or under

17,000-57- for

i

IN. Z-BAR COLUMNS

Section : 4 2-Bars 3 in. deep and | Web Plate 8 in. x thickness of Z-Bars

safoty factor 4

Allowed stresses per square inch
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To the above weights of column shafts add the weight of rivets.
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Z-BAR COLUMN DIMENSIONS

s
| aFam-E-seFa |
by

6 IN. COLUMNS

4 Z-Bars 3-8/ in. deep
1 Web Plate 6 in. % Thickness of Z-Bars

Diameter of Bolt or Rivet, 3{ in.

Thickness

nfzfu A B C D E F G H 1
123{ | 834 | 5% | 82 g ol 8 8

% 127 | 8 5y 36 | 5 | 1% |28 | 54 | 5%

A db AR R

¥ || 8% 5 (83| 8 |13% |21k | 8% |8%

Yo [124% | 841 [ 55 |8l | 8 | 156 | 2) | 8% | 85

8 IN. COLUMNS
4 Z-Bars 4-4%4 in. deep
1 Web Plate 7 in. X Thickness of Z-Bars

Diameter of Balt or Rivet, 3{ in.

Thicftnm 3
] A B C D E F G H i1
I 155 | 416 | 6% | 836 | 8} | 1% | B4 10 | 4%
:‘z 1536 | 45% | 675 | 856 | 8% | 1% | 8 10 | 454
153 | 4 &3} 35 | 834 | 17 | 8 | 10 | 4%
,;, 153 | 47 | 8¢ | 856 | 8% | 17% | 87 | 10 | 4%
150 | 4% | 6% | 8% | 8% | 1% | 836 | 10 | 4%
,;g 15,5 | 413 | 6%¢ | 85 | 8% | 1% [ 8% | 10 4}4
B gy o delox g ag | 1 128
1155|000 | 6 | 83 | 5% | 17 | % | 10 | 436
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CARNEGIE STEEL COMPANY
Z-BAR COLUMNS
SQUARE ENDS
safoty factor 4 : ;
10 IN. Z-BAR COLUMNS
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B8AFE LOADS IN TONS OF 2,000 LBS,

Allowed stresses per square inch
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To the above weights of column shafts add the weight of rivets.
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Z-BAR COLUMN DIMENSIONS

g oty
o) 1T T
B/

T
B

10 IN. COLUMNS
4 Z-Bars 654 in. deep
1 Web Plate 7 in. X thickness of Z-Bars

_E[rohthlmﬁ“iBCDE}FiG‘H“
= =

1634 | 58 | 6% | 356 | 8% | 1% |3y | 10 |5
§ ';% mﬁ ﬁ’p 61:: 3;»}2 3}}2 1% 3"{ 10 5,1,1&
P 1642 | 514 | 6 | 83 | 8% | 1% | 836 | 10 5}2
= 1;5 18}2 ﬁ; ei 3% | 8% |1% | 3% | 10 |5
S| ¥ |165%| 531 | 636 | 3% | 8% | 1% | 8% | 10 | 53%
5| % |16% |67 | 63 | 3% |8% | 1% | 3% | 10 | 6X
1) U ool oo g 0 0|
S| i |63 5] | 6 | 85 | 8% | 1% | 834 | 10 51-%

12 IN. COLUMNS
4 Z-Bars 6—64 in. deep

1 Web Plate 8 in. X thickness of Z-Bars
d‘}}‘}m O (1% - TR WG BN | M v B (0 B -
»

194, | 62 | T3¢ | 4 4 |23 8% | 11|86
.:E; ? 192 61!‘ 7§ 4?2 4 2? 35'5 11 6?45
21 3 198 | 63 |1 | 4% | 4 |23 |83 | 11 |6k
2 ‘;Z 18% | 6 | T8 | 4% | 4 |2% [8% | 11 |6
g 19 | 636 [ [4% | 4 | 2% B}!g 11 | 8}
5| H (195|638 | 7oy |43 | 4 |23 | 8% | 1 | 6}
J| 8§ Jsih e 21 4 e 1 1o
Wk 6 |67 | 436 | 4 |23 |85 | 11 |7/
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SAFE LOADS IN TONS OF 2,000 LBS.
Z-BAR COLUMNS
SQUARE ENDS

Allowed stresses per square inch ; j 12,000 Ihni for lengths of 90 radii or under
saflety faetor 4 | i?.iﬂﬂ-s?;- for lengths over 90 radii

14 IN. Z-BAR COLUMNS
Seotion: 4 Z-Bars 614 3 1} in, 1 WebPlate 8 X 1§ in, 2 8ide Plates 14 in, wid
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CARNEGIE STEEL COMPANY

Z-BAR COLUMN DIMENSIONS

4 Z-Bars 014 X i} in.

14 IN. COLUMNS
1 Web Plate 8 x {} in.

2 Side Plates 14 in. wide

Thickness
of A B & D

g Side Plates

R 1

£ 3 1945 65F 1% 11
5 19} i 1% 11
5 193 614 1% 11
3 3 19% oy 1% 11
- 4 191§ o 1% 11
N T 1% 11
¥ 2034 T 1% 11
2 20 7 1% 11
205 7 1% 11

4 Z-Bars 6 x ¥ in.

1 Web Plate 8¢ 3 in. 2 Side Plates 14 1n. wide

14 IN. COLUMNS

Thickness |
G PN B ¢ D
i | Side Plates |
=
£ 197 6 1 11
A N N
B
w WOl ey 7 1% 11
o 19 7 1% 1
1| 8 | =8 | &) 3| &
; 20‘;2 7}} 13 1
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for lengths over 90 radii

1
r

12,000 1bs. for lengths of 90 radii or under

17,100-57

|

{ Web Plate 8 ¢ 1 in. 2 Side Plates 14 in, wids

i

l|333.
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9’12z =soid TixH

Grg=("umm) X
[ 8 gen="sq]
Yieg=surid I

1Wah1=1msx;-§in. 2 Bide Plates 14 in, wide
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¥89="901
LeR=svd W15

Z-BAR COLUMNS

SQUARE ENDS

Z-BAR COLUMNS

14 IN.

E.m. {um) X
L=
LB0Z=89v1d FiTH)

14 IN. Z-BAR COLUMNS
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CARNEGIE STEEL COMPANY

safoty factor 4

BAFE LOADS 1N TONS OF 2,000 LBS.

Allowed stresses per square inch

Seotion: 4 Z-Bars 8 ¢ X 13 in.
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To the above weights of column shafts add the weight of rivets
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CARNEGIE STEEL COMPANY

Z-BAR COLUMN DIMENSIONS

4 %-Bars 64, % 11 in.

E 14!5‘-“-:_.-/3'-a-:
i4 IN. COLUMNS
1 Web Plate 8 X 1§ in.

2 Side Plates 14 in. wide

Thiskness
d - of A B C D
.& Side Plates
£ e 19 633 1% 1
= i 1954 6t} 1% 1
P Y 19% 611 1% 11
= }’3 197 Tole 114 11
5 1943 Td 1% 11
TN TR AN O
IF
2 i 208 | T3 1% 11
% 20 T 1% 1

4 Z-Bars 6% X 76 in.

14 IN. COLUMNS
1 Web Plate 8 % 7 in.

2 Side Plates 14 in. wide

Thickness ‘
o o A B Lo D
5 Side Plates |
g 19 I'i~% 11
SN R
T
2 “;'5 20,1 T 74 11
i 201 i 1% 11
g Q 20 T ‘ 1% 11
13 20+fs 3% l 1% 11
% 201’; 71'; ! 1 }é 11
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CARNEGIE STEEL COMPANY

SAFE LOADS IN TONS OF 2,000 LBS.

12,000 Ihe, for lengths of 90 radii or under

BAR COLUMNS—SQUARE ENDS
17,100-57 A for lengths over 80 radii

| {

NSTANT DIMENSION 2-

€0

Allowed stresses per square inch
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safaty factor 4
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CARNEGIE STEEL COMPANY 138

CONSTANT DIMENSION Z-BAR COLUMNS

TTE

L

B

|i

hi

!

b

[

¥

14

te (D! HND-154
- > ERY

Li Ao =
e o 3G *

Constant dimensions are given on the sketch above for all columna
Variable dimensions see below. All rivets 3" dia. Open holes for
¥ rivets or bolts.

Wobtieplates 0x{\"x0'—8 )
Flange tie plates 0" x f§* x (*'—11° )

For all columns ${" metal aad over, tie plates are ¥ thick.

for all columns less than 5§ metal.

All tie plates spaced about 3’ (" center to center.

Sises of Z Bars A B c | » ‘ G
4 oo 1838" 4" 113’ 5" By:"
i we | ae | ol | be | o
X Alé
%‘ A e 18" & 1;2' 5° 34"
xs,u-g'x}?'... 8% | 4x° | 1% | 4% | 84
m'xﬂfx'xg'... 1% | 44 | 1% | 4y | sx
4 "gfg:“}l-‘- s Tl WS 65 o B g;‘g:
X1 ward
42 g g | 05 | e | & | sa

P




137 CARNEGIE STEEL COMPANY

S8AFE LOADS IN TONS OF 2,000 LBS.
6 IN. CHANNEL COLUMNS
SQUARE ENDS

Allowed stresses per square inch ; { 12,000 1bs. for lengths of 90 radii or under

safoty factor 4 17,100—57; for lengths over 90 radii
Skt 2-6 in. Channels—latticed, or . B=37% in,
0081 7 2.6 in, Channels and 2 side plates 8 in, wide -C-fy  0=53 in.
‘5» g‘a
S2|%3| Lat | Y| &R PL| JoPL|36PL [ &Pl |s4PL | 330L
BE| €= 160 Ibs 260 Ibs, [330 1bs. 364 1bs. % T, 4 T, 405 1. 50,0 1. 5 e
§3 | B |r=233 | r=238 r=232 | =232 [r=2.32 | r=2.32 | r=2.32 | r=2.32 | r=2.32
BS | 238
18 |[28.8 | 562.6 | 568.8 | 64.6 | 70.8| 76.6| 82.6 88.8| 94.6
2|30 |50 | 201|817 855 | 858 712 10| 8a9 885
® |22 |25.3|46.5|51.8|567.1| 624 87.7| 73.0| 782 835
24 |23.0|43.0| 489 | 63.9| 68.9| 83.9| 689 739 789
L | &P | 3P PL|ypL | @B | semL |2
21,0 Tbs. 34,6 1bs, [38.0 1bs. [ 41.4 1bs.|44.8 Ibs.[48.2 Ibs. 51,6 1bs. |56.0 lb&'Sgi 1bs.
r=220 | r=224 | r=2.25 | r=2.25|r=2 r=2.26 [ r=2.27 | r=2.27 [ r=2.27
£ |18 |871|61.1|67.1|73.1| 79.1| 85.1| 91.1| 97.1{103.1
5|8 (228|863 502 02| 2 sey Bep ehaiees
S | 22 [31.7| 62:0| 68.2| 63.5| 68.8| 74.1| 79.4| 84.7| 90.0
Tat, ML | %m PL| s pL | gL | sgmn | aam | 3L
26,0 1bs. /430 1bs. [46.4 Ibs, | 498 1bs ’55.42111:. "% Do, (60 D 1o, (644 115, | 605 115,
r==209 |r=218 | r=219 | r=220 | r=2.21 | r=2.21 (r=2.22 [r=2.22 [r=2.23
I e U emy ety ot 2 el e iy b bedorr | ot Bt e e
£ |16 |456.3| 75.8 | 81.8| 87.8| '93.8| '99.8/106.8(111.8/117.8
o | 18 |42:8|72:4| 78:3| 84.2 | 90.1| 96.0/101.9(107.8/118.7
® |20 |40.3| 684 | 74.1| 79,7 | 85.2| 90.8| 96.4/102.0/107.6
64.5 | 69.8 0 3/101.8
|
Q
0
-

To the above weights of column shafts add the weight of rivets and lattice bars.
‘The safe loads given in this and the following tables on channel columns range in

value from —1-:90 to about —‘1_- =125.

The size and spacing of lattice bars should be proportioned to the sections com-

ing the column. They should not be less than 1% x5-16 in. for 6-in. channels;
fg‘sx 5-16 in. for 7 and 8-in. channels; 2x5-16 in. for 9 and 10-in. channels; 2 x 3-in. for
12-in. channels. £




CARNEGIE STEEL COMPANY 138

SAFE LOADS IN TONS OF 2,000 LBS.
7 IN. CHANNEL COLUMNS
SQUARE ENDS

Allowed stresses per square inch; ( 12000 bs. for lengths of 90 radii or under
safety factor 4 ' 17,100-57 = for leneths over 90 radii

s % 2-7 in, Channels—latticed, or -B-ff-  B=434in.
2-7 in, Channels and 2 side plates 9 in, wide < 0=63{ in.

2 pat | oy | &PL | sgen | gopL | L | gL | sl | fam
E |1951bs. [3481bs. | 3861bs. | 425 ibs, 463 b, | 5011k, | 5391bs. | 5781bs, | 616 .
_33 r=272 | r=2.67 | r=2.67 | r=2.66 | r=2.66 | r=2.65 | r=2.65 | r=2.64 | r=2.64

94.9/101.7/108.56
94.4/101.1/107.8
84.0| 90.3| 96.7/103.1
88.2
82.1

92.3| 98.4
87.9| 93.7

9.75 lbs. ﬂ,‘;{ﬂﬁf

Tat | 3 PL | FsPL | 33PL | 75 PL | % PL | #PL | 34 PL | 14PL
2unths. | 306t | 381 [ 410 | 5T 810, | 651, | sE D1, | 655103, | b 1k,
r=259 [r=260 | r=2.60 | r=2.60 | r=2.60 [ r=2.60 | r=2.60 | r=2.60 | r=2.60
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18| 68.9/103.4|1
20| 65.5| ©9.0|1
22| 62.2| 94.2/1
24| 58.8/ 89.3

To the above weights of colum

POIN

1
113.3/119.6(126.1|132.4
107.6113.6/119.7/1256.8

shafts add the weight of rivets and lattice bars.
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150 CARNEGIE STEEL COMPANY

SAFE LOADS IN TONS OF 2,000 LBSB.
8 IN. CHANNEL COLUMNS
SQUARE ENDS

Alowed siressen per square nch; { 5000 1. fo hsgtsof 90 rdi or wader
sty factor 4 } 1740057 L fo Lmgths over 0 radi

m«:{ 2-8 in, Channels—latticed, or j-a-E B=54 in.

2-8 in. Channels and 2 side plates 10 in. wide 0=7% in,

16.25 Ibe. 18.76 lbs

18.76 Ibs.
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To the above weights of column shafis add the weight of rivets and lattice bars
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6%{ in.
81 in.

gths of 90 radii or under
for lengths over 90 radii

!

12,000 1bs, for len

17,100-57

SQUARE ENDS
&

CARNEGIE STEEL COMPANY
9 IN. CHANNEL COLUMNS

2-0 in, Channols—latticed, or B-
2.9 in. Ohannels and 2 side platas 11 in. wide

seafoty factor 4

S8AFE LOADS IN TONS OF 2,000 LBS.

Allowed stresses per square inch
Bections :
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To the above weights of column shafts add the weight of rivets and lattice bars.




015 in.

7in,

B
0

{

B
Cc

3

17,100-57 —for lengths over 90 radii

r

12,000 ks, for lengths of 90 radii or under

{

§ 2-40 in. Channols—latticed, or

CARNEGIE STEEL COMPANY

| 2-10in, Uhannels and 2 sids plates 12 in. wide

Allowed stresses per square inch;
galety factor 4

Sections:

141

SAFE LOADS IN TONS OF 2,000 LBS.—10" CHANNEL COLUMNS—SQUARE ENDS

To the above weights of column shafts add the weight of rivets and lattice bars.
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CARNEGIE STEEL COMPANY 142

SAFE LOADS IN TONS OF 2,000 LBS.—12" CHANNEL COLUMNS—SQUARE ENDS
{ 12,000 Ibs, for lengths of 80 radii or mnder

17,00-57-or lengths over 90 radi
212 in, Channels—Ilatticed, or

242 in, Channels and 2 side plates 14 in. wide; 4{
54

o8 1005 T

Allowed stresses per square inch;
safety factor 4

A8
c

B= 8% in,

Sections '! 0= 111/ in,

PL
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r=4.16

g PL
Hi(.3 Ibs,
r=4.16
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ULTIMATE STRENGTH OF COLUMNS
MEDIUM STEEL
For different proportions of length in feet (=1).

To least radius of gyration in inches (=r).
Ultimate Strength in pounds per square inch:

Column Column Column
Square Bearing: Pinand Square Bearing: Pin Bearing:
50000 50000 : J BT S
(12/)2 (12/)* (12/)*
1+ 56000 1= 14 51000 v2 75000 1=
To obtain Safe Resistance:
For quiescent loads, as in buildings, divide by 4.
For moving loads, as in bridges, divide by 5.
Uliimate Strength in Pounds | Dltimate Strength in Pounds
1 per Bquare 1 per Square Inch
3 Hi d ¥ Pi d
n an i in an
Square s Pin Squars Siikre Pin

48200 47440 4640
48080 47110 46210
47790 46760 45770

] BT7C0 23650 30340
9 -
9.
47540 46300 45300 g il
0

87350 | 83160 | 28810
80040 | S0 | 20200
80530 | 82200 | 28780
8120 | 81720 | 25280
B0 | 8120 | 2080

0
2
1
{
4900 | 46010 | 44820 8
0
‘2 | 35310 | somo | 2%
3| 84000
6
5
0
2
4

46990 45620 44430 1
46710 45210 43520 1
46410 44800 48800 1
46100 44870 42760 1
45780 48080 42220 1

45460 48480 41670 3%
45120 43020 41110 83200 i
44780 43560 40540 1. 32000 28080 24510
44430 42080 80070 11.6 820510 27670 24080
44070 41600 BMO0 11.8 82110 27240 23650

p 81780 26820 23230
43840 40030 88240 12.2 81340 20410 m
42000 40140 660 12.4 30960 26010
42580 39040 87080 12.6 B0580. 25610 22080
42200 80140 B6500 12.8 30210 210 21640

41810 | 88840 | 85020 || 1.0 | 20880 | 280 | 21260
41410 | 88140 | 340 || 1.2 | 2M60 | 24450 | 20890
41020 | 8840 | 8470 || 185 | 2s1m0 | s | 20850
40620 | oma0 | 84200 || 1818 | 280 | 2w | 19810
s 33070 e | Sk | o | 1010
S | Xix i B0 |l 165 | emeo | o | 1860
Soao0 | iy | oia6o || 148 | 26650 | exew0 | 18170
3300 | 84630 | 81410 | 15.0 | 20320 | 21280 | 17960
85180 | 84140 | 80s79 || 152 | 5900 | 20850 | 17550

80320
84500 20870
84000 20420 25870

83600 28070 25410
28530

SEOGER JC 0 EIE ST A | EROR SR N, EXSITERTTEE i i i e - 06 00 10 O €0
DRRNO BERIO PIRNVO DIRNWO DARBVO BRRWO
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ULTIMATE STRENGTH OF COLUMNS-—Continued

Ultimate Strength in Pounds Ultimate Strength in Pounds

14 per Square Inch el per Square Inch

D Square  |Pin & Square Pin 2 Bquare |Pin & Square Pin
15.5 25500 20490 17110 18.56 21100 16380 15880
15.8 2020 20020 10680 18.8 20720 16020 18066
16.0 2700 10720 16400
10.2 24300 19420 16130 10.0 20460 15790 19860
16.5 23040 18060 15740 || 19.2 20010 156570 12060
16.8 23490 18560 15850 19.5 19340 15240 12360
17.0 23190 18200 15100 10.8 19470 14020 12000
£l mn | e |

L5 i *
18.0 21780 10980 13920 20,5 18650 14200 11460
18.2 21510 16740 13700 2.8 18810 13910 11210

RADII OF GYRATION FOR TWO ANGLES PLACED
BACK TO BACK

ANGLES WITH EQUAL LEGS

i

Radii of Gyration given correspond to directions indicated by
arrow heads.

Area of | Weight i £
iz Thickness [Singla Angle| Pook 6 Al Sy

Inches Inches uare (Bingle Angle

Inches sunds Ta 1 Ty Ty
8 x8 % 75 | 204 | 250 | 8.3 | .40 | 8.88
8 8 114 16.78 545.9 2.42 3.43 3.60 8.00
6 X6 5 4,80 149 |18 | 2 | 2o | 28
6 X6 1 11,00 8.4 1.80 2.50 2.97 9.87
* X5 % 8.61 12.8 | 166 | 200 | 2028 | 2085
* X5 i 9.00 206 | 1.48 | 210 | 288 | 2048
4 X4 2 40 8.2 | 124 | 1er | 185 | 104
4 %4 5.84 10,0 | 118 | 15 | 1.04 | 204
8145814 2.00 72 | 108 | 147 | 165 | 1
814 %314 5.03 1w | 102 | 155 | 174 | 188
8" % 1.44 40 | oo | 1725 | 148 | 158
3 X3 8.36 15 | oss | 182 | 151 | 163
23 %21 1.81 45 | oss | 1715 | 184 | 1.44
#35%8 2.50 85 | o2 | 1019 | 1089 | 1049
iR 0.90 81 | o8 | 104 | 122 | 1088
212 %91 2.5 77 | 07 | 110 | 1029 | 1.40
#3178 i 0.81 28 | oo | oms | 1012 | 1028
31 %2 2.00 68 | o5 | o | 1019 | 1.3

Angles marked * are special
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RADII OF GYRATION FOR TWO ANGLES PLACED
BACK TO BACK
ANGLES WITH UNEQUAL LEGS

AL NS

Radii of Gyration given correspond to directions indicated by

arrow heads.

- | 358 2285 822 BYSY 2RIL 9=AL 89y 5y
]1] 1111 1111 1111 11]1 1111 rHrirdird i
£ | . | 2838 5E28 £33 §5=3 ST83 SRER 2SRR 832
m. - A e T T e . OO SHS -
[<-]
= | - |55% 3385 2889 8228 I8%4 A8%s ¥2s8 rsey
M o _ A HHAH A A HHHH O S Sooo
. | 282 2822 23:8 =838 K255 =223 332%: 2eR
L 232 T v e e e .11.1.1. 1..]00 ﬂonmo
m..mmm.m e L L ey o M T EL G TG I A0 - e o o
ﬁum% m.amm EM]% mmBmM LH -2 TBTT TS WoWE Wicas
B
,mm,mm 232 =292 {RBE S¥RZ KISB 22IB RIZL 28ES
mk S BN =T LSS IS MW moims oo
wm = %1%1 R TR ST RTNTE el NORAER
] TR R MR iR R yoe
mm TRR XXXX XXXX TXXZ XXXR XXX XXX XXX

Angles marked * are special
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RADII OF GYRATION FOR TWO ANGLES PLACED

BACK TO BACK
ANGLES WITH UNEQUAL LEGS

-
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w

Radii of Gyration given correspond to directions indicated by

arrow heads.
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RADII OF GYRATION FOR ROUND CCLUMNS

‘35 Thickness in Inches Varying by Tenths

gg A | 2] 3] 4 I Ll e |.7] 8| @10

ﬁg Gorresponding Radius of Gyration in Inches

2 | .e7| .64| .61 .58 .b68| .54| .52| .51| .50| .
8 |1.08| .99| .96| .98| .90, .B8| .85| .88| .81| .79
4 (1.88)|1.85/1.81]1.28|1.25(1.22(1.19(1.16/1.14|1.12
5 (1.78(1.70(1.66(1.63(1.60|1.57|1.54|1.51|1.48/1.46
6 |2.08/2.05(2.0211.98(1.95]1.92|1.80/1.86|1.83|1.80
7 |2.48(2.40(2.86|2.83|2.80|2.27|2.24|2.21 |2.18|2.156
8 |2.79]|2.762.722.69(2.66(2.62(2.59(2.56 | 2.53|2.560
9 |8.15|8.11|8.08(8.04(8.01(2.97(2.94(2.91(2.88|2.85
10 |8.51)|8.47(8.44|8.40|8.87|8.33(8.30|8.27(3.23|3.20
11 [3.86|8.82(8.79|8.75|8.72|8.68|8.65|8.62|3.58/8.556
12 [4.21]|4.18)4.15)|4.11|4.08]4.04|4.01(3.97|3.943.90

RADII OF GYRATION FOR SQUARE COLUMNS

g é Thickness in Tnches Varying by Tenths

‘gg a Co ] e S SR ST VR (T ) R S (- 3 | BN - B

a2

Ee Correspording Radius of Gyraticn in Inches

2| .78 .74] .71| .68| .65| .63| .61| .59| .68 .58
3 (1.18|1.14]1.11]1.08({1.04|1.01| .98| .96| .v8| .91
4 11.59(1.65)1.56111.47|1,44|1.41]1.88]|1.35|1.82(1.29
5 (2.00(1.9611.92/1.89(1.85|1.81(1.98/1.75(1.71[1.68
6 [2.4112.87|2.83(2.29(2.25|2.21|2.18|2.15(2.11(2.08
T 12.82(2.78|2.74|2.70|2.66(2.62|2.568(2.556|2.51|2.48
8 |8.28(8.19|8.15(8.11(8.07(8.03(2.99(2.96(2.92|2.89
9 |18.63|3.59(8.565]|3.51|3.48/8.44|3.40/8.36(3.82|3.20
10 |4.04|4.00|3.96|3.92|3.88|8.84(8.80|8.77(8.73(8.70
11 |4.45|4.41|4.87|4.83|4.29(4.25(4.21|4.17(4.18 [4.10
12 |4.86(4.82|4.78(4.74|4.70(4.66|4.62|4.58|4.54 | 4.51
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ULTIMATE STRENGTH OF HOLLOW ROUND
AND HOLLOW RECTANGULAR CAST
IRON COLUMNS

Ultimate Strength in Pounds per Square Inch:

RouUND COLUMNS RECTANGULAR COLUMNS
Square Bearing Pin &Square  Pin Bearing | SquareBearing Pin &Square  Pin Bearing
80000 80000 80000 80000 80000 80000
(127)? 8(127)° [E1iE 3(127)° 9(187)8 3027)°

Hgwae tiowe twae |tewe tawa oo
l=Length of column in feet,
d=External diameter or least side of rectangle in inches.

. ROUND COLUMNS REOTANGULAR COLUMNS
; TUltimate Strength in Pounds per Sq. Inch Ultimate Btrength in Pounds per 8q. Inch
d
Square Pin and Pin Square Pin and Pin
Bearing Square Bearing Bearing Square Bearing
1.0 GTB00 62000 58820 TO480 66520 62000
1.1 65690 60300 Ba7T80 G570 64260 60300
1.2 63530 BTB00 52650 67000 61940 57600
1.8 61340 54080 49740 35140 59600 64060
1.4 59140 52310 46800 68200 57270
1.6 49770 44200 61350 54060 49760
1.6 B4T60 47800 41080 59450 52080 47800
1.7 2020 440 S0 57350 G460 44060
1.8 50530 42070 86030 55670 48800 42070
1.9 48490 40510 B4T00 53800 46280 40510
2.0 46510 88460 B0 51040 44200 88460
2.1 44000 26520 80920 50160 42260 36520
2.2 42750 84680 20180 48400 40400 84080
2.3 40980 82040 27540 46670 88080
2.4 89280 81310 26080 44990 86030 81810
2.5 87050 20770 24620 48800 25810 20760
2.6 86090 23800 41820 28520
2.7 26050 22070 40820 82810 20950
2.8 83180 25670 20030 88870 i 26670
2.9 81820 24460 10860 87470 20600 24460
8.0 80580 23320 18870 86120 28340 23320
8.1 20810 22250 1740 34880 27160 22250
8.2 28140 21250 17070 83580 26030 21260
8.8 27080 20800 16260 82390 240 80 20300
8.4 25070 19410 15500 81240 28040 19410

1
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FOR

SAFE LOADS IN TONS OF 2,000 LBS.
HOLLOW ROUND CAST IRON COLUMNS

Dol | 8BESE BBk RI- 89388 KNSS B9VLI ISR BIRER SREIA KETeS
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MOMENTS OF INERTIA OF RECTANGLES
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EXPLANATION OF TABLES ON BEAM
BOX GIRDERS

An economical style of box girder well adapted for short
spans is one composed of a pair of I-beams with top and bottom
flange plates. Such girders are commonly used for supporting
interior walls in buildings. The tables are prepared to con-
form to standard sizes of I-beams.

The values given in the tables are founded upon the
moments of inertia of the various sections. Deductions were
made for the rivet holes in both flanges. The maximum stress
in extreme fibers was limited to 15,000 lbs. per square inch,
while in the tables on rolled steel beams a fiber stress of 16,000
Ibs. was used. This 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,
since the interior surfaces do not readily admit of repainting,

EXAMPLE

A 13-in. brick wall 16 feet high is to be built over an open-
ing of 25 ft. What will be the section of the girder required?

Answer .—Assuming 26 feet as the distance center to
center of bearings the weight of the wall will be 26X16x121=
50,386 1bs., or 25.17 tons.

On page 153 we find that a girder composed of two 12-in.
beams each weighing 81.5 1bs. per foot and two 14 X ¥4 in.
flange plates will carry safely for a span of 26 ft. a uniformly
distributed load of 25.37 tons, including its own weight. De-
ducting the latter, 1.48 tons given in the next column, we find
23.80 tons for the value of the safe net load, which is 1.28 tons
less than required. From the following column we find that by
increasing the thickness of the flange plates y in. we may add
1.68 tons to the allowable load. This will more than cover the
difference. Hence, the required section will be two 12-in.
beams 81.5 1bs. per foot and two 14 X & in. cover plates,
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BEAM BOX GIRDERS
SAFE LOADS IN TONS UNIFORMLY DISTRIBUTED

210 in. I-Beams and 2 Plates 12 in. X 14 in.

0
-

]

i0in.
I-Beams
per Foot

25.0 1bs.

2 Plates
12X 3%

T s | BERRRI33RER ARG AN 20538a8RRRaE
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Weights of

Above values are based on maximum fiber stress of 15,000 1bs, per

square inch ; {§ in. rivet holes in both flanges deducted,

girders correspond to lengths center to center of bearings,
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BEAM BOX GIRDERS
BAFE LOADS IN TONS UNIFORMLY DISTRIBUTED

2 19 in. I-Beams and 2 Plates 14 in. 3 £ in.
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Above values are based on maximum fiber stress of 15,000 1bs. per
square inch; }i in. rivet holes in both flanges dedacted. Weights of

Wirders correspond to lengths center to center of bearings.
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BEAM BOX GIRDERS
SAFE LOADS IN TONS UNIFORMLY DISTRIBUTED
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Above values are based on maximum fiber stress of 15000 1bs. per

Weights of

gquare inch; }j in. rivet holes in both flanges deducted.

girders correspond to lengths center to center of bearings.
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Above values are based on maximum fiber stress of 15,000 1bs. per
square inch; i§ in. rivet holes in both flanges deducted. Weights of

girders correspond to lengths center to center of bearings.
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Above values are based on maximum fiber stress of 15,000 1bs. per
square inch; }J in. rivet holes in both flanges deducted. Weights of

‘girders correspond to lengths center to center of bearings.
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EXPLANATION OF TABLES ON RIVETED
PLATE GIRDERS

Riveted girders are used where rolled beams are insufficient to
carry the load. On page 47 of the lithograph plates will be found illus.
trations of various forms of riveted girders. The sections with single
webs are more economical than those with double webs, 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 position
sideways, Lthe proportion of length of span to width of flange should not
exceed twenty without making provision for such increase by an addi-
tion 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 shearing stress per
square inch will not exceed 10,000 1bs. 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

12,000
shearing stress does not exceed dz in whichd representsthe
YT

depth of girder out to out of flange angles and t the thickness of one web
plate in inches, Ordinarily this formula givesa lower stress per square
inch than 10,000 pounds, so that both conditions are usually attained
when the first is. Instead of increasing 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. Stiffeners should always be
used at or near the supports and at any other point where there is a con-
centration 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 tothe web by means of the abutting areas and the rivets, both of
which must be sufficient for the purpose.

The rivets generally should be { in. and the spacing in flanges ought
not to exceed 6 in. and should be closer for heavy flanges; but in all
cases it should be close at the ends, say 8 in. for a distance equal to the
depth of the girder. Where loads are great especial calculation for rivet
spacing should be made.

The unsupported width of flange plates subjected to compression
should not exceed 82 times their thickness, nor should the flange plates
extend bevond the outer line of rivets more than 5 in., 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,in the
case of a rolled beam or channel with top and bottom p'ates, all the
metal exclusive of that part of the web between fillets.
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Girders intended to carry plastering should he limited In depth trom
out to out to g of the span length (3§ in. per foot); otherwise the deflection
s liable to cause the plastering to crack.

The following pages, Nos. 150 to 162 inclusive, furnish a ready means
of determining the sections of plate or box girders necessary to carry
specified loads for spuns varying from 20 to 40 feet, center to center of
bearings.

The ' Safe Loads" are given for the section shown and in columns
heade.l “Increase in Safe Load' is given the increase in safe load for
euch 4 in. inerease in thickness of flange plates, The flange plates may
be altered in width and thickness, provided the section remains the
same as that required in the table and the conditions in regard to
unsupported width be fulfilled.

EXAMPLE

A 80 in. box girder is to carry a load of 80 tons over a clear span of 80
feet. What section of girder i3 required? The span from center to
center of bearings we will assume to be 81 feet,

In the table, page 161, the szfe lcad for this span and for the girder
shown is found to be 725 tons including weight of girder, which latter,
according to the table, may be assumed atabout 8.5 tons. The total load
to be carried is, therefore, 83.5 tons. The increase in safe load for J in.
increase in thickness of flange plate given in the table is4.27 tons. The
thickness of the flange plate is then obtained as follows: 83.5 tons—72.65
tons=10.85 tons. This+4.27 tons is very nearly 8 Each flange plate
therefore, must be increased by % in., making a total thickness of flange
plate of fin.

The section of the girder is then composed of two 80 X ¥ in. web
plates, two 16 ¢ & in. flange plates (which could be made 18 X ¥ ir. or
#0 X {g in., etc.—see previous note) and four 8% X 8% X ¥ in. flange angles.
o &‘2"% or 2,785 pounds per squareinch which

12,000
18 also safe against buckling, since it is less than d? which,
3T E.Wti

The shear in one webis

in this case, {s 5,454 pounds.
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PLATE GIRDERS
SAFE LOADS IN TONS UNIFORMLY DISTRIBUTED
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The above values are founded on the moments of Inertia of the sections

psing a maximum fiber stress of 15,000 Ibs. per square inch: 1§ in. rivet
holes in both flanges deducted. Weights of girders correspond to lengths
<enter to center of bearings and include rivet heads, stiffeners and fillers.
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PLATE GIRDERS
SAFE LOADS IN TONS UNIFORMLY DISTRIBUTED
5 & 2 g
N TR A
i TR e A = 8
i £g g X8 8y g3 %8
= & el gg R o8 <
g ol TS R N5 |
E E s 'F: f: . |
g s 2 g =
i % i35, 3% s 13% . |852
MEAEN AT MRS i ’3;?5% '
3=5 | 55 (Sezefiaas)| 355 | 35 |374%|5s |
| IEdEE o | ¢ |1 BE
E S&7 |45 L et
20 [118.35) 1.77] 5.4 .05 || 176.01] 2.72 | 7.74 06
21 [112.70] 1.85| 5.28 .05 || 167.63] 2.84 | 7.37 .06
22 [107.57| 1.92| 5.04 .06 || 160.02| 2.95 | 7.03 07
23 [102.90| 2.04] 4.82 .06 || 158.06) 8.12 | 6.73 07
24 | 98.61| 2.17| 4.63 .06 || 146.68] 8.24 | 6.44 07
25 | 94.66] 2.19| 4.44 .06 || 140.82| 8.86 | 6.18 07
26 | 91.02] 2.20| 4.27 .07 || 185.89| 8.48 | 5.95 08
27 | 87.65] 2.84] 4.11 .07 || 180.88] 8.59 | 5.78 .08
28 | 84.58| 2.41| 3.96 07 || 125.73] 8.71 | 5.52 .08
29 | 81.61| 2.58 8.82 | .07 || 121.88| 8.88 | 5.84 | .09 ‘
80 | 78.89] 2.60| 8.70 .08 || 117.85] 4.00 | 5.17 .09
31 | 76.84) 2.68] 3.58 .08 || 118.56] 4.12 | 4.98 .09
82 | 78.96] 2.75| 8.46 .08 || 110.01| 4.23 | 4.85 .10
83 | 71.72| 2.82| 8.36 .08 || 106.67| 4.85 | 4.70 10
84 | 69.61| 2.89] 8.27 .09 || 108.55| 4.47 | 4.55 10
| 85 | 67.62| 2.98] 85.17 .00 || 100.58 4.59 | 4.42 10
| 88 65.75 3.09 83.07 .09 97.78| 4.76 | 4.30 53t |
] 87 | 63.97| 8.16 2.99 .09 95.15| 4.87 | 4.18 +1F
| 88| 62.28 8.24 2.0 10 092.64) 4.99 | 4.07 A1
| 39 | 60.69] 3.31| 2.8 10 90,27 5.1 8.97 A2
40 | b9.14| 8.39| 2.77 .10 88.00{ 5.28 | 8.87 .12 |
K Ll ! l |
B 3The above values are founded on the moments of inertia of the sections
| using a maximum fiber stress of 15,000 1bs. per square inch; # In, rivet
holes in both flanges deducted. Weights of girders correspond to lengths
.. center to center of bearings and Include rivet heads, stiffeners and fillers. ‘

- R
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161

BOX GIRDERS
SAFE LOADS IN TONS UNIFORMLY DISTRIBUTED
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Theabove valuesare founded on the moments of inertia of the sections
using & maximum fiber stress of 15,000 1bs. per square inch; }§ in. rivet

holes in both flanges deducted. Weights of girders correspond tolengths
center to center of bearings and include rivet heads, stiffenersand fillers.
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BOX GIRDERS
SAFE LOADS IN TONS UNIFORMLY DISTRIBUTED
- ==
i i ° F:f B % % g
! § (| Bt gxs %85 Sy
| Edggx® £y g8 Xw
3 bl | TS Vel x
I t 4 . B X Es & X X
i; ag - 8 w
3% Eg~; Eaid| 2 PR
ERENEY L A
j—g 3 |- 3338 | 3 82 |=afi(zid
¥ |5 iSRG 5 | [IEE|EE
i S35 2E | 557 (2528
218.8| 2.92| 12.22 10 || B29.2 | 8.74 | 18.29 13
21 | 203.8] 8.06| 11.65 11 || 813.56 | 8.91 | 17.41 .13
W | 194.1] 8.19] 11.12 11 || 299.2 | 4.09 | 16.63 .14
238 | 185.5| 8.36] 10.64 12 || 286.2 | 4.30 | 15.90 .16
24 | 177.9] 8.49] 10.20] .12 || 274.8 | 4.48 | 15.24 .15
25 | 170.8 83.63) 9.78| .13 || 268.8 | 4.65 | 14.63 .16
26 | 164.3| 8.76] 9.44| .13 || 258.2 | 4.83 | 14.07 A7
27 | 158.1) 8.89] 9.06 14 || 248.8 | 5.00 | 18.55 AT
28 | 152.4| 4.08] 8.78| .14 || 285.2 | 5.17 | 18.06 .18
290 | 147.2{ 4.15| 8.48 15 || 227.0 | 5.80 | 12.61 .19
80 | 142.8| 4.83] 8.15 15 || 219.5 | &6 57 | 12.18 .19
81 | 187.7| 4.45| 7.88 16 || 212.8 | 5.74 | 11.79 .20
82 | 188.4| 4.60, 7.65 16 || 205.7 | 5.91 | 11.42 .20
83 | 120.8| 4.74 7.42 17 || 199.5 | 6.08 | 10.08 ) |
84 | 125.5| 4.87 7.20 17 || 193.6 | 6.25 | 10.95 .22
85 | 122.0{ 5.00, 6.99| .18 | 188.1 6.43 | 10.45 .22
86 | 118.6) 5.17] 6.81| .18 || 182.0 | 6.65 | 10.15 .23
87 | 115.4| 5.81| 6.62| .19 || 177.9 | 6.82 | 9.89 .24
88 | 112.4| 5.44| 6.44] .19 || 178.2 | 6.0 | 0.62 24
89 | 109.5| 5.58 6.28 .20 || 168.8 | 7.16 9.88 .25
40 | 108.7] 5.71| 6.12| .20 || 164.5 | 7.84 9.14 .26
Theabove values are founded on the moments of inertia of the sections
using a maximum fiber stress of 15,000 1bs. per square inch; }j in. 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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I-.BEAMS AS USED IN FOUNDATIONS
METHOD OF CALCULATION

The known quantities in this calculation are the load (L)
on the column in tons, the allowable bearing capacity per
square foot of ground in tons (b) and the projections p, p’
p' in feet for the various tiers of beams.

Figure the separate areas covered by the successive tiers
of beams and divide the load on the column by these areas.
The quotients will give their respective pressures b, b’ b’
per square foot. Assume any spacing in inches, generally
greatest for the lowest tier of beams and about 9 in. for the
top course.

Find the corresponding figure for such spacing and pres-
sure in the table and multiply it by the corresponding projec-
tion, This product will give the modulus M.

In the table of moduli find the beam corresponding to this
product.

For any other spacing or pressure than those given find M

7 sb
from the formula M-==p |/ =

EXAMPLE

Let L=>588 tons | A:;s;:{ng 1};:8 ft. 6 in., p'=>5 ft. 8 in,, p"=
Let b= 8 tonsl Then b'=6 tons and b"=24 tons.

Use 15 in. spacing for lowest tier of beams
19 s 0 i 2d TR L i
o 9 i " i 3[1 a“ a "

Now using the above method of calculation we have for
the respective tiers :

8.5X1.987=6.78=Modulus corresponding to 12 in. 31.5 1b.
beam,

5.25%2.450=12.86=Modulus corresponding to 20 in. 75 1b.
beam.

1.754.248="7.48=Modulus corresponding to 12 in. 40 Ib.
beam,
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I-BEAMS USED IN WALL FOUNDATIONS
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 1 to 8 tons);
then %—-z W=Required width of foundation in feet.

w=Width of lowest course of footing-stones.
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 asa uniformly distributedload.
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 ft.and “b"
ranging from 1 to b tons per square foot. For other values of
‘*s," say 16 in, or 1% ft., 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

The weight of a brick wall together with the load ic must
support is 40 tons per lineal foot. The width of the lowest
footing-course of masonry is 8 ft. Allowing a pressure of 2
tons per square foot on the foundation, what size and length of
I-beams 18 in. center to center will be required ?

Answer—L=40, b=2, w=6, s=1%.

Therefore W=40-2=20 {t., the required length of beams.
The projection ** p''= 14 (20-6)="7 feet.

