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HE first edition of Carnegie Pocket Companion appeared in
1872 and was issued by Carnegie, Kloman & Company, Pro-
prietors of the Union Iron Mills, Pittsburgh, Pa.

This book and its successive editions have served to advance the
interests of standardization in structural practice and record the
stages of development in the manufacture of structural steel and its
fabrication into bridges, buildings, cars and ships.

In this, the twenty-third edition, the dimensions and weights of
beams and channels conform to the action taken by the Association
of American Steel Manufacturers effective September 1, 1920, by
which fillets and roundings are included in the computation of weights.
The properties of sections of intermediate and maximum thicknesses
have been recomputed and the safe load tables have been exactly
adjusted to the new properties.

Attention is called to changes in section numbers of standard
beams and particularly in section numbers of angles. Purchasers
are requested to show the new section numbers on all orders.

The sections shown in profiles and tables are those which are
most suitable for use in bridge, building, car and ship construction.
A complete list of all the sections rolled by Carnegie Steel Com-
pany, together with tables of weights and other data in regard to
these products, is given in Carnegie Shape Book.

The specifications of the American Society for Testing Materials,
published in previous editions of the Carnegie Pocket Companion,
have been omitted in the present edition; these and other standard
specifications pertaining to steel entering into the construction of
bridges, buildings, ships, locomotives and cars, also specifications
for wheels, axles and similar forgings, are published in a separate
pamphlet entitled “Standard Specifications” issued by Carnegie
Steel Company and sent to users of steel upon application.




CARNEGIE STEEL COMPANY

ORDERING MATERIAL
GENERAL INSTRUCTIONS

Structural steel for bridges, buildings, cars and ships, steel
reinforcement bars and rivet steel are rolled to permissible variations
given in the specifications of the American Society for Testing
Materials and of the Association of American Steel Manufacturers.
In cases of design which require close fitting, allowance should be
made for rolling variations go as to insure ample clearances between
abutting or interfitting surfaces.

All dimensions given on profiles are theoretical. The exact
dimensions of structural sections depend on conditions of rolls.

Wherever the profile applies to more than one weight of section,
the dimensions are for the normal profile, which is the section of
minimum thickness unless otherwise indicated in bold type. Sections
having but one weight specified are rolled to that weight only.

Weights of rails are given per lineal yard of section but, unless
otherwise indicated, all other weights are per lineal foot. Structural
Sections should be ordered to weight per foot, length in feet and
inches. Orders for Plates should specify all dimensions in inches.
Orders for Rounds, Squares and other bar mill products should
specify width and thickness in inches and length in feet and inches.
Rails, Ties and other track accessories should be ordered by section
number and not by linear weight.

Section number should be specified on orders for all sections.

The Association of American Steel Manufacturers has recom-
mended certain angle sections as standard for bridge, car, ship and
general building construction, and quicker deliveries ean be obtained
by ordering these standard sizes. Angles not standard are marked
“‘special’’ on the profile pages.




INCREASE OF SECTIONAL AREAS

The above figures show the method of increasing the sectional areas and
welghts of structural shapes, Cross hatched portions represent the minimum
sections and the blank portions the added areas.

In the case of Channels, and I-Beams the enlargement of the section adds
an equal amount to the thickness of the web and the width of the flanges.
In the case of Angles and Zees, the effect of spreading the rolls is slightly
to increase the length of the legs. In the case of Ship Building Bulb Angles,
as a rule, each increase or decrease in web thickness carries with it about
one-half that increase or decrease in flange thickness.

Inasmuch as the roll passes are modified in the wear of the rolls, the
actunl dimensions will not always conform to the theoretical, even in the
case of the minimum welght sections. Designers and detailers of structural
work should arrange for ample clearances.
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CARNEGIE STEEL COMPANY

STANDARD DIMENSIONS

~hhe—
r BTRUCTURAL BEAMS
Auenican Staxparp Sxcrions

I

MINIMUM BECTIONS:
n=minimum web=t
R=minimum web + 0.10"
r=%¢ minimum web

Slope of Flange, 1: 6=1034%=0° 27" 4"

“A""  STRUCTURAL CHANNELS

AuEmicax Staxparp Bections

R it

MINIMUM SBECTIONS!
n=minimum web =t
R=minimum web -+ 0.10"
r =% minimum web

Slope of Flange, 1: 6= 162¢% = 0°27' 44"

0 SHIP BUILDING CHANNELS

b
a AuericAx BraNpard SgctioNs
; t2
: R it
nzlg——l'lln»lm
R=ty
Blope of Flange=2°=3.4027,

Dimensions for Structural Beams are those adopted by the Association of
American Steel Manufacturers and apply to all Structural Beams, except
American Standard Sections B 1, B 2 and B 3, also Sections B 18 and B 19.

The dimensions of the Supplementary Beams, B 61 to B 68, inclusive,
cannot be readily reduced to formulas, Slope of flange is 1 : 11==5° 11’ 40",

Dimensions for Structural Channels are those adopted by the Association
of American Steel Manufacturers and apply to all Structural Channels,
except Sections C 20, C 60 and O 170.

Dimensions for Ship Building Channels are those adopted by the
Association of American Steel Manufacturers and conform to the 1903
Standards of the British Engineering Standards Association; they apply to
all Ship Building Channels.




Web Thickness,
Inches

0.524

I
J
a B

!

!

!

;

:

!

L

:

|

:

=4
1.208°
o

9.00 9

RAE
90.0

BEAMS
STRUCTURAL BEAMS
9,00"-

-4z R — ———ecma =

Depth
27

i




CARNEGIE STEEL COMPANY

STRUCTURAL BEAMS—Continued
--c---—-———ura'-—o} o gl e e —

1 0.625*
1 0.500"

B18 B1

a.
20,175~
24"
20.699

. Width, Web Thickness,
Beetion | Dgmehof | W e Inches
Index ? per Foot,

Inches | "Pounds |™poer 1 T Fractional | Decimal | Fractional
e e | ome | om | %

Bls N - .
24 110.0 7.925 To0G, 0.675 A0

0N Te. 520 1059 | 7.875 % 0. 4

1000 | 7.247 0.747 5

950 | 7.186 Tihs 0.686 114,
B 1 24 900 | 7.124 7 0.624

850 | 7.063 o 0.563 :

799 | 7.000 7 0.500 Y%




BEAMS

STRUCTURAL BEAMS—Continued

9.00

S ey T
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-B.62%
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0427
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Web Thickness,
% Inches

\ Fractional
1559

o

0.476

0.428

Hmﬁtb.

9.00
8.25

ight
oot,

Pounds | Decimal | Fractional | Decimal

W
| per

of

Beam,
Inches

Section
Index

74.2

|

24

*B 62

*B 63

|

60.4

21

Beam.




CARNEGIE STEEL COMPANY

STRUCTURAL BEAMS—Continued

IS 7.00 Womm 625 e
r i : N
S ==
L L
g g
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% I B2 % i Bs
0707+ 2 08074 L—*
| x ¥
& [ ' [
e —-8.200" 'gu_uw_. g
; Width Web Thickness
of | Weight e ' j
Beotion Deotk. o B nehes Inches
1nches Decimal | Fractional | Decimal | Fractional
|
100.0 7.278 %4 0873 | %
95.0 7.200 7136, 0.800 | 5
B2 20 90.0 7.126 % 0.726 E
85.0 7.053 T 0.653 24y
81.4 7.000 7 0.600 19q
75.0 .301 6256, 0.641 e
B3 20 70.0 06.317 [T 0.567 94
65.4 6.250 [ 0.500 %




BEAMS

STRUCTURAL BEAMS—Continued

£
B 19
« 14.492°
. i 10.560"
g ;
e H L
[ 0.66"
e % B
T AR S S LT
B4
. ~ 15.207" -1
P | 10.460" :
‘i‘ T
i
i
|
i)
® - .
- ! {6340
: B 64
1
! 1.625
i o e S e D Y s e B251 L
! i T8
&l ! 10.380 i s
2 . =t 0.664”
7 - AR
: wall
: S
L
- g —a8"
: Width, ;
Slelﬁion Depth of pg%h:h mnfnechea Webgﬂ;:m
e Beam,
Inches | Pounds [Trn o .l | Fractional | Decimal | Frastionl
90.0 7.236 71 0.796 5
B 19 1% 85.0 7.154 7o 0.714 o
(01 No. B81) 0.0 7.072 7864 0.632 5
75.6 7.000 7 0.560 %ha
70.0 6.251 614 0.711 234
B 4 %6 65.0 6.169 Gited 0.629
(01d No. B80) 60.0 6.087 0.547 8
54.7 6.000 6 0.460
*B 64 18 48.2 7.500 7% 0.380 5
*Bupplementary Beam,
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CARNEGIE STEEL COMPANY

STRUCTURAL BEAMS—Continued

S|
r B 6
o e — 11740 e -

~$ H 3 0.590
i |
.

157
‘r ‘\ B1

.r___—-ﬁ iy -12.. 0.:1-0.:_ _______

e )
-

1

e e o e e e -
e | Floge Width, Web Thickness,
e | Dot | W | TR ik
| Inches | Pounds |™ho i) | Fractional | Decimal | Fractional
75.0 6.278 6% 0.868 7
B 6 70.0 6.180 6% 0.770 Wy
(01d No. B5) ad 65.0 6.082 6564 0.672 1,
60.8 6.000 6 0.590 1949
55.0 5.738 54%64 0.648 4y
B 7 15 50.0 5.640 5l 0.550 bl T
45.0 5.542 5954, 0452 | g,
42.9 5.500 5% 0.410 134q
*B 65 15 373 6.750 68y 0.332 by
* Supplementary Beam,
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BEAMS

STRUCTURAL BEAMS—Continued 7 Jode0” |
B8
9.333% 5

4 0.460" i

5.25%

3,

T et bl A

*- =2 »
b = =12 a
C el 350"
B9
- 0.762%—
lﬂ | 1 0.350" L
0.738
=T
|
&
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™ 127 | ”
.7_'. n
i B 66
i ”
R TR s e v = ey e e ”m ___________________________ £3
: : g
« i 10.284" hed =
g : o0
7 osgr |
i sl 0.26 i
I = Y
! CRHUE:
I IJ L1
I ' '
1 1
1) 1
il G
. |
; | TFlange Width, | Web Thickness,
Bection | Dgpthet | Weeht | Inches Inches
Inches Pounds | Decimal | Fractional | Decimal | Fractiona!
55.0 5600 | 5% | 0810 | 13
£ s % 500 | 5477 | 5% | 0687 | ide
45.0 5.355 525, 0.565 844
| 4038 5.250 5% 0.260 94
35.0 5.078 5564 0.428 27,
o | hae || wais | | 28000 ‘ 0.350 Ligy
+B 66 12 | 270 6.000 6 0.284 %%a
#Supplementary Beam,
13



CARNEGIE STEEL COMPANY

STRUCTURAL BEAMS—Continued % 2107
B10
W= T "
8_ H 1 0.310 i o‘m.
1 R
3
3
+] J 4
¥ 40
I 'a'm‘
B 67 i
It 7.750" B 125 §
~§ ; e , 10.?93"
i o
3
. __1
b 0.200"
B11
> 7.085" 4
- ] 10.290" |
ﬁ o = il o-lsw

\
/

0,897 fg
¥ = 0.17 —l
- Width, Web Thickness,
Section ol Tnches Inches
o Inches | 'Pounds | Deimal | Fractional | Decimal | Fractional
s 40.0 5.001 5%3 0741 | .&
35.0 4.944 41544 0.594 1
(0id No.B1D) | 10 30.0 4797 4514, 0.447 e
25.4 4.660 4914y 0.310 B
+B 67 10 22.4 5.500 5% 0.252 %
9 35.0 4.764 4495, 0.724 284
30.0 4.601 4195, 0.561 - e
(0ld No. B 13) ? 25.0 4.437 474, 0.397 2564
21.8 4.330 4935, 0200 | 1%,

*Bupplementary Beam,
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BEAMS

STRUCTURAL BEAMS—Continued

. 7_lo.2z70*
| B 12
E 1 ¥ Dus I .....Q. 591"
o
0.377 "%
!!_‘_ oy, 4% 015': -«l
- “ f6.240"
B 68 [
¢ n‘m' 1.000" |«
b | ;0.220" ': j %
w - Ty ‘_:_‘ ‘Q'm'
S {
10,18 =
ity 8
AR
Y ——————————— Ba ---------------- -
o ": J'm'
- B 13 /
P o i
-tg : 1 0.250 0.534"
i 2 ;
0.35" 5
| ;
0.15" ""l
) . Tlange Width, ‘Web Thickness,
Bection D&?{ p:: ootl:. mﬁneuhes [ 5 Inches
Index Inches Pounds Decimal | eaationat. | ‘T 1 Fr.
255 | 4202 | 4% | o532 1%,
B12 5 23.0 4.171 | 4115, 0.441 %
(01d No. B 15) 20.5 4.079 4%, 0.349 1140
184 | 4000 | 4 0.270 174
*B 68 8 17.5 5.000 5 0.220 Tha
4 20.0 3.860 ‘ 3654, 0.450 200,
13 7 17.5 3.755 38 0.345 114,
(01d No. B17) 15.3 3.660 | 3% 0.250 Y%
*Supplementary Beam.
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CARNEGIE STEEL COMPANY

STRUCTURAL BEAMS—Concluded

S - o | Temewn, | e o
B Sie::tiinn Dﬁgf:n“f p‘e‘;e;-‘s:otk rnechu : Im:l!m:m
F i Inches | Pounds | ™1 i1 [ Fractional | Decimal | Fractional
/)
” 17.25 | 3.565 3% 0.465 154
(m%ﬁ, 19) 6 14.75 3.443 8% 0.343 114,
| 12.5 3.330 315 | 0.280 15,
14.75 3.284 3% 0.494 1%
kR piD 5 1225 | 3.137 30, 0.347 114,
3 10.0 3.000 3 0.210 184,
10.5 2,870 214 0.400 184,
B16 4 9.5 2.796 281464 0.326 24,
(01d No.B23) 8.5 2.723 o260 | 0.253 1
7.7 2,660 22140 | 0.190 %
A 7.5 2,500 24, | 0.340 1344
(01d No. B77) 3 6.5 2.411 21840 0.251 A
5.7 2.330 2214, | 0.170 114,
16

A | |



r

BEAMS

H-BEAMS

: 1

5

¥ > 5 H 4 B

J
9 H2

o

J

0.313" B . s l_
r"’./J e : -
® 1 ix ¥ i % =¥
§,_'.< —-3.813% a1 g‘.-r—-—-s.ul'—-dg

-
1 0.313%

(-]
= A Width
hof | Weight .
Setin | P | parFooh, | e
Inches | Pounds | peimgl | Feactional
37.7 8125 | 8%
H 4 8 34.3 8.000 8
326 7.938 T80
26.7 6125 | 6%
H3 6 24.1 6.000 6
228 5938 | 5%e
H2 5 18.9 5.000 5
H1 4 13.8 4.000 4

Full information as to uses of H-Beams is given in pamphlet entitled *‘Steel Mine Timbers.”
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CARNEGIE STEEL COMPANY

SHIP BUILDING BULB ANGLES gt
American Standard Sections ?
4
A
M:_ - . g BA 195 : ?
L = = = :
' ey il
i (SR A R L 21 R
.'3 BE198: = o B8 i
E i ” s r-—-m'
i e /j g
L. = i 3
- .—10'! ----------------------- -JI .:
.
o N BA 107 (BSBA 18) ®
G 5%, g
| T : }
| ' ' !
% ammmmses oot i et S ;
BA 205 o ¢-n 500"
l 44000 % T
3 i
et e it e Y e e e et B {
s
BA 206 (BSBA 11 :
E 500 i
] !
| S - *
s c— GR" - R |
I Width, Web Thickness, ;
s[-mn | m mﬁh— Inches p‘: oott.
| Decimal | Fractional | Decimal | Fractional | Decimal | Fractional Pounds
BA 195 10000 | 10 IV ST =) el
; : |
BA 196 | 10.000 | 10 8.500 3% g:g?‘; .::‘ g;::
BA 0.525 1T4q 26.9
mn"?l;) 10.000 10 3.500 3% 0475 1540 249
v 1 8
sasos| omo| wh |aoo | ws |00 | e | 22
BA 208 0.500 1% 24.7
@SBA 17)| %000 | 9% | 3800 | 3% | o450 | mg | 228
Dimensions of British Standard Sections are indieated in bold type.
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BULB ANGLES

615 SHIP BUILDING BULB ANGLES—Continued
American Standard Sections

3 BA 201 )
i J.'m' ﬁ ‘é
¥

3
91
g
i ¥ ||
%_I
R a

o
s i
HEs T
| R
g
5
o g
)3

576
7%
0 i
e BA 208 ?
.:?" { E(\ 5767 !
| . +
,i. i s 7 2R RS W | -
=
BA 209 (BSBA 14) =
E 147" ﬁ ﬂ
i : 7
e Rt D= : 834" &

g | Be | TmEe [ vmee me

Decimal | Fractional | Decimal | Fractional | Decimal | Fractional

- 0.675 304 |
!' BA 201 9.000 9 3.500 3* 0.625 ‘? 23-6 ‘

. 0.575 5 26.6 |
‘BA202| 9000 | 9 3500 | 8% | gmos | 374 24.8 |
L. 0.475 | 1% 22.7 |
(BSBA 16)| 9000 | 9 3800 | 3% | o425 | e | 209 |

0.575 253
BA2os| s500 | 8w [ss00 | 8w | Oos | e | 238

1oy 0.475 | 1549 21.6
.BA?(E) 8.500 814 3.500 31 0.425 e 19.8

- Dimensions of British Standard Sections are indicated in bold type.
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CARNEGIE STEEL COMPANY

550%—» SHIP BUILDING BULB ANGLES—Continued
r-' : American Standard Seetions
b BA 211 Gy
. 150" g b0
I8 & = (13
ARSIt S|/ S S B » i
ni
E S BA 212 (BsBA 13) 7
i+ G i i T |
i o K|
i e T Sl A o
3
: BA 214 2 L
i L3 3 i
b ¥ t
ki - 'y I
e et ¥ :%
] - BA 215 (BBA 12 j
.525,—-;: 5 450", !
R D i B
E L____ e —————
- BA 217 ey
]
i : T
o e i §ooosooomness ——-J
th, Width, Web Thickness, i
Bection ?.ffhu ﬂmﬁ::hz; g Inchcu pgeﬁ?t.
Decimal | Fractional | Decimal | Fractional | Decimal | Fractional | Pounds
0.550 23.4
BA 211 | B8.500 814 3.000 3 0.500 SZ:‘ 21.7
0.450 295, 19.8
(%ﬁ\ 21% 8.500 81 3.000 3 0.400 194 164
BA 214 | 8.000 8 3.500 3% g:gﬁ az"; :?:ﬁ
BA 215 0.450 My 19.6
(BSBA12) | 8000 | 8 SO0, ) B9 0.400 | 134, 18.0
BA 217 | 8.000 8 3.000 3 g::;: ,832; 3‘:’:;

Dimensions of British Standard Sections are indicated in bold type.




BULB ANGLES

SHIP BUILDING BULB ANGLES—Continued

A25

American Standard Sections B

- BA 218 GSBA 1 s
r- (\ 4257 !
(oS ¥ T '
BA220 3 el

% ;m_ /] g |

[ Vol
Uiy

T

BA 221 (BsBA 10)
5257 é \ 4257,
T 3
i ED
:
BA 223 R
154" g
: 408"
!
%
r\ BA 224 (BSBA 9) ] '
4257 '
I 1
= 1
T4
Depth, Width, |  Web Thickness,
Seetion Tactizg niches i w 2
Decimal | Fractional | Decimnl | Fractional | Decimal | Fractional "Pounds’
0.475 154, 190.6
tﬂﬁ}% 8.000 8 3.000 3 0.425 T 18.0
0.575 34, 22.8
BA 220 | 7.500 TV 3.500 3% 0.525 174 21.2
BA 331 0.475 154, 19.4
(BSBA 10) 7.500 e 3.500 3% 0.425 My 17.8
0.525 174y 20.3
BA 223 | 7.500 T4 3.000 a 0.475 154, 188
0.425 2T4s 17.1
m 7.500 ke’ 3.000 3 0.375 8 15.6
]
Dimensions of British Standard Sections are indieated in bold type.
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CARNEGIE STEEL COMPANY

SHIP BUILDING BULB ANGLES—Continued = go5*
American Standard Sections _?
i 3
28] s BA 226 :
i T ; s
) | Pl o st == A Fr e RS SRR RO Ll
3
: BA 227 (BSBA 8)
f J.425" /—] "}'- 500"
L | 5 =
______ s e —— ] |
” <l dusa BA 229 ?
S |V W)
£ BA 230 (BSBA D) .400"
» g f __L
l 1400 /) 2 |
T i L
.:,l ] L]
% BA 233 (BSBA 6) T
- m‘ I
T@S —all
L

Depth, Flange Width, |  Web Thickuess, .
Bection Iﬁm Inches ® Inches 5 Weight
Index per Foot,
Decimal | Fractional | Decimal | Fractional | Decimal | Fractional | Poun
0.525 14y 20.0
BA 226 | 7.000 7 3.500 3% | 0.475 1540 18.6
0.425 Ty 16.8
27 rl
?ési 8) 7.000 ¥ i 3.500 34 0.375 8¢ 15.3
0.500 14 18.4
BA 220 | 7.000 1 3.000 3 0.450 204, 16.9
BA 23 0.400 1844 15.3
(BSBA 7? 7.000 i 3.000 3 0.350 114 13.9
BA 233 0.400 1849 15.0
(BSBA 6) | 6.500 614 3.500 31 0.350 114e 13.6

Dimensions of British Standard Sections are indicated in bold type.
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BULB ANGLES

SHIP BUILDING BULB ANGLES—Continued i"*:_.:
American Standard Sections !
il -~ BA236BHAD ;
f £ [\ 38", :
! © A L&
! 1
® ! L 6% :
&
T Lloyd i 37"
] L3 sy
! 1-475" /—) 2 i
t. - B !
e ———— oo [ A — a-! ta
o
N Lioyd :
” - i
& (O L |
i RneastOes R F LSS ;
% BA 241 = o
: LS ..87
i 147" J § L
1_ = AT 4 -T
BA 24% (BSBA4) 5
7 . :
2 R
joi ¥
L. I.
A Depth, mm}ge Width, Web Thickness, :
Bection Inches nches Inches p?;e;;ol::t
Decimal | Fractional | Decimal | Fractional | Decimal | Fractional | Pounds
0.425 274 15.0
Basro| 6500 | 6% [ 3000 | 3 0.375 % 13.6
0.350 4o 12.9
0.475 154, 16.4
tLioyd | 6.000 6 3.500 31 0495 g Eas
0.375 % 13.4
+Lloyd | 6.000 6 3.500 3y 0.350 114 0y
0.525 1740 16.8
BA 241 | 6.000 6 3.000 3 D475 1549 SEE
0.425 2Ty 14.1
. BA 242 0.375 86 12.8
(BSBA 4) | 6.000 6 3.000 3 0.350 114 12.2

1Rolled by Pencoyd Iron Works (60A).
Dimensions of British Standard Sections are indicated in bold type.
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CARNEQGIE STEEL COMPANY

SHIP BUILDING BULB ANGLES—Concluded

P S .3.._-...I

American Standard Sections

i |

| Depth, |
Bection Inches |
Index -

BA 244 5.500 i35

BA 245
BA5| 5500 | %

BA 251
(BSBA 2) 5.000 5

*BA143| 5.000 5

Width, Web Thickness,
Yackes Inches

Decimal | Fractional | Decimal | Fractional |
0.500 % |

200 1\ ® 0450 | 9

0.400 134,

3.000 3 0.350 11he

0.325 24,

0.375 %

2 500 214 0.325 gy

0.300 1954

2.500 214 0.240 %

*Furnished u %
D o i Btaadasd Soctie

tions are indicated in bold type.
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CAR BUILDING BULB ANGLES
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CARNEGIE STEEL COMPANY
STRUCTURAL CHANNELS

American Standard Sections

C 60

16.421

10,500

e o o e el

--=18%

C1

iR
e L i e o - e e e

e e |

340
[ ?
o

8
<
088"

c20°

10.412""

40.375”

FIRERE, B S

; -] =
| 1) apes spesnt dassis
22
mh WMWG Howoq ) MT.O
E [§| R2R3 xRzESS RSEIIS
co00 OQOOO0 OCOO0O
\8| 22 2 w4032 PRz
m M AT ORI o
%
bk =1 T=] -] =
§| 588 Znasue saene
WD MOOMNMNN wWaidwdi
: MMM cent: googee 900Q0n
=8 299 229983 I39%kEs
e
8
_ mm : i B
5]
_
m um ] m 8
#Ble o o

+C 60 is & Ship Building Channel (not an American Btandard.) §C 20is a Car Buildiog Channel.

26




CHANNELS

American Standard Sections

STRUCTURAL CHANNELS—Continued

0.650
T_ 0.50" "|'
J
€170 5
e 9.680" —— ——— —————mn i
054 lo.q00* A 21l
““oTs0t
T
2
- 0,280
017" &
I
L] I
g c2 '5
of
Pove 2.910% - !
i 40.280" 2. L3
. T 0.728"
P 127 :
"5.240"
T“‘ 0.14" --T
i c 8 w!
? [T TOEL SRS SR ) 1. S —— P — ;
! 134" 10.240% i 4
) 0.658"
[ S e e S
Depth of pE £ ﬂlw&. ‘Web Thickness,
Toder | Ghaonel, - e
Inches | Pounds | poinal | Fractional | Decimal | Fractional
50.0 4.135 4 0.835 5
e | i giee
1€ 170 12 ;3:3 4.000 4 3'.;33 96
35.0 8.767 % 0.467 ;&:
40.0 3.415 0.755 3
35.0 3 0.632 5
o 2 12 300 3.170 31 0.510 :2:
25.0 3.047 3 0.387
20.7 2.940 21544 0.280 %59
35.0 3.180 3% 0.820 )
30.0 3.033 0.673
o 3 10 0 2.886 28! 0.526 1
20.0 2.739 20 0.379
15.3 2,600 2184, 0.240

+C170 is a Car Building Channel (not an American Standard.)
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CARNEGIE STEEL COMPANY

STRUCTURAL CHANNELS—Continued
American Standard Sections

1

0147 -1
C4 ol
¥ 7.2477 —.-: !;
0.38" 10.280" i i
" =

|- ——

- F-

\D: X J%
'0.-3-!-'_ S e 46}“"

i

L R

s'
" 7 lo.aw0”
013 o 3
Cé .
f 8. S ‘
081" o=
! A" W
1 '
S, | A ————— |
Dol | Weght Paage Width, Web Thickness,
Index | Chamoel, - :
foches | Pousds | Decimal | Fractional | Decimal | Fractional
25.0 2.812 21844 0.612 L7
D & A 200 | 2648 | 2045, | 0448 | o,
15.0 2.485 284, 0.285 Y
134 | 2430 | 2% | 0230 14
21.25 2.619 204 0.579 s
1875 | 2.527 | 21%, | o487 1
C 5 8 1625 | 2435 | 2%, 0.395 5,
1375 | 2.343 | 214 | 0303 19,
11.5 2.260 2174, 0.220 Ths
1075 | 2.509 | 2%, | o0.620 o
1725 | 2404 | 2%, | 0524 )
C 6 7 14.75 2,200 2104, 0.419 T
12.25 2.194 2%, 0.314 LT
98 | 2000 | 2% 0210 | 18
28




CHANNELS

STRUCTURAL CHANNELS—Concluded
American Standard Sections

0200
T c7 23
|| pA———
1 1030 10.200” i
T 0.4877
6% -

15.5 2.279 2059 0.559 Y
6 13.0 2,157 254q 0.437 e
105 2034 | 214 0.314 Bie
8.2 1.920 1695, 0.200 18,
115 2.032 2450 0.472 1680
5 9.0 1.885 15744 0.325 4y
6.7 1.750 184 0.190 %a

7.25 1.720 1284, 0.320 Bis

4 6.25 1.647 1415, 0.247 %
5.4 1.580 18Ty 0.180 3o
6.0 1.596 1184 0.356 284

3 5.0 1.498 114 0.258 W
4.1 1.410 11844 0.170 iy

29




CARNEGIE STEEL COMPANY

SHIP BUILDING CHANNELS

American Standard Sections

m
i
5 C 21 ®sc29)
! 9,422"
i 10.525”
¢
L 127

PRS- 1. A—

--4.000"

e w'—' ---------------------- 4-:
; Width, Wob Thickness,
Sobon | Ot | pu ot - fus
Inches | Pounds | Decimal | Fractional | Decimal | Fractional
. 447 4200 | 4% | 0725 | 8
0 21 12 40.6 4.100 4369 0.625 [
(BSC 26) 36.5 4.000 4 0.525 122:
34.5 3.950 3044, 0.475 1
41.1 3.700 3 0.700 ‘;2:
0171 12 37.0 3.600 31 0.600 1
(BSC 25) 32.9 3.500 3y 0.500 'XL
309 3.450 B, 0.450
37.0 4.200 415, 0.675
C 26 10 33.6 4.100 4 0.575 7
(BSC 21) 30.2 4.000 4 0.475 1
28.5 3.950 425

30164
Dimensions and properties of the British Standard Sections are indicated in bold type.
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CHANNELS

SHIP BUILDING CHANNELS—Continued

(-u-m‘

American Standard Sections
- L m. T
C 27 (Bsc20)
r 7.634"
1 06757 30476”
=
10
C 28 (BsC 19)
T.925"
10.375"
10%-.
Ay 0.400"
3 C 31 (BsSC18)
6.616"
10.575" 10.475"
& —
Depthof | W Jidth
| Bt | Chann, Tk, i
Inches Pourtds Decimal
w1 |3
@ | 10 283 | 3.500
26.6 3.450
24.9 3.400
O 28 25.3 3.550
19) 10 23.6 3.500
21.9 3.450
O 31 3{3 4.100
(BSC 18) 9 28.6 4.000
97.1" 3.950

Dimensions and properties of the British Standard Sections are indicated in bold type.
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CARNEGIE STEEL COMPANY
SHIP BUILDING CHANNELS—Continued
American Standard Sections
T
T iR
i |
: &,
: C 32 @sc1n g
o 6.731" :
! 10.550" 0.450" :
i 0.608""
0.471"
B
I!'
C 36 (BSC 13) §
. 5,820 3 H
| 0.525" 1 0.425" { i
0.579"
L3
gv sl i ML N X, "
- —-.m'
Sk
|
C 87 ®SC12) ‘§, §
5.948" -~ 5 - i
0.500" 10,375" LA 43
- |o.546"
S e g ] |
\
: Width, Web Thickness,
Seetion | Depth of p‘g on‘i. nehes = Incllles s
Index Tnohes Pounds Decimal | Fractional | Decimal | Fractional
31.6 3.700 345, 0.650 :&f
2| 0 | EE || ogE ) g
86 17 239 3.450 33y, 0.400 i&:
28.2 3.700 3454, 0.625 56
C 36 8 25.5 3.600 3104, 0.525 174,
(BSC 13) 22.8 3.500 3 0.425 gy
21.4 3.450 3204, 0.375 ag
25.5 3.225 3%a 0.600 1942
K of 5 2
(BSC 12) 19.3 3.000 | 3" 0.375 8
18.7 2.975 2814, 0.350 114y
Dimensions and properties of the British Standard Sections are indicated in bold type.
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CHANNELS

SHIP BUILDING CHANNELS—Continued
American Standard Sections

l" 0.350"

=

-

E 4---—-3,100

Weight ”
per )
Pounds  |™"poimal | Fx 1 | Decimal | Fractional
25.0 3.700 34hgy 0.600 1969
22.7 3.600 318 | 0.500 %
e 20.3 3.500 31 0.400 1
19.1 3.4750 32054 0.350 1149
20.0 3.100 3o 0.475 1549
C 12 7 17.6 3.000 3 0.375
(BSC 9) 16.4 2.950 2016, | 0325 -22‘
22.0 3.700 3456, | 0.575 %
g | o | B 1R | 3E| i
=0 160 | 3% | 3. | 03% | s

_L_Muumdmu&eB&&hwﬁmﬁmthmm




CARNEGIE STEEL COMPANY

SHIP BUILDING CHANNELS—Concluded
American Standard Sections
s »
{0,330
Ty = s
: ]
H i
a! § 'é
g C 109 g
= ” o °|5
; ‘ 4376 . :
i 30.885" 10.840" | H
| 0.440"
T
o mm e = e 6 |
!
T _[0.420" |
£ T\0.326" R I
o C 47 ®sCD §
$ PR T Ay B
bl kloars” s )|} |
| ; ; 0.521"
I e L
y 7 To.as7”
£77)0.260 A
o C 48 (BSC 5) ®!
: -k
. ! 4,449 oy of
¢ | tdoaw” 0.313" :/i )
vl = 10.413
PEEE L A LA
A ; Flange Width, Web Thickness,
Setion gpﬂ, of Weight N}ﬁhes 8l ickness
Tadex amnel, | per Foot, Inches
Inches | Pounds |™heiimal | Fractional | Decimal | Fractional
€ 109 6 15.3 3.500 314 0.340 114,
O 47 7 16.3 3.000 3 0.375 %
{(BSC 7) 15.1 2,038 21544 0.313 54
O 48 13.3 2.563 29, 0.375 %
(BSC 5) g 12.0 2.500 214 0.313 Bie
Dimensions and properties of the British Standard Sections are indicated in bold type.
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CHANNELS

MISCELLANEOUS CAR BUILDING CHANNELS

; Width Web Thi
Dt | wogs | Feap i o ik,
~ *C 200 4 13.8 2.500 214 0.500 1%
*QO 190 3 7.1 1.984 1084, 0.250 %
6.5 1.875 1 0.250
e 3 58 1:805 156 0.180 e
* *Furnished only by special arrangement,




CARNEGIE STEEL COMPANY

EQUAL ANGLES

i 1
i , s
Jor 1"
(_I% (f___d ) st
b1 ]
T T J
" arr
(4% 3 ) O
i I
1 a— T /
| }g” %‘
T Al .
= A2
Y
- A3
L .:_.)
: Size, Thickness, Weight per Foot,
Bection Index Tnohés Inches ‘Pounds
1% 56.9
| i e
e i
T 5.
Al 8 x 8 ;’7&5 42.0
38.9
e
22. 20.6
26.4
1 37.4
2 it
i 19
A2 6 x 6 ;é‘m ggig
21.9
% 106
o 17.2
8 14,9
*] 30.6
* 164, 28.9
* 7 27.2
e 4
A3 5 x5 * ;s’ﬁo %Zg
1 161
* Eﬁ, 143
* 8 12.3

*Bpecial, see page 4.




ANGLES

EQUAL ANGLES—Continued -
' e B 4 ”
P f ! i
——
1 Y s
s kS
= A5 | A7
L
g i 3 W
Inches Inches drm‘wm
T 19.9
a9 18.5
14y 17.1
% 15.7
4 x4 e 14.3
Yo 12.8
TAs 11.3
% 9.8
B4g 8.2
£ 6.8
*184, 37.1
* 80 16.0
*1l4, 14.8
5% 13.6
%o 12.4
3} x3k % 11.1
TAs 0.8
% 8.5
%e 7.2
* 1 58
* 50 11.5
*04g 10.4
% 0.4
3 x3 s 8.3
% 7.2 |
B4q 6.1
4 4.9




CARNEGIE STEEL COMPANY

- EQUAL ANGLES—Concluded

kS

¥

...1}41.!
%
A13

|

”

1%

Section Index

Weight per Foot,
Pounds

2 x 2%

134 x 1%

1% x 1%

14 x 1%

Al6 x

o~=owo®N

83

N I k=X gg;ng

Ohow MXWow
s 2H88 IBEEE EApNE8

Ot b AR RO AD 08 LD MO o = D000 MO B0 60 I CRER D ]

00 =

*Special, see page 4.
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S 2 31 | anmeeaenon norosancre erneacc-ooo
= = .m.P ITRERRRAER IBIRNRRIEE AREKIN[I=ES
- E
-~
= J
Sy
wm ) myu G ML gy O .G W oo g O 0 & o4
B e [8 2 £ fefwfese fefefezed fefaiepeds
n.-w = o < = Fassrrrans Frrsrrrnsxs Frbrrrmssxex
n A e --
| < W 3
m = . B &
< m -8 3
g N . © 3 5
A mm " " "
W i ® @ ~
—f A'Im
2
©

A18

”

A1l8
A 53
A19

Bection Index

©
i
H
H
.

L *Bpecial, see page 4.




e TR

%
L

A21

CARNEGIE STEEL COMPANY
UNEQUAL ANGLES—Continued

it

A20

%L/

P

Weight per Foot,
Pounds

CONHONO~NMNmN

P
SERRNR[ESAS

Sibcknt sl by
%75 oW IM -
SO el e

M= anNS

03 0 ret vt e vt vt el

Thickness,
Inches

1b4g
T4

Fafadase

]
*

3 L

* 164,

L

1

B e ]

-

EESER 2SR

(X E R B R X X

Bize,
Inches

X

6 x 34

X

Section Index

A20

A21

A22

* Bpecial, see page 4.
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CARNEGIE STEEL COMPANY

UNEQUAL ANGLES—Continued

3
ﬂ%s 1":8
; it
A27 4x38 (s 111
Tha 9.8
% 73
vl 58
a 15.8
- 14.7
11, 13.6
.91 i‘;‘i
A28 34%x 3 % - 10.2
'ﬂ' 9.1
7.9
g 6.6
*3 54
#1144 12.5
e, ] 11.5
"% 133
A20 334 x 2% Tig 8.3
5 4

a8 '
4 4.9
*a 9.5
g 2
A32 3 x24 % 6.6
B 5.6
% 45
* 14 %7
*74q 8
A 33 3 x2 *ag 5.9
*5ig 5.0
* 4.1

*Bpecial, see pagoe 4.




ANGLES

UNEQUAL ANGLES—Concluded

i
3
£

A 35 24 x2 b U

A 48 2k x 1l *

A 270 214 x 1% i

A 37 2 x14 * %

A645 2 x1¥4 i

A 39 134 x 1§ *%e

A 624 14 x 14 *3g

-
w
o
HRN SN RN NS NNWASN NG NNOANOS

5% BBR 2% BRIB8 Byg*o° BT RugUwEme

*Bpecial, see page 4.
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CARNEGIE STEEL COMPANY

g
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£ e

SN
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x
=
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TEES

EQUAL TEES—Concluded

ot

T 17 1% 1% 1 to %9 | 14 to %hs 2.47
T 18 14 1% B 10 Yoz | Yo tO Tha 1.94
T 19 1% 14 1 to %y | 34 to %a 2.02
T 20 14 14 %o t0 Tha | %s tO Tha 1.59 ,
T 21 1 1 %6 t0 Tha | %o 1O T4 1.25 ‘i
gty 1 1 % to 563 | 16 tO Yha 0.89

= |




J T T —

CARNEGIE STEEL COMPANY

UNEQUAL TEES
S e Sl SRR TR [ M I
I % = C Al 153 " v ’ o
B s e A
{ T Bl
L e
i s
43"
3 = \.l,
A1
‘%
% T 52
41" i e o 4%1"'"‘""W
s o < S
= @ I %@
KH%" 1 ﬁ%"
)
T 54 T 53
~gg . o
Seoti Size, Inches Thickness, Inches We'gf:)tt
Index Flange Stem Flange Stem ple’:mnds'
T 50 5 3 8 to 74 | 1382 to 58 11.5
iT 51 5 2% 8 t0 %6 | Tie tO 2Vha 10.9
T 52 4% 3% The t0 %16 | Yhe tO TR 15.7
T 54 4% 3 8% t0 The 3 to e 9.8
T 53 4% 3 %e to 3% %e to 3 8.4
IT 50 can be rolled with flange 14’ to 96"/, and stem 31%’’; weight 13.6 Ibs. per foot.
T 51 can be rolled with flange 14" to %¢’’, and stem 254”’; weight 13.01bs. per foot.
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TEES

UNEQUAL TEES—Continued

E------lﬂ&—”- ---------- 1 r 4% Vi,
3 3 £3 i 2 Y4
| el . ,%E = F3 = 1..\
4 Velw R 43
3 - 3 755
| ) ”
5 —igg
" > :
3 3 L S ; %
R S | ) [ B | A
\%GQ%” i \'ﬁe(fyz
3% T57 ) T58
—1 Bl
. N N I 4: 13
] = s "
\9/10 [ Vo ¢ * w’iﬂ QJ%”
E: T5 E T60
7 e gl
Qeeti Size, Inches Thickness, Inches W%
er
Index Flange Stem Flange , Stem pP(mm'h
T 56 4% 2% % to %e 35 to The 9.2
T'55 4% 2% %e to 3% %6 to 38 7.8
T 57 4 5 15 to %se e to %e 15.3
T 58 4 5 8% to The 35 to T4e 11.9
T 59 4 4% % to e s to %e 14.4
T 60 4 4% 3% to T4 3% t0 TAe 11.2
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CARNEGIE STEEL COMPANY

UNEQUAL TEES—Continued

. "
--——-.‘L...‘.-.......! e EEE R

: 1 3
:T__ - 42

g

:E
7
i |
— -%"

Bection Thickness, Inches wﬁ:
Index Flange Stem pgmnd.l‘
T 61 4 3 3% to Thae 3 to TAa 0.2
T 44 4 3 B to 35 %o to %% 7.8
T 62 4 214 35 to The 35 to e 8.5
T 63 4 214 B0 to 3% B to %% 7.2
T 64 4 2 3 to The 85 to T4e 7.8
T 65 4 2 Bie tO 3% Bie tO %% 6.7
T 66 3y 4 14 to M 14 to M 12.6
T 67 34 4 8% to The 8 to TAe 9.8
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TEES

UNEQUAL TEES—Continued

e
W%_‘J%h
Ec_: 1) T
—ea
= 2 3l
N e
‘\mﬂ%” +
2
5 172
-c“ -
teeeeeee §
SEE
'\k; T = ¢
3 T
3 Wei
Bection Size, Inches Thickness, Inches Wﬁ.
Tndex Flange Stem Flange Stem Pounds
T 69 314 3 15 to %e Ta to e 10.8
o 34 3 8 to The 35 to The 8.5
T 71 3% 3 Bia to 3% 8% 7.5
e 3 4 1% to Ye 1o to %e 11.7
T 73 3 4 Tig to Y4 The to 14 10.5
T 74 3 4 8 to Ye % to The 9.2
T 75 3 34 14 to %e 1% to % 10.8
T76 3 3k Tha to 14 The to 4 9.7
kg 3 3lg % to The 3% to e 8.5
' 49
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.CARNEGIE STEEL COMPANY

UNEQUAL TEES—Concluded

Section Size, Inches Thickness, Inches pge:[%:
Index Flange |  Stem Flangs Stem Porisds,
T 78 3 2} %% to The 8 to Ha 71
T 79 3 244 %e to 95 Bo to 3§ 6.1
T 82 2} 3 3 to%e | 3 to Ths 1
T 83 214 3 Sieto B | Heto % 6.1
T 86 234 1% Bg to %a | 3o to Bie 2.87
T 87 2 1% 14 to Bie 14 to %4 3.09
T 519 1lq 2 Mo to ¥ | Beto ¥ 2.45
T 605 14 14 1§ t0 Bha 1% to Ghe 1.25

*T 603 1% 5% No.8 |%toNo.7 0.88
* Furnished only by special arrangement.
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CARNEGIE STEEL COMPANY

ZEES—Concluded

=

B Sk ||

M ’_“2%8_"‘" \‘E

E Z9 b

::g ‘_%n i
— :
i T ; &
8% 1 $ 8lie

i

s Sk "6 §
ST - L | 27 gt
~ Z11 Ly” Z10
v
(_L.___.
L__f,__all g ==~
—— Sise, Inches Weight
; i,
Index Flange Web Flange Inches p;)rm:gs
3%a 45 3% | 8 23.0
Z 9 315 4lie 315 [ 1144 20.9
344 4 3144 B% 18.9
3%, 414 3 | 4 18.0
Z 8 31" i 7l R | 15.9
34 4 314 e | 13.8
3% 414 gy (0 e | e
A 31 414, 314 Ba | 10.3
3l4e 4 3i4e 14 8.2
23 31 284 % 14.3
%412 2114, 3" | 2k W% ‘ 12,6
Z11 2% | e | W | % | 115
2y, | 3 | | 2k, £ 9.8
2% 3 2 8.5
oy 2“‘!&0 ‘ 3)”‘jla 2‘&15 ‘ ‘iﬁ: I 6.7
52




STEEL SHEET PILING

UNITED STATES STEEL SHEET PILING

Wi Web Wei
idth, Thickness, eight per Foot,
134 4 42,5
13 34 a8

90X X 16

ormation as to the

 properties and uses of these sections is given in a separate pamphlet




CARNEGIE STEEL COMPANY
CHECKERED PLATES

3333333
5555555555




FLAT ROLLED STEEL

RECTANGULAR UNIVERSAL PLATES—Carbon Steel
'UNIVERSAL MILL PLATES, ONE-FOURTH INCH AND OVER, EXTREME SIZES

Thick- | Weight, Widths and Lengths in Inches
m Iét'f{'.r Mmmmlﬁ&mhﬂdd%ﬂﬂ 19-1716-15‘14-12 11 10-6%
1% | 1020 1020| 1020 1020 540| 540
B¢ | 12.75 | 1020 1020 1140 1260 1320 1320| 1080, 1080 1080/ 600 600
8 | 15.30 | 1200] 1200 1320 1380| 1380| 1380| 1080, 1080 900| 840
The | 17.85 | 1320 1320| 1380| 1380 1380 1380| 1080 1080/ 900| 840
36 | 20.40 | 1380| 1380 1380 1380| 1380 1350| 1080 1080| 1020 840
%4 | 22.95 | 1380| 1380 1380 1380| 1380 1380| 1080 1080| 1020 840
5 | 25.50 | 1380 1380 1380] 1080 1080| 1020, 840
'8, | 30.60 | 1353 1357 1380| 1080 1080 900| 840
7% | 35.70 | 1160, 1163 1203| 1080 1080 900| 840
1 40.80 1018| 1052| 1080 1080 900/ 840
1% | 45.90 905 936/ 1080, 1080| 840 840
1% | 51.00 814 842| 1071 1080 840| 840
1% | 56.10 740 766, 97, 1080, 840| 840
1% | 61.20 679 702 1080 S40| 840
1% | 66.30 62 648 82 | 1080, 840, 840
1% | 71.40 581 601 7 1038 720| 720
1% | 76.50 543 561 714 847 968 660| 720
2 81.60 509 526| 669 794 907 600| 720

'Mdmhﬁmmmnhamtmhwhmmfmwm&m

- ——



CARNEQGIE STEEL COMPANY

RECTANGULAR AND CIRCULAR PLATES—Carbon Steel
SHEARED PLATES, THREE-SIXTEENTH INCH AND OVER, EXTREME SIZES

Widths and Lengths in Inches

Thick- | Wei :
b P
Inches | Sq. 128 |126 | 120 | 114 | 108 |102 | 96 | 90 | 84 | 78
e 7.65 270 | 320 | 345 00
% 10.20 175 | 250 | 280 | 300 | 330 | 375 | 400 | 115
% | 12.75 240 | 270 | 320 | 360 | 380 mlm 460 | 120
9515.302902402703208653304104501500550130
Tie | 17.85 | 240 | 270 | 300 | 360 | 370 | 410 | 430 | 460 | 510 550| 130
1% | 20.40 | 260 | 270 | 320 | 365 | 400 | 450 | 480 | 510 | 550 | 580 | 130
% | 22905 | 260 | 270 | 330 373 | 420 470 | 500 | 530 | 570 | 600 130
8 | 25.50 | 260 | 300 | 350 390450500520540600|620 130
114, | 28.05 | 260 | 300 | 360 | 420 | 450 | 500 | 520 | 540 | 600 | 620 | 130
% | 30.60 | 260 | 300 | 360 | 400 | 450 | 490 | 520 | 540 | 600 | 620 | 130
184, | 33.15 | 260 | 300 | 340 | 385 | 440 | 400 | 510 | 530 | 600 | 620 | 130
% | 85.70 | 260 | 300 | 330 | 375 | 440 | 480 | 510 | 530 | 600 | 620 | 130
1 40,80 | 250 | 300 | 300 | 340 | 440 | 460 | 500 | 530 | 580 | 600 130
1% | 45.00 | 250 ['800 | 300 | 330 | 410 | 440 | 450 | 500 | 550 | 580 | 130
1% |51.00 | 240 270 | 300 | 310 | 380 | 400 | 420 | 490 | 530 | 550 | 180
1% |61.20 | 220 | 230 | 260 | 280 | 330 | 320 | 340 | 420 | 440 | 480 130
1% | 71.40 | 200 | 200 | 220 | 240 | 280 | 270 | 300 | 380 | 380 | 410 | 130
2 81.60 | 180 | 180 | 190 | 210 | 240 | 240 | 260 | 320 | 330 360] 130
2 91.80 | 150 | 160 | 170 | 190 | 210 | 210 | 230 | 280 | 205 | 320 | 130
Thick- | W
m,Lh:j.mnﬁaaos-smm;zaemm?_‘:f--
Inches Sq.ﬁ' .
844 | 7.65 | 375 | 420 | 470 | 480 | 480 | 480 | 480 | 480 | 450 | 480 | 90
% |10.20 | 430 | 475 | 525 | 530 | 530 | 530 | 530 | 530 | 530 | 530 | 115
% | 1275 | 480 | 500 | 560 | 550 | 575 | 575 | 550 | 550 | 550 | 580 | 120
%la‘mmmmammammmmm|lm
e 17.sasooaaolasouoma4omossosm‘m 130
1% |20.40 | 610 | 630 | 630 | 640 | 640 | 640 | 600 | 580 | 630 | 600 | 130
%e | 22.95 | 620 | G40 | G40 | 640 640 | 640 | 600 | 580 | 630 600 130
% |25.50 | 620 | 640 | 640 Mommﬁooasolmosm 130
114, | 28.05 | 620 | 840 | 640 | 640 | 640 | 640 | 600 | 580 | 600 | 580 | 130
% | 30.60 | 620 | 640 | 640 | 640 | 640 | 640 | 600 | 580 | 600 | 580 = 130
m.sa.mnmmmommmamssosmm,m
% | 36.70 | 620 | 640 | 640 | 640 | 640 | 640 | 600 | 580 | 550 | 550 | 130
1 40.80 | 600 | 630 | 630 | 640 | 640 | 640 | 580 | 380 | 520 ' 530 130
1% | 45.90 | 580 | 620 | 620 | 640 | 640 | 640 | 580 | 580 | 520 | 500 @ 130
1% |51.00 | 550 | 600 | 600 | 600 | 600 | 600 | 560 | 560 | 520 | 450 | 130
13% 61.20 | 530 | 600 | 600 | 600 | GOO | GO0 | 540 | 540 | 470 | 430 | 130
185 71.40 | 450 | 490 | 550 | 550 | 550 | 550 | 540 | 540 | 430 330! 130
2 | 81.60 | 400 | 440 | 480 | 500 | 500 | 500 | 500 | 500 | 400 | 350 | 130
21 | 91.80 | 350 | 390 | 420 | 450 | 450 | 450 | 450 | 450 | 300 m‘ 130

Plates 48" wide and under can also be rolled on Universal Mills.
For greater length and Universal Mill Sizes, sce Universal Mill Plate Table.
Plates of greater dimensions than shown in above table may be submitted for special consideration.
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FLAT ROLLED STEEL

RECTANGULAR PLATES—Nickel Steel
SHEARED PLATES, ONE-FOURTH INCH AND OVER, EXTREME SIZES

Widths and Lengths in Inches

52 |

50|48 | 42 | 36 | 30 | 24

240 240 | 260 230‘230 280 | 280 | 280 | 260 | 260
260|260 270|300 310 310|340 340{340/310 310
280 /340|390 420|450 500|500 500 500 |480 450|450 430 430
300|360 | 400|430 | 480 | 520 520 520|520 500 490,490 480 480
270|320 (380 420[460 485 | 520|520 520 500 490i490 480 480
270320 380 | 420 460 485|520 520 520.520 500|490 | 400 | 480 | 480
270|300 355|390 (440|480 520 | 520 | 520 520 | 500 | 500 500 (480 | 450
1144 260 300|355 390|440 460 490 500|500 500 500|500 480 480|450

i

102| 96 | 90 | 84 | 78 | T2 GBIGD 54

ERERRRE
2

% 260|300 355(300| 440|450 460| 500|500 500|500 | 500 480|480 450
i34q 260 300|355 |300 440 440 460 480|500 500 500500 480 460 440
1 7% |260 300|355 300 440|440 460 480 480|480 480 480 480|450[440
'I 1 260 200|320 370 | 400|430 440/ 460 480 480|480 430{440 420420
1% [250|270)295 330|375 [400 410|420 | 440|440 | 440|440 440420420

1% |240| 260|290 315 330|350 /360|350 300 400 400|420 420 400 400
114 | 230)260|290 200 310|330/ 350 370|390/ 300 390|390 380|380/ 360
1% 220/ 230|250/ 270 300|310 330| 350|370 300 | 390 360|340 | 340 320
2 210! 230|250/ 260 200|205 310|330/ 350 370 370 340! 320 | 320 | 200

RECTANGULAR PLATES—Nickel Steel
UNIVERSAL MILL PLATES, ONE-FOURTH INCH AND OVER, EXTREME SIZES
Thick- Widths and Lengths in Inches
Tnchés |48-46{45-4140-36|35-31|30-26|25-20|10-17|16-15|14-12| 11 |10-6%

% 660 | 660 660 540 540
%o 540 | 540| 600| 660| 720| 780| 780| 780| 780| 600 60O
5 720| 720 780| S40| 960| 960 | 1020|1020 |1020| 900| 840
TAn 840 | 840 | 060 | 1020 | 1080 | 1080 | 1020 | 1020 | 1020 | 900 | 840
Lo 960 | 960 | 1080 | 1140 | 1200 | 1200 | 1020 | 1020 | 1020 | 1020 | 840
% 960 | 960 | 1080 | 1140 | 1200 | 1200 | 1020 | 1020 | 1020 | 1020 | 840
B 900 | 900 | 1020 | 1080 | 1140 | 1140 | 1000 | 1000 | 1020 | 1020 | 840
3 840 | 540| 960 | 1020 | 1080 | 1080 | 1000 | 1000 | 1020 | 900 | S840
% 780 | 780| B40| 960 | 960 | 960 | 1000 | 1000 | 1000 | 900 | 840
1 720 750| 780 | 816 | 840| 900 | 1000 | 1000 | 1000 | 900 | 840
134 G40 | 667 | 693 | 725| 744 | 800 | 1000 | 1000 | 1000 | 840 | 840
114 575| 600| 624 | 652| 672| 720|1000 | 1000|1000 | 840| 840
18§ 525| 545 | 567 | 593 | 600| 655| 970 | 1000 [ 1000 | 840 | 840
11 480 | 500 | 520| 544 | H40| 600 | 890 | 1000 | 980 | B40| 840
154 444 | 461 | 480| 502 | 504 | 554 | 820| 978 | 980| 840 840
184 410| 428 | 445| 466 | 480| 514| 765 | 908 | 980 | 720| 720
1% 384 | 400| 416 | 435 | 444 | 480 T10| 847 | 968 | 660| 720
2 360 375 300 4201 450| B670| 794| 908| 600 720
ickel

408
All sizes of Rec lar Nickel Steel Plates given in above tables under 14" thick should be
wammkﬂ’mm

over can be rolled to either gage or weight per square
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CARNEGIE STEEL COMPANY

SQUARE EDGE FLATS

—Width—

Thickness

' to1” wide, x " to 14" 614" to 634" wide, x 14" to 2}¢"”
Over 17 to 2" wide, x 3" to 1% 614" to 634" wide, x i4"' to 233"

Over 2 to 414’ wide, x }§” to 214" 63" wide, x 14" to 214"

Over 43{" to 474" wide, x i to 2" 614 to 74" wide, x %" to 2"
57 to bl wide, x % to 3" 734" wide, x % to 13"
534" wide, x 4" to 2" T3 to 73" wide, x 1§’ to 15

514" to 6% wide, x "' to 23{"” 7 to 8" wide, x 4" to 1"
53" to 6" wide, x i’ to 2%
8izes not listed will be considered.

NUT STEEL FLATS

All sizes of Nut Steel Flats within the range of Square Edge Fluta can be
furnished. Some of the smaller sizes can be furnished in coils.

BAND EDGE FLATS

coveeeen Wt~
rr_—.l‘T ' ; Thickness

8" wide, x No. 18 to No. 4 B.W.G.
4a" wide, x No. 19 to No. 4 B.W.G.
145" wide, x No. 22 to No. 4 B.W.G.

%15’ to 17, wide, x No. 23 to No. 4 B.W.G.
114¢" to 2", wide, x No. 21 to No. 4 B.W.G.
2144"" to 3", wide, x No. 20 to No. 1 B.W.G.
314" to 31", wide, x No. 19 to No. 1 BW.G.
3%e" to 4", wide, x No. 18 to No. 1 B.W.G.
414" to 414" wide, x No. 17 to No. 1 B.W.G.
494, to 514y, wide, x No. 16 to No. 1 B.W.G.
B to 64", wide, x No. 15 to No. 0 B.W.G.
6184, t0 9",  wide, x No. 14 to No. 0 B.W.G.
915" to 12", wide, x No. 12 to No. 0 B W.G.

121" to 15'", wide, x No. 10 to No. 0 B.W.G.
15%"" to 16", wide, x No. 8 to No.0 B.W.G.

Sizes not listed will be considered.

SKELP

All sizes within the range of Sheared Plates, Universal Mill Plates, and
Band Edge Flats can be furnished.
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WEIGHTS OF FLAT ROLLED STEEL

WEIGHTS OF FLAT ROLLED STEEL
- POUNDS PER LINEAL FOOT
Thickness, Inches
Width,|
Inches
Yo | ¥ |%he | % | B | 35 | Tie | Y| %o| %6 (Wie| % |1%e| % 1946 1
053] .106| .159| 213 ﬁ 53 58 T4
J06) 213| 319) 425 3 96 1.06 117 1 1 1.400 159 1.70
1500 .310| 478 .638| . 06 1.12( 128 1.43| 1.59 175 1.91] 2.07| 2.23] 239 2.85
¥ 213) A425| 638 850 1 1 149 1700 1.91) 2.13) 2.34| 2.55 2.76) 2.8 3.19| 3.40
1 206) .531| .797/1.063 rl 1.50| 1.86/ 2.13 2. 2.66| 202 3.10) 3.45 3.72) 3.08) 4.25
114 | 319) 638 956*13?5 1.50) 1.91} 223 255 2.87 8.19| 3.51) 3.83) 4.14{ 4.46 4.78 5.10
1 372) .T44]1.116/1.488 223 260 298 3.35) 3.72 4.00 4.46 4.83 521 558 505
2 | 425) .850(1.275/1.700 2.55 2. 3:3 3 435| 4.68/ 5.10) 5.58 5.95 6.38 6.80
215 | AT8| .056/1.434/1.913 2.87| 8.35 3.83 4.30 4.78 5.26 574 6.22 6.60 7.17| 7.65
53111,063/1.594/2.125 3.19| 3.7 4,2.;[ 4.78 5.31 5.84 6.38 6.91 T44| 7.97 8.50
m 58411.160(1.75312.338 3.51) 4.00) 4.68 520/ 584 6.43 7ﬁﬂ 7.801 8.18 8.77] 0.35
3 | 638}1.275/1.913/2.550 383 446 5.Ij 5.74 6.38 7.01) 7.65 8.20| 8.93 9.50/10.20
601/ 1.381 2.0?2127 3 -LNE 4.83 5.53 6. B.!li 7.60/ 8. | 8.08/ 0.67/10.36/11.06
T4411.488/2.231/2.975 i.(&| 5.21! 595/ 6.60/ 7.44 3.18.‘. 893 9, 111.16/11.90
.797/1.504/2.301)3.188 4.78 5.58 6.38 7.1 | ’r'.WI 8.77] 9.56/10.36/11.16 11. 9512.75
4 | B850 1‘700"2.550i3.100 5.10, 5.95 G.BD' ?.ﬂﬁ 8.50/ 0.3510.2011.05/11.90 12.75 13.60
.003{1.806/2.700(3.613 5.42 &.Bé 7.23 8.13 9.03! 0.0310.84/11.74/12.64 13.55/14.45
050 1.013|2.869 3.825 5.74) 6.69) 7.65 8.61 9.56|10.62 11.48/12.43/13.30/14.34/15.30
1.000{2.0193.028 4.038 606 7.07) 5.08 9.08/10.00/11.10012.1118.12/14.13(15.14/16.15
5 [1.063)2.125(3.188|4.250 6.38 7.44 B.50 0.56/10, 63111.6 12.7513.8114.88/15.94/17.00
1.116/2.231|3.3474.463 6.69 7.81 8.0310.04/11.16 12.27/13 15.62 1&70'1?,85
1.169, 2.338/3.506/4.675 7.01) 8.18 9.35/10.52/11.69/ 14.03/15.19/16.36/17.53 18.70
1.222|2.444|3.666|4.888 7.33 8.55| 9.78 11.00/12.22/13.44/14.66,15.88/17.11 18.33 19.56
6 [1.275/2.550 3.82&15‘100 7.85' 3.:j 11.48/12.75/14.03{15.30  16.58(17. 1933 20.40
614 11.328)2.056|3.084 5.313 797 9.30 1.05(13.2814.61 15.94!1? 18.59{19.92/21.25
% 1.381|2.763|4.144 5,525 8.29|' 'ﬂ.ﬁi’j 112.4312.81/15.19/16.5817.96(10.3420.72/22,10
1.434/2.869|4.30315.738 8.61/10.04 12.01/14.34/15.78/17.21 18.65(20.08(21 5212205
7 [1.488/2.075 4.4635}5‘950 8.ﬂa}lﬂ.il| 13.39|14.88 16.36/17.85) 10.34/20.83/22.31(23.80
714 |1.541)3.081/4.622 6.163 0.24/10.78/ 37‘!5.4] 16.95/18.49 21.5723.11(24.65
714 15841 3.188/4.78116.375 9.561‘11.1 14.34,15.94 19.13 22.31/23.91/25.50
78} [1.647]3.204 4.041 6.588 9.88/11.53 14.82(16.47|18.12119.76/21.41123.06/24. 35
8 [LT00 3.400{5J00 6.800 0.24:111. 15.30,17.00/18.70,20.40/22.10123 20
814 |1.753 3.506/5.250/7.013 0.52/12.2 15.78117.53/10.2821 24 05
814 [1.806/3.613|5.419(7 0.84/12.64 16.26/18.06/19.87/21.68/23.48/25 | 90
884 |1.85013.710/5.578(7.438 111 13‘021 16.73/18.59/20. 4ﬁ22.31 .17126.03/27.8920.75
9 |1.913|3.825)5.738|7.650 1.4813.30 15.30(17.21/119.13/21.04 22&5| .86, 25.7!123,69‘30.50
%4 (1.0663.031/5.807(7.863 1.70113.76/1 17.60,10.66/21.62123 50 25.55/27 .52 20.48/31 45
2.019|4.0386.056(8.075 2.11{14.13 18.17/20.1022.21|24 23 26.24{28 26/30.25/32.30
% [2.072|4.144/6.216/8.288 243 14 18.65/20.
10 [2.125/4.250/6.375/8.500 12.75(14. 19.13{21.25
10%4 (2.178/4.3666.534(8.713/1 0.89113 .07 15.25 !7.43 10.60/21.78/23.06/26.14 28.32/30.4
10%4 [2.231|4.46316.694/8.925/11.16/13.30 17.85/20.08/22.31/24.54126.78/20.01
1 2,284 4.560(6.853(0.138 (11 42]13 71 15 .00|18.28/20.50 32.84[35 13/27.41)20.7
11 [2.338/4.6757.013(0.350 11.69/14.03 16.36/18.70 21,04 23.38 25.71|28,05{30.39/32.73/35.06/37.40
1134 (2.301|4.781|7.172(9.563|11. 95114.34 16.73/10.13/21.52/23.91/2
1144 |2.444/4.888(7.331(9.775 12.22‘14 17.11/19.55/21.99)24.44126,
1184 2.40714.004/7.401/0.088 12.48/14.98/17.48/10.0822.47124.97)27 .
'l! 12 2.550)5.100,7.650]10.20 12'.’ 15.30{17.85/20.40,22.95/25
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CARNEGIE STEEL COMPANY

WEIGHTS OF FLAT ROLLED STEEL—Continued
POUNDS PER LINEAL FOOT

Thickness, Inches
Width,
Me | % |‘H| 3% 11%g| T |184e| 1

1214 23.91 202 31.9| 34.5 37. 425
13 P 30.4| 33.2| 35.0 35. 442
134 31.6 344| 37.3| 402 450
14 26. 327 35.7| 88.7] 417 476
1434 2! 33.9 37.0/ 40.1) 43.1 40.3
15 28, 85.1| 38.3) 414 44 51.0
1634 29, 36.2| 30.5) 42.8) 46.1 52.7
16 30.00] 37.4] 405 44.2) 47, b4
16 31.56) 38.6 42.1 “'ﬁ 40.1 56.1
17 32.51 30.7| 43.4 47.0| 50. 578
174 3347 4090 44.6) 483 52.1 505
18 34. 421 459 4907] 53 61.2
1814 35.38(30.31) 43.2 51.1| 85, 82.9
10 6.3440.38] 44.4 52.5 56 64.6
1034 37.20/41.44| 5.6 53.9) 58, 0.3
20 38.25{42.50| 46.8 55.3 B9, 68.0
20 80.21{43.50 47.0 50.6 61, 60.7
a1 40.10{44.63| 49.1 58.0 62. 714
2114 41.12|45.69| 503 50.4) 64 73.1
2 42.08{46.75( 51.4 60.8 65 748
22 43.03}47.81] 52. 82.2 66 76.5
23 43.99/48 u,a 63.5 65. 782
2 44.94/40.04) 54. 64.0 69, 709
24 45. 51;{ 56.1 66.3 71 1.6
25 47.81(53.13! 58.4 60.1) 74. 85.0
2 40.73/55.25] 60.8| 718 1. 88.4
27 X 51, 63.1 74.6) 80, 91.8
23 75/35.70/41.05/47.00| 53. 65.5 774 83 95.2
20 14(49.30|55.46/061.63| 67 86, 8.6
30 51.00(57 70. 80. 102.0
31 11/52.70/50.29 92, 105.4
32 54.40(61 95. 108.8
33 56.10(63.1 77.1 1122
34 3/57.80 85 115.6
35 66.94 119.0
36 .20 68,85 1224
37 62.00170.7 {1258
38 64.00/72.68 13.1{121.1(120.2
30 60.30|74.50 124.3/132.6
40 68.00|76.50 127.5136.0
41 60.70!78.41/87. 711894
4 48/71.40|80.33/89) 133.9(1428
43 73.10/82.24/01.38 1 137.1]146.2
44 74.50(84.15/93.50/ 102 140.3/140.6
45 | 9.56(10.1328.60:38.25 56.94/70.50 86,06 95.63 105 143.4/153.0
46 | 0.78(10.552 8.43|78.20|57.08 97.75/ 107 146.6/156.4
47 | 9.00(19.08 60.0179.00(80.50(09.88/ 100. 140.8/150.8
48 [10:20/20.4030 -40/81.80/91.80(102.0/112. 153.0163.2




WEIGHTS OF FLAT ROLLED STEEL

WEIGHTS OF FLAT ROLLED STEEL—Concluded
POUNDS PER LINEAL FOOT
Thickness, Inches
iy X T
; Yo | % | Ne The | Y |3’:n 5 |"z'u 1344
4 31.2 72.9 83,3' ea:'m.l 114 iumzuuz..u
50 31. 744 85.0| 95,6 1063116.9 1275
51 7590 86.7| 97.5/108.4/110.21130.1
52 3.2 77.4| 884| 90.5110.5 121.6 132.6
53 33.8 78.8| 00.1/101.4/112.6(123.9 135.2
M 344 80.3| 01.8108.3|114
55 5.1 81.8| 03.5/105.2/11
| 36 35.7 £3.3) 05.2/107.1{119.
57 384 $4.5) .96.0/100.0/121.1
| =8 37.0 £6.3 08.6/110.9(123.3
50 ar.6) 87.8/100.3|112.8/125.4.
B0 38.3 §0.3/102.0 114.8/127.5140.3/ 153,
38.0
g 30.5
6 40.2
64 40.8
: 414
8 i 21
68 28,9/ 43.4
69 20.3] 44,
70 4.0
1 7 30,2 d.a.:l
72 45.0
46.5
1 71: 472
R
7 40.1
78 49.7|
79 50.4
‘ 80 51
81 51.
a2 52
83 52
8 53.
8 54,
d 8 54
87 55
B8 56.
80 56,
20 574
o1 58,
92 B8,
93 59.3
o 59.
95 60,
98 61
o7 (i
2 62
99 03,
| 100 03,




CARNEGIE STEEL COMPANY

AREAS OF RECTANGULAR SECTIONS
SQUARE INCHES
Thickness, Inches
Width,
Inches
Yo ¥ (3| W | %o | % | The e | % |%a| 3% |1%0| 6 |1%a| 1
! J 047| .063 .078 .004 166 .172| .188) 203 .22| 23| .25
ﬁ' J 094! .125) .156 B313| 344 37 A4 47| .50
241 - 141 .188| .234 A469) .516( .563 86| .70 .75
1 . 188} .250( .313 625 .638) 813 .88 .04| 1.00
14/ . 234 313 .301 .781) .850| .938/1.016| 1.09| 1.17| 1.25
114] | 281| 375 .469] .938/1.031/1.125/1.219| 1.81| 1.41| 1.50
134} . 328 438 547 1.004/1.203(1.313|1.422/ 1.53| 1.84| 1.75
2 4 375 500 .625 1.250(1.8756{1.500{1.625| 1.75| 1.88| 2.00
24| . 422/ .563| .7 1.406(1,547/1.688/1.828/ 1.97| 2.11| 2.25
2;2 X 460 .625 .781| .0 1.563|1.719]1.875(2.031| 2.19| 2.34| 2.50
2 : 516 .688 850 1.081{1.203/1.375 1.719/1.891/2.063]2.234| 2.41| 2.68| 2.75
3 - .563| .750| .938(1.125 1.875/2.063(2.250/2.438| 2.63| 2.81| 3.00
35} 203 609 .8131.016(1.219) 2.031/2.234/2.438/2.641| 2.84| 3.05| 3.25
3 656/ .875/1.004(1.313 2,18812.400|2.625(2.844| 3.06( 3.28| 3.50
33| . ?uai A988/1.172(1.406]1.4 . 3 ‘2.3!4,2‘578{2.813 3.047) 3.28| 8.52| 3.75
4 750/1. Oll]|1.25011.500! 1750,2.000(2 2.500/2.750 3.000/3.250) 3.50| 3.75] 4.00
44| . 797|114 Oﬂﬂll .328(1.5041.850/2.125/2.391 !‘05822.922 3.188/3.453| 3.72| 3.08| 4.25
41y .B4411.1251.406/1.6881.960/2.250 2.531 2.8[8;8.094 3.375(3.666| 3.04| 4.22| 4.50
434 B01/1.188/1.48411,781/2.078/2.375(2.672 B.QBGiSJBE- 3.563/3.850) 4.16)| 4.45| 4.75
b .38(1.250(1.563]1.8752.188/2.500(2.813|3.125/ 3.438| 3.?5Uii.063 4.38| 460 5.00
5 E 084/1,313/1.641]1.969:2.2972.625/2.9533.281  3.600/3.938,4.266| 4.50| 4.02| 5.25
5 . 033! 031:1.3751.719,2.063:2.406/2.7503.004 3.438/3.781(4.125/4.460| 4.81| 5.16| 5.50
b L710/1.078/1.4381.70712.156:2.51612.875/8.23413.504/3.95314.313/4.672 5.03| 5.39| 5756
6 .7501.125/1.500/1.875 .625/3.000 s.ania.?m 4,125/4.500 4.875| 5.25 5.63| 6.00
[} J810L. 1?2{1.563[% 053/2.34412.734(3.125 3.518;8.006 4.297/4.688/5.078 5.47| 5,86 6.25
6 B131.219/1.6252.0312,43812.84413.250 3.556F4.063 4.46014.875(5.281| 5.60| 6.09| 6.50
634 | - J844(1.266(1. 538'2 .531/2.053/3.875/3.7974.219/4.641|5.0635.484| 5.91| 6.33| 6.75
7 K .8?5‘1 3131.750 2 183 2.6253.003(3.500/3.938/4.375/4.813|5.250| 5.688 6.13| 6.56| 7.00
73| 453 .00611.35011 SISL.MG 2.710(3.172/3.6254.078/4.531/4.9845.438(5.801| 6.34| 6.80| 7.25
74| 460 .938]1. 406'1.8?’51;.34& 2.8133.281/3.7560/4.2194.688,5.156(5.625(6.094| 6.56| 7.03| 7.50
T84 | 484 060 .453|l.988; .42212,908 ,875/4.350(4.84415.328/5.813/0.207) .78 7.27| 7.75
8 1.00011.500/2.000 2.500 4.000(4.500 5.00Cli5.600 6.0006.500 7.00| 7.50| 8.00
814 | .516(1.0311.547i2 063 5?8E« .004/3.80014.125/4.64115.15615.672/6.18816.703| 7.22| 7.73| 8.25
814 .531/1.063(1.504(2, 656(3.188(3.71914.250/4.751|5.813!5.844!6.375/6.006| 7.44| 7.07| 8.50
884 | .547/1.004/1.641 2. 188 -734/3.28113.8284.375/4.022/5.469 6.016/6.5637.100| 7.66| 8.20| 8.75
9 +503(1.125/1.688(2.250,2.813,3.375/3.038/4.500| 5.063)5.6256.188(6.750]7.313| 7.88| 8.44| 0.00
9% | .578/1.156/1.7342.3132.891 |3 .4604.04714.625(5.20315. ’ 6.938/7.516| 8.00| 8.67| 9.25
91g| .594/1.18811. ?BIE 87562, mz 503:4.156/4.750|5.344|5. 1{7.125/7.710| 8.31| 8.01| 9.50
034 | .606/1.210(1.828/2.43813. 04713 B56:4.20664.875/5.484/6. 7.313/7.922) 8.53| 9.14| 9.75
10 625(1.250(1. 37&1,3.-500 125 ?50!4 375/6.000(5.6256. 7.500(8.125| 8.75| 0.3810.00
10 .64111.28111.92212.563 2033.844 .484(5.125/5.766 7.688)8.328) 8.07| 9.61/10.25
10 .6561.813]1. 9692, 625[8.281'3 03814.504)5.2505.906 7.875/8.531] 9.19/ 9.84/10.50
10 6121 344/2.016/2.688/3.350/4.0814.703|5.375!6.047 8.063/8.734] 9.4110.08/10.75
11 sssil 4875 053|2 7503 433'& 125/4.813(5.5 Iu.lss 8.250/8.938 9.63110.3111.00
1134 | .70311.406/2.1002.8133.5164.219/4.922)5.625/6.328 8.43819.141! 9.84/10.55/11.25
11 -71011.4382.156/2.8753.5044.31315.081/5.750/6.469 8.6259.34410.06{10.78 | 11.50
11 734/1.469 203,2.938/3.672 .406/5.141)5.875) 6.600) 8.8189.547|10.28111.02111.75
12 .760/1.500 .360[8 0003.750 6.000]6.750 2.000/9.750{10.50{11.25|12.00
—

o
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AREAS OF RECTANGLES

AREAS OF RECTANGULAR SECTIONS—Continued
SQUARE INCHES

Thickness, Inches

12.72 NLSS 15.03

Bz

: =
&i“‘u!% Whiﬁl‘%l % |1%Me| 1
7.08 751 n.m!m.lo 10.94 11 ?ﬁ 12.50
6.50| 7.31| 8.13) 8.04 omu 11.3812.19/13.00
6.75| 7 44 0 ml 1181 mugla.so
7.00| 7.58 8.75 9.
3 4 7.25| 8.16 9.06; 9.07 10.88 11.75 12.60/13.50(14.50
5 4. 7.50| 844 9.3810.31/11.25/12.1 13131 15.00
88/ 4 7.75| 8.72| .60 10.66 11.63/12.59/13 15.50
5 8.00 o.mllo.ootn 12.00/13,00 14. 16.00
3 5.1 uslum 11.34/12.38 13.41 14.44 15.47|16.50
5 5.3 0.50(10.63 1160/ 12.75/13.81/14.88/15.94{17.00
38| 5.4 0.84/10.94112.03)13.1314.22 15.31 16.41/17.50
5. % 12.38(13.50 u.sslln 15‘ 18.00
g. 16.19 17.34/18.50
6.
0 6

|Em-ay a-IaS

B2ks
=
-
—
=
2
—
-
ote
=
—
w
e
=
e
-
=
—
=
=
o=

pyua coos

8, 15.47|16.8818.28/19.60 21.00/22.50
8 15.81{17.2518.69(20.13|21.56/23
881110281178 13.2ﬂu.m 16.16,17.63/19.09/20.56,22.03|23.50
0.00/10. umls,aa' 21.00,22.50/24.00
7.81| 0.3810.04/12.50|14.06 15,63 17.10418%293: 2188234425
| 8,13/ 0.75/11.38/13.00/14 10.50/21.
5 8.44110.13/11.8113.50 15,19, 16.5 20
| 8.75(10.50(12.2514.00{15.75/ 17 21
0.0610.88/12.60,14.50 21,
9.38/11.2513.13/15.00
69 11.63(13.56,15.50,17. 23
24,
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CARNEGIE STEEL COMPANY

AREAS OF RECTANGULAR SECTIONS—Concluded

SQUARE INCHES
Thickness, Inches
Width,
Inches
Yie | 6 |%e| Y |%e | % |40 | % | %e| % |MWie| % |1%e| & |154s| 1
49 | 3.06| 6.13] 9.1912.25/15.31{18.358/21.44/24.50127.56(30.63|33.00]36.75/530.81142.88145.04| 49.00
50 |2.13| 6.25] 0.38/12.5015.6318.75(21.88| 25.00|28.1331.25 34.38137.50(40.63(43.75/46.88/50.00
51 | 3.10| 6.38 9-55112,75 15.0419.13/22.31)25.50 | 28.60(31.88)35.06/38.25(41.44|44.63/47.81|51.00
52 | 825/ 630) 015 13.0010.210 502275 2600 20.25250,36.75/80.00 4225455048 753200
58 | 3.31 23.10/26.50)20.81/33.13(36.44130.75/43.00/46.38(40.69) 53.00
54 | 3.38] 6. .88/20.25/23.63)27.00|30.38|33.75/37.13/40.50(43.88|47.25|50.63| 54.00
55 | 3.44| 6. 13.75(17.19{20.63/24.00/27.50|30.04(34.38|37.81]41.25|44.60(48.13|51.56|55.00
56 | 3.50) 7. X .50/ 28.00|31.50135.00| 38.50/42.00{45.50|49.00/52.50) 56.00
57 | 8.56| 7.13/10.6914.25|17.81/21.3824.94|28.50 32.06/35.63/39.10|42.75(46.31|40.88|53.44| 57.00
58 | 3.63| 7.25(10.88/14.50/18.13|21.75/25.38/20.00|32.63|36.25/39.88/43.50/47.13/50.75(54.38| 58.00
50 | 3.60 11.06/14.75/18.44/22.13/25.81| 20,50 33.19(36.88/40.56/44.25/47.94/51.63(55.31| 59.00
60 | 3.75 6.25/30,00 33.75131.50 41.25(45.00{48.7552.50| 56,25 60.00
61 | 3.81 11.44115.25/10.00/22.88:26.6930.50 | 34.31/38.13/41.04/45.75/49.56|53.38|57.19|61.00
62 | 3.88 11.63(15.5019.38/23.2527.13/31.00| 34.88(38.75/42.63|46.50| 50,38/ 54.25|58.13( 62.00
63 | 3.04 -56{31.50(35.44 30.38(43.3147.25(51.19]55.13/50.06|63.00
64 | 4.00| 8! 00/3200/20.00/40.00 4.0 45.0/5200/6.00/80.0004.00
65 | 4.06] 8.13/12.10116.25/20.31/24 38128 44132 50 | 36,561 40.63/44.60/48.75(52.81|56.8860.94! 65.00
66 | 4.13| 8 # .sﬁiﬂ‘w 37.13/41.2545.3840.50|53.6357.75(61.88| 66.00
67 | 4.19 .31/33.50 37.00/41.88/46.06(50.25(54.44|58.63|62.81|67.00
68 | 4.25 .75/34.00(38.25/42.50(46.75/51.00|55.25/59.50|63.75/ 68.00
69 | 4.31 11913450 38.81/43.13 47.4451.75/ 56.0660.38|64.69 69.00
70 | 4.38 .63/35.0030.38143.75(48.13|52.50| 56.88| 61.25| 65.03 70.00
71 | 4.44] 8. 1.06{35.5039.94/44.38/48.8153.25(57.60|62.13/66.56(71.00
72 | 4.50 1.5036.00|40.50/45.0040.50, 54.00| 58.50(63.00|67.50| 72.00
73 | 4.56 1.94126.50|41.06/45.88/50.19/54.75/50.31| 63.88| 62.44 73.00
T4 | 4.63 2.38/37.00|41.63/46.25)50.88)55.50/60.13|64.75/60.38| 74.00
76 | 4.69 2.81/37.50|42.19/46.8851.5656.25/60.94/05.63|70.81| 75.00
76 | 4.75 .2538.00/42.75/47.50 52.%[5?.00 61.75/66.5071.25/76.00
77 | 4.81 .80/38.50|43.31|48.13/52.94 57.7562.56(67.38(72.10/77.00
78 | 4.88 .13/30.0043.8848.75/53.03158.50|63.38|68.25(73.13| 78.00
70 | 404 .56)30.50|44.44 40.3854.31/50.25/64.10|60.13 | 74.08| 70.00
80 | 5.00 .00/40,00 45.00|50.00/55.00 60.00|65.00/70.00{75.00| 80,00
81 | 5.06(10. .44140.50|45.56(50.63(55.6060.75/65.81/70.88(75.04/81.00
82 | 5.18/10.25 41.00 .25/66.38161.50/66.63171.75(76.88|82.00
83 | 5.10/10.38(15. 41.50 57.06/62.25/67.44/72.63|77.81(83.00
84 | 5.25/10.50(15.75 42.00 57.75)63.00 68.25 73.50| 75.75,84.00
85 | 5.31{10. 42.50 58.44|63.75|60.06/74.38)70.60] 85.00
86 | 5.38 43.00 50.13|64.50]69.88|75.25(80.63(86.00
87 | 54410 43.50 59.81/66.25(70.60|76.13/81.56/87.00
88 | 5.50/11 44.00 80.50/66.00|71.50{77.00182.50| 88.00
80 | 5.56/11.13(16.60122 44.50(50. 61.10166.75!72.31|77.88183.44/ 89,00
90 | 5.63/11.25/16 45.00(50. 61.88/67.50/73.13|78.75(84.38(00.00
91 | 5.69 .81145.50151.19/56.8862.56/68.25(73.94/70.63/85.91/91.00
92 | 5.75 .25(46.00|51.75(57.50(63.25| 60.00|74.75]80.50/86.25|92.00
93 | 5.81 46.60|52.31|58.13| 63.04/60.75|75.56/81.38(87.10/93.00
04 | 5.88 1.13/47.00 . .63/70.50/76.38/82.25/88.13{04.00
95 | 5.94 56147.50 ,38/65.31(71.25(77.10,83.13|80.06]85.00
96 | 6.00 54.00/60.00{66.00|72.00{78.00(84.00/90.00/96.00
97 | 6.06 44/ 48.50| 54.56/60.63|66.60,72.75{78.81|84.88/00.94/97.00
08 | 6.13 49.00 3|61.25/67.38/73.50 79.63|85.75/91.88(08.00
99 | 6.19 31(49.50 74.25|80.44/86.6392.81/99.00
100 | 6.25 75/50.00]56.25)62.50| 68.7575.00|81.25/87.5093.75| 100.0




MERCHANT BARS

SQUARES

Size

Size ¥  to 2", inclusive, advancing by 64ths.
Size 24" to 314", inclusive, advancing by 32ds.
Size 391" to 514", inclusive, advancing by 16ths.

Squares can also be rolled to decimal dimensions, if so arranged.

Squares 74" and smaller can be furnished in coils.

ROUND CORNERED SQUARES

E]JSiza

Size }{" to ¥{", inclusive, advancing by 64ths.

ROUNDS

i
(e o

Size ¥ " to 13", inclusive, advancing by 64ths,

Size 12542" to 344", inclusive, advancing by 32ds.

Size 3%, to 7", inclusive, advancing by 16ths.
Rounds can also be rolled to decimal dimensions, if so arranged.
Rounds 74" and smaller can be furnished in coils.

HALF ROUNDS

[

PR

Size

Size %" to 4, inclusive, advancing by 64ths.
Size 1544” to 13{”, inclusive, advancing by 16ths.
Size 2, 234", 3",

HEXAGONS
-
(Pl
Size 3" to 11%44", Inclusive, advancing by 32ds.
Bize 134" to 334", inclusive, advancing by 16ths.
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CARNEQIE STEEL COMPANY

SQUARE AND ROUND BARS

WEIGHTS AND AREAS

Weight, Lbe. Area, Square i Weight, Lbe. Area, Bquare
Size. pu%mt lma si per Foot Inches
Inches g | T Inches i
1 I o ] P b o ) 2 O W 8 N )
0 3 60 | 24.03| 9.000 7.069
e | .013| .010| .0030 1] e | 3189 | 25.05| 9.379| 7.366
# 053 | 042 | ‘ola6| 0123 | 4 ‘20 | 26.08| 9766 | 7.670
e | 120 0352 6| %e | 3454 | 27.13 | 10160 | 7.980
1% 213| 67| .0625| 0401 % | 35.91 282110563 | 8200
e | 332 21 0977| 0767 | %o | 3731 |20.30|10973| 8618
478 | 378| 1 108 | %" | 3873 | 3042 | 11301 | 8046
44 | 851| 511 | 11914| (1503 | 74e | 4018 | 31.55|11.816| 9.281
% 850 | .668 o3| % | 4165 32.71 | 12.250 | 9.621
s | 1076 [845| 3164 | 2485 %4 | 43.15 | 33:89 12601 | 0.968
| % | 1328 toas| 3000 3008 |t 44,68 | 35.09 | 13.141 | 10.321
o| 1607 | 1282 a727| 3712 o| 4623 | 36.31 | 13598 | 10.650
5% | 1.013| 1.502| .5626| .4418 47.81 | 37.55 | 14. 11.045
184, | 2245 | 1763 | .6602| .5185| i4e | 49.42 | 3881 | 14.585 | 11.416
2603 | 2,044 | 7666 | .6013 51.05 | 40.10 | 15.016 | 11.793
%o | 2088 | 2.347 | 8789 | .6903 | 18| 52071 | 41.40|15.504 | 12177
1 3.400 | 2.670 | 1.0000 | 7854 | 4 54.40 | 42.73 | 16.000 | 12.566
o | 3838 | 30156|1.1289 | 8866 | 4e | 56.11 | 44.07 | 16.504 | 12.962
4303 | 3380 | 13000 | 0040 | 4 | 5783 | 4544 | 17010 13.364
s | 47095 | 3766 | 1.4102 [ 11075 | #4e | 59.62 | 46.83 | 17.535 | 13.772
5.313 | 4.172 [1.5625 | 1.2272 | % | 61.41 | 48.23 | 18.063 | 14.186
o | 5857 | 4600 |1.7227 | 13530 | %, | 63.23 | 49.66 | 18.598 | 14.607
6.428 | 5.049 | 1.8006 | 1.4849 65.08 | 51.11 | 19.141 | 15.033
e | 7.026| 5.518|2.0604|1.6230| 7is | 66.95 | 5258 | 19.601 | 15.466
% | 7830| 800822500  L7eT1 | % 68.85 | 54.07 | 20.250 | 15.904
s | 8301 | 6.519 | 24414 |[1.9175| %e | 70.78 | 55.59 | 20.816 | 16.349
% 8078 | 7081 | 20408 | 20730 | % 72.73 | 57.12 | 21.391 | 16.500
ol 0.682 | 7.604 28477 [ 2.2365 o| 7471|5887 |21.973 | 17.257
% |10413| 8.178|3.0625|24053 | % | 76.71 | 60.25 | 22.563 | 17.721
134, | 11,170 | 8773 | 3.2852 | 25802 | i84e | 78.74 | 6185 | 23.160 | 18100
% 11953 | 9388 |3.5156 | 2.7612 | % | S0.80 | 63.46 | 23.766 | 18.665
1844 | 12763 | 10024 | 37530 | 2.0483 | 13, | S2:89 | 65.10 | 24.370 | 19.147
2 13.600 | 10.681 | 4.0000 | 3.1416 | 5 85.00 | 66.76 | 25.000 | 19.635
o | 14463 | 11.359 | 4.2530 [ 33410 | 16 | 8714 | 68. 1629 | 20.120
E 15.353 | 12.058 | 4.5156 | 3.5466 | 15 | 89.30 | 70.14 | 26.266 | 20.629
» |16270 | 12778 | 47852 | 37583 | 4, | 9149 | 7186 | 26010 21135
v |17.213|13.519 | 5.0825 |3.9761 | u | 93.71 | 73.60 | 27.563 | 21.648
o | 18182 | 14280 | 5:3477 [ 42000 | 8« | 95.96 | 75.36 | 28:223 | 22.166
10178 | 15.062 | 5.6406 | 44301 | 3 | 9823 | 77.15 | 28.801 | 22.601
The | 20.201 | 15.866 | 5.9414 | 4.6664 | e |100.53 | 7895 | 29.566 | 23.221
21.250 | 16.600 | 6.2500 | 4.0087 | 14 |102.85 | 80.78 | 30.250 | 23.758
. | 22326 | 17534 | 6.5664 | 51572 | %5 | 105.20 | 52.62 | 30.941 | 24.301
'428 | 187400 | 6:3906 | 54110 | 8 |107.58 | 84.49 | 31.641 | 24850
o | 24,557 | 10.287 | 7.2227 | 5.6727 | 1346 | 109.98 | 86.38 | 32.348 | 25.406
25.713 | 20.105 | 7.5625 | 5.0306 | 3; |112.41 | 88.29 | 33.063 | 25.967
o | 26800 | 20123 | 70102 | 6:2120 | 1o | 11487 | 9022 33.785 | 26.535
58,103 | 22,072 | 8.2656 | 6.4018 | T4 | 117.85 | 92.17 | 34.516 | 27.109
o | 20.338 | 23042 | 86289 | 6.7771 | 184q | 119.86 | 0414 | 35.254 | 27.688
3 | 20.600 | 24.033 | 9.0000 | 7.0686 || 6 122.40 | 96.13 | 36.000 | 28.274
66
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WEIGHTS OF BAR

SQUARE AND ROUND BARS
WEIGHTS AND AREAS

W Lba. Area, Square Weight, Lbs. Area, Bquare
. per Inches oy iy o =
= (@) Od O O @] D) (@)
L
6 |122.40| 9613 28.274| 9 |275.40|216.30| $1.000| 63.617
! 124, 08.15 | 36.754 | 28.866 s | 270.24 | 219.31| 82.129 504
. 127.55 | 100,18 | 37.516 | 29.465 E 283.10 | 2 83.206 | 65.307
| 130,17 | 102,23 | 38285 30,060 | 1, | 286.09 [ 225.41 | 84.410 | 68.206
) 132.81 | 104.31 | 39.063 | 30.680 1 | 200.91 . 85.563 | 67.201
135.48 | 106.41 | 39.848 | 31.296 :’;g .86 | 231.58| 86.723 | 68.112
138.18 | 108.53 | 40.641 | 31.919 208.83 | 234.70| 87.891 | 69.029
140.90 | 110.66 | 41.441 | 32.548 %he | 302.83 | 237.84| 89.066 | 69.053
143.65 | 112.82 | 42.250|33.183 | 1% 85 |241.00| 90.250 | 70.882
o | 146.43 115.00 824 8y | 310.90 | 244.18| 91.441 | 71.818
149,23 | 117.20 | 43.891 | 34.472| 5 |314.98 [247.38| 92.641 | 72.760
o 152.06 [ 119,43 | 44.723 | 35.125 1144/ 319.08 | 250.61 | 93.848 | 73.708
154.91 | 121.67 | 45.563 35785 | % | 323.21 95.003 | 74.662
ol i {6die i) e 2z | S
5| 163.64 48129 | 37.800 i'fgi.. 335.76 | 263.71 | 98.754 | 77.561
7 |166.60 | 130.85 | 49, 485 [10 0.00 | 267.04 [ 100.000 | 78.540
T 8] 118 ik e e st |
s | 175.64 | 137.95 | 51.660 | 40.574 o | 352,87 | 277.14|103.785 | 81.513
178.71 | 140.36 | 52.563 | 41.282 357.21 | 280.55 | 105.063 | 82.516
[ESIGT B AR D g e e eh| i
s | 188107 | 147.71 | 55.316 The | 370.40 | 200.91 | 108.941 | 85.563
191.25 | 150.21 | 56. 44.179 1, |374.85|204.41 110.250 | 86.500
s | 194.45 152.72 | 57.191 | 44.918 :2. 379.33 | 297. 111.566 | 87.024
107.68 | 155.26 | 58141 | 45.664 383.83 | 301.46 (112801 | 88.664
o | 200.93 157.81 | 59. 46.415 114, 388.36 | 305. 114.223 | 89.710
204.21 | 160.39 | 60.063 (47.178 | % |302.91|308.50|115.563 | 90.763
[t i slis )| Dulndd feiiisne) S
| 4o |214.21 | 168.24 | 63.004 | 49.483 igs. 406,74 | 319.45 | 110.629 | 93.957
8 217.60 | 170.90 | 64.000 | 50.265 (11 411.40 | 323.11 | 121.000 033
a |221.01 | 173.58 | 85.004 | 51. nn 416.09 | 326.80 | 122,379 | 96.116
224.45 | 176.29 | 66.016 | 51.849 420.80 123.766 7.205
o |227.92]179.01 67.035 | 52.649 84 | 425.54 | 334.22 | 125.100 98.301
231.41 | 181,75 | 68.063 | 53.450 430.31 | 337.97 [126.563 | 99.402
934.08 | 184.52 | §9.098 | 54.269 E. 43511 | 341.73 | 127.973 | 100.510
238, 187.30 | 70.141 | 55.088 | 430.93 | 345.52 | 129.391 | 101.623
e |242.05| 190.11 | 71.191 | 55.914 The | 444.78 | 340.33 130.816 | 102.743
245.65 | 192.93 | 72.250 | 56.745| 16 | 440.65 | 353.16 | 132.250 | 108.869
o B M0 aaitifas | g i amml i | Log ooy
| 256.61 | 201.54 | 75.473 | 59.276 | 1l44 464.43 | 364.76 | 136.598 | 107.284
260.31 | 204.45 | 76.563 | 60.132 469.41 | 3 138.063 | 108.434
204.04 77.660  60.994 i8ie 474.42 | 372.61 | 139.535 .6o1
267.80 | 210,33 | 78.766 | 61.863 | 7% | 479.45 | 376.56 | 141.016 | 110.754
o|271.50 | 213.31 | 79.879 | 62.737 i, 484.51 | 380.54 | 142.504 | 111.923
9 |275.40| 216,30 | 81.000 | 63.617 [12 | 480.60 | 384.53 | 144.000 | 113.008




CARNEGIE STEEL COMPANY

CONCRETE REINFORCEMENT BARS
COLD TWISTED SQUARE BARS
I
Secti Size Weight per Foot, | Seoti KWeight per Foot, |
on Ly s 10n 20, gl "
Index Inches Pot?:ds | Index Inches Poglnda |
| % 0.7656 2.603 |
2 4.0000 13.600 | 18, 0.6602 |  2.245
174 3.5156 11.953 '| % 0.5625 | 1.913
1% 3.0625 10413 | e 04727 |  1.607
1% 2.6408 8978 | % 0.3906 1.328
114 2,2500 7.650 ' %a 0.3164 1.076 |
134 1.8906 6.428 14 0.2500 0.850 ‘
134 1.5625 5.313 The 0.1914 | 0651
1% 1.2656 4.303 3 0.1406 | 0478
1 1.0000 3.400 %4e 00977 | 0332
1544 0.8789 2.0988 14 0.0625 | 0.213
Cold twisted bars will conform to Manufacturers’ Standard Specifications, unless otherwise specifie.
Section Size, Weight Seoti Bizes, | Weight per Foot,
Tndex e Tl L Todex e s
#M 1533 7% 2.60
*M 1528 1% 7.65 #M 1534 8 1.91
#M 1530 1Y% 5.31 *M 1535 LA 1.33
*M 1531 11 4.30 *M 1536 1% 0.85
*M 1532 ¥ 3.40 | *M 1537 a4 0.48
* Furnished only by special arrangement.
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RAILS AND ACCESSORIES
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CARNEGIE STEEL COMPANY

A. 8. C. E. RAILS AND LIGHT RAILS

........ ,,..,’r
d

e A

T H,

_________ !

e a

+h ;

-, j-‘: ‘H-“lvr---;' !

( i i

s i e 9
W?ht s b [ d ° f| g h {0
Bection
ard,

Inder | *Pouns’ | 7o | Tn | In | In. | In | In|In.| In. |In.|In|In.|In.
10040 | 100 (5% |58 |28 |14584|3%4 |ha| Hie |2%%i2s |Bie| 1 |Yie|Me
0040 00 |5% (5% 2% | 1194|2904, (B0, | 9is |245ias |Bie| W |Vie|We
8540 B5 |5%e |5%e |2%e |1%%« |23 |%The| %o 2176 |Die| % [Vie|Ye
8040| 80 (5 (5 [2% (1% (2% | % |%6«|2Ms |%e| % |Yie|Ye
7540 75  |413ig| 4184 | 2100y | 1970y | 2%64 | 2742 | 170e | 21%9s |Bia| W4 [Yia| Ve
7040 70 |45 (456 |2TAe |11%ha |28 (1890|9064 2%« | Bha| ¥ |Vie|Yie
6540 65 |4%6 (4740 |2'%g|1%a |2% |%%h2| Y4 |1%4s |%4a| %4 |Yie| Ve
6040 60 |44 (4% |2% |(17ha | 2170 |*00s | PVes | 1110008 |Bha | Y4 | Mo |Yio
5540 55  [4We [4%e (216 | 13Vhe|2MGa | 2052 | MOha | 119008 | Bie | Y |Yie| Yo
5040 50 (3% (376 (2% (116 |2Me [1%ie| s |1%982 |%ie| M |(Vie|%is
4540 45  |3114¢ 311442 114 |1%%8g | 214a | #7604 [ 1820e |%ie| % [We|Ye
4040 40 3% (3% (176 |1l |1%%G¢| 36 |%6e|17Mi2s |B4e| Y |Vie|Yie
3540 35 [3%s (3% |1% | %6s|1%%s|%Thy| 236 | 11582 (%6 | 14 |Yie|Yie
3040 30 3% (315 [13ie| Th |12%hs 178 |%Vee|1%%6s |%ie| 3 |Yie|Yis
2540 25 |2% |2% (1% | %0he|1%G,|%6s|1%4|1%%02s | 34 | W |Ye| Yie
2040 20 25 (296 |1%lGs| %%a|1'%s|Tie | 3 [1M% | % [Hie e
1640 16 |23 (286 1'% “Yeo|1%%| 3% | The (17428 (%6 |Me e
1440 14  [2Vie |2Wie [1%e | 5 |1%2 |Yag| 34 | 5T6s |%82|%4e Ye
1240 13 |2 2 1 %o [1%%a |14a| 3e | ®Tor |Sha|Me Ya
1040 10 (1% [1%, 1%g| ™ba| 10| 0s| e | “Fou |52 Ve Yo
840 8 |1%e |1%0 | 1%4a| 1% a| 1%e| %2 | 5ha | e |%5a2]|MNe e
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RAILS AND SPLICE BARS

SPLICE BARS

S10040 to 85540 S5040 to S3040 52540 82040

A. 8, C. E. RAILS AND LIGHT RAILS

: i
o= o il o H
:"“"..]i.., wiea, |
beof . i
! e
¥ a a d

2 Weight | o | b [c]a|e|e|eg| v [1]d|x]|a
Seon 21109 e
Plln.ln.h.ln.ln.h.ln.ln.h.ln.lmln.
8 10040 | 158 19360/ 7740 | %6 1562 /1% | 36 [1%as [Tel %s 3% | %
8 9040 | 135 156 |30 | 1540 | Wha (1% | Y | 11998500 1964 21%0| 14
8 8540 124 157604 530s | 2302 (1902 1% | %6 | Ta  [%9%¢] Tha 14
8§ 8040 | 115 1172/ 3% | 36 (M6u/1% |Yie | T | % | %o Tis
8 7540 | 10.7 356 1500, 4904 | *Mi2 | The (1156 The | 1974282860 Tes s
8 7040 | 10.0 Bhe 12764 4764 | T80 | 2704 17he | Ao | Blou 2962 1364 236 | Te
'8 6540 9.2 12864 4564 | Thia | 1809 (100 | The | 84 [VY4u] Bha (218a| The
8 6040 8.4 Tou 119%4| 4964 | O6 | %04 (1%a | Tho | 128 4364 214252%0 | %
B 5540 75 1156, 4164 | 1% | % (1% | 74w | 8%0s | 56 | B8s 27hz | %
8 5040 | 6.6 Yo |13 (19521742 | %% (1149 |M8ha| 5% 55 | %4 2140 | %
'8 4540 | 58 (131421864 |36s| Vo [#B6a| Mho Mhe| %T6s  [1%s| Toa (19%ha] %
8 4040 | 5.0 |15%| %4al 34 |1%a| Mha| "he 1Bhe| Thes |%a Yizs 176 | e
'8 3540 | 4.6 |19 5Tpy 2% | Vie | Mo | sl 1ha| 956s P6s| Tos [1%862) He
8 3040 | 3.97 [123%s 2Thol Yie (1%ha| Gie | ®Oho 10ha| Mes | 1o | S6u [11%40| Bhe
B 2540 | 2.20 (184, 8 186 1149 94y | 1144 O | E04gg
8 2040 | 1.87 1384 1144 35 | B4,
8 1640 170 (17364 76| 1704 | Mo
8 1440 136 [1%2 | 19| Ths | e
8 1240 | 1.36 (1352 | 7he The | Me
8 1040 | 0.99 | 1%4e 54 The | ¥
B 840 0.75 | 1845 TAa | Ths | The

Splice Bars 8 10040 to § 5040, inclusive, are for A. 8. C. E. Rails.
Splice Bars 8 4540 to 8 840, inclusive, are for Light Rails.
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CARNEGIE STEEL COMPANY

AMERICAN RAILWAY ASSOCIATION RAILS

SERIES A
P W Ill:d a| b e d e f 3 B lebal-F ki | 1
e P%'m. In. (In. | To. | In. | In. | In. | In. | In. (I (In| In. | In.
10020 | 100 |6 |5% |28 [1%e |33 |134e | %o |21%e| 36 | 36 | Yie | Yie
9020 90 | 5% | 5% | 2940 | 11042 3% |1 e |229%2| % | 36 | Yis | Yio
8020 80 | 5% | 456 | 214 1746 [2%%%2| 3Vha| %364 |2%0 | % | 98 | Yie | Yie
7020 70 |48 | 414 | 285 |11142(2% | %%%a| Vo |2136s) %5 | 3G | Yie | Vie
6020 60 |4 |4 | 214 (11056 (2% | 1% | 1082 |2176s| 36 | 36 | Vis | Vi
S |
i |
a2 A
az‘l 1. d I
13 1
T 1 !
12 Rag, |
£
SERIES B
Bestion wg'yﬂ, s b c d e V1 g| h k| Bl 1
ard, —_
G pgound.l In. |In. | In. | In. | In. | In. |{In| In. |In.| In. | In. |In.
10030 | 100 |5%V5e|5%s |23%ha | 14564 | 25664 | 1564 |Die 29042sf 35 | S0 | Yo |Yie
9030 | 00 |51%6|44%q| 200 |19%a |25 |1%a (%0 21%hs | 34 | Sin | Yo |Yio
8030 80 |41% /4746 |27 |1154a|21%62|1 %iﬁ‘% 3% | Big | Yie |Yie
#7030 70 |480%, (4% (2% |12%6a|217hs "9&.%!}2%“ 35 | Bia | Yo (Ve
*6030 60 481 |31Me (2% (1% [2%e | T ”rﬁuil’%s 8 | 4o | e |Yie

*Not rolled by Carnegie Steel Company.
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RAILS AND SPLICE BARS

SPLICE BARS—Concluded

.

F=
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AMERICAN RAILWAY ASSOCIATION RAILS

SERIES A

b ¢ |d| e |f g ligt] b|i Tl ks | £
In. {In. |In.| In. |In.| In. | In. |In | In. | Im. | In:|In.
13450 8b50 | 84 | 10560 | 196 | 170 | %% [2%8e(l 1552 3% 76
1215211644 2050/ 1580 (190 11362/ 1960 | %o | 204s) Tin (3 |1%4e
2286211750 76 [2%627T408) 134 11564 294 [ 2364 | 20%a) #0964 2% | W4
12704| 545s | 56 [ 1302 180 1704 | ®3ba | 2504 | 2Tha) 2364 (2%01 Y10
12045, 4564 | 36 | 2064 | 136 17425990285 10s! 36 (4282700 56
8 9030 to 8§ 6030
-v—-—f‘-—-‘l
7
il
SERIES B i ‘.
NN
LT
t
Weight | h__-c r () IR (AR T ) k 1
t,
Bection ‘?"ﬁ .W]d_ e [ 2
Pound In [In. | In. |In. [ In. | In. | In. |In.| Tn, |In. | In. | In. |In.
*3 10030 16.9 [2604,/1%8hs( 2050 | 1590 | 1002 (190641002 20027V 0s Va5 08 Blaes | Th
*3 0030 14.4 (255 (12349 2040 | 1340|1540 (190 |1V5e 952 Y8 Var| 1764 (21050251270
*3 8030 12.6 (21862119 276 | 84 B942g176e (13426270020 0e) 76 (1764 | 29040 184
|‘5 7030] 11.9 [2174,1%e (1840 | % [5%9281%6 | %064 | I PHi0sD Mas! 250405 | %
_.*s 6030 9.5 |2V4q (195 |1%40|e["Vios Ve | B%64| 34 |1004| % | Ths | 2% [*%5s
* *Not rolled by Carnegie Steel Company. i
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CARNEGIE STEEL COMPANY

RAILS AND SPLICE BARS

DIMENSIONS FOR STANDARD DRILLING AND PuNcHING IN INCHES

ol

il LA L - T
mr”'g %g o F
L <t

Ras |30 | 51 [ m [ o | Ras [ m [ w | a
. ==
10040 | 810040 20125 | 24% 25 | 1844 4540 | 8 4540 1415, | 1975, | 9%
9040 | S 0040 245125 | 29%2s | 1344 4040 | S 4040| 17 08| 10%;28 | 14
8540 (8 8540(21%6 | 2% 1544 3540 | S 3530|1150 | 11852 | 1%
8040 |8 8040/2%0 (2Ws | % | 2 | 30408 3040|1295 | 12% | &
& | 7540|8 7540\21%50y | 1127405 8, | & | 2540 |S 2540 19%as
7040 | S 7040{2860 |1%%s | 134¢| = | 2040 |S 2040 11hj,
© | 65408 65401815 |17% 144 & | 1640 |S 1640 1742
4 | 6040 |S 6040 111840 119850¢l 55 || = | 1440|S 1440 5%
< | 5540 |S 55401198125 193408 | % 1240 | 8 1240 5764
5040 | S 5040/ 12%s |12%e | % 1040 | S 1040, 4%
840 |8 840 113,
10020 | S10020(2% |24, |13 | 10030 | S10030 20324 24%as | 1%
<5 | 90208 9020|28%4s |2986, | 1540 [ < 5| 9030 |S 0030|2114s |24 | 1114
=73 | 8020|8 8020{22%6, |2174e [1%4 gi 8030 |8 8030|2156y | 2Th¢ [ 1540
<7 | 70208 7020|2062 (2862 [134g | 2™ | 7030 |S 7030| 2%as [1M1%es 1%
6020 | S 6020(2510s | 1125409 11§ 6030 | S 6030| 12950 | 1254 | 174

gmegli 2 | :--u—-umau-il - i
e e e
e S bt
; Hole - il
Rail . Hole in
Lb. per!i'd. Rl.:xl Splj?:e Bar . b g d ° f L !
90 and over | 134 | 1% x13 |21 | 5 | 6 |5%e| 74a | 5% | 1140 | 34
85 to 75 115 | 1 x 14 | 214 5 6 | 5lja| TVa | 5% | 114e | 34
72 to 70 Tex1ig | 2% | 5 6 | Hlia| Tha | 5% [114g | 34
67 to 50 1 Hwxll% (2% | 5 5lig| Gl4 | 216 | 1144 | 24
45 to 40 T | Wax ik | 2% | b6 51 (8% | 136 | %4 |20
35 to 30 a3 1y x Blja 2 4 4% 16%%
25 to 12 5& Bex 8 |2 4 414 16%
10to 8 14 Tisx 5% |2 4 414 ls’;ﬁ_J

~1
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A. R. E. A. RAILS

AMERICAN RAILWAY ENGINEERING ASSOCIATION RAILS

=

- .1.0‘,&:. iy
11e10

G Ul X

f ________________ B
e i

.

