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CARNEGIE STEEL CQMI'ANY 

PREFACE 

&c1iUon of 1Il00. RevlMd IIKII 

The present edition includes most of the data 0( the 1896 

publication. 
The safe transverse leads are now figured on the! basis of 

16,000 Ibs. per square inch fiber stress for all rolled sections. 

and 13.000 Ibs. per square inch Cor riveted beam box and 

plate girders. 
New standard connecting angles for beam, and channels 

have been introduced; also additional tables of standards useQ 

in detailing. 

All bolts for separators will be 1t in. diameter. except 

th05e for 8 in. beams. 

The tablell of properties of angle, have been e1tended to 

include all thicknesses rolled, and new tables of &.ale loads for 

channel columns have been added. 



C A RNEGIE STEEL COMP A N Y 

GEN ERAL NOTES 
The flanges of both I-beams and standard channels have 

now a uniform slope of HI}) per cent., being equivalent to:3 
inches per foot. The small fillets on I-beams and standard 
channels have been made to a radius of h of the minimum 
web thickness; the large fillets to a radins of the minimum 
web thickness plus h of an inch. 

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

'l'he manner in which the weight of the various sections is 
increased is illustrated 011 pnge 25, Figs. 1,2, 3 and 4. 

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

The effect on angles of spreading the rolls is to slightly 
increase the length of the legs. Most of the sizes, however, 
are roHed in finishing grooves, whereby the exact dimensions 
a re maintained for different thicknesses, Z-bars are increased 
in thickness in the snme manlier as angles. 

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

Channels having but one weight specified can be rolled 
only as shown. T-shapes do not admit of any variation and 
can be rolled only to the weight given. 

All weights given are per lineal foot of the section. 
A recapitulation of all rolled shapes is given on pages 27 

to 40 inc\us\\'e. 
In ordering. designate weight or thickness wanted, but 

not both. Quicker deliveries can be obtained by ordering 
standard sections and weights. 

All structural material will be cut to lengths with extreme 
variat ion not exceeding ).( of an inch, unless otherwise ar-
ranged. I 

In calculating the areas and weights of tbe various sections 
herein shown the fillets were disregarded except in special cases. 
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• C AR N E G IE S TEEL CO MPA N Y 

I -BEAM S 
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CARNt:GIIC STEEL COMPA N Y 
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, CARNEGIE STEEL COMP . N Y 

CHANNELS 
C 72-4 Lbs. 
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CA R NEGIE STEEL CO MP A NY 

CAR-TRUCK CHANNELS 
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• C AR N E GI E STEEL COM PA NY 

SHIP-BUILDING C HANNELS 
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u CARNEGIE S TEEL COMPANY 

STANDARD Z·BAR S 
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CARNEGIE STEEL COMPANY 

SPECIAL Z·BARS 
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CARNEGIE S T E EL C OMP A NY 

ANGLES WITH EQUAL LEGS 

A lOS. 
26.4 10 56.9 It... 

A 88. ':, 
14.9IOH.4It... 

* A 17. 
Il.} '0 30.6 11>0. 

A 90. 
8.210 I~.~ It... 

A: 99 . 
1."210 11. \ It... 



CARNEGIE STEEL CO MPANY 

ANGLES WITH EQUAL LEGS 
Anc"""' • .- · ......... 1 

~
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ANGLES WITH UNEQUAL LEGS 
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A 96. 
t.7 to 21-7 It... 

*A 9 7. 
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CA R NEGIE STEEL C O M PANY 

SPE C IAL ANGLES- SQUARE ROOT 
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n CARNEGIE STEEL COMPANY 

SPECIAL ANGLES- SQUARE ROOT 
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CARNEGIE S TEEL COMPANY 

TEES WITH EQUAL LEGS 
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CARNt:GI£ STEEL CO MPANY 
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CARNEGIE STEEL COMPANY 

TEES WITH UNEQUAL LEGS 
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" CARNEGIE STEEL CO~PANY 
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CARNEGIE STEEL COMPANY 

TEES WITH UNEQUAl.. LEGS . 
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'" CA.RN£GIt; S TEEL CO MPANY 
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" CARNEGIE STEEL COMPANY 

METHOD OF INCREASING SECTIONAL AREAS 

&0 

FIG. 3 

FIG. 4 
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n CAHNF.GIE ST~;EL COMPANY 

D I MENS IONS AND WEIGHTS 0' 
CARNEGIE BARS 
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.80 1 .... 2.84 2){ 13.52 'j( 88.29 

II 
. ., 1 .... S.OI ' Ii 15 07 , • 00.14 ... 11. 8. 19 'J> 16.69 1 '){ l().!.SO 
.99 :f/ '.28 21i 18.40 , '!< 112.80 

1.04 ..... 2j( 20.20 'j( 121. 70 
It 1 " 'I. S.77 21i 22.07 , 

--
SQUA" !CS 

){ .21 " 2.(;() I J~ 7_65 '){ 17 .22 

~ 
.63 

l t1 
2.!J!) , 

~* 
i:UIO 2,h 21.2!i 

.48 8.40 

I 89' 2;1,i 2!i.OO 

~ 
.M 11. ,1<1 Iii 9.68 • '" 60 . ., l }t 4 .80 lJi 10.41 '){ 35.02 

~ LOS : ~ 
4.8<) IU 11 17 . ~ 41.G5 

' 38 .'i fH 1 " 11.95 Sl> 47.~2 

II 1.61 :* 5.l!6 , .. 2.76 ! 4 r>4.40 
" if 191 Ii 43 2 18 110 ." US.8.') 

11 2.21'.i 1" ... 03 2!< 15,85 I • 85.00 



CAkNEGIE-: STE P. L CO .'.I!'A:>:Y '" 
DIMENS IONS AND WEIGHTS OF 

CAR N EG IE BARS-Continued 

.. LAlS 

.. ,dill ",I<k_ ·····" 1" .. 1 

"''''u. I .i,.; .... y~ 
)"'.01 I",h. pu roo&. I'w.Q 111<1 .. " lII<b.. pu root, Poaaolo 

Ii g 
, 

,'l to .40 SJ1 /,to l ~ 2.31 
j( /, to .48 SJ;( I",to l ~ 2.39 
i> /, to . {,6 • /,to l J;( 2.55 

1 I,to ~ .M ' li /,to l~ 2.63 

I ~" ,..to .12 ' )( -htO l ~ 2.71 
,)( ,..to ;; .80 ' Ii Irto l~ 2.79 
11i ""0 " .s. ' ){ ,',to l ~ 2.87 
1){ h to 1 .96 

1 

'Ii ,\ to 1 ~ 2.9Ii 
11i h to 1 1.03 4j( I, to 1~ 8.03 
1)( I, to 1 1.11 . ;; T"'to l~ 8.11 
1;; I, to 1 1.20 I , ,\ to 2)( '" 2 ~to 1 1.28 I 'li l,tO l~ 8.27 
2)( /r to 1 1.44 5)( t,tol~ 885 
'Ii I, to 1 l.51 5)i ,., tot~ 8.48 
'){ ohto I Ui9 '){ /rto 1~ 3J.iI 
2)0 I, to 1 1.67 'li 1', to 1M 8.59 
2j( -h to 1 1.75 'j( /r to 1 ~ 3.67 , -h to I .\( 1.91 !iIi !rto tM 8.76 

' li /, to I J;( 1.99 G -h to 2J4' 8." 
3)( IrtoH( 2 07 1 1\ to 2}( 4.46 
3)i /,tol.\( 2 . 15 8 If to 2J4' 5.10 
'){ /, to IX" 2.2.'1 ! 