In order to apply the table (calculated for s=1 ft.) we must
consider “b"” increased in the same ratio as *'s,” 7 ¢, b=
2 X 134=3 tons,

In the column for 8 tons we find the length 7 ft. to agree
with 20 in, I-beams 65.0 1bs. per foot.
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===
s

TABLE GIVING SAFE LENGTHS OF PROJEC-
TIONS “p'" IN FEET (SEE ILLUSTRATION)
FOR ‘‘s"=1 FOOT AND VALUES OF “b"
RANGING FROM 1 TO 5§ TONS

é; 13 b (TONS PER SQUARE F00T)
=8 1
g+ PRI L |1g (16| 2 [ox o, 8 |s%| 4 |ax|s
24 | 80.00/15.231| 13.61] 12.48( 10.77] 10.16] 9. 8.79 | 8.14| 7.62| 7.18| 6.81
20 | 80.00/18.088] 12.50] 11.41| 9.89| 9.82| 8.84 | 8.07 | 7.47| 6.00 6.50| 6
20 | 65.00(12.488| 11.16] 10.20| 8.82( 8.33) 7.90 | 7.21 | 6.08| 6.24] 5.80| 5.
18 | 55.00{10.857| 9.71| 8.86| 7.68/ 7.28| 6.87 | 6.27 | 5.80| 5.43| 5.13| 4.
15 | 80.00(11.802] 10.63| 9.71| 8.41| 7.98] 7.52 | 6.56 | 6.86| 5.95| 5.61| 5.
15 | 60.00/10.405 9.80] B.49) 7.36) 6.94] 6.58 | 6.01 | 65.56| 5.20| 4.90] 4.
15 | 42,00 8.861] 7.02| 7.23| 6.27| 5.91| 5.60 | 5.12 | 4.74| 4.48| 4.18| 8.
12 | 40.00] T.730| 6.01] 6.81] b5.47| 5.15| 4.89 | 4.46 | 4.18| 8.87| 3.64| 8.
12 | 81.50 6.925 6.19] 5.65| 4.90] 4.55) 4.88 | 4.00 | 3.70( 8.46] 8.26] 8.
10 | 25.00( 5,706 5.10| 4.66 4.08) 8.80| 3.v1 | 8.29 | 8.05| 2.85] 2.09] 2.
9 | 21,00] 5.016] 4.48] 4.09| 8.55) 8.84| 3.17 | 2.90 | 2.68] 2.51| 2.86] 2.
8 | 18.00] 4.854]| 8.89| 8.55| 3.08| 2.90| 2.75 [ 2.51 | 2.83] 2.18| 2.05] 1.
T | 15.00] 8.715| 8.83| 8.08| 2.69| 2.48) 2.585 | 2.14 | 1.98] 1.86] 1.75] 1.
6 | 12.25] 8.112] 2.78| 2.54] 2.20] 2.07) 1.97 | 1.80 | 1.66| 1.56] 1.47] 1.
6| 9.75] 2.580] 2.27 2.07| 1.80] 1.69] 1.61 | 1.47 | 1.86] 1.27]/ 1.20] 1.
4 | 7.50 1.994] 1.78| 1.63| 1.41] 1.38| 1.26 | 1.15 | 1.07| 1.00] 0.94] O

The size of beam for any other pressure is found by multiplying the
projection by the square root of the assumed pressure and finding the
beam having a projection corresponding to this product under the one
ton column,

2R3 SRR 5% R § 32F R
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BUCKLED PLATES

A new form of buckled plate, made in long lengths with
several buckles to the plate, is shown on opposite page. In
this form the plate is usually supported at the two long edges
only.

Buckled plates are used for the floors of fireproof buildings
and bridges. They are usually covered with concrete or
asphalt and stone paving, etc. They are generally made in
length and width from 3 ft. to 4 ft. 6 in., and in thicknesses
of ¥ to 34 in.; they are very strong, as indicated by the fol-
lowing table. In order to allow for some deterioration by
corrosion they are, however, rarely made thinner than X in.,
while & in. is a usual thickness tor bridge floors.

There has not yet been a reliable formula devised from
which the strength of buckled plates can be figured, but from
experiments on plates 8 ft. square, arched 2 in. and well bolted
down on all sides, the following table of quiescent safe loads
uniformly distributed has been deduced.

Approximate Weight Safs Load (One-fourth of
Thiskness ™ Per Square Fook
of One Plate Ultimate Load)
Tnches Pounds Pounds Pounds
X 3.0 10080 1120
1% 116.5 18888 1544
: 1 189.5 20160 2240

The resistance of buckled plates bolted or riveted down
all around is double the resistance of the same plates merely
saipported all around, and if the two opposite sides are unsup-
ported, the resistance is reduced in the proportion of 8 to 5.
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DIMENSIONS OF STANDARD BUCKLED PLATES

(Not manufactured by Carnegie Steel Company)

= Radii of |58 Widtns of Flanges  [No. of Gonnection
3| size of Buekle 3| Bude=n |yad per el iy e
E or or ets| Bide
H o R R e N
m | =
11811 |4 6|86 85 8B 9%|1to T 8 9
24 6311|858 0% 6 85(1to 6| =2 |, = 9 8
38118 6|87|7 046 8 |1to 7| N8 |B i 8 7
48 6|811|3 |68 |7 9%|1to 8 NG |1 g 7| 8
58 9|8 9|8 |7 1%7 1%/1to8| E= |E | & | 8 | 8
B8 1(8 0|8 | 4105 7 1%|1to 9] Hg |2 E 7 8
718 9|8 1/8 |7 1% 4105%1t08] E2 |E | £ 8 | 7
88 8|8 82 [10 2 |10 2 |1to 8] ®E | 2 i 8 8
2 8|8 8|8 |55 (108 |1to10| ST,|5 | 7 6 8
10/8 8(2 8|2 [10 2 |6 6 [1to 8| Fak|T| &= | 8 i
12 28 8|2 |8 70 2 |1tol0)x |05 (=5 g | B 8
8 8|2 2|2 (10 27|38 7(1to 8(Z [®Z| |2/ #| 2| 8 5
8 0(3 0|2 |610 [610 [1to 9 gzl 2|83 | 6 6
292 9/8 |810% 810%/1t01015 | o |Hf &% | 6 t
2 6|2 9|2 810%| 4 77%|1tol0(s (2l [S|E| S| B 6
2 9|2 6264 7% 810%|1t0o10(B [Z&| [&] o | S| 6 5
2 6|2 6|20 810%| 810%|1tol0s [So| [2|F|2| 5 5
2 5|3 6[8 |611Al6 8 [1to8lF |22 |E1=|8| 7 7
8 6|85(8 (6 8 |b1plito8lal’ 5l |alBd|lol 7 7
86(89(3 (68 |7 1%1to8|3|5.1 (8T8 7 8
8 9|86(8 7 1% 6 8 |1to 85 |=8| I=m|E[&| 8 7
8 2|8 1|8 (5 18/ 410510 8| [ (& | Ay Ced
3 1/8 2|3 410%51;)?“39 - i T 7
808 1(8 4 7T|410%1to 0| W& |8 | ] 7
83 1|3 0(8 |41054/4 7T%|1to 8| EY |2 g 7 6
2 6|2 0|2%| 310%| 2 64/1to10| 25 | E g 5 4
2 0|2 6|2% 2 04 310%|1t015) ES |8 ‘B i b5
5 6|8 681218 13 5 4%|1to 5| B~ |5 & 1 T
8 6|5 684|565 418 1d}|tonly| 54 = 7 | 1
4 0l4 0|78 138 1%|1t0 8

Letters L, 11, 12 and | 8 refer to dimensions in length of plate.
Letters W, W 1and W 2 refer to dimensions in width of plate.
The line between buckle and flange or fillet is not sharply defined on plates,

Plates are made of stee] and may be either %, 5-16 or 34 in. thick.

1f plates of greater length than given in the table are required, they may be made by
splicing with bars, angles or tees.

Connection holes are made either for 5 or ¥ in. diameter bolts or rivets, but all
holes in plate must be same size, as holes of different diameters in the same plate will
increase the cost of the plate.

Buckles of different lengths (L) and widths (W) may be used in the same plate, but
that will increase the cost of the plate. Buckles of other dimensions than given in this
table may be made, but the making of new dies will be at an additional cost.
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TROUGH-PLATE FLOORING

‘The trough and corrugated plate sections shown on page 24 are used
for floors of bridges and fireproof buildings, as shown in Fig. 6, page 48.

The following tables give weights per lineal foot of each rolled
gsection and per square foot of floor surface for thicknesses varying by
# in. ; also the section modulus for one foot in width and the safe loads
per square foot for spans of different lengths, using fibre stresses of
12,000 and 10,000 1bs.

i H
".____E."f___*__.. LTS Py SIS

PROPERTIES OF TROUGH SECTION

Section index . . a . i r M‘ 10 M11 | M12 | M18 | M14

Thickness of base . - . - - a 4 &
W e oot .+ 1 | 1d% 1% |16% |t | of%
Weight E[er square foot o . | 25.00 | 28.15 | 81.81 | 84.48 | 87.74
Section Modulus for 1 ft. in width ., | 11.506 | 18.06 | 14.57 | 16.12 | 17,67

SAFE LOADS IN POUNDS PER SQUARE FOOT OF
FLOOR FOR SPANS OF DIFFERENT LENGTHS

% M 10 M1 M12 M18 M4
.
5 |
12,000 | 10,000 | 42,000 | 10,000 | 12,000 | 10,000 | 12,000 | 10,000 | 12,000 | 10,000
,?,« %‘m ths. | Ths | lbs, ‘%\:s. lbs, | Ths | lhs | Ths, | lbs.
1
5 | 8600 | 8088 | 4170 | 8488 | 4662 | 8885 4208 | o654 | 4TI
6 | 2569 | 2141 | 2002 | 2418 | 8238 | 208 2085 | 8927 | sem@
7 | 1887 | 1578 | 2182 | 17vv | 2579 | 1088 2193 | 2885 | 2404
8 | 1445 | 1204 | 1638 | 1361 | 1821 | 1517 1079 | 29200 | 1841
9 | 1142 | os2| 1200 | 1075 | 1480 | 1199 | 1502 | 1827 | 1745 | 1454
10 | 925| 71| 1045 | 871 | 1168 | 072 | 1200 | 1075 | 1414 | 1178
11 | 764 | 687 | 884 | 720 ‘068 | 808 | 1066 | 888 | 1168 | 978
12 | 642 | 585 | 726 | 605 | S00 | o7 | sos | wr | 082 | 818
18 | »4r| 4s6| e18| 515 edo| 65| 78| 686 | 836 | o007
34 | 472| 803 | 588 | 444 | 505| 406 | 638 | 548 | TR 601
15 | 411 | 843| 464 | 887 | 518 | 452 | 678 | 478 | e8| 5!
16 | 361 | 801 | 408 | 340 455| 870 | 504 | 420 | 55| 460

Safe loads given include weight of section.




CARNEGIE STEEL COMPANY 170
CORRUGATED PLATE FLOORING
M 30 M 33
Sl e ¥
Ii-—--——---B.-n e e 1234
PROPERTIES OF CORRUGATED PLATE
Section index . . M30 | MB31 | M32| M33 | M34 | M35
Thickness of metal . ) 01'., 34 ﬁ}“f 4
Welght per lineal foot -] 10.1 | 12.0 | 17.75 .71 | 28.87
ﬁe s?uare foot . . |11.05| 18.78 | 16.50 | 17.47 | 20.80 | 28.30
Bect lon Modulus £or 1 Et In
width . 1.10| 1.65| 1.95| 8.28 | 8.4 | 4.89
SAFE LOADS IN POUNDS PER SQUARE FOOT OF FLOOR
80 M31 Ma2
e
et | 5000 Ibs. | 10,000 Ibs. | 12,000 bs. | 10,000 lbs. | 42,000 Ibs. | 10,000 Lbs.
b 852 203 490 413 624 520
6 244 203 845 287 483 861
Lo 180 150 258 2an 818 205
8 138 115 104 162 244 208
9 100 01 158 128 103 161
10 88 78 124 108 166 130
11 e 61 103 86 120 108
12 61 b1 86 il 108 v
13 53 43 73 61 92 i
14 45 88 63 58 80 67
15 89 83 b5 46 69 | 5%
16 85 29 49 d1 66 | 5
M 33 M 34 M 36
Span in
et | 49000 Ibs. | 10,000 Tbs. | 12,000 Tbs. | 10,000 Tbs. | 12,000 1bs. | 10,000 1bs
b 1049 874 1298 1023 1404 1170
] 78 607 858 T 5 813
% 535 446 o2y 523 Ty 598
8 417 842 480 400 549 158
9 824 270 379 316 433 861
10 262 218 807 266 851 208
11 217 181 254 212 200 242
12 182 162 218 178 244 208
13 155 129 182 152 208 173
14 184 112 1657 181 179 149
156 17 98 186 118 156 130
16 108 86 120 I 100 187 114
Safe loads given include weight of section. i
Weight per square foot given does not include weight of splice plate.
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CORRUGATED AND GALVANIZED
SHEETS

Corrugated sheets are used for roofs and sides of buildings.
They are 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 12 in. 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, otherwise 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 purlins to be placed further apart. The sizes of sheets
generally used for both roofing and siding are Nos. 20 and
22, B. W. G.

By one corrugation is meant the double curve between
corresponding points, and by depth of corrugation the greatest
deviation from the straight line measured between the concave
surfaces of the corrugated sheet.

The corrugations are 2.425 in. long measured on the
straight line; they require a length of sheet of 2.725 in. to
make one corrugation, and the depth of corrugation is £} in.
One corrugation is allowed for lap in the width of the sheet
and 6 in. in the length for the usual pitch of roof of two to one.
Sheets can be corrugated of any length not exceeding 10 ft.
The most advantageous width is 80)4 in. which (allowing
1 in. for irregularities) will make 11 corrugations==30 in., or
making allowance for laps will cover 24} in. of the surface of
the roof,

By actual trial it is found that corrugated sheet No. 20
spanning 6 ft. will begin to give a permanent deflection for a
load of 30 lbs. per square foot, and that it will collapse with a
load of 60 lbs. per square foot. The distance between centers
of purlins should therefore not exceed 6 ft. and preferably be
less than this.
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CORRUGATED SHEETS
(Not manufactured by Carnegie Steel Company)
The following table is calculated for sheets 801 in. wide
before corrugating.

Veight pr Square of 100 Square Yook
] Ll aud 214 In, ar ane '3'3
g’ 1 §_§E BEE [of Shaat for Sheet Leagth of 1 E
: 1 3 e

[ T P - -

)

2 L I e[ e ‘ o | 10|53
16 | 005 | 2.01 || 328 || 965 e | ms| 0| 38| 48| 2.95
18 | i089 | 197 || 28 || 25| =mo| 2e7 | 266 | 2oz | ee1 | 2m
20 [i085| 1.0 |[ 1.7 || 196 | 108 | 190 | 188 | 186 | 185 | 1.7
99 |ioes | 1012 || 1041 || 1m6 | 54 | 152 | 150 | 149 | 148 | 1.48
o1 |io22| e8|l 1imn || xes| der | 19| ms| ur| ur| 1
g6 |.om8| e || von || xo1| e | er| er| eo| 5| 1.0

NoTE—For weights per square laid with one and one-half lap add to
above B per cent. For weights per square laid with two laps add te
above 10 per cent. .

TRANSVERSE STRENGTH

1== 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,
w = Breaking weight distributed in pounds.
49.05t. b. d.
1
__ 99900 t. b. d.

N
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NOTES ON ROOFS AND LOADS FOR SAME

ANGLES OF ROOFS AS COMMONLY USED

2 " Angle £ Angle
g Length of (| Proportion Length of
Rise of Risa i
t0 Span | Rafter to Rise o Span ) Rafter to Rise
Deg. | Min Deg. | Min
b4 45 1.4142 ¥ 26 9 2.2861
b 88 41 1.8028 i 21 48 2.6020
" 80 [ . 2.0000 i 18 | 26 | 8.028
v
APPROXIMATE LOADS PER SQUARE FOOT FOR ROOFS
OF SPANS UNDER 76 FEET, INCLUDING
WEIGHT OF TRUSS
Roof covered with corrugated sheets, unboarded 8 1bs.
Roof covered with corrugated dheets, on boards 115
Roof covered with slate, on laths b F.
Same, on boards 1% in. thick . iy
Roof covered with shingles, on laths + 300
Add to above, if plastered below rafters 10 “
Snow, light, weighs per cubie foot . 5 to13 ¢

For spans over 75 ft. add 4 1bs. to the ahovc loads per square foot.
It is customary to add 80 1bs. 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 pounds per square foot.
A=Pressure normal to surface of roof=F Sin. al.8 Cos. a-1.

B=Pressure perpendicular to direction of wind=F Cot. a Sin. al.84 Cos, a,

C=Pressure parallel to direction of wind=F Sin. a 1.84Cos. &

Angleof roof=a | §° | 100 | 200 | 800 | 400 | B0o | 60° | 70° | 80°
A=FX J125| .24 | 45 | .66 | .88 | .95 | 1.00 | 1.02 | 1.01
B=FX JA22) .84 | 42| BT | W64 | .61 B0 85| AT
=X 01 |.04(.15)|.38| .68 .78 | .B5| .B6| .00
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ROOF TRUSSES

TABLES FOR FINDING STRESSES IN MEMBERS FOR ROOF TRUSSESR
OF THE DIFFERENT TYPES AND PITCHES AS GIVEN
BELOW AND OF ANY SPAN

RuLe—To find the stress in any mewber, multiply the
coefficient given for that member by total dead load carried
by truss (=span in feet X distance between russes in feet X
weight per square foot), If the truss is acted upon by wind
forces or other unsymmetrical loading, the stresses in the
members must be calculated accordingly and combined with
the dead load stresses as found below.

Momber T s 0. g NOTE—Heavy lines
of Truss ' denote compression
% 800 Y and light iines tension
members. Loads are
Fig. 1 considered as concen-
fa- 075 700 838 1.010 trated at the joints.
Bb Jher 025 788 07
Ca 663 L6050 160 088 FIG. |
Ce 878 .488 500 -625 B
ub 208 217 204 232
be .188 o7 250 818 A b
Pig.2 2
X 750 883 080 1.120
BEb 559 .666 BT .23 c
Da 625 T2 833 1.042
Da 875 433 500 625
ab 155 167 .180 202 I
be .155 167 .180 202 Fig, 2
ed 250 288 883 A7
Fig. 8
a 788 87 08 1.178
Bb .T18 812 82 1.181
Ce 640 750 866 1.085
Dd 580 087 810 1.088
Ea 655 758 875 1.0
Ef .ho2 650 750 K]
Ee 375 433 00 625
ab J04 108 118 118
bf 003 108 125 156
ig .208 218 224 233
gc 063 108 125 150
cd J04 08 118 118
r 187 217 43
¢ 280 a2 875 400
- — H i -
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STANDARD CAST IRON SEPARATORS FOR
I-BEAMS

Separators for 18,20 and 24 in. beams are made of 3 in. metal.
Separators for6 to 15 in. beams are made of X in. metal.
Separators for 5in. beams and under are made of 3§in. metal.

SEPARATORS WITH TWO BOLTS

Designation of Beam Distances Bolts Weights

ool £ [5dy w=g
: s B |=7<s|8 |23
R INE IR
3 =3 |202 (3 (3] 4 | § Bace g A%t
g g -l E SLEE S [29E2
it 2550|828 8 |2 [s2id|d (3550
‘ Gl a7~ | 2 |EE3"|&|55d
E 3 B 52
B1| 24| 8 [1437] m¢|s| 12 | o |s41| 250 |32] 5.0
B2| 2 |8 14| 7|3 12 ng 3.41 | 250 |28 810
B8| 2 |6 [18%| v || 12 | s |ses| (20 |25] 810
Be0 | 18 | 65 |19/ | 6y |¥% | o | s |81 %0 16| 275
Bs|is| 6 }ig o | 8| Tl G |5m| e 1] im
B7|15 |42 [n%]| eg|3| % 7§ 2.08| 1250 (15| 1.
B8 12 |40 |1¥| 6" |5 | 57 72 (e8| (250 |11| 1:50
B 9|1 | 8510 | 5 |%| b5 |7H|%;| 0 1] 150
SEPARATORS WITH ONE BOLT

B8 13 |40]|1%]| 6 4 7 (140 | 125 (10| 1.50
Bl |asul o B\ o) Bl 18
B18| 9 [20] o& e § l ; 6% |1.8¢| 15| 7| 120
Bis| 8 |18.0| 8| ax |5 | : 6% |1.28| 25| 6| 1.00
Bir| 7 |1.0| | 4 6 |15 | .ae5| 4|
B1o| 6 |10 141 4% 35 5 | 122 | 15| 4| leo
Ba1| & | ol o | su ¥ 437 136 et | 8| z0
Bes| 4 | 7iso| 5% | 8% |5 44 118 | 3| 40
Brz| 8 | 550 58| 37 | 5 4 oo | “woe| 2| o5

"
L]
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STANDARD WALL ANCHORS FOR BEAMS AND

CHANNELS :
l * .#2’1. lir___ |
-o----o-t_----------g—_ﬂr-f-[ e -I-}--w-ai ----------------
AV Wi Ve

A %
o
&
\Ell
Lt Bt

NO. 4 NO. 3 NO. 2 NO. |

w5 %s3g | 422 24 23 |lex| 353 é.! =2 '&E
:;'3 ﬁ.g | ‘3-1 E— ;A EE E- E% - Ll En
“|&23= | Zx= o= 1= a- o g |Fa
1 8to © P 16 2; 8to B| 2K X 12
10t024| ¥ 18 | 2% || 4| 6to10| 8" X 12 | v
— 10to 24| 8 X 156
3to B| 24 X/ a
2| 6tol0| 8 X 8 v 8to 9 3 16 | 2
12to 24| 8 X3 | 12 6 |10t024 18 | 2y
Bto b|6XEx¥| 24 8 All weights and dimensions
8| Bto10|B8x8x¥%| 8 8 || marked V are variable, as are also
12t0 24/ 6x6x%| 8 11 || other figures where not given.

All material for anchors steel, except Nos. 7 and 8, parts of which
may be cast or malleable iron. All anchors are shipped loose and
riveted or bolted to beams in the field ; and in order to avoid two size
holes in the same piece anchors should be so selected that holes for them
and their connections may be {j in. The weights given above include
the bolts or rivets for field connections.

Anchors Nos. 1,28, 4 and 8 are common in building construction ;
the split anchor bolts Ne. b, with or without wedges, are mostly used for
bridge work and column foundations; the washer for No. 7 on outside
of wall may be either a cast iron star or a steel plate; expansion bolts
No. 8 are of use in repair work to fasten channels, ete., to brick walls.
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CARNEGIE STANDARDS

a
- - -

. I S S S S L e O/ §
is 58 2 T |3 =+ g 2
8 2 2 g | =g _a ’EE 2 =
g_:g ;E‘ 53 Fﬁ éﬁ ,%E gg 5-—- §§ E E
dme| ke \melv x|
24 ggﬁg 7 4 203 1% | 33| % | 16 }"ié
1 p 1 5
50.0| T Bls |0% B % 5
100.0 4 16 1 1

95.0 ? 4 16é 13? % ﬁ 2
Bio fd gl
). i b -
20 | g00l 7°° : lwg|i%| § ﬁ 16| 2
SERETAE I R
a;i‘ 84 (17 [1% | § ;g s
7 : 2 15 1 ©
SEERAR AR R A
o | 3| 5% | 1ok |1k % g

: ig 18 |8 |11 |2 |1&| %

. 1 | L 3y |11 2 14 | 7%
. ﬁ% 8% [11 |2 |1 | % p
86.0| 63 | 8% |11 2 145 | 7% 8
LN
: ; 1 113 =
15 | 70.0| 6 i 3 | 1130 | 1% i ¥ |12 8
6.0 o | 1 |83 1|15 | B3| % %
60.0 33 [113¢] 15 ¥ &
55.0| 53¢ i 8 |12%| 1Y ég ¥ &
50.0 8 |12% |1 | 5 | ¥ S

45.0 g 8 |124|1¥ | % | ¥

42.0 #H18 [12%|1% | % | ¥
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CARNEGIE STANDARDS

0 0O
¥ 0 O

=3 of web +is"
[
STANDARD FRAMING ;i ;ﬁ '§;i§ §§;§
a a B L
~— [
D I 5 ¥ |100.0
S s i3t ,;; 95.0
-+ | T2 T g % %-g 24
24" ' 5 % | 80.0
5% | % |100.0
| % | %0
85.0
2—Lsd x4'x /' x1'—0 gﬁ ’;% go.0!| 29
w
t. 43 1bs, 63} 7 7%5.0
= 5,;2 % | 1000
Pﬂ_’l.;- L T b ¥ | 65.0
) o L F-Hé 53¢ 70.0
18"and (kL] 3 12 556 ';{ 65.0
" ”m 1 18
o R || E | e
LT 6% | 3 100.0
2% 6 | 3% | 95.0
8—Lsd'xd'x ?’ﬂl x1'—8* 6 ,}2 90.0
Wt. 86 ibs. 5% % ggg
ool 2’55 % | 5.0
e trgl | 3 | % B o
T L s ) 4 ¥ g
156 il AT—p i 5% ;}z 60.8
ST e 5 55.
*iie A #\ | 5 % | 50.0
Z=_ L 5 ,; 45.0
bt e o
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CARNEGIE STANDARDS
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CARNEGIE STANDARDS

£
B.;:\%-_::
=g - =
2’ [ 18
i g |8
)— = 412
128 et el o | & o
oo + 2118 85.0
olietclito?] ?;12 ’;’ 81.5
8—Ls6 x4 x4 x 0/—7%" b53f % 40.0
Wt. 28 1bs, 5% 85.0 10
AR
53¢ 2 85.0
B 30.0
B o 2% 2% By 95.0 | ©
, 5 b 21.0
9" and 11 ,_fi,_-._,,.ﬂ, % | 2.5
LA 5it 2.9
. 5y i 8
0 | ¥ | %8
2-Ls 6 xd" x " x 0'—5" b 4 18.0
Wt. 16 1bs. 5% 90.0
5% ? 15| 7
] w2k 5% | & | 16.0
g. and e 5% ¥ | 17.25
i 5% | X | 1475| 6
5% | & | 12.25
8—Ls 6" x 4" x & x /—3" for 6" 514 5 14.75
i-Lsb'x -:::t,;:? :]r.b{?"—ﬁ}? for 5" 5% }g i S
Wt 81bs. 5X4 T 9.75 |
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CARNEGIE STANDARDS
G

E ;E 2 g | S |u2 | M2 | @ ‘gé 5 &

5 = 2 £

AR IR R A O
|10.5(27% | 13|18 |2 | % | &| %
9.5 1% | o

o 23| H|1B (Y| #| &% | ¥ 6| 1
8.5|2F| |14 |2% | % | H| ¥4 =
nol o8| M |1% | 2K | H| &| ¥ g

X

|75 20k | B[t |1 S| M| % X

8 | 65|28 | #|1m |1 | 6| x| | 6| °
5.5 2;«}] H G |1 | %] X | %

When beams frame opposite each other into another beam with web
thickness less than % in., or where beams of short span length are loaded
to their full capacity, it may be necessary to use framing angles of
greater strength than the standards.

TABLE FOR MINIMUM SPAN LENGTHS

MTHENHAEBE
24 | 80.0 | 22.0 15 | 80.0 | 20.0
20 |80.0|22.0( 18 |55.0|14.5) 15 | 60.0| 15.5
20 | 65.0 | 18.0 15 | 42.0 | 11.0
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CARNEGIE STANDARDS

e a—

B ) R

7 E—

-y | =2 | 5 |4
STANDARD FRAMING éi 53 . sé
| §
Byy ¥ | 10.5
4" and 8" L AL = o
22 5% | % | 85
f 7.5
= ]|
634 4 7.5
2—Lsb xd"x fy" x0/—2
Wt. 71bs. i34 P 6.5 3
5% | &% | 5.5

All rivets in standard framing angles are ¥ in. diameter.
Weights of standard framing angles include weight of shop and

| field rivets.

TABLE FOR MINIMUM SPAN LENGTHS

=3 = - B 4

R D R EEHE
B ) ‘ 8 [18.0 |5.5( 5 lo.75l 4.0
12 |40.0/11.5 10 25.0,9.5| 7 [15.0 |4.0]| 4 |7.5(8.0
12 31.5| 9.0 9 !21.0 7.0] 612.25e.5/ 8 5.5/ 2.0

—
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CARNEGIE STANDARDS

This leg punched same as

C}L-'wab*l".ﬁl"

6"log of standards
(] - !
STANDARD FRAMING §i gi ‘?é Eéé
2" 8% | % |55.00
15" = 81 § | 50.00
2Ls TE‘ } 1Y 4 814 1 . |1 45.00 | .
exexy (TESIHATH | g | 40.00 | 18
0—10" ._ :$__$354”- -9 5 2;_ }'i | 85.00
Wt.811bs. |o-F |2 Ha-8[> z s | 83.00
, 8Y 40.00
2% 334 H 35.00
i —f i 1 £
12 ‘gz 24 | 3 | 20.50
........ B
8 L8 x4 x A x O —TI4" 3}: ;f 80.00
Wt. 23 Ibs. 8 ¥ |25.00| 10
‘3 2% | ¢ |20.00
2 | &% [15.00
8", 9 and 10"
3 ;
eI
R, \ 211, % |21.25
8 Ls0 x4 x i x 0" 2% L B 8
Wt. 16 1bs. 2} }’z 18.75
2;! % |11.25
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CARNEGIE STANDARDS

Koo m e e e e e e -b»r-
r‘; H

I i’g:‘
u

BEIN T FIFIELE
il 3 ] el — | &R
19.75' | % | 14| 48| ¥ | # | #
17.25( 24 | 82 | 1% | 6% | X | ¥ | #%
TOo|14.7] 23 ). 38 | 1X| S| ¥ | H | 4
12200 24| &% | 14| 54| ¥ | ¥ | 3%
9.7 28 | 3 | 1¥| 54| ¥ | H | #
16.60( 2 | o | 16| 44 | ¥ | % | 3%
18.00) 28 | o | 136 | 44| ¥ | 4 | #
|10 op | & | 13| 4% | x | B | %
8.00| 153 | 43 | 1| 4% | ¥ | ¥ | #
-]11.50 2% | 3% | 1X | BX | ¥ | & | ¥
5] 9.00. 155 | 8 | 1X| 8% | % | & | ¥
6.50 1| & | 1 B | MK | % | %
725 1| 8 |1 2| K | & | 4
4 |e625| 1| 1|1 Y| % | & | 4
5.25| 183 & | 1 23 | 5 | & %
6.00 13| 1| 1| #% | X | 3
3 5.000 1% | 3 H|1x| % | ¥ | #
4.00| 1138 b 1%i | X | %
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CARNEGIE STANDARDS

this leg punched same as
6" leg of standards

= og | 258 |%4g
STANDARD FRAMING e £3F |2
2 | d | 5
252%"
P ﬂ? | 183 [ 3 | 1976
& ‘a-.;.*»—--F o1- 3 < | 17.28
s S o | % |14
2 Ls 6 x4"x &'x 0'—5 243 % |12.25
Wt. 16 1bs. 2“_ % 9.7
247 25" 84 | 3% | 15.50
g B o1 | % |13.00
§ {i'} """" D& - 243 | 3 | 10.60
2 8.00
2—Ls 0 x4 x " x0"'—3" for ¢ i* X
Wt. 91bs,
2—Ls 6 x 4" x 5" x '—214" for 5 3 ¥ | 11.50
bk 4% | 3% | 9.00
24 | X | 6.50
e 213 | 3% | 7.25
" ;’gﬁi‘:‘ 2% 'I'a‘ 6_25
Y E’EB o | ¥ | 595
2% 7 | 6.00
2—Ls6 x4"x 7 "x0—2"

Wt. 7};: 2% T 5.00
21 | ¥ | 4.0
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CONNECTIONS FOR DIFFERENT DEPTHS OF
BEAMS FRAMING OPPOSITE

Set buck ¥’ for 254
and over for 8% and 9 "Ta

Q0

;' g_

d

QOqRb O

16"AND 12" 12" AND 10"
12”AnD 9"
12”AND 8”

Set back ¥ for 257,
md over for 8'and 9'Is

" o
16 AND 10 12"AND 8"
16“AND 8
16”AND 8"

Cut Ls fof 60*
and over
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CONNECTIONS FOR DIFFERENT DEPTHS OF
BEAMS FRAMING OPPOSITE

10"anND 8"
10”anD 8"
8”AND 8"

10”anD 8"
9"anp g”
g"anD 6”

Use standard gauge (24 in.) connection Ls on beam with lightest
web. The first hole in connection Ls is ¥ in. from bottoms of beam in all
cases except when a 7in. beam frames opposite, in which case the con-
naction is special.
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CONNECTIONS FOR CONSTANT DIMENSION
Z-BAR COLUMNS

The number of tons indicated denote the end resctions of load on besms for columns of 4 in.
metal and above, hr}..il..-nhdmlhnhytspwul.

1 e T ] ) i =
r_: : 5. EG | ‘Qﬂﬁ"f:lg'
H EE i 1
% &::—:-:-g | |
= @) ol |G 1ol | B & e ol I e
4 al ol | |ajl i lof off | 10
& ! : ! @ o | o
I i &l o) o} o
[ | : | e}
i 1 i [ (]
_ (LRLR] (R Ll e ) e
Rosotion | 4.4 Tons | s8Tms |  17Tms | 285 foms
ﬁﬂw“ﬁldmﬁlnﬂhm
| 218 8 '-:rn y—imaL 1'—r LY g
A o z:% & e
S o4 o'—u mals rr—
Qonnt'n f 42 Fills 8184 0—
== _ ~ {t0rivets "d.lm. 14 rivels .."(Hm.
Weight 19 lhe, ! 24 Ibs.
- -
- ™ —
g S—
Q €] Qo o
g ol lo
r 3 cE >
. ) 4
- b 1 3
| | |
Reaction| 44 Tons | 88 Toms 7 T%ms |
stumdwgm:rmwm, oti
2L 304x8x84 0 —117] u'—n'fu.a 83940 —117 |11 314x8x84 0/ — 11
s m-ﬁy h% "y —% %’eé X80 0'— 11
for ons mhs "2 Fills 'L?—_%é*
vata ; 17 rivets 4,7 diam.
Weight 16 Ibs, 68 Ibs,
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DETAILS OF SPLICES AND CONNECTIONS FOR
I-BEAMS TO CONSTANT DIMENSION
Z-BAR COLUMNS

B CEEI 000 e

S 00|

s O e

1

?"_{ Brices

S
o | T

Dov[ee e

i

'

" B EEEOD

ﬁ in. Metal and above 17.7 tons n in. Metal and above 20.5 tons
For description of other details see page 1
Rivets and bolts ¥ in. diameter
Splice plates 13in. by thickness of Zs by 1 ft. 6in. long
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CONVENTIONAL SIGNS FOR RIVETING

= ! k= = q‘*‘—ﬂ

~ {  Two Full
Heads b et L L L ) R Heads

D T & B B & W ‘e

-== Shop % Field -
ZA e —— A——a—— i ————
o — o) — = 7 — J
Flattened 1o X"
or Countersunk and Flattened to X" Flattened to %"
not chipped

s © 5 0 6 @ O @ & |

531ZES OF RIVET HEADS AND CLEARANCES
FOR MACHINE DRIVING

Size Head Countersunk

Mlhiiinn.

‘ Diam, Height ‘Dilm.“ll"

| % ;«sl% s
# | O |k [ & |1
¥ | & | 1% % | %
Al 0B I | & | 15
hel %\1% % | 1%

A must not be less than ¥ in. 4+ ¥ H,
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LENGTHS OF RIVETS FOR VARIANT GRIPS

Grip-===-mre

Memm—— e

Mmoo s Langili==-n=aaasd

Length =-==---=

WMENGE  Eunedied  eveewinns e
sopuy w4z AEAAAATE ANANNNNN OHDRPBRD PFIIITIFO |
B R e I S TR Eommeee @
~ rmnn HOANANNN DROBHHHH IFNFFIN0 BOLBOLOOD
2 ORI & ot S P 0 I S o SOOI b S e
4 |* m T BaRNRANE SNDDBSRDE SPIS 1BRBBBBOD
Lo Sl e A
A P Fennt R Swnainr o Swenns 2 mecnmos
N8 | BN AN RRANA N0rennnn HeIReIer Nobooods0
M = m SRR e et NSRS BSURNY SoSumems
A AHONANNN NNNDOHON0 OHRHdddE FODROBIOO
- NN MNNS Mema Wnes Seeg SEESE ES o Smmnee
s i SN NN Mm 334 b dlelfallalla] u]la]ls)
B e R I A T R e
= NRNN 2223333% 334@444% HODOINODVO LOOODOODL
= e NEmaEneEn e s ne e Ans  Whmaimene
Hm s W NN NNNNOWON oo Hdddf 4_.4_555555 [lallalioliefinlisfioliolio]
8 x| B | 2 oEw dame e aueea Wee dewes Evamn s e
M " B O NNANNMMON onnNddrd didonund QuROODODO
8 |« m MEE R MRRe Noe NNne Nne NOEyes ae  Mamne newns
A | = HAAA ANNANONN DOOOOHHH HAFHOOODO BBDOODOOD
W I T N T
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EXPLANATION OF TABLES ON RIVETS
AND PINS

Pages 105 to 199 Inclusive

Intransmitting stresses 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 stress 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 resist-
ance 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 overlooked 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 neces-
sary to adopt a greater thickness of web than would otherwise
be required. Thus, if the web is f in. thick, the rivets con-
necting the same with the flange angles have a bearing value
of only 8,520 1bs. for a i in. rivet, while their shearing value
is =2 X 8,810 = 6,620 1bs. per rivet, the rivets being 1n double
shear. Consequently, while the usual thickness of web of flcor
beams for railway bridges is 3¢ in., it sometimes becomes
necessary for shallow floor beams to increase this thickness
to ) in. and evemn 3§ in., in order that the pressure of the
rivets upon the semi-intrados of the rivet holes be not exces-
sive between the points of support of floor beam and of appli-
cation of the load (in which space the transmission of strain
from web to flanges takes place).

Pins must be calculated for shearing, bending and bearing
stresses, but one of the latter two only in almost every case
determines the size to be used. The stress allowet' upon pin-
bearing in bridges proportioned to a factcr of safety of five is
usually 12,000 1bs. and the maximum fiber stress by bending
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15,000 1bs. persquare 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 stress,
on the presumption that all the bars are strained equally per
square inch.

The following is the formula for flexure applied to pins:

~fxdt _fAd
M= 33 or =g

M=moment of forces for any section through pin.

f=stress per square inch in extreme fibers of pin at that

section.

A=area of section; d=diameter; ==38,14159.

The forces are assumed to act in a plane passing through
the axis of the pin.

The tables on pages 197 and 198 give the values of M for
differert diameters of pin and for different values of /.

The following examples will illustrate the use of the tables:

1. A pin in the bolster or end shoe of a bridge has to carry
a load of 40,000 1bs. between two points of support; what size
of pin is required, assuming the distance between points (£ .,
centers) of support of bolster plates and centers of pressure of
end post plates=22 in.?

Answer: Bending moments=20,0001bs. X234 =>50,000 inch
1bs., therefore, 8% in. pin required for 15,000 1bs. fiber stress,
since the allowed moment for 8% in.=50,600 as per table.

2. Required the thickness of metal in the top chord or in a
post of a bridge that will give sufficient bearing area to a 834 in.
pin, having to transmit a stress of 60,700 1bs. ; the allowed pres-
sure per square inch on bearing being 12,000 1bs. maximum.

The bearing value of a 834 in. pinfor 1in. thickness of plate=
40,500 1bs., therefore, the thickness of metal required=go"oi=
1% in., or each of the two plates in the chord or post will have
to be ¥ in. thick.
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SHEARING AND BEARING VALUE OF RIVETS
ALL DIMENSIONS IN INCHES

Diameter of Rivet | Areain Single Bearing Value For
-
Fraction | Decimal o % fe Gl Ta
¥ I i) 1104 660 1130 1410 1690
14 500 1963 1180 1500 1550 50 1 2630
5 025 | L3068 | 1840 1880 2340 2810 IR0
% 750 4418 2050 2250 2310 3880 3040
7% 875 6013 8610 2630 3280 B0 4500
1 1.000 TR 4710 000 4750 4500 5250
Diameter of Rivet | Areain Bingla Bearing Value Por
Todire Square Shear at
- il Inches | 7,600 lbs, Yy s % kA
3 875 L1104 830 1410 1760 2110
14 500 1963 1470 1880 SHU 2810 3280
56 025 3068 2300 2340 2430 3520 4100
¥ s 418 3310 2810 8520 4220 4020
% 875 L6013 4510 33280 4100 4920 5740
1 1.000 T4 5890 2750 4690 620 §  0s6o
Dinmeter of Rivet | Arenin | Single Bearing Value For
Tnches Square Shear at
= s T Inches | 10,000 lbs. Y 3 3 ’;'
k7 875 1104 1100 1880 2340 2510
¥ | .500 | 1063 | 1960 | o500 [ B8O | 0] 4880
56 0625 3068 8070 3130 8010 4690 5470
¥ 750 4418 4420 8750 4690 5630 6560
% 875 L6013 6010 4380 5470 6570 T660
1 1.000 7854 T80 | 5000 6250 TH00 8750
Diametor of Rivet | Areain Single Bearing Value For
Toohes Squara Shear at
“Fraction | Dol | et | 30001 | g fa #
% 475 1104 1320 2350 2050 3520
4 500 L1963 2360 8130 8910 46590 5470
56 025 L8068 3680 3910 4880 5860 6540
¥ 7560 418 5800 4690 5860 7030 8210
% 875 6013 a0 5470 8210 9580
1 1.000 854 80 6250 820 1040

In above tables all bearing values above or to right of upper zigzag
lines are greater than double shear. Values between uglper and lower
zigzag lines are less than double and greater than single shear.
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SHEARING AND BEARING VALUE OF RIVETS
ALL DIMENSIONS IN INCHES

Different Thicknesses of Plate in Inches at 12,000 Ibs, per Squars Inch

% x| % | v | % i # ] 1
8000

3750

5250 o190 | o840 | ....
6000 0750 | 10500 | 11250 | 12000

Differeat Thickneasss of Plate n Inches ot 15,000 Ibs, por Square Inck.

¥ | & | % | 8w | x| a| x| 8] 1
8750 .