R e
¥
$.54

R SN - T S |
L

e

e LA

Base Base
Ik x
Ins In3 In. In.
150.45 14.75 121.1 35.1 28.2 329, 4185,
138.52 13.58 89.2 28.4 23.1 3% 355
13025 | 120.64 12.71 774 25.6 20.8 3lpg 33844

| #Not ralled by C. 8. Co,, I. 8. Co,, or T. C. I & R. R. Co.
+Rolled by C. 8. Co. and L. 5. Co.
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CARNEGIE STEEL COMPANY
AMERICAN RAILWAY ENGINEERING ASSOCIATION RAILS

Head
In.
387,
3276,

3%

Neutral Axis

Base
2580,
2586,
284

Uy

Ins

Head
18.9
16.7
15.1

In®

I/x

PO L I

|
F1 o R R
i s %)
i H i ! | 3
: " m P VRR
1 L e
= == -9
*
m
1
1
1
i
! T o
= !
1}
]
by
] 3 _
LR |\
H Mot “ % “ “ £
1 1 A} R
i | ' A
i 1 : I N
i i ey Gt
€ BT e ——-B B ey W
g 9 El

Section Modulus

Section | of Inertia [ paec

17.8

20.1

23.1

74b

-
Int
67.6
57.0

49.0

Area of | Moment
In.

11.85

10.82
9.95

Weight
r
2
Lb.
120.87
110.36
101.49

Ml LN

#12025
$11025
110025

Index




RAIL ACCESSORIES

RAIL CLIPS
:“N 103 ] ‘]
o. . A@, . %
{No. 114
o )
:.k‘“‘--f_ : E ] i Efi::-‘-h"\i JN a%
i } = 5 b2t
g‘f ‘# | — ﬁz 4 “;' T 'E%u
o Rt ——3{,+;i
Jore EL ] - S g | ! N__-
i /1
L ( L 1 tGil :‘" . . K
NS ) | No. 118 1 ‘No. 104
—aird | L VY.
B
i \ ';T
:f“b i . ; =
L EEE e, 1
S | g il =S v
byt ") 21640
) EE -
] _ o
I T 108
|
v No.
Y
Sl L LY
e % —k-% il Mg %-—-u-
.L_.__.__g“._,_.ﬁ....
: Weight of
3 5 Weight
datlip || e | perFogp [ Yieaed Rail Section
g Pouts
103 2y x2 4.4 0.64 100 to 60 1b. A. 8. C. E. Rails.
114 14ex1%6 2.3 0.25 50 to 20 Ib. A. 8. C. E. Ralls.
118 21 x2 5.7 0.85 100 to GO lb. R. B. Rails.
104 2151, x2 T3 1.10 100 to 60 1b. A.8.C.E. Angle Bars
108 |2y x2 | 48 0.70 Girder Rails.
Clips can be furnished with 252"’ diameter holes.
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CARNEGIE STEEL COMPANY

CROSS TIE SECTIONS

-5 Y

3

T

!

]

tl »

# Mm 4 b

(]

i

'F- ................ P B

Bection Depth,

Index Inches

M 28A 614 5 10 e 29.8
M 29 54 5 8 & to 88§, 24.0
M 21 54 444 8 3% 20.0
M 25 43 4 6 3% 14.5
M 24 3 3 5 i, 9.5
Full information as to uses of steel cross ties is given in & separate pamphlet on Steel

i
¥
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CROSS TIES

CROSS TIE SECTIONS—Concluded

73
’:‘e

M27

PPV
S

-

i

1
M20 %

I

1

o

8.1:321' m Width, Web Thickness, W%ka
27 b1 7 1% 9.0
20 2 6 He 6.0
18 114 5 B 4.0
26 1% 41%¢ 1% 3.20
19 Uhe 4 Yoa 2.50

information as to uses of steel croas ties is given in a separate pamphlet on Steel Cross Ties.
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CARNEGIE STEEL COMPANY

PIPE—BLACK AND GALVANIZED

NATIONAL TUBE COMPANY BTANDARD

STANDARD PIPE

Diameters, Weight per Foot, :
’ Inches Thick- Pounds Threads b
5 ness, | ™ TThready| P | ,
Evternal | Intero) | Iocbes| Phin | =07 Inch |Dismeter, Lengih, | Weight,
Ends |, "™ Inches | Inches | Pounds
% 05| .260|.068 | 244 | .245| 27 562 3% | .020
%| 540 | .304|.088 | .424| .425] 18 685| 1 043
% .o75| .03|.001| .567| .ces| 18 848| 1% | .070
| 80| .622|.100| .8s0| .852| 14 | ro24| 13 | .118
%l 1.050| .824|.113| 1130 | 1.134| 14 | 1281| 155 | .200
1| 1.815| 1.049|.133 | 1.678 | 1.6s4| 113 | 1.576| 1% | .343
13| 1.660 | 1.380 | .140 | 2272 | 2281| 1134 | 1.950| 2% | .535
1% 1.000 | 1610 145 | 2717 | 2731| 114 | 2:218| 23 | 743

2 2.875 | 2.067 | .154 | 3.652 | 3.678| 1114 2.760| 2% 1.208
214 2,875 | 2.460 | .203 | 5.793 | 5.819 3.276| 2k 1.720
3 3.500 | 3.068 | .216 7.575 | 7.616 8 3.948| 34 2.498
344 4.000 | 3.548 | .226 9.109 | 9.202 4.501| 3% 4.241

4 4.500 | 4.026 | .237 | 10.790 | 10.889 5.001| 3% 4.741
4% 5.000 | 4.506 | .247 | 12.538 | 12.642 5.501| 3% 5.241
5 5.563 | 5.047 | .258 | 14.617 | 14.810 6.206| 44 8.091
6.625 | 6.065 | .280 | 18,974 | 19.185 7.358| 44 9.5564

6

7 7.625 | 7.023 | .301 | 23.544 | 23.769 8.358 | 41§ |10.932
8 B8.625 | 8.071| .277 | 24.696 | 25.000 9.358 | 43§ |13.905
8 8.625 | 7.981 | .322 | 28.554 |28.809 9.358 | 45 |13.9056
9 0.625 | 8.941 | .342 | 33.907 |34.188 10.358 | 5} |17.236

10 | 10.750 | 10.192 | .279 | 31.201 |32.000 11.721| 6} |29.877
10 | 10.750 | 10.136 | .307 | 34.240 | 35.000 11.721| 63§ |29.877
10 | 10.750 | 10.020 | .365 | 40.483 [41.132 11.721| 614 |29.877
11 | 11.750 | 11.000 | .375 | 45.557 |46.247 12.721| 6% |32.560

12 | 12,750 | 12.000 | .330 | 43.773 | 45.000 13.958 | 63§ |43.098
12 | 12.750 | 12.000 | .375 | 49.562 | 50.706 13.958 | 61§ |43.008
13 | 14.000 | 13.250 | .375 | 54.568 |55.824 15.208| 61§ |47.152
14 | 15.000 | 14.250 | .875 | 58.573 |60.375 16.446| 61§ |59.493

15 | 16.000 | 15.250 | .375 | 62.579 |64.500 17.446| 61§ |63.204

o

00 COCOOOGe OOCODECO QOOOGCOOD OOOROO OGO OO

The permissible variation in weight is 5 per cent. above and 5 per cent. below.
Furnished with threads and couplings and in random lengths unless otherwise ordered.
Ta.psofﬂuudam}‘”dmmﬂterw!oot]mgmima]]m
'l‘hnwa:;htperfont o! pipe ml.h threads and couplings is based on a length of 20 feet,
g the coupling, but shipping lengths of small sizes will usually average less than 20 feet.
All weights and dimensions are nominal, On sizes made in more than one weight, weight
desired must be specified.
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PIPE

PIPE—BLACK AND GALVANIZED—Concluded

NATIONAL TUBE COMPANY SBTANDARD

EXTRA STRONG PIPE

DOUBLE EXTRA STRONG PIPE

491/140.80:

156.030(186.2.
169.3801202.

182.7.

136.172{152.81
146.852/164,
157 532(176.848/196.081/234.2906|

; Weight, a Weight
Diameters, , per ameters, " per
. Tnches Thick- | Boot, |l Inches Thick= | Foot,
51:' ness, | Pounds | “yi ness,

Inches Plain | Inches Plain
External | Internal Eods | External | Internal Bt

405 | .215 | .095 314 ﬁ 840 | .252 | 294 | 1.714

540 | .302| .119 .535 1.050 | .434 | .308 | 2.440

675 | .423 | .126 738 || 1 1.315 | .509 | .358 | 3.650

840 | . .546 | .147 | 1,087 | 13| 1.660 | .806 | .382 | 5.214

3 1. 742 | 154 | 1.473 | 134 | 1.900 | 1.100 | .400 | 6.408

17 1315 957|179 | 2171 | 2 2.375 | 1.508 | .436 | 9.029

134 1.660 | 1.278 | .101 | 2.996 | 214| 2.875 | 1.771 | .552 | 13.695

1§ 1.900 | 1.500 | .200 | 3.631 || 3 3.500 | 2.300 | .600 | 18.583
2 | 2.375| 1.930| .218 | 5.022 || 3} | 4.000 | 2.728 | .636 | 22.850

214 2.875 | 2.328 | .276 [ 7.661 | 4 | 4.500 | 3.152 | .674 | 27.541

3| 3.500 | 2.900| .300 | 10.252 || 4}4| 5.000 | 3.580 | .710 | 32.530

314 4.000 | 3.364 | .318 | 12.505 || 5 5.563 | 4.063 | .750 | 38.552

4 | 4500 | 3.826| .337 | 14.983 || © 6.625 | 4.897 | .864 | 53.160

43¢ 5.000 | 4.290| .355 | 17.611 || 7 7.625 | 5.875 | .875 | 63.079

5| 5.563 | 4.813| .375 | 20.778 | _8 8.625 | 6.875 | .875 | 72.424

6 | 6.625| 5.761 | .432 | 28,573 e e W

7 | 7.625 | 6.625| .500 | 38.048 |  Furnish plain in om

8 | 8.625| 7.625| .500 | 43.388 | I unless otherwise ordered,

9 9.625 | 8.625 | .500 | 48.728 ermissible variation in weight, for extra
10 | 10.750 | 9.750 | .500 | 54.735 sdms pipe, 5 per cent. above and 5 per cent.
11 | 11.750 | 10.750 | .500 | 60.075 For double extra stro i 10 cent.
12 | 12.750 | 11.750 | .500 | 65.415 ng- pipe, ‘10  per- cent.
13 | 14:000 | 13.000 | 500 | 72.001 | *boys and 10 peroent below. =
14 | 15.000 | 14.000 | .500 | 77.431
15 | 16.000 | 15.000 | .500 | 82.771

LARGE 0. D. PIPE
Weight per Foot, Pounds
; Thickness, Inches
1y e k. Tia 14 LT 5§ 5% Th 1
3 72.091| 80.726| 89.270/106.134({122.654138.842
1 77.431| 86.7 95.954 14.144/132.000/149.522
1 82.771| 92.742/102.620(122.154/141. 3451160 202
1 88.111| 98.7401109.304/130.164(150.690/170.582
1 82.061| 93.451/104.757|115.979(138.174/160.035/181.562
! 104.131/116.772/129.330/154.194(178.725202.923
21 109.471|122.780/136.005/162.
ng.sn 128.787/142.630/170.21

218.27.

Jm!'n-malmm‘l with plain ends and in random lengths, unless otherwise ordered.

ts and dimensions are nominal,
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CARNEGIE STEEL COMPANY

SCREW THREADS

AMERICAN BRIDGE COMPANY BTANDARD

Bowrs, Rops, Eye Bars, TurNBUCKLES, SLEEVE NUTS, AND CLEVIBES

! i A
R
egi ¢| :
! a1 ) b
B o Ly Y
‘l‘_-_..._f__._a __________ » l:l i
Diameter Area Nug;bu Diameter Area Numfher
0l
Total | Net, | Total | Net | Thresds | Total, | Net, | Total | Net | Threads
3 ¢, |Dia,d,|Dia,e, m d, ¢, |Dia,d,|Dia,e, jj:f
In. In. |Sq.In. |Sq. In. In. In. |8q.In. | Sq. In. ch
i | .185 | .049| .027| 20 214 |2.175 | 4.909| 3.716| 4
3 | .204 | .110| .068 16 25 |2.300 | 5.412| 4.156| 4
14 | 400 | .196| .126 13 2% |2.425| 5.940| 4.619| 4
8 | .507 | .307| .202 11 2% |2.550 | 6.492| 5.108| 34
3 620 | .442 | .302 10
g 2.629 | 7.069| 5.428| 314
% ik i RE L) 9 34 |2.879 | 8.206| 6.509| 34
1 838 | .785| .551 8 3% |3.100 | 9.621| 7.549| 3Y4
iﬁ lggg 1'33? ggg ; 33 |3.317 [11.045| 8.641| 3
13 [1.158 | 1.485 | 1,054 6 4 | 38.567 12.566| 9.903| 3
134 [1.283 | 1.767 | 1.204 6 4}{ |3.798 |14.186|11.330| 2%
1% [1.389 | 2.074 | 1.515 514 414 | 4.028 (15.904)12.741| 2%
13 |1.490 |2.405 | 1.744 5 43{ | 4.255 |17.721|14.221| 2%
1341 3,015 { 2,76 [2.029 5 5 | 4.480 (10.635(15.766| 214"
2 (1711 |3.142 | 2.300 434 || BY |4.730 [21.648(17.574| 215
214 |1.836 |3.547 | 2.649 414 | 54 |4.953 |23.758|19.268| 234
21 [1.961 |3.976 | 3.021 414 | 53 |5.203 |25.967(21.262| 23
23§ |2.086 | 4.430 | 3.419 4 6 5.423 |28.274123.005| 234

BOLT HEADS AND NUTS

AMERICAN BRIDGE COMPANY BTANDARD

g e-h-
Rough Nut Finished Nut
felcE t B

L5<1+}i”[ d  [1.5d+4e" d—g" 1.5d+wr 0.51 i1.5d+via 0.51—4y"

Far Screw Threads, Bolt Heads and Nuts, the American Bridge Company has adopted the
Franklin Institute Standard, commonly known as United States Standard.
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BOLTS

—

BOLT HEADS AND NUTS, Dimexsions 1N INcHES

AMERICAN BRIDGE COMPANY BTANDARD

HEAD NUT
H 1 {I:Iu.or Square E %;xuu? Square
3 o ‘Bé |7 ]
E \ =N —
i O eall® ®©
: Diameter Diamets - Di
Long | Bhort | Height| Long | Short Height| Long | Short
1
zgia }é a 32 i1 g 114g 1;5{.,1 }-6 o 11%‘ 2& ]
1 The | 1% 1 1%
i, |1 | 8 (3 0 | 810 | 8 1, |1
(]
1940 |14s | % |23e | 1%e 1134 | 1756 2o’ | 1%6
: | 1 13 1 1 1% 1 1 2% 1
i g;l,g %ﬁsn 154g ::": Lo | 134 23 ;ﬁ“ g |2 . ﬁgi.
1 ﬁ: 28, |11 2{“ 2%s | 13¢ (200 |2%e | 158 (3% | 2846
1 2% | 1%e |3 2% [ 134 |2%° |2 1l |8 235
18% |3 2;25 1% |3 s || 1853 204 | 1 3 %n
13 |3%c |2 1% (3% |2 1% 3% |28 | 1% [3% |2
194 [3%he |2W%e | 130|484 |21840 | 194|370 |2184s | 174 |4860 | 21846
2 3% | 1% |47 (3% (2 |3 312 2 |4%e (3%
2 414 |3 ] 41844 | 314 244 |44y | 3 2 41844 | 310
25 4 3% 11%4q | 5 3% 2. 4 37 2% b 3
2 Be |44 | 2% a1, |28 | 4ibe |2 21 |6 41
3 % |2%o |O%e |4% |3 5% 4% |3 |6%e |4%
3 5184 | 5 214 T 5 3 5 3 T 5
S (O0° (3% |30 |70 (3% 335|000 |2 | 3B |78 |34
BOLT THREADS, LeNaTH IN INCHES
AMERICAN BRIDGE COMPANY BTANDARD
Leogts, Dismeter, Inches
e X R %] M| R %] 3| k| 1%
1 to 1} E°4 8 1 14
15¢to 2 3y 174 1 14 1 114
2t 24| ¥ | ¥ | 1 1 | 134 | 134 | 1%
25¢to 3 1% 1% 1 114 15 134 134 21
3%to 4 | | I | 14 | 14 | 14 | 13 | 1% | 24 | 234
41 to 8 1 1 14 134 134 2 25 214 234
8l§to12 | 1 1 1% | 135 | 2 21 | 2% | 3 3
1236to20 | 1 1 14 | 2 2 2y | 21 | 3 3
Bolts not listed are threaded about 3 times the diameter; in no case are standard bolts
threaded closer to the head than 1§ inch.
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CARNEGIE STEEL COMPANY

BOLTS WITH SQUARE HEADS AND NUTS

AMERICAN BRIDGE COMPANY BTANDARD

WeigaT 18v Pounps peEr 100 Bownts

Length :
Voder Diameter of Bolt, Inches
Head, | [
Yook Y | % | % | %e | 5 % 7% 1
i 4 7 11 15 22 37 56
1% 4 7 11 16 23 39 59
14 5 8 12 17 24 41 62
13 5 8 13 18 26 43 64
2 5 9 14 19 27 45 67 | 101 | 144
2 6 9 15 20 28 47 71 | 104 | 150
214 6 10 15 21 30 49 74 | 100 | 155
28 6 10 16 22 31 51 77 | 113 | 1861
3 7 11 17 24 33 54 80 | 117 | 167
334 7 12 18 25 35 58 86 | 126 | 178
4 8 13 20 28 38 62 92 | 134 | 189
414 9 14 21 30 41 66 98 | 142 | 198
5 10 15 23 32 43 71 | 104 | 151 | 209
514 10 16 25 34 46 76 | 111 | 159 | 220
6 11 17 26 36 49 79 | 117 | 168 | 232
614 28 38 52 84 | 123 | 176 | 243
7 29 40 55 88 | 129 | 185 | 254
74 31 42 57 92 | 136 | 193 | 265
8 32 45 60 97 | 142 | 202 | 276
9 34 49 65 105 | 154 | 218 | 298
10 53 71 114 | 167 | 235 | 320
12 61 82 131 | 192 | 269 | 364
14 93 148 | 217 | 303 | 409
Per Inch
Additional | T* | 22 | 31 | 43 | 56 | 87 | 125 | 170 | 223
SQUARE NUTS AND BOLT HEADS
AMERICAN BRIDGE COMPANY BTANDARD
WercaETs 18 Pounps ror ONe Heap axp Oxe Nut
Diameter of Bolt,
Tochis 13 1% 184 2 215 3
Square Head and Nut....| 2.05 3.51 5.48 8.08 15.5 26.2
Weight of Shank per Inch| .3477| .5007| .6815| .8g00| 1.391| 2.003




BOLTS

BOLTS WITH HEXAGON HEADS AND NUTS

AMERICAN BRIDGE COMPANY BTANDARD

WeicaT 1y Pouxps pErR 100 Borts

Length Diameter of Bolt, Inches Length Dismeter of Bolt, Inches
Under Under
Head, Head,
ochoy | % | % | % | % | 1 | Toches | % | % | % | % | 1
19 | 33 | 52 8 58 | 92 |137 | 104 | 264
1% 34 | 54 814 | 60| 96| 143 | 202 | 274
134 | 22 | 36 | &7 9 63 | 100 | 149 | 210 | 285
13 | 23 | 38 | 60 935 | 66| 105 | 156 | 219 | 206
) 24 | 40 | 63| 93182 10 68 | 100 | 162 | 227 | 307
214 | 26 | 43 | 66| o7 137 | 10% | 71| 114 | 168 | 236 | 318
21 |27 | 45 | 609|101 |143| 11 74 | 118 | 174 | 244 | 329
28 | 29 | 47 | 72| 105|148 | 113 | 77| 122 | 181 | 253 | 341
" | 30| 49 | 75|100 154 | 12 80 | 127 | 187 | 261 | 352
315 | 31 |51 | 78 114|160 | 1214 | 82| 131|193 | 270 | 363
2l | 33|54 | 82|118|165 13 85 | 135 | 199 | 278 | 374
33, |34 |56 | 85|122|171| 1324 | 88| 130 | 206 | 287 | 385
35 | 58 | 88 (126|176 14 91 | 144 | 212 | 205 | 396
414 |37 | 60 | 900|130 | 180 | 1434 | 93| 148 | 218 | 304 | 407
4l¢ |38 | 62 | 904|134 |186| 15 96 | 152 | 225 | 812 | 418

39 | 64 97 | 138 | 191 1534 99 | 157 | 231 | 321 | 430
41 | 66 | 100 | 143 | 197 16 102 | 161 | 237 | 329 | 441
54 42 | 68 | 103 | 147 | 202 1614 | 105 | 165 | 243 | 338 | 452
534 44 | 71 | 106 | 151 | 208 17 107 | 170 | 250 | 346 | 463
534 45 | 73 | 109 | 156 | 213 1744 | 110 | 174 | 256 | 355 | 474
46 | 75 | 112 | 160 | 219 18 113 | 177 | 262 | 364 | 485
6} 48 | 77 | 115 | 164 | 225 18} | 116 | 183 | 268 | 372 | 406
614 49 | 79 | 119 | 168 | 230 19 119 | 187 | 275 | 381 | 507
634 51 | 81 | 122 | 173 | 236 1914 | 121 | 191 | 281 | 389 | 519
52 | B4 | 125 | 177 | 241 20 124 | 196 | 287 | 398 | 530

Per Inch

Additional 5.6 | 8.7 | 12.56|17.0| 22.3

Additional 5.6 | 8.7 | 12.5(17.0|22.3

HEXAGON NUTS AND BOLT HEADS

AMERICAN BRIDGE COMPANY BTANDARD

Weraars v Pounps ror ONe HEap axp One Nur

Diameter of Bolt,
Tichis | : 114 1% 1% 2 215 3

Hexagon Head and Nut..| 1.73 2.95 4.61 6.79 13.0 22.0

Weight of Shank per Inch| .3477| .5007| .6815! .8900| 1.391 | 2.003




CARNEGIE STEEL COMPANY

UPSET SCREW ENDS FOR SQUARE BARS

AMERICAN BRIDGE COMPANY STANDARD

Pitch and Shape of Thread A. B, Co. Standard

BAR | UPSET
Side of Weight Ma‘l.cnuth 5 o
Area, Diameter | Length at

Square S I b, a, for | Rootof | At Root | Excess
G | tockes | 3000 | 1Dy | toes | Upest | Thoed of Over
Inches Lbs. +10%, e, Thread, | Afesof
lnnhu Imhﬂ &I_ ]m 37"'
o
* 3 | 0563 1.91| 1} 4 4 0.939 | 0.693 | 23.2
* 7% (0766 260 1% 4 3% | 1.064 | 0.800 | 16.2
1 1.000 | 3.40 | 14 4 4 1.283 1.2904 | 204
13 | 1.266| 4.30 | 13¢ 4 3% | 1.380 | 1.515| 19.7
1 | 1.563| 531 13 434 4% | 1615 | 2.049 | 31.1
1% | 1.801| 643 | 2 414 4 1.711 2.300 | 21.7
13 | 2.250| 7.65 | 2¥ 5 5 1.961 3.021 | 343
156 | 2.641 | 8.98 | 23 5 4% | 2.086 | 3419 | 205
13 | 3.063 | 10.41 | 24 514 4% | 2175 | 3716 | 21.3
134 | 3.516 | 11.95 | 2% 514 b 2425 | 4.619 | 31.4
2 4.000 | 13.60 | 234 6 5 2,550 | 5.108 | 27.7
24 | 4516|1535 | 3 6 414 2.629 5.428 | 20.2
2} | 5063|1721 | 3% 614 5% | 2879 | 6.509 | 28.6
23 | 5.641|10.18 | 3% 7 64 | 3.100 | 7.549 | 338
214 | 6.250 | 21.25 | 3% 7 7 3.317 | 8.641 | 383
2% | 6.801 | 2343 | 383 T 5% | 3.317 | 8.641 | 254
23 | 7.563 2571 4 7% 6 | 3.567 9.903 | 32.1
274 | 8.26628.10 | 4% 8 7% | 3.798 | 11.330 | 37.1
3 9.000 | 30.60 | 43 8 6 3.798 | 11.330 | 259
34 | 9.766 | 33.20 | 44 814 T 4.028 | 12,741 | 305
34 [10.563 | 35.91 | 43 814 7% | 4255 | 14221 | 34.6

Upseta marked * are special.




UPSET SCREW ENDS

UPSET SCREW ENDS FOR ROUND BARS

AMERICAN BRIDGE OOMPANY BTANDARD

BAR | UPSET
s Additional] Diasmer Areh
Length at
Ares, e Dhm:shr la:l.lh ., | Rootof | At Took g
o8 | e | Inches | Inches | 7 A Imc. Thread, AB’?;“
Inches | 8q. Inches %‘
0.442 | 1.50 : | 4 4 0.838 0.551 24.7
0.601 | 2.04 14 4 5 1.064 0.890 48.0
0.785 | 2.67 134 4 4 1.158 1.054 34.2
0.994 | 3.38 144 4 4 1.283 1.204 30.2
1.227| 4.17 154 4 4 1.389 1.515 23.5
1.485 | 5.06 13§ 4 4 1.490 1.744 17.5
1.767 | 6.01 2 424 4lq 1.711 2.300 30.2
2.074| 7.06 2M 434 4 1.836 2.649 27.7
2.405| 8.18| 2% 5 4 1.961 | 3.021 | 25.6
2.761 | 9.39 235 5 4 2.086 3.419 23.8
3.142 | 10.68 | 214 5% 4 2175 | 3.716 | 183
3.547 | 12.06 | 2% 514 3% | 2300 | 4.156 | 17.2
3.976 | 13.52 234 6 414 2.550 5.108 28.4
4.430 | 15.06 3 6 414 2.629 5.428.| 225
4.900 | 16.69 34 6lg 54 2.879 6.509 326
5.412 | 18.40 3y (1351 414 2,879 6.509 20.3
5.940 | 20.19 34 7 5lg 3.100 7.549 27.1
6.492 | 2207 3% T 6 3.817 8.641 33.1
7.069 | 24.03 3y T 5 3.317 8.641 222
7.670 | 26.08 4 ™ 6 3.6567 9.993 30.3
8.296 | 28.21 4 kg1 5 3.567 9.993 20.5
8.040 | 30.42 4 8 54 3.798 | 11.330 26.6
9.621 | 32.71 4 8 5 3.798 | 11.330 17.8
10.321 | 35.09 44 834 534 4.028 | 12.741 23.4
11.045 | 37.55 434 814 6 4.255 | 14.221 28.8
11.793 | 40.10 | 43¢ 814 5% | 4.255 | 14.221 | 20.8




CARNEGIE STEEL COMPANY

EYE BARS

AMENRICAN DRIDGE COMPANY BTANDARD

ORDINARY EYE BAR ADJUSTABLE EYE BAR
<>
el B
- b~
Minimum length of short end from center of
in to end of screw, 6°-8", preferably 7'07".
Thresd on short end to be left hand.
Pitch and Shape of Thread A. B. Co.
BAR HEAD BAR SCREW END
Additional Additional
i 0 IO 1T poieiil
- Min. | Dia. [{neatLength ud 1n.
Wlid ’ [Excossl por w-f:_ﬁ thick-| U, | over [ m, | For |For
n. In. . | Head .| For ness | In.
L{n.hlf.h Dia. | S n;ﬂaf : T Bar rder- figur
n. [ In. In, B ing el % ine |ing
o
414 1 l0-104 * 52l 134 [30.6
2 |1 | % 5ﬁ 254| 37.51- 23 0-11 [ 2 15 | 36.6
# Bly 3 1- 714 1- 4 2" |31.4
agl1 | %l 7 gg s0.01- 58 2| 235 | 19 358 |38
o8 | abgl  li-1034] 1- 7 17| 23¢ | 36.7
3 |14 %] 8 25417}'35"f§ 3 ‘ﬁgg i
*lg | 5ig| - %2 1-10 17| 214 | 23.9
-0 | 1-6 * 37214 [23.9
4 |1 11 | 514/37.5/2-3 | 1-10 32.0
% la *12 0?2 2.8 |2 2[4 1;“i gﬁ 35.7
AR i-10% 1- 8 13§ 3% | 44.6
5 |2 |17| 1314 63¢|s5.0/2-6 | 2- 2 t;ﬁsz% 36.2
1" *:5 8 ; 3 |29 a1l lgﬁ §3‘,§
(114 [ 5 1 |11
6 |2 [17] 14y elgla7.52-4 |2-1 13 334 |34.2
1 |*1614| 8 3 3.’-& 28 Jﬁig ggg
114 3412 3 1 :
7" 13 1;1 1715| 8 857211 |2- 6] g | 14 3? 28.0
134/*1833| 9 3-4 | 211 144 |33.2
1 7 Bl o 3 134 434 | 37.3
8 |2 |14l19 | 8 [37.52- 945 2- 6 1354|269
1 'gg 9 3- 4 |211] 7 }E isf gg.g
1 -8l - 6 X
95l ljlgz 9ig 38905 438 3 1 144 4 |35.4
13| 2234 ¢ 3- 215 2-10 *114[ 414|259
10 |2 15 24 :0;235.03-9 38 134 4)5 |27.4
154(*25 |11 4-1 [3- 7|8 %H g %g.i
114 263510 3-4 3-8 143 3% 1352
12 |2 |13§| 28 1%187.5(4-2 |3 8 & :
#2014/ 1 4- 8 [4- 1
31 311 | 3- 0| Bars marked * should only be used when
14 |2 L ISB 4 |35.7/4- 7 | 4- 4 || absolutely unavoidable. i
34 |5- 5 | 4- 8| Deduct pin hole when figuring weight.,
16 |2 30 |14 37.5{:: 7 |45 nLl;w 14" Bars, 33"* Head, over 134" thick
#3714/ 16 |34.414-11 | 4-10 4514,

&




LOOP RODS

LOOP RODS

AMERICAN BRIDGE COMPANY BTANDARD

f—214 p-—s
Min, 47
. ]:'9‘933!' ------- - A s"}?ﬂl‘ sl Nut

Pitch and Shape of Thread A, B, Co, Standard

AppitioNaAL LENeTE “A" 1IN FEET AND INCHES FOR ONE Loop
A=4.17p+5.80r

Diam. Diameter or Side “r"* of Rod in Inches

of
Pin,
P 3 7 1 136 | 14 | 13 | 14

1% | 134 | 1%

1Y% 0- 9X40-10 11 rl-ll}i

13 0-10 10}40-11}41- 0 1- 1
144 P:ll 11}4)1- 0}1- 1 1- 2 [1- 2)4
1% 1- 0 [1- 0}41- 1341~ 2 [1- 3 [1- 3}4]1- 414

2 |1-1 [1- 1}41- 21611- 3 [1- 4 [1- 441~ 54
21 [1-2 [1- 3 [1- 3}41- 441- 5 [1- 5M[1- 614

2% 1-3 |1- 4 [1- 4}41- 5161- 6 |1- 7 [1- 734
23 1-4 1-5 (1- 5}411- 6)411- 7 |1- 8 {1- 8)¢

1-5 [1- 6
1- 8 [1- 7 [1- 734)1-
1- 7 {1- 8 [1- 8}1-

814
014

1- 8 [1- 9 [1- 9lgh-1084
1- 91411-10 [1-11 [1-11}4

3 [1-5 1-6 [1- 6}4]1- 7T}1- 8 [1- 9 [1- 9241-10%1-11 [2- O 04
3 1-6 -7 1- TH1- 8341- 9 [1-10 [1-10341-11342- O 1 1%
34 (1- TH1- 8 [1- 8141- 9351-10 |1-11 [1-11 0}¢2- 1 2 244
*33 (1- 8}41- 9 [1-10 1-10%4]1-11 o 0142~ 1142~ 2 3 31
4 [1- 9241-10 [1-11 [1-11}2- 0}4/2- 1 2 242- 3 4 44
i 1-11 0 0}42- 142- 2 3 |2- 362- 41412- 5 6
434 2-0 [2-1 1142- 2142- 3 4 4192- 5412- 6 [2- 7
i 2-1 [2- 2 2412~ 3442 4 b 5152~ 6142- 7 8
5 2342- 3 2- 31412- 4)42- 5 6 6}42- T142- 8 [2- 9
514 4 2.5 5142 6 7 7142- 81412- 9 10
5§ 5 |2- L3 6142- 742- 8 12-9 914i2-10 (2-11
53 6 [2- T 742~ Blii2- 9 10 10 113443- 0
6 / q P- 8 8142- 9142-10 11 11}43- 0}43- 1
0 9 01412-10 11 o0 0 143- 2
634 10 101412-11%3- 0 1 1148- 2143- 3
6y 0 0}43- 1 2 2143- 3143- 4
7 o 1 1143- 2143- 3 31413- 4148- 5
Pins marked * are special.  Maximum shipping length of *‘1"=35 feet.
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CARNEQGIE STEEL COMPANY

CLEVISES
AMERICAN DRIDGE COMPANY ATANDARD
Dimensions in Inches

g

¢ 2

4

I——-n-—-::---‘----l-----"—ﬂ
' ] i
> (&
T AN
L TR U S

Grip=thickness of plate + '’ but must not exceed dimension [

sa Head Nut -
I | B iMax .
52 dfw | s MxiMind p | x5 |nfefu s g}
»|p |
3|3 1% wl1g1 |2xl2K 3 | 1142135 4| a
1|42 |Ml2 |14(3 (8 | 4 |13 23415 5| 8
5| 5 |21¢ 5|21 11¢{33¢|33¢] 5 |23(]3%|2)4 6 |16
6|63 || |2 |4y42d 6 [214434 28 7 |26
7 |7 l3w 513ul21ds )54 7 13 |5 I3 8 |36
Crevis Numsers ror Various Rops anp Ping
Rods Pins
Round | Bquare | Upeet 1 (1% | 1% 184 | 2 | 205 | 2% (2% | 3 | 3% ﬂ.
T T 1 R
...... &IP3 ) & 1°87) 3 |e ]| e
% %l 1% T R | R
1 R I 4 | 4la]|a
1% | 1 1% R
14 | 1% | 1% 4 | s4lala|56]|s5
186 |-l 1% s[5 5l5|65
...... 18 | 1% 5|5|5]5|s8
1% | 1% | 2 5|5 |5|85|5|6]|68
136 [...... 214 s|5|5[5)15]6]|6
1% | 1% | 24 s [ésapE | 8 | BT
1% | 1% | 2% 8 Liepl g Lig l 81 7| 7
2 1 | 2% v T T I
PN RS, 2% Pl T R
...... 1% | 2% el b e e M
2% | 2 274 0 e o I o W
2% | 2% | 3 gl g daorel 7
i i those below and




TURNBUCKLES AND SLEEVE NUTS

TURNBUCKLES AND SLEEVE NUTS
AMERIOAN BRIDGE OOMPANY BTANDARD MANUFACTURERS BTANDARD
Dimensions in Inches
TURNBUCKLES SLEEVE NUTS
J’J.'—““th"”d.‘: ‘ LS, [
1 : e
| L M i { o
_N(EE N Ty XI=wcin =x
L—» ----- }-e—-- - '!-———‘]:---A—c-'
8=0""; a=0"" [or turnbuckles marked *,
Pitch and shape of thread, A. B. Co. Standard.
Diam. Standard <« .2 Diam.
- Dm‘ 9} p Btandard Dimensions 5
L
ul|d 1 e [ t gl b = u|d 1 a| b e t =
B | % T | %o | He | W | 14q 1
The| Thg THe | B 5| 186 1
T (% |% [56| 18| 1
el T1a) 1) Sha | 8 | 1% 1%
1840 T | MWiel %ia | 84 | 1% l’ﬁ”
8% 1% | kel % | 2 2
8% |1% |% 1 [2%| 8 T(1%| 7 [15601% [1%| % | 3
0 [%e|The (1% | 2%s 4 |1 |1%| 7 |151% |1%| % [ 8
0% 10| % 19| 2956 5 | 134 |1%| 7482 [2%e (1% | %4e| 4
9% (%0 | % 1% | 2% | 6 | 134 (18| 7%8|2 [25e 1% | 5ie| 4
10% [11%¢ 36 (15| 8% 7 | 1362 | 8 |29612% |15 % | &
1018 B |19 |3%e¢ B8 | 1362 | 8 |2%/2% (15| % | ©
107 5 (17| 314 | 10 | 186 |24 | S%| 23, 3%e (176 | T4e| 8
113 S (2 | 3% |11 | 1% |2%| B%|2% 3% |1% | %he| O
1184 114 3% |12 | 1% |2%| 9 |31%!3% (2| 16 | 10
12 114q 41414 | 2 |2%| 9 |8%35% [2%| 16 | 11
12% 1, 414 | 17 || 2% |2% | 93|81 4346 (2% | 44| 14
12% : 4% | 20 | 214 |29 | 9%|814 4140 |28 | %4 16
131 a2% | 47 | 22 | 284 (3 |10 |37% |43 |2%| % | 18
13% he3 | 5% | 25 || 21418 |10 |3% 4% |25 | o | 190
14% o3% | 5% | 33 || 2% |8Y | 10% 414 (4154 275 | 1344 23
145 1%4a B34 | 6%0f 36 | 274 (3% |11 [456 5% |36 %4 | 27
15 1152 3% | 686 | 40 | 8 |3% |11 |48 5% |314| % | 28
16% 1% /4 | 6% |50 | 81 |3%|11%|5 |51%4 3% | WM, 35
16% 1% 74|65 | 3|4 [12 aseus%%wiﬂ
17% Wlelisie /s | 8% | 95 | 38 |43 | 1236] 5% [6134e 3% | 1950 47
4 18 1%0 83 1108 | 4 |4%[13 |63%(7%e |426|1 |55
14 ey, (2114 156 (55 914 (140 | 434 |43 13% 63 (734 |43 | 1%e
14 (6% 2214 18 (6% [10% (105 | 434 (5 |14 |67 [7154g 434 [1%e| 75
qa T 14 2 i 11%@
*5 |1y 11%




CARNEGIE STEEL COMPANY

RECESSED PIN NUTS
AMBRICAN BRIDGE COMPANY SBTANDARD

Dimensions in Inches

. Distaoeo between Nuts=Grip ____, |

ial |
To obtain grip, add '’ for each bar. .  Nuts threaded 6 threads per inch.
To obtain dist b houlders, add t given in table to grip.
Pin Nut
Diameter of Pin, ) : 52| s a
X Thread Atid -*éjg Diameter g‘ g_g .g A
w i No.
a b an[ t n m c 8 5% B
2, 2i{ |134|1 | 3% | 7| 2% 3% | 2% 150 | 1.1| PN 21
B 245 |37 |1 i 28| Bkl She | 348 1S fihis) 17| PN 22
3, 314, 33 |24 lgg 1% | 4% | & 32 20| 2.5 | PN 23
38, 4 | 15¢ | 34 | 154 | 4% | 5% | 4 g 2180y 3.7 | PN 24
*43{, 415, *43 | 314 (119 | 14 132 5% | 685 | 54 8, | 4.6 PN 25
5,  *3f 1 8|1 64 | 793 534 14 [31%4, 6.2| PN 26
535, *5%, 6 |43 |1 ? |18g| 7" | 8ig| 6is 8 |anie | 7.8| PN 27
tsg, #8155 |1 1% 7% | 86| 7 4135, 0.0 | PN 28
835, 7 5& 2 14| 815 | 956 | 734 3 |5%0 [11.8| PN 20
*714, 714 2 1% | 86 (10" | 8 531 [14.3 | PN 30
*73¢, 8 *817 |8 |2y 2i¢ | 945 [10% | 8 51844/18.6 | PN 31
*815, 9" |8 2§ 214 [10% 117 95. 5184238 | PN 32
#91g) 10 |6 |2 214 1134 113 |10%4) 3 [51%,31.1| PN 383

Pins marked * are special.
COTTER PINS
AMERICAN BRIDGE COMPANY BTANDARD
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RIVETS

STRUCTURAL RIVETS
AMERICAN BRIDGE COMPANY STANDARD

Dimensions in Inches

e et e 113g----a
g T -
)V . &w Soss
=iy
H |’"f _.?
. S
ST VIS
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194 [ TR
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t--—l--‘-vi .1 _%_‘; ' 'I l! I 'fg
GenNeraL ForMuLAs ¥or PROPORTIONS oF RiveTs, 1v INCHES
:m% Full driven head, diameter, a=1.5 d + 4’
)t R " % " depth, b=0425a
¢ v * " radius, c=b
a

A w “ M“’. e=15b
%_* Countersunk head, depth, t=0.5d
L--*--r—-:'--‘ = by *  diameter, g=1.577d
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STRUCTURAL RIVETS

AMERICAN BRIDGE COMPANY STANDARD

Lexatus or FieLp Rivers rorR Various Grips

Dimensions in Inches
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RIVETS

STRUCTURAL RIVETS

AMERICAN ARIDGE COMPANY BTANDARD

WeicaT 1x Pounps PEr 100 Rivers wita Burron Heaps

Length Diameter of Rivet, Inches Length Di of Rivet, Inches
Under Under
Head, Hesd,
Toches| % [ 22| 5% (% | % | 1 |13 1% 3 [1a5| % | | 1 |11
5 |18|33|53| 78/109)146|190] 252
14 |18(34 |54 | 80|111|149]193| 256
14 | 6|12 3 |10(34|55| 82/113|152/197| 260
% | 713 3% 19|35 |56 | 83/115|155|200| 265
3¢ | 7[13 |28 91130 34 20|36 |57 | 85|118|157(204 269
55 | 7 (14|24 71 134 % |20(36 (58 | 86/120|160 207|273
3¢ | 8|15(25 7 130 3¢ |20/37 60| 88|122{163|211| 278
1% | 815|206 77/11021143| 34 [21(38 |61 | 89|124| 166|214 282
2 916 |27 105148 6 |21 (38 (62| 01|126|169(218| 287
14 | 91728 82100152 14 |22(39 (63| 93|128|171|222| 291
% | 9|18 |20 112156 3§ |22 |40 |64 | v4/130|174/225] 205
35 |10 |18 |30 116 161| 3¢ |22(40 (65| 06|132|177|229| 300
14 |10 (19 | 31 91/119(165| 14 |23 |41 |66 | 97|135/180|232| 304
54 |11 |20 |32 93/123(1690| 85§ |23 |42 |67 | 99|137|182|236| 308
3 |11 (20|34 126/174| 3{ |24 |43 |68 100|139 185|239| 313
% [11 (21 |35 130 178) 7§ |24 |43 |69 |102|141|188|243| 317
3 |[12]22|36 75(102(133(182] 7 |24 |44 |70 |104]143(191|246) 321
1§ (12|22 |87 105/137/187( 14 | 25|45 |71 [105|145/194|250| 326
3£ |13 |23 |38 107|141/101 3£ | 25|45 |73 [107|147|196|253| 330
35 (13|24 |30 81{110{144/105| 3¢ |26 |46 |74 108|149/190)257| 334
15 |13 |24 |40 113/148(200| 3¢ |26 |47 |75 |110|152|202|260| 339
55 |14 |25 (41 11315120‘ 85 |26|47 |76 |111|154/205)264 343
3 (14 |26 |42 118155/ 208| 3§ |27 /48 |77 |113|156)207|267| 347
1% 15|27 148 121/158/2131 1§ |27 (40|78 |114|158)210|271| 352
4 |15)27 |44 124/162(217| 8 |27 |50 |79 |116|160|213|274| 356
34 |15|28 |45 127/165(221| 14 |28|50 |80 |118162 216 278 360
1 |16 |29 47 1301169 226 | 1 | 28|51 |81 119 164|219/281| 365
35 |16 |20 |48 132172230 35 | 29|52 |82 121 166/ 221285 | 369
34 |16 |30 (49 |72/101/135 176,234 14 |20 52 (83 |122|169|224|288| 373
55 |17 |31 |50 |74(103/138(170230| 54 |29 (53 |84 [124[171|227|292| 378
35 |17 (31|51 |75[105(141/183 243 3{ |30 54 |86 |125|173| 230|295 382
7% (18|32 |52|77/10 14313%47 %% |30)54 |87 127|175 232|200| 386

Diameter of B‘.ivehl.lnuhu

g % | % | % | % | %] 1 |14

100 Heads as made on rivets, Pounds.. .| 2.4 | 5.0 | 9.7 [16.0|24.0 350 49.0 | 78.0

100 Heads as driven in work, Pounds.. .| 1.9 | 4,0 | 7.5 |12.5118.5|27.0137.5|51.0
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CARNEGIE STEEL COMPANY

AMERICAN BRIDGE COMPANY

SPECIFICATIONS

FOR

STEEL STRUCTURES

DesiaN, DeTaIiLs oF CONSTRUCTION AND WORKMANSHIP

AporTED 1912

DESIGN

1. Loads. The steel frame of all structures shall be designed
so as to safely support the dead and live loads. The dead load shall
consist of the weight of all permanent construction and fixtures,
such as walls, floors, roofs, interior partitions, and fixed or permanent
appliances. The live load shall consist of movable loads on floors,
loads due to machinery or other appliances, and the exterior loads
due to snow on the roof and to wind.

2. For structures earrying traveling machinery, such as cranes,
eonveyors, ete., 25 per cent shall be added to the stresses resulting
from such live load, to provide for the effect of impact and
vibrations.

3. The wind pressure shall be assumed acting horizontally in
any direction as follows:—

First: For finished structures—A pressure of 20 pounds per
square foot on the sides and ends of buildings and on the vertical
projection of roof surfaces, or

Second: In process of construction—A pressure of 30 pounds
per square foot on vertical surfaces and the vertical projection of
inclined surfaces of all exposed metal or other frame work.

04




CONSTRUCTION SPECIFICATIONS

4. Unit Stresses. All parts of structures shall be proportioned
so that the sum of the dead and live loads, together with the
impaet, if any, shall not cause the stresses to exceed the following
unit stresses in pounds per square inch:

Tension, net section, rolled steel....................... 16000
Direct compression, rolled steel and steel castings. ...... 16000
Bending, on extreme fibers of rolled shapes,

built sections, girders, and steel castings.............. 16000
Bending on extreme fibers of pins...................... 24000
Shear on shop rivets and pins.............o0viuvnnnn 12000
Shear on bolts and field rivets.. ....................... 10000
Shear—average—on webs of plate girders and

rolled beams, gross section...............covvuurnnn. 10000
Bearing pressure on shop rivets and pins............... 24000
Bearing on bolts and field rivets.............. ... ... 20000

Pressure per linear inch on expansion rollers shall not exceed
600 times the diameter of rollers in inches.

Axial compression of gross sections of columns, for
Fatioof Lr up 01800 . L. b e calaid et el 19000—100 I/r
Wb maEimumiel s Gk e e ety et o | 13000
where I=-effective length of member in inches,
r=corresponding radius of gyration of section in inches.

For ratios of I/r up to 120, and for greater ratios up to 200, use
the maximum stresses given in the following table. For intermedi-
ate ratios, proportional amounts are used.

Unit Stress: 19000—100 1 /7 Unit Stress: 13000—50 I/r
Ratio, I /7 Max, Stress, Ib. /eq. in. Ratio, I/r Max. Stress, |b. /sq. in.

60 13000 130 6500
70 12000 140 6000
80 11000 150 5500
90 10000 160 5000

100 9000 170 4500

110 8000 180 4000

120 7000 190 3500

5. For bracing and combined stresses due to wind and other
loading, the permissible working stresses may be increased 25 per
cent—provided the section thus found is not less than that required
by the dead and live loads alone.
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PROPORTION OF PARTS

6. General. The effective or unsupported length of main
compression members shall not exceed 120 times and for secondary
members 200 times the least radius of gyration.

7. In proportioning columns, provision must be made for
eccentric loading.

8. In proportioning tension members, net section must be used.
Rivet holes deducted must be taken 14 inch larger than the nominal
size of rivets.

9. Members subject to the action of both axial and bending
stresses shall be proportioned so that the greatest fiber stress will
not exceed the allowed limits in that member.

10. Members subject to alternate stresses of tension and
compression shall be proportioned for the stress giving the largest
section, but their connections shall be proportioned for the sum of
the stresses.

11. Girders. Rolled beams and channels, and built-up members
used as beams and girders shall be proportioned by the moment
of inertia of their gross sections.

12. Plate girder webs shall have a thickness not less than %460
of the unsupported distance between flange angles. The webs
shall have stiffeners, generally in pairs, over bearings, at points of
concentrated loading, and at other points where the thickness of
the web is less than 1o of the unsupported distance between
flange angles, generally not farther apart than the depth of the web
plate, with a maximum limit of 6 feet.

13. The lateral unsupported length of beams and girders shall
not exceed forty times the width of the compression flange. When
the unsupported length (I) exceeds ten times the width (b) of the
compression flange, the stress per square inch in the compression
flange shall not exceed 19000—300 I/b.

DETAILS OF STEEL CONSTRUCTION

14. General. Adjustable members in any part of structures shall
preferably be avoided.

15. Sections shall preferably be made symmetrical.
16. Noconnection, except lattice bars, shall haveless than two rivets.
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CONSTRUCTION SPECIFICATIONS

17. Trusses shall preferably be riveted structures. Heavy
trusses of long span, where the riveted field connections would
become unwieldy, or for other good reasons, may be designed as
pin-connected structures.

18. Abutting joint in compression members faced for bearing
shall be spliced sufficiently to hold the connecting members accu-
rately in place. All other joints in riveted work, whether in tension
or compression, shall be fully spliced.

19. Lateral, longitudinal and transverse bracing in all structures
shall preferably be composed of rigid members, and shall be designed
to be sufficient to withstand wind and other lateral forces iwhen
building is in process of erection as well as after completion.

20. Girders. When two or more rolled beams are used to form a
girder, they shall be connected by bolts and separators at intervals
of not more than 5 feet. All beams having a depth of 12 inches and
more shall have at least two bolts to each separator.

21. The flange plates of all girders shall be limited in width, so
as not to extend more than 6 inches beyond the outer line of rivets
connecting them to the angles, or eight times the thickness of the
thinnest plate.

22. Web stiffeners shall be in pairs and shall have a close bearing
against the flange angles. Those over the end bearing or forming
the connection between girder and column shall be on fillers.
Intermediate stiffeners may be on fillers or crimped over the flange
angles. .

23. Web plates of girders must be spliced at all points by a
plate on each side of the web, capable of transmitting the full stress
through splice rivets.

24. Riveting. The minimum distance between centers of rivet
holes shall be three diameters of the rivet; but the distance shall
preferably be not less than 3 inches for 74-inch rivets, 214 inches
for 34-inch rivets, 2 inches for 3-inch rivets, and 134 inches for
14-inch rivets. The maximum pitch in the line of stress of com-
pression members composed of plates and shapes will not exceed
sixteen times the thinnest outside plate with a maximum of 12 inches,
or twenty times the thinnest enclosed plate with a maximum of 15
inches, Rivets used to stitch two or more plates or shapes together,
not in line of stress, will be spaced not to exceed twenty-four times
the thinnest plate or shape.

25. For angles in built sections with two gage lines, with rivets
staggered, the maximum pitch in the line of stress in each gage line
shall not exceed twenty-four times the thinnest plate, with a
\_mfximum of 18 inches.
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CARNEGIE STEEL COMPANY

26. The minimum distance from the center of any rivet hole
to a sheared edge shall be 114 inches for 7¢-inch rivets, 114 inches
for 34-inch rivets, 114§ inches for Zg-inch rivets, and 1 inch for
14-inch rivets; and to a rolled edge, 114, 134, 1, and 7% inches,
respectively.

27. The maximum distance from any edge shall be eight times
the thickness of the plate.

28. The pitch of rivets at theends of built compression members
shall not exceed four diameters of the rivets for a length equal to
one and one-half times the maximum width of the member.

29. [Latticing. The open sides of compression members shall be
provided with lattice bars, having tie plates at each end and at
intermediate points where the lattice is interrupted. The tie
plates shall be as near the ends as practicable. In main members
carrying calculated stresses, the end tie plates shall have a length
not less than the distance between the lines of rivets connecting
them to the flanges, and intermediate ones not less than half
this distance. Their thickness shall not be less than 150 of the
same distance.

30. The latticing of compression members shall be proportioned
to resist a shearing stress equal to 2 per cent of the direct stress.
The minimum thickness of lattice bars shall be for single lattice,
140, and for double lattice, 4o of the distance between the end
rivets. Their minimum width shall be as follows:

For 15-inch channels, or

built sections with 3 14 and 4-inch angles, 214 inches ( 74-inch rivets).
For 12-10-and 9-inch channels, or

built sections with 3-inch angles. . ... ..2}4 inches (3;-inch rivets).
For 8-and 7-inch channels, or

built sections with 214-inch angles.. ... 2 inches (%¢-inch rivets).
For 6-and 5-inch channels, or

built sections with 2-inch angles...... . 134 inches (}4-inch rivets).

31. The inclination of lattice bars with the axis of the member
shall generally be not less than 45 degrees. When the distance
between the rivet lines in the flanges is more than 15 inches, if a
single rivet bar is used, the lattice shall be double.

82. The pitch of lattice connections, along the flange, divided
by the least radius of gyration of the member between connections,
shall be less than the corresponding ratio of the member as a whole.
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CONSTRUCTION SPECIFICATION

33. Pins. Pin holes shall be reinforced by plates where necessary.
At least one plate shall be as wide as the projecting flanges will
allow; where angles are used, this plate shall be on the same side as
the angles. The plates shall contain sufficient rivets to distribute
their portion of the pin pressure to the full cross section of the
member.

34 Pins shall be long enough to insure a full bearing of all parts
connected upon the turned-down body of the pin. Members
packed on pins shall be held against lateral movement.

WORKMANSHIP

35. General. The workmanship shall be equal to the best
practice in modern structural works. Shearing shall be done
accurately, and all portions of the work exposed to view shall be
neatly finished,

36. Punching. The diameter of the punch shall not be more
than g inch, nor that of the die more than 1§ inch, larger than
the diameter of the rivet. Punching shall be done accurately, but
an occasional slight inaccuracy in the matching of holes may be
corrected with reamer. Drifting to enlarge unfair holes will not
be allowed.

37. Riveting. The size of rivets shall be as called for on the
plans. Rivets shall be driven by pressure tools wherever possible.
Pneumatic hammers shall be used in preference to hand driving.
Rivets shall look neat and finished, with heads of approved shape,
full and of equal size. They shall be centered on the shank and
shall grip the assembled pieces firmly.

38. Assembling. Riveted members shall have all parts well
pinned up and firmly drawn together with bolts before riveting
is commenced. Contact surfaces shall be painted. Abutting
joints shall be cut or dressed true and straight and fitted closely
together. In compression joints depending on contact bearing, the
surfaces shall be truly faced, so as to have even bearing after they
are riveted up complete and when perfectly aligned. The several
pieces forming one built member shall be straight and shall fit
closely together, and finished members shall be free from twists,
bends or open joints.
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39. Eye Bars. Eye bars shall be straight and true to size, and
shall be free from twists, folds in the neck or head, or any other
defect. Heads shall be made by upsetting, rolling or forging.
Welding will not be allowed. Before boring, each eye bar shall be
perfectly annealed and carefully straightened. Pin holes shall be
in the center line of bars and in the center of heads. Bars of the
same length shall be bored so accurately that, when placed
together, pins %2 inch smaller in diameter than the pin holes can
be passed through the holes at both ends of the bars at the same
time.

40. pins. Pins and rollers shall be turned accurately to gages,
and shall be straight, smooth and entirely free from flaws. Pin holes
shall be bored true to gages, smooth and straight, at right angles
to the axis of the member and parallel to each other, unless other-
wise called for. Wherever possible, the boring shall be done after
the member is riveted up. The distance from center to center of
pin holes shall be correct within 142 inch, and the diameter of the
hole not more than % inch larger than that of the pin for pins
up to 5 inches diameter, and %42 inch for larger pins.

41. Bed Plates. Expansion bed plates shall be planed true and
smooth. The cut of the planing tool shall correspond with the
direction of expansion.

42. Annealing. Steel, except in minor details, which has been
partially heated, shall be properly annealed. Welds in steel will
not be allowed. All steel castings shall be annealed.

43. Painting. Steel work, before leaving the shop, shall be
thoroughly cleaned and given one good coating of such paint as
may be called for, well worked into all joints and open spaces.

44. In riveted work, the surfaces coming in contact shall be
painted before being riveted together.

45. Machine-finished bearing surfaces coming in contact with
gimilar surfaces should be coated with white lead and tallow before
shipment.

46. Inspection. The manufacturer shall furnish all facilities for
inspecting and testing the weight, quality of material and work-
manship. He shall furnish a suitable testing machine for testing
the specimens, as well as prepare the pieces for the machine free of
charge.

47. He shall give the inspector for the purchaser free access
to all parts of the works where the material under inspection is
manufactured.
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ELEMENTS OF SECTIONS

ELEMENTS OF SECTIONS

In the computation of the values of structural shapes for the various
conditions under which they are subjected to stress, certain mathe-
matical expressions are used. In the tables of Elements of Sections,
which follow, these values or properties are given in inch-units.

Neutral Axis. The line, in the cross section of a beam or column
in a state of flexure, on which there is neither tension nor compression
the neutral axis passes through the center of gravity of the section
when unit stresses do not exceed the elastic limit of the material.
In the usual position of structural sections there are two neutral
axes, perpendicular to each other, their normal distance from
extreme fiber of the section being designated by x and y.

Moment of Inertin—L.  The sum of the products obtained by multiply-
ing each of the elementary areas of which the section is composed,
by the square of its normal distance from a neutral axis of the section
or from any axis of moments assumed for purposes of caleulation.

Section Modulus—S8. The moment of inertia divided by the normal
distance from the axis to which it refers to extreme fiber of the
section. For the two moments of inertia, corresponding to the two
principal axes of a section, there are also two section moduli.

The section modulus is used to determine the stress in the extreme
fiber of a section, subjected to bending stresses, by dividing the
bending moment by the seetion modulus referred to neutral axis
normal to line of force, both values being expressed in like units of
measure; the section modulus of a section, is obtained by dividing
the bending stress by the allowable fiber stress, both values also in
like units of measure; the proper section is then obtained from this
section modulus by reference to the tables of Elements of Sections.

Radius of Gyration—r. The normal distance from a neutral axis to
the center of gyration, the point where the entire area is considered
to be concentrated and have the same moment of inertia as the
actual area. The radius of gyration of a section referred to a neutral
axis, or any axis of moments, is equal to the square root of (moment
of inertia, referred to that axis, divided by the area).

The radius of gyration of a section is used to ascertain the safe
load this section will sustain when used in compression, as a strut
or column. The unbraced length of the section divided by the least
radius of gyration is denominated the Ratio of Slenderness.

The elements and also the areas of structural sections on pages 110 to 120 have been
computed from theoretical straight-line dimensions in accordance with formulns given on pages
106 and 107, and no account has been taken of fillets and roundings.
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ELEMENTS OF SECTIONS
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CARNEGIE STEEL COMPANY

COMPOUND SECTIONS

MomeNTs oF INERTIA, S3ECTION MoODULL, AND RADII 0F*GYRATION

The moment of inertia of a compound section about ita neutral axis is equal to the sum of

the moment of inertia, I, of the component parts about axes through th

their own centers of gravity,

uares of the distances d, of their

plus the areas A, of the component parts lgultti_pt!ind by thm
¢ compo

own centers of gravity from the neutral axis of

section, or

i 25 08”" Moment of Inertia It = I+Ad2
P

T - Section Modulus ~ §1= 1L

1 1

Vs £l

: 2 ] Radiua of Gyration 11 = \-1-

E '.-‘ rb-"l Exawrie 1. Required the moments of inertia and the
sy i section moduli about axes 1-1 and 22 of a compound
3'1—— -+ % gection to be used as a girder, composed of
1 o 1 Web Plate 33''x14""

I 5 4 Flange Angles  6"'x4"'x54""

s =] 2 Flange Plates  14"'x34""

:'EI. _______ S basing the properties on the groas area of the section,

A ) Determine the distances, of the conter lines of gravity of

plates and angles, from the neutral axes
- section, from the dimensions given, then

of the compound
for

AXIS 1-1 I;-y of 4-6"'x4"'x54"" Angles = dx 7.5 = 30.00 Inches 4
Ad? of 4-8"'x4''x84"" * =4 x 5.86x15.722 = 579246 "
In-1 of 1-33"'x1g" Plate =1x L = 1407.38 'y
Tt i W Semgy OIS o ggs | ¢
Ad? of 2-14"x34" 5 = 2x 10,50 x17.125¢ = _6158.58 *“
Moment of Inertia, gross section L 13479.40 Inches ¢
Section Modulus, = 137840 770.26 Inches 8
AXIS 22 Ts.g of &6"x4""x5¢" les —=dx 1.1 = 84.40 Inches 4
Kl of Lowagy R 243 502282 = 1235
Tns of 1687x34” Plate  =1x —208° _ — o3
8
Iosof Bansgn =gy 2EE U300 "
Moment of Inertia, gross section 540.50 Inches 4
3 . " i 540.59
Bection Modulus, e 78.51 Inches ®
11 it is desired to caleulate the properties of the net section, vis., to deduct the area of the rivet
1 as foll ing that 74" holes for 34" rivets are to bededucted and that not more

than one rivet will be driven in any zme?cg of the angles in the same plane of the section.

AXIS 11 Ty.; of gross section ostsgrgs = 1AT9A0 Tnches ¢
Deduct  Ty.g of 4-0875/x1.375" Reotangles= 4 x—=—75"0— = 076 *
L Ad2of4-0875"x1375" =4 x1203x108125%= 136016
i Laof20875"x1 s 4 =2x-LTBOAIR - g3
oy Ad2of 2-0.8757x1.75” ¢ = Zx1.53Ix14.252= _ 62177 “
Moment of Inertia, net section 11496.51 Inches 4
Section Modulus, “  * oSl | 5004 Thea B
AXIS 2-2  Ia-sofgross section =  540.50 Inches ¢
Deduct  Ia-20f4-0.875"x1.375" Rectanglea =4 x 12550882, g1«
“ Ad?of 4-0.875"x1.375"  *  —4x 12053752 = 6767
“ Lsof208757st7s” ¢« =—axO8LIE g3 v
Moment of Inertia, net section 450.83 Inches +
Section Modulus, “ ¢ A5 — 63,60 Tnches ®
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ELEMENTS OF SECTIONS

COMPOUND SECTIONS—Concluded

2| Examriz 2. Required the moments of inertis and radii of
''''' “""ﬁ'lﬁ*_'! gyration about axes 1-1 and 2-2 of & column section composed
— }— a8 follows:—

& 2 Channels 12”530 pounds per foot,

: 2 Flange Plates 14" x3{"’,

Ml 5 properties to be bused on the gross section, no deduction
[ being made for holes,

Determine the distances, d, of center lines of gravity for
::.I the various sections from the neutral axes 1-1and 2-2, in
accordance with the dimensions given, then for

AXIS 1-1 Iyq of 2-12 Channels30lbs.= 2x 161.2 = 32240 Inches ¢
Iia of 2-14"x3{"" Plates = 1z -Ell%-& = 0.08 -

Ad® of 2-147x3{"" *“ = 2x10.5x6.3752 = 85345 *
Moment of Inertis, gross section 1176.83 Inches &

Radivsof Gymation, * * = Vi = 552 lnches

AXIS 2-2 Iza of 2-12Channels30lbe.= 2x 5.2 = 1040 Inches 4
Ad? of 2-12" Channela80lbs.= 2x 8.70x4.172 = 30570 *“
Ios of 2-14"x3"” Plates = x T8I _ 3509 o
Moment of Inertis, gross section 659.10 Inches ¢

Radius of Gyration, . “ = \!—5@= 4.13 Inches

2 Exawrie 3, Required the radii of gyration about axes I1-1
~ —; and 2-2 of a strut section composed ns follows :—
|H| S 46" x4 x 36" Angles latticed by %e” bars,
bir | L{mﬁubhhﬂdmt&mu&ﬁmdmmw

1-——-4——=—=--%] tions being made for rivet holes nor any allowance for Isttice bars.

Determine the distances, d, of center lines of gravity of angles:
JE from neutra! axes 1-1 and 2-2 in accordance with the dimensions:
gj given, then for
AXIS 1-1 Iyq of 4-6”x4"x34" Anglea= 4x 4.9 19.60 Inches 4
Ad? of 467xd"x3g" “ = 4x3.01 x 5.002 o~
of Inertia, gross seotion 280.32 Inches ¢

e i | | NIRRT

AXIS 222 From tables of radii of gyration for 2 angles placed back to
page 155, axis 2.3, 35" apart, fag of 407 x4/ 234" aneiemes 07 Tachenr X

(]
{2
]

;

ria= y TI72-£5.008 = 5.19 Inches

109




CARNEGIE STEEL COMPANY

ELEMENTS OF STRUCTURAL BEAMS

2
I—-#—-1
Dsih Weight| Area | Width | Thick- Axis 1-1 Axis 2-2
Section b P R L T

Index | Beam Flange| Web | ™7 "¢ [ 8 | T | r | 8
In. |Lbe. | Ina| In. | In | In¢ | In. | In8 [Iné | In. | Ins8
B61 | 27 | 90.0|26.34]90.000 0.5242058.3 10.60 219.1|75.3 1.69 |16.7
120.0 | 35.13 | 8.048 | 0.798 [3010.8 9.26| 250.9 | 84.9 | 1.56 | 21.1
B1s | 24 |115.0(33.67 [7.987 |0.737 [2040.5| 9.35 | 245.0 | 82.8 | 1.57 [20.7
110.0 |32.18 | 7.925 | 0.675 2869.1| 9.44 | 239.1 | 80.6 | 1.58 | 20.3
105.9 | 30,98 | 7.875 | 0.625 2811.5{ 9.53 | 234.3 | 78.9 | 1.60 | 20.0
100.0 | 20.25 | 7.247 | 0.747 2371.8| 9.05 | 197.6 | 48.4 | 1.20 | 13.4
95.0 | 27.70 | 7.186 | 0.686 2301.5 47.0|1.30 [ 13.0
B 1| 24 | 00.0|26.30|7.124)0.624 2230.1 45.5(1.32(12:8
85.0 | 24.84 | 7.063 | 0.563 [2159. 442|133 [12.5
70.9 | 23.33 | 7.000 | 0.500 rzoa? 429 1.36 [12:2
B62 | 24 | 74.2|21.70(9.000 [0.476 1950.1 61.2|1.68 [13.6
B63 | 21 | 60.4[17.68)8.250|0.428 [1235.5 43.5|1.57 | 10.6
100.0 | 29.20 | 7.273 | 0.873 1648.3 524134 |144
05.0 | 27.74 | 7.200 | 0.800 [1599.7 50.5 1.356 [ 14.0
B 2| 20 | 90.0|26.26|7.126|0.726 [1550.3 48.7 (136 [13.7
85.0 | 24.80 | 7.053 | 0.653 |1501.7 47.0/1.38(13.3
81.4 | 23.74 | 7.000 | 0.600 1466 45.8/1.39 [13.1
75.0 | 21.00 | 6.301 | 0.641 1263.5 30.1(1.17| 9.4
s 3| 20 | 7000|2042 6317 |0.567 1214 2800119/ 9.2
| 65.4 | 19.08 | 6.250 | 0.500 1169.5 279/1.21| 89
' 90.0 | 26.20 | 7.236 | 0.796 1256 51.0/1.40|14.3
815 | 18 | 55.0|24.81|7.154|0.714 1216. 490.8|1.42 | 140
| 80.0 | 2334 | 7.072 | 0.632 [1176. 470143138
: l 75.6 | 22.04 | 7.000 | 0.560 1141.8 463 (1.45(132
| 70.0 | 20.46 | 8,251 | 0.711 | 917.5] 245(1.00| 7.8
4| 18 | 05.0]18.98 6.169 |0.629 | 877.7 234 111| 76
| | 60.0|17.50 | 6.087 |0.547 | 837. 223(1.13| 7.3
| 54.715.94 |6.000 |0.460 | 795.5 21.2(1.15] 71
4 | 18 | 48.2 14.09|7.500|0.380 | 737.1 30.0(1.48| 8.0
75.0 | 21.85 | 6.278 | 0.868 | 687 306/1.18| 0.8
. ¢ | 15 | 700|20:38 8.180|0.770 | 659 28.8/1.10| 93
65.0 | 18.91  6.082 |0.672 | 632.1 272/1.20| 89
60.8 | 17.68 | 6.000 | 0.590 26.0/1.21| 8.7
55.0 |16.06 | 5.738 [ 0.648 | 508.7 17.0/1.08| 5.9
B 7| 15 | 50.0|14.595.640 |0 481.1 16.0 | 1.05| 5.7
45.0 [13.12 | 5.542 | 0.452 ; 15.0 |1.07 | 5.4
42.9 | 12.49 | 5.500 [ 0.410 | 441 14.6 | 1.08| 5.3
B6s | 15 | 37.3/10.01/6.750|0.332 | 405 19.911.35| 5.9




ELEMENTS OF SECTIONS

ELEMENTS OF STRUCTURAL BEAMS—Concluded
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CARNEGIE STEEL COMPANY

ELEMENTS OF H BEAMS

Depth | Weight| Area | Width | Thick- Axis 1-1 Axis 2-2

Bection | °f l‘[oer of of | ness

Taidie Beam | Foot |Bection| Flange of Web, I r s r | ]

In |Lbe. [In2 | In, | In. [ Iné | In. | In® | Iné | In | Ins

37.7 |11.00|8.125|0.500| 120.8| 3.31 | 30.2 | 36.9 | 1.83 | 9.1

H4 8 34.3 | 10.00|8.000{0.375|115.5| 3.40 | 28.9 | 35.1 | 1.87 | 8.8

32.6| 9.50|7.938/0.313|112.8| 345 | 28.2 | 34.2 | 1.90 | 8.6

26.7| 7.76/6.125/0.438| 47.4| 247 | 156.8 | 15.7 | 1.42 | 5.1

H3 6 24.1| 7.01/6.000 0.313| 45.1| 2.54 | 15.0 | 14.7 | 1.45 | 4.9

22.8| 6.63|5.938/0.250| 44.0| 2.58 | 14.7 | 14.2 | 1.46 | 4.8

H2 18.9 | 5.47/5.000/0.313| 23.8| 2.08| 9.5 7.8 | 1.20| 3.1

H1 4 13.8]| 3.99 4.0000.313| 10.7] 1.64 5.3 3.6| 0.95| 1.8

ELEMENTS OF U. 8. STEEL SHEET PILING SECTIONS

Dimensions Weight | Area Axis 1-1
Section of
Thdese b c d ] oot | Section | I r %8
In. In. In. In. Lbs. In.2 Ins In. Ins
M 105 | 13} | 3154, 214 14 42,5 | 12,51 | 8.56 | 0.83 4.35
M 104 | 131 | 3184, 21 % 38 11.30 | 8.50 0.87 4.32
M 103 915 | 204¢ 15¢ b 16 4.71 | 1.45 0.56 1.13
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ELEMENTS OF SECTIONS

ELEMENTS OF STRUCTURAL CHANNELS

American Standard Sections
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CARNEGIE STEEL COMPANY

American Standard Sections

ELEMENTS OF SHIP BUILDING CHANNELS

Ap-

rﬂ

Axis 2-2

In. | Ins®

Ins

In. | In®

|

Width Thick- Axis 1-1

Area
of
Sec-
tion

SUNRSD DS

th gy,

mea

SRS

v L]

i %88 &8K8S

In. | Lbs. [In2 | In. | In. | Ins

e

8

British Standard Sections are indicated in bold
i :mﬁhilhnmme“ﬁmsmu%m

ons and of the
fcmhnunnmﬂs"hm
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ELEMENTS OF SECTIONS
American Standard Sections

Area |
Bee- |y
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Wt.
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ELEMENTS OF SHIP BUILDING CHANNELS
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CARNEGIE STEEL COMPANY

ELEMENTS OF SHIP BUILDING BULB ANGLES

American Standard Sections
ry
e
2 2
ot =)
[}
Thick wy, | Area Axis 1-1 | Axis 2-2
g " ness of 5 |
Beotion |  Sise of ;o(:t Soc-
Index Web ting ol B i I X r 8 ¥
Inches | In. | Lbs, | In2 | In& | In. | In8 | In. | Ins | In. | In3 | In,
0.725/ 85.2 [10.35(122.0/3.43 | 22.3 [4.53 | 6.3 |0.78 | 2.3 |0.76
BA 19510 X34, r 352 | 07711159/ 3.44 | 212|452 | 5.8 (077 | 2.1 |0.74
.azs‘ 81.1| 0.141110.4/3.48 | 203 |4.56 | 5.6 [0.78 | 2.0 |0.72
0
BA 10610 X334, 5 20.1 | 8.55/104.33.40 | 19.2 | 4.56 | 5.1 |0.77 | 1.9 | 0.70
BA 197 10 xah,o.szs‘:o.o 7.90| 98.2/3.53 |18.3 [4.62 | 4.8 [0.78 | 1.7 |0.69
(BSBA 18) 475249 | 7.32 02.113.55 |17.2|463 | 44 |078 | 1.6 |0.68
600 28.8 | 8.47 93.0/3.32 [17.9 4.30| 5.3 [0.79 | 1.9 |0.73
e 205| M x3)8, 550 26.9 | 7.91 §7.93.33 169|420 49 |0.79 | 1.8 [0.71
BA 206, 1 4,0.50024.7 | 7.28 82.43.37 16.0 4.36 4.6 |0.79 | 1.6 |0.69
mmi* .wdin.s 6.72| 77.1/3.39 |15.1 |4.36 | 4.2 [0.79 | 1.5 |0.68
| |
! 10.675{30.4 | 8.95 86.3/3.11[17.2 4.00| 5.8 (0.81 | 2.1 |0.76
w5 mli - ’3”E. 28.6 | 8.41| 81.83.12 | 16.4 398 | 5.4 |0.80| 2.0 |0.74
.575/26.6 | 7.82| 77.6/3.15|156 |4.03| 5.1 [0.81| 1.8 |07
o A xa;ﬁf]jzﬂz‘;.s 7.29| 73.1{3.17 | 14.8 4.03 | 4.7 [0.50 | 1.7 |071
. .
BA 203! o 33!4:.47{:2.1 6.68) 68.4 3.20 | 13.9 (4.10 4.3 |0.81| 1.5 |0.70
(BSBA 16 0.425 209 6.14/ 63.83.22/13.1|4.10| 39 |0.50 | 1.4 068
| |
. 0.575(25.3 | 7.43 65.5{2.07 13.8|374| 5.0 |0.82 | 1.8 | 0.74
BA 2088} x3)6) w5 235 | 6.92| 61.7]2.98 |13.0|3.73| 4.6 [0.82 | 1.7 [072
BA 209, < q; 10.4?5!31.6 6.34, 57.7 3.02|12.3(3.80| 4.3 |0.82| 1.5 |0.71
(BSBA 14) 540.4253 10.8 | 5.83| 53.8/3.04 | 11.5[3.80| 3.9 |0.82 | 1.4 |0.69
|
. »50{23.4 6.80| 60.1)2.06 [13.1 |3.80| 3.1 |0.67 | 1.3 |0.63
£ 2“‘85“3 500 21.7 | 6.39| 56.4/2.97 |12.3[3.80| 2.8 |0.66 | 1.2 [0.61
BA 2120, 4 0.450 19.8 | 5.84| 52.73.00 | 11.63.96 | 2.6 [0.67 | 1.1 |0.60
mmm‘ 18.1 | 5.34| 48.9 3.03 | 10.8 [3.96 | 2.3 | 0.66 | 0.99 0.58

Dimensions and properties of the British Standard Sections are indicated in bold type.

116




ELEMENTS OF SECTIONS

ELEMENTS OF SHIP BUILDING BULB ANGLES

American Standard Sections
ﬁ
- 1
+ Ly
i
sk < [TAeE | Ao Axis 11 Axis 2-2

Bection of l‘i::' e
Index Web tion | I r 8 x 1 r 8 y
Inches | In. |[Lbs. | In® | Iné | In. [ In®| In. | Iné| Tn. | Ins | In.
10.55023.2 |6.83 | 53.7 2.81 (11.0(3.49| 4.8 |0.84| 1.7 | 0.75
BA 214 8 x38M 5oof21.6 | 6.84 | 50.4 |2.82 [11.2|3.48 | 4.4 [0.83 | 1.6 |0.73
BA 215| g q1,0.450(19.6|5.78 [47.1/2.85 10.6 [3.54 | 4.0 |0.84 | 1.4 |0.71
(BSBA 12) 0.400{18.0 | 5.20 |43.8|2.88 | 9.8|3.54| 3.7 |0.83| 1.3 |0.70
BA 217 & x g 0075/ 28.16.78 | 52.4|2.78 |12.0|3.64 | 3.2 [0.69| 1.3 |0.65
: * 39525 214 |6.31 [40.2| 270 [11.3|3.63| 2.0 [0.68] 1.2 |0.63
BA 218 8 a 0.475 19.6 | 5.78 | 46.1 |2.82 |10.6 | 3.70| 2.7 |0.69 | 1.1 |0.62
(BSBA 1L} ® X .42518.0 | 5.30 |42.9 2.84 [10.03.70| 2.4 |0.68 | 1.0 0.60
10.575{22.8|6.71 |46.2 |2.63 |10.8|3.24| 4.9 [0.86 | 1.8 |0.77
BA 220734 x84 505/ 91.2 | 6.24 | 43.4 264 [102[323| 4.5 085 |17 |07
BA 2317 3 A4T5(19.4 | 5.70 (40.6 |2.67| 96|3.20| 4.2 |0.85| 1.5 |0-73
mlllL*‘* .425[17.85.24 |37.8(2.69 | 9.0(3.20| 3.8 [0.85| 1.4 |0.72
525203 | 598 (41,0 262 | 909|336 2.0 [060] 1.2 064
BA 223714 x 8 | 47515.8| 5.53 | 38.4 | 2.63 | 9.3|335| 2.6 |0.69| 1.1 |0.62
BA 2247, 5 (0425 17.1/5.02|35.7 2.67 | 8.8/3.42| 2.4 [0.69| 1.0 0.61
(BSBA 9) Mx B75/15.6 | 4.57 |33.1 260 8.2({3.42| 2.2 (0.69 092| 0.60
525/ 200 | 590 |35.56 245 | 8.8:295| 4.5 |0.87 | 1.6 057
BA 226/ 7 x3M 47518.6 | 5.48 |33.2| 247 | 8.2]2.904| 4.1 [0ss| 1.5 (075
BA 227 , _,, 0.42516.8|4.94 30.92.50| 7.7 3.00| 3.7 (0.87| 1.4 0.74
(BSBA 8) ¢ *°7%0 375153 | 4.50|28.6|2.52| 7.2|2.99| 3.4 [0.87 | 1.2 [0.12
. 500/ 18.4 | 5.41 [32.5 245 | 8.3/3.00| 27 |0.71| 13 | 0.65
BA 229/ 7 x 3 4 450, 16.9 | 4.98 |30.3 | 2.46 | 7.8/3.08| 2.5 [0.70| 1.2 | 0.63
e .400{ 15,3 | 4.50 | 28.1|2.50 | 7.3[3.14| 2.3 [0.71] 1.1 |0.61
{BSBA 'ni 7x 3| 350,189 | 4.07 |25.0[252| 6.7]3.14| 2.0 |0.70| 1.0 |0.60

Dimensions and propertics of the British Standard Seotions are indicated in bold type.
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CARNEGIE STEEL COMPANY

ELEMENTS OF SHIP BUILDING BULB ANGLES
American Standard Sections

2 el
v
i
R Lo 1 o Axis 111 Axis 2.2
Bection Size of l?ut 8o~

Index Web | ¥29% | tion 1 r 8 X I T 8 ¥
Inches | In. | Lbe. | In® | InA | In, | In.®| In. | In& | In. | In® | In.

BA 233 .400/ 15.0 [ 4.42 | 23.9(2.33 | 6.3 |2.72| 3.5 |0.89|1.3 [0.75
(BSBA 6) 8% X 3% 350] 13.6 | 4.01 | 22.1 |2.35| 5.9 |2.71 | 3.1 |0.89|1.2 |0.73
425(15.0 |4.40 | 235 (2.31 | 6.4 [2.87 | 2.3 |0.73|0.97 | 0.64

BA 236/g10 x 3 (0.375|13.6 |4.00 | 21.7 |2.33 | 6.0 |2.87 | 2.1 [0.72|0.88|0.62
(BSBA5) 350/ 12.9 (3.80 | 20.8|2.34 | 5.7 |2.86 | 2.0 [0.72 |0.84 | 0.61
475/ 16.4|4.82 | 21.4[2.11| 6.0 [2.44| 4.0 |001]1.5 |0.80

*Lloyd | 6 x8%0 425 14.8 |4.34 [19.0(2.14| 5.6 [2.49| 3.6 [0.92]1.3 |0.78
,375/13.4 |3.95 | 18.4(2.16| 5.2 [2.49 | 3.3 [0.91 (1.2 |0.76

*Lioyd | 6 x3%q 350/ 12.8 [3.76 | 17.6[2.17| 5.0 [2.48 | 3.1 091|121 |0.76
.525/16.8 | 4.95 | 21.7[2.09| 6.3 |256 | 2.8 |0.75({1.2 |0.60

241

BA 2411 6 x 3 1) 175/ 15.6 |4.58 | 20.2|2.10| 5.9 |2555 | 2.5 [0.74[11 |0.67
425 14.1 | 4.14 | 18.8/2.13| 5.5 |2.60 | 2.3 |0.75|0.96 |0.66

Béuz‘:;-‘ 6 x 3 0.37512.83.76 [ 17.4[2.15 5.1 [2.60 | 2.1 |0.74 [0.87 0.64
{ 122|358 | 16.6|2.16| 4.9 |2.50 | 1.9 [0.74 | 0.83 | 0.63
500/ 15.1 |4.45 | 16.5 (1,02 5.1 |231 | 2.6 [0.76[1.1 |0.71

BA X 309450139 /410/|153|1.93| 4.8 [230]| 2.4 [0.76|1.0 |0.69
0.400 12,5 [3.68 [ 14.2(1.96 | 45 (2.35| 2.1 |0.76 |0.90 |0.67

1(’&“} 3 gg.ss 11.3/3.33 | 13.0[1.98 | 4.1 |2.35 | 1.9 [0.76 0.81 0.65
325|107 |3.16 | 125[1.90| 4.0 |231| 1.8 |0.75]0.77 |0.64

375/10.4 |3.06 | 9.7|1.78| 8.4 |2.20| 1.2 |0.62|0.58 | 0.56

‘(’ésfg,"a x2140.325 9.3(2.74| 8.8[/1.79] 3.1 |2.19| 1.0 |0.61]0.52|0.54
; 8.8(2.50 | 8.4/1.80| 3.0 |2.19 | 0.95/0.61 |0.49 | 0.53

*Lloyd rolled b Pwdlmwm
Dhnu:.}:‘;m' mpu’ﬁud (%mmdmhdmhﬂm
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ELEMENTS OF SHIP BUILDING BULB ANGLES

Miscellaneous Sections

Bection
Index

Sizea

Thick-|
ness

of
Web

Wt.

oot

Axis 2-2

Inches

Lba.

In.

Int

In. | In#

In.

BA 143 5 x2)%

0.240

8.3

2.41 ’0.91

0.61 |0.47

0.55

ELEMENTS OF CAR BUILDING BULB ANGLES

Bection

Sizes

Thick-
ness

of
Web

Wt.
oot

Axis 2-2

Inches

In.

Lbs.

In.

BA 125 5 x4}
BA 124 5 x3%
BA 122 4 x314
BA 123 4 x34

0.438
0.375
0.500
0.375

19.3
13.2
143
119

20.8
13.5
8.7
79

1.91
1.88
1.44
1.50

79
4.9
3.7
3.5

2.39
2.22
1.65
1.97

79
3.3
3.9
3.1

1.18| 2.4
092)|1.2
0.96| 1.5
094 1.2

1.23
0.86
0.99
0.94
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CARNEQGIE STEEL COMPANY

ELEMENTS OF EQUAL ANGLES
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CARNEGIE STEEL COMPANY

ELEMENTS OF UNEQUAL ANGLES
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CARNEGIE STEEL COMPANY

ELEMENTS OF UNEQUAL ANGLES—Continued
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ELEMENTS OF SECTIONS

ELEMENTS OF UNEQUAL ANGLES—Concluded
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CARNEGIE STEEL COMPANY

ELEMENTS OF EQUAL TEES

:
i
humm e A Axis 1-1 Axis 2.2
wwﬂmm mlxlrs'slrﬂ
MM

In |In | In | In. | Lbe | In? | Ind | In | In® | In. | In¢ | In. |In®
T 40 | 6% | 61 | 0.40| 0.4510.8 |5.80 23.5 |2.01 |50 |1.76|10.1 132 |31
T 1|4 |4 | 1% | % 135 [397]5.7 [1.20]2.0 [1.18]2.8 |0.84 |14
T 2|4 (4 | 3% | % 105 [300]|4.5 |121[16 |123]|21 083|121
T 3 (3% !8%| % | % [11.7 344 8.7 [1.04]1.5 |1.05|1.90 |074[1a
T 4|3% [3%| % | % |02 268 3.0 1.05[1.2 |101|14 |073 081
T 6{3 [3 [1|3% |00 20123 088]/11 |093|1.2 064 0580
T 7(8 |3 |%e|%e| 89 (25921 08909809110 063|070
T 8{8 [8 |3 | % |78 [227]1.80.900.860.88]0.000.63|0.60
T 9(8 |3 | |%e| 67 (195 1.6 0.90 0.74 |0.86|0.75 | 0.62 | 0.50
T10 (2% | 216 | 3% | % | 6.4 [1.87/ 1.0 |0.74|0.59 |0.76 |0.52 | 0.53 | 0.42
T 11 | 2% | 2% | %e | %6 | 5.5 |1.60| 0.88/0.74 (0.50 | 0.74 | 0.44 | 0.52 [ 0.35
T12 |24 | 2% | %e | %o | 4.0 |1.43| 0.65 0.67 |0.41 |0.68 |0.33 | 0.48 | 0.29
T13 |2% | 2% | % | % | 41 119/ 0.52{0.66]0.32 [0.65 | 0.25 |0.46 [0.22
T14 (2 |2 |5 |50 | 4.3 [1.26| 0.44]0.50[0.31 |0.61 |0.23 |0.43 |0.23
Ti15(|2 |2 | % | % |356/1.05|0.37059!026]050 018 0.42 018
T16 [1% | 1% | % | % | 3.09/0.91 | 0.23 0.51 |0.19 |0.54 | 0.12 | 0.37 | 0.14
T17 | 1% | 1% | % | % | 247073 | 0.15/0.45|0.14 | 0.47 | 0.08 | 0.32 | 0.10
T 18 | 1% | 1% | %0 | %40 | 1.94|057 | 0.11{0.45 | 0.11 | 0.44 |0.08 |0.32 | 0.08
T19 | 1% | 1% | % | % | 2.02[0.59 [ 0.08{0.37|0.10 |0.40 | 0.05 [0.28 [ 0.07
T20 | 1% | 1% | %e | %0 | 1.59{0.47 | 0.06/0.37 |0.07 | 0.38 | 0.03 | 0.27 | 0.05
T21 |1 |1 |%e|%e | 125037 0.080.20|0.05 032|002 0.22 004
T22/1 1 |y |y | osolo2sl 002030003020 001 021002
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ELEMENTS OF SECTIONS
ELEMENTS OF UNEQUAL TEES

r
0
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0
01
05
05
79
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72
70
77
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74
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66
65
51
.50
58
45
.02
32
.31

Axis 2-2

I
In® | In. [ Iné| In. | In®
9
3 )
{4
0
5
0
5
8
8
1
1L
8
1
8
1
8
9
4
9
4
2
2
1
90
2
0
93
80
75
53
44
29
18
06
.04
.02

s

—
Axis 1-1
r

In
84
68
05
84
85
67
68

55
.56
a7
39
.86
.87
69
.69
52
52
21
23
B7
88
o1
23
23 |
24
06 |
06
07
72
73
21
92
31
42
61
a7
16

1
Int

RS eESER23R8203 0032 53RIBSSAZESEN 2RE8
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CARNEUIE STEEL COMPANY

ELEMENTS OF ZEES
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ELEMENTS OF SECTIONS

Axis 2-2
) 1 r s
Ind | In. | In®
.55 |30.8 |1.88 | 6.2
M 20 |5.50(24.0|7.01| 5.0 | 8.0 |.375|35.4]|2.25(11.3|2.38|16.8|1.55| 4.2
M 21 |5.50|20.0|5.71| 4.5 | 8.0 |.250(30.9|2.33| 0.7|2.33|14.9|1.62 | 3.7
M 25 |4.25|14.5 4.10| 4.0 | 6.0 |.250/13.0/1.78| 5.5/1.88| 6.1|1.22] 2.0
M 24 |3.00| 9.5/2.80| 3.0 | 5.0 [.203| 4.3|1.2¢4| 2.5/1.27| 3.1|1.05/ 1.2

Axis 2-2
o v x|[x|r]|s
In. |Lbe. [In2|In. [In | In. [In¢ | In | In®| In. |Iot | In. | In®
M 27 | 2.25| 9.0 |2.62)| 5.5 | 7.0 |.250(1.28 |0.70 |0.79|1.62 | 16.8 |2.53 | 4.8
M 20|2.00| 6.0 |1.72| 4.5 | 6.0 |.188[0.71 |0.64 |0.51 [1.41| 8.4(2.22| 2.8
M18/1.50| 4.0 |1.21| 3.4 | 5.0 |.166[0.81/0.50/0.31 [1.00| 3.6(1.73| 1.5

1= [’ - 1
Dﬁlh Wt | Ares | Width Axis 1-1 Axis 2-2
of | of |Thick-

Ofee S | oo | S | B (™= 1 e8| x|x[e[s
In. [Lbe [ In2 | In. | In. |In# | In |In3| In. |In¢ | In | In®
M 26| 1844 | 8.20 | 0.97 |41%;, | .125 0,059(0.25 0.110 0.54 | 2.44 | 1.58 | 0.09
I_Mm 14 | 2.51 | 0.74 | 4 .141 [0,024/0.18 /0.057 0.43|1.15 1.25 | 0.58
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CARNEGIE STEEL COMPANY

ELEMENTS OF RAILS AND SPLICE BARS

go———--

)
d !
.= 1
L }
- =
Weight! Depthi 4\;‘“ | Axis 1-1 Wt’-ixh‘i Dl:‘mh Area | Axis 1-1
Section| Yard SestionSeotion T | 8 | x | Section | 54 Isection'Section| *1 [ *8 | x
Index [ } Index
Lte. | In. | In2 | Ins Do |Tn Lbe. | In. | In2 | Ine |Ino| In.
A. 8. C. E. RanLs A. 8. C. E. 8rrice Bagrs
|
100 100 | 58 |9.84 07 14.55-] .73 810040 15.8 | 4749 | 4.65 13.43_'5.82|l.91
£ 90 | 5% |8.83 .39112.192.55 9040 13.5 | 3815, 3.97 30.3q4.791.81
85 | 5% | 8.33 L07111.082.47)|S 85401 12.4 | 31844 3.65 8.434,0%1.71
80| 5 7.86 26.3810.072.38|8 8040/ 11.5 | 39144 3.38 7.393.751.68
7 75 | 4184 7.33 22.86 9.102.30/8 7540 10.7 | 31 3.15 6.0%3.3.2 ‘-1.35
7 70 | 453 | 6.81 |19.70] 8.192.2218 7040 10.0 | 31849 2.95 | 5.82 .15‘1.51
65 B85 | 474¢ | 6.33 [16.00 7.372.14|8 6540 9.2 | 3114 2.71 | 4.852.731.56
60 60 | 434 | 5.93 [14.56{ 6.622.05(8 6040 8.4 | 313 2.47 | 4. .381.51
55 55 | 4344 | 5.38 [12.03 5.751.07|8 5540 7.5 3}‘“. 2.21 | 3.412.071.41
50 50 | 3% | 4.87 | 9.94 4.9%1‘83 8 5040 6.6 | 2169g 1.95 | 2.7 1.7-ii1.37
A. R. A. Raies—Tyre A A. R. A. Spruice Bars—TryrE A
100 100 | 6 9.84 48.94/15.042.75(S10020( 19.0 | 42844 5.60 b1.30!7.8 I .02
00 90 | 5% |8.82 [38.7012.56(2.54|8 90201 16.6 | 4% | 4.90 |16.1066.36{1.91
S0 80 | 514 | 7.86 .80010.242.31(|8 8020y 13.4 | 3154 3.95 |10.134.57]1.72
7 TO | 48; | 6.82 21.05 8.21?.20 S 7020111.6 | 31749 3.43 | 7. .63]1.48
60 60 | 414 | 5.86 [15.41 3‘5()'2‘13 8 602010.6 | 3 3.13 | 6.223.161.52
A R. A Bans—Tryre B A. R. A. Srrice BArs—Tyre B
.10030 100 | 5414 9.85 41.30(13.702.63 810030 4754 | 4.98 14.32\6.301.83
9030, 90 | 51744 8.87 [32.30/11.452.44|S 9030(14.4 | 3685, 4.24 |10.164.7111.67
80300 80 | 41894 7.91 [25.10, 9. 27|18 3 38 | 3.72 7.70|I3,79|L 9
Liagat Rains Lieat RaiL Spuice Bars
454(J 45 3;‘16 4.40 | 8.13| 4.25]1.78(8 4 5.8 2;2&5 1.70 1.29
40 | 3 3.04 | 6.57 3.62]1.68(83 4 5.0 2 1.47 1.27
35 | 3%3q | 3.44 | 5.17| 3.021.60/8 3 4.6 2814, 1.35 1.19
304 30 ?gt 3.00 | 4. 2.53]1.52(8 3 3.97 21%: 1.17 1.10
25 25 | 2 2,39 | 2. 1.77|1.33|8 2540(2.20 | 15 0.65 .90
2 20 | 25% | 2.00| 1. 1.431.27|8 2 1.87 | 12884 0.55 .86
164 16 | 28 |1.55]| 1. 1.011.15)8 1640 1.70 | 1%y 0.50 .79
1 14 | 2144 | 1.34 | 0.76 0.731.02|S 1440 1.36 | 11 0.40 .65
1 12 | 2 1.18 | 0.66 0.630.96)|8 1240 1.36 | 1V 0.40 .65
1 10 | 1834 | 0.96 | 0.40 0.460.87||S 1 0.99 | 1% 0.29 .56
8 | 194 | 0.77 | 0.26{ 0.320.75|8 840 0.75 Blhal 0.22 .49
*Moment of Inertia and Section Modulus are given for pair of Splice Bars. *
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ELEMENTS OF SECTIONS

RADII OF GYRATION FOR TWO EQUAL ANGLES

R
"“I*-K to %
el | e
1 Uid j
.
Single Angle ! aem | Radii of Gyration of Two Angles, Inches
Sine, | Thick- | Weight. | | _ Axis 2-2
IIIB]]& oo 4 | AII%IH. Axis 1-1 " ” " »

Inches wFoot Inches? Ganmh% Apart |36 " Apart 14" Apart|3{ "Apart

1 | 56.9 3346 242 | 3.42 | 351 | 3.55 | 3.60 | 3.69

8x8 | %, | 420 | 2468 | 246 | 337 | 346 | 350 | 355 | 364

1, | 26.4 ||15.50] 250 | 333 | 341 | 345 | 350 | 359

1 374 (2200 1.80 | 259 | 2.68 | 272 | 277 | 2.87

6x6 | 14 | 265 1558 183 | 254 | 263 | 2067 | 271 | 281

i | 149 || 872| 188 | 249 | 258 | 2.62 | 2.66 | 275

1 30.6 [18.00| 148 | 219 | 2.28 | 2.33 | 2.38 | 2.47

5x5 |14, | 218 |12:80| 151 | 213 | 222 | 226 | 2:31 | 2.40

5% | 123 | 7.22] 156 | 200 | 217 | 221 | 2.26 | 2.35

x4 | 2% | 199 [1168) 118 | 175 | 1.85 | 1.89 [ 1.04 | 2.04

1 6.6 | 388| 125 | 166 | 175 | 179 | 1.84 | 1.93

1ye | 27.1 |10.06| 1.02 | 1.55 [ 1.85 | 1.70 | 1.75 | 1.85

348 | 3" | "58 | si38| 100 | 146 | 155 | 1550 | 164 | 178

sxs | % |15 | 672) 088 | 1.32 | 141 | 146 [ 151 | 161

1% 49 | 288| 093 | 125 | 1.34 | 138 | 1143 | 153

214x214 14 TT 4.50 | 0.74 1.09 1.19 1.24 | 1.29 | 1.39

1% 41 | 238] 077 | 1.05 | 114 | 1,19 | 1,24 | 1.34

ax2 | Jo | 33| 312] 059 | 088 | 098 | 103 | 108 | 119

z.19) 188! 061 094 | 099 | 1.04 | 114

This tabla and the two following are employed In computing the safe
resistance to compressive stress of two angles, back to back, used as a strut
or as the compression chord of n roof truss, etc., as l'ollowa

Obtain from the compression formula in use the allowed stress square
inch corres%ondlns to the ratio of slenderness of the section, and multiply
that value by the area. The result will be the allowable compressive stress,

Example 1. Section given. Required the safe load in compression as per
formuls f=19000—100 I/r on a strut composed of two angles 4" x 4" x "',
back to back, with an unsu ponod lcn h 01'9 feet.

Area of Sect.lon. A= 3 square inches; Least Radius, r=1.25.

Ratio of Slenderness, I/r = 9 x 12+ 1.25=586.4.

Allowed Unit Stress, = 19000—100 x 86.4 = 10360 pounds per square inch.

Bafe Load, Af =3.88 x 10300==40200 pounds.

Example 2. Stress given. Required a section for a member in compression
12’ 3'" l ong, made of two a.nslea sapnmt-ad by %4 inch gusset plates, to resist a
total stress of 35000 pounds; ratio of slenderness not to 120.

Assume 2 angles, 5’ x 3" x 54", long legs, back to back.

Area of Section, A =4.80 square inches; Least Radius, r=1.26 inches.

Ratlo of Slenderness, I/r =12.25 x 12+ 1.26=116.7.

Allowed Unit Stress, f= 10000— 100 x 116.7=7330 pounds per square inch.

Safe Stress, Af =4.80 x 7330= 35200 pounds.

In the first case the least radius is that about axis 1-1; in the second case
about axis 2-2; in all cases the least radius determines the ratio of slenderness
and therewith the allowed safe compressive stress. In all cases also the two
angles are to be secured %:t.har by stay rivets so as to insure that the
section acts as a unit. o of slen wmm
rivets must always be less than that of the strut or com on chord
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CARNEGIE STEEL COMPANY

RADII OF GYRATION FOR TWO UNEQUAL ANGLES
Long Legs Verlical

. -%:ﬂ-ﬁ”tﬂ (v

T T
|
",
&n‘m Radii of Gyration of Two Angles, Inches
Two | . Axis 22
m Axia 1-1 In g T I "
Cond 14" Apart35” Apart1’” Apurtty " Apart

26.00 | 240 | 2.30 | 248 | 252 | 257 | 268
10.88 | 2553 | 235 | 2.44 | 248 | 2.52 | 2.61
11,86 | 2557 | 231 | 2.30 | 2.43 | 2.48 | 2.56
2100 | 251 | 1.26 | 1.35 | 140 | 1.45 | 1.55
16.12 | 2555 | 120 | 120 | 134 | 1.39 | 1.49
9.68 | 260 | 115 | 123 | 128 | 132 | 141
19.00 | 219 | 131 | 140 | 1.45 | 1.50 | 1.60
13.50 | 223 | 125 | 134 | 130 | 1.44 | 1,53
760 | 227 | 120 | 1728 | 133 | 137 | 146
1 6 1800 1.85 | 160 | 160 | 174 | 179 | 1.89
x4 | mie | 218 1280 | 180 | 155 | 183 | 168 | 173 | 182
123 | 722 | 108 | 150 | 158 | 1.62 | 167 | 176
1 289 11700 | 1.85 | 137 | 147 | 1.51 | 1.56 | 1.88
6x3% | 114 | 206 | 1212 | 189 | 131 | 141 | 145 | 149 | 160
%o | 9.8 | 574 | 195 | 125 | 133 | 137 | 142 | 150
sxe | B |22 |12 182 1es | 170|180 | 185 | 198
110 | 646 | 150 | 1.58 | 166 | 170 | 175 | 1185
sxsy | % | 227 [1334 | 158 | 142 | 151 | 136 | 161 | 171
%e | 87 | 512|161 | 133 | 141 | 1145 | 150 | 150
otk o | 100 l1168 | 155 | 118 | 127 | 132 | 137 | 147
o | 82 | 480 161 | 1000 | 117 | 122 | 126 | 135
ax3 | e 185 J1086 | 138 | 121 | 131 | 136 | 101 | 181
%o | 77 | 450 144 | 113 | 122 | 126 | 130 | 140
e | 185 1086 | 110 | 150 | 150 | 164 | 160 | 170
$x3% | o' | 77 | 450] 126 | 142 | 151 | 155 | 160 | 1089
axs | e | 171 [1006 | 121 | 125 | 135 | 140 | 145 | 155
58 | 388 | 128 | 116 | 124 | 128 | 133 | 1.48
1 158 | 924 104 | 130 | 140 | 145 | 150 | 1.80
suxs | e | 1321 S35 10 (130|129 | 192|138 |18
1 125 | 730 1.06 | 1.03 | 113 | 118 | 123 | 133
Byxay (e | 1201 2380102 | 008 | 102 |10 | 1D |12
3 x2% nc 0.5 556 (| 091 | 1.05 | 1.15 | 1.20 | 1.25 | 1.35
45 | 264 095 | 100 | 108 | 1313 | 118 | 1728
sx2 | % 77 | 450 092 | 080 | 0.89 | 094 | 100 | 1.10
41 | 238 095 | 074 | 084 | 0.88 | 0.93 | 1,08
214x 2 zz 6.8 | 400 | 075 | 0.84 | 094 | 009 | 1.04 | 1.15
362| 212 | 078 | 080 | 080 | 093 | 0.98 | 1.08




ELEMENTS OF SECTIONS

RADII OF GYRATION FOR TWO UNEQUAL ANGLES

Bhort Legs Vertical

Bingle Angle Area Radii of Gyration of Two Angles, Inches
S, | Thick- [ Weight, % | Axis 22
¥ ness, Axis 1-1

Tnches | per Foot| Tnchest | Corm o 4" Aparf34” Apardys” Aparl3g” Aper

1 44.2 | 2600 | 1.73 | 364 | 373 | 378 | 3.83 | 3.92

8x6 3% 33.8 | 19.88 1.76 3.60 | 3.69 3.73 3.78 3.87

e | 202 | 11.86 | 1.80 | 8.55 | 3.64 | 368 | 3.73 | 3:82

1 357 | 21.00 | 0.86 | 404 | 414 | 410 | 424 | 434

8 x3% 8 27.5 16.12 0.88 399 | 4.00 4.13 4.18 4.28

e 16.5 9.68 0.92 3.03 4.02 4.07 4.12 4.22

1 323 | 10.00 | 0.80 | 348 | 358 | 363 | 368 | 378

7 x344 1144 | 23.0 13.50 092 3.42 3.52 3.57 3.62 3.72

8'°| 130 | 760 | 0.98 | 3:36 | 3.46 | 8550 | 8,55 | .65

1 30.6 18.00 1.00 2.85 2.95 2.99 3.04 3.14

6x4 144 | 21.8 '| 12.80 | 1.13 270 | 2.89 293 298 3.08

% |123 | 722 | L17 | 274 | 288 | 287 | 292 | 302

1 289 | 17.00 i 0.92 292 | 3.02 3.07 3.12 3.22

6 x31¢ 144 | 20.6 | 12,12 0.95 2.87 2.96 3.01 3.006 3.16

5 | 08 | 574 | 1.00 | 281 | 200 | 2.95 | 3.00 | 3l08

5xa | 3 | 2421832 | 114 | 220 | 238 | 243 | 248 | 2.8

11.0 6.46 | 1.20 2.20 | 2.29 2.34 2.38 248

sxay | % | 227 | 1334 } 0.96 | 2.36 | 245 | 250 | 255 | 2.65

Lo 8.7 5.12 | 1.08 2.26 2.35 239 2.44 2.54

5x3 18, | 199 | 11.68 0.80 2.42 2.52 | 2.57 2.62 2.72

¥ %e | 82 | 4.80 | 0.85 | 2.33 | 2.42 | 2.47 | 2.52 | 2:61

axs | | 185 1086 | 081 | 215 | 225 | 230 | 235 | 245

Be 7.9 | 4.50 | 0.87 2.06 2.15 2.20 | 225 234

4 x314 184, | 1856 | 10.86 1.01 1.81 1.91 1.96 2.01 2.11

oe | 77 | 450 | 107 | 173 | 1581 | 188 | 101 | 200

4x3 1344 | 17.1 10.06 0.83 1.88 1.98 2.03 2.08 2.18

by 5. 3.38 0.89 1.78 1.87 1.92 1.96 2.06

105 | 158 | 924 | 085 | 161 | 171 | 176 | 181 | 191

3x 3 3| 54 | 312 | o1 | 152 | 161 | 165 | 1,70 | 1.80

1146 | 125 | 730 | 069 | 1.66 | 1.75 | 1.80 | 1.86 | 1.96

syeass | 00| 130 | 288 | 074 | 158 | 167 | 171 | 176 | 188

%e | 95| 556 072 | 137 | 146 | 151 | 1.56 | 1.08

3x244 | ° | 45 | 284 075 | 131 | 140 | 1145 | 150 | 1550

3x2 1% 7.7 4.50 0.55 1.42 1.52 1.57 1.62 1.72

* 1% 41 | 238 | 057 | 1.38 | 147 | 152 | 1.57 | 1.67

sz | B | 885,) 499 958 | 115|138 | 130 | 138 | 148

362 212 | 059 | 111 | 120 | 125 | 130 | 140




CARNEQIE STEEL COMPANY

MOMENTS OF INERTIA OF RECTANGLES

IN WinTes FrROM Y4 TO 5 IncE AND 1 INcu
Neutral Axis Through Center Normal to Depth

A 1
This and the following table may be used in computing the
Moments of Inertin of Plate Girders, Columns and other com-
pound sections in which plates are used ; see pages 108 and 109,
§! Width, Inches
A % %o | % e % | 1
1 021 026{ 031 J .052' .083
2 J67 = .250 202 417 H67
3 563 703 844 984 1.4 2.
4 1.333 1.667 2.000 2.333 3.333| 5.333
5 2.604 3. 3.906 4.557 6.510 10,417
(1} 4.500 5.625 0.750} 7.875 11.250| 8
i T.l-l(ﬂ 8.932] 10.719| 12.5056 17.865 28.583
8 lO.ﬁGT| 13.333] 16.000{ 18.667 26,667 42.667
9 15.188, 18.984] 22.781| 26.578 37.069 00.750
10 20.833| 26.042| 31.250| 306.458 52.083 83.333
11 27.729| 34.662| 41.694| 48.520 69.323| 110917
12 | 36. 45 54,000{ 63.000( 72.000 i 90,000 144.000
13 45.771| 57.214] 68.650, 80.009 H X 114.427| 153.083
14 57.167| 71.458) 85.750, 100.042 s . 142,917 228.0667
15 | 70.313| B87.891| 105.469) 123.047| 140.625 i 175.781| 281.250
16 106.667| 128.000| 149.333 X 213.333| 341.333
17 | 102.354| 127.943| 153.531| 179.120 255.885| 409.417
18 | 121. 151.875| 182. 212.625 303.750! 486,
19 | 142806, 178.620, 214.344) 250.068 357.240, 571.583
20 | 166.667 208. 250,000, 291.667 416.667 0060.667
21 | 192.938{ 241.172 2394% 337.641 482,344 771750
223 | 221.833| 277.292| 332.7 388,208 554.583] 887
23 | 253.479| 316.849| 380.219| 443.589 633.6908| 1013.017
24 360. 2.000 000 720.000{ 1152.000
25 406.901| 488.281| 560.6062 £13.802] 1302.083
26 | 360.167| 457.7 549.250| 640.792 015.417] 1464.667
27 | 410.063| 512.578| 615.094( 717.600 A A 1025.156) 1040.250
28 | 457.333| H71.667| 686.000| 800.333 X 1143.333| 1820.333
20 | 508.104| 635.130| 762.156| 880.182 1010 208 2 1270.260{ 2032.417
30 | 5062.500| 703.125| 843.750] 084.375(1125.000 X 14006.250 2250.000
32 | 682,667 853.333(1024.000(1194.6067(1365.333| 1536. 1706.667] 2730.667
818.833(1023.542 1228.250/1432. 1 2047.083| 3275.333
072.000/1215. 1458, 000 1701 2430.000 3888.000
1143.1671428. 1714,750; 2857.917| 4572.667 |
333 1666.667 000,2333 3332666.667| 3000.000, 3333.333 5333.333 |
1543. 1929.375 01 1253087 . 3472.875| 3858.750 6174.000
1774.66712218.333" Bﬁmbd!) 333 3003.000| 4436.667 7098.667
2027.833 7928 1.7 4562.625 5069.583| 8111.333
2304. N .0004603. 5184.0000 5760. 9216.000

12604.1673255.208 3006.2504557.2025208.333] 5859.375 6510.41710416.067 I
2020.3333661.667 4394 126. 858.667| 6501. 7323.33311717.333

8%%238 ESE8S 288

3280, 100.
3058.6674573.333 5488, 02.6677317.333| 8232, 0146.667 14634667
4064.833 5081.042 6097,

3335
6254920.7505740.8756561. 7381.125 8201.25013122.000 I

-0006750. T875.0009000, 10125. 11250,

113 4»588129 667| 0145.87510162.08316259.333
00018000.000 ‘
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ELEMENTS OF SECTIONS

MOMENTS OF INERTIA OF RECTANGLES

In Wiptas or 1 Incm

Neutral Axis Through Center Normal to Depth

M

To obtain the Moment of Inertia of any rectangle, multiply

the tabular value for its depth by its width in inches. For deeper
rectangles of tabular thickness, multiply the tabular values for
half their depth by 8; or for one-third their depth by 27, ete.