HAL" ,",OU N DS 

.... " II' ,7" H. It ){ II' II· ,... U' Ii U' tI . n 

H· j(. I . ta. H· • /.' • 1. 10-. l' . 1)(. 1 . 1){ 
1 . 2. 2~. 3 

Fur weights take half of those for corresponding rounds 

OV"'LS 

,,, .... ~u .. Y.~il " . ;r"J~ II I!:" V.~bl 
111< ... . ' ~ , ... '" .. , ... "' * .... Po ..... .u. '0. ------

l }i x/. 1.50· ;;.~ . ,8 U%* . ., .!of % fi .51) 
1 ." 1.2() j( . .7:; ,"T .. .507 J1 % 1', .00 
Uxh .00 X"r.,', .(10 . 11 1 ,,'j .36 



~ CARNEGIE S TEEL CO MPANY 

DIMENSIONS AND WEIGHTS 01"' 
CARNEGIE BARS- C o ntinu ed 

,~. OVAL.S 

~ .. ~: .. " . ~I .. ,."I~ ..... ..... .... . ... 
I J( d 6 .22 I X I 1 6.6S 2 .. 6.07 
I J(J. J}i 6 . 18 I UJ. l ~ 6." 2x l}i 6 .78 
1}( xI X 7 . 14 1.*. 1:4 7.24 2x 1,Ji 8. 00 

.. DU N O OVAt...S .. = .. "'~~I , ... .... ..~ . ... 
2 x1 >' 8. 0t 2/, . l lc 9 .12 

"OUNO IEDCII: I'LAT$ 

"~ll ... ·u 1i'til.U Y"U .. .. ~ .. ~:?: .. ,. ., .. .. "/.:, , ... .... .... .... .... , ... .... --
I , 

~ .61 1)(, 'Jl 2 .46 2)( , 'Jl 8. 21 2J(. ~ 8.95 
I , . 81 1)( , 2 .79 2)4 I 8. '" 214' , .... 
I , 

~ .99 
114" * S. lt 2)( , * 4 .07 

214" * 6.02 
I , 1.16 114' , 8 .43 2}4" .It 4 .50 2J( , 5 .155 
I , 

~ 
1.35 1)( , l! S. 74 2)( , l! 4 ,92 2~ 1 H 6.07 

1)( , .77 114' , 4 ,(),~ 2)( , '.118 2J( x )( '00 
1)( , 1.02 I ~ ' }l ' .S6 2)(, }l 5 .7. 214" }l 7.10 
1)( , 

~ 
1.26 1)( , ' .66 2)( , 6, l( 2>( , 7.61 

1)( , 1.49 I J( x H 4 .94 2,1( x it 6.63 2:J( I H 8.11 
1)( , 

~ 
1.71 t J( xl 11.28 2)( x l 6 .92 2)( I I 8.62 

1)< , 1.23 2 ,)( 1.66 2M' Jt J( 2.08 8 , )( 2.00 
1)< , 

J'l 
Uj2 2 : ~ 2. 04 2)< , J'l 2.68 8 : ~ S. ll 

1)< , 1.81 2 2.45 2*. ' .08 8 S.72 
1)< , 

'Jl 
2 .09 2 : 11 2.83 2)< , 'Jl 8. ()8 • : 'Jl 4 .81 

1)< , 2.87 • 8, 22 2)< , 4 .07 • 4.91 
1)< , 

* 2.64 2 : J'l 8 .59 2)< , J'l .. " • :* ,.,. 1)< , ' .00 • ' .96 2)< , '. 02 • 6.09 
1)< , l! 8.16 • ' tl 4 .82 2,}{ ll H ti. 49 8 , 

l! 6.67 
1)< , 3.4 1 • , 14' 4.69 2M " M 6. 117 8 , 7.26 
1)< , }l '.66 • : }l '.04 2>, 1 P J.42 8 , }l 7.80 
1)< , 8. 00 , ' .311 2}{ , 1i 6 ,87 3 , 8.86 

1* " -It 4 . 14 , • II ti. 78 2}i x H 7 .82 • ' it 8.91 
l ~ x l 4. .87 • .1 6.07 2~ xt 7 .77 8 " 9 .47 
I K x J4 l .4S 2:.( x >t 1.81 2.l( Jl X 2.29 ....... .... 
114" ~ l. 79 ' )( ' ~ 2.81 ' 14" J'l '.84 ....... . . . . 
I /(. 2 . 13 ' )( ' 11 .76 ' )( ' 8 .40 ..... .. . .. . 



" 

CARNEGIE STEEL CONI'ANY 

UST OF' EXTREME SIZES OF RECTANGU~R 
PLATES ROLLED BY CARNEGIE 

STEEL COMPANY 

tho dlmonlionl of the .. e.t 

UNIVERSAL. MILL PLATCS 

Y"'1k,11Itk ..... 
"" .... , .... "" ... .. . .. " , .. ,." ,., - ..... "",. bda- 1l1li.- .... . ..... ,- "", . , ... .... 
•• •• •• Ii •• •• •• •• •• • • • • ------ ------

,I 
-4ii\ "'BO ... ... ... '" ... 

"Sfo ·SiO -iIOO .. .. .. .. .. 
''''' , .. , .. , .. ... .. "'" ... ... '" ''''' ''''' ,.., , .. ... .. "'" '"' .. , .. ''''' '"'' '"'' ,,~ 'M "'" "" '" .. , .. , .. ''''' , .. " .. "OIl "'" "'" '"' .. ... '" , .. , .. " .. ,00II ,,.. 

"'" '"' ... '"' '"' '"' .. '"' '" .. "'" .. .. .. .. "" '" '" '" .. "'" ." '" .. ... .. "" .. ... .. "'" 
ii "" .. ... ... .. "" "" "" '" '" '" ... .. ... .. .. '" '"' '" "'" '" "'" "'" .. .. ... .. "" '" "" I': .. .. .. .. .. .. '" '" '" is '" '" '" .. .. .. "" '" '" •• .. '" .. .. .. .. .. ", '" '" '" '" '" .. '" • '" '" " .. ,,, ~. '" 

.., 
' OIl 

Pt.Ies of gNOater dime ... IO"1 Ih ... thow .. ln the above table may b40 
bmlltec1 for .pedal conflderaUon. 

Both Sh~red .nd Univeual )1111 Plates of utAme dlmeDaions, " ... ..... In the above tabl.,., ano lubject to speelal prlceL 



" 
LIST OF EXTREME SIZES OF RECTAN GULAR 

STEEL SHEETS ... IN . AND LI G HTER RO LLED 

BY CARNEGIE STEEL COMPANY 

--1--1------

110. i'Lt.;. 
.. 9, " 
" 10, " 
"11, " 
.. 12, " 

100 180 180 192 216 228 240 262 
160 180 ISO 182 186 100 196 200 
. .. _ 160 160 16G 172 184 190 200 
... _ 140 145 165 160 168 176 180 
... _ 12() 180 140 150 155 165 170 
... . 108 115 124. 180 140 150 160 

- -1--1- ---1- -
52 lock &0 hid 43 IIId. «Indo 40 luk 36 b tl U bek 
lI';i1ll "i41lo 'IlOilo Vidllo 'Yidu. 1I'idli lI'idlk 

--[------1-
-h 264 288 .00 816 .GO 6GO 8GO 

Re. 8, l. U. 21. .24 240 240 2" 204 264 .. D, 
" 10, 
"11 • 
.. 12, 

.. 212 220 22-1. 236 "" "" "" .. 196 200 212 212 21. 212 212 .. ISO 186 192 "" 200 200 200 .. 170 176 I" ". 180 180 lB • 

LIST OF EXTREME SIZES OF CIRCULAR 

PLAT~S ROLLED BY CARNEGIE 

STEEL COMPANY 

.... 