4000 -

6500 1480 | 12800 | ...
7500 18180 | 14000 | 15000
Different Thicknesses of Plate in Inches at 20,000 Lbs, por Square Jnch
b e 3 H e 4 il 1 1§ 1

5000 | ... <
g250 | 7080 | 7810 | ... | ....
7000 o820 | 10810 | 11280 | ... | oo | ..e.
§750 | 9840 , 10930 | 12080 | 18180 | 14220 | 15@10 | 16410 | ...
10000 | 11250 | 12500 |71 16000 | 16250 | 17500 | 18760 | 20000
" Differeat Thicknessos of Plafo in Inches st 25,000 Ibe, per Squars Inch i
BEEERENESE. % !
t .___.__1_—_..
810 | s | om0 | L | L.
0350 ! 10000 § 11720 | 12800 | 14000 | ...
10040 Itzsm 1570 |15040 | 10410 | 17770 | 10140 | 20810 | ...
12500 | 14060 | 15630 | 17000 | 18760 | 20820 | 21880 | 23440 | 25000

Values below and to lzﬂ? lower zigzag lines are less than single shear,
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MAXIMUM BENDING MOMENTS OF PINS
WITH EXTREME FIBER STRESSES
VARYING FROM 15,000 TO 25,000 POUNDS PER SQUARE INCH

| Moments in Inch-Pounds for Fiber Stresses of
Diameter of | Area of Pin
Pin 1n inSquare | {5000 L. | 15000 L. | 200001bs, | 22500 lbs. | 250001ke
Inches I per. per per per per
Square Inch | Square Tnch | SquareTnch | Square Inch | Sqnare [nch

1 0.785 1470 1770 1960 2210 2450
1 0.994 2100 2520 2500 8140 8500
1 1.2 2380 3150 8830 4310 4710
1% 1.485 8530 4500 5100 5740 6380
1% 1.787 4970 5060 6630 7460 8280
1 2.074 6320 7580 8430 848) 10500
1 2.405 7890 9470 | 10500 | 11800 | 13200
1 2.761 o710 | 11600 12000 | 14600 16200
2 8.142 1800 | 14100 | 15700 | 17700 1900
g 8.547 14100 | 17000 18500 | 21200 | 23600
2 8.076 16800 | 20100 | 22400 | 25200 | 28000
25 4,430 19700 | 28700 | 26300 | 29600 | 52000
2y 4,909 23000 | 27600 | 80700 | 34500

2 5.412 26600 | 82000 | 85500 | 40000 | 44400
23/ 5.040 80600 | 86800 | 40800 | 45000 | 51000
2% 6.492 85000 | 42000 | 46700 | 52500 | 58800
8 7.060 80800 | 47700 | 53000 | 59600 | 66300
8 7,670 44900 | 63900 | 59900 | 67400 | 74900
3 8.296 50600 | 60700 | 67400 5500

3 8.946 56600 | 67900 | %5500 | B4900 | 64400
81 9.621 63100 | 75800 | 84200 | 94700 | 105200
8 10,521 70100 | 84200 | 93500 | 105200 | 116900
8% 11.045 77 93200 | 103500 | 116500 | 129400
8% 11.708 85700 | 102800 | 114200 | 128500 | 142300
4 12,566 94200 | 113100 | 125700 | 141400 | 157100
4y 18.364 | 108400 | 124000 | 137800 | 155000 | 1

437 14186 | 113000 | 135700 | 150700 | 169600 | 188400
433 15.033 125300 1 164400 185000 205500
4y 15.904 | 134200 | 161000 | 178000 | 201800 | 229700
45 16.800 | 145700 | 174800 | 194300 | 218500 | 242800
43} 17,721 | 157800 | 180400 | 210400 | 236700 | 269000
4 18665 | 1 204700 | 227500 | 255000 | 284400
5 19.635 | 184100 245100 | 276100 | 806800
5 20.620 | 108200 | 237 264300 830400
5 21648 | 213100 | 255700 | 284100 | 819600

B 23.601 | 228700 | 274400 | 804000 | 348000 | 851100
5% 23.758 | 245000 | 204000 | “820700 408800
5% 24850 | 262100 | 814500 | 849500 | 893100 | 486800
5‘;5 25067 | 230000 | 335000 | 873300 | 410900 | 466600
5 27.109 | 298600 5 508200 | 447900 | 497700
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MAXIMUM BENDING MOMENTS OF PINS
WITH EXTREME FIBER STRESSES
YARYING FROM 15,000 TO 25,000 POUNDS PER SQUARE INCH

Moments in Inch-Pounds for Fiber Stresses of

Diamater of | Area of Pin T
Pin in in Square | 15,000 Ibs, | 18,000 Ibs. | 20,0001bs. | 22,500 Ibs. | 25,000 Ibs,
Inches In per per par per per
Square Inch | Square Inch | Square Inch | Square Inck | Square Inck
6 98.274 | BI8100 | 881700 | 424100 | 477100 | 530200
6 920,405 | 838400 | 406100 | 451200 | 507800 | 564000
6 80.680 | 850500 | 431400 | 470400 | 539800 | 599200
854 S1.010 | 881500 | 457800 | 505700 | Y2300 | 635900
6% 83,163 | 404400 | 485300 | 539200 | 60B600 | 674000
6 84472 | 428200 | 513800 | 570000 | 642800 | 7I3700
85.785 | 452000 | 543500 | 608900 | 679400 | 754800
6 87.192 478500 ST4200 638000 T1T800 TIT500
7 88.485 | 505100 | 606100 | 678500 | 7BTTO0 | 841900
80,871 | ©53%700 | 639200 | 710200 | 799000 | 887800
7 41,282 | 561200 | 073400 | 748200 | 841800 | 985300
7% 420718 | 500700 | 700G | 78600 | 886100 | 984500
734 44.179 | 621800 | 745500 | 828400 | 931000 | 1085400
7§ 45.664 | 032900 | 783400 | 870500 | 979300 | 1088100
7 47.178 | 683500 | 822600 | 914000 | 1028200 | 1142500
7 481707 | 719200 | BOS000 | 938900 | 1078800 | 1198700
8 50.265 | 754000 | 904800 | 1005300 | 1181000 |1
B 5L.840 | TEO900 | 047900 | 1053200 | 1184800 | 1316500
8% 53.450 | 20000 | 992300 | 1102500 | 1240800 | 1375200
83 55,088 | 865100 | 1038100 | 1158400 | 1297600 | 1441800
81 B6.745 | 904400 | 1085200 | 1205800 | 1356600 | 1507800
B4 5S.426 | 944000 | 1188500 | 1259800 | 1417300 | 1574800
8 60,132 | 086500 | 1183800 | 1315400 | 1479800 | 1644200
8% 61,862 | 1020400 | 1233300 | 1372500 | 1544100 | 1715700
9 63.617 | 1073500 | 1289200 | 1431400 | 1610800 | 1789200
914 65.307 | 1118900 | 1842700 | 1491600 | 1678400 | 1864800
93 67.201 | 1165500 | 1308600 | 1554000 | 1748800 | 1942500
934 60,020 | 1213400 | 1458100 | 1617900 | 1820100 | 2022300
034 70,882 | 1202600 | 1515100 | 1683400 | 1603900 | 2104800
9 72.760 | 1318100 | 1575700 | 1 i 2188500
9 74,662 | 1364000 | 1637000 | 1819000 | 2047400 | 2274000
97% 76,590 | 1418100 | 1701700 | 1890800 | 2127100
10 854 | 1472600 | 1767100 | 1963500 2454400
10y £2.52 | I585000 | 1008000 | 2114500 | 2378800 | 2643100
10% 86.50 | 1704700 | 2045700 | 2278000 | 2557100 | 2841200
105 90.76 | 1520400 | 2195300 | 2430300 | 2 8049100
1 05.08 | 1000100 | 2352100 | 2613400 | 2040100 | 5266300
i1 09,20 | 2096800 | 2516100 | 2795700 | 8145200 | 8484800
1 108,87 | 2280700 | 2687600 | 2036300 | 3850500 | 3782300
12 113010 | 2544700 | 3058600 | 5392000 | 3817000 | 4241200




190 CARNEGIE STEEL COMPANY

BEARING VALUES OF PINS
FOR ONE INCH THICKNESS OF PLATE
{=Diameter of Pin ¥ 1 in.X Stress per Square Inch)

2| o3 |328 |222 |8 | 28 |32 |32
gl £2 (%58 (f5s8 32| 32 | f58p | Ssud
53 = w255 |85 ([ 55| = 5% | «25
| 2f |t |EE | | 2 | g | g
2 & g |S%E || & ® .| A%K i

1 .78512000/15000|| 43| 15.90, 54000 67500
11| .994/135600/16000| 43| 16.80] 65500, 69400
1y 1.227/15000{18800| 43| 17.72| 67000/ 71300
13¢| 1.48518500/20600|| 47| 18.8'7| 568500/ 73100

1 1.7671800022500| & 19.64| 60000, 756000
3%| 2.074/19500/24400| 55| 20.63| 61500/ 76900
3| 24052100026300|| 6%| 21.85| 63000 78800
7% 2.761[2250028100| 5j¢| 22.69) 64500 80600

:
1
1
1
2 | 38.1422400030000| 53| 23.76/ 66000, 82500
21| 3.56472550031900| 53| 24.85| 675600 84400
2| 3.976/2700033800| 53| 25.97 69000, 86300
235| 4.43028500[35600| 57| 27.11 70500/ 88100

21| 4,9093000037500| 6 | 28.27 72000 90000
234 5.4123150038400| 61 29.46) 73500 91900
23| 5.9403300041300| 8% 30.68 75000 93800
27 6.4923450043 1001 6js) 81.92 78500 95600

7.069(3600045000| 6% 33.18| 78000, 97500
7.6703750046900| 636 34.47 79500 99400
8.206/3900048800| 63| 35.79| 81000101300
8.9484050060800| 6% 37.12 82500103100

9.62142000562500| 7 | 38.48 84000(105000
10.32 (43500564400 '7!2| 44.18 90000/112500
11.05 [4500056300( 8 | 650.27 96000/120000
11.79 [46500568100| 8} 56.75102000/127500

12.5'7 4800060000 © | 63.62108000/135000
13.86 [4950061900(10 | '78.564{120000/150000
14.19 [56100063800(11 | 95.03/132000/165000
15.03 (52500656600 |12 113.10{144000{180000

PR

SRR

DR BR 000 00
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STANDARD PIN-NUTS

Pin-Nuts

Pin-Nuis

i

mong
Jo swaug

m oo o oo

%5-5__%.%%44
5 9 of 8%

| x5 e

e L I L - |

==

-1}

=

AR

g &

om Den oo

All dimensions given above are in inches,
Welghts refer to untapped nuts,

e S

P P T I - )

WOOD SCREWS
(Not Manufactured by Carnegie Steel Co.)
Diameter = Number x 0,01325 + 0.056
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201 CARNEGIE STEEL COMPANY

WEIGHT OF RIVETS AND ROUND-HEADED
BOLTS WITHOUT NUTS PER 100

STEEL
Len ] A 4
o | g e | g |l | |
1% 5.5 |12.8 | 22.0| 20.3| 43.9| 66.6| 93.3| 127.
1la 6.3 |14.2 | 24.1| 82.4| 48 2| 72.11100 136.
13 7.0 |15.5 | 26.83| 85.5| H2.5| 77.7|107. | 145.
2 7.9 |16.9 | 28.5| 88.7| 56.7| 83.3|114. | 158.
Y 8.7 |18.8 | B80.7| 41.8| 61.0| 88.8]121 162,
2% 9.4 (19.7 | 82.8| 44.0| 65.2| 94.4|128. | 171.
2% |10.2 | 21.1 | 85.0| 48.0| 69.5)|100, [136. | 179.
8 11.0 | 22.5 | 87.2| 61.1| 73.7|105. |143. | 188.
8% |11.7(23.9 | 80.3| 54.8| 78.0|111. |150. | 197.
Ble | 12.6 | 5.3 | 41.5| b7.4| 82.8|116. |157. | 205.
8% |18.4 [26.7 | 48.7| 60.5| 86.5|122. !164. | 214.
+ 14.1 | 28.1 | 45.9| 63.6| 90.8|128. |170. | 228.
4% | 14.9 | 20.4 | 48.0| 66.7| 95.0(134, [177. | 231.
4)s | 15.7 [ 80.8 | 50.2| 69.9| 99.3|139. |185. | 240.
43 | 16.5|82.2 | 62.4| 73.0|104. |145, [192. | 249,
5 17.2 | 83.6 | 54.5| 76.1|108. |150. [199. | 258.
6) |18.1]85.0 ) 56.7| 79.2|112. |156. |R06. | 266.
b6} | 18.8 | 86.4 | 58.9| 82.8|116. |161. (213, | 275.
6% |19.6 | 87.8 | 61.1| 85.5|120. |166. [220. | 284,
6 20.4 89.2.| 63.2| 88.6 /124, |172. [227. | 202.
62 | 21.9|42.0 | 67.6( 95.1 (133, [184. |241. | 810.
7 23.5 | 44.7 | T71.9|101. |142. |1985. |255. | 827.
T | 25.1|47.5 | 76.1(108. [150. |206. [269. | 345.
8 26.6 | 50.8 | 80.6)114. |[159. |217. (284. | 862.
8% 128.2|53.1| 85.0{120. |167. |227. |298. | 879.
9 29.8 [ 55.9 | 89.3]126. |176. |239. |812. | 897.
93¢ |[81.3 | 58.7 | 98.7[133. [185. |250. |[825. | 414.
10 82.8 | 61.4 | 98.0|139. [193, |261. |B840. | 431.
103 | 84.5 | 64.2 (103, |145. |202. (272, |854. | 449
11 86.0 | 67.0 (107. |151. [210. |284. |868. | 466.
11} | 87.6 | 60.8 |111. [158. |218. |205. |882. | 484.
12 89.2 | 72.5 |115. |164. |227. |806. |[896. | 501,
Heads | 1.8 | 5.8 | 11.1| 13.6| 22.6| 89.0| 58.0| 83.8




I CARNEGIE STEEL COMPANY 202
WEIGHT IN POUNDS OF 100 BOLTS WITH SQUARE
HEADS AND NUTS

Teneth Diameter of Bolts
Under Head =N e
toPoint | yIn | foIn | 3¢t | i | 2 | s¢mn | 3¢t | %M | 1mn
14 40| 70| 105 52| 25| 5] 60| ....| ...
1% 4| 7s| 18] 183| =88] ae| eso| 0| i
2 48| 80| 120 174 52| 48] 6000 1000 ‘168
ay 5.2 | sb5| 128| 185] 205 | 45.8| 720 | 1188| 160
a2’ 55| 90| 185 wel| 2r8| 80| wo| 15| 17
al; 58| e5| 18| 07| 2001 so0i1| o0 1218 180
3 6.8 00| 150/ 28] 805 | 58| 80 1wo| 185
814 7.0 10| 165 240 881 | s6.5| s7.0 | 18418 | 106
i 78| 120 180 26'2| 858 | e8| 081 | 1425 | 207
i) 85| 18.0| 195 | 234 | 8804 | es.0| o8l1 | 151.0| 218
5 98| 140 200 806 | 41,1 | 6093|1052 1506|220
5 | wol| 50| 25| s8] @7| ws|i1s] ws0| 20
6 10.8| 10| 200 50| 4604 | 78| 1| 176|251
6% | .| L. | 255 srie| 4900 | S2lo| 1234 | 1850 202
7 grio| 804 | 17| sis|12i4| 1987 e
714 555 | 46| 54.8| 0005|1850 | 20200 | oR4
] 80,0 43.8 506G 94.8 | 141.5 | 210.7 205
9 .| 480 61010381586 | 228 | ®m7
10 42| we|ms|sr| 28| 88
1 504 | 75.5|120.8 | 1778 | 2810 [ 860
12 52.6 | 808 |123'8 | 1890 | emmin | 8
13 .. | 881 | 1378 | 20200 | 20000 | 404
14 1.4 | 1458 | 214.1 | 81800 | 426
15 06.7 | 1548 | 2268 | 880.1 | 448
16 102.0 | 162.8 | 2388 | 84701 | 4w
17 107.3 [ 1710 | 20,4 | 8842 | 402
| 18 12,6 [ 1795 | %26 | 3812 | 14
19 17.0 | 1880 | 274.7 | 808.8 | 536
20 1232 [ 2005 | 26,8 | 415.8 | 538
o e = :
e | 14| 91| sa| 48| s 85| 193] 107 as

WEIGHTS OF NUTS AND BOLT-HEADS IN

Nutand Head . ....

4.42 7.0

POUNDS
FOR CALCULATING THE WEIGHT OF LONGER BOLTS
Diameter of Bolt in Inches Y ¥ 4 % ¥ #
Weight of Hexagon
Nut and Head ..... 17 057 128 207 A8 e
Weight of Square
Nut and Head..... 21 059 164 820 .55 S8
Dismeter of Bolt in Inches 1 1% 14 1% 2 2 8
Weight of Hexagon
Nut and Head ..... 1.10| 2.14 3.m 5.6 8.75 17.0 |28 8
Weight of Square
1.91| 2.56 10.5 21.0 | 86.4




208 CARNEGIE STEEL COMPANY

DIMENSIONS AND WEIGHTS OF HOT PRESSED

SQUARE NUTS

The sizes are the usual manufacturers', not the Franklin Institute
Standard. Both weights and sizes are for the unfinished nut

Weight of

4]

100 Kuts

y 1.5

. 29

4.9

b 7

3 8.6

% 11.8

3 18.7

3 177

22.8

% 32.3

i 30.8
% 53.
% 83.
g es.
1 04,
1% 103.
1% 137.
1y 145.
1% 186.
1% | 247
1 310.
1;};5 | 400.
1% | 600.
1% | e20.
a | w80
21K | w78so0.
2y | 930.
23 | o9860.
21 | 1130.
2% | 1870.
3 1810.
3 2110.

3l l 27860.

Bl | R | S
] § 4 %
N
i ou| A
T I %
it ! vl g
b e 1%
5 % 12
% 1|18 18 1y

ar 1
TR
§ | 156
§| % | 1
AR
f‘ | 1% | 2
[ 2y

1/ 1Y 2Y
1 1% 215
1}?— 13§ i 235
1 11 3
151 134% | 8
1% 13 3z
1Y | 1% | 8k
e 8 | 4
1% ayK | 4
2 2y | 4y
2% | 2% | ay
21 | 2 4
a?f 2;{? 4§
2 3 5
zﬁ 8y | 64
3 3% | e

Diagonal

o
.88
1.06

1.24
1.24
141

1.59
1.69
1.77

1.94
2.12
2.80
247

2.47
2.838
2.83
3.18

3.18
3.54
3.89

4.24
4.60
4.95
5.30

5.66
5.66
6.01

6.01
6.36
6.72

7.07
7.78

8.40

6800

Ko, of Nuts in
100 1bs,

3480
2050

1200
1170
8560

600
570
440

310
251
190
159

146
106
o7
73

(s}e]
54
41

31.3
24.8
1.9
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- DIMENSIONS AND WEIGHTS OF HOT
' PRESSED HEXAGON NUTS

The sizes are the usual manufacturers’, not the Franklin Institute
Standard. Both wueights and sizes are for the unfinished nut

Sire of V 1 of :fla Thickness Short Long ¥o. of Nuts in
Balt uts B of Kat Dinmatar Niamoier 100 ibs.
¥
i 1.3 . ¥ % 58 | 8000
! Tl B 8 | % | 72 | 4170
3 4111 ;z 3 87 | 2410
% e8| ii L % + 1.01 | 1460
% 7.1 T % % | 1.01 | 1410
g | 98| % .| a 1.15 | 1020
% | 140 ; % | 1% | 130 | 710
% | 147 N s | 1% | 1.80 | eso
¥ 161 | % % | 1% | 144 | 520
% 220 J % ¥ | 1¥ | 144 | 440
¥ ara| U ¥ | 1% | 180 | 370
Y, 30, il % | 1% | 173 | 266
% 44, i % | 1% | 1.88 | 226
% 50. i | 1 1% | 1.88 | 1e8
i | By % | 1 1% 2.02 176
B L. | st | | g x| ae e
i " 1 X
1 | 184 | 14 | 1% | ax 2.60 75
1% 180. | 1% | 1% Y | 289 56
1 1 2356. | 13 156 2y 3.18 42
156 300. 1% | 1% | 8 8.46 334
i 1% | 370. 1% | 1% | 8% | 875 26.7
W 1% | 460. 114 | 2 3% | 4.04 21.5
| 2 450. | 111 | 2 3% | 404 224
ay | 660. | 1% | 2k | 8y | 438 18.0
‘ ay | 660. | 27 | ay | 38x | 438 17.7
2% | 680. | 2% | 2% | 4 | 462 147
| 2% | 810 | 2k | a5 | 4y | 491 123
2y | e80. | 2y | ay | 4k | 520 | 102
3 1150. | 211 | 8 4y | 5.48 8.7
| 8x (1340. | 2} | 8% | & B.77 7.5
8% [1680. | 34 | 3% | 5% | 606 6.3
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UPSET SCREW ENDS FOR ROUND AND
SQUARE BARS i

Round Bars Squars Bars
Eihmﬁo:l:; Excess of B f
iie of || Dizmetar | Dismeter v || Diameter | Diameter oot
eideof | pant | of Serew | Thrends | BT8te || GFGR | O Serew | Thrsads | Bfetive
&h“ Serew [t Rootof | per Inch jo o g || Screw | atRootof | per Inch | o0 e
Inches End Thread Ko, Over Bar End Thread o, Ovor Bar
Inches | Inches Per (ent || 1oches | Inches Per Gent
] i | .620( 10 54 ¥ | .620( 10 °1
P 3 | 620 10 21 % | .81 9 83
3% 781 9 a7 1 837 8 41
1% 1 837 8 48 1 887 8 17
E'e 1 837 8 25 116 | 040 7 23
1 1% | .940| 7 834 1% |1.085| 7 85
% 1Y |1.065| 7 48 134 |1.160| 6 38
1k 14 |11.085| 7 29 133 |1.160] 6 20
1 135 11.160| 6 35 1% [1.284]| 6 29
ife || 136 [1.160] 6 19 13 [1.380| 51 | 84
134 114 [1.284| 6 30 156 [1.380( 52 | 20
14 1)2 [1.284| 6 17 13 |1.400| & | 24
1% 15 (1.880| 534 23 1% |1.615] & 31
1% 13 |1.490| b 29 1% [1.615| & 19
134 13 11.490| 5 18 2 |1.712] 4% | 22
19 || 17 |1.6156| & 26 214 [1.837| 4% | 28
1% || 2 |[|1.m2| 4% | 80 214 [1.887]| 4% | 18
1% | 2 [1.7m2] 4% | 20 21 |1.082| 4% | 24
154 216 11.837| 4% 28 236 |2.087| 41 | 80
14 || 2 [1.837] 44 18 236 |2.087| 414 | 20
1% || 2% |1.962| 434 26 2% [2.175| 4 21
13§ || 24 [1.962| 4% 17 23 |2.300, 4 26
1% 234 |2.087| 43 | A 25¢ |2.300| 4 18
13F || - 22 |2.175| 4 26 23 |2.425| 4 23
2 23 12,175 4 18 27% |2.550| 4 28
245 || 23 [2.800] 4 24 27% |2.550| 4 20
2 25 12.800| 4 17 8 |2.620] 8% | 20
28 || 2% |2.425| 4 23 8¢ [R.754| B4 | 24




CARNEGIE STEEL COMPANY 208 i
UPSET SCREW ENDS
(Continued)
Round Bars Square Bars

. of Round || po o ver | Dismeter Excess of || oo Di Bxoess of
Sidoo || AR | O Serew | Thrwads | AeiTe of Uyt | ofSeew, | Threads s
&““:" Seréw | at Root of | per Inch Sﬂr:::;nﬁ Screw | at Rootof | per Inch &re:rllgni
Tithes End | Thread | No. [GrFCEY| End | Thread ¥o. |'Gver Bar
Inthes | “Inabes Por Oent, || [nches | Inches Per Cent.
oy |l 27 |2.550| 4 28 || 8% |2.154| 8% | 18
25 274 | 2.550| 4 22 8% |2.819| 8% 22
234 3 2.620| 812 23 83 |38.004]| 82 206
.'J' 27 | 8% |2.154| 8% | 28 || 8% |s.004| 8% | 19
| 24 814 | 2.754| 8% | 21 814 [3.100] 8% | 21
o sa (| 3% [2.879] 8% | 26 | 85 |8.225| 8% | 24
25 || 3% |2.879| 8% | 20 || 83 [8.225| 8% | 19
211 | 83 [3.004| 8% | 25 || 8% |8.817| 8 20
| 2y 83¢ | 3.004| 314 19 8% |3.442| 38 23
213 || 8% |8.100| 8% | 22 || 8% |8.442| 8 18
27% 83 | 8.225| 8Y 26 4 3.567| 3 21
2i% || 83 |8.225( 3y | 21 | 4% |83.602| 8 24
3 33 |8.817| 8 22 414 | 3.692| 38 19
8% || 3% |8.442| 8 21 || 434 | 3.928| 2% | 24
| 8y 4 3.567| 3 20 41, | 4.028) 23 21
| 83 414 | 8.692| 3 20 45§ | 4.158| 2% 19

- 84 41 | 8.798| 2% 18 S || e

336 415 | 4.028| 23 23 Sl |

DBy || 43¢ | 4.158| 23 | o8 S

8% 43 | 4.255| 25% 21 S L A

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 thisloss
'g; sfi:’rength 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 Camegie Steel Company, and gives proportions that will cause
‘the bar to break in the body in preference to the upset end.
The screw threads in above table are the Franklin Institute
' Standard.

To make one upset end for 5 in. length of thread, allow 6§ in. length
- of rod additional.

; T M
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STANDARD SCREW THREADS, NUTS AND BOLT HEADS
Recommended by the Franklin Institute

SCREW THREADS

Anglo of Thread 60°, Flat at Top and Bottam=] of Piteh

Dismeter of
Berew, Inshes

Diameter at Hoot
of Thresd, Inches

l'hrudl,jrr Inch

S

33
b

Ses BaES ShERasK

HOORNGR BRI SUGRNRREER SURRReRREEe

gg** COCOCOGD BOBORIRD  bsimtimtpmtit it piis
OB BB NN BN
2088 HBBI

ooonm
SRR

et et et e ek bt

NN NONE 0000 bbb uagmo-q-qa: mo-—-wm&omg

ELRR R

SLSENGR S

Nuts and bolt heads are
determined by the following
rules, which apply to both
square and hexagon nuts:
Short dia, of rough nut

=11 X dia. of bolt-4 14 in.
Short dia. of finished nut

=114 X dia. of bolt4 fy in.
Thickness of rough nut

= din. of bolt.

Thickness of finished nut

= dia. of bolt— fy in,
Short dia. of rough head

=14 ¥ dia. of bolt414 in.
Short dia. of finished head

=14 ¥ dia. of bolt<4 J in.
Thickpess of rough head

= 1 short dia. of head.
Thickness of finished head

= dia. of bolt— 4y in,

The long diameter of a
hexagon nut may be ob-
tained by multiplying the
short diameter by 1.155 and
the long diameter of a square
nut by multiplying the short
dinmeter by 1.414.

The above standards for
screw threads, nuts and bolt
heads were recommended
by the Franklin Institute in
December, 18, The stand-
ard for screw threads has
been very generally adopted
in the United States, but the
proportions recommended
for nuts and bolt heads have
not found general accept-
ance because of the odd
sizes of bar—mnot usually
rolled by the mills—required
to make the nut,
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WHITWORTH'S STANDARD ANGULAR SCREW
THREADS

Angle of thread 550,

Depth ot thread = pitch of
sCrew.

14 of depth is rounded off at
top and bottom.
Number of threads to the inch in square threads = }{ the number
‘in angular threads.

" Diam, of | Thresdsto || Diam. of | Threadsto || Diam. of mu' Diam. o | Thrds o
Servw | Dajuch || Sorew | Welnoh || Scrww | theinch the Inch
Inches Ko Inches Ko ‘ Inches Ko, Neo.

| | |
! 20 1 8 g 1y 3
s‘f:l:s”:% nglf’ ‘ i
A 14 15 6 | =% | 3x 4}‘ 2

|

| 12 1 1] R 374 8
% | % 5 || sx | % § 25
E ‘ 10 | 1% 5 || s 8 5 2
9 1 4@ | 8 8 2
LAl L o o) "

STANDARD STEAM, GAS AND WATER PIPE
As manufactured by the National Tube Works Co.

Diameter in Inches Tength of Pipe Nominal | Number of
Nemial | Adwal | dcmal | e | Cctimag (VR
Intersal | Bsterpal | Internal One Cul Punds | SfSaew

% 405 o 068 | 258, 0.24 27
54 a4 88 | msals | olde 18
o7 R 081 ™a | 0.5 18
84 J028 1090 4724 | 081 14
I 1.05 8 118 270, 1.12 14
1 1.815 1,048 184 169 | 1.67 11
1 1.66 1.88 10 925 | 224 11
1 1.9 1,011 145 .66 | 2.08 11
2 2.7 2,007 154 4201 | 8.61 14
2 2875 | 2.408 04 8.1 5.7
8 3.5 3,067 TH 98 | 75¢ | 8
8% 1. 8.518 205 1457 | 9.0 &
i &5 | 4om | g7 13 | 1006 | 8
1 5. 4,508 246 002 | 12.40 8
5 5.563 5,045 1250 78 | 40 | B
0 6.625 6,005 1280 498 | 18.70 8
7 7.025 7.008 801 sm | e | s
§ 8.625 7,08 1320 288 | 518 3
0 0.625 8007 814 220 | #3070 8
10 10.75 10,010 ~800 182 | 40.00. 5

=



200 CARNEGIE STEEL COMPANY =I
SPIKES, NAILS AND TACKS
Standard Steel Wire Nails Steel Wire Spikes || Common Iron Nails
Common Finishing ¥
Tongth | Dism, | ¥o, per =
Bines m Dinm, | No.per | Diam. | No. per Inches | Inches | Pound Bives m Pg:“
Inches | pound | Inches | Pound
ga| 1 |.052¢ | 1080 [.0458 | 1508 || 8 [1ee0 | 41 || =a| 1 | s00
3d | 13 |.0588 | 640 |l0508 | 918 || 834 [1819 | 80 || 8d 1& 400
4d | 13% [loreo [ 380 [losos | o1 || 47 |ieods | 23 || 4a | 182 | s00
5a | 157 |-ome | or5 [los7i | 600 || 43¢ |i2e4 | 17 || sa | 13 | 200
6| 9 |osos| 20 |.0641 | 300| 5 |esve| 13 || ed| 8 | 1m0
7d | 25¢ |.0858 | 160 ‘o641 | 315 || 534 ieses | 11 || 7d | 2w | 120
ga | 2is |.0os5 | 115 [o7e0 | 214 || 67 [leses | 10 || 84 s% 85
od | 23 0968 | 93 [.ove0 | 196 || 6 [0 | 7| ea| 25|
104 | 8 [a082| 770808 | 187 7 |29| 7 |[10a| 8 | 0
124 | 8y |114d | 60 jios0s | 127 || 8 |.8848| 5 || 12d B | %
16d | 8 1285 | 48 [loo07 | 90 || o |[ise48| x| 18| 8% | 40
20d | 47 [16%0 | 81 00| el ....| ... |.... || 20a] 47 | 20
s0d [ 41 |1s10 | 22 e | R 80d | 45| 18
40d | 8” [2048| 17 ga| 5" | 14
Bod | 53 |eend | 13 sod | 6 | 11
ood | 6 [=m| 11 | e 60d | 6 8
TACKS
Number || o Number || Number
Title Title Title
Ounce m ﬁd‘lﬂmlm’h’;‘ Ounee m!hl’;,
1 % | woo| 4 % | w000 || 1 }! 1148
1% 10066 || 6 2660 16 1000
2 8000 | 8 2000 18 i 8
2% 6100 || 10 1600 |[ 20 1 200
3 psss || 12 1388 || 22 1 o
2 1 866

WROUGHT SPIKES
Number to a Keg of 150 1bs.

in in in.
K

20

oy

iy

;n? |

4%

;v en

1°90 1208
1650 1185
1464 1064
1880

1202 868

482

am

EEBEES
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CLEVISES
AMERICAN BRIDGE COMPANY'S STANDARDS

P

o': =

All dimensions In

Grip G can be made
inches

to suit connections

Diam, of | Max. Pin Olavis Diam. of
GovisD.| P I'yuricp | Nut¥ |Width W |Thickness?| A | B | ClevsD
LT ErErE T [ E 5
5 g | =% % | ®| & 9 8 5
) 8% 24 21 e | ¥ 0 8 6
7 4 3y | 8y | -8y g 8 7
TABLE GIVING DIAMETER OF CLEVIS FOR GIVEN ROD AND PIN
Rod Fins Red
g ég. 114 141% 2 2 24 2 8 8% 8% 8% 4 ;_g_g
%| %1 SLg_Is 1| 5| %
%1l 8 F)a]e 4 4 | %
| wligl «[4 4 4 4 1| %| %
1 T I [T | |1
1 1] 4 e]s 4 4]l 5 8 1% (1 |14
1% |14 |15 A4S L6 5.5 B b 156 | 13 | 1%
1% | 5§ 5156 5 5 8 & x| %
1% 1% sisls 58 6.8 1% | 1%
1% 132 5‘5‘[555535 2 |136]13
15| |ew 5 5|5 56 ¢ 6 6 ol |15
1% |13% 2y s 6[6 6 06 6[7 7 7 |e|igliy
17% | 156 | 2% 6 ele 87 7 7 7 7 |oxliselin
2 |1y |eu 6 6]l7 7 7 7 7 7 |eg|ix|e
25 |ex T 7|7 7 7 255  |ew
1% | 2% 7 7|7 ¢ 7 2 1%
24 (2 |ew i A 2% |2 (2%
E §, Elr monsox 2 sxowon s swaax «|% g g
Rod Pins Red

Clevises above and to right of heavy zigzag line mni- be used with forks straight,
Clovises below and to IJE of same line should have forks closed in until pin is not
overstrained. (Not manufactured by Carnegie Steel Company, )
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SLEEVE NUTS AND TURNBUCKLES
AMERICAN BRIDGE COMPANY'S STANDARDS
ALL DIMENSIONS IN INCHES
SLEEVE NUTS [ TURNBUCKLES

Manufactured by the Cleveland City
Forge and lron Co., Cleveland, O,

| e

piseslisenan CHRE L 52
B oot Femr ST o1 M “@
N e e LLa ) T Q0
@@/ -——tii "5 [ES h e =
St.‘l;l'ﬁﬂr(] Length, X =6 in,
Extra Lengths, 9, 12, 18, 24, 36, 48and 72
in. (Special Prices)
% el ig ls § |8 |=y,|l9a| STAvDARD DIMENSIONS | %
¥k |g3(s28 a_l|E. ;'g 55 | £»
22 32558 ¥ 2B (B2 e (a0 fo|n|]
15| 7 | 156 (176 | 136 3| ¥ || 23] 34|13 |2 (1% | Bsg| 15 %
1% 3513 1;2 1% |15 ﬁ 8 || 85| 7 |1% |25 14| 91 11d 1
g 1| b sk ) &) Bl ) K128 o) el
15 17| 87| 3 200 15| 32| e || 87| %115 |38 |25 fuove) 2ia | 136
1% {2 |8 |e|ev |1 oss |l 7 | sel1sgl8 [13¢ fosefoy | 14
1?% B | 8ucl 36 1538 | 108 %01 87 1| S 5{338 )05 (27 ot 8| 1%
13 |2 | 851230 |85 |17 | 5| 86|07 | 35127 |85 256 ftanglose| 13
174 |95 | 07| 3ng |85k |2se | 321107 |jnasg] ¥12 |3 |od sk eid| 1
g lowc|o [swgleslon| win |hs é ey lay|ohz |3 | 2
21 104 | 0ug|BL7 L 216 [ @ |14 |11 | 8312 |4ig |25 B3B8, | 21
Qi (23| 0L B (4 |20 ] |15 |18 ’q 24 (437 | 20k (124 | 8is | 2%
9% 8 107 8% |4is | 2sg | ¥el18 lo | 13|27 |4k |25 fukla | 2%
21 (8 (10 |83 (4142 4119 |l24 33 8 |53 1,2 18483 | 2w
o5% | 81¢ [101g| 43¢ | 434 [ 27 ig 22 |log l 3 |5y |84 |18% 3‘% 20
239 536 [10iz|asg (413|970 | 1138 |0 | 15 |3e |55 |9 have| 4id | B4
274 (855 117|456 534 836 | 35 127 (|34 |1 |33 |6 |87 (145645 | 27
8 (8|1t |as¢|5a4 (84| 3les |lss |1 |84 634 [85¢15 [414]| B
AT e
856 |4 12”53 ik [ 35| % % i Gl 35
31 |4 [12 (B34 (614855 7440 (65 |1 T |4 035K | 33
oyl e |l g s o8
5y ety 1874 | faler || o ¢ ]
874 | 4i2 [187| 654 [ 735 | 456 [1"° | 52 ‘ R B o 8%
4 lachs [ow 4|61 |55 17(5 [8%|4s¢l18 |6 | 4
2y (a5 iexloid |70 (4 el os (ot L ay
ai; 147167 |8 43 (15|75 ‘ 0 [ e el B o 415

( Not manufactured by Carnegie Stecl Col)
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—

£ —

EYE BARS
AMERICAN BRIDGE COMPANY'S STANDARDS

ORDINARY ADJUSTABLE
&J.’
&/
|
Min, Length C, to end 8’8
S
l Head | Serew Eod
Min. ' : 4
é Thickness wax, | Mdditional || Additional T e ol
b | Dum. | T | Naeralfor | Natrialfr | Dam, leogth | [[ 080 |3
s Inches |Inches | P8 | §Zead || Tpset | Inches =
Fu. and Ins. nmm‘ =
£ Rl R e
4 L ¥ -~ o =
o| o |ulu o) or o fo[u s
ay ¥ || 3| 8¢ |5 | ltorss| 2y
% |7 |3 Ly o | 634 |1 to1y
2 v I o | oF [Ixtorls| @
o | 4| 1—6
4 4 = 8 (6 |1 tory
|| B B | O |1aton| 4
Ul st ] i=8 8% | 6% |1 to1d
|k 0% 6% | 2—8 aﬁ 7 |14tori | B
18 | 51 | 1-—10 8% | 8 1§told
6| ¥ 145 | ok | 2—4 |8 Iﬁml}i 8
10 | T3¢ | 24 | o |11
T oy |15 | 8| 2—8 -u/i 9 [13tonis|
| 1 TS T R | O] S )
8|1 185 | 8 2--8 8
1 T o v | e Vot Beaadl [hoeess
1 2 11 e lierr s
1C | 1 214 11004 | 83— 4 2o Y 10
I 1) |2 |1 | 8B AR e B
| 1¥ o0 |10 | 3-8 :
12 | 1% |@mw (x| s—9 y
) sy |27 |18 | 4—2 =
| 134 |34 12 8—10
14 | 1% |md 14 | 4—8
“iH &g | 15 4— 8

|| | Bars marked * should ouly be used when absolutely nnavoidable.

: Note: Eye bars are hydraulic forged, and are gnaranteed to develop
| the full strength of the bar, noder conditions given in the above table,
| when tested to destruction,

: (Not manufactured by Carnegie Steel Company)
| .
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DECIMALS OF A FOOT FOR EACH #&th OF
AN INCH

Inch

WERR RGD G SRS S ISR o

WIREIR Sass=

i
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S5 [,
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L1002 1.
« 2005

018 |,
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a

a’
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=
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219 .

0067 |,

2883
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DECIMALS OF A FOOT FOR EACH #th OF

1o

0417 |,

1»

AN INCH

a4 | 67

2185 |,

2148 |,
2161 |.
2174 |,
2188 |.

2001 |.
2314 |
.2240 |

8112

3867
L8880 |.4714
. 3893
3006

4701

4740

8019|4758
.8082 |,

8045 |.4779 |,
.8858 | 4702 |. 5025

a8

|

BEg B3

Ba21

g

5716 |
5729

4900 | 5742

5781

b

8"

107

[

i~

L7006 |,
L7108 |,
7185 |
7148 |
L7181

a1,
7188 |

201 .
T34 |,
L7240 |.

7805 |.8188 |.

734 |.8177 |

7400

e |
7448 |
1461 |,

4T |
JUET |,

“0102
L0115

9128
0141
9154

BBET 2331 Bz 9390 395D EEeE meem ot
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DECIMALS OF AN INCH FOR EACH #th
DR
Al & Decimal Fraction o r Decimal Praction
1| .015625 | |es| 518028
1| 2|.03125 17|84| 53125
3| 046875 35| .546875
2| 4| 0625 |1.16| 18|38 6626 0.16
5| .078125 a7| .578125
a| 8| 00375 10/38| 59375
7| 100376 30| .609375
4| 8|.125 1.2 | 20|20| 625 5.8
o|.140625 41| .640625
10| 15625 21|42| 65625
11| 171875 43| 671875
6|12/ 1876 |o.16 |[22|4a| 6875 |11.16
13| .203125 45| 703125
v!1a| 21875 23|46| 71875
15| .2343756 47| 734376
8|16 25 1.4 |24|4as8| 75 3.4
17| 265625 40| 765625
olis| 28125 25|50 78125
19| 1296875 |~ |51| 7oes7s
10/20| 3125 |6.16 |26|52| 8125 |13.16
21| .328125 | |s3| .828125
11|22 34375 a7|64| 84375
23| 350375 |”"|55| 850876 |
12|24/ 375 2.8 |a28|s6| 875 7.8
25| .390625 | | |s7| .s00625 |
13|26/ [20625 |20|68| 00625
27| 421875 |7 |s0| 021876
14|28 4876 | 7.16 3060 0376 | 1516
20| .453125 i |e1| .o53125
16|30/ 46875 31/62| 06875
31 .484375 63| 084375
18|32/ 5 1.2 | 32|ea] 1. 1




CARNEGIE STEEL COMPANY 216

TABLE OF BATTERS

a
1:2 1:25 1:6 ’ 1:8
|
a b o i1 b ] i a b o a b e

| !
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I -V S - | - gn H é}
6 6l 86 e sag'. 0 cy IS S N B
7o| T sw|Toc Tk (T Tl (T |
8 :| & 48 s 3;2'| & Bl 1|8 84| 1 ¢
(O 175 I O 0 O " 2 0 A I 7
10 °| 11 8 cf10 0| a0dd| 4 |l 1080 3dEl0 o 10| 1k
U ST & o IS 70 I NS Vo0 R T 13 O 1 o B - PO 0 S 1 B 5
12 ol 1oagk| 6l ) 1o bl syl 2 he | 1zdc| 18
9 |9 ¥l 1 2 | o a8y ol 2| 20 4 0 | gogs ’
¥ |8 4 1e |8 |3 el mef' 9| 8row| 6|8 | Bog| 434
4 | ¢ oifleo | |9 sl vapl ¢l v Oi‘i' B4 |4 i
5 |5 7&' 26 |5 |6 dl 20l 54 603 10 ¢ 5 | 5 oby| T8
& | o 8% |80 *| 6 |6 52‘- 2l o ol 12 - 6 | 620 0
v |7 nkp a6 L7 | v ey 2oyl o vagelre o v | vodl 10
& |sns| 4o |8 |8 7HF 8 & &agpiv ¢ 8 & .

o [ o3l we |y | s 3'7225 0 w131 6 03471/ 134
100 [ 2bde| 70t o ot 47 0 oo 128f1r 8 <100 (102 OFgci1s 87
15 |1 9l v e Py 1w 1!1- 600 15|15 212 6 |15 160 148 111054
20 (o2 agi-lior 0 v|20' 217 BE7| B0 *||20'[20 8018 4 |20’ (207 17572 6
25 o9 11301120 6 |25 |27 110107 0 *|[250 (2 4,571 2 vlew (25 odi-|8r 114°
80 |33 15' 0 *|30° 834190 lls0r|s0 43815’ 0 *[80r [307 2l§(8r @¢
85 (30 13liT 6 3 37 8hi(140 33|85 65710 |85 |85 S|4 454"
40 |44 200 40 (18" 0gh1y 0 < Lol Gsor 8 <07 |40 83015 0 -
45 20§ 45 48 Bil 0 {45y Tl 6 |y 450 40l Tt
50' (551084725 0 (50’ |58’ 1045°(20° 0 *||50°[50’ 8:5°/8* 4 *|50 (50’ 4}}°|67 8

Intermediate lengths and lengths above those given in the table can
pe found by interpolation.




7 CARNEGIE STEEL COMPANY

UNITED STATES STANDARD GAUGE FOR SHEET
AND PLATE IRON AND STEEL

Adopted as Standard by American Railway Master Mechanics Asso-
ciation and Association of American Steel Manufacturers.