8 598 =38! 8
- I. o I|_1 - “" I
B b | n';‘ Inches g;. chm‘ "-' ] Inl:‘ws‘ & S[Im}:;ﬂ
& < <
6 [ 18.000 12 |144.000 |18 | 486.000 24 |1152.000/30 2250.000
% 19.149 15 406.1956| 141170.004| 142278243
14| 20.345 | 4| 506.533) 14/1188.376( 3{2306.721
21.590 | 1517.012] 3(1206.848| 3{2335.434
22.885 4| 527.635] 141225.510] 152364.385
I 21231 | 55167.602 | 54| 538.403| B41244.364| 5:2393.575
; 4| 25.620 | 34(172.723 I 540.317| 341263.410| 3{2423.004
56 || 74 27.079 | %177.853 560376 941282.650 742452.674
1 | 083 | 7 ["25.583 13 |183.083 | 0 | 571.583|25 (1302.083[31 [2482.583
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2 .667 | 8 | 42.667 |14 |225.667 |20 | 666.667(26 [1464.667 32 2730.667
.800 ; é 234.847 679.245( 141485.803 762.702
949 46.793 241.137 691.840f 1{1507.324 795.168
1.116 48.952 | 35/247.538 704.874| 341528.961]| $52827.797
15 1.302 51.177 | 15/254.052 717.927( 141550.802 860.677
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4 | 5333 |10 , 83.333 16 |341.333 |22 | 887.333|28 [1820.333/34 [3275.333
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6.307 | 1| 89.741| 14]357.585 917.928| 171878.773 348.117
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4| 7.594 gg 06.469 | 14 374.344 049.219| 191029.004 5342 1.969
85 8.244 00.955 | 5§ 382.916 | 965.127| 5£1954.588 459.300
%, 8.931 | 34103.525 391.618 081.212| 3;1980.305) 943496.900
9.655 107.178 || 24/400.452 | ¢l 997.475] $£2006.249| 7£3534.772
5 . 10417 |11 [110.017 (17 |400.417 |23 [1013.917/30 2032.417|35 [8572.917
12 11.218 | 34/114.741 418.515 1030.538| 1£2058.811| 143611.334
ifl 12.059 igus.ﬁuz 427.746 | 141047.34 2085.434 650.027
35| 12.941 122.652 437.113 1064.323| 8¢2112.285 658004
14} 13.865 | 14(126.740 | 14/446.615 1081.490| 142139.3 728.240
55l 14.832 | 85/130.918 | 5§ 456.253 1008.839| 542166.67 767.763
15.843 135.188 ;g 466.030 1116.374| 312104.218 807.561
16.808 129.547 475.945 1134.004| 742221.902 7.641
6 | 18.000 |12 [144.000 |18 [486.000 |24 [1152.000{30 2250.00036 .000
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HOLLOW ROUND SECTIONS

Areas AND Rapnir oF GYRATION
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ELEMENTS OF SECTIONS

HOLLOW SQUARE SECTIONS

Argas AND Rapr or GiRATION
i Area = D2—d? gq. in.
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STRESSES IN BEAMS

In the application of the principles of structural mechanics to
determine what sections should be used safely to sustain super-
imposed loads under specified conditions of loading, it is necessary
to ascertain, first, the effects produced on the structure by the loads
under those conditions; second, to decide what unit strength the
material, the use of which is contemplated, has to resist the stresses
produced within the structure by the loading; and, third, to select
a section whose section modulus is equivalent to the ratio found to
exist between the stresses tending to cause deformation within
the structure and the unit strength of the material to resist them.

Reactions. In the simple case of a beam supported at both ends,
each support reacts with an upward pressure called the reaction
of the support. The sum of these tworeactions is equal to the total
load on the beam.

Shear. The loads and the reactions of the supports are vertical
forces tending to shear or cut the beam across and the stresses
they produce within the beam are, therefore, called shearing
stresses, The shear at each support is equal to the reaction of
the support; the shear at any point between the supports is equal
to the reaction of a support less the total load between that
support and the point; or, if the reaction acting upward is
considered as positive and the loads, acting downwards, as
negative, the shear at any point is the algebraic sum of the
vertical forces acting on the beam between that point and either
support.

If such a simple beam supported at both ends carries a load
uniformly distributed over its entire length, the reaction and the
shear at each support is equal to one-hall the total load on the
beam, but the shear decreases uniformly to zero at the center of
the span; if the load is concentrated at the center of the span, the
reaction and the shear at each support are also equal to one-half
the total load, but the shear is uniform throughout the entire
length of the beam.

Bending Moment. The loads on the beam and the reactions of the
supports constitute external forces which produce bending stress in
the beam. The summation of the moments of the external forces
about any point is called the bending moment and varies from
point to point. It attains a maximum value at a point where the
shear is either zero or changes from positive to negative or vice
versa. If the loads are concentrated at several points, the maxi-
mum bending moment always occurs at the point of application of
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one of the loads so located that the sum of all the loads on the beam
between one support up to and including that load is equal to or
greater than the reaction of the support.

Vertical Deflection. Bending stress within a beam produces flexure,
and the deflection, or the amount of its departure from a straight
line, is the measure of the deformation which the beam has under-
gone in its resistance to bending stress. So long as the stress is
within the safe limits allowed for the material, the deflection is
negligible so far as concerns the beam itself; it may, however, be
of sufficient magnitude to cause the disruption of other materials
in contact with or supported by the beam but of less strength, such
as plaster. In such cases the limit of allowable deflection may
determine or at least influence the choice of a section.

Lateral Deflection. The stresses within a beam under transverse
loading are compressive on one side of the neutral axis and tensile
on the other. The tensile stresses tend to hold the beam in a
straight line between the supports, while the compressive stresses
tend to deflect it in a lateral direction, just as the bending stresses
as & whole tend to deflect it in a vertical plane. On long spans
unsupported against sidewise deflection, this consideration may
influence the choice of sections.

Method of Computation. A complete investigation of the strength of
beams under transverse loading must take into acecount all the
elements, the bending moment, the vertical deflection, the lateral
deflection and the shearing stress; though under the usual loading
conditions the first alone determines the size and weight of section.

In the calculation of bending stresses, the loads are usually
expressed in pounds, the span length and the distance between the
loads in feet; the resulting bending moments are in terms of foot
pounds, which necessitates conversion to inch pounds before the
section can be selected from the tables. The section modulus of
the required section is obtained by dividing the maximum bending
moment in inch pounds by the allowed fiber stress in pounds per
square inch. In such calculations it is assumed that the neutral
axis of the section is normal to the line of action of the load. When
this is not the case, correction must be made for the eccentricity
of the loading.

In the pages which immediately follow are given general formulas
for the bending moments and vertical deflections of beams under
the usual conditions of loading, and also diagrams illustrative of
those conditions. The general method for the computation of the
maximum bending moment of a beam supported at its ends and
loaded at various points is as follows:—
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First. Find the reaction at the left (right) support by multi-
plying each load by its distance from the right (left) support and
dividing the sum of these produects by the length of the span.

Second. Starting from the left (right) end of the beam, add the
successive loads until a point is reached where the sum of the loads
equals or exceeds the reaction of the left (right) support; the point
of maximum bending moment is located at this point.

Third. Multiply the reaction at the left (right) support by its
distance from the point of maximum bending moment and subtract
the sum of the products of all loads to the left (right) of this point
by the corresponding distance from this point; the difference
between these moments is then the maximum bending moment.

. 0n Example: Required the size of a
. steel beam to support the following

quiescent loads over a clear span of 16

feet between supports, at a maximum

fiber stress not to exceed 16000 pounds

per square inch,

‘W1=16000 pounds, 4 feet from left support,

w‘= 18000 W g * " i "

Ws= 2000 14 per foot, uniform up to 4 feet from right support.

We= 60 * »  agsumed welght of beam uniformly distributed
over entire span.

Left Reaction, 16000 x 12 4 (60 x 16)8 +1163000 x7 + (2000 x 4) x 2_21355 154

Right R tion, 16000 x 4 4 (60 x 16)8 + iiﬂﬂﬂxg+ (2000 x 4) x “=216951bs.
Bum of reactions=—sum of loads=W, + W, + W, + W, =42060 lbs.
Points of maximum moment (60 x 4) + 16000 = 16240 < 21355

(60 x 9) + 16000 + 18000 = 34540 > 21355

therefore the point of maximum bending moment is at point of load Wa.
Maximum bending moment, 21355x 8-16000x 5-(60x0)x4.5 =108765 ft. lbs.
or, 21605x7-(2000x4)x5-(80x7)x3.5 ==109765 {t. 1bs.

Required section modulus=109763x12 _ 1317 180 _ g0 4

As the section modulus of the 15 inch 65 pound or the 18 inch 54.7 p()ll.md
beam is greater than this, either of these sections may be used. If it is decided
that the 18 inch 48.2 pound supplementary beam is strong enough for the
TR0 =2
"'ST.T’“ISOB-
pounds per square inch. If the allowed fiber stress were 12500 pounds per

109765 x 12 1317180

square inch, the required section modulus would be =3sE00 =1 =
105.38 and the permissible minimum sections would be 20 inch 65.4 pound, 21

purpose, the actual fiber stress on that section would bhe

inch 60.4 pound beams, etc.
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NOTATION USED IN FORMULAS

A =Area of section, in square inches.

n =Distance from center line of gravity toextreme fiber,in inches.

I =Moment of inertia about center line of gravity, in inches*.
Ms=Static moment, in inches8,

8 =S8ection modulus=1I/n, in inches?.

=Radius of gyration=+1/A, in inches.

=Bending stress in extreme fiber, in pounds per square inch.
=Resistance of web, in pounds per square inch.

=Modulus of elasticity, in pounds per square inch.
=Length of section, in feet.

=Length of section, in inches.

==Depth of section, in inches.

=Width of section, in inches.

=Thickness of section, in inches.

cra—pEEp™

W, Wi, We=Superimposed loads supported by beam, in pounds.
=Superimposed load, in pounds per unit length or area.

W max =Maximum safe load at point given, in pounds.

R, R1 =Reactions at points of support, in pounds.

v =Vertical shear, in pounds.

M, M;, My=Bending moments at points given, in inch pounds.
M max  =Maximum bending moment, in inch pounds.

Mr = Maximumresisting moment, in inch pounds=fI/n=f 8.
D, Dy =Deflections at points given, in inches.

D max =Maximum deflection at point given, in inches.
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COMPARISON OF VARIOUS LOADING CONDITIONS

The formulas and diagrams on pages 143 to 146 give the various
stresses in sections used as beams, resulting from usual conditions
of loading.

Taking as a unit of comparison a uniformly distributed safe load
on beams of equal length and section, supported at the extreme
ends, the following table gives the relative maximum safe loads
or bending moments and deflections.

As a check on the accuracy of a computation, the safe load
obtained from the formula for any condition of loading may be
multiplied by the reciprocal given in the table corresponding to
such loading condition; the result should be the maximum allowable
uniform load as taken from beam safe load fables.

Maximum Safe Maximum
Conditions of Losding Cose Ao e

Relative | Reciprocal | Relative

Beasm SurrorRTED AT Exps

Load uniformly distributed over span IxX 1 1 1

Load concentrated at center of span v b2 2 .80

Two equal loads symmetrically concentrated VII | 1/4a 4a/l

Load increasing uniformly to one end X | 9743 1.0264 976

Load increasing uniformly to center 1T 8% 1% .96

Load decreasing uniformly to center X1 %% 24 1.08
Beaum Fixep aT ONE ENp, CANTILEVER

Load uniformly distributed over span LX 14 4 2.40

Load concentrated at end I 1% 8 3.20

Load increasing uniformly to fixed end II1 8 ¢ 234 1.92

Beam Conminvovs oveErR Two SuprorTs|
Equipisrant rRom ENDs

Load uniformly distributed over span XVI
1. If distance a >0.2071 1 12/4a2 | 4a2/12
1 1-4a
2. If distance a <0.2071 1 BTy i
3. If distance a =0.2071 1 5.8285 L1716
Two equal loads concentrated at ends XV | 1/4a 4a/1
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BEAMS UNDER VARIOUS LOADING CONDITIONS
Bexpmng MoMENTS AND DEFLECTIONS

CANTILEVER BEAM—Concentrated load at free end

Y R;:(max. shear) =W
M max.
e M, distance x = Wx

M max, at Ry = W1
W max. = '!1&
Dmax. .

IL

CANTILEVER BEAM—Uniformly distributed load

Ri(max. shear) =W
" M, distance x =%—L
Mmax. at Ry -=J2v-1~
W max. =28
Dinax. — Wi
SEI1

IIL

CANTILEVER BEAM—Load increasing uniformly to fixed end
=¥ R;(max. shear) =W
l‘?m“’ M, distance x = —%’r——l";—
:L----..__.:l|‘....___§:I T Mmax. at Ry = wi
ks
- W max. = 3{5
i Ry
Wi
----- xp-- Damx: = T5ET

IV. BEAM SUPPORTED AT ENDS—Concentrated load near one end

-....-_.? R(max. shear if b>a) = Iiﬂ

M max. Wa

[ L Rj(max. shear if a>b)= =y
= ki) l---% ----- J M, distance x = —'r—th
O v | Wab
._mh : M max., at pointofload= ;l]——

Rj: } D ; ...—-;’_‘ Ry Wmax. =55
bxed __ Wab (a+2b) v3a (a+2b)

A S = ZTRI1
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BEAMS UNDER VARIOUS LOADING CONDITIONS
Benping MoMENTS AND DEFLECTIONS

V. BEAM SUPPORTED AT ENDS—Concentrated load at center

R (max, shear) =R, = ‘—;’
M, distance x = %
Wl
M max., at point of load = ==
W max. m%‘rﬁ
D max. =%

V1. BEAM SUPPORTED AT ENDS—Two unsymmetrical conmtrstul loads

&..--_ """""" K R (max. shear if a<b) = —T(I—a+b)
i
l ‘ B 1 R1 = ﬁ (14+a-b)
oot b, cistances ~Ra=T o it
et M distance b (b>a) = Ryb=-9r(|
I i max., ance >a)= (14+a-b)
RE—___| om “":"Twz
x}-d M;, distance x =Rx~——(x-8)
g 2118
2 @ ¥ W max. (b>a) =m
VIL. BEAM SUPPORTED AT ENDS—Two symmetrical concentrated loads
| M!max, B (max. shear) =R =—"2E
1 il M, distance x = -Eg—;-
I3 4 Wa
a o M max.atandbetweenloads= ——
R“ ?— R[ W max. — %S
S
W J)W D max. = (3412-a2)
2 2

VIII. BEAM SUPPORTED AT ENDS—Three concentrated loads

;‘---r--ﬂgll—————-n—bg -n
P8 -e---=br--)

A S vl

Yol o

R == Wb+ Wib1+Waba
e S
Wa+Wia+Waas
Ry = T A
MatW = Ra.
Mmax. it W =or>R
Mat Wy = Ra;—W(a1—a)
M max. if Wi+W =Ror>R
M max. it Wi+Wz2 =Rior>R;
Mat W = Rag-W (ag-8)-W1lag-a1)
M max. if Wg =Rjor> By
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BEAMS UNDER VARIOUS LOADING CONDITIONS
Bexvine MomeNTs AND DBFLECTIONS

IX. BEAM SUPPORTED AT ENDS—Uniformly distributed load
: R(max. shear)=R, = —‘gl

M;M.M distance x =z . X
= t 2 7
M max. at center =l§1—

W max = —NIE

D max. :pr

X BEAM SUPPORTED AT ENDS—Load increasing uniformly to one end

" -3
AT TI R;(max. shear) |=-2-§1
M max.,
| ‘ | l ! M, distance x =wa (1_1.’_”)
(R s - } 3
L L L e M max., distance -l-;r—;stL
L_,l)/_‘l_fg_‘: 9 V3
R 1] 4 27{3_
RY = ¥ 5 Ry W max. 21 V3
B - _ 013044 WIs
max. s

XI. BEAM SUPPORTED AT ENDS—Load decreasing uniformly to center

| _‘l;!' Rimax. shear)=R, =_12\’_
! 2x2
4 M, distancex = Wx04-T+5r)

MLl el ! 1 _w

i *}" £y :: M max., distance T = -m—s
w r = 12f
Dmax = 320ET

XII. BEAM SUPPORTED AT ENDS—Load increasing uniformly to center
W

iy e

= Wx(4-F30)

Wi

v . i

- 8IS

= Wia
BOEIL
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BEAMS UNDER VARIOUS LOADING CONDITIONS
Benpixg MoumeNnTs ANp Derrections—Concluded

XIII. BEAM SUPPORTED AT ENDS—Uniform load partially distributed

R (max. shear i a <¢)=—2¢+D

Ry —W(aib)

M, dist. x=a or<a, =Rx
M, dist.x>a, =Rx

i Mg, dist. x> (a+b), =R:———;—LW(2’;2°'h
R g Ry M, A _1%1;_ _ W(2ctb)[dal+b(ze+b)

e sl218
W max. T B [dal + h(2e T 5]

XIV. BEAM SUPPORTED AT ENDS—Uniform load partially discontinuous

R{max. shear it W>Wy) =mp’—‘1‘5
Ry _ Wj(2lc)+Wa

M, distance x <a, =Rx—

M; distance x >a, =R W ( 2x-a)

2Wal-Wa2+Wica Rea
M max. dist.x IWT =5W
& “’a‘}ch
W max. ﬁ%’g“

XV. BEAM OONTINUOUS OVER TWO SUPPORTS—Two exterior symmetrical loads

Wix-n)®

“‘__1 R(max. shear)=R; =—‘;;

l ‘ l!l Wx
» M, distance x =—7
M max., from R to Ry =%9—

W max. 2rq

D, distance a ——-!(I%EIE#’—}
%ﬁ D,, distance é— -a zlﬁﬁw

XVL. BEAM CONTINUOUS OVER TWO BUI'POR‘I?ﬁr—-Unﬂarmly dll‘l.ribliud Ioad
ity S 1 T N ——2— , MAT, “ﬂl’-'— or T (‘2‘ -8)

: — W(x3-ix+al 1 +4 [i{i-4a)
ﬁ! M, distance x —2,—1 o ifx=y \!'_4_

"""" : I hI;nthde=‘_vrﬁlg m'i“>lwg-w

Ms st center =V max. if a < I( \!?ﬁ%}

Wimar,  =2F  maita> W9

Wi max.  =Tot  maxifs <IV3-14)
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SAFE LOADS FOR SECTIONS USED AS BEAMS
EXPLANATION OF TABLES

The tables of safe loads for structural and supplementary beams,
H-beams, cross tie sections and channels, used as beams under
conditions of transverse loading, give the uniformly distributed
safe loads in thousands of pounds for spans customary in bridge
and building construction based upon an extreme fiber stress of
16,000 pounds per square inch. The tables of safe loads for angles,
tees and zees give the values at the same fiber stress on spans of one
foot from which the safe load for any span length may be obtained
by direet division and also the values for those spans at which the
allowed safe load will produce a deflection of 14eo of the span length.
The loads in all cases include the weight of the section, which should
be deducted in order to arrive at the net load which the section will
support.

In addition to these usual tables of safe loads, there follow, on
the same basis, tables of the allowable uniform load in pounds per
foot on beams and channels for various span lengths, which may be
used in proportioning the floor systems of buildings. The choice
between various weights and depths of sections for any given span
or any uniform load per running foot may be made on inspection.

It is assumed in all cases that the loads are applied normal to
the axis 1-1 as shown in the tables of elements of sections, and that
the beam deflects vertically in the plane of bending only. If the
conditions of loading involve the introduection of forees outside this
plane of loading, the allowable safe loads must be determined from
the general theory of flexure in accordance with the mode of appli-
cation of the load and its character, This applies particularly to
unsymmetrical sections, such as zee bars and angles, which should
be used only under those conditions of loading where the section
can deflect vertically only, being rigidly secured against lateral
deflection or twisting throughout the entire span. In all such
cases of eccentric loading, the actual safe loads would be considerably
lower than the tabulated safe loads which have been based upon
the most favorable conditions of loading,.

Vertical Deflection of Beams. In the case of beams intended to carry
plastered ceilings, experience indicates that the vertical deflection
to avoid cracking the plaster should be limited to not more than
1460 of the span length. This span limit for steel beams is approxi-
mately in feet twice the depth in inches and is indieated in the
tables by the lower zigzag line. Beams intended for such purposes
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should not be used for greater spans unless the allowable tabular
safe loads exceeds the actual load to be supported. As the dead
load of the floor is supported by the beams before the plaster is
applied, only the deflection due to the live load really needs to be
considered.

The coefficients given below may be used to obtain the deflection,
in inches, of sections subjected to transverse stresses due to uniformly
distributed loads at various fiber stresses and are based upon the
following f ormulas, using the notation given on page 141,

Deflection, D= m when W"]r—ﬂ D= %=1—%§£ X %

For symmetrical sections, n—g, D—_E_XEI E%E@il%ﬁﬁ

CorFFICIENTS OF DEFLECTION UNiForMLY DisTrRiBUTED LoOADS

Fibre Stress, Pounda per Square Inch | Fibre Stress, Pounda per Square Inch

?::.

]

16000 | 14000 | 12500 ' 16000 ‘ 14000 | 12500
| i '
0017 | 0014 | 0013 | 26 | 11180 | 9790 | 8.741
0.066 | 0.058 | 0052 | 27 12.066 | 10.558 | 9.427
0149 | 0130 | 0116 28 | 12,077 | 11.354 | 10.138
0265 | 0232 | 0207 | 20 | 13920 | 12180 | 10.875
0414 | 0362 | 0323 | 30 | 14.807 | 13.034 | 11.638
0506 | 0,521 | 0.466 31 15908 | 13.018 | 12.427
0811 | 0710 | 0634 | 32 | 16040 | 14.830 | 13.241
1.059 | 0927 | 0.828 | 33 | 18.025 | 15772 | 14.082
1341 | 1173 | 1.047 34 | 19.134 | 16742 | 14948

1.655 | 1.448 1.293 35 20.276 | 17.741 | 15.841

2.003 | 1.752 | 1.565 36 21.451 | 18.770 | 18.759

2383 | 2086 | 1.862 | a7 22.659 | 19.827 | 17.703

2.797 | 2448 | 2.185 38 23.901 | 20.913 | 18.672

3.244 | 2839 | 2534 || 30 25.175 | 22.028 | 10.668

3.724 | 3.259 | 2909 || 40 26.483 | 23.172 | 20.690
{

bk ko ok d
MibWk- COW~I0 Cri W=

16 | 4237 3.708 3.310 { 41 27.823 | 24.346 | 21.737
17 4.783 | 4.186 3.737 Il 42 20.197 | 25.548 | 22.810
18 5.363 4.692 4.190 43 30.604 | 26.779 | 23.909
19 5.975 | 5.228 4.668 | 44 32.044 | 25.039 @ 25.034
20 6.621 | 5.793 56172 i 45 33.617 | 29.328 ‘ 26.185
21 | 7.200 | 6.387 5.703 ;. 46 35.023 | 30.646 | 27.362
22 §.011 7.010 6.259 | 47 36.562 | 31.992 | 28.565
23 | 8.756 | 7661 | 6.841 | 48 38.135 | 33.368 | 20.793
24 | 9.534 8.342 7448 49 390.741 34.773 | 31.047
25 | 1 10.345 ‘ 0052 | 8.082 | 50 41.379 | 36.207 ‘ 32.328

To find the deflection in inches of a section symmetrical about
the neutral axis, such as beams, channels, zees, etc., divide the
coefficient in the table corresponding to given span and fiber stress
by the depth of the section in inches.
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To find the deflection in inches of a section not symmetrical
about the neutral axis, such as angles, tees, etc., divide the coeffi-
cient corresponding to given span and fiber stress by twice the
distance of extreme fiber from neutral axis obtained from table of
elements of sections, pages 110 to 130, inclusive.

To find the deflection in inches of a section for any other fiber
stress than these given, multiply this fiber stress by any of the
coefficients in the table for the given span and divide by the fiber
stress corresponding to the coefficient used.

Lateral Deflection of Beams. The tabular safe loads are based on the
assumption that the compression flanges of the various sections are
secured against lateral deflection by the use of tie rods or by other
means at proper intervals. According to the Construction Specifi-
cations, page 96, the lateral unbraced length of beams and
girders should not exceed forty times the width of the compression
flanges. Full tabular loads may be used up to a span length equal
to ten times the flange width, but when the unbraced length exceeds
ten times the width, the tabular safe loads should be reduced in
accordance with the ratios given in the following table in Jorder
to insure that the stresses in the compression flanges should not
exceed the allowed unit stresses, derived from formula: 19000—300
1/b, as follows:—

Unbraced Span,| Percent of

1, inches Tabular Load

Unbraced Span,| Percent of |Unbraced Span,| Percent of
1, inches | Tabular Load | 1, inches Tabular Load

15 x Flange, b 90.63 % I 25 x Flange, b T1.87% 35 x Flange, b 53.13
0x 81257 |30x 62507, |40x 43755,

In addition to this lateral deflection which is induced within
the beam by the action of pure bending stresses, lateral deflection
may be induced by the thrust of floor arches or other loading acting
on an axis perpendicular to the line of principal bending stress.
The thrust of these arches should either be neutralized by tie rods,
or the safe carrying capacity of the beam should be computed in
accordance with the general formulas of flexure to provide for the
combined stresses due to the action of both vertical and horizontal
forces; that is to say, the safe loads should be figured around both
the axes 1-1 and 2-2, and the unit stress computed so as not to
exceed 16,000 pounds per square inch.

Effect of Impact on Stresses. Theformulasupon which the tables of safe
loads are based assume all loads to be quiescent or static. The effect
of moving loads may be taken care of either by reducing the allowable
unit stresses, or else by increasing the theoretical loads. See
Construction Specifications, page 94, paragraph 2.
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When a load is suddenly applied, the resultant stresses are twice as
great than those due an equal quiescent load.

When an instantaneously applied load produces impact or percus-
sion, the resultant stresses are dynamic and are measured by the laws
governing the energy of bodies in motion. The following formulas
give the fiber stress and deflection due to a load falling on center of
a beam rigidly supported at both ends when the weight of beam
is negligible as compared with that of falling load, and when no ac-
count is taken of the local distortion due to impact or percussion at
point of application of load; but when the weight of the beam is a
real factor, theoretical formulas do not agree even approximately
with observed results and are far less than those indicated by theo-
retical formulas; this is notably true in proof drop-tests of axles:—Let

W =Weight of falling load, in pounds.
h =Height of fall, in inches.

f =Extreme fiber stress due to static effect of load, W, in pounds
per square inch.

fa =Extreme fiber stress due to impact of load, W, in pounds
per square inch.

D =Deflection due to static effect of load, W, in inches.

Dg =Deflection due to impact of load, W, in inches.
fa =t 1+ V& +1) Da=D (1 + N3 +1)

Shearing Stresses. The safe load tables for beams and channels are
computed solely with reference to safe unit stresses due to flexure,
and the safe loads uniformly distributed on the spans given will not
produce average shearing stresses in the web greater than the
10,000 pounds per square inch allowed by the Construction Specifi-
cations. When, however, beams are loaded with heavy loads
concentrated near the supports, or when beams of short span are
loaded with uniformly distributed loads to their full carrying
capacity as regards flexure, the bending moments may be small in
comparison with the reactions at the supports, and the beams may
fail along the neutral plane as a result of longitudinal shearing
stresses, or may buckle as a result of the combined longitudinal
and vertical web stresses. On such spans the safe shearing or
buckling strength of the web may limit the carrying capacity of
the beam rather than the resistance of the flanges to bending
stresses.
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Flmzltmlinal Shear. At any point in any section of a beam, the
horizontal and vertical components of the web stress are equal to each
other and proportional to the vertical shear; their intensities are
dependent upon the distance of the point from the neutral axis. In
order to determine the intensity of the vertical shearing stress at
a given point in a vertical section of the beam, therefore, it is
sufficient to find the equal intensity of the horizontal shearing
stress at the same point in the horizontal plane.

The longitudinal unit shear is zero at the upper and lower flanges
of the beam and a maximum at the neutral plane. It is greatest
at the supports and zero where there is no vertical shear.

The intensity of the longitudinal shear at any point in any section
is the product of the vertical shear, V, for that section and the
statical moment, Mg of the section included between the horizontal
plane of shear through that point and the extreme fibers on the same
side of the neutral plane divided by the product of the moment of
inertia of the beam around the proper axis and the thickness at the
plane of shear; or

g i) J V Ms
Longitudinal shear per square inch = A
g p q ¢ T i
7 Example—Required the maximum longitudinal
% E-———a——z-g,, shear per square inch in a 24’ 79.9 lb. beam loaded
g3 | i with two symmetrical loads of 100.000 pounds
r"f,'__ — each, disregarding the weight of the beam.
% zﬁ: 5" M5 of Flange Rectangle—=7x.60x11.7 = 49.14
zi S M5 of Flange Triangles=3.25x.542x11.219=— 19.76
ol E'i i Mgof Web =11.40x.50x5.70 = 32.49
|| Plane of shear  Total Static Moment 101.39
Moment of Inertia of Beam 1=2087.2
Longitudinal Shw__ll)ﬂmtlxlt}l .39
s ot
=0715 pounds per square inch.

Under usual conditions of loading, the longitudinal shear need not
be taken into consideration.

Buckling Values of Beam Webs. The vertical shearing stresses or the
vertical compressive components of the web stress may under some
conditions exceed the safe resistance of the beam to buckling, and
there remains the possibility that a web or web plate which is amply
secure as against the safe allowed shear of 10,000 pounds per square
‘inch will not be of sufficient strength when considered as a column.
In such cases provision must be made for security against buckling
either in the way of stiffeners or by increasing the thickness of the
web or web plate.
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A series of experiments have been carried out on beams of various
depths and web thicknesses to arrive at a basis for a simpler method
of computation to use in the investigation of the safe buckling
resistance of beams with unsupported webs, and from these experi-
ments the following formulas have been deduced:

{&'TE‘. Safe end reaction R= fhxt (a +~g—)

Safe interior load W=2fbxt (al +%)

a; In formulas R is the end reaction, W the concentrated load,
t the web thickness, d the depth of the beam, a! half the distance
over which the concentrated load is applied and a the whole
distance over which the end reaction is applied, while fp is the safe
resistance of the web to buckling in pounds per square inch by the
formula 19000—100 d/2r (d/2=l in column formula)=19000—173 d /t.

The first formula is general and applies to any condition of
loading. The second formula covers the case of a single load
concentrated at the center of a span; it can be extended to cover a
system of concentrated loads provided the sum of the distances al! is
not less than a.

The tables give for beams and channels with unsupported webs:

1. Allowed web resistance fb, in pounds per square inch com-
puted from this compression formula.

2. The distance a, or the distance over which the end reaction
must be distributed when the shearing stress, V, in the web is the
maximum allowable of 10,000 pounds per square inch.

3. The allowable end reaction (R) when a is taken at 314"
which is the usual length of beam actually resting on the 4’ angles
ordinarily used in building construction for beam seats.

4. The allowable shear V, on the gross area of beam or channel
webs at 10,000 pounds per square inch.

In addition to these data which have to do with the maximum
loads on beams and channels as computed from the web resistance,
these tables also give the maximum bending moments in foot
pounds, obtained by the multiplication of the section modulus of
each section by the allowed fiber stress of 16,000 pounds and the
division of the product by 12 in order to reduce to a foot pound
basis. These maximum bending moments may be used on inspec-
tion instead of the table of properties to ascertain the proper size
section to be used in any particular instance.
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ExaumpLEs oF THE UsE oF BeaMm Sare Loap TasLes

1. Direct Bending. Required the proper size of a beam laterally braced to
support a superimposed or net load of 30,000 pounds uniformly distributed
over a clear span of 20 feet.

From the table of safe loads on page 159, it is found that a 15inch 42.9 pound
beam will support a gross load of 31,400 pounds. The weight of a beam 20
feet long is 858 pounds. The net safe load is, therefore, 31,400 — 858 =30,542
pounds. A 15 inch42.9 pound beam will, therefore, carry the net load specified.

2. Shear, Required the maximum load which a 20 inch 85 pound beam
can support without exceeding the safe web resistance of the section.

From table on page 158, the maximum load for this section given in small
figures above the upper zigzag line is found to be 261,200 pounds.

3. Vertical Deflection. Required the proper size and the deflection of a
channel supporting a net load of 10,000 pounds concentrated in the middle of
& l4-foot span, assuming that the channel is braced against lateral deflection.

The specified load is equivalent on the given span to a uniformly distributed
load of 2 x 10,000=20,000 pounds.

In table on page 167, it is found that a 12 inch 30 pound channel will
support a gross load of 20,500 pounds or a net load of 20,500 — 14 x 30=20,080
pounds. The net safe load concentrated at the middle of the span will be
one-half this, or 10,040 pounds.

The deflection produced by a uniformly distributed load of 20,500 pounds
is found from the coefficient given in the same table and page 148 to

be %:0.270”. The deflection for the specified load concentrated in the
0.270x 4 __ 17
middle of the span, page 142, is approximately —5—.-0‘216 .

4. Vertical Deflection. Required the deflection of a riveted girder 37
inches deep for a span of 35 feet and a fiber stress of 14,000 pounds.

17.741
e a

Required deflection, table on page 148,= = 0.479".

5. Vertical Deflection. Required the deflection of an angle 6 x 4 x 74¢"
about an axis parallel to the short leg for a span of 14 feet and a fiber stress
of 16,000 pounds.

3.244 17,

Required deflection, pages 148 and 149, is IX 6—1.96) =0.40
6 Vertical Deflection. Required the deflection of a 10 inch beam for a
span of 18 feet with a fiber stress of 11,000 pounds.

Required deflection, pages 148 and 149,= W:o.sm".

7. Lateral Deflection. Required the reduced safe load on a 12 inch 31.8
pound beam for a span of 16 feet without any lateral support or bracing.

Tabular load, page 160,=24,000 pounds.

h of span _16 x 12 __
Ratio-LCREC1 OLshon 10 X 12 _3s.4

Reduced safe load, page 149, 24,000 x 0.468=11,232 pounds.
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BEAMS
Maxmvom BExping MoumexTs aAND Wes RESISTANCES

D | Wik, [Tt Mt |___¥r ool - o st it
B«ml J;:t Web | Moment gg Emm n“:‘.!-' Bearing l-ﬂ%”‘
d t Mmax ' fn R
—_——y Foot | Pounds y
lmlmi Pounds | Inches Pounds Feet baBa n Inches | Pounds
27 00,0 | .524 |202180 | 141480 | 8.26 | 10080 | 20.04 @ 5120
1200 | 798 191520 | 6.99 | 13790 | 11.40 | 104560
o4 | 1150 | 1737 |326730 | 176880 | 7.39 | 13360 | 11.96 | ¢3550
1100 | .675 |318790 | 162000 | 7.87 | 12840 | 12.69 | $2350
1059 | .625 |312300 | 150000 | 8.33 | 12350 | 13.44 | 73320
100.0 | 747 | 263530 (170280 | 5.88 | 13430 | 11.87 | ©5330
05.0 | .686 |255720 | 164640 | 6.21 | 12940 | 12,55 | 54320
24 00,0 | .624 |247700 |140760 | 6.62 | 12340 | 13.45 | 73130
85.0 | .5063 |230080 135120 | 7.10 | 11620 | 14.66 | 62120
79.9 | .500 |231920 |1 7.73 | 10680 | 16,46 | 50750
24 742 | 476 |216680 |114240 | 7.59 | 10270 | 17.38 | 46420
21 60.4 | .428 [150800 | 80880 | 6.98 | 10510 | 14.74 | 30340
100.0 | 873 | 210780 | 174600 | 5.04 | 15030 | 831 |111550
095.0 | .800 | 213200 | 160000 | 5.33 | 14670 | 863 | 99750
20 00.0 | .726 |206710 | 145200 | 5.69 | 14230 | 9.06 | 87810
85.0 | .053 | 200220 | 130600 | 6.13 | 13700 | 9.60 | 76010
81.4 | .000 |1955610 120000 | 6.52 | 13230 | 10.12 | 67450
75.0 | .641 |1688470 /128200 5.26 | 13500 | 9.71 | 74070
20 70.0 | .567 | 161800 (113400 | 5.71 | 12890 | 10,52 | 62130
65.4 | .500 |155930 | 100000 | 6.24 | 12070 | 11.57 | 51300
00.0 | .796 |186140 | 143280 | 5.20 | 15000 | 7.43 | 96080
18 850 | 714 |150240 | 128520 | 561 | 14630 | 7.80 | 83580
80.0 | 632 |174340 | 113760 | 6.13 | 14070 | 829 | 71140
75.6 | .560 |109150 | 100800 | 6.71 | 1 s 10
70.0 | 711 [135030 | 127980 | 4.25 | 14620 | 7.81 | 83160
65.0 | .620 |130030 | 113220 | 4.59 | 1405 831 | 70690
18 60,0 | 547 |124120| £8460 | 504 | 13310 | 9.03
54.7 | 460 [117860 | 82800 | 5.69 | 12230 | 1022 | 45010
18 48.2 | .380 | 100200 ©S400| 6.39 | 10810 | 12.16 | 32850
750 | .868 | 122170 | 130200 | 3.75 | 16010 | 5.62 | 100730
70.0 | .770 [117270 | 115500 | 4.06 | 15630 | 585 | 87230
15 65,0 | 672 |[112370 | 100800 | 4.46 | 15130 | 6.16 | 73730
60.8 | .500 |108270 | 88500 | 4.89 | 14600 | 6.53 | 62430
550 | 648 | 00430 | 97200 | 372 | 14990 | 6.26 | 70430
50.0 | .550 | 85530 | 82500 | 4.15 | 14280 | 676 | 56930
15 45.0 | 452 | B0620 | 67800 | 4.76 | 13250 | 7.57 | 43430
429 | .410 | 78530 | 61500 | 5.11 | 12670 | 8,00 | 37650
15 373 | .32 | 72000 | 49800| 5.79 | 11170 | 9.68 | 26890
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BEAMS
Maxmvosm Benpine MomenTs AND WEB RESISTANCES
De&th Weight m?‘m Maxim Web Resintance IMmr,:am d
M i ltne T "
Beam lpzt Web | Moment g:r } %'ph:nm Bu‘:kulbiu Bearing . am3le”
d t | Mmsx | V| fb | a | R
| Foot Pounds
Inches | Pounds | Inches | ;Fo% | Pounds | Feet ‘whh Inches | Pounds
55.0 810 | 70970 | 97200 | 2.2 | 16430 | 4.30 | 86530
12 | 500 687 | 67030 | 82440 | 3.26 | 15970 | 4.51 | 71330
45.0 565 | 63130 | 67300 | 372 | 15320 | 4.83 | 56270
40.8 50770 | 55200 | 4.33 | 14480 | 5.29 | 43300
12 | 350 | 428 | 50460 | 51360 | 3.93 | 14150 | 548 | 39350
31.8 | .350 | 47060 | 42000 | 4.57 | 13060 | 6.19 | 20710
12 | 279 | .284 | 44310 | 34080 | 5.20 | 11680 | 7.27 | 21570
400 | 741 | 42140 | 74100 | 2.27 | 16860 | 3.50 | 74080
10 | 350 | .5D4 | 38870 | 50400 | 2,62 | 16090 | 3.72 | 57330
30.0 | 447 | 35600 | 44700 | 3.19 | 15120 | 4.11 | 40560
25.4 | .310 | 32560 | 31000 | 4.20 | 13410 | 4.96 | 24950
10 | 224 | .252 | 30300 | 25200 | 4.81 | 12120 | 575 ! 18330
350 | .724 | 32070 | 65160 | 2.02 | 16850 | 3.00 | 70130
o | 300 561 | 30040 | 50490 | 238 | 16220 | 3.30 | 52320
250 | .307 | 27080 | 35730 | 3.03 | 15070 | 3.72 | 34410
' 21.8 25160 | 26100 | 3.86 | 13620 | 4.36 | 227
\ 255 | 532 | 22680 | 42560 ! 243 | 16400 | 2.88 | 47970
g | 230 | 441 | 21300 | 35280 | 2.43 | 15860 [ 3.05
20.5 | .349 | 20080 | 27920 | 288 | 15080 | 3.32 | 28850
18.4 | .270 | 18960 | 21600 | 3.51 | 13870 | 3.77 | 20590
8 | 175 220 | 19460 | 17600 | 4.42 | 12700 | 4.30 | 15370
200 | .450 | 15980 | 31500 | 2.03 | 16310 | 2.54 | 38520
7 17.5 | .345 | 14840 | 24150 | 246 | 15400 | 2.77 | 28050
| 153 | .250 | 13800 | 17500 | 3.15 | 14150 | 3.20 | 18570
! 17.25 | 465 | 11560 | 27000 | 1.66 | 16770 | 2.08 | 380
5 6 | 1475 | 343 | 10590 2,06 | 15970 | 2.26 | 27390
: 12.50 13800 | 2,81 | 14480 | 264 | 16650
. 14.75 | 404 8030 | 24700 | 1.30 | 17250 | 1.65 | 40470
u 5 12.25 | 347 7210 | 17350 | 1.66 | 16510 | 1.78 | 27200
10.0 210 o4 10500 | 246 | 14880 | 211 | 14840
10.5 | .400 4720 | 16000 | 1.18 | 17270 | 1.32 b 31080
4 9.5 | .326 4460 | 13040 | 1.37 | 16870 | 1.37 | 24750
8.5 | .253 4200 | 10120 | 166 | 1 1.46 | 18510
77 | .100 3980 | 7600 | 2,09 | 15350 | 1.61 | 13120
75 | .349 2560 | 10470 | 098 | 17510 | 0.96 | 25970
3 6.5 | .251 2370 | 7530 | 1.26 | 16930 | 1.02 | 18060
57 | 170 2210 | 5100 | 1.78 | 15050 | 1.13 | 11520
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CHANNELS
Maxmmum Benping MomenTs AND WEB REsISTANCES
o gl e :Lfaﬂnu. T e ! o [ Reastn
o r - 2 .
Channel|  Foot Web | Moment Bt::r hﬁsn;:um Bm Bearing | a=314"
d t | Mmx| V fo s IR
Foot Pounds |
Inches Pounds | Inches Pounds Feet per 8q. In | Inches | Pounds
550 | .S14 | 76270 |122100 | 2.50 | 15810 | 574 | 93200
50.0 | 716 | 71420 | 107400 | 266 | 15370 | 6.01 | 79790
15 | 400 | 618 | 66470 | 92700 | 2:87 | 14800 | 6.30 | 66200
40.0 | .520 | 61570 | 78000 | 3.16 | 14000 | 6.96 | 52790
850 | 422 | 56670 | 63300 | 3.58 | 12840 | 7.93 | 30200
839 | .400 | 55570 | 60000 | 3.70 | 12510 | S.24 | 36270
50.0 | .787 | 64190 |102310 | 2.51 | 16140 | 4.81 | 85730
450 | .73 | 50010 | 87400 | 2.74 | 15660 | 5.05 | 71120
13 | %00 | 560 72800 | 3.08 | 14980 | 5.43 20
37.0 | 492 | 53110 | 63960 | 3.32 | 14420 | 5.76 | 47900
85,0 | .447 | 51420 | 58110 | 3.54 | 13960 | 6.06 | 42120
318 | .37 7 48750 | 4.00 | 13000 | 6.75
40.0 | .755 | 43870 | 00600 | 1.93 | 16250 | 4.30 | 79740
350 | .832 | 39730 | 75840 | 2.10 | 15710 | 4.64
12 | 80.0 | .510 | 35830 | 61200| 234 | 14020 | 5.04 | 49470
250 | .387 | 31890 | 46440 | 275 | 13 5.81 | 34280
20,7 | .280 | 28470 | 33600 | 3.89 | 11570 | 7.37 | 21060
350 | .820 | 30720 | 82000| 1.50 | 16890 | 3.42 | 83090
30.0 | .673 | 27460 | 67300 | 1.63 3.50 | 66330
10 | 250 | .526 100 | 52600 | 1.84 | 15710 | 3.87 | 49570
200 | 379 37000 | 2.21 | 14430 | 4.43 | 32810
153 | .240 | 17830 | 24000 | 2.97 | 11790 | 5.98 | 16970
250 | .612 55080 | 1.52 | 16450 | 3.22 | 57900
g | 200 | .448 | 17050 | 40320 | 178 | 15520 | 3.55 | 39980
150 | .285 | 15010 | 25650 | 234 | 13530 | 4.40 | 22180
134 | 230 |1 20700 | 271 | 12220 | 5.11 | 16160
21.25 | 579 | 15870 | 46320 | 1.37 | 16610 | 2.82 | 52880
18.75 | 487 | 14570 | 38060 | 1.50 | 16160 | 2.95 | 43270
8 | 16.25 | 305 | 13260 | 31600 | 1.68 | 15490 | 3116 | 33650
13.75 | 303 | 11950 | 24240 | 197 | 14430 | 355 | 24040
11.5 } 220 | 10770 | 17600 | 245 | 12700 | 4.30 | 15370
10.75 | .629 2500 | 44030 | 1.14 | 17070 | 2.35
1725 | 524 | 11450 | 36680 | 125 | 16600 | 2.44 | 45910
7 14.75 | 410 | 10310 | 20330 | 1.21 | 16110 | 2.60 | 35430
12.25 | 314 0170 | 21980 | 167 | 15140 | 2.87 | 24950
98 | .210 14700 | 219 354 | 14580
155 | .550 33540 | 1.03 | 17140 | 2.00 | 47910
6 | 130 | 437 7070 | 26220 | 1.17 | 16620 | 2.11 20
10.5 | .314 18840 | 1.42 | 15690 | 232 | 24630
8.2 5780 | 12000 | 1.93 | 13800 | 2.85 | 13800
11.5 | 472 | 5520 | 23600 | 0.94 | 17170 | 1.66 | 38400
5 90 | .326 | 4710 | 16250 | 1.16 | 16340 | 1.81 | 25220
6.7 | .100 | 3050 | ©500| 1.67 | 14440 | 221 | 13030
7.25 | 320 | 3030 | 12800| 095 | 16840 | 1.38 | 24240
4 6.25 | 1247 2770 | 9880 | 1.12 | 16200 | 1.47 | 18000
5.4 | 180 | 2830 | 7200 1.40 | 15150 | 1.64 | 12270
60 | .356 1830 | 10880 | 0.68 | 17540 | 0.96 | 26540
3 50 | .258 1630 | 7740 | 0.84 | 16990 | 1.02 | 18630
41 | 170 1450 | 5100 | 1.14 | 15950 | 1.13 | 11520
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BEAMS
AvrowasrLe UnrorM Loap 1§y TrousaNps oF Pounps
Maximum Bending Stress, 16,000 Pounds per Square Inch
| Depth and Weight of Sections ‘E r
5 = [

. i |271n. 24 Inch 211n, ._“-gé
Feet =06 | 120 | 115 [ 110 [105.0] 100 | 95 | 90 | 85 60.4 3 E
lbs, || 1be, | lbs. | Ibs. | Ibe | Ibs. | Ibs. | Ibs. | Ibe. Iba.

8 888.0 1708 | 0.60
g | 3345996 5 ‘0| 1.08

231.0 1334.58326. 156.9| 1.

9 [350.71297.4200.4 9.5/ 1.34
10 2337 267.6261.4) | 1.66
11 [212.5/243.3237.6 2.00
12 194.81223.0217.8 B 2.38
13 |179.81205.9201.1 19: : 5| 2.80
4 ;i].B-’.O 191.21186.7 |182.2]1178.5/150. L1141, . | 80.7| 3.24
15 .!I155B 178.4174.3(170. 166.6i140.6136.4 132.2/128. | SB.?I 3.72
16 I;3 A 4 1131.8127.81123.0(120.0116.0108.3| 78.4 4.24
17 ‘ 8 1124.0120.3/116.6]112.9109.1102.0] 73.8| 4.78
18 . : X 1110.1106.7 .1 96.3| 69.7| 5.36
19 3. 7|104.3101.0| 97.8) 91.2| 66.1| 5.98
20 o 99.1| 96.0| 92.8| 86.7 62.S| 6.62
21 !111.3 127.4124.5/121.4110.0/100.4 97.4) 94.4 91.4] 88.3| 82.5| 59.8| 7.30
22 106.2{ d = .0113.6| 95.8) 93.0/ 90.1) B7.3| 84.3| 78.8) 57.1| 8.01
23 101.6{1186. i i 7| 91.7| 89.0| 86.2| 83.5| 80.7| 75.4| 54.6 8.76
24 07.41111.50108.0/106.2104.1| 87.8/ 85.3| 82.6/ 80.0| 77.3| 72.2| 52.3| 9.53
25 | 93.5(107.1104.6(102.0100.0| 84.3| 81.8| 79.3| 76.8| 74.2 69.3 50.2ii10.35
26 | 89.91102.9100.5| 98.1| 96.1| 81.1] 78.7| 76.2| 73.8| 71.4| 66.7 48.3:|11A19
27 £6.60 99.1) 96.8| 94.5 92.6| 78.1| 75.8| 73.4| 71.1| 68.7| 64.2 46.5/12.07
28 83,5 95.6/ 93.4| 91.1| 89.2| 75.3| 73.1| 70.8 68.6| 66.3 61.9 44.8/12.98
29 80.6] 92.3 90.1| 87.9 86.2| 72.7| 70.6| 68.4| 66.2| 64.0 50.8| 43.3/13.92
30 77.9| 89.2 87.1| 85.0 83.3| 70. Bs.j 66.1) 64.0] 61. 57.3‘ 41.8igl‘i.90
31 75.4) 86.3 84.3| 82.3 R80.8| 68.0| 66.0| 63.9 61.9 59.8 55.9| 40.5 I1.5.91
32 | 73.0) 83.6/ 81.7| 79.7| 78.1| 65.9 63.9! 62.0; 60.0| 58.0 54.2 89‘2|18.95
33 70.8] 81.1| 79.2| 77.3|'75.7| 63.9 62.0] 80.1| 58.2| 56.2| 52.5! 38.0/18.03
34 68.7|| 78.7| 76.9| 75.0/ 73.5| 62.0 60.2| 58.3| 56.5/ 54.6| 51.0 36.9|19.13
35 163.3 76.5 74.7 72.9 71.4| 60.2 58.4] 56.6| 54.9{ 53.0 49.5 35.Q{i230‘28
36 | 84,9 74.3| 72.6| 70.8 69.4| 58.6/ 56.8 55.1) 53.3| 51.5 48.2| 34.9 21.45
37 | 63.2| 72.3 70.6| 68.9| 87.5| 57.0| 55.3' 53.6| 51.9| 50.1| 46.8| 33.9/22.66
38 61.5{ 70.4] 68.8 67.1 85.8| 55.5( 53.8| 52.2| 50.5{ 48.8| 45.6| 33.0/23.90
39 | 59.9] 68.6 67.0| 65.4 64.1| 54.1] 52.5 50.2} 49.2| 47.6 44.4| 32.2/25.18
40 58.4| 66. 653‘ 63.8| 62.5| 52.7| 51.1] 49, t48. 46 .4/ 43.3| 31.4/26.48
41 57.0) 65.3| 63.8]| 82.2) 61.0| 51.4| 49.9| 48.4 46.8| 45.3) 423 80.6.'27.82
42 || 55.7| 63.7| 62.2| 80.7| 59.5| 50.2| 48.7| 47.2| 45.7| 44.2| 41.3| 29.9 29.

43 | 54.4{ 62.2 60.8| 59.3 58.1| 49. 47.61 46,1 44.6| 43.1| 40.3[ %63 |30.60
44 | 53.1) 60.8 59.4 58.0 56.8| 47.9 46.5 45.1| 43.6] 422i 39.4| 85 [32.04
45 | 52.0{ 59.5| 58.1 56.7) 55.5| 46.8 45.5| 44.1 42.?[ 41.2 385 33.52
46 | 50.8| 58,2 56.8| 55.4 54.3| 45.8 44.5 43.1) 41.7| 40.3| 37.7 85.02
47 49.Z| 56.0) 55.6| 54.3 53.2| 44.9| 43.5 42.2) 40.3[ 39.5 36.9| 36.56
48 | 48.7| 55.8 54.5| 53.1) 52.1| 43.9| 42.6| 41.3 40.0, 38.7| 36.1 38.14
49 | 47.70 608 [ 6| TENTT[ BLD TR0 41| TI05 | 80| B9 8EAT 30.74
50 | 46.7] 68.5| 628 | 61.0 | 600 | 422 | 409 | 0.8 | 88.4 | 871 | 84.7 | 141.38

Loads above upper horizontal lines will produce maximum allowable shear in webs.
below lower horizontal lines will produce excessive deflecti
For maximum gafe loads see tables of i Bending M ts and Web Resist
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BEAMS

ArrowasLe Unmrorm Loap 18 Taousanps or Pounps

Maximum Bending Stress, 16,000 Pounds per Square Inch

Span
n
Feet

i

—l'.md.u abave upper horizontal li
Loads below horizontal lines p
For maximum safe loads see tables of M

Depth and Weight of Sections 2 =
S 32
20 Inch 18 Inch 258
w00 | 95 | 90 | 85 | 70 85 ms? E

| Ibe. | lbs. | lbs. Ibs. Ibe. | Ibe. | Ibs.

l-um 820.0 | 200.4 .4 | 2988 A | 267.0
|203.0284.4275.0 2012 | 2400 7 52240, 0.60
251.2243.8236.2228, 4192, . 71205.9 0.81
219.8213.3206.7200.2195.5(168. .2180.2 1.06
195.4159.6183.8178.0173.8149,7143. .5(160.211 1.34
175.8170. 155.4|1ﬁo.2-155.4 134.8129.5 H 0144.2 1.66
159.9155.1 50‘3:145‘8142.2!122511?.7118.4;@35.4131.1 0 2.00
146.5142.2137.8133.5130.3112.3107.9104.0 124.1120.2 8| 2.38
135.2131.2127.2123. .3103.7| 99.6 96,0/114.5110.9 1| 2.80
125.6121.9118.1114.4111.7 96.3 92.5 89.1106.4103.0/ 99.6: 96.7| 3.24
117.21113.7110.3:10&.3104. 89.9 86.3 sa.zi 99.3] 96.1 90.2 3.72
109.9106.6108.4100.1) 97.8 §4.2 81.0 78.0( 98.1| 90.1 84.6) 4.24
103.41100.4) 97.3 94.2 92.0| 79.3| 76.2 73.4| 87.6/ 84. 790.6 4.78
97.7| 94.8 91.9) 89.0 86.9) 74.9) 72.0 69.3| 82.7| 80.1 75.2| 5.36
92.5/ 80.8 87.0 84.3 82.3 70.9 68.2 65.7| V8.4 75. 71.2| 5.98
87.9 85.3 82.7 80.1] 78.2 67.4) 64.8 62.4) 74.5 72.1 67.7] 6.62
83.7| 81.3 78.8 76.3| 74.5| 64.2 61.7| 59.4| 70.9 68.7 64.4] 7.30
79. 77.% 75.2) 72.8 71.1 al.gj 58.9| 56.7 67.7| 65.5) 61.5) 8.01
76.4 74.2 71.9| 69.7| 68.0| 58.6 56.3| 54.2| B4.7| 62.7| 58.8! 8.76
73.3| 71.1) 68.9 66.7| 65.2 56.2 54.0) 52.0| 62.1| 60.1 56.4| 9.53
70.3| 68.3 66.2 64.1| 62.6| 53.9) 51.8 49.9| 59.6 57.7 54.110.35
|

67.6 65.6 63.6 61.6 60.2) 51.8 49.8 48.0| 57.3 55.4| 53.6/ 52.0]11.19
65.1| 63.2 61.2 59.3 57.9 49.9 48.0) 46.2| 55.2 53.4| 51.6/ 50.112.07
62.8 60.9 59.0 57.2 55.9 48.1| 46.3 44.6| 53.2 51.5 49.8 48.3(12.08
tm.ej 58.8 57.00 55.2 53.9) 46.5 44.7| 43.0| 51.4| 49.7) 48.1| 46.713.92
58.6 56.9) 55.1) 53.4] 52.1| 44.9] 43.2 "“'si 49.6) 48.1| 46.5) 45.1/14.90
56.7| 55.0 53.4) 51.7| 50.5| 43.5) 41.g 40.2" 48.5) 46.5 45.0| 43.7]15.91
54.9) 53.3 51.7) 50.1| 48.9| 42.1| 40.5) 39.0| 46.5 45.1| 43.6 42.3116.95
53.3 51.7| 50.1 48.5 47. «w.g 39.2 37.8;‘ 45.1| 43.7| 42.3 41.0/18.03
51.7| 50.2 48.6 47.1| 46.0| 39.6 38.1| 36.7 43.3 42.4 41.0/ 39.819.13
50.2| 48.8 47.2) 45.8| 44.7| 38.5 37.0 ss.oii 42,5 41.2] 39.9) 38.7(20.28
48.8 47.4) 45.9 44.5 43.4] 37.4) 36.0 34.7| 41.4] 40.0 38.7| 37.6.21.45
47.5/ 46.1| 44.7 43.3 42.3) 36.4| 35.0) 33.7 0.3 | '§0.0 477 | 800 E%.es
46.3| 44.9 43.5 42.1| 41.2| 35.5) 34.1| 32.8| 302 | 879 | 86.7 | 856 .90
45.1| 43.8 42.4) 41.1{ 40.1| 34.6 33.2 32.0 125.18
44.0; 42.7| 41.3 39.1 33.7) 32.4| 31.2 6.48
@A e e e | e | oA .82
410 406 | 804 | 881 | 872 | 82.1 | 808 | 20.7 .20

nes will produce maximum allowable shear in webs,

will produce excessive
2 =4 ta and Web Resist

dine M,
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Depth and Weight of Sections
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Maximum Bending Stress, 16,000 Pounds per Square Inch
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CARNEGIE STEEL COMPANY

BEAMS

ArrowarrLe UnmrorM Loap 1§y THOUsANDS oF Pounps

Maximum Bending Stress, 16,000 Pounds per Square Inch
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llowable shear in webs,

3
4

Loads above upper horizontal lines will p
Loads below lower horizontal lines will p
For maximum safe loads, see page 155.
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BEAMS

BEAM SAFE LOADS

Avvowasre UnmrorM Loap v THousAanDs oF Pounps
Maximum Bending Stress, 16,000 Pounds per Square Inch

llowable shear in webs.
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Loads below lower horizontal lines will p
For maximum gafe loads, see page 155,

Loads above upper horizontal lines will prod
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BEAM SAFE LOADS
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BEAM SAFE LOADS

MISCELLANEOUS BEAMS

AvvowastE UnmrorM Loap 1x Trousanps or Pounps

Maximum Bending Stress, 16,000 pounds per Square Inch

H BEAMS
Depth and Weight of Sections Coeffi-
Span | cients
m 8 Inch 6 Inch 5Inch | 4 Inch of
Feet | Deflection
37.71b. | 3431b. | 32.61b. | 26.71b. | 24.11b. | 228 1b. | 18.91b. | 13.8 Ib.
25.0
3 52.5 818 19.0 | 0.15
4 80,0 421 875 14.3 | 0.27
b 64.4 60.0 33.7 32.1 80.0 20.3 11.4 0.41
6 53.7 51.4 60.0 28.1 26.7 26.1 16.9 9.5 0.60
T 46.0 44.0 43.0 24.1 22.9 22.3 145 8.1 0.81
8 | 403 | 385 | 376 | 211 | 201 | 196 | 127 | 7.1 | 1.08
9 35.8 34.2 33.4 18.7 17.8 17.4 11.8 6.3 1.34
10 32.2 30.8 30.1 16.8 16.0 15.6 10.1 B.T 1.66
11 20.3 28.0 273 15.3 14.6 14.2 |7Tg T 2.00
12 | 26.8 | 257 | 251 | 14.0 | 184 | 13.0 8.5 2.38
13 24.8 23.7 23.1 13.0 12.3 12.0 2.80
14 23.0 | 22.0 | 21.5 12.0 11.5 1.2 3.24
15 21.5 20.5 20.1 3.72
16 | 201 | 19.3 | 188 4.24
17 18.9 18.1 177 4.78
18 17.8 171 18.7 5.36
CROSS TIE SECTIONS
Depth and Weight of Sections c mof ts
6.5 Inch 5.5 Inch 5.5 Inch 4.25 Inch 3 Inch Deflection®
Feet |98 Pounds | 24.0 Pounds | 20.0 Pounds | 145 Pounds | 9.5 Pounds
34— B
3 40.8 40, 27.6 19.6 K 0.15
4 . 30.3 i 14.7 6.7 0.27
5 az.1 24.2 20.8 T 5.3 0.41
8 26.7 20.2 17.3 9.8 4.5 0.60
Vi 22 17.3 14.8 8.4 3.8 0.81
8 20.0 15.1 13.0 7.3 88 1.06
9 17.8 13.4 115 65 | so 1.34
10 16.0 12.1 10.4 TR a7 1.66
11 14.6 11.0 9.4 6.2 2.00
12 13.4 10.1 8.7 2.38
13 123 (7 i 80 2.80
14 bi Y 8.6 7.4 3.24
15 10.7 3.72
Loads above upper horizontal lines will produce maximum allowable shear in webs,
Loads below lower horizontal lines will prod ive deflecti

_ *To obtain deflection divide coefficient by twice the distance of neutral axis from greatest
distance of extreme fiber, obtained from table on page 129. ;
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CARNEGIE STEEL COMPANY
Maximum Bending Stress, 16,000 Pounds per Square Inch

ArrowaBLe UnirorM Loap 1N TrHousAaNDS or Pounps
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Loads above upper horisontal lines will produce maximum allowable shear in webs,
Loads below lower horizontal lines will produce excessive deflections,
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BEAM SAFE LOADS

CHANNELS

AvrowaBLE UnirorM Loap 1§y TrHousanps orF Pounps

Maximum Bending Stress, 16,000 Pounds per Square Inch

Depth and Weight of Sections ‘g
8 By
;o 12 Tnch 10 Inch g 3
Foet 40 35 30 25 20.7 35 30 25 20 15.3
Ibs. 1ba. 1bs. 1ba. Ibs. Ibs. Ibs. 1bs. 1ba. 1bs.
181.2 164.0 | 1846 | 106.2
2 711617 | 1224 | a9 122,09 100.8| D6. 8 | w0 | 0.07
3 [1164 05519651850 _az | si.0| 73.2| 64.5 (B85 4767 0.16
4 87.3| 79.5| 71.7 | 63.8 | B6.9 || 61.4| 54.9| 484 | 41.8 | 35.7 | 0.27
5 69.9| 63.6| 57.3 | 51.0 | 45.5 || 49.2| 43.9| 38.7 | 33.5 | 28.5 || 0.41
6 58.2| 53.0| 47.8 | 42.5 | 38.0 | 41.0| 36.6| 32.3 | 27.9 | 23.8 | 0.60
7 49.9| 45.4| 40.9 | 36.4 | 32.5 35.1} 31.4|27.6 | 239 | 20.4 | 0.81
8 43.7| 39.7| 35.8 | 31.9 | 28.5 30.7| 27.5|24.2 | 20.9 | 17.8 1.06
9 38.8| 35.3| 31.8 | 28.3 | 25.3 27.3| 2441 21.5 | 18.6 | 15.9 1.34
10 34.0| 31.8| 28.7 | 25.5 | 22.8 24.6| 22.0) 19.4 | 16.7 | 14.3 1.66
11 31.7| 28.9| 26.1 | 23.2 | 20.7 22.3| 20.0|117.6 | 15.2 | 13.0 || 2.00
12 29.1| 26.5| 23.9 | 21.3 | 19.0 | 20.5| 18.3| 16.1 [ 13.9 | 11.9 | 2.38
13 26.9) 24.5|22.0 | 19.6 | 17.56 18.9( 16.9| 14.9 | 12,9 | 11.0 | 2.80
14 25.0] 22,7]120.5 | 18.2 | 16.3 17.6| 15.7| 13.8 | 12.0 | 10.2 3.24
15 23.3] 21.2]|19.1 | 17.0 | 15.2 16.4| 14.6| 12.9 | 11.2 9.5 3.72
16 21.8 19.9]|17.9 | 159 | 14.2 15.4| 13.7| 12.1 | 10.5 8.9 | 4.24
17 20.6' 18.7| 16.9 | 15.0 | 13.4 14.5]) 129| 11.4 9.9 8.4 || 4.78
18 194, 17.7]| 15,9 | 14.2 | 12.7 13.7| 12.2| 10.7 9.3 7.9 5.36
19 18.4 16.7]| 15.1 | 13.4 | 12.0 12.9| 11.6) 10.2 8.8 7.5 5.98
20 1'?.5r 159| 14.3 | 12.8 | 11.4 12.3| 11.0| 9.7 8.4 7.1 6.62
21 16.6| 15.1| 13.6 | 12.1 | 10.8 [1i7 | 108 (K] B 6.8 7.30
22 159 144 13.0 | 11.6 | 10.4 || 11.2 | 10.0 8.8 7.6 65 || 8.01
23 15.2} 13.8] 12.5 | 11.1 9.9 8.76
24 14.6! 13.2| 11.9 | 10. 9.5 9.53
25 |76 TIET I TIE | ing 9.1 10.35
26 134 | 122 | 110 9.8 8.8 11.19
Loads above upper hori 1lines will prod um allowable shear in webs.
Loads below lower horizontal lines will produce excessive deflect

For maximum safe loads, see page 156.
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CARNEGIE STEEL COMPANY
CHANNELS
ArrowABLE UnirorM Loap 1N Trousanps orF Pounps
Maximum Bending Stress, 16,000 Pounds per Square Inch

able shear in webs.
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For maximum safe loads, see page 156,

Loads below lower horizontal lines will




BEAM SAFE LOADS
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CARNEGIE STEEL COMPANY

¥Z (082 0TE (008 0¥ (089 0EL (096 [06TI (098I 0T6E | 1Y
Lz 0T€ (09€ 0S¥ 029 (079 (028 (0901 [0SHI |060% £ | 09
s e i e £ 098 i01F 0S¥ ﬂan 0z |016 0611 |0g9T [0¥ez (0092 | 0'9
[:ol L IvT 4 0] 0 FUTFORR W (o—
5 S ol e S 00z 095 076 101F |0SF [09¢ 029 /018 [0001|092T/089T 0952 (0¥zE 0002 | ¥°C
‘avagqe %xu.m-vas MO N e 0z2 0.2 i09E jOSF (029 |029 (0€L 068 |0GOT|OSET|0TIST (09%% |0¥SE [DECS |ST°9
REHL PRUDRLION SARY, S BP0 0FZ 00€ (0SS 002 0LS [0L9 (008 (016 |00ZT|0GST|086T [00LZ |0SSE 0909 622
03 (092 10Z€ 06% |06% 029 DS (088 (0SOTOLET|09¢T(0861(085E |02SE (0008 OT6L | 2'9
092 (01€ j0se [0LF |06¢ 0LL (068 |0SOT(0¥ET0TCT|09ST|02EE0L08 OSTF (0209 (01¥6 | 0'6
0IE 0L8 i0%F |0¢S |069 _ocm 090T|0E3T|09F1 0LLT |0S1E|092E|019€ [0T6F (0202 OFOIT| €11
0% 023 i05& 0SE [09F 048 |02 [0¥6 (0601|0821 pECT0g81 (0822 0685]0L2¢8 |0ETg |068L 09STT| '8
023 082 028 0V |0ve (099 |0F8 06010221 |06F1/0LL10¥1Z/0¥95]058E|026F |096e (0988 (0SS€1] €01
01€ 09€ 08k (01S (019 09L [096 '0SZ1/0SFT|00LT0£0205F2|000€|0FSE 0T0S 0289 (0286 OFECT| O0'EL
0gg (01F 0S¥ 022 |069 0¢S Sd_._o:.SSA 0261 0652 0LLE|0GVE|0ZEF 0998 (0694 (02011 D0ELI| ¢°C1
0¢% 063 0£¢ 0S€ (09F 08¢ (0¥9 (06L [000T0TE10ZST|0SLT0E120L8% DLIE[0Z0F /0958 (0F1L (08201 [00LVI| 8°6
00 (088 {028 EF (019 (019 |0EL 016 |0S1100ST0VLL|0F0E|05¥30E6|059€{08CH 0669 [0ST8 |0SL1T|0EEST 9551
03€ (L€ {03F 06% 0L¢ (089 |0ES (0Z0T|06%1 08910561065 0£L% 006EDLOV|0STE(0ELO (0016 [0BTET 0300 CLF1
098 (OTF 04F OFS |0F9 (091 (066G 0STT|0EPT0LS10LIG(0¥SE 0808099€ 029¥|0GLS 0STL |0STOT/0SOFT (0066E 95 L1
06g 0S¥ 012 j06g |00L _omm 01010¥51 o...mSch_cwmu 00SZ 0££E0E0F 086F|00£9 0558 [06T11/0E19[ 0619E ¢L 6T
0.z (00€ {OVE (0SE |0¥F 0TS (009 0TZ (098 (090T|0SET09L10¥0Z 06EZ 09SZ0SFE|092F|0SES|080L (0296 (08L€T[00DLT| S°TT
00€ (S {0L€ 0EF (06F 02C (099 (0B 096 (OSTI[06FT0S6T092E(099Z 09TE028E|0ELF|0L6S|00SL (0290T|06EST 00682 SL'ET
08¢ 0L i01y (OLF 0¥ 0£9 |0F2 (0S8 090TOTET|099TI00TZ01SZ|06E 01SE 0FEF|0¥2S (0090|0098 08LIT0L69T 0T€0Z €T 91
09€ |00F {09% (09 (06S 069 (018 (006 |0L1T/0FFI|0ZST0SEE09LE(0FEE 0SSE099F|06LS|08EL|01E6 |0962T|0FIST (0ET6T CL'ST
068 0FF 1002 09¢ (020 0CL (088 [090T|0LZTOLET cma_wommmcsn 0£2£(00F0802 | 0L29|0¥6.L[0LE0T 0TI 05807 09L1E /92" 18
8t |2t |9t gt |¥i|er|gr|tr|o1| 6 w_hﬂueﬁmmai.wﬂn e | e | 3 5m
g
3991 ut uedg k:

L0O HEd SANNOJ NI AVO] WHOLIN{] @IGVAOTIV—STANNVHD

170



BEAM SAFE LOADS

EQUAL ANGLES
ArrLowABLE UNIForM Loap 1N THOUSANDS oF PoUNDS
Neutral Axis Parallel to Either Leg
Maximum Bending Stress, 16,000 Pounds per Square Inch
1 Foot | Maximum Span 1 Foot | Maximum Span
i Thick- | Span | 360xDeflection g Thick- | Span | 360 x Deflection
1ze, ize,
el £ PPN P8 T (e Tnches | gore | sar gt
e afe ¥ e afe 3
Load Load Feet Load Load Feet
115 |186.99| 8.31 | 22.5 184 | 24.00 | 2.55 9.4
114g |177.81| 7.87 | 22.6 12% %ggi gal’g g‘g
1 168.53| 7.43 | 22.7 s A ; X
\ 1544 159.15| 6.98 | 22.8 % }g-g}) %-gg 9-;
\ % |149.55| 6.53 | 22.9 layex3yg U0 | 1190 | 183 | OF
8x8 1346(139.84| 6.08 | 23.0 1 208 | 1 ;
e | 14. 1.42 9.9
| 8 130.03| 5.63 23.1 8% 12.27 1.23 10.0
) 1146|120.00| 5.18 | 23.2 %e | 10.45 | 1.04 | 10.1
\ 5% [109.87 4.;3 ggg A 8.43 | 0.83 | 10.2
%e | 99.63| 4. t 13.87
1, | 89.28| 382 | 234 o || Te | 53
1 11.41 | 1.37 8.3
1 91.41| 548 | 16.7 | 3 x 3| e |1013 | 121 | 84
1%6| 86.51| 5.16 | 16.8 8% 8.85 | 1.04 8.5
7% | 81.39| 4.84 | 16.8 e 7.57 | 0.88 8.6
1346| 76.27| 4.51 | 16.9 7 6.19 | 0.71 8.7
% 71.04| 4.18 | 17.0 14 Toal 15 6.8
6 x 0 1146 | 65.81| 3.85 | 17.1 Ye 6.93 | 1.01 6.9
5% | 60.37| 3.51 | 17.2 84 6.08 | 0.87 7.0
%e | 54.83| 3.17 | 17.3 [214x214| Ye 5.12 | 0.72 7.1
Y% | 49.17| 2.83 | 174 1 416 | 0.58 7.2
The | 43.41| 2.48 | 17.5 Hg g%g 0.44 7.3
3% | 37.65| 2.14 | 17.6 % . 0.29 7.4
The 4.27 | 0.79 5.4
1 61.87| 4.55 | 13.6 3.73 | 0.68 5.5
15| 58.56| 4.28 | 13.7 || 2 x 2 | %is 3.20 | 0.57 5.6
7 (A 2.67 | 0.46 5.7
% | 55.15| 4.00 | 13.8 g 205 | o:as 45
1346 | 51.73| 3.73 | 13.9 * | 130| 024 | 58
8% | 48.32| 3.45 | 14.0 Ay o 0‘68 4'7
5 1 .. . .
5x5 Hie| 44.80| 8.18 | 14.1 g ] o £3
% | 41.17| 2.90 | 14.2 i o
%o | 37.44| 2.62 | 143 [134x13] %o ‘ 3 :
1 2.03 | 0.41 4.9
% | 33.60| 2.34 | 14.4 Shg 145 | 030 5.0
e 29.76| 2.06 14.5 1% 1:07 0:21 5:1
3 | 25.81| 1.78 | 14.5 % 00 || o.51 i
ol 32.11| 2.95 | 109 lisgx134 B | L4s | 031 | 43
84 29.97| 2.73 11.0 % 1.11 | 026 43
;;/m 27.84| 2.51 11.3 1% 0.77 | 0.18 4.4
25.60| 2.29 | 11.2 e 1.19 | 0.36 3.3
%se | 23.36| 2.07 | 11.3 0.97 | 0.29 3.4
4x4| 201 ov01| 1ss | are x| 2 | 3971023 | 34
The | 18.67| 1.63 | 11.4 % 0.52 | 0.14 3.6
8 16.21| 1.41 | 11.5 14 0.60 | 0.22 2.6
%o | 1376 1.19 | 116 |1 x 1| %4 0.47 | 0.17 2.7
% | 11.20] 0.96 | 11.7 % 0.33 | 0.12 2.8
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CARNEGIE STEEL COMPANY

UNEQUAL ANGLES

ArrowasLe UnirorMm Loap 1¥ THousaNDs oF Pounps

Neutral Axis Parallel to Shorter Leg
Maximum Bending Stress, 16,000 Pounds per Square Inch

" | 1 Foot | Maximum Span 1 Foot | Maximum Span
Thick- | Span | 360x Deflection - Thick- Span | 360x Deflection
lm"l ness, Ismmhu'a ness,

Inches | gute | Safe |Length, Inches | gore | Safe | Length
Load | Load | Feet Losd | Losd | Feet '
1 |161a7| 749 | 215 1 83.52 | 557 | 150
154,(152.21| 7.04 | 21.6 1540 79.04 | 524 | 151
T |143.04| 6.59 | 21.7 T | 7445 | 4.90 15.2
13,/133.87| 6.14 | 21.8 1%, 69.87 | 4.57 | 153
3 x 6| % |12448| 568 | 219 % |6507 | 423 | 154
140(114.88| 522 | 220 | . 44| 60.27 | 3.89 | 155
% |105.28| 476 | 22.1 [ *3¥| 5| 5536 | 355 | 156
Yo | 95.47| 430 | 22.2 %e | 50.35 | 3.21 15.7
1% | 85.55| 3.84 | 22.3 1% |45.23 | 2.86 | 158
%o | 75.41| 837 | 22.4 %e | 40.00 | 2.52 | 159
. ; 19.4 % |34.67 | 217 | 16.0
lwu i;gg ;g 19.5 %ie | 2023 | 1.83 | 16.0

% |120.02| 6.63 | 10.6
184 121.60| 6.17 | 19.7 % |53.23 | 400 | 13.3
g5 % [11817| 572 | 10.8 18| 50.03 | 3.73 | 134
o 154 (104.58| 523 | 19.9 % |46.61 | 3.46 | 13.5
% | 95.79| 4.78 | 20.0 14| 43.20 | 319 | 135
%e | 86.93] 432 | 20.1 |5 x 4 5 |39.79 | 2.92 13.6
1 | 77.97| 3.86 | 202 %e | 36.18 | 2.64 | 13.7
%e | 68.80| 3.39 | 203 % gg i:gg 13.8
1 |1128s| 652 | 173 o o 13.9
e[ 108.67| 6.13 | 174 % |24.96 | 178 | 140

% |100.48| 575 | 17.5
1%,| 94.08] 5368 | 17.6 }‘,‘m ool i e
8 | 87.68| 4.97 | 17.6 % | 4565 | 340 | 1o
7T x34% 144| 81.07| 4.58 | 17.7 114, | 42.35 3'21 13‘2
8% | 74.35| 4.18 | 17.8 % |32908 | 203 | 133
%e | 67.53| 3.77 | 17.9 15 x334| &, | 3541 | 264 | 134
) (5 e ) B % |31.80 | 236 | 135
Tie . Te |28.16 | 2,07 | 136
8% | 4610 2.54 | 18.2 % l2eds |17 | 187
1 85.55| 556 | 15.4 5 | 2069 | 1.51 | 13.7

15,| 80.96| 522 | 15.5
% | 76.27| 4.80 | 15.6 1344| 47.47 | 3.77 | 12.6
1%4,| 71.47| 4.55 | 15.7 % |44.37 | 349 | 127
% | 66.67| 422 | 158 1144|4117 | 322 | 128
6 x 4| 11, 6165 388 | 159 5 |37.87 | 284 | 129
5 | 56.64| 354 | 16.0 |5 x 3 | 94, | 3445 | 2,65 | 13.0
%o | 51.52| 3.20 | 16.1 14 |31.04 | 237 | 181
1% | 46.10| 285 | 18.2 e | 27.52 | 2.00 | 13.2
The | 40.85| 2.51 | 16.3 8 |23.89 | 1.80 | 13.3
35411 2,18 | 16.4 %o | 2016 | 1.51 | 13.4

172




OH-NNY NRAOH VORNACH YWY ORRA0D ANWED 0N ©N®  GO-

-
pm m WOUOM00000 IS0 COOSOe ©OOE WBRNINEY BINKNIBYN B THR  mWw

SENS3E 2NS%c LERYRYI} 029 88KERS RB%AY

- 0o

cse ceo

7| 37 | 53335 s33se wamgses 832 adaRg seman s ase cas

360x Deflection
|

MGG Sy ~osened ol duderdeiel oeltiee oie Ses Se-

1 Foot | Maximum §

mMm SAS2Ee RT2Ze LIESeRE 228 PIAAS #IDe 23 wqe &3
i o “ « = 2 2 * = =X
mm " " “ " " " w P ™
e P o W m w.u Y o W u.m =

MONNOD=] CSNGO~NNYE MYFLS-RNO00- =-NAYLLORES O~~NaNYWad

ot et et e 5 00 2 wmoﬂll‘“n COCOCOC=mm QOISO OGRS

o -

SISt e CINOIM et NMMNNAN====D NMAMNNm—m===~D NN~ —O

BEAM SAFE LOADS
UNEQUAL ANGLES

mw oHEe22EEE IS22%833% SERZSRINSE R828x2IA8F S2333333

Neutral Axis Parallel to Shorter Leg
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CARNEGIE STEEL COMPANY

UNEQUAL ANGLES

ArvrowasLe UnirorM Loap v THousaNDs oF Pounps

Neutral Axis Parallel to Longer Leg
Maximum Bending Stress, 16,000 Pounds per Square Inch
1 Foot | Maximam 1 Foot | Maximum
Sige, | Thick- Span medwiulw Size, | Thick- Span msbdénw
* | tae | Safe | Bafe | Length * | ks Safe | Safe | Length,
{] { ] a i3 L]
| Load | Load | Feet Load | Load | Feet
1 95.15 | 544 | 17.5 1 30.93 | 3.00 | 100
Mg 80,92 | 5.11 | 17.6 15| 20.23 | 2.00 | 101
% | 84.60 | 4.70 | 17.7 % |27.63| 271 | 102
i) 79.96 | 4.45 | 17.8 134g| 25.92 | 2.52 | 10.3
LA % | 73.92| 413 | 17.0 % | 2421 233 | 104
1| 68.37 | 380 | 180 | . 14e| 22,51 | 2.14 | 10.5
% |62.72| 348 | 18.0 [6 X3M o | 2069 | 1.95 | 10,6
%o | 56.96 | 3.15 | 18.1 %e | 18.88 | 1.76 | 10.7
% |51.00| 281 | 18.2 % | 16.96 | 1.57 | 10.8
Tho | 45,12 | 247 | 18.3 The | 15.04 | 1.38 | 10.9
% | 1312 1.19 | 11.0
1 3221 | 3.10 | 104
184e g_w 200 | 105 %e | 11.09 | 100 | 11.1
09| 2.7 :
.| 558e | ks | 102 % |3581) 315 | 112
8 xai5| % |2507| 233 | 108 Se| 22T | 298| 113
3 lige| 23.15 | 213 | 10.9 N |88 a1 | 114
1144| 28.69 | 2.50 | 11.5
5% (2133 194 | 110 | e
%e | 1041 | 174 | 111 |5 = | SOk | 88| 1L
1% | 1749 157 | 112 2&' g:;é ';’;2 i -;
Dol V| BB A3 T | 19.31 | 1.62 | 11.9
1 31.57 | 3.10 | 102 % | 16.75 | 1.40 | 12,0
44| 20.87 | 2,90 | 103
% |28.16| 271 | 104 7% |2688| 271 | 9.9
1344| 26.45 | 2.52 | 105 134,| 2528 | 2,53 | 10,0
% |24.64| 233 | 106 % | 2368 | 234 | 101
7 x344| 14, 2283 | 214 | 107 14| 21.97 | 2.15 | 10.2
5% (2101] 1.95 | 108 | .. s |2027| 197 | 103
%o | 19.20 | 1.78 | 109 %, | 1845 | 1.78 | 10.4
% |17.28| 157 | 11.0 1, | 16.64 | 1.60 | 104
%e | 15.36 | 1.38 | 11.1 %e | 1483 | 1.41 | 10,5
% |1344| 119 | 112 3% | 1201 1.22 mg
1 4043 | 8.55 | 11.4 We | 3050 | BN 10
1
ol 3830 | 538 | 113 | 1830 | 220 | 80
14,| 33.02 | 2.00 | 1.7 % 17.39 | 2.00 8.7
% | 31.68 | 2.60 | 11.8 1%ie| 1611 | 1.83 | 88
6x 4 Ude| 2044 | 247 | 11.9 5 1483 1.67 | 8.9
5% | 27.00| 2.26 | 12,0 |6 x 3 %o | 13.55 | 151 9.0
e | 24.64 | 2.05 | 12.0 14 | 12.27 | 1.35 9.1
1% | 2210 1.84 | 12.1 %e [ 1088 | 118 | 9.2
The | 10.73 | 1.62 | 12.2 8% | 949 1.02 | 93
8% |17.07| 1.30 | 12.3 %e | 800! 085 | 9.4
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BEAM SAFE LOADS

UNEQUAL ANGLES

AvrowasLe Unirorm Loap 1N Taousaxps oF Pounps

Neatral Axis Parallel to Longer Leg
Maximum Bending Stress, 16,000 Pounds per Square Inch
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CARNEGIE STEEL COMPANY

TEES
AvrowasLe Unrorm Loap v Trousanps or Pounps
Neutral Axis Parallel to Flange
Maximum Bending Stress, 16,000 Pounds per Square Inch
EQUAL TEES
| o
L 1 Foot |Maximum Span| Size 1 Foot | Maximum Span
Weight | Span 360 x Deflection Weight | Span |360 x Deflection
Flange, | Stem, F]::l., Flange, | Stem, =
Inches | Inches | Pounds Safe | Safe |Length,| Inches | Inches | Pounds Safe | Safe |]'_m(h_
Load | Load | Feet Load | Load | Feet
635 | 636 | 10.8 [52.80| 2.77 | 19.1 | 2f | 23 [49 | 437 | 0.69 | 8.3
4 4 13.5 (21.55/ 1.00 [ 114 | 2 | 23 |41 |3.41 | 053 | 6.4
4 4 10.5 |16.85 1.46 | 11.6 | 2 2 |43 [331]|059]| 58
3% | 8% | 117 (1632|165 | 99| 2 2 |356|277| 040 | 57
3% | 3% | 9.2 (1260 1.27 | 100 | 1% | 13 | 3.09 [ 203 | 0.42 | 4.9
3 3 9.0 [11.73| 1.41 | 83 | 134 | 136 | 247 | 1.53 | 0.37 | 4.1
3 3 89 |10.45| 1.24 | 84 | 135 | 134 | 1.04 [ 1,15 | 0.27 | 43
3 3 78| 917|107 | 85| 1% | 14 | 202 |1.01 | 0.30 | 8.4
3 3 67| 780|002 | 86| 1% | 134 | 150 | 078 | 0.22 | 3.5
235 | 23 | 64| 620|000 70| 1 1 1.25 | 0.49 | 0.18 | 2.7
2% |1 2% | 55| 533/075 ] 7111 1 0.890 | 035 | 0.12 | 29
UNEQUAL TEES
Size b Size | !
. 1 Foot |Maximum Span|____ ™ | 1 Foot | Maximum §
Weight | Span (360 x Defloction Weight | Span |360 x Deflection
Foot IFange, | Stem, | Foot,
Inches | Inches P& Safe Bafe |Length, Inches | Inches | Pounds| Safe Safe |Length,
Load | Load | Feet Load | Load | Feet
5 3 115 1133 1.25 | 90 34 |3 10.8 [12.05| 1.41 | 8.5
5 214 | 109 | 896 1.11 | 7.5 | 3% |3 85| 949 109 8.7
4% | 33 | 157 |22.72| 236 | 06 | 316 | 3 7.5 | 907 1.05 | 8.7
4% | 3 08| 971107 | 913 4 11.7 [20.69 1.92 | 10.8
4% | 3 84| 832/000 | 92 |3 4 10.5 18.35| 1.68 | 10.9
43 |23 | 92| 672|087 | 7.7 ” aF s 9.2 |16.11 147 | 11.0
4% | 2% | 7.8 | 576 074 | 7.8 | 3 314 | 10.8 |15.80| 1.66 | 9.8
4 5 15.3 33.30| 241 130 | 3 33 | 9.7 [1419] 147 | 9.7
4 5 119 (2502 1.84 141 3 3% | 85 /1237|126 | 9.8
4 4% | 14.4 |27.00| 215 | 126 | 3 21 | 7.1 | 640|089 | 7.2
4 |43 |12 |2112|1064 1283 |2} | 61| 555076 | 7.3
4 3 92| 960/1.07 | 89 | 2% | 3 7.1 | 806/ 100 83
4 3 78| 821/091| 91 2% |3 6.1 768( 092 | 8.4
4 2% | 85| 6.61/087 | #8 | 214 | 1} | 287 | 0.93| 025 | 3.7
4 21 | 72| 565|074 | 77| 2 1% [3.09 | 158|036 | 4.4
4 2 7.8 | 427/070 | 6.1 | 13 | 2 2.45 | 2,03/ 038 | 5.5
4 2 67| 363050 | 62| 1 | 1) |1.25| 0.57| 0.15 | 8.7
34 | 4 12,6 [21.12/1.90 [11.1 | 1% | 3% |0.88 | 0.14| 0.08 | 1.9
34 | 4 0.8 116.63] 1.46 | 11.3 ‘
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BEAM SAFE LOADS

ZEES

ArrowasLe Unrorm Loap 1y Trousanps oF Pounbps

Neutral Axis Parallel to Flanges
Maximum Bending Stress, 16,000 Pounds per Square Inch

e 1 Foot Masimum Span
W Span 360 x Deflection

| | e | AR

Inches Pounds Sale Safe

Load Load Feet
6 3% T 34.6 174.93 14.18 12.3
L3511 3%a e az.0 162.35 13.30 12.2
6 e 8 20.4 149.76 12.40 12.1
614 35% i 28.1 150.40 12.19 123
B0 3%e L3 25.4 136.75 11.20 12.2
] a1 %o 22.8 123.20 10.20 12.1
6% 3% vy o1 119.68 9.70 12.3
640 3%a Tha 18.4 104.85 8.59 12
(i} 344 % 16.7 00.03 7.45 12.1
5% 3% 10 28.4 119.47 11.58 10.3
ble 3%e L 26.0 110.29 10.82 10.2
5 3 Wi 237 101.01 10.03 10.1
516 3% 5 22.6 102.08 9.89 10.3
B4a 3%4 % 20.2 01.95 9.02 10.2
5 3% Yy 17.9 81.92 8.14 10.1
51% 3% Yo 16.4 79.36 7.69 10.3
5%e 3%e L 14.0 68.16 6.69 10.2
5 34 LT 11.6 56.96 5.66 10.1
4% 3% L 23,0 TT A4 9.32 83
444a 3% M4q 20.9 70.93 8.67 8.2
4 3%a B 18.9 64.53 8.01 8.1
414 3% %a 18.0 65.92 7.93 8.3
440 31 1y 15.9 58.67 7.17 8.2
4 34a Tha 13.8 51.52 6.40 8.1
4% 3%a T 125 49.81 6.00 8.3
Mo 3% He 10.3 41.71 5.10 8.2
4 8% % 8.2 33.49 4.16 81
34e 2%, %o 14.3 36.50 5.03 6.2
3 21444 Ly 12.6 32.64 5.40 6.1
34 284 Tha 11.5 31.79 5.15 6.2
3 21144 % 9.8 27.41 4.54 6.1
34 2% Bia 8.5 25.39 412 6.2
3 24 % 6.7 20.48 3.39 6.1
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CARNEGIE STEEL COMPANY

Nominal dimensions are:—flange vrlduund

STANDARD GAGES AND DIMENSIONS FOR BEAMS

in sixteenths. Gages for

n angles

iy

connectio
gages may be varied if mnd.it:m require,

“o" mdﬁ web thickness
determined 34 web thickness,

Standard gages

Depth | Weight Web b ; Dikiiaes Ma,

o Bange | rhch. | Fhich. | Gree | Grin Rivet in

Beam oot ness Dess E P ] o h Flange

"In. |Le | In. | In | In | I | Io. | In. | In | Bn. | In

27 90,0 | 9 Y % 5 % | 2ng | 2y e %
120.0 | 8 ’z]o % 5 115 | 204 1% 16

2¢ |1180| 8 4 | % | 5 14 200 | 1% | Te | g
110.0 7::2 e | Me | 8 14 | 2015 | 13 Thg
1069 | 7 o b g | 200, | 1% L
1000 7% | % | % | 4 % | 20% | 15 | %o
95.0 | 7 g | B4y | 4 % | 204 [ 1 Thg

24 90,0 | T L By 4 k! 2084 IEE By %
86.0 B B4a 4 hO| 2084 1 iy
7.0 7 1% W 4 | 2084 1% Yo

24 | 742 9 % g, | & 5% | 20 2 %e | %

21 60.4 | 84 The Yo 4 e | 1714 184 . %
100.0 | 7 % | e | 4 1 161 | 1 1%
95.0 1:2. 3% | 4 1 1616 12 1%

20 | 00.0 i | ¢ 1 16ie | 1 The | %
85.0 | 7 % | %, | 4 1 162 | 13 | %
814 | 7 % | e | 4 1 1616 | 1% | #%
75.0| 6% | % | we | 4 | % |17 me | %

20 70.0 | 63§ M Ba 4 % |17 114 8§ %
65.4 | 063 Y% 1 4 5% 17 114 B
ool 7 |me | B[4 |1 ||| 2

18 | go0| 78 | % | %e | 4 1 143 | 1 % | %
758 | 7 e | % | 4 1 1416 | 1 3
70,0 | 84% t;,z.' 1% f 3% 8 | 15% | 136 | T

w (SEG BT B F|E B E |

a
547| 6 o ﬁ gﬁ 151 13 %o

18 | 482 7% | % | %o | 3% | w [14% | 1% | % | %
75.0 | 6% z e 314 % | 11% | 1% 14

15 | 700 622 B | 3i4 L% | 1% | e | g
65.0 | 6 40 | Me | 314 7 118, | 15 o
608 | 6 e | %e | 3% 1% | 1% | %
ol o | w2 w )

15 | 450| 5 g: | 3% %1 1% | % | %
42,9 6 | Yo | 3% 1 1 %

15 3731 6% | Bie | %o | 3% | The | 124 | 1% % %
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CARNEGIE STEEL COMPANY

STANDARD GAGES AND DIMENSIONS FOR CHANNELS

4 i @

g?.._..._.._{_ —s %h--
Nominal dimensions are:—flange width and “o™ in dght.bs web thickness
in sixteenths. Gasu for connection angles are determined by web thickness.
Stan lnaﬁ. be varied if conditions require.
Gages for channels {n riveted channel columns are given on pages 224 to 234

Depth | Weight Web (34 Web! Gga | Grip T Max.
Flange | rhick. . Rivet

(Ji::ﬂl ;;t Wid ness | ness L P f ° h F;:pm

mol ! o |t | a0 Ia | e |ome ) e | B | o
550 | 3% | W 4e | 124 | 1 %
800 | 3 | ade | %o | 2% [ |12 | 1% | &

15 | 490 | 3% % a | 2 5 1215 | 136 | 1l4e %

| do0 | @ 2 | % |12 | 1% | %e
350 | 3| The | %o | 2 | % |12 | 1 %
339 | 38 o |2 | 8% 124 | 1% | %
50.0 1 % 3 1 14 %

250 | 4% [ | on 2 ae [0 | 1 b

13 40.0 4 Wa W Ma | 1005 | 1 Oy %
37.0 e Zﬁ 24 % 1015 1 Mo
350 | 414 | e 2ia | %o | 10% | 1 3
318 | 4 % | %e | 2% | %o | 10% | 1% | %e
400 | 3% % | 2 a 10 |1 | s
a5.0 & o 2 10 1 14,

12 | 30,0 | 3% 1 10 1 Y %
25.0 3 e 1 Zg 10 1 Tha
207 | 3 il - 10 |1 %
350 | 3% |1 %e | 1 s | % | 3
00| 8% | it ﬁ: 1 E g | % 4

10 |20 | 2% 13 8is | B | % | %
20.0 %o | 18 | %e | 8% | % | %o
15.3 2064 1y 144 The 81 s Bie
250 | 2% | s o | 138 | % | 7 % | 1340

SAE RIS R AR
AR AR AR AR AR AEAE AR
2125 | 20 | %o | %e | 1% o% | ® | m
1875 | 215 a‘ % | 18 | A &4 %o

8 16.25 8 1% Aa e a8
13.75 | 2% LT 184 By 634 ¥ 8
15 | 26 | % | % | 1% | % | 6| % | %e
1975 2 | % | %o | s | e | 34| % | e
1723 | 2% WolTe | e | B4 K| %

7 };.75 2 ﬁ. gi,“l {% 'i*ﬁ; ﬁ X a 5%
AR AR R &% | 35| % | %e
155 | 2% [ % | % | 1% | % | @ | % | %

e |130 | 2 ﬁ. % |1 % | 94| % | is | %
105 | 2 . | % |3 % | 4| % | %

8.2 1% Ha 1y 1 Hia 4% %
15 | 2 % | % |1 3% | % | %

s |80 |2 e | 10| B2 AR % | u
67 | 1 o | W | 18 | #e % | %
7.25| 1 %e | 1 % | 3

s |EB| W% | B |1 | B| % | % | %
5.4 1 W e 1 He 2% 1
60 | 1 % 1 %

3 | 50 13’% 7% :2 E | % A | %
a1 | 14 | e | % 1% | % | %




STRUCTURAL DETAILS

BEAM CONNECTIONS

24'
24" 2’
] =
D oo Iy
) e 112
@ = BE
b4 = e
= B .
2IM4"x 4" 1'x 1-8%4" 218 x 4" W'x 195147
Weight 46 1bs, Weight 30 lbs.
20, 18, 15"
W W
» =12
- H RGO I | B
1 [=] ;?_
< !
214" 4"x Wx 124" 2174"% 4"x He'x 021194
Weight 33 Ibs. Weight 23 Ibs.
107 97 8
§mom 44
4 | ad )
2174% &"x Ud'x 0l81" 216" 4" %'x 0%5%4"
Weight 17 lbs, Weight 13 Ibs.
bl 542 47 8"
» -,
r6Y, 2 A 22
2136 4" %'x 0°8” 264 Wxo2"
Weight 7 lbs, Weight 6 Ibs.

s gl b and angle connections; about 20 cent should
Wei i -inch riveta per
o added for S8 ovele o boiter T
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CARNEGIE STEEL COMPANY

BEAM CONNECTIONS—Concluded
LmviTing VALUES oF Beam CoONNECTIONS
Value of Values of Outstanding Legs of Connection Angles
e Sl [ T Field Rivets ] Field Bolts
Weight| Shop Rivets #{"’ Rivetsor, Minimum a4 Minimum
ps Pt T WOl iR | i BT | 1
ring, ear, inFeet,| In. car, ‘ee
Tove | o | o | e oL - | B ko
27 |90.0| 82530 | 61900 189 | % | 49500 238 |
24 799 67500 53000 17.6 ok 42400 21.9 oy
74.2 G4260 | 53000 16.4 o% 42400 20.4 L1
21 60.4 48150 44200 142 | 5% 35300 17.8 54
20 | 65.4 45000 35300 17.6 %% 28300 22.1 L
18 54.7 41400 35300 13.3 oG 28300 16.7 8%
48.2 34200 35300 12.8 Yo 28300 15.4 5g
429 36900 35300 8.9 5 28300 11.1 oG
15 |373 | 20880 | 35300 9.7 1% | 28300 10.2 | 94,
12 31.8 23600 26500 8.1 T 21200 9.0 | 5%
27.9 | 19170 26500 9.2 | 7, | 21200 9.2 1%
10 25.4 27900 17700 T4 oG 14100 9.2 L1
22.4 22680 17700 6.8 o4 14100 8.6 L
9 |21.8 26100 17700 5.7 5 14100 7 bg
18.4 24300 17700 4.3 o 14100 5.4 by
8 17.5 19800 17700 4.4 Y 14100 5.5 &g
7 15.3 11300 8800 6.2 f Bg 7100 78 Bg
6 |12.5 10400 8800 4.4 L1 7100 5.5 5§
5 10.0 9500 8800 2.9 55 7100 3.6 Bg
4 i 8600 8800 1.9 Ye 7100 2.7 5
3 5.7 7700 8800 1.2 4 7100 1.4 56
ArvowasLe Uxir Stress 1N Pounps PER Square INcm
5 Rivets—enclosed. .. . . . .Shop 30000
RivetB s v s sivnsa e vis Shop lgﬂ : A
Singlel - Riveta—one side. . ... . .Shop 24000
Shoar| nivetasad Turned Bolts...Field 10000/Bearingpiyots ang Turned Bolts, Field 20000
"""""" Rough Bolta. ............Fied 16000
t=Web thickness, in bearing, to develop max. bl tions, when beams frame opposite.
Connections are figured for bearing and nhear (no moment considered).
The above values agree with tests m.nde on beams under ordinary conditions of use.
Where web is enclosed bet angles (enclosed bearing), values are greater because
of the increased efficiency due to friction md grip.
Spwialooumchomsha]lbeumdwhmwofthahmtmgwndmommlbsm are exceeded—
such as end resction from loaded beam being ter than value of connection; shorter span with
beam fully loaded; or a less thickness of web when maximum allowable reactions are used.
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STRUCTURAL DETAILS

BEAM SEPARATORS

AMERICAN BRIDGE COMPANY BTANDARD
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For 5, 4" and 3" beams, use 1’/ gas pipe 33"/, 3" and 3!{" lmlc respectively.




CARNEGIE STEEL COMPANY

TIE RODS AND ANCHORS

AMERICAN BRIDGE COMPANY BTANDARD
2'to 134 1'to114”

% INCH TIE RODS

Lexarus axp WeleaTs vor Variouvs Distawces C. To C. oF Brams

‘Weights include two Nuts

C. to C. Length | Weight | |C. to C. Length| Weight |C. to C.| Length| Weight|C. to C. Length Weight
Ft.-In. Ft.-lmi?oundu Ft.-In. | Ft.-In. | Pounds|| Ft.-In. | Ft.-In. | Pounds|| Ft.-In. | Ft.-In. |Pound s
1-0 | 1-3 2.30| 1-3 | 1-6 | 2.67| 1-6 1-9 | 3.05) 1-9 | 2-0 | 3.42
2-0 | 2-3 3.80( 2-3 | 2-6 | 417 26 | 29 | 455 2-9 | 3-0 | 4.92
3-0 | 3-3 5.30| 3-3 | 3-6 | 5.67| 3-6 | 3-9 | 6.05] 3-9 | 4-0 | 6.42
4-0 4-3 680 4-3 | 46 | 7.17| 46 | 49 | 7.55) 49 | 50 | 7.92
5-0 5-3 830 53 | 5-6 | 867 56 | 590 | 9.05| 59 6-0 | 9.42
6-0 6-3 9.80| 6-3 | 6-6 |10.17|| 6-6 | 6-9 [10.556] 6-9 7-0 |10.92
70 | 7-3 |11.30| 7-3 | 7-6 [11.67| 7-6 | 7-9 |12.06| 7-0 | 80 (12.42
80 | 83 |12.80) 83 | 86 [13.17| B-6 | 8-9 [13.55| 8-9 9-0 |13.92
ANCHORS

Swepae Borr GoVERNMENT ANCHOR
Weight includes Nut
Diameter | Length | Weight
Inches Feet - Inches Pounds
§ 0-9 1.3
1-0 2.3
1 1-0 3.1
1y 1-3 6.1 8" Rod 1/ 0" long. Wt., 31bs.
Buiur-IN Axcrmor Bours AvoLE ANcHOR

] 0D

=T




STRUCTURAL DETAILS

BEARING PLATES
The size and thickness of steel bearing plates depend on the end
reaction, length of bearing, and unit pressure. The following table
givessizes for beams of usual spans, the allowable safe loadsin thousands
of pounds and the span of beams giving equivalent end reactions.
STANDARD BEARING PLATES

Beam || : :I Bearing Plate “I;m_ Beam _g‘! Bearing Plate Lim.
We, pan wt, g 1 Span

P AR g e M e B
i " ]
A A= o |’

27 190.0 | 16/16x16x1 |73 |48.8|1240| 10 254 | 8 12888%| 21/13.1| 0.9
24 79.9 | 16/16x16x 1| 73 | 37.9|24.5 9 21.8| 8 lE!E!'I-ﬁl 17| 8.7|11.8
21 |60.4 | 16/16x16x1 |73 |44.0|14.2 8 184 | 8 | 8Sx8x8¢|12(16.7 | 4.5
20 |65.4 | 16{16x16x1 |73 | 35.0 17.8“ 7 1156.3 | 8 | 8x8x3¢| 12|15.4| 3.6
18 |64.7 | 16{16x106x1 |73 | 34.1|13.8 6125 | 6 | 6xx 51120 3.2
15 |60.8 | 16/16x16x1 |73 [34.1/12.6] 5 [10.0 | 6 | 6x6x 5110.7| 24
15 D | 12{16x12x1| 55 | 24.4 | 12. Qj 4177 | 4| 4xd4x3g| 2| 9.0]| 1.8
12 31.8 | 12{12x12x3{ 31 | 20.6 3157 | 4 4x4xd4 2| 72| 1.3

Allowable loads given for standard beams will apply also to supplementary
and other beams of equal depth and end reactions.