... . .... 

. .. . ... 

... 
-

-----.---~----,----

__ ... _I_= __ "_+ __ , .... _ ..... __ ·_-i:I __ ... _.!::: __ "_II __ -_· '-'"-"-'-'-
In 
l )j 
1)( 
l )j 

". 12<) 
l2<J 
12<) 
11' 
11. 
112 



CA~N E(;II:: ST .:EL CO;\IPA!'1Y ~ 

MINIMUM, MAXIMUM AND INTERMEDIATE 

WEIGHTS AND DIMENSIONS OF 
I~8EAMS 

I J Fha(o lfidlk .... brueta. f "';\1 ...... -j ,.r .. I , 
IA'.. ~ ,-" '''' 1 , ... .. ,"" """""' • ~ 

OII~ htiml OIl<! rn.euo...! 'IN.I ..... , 
i ,~ .... , .. , .. 

-- ---- , 
lOO.~ 1.2M 

;~ . "" 
~ 

... 7.11Jol . .. 
8 , .. ".00 7.1.<11 , .M' 

".00 7 .cr.o '.' .&":"0 
SO.oo 7.000 7 .000 

100.00 7.S m .• " 
~ 

..... 7.210 .fHO 
8 • "" ".00 7.181 '. .m • ".00 , .... '" . ... 

SO.OO 7.000 7 .BOO 

~.OO ..... 
JU 

.~. It 8 • "" 11).00 .. ." .~75 • ".00 6.200 "'" " :'0 .00 .. .., 
i~ 

.71D 

n 8 60 '8 " .00 G.I17 ... 3 00.00 ' .000 .... 
".00 6.000 6 .460 

100.00 1.1'74 

"1 
1.IM 

:~ ".00 '.m " .... 
8 • .. ".00 1.~17 

~ 
... 3 

".00 1.4<9 ... 
60.00 "'00 "'0 
~.OO .... 

~ 
. .. 

II 8 • .. :\).00 0.111-& .,.. 
3 l!r..fO . "" .... 

60.00 8.000 6 ~oo 

6.~.00 ~.746 

lu 
... 

II 8 • .. 00.00 6.ll-lS .... 3 4~.OO .'" .'00 
4fo1.00 ."'" .410 

".00 0.012 

1~ 
.... 

fl 8 8 .. 00.00 .... . .. 4 ~.OO .... ". 40.00 '.'60 .460 

WeiI'M. in heavy prin t are .talldaro, other. are 1......".1 



" CARNEGIE STEEL COMPANY 

MINIMUM, MAXIMUM AND INTERMEDIATE 
WEIGHTS AND DIMENSIONS or 

I-BEAMS- Contlnued 
--

11 
,Ja..ct WiIIll 1'tI>niou- j ... ,- ".~bl • '"", " po. ~I , ... , ... """" ,.. .... • . ..... r .. """" w1P....u....! .... , ..... , • ... ... , .. , .. j 

---
B B ,. ".00 ,."" .. .. ~ Ii 4 31.60 6.000 • .300 

"'.00 ,.'"' 
1~ 

.749 

~ Bll W ".00 .. "" ."" 4 00.00 .... ,45,5 
20.00 4.000 .S l O 

".00 4.772 

"1 
.", 

II B '3 • 00.00 ... •• . "" 4 2.1 .00 4.4.t6 .j .• 00 
21.00 4.330 4 , .290 

"'.00 4.~1 "j .M' 
U 

B ,. • ".00 • • 1'1'11 .! ••• • 00.00 .. "'" •• .'" 18.00 4.000 4 .270 

00.00 ... " '" .. " 
U B>7 7 17.51) 8.76S ~i! .'" • 16.00 3.660 .250 

1'1'.25 8.1>75 'I! .475 II B ,. • 14.7~ 8.452 J I .'" • '2.26 3.330 .230 

14.7lS ..... 'I' ."" n B2> • 12.25 8.141 ~l. .a:;r • 9.76 3.000 .210 

IO.ro ... '" 2'4 .410 

~ B23 4 '.00 .. "" ill .'" • 8.00 .. ", .'" 7.60 2.660 .1 .'90 

7.00 \,U21 

'11 .M' iI B77 3 ~.M il.4~ " '" • ... 0 2.330 2, .170 · 
Weights in heavy print .. ro $ta""l<\r .l o\ll~ r ...... lpeela l 



CARNEGtE STEE L COMPANY ~ 

MINIMUM , MAXIMUM AND INTERMEDIATE 

WEIGHTS ANO DIMENSIONS 

OF CHANNEL.S 
--

]. rI&D(t 'Yldlb. ....... 
~ ..... ''1:.\ ,.., '1 ...:. '"'" , ... ...... ...... 

• ......... ......... ..... .... , 
It ... ... ... .... . ----

M.OO 8.818 

j~ 
.818 

~ 
"'.00 .. '" .'" 

C 1 10 ".00 ... " .'" 6 ".00 .... .... 
".00 8A25 .. ~ 

33.00 3.400 

I 
.400 

".00 8.US 

HI .'" II ".00 ..... 
I . .. 

CO 1. "'.00 8.178 .IUS 6 
".00 .. "" MI I .'" 20.00 2.1>40 .- • ".00 8.188 

j 
.M 

~ 
"'.00 .... .'" C 8 10 ".00 .... .'" 6 
"'.00 2.741l .'" 16.00 2.000 .240 
".00 2.815 

!~ 
.615 

~ C 4 9 00.00 .. '" .'" 6 Ili.OO "., ... 
13. .. '.430 2 , .230 

21.25 .. '" 
m 

."" 
~ 

IS.75 .. '" .... 
C . 6 ]!1.25 .. '" .'" • 1:1.7~ 2.347 ."" 11 .26 2.280 .'20 

111.75 2.518 

j~ 
.m 

~ 
17.25 .. "" ... 

CO • 14.1!i .... .... • 12.25 2. IllS . 81S 
9.76 2.090 .210 
1!i.50 .... 

j~ ."" ~ C. S 18.00 2.1(1(1 . .. 
10.50 .. "" .818 • B.OO l.920 .200 
11.50 ''''' 1P. 

.47"7 

~ CB • '.00 .. .., .... • e .60 1.760 .190 ,." .. '" ill .'" ~ C B 4 .. " .. '" .'" 
I 

• .... l.660 .160 

C O2 
'.00 .... m ... n 8 '.00 ..... .... • 4.00 1.410 , .170 

WelKhU In htavy ]>ri1l1 art .Ialldaro. others arc ,peelal 



:I; CARN£Gn: STeeL COMPANY 

MINIMUM AND MAXIMUM WE IGHTS AND DIMEN-
SION S OF' C AR-T RU CK AND SHIP-

BUILDIN G C HANNELS 

>." w.~pt1'''1 rio"" widl1 w.b nlckl.. ' I~ of .... 
" •• tocb. Ia.... w.b .. d o. 