-0 b
25 28 _ = A 2] 55
3o [f331| B3 r3it | a5E3 28,8 IE
=
55 | Rid2 | Rle| Rad |3 \Bapd R 2
285N | 8 - B‘s‘ﬂ" F;g.é‘ Ly -

0000000 | 1-2 |5 12.70 |20, 20.4 99.601 | 0000000
000000 | 15 40875 11.91 [18.75  [19.125 03,376 | 000000
00000 | 7—16 |.d875 1n1 (1750 [17.85 8r.151 | 00000
0000 | 1382 | 40625 1032|1885  [16:575 80,926 0000
000| 3-8 |87 9.53 |15, 15,3 74.701 000
00| 11—38 |.84875 8738 |18 [14.025 08,476 i’}
0| 516 |[.8125 7.4 [12050 [12.7 62251 | . 0

1| o83 |[.2s195 T4 |12 14w 56,026 1
2| 17— | 6.75 [10.625 |10)8875 | 52.018 2
8| 1—4 |25 8.8 |10, 10,2 49,800 3
4| 15-6¢ | 5.9 | 9.5 | 95625 | 46.658 4
5| 7-82 |218%5 5.5 | 8.75 8.095 48.575 5
6| 18—64 |.203125 5.16 | 8.125 |8.2875 | 40468 6
7| s—16 |.18% 476 |75 7.05 87.850 7
8| 1164 |171875 487 | 6815 | 7.0195 | B4.288 8
9| 582 |i15625 8.0 | 625 6.875 81125 ¢
10| 9—64 |.140025 857 | 65.35 |b.es | 28018 10
1| 1-8 |15 818 | 5. 5.1 24,900 11
12| 7—64 |.100875 278 | 4.375 |4.4625 | 21.788 12
13| 8-32 |0m7 2,88 | 8.75 3,825 18,675 18
14| 5-64 |.078125 1.08 [ 8125 |318% | 15.568 14
15| 9—128 |.0708125 | 1.79 | 28125 | 2.80875 | 14.008 15
16| 1—16  |.0695 15 |25 2.55 12,450 13
17| 0160 |.05625 1.43 | 2.5 2.205 11.205 17
18| 1-20 |05 197 | 2 2.04 9.960 18
19| 7—180 |.04875 111 | 1.7 1.785 8.715 19
20 10375 0.958 | 1.50 1.58 7.470 2
21| 11—320 |.084875 0.878 | 1.875 | 1.40% 6.848 21
22| 1-32 |l03125 0794 | 1.25 1.275 6.225 22
23| 0820 |l.028125 0.714 | 1125 | 1.1475 5.003 28
24| 1-40 |[.095 0.085 | 1. 1.02 4.980 2
25| 7820 |.021876 0.556 | .B75 L8025 4,358 2
26| 3—160 |.01876 0,476 | .7 765 8.735 2
27| 11—640 |l0171876 | 0487 | 6875 | (70135 | 8l424 2
28| 164 |.015625 0807 | .625 -6375 8.113 28
20| 9-640 |l0140825 | 0.857 | 5625 | 5785 | 2.801 29
8| 1-%0 |.0125 0.818 | 5 .51 2,460 80
81 0100875 | 0278 | 4875 | 44625 | 217 81
82| 131250 | 01015625 | 0.258 | .40025 | 414375 | 2.028 8
8 -009875 0.238 | 875 ; 1.868 83
84| 11—1280 |.00850875 | 0.218 | 34375 | .350625 | 1.712 8
8 0078125 | 0198 | 8125 | 81875 | 1.556 86
86| 91280 |.00708125 | 0.170 98125 | 980875 | 1.401 30
87 | 172560 | 0.169 2 1.828 8
88| 1100 |.00625 0.159 25 255 1.245 33
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No. of Gauge

STANDARD GAUGES

THICKNESS IN DECIMALS OF AN INCH
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Iron and Steel
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CARNEGIE STEEL COMPANY

Process of
Manufacture

Tosting and
Inspection

Teat Pioces

Annealed
Test Pieces

MANUFACTURERS'
STANDARD SPECIFICATIONS

Revised February 6, 1903.

STRUCTURAL STEEL

1. Steel may be made by either the Open-Hearth or
Bessemer process,

2. Al tests and inspections shall be made at the place
of mapnufacture prior to shipment.

8. Thetensilestrength, limitof elasticity and ductility,
shall be determined from a standard test piece cut from
the finished material. The standard shape of the test
piece for sheared plates shall be asshown by the following
sketch.

§
ar
"y &
About 3" Parallel Section___
e Not less than 977, 1]
~ 1% dr
ITI"‘?" Abput 2
IR e
Huataliete w
About 18

Piece to be of same thickness as the plate

On tests cut from other material the test piece may be
either the same as for sheared plates, or it may be planed
or turned parallel throughout its entire length, and in all
cases where possible, two opposite sides of the test piece
shall be the rolled surfaces, The elongation shall be
measured on an original length of 8 inches except as
modified in section 12, paragraph ¢. Rivet rounds and
small bars shall be tested of full size as rolled, !

Two test pieces shall be taken from each melt or
blow of finished material, one for tension and one for
bending; but in case either test develops flaws, or the
tensile test piece breaks outside of the middle third of its
gauged length, it may be discarded and another test piece
substituted therefor.

4. Material which is to be used without annealing or
further treatment shall be tested in the condition in which
it comes from the rolls, When material is to be annealed
or otherwise treated before use, the specimen represent-
ing such material shall be similarly treated before testing.
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Marking

Chemical
Properties

Physical
Properties

Rivet

Steel for
Rulway
Bridges

Medium
Steel

5. Every finished piece of steel shall be stamped with
the blow or melt number, and steel for pins shall have the
blow or melt number stamped on the ends. Rivet and
lacing steel, and small pieces for pin plates and stiffeners,
may be shipped in bundles securely wired together, with
the blow or melt number on a metal tag attached.

6. Finished bars shall be free from injurious seams
flaws or cracks, and have a workmanlike finish.

Ta. Steel for Buildings,
Sh

ra.m eds, Maximum Phosphorus

§hwa Bridges .10 per cent.

similar structures.

7h. Steel for Maximum Phosphorus
Railway Bridges. .08 per cent.

8. Structural steel shall be of three grades, Rivet,
Railway Bridge and Medium.,

9. Ultimate strength, 48,000 to 58,000 pounds per square
inch.

Elastic limit, not less than one-half the ultimate

strength.
1,400,000

Percentage of elongation, e e

Bending test, 180 degrees flat on itself, without frac.
ture on outside of bent portion.

10. Ultimate strength, 55,000 to 65,000 pounds per square
inch.
Elastic limit, not less than one-half the ultimate
strength.
1,400,000

Percentage of elongation, trrre strength’

Bending test, 180 degrees to a diameter equal to
thickness of piece tested, without fracture on outside of
bent portion.

11. Ultimate strength, 60,000 to 70,000 pounds per square
inch.

Elastic limit, not less than one-half the ultimate
strength.

+ 1,400,000

1 o |
Percentage of gation, s strength’

Bending test, 180 degrees to a diameter equal te
thickness of piece tested, without fracture on outside of
bent portion.
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Modifieations

Elongation
for thin and
thiek

Variation in
Weight

12. For material less than 4 inch and more than ¥
inch in thickness, the following modifications shall be
made in the requirements for elongation:

a. For each increase of 14 inch in thickness above 3
inch, a deduction of 1 per cent. shall be made from the
specified elongation, except that the minimum elongation
shall be 20 per cent. for eye-bar material and 18 per cent.
for other structural material.

4. For each decrease of ¢ inch in thickness below %
inch, a deduction of 2)¢ per cent. shall be made from the
specified elongation.

¢. In rounds of $§ inch or less in diameter, the elonga-
tion shall be measured in a length equal to eight times
the diameter of section tested.

d. For pins made from any of the before-mentioned
grades of steel, the required elongation shall be 5 per
cent. less than that specified for each grade, as determined
on a test piece, the center of which shall be one inch from
the surface of the bar.

18. The variation in cross-section or weight of more
than 2% per cent. from that specified will be sufficient
cause for rejection, except in the case of sheared plates,
which will be covered by the following permissible vari-
ations:

a. Plates 12} pounds per square foot or heavier, up to
100 inches wide, when ordered to weight, shall not average
more than 214 per cent. variation above or 214 per cent.
below the theoretical weight. When 100 inches wide and
over, 5 per cent. above or 5 per cent. below the theoretical
weight.

4, Plates under 12} pounds per square foot, when
ordered to weight, shall not average a greater variation
than the following :

Up to 75 inches wide, 214 per cent. above or 2} per
cent. below the theoretical weight. 75 inches wide up to
100 inches wide, 5 per cent. above or 8 per cent. below the
theoretical weight. When 100 inches wide and over, 10 per
cent. above or 8 per cent. below the theoretical weight.

¢. For all plates ordered to gauge, there will be per-
mitted an average excess of weight over that correspond.
ing to the dimensions on the order equal in amount to that
specified in the following table:
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TABLE OF ALLOWANCES FOR OVER-
WEIGHT FOR RECTANGULAR PLATES
WHEN ORDERED TO GAUGE

Plates will be considered up to gauge if measurng not
over iy inch less than the ordered gauge.
The weight of 1 cubic inch of rolled steel is assumed to
be 0.2838 pound.

PLATES 4 INCH AND OVER IN THICKNESS

Wiith of Plate
Thickness of
Piate, 13RI, b0 75 imchen/ 75140100 incbes 7%, 100 10 510 15 g
Per cent, Per cont, Pt gt Per cant,
Yy 10 T 18
e 8 12 16
% 7 10 18 17
& 6 8 10 18
7 5 7 9 12
Ta 4% 0y B 11
5 4 (1] 8 10
Over 54 814 5 614 9
PLATES UNDER { INCH IN THICKNESS
Width of Plata
Thizkness of Plate,
Tosk Upto 50 inches | 501070 inches | Over 70 inches
Par cent, Per cent, Per cent,
%uptod 10 15 20
Suptodk 8y 1234 17
fsuptolf v 10 15

STRUCTURAL CAST IRON

1. Except when chilled iron is specified, all castings
ghall 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 moulds, shall be capable of sus-
taining on a clear span of 4 feet 8 inches, a central load of
500 pounds when tested in the rough bar.
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SPECIAL OPEN-HEARTH PLATE AND

Testing and
Inspection

Test Pioces

it

RIVET STEEL

1. All tests and inspections shall be made at the place
of manufacture prio= to shipment.

2. The tensile strength, limit of elasticity and ductility,
shall be determined from a standard test piece cut from
the finished material. The standard shape of the test
piece for sheared plates shall be as shown by the follow-
ing sketch :

&
*Q;b
About3 = __..Panllel Section __
e Not less than 87 11
1 r—
EI'Y‘."“E ‘b&wz.
TR ST *
HonlaliEte. e e

About 1T

Piace to be of same thickness as the plate

On tests cut from other material the test piece may be
either the same as for sheared plates, or it may be planed
or turned parallel throughout its entire length and in all
cases where possible, two opposite sides of the test piece
shall be the rolled surfaces. The elongation shall be
measured on an original length of 8 inches, except as
modified in section 12, paragraph ¢. Rivet rounds and
small bars shall be tested of full size as rolled.

Four test pleces shall be taken from each melt of
finished material, two for tension and two for bending;
but in case either test develops flaws, or the tensile test
piece breaks outside of the middle third of its gauged
length, it may be discarded and another test piece sub-
stituted therefor.

8. Material which is to be used without annealing or
further treatment shall be tested in the condition in which
it comes from the rolls. When material is to be annealed
or otherwise treated before use, the specimen represent-
ing such material shall be similarly treated before testing.
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Marking

Finish

Chemical

Propertiss

Physical
Properties

Extra Boft
BSteel

Fire Box
Steel

Flange or
Boiler Steel

Boiler Rivet
Steel

4. Every finished piece of steel shall be stamped with
the melt number. Rivet steel may be shipped in bundles
securely wired together, with the melt number Jn a metal
tag attached.

5. All platea shall be free from injurious surface
defects and have a workmanlike finish.
6a, Flange or Boil- } Maximum Phos; 1{_;\‘!mrl.ua .08 per cent,.
er Steel. h Sulphur 040"
65, Extra softand] . * Phosphorus .04 *
Fire Box Steel. i Sulphur O M
7. Special open hearth Plate and Rivet Steel shall be of
three grades, Extra Soft, Fire Box and Flange or Boiler
Steel.

8. Ultimate strength, 45,000 to 55,000 pounds per square
inch,
Elastlc limit, not less than one-half the ultimate
strength.
Elongation, 28 per cent.
Cold and Quench bends, 180 degrees flat on itself,
without fracture on outside of bent portion.

9. Ultimate strength, 52,000 to 62,000 pounds per square
inch.
Elastic limit, not less than one-half the ultimate
strength.
Elongation, 28 per cent.
Cold and Quench bends, 180 degrees flat on itself,
without fracture on outside of bent portion.

10. Ultimate strength, 55,000 to 65,000 pounds per square
inch,
Elastic limit, not less than one-half the ultimate
strength,
Elongation, 25 per cent.
Cold and Quench bends, 180 degrees flat on itself,
without fracture on outside of bent portion.

11. Steel for ooiler rivets shall be made of the extra
poft grade specified in paragraph No. 8
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Modifications
in
Elongation
for thin and
thiok
material

Variation in
Waight

12. For material less than 4 inch, and more than 3
inch in thickness, the following modificutions shall be
made in the requirements for elongation:

a. For each inerease of 1§ inch in thickness above 3
inch, a deduction of 1 per cent. shall be made from the
specified elongation.

4. For each decrease of 4 inch in thickness below ¢}
inch, a deduction of 2} per cent. shall be made from the
specified elongation.

¢. In rounds of § inch or less in diameter, the elonga-
tion shall be measured in a length equal to eight times
the diameter of section tested.

18. The variation in cross-section or weight of more
than 2% per cent. from that epecified will be sufficient
cause for rejection, except in the case of sheared plates,
which will be covered by the following permissible vari-
ations:

a. Plates 12} pounds per square foot or heavier, up to
100 inches wide, when ordered to weight, shall not average
more than 2} per cent. variation above or 21 per cent.
below the theoretical weight. When 100 inches wide and
over, 5 per cent. above or 5 per cent. below the theoretical
weight.

5. Plates under 19 pounds per square foot, when
ordered to weight, shall not average a greater variation
than the following:

Up to 75 inches wide, 214 per cent. above or 21 per
cent. below the theoretical weight. 78 inches wide up to
100 inches wide, B per cent. above or 8 per cent. below the
theoretical weight. When 100 inches wide and over, 10
per cent. above or 3 per cent. below the theoretical
weight.

¢. For all plates ordered to gauge there will be per-
mitted an average excess of weight over that correspond-
ing to the dimensions on the order equal in amount to tha:
specified in the following table :
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TABLE OF ALLOWANCES FOR OVER-
WEIGHT FOR RECTANGULAR PLATES
WHEN ORDERED TO GAUGE

Plates will be considered up to gauge if measuring not
over yjy inch less than the ordered gauge.
The weight of 1 cubic inch of rolled steel is assumed to
be 0.2883 pound.

PLATES X INCH AND OVER IN THICKNESS

With of Plate
Thisknsss of
Piate 1ok, 75 inches{ 750 100 inshes| % 100 40 1510 15 fnchen
Per cent. Per comt, Par saiik: cenk.

¥ 10 14 18
1o 8 12 16
% 7 10 18 17
fa 6 8 10 18
% 5 7 9 12
& e 6% 834 11
5% 4 6 8 10

Over 5§ 814 5 1154 0

PLATES UNDER X INCH IN THICKNESS

Width of Plate
Thickness of Plate,
Jash Upto 50 inches | 5040 70 inches | Over 70 inches
Per cent. Por cent. Par cent,
Youptody 10 15 20
dupto s 814 1214 17
fsuptoX{ 7 10 15
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Inspeotion

Rivets

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,

2. All workmanship must be first-class. All abutting
surfaces of compression members, except flanges of plate
girders where the joints are fully spliced, must be planed
or turned to even bearings so 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.

8. The rivet holes for splice plates of abutting mem-
bers shall be so accurately spaced that when the members
are brought into position the holes shall be truly opposite
before the rivets are driven.

4. Rollers must be finished perfectly round and roller-
beds planed.

b. The piteh of rivets in all classes of work shall never
exceed 6 in., nor 16 times the thinnest outside plate, nor be
less than 8 diameters of the rivet. The rivets used shall
generally be 5, 3 and % in, diameter. The distance be-
tween the edge of any piece and the center of a rivet hole
must never be less than 1% in., except for bars less than
214 imt wide. When practicable it shall be at least 2 diame-
ters of the rivet. Rivets must completely fill the holes,
have full heads concentric with the rivet, of a height not
less than .6 the diameter of the rivet, and in full contact
with the surface, or be countersunk when so required, and
machine-driven wherever practicable.

6. The diameter of the punch shall not exceed by more
than 4 in. the diameter of the rivets to be used, and all
holes must be clean cuts without torn or ragged edges.
Rivet holes must be accurately spaced; the use of drift
pins will be allowed only for bringing together the several
parts forming a member, and they must not be driven
with such force as to disturb the metal about the holes.

7. Built members must, when finished, be true and free
from twists, kinks, buckles or open joints between the
component pieces.
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Bye-bars and
Pin-holes

Pilot-nuts

Painting

B Allpin-holes must beaccurately boredatrightangles
to the axis of the members, unless otherwise shown in the
drawings, and in pieces not adjustable for length no vari-
ation of more thaa 44 of an inch will be allowed in the
length between centers of pin-holes; the diameter of the
pin-holes shall not exceed that of the pins by more than
¥ in., nor by more than ¢ in. for pins under 8% in, diame-
ter. 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 witha
gentle curve until the head stands at right angles to the
pin in their intended positions 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, ex
cept to form the loops of laterals, counters and 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 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
wvacant spaces on pins or bolts.

0. In all cases where a steel piece in which the full
strength is required 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 sub-
sequently 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
Interpretation of drawings and specifications during the
execution of work thereunaer, but this shall not deprive
the contractor of his right to redress, after the completion
of the work, for an improper decision.
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Composition

Weight

STANDARD SPECIFICATIONS FOR

STEEL RAILS
(January 1, 1800)

L 50 Ibs, up 60 1bs, up 70 Ibs, up

to 60 1bs, 10 70 1bs, to 80 "hs.
Carbon sevusunas 85 to .45 A8 to .48 40 to .50
Phosphorus...., notover.10 notover.10 notover .10
Silicon.......... mnotover .20 mnotover.20 notover .2
Manganese..... .10 to 1.00 0 to 1,00 5 t01.056

80 Ibs, up 20 Ibe. np

to 90 Ibs, 10 100 1bs.
Carbon....... 48 to .53 A5to 55
Phosphorus.. not over .10 not over .10

Silicon..... «.sss Dot over .20 notover .20
Manganese...........c.coe0ninnes .80 to 1.10 B0to1.10

2. Unless otherwise specified, the section of rail shall
be the American Standard, recommended by the American
Society of Civil Engineers, and shall conform, as accu-
rately as possible, to the templet furnished by the Railroad
Company, consistent with Clause No. 8, relative to speci-
fied weight. An allowance in height of & of an inch under
and gy of an inch over, will be permitted. A perfect fit of
the splice bars, however, shall be maintained at all times.

8. The weight of the rails gshall be maintained as near
as possible, after complying with Clause No. 2, to that
specified in contract. A variation of Y of 1 per cent. for
an entire order will be allowed. Ralils shall be accepted
and settled for according to actual weight.

4. The standard length of rails shall be 80 feet. Ten
per cent. of the entire order will be accepted in shorter
lengths, varying by even feet down to 24 feet. A variation
of I ioch in length from the lengths specified will be
allowed.
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Ho. 2 Rails

5. The name of the maker and the month and year ot
manufacture ghall be rolled in raised letters on the side of
the web, and the number of the heat shall be stamped on
each rail.

6. Circular holes for splice bars shall be drilled in ac-
cordance with specifications of purchaser. They shall be
accurate to drawing and dimensions furnished in every
respect, and free from burrs.

7. Rails to be straightened while cold, to be smooth on
head, to be sawed square at ends, and, prior to shipment,
to have the burr occasioned by the saw cutting removed,
and to have ends made clean. They are to be free from
injurious defects and flaws of all kinds,

8. The inspector, representing the purchaser, shall
have free access to the works of the manufacturer at all
times while his contract is being executed, and shall have
all reasonable facilities afforded to satisfy him that the
rails are being made in accordance with specifications.
The manufacturer shall furnish the inspector, daily, with
carbon determinations of each heat,and a complete chemi-
cal analysis every twenty-four hours, representing the

average of the other elements contained in the steel.

9. Rails which possess any injurious physical defects,
or for any other cause are not suitable for first quality,
shall be considered No. 2 Rails
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STANDARD SPECIFICATIONS FOR
STEEL SPLICE BARS

(January 1, 15809)

1. Carbon, not to exceed............ 0.16 per cent.
Phosporous, not to exceed..,..... 0.10 per cent.
Manganese .......ccevnvasssaeessss.0.40t00.60 percent,

2. Test pieces cut from head of splice bar must show:

a. Ultimate strength, 54,000 to 64,000 1bs. per square
inch.

&. Elastic limit, not less than one-half the ultimate
strength.

¢. Elongation, not less than 25 per cent. measured in 8
in. (208 millimeters).

d. Bending test, 180 degrees flat on itself without frac.

ture on outside of bent portion.

8. All splice bars shall be smoothly rolled and true to
templet. The name of maker and year of manufacture
shall be rolled in raised letters on the side of the bar.
The bars shall be sheared accurately to lengths and free
from fins or cracks, and shall be perfect fit to the rails for
which they are intended.
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‘Weskmanship 4. The punching and notching of Splice Bars must pe
accurate in every respect to drawing and dimensions
furnished.

Inspection 5. The inspector, representing the purchaser, shall
have free access to the works of the manufacturer at all
timag while his contract is being executed, and shall have
all reasonable facilities afforded to satisfy him that splice
bar" are being made in accordance with specifications.
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NOTES ON STEEL AND IRON

1. The average weight of wrought iron is 480 1bs, per cubic foot. A
bar 1 inch square and 3 feet long weighs, therefore, exactly 10 1bs
Hence:

To find the sectional area, given the weight per foot :

Multiply by &.

To find the weight per foot, given the .cec:wm! area :

Multiply by 3.

2 The weight of steel is2 per cent. greater than that of wrought iron

To find sectional area, given weight per fool :

Divide by 8.4

To find weipht per fool, given sectional area ;

Multiply by 8.4.

8. The center load at which a bar of wrought iron 1 in. square, and
12 in. center to center of points of support, will give way is very nearly
one fon (of 2,240 1bs.).

4. Within the elastie limit the extension and compression of wrought
iron is very nearly yolop Of its length for a stress of one Zon (of 2,240 1bs.)
per square inch.

For cast iron this ratio is gdyg for tension, but becomes variable for
compression,

5. The contraction or expansion of wrought iron under changes of
temperature is about ypigp of itslength, for avariation of 15 Fahrenheit.

The stress thus induced, if the ends are held rigidly fixed, will be
about one fon (of 2,240 1bs.) per square inch of cross-section.

8. The coefficient of expansion of wrought iron for 100° Fahrenheit
{s 0.000086. ‘Therefore, for a variation in temperature of 125, a bar of
wrought iron 100 feet long will expand or contract 1,028 inches.

Conversely : A change in length of 1 inch per hundred feet would be
produced by a variation in temperature of 121.5° Fahrenheit.

7. The melting point of iron and steel is about as follows:

Wroughtiron, . .+ .« <« « 80000 Fahrenheit
Cast iron, S L TG S 2,0000 “
Steel, . . « - 24000 e

8. The welding heat of wrought iron is 2,783° Fahrenheit.

MISCELLANEOUS NOTES

1. Thrust of arch per lineal foot
1.5 wi?
=——:l—-. in which w =1load per square foot, r=rise in arch
in inches, and 1= span in feet.

2. Approximately the radius of gyration for a box section is 4 the
2ast side.
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SAFE LOADS UNIFORMLY DISTRIBUTED FOR
RECTANGULAR SPRUCE OR WHITE
PINE BEAMS ONE INCH THICK

The following table has been calculated for extreme fiber stresses
1bs. per square inch corresponding to the followmg values for
Maduli of Rupture recommended by Prof. Ladza, viz.:

gprucaandwhltepme........ ..Rllglbs.
Y A e T
Yellow pine.....coviviinnns avaisnaavst0D0

or oak increase values in table by }. For yellow pine increase

: F
values in table by 24,

The safe load for any other values per square inch is found by
increasing or decreasing the loads given in the table in the same pro-
portion as the increased or decreased fiber stress.

= Depth of Beam
‘Eg e |9 ‘ 8 \ e |10" | 11"| 12" | 18° | 14" | 15" | 16°
5 820 | 1070 | 1850 | 1670 | 2020 | 2400 | 2520 | 8270 | 8750 | 4270
] 680 | 890 | 1120 | 1300 | 1680 | 2000 | 2350 | 2780 | 8120 | 8560
' 580 | 76O | 960 | 1190 | 1440 | 1710 | 2010 | 2830 | 2680 | 8050
8 510 | 670 | B840 | 1040 | 1260 | 1500 | 1760 | VM0 | 2840 | 2070
] 460 | 590 | 750 | 930 | 1120 | 1880 | 1560 | 1810 | 2060 | 2870
10 410 | 530 | 670 | 830 | 1010 | 1200 | 1410 | 1630 | 1880 | 2180
1 870 | 490 | 610 | T60 | 920 | 1080 | 1280 | 1400 | 1710 | 140

12 840 | 440 | 560 | GO0 | B840 | 1000 | 1180 | 1360 | 1560 | 1780

640 | 780 | 980 | 1080 | 1260 | 1440 | 1640
bt 480 [ 500 | TR0 | 860 | 1010 | 1170 | 1840 | 1580
15 270 | 860 | 450 | 560 | 670 | 800 | €40 | 1080 | 1260 | 1420
16 260 | 380 | 420 [ 520 | 630 | TBO | 880 | 1020 | 1180 | 1880
lg 20 | 810 | 400 | 490 | 580 | 10 | 850 | 960 | 1100 | 1260
1

230 | o 870 | 460 | 860 | 670 | T80 | 910 | 1040 | 1190
630 860 | 990

2% su¥sl BBENE EEsEs
; &
g e
2
g
E

20 200 | 270 | 840 | 420 | 510 | 600 | 710 | 820 | €40 | 1070
21 100 | 260 | 820 | 800 | 480 | 570 | €70 | 780 | 800 | 1020
82 | 140 | 190 | 240 | 310 | 880 | 460 | 540 | 640 | T40 | 850 | 970
23 80 | 180 | 280 | 2 860 | 440 | 520 | 610 | T10 | 810 | 020
24 | 180 | 170 | 220 | 250 | 850 | 420 | 500 680 890
25 [ 120 | 160 | 210 | 270 | B30 | 410 | 480 660 | 750 | 860
20 | 110 | 160 | 210 | 260 ( 820 | 800 | 400 | 540 | 630 | TR0 | 820
27 | 110 | 160 | 200 | 250 | B10| 870 | 440 | 620 ( 610 | 690 | 790
28 | 110 | 140 | 190 | 240 | 800 ( BG0 | 480 | 500 | 58O | 670 | 760
20 | 110 | 140 | 180 | 230 | 200 | 850 | 410 | 490 | b6O | 640 | T40

To obtain the safe load for any thickness: Multlply valnes for 1 inch
hr thickness of beam.

To obtain the required thickuness for any load: Divide by safe load
for 1 inch.
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SAFE LOADS FOR RECTANGULAR WOODEN
PILLARS (SEASONED)

Z=length of pillar in inches,
&= width of smallest side in inches.

Tellow Pine (Southern) ‘White Osk White Pine and Spruce
1125 025 800
| 7 7
1+ —Ti007s 145002 i

These formulm give safe loads of one-forth the ultimate strength
for short pillars decreasing to one-fifth the ultimate for long pillars.

PEact L Safo Load in Pounds per Square Inch of Section
Lesst Sids
Yellow Whits
s RS g | o P

12 005 818 07
14 955 785 679
16 018 750 649
18 869 715 618
20 825 678 687
22 781 642 556
24 738 607 525
26 697 675 495
28 657 541 467
80 619 509 440
82 683 479 414
84 549 451 390
86 516 425 867
88 487 400 846

458 377 826

e
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SAFE LOADS IN TONS OF 2,000 LBS. FOR

SQUARE WOODEN PILLARS
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STRENGTH OF MATERIALS

ULTIMATE RESISTANCE TO TENSION IN LBS. PER SQUARE INCH

METALS AND ALLOYS

Aluminum Bronze Average
10 per cent. Al. and 90 per cent. Copper . . . . . 85000
18 & 8y - i RS R 28000
1T PR P S | S S 1 18000
L TSRO I e L e e W T 49000
Bronzeorgunmetal' . . & L 2 8 s e s . DO000
Copper, cast st el ol e il R T LSy L 18000
N abapby Gl YR TR L U6 W e o e o S90DE
Al s s e R e i 36000
“  wire(unannealed) . R T . 80000
Iron,cast, 18400t0 20000, . . .+ < .+ « . 18600
4 wire, black or annealed . . . P = : 56000

" “  ‘brightharddrawn . . . 5 - . 5 78400
T Sl M M . T T A - =T g R L e 3300
Rl d el w o] el w e | e SASO00 to- 1200088
*  Aluminum 2} per cent. Aluminum R s T00G0

" Copper, 8 per cent. Copper £ M w el entn 60000

“ Nigkel, 8% percent. Nicket . . . . . . . 88000
" cast, wire, crucible L S = 224000
" s Besgemer . . . . . . . . . 896800
“ “ highoatbon.. < « 51 & W& 179200

- " mild O. H. . . . - - . A . 134000

The modulus of elasticity of steel from recent tests is from 27,000,000
to 81,000,000, Average, 29,000,000,
o LN S A B - S PR R M 4600
I a1l b T A T SR A T 7000 to 8000
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STRENGTH OF MATERIALS—Continued

TIMBER, SEASONED, AND OTHER ORGANIC FIBER

Taken largely from Trautwine's pocket book (edition of 1801)

Average
Ash, English . . b I Nl 16000
# American . Yyl . v 16500
Beech, English . e s 11500
Birch . et e 15000
Cedar of Lebanon . . s = o= w s 11400
4 American, red LR e 10300
Fir or Spruce . . v w e e e s 20000
Hempen Ropes . « w w 12000 to 18000
Hickory, American i e 11000
Mahogany o i SR % 8000
Oak, American,white . » . - - o “ 10000
“ European . T I - 10000
Pine, American, white, red and pitch, Memel, Riga . . . 10000
A A long leaf yellow P T TS 12600 to 19200
Poplar . e e 7000
Silk fiber Pl S A 20000
Walnut, black W T T it 8000
STONE, NATURAL AND ARTIFICIAL
Brick and cement . e s s s« » 280to300
o R S R 2680
Slate sio- i 2400 to 46800
Mortar, ordinary lime . BRLARIIN o 3O toR
ULTIMATE RESISTANCE TO COMPRESSION
METALS

Brass,cast . . =L 10300
Iron “ M etk e o7 w 85000 to 126000

Steel

46000 to 120000
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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 1801)
Average
Ash, American . . o T - mIRE e 8800
Beech A T, T L A 7000
Birch. . Vi e i s e New | e mel B 8000 !
Cedar of Lebanon P O R B e T T . 5900
ARl 28! c poic 4l W B | R Wl bR D e e Ge 8000
EEERRE™ UG N Y Rl e N e TR e T 5300
T e N S A T T P SR R 8500
i A T T S A S I A S e e 5000
Hickory . . F i - B L B s 8000
Oak, American, whfte G e ran | e U e BL R gy 7000
RGBT 20y ST e R e L B Ta e eeve 10000
% Dantzig . P e e P T - S 7700
Pine, American, white 4 T O e W e T 5400
" long leaf yellow an B B o 8500
Walnut, black . VO L SRR I 8000

Brick, weak s s a s s s w = & wx .« BBOtoBOD

"

= R PN e S R 1700
Brick work, ordinary,incement . . . . . . 800to800
o~ best PR Ry Bl B e e T 1000
RN . ) smimiTmNE DA AU TN e | e 20000
Granite s+ * &+ 2+ « &+ s = &« =« «B0O00tol1B000
Limestone . el e e e e w000 16000

Sandstone, ordin-ry # « + 4 e« s « «2500to 10000

Iron,
Steel

White Pine, Spruce, Hemlock . . . . . . . 2650tob500
Yellow Pine, long leaf e e W e s o D0 to'G00

Oak

STONE, NATURAL AND ARTIFICIAL

PUORE . o e i W ca et ead il a0 A 1100

ULTIMATE RESISTANCE TO SHEARING
METALS

T S SO P LMV L e T S Ty Y W AU .0

TIMBER, SEASONED, ALONG THE GRAIN

i sgivgdiles G0 e el ey el el e 00 B0
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SPECIFIC GRAVITY OF VARIOUS SUBSTANCES

Names of Substances m Kames of Substances m
st 2.60 || Magnesium . 174
M“mi‘n“mihammered » 2.7 Mahogany | 0.56-1.00
Amber . ¢ 1.08 | Maple, dry i 0.70
Anthracite -| 1.40-1.70 || yro hle W . .lem2oss
Asphaltum .| 1.10-1.20 Masonry, stone, dry | 2.00-2.55
Beech 0.85 “w brick, .| 1.50-1.60
Brass { S35t - - S a7 Mercury, a. 8% Fah . 13.506
Brick, common, hard . . 1.53-2.50 | Mica . i 250
Cement, ground, loose . 1.8 || Qak, dry [ 0.09-1.08
Bl ... 0.44 || Petroleum, at EB'Fah 0.80
Cherry,dry . . .| 0.76-0.84 || Pine . P [ (LBE-GL00
Clay, dry . o« o[1.802.00 |[ Platinum {$aSt - - - -l TR
Coal, bituminous . . .| 1.20-1.50 Quartz o ey 2.5-2.80
== loom 085 |l satpetre, Chili | s
Concrete 247 “w Kali | 1.05-2.08
Copper { rcgﬁgd 5 ? &1’8—%3 Sand, fine, dry . -| 1.40-1.65
Dianond . . i 8.50 we wet. . .| 1.90-2.05
Earth, humus 180180 || * coarse eyt
Glass, common window . 204 || Sandstone -| 220-2.50
Gneiss, common .| 2.40-2.50 Silver{ hnmmered {gg
Gold{caa:;mpm o g || State e
pure hammered 19.38 || Snow, freshly fallen < 0.19
Granite .| 2.50-8.00 || Steel . . . . . . . . .| 7.20-786
Gypsum, cast, dry 0.97 || Sulphur .| 1.98-2.07
Hornblende . - 800 {iSodinmis v . W w v e 0.978
Jce . -(0.88-0.92 || o feast . . .. .. 7.20
Iron{ | 7.10-7.50 rolled 7.80
wmught 4 79 || water ‘I pure rain or dis-
Ivory 1.82 2 tilled, at 30° Fah. 1.00
Lead . 1 11.87 S8R . « . . 4 . 1.08
Fime . . . |as0.gep || Walnut,dry . . . . . .|0.60-0.81
Lime, slacked . Jrsoaqp [| Wox o o oo ob el 2] 0.95-008
Limestones . .| 2.46-2.81 Zinc{ :‘:ﬁ;d 2 gg
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WEIGHT OF A CUBIC FOOT OF SUBSTANCES

Names of Substances ‘W‘:gft:

Lbs.
Aluminum . . .+ + o+« 4« e s « «+ . 162
Anthracite, solid, of Pennsylvania . . . . .« . . 83
. broken, loose . T . . . ¥ =5 o B4
3 & moderately shaken BT Bor. rmpgdd 58
i heaped bushel,loose . . . . . . . . (80
Ash, American, white,dry . . .« .« + « « . 38
Asphaltum . . e | POV ISR ST o 87
Brasa (Copper and Zinc), CEEE per B Pttt e o e 504
L2 T e (R T, | e O SR e S
Brick, best pressed e N R T T Tt e e e R 160
% ocommom,hard, . .+ . o« & s 4w e 126
“  goft, inferior o AL (o et | e o Wd 100
Brickwork, pressed brick SO | A S RO B G
7 ordinary . . . P Y 113
Cement, hydraulic, ground, loose, Amer{can Rosendale - 56
“ b i “* & Louisville b0
= L A “  English, Portland . 20
EUPRRvEREY: ol 5 W s o e i fied | deh ) e e Ve 42
A L R R | B A o L R S 41
Binyypotters’ydry . o @, s de s el e s e e 119
% Inlump,loogs . & . & & . o+ & 2w % 63
Conl, bittminous, solld’. . .« L s o« e woaw @ 84
v L4, bioken,loogs: /187 6 e sl sl el NG 49
16 2 heaped bushel,loose . . . . . : \74)
Coke,loose,ofgoodcoal « . « o &+ o o s & 4 283

4 % heapatibushelvc azg haiEa  al mr, e w0 (40)
ECDDATCREE, o v SR b gnnd [ Jreir PeE e w1 o (el s R
L yolled .. + & &l % (v wlW S e e G 548

Earth, common loam,dry,1o086 . .+ 4+ ¢ @« ¢ & o 76
£ @ L “ moderately rammed . . . . 256
“ ‘psasoftflowingmud = . 4 « o o e« o« o 108
VT Lo AP I S R S R e we

Saey & o Bl o b IR aB G G e ) a6
T L TP S TN TR R S U S )
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WEIGHT OF SUBSTANCES—Continued

Kames of Substances

Glass,commonwindow . . . . . .+ + + +
ENAlER OOMMON, o s el 8 Ve we w0 ey oa el e
Gold, cast, pure, or 24 carat . A A . - 8 et L 4

“  pure, hammered e i . L g e
Grain,at 60lbs. perbughel . . . . + « « & .
Granfte . . .+ +« & & & 4 & =2 = &
Gravel, about the same as sand, which see.
Gypsum (plasterofparis) . . . + &+ +« s & .
Hemlock, dry o v} i = S . P . .
Hickory,dry . . =« =+ + =« s & = s = =
Hornblende,black . . . . « + « « s =
Tee o = (MR~ IR~ ST SO S VI S Ay
Iron, cast . . gl at Ry

“ wrought,purest . . . « + « « + &

# e AVETAED .« .+ + s + s+ & » =
RN 5. % A ®r uee g b e el LE e Sieeie T
Lead O TR B R e WA v NG e
Lignum Vitee,dry . . . .+ « « &+ &« « &
Lime, quick, ground, loose, or insmall lumps . . .«

i L “ “  thoroughly shaken . . . .

= .. 1, #  perstruckbushel . . . .
Limestones and marbles s % m a W e m oW

“ i loose, in irregular fragments . .
Magnesium ). Al L sl UL SR s e
Mahogany, Spanish,dvy . . . + ¢ « ¢ o
w Hondurd, &¥ . . o » o 5, o 19, '»
Meple, Ary ¢ . o w5 4 e e @ s &
Marbles, see Limestones,
Masonry, of granite or limestone, well dressed . . .
i “mortarrubble . . . . .« .+ .

L Uodry #  (wellgcabbled) . . . .
“ % gandstone, welldressed . . .. .« .+ .
Mercury, at 82° Fahrenheit . . . o e el e

Mortar,hardened . . .« . « o+ o s+ o s

Muod, dry,clod® . . « « s+ s » ¥ w @ 8010110

Mud, wet, fluld,maximum . . .+ « « « + &
Oak, live, dry . Voow W e e e e




43 CARNEGIE STEEL COMPANY

WEIGHT OF SUBSTANCES—Continued

Names of Substances

Oak, white. dry

" other kinds
Petroleum . .
Pine, white, dry 5 gy el e : I

*  yellow, Northern

x " Southern
Platinum 5
Quartz, common, pure . . . . -
Rosin ay L2 IR e

Salt, coarse, S:rracnu. N Y .

*  Liverpool, fine, for table use
Sand, of pure quartz, dry, loose

' well shaken ¥
perfectly wet . F . : . ¥
Sandstones, fit for building
Shales, red or black
Silver
Slate . . . » 5 . . ¥
Snow, freshly falleu e

“  moistened and compacted by rain

Spruce, dry
Steel . .
Sulphur .
Sycamore, dry
Tar .
Tin, cast
Turf or Peat, dry, unpmsed
Walnut, black, dry

Water, pure rain or dlslillcd. at 60" Fahrenhei[ 5

.

Wax, bees .
Zinc or Spelter -

WL va W e 176
+ + o« bBrwl2
. 16 to 50

20 10 80

. 38

821

R T . B4
y . . B0.6

o s w e 4BTE

Green timbers usually weigh from one-fifth to one-half more than dry.




CARNEGIE STEEL COMPANY 24

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.

Ooefficient for 1800
Name of Substance Goeffctent for 100° | Fubhrenheit, or 100°
Centigrade
Baywood (in the direction of the { -020026 091_%*6
grain,dry) . . . 1| .o00s1 .00067
Byaan foaat)l 3 | G KLE e & 00104 00188
% (wire) S SO S 00107 00183
ok (are) ¢ J (L L EaN En S 0008 0006
Cement (Roman) . . . . .0008 0014
Copper . . .0009 0017
Den;r{h; tl'm di.rectlon ?f tlte g‘raln,} 00024 00044
Glass (English flint) . . . . 00045 00081
# (French whitelead) . . . .00048 00087
Gold:, | + ~ B R .0008 0016
Granite (average) o3l o 00047 00086
ranicast). s lls ‘A s g 0006 0011
M (eoftforged)y. . . o« & L0007 0012
4 (wire) . 3 % 4 v , 0008 0014
Lead RS S TS 0018 0029
{ 00036 000656
Marble (Carrara) . . TO TO
v 0011
Tty 2 4 T B | o 0033 .0060
s R R I S - S 0005 0000
0006 0000
Sandstone TO TO
{ .0007 0012
Bitver Lty | 2l 2l B LS S 0011 .002
Slate (Wales) . .0008 001
Water (varies coaddernbiy with the } 0088 0166
temperature) ¢ 1.