Plates of special sizes may be taken from the table of projection
coefficients given below, caleulated from the following formula.  Let
A =length of bearing plate, in inches.

B =width of bearing plate, in inches.

t =thickness of bearing plate, in inches.

b =flange width of beam, in inches,

R =reaction on bearing plate, in pounds.
A w =R-+AxB, allowable unit pressure on masonry.

M= BED)_WABB-D _ gL Bty =4, or when r=16000,
B (B—b) = 24990 116 same as theformula for rolled steel slabs, page 253,

RuLe:—Take from table on following page the proper sizebearing plate
for the reaction and unit pressure. Multiply the width of the plate by the
width minus the width of the beam flange and select from the table below
the thickness corresponding to the value for the given unit pressure.

ProsecTioN COEFFICIENTS

_ Unit Thickness of Bearing Plates, in Inches
Ioeperl o0 | o | a6 | 36| 3| 1 |13 | s | 1n6 | 1ag | ase [anc |13 | 2
75 [(40.0/71.1/111,1{160| 218|284 | 360 | 444 | 538 | 640 | 751 | 871 [1000{1138

100 [30.0/53.3| 83.3 1201 213 | 270 403 | 480 | 563 | 653 | 750/ 8563
125 [24.0 42.7| 67. 96131171216 | 267 | 323 1]523
150 |20.0/35.6| 55. 80109142 | 180 | 222|269 | 320|376 | 436 560
1756 |17.1]|30.5) 47. 60| 93|122|154|190|230)274|322|373| 4 488
200 [15.0{26.7| 41. 60| 82|107|135|167 | 202|240 | 282|327 | 375 427
250 |12.0/21.3} 33. 48| 65| 85|108 133|161 (192 | 225|261 1
300 |10.0{17.8] 27. 40 71 111|134 (160|188 | 218 284
350 8.6/15.2) 23,8 34| 47| 61| 77| 95|1156|137|161 | 187 | 214 244
400 7.5|13.3] 20. 30| 41| 53| 68 101 120141163 | 1 213




CARNEGIE STEEL COMPANY

BEARING PLATES

Sare Resisrance iv Trousanps oF Pouxps

B I;l;lﬂ! in Pounds per Square Inch

Wl |BesringPlates|

Bear- —h— > )
h’:i'u Toa 75 | 100 125I 150
¢ Y 12| 16| 20| 2.4
4 4 18| 24| 30 3.6
4| 4| 24| 32| 40| 4.8
6| o 27| 36| 45| 5.4
6| 6 36| 48| 60| 7.2
6 6 45| 60| 7.5 9.0
8| 8 48| 64| 80| 9.6
& g 6.0| 8.0/[100/ 12,0
8 8 72| 9.6|12.0| 14.4
10 7.5(10.0 | 12,5 15.0
10 9.0(12.0 150 18.0
10 1056|140 | 17.5| 21.0
12 10.8| 144 | 18.0| 21.6
12 12,6 | 16.8 | 21.0| 25.2
12 144|102 | 24.0| 28.8
14 14.7 | 10.6 | 24.5| 20.4
14 16.8|22.4 | 28.0| 33.6
14 18.9|25.2 | 31.5| 37.8
14 21.0 | 28.0 | 35.0| 42.0
16 10.2|25.6 | 32.0| 38.4
16 21.6|28.8|36.0| 43.2
16 | 20 |24.0|32.0/400 48.0
16 | 22 |26.4 352|440/ 52.8
| 18 | 18 |24.3|32.4 40.5| 48.6
| 18 | 20 |27.0|36.0 450 54.0
l‘ 18 | 22 |20.7|30.6 | 49.5| 59.4
18 | 24 |32.4 432|540/ 64.8
20 | 20 | 20 |30.0|40.0 50.0 60.0
20 | 20 | 22 |33.0|44.0 55.0 66.0
20 | 20 | 24 |36.0|48.0 600/ 72.0
20 | 20 | 28 [39.0]520]650/ 78.0
22 | 22 | 22 |36.3|48.4 /605 72.8
22 | 22 | 24 |309.6|52.8|66.0 79.2
22 | 22 | 26 |42.9|57.2| 715/ 85.8
22 | 22 | 28 [46.2|61.6|77.0| 92.4
24 | 24 | 24 |43.2|57.6|720| 86.4
24 | 24 | 26 |46.8|62.4)|78.0| 03.6
24 | 24 | 28 |50.4|67.284.0(100.8
24 | 24 | 30 [54.0/72.0)00.0/108.0
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28
4.2
5.6

6.3
8.4
10.5

11.2
14.0
16.8

17.56
21.0
24.5

25.2
204
33.6

34.3
39.2
44.1
40.0

44.8
50.4
56.0
61.6

56.7
683.0
69.3
75.6

70.0
77.0
84.0
91.0

84.7
02.4
100.1
107.8

100.8
109.2
117.6

126.0

200 |

3.2
4.8
6.4

7.2
9.6
12.0

12,8
16.0
19.2

20.0
24.0
28.0
28.8
33.6
38.4

39.2
44.8
50.4
56.0

51.2
57.6
64.0
70.4

64.8
72.0
79.2
86.4

80.0
88.0
96.0
104.0

96.8
105.6
114.4
123.2

115.2
124.8
134.4
144.0

250

4.0|

6.0
8.0

9.0
12.0
15.0

16.0
20.0
24.0

25.0
30.0
35.0

36.0
42.0
48.0

49.0
56.0
63.0
70.0

64.0
72.0
80.0
88.0

81.0
90.0
99.0
108.0

100.0
110.0
120.0
130.0

121.0
132.0
143.0
154.0

144.0
156.0
168.0

180.0

400

6.4
9.6
12.8
14.4
19.2
24.0

25.6
32.0
38.4

40.0
48.0
56.0

57.6
67.2
76.8

78.4
89.6

100.8
112.0

102.4
115.2
128.0
140.8

129.6
144.0
158.4
172.8

160.0
176.0
192.0
208.0

193.6
211.2
228.8
246.4

230.4
240.6
268.8
288.0
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STRUCTURAL DETAILS

DETAILS FOR PUNCHING AND RIVETING
AMERICAN DRIDGE COMPANY STANDALD
CONVENTIONAL SIGNS FOR RIVETING

Shop Rivets Field Rivets Shop Rivets
Countervunk 4

and chipped

GAGES FOR ANGLES, INCHES

L [8]7]6]5]4[344 3 [osg] 2 [15¢136/13412¢] 1| %

[& g1 |44 4 334 {
g2 3 2234

afauz 13 134[134] 1| 34| 34| % % %
igzigal

it | |

Max. rivet [136] 1 (76|76 | 76| 7| 76 [ ¢ 56| 36 | 26| 36[ 36| 34| 3¢
For column details, 6’ leg (14 inch thick or less) against column shaft, g2 == 18{"", g% =3"",
ﬁrd;ﬁ:ll;dq&,”mudﬂqﬂhn!ﬂdhqhﬂwmr'lwi * riveta

”u:rm:gmmmmwmmwmmwm

CLEARANCE FOR RIVETS IN STANDARD
WEB RIVETING CRIMPED ANGLES RIVET DIES
2
T &
ol ey o’ .
“_J'-lf—'}:!-%;g:f { 2" For 0" Riveta
11.:-%-’—'7“1;57‘.‘“ LM N
1% 17 Distance x should be 134" plus thickness }ﬁ&{—f’%ﬁ{—
16°0% 1% = of chord angles, but never less than 2. ,_,’ 11’&—--
i‘-—‘-- -

CLEARANCSE FOR COVER PLATE RIVETING
Dimensions in Inches

2 (24| 3 |314] 4 |43 5 [514| @
2341234 1 27¢| 3 31§ 334 314 Bi4 33§
14| 2 (214
2 (14| 0




CARNEGIE STEEL COMPANY

RIVET SPACING

AMERIOAN BRIDGE COMPANY BTANDARD

MINIMUM STAGGER FOR RIVETS

Minimum stagger, d, Inches
o, Inches
136 [1%40] 134 | 150 | 196 | 174 1% | 1%0 | 156 [113401% 11%i0| 1% 11810/ 2%40{ 2% 0 2510

e, o

65 | 104y 76 | 1846| 140 1o | Bia [0
8 (1% [1%61% (Ve [ 1%l % | % |%a 8% [0
% (134 (1746136 (1966 14 [1%6 (136 [1 | 2540f 1940| 56 The 0
1 [1M61% (116015 (1% (116 17613 [1%0 130 1361 | % | % [0
1% 2% |2 [11540/1156001% (118500184 (1140156 1194g [1061186 1540] 194 | 1 | 1844] 0

DISTANCE CENTER TO CENTER OF STAGGERED RIVETS
Values of x for varying values of a and b

a, Inches
T | 1 | 136 1% (186 | 136 | 156 | 180 (176 | 2 | 21| 2%

2

1351740 (134 (1% (1104186 (176 Yio 2% |26 214
11411940 (165 (11140184 (176 (115402140 2% (214 236 [274e 2%ia
186156 [111461% (176 (128142 & o (2516|2740 (200 |2%
136184 |11346]17%6 [11%e 2840 (2510 296 206 [236 [21Y4e
17% (176 2 8 s |2%6 Bl a [21144284
9%:&-12 214a 216 2844|256 2740 |20 1295 2%

o
o=

-

g

&

5
3

o

J18

3

14
16e 16

Bl
e

Yoo 216 2%4a 12% o 2% 131621%¢
o |2% ' o |2% 0 129 1844215403
162%a 2%e 8 2% PR 1862194, 314
Yi2%e 276 [ 14 T (2184 Yie 3%a

2962 114928, [21814276 2155 16 a (314

E;Af.
b 1819275 |21 a 8

Values below and to right of u; zigzag line are large enough for 34" rivets.
\'l]u=bdglndw$$oflﬂ‘gsimlindmhnuml¢hhr ** rivets.

AETER

=
e

T¥E

MINIMUM RIVET SPACING

I Din. of Rivet, Inches| 14 | 3¢ | 24 | 36 |
@j x, Minimum, Inches) 1 |114|13{| 2 |24

=4
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STRUCTURAL DETAILS

REDUCTION OF AREA FOR RIVET HOLES

Area in Square Inches=Diameter of Hole by Thickness of Metal

Dismeter of Hole in Inches

Yo | Yo | Yo | % || 34 |1%4e | T |10 | 1 |1Ve | 1%

%e | 05| .09 | .11 |.12 | .13| .14 .15| .16| .18| .19| .20f .21
% 06 |.13|.14 (.16 | .17| .19/ .20( .22| .28| .25| ,27| .28
%a |.08 |.16|.18 | .20 ( 21| .23| .25| .27| .290| .31| .33| .35
B 09 (.19 | .21 .23 | .26 | .28| .30| .33| .35| .38| .40| .42
%e | .11).22 ) .25 | .27 | 30| .33| .36| .38| 41| .44( .46| .40
T 13| .25 | .28 | 81| 34| 38| .41| .44| .47| .5O| .53| .56
%o |.14|.28|.32|.35| 30| 42| 46| 49| .53| .56| .60| .63
o .16 | .31 | .85 | .39 | 43| 47| .51| .65| .59| .63| .86| .70
14 | .17 | .34 | .30 | 43 | 47| 52| .56| 60| .64 .69 73| .77
% 9 | 38 | 42 | 47 | 52| 56| .61 .66 .70| .75| .80 .84
1%e¢ .20 | 41 | 46 | 51| 56| .61, .66| 71| .76| .81 .86 .91
T 22 | 44| 490 | 55| 60| 66| .71| .77| 82| .88 93| .08
%o | .23 | 47 | .53 | .50 | 64| .70| .76| .82| .88| .94)|1.00| 1.05
1 .25 | .50 | .56 | .63 | .69 .75| .8B1| .88| .04(1.00|1.06| 1.13
1%, | -27 | .53 | .60 | .66 | .73| .80| .86 | .93|1.00| 1.06| 1.13| 1.20
ln .28 | .56 | .68 | .70 | .77 | .84| 91| .98|1.05|1.13|1.20| 1.27
1%¢ | .30 | .59 | .67 | .74 | 82| 89| .96|1.04|1.11|1.19|1.26| 1.34
1% .31 | .63 | .70 | .78 | .86 .941.02|1.09|1.17 | 1.25|1.33 | 1.41
. 1%e | .33 (.66 | .74 ) .82 | 90| .98|1.07|1.15]|1.23|1.31|1.39 | 1.48
1% 34 | .69 | .77 | .86 | ,95|1.03 | 1.12) 1,20 1.29 | 1.38 | 1.46 1.55
1%e | .36 | .72 | .81 | .00 | .99 |1.08|1.17 | 1.26| 1.35 | 1.44 | 1.53 | 1.62
g .38 | .75 | .84 | .04 [1.03|1.13| 1.22 | 1.31 | 1.41 | 1.50 | 1.59 | 1.69

STAGGER OF RIVETS TO MAINTAIN NET SECTION

AMERICAN BRIDGE COMPANY BTANDARD

1 Hole Out 2 Holes Out Dimensions in Inches
2 —k—— —_ i ‘ -2 == *" %" “" %M
@ vt 4 2P .‘.’ a |Rivet|Rivet| a1 |Rivet Rivet
Hr'i -4 b b b b
1 1 1% |5 3Wa 0
b ;l;i é 2 g&ﬁ g 3
y==diameter of rivet + 3§ 234 | 213° ﬁ. 6% | 314 | 3
e 3 2710 7 3
a-y=+a3+ b2-2y al-2y=482-+b2-3y E!ri g?&- glﬁa ;% Eﬁ
L
————— 416 | 3%e S22 | 4
RS = b= yZay+y* s
= f gages minus thickness of angle.
%” .:Ilvmet:. can be t-&ll‘tm at ¥4 less than for 3{" rivets.
* rivets, can be taken at }4" more than for 1§ rivets.
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CARNEGIE STEEL COMPANY

STRESSES IN RIVETS AND PINS

Rivets. In transmitting stresses between riveted pieces, it is
customary to disregard friction and to proportion rivets to the entire
stress to be transmitted. They must be of sufficient size and number
to resist shear and to afford such bearing area as not to cause distor-
tion of the metal at the rivet holes. In the case of beams which frame
opposite and of single web girders, this latter condition often necessi-
tates a greater thickness of web than required by the shearing stresses.
In a plate girder with %s’" web, 3{" rivets connecting the web with
the flange angles would have a bearing value at 24,000 pounds unit
stress of 5,630 pounds per rivet, while their value in double shear at
12,000 pounds unit stress is 10,600 pounds per rivet; and it might be
necessary to increase the web thickness to %§"” or more in order that
the pressure of the rivets upon the metal be not excessive.

Pins. Pins must be calculated for shearing, bending and bearing
stresses, but one of the latter two will in most cases determine the
size. When groups of bars are connected to the same pin, as in the
lower chord of truss bridges, the size of the bars must be so chosen
and the bars so placed that at no point on the pin will there be any
excessive bending stress. When the size of pin has been determined
from the bending stress, the thickness of the bars or web of the post
should be investigated to provide sufficient bearing area, the bars
being thickened or pin plates added if necessary.

The following is the formula for flexure applied to pins:
M={f#wd8+320r =f A d + & in which M = moment of forces
for any section through pin, f=fiber stress per square inch in
bending, A=the area of section, d=diameter, r =3.14159. The
forces are assumed to act in a plane passing through the axis of the

pin.

ExampLe 1.—A pin, see figure, has to carry a load of
64,000 pounds; required the size at 24,000 pounds fiber
stress, assuming the distance between points of support
to be 5 inches.

Bending moment=64,000 x 5 -+ 4=80,000 inch pounds;
use a 3 inch pin; allowed moment: 80,900 inch pounds.

ExamrrLe 2—Required the thickness of metal in the
top chord of a bridge to give sufficient bearing area to a
33g-inch pin, having to transmit a stress of 121,400 pounds
at an allowed bearing pressure of 24,000 pounds per square

The bearing value of a 33¢-inch pin for 1 inch thickness
of metal is 81,000 pounds; therefore, the thickness of metal
required=121,400 + 81,000=1 14 inch, or each web of the
chord must be 3{ inch thick, including pin plates.

190




STRESSES IN RIVETS AND PINS

RIVETS
SHEARING AND BEARING VALUES

Values in Pounds, all Dimensions in Inches

34-INCH RIVETS—Area .1104 Square Inch

Unit, Lbe, per 8q.In.| 7000 8000 9000 | 10000 | 11000 | 12000

g Single Bhear per Rivet 770 880 990 1100 1210 1320

Double Shear per Rivetf 1540 1760 1980 2200 2420 2640

Unit, Lbe. per 8q. In,| 14000 | 16000 ISTODO 20000 | 22000 | 24000

% 1% 660 750 840 940 | 1030 | 1130

|8 e 980 | 1130 | 1270 | 1410 | 1550 | 1690
= % 1310 | 1500 | 1690 | 1880 | 2060 | 2250
E M 1640 | 1880 | 2110 | 2340 | 2580 | 2810
i 8 1910 | 2250 | 2530 | 2810 | 3090 | 3380

15-INCH RIVETS—Area .1963 8quare Inch

Unit, Lbe. per 8q.In.| 7000 8000 9000 | 10000 | 11000 | 12000

g Single Shear per Rivet | 1370 1570 1770 1960 2160 2360

Double Shear per Rivet| 2750 3140 3530 3930 4320 4710

Unit, Lbs. per 8q. In. | 14000 | 16000 | 18000 | 20000 | 22000 | 24000

% B0 1310 | 1500 | 1690 | 1880 | 2060 | 2250
I 14 1750 | 2000 | 2250 | 2500 | 2750 | 3000
E P ' 2190 | 2500 | 2810 | 3180 | 3440 | 3750
£ 2630 | 3000 | 3380 | 3750 | 4130 | 4500

5 Tha 3060 | 3500 | 3940 | 4380 | 4810 | 5250

g ¥a 3500 | 4000 | 4500 | 5000 | 5500 | 6000

54-INCH RIVETS—Area .3068 Square Inch

Unit, Lbe. per 8q.In. | 7000 8000 9000 | 10000 | 11000 | 12000

g BSingle Shear per Rivet | 2150 2450 2760 3070 3370 3680
Double Shear per Rivet; 4300 4910 5520 6140 6750 7360

Unit, Lbs, per Sq. In. | 14000 | 16000 | 18000 | 20000 | 22000 | 24000

g 1640 | 1880 | 2110 | 2340 | 2580 | 2810
E % 2190 | 2500 | 2810 | 3130 | 3440 | 3750

I Ha 2730 | 3130 | 3520 | 3910 | 4300 | 4690

5 8 8% 3280 | 3750 | 4220 | 4690 | 5160 | 5630
g e 3830 4380 4920 5470 6020 6560

2 % 4380 | 5000 | 5630 | 6250 | 680 | 7500

g %o 4920 | 5630 | 6330 | 7030 | 7730 | 8440

Bg 5470 6250 7040 7810 8590 9380

Values below dotted lines are greater than double shear.
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CARNEGIE STEEL COMPANY

Values in Pounds, Dimensions in Inches

RIVETS
SHEARING AND BEARING VALUES

34-INCH RIVETS—Area .4418 Square Inch

Values below lower dotted lines are greater than double shear,

Unit, Lbs.perSa.In [ 7000 | 8000 | 9000 | 10000 | 11000 | 12000

E SingleShear per Rivet| 3090 | 3530 | 3080 | 4420 | 4860 | 5300
“ | DoubleSbearper Rivet, 6190 | 7070 | 7950 | 8840 | 9720 10600
Unit, Lbs. per Sq.In. | 14000 | 16000 | 18000 | 20000 | 22000 | 24000

B 1% 2630 | 3000 | 3380 | 3750 | 4130 | 4500

¥ |8 Y 3280 | 3750 | 4220 | 4600 | 5160 | 5630

FRIE g 3940 | 4500 | 5060 | 5630 | 6190 | 6750

a8 Tha 4590 | 5250 | 5910 | 6560 | 7220 | 7880

d % 5250 | 6000 | 6750 | 7500 | 8250 | 9000

3 % 5010 | 6750 | 7500 | 8440 | 9280 | 10130

= [ 6560 | 7500 | 8440 | 9380 | 10310 | 11250

74-INCH RIVETS—Area .6013 Square Inch

Unit, Lbe. per Sq. In. | 7000 | 8000 | 9000 | 10000 | 11000 | 12000

Single Shear per Rivet| 4210 | 4810 | 5410 | 6010 | 6610 | 7220
DoubleShear per Rivet| 8420 | 9620 | 10820 | 12030 | 13230 | 14430

Unit, Lbs. per 8q.In. | 14000 | 16000 | 18000 | 20000 | 22000 | 24000

3 Y% 3060 | 3500 | 3940 | 4380 | 4810 | 5250

3 B4 3830 | 4380 | 4920 | 5470 | 6020 | 6560

|3 85 4590 | 5250 | 5910 | 6560 | 7220 | 7880

: e 5360 | 6130 | 6800 | 7660 | 8420 | 9190

14 6130 | 7000 | 7880 | 8750 | 9630 | 10500

% 6800 | 7880 | 8860 | 9840 | 10830 | 11810

2 5% 7660 | 8750 | 9840 | 10940 | 12030 | 13130

14 8420 | 9630 | 10830 | 12030 | 13230 | 14430

1-INCH RIVETS—Area .7854 Square Inc

Unit, Lbs. per8q.In. | 7000 | 8000 | 9000 | 10000 | 11000 | 12000

SingleShearper Rivet| 5500 | 6280 | 7070 | 7850 | 8640 | 9420

DoubleShear per Rivett 11000 | 12570 | 14140 | 15710 | 17280 | 18850

Unit, Lbs. per 8q.In, | 14000 | 16000 | 18000 | 20000 | 22000 | 24000

% 3500 | 4000 | 4500 | 5000 | 5500 | 6000

i 4380 | 5000 | 5630 | 6250 | 6880 | 7500

% 8 5250 | 6000 | 6750 | 7500 | 8250 | 9000

=

g = The 6130 | 7000 | 7880 | 8750 | 9630 | 10500

g £ 1% 7000 | 8000 | 9000 | 10000 | 11000 | 12000

% 7880 | 9000 | 10130 | 11250 | 12380 | 13500

[ 8750 | 10000 | 11250 | 12500 | 13750 | 15000

: 1144 9630 | 11000 | 12380 | 13750 | 15130 | 16500

8 10500 | 12000 | 13500 | 15000 | 16500 | 18000

1, 11380 | 13000 | 14630 | 16250 | 17880 | 19500

Values above upper dotted lines are less than single shear.
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STRESSES IN

RIVETS AND PINS

—

PINS

Bearing Vavues 18 Pounps oN Meran Oxe Ince Taick
Bearing Value=Diameter of Pin x Bearing Stress per Square Inch

Pin Bearing Stresses in Pounds per Square Inch
Diameter, Area, I
o So.1n. 12000 | 15000 I 20000 | 22000 | 24000
3 .T85 12000 15000 20000 24000
1 ﬁ 1.227 15000 18800 25000 27500 30000
1 1.7687 18000 22500 30000 33000 36000
13 2.405 21000 26300 35000 38500 42000
2 3.142 24000 30000 40000 44000 48000
2 3.0976 27000 33800 45000 49500 54000
2 4.909 30000 37500 50000 55000 60000
2 5.040 33000 41300 55000 80500 686000
3 7.069 36000 45000 60000 72000
3 8.206 30000 48800 65000 71500 78000
3 9.621 42000 52500 T0000 77000 84000
3 11.045 45000 56300 75000 82500 D0000
4 12.566 48000 60000 88000 96000
45 14.186 51000 63800 85000 93500 102000
4 15.904 54000 B7500 99000 108000
4 17.721 H7000 71300 95000 104500 114000
5 19.635 60000 75000 100000 110000 120000
b 21.648 63000 78800 105000 15500 126000
ﬁg 23.758 66000 82500 110000 121000 132000
b 967 69000 86300 115000 126500 138000
] 28.274 72000 1 1 144000
6 30.8680 75000 93800 125000 137500 150000
] 33.183 78000 500 130000 143000 156000
L] 35.785 81000 101300 135000 148500 162000
7 38.485 105000 140000 154000 168000
7% 41. 87000 108800 145000 159500 174000
7 44.179 DO000 112500 150000 165000 180040
7% 7.1 93000 116300 155000 170500 186000
8 50.265 96000 | 120000 160000 176000 192000
8 53.450 99000 123800 165000 181500 198000
8 56.745 102000 127500 170000 187000
8 60.132 105000 131300 175000 1 210000
9 63.617 108000 135000 180000 198000 216000
9 67.201 111000 138800 185000
9 70.882 4000 142500 190000 228000
9 74.662 117000 146300 195000 | 214500 | 234000
10 78.540 120000 150000 200000 220000 240000
10 82,516 123000 153800 205000 | 225500 | 246000
10 L5000 126000 157500 210000 231000 252000
10 90.763 129000 161300 215000 258000
b 2 05.033 132000 165000 220000 264000
11 g 09,402 1 168800 225000 | 247500 | 270000
11 103.8690 138000 172500 230000 276000
11 108.434 141000 176300 235000 258500 282000
12 113.007 1 180000 0000 288000




CARNEGIE STEEL COMPANY

PINS
Bexping MomexTts 18 Incr Pouxps

Bending Moment=(Diameter of Pin)* x 0.088175 x Stress per Square Inch

g

| Fiber Stress in Pounds per Square Inch

i

B“‘aml.n' 15000 | 18000 | 20000 | 22000 | 22500 | 24000 | 25000

1500, 1800 2000{ 2200, 2200, 2400, 2500
2000, 3500, 3800 4200, 4300 4600, 4800
5000/ 6000, 6600 7300, 7500, 8000 8300
7900| 9500 10500 11600, 11800 12600 13200
11800
23000
30600

gaz

—

42 14100/ 15700 17300, 17700/ 18800, 10600
22400 25200

24600 26800
27600 30700| 33700| 34500 36800/ 38300
E 40800 44900 49000

32 83

30800 47700( 53000, 58300 59600{ 63600 66300
60700 80900

63100 75800 84200| 92600 94700| 101000 105200
77700 93200 103500 113900 116500, 124300| 129400

150800| 157100

178900 214700 223700
157800| 189400| 210400| 231500| 236700| 252500| 263000

0021 Ohtago  orere

S o
i &
Ege
===
i
—nie
223

&

S
238
828
Sz
£33

Gttt Shbd WK WEMNE e
PV O v S S S N
e
=
g
2
:
3
2
2
]
:

38.485 | 505100, 606100, 673500 740800 7577 808200( 841800
41.282 | 561200/ 673400, 748200 823100 841800/ 897900| 935300
44.179 | 621300 745500] 828400 911200/ 931900/ 9940001035400
47.173 | 685500 822600, 914000/1005400 1 1096800 1142500

.265 | 754000 904800,1005300/1105800/ 1131000 12064001256600
456 | 826000, 992300(1102500/1212800 1240400/1323000/1378200

45 | 904400 1085300 1205800/ 1326400, 1356600 1447000 /1507300
132 | 986500 1183900 1315400/ 1446900]1479800 1578500 1644200

63,617 | 1073500 1288300/1431400 1g7uuo 1610300/1717700 1789200

p 1398600/1554000/1 B864500(1942500
70,882 |1262600/1515100{1683500| 1851800| 1893900 2020100 2104300
74,662 |1364900/1637900{1819900| 2001900 2047400 2183900 2274900

78.540 | 1472600 1767100 1963500/ 2159800/ 2208900/2356200

82.516 |1585000 1903000 2114500/232509001237 88002537400 2643100
86,500 (1704700/20456700|2273000/2500300/2557 100/2727600 2841200
90,763 1820400 2195300|2439200|2683200 2744100/2927100 3049100

95.033 |1060100 2352100/2613400|2874800 2940100/3136100/3266800
99.402 25161002795700|3075200| 3145100 8003404600
103.869 2239700/ 2687600 29&6200'3234900 3359500 3732800
108,434 2388000 mmu‘sns&soo 3503800/ 3583400(3822300 3981600+
113,087 |2544700/3063600/3392800(3732200/3817000/4071500/4241200

= COOC OO00 N =N ose®

LS S N O N S Y

5_0—'-!!- e dd
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RIVETED GIRDERS

BEAM AND PLATE AND ANGLE GIRDERS

Where single rolled beams are insufficient, to carry the loads, the
required capacity may be obtained by various methods.

Two beams, connected with bolts and cast iron separators, or,
for greater rigidity, with riveted plate and angle separators, can be
used. The total strength of these is twice that of the single beam
provided that the loads are applied equally on the two sections,
otherwise their strength must be computed separately.

Single beam girders with plates riveted on top and bottom are
often more economical than two beams connected with separators.

Box girders formed of two beams with plates riveted across the
beam flanges are frequently used for supporting interior walls in
buildings, but they are not as economical as single beams with flange
plates or as plate girders. Box girders should not be used in exposed
places, as their interior surfaces do not admit of repainting.

The most economical section is the single web plate girder; if
not of sufficient strength, two single web plate girders may be used,
with tie plates extending across the angles, or box girders may be
made of four flange angles, two web plates and top and bottom flange
plates. If the loads are not equally dmtnbuted the two half-girders
must be figured as separate units.

In the design of beam or plate girders the web must be of sufficient
thickness to resist buckling stress and attention is called to the
Construction Specifications and to the remarks made on page 151
as to shearing stresses in general.

At the ends of plate girders a sufficient number of rivets must be
provided in each flange to properly transfer to both flanges the
stresses due to total end shear, over a distance equal to the effective
depth of girder, which is the distance between centers of rivets in
upper and lower flange for angles with one line of rivets, and between
centers of rivet lines for angles with two lines of rivets. In the
following tables maximum allowable reactions have been based upon
the maximum shearing or bearing values of 3{-inch flange rivets.

The tables which follow give: first, a selected number of riveted
beam girders of approximately twice the carrying capacity of cor-
regponding single beams; second, a selected number of riveted plate
girders of various depths and carrying capacities customary in build-
ing work; third, elements of riveted plate girders of various depths.

In accordance with the Construction Specifications, these girder
tables are based upon the section modulus of the gross area of the
section, with bending stress allowed at 16,000 pounds per square inch.




CARNEGIE STEEL COMPANY

RIVETED BEAM GIRDERS

AvvowaBLE Unirorm Loap 1IN THOUsANDS oF Pounps

12"y =104 - -—5.0———\
H H Y ¢ o
'l
Safd g
! pJ L\ g
L!—h—l a
Span s
Foot [1-Beam 277/x00 Ibe. |1-Beam?24"x79.9 Ibs. 1-Beam24"x79.91bs.1-Beam20”x81 41bs| 3
2-Plates 12x34" | 2-Plates 127x3{” | 2-Plates 10”x5¢" | 2-Plates 107x3¢" g
Increase Increase Increase Increase
in Safe in Safe in Safe in Safe
Loads for Loads for Loads for Loads for
Safe 1;‘10 Inch| Bafe g loch | Bafe (144 Inch| Safe |[%g Inch
Loads nmzase Loads | Increase| Loads | Increase| Loads | Increase
in in in
"ﬂurknm. (Thickness [Thickness| Thickness
of Plates of Plates of Plates of Plates
233.0 240.0 240.0 240.0
20 240.4 | 10.4 202.7 9.2 168.2 7.6 152.0 6.3 6.62
21 229.0 9.9 193.0 8.8 160.2 7.2 145.6 6.0 7.30
22 218.6 9.4 184.2 8.4 1529 6.9 139.0 5.7 8.01
23 209.1 9.0 176.2 8.0 146.3 6.6 132.9 5.5 8.76
24 200.4 8.6 168.9 7.7 140.2 6.3 127.4 5.2 9.53
25 102.4 8.3 162.1 7.4 134.6 6.1 122.3 5.0 10.35
26 185.0 8.0 155.9 7.1 129.4 5.9 117.6 4.8 11.19
27 178.1 T 150.1 6.8 124.6 5.6 113.2 4.7 12.07
28 171.7 T4 144.8 6.6 120.2 5.4 109.2 4.5 12.98
29 165.8 7.1 139.8 .4 116.0 5.2 105.4 4.3 13.92
30 160.3 6.9 135.1 6.1 112.2 5.1 101.9 4.2 14.90
31 155.1 6.7 130.7 5.9 108.5 4.9 98.6 4.1 15.91
32 150.3 6.5 126.7 5.8 105.2 4.8 95.6 3.9 16.95
33 145.7 6.3 122.8 5.6 102.0 4.6 92.7 3.8 18.03
34 141.4 6.1 119.2 5.4 99.0 4.5 80.9 3.7 19.13
35 137.4 5.9 115.8 5.3 96.1 4.3 87.4 3.6 20.28
36 133.6 5.8 112.6 5.1 93.5 4.2 84.9 3.5 21.45
37 130.0 5.6 109.5 5.0 0.9 4.1 82.6 3.4 22.66
38 126.6 5.5 106.7 4.9 88.5 4.0 80.5 3.3 23.90
39 123.3 5.3 103.9 4.7 86.3 3.9 78.4 3.2 25.18
40 120.2 5.2 101.3 4.6 84.1 38 76.4 3.1 26.48
41 117.3 5.1 98.9 4.5 82.1 3.7 74.6 3.1 27.82
42 114.5 4.9 96.5 4.4 80.1 3.6 72.8 3.0 29.20
43 111.8 4.8 04.3 4.3 78.3 3.5 71.1 2.9 30.60
44 109.3 4.7 92.1 4.2 76.5 3.5 69.5 | 2.9 32.04
45 106.9 4.6 90.1 4.1 748 34 [TTeT0 | 88T 33.52
46 104.5 4.5 88.1 4.0 73.2 33 680.5 2.7 35.02
47 102.3 4.4 86.2 3.9 71.6 3.2 85.1 2.7 36.56
48 100.0 4.3 84.4 3.8 70.1 3.2 38.14
49 08.1 4.2 82.7 3.8 68.7 3.1 39.74
50 96.2 4.1 81.1 3.7 67.3 3.0 41.38
Area 44.34 inches? 41.33 inches? 35.83 inches? 38.74 inches?
814 450.8 inches® 380.0 inches® 315.5 inches® 286.7 inches®
Wlaight 151.2 lbe. perft. | 141.1 Ibe. perfit. | 1224 Ibs. perft. | 1324 lbe. per ft.
Loads exceeding th ven abmre _horizontal lines will prod i llowable shear
in webs and stiffencrs sbuu[d%u ed in accordance with Construction Specifications.

‘Weights given for girdets do not mcll.ldu stiffeners, rivet heads or other details.
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RIVETED

GIRDERS

RIVETED BEAM GIRDERS—Concluded

ArrowaBLE UniForM LoaAp 1Ny THOUSANDS oF PoUNDs

r__m':__.= —gl 1 1
‘[‘ 1 o | f -t
E2 1 ‘gi g% |
- -3 =3
: 3 T i f
H ] ] H §
e : e e : s
Feet  |1_Beam20/'x65.41bs. 1-Beam18"x54.71bs./1-Beam15”x60.8 Ibs. 1-Beam 155420 1ba| 2
2-Plates 107556 | 2-Plates 9”/x84” | 2-Plates 9x84” | 2-Plates 8”x35” | 8
Incresss Increase Increase Inecrease
in Safe in Safe in Safe in Safe
Loads for Loads for| Loads for Loads for
Bafe |lig Inch| Safe |(34q Inch| BSafe (14q Inch| Bafe |44g Inch
Increase Increase Increase| Lounds | Incrense
in in in in
(Thickness Thickness] Thickness Thiskness|
of Plates of Plates of Plates of Plates
200.0 165.6 171.0 1280
15 167.3 8.5 130.9 6.9 113.4 5.7 2 5.1 3.72
16 156.8 8.0 122.7 8.5 106.3 5.3 76.9 4.8 4.24
17 147.6 75 115.5 6.1 100.1 5.0 72.3 4.5 4.78
18 139.4 7.1 109.1 5.7 04.5 4.7 68.3 4.2 5.36
19 132.1 6.7 103.3 5.4 B80.5 4.5 64.7 4.0 5.98
20 125.5 6.4 98.2 5.2 85.1 4.3 61.5 3.8 6.62
21 119.5 6.1 93.5 4.9 81.0 4.0 58.6 3.6 7.30
22 114.0 538 89.2 4.7 77.3 3.9 55.9 3.5 8.01
23 1089.1 5.5 85.4 4.5 74.0 3.7 53.5 3.3 8.76
24 104.5 5.3 81.8 4.3 70.9 3.5 51.2 3.2 9.53
25 100.4 5.1 78,5 4.1 68.1 3.4 49.2 3.1 10.35
26 096.5 4.9 75.5 4.0 65.4 3.3 47.3 2.9 11.19
27 92.9 4.7 72.7 3.8 683.0 3.1 45.6 28 12.07
28 89.6 4.6 70.1 3.7 60.8 3.0 43.9 2.7 12,98
29 86.5 4.4 67.7 3.6 b58.7 29 42.4 2.6 13.92
30 83.6 4.2 65.4 3.4 56.7 28 41.0 25 14.90
31 80.9 4.1 63.3 33 54.9 a1 39.7 2.5 15.91
32 | 784 | 40 | 614 382 | 532 | 27 | 384 | 24 |16.95
33 76.0 3.9 59.5 3.1 51.6 268 [|THI 28 18.03
34 73.8 3.7 87.7 3.0 [T 86,2 22 19.13
35 71.7 | 3.6 56,1 | 3.0 486 24 86.1 2.2 20.28
36 69.7 | 3.5 545 | 29 478 24 842 21 21.45
ar 67.8 3.4 53.1 28 22.66
38 66.0 3.4 B1.T 2.7 23.90
39 64.3 3.3 50.3 6 25.18
40 62.7 3.2 |[TTer ¥ 26.48
41 61.2 3.1 27.82
42 59.7 3.0 29.20
43 58.4 3.0 30.60
44 OO ReT 32.04
45 8.8 | 28 | 33.52
Area 31.58 inches® 27.19 inches? 28.03 inches? 20.49 inches?
834 | 235.2 inches® 184.1 inches® 150.5 inches® 1153 inches®
Wei 107.9 lbs.perft.| 93.0 Ibs.perft.| 99.1 lbs. perft. 70.1 Ibs. per ft.
Loads exceeding those given above horizontal lines will 1 imum allowabl
in webs and stiffeners should ficationa.

provided in accordance with Construction §
other

Weights given for girders do not include stiffeners, rivet heads or
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CARNEGIE STEEL COMPANY

RIVETED PLATE GIRDERS
Sare Loaps 1Ny Trousanps oF Pouxps UnmorMLy DISTRIBUTED

:--l‘:-ﬁ
: B g -] ] g ] ; -] 3 2
Feet =
§52 | 5% 52| 22| gE2
$88| 58 (338|558 25?
EEEk | BR kg; EEE | BER
e
b 433 233 | E33
270.0
2 | ason 148,65 230.0 130
27 | 24000 1454 | 221.5 12.07
‘28 | 2323 140.2 |_1s0 | 213.6 12.98
20 | 224.3 135.4 0| 208.2 13.92
30 | 216.8 1309 | 130.4 | 190.4 14.
31 | 200.8 126.7 | 126.2 | 192.9 15.91
32 | 208.2 1227 | 122.2 | 186.9 5
33 | 1071 119.0 | 1185 | 181.2 18.03
34 | 191.3 115.5 | 115.1 | 175.9 10.13
35 | 185.8 1122 | 111.8 | 170.9 20.28
36 | 180.6 1 100.1 | 108.7 | 166.1 21.45
37 | 17568 106.1 | 105.7 | 161.6 22,66
38 | 171.1 144.3 | 103.3 | 102.0 | 157.4 3.90
30 | 166.8 140.6 | 100.7 | 100.3 | 1533 25.18
40 | 1626 wss | 1837.1 | 982 | 978 | 14955 26.48
41 | 158.6 147.0 | 183.7 | 958 | 95.4 | 145.9 |_imso [27.82
42 | 154.8 143.5 | 130.6 | 93.5| 93.1 | 142.4 6 (20.20
43 | 1513 140.2 | 127.5 | 91.3| 910 | 139.1 | 129.5 [30.60
44 | 1478 137.0 | 124.6 | 80.2| 889 | 135.9 | 126.5 [32.04
45 | 144.5 ‘1*'1‘ 1340 | 121.8 | 87.2| 86.9 | 132.9 | 123.7 [33.52
46 | 141.4 | 14390 | 1831.0 | 119.2 | 85.4 | 85.0 | 130.0 | 121.0 [35.02
47 | 138.4 | 140.9 3| 1167 | 835| 832 | 127.3 | 1185 [36.56
48 | 135.5 | 137.9 | 125.6 | 1142 | 81.8 | 81.5 | 124.6 | 116.0 [38.14
40 | 1327 | 1351 | 123.0 [ 1119 | 80.1 | 79.8 | 122.1 | 113.6 [39.74
50 | 130.1 | 132.4 | 1206 | 1007 | 78.5| 78:2 | 119.6 | 111.3 [41.38
51 | 1275 1208 | 1182 | 107.5 | 77.0| 76.7 | 117.3 | 100.2 [43.05
52 | 125.1 | 127.3 | 1159 4| 75.5| 752 | 115.0 | 107.1 |44.76
53 | 122.7 | 124.9 | 113.7 | 1085 | 7a.1 112.6 | 105.0 |46.49
54 4 [ 1226 | 111.6 | 1015 | 72.7 | 72.4 | 110.8 | 103.1 [48.26
55 | 118.2 | 120.4 X ; 71.4 | 711 | 108.7 | 1012 |50.07
Aren | 5550 | 5210 | 47.75 34.60 | 34.70 47.00 | In2
811 | 800.7 5140 | 2881 | 3687 | 5607 | 5219 | Ins®
Wi 1880 | 1778 | 1628 | 1507 | 1183 | 1181 | 1855 | 160.0 [ Lbs.
Loads above horizontal { to end reacti on maximum allowable stresses
rivets, Web stiffencrs Mdﬁmuﬂdedhmudm with Construction tions.
‘vighta given for girders do not include stiffeners, rivet heads or




RIVETED GIRDERS

RIVETED PLATE GIRDERS—Continued

S8are Loaps 1§y Trousanps oF Pounps UNirorMLY DISTRIBUTED

PES Tt e T4
s th
|
L TH
& ]
tn E 4 H ] 8 g B 5
Feet é 3 5 g £ 3 =
L élia 32 | 22 | 5% 352 122 (235 | 3
258 ‘*’ég -eg eg 558 *35? 2 5 -355‘
Bk | B B k:!: BEE | BER | BE EER
b 3
w35 38y | 55 | 5 | uEw | uEs (Y |5
457|437 | 43 | 43 | 437 |93% |43 |
185.0 1856.0 185.0
25 1213 [106.3 —127.1 [10.35
26 116.7 | 102.2 1850 | 122.2 11.19
27 112.3 | 908.4 1349 | 117.7 (12,07
28 108.3 | 94.9 130.1 | 1135 [12.98
29 104.6 | 91.6 125.6 | 109.6 |13.92
30 101.1 | 88.6 150 | 121.4 | 105.9 [14.90
31 97.8 | 85.7 132.9 | 117.5 | 102.5 [15.91
32 04.8 | 83.0 128.7 | 113.8 | 99.3 [16.95
33 0 01.9 | 80.5 124.8 | 110.4 | 96.3 [18.083
34 2. 80.2 | 78.1 o | 1211 | 107.1 | 93.5 [19.13
35 128.3 | 86.7 | 75.9 'l'gi.ﬁ 117.7 | 104.1 | 90.8 [20.28
36 1247 | 842 | 788 | 1280 | 1144 | 101.2 | 883 [21.45
37 121.3 | 82.0 | 71.8 | 1254 | 111.3 85.9 [22.66
38 1| 1181 | 708 | 690 [ 1221 | 1084 | 959 | 83.6 (23.90
39 | 1207 | 115.1 | 77.8 | 68.1 | 119.0 | 1056 | 93.4 | 81.5 [25.18
40 | 1265 | 112. 758 | 66.4 | 116.0 | 103.0 | 91.1 | 79.5 [26.48
41 | 1234 | 1005 | 740 | 648 | 1132 | 100.5 | 889 | 77.5 [27.82
42 | 1205 [ 1060 | 722 | 633 | 1105 | 981 | 86.7 | 75.7 [29.20
43 | 117.7 | 1044 | 705 | 61.8 958 | 84.7 | 73.9 [30.60
44 | 1150 | 102.0 | 689 | 60.4 | 105.5 6 | 828 | 722 [32.04
45 | 1124 | 997 | 674 | 59.0 | 103.1 | 915 | 80.9 | 70.6 [33.52
46 | 1100 | 97.6 | 659 | 57.8 | 100.9 | 89.5 | 79.2 | 69.1 [35.02
47 | 1077 | 955 | 645 | 565 | 987 | 876 | 77.5 | 67.6 [36.56
48 | 1054 | 935 | 632 | 554 | 96.7 | 858 | 759 | 66.2 [38.14
40 | 1033 | 016 | 619 | 542 | 947 | 840 | 743 | 64.9 [30.74
50 | 1012 | 808 | 607 | 531 | 928 | 824 | 729 | 63.6 [41.38
51 902 | 880 | 595 | 521 | 91.0| 808 | 71.4 | 62.3 |43.05
52 97.3 | 86.3 | 58.3 | 51.1 | 89.2 | 79.2 | 70.0 | 61.1 |44.76
53 055 | 847 | 57.2 | 50.1 | 87.6 | 77.7 | 687 | 60.0 [46.49
54 93.7 | 83.1 56,2 | 492 | 859 | 76.3 | 67.4 | 58.0 |48.26
55 92.0 | 81.6 | 551 | 483 | 844 | 749 57.8 |50.07
Area 4350 | 8804 | 2050 | 2650 | 4275 | 3819 | 3469 | 3095 | In2
811 4743 | 4208 | 2843 | 2401 1 | 8861 | 3415 | 2080 | In®
WiperPt| 1481 | 1325 | 1005 | 901 | 1456 | 1300 | 1181 | 1054 | Lba.
Loads above | Wbmﬂmﬂmhﬁlm i allowable
in rivets, Web stiff should thmwmwﬂm
vights given for girders do not include stiffeners, rivet heads or other
109
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RIVETED GIRDERS

RIVETED PLATE GIRDERS
o e N To obtain a girder suitable to carry any specified
y loading, determine the maximum end reaction in pounds
and the maximum bending moment in inch-pounds.
Select from the table a girder having the desired
l# depth, a thickness of web as determined by the maximum
+ 1 1 end reaction and a suitable section modulus as deter-
o mined by dividing the bending moment by the permissible
g stress per square inch.
For limiting conditions see explanatory notes and
Construction Specifications,
4 E’ ! h ; Welghts given do not include stiffeners, rivet heads,
or other details.
Weight Fi Maximam
Bise in Inches qhmp:d’ - End
Modulus, = min
Web Plate
Axis 1-1, Web M M and m m_‘l*
Tnchs® | Plate | Angles | Piates | Flange | pige | po0
Angles
136.6 4x 3 x% 59.5 50.6
168.6 4x 3 xlg 69.9 50.6
198.7 5x3x e 79.9 50.6
236.1 24 x4 |5x314x5¢ 92.7 50.6
338.0 | 5x3Mxl| 12x Y4 79.9 40.8 50.6
372.9 S5x3kxle 12 x 8 79.9 51.0 50.6
408.5 5x3Mxs§| 12x 54 51.0 50.6
142.5 4x 3 x3 64.6 60.8
165.5 5x3l4x3g 72.2 60.8
174.5 4x 3 x4 75.0 60.8
204.5 4x 3 x3¢ 85.0 60.8
204.0 Sx3Mxlg 85.0 60.8
242.0 24x 35 |5x3laxif 97.8 40.8
270.9 hx3Mx¥| 12x3 72.2 30.6 60.8
306.1 Hx34ax3g 12x 4 72.2 40.8 60.8
343.6 Sx3Mxl| 12x14 85.0 40.8 00.8
378.5 5x3Mxly 12 x 8§ 85.0 51.0 60.8
414.1 5x3Mx55| 12x 38§ 97.8 51.0 60.8
151.5 4x 3 x¥ 61.6 56.3
176.8 5x3Mxlg 69.2 56.3
186.6 4x 3 x4 72.0 56.3
201.2 6x 4 x3¢ 76.8 56.3
219.6 5x3Mxlg 82.0 56.3
252.0 6x 4 x14 924 56.3
260.7 5x8Mix3i5 94.8 56.3
201.3 26 x %e |5x3Mx36| 12x 3 69.2 30.6 56.3
301.0 Ox 4 x5 107.6 56.3
3290.5 5x34x3| 12x M 69.2 40.8 56.3
334.8 Ox 4 x35| 14 x3 76.8 35.7 56.3
370.7 5x34xk| 12x Y4 82.0 40.8 56.3
379.4 6x 4 x3| 14x K 76.8 47.6 56.3
408.6 5x3Mxkl| 12x3%% 82.0 51.0 56.3
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RIVETED PLATE GIRDERS—Continued

i Weight per Foot, :

Modulus, R in‘
Adstd, | g n WebFlate | iange | Thoussads
. Plate e | P ﬁ Plates LA
428.4 6x 4 x}4| 14x14 92.4 47.6 56.3
447.9 Gx3Mxi| 12x 84 M8 51.0 56.3
4727 [ 26x%s |6x 4 x3§| 14x 5 92.4 59.5 56.3
519.5 6x 4 x3§| 14 x8g 107.6 59.5 56.3
563.4 6x 4 x| l4x ¥ 107.6 714 56.3
158.56 4x 3 x¥ 67.2 67.5
183.8 5x314x 34 74.8 67.5
103.5 4x 3 x14 7.6 67.5
208.1 6x 4 x3§ 82.4 67.5
220.5 4x 3 xB§ B87.6 67.5
220.6 5x34x14 87.6 67.5
258.9 6x 4 x4 98.0 87.5
267.6 5x344xig 100.4 67.5
208.0 5x34x¥| 12x % T4.8 30.6 67.5
307.9 6x 4 x¥§ 113.2 67.5
336.2 Bx34x¥| 12x M} 74.8 40.8 67.5
3415 26x 3 |6x 4 x3%| 1l4x3 82.4 35.7 67.5
354.4 6x 4 x¥y 127.6 67.5
3774 5x34xl4| 12x 4 87.6 40.8 67.5
386.1 6x 4 x3| 14x)g 82.4 47.6 67.5
415.2 bx3Mxl| 12x 5% 87.6 61.0 67.5
435.1 6x 4 x}4| l4x)4g 98.0 47.6 67.5
454.5 5x34x44| 12x 54 100.4 51.0 67.5
479, 6x 4 x}4| 14x5 88.0 59.5 67.5
526.1 6x 4 x3| 14x35 113.2 59.5 67.5
560.9 6x 4 x| 14x¥ 113.2 71.4 67.5
613.9 6x 4 x| 14x¥ 127.6 714 67.5
200.4 4x 3 x4 B83.1 78.8
233.4 4x 3 x% 93.1 788
233.5 6x34xl4 93.1 78.8
265.8 6x 4 x4 103.5 788
274.5 5x3l4x3g 105.9 78.8
3148 6x 4 x3 118.7 788
361.3 6x 4 x¥y 133.1 78.8
384.0 28xWe |H5x3Mxlg| 12x 14 93.1 40.8 78.8
421.8 6x3Mxlq| 12x 34 93.1 51.0 788
#41.7 6x 4 x}| l4x)y 103.5 47.6 78.8
461.1 5x3}x%| 12x% | 1059 51.0 78.8
485.9 6x 4 x| 14x5 103.5 59.5 78.8
532.7 6x 4 x| 14 x84 118.7 59.5 78.8
576.5 6x 4 x¥| l4x¥y 118.7 71.4 78.8
620.5 6x 4 x3| l4x¥ 133.1 71.4 78.8




RIVETED GIRDERS

RIVETED PLATE GIRDERS—Continued

k ‘Weight per Foot,
Bize in Inches
Recti % an
Modulus, R .
Axia 11, Web Web Plate Thousands
Inchest |  Plate L | B | e | B | Rl
Angles
185.6 5x34x 34 70.3 56,3
211.0 6x 4 x3§ 77.9 56.3
230.3 5x344x14 83.1 56,3
264.1 6x 4 x4 03.5 56.3
273.2 Hx3Mxig 05.9 56.3
304.5 5x3l4x35 | 12x 3 70.3 30.6 56.3
315.3 6x 4 x3§ 108.7 56.3
344.2 R, 5x3)4x3 | 12x 3} 70.3 40.8 56.3
3408 |27x%e [px 4 x3| 14x¥ 77.9 35.7 56.3
387.3 bx3Mxls | 12x M4 83.1 40.8 56.3
300.2 6x 4 x3| 14x 4 77.9 47.6 56.3
426.7 Bx3Mxly| 12x34 83.1 51.0 50.3
447.4 6x 4 x}4| 14x %4 03.5 47.6 56,3
467.7 5x8Yxig | 12 x 8§ 05.0 51.0 56.3
493.4 6x 4 x4 | 14x 5§ 03.5 59.5 56.3
542.4 6x 4 x% | 14x% | 1087 59.5 56.8
588.0 6x 4 x¥ | 14x3% | 1087 714 56.3
193.1 5x33x34 76.0 67.5
218.5 6x 4 x¥% 83.6 67.5
237.8 5x3Yx14 88.8 67.5
271.5 6x 4 x4 99.2 67.5
280.6 5x34x 54 101.8 67.5
811.7 5x3Mx3 | 12x % 76.0 30.6 67.5
822.7 6x 4 x5 114.4 07.5
851.4 5x3Mx3| 12x 14 76.0 40.8 67.5
857.1 of 6x 4 x3| 14x3 83.6 35.7 67.5
371.4 XM lox 4 x3 128.8 07.5
394.5 5x34xlg| 12x ¥ 88.8 40.8 67.5
403.4 6x 4 x3§| 14x¥ 83.6 47.6 67.5
417.9 6x 4 x7% 143.2 67.5
433.8 5x3Mx14| 12x% 88.8 51.0 67.5
454.6 6x 4 x}4| 14x Y4 99.2 47.6 67.56
474.8 5x3Mx3 | 12x8 | 10L6 51.0 67.5
500.5 6x 4 x¥| 14x 8§ 99.2 50.5 67.5
549.5 6x 4 x5 | 14x86 | 1144 59.5 67.5
595.1 6x 4 x3| 14x3 | 1144 714 67.5
641.2 6x 4 x% | 14x% | 1288 71.4 67.5
245.2 5x3}4x}4 04.6 78.8
279.0 |o7 xy, [0x 4 x34 105.0 78.8
288.1 Hx3lgxig 107.4 78.8
330.2 6x 4 xif 120.2 78.8
203



CARNEQGIE STEEL COMPANY

RIVETED PLATE GIRDERS—Continued
s Weight per Fi
, Size in Inches okt per Fool, Magimum
Moduius, Rea
Web Plate e

Adsll, | web | Flange | Flange and Flange | Thoussnds
Inches" | Plate | Angles | Plates Fango | Pl Poods
378.8 6x 4 x¥ 134.6 788
401.7 6x34xlg| 12x}4 046 1 408 788
425.3 6x 4 x4 149.0 78.8
440.9 5x34xl| 12x 54 04.6 51.0 78.8
461.8 27x%e [6x 4 xM| 14x 34 105.0 47.6 78.8
482.0 5x3Mx%| 12x 4 107.4 51.0 788
507.7 6x 4 x4 14x84 105.0 50.5 78.8
556.6 6x 4 x5 14x% 120.2 50.5 78.8
G02.4 6x 4 x3| 14x¥% 120.2 714 78.8
048.2 6x 4 x| 14x¥% 134.6 T1.4 78.8
194.5 5x314x34 T1.4 56.3
221.0 6x 4 x4 79.0 50.3
241.1 5x3MxM 84.2 56.3
276.3 6x 4 x}4 94.6 56.3
2856.8 5x3Mxi 97.0 56.3
317.8 5x3Mx¥| 12x 34 714 30.6 56.3
320.7 6x 4 x4 109.8 56.3
350.0 5x34x¥M| 12x 44 714 40.8 56.3
365.0 28x%e |6x 4 x35| 14 x 3§ 70.0 35.7 56.3
404.0 5x3Mx¥| 12x M 84.2 40.8 56.3
413.1 6x 4 x¥| 14x4 79.0 47.6 50.3
444.8 5x3¥x¥| 12x54§ 84.2 51.0 56.3
4606.5 6x 4 x¥4| 14xY4 04.6 47.6 56.3
487.6 5x3MxB| 12x34 97.0 51.0 56.3
6514.2 6x 4 x}4| 14 x 8§ 94.6 59.5 56.3
505.4 6x 4 x%| 14x% 100.8 59.5 56.3
612.7 6x 4 x3§| 14x¥y 109.8 714 56.3
202.6 5x34x¥ 77.3 67.5
220.0 6x 4 x3§ 84.9 67.5
240.1 5x3Mxlg 90.1 67.5
284.3 6x 4 x}4 100.5 67.5
203.8 5x3Mx5§ 102.9 67.5
325.6 5x3Mx¥M| 12x¥Y 773 30.6 67.56
337.7 28x3% |6x 4 x5 115.7 67.5
366.7 5x34x3¥| 12x Y4 773 40.8 67.5
3728 6x 4 x3| l4x¥ 84.9 35.7 67.5
388.5 6x 4 x¥ 130.1 67.6
411.7 5x3MxM| 12x 34 90.1 40.8 67.5
420.8 6x 4 x3| l4x}4 84.9 47.6 67.5
437.0 6x 4 x%4 144.5 67.6
452.5 5x3MxM| 12x % 90.1 51.0 67.5
= 204

S —————



RIVETED GIRDERS

RIVETED PLATE GIRDERS—Continued

i F
i S n e VR | v
: Web Plate
Axis 11, Web Flange Flange and Flange Thousands
of
Inches?® Plates Angles Plates Flange Plates Pounds
474.3 6x 4 x34| 14x} | 1005 47.6 67.5
495.3 5x314x5¢| 12x 8 | 102.9 51.0 67.5
521.9 28x 34 |[06x 4 x| 14x85 | 1005 59.5 67.5
573.1 6x 4 x5¢| 14 x5 115.7 59.5 67.5
620.4 6x 4 x%| l4x¥ 115.7 714 67.5
668.6 6x 4 x¥%| M4x¥ 130.1 714 67.5
257.1 5x3%x}4 96.1 78.8
202.4 6x 4 x4 106.5 78.8
301.8 5x344x% 108.9 78.8
345.8 6x 4 x¥ 121.7 78.8
396.5 6x 4 x¥% 136.1 78.8
419.5 5x34%x14| 12x M4 06.1 40.8 78.8
445.1 28x7g |6x 4 x¥ 150.5 78.8
460,2 5x3}4xl4| 12x% 06.1 51.0 78.8
482.0 6x 4 x}| 14x¥ | 1065 47.6 78.8
503.0 5x3%x5| 12x5 | 108.0 51.0 78.8
529.6 6x 4 x}4| 14x3 | 1065 59.5 78.8
580.8 6x 4 x3| 14x8%% | 1217 59.5 78.8
628.0 6x 4 x¥| Mx¥ | 1217 714 78.8
676.2 6x 4 x3| 1M4x¥ 136.1 714 78.8
221.8 5x34x} 79.9 74.3
250.5 6x 4 x3§ 87.5 74.3
272.1 5x3lxis 92.7 74.3
310.3 6x 4 x}4 103.1 74.3
320.5 5x34gxig 105.5 743
353.8 5x34x3| 12x 34 79.0 30.6 74.3
366.2 5x344x3 117.5 74.3
368.1 6x 4 x3§ 118.3 74.3
397.8 5x3Mx¥M| 12x 14 70.9 40.8 74.3
404.7 6x 4 x¥| 14x¥ 87.5 35.7 74.3
423.1 30x% [6x 4 x¥ 132.7 74.3
446.6 5x3%x4| 12x Y4 02.7 40.8 74.3
456.1 6x 4 x%| 14xy4 87.5 47.6 74.3
475.8 6x 4 x7§ 147.1 74.3
400.3 5x34x}| 12x 8 02.7 51.0 74.3
514.0 6x 4 x}| 14x34 | 1031 47.6 743
536.7 5x314x3| 12x 84 105.5 51.0 74.3
565.1 6x 4 x¥4| 14x8 | 103.1 59.5 74.3
620.6 6x 4 xB§| 14x3 | 1183 59.5 743
671.3 6x 4 x5| 14x¥y 118.3 T1.4 74.3
723.8 6x 4 x¥| 14x¥ | 1327 71.4 74.3
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RIVETED PLATE GIRDERS—Continued

Weight per Foot, .
pre Size in Inches Hlmunm
Modulus, R ;
Axis 1-1, - Web Plate Thousands
Tnches? | T | e | Pe | nel
Angles

281.4 5x3 Yex 4 99.0 56.0
319.5 6x 4 x4 109.4 86.0
320.7 5x3 Mix b4 111.8 866
375.5 5x3 Mxy 123.8 86.6
3773 6x 4 x84 124.6 50.6
432.3 6x 4 x¥ 139.0 86.6
455.5 5x3Mx4 | 12x 34 99.0 40.8 86,6
485.0 30xTe |Gx 4 x}§ 153.4 86.6
499.2 5x3 Mix 34 12 x % 29.0 51.0 86.6
523.0 6x4xM4| 14x Y 109.4 47.6 £6.6
545.6 5x3 Mx % 12 x 34 111.8 51.0 56.6
5674.0 6x 4 xM4 14 x % 100.4 59.5 86.6
620.5 6x 4 x3 | 14xH 124.6 59.5 86.6
680.1 6x 4 x3§ | 14x ¥ 124.6 714 86.6
732,06 6x 4 x¥% | 14x ¥ 139.0 1.4 86.6
200.6 5x3 Mx 14 105.4 99.0
328.8 6x 4 x4 115.8 99.0
3389 5x3 Mx g 118.2 99.0
384.7 5x3 Lyxi{ 130.2 09.0
386.5 6x 4 x3§ 131.0 29.0
441.5 6x 4 x¥ 145.4 99.0
464.4 5x3Mxl4 | 12x 34 105.4 40.8 99.0
494.2 30x 3 |6x4x 1590.8 99.0
508.0 5x3 x4 12x % 105.4 51.0 99.0
531.9 6x 4 x4 14x Y4 115.8 476 99.0
554.5 5x34xs§ | 12x % 118.2 51.0 99.0
582.8 6x 4 x4 | 14x 5§ 115.8 59.5 99.0
638.3 6x 4 xi§ | 14x % 131.0 59.5 99.0
688.9 6x 4 xig 14x ¥ 131.0 71.4 90.0
741.3 6x 4 x¥ 14x % 145.4 714 09.0
251.7 5x3 Mxig 83.7 81.0
283.7 Bx 4 x4 91.3 81.0
307.7 5x3 4x14 96.5 810
308.4 6x 6 x34 101.7 121.5
350.3 6x 4 x}4 106.9 81.0
361.5 33x % 5x3 Mx 4 109.3 8L.0
383.6 6x 6 x}4 120.5 121.5
3906.9 5x3Mx3¢ | 12x ¥ 83.7 30.6 81.0
412.5 5x3 W4xi{ 121.3 81.0
414.7 6x 4 xi¢ 122.1 810
445.5 5x3Mx3g | 12x M4 83.7 40.8 81.0
453.4 6x 4 x3 | 14x 3 91.3 35.7 81.0
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RIVETED PLATE GIRDERS—Continued

in Weight per Foot, .
Modalus, R i;’
Web Plate
Axis 1-1, Thousands
| A | e | we | E| R | TE
456.9 6x 6 x3§ 138.9 121.5
476.1 6x 4 x¥ 130.5 81.0
477.6 6x 6 x3| 14x34 1007 35.7 121.5
400.8 5x34xl4| 12x 4 906.5 40.8 81.0
510.0 6x 4 x3| 14x34 91.3 47.6 81.0
525.4 6x 6 x3{ 156.9 121.5
534.1 6x 6 x3§| 14xY 101.7 47.6 121.5
548.0 5x3M4x14| 12x 5 96.5 51.0 81.0
574.7 6x 4 x}| l4x)4 106.9 47.6 81.0
500.6 6x 6 x3§| l4x3 | 10L7 50.5 121.5
5926 | 33%M |gx 6 x3 174.5 121.5
509.9 5x33x%| 12x5 | 100.3 51.0 81.0
607.1 Bx 6 x}| MxM 120.5 47.6 121.5
630.9 6x 4 x}5| 14x5§ 106.9 59.5 81.0
663.1 6x 6 x}4| 14x% | 1205 59.5 121.5
003.0 6x 4 x3%| l4x¥ 122.1 50.5 81.0
710.2 Bx 6 x}4| 14x ¥ 120.5 71.4 121.5
732.7 6x 6 x5§| laxig 138.9 59.5 121.5
748.9 6x 4 x| l4x¥ 122.1 714 81.0
788.3 6x 6 x¥f| l4x¥ 138.9 714 121.5
807.6 6x 4 x3| l4x¥ 136.5 71.4 810
854.9 6x 6 x3| 14x3 | 1569 714 121.5
318.9 5x34xi4 103.5 0.5
361.5 6x 4 x4 113.9 4.5
3mn.g 5x34x% 116.3 94.5
304.8 6x 6 x4 127.5 1418
423.7 5x34x¥ 128.3 94.5
425.8 6x 4 x4 120.1 4.5
467.0 6x 6 x5 145.9 141.8
487.2 6x 4 x¥ 143.5 94.5
510.7 33xTe |5x3Mxl4| 12x 44 103.5 40.8 94.5
536.6 6x 6 x¥ 163.9 141.8
558.8 5x34xM| 12x % 103.5 51.0 04.5
585.6 6x 4 x}| 14x ¥4 113.9 47.6 04.5
603.8 6x 6 x¥§ 181.5 141.8
610.6 5x3Wxs| 12x % 116.3 51.0 ™M.5
617.9 6x 6 x}| 14x 4 127.5 47.6 141.8
641.7 6x 4 x| l4x ¥4 113.9 59.5 094.5
673.9 6x 6 x| 14x 3§ 127.5 59.5 141.8
703.8 6x 4 x%| 14x%§ 120.1 59.5 94.5
207



CARNEGIE STEEL COMPANY

RIVETED PLATE GIRDERS—Continued

- Weight per Foot, .
- Sise in Inches Pounds “l;;ﬂm
Modulus, T " i
: Web Plate AR
Axis 1-1, Web Flange Flange and Flange Thousands
Inches* | Plates | Angles | Plates | Flange | Plate | p 0
720.9 6x 6 x}| 14x3% | 1275 714 141.8
743.5 6x 6 x%| 14x5 | 1459 59.5 141.8
750.6 33x7e |0x 4 x¥§| 14x3 | 1201 714 94.5
790.0 Bx 6 x34| 14x ¥ 145.9 71.4 141.8
818.3 6x 4 x3| 14x3 | 1435 71.4 94.5
865.6 6x 6 x3| 14x3 | 163.9 71.4 141.
330.0 5x344 x4 110.5 108.0
372.6 Ox 4 xMq 120.9 108.0
383.9 5x34 x5 123.3 108.0
406.0 6x 6 x}4 134.5 162.0
434.9 5x3Mxig 135.3 108.0
437.0 6x 4 x5¢ 136.1 108.0
478.2 6x 6 x3f 152.9 162.0
408.4 6x 4 x¥ 150.5 108.0
521.5 5x3Mxl| 12x34 : 1105 40.8 108.0
547.8 6x 6 x¥ 170.9 162.0
560.5 6x34xl4| 12x 84§ 110.5 51.0 108.0
500.4 33x Y ox 4 x¥4| 14x4 120.9 47.6 108.0
615.0 6x 6 x7§ 188.5 162.0
621.4 5x3l§xs4| 12x%§ | 1233 51.0 108.0
628.8 6x 6 x}4| 14x4 134.5 47.6 162.0
652.5 6x 4 x}4| 14x8 | 1209 59.5 108.0
684.6 6x 0 x14| 14x3§ 134.5 59.5 162.0
714.5 6x 4 x| 14x3g | 136.1 50.5 108.0
740.6 6x 6 x| l4x3 | 13453 71.4 162.0
754.3 6x 6 x3| 14x35 | 1529 59.5 162.0
770.3 6x 4 x¥| 1l4x¥ 136.1 71.4 108.0
800.7 6x 6 x35| 14x3 | 1529 71.4 162.0
820.0 6x 4 x%| 14x3% | 1505 71.4 108.0
876.3 6x 6 x3| 14x3% | 1709 71.4 162.0
318.0 6x 4 x4 95.1 B87.8
344.4 5x34x14 100.3 87.8
346.9 6x 6 x3§ 105.5 135.0
391.4 6x 4 x4 110.7 87.8
403.7 5x314x % 113.1 87.8
4303 | 36x3 |6x 6 x}§ 124.3 135.0
460.0 5x3Mx¥ 125.1 87.8
462.4 6x 4 x4 125.9 B7.8
503.3 6x 4 x¥§| l4x ¥ 95.1 35.7 87.8
510.5 6x 6 x5 142.7 135.0
530.2 6x 4 x¥ 140.3 87.8
531.6 0x 6 x35| 1l4x3 105.5 35.7 135.0
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RIVETED QGIRDERS

RIVETED PLATE GIRDERS—Continued

. Weight per Foot, .
Seaticn Size in Inches p e Mazimam
in'
Axis 1-1, Web Web Plate Thousands
lchest | Pt | Angis | Phia | Famo | i | plha,
Angles
554.3 5x334x14| 12 x4 100.3 40.8 87.8
565.1 6x 4 x3| 14x4 05.1 47.6 87.8
503,2 6x 6 x3§| 14x4 105.5 47.6 135.0
595.3 6x 4 x% 154.7 87.8
606.8 5x314x14| 12 x 8 100.3 51.0 87.8
636.5 6x 4 x}4| 14x34 | 1107 47.6 87.8
654.9 6x 6 x3§| 14 x5 105.5 59.5 135.0
664.2 a6 x 3¢ |OX3MxH| 12x 54 113.1 51.0 87.8
674.4 6x 6 x}| 14x3§ | 1243 47.6 135.0
608.0 6x 4 x¥4| 14x3 | 1107 59.5 87.8
735.5 6x 6 x4 14 x 8§ 124.3 50.5 135.0
766.6 6x 4 x3| 14x85 125.9 59.5 87.8
796.8 6x 6 x}4| 14x3 124.3 714 135.0
813.1 6x 6 x%| 14x3 | 1427 50.5 135.0
827.6 6x 4 x%| 14x3 | 1259 71.4 87.8
873.8 6x 6 x5 14x 3 142.7 714 135.0
802.8 6x 4 x3| 14x3 140.3 714 87.8
357.7 5x31x14 108.0 102.4
404.7 6x 4 x4 118.4 102.4
417.0 5x31¢ x5 120.8 102.4
443.6 6x 6 x4 132.0 157.5
473.3 5x314x3{ 132.8 102.4
475.7 6x 4 x5 133.6 102.4
523.8 6x 6 x5 150.4 157.5
543.5 6x 4 x3% 148.0 102.4
2 5x34x| 12x34 | 108.0 40.8 102.4
608.6 36x7e |6x 4 X7 162.4 102.4
619.7 5x31x14| 12 x84 108.0 51.0 102.4
649.5 6x 4 x| 14x14 118.4 47.6 102.4
677.1 5x3%4x54| 12 x 5§ 120.8 51.0 102.4
687.3 8x 6 x}4| 14x4 182.0 47.6 157.5
710.8 6x 4 x3§| 14x% | 1184 50.5 102.4
T48.4 6x 6 x}4| 14x8% | 1820 50.5 157.5
779.5 6x 4 x3| l4x% 133.6 50.5 102.4
800.5 6x 6 x}4| l4x¥ 132.0 714 157.5
825.9 6x 6 x| 14x35 | 1504 50.5 157.5
840.4 6x 4 x5§| 14x¥ 133.6 714 102.4
886.6 6x 6 x| l4x¥ 150.4 714 157.5
905.5 6x 4 x3| 14x3 148.0 1.4 102.4




CARNEGIE STEEL COMPANY

RIVETED PLATE GIRDERS—Continued

Sizo in Inches T oo Fool, Magimun
Modulus, T 1 =
| ' | Web Plate s
Axis 1-1, Web Flange Flange | and Flange Tl““n‘?"d'
Inches® Plates | Angles Plates Flanze Plates Pouidy
418.0 6x4x 4 | 126.0 I ‘ 117.0
456.9 6x6x 14 139.6 | 180.0
489.0 6x4x 8 | 1412 ' | 117.0
537.1 6x6x 3 1580 | ‘ 180.0
556.0 6xdx ¥ 155.6 | 117.0
614.5 6x6x 3 176.0 | ‘ 180.0
621.9 6x4x % 1700 | 117.0
862.5 6xd4x 14| 14x % | 126.0 47.6 ‘ 117.0
689.2 6x6x % 193.6 180.0
700.3 6x6x14| 14x1 1306 476 | 180.0
723.7 6x4x 14| 14 x 8§ 126.0 595 | 117.0
7618 | 36x 1§ |6x6x 14| 14x 8¢ 139.6 595 | 1800
792.3 6xdx | 14x% | 1412 50.5 117.0
822.3 6x6x15| 14x% | 1306 71.4 180.0
838.8 6x6x35| 14x3 | 1580 59.5 180.0
853.2 6x4x3| 14x¥ | 1412 71.4 117.0
809.4 6x8x%| 14x8% | 1580 71.4 180.0
918.3 6x4x¥| 14x ¥ [ 155.6 714 117.0
073.7 6x6x3%| 14x3 | 176.0 71.4 180.0
1039.4 6x4x3| 14x1 | 1556 05.2 117.0
1094.1 6x6x3%| 14x 1 | 1760 95.2 180.0
1101.1 6x4x%| 14x 1 170.0 95.2 117.0
1164.9 6x06x % 14x 1 193.6 95.2 180.0
444.7 6x4x 34 141.3 146.3
483.5 6x6x 3§ 154.9 225.0
515.7 6x4x 5 156.5 146.3
563.7 6x6x 3 173.3 225.0
583.5 6x4x 3 170.9 146.3
641.2 l6x6x 3 191.3 225.0
648.5 |6x4x 34 185.3 146.3
6884 | 86x3 [6x4x)4| 14xl4 | 1413 47.6 146.3
715.8 6x6x 3| | 2089 225.0
726.2 6x6x35| 14x36 | 1549 47.6
749.4 6xaxl4 laxb | 1413 50.5 146.3
787.0 6x6x 15| 14x8% | 1549 59.5 225.0
818.1 6x4xi§ 14x 8 | 156.5 59.5 146.3
847.0 6x6x 15 14x % 154.9 71.4 225.0
864.6 6x6x % 14x% | 1733 | 505 225.0
878.8 6x4xt| 14x3¥ | 1585 71.4 146.3
024.9 6x6x 3| 14x% | 1733 71.4 225.0
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RIVETED GIRDERS

RIVETED PLATE GIRDERS—Continued

‘Secfion Bize in Inches WashP:uD:rdaFwt. M%um
Modulus, Reaot
mn
Axis 1-1, Web Flange Wuh‘;‘ihte Flange Thonfmmh
Inches® Plates Angles Plates m Plates ik
943.9 6x4x3%| 14x¥y 170.9 71.4 146.3
999.3 6x6x3| 14x¥ 191.3 71.4 225.0
1045.9 6x6x5 | 14x 1 173.3 95.2 225.0
1064.7 36x 9% (6x4x3| 14x1 | 1709 95.2 146.3
1119.3 6x6x3| 14x 1 191.3 95.2 225.0
1126.3 6x4x%| 14x 1 185.3 95.2 146.3
1190.1 6x6x 7| 14x 1 208.9 95.2 225.0
390.2 6x4x 34 102.8 101.3
427.5 6x6x 3§ 113.2 157.5
477.2 6x4x Y4 118.4 101.3
527.2 6x6x 14 132.0 157.5
561.4 6x4x 5 133.6 101.3
806.6 6x4X 3| 14x ¥ 102.8 35.7 101.3
623.5 6x6x 5% | 1504 157.5
638.3 6x4x3 16x 3% | 1028 40.8 101.3
642.1 6x4x 3 148.0 101.3
643.2 6x6x 35 14x 3§ 113.2 35.7 157.5
875.1 6x6x35 16x 35 113.2 40.8 157.5
678.6 6x4x35| 14x 102.8 47.8 101.3
715.2 6x6x3| 14x X 113.2 47.6 157.5
716.5 Bx6x 3 168.4 157.5
719.5 Bx4x % 162.4 101.3
757.7 6x6x3| 16x % 113.2 54.4 157.5
763.7 | gox 34 |6x4x}g| 14x ) 118.4 47.8 101.3
787.2 6x6x34| 14x 5 113.2 59.5 157.5
806.2 6x4x1| 16x % 118.4 54.4 101.3
806.4 6x6x % | 186.0 157.5
812.7 6x6x 1| 14x 3 | 1320 47.6 157.5
835.5 6x4x%| 14x% | 1184 59.5 101.3
855.2 6x6x 1 168x 4 132.0 54.4 157.5
884.2 6x6x 14| 14x 3% 132.0 59.5 157.5
917.3 6x4x 5| 14x 5% 133.6 59.5 101.3
937.3 6x6x3| 16x % 132.0 68.0 157.5
955.7 6x6x4| 14x ¥ 132.0 T1.4 157.5
970.4 6x4x 5| 16x &% ‘ 133.8 68.0 101.3
977.6 6x6x 5| 14x % 150.4 59.5 157.5
988.7 6x4x 56| 14x % | 1336 714 101.3
1030.8 6x6x 5 16x5 | 1504 68.0 157.5
1048.6 6x6x35| 14x3 | 1504 714 157.5
1068.6 6x4x 3| 14x¥% ‘ 148.0 714 101.3
1112.4 6x6x 5 16x % 150.4 81.6 157.5
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RIVETED PLATE GIRDERS—Continued

Size in Tnches Welekh mae Fook; Magimum
= Web Plate
Axia 1-1, Web Flange and Flange W
Inches® Plates m Plates Flange Plates Poids
1130.4 6x4x¥%| 16x3¥ 148.0 81.6 101.3
1138.5 Gx0x¥| 14x¥y 168.4 714 157.5
11941 6x6x%| 16x34§ 150.4 95.2 157.5
1202.3 42x3 |6x6x3| 16x3¥ 168.4 81.6 157.5
1283.5 6x6x¥| 16x3§ 168.4 95.2 157.5
1286.4 6x4xl| 16x3§ 162.4 95.2 101.3
1369.9 6x6x%| 16x7% 186.0 95.2 157.6
495.3 6x4xlY4 127.3 118.1
545.4 6x6x 4 140.9 183.8
579.5 6x4x8§ 142.5 118.1
641.6 6x0x5§ 159.3 183.8
660.2 6x4x¥ 156.9 118.1
T34.7 Bx06x % 177.3 183.8
737.6 6x4x 4 171.8 118.1
781.5 6xdxl4| 14x}4 127.3 47.6 118.1
824.0 6x4xl4| 16x}4 127.3 54.4 118.1
824.6 6x6x 3§ 194.9 183.8
R830.4 6x6x3| 14x}4 140.9 47.6 183.8
853.1 6x4x1| 1l4x34 127.3 59.5 118.1
872.9 6x6xy| 16x14 140.9 5.4 183.8
0901.8 Bx6xY| 14x 5§ 140.9 50.5 183.8
034.9 42xTe |6x4x84 14 x 54 142.5 59.5 118.1
054.9 6x6x4| 16x8 | 1409 68.0 183.8
973.2 6x6x%| l4x¥ 140.9 71.4 183.8
988.1 6x4x5§ 16 x 5 142.56 68.0 118.1
995.3 6x6x54§ 14 x 3¢ 159.3 59.5 183.8
1006.2 6x4x8§| 14x¥y 142.5 714 118.1
1048.4 G6x0x845| 106x3¢ 150.3 68.0 183.8
1066.2 6x6x84| l4x¥ 150.3 71.4 183.8
1084.1 Gxdx¥| 4x¥y 150.9 71.4 118.1
1129.9 Gx6x84| 16x3 159.3 S1.6 183.8
1147.9 6x4x¥| 16x% 156.9 51.6 118.1
1156.0 6x6x3%| 14x¥ 177.3 71.4 183.8
1211.6 6xOGx8§| 16x 3§ 150.3 95.2 183.8
1219.8 6x6x%| 16x3¥ 1773 81.6 183.8
1300.9 6x06x3| 16x3§ 177.3 95.2 183.8
1387.3 6x06x%| 16x% 194.9 95.2 183.8
513.5 6x4xl4 136.2 185.0
563.5 6x6xi4g 149.8 210.0
597.7 42x 14 [6x4x 5§ 151.4 135.0
659.8 6x0x84§ 168.2 210.0
678.4 6xdx¥ 105.8 135.0
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RIVETED PLATE GIRDERS—Continued

; Weight per Foot,
Siso in Inches dg'lw”'w Maximum
Modulus, Reacti
in

A, | wa oine | | manct| YERN} in Thoussnds
Inches®, Plates Angles Plates m Plates Pounds

752.8 6x6x3 186.2 210.0
755.8 6x4x3§ 180.2 135.0
799.2 6x4x¥| 14x4 136.2 47.6 135.0
841.7 6x4xy4 16x} 136.2 544 135.0
B842.7 6x6x74 203.8 210.0
B4S.1 6x6xl4 14xl4 140.8 47.6 210.0
B70.8 6x4xl4| 14x8g 130.2 59.5 135.0
£90.6 6x6xl| 16xi4 149.8 544 210.0
910.4 6x6xl4 14x34 149.8 59.5 210.0
052.6 6x4x5§ l4dxig 151.4 59.5 135.0
972.6 6x6xl4| 16x 54 149.8 68.0 210.0
990.8 6x6x34| 14x¥y 149.8 714 210.0
1005.7 6x4x3 16x3% 151.4 68.0 135.0
1012.9 42x )9 |6x6x85 14x3§ 168.2 59.5 210.0
1023.7 6x4xbf 4x¥ 151.4 71.4 135.0
1066.0 6x6x5§ 16x34 168.2 68.0 210.0
1083.7 6x6x% 14x3 | 1682 71.4 210.0
1101.7 Ox4x¥| 14x¥% 165.8 714 135.0
1147.5 6x6x5§ 16x¥ 168.2 B81.6 210.0
1165.4 G6x4ax¥| 16x3¥} 165.8 81.6 135.0
1173.6 Bx6x¥| 14x¥ 186.2 714 210.0
1229.0 6x6x54 16x) 168.2 95.2 210.0
1237.4 6x6x¥%| 16x¥% 1860.2 81.6 210.0
1318.4 6x6x3| 16x% 186.2 95.2 210.0
1321.2 6x4x3%| 16x3 180.2 95.2 1356.0
1404.7 6x6x%| 106xX% 203.8 95.2 210.0

466.9 Ox4x3 110.4 121.5
512.7 6x6x3 120.8 180.0
667.4 Gx4xM4 126.0 121.5
628.0 6x6xY% 130.6 180.0
664.9 Ox4x5% 141.2 121.56
Tl4.4 6x4x¥| l4x¥ 110.4 35.7 121.5
7413 6x6x35§ 158.0 180.0
750.8 6x4x3| 16x34 110.4 40.8 121.5
758.5 48x% |6x4x¥ 155.6 121.5
759.5 6x6x35 14x¥ 120.8 35.7 180.0
705.9 6x6x34 16x3 120.8 40.8 180.0
7097.0 Bx4xdg| l4xM4 110.4 47.6 121.56
841.9 6x6x3| l4x)4 120.8 47.6 180.0
B48.3 6x4x ¥ 170.0 121.5
850.1 Gx6x¥ 176.0 180.0
800.4 6x6x3§ 16x34 120.8 544 180.0
8965.5 6x4x3}| l4xl 126.0 47.6 121.5
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RIVETED PLATE GIRDERS—Continued
Weight per Foot, 3
: Size in Inches it Masimum
Modulus, R lnﬂ
Axa 1-1, Web e | et | | tede Thansnky
Inches® Plates Angles Plates Flange Plates Pomtids
Angles
024.3 Ox8x35| l4x 8§ 120.8 59.5 180.0
044.0 Ox4x3}4| 16x 34 126.0 544 121.5
955.2 6x6x% 103.6 180,0
955.8 Gx6xl| 14x ) 130.6 47.6 180.0
077.7 6xdxl| 1l4x B4 126.0 59.5 121.5
1004.3 6x6xl4| 16x M 139.6 54.4 180.0
1037.6 6x6xl4| 14x04 130.6 59.5 180.0
1072.7 6x4x35| 14x Yy 141.2 59.5 121.5
1098.2 O6x6x34| 16x 5§ 139.6 68.0 180.0
1119.5 6x6xY| l4x¥y 139.6 71.4 180.0
1133.3 Ox4x8g| 16x34§ 141.2 68.0 121.5
1147.1 48x % ([6x6x5§| 14x5§ 158.0 59.5 180.0
1154.4 Ox4x84| 14x3¥y 141.2 71.4 121.5
1207.8 6x06x8g| 16x% 158.0 68.0 180.0
1228.4 6x6x5| 14x3y 158.0 714 180.0
1245.2 6x4x3| 4xy 155.6 71.4 121.5
1301.2 Bx6x5§ ‘16 x 3 158.0 81.6 180.0
1317.9 O6x4x3| 16x¥y 155.6 81.6 121.56
1334.0 6x6x3| 14x3% | 1760 714 180.0
1394.7 6x6x5| 16x% | 1380 95.2 180.0
1406.7 6x6x3| 16x¥% 176.0 81.6 180.0
1498.1 6x4xi4| 16x Y 170.0 95.2 121.5
1499.7 6x6x3| 16x¥% 176.0 95.2 180.0
1601.3 Ox6x%| 16x% 193.6 95.2 180.0
591.2 6x4xl4 136.2 141.8
652.7 6x6x14 149.8 210.0
688.7 6x4x3§ 151.4 141.8
765.0 6x6x5 168.2 210.0
782.3 6x4x¥ 165.8 141.8
872.1 6x4x% 180.2 141.8
873.8 6x6x3 186.2 210.0
918.8 6x4xl4| l4xl4 136.2 47.6 141.8
967.3 48U 6x4xlg| 16x)4 136.2 544 141.8
979.0 *lox6x 203.8 210.0
979.0 6x6x3| l4xl4 149.8 47.6 210.0
1000.8 Ox4xl4 1l4x8§ 136.2 59.5 141.8
1027.6 Gx6xlg 16x 34 149.8 544 210.0
1060.8 Gx6xl4| l4x8§ 149.8 59.5 210.0
1095.8 Ox4x8§ 14x5§ 151.4 59.5 141.8
1121.4 6x6x14 10x054 149.8 68.0 210.0
1142.5 6x6x1g| l4x¥ 149.8 71.4 210.0
1156.5 6x4xig| 16x3§ 151.4 68.0 141.8
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RIVETED PLATE GIRDERS-—Continued

Size in Tock Weight per Foot, "x.u’
R h..
Web Plate
Web | Flange | Flange and R oo
o8 Plotes )'In.l.:ian Plates Pounds
Angles
6x6x 54| 14 x 5§ 168.2 50.5 210.0
6x4x 5| 14x ¥ 151.4 71.4 141.8
6x6x 3| 16 x 5¢ 168.2 68.0 210.0
Bx6x 58| 14x ¥ 168.2 71.4 210.0
6x4x 3| 14x % 165.8 71.4 141.8
6x6x 5| 16x 3 168.2 81.6 210.0
48xThe |6x4x ¥ | 16x 3 165.8 81.6 141.8
6x6x % | 14x ¥ 186.2 71.4 210.0
6x6x8| 16x 2§ 168.2 05.2 210.0
6x6x 3| 16x % 186.2 81.6 210.0
6x4x 4| 16x ¥4 180.2 95.2 141.8
6x6x3| 16x 4 186.2 95.2 210.0
6x6x%4| 16x 3§ 203.8 95.2 210.0
6x4x 4 146.4 162.0
Bx6x 4 160.0 240.0
6x4x 8§ 161.6 162.0
6x6x 54 178.4 240.0
6x4x ¥ 176.0 162.0
6x4x % 190.4 162.0
6x6x 3 196.4 240.0
6x4x Y| 14x ¥ 140.4 47.6 162.0
6x4x 4| 16x ¥4 146.4 54.4 162.0
6x6x | 14x M4 160.0 47.6 240.0
6x6x 7 214.0 240.0
6x4x 14| 14x 5 146.4 59.5 162.0
6x6x Y| 16x ¥ 160.0 54.4 240.0
6x6x 35| 14x 54 160.0 59.5 240.0
6x4x 54| 14x % 161.6 59.5 162.0
48x 4 |6x6x 15| 16 x ¥ 160.0 68.0 240.0
6x6x 4| 14x ¥ 160.0 714 240.0
6x4x 8| 16 x 3¢ 161.6 68.0 162.0
6x6x 5| 14x 5 178.4 59.5 240.0
6x4x 4| 14x ¥ 161.6 71.4 162.0
6x6x 54| 16 x 34 178.4 68.0 240.0
6x6x5| 14x ¥ 178.4 714 240.0
Bx4x 3| 14x ¥ 176.0 71.4 162.0
6x6x 34| 16 x ¥ 178.4 81.6 240.0
6x4x 3| 16 x 3 176.0 81.6 162.0
Bx6x 3| 14x ¥ 196.4 71.4 240.0
6x6x8§| 16x 7§ 178.4 95.2 240.0
6x6x 3| 16x ¥ 196.4 81.6 2400
6x4x | 16x %% 190.4 95.2 162.0
6x6x3| 16x ¥ 190.4 95.2 240.0
6x6x3%| 16x 3 214.0 95.2 240.0
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RIVETED PLATE GIRDERS—Concluded
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COLUMN SAFE LOADS
STRESSES IN COLUMNS AND STRUTS
Compression members in structures are called posts, struts or
columns. No exact theoretical formula has been found which will

give the strength of such members under various conditions of
loading. The formulas in current use are based on the assumption
that the members under stress may fail by direct compression, by
compression and bending combined, or by bending alone. The
empirical formulas based on these assumptions practically agree
with results obtained by experiment on full gize members. These
experiments show that steel columns of ordinary sizes and lengths
fail at nearly a constant stress which corresponds to the yield
point of that material, and that the load which will cause a column
to fail decreases in the ratio of its length to its least lateral

‘dimension.

Radius of Gyration. As the strength of a column depends on its
ability to resist flexural stress, the moment of inertia of its cross
section is an important factor in the determination of its carrying

‘eapacity. For the purpose of computation, however, it is much

more tonvenient to use the radius of gyration which depends on
the moment of inertia.

Ratio of Slenderness. The ratio of slenderness is ratio of the unsup-
ported length of & compression member to its radius of gyration,
generally the least radius, excepting when the unsupported length
of a column is rigidly braced in such a manner as to prevent
deflection of the column in the direction which corresponds to the
least radius of gyration. Columns, excepting those of square or
eircular section, have two principal radii of gyration. It is, there-
fore, necessary to determine the radii of gyration of such columns
and to use the proper ratio of slenderness in any particular case.

The unit stresses for different ratios of slenderness, given in the
Construction Specifications and on page 220, are consistent with
present practice in column construction, and their use does not
involve the refinements of the more complicated formulas, which
refinements are often vitiated by uncertainties in the application
of loads or other practical features.

The Construetion Specifications limit the maximum ratio of
slenderness to 120 for main members under steady stresses. For
secondary members under temporary stress, such as those used in
wind bracing, higher ratios may be used, but in no case should the
ratio exceed 200.
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Form and Size of Section. Important as it may be to have the metal
in the column section distributed as far as possible from the neutral
axis, that is, with as large a radius of gyration as possible, considera-
tions of ease in fabrication and simplicity in connections are of
greater weight. The economical column section is not that which
affords the least weight of metal in the ghaft, but that which, with
a reasonable radius of gyration, provides the least weight of member,
shaft and details with the minimum amount of riveting. Modern
practice, therefore, eliminates earlier forms of construction which
represented the minimum amount of metal for the maximum
radius of gyration, such, for example, as the column composed of
three I-beams or one I-beam and two channels placed either with
the flanges in or the flanges out. The Z-bar column has also fallen
into disuse, likewise a number of patented sections and other sections
shown in earlier editions of this publication.

The most practical column is one the surfaces of which are
readily accessible for painting and, therefore, it iz desirable to use
open angle and plate columns rather than closed channel and
plate columns.

The column sections should be of such size as to permit ready
framing of beams and girders thereto and so placed in the construe-
tion as to permit the simplest details. Experience indicates that
eight inches is the smallest desirable dimension in ordinary building
work. For struts and light loads, smaller angle columns are still
in use, while the H-beams are excellent for such purposes. I-beams
and single angles may be used with economy where the conditions
of lengths and loading permit.

Explanation of Tables. The tables which immediately follow give
the safe loads in thousands of pounds on H-beam and I-beam
columns and on a selected line of channel and angle columns which,
in the light of experience, seem to be desirable for use in ordinary
building and bridge construction. In addition to the safe loads,
they give moments of inertia and radii of gyration about both
axes of symmetry, areas of sections, and weightsin pounds per foot
without allowance for rivet heads or other details.

These tables have been computed for the least radius of gyration
in accordance with the formula given in the construction specifica-
tions. The values may be adjusted to other formulas or to different
values of the ratio of slenderness by use of the comparative tableson
pages 220 and 221. These tables are also suitable for use in figuring
columns so braced against flexure, that their safe strength may be
computed for the greater radius of gyration.
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Combined Bending and Compression Stresses. 11 is assumed in the tables
that the loads are direct and equally distributed over the eross
gection of the column or balanced on opposite sides thereof. In
the case of beams carried on brackets or other forms of eccentric
loading, bending stresses are produced which should be taken into
eonsideration and the column sections so proportioned that the
combined fiber stresses do not exceed the allowable axial compres-
give stresses. There is no direct simple solution of this problem;
the following trial method is suited to the tables:—

¥ Let

w

o] W =Direct load, in pounds.

: Wi=Eccentric load, in pounds.

;‘H M =Bending moment due to eccentric load, in inch
B pounds = W,x

:H | I =Moment of inertia of column in direction of
g bending.

oo} n =Extreme fiber distance in direction of bending.
:jH A =Area of column section, in square inches.

f =Allowable axial unit compression, in pounds
per square inch; then f should be equal to or greater

than WA W . MR the fiber stresses due to compression and

bending respectively.

RuLe:—Assume a section in excess of that required for the
direct compression W + Wi and compute the combined fiber stress,
If it works out too large or too small, try again.

Examrre:—Required to select a plate and angle column 20 feet long to
sustain a balanced load of 210,000 pounds and an eccentric load of 40,000
pounds applied 15 inches from the column center on axis 1-1.

Assume a section made up of 14"x3%’" web plate, four angles 6'x4"'x7¢"" and
two flange plates 14”x%", page 240,

A =32.47, I;.4=1351, rg-s=3.09, ratio of slenderness=20x12+ 3.09=77.

Allowable fiber stress, 19,000—100 l/r =11,300 pounds per square inch.

Actual fiber stress=210.000+20.000 ;. 0.000%35x7.625 7 700+3,300=

11,090 pounds per square inch.




CARNEGIE STEEL COMPANY

[—_ COMPARISON OF COMPRESSION FORMULAS
AvrowasrLe Unit Stresses 1N Pounps rErR Square Incn

American | A.R.B. | New York, | Chicago, [Philadelphia, | 8t. Louis
Ratio | Bridge Co. | Association | 1017 1018 i sl T
Construction 16250
L | Gaion | 1000070 | 10000-70-L | s6000-r0-L | 35— | 10000-70-)
i 1+ om0
13000 14000 1 14000 6 14000
13000 14000 15650 14000 16213 14000
10 | 13000 14000 15300 14000 16104 14000
15 | 13000 14000 14050 14000 15024 4000
13000 14000 14600 14000 15680 14000
14000 14250 14000 15376 14000
13000 3900 13900 13900 15020 13900
35 | 13000 13550 13550 13550 14622 13550
40 | 13000 13200 13200 13200 | 14186 13200
45 | 13000 12850 12850 12850 13724 12850
50 | 13000 12500 12500 12500 1 12500
13000 12150 12150 12150 12745 12150
60 | 13000 11500 11800 | 11800 11800
65 | 12500 11450 11450 11741 11450
70 | 12000 11100 11100 11100 11242 11100
75 | 11500 10750 10750 10750 10752 10750
11000 10400 10400 10400 10272 10400
85 | 10500 1 10050 1 9808 10050
g9 | 1 9700 9700 9700 9359 9700
95 | 0350 350 9 0350
100 | 9000 9000 9000 8512 9000
105 8500 8650 8650 8650 8116 8650
110 | 8300 §300 8300 7738 8300
115 | 7500 7050 7050 7950 7378 7950
120 7000 7600 7600 | 7600 7037 7600
125 6750 | 7250 6714 7250
130 6900 8407 6900
135 6250 | 6350 6116 6550
140 6000 6200 5842 €200
145 5750 5850 5R50
150 5500 5500
155 5250 5150
160 5000 4800
165 | 4750 4450
170 | 4500 4100
175 | 4250 3750
180 \ 4000 3400
185 3750 3050
190 3500 2700
195 3250 [ 2350
200 3000 | 2000
| ) | | e
Maxmvom RaTio or—:
A | I° 1
. Main Main  Secondary
Compression Formula !Mmhﬂ !F“mm’d"bu" | Compression Formula |y co 8~ FEeereen
American Bridge Company.| 120 200 | Chicago Bidg. Law, 1919..] 120 150
American R'y Engrg. Ass'n.| 100 120 | Phila. Bldg. Law, 1019....| 140 140
New York Bldg. Law, 1017.] 120 120 | St. Louis Bldg. Law, 1017.] 120 | 200
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COMPARISON OF COMPRESSION FORMULAS

AvvowaBLe Unit Stresses ¥ Pounps PErR Square Ince

Boston, Cleveland Baltimore, | Pittsburgh, | Cincinnati, .
1019 1020 1908 | 1914 1917 Rankine
Cleveland 15000 1
oL | B s nm:;{m-f- 12500
20000-100+ “‘“""M ,G"" 14 17100-57 — 12
T3500e% | 13000-50-L T | oo
| r
12000 15000 | | 13000 12500
12000 14010 | 14972 | 13000 13000 12402
12000 14930 | 14 | 13000 | 13000 12465
12000 14870 | 14754 13000 13000 12422
12000 14770 | 14568 13000 13000 12363
12000 14630 | 14336 | 13000 ‘ 13000 12287
12000 14460 ! 14062 13000 13000 12195
12000 14250 | 18752 | 13000 ‘ 13000 12088
12000 14000 13411 13000 13000 11968
12000 13700 1 13000 13000 11834
12000 1 12657 13000 13000 11688
12000 12050 12254 13000 13000 11531
12000 12500 11842 13000 13000 11364
12000 12030 11425 12500 1 11187
12000 11540 11005 12000 13 11
12000 11000 10588 11500 12825 10811
12000 10440 10176 11000 12540 10313
11500 9850 10500 1 10410
11000 9200 9375 10000 11970 10204
105600 8750 9500 11685 0995
10000 8220 8617 9000 11400 9784
9500 7720 8257 8500 11115 0571
9000 7240 7010 8000 10 9356
8500 6800 7577 7500 10545 9142
8000 6380 7258 7000 1 8920
7500 5980 6750 9975 8717
7000 5600 6661 6500 9690 8507
8500 5260 8250 9405 8299
6000 4950 8118 6000 9120 8094
5500 4660 5750 8835 7892
5000 4300 5625 5500 8550 7692
4500 4140 8265 7495
4000 3900 5179 7980 7305
3600 4972 7695 7118
3520 4776 7410 934
3340 4580 7125 6754
3170 4412 6840 6579
3010 4243 6408
2870 4083 6242
2740 3030 6080
2620 3785 5921
Maxmom RaTios oF %
. Muin  |Secondary sl Main
Compression Formula le‘ Munber Compression F Memt "B"'"hu oy
Boston Bldg. Law, 1919.,..| 180 160 | Pittsburgh Bldg. Law, 1914 120 150
Cleveland Bldg. Law, 1920.| 120 200 | Cincinnati Bldg. Law, 1017 180 180
Baltimore Bldg. Law, 1908.] 120 Rankine,.......... LAt 200 200
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BEAM COLUMNS

Sare Loap 1x Tuousanps or Pounps

Allowable Fiber Stress per square inch, 13,000 pounds

Weights do not include details.

for lengths of 60 radii or under, reduced for lengths over 60
radii; see Construction Specifications,

I-Beams
Eﬂwﬂ;;e 24 in. 20 in, 18 in. 15 in. 12in.  |10in,9in,
n Fect 108 | 318 | 254 | 218
b. | Ib. |1Ib. | Ib

3 153.9 |120.3 Igs.g

4 153.9120.3 195.9

5 153.9 (120.3 04,3

6 1460 [110.1 [85.1

T 132.0| 99.1(76.0

8 110.7| 88.2|66.8

9 106.6| 77.2157.7

10 03.4| 66.2 F0.1

11 81.6| 60.0 45.5

12 75.0| 54.5 140.9

13 68.4| 40.1 36,3

14 61.8| 43.6 31.7

15 55.3| 38.1 27.2

16 48.7| 32.6 22.6

17 42,1/ 27.1

18 35.5

19

20

21

22

23

24

25

26

27

28

20

30
Area, in.2| 3008 | 23.33 | 23.74 | 10.08 | 22.04 | 15.04 | 17.68 | 12.40 | 11.84 | 9.26 | 7.38 | 6.32
T1-1, in. [ 2811.5|2087.21466.3 | 1160.5 | 1141.8| 795.5 | 600.0 | 441.8 | 268.9 | 215.8 [122.1 | 84.9
ria,in. | 0.53| 046| 7.86| 7.83| 7.20| 7.07 | 5.87 | 595 | 4.77 | 4.83 | 4.07 | 3.67
o int | 789 429| 458| 27.9| 463| 21.2| 260 | 146| 138 | 95| 60| 52
re-g, in. | 1.80| 136 1.30| 1.21| 145 115| 1.21| 1.08| 1.08 | 1.01 | 0.970.90
Weight,
L?.“pter 1059 | 799 | 814 | 854 | 756 | 547 | 60.8 | 429 | 40.8 | 318 |25.4 | 218

 Safeload values above upper sigzag line are for ratios of I/r not over 60, those between the zigasg
line are for ratios up to 120 I/r and those below lower sigzag line are for ratios not over 200 I/r.
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BEAM COLUMNS

BEAM COLUMNS
Sare Loaps 18y TrousANDs oF Pounps

Allowable Fiber Stress per square inch, 13,000 pounds
for lengths of 60 radii or under, reduced for lengths over 60
radii; se¢e Construction Specifications,

Weights do not include details.

I-Beams H Beams
Effectivel g5 | 751 | gin. | 5 in. |4 in. 8in. 6in. 5in. [4n,

184 153 | 125 | 100 | 7.7 || 37.7 | 343 | 32.6 | 26.7 |24.1 | 228|180 138
Ib. [ 1b. | db | Jb | Ib | 1b. | Ib. Ib. | db. | Ib |1 | 1b | Ib

3 l60.3[57.5 46.9137.3 5'143.0 130.0 [123.6

4 [693 56 10 [143.0 [130.0 {123.6

5 9 [38.3 [28.2 [19.5 |143.0 (130.0 [123.6

6 [55.7 43.1 32.3 2.0 [15.2 [143.0 [130.0 [123.6

7 [48.1 36,2 l26.2 [T8:0 13.0 [143.0 [130.0 [123.6

8 [10.5 302 22,7 16.3 [10.8 [143.0 [130.0 [123.6 [T

0 [E5.I126.8110.7113.6| 8.5 1430 130.0/123.6

10 [31.3[28.4 167 [11.0| 6.3 |[T36.9 [126.0 [120.5 |

11 2750199 [13.6] 8.3 120.7 1119.6 [114.5 | 75.4 k

12 237 1635 [10.6 1225 [113.2 [108.5 | 68.0 l63

13 1991311 115.3 [106.8 [102.5 | 62.4

14 161 108.1 [100.4 | 96,5 55.8 | 327

15 100.9 | 93.9 | 00.4 | BI.B 4 .0

16 93.7| 87.5| 84.4| 48.5 Jus 3

i bbbty

19 TES | 60.2| 005 38.7 |3 1

20 70.9 | 66.0 | 63.5 | 35.4 3

21 67.3| 62.8| 60.5| 32.2 |

53 63.7| 59.6 | 57.5| 28.0 |2

23 60.1 54.4| 25.6 2

24 56.5| 53.2 | 51.4| 223 2

52.9| 50.0{ 48.4

20 19.3| 16.8| 45.4

27 57| 4356 | 42.4

25 4201 | 4004 | 3004

29 38.5| 37.2 | 36.4

30 349|330 33.4
Area,in2| 654 | 443 [3.01| 287 [221 | 1.00 [ 1000 | 050 | 7.76 [7.01]6.03 | 547 | 3.00
Toos, ine) 0.9 |26.2 [ 218 | 120 | 6.0 | 1208 [ 1155 | 1128 | 47.4 |45.1 | 440 | 238 | 107
rio1, in. | 3.26 | 2.86 | 240 | 2.05 | 1.64 | 331 | 340 | 845 | 247 [ 254 |2.58 | 2.08 | 1.64
Teo ind 38| 27| 18| 12077 | 309| 351 | 342 | 157 [147 |142| 78| 38
ras, in. | 0.54 |0.78 | 072 065|050 | 1.53 | 187 | 190 | 142 | 145|146 | 1.30 | 0.95
Weight,
L per | 184 | 153 125 100 | 77 | 377 | 343| 20 | 207 |241 |28 | 180 | 138

Safe load values above u uﬁmmlutmdl/rmmw.ﬂ:uuhmm
lines are for ratios up to mff" thase below lower zigzag line are for ratios not over 200 I/r.
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Allowable Fiber Stress
meds for lengths of 60
\ engths over 60 radii; see Construction Specifications,

Weights do not include rivet heads or other
otails.