8o<IiOll .... ,~. for ., 
/lid... IlIl I ... lb. 

i ....... f "'-
to.... Mil. I... I Iii.. I... I,m. In. mr~1 

... 
--1--,--'----1--1----
c 2il 13 82.0 "'.0 '.00 4.42 .38 .SO .0'13 • C'I)!) , 1[ •. 0 ...... S.", .. .... .85 . .. . ..... • CIt(} 7 :l0.9 28.3 3.45 3." .4[' .M .042 • C 180 • 23.8 :l(;.6 3.60 8.60 .60 .60 .037 • C 140 , 28.6 84.7 3.SO '.00 A' .66 .033 • C ,,,, 10 27.2 80.6 8.60 3.1iO .", .00 .0'29 , 
C 1601, 10 :l1.S ...... 3.aS ...... .38 .. . ..... S 

R"lI s nO\ .urned up ror the fulluwlnll Cbannel, 
C 100 10 81.8 86.9 3.8[; '.00 .60 .GO .029 , 
CliO 12 44.3 48.4 '.00 4.10 .70 .SO .O:l'" , 

MINIM UM, MAXIMUM AND INTERMEDI ATE 
W EI GHTS AND DI M ENSIONS OF 

S TANDARD Z - 8ARS -_., 
I ""'. I 

Silo, I .... "" .... '1';:\1 ...... , .. , - I " ..... '" -, .f 
'0' """ 

, ... ..... ..... 
1_-

.>< s ,>< 1> 15.6 I IO Z 1 
it: s~ Su- Ji 18.S 

6' " 21.0 

I ,>< 6 ,>< J'l 22.7 
Z2 

:t: :~ it: 
25.4 

I 
10 

H "'.6 

,>< s 3>< " 29.3 
Z3 

it: :~ it: it 31.9 IO 
34.' 

')( 5 3)( J'l 11.6 
Z4 :~ ;~ ;~ 13 .9 IO 

t. 16.4 
I , ., , 



CA)(NEG[ ~: STEE L COMPAN Y " 
MINIMUM , MAXIMUM AND INTERMEDIATE 

WEIGHTS AND DIMENSIONS OF 
STANDARD Z_BARS _ Continued 

""'" 
Kiao, "' .... nicl_ 

I 't'ol£1 ...... ... oflhltJ ~ua:1 • ..... ••• "", . 'W. ...~ 

---
8j( 6 'j( » 17,9 

Z5 :~ g~ :* 1'I 20.2 10 
22.6 

'j( 6 'j( II 21l. , 
Z6 :4 :~ :* 26.0 10 

It 28.' 

:~ 
, 

i~ j( 8.2 
Z' !~ J'l 

10.3 11 . .., . .., 12.4 

:~ 
, 

:~ ~ 188 
Z8 !J1 JIi.S 11 . .., 8.., .... 17.9 

!~ 
, 

!~ Ii 18.9 
z' :~ II 209 11 

an ..... ".0 

:l) • :l) j( 6.' 11 Z 10 61< .... 8.4 

Zl1 ill 3 :l) 1> ,., 
11 'r, {, 11.4 

Z 12 :l) • :l) " 12.5 
Il 81< • 14.2 n 

------

WEIGHTS AND DIMENSIONS OF" SPECIAL 
Z-BARS 

fut, I""'"" nioko ... 't'. kl ....... ""'" , p.:1 ... \ IDOl .. , ..... ., ...... • •• """ 
, .... ..... ...... 

Z 13 • , , Ii 14 . .3 12 
Z l ' 1j( Ii( 2» n 8.6 12 



m CARNt:GIJ:: STEEL COMPANY 

MINIMUM, M AX IMUM AND INTERMEDIATE 
WEIGHTS AND DIMENSIONS OF 

ANGLES 
EQUA L LEGS 

... ,- 'bo .. , .... , ... .... 
.8 ., 

J': (j.81 
.s ., 4.75 ., .5 n 4.18 .s ., 8.61 ., 
.s ., 

tJ 5." .s 5.44 .s 
~ '.08 .S 4.61 .s 
J': 4,18 

8,715 

n 3.81 
A ., 2.86 
A .s h 2.40 
A ., 
A .S 
A ., 

j) '.08 A ., 4 .69 
A ., 

~ '" A .S '.98 A .s 
J': 8.62 A , ., '25 A 88 16 .s n 2.87 

2.48 
h 2." 

"'A D4 5 ., 
*A DS (j ., Jl 'A , .5 •• Ii 8.86 
'A , ., )} .s J': 3.06 
'A , ., •• 2.75 
'A 5 ., Jt •• * 

2.43 
'A .5 ., 2.11 

Angles marked" are special. 



MINIMUM, MAXIMUM AND INTERMEDIATE 
WEIGHTS AND DIMENSIONS OF 

ANGl.ES - C ontlnu ed 

"""" '"" 
A893x8 
A 403 x3 

A 562 ~2 
f. 572 x2 
A 582 x2 
J\ 592 x2 
A 0) '2 .Z 

EQUAL. LEGS 

!. ' . 1 
14 4.9 

" 7 . ' 
6 . ' ,., 
4.' 

77 
' . 6 ,., 
60 
4 . 1 
8.1 

1. 78 
1.44 

2SO 
2 .22 
1.112 
1.62 
1. 81 

2 2.~ 
2.00 
1. 78 
1.47 
1. il) 
0.00 

•• 
6.8 2.00 
6.1 1.78 
5.3 1. li5 
4.5 1.81 
8.7 1.06 
2.8 0 .81 

156 
1.86 
1.15 
0.94 
0.72 

AG 
A 62 
A68 
A 64-
.t\ 65 

A 66 l ~xt }S" H 
A 67 l ~xl~ TOr 
A 68 I ~xl~ J4 
A 69 l~d~ 1," 
AI02 I ~xl~ i"t 

A 70 IJ(xl J( "f( 
A 71 I J(x l J( }4 
A 72 t J(xl J( -h 
A 78 I J(d J( ~ 

A78 tx1 
A 71l l xl 
A 80 I xl 

*A 81 
*A 82 

__ '---_--'-, -,-'----'---_-"--__ .1- _ 

An gles mar ked * are special. 

4 . ' 
' .0 .. 
2 .8 
2 . 2 

8 1 

" 2 .4 
1.8 
1 ;; 

2.4 
2 .0 
1.5 
1.1 

'30 
117 
1.00 
0.81 
0.62 

000 
0", 
!I.61l 
tJ .;j8 

086 

4UI9 
051; 

o 4;1 
080 

044 ,," 
004 

1.0 0. 29 
0 . 7 0 21 

0 .9 025 
0 .6 0. 17 



~ CARNEGIE STEEL COMPANY 

MINIMUM, MAXIMUM AND INTERMEDIATE 

WE IGHTS AND DIMEN S IONS 

Of A NGLES 

UNE QUA L LE GS 
- -

~I .. II! ~i , .. ~"" .. I! ~i-ll ... 
IDcu. a; ... "~ , .. , ,- -. rJ .~ . ,- ~';; , ... 