CARNEGIE STEEL COMPANY

AREAS OF FLAT ROLLED STEEL

For Thicknesses from 4 in. to 8in. and Widths from 1 in, to 123 im.

gé 1" lx' 1}4: 1;‘- 9" an z}gu 2%; 12"
5
063 .o18| .004] .100 .128| .141] .156 172l .750
125 .156| .188| .219| .250| .os1| .818 344/ 1.50
‘188| .234| .281| .828| .875| .4%2| .469| .516|| 2.25
‘950 .318| .875| .438| .500| 568 .625| .6ss]| 8.00
g 318 .201] .460] .541 .625| .708| .ve1| .s50l| 875
375 .469| .563| 656 .750| .s44| .938] 1.08 || 450
48| 547 .656| .766| .875| .084] 1.09 | 1.20 || 5.25
500 625 .750 875 1.00 | 1.13 | 1.25 | 138 | 6.00
;-g 563 .708| .844| .084| 118 | 1.o7 [ 1.41 | 1.55 || 6.75
625 .781| 088 1.09 | 1.25 | 1,41 | 1.56 | 1,72 || 7.50
;;; ‘688|859 1,03 | 1.20 | 1.88 | 1.55 | 1.72 | 1,80 || 8:25
‘750| .93s| 1.13 | 1.81 | 1.50 | 1.69 | 1.88 | 2.06 || 9.00
% 813 1.02 | 1.22 | 1.42 | 1.68 | 1.83 | 2.08 [ 2.23 || 9.75
875] 1.00 | 1,81 | 158 | 1.75 | 1.97 | 219 | 241 |[10.50
5| o8| 117 | 1041 | 164 | 188 | 211 | 2:34 | 2.58 [[11.25
1** | 100 | 125 | 150 | 175 | 2.00 | 2:25 | 2.50 | 2.75 [[12.:00
17 | 1.06 | 1.3 | 1.50 | 1.86 | 2.13 | 2.30 | 2.66 | 2.92 |[12.75
134 | 118 | 1a1 | 169 | 197 | 2.25 | 2.53 | 2.81 | 8.09 [|18.50
14 | 119 | 148 [ 178 | 2.08 | 2.38 | 2.67 | 2.97 | 8.27 |[14.25
13 | 125 | 156 | 188 | 2.19 | 2.50 | 2:81 | 8.18 | 8.44 |[16.00
18 | 1.81 | 1.64 | 1.97 | 2.30 [ 2.63 | 2.95 | 8.28 | 8.61 [[15.75
138 | 138 | 172 | 2.06 | 2.41 | 275 | 3.0 | 8:44 | 8.78 |[16.50
17 | 144 | 180 | 2.16 | 2:52 | 2.88 | 3.23 | 859 | 8.95 |[17.25
13 | 150 | 1.88 | 2.25 | 2.63 | .00 | 8.38 | 8.75 | 4.18 [/18.00
1. | 1.56 | 1.95 | 2.84 | 273 | 8.18 | 8.52 | 8.01 | 4.80 [|18.75
1% | 163 | 208 | 2.44 | 2.84 | 8:25 | 8.66 | 4.06 | 4.47 [19.50
132 | 169 | 211 | 2.58 | 2.95 | 8.38 | 3.80 | 4.22 | 4.64 |[20.25
15 | 175 | 219 | 2.63 | 8.06 | 8.50 | 3.94 | 4.38 | 4.81 |[21.00
138 | 1.81 [ 2.07 | 272 [ 3.17 | .63 [ 4.08 | 4.58 | 4.98 [l21.75
17 | 188 | 284 | 281 | 828 | 8175 | 4.22 | 4.69 | 5.16 [[22.50
138 | 1,04 | 2.42 | 2.91 | 830 | 888 | 4.:36 | 4.84 | 5.33 [[28.25
2'° | 2.00 | 2.50 | 8.00 | 8.50 | 4.00 | 4.50 | 5.00 | 5.50 |[24.00




6.75
7.50
8.25
9.00

14.25

CARNEGIE STEEL COMPANY

AREAS OF FLAT ROLLED STEEL—Continued

§ | 883 28188
— Heled e
N L= i

X | B3 IR

« Pl Hicicd

. = oD =H

X | 8833 I8ER

e - el

H 285 -1

= %w7% BRRE

< B B B ]
=)

o | 588 zses
T T S
=

w | 3888 =33

(3] M e

= SHoD

W | REEE szae

0 e

T B0

| 588 =393

fs] e =

[ =X

» | BERE Ba=xzs

o = el
BEUIU | S0e oSSR

FSIYITY

5.05 |[12.756

.06 | 5.34 |[13.50
.34 | 5.64

.63 | 5.94 (/15.00
.91 | 6.23 ([15.76
.19 | 6.58 |[16.50
47 | 6.83 [|17.256
75 | 7.13 ([18.00
.08 | 7.42 |[18.756
81 | 7.72 (|19.50
.59 | 8.02 [[20.25

.88 | 8.81 ||21.00

8.45 | 8.66 | B.86 || 9.756
8.72 | 3.94 | 4.16 ||10.50
8.98 | 4.22 | 4.45 ||11.25
4.25 | 4.50 | 4.7 (|12.00
7.70 | 8.16 | 8.61 ([21.75
7.07 | 8.44 | 8.91 |[22.50

2.92 | 8.09 | 8.27

.63 | 2.81 | 8.00 | 3.19 | 3.33 | .56
75 | 8.28 | 8.72 | 9.20 ||28.25

.00 | 8.50 | 9.00 | 9.50 |[24.00

.25

.60

97 | 2.11 | 2.25 | 2.39 | 2.68 | 2.67
2.68 | .75

.19 | 2.84 | 2.50 | 2.66 | 2.81 | 2.97




CARNEGIE STEEL COMPANY

AREAS OF FLAT ROLLED STEEL—Continued

& | B3 =328 =s8%s
- oied e D=L
B ]
B 2252 -BER 2338
© “Cie cicicicd oSis
= o
W | $588 8338 3853
(6] T tH cloloied il
e
L SRER 83RE 2=88
© P i wcicies eSes-did
no
© SEEB BRBS BERER
" Hoicicd  edod<h
[—-X=]
2 | 8583 8283 K38
[fe} i Hicicicd ododedf
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s %WWI. =S D 00 v =
= HOERN ORINS IAOR
(Ts] - Hrcict cicdeded
a
o 25 BBRIEB ZRIR
" il cicdodod

BT

b1
K

AR

7.59 (/18,50

6.83 | 7.13 | 7.42 | 7.72 | 8.02 ([14.25
7.19 | 7.50 | 7.81 | 8.13 | 8.44 (|15.00

7.22 | 7.55 | 7.88 | 8.20 | 8.53 | 8.86 [|15.75
7.06 | 7.91 | 8.25 | 8,59 | 8.94 | 9.28 (|16.50

6.11 | 6.88 | 6.64 | 6.91 | 7.17 ([12.74

6.47 | 6.75 | 7.03 | 7.81
7.91 | 8.27 | 8.63 | 8.98 | 9.34 | 9.70 [|17.25
8.25 | 8.63 | 9.00 | 9.88 | 9.75 [10.13 (|18.00
7.81 | 8.20 | 8.59 | 8.98 | 9.38 | 9.77 {10.16 [10.55 ||18.75
.13 | 8.68 | 8.94 | 9.34 | 9.75 |10.16 [10.56 [10.97 ||19.50

8.44 | 8.86 | 9.28 | 9.70 [10.13 |10.55 (10.97 [11.39 |[20.25

13 | 8.75 | 9.19 | 9.63 |10.06 [10.50 [10.94 [11.88 [11.81 |[21.00

1
1
1




CARNEGIE STEEL COMPANY

AREAS OF FLAT ROLLED STEEL-Continued
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CARNEGIE STEEL COMPANY

AREAS OF FLAT ROLLED STEEL-Continued
%
%E o |ox’ 9%’ |9k’ | 10" 10y |10% |10%"]| 12"
a8
.563| .578| .504| .609| .625| .641| .e56| .e72| .70
113 | 1.16 | 1.19 | 1:22 | 1.25 | 1.28 | 1.81 | 1.84 || 1.50
1.69 | 1.78 | 1.78 | 1.88 | 1.88 | 1.92 | 1.97 | 2.02 |[ 2.25
ﬁ 2.25 | 2.81 | 2.38 | 244 | 2.50 | 2.56 | 2.63 | 2.69 || 3.00
2.81 | 2.89 | 2.97 [ 8.05 | 8.18 | 3.20°| 8.28 | 8.36 || 8.75
8.38 | 8.47 | 8.56 | 3.66 | 8.75 | 8.84 | 3.94 | 4.08 || 4.50
| 8.94 | 4.05 | 4.16 | 4.27 | 4.88 | 4.48 | 4.59 | 4.70 || 5.25
3| 4.50 | 4.68 | 475 | 4.88 | 5.00 | 5.18 | 5.25 | 5.88 || 6.00
}'2 5.06 | 520 | 5.84 | 5.48 | 5.68 | 577 [ 5.91 | 6.05 || 675
5.63 | 578 | 5.94 | 6.09 | 6.25 | 6.41 | 6.56 | 6.2 || 7.50
6.19 | 6.36 | 6.53 | 6.70 | 6.88 | 7.05 | 7.22 | 7.89 || 8.25
8.75 | 6.94 | 7.18 | 7.81 | 7.50 | 7.69 | 7.88 | 8.06 || 9.00
18781 | 752|772 | 792 | 818 | 8.88 | 8.58 | 8.78 || 9.75
7% |7.88 [ 809 881|853 875|897 |9.19 | 9.41 [10.50
151844 | 867|891 | 914|938 | 9.61 | 984 [10.08 [[11.25
19.00 | 925 9.50 | 9.75 [10.00 [10.25 [10.50 [10.75 |[12.00
17| 9.56 | 9.83 [10.09 [10.36 [10.63 [10.89 |11.16 [11.42 |[12.75
134 (10.13 [10.41 [10.69 [10.97 [11.25 [11.58 [11.81 [12.09 |[18.50
12 [10.69 [10.98 [11.28 [11.58 [11.88 [12.17 [12.47 [12.77 |[14 25
144 [11.25 [11.56 [1188 [12.19 [12.50 [12.81 [18.13 [13.44 [15.00
15 [11.81 [12.14 [12.47 [12.80 [13.18 [18.45 [18.78 [14 11 [|15.75
134 [12.88 [12.72 [13.06 |18 41 [18.75 [14.00 [14.44 [14.78 [[16.50
17 [12.94 [13.80 |13 66 [14.02 [14.88 |14.78 [15.09 [15.45 [17.25
124 |18.50 [13.88 [14.25 [14.63 [15.00 [15.88 |15.75 [16.13 [|18.00
19 [14.08 [14.45 |14.84 (15.28 [15.63 [16.02 [16.41 [16.80 [18.75
156 (14.63 [15.08 [15.44 [15.84 [16.25 [16.66 [17.06 [17.47 [[19.50
111 [15.19 [15.61 [16.08 [16.45 [16.88 [17.80 [17.72 |18.14 {[20.25
1% |15.75 [16.19 [16.63 [17.06 [17.50 (17.94 [18.88 [18.81 |[21.00
138 |16.81 |16.77 [17.22 [17 67 [18.13 [18.58 [19.08 [19.48 ||21.75
1% |16.88 [17.84 [17.81 [18.28 [18.75 [19.22 [19.69 [20.16 [[22.50
138 [17.44 [17.92 |18 41 [18.89 [19.38 [19.86 [20.84 [20.88 [[23.25
2 [18.00 [18.50 [19.00 [19.50 [20.00 [20.50 [21.00 [21.50 [[24.00
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AREAS OF FLAT ROLLED STEEL-—Continuea
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1.41
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10.78 |1
11.50 |1

. 12.22 |12.48
12.88 |12.66 [12.94 (13.22
18.06 13.86 |18.66 (13.95
13.75 [14.06 |14.88 (14.69

14.44 114.77 [15.09 [15.42
15.13 [15.47 [15.81 [16.16
15.81 |16.17 16.58 [16.89
16,50 |16.88 [17.25 [17.63

17.19 [17.58 |17.97 [18.86
17.88 |18.28 [18.69 [19.09
18.56 [18.98 [19.41 [19.83
19.25 [19.69 [20.13 [20.56

19.94 [20.39 |20.84 [21.80
20.63 [21.09 [21.56 [22.08
21.31 [21.80 [22.28
22.00 [22.50 |238.00
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12.00

12.75
13.50
14.25
15.00

15.75
16.50
17.25
18.00

18.75
19.50
20.25
21.00

21.75
22.50
28.256
24.00

Wt
St =3
g&\-g

SIS oo o
® WSOW

=0

9.95
10.72
11.48
12.25

13.02
13.78
14.55
15.81

16.08
16.84
17.61
18.88

19.14
19.91
20.67
21.44

22.20

22.97
23.73
24.50

12.50

18.28
14.06
14.84
15.63

16.41
17.19
17.97
18.75

19.58
20.81
21.09
21.88

22.66
23.44
24.22
25. 00

0T

1.59

£ e
-
o w

(-]
0
@D

OG0 =33 EHn L
Qre3eoit  Coored
St HE®

=
8

The areas for 12 in. width are repeated on each Rage
n

11.16
11.95
12.76

18.55
14.84
15.14
15.94

16.73
17.58
18.83
19.13

19.92
20.72
21.52
22.81

28.11
23.91
24.70
25. 60

17 the additions necessary to |
%7 in., add the areas to be found

to facilitate makin

the area of 15

2.84 - 10.50 = 18,84 square inches.

plates wider than 12in. Thus, to

obtain the areas of
in the same ljne for 8% x % and 12x %
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251

WEIGHTS OF FLAT ROLLED STEEL

PER LINEAL FOOT
1 cubic foot weighing 480.0 1bs,
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WEIGHTS OF FLAT ROLLED STEEL—Continued

FPER LINEAL FOOT

Thitkness
in Inches

=]
-4

34"

31"

33"

4

4" |47

ay || 127

Seath EERCE WD W
e e A L T
E388 G882 S58E&5

13}
1}

(= 8=
St -

o
=
2z

11.48
12.12
12.75

13.389
14.03
14.66
15.30

15.94
16.58
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17.85

18.49
19.18
19.77
20.40
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r-

T
.68
.88

A
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76
07

.36
.16
L5
D

[t
DY D

13.55
14.34
15.14
15.94

16.74
17.53
18.33
19.13

19.92
20.72
21.51
22.82

23.11
23.91
24.70
25.560

ek el b

-1 (5 F-] ==y = o

SE6 BEES ZLE=8 &8
[

13.60

14.45
15.80
16.15
17.00

17.85
18.70
19.55
20.40

21.25
22.10
22.956
R3.80

24.65
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26.585
27.20
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17.16
18.06
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19.87
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22.58
23.45
24.88
25.20

26.19
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CARNEGIE STEEL COMPANY

WEIGHTS OF FLAT ROLLED STEEL—Continued

PER LINEAL FOOT

Thiskness
in Inches

6x"

514"

53"

6"

622"

63"

12"

R

Rewa sk sk
© @asor B

W

DO ek e ek ek e
e e

&5
Daymon hes

5 gikgs

10.63
11.69
12.75

13.81
14.87
15.94
17.00

18.06
19.13
20.19
21.25

22.82
23.88
24,44
25.50

26.57
27.63
28.69
20.75
30.81
31.87

82.04
34,00

W G
(=-R=0

8228

10.04
11.16
12.27
18.89

14.50
15.62
16.74
17.85

18.96
20.08
21.20
22.82

23.43
24.54
25.66
26.78

27.89
20.01
30.12
81.24

32.35
83.47
34.59
35.70

w oo

Smao B
I:r.'.v-dg
ST =3

10.52
11.69
12.85
14.08

15.19
16.36
17.53
18.70

19.87
21.04
23.21
23.388

24.54
25.71
26.88
28.05

20.22
30.89
31.55
82.73

33.89
35.06
86.23
37.40

4.14
5.53

6.90
8.29
9.67
11.05

12.43
13.81
15.20
16.58

17.95
19.84
20.72
22.10

23.48
24 .87
26.24
27.62

29.01
30.39
31.77
33.156

34.53
35.91
37.80
38.68

"40.05
4144
42.82

4.80
5.74

5
8.61
10.04
11.48

12.91
14.34
15.78
17.22

18.65
20.08
21.51
22.95

24.89
25.82
27.25
28.69

30.12
31.56
32.99
84.43

85.86
37.29
38.73
40.17

41,60

43.08
44.46

58.65

4{%&&0




FER LINEAL FOOT

CARNEGIE STEEL COMPANY

WEIGHTS OF FLAT ROLLED STEEL-—Continued
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255 CARNEGIE STEEL COMPANY

WEIGHTS OF FLAT ROLLED STEEL—Continued

PER LINEAL FOOT

91" | ay" | 10" [10x"

Thickness |
in Inches
=
0
®

1032"1103¢"

5.74| 5.90| 6.06| 6.22| 6.88| 6.54
7.65| 7.86| 8.08| 8.20| 8.50| 8.71

9.56| 9.83|10.1010.86|10.62 |10.89
11.48 111,80 | 12,12 | 12.44 | 12.95 |13.07
13.40 | 13.76 | 14.14 [ 14.51 | 14.88 15.256
15.80 |15.73 [ 16.16 | 16.58 | 17.00 [17.42

17.22 117.69 | 18.18 | 18.65 | 19.14 19.61
19.13119.65|20.19 | 20.72 [ 21.25 |21.78
21.04121.62 22.21 [22.79 | 23.38 |23.96
22.906 | 23.59 | 24.23 | 24.86 | 25.50 |26.14

24.86 | 25.50 | 26.24 | 26.94 | 27.62 |28.32
26.78|27.52 | 28.26 [29.01 | 29.75 |30.50
28.69|29.49 | 30.28 [ 31.08 | 81.88 |82.67
80.60 | 81.45 | 32,30 | 33.15 | 84.00 |34.85

1 32,52 |83.41|34.82 | 85.22 | 86,12 |37.03
1 84.45 [ 85.88 | 36.34 | B7.29 [ 88.25 39,21
1% [86.84 |37.85|38.36 | 89.37 | 40.88 |41.39
1){ |88.26389.81|40.37 |41.44 43.56

42
1 [40.16 | 41.28 | 42.40 | 43.52 g
48

SNl REREe WP W

—

134 |42.08|43.25|44.41 [45.58
17 |44.00(45.92 | 46.44 [47.66 | 48.88
1% [45.90|47.18 | 48.45|49.73 | 51.00

1% |47.82|49.14 | 50.48 | 51.80 | 58.14
1 49.73|51.10| 52.49 | 58.87 | 55.25
134 [51.64 | 53.07 | 54.51 [ 65.94 | 57.38
13¢ | 53.56 |55.04 | 56.53 | 58.01 | 59.50

133 |55.46 | 57.00 | 58.

17 |57.88|58.97 | 60.56 | 62.16 | 68.75
13§ |59.29|60.94

2 |61.20]62.90

E355
gzes B=83

SEEx

]
[=]
oo
(=]
i
tev]
(T
o
bl
&
2358
IBES

6.70( 6.86
s.azi 9.14
11.16/11.42
13.39(18.71
15.62(15.99
17.85/18.28

20.08/20.56
23.32122 .85
24.54(25.18
206.78/27.42

20.00/29.69
81.24/31.98
33.48/34.28
85.70/86.55

87.92(88.83
40.17/41.12
42.40/43 .40
44.63/45.69

46.86/47.97
49.0850.25
51.82(52. 54
53.55(54.83

55.78/57.11
58.02/59.40
60.24/61.68
62.48/63.97

64.70/66. 24
66,94 68,58

69.18/70.83
71.40/78.10
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CARNEGIE STEEL COMPANY

254

WEIGHTS OF FLAT ROLLED STEEL-Continued

PEA LINEAL FOOT

éﬁ 1" (117 (11
-

113"

12"

12%"

123"

7 in., add

28

&

=

=

=
SERRB SHEP o=
BEES SRS

7.49
10.00

12.49
14.99
17.49
19.97

22.48
24.97
2747
20.97

32.46
34.95
37.46
30.95

42.45
44.94
47.45
49.94

52.44
54.93
57.43
59.98

62.43
64.92

3| A7.42

69.92

T2.41
74.90
T77.41
79.90

7.65
10.20

12.75
15.80
17.856
20.40

22.05
25.50
28.05
30.60

83.15
85.70

40.80

43.85
45.80
48.45
51.00

53.5656
56.10
58.65
61.20

63.75
66.30
(1885
T1.40

73.95
76.50
79.05
81.60

7.98
10.63

18.28
15.94
18.60
21.25

23.90
26.56
29.22
31.88

84.53
37.19
30.84
42.50

45.16
47.82
50.46
53.12

55.78
58.44
61.10
63.75

66.40
60.06
71.72

74.88

T7.08
79.69
82.34
85.00

—
&

ng the additions neces-
46.11 1bs.

hus, to find the wei

ght of 1518 X

W
=
=
=

e to facilitate maki

55

to obtain the weights of plates wider than 12 in.
| the weights to be found in the same line for 8% X % and 12 X 7§ = 10.41 4 85.70

=
(=]
The weights for 12 in. width are repeated on each pa

¥

&

-7
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Sar




257 CARNEGIE STEEL COMPANY

WEIGHTS OF FLAT ROLLED STEEL-Continued

PER LINEAL FOOT

’ |
18" | 14| 15" | 16" | 17" | 18" | 19" | 207 | 21°

§.28) 8.92
11.06 { 11.90

10.20 10.84| 11.48| 12.10| 12.76) 13.40
18.60| 14.44] 15.50| 16.16| 17.00, 17.84

17.00) 18.06] 19.12{ 20.20| 21.24] 22.82
20.40) 21.68| 22.06| 24.24| 25.50) 26.78
23.80| 25.28| 26.79] 28.28] 29.75| 81.24
27.20) 28.80| 30.60 32.31| 84.00] 85.570

80.60( 82.52| 34.44| 86.834] 38.27| 40.16
34.00{ 86.12| 88.25( 40.87| 42.50| 44.64
87.40) 89.72| 42.08| 44.42| 46.74| 49.08
40.80( 43.36/ 45.92| 48.46| 51.00{ 53.56

44.20( 46.96/ 49.72| 52.48| 55.25( 58.01
47.60| 5C.60| 53.56| 56,52 59.50| G2.49
44.63 51.00] 54.20 57.38| 60.57| 63.76) 66.96
47.60 54.40| 57.80| 61.20, 64.60 68.00 71.40

46.96 | 50.57 | 54.20| 57.80| 61.40| 65.02| 68.64 72.25 75.85
49.72 | 53.55 | b7.87| 61.20| 65.04] 68.85| 72.68 76.50| 80.33
56.52 | 60.56| 64.60| 68.64| T2.68) 76.72| 80.75| 84.79
.25 | 59.50 | 63.76| 68.00| 72.26| 76.50( 80.74| 85.00| 89.26

.02 | 62.47 | 66.95) 71.40 75.86| 80.83| 84.80| 89.28] 93.72
.77 | 65.45 | 70.12] 74.80( 79.48| 84.15| 88.83 93.50( 98.17
.04 168.42 | 73.32| 78.20( 83.08| 88,00 92.88| 97.75[102.65
30| 71.40| 76.51| 81.60| 86.70| 91.80| 96.90(102.00/107.10

69.06 | 74.88 | 79.69| 85.00] 90.31| 95.63{100.94/106.25[111.56
71.83 | 77.85 | 82.88| 88.40) 03,93 90,45/104.98/110.50|116.03
74.50 | 80.83 | 86.06| 61.80) 97.54/108.28/109.01|114.75/120.49

83.30 | 89.25| 95.20{101.15[107.10/118.05{119.00{124.985

25

80.11 | 86.28 44 98.60/104.76/110.93[117.09(128.25/129.41

89.25 g? 102.00[108.38/114. 75/121.18{127.50(188.88
00

ry
-3 o
(==

14.88
; 17.86
19.84 | 20.82
22.10 | 23.80

24.86 | 26.78
27.62 | 20.74
30.39 | 32.72
83.1635.71

35.91 | 38.67
38.68 | 41.656
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105.40/111.99|118.58(125.16/181.75(138.84
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02.23 | 98.
95.20 [102.00/108.80{115.60/122.40/129.20{136.00(142. 80
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=
|

[ o]
(<]
]

24"

PER LINEAL

25" | 26"

e

TN RERE W

Pk i ik ek

ot ok

BERE &

i

2

3

14.04
18-69

28.36/
28.06
82.72
87.40

42.04
46.76
51.40
56.10]

60.79
65.44
70.13
74.80

79.48
84.16
88.83
93.52]

98.16/102.64
102.84(107.52
107.52(112.42
112.20/117.80

116.88/122.19
121.55{127.08
126.23(131.96
180.90/186.85

185.58/141.74
140.25{146.63
144.93/151.51
149.60156.40

ke i
S
orch
=

EEER
S

2EBE
2388

15.82
20.:40

25.52
30.60
85.7

40.80

45.92
51.00)
56.12
61.20

66.20
71.40]
76.50]
81.60]

86.70]
91.80
96.92
102.00

107.12
112.20
117.80
122,40

127.50
132.60
137.70
142.80

147.90
158.00
158.10
163.20/170.00

15.96
21.26

16.50
22.12

26.56
31.88
87.20
42.50

47.80
53.12
58.44
63.76

69.06
74.38
79.68
85.00

90.32
95.64
100.92
106.24

111.56
116.88
122.20
127.50

132.81
188.13
143.44
148.75

154.06
159.88
164.69

27.62
83.16
88.68
44.20

49.73
55.24
60.78
66.52

71.82
77.86
82.88
88.40

93.92
99.44
104.96
110.50

116.04
121.54
127.08
152.60

138.13
143.65
149.18
154.70

160.23
165.75
171.28
176.80

2

27"

17.20
22.96

28.68
84.44
40.17
45.92

51.64
57.87
83.11
68.88

74.58
80.83
86.07
91.80

97.54
108.26
109.01
114.76

120.50
126.22
181.96
137.72

148.44
149.18
154.91
160.65

166.89
172.13
177.86
183.60

28"

17.84
23.80

20.76
85.72
41.65
47.60]

WEIGHTS OF FLAT ROLLED STEEL-Continued

FOoOOT

20" | 80°

18.48
24.64]
80.80
87.00]
43.14
49.28

|

fory
=

SREB 8%

53.56
59,49/
65.44
71.42

77.84
83.80
£9.26
95.20

101.14
107.10
113.05
119.00

124.94
150.90
186.84
142.80

148.75
154.70
160.65
166.60

172.556
178.50
184.45
190.40

55.48
61.60
67.77
73.97

80.10]
86.20
02.44
98.60

104.75
110.92
117.09
128.24

129.40
185.58/140.24
141.76[146.64
147.92/153.02

154.06/159.88
160.23/165.75
166.89[172.18
172.55/187.50

178.71/184.88
184.88101.25
191.04/197.63
197.20)204.00

83 ZEE2 8

3
==

95.64
102.00

108.38
114.74
121.18
127.51

138.89
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CARNEGIE STEEL COMPANY

WEIGHTS OF FLAT ROLLED STEEL-Continued

PER LINEAL FOOT

T
%E 81" | 82" | 33" | 84" | 85" | 36" | 88" | 40" | 42°
? 19.75| 20.40( 21.04| 21.68| 22.82| 22.96| 24.20] 25.52| 26.80
26.86| 27.20] 28.04| 28.88) 20.72| 80.59| 82.32| 84.00| 35.68
¥y | 82.94| 84.00] 35.04| 86.12| 37.16| 88.24| 40.30| 42 48| 44.64
35 | 89.54] 40.80| 42.08| 43.86| 44.64] 45.92| 48.48| 51.00| 53.56
}2 46.12| 47.60( 49.08| 50.57| 52.07| 53.58| 566.56| 59.50( 62.48
562.70{ 54.40( 56.10( 57.78| 59.50, 61.20| 64.62| 68.00{ 71.40
gg 59.82| 61.22| 63.12| 65.04| 66.96) 68.88| 72.68 76.54| 80.32
65.88| 68.00( 70.13| 72.24| 74.36| 76.50{ 80.74{ 85.00( 89.28
i | 72.48| T4.80] 77.12| 79.44| 81.79| 84.15| 88.84{ 93.48| 98.16
79.08| 81.61| 84.16| 86.72| 89.28| 91.84| §6.92/102.00/107.12
}3# | 85.62| 88.30) 91.15| 93.91| 96.68| 99.44/104.96(110.50/116.02
92.20( 95.20| 98.20/101.20/104.16/107.12(118.04{119.00/124.98
13| 98.82(102.00{105.20{108.40(111.59(114.76]121.14]127.52|183.92
1 [105.40/108.80(112.20/115.60(119.00{122.40/129.20|186.00]142.80
14 [112.00/115.59(119.20(122.80{126.42/180.04/137.28/144.50/151.70
134 [118.56(123.40/126.24(130.08/183.90{137. 70| 145.86{158. 00{160. 66
1% [125.16/129.21|183.24/137.28|141.82(145. 36{153.44{161.50{169.58
1% [131.76/186.00{140.28144. 52(148.76/158.00{161.48/170.00/178.52
15 [188.86/142.81]147.24/151. 72/156.20/160. 66{169. 60/178.56/187.44
134 [144.92/149.60|154. 25/158. 06/163. 62| 168.80{177.66/187.00(196.34
147 |151.52/156.40|161.28{166.16/171.08/176.00|185. 75({195. 50{205.29
1} [158.11/168.20/168.32/173.40|178.51{188.60{193.80(204.00/214.20
iy [164.69/170.00(175.81/180.63|185.94/191.25/201.88/212.50(223.13
156 [171.28/176.80|182.33/187.85|193.88(198. 90(200. 95(221.00{232.05
11} |177.86/183.60|189.34/195.08/200.81{206.55(218. 038|220 50/240.98
13 (184.45/190.40/196.35/202.30/208.25(214.20{226.10(288.00/249.90
lﬁ 191.04(197.20{203.36/209.53/215. 69(221.85(284. 18/246.50/258.83
174 |197.68(204.00/210.38(216.75/223.13|220.50/242. 25/255. 00(267. 756
11§ [204.211210.80|217.39{223.98/230.56|237.15|250. 83 (263. 50(276. 68
2 [210.80{217.60 288.00244.80|258.40(272.00(285.60

3. 40|231.20




CARNEGIE STEEL COMPANY 260

WEIGHTS OF FLAT ROLLED STEEL—Continued

PER LINEAL FOOT

44 | 46" | 48" | 50" | 52" | 54" | 56" | 58" | 60"

28.08| 20.20| 30.64| 31.92| 83.12| 84.40| 35.68| 86.96| 88.24
87.88) 89.11| 40.80] 42.52( 44.24| 45.92| 47.60( 49.28| 51.00

88

44.24
46.72| 48.88| 51.04| 53.13| 55.24| 57.36| 59.51| 61.60, 63.76
66.12| 58.65| 61.20| 63.76 66.32| 68.88) T1.44| 74.00| 76.56
65.44| 68.47| 71.44] 74.40| 77.87| 80.34| 83.30| 86.28| 89.28
74.80| 78.20| 81.60| 85.00| 88.40| 91.84| 95.20| 98.56/102.00

84.09) 88.00| 91.84| 95.60| 99.46/108.28{107.12/110.96{114.80
93.52| 97.76/102.00{106.24/110.48/114.74/118.98/128.20/127.52
102.81{107.53/112.24/116.88[121.56/126.22/130.88|135.541140.26
112.20{117.81/122.40(127.52(132.64/187.76/142.85|147.94/153.06

121.56/127.06|182.58[138. 12/148. 64/149.16/154.68|160.20/165.72
130.809/186.86|142.80(148.76/154.72(160.66/166.60|172.58/178.48
140.27(146.64/158.00{159.36/165.76/172.15(178.52|184.88/101.28
149.60|156.40{163.20(170.00/176.80(183.60/190.40/197.20204. 00

14 |158.96(1686.16]178.40(180.64{187.84/195.08/202.28/209.50(216.76
114 |168.32/175.99(183.60/191.28|198. 88(206.52|214. 20|221.84(220.48
144 |177.66/185.76(193.84/201.84|200.92(218.02|226.10|2:34.18/242. 26
134 [187.04]195.52/204. 001212.48)221.00]229, 52/238, 00(246.48 255.

02
15, [196.32(205.28/214.24/223.121232. 08|241.00{249.88/258.801267.78
134 [205.68[215.04]224.40(233.76/243. 08/252.44 261.80(271. 16/280.48
147 [215.04{224.84/284.60/244.40(254.16/263. 92|273.68/283. 52 203.28
134 (224.40[284.60/244.80255.00]265.20{275.44/285.60205.84 306. 04
318.75

50

25

00

SE eEN b x| B

i
[
g

14, [233.75(244.88(255.00265.63(276.25(286.88(207.50/308.13318.
136 |243.10[254.15/265.20(276.25(287.80/298. 35(309.40/320.45(331
1311 [252.45(263.93(275.40]286.88(208.85(300.83321.80(352.78|344.
13 |261.80[273.70/285.60207.50/309.40(321.80 338.20{345. 10(357.

113 |271.15(288.48(205.80/308.13(320.45(382. 78/345. 10/357.43(369. 756
17 |280.50(208.25(306.00/318. 75(331.50{344.25(357. 00(369. 75(382.50
11§ [289.85(308.03(316.20]329.88|342.55(355. 78/363.90|382.08305.25
2 ‘299.20 312.80|326 40{340.00|353.60{367 20/380.80/394.40{408 00
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CARNEGIE STEEL COMPANY

WEIGHTS AND AREAS OF SQUARE AND ROUND
BARS AND CIRCUMFERENCES OF

ROUND BARS

One cubic foot of steel weighing 480.6 1bs.

E z Weight of Weight of Area of Area of Ciroumfsrence
2| O O B (] Bar OB ot (O Bar
é 5.2 | One Foot Long | One Poot Leng || in Sq,Inches | in 8q, Inches in Inches
o
i .013 010 .0039 0031 1963
I 063 042 01586 0123 8927
1y 119 094 03562 02786 5890
¥ 212 187 0625 0491 71854
333 261 0977 07eT7 0817
478 875 .1408 1104 || 1.1781
T 6561 BH11 1914 .1508 || 1.3744
% .850 887 2500 .1963 || 1.6708
5 1076 .8456 3164 2485 || 1.7671
* 1.328 1.043 3908 .3068 || 1.9835
H 1.608 1.262 AT2T 3712 || 2.15908
i 1913 1.502 5625 4418 || 2.3562
ﬁ- 2.245 1.763 B602 5185 || 2.6625
7 2.603 2.044 7866 8013 || 2.7489
13 2.989 2.347 8789 8003 || 2.04562
1 3.400 2.68'70 || 1.0000 7854 || 3.14186
3.888 3.014 || 1.1289 .88686 || 3.3379
1}2 4303 3.379 || 1.2656 0940 || 3.6843
e i 4.705 3.766 || 1.4102 | 1.1075 || 38.7306
X 6312 | 4.173 || 1.5625 | 1.2272 || 3.9270
B 6.857 4.600 || 1.722'7 | 1.3530 || 4.1233
% 6.428 5.049 || 1.8006 | 1.4849 || 4.3197
P 7.0286 5.5618 || 2.06864 | 1.6230 || 4.6160
M 7.660 6.008 || 2.2500 | 1.7671 || 47124
8.201 68.5620 || 24414 | 1.91756 || 4.9087
8.978 7.061 || 2.6406 | 2.0739 || 6.105%
3 0.682 7.604 || 2.8477 | 2.2366 || 6.3014
¥ 1041 8.178 || 8.0825 | 2.4053 || 54978
% 11.17 8.773 || 3.2852 | 2.56802 || 5.6941
11.95 9.308 || 8.51568 | 2.7612 || 5.80056
i 12.76 10.02 3.75639 | 2.9483 || 6.0868
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SQUARE AND ROUND BARS—Continued
] Weightof | Weight of Ares of Areaof || Cireumference
Eé ] Bar O Bar [ Bar O Bar of () Bar
‘;5 One Foot Leng | One Foot Long || in Sq. Inches | in 8g, Inches in Inches
2 13.60 10.68 40000 3.1416 || 6.2832
14.46 11.36 425390 | 3.3410| 647956
g 156.356 12.06 45156| 3.56466 | 6.6759
T 18.27 12.78 478562 | 3.75683 | 6.8722
17.22 13.52 5.0625| 3.9761 || 7.0686
18.19 14.28 5.3477| 4.2000 | 7.2649
19.18 15.07 5.6408| 44301 | 7.4613
T 20.20 15.86 59414 | 46664 | 7.6576
'}4 21.25 16.69 6.2500| 49087 | '7.8540
22.33 17.68 6.5664 | 5.1672| 8.0603
2343 18.40 6.8006| 541190 | 8.2467
ik 24.56 19.29 7.2227| 5.6727|| 84430
¥ 25.71 20.20 7.6825| 5.93086 ! 8.6804
{ 26.90 21.12 7.0102| 6.2126| 8.8357
28.10 22.07 8.26566| 6.49018| ©.0321
15 290.34 23.04 8.86289| 6.7771 || 9.2284
3 30.60 24.03 9.0000| 7.0686 | 9.4248
31.89 25.04 0.3789| 7.3662| 9.6211
33.20 26.08 0.765668| '7.6609| ©0.81756
% 34.65 27.13 ||10.160 7.9798|10.014
I}{ 35.92 2€£.20 (|10.683 8.2058 ((110.210
87.31 20.30 ||10.973 86179 (10407
38.73 3042 ([11.891 8.0462 |(10.603
o 40.18 31.66 ||11.816 9.2806 ||10.799
A 41.65 32.71 |[12.250 9.6211 ||10.906
I 43.14 33.90 ||12.691 0.0678(11.192
53 44.68 356.00 ||]13.141 |10.321 |/11.288
i 46.24 36.81 |(13.598 (10.680 |11.5856
¥ 47.82 37.66 ||14.063 [11.045 |11.781
{}2 490,43 38.81 (|145635 |11.416 ||11.977
61.05 40.10 ([15.016 (11.793 |12.174
18 52.71 41.40 |156.504 |12.177 |12.370
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SQUARE AND ROUND BARS—Continued

Bw | Weightof Weight of Area of Area of Ciroumference
_ggg [ Bar O Bur (] Bar O Bar of O Bar
S5 | One Poot Long | One Foot Long || in Sq.Inches | in Sq, Inches in Inohes
4 5440 | 4273 | 186.000 | 12.566 || 12.668
656.11 44.07 16.604 | 12.962 || 12.763
}? 57.85 | 4544 || 17.016 | 13.364 | 12.959
o 50.62 | 4683 || 17.635 | 138.772 | 18.15656
Y 6141 | 48.24 || 18.063 | 14.186 || 13.352
r 63.23 | 490.66 18.5698 | 14.607 || 13.648
i 65.08 651.11 19.141 | 15.033 || 13.744
s 66,95 | 52.68 | 19.691 | 1564686 || 13.941
Y 68.85 | 54.07 | 20.250 | 15.904 || 14.137
. 70.78 | 65.69 || 20.816 | 16.349 || 14.334
3% 7273 | 67.12 | 21.8391 | 16.800 || 14.630
h 7470 | 58.87 || 21.973 | 17.257 || 14.728
74 76.71 | 60.25 | 22.663 | 17.721 (| 14.923
. 7874 | 61,84 || 23.160 | 18.190 || 156.119
7 80.81 | 63.46 | 23.766 | 18.665 || 156.3156
1% 82.890 | 65.10 | 24.379 | 19.147 || 156.612
B 85.00 | 66.76 | 25.000 | 19.635 || 15.708
. 8 87.14 | 68.44 | 25.629 | 20.120 || 156.904
% 89.30 70.14 || 26.266 | 20.620 || 16.101
% 9149 | 71.86 | 26.910 | 21.135 || 16.207
|

¥ 93.72 | 73.60 (| 27.563 | 21.648 || 16.403
1 95.96 76.37 28.223 | 22.166 || 16.690
%l | 9823 | 77.15 | 28891 | 22.691 | 16.886
Y5 | 100.6 78.95 | 20.666 | 23.221 || 17.082
% | 1028 80.77 | 80.250 | 23.768 || 1'7.279
Yy | 1056.2 82.62 | 30.941 | 24.301 || 17475
% | 107.8 84.40 | 31.641 | 24.850 || 17.671
+ | 1100 86.38 |l 32.348 | 25.4086 || 1'7.868
. ¥ | 1124 88.29 || 33.083 | 25.967 || 18.084
31 | 1149 90.22 | 33.785 | 26.5635 || 18.261
;2 1174 92,17 || 34.516 | 27.109 || 18.457
i | 1109 94.14 | 35.254 | 27.688 | 18.653
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SQUARE AND ROUND BARS-Continued

Thitknees
or Dinmeter
in Inches

Pt g o Ss s =ik - N :1-}5:';}*0

s
e

SoNER R BRI R

Weightof | Weightof ||  Areaof Area of | Ciroumference
O | OB (] Bar Obar || of QB
One Foot Long | One Foot Long || in8q. Inches | inS8q.Inches || inInches
1224 068.14 ! 36.000 | 28.274 || 18.8560
125.0 98.14 || 36.754 | 28.866 || 19.048
127.6 | 100.2 37.5616 | 20.465 || 18.242
1302 | 1022 38.285 | 30.069 || 19.439
132.8 | 104.3 30.083 | 30.680 || 19.635
135.56 | 108.4 30.848 | 31.206 || 19.831
138.2 | 108.5 40.641 | 31.919 | 20.028
1409 | 110.7 41.441 | 32.5648 || 20.224
1436 | 1128 49,250 | 33.183 || 20.420
1466 | 1149 43.066 | 33.824 | 20.617
1492 | 117.2 43.891 | 34472 | 20.813
162.1 | 1194 44,723 | 35.125 I 21.009
15649 | 121.7 45.663 | 35.785 || 21.2086
15678 | 1239 468.410 | 36.450 || 21.402
180.8 | 126.2 47.266 | 37.122 || 21.608
163.68 | 1285 48.129 | 37.800 || 21.795
166.6  130.9 49.000 | 38.485 || 21.9901
169.6 | 133.2 40.879 | 839.1756 || 22.187
172.6 | 135.6 50.766 | 39.871 || 22.384
17566 | 137.9 51.660 | 40.574 || 22.680
178.7 | 1404 52.663 | 41.282 || 22.777
181.8 | 1428 53473 | 41.097 || 22.973
1849 | 1456.3 54.3901 | 42,718 || 23.169
188.1 | 147.7 55.316 | 43.445 || 23.366
1913 | 1560.2 56.250 | 44.179 || 23.5662
1944 | 162.7 57.191 | 44018 || 23.768
197.7 | 16562 58.141 | 45.664 | 23.955
2009 | 1567.8 590.008 | 46.415 || 24.1561
204.2 | 160.3 60.083 | 47.173 || 24.847
207.6 | 163.0 61.035 | 47.037 || 24.544
210.8 | 1656.6 62.016 | 48.707 | 24.740
2142 | 1682 63.004 | 40.483 | 24.936
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SQUARE AND ROUND BARS—Continued

B3 Weight of Weight of Area of Area of Circumference
_5 EE [ Bar O Bar O Bar O Bar of () Bar
e = 2 | Oune Fool Long | One Foot Leng || in 8q. Inches | in 8q. Inches | in Inches
8 217.8 171.0 || 64.000 | 560.265 || 25.133
4 | 2210 | 173.8 || 65.004 | 51.064 || 25.320
b 224.5 1786.3 || 668.016 | 561.849 || 25.6256
1 228.0 179.0 || 67.035 | 62.64D || 26.722
¥ 2314 181.8 || 68.063 | 563.456 || 25.918
i 2349 | 184.5 || 69.008 | 54.269 || 26.114
i | 23855 | 187.3 || 70.141 | 55.088 || 26.311
T3 %442.0 190.1 71.191 | 65.914 || 28.60'7
1 245.8 193.0 || 72.250 | 58.745 || 26.704
= 2490.3 195.7 || 73.816 | 67.683 || 26.900
% | 2529 | 108.7 || 74.801 | 68.426 || 2'7.096
11 | 2666 | 201.6 || 756.478 | 659.276 || 27.203
¥ | 260.8 | 2044 || '76.563 | 80.132 || 2'7.489
2 264.1 | 207.4 | 77.660 | 60.094 || 27.6856
287.9 2103 || '78.768 | 61.862 || 27.882
i3 a71.6 213.8 || 79.879 | 82.737 || 28.078
9 2754 218.3 81.000 | 63.817 || 28274
4 279.3 | 219.3 || 82.129 | 64.505 || 28.471
283.2 222.4 || 83.2668 | 65.397 || 28.687
i 287.0 2254 || 84410 | 66.206 || 28.863
¢ 200.9 228.5 || 85.663 | 67.201 || 29.080
1 2049 231.6 || 86.723 | 68.112 || 20.256
3% 208.9 234.7 || 87.801 | 69.029 || 20.452
s 302.8 237.9 80.066 | 60.953 || 20.8649
y 306.8 241.0 || ©0.250 | 70.882 || 20.845
3109 | 2449 || 91441 | 71.818 || 30.041
1;2 315.0 | 247.4 || 92.841 | 72.760 || 30.238
1} 219.1 2560.8 || ©3.848 | 73.708 || 30.434
E7e 3238.2 253.9 || ©5.063 | '74.662 || 30.631
4 327.4 25'7.1 96.285 | '75.622 || 30.827
%% 331.8 2604 || 9'7.5616 | 76.689 || 31.023
{8 335.8 263.7 || ©8.764 | T7.6861 || 31.022
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SQUARE AND ROUND BARS-Continuec
Weightof | Weightof Ao of Aol || Giroumfwess
ii ] Bar O B [] Bar O of () Bar
5.8 | One Poot Long | One Poot Long || inSq.Inches | fn 8q. Inehos ||  in [nenes
10 3840.0 267.0 100.00 | '78.640 || 31.416
344.3 2704 101.25 | 79.626|| 31.613
ﬁ 348.6 a73.8 102,62 | 80.616 | 31.809
i 3852.9 a77.1 103.79 | 81.613 || 32.006
¥ 3567.2 280.6 105.08 | 82.616 || 32.201
361.6 284.0 106.35 | 83.5625 || 32.308
3866.0 287.4 107.64 | 84.641 || 32.594
T 3704 200.9 108.94 | 85.5662 | 32.790
) 3749 204.4 11025 | 86.5600 | 32.987
‘:: 38794 207.9 111.67 | 87.624| 33.183
3838 3014 112.80 | 88.664 || 33.379
t 3888.3 38056.0 11422 | 80.710 | 233.676
74 38029 308.8 115.66 | £0.763 || 33.772
1 809'7.6 3122 11691 | ©1,821 || 33.068
402.1 3168 118.27 | ©2.886| 34.165
i 406.8 38195 || 119.63 | 93.0566 | 34.361
4114 323.1 121.00 | ©5.033 || 34.5568
416.1 326.8 122,38 | ©6.116 || 34.754
420.9 330.5 || 123.77 | 97.205| 34.950
s 426.56 3834.3 125.16 | 98.301 || 35.147
¥ 430.3 3379 128.566 | ©9.402 || 356.343
g 436.1 841.7 127.97 1100.61 385.639
430.9 345.5 120.39 |1101.62 35.736
T 4448 3404 130.82 102.74 35.932
% 440.6 363.1 132,25 |1103.87 86.128
ig 454.6 3567.0 133.69 |1056.00 386.325
4569.6 360.9 135.14 |106.14 36.521
4t 464.4 3648 136.60 |107.28 36.717
¥ 460.4 3868.6 138.08 |108.43 36.9014
g 4744 3872.6 1390.54 '100.569 37.110
470.6 376.6 141.02 110.76 37.306
1§ 484.5 3808 142.50 (111.92 37.602
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WEIGHT OF SHEETS OF WROUGHT IRON, STEEL,
COPPER AND BRASS (FROM HASWELL)

Weights per square foot.