. 10-INCH CHANNEL COLUMNS

Sare Loaps 1v TrousAaNDs oF Pounps

o radii o

square inch, 13,000
r under, reduced for

2-10 in. Channels, 2-12 in, Plates

AT ] "

< 2-10 in, Chan.

& Lattioed

A —

§. ”335"5
= =
e g g

'5 £".;£§;:£’T=

g FREREE

15.3 1b. Channels,
14 in. Plates

8§
86(108{129] 153{ 167
104 124 148[161

207|221{233 240

199(212| 224 231
191/203{ 215221
183I195 205|211

1?5! 186| 106/ 201

253{ 259|272

243245 261
2321237 249
222|225 237

212[216(227

16f|!?7 187194

205/211|221

353

340
827
314
288] 302
275289

263 276
251|263

238|250

232|243
226|237

Area,in2| 89411, n{ us&d 16,44/ 17.94/ 10.44

m‘qmﬁnmjmq 26.72/28.18

20.66| 3L.10/32.00] 34.04/ 35.54

B
B

Iy.q,ine 157 181 420
ri-1,in. || 8.87) 8.66/ 3.5 58| 4.85
To.eind 148 171 250
ra.a,in || 3.72) 355 8.41] 360, 359 3.

"%
3.

443| 488 534l 581 558 605 583| 830 607 654
447 4.54) 4601 4.06] 4.45 4.52| 4.33| 4.40) 4.22| 4.29
274 310/ 328 351| 353 am| a2l 8%
3.51 3.51] 8.54 3.4 3.44] 237 8.38 2.30] 331

422

Wight,

L4

Lbs, per | 38.4 l?.E! Wﬂ” 56,1 61.% 663
Foot

.7 80.8 8&911 o0 95.9

,:1.0 llﬁ.@l ﬁl.ﬂ‘ 115.9] 1210

Safe load values above upper zigzag line are for ratios of I/r not over 60, those between the zigrag
lines are for ratios uptol%l.‘r,audthm below lower slpaghmmtcrmhosmtowzwlfr
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RIVETED COLUMNS

e-=-11- ‘2- iy

10-INCH CHANNEL COLUMNS—Continued

L IJ\
A4 Sare Loaps 1N THousANDS oF Pounps
T
= R 1 Allowable Fiber Stress square inch, 13,000
Pound.s for lengths of 60 radii or under, reduced for
- engths over 60 radil see Construction Specifications.
Weights do not include rivet heads or other
A A tals.
A B 2-10 in. Channels, 2.14 in. Plates
g e —~ ~ = - i
S %g = = = | 3
2| 85|88 | 50| 58| 58| e8| p eyl Es ey Ey il
e i
§ Egéséggg 238008 5| |3 3R 58 6 A e
= 3 3 -1 =]
§ |2B(zBaflaf)adladladiod) a8l ad)ag) ) 8 2 5lad
- P T PL F E e E FE S S R e
11 116|152(191|229 (253 | 275|208 312 | 334 | 357 | 380|395 |418|441 (464
12 1161521191 (229 || 253 | 275|298 | 312 | 334 | 357 | 380395 (418 | 441 (464
13 116|152 |191 229 (253 | 275|208 312 | 334 | 357 | 380395 (418 [ 441 (464
14 116(152]191 (229253 | 275|298 (312 | 334 | 357 |380|395 | 418 | 441 [ 464
15 116|152|191 (229|253 | 275|298 (312 | 334 | 357 | 380|395 | 418 | 441 (464
16 116|152 191 | 220 || 253 | 275|208 | 312 | 334 | 357 | 380|305 | 418 | 441 (464
17 116(152]191 (2201253 | 275 | 208|312 | 334 | 357 380395 (418|441 [464
18 1161521189223 | 253 | 275|208 (312 | 334 (357 | 380|395 | 418|441 (464
19 116|150 184|217 | 253 | 275|298 (312 | 334 | 357 |380(395 418 | 441 | 464
20 114 |146|179|211 | 253 | 275|295 | 312 {334 | 357 | 380,395 418|441 (464
21 112142174205 | 253 | 275|208 | 312 | 334 | 357 | 380(395 | 418 | 441 [463
22 100(138/169|1 252|273|295| 3 30 | 352 | 374|388 409|431 | 453
23 106|134 (1641192 || 246 | 268 | 289 | 301 | 322 | 344 [ 365 379|400 (421 |443
24 103|130|159(186 | 241|262 | 283 | 205 (315|336 | 357|370 |391 | 412|432
25 101 |127|154|180 | 236|256 | 276 | 288 (308 | 328 | 349|362 | 382 | 402 {422
26 098|123|149 (174 |1 230|250 0|281 1301 | 321 |341]353|373 (392|412
27 95|119| 144|168 || 225|244 | 263 | 274 (294 | 313 | 332|344 | 364 | 383 |402
28 115| 139|161 || 220 | 238 | 257 | 268 | 286 | 305 | 324 | 336|354 (373|392
29 80(111(134|155(214| 232|251 |261 | 279 (298 (316|327 363|381
30 87107 (129|149 || 200 | 226 | 244 | 254 | 272 | 290 | 308|318 (336 | 354|371
31 584|104 124143 | 203 | 221 | 238|248 | 265 | 282 | 200|310 | 327 | 344 | 361
32 81(100{119|137 | 198|215 |231 |241 | 257 |274 |291 301|318 (334|351
33 78| 96114131193 (209|225|234 | 250 | 267 |283 (292 (309|325 | 341
34 76| 921109124 187 (203|219 | 227 | 243 | 250 | 275|284 | 299 | 315|330
35 73| 88|104[12T] 182|197 | 212|221 | 236 [251 | 266|275 290 | 305|320
Area, in.2| 8.04 | 11.72|14.66(17.60]| 19.44] 21.10| 22.94 23.97| 25.72| 27.47| 20.22 30.41| 32.16| 33.91) 35.66
Iy.y,ins)| 134 | 157 | 181| 200 | 416 | 468 401 | 543| 507 | 651 | 621 676| 732| 780
ri.1,in. || 3,87 | 3.66 | 8.52 | 8.42 | 4.63 | 4.70 | 4.76 2 | 4.60 | 4.66 | 4.72 | 4.52 | 4.58 | 4.65 | 4.70
Ig.oins| 198 | 241| 284| 323 || 360 | 308 | 420| 441 | 470 | 498 | 527 | 541| 560 | 508 | 627
Ta.pin. 1470 | 4.53 | 4.40 | 4.28 || 4.36 | 4.33 | 4.31 [ 4.20 | 4.27 [ 4.26 | 4.25 | 4.22 4.21]420[419
Weight,
I.h!s. orﬂ“ 40.0 m.iﬁﬁ.&‘@ﬂ.i 66.3 | 72.3 | 78.2 | B1.7 | 87.6 | 3.6 | 09.5 | 103.6{100.5(115.5 121.4
Safe load values above line are for ratios of 1/r not over 60, those between the sigzag
lines are for ratios up to 1201 }r. andm below lower zigzag line are for ratios not over 200 Ijr.
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10-INCH CHANNEL COLUMNS—Continued

R |
|
{-;Kf Sare Loaps 1y TrousAxps orF Pouxps
]1 -
ke S1 1 1 1 Allowable Fiber Stress per square inch, 13,000
Pou.nd.! for lengths of 60 ii or under, reduced for
engths over 60 radii; see Construction Specifications.
Weights do not include rivet heads or other
J2 a i details,
o7 RN
& | 2.10 in. Channels, 2-14 in. Plates
=
i | g | o | dg| g | 58| =
Eiﬁgéasgégigg LRI
=52 5= gg 2 3= 53| 3= 52| &2 i
g E(0s(0410, G R 5;‘; d|6g|64| 54
g B2 S5 83| 2| 82| 25| 28| 20| 28| 2| 82 22
8 87|87 |87 |8" 8% |z | 8% |3 | 87|58~ 8% 5"
11 479 | 502 | 525 | 547 | 570 | 593 | 608 | 631 | 654 | 677 | 699 | 722
12 | 479 | 502 | 525 | 547 | 570 | 593 | 608 | 631 | 654 | 677 | 699 | 722
1 479 | 502 | 525 | 547 | 570 | 593 | 608 | 631 | 654 | 677 | 699 | 722
14 479 | 502 | 525 | 547 | 570 | 593 | 608 | 631 | 654 | 677 | 699 | 722
15 || 479 | 502 | 525 | 547 | 570 | 593 | 608 | 631 | 654 | 677 | 690 | 722
18 | 479 525 | 547 | 570 | 593 | 608 | 631 | 654 | 677 | 699 | 722
17 || 479 | 502 | 525 | 547 | 570 | 593 | 608 | 631 | 654 | 677 | 699 | 722
18 || 479 525 | 547 | 570 | 593 | 608 | 631 | 654 | 677 | 699 | 722
19 || 479 | 502 | 525 | 547 | 570 | 593 | 608 | 631 | 654 | 677 | 699 | 722
20 479 | 502 | 525 | 547 | 570 | 593 | 608 | 631 | 654 | 677 | 699 | 722
21 | 477 | 499 | 522 | 544 | 566 | 580 | 601 | 624 | 646 | 669 | 691 | 713
22 510 | 531 | 554 | 576 | 588 | 610 | 632 | 654 | 675 | 697
23 | 456 | 477 | 498 | 519 | 541 | 562 | 574 | 596 | 617 | 638 | 659 | 680
24 | 445 | 466 | 487 | 507 | 528 | 549 | 560 | 581 | 602 | 623 | 643 | 664
25 434 475 | 495 | 515 | 536 | 547 | 567 | 588 | GOS8 | 627 | 648
26 | 424 | 443 | 463 | 483 | 503 | 523 | 533 | 553 | 573 | 593 | 612 | 632
27 | 413 | 432 | 452 | 470 | 490 | 510 | 519 | 539 | 558 | 578 | 596 | 615
28 || 403 | 421 | 440 | 458 | 477 | 496 | 506 | 524 | 543 | 562 | 580 | 599
29 | 392 | 410 | 428 | 446 | 465 | 483 | 402 | 510 | 529 | 547 | 564 | 583
80 | 381 | 399 | 417 | 434 | 452 | 470 | 478 | 496 | 514 | 532 | 549 | 566
31 | 371 | 387 | 405 | 422 | 439 | 457 | 464 | 482 | 499 | 517 | 533 | 550
32 | 360 | 376 | 393 | 409 | 426 | 443 | 451 | 468 | 485 | 501 | 517 | 534
349 | 365 | 382 | 397 | 414 | 430 | 487 | 453 | 470 | 486 | 501 | 518
34 | 339 370 | 385 | 401 | 417 | 423 | 439 | 455 | 471 | 485 | 501
35 | 328 | 843 | 358 | 373 | 388 | 404 | 410 | 425 | 440 | 456 | 470 | 485
Area,in.2 | 36.85 [ 38.60 | 40.35 | 42.10 | 43.85 | 45.60 [ 46.70 | 48.54 | 50.20 | 52.04 | 53.70 | 65.54
L ind | 756 | 814| s872| 932 | 903 | 1055 | 1017 | 1080 | 1143 | 1208 | 1275 | 1342
ria,in. || 4.58| 450 4.65| 470 | 476 | 481 | 4.68| 472 | 477 482 | 4.87| 4.92
Ioo,iné| 637| 666 604| 723| 751| 7 787 | 816| 845| 873 | 911| 920
ro-s, in. | 416 4.15| 415| 414 | 414 | 414 | 410] 4.10| 4.10] 410 4.00| 409
Weight,
LI;]:;R 125.5 | 131.4 | 137.4 | 143.3 | 1493 | 155.2 | 159.3 | 165.2 | 171.2 | 177.1 | 183.1 | 189.0
00

Safe load values above heavy line are for ratios of 1/r not over 60, those below heavy line are

for ratios not over 120 I/r.
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RIVETED COLUMNS

12-INCH CHANNEL COLUMNS—Continued

_&,
{-;f SaFE Loaps 1y THOUsANDS OoF Pounps
1

10"

| Allowable Fiber Stress per square inch, 13,000

1 L
ch i unds for lengths of 60 radii or under, reduced for

engths over 60 radii; see Construction Specifications.
Weights do not include rivet heads or other

o5 9 details.

IS SRS

E mzﬂitimh‘ml' 2-12 in. Channels,  2-14 in. Plates

| e (N RS L e e i it 1. 3
F Eﬁ §|55 /85 228|382 22| 0| Hn|5s |28 2|28
3183155 5 a2 a2 2 2 B2 e | 2 G2 1
§ |23|a8la8|anas |28 28 | 24 28] 55|24 |5 |54 |55
g 52|85 |85 55 SN[ R 5| o X o BN | B RF

Area, in? 12.00] 14,64 17.58| 20.52) 22.56] 24.31) 26.06] 27.81 20.56| 30.39] 32.14| 33.89| 85.64| 37.39

054
ri-1,in | 4.61 | 4.43 | 4.28 | 4.18 || 5.40 | 5.48 | 5,55 | 5.62 | 5.68 | 5.47 | 5.54 | 5.00 | 5.60 | 5.72
i 530 | 536 | 564 | 593 | 622 | 650
ra-g,in. | 4.50 [ 4.36 | 4.24 | 4.13 || 4.20 | 4.27 | 4.20 | 4.25 | 4.23 | 4.20 | 4,10 | 4.18 | 4.18 | 4.17

Lhrs.far 50.4 5041 60.4 W.iH 771 83.1 89.!21 05.0 100.9( 103.6, 109.5 115.5| 121.4 1274
00!

Safe load values above sigsag line are for ratios of 1/r not over 60, those below zigeag line arefor
ratios not over 120 I/r.
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CARNEGIE STEEL COMPANY

SRS | |
[Eiily

12-INCH CHANNEL COLUMNS—Continued

Sare Loaps v Trousaxps or Pounps

for lengths of 60

Allowable Fiber Stress

square inch,

13,000

or under, reduced for
over 60 radii; see Construction Specifications.

Weights do mnot include rivet heads or other
details.

2 | 2.12 in. Channels, 2-14 in. Plates
£ |
o '3
¥ (Fa g e el e el e 0 e e s 0
= = =| 8= Eg én. o =
- bl b | D P é'ﬂlfﬂ ga g_g £ E"‘l 2 E'é el
e e e e R bt el e e e e T R
5 (273537883 | 2|5 |53 |57 | 55|57 |55 5 | a2 8™
31 502 | 524 76701503 | 608 631 | 654 | 676 | 699|722 | 745|767 | 790 | 813
12 502|524 |547 | 570|593 | 608|631 | 654 |676 | 699|722 | 745 | 767 | 790 | 813
13 502 | 524 | 54T [BT0| 503 | 608 | 631 | 654 | 676 | 69D | 722|745 | 767 | 790 | 813
14 6021524 | 547 | 570|603 | 608|031 | 654 | 676 | 600 | 722|745 | 767 | 700 (813
15 502 | 5 47 |670| 503 608|631 | 654 676 | 600|722 745|767 | 790 | 813
16 [ 502|524 |547|570]|503 | 608|631 654|676 | 690|722 | 745 | 767 | 790 | 813
17 | 502|524 570|593 | 608|631 | 654 |676 | 699|722 | 745 | 767 | 790 | 813
1 502|524 | 547 | 570 | 5 608|631 | 654 | 676|699 |722|745|767 | 790 | 813
19 |502|5 7570|593 | 608 |631 | 654 | 676 | 699 | 722 | 745 | 767 | 700 | 813
20 502|524 | 547 | 570503 | 608|631 | 654 | 676|699 722|745 (767 | 790|813
21 |498|520|542 565|587 [600|622 | 645|667 |600|712| 734|756 | 778|801
22 |486 552|574 | 586 [608 | 630 | 652 | 674|696 | 717 | 739 | 760 | 782
23 475|497 | 518 5615672594 (615|636 |658|679|700]721|743 | 764
24 464 | 485 526547 | 558|570 | 600 | 621 | 642|663 |683 | 704 | 725|745
25 453 |473 493 | 514|534 565 | 585|606 | 626|647 | 666 | 686|707 | 727
26 | 442|462 |4s1|501|521 531|551 571|501 |610 649 689
27 | 430(450|469 | 488|508 |517 |537 575|595(614 652 | 671|690
28 | 410438|456| 475|494 522|541 | 560|579 598 | 615 653 | 672
29 408 1426 | 444 481 | 490|508 | 526 | 545 581 617 | 635|653
30 |397|415|432|450 468 476|494 |512|520|547 |565 | 582|599 |617 635
31 386 420 | 437|454 [ 462 1479 | 497 | 514|531 | 549|565 | 582 G616
32 374|391 (407 | 424441 | 4481465 (452|499 (516|532 | 548 | 565 | 581 | 598
33 395|411 |428 | 435|451 | 467 | 483|500 |516 | 531 | 547 | 563 | 580
34 352|368 |383 | 3 4151421 (437 | 452 | 468 | 484 | 500 | 514 | 530 | 545 | 561
35 341356371 1407|422 | 438 | 453 | 468 | 483 | 497|512 | 528 543
Area,in.2| 38.58 40 a.oqa.gu.sﬂu.nwmpwzﬂnnqmﬁssﬁ{m 02 60.77| 62.52
Ig-, ind| 11 uﬂl 1423 1 1 1543} 1 1717 1 IWI 218[ 270
ri-1, in. || 552 5 5.04f 5701 5.7 5.64| 5.60 5.7 6.04
o, ind 037 7168 744 773 77 830 G08| 1080
ra-a, in | 413 413 412 412 412 4 4. 4. 'I a 40? 4.07
de\t.
F ‘ 131.4] 137.4] 143.3) 140.3{ 1556.2 150.3/ 165.2| 171.2 177.1| 183.1) 189.0/ 195.0 mﬂ|2059 2128
001

BafaIosdﬂ!uuabuveh«vylmmfwnumnflf:mtmw.thmhalnwhnwlmsm
for ratios not over 120 I/r.
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RIVETED COLUMNS

1....13'_..._.3 12-INCH CHANNEL COLUMNS—Continued

ﬂ’ Sare Loaps 18¥ THousANDS or Pounps

-10F—--

Allowable Fiber Stress square inch, 13,000
for lengths of 60 or under, reduced for
MMNM:M Construction Specifications.

Y-

C—— Weights do not include rivet heads or other
.,_,___“,-_‘g details.
2 2-12 in. Channels, 2-16 in. Plates
A
IAEEET AR AR AR AR AR
& = = [
4 4 4 k| X E-| 4 2 4 f-|
S2| SZ |22 | Z2 |25 | 22 | 42| 2z | 22 | 22
B e |2 |8~ |87 |8~ |8 | 8~ | 8™ | 87 | 8~
11 | 619 | 645 | 671 | 697 | 723 | 740 | 761 | 787 | 813 | 839
12 | 619 | 645 | 671 | 607 | 723 | 740 | 761 | 787 | 813 | 839
13 | 619 | 645 | 671 | 697 749 | 761 | 7 813 | 839
14 | 619 | 645 | 671 | 697 | 723 | 749 | 761 | 787 | 813 | 839
15 || 6190 | 645 | 671 | 607 | 723 | 749 | 761 | 787 | 813 | 839
16 || 610 | 645 | 671 | 697 | 723 | 749 | 761 | 787 | 813 | 839
17 || 619 | 645 | 671 | 697 | 723 | 740 | 761 | 787 | 813 | 839
18 [ 619 | 645 | 671 | 697 | 723 | 740 | 761 | 787 | 813 | 839
19 | 619 | 645 | 671 | 697 | 723 | 740 | 761 | 787 | 813 | 839
20 | 610 | 645 | 671 | 697 | 723 | 749 | 761 | 787 | 813 | 839
21 | 619 | 645 | 671 | 697 749 | 761 813 | 839
22 | 610 | 645 | 671 | @07 | 723 | 740 | 761 | 787 | 813 | 8390
23 | 619 | 645 | 671 | 697 ;23 ;:g ;g: 787 g}g ﬁg_
24 [ _619 | 845 | 671 | 607 | 723
25 — 635 | TG85 | 710 | 785 | 746 | 771 | 796 | 821
26 | 508 | 622 | 647 | 672 | 696 | 721 | 732 | 756 | 781 | 805
27 | 586 | 610 | 634 | 659 717 | 741 | 785 | 789
28 | 574 | 598 | 621 | 645 | 660 | 692 | 702 | 725 | 749 | 772
20 586 632 | 655 | 677 | 688 | 710 | 734 | 756
30 | 551 | 573 | 596 | 619 | 641 | 663 | 673 | 695 | 718 | 740
31 | 530 | 561 | 583 | 605 | 627 | 640 | 658 | 680 | 702 | 724
32 570 | 592 | 613 | 634 | 644 | 665 | 687 | 708
33 | 516 557 | 579 | 599 | 620 | 620 | 650 | 671 | 691
34 524 | 544 586 | 606 | 614 | 634 675
35 | 492 | 512 | 532 | 552 | 572 | 591 | 600 | 619 | 640
Areain2| 47.58 | 40.58 | 51.58 | 53.58 | 55.58 | 67.58 | 58.52 | 60.52 | 62.52 | 0452
Ty, ine| 1580 | 1677 | 1776 | 1877 | 1970 | 2083 | 2014 | 2118
ri,in | 576 | 582 | 587 | 592 | 597 | 602 | 5.87 | 592 | 596 | 6.01
Iog, ind| 1120 | 1162 | 1205 | 1248 | 1290 | 1333 | 1348 | 1391 | 1433 | 1476
in. | 485 | 484 | 483 | 483 | 482 | 481 | 480 | 470 | 470 | 478
Weight,
u;.mpc 1620 | 168.8 | 175.6 | 152.4 | 1892 | 106.0 | 190.2 | 2060 | 2128 | 2106

Bafe load values above heavy line are for ratios of 1/r not €0, those bel line
Per 'nntmm.lfr. vy are for I/r not over ow heavy are
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CARNEGIE STEEL COMPANY

adggh L 12-INCH CHANNEL COLUMNS—Continued
I mL {1’ Sa¥e Loaps ¥ Trousaxps oF Pouxnps
# L A Allowable Fiber Stress per square inch, 13,000
for lengths of 60 or under, reduced for
l over 60 radii; see Construction Specifications.

"-v—I,—-v-' Weights do not include rivet heads or other
IRl details.

l-.8 2-12 in, Chaunels, 2-16 in. Plates
]
R R
2| 82| 82 % | Ex s | 3% = | 2%
-] 3 (M B a
€ _.1'% e ,d‘% ,g’d a2 | 2% .d-% a5 .ﬁ% S48
a2 'An |4 R a8 | dg | A5 Se | de] 4
B | 25|28~ |2%|2~|a% |3~ |s% |8~ |83|3"
11 865 | 801 | 017 | 943 | 969 | 995 | 1021 | 1047 | 1073 | 1009
12 865 | 801 | 917 | 043 | 060 | 995 | 1021 | 1047 | 1073 | 1099
13 8656 | BO1 | 017 | 943 | 969 | 995 | 1021 | 1047 | 1073 | 1099
14 865 | 801 | 917 | 943 | 969 | 995 | 1021 | 1047 | 1073 | 1099
15 B65 | 801 | 017 | 943 | 969 | 005 | 1021 | 1047 | 1073 | 1099
16 805 | 891 | 017 | 943 | 969 | 995 | 1021 | 1047 | 1073 | 1099
17 805 | 891 | 017 060 1021 | 1047 1009
18 865 | 891 | 917 | 943 | 960 | 995 | 1021 | 1047 | 1073 | 1099
19 865 | 891 | 017 | 943 | 969 1021 | 1047 | 1073 | 1009
20 8065 | 801 | 917 | 043 | 060 | 905 | 1021 | 1047 | 1073 | 1099
21 865 | 801 | 917 | 943 | 069 | 905 | 1021 | 1047 | 1073 | 1099
22 565 | 801 | 917 | 943 | 069 | 995 | 1021 | 1047 | 1073 | 1009
23 865 | 801 | 917 | 943 | 069 | 995 | 1021 | 1047 | 1073 | 1099
24 014 | 040 | 001 |
25 846 | 871 | 896 | 922 | 946 | 972 | 996 | 1021 | 1047 | 1071
26 830 | 854 | 870 | 904 | 927 | 952 | 976 | 1001 | 1026 | 1050
27 813 | 836 | 861 | 885 | 009 | 933 | 956 1| 1005 | 1028
28 706 | 819 867 914 | 936 1007
29 780 825 | 8490 | 871 | 894 | 917 | 940 | 963 | 985
30 763 | 785 | 808 | 831 2 | 875 920 | 942 | 964
31 746 | 768 | 790 | 812 | 833 | 856 | 877 | 800 | 922 | 943
32 760 | 772 | 704 | 815 | 837 | 857 | 879 | 901 | 821
33 713 | 783 | 7 776 | 796 | 817 7| 850 | 8s0
34 716 | 737 | 758 | 777 | 798 | 817 | 838 | 850 | 878
35 679 | 699 | 719 758 | 779 818 | 838 | 857
Aresin? | 0652 | 68.52 | 7052 | 7252 | 7452 | 7652 | 78.52 | so52 | s2.52 | 8452
Ti-p,ind | 2442 | 2554 | 2067 | 2782 | 2000 | 3010 | 3140 | 3263 | 3388 | 3515
ra.in, | 608 | 610 | 615 | 6190 | 624 | 628 | 632 | 637 | 641 | 645
To-n in4 | 1510 | 1561 | 1004 | 1647 | 1889 | 1782 | 1775 | 1817 | 1860 | 1903
rog in | 478 | 477 | 477 | 477 | 476 | 476 | 475 | 475 | 475 | 474
We
Ll:.dp:t" 2204 | 2332 | 2400 | 246.8 | 2536 | 2004 | 2672 | 274.0 | 2808 | 287.6
Bafe load values above heavy line are for ratios of 1/r not over 60, those below heavy line are
for ratios over 120 I/r,
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RIVETED COLUMNS

PR Ve 15-INCH CHANNEL COLUMNS—Continued
2
\V] il =4 SArE Loaps 1v THOUSANDS OF PoUNDS
vy ] 1
I Allowable Flbm' Stiress “dﬁer square inch, 13,000
' ds for 1 or under, reduced for
over se0 Lol Tuc
AN M?u,. mm o nstruction Specifications.
or——cr Weights do not include rivet heads or other
R R details.
267 —
|
k] i i 215 in. Chaanels, 2-16 in. Plates
] .
S T D
-] o !
L@ e e e
3|23 £ (g% a5 |25
2 Sl58| 28|28 242452040854
EEIEE P I EE | E e e e b e e PR it e
B |5%|8% (3% (2% 3|35 |37 | ¥ 37|87 (87 |87 |8 |8
11 | 257 |266|304 342 413|439 | 465 | 491 | 517 | 526 | 552 | 578 | 604 | 630
12 | 257 | 266 | 304|342 | 413 | 430 | 465 | 401 | 517 | 526 | 552 | 578 | 604 | 630
13 | 257|266|304|342| 413 [ 439 465 | 401 | 517 | 526 | 552 | 578 | 604 | 630
14 | 257 |266/|304|342| 413 465 | 491 | 517 | 526 | 552 | 578 | 604 | 630
15 | 257|266 | 304 342 | 413 | 439 | 465 | 401 | 517 | 526 | 552 | 578 | 604 | 630
L]
16 | 257 |266|304;342| 413 [ 439|465 | 491 | 517 | 526 | 552 | 578 | 604 | 630
17 | 257|266 304|342 | 413|439 465 | 491 | 517 | 526 | 552 | 578 | 604 | 630
18 | 257|266)|304|342| 413|439 465|491 | 517 | 526 | 552 | 578 | 604 | 630
19 7|266|304° 342|413 | 439 465 | 401 | 517 | 526 | 552 | 578 | 604 | 630
20 | 257|266 |304342 | 413 465 | 491 |.51 552 | 578 | 604 | 630
21 257 304|342 | 413 (430 465 | 491 | 517 | 526 | 552 | 578 | 604 | 630
22 | 257 |266|304|342 | 413|430 | 465 | 491 | 517 | 526 | 552 | 578 | 604 | 630
23 1257|266 | 304|342 || 413 | 439 | 465 | 401 | 517 | 526 | 552 | 578 | 604 | 630
24 | 257/266]304 (342 413 (439|465 | 401 | 517 [525 | 551 | 577 | 602 | 628
25 | 257 [265 300|334 432 | 457 | 452 | 607 | 515 | 540 | 566 | 501 | 615
26 | 252|260 204|327 | 400 448 | 473 | 408 | 505 | 530 555 | 579 | 603
27 | 247|255 | 288|321 || 302 [ 415 | 440 | 464 | 488 | 495 | 519 | 543 | 567 | 591
28 | 243|250 282|314 | 384 [ 407 | 431 | 454 | 478 | 485 | 508 | 532 | 555 | 570
20 (238 |245) 277|807 | 376 | 309 | 422 | 445 | 408 | 475 | 498 | 521 | 544 | 566
30 |233 271|301 | 368 | 300 | 413 | 435 | 458 | 465 | 487 | 510 | 532 | 554
31 |228|235|265(204 | 360|382 | 404 | 426 | 448 | 455 | 476 | 409 | 520 | 542
32 |224|230|259|288 | 352 | 373 | 305 | 416 | 438 | 444 | 466 | 488 | 509 | 530
33 |[219)225|254] 281 | 345|365 428 | 434 | 455 | 476 | 497 | 518
34 |214 248|274 || 337 | 357 | 377 | 398 | 418 | 424 | 444 | 465 | 436 | 505
35 | 209|215|242(208 | 320 | 348 | 368 | 358 | 408 | 414 | 434 | 454 [ 474 [ 493
Area, In.# | 19,80 20.46] 23.40] 26.34) 31.80] 33.80 35.80 37.80| 30.80 40.46! 42.46 44.46| 46.46| 45.46
Ti-p,ind | 025 | 637 | 603 | 748 | 1334 | 1450 |1586 [1715 | 1846 1859 | 1002 [2127 |2264 | 2408
ri-p, in | 5.62 | 5.58 | 5.44 | 5.33 | 6.45 | 6.57 | 6.66 | 6.74 | 0.81 | 6.78 | 6.85 | 6.92 | 6.98 | 7.04
Ta-x, int | 491 | 502 | 550 | 595 | 747 | 750 | 832 | 875 | 017 | 928 | 071 |1014 {1056 1090
ra-s,in. | 4.08 | 4.05 | 4.85 [4.75 | 4.85 [ 4.83 | 4.82 | 4.81 | 4.80 | 4.70 | 4.78 | 478 | 4.77 | 4.76
"dcil.
820 | 842 | 021 muim 115.4! 122.2( 129, num.ql m.n]uu:m
!m ‘| 4 “ﬂ

Bafe load values above sigaag line are for ratios of I/r not over 60, thoee below zigzag line are for

ratios not over 120 I/r.
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CARNEGIE STEEL COMPANY

L3

3

15-INCH CHANNEL COLUMNS—Continued

W e =
I I o Sare Loaps v Trousanps or Pounps
| e
g 1 -._I_. 1 Allowable Fiber Stress square inch, 13,000
! ds for lengths of Gomtﬁiaorundar. reduced’ fo
E i mevaOmdﬂ see Construction Specificatio -r
H Weights do not include rivet heads or other
o1 details,
; % A
E 2-15 Channels, 2-16 in. Plates
g
- 1 o o
£l4g !-é CAEEEL] ;—!ggﬁ.! IR EAEE
g }:‘35 2 é?ééa 2 aéz' géﬁ HEEEE
£ |54 Cd d.ei Ed 54(0g ds Cs £|64|804|64|C£|54
g |SR(EalS2|E| 23| Sp(S2|dp( SS9l S8 dp| 828
I B PRl PR Rl S Bl PR Rl FE PRl S PR RIS
11 (642 604 | 720 | 746 | 772 | 784 | 810 | 836 | 862 | 888 [ 014 | 940 | 966
12 | 642|668 604|720 | 746 | 772 [ 784 | 810 | 836 | 862 | 888 [ 914 | 040 | 066
13 | 642|668 | 694 | 720 772 | 784 [ 810 | 836 | 862 | 888 | 914 [ 040 | 066
14 | 642 668 (694 | 720 | 746 | 772 [ 784 | 810 | 836 | 862 | 888 [ 914 | 040 | 066
15 | 642|608 | 094 | 720 | 746 | 772 | 784 | 810 | 836 | 862 | 888 | 914 | 940 | 966
16 668 | 604 | 720 | 746 | 772 | 784 | 810 | 836 | 862 | 888 | 014 | 040 | 966
17 | 642|068 694 | 720|746 | 772 | 784 | 810 | 836 | 862 | 888 | 014 | 040 | 966
18 | 642|668 | 694 | 720|746 | 772 | 784 | 810 | 836 | 862 | 888 | 914 | 940 | 966
190 | 642|668 | 694 | 720|746 | 772 | 784 | 810 | 836 | 862 | 888 | 014 [ 940 | 966
642 | 668 (694 | 720 | 746 | 772 | 784 [ 810 | 836 | 862 | 888 | 014 | 9040 | 066
21 | 642|668 694 720|746 | 772|784 | 810|836 862 | 888 | 914 | 040 | p66
22 | 642 604 [ 720 [ 746 | 772 | 784 | 810 | 836 | 862 | 888 | 914 | 040 | 966
23 | 642|668 | 694 720 | 746 | 772 | 784 | 810 | 836 888 | 014 [ 940 | 966
24 [ 638]663|680[715|740|765 775|801 | 826 | 851|877 | 003 | 028 | 054
25 | 625|650|675| 700|725 | 750 | 760 | 785 | 809 | 834 | 850 | 885 | 010 | 935
26 | 613|637 662 710 | 735 | 744 | 769 817|842 | 867 | 891 | 916
27 | 600|624 |48 | 672|696 | 720 | 720|758 | 776 824 | 848 | 873 | 807
28 | 588|611 634 681 | 705 | 713 | 787 | 760 | 783 | 807 854 [ 878
575 | 508 [ 621 | 644 | 667 721 | 743 | 766 [ 780 | 812 | 835
30 | 563|585 (607 | 630|652 675|682|705|726 | 749 | 772|704 | 817 | 830
81 | 550571594 | 616637 | 650 | 667 | 680 | 710|732 | 754 | 776 | 798 | 820
32 | 538|558 (680|602 | 623 | 644 | 651 | 673 | 693 | 715 | 737 | 7568 | 780 | 801
83 | 525|545 | 567 | 588 | 608 | 629 | 636 | 657 | 677 | 698 | 719 | 740 [ 761 | 782
34 512|532 | 553 | 574|593 [ 614|620 | 641|660 | 681 | 701 [ 722 | 742 | 763
35 | 500|510 | 539 | 560|579 [ 599 [ 605 | 626 | 644 | 664 | 684 | 704 | 724 | T44
Area,in.3 | 49.40) mo]sm]mqﬁl 59.40] 6034 62.34{ 64.34) 66.34] 68.34] 70.34| 72.34] 74.34
Ty-y, ind | 231 3037] 2044 3 3704 4024
fia dn. | 6 ey 735% ng .99 7. {ﬁ 715, 721 7.20 7.0 7.38
Tg-o, ine | 1104 1147] 1190 1232 1275 1318| 13200 1363] 1 gr.ﬁ 1491 B 1576 1619
raz. in. | 473 472 472 473 471 471) 468 4.68 467 4 4.67 467
Weight,
Llrnp‘u 168.4{ 175.2 mal 188.8| 195.6 202.4 205.6 2124/ 2192 m.u| :m{m. 246.4] 253.2
00

Safe load values above heavy line are for ratios of /r not over 60, those below heavy line are
for ratios not over 120 I/r.
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RIVETED COLUMNS

15-INCH CHANNEL COLUMNS—Continued

14147y
NN Sare Loaps v TraousaNDps oF Pouxps
L-11i -
B d: ooy w2 Allowable Fiber Stress square inch, 13,000
T -I_ unds for lengths of 60 radii or under, reduced for
i x ! : engths over 60 radii; see Construction Specifications,
Nt | ‘Weights do not include rivet heads or other
1z 7 details. ;
et A L)
2 2-15 in. Channels, 2-18 in, Plates
-}
= g |#_ |89 |g. |9 |« |2 HSpled |dgld |dold |@ol o
ORI e EE R I F
En&f&af-ﬁgﬁmﬂgmsmjagnm
FE | =& =2 = = &|&8%18R g p
£ [22124]221241240504 081040 4104104(04(2 424|154
F ] ] et i e e R R T e R E R e ] ] (e
R ERER ER R ER R R T PO LA O S gl FE RN
11 433 462 491| 521
12 | 433]462| 491 521
13 || 433} 462| 491| 521
14 433 462| 491} 521
15 433 462| 491 521
16 | 433{462| 491 521
17 433| 462| 491) 521
18 33| 462| 491} 521
19 433] 462| 491 521
20 433 462| 491 521
21 433} 462| 491| 521
22 433| 462! 491 521
23 433 462| 491| 521
24 433! 462| 491| 521
25 433 462| 491| 521
26 433| 462| 491| 521
27 433 462| 491! 521
28 491752
29 456/ 484| 512
30 421] 449| 476, 503
31 414 441/ 468 494
32 407| 433| 459] 48
33 400 426| 451|477
34 393 418 443 469 494| 501| 5
35 411| 435( 460 485 402| 516| 541
Area, in2 | 37.80/40.05,42.30/42.96/45.21
Iyq,ind 1707| 1852] 1999) 2012| 2161] 2313| 2467) 2624| 2523
r1-1, 63| 6.72| 6.80' 6.87| 6.84! 6.91| 6.98 7.0 7.11] 6.02
I3-g, ind 1190 1251} 1312 1329 1390f 1450| 1511| 1572| 1586
rg-g, in, _5.61) 5.50) 5.57) 5.58) 5.54| 5.58| 5.51] 5.50| 540
Weight, 2|
Lh;.wpcr 113.7{121.4 [120.0{137.6144.3/146.5/154 llﬂl.& 169.5{177.1/170.5
t

8afe load values above sigzag line are for ratios of 1/r not over 60, those below zigzag line are for
ratios not over 120 |/r.
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CARNEGIE STEEL COMPANY

15-INCH CHANNEL COLUMNS—Continued

Sare Loaps v Trousanps oF Pounps

Allowable Fiber Stress square inch, 13,000
unds for lengths of 60 radii or under, reduced for
Pe(::sbhs over 60 radii; see Construction Specifications.

Weights do not include rivet heads or other
Fo—FH—" details.

Lt gah® i

-

E 2-15 in. Channels, 2-18 in. Plates
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11 840 | 869 [ 898 | 927 | 957 | 986 1015|1044 107411103 {1132(1161 {1220 |1278

12 840 | 869 [ 898 | 927 | 957 | 986 1015 1044 1074 11 11321161 [1220(1278

13 40 0 | 898 | 927 | 957 |9 1015 (1044 10741103 (1132 {1161 (1220 |1278

14 40 [ B6D 927 | 957 | 986 (1015 (1044 1074|1103 [1132{1161 (1220|1278

15 40 898 | 927 | 957 | 986 (1015 (1044 1074|1103 11321161 (1220|1278

16 | 840|860 | 898 | 927 | 957 | 986 (1015 (1044 /10741103 [1132|1161 1220 |1278
17 [ 840 | 869 | 808 | 927 [ 957 | 986 |1015 |1044 (10741103 |1132(1161 {1220 (1278
18 | 840 8069|898 | 927 | 957 | 986 {1015 (1044 1074 (1103 |1132{1161 |1220 |1278
19 | 840|569 | 898 | 027 | 957 | 986 (1015|1044 1074 (1103 |1132]1161 {1220 1278
20 | 840|869 808|927 | 957 | 986 |1015 1044 (10741103 |1132 (1161 {1220 (1278

21 | 840|869 |898 [ 927 | 957 | 986 |1015 |1044 1074 1103 |1132 1161|1220 (1278
22 | 840|869 | 898 | 927 | 957 [ 986 [1015 (1044 (10741103 (1132 1161 (1220 1278
23 || 840869 898 | 927 | 957 | 986 (1015|1044 {1074 (1103 |L132 {1161 |1220 1278
24 | 840|869 | 898 | 0927 | 957 (986 [1015 1044 /107411103 [1132[1161 (1220 (1278
25 | 840|869 | 808 | 027 | 957 (986 1015|1044 (10741103 |1132 1161 (1220 (1278

26 | 840|869 |808 | 927 | 957 | 986 |1015 [1044 107411103 /1132 1161|1220 1278
085 1273

28 850 | 912040 968 | 997 10251053 [1081 111101137 [1194 {1251
29 || 813|841 | 868|806 | 924 (951 | 980 |1007 |1035 (106210901117 [1173 |1229
30 | 798|826 934 | 962| 9891017 (1043 [1071 {1097 |1152 {1207
31 | 784|811 864 | 891 (918 971 1024|1051 [1077 1130 (1185
32 || 770|796 |822 | 848 | 875|901 | 927 | 953| 9801005 1032|1057 |1109 (1163
33 | 755|782 832|859 |884 | 910| 935 961| 9861012 /1037 {1088 1141

Area,in.2 54.59| 66.84 69.00] 71.34| 73.50| 75.84| 78.00 | 80.34 | 82.50 | 84.84 | 87.00| 89.34 | 03.84 | 08.34

Iy, ing) 321 3553| 3724 3808 4074) 4252 | 4433| 4617 | 4803 | 4991| 5183 | 5573 | 5974

-, in | 7.080 702 7.17) 7.23| 7.28| 7.33| 7.38| 743| 748| 7.52| 7.57| 7.62| 7.71| 7.79

Ia-p,ind| 1000| 1061) 2022) 2082/ 2143] 2204| 2265 | 2325| 2386 | 2447) 2508 | 2568 | 2600 | 2811

re-z,in. | 542 542 541) 540 540 5300 530| 538| 5.38| 5.38| 537| 5.36| 5.35| 535

Weight

L]Iglu.per 220.1) 227.7| 2354 243.4 250.7) 258.3‘ 260.0 | 273.6 | 281.3 | 288.0 [ 206.6 | 304.2 | 310.5 | 334.8
00

Safe load values above zigsag line are for ratios of 1/r not over 060, those below sigsag line are
for ratios not over 120 I/r.
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RIVETED COLUMNS

. s . 15INCH CHANNEL COLUMNS—Concluded

L d

I\ A D- § - F?’ Sare Loaps 18 Trousanps oF Pounps
s+ 1
{

N Allowable Fiber Stress square inch, 13,000
ds for lengths of 60 or under, reduced for
b-1 Gy ths over 60 radii; see Construction Specifications.

‘?—— —] Weights do not include rivet heads or other
T J details.
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Aren,in.2 102.06(108.21(114.00/118 841128 8412884133 84(138.84/143.84/148.84153 84158 84[163.84

Ty, iné 6121 6231 7767 87 9767) 10200/ 10844
ri-,in. | 7.66) 7.520 7.30| 7.34 743 7.53 7.62 7.7l 7.80| 7.8 7.97 8.05 814
Igs,ind] 2017 3145 4736/ 4 5 5736
ra-g,in. | 5.32 520 525 5.97 5.96 506 5.95 5.04| 5.04] 5.92 593 592 592

Weight
Lba.per
Foot

Safe load values above zigsag line are for ratios of 1/r not over 60, those below zigzag line are
for ratios not over 120 I/r.

350.5| 308.4 asul 404.5 421.5 mi Iﬁﬁ.i| Iﬂ.ﬂl mal 500.5 523.5 540.5 5575
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CARNEGIE STEEL COMPANY

PLATE AND ANGLE COLUMNS

&..-.
el Sare Loaps v Teousanps oF Pounps
+ 3+ Allowable Fiber Stress per square inch, 13,000
N for lengths of 60 or under, reduced for
3‘.‘-,..-:3 over 60 radii; see Construction Specifications.
St Weights do not include rivet heads or other

3 Web Plate 6 x 3| Web Flate 8 x 14 Web Plate 8 x s | Web Plate 8 x 3§
[
|| 2R S|R|S|F[(R]|S|*
-5 - - i - f » 3 % i § : : E L]
3 ala |8 |5|8 (5|8 Ble|R|%|%|=
E Lol L) L) L) § § | § = - - - - -
NEE I L R R A L
] < || = = g =
- - - - - - - - - - - - - -
6 60 | 81|88 | 04 [110]101 119|125 142|141 |161 | 168|188 | 208
7 63 (T8 8T 86 101 {110 125|142 [141 [ 161 | 168 | 188 | 208
8 56 | 72 | 76 | 70 | 95 U0 115 | 120 [I35]141 |161 | 168 | 188 | 208
9 49 | 66 | 60 | 72 | 87| 80/107 112|130 163 | 185
10 43 | 60 65 | 78| 83 (100 | 104 [121 128|140 | 154 | 175|196
11 38| 64 | 66 | 57| 70| 76| 92| 96112121 |140 145|165 |185
12 35| 40 | 50 501 62| 70| 85| 89104 (113|131 136|155 |174
13 82 43 [ 45 || A7 781 81| 05|105|123 | 127 | 145|163
14 28 | 40 | 42 || 43 | 52| 57| 701 73| 86| 97 (114 118135 | 152
15 25 |37 |39 | 39 | 48 66| 77| 89(105 100|124 [141
16 22 |34 |35 36| 44| 49| 60| 62 81| 97100 (114|130
17 18|32 |32 (32| 40| 46| 56| 58| 68 88 90104 [120
18 20 |20 | 28| 36| 43| 52 54| 64| 71| 83| 80 95 [110
190 26 |26 | 25| 32| 39| 49 50| 60| 67| 79| 81| 93 (105
20 22 36| 45 47| 55| 63| 74| 77| 888|100
21 20 33| 41 43| 51| 59| 70| 72| 83| 94
22 30| 38) 39| 47| 55| 66| 68| 78| 89
23 27| 34| 35| 42| 51| 61| 63| 73| 83
24 23| 30] 31| 38| 48| 57| 59| 68| 78
25 34| 44| 53| 54| 63| 72
26 40| 48| 49| 58| 67
27 36| 44| 45| 53| 62
28 39| 40| 48| 56
20 51
30
Ares, in3 | 5.74 |6.26 [ 6.74 [ 7.24 [ 8.48 | 7.78 | 9.12 [|0.62 | 10.94] 10.36] 12.42] 12.92] 14.4516.00
Ii-1,iné (/34,3 89.1|42.6(/81.2 060|001 | 107 110| 127 | 122 | 141 || 143| 161| 178
r1-1, 0. || 2.45 |2.50 (2,51 | 3.35 [ 3.38 [ 3.41 | 3.43 |(3.38 |3.40 | 3.35 | 3.36 || 3.33 | 3.34 | 3.33
Ig-g,iné [[6.2 |10.3]10.310.3 | 12.9 | 16.0 [20.2 [ 20.7 | 24.9 | 30.3 | 36.3 || 37.2 | 48.5 | 50.2
ro-g, in. f 104 [ 128 [ 1.24 11,19 | 123 | 1.44 | 1.49 || 1.47 | 1.51 | 1.67 | 1.71 || 1.70| 1.73 | 1.77
Weight,
I-h;.rr 10.6 | 21.5(23.1 1 24.8 [20.2 | 26.4 | 31.2 || 32.9 | 37.3 | 37.3 | 42.5 || 44.2 | 40.4 | 54.8
o0’

Bafo lond values above and to right of i T for ratios of 1/r not 0, those
bet '2' lnumtwnuuug‘:'om B, iy (houe Delow lower kigang line afe forabios
over .




RIVETED COLUMNS

PLATE AND ANGLE COLUMNS—Continued

—

Sare Loaps 1xv TeousanDps oF Pounps

3 i Tor emth of 50 Fadi-or Saee. Feiuce or
| H or or ar, u
Ei m:owmmu-mmmm 8 .
) - Weights do not include rivet heads or other
details.
' Web Plate | Web Plate Web Plate |[WebPL
I 3 1033 | 10x%4 Web Plate 10x % 10x% || 10:%
| = - = e
- = A & E - i & A EY T
: ot B R e e e B
% % | oo e g F|w|w|w] e w|- -
- - - - ’.3 " - - - - - -
e L] = EE w | w | w | w|w| w0 o O|a) o ! LN | =
i g !
£RE33 038582 2333
=] - < l
Wl (] w | w | w - | w | w | | W | - - - | W -
107/125] 133| 149{ 170{ 178 108/ 207|232 266/ 206} 312| 341|370 386
01 133| 140/ 170{ 178 108 207 2 312|341|870/ 356
100 149! 170! 178! 108! 207 312|341 386
74! 03111/ 117 T 207 2 312{341 356
86103 108 133 154 160/ 181| 207) 232| 23 312{341 386
79 0 125( 145 150, 1 2306, 26 312|341|370| 386
71 87 91116135 140] 160 1 236! 26 312|341/ 370| 386
7 108 126 130] 149| 1 312|341|370] 386
44 71] 7. 117 121 13817, 03| 378
91]107] 111 127 166 190 21 278 291|321

EBENE BRBER BEESS BREEE ZScwwe

3 61| 64 101/ 116! 157]1 26° 337
32 47| 5 501 148 170/ 201| 220 257| 269 207|325/ 338

28 43 55 101|139} 160, 1 247] 258| 28 312,

24 49) 51 69 81 13 184/ 210237 247/ 27 .

3 47, 76| 7 121|140/ 175{ 201
41 42| 71 84/112 130 167] 101] 21
38 6 1 1 21
25 34 51 62{ 63| 74 103{118] 15017219
47 & 113 141] 163 185| 192|21
520 53 63| 03108 132 154175 18120

57| 891 144! 164] 170/ 191/ 210/

34 5 121 :
4 117/ 134{152{ 158|175 192] 200
7 113 130{ 146 153{ 160 186] 193
71 109|125 141 1471 187
Ares, in37.74| 826 m{mﬁ' 1140 :a.aqmsim 1787 18192047 22,75 24.00] 26.24/28.44) 2069
T3-2.in4184] 1 201| 232 || 237 27| 315 819 | 861 | 401{ 412 451 | 489 500
n-:.hu mwmmmwmmuﬁmmm 410
Ta-s,in 75031963 | 972 0.6, 823 119] 139| 160 165! 185 20| 23
rHJl.Ll 42| 182167 165|160 | 210/ 2145 256 | 261 | 265 262|268 | 269 268

Waight,
u;“wﬂmm’u 85.0 | 304 | 446 || 46,8 |52.0 |54.4| 608|62.0 | 700 776 818|804 | 97.0| 1013
Bafe load values sbove and to right of line are for ratios of 1/r not over 120, those
bavmmlh-mfwnﬂun%mm m_mwdwlmmlum
not over




CARNEGIE STEEL COMPANY

PLATE AND ANGLE COLUMNS—Continued

1,
. 2
= ¥ j é—" Sare Loaps v Trousanps oF Pounps
j i
el e || B Allowable Fiber Stress square inch, 13,000
ot l l:oounds for lengths of 60 ii or under, reduced for
E: & engths over 60 radii; see Construction Specifications.
L Weights do mot include rivet heads or other
2 details.
Web Plate | Web PL| o - o [WebPlale
12x 12254, | Web Plate 12 x 34 Web FPlate 12 x 34 |-
E M e b 12xf]12x3
8 REESRRR[ER|S[(RRF IR |5 [R| =
= :E T o w5 N N R T A T “
\i i o lea | m |l oo 3: My E | | | W | o | | - -
g%;«'unna‘a‘annuunnu;nn
E 4 -y - - - - w w w o L= - = L] -] = | = =]
3 |2(33|7|2 8 5|22 (2|8 0 8 0|0 0 51
NE i3 LELELE
- | oW | e = | = | W | w | e - | - | | W | | - -
6 |11401321481157178/187/217/242/266/276/305(325 354/383(411/439 458/ 478
7 178(187/217242266/270 326354333411"“‘ 458|478
8 178187217 422662? 05325354333411439 458|478
9 217 26627 5(325354/3831411/430|458( 478
10 1591672172 A6G2T |305325 834 458( 478
11 01561210237 276 458478
12 139(1451201226 i 458/ 478
13 1291341191 215/24 4581478
14 119]1241181[205{229264/295(312 342 3451
15 109(113{171/1942 8435 452
16 4 99 102 1621184206244 3 19( 436
;¥ 92| 96]152/173[195 263 277305333361 3881404 420
18 87 01/142162/184 2241252 265'293 31947 3731388/403
19 82| 85[132/152/172(214241 253280 333/358372( 387
20 80[123/141/161 204 230 |2B?293 18
21 72 7511 130 149 1941220/230:255|27
22 110 184120921 21266/12901314
23 62 105121 | 17419820?&2025 76(209 4
24 57| 58100/114/129{164/187(195 72362|284k294
25 | 95(100{123{155/176/1831204 226/248269
1
26 47| 48 91/104 118[14 166]173]192 213234 254
27 g 86 93112.142 601167185 247
28 81 93 106/137/154/162({179 1 i
29 76 88101132149 156(173(1802
30 71! 821 95(12711431150'1 66! 1831
Are, in? | 87610, 1m|fmu]m71p¢qmq1s@?aomﬁwpmpmpu@w@qm]'mm
I1-1,in¢ 7 367‘ BES
ri1-1,in. | 5,04] 5.11) 5,09/ 5. 5.00) 5.07) 4.09 5.01] 5.02 5.01 5,01 4.96] 4.91
Ta-g,in4 || 16.0 20,2 29,6 30. 70 E. 130 160| 165 18 24! 25? - 266
ro-z,in | 1.35 L4 L61) 1 LBI 2.08 2.1 2. 281 257 1611' 2 Z.WI 2.7% ‘ 269
“Weigh =
I.h.:pr" 20.8| 34.6 3‘10‘ 416 40.3” 49.3 56.9 63.3) 69.7) T2.5 B0.1] 852 &.8:100.4 107.8 ﬂl.ﬁl" 119.9//125.0

Safe load valuuabovamdton:htu!ufw zigzag line are for ratios of |/r not over 60, tllau
Mwm:whmmhrmhunptolm fr and those below lower szigsag line are for ratios
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RIVETED COLUMNS

PLATE AND ANGLE COLUMNS—Continued

Sare Loaps 1ny Trousanps or Pounps

Allowable Flbm- Stress Persqunmtnch 13,000
for | hs of GOndj uuder. reduced for
over 60 radii; see i

Weights do not include rivet heads or other

E [ Web Plate 12 x 34 Web Plate 12 x 34 Web Plate 12 x 5§
e -
R I S 2 T SO B O B 2=
£ o5 ur\“-\ wh | wh wh | il | wal | R & Rk ::-'
- | W - - - - - W | TH - - | | wH
i M | ww | W bt MY | e | M- man | omn | o
= - -] - - = = =3 =
£ i 2z i ﬁ’ 2 Z;s 32|43 §
giiﬁéﬁii‘aéaaaiaiaé
-l | W | wpod - -ed | weq - -y el | W | wpog | TS
11 383 | 428 | 458 | 487 || 507 582 | 610 || 630 | 675 | 721 | 766
12 383 | 428 | 458 507 | 5653 | 682 | 610 || 630 | 675 | 721 | 768
3 || 383 | 428 | 458 | 487 | 507 582 | 610 | 630 | 675 | 721 | 766
14 383 | 428 | 458 7| 6 553 | 582 | 610 || 630 | 675 | 721 | 766
15 || 383 | 428 | 458 | 487 | 507 | 553 | 582 | 610 | 630 | 675 | 721 | 766
16 370 | 428 | 458 | 487 553 | 582 | 610 || 630 | 675 | 721 | 768
3 410 | 447 | 476 | 491 56O | 590 || 613 714
18 357 | 407 | 434 | 401 | 470 | 526 | 5563 | 579 04 | 644 742
19 348 | 305 | 421 | 447 || 4061 | 510 | 536 | 5062 | 576 | 625 | 674 | 721
20 | 334 | 383 | 407 | 433 || 447 | 495 | 520 | 644 | 558 | 606 7
21 323 | 370 | 394 | 410 | 432 | 479 | 503 | 527 || 540 | 587 | 634 | 679
22 312 | 358 | 381 | 405 | 417 487 522 | 568 | 614
23 || 301 | 346 | 368 | 301 | 403 | 4485 | 470 | 492 | 504 504 | 637
24 280 | 334 | 355 | 377 | 388 | 432 | 454 | 475 | 486 | 520 | 574 | 616
25 | 278 | 322 | 342 | 363 | 373 | 416 | 437 | 457 || 468 | 510
26 || 267 | 310 | 329 | 340 | 358 | 401 | 421 450 | 491 | 534 | 574
27 256 | 207 | 316 | 3356 | 344 | 385 422 | 431 | 472 | 514 | 553
28 || 244 | 285 | 303 | 321 | 329 | 360 | 388 | 405 | 413 | 453
29 233 | 273 | 200 | 307 | 314 | 354 | 371 | 388 | 395 474 | 511
30 || 222 | 261 | 277 | 203 | 200 | 338 | 354 | 370 | 377 | 415
31 211 1249 | 264 | 270 | 285 | 323 | 338 | 353 | 359 | 396 | 434 | 469
32 237 | 250 | 265 | 272 | 307 | 321 | 336 | 341 | 377 | 414 | 448
33 | 107 [ 228 | (257 | 264 [ 204 (309 | 323 | 331 | 361 | 304
34 191 | 221 | 235 | 250 | 257 | 287 | 301 | 315 | 322 | 351 | 351 | 409
35 | 186 | 215 | 229 | 243 | 249 | 270 | 203 | 306 | 313 | 342 | 371 | 399
Ares, in2) 20,44 | 32,94 | 35.22 | 37.50 || 30.00 | 42.50 | 44.74 | 40.04 || 45.44 | 51.94 | 55.44 | 55.04
Iy-y,dne] 016 1073 | 1136 | 1107 | 1215 1377 | 1437 | 1495 | 1513 | 1682 | 1856 | 2087
ri-,dn. | 558) 571 | 568 | 565( 5.58] 5.60| 5467 | 564 | 5.50)| 560| 579 | 588
Al 201| 348| 308| 388 ) 304| 451 472| 492 499 | 556| 613 671
re-gdn. | 8.04) 325| 323 | 322 3.18| 326 | 3.25| 324 | 3.21| 327| 3.33| 347
We
Lb}? 100.2 | 112.1 | 1201 | 127.7 || 132.8 | 144.7 | 1523 | 150.9 | 165.0 | 176.9 | 185.8 | 200.7
" Bale load values above and to right of

bummlh.mlanthupbmm.mdm

over 200 I/r.

upper sigaag line are for ratios of 1/r not over 60, those
%Mmh&m!ﬂt&m
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CARNEGIE STEEL COMPANY

Web + 14"

PLATE AND ANGLE COLUMNS—Continued

Sare Loaps 18y TrHousAnDs orF Pounps

.Mlowa.ble Fiber Stress per square inch, 13,000
Pmm for lengths of 6O mcfxi or under, reduced for

! mgths over 60 radil; see Construction Speciflcations.
——] Weights do not include rivet heads or other
Iy details.
» Web Plate 12 x 5§ | Web Plate 14 x 3§
3 i
B I { =
a B | R | R R RS R [ Re
e e 3 e i o B P L 8 L
g - - - -~ - - - - - - - - - -
.3 l!:!. H: u: u: H: H: )1: )1: H: ﬂ: i-:: K: H:
g L -] = -} L= = -1 o L] L= = -1 = -]
e
£ £|95 |25 |35 |38 |55 |22 (S5 | 92 |22 | 82 | 52 | &2
-y - o -oq -y - e -ay -eq -eq -ca - ca -ea -y -ea
11 || 812 | 857 048 452 | 474 | 497
12 || 812 | 857 | 003 | 948 452 | 474 | 497
13 | 812 | 857 | 903 | 948 452 | 474
14 | 812 | 857 | 903 | 948 452 | 474 | 497
15 | 812|857 | 903 | 048 474 | 497
16 | 812 [ 857 [ 903 | 048 470 | 497
17 | 812 [ 857 | 903 | 048 431 | 456
18 701 840 | 417 | 442 | 468
19 || 769 | 817 | 864 | 912 404 | 428 | 453
20 | 747 |794 | 840 | 887 390 | 415 | 439
21 (725|771 | 817 | 862 377 | 401 | 425
22 | 703 | 748 | 703 | 837 363 | 387 | 410
23 | 681 725|769 812 350 | 373 | 396
24 || 659 702 | 745 | 787 336 | 350 | 381
25 || 637 | 679 | 721 | 762 323 | 345 | 367
26 || 615 | 657 | 697 | 738 331 | 353
593 | 634 | 673 [ 713 206 | 317
28 || 571 | 611 | 649 | 688 282 | 303 | 324
20 || 549 | 588 | 625 | 663 260 | 289 | 309
30 | 527 | 565 | 601 | 638 255 | 275
31 || 505 | 542 | 577 | 613 243 | 261 | 281
32 519 | 553 | 588 236 {251 |
33 461 | 4 529 | 563 229 | 244 | 260
84 || 439 | 473 | 505 | 538 222 | 237 | 253
35 84| 513 216 | 230 | 245
Areain.2 6244 | 65.94 | 60.44| 72.04 | 76.44 | 70.04 | 83.44 | 86.94 | 30.10 | 32.47 | 34.75 | 36.50 | 38.25
Iy, indj 2224 | 2418| 2618 | 2825| 3038 | 3250 | 3486 | 8721 | 1261 | 1351| 1436 | 1530 | 1643
ri-q, in. | 5.97| 6.06| 6.14| 6.22| 6.30( 0.38] 646 6.54 | 6.46| 6.45| 6.43| 6.49| 855
Ig-a,ind| 728| 785| 842| 899 956| 1014| 1071| 1128 | 201| 311| 331| 360| 388
re-g, in. | 3.41| 345| 3.48| 3.51| 3.54| 3.56| 3.58| 8.60 | 3.10| 3.09| 3.00| 3.14| 3.19
Welaht,
F ‘ 212.6 | 224.5 | 236.4 [ 248.3 | 260.2 | 272.1 | 284.0 | 205.9 | 102.8 | 110.8 | 118.4 | 124.3 | 130.3
00

Bafe load values above and to right of u

mhmmfmumupwlm /5

over 200 I/r.

lme are for ratios of 1/r not over 60, those
below wnml.memlmrmulnnt
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RIVETED COLUMNS

PLATE AND ANGLE COLUMNS—Continued

Sare Loaps 1v Trousaxps oF Pounps

Allowable Fiber Stress square inch, 13,000
unds for lengths of 60 or under, reduced for
mmﬂu over 60 radii; see Construction Specifications.

Weights do not include rivet heads or other
details.

Web Flate Web Flate ,
3 .[ g Sty Web Plate 14 x 3
1
g ol I |& [#ol2 (2, |2, |2
§ o [T Fn [ Bn| B Bn | B | Bn | K. | 2| T2 B2
i pt | || wH | v | W | W W | wH | e | wH | W
M | M- " H b Hw | Mw | W Lo | oM -
- - L] L= -] = - - = L -] L] -]
R EEEEEEEEE:
é (22| 3= |25 2= | 2= 132 3 =
- - -en -y - el -ed -y -ee -oce -ey -ch -y
11 | 520 | 543 | 566 | 505 | 623 | 646 | 601 | 787 | 782 | 828 | 873 | 010
12 | 520 | 543 | 566 | 595 | 623 | 646 | 691 | 787 | 782 | 828 | 873 | 010
13 || 520 | 543 | 566 623 || 646 | 691 | 787 | 782 | 828 019
14 || 520 | 543 | 566 | 595 | 623 || 646 | 601 | 737 | 782 | 828 | 873 | 910
156 || 520 | 543 | 566 623 | 646 | 601 | 737 | 782 | 828 | 873 | 910
16 | 520 | 543 | 566 623 | 643 | 601 | 737 | 782 | 828 | 873 | 010
17 | 507 | 533 | m"ﬁ%—'mr 624 | 075 770 | 526 | 873 | 919
18 | 493 | 517 | 535 | 561 | 587 | 606 | 655 | 705 | 754 | 803 o1
19 | 478 | 502 | 518 | 544 | 569 | 587 684 | 733 | 780 | 820 | 876
20 | 463 | 487 | 502 | 527 | 551 | 568 | 615 | 664 | 711 | 758 | 805 | 851
21 | 448 | 472 | 486 | 510 | 533 ! 549 | 506 | 643 | 689 | 735 | 782 | 827
22 | 433 | 456 | 470 | 493 | 515 | 530 | 576 | 622 | 668 | 713 | 758 | 802
23 || 418 | 441 | 454 | 470 | 497 | 511 | 556 | 602 | 646 | 690 | 734 | 778
24 | 403 | 426 | 437 | 450 | 470 | 493 | 536 | 581 | 625 | 667 | 711 | 753
25 | 388 | 410 | 421 | 442 | 461 | 474 | 517 | 560 | 603 | 645 | 687 | 728
26 | 874 | 395 424 455 | 407 | 540 | 581 | 622 | 664 | 704
a7 380 | 407 | 425 | 436 | 477 | 519 | 560 | 600 | 640 | 679
28 364 | 873 | 300 | 407 | 417 | 457 | 408 | 538 | 577 | 617 | 655
20 | 320 | 340 | 356 | 878 | 300 | 399 | 438 | 477 | 516 | 554 | 503 | 630
30 | 814 | 334 | 340 | 850 | 372 | 380 | 418 | 457 | 495 | 532 | 560 | 605
31 | 200 | 318 | 324 | 330 | 354 | 361 | 308 | 436 | 473 | 509 | 546 | 581
32 | 284 ! 303 | 308 | 322 | 336 [ 345 | 378 | 415 | 452 | 487 | 522 | 556
33 'M‘WW'STTWF M%Wm 464 | 499 | 532
34 | 267 | 282 | 200 | 304 | 318 | 326 | 356 | 385 [ 415 | 444 | 475 | 507
35 mmsmnssooanma’mmmh‘ﬂ'w_
Areain2| 40,00 | £1.75 || 43.50 | 45.74 | 47.04 | 49.60 | 53.10 | 56.60 | 60.10 | 63.60 | 67.10 | 70.80
T-nind] 1740 | 1857 || 1885 | 1070 | 2053 | 2081 | 2302 | 2520 | 2704 | 3006 | 3255 | 3512
rin | 661 | 667 6.58 | 6.50 | 6.54 | 647 | 0.58 | 6,68 | 678 [ 6.87 [ 0.90 | 7.05
Toaine| 417| 446| 451 | 472 | 402 | 409 | 566 | 613| 671 | 728| 785
raain | 823| 397 392] 321] 320 317 823) 320 334) 338 | 342 348
Weight,
L}&u 136.2 | 1422 | 148.1 | 155.7 | 163.3 | 169.3 | 151.2 | 103.1 | 205.0 | 216.9 | 228,58 | 240.7

Safe load values above and to right of dq::lhimfwuﬁudl{rmmw.wqu
xm%grmgﬁmmtwnﬁuwhw those below lower zigaag line are for ratios
over :
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CARNEGIE STEEL COMPANY

PLATE AND ANGLE COLUMNS—Continued

' o

S Sare Loaps 1N Trovusanps oF Pounps

;]I Allowable Fiber Stress per square inch, 13,000
Gl Baounds for lengths of 60 radii or under, reduced for
B IL ngths over 60 radii; see Construction Specifications.

Weights do not include rivet heads or other
details.

Web Plate 14 x 5§

Po | P | R | R | RN |[Re| R R [ Re| B | K= | R

= = = n§ mea n§ el | Hew n§ = n§ ne;g
WM | M| WM | WK | WM | e | v o | on | oK | o | oM
| M | M | Mo | ke | Mo | we | D | e
£ - L] o7 | e e

3|8z | 25| Bg | 8
|38 28 22 i

Efiective Length in Feet
x
4
x
4
; 3
4

11 964 | 101010551101 (1146|1198 | 1250 1315| 1367 | 1419|1471 | 1523
12 064 | 1010 1055|1101 1146|1198 | 1250 | 1315 [ 1367 [ 1419|1471 | 1523
13 964 1101010551101 (1146|1198| 1250 | 1315|1367 | 1419|1471 | 1523
14 964 | 1010/1055|1101 (1146|1198 | 1250|1315| 1367 | 1419|1471 [ 1523
15 964 (1010 1055|1101 (1146|1198 | 1250 | 1315|1367 | 1419 | 1471 | 1523

16 964 |1010|1055(1101 1146|1198 |1250| 1315|1367 | 1410|1471 | 1523

17 964 |1010|1055(1101 (114611198 |1250|1315|1367 | 1419|1471 (1523

18 0949 | D08 (1046 | 1095 | 1144|1198 | 1250|1315 1367 | 1419|1471 | 1523

19 924 | 971 1018|1067 (1114|1198 1250/1315|1367 (1419|1471 | 1523
[1308 | 1364 |

21 872 | 918| 963 (1010 |1055|1174 1229|1277 | 1333 | 1388 | 1443 | 1497
22 847 | 802| 935| 981|1025|1146| 1201 | 1246|1301 | 1356 | 1409 | 1463
23 821 | 865| Q08| 953 | 996|1119|1172|1216|1269|1323|1375|1428

839
25 770 | 812| 853 | 805 937 |1064|1115[1154| 1206|1258 1308 | 1359

26 744 | 786| 825| B67| 907(1036| 1087 (1123|1174 (1225|1274 1324
27 719 | 759| 797| 838| 877|1009| 1058|1093 (1142111921241 | 1289
28 693 | 732| 70| 810| B48| 981|1030(1062|1111|1160|1207 | 1254
29 668 | 706| 742| 781| 818| 954|1001(1031|1079(1127|1173 | 1220
30 642 | 679| 715| 753 | 789| 926 97310001047 |1094(1139 1185

31 617 | 653| 687 ggzg 759| 899 944| 970/1015(1062| 1106|1150

Area in 2| 74.10 | 77.69 | 81.10 | 84.60 | 88.10 | 02.19 | 06.19 |101.19(105.19 |109.10 na.m]m.m

It ind) 3776 | 4048 | 4327 | 4615 4910| 5120| 5457 | 5484 | 5830 | B187| 6552 | 6028
ripin | 7.3 | 7.22| 7.30| 7.38| 746 T45| 7.53| 7.36| 744 | 753 761 7.60
Ig.gin4| 800 | 056| 1014 1071 1128 | 1403 | 1570 | 1581 | 1866 | 1752 | 1837 | 1022
regdn || 348 | 3.51| 353 | 3.56| 3.58| 4.02| 4.05| 3.95| 3.08 | 401| 4.08| 4.05
Weight,
LI;‘:« 252.6 | 264.5 | 270.4 | 288.3 | 300.2 | 313.8 | 327.4 | 344.2 | 357.8 | 371.4 | 385.0 | 308.6

oot -

Safe load values above and to right of upper sigaag line are for ratiosof 1/r not over 60, those
be?men Ig;,:ii#ag lines are for ratios up to 120 Ifr and those below lower zigzag line are for ratios
not over i
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RIVETED COLUMNS

PLATE AND ANGLE COLUMNS—Concluded

Sare Loaps 1N TrousaNnps oF Pounns

Allowable Fiber Stress per square inch 13,000
s for lengths of 60 radii or under. uced' for
engths over 60 radii; see Construction Specifications.

Welghts do not include rivet heads or other
detalls.

Two Web Plates 14 x 14 i Two Web Plates 14 x 5§

Rgo [ WNopr [ D | Rgp || o | R | R | S | K | R
KE Ns K§ K§ Hﬁ I‘§ HE Nﬁ Moy K§
-0 L -} L= L= L=l LN -0 L-B ] = . L0

KE ﬂ= Iﬁ KE Ka Ia ﬂR Ra Hg RS

; 2|2 :!:!m!‘:!:!:!:!
Eﬂié*e eie?e?s?a?a

- -l -y -ea - - -ea - -ty -y

1728 (1787 | 1845 | 1904 | 1949 | 2027 | 2092 | 2157 | 2222 | 2287
1728|1787 | 1845|1904 | 1949 [ 2027 | 2002 | 2157 | 2222 | 2287
1728 | 1787 | 1845 | 1904 | 1940 [ 2027 | 2092 | 2157 | 2222 | 2287
1728 (1787 | 1845 | 1004 || 1949 | 2027 | 2002 | 2157 | 2222 | 2287
1728|1787 | 1845|1904 | 1049 | 2027 | 2002 | 2157 | 2222 | 2287

2027 2222
1728|1787 | 1845 | 1904 | 1949 | 2027 | 2002 | 2157 | 2222 | 2387
87 2027 2222

1453 | 1507 | 1561 | 1616 | 1647 | 1825 | 1880 | 1952 | 2016 | 2079
lgég 1471|1525 | 1578 | 1608 | 1789 | 1851 | 1913 lggg 2039

400 530 1896 | 195
1315|1365 | 1415 | 1465 | 1492 | 1679 | 1738 | 1797 | 1857 | 1916

132,94 |137.44 [141.04 [146.44 140.04 |155.04 |160.04 |165.94 |170.94 |175.04

I 7550 | 7081 | 8415 | 8850 8016| 0248 | 974110248 | 10767 | 11208
regin, | 7.57| 7.54| 7.54| 7.3 770| 778 771| 770| 7.78| 7.86| 7.04

Tomin®| 1046| 2220| 2831 | 2053 | 3074 | 8106 | 3222| 4040 | 4216 | 4383 | 4540 | 4716
Tosin | 3.90| 418| 481| 4.63| 4.85| 467| 464| 510 5.12| 514| 518( 518

I.hﬂc 416.4 | 433.6 | 452.3 | 407.0 | 452.0 | 408.2 | 510.1 | 530.5 | 547.5 | 564.5 | 581.5 | 5085 ,

Safe load values above and to right of sigzag line are for ratios of I/r not over 60, those below
gigzag line are for ratios not over 120 I/r.
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CARNEGIE STEEL COMPANY

TYPICAL COLUMN DETAILS

Orrice Bumubing CONSTRUCTION

Section B-B

Section A-A
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RIVETED COLUMNS
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CARNEGIE STEEL COMPANY

TYPICAL COLUMN DETAILS
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MILL BUILDING COLUMN

Simplicity in details is essential to
economical construction. To eliminate
bending or secondary stresses, it is
desirable in making designs and details
that loads be transmitted from beams,
girders and trusses to columns directly
and with the minimum number of
connecting pieces, rivets, or bolts, and
that the rivets or bolts be stressed in
shear or bearing only.

The column connections shown on
this page and the two pages whichpre-
cede, represent the best modern practice
and conform to these fundamental
conditions and cover the range of
cases met with in ordinary mill and
office building construction.

Where eolumns rest on steel slabs
or castings, the loads are fransmitted
directly into the footing, and shoe
angles may be provided for proper
anchorage. Where they rest on
masonry, gusset plates may be re-
quired to distribute the load.

Columns should be milled to accu-
rate bearing at joints, with splice plates
sufficient to hold the sections in line
and to resist bending stresses. Horizon-
tal bearing plates must be used between
column sections of different forms or
general dimensions. Rivet spacing in
column shafts and at beam connections
should be uniform to permit the use of
multiple punches; spacing should be
in multiples of one-quarter inch.

Erection requirements should not
be overlooked; beams should frame
with ample clearances, particularly to
column webs, and rivets should be
countersunk or flattened where neces-
sary to swing beams into position.
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CAST IRON COLUMNS

CAST IRON COLUMNS
AvvowasLe Unit STressES IN PoUNDs PER SQUARE INcH

By New York Bumpmve Law, 1917
9000~40 l/r 1bs. per square inch

e Lba. per 8q. In. I Lbe. per 8q, In. e Lbs. per 8q. In.

o 9000 30 7800 51 6960
10 8600 31 7760 52 6920
11 8560 32 7720 53 6880
12 8520 33 7680 54 6840
13 B480 34 7640 b5 6800
14 8440 35 7600 56 6760
15 8400 36 7560 57 6720
16 8360 37 7520 58 6680
17 8320 38 7480 59 6640
18 8280 39 7440 60 6600
19 8240 40 7400 61 6560
20 8200 41 7360 62 6520
21 8160 42 7320 63 0480
22 8120 43 7280 64 6440
23 8080 44 7240 65 6400
24 8040 45 7200 66 6360
25 8000 46 7160 67 6320
26 7960 47 7120 68 6280
27 7020 48 7080 69 6240
28 7880 49 7040 70 6200
29 7840 50 7000

The safe lond for a cast iron column of given dimensions is determined
from the above table by obtaining theratio of l/r and multiplying the correspond-
Ing unit stress by the sectional area of column.

Example:—Required the safe load of a cast iron column, 15 inches square,
7 inch in thickness, and 16 feet long.

From table of Hollow Square Sections, page 137, the radius of gyration
s 5.78 inches and the sectional ares is 49.44 square inches; hence the ratio of
lir=16x12 4+ 5.78 = 33.2, corresponding to a stress of 7672 pounds per square
Inch, giving a total safe load of 49.44 x 7672 = 379300 pounds.

The minimum size of a cast iron column of a certain length to safely
support a given load is determined as follows:

Divide the length in inches by 70; the quotient is the minimum allowable
radius of gyration required. Divide the total load by 6200 pounds; the quotient
is the minimum sectional area.

'~ Example:—Required the minimum size of a round cast iron column, 20
feet long, to support a load of 235000 pounds.

The minimum radius of gyration is 20 x 12 + 70=3.43 inches; the minimum
area is 235000 -~ 6200 =37.90 squarc inches. From table of Hollow Round Sec-
tions, page 136, the nearest minimum size for this radius of gyration and this
area is found to be a column 11 inches in diameter and 14 inches in thickness.
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CARNEGIE STEEL COMPANY

ROUND CAST IRON COLUMNS

AvrvowasLe Loaps 1xy THousaNDS oF Pounps
By New York Building Law, 1917
‘Welghts do not include details

Effective Length of Column in Feet

§
i

E}
8

FFE
fif

10 12'14 16|18/ 20| 22|24 | 206

4
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Lol ol

P - N P ¢ Y S
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BOBS b et B e et e o e o et et e e e

KNG SUNN SINEE NURERR SEUNR gaREln susk

221/212|204/195/187(178
244

RaSeR =oOOk O~NNe LSS0~ O~NCoO

235|225/216 206|197

34.36 267|257 246 225214
37.26 289 266 254 243|231
34.90 276/266 257 247 238/228/219

.29 |202|281/271(260|250/239
41,58 203|281|270,258
44.77 340|327 314 302289277
42,22 388|327 316306295 285 274 264
45.90 36713551343 /3321320|308|297 | 285
49,48 305|382 360 357|344 /331 |319/306
52.97 394 381367 340 326
50.22 405 304 382 370 ﬁ 347336 324 312

:
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i
S
§
&
=1
g
&
]
S
g

F
£ BERS BESE B335 BRRE BUES ZSgw smas dpes gesy ppEs | Imd

VoW kabk Bk LDk bakd Do
SO bbb bbb Rk 00000 WL 0000 NI BN WM e

SIRB_ 22T B2H 885 NIYR 2= ghbh Jmkm snos bobk phod
g
=

61.85 498‘483 i 430424 409 395|380

58.91 470467 454 441|429 416 3901378

63.18 514 500/486/472/459/445/431 417

67.35 547/532|518/503 488473459 444|429

71.42 580 564 548(532/516 501 485 469 453

68.20 560546 532(518|504 401|477 463 440 436
72.856 507582|567 552|537 |523|508/493 478463
77.31 632617 |601|585|560|553| 538/ 522|506 /490
81.68 608|651 634|617 600|583 566 550 533|516
78.34 o 646 631616601 |587 572 557 |542|527|513
83.20 |200, 685|670/ 654 638|622 6065901574 /550|543 | 527
87.97 |274. 724|707\ 600673657 640 623606 580 572
92.63 | 280.6 702/744/726/708/690|672)654|636/619/601|583

248




CAST IRON COLUMNS

SQUARE CAST IRON COLUMNS
AvrrowasLe Loaps 1§y Taousanos or Pounps
By New York Bullding Law, 1017
Welghts do not include details
Thick- e ?.Hliw Effective Length of Column in Feet
ness,
Inches Tnehes? | Foot, [7ohes| 8 | 10|12 |14 16|18 [ 20|22 |24 26|28
11.00| 34.4[2.26 | 80| 78| 71
13.44| 42.0| 2.21 92| 86
15.75| 49.2|2.17 |114/107|100
17.04| 56.1|2.12 |129(121/113
E 04| 40.8|2.62 |120/114|108/103
18.75| 58.6 | 2.57 |141|134(127|120
44| 63.9| 2,58 |153|145(137|130
17 | 24.00| 75.0|2.48 |179(170(160|151
% 21.75| 68.0| 2.98 [168/161/154
24.94| 77.9| 2.93 [192(184/175
17 | 28.00| 87.5| 2.89 |215(205/196
13 | 30.94| 06.7 | 2.84 |237(226/216
% | 27.44| 85.8 | 3.34 (215|208
17 | 82.00[100.0 | 3.29 |251|241|232
1% 85.44/110.8 | 3.25 [277|267(256
134 | 38.75(121.1 | 8.21 |302(201|279
1 | 36.00(112.5|8.70 |287(277 268
114 | 30.94/124.8 | 3.65 317|307 296
13{ | 43.75/136.7 | 3.61 |347|336,324
134 | 47.44/148.3 | 8.57 |376(363|350
114 | 44.44/138.9| 4.08 |358/347(337
114 | 48.75/152.3 | 4.01 |392|380 /369 310
135 | 52.94/165.4 | 3.97 |425(412 400 8336
114 | 57.00/178.1 | 3.93 457|443 360
1Y | 53.78/168.1 | 4.42 |437(426/414 356
1§ 58.44(182.6 | 4.37 [475/402(440 4364 385372
115 | 63.00/196.9 | 4.33 |511 407(483 413399
154 | 67.44/210.8 | 4.20 |547/532/516 441426
13 | 63.04/100.8| 4.78 |524/511 498 71434421409
115 | 60.00/215.6|4.74 551|537 467 453430
15 73.94/231.1| 4.69 |605/500(575 499 484469
134 | 78.75/246.1 | 4.85 |644/627/611 530514407
114 | 75.00/234.4 | 5.14 |619 605/501 7493
155 | 80.44/251.4| 5.10 648633 557 542|527
1 85.75/267.9 | 5.05 (7 674 593!576/560
174 | 00.94/284.2| 5.01 |740|731|714 627 609 592
1% | 86.04|271.7 | 5.50 |722(707|691 616600585
13§ | 02,75/280.8 | 5.46 |760753|737 655/639/623/606
174 | 98.44/307.6 | 5.41 |816/799|782 694 676/650
27" [104.00(325.0 | 5.37 (862|843 824 731/713/694
134 | 99.75/311.7 | 5.86 |832{816/300 718/702(685
1 § 105.94|331.1 | 5,82 |8S4/866/849 761(744(726(709
2" [112.00/850.0 | 5.77 |034|915|896 803(785(766
234 117.94/368.6 | 5.73 |982(00631043/923 844/824(804
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CARNEGIE STEEL COMPANY

GRILLAGE FOUNDATIONS

Grillage Beams. In the design of foundations for columns, piers
and walls, provigion must be made for the uniform distribution of
the load over the footing. This is best done by the use of a grillage
of steel beams and concrete. This method of construction elimin-
ates deep excavations and large masses of masonry and is, therefore,
truly economical. For heavy loads on soils of small bearing
capacity, three tiers of beams may be necessary; while for lighter
loads or better soils two tiers, or even one, may suffice.

The lower tier should rest upon a solid bed of concerete of sufficient
thickness to distribute the load to the soil. Good practice requires
the spaces between the beams in all the tiers to be filled with, and
the beams enclosed in, concrete not less than four inches thick.

The clear distance between the flanges of the beams in each tier
should not be less than 214 inches, nor more than three times the
flange width. The first requirement is necessary to permit the
introduction and proper tamping of the concrete, the second, to
insure uniform distribution of the load. When separators are used
to hold the beams in position, they should beof gas pipe, as cast iron
separators tend to break the continuity of the concrete. Grillage
beams should not be painted, as concrete does not adhere well to
painted surfaces but is itself an excellent preservative of steel.

To determine the area in square feet required for the foundation,
divide the total load on the eolumn, pier or wall by the allowable
pressure per square foot on the soil. This gives the area of the
footing, the shape of which is determined by loecal conditions. On
the assumption that the loads on the soil are uniformly distributed,
the number, size and weight of the beams required are determined
from the maximum bending moment, the maximum shear, or the
maximum web resistance to buckling, as follows:—Let
W==Total load on the foundation, in pounds.

..l.'!:%;:.-. : %'g':!_’_ L =Length of beam, in feet.

i a =L{!Dgth of loaded portion, in feet.
d =Depth of beam, in inches.
t =Thickness of beam web, in inches.
n =Number of beams in a tier.
fp==Allowable unit web buckling resistance.
The maximum bending moment occurs at the center of the beam
and is equal in foot pounds to W (L-a) +8; this formula is
identical with the formula of maximum bending moment for a
beam of length (L—a) under a uniformly distributed load, Ww.
The proper size of beam in any tier as regards flexure at a fiber
stress of 16,000 pounds per square inch may be found in the beam
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‘Or, the average vertical shear-%— z =

) slab and equals, in inch pounds,

safe load table for the length corresponding to (L—a), by dmdmg
the total load by the number of beams.

Or may be found from the table of maximum bending moments,
. by dividing the total bending moment by the number of beams;

J

Or from the table of properties, by dividing by the number of
beams in the tier the total section modulus required, which

is equal to _ﬁ%‘;‘o—;ﬂl.

Note, however, that the load on the beam for any span must not

 exceed the maximum tabular safe load for shear.

The maximum vertical shear occurs at the edge of the column

base or at a distance in feet of L;l from each end of the beam and
L-—a

| is equal to {-I—T

Web thickness, t, to resist average shem-'f x L;a X = :m'm

5 By ﬁi—. which must not

exceed 10,000 pounds per square inch.
The maximum buckling stress occurs on a length in inches of

12 a + d/2 and is equal in total per lineal inch of web to Frig7

The required thickness of web, t, to resist buckling=
w
nx(12a+ d/2)xfh.

Or the average web resistance per square inch to buckling=
n'x_ustW which must not exceed the tabular values for

the allowable buckling resistance on beam webs.

Rolled Steel Slabs. To distribute the loads from columns over
girders, grillage beams, ete., solid slabs of rolled steel may be
advantageously used in the place of cast iron or riveted steel bases,
ete. The size of the slab is usually fixed by the dimensions of the
column and its thickness is determined from the maximum bending
moment, on the assumption of uniform loading, as follows:—Let

=  W=Total load, in pounds.
+ 1 A =Width of slab, in inches.
_?I; B =Length of slab, in inches.
: i t =Thickness of slab, in inches.
™ * a =Outside dimension of column, in inches.
AT b =Outside dimension of column, in inches.

The maximum bending moment will occur at the center of the
w(‘;*” or W“;“’L, and at a

fiber stress of 16,000 pounds per square inch, the required thickness

of slab, t, = \EWE_3T o . \BWI=D

263




CARNEGIE STEEL COMPANY

o'l

10- 6"

RN R A S

£

£
.,
v

0" e

}--
3
-1

I R—

Steel Slab 36" 36"x 624"
4-24"90 1b. Beams 10-6"long

"l’-w Gele 1.*-

Exaurie: Required to design a grillage foundation for a column load of
1,040,000 pounds on soil with an allowable bearing capacity of 6,000 pounds
per square foot. Column composed of 1 web plate, 14" x 8¢", 4 flange angles,
6" x 4" x 34" and 4 flange plates, 14'" x 14", outside dimensions 14" x 18",

Required area of footing=1,040,000 -+ 6,000=173.33 square fect.

Use area 12°-0" x 15’-0""=180 square feet.

Assume 3’-0"" square as the dimensions of the rolled steel slab or column
base and allow 9" for concrete on the sides and ends of beams, then the dimen-
slons of the steel grillage will be 10’-6"* x 13'-6"", concrete being assumed of
sufficient thickness and strength to distribute to the edges,

Rolled Steel Slab

=\’3 x 1,040,000 x 22__
Thickness required, t, -—ma———&.lo in.

Use 54",

R
]
‘--7_'

- --8;—- -
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GRILLAGE FOUNDATIONS

Beams—Section Modulus Method.
Bottom tier—L~=13.5 feet; a= 3.0 feet.

Required total section modulus, 8§,—=3% I'O%g*ggg x105__ 4 093.75 in.8

Use 13—15" 60.8 1b. beams—Total section modulus=1,055.6 in.8

1,040,000 10.5 1 I
Pt i LS e i !
Average shi 135 X5 * 13 xi5%x 50 3,515 1bs. per sq. in.

1,040,000
Average buckling stress=3—— ==

Top tier—L—10.5 feet; a=3.0 feet.
Required total section modulus, S,

9 =3,120 lbs. per sq. in.

3 x 1,040,000 x 7.5

=731.25 in.®

32,000
Use 4—24'" 90 1b, beams—Total section modulus—743.2 in.# :
1,040,000 7.5 1
A e — | T—— . —————— . T A . .
Average shy 10.5 X P 091 6,200 1bs. per sq. in
1,040,000

Avmabuﬂnss&ess:m ==8,680 lbs. per sq. in.

Plate Girder Grillage Foundations. In those cases where columns carry
very heavy loads, plate girders are used for the top tier of the
grillage rather than beams. In the case of symmetrical foundations,
the method of computation is the same as has already been illus-
trated in the case of beams. The following example indicates the
procedure in the quite frequent case of unsymmetrical loading
conditions:

240,000 pounds 1,260,000 pounds
-8,

L+

o
7

i_
S 4

40 A FoL elnt
2V RV Ty oy

Interior Column
+_Steel Slab

Make up of 1 Plate Girder

4 Tlange Angles 6x 4 x 5§

2 Flange Plates 14 x 54

1 Web Plate 36 x 14

2 Web Reinf. Plates 3¢ thick,
each end between Flange
Angles

2 Web Reinf. Plates 3§ thick,
each end over Flange Angles

Btiffener Angles 5x 314 x M4

Tie Angles 5 x 334 x 14

255




CARNEGIE STEEL COMPANY

Examrre:—Required to design a grillage foundation under an exterior or
wall column carrying a load of 840,000 pounds, and an interior column with
aload of 1,260,000 pounds, on soil with an allowable bearing capacity of
8,000 pounds per square foot.,

Required footing area of wall column==_540.000 __ 45 000r feet.

8,000
Use area 8°-0” x 14’-0""= 112 square feet.
Required area of interior column footing== %’E ==157.5 square feet.

Use area 12'-0" x 14’-0""==108 square feet.

With these dimensions and areas, the load on the soil will be uniform at
7,500 pounds per square foot, and the footings the same width, both of which
are desirable from the standpoint of uniform settlement.

Rolled Steel Slabs for Column Footings: Assume a width of 30" and a
length of 32", then the required thickness will be as follows:—

Wall column, t,= \JMWJ =4.86 in.; use 5.
Interior column, ¢, = \/2X 1290000 X 82 — 10) — 5.61 in.; use 5%

Plate Girders: Maximum bending moment occurs at the inner beams of
the respective footings, and Is equal to the load on the column multiplied by the
distance of its center from the center of moments,

M max. from wall column = 840,000 x 2'-6"'=2,100,000 foot pounds.

M max. from interior column=1,260,000 x 1’-8'=2,100,000 foot pounds.

Required section modulus of two MW%W =1,575.0 in.3

Select from girder safe load table, page 210, two girders composed each of
1 web plate 36" x 14", 4angles 6" x 4" x %", and 2 flange plates 14" x 84" —
Total section modulus, 8=2 x 792.3=1,584.0 in.?

Maximum shear occurs at the inside edge of the steel slab under the interior
column, and is equal in total for the two girders to the load carried by the
portion of the footing between that point and the inside edge of the footing,

ur_li"%“?-’_“ —680,000 or 340,000 pounds per girder.
At 10,000 pounds per square inch, the 36 x 14" plate girder web is good for

180,000 pounds; therefore, it is necessary to use reinforcing web plates where
the shear exceeds that amount.

Beams, Lower Tier, Interior Column:
Required total section modulus, S, = 3 x 1,260,000 x 9.67 ==1,142.3 in3®

32,000
Use 13—18" 54.7 1b. beams — Total section modulus = 1,149.2 in.?
[ __ 1,260,000 _ 9.67 1 )
Average shear — 5 F X 3 X13xifx .“—i.s‘mlbc.pwsq.in.
1,260,000 ’

Average buckling stress = m::i,nﬂo 1bs. per sq. in.
For exterior column use 9-—18"" 54.7 lb. beams.

Nore.—In order to facilitate manufacture and shipment, it is
desirable to use for the entire foundation as few sizes and weights
of beams as possible, and the rolled steel slabs should be of the
same thickness or at least of as few thicknesses as really convenient.
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SHEET PILING CONSTRUCTION

STEEL SHEET PILING

The introduction of steel sheet piling in substitution for wood
has made possible the extension of the cofferdam method of mak-
ing excavations. Its use has led to greater economies, greater
safety in working and to the extension in size and depth of open
excavations to limits which otherwise were regarded as impossible
of attainment.

Steel sheet piling in the construction of cellular cofferdams, first
used in the Black Rock Lock, Buffalo, affords a very successful
method for the elimination of the expensive, slow and not always
reliable, pneumatic caisson on work of large magnitude. It is also
used in the construction of curtain walls, sea walls and loading slips,
foundations for eylinder piers, sewers, trenches, ete.

Steel sheet, piling by its positive interlock enables the sub-surface
cut-off walls of diaphragm dams to be made with a certainty not
possible with wooden sheet piling, and with an economy not possible
with ordinary puddle core, concrete core or masonry core walls.
A diaphragm made of such imperishable materials fulfills all the
requirements of the ordinary core wall, with the additional advan-
tage of accommodating itself, by its flexibility, to slight irregularities
of settlement in the dam.

In addition to temporary cofferdams, steel sheet piling has found
large use in the construction of permanent retaining walls for
buildings. Driven before excavation in soils containing quick-
sand or water-bearing strata, its use prevents the undermining of
adjacent building foundations by movement of the strata. It also
prevents in many cases the delay, expense and danger of under-
pinning adjacent buildings. It may be employed in this way alone
or reinforced by steel buckstays as shown in the illustration, which
represents a method followed in the construction of retaining walls
for a building, where sheeting with its attached buckstays was
driven its full depth and the basement and sub-basement floors
placed as the excavation went forward. The rigidity of the buck-
stays with the bracing supported by the floors eliminated the
necessity and expense of shoring. After excavation, concrete was
filled in between the buckstays, and the total expense did not
exceed 60 per cent of its cost by the ordinary method.

Type. Carnegie Steel Company manufactures United States Steel
Sheet Piling, in three sizes and weights.
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Girder
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Buckstay

United States Steel Sheet Piling is a simple, plain, rolled section
ready for use as it comes from the mill without further fabrication.
Each piece is complete in itself and all pieces of the same width are
interchangeable. Its profile incorporates the advantages of the
ball and socket joint, with sufficient clearance in the interlock for
ease in driving and sufficient space for the use of a packing substance
between its adjacent edges to insure watertightness. United States
Steel Sheet Piling is more easily driven and pulled than any other
section hitherto placed on the market. The reason for this is
believed to be the absence of a leading groove combined with the
line contact obtained in the joints,

The sections have positive interlocks continuous throughout
the entire length in both lateral and horizontal directions, affording
maximum strength against sidewise deflection, distortion or sepa-
ration of the pieces due to pressures and deformation in driving.

Strength of Sections. When driven and under pressure, steel sheet
piling must have strength similar to that possessed by a beam
subjected to earth or water pressure, and the resistance of the piling
to transverse bending can be calculated in accordance with laws of
flexure from the properties of the sections given in the following table.
In the case of United States Steel Sheet Piling, the properties of the
individual pieces are the same as the properties of the sections
interlocked in place.
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SHEET PILING CONSTRUCTION

r-Section A—At-}--ﬁ
2N\ A 1

%—-"-b ----- *‘ I i

ELEMENTS OF SECTIONS, AXIS X-X

Deseription Interlocked or Single Bection Imlegnluu'
= - Weight,
Index | Width st 111 (i R (I g P”;;d'
. Lba.
Inches II:E: %?l mﬁ_ Sa. E:r In# | In. | In8 | In8 | In. Ii;g,:?]
M 105 13 144 42.5 | 12.51 38 |8.56|0.83|4.35|3.93| 13 42.5
M 104 1314 38 11.30 35 8.50(0.87 (4.32|3.91| 13 38
M 103 94 16 4.71 21 145|105611.1311.47| 9% | 16

8* is the average secti dulus per horizontal foot of wall interlocked in place.

During driving, the sections are forced to act as columns, and
the tables, therefore, show the radius of gyration of the sections
for computing their compressive resistance under load or the blow
of the pile driving hammer. The radius of gyration of the section,
however, need not bear any definite proportion to its length, if
blocks of wood are bolted to the leads of the pile driver in case the
piling shows a tendency to spring. As the piling actually enters
the earth, it is supported laterally and stiffened by the adjacent
soil, and the blows of the hammer need but overcome the friction.
In an ordinary cofferdam braced in the usual manner, strength in
the interlock to resist the tearing apart of the sections by direct
tension in a longitudinal direction is not often required, but if it is,
as in the case of a cellular cofferdam, United States Steel Sheet Piling
is recommended on account of its great longitudinal strength. This
interlock strength in a longitudinal direction depends on the type
of section, the opening of the jaw, the character of the soil, etec.,
and can only be determined by tests. The average longitudinal
strength per lineal inch of medium steel sections is as follows:

1314"" United States Steel Sheet Piling....ccccveuvieieans 9,800 pounds.
914" United States Steel Sheet Piling.......ccvvvnveenes 5600 *

Steel sheet piling is usually made of medium open-hearth steel
manufactured to standard specifications.

Full information is given in a separate pamphlet entitled *Steel
Sheet Piling,” copies of which can be had on request.
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FLOORS AND FLOOR LOADS

Kinds of Loads. Two kinds of loads are carried by structures.
Live loads consist of the weight of machinery, merchandise, persons
or other moving objects, or of eranes or other handling devices
and their loads, the support of which is the purpose of the
structure, including also wind stresses. Dead loads consist of the
actual weight of the structure itself with the walls, floors, partitions,
roofs, and all other permanent construction and fixtures. The
dead loads stress the structure at all times and it must, therefore,
be proportioned to sustain them at all times without reduction.
The live loads may be taken at their full values or reduced in
accordance with the probabilities that the structure as a whole
or its principal members will not be subject at all times to the full
theoretical live loading.

Dead Loads. The permanent load should be calculated from
known weights per unit of the material composing floors, partitions,
walls, or other permanent construction. The weight assumed for
the steel frame itself should be checked after the sections are
determined and then the sizes readjusted if necessary.

Live Loads. Live loads vary with the character of the struc-
tures. In buildings they consist of uniform loads per square foot
of floor area, concentrated loads, such as heavy safes, which may
be applied at any point of the floor, and uniform loads per lineal
foot of beams or girders. The load which produces the maximum
bending moment or reaction is to be used in proportioning sections.
The floor system between beams must of course be of sufficient
strength to transmit any concentrated load to the beam.

In cities the minimum live loads to be used on the various classes
of buildings are fixed by public ordinances, and are given on page
265 for the principal cities of the United States in accordance with
the most recent building laws, which are intended to cover general
conditions and do not include machinery or other concentrations.
If such concentrations, like safes, armatures, generators, or printing
presses, occur on floors, special provision should be made for them
in the floor framing. Flat roofs of buildings which may be loaded
with people, should be treated the same as floors and the same
uniform live loads used as given in the table for dwellings, hotels
or assembly rooms.
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FLOOR CONSTRUCTION

Reduced Live Loads. Floor beams in buildings should be computed
to sustain floor by floor the full live and dead loads. It is not
probable that all the floors will be fully loaded at all times, and,
therefore, good practice permits a reduction of the theoretical live
load in the computations of column sections. The New York and
Pittsburgh building laws do not permit any reduction on columns
supporting the roof and top floor. These building laws permit for
buildings more than five stories in height on columns supporting
each succeeding floor a reduction of 5 per cent of the total live floor
load until 50 per cent is reached, which reduced load is to be used
for the columns supporting the remaining floors. The Chicago
building law requires columns to sustain the full live load on
roofs, 85 per cent of the full live floor load on the top floor with a
5 per cent reduction on each succeeding floor down to 50 per cent.

When the character of the loading will permit, the live load on
the main girders to which the primary supporting beams are framed,
may be reduced. The amount of the reduction will depend on
the probable distribution of the loads.

Foundation Loads. Footings should be so designed that the loads
they sustain per unit of area shall be as nearly uniform as possible,
and the dead loads carried by the footings should include the actual
weight of the superstructure and foundations down to the bottom
of the footing. The live load should be assumed to be the same as
the live load in the lowest tier of columns or in the footings under
walls. The area of the footing is determined by dividing the total
load by the unit resistance of the soil. From the area thus
calculated all the other footings of the building are proportioned
according to the ratios of their respective dead loads only. In no
case should the load per square foot under any portion of any footing
due to the combined dead, live and wind loads, exceed the safe
sustaining power of the soil upon which the footing rests.

Fireproof Floor Systems. A modern office or mercantile building
is essentially a steel framed structure which supports the dead load
of the building and its contents, and is itself protected on all sides
by refractory materials. The floors are made fireproof by the use
of terra cotta tiles or arches or of a composite flooring made of
concrete or reinforced concrete. While brick arches may still
be used in special locations where great floor strength is needed,
and concrete arches are sometimes thrown between the beams,
modern practice is limited substantially to the hollow tile arch
sprung between the beams and the reinforced concrete slab laid
on their tops, the ceiling construction being modified to suit.
Each system has advantages of its own.
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Terra Cotta Arches, Hollow tile arches fill the total depth of the
floor beams, and, therefore, tend to stiffen and brace the building;
their weight per square foot is light as compared with other forms
of fireproof floor construction of equal strength. Hollow terra
cotta floor arches are made either flat or segmental. The segmental
arch will develop much greater strength than the flat arch of the
same width and depth, and may be designed to carry a given load
with tile of less depth than flat arches. They are, therefore,
more economical, though not always acceptable from the stand-
point of architectural appearance. In office buildings the ceilings
under such arches are usually suspended. A correctly designed
and constructed flat arch will always develop the full strength of
the steel beam which supports it.

When arch blocks are the same depth as the beams, they are
usually laid to project 1} inches below the bottom of the beams,
and the space above the arch is filled in either with cinder concrete,
in which can be laid pipes, conduits, and wooden nailing strips
supporting wood flooring, or with thin terra cotta blocks made for
this purpose, or with a layer of plastic composition of cement,
which forms the wearing surface for the floor.

Thrust of Floor Arches. All forms of terra cotta arches produce side
thrust on the floor beams. In the flat arch the blocks have tapered
faces and the central block or key wedges the others together; in
the segmental arch the thrust is that due to all arch action. These
thrusts it is found necessary to counterbalance by means of tie rods
which connect the floor beams and relieve them from the tendency
to deflect sidewise. In the central bays, owing to the action of
adjacent arches, the tie rods are sometimes omitted, but it is
necessary to investigate outer beams and channels around openings
for additional thrust stresses so that the combined fiber stresses
produced by vertical loading and horizontal thrusts may not be
excessive. With flat arches 34 inch tie rods spaced apart not over
fifteen times the width of the beam flanges will usually be sufficient.
The total thrust of arch, the net area of tie rods required, the maxi-
mum distance between tie rods and the section of outer beams for
any condition, may be found as follows:
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Let

= unit load on arch, in pounds per square foot.

= distance of arch span, in feet.

= length of floor beam supporting the arch, in feet.

= effective rise of arch, in inches.

= thrust of arch per lineal foot, in pounds.

= total thrust of arch per panel, in pounds.

= total net area of tie rods per panel, in square inches.
= net area of one tie rod, in square inches.

= gpacing of tie rods, center to center, in feet.

= allowable combined fiber stress, in pounds per sq. inch.
Si.1 = Seetion Modulus of beam, axis 1-1, in inches8,

S22 = Section Modulus of beam, axis 2-2, in inches3.

Mi.1= Bending Moment for vertical loading, in inch pounds.
Mgs.2= Bending Moment for arch thrust, in inch pounds; then—

3wD?

- P T HHYE

Bl e e op Eazpb
A _  3wD2L il LEE
ofR f
T o 28R e o
awD? p
My 12L (&:WDL) = 3w];) 12
M= 12T (pT pT2

i2

¢ 2 My n M2z
1-1 S22
In formula given for Ma.s, the beam is considered continuous,
supported at intervals by the tie rods. In segmental arches the
effective rise is equal to the vertical distance between highest point
of concave surface and springing line or chord; the effective rise of

a flat arch may be taken at 2.4 inches less than the arch depth.

The allowable combined fiber stress in tie rods should not exceed
16,000 pounds, and tie rods should be placed in line of thrust, usually
3 inches above the bottom of the beam.

The net areas of usual sizes of tie rods are as follows:—

Diameter of Rod, Inches ‘ % bt % 1

Net area, a, square inches. ...... I 0.202 0.302 0.420 0.550
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Exaurre.—A floor panel 18 feet by 6 feet,of 12 inch flat terra cotta blocks,
is to support a uniform live and dead load of 150 pounds per square foot.
Required the total thrust, total area of rods per panel, maximum spacing
of rods, and the proper size beam to carry one-half of the panel without other
lateral support than the tie rods.

Entire panel load is 18x06x150=16,200 pounds. Assuming a beam, 12 inch
81.8 pounds, and 3{-inch tie rods, then—

Thrust of arch per lineal foot, p = -21("{12;—@’:—2% = 844 pounds.
Total thrust of arch, Fo= 844x18 = 15,200 pounds,
Total area of tie rods, A = ‘il'ol?%((% = 0.058q. Inches,
Moximum spacing of tiorods, T = 202NN _ 575 feor,
Bending Moment, vertical loading, My, = SXH0XOXIE® 514 700 in, 1hs,

Bending Moment, horizontal thrust, Mg.s =  844x5.75¢ = 27,9004n.Ibs.
Combined fiber stress in tierods, 1 =200 4 21900 13 490 b /in s

If tie rods are spaced 6’-0" centers, then = ;
Bending Moment, horizontal thrust, Mg.g = B44x6* = 30,400 in.lbs.

Combined fiber stress In tiorods  f = 2200 L 30400 44 6501h /in.2

MAXIMUM SPACING OF 3{ INCH TIE RODS,
Loaps or 100 Pounps rEr Square Foor

Effective Rise of Arch, R, in Inches

Span, N

Feet | 4 | 5 | ¢ | 7 | 8 | ohfto] 10| 12 ‘ 13 | 14 | 18
3 143

4 | 81]10.1]12.1|14.1 \

5 | 52| 64| 7.7| 9.0|10.3|11.6|12.0) 14.2

6 | 36| 45| 54| 63| 72| 81| 8.9/[.08(10.7|11.6|12.5)|13.4
7 33| 89| 46| 53| 59| 66| 7.2| 7.9| 85| 9.2| 9.9
8 3.0| 38.5| 40| 45| 50| 55| 60| 65| 7.0| 7.6
9 32| 36| 40| 44| 48(°'52| 56| 6.0
10 | 32| 35 39| 42! 45l 4.
For any other loading, multiply tabular values by 100 and divide

by total new load per square foot.