----------- -----r-- ----

*A I4.0 8 " i< /I 20.5 0.02 A1706 .,,, 
II 24.0 7.06 

At7' 6 " li 22.4 6.66 

*AtGO 7 xB ,\S t 32.3 0.00 A1726 "" U 20.6 6.06 
-AISI7 .,,. U ao.5 8.97 AI736 " li 18.9 (i.56 

AI746 ,'li 

* 
17 . 1 0.08 

*A1627 .8M 28.7 8.42 AI7S 6 1i1}S 15.8 '.00 *At53 7 .6li II 26.8 7.87 AI766 .6" J'l 18.5 8.97 -AIM 7 "i< 24 .9 7.81 AI77 6 " i< 11.7 '.42 ·AIM 7 x3!4 ; 28.0 G.76 
-A l GG 7 "li 21.0 6.17 
·A1577 "" 19.1 (;.riD 
*Al58 7 ,'i< 17.0 5.00 · AJ7S 5 •• Ji 24.2 7.1 1 
*A1597 "li t. l\i,O 4.40 *A1795 ., II 22.7 6 .6:5 

-AUlO 5 ., 21. t 6.1 9 

A 896 .4 L 80.6 ' .00 
- A 181 :; .4 U 19 .5 5.72 

A 916 ., Jl 28.' 860 
· A IB2 G .4 17 .8 '-'. 

AI60 6 .4 27.2 7 .{l1l *A t83 5 .4 

* 
16.2 4 .76 

Al616 .4 tl 25.4 7.47 *A i845 .4 14.5 '.25 

A I62 6 " 23.6 6.94 *Alsti ti .4 J'l 12.8 8.75 

AHI8 6 •• U 2UI 6. 41 *A t 8U 5 .4 11 .0 8.23 

Al64 6 .4 20.0 ,." 
A l 65 6 .4 

* 
1l:l .L 5 .BI 

AI66 6 •• 16 .2 4.75 A l875 "li Ji 22. 7 6.67 
A I67 6 •• J'l 14.8 4.1 8 A I88 Ii "li II 21.8 6.25 
AI68 6 ., 12.3 8 .01 Aiello .Bli ;i 19.8 G.Bl 

AI90 G " li U 18.8 5.87 
A1!) 1 Ii "li 16.8 4.92 

A 926 .8li I 28.' 8.00 A I 921i " li 

* 
IG.2 4.47 

A 036 " li Jl 27.8 8.08 AIDS 5 .8li 13. 6 4. 00 
A t696 "li 21i.7 7." AI94G .Hi< t. 12.0 '.53 

-
A"lI"t"~ ,,,,,-,ked' ue ~ I>ec'al 



CA R N t:GIE STEEL COMPAN Y • 
MINI M U M, MA X IMUM AND INTERMEDIATE 

W EIGHTS AND DIMENSIO N S O. 
ANGLES- C cntlnued 

UNEQUAL LEGS 

..... ... h .:;1~ .- ..... .~ 1-, .. , , ... ~~ f"al .~ , .. , , ... .! , .... a· 

1> J'l 18.8 s.oo 
f. 11.9 '.00 

Y. 10.6 '.09 
1> '.1 2.67 

" 11 !. 7.7 '2> 
" ,s II " " 11 17 .1 '.03 

" J'l " 16.0 4.6D 

" 
,s li 14.8 4.114 

" l'l " 18.6 3.98 

" " it 12.4 8.62 

" !. '" 11.1 '.25 ,s l'l 9.8 2.87 

" 8.' 2.48 

j} " f. 7.' 2.09 

li j} 15.8 4.82 

J'l 
14.7 4.81 

" li 18.6 4.00 

l'l 
12 .5 8.67 

J'l 11.4 '.84 
'A !. 10.2 8.00 

l'l 9.1 2." 
79 '''' 

j} ,\ 6.6 1.DS 

II it 12.5 365 
11.5 '.86 

Angles m ... rked •• co "(><'Cia] 
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MINIMUM, MAXIMUM AND INTERMEDIATE 

WEIGHTS AND DIMENSIONS OF 
ANGLES - C ontLnuo(l 

'" , ... 
I. 
!< 

fI 
1I 

IT 
fI 
1I 

IT 
fI 
1I 

" J1 

UNEQUAL. L.EG S 

4. 

,. 
•• 

An"les marked. are ~pedal 

2.00 
1. 78 
1.'" 
1.31 

3.7 1.06 
2.' 081 

!< '.6 1.68 

~ 
'.0 1. 45 
4.4 1.27 
6,7 1,07 

)( 3.0 0.68 
h 2.3 0.67 

)( 2.7 0.78 
h 2.1 0,60 

~ 
, 0." 
.0 0.28 



CARl'OEGIE STEEL COMPANY ., 
MINIMUM, MAXIMUM AND INTERMEDIATE 

WEIGHTS AND D IMENSIO NS OF 
SPECIAL ANGLES 

SQUARE ROOT 

... ,~ .'" ~~ Tril.~1 8«Ii'l Sill 
n,_ T.~kl 

lad .. , ... of 1110 '~ ~ bdu I~k .. -' lnal r;:n~ I~k .. .... , ... 
-- --

A3,j0 , ,. J( 18.5 A38' 2>( x 2,J.( Ii " AM! , " Jl 17.1 A386 2>( x 2J( ); ,., 
A3JZ , ,. 15.7 ASS7 2J.( x 2)( '7 
Aa;)3 • , . Jl" 

14 .S 
A:J.:;-1 • " 12.8 A'" 2 ,2 JI V.S 
AS55 4 " JI II.S A889 2 " '.7 
A 3&G • " '.8 A'DO 2 ,2 ); ' .0 

AS9! 2 ,2 S.2 
A M7 S~xS~ J( 16.0 
A358 S~ x3~ Jl 14.8 A892 l:J(xl:l( JI '.6 
A3:J9 B~ x S}4 IS.6 AS93 l¥x1.;( ' .0 
A360 B~ xS~ 

Jl" 
12.4 A394 lK xl.;( ); ... 

A llG! B~ x S}4 11.1 AS95 1}( x 1.;( 2.8 
A3G2 3,M: x 3~ JI 9.8 
A3G8 SUxS~ 8.' A3,. 1~x1~ Ii ' .4 

AS97 1~ xl~ ); 2.' 
A'64 3 ,3 Ii lUi AS98 l~xlJ{ 2.4 
A365 3 ,3 

Jl" 
10.4 AS99 l~ xl~ h 1.8 

A366 8 ,3 '.4 
AB67 3 " JI 8.3 MDO l)(xlJ.( ); 2.4 
A308 3 " 7.2 MOl 1)( x 1,J.( 2.0 
AS69 3 ,3 ); 6.1 A402 lJ.( x IJ( l'l l.5 
AB70 , ,3 4.' A40S 1)( x 1:4 1.1 

A37! 2J(x2J( Ji 8.' A406 l}i xl,H J( l.7 
A372 2}i x2}{ JI 7.' A407 l}i xl}! l'l 1.' 
AS73 2}( x 2}( 6.' A408 l}i~!}i 0.' 
AS74 2;)( ~ 2;)( h '.6 A4S0 l r'.. x H !. 1.1 

AS75 2~ x 2J4 Ji 7.7 A409 1 d )( 1.5 
A410 1 d l'l 1.2 

AS76 2}4 x 2J4 JI .. , 
A411 1 d 0.' AS77 2}4 x 2M .. , 

AS78 2}4 x 2M ); '.0 A412 Ji' U l'l 1.0 
AS'j9 2M x2M '.1 A4!8 U' U 0. 7 

ASS' 2J( x 2>( Ji '.8 A414 J(' ~ l'l 0.' 
A384 2}.(x2}4 fo 6. 1 A415 J(' 0.' 