Thickness by Birmingham Gauge

0. ]
¥o. of Gaug Mﬁm e Iren Brass
0000 464 18.22 18.48 20.57 18.43
000 4256 17.06 17.28 19.26 i8.19
00 .38 15.25 16.46 17.21 18.26
0 ; 13.64 13.82 | 16.40 14.66
1 .3 12.04 12.20 18.69 2.84
2 284 11.40 11.56 1287 | 1216
3 260 10.39 10.63 11.73 11.09
4 238 9.65 0.68 | .78 10.19
[ 22 8.83 8056 | 9007 9.42
8 203 8.16 8.256 0.20 8.69
7 .18 7.22 7.32 | 8.156 7.70
8 .186 6.62 6.71 747 7.08
=] .148 5.94 6.02 | 670 6.33
10 134 5.88 6.45 8.07 6.74
11 .12 9 4.88 6.44 6.14
12 .109 4.37 443 4.04 4.87
i3 .095 381 3.86 4.30 4.07
14 .083 38.83 3.37 3.76 3.66
16 .072 2.89 2.93 8.26 3.08
18 .086 2.61 2.64 2.94 2.78
17 .058 233 2.38 2.:63 48
18 049 1.97 1.9 2.22 210
19 642 1.69 1.71 1.80 1.80
20 036 1.40 1.42 1.60 1.50
21 .082 1.28 1.80 1.45 1.87
22 .028 1.12 1.14 1.27 1.20
23 026 1.00 1.02 1.13 1.07
24 .022 .883 .895 1.00 942
26 803 813 006 .866
26 018 722 732 816 770
27 .0186 842 851 1725 .686
28 .cl4 662 569 .834 .508
20 .013 6522 620 .689 566
80 012 482 .488 ba4d 514
381 01 401 407 463 428
32 .009 .361 .366 408 385
33 .008 821 326 .382 342
34 .007 281 285 817 .800
35 .006 201 203 227 214
%?eclﬁc gravity . . 7.704 7.808 8.608 8.218
eight cubic foot . |481.76 487.32 643.6 613.6
Weight cubic inch . .2787 .2823 8146 2072
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MENSURATION

LENGTH

Circumference of circle = diameter X 3.1416.

Diameter of circle = circumference X 0.8183.

Side of square of equal pefiphery ascircle = 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 =

T = 3.14159265.

st =0, . 1
log. m™=0.4971499. —5 =0.818310.
y/ m=1.712454.
2
7~ =9.860604. —1'3—=0.101321.
[ 3

4 /’; =0.564190.

o= 4/ IE—_X_’-—(I'—V). k

2
Vit —V — —g or very nearly = (8:r

c
or very nearly =5

AREA
Triangle = base X half perpendicular height.
Parallelogram = base X perpendicular height.
Trapezoid = half the sum of the parallel sides X perpendicular
height.
Trapeziuin. 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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MENSURATION —Continued
ment of circle = area of sector less triangle; also for flat

segments very nearly = -%"-1/ 0.888 v* -

e of square of equal area as circle = diameter X 0.8862;
also = circumference % 0,2521.

iameter of circle of equal area as square = side X 1.1284.
abola = base X 34 height.

Ellipse = long diameter X short diameter X 0.7854.

Regular polygon = sum of sides X half perpendicular distance
from center to sides

Surface of cylinder = circumrerence x neignt + area of both
ends.

Surface of sphere = diameter squared X 3.1416; also = cir-
cumference X diameter.

ace of a right pyramid or cone = periphery or circumfer-
ence of base X half slant height.

ace of a frustrum of a regular right pyramid or cone = sum
of peripheries or circumferences of the two ends X half
slant height + area of both ends.

~ The following formule are used to obtain the areas of
irregular plane surfaces which are bounded by a base line ** ¢
and two ordinates ‘‘a” and **4" as per figure.

RIS Ve I B F S

The formulze are given in the order of their accuracy be-
ginning with the most accurate.

The surface is divided into any number (#) of parallel
| strips having the same widths & and whose middle ordinates

b are represented by A, Ay Ay .iiiinnnn.. Ay and .
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MENSURATION—Continued

L Area=dx3h+5(Ba+h— )+ (8 b+, —9 ha)

(Francke’s rule.)

II. Area=dX sh+ e (a—-h )+ = 2 (b—huy).
(Poncelet's rule.)

III. Area=d X Sh.

These formulze 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 height.

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 %% diam-
eter.

Pyramid or cone, right or oblique, regular or irregular, = area
of base X !4 perpendicular height.

PRISMOIDAL FORMULA

A prismoid is a solid bounded by six plane surfaces only
two of which are parallel.

To find the contents of a prismoid, add together the areas of
the two parallel surfaces and four times the area of a sec-
tion taken midway between and parallel to them, and
multiply the sum by %th of the perpendicular distance
between the parallel surfaces.
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WEIGHTS AND MEASURES
"AVOIRDUPOIS OR ORDINARY COMMERCIAL WEIGHT
UNITED STATES AND BRITISH

fiross Ton ' Owia. Pounds | Ounoes
) ) 2240 | e5840.
0.050 1 112. |
0.0089 Y 16.

0.0625 | 1

| i

1 pound = 27.7 cubic inches of distilled water at its maxi-
“mum density (39° Fahrenheit).

LONG MEASURE
UNITED STATES AND BRITISH

Miles Rods Yards Feok Inches
1. 820, 1760. 5280. 63360.
0.003125 1. 5.5 16.5 198.
0.000568 0.1818 1. 8. 86,
0.0001804 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 survey-ing chain = 66 feet
‘er 4 rods, 80 chains making a mile.

SQUARE OR LAND MEASURE
UNITED STATES AND BRITISH

SgMiles | Ares | Sg.RBeds | Sq Yards 8q. Peet 5. Inches
1. | 640. |102400. l3007600. |oteTBe00.  |.......
1. | 160, 4540, 43560, 6272640

¥ 80.25 272,25 | 89204

. 0.0831 1. 9.0 1296

0,111 1. 144

o.omsui 1
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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

Struck sm..J Pecks Quarts Pints | Gallons | CubieInch
1 ‘ 4 bl 88 64 8. 2150.

1 8. 16 2. 537.6

1. 2 0.25 67 2

0.5 1 0.125 83 6

J 4. 8 1. 268.8

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 lbs. usu-
ally 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 longi-
tude of the earth at the equator at the level of the sea, It
is assumed at 6086.07 feet=1.152664 statute or land miles by
the United States Coast Survey.

3 nautical miles=1 league. ‘
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METRIC SYSTEM
Linear Measures Measures of Surface
Abbr, Yalus Denomination Abbr, Value
10000 m. || Sq. Kilometer| km?. (1000000 m*.
o km. 1000 “ || Hectare.......| ha. | 10000 2
A T 100 Ul Aresiiasiisnes] & 100 *
10 o Centare.....f.eive 1 "
m. 1 - {Sq Meter...| m® 1 ¥
..| dm, 1 " || 5q. Decimeter| dm?. 01 s
.| em. .01 % || Sq. Centim...|cm? 0001 ©
.| mm. 001 || Sq. Millimetermm?, 000001 *
Measures of Volume Measures of Mass
Abbr, Valuo Denomination | Abbr, Value
e et 1000 1 || rAinier......|......| 1000 kg.
s | 1000 “ 1|4 Tonneau....|..ccu0 1000 L
m?®, | 1000 “ || [Metric Ton. | t. [ 1000 =
hl. | 100 w1l Quintal.......| q 100 i
dal. | 10 % || Myriagram...{......| 10 1L
.| dm?, 1 “ Il ( Kilogram ...| kg. | 1000 g
L 1 N0 . g canees]erness 1000 a
dl. 1 il Hectogram...|...... 100 Ly
cl. 0 “ |l Dekagram ...}...... 10 s
.| em?, 001 Wl Gram. cveeseas) & 1 L
ml 001 “ || Decigram ....| dg. 1 ki
mm?, 000001 * || Centigram...| cg. 01 -
A 001 ml|| Milligram....| mg. 0L
Microgram...| ¥. 001 mg
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INTERCHANGEABLE TABLES BETWEEN
UNITED STATES AND METRIC SYSTEMS

1 Meter=389.87 inches. (Act of Congress.)

LONG MEASURE

G4ths of an Inch Millimsters Inches Oentimetars

Ko, to to o 1o
Millimeters G4ths of an Inch Centimeters Inches

1 0.3969 2.5107 2.54 0.3937
2 0.7988 5.0804 5.08 0.7874
3 1.1906 7.5500 7.62 1.1811
4 1.5876 | 10.0787 10.16 1.5748
5 1.0844 | 12.5084 12.70 1.9685
6 2.3818 15.1181 15.24 2.8622
L 2.7781 17.6878 17.78 2.7559
8 3.1750 20,1574 20.82 3.1496
9 8.5719 22.6771 22.86 3.5438
Netrs | Pt Niosdes | Miw

¥o. to to 0 to
Peat | Meters Miles | Kilometers
1 8.2808 | 0.8048 0.62137 1.60935
2 6.5617 0.6096 | 1.24274 8.21869
3 9.8425 0.9144 | 1.86411 | 4.82804
4 18.1233 1.2192 2.48548 | 6.48739
5 16,4042 1.5240 8.i0685 |. 8.04674
8 19. 6850 1.8288 | 8.72822 ! 9.65608
T 22,9658 2.1836 | 4.34950 J 11.26543
8 26.2467 2.438¢ | 4.97006 12.87478
9 | 20.52% 2.7422 | 05.50288 l 14.48412
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INTERCHANGEABLE TABLES BETWEEN
UNITED STATES AND METRIC SYSTEMS

SQUARE MEASURE

Yo, ﬁ:h 0:;%! ?frﬁ lsl;:!h Til‘dsh ﬁh

Centimeters t #ters ards
1 6.4516 | 0.155 0.0929 | 10.7639 | 0.8361 | 1.196
2 |12.9082 | 0.810 0.1858 | 21.5278 | 1.6722| 2.802
8 19:3548 0.465 0.2787 | 82.2017 | 2.5084 | 38.588
4 | 25.8064 | 0.620 0.8716 | 43.0656 | 3.8445| 4.784
5 | 82.2581 | 0.775 0.4645 | 53.8194 | 4.1806 | 5.980
6 | 88.7007 | 0.930 0.5574 | 64.5833 | 5.0167| 7.176
7 | 45.1613 | 1.085 0.6503 | 75.3472 | 5.8528| 8.372
8 | 51.6120 | 1.240 0.7432 | 86.1111 | 6.6800| 9.568
9 | 68.0645 | 1.385 0.8361 | 96.8750 | 7.6251| 10.764

uare Squsre

== B s
1 ‘ 0.4047 2.471 2.59 0.8861 | 259.00 | 0.00386
2 I 0.8094 4.942 5.18 0.7722 | 518.00 | 0.00772
3 1.2141 T.413 7. 1.1588 | 777.01 [ 0.01158
4 1.6188 9.884 | 10.36 1.5444 1036.01 | 0.01544
5 2.0235 | 12.855 | 12.95 1.9805 (1205.02 | 0.01930
6 2.4282 | 14.826 | 15.54 2.3166 |1554.02 | 0.02317
7 2.8329 | 17.207 | 18.18 2.7027 (1813.03 | 0.02703
8 3.2376 | 19.768 | 20.72 8.0887 [2072.03 | 0.03080
9 8.6422 | 22.2380 | 23.31 3.4748 [2381.04 | 0.08475




CARNEGIE STEEL COMPANY

INTERCHANGEABLE TABLES BETWEEN
UNITED STATES AND METRIC SYSTEMS

1 Kilogram = 2.2046 pounds. (Act of Congress.)

WEIGHTS

No. m

Troy

Troy Ounces
’h

Grams

Grains
L]

Milligrams

Grams
o

Grains

Gross Tons
to Metrio
Tons

Metrio
Gross Tons

1 82.1507
684.3015
064522

1286030

160.7537

192.9045

225.0552

257.2059

289.3567

w

D o =2 S O o =

31.1035
62.2070
93,8104
124.4139
155.5174
186.6209
217.7244
248.8278
279.9813

64.8004
129.6008
194.4012
259.2017
324.0021
388.8025
453.6020
518.4083
588.2087

15.432
30.864
46.296
61.728
77.160
92.592
108.024
123.456
138.888

1.0161
2.0821
3.0482
4.0642
5.0803
6.0963
7.1124
8.1285
9.1445

0.9842
1.9684
29526
3.9368
4.9210
5.9052
6.8894
7.8736
8.8578

Avoirdupois
Ounoes to
Grams

Kilograms
1o Ounces
Avoirdupois

Avoirdupois
Pounds fo
Kilograms

Kilograms
to Pounds
Avoirdupois

Net Tons
to Metrio
Tons

Metrio
Net Tons

28.8495
56.6990
85.0485
113.8980
141.7475
170.0970
198.4464
226.7959
255.1454

W W W =

(=1

o @®w I =

85.274

70.548
105.822
141.096
176.370
211.644
246.918
282.192
817.466

0.4536 |

0.9072
1.3608
1.8144
2.2680
2.7216
8.1752
3.6288
4.0824

2.2046
4.4002
6.6138
8.8184
11.0230
18.2276
15.4322
17.6368
19.8414

0.9072
1.8144
2.7216
3.6288
4.5860
5.4432
6.8504
7.2576

8.1647

1.1023
2.2046
3.3069
4.4092
5.5115
6.6138
7.7161
8.8184
9.9207




CARNEGIE STEEL COMPANY 8

unarts—Liquid Measure.
uarts—Dry Measnre,  (Actof

LIQUID AND DRY MEASURE

INTERCHANGEABLE TABLES BETWEEN
NITED STATES AND METRIC SYSTEMS

_1.0567
1 Liter=1-0 8

Congress.)

Liters o Quarts Quarts to Liters I [
¥, Gallons | Liters
| v Dey lgid | 0y Liguid | Liguid
1 | 1.0567 | 0.908 | 0.9463 | 1.1013 | 0.2642| 8.7854
2 | 2.1184 | 1.816 | 1.8927 | 2.2026 | 0.5284| 7.5707
8 | 8.1701 | 2.724 | 2.8390 | 8.3040 | 0.7925 | 11.8561
4 | 4.2268 | 8.632 | 8.7854 | 4.4058 | 1.0567 | 15.1415
5 | 5.2835 | 4.540 | 4.7817 | 5.5066 | 1.8209 | 18.9268
6 | 6.3402 | 5.448 | 5.6781 | 6.6079 | 1.5851|22.7122
7 | 7.3960 | 6.356 | 6.6244 | 7.7008 | 1.8492 | 26.4976
8 | 8.4586 | 7.264 | 7.5707 | 8.8106 | 2.1134 | 80.2880
9 | 9.5103 | 8.172 | 8.5171 | 0.9119 | 2.8776 | 34.0688
B[R el | hema [T
I Liquid lipid | Dy Iry
1| esear | o.0088 2.8375 | 0.8524
3 | 5283 | 0.0076 5.6750 | 0.7048
8 | 1.5 0.0114 8.5125 1.0578
4 | 105668 | 0.0151 | 11.8500 | 1.4097
5 1820.85 | 0.0189 14.1875 | 1.7621
8 1585.02 | 0.0227 17.0250 | 2.1145
T 1849.19 | 0.0265 19.8625 | 2.4670
8 2113.86 | 0.0303 22.7000 | 9.8194
9 2877.58 | 0.0841 25.5875 | 8.1718




CARNEGIE STEEL COMPANY

INTERCHANGEABLE TABLES BETWEEN
UNITED STATES AND METRIC SYSTEMS

CUBIC, HORSE POWER AND TON MEASURES

Cubis Cubio Cubis Qubie Oubio Oubie
M |G| tme | Meme | Ree | Mee) TSk

Inches Feet Metars Yards | Meters
1 0.061 16.3934| 85.816 | 0.0283 | 1.308 | 0.7645
2 | 0.122 | 82.7869| 70.632 | 0.0566 | 2.616 | 1.5201
3 | 0.183 | 49.1803| 105.948 | 0.0840 | 8.924 | 2.2036
4 0.244 65.5788 | 141.264 | 0.1188 | 5.282 | 8.0581
5 0.305 81.9672 | 176.580 | 0.1416 | 6.540 | 3.8226
6 0.366 98.8607 | 211.806 | 0.1699 | 7.848 | 4.5872
7 0.427 | 114.7541| 247.212 | 0.1982 | 9.156 | 5.8517
8 0.488 |131.1475| 282.528 | 0.2265 | 10.464 | 6.1162
9 | 0.549 |147.5410| 817.844 | 0.2548 |11.772 | 6.8807
[ || | e [ ERE| R

U8 Metric meters | Foot-pounds s;ﬂ;m w"’;'q_m
1 0.986 1.014 0.1383 | 7.2829 | 10.937( 0.091
2 1.978 2.028 0.2765 | 14.4659 | 21.873| 0.188
8 | 2.950 | 8.042 | 0.4148 | 21.6988 | 32.810| 0.274
4 3.945 4.056 0.5580 | 28.9817 | 48.747| 0.366
i} 4.932 5.069 0.6918 | 86.1646 | 54.684| 0.457
6 5.018 6.083 0:8205 | 43.8976 | 65.620| 0.549
7 | 6.904 | 7.097 | 0.9678 | 50.6305 | 76.557| 0.640
8 7.800 | 8.111 1.1061 | 57.8634 | 87.494| 0.781
9 | 8.87T7 | 9.125 | 1.2448 | 65.0963 | 98.431| 0.823

!




CARNEGIE STEEL COMPANY 2580

INTERCHANGEABLE TABLES BETWEEN
UNITED STATES AND METRIC SYSTEMS

MISCELLANECUS

Pounds uare
| b | B | THEET
1 0.6120 | 1.4882 | 0.2048 | 4.88%5
2 1.8489  2.9764 0.4096 9.7649
3 2.0159 4.4645 0.6144 | 14.6474
" 2.6879 5.9527 | 0.8198 | 19.5299
5 3.8508 T4400 | 10241 | 244128
6 | 4.0918 8.9201 |  1.2280 | 20.2043
T | 47087 | 104173 | 1.4887 | 34.173
8 | 6.877 | 11.9054 1.6385 | 89.0597
9 6.0477 ‘ 13.3036 ‘ 1.8483 | 48.9422
=
' Yilo, per Ouble | Pounds per Cube | Kilo per Square | Pounds per
- |EER | EEE OBEEEE
1 | o0.062¢ | 160192 | 14.20 0.0703
P 2 0.1248 | 32.0885 | 28.4465 0.1406
3 0.1878 | 48.0577 | 49.6607 0.2109
4 0.2497 | 64.0769 | 56.8920%  0.2812
5 0.8121 ‘ 80.0962 | 71.1161 0.8515
6 | osus | o6.1154 ‘ 85.8304 = 0.4218
7 0.4870 | 112.1346 99.5626  0.4922
B | o494 | 12815 i 113.7858 0.5625
9 | 128.0000 0.6328

0.5618 | 144.1731




CARNEGIE STEEL COMPANY

SQUARES, CUBES, SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, RECIPROCALS,

CIRCUMFERENCES AND CIRCULAR AREAS OF NOS. FROM 1 TO 1000
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CARNEGIE STEEL COMPANY 282

‘SQUARES, CUBES, SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, RECIPROCALS,
CIRCUMFERENCES AND CIRCULAR AREAS OF NOS.FROM 1T0 1000

i . No, = Dia.,
No. | Square Cube 8q. Root | Cu. Root . | 1000xRecip.
5 2 Cirgum. | Area
50 2500 125000 | 7.0711 | 8.0840 | 1.89807 | 20.0000 | 157.08 | 1968.50
51 2601 132651 | 7.1414 | 8.7084 | 1.70767 | 10,0078 | 160.22 | 242,52
52 e 140608 | 7.2111 | 8.7825 | 1.71600 19.2308 | 163.86 | 2128.72
ﬁ 2809 148877 | 7.9801 | 8.7563 | 1.72428 | 1B.86i0 | 166.50 | 2206.18
2016 157464 | 7.8485 | 8.7798 | 1.78230 | 18.5185 | 169,656 | 2200.22
55 166876 | 7.4162 | 8.8080 | 1.74086 | 18.1818 | 172.70 | 2875.63
56 3134 175616 | 7.4583 | 8.8250 | 1.74819 | 17.8571 | 175.98 | 2463,01
67 8249 185103 | 7.5408 | 8.8485 | 1.7 17.5489 | 179.07 | 25651.70
] 8364 195112 | 7.6158 | 8.8700 | 1.76348 | 17.2414 | 182,21 | 2042,08
b9 8481 7.0811 | 8.8030 | 1. 16. 185.85 | 2788.97
60 3600 216000 | 7.7460 | 8.9149 | 1.77815 | 10.6667 | 188.50 | 2827.43
il 8721 220081 | 7.5102 | 3.9865 | 1.78583 | 16.3084 | 101.64 | 202247
62 8844 238328 | 7.8740 | 8.9570 | 1.70230 | 16.1200 | 194.98 | 3019.07
63 3069 250047 | 7.0878 | 3.9791 | 1.79084 | 15.8730 | 197.92 | 8117.%5
64 4096 262144 | 8.0000 | 4,0000 | 1.80618 | 15.6250 | 201.06 | 8216.998
05 4225 274625 | B.0628 | 4.0207 | 1.81201 | 15.9846 | 204.20 | 8818.81
6ith 287406 | B.1240 | 4.0412 | 1.81054 | 15.1515 | 207.85 | 842119
- 67 B.1854 | 4.0615 | 1.82007 | 14,9254 | 210.49 | 3525.65
68 4624 814432 | 8.2462 | 4.0817 | 1.88251 | 14.7050 | 218.63 | 8631,68
60 4761 8.8060 | 4.1016 | 1.83885 | 14,4928 | 216.77 | 789,28
0 4900 8. 4.1218 | 1.84510 | 14.2857 | 219.01 | 8348.45
71 5041 857911 | 8.4261 | 4.1408 | 1.85126 | 14.0845 | 223.05 | 8059.19
ke b184 B.4853 | 4.1602 | 1.85783 | 13.8880 | 226.10 | 4071.50
3 880017 | 8.5440 | 4.1793 | 1.86832 | 13.6086 | 220.84 | 4185,30
T4 5478 405224 | B.G028 | 4.1088 | 1.86028 | 18,5135 | 242.48 | 4800.84
75 5625 421875 | B.6608 | 4.2172 | 1.87506 3.3388 | 285.02 | 4417.86
Th 5TT0 4838076 | B.7178 | 4.2858 | 1.88081 | 13.1570 | R38.76 | 4536.46
T 456538 | 8.7750 | 4.2543 | 1.88640 | 12,0870 | 241.90 | 4056.68
T8 G084 474552 | B8.8818 | 4.2727 | 1.80200 | 12.52056 | 245.04 | 4778.30
i} 6241 4 B.8882 | 4.2008 | 1.89768 | 12,6582 | 248.19 | 4901.67
B0 512000 | 8.0448 | 4.83080 | 1.00800 | 12.5000 | 251.83 | 5026.55
. Bl 6561 531441 | 9.0000 | 4.8207 | 1.90840 | 12.8457 | 254.47 | 5153.00
] (7224 551208 | 0.0554 | 4.8445 | 1.M381 | 12.1951 | 257.61 | 6281.02
B3 BT1787 | 9.1104 | 4.8621 | 1,01008 | 12,0482 | 260.75 | 5410.61
B4 056 502704 | 0.1652 | 4.8705 | 1.92428 | 11.0048 | 263.80 | 6541.77
85 7225 614125 | 9.2105 | 4.3008 | 1.92042 | 11.7647 | 207.04 | 5674.50
80 306 630056 | 0.2736 | 4.4140 | 1.98450 | 11.6270 | 270,18 | G80B.H0
87 7509 658508 | 0.8274 | 4.4810 | 1.93052 | 11.40948 | 278,82 | 5044.68
BS 44 681472 | 9.8808 | 4.4480 | 1.94448 | 11.8636 | 276.46 | 6082.12
-] T2 704 0.4340 | 4.4647 | 1.94039 | 11.2360 | 279.60 | 6221.14
80 B100 0.4808 | 4.4814 | 1.05424 | 11.1111 | 282.74 | 6361.78
a1 8281 THE5T1 | 0.5804 | 4.4070 | 1.95004 | 10,9800 | 285.88 | (508.88
92 B404 0.6017 | 4.5144 | 1.9687 10,8606 | 289.03 | 6647.061
23 B8 804357 | 0.6487 | 4.5807 | 1.00848 | 10.7527 | 202.17 | 6702.M
94 BR86 9.0054 | 4.5468 | 1.07318 | 10.6888 | 205.81 | 6989.78
95 0025 B5T8T5 | 9.7468 | 4.5620 | 1.9777R | 10. 208,45 | TORS. 22
96 0216 8847806 | 9.7080 | 4.5780 | 1. 10,4167 | 801.50 | 7238.23
o 0400 Q12678 | 0.8480 | 4.5M7 | 1.08077 | 10,8003 | 804.73 | T380.81
a8 0604 841192 | 0.8005 | 4.6104 | 1.99123 | 10.2041 | 807,88 | 7542,96
] 98 070209 | 9.0490 | 4.6201 | 1.99564 | 10.1010 | 811.02 | 7607.60
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SQUARES, CUBES, SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, RECIPROCALS,
CIRCUMFERENCES AND CIRCULAR AREAS OF NOS.FROM 1T0 1000

No. | Square | Oubs | Sa.Root [Ow Reot| Lo, |1000xRecip, [ No-=Dit
Oiroum.| Ares
100 | 10000 | 1000000 | 10.0000 | 4.6416 | £.00000 | 10.0000 7858.95
101 [ 10201 | 1080301 | 10,0499 | 4.6570 | 2.00482 | 990099 8011.85
102 | 10404 | 1061208 | 10.0995 | 4.6723 | 2.00860 | 9.80802 B171.23
108 | 10600 | 1082727 | 10,1459 | 4.6875 | 2.01284 | 9.70874 8382, 9
104 | 10816 | 1124864 | 1001950 | 4.7027 | 2.01708 | 961588 8494, 57
105 | 11025 | 1157625 | 102470 | 4.7177 | 2102119 | 9.52881 £650.01
106 | 11286 | 1191016 | 102956 | 4.7826 | 2.02581 | 9.48806 8824.73
107 | 11440 | 1225043 | 108441 | 4.7475 | 2002988 | 9.84570 8992.02
108 | 11664 | 1259712 | 10.83028 | 417603 | 2008842 | 9.25096 9160.88
100 | 11881 | 1 10.4408 | 4.7769 | 2.03748 | 9.17481 0331,52
110 | 12100 | 1881000 | 10.4881 | 4.7914 | 2.04180 | 9.00091 503,32
11 1367681 | 10,5357 | 4.8059 | 2.04582 | 0.00001 9076.80
12| 1 1404928 | 10,5880 | 4.8208 | 2[04922 | 802857 852,03
118 | 12769 | 1442807 | 10,6801 | 4.8846 | 205308 | 8.84058 10028.7
Ui | 12906 | 1481044 | 10.0771 | 48458 | 200000 | BTI08 10207.0
115 | 18225 | 1520875 | 10.7258 | 4.8629 | 2.06070 108869
116 | 18456 | 1560896 | 10.7708 | 4.8770 | 2. 10568.8
17 | 18689 | 1601618 | 10.8167 | 4.8910 10751.8
5049
0187
9824

£
2

1815848 9807
128 | 15120 | 1860867 | 11.0005 ovag
124 ] 1 1906624 | 11.18556 9866
126 | 15025 | 1958125 | 11.1808 0000
126 | 15876 11,2250 0183
127 | 16120 11,2004
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CARNEGIE STEEL COMPANY 284

: QOUIHES. CUBES, SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, RECIPROCALS,
i CIRCUMFERENCES AND CIRCULAR AREAS OF NOS.FROM 170 1000

Goare | bube: |laimost [iow Rook | Tam [4000iResia ) Fe=TiE
Circum, | Area
12.2474 | 5.8138 | 2.17600 | 6.68667 | 471.24 | 176715
29501 | 442051 | 12,0882 | 5.9951 | 217808 | 662252 | 474.88 | 17907.9
53104 | 8511808 | 12,5289 | 5.8308 | 0.18184 | 6.57805 | 477.52 | 18145.8
53400 | SsR15Tr | 12,3008 | 5:3485 | 2018460 | 6.58595 | 420066 | 18985 4
55716 15,4007 | 5.8601 | 2.18752 | 6.40351 | 483.81 | 18626.5
51085 | 8 19,4400 | 5.8717 | 2.10083 | 6.45161 | 49605 | 189602
51396 | 706416 | 124000 | 5,382 | 210812 | 6.41026 | 490.00 | 10113.4
24649 08 | 12:5300 | 53047 | 2.19500 | 6.86043 | 403,23 | 1350.3
21004 | 8044313 | 12,5098 | 5.4061 | 210866 | 6.32011 | 496.87 | 19606.7
25981 | 4010670 | 13,0006 | 5.4175 | 290140 | 6.28931 | 400.51 | 19855.7
25600 | 4006000 | 12.6491 | 5.4288 | 2.20412 | 6.25000 | 502.65 | 20106.2
o021 | 4178981 | 1% 5.4401 | 2.20683 | 6.21118 | 505.80 | 20858.3
4251598 | 12,7970 | 5o4514 | 2.90053 | 6.17284 | 50864 | 20612.0
6500 | 4830747 | 127671 | 54626 | 221210 | 6.1840% | 512.08 | S0867.2
6606 | 4410044 |12 5.4737 | 2.21484 | 6.09756 | 51522 [ 2112401
505 | 4492195 | 12,8452 | 54848 | 2.21748 | 606061 | 518.86 | 218%2.5
27556 | 4574206 | 128801 | 54050 | 2.92011 | 6102410 | 521.50 | 21642.4
27589 463 | 12.028 | 55060 | 229072 |. 5 08802 | 524.65 | 21904.0
Sty | 4741632 | 12.0615 | 5.5178 | 2.99531 | b5.95233 | 597.79 | 22167.1
8561 18 55988 | 2.20780 | 5.01716 | 530,08 | 22431.8
4018000 | 18.0384 | 5.5307 | 2.98045 | 5.85085 | 534.07 | 22008.0
50241 | 5000211 | 130767 | b.5505 | 2.23800 | b.84705 | 537,21 | 22965.8
20584 18,1149 | 5.5618 | 2.23558 | 5.81805 | 540,35 | 25285.2
So080 | it | 18 B.5721 | 5.23505 | 5.78085 | 548.50 | £3500.2
30276 | 5268024 | 1301000 | 5.5898 | 2.24055 | 57413 | 546.64 | 23TIRT
B0A25 | 5330875 | 1B.2288 | B.5034 | 9.2430% | B.71420 | 540.78 | 24052.8
30076 | 5451776 | 139665 | 5.6041 | 2.24551 | 5.68182 | 552,02 | 243285
81320 | 5545933 | 18.3041 | 5.6147 | .04707 | B5.6407% | 556,06 | 24005.7
81654 | 5630752 | 18.3417 | 5.6252 | 2.95049 | 5.01708 | 550.20 | 24884.0
82041 | 5785830 | 18, 5.6357 | 2195985 | 5.69650 | 562.85 | 25164.0
18,4104 | 5.6402 | 2.95527 | 5.55650 | 505.40 | 25446.9
83761 | 5920741 | 134536 | b.6567 | 225768 | B.52486 | 563,63 | 257804
83194 18.4907 | 5.6671 | 2.20007 | 5.40451 | 57177 | 26015.5
128487 | 135977 | 5.6774 | 2.26245 | 5.46448 | 574,01 | 263022
33856 13,5647 | 5.6877 | 226452 | 543478 | 578105 | 26500.4
34205 | 6391625 | 13.6015 | 5.09%0 | 2.96717 | 5.40541 | 581.10 | 26880.8
B434850 | 18, 5.70%8 | 2.96051 | 537634 | 584,84 | 271716
31960 | 6580208 | 1300748 | 5.7185 | 227184 | 5134750 | 587,48 | 2Ted 6
B3344 | 6044072 | 18.7118 | B.72ST | 2.57416 | 5.81015 | 500,62 | 27750.1
85721 | O751200 | 18.7477 | 5.7858 | 2.27040 | 5.20101 | 508.76 | 28055.2
86100 | 6850000 | 18.7840 | 5.7480 | 227875 | 5.26816 | 596.90 | 28852.9
1| eob7sr1 | 18.8208 | 507500 | 2.28108 | 5.28560 | 60004 | 286521
80864 | TOTTSSS | 138564 | 5.7600 | 223890 | 520883 | 608,19 | 25452.9
37240 | 7180057 | 18,8924 | 5.7700 | 2.28556 | 5.18135 | 606,83 | 20255.3
37030 | 7801384 | 13,0984 | 5.7800 | 2.2870 | B.15464 | 600,47 | 20550.2
7414875 | 13,0042 | 5.7980 | 2120003 | 5.12591 | 612061 | 20964.8
83410 14,0000 | 5.8088 | 2.99996 | 5.10204 | 615.75 | B0171.9
7615378 | 14.0857 | 5.8186 | 2.20447 | 5.07614 | 618.80 | 80480.5
80204 140712 | 5 829 | 2.29667 | 5.05051 | 62204 | 307007
30601 | 7RR0500 | 14.1007 | 5.5988 | 2.008% | 5.02518 | 625,18 | 811026
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3QUARES, CUBES, SQUARE R0OOTS, CUBE ROOTS, LOGARITHMS, RECIPROCALS,
CIRCUMFERENCES AND CIRCULAR AREAS OF NOS.FROM 1T0 1000

=
=

gEseEEEEEs

Square Oube | Bq.Reok |Cw Root| Logs |1000xRecip.| —TO-=Dix
Circum, | Area

40000 14.1421 | 5.8480 | 2.30108 | 5.00000 | 628.82 | 81415.9
40401 | 8120601 | 14.1774 | 5.8578 | 2.80820 | 4.97512 | 631.46 | 81780.9
8942408 | 14.2127 | 5.8675 | 2.80535 | 4.95050 | 634.60 | 32047.4

41200 | 8365427 | 14.2478 | 5.8771 | 2.80750 | 4.92611 | 637.74 | 32365.5
41616 | 8489664 | 14.2829 | 5.8868 | 2.30968 | 4.90196 | 64089 | 32685.1
8615125 | 14.8178 | 5.8064 | 2.81175 | 4.87805 | 644.03 | 33006.4

42436 | 8741816 | 14.3527 | 5.9059 | 2.31387 | 4.85487 | 647.17 | 83320.2
49819 | 8869748 | 14.3875 | 5.9155 | 2.31597 | 4.83092 | 650.31 | 83653.5
43964 | 8998912 | 14.4222 | 5.9250 | 2.31806 | 4.80760 | 653.45 | 33979.5
43681 | 9129829 | 14.4568 | 5.9345 | 2.32015 | 4.78469 | 656.59 | 34307.0
44100 | 9261000 | 14.4914 | 5.9430 | 2.32092 | 4.76190 | 659.73 | 34636.1
44521 | 9303931 | 14.5258 | 5.9583 | 2.3%498 | 4. 662.88 | 34966.7
44944-| 9528128 | 14.5602 | 5.9627 | 2.32634 | 4.71698 | 666.02 | 35208.9
45369 14,5045 | 5.9721 | 2.32838 | 4.69484 | 669.16 7
45796 14.6287 | 5.9514 | 2.88041 | 4.67290 | 672.80 | 35968.1
46225 | 9988375 | 14.6629 | 5.9907 | 2.33244 | 4.65116 | 675.44 | 36305.0
46656 | 10077696 | 14.6969 | 6.0000 | 2.33445 | 4.62963 | 678.58 | 36643.5
47089 | 10218318 | 34.7309 | 6.0092 | 2.33646 | 460820 | 681.73 | 36983.6
47524 | 10360282 | 14.7648 | 6.0185 | 2.33846 | 4.58716 | 684.87 | 37325.3
47961 | 10508450 | 14.7986 | 6.0277 | 2.34044 | 4.56621 | 688.01 | 87668.5
48400 | 10648000 | 14.8324 | 6.0368 | 2.34242 | 4.54545 | 691.15 | 88013.3
48841 | 10798861 | 14.8661 | 6.0459 | 2.34480 | 4.52480 | 694.29 | 88359.6
40984 | 10941048 | 14.8997 | 6.0550 | 2.84685 | 4.50450 | 697.43 | 88707.6
49720 | 11089567 | 14.9882 | 6.0641 | 2.34830 | 4.48481 | 700.58 | 39057.1
50176 | 11239424 | 14.9666 | 60782 | 2.35025 | 4.46429 | 703.72 | 39408.1
25 | 11390625 | 15.0000 | 6.0822 | 2.85218 | d4.44444 | 706.86 | 39760.8
51076 | 11543176 | 15.0333 | 6.0912 | 2.85411 | 4.42478 | 710.00 | 40115.0
51520 | 11697083 | 15.0665 | 6.1002 | 2.35608 | 4.40529 | 718.14 | 40470.8
51084 | 11852352 | 15.0997 | 6.1001 | 2.85793 | 4.88596 | 716.28 4
52441 | 12008989 | 15.1827 | 6.1180 | 2.85084 | 4.36681 | 719.42 | 41187.1
52000 | 12167000 | 15.1658 | 6.1269 | 2.36178 | 4.34783 | 722.57 | 41547.6
53361 | 12326391 | 15.1987 | 6.1358 | 2.36361 | 4.82900 | 725.71 | 41909.6
53924 | 12487168 | 15.2315 | 6.1416 | 2.36549 | 4.31084 | 728.85 | 42278.3
54280 | 12649337 | 15.2643 | 6.1534 | 2.36736 | 4.29185 | 731.99 | 42638.5
54756 | 12812004 | 15.2971 | 6.1622 | 2.36022 | 4.27350 | 735.13 | 43005.3
55025 | 12977875 | 15.8207 | 6.1710 | 2.87107 | 4.25582 | 738.27 | 43373.6
55696 | 13144256 | 15.3623 | 6.1797 | 2.37201 | 4.23799 | 741.42 | 43743.5
56160 | 13312058 | 15.3948 | 6.1885 | 2.87475 | 4.21941 | 744.56 | 44115.0
56044 | 13481272 | 15.4272 | 6.1972 | 2.87658 | 4.20168 | 747.70 1
57121 | 13651019 | 15.4506 | 6.2058 | 2.87840 | 4.18410 | 750.84 | 44862.7
B 13824000 | 15.4919 | 6.2145 | 2.38021 | 4.16667 | 758.98 | 45238.9
58081 | 13997521 | 15.5242 | 6.2231 | 2.88202 | 4.14988 | 757.12 | 45616.7
58564 | 14172488 | 15.5563 | 6.2317 | 2.38382 | 4.13228 | 760.27 | 45996.1
59049 | 14348007 | 15.5885 | 6.2403 | 2.88561 | 4.11523 | 763.41 | 46377.0
50586 | 14526784 | 15.6205 | 6.2488 | 2.38739 | 4.00886 | 766.55 | 46759.5
60025 | 14706125 | 15.6525 | 6.2573 | 2.88917 | 4.08168 | 769.69 | 47143.5
60516 | 14836036 | 15.6844 | 6.2658 | 2.89004 | 4.06504 | 772.83 | 47520.2
61009 | 15069223 | 15.7162 | 6.2743 | 2.89270 | 4.04858 | 775.97 | 47916.4
61504 | 15252002 | 15.7480 | 6.2828 | 2130445 | 4.08225 | 779.12 5.1
62001 | 15438249 | 15.7707 | 6.2012 | 2030620 | 401608 | 782.26 | 48695.5
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ARES, CUBES, SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, RECIPROCALS,
CIRCUMFERENCES AND CIRCULAR AREAS OF NOS. FROM 1 TO 1000

To.