The tables which follow give the weights per square foot for terra
cotta arches, both flat and segmental, of various depths, their area
in square inches, and the safe loads they will sustain on various
spans. These tables should be used as a general guide only, as
conditions may make it possible to design more economical arches
for a given load than indicated by the tables. Where a paneled
ceiling is not objectionable, for example, a shallow arch may be used
on raised skewbacks with a considerable economy in material.
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FLOORS AND ROOFS
Mimnvmmum Live Loaps, Pounps rEr Square Foor
By Building Laws of Various Cities

APRE AR
neinan (351 f2 132 s 2 1 1 Ik
2|8 g |8 A |& g
Floors for Rooms
Apartmentsand Dwellings, | 40 | 40 | 70 | 50 | 50 70al 60 | 50 | 40
Asylums, Hospitals, ete,. . | 100 | 50 | 70 | 50 | &0c 70 | 40
Detention Buildings, ete.. | 100 | 50 b0c| 80 60
Factories:
Light manufacture.. ... |120d 100d| 120d 100d| 125d| 125d| 125d] 100d
Heavier manufacture. . . 150d 1504 175d 150d
Hotels, Lodging Houses.. | 40 | 50 | 70 | 50 70 | 60 | 70 | 40b
Office Buildings, ete..... 60 | 50 100 | 80b 75b/ 70b{ T5b| 70 | 50b
Public Buildings:
Municipal Buildings.. .. | 100 75¢c 100 100
el = L i i s e 100 1100 {120 | 756 [100 | 80 | 75 |125 | 100
Libraries, Museums. ... | 100 100 | 125 200
Theaters.............. 100 | 100 {120 [100 (100 | 80 | 75 |125 | 100
Sechools, Colleges, ete. ... . 76| 75 75 | 50 | 70| 75 | 7O | 60
Btores, light goods. . ..... 120 {100 |120 | 100 |[125 |100b 125 125 | 100
" heavier goods. .. 150 | 150 | 250 175 150
‘Warchouses. ... ......... 150 | 150 | 250 250 | 200 | 150
Floors for Assembly Halls,ete.
Audlitoriums, fixed seats.. | 100 |100 | 120 (100 {100 | 80 | 75 |125 | 100
i movable seats | 100 | 100 | 120 | 100 | 100 | 125 125 125 | 100
Armories, Dance H_alh.el.c. 100 | 100 100 | 150 150 | 150
Miscellaneous
G ., Stables. . ....... 120 | 100e 100 | 150¢ 150e 100 75
Corridors, Hallways. .. 100 | 100 100 7w T 80g
Btairways, Fire Escapes 100 | 100 100 751 100h 80g
malks ............... 300 250 200 300
Flat, slopeup to 20° 34) | 40 | 25 | 30i| 30 | 40 | 351| 40 | s0k| 25
Steep, slope over 20° (%) | 30 | 25 | 30i 25j| 30i| 20 | 50k 25
Wind Pressure......,.... 301 20 30m‘ 30 lo-mn] 200{ 30 | 25 | 20p
8 Dwellings, Cleveland, 60.
b First floors: St. Louis, 100; Boston, 125; Cleveland, 125; Baltimore, 150; Cincinnati, 100,
o Public floors of Hospitals, Hotels, Public Buildings, etc.: Boston, 1
dihwhndsﬂomt%e:iudchm tmt?gh&wthﬁdnﬂﬂuhh«y. fro
e , private: ; 5 ; upper floors: Cleveland, 100;
t GTcom?b uw: i te., for Assembly Halls, Annnrlu,m wm Boelon.m 100
OT8, ote., for H .
g Except in Qd:’all%nm‘whm ﬂmt:rﬁudu u;o_ less, .
Stairways, ete., for Apartment Houses, 80; Dwellings,
i Londs per foot of area; other roof loads are for the projected
dlmdl Wind Pressure: lﬂpnnndnnpm%iope.lm 14 slope,
Dead and Tive load; snow load 25 pounds, reduced 1 pound between 20°and 45°.
1 For buildings over 150 feet high, or where height is over 4 times least horizontal dim
m Wind pressure for high buildings in districts: 25 pounds at tenth . 344 pounds
less for each story below and 2 mare for each story above, up to 35 pounds,
o For buildings 40 feet hi .lﬂpt;aén; to 80 feet, 15 pounds; over 80 20 pounds.
o Wind pressure on mﬂ.
P hmmlmmwmwthmswhmﬂd&dm
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FLAT TERRA COTTA ARCHES
‘AK.U'AUTHBEM' BTANDARD
Sare Loaps 1y Pounps peEr Square Foor
' Factor of Safety =7

Depth of Arch Blocks, Inches
57y s iRl R 30 3w | | »
Arch, Area of Arch Blocks, Square Inches
Ft-In. - -
a1 | M a7 40 3 | 4 58
3-0 458 588 735 901 1084 1487 2210
3-3 386 | 406 622 708 016 1262 1877
3-6 330 124 531 653 785 1083 1612
3-0 284 365 459 565 679 038 1398
14-0 247 318 300 403 503 820 1223
4-3 216 278 350 433 521 722 1079
4-6 100 245 300 382 461 640 051
4-0 168 217 274 340 410 571 855
50 149 193 244 304 367 511 767
5-3 172 218 272 330 460 691
5-6 154 106 245 207 416 626
5-9 139 176 222 269 378 560
6-0 159 201 244 344 518
6-3 144 183 222 314 474
6-6 131 166 203 287 435
6-0 152 186 264 400
7-0 139 170 243 360
-5 | 144 206 315
80 | 177 272
8- 153 236
g0 | 132 205
0-6 r 180
10-0 I | 158

This table and the two following are employed in computing the
safe loads of floor arches of hollow terra cotta blocks. The area
given is that of a cross section at right angles to the webs, and,
generally, end-construetion blocks of various shapes but of the same
depth and cross-sectional area have equal strength.

The weight of the terra cotta arch has been deducted from the
safe load given in the tables, so that only the dead load of the
concrete fill, plastering, ete., must be deducted to obtain the net
safe live load for any arch and span ; blocks of different areas and
for other factors of safety are calculated as follows:

ExaurLe.—Required the load per square foot for a 5-6" span and 8 inch
arch blocks with three horizontal and four vertical webs, 3{ inch thick, setin end
construction, cross-section through webs of blocks parallel to webs of beams.

Sectional area of the blocks is 8x3{" x4+ (12"-4x3{"")x 3{’'x3—44.25 sq. in.
at 0.06 pounds per cu. in., the weight is 44.25x12x0.06—=32 pounds,

The net safe load of the 8 inch block given in the table is 196 pounds.
Adding the welght of the block, 37x12x0.06=26 pounds, the total safe load is
222 pounds. The net safe load for blocks with an area of 44.25 sq. in. and a
safety factor of 5 is (44.25 + 37x222x7/5)—32=340 pounds per sq. {t.
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TERRA COTTA ARCHES

For

Floor Load of 150 Pounds per Square Foot

Depil Deptd Approx. Weight, Lbs. per Sq. Ft.
E Benn, | Bioce | oee E !
Inches | Inches | Inches | Feet | 2 E’Z g 3
g % @ B0 | ]
' g 6 6 11 | 5% | 6|22|80| 4|5 | 67
E 7 6 | 12 | 53| 7|22|38|4 |5 | 78
i . 8 6 | 13 | 53 | 8|22(45| 4 |5 | 84
§ 2 7 7| 12 | 6 | 8l|2t|s0|s|5]|
sk & 8 7.1 .38 | 6 8|24/38|4|5| 79
; ° [ 7 14 | 6 Bl24|45| 4 | 5| 86
& 3 8 8 | 138 | 61| 8|27|20| 4|5 | 74
‘E 0 8 14 61 | s|27|38|4 |5 | 82
? 10 8 | 16 | 65| 8|27|45|4 |5 | 89
9 9 | 14 | 73| 8(20|30| 4|5 ]| 76
s | 10 9 | 15 | 74| 9o|20|38|4 |5 | 85
12 9 | 17 | 7% | o|29(53| 4 | 5 |100
E 10 10 | 15 | 8 o(s1|30| 4|5 70
12 7o T 0(381|45| 4 | 5| 94
§ 12 12 17 | 9% |10|35(30| 4 | 5| 84
15 12 | 20 | 9315 (10|35(53| 4 | 5 | 107
15 15 | 20 |11 [12)42/30| 4 /5] 03
For flat arches on raised skews, where the top of the arch is level with the top of the floor beam,
deduct sbout 7 pounds per inch of difference botween the height of the floor beam and the srch,
2 Approx. Weight, Lbe. per 8q. Ft.
Rise
ol (g | |
E Tnchas | Tnches | Tnchen | Feet' | 3 Eg g 5 k-
m = =
8 o 4 3 | 436 | 7|20[27| 2 |5 |88
g 7 7 5 7|20|28( 4|5 |64 .
8 4 |13 | 5% | 7|20|20| ¢ | 5 |65
4 9 4. C1E LA 8(20/|30| 4|5 |67
E 8 [ ¥ |5 8|26|27| 4|5 |70
= 9 o= 3 5% | 8|26|28| 4|5 |71 "
3| 10 6 |1 | 6 9|26|20| 4|5 |73
3 12 6 | 134 | 63 | 9/26|30| 4|5 |74
gg 10 8 3 | 53 | 9|31|27| 4|5 |76
e 12 i 6 g(81|28| 4|5 |77
¥ | 12 8 | 1% | 63 |10(81(20]| 4|5 |79
15 8 |13 | 7 10(31|30| 4|5 |80
] 12| 10 % | 5% |10[3a|27| 4 |5 |s0
B 12 10 1 63 (11|34|28| 4 | 5 |82
iy r108 il 11|34|20| 4 | 5 |83
15 | 10 | 136 | 7% l12]|34]|30| 4 | 5 [ 85
TERRA COTTA PARTITION, CEILING, ROOFING AND
FURRING BLOCKS
Thick- | Approx. Weight, Pounds per 8q. Foot | Thick- | Approx, Weight, Pounds per 8q. Foot
Lo |Partition| Ceiling | Roofing | Furring | [nches | Partition| Ceiling | Roofing | Furring
134 ) 4 |1618 22
3" |12-14| a2 10 5 |1s8-20
3 |15-17| 20 20 6 | 2426
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REINFORCED CONCRETE BEAMS AND FLOOR SLABS

For a complete mathematical analysis of the stresses occuring in
reinforced concrete structures, reference may be made to standard
text books on the theory and practice of reinforced concrete.

Girders and Floor Beams, The arrangement of girders and floor
beams follows the same principles as in structural steel construetion.
On short spans floor cross beams may be omitted or used only at
columns to secure lateral stiffness. Beams are usually designed as
tee beams, and thereby a part of the floor slab is utilized as a part
of the beam. The width of the slab thus considered to act as part
of the beam should not exceed one-fourth of the span length, and
the overhanging width on either side of the web should not be over
six times the thickness of the slab.

Floor Slabs. Reinforcement may be of small rods, wires or metal
fabrie, the latter especially on short spans. Cross reinforcement of
small rods or wires about two feet apart laid parallel to the beam
supporting the slab should be used to prevent cracks, shrinkage,
ete. If the length of the slab exceeds 114 times its width, the
entire load should be carried by transverse reinforcement. For
rectangular slabs, the length of which does not exceed 114 times the
width and which are supported on four sides and reinforced in both
directions, the proportion of the load is determined by the
formula: R=I1/b—0.5, where R is the ratio of the load, 1 the length
and b the width of the slab. An effective bond should be provided
at the junction of beam and slab, and if the prinecipal reinforce-
ment of the slab is parallel to the beam, transverse reinforcement
should be used extending over the beam and well into the slab.

Spacing of Reinforcing Bars. The lateral spacing of parallel bars
should not be less than 3 diameters, nor should the clear vertical
space between layers of bars be less than 1 inch; distance from
edge or side of beam or slab should not be less than 2 diameters.

Shear or Web Reinforcement. In the calculation of web reinforcement,
concrete may be assumed to ecarry 14 of the total shear; the
remaining 24 to be taken by additional reinforcement arranged in
intervals equal to the depth of the beam. The usual method of
reinforcing beams against failure by diagonal tension or shear is
to use bent rods or stirrups in either vertical or inclined position.
The longitudinal spacing of such rods or stirrups should not exceed
34 of depth of beam if inclined, and 14 of depth if vertical.

Formulas. The following formulas are those given by the
Committee of the American Society of Civil Engineers on Concrete
and Reinforced Conerete (Transactions, Vol. LXXXI—No. 1398, December, 1017.)
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ReinrvorceEp CoNcrETE BeEams—NorTaTIiON

Rectangular Beams, Reinfi t for Tension only.
fs =Tensile unit stress in steel, in pounds per sq. inch,
fe =Compressive unit stress in concrete, in pounds per sq. inch.
Es =Modulus of elasticity of steel, in pounds per sq. inch.
Ee =Modulus of elasticity of concrete, in pounds per sq. inch.
n =Elasticity ratio, Es+Fe.
M =Bending moment or Moment of Resistance, in inch pounds.
Mg=Moment of resistance of steel, in inch pounds.
Me=Moment of resistance of concrete, in inch pounds.
Ag =Area of steel in tension, in square inches.
b =Width of beam, in inches.

d =Depth of beam to center of steel in tension, in inches.
k =Ratio of depth of neutral axis to effective depth, d.
i =Ratio of lever arm of resisting couple to depth, d.

z =Distance, from top to resultant of compression, in inches.
jd =Arm of resisting couple, in inches=d—z.

p =Ratio of areas, steel in tension to rectangle, bd,=A-+bd.
kd =Distance from top of beam to neutral axis, in inches.

Tee Beams, Reinforced for Tension only.
b =Width of flange, in inches.
b/ =Width of stem, in inches.
t =Thickness of flange, in inches.

Rectangular Beams, Reinforced for Tension and Compression.

A’ =Area of steel in compression, in square inches.

p’ =Ratio of areas,steel incompression to rectangle, bd,=A’+bd.
f; = Compressive unit stress in steel, in pounds per sq. inch.
C =Total compressivestress in concrete, in pounds persq.inch.
C” =Total compressive stress in steel,in pounds per sq. inch.
d’ =Depth to center of steel in compression, in inches.
z =Depth to resultant of C+C’, in inches.

Bhear and Bond.

V =Total shear, in pounds.

V# =Total 8hear producing stress in reinforcement, in pounds,=324V.
=Shearing unit stress, in pounds per sq. inch.
=Bond stress per unit surface of bar, in pounds per sq. inch.
==S8um of perimeters of tension bars, in inches.
=Total stress in single reinforeing member, in pounds.
=Horizontal spacing of reinforcing members, in inches.

2 HMe <
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REINFORCED CONCRETE BEAMS—FORMULAS

Rect lar Beams, Reinforced for Tension only.
kd =d(y/Zpn+ (pn)® ~pn)
M —fgAgjd =  fgpjbas
L M — ifckibas
s = 257 = piLE
19-8- 8| ma' o
B o =fom = g
Balanced Reinforcement: M M
Steel ratio, p= 2 ==
ratio, p [E'H] W=ﬁ JcE
'IuBnmn.RelnfoantTeulouonlr
LTl L TR = r--fq *-1 2ndAg + bi2
e
T i Neutral axis in flange—
d 3 (use formulss for rectangular beams.)
s I Ti  Neutral axis in stem—
R Lo /oo =Yy =
(1-k)
M=fgAjd fg =ﬁa = fen S
fobt (kd —it)jd = Mkd
M= 'f_m—‘— fo.i™m m=’n'ﬂ‘s:kﬂ'

Rectangular Beams, Reinforced for Tension and Compression.
kd =d [ \en@+p' ) +n2@+p02 -n@+1) ]
=md+2p'nd'(k—g:)

wrearn f Eab e e : z T A=)
1 T k2 nk—
:‘Li‘kd 7 e
| S U : _ M _ otk
j 's = Sibas
Lo o8| —-Lgrnlsg=r= ar
= nte -3
gt . Py = 5
6M -
b [+ B2 e (1) |
Shear and Bond. ) 2
Rectangular Beams v = 'Bljva' T=-..3.£.. U = jaSo
v v A
T Beams v = id Tn-jag u= jd3o

If reinforeing bars are bent up at-angles between 20° and 45°,and web members inclined ateso,
it
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The formulas are based upon the following assumptions:

1. The applied forces are perpendicular to the neutral plane.

2. The deformation of any fiber is proportional to its distance
from the neutral axis.

3. The resisting moment of the beam is the sum of the moments
above the neutral axis, due to the concrete area in compression,
and of those below the neutral axis, due to the steel area in tension.

4. The tensile strength of the concrete is negligible.

Bending Moments. If slabs and girders are reinforced over supports
to take care of negative bending moments, they act as continuous
beams, and the bending moment at the eenter of the span will be
reduced. It is considered good practice to use the following values:

Floor slabs, M at center and at supports=—{; wl%.

Beams, M at center and at supports=yy; wl* for interior
spans, and y; wl? for end spans.

If beams are freely supported at ends, M=} wl2,

Columns. Columns may be reinforced by means of longitudinal
bars, by bands or hoops, or by both. The general effect of the
banding or hooping is to permit the use of somewhat higher working
stresses; the values of Asand p given in the formula which follows,
refer to longitudinal steel reinforcement only:

P =total load on columns, in pounds.

A =total area of column section, in square inches.

Ac==area of concrete, in square inches,

As=area of steel, in square inches.

p =ratio of steel area to total section, As+ A.

fe ==unit compressive stress in concrete, in pounds per sq. inch:

P —fe(Ac+nAs)—feAll+@-1)pl. fo—grmbr
Working Stresses. The following working stresses are in current use
for reinforecing bars of medium struetural steel and good Portland
cement and gravel conerete of a 1:2:4 mixture:

fe=unit compressive stress of concrete.......... 6501b.sq. in.
fy=unit shearing stress of concrete,

straight horizontal reinforcement ... 40#5 bt

special shear reinforecement ......... 90 to 120 *“ *
fu=unit bond stress of concrete, smooth

rods and deformed bars............ 80 to 100 ¢ ** **
fs =unit tensile stressof steel............. FO,000 " ¢

rod reinforcement................... 16,000 ¢ ¢ ¢

wire reinforcement. ................. 20,000 ¢ & e
fie==unit compressive stress of steel....... 16,000 ¢
n =R, + E==15.

272




FLOOR CONSTRUCTION

Substitutingin the formulas given for rectangular beams, reinforced
for tension only, the values for fc==650, fs=16,000 and 20,000, and
n==15, the following constants are obtained for equal moments of
resistance Mc=Ms.

Notati fe=050 Notati fo=—050
f2=16,000 | fg==20,000 fs=16,000 | fs==20,000
P 0.00769 | 0.00533 i 0.00672 | 0.00474
k 0.37864 | 0.32773 ki 0.33085 | 0,20193
i 0.87379 | 0.80076 fapj==tifck] 107.526 | 94.877

For approximate calculations, the arm of the resisting couple, jd, may be
taken at 0.9d, and ordinarily accepted working stresses of 16,000 for steel
and 650 for concrete will not be exceeded if the steel ratio, p, does not
exceed 0,008,

Explanation of Tables. Reinforced Conerete Slabs: The tables
given on page 274 are based upon the preceding formulas for rec-
tangular beams reinforced for tension only, and upon fiber stresses of
650 pounds per square inch for concrete, 16,000 pounds for steel bar or
rod reinforeement, 20,000 pounds for steel wire reinforcement, and
for an elasticity ratio of n=15.

The bending moments are given in foot pounds per foot of width;
below and to the left of the zigzag lines the values are determined
by the maximum allowable fiber stress on steel; above and to the
right they are determined by the maximum allowable stresses in
concrete.

The first column gives the total thickness of the slab, the sec-
ond, the distance from the center of the steel to the bottom of the
slab, and the third the approximate weight of concrete slabs one
foot square.

Examrre—Required the reinforcement for a slab continuous at four sides
and 5 inches thick to carry a superimposed load of 150 pounds per square foot
over a clear span of § feet.

Assuming the weight of the concrete slab in pounds at twelve times the
thickness of the slab in inches, then the weight of the slab per foot is 12x5=060
pounds, and the total welght, W, for a span of 8 feet is (60+150)x8=1680
pounds,

M=WL -+ 12=1680x8 +- 12==1120 foot-pounds.

If medium structural steel bars or rods are used, the required area, by
the upper table, page 274, is, by interpolation, 0.235 square inches, and the
sizes may be taken from page 66.

If triangle mesh is used, the steel area required by lower table, page 274,
computed for a 5 inch slab, Is, by interpolation, 0.188 square inches, requiring
by table, page 275, triangle mesh style number 208,
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REINFORCED CONCRETE SLABS

Benping MomeNnTS IN Foor Pounps pEr Foor or WinTH

Allowable Fiber Stress: Steel, 16,000 and Conerete 650 Pounds per 8q. Inch

- g — Area of Steel Reinforcement in Square Inches per Foot of Width
LR e
il §.u ¥
23 ; L afi 10 | .20 | 30 | .40 | .50 | .60 | .70 | .80 | .90 | 1.00 | 1.10|1.25 | 1.50
£°|R4 53
214 %' 30 | 200 | 853
3 3{| 36| 272 | 525| 600
3l4| 3 | 42 | 335 | 650 838
4 3| 48 | 308 | 77511185 | 1245
414 34 | 54 | 461 | 9001235 | 1584
5 (1 60 | 407 | 961|1412 (1766 | 1804
5141 66 | 558 | 1087 | 1600 | 2101 | 2312
6 (1 72 | 621 | 1213 | 1787 | 2340 [ 2760 | 2922
6141 78 | 686 | 1340 | 1075 | 2506 | 3205 | 3431
B B4 | 751 | 1466 | 2162 | 2844 | 3515 | 3074
Ti4| 134 | 90 | 783 | 1531 | 2257 | 2060 | 3669 | 4254
8 |1} | 96 1658 | 2446 | 3218 | 3077 | 4728 5074
814|134 | 102 1785 | 2034 | 3467 | 4288 | 5000 6410
9 |1} |108 1840 | 2730 | 3504 | 4444 | 5283 6574] 67
0lg| 114 | 114 1077 | 2010 | 3845 | 4757 | 5656 7575
10 |1 | 120 2104 | 3109 | 4006 | 5068 | 6027 8302
1004 134 | 126 3205 | 4222 | 5224 | 6213 B525| 8817 0079 9432 0039
11 | 13{ | 132 3305 | 4475 | 5537 | 6588 9359) 0681 997210360 10036
11}5] 134 | 138 3586 | 4726 | 5850 | 6960 105?5103951133: nnﬁn
12 |2 144 [ 3681 | 4852 | 6007 | 7148 1103?113?5.1185&13494

Allowable Fiber Stress: Steel, 20,000 and Concrete, 650 Pounds per 8q. Inch

_:._E__ Area of Steel Reinforcement in Square Inches per Foot of Width

S

£ .Ea—- 5| 08| 06 (.08 | .10 |2 | 14| 1618 | .20 | .25 | .30 | 35| 40| .45 | .50

ad 3 |

21¢ 34| 30| 108 | 160 | 211 261 | 295 311 325 342 353 377

3 | 3{| 36| 140 | 207 273 [ 338 | 404 468] 499 Eﬁ 574

3lg 37| 42173 | 256 | 338 | 410 | 400 578 656 7 808 858 900

4 | 34| 48205 | 304 | 401 | 408 | 504| 689 783 BTG 069 mml 1135] 1104 1245

4% 34| 54| 237 | 352 | 465 | 577 007| 1015) 1123|1354 1430 1516 1584/ 1644

5 |1 60 377 | 500 | 621 | 740| 857 972 1087|1201| 1486|1605 1600 1766 1534| 1804
514 1 66 421 | 560 | 607 | 832 965| 1007 1228] 1350| 1682 1950| 2056/ 2151 2236|2312
6 |1 72 624 | 777 1076/ 1222|1367 1512| 1875( 2234|2449 2563| 2666) 2760
64 1 78 601 | 850 | 1025 1180, 1352 1514] 1675( 2075 2460] 2858|3002, 3124) 3235
Ll & 84 030 |11 13‘3 1470 1657| 1833 2271/ 2703 3131|3466 3600 3741
g 14 | 90 978 | 1168 1356 1543| 1720/ 1013{ 2370, 2821| 3268 3711{3863( 4005
8 |1} | 96 1260} 1466 1670, 1872 20?2 2568 3057 3542| 4023|4387 4556
814 114 | 102 1358| 1578| 1707| 2015 2231 2765/ 3202/ 3815/ 4334/ 4850|5122
9 | 134|108 1637| 1863| 2088 23“ 3412 3955 4403 5026 [5416
04 134 | 114 1749 1900| 2231 2‘171 3640 {r isﬂﬁ 5378|6045
10 | 134|120 2110/ 2375{ 2630, 3261| 3886' 4506 5730] 6335
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TRIANGLE MESH CONCRETE REINFORCEMENT

AMERICAN BTEEL AND WIRE COMPANY BTANDARD

Triangle Mesh is a woven fabric of cold drawn steel wire, providing
continuous reinforcement, an even distribution of metal, and a perfect bond.

Made with both single and stranded tension members in lengths up
300 feet and in widths up to 56 inches,

]

TRIANGLE MESH—STYLES, AREAS, AND WEIGHTS
Longitudinal and Cross Wires (No. 14 A. 8. & W, Co. Gage), Spaced 4 Inches,

e Longitudinal Wire Triangle Mesh
o ™ [ Numbe T T T Net e | Tl e Thppre e
- s o0
- Strands | Wire Gsea | B, Inches | Bq.Tsches | e Ay

032 1 No, 12 026 032

040 1 L 5 § 034 040 25
049 1 “ 10 043 049 28
058 1 “ g 052 058 32
068 1 "8 062 068 35
080 1 sy 074 JOR0 40
093 1 v 6 087 003 45
107 1 * 5 101 107 50
126 i i J20 126 57
146 1 ML | 140 146 65
153 1 uy 147 153 68
168 1 8 S 162 168 T4
180 3 wea 174 180 8
208 2 “ B 202 208 80
245 2 (=4 239 245 103
267 3 “ig 261 267 111
287 3 “ 514 281 287 119
300 3 “ 5 303 309 128
336 3 " 4 330 336 138
365 3 LA - 350 365 149
395 3 + 35| .380 305 160
Length of Rolls: 150, 200 and 300 feet.

Width of Rolls: 16, 20, 24, 28, 32, 36, 40, 44, 48, 52 and 50 inches, approximately.

mthumibmplmm unless otherwise specified

;
g
E§
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BUCKLE PLATES

L VQ[/!
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Buckle Plates, as generally used on highway bridges with paved
floors, are subjected to a concentrated live load due to the weight of a
wagon or truck wheel and to a uniform dead load due to the weight of
the roadway paving.

Buckle Plates should be placed with the buckle turned down; then
the live load which can be placed on a buckle in addition to the
uniform dead load can be obtained from the following formula. Let:

P =Total allowable concentrated load on buckle plate, in pounds.

w =Uniform load, in pounds per square foot. y

d =Rise of buckle, in inches.

1 =Length of buckle, in inches.

b =Width of buckle, in inches.

t =Thickness of buckle plate, in inches,

300 fdt — 0.525 wlb

P=:t,( ESTD ) pounds, per buckle.

The following table gives, for a fiber stress of 9000 pounds, the
maximum concentrated live load in pounds allowed on buckles (turned
down), in addition to a uniform load assumed to be the average
weight of paving, ete., of 120 pounds per square foot.

Thickness of Rise, d, in Inches
Buckle Plate,
Inches 2 214 3 ak
L 20000 22000 22000 22500
fe 30000 33000 34000 34000
5% 41000 45000 47000 47500
The 53000 58000 61000 63000

The total allowable uniformly distributed load which a buckle
plate will safely support may be obtained from the formula:
W = 12 fdt pounds, per buckle.
When the buckles are turned up, use one-third of above values.
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BUCKLE PLATES

AMERIOAN BRIDGE OOMPANY BATANDARD

i,

5,

T

i

“Burppenq 39y
m.m RO, o P 49 0 ey Ssion o MBS es) .H_nﬂ
= .smbzana SuﬁsnﬁﬂuaioﬁuBEI-SZ
% 9= XU 4@ = WU
oy apenr L1qeajolg
- pasanjaad ssa| 10 ,F
= A=UMUXRN ~ 4@ = Wnujup

Widths of Flanges and Fillets

End Flanges | Filleta
I, ls

srouagns Joj ayed
011 S80J0 POAJd sofdum asn 0,1 Ueq] I0pIM JT
#9-,T = WNWxe &% = WU
oxim epww {|quasjald

%
1

in One
Plate

.

3739808813430]212999390 SO er
e o

wmwmmmwwmwwwwwmwmwwmmmwwmmww

l.l-11111lllllllllllllllllllllll

Side b,
Ft.-In.

%%3%%%%226270%%%%3118 %M%&M,W.. %

Bddtitidadsdnd z

Radii of Buckle N

mwmmddndsd 4&.%&.&3&
%m.ﬂ.oé%%ﬂ.azmoammw.t 1331%/%...%%%%%“%
dabrtdtdidbdadddndis &&7&&&;&&}&&

Rise
d,
In.

RN i S

3333333.2 MHAMNMMMNNNNMmMNMmMN MMM mN

DO NNNNNOIRDOCRO-N~O0DODS

4BBBDDBBASASNANAchebdebebabchebehchebid

}E'uchuekle

SO TASRUROTNOOITICTNDTEN~O~DO00DTO

S43ddddbAddddddddddddddddddddd

Squmy %q

e A R S RAN AR AR RS

Thickness of Plates, 147, B10", %" or 744"

Plates of greater length than given in table may be made by splicing with bars, angles, or tees.

All plates are made with buckles up, unless otherwise ordered. When buckles are turned down,
a drain hole should be punched in the center of each buckle and should be shown on sketeh.

Buckles of different sizes should not be used as it increases the cost of the plate.

Minimum spacing crosswise 414", usually 67,

2{" or 74" riveta or bolts. Holes of different sizes
Sketches for Buckle Plates should indieate allowable overrun in length and width.

in same plate will increase the cost of the plate.

"

Bpacing for holeslengthwise of plate should be in multiples of 3" and should not exceed 127,

0Odd spaces to be at end of plate and in even }{".
Die number must be shown on drawings.

Connection holes are generally for 3§




CARNEGIE STEEL COMPANY

CHECKERED PLATES

i——rmmm“mmm;,

EreMENTS oF CHECKERED PLATES

Width, a : o Seetion
S i, | Mo | gl | S oo, oMot
Inches g Inches IDCiIH Pou Inches® "
M 56 Over 12 66 8 31.6 1.125
M 55 Over 12 66 58 26.5 0.781
M 54 Over 6 66 1 21.4 0.500
M 53 Over 6 66 Tie 18.9 0.383
M 52 Over 6 66 84 16.3 0.281
M 51 Over 6 66 Big 13.8 0.195
M 50 Over 6 66 1% 11.2 0.125
M 49 Over 6 66 g 8.7 0.070

ArrowaBLE UNtrorM LoAp v Pounps PER SQUARE Foor

Fiber Btress, 16000 Pounds per Square Inch || Fiber Stress, 12000 Pounds per Square Inch
Foet | % | % | % | %o | % | %o | % | %o | % | % | % | %o | % | %o | % | %e
1 [12000/8333 |5333 4083 13((’0 1333 | 750 B250 (4000 [3063 (2250 (1563 Imoo 563
2 3000 1333 (1021 | 750 | 521 | 333 | 188 1563 (1000 | 766 | 563 | 391 | 250 | 141
3 1333| 926 | 503 | 454 | 333 | 232 | 148 | 83 |1000 | 604 | 444 | 340 | 250| 174 | 111 | 63
4 750( 521 | 333 | 259 | 188 | 130| 83| 47| 563| 391|250 ( 191|141 98| 63| 35
5 480| 333 | 213 | 163 | 120| 83| 53| 30| 360( 250| 160|123 | 90| 63| 40| 23
6 333|232 | 148 113| 83| 58| 37| 21) 250|174 111| 85| 63| 43| 28
T 245\ 170 109 | 83| 61| 43| 27 184|128 82| 63| 46| 32
8 188 130 | 83| 64| 47| 33 141 68| 63| 48| 35
9 148/ 103 | 66| 50| 37 112 77| 49| 38
10 120| 83| 53| 41 90| 63| 40
11 99| 69| 44 74| 52
12 | 83 58 6| 43

rectangulm'
deducted to o

plates supported on two sides onl

sections, 12 inches by the net thickness, t

t of th

e plate

included in
tain the net superimposed safe load.

Safe lua.ds for other flber stresses than those
obtained fro:

The values given in above table are the safe loads per square foot of
and are based upon the resistance of

the safe loads and must be

ven in table may be

values given by direct proportion of the flber stresses.
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ROOFS AND ROOF LOADS

The design of roofs and the selection of suitable roofing materials
depend on the character of the building, whether monumental,
public, residence, mill or shop; permanent or temporary; geo-
graphical location as regards allowance for snow and wind loads,
and also availability of materials and familiarity of workmen
with the construction; atmospheric conditions as concerns presence
of industrial or other plants producing deleterious gases; water-
tightness or resistance of the roof layers to penetration of water,
snow or ice under storm and long continued exposure; wind
resistance or the strength of materials to resist displacement of
the entire surface or disruption between points of support; type
and pitch of roof, whether self-supporting on wide spans or
requiring the use of sheathing, and whether materials can be laid
safely on steep surfaces.

A good roof on a permanent structure should be fireproof from
within as well as without, made of refractory materials supported
by equally refractory framing. It should last without repair. as
long as the building stands without repair. Its maintenance cost
should be low and its materials purchased on the probable life and
service of the structure.

Snow Loads. The snow loads on roofs vary with the geographical
location, the altitude and humidity of the place, and with the slope
of the roof. Where snow is likely to oeccur, the minimum load per
horizontal square foot of roof should be taken at 25 pounds for all
slopes up to 20 degrees; this load to be reduced one pound for each
degree of increase in slope up to 45 degrees, above which no snow
load need be considered. In severe climates these loads should be
increased in accordance with actual conditions. Regard should
also be taken to the possibility of partial snow load with local
concentration.

Wind Loads. These vary also with the geographical location and
the slope of the roof, and, when not fixed by building laws, are
usually taken as acting horizontally at 40 pounds per square foot
on vertical surfaces of the most exposed structures, and 30 pounds
on less exposed structures. On ineclined surfaces only the normal
components of the wind pressure need be considered. The following
normal pressures are based on the formula given by Duchemin:
P—P, 2si'nu.

1-4sin?a
assumed at 30 pounds per square foot on the vertical surface and
P the normal pressure on a unit of surface, sloping at angle & with
the horizontal.

, where P1 is the direct horizontal pressure
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Normar Winp Pressurg, 1IN Pounps pErR Square Foor

Pressure Pressure Press Pressure
Elo(]:;e poe Eloge per Slogs p"ure Bloge per
a Square Foot, a Square Foot,| a Square Foot,| a Square Foot,
Pounds Founds Pounds Pounds
5 5.19 20 18.37 35 25.90 50 28.97
10 10.11 25 21.51 40 27.29 55 20.41
15 14.55 30 24.00 45 28.28 60 29.69

For other pressures than 30 pounds per square foot, the values
given above change in proportion. For slopes over 60° the values
assumed for horizontal pressure are applied.

Combined Roof Loads. In climates corresponding to that of
Pittsburgh, and where the roof loads are not fixed by building
laws, ordinary roofs up to 80 feet span should carry the following
minimum loads per square foot of exposed surface, applied verti-
cally, to provide for dead, wind and snow loads combined.

Roof Load
Roof Covering qulgr:l‘hoh
'ounds

Gravel or on boards, flat slope, 1 to 6 orless ... coveuenes.s 50
Composition{ on boards, steep slope, morethan 1 to 6 .......... 45
Roofing on 3 inch flat tile or cinder concrete .............. 60
Corrugated sheeting on boardsor purlins. . ..........cvvvvunn.. 40
Slate {on boards or parlngLl . 2 sl s il L e e b 50
on 3 inch flat tile or cinder concrete ....... ..o.u.e 85
Tile on stoal DIPIING . & o emes vuileiie i eles s s eies smia o e i 55
L A S B R S e U I B P i e B D R R AT P 45

For roofs in climates where no snow is likely to occur, reduce
these loads by 10 pounds per square foot, but no roof or any part
thereof should be designed for a total live and dead load less than
40 pounds per square foot.

Roof Covering. As stated above, suitable protection of a building
against rain, snow, ete., depends on the character and location
of the building, and the slope or pitch of theroof. Tin, tar, gravel,
asphalt roofings and similar compositions are used for flat roofs;
glate, tiles, and tin are used for slant roofs of publie buildings and
residences, shingles for smaller dwelling houses, and corrugated
sheeting for shops and warehouses. Slate, tile, tin, and shingles
are usually attached to a layer of planking, called sheathing,
which in turn is supported by rafters, often called jack rafters,
resting upon the roof purlins, or placed directly upon the purlins
of the roof.
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ArproxiMATE WEIGHT oF RoOFING MATERIAL

Wal;hi
Roofing Material
B? Foot,
‘ounds

L8 AR A € S R e S I e AR D e 13
Corrugated galvanized iron. No. 20 B. W. G... 2y
Corrugated galvanized iron, No. 26 B. W. G.... 14
ol I0PE « vvvevsmstrnssistssrrrninsrsssassnannnnsmsmnnnss M
Felt and asphRll oF COMPARE .« cvoreoiocarsnrsrspsesasiseianiias 2
LE3T T R P 4 TG Tty SR ey SO . o OO N D o o 1%
Lath and plaster cetling............cc0000t, L 6-8
0 g Y B ot L, Gy 08 8L AN el A (g2
Sheathing, hemlock, 1 inch thick............... A B e b 2
Bheathing, white pine, spruce, 1inch thick ...........co000iuunn. 24-24
Sheathing, yellow pine, 1 inch thick ............... S Mt e 34
Shingles, 6x18 inches, 6inches to weather ..............c00vuiuun.. 2
Skylight, glass 8i4 to 1 inch, including frame ..............c.cc0u... 4-10
Blag roof, 4-ply, withcementand sand. .............cc0n0uuenn.. 4
Slate, 1 inch thick, 3inch doublelap .........ccvvivuus 4%
Slate, 31 inch thick, 3 inch doublelap ................ 634
Terneplate, IC ..... 45 W WL T w g
Terneplate, EX Lol b cnn o wisisissnie s sonrmnniolalainis oy o u Borsteim s 14
Tiles (plain), 10 }4x6 }{x 8 Inches, 5 1{ inches to want.har o e e 18
Tiles (Spanish), 14 }4x10 44 inches, 7! inches to weather........... B4
ARG, WO 0 T W G oo e et itnde.mnyo s o) ala oa) et a s a0 88258 Hnta 14

Roof Trusses. Trusses are used where wide roof openings are to be
spanned; they form a structure of compression and tension members
and produce vertical reactions under vertical loads; the total load
of the roof, that is, the weight of the truss, purlins, roof covering,
ceiling, and often also the snow and wind load, is usually considered
a uniformly distributed load, equally divided between the two
supports and producing equal and vertical end reactions.

The purlins usually rest on the upper chord of the truss, trans-
mitting to the latter the load of the roof covering, the wind and
snow load, that of the jack rafters and their own, and are often so
arranged as to carry the dead load directly to the truss joints or
panel points to avoid transverse stresses. The distance between
two consecutive joints of the top chord is the panel length, the dis-
tance between two adjacent trusses the bay length.

The transverse strength of the sheathing or of the corrugated
iron used for the roof covering generally determines the spaces
between the jack rafters or the purlins. These purlins or rafters
are small steel shapes, such as beams, channels and angles, or
wooden beams, if the roof is not of fireproof construction.
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TRUSSES—FoRMULA FOR STRESSES AND LENGTHS

n=LH=2cota

SIMPLE FINK TRUSS ﬂ SIMPLE FAN TRUSS

Member| Stress Length | Membar| Stress | Length
An |+ %V\aTH xW| %Lseca ] Aa *W(“‘"*’l Wik L seca
Bb |+ =T at41) xW| W Lseca Bb |4 e—nat +6)x W] U L seca
: ::: :g “t?lci:g sec'a) ‘s +\IntH(‘£l'+lJ x Wik Lseca

ab Tﬂ W| % Lsccatan ::1 _: !w”ﬁne“:‘. secTa)
x a a — x —

H )
be |—%a xW| %Lsec'a sb, be +“_R_,nr._";*:°““'“":w %L _w_“.“x‘.mu.l

” od |—wn x WKL sec® a

i

L
AW n=L/H=2cota
COMPOUND FINK TRUSS | COMPOUND FAN TRUSS
Member|  Stress |  Length  |Member|  Stres | Length
An |+ %\TTF xW| % Lsea A% | TR RACHa )XW b L e
By |+ Arralent+E) x W M L seca B - T340 +9) xWia L seca
O T (nt43) xW| % Lseca Z: TRt aW ki L seca
DI |+t (a4 1) xW| W Lssca W"“’“’ AWha L soe
La |—%n *Wl % Lsec'a 21 +m"'“‘""'n“w fha L seca
Le |=—%a 2W| W Lsec'a Fh +v.l...' (1nt41) XWHs L seca
g —n. xW L (1—% sec’a) ¥l —'I:nﬂ xw:tm;c
ab, ef +m xW| % Lsecatana H 73 :: ;g u'l'f“‘“,“)
an A m‘ ] .‘
o |t W[ % t m:ut-nu ‘,: 3’} +L‘T"’1T‘ 'E*‘:"xw W L\FT; T 4 wclatan'a
- wl %
b::r — | WLt o +iﬁ+-4' AW ML icalane
fg —&n aW| % Lsecta ed ef | —¥n W % Lscc'a
q —%n xW|% L see’a
hi — %n Wik Lsecta
Coefficients for Calculating Lengths of Truss Members
Values of n 3 | 24 | 2e0t30° 4 s I | 5 (1]
Values of a 33°4124"30°15'23 30° _ 126°33'547|22°937/12"21°48" 5"/18°20" 6"
sec a 1.2018 | 1.1577 | 1.1547 | 1.1180 | 1.0833 | 1.0770 | 1.0541
sec? q 14444 | 13403 | 1.3333 | 1.2500 | 1.1736 | 1.1600 | 1.1111
S8C a tan a 0.8012 | 0.6753 | 0.6667 | 0.5590 | 0.4514 | 0.4308 | 0.3514
E;..ﬁi"%{"a tan2a| 0.8958 | 07778 | 0.7608 | 0.6718 | 0.5781 | 0.5608 | 0.4969

282
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TRUSSES—COEFFICIENTS OF STRESSES

L--l:j--u

n=LH=2cota

n=~15pan + Height =2 cot a I n==Span -+ Height =2 cot @
AL 1., AL 1
3 |24 (3000 4 |oas5] 5 | 6 3 |2ar7(300Y 4 wa! 5|6

2.70|2.98 |3.00 | 3.35/3.00 | 4.04 | 4.74
2.15|2.47 |2.50 | 2.01 | 8.52 | 3.67 |4.43

An 4.51 14.08/5.005.59 (6.50|6.73 |7.91
Bb

La |2.25|2.57|2.60|3.00{3.60|3.75 [4.50

Le

ab

be

3.54 | 3.06 4.00 (4.55 | 5.38 | 5.50 | 6.64
3.40/3.95|4.00 |4.70|5.73 | 5.00 | 7.27
4.33|5.00 | 6.00|6.25 | 7.50
295 2.57|2.60{3.00{3.60{3.75 | 4.50
0.930.991.00|1.08 1,18 |1 21 {1.34
1.50|1.71 | 1.73 | 2.00 | 2.40 | 2.50 | 3.00

1.50|1.71 | 1.73 | 2.00 | 2.40 | 2.50 | 3.00
0.83 | 0.86 0.87 | 0.890.92/0.03 | 0.95
0.75|0.86 | 0.87 | 1.00 | 1,20 |1.25 | 1.50

ai:resr
g

n=L/H=2cota

n= Span -+ Height =2 cota n==FSpan <+ Height =2 cot a
Mamw AL, |
2
3 (24| oM 4 |2am| 5 | o 3 | 352'1 4 ‘zml 5|8
0.02 10.91/11.0012.3014.30'14.81117.30

6.316.05|7.00|7.83|9.10 | 9.42 [11.07

Aa

Bb |5.76|6.44 | 6.507.388.720.05 10.75 8.05| 9.91110.0011.2513. 18/13.6616.13
Ce |5.20]5.946.00)6.08 833 | 8.08 1043 8.81] 9.9110.0011 4013 53|14. Wllﬁ 76
Df |4.65|5.43|5.50|0.487.05(8.31(10.12 8.25| 9.40 0.5010.0613.15(13. 7016“
Ia |5.25/6.00]6.07|7.00|8.40|8.75 (10 99]'120‘212.55;15 18
Le |4.50|5.14|5.206.00/7.20(7.50 9. 7.14 | 8.40] 8.5010.0612.3842.9515.93
Lg

8.25| 0.43 9.53 11.00,133:}13.7551&.50

3.00(3.43 |8.46 {4.00 [4.80|5.00 | 6. I |
6.75] 7.71} 7.79 9.0010.8011.2513.50

An
Bb
Ce
Df
Eg 7.28| 841 3.
Fh
la
1d
Li
e

ab, ef |0.830.86|0.87 [0.800.92|0.93 | 0.9
ed |1.66/1.73/1.73/1.79/1.85|1.86| 1. i 4.50 | 5.14 5.20 6.00 7.20( 7.50/ 9.00
be, de 0.75]0.8610.87 11.0011.20 | 1.25 | 1.50 b, be, fig, gh|0.03 | 0.99) 1.00{ 1.08 1.18} 1.21| 1.34
dg [1.50(1.71]1.73/2.00|2.402.50 | 3.00 d 2.50| 2.50( 2.60 2.68 2.77| 2.79) 2.85
fg |2.25|2.57(2.60(3.00/3.60|3.75| 450 od,ef |L150| 1.71} 1.73) 2.00, 2.40| 2.50/ 3.00
el 2.25| 2.57| 2.60) 3.00 3.60 3.75 4.50

hi 3.751 4.20 4.33} 5,00 6.00| 6.25/ 7.50

The pitch of a truss is the ratio of the rise or height to the span length of the truss,
Pitch =H/L=1/n, n=L/H==1/pitch

To obtain the stress in any member of sgmm truss, multiply the corresponding coefficient by
the panel load W,

"1 - . m_‘ X A_lhy+‘d1 L] 1 b’_
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CARNEGIE STEEL COMPANY

TRUSSES—FormuLAs ror STRESSES AND LENGTHS

n=I/H=2cot a

PRATT TRUSS—4 PANELS [ PRATT TRUSS—6 PANELS
Member| Stress | Length | Member| Stress | Length
Aa, Bb %/ ne+ 4xW}{ Lseca |Aa, Bb+%y/ni+ 4 xWis Lseca
La % n L 0d [+ Vnf+ 4 xWis Lseca
ILe —¥% n fo!Aj L La n xWits L
ab |+1 W h Le n xWiw L
be |\ —Yy/net16xWiKy/ Le+1iens| Le —3% n xWig L
ab [+1 X ‘% h
ed [+% xW3% h
be [—%y/n2+16 xWilky/Lo+16h®
de |—Xy/n*+36 xW|lky/ L2+36h2
w
5 AEY
i
i
H
]
T
=LHE=2cota D sy W
PRATT TRUSS—8 PANELS | PRATT TRUSS—10 PANELS
Member| Stress Length | Member| Stress Length
Aa, Bb+7y/nfF dxWlk Lseca iAa.Bhl+%,/n=+4 xWiio Lseca
Cd  [+8/n®+ 4xWis Lseca Cd (+2y/n%F4 xWoe Lseca
Df |+%)/n7+ 4xWil6 Lseca | Df [+%y/nitd xWpho Lseca
La |-% n xWi L | Eh +Wnn+4 xWilis Lseca
Le |8 n Wi L | La n xWiho L
Le |5 n Wi L | Le —2 n Wik L
Ig |—s n Wl L | Le H% n xWitio L
ab |41 xWi h | Lg |-% n xWhie L
cd |- xWk% h Il % xWi L
ef |+2 Wi h ab |+1 xWis  h
be |34/ neriexw ity La+16he| ed [+ xW% h
de |—14/n2r3exWihy/ Le+36he| ef |+2 xW% h
fg | —%y/niteaxw'sy/ LoT6ans| gh [+% xWis  h
be [~%y/ ni+ 16xWliey/Le+16 he
de [~%y/n*+ B6xW Y%o)/ Lo+ 36h2
fg Wy ul+_ﬁ4xW’:iov' L2+ 64h2
hi | —Y%)/n¥F100xW Yioy/ L2 +10007
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ROOF CONSTRUCTION

TRUSSES—COEFFICIENTS OF STRESSES

n=L/H==2cot a

n = fpan <+ Height =2 cot @ n= fSpan + Height =2 cot a
3 oarr|300Y 4 |oam| 5 | 6 3 [oa|56Y 4 J2ui5| 5 | 6

b |4.51|4.965.005.50|6.50 [6.73|7.91
3.01|3.97 |4.00|4.47 |5.20 (5.30 | 6.32
1.50(1.71(1.73|2.00 | 2.40| 2.50 | 3.00 8.754.29|4.33|5.00 |6.00 |6.25 | 7.50

Aa, B
2.25|2.57 | 2.60|8.00|3.60|3.75 | 4.50 Cd
La

ab 11.001.00|1.001.00|1.00|1.00 |1.00 Lo 3.0013.43 |3.464.00 | 4.80 |5.00 | 6.00
Le
ab
od
be
de

As, Bb|2.70(2.98 | 3.00|3.35|3.00 | 4.04 |4.74
La
Le

be |1.26(1.32|1.52|1.411.56|1.60|1.80 2.252.57|2.60|3.00|3.60|3
1.00{1.00(1.00]1.00{1.00 |1
1.50{1.50{1.50(1.50|1.50 |1,
1.25(1.32|1.32|1.41{1.56|1
1.68/1.78/1.73(1.801.92]1

ggigy
|l iy s v
Ekgas

n=L/H=2cota

n—= Span -+ Height =2 cot a n= Span + Height =2 cot @
Member 2cot e 2 cot|
3 |24/T\'gp0| 4 [24/5) 5 | 0 | 3 [24/T{q00| 4 244’5' 5|6
As, Bb |6.31 (6.95|7.00 |7.83 [9.10|0.42 ll‘UT‘ Aa, Bb |8.11|8.93 |9.00 {10.06/11. 70!2 1214.23
Cd [5.41|5.95/6.00(6.71|7.80|8.08| 9.49 Cd 7.21|7.0418.00 S.Nlﬂiﬂlﬂ ?T 12.65
Df |4.51]4.97|5.005.59(6.50|6.73 | 7.91) Di 6.31(6.95|7.00| 7.83| 9 942 11.07
La |5.25/6.00|6.06|7.00|8.40|8.75 10,50 Eh 5.41(5.95(6.00] 6.71) 7 949
Le |4.50(5.14(5.20(6.00(7.20|7.50 Dm: La 6.75|7.71|7.79 QWID 11 2613.50
Le |3.75(4.20/4.33)5.00(6.00/6.25| 7.50, Le 6.00|6.86|6.03 | 8.00{ 9.60, 0(101200
Lg |3.00(3.43|3.46 |4.00 {4.805.00| 6.00, Le 5.256.00|6.06| 7.00 8. 375 10.50
ab |1.00{1.00{1,00|1.00|1.00|1.00| 1.00 Lg 4.50(6.14}5.20 | 6.00 7.20{ 7.50{ 9.00
od 1.50 {1.50 {1.50 | 1.50 { 1.50{1.50 | 1 Li 3.75(4.20|4.33 | 5.00 6.00| 0.25| 7.50
ef 2.00{2.00(2.00]2.00{2.00/2.00| 2.00. ab 1.00{1.00]1.00| 1.00| 1.00{ 1.00 1.00
be |1.25|1.32|1.32|1.41)1.56|1.60| 1.80] ed 1.50(1.50 | 1.50{ 1.50] 1.50¢ 1.50{ 1.50
de [1.68(1.73(1.73|1.80(1.02{1.95 2.1ﬁ| ef 2.00{2.0012.00| 2.00| 2.00{ 2.00| 2.00
iz 2.14|2.18]2.18|2.24 2.33|2.36| 2.50, gh 2.50(2.5012.50| 2.50{ 2.50( 2.50{ 2.50
be 1.25|1.32(1.32| 1.41] 1.56{ 1.60; 1.80
de 1.681.73|1,73| 1.50] 1.92{ 1.05( 2.12
i g 2,14|2.18|2.18 | 2.24] 2.33| 2.36] 2.50
| hi 2,6112.64|2.65| 2.60| 2.77) 2.80 2.02




CARNEGIE STEEL COMPANY

CORRUGATED SHEETS

Corrugated sheets are used for roofs and sides of buildings. They
are usually laid directly upon the roof purlins and held in place by
means of clips of steel hoope which encircle the purlin and are
placed about 12 inches apart. Special care must be taken that the
projecting edges of the sheets at the eaves and gable ende of the
roof are well secured, otherwise the wind will loosen the sheets,

Corrugated sheets are made in the sizes given on opposite page,
the size most generally used has nominally 2}4-inch corrugations,
actual width 224inches, about 14 inch in depth. The gages frequently
used for roofing are Nos. 20 and 22, U. 8. Standard Gage.

By one corrugation is meant the double curve between corres-
ponding points, and by depth of corrugation the greatest deviation
of the curved surfaces from the straight line.

One and one-half corrugations are allowed for lap in the width
of the sheet and 6 inches in the length for the usual quarter pitch
roof; one corrugation in width and 4 inches in the length of the
sheet is usually allowed for sidings.

Corrugated sheets of 2, 214 and 3 corrugations are furnished in
standard lengths of 5, 6, 7, 8, 0 and 10 feet and with a standard
covering width of 24 inches, when laid with a lap of either one
or one and one-half corrugations.

By experiment it has been determined that corrugated sheet
steel, 8¢ inch deep and No. 20 gage spanning 6 feet, began to
give a permanent deflection with a load of 30 pounds per sq. foot,
and that it collapsed with a load of 60 pounds per sq. foot.
The distance between centers of purling should, therefore, not
exceed 6 feet and should preferably be less than this.

Approximately the uniformly distributed safe load of corrugated
sheets may be obtained from the formulas given below, using the
following notations:—

W=Total allowable uniform load, in pounds.
b=Curvilinear width of sheet, in inches (b=1.075 x covering

width).

l=Unsupported length of sheet, in inches.
t=Thickness of sheet, in inches.
=Depth of corrugations, in inches.
f=Allowable fiber stress, in pounds per sq. inch,

.w_ S8f8 _ 8f _ 4bdt __ 32fbdt

Then.W-— —l—-—-——l—x—ﬁ— __-Ei_

- __ 25,600 bdt
for f= 12000, W= =T
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ROOF CONSTRUCTION

CORRUGATED SHEETS

AMERICAN BHEET AND TIN PLATE COMPANY

DESCRIPTION OF SHEETS AREAS OF SHEETS
Corrugations 'Width, Inches =5 Bq. Ft. in 1 Sheet | Bheeta in 100 Sq. Ft.
Width, Inch Num- Corrugations Corrugations
i e el B | o e L
nal Actual @t ng 8 a0 gn' 5" '2." ! ;’gu'
N % | 6 |28 |25 60/11.67| 10.83 [10.42 8.57| 9.23 | 0.60
3 3 %e | 9 |26 |24 72/14.00| 13.00 |12.50 7.14| 7.69 | 8.00
*2;2 23 | & |1014|2734| 24 84(16.33) 15.17 |14.58] 6.12| 6.59 | 6.86
2l5 | 2% | 1% |1077 (26" | 24 96/18.67| 17.33 [16.67| 5.36| 5.77 | 6.00
2 2 Tie |13 (26 | 24 (108/21.00| 19.50 [18.75 4.76| 5.13 | 5.33
14 [ 1 3% |20 (25 |23% [120{23.33| 21.67 |20.83) 4.29| 4.62| 4.80
By %s 140 125 | 248 |144/28.00 26.00125.00| 3.57| 3.85! 4.00
Standard len, 5, 6,7, 8, 0and 10 ft. Maximum length, 12 it. except for 3" corrugation.
Simdemf?;% are for the 2714 width.
Pamvrep Saeers—Weights in Pounds per 100 Square Feet.
Cor- Thickness, United Btates Standard Gage
ru's"
In | 10| 12|14 | 16|18 (20| 21|22 |23 | 24| 25|26 27|28/ 29
5 470 | 336 | 269 | 215|162 | 148 | 135 | 122|108 | 95 | 81 | 75 | 68
3 472|338 1270|216 | 163 [ 149|136 (122 |109| 95 | 82 | 75 | 68
'2;2 615|478 (342 1274|219 (165|151 | 137 |124|110| 97 | 83 | 76 | 69
214|607 (472 | 338 | 270 | 216 (163 [ 149 | 136 [122 (109 | 95 | 82 | 75 | 68
2 270|216 (163 {149 | 136 [122 (100 | 95 | 82 | 75 | 68
1% 169 | 155|141 |127 |113 | 99 | 85 | 78 | 71
113)| 99 | 85 | 78 | 71

Gavvanizen SHEETs—Weights in Pounds per 100 Square Feet.

Cor- Thickness, United States Standard Gage
To |10 12| 14 [ 16|18 [ 20| 21| 22] 23 | 24 [ 25 | 26 [ 27 | 28 | 29
5 486|352 | 285 (231|178 | 164 [ 151|137 |124 111 | 07| 90 | 84 | 77
3 488|353 | 286 (232 | 178|165 (151|138 125|111 | 98| o1 | 84 | 77
#2141 631 (494 [ 358 | 200 | 235 [ 181|167 | 153 | 140 (126|113 | 90| 02 | 85 | 78
2141623 | 488 [353 [286 (232 [ 178 [ 165|151 [ 138|125 |111| 98| 01 | s4 | 77
2 286 [232 | 178|165 (151 138|125 [111| 08| o1 | 84 | 77
1 186 (172 [158 | 144 (130116 |102| 95 | 88 | 81
130 (116 102 95 | 88 | 81

The weights per 100 square feet given in preceding tables do not include
allowances for umf or side laps. The following table gives the approximate
number of square feet of sheeting necessary to cover an area of 100 square
feet and is based on sheets of standard width, 96 inches long. If 1 er or
shorter sheets are used, the number of square feet required will vary accordingly.

Sq.FeeT oF 214 IN. Stanparp Smrets To Cover Area or 100 Sq.Fr.

: End Lap, Inches

sl ’ 1 2 3 4 5 6
1 Corrugation 100 | 111 | 112 | 113 | 114 | 116
s - 116 | 117 | 118 | 120 | 121 | i22
2 “ 123 | 124 | 126 | 127 | 120 | 130
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CARNEGIE STEEL COMPANY

STRUCTURAL TIMBER

The strength of structural timbers depends upon a number of
factors; the kind of wood, the age of the tree, the time of the year
in which it was felled, the method of sawing, the character of the
seasoning and therewith its moisture content, the proportion of
heartwood to sapwood and the proportion of knots to clear wood.

In consequence of these variable factors, the working unit stresses
approved by the building laws of different cities vary widely, as
well also as the unit stresses given in the proceedings of the various
engineering associations. They go back in some cases to the
studies madein 1895 by the Association of Railway Superintendents
of Bridges and Buildings.

The most recent studies in this direction have been made by the
American Railway Engineering Association, and the tables for
wooden beams and columns which follow are based on the working
unit stresses for structural timbers adopted by that Association.
The table of working unit stresses has been reprinted, by permission,
from the Manual, edition of 1911.

These unit stresses vary with the class of construction. They are
intended, as noted, for railway bridges and trestles. For highway
bridges and trestles and for buildings and similar structures, the
unit stresses may be increased in accordance with the more quiescent
character of the loading and freedom from deleterious weather
conditions, The values are based on carefully selected timber
purchased in accordance with the standard specifications of the
Association and subject to careful inspection.

The commercial timbers which are in common use in building
construction will not meet these specifications, and, therefore, the
unit stresses approved by good building practice as evidenced in
the building laws of various cities are rightly lower. The tables
as they stand are in accord with the average practice as represented
by these building laws, and may, therefore, be used as they stand
for ordinary building work executed with the commercial grades of
timber, such as can be purchased in the open market.

The allowable loads may be adjusted to other species of wood
than those stated in the headings of the tables and to other unit
stresses by the direet proportion which such unit stresses bear to
those for which the tables are computed. In the case of columns
the values may be adjusted to any working unit stress by direct
proportion based on the relations of 1/d.
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TIMBER SAFE LOADS

WORKING UNIT STRESSES FOR STRUCTURAL TIMBER

ADOPTED BY THE AMERICAN RAILWAY ENGINEERING ASSOCIATION

To compute the deflection

For bulldings and similar structures, in which
of a beam under long continued loading instead of that when the load is

The working unit stresses given in the table are intended for railroad
the timber is protected from the weather and practically free from impact,

bridges and trestles. For highway bridges and trestles, the unit stresses
first applied, only 50 per cent. of the corresponding modulus of elasticity

given in the table is to be employed.

the unit stresses may be increased 50 per cent.

may be Increased 25 per cent.
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CARNEQIE STEEL COMPANY

WOODEN BEAMS

The safe load tables of wooden beams which follow, based upon
the working unit stresses adopted by the American Railway
Engineering Association, give the uniformly distributed safe loads
for rectangular sections one inch thick; the safe load for a beam of
any thickness is found by multiplying the tabular value by the
thickness of the beam in inches. The safe loads include the weight
of the beams and are computed on the assumption that the beams
are braced against lateral deflection. These tables also give mini-
mum and maximum spans and coeflicients of deflection.

The maximum safe loads as limited by the allowable shearing
stresses along horizontal axes of beams have been calculated from
the formula: Maximum safe load = 44 x area of section x safe
unit stress for longitudinal shear. These limits, indicated also by
horizontal lines in the tables, should not be exceeded to avoid
failure of the beam in horizontal direction of the grain of the wood.

The theoretical deflection in the center of the span for uniformly
distributed and permanenily applied loads is obtained from the
coefficients of deflection by dividing the depth of the beam, in
inches, into the corresponding coefficient; the result obtained only
approximates the actual deflection, as the modulus of elasticity
varies with the moisture content of the wood.

The deflection of beams intended to carry plastered ceilings should
not exceed Y4g0 of the span; ihe table gives the maximum spans for
this limit, for uniformly distributed and permanently applied loads.

For loads concentrated in the center of the span, use one-half the
values for the tabular loads and four-fifths of the coefficients of
deflection. For special cases of loading, see pages 141 to 146,

ExaurLe 1.—Required the thickness and the approximate deflection of a
beam of white oak, 14 inches deep, supporting a uniformly distributed and
permanent dead and live load of 10,000 pounds over a span of 19 feet.

The tabular value for a beam one inch thick and for a span of 19 feet is
1,261 pounds; the required thickness is therefore 10,000+1,261=8 inches, and
the deflection is 20,72+14=1.48 inches.

Examrre 2.—Required the safe load of a beam of white pine, 8 inches
deep and 6 inches thick, without exceeding the longitudinal shearing stress.

The table gives for a corresponding beam 1 inch thick a safe load of 747
pounds; the total safe load is therefore 6 x 747=4,482 pounds, or the safe load
which can be safely supported over a span of 8.6 feet.

Examrre 3. —Required the safe load, concentrated in the center of a span
26 feet long, and the deflection of a beam of longleaf pine, 18 inches deep and
12 inches thick.

The table gives for a corresponding beam 1 inch thick a uniformly distri-
buted safe load of 1,800 pounds, or for aload in center of span 1,800+-2=900
pounds; for a beam 12 inches wide the safe load is therefore 900 x 12=10,500
pounds, and the deflection is approximately 4 x 32.75+18=1.46 inches.
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TIMBER SAFE LOADS

’:ECTANGULAR WOODEN BEAMS—ONE INCH THICK

Maximom Sare Loaps AND LimuTing Spans

White Longleaf | Shortleaf White Douglas Western Bpruce
Oak Pqtia Pine Pine Fir Hemlock

i,
52 Min. | Max, | Min. | Max, | Min. | Max, | Min.| Max. | Min. | Max. | Min.| Max. | Min,
25 | Load Load, [Spon, Load, |Span,| Load,Span, Load, |Span,| Load, |Span,| Load, [Span,
B | e[| b | | The. Fe.| Lbe. | Fé. | Lba. o, | Pt | Lbe,
2 293l 1.7| 320| 1.8 347 1.4] 187 2.1} 293 1.8 267 1. 187, 2.4
4 587 3.3] 640, 3. 693 2. 373 4. 587 8. 3. 37 4.8
6 8 5.0, 960 5.4 1040 4. 56 6. 880 5.5 5. 7.1
8 | 1173 6.7 1280 7.2{ 1387 5.6 7| 8.811173| 7.3 1067 7.3| 747 9.6
10 | 1467 8.4 1600, 9.0(1733( 7.1 933{10.7| 1467 9.1| 133 9.2 933/11.9
12 7 10.0f 1920 10.8/ 2080 8.5 1120{12.9/ 17 10.9{ 1 11.0/1120({14.3
14 | 2053 11.7| 2240 12.6/ 2427| 9.9| 1307|15.0{ 2053{ 12.8| 1867| 12.8| 1307 16.7
16 | 2347 13.4| 2560 14.4| 2773( 11.3| 1493/ 17.1|2347| 14.6| 21 14.7| 1493 19.0
18 15.00 2880( 16.. 12.7] 1680 19.3| 2640| 16.4{ 24 16.5/ 1680/ 21.4
20 | 2033 16.7| 3200{ 18.1| 3467| 14.1| 1867|21.4| 2933| 18.2| 2667 18.3| 1867 23.8
29 | 3227 18.4| 3520( 19.9| 3813 15.5 2053| 23.6| 3227| 20.0{ 2933 20.2| 2053| 26.2
24 | 3520 20.0 3840|21.7| 4160 16.9| 2240( 25.7| 3520, 21.9| 3 22.0 2! 28.6

COEFFICIENTS OF DEFLECTION FOR PERMANENT LoADs

Short~
Bpan leaf | White Span .| leaf | White
in | White Iine:f' | Pine, | Pine, |gpryce| n | White Iﬂf Pine, | Pine, | gpryce
Feet | Oak | pine |WesternDouglas Feet | 08k | pipe [Western a8
Hem- | Fir Hem- r
lock loek
1 0.06| 0.05| 0.05| 0.05| 0.05) 21 |25.31|21.37|19.67|21.05(20.20
2 0.23] 0.19| 0.18| 0.19| 0.18] 22 [27.78]23.44|21.59|23.10(22.17
3 0.52| 0.44| 0.40| 0.43| 0.41 30.37|25.63|23.59|25.25|24.23
4 | 092] 0.78| 0.71| 0.76| 0.73| 24 |33.06|27.01|25.60|27.49|26.38
5 1.44| 1.21| 1.12] 1,19 1.15| 25 |35.88/30.28/27.88(20.83|28.63
6 2.07| 1.74| 1.61| 1.72| 1.65| 26 |38.80|32.75|30.15|32.27|30.96
7 281 2.37| 2.19| 2.34| 2.24| 27 |41.85|35.32/32.51|34.80|33.39
8 3.67| 3.10| 2.85| 3.06| 2.93|| 28 |45.00(37.99]|34.97|37.42|35.91
9 4.65| 3.92| 3.61| 3.87| 3.71| 20 |48.27|40.75|37.51|40.14|38
10 5.74| 4.85| 4.46| 4.77| 4.58|| 30 |51.60|43.61|40.14|42.96|41.22
11 6.95| 5.86| 5.40| 5.78| 5.54| 31 |55.16(46.56/42.86|45.87 [44.01
12 8.27| 6.98| 6.42| 6.87| 6.60) 32 .78|49.61]|45.67 88146.90
13 9.70| 8.10| 7.54| 8.07| 7.74| 33 |62.51(52.76|48.57|51.98|49.88
14 |11.25| 9.50| 8.74| 9.36| 8.98|| 34 |66.35|56.01|51.56|55.18|52.95
15 |12.92/10.90|10.04|10.74(10.31|| 35 |70.32|59.35|54.64|58.47|56.11
16 |14.690(12.40(11.42|12.22{11.73|| 36 |74.39|062.79|57.80/61.86)|59.36
17 |16.59(14.00|12.80|13.79|13.24|| 37 |78.58066.33|61.06|65.34|62.70
18 |18.60(15.70|14.45|15.47|14.84| 38 |82.89|69.96/64.40|68.92)|66.14
19 |20.72/17.49(16.10{17.23|16.53|| 39 |87.31|73.69|67.84|72.60|69.66
20 |22.96/10.38|17.84|10.00|18.32| 40 |91.84|77.52|71.36)76.37|73.28
Maximum Sepans IN FEeT For DEFLECTIONS =460 SPAN
. Depth of Beam in Inches
Epecies of Timber
2|4 |6 |8 |10(|12)|14 |16 18 |20 |23 |24
‘White Oak 1.212.3|3.,5|4.6|5.8|7.0( 8.1] 9.3{10.5{11.6{12.8/13.9
Longleaf Pine 1.4|2.84.1|5.5|6.9|8.3| 9.6/11.0{12.4/13.8/15.1|16.5
Shortleaf Pine, Hemlock |1.5 (3.0 |4.5|6.0|7.5|9.0 (10.5/12.0/13.5(15.0/16.4(17.9
‘White Pine, Douglas Fir [1.4 (2.8 4.2 |5.6|7.0|8.4 9.%11.2 12.6/14.0{15.4{16.7
Spruce 1.512.914.415.8]7.3 8.7 110.2/11.6/13.1/14.6/16,0]17.5




CARNEQGIE STEEL COMPANY

RECTANGULAR WOODEN BEAMS—ONE INCH THICK
DOUGLAS FIR
ArrowaAsLE Unirorym Loap 1x Pouxnps
Maximum Bending Stress, 1200 Pounds per Square Inch

Pl Depth of Beam in Inches
o 1
Fet | o | 4 | 6 | 8 |10 13| 14| 26| 18] 2|2 |n
208
2 267
3 | 178 | _mr
4 | 133 333
5 | 107 | 427
5% |
6 | 89356 H00
7 76 | 3056 | 686 | um
8
9
10

1700
11 194 | 436 | 776|1212|1745
12 178 | 400 | 711 |1111 1600 | soss
13 360 | 65610261477 (2010
14 343 | 610| 9521371 | 1867 | 2847
15 320 | 569| 8891280 |1742 2276

300 | 533| 83312001633 |2133| 840
502| 78411291537 | 2008 |2541
474| T41|1067 | 1452 | 1896 | 2400 | 2088
440| 702|1011|1375|1796|2274|2807 | sy
427| 667| 9601307 | 1707 | 2160 | 2667 | 3227

635 014 |1244 | 1625|2057 | 2540 | 3073 | s
606| 873 (1188|1552 | 1964 | 2424 | 2033

580 | 835|1136|1484 | 1878 [ 2319 | 2806
556 | 800 1800 | 2222 | 2689
768 [ 1045 | 1365 | 1728 | 2133 | 2581

7381005 | 1313 [ 1662 | 2051 [ 2482 | 2054
711| 968 |1264|1600
686 | 93312191543 | 1905 | 2305
901 | 1177 | 1490 | 1839 | 2225 | 2648
8711138 | 1440 | 1778 | 2151 | 2560

843 | 1101 | 1394 | 1720 | 2082 | 2477
7 | 1350

1034 (1309 | 1616 | 1956 | 2327
1004 | 1271 | 1569 | 1898 | 2259
075 (1234|1524 | 1844 | 2104

048 | 1200|1481 | 1793 | 2133
1168|1441 | 1744 | 2076
1137 | 1404 | 1698 | 2021
1108 | 1368 | 1655 | 1969
1080|1333 1613 | 1920

SBRNE NRNEE 2¥ENE RRUER BEESE

Horizontal lines indioate the limit for resistance to shear in the horizontal direction of the grain.
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TIMBER SAFE LOADS

RECTANGULAR WOODEN BEAMS—ONE INCH THICK
LONGLEAF PINE
ArrowasLe Unirorm Loap 1N Pounbps
Maximum Bending Stress, 1300 Pounds per Square Inch

g Depth of Beam in Inches
m
Feet | o | ¢ | 6 | 8 |10 |13 | 14| 26) 18] 20|22
820
2 289
3 |193 | s
4 | 144 [ 578
5 | 116 | 462
900 _|
P Bl
1280
8 | 72| 289 | 650 [1156
9 257 | 578 |1027 | 1000
10 231 | 520 | 024 [1444
1
11 210 | 473 | 8401313 1891
12 193 | 433 | 770|1204 1733 |_2210
13 400 | 711[1111|1600[2178
14 371 | 660 [1032 | 1486|2022 | 2560
15 347 | 616| 963 |1387 | 1887|2465
16 325 | 578| 90313001769 |2311 | gss0
17 544 | 8501224 1665|2175 2753
18 514| 80211561573 | 2054 gﬁ 3::0 el
7| 760|1095 | 1490 | 1946 | 24 1| 8620
%g % 722 | 1040 | 1416 [ 1849 | 2340 | 2889 3406
21 688 | 0011348 |1761 (2220|2751 |3329| e
22 657 | 9045|1287 | 1681 |2127 | 2626|3178 | 3782
23 628 | 004 1231|1608 | 2035 | 2512 | 3040 | 3617
24 602 | 867 1180|1541 | 1950 | 2407 | 2913 | 3467
25 832 |1132 | 1479 | 1872 | 2311 | 2796 | 3328
26 800 | 1089 | 1422 | 1800 | 2222 | 2689 | 3200
27 770|1049 | 1370 | 1733 | 2140 | 2589 | 3082
28 7431011 | 1321 | 1671 | 2064 | 2497 | 2971
29 076 (1275|1614 | 1992 | 2411 | 2869
30 044 (1233 | 1560 | 1926 | 2330 | 2773
31 9013|1193 1510 | 1864 | 2255 | 2684
32 885 | 1156 | 1463 | 1806 | 2185 | 2600
33 1121 | 14181751 | 2119|2521
34 1088 | 1377 | 1699 | 2056 | 2447
35 1057 | 1337 | 1651 | 1998 | 2377
36 1027 | 1300 | 1605 | 1942 | 2311
37 1265 | 1562 | 1890 | 2249
1232|1521 | 1840 | 2189
39 1200|1482 1793 | 2
1170|1444 [ 1748 | 2080

Horizontal lines indicate the limit for resistance to shear in the horisontal direction of the grain.
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CARNEGIE STEEL COMPANY

RECTANGULAR WOODEN BEAMS—ONE INCH THICK

SHORTLEAF PINE, WESTERN HEMLOCK AND WHITE OAK
AvrowasLe Uxirorm Loap i1¥ Pouxps
Maximum Bending Stress, 1100 Pounds per Square Inch

- Depth of Beam in Inches
n

Feet 2 4 6 8 10 12 14 16 18 20 2 24

M7

2 (245 | om

3 163 | 652

4 122 | 489 | 1040

5 | 98301 [880 | yesy

6 | 82 | 326 7337|1304

7 | 70279629 [1117] yras

8 61 | 245 | 550 | 978]1528

0 217 | 489 | 869 135811056 | sem

10 196 | 440 | 782 123317602306

11 178 | 400 | 7111111 1600|2178 | oms

13 163 | 367 | 6521019 | 1467 | 10962607 | g0

13 338 | 602| 9401354 |1843] 2407 (3026

14 814 | 550 | 873 |1257|1711|2335| 2820 | gear

15 203 | 522| 8161173 | 1597 [308612640 (3259 g,

16 275 | 489| 764 1100|1497 [ 1956 | 2475 | 3055 [3607 | 4
17 460 710(1035 | 1400 | 1841 [3339 3878 3480 [A141
18 435 679| 0978|1331 1738 |2200 (2716|3287 | 3011
19 412| 643| 0261261 | 1647 | 2084 | 3573 | 4114 | 3705
20 301| 611| 880|1198 | 1564 | 1980 | 2444 | 2058 [H530"
21 583 | 83811411490 1886 2328 (3817 | 3352
22 556 B00|1089 | 1422 | 1800 | 2222 | 2680 | 3360
23 531| 76510421361 |1722|2126|2572 | 3061
24 509| 733| 008 |1304 1650 2037 | 2465|2033
25 704| 0958|1252 |1584 | 1956 | 2366 | 2816
26 677 | 0921|1203 |1523 | 1880|2275 | 2708
27 652| 887 [1159 1467|1811 21901 | 2608
28 620 8561118 | 1414|1746 (2113|2514
20 826 | 1079 | 1366 | 1686 | 2040 | 2428
30 790 [ 1043 [ 1320 | 1630 | 1973 | 2348
31 7731009 | 1278 | 1577 | 1008 | 2271
32 740 | 978 1238|1528 1840 | 2200
33 948 [ 1200 | 1482 | 1703 | 2133
34 920 | 1165 | 1438 | 1740 | 2071
a5 8094|1131 | 1397 | 1690 | 2011
36 869 | 1100 [ 1358 | 1643 | 1056
a7 1070 | 1321 | 1599 | 1903
38 1042 | 1287 | 1557 | 1853
39 1015 | 1254 | 1517 | 1805
40 9901222 1147011760

, and lower horizontal | indieate the limits for resistance to in the

uﬁa”.faa..mam dwﬁ.mm mnmmmumm n
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TIMBER SAFE LOADS

RECTANGULAR WOODEN BEAMS—ONE INCH THICK
WHITE PINE
ArrowaBLE Unirorm Loap 1N Pouxnbps
Maximum Bending Stress, 000 Pounds per Square Inch

Roan Depth of Beam in Inches

n

Fet | 2 | 4 | 6 | 8 |10 12| 24 | 16 [ 18] 20| 22 |
2 187

3 [133

4 | 100 | sm

5 | 80320

6 | 67267 | mo

7 | 57| 220 [514

8 50 | 200 | 450 | 747

9 178 | 400 [ 711

10 160 | 360 | 640

| 983 |

11 145 | 327 | 582 [009

12 133 | 300 | 523 | 833 | 1120

13 277 | 492 | 769 [1108

14 257 | 457 | 714 1029 1307

15 240 | 427 | 667 | 960|1307

16 225 | 400 | 625 | 000|1225

17 377 | 588 | 8471153 | jm

18 356 | 556 | 800 |1089 1422

19 337 | 526 | 758 (1032|1347 | 1680

20 320 | 500 | 720 9801280 1620

21 476 | 686 933 (1210|1543 | 1se7

22 455 | 655 891|1164|1473 [1818

23 435 | 626| 8521113 (1409 (1739 wes

24 417 | 600 817|1067 |1350 1667 (2017 |

25 576 | 7854|1024 | 1296|1600 | 1936

2940

26 554 | 754 085[12461 1862 (2215
a7 533 | 726| 0948|1200 |1481|1793|2133
28 514| 700| 9014|1157 1429|1729 |2057
29 676| 883|1117|1379 (1669|1086
30 653| 853 |1080 1333|1613 1920
31 632| 826|1045)1200| 1561|1858
32 613| 800|1013 1250|1513 | 1800
33 776| 982 |1212| 1467 | 1746
a4 753| 9531176 | 1424 | 1694
35 731| 92611431383 | 1646
36 711| 9000|1111 1344 | 1600
37 876 | 1081 | 1308 | 1557
a8 85311053 | 1274|1516
30 8311026 | 1241 | 1477
40 810|1000| 1210 | 1440

Horizontal lines indicate the limit for resistance to shear in the horisonts] direction of the grain,
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CARNEGIE STEEL COMPANY

RECTANGULAR WOODEN BEAMS—ONE INCH THICK
SPRUCE
Arrowasre Uxirorm Loap v Pounps
Maximum Bending Stress, 1000 Pounds per Square Inch

Depth of Beam in Inches
mn
Fet | 2 | ¢ | 6 | 8 |10 19| 1¢|16] 18] 20| 22|
2 | 1s
3 [148]
4 | 111 | sm
5 | 89 [ 356
6 | 74| 2006
7 | 63| 254 | oo
8 | 56| 222 [500
9 108 | 444 | 17
10 178 | 400 [ 711
11 162 | 364 | 646 | s
12 148 | 333 | 503 | 026
13 308 | 547 | 855
14 86 | 508 | 794 |_num
15 267 | 474 | 741 [1067
16 250 | 444 | 694 | 1000 | 1807
17 418 | 654 | 941 [1281
18 395 | 617 | 8801210
10 374 | 585 | 8421146 | 1408
20 356 | 556 | 800 |1080 [1422
21 520 | 76210371354 | 1880
22 505 | 727 | 99012031636
23 483 | 696| 0947|1237 1565 | 187
24 463 | 667 90711851500 (1852
25 640 | 871|1138 1440 1778
26 615| 8381094 1385|1700 | m:sa
27 593 | 8071053 | 1333|1646 | 1992
28 571| 778/1016| 1286 | 1587 [ 1921 | s
29 751| 98112411533 | 1854 [2207
30 726 | 9481200 1481|1793 [2133
31 703| 9018|1161 |1434 | 1735|2065
32 681 | 88011251389 |1681 |2000
33 862 | 1091 | 1347 | 1630 | 1939
34 837 | 1059 | 1307 | 1582 | 1882
35 813 | 1029 | 1270 | 1537 | 1820
36 700 | 1000 | 1235 | 1494 | 1778
37 9731201 | 1453 [ 1730
38 1169|1415 |1
39 923 (1140|1379 | 1641
40 900 | 1111 | 1344 | 1600

Horizontal lines indicate the limit for resistance to shear in the horizontal direction of the grain.
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TIMBER SAFE LOADS

WOODEN COLUMNS

The safe load tables of wooden columns which follow, based
upon the working unit stresses adopted by the American Railway
Engineering Association, give the allowable direct compressive
loads for square and round columns.

The safe loads of rectangular columns may be found from the
safe loads of square columns by direct proportion of areas, using
the safe load unit stress of the square column whose side is equal
to the least side of the rectangular section.

The following table gives the safe load in pounds per square inch
of sectional area for ratios of

1 __ effective length of column, in inches
d~ least side or diameter, in inches '
ranging between limits of 15 and 30.

Uxit Working STressEs 1N Pounps PER SQUARE INcH

| Shortleaf
Logglats, || Pocghedie, | ~ P White Pine, | Red Cedar Norway
Pine estern Spruce, Tamarack Redwood Pine
1| White Osk | Hemlock | Bald Cypress
1300 (1—1/d60) {1200 (1—1/d60) 1100 (1—1/d60) 1000 (1—1/d60), 900 (1—1/d60) | 800 (1—1/d60)
15 975 900 825 750 675 600
16 953 880 807 733 660 587
17 931 860 788 717 645 573
18 910 840 770 700 630 560
19 888 820 752 683 615 547
20 867 800 733 667 600 533
21 845 780 715 650 585 520
22 823 760 697 633 570 507
23 802 740 678 617 555 493
24 780 720 660 600 540 480
25 758 700 642 583 525 467
26 737 680 623 567 510 553
27 715 660 605 550 495 440
28 693 640 587 533 480 427
20 672 620 568 517 465 413
30 650 600 550 500 450 400

Exampre 1.—Required the allowable load for a column of white oak
10 x 8", 14 feet long.

The safe load given in the table for a square white oak column 8" x 8,
14 feet long, is 54,100 pounds. The load for the 10" x 8 section is
10 x 54,100 + 8= 67,600 pounds.

ExaurLe 2.—Required the allowable load for a spruce pile, 9" diameter
and 18 feet long.

The unit stress given in the above table for the corresponding ratio of
1/d, 18 x 12 + 9 = 24 is 660 pounds, and the sectional area for a 9" round is
63.62 square inches. The safe load, therefore, is 63.62 x 660=42,000 pounds.
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CARNEGIE STEEL COMPANY

SQUARE WOODEN COLUMNS

Sare Loaps ¥ Traousanps or Pounps

American Railway Engineering Association Formulas

Length, Side of Square, Inches
<ot WY [ 8 i0 | 22 | 14 ] 18] 18 | 20
15.8
5 [715.6
| 8 | 14.8
Eug 7 | 135 |_ssa
<3| 8 | 12,5 [34.3
= 9 | 11.4 | 32.8 |_ 624
§E-L 10 | 104 | 312 [62.4
B2 11 20,6 | 60.3
pEg| 12 28,1 | 58.2 |_o1s
ZES| 14 25.0 | 54.1 [ 03,6 |_1404
Sl 18 49.9 | 88.4 [137.3 | 1011
18 45.8 | 83.2 | 131.0 [189.3 |_si0s
20 41.6 | 78.0 | 124.8 | 182.0 [249.6 | s159 | s000
144
E 5 [ 144
| e | 134
E § 7 | 125 | 824
E~ 8 | 11.5 | 381.7
m-' i ] 10.6 30.2 678
g. L] 20 | ‘o6 | 288 [57.6
Bl 1 27.4 | 55.7
2Ee) 12 25.9 | 53.8 |_900
gex| 14 23.0 | 49.9 [786.4 |_120.8 |
~| 16 46.1 | 81.6 | 126.7 |_1764
18 42.2 | 76.8 | 121.0 [ 174.7 |_204
20 38.4 | 72.0 | 115.2| 168.0 | 230.4| s01s | 8600
13.2
5 [18.2
B AL e | 123
E § 7 | 114 [ o7
m®| 8 | 106 [20.0
o ] 0.7 | 27.7 | _628
2L] 10 | 858|264 5238
a=| 11 25.1 | 51.0
gug| 12 23.8 | 40.3 |_s2s
e 2 14 21.1 | 45.8 [ 79.2 |_uss
H | 16 422 | 74.8 [116.2| 1017
u 18 38.7 | 70.4 | 110.9 [ 160.2 | a2
20 35.2 | 66.0 | 105.6| 154.0 | 211.2 | =78 | 300
12.0
5 [12.0
6 | 112
5| 7 | 104 [z
%3 8 | 9.6 [264
2| o | 88| 252 | 0
§[ 10 | 8.0 | 24.0 [45.0
g=| 11 228 | 4614
25| 12 21.6 | 44.8 |_m20
S8| 14 19.2 | 41.6 | 72.0 | 1080
S| 1s 38.4 | 68.0 [105.6 | 1470_|
18 35.2 | 64.0 | 100.8 [ 145.6 |_1920 :
20 32.0 | 60.0 | 96.0|140.0 [192.0| 2480 | 8000

Loads in small figures above horizontal lines are the maximum allowable safe loads.
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CARNEGIE STEEL COMPANY

SPECIFIC GRAVITIES AND WEIGHTS

Weight,
Pounds

Guv.ilar per
Cu. Ft.

Specifie
Gravity

BRBSAERNEERSERRCER

oo :

£t
22

Zeaiisscss

gpposoos
_.aagssaég

e 54

RENEsEERsssrgransspaRsRs iﬁgﬁ'&

o

49
75
04
12
106
58
57
42
62.428
50.830
56
8
64
08071
478
0781
028-.036
038-.039
00559
0784
0802

780 s e T
mm
stated that weights are for bulk, beaped or

mﬂl.u of solids and liquids refer to water at 4°C., those of gases to air at 0°C,
The weights per cubic foot are derived from average specific gravities,
loose material, ete.
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PHYSICAL PROPERTIES OF SUBSTANCES

SPECIFIC GRAVITIES AND WEIGHTS
Weight, B Weight,
Specific | Pounds Specifie | Pounds
Bubstance Craviby o Bubstance Gravity | _per
Cu. Ft. Cu. Ft.
Ashlar Masonry
153 | Granite, syenite, goeiss 2.3-3.0 185
251 marble......... 23-28 160
184 | Sandstone, bluestone 21-24 140
ig (l]( e i 22-28 155
ranite, te, gnewss. . s
= s o - il 23-9% | 150
151 [ Sandstone, bluestone 20-2.2
150 Dry Rubble Masonry
150 I Granite, syenite, gneiss 1.9-23 130
162 { Limestone, marble. ... .. ... 19-2.1 125
ig; Wsm.m bluestone....... .. 18-19 | 110
187
150 140
187 120
173 100
"l‘?g Concrete lluonrr
40 .| 22-24 144
165 1.9-2.3 130
147 1.5-1.7 100
Slate, shale .7-2. 17. Various Building Mat'l
Boapatone, tale........... 2.6-2.8 109 .\lhus. cinders............. 40-45
an{ luoln 90
Stone, Quarried, Piled portiand, ] A |
Buslt, granite, 06 fLime, gypsum, lmse 65-75
m. marble, quarts. g lMurmm ‘;0%
n C 98-117
96
40-55
83
110
100
76
25
78
96
108
115
80-85
90
105
90-105
100-120
118-120
60
65
80
90
70
85
Thupwﬁnmvmuaf solids and liquids refer to nw-H"C those of gases to air at 0°C.
and 780 mm pruﬂm The weights per eubie foot are derived from average specific gravities,
except where stated that weights are for bulk, heaped or loose material, ete,
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CARNEGIE STEEL COMPANY

CONTENTS OF STORAGE WAREHOUSES

Pounds Helght Pounds | Rﬁioom;nmded
per ve Loads,
Material muff':rm “‘Fu{" Square Foot | Pounds per
of Space, of Floor Bquare Foot
37 8 206
26 8 208
48 8 384
38 8 304
44 8 352
40 8 320
31 8 N8, MR RS
37 034 240
20 9 234
58 5 200
30 8 312
40 7 280
14 9 126
24 ] 216
19 9 171
Miscellaneous Articles, packed
Butter, Lard, ete., in barrels. . ... .. 32 6 192
Canned Goods, Preserves, etc.in cases| 58 6 348
30 8 240
39 8 312
33 8 264
85 5 325
:; g gg P 250 to 300
60 5 300
33 8 288
25 7 175
43 b 215
26 8 200
48 5 240
Dry Goods, Cotton, Wool, Ete.
Cotton, in bales, compressed, average. . . 25 ] 225
] mhhwh:gdmﬂl. in bales : 24 9 216
" tickings duck, in bales 35 8 280
“  printed goods, in bales. .. 19 9 171
inted goods, in cases. 31 8 248
_ 16 9 144
in cases 25 B 200
22 8 176
20 0 234
24 0 216
29 0 261 200 to 250
43 6 258
41 1] 246
85 i 245
50 5 250
13 9 117
48 ] 240
18 9 162
27 9 243
19 9 171
19 9 171




PHYSICAL PROPERTIES OF SUBSTANCES

CONTENTS OF STORAGE WAREHOUSES

Material of Pile, Pt Loade,
O.ldbr?’wt Feet Wt Pounds l-}:::t

DrmOlk.Pdlh.h

M Muﬂmcmd Nitrie, in carboys
Sdphune. inearboys. .......

Alum, Pearl Alum. e
sml;l:.u. Blue \"'lltnol inbhll.

&. Caustic Soda, drums. .

Soda Ash m“‘:dl
BT

200 to 250

SESRBESER SREERB&ZHESS

3%

| 500100

3%
BERE

l 300 to 400

300 to 400




CARNEGIE STEEL COMPANY

STRENGTH OF MATERIALS

StreEssEs PER Square Incu

Stresses in Thn;;du of Pounds i I
Metals and Alloys §§ §§ g ‘gg é-‘é %:E 'ase
g3 | & : 5| §3 | E2=
&5 = Es 2| =2=" |d
Aluminum, e8sb.......o0oiuenienss 15 0.5 12 12 11,000,000
" bars, sheet. ... .00ernen s 24-28 | 12-14
“ e B s 30-65 | 1
; “ annealed........... 20-35 | 14
w279, Ni, Cu, Fo, eto....| 40-50 | 25
Aluminum Bronze, 5% to 714%Al...| 756 | 40 [ 120
“ " 10% = Al...[85-100| 60
1B 8 |0 |2 30 |10,000,000
e
232 26.7
4 | 23 35.8
260 207
75 | 30 207
1n7 | 335 5.0
30 | 20 36 | 9,000,000
14,000,000
2 | 47 10,000,000| 5.5
53 | 345 33
78 | 567 0.04
14 | 32 0
147 | 121 0
52 10,000,000
125
8,000,000
L
720,000
|
|
1518 ¢ 4 4,000,000
W 13,000,000
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PHYSICAL PROPERTIES OF SUBSTANCES

STRENGTH OF MATERIALS

STrEssEs PER SqUuare Incm

Elnsticit
Pounds
Ekm?tim.
7o

Metal and Alloys ! g
5

=
Ultimate
Modulus of

:
asg
z

8 B2 38
g 38 2332

83

BBES

EEEE8 ES
CEECER R
8
£

tm_ailar% tens.

B22 8383383
223 3333233
8888

833 328
g

Alloys
Nickel Steel,* aisa NL = .
i YR 4 ?0-303 g " . * | 20,000,000 | 21.4-18.8

# Sce Bpecifications of the Bociety of Testing Materials.
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CARNEGIE STEEL COMPANY

STRENGTH OF MATERIALS
StreEsses 1IN Pounps rErR Square INch

Ultimate Average Stresses | Modulus Bafe Working Stresses
of

Building Materials : 5
Comp Tensiom““_,w ¥ |Comp Bearing | Shearing
Stone
Granite, gneiss, bluestone....| 12,000 | 1,200 1,600 | 7,000,000| 1,200 1,200 200
Limestone, marble, .. ....... 8,000 800 | 1,500 | 7,000,000 800 800 150
Sandstor i 5,000 150 | 1,200 | 3,000,000 500 500 150
10,000 | 3,000 | 5000 |14,000,000| 1,000 1,000 175
420 600
350 500
280 400
140 250
170 250
170 300
10,000 210 300
15,000
6,008
5,000

:.—-_q-q
2882
S

Reinforced Conecrete

oy [Granite, ka ,,,,,,, %%

* |Furnace Slag........... ) 3,000,000 for ult. compression over 2,900,
—+ {Lime and Sandstone, hard| 3,000 Modulus 2,500,000 for ult, comgmaslun up to 2,000,
-, Llnls and Sandstone, soft| 2,200 Elastici 2,000,000 for ult. compression up to 2,200.

................ 800 asticity 750,000 for ult. eompression under 80D,
@ Gra.nihe. m I ¢ o b %%
E ime and Sandstone, hard 2:50!! 5 Safe Work?ng Stresses .
= |Lime and Sandstone, soft | 1,800 in Percent of Ultimate Compression
Clnd ---------------- ?m & : { mconm(ktfl lel Imxth 4 dm mg;{o
7 mpression orced Columns, 22.56%
 [Frmaee g oo Boo0 Reinforcd Beans, 825%
E m:ﬁ S“d’at“s“ ne, ]::;t‘.i f:% Bearing Surface twice the loaded area.... ... 35.0%
Cinders. . .. qoveirennans 600 Horizontal Bars,no web reinf t 2.0%
Shear and . *" vertical stirrups.. .. 4.5
& Granite, tsrl‘p m e }'233 Ding.Tauaion{ Bent Bars and vertical stirrups. . ... 5.(3;2
2 Do oistone, hard| 1000 Same, securely attached 8!
# | Lime and Sandstone, goft| 1,200 e Wires
Cinders 500 Bond Stress { Plain reinforcing bars.
1,400 Defi Bars, best type
< |Furnace Slag 1,300
e ot and ]1'388 For compl te data see tions of the American
Cind "400 Society of Civil Val. LXXXI-No. 1308, Dec. 1917
Glass, common....... e 30,000 | 3,000
EIREAE ¢ o o vs s vdins e dl 700 70 | 3,000 | 8,000,000

For ultimate and working stresses of Structural Timber, see page 289.
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PHYSICAL PROPERTIES OF SUBSTANCES

EXPANSION OF BODIES BY HEAT

The linear coefficient of expansion of a body is the rate at which
the unit of length changes, under constant pressure, with an increase
of unit or one degree of temperature; the square surface coefficient
of expansion is, approximately, two times, and the cubieal or
volumetric coefficient three times the linear coefficient of expansion.
A bar, if not fixed, undergoes a change in length==ltn, where 1
is the length of the bar in inches, t the number of degrees, n the
corresponding linear coefficient; if fixed at both ends, the internal
stress per unit of area=inE, pounds per square inch, where E is
the modulus of elasticity, and the total temperature stress=AtnE,
pounds, where A is the cross section of the bar in square inches.

To find the increase of a bar due to an increase in temperature,
from the table, multiply the length of the bar by the inerease in
degrees and by the coefficient for 100 degrees, and divide by 100.

CoBFFICIENTS oF ExpansioN ror 100 Decrees=100n
Linear Expansion Linear Expansion
Centigrade| Fahrenheit Centigrade] Fahrenheit

ﬁlummum, wrought. . 00231 00128

L0009
Plaunum—lndmm, 15%1: 00081 00045
Silver

02785 | 01547 ercury
00036 00020 0Oil, turpentine. . .

ExransioNn oF WaTer, Maximom Dexsity=1
C°| Volume || C® | Volume || C*| Volume || C°| Volume | C®| Volume [ C°| Volume

0| 1.000126 || 10 | 1.000257 (| 80 | 1.004234 || 50 | 1.011877 [l 70 | 1.022384 | 00 | 1.035820
4 | 1.000000 || 20 | 1.001732 || 40 | 1.007627 || 60 | 1.016054 | 50 | 1.020003 [100 | 1.043116
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CARNEGIE STEEL COMPANY

EQUIVALENTS OF MEASURE
LexcTHS

1 meter, m =10 decimeters, dm =100 centimeters, cm = 1000 millimeters, mm,
1 meter, m=10.1 decameter, dkm =0.01 hectometer, hm=10.001 kilometer, km.
1 meter, m=239.37 inches, U. 8. Standard = 30.370113 inches, British Standard,
1 millimeter, mm =1000 microns, u = 0.03937 inch =39.37 mils.

Msies; | Endhon; | o0t | Sarts| | Toe | citng, | Lo MU e ) s
m in. ft. yd. r. ch. Statute | Nautical m::"
1 30.37 |3.28083|1.00361 |0.198840.04071 |0.36214|0.55396| 0.001
0.02540] 1 |0.08333|0.02778|0.55051)|0.51263|0.51578/0.51371]0.42540
0.30480| 12 1 |0.33333|0.06061|0.015150.51894]0.51645] 0.8 3048
0.91440| 36 3 1 |0.18182]0.04545]0.556820.64934(0.7 9144
5.02021| 198 | 16.5 5.5 1 0.25 |0.53125/0.22714|0.55020
20.1168] 792 66 22 4 1 |0.01250(0.01085|0.02012
1609.35) 63360 | 5280 | 1760 | 320 80 1 |0.86839|1.60935
1853.25|72962.5 |6080.20| 2026.73 | 368.497 (92.1243 | 1.15155| 1 1.85325
1000 | 39370 |3280.83) 1093.61 | 198.838|49.7096|0.62137]0.53959| 1

1 yard, U.S.=1.0000020 yards British _ 1 yard British = 0.9099071 yard U. 8.
1 chain, Gunter's=100links 1 link=7.82 inches.
1 cable length, U.8.=120 fathoms =960 spans=720 feet = 210.457 meters.
1 league, U.8.=3 statute miles =24 furlongs.
1 international geographical mile=13%5" at equator =7422 m
=4.611808 U. 8. statute miles.
1 international nautical mile =140° at meridian =1852 m
=(.999326 U. 8. nautical miles.
1 U.S. nautical mile==140° of circamference of sphere whose surface equals
that of the earth = 6080.27 feet= 1.15155 statute miles =1853.27 meters.
1 British nautical mile = 6080.00 feet=1.15152 statute miles= 1853.19 meters,

SURFACES AND AREAS

1 sq. meter, m? =100 sq. decimeters, dm? = 10000 sq. centimeters, cm2.

1 sq. meter, m2 =(.01 are, a=0.0001 hectare, ha.

1 sq. millimeter, mm2 =0.01 cm2==0,00155 8q. inch = 1873.5 circular mils.

1 are, a=1 sq. decameter, dkm =0.0247104 acre.

Sq.Meters,| 8q. Inches| Sq. Feet, |8q. Yards,8q. Rodc,l Acres, |Heotares, Sq. Miles,Sa. Kilo-
w2 | sqin | sq.ft. [seyd | sar [ A ha. | Statute | "ieteS

1 | 1550.00 | 10.7639 |1.19599|0.03054 |0.52471 | 0.0001 | 0.03861 0.51
0.36452 1 0.56944 | 0.37716/0.52551|0.81594 | 0.56452| 0.52491/0.56452

0.00200| 144 1 0.11111[0.536730.42296 | 0.69290 0.53587|0.59290
0.83613] 1296 9 1 {0.03306|0.52066]0.£8361 o.§3223 0.98361
25.2930| 39204 | 272.25 | 30.25 1 |0.00625|0.52529]0.59766/0.82529
4046.87 | 6272640 43560 | 4840 | 160 1 |0.404690.31563[0.54047
10000 |15499969 107639 |119590.9|395.366(2.47104| 1 |0.53861] 0.01
2580099 7878400 3097600 102400 640 |259.0000 1 |2.59000

1000000 107638671 1195985/ 390536.6/247.104! 100 10.386101 1

1 sq. rod, sq. pole, or sq. perch =625 sq. links =140 acre.
1 sq. chain, Gunter's= 16 sq. rods=1jp acre.
1 acre =4 sq. roods=160 sq. rods.  Square of 1 acre=208.7103 feet square.

Notations 3, §. &, etc., indicate that the 3. §, §, etc., are to be replaced by
2, 3, 4, ete., ciphers.
ExamrLe—15q. rod =0.50766 = 0000009766 sq. miles.
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MEASURES AND WEIGHTS

EQUIVALENTS OF MEASURE
Vorumie Axp CAarAciTY

1 cu. meter, m®==1000 cu, decimeter, dm? = 1000000 cu. centimeters, cm3,

1 liw. 1=10 deciliters, dl==100 cenbiliwra. cl==1000 milliliters, mi
=1000 cu. centimeters, emd,

1 liter, 1=0.1 decaliter, dkl = 0.01 hectol.lt.er' hl=1 cu. decimeter, dm?.

Cutis ]Cubin (i.‘:ube ‘9::5‘: U. 8. Quarts U. B. Gallons BU' 8.
ter, 5 eet, J iqui
Decime nehes uqu-d Dry, | Liquid, | Dry,
dms, | e in. | eu. ft. | eu. yd. Lqt.' | d. qt. ]).!Ipi' d.gal. bu.

1 [61.0234|0.03531 0.5 1308[1.05668 | 0.00808 |0.26417 | 0.22702| 0.02838
0.01639| 1 |0.85787]0.§2143[0.01732 |0.01488 | 0.34320|0.33720|0. 24650
28.3170| 1728 1 ooa'zu-s 20.0221 |25.7140| 7.48055 | 6.42851 |0.80356
764.550| 46656 | 27 807.896 | 604.279|201.974 | 173.570 | 21.6902
0.04636| 57.75 |0.03342 031213 1 |0.85937| 0.25 |0.21484|0.02686
1.10123 | 67.2006|0.03880|0.51440{1.16365| 1  |0.20001| 025 |0.03125
3.78543| 231 |0.13368(0.34051| 4 |3.43747| 1  |0.85937|0.10742
4.40492 | 268.803 | 0.15566|0.55761 | 4.65460| 4 [1.16365| 1 0.125
85.2303 |2150.421 1.24446/0.04600 [37.2368| 32 |p.30020] s 1
U, 8. Dry Measure: 1 bushel =4 8 gall =33 quai

U. B Lt?uld Measure: lxnllou—mm—ss olg:s_sz‘};nﬁlzs“ﬂﬁ%ﬁ ounces.

U. 8. Apoth. Maas:lre 1 fl. ounce,f3 =38 fl. drams, 3 =480 minims,

= 20.574 cu. em®.
Britlsh Imperial gallon and liquid measure=1,03202 U. 8. dr ¥
T sEhanid . ) %4l
Brm.uh Imperinl gnlton = 277,410 cu. in. =4545.0831
Weight of water at maximum density, 4°C, 45' Lac and sea level,
cu. It =5242831bs av. -—Eglgslm_ks 1 cu. in, =0.57804 oz. av.=— 16,3872 g.
imperlll==lﬂ 0221 1bs. = 4.5450631 kg.

Masses axp WelcaTs

1 4 decigrams, milligrams, -
lﬁlun, gﬁg—-om hecm*amogg—owl kil Il?ss

1 kilogram, kg =1 dec!met.er of water or liter, 4°C, 45° Lnt- and sea level
=1 m2 35639 grains, U. 8. and Brifish Standard

Grains
groung, % . Net, Gross 3
£r. Troy, | Awoir,, | Troy, | Avair., Short, * | Metrie,
ox t. | on av. Ib. t. Ib. av. 2000 1bs m""mﬁ' .| 1000 kg.

1 |15432.4 |32.1507|35.2740 |2.67923 | 2.20462 | 0,5 1102} 0.59842| 0.001
o.66480 1  |0.320830.52286(0.51736]0.51420(0.57143|0.56378] 0.1 6450
0.03110| 480 1 |1.00714[0.08333 |0.06857 083429 0.53061|0.83110
0.02835| 437.5 |0.91146) 1 [0.07595(0.06250|0. 8“2‘5 0.52790(0.52535
0.37324| 5760 12 [13.1657| 1 |0.82286|0.04114|0.33674|0.%3732
0.45350| 7000 |14.5833| 16 |1.21528| 1  [0.00050|0.54464]0.54536
007.185 14000000/ 29166.7| 32000 |2430.56| 2000 1 |0.892860.90710
1016.05 15680000{32666.7| 35840 [2722.22| 2240 | 1.12 1 |1.01605

1000 |15432356/32150.7185274.0|2679.232204.62(1.10231 |0.98421] 1
1 ounce a.volr. =16 drams, avoir. 1 ounce troy =20 pemnyweight. dwt.