'--. 
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WEIGHTS AND DIMEN S IONS OF CARNEGIE TEES 

E QU A L LEGS 

&iM,11IWt n.~.r 1<101, iDeUo - W~il ...... 
InII .. .... .1 .... . ..... ...... ... ..... .~ 

, --
T 1 4 4 ){ to n ~ to It 13.9 18 
T 2 4 4 tj: to if "OOn 10.9 18 
T • ." ." ~ to If >' to h 11.9 18 
T 4 '" ." ~ to ir ~ to ir ,., 18 

T , • • ~ to .,. ~ to h 10.1 18 
T 7 • • n to}i if to }i 0.0 18 
T 8 • • ~ to n ~ to it 7.' 18 
T , 8 , Ir to Ji ",oo" '.8 18 

TIO 2" '" Ji to n Ji to i. ,., 18 
Tll '" '" If to Ji /r to Ji , .. 18 
T 12 'J( 2J( h to n -h to H '.0 18 
T18 2J( OJ( )( to h J( to If 4.' 18 

T14 2 2 h to Ji ",oo" 4.4 18 
TlS 2 2 )( to h J( to If '.7 19 
T16 1J( 1)( )( to /r J( to h '.2 19 

T17 1" '" J4 to I. J.( to n 2.' 19 
T18 1" '" If to";' h to n 2.0 19 
T19 lJ( lJ( J( to-lt J( to -A '.1 19 
T20 1J( lJ( h to if h to if 1.7 19 

T21 1 1 ", OOi. h to iT 1., 19 
T22 1 1 ~ to h J1 to-ls 1.0 19 

I -



CARNEGIE STEEL COMPANY ~ 

'WEIGHTS AND DIMENSIONS OF CARNEGIE TEES 

UNEQUAL LEGS 

liM, liUoo nL:n.. .f IIt1al, I,.... .... lhJ!\ ..... 
1M .. 

I 
'1: ... 

., ..... ...... •• ...... 'R 
- -

TOO , • ~ to If it to X 13.6 20 
TO! , 2~ ~ to n n to H- 11.0 20 

TOO .~ .~ i. to tl H to fi H'i.9 20 
TO> .~ 3 tl to ::- to ~ 8.6 2. 
TM .~ • to tl to l'l 10 .0 2. 
T" .~ ,~ tl to tl to 8 .• 2. 
T06 .~ 2~ to i. to i. ,. 2. 

T" , • " to n ~ to If 15.7 2. 
T 38 , • Ji to n Ji to if 12.3 21 
T39 • ,~ ~ to It ~ to n 14.8 " TOO , ,~ ;j to $: ;jtoi. 11.6 " T61 , • ;j to Ji to if , .. " 
T62 , 2~ ;j to J'I ;j to J'I 8.7 21 
T68 , 

2" }I to tl to 7.' 21 
T64 , 2 to l'l to l'l 7. , 21 
T65 , 2 I , to h to 6.7 21 

T66 8~ , 
" to It ~ to h 12.8 " T67 '" 

, Ji to-iT Ji to-iT 10.0 " T69 ." • '" to If ~ to n- 11.0 " T70 8~ 8 ;j to l'l Ji to 1 • 8.7 " T71 . " , I. to ;j 7.7 " 
T72 8 • " to J'I )< to J'I 11.9 22 
T i3 , , i. to T'. to 10.6 " 
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" CARNEGIE STEE L COMPANY 

WEIGHTS AND DIMENSIONS OF CARNEGIE 

TEES - Continued 

UNEQUAL LEGS 

........ ru.u. tl ItIAI, I ... 

'~' he· .... ...... 
~: • ,"", ""-""', ... ''''<' ... 

-
T74 • • ;Jit0-h Ji tan ••• '" T70 • ." Jito n Ji tOn 11.0 22 
T76 • ')< it to J4 If to J4 ••• 22 
T77 • ')< .Kton lito" '.6 22 

T78 • 2)< "tot.- lito" 7.2 22 
T79 • 2)< /r to Ji ",toJi 6.2 22 
TSO 2)( , ht°ti )( 7A 22 

T82 2)< • lito" lito" 7.2 2S 

T88 2)< • If to" n toJi 6.2 22 
T 84 2)< 2J( Ji tOn Ji to h 6.' 28 

T" ')< 2J( ",to Ii ",toli ••• 28 

T86 2)< lJ( I. to-/. ",to", ••• 22 
T87 , 1)< J4 to"" J( to /, '.2 23 

HAN04RAIL TEES 

~~ 'i!:.1 "':," 11 ..... .. 1"1:: 1 "':,0. lIil1 x-. ~ ~ , ... ...... 'P!.... SocIiWI 

TIM 4Mx2h 7.00 I~II T 156 'x, 1" 30 I I' -



CARKEGIE STEELCQMPAKY ~ 

W EIGHTS AND DIMENSIONS OF CARNEGIE 

MIS CELLANEOUS SHAPE S 

TROUGH PLATES 

-
Soct!OIIlm. .. I ru.tu.otl* ':"I.:... "'f:..t. of , .... , ... ..,,. 

. 

" to 9jS ~ 3~ 

~ 
16.8 26 

)1 11 9~ .8)( 18. 0 .... 
)1 12 9'" ~ 3.J( 19.7 .... 
)1 18 9~.3.J( J! 21.4 .... 
)1 14 9", ~ 3.J( " .. .... 

CO RRUGATED PLATES 

-
Soctioa lad .. .. ftlU_ . f .,1&1 'I'~I ~of I ... , .... ,..-'101, hudt 

MUO 8j( x 1~ )( 8.1 26 
M 81 8)( "~ ~ 10.1 .... 
M 82 8.J( x 1 12.0 .. 
M88 12,\ x 2.J( " 17.7G " M34 l2,\x2fj J'l 20.71 .... 
)f S.5 12h x 2fji 23.67 .... 

C HECKERED P LATI:S 

Soc\ItIIINl .. 'II"!dllo ru..t ... 01 1* 'Iti(b' po. Pon It. 01 
I",'. .... !Ij. hoi, PoooaQ Soc\i'D 

M 61 84 ~ 13.8 " M G2 .. 16.8 . ... 
MII3 " J'l 18.9 ... . 
MM 84 21.4 .... 



CARNeGIE STEEL COMPANY 

CON STRUCTION DETAIL 
FlO. 1 

... F10.3 
I 

F10.4 , " v 
A FlO. II 

• . 'I Fro. 8 Fla. 9 

F10.6 

11 (0' 

FlO. 10 FlO. II Fla. 12 

Fla. 13 FrG. 14 FIG. 115 Fla. 18 

ITllEr 



.. 
1'"1 REPROOF FLOORS 

Fla. 4 



49 CARNEG I E ST~:J::L COil!PA~Y 

FIREPROOF FLO ORS, SU S PENDED CEILI NGS 
AND PARTITIONS 

FIG. 1 

EE5::::[: :::: ::::,::::! 