13 iR

Bt

gEgssegns ¥

Square |  Gube | Sq Root |OuRoot| Top. [1000xResip, [ Fe-=Di
Ciroum, | Area

62300 | 15 15.8114 | 6.2006 | 2.80704 | 4.00000 | 785.40 [49087.4
63001 | 15818251 | 15.8480 | 6.3080 | 2.39967 | 8.u8406 | 788.54 4945009
63504 | 16003008 | 15,8745 | 63164 | 240140 | 3.96825 | 791.68 |49875.9
61000 | 16194277 | 15,9060 | 6.8247 | 2.40312 | 8 05957 | 704182 [50272.0
64510 | 10387064 | 15,9874 | 63330 | 240483 | 3198701 | 797.96 [50670.7
65025 | 16381875 | 15,9687 | 63418 | 2.40054 | 3.92157 | 801.11 [51070.5
65596 | 16777216 | 16.000¢ | 63406 | 2.40824 | 3190625 | 80425 [51471.9
6049 | 16074503 | 16,0819 | 63570 | 2.40008 | 3.89105 | 507,50 [51874.8
66564 | 17178513 | 16,0024 | 63661 | 2.41162 | 3.S7507 | 81053, [5e079 8
67081 | 17373070 | 16,0985 | 6.3743 | 2.41330 | 3.86100 | 818,67 [52685.3
67600 | 17576000 | 16.1245 | 6.8895 | 2.41407 | 3.84615 | 816.81 [53002.9
68121 | 17770581 | 16,1655 | 6.8007 | 2.41004 | 3183149 | 810,90 [5350.1
i 17084725 | 10,1864 | 68088 | 2.41850 [ 3.81670 | $28010 [53912.9
60169 | 18191447 | 162178 | 6.4070 | 241996 | 3.80228 | 896.24 [54825.2
60696 | 18890744 | 16,2481 | G.4151 | 2.42160 | B.7878S | 520.58 (5478001
70225 | 18609625 | 16,2788 | 64252 | 9.42825 | 877858 | 89252 (5515418
0756 | 18821006 | 16,3095 | 64312 | 242455 | B.75940 | 835,60 (55671.0
71980 | 19034168 | 16,8401 | 64303 | 2.4%051 | 3.74592 | 838,81 (55090.8
71R24 | 19248883 | 168707 | 64478 | 242818 | BI73184 | 841.95 |56410.4
72861 | 19465100 | 16,4012 | 64558 | 2.42076 | B.71747 | 845.00 (56852.2
10688000 | 16,4817 | 6.4688 | 2.43186 | 8.70870 | 848.28 (572555

73441 | 10902511 | 16,4621 | 6 4713 | 248207 | B.69004 | &51.57 |5760.4
20123648 | 16,4994 | B.4792 | 2.43457 | B.07647 | 854,51 (55100.9

74520 | 20846417 | 16,5097 | 61487 | 248616 | 3166300 | 857.06 [58584.9
7507 16,5550 | 64951 | 2.48775 | 8.04964 | 86080 (55064,
5625 5 | 16:5891 | 6:5030 | 248038 | 3(63636 | 53.94 [59395.7
76176 | 21024576 | 16,6183 | 6.5108 | 244091 | 3.62819 | 807.08 |50828.5
76729 16,6439 | 6.3187 | 2.44248 | 8.61011 | 570,22 60262.8
77284 | 21484052 | 16,6783 | 65205 | 2.44404 | B.5OTI2 | S73.36 GOG9S.T
7I41 | 21717630 | 16,7033 | 6.5348 | 2.44560 | 8.58428 | §76.50 (61136.8
78100 | 21052000 | 167332 | 6.5421 | 2.44716 | 8.57148 | 879,65 |61575.2
78901 BNO41 | 16,7681 | 6:5409 | 2:44871 | 855872 | 882079 (620158
70524 | 22425768 | 16,7920 | 65577 | 2.45025 | 3.54610 | 85598 [62458.0
80080 | 20065187 | 16,8296 | 65651 | 9.45170 | 3153857 | AR 07 |62001.8
80656 | 22908304 | 16.8528 | 6.5781 | 2.45982 | S.52018 | S92.21 |A834T 1
81225 | 23149125 | 16,8810 | 6.5808 | 2.45488 | 8050877 | 89535 [68704.0
81706 | 23393636 | 16,9115 | 6.5855 | 2.45637 | 8.40650 | 598.50 (642424
82300 | 23639908 | 16,0411 | 6.5002 | 2045788 | B.48482 | 901.64 (640925
82044 | 53887872 | 16.9700 | 6.6089 | 2/45090 | 8l47223 | 904078 (051441
§3521 | 24187560 | 17.0000 | 6.6115 | 2.48000 | 3.46021 | 907.02 655073
84100 17.0204 | 6.0191 | 2.46240 | 8.44898 | 911.06 (86052.0
B46S1 | 24642171 | 17,0587 | 0.6207 | 2.46399 | 8.43648 | 914.20 00508.3
85264 17,0850 | 6.6343 | 2746538 | B.42466 | 91735 (660662
85849 | 251 17.1172 | 6.6419 | 2748687 | 8.41207 | 020 49 |67425.6
86436 | 25412184 | 17,1484 | 6.6404 | 2746885 | 8.40196 | 923.63 678967
87025 | 25672875 | 17.1756 | 6.6560 | 2.46082 | B.38088 | 926.77 [65349.8
87616 | 2563433 | 17,2047 | 6.0644 | 2.47120 | 5.37838 | 020,91 [68818.5
88209 | 26198073 | 17.2837 | 6.6719 | 2.47276 | B.36700 | 933.05 |6o2T0.2
88804 17,2027 | 6.6794 | 2.47422 | B8.35670 | 936.19 (69746.5
89401 | 26730890 | 17,2916 | 6.0869 | 2. 8.34448 | 939.34 |T0215.4




287 CARNEGIE STEEL COMPANY T
=

SQUARES, CUBES, SQUARE R0OOTS, CUBE ROOTS, LOGARITHMS, RECIPROCALS,
CIRCUMFERENCES AND CIRCULAR AREAS OF NOS. FROM 1 TO 1000

No.| Squars | Oube | SgReot |OuRoot| log |1000xResip | 2=DE
=] Gircum, | Area
300 | 90000 | 27000000 | 17,8905 | 6.0048 | 2.47712 | 8.8%888 | 049.48] 706%5.8
801 | 90601 | 2reron0r | 17.3404 | 6.7018 | 2.47%o7 | 8.89998 | o45.89| 711579
302 | 01904 | 5ds008 | 17,8781 | 6.7082 | 2.48001 | 8.81106 | G48.79| 710315
303 | 01800 | 2rsis197 | 17,4060 | B.7100 | 2.48144 | 8.80088 | 951.00| 1210876
304 | 92416 17,4356 | 6.7240 | B.48087 | 8128047 | 955.04] 72583 4
205 28972625 | 17,4642 | 6.7818 | 2.48480 | B.27800 | 058.19] TR061.7
200 28052016 | 17,4990 | 6.7857 | 2.4857% | 8.20707 | 001,93 785415
807 | 04249 | 28084443 | 17,5914 | 6.7460 | 2.48714 | B.95788 | 064.47{ T4 0
308 20018112 | 17.5199 | 6.7598 | 2.48%05 | 824675 | 007 61| 74506.0
300 | 95481 | 20508620 | 17,5784 | 6.7006 | 2.48000 | 3.23625 | 970.75| 74090.6
310 | 96100 | 2001000 | 17.0088 | 6.7570 | 2.40186 | 8.99581 | o7s.e0f maven
811 | oot | 80080231 | 17,6352 | 6.7752 | 2.40970 | 8.21643 | 077.04| 759645
g1 80871828 | 17,0635 | 6.7824 | 2.40415 | 5.20518 | 980.18{ 76455 8
313 | g 17,6018 | 6.7807 | 2.40554 | 3.104%0 | 0%8.82| 7o0se 7
314 | 08506 | 80050144 | 17,7200 | 6.7900 | 2.40608 | 8.18471 | os8.48| Tramr 1
815 | 09225 | 81255875 | 17,7382 | 68041 | 2.40831 | 817460 | 950 0] 7798101
316 | 99855 | 31554406 | 177754 | 6.8118 | 2.40009 | 8.16456 | 002.74| TRece T
317 | 100450 | 81865018 | 17,8045 | 6.8185 | 2.50106 | 8.15457 | 995.88| 780280
818 | 101124 | 32157482 | 17,8598 | 6.8256 | 2.50243 | 8.14465 | 099.08| 794226
810 | 101701 | 32401760 | 17,8606 | 6.6328 | 2.50870 | 8.184%0 | 10022 | 79922.9
390 | 102400 17,8985 | 6.8900 | 9.50515 | 8.19500 | 1005.8 | 80424.8
891 | 108041 | 83076161 | 17/9165 | 6.8470 | 2.50861 | B.11527 | 100805 | B09S8 2
892 | 108084 | 83380248 | 17,0444 | 6.8541 | 2.50786 | 810550 | 1011.6 | 814382
893 | 104390 | Baease7 | 170722 | 68612 | 850020 | B.09308 | 1014.7 | 819898
894 | 104076 | 84012924 | 18,0000 | 6.%688 | 551055 | B.08642 | 1017.0 | S2448.0
895 | 105095 | 84398195 | 18, 6.8758 | 251188 | 8.07602 | 1021.0 | 82957.7
896 | 100276 18,0655 | 6.8504 | 2.51892 | 806740 | 1094.9 | B3469.0
897 | 106020 | 84965783 | 18.0881 | 6.8%04 | 251455 | 8.05%10 | 1027.8 | 83081 8
98 | 107584 | Bo2STBO2 | 18.1108 | 6.8004 | 2.51687 | 8.04878 | 1080°4 | 84406 3
99 | 108241 | 85011289 | 18,1984 | 0.9084 | 2.51720 | 8.08051 | 10836 | ss012.3
380 | 108000 | 85087000 | 18,1850 | 6.9104 | 2.51851 | 8.08080 | 1086.7 [ s5520.0
881 | 100501 | 80284001 | 18,1984 | 6.9174 | 2.51088 | 8.02115 | 1089.9 | 86040 0
332 | 1102204 | 96504368 | 18.2200 | 6.0944 | 2.52114 | 801905 | 1043.0 | 86560.7
333 | 11055 | 8095087 | 18,2458 | 6.0818 | 252944 | 8.00800 | 1016.2 | ST092 0
34 | 111500 | 87260704 | 18,2757 | 6.0382 | 2,528 | 2.90401 | 1049.3 | 87615.9
335 | 112095 | 87505875 | 1 6.0451 | 2.59504 | 2.08507 | 1052.4 | 88141.8
835 | 112506 | S7o8305 | 15,5308 | 6.0521 | 2,594 | 207619 | 1055.6 8
887 | 118500 | 88272758 | 18,8575 | 6.95%0 | 252763 | 2.06786 | 1058.7 | 89106.0
283 | 114244 | 88810472 | 18,3848 | 6.0658 | 2.59%9 | 2.05858 | 1061.9 | 89727.0
114921 | 85058210 | 18.4120 | 69727 | 2.58020 | 2.0M086 | 1065.0 | 90268.7
$40 | 115000 | 50804000 | 18.4801 | 6.9705 | 2.58148 | 2.04118 | 1008.1 .0
41 | 116251 | 89651821 | 18,1662 | 6.0864 | 253975 | 2.08255 | 1071.8 | 91826.9
242 | 110064 | 40001088 | 1874032 | 610032 | 259408 | 2.02808 | 1074.4 | 918633
848 | 117640 | 40858607 7.0000 | 253590 | 2.91545 | 1077.6 | 92401.5
844 | 118836 | 40707584 | 18.5472 | 7,008 | 253650 | ©.00698 | 1080.7 | 82040.9
315 | 119025 | 1068025 | 18,5742 | 7.0198 | 2 58789 | 2.80865 | 1083.8 | 034800
846 | 119716 | 1421735 | 18.6011 | 7.0208 | 2.58008 | 2.s0017 | 1087.0 | 940047
347 | 190400 | a17s19e8 | 1806270 | 7.0271 | 24008 | 2184 | 10001 |94500.0
38 | 191104 | 42144102 | 1806548 | 7.0888 | 254158 | 2856 | 10088 | 95114.9
349 | 191501 | 49508540 | 18,8815 | 7.0406 | 2.342%8 | o.89583 | 1096 4 | 05662.3




CARNEGIE STEEL COMPANY 288

'SQUARES, CUBES, SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, RECIPROCALS,
~ CIRCUMFERENCES AND CIRCULAR AREAS OF NOS.FROM 170 1000

No. = Dia,

Ko.| Square Oube . Root | Ou. Root . | 1000zRecip,

S % g Cirgum, | Area
BO0 | 122500 | 42875000 | 18.7088 | 7.0478 | 2.54407 | 2.857T14 | 1000.6 | 96211.8
851 | 123201 1 | 18,7850 | 7.0640 | 2.54581 | 2.84000 | 1102.7 | 96761.8
852 | 123004 | 48014208 | 18.7617 | T.0807 | 2.54004 | 2.84001 | 1106.8 | 97314.0
868 | 124000 | 48080077 | 18,7888 | 7.0074 | 2.54777 | 2.88280 | 1100.0 | 9TROT.T
854 | 125810 | 44801804 | 18,8140 | T.0740 | 2.54000 | 2.82486 | 1112.1 | 98428.0
835 | 190025 | 44788875 | 18,8414 | 7.0807 | 2.55028 | 2.81000 | 1115.8 | 98070.8

120786 | 45118016 | 18.8680 | 7.0878 | 2.565145 | 2.80800 | 1118.4 | 99588.2
807 | 197040 | 45400208 | 18,8044 | T7.0040 | 2.55207 | 2.80112 | 1121.5 | 100008
U868 | 195104 | 40882712 | 1R.0U200 | T.1000 | 2.566888 | 9.7H880 | 1124.7 | 100660
850 | 128881 | 40268270 | 18.9478 | 7.1072 | 2.556000 | 2.7856L2 | 1127.8 | 101223
800 | 120600 | 46658000 | 18.0737 | 7.1188 | 2.56080 | £.77778 | 1181.0 | 101788
861 | 150821 | 47045881 | 19.0000 | 7.120d | 2.057061 | 2.77008 | 1184.1 | 102854
302 | 131044 T487028 | 10.0268 | 7.1260 | 2.55871 | 2.76243 | 1187.3 | 102022
863 | 181760 | 4TSS2147 | 10.0526 | 7.1835 | 2.55001 | 2.75452 | 1140.4 | 108491
84 | 1 19.0788 | 7.1400 | 2.66110 | £.74725 | 1148.5 | 104062
805 | 158295 | 48027125 | 10.1060 | 7.1466 | 2.56220 | 2.78073 | 1146.7 | 104635
866 | 183066 | 49027800 | 10.1811 | 7.1581 | 2.56848 | 2.73224 | 1149.8 | 105200
80T | 184080 | 40430808 | 10,1572 | T.1600 | 2.56467 | 2.72480 | 1158.0 | 105785
CBOS | 145424 | 40880082 | 19,1833 | 7.1661 | 2.56085 | 2.71789 | 1156.1 | 106362
800 | 136101 | BO243400 | 19,2094 | T.1726 | 2.56708 | 2.71008 | 11560.2 | 106041
870 | 130900 10,2854 | 7.1701 | 2.60820 | 2.70970 | 11682.4 | 10752%
871 | 187641 | D1064811 | 10.2014 | T.18505 | 2.056087 | 2.00542 | 1165.5 | 108108
872 | 185884 | BI4TBS48 | 10.2878 | 7.1920 | 2.57004 | 2.68817 | 1168.7 | 108687
878 | 180120 | B18OG11T | 19.8182 | 7.1984 | 2.6T171 | 2.68007 | 1171.8 | 100272
874 | 189870 10.8801 | 7.2048 | 2.50e87 | 2.67880 | 1175.0 | 109858
875 | 140025 19,8649 | 7.2112 | 2.57408 | 2.86067 | 1178.1 | 110447
870 | 141876 | B915TETE | 10.8007 | 7.2177 | 2.57519 | 2.65057 | 1181.2 | 111086
a7 | 1421 10,4165 | 7.2240 | 2.57084 | 2.65252 | 1184.4 | 111628
878 | 149884 | B4010152 | 10,4492 | 7.2804 | 257740 | 2.64550 | 1187.5 | 11227
879 | 143041 10.4679 | 7.2968 | 2.57804 | 2.08852 | 1190.7 | 112815
880 | 144400 | 54872000 | 10.4086 | 7.2432 | 2.57978 | 2.68158 | 1103.8 | 113411
881 | 145161 | OSS0G341 | 10.5102 | 7.2405 | 2.05008 | 2.62467 | 1196.9 | 114009
SR8 | 145024 | O5TIZ008 | 10.5448 | T.2558 | 2.58908 | 2.61780 | 1200.1 | 114608
883 | 1 GOISIRSY | 10.5704 | 7.2622 | 2.58820 | 2.01007 | 1208.2 | 115200
B8 | 147400 04 | 10.5050 | 7.2685 | 2.58488 | 2.00417 | 1206.4 | 115812
855 |1 T 19.6214 | 7.2748 | 2.58046 | 2.50740 | 1209.5 | 116416
886 | 148006 | BIDI2456 | 10.6460 | 7.2811 | 2.68050 | 2.50007 | 1212.7 | 117021
857 | 149760 | 67000008 | 19.6723 | T.2574 | 2.56771 | 2.08508 | 1215.8 | 117628
888 | 1505644 | 568411072 | 10.6077 | 7.2080 | 2.58888 | 2.57782 | 1218,9 | 118237
880 | 161821 10,7281 | 7.2000 | 2.58005 | 2.57000 | 1221.1 T
800 | 162100 | BOS10000 | 10.7484 | 7.8061 | 2.50106 | 2.56410 | 1225.2 | 119450
B01 | 152881 [ BOTVO4TL | 19,7987 | 7.8124 | 2.50218 | 2.565766 | 1228.4 | 120072
302 | 163004 19.7990 | 7.8186 | 2.50820 | 2.56102 | 1281.5 | 120087
802 | 154440 19.8242 | 7 2.50480 | 2.54458 | 1234.6 | 121804
304 01162084 | 10.8494 | T7.8310 | 2.50650 | 2.58807 | 1237.8 | 121922
BOG | 150025 | 01620875 | 10,8746 | 7.8372 | 2.50000 | 2.5681065 | 1240.9
206 | 160816 | 02000136 | 19,8007 | 7.8434 | 2.50050 | 2 1244.1 | 123168
807 | 157000 10.9240 | 7.8406 | 2.50870 | 2.51880 | 1247.2 | 123786
808 | 158404 | 63044702 | 10,0400 | 7.8558 | 2.50088 | 2.51260 | 1250.4 | 124410
800 | 150201 | 63521100 | 19.9750 | 7.8610 | 2.60087 1258.5 | 125080
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SQUARES, CUBES, SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, RECIPROCALS,
* CIRCUMFERENCES AND CIRCULAR AREAS OF NOS.FROM 1 TO 1000

Ko, = Dia,
Ko, | Square Cube 8q. Root | Cu Heot|  Leg. | 1000xRecip, | ———————
Ciroum. | Ares

400 | 160000 20,0000 | 7.8081 | 2.60206 | 2.50000 | 1250.0 | 125664
401 | 100801 | 4481201 | 20.0250 | 7.8748 | £.00814 | 240877 | 1250.8 | 120208
402 | 161604 | G4O04808 | R0.0490 | T.8808 | 2.00488 | 2.457606 | 1262.9 | 120028
408 | 106400 | OMB082T | 20.0740 | 78804 | 2.00081 | 2 481899 | 12668.1 | 127550
d04 | 168210 | 06080204 L0008 | 78025 | 2.00688 | 2.47500 | 1260.2 | 128190
405 | 10025 25 | 20,1246 | 7.8080 | 2.00740 | 2.40014 | 1272.8 | 128825
d00 | 104880 | 0003416 L1404 | 7.4047 | 2.008568 | 240805 | 1275.5 | 120402
407 | 105640 | 67419043 | 20,1742 | T.4108 | 2.00050 | 2.45700 | 1278.6 | 180100
408 | 100404 | 6TD1TEIZ | 20.1000 | 7.4169 | 2.60000 | 2.45008 | 1281.8 | 130741
400 | 107281 | GHAITVEO | 20,2987 | T.4220 | 2.01172 | 2.44400 | 1254.9 | 131882
410 | 108100 | 6RM21000 | 20.2485 | 7.4200 | 2.01278 | 2.48002 | 1288.1 | 1385
411 | 168021 | GOMSO581 | 20.27H1 | 7.4830 | 201884 | 24800 | 1201.9 | 132670
412 | 100744 | OOUR4SSR | 20.2978 | 7.4410 | 2.01400 | 2.42718 | 1204.3 | 133317
170000 | TOM4T0T | 20,8224 | T.4470 | 2.01305 | 2.42181 | 1997.5 | 183065
414 | 171806 | TUOBTOM4 | 20.3470 | 7.4580 | 2.01700 | 2.41546 | 1800.6 | 134014
415 | 172205 | TI4TEET0 | 20,8715 | 7.4500 | £.01805 | 2400064 | 150098 | 135265
4168 | 178050 | TI001200 | 20.3001 | T.4050 | 2.61900 | £ 40885 | 1300.0 | 135018
417 | 178580 | TE0511718 | $0.4206 | T.4710 | 2.02014 | 2.80808 | 1810.0 | 156572
418 | 174794 | THOS4082 | 20.4450 | T.4770 | 202118 | 2.903%4 | 1818.2 | 187228
410 | 176501 | TEB00050 | 20.4005 | 7.4520 | 902221 | 9.85064 | 1816.8 | 187885
430 | 176400 | T40R8000 | 20,4080 | 7.4880 | 2.A62905 | 2.89005 | 1819.5 | 188544
421 | 177841 | T018461 | 20,5188 | T.4048 | 202428 | 2.875890 | 1822.6 | 189205
429 | 1TROBY | THI1561448 | 20.5420 | T.5007 | 2.02531 | 2.86007 | 1825.8 | 199867
428 | 178020 067 | 20,6670 | 7.5067 | 2.02634 | 2.36407 | 1328.0 | 140581
424 | 17T 20,5018 | 7 6126 | 2.62787 | 2.85849 | 1892.0 | 141106
425 | 180025 [ 5 | 20.6155 | 7.561R5 | 2.00830 | 2.85804 | 1845.2 | 141508

420 | 181470 20.0308 | 7.5244 | 2.00041 | 2.54742 | 1338.8 | 1
427 | 183820 20.6640 | 7.5002 | 2.00048 | 2.34102 | 1341.5 | 143200
428 | 185184 | TB02TH2 | 20.0582 | 7.5861 | 2.03144 | 2.83645 | 1844.06 | 143872
420 | 1840d1 | THOKIGED | 20.7123 | 7.5420 | 2.08240 | 2.83100 | 1847.7 | 144545
480 | 184900 | TOSOTO00 | 20.7364 | V.5478 | 2.68%47 | 2.82558 | 13850.0 | 145220
431 | 185701 | BOOG2E61 | 20,7005 | 7.5587 | 2.6848 | 2.82010 | 1354.0 | 145508
482 BOO21568 | 20.7846 | 7.5505 | 2.68548 | 2.81482 | 1857.2 | 146574
488 | 187480 | B11RITET | 20,8087 | 7.5654 | 2.69040 | 2.80047 | 1860.3 | 147254
454 | 1RSEGH | BIT6504 | 208827 | 7.5712 | 2.69740 | 2.80415 | 1863.5 | 147084
485 | 180225 | A1 20,8567 | T.5770 | 9.08849 | 9.20885 | 1960.6 | 148017
436 | 190000 | B2/HEIRGG | 20,8806 | 7.5828 | 2,68040 | 2.20858 | 1809.7 | 1498801
437 | 100000 | EH5N458 | 209045 | 7.5880 | 9.04048 | 2.08S838 | 1872.0 | 149087
488 | 101844 | BORTOTS | 20,0284 | T.5044 | ©.04147 | 2.28311 | 1876.0 | 150674
430 | 102721 | B400MB19 | 20.0523 | 7.6001 | 2.04240 | 2.97700 | 1879.2 | 151368
440 | 108600 | B5184000 | 20.0762 | T.6050 | 2.04845 | 2.927978 | 1382.8 | 152058
1 | 1M4E1 | BOTOO121 | 21.0000 | T.6117 | 9.64444 | 2.20757 | 1085.4 | 152745

42 | 105504 | BOSGOSSS | 21,0288 | T.6174 | 2.04042 | 2.20244 | 1888.6 | 1
48 | 190240 | BODSRB0T | 200476 | T.6252 | 204040 | 2.25784 | 1801.7 | 154184
444 | 1971806 | STBSSASY | 21,0718 | 7.0280 | 2.64788 | 2.25225 | 1804.€ | 154880
445 | 1080956 | BS121125 | 21.0050 | 7.6340 | 2.04880 | 2.24710 | 1808.0 | 155528
440 | 198016 | B8T1 21.1187 | 7.6408 | 2.64083 | 2,24215 | 1401.2 | 156228
447 | 190800 | BO314623 | 21,1424 | 7.0460 | 2.65081 | 2.29714 | 1404.8 | 150080
448 21.1660 | 7.6517 | 2.65.98 | 2.98214 | 1407.4 | 157633
&40 | 201601 | V0518849 | 21.1806 | 7.6574 | 2.066825 | 2.29717 | 1410.6 | 158837




CARNEGIE STEEL COMPANY 200

RES, CUBES, SQUARE R0OOTS, CUBE ROOTS, LOGARITHMS, RECIPROCALS,
CIRCUMFERENCES AND CIRCULAR AREAS OF NOS. FROM 1710 1000

Mo | square | oube | SqReot |Ow Boot| Leg |t000xReetp, [ ¥0=Dix

b Circum. | Area
450 91125000 | 21,2182 | 7.0631 | 2.65821 | 2.22092 | 1418,7 | 159048
451 | 203101 | 91738851 | 21,2868 | 7.008% | 2.65418 | 2.21780 | 141610 | 159751
452 | 204801 08 | 219603 | 7,674 | 265514 | 221289 | 1420.0 | 160460
458 02050077 | 21,2888 | 7.0801 | 2.65610 | 2.20751 | 14281 | 161171
454 | 206116 | 93576064 | 21,8078 | 7.6857 | 2.65708 | 2.20964 | 142608 | 161883
455 | 207025 | 01196875 | 21,8807 | 7.0014 | 2.65801 | 2.19780 | 1429 4 | 162507
456 | 207936 | 94818816 | 21.8542 | 7.0070 | 2.65%06 | 2019208 | 1482.6 | 163813
457 | 208849 8776 | 7,706 | 2.65002 | 2.18818 | 1435.7

458 | 200764 | 06071012 | 21,4000 | 77082 | 2066087 | 2018341 | 1488.9 | 164748
459 | 210681 | 90702570 | 21,4248 | 7.7188 | 2.66181 | 2017865 | 144200 [ 1
460 | 211600 | 97336000 | 21,4476 | 7.7194 | 2.66278 | 2.17801 | 1445.1 | 166190
461 | 219521 | 070TRISL | 21.4700 | 707250 | 2.06370 | 2.16920 | 1448.3 | 168014
462 | 215444 | 95811128 | 21,4949 | 7.7306 | 2.66464 | 2.16450 | 1451.4 | 167630
403 | 21436 7 | 21,5174 | 7.7362 | 2.66558 | 2.15953 | 1454.6 | 168365
461 | 215296 | 09 21,5407 | 7.7418 | 2.66652 | 2.15517 | 1457.7 | 169003
405 | 216225 | 100544625 | 21,5699 | 7.7478 | 206745 | 2.15054 | 1480.8 | 169828
405 | 217156 | 101194606 | 21,5870 | 7.7590 | 2.66530 | 2014502 | 1464.0 | 170504
407 | 218080 | 101847568 | 21.6102 | 7.7584 | 2.66082 | 214183 | 1467.1 | 171287
488 21,6833 | 7.7080 | 2.67025 | 2.18675 | 1470.8 | 172021
460 | 210061 | 108161709 | 21,6564 | 7.7695 | 267117 | 2.18220 | 1473.4 | 17RTHF
410 1 21.6705 | 7.7750 | 2.67210 | 2.12760 | 1476.5 | 178494
471 | 221841 | 104487111 | 21,7025 | 7.7805 | 267802 | 2112814 | 1470.7 | 174284
472 | 220784 | 105154048 | 21,7256 | 7.7860 | 2.67304 | 211854 | 1482.8 | 174974
478 105828817 | 21,7480 | 7.7915 | 2.67486 | 2011417 | 1486.0 | 175716
474 | 224670 | 100406424 | 21,7715 | 7.7970 | 267518 | 2.10971 | 148901 | 1
475 | 235625 | 107171875 | 21,7945 | 7.8025 | 2.67609 | 2.10520 | 1492.8 | 177206
430 | 206576 | 107850176 | 21.8174 | 7.8070 | S.6%wnt [ S.i0084 | 1405.4 | 1
477 | 207520 | 108581883 | 21,8408 | 7.8184 | 2.6TRo2 | 2009644 | 148875 | 178701
478 | 298484 | 100215852 | 21,8692 | 7.8188 | 267043 | 2009205 | 1501.7 | 17W451
470 | 20441 | 109902230 | 21,8861 | 7824 | 2068084 | 2.08768 | 1504.8 | 180203
480 110502000 | 21,0080 | 7.8207 | 2.08124 | 2.08888 | 1508.0 | 180056
451 | 281361 | 111284641 | 21,0817 | 7.8852 | 2068215 | 2.07900 | 1511.1 | 181711
482 111980168 | 21,0545 | 7.8406 | 2/65305 | 2007400 | 1514.8 | 182467
483 | 233980 | 112678587 | 21.9778 | 7.8460 | 2.65%05 | 207039 | 1517.4 | 185225
484 | 234256 | 118379004 | 22,0000 | 7.8514 | 2.68485 | 2006612 | 1520.5 | 1
485 | 235995 | 114084195 | 22,0227 | 7.8608 | 2.68574 | 2.06186 | 1528.7 | 184745
480 | 236106 | 114701256 | 22.0454 | 7.8022 | 2.68664 | 2.05701 | 1520.8 | 185508
487 | 937100 | 115501808 | 22,0681 | 7.8670 | 2.65753 | 2.05839 | 1580.0 | 186272
453 | 238144 | 116214272 | 220907 | 7.8780 | 2.68%42 | 2104018 | 1583.1 | 187088
480 | 239121 | 110830160 | 22,1188 | 7.8784 | 2.65081 | 2.04400 | 1580.2

400 | 240100 | 117640000 | 22,1850 | 7,8887 | 2.60020 | 2.04082 | 1580.4 | 188574
401 | 241081 | 118970771 | 221585 | 7.8591 | 2.60108 | 208663 | 154205 | 180845
492 11 931811 | 7.8044 | 2060197 | 2008252 | 1545.7 | 190117
403 | 248040 | 119823157 | 22.2086 | 7.8908 | 2.00285 | 202840 | 15488 | 1
494 | 2144096 | 1 2979961 | 7.0051 | 2.69878 | 2002420 | 1551.0 | 191665
495 | 245095 | 121257375 | 22,249 | 7.9105 | 2.60461 | 2.02090 | 1555.1 | 192442
496 | 246016 | 1 232711 | 7.9158 | 2.69538 | 2.01618 | 1558.2 | 198221
407 | 247000 | 122763473 | 22,9085 | 7.9211 | 2.69686 | 2.01207 | 1561.4 | 194000
408 1235 208150 | 7.9954 | 2.60723 | 2.00808 | 1564.5 | 104782
490 | 240001 | 124251499 | 22,3888 | 7.0817 | 2.60810 | 2.00401 | 1667.7 | 195665




201 CARNEGIE STEEL COMPANY

SQUARES, CUBES, SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, RECIFROCALS,
CIRCUMFERENCES AND CIRCULAR AREAS OF NOS. FROM 1 TO 1000

No, | Square Cube 8q, Root | Cu. Root Log.  [1000xRecip. o Koo hin e
Circum, | Area

500 | 250000 | i 0000 | R2.8607 | 7.9370 | 2.69897 | 2.00000 | 1570.8 | 196850
501 | R51001 | 15751501 | 22.3830 | 7.9423 | 2.69984 | 1.99601 | 1573.9 | 197136
502 | 252004 | 126506003 | 22.4054 | 7.9476 | R.70070 [ 1.99203 | 1577.1 | 197928
503 | 253009 | 127263527 | R2.4R77 | 7.95R8 | R.70157 [ 1.98807 | 1580.2 | 198718
504 | R54016 | 128024064 | 22.4499 | 7.9581 | R.70243 | 1.98413 | 1583.4 | 199504
505 | 255025 | 128787625 | 22.4722 | 7.9634 | 2.70820 | 1.98020 | 1586.5 | 200296
506 | 256036 | 129554216 | 22.4944 | 7.9686 | 2.70415 | 1.97629 | 1589.7 | 201090
507 | 57049 | 130323843 | R2.5167 |- 7.9739 | R.70501 1.97239 | 1592.8 | 201886
508 | 258064 | 131096512 | 22.5389 | 7.9791 | 2.70586 | 1.96850 | 1595.9
509 | 259081 | 131872229 | 22.5610 | 7. 2.70672 | 1.96464 | 1599.1 | 202482
510 | 260100 | 132651000 | 22.5832 | 7.9896 | 2.70757 | 1.96078 | 1602.2 | 204282
511 | 261121 | 183432831 | 22.6053 | 7.9948 | 2.70842 | 1.95695 | 1605.4 | 205084
512 | 262144 | 134217728 | 22.6274 | 8.0000 | 2.70927 | 1.95312 | 1608.5
513 | 263169 | 135005697 | 22.6495 | 8.0052 | 2.71012 | 1.94932 | 1611.6 | 206692
514 | 264196 | 135796744 | 22.6716 | 8.0104 | 2.71096 94553 | 1614.8 | 207499
515 | 265225 | 136590875 6936 | 8.0156 | R.71181 | 1.94175 | 1617.9
516 | 266256 | 137388006 | 22.7156 | 8.0208 | R.7#265 | 1.93798 | 1621.1 | 209117
517 | 267289 | 138188413 | 22.7376 | 8.0260 | 2.71349 | 1.93424 | 1624.2
518 138091832 | 22.7596 | 8.0311 | 2.71433 | 1.93050 | 1627.8 | 210741
519 | 269361 | 139798359 | 22.7816 | 8.0363 | 2.71517 | 1.92678 | 1630.5 | 211556
520 | 270400 | 140608000 | 22.8085 | 8.0415 | 2.71600 | 1.92308 | 1638.6 | 212872
521 | 271441 | 141420761 | 22.8254 | 8.0466 | 2.71684 | 1.91939 | 1636.8 | 213189
522 | 22484 | 142236648 | 22.8473 | 8.05617 | 2.71767 | 1.91571 | 1639.9 | 214008
523 | 273529 | 143055667 | 22.8692 | 8.0569 | 2.71850 | 1.91205 | 1643.1 | 214829
524 | 274576 | 143877824 | 22.8910 | 8.0620 | 2.71933 | 1.90840 | 1646.2 | 215651
525 | 275625 | 144708125 | 22.9129 | 8.0671 | 2.72016 | 1.90476 | 1649.8 | 216475
526 | 276676 | 145531576 | 22.9347 | 8.07R3 | 2.72099 | 1.90114 | 1652.5 | 217801
527 | 277729 | 146363183 | 22.9565 | 8.0774 | 2.7R181 | 1.89753 | 1655.6 | 218128
528 | 278784 | 147197952 | 22.9783 | 8.0825 | 2.72263 | 1.89394 | 1658.8 | 218956
529 | 279841 | 148035889 | 23.0000 | 8.0876 | 2.72346 | 1.80036 | 1661.9 | 219787
530 | 280900 | 148877000 | 23.0217 | 8.097 | 2.72428 | 1.88679 | 1665.0 | 220618
531 | 281961 | 149721291 | 23.0434 | 8.0978 | 2.72509 | 1.88324 | 1668.2 | 221452
532 | 283024 | 150568768 | 23.0651 | 8.1028 . TR591 1.87970 | 1671.3 | 222287
533 | 284089 | 151419437 | 23.0868 | 8.1079 | 2.72673 | 1.87617 | 1674.5 | 223123
534 | 285156 | 152278304 | 23.1084 | 8.1130 | 2.72754 | 1.87266 | 1677.6 | 228961
535 | 286225 | 1563130875 | 28.1301 | 8.1180 | 2.72835 | 1.86916 | 1680.8 | 224801
536 | 287206 | 153990656 | 28.1517 | 8.1281 | 2.72016 | 1.86567 | 1683.9 | 05642
537 | 288369 | 154854158 | 23.1733 | 8.1281 | 2.72997 | 1.86! 1687.0 | 22
538 | 289444 | 1557087R | 23.1948 | 8.1332 | 2.73078 | 1.85874 | 1690.2 | 227329
539 | 200521 | 156590819 | 28.2164 | 8.1382 | 2.73159 | 1.85529 | 1693.3 | 208175
540 | 291600 | 157464000 | 23.2379 | 8.1433 | 2.73289 | 1.85185 | 1696.5 | 220022
541 | 292681 | 158340421 | 23.2594 | 8.1483 | 2.73320 | 1.84843 | 1699.6 | 229871
542 | 293764 | 159220088 | 23.2809 | 8.1533 | 2.78400 | 1.84502 | 1702.7 | 230722
543 9 | 160103007 | 23.304 | 8.1583 | 2.73480 | 1.84162 | 1705.9 | 281574
544 | 205936 | 160989184 | 23,3238 | 8.1633 | 2.73560 | 1.83824 | 1709.0 | 232428
545 | 297025 | 161878625 | 23.83452 | 8.1683 | 2.78640 | 1.83486 | 1712.2 | 28383
546 | 298116 | 162771335 | 23.8666 | 8.1733 | 2.78719 | 1.83150 | 1715.3 | 284140
b47 | 299209 | 163667323 | 23,8880 | 8.1783 | 2.78799 | 1.82815 | 1718.5 | 234998
548 | 800304 | 164566592 | 23.4094 | 8.1833 | 2.78878 | 1.82482 | 1721.6 | 285858
549 | 801401 | 165469149 | 23.4807 | 8.1882 | 2.78957 | 1.82149 | 1724.7 | 236720




CARNEGIE STEEL COMPANY 202

RES, CUBES, SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, RECIPROCALS,
CIRCUMFERENCES AND CIRCULAR AREAS OF NOS. FROM 170 1000

Ko, = Dia.

Square | Cube | Sq.Root |Cu Root| leg. |1000xRecip.