1 ounce a ¥ =8 drams, 3—24 scruples, D == 480 gral =31.1035
1h waight—lm long ton—4 quarters=§ stone= llzl =50.5024

4 y‘im&gmc?p he;!; etc., indicate that the 3, §. &, ete., are to be replaced by
E xAnmpLE—] grain=0.52083 = 0002083 oz. t. 1 grain=0.36450=0.00006480 kg.
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CARNEQGIE STEEL COMPANY

EQUIVALENTS OF MEASURE
Forces or WeicgaTs PER UNITS oF LENGTH, LINEAR WEIGHTS

1 dyne per centimeter = 0.00101079 gfem = 0.000183719 poundal/in,

1 gram per centimeter = §80.5966 dynes/cm = 0.180154 poundal/in,

1 poundal per inch = §443.11 dynes/cm = 5556081 g/cm = 0.0310832 pound/in.
Grams = Ore Metrie
&:r Grains | Pounds | Pounds | Pounds |Kilograms|Net Tons, Tons Tons,

ti- | per Inch, | per Inch, | per Foot, | per Yard, [per Meter, 2000 Ibs., 2240 1hs..| 1000 kg,

meter gr.fin, Ib./in, Ib.fit. | Ib.yd. Jm Mile i

e fi / fyd kg per per Mila Ki]sfet.et

1 |39.1983|0.55600|0.06720(0.20159| 0.10 |0.17740|0.15839| 0.10
0.02551| 1 [0.51429|0.31714]0.35143|0.82551|0.54526/0.34041]0.32551
178.579| 7000 1 12 36 |17.8579|31.6800|28.2857 | 17.8579
14.8816|583.333(0.08333| 1 3 [1.48816]2.64000|2.35714|1.48816
4.96054 |194.4440.02778(0.33333| 1  |0.49605|0.88000]0.78571 | 0.49605

10 |391.983|0.05600|0.67197 [2.01501| 1 |1.77400|1.58393| 1
5.63608|220,960|0.03157 [0.37879|1.13636|0.56370| 1  |0.89286|0.56370
6.31342 | 247.475|0.03535 0.42424 |1.27273 | 0.63134| 1.12 1 |0.63134

10 1391.98310.0560010.671972.01591| 1 |1.77400]1.58303| 1

Forces or WeicaTs PER UNITS oF AREA, PRESSURE

1 dynepersq. centimeter=0.00101970 gfcm2  =0.000486646 poundals/inz,
1 gram persq. centimeter= 980.5966 dynes/cm®=0,457592 poundals/in2,
1 poundal persq.inch  =2142.95 dynes/cm2=2.18536 g/cm2 =0.0310832 pound/in2,
Kilograms Columns of Mercury, Columns of Water,
per | Pownds | Pounds | NetTons) Atmoe- |3 50508 Sp. G | Mox. Density 4°C -
sql‘mct;m"&tl_neh. Sq-Foot, | per | Standard, >
kgiome | 1D/in2 | 1b./it2"| 8q.Foot | 760mm | pyoters | Inches | Meters et

1 |14.2234|2048.17|1.02408 | 0.06778 | 735.514|28.9572| 10 |32.8083
007081 1 144 |0.07200|0.06804 |51.7116|2.03588 | 0.70307 |2.30665
0.34882|0.86044| 1  |0.00050|0.54725]0.35911|0.01414 | 0.54882|0.01602
0.9764813.8889 | 2000 1 |0.04502|718.216|28.2762 | 9.76482 | 32.0367
1.03329 [14.60692116.35/1.05818| 1 760 |29.9212|10.3329 |33.9006
0.31360[0.01934 |2.78468|1.51392| 0.31316| 1  [0.03937|0.01360]0.04461
0.03453|0.40119|70.7310| 0.03537 | 0.03342|25.4001| 1  |0.34534|1.13200
010 |1.42234|204.817]0.10241[0.09678|73.5514|2.80572| 1 |3.28083
0.030480.43353 | 62.4285|0.03121 | 0.02050 | 22.4185[0.88262 | 0.30480| 1

Forces or WEicETSs PER UniTs oF Vorume, DENsiTY

1 dyne per cu. centimeter=0.00101979 grmfams =0.00118528 poundals/ins,
1 gram per cu. centimeter=2980.5066 es/em® = 1162283 poundals/ins.,
1 poundal per cu. inch =843.683 dynes.fcms OMTngcms =0.0310832 pound/ins,

Grama Pounds | Pounds Pm.lnda Kilograms| Pounds Pﬂu‘:'d‘! Pou.nda Kilograms
i o PEE pax i Gapﬁm Gailon L
Cu. Centiy 0, "o, | Cur Foot, [Cu Yard &:'ﬁew, Bushel, ' i, [Hesolter,

metets | Tb.fins | Ib/tts | Tb.fyds” L O R
1 0.03613 | 62,4283 | 1685.56| 1000 |77.6803|9.71116|8.34545| 100
27.6797 1 1728 | 46656 (27679.7|2150.42|268.803| 231 |2767.97
0.01602|0.55787 1 27 16.0154|1.2444610.15556 013368 1.60184

0.55933(0.02143]0.03704| 1 |0.59327|0.04609|0.35762|0. 04951 0.05933
0.001 |0.53613|0.06243(1.68556| 1 |0.07769|0.59711]0.38345| 0.10
0.01287 | 0.54650|0.80356 [21.6062[12.8718 1 0.125 |0.107421.28718
0.10297|0.53720|6.42851 |173.570| 102.974| 8 1 [0.85937|10.2074
0.11983 0.54329 7.48052 |201.974(119.826(9.30920(1.16365| 1  |11.9826
0.01 |o0. n3613 062-123 16.8557| 10 07?689 0.09711[0.08345| 1

Notations § 01 0y 0y ete., indicate that the 3 3,0 & etc., are to be replaced by
2, 3, 4, etc. ciphers, E xamprreE—1 kg/m3s = 043613 = 0.00003613 1b./in3,
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MEASURES AND WEIGHTS

EQUIVALENTS OF MEASURE
Exercy, Work, Heat

1 dyne-centimeter=1 erg=0.00101979 gram-centimeter—0.5737612 foot-pound.
1 gram-centimeter= 080.5066 ergs=0.47233 foot-pound.
1 foot-pound =13557300 ergs—=13825.5 gram-centimeters.

Kilogram-| Foot~ Horsepower-hour | poroo1es | Kilowatt-] T, e Thermal Units

meters, | Pounds, * hours, | hours, | 107 ergs, ?
kem' | fiolbe, | 1 poh [r3kpon 00k dwh | be | bote | Ge

1 |7.23300|0.53653]0.53704| 0.52778] 0.52724] 0.80597 | 0.39296] 0.2 2342
0.13826] 1 |0.55051]0.85121|0.83840]0.53766|1.35573|0.51285|0.33230
273745 (19800000 1 |1.01387|0.76040|0.74565)| 2684340 2544.65| 641,240
270000 | 1952910/0.98632| 1 0.75 |0.73545|2647610/2509.83|632.467
360000 | 2603880|1.31500(1.33383| 1  |0.98060|3530147|3346.44|843.280
367123 |2655403|1.34111 [1.35972|1.01979| 1  |3600000/3412.66|859.975
0.10198|0.737610.83725[0.33777| 0.32833|0.32778] 1  |0.39480]0.52380
107.577|778.104 [0.83930| 0.83984| 0.5 2088( 0.52030| 1054.90| 1  |0.25200
426.000/3087.770.51559]0.31581] 0.31186| 0.8 1163(4186.17|3.06832| 1

Power, Rate oF ENERGY AND HraT

l erg per sec.—1 dyne-cm/sec.=0.00101979 gram-cm/sec.=0. S7a7612 foot-pounds/sec,
-centimeter per second =080.5966 ergs/sec. —0 . $7238 foob—poundsfsac.
f‘ ound per second =13557300 ergs/sec=13825.5 gram-cm/sec

Foot- Horsepower ThurmuI Units
me&am pound . Potwe.let, L Watts per Sec.,
per per | U, 8, [ Metri, Kilowatt, 10%erge/s :
Second, | Second, | 550 75 kg-m!a kew. Bi.;r. U. | Calorie

: kg-m/fs | ft.-lbe./s | ft.-lbs./s | kg-m/s tufs | kg-caljs

1 |7.23300]0.01315/0.01333| 0.01 |0.59806|9.80597 o.§9296 0.32342
0.13826] 1 |0.31818/0.51848(0.51383(0.51356(1.85573/0.51285|0.83237
76.0404| 550 1 |1.01387|0.76040|0.74565 | 745.650|0.70685 | 0.17812

75 |542.475(0.98632| 1 0.75 |0.73545|735.448|0.69718|0.17569
. 100 |723.300(1.31509|1.33333| 1 |0.98080|980.597 |0.92957 |0.23425
101.979|737.612(1.34111 |1.35972|1.01979| 1 1000 |0.94796|0.23888
0,10198|0.73761 [0.51341|0.51360| 0.5 1020| 0.001 1 |0.89480|0.32380
107.577 |778.104 | 1.41474 [ 1.43436 [ 1.07577 [1.05400(1054.90| 1 |0.25200
426.900 |3087.77 |5.6141215.69200 | 4.26900| 4.18617 | 4186.173.96832] 1

VELOCITIES AND ACCELERATIONS
1 kine=1 centimeter per second=0.0328083 foot per second.
1 radian per second=57.20568 degrees per sec.==0.150155 revolutions per sec,
1 gravity =080.5006 centimeters per sec. per sec.=32.1717 feet per sec. per sec.

. M ¥ "
Meters Il\‘;t Miles Knots n%:dt:-s eter ‘et Miles |Kilometer

Bec;';'nd, Second, | Per Hour, per Hour,| “Hour, mp?rsec mp?rsec haup:ll’-m hol;.r“wu
m/s ft./s M/h U. 8. km/h m/fs2 ft./s2 M/hs km{Lﬂ
1 3.28083 |2.23693 |1.94254( 3.6
0.30480 1 , |0.68182)0.59209|1.09728
0.44704 | 1.46667 1 0.86839 | 1.60935
0.51479(1.68894 |1.15155 1 1.85325
0.27778)|0.91134|0.62137 |0.53959 1

1 3.28083|2.236903 3.6
0.30480 1 0.68182(1.08728
0.44704 | 1.46667 1 1.60935
02?778 0.91134]0.62137 1

Notations 3, 5, 6, etc., indicate that the 3,8, oietc are to be replaced by
2, 8, 4, ete., ciphers, ExamrrLeE—1 Calorie=0.p1163=0.001163 kilowatt-hours.
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CARNEGIE STEEL COMPANY

METRIC CONVERSION TABLES
IncaEs To CENTIMETERS—I in.=2.540005 cm

%

4

5

7

8

25.400
50,500
76.200
101.600
127.000
152.400
177.800

7.620
33.020
58.420
83.820

100.220
134,620
160.020
185.420
210,820
236.220

10.160
35.500
60,960
86,360
111760
137.160
162.560
187.960
213.360
238.760

12.700
38,100
63,800
88,000
114.300
130,700
165,100
190,500
215.000
241.300

15.240
40.640
66.040
01.440
110.840
142.240
167.640
193.040
218.440
243840

17.780
43.180
65.580
03.980
119.380
144.780
170.180
195.580
220.980
246.380

20.320
45.720
71.120
06,520
121.920
147.520
172.720
108,120
223.520
248.920

NTIME

TERS?—1 in.

2=6.451625 ¢

m?

/!

4

5

7

135.484
200.000
264.517
320.083
393.549

19.355

83.571
148.387
212.004
277420
341,036
400,452
470,060
535.485
600,001

25.807

90.323
154.839
210,355
283.872
348,388
412,004
477420
541,037
600,453

32.258

06.774
161.201
225.807
200.323
354.830
410,350
483.872
548,388
612.004

38.710
103.228
167.742
232.250
206.775
361.201
425.807
490.324
534.840
610.356

45.161
100.678
174.104
238.710
303.226
367.743
432.250
496.775
561.201
625.808

51.613
116.120
180.640
245,162
800.078
374.104
438.711
503,227
567,743
632,250

122,581
187,007
251.613
310,130
380,046
445.162

574, 195
638.711

NTIME

TERS3—1 in.

8—16.38716 cm?

/

5§

™ -3 ‘gqr

163.87
327.74
401.61
855.40
§10.36
$83.23
1147.10
1310.97
1474.84

16.39
180.26
344.13
508.00
671.87
835.75
009.62

1163.49
1327.36
1401.23

852,13
1016.00
1179.88
1343.75
1507.62

65.55
42

393.20
557.16
T21.04
854.01
1048.78
1212.65
1376.52
1540.39

81.94
245.81
400.68
573.55
73742
001.20

1065.17
1220.04
1302.91
1556.78

1573.17

100794
1261.81
1425.68
1580.55

131.10
204.97
458,54
622.71
786.58
050.46
1114.33
1278.20
1442,07
1605.04

14748
311.36
475.23
639.10

066,84
1130.71
1204.59
145846
1022.33

Ixcres* To CE

sTERS®—]1 in.

+=—41.62347 ¢

mé

5,
A
/&

(]

1

2

5

7

00 =1 SO e G D e D

416.23

B32.47
1248.70
1664.04
208117
2407.41
2013.64
3320.88

3746.11

41.62
457.86
874.09

1290.33
1706.56
2122.50
2539.03
2055.27

3371.50
3787.74

83.25
400.48
015.72

1331.95
1748.19
2164.42
2580.66
2006.89
3413.12

3820.36

208.12

624.35
1040.59
1456.52
1873.06
2280.20
2705.53

240.74

665.98
1082.21
1498.44
1914.68
2330.91
274715

312176
3537.00

3012.61

305423

3163.38
3579.62

20138

707.60
1123.83
1540.07
1956.30
237254
2788.77
3205.01
3621.24

3005.85

4037.48

332.99

740,22
1165.46
1581.60
1907.93
2414.16
2830.40
3240.03
306287

a74.61

1207.08
1623.32

2455.78
2872.02
3288.26
370449

4079.10

412072
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MEASURES AND WEIGHTS

METRIC CONVERSION TABLES
CeNTIMETERS TO INCHES—] em=0.3937 in.

2*%% 0 1 2 3 4 5 6 7 8 9

0.3937| 0.7874| L.1811| 15748| 1.9685| 2.3622| 2.7550| 3.1496 K 3.5433
B3.0370| 4.3307| 4.7244| 5.1181| 55118 5.0055| 6.2002| 6.0020| 7.0866| 7.48503
7.8740| 8.2677| 5.0614| 0.0651| 0.4458| 0.8425)10.2362|10.6209 | 11.0236 | 11.4173
118110 | 12.2047 | 12,5084 | 12.9021 | 13.3858 | 13.7705 | 14.1732 | 14.5668 | 14.9606 | 15.3543
15.7480 | 16.1417 | 16,5354 | 16,9201 | 17,3228 | 17.7165 | 18.1102 | 18.5030| 18.8076 | 10.2013
10.8850 | 20.0787 | 20,4724 | 20,8601 | 21.2508 | 21.6535 | 22.0472| 22.4400| 22.8346 | 23.2253
23,6220 | 24.0157 | 24.4004 | 24.8031 | 25.1068 | 25.5005 | 25.9842 | 26.3779| 26.7716 | 27.1653
27.5500 | 27.9527 | 28,3404 | 28.7401 | 20,1338 | 20.5275 | 20.9212 | 30.3149 | 30.7086 | 31.1023
31.4060 | 31,8807 | 32.2834 | 32.6771| 33.0708 | 33.4645 | 33.8582 | 34.2510 | 34.6456 | 35.0393
35.4330 | 35.8267 | 30,2204 | 36.6141 | 37.0078 | 37.4015 | 37.7952 | 38,1889 | 38.5826 | 35.9763

L-R- R - R R -]

CeNTIMETERS? To INCcHES?—I em?=0.15490069in.2,

/3
/&
o

1 2 3 4 5 L] 7 8 0

&

0.1550| 0.3100( 0.4650| 0.6200| 0.7750| 0.9300| 1.0850| 1.2400| 1.3950
1.5500| 1.7050| 1.8600| 2.0150| 2.1700| 2.3250| 2.4800( 2.6350 2.7900| 2.9450
3.1000 | 8.2550 | 3.4100| 3.5050| 3.7200| 3.5750| 4.0300| 4.1850| 4.3400| 4.4050
4.6500 | 4.8050| 4.0000| 5.1150| 5.2700| 5.4250| 5.5800( 5.7350| 5.8000| 6.0450
6.2000| 0.3550| 6.5100| 6.6650] 6.8200| 6.9750| 7.1300( 7.2850| 7.4400( 7.5050
7.7500| 7.0050| 8.0600| 8.2150| 8.3700| 8.5250| 8.6800| 8.8350| 8.0000| 0.1450
0.3000 | 9.4550| 9.8100| 9.7650] 9.9200| 10,0750 | 10.2300 | 10.3850 | 10.5400 | 10.6050
10,8500 | 11.0050 | 11,1600 | 11,3150 | 11.4700 | 11,6250 11.7800| 11,0350 | 12.0800 | 12.2450
12.4000 | 12,5550 | 12,7100 | 12.8650 | 13,0200 | 13.1750 | 13.3300 | 13.4850 | 13.6400 | 13.7850
13,0500 | 14.1050 | 14.2600 | 14.4150 | 14.5700 | 14.7250 | 14.8800 | 15.0350 | 15.1000 | 15.3450

CexTiMETERS2 TO INcHES3—] ¢m®=0.0610234in.3.

D00 =1 Ch O e 00 B0 =D

2
o
&

0 1 2 3 4 5 6 7 8 ]

0.06102 | 0.12205 | 0.18307 | 0.24400 | 0.30512 | 0.36614 | 0.42716 | 0.48810 | 0.54921
0.61023 | 0,67126 | 0.73228 | 0.70330 | 0.85433 | 0,01535 | 0.97637 | 1.03740 | 1.00842 | 1.15044
122047 | 1.28149 | 1.34251 | 1. 40354 | 1.46456 | 1.52550 | 1.58661 | 1.64763 | 1.70866 | 1.76008
1.83070 | L.89173 | 1.95275 | 2.01377 | 2.07480 | 2.13582 | 2.10684 | 2.25787 | 2.31580 | 2.37001
2.44004 | 2.50196 | 2.56208 | 2.62401 | 2.68503 | 2,74605 | 2.80708 | 2.86810 | 2.92012 | 2.90015
3.05117 | 3.11210 | 3.17222 | 3.23424 | 3.20526 | 3.35620 | 3.41731 | 3.47833 | 3.53036 | 3.60038
3.60140 | 8.72243 | 3.78345 | 3.84447 | 3.00550 | 3.96052 | 4.02754 | 4.08857 | 4.14050 | 4.21061
4.27104 | 4.33260 | 4.30308 | 445471 | 4.51573 | 4.57675 | 4.63778 | 4.60880 | 4.75983 | 4.82085
4.88187 | 4.04200 | 5.00302 | 5.06404 | 5.12507 | 5.18600 | 5.24801 | 5.30004 | 5.37006 | 5.43108
5402111 555313 | 5.61415 | 5.67518 | 5.73620 | 5.70722 | 5.85825 | 5.91927 | 5.98020 | 6.04132

CeNTIMETERS* TO INCcHES*—] cm#=0.0240249 in.*.

0 1 2 3 4 5 6 7 8 9

0.02402 | 0.04805 | 0,07207 | 0,09610| 0.12012 | 0.14415 | 0.16817 | 0.19220 | 0.21622
0.24025 | 0.20427 | 0,28830 | 0,31232 | 0.33635 | 0.36037 | 0.38440 | 0.40842 | 0.43245 | 0.45647
0.45050 | 0.50452 | 052856 | 0.65257 | 0.57660 | 0.60062 | 0.62465 | 0.64367 | 0.67270| 0.60672
0.72075 | 0.74477 | 0.76880| 0.79282 | 0.81685 | 0.84087 | 0.86400 | 0.88892 | 0.91295 | 0.93667
0.96100 | 0.98502 | 1.00005 | 1.03307 | 1.06710| 1.08112 | 1.10615 | 1.12917 | 1.15320 | 1.17722
1.20125 | 1.22527 | 1.24030| 1.27332 | 1.20734 | 1.32137 | 1.34530 | 1.36942 | 1.30344 | 1.41747
144140 | 1.40552 | 1,48054 | 1.51357 | 1.53760| 1.50162 | 1.58564 | 1.60067 | 1.83360 | 1.65772
1.68174 | 1.70577 | 1.72070 | 1.75382 | 1.77784 | 1.80187 | 1.82580 | 1.84002 | 1.87304 | 1.89707
1.92100 | 1.04602 | 1.97004 | 1.00407 | 2.01800 | 2.04212| 2.06614 | 2.00017 | 2.11419] 2.13822
2.10224 | 2.18027 | 2.21020 ] 2.23402 | 2.25834 | 2.28237| 2.30030| 2.33042 | 2.35444 | 2.37847

A,
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CARNEGIE STEEL COMPANY

METRIC CONVERSION TABLES
FerT To METERS—I1 {{.=—0.3048006 m

1 2 3 4 1 6 7 B 9

3.0480
6.0060
9.1440
12,1920
15.2400
18.2880
21,3360
24.3840
274821

DI RO

0.3048( 0.6006| 0.9144| 1.2102| 1.5240| 1.8288| 2.1336( 2.4384| 2.7432
3.3628| 3.6576| 3.0624| 4.2672| 4.5720| 4.8708| 5.1816( 5.4864| 5.7012
6.4008| 6.7056| 7.0104| 7.31562| 7.6200) 7.9248) B.2206) 8.5344| 8.8302
0.4488 | 0.7536 | 10,0584 | 10.3632 | 10.6680 | 10,9728 | 11,2776 | 11.5824 | 11.8872
12,4968 | 12.8016 | 13.1064 | 13.4112 | 13.7160 | 14,0208 | 14.3256 | 14.6304 | 14.9352
15.5448 | 15.8496 | 16.1544 | 16,4502 | 16.7640 | 17.0688 | 17.3736 | 17.6784 | 17.9832
18.5028 | 18.8076 | 19.2024 | 19,5072 | 10.8120 | 20.1168 | 20,4216 | 20.7264 | 21.0812
21.6408 | 21.9456 | 22.2504 | 22.5552 | 22.8600 | 23.1648 | 23.4600 | 23.7744 | 24.0702
24,6888 | 24.0036 | 25,2084 | 25,6033 | 25.9081 | 26.2120 | 26,5177 | 26.8225 | 27.1273
27.7360 | 28.0417 | 28.3465 | 28.6513 | 28.9561 | 29.2600 | 20.5657 | 20.8705 | 30.1753

Pounps pER Foor 10 KiLograms PER METER—I 1b. /ft.=1.488161 kg/m

\3&2’*&, 0

1 2 3 4 5 ] 7 8 9

14.882
20.763
44.645
50.526
74.408
89.200
104.171
110.053
133.034

D00 3 SO e O B = D

1488 2.076| 4.464| 5.053) 7.441| 8.920| 10.417| 11.005| 13.303
16.370| 17.858| 19.346| 20.834| 22.322) 23.811| 25.200| 26.787| 28.275
81.251| 32.740| 34.228| 35.716| 37.204| 38.602| 40.180| 41.660| 43.157
46.133| 47.621| 49.100| 50.507| 52.086) 53.574| 55.062| 56.550| 58.038
61.015| 62.503| 63.901| 65.470| 60.067| 68.455| 60.044| 71.432| 72.020
75.800| 77.384| 78.873| B80.361| 81.840] 83.337| 84.825| 80.313| 87.802
90.778| 92.266| 03.754| 05.242| 06.730| 98.219| 99.707 [ 101.195| 102,683
105.650 [ 107.148 | 108.636 | 110.124 | 111,612 113.100 | 114.588 | 116.077 | 117.565
120.541 | 122.020| 123.517| 125.006| 126.404 | 127.982| 120.470| 130.958 | 132.446
135.423 1136.911 [ 1383001 130.887 | 141.375| 142.803 | 144.352 | 145.8401 147.328

Pouxps pER 8q. Inca To Ka. pER 8q. Cu.—11b. /in.2=0.0703067 kg/cm?

&
o,
'P% (] 0

% 2 3 4 5 ] 7 8 ]

0.70307
1.40013
2.10020
2.81227
3.51534
4.21840
4.92147
5.62454
6.32760

D001 ik ~D

0.07031 | 0.14061 | 0.21092 | 0.28123 | 0.35153 | 0.42184 | 0.40215| 0.56245 | 0.63276
0.77337| 0.84368 | 0.91300| 0.08420 | 1.05460 | 1.12401 | 1.19521 | 1.26552 | 1.33583
1.47644 | 1,54675 | 1.61705| 1.68736 1.75767 | 1.82707 | 1.80828 | 1.96850 | 2.03880
2.17951 | 2.24081 | 2.32012| 2.30043 | 2.46073 | 2.53104 | 2.60135 | 2.67165 | 2.74106
2.88257 | 2.05288 | 3.02310| 3.00349 | 8.16380 | 3.23411 | 3.30441 | 3.37472 | 3.44508
3.58564 | 3.65505 | 3.72626 | 3.70650 | 3.86687 | 3.93718 | 4.00748 | 4.07779 4.14810
4.2887114.35002 | 4.42032 1 4.40063 | 4.50004 |4.64024 | 4.71055 | 4.78086 | 4.85116
4.90178| 5.06208 | 5.13239| 5.20270| 5.27300 | 5.34331 | 5.41362 | 5.48302| 5.55423
5.60484 | 5.70515 | 5.83546| 5.00576 | 5.97607 | 6.04638 | 6.11668 | 6.18600 | 6.25730
6.30701 | 6.46822 | 6.53852 | 6.60883 | 6.67914 1 6.74044 | 6.81975 | 6.80006 | 6.06036

Ince-Pounps 7o KiLoGraM-CENTIMETERS—I] in-lb.=1.152127 kg-cm

)
e@

G| 0

&

1 2 3 4 5 6 7 8 9

000 =1t 03B =D
en
=1

1.152| 2.304| 8456 | 4.609| 5.761) 6.013| 8.065| 0.217| 10.360
12.673| 13.826| 14.878| 16.130| 17.282| 18.434| 10.586| 20.738| 21.800
24.105| 25.347| 26.409| 27.651| 28.803| 20.955| 31.107 32.260( 33.412
35.716) 36.868( 38.020| 80.172| 40.324| 41.477| 42,620/ 43.781 44.033
47.237| 48.380| 40.541| 50.604| 51.846| 52.998) 54.150| 55.302| 56.454
58.758) 50.911| 61.063| 62.215| 63.367| 64.519| 65.671 66.823( 67.975
70.280| 71.432| 72.584| 73.736| 74.888| 76.040( 77.103| 78.345( T0.407
81.801| 82.053| 84.105| 85.257| 86.410( 87.502| 88.714| 80.806) 91.018
03.322| 04.474| 05.627| 96.770| 97.931| 90.083|100.235)101.387 | 102.539
104.844 | 105.996 | 107,148 | 108.300| 109.452] 110.604 | 111.756 | 112.908| 114.061
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MEASURES AND WEIGHTS

METRIC CONVERSION TABLES
MeTERs TO FEET—] m=3.2808333 ft.

\?\’;f@\‘g\, 0 1 2 3 4 5 ] 7 8 9
0 3.081| 6.562| 0.843| 13.123| 16.404| 10.685| 22.066] 26.247 | 20.528
1 | 32.808| 36.080| 80.370| 42.651| 45.932| 40.213| 52403 55.774| 50.055| 62.338
2 | 65.617| 68.808| 72.178| 75450 78.740| 82.021| 85.302| 88.583| 01.803 | 05.144
3 08.425| 101.706 | 104.987 | 108.268 | 111.548 | 114.820 | 118.110| 121.391 | 124.672 | 127.053
4 |131.233|134.514|137.795 | 141.076 | 144.357 | 147.638 | 150.918| 154.109 | 157.480 | 160.761
5 | 164.042|167.323|170.603 | 173.884 | 177.165| 180.446 | 183.727 | 187.008 | 190.288 | 193.560
6 | 106.850(200.131|203.412| 200,603 | 200.973 | 213.254 | 216.535 | 210.816| 223.007 | 226.378
7 |220.658|232.939)| 236,220 230,501 | 242.782 | 246,003 | 240.343 | 252.624 | 255.905 | 250.186
8 | 202.467|265.748) 200.028| 272.300 | 275.500 | 278.871 | 282.152 | 285,433 | 288.713 | 201.004
9 | 205.275|208.556/ 301.837( 305.118 | 308.308 | 311.679 | 314.060 | 318.241 | 321,522 [324.808

Kmocrams PErR METER TO PoUunps PER Foor—I1 kg /m=0.67197 Ib. /ft.
[

&

0 1 2 3 4 5 L] 7 8 ]

0.6720| 1.3430| 2.0150| 2.6870| 3.3500| 4.0318| 4.7038| 5.3758| 6.0477
6.7107 | 7.3017| 8.0036| 8.7356, 9.4076|10.0796 | 10.7515 | 11.4235 | 12,0055 | 12.7674
13.4394 | 14.1114 | 14.7833 | 15.4553 | 16.1273 | 16.7093 | 17.4712 | 18,1432 | 18.5152 | 10.4571
20,1581 | 20.8311 | 21,5030 | 22.1750 | 22.8470| 23.5190 | 24.1009 | 24.8620 | 25.5340 | 26.2068
26.8788 | 27.5508 | 28.2227 | 28.8047 | 20.5667 | 30.2357 | 30,9106 | 31.5826 | 32.2546 | 32.9265
33,5085 | 34.2705 | 34.0424 | 35.6144 | 30.2864 | 36.9584 | 37.6303 | 38.3022 | 38.9743 | 30.6462
40.3182 | 40.9002 | 41.6621 | 42.3341 | 43.0061 | 43.6781 | 44.3500 | 450220 | 45.0040 | 46.3050
47.0879 | 47.7000 | 48.3818 |40.0538 | 49.7258| 50.3078 | 51.0007 | 51.7417 | 52.4137 | 53.0856
53.7576 | 54.4200 | 55.1015 | 55.7735 | 56.4455| 57.1175 | 57.7804 | 58.4614 | 59.1334 | 50.8053
60.4773 | 61.1493 | 61.8212 | 62.4032 | 63.1652 | 63.8372 | 64.5001 ' 65.1811 | 65.8531 | 66.5250

DI RN-D

Ka. peEr Sq. Cum. To Pounps PER Sq. IncE—] kg/em?=14.2234 |bs. /in.2

1 2 3 4 5 U] 7 8 9

14.22| 28.45| 42.67| 56.80| 71.12| 85.34| 00.56| 113.70| 128.01
142.23 | 156.46| 170.68| 184.00| 109.13| 213.35| 227.57| 241.80| 256.02| 270.24
284.47| 208.60| 312.91| 327.14| 341.36| 355.50| 360.81| 384.03| 308.26| 41248
420.70| 440.03| 455.15| 460.37| 483.00| 407.82( 512.04| 520.27| 540.40| 554.71
508.94 | 583.16| 507.38| 611.61| 625.83| 640.05] 654.28| 068.50| 632.72| 696.95
T11.17| 725.30| 730.62| 753.84| T68.06| 782.29| 706.51| B10.73| 824.96| 830.18
853.40| 867.63| 881.85| 806.07| 010.30| 024.52| 038.74| 952.97| 067.10| 981.41
005.64 | 1009.86 | 1024.08 | 1038.31 | 1052.53 | 1066.76 | 1080.98 | 1095.20 | 1100.43 | 1123.65
1137.87 | 1152.10 | 1166.32 | 1180.54 | 1104.77 | 1208.90 | 1223.21 | 123744 | 1251.66 | 1265.88
1280.11 | 1204.33 | 1308.55 | 1322.78 | 1337.00 | 1351.22 | 1365.45 | 1379.67 | 1393.80 | 1408.12

19
D001 D #Q

&

=]

KiLocrAM-CeENTIMETERS TO INcH-PounDs—I kg/em=0.86796 in. /Ib.

Ly
@,

?’% ] 0 1 2 3 . 4 5 L] 7 8 9
0 0.8680 | 1.7359( 2.6039| 3.4718| 4.3308| 5.2078| 6.0757| 6.0437| 7.8116
1 B.6796| 9.5476|10.4155|11.2835 [ 12.1514 | 18.0104 | 13.8874 | 14.7553 | 15.6233 | 16.4012
2 17.3502 | 18.2272 | 10.0051 | 19.9631 | 20.8310 | 21,6000 | 22.5670 | 23.4349 | 24.3020 | 25.1708
3 26.0388 | 26.9008 | 27.7747 | 28.6427 | 20.5106 | 30.3786 | 31.2466 | 32.1145 | 32.0825 | 33.8504
4 34.7184 | 35.5864 | 36.4543 | 37.3223 | 38.1002 | 30.0682 | 30,9262 | 40.7941 | 41.6621 | 42.5300
5 43.3080 | 44.2660 | 45.1339| 46.0019 | 46.8698 | 47.7378 | 48.0058 | 40.4737 | 50.3417 | 51.2086
6 [52.0776|52.9456 | 53.8135 | 54.6815 | 55.5404 | 56.4174 | 57.2854 | 58.1533 | 59.0213 | 50.8802
7 60.7572 | 61,6252 | 62.4031 | 63.3611 | 64.2200 | 6:5.0070 | 65.9650 | 66.8320 | 67.7000 | 65.5088
8 60.4308 | 70.3048 | 71.1727 | 72.0407 | 72,0086 | 73.7766 | 74.6446 | 75.5125 | 76.3805 | 77.2484
9 78.1164 | 78.9844 | 79.8523 | 80.7203 | 81.5882 | 82.4562 | §3.3242 | 84.1021 | 85.0601 | 85.9280
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CARNEGIE STEEL COMPANY

METRIC CONVERSION TABLE

IncaEEs TO MILLIMETERS

80.37 inches, U. 8. Standard=1 meter=100 centimeters=1000 millimeters.
Inches 0 Ve | W Be % Be 3% e
(1] 0.00 1.59 3.18 4.76 6.35 7.04 9.58 11.11
1 25.40 26.99 28.58 30.16 31.756 33.34 34.93 36.51
2 50.80 52. 53.98 56.56 567.15 58.74 60.33 61.91
3 76.20 77.79 79.38 96 82. 84.14 85.73 87.31
4 101.60| 103.19| 104.78| 106.36| 107.95| 109.54| 111.13| 112.71
5 127.00| 128. 130.18| 131.76| 133.35| 134.94| 136.53| 138.11
6 152.40| 153.90| 155.58| 157.16| 158.75| 160.34| 161.93| 163.51
7 177.80| 179.39| 180.98| 182.56| 184.15| 185.74| 187.33| 188.9
8 203.20 79| 206.38| 207.96| 209.55| 211.14| 212.73| 214.31
9 228.60 23{) 19| 231.78| 233.36| 234.95| 236.54| 238.13| 239.71
10 254.00| 255.59| 257.18| 258.76] 260.35| 261.94| 263.53| 265.11
11 2790.40| 280.90| 282.58| 284.106| 285.75| 287.34| 288.93| 290.51
12 304.80| 306.39| 307.98| 309.50| 311.15| 312.74| 314.33| 315.91
13 330.20| 331.70| 333.38| B34.96| 336.55| 338.14| 330.73| 341.81
14 3565. 357.19| 358.78| 360.36] 361.95| 363.54| 365.13| 366.71
156 381.00| 382.50| 384.18| 385.76| 387.35| 388.94| 390.53| 302.11
16 406.40| 407.90| 400.58| 411.16| 412.75| 414.34| 415.93| 417.51
17 431.80| 433.30| 434.98| 436.56; 438.15| 439.74| 441.33| 4429
18 457.20| 458.70| 460.38| 461.96| 463.556| 465.14| 466.73| 468.31
19 482.60| 484.10| 485.78| 487.36| 488.95| 400.54| 402.13| 493.7
20 508.00| 509.59| 511.18| 512.76| 514.35| 515.94| 517.58| 519.11
21 533.40 o 538.16| 5390.75| 541.34| 542.93| 544.51
22 558,80 560.39| 561.98| 563.56| 565.15| 566.74| 568.33| 569.91
23 .20| 585.70| 587.38| 588.96| 590.55| 502.14| 593.73| 505.31
24 609.60| 611.19| 612.78| 614.36| 615.95| 617.54| 619.13| 620.71
25 635.00| 636.50| 638.18| 639.76| 641.35| 642.94| 644.53| 646.11
26 660.40| 661.00| 663.58| 665.16| 666.75| 668.34) 669.93| 671.51
27 685.80| 687.30| 688 690. 692.15| 693.74| 695.33| 696.9
28 711.20| 712.79 715.96| 717.55| 719.14| 720.73| 722,31
29 736.60| 738.10| 739.78| T41.36| 742.95| 744.54| 746.13| T47.T1
30 762.00| 763,59 18| 766.76| 7 769.94| 771.53| 773.11
31 787.40| 788.00| 790.58| 792.16| 793.75| 795.34| 796.93| 798.51
32 812.80| 814.39| B15.98| B17.56| 819.15| B820.7 o 823.01
33 838.20| 830.79 38| 842, 844. 846.14| 847.73| 849.31
34 863.60 19 .78| 868.36| B69.95| 871.54| 873.13| 874.T1
35 880.00| 8$90.59| 892.18 76| 895.35| 896 898.53| 900.11
36 014.40| 915.90| 917.58| 010.16| 920.75 923.93| 925.51
37 939.80| 941.30| 942.98 046.15| 947.74| 949. 950.91
a8 065.20| 960.79| 968, ;! 971.55| 973.14| 974.73| 976.31
39 990.60| 902.19| 003.78| 095.36| 996.95 .54 |1000.13|1001.71
40 1016.00 | 1017.590 | 1019.18 | 1020.76 | 1022.35 | 1023.94 | 1025.53 | 1027.11
41 | 1041.40|1042.09 | 1044.58 | 1046.16 | 1047.75 | 1049.34 | 1050.93 | 1052.51
42 1066.50 | 1068.39 | 1060.98| 1071.56 | 1073.15| 1074.74 | 1076.33 | 1077.91
43 1092.20| 1093.79 | 1005.38 | 1006.96 | 1008.55|1100.14 | 1101.73 | 1103.31
44 1117.60(1119.19| 1120.78|1122.36| 1123.95|1125.54| 1127.13 | 1128.71
45 1143.00| 1144.50 | 1146.18| 1147.76| 1149.35| 1150.94 | 1152.53 | 1154.11
46 [1168.40|1169.99|1171.58[1173.16/1174.75|1176.34 | 1177.93 | 1179.51
47 1193.80(1195.39| 1106.98| 1198.56| 1200.15 | 1201.74 | 1203.33 | 1204.01
48 1219.20(1220.79| 1222.38 | 1223.96 | 1225.55 | 1227.14 | 1228.73 | 1230.31
49 1244.60(1246.19| 1247.78 | 1249.36 | 1250.95 | 1252.54 | 1254.13 | 1255.71
50 1270.00]1271.59| 1273.18 | 1274.76 | 1276.35| 1277.94| 1279.53 | 1281.11




MEASURES AND WEIGHTS

METRIC CONVERSION TABLE
IncEEs To MILLIMETERS
89.37 inches, U. 8. Standard=1 meter=100 centimeters=1000 millimeters
Inches L] %o 1 e % 184 3 e
0 12.70 14.29 15.88 17.40 19.05 20.64 22.23 23.81
1 88,10 30.69 41.28 42 .86 A44.45 46.04 47.63 40.21
2 63,50 65.09 66.68 68.26 71.44 73. T4.61
3 90.49 92.08 93, 05.25 06.84 098.43| 100.01
4 114.30| 115.89| 117.48| 110.06| 120.65| 122.24| 123.83| 125.41
5 130.70| 141.20| 142.88| 144.46| 146.05| 147.64| 140.23| 150.81
G 165.10| 106.69| 168.28| 160.86| 171.45| 173.04| 174.63| 176,21
7 100.50| 192.00| 193.68| 195.26| 1 198.44| 200.03| 201.61
8 215.90| 217.40| 219.08( 220.66| 222.25| 223.84| 225.43| 227.01
9 241.30| 242. 244.48| 246. 2490.24| 250.83| 252.41
10 266.70| 268. 269.88| 271.46| 273.05| 274.64| 276.23| 277.81
11 202.10| 203.60| 295.28| 206.86| 208.45| 300.04| 301.63| 303.21
12 317.50| 319.09 68| 322.26| 323.85| 325.44| 327.03| 328.61
13 342.90| 344.49| 346 347.66 25| 350.84| 352.43 0
14 368.3 360.80| 371.48| 373.08| 374.65| 376.24] 377.83| 379.41
15 303.70| 395.29 398.40 401.64 23| 404.81
16 410.10| 420.60| 422.28| 423.86| 425.45| 427.04| 428.63| 430.21
17 444.50| 446.009| 447.68| 440.26| 450.85| 452.44| 454.03| 45656.01
18 409.90| 471.49| 473.08| 474.60| 476.25| 477.84| 479.43| 481.01
19 405.30| 490.80| 498.48| 500.08| 501.65] 503.24| 504.83| 500,41
20 520.70| 522.29| 523.88| 525.46| 527.05| 528.64| 530.23| 531.81
21 546.10| 547.60| 540.28| 550.86| 552.45| 554.04| 555.63| 557.21
22 571.50| 573.09| 574.68| 576.26| 577.856| 579.44| 581.03| 582.61
23 506.90| 508.49| 600.08| 601.66| 603.25| 604.84| 606.43| 60S.01
24 622.30| 623.89| 625.48| 627.06| 628.65| 630.24| 631.83| 633.41
25 647.70| 649.20| 650.88| 652.46| 654.05| 655.04| 657.23| 658.81
26 673.10| 674.69| 676.28| B77. 670.45| 6581.04] 6S82.63 684.21
27 698,50 700. 701.68| 703.26| 704.85| T06.44| 708.03| 700.61
28 723.90| 725.49| 727.08 . 730.25 733.43| 735.01
20 740.30| 750.80| 752.48| 754.06| 7565.65| 757.24| 758.83| 760.41
30 774.70| 776.20| 777.88| 779.46| 781.05| T 784.23| 785.81
31 800.10| 801.69| 803.28| 804.86| 806.45| 808.04| 809.63| 811.21
32 60| 827.09| 828.68| 830.26| 831,856 833.44| 835.03| 8536.61
33 850.00| 852.49| 854.08| 855.60| 857.25| 858.84( 860.43
34 876.30| 877.80| 879.48| 881.00| 882.05| 884.24| 885. 887.41
35 001.70| 903 004, 000.46| 908.05| 900.64| 911.23| 912.51
36 027.10| 928.60| 930.28| 931.86! 933.45 04| 036.63| 938.21
a7 052.50| 954.09| 955.68| 957.26| 958.85| 960.44| 962.03| 963.61
977.90| 979.49| 981.08| 982.66| 954.25 987.43| 989,01
39 1004.80 | 1006.48 | 1 1009.65]1011.24 1 1012.83 | 1014.41
1028,70 | 1030.29 | 1031.88 | 1033.46 | 1035.05 1038.23 | 1039.51
41 1054.10 | 1055.60 | 1057.28 | 1058.86 | 1080.45 | 1062.04 | 1063.63 | 1065.21
42 1079.50 | 1081.09 | 1082.68 | 1084,26 | 1085.85 | 1087.44 | 1089.03 | 1000.61
43 1 1106.49 | 1108.08|1109.661111.25/1112.84| 1114.43|1116.01
1130.30|1131.89 | 1133.48 | 1135.06| 1136.65 | 1138.24| 1139.83 | 1141.41
45 1155.70| 1157.29 | 1158.88 | 1160.46 | 1162.06 | 1163.64 | 1165.23 66,
46 | 1181.10|1182.60|1184.28 | 1185.86 | 1187.45|1180.04 | 1190.63 | 1192.21
47 501 .09 | 1209.68 | 1211.26 | 1212.85| 1214.44| 1216.03| 1217.61
48 1231.90 | 1233.49 | 1235.08 | 1236.66 | 1238 1239.84 | 1241.43| 1243.01
40 |1257.30|1258.80 |1260.48 | 1262.00 | 1263.65 | 1265.24 | 1266.83 | 1208.41
50 |1282.70|1284.20|1285.88 | 1287.46 | 1280.05 | 1200.64 2.23 | 1203.81




CARNEGIE STEEL CO

MPANY

METRIC CONVERSION TABLE

Pounps AvoirpUFPOIS TO

Kinoarams

1 Pound=0.45359 Kilograms

Oy
b 0 1 3 4 5 6 7 9

R 8

0 3.18 3.63 408
1 7.71 8.16 8.62
2 12.25 12.70, 13.15
3 16.78) 17.24) 17.69
4 21.32 21.77| 22.23
5 25.85 26.31 26.76
6 30.30 30.84/ 31.30
7 34.93 35.38) 35.83
8 39.46 39.92) 40.37
9 44,00 44.45 44,91
10 48.53 48,00 49.44
11 53.07 53.52 53.08
12 57.61) 58,06/ 58.51
13 62.14 62.60 63.05
14 66.68 67.13 67.59
15 71.21| 71.67 72.12
16 75.75 76,200 76.66
17 80,29 80.74/ 81.19
18 84.82| 85.28 85.73
19 80.36 89.81/ 90.26
20 93.80 94.35 94.80
21 08.43 08.88 09.34
22 102.97] 103.42) 103.87
23 107.50| 107.96| 108.41
24 112.04{ 112.49] 112.04
25 116.57 117.08/ 117.48
26 ° 121.11 121.53! 122.02
27 125.65| 126.10 126.55
28 130.18| 130.63| 131.09
20 134.72/ 135.17| 135.62
30 139.25(139.71) 140.16
31 143.79) 144.24{ 144.70
32 148.32 148.78 149.23
33 152.86| 158.31 153.77
34 156. 157.40 157.85| 158.30
35 [158.78 1. 160.12{160.57 161. oj 161.48/ 161.93 162.39 162.84
36 |163.2 164.65 165 11/165.56/ 166.01| 166.47 166.92| 167.38
37 |167.83 170 1 1705 171.00 171.46/ 171.91
38 |172.37 175.54 175.99| 176.
30 | 176. 180,08 180.53| 180.98
40 . 6 184,61 185,07 185.52
41 | 185.97/186.43| 186.88 187.33| 187.70| 188.24/ 188.69/ 189.15 189.60, 190.06
42 [190.51/190.96 191.42 101.87|192.32/192.78(193.23| 1 04.14] 194.59
43 [ 195.04/195. 107.31| 197.77| 198.22 198.67| 199.13
44 |199.5 ; : 202.30| 202.76 203.21| 203.66
45 |204. 205.93206.38 206.84] 207,29 207.75| 208.20
46 | 208, 211.83 212.28 212.73
47 ¥ : 215.46| 215.91| 216.36{ 216.82 217.27
48 [217.72/218.18/218.63/219. 219.99| 220.45 220,90 221.35 221.81
49 | 222.26{222.71/223.17|223.62| 224.07| 224.53 224.08| 225.44| 225.89| 226.34
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MEASURES AND \N;Blﬂ HTS

METRIC CONVERSION TABLE

Pounbps Avorrbupols To KILOGRAMS

1 Pound=0.45359 Kilograms

NI ]
3‘%\\?] 0 | ' 2 3 4 | 5 ] 7 8 9
|

50 |226.80 227.25(227.70 228.16/228.61 229.06{ 229. 52' 229,97 230.?& 230.88
51 |231.33/231.79/232.24 232.69 233. 234.05| 234.51| 234,96 235.41
52 | 235. 8 236.32 236.78|237.23) 237,68, 238.14| 238.50{ 230,04 239 50 239.95
53 240.4 240.86/241.31 241 ? 242,22/ 242.67) 243.13 243,58 244.03| 244 40
54 | 244.94 245.39/245.85 246.75 247.21| 247.6 | 248, l2l 248.57 240.02
55 |249. 48 240.93250. 3 250 84 251.29 251.74) 252.20 252.65( 253. 10; 253.56
56 | 254.01/254.47/254, 9"I3.)5 371255 83' 256.28( 256.73| 257.19) 257.64| 258.00
57 | 258.55|259.00/259.45259.91/260.36, 260.82 261. 27 261.72 262.18 202.63
58 | 263.08 263.54) 263.99 264.44/264.90 265.35 265.81] 2606.26( 266.71 267.17
59 | 267.62|268.07 268.53 265.95 260.43 260.89 270.34 270,79 271, 25 271.70
60 |272. 13 272.61/273.06 273.52|273.07| 274.42| 274.88 275.33) 275. 78 276.24
61 | 276,69 277.1 2?? G0 278.05) 278, 51 278.90/279.41) 279, 37‘ 280 32 280.77
62 |281.23|281.68 282.13 282.50( 283 04 283.50 .95 2844 86| 285.31
63 | 285.70,286.22/286.67 287.12 987, 58 288, 03 288, 9-l= 280.30 289.85
64 | 290.30 290.75/291.21/291.66/ 202.11| 292.57| 203. .02 293.47| 203.03| 204, 38
65 | 204.84(295.29 205.74/206.20/ 296. 3\’» 297, ID‘ 207.56 298.01| 298, 46“ 298.92
66 | 299,37/ 209.82 300.28,300.73 301. 1 301 641 302.09) 302.55 303.00 303.45
67 | 303.91 .36/ 304. 81 305 27 305, 72' 6.17| 306.63| 307.08 30?.54| 307.99
68 | 308.44 308 09.80/310.26 310.71{ 311,16/ 311.62 312.07 312.52
69 | 312.98/313.43 313.3 314 34/314. '? 315.25/315.7 318.15; 316.61/317.06
70 |317.51/317.97 318.42 318.88 319. 33 319.78 320.24/ 320, [1321 lii 321.60
71 | 3822.05/322.50 322.96 323.41/323.86/ 324. .32 324.77) 325,23 325. 68} 326.13
72 | 326.59/327.04{327.4 327 95 323 4 328.85/ 320.31| 329.76, 330. 22 330.67
73 | 331.12/331. 333.30 333.84| 334,30 834.75, 335.20
74 | 335.66/330.11 336.57 33? 0 337.47 337.93 338,38 338.83 339.20 339.74
75 | 340. 19‘ 340.65 341,10 341.56 342.01] 342.46( 342,92/ 343.37 343.82| 344.28
7 344.73 345.18/ 345.64! 346.00, 340.54| 347.00 347. 7.01| 348.36 348.81
77 | 349.27 .72/ 35 350.63 351, 1.53) 351.99 352.44| 352.80 353.35
78 | 353.80 354.26 354.71|355.16|355.62( 356.07| 356.52| 356,98 357.43 357.88
70 | 358.34 358,79 350.25 359.70 360.15 360.61| 361.06 361.51| 361, 9q362 42
80 | 362.87 363.33 363.78 364.23| 364. 69J 365.14 365,60 366.05 366, aﬂi 366.96
81 367.41/367.86/368.32 69.22| 369,68 370,13 370,590 371.04! 371.49
82 | 371.95/372.40/372.85 373.31/373.76 374.21|374.67| 375.12 375.57 376.03
83 | 376.48/376.04|377.30/377.84|378.30 378.75| 379.20) 379.66/ 380.11 380.56
84 | 381.02/381.47/381.92/382.33 382.83 383.20 383.74 384.10 384.65 385.10
85 01| 386.46 386.91) 387. 37‘ 387.82| 388.28 388.73 389.18 380.64
86 | 390.09 300.54/391.00 391.45 391. 90 302.36/ 392.81) 303.26 303.72| 304.17
87 | 394.63 395.08/395.53 395.09 396.44) 396.80| 307.35 307.80 398.25 398.71
88 | 300.16/399.61/400.07/400.52 400.98 401.43 40185 402.34 402‘1191&03.24
89 | 403.78 404.15 405.00405.51/ 405.97 406.42 406.87 407.33 407.78
90 | 408.23/408.69 409.14/409.59 410.05/410.50 410.95 411.41 411.86 412.32
91 (412.77/413.22/413.68 414.13/414.58 415.14/ 415.40 415.94 416.40 416.85
92 | 417.31/417.76/418.21/418.6 419 12 419.57} 420,03/ 420.48/ 420.93 421.39
93 | 421.84 422.20(422.75/423.20,423.66 424.11} 424,56/ 425.02| 425.47/ 425.92
94 | 426.38/426.83/427.28/427.74/428.19 428, 9,10/ 429.55 430.01] 430.46
95 | 430.91431.37|431.82/432.27(432.73 433.18] 433.63 435
96 | 435.45 435.90 436 433 81|437.26/437.72/ 438.17| 438.62 430.08/ 430.53
97 | 439,98 440.44/ 440.8 441.80 442,25 442.71|443.16/443.61| 444.07
98 | 444.52/444. 97445 445‘ 446.33) 446,79 447.24] 447,70 448.15/ 448.60
99 | 440.06{440.51]/449.96{450.42 450.87 451.32/ 451.78 452.23| 452,69/ 453.14
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CARNEGIE STEEL COMPANY

PROPERTIES OF THE CIRCLE

Circumference of Circle of Dia. 1= = 3.14159265

Circumference of Circle=2wmr

Dia. of Cirele= Circumference x 0.31831

Diameter of Circle of equal periphery as square =side x 1.27324
Side of Square of equal periphery as circle =diameter x 0.78510
Diameter of Circle circumseribed about square =side x 1.41421
Side of Square inscribed in Circle _ =diameter x 0.70711

wrA°
Are, a= 50 =0,017453 r A°
180° a a
Angle, A= T — 07.20578

7 2.1 o2 3 2
Radius, r=%—-. Diameter, d=4_bTE-_ci

Chioid, ‘o' WD T b s 1 sy A0

2

Rise, b= r—13 4r’—c’=%tsn-%—-=2rsin’%

Rise, b= r+y—¥r?—x? y=b—r4¥r?—x? x=¢r?—(r+y—b)?

= 3.14159205, log = 0.4971499

0.3183009, log = 1.5028501
= 0.8606044, log = 0.9942907

nqug[--q

<3= 0.1013212,  log =1.0057003

N ™ = 17724539, log= 0.2485749

\E—T = 05641896, log=T.7514251
™

Tsp = 0.0174533, log==2.2418774

% = 57.2057795, log = 1.7581226
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MENSURATION TABLES

AREA OF PLANE FIGURES

Triangle: Base x 14 perpendicular height.

V &(s—a) (s—b) (s—c),
s=!3 sum of the three gides a, b and ¢.

Trapezium : Sum of area of the two triangles.
Trapezoid : 14 sum of parallel sides x perpendicular height,
Parallelogram : Base x perpendicular height.

Regular Polygon: !4 sum of sides x inside radius.

Cirele: wr? =0.78540 x dia.? = 0.07958 x circumference?,
o
Seetor of Circle: L:TA= 0.0087266 r?A° = arc x 14 radius.
-
Segment of Circle: % (2?& —sin A")
Circle of same area as square: diameter = side x 1.12838
Square of same area as circle: side = diameter x 0.88623
Ellipse: Long diameter x short diameter x 0.78540
Parabola : Base x 35 perpendicular height.
T, g 1. ’lm A

h1 >
| _hs

ha

hs

hs

hn4

hn ]
L =

nd

Divide any plane surface A, B, C, D, along a line a-b into an even
number, n, of parallel and sufficiently small strips, d, whose ordinates
are hy, hg, ha, hy, hs...... hn—1, ha, ho41, and considering contours
between three ordinates as parabolic curves, then for section ABCD,

Area=2- [hutHhnta+H4haHhathe. . +Hho)+2 (heHhsHhr. . .+ha)]
or, approximately, Area = Sum of ordinates x width, d.
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CARNEGIE STEEL COMPANY

TRIGONOMETRIC FORMULAS

fmeees ootan Asassiinrs % Radio, 1=sla® A+ co’ &
i e =sin A cosec A=cos A seoA="tan A cot A
i ’”
§< \ g 4 Sine n-ﬂa—lr:wm tan A=y 1 —co* A
i'g e PY A N ’! eol A cosee
’ =4y ‘,"‘ | Cone A=fSA_ T AcotA=y/1—sn% &
¥ L !4 A 1
l.d‘f .‘,:J Pl Taogmt  A=Silt—— Ascd
b vE ] AmSMA_ 1
: ' Cotangent "'n—’_';“'a i A cosc A
K J\}m‘ﬁ E"'d‘.a”&*" | S
PSS s Y . AmlanA 1
N : Wo A o8 A
.--—Tudiu-lmu-l Coseennt A =" *:A
wo (A+B) =snd cosBEemA sinB La(AtB) = HeAlush

e (A+B) =coaA coaBTFainA sinB

#in A+ sin B=24in }4 (A+ B) roe }§'(A—B)

_ ootA etBT1

ot (A B) __E_lL
sin

u.A-tnaB:,_M—

oln A—sinB =2 cor J§ (A B) ain J4 (A—B) tasl A—tan B = — S0 (A=

eon A+ cos B =2 con 4 (A + B) con }§ (A—B) ot At eor B=—S2B LM

e B —cond = 2ai 3§ (A+ D) sin 3§ (A—B) oot A—eot B=—2m B
din ZA  =2unA cosd waza  o=— A

ew2A = cont A—sint A cwtzA  =—gtAc]
“ Y A=VT=EE o fia=TEEE  wpa=riily eia=riis
wh mESI ey lPIL ik o we -
sin® A —sin* B=sin (A + B) sin (A —B) cont A —sia® B = con (A + B) cos (A—B)
Al manaty B et AT E)

Quadram 1 n m v Angle Angle & < 00*

Angles | 0% 10 50% | et 180% 10 ...wlu'lm Ange | dn | wa | wn | et

Values vary from Equivalent values » @ & o -
sin +|n.u+1]+1u. Oto=1-1t0—0 ¥ |MyT|M\T 0%a |uina|+oonn|Ftan a| Feota
s HitoH-0to—l-1to—0H0 o+l MyT | HyT| X 00%4+s | +cosn | Fain o | Feotn | Fraaa
tan +0tot to—O+tot oot 43| 1 VT | [|180°ta Fain s |—conn | ttana| eotn
o Fotot-Ot-celotd-Ote—=| \T| 1 |[M\T| |210%a|—ora|+uina|Footn | Frana
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MENSURATION TABLES

TRIGONOMETRIC SOLUTION OF TRIANGLES

A‘ Ahﬂ“"”
b b

Given |Sought | Formulae
Ri1GHT-ANGLED TRIANGLES
s,¢ |A B, blsinA=g, cos B=-g, b=y -8
Area |Area =5 Yo%
ab A B cltanA=1, tan B = =, e=y /BT
| Area | Arca = 52
A n rB.b.c B = 90°-A, b=acot A, c=;ln°—A
Ares | Ares — BCOCA
Ab B ,a,c B=00%A, a=Db tan A, '°=Tgb_.(
AveaiiAsad b? tan A
A,¢c |B,a, b B = 00°—A, a=csin A, b=ccos A
Aren | Ares =S HB Ao Aulnad
OnpLique-ANxGLED TRIANGLES
o.bel A |injA= \EDED cya \[208) pnya= \"_'."(’._)‘.;]'“l
B _lini0m VESET caipm VAR wayi VeIl
0 [sinyC= \ERED j0= V2rD) njc— \[ERED)
Area | Area =1/ 8 (5-8) (5.5) 5.0
s A.B| bec b "%IE' c=L‘“;_“AQ_=_!.;ﬁ%h_(lé;'._B)_
- Am=|nbﬂn0="mn.m0
abA| B [dnp=DlnA
¢ e =%=%=¢m
Area | Area = jabsin C
80,0 A |anA=p SO0 0} A-B) =STpcotiC
c ¢ =7/ a?+b2-2abcos C =L’_f%g
Area | Area = j absin C

8% = b? + c2—2bc cos A, b*=a? + c=—2accos B c?=a?+ b2—2abcos O
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AREA OF CIRCULAR SECTIONS

a

2

Circular Sector, mon p

Aren=1 (length of arc, mpn x radius, r)

=area of circle x ﬁﬂﬂ%ﬂm

=(.0087266 x square of radius, r?, x angleof are, mpn, in degrees.

Circular Segment, m pn, less than half circle.

Area=area of sector, m on p—area of triangle, mon
==(length of arc, mpn, x radius, r) — (radius, r, — rise, b) x chord, ¢
2

Circular Segment, m q n, greater than half circle.
Area=area of circle —area of segment, mn p
Circular Segment, from Table I, page 325.
Given: rise, b, and chord, c.
Area=product of rise and chord, b x ¢, multiplied by the
coefficient given opposite the quotient of %:

Intermediate coefficients for values of % not given

in tables are obtained by interpolation,
Example —Given: rise=1.49 and chord =3.52,

% = -:1;%% = 0.4233. Coefficient = 0.7542.

Area=b x ¢ x coefl,.=1.40 x 3.52 x 0.7542=3.95586,

Circular Segment, from Table 11, pages 326 and 327.
Given: rise, b, and diameter, d = 2r.
Area=square of diameter, d2, multiplied by the

coefficient given opposite the quotient of -l—‘;-

Intermediate coeflicients for values of -2- not given

in tables are obtained by interpolation,
Example — Given: rise=2%4 and diameter==5%sa.

D — 2% + 5%a=0.478528.

Coefficient by interpolation =0.371233.
Area=d?x coefl, = 25.94620 x 0.371233 = 9.6321.

Circular Zone, tuwvy
Area==ares of circle— (area of segment, t pu + area of segment, vqw).

Circular Lune, mpns
Area=segment, m ) n —segment, msn.




MENSURATION TABLES

-
AREAS OI' CIRCULAR SEGMENTS
TasLe 1—For Ramios or Rise axp CrorD
/_\3

Coeffi- | b Coeffi-| b Coefi-| b Coefi-| b

a0 cient [ T A%| Cient T A% cient T A% | ient C
1| .6667 | 0022 | 46 | .6722 | .1017 | 91| .6895 | .2007 | 136 | .7239 | 3373
2| (6667 | 0034 | 47 | .6 1 92| .6001 | 2122 | 137 | .7249 | .3404
3 0066 | 48 | .6727 | 1063 | 93 2148 | 138 | .7260 | .3436
4| 6667 | [0087 | 49 | .6720 | .1086 | 94| .6912 | 2174 | 139 | .7270 | .3469
5| .6667 | .0100 | 50 | 6782 | .1109 | 95| .6918 | - 140 | .7281 | .3501
6| .6667 | 0131 | 51 | .6734 | .1131 | 96| .6924 | 2226 | 141 | .7202 | .3534
7| .6668 | .0153 | 52 | .6787 | . 97 | 16930 | 12252 | 142 | .7303 | .3567
8 0175 | 53 | .6740 | 11177 | 98| .6936 | .2279 | 143 | .7314 | .3600
9.6 0197 | 54 | .6743 | /1200 | 00| .6042 | :2305 | 144 | .7325 | .3633
10 | .6670 | .0218 | 55 | .6746 | 11224 | 100 | .6948 | .2332 | 145 | .7336 | .3666
11| .6670 | .0240 | 56 | .6740 | .1247 | 101 | .6954 | .2358 [ 146 | .7348 | .3700
12 | .6671 | .0262 (| 57 | .0752 | ,1270 | 102 | .6961 | .2385 || 147 | .7360 | .3734
13 | .6672 | .0284 | 58 | .6755 | .1293 | 103 | .6067 | 2412 | 148 | .7372 | (3768
14 | 6672 | .0: 59 | .6758 | .1316 | 104 | .6974 | .2430 | 149 | .7384 | 3802
15 | .6673 | .0828 | 60 | .6761 | .1340 | 105 | . -2466 | 150 | .7396 | 3837
16 | .6674 | .0850 | 61 | .6704 | .1363 | 106 | .6087 | .2403 | 151 | .7408 | .3871
17 | .6674 | 0372 | 62 | .6768 | .1887 | 107 | .6994 | .2520 | 152 | .7421 | .3006
18| (6675 | .0304 | 63 | .6771 | ;1410 | 108 | ;7001 | . 153 | .7434 | .3042
19| .6676 | .0416 | 64 4 109 | .7 2575 || 154 | .7447 | 3077
20 | .6677 | .0437 | 65 | .6779 | 1457 | 110 7015 | .2 155 | .7460 | .4013
21 .6678 | .0450 g 6782 | .1481 | 111 7022 | .2631 [ 156 | .7473 | .4049
22 | 6679 | [04s1 6786 | 11505 | 112 | .7030 | ;2650 | 157 | 7486 | .4085
23 | .6680 | .0504 | 68 | .6790 | .1520 | 113 | ;7037 | -2687 | 158 | 7500 | 4122
24 | 6681 | .0526 | 69 | .6704 | .1553 | 114 | .7045 | :2715 | 159 | 7514 | 4159
25 | 6682 8| 70 | .6797 | 1677 | 115 .7052 | 2743 | 160| .7528 | .4196
26 | .6684 | .0570 | 71 | .6801 | .1601 | 116 2772 | 161 | .7542 | .4233
27 | .6685 72 | .6805 | .1625 | 117 162 | 7557 | 4270
28 | 6687 | 0614 | 73 | .6509 | (1649 | 118 ;7076 | 2829 163 | 7571 | 4308
29 | ;6688 | 10636 | 74 | .6814 | .1673 | 119! 77084 164 | 17586 | 4346
30 | .6690 | .0658 | 75 | .6818 | .1607 | 120 | .7002 | 2887 | 165 | .7601 | .4385
31!.8-691'.063] 76 | .6822 | .1722 | 121 | .7100 | .2016 | 166 | .7616 | .4424
32 | .6693 77 | 6826 | (1746 | 122 .7 167 | 7632 | .4463
33| 16694 | 10725 | 78 | 16831 | (1771 | 128 | 7117 | 2075 | 168 | 7648 | 4502
34 | .6606 | .0747 | 79 | 6835 | .1795 | 124 | .7126 169 | 7664 | 4542
35| 16698 | 0770 | S0 | 6540 | 11820 | 125 | .7134 | ;3034 | 170| 7680 | 4582
36 | .6700 | ,0792 | 81 | .6844 | .1845 | 126 .7143 | .3064 | 171 | .7696 | .4622
37| .6702 | 0814 | 82 | .6849 | .1869 | 127 | .7152 172 | 7712 | 4663
38 | 16704 [ .0837 6854 | 1894 | 128 | .7161 | .3124 | 173 | 77729 | .4704
39| 16706 | .0850 | S84 | .6850 | .1910 | 120| .7170 | .3155 | 174 | 7746 | 4745
40 | 6708 85 .1944 | 130 | .7180 | .3185 | 175 | .7763 | .4787
41| .6710 | ,0904 | 86 | .6869 | .1970 | 131 .7180 | .3216 | 176 .7781 | .4828
42 | (6712 | .0927 || 87 | .6874 | .1905 132 7109 3247 177| 17790 | 4871
43 | (6714 | .0049 | 88 | .6870 | .2020 1 7209 .3 178| 7817 | 4914
44 72 | 80 | .6884 | .2046 7219 179 | .7835 | 4957
45 | .6719 00 | .6800 | .2071 185 7220 3341 180 | .7854 | .5000




CARNEGIE STEEL COMPANY

AREAS OF CIRCULAR SEGMENTS
Tasre II, For RaTios oF Rise AxD DIAMETER

[ Diamaeter.d \
]

Arca=d? x Coefficient

I o Feded il 1ol Ll b : b )

=5 Coefficient| T [Coefficient| = |Coefficient Coefficient | T~ [Coefficient
001 |.000042 | 051 [.015119 | .101 |.041477 | .151| 074590 | .201 |.112625
-002 | .000119 | .052 | 015561 | .102 |.042081 | .152 | 0?530?, 202 |.113427
.003 | .000219 | 053 | .016008 | .103 }.042687 .153|.07602 | 203 '.114231
2004 | .000337 | .054 |.016458 | (104 [.043296 | (154 | .076747 | 204 | .115036
.005 | .000471 | .055 |.016012 | .105 |.043908 | .155 .077470 | .205 |.115842
006 | .000619 | 056 |.017369 | .106 |.044523 | .156 | .078194 | .206 ' .116651
2007 | .000779 | .057 |.017831 | .107 |.045140 | .157 | .078921 | .207 | .117460
-008 | .000952 | 058 | . 108 | 045759 || .158 | . -208 | .118271
009 | .001185 | 059 |.018766 | .109 |.046381 | .159 | .0S0380 | .209 |.119084
010 .0013291.0&0 .019239 | 110 | .047006 | .160 | 081112 | 210 |.110898
011 | .001533 | 061 [.019716 | .111 |.047633 | .161 | 081847 | 211 |.120713
.012 | .001746 | .062 | 020197 | .112 | .048262 | .162 |.082582 | 212 |.121530
.013 | .001969 | .063 | .020681 | .113 |.048804 | 163 |.083320 | .213 |.122348
014 | .002109 | 064 168 | .114 |.040520 | .164 | .084 214 |.128167
.015 | .002438 | 065 1 115 |.050165 | ,165 |.084801 | .215 |.123088
016 | .002685 | .066 |.022155 | .116 | .050805 | .166 | 085545 | .216 |.124811
.017 | .002940 | .067 |.022653 | .117 |.051446 | .167 |. 217 |.125634
1018 | 008202 | (068 | 1023155 | .118 | .05 1168 | 087037 126459
.019 | .003472 | 0689 | 023660 | .119 |.052737 | .169 | .087785 | 219 |.127286
2020 | .003749 | 070 168 || .120 |. 170 |2 220 |.128114
.021 | .004082 | .071 121 |.054087 | .171 .221 |.128043
.022 (.004322 | 072 [,025196 | .122 |.054690 | .172 | 000042 | .222 |.120773
.023 073 |.025714 | .123 |. 173 | 090797 130605
1024 | 004022 | 074 |.026236 | 124 |. 174 | 091555 || 224 |.131438
.025 | .0052381 | .075 | .026761 | .125 |.056664 | .175 | .092314 | .225 |.132273
026 | .005546 | .076 | .027200 | .126 |.057327 | .176 | .093074 | .226 |.133100
027 7 | 077 | .027821 | .127 |.057991 | .177 7 | .133040
.028 | .006194 | 078 |. 128 |.058658 | 1178 | 094601 | 228 | 134784
029 | 006527 | .079 | . .120 | 050328 | .179 |.095367 | .229 |.135624
.030 | . 020435 | 130 | 059000 | .1 006135 | .230 |.136465
031 | .007200 | _081 | 020979 ! 131 | 060673 | 181 ! 231 |.137307
.032 | .007559 030526 | .132 |.061349 | .1 097675 | .232 |.138151
.033 | .007013 | 083 | .031077 | .133 |.062027 | .183 7 | 233 | .188906
.034 |. 084 |.031630 | 1134 | .062707 | .1 099221 | .234 |.130842
.085 | . | .085 |.032186 | .135 |.063389 | [185 | . 235 | .140689
.036 | .000008 | 086 |.032746 | .136 | .064074 | .186 |.100774 | .236 | .141588
037 | . L087 | .083308 | 137 | .064761 | .187 |.101553 | .237 |.142388
-038 | .009764 | .088 | 033873 | .138 |.065449 | .188 | .102334 .zas,.ums
.039 | (010148 | 080 | 034441 | .139 | .066140 | .189 |.103116 | .230 [.144001
.040 | .010538 | .090 | .035012 [ .140 | 066833 | (190 | .103900 | ‘240 | .144945
.041 | 010032 | .001 | .035586 | .141 |.06752S | .191 |.1046S6 | .241 |.145800
1042 | 011331 | 002 | [036162 | 142 | 068225 | (102 | | 105472 | (242 | 146656
L043 | 011734 | .093 | 036742 | .143 |.068924 | 103 |.106261 || . 147513
J044 | 012142 | .094 | .037324 | .144 |.069626 | .194 |.107051 | .244 [.148371
045 | .012555 | .095 | .087009 | .145 |.070329 | .195 |.107843 | .245 |.149231
046 | .012071 | 096 | .038407 | .146 | .071034 || .106 |.108636 | .246 |.150091
047 | .013303 | .007 |.039087 | .147 |.071741 || .197 | .1 1 [l .247 |.150053
048 | .013818 0681 | .148 50 || 108 |.110227 || .248 [.151816
040 090 |. 149 | 073162 || .1 111025 | .249 | .152681
.050 | .014681 || .100 [ .040875 | .150 | .078875 111824 | .250 | . G
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AREAS OF CIRCULAR SEGMENTS
Tasre 11, For Ramios or Rise axp DiameTer—Concluded

b |Coefficient| B | Coofficient| - |Coefficient| I |Coefficient] L |Coefficient
d d | a d d |

.251 |.154413 | .301 | .199085 | .351 | .245035 | 401 | .294350 || .451 ] 343778

L2352 | 1556281 | 302 200003 | .352 | .246890 || . 295330 | 452 | 344773

.253 | 156149 I's 353 | 247845 | .403 11| 453 | 34571

254 | 157019 L201841 | .354 | .248801 | .404 |.297292 || 454 | .346764

255 |.157891 L202762 || .355 | 249758 | .405 | .298274 | .455 | .347760

257 159836
258 | 1160511
L2590 | 161386 - 3 1 « . .30220 . %
.260 | .162263 || . 207376 | 360 | 254551 || 410 | .303187 | .460 | .352742
261 163141 || .311 |.208302 || .361 | .2566511 | 411 |.304171 | .461 | .353730
i ; ; 200228 | 362 | 256472 | | ; ; !
L263 | .164900 || .313 .gl ?ég?; ggg 257433 || .413 |.306140 || .463 | .355733
1265 |.166663 | 315 | 212011 | .365 | 1259358 | 415 | 308110 | .465 | 357728
L2066 | 167546 | .316 |.212941 | ,3606 | .260321 | .416 |.309096 | .466 | .358725
267 | 168431 || 317 | .213871 | .367 | .261285 |- .417 | .310082 | .467 |.350723
S |.169316 || .318 |.214802 | .308 | .262240 | 418 |.311068 || .468 | .360721

.26
.269 | .170202 || .319 |.215734 | .360 | .263214 | 419 | .312055 || .469 |.361719
2270 | .171090 | .320 | .2160660 | 370 |.264179 | .420 |.313042 | .470 | .362717

L271 | .171978 || .321 |.217600 | .371 |.265145 || .421 | .314029 | 471 |.363715

. 72868 | . 218534 | . i " b

273 | .173758 || .323 | 219460 | .373 | .267078 | .423 | .316005 | .473 | .365712
274 |.174650 || 324 | 220404 | 374 | 268046 | 424 | 316993 | .474 | .366711
W275 | 175542 | 325 | 221341 | 575 |.269014 | .425 | 317981 | .475 | .367710

.276 |.176436 | .326 | .222278 | .376 | .260082 | .426 | .318970 | .476 | .368708
L277 | 177330 | .327 | .223216 | .377 |.270051 || .427 | .319959 | .477 | .369707
.278 |.178226 | .328 | .224154 | .378 1.27102]1 | .428 | .320949 | .478 | .370706
279 | .179122 | .320 | 225004 | .379 | 272891 | .420 | .321938 | .470 | .371705
+280 | .180020 | .330 | 226034 | .380 | .273861 | .430 | .322928 | .480 | .372704

.281 | .180018 | .331 | .226074 | .381 | .274832 | .431 | .323919 | .481 | .373704
.282 | 181818 | .332 | .227016 | .382 | . 275804 | .432 | .324909 | .482 | .374703
284 | .183619 | .334 | .220801 | .384 | 277748 | .434 | .326801 | .484 | .376702
.285 | 184522 || .335 | 230745 | 385 | .278721 | .435 | .327883 | .485 | .377701
.286 | .185425 | .336 | .231089 | .386 | .2709005 | 436 | .328874 | .486 | .378701
.287 |.186329 | .337 .232034f 87 | 280069 | 437 | 329866 | 487 | .379701
«288 | .187235 | .338 | .233580 | . . F 330858 | .488 | .380700
.280 | .188141 | .339 | .234526 | 380 | 282618 | .439 | .331851 | .489 | .381700
+2900 | .189048 | .340 | 235473 | .390 | .2835603 | .440 | 332843 | .400 | .382700
201 | .189956 | .341 236421 301 | 284560 | 441 | .333836 | .491 | .383700

i 392 | 2855645 334829 384600

.293 | 191774 || .343 238319 393 | 286521 | 443 | 335823 | .493 | 385600
2294 | 192685 | .344 | .230268 | 304 | 287499 | .444 | .336816 | .494 | 386609
.295 | .193597 || .345 | 240210 | 305 | 288476 || 445 | 337810 | .495 | .3587699

2296 | 194500 | .346 | 241170 | .300 | 280454 | 446 | .338804 | .496 | .388699
L2907 |.105423 || 347 |.242122 | 307 |.200432 || 447 | .339799 || .497 | .389600
-298 | .196337 || 348 |.243074 | 308 | .201411 || .44 | .340793 | .498 | 390609
200 [.197252 || .340 | .244027 | .300 | 202300 | .4490 | .341788 | 499 | .301699
300, .198168 || .350 |.244980 | .400 | .208370 || .450 | .342783 | .500 | .302609

303
305
256 | 158763 3(0)? 203083 | .3560 | 260715 | 406 | .299256
300
310
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SURFACE AND VOLUME OF SOLIDS
S=Lateran or Convex Surrace. V=VoLume

;_i' Parallelopiped
i i ~ S=perimeter, P, perp. to sides x lat. length, 1: Pl
y atei i h s/ V=area of base, B x perpendicular height, h: Bh
s il V=area of section, A, perp. tosidesxlat. length,1: Al

: - iy Prism, Right or Oblique, Regular or Irregular

L /' 8=perimeter, P, Eerp. to sides x lat. length, 1: Pl

vl h *~ V=area of base, B x perpendicular heifht,. h: Bh
o ] V=area of section, A, perp, tosidesxlat. length, 1: Al

Cylinder, Right or Oblique, Circular or Elliptic, ete.
8§ =perimeter of base, P x perp. height, h: Ph
8 =perimeter, Plhperp. to sides x lat. length, 1: P4l
V—area of base, B x perpendicular height, h:  Bh
V=area of section, A, perp, to sidesxlat. length,1: Al

Frustum of any Prism or Cylinder
‘V=area of base, B x perp. distance, h, from base
to center of gravity of opposite face: Bh
For cylinder: WAL+ 1)

Pyramid or Cone, Right and Regular
8 =perimeter of base, P x }4 slant height, 1: 15 Pl
V=area of base, B x 13 perp. height, h: 14 Bh

Pyramid or Cone, Right or Oblique, Regular or Irregular

V=area of base, B x4 perp. height, h: 15 Bh

V=14 volume of prism or cylinder of same base
and perpendicular height

V=14 volume of hemisphere of same base and
perpendicular height

Frustum of Pyramid or Cone, Right and Regular,
Parallel Ends

8=(sum of perimeter of base, P, and top, p) x y%slanu

height, I: E-z! (P +p)

V=(sum of areas of base, B, and top, b -+ square
root of their products) x 14 perp. height, h:

%h (B+b+/ Bb)

Frustum of any Pyramid or Cone, Parallel Ends
V={sum of areas of base, B, and top, b + square
root of their products) x 15 perp. height, h:

BWh(B+b+y Bb)
Wedge, Parallelogram Face

V= (sum of three edges, aba x perpendicular
height, h x perpendicular width, d):
kdh(2a+b)

Prismatoid

V=1 perp. height, h (sum of areas of base, B, and top
l?. + 4 x area of section, M, parallel to bases

and midway between them):
%wWhB+b+4M
The Prismatoid formula applies also to any o
the foregoing solids with parallel bases, to plyra.mjds.
cones, spherical sections, and to many solids with
irregular surfaces.
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SURFACE AND VOLUME OF SOLIDS—Concluded
S—=LaTERAL OR ConvEX Surrace., V=VoLuMmE

il
S }
S S |
s S |
= ‘b
[
h——e—

Sphere
S=d4wrt= wd?=3141502065 d2
V=t w r8 = 1 x d% = 0.52350878 ds

Spherieal Sector
S=lwxrr{db+c)
V=h=xr?b

Spherical Segment

S=2wxrb=4¥x4b?+
Ve=lg b2 (3r-b) =Y w b (3 c? + 4 by

Spherical Zone
8=2xrb
V=i, rb(3a2+3c2+4by

Circular Ring
8=4 w2 Rr
V=2 g* Rr2

Ungula of Right, Regular Cylinder
Base=Segment, b.a b Base=Half Circle

8=(2 rm-oxare, bah) -rh_a- 8=2rh

V=(24 m®-o x area, bab) %— V=3%r:h
Base=Segment, ca ¢ Base=Circle
8={2rn+pxm,csc,-r—_'2~; B=rxh

V=(3 n? + p x area, cac) % V=larirh

Ellipsoid
V=l rrab o

Paraboloid
V=wrth

Ratio of corresponding volumes of a Cone, Parabo-
loid, Sphere, and Cylinder of equal height: 15: 16: 35: 1
Bodies Generated by Partial or Complete Revolution

1 =length of a curve } rotating about an axis 1-1

A=qrea of a plane on one side and in plane of axls

r=distance of center of gravity of line or plane from
axis 1-1 and for any angle of revolution, a®,

2T 8 _lengthof arc described by center of gravity.
S=length of curve x length of arc about axis

=] 2"3—’;:' For complete revolution S=2rwl
V=area of plane x length of arc about axis

=y 2REa
=A 560 For complete revolution V=2rr A
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Fuxcrions oF Numsers, 1 To 49

. £ 1000 No.=Diameter
Square | Cubie = 5 PRt VR S
N P | oot Root | Logarithm Reciprocal | Cireum, i Area
1 1 1| 1.0000 | 1.0000 | 0.00000 | 1000.000 3.142 0.7854
2 4 8| 1.4142 | 1.2599 | 0.30103 | 500.000 6.2583 3.1416
3 ‘9 27 | 1.7321 | 1.4422 | 0.47712 | 333.333 9.425 7.0686
4 16 64 | 2.0000 | 1.5874 | 0.60206 | 250.000 12.566 12.5664
5 256 125 | 2.2361 | 1.7100 | 0.69897 | 200.000 15.708 19.6350
6 36 216 | 2.4405 | 1.8171 | 0.77815 | 166.667 18.850 28.2743
) 49 343 | 2.6458 | 1.9129 | 0.84510 | 142.857 21.991 38.4845
8 64 512 | 2.8284 | 2.0000 | 0.90309 | 125.000 25.133 50.2655
9 81 729 | 3.0000 | 2:0801 | 0.95424 | 111.111 28.274 63.6173
10 100 1000 | 3.1623 | 2.1544 | 1.00000 | 100.000 31.416 78.5308
11 121 1331 | 3.3166 | 2.2240 | 1.04139 90.9091 | 34.558 | 95.0332
12 144 1728 | 3.4641 | 2.258964 | 1.07918 83.3333 | 37.699 | 113.097
13 169 2197 | 3.6056 | 2.3513 | 1.11394 76.9231 | 40.841 | 132.732
14 196 2744 | 3.7417 | 2.4101 | 1.14613 71.4286 | 43.982 | 153.938
15 225 3375 | 3.8730 | 2.4662 | 1.17600 66.6667 | 47.124 | 176.715
16 | 256 4006 | 4.0000 | 2.5198 | 1.20412 62.5000 | 50.265 | 201.062
17 289 4913 | 4.1231 | 2.5713 | 1.23045 58.8235 | 53.407 | 226.950
18 | 324 5832 | 4.2426 | 2.6207 | 1.25527 55.556506 | 56.549 | 254.469
19 | 361 6859 | 4.3580 | 2.6684 | 1.27875 52.6316 | 59.600 | 253.529
20 | 400 8000 | 4.4721 | 2.7144 | 1.30103 50.0000 | 62.832 | 314.159
21 | 441 0261 | 4.5826 | 2.7589 | 1.32222 47.6190 | 65.973 | 346.361
22 | 484 | 100648 | 4.6904 | 2.8020 | 1 34242 45.4545 | 69.115| 3850.133
23 | 529| 12167 |4.7958 | 2,8439 | 1.36173 43,4783 | 72.257| 415.476
24 | 576 | 13824 | 4.8000 | 2.8845 | 1.38021 41.6667 | 75.398 | 452.380
25 625 | 15625 | 5.0000 | 2.9240 | 1.39794 40.0000 | 78.540 | 490.874
26 | 676 | 17576 | 5.0990 | 2.9625 | 1.41497 38.4615 | B1.651 .
27 | 729 | 19683 |5.1962 | 3.0000 | 1.43136 37.0370 | 84.823 | 572.555
28 | 784 | 21052 |5.2915 | 3.0366 | 1.44716 35.7143 | 87.965 | 615.752
20 | 841 | 24389 | 5.3852 | 3.0723 | 1.46240 34.4828 | 91.106 | 660.520
30 | 900 | 27000 |5.4772 |3.1072 | 147712 83.3333 | 04.248| 706.858
31 961 | 20701 | 5.5678 | 3.1414 | 1.49136 32.2581 | 97.389 | 754.768
32 | 1024 | 32768 | 5.6569 | 3.1748 | 1.50515 31.2500 | 100.531 | 804.248
33 | 1080 | 35037 | 5.7446 | 3.2075 | 1.51851 30.3030 | 103.673 | 855.209
34 | 1156 | 30304 | 5.8310 | 3.2396 | 1.53148 20,4118 | 106.814 | 907.920
356 | 1225 75| 5.9161 | 3.2711 | 1.54407 28.5714 | 109.956 | 962.113
36 | 1206 | 46656 | 6.0000 | 3.3019 | 1.55630 27.7778 | 113.097 | 1017.88
87 | 1369 | 50653 | 6.0828 | 3.3322 | 1.50820 | 27.0270 | 116.239 | 1075.21
38 | 1444 | 54872 | 6.1644 | 3.3620 | 1.57978 26.3158 | 119.381 | 1134.11
39 | 1521 | 59319 | 6.2450 | 3.3912 | 1.59106 25.6410 | 122,522 | 1194.59
40 | 1600 | 64000 | 6.3246 | 3.4200 | 1.60206 25.0000 | 125.66 | 1256.64
41 | 1681 | 68921 | 6.4031 | 3.4482 | 1.61278 24,3902 | 128.81 | 1320.25
42 | 1764 | 74088 | 6.4807 | 3.4760 | 1.62325 23.8095 | 131.95 | 1385.44
43 | 1849 | 79507 | 6.55674 | 3.5034 | 1.63347 23.2558 | 135.09 | 1452.20
44 | 1936 | 85184 | 6.6332 | 3.5303 | 1.64345 22.7273 | 138.23 | 1520.53
45 | 2025 | 91125 |6,7082 | 3.5569 | 1.65321 22,2222 | 141.37 | 1590.43
46 | 2116 | 97336 | 6.7823 | 3.5830 | 1.66276 21.7391 | 144.51 | 1661.90
47 | 2209 | 103823 | 6.8557 | 3.6088 | 1.67210 21.2760 | 147.65 | 1734.94
48 | 2304 | 110592 | 6.9282 | 3.6342 | 1.68124 20.8333 | 150.80 | 1809.56
49 | 2401 | 117649 | 7.0000 | 3.6593 | 1.69020 | 20.4082 | 153.94 | 1885.74
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MATHEMATICAL TABLES

Funcrions oF Numsers, 50 To 99

z2g

SRSEEREREE BRIBREBE

Square | Cuble |, el AT
x

Squire| Cube | S | Qb frogarittms . % G T
2500 | 125000 | 7.0711 | 3.6840 | 1.69807 | 20.0000 | 157.08 | 1963.50
2601 | 132651 | 7.1414 | 3.7084 | 1.70757 | 19.6078 | 160.22 | 2042.82
2704 | 140608 | 7.2111 | 3.7325 | 1.71600 | 19.2308 | 163.36 | 2123.72
2800 | 148877 | 7.2801 | 3.7563 | 1.72428 | 18.8679 | 166.50 | 2206.18
2016 | 157464 | 7.3485 | 3.7708 | 1.73230 | 185185 | 160.65 | 2200.22
3025 | 166375 | 7.4162 | 3.8030 | 1.74036 | 18.1818 | 172.79 | 2375.53
3136 | 175616 | 7.4833 | 3.5250 | 1.74810 | 17.8571 | 175.08 | 2463.01
8240 | 185193 | 7.5498 | 3.8485 | 1.75587 | 17.5430 | 179.07 | 2351.76
3364 | 195112 | 7.6158 | 3.8700 | 1.76343 | 17.2414 | 182.21 | 264208
3451 | 205379 | 7.6811 | 3.8930 | 1.77085 | 16.9492 | 185.35 | 2733.97
3600 | 216000 | 7.7460 | 3.0149 | 1.77815 | 16.6667 | 188.50 | 2827.43
3721 | 220081 | 7.8102 | 3.0365 | 1.78533 [ 16.3034 | 191.64 | 202247
3844 | 238328 | 7.8740 | 3.0579 | 1.70230 | 16.1200 | 194.78 | 3010.07
3960 | 250047 | 7.9373 | 3.9791 | 1.79934 | 15.8730 | 197.92 | 3117.25
4096 | 262144 | 8.0000 | 4.0000 | 1.80618 | 15.6250 | 201.06 | 3216.99
4225 | 274625 | 8.0623 | 4,0207 | 1.81201 | 15.3846 | 204.20 | 3318.31
4350 | 287490 | 8.1240 | 4,0412 | 1.81954 | 15.1515 | 207.35 | 3421,19
4480 | 300763 | 8.1854 | 4.0015 | 1.82607 | 14.9254 | 210.49 | 3525.65
40624 | 314432 | 8.2462 | 4.0817 | 1.83251 | 14.7050 | 213.63 | 3631.68
4761 | 328500 | 85,3066 | 4.1016 | 183885 | 14,4028 | 216.77 | 373028
4900 | 343000 | 8.3666 | 4.1218 | 1.84510 | 14.2857 | 219.01 | 3845.45
5041 | 857911 | 8.4261 | 4,1408 | 1.85126 | 14.0845 | 223.05 | 3959.19
5184 | 373248 | 8.4853 | 4.1602 | 1.85783 | 18.8880 | 226.19 | 4071.50
5320 | 380017 | 8.5440 | 4.1793 | 1.86332 | 13.6986 | 229.34 | 4185.39
5470 | 405224 | 8,0023 | 4,1083 | 1.869238 | 13.5185 | 232.45 | 4300.84
5625 | 421875 | 8.6603 | 4.2172 | 1.87506 | 13.3383 | 235.62 | 4417.56
5770 | 438976 | 8.7178 | 4,258 | 1.88081 | 13.1579 | 238.76 | 4536.46.
5929 | 456533 | 8.7750 | 4.2543 | 1.88640 | 12,9870 | 241.90 | 4656.63
6084 | 474552 | 8.8318 | 4,2727 | 1.89200 | 12.5205 | 245.04 | 4775.36
6241 | 493039 | 8.8882 | 4.2008 | 1.80763 | 12.6582 | 248.10 | 4001.67
6400 | 512000 | 5.9443 | 4.3089 | 1.90300 | 12.5000 | 251.33 | 5026.55
6561 | 531441 | 9.0000 | 4.3267 | 1.90549 | 12.3457 | 254.47 | 5153.00/
6724 | 551308 | 9.0554 | 4.3445 | 1.91381 | 12.1951 | 257.61 | 5281.02
6889 | 571757 | 9.1104 | 4.3621 | 1.91908 | 12.0452 | 260.75 | 5410.61
7056 | 592704 | 9.1652 | 4.3705 | 1.02428 [ 11.0048 | 263.89 | 5541.77
7225 | 614125 | 9.2105 | 4.3068 | 1.02042 | 11.7647 | 267.04 | 5674.50
7396 | 636056 | 9.2736 [ 4.4140 | 193450 | 11.6270 | 270.15 | 580S.80
7569 | 658503 | 9.3274 | 4.4310 | 1.93952 | 114943 | 273.32 | 5944.68
7744 | 681472 | 9.3808 | 4.4480 | 1.94448 | 11.3636 | 276.46 | 6052.12
7921 | 704909 | 9.4340 | 4.4647 | 1.94030 [ 11.2360 | 279.60 | 622114
8100 | 729000 | 9.4868 | 4.4514 | 1.95424 | 11.1111 | 282.74 | 6361.73
8281 | 753571 | 0.5504 | 4.4970 | 1.95004 | 10.9890 | 285.88 [ 6503.88
§404 | 778088 | 9.6917 [ 4.5144 | 196370 | 10.8696 | 280.03 | 6647.61
8649 | 804357 | 9.6457 | 4.5307 | 1.96848 | 10.7527 | 202.17 | 6792.01
8836 | 830584 | 9.6054 | 4.5408 | 1.07313 | 10,6383 | 205.31 | 6939.78
9025 | 857875 | 9.7468 | 4.5020 | 1.97772 | 10.5263 | 208.45 | 7085.22
9216 | 884736 | 9.7080 | 4.5789 | 1.98227 | 10.4167 | 301.59 | 7238.23
9400 | 012673 | 9.8480 | 4.5047 | 1.98677 | 10.3093 | 304.73 | 7389.81
9604 | 041192 [ 9.8995 | 4.6104 | 160123 | 102041 | 307.88 | 7542.96
9801 | 970299 | 9.9499 | 4.6261 | 1.99564 | 101010 | 311.02 | 7697.69




CARNEGIE STEEL COMPANY

Fuxcrions or Numsers, 100 1o 149

Cube

oot

Cubie
Root

Logarithin

1000
X
Reciprocal

No.=Diameter

Circum,

1000000
1030301
1061208
1002727
1124864
1157625
1191016
1225043
1259712
1295029

1331000
1367631
14049028
1442897
1481544
1520875
1560896
1601613
1643032
1685159

1728000
1771561
1815848
1860867
1906624
1953125
2000876

2048383
2097152
2146689

2197000
2248091
2209968
235626037
2406104
2460375
2515456
2571353
2628072
2685619

2744000
2803221
2863288
2924207
2985084
3048625
3112136
3176523
3241792
3307949

10.0000
10.0499
10.0995
10,1489
10,1980
10,2470
10.29566
10.3441
10.3923
10.4403

10.4881
10.5357
10.5830
10.6301
10.6771
10.7238
10.7703
10.8167
10.8628
10.0087

10.9545
11.0000
11.045¢4
11.0905
11.1355
11.1803
11.2250
11.2694
11.3137
11.3578

11.4018
11.4455
11.4891
11.5320
11.57568
11.6190
11.6619
11.7047
11.7473
11.7898

11.8322
11.8743
11.9164
11.9583
12.0000
12.0416
12.0830
12,1244
12,1655
12,2066

2.00000
2.00432
2.00860
2.01284
2.01703
2.02119

2.076565

2.07018
2.08279
2.08636
2.08001
2.00342
2.09601
2.10087
2.10380
2.10721
2.11059

2.11304
2.11727
2.12057
2.12385
2,12710
2.130383
2.13354
2.13672
2.13088
2.14301

2.14613

2048 | 2.14922

2.15229
2.15534
2.15836
2.16137
2.16435
2.16732
2.17026
2,17319

10.0000
9.90099
9.80392
9.70874
9.61538
9.52381

. 9.43396

9.34579
9.25926
9.17431

9.09091
9.00901
8.92857
8.84056

8.47458
8.40336

8.33333
8.26446
8.19672
8.13008
8.06452
8.00000
7.93651
7.87402
7.81250
7.75194

7.69231
7.63359
7.57576
7.51880
7.46269
7.40741
7.35204
7.29927
7.24638
7.19424

7.14286
7.09220
7.04225
6.99301
6.94444
6.89655
6.84932
6.80272
6.75676
6.71141

314.16
317.30
320.44
323.568
326.73
329.87
333.01
336.15
339.29
342.43

345.58
348.72
351.86
3565.00
358.14
361.28
364.42
B367.57
370.71
373.85

376.99

483.27
386.42
389.56
302.70
305.84
398.98
402.12
405.27

408.41
411.65
414.69
417.83
420.97
424.12
427.26
430.40
433.54
436.68

439.82
442.96
446.11
449.25
452.39
455.53
458.67
461.81

468.10

11122.0

11300.7
11499.0
11689.9
11882.3
12076.3
12271.8
12469.0
12667.7
12868.0
13009.8

13273.2
13478.2
13684.8
13802.9
14102.6
14313.9
14526.7
14741.1
14957.1
15174.7

15393.8
15014.5
15836.8
16060.6
16280.0
16513.0
16741.5
160717
17203.4
17436.6




MATHEMATICAL TABLES

Fuxcrions or Numsers, 150 To 199

cube | g

=
%::f "Wﬂ‘ﬂw

1000 |
X pif
Reciprocal

No=—=Diameter

(.'lrmm.| Area

150 ! 22500

22801
23104
23400
23710
24025
24336
24649

25281

25600
25921
26244

20890
27225
27566
27889
28224
2856061

28000
20241
20584
20020
30276
30025
30076
31329

32041

32400
32761
43124
33480
438606
34225
345006
34960

35721
36100
37249
37636
38416

39204
30601

12.2474
12,2882

3375000
3442051
3511808
3581577
3652264
3723875
37006416
4860803
3944312
4019679

4096000
4173281
4251528
4330747
4410044
4492125
4574296
4657463
4741632
4820809

4013000
5000211

5088448
5177717
5268024
5350375
5451776
5545233
5639752
5735339

5832000
5920741
6028568
6128487
6220504
63310625

12,3693
12,4097
12.4499
12.4900
12.5300

12.6095
12.6401
12.6886

12.7279
12.7671

12.8452
12.8841
12.9228
12,9615
13.0000

13.0384
13.0767
13.1149
13.1529
13.1909
13.2288

13.3041
13.3417
13.3791

13.4164
13.4536
13.4007
13.5277
13.5647
13.6015
13.6382
13.6748
13.7113
13.7477

6530203
6644672
6751260

6550000 | 13.7840
6967871

7077888
7189057
7301384
7414875
75290536
7645373
7762302
7880599

13.8564
13.8924
13.9284
13.9642
14.0000
14.0357
14.0712
14.1067

5.3133 | 2.17609
5.3261 | 2.17898
53368 2,18184
5.3485 2.18460
5,30601 2,18752
53717 2.19033
53832 2.19312
5.3047 | 2.19500
5.4001 | 2.19866
54175 2.20140

5.4288 | 2.20412
5.4401 | 2.20683
5.4514 | 2.20062
5.4626 | 2,21219
5.4737 | 2.21484
5.4848 | 2.21748
5.4950 | 2,22011
2,22272
| 2.22531
2.22789

5.5060
5.5178
5.5288
5.5307

5505
5.5613
5.5721

4

T s
&
Lod
et
-

poome
73888 &F

06.66667
6.62252
6.67805
6.653505
06.40351
6.45161
6.41026
6.36043
6.32011
6.28931

6.25000
6.21118
6.17284
6G.13497
6.09756

501716

5.88235
5.84705
5.813056
5.78035
5.74713
5.71429
5.68182
5.64972
5.61798
5.58659

5.55556
5.52486
5.49451
5.46448
5.43478
540541
5.37634
5.34759
5.31915
5.29101

5.26316
5.23560
5.20833
5.18135
5.15464
5.12821
5.10204
5.07614
5.05051

5.02513

17671.5
17907.9
15145.8
18386.4
186G26.5
18869.2
19113.4
19359.3
19606.7
19855.7

20106.2
20358.3
20612.0
20867.2
211241
21382.5
21642.4
21004.0
22167.1
22431.8

471.24
474.38
477.52
480.06
483.81
486.95
490.09
493.23
496.37
499.51

502.65
505.80
508.94
512.08
515.22
518.36
521.50
524.65
527.79
530.93

22698.0




CARNEGIE STEEL COMPANY

Funcrions or Nusmsers, 200 to 249

usre | Cubie ) 1000
oube | et Root |Logarithm | o sl Cirmm’ Area

56169
57121

57600

58081

50040
595636

60516
61009
61504
62001

8000000 | 14.1421 | 5.8480 | 2.30103 | 5.00000 | 628.32 | 31415.9
8120001 | 14.1774 | 5.8578 | 2.30320 | 4.97512 | 631.46 | 31730.9
8242408 | 14.2127 | 5.8675 | 2.30535 | 4.95050 | 634.60 | 32047.4
8365427 | 14.2478 | 5.8771 | 2.30750 | 4.92611 | 637.74 | 32365.5
8489664 | 14.2820 | 5.8868 | 2.30003 | 4.90196 | 640.88 | 32685.1
8615125 | 14.3178 | 5.8004 | 2.31175 | 4.87805 | 644.03 | 33006.4
8741816 | 14.3527 | 5.0059 | 2.31387 | 4.85437 | 647.17 | 33320.2
8860743 | 14.3875 | 5.9155 | 2.31597 | 4.83092 | 650.31 | 33653.5
8908012 | 14.4222 | 5.9250 | 2.31806 | 4.80769 | 653.45 | 33079.5
9120329 | 14.4568 | 5.0345 | 2.32015 | 4.78469 | 656.59 | 34307.0

9261000 | 14.4914 | 5.9430 | 2.32222 | 4.76190 | 659.73 | 34636.1
0303931 | 14.5258 | 5.9533 | 2.32428 | 4.73934 | 662.88 | 34966.7
9528128 | 14.5602 | 59627 | 2.32634 | 4.71698 | 666.02 | 35298.9
0063597 | 14.5045 | 5.9721 | 2.32838 | 4.60484 | 669.16 | 35632.7
9800344 | 14.0287 | 5.9814 | 2.33041 | 4.67290 | 672.30 | 85968.1
0038375 | 14,6629 | 5.9907 | 2.33244 | 4.65116 | 675.44 | 36305.0
10077606 | 14.6069 | 6.0000 | 2.33445 | 4,62963 | 678.58 | 36643.5
10218313 | 14.7309 | 6.0002 | 2.33646 | 4.60829 | 681.73 | 369583.6
10360232 | 14.7648 | 6,0185 | 2.33846 | 4.58716 | 684.87 | 87325.3
10503450 | 14,7986 | 6.0277 | 2.34044 | 4.56621 | 688.01 | 37668.5

10648000 | 14,8324 | 6,0308 | 2.34242 | 4.54545 | 691.15 | 38013.3
10703861 | 14.80661 | 6.0450 ' 2.34439 | 4.52480 | 694.20 | 38350.0
10041048 | 14,8007 | 6.0550 | 2.34635 | 4.50450 | 697.43 | 38707.0
11089567 | 14.9332 | 6.0641 | 2.34830 | 4.48430 | 700.58 | 30057.1
11230424 | 14,9066 | 6.0732 | 2.35025 | 4.46420 | 703.72 | 30408.1
11390625 | 15,0000 | 6,0822 | 2.35218 | 4.44444 | 706.86 | 30760.8
11543176 | 15.0333 | 6.0012 | 2.35411 | 4.42478 | 710.00 | 40115.0
11697083 | 15.0665 | 6.1002 | 2.35603 | 4.40529 | 713.14 | 40470.8
11852352 | 15.0007 | 6.1091 | 2.35793 | 4.38596 | 716.28 | 40828.1
12008989 | 15,1827 | 6.1180 | 2.35954 | 4.36681 | 719.42 | 41187.1

12167000 | 15.1658 | 6.1269 | 2.36173 | 4.34783 | 722.57 | 41547.6
12326301 | 15,1987 | 6.1358 | 2.36361 | 4.32900 | 725.71 | 410090.6
12487168 | 15.2315 | 6.1446 | 2.30540 | 4.31034 | 728.85 | 42273.3
12649337 | 15.2643 | 6.1534 | 2.36736 | 4.20185 | 731.99 | 42638.5
12812904 | 15.2071 | 6.1622 | 2.36022 | 427350 | 735.13 | 43005.3
12077875 | 15.3207 | 6.1710 | 2.37107 | 4.25532 | 738.27 | 43373.6
13144256 | 15,3623 | 6.1797 | 2.37291 | 4.23729 | 741.42 | 43743.5
13312053 | 15,3048 | 6.1885 | 2.37475 | 4.21941 | 744.56 | 44115.0
13481272 | 15.4272 | 6.1972 | 2.37658 | 4.20168 | 747.70 | 44488.1
13651919 | 15.4506 | 6.2058 | 2.37S40 | 4.18410 750.84 | 44862.7

13824000 | 15.4919 | 6.2145 | 2.38021 | 4.16667 753.98 45238.0
13997521 | 15.5242 | 6.2231 2.38202|4.14933 757.12 | 45616.7
14172488 | 15.5563 | 6.2317 | 2.38352 | 4.13223 | 760.27 | 45996.1
14348007 | 15.5885 | 6,2403 | 2.38561 | 4.11523 | 763.41 | 46377.0
14526784 | 156.6205 | 6.2488 | 2.38739 | 4.00836 | 765.55 | 46759.5
14706125 | 15.6525 | 6.2573 | 2.38917 | 4.08163 | 769.60 | 47143.5
14856036 | 15.6844 | 6.2658 | 2.30004 | 4.06504 | 772.83 | 47529.2
15009223 | 15,7162 | 6.2743 | 2.39270 | 4.04858 | 775.97 | 47916.4
15252902 | 15.7480 | 6.2828 | 2.30445 | 4.03226 | 779.12 | 48305.1
15438249 | 157797 | 6.2012 | 2.39620 | 4.01606 | 782.26 | 48695.5




MATHEMATICAL TABLES

Foncrions or Numsers, 250 To 299

. 1000
Cube | Sguame | Cubb ) cearithn| x

No.=Diameter
Circum. |

Area

70225

71289
71824
72361

72000
73441
73984
74520
75076
75625
76176
76729
77284
77841

78400
78961
79524

81225
81796
82369

83521
84100
85204
85849
86436

87025
87616

89401

15625000 | 15.8114 | 6.20006 | 2.30704 | 4.00000
15813251 | 15.8430 | 6.3080 | 2.39967 | 3.98406
16003008 | 15.8745 | 6.3164 | 2.40140 | 3.96825
16194277 | 15.9060 | 6.3247 | 2.40312 | 3.95257
16387064 | 156.9374 | 6.3330 | 2.40483 | 3.93701
16581375 | 15.9687 | 06.3413 | 2.40654 | 3.92157
16777216 | 16.0000 | 6.3490 | 2.40824 | 3.90625
16074503 | 16.0812 | 6.3579 | 2.40003 | 3.80105
17173512 | 16.0624 | 6.3661 | 2.41162 | 3.87507
17373979 | 16.0035 | 6.3743 | 2.41330 | 3.86100

17576000 | 16.1245 | 6.3825 | 2.41497 | 3.84615
17779581 | 16,1555 | 6.3907 | 2.41664 | 3.83142
17984728 | 16,1864 | 6.3088 | 2.41830 | 3.81679
15191447 | 16,2173 | 6.4070 | 2.41996 | 3.80228
18300744 | 16,2481 | 6.4151 | 2.42160 | 3.78788
18600625 | 16.2788 | 6.4232 | 2.42325 | 3.77358
18821006 | 16.3005 | 6.4312 | 2.42488 | 3.75940
10034163 | 16,3401 | 6.4303 | 2.42651 | 3.74532
10248832 | 16.3707 | 6.4473 | 2.42813 | 3.73134
10465100 | 16,4012 | 6.4558 | 2.42075 | 3.71747

10683000 | 16.4317 | 6.4633 | 2.43136 | 3.70370
10902511 | 16,4021 | 6.4713 | 2.43207 | 3.60004
20123648 | 10,4924 | 6.4792 | 2.43457 | 3.67647
20346417 | 16,5227 | 6.4872 | 2.43616 | 3.66300
20570824 | 16.55629 | 6.4051 | 2.43775 | 3.64964
20706875 | 16.5831 | 6.5030 | 2.43033 | 3.63636
21024576 | 10.6132 | 6.5108 | 2.44091 | 3.62319
21253933 | 16,6433 | 6.5187 | 2.44248 | 3.61011
21484952 | 16.6733 | 6.5205 | 2.44404 | 3.59712
21717639 | 16.7033 | 6.5343 | 2.44560 | 3.58423

21952000 | 10.7832 | 6.5421 | 2.44716 | 3.57143
22188041 | 16.7631 | 6.5499 | 2.44871 | 3.55872
22425768 | 16.7029 | 6.5577 | 2.45025 | 3.54610
22665187 | 16.82206 | 6.5054 | 2.45179 | 3.53357
22906304 | 16,8523 | 6.5731 | 2.45332 | 3.52113
23140125 | 16.8819 | 6.5808 | 2.45484 | 3.50877
23303656 | 16.9115 | 6.5885 | 2.45637 | 3.49650
230639903 | 16.9411 | 6.5962 | 2.45788 | 3.48432
23887872 | 16.0700 | 6.6030 | 2.45939 | 3.47222
24137560 | 17.0000 | 6.6115 | 2.46090 | 3.46021

24389000 | 17.0204 | 6.6191 | 2.46240 | 3.44828
24642171 | 17.0587 | 6.6267 | 2.46380 | 3.43643
24807088 | 17.0880 | 6.6343 | 2.46538 | 3.42466
25158757 | 17.1172 | 6.6419 | 2.46687 | 3.41297
25412184 | 17.1464 | 6.0494 | 2.46835 | 3.40136
256723756 | 17.1756 | 6.6560 | 2.46982 | 3.38083
25084330 | 17.2047 | 6.6044 | 2.47129 | 3.37838
26198073 | 17.2337 | 6.6719 | 2.47276 | 3.36700
264063502 | 17.2627 | 6.6704 | 2.47422 | 3.35570

26730809 | 17,2016 | 6.6869 | 2.47567 | 3.34448

785.40
788.54
791.68
794.82
797.96
801.11
804.25
807.39
810.53
813.67

816.81
819.96
823.10
826.24
8§29.38
B832.52
835.66
838.51
841.95
845.09

B848.23
851.37
854.51
857.65
B60.80
863.94
B867.08
870.22
873.36
876.50

879.65
882.79
885.93

892.21
895.35
898.50
901.64
904.78
907.92

911.06
914.20
917.35
920.49

926.77

939.34

49087.4
40480.9
49875.9
50272.6
50670.7
51070.5
51471.9
51874.8
52279.2
52685.3

53092.9
53502.1
53912.9
54325.2
54739.1
55154.6
55571.8
55900.2
56410.4
56832.2

57255.5
57680.4
58106.9
58534.9
58064.6
59395.7
50828.5
60262.8
60698.7
61136.2

61575.2
62015.8
62458.0
62001.8
63347.1
63794.0
642424
64692.5
65144.1
65597.2

66052.0
66508.3
66006.2
67425.6
67886.7
63340.3
63813.4
69270.2
69746.5
70215.4




CARNEGIE STEEL COMPANY

Fuxcrions or Numsers, 300 To 349

Square

Cube

| s

Cubie | Logaritt

Root

oot

1000 |

Circum.