FIG. 4 
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DETAILS S HOWING FIREPROOFING AN D BASES 
FOR Z-BAR COLU M NS 

FIO.3 

FlO. 2 

llJillll 
"o.,~~ : 

o 0 

0
1 

0 

FlO. I 

~ V FlQ.6 1 ~~~ 

lin 

FlO. 6 

1/11 I"'- m 
~ 
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BUILT COLUMN SECTIONS 

FlO. I 1'10.2 F10.3 FIG. 4 

~r X I + 
FlO. 15 FIG. €I 1'10. 7 a ,- It 0 

1'10.8 I'm. 9 FlO. 10 

H H }{ 
FlO. I' Fla. 12 1'10.13 

il 0 n 
~ 

FlO. 14 1'10. 115 FlO. 16 

}{ }{ }{ 
1'10.17 FlO. 18 FlO. 19 

}{ }{ +CO!' 
A 
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CA R Nt;GI£ STr.r.L CO:'II' ,\. NY 

TYPES OF" CANTILEVERS 

Fla. I 

FlO.2 

FIQ.8 
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TYPES Of WIND BRAC ING 
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CARN'P.GIE STt:F.L COMI'ANY 

NOTES ON FOUNDATIONS 

IQ dNiplQ&, !.he {OQlldatiO'" of .alll .Qd pie .... of b.dldlnp. .hell 
!.hey relt "POQ • yielding .trat" .... proper prDyl.t!on ... utt be .... de fDr 
the 'IIDifD.'" dllJtrlbutiDII of the ... el&,h!.. In <:aM thl •• n. are of dil[erent 
thlckne ...... alld height •• the width. Df the foulldaUonl ... ". be propor_ 
tioned .ccordlo&, to the dltrerent l<>&d, r"ultln&, therefro .... 10 thet the 
bearlDg per ""It of gTound .re .... 1ll be equ.l.nd .. nnllor ... NtUe"'ent 
of the completed ItruCl;lIre II inillred. 

The Introduction of Umber be .. m •• 1 ..... elnl of obtalnlllg .. Id .. r 
be.rlng .urf.ceo .t the b'lD i ... practlce to be tUongly ODDdemoed, 
11111_ tbe .. ood I. 10 • poaitioD to ....... In ODIIUOU.Uy moist. Wbe .. 
thl. I. IIOt the caM. thl tlmber .. 1ll SODII rot ..... ,.. the .. by cau,log .11 
IIl1oq .... 1 Nttlemellt of the wall, .. hich I, very lojurionl, Ihot d .. t",cU ... e. 
to the m&IOIIr,.. 

Ran. Imblc!ded III ODllcrete .... IIOt open to !.hI, objection. The,. 
otre •• however, oomparatlvel,.lIttie rNiltlllce to dellectl ......... d for thit 
~,if ellowed to project beyond the .....-ry to "",. ODlllider.bl. 
\ellgth. the cooeret. f111i11g I, liable to crack, .od the Itreogth of the 
found.tlon become. Impaired. 

I_beam .. mOre rec.llltiy uMld forthl. p"rpoM.'re fOUQd to be lupe r ior 
III every ... poet. A gre.ter depth Cln be edopted, tbo deflectlotl th ... 
redllced to .. minimum .. nd .. luffic!ellt ... vlllg etlected to mOr .. then 
ODmpen ... te for th .. lr .. dditiotUl.I colt per potIQd. 

The foundation lIhould be prepared <leO !lIultr .. tlonl pag ... 1M, 11;6) 
by f1r.t l .. yln,e bed of OOIlCTete to .. depth offrom 4 to Iliinch ....... d theQ 
pleclllg "poQ thit .. ro ... of J-bea ..... t right engl ... to the !ace o f the .. ell 
In Ihe ClIO of heavy pi .... the beam. m .. y be crOlMld IQ two dlre<:tion ... 
Their dl.tan ... 1 'plrt, from c,,"ter to center, may v .. ry from II to!-l In.. 
aooording to drcumttenc .... i. ~., length of their proJectloQ beyolld the 
muoQry, tbl~kQe .. of COIle .... te, eatlmated prOllnra per sq .... re foot, etc. 
Thay should be p!&Oed It least far "'lOl1gh .. part to permit tbe IQ!roduc_ 
tloD of the COllcrete filling .nd Itl proper tamping bet"'""Q the beam ... 
Unle .. the COIlc...,te I, of ulIlIsuol thlckQOII,lt ... IIL not be .. dvioab!e to 
e,,~ed 110 In. Iplcillg, ,iQce otherwlM the concrete m .. y Qot be of 
luffic!ent ItreDgth to properly tn.nlmlt tile up ..... rd preuure to tbe 
betm... Tile ml)lt usefnl IppUcatlon of thil method of founding i. in 
loe.Htln .. bere • thiQ .. Qd compa.lt!veiy compact Itretnm overHel 
.. notbe. of .. !DOre yield;Qg lI .. tU.... By nIIng I_beaml III luch ca-, the 
req"llite .p .... d .. t the baM may be obtalll6d .. Itbout either pene­
t .. tllIg the firm upper Itretum or Clrtylll&" tha footlng-cour .... to IUch 
a h .. I,ht •• to ellcreach unduly npoQ the baMmellt-roolll.. 

• 



C .... RNEGH; STEEL CO)II'ASY 

C ANTILEVE .. S 

In buildings where It Is not delOlrable to undermine the 

adjoining property, or wheTe the building laws do not permit 
of the foundations being carried under the same, cantilever ' 

girders are used to carry the columns next to the building line. 
Three different designs of cantilevers, as actually applied, 

are shown OD page ()2. Fig. 1 shows deep steel beams, used 

when the load on the columns resting on the cantilever ;'l'O­

duces such bending moments as can be taken up by the beam,; 

It also &hows aconnection lor the other end of the cnnti1e~-er to 

an interior column. Evidently, the product obtained by multi­

plying the loud on the inteTior column hy the distance from its 

center to the fulcrum foundation must be greater than that of 
the load on the wall column times its distanc*! to the fulcrum 

foundation. Should it be less, the interior column must be 

anchored down to an especially designed foundation. 

The load on the fulcrum foundation is equal to the sum of 

the loads on the wall column and the reaction of the cantilever 

at the interior column. Fig. 2 shows a method of cantilever 

construction where it is nol desirable to have a separate 

foundation under each column and a heavy box girder of suit. 

able design is w;ed to transmit the various column loads to two 

independent foundations. 

The reaction on foundations due to the different column 

loads can be quicldy determined by means of well-known 

formuls=. 

In Fig. S Is shown a special design which a\"Oida the use of 

a continuous girder. 
The stresses in a continuons girder with supporur. fixed can 

be readily determined; but as it is Impo$.Sible to fix the sup­

ports, i. e. , to prevent unequal settlement. Ihis form of girder 
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should be avoided if possible. There arc, however, conditions 
which make their application desirahle. On the other hand, a 
simple cantilever admits of easy calculation and adapts itAClf 
to any slight 1C1t1ements that may occur witbout materially 
affecting the reactions on the foundations or changing the 
stresses in the girder. 

An important feature in connection with cantilever con­
slI'Uction is to adopt a pin support in place of resting the canti­
lever beam directly on the top course of the foundation beams. 
For, if the cantilevcr rests directly upon the upper oourso of 
foundation beams without a pin support, the outer beam near­
est the wall column will be strained more than any of the 

others, and thus the center of pressure will not be exactly in 
the middle of the foundation. :u it should be. 

The extra cost involved in the two shocs and pin is very 
small :u compared to the desirability of having the center of 

pressure in the center of the foundation. 
The shoes for ordinary loads and conditions are made aolld 

of cast iron and the pin of steel. The height of each shoe 
should not be less thaD 6 in. and the pin 2" in. diameter. 
Each individUtl.1 case should be figured by itself. 

The pin need be figured for bearing only, as it extends 

through the whole length of the casting. A clearance of " in. 
to 1 in. is given between the cast shoes, which are always 

faced, and the hole bored to suit the pin. 
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NOTES ON WIND BRACING 

On page 63 are shown two types of wind bracing used in 
huildings. The upper one shows the method of bracing usually 
applied where no openings such as doors and windows occur. 
This construction bas adjustable diagonals properly fastened to 
the adjacent columns in the building. The horizontal compo­
nents of the stresses in the diagonals are taken up by means 
of two latticed channel bars located in the floor system of the 
different floors. The vertical components are taken up by 
tho columns themselves and must be added to the other loads 
to which the columns are subjected. In this calculation care 
shonld be taken to provide for such design as toavoid eccentric 
stresses on the columns. Should the design be such as to 
cause these stresses, the columns must be figured accordingly. 

If desirable. the diagonals may run through one floor 
and attach to the columns at the floors above and below the 
intermediate floor; thus in some instances J>UlI58.geways can 
be obtained. 

The other type of wind bracing shows what is known as 
portal bracing. Thisarch design recommends ilsclC for use in 
buildings where the diagonal system cannot be applied on 
account of lack of room. it is usually plnced between adjn_ 
cent columns in balls or pnssngeways and extends from the 
foundations up, from floor to door, to such n height that the 
stability of the building ilscl£ is sufficient to resist the assumed 
wind pressure. In general. wind bracing shonld be placed. 
if the building is square or nearly so, close to the comers; if of 
a parallelogram shape. in the direction parallel with tho lenst 
width and at such points as to equally divide the stresses in 
all tho panels. In case neither of tho above methods can be 
applied, brackets should be used at each floor level or 11 con­
tinuous deep beam or girder carried all around the b uilding. 
In either case tho number of rivets fasteniag the columns and 
girders should be carefully figured, as upon the. value of the 
resistance of these rivets, as well as the girders and brackets, 
depends the stability of the structure. I n the last two men_ 
tioned methods the columns will all be subject to 11 bending 
stress which sho\\!d be added to the other loads of the columns. 
Besides this, they will be subject to vertical loads resulting 
from the resist.. ... nce they offer to the overturning moment 
of tho \\·ind against the structure. 
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GIRDERS IN BUIL.DIN GS 
In the design of a building, cases may occur where a IIlnglo 

I.beam girder will not answer. It may be found desirable to 
increase the length o{ the spans so as to reduce the number of 
supporting columns to a minimum, or perhaps heavy concen· 
trated loads, such as columns, brick walls, etc., will render 
single I.beam girders inadequate. On pag" 47, Figs. 10 to 16 
inclusive, are shown various forms o{ girders that may be used 
io such cases. Where the ends of the girders rest upon the 
wall, steel bearing plates (Figs. 11 and 12) should be used to 
distribute the pressure over a greater surface and thereby pre· 
vent the crushing of the material in the wall directly under the 
girder. Standard wall plates are given on pages 177, 17() and 
181. In some cases a large, tough stone will answer without the 
plates (Fig. 10). but where the pressure is heavy, both plates 
and stone should be used (Fig. 12). 

The allowed pressure per square foot {or first·class brick 
work should not e;,:ceed eleven tons and {or ordinary masonry 
eighteen tons. 

For spanning openings in brick waUs, girders composed of 
two or more I·beams connected by bolts and separators (Figs. 
12 and 15, page 47) are most commonly u!;e(\.. 

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

Placing the weight of brick work at 1 t2lbs. per cubic foot 
the weights per superficial foot for diffe~'CDt walls an: as fo,.lO~S 

For {I in. wall 84.lbs. 
" 18 in. 121 
., 18 in. 168 " 

22 in. " 20.5 " 
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GENERAL NOTES ON FLOOI'tS 

Examples of floor joists and their conne~tions of cotr..mon 
occurrence are shown on JXlge 47, Figs. 1 and 2. Girders con· 
sisting of two I·beams or more, side by side, as in Figs. 12 and 
Hi, should be connected by means of bolts and cast-iron sepa­
rators titting closely between the flanges of the benms. The 
office of these separators is, in a measure, to hold in position 
the compression flanges of the beams, preventing side deflec­
tion or buckling, and to unite the two beams so as to cause them 
.0 nct in unison as regards vertical deflection. Separators 
should be provided near the supports and at points where 
heavy loads are imposed, otherwise at regular intervals of from 
5 to 6 feet; these are shown in Figs. 8 and 9. Complete tables 
for the weights of separators Cor I-beams are given on page 17;:i , 

On page 47, Figs. 1 and 2 show different methods of con­
necting beams with each other. Fig. 1 represents the floor 
beam coped to the girder and joined to it by means of a 
pair oC connecting angles, which are usually riveted to the 
floor beam and bolted to the girder. Notes on standard sizes 

of these connecting angles Cor all sizes of I-beams and chan· 
nels are given with illustrations on page 178 to 186. Fig. 2 
show" .ite floor beam resting on shelf angles riveted to the 
girder. Stiffening angles are usually placed under these shelf 
angles to take up the bending in the same and should contain 
a sufficient number of rivets to take up the end reaction of the 
floor beam. This method is usually adopted to fncilitate the 
work of erection wben the giroers are composed of two or more 
beams and of sufficient depth to allow the floor beam to abut 

against the girder witbout being coped. 
The OLd method of constructing fireproof floors in buildings 

is by means of brick arcbes. These usually consist of a single 
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• in. coune of brick with a rise at the center of 8 or 4. in. and 
resting on the lower flanges of the I-beams against brick skew­
backs. This method of construction is illustrated on page 48, 

Fig. 7. In case the floor is designed for very heavy loads, 
several courses of brick should be used. The floor beams 
should be placed about G or 6 ft., center to ccnter. A con· 
venient device for centering the arches consists of wooden 
frame!!, called centers. suspended by iron hooks from the lower 
fianges of the beams and detachable on one side 80 that they 
may be shifted at pleasure as the work progresses. The space 
above the arches is filled with concrete in which are embedded 
wooden strips {or securing the flooring. To finish the ceiling 
below, plaster is generally applied on the bottom of the arches 
directly to the brick work. The horiz.ontal thrust o{ the arches 

is provided for by the use of tie rods from'" in. to 1i in. 
diameter spaced along the center line of the beams. or a little 
below, at regular intervals of from G to 7 ft. Tho thrust 
of these arches per lineal foot can be found h)" tbe formula 

T = ~,in wbich W is equal to the load per square foot, R 

the rise of the arch in inches and L the span in feet. The tie 
rods in the arch abntting against the wall are securely anchored 

to the wall; an angle, channel or simpl)' a wall plate can be 

used to support the arch and to properly distribute the load 
upon the wall. The weight of a fireproof floor of this descrip. 

tion, that is, of 4 in. brick arches, concrete and flooring. cxclu­
sh'e of the weight of the beams, will average about 0;0 Ills. per 
Iquare foot. 

Corrugated sheets may be used instead of the brick arches. 

They are placed against the lower flanges of the I·beams and 
thus securely beld in position while the space above is filled 
with grouting. Tic rods are used the same lIS in the previous 
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case. The distance between beams should be limited to S or 

6 ft. The corrugated sheets are usually left e:tpoaed below to 

fonn the ceiling, and are thus open to the objection tbat the 

moisture in the atmosphere may condense upon the surface of 
the sheets in sufficient quantities to (trop into the room below. 

Ceilingr. of this kind should therefore be restricted in their 

use, or the sheets properly protected {rom contact with the air. 

Two modern types of fireproof floor construction which 
have grown in favor so rapidly as to be used now almost to the 

exclusion of all others are illustrated on page -18. Figs. 4 and 6. 

The arches in this case are fonned of hollow blocb consisting 

of burnt fire-clay or similar refractory material. These are 

furnished by the manufacturers in a great variety of p..'ltterns 
and of a strength to meet the