]
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CARNEGIE STEEL COMPANY

SQUARES, CUBES, SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, RECIPROCALS,
CIRCUMFERENCES AND CIRCULAR AREAS OF NOS. FROM 1 T0 1000

Yo | Square | Oube | Sg.Reot | Cn Boot| Tog. |1000xRecip. |— .= Diz-
Circum. | Area
600 | 8 216000000 | 24.4940 | 8.4348 | 2.77815 | 1.66667 | 18850 | 282743
601 | 361201 | 217081801 | 24.5158 | 8.4390 | 2.77887 | 1.66389 | 1888.1 | 283687
602 | 86404 | R18167208 | 24.5357 | 8.4437 | 2.77960 1.66113 | 1891.2 | 284631
603 | 868609 | 219256227 | 24.5561 | 8.4484 | 2.78032 1.65837 | 1894.4 | 285578
604 | 864816 | 220348864 | 24.5764 | 8.4530 | 2.78104 1.65563 | 1897.5 | 286526
605 201445125 | 24.5967 | 8.4577 | 2.78176 1.65289 | 1900.7 | 287475
606 | 867286 | 222545016 | R4.6171 | 8.4623 | 2.7847 1.65017 | 1903.8 3426
607 | 368449 | 223648543 | 24.0874 | 8.4670 | 2.78319 | 1.64745 | 1907.0 | 28937
608 | 369664 | 224755712 | 24.65' 8.4716 | 2.78390 1.6447 1910.1 | 290333
609 | BI0881 | 225866520 | 24,6770 | 8.4763 | 2.78462 | 1. 1013.2 | 291280
610 | 872100 | 226981000 | 24.6982 | 8.4800 | 2.78533 | 1.63034 | 1916.4 | 202247
611 | 878821 | 228099131 | 24.7184 | 8.4856 | 2.78604 1.63666 | 1919.5 | 293206
612 | 874544 | 220220098 | 24.7386 | 8.4002 | 2.78675 | 1.63390 | 19227 | 294166
618 | 875769 | 230846397 | 24.7588 | 8.4948 | 2.78746 1.63132 | 1925.8 | 295128
614 | 876996 | 231475544 | 24.7790 | 8.4994 | 2.78817 1.62866 | 1928.9 | 296092
615 | 878225 | 232608375 | 24.7992 | 8.5040 | 2.78888 1.62602 | 1932.1 | R97057
616 | 879456 | 233744896 | 24.8193 | 8.5086 | 2.78958 1.62338 | 1935.2 | 298024
617 234885113 | 24.8395 | 8.5132 | 2.790R9 1.62075 | 1988.4 | 298992
618 | 881924 | 236029032 | 24.8596 | 8.5178 | 2.79099 1.61812 | 1941.5 | 299962
610 | 883161 | 237176650 | 24.8707 | 8.5224 | 2.79160 | 1.61551 | 1044.7 | 300934
620 24.8098 | 8.5270 | 2.79280 | 1.61200 | 1947.8 | 801007
621 | 885641 | 289483061 | 24.9199 | 8.5316 | 2.79309 1.61031 | 1950.9 | 302882
622 | 886884 | 240641848 | 24.9399 | 8.5362 | 2.79379 1.60772 | 1954.1 | 303858
623 | 888120 | 241804367 | 24.9600 | 8.5408 | 2.79449 1.60514 | 1957.2 | 304836
624 | 880376 | 242070624 | 24.9800 | 8.5453 | 2.79518 1.60256 | 1960.4 | 305815
625 | 590625 | 244140625 | 25.0000 | 8.5499 | 2.79588 1.60000 | 1968.5 | 306796
626 | 891876 | R45314376 | R5.0200 | 8.5544 | 2.79657 1.59744 | 1966.6 | 30777
627 | 303120 | 246491883 | 25.0400 | 8.5500 | 2.79727 | 1.50490 | 1969.8 | 308763
628 04384 | R47678152 | R5.0599 | 8.5635 | 2.79796 1.59236 | 1972.9 | 309748
620 | 305641 180 | 25.0799 | 8.5681 | 2.70865 | 1.58088 | 1976.1 | 810736
630 | 806900 7000 | 25.0008 | 8.5726 | 2.79984 | 1. 1979.2 | 311725
631 | 898161 | 251239591 | 5.1197 | 8.5772 | 2.80003 1.58479 | 1982.4 | 312715
632 | 300424 | 252435068 | 25.1396 | 8.5817 | 2.80072 | 1.58228 | 1985.5 | 8137
633 253636137 | 25.1595 | 8.5862 | 2.80140 1.57978 | 1988.6 | 314700
634 | 401956 | 254840104 | 25.1794 | 8.5907 | 2.80209 1.57729 | 1991.8 | 315696
635 256047875 | 25,1992 | 85952 | 2.80277 | 1.57480 | 1994.9 | 316692
636 | 404406 | 257250456 | 25.2190 | 8.5007 | 2.80846 | 1.57233 | 199811 | 317690
637 | 405769 | 258474853 | 25.2389 | 8.6043 | 2.80414 1.56986 | 2001.2 | 318690
638 | 407044 | 259694072 | 25.2587 | 8.6088 | 2.80482 1.56740 | 2004.3 | 319692
689 | 408821 | 260917110 | 25,2784 | 8.6132 | 2.80550 | 1.56495 | 2007.5 | 320695
640 262144000 | 25.2982 | 8.6177 | 2.80618 | 1.56250 | 2010.6 | 321699
641 | 410881 | 263374721 | 25.3180 | 8.6292 | 2.80686 | 1.56006 | 2013.8 | 322705
642 | 412164 25.3377 | 8.6267 | 2.80754 | 1.55763 | 2016.9 | 323713
643 | 413449 | 265847707 | 258574 | 8.6312 | 2.80821 | 1.55521 | 2020.0 | 324722
644 | 414736 | 267089084 | 253772 | 8.6357 | 2.80880 | 1.55280 | 2028.2 | 325733
645 | 416025 | 268336125 | 25,3060 | 8.6401 | 2.80056 | 1.55089 | 2026.3 | 326745
646 | 417316 | 269586186 | 254165 | 8.6446 | 281028 | 1.54799 | 2029.5 | 327750
647 | 418600 | 270840023.| 25.4362 | 8.6490 | 281000 | 1.54560 | 2032.6 | 828775
648 | 419904 | 272007792 | 25 4558 | 8.6535 | 2.81158 | 1.54321 | 2085.8 | 820792
640 | 421201 | 273350440 | 25,4755 | 8.6570 | 2.81224 | 1.54088 | 2038.9 | 330810
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I_IOI.IIRES. CUBES, SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, RECIPROCALS,
CIRCUMFERENCES AND CIRCULAR AREAS OF NOS.FROM 1 T0 1000

5 No, = Dia.
Fo. | Square Cuba Sq. Root | Cw Root | Log. | 1000xRecip.
Cironm. | Ares

050 | 422500 | 274625000 4051 | B.6624 | 2.81201 | 1,58846 | 2042.0 | 831881
G651 | 428801 | 275804451 | 25,5147 | B.6668 | 2.81858 | 1.58610 | 2045.2 | 832858
652 | 425104 | 277167808 | 25.5843 | 8.6718 | 2.81425 | 1.53874 | 2048.3 T
058 STRMB0TT, | 25.5689 | 8.0757 | 2.81401 | 1.58189 | 2051.5 | 834001
054 | 420710 | 279720264 | 25,5734 | 8.6801 | 2.81558 | 1.52005 | 2054.6 | 835097
55 281011875 | 25.5000 | 8.6845 | 2.81624 | 1.52672 | 2057.7 | 886055
650 282800416 | 25.6125 | 8.6890 | 2.81600 | 1.52480 | 2060.9 | 837085
857 | 481049 5 25.6820 | B.6084 | 2. 81757 | 1.52207 | 2064.0 | 830016
658 | 432064 | 224800812 | 25,6515 | 8.6078 | 2.81828 | 1.51976 | 2067.2 | 840040
550 | 484281 | 286191170 | 25.6710 | 5.7022 | 2.81880 | 1.51745 | 2070.8 | 841084
660 | 485600 | 287406000 | 25.6005 | 8,700 | 2.81054 | 1.51515 | 20v8.5 | 842110
D61 | 486021 | 28804781 | 95.7000 | 8.7110 | 2.82020 | 1.51288 | 2076.6 | 848157
662 | 433944 | 200117528 | 25.7204 | 8.7154 | 2.82080 | 1.51067 | 2070.7 | 844108
063 | 480560 | 201434247 | 25.7488 | B.7108 | 2.82151 | 1.50880 | 2082.0 | 845287
004 | 440800 | RO2754044 | 25,7682 | 8,7241 | 2.80217 | 1.50602 | 2096.0

B05 25 | 25.7VBT6 | B.72M5 | 2.82242 | 1.50876 | 2080.2 | 847328
660 | 443556 | 205408206 | 25,8070 | 8.7820 | 2.82847 | 1.50150 | 2092.8 | 848868
o7 200740063 | 25,8263 | B.7873 | 2.82418 | 1.40025 | 2005.4 | 84M15
668 | 446224 | 208077682 | 25,8457 | 8.7410 | 2.82478 | 1.40701 | 2008.6 | 850464
009 | 447561 | 209415300 | 25,8050 | 8.7460 | 2.82548 | 1.40477 | 2101.7 | 851514
670 | 448000 25.8%44 | 8.7508 | 2.82607 | 1.49254 | 2104.9

671 | 450241 | BO2111711 | 25,9087 | B.7547 | 2.82072 | 1.40031 | 2108.0 | 853618
673 | 451554 25,9250 | 8.7500 | 2.82787 | 1.48810 | 2111.2 | 854678
673 04821217 | 25,9423 | 5.7034 | 2.82802 | 1.48588 | 2114.8 | 855730
674 | 454276 | BOG182024 | 25,0615 | B.767T | 2.82866 | 1.48368 | 2117.4 | 856788
675 | 455025 25,9508 | B.7721 | 2.52080 | 1.48148 | 2120.6 | 857TB4T
670 | 456076 | BOSDI5TTE | 26,0000 | B.7764 | 2.82005 | 1.47020 | 2123.7 | 858008
677 | 455329 20,0102 | 8,7807 | 2.82050 | 1.47711 | 2126.9

G678 | 450084 | 811065752 | 26,0384 | 8,.7850 | 2,88123 | 1,47408 | 2130.0 | 861085
670 | 461041 26.0576 | 8.7808 | 2,88187 | 1.472%5 | 2183.1 01
680 | 462400 | 81 20.0768 | B.7887 | 2.83251 | 1.47050 | 2136.3 | 563168
681 | 468761 | 815821241 | 26,0000 | 8.7980 | 2.88815 | 1.40848 | 2180.4 | 804287
652 | 465124 | 8172145608 | 26,1151 | B.8023 | 2.83378 | 1.46628 | 2142.6 | 865808
4 818611057 | 26,1843 | 8.8006 | 2.85442 | 1.48418 | 2145.7 | 86638
B84 | 467856 | 820013504 | 20,1534 | B.8100 | 2.83506 | 1.46100 | 2148.9 | 867458
B85 | 460225 | 821419125 | 26,1725 | 8.8152 | 2,83560 | 1.45085 | 2152.0 | 868528
BR0 | 470506 | B22R28856 | 20.1016 | 8.8104 | 2.88682 | 1.45778 | 2155.1 | 860005
G657 | 471060 | 821242708 | 26.2107 | B.8237 | 289606 | 1.45560 | 2158.8 | BT0684
688 | 473344 | 825600072 | 20,2208 | 8.R2%0) | 2.88750 | 1.45349 | 2161.4 | 871764
680 | 474721 | 827082700 | 20,2488 | B.5328 | 2.88822 | 1.45188 | R164.6 | 8T8
600 | 470100 | 828500000 | 20.267D | B.836A | 2.88885 | 1.44098 | 2167.7

691 | 477481 | 820050871 | 20,8860 | 8,8408 | 2.83048 | 1.44718 | 2170.8 | 876018
003 | 478864 | 831378858 | 24,8050 | 8.8451 | 2.84011 | 1.44500 | 2174.0 | 876000
003 | 450249 | 882812557 | 26,8240 | B.8408 | 2.84078 | 1.44800 | 2177.1 | 877187
694 | 451630 | 834255854 | 20,8430 | 8.8580 | 9.84186 | 1.44002 | 2180.8 | 878276
605 | 488025 | 835702375 | 26,8620 | 8.8578 | 2.84108 | 1.43885 | 2188.4 | 870307
008 | 484410 | 837158586 | 20.8%18 | 8.8621 | 2.84901 | 1.43678 | 2186.6 | 880450
BO7 | 485800 | 838008873 | 26,4008 | 8,8663 | 2,84828 | 1.48472 | 2180.7 | 881554
608 | 487204 | 840008302 | 20,4107 | B.8700 | 2.84886 | 1.43207 | 2192.8 | BR2M0
009 | 488601 | 841532000 | 20.4380 | B.5745 | 2.8448 | 1.45002 | 2196.0 | 888748
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SQUARES, CUBES, SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, RECIPROCALS,
CIRCUMFERENCES AND CIRCULAR AREAS OF NOS, FROM 1 TO 1000

No.| Square |  Oube | Sg.Root |On Boot| Zeg. |1000sRecip, | Fo-=Din
Circum. | Area
700 | 490000 | 48000000 | 26.4575 | 8.8700 | 2.84510 | 1.49%07 | 2100.1 | 84845
701 | 491401 | 84472101 | 26.4764 | 8.8%88 | 2 84572 | 1] 2202'3 | 88504
702 | 402804 | 345048408 | 26,4958 | 8.8875 | 2.84684 | 1.42450 | 23054 | 887047
708 47428027 | 26,5141 | 8.8017 | 2.84600 | 1.48248 | 2208.5 | 888151
704 | 406616 | 848013604 | 265980 | 88050 | 2.84757 | 1.49046 | 29117 | Bsuase
705 | 497025 96.5618 | 8.0001 | 284810 | 1.41844 | 214.8 | S00308
706 | 498436 | 851806816 | 205707 | 80043 | 2 84880 | 1.41648 | S318.0 | B9r47y
707 | 490849 | 69999043 | 265805 | 8.0065 | 2 843 | 1041443 | 9011 | S9o0
708 | 501204 | 856804012 | 26,0088 | 8 9127 | 286008 | 1.41248 | 22243 | S0s002
7 20,6271 | 5.9100 | 2.86065 | 1.41044 | 2327.4 | 394505
710 | 504100 | 857911000 | 26.6458 | 8.0211 | 2.86196 | 1.40845 | 2280.5 | sose10
711 | 505521 | 35045481 | 26.0646 | 8.9258 | 286187 | 1.40047 | 22,7 | 2005
712 | 508044 | 900044128 | 26,0833 | 8 0295 | 2/%48 | 1040440 | 2258 | Sue138
718 | 508300 | Ba2467007 | 26 7021 | 8 9887 | 2 %6800 | 1.40253 | 2340.0 | Bvoere
714 | 50a7os | 363904844 | 26,7208 | 8 0878 | 286870 | 1040056 | 22431 | doosw
715 | 511225 | 05525675 | 25,7305 | 8.0420 | 2 8581 | 1.80800 | 2246.2 | 401515
519006 | 85706109 | 26,7552 | 80402 | 2.85401 | 139065 | 2249.4 | 40263
717 | 514089 | Boseois1s | 26,7760 | 8.0508 | 2 8ao0e | 1.8e4r0 | 20525 | dos7es
718 | 510604 | Sm0r40282 | 267055 | 80545 | 2 %0012 | 1.80276 | £355.7 | d0sm
719 | 516001 | 57104960 | 26,8142 | 8.0067 | 2.80078 | 1.89062 | 2258.8 | 400020
720 | 518400 26,8908 | 8.0028 | 2.80788 | 1.98980 | 2261.9 | 4omis0
721 | 619841 | 874805801 | 268514 | 8.0670 | 2.86704 | 1.88006 | 2965.1 | dosen
799 | 521284 | 870867048 | 268701 | 8 0711 | 2 80864 | 1.8%504 | 2268.2 | 400416
72 | & 99 sns7 | 8,002 | 2.800r4 | 1,818 | 2071 4 | 410550
724 | 524178 269072 | 8.0704 | 2 se07d | 1.88122 | 207405 | an10e7
725 881078125 | 26,9255 | 8,985 | 280084 | 1.37081 | 2277.7 | 412805
796 | Borore | sv2e67176 | 26,0444 | 80676 | 2.86004 | 1.87741 | 22%08 | 419065
797 | 2sse9 96,9020 | 8/0018 | 2.80153 | 1.87562 | 2288.9 | 415108
728 | 20084 26,9815 | 8.0050 | 2.80213 | 1.87368 | 22871 | 410248
720 | 51441 | 887420459 | 27.0000 | 9.0000 | 2,827 | 1.87174 | 200.2 | 41708
730 | 592000 | 880017000 | 27,0185 | 0.0041 | 2.90880 | 1.90088 | 2208.4 | atsse0
731 | 534361 | Sw0617801 | 27.0870 | 9.0082 | 2 weses | 180700 | 2206.5 | 41008
752 | suosud | sueeeaics | 27.0555 | 9,018 | 2 esas | 136612 | 2200.7 | 42085
733 | 537280 | suasavsay | 27.0740 | 9 0164 | 2.86510 | 1.88420 | 2028 | s210%
784 | 595706 | Suc0904 | 27,004 | 9.0205 | 286570 | 1.36240 | 2305.9 | azmime
755 897066375 | 27.1100 | 9.0246 | 2.80020 | 185054 | 2309.1 | 424208
780 | 541000 | 89685256 | 27.1298 | 9.0957 | 2.86658 | 1.85870 | 2512.2 | 435448
787 | 543169 | 400815508 | 271477 | 00898 | 2.umar | 135085 | 2315.4 | 430004
738 | 544644 | 401947272 | 971062 | 9.0809 | 280806 | 1i35001 | 23185 | serres
79 | bi6121 10 | 27.1846 | 9.0410 | 2.80804 | 1:36818 | 2821.6 | 428020
740 | 547000 27,2020 | 9.0150 | 2.80008 | 1.85185 | 2304.8 | 430084
741 | 549051 | doeseooet | 27:2218 | 00401 | 2 8608 | 1.84003 | 23970 | 431247
550504 | 408518488 | 27.2807 | 9.0589 | 287040 | 1.847L | 2381.1 | 432419

748 | 552040 | 410172407 | 27.2580 | 0,057 | 2.87000 | 1.84500 | 83343 | 4aa:
744 | 553598 | 411830784 | 27.2764 | 9.0013 | 9.87157 | 1.34400 | 2397.8 | 484740
745 | 555025 | 413408625 | o7.2047 | 00654 | 28710 [ 1.34228 | 2340.5 | 35018
746 | 55516 | 415160086 | 27.3130 | 0.0n04 | 2.87er4 [ 1.84048 | 234376 | 37087
247 | 558008 | 410882728 | 273313 [ 00785 | 2.57a99 | 1.33%0 | 234 8 | 43%250
748 | 530604 | 418506902 | 573406 | 00775 | 2.57800 | 1.33000 | 2340.9 | ss0ss
749 | 561001 | 420180740 | 273679 | 9.0816 | 2.87448 | 1.88511 | 2058.1 | 440600
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207 CARNEGIE STEEL COMPANY

SQUARES, CUBES, SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, RECIPROCALS,
CIRCUMFERENCES AND CIRCULAR AREAS OF NOS, FROM 1T0 1000

%o | Square | Oube | 8g.Root |Ow Reot| ILog. |1000Beuip. | JO=Di
4 Cireum. | Area
800 512000000 | 28,2848 | 0.2882 | 2.00800 | 1.25000 | £518.8 | 502655
801 | 641601 | 518022401 | 28.8019 | 0.2570 | 2.90868 | 1,24844 | 2516.4 | 5082
802 515840608 | 28.8106 | 9.2000 | 2.90417 | 1.24688 | 2519.6 | 505171
808 | 644809 | 51TTS1027 | 28.8873 | 0.2048 | 2,00472 | 1.24538 | 2522.7 | 500432
804 | (46416 | 51 28.8540 | 0.2086 | 2.00526 | 1.24878 | 2525.8 | SOTHN4
505 521600125 | 28,8725 | 0.8025 | 2.00580 | 1.24924 | 2320.0 | 508058
800 | 649686 | 523606616 | 28,8001 | 9.8063 | 2.00884 | 1.24060 | 2582.1 | 510223
807 | 651249 | 523557043 | 28,4077 | 9.8102 | 2.90687 | 1.28016 | 2585.8 | 511400
808 | 652364 | 527514112 | 28,4258 | 0.8140 | 2.00741 | 1.28762 | 2588.4 | B1275x
809 | 054481 | 52475120 | 28.4420 | 0.8170 | 2.00795 | 1.23609 | 2541.5 | 51
810 | 656100 | 531441000 | 23.4605 | 9.8217 | 2.90840 | 1.28457 | 2544.7 | 515300
811 | 657721 | 533411781 | £8.4781 | 0.8255 | 2.00002 | 1.28805 | 2547.8 | 516572
812 | 630844 29,4056 | 0.9904 | 2.60056 | 1.28158 | 2551.0 | 517848
813 28,5182 | 0.8332 | 2.91000 | 1.28001 | 2554.1 | 510124
814 | 662506 | 530853144 | 28,5807 | 9.837) | 2.9 1.29850 | 2557.8
815 | 864225 | 541848575 | 28.5482 | 0.5408 | 2. 1.22600 | 2560.4 | 521681
816 548988406 | 28,5057 | 0.8447 1.22549 | 2568.5
817 | 867450 | 545838513 | 29.5832 | 0.8485 1.22800 | 2566.7 | 524245
815 | 669124 | 547348482 | 29.6007 | 9.8528 1.22240 | 2500.8 | 525520
819 | 670761 | 540858250 | 28.06182 | 9.8561 1.22100 | 2578.0 | 526814
820 551965000 | 28,6356 | 9.8500 1.21951 | 2576.1 | 528108
821 | 674041 | 553887061 | 28,0531 | 0.8887 1.21803 | 2570.2 | 520801
823 | 675684 | 555412248 | 28.6705 | 0.8675 1.21655 | 2582.4 | 580681
823 557441767 | 98,6880 | 0.8718 1.21607 | 2585.5 | 581978
824 | BTROTH | 550476224 | 28.7054 | 0.8751 1.21850 | 2588.7 | 588267
825 | 680625 | 561515625 | 28,7228 | 0.8780 1.21212 | 2501.8 | 584562
826 | 632276 | 563550076 | 28,7402 | 0.8827 1.21065 | 2585.0 | 585858
827 | BSB020 | 565600288 | 28,7576 | 0.8865 1.20019 | 2508.1 | 587167
898 | 685584 | 507063552 | 28.7750 | 0.8902 | 201808 | 1.20773 | 2601.2 | 588456
820 | OBTR41 | 560722780 | 29.7024 | 0.8040 | 2.91855 | 1.20627 | 2604.4 | 589758
830 571 28,8007 | 9.8078 | 2.01908 | 1.20482 | 2607.5 | 541061
881 | 600561 | 578856101 | £8.8271 | 9.4016 | 2.91060 | 1.20887 | 2610.7 | 54
842 5 23,8444 | 0.4058 | 2.92012 | 1.20192 | 2618.8 | 543671
£88 | GOS80 | 575000587 | 25.8617 | 0.4001 | 2,02005 | 1.20048 | 2616.9 | 544179
834 | GOSBH0 | SSO0OBTO4 | 25.8701 | 9.4129 | 292117 | 1.19904 | 2620.1 | 546288
835 | 607225 | 5R2IASSTH | £8.8064 | 0.4166 | 2.02160 [ 1,10760 | 2628.2 | 547509
884 | 6OSSO6 | 534977056 | £9.0187 | 9.4204 | 2.02291 | 1.10617 | 2626.4 | 548012
887 | 00560 | 59687 23.0810 | 9.4241 | 2.02278 | 1.10474 | 2620.5 | 660226
838 | 702244 | 538480472 | 28,9482 | 0.4270 | 2.62924 | 1.19838 | 2682.7 | BHIGIL
830 | 708921 9 | 28,9655 | 0.4516 | 2.92876 | 1.10189 | 2635.8 | 55
840 | 705600 | 592704000 | 23,9828 | 0.4354 | 2.02428 | 1.10048 | 2088.9 | 554177
841 | 707281 | 504828321 | 20,0000 | 9.4891 | 2.02480 | 1.18005 | 2642.1 | B55407
842 | 7080 SOGO4TORS | 20,0172 | 0.4420 | 2.92581 | 1.18705 | 2645.2 | 550819
843 | 710640 | 599077107 | 29,0845 | 0.4406 | 2.02583 | 1.18024 | 26458.4 | 5582
844 | 712336 | 601211584 | 20,0517 | 9.4508 | 2.92084 | 1.15483 | 2651.5 | 650467
B45 | TI4025 | GOSS51125 | 20.0680 | 0.4541 | 2.02686 | 1.18343 | 2654.6 | HEOTO4
840 | 715716 | 605495786 | £9.0861 | 0.4578 | 2.92787 | 1.18208 | 2657.8 | 562122
847 | 717400 20,1083 | 9.4615 | 2.92783 | 1.18004 | 2660.9
848 | 710104 | B0RS00192 | 29,1204 | 0.4652 | 2.92840 | 1.17025 | 2004.1 | HR4TRS
840 | 720801 | 611960049 | 20,1376 | 0.4600 | 2.92801 | 1.17780 | 2667.2 | 666116
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SQUARES, CUBES, SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, RECIPROCALS,

CIRCUMFERENCES AND CIRCULAR AREAS OF NOS.FkOM 170 1000

. §g833EEES ﬁﬁi%i%ﬁﬁ 3339923339 B2ILERLLILE 2

|

No. = Dis,

Square Cube e
Lo Gircum. | Ares

TERG00 | 614125000 | 20,1548 | 0.4797 | 2.02042 20670.4 | GOT4GD
T2 | G16206051 | 20,1710 | 9.4704 | 2.02008 2673.5 | HOSTHO
TEOO04 | GIS4T0008 | 20,1890 | 9.4801 | 2.98044 2670.6 | 670124
TIT000 | 60600477 | 20,2002 | 0,45888 | 2.980056 26798 | 571468
TE0G10 | G228A5604 | 20,2288 | 0.4575 | 2.08140 2682.9 | 672808
781025 | G2OW0STH | 20,2404 | 9.4015 | 2,08107 2080.1 | 674146
THUTE0 | GITSIN016 | 20.2575 | 9.40M0 | 20947 2080.2 | 575400
TR | (20422708 | 29,2740 | 0.4080 | 293208 2002.8 | 576835
TH6104 | GII628TID | 20,2016 | 9.5088 | 2.08840 2006.5 | 6TR182
v 29,8087 | 9.5060 | 2.93809 R608.6 | HTU580

29,8968 | 9.5007 | 2.98450 2701.8 | 5S0OSS0

T41821 | 633277851 | 20,8428 | 0.5154 | 2.90500 2704.9 | b82223
TAB044 29,8508 | 9.5171 | 2.94651 2708.1 | HSSHES
T44T00 | G42TAB6AT | 20,8700 | 9.5207 | 2.08001 2711.8 | BB4M0
T40400 | 644072544 | 20,8030 | 0.5244 | 2.08051 2714.8 | bBe20T
T4BES | G4TRI4025 | 29,4100 | 0.56281 | 2.63702 2717.5 | 687655
T40050 | C40461800 | 20,4970 | 0.5817 | 2.08752 2720.6 | 589014
TH1680 | 651714808 | 20,4440 | 9.5854 | 2. 05802 27236 | HOOSTS
TR | G530 20 4018 | 0.5801 | 2.98852 2726.90 | H01TE8
TO0161 | BOO2B4000 | 20,4788 | 9.5497 | 2.68002 2780.0 | 593108
TH0000 | 658508000 | 20,4058 | 0.5404 | 2.98052 g 2733.9 | 504468
To8G41 | GOOTTEB1L | 80,0127 | D.6501 | 2.04002 5 2730.3 | 5O583S
TO0084 | GBB064848 | 20,6206 | 9.566587 | 2.040082 . 2780.5 | 6BTR04
TO2120 | OO5888617 | 20.5400 | 0.5574 | 2.94101 .1 2742.0 | BOBSTH
TOBRTG | GOTOITOR4 | 20.5A85 | 0.5610 | 2.04151 5 2745.8 | BOUO4T
TOROCG | GOOODISTS | 20.5804 | 9.56647 | 2.94201 1 2748.9 | 601320
TOTSTO | GTR2VNBTC | 20,5078 | 9.5083 | 2.04250 : 2752.0 | 602006
THMEO | 674626188 | 20,0142 | 9.5719 | 2.94800 k 2765.2 | 004078
TT08S4 | BTARBAIGE | 20.6811 | 9.6750 | 2.94840 18805 | 2758.3 | 605451
TTR041 | GTOIGI480 | 20,6470 | 9.5702 | 2.94300 .18700 | 2761.5 | 60631
TP400 | 61472000 | 20,6048 | 0.5828 | 2.04448 13686 | 2764.0 | 60S212
TI0101 | GS8TOTR4L | 20,6816 | 0.5805 | 2.04408 18507 | 2767.7 | 600505
TITU24 | BSG12S0G8 | 20,0085 | 0.5001 | 2.04547 18870 | 2770.9 | 610380
TTO0S0 | 0SS4GH8ST | 20,7158 | 0.5987 | 2.94500 18250 | 2774.0 | 612866
TR1456 20,7221 | 9.5078 | 2.94045 18122 | £777.2 | 613754
TRESLS | GOS154195 | 20,7480 | 9.6010 | 2.94004 L12004 | 2780.3 | 615148
TRAOO0 | BAGHOG00 | 20,7068 | 9.0046 | 3.04748 12867 | 2783.5 | 016584
TRATO0 | GOTRG4108 | 29,7825 | 0.6082 | 2.94702 L129740 | 2780.0 | 617927
TRAG44 | TOOR2T07T2 | 20,7068 | 9.6118 | 2.04841 19618 | 2780.7 | 619821
To(821 | 702505860 | 20.8161 | 9.61564 | 2.94800 L19480 | 2792.0 | e20T17
TOR100 20,8320 | 9.06190 | 2.04089 L1860 | 2700.0 | 622114
TUBRHL | TOTB4TO71 | 20.8400 | 0.6096 | 2.94088 12283 | 2700.2 | 628518
TOSA04 [ 20,8004 | 9.6202 | 2.05080 J12108 | 2802.8 | 624018
TOT40 | TIZIN05T | 29,5891 | 9.6208 | 2.85085 21082 | 2505.4 | 626315
TI4510084 | 20,8008 | 0.0834 | 2.05184 11857 | 2808.6 | 627718

BO1025 | TIONITETS | 20,0166 | 9.0870 | 2.05182 L11783 | 2811.7 | 620124
BO2R160 | 710828186 | 20,0883 | 9.6400 | 2.06281 11007 | 2814.9 | 680530
BOMG00 | 721734273 | 20,0600 | 9.0442 | 2.05270 11458 | 2818.0 | 691988
BOMO4 | T24150702 | 20,0006 | 9.0477 | 2.05828 L11850 | 2821.2 | 038348
BOs201 TR000 | 20,0833 | 0.6518 | 2,85870 11285 | 2824.8 | 634700

!
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CIRCUMFERENCES AND CIRCULAR AREAS OF NOS. FROM 1 TO 1000

SQUARES, CUBES, SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, RECIPAOCALS.
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CARNEGIE STEEL COMPANY 500

$, CUBES, SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, RECIPROCALS
2 CIRCUMFERENCES AND CIRCULAR AREAS OF NOS. FROM 1 TO 1000

%o | Squars |  Cabe | Sq Reot |OwBoot| fog  |1000Recip | F-=D
Cirmm. | Area
950 | 90500 | ssvar 50.8221 | 0.8505 | 207772 | 1.05268 | 2084.5 | 70msee
‘951 | 00401 | Bu00S5s51 | 80,8358 | 0.8350 | 2.97818 | 1.05152 | 2987 7 | 710915
‘953 | 006304 | BU2SUT408 | 80.8545 | 0.8974 | 2.0t | 1.05042 | 2090.8 | 711800
5 | S0 | WISGENICT | S0.ST07 | 9. | 20700 | 1.0iGaY | 20089 | 71300
. 010110 | BOS2G0004 | 30,8800 | 9,848 | 2,07055 1.04822 | 2007.1 | T14808
95 7 80,0081 | 0.8477 | 298000 | 1.04712 | 2000, | 716308
‘050 | 015990 | s7a7eests | Boimes | 08511 | 5.08016 | 1.04608 | 8003.4 | 717804
667 | 915840 | B70407498 | 30,9354 | 98540 | 2.0%001 | 1.04488 | 3006.5 | 719908
9058 | 017704 | 870217012 | 80°9516 | 9.8580 | 208187 | 1.04888 | 5000.6 | 720810
950 | 019681 | 881974079 | 80,9677 | 98014 | 2.04182 | 1,042 | 80128 | 72816
‘060 | 921000 | 884730000 | 90.0830 | 9.8548 | 2.0m097 | 1.04107 | s015.0 | 7ossey
961 | 9221 51,0000 | 9.8 | 2.68272 | 104068 | 3019.1 | 7o5a
962 | 925434 | BO0TIS8 | B1.0161 | 9.8717 | S.98818 | 1.00860 | S022.2 | 790842
963 | 927300 | Sos0c6347 | 310822 | o's7o1 | 2.0%363 | 108842 | B0s5.4 | 728354
964 | 020200 | 806841844 | 31,0458 | 0.8785 | 2.08408 | 1.08731 | 30985 | To08eT
5 | 631525 195 | 31.0644 | 9.8819 | 298465 | 1.08027 | 3091.6 | 731882
965 | 033150 | 001425600 | 3170805 | 0.5%54 | 2.08408 | 1.08390 | 80848
1967 | 933050 | 004281083 | 81,0008 | 9.8%RR | 2.98643 | 1.08018 | 3087.9 | BT
068 | 037024 | 007080239 | 811127 | 0/5022 | 2.0868S | 1.00906 | S041.1 | 735087
| 960 | 038961 | G098500 | 81,1268 | 9,596 | 2.08053 | 1.08199 | 3044.2 | 787458
070 | 940000 | 912078000 | 81,1448 | 9.8990 | 2.98677 | 1.08098 | 8047.8 | 788981
071 | 042841 | 91n408611 | 8171609 | 0.0024 | 208799 | 1002087 | 8050.5 | 740508
972 | 04i784 | DISIB00I8 | 8101769 | 90058 | 2 08707 | 1.02881 | 3058.0 | 742082
o7 020107817 | 8101020 | 99002 | 2.98811 | 1.02775 | 3056.8 | 748550
ord | 48076 | 924010424 | 8172000 | 9.9126 | 3.08866 | 1.02000 | 3050.9 | 745088
975 81,2250 | 9,9160 | 2.08900 | 102564 | 3068.1 | 746619
o765 | 95957 | 020714176 | 81.2410 | 0.0104 | 2.08045 | 1.02450 | 3060.2 | 748151
977 | G5i5e9 | 9B574sss | 812570 | 90207 | 2ios0%0 | 1002854 | 3010.3 | 740685
7S 05441362 | 312730 | 00261 | 2.00084 [ 1.0%249 | 30725 | TH1221
o9 | 958441 | 988915780 | 31 9.0205 | 2.00078 | 1.02145 | 8075.6
080 | 960400 | 041102000 | 81.3050 | 9.98%0 | 2.00128 | 1.00001 | 80788 | 754208
951 | 062361 | D4A070141 | 51,3200 | 05863 | 2.¥0107 | 1.01987 | 3081.9 | 75557
082 | 004924 | 046000163 | 31,3360 | 079806 | 2.00211 | 1.01888 | 80850 | 757878
953 | 006299 | 949862087 | 81,3528 | 9.9430 | 2.06855 | 101720 | S0%8.2 | THeve
084 | 908250 | 0627 51,9688 | 99464 | 2:00800 | 1,01686 | 30013 | 760466
055 | 070095 | 056071625 | 81,3847 | 9.0407 | 2.00544 | 1,01593 | 3004.5 | 762013
g% 81,4006 | 99581 | 2.00888 | 1.01420 | 3007.6 | 763561
957 | 974160 | 961504508 | 81,4166 | 0.0365 | 200483 | 1.01817 | 81008 | T5171
083 | o70144 81,4325 | 99598 | 2.00470 | 1.01215 | 81080 | 760662
050 | 078121 | 067BB1660 | B1.4484 | 0.0632 | T.00680 | 1.01112 | B107.0 | TeS214
900 | 080100 | 070000000 | 81,4643 | 9.9066 | 2.00584 [ 1.01000 | 3110.2 | 700780
991 | 982081 | w7B242271 | 81,4802 | 9.0690 | S.u0607 | 100008 | 81183 | 771825
902 | 084064 | 976101488 | 31,4060 | 9.9733 | 2.00651 | 1.00806 | 3110.5 | 77eses
903 | 080049 | 979146657 | B1.5119 | 0.0766 | 25069 | 1.00705 | 8119.6 | TT4441
094 | 96030 | BR21077S4 | B1.5978 | 9.0800 | 200730 | 100004 | 81227 | 76002
905 | 990025 | GRGO74RTH | B1.5485 | 9.0558 | 2.007Re | 1.00508 | 3195.9 | Tricod
996 | 902010 | 088047085 | 31.5565 | 9,856 | 2.00898 | 1.00402 | 8120.0 | 718
907 | 093000 | 991020073 | 81,5753 | 9.0600 | $.00570 | 1.00%01 | S18.2 | Te00es
908 | 000004 | 994011998 | 31.5011 | 9.0033 | 2 vonis | 100200 | 8185.3 | 82000
99 | 908001 | 097002009 | 31.6070 | 9.9067 | 5.00057 | 1.00100 | 51885
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807 CARNEGIE STEEL COMPANY l

Carnegie Steel Company

Manufacturer of

Bessemer and Basic Open Hearth
Steel of all Grades

Owns and operates the following works

Edgar Thomson Furnaces . . . Bessemer
Duquesne Furnaces . . . . Duquesne
Lucy Furnaces s . 2 S P . Pittsburg
GCarrie Furneoes .. » s & Rankin
Edgar Thomson Steel Works . . Bessemer
Duquesne Steel Works , ., . Duquesne
Homestead Steel Works . . . Munhal?
Upper Union Mills . . ., , . Pittsburg
Lower Union Mills . . . . . Pittsburg

Howard Axle Works . . . . Homestead
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AT WHICH ARE PRODUCED
Armor Plate

Billets (1% in. up), Blooms, Slabs
Ferro Manganese, Spiegel-eisen, Pig Iron

Forgings, such as Axles, Arch Bars, and other Car Forgings,
Connecting Rods, Crank Shafts

Plates for Boilers, Bridges, Ships and Tanks

Rails, Steel, 25 to 100 1bs. per yard; Steel Splice Bars (plain
and angle), for all sections of Rails

Rolled Structural Shapes, such as Angles, Rounds, Flats,
Squares, Ovals, I-Beams, Channels, Tees, Zees, ete.

Structural Work, such as Buildings, Girders, Columns. etc.

ADDRESS
GENERAL OI'FICES:

Pittsburg; Carnegie Building

SALES OFFICES:
Atlanta; Equitable Building
Boston; Telephone Building
Buffalo; German Insurance Building
Chicago; * The Rookery iy
Cincinnati; Union Trust Building
Cleveland; Perry-Payne Building
Denver; Boston Building
Detroit; Union Trust Building
b New Orleans: Hennen Building
New York; Empire Building
Philadelphia; Harrison Building
Portland; Ainsworth Block
San Francisco: 258 Market Street
St. Louis; National Bank of Commerce Building
St. Paul; Pioneer Press Building

FOREIGN SALES OFFICES:
rondon (Eng.); 71 and 72 King William Street
Montreal (Canada); Bell Telephone Building
' Mexico; 924 Apartado, City of Mexico
Sydney, Australia
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INDEX

A Page
Anchors . . standard wall . . o it Tl e 176
Aogles. . . properties of standard und l;pecial il & Bk 100-119
radii of gyration for, used as struts . - . . 144-146
safe loads for standard and special T T6-78
shapes of square root ., . P 1617
v 4 gtandard and special, nqunl Iegl PR 13-14
& gtandard and special, unequal legs . 14-15
standard connection, detailsof . . . 178-188
i 7 noteson. . . . . o+ 51-188
gauges for punching . . . . 178-186
weights and dimensions of square root . . 42

- Ty - “ gtandard and spenlnl.
equal legs . 87-838

weights and dimnualuus uf stxmdard aml upecial.
unequal legs . 8941
Arches , . notes on 3 59-69
types of &reprunt 4840
Areas . . ofcircles , . . . . & . £581-500
of latrolledsteel . . . . . . . 245-250
of squareand round bars, . . . . . £01-206
sectional, method of increasing . . e -3

B

Bam . . . circumferencesofround . . . . . . 261-266
dhuaasims and weightsof flat . . . . -]
s “ flatoval . . . 20
T . L “halfroond . . . =
oy L. “ouml « o wll. -]
3 s = “round . " e 27
. - e * round edge ﬂnt . e 29
- L i “ round oval 2
-, B - “ gquare e v w o
eye . . . 213
weights and arens of squnre uld round 261-266
Bow . . . forcolumme . . . . .+ & o« s s 50
Batlers . . tablesof ; ¥ 216
Bmm . . . anchors, details, weip:hu nnd d:mrnstonl o! e 17%
box girders, explanation of tableson ., . . 151
" e safeloadsfor . . . « o« 152158
Beams , bending moments, shears and daﬂactlnna of . o™
cast iron separators for Ril T 176
distance center to center, for equal radil . . 9,08 100
framing opposite, connections for differsnt depthsof 18i-1nd
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Beams .

Cast Iron .

in foundations, notes on 5

in foundations, tables for Al S
properties of standard and special . . .
safe lengths of, used as struts R L e,

safe loads for standard and special . . . .
safe loads on wooden ol e e )
shapes of standard , . . oi W W .
spacing tables for standard
standard connections for . . . .
standard gauges for punching -
weights and dimensions of standard and specisl -
without lateral support, proportion of safe loads of
plates, notes on . . = . . . = .

“  steel, weights and dimensions of 3
valwesofplms . . . .+ « .+ . .

i “ rivets i ¥ . . .

o safe, of brickwork and masonry -
moments of pins . . I A
heads, standard dimensions of . . 5
weights of - - . - ¥ .
details of types of wind sl B RS S
potes oncwind ™l tie x E T et e e
weights of sheetsof ., . i AL ¥
arches in floors - a7 T T WSS B
-work, safe bearing values of . 4 . . .
-work, weightof . . ; 5 5 . 5 =
Platen | e R F e

N
typesof . . S it ST
columns, noteson , . e e 4s

f siafe loads for rouud ~p SR S

- ultimate strength of . e
notes on O R e R
separators e R ™ o T
specifications for S Al G e e e
details of suspended . . . »
notes on fireproof and suspendcd P TS
columns, radii of gyrationfor . . . . .

o safe loads for . . Sl 5l

o weights and dimensions of . " 3
distance back to back, in columns for equal

radii . - . . . = -
properties of standard and specinl S L
safe loads for standard and special . &

Page

163-166
97-100

ef

121-122
149

148

Ly

17

28

49
063-84
187-142

1497- 13
1871
01, 102, 125

101-102
T8-T4
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Page
fhannels . . shapes of car-truck and ship-building . . . 8-9
shapesofstandard . . . . . . . 6-7
standard connections for gl e e A38EIEN
standard gauges for punching . . 183-185

weights and dimensions of car-truck and nhip-
building . . 5
weights and d{mensions of smndurd snd speci.nl 34
Oheckered . . plates,shapesof . . . Fo W 24
“  weights and dlmensians 0! e T 46
Oircles . . . areasand circumferencesof . . . . 281-800
Qircular . . plates, extreme dimensions of . 1 |
Ciroumferences  of round bars = = = - . z 3 261-266
Olearances . . for machine driven rivets . ¥ 1
Clevis . . . nuots,standard . . . 210
Coeficients . of deflection . v : 69
Columns . . and struts, noteson . ' 5 . 4 ! 125-126
basesfor . o+ s P 50
connections for constant dimensmn zee-bar o 189-190
details'of built sectionsof . . .+ <« & . 51
¢ W fireproofingof . . T i 50
equal radii of gyration for channel A0 o1, 102, 125
in fireproof buildings sl e te & e = 121-124
radii of gyration forchannel . . . . . 187-142
L A * round and square . . 147
el L - * gee-bar 7 . “ S 5 127-136
safe loads for channel A A A 187-142
" RUSL S pord cABEITOR v b1 L iiae S rX s 149
* - G ogeebar . . o« " e 127-136
standard spacing for rivets in zee-bar . . . 128-138
ultimate strength of cast iron b 148
i £ “ medium steel . . . 148-144
weights and dimensions for channel . . . 187-142
A L L % zee-bar. . . 127-136
Qompression . ultimate resistance of materialto. . . . 238-230
foncrete . . in foundations . . . . i 54
Connection . angles, standard, for bea.ms and chnnnels oy 178-188
Oonnections . for constant dimension zee-bar columns., . .  180-100
“ different depths of beams framing opposite 187-188
Ponstructional detafls » o v e s s w4 e e 47-58
Oonventional . signsforriveting . . . . . . . . 1m
Qopper . . . weightsofsheetsof . . . . . . . 207-208
« plate flooring . . . a: ma om o mn oW 170
plates, propertiesof . . . . . . . 100
“  ghapesof . Iy 24
“  weights and dimensmns oE f I 46
sheets in flooring . > . v . xh i 60-61
AS: noteson , . v . B 171-172
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Page
osecants . . cosinesandcotangents. . . . . . 801-208
Qubes . . . andcuberootsof numbers . . Y 281-300
D

Decimals . , ofafootforeach fofaninch . . . . 213-214
of an inch for each & T ke PSR- 215
Deflection . ., coefficients . A S 69
Hmitofsafe . . . . . . . =, % 66

Details. . , constructionml. . . . . . . . 47
of builtcolumnsections . . . . . . 51
* fireproofing floors and columns . ., . 48-50
partitions’s | s 5 @l e e e w4 49
“ guspendedceflings . . . . . . 49
“typesofcantilevers . . . . . . 52
s Cwindbracing . - s . 05 a3
Dimenslons ., extremeof circularplates . . . . . 81
- - rectnng'u‘.lar plates . . . . 80
. < gheets . A 81
of mglu. squareroot . . . 42
L mdsu'd lmd special, equnl ‘lags . 87-88
“w oou “ . unequ.ul legs 8041
" bara, Bt . v s e P 25
flat oval e i 2
8 Eiround o W a4 28
“o% oval . “ . . . . . -]
* " otommd . . . . e e e
" “ % round edge flat o ¥ 20
- vivk L ron oWl Ty SERU e L e 2
“ % gquare. . taak BE. A o
** beams, standard and special 4 o1 ver e 82-88
* channel columns, . i 187-142
** channels, car-truck and uhlp-bnildtng . 85
* channels, standard and special . - . 84
“checkeredplates . . & « o .+ 46
“oleviselc, » & 4 % W s b s 210
“corrugatedplates . . . . . . . 46
“ gye-bars . . T e 02
* miscellaneous shapu e e 46
“ rails, American standard. . . . 120
wgleevenuts . « o+ » . . . am
“tees,equallegs . . . . . . . 43
# # hand-rail. . . R S R T 45
“% upsquallegs .« < . & 4 e 445
“tronghplates . . + s s s+ s s 40
“inrnbuckles, . .+ . + & s @ &
" zee-bar columns . . . . = 127-186
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Page
. ' of zee-bars, special AP e R S R 86
. L standard SR R s B85-80

back to back of channels to make radii equal « 90,108, 125
center to center of beams for equal radil . . 90,98, 100

E
« Nnpear, of substancesby heat . . . v oM
+» of tables on beam box girders S o 151
woon Wonsandrivets. . . . .. 193,194
# & & plate girders - Sl 167-168
“ % @ properties of Cn.rnegte nhapen = 002
4 @ ™ ogafeloadsand spacing . . . 508
. dimensions of circular plates . ., . . an
W ¥ rectangularplates . . . . 80
2 L L gheets . . wr 81
s heada,standards . 5 s s s & s 212
F
. buildings, columnsin . il et VB
ceilings, notes on S e e | e, e T
partitions, notes on . o e Pl

of floors and columns, detalls ol B P Sy

# girders and columns, notes on o el dteii e

bars, dimensions and weightsof . . . .

oval bars, dimensions and weightsof . . .

solled steel,areasof . . . . . . .
o “ welghtsof. . . . . . . 56-290

Genfl. il

details of fireproofing 4 AN 4840
generalnoteson . . . . . . . . 50-64
corrugated plate aht e NP 170
WORRUPIAS: "= - "o w e m w0 169
SNty I A e s e el s 3-06
beamsusedin . . . s+ = s s s s 168188
cantilevers in A T i 55-06
noteson . ., = . v .. . b

ntnrn.ltﬂgonomatriul 2Ty e Srath g 801-300

G

. standard, for pnnchlng lmglen. bumnmd channels 177-186

» for sheetsaand wire . . . . 817, 218, 207, 28
formule . . s Jeiiie T 03-06
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