No. =Diameter

20000
$OGO1
01204
01809
92416
93025
93036
94249
94864
95481

96100
96721
07344
97069
98506
09225
PO856G
100489
101124
101761

102400
103041
103684
104329
104976
106625
106276
106929
107584
108241

121801

27000000
27270901
27543608
27818127
28004464
28372625
28652616
28934443
29218112
20503629

29791000
30080231
30371328
30664297
30059144
31255875
31554496
31855013
32157432
32461750

32768000
33076161
33386248
336908267
34012224
34328125
34645976
34965783
35287552
35611289

35937000
30264691
36594368
36926037
37259704
37595375
37933056
382727563
38614472
38958219

39304000
39651821
40001688
40353607
40707584
41063625
41421736
41781923
42144192
42508549

17.32056
17.3404
17.3781
17.4069
17.43506
17.4042
17.4029
17.56214
17.54909
17.5784

17.6068
17.6352
17.6635
17.6918
17.7200
17.7482
17.7764
17.8045
17.8326
17.8606

17.88856
17.9165
17.9444
17.9722
18.0000
18.0278
18.05566
18.0831
18.1108
18,1384

18,1659
18.1934
18.2209
18.2483
18,2767
18,3080
18.3303
18.3576
18,3848
18,4120

18.4301
18,4002
18,4032
18.5203
18.5472
18.5742
18.6011
18.6279
18.65648
18.6815

6.6043
6.7018
6.7002
6.7166
6.7240
6.7313
6.7387
6.7460
6.7533
6.7606

6.7679
6.7752
6.7824
06.7807
06.70060
6.8041
6.8113
6.8185
6.82506
6.8328

6.8300
6.8470
6.8541
6.8612
6.86583
6.8753
6.8524
6.8804
6.8064
6.9034

6.0104
6.0174
6.9244
6.9313
6.0382
6.0451
6.9521
69580
6.9658
6.9727

6.9795
6.0564
6.9932
7.0000

5858

NNNNNN
88

b

247712
247857
2.48001
248144
2.48287
2.48430
2.48572
248714
2.48855
2.48996

2.40136
2.49276
2.49415
2.49554
2.49603
2.49831
2.40969
2.50106
2.50243
2.60379

2.50515
2.50651
2.50786
2.50020
2.510565
2.51188
2.51322
2.51455
2.515687
2.51720

2.51851
2.51083
2.52114
2.62244
2.562375
2,62504
2.52034
2.52763
2.52802
2.53020

2.53148
2.53275

3.33333
3.32226
3.31126
3.30033
3.28047
3.27869
3.26797
3.25733
3.24675
3.23625

3.22581
3.21543
3.20513
3.19489
3.18471
3.17460
3.16456
3.15457
3.14465
3.13480

3.12500
3.11526
3.10559
3.00508
3.08642
3.07692
3.06749
3.05810
3.04878
3.03951

3.03030
3.02115
3.01205
3.00300
2.99401
2.98507
2.97619
2.96736
2.95858
2.94985

2.04118
2.93255
2.02398
2.91545
2.90698
2.89855
2.89017
2.58184
2.87356
2.86533

042.48
045.62
048,70
951.90
955.04
958.19
961.33
064.47

7.61
970.75

973.89
977.04
980.18
983.32
986.46
989.60
992.74

999.03
1002.2

1005.3
1008.5
1011.6
1014.7
1017.9
1021.0
1024.2
1027.3
1030.4
1033.6

1036.7
1039.9
1043.0
1046.2
1049.3
1052.4
10565.6
1058.7
1061.9
1065.0

1068.1
1071.3
1074.4
1077.6
1080.7
1083.8
1087.0

1093.3
1096.4
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MATHEMATICAL TABLES

FuNcTioNs oF

Numeers, 350 To 399

Square

Cube

Bquare
Root

Cubie
Root

Logarithm

1000
X
Reciproeal

No.=Diameter

Cireum.

Area

122500
123201
123904
124609
125316
126025
126736
127449
128164
128881

129600
130321
131044
131769
132496
133225
133956
134689
135424
136161

136900
137641
138384
139129
139876
140625
141376
142129
142884
143641

144400
145161
145024
146689
147456
148225
148996
149769
150544
151321

152100
152881
153664
154449
155236
156025
156816
157609
158404
159201

42875000
43243551
43614208
43986977
44361864
44738875
45118016
45499293
45882712
46268279

46656000
470458581
47437928
47832147
48228544
48627125
49027806
49430863
49836032
50243409

50653000
51064811
51478848
51895117
52313624
52734375
53157376
53582633
54010152
54439039

54872000
55306341
55742968
56181887
56623104
57066625
57512456
57960603
58411072
58BG3860

59319000
59776471
60236288
60698457
061162984
61629875
62009136
62570773
63044792
63521199

18.7083
18.7350
18.7617
18.7883
18.8149
18.8414
18.8680
18,8044
18.9209
18.9473

18.9737
19.0000
19.0263
19.0526
19.0788
19.1050
19.1311
19.1572
19.1833
19.2094

19.2354
19.2614
19.2873
19.3132
19.3391
19.3649
19.3907
19.4165
19.4422
19.4679

19.4936
19.5102
19.5448
19.5704
19.5959
19.6214
19.6469
19.6723
19.6977
19.7231

19.7484
19.7737
19.7990
19.8242
19.8494
19.8746
19.8907
19.9249
19.9499
19.9750

7.0473
7.0540
7.0607
7.0674
7.0740
7.0807
7.0873
7.0040
7.1006
7.1072

7.1138
7.1204
7.1269
7.1335
7.1400
7.1466
7.1531
7.1596
7.1661
7.1726

7.1791
7.1855
7.1920
7.1984
7.2048
7.2112
7.2177
7.2240
7.2304
7.2368

7.2432
7.2495
7.25568
7.2622
7.2685
7.2748
7.2811
7.2874
7.2936
7.2999

7.3061
7.3124
7.3186
7.3248
7.3310
7.3372
7.3434
7.3406
7.35568
7.3619

2.54407
2.54531
2.540654
2.54777
2.54900
2.55023
2.55145
2.55267
2.55388
2.55509

2.55630
2.55751
2.65871
2.55991
2.56110
2.56229
2.56348
2.56467
2.56585
2.56703

2.56820
2.56937
2.57054
2.57171
2.57287
2.67403
2.57519
2.57634
2.57749
2.57864

2.57978
2.568003
2.58206
2.58320
2.58433
2.68546
2.58659
2.58771
2.58883
2.58005

2.59106
2.569218
2.59329
2.50439
2.59550
2.59660
2.59770
2.59879
2.59988
2.60097

2.85714
2.84900
2.84091
2.83286
2.82486
2.81690
2.80899
2.80112
2.79330
2.78552

297778
2.77008
2.76243
2.75482
2.74725
2.73973
2.73224
2.72480
2.71739
2.71003

2.70270
2.69542
2.68817
2.68007
2.67380
2.66667
2.65957
2.65252
2.04550
2.63852

2.63158
2.02467
2.61780
2.61097
2.60417
2.59740
2.59067
2.58398
2.57732
2.57069

2.56410
2.55754
2.55102
2.54453
2.53807
2.531656
2.52525
2.51889
2.51256
2.50627

1099.6
1102.7
1105.8
1109.0
1112.1
1115.3
1118.4
1121.5
1124.7
1127.8

1131.0
1134.1
1137.3
1140.4
1143.5
1146.7
1149.8
1153.0
1156.1
1159.2

1162.4
1165.5
1168.7
1171.8
1175.0
1178.1
1181.2
1184.4
1187.5
1180.7

1193.8
1196.9
1200.1
1203.2
1206.4
1209.5
1212.7
1215.8
1218.9
1222.1

1225.2
1228.4
1231.5
1234.6
1237.8
1240.9
1244.1
1247.2
1250.4
1253.5

26211.3
96761.8
97314.0
97867.7
98423.0
98079.8
99538.2

100098

100660

101223

101788
102354
102922
103491
104062
104635
105209
105785
106362
106941

107521
108103
108687
109272
109858
110447
111036
111628
112221
112815

113411
114009
114608
115209
115812
116416
117021
117628
118237
118847

119459
120072
120687
121304
121922
122542
123163
123786
124410
125036
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CARNEGIE STEEL COMPANY

Fuxcrions or Numsers 400 1o 449

No.

Square

Cube

Bﬂnu&a

Cubie
Root

1000
Logarithm X

| Reciproeal |

| No==Diameter

Circum.

Area

400
401
402
403

405
407

410
411
412
413
414
415

160000
160801
161604
162409
163216
164025
164836
165649
1664064
167281

168100
168921
160744
170569
171396
1722256
173056
173889
174724
175661

176400
177241
178084
178929
179776
180625
181476
182329
183184
184041

184900
185761
186624
187489
188356
189225
190096
190969
191844
192721

193600
194481
195364
196249
197136
198025
198916
199809
200704
201601

64000000
64481201
64064808
65450827
65039264
66430125
66923416
67419143
67917312
68417920

68921000
69426531
69934528
70444907
70057944
71473375
71091206
72511713
73034632
73560059

74088000
74618461
75151448
75686967
76225024
76765625
77308776
77854483
TR402752
78053589

79507000
80062991
80621568
81182737
81746504
82312875
82881856
83453453
84027672
84604519

85184000
85766121
86350888
86938307
B7528384
88121125
88716536
89314623
89915392
90518849

20.0000
20.0250
20.0499
20.0749
20.0998
20.1246
20,1494
20.1742
20.1990
20,2237

20.2485
20.2731
20.2978
20.3224
20,3470
20,3715
20,3961
20,4206
20.4450
20.4695

20,4939
20.5183
20.5426
20.5670
20.5913
20,8155
20.6308
20.6640
20,6882
20.7123

20,7364
20.7605
20.7846
20.8087
20.8327
20.8567
20.8806
20.9045
20.9284
20.9523

20,9762
21.0000
21.0238
21.0476
21,0713
21,0950
21.1187
21.1424
21.1660
21,1896

7.3681
7.3742
7.3803
7.3864
7.3925
7.3086
7.4047
7.4108
7.4169
7.4229

7.4290
74350
7.4410
7.4470
7.4530
7.4590
7.4650
74710
74770
7.4829

7.4889
7.4948
7.5007
7.5067
7.5126
7.5185
7.5244
7.5302
7.5361
7.5420

7.5478
7.6537
7.5595
7.5654
7.5712
7.5770
7.5828
7.5886
7.6944
7.6001

7.60569
7.6117
7.6174
7.6232
7.6289
7.6346
7.6403
7.6460
7.6517
7.65674

2.60206 | 2,.50000
2.60314 | 2.49377
2.00423 | 2.48756
2.60531 | 2.48139
2.60638 | 2.47525
2.60746 | 2.46014
2.60853 | 2.46305
2.60969 | 2.45700
2.61066 | 2,45098
2.61172 | 2.44499

2.61278 | 2.43002
2.61384 | 2.43309
2,61490 | 2.42718
2.61595 | 2.42131
2.61700 | 2.41546
2.61804 | 2.40064
2.61909 | 2.40385
2.62014 | 2.39808
2.62118 | 2.39234
2.62221 | 2.38663

2.62325 | 2.38005
2.62428 | 2.37530
2.62531 | 2.36967
2.62634 | 2.36407
2.62737 | 2.35849
2.62839 | 2.35204
2.62941 | 2.34742
2.63043 | 2.34192
2.63144 | 2.33645
2.63246 | 2.33100

2.63347 | 2.32558
2.63448 | 2.32019
2.63548 | 2.31481
2,63649 | 2.30047
2.63749 | 2.30415
2.63849 | 2.20885
2.63949 | 2.29358
2.64048 | 2.28833
2.64147 | 2.28311
2.64246 | 2.27790

2.64345 | 2.27273
2.64444 | 2.26757
2.64542 | 2.26244
2.64640 | 2.25734
2.64738 | 2.256225
2.64836 | 2,24719
2.64933 | 2.24215
2.65031 | 2.23714
2.65128 | 2.23214
2.65225 | 2.22717

1256.6
1259.8
1262.9
1266.1
1268.2
1272.3
1275.5
1278.6
1281.8
1284.9

1288.1
1291.2
1294.3
1297.5
1300.6
1303.8
1306.9
1310.0
1313.2
1316.3

1319.5
1322.6
1325.8
1328.9
1332.0
1335.2
1338.3
1341.5
1344.6
1347.7

1350.9
1354.0
1357.2
1360.3
1363.5
1366.6
1369.7
1372.9
1376.0
1379.2

1382.3
1385.4
1388.6
1301.7
1394.9
1398.0
1401.2
1404.3
1407 .4

1410.6

125664
126293
126923
127556
128180
128825
120462
130100
130741
131382

132025
132670
133317
133965
134614
1352656
135918
136572
137228
137885

138544
139205
130867
140531
141196
141863
142531
143201
143872
144545

145220
145806
146574
147254
147934
148617
149301
149987
150674
151363

1520563
152745
153439
154134
154830
155528
156228
156930
157633
158337

338




MATHEMATICAL TABLES

Funerions or Numsers, 450 1o 499

Cube

Cubie
Root

Logurithm

e

1000
x
Reciprocal

No.=Diameter

Cireum.

216225
217156
218089
210024
210961

220000
221541
222784
223729
224676

22562

226576
227529
228484
220441

230400
231361
232324
233289
234256
235225
236196
237169
238144
239121

240100
241081

246016

248004
249001

91125000
91733851
92345408
92059677
D357 GO0
94196375
94818816
95443903
96071912
96702579

07336000
07072181
98611128
09252847

DOSOTI44
100544625
101194606
101847503
102503232
103161700

103823000
104487111
105154048
105823817
106496424

5 | 107171875

107850176
108531333
10921563562
109902239

110592000
111284641
111980168
112678587
113379904
114084125
114791256
115501303
116214272
116930160

117649000
118370771
119095488
119823157
120553754
121287375

21.3542
21.3776
21.4009
21.4243

21.6795
21,7025
21.7256
21.7486

7.6631
7.6688
7.6744
7.6801

2.65321
2.65418
2.656514

2.66276
2.66370
2.66464
2.66568
2.060562
2.66745
2.66839
2.66932
2.67025
267117

2.67210
2.67302
2.67394
2.67456
267578

8025 | 2.67660

2.67761
2.87852
2.67943
2.68034

2.68124
2.68215

2.22222
2.21729
2.21239
2.20751
2.20204
2,19780
2,19208
2,18818
2.18341
2,17865

2.17301
2.16920
2.16450
2.15083
2.15517
2.15054
2.14502
2.14133
2.136756
2.13220

2.12766
2.12314
2.11864
2.11416
2.10970
2,10526

1413.7
1416.9
1420.0
1423.1
1426.3
14294
1432.6
1435.7
1438.8
1442.0

1445.1
1448.3
1451.4
1454.6
1457.7
1460.8
1464.0
1467.1
1470.3
1473.4

1476.5
1479.7
1482.8
1486.0
1489.1
1492.3
1495.4
1498.5
1501.7
1504.8

1508.0
1511.1
1514.2
1517.4
1520.5
1523.7
1526.8
1530.0
1533.1
1536.2

1539.4
1542.5
1545.7
1548.8
1551.9
1555.1
1558.2
1561.4

1564.5

1567.7

173404
174234
174074
175716
176460
177205
177952
178701
179451
180203

180056
181711
182467
183225
183084
184745
185508
186272
187038
187805

188574
180345
190117

191665
192442
193221

104782
1955656




CARNEGIE

STEEL COMPANY

Fuxcrions or Numsers 500 To 549

Cube

mn

Cubie
Root

Logarithm

No.=Diameter

Area

251001
252004

254016
2556025

2883069
200521

201600
202681
203704
204840
205036
207025
208110
200209

801401

125000000
125761501
126506008
127263527
1280240064
128787625
120554216
130323843
131006512
131872220

132651000
133432831
134217728
135005607
135706744
1365908756
137388006
138188413
138901832
130798359

140608000
141420761
1422306648
1430565067
143877824
144703125
1455631576
146363183
147197952
148035889

148877000
1407212901
150568768
151410437
152273304
153130875
153990656
154854153
156720872
156590819

157464000
158340421
159220088
160103007
160980184
161878625
162771336
163667323
164566502
165400149

22.3607
22.3830
22.4054
22.4277
22.4499
22,4722
22.4944
22.5167

22,5610

;Er'
o

dEEES

85

A AN
>
=8

i

8.0415

S

38 3833

3

@@EE® 000000 MPNO®
g S
< *

g

2.69807
2.60084
2.70070
2.70157
2.70243
2.70329
2.70415
2.70501
2.70586
2.70672

2.70757
2.70842
2.70027
2.71012
2.71096
2.71181
2.71265
2.71349
2.71433
2.71517

2.71600
2.71684
2.71767
2.71850
2.71933
2.72016
2.72099
2.72181
2.72263
2.72346

2.72428
2.72509
2.72591
2.72673
2.72754
2.72835
2.72016
2.72007
2.73078
2.73159

2.73239
2.73320
2.73400
2.73480
2.73560
2.73640
2.73719
2.73799
£.73878
2.73957

1.85185

1.84162
1.83824
1.83486
1.83150
1.82815
1.82482
1.82149

1570.8
1573.9
1577.1
1580.2
1583.4
1586.5
1589.6
1592.8
1595.9
1599.1

1602.2
1605.4
1608.5
1611.6
1614.8
1617.9
1621.1
1624.2
1627.3
1630.5

1633.6
1636.8
1639.9
1643.1
1646.2
1649.3
1652.5
1655.0
1658.8
1661.9

1665.0
1668.2
1671.3
1674.5
1677.6
1680.8
1683.9
16587.0
1690.2
1693.3

1696.5
1699.6
1702.7
1705.9
1709.0
1712.2
1715.3
1718.5
1721.6
1724.7

196350
197136
107023
198713
199504
200296
201000
201886
202683
203482

204282
205054
205887
200602
207409
208307
200117
209028
210741
2115666

212372
213189
214008
214829
215051
216475
217301
218128
218956
219787

220618
221452
222287
223123
223961
224801
225642
226484
227329
228175

220022
220871
230722
231574
232428
233283
234140
234908
235858
236720




MATHEMATICAL TABLES

Funcrions or Numsers, 550 To 599

Cube

Cubio
Root

Logarithm

1000

| No~=Dismeter
gl e B
Rmpmml‘ Ciream, | Area

319225
320356
321489
322624
323761

324900
3206041
327184
3283290
320470
330625
331776
332029
334084
335241

336400
337561
338724
330889
341056
342225
343396
344569
345744
346021

348100
340281

350464
3510649
352836
354025
355216
356400
357604
358801

166375000
167284151
168196008
169112377
170031464
170953875
171870616
17:

173741112
174676879

175616000

181321406
182284263
183250432
184220009

185193000
186100411
187140248
188132517
180110224
190109375
191102076
192100033
193100552
194104539

195112000
190122941
107137368
198155287
199176704
200201625
201230056
202262003
203297472
2043364060

205379000
200425071
207474088
2085278567
200584584
210644875
211708736
212776173
213847102
214021700

8.1932

2.74036
2.74115
2.74104
2.74273
2.74351
2.74429
2.74507
2.74586
2.74663
274741

2.74819
2.74806
2.74974

2.755611

2.75587
2.750064
2.75740
2.75815
2.75801
2.75967
2.70042
2.76118
2.76193
2.76268

2.76343
2.76418
2.76402
2.76567
2.76641
2.76716
2.76790
2.76864
2.76048
277012

2.77085
2,77159
2.77232
2.77305
2.77379
2.77452
2.77525
2.77507
2.77670
2.77743

1.81818
1.81488
1.81159

1.75747

1.75439
1.75131
1.74825
1.74520
1.74216
1.73013
1.73611
1.73310
1.73010
1.72712

1.72414
1.72117
1.71821
L71527
1.71233
1.70940
1.70648
1.70358
1.70068
1.69779

1.60492
1.69205
1.68919
1.68634
1.68350
1.68067
1.67785
1.67504
1.67224
1.66945

1727.9
1731.0
1734.2
1737.3
1740.4
1743.6
1746.7
1749.9
1753.0
1756.2

1759.3
1762.4
1765.6
1768.7
1771.9
1775.0
1778.1
1781.3
1784.4
1787.6

1790.7
1793.8
1797.0
1800.1
1803.3
1806.4
1809.6
1812.7
1815.8
1819.0

1822.1
1825.3
1828.4
1831.6
1834.7
1837.8
1841.0
1844.1
1847.3
1850.4

1853.5
1856.7
1859.8
1863.0
1866.1
1869.2
1872.4
1875.5
1878.7
1881.8

237583
235448
239314
240182
241051
241022
242795
243669
244545
245422

246301
247181
248063
248047
249832
250719
251607
252497
253388
254281

2556176
250072
256970
257869
258770
250672
200576
261482

263298




CARNEGIE STEEL COMPANY

FuncrioNs op

Nuousers, 600 To 649

oz
.

Cube  reoy

Cubie
Root

Logarithm

No.=Diameter

Circum. |  Area

g@igasasss

216000000 | 24.4049
217081801 | 24.5153
218167208 | 24,5357
210256227 | 24,5561
220348864 | 24,5764
221445125 | 24.5967
2225450106 | 24.6171
223048543 | 24,0374
224755712 | 24,8577
2258066520 | 24.6779

226081000 | 24,6982
228000131 | 24,7184
220220028 | 24,7386
230340397 | 24.7588
231475544 | 24,7700
232008375 | 24.7902
233744800 | 24,8103
234885113 | 24,8395
236020032 | 24,8506
237176650 | 24,8797

238328000 | 24.8008
230483001 | 24.9199
2400641848 | 24,9390
241804307 | 24,9600
242070624 | 24.
244140025 | 25
245314376 | 25,
2406491883 | 25,
247673152 | 25
248858180 | 25

250047000 | 25,0008
251230501 | 25.1197

260917119 | 25.2784

262144000 | 25.2082
203374721 | 25,3180
264600288 | 25,3377
265847707 | 25.3574
267080084 | 25.3772
208336125 | 25,3960
260586136 | 25.4165
270840023 | 25.4362
272007792 | 25.4568
273350440 | 25,4755

2.77815
2.77887
2.77960
2.78032
2.78104
2.78176
2.78247
2.78319
2.78390
2.78462

2.78533
2.78604
2.78675
2.78746
2.78817
2.78888
2.78958
2,79029
2.79009
2.79169

2.79239
2.79309
2.79379
2.79449
2.79518
2.79588
2.79657
2.79727
2.79796
2.79865

2.79934
2.80003
2.80072
2.80140
2.80209
280277

2.80956
2.81023
2.81000
2.81158
281224

1.63309
1.63132
1.62866
1.62602
1.62338
1.62075
1.61812
1.61551

1.61290
1.61031

1885.0
1888.1 | 283687
1891.2 | 284631

1979.2 | 311725
1082.3 | 312715
1985.5 | 313707
1988.6 | 314700
1991.8 | 315606
1994.9 | 316602
1998.1 | 317690
2001.2 | 318690
2004.3 | 310692
2007.5 | 320695

2010.6 | 321699
2013.8 | 322705
2016.9 | 323713
2020.0 | 324722
2023.2 | 325733
2026.3 | 326745
2029.5 | 327759
2032.6 | 328775
2035.8 | 320792
2038.9 | 330810




MATHEMATICAL TABLE

Fuxcrions oF Numsers, 650 To 699

Bquare

Cube

Sﬂ::l‘\'l

Cubic
Roo

Logarithm

1000
x
Reciprocal

422500
423801
425104
426400
427716

274625000
275804451
277167808
278445077
279726204

429025 | 281011375

430336
431649
432064
434281

435600
436021
438244
430560
440806
442225
443560
444889
446224
447661

448000
450241
4515684
452020
454276
455625
456076
458320
450684
461041

462400
4063761
4065124
406480
467856
460225
470506
471969
473344
474721

476100
477481
478864
480249
481636
483025
4844106
485809
487204
488601

282300416
283503393
284800312
286101179

287406000
258804781
200117528
201434247
202754944
204079625
205408206
200740003
208077632
200418309

300703000
302111711
303404448
304821217
306182024
307546875
308915776
310288733
311665752
313046839

314432000
315821241
3172145668
318611987
320013504
321410125
322828856
324242703
325660672
3270827069

328500000
320030371
331373888
332812557
334255384
335702375
337153536
338608873
340068302
841532000

25.4951
25.5147
25.5343
25.55639
25.6734
25.5030
25.6125
25,6320
25.6515
25,6710

25.6005
25.7000
25.7204
25.7488
25,7682
25.7876
25.8070
25.8203
25,8457
25.8650

25.8844
25.9037

26,2079
26.2869
26,3059
26,3249
26,3439
26,3629
20,3818
26,4008
20,4107
20,4386

8.0624

2,82413
2.82478
2.52543

2.82607
2.82672
2.82737
2.82802
2.82866
2.82030
2.82005
2.83059
2.83123
2.83187

2.83251
2.83315
2.83378

1.53846
1.53610
1.53374
1.53139
1.52905
1.52672
1.52439
1.52207
1.51976
151745

1.51515
1.51286
1.51057

1.49701
1.49477

1.49254
1.49031
1.48810
1.48588
1.48368
1.48148
1.47929
1.47710
1.47493
1.47275

2092.3
2005.4
2008.6
2101.7

2104.9
2108.0
2111.2
2114.3
2117.4
2120.6
2123.7
2126.9
2130.0
2133.1

2136.3
2139.4
21426
2145.7
2148.8
2152.0
2155.1
2158.3
2161.4
2164.6

2167.7
2170.8
2174.0
2177.1
2180.3
2183.4
2186.5
2189.7
2192.8
2196.0

331831
332853

76
334901
335927
336955
337985
339016
340049
341084

342119
3431567
344196
345237
346270
347323
348368
349415
350464
3515614

352565
353618
354673
3556730
356788
357847
358908
359971
361035
362101




CARNEGIE STEEL COMPANY

TFuncrions oF Numsers, 700 To 749

Bquare

Cube

Square
Root

Cubic
Root

Logarithm

1000
x
Reciprocal

No=Diameter

Cireum.

Area

700
701
702
703

705
706
707
708
709

710

714
715

490000
491401
492804
494209
405616
497025
498436
499849
501264
502681

504100
505521
506944
508369
500796
511225
512656
514089
515524
516961

518400
519841
521284
522729
524176
525625
527076
528529
520984
531441

532900
534361
535824
537289
538756
540225
541696
543169
544644
546121

547600
549081
550564
552049
553536
555025
556516
558009
550504
561001

343000000
344472101
345948408
347428927
348013664
350402625
351805816
353393243
354804912
356400829

357911000
350425431
360944128
362467007
3630094344
365525875
367061696
368601813
370146232
371694959

373248000
374805361
376367048
377933067
379503424
381078125
382657176
3842405683
385828352
387420489

380017000
390617891
302223168
393832837
395446904
397065375
3098688256
400315553
401947272
403583419

405224000
4068069021
408518488
410172407
411830784
413493625
415160036
416832723
418508992
420189749

26.4575
26,4764
26,4953
26,5141
26.5330
26.5518
26,5707
26.5805
26,6083
26.6271

26.6458
26.6646
26.6833
26.7021
26.7208
26.73905
26.7582
26.7769
26.7955
26,8142

26.8328
26.8514
26.8701
26,8887
26.9072
26,9258
26.9444
26.9629
26,9815
27.0000

27.0185
27.0370
27.05655
27.0740
27.0924
27.1109
27.1293
27.1477
27.1662
27.1846

27.2029
27.2213
27.2397
27.2580
27.2764
27.2047
27.3130
27.3313
27.3496
27,3679

8.8790
8.8833
8.8875
8.8017
8.8959
8.0001
8.9043
8.9085
8.9127
8.9169

8.9211
8.9253
8.9205
8.0337
8.9378
8.9420
8.9462
B8.9503
8.9545
8.0587

8.0628
8.9670
B.0711
8.9752
8.9794
8.9835
8.9876
8.0918
8.9959
9.0000

9.0041
9.0082
9.0123
9.0164
9.0205
9.0246
0.0287
9.0328
9.0369
9.0410

9.0450
9.04901
9.0532
9.0572
9.0613
9.0654
9.0694
0.0735
9.0775
9.0816

2.84510
2.84572
2.84634
2.584606
2.84757
2.84819
2.84880
2.84042
2.85003
2.85065

2.85126
2.85187
2.85248
2.85300
2.85370
2.85431
2.85491
2.855b2
2.85612
2.85673

2.85733
285794
2.85854
2.85014
2.85974
2.86034
2.86094
2.86153
2.86213
2.86273

2.86332
2.86302
2.86451
2.86510
2.86570
2.86620
2.86688
2.856747
2.86806
2.86864

2.86923
2.8G982
2.87040
2.87009
2.87157
2.87216
2.87274
2.87332
2.87390
2.87448

1.42857
1.42653
1.42450
1.42248
1.42045
1.41844
1.41643
1.41443
1.41243
1.41044

1.40845
1.40647
1.40449
1.40252
1.40056
1.39860
1.39665
1.39470
1.39276
1.30082

1.38889
1.38696
1.38504
1.38313
1.38122
1.37031
1.37741
1.37552
1.37363
1.37174

1.36986
1.36799
1.36612
1.36426
1.36240
1.36054
1.35870
1.35685
1.35501
1.35318

1.35135
1.34953
1.834771
1.34590
1.34409
1.34228
1.34048
1.33869
1.33690
1.33511

2199.1
2202.3
2205.4
2208.5
2211.7
2214.8
2218.0
22211
2224.2
22274

2230.5
2233.7
2236.8
2240.0
2243.1
2246.2
2249.4
2252.5
2255.7
2258.8

2261.9
2265.1
2268.2
22714
2274.5
22777
2280.8
2283.9
2287.1
2290.2

2293.4
2296.5
2299.6
2302.8
23056.9
2300.1
2312.2
2315.4
2318.5
2321.6

23248
2327.9
2331.1
23342
2337.3
2340.5
2343.6
2346.8
2349.9
2353.1

384845
385945
387047
388151
380256
390363
391471
392580
393602
394805

395919
307035
398153
390272
400393
401515
402639
403765
404892
406020

407150
408282
409415
410550
411687
412825
413965
415106
416248
417393

418539
410686
420835
421986
423138
424293
425447
426604
427762
428922

430084
431247
432412
433578
434746
435916
437087
438259
439433
440609

344




MATHEMATICAL TABLES

Fuxcrions or Numsers, 750 To 799

Bquare

Cube

Cubie
Root

Logarithm

1000
Résiprotal

502500
504001
HOLHH04
567000
H08616G
670025
571536
573049
574504
576081

577600
579121
580644
582160
583600
585225
586756
588289
580824
591361

592900
504441
505984
5975629
599076
600625
602176
603720
605284
606841

608400
600961
611524
613080
614656
616225
617796
619360
620044
622521

624100
627204
628840
630436

633610
635200

638401

421875000
423564751
4256260008
426067777
428661064
430368875
432081216
433798003
436619512
437245479

438976000
440711081
442450728
A4 14T
445043744
447607125
440455006
451217663
452084832
454756600

456533000
458314011
460099648
461889917
463684824

465484375
407288576
460007433
470910952
472729139

474552000
476379541
478211768
480048687
481890304
483736625
4855687656
487443403
480303872
401169069

493039000
404913671
406703088
408677257
H00566184
502459875
504358336
506261573
508169592
510082399

9.08566
9. DS!I&

9.0077
9.1017
9.1067
9.1008
9.1138
9.1178
9.1218

9.1258
9.1208
9.1338
9.1378
9.1418
9.1458
0.1498
9.1537
9.1577
9.1017

9.1667
9.1606
9.1736
9.1775
9.1815
0.1855
9.1804
9.1933
9.1973
9.2012

9.2052

9.2130
9.2170
9.2209
9.2248
9.2287
9.2326
9.2365
9.2404

9.2443

9.2521
9.2560

9.2638
9.2077
0.2716
9.2754
0.2793

2.87506
2.875604
2.87022
2.870680
2.87737
2.87795
2.878562
287910
2.87967
2.88024

2.88081
2.88138
2.881006
2.88252

1.83333
183156
1.32079
1.32802
1.32626
1.32450
1.32275
1.32100
1.31926
1.81752

131579
1.31406
1.31234
1.31062
1.30890
1.30719

1.26743

1.26582
1.26422
1.26263
1.26103

2478.7

2481.9

2491.3
24944
2497.6
2500.7
2503.8
2507.0
2510.1




CARNEGIE STEEL COMPANY

Funcrions or Numsers, 800 To 849

Cube

Cubie
Root

1000
X

Reciprocal

No.=Diameter

Circum.

512000000
513922401
515849608
517781627
510718464
521660125
523606616
H2556TM3
527514112
520475120

531441000
533411731
BHALBRTI2S
H3T36TTOT
5330353144
541343375
543338406
545338513
547343432
5493632560

551368000
553387661
555413248
H6TA41T767
559470224
561515625
563550076
565600283
567663552
560722789

571787000
573856191
575930368
578009537
530003704
582182875
584277056
586376253
588480472
500589719

502704000
594823321
590947088
500077107
601211584
603351125
605405736
607645423
600800192
611960049

28.8097
28,8271
28.8444
28.8617
28.87901
28.80064
28.9137
28.9310
28.9482
28.9655

28,9828
29.0000
29.0172
20,0345
20.0517
39.0689
20.0861
29,1033
20,1204
20.1376

9.3940

9.3978
0.4016

9.4001
9.4129
9.4166
9.4204
9.4241
9.4279
0.4316

9.4354
9.4301
0.4429
9.44066

9.4541
9.4578
0.4615
0.4652
9.4690

2.91009
2.91062
291116
2.91169
2.91222
2.91275
2.91328

2.01381
2.01434
2.91487
2.91540
2.91593
2.91645
2.91698
2.91751
2.91808
2.91855

2.91908
2.91960
2.92012
2.92065
2.92117
2.92169
2.92221
2.92273
2.92324
2.92376

2.92428
2.92480
2.92531
2.92583
2.92634
2.92686
2.92737
2.92788
2.92840
2.92891

1.25000
1.24844
1.24688
1.24533
1.24378
1.24224
1.24069
1.23916
1.23762
1.23609

1.23457
1.23305
1.23153
1.23001
1.22850
1.22699
1.22549
1.22399
1.22249
1.22100

1.21951
1.21803
1.21655
1.21507
1.21359
1.21212
1.21065
1.20919
1.20773
1.20627

1.20482
1.20337
1.20192
1.20048
1.19904
1.19760
1.19617
1.19474
1.19332
1.19190

1.19048
1.18906
1.18765
1.18624
1.18483
1.18343
1.18203
1.18064
1.17925
1.17786

2513.3
2516.4
2519.6
2522.7
2525.8
25290.0

2535.3
2538.4
2541.5

2544.7
2547.8
2551.0
2554.1
2557.3
2560.4
2563.5
2566.7
2569.8
2573.0

2576.1
2579.2
2582.4
2585.5
2588.7
2591.8
2595.0
2508.1
2601.2
2004.4

2607.5
2610.7
2613.8
2616.9
2620.1

2626.4
2629.5

2635.8

2638.9
2642.1
2645.2
2648.4
2651.5
2654.6
2657.8

2664.1
2667.2

528102
520301
530681
531973
533207
534502
535858
537157
538456
539758

541061
542365

346




MATHEMATICAL TABLES

Fonermions or Numeers, 850 To 899

Square

=

Cubic
Root

Logarithm

1000
x

Reciprocal

722500
724201
725004
727600
720316
731025
732736
734449
736164
737881

739600
741321
743044
744769
746496
748225
749956
751689
753424
755161

756900
768641
760384
762129
TO38706
765625
767376
7609129
770884
772641

774400
776161
777924
779689
781456
783225
784996
786769
788544
790321

792100

644072544
0647214625
6404061806
651714303
663972032
656234000

658503000
660776311
663054848
665338017
667627624
669921875
672221376
674526133
676836152
679151439

681472000
0683707841

20.1548
29.1719
29.1800
29.2002
20.2233
20.2404
20,2575
20.2746
20,2016
29.3087

29.3258
20.3428
29.3598
29.3760
20.3039
20.4100
290.4279
20,4449
20.4618
20.4788

20.4958
20.5127
20.5200
20.5460

086128068 | 20.6085

G688465387
690807104
0693154125
695506456
697864103
700227072
702595360

704960000
707347971
T00732288
7121219567
714516984
716917375
710323136
721734273
724150792
72656720600

29.8161

20.8320
20.8406
29,8664
20.8831
20.8008
20.9166
20.9333
20.9500
29.90606
20,9833

9.4727
D.4764
9.4801

9.4875
0.4912
0.4949
0.4986

9.5060

9.5007
9.5134
9.5171
0.6207
9.5244
9.5281
0.6317

ﬂ 5301
0.5427

0.54064

2.02942
2.02993

2.93095
2.03146
2.93197
2.93247
2.93208
2.93349
2.93399

2.93450

2.03551
2.03601
2.03651
2.08702
2.93752
2.93802
2.03852
2.93002

2.93952
2.94002
2.04052
2.94101
2.94151
2.94201
2.94250
2.04300
2.04349
2.04399

2.04448
2.94498
2.94547
2.04596

2.04694
2.04743
2.94792
2.04841
2.94800

2.94039
2.04988
2.95036
2.95085
2.05134
2.95182
2.95231
2.95279

2.95376

1.170647
1.17509
1.17371
1.17233
1.17096
1.16959
1.16822
1.16686
1.16550
1.16414

1.16279
1.16144
1.16009
1.15875
1.15741
1.15607
1.15473
1.15340
1.15207
1.15075

1.14943
1.14811
1.14679
1.14548
1.14416
1.14286
1.14155
1.14025
1.13895
1.13766

1.13636
1.13507
1.13379
1.13250
1.13122
1.12094
1.12867
1.12740
1.12613
1.12486

1.12360
1.12233
1.12108
1.11982
1.11857
1.11732
1.11607
1.11483
1.11359
1.11285

26704
2673.5
2676.6
2679.8
2682.9

2689.2
2692.3
2695.5
2698.6

2701.8
2704.9
2708.1
2711.2
27143
2717.5
2720.6
2723.8
2726.9
2730.0

2733.2
2736.3
2739.5
2742.6
2745.8
2748.9
2752.0
2755.2
2758.3
2761.5

2764.6
2767.7
2770.9
2774.0
2777.2
2780.3
2783.5
2786.6
2789.7
2792.9

2796.0
2799.2

2805.4
2808.6
2811.7
2814.9
2818.0
2821.2
2824.3

567450
508786
570124
571463

574146
575490
576835
578182
570530

580880
582232
586207

587655
580014




CARNEGIE STEEL COMPANY

Funcrions o NumBers, 900 To 949

588828 8388388888 g2333%s8s2 gpgsspasss | s

Cube

Cubie
Root

Logarithm

Reciproeal

No.=Diameter

810000
811801
B13604
815400
817216
819025

822049
824464
826281

828100
820021
B31744
833560
535300
837225
830066
840889
842724
8445061

846400
848241

851029
B53776
B56625
B67476

861184
863041

864900
866761
808624
870489

874225
876006
877069
870544
881721

883600
885481
887364
880240
801136
803025
804016
B8OGS09
808704
200601

720000000 |

731432701
733870808
736314327

T38TH3204 | &

741217625

74306774106 | &

746142643
748613312
751089429

753571000
756058031

758560528 | ¢

761048407
763551944
766060875
7085752006

771005213 | &

773620032
7761561559

778688000
7812200061
THATT7448
TROH3IMGT
TEBE80024
701453125
794022770
TO6597983
TOD178752
BO1765089

804357000
806054491
B0056575068
812166237
814780504
B17400375
820025856
822650053
825203672
827936019

830584000
833237621
535806888
838561807
5412323584
843908625
8465005636
840278123
851071392
854670340

0.6549
0.6620

0.6727

2.95424
2.95472
2.95521
2.95569
2.95617
2.95665
2.95713
2.95761
2.95809
2.05856

2.95004
2.05952
2.95999
2.96047
2.96095
2.096142
2.96190
2.96237
2.06284
2.06332

2.96379
2.96426
2.96473
2.96520
2.96567
2.96614
2.96661
2.96708
2.96755
2.96802

2.96848
2.96895
2.96042
2.96988
2.97035
2.97081
297128
297174
2.07220
2.97267

2.97313
2.97359
2.07405
2.97451
2.97497
2.97543
2.97589
2.97635
2.97681
2.97727

111111
1.10988
1.10865
1.10742
1.10619
1.10497
1.10375
1.10254
1.10132
1.10011

1.08800
1.09769
1.09649
1.00529
1.09409
1.00290
1.09170
1.09051
1.08932
1.08814

1.08696
1.08578

2862.0 | 651818
2865.1 | 653250
2868.3 | 654684
2871.4 | 656118
2874.6 | 6575556
2877.7 | 658993
2880.8 | 660433
2884.0 | 661874
2887.1 | 663317

2890.3 | 664701
2893.4 | 666207
2896.5 | 667654
2809.7 | 669103
2602.8 | 6705654
2906.0 | 672006
2909.1 | 673460
2012.3 | 674915
2915.4 | 676372
2918.5 | 677831

2921.7 | 679201
2024.8 | 680752
2028.0 | 682216
2031.1 | 683680
2934.2 | 685147
2937.4 | 686615

688084

2043.7 | 659555
2046.8 | 691028
2950.0 | 692502

2953.1 | 693978
2056.2 | 695455
2959.4 | 696934
2962.5 | 695415
2065.7 | 699897
2068.8 | 701380
2071.9 | 702865
2975.1 | 704352

2081.4 | 707330




MATHEMATICAL TABLES

Fuscrions or Numsers, 950 To 999

Cube

Square
Root

Cubie
Root

Logarithm

1000
x
Reciprocal

No.=Diameter

Area

925444
027369
0202096
931225
033156
935089
937024
038061

940900
042841
944784
946720
948670
050625
9525706
954520
050484
058441

060400
962361
064324
066280
00682560
070225
072100
074169
070144
978121

950100
052051
084004
986049
088036
990025
962016
994009
006004
008001

847375000
860085351
862801408
BB5623177
BOS250664
B70083875
B73722816
B7(G467403
870217912
881074079

R84736000
887503681
800277128
803056347
805841344
BO86:32125
H01428606
004231063
907039232
D0D853200

012673000
015408611
018330048
021167317
924010424
026859375
029714176
032574833
035441352
038313739

941192000
044076141
046066168
040862087
052703904
055671625
DHBH85256
061504803
064430272
967361669

070299000
0973242271
076101488
079146657
082107784
085074875
088047936
091026973
994011992
997002999

30.8221
30.8383
30.8545

31.0000
31.0161
31.0322
31.0483
31.0644
31.0805
31.0966
31.1127
31.1288

31.1448
31.1609
31.1769
31.1929
31.2090
31.2250
31.2410
31.2570
31.2730
31.2800

31.3050
31.3209
31.3369
31.3528
31.3688
31.3847
31.4006
31.4166
31.4325
31.4454

31.4643
31.4802
31.4960
31.5119
31.5278
31.5436
31.5595
31.5753
31.5911
31.6070

9.8305
09.5339
0.8374
9.8408

297772
2.07818
2.97864
2.97000
2.97955

2.08677
2.98722
2.098767
2.08811
2.098850
2.98900
2.08045
2,08989
2.00034
2.09078

2.00123
2.00167
2.99211
2.09255
2.99300
2.99344
2.99388
2.00432
290476
2.00520

2.99564
2.99607
2.99651
2.99605
2.09739
2.09782
2.09826
2.00870
2.09013
2.99057

1.05263
1.05152
1.05042
1.04032
1.04822
1.04712
1.04603
1.04493
1.04384
1.04275

1.04167
1.04058
1.03950
1.03842
1.03734
1.03627
1.03520
1.03413
1.03306
1.031989

1.03003
1.02987
1.02881
1.02775
1.02669
1.02564
1.02459
1.02354
1.02249
1.02145

1.02041
1.01937
1.01833
1.01729
1.01626
1.01523
1.01420
101317
1.01215
1.01112

1.01010

3091.3
3094.5
3007.6
3100.8
3103.9
3107.0

3110.2
3113.3
3116.5
3119.6
3122.7
3125.9
3129.0
3132.2
3135.3
3138.5

708822
710315
711809
713306
714803
716303
717804
719306
720810
722316

723823
725332
726842
728354
720867
731382
732899
734417
7359387
737458

738081
740506
742032
743559
745088
746619
745151
740685
751221
752758

754206
756837
757378
758922
700466
762013
763561
765111
766662
768214

769769
771325
772882
774441
776002
TTT7564
770128
780603
782260
783828




CARNEGIE STEEL COMPANY

Naroran TricoNoMETRIC FUNeTIONS

E SINES g
0 10’ 20 30 | 40 507 80’ 5

0 | 0.00000 | 0.00291 | 0.00582 | 0.00873 | 0.01164 | 0.01454 | 0.01745 | 89
1 |0.01745 | 0.02036 | 0.02327 | 0.02618 | 0.02908 | 0.03199 | 0.03490 | 88
2 | 0.03490 | 0.03781 | 0.04071 | 0.04362 | 0.04653 | 0.04943 | 0.05234 | 87
3 | 0.05234 | 0.05524 | 0.05814 | 0.06105 | 0.06395 | 0.06685 | 0.06976 | 86
4 | 0.06976 | 0.07266 | 007556 | 0.07846 | 0.08136 | 0.08426 | 0.08716 | 85
5 | 0.08716 | 0.09005 | 0.09295 | 0.09585 | 0.09874 | 0.10164 | 0.10453 | 84
6 |0.10453 | 0.10742 | 0.11031 | 0.11320 | 0.11609 | 0.11898 | 0.12187 | 83
7 | 0.12187 | 0.12476 | 0.12764 | 0.13053 | 0.13341 | 0.13629 | 0.13917 | 82
8 [0.13917 | 0.14205 | 0.14493 | 0,14781 | 0.15069 | 0.15356 | 0,15643 | 81
9 |0.15643 | 0.15931 | 0.16218 | 0,16505 | 0.16792 | 0.17078 | 0.17365 | S0
10 [0.17365(0.17651 | 0.17937 | 0.18224 | 0.18509 | 0.18795 | 0.19081 | 79
11 | 0.19081 | 0.19366 | 0.19652 | 0.19937 | 0.20222 | 0.20507 | 0.20791 | 78
12 | 0.20791 | 0.21076 | 0.21360 | 0.21644 | 0.21928 | 0.22212 | 0.22495 | 77
13 |0.22495 | 0.22778 | 0.23062 | 0.23345 | 0.23627 | 0.23910 | 0.24192 | 76
14 [ 0.24192 | 0.24474 | 0.24756 | 0.25038 | 0.25320 | 0.25601 | 0.25882 | 75
15 |0.25882 | 0.26163 | 0.26443 | 0.26724 | 0.27004 | 0.27284 | 0.27564 | 74
16 |0.27564 | 0.27843 | 0.28123 | 0.28402 | 0.28680 | 0.28959 | 0.29237 | 73
17 [0.29237 | 0.29515 | 0.29793 | 0.30071 | 0.30348 | 0.30625 | 0.30902 | 72
18 |0.30902|0.31178 | 0.31454 | 0.31730 | 0.32006 | 0.32282 | 0.32557 | 71
19 | 0.32557 | 0.32832 | 0.33106 | 0.33381 | 0.33655 | 0.33929 | 0.34202 | 70
20 |0.34202 | 0.34475 | 0.34748 035021 0.35293 | 0.35565 | 0.35837 | 69
21 | 0.35837 | 0.36108 | 0.36379 0.36921 | 0.37191 | 0.37461 | 68
22 |0.37461 | 0.37730 | 0.37999 038268 0.38537 | 0.38805 | 0.39073 | 67
23 | 0.39073 | 0.39341 | 0.39608 | 0.39875 | 0.40142 | 0,40408 | 0.40674 | 66
24 | 0.40674 | 0.40939 | 0.41204 | 0.41469 | 0.41734 | 0.41998 | 0.42262 | 65
25 |0.42262 | 0.42525 | 0.42788 | 0.43051 | 0.43313 | 0.43575 | 0.43837 | 64
26 | 0.43837 | 0.44098 | 0.44359 | 0.44620 | 0.44880 | 0,45140 | 0.45399 | 63
27 | 0.45399 | 0.45658 | 0.45917 | 0.46175 | 0.46433 | 0.46690 | 0.46947 | 62
28 | 0.46947 | 0.47204 | 0.47460 | 0.47716 | 0.47971 | 0.48226 | 0.48481 | 61
20 | 0.48481 | 0.48735 | 0.48080 | 0.49242 | 0.49495 | 0.49748 | 0.50000 | 60
80 | 0.50000 | 0.50252 | 0.50503 | 0.50754 | 0.51004 | 0.51254 | 0.51504 | 59
31 |(0.51504 [ 0.51753 | 0.52002 | 0.52250 | 0.52498 | 0.52745 | 0.52002 | 58
32 |0.52992 | 0.53238 | 0.53454 | 0.53730 | 0.53975 | 0.54220 | 0.54464 | 57
33 | 0.54464 | 0.54708 | 0.54951 | 0.55194 | 0.55436 | 0.55678 | 0.55919 | 56
34 |0.55919 | 0.56160 | 0.56401 | 0.56641 | 0.56880 | 0.57119 | 0.57358 | 55
35 |0.57358 | 0.57596 | 0.57833 | 0.58070 | 0.58307 | 0.58543 | 0.58779 | 54
36 [0.58779 | 0.59014 | 0.59248 | 0.59482 | 0.50716 | 0.59949 | 0.60182 | 53
37 | 0.60182 | 0.60414 | 0.60645 | 0.60876 | 0.61107 | 061337 | 0.61566 | 52
38 | 0.61566 | 0.61795 | 0.62024 | 0.62251 | 0.62479 | 0.62706 | 0.62932 | 51
39 | 0.62932 | 0.63158 | 0.63383 | 0.63608 | 0.63832 | 0.64056 | 0.64270 | 50
40 | 0.64279 | 0.64501 | 0.64723 | 0.64945 | 0.65166 | 0.65386 | 0.65606 | 49
41 | 0.65606 | 0.65825 | 0.66044 | 0.66262 | 0.66480 | 0.66697 | 0.66913 | 48
42 |0.66913 | 0.67129 | 0.67344 | 0.67559 | 0.67773 | 0.67987 | 0.68200 | 47
43 | 0.68200 | 0.68412 | 0.68624 | 0.68835 | 0.60046 | 0.69256 | 0.69466 | 46
44 | 0.69466 | 0.69675 | 0.60883 | 0.70091 | 0,70298 | 0.70505 | 0.70711 | 45
é 60’ 50" 40° 30" | 20 10 o E

COSINES
350




v

MATHEMATICAL TABLES

Naruran TricoNnoMETRIC FUNCTIONS

E COSINES '
=
o 10 | 20 | 300 | 400 | 500 | 600 | *
0 | 1.00000 | 1.00000 | 0.99908 | 0.900906 | 0.99903 | 0.99980 | 0.99985 | 80
1 | 0.99985 | 0.999790 | 0.99973 | 0.990606 | 0.09958 | 0.99049 | 0.99939 | 88
2 | 0.99939 { 0.00029 | 0.99917 | 0.99905 | 0.99302 | 0.009878 | 0.99863 | 87
3 | 0.99863 | 0.99847 | 0.909831 | 0.99813 | 0.99795 | 0.99776 | 0.99756| 86
4 | 0.99756 | 0.99730 | 0.99714 | 0.90602 | 0.99668 | 0.00644 | 0.99619| 85
5 | 0.99619 | 0.99504 | 0.99567 | 0.00540 | 0.99511 | 0.90482 | 0.99452 | 84
6 | 0.99452 | 0.99421 | 0.99390 | 0.99357 | 0.99324 | 0.99290 | 0.99255| 83
7 | 0.99255 | 0.99210 | 0.99182 | 0.99144 | 0.90106 | 0.99067 | 0.99027
8 | 090027 | 0.98986 | 0.98044 | 0:98002 | 008858 | 0.98814 | 0.98760 [ 81
9 | 0.98769 | 0.98723 | 0.98676 | 0.98629 | 0.98580 | 0.98531 | 0.98481 | 80
10 |0.98481 | 0.98430 | 0.08378 | 0.08325 | 0.98272 | 0.98218 | 0.08163| 79
11 | 0.98163 | 0.98107 | 0.98050 | 0.07092 | 0.97934 | 0.97875 | 0.97815| 78
12 [ 0:97815 | 0.97754 | 0.07692 | 0.97630 | 0.97566 | 0.97502 | 0.97437 | 77
13 | 0.97437 | 0.97371 | 0.07304 | 0.97237 | 0.97169 | 0.97100 | 0.97030| 76
14 | 0.97030 | 0.96959 | 0.906887 | 0.06815 | 0. 0. 0.96593| 75
15 | 0.96503 | 0.06517 | 0.06440 | 0.06363 | 0.96285 | 0.96206 | 0.96126 | 74
16 | 0.96126 | 0.90046 | 0.950064 | 0.05882 | 0.95799 | 0.95715 | 0.95630| 73
17 | 0.95630 | 0.95545 | 0.05450 | 0.05372 | 0.95284 | 0.95195 | 0.95106 | 72
18 [ 095106 | 0.95015 | 0.04924 2| 0.94740 | 094646 | 0.94552 [ 71
19 | 0.94552 | 0.94457 | 0.043061 0.94167 | 0.94068 | 0.93969 | 70
20 |0.93960 | 0.93809 | 0.03760 | 0.03607 | 0.93565 | 0.93462 | 0.93358 | 69
21 |0.93358 | 0.03253 | 0.93148 | 0.93042 | 0.92035 | 0.92827 | 0.92718| 68
22 [0.92718 | 0.92609 | 0.92499 | 0. 0.92276 | 0.92164 | 0.92 67
23 02050 | 0.01036 | 0.91822 | 0.91706 | 0.91500 | 0.91472 | 0.01355| 66
24 |0.91355 | 0.91236 | 0.91116 | 0. 0.00875 | 0.90753 | 0.90631 | 65
25 |0.90631 | 0. 0.90383 0.00133 | 0. 080870 | 64
26 | 0.89879 | 0.89752 | 0.89623 | 0.809403 | 0.89363 | 0.89232 | 0.89101 | 63
27 | 0.89101 | 0.88068 | 0.88835 | 0.88701 | 0.885 0. 0. 62
28 | 0.88295 | 0.88158 | 0.88020 | 0.87882 | 0.87743 | 0.87603 | 0.87462 | 61
20 | 0.87462 | 0.87321 | 0.87178 | 0.87030 0.86748 60
30 | 0.86603 | 0.86457 | 0.86310 | 0.86163 | 0.86015 | 0.85866 | 0.85717 | 50
31 | 0.85717 | 0.85567 | 0.85416 | 0. 0.85112 | 0.84959 | 0.84805 | 58
32 | 0.84805 | 0.54650 | 0.84405 | 0.84339 | 0.84182 | 0.84025 | 0.83867 | 57
33 |0.83867 | 0.83708 | 0.83549 | 0.833890 | 0.83228 | 0.83066 | 0.82904 | 56
34 |0.52004 | 082741 | 0.82577 | 0.82413 | 0.82248 | 0.82082 | 0.81915| 55
35 | 081015 | 0.81748 [ 0.81580 | 0.81412 | 0.81242 | 0.81072 | 0.80902| 54
36 | 0.80902 | 0.:80730 | 0.80558 | 0. 0.80212 | 0. 0.79864 | 33
37 |0.79864 | 0.79688 | 0.79512 | 0.70335 | 0.79158 | 0.78080 | 0.78801 | 52
38 | 0.78801 | 0.78622 | 0.78442 | 0.78261 | 0.78079 0.77715| 51
39 |0.77715| 0.77531 | 0.77347 | 0.77162 | 0.76977 | 0.76791 | 0.7 30
40 | 076604 | 0.76417 | 0.76220 | 0.76041 | 0.75851 | 0.75661 | 0.75471 | 49
41 |0.75471 | 0.75280 | 0.75088 | 0.74596 | 0.74703 | 0.74500 | 0.74314 | 48
42 | 0.74314 | 0.74120| 0.73 0.73728 . 0.73135| 47
43 | 0.73135 | 0.72937 | 0.72737 | 0.72537 | 0.72337 | 0.72136 | 0.71934 | 46
44 |0.71934 | 0.71732 | 0.71520 | 0.71325 | 0.71121 | 0.70016 | 0.70711 | 45
g, o | 0 | 40 | s | w | w | o E
3 SINES
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CARNEGIE STEEL COMPANY

NaruraL TricoNomETRIC FUNCTIONS

E TANGENTS
o 100 200 | 30 s00 500 80’
0 | 0.00000 | 0.00291 | 0.00582 | 0.00873 | 0.01164 | 0.01455 | 0.01746G | 80
1 0.01746 | 0.02036 | 0.02328 | 0.02619 | 0.02910 | 0.03201 | 0.03492| 88
2 | 0,03492 | 0.03783 | 0.04075 | 0.04366 | 0.04658 | 0.04949 | 0.05241 | 87
3 | 0.05241 0. 0.05824 | 0,06116 | 0.06408 | 0.06700 | 0.06993 | S6
4 | 0.06993 | 007255 | 0.07578 | 0.07870 | 0.08163 | 0. 0.08740| 85
5 | 0.08749  0.09042 09335 | 0.09629 | 0. 0.10216 | 0.10510 | S84
6 | 0.10510 | 0.10505 | 0.11099 | 0.11394 | 0.11688 | 0.11983 | 0.12278 | K3
T 0.12278 | 0.12574 | 0.12869 | 0.13165 | 0.13461 | 0.13758 | 0.14054 | 82
B | 0.14054 | 0.14351 | 0.14648 | 0.14945 | 0.15243 | 0.15540 | 0.15838 | 81
9 | 0.15838 | 0.16137 | 0.16435 | 0.16734 | 0.17033 | 0.17333 | 0.17633 | 80
10 |0.17633| 0.17033 | 0.18233 | 0.18534 | 0.18835 | 0.10136 | 0.10438 | 79
11 0.19438 | 0.19740 | 0.20042 | 0.20345 | 0.20648 | 0.20952 | 0.21256| 78
12 | 0.21256| 0.21560 | 0.21864 | 0.22169 | 0.22475 | 0.22781 | 0.23087 | 77
13 | 0.23087 | 0.23393 | 0.23700 | 0.24008 | 0.24316 | 0.24624 | 0.24933| 76
14 | 0.24833 | 0.25242 | 0.255652 | 0.25862 | 0.28172 0.26795| 75
15 | 0.26795 | 0.27107 | 0.27419 | 0.27732 | 0.28046 | 0.28360 | 0.28675 | 74
16 | 0.28675 | 0.28 0.29305 | 0.29621 | 0.29938 | 0.30255 | 0.30573 | 73
17 30573 | 0,30891 | 0.31210 | 0.31530 | 0.31850 | 0.32171 | 0.32492| 72
18 | 0.32402 | 0.32814 | 0,.33136 | 0.33400 | 0.33783 | 0.34108 | 0.34433 | 71
19 | 0.34433 | 0.34758 | 0.35085 | 0.35412 | 0,35740 | 0.36068 | 0.36307 | 70
20 |0.36397 | 0.36727 | 0.87057 | 0.37388 | 0.37720 | 0.38053 | 0.38386| 69
21 |0 0.38721 | 0.39055 | 0.30391 | 0.39727 | 0,40065 | 0.40403 | 68
22 | 040403 | 0.40741 | 0.41081 | 0.41421 | 0.41763 | 0.42105 | 0.42447 | 67
23 0.42447 | 0.42701 | 0.43136 | 0,43481 | 0.43328 | 0.44175 | 0.44523| 606
24 0.44523 | 044872 | 0.45222 | 0.45573 | 0.45924 | 0.46277 | 0.46631 | 65
25 | 0.46631 | 0.46985 | 0.47341 | 0.47698 | 0.48055 | 0.48414 | 0.48773| 64
26 | 048773 | 0.49134 | 0.40495 | 0.49858 | 0.50222 | 0.50587 | 0.50953 | 63
27 | 0.50953 | 0.51320 | 0.51688 | 0.52057 | 0.52427 | 0.52798 | 0.53171| 62
28 | 0.63171 ] 0.53545 | 0. 0.542006 | 0.54674 | 0.55051 | 0.55431 | 61
20 |0.55431 | 0.55812 | 0.56104 | 0.56577 | 0.56962 | 0.57348 | 0.57735| 60
30 |0.57735 | 0.58124 | 0.58513 | 0. 0.50297 | 0.50601 | 0.60086 | 59
31 0.60080 | 0.60483 | 0.60881 | 0.61280 | 0.61681 | 0.62083 | 0.62487 | 58
32 | 0.62487 | 0.62892 | 0. 0.63707 64117 | 0.64528 64941 | 57
33 | 0.64941 | 0. 0.65771 | 0.66189 0.67028 | 0.67451| 50
34 | 067451 | 0.67875 | 0.68301 | 0. 0.69157 | 0. 0.70021| 55
35 |0.70021 | 0.70455 | 0.70801 | 0.71320 | 0.71760 | 0.72211 | 0.72654 | 54
46 | 0.72054 | 0.73100 | 0.73547 | 0.73996 | 0.74447 | 0.74900 | 0.75355 | 53
87 |0.75355|0.75812 | 0.76272 | 0.76733 | 0.77196 | 0.77661 | 0.78129| 52
38 | 078129 | 0.78598 | 0.70070 | 0.79511 | 0.80020 | 0.80498 | 080978 | 51
30 | 0.80978 | 0.81461 | 0.81046 | 0.82434 | 0.82923 | 0.83415 | 0.83910| 50
40 |0.83910 | 0.84407 | 0.84006 | 0.85408 | 0.85012 | 0.86410 | 0.88920 | 49
41 0.86920 | 0.87441 | 0.87955 | 0.88473 | 0. 0.89515| 0.90040 | 48
42 | 0.90040 | 0.90569 | 0.91099 | 0.91633 | 0.92170| 0.92709 | 0.93252 | 47
43 | 0.93252 | 0.93797 | 0. 0.948 0.95451 | 0.96008 | 0.96569 | 46
44 | 0.96560 0.97133 | 0.97700 | 0.98270 | 0.98843 | 0.99420 | 1.00000| 45
60’ 50" 40’ 30’ 20/ 100 o 5
COTANGENTS
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MATHEMATICAL TABLES

NaTuraL TricoNOMETRIC FUNCTIONS
E COTANGENTS 2
10 20" | 30 40’ 507 60’ g
0 1343.77371 171 88540|1 14.5886585.03979/68.7500057.28996) 89
1 49.10388| 42.96408 38.18846/34.3677731.24158 28.63625 88
2 26.43130{ 24.54176 22.00377(21.4704020.2055519.08114] 87
3 18.07498 17.16934! 16.34986! 15.6{)478114.92442114.30067 86
4 18.72674| 13.19688| 12.70621{12.25051/11.8261711. 85
5 11.05943) 10.71191) 10.3854010.07803 9.51436) 84
6 25530,  9.00983| 8.77689| 8.55555 8.14435 83
7 7.77035 7.11537 82
8 6.82604 6.31375| 81
9 6.08444 5.67128 80
10 .14455) 79
11 4.70463| 78
12 4.33148| 77
13 4.01078 76
14 8.73205 75
15 . 74
16 3.27085 73
17 07768 72
18 2.00421| 71
19 2.74748) 70
20 2. 69
21 2. 68
22 2, 67
23 2. 66
24 2.14451] 65
25 2, 64
26 1.96261| 63
27 1.88073| 62
28 1.80405 61
29 1.73205 60
30 1.66428 59
31 1.60033 58
32 1.53987| 57
33 1.48256/ 56
34 1.45501 1.42815 55
35 1.40195 1.3 1.37638 54
36 1.35142 1. 1.32704| 53
37 1.30323 1.28764| 1.27994 52
38 1.25717 1.2 1.23490 51
39 | 1.23490 1.21310 T 1.19175 50
40 | 1.19175 1.17777| 1.1708 1.15715 1.15037| 49
41 | 1.15037 1.13694] 1.1302 1.11713 1.11061| 48
42 | 1.11061 1.09770  1.09131 1.07864) 1.07237| 47
43 | 1.07237| 1.06613 1.05994] 1.05378 66 1.04158 1.03553| 46
44 | 1.03553 1.02952' 1.02355 1.01761| 1.01170| 1.00583 1.00000{ 45
3
60" 50" 40" 30’ 20/ 10" o
TANGENTS E
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CARNEGIE STEEL COMPANY
NaTuraL TricoNoMETRIC FUNCTIONS
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MATHEMATICAL TABLES

NaTuraL TricoNoMETRIC FuncTioNs
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CARNEQGIE STEEL COMPANY

BIRMINGHAM WIRE GAGE (B.W.G.)

EquivALENTS IN INCHES AND MILLIMETERS
CorresroNpING WEIGHTS oF FraT RoLLEp STEEL

Thickness Weight
Number
by Decimal Fractional . Pounds Kilograms
Inchea Inches Millimeters | ¢ o Foot | Square Moter
0000 A54 11.532 18.523 90.438
425 a 10.795 17.340 84.661
00 380 - 9.652 15.504 75.697
0 340 s 8.636 13.872 67.720
1 300 7.620 12.240 50.761
2 284 11.587 56.573
3 250 6.570 10.567 51.503
i 238 9710 147,410
5 220 o 5.588 £.976 43.825
6 203 1 5.156 8.282 40,438
7 180 i 1572 7.344 35.856
8 1165 *i4ss 1101 6.731 32.868
9 148 19495 3.750 6.038 29.
10 134 194y 3.404 5.467 26.693
11 120 18498 3.048 4.896 23.904
12 109 ' 2.769 4.447 21.713
13 ] 2.413 3.876 18.024
14 P o 27108 3386 16.534
15 072 i‘s 1.829 2.938 14.343
16 1.651 2.652 12.048
17 058 1.473 2.366 1.
18 049 12 1.245 1.999 0.761
19 042 1.067 1.714 8.
20 035 880 1.428 6.972
032 813 1. 6.37
22 028 11 1.142 b.678
23 L25 635 1.020 4.980
24 022 12 5569 0.898 4.382
25 020 508 0.816 3.084
26 018 " 457 0734 3.586
27 016 gy A08 0.653 3.187
28 014 512 356 0.571 2.789
29 013 Wions 330 0.530 2.590
30 012 ;2“ 805 0.490 2.390
31 010 19 254 0.408 1.992
32 009 %ot 229 0.367 1,793
a3 008 208 0.326 1.504
34 08 | o 78 236 1394
35 A005 Boe J27 0.204 0.996
36 004 | lang 102 0.163 0.797

nless otherwise specified, all orders for flat rolled steel in will be executed by Carnegie
wuwwmﬂm“ o

i

]
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GAGES

UNITED STATES STANDARD GAGE
For
SueeT AND Prate IRON STEEL
P [ Squte T | S Tt | B Metenr
3 & =1 uare Foo uare Foo i .
e ﬁ].;chu Inches Millimeters | Ounces, Av. | Pounds, Av. | Kilograms
0000000 b 12.7 320 20.00 07.65
000000 19& 46875 11.90625 300 18.75 91.55
00000 e | 4375 11.1125 280 17.50 85.44
Q000 184 10.31875 260 16.25 70.33
000 3 | .3756 9.525 240 15.00 73.24
00 4. | 34375 8.73125 220 13.75 67.13
0 e | .3125 7.9375 200 12.50 61.03
1 9% | .28125 7.14375 180 11.25 54.93
2 1y 8.746875 170 10.625 51.88
3 6.35 160 10.00 48.82
4 g, | .234375 5.953125 150 9.375
5 The | 21875 5. 140 8.75 42.72
6 185, 2031 5.150375 130 8.125 39.67
7 3a | .1875 4.7625 120 7.5 36.62
8 e | 171875 4.365625 110 6.875 33.57
0 Bha | 15625 3.96875 100 6.25 30.52
10 Yse | 1400625 3.571875 90 5.625 27 .
11 4 | 125 3.175 80 5.00 24.4
12 Ths | 109375 2.778125 70 4.375 21.36 |
13 34e | 09375 2.38125 a0 3.75 18.31
14 5ge | OTB125 1.984375 50 3.125 15
15 %28 | 0703125 1.7859375 45 2.8125 13.73 ]
16 g | 0625 1.5875 40 2.50 12.21
17 %00 | 05025 1.42875 36 2.25 10.99
18 g | 06 1.27 32 2.00 9.765
19 Tie0 | 04375 1.11125 28 1.95 8.544
20 350 | 0375 9525 24 1.50 7.324
21 11400 | 034375 873125 22 1.375 6.713
22 2 031256 793750 20 1.25 6.103
23 Baeo | 028125 714375 18 1.125 5.493
24 Yo | 025 635 16 1.00 4.882
25 Theo | .OR1875 555625 14 875 4.272
26 %eo | 0BT AT625 12 Fri] 3.602
27 b | 0171875 4365625 11 6875 3.357
28 1gs | 015625 396875 10 625 3.052
20 %0 | 0140625 3571875 9 5625 2,746
30 1o | 0125 3175 8 50 2.441
31 Taso | 0100375 2778125 7 A375 2.136
32 | 134250 | 01015625 25796875 64 406! 1.983
33 8490 | 000375 238125 6 375 1.831
34 | 4ege | 00859375 21828125 54 34375 1.678
35 Ba40 | 0078125 .1984375 5 3125 1.5626
36 Biag0 | 00703125 17859375 44 28125 1.373
37 | Vgeo | 006640025 | 168671875 434 265625, 1.207
38 a0 | 00625 15875 4 26 1.221
The United Btates Standard Gage is a weight gage based the weights per square foot,in
ounulmdupmndlmm;h&_hnd mlmenhni
ln&amdunﬂqﬂhmdtbeUmudEh&uSmﬂudﬁmlwuﬁtmhmd
214 per cent either way may be ll
Unless otherwise mﬂmfwﬂurﬂhﬂrtﬂhmwﬂ]hmuﬂbf%ﬂ
Bteel Company to Birmingham Gage.
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CARNEGIE STEEL COMPANY

STANDARD GAGES
CompARATIVE TABLE

Thickness in Decimals of an Inch
af| g X1 EETRR
Ge | B85 =4 | M8 | S g | f=3
No 88 B B A5s
ARSARC AN AR
]
-] E = 2
0000000 iizel ) smpd.is 4000 Pt B0 (1" Rleane
000000 .580000 4615 o Ly SR R
00000 - 516500 4305 450 ABE | LEieee
0000 454 | .3038 -400 Ja0n b et
000 425 . 3625 360 372 L5000
00 380 364796 3310 .330 348 L4452
0 340 324861 L3065 305 324 3064
1 L300 .289297 2830 285 300 .3532
2 284 257627 2625 265 276 3147
3 259 .220423 2487 .245 252 2804
4 238 .204307 12253 225 .232 L2500
b 220 181940 .2070 205 212 2225
(3] 203 162023 1920 190 192 L1081
7 180 144285 A770 1756 A76 1764
8 165 .128490 L1620 160 160 L5670
9 48 114423 1483 145 144 .1308
10 134 101807 L1350 130 128 L1250
11 120 090742 1205 11756 116 L1113
12 109 o 1055 105 104 L0001
13 095 071962 0015 0925 092 L0882
14 083 064084 L0800 o 080 LT85
15 072 057068 0720 070 072 069
16 065 .050821 L0025 061 064 L0625
17 058 045257 0540 0525 056 0556
18 049 .040303 JLOA75 045 .048 L0485
19 042 035800 0410 040 040 0440
20 .035 031961 H 035 .036 0392
21 032 .028462 031756 031 032 L0349
22 028 025346 . 028 028 03125
23 025 022572 0258 025 024 {02782
24 022 020101 L0230 0225 022 02470
25 020 .017900 0204 020 .020 02204
20 018 015941 L0181 018 018 01961
27 016 0141956 0173 017 0164 01745
28 014 .012641 0162 016 0148 015625
29 013 011257 L0150 015 0136 .0139
30 012 .010025 0140 014 0124 0123
31 010 .008928 0132 013 L0116 L0110
32 009 007950 .0128 012 L0108 L0098
33 008 007080 0118 011 0100 0087
34 007 006305 L0104 010 L0092 0077
35 005 005615 0095 L0095 L0084 0069
36 004 005000 L0090 009 L0076 L0061
a7 v e 004453 0085 0085 D068 0054
38 003965 L0080 008 L0060 L0048
39 003531 0075 0075 30,0 il i SR
40 .003144 L0070 007 ZO0E8- ' s
Unless otherwise specified, all orders for flat rolled steel in gages will be executed by Carnegie
Company to Wire .
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MEASURES AND WEIQHTS

DECIMAL OF AN INCH AND OF A FOOT

Bhy|-15625 | 174 %2 40625 |47 Tlas .65625 %%

.1615 1% & 41 6615 9115
‘1867 |2 o |Aus e |-8812 (% 1 9167
1 171875 |2 Tjae| 421875 gyl 871875 59, 921875
Yod 1771 gﬁ' 4271 %ﬁ' 8771 gﬁ' ‘9271
11823 . 4323 ‘ o

1875 4375 1 .B875 it 8375
¥ 1927 ﬁ. e 4357 ﬁ. Yol 0027 ﬁ. Mo 94ar
1979 4479 16979 0479

.203125 4531 953125

196s - g-"h. %EE-%?%% g{ic% S
2135 o 4635 0 7135 8%a F
21875 196 46875 71875 a14s| 08875

Yl daeo. | otk o 4050 Eﬁq, B B %, a4
2202 4702 7292 9702

15, 234375 | 213, 836,| 484375 | 51854 474,] 734375 | 81844056, 084375

fa B4 4806 | 514 7908 | g0 9806
2448 21584, L4948 5184 7428 o 0948
2500 (3 ||.5000 |a T% 7500 o |1 | 1.0000

=

} Bal 3

Fractions [B55 5| Fractions |56

of . s of of s

Tnch or Foot Tk ox Tk Tnch or Foot |5

Itk it

L0052 2562 7652
‘0i0s | n°l| | 32804 7008 | on®
015625 176, 265625 406, 765625

| 0308 E. o 2708 7708 | 94
0260 ol 2760 7760 | 9%

Yhs| 03125 | %4 |94e|.28125 e 78125 | 08
10385 | Mol T |.2865 94a
0417 | 14 2017 7017 | o
046875 1964( 206875 | 3%4o 1564 546875 | O34 [ 706875

You | 0801 ?." o B%Zd o b SR el e B4 &:
0573 Yol | 3073 |31%ie | 2373 |6ihke 8073 .
0625 3125 |a% |%e|.5625 |o% '%e 8125

Wi 0677 32“ G b+ B e W e A i, 4 ﬁ"
0729 3220 (34| |B720 |o% 8229

%ou | 078125 | 1o My 328126 | Biihe ey 578125 | G10a St 828125 | Oitie
0833 |1 ‘3333 | " 1.5833° |7 8333 |10
0885 |1i4q 3308 | e | [3885 |The ‘8385 | 1040
00375 |13 [114o].343756 |44 |19 50375 |734 loves 84875 |1

o 0900 15. 3490 ‘%'. 5000 | 7%0 8400 1%.
1042 |1 3542 |4 6042 |74 8542 |1
,100375 |1 .359375 | 4540 |94 .600375 850375 | 1

b b i B L e v prix 6146 m‘ Rl zﬁ'
1198 |1%s| |[3608 |41%e| |6198 |7i4e 8608 | 10%As
1250 134 |%|.3750 |4 |5 |.e250 |76 |w| 8750 |1

» L1302 laa L3802 o 5302 T L8802 l%.
1354|184 3854 |4 6354 | 7% 8854 |1
140625 | 11140256,] 300825 | 4114 ¢ 4144 640625 | 71140 106%a| 8¢ 101

Wl 1238 | 1a 3008 " | 4a0 40408 772' b -+ 13’%:'
1510 |18 | 4010 |41%,] |l6510 |7iSel 0010 | 10184
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CARNEGIE STEEL COMPANY

Angles, Back to Back . .
Arches, Floor Arches. . .

Paam
Co. .. specifications for steel structures. . ........... 94-100
------ standard wall and pier anchors. ............. 184
------ elements of sections. .. ..vivivennieviose o 120-125
profiles, dimensions and weights. ...........0 36-43
safe loads, explanatory NOteS. . .. .vevanesessn 147
Bafe lontl tRbIER. . . .03, Seets e st naaane e ias 171-175
standard beam connections........oeseve.. s 181, 182
structural details, punching and riveting. ...187-189
Tadi Of EYTatION . . «.ivciv vssisinis sisv s minmin v 109, 131-133
exXpIANGtOry NOteS. .. oo oo vinasrsamaranares 262-264
terra cotta, safe load tables and weights....... 265-268
circles, dinmeters L t0 999. . ... ... coivannnn.. 330-349
clrculRr segmoenta. ;. L. . i Vi e b e 324-327
method of increasing sectional areas.......... 5
PIARATIRITRG i s xe s = sy e 321
rectangularsections. ... ... .. i e iii e 62-64
reduction of area for rivet holes. ....... Taere e 189
sguare and round bars. .. ..vevvecvoiinesins . 66,67
structural shapes, rails, ebc. . ... ccovernsnasns 110-130
surface of BoUdB., .. oo e vmnmmenvnsnnnnsnnbs 328, 329
...... T T T A S T A L TN ey 58
++ s+« cold twisted square bars, sizes and weights. . ... 68
concrete reinforcement bars, sizes and weights 68
cup bars, sizes and welghts. ........co0ir00e 68
eye bars, sizes and dimensions............... 86
fate, Het P gleea il o i e aiels o diia  aeraa 58
lattice bars, dimensions for columns.......... 98
merchant bars, listof gizes. . ........ccv0uemen 65

SUBJECT INDEX

rounds and squares, weights and areas........ 66,67
splice bars, profiles, dimensions and weights. .71, 73, 74

upset screw ends, sizes and dimensions........ 84, 85
Beams, H-Beams [V S T T R R S e R S S S
Beams, I-Beams ...... bending moments, tables.............c..0.0. 154, 155
detalils, connection angles........oovpuvavues 181,182
L] bearing plates. .oveavrinssnrssnavars 185
o separators...... P o B R L 183
*  standard gages for punching........ 178, 179
elements of sectlons. .. ........conviinnirnen 110, 111
grillage, notes and calculations. .............. 252-256 I
proflles, weights and dimensions. ............ 7-16 |
safe loads, explanation of tables..............147-153
(g T T S S 157-164
standard dimensions...........coiveviiiian 6
web resistance, tables........... T 154, 155 1

300




Pace
Beam Columns ....... T B L O e . 222,223
Beam Connections . .. .. standard angles.. .. ... covvivaveieeneannns 181
llmitdns O Sy e oy, 2oL PR, S 182
Beam Separat e N LB R e L O 183
Beam Girders......... SRRy XOba T e v ¢ 0 aais w0 e 195
safelond tables................ Pl e 196, 197
Beam Safe Loads . . .. .. explanationoftables . . .................... 147-153
Beam Stresses. .. ..... explanatory notes. .......... B n i el 138-153
bending stresses .. .. ... ... 0 ieniiarasssain 138140
buckling stresses............... T e 151, 152
QoD BRRERE 75 L I s s A 139, 149
2 ol L T e 139, 143-148
flexure formulas, various loading conditions. . . 141-146
IpAct BEPBESOE . .. .. .. ... . . .cuaenaabd il 149, 1560
shearing stresses, longitudinal and vertical. . ... 150, 151
tensile and compressive stresses.............. 139
Bearing Plates.. . ..... explanatory notes. .. .........coovenennnnnss 185
T 186
gtandard forbeams. ............. ... 00 185
Bearing Values....... pins and rivets, explanatory notes............ 190
G e B B e e R R R 193
b N R e R R Ty S 191, 192
Bending Moments. . ... axplanstory DOtes. . . o o S0V s SR 138-140
beams, tables. .. .. O e b AR SRR 154, 155
R R oy e PRy s 156
P SN . O e e veeeeene e 194
wvarious loading conditions, formulas cee. 143146
A A A A s standard dimensions . .........cocviiiinnann 80, 81
weights, hexagon heads and nuts - 83
weights, square heads and Duts. . . oovv oo ve v 82
Bolt Heads and Nuts. . . standard dimensions. .. ...........c00euvuuans 80, 81
WRRRIR . 5 e Vs seals (ibrere S alp s s v e 55 B A S 82, 83
Buckle Plates....... .. explanatory notes............c...cceeiannans . 276
safe load table...... R e R e e 276
sizes and dimensions, ... .. ocvvivenditiiie 277
Buckling of Webs. .. .. explanatory notes. .. ......c.ovcrrrnnsrnnrnans 151-153
web resistance of beams and channels.. .. .. .. 154-156
Building Laws........ extract from building laws of various citles.. .. 265
Bulb Angles........ «~bulbangles. ................. e osse s 18-25, 116119
bulb angles, elements. . . .....ovvvveninnaans 116-119
- “  profiles, weights and dimensions... 18-25
B W Oage.. ... WG Birmingham Wire Gage .. .. .ovvvvenrnssass 356
Car Bldg. Bulb Angles . . proflles and properties . ........... T n i a s o RO S
Car Building Channels. . profiles and properties. . ............. m 27, 35, 115
Cast Iron Columns .... llowablo unit Stresses . ...........co000nenn 247
hol.low mund and square, elements. . ........ .136, 137
i “  sofelonds....... o 248, 249
Osllings . ..o ocivdas deflection of plastered ceilings. . ........ovuen 147, 148
welght of cellingl /v . i it i iiannnnins 268
Center of Gravity. ....see Neutral Axis........ovv0040...101=107, 110-130
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Pigr
Chanmels . .....co.... bending moments, table......... qoifi i T 156
standard dimensions. . .........c00000000000 6
details, standard gages for punching......... 180
elemients of sections. . . . .........0v0auan 148, 113-115
proflles, weights and dimensions. ............ 26-35
safe loads, explanation of tables.............. 147-1563
safeload tabled . . .. vesaaininanisonssrronans 166-170
web resistance, table. ...........cciciniinans 156
Checkered Plates. . .... elements and safeloads. ............0000vns 278
profiles, weights and dimensions. ............ 54
Clrelag v v vvvvsssnnss areas and circumferences, dia. 1 to 999...... 330-349
propertiesof thecircle. ... ......covevnrnannn 320
Circular Plates . ...... extreme gizes, carbon steel. . .......ouvevrons 55, b6
Circular Segments. . ... areas, tables of coefficlents.......oovenenenes 324-327
Clevises . . ....onvvnne HeE. B WORENIEE . ittt v o v o e e s 0 88
Coefficients .......... CIPCUIAY BOBTORIAEE:, . /5. /o s m:aial Siaimalrs s s a a'8 5 /a o6 575 % 325-327
deflection under uniformload.........co0uues 148
expansion due to heat. ... ccvercvesanosneina 307
Cold Twisted Bquares... sizes and weights..........covviviaiinnnnns 68
Columns, Cast Iron . allowable unit stresses. . ........cccivnnensans 247
hollow round and square, elements........... 136, 137
2t " ke T T T 248, 249
Columns, Steel ....... OXDIANATOTY DObEE A o 1e acn 00000 0500500 3. 0.8 oo s 0 .217-219
calculation of elements. . ............cc0vv0n. 108, 109
- i RS, 217-219
compression formulas. . ........covviiinnnnns 220, 221
safe loads, angle and plate columns........... 236-243
Lk *  channel and plate columns........ 224-2356
Lz **  miscellaneous beam columns. .. .... 222-223
= e ORI - o s e e iia ae e 250,251
typical details for mill and office buildings . .. .. 244-246
Columns, Wood . ...... allowable unit stresses. . .. ....covvvvrvensnnn

Connection Angles.. ...
Construction Specif'ns. .
Conversion Tables. . ...

Cubes and Cube Roots. .

square and round, safe loads
calculation of elements ..........

strength, unit fiber stresses. ......o0o0vvvvnnnn
specific gravity and weight.............cov..

+ OXDIANATOTY DOVOB: . o sivuisnassossssssnassisss

beams and slabs, formulas. . .........c0000..
bending momentsof slabs..........co000vens
columns, TOXTAUIAS. . ...ovcvivmsss s snmsnnsnssss
reinforcements, deformed bars, etc........... 68
X round and square bars........ 66, 67
-y trianglemesh........co000000 275
standard fOr DeAINB cv. s vansnssssnavsnsnsss 181,182

American Bridge Company . ............... 94-100
measures, metric and U. 8. Standard......... 308-319
OXDIRDAGOTT TMOUPE . . & s o s v iaais wiais =5 3ins 5 8 ninis sin 286
sipas and Wwelghte . . .« wislswsisisessssssa R 287
sizes and dimensions. . .....ovivrervirnnnnses 20
elements of SCHIONS. ... ...ovvr i vinennnnannn 129
proflles, weights and dimensions. ............ 76,77
safe load tables. . .......vivunnssssusnnssans 165
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INDEX

live loads, various building laws ., , ........... 265
reinforced concrete beams and slabs. ... ...... 260-275
terra cotta arches, safe loads and weights. . ... 206-268
R e TR TR e 262-264
Floor Plates.. ........ 2 LY T R S S 276, 277
| SR DEROEY S TIPS s s s s 54,278
Formulas............ bending moments and deflection............ 141-146
eloements of BECHIONS. . ..o viiivinriarinnias 102-109
geometric and trigonometric....... 320-324, 328, 320
roof trusses, stresses and length of members. . 282-285
stresses in beams, bending . . ... Ebiie Ed et e o 138-140
M SR AT R S 151, 152
ALY ot 28 e T 149, 150
i AR e es 150, 151
Formulas. ........... stresses in columns, castiron.........ccovvuun 247
i *  structural steel........... 220,221
M e *  sgtructural timber......... 289
stresses in bearing plates and steel slabs. , 185, 252, 253
Panctions ........... DAhers- 1/ 00 QBDLRT. i siisi i et wiaeiaielpsiaian 330-349
trigonometric.......... L T e R R S 350-355

Pace
Decimal Table. ....... equivalents of an inch and of a foot...... 359
Deflection, Lateral.. . .. explanatory notes and formula. .......... 96, 139, 149
Deflection, Vertical.. .. explanatory DOtes. ...............c..... 139, 147, 148
3 coeflicients, calculation and table, . .......... 148
coefficients for beams and channels . . 157-161, 165-168
limit for plastered ceilings. .................. 147
formulas loading under various conditions, . . .143-146
Deformed Bars. . ...... concrete reinforcement bars, sizes and weights 68
Elasticity. . ... ....... elastic limit of substances...........oooivien 304,305
modulus of elasticity of subst .. 141, 289, 304-30
Elements of Sections... exXplanatory notes, .. ..........u.ueues oo ee 101
formulas for calculation of elements...... ... 102-109
structural shapes, rails, ete.................. 110-130 |
Equivalent Measures... metric and U. 8. standard............ wieaTe nisTe 308-319
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Pace
o RN 1 specific gravity and weight ............0000 300
Gages for Panching. ... angl | Sooi iuiil o e diiddil eee s Jdadind o 187
beams and channels. . ..... ] el i 178, 180
Contan b Ve et W GRRETEE D, P Ee i e 74
Gages, Standard...... Birmingham wire gage...........ccoovvenees 350
United States standard gage. . ...... o e A v 7
variousstandard gageS.. ... i icanananainn 358
Girders, Riveted . ..... CXDIANRLOrY TIOLBE. ..o s 50 5t is s s s nuas oaliinh o 195
angle and plate girders, safe loads. .... e s eaTe 198-216
beam and plate girders, safeloads. . ......... 196, 197
elements of compound seetions . .. ........... 108, 109
Grillage Foundations . . explanatory notes and calculation. . ... e aa 252-256
Grips of Rivets . .... ++length of Aeld rivets........ci00eues s e 02
H-Beams ... ..c0000s beam safe load tables........ Y e e 165
column safe load tables. . ..........cc000ues 223
elements of 86CHIONS. . . . ....vvussnrorasnses 112
profiles, dimensions and weights. . . . . e o 17
Half Rounds . ........ Habof BlBea. . ... ovvinenivinninnas e g " 65
Hexagons ........... LR e I I T SR 65
Hollow Sections ...... rounds and squoares, elements. . . ... 00000 136, 137
castfroncolumns..........c.o0ccassuscnss 247-249
steel pipe columns. ....... -y e useeesss 250,251
Impact Stresses. ...... effoct on Deax. ., NiCls. sl . oo ononsias 149, 150
Incrense of Sections ... method of rolling. ........coiivvieniienannn 5
Lateral Deflection .. explanatory notes and formula........... 90, 139, 149
LatticeBars.......... dimensions for columns........... a8
IS = viaiaia s coefficlents of expansion . . .......... v E e 307
specific gravity and welght...............0000 300
Live Loads, Floors building laws of various cities. . ............. 2656
Logarithms . . ........ numbers 1 t0 999.. ..o iiiiniaaas A arebiah 330-349
Longitudinal Shear. . . . explanation and formula.. .................150, 151
LoopRods........... sizes and dimensions., . ..... L RN e 87
Masonry and Stone. . .. coefficients of expansion. ..... N S e 307 |
specific gravity and welght......covivvnane i 301
strength, unit fiber stresses. oo vvvvvveriannes 306
Materials. .. ..o...0us coeflicients of expansion.  ...cv.veeviiienanes 307
specific gravity and welght.......... vasas e e 300,301
strength, unit fiber stresses............... ... 304-306
Measures and Weights. . equivalents of U. 8. lndmntrlc .............. 308-319
Mensuration. . .. ...... mathematical formulas. ..uvvineeesnsssanans 320-329
Metals and Alloys. .. .. coeflicients of expansion . . ......cvvivivens o' 307
specific gravity and welght.................. 300
strength, unit fiber stresses. ............. .0 . 304, 305
Metric Tables......... weights and Measures . . ..o.covevave o conan e s 308-3190
Minerals ............ specific gravity and welght........co0veveuns a01
Modulus of Elasticity.. various substances................. 141, 289, 304-306
Moments of Inertia. ... definition and formulas.. ................... 101-100
rectangles, tables.. veeesies 21841856
structural sections, ra.lls. w:.. hbles ....... ..110-130
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101-107
structural shapes, rails, ete,, tables ....... o+ 110-130
T e e dimensions and welghts. . .............. issss BO-B3
recessed pin nuts, sizes and dimensions. . ...... 90
sleeve nuts, sizes and dimensions. ............ 59
Nut Steel Flats ... ... list Of BlZO8. .0 vovvvvnumnsrrinssrnsnnns e 58
Ordering Materials general instructions. .. ... Veshsididiee P EET] 4
Piling, Steel Sheet. explanatory notes .......,....cc0aivans .o« . 257-250
T e e R e 112, 263

o R N A N T R S S ek
Phaw. ... cioiiiiviis explanatory notes............cce0cnennennnns 190
bearing values, tables. .........cvvvvvevnanas 193
bending moments, tables,.............. T 194
cotter pins, sizes and dimensions............. 00
PIDR: o v aiisnnnans .. black and galwm.imd. - AT D RS 78, 79
PipeColumns. . ... .... safe loads. ... . . 250, 251
Plate Girders . .. ...... see Girders, Rtvewd ............. 10& 109 106216
R Y e e AR R | .= s o 5iica e R e LA N g 55-57
enl‘bon steel, sheared, rectangular and circular. 55, 56
** , universal rectangular,......... 55
nickel steel, sheared, rectangular. .......... 57
**, universal, rectangular......... 57
Plates, Floor Plates. . . . buckle plates, explanatory notes and sizes, ... 276, 277
checkered plates, elements and safe loads. .. .. 278
i p profiles, weights, dimensions 54
Plates, Wall Plates....s0e Bearing Plates...................0000. ..185, 186,
Profiles of Sections. . . . dimensions and weights. ............. 7-54. 68, 70-77
Punching............ detalls for punching and riveting............. 187-189
construction specifications. . ................. 99
Purlims........c.00 .. eXplAnAtory NOtes. . ......cvcuvnus yaeee 281
Radius of Gyration . . .. definition........ LA e 2 e s nan e e 101
angles back to back, tables............ L 131-133
formulas for elements of sections . 102-109
structural shapes, tables. ... .c..ovivnvriinas 110-129
Bl - v e elements of sections. .. ............00ennas 130
profiles, weights and dimensions. ............ 70,72
standard drilling for splice bars.. .. ......... 74
Rails and Accessories . . weights and dimensions. .................... [i1]
Rail Clips . ...... +«++ profiles, dimensions and weights. ,........... 75
Ratio of Slenderness. .. definition..........ccvvviiieniiinrenciana 217
unit stresses for compression formulas. .. ..... 220,221
Recessed Pin Nuts. ... sizes and dimensions. ., ;evovecrriraaasnrann 90
Reciproeals .. ........ PONbers 1 40 9DVl ui Suad ckisie siseoeivnaas 330-349
Rectangular Plates . . . . extreme sizes, carbon-and nickel steel .. ... ... 55~-57
Rectangular Sections BEORE: & o id el a5 SR s e s e ddn nnaaiae 62-64
moments of Inertin. .. .. ciiveiaiiiiiiiaaaie. 134, 135
Reinforced Conerete . .. ........000 . 0ns G T A T sasas essass s 200=-275
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Rivets and Riveting.... areasof rivet holes.............. saansnilyies 180
construction specifications................... 97,08
conventlonal Signs. . ...........cc0vuaennenn 187
L e L S 91
lengths for variousgrips........ S e e 092
stresses, shearing and bearing values, ........ 190-192
structural detalls for riveting. . .. ............ 187-189
weights, with button heads................. 03

R OXPIANALOrY NOLBS. . . ..t cvvviinssrsaranhanss 279-281
live loads, building laws of varfous citles ..... 265
snow and windloads. .........c.v0vevnennsns 279
trusses, stresses and length of members. ...... 282-285
weights, roof covering and roof trusses......... 280, 281

Rounds.............. AU OF SIN0B. oS5 vicr o o v aisiBiiintai o v ouais S S0 oS 65
weights and Areas ........ccocccesnsssnses 66, 67

Screw Threads........ Franklin Institute, U. 8. and A. B. Co. standards 80

Bection Modulus . . .... deflnition and formulas.............
structural shapes, rails, ete.

Segments, Circular ....coeflicients of areas. . .......c.oocvvnnnnssnnns

Separators. .......... standard forbeams. ............c0na0an

Shearing Stresses. .. .. longitudinal and wvertical...............

Sheared Plates. . ...... extreme sizes, carbon-and nickel steel

Shearing Valnes, Rivets, t8DIGS. .. 00 vuiuiocnnnsosssersoesanannnsnss

Ship Bldg. Bulb Angles profiles and properties.,.............

Ship Building Channels profiles and properties. ., .............

BRalp....covcuceonas Y

SleeveNuts .. ........ sizes and dimenslons. . ......ovc0uvnnnraannn

Snow Loads . . ........ POOTE BRI ETEIION =y 5 sk & sl dovi a5 s ardlels/elitece

Specifications ........ American Bridge Company

‘Bpecific Gravity . . ..... various substances. . ...,.... . .000s.

Splice Bars .. ........ elements Of BOCLIONS .. ..uvsrrrescrrsssnsuss
profiles, dimensions and welghts. ............ 71,73
standard punching forrails. ................ 74

Square and RoundBars weightand areas . ..........ccvoovvvivvvnnaas a6, 67

Square Edge Flats. . . . . Hat OF BIR0B. .« « v sivvvaissismninive s R 58

Bouares.......co0000 ML O BIS08... . it i s WP RIS e vrirmd e o 65
welghtsand areas. ........cco0cvivnnennsnns 66, 67

Squares, Square Roots . numbers 1 t0 999 .. ... ......civnrnnrnnans 330-349

Standard Dimensions. . beams and channels. ...................... 6

Bieel Sheet Piling. .. .. cloments . . .o 0 0 i Uil s deeeessnssones 112, 259
SEDIANRTOLY MOtOR. v i v Wev v Viverersnnanias 257-259
oo LT P AR R S0 1= N P 53

Btrength of Materinls. . unit fiberstresses ...............c.co0venees 304-306

Streases . ............ see Beam Stresses and Fiber Stresses........

I S0 i e by elementsofsections ...............ccc0000ns 128, 127
proflles, weights and dimensifons. ....... cenes 44-50
safeload tables................... Cendee s 176

Terra Cotta. . arches, ceilings, furring, pnrtit.ion roofing. . ... 262-268

BRlE . i veeee length of bolt threads...........cccveveneans 81
standard dimensions of screw thread......... 80

Thrust in Arches...... effect in floor eomweﬁou .................. 262-264
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. A.R. E. A, unit stresses and explanatory notes. 288, 289

beams, deflections, limiting loads and spans,. . 291

o explanatory DOte8 ... ovveviaviansnaas 200

= HAL0-108A LABIAE . & ox s sisiin suniiows vav's 202-206

‘coefficlents of expansion. . ..........c 000 o 307

columns, explanatory notes. ......ceevevuean 297

i safe load tables. . .o.veueisanciaans 298, 209

specific gravity and weight.................. 300

'hhnxh Mesh........ concrete reinforcement..........ooo0evevnasas 275

Tri trie Formulas functions of angles and triangles .. .......... 322, 323

Tri:mum-trk Funetionsnatural. . . .. ...... ..o uiiiiiiirnienneannns 360-355

iy D explanatory NOtes. .. ........cconvasnssssnss 281

stresses and length of members.......... ... 282-285

Turnbuckles. . .. ...... size and dimensfons........coocoiicieienss 89
Unit Stresses. . ....... B8 TIDOY BUIOBBOE. o ¢+ 010 1.5 508 4070 s 0o senes

Universal Mill Plates. . . extreme sizes, carbon- and nickel steel ........ 55, 57

Upset Screw Ends. .. .. square and round bars. . . .......o.0nnianan . 84,85

U. S. Standard Gage . . . shnetlndpllbeironswel ................. 357

U. S. Sheet Piling . . . . . elements. . e 3 AR o e e e o i S R D

uplmatory nom ........................ 257-259

T A A A A IR 53

Vertical Shear........ T T R O Y e G o 150

formulas for various conditions of loading . .143-146

Volume and Surface... solids.......... PR S S L e e LS, 328, 329

Web Resistances ... ... beamsandchannels.........cccovvvscvsaanas 154-156

Weights. . . . .occvvinn flat rolled steal, tADIBE. .« ccovvessnaiancnnnns 59-61

rounds and SQUANES. . .......ccensanssrsnsssns 66, 67

structural shapes, rails, ete. . ............7-54, 68-77

VArIoUs SUbSEADCES . . oo v v v v v s + o4+ 300-303

Weights and Measures. .

metricand U. B. Standard . ... ....ocneneien 308-319

Wind Loads, Pressure.. building specifications of various citles....... 265
S T T A R LY D 279
Wire and Sheet Metal. . standard gages. . ..............cociiiiinnns 350-358
Wooden Benms, Columns see Timber, Structural .........ocvvinivenn 200-299
oo Bars.. ¢ ¢ oo noennid elements of sections........... B 0 128
profiles, weights and dimenslons. . ........... 51, 52
safoload tables. . sisvssscncssssansnne 177
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PRODUCTS

Blast Furnace Products.

Bessemer and Basie Pig Iron
Ferro-Manganese, Spiegeleisen

Semi-Finished Open-Hearth and Bessemer Products.
Ingots, Blooms, Billets, Slabs, Sheet Bars

Structural Mill Products,

Beams, Channels, Angles, Tees and Zees
Ship and Car Building Channels and Bulb Angles
Beam and Channel Cross Tie Sections
H-Beams for Steel Mine Timber
Steel Sheet Piling Sections
Miscellaneous Sections for Special Manufacture

Bar Mill Products.

Bar-size, Channels, U-Bars, Angles, Tees and Zees
Square Root and Round Back Angles
Merchant Bars and Flat Rolled Steel

Squares, Rounds, Half Rounds, Hexagons, Ovals

Square Edge, Band Edge and Round Edge Flats
Cooperage Steel, Hoop and Band Steel, Cotton Ties
Tire Steel, Round Edge and Oval Edge, Toe Calk Steel
Spring Steel, Round Edge and Round Edge Conecave
Automobile, Vehicle and Railway Spring Steel
Tongue and Groove Spring Steel
Bevel Edge, Bevel Nose, Round Bevel Edge Sections
Miscellaneous Bevels, Scarfed Skelp, Drill Point Steel
Agricultural Sections
Cultivator and Harrow Beams and Channels
Channel Tire and Miscellaneous Vehicle Tire
Automobile Rim Sections
Barrel Sections, Can Ring Sections, Beaded Band Sections
Casement and Window Sash Sections
Concrete Reinforcement Bars
Squares, Rounds, Cold-Twisted Squares and Deformed Bars
Crescents, Hame, Neck Yoke and Pole Cap Sections

Strap and Clip Sections :
Hame Straps, Box Straps, Bit Mouth Clips, ete.
Magneto and Pole Sections
Pipe Sections, Locking Bar Sections
Miscellaneous Sections for Special Manufacture

368




CARNEGIE STEEL COMPANY

PRODUCTS

Plate Mill Products.

Sheared Plates, Rectangular and Circular
Universal Mill Plates, Rectangular
Checkered Floor Plates
Skelp

Rail Mill Products and Track Accessories.

Heavy Rails, Standard and Miscellaneous
Standard Light Rails, 45 pounds per yard and under
Angle Splice Bars and Fish Plates
Rail and Track Accessories, Miscellaneous Sections
Rail Frog Fillers and Reinforcing Bars
Beam, Channel or Trough Cross Ties
Heavy Types for Railroad Tracks
Lighter Types for Mines and Industrial Purposes
Portable Tracks

Alloy Steels for Various Purposes,

Wrought and Forged Steel Products.

Axles, Untreated, Annealed or Quenched and Tempered
Electric and Steam Railway Car Axles
Locomotive Driving and Trailing Axles, Tender Axles
Wheels, Solid Wrought, Carbon Steel
Wheels for Electric and Steam Railway Service
Wheels for Industrial and Mine Locomotives and Cars
Crane Tracks, Wheel Blanks
Miscellaneous Circular Sections
Flywheel and Brake Drum Blanks for Motor Trucks
Locomotive Piston Blanks

Fabricated Steel Produets.
Steel Mine Timber, Gangway Sets and Mine Props
Framing for Underground Construction
Steel Sheet Piling

Coke and Coke By-Products.
Clairton Nut Coke
Ammonia Liguor, Ammonium Sulphate,
Solvent Naphtha, Naphthalene, Benzol and Toluol

Blast Furnace Slag.
Crushed, Granulated, Sand and Concrete Slag
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PUBLICATIONS

Carnegie Pocket Companion
Structural Steel Shapes
Carnegie Shape Book
Flat Rolled Steel and Merchant Bars
Round Steel Bars
Rails and Angle Bars
Light Rails and Fastenings
Steel Cross Ties

Wrought Steel Wheels and other Circular Sections
Forged Steel Axles

Standard Specifications
Steel Sheet Piling
Steel Mine Timber
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WORKS
BLAST FURNACES
CMELE A TIROBE ¢ o/ 4/ oo himinniniommnsi5.s 4o, wi8 613 9, mip o 808 Rankin, Pa.
T T N T T S O R R T R oL Etna, Pa.
LOCY, FOEDROOE . o ovsiain i sph il blo sl v scwniaslaad s sn Pittsburgh, Pa.
Noville PUIDROE . . . .4 c vt nsassnsssnsasssbsssbane Neville Island, Pa.

STEEL WORKS, FURNACES AND ROLLING MILLS

Bellaire Steel Works and Furnaces............... Bellaire, O.

Clairton Steel Works and Furnaces. .............COlairton, Pa.
Duguesne Steel Works and Furnaces. .. .......... South Duquesne, Pa.
Edgar Thomson Steel Works and Furnaces. . . ...Bessemer, Pa.
Farrell Steel Works and Furnaces, ............... Farrell, Pa.
Homestead Steel Works. . .........cvvvunuinaans Munhall, Pa.

Mingo Steel Works and Furnaces. .. ............. Mingo Junction, O.
New Castle Steel Works and Furnaces. . ....... . .New Castle, Pa. .
Ohio Steel Works and Furnaces. . ............... Youngstown, O,

ROLLING MILLS

MeCutehioon BRI, o7 aiiine senm sives s i saiking Pittsburgh, N. 8., Pa,
McDonald Bar MIIIN. . ..o ioessnesonssssnasonss McDonald, O,

Upper Union Mills............0. Py P O L Youngstown, O,
Lower Unfon MIills,......oconvunennrsnsssennnns Youngstown, O.

FORGE AND WHEEL WORKS

Howard AxIe WOrKE: s eivcsinsne sa s/ nsnsdss Homestead, Pa.
Schoen Bteel Wheel Works...cooveeesraaacesiias McKees Rocks, Pa

COKE WORKS

Clairton By-Product Coke Works................Clairton, Pa.
Farrell By-Product Coke Works.................Farrell, Pa.

WAREHOUSES
Baltimore Warehouse. .......c..0... ++se-ss....Baltimore, Md.
Oleveland WarehouB . . ...csssesaesasssanossyin Cleveland, O,
New England Warehouse. . ......ccovevenevnneaes Boston, Mass,
Pittsburgh Warehouwss. . . .. i caveieieeasinne s Pittsburgh, Pa.
Texas Warchous0.., ... o s ceannsssnssnes os s« HoOuston, Tex,
Waverly Warehouses. ........... ST AR U5 AR F
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SUBSIDIARY OF UNITED STATES STEEL CORPORATION

OFFICES

GENERAL OFFICES:
Pittsburgh, Carnegie Building, 434 Fifth Avenue.

DisTrICT OFFICES:
Birmingham, Brown-Marx Building, 2000 First Avenue, North,
Boston, Statler Office Building, 20 Providence Street,
Buffalo, The Marine Trust Co. Building, 233-239 Main Street,
Chicago, 208 South La Salle Street,
Cincinnati, Union Trust Building, Fourth and Walnut Streets,
Cleveland, Rockefeller Building, 614 Superior Avenue, N. W.,
Denver, First National Bank Building, 17th and Stout Streets,
Detroit, Buhl Building, 535 Griswold Street,
New Orleans, Maison Blanche, 921 Canal Street,
New York, Empire Building, 71 Broadway,
Philadelphia, Widener Building, Chestnut and Juniper Streets,
Pittsburgh, Carnegie Building, 434 Fifth Avenue,
St. Louis, Liberty Central Trust Co. Building, 506 Olive Street,
St. Paul, Merchants National Bank Building, Fourth & Robert Sts.

EXPORT DISTRIBUTORS:
UNITED STATES STEEL PRODUCTS CO.
New York, Hudson Terminal Building, 30 Church Street.

PaciFio COAST DISTRIBUTORS:
UNITED STATES STEEL PRODUCTS CO., PACIFIC COAST DEPT.
San Francisco, Russ Building, 235 Montgomery Street,
Los Angeles, 2087 East Slauson Avenue,
Portland, 777 Nicolai Street,
Seattle, IFourth Avenue South and Connecticut Street,
Honolulu, T. H., Castle and Cook Building.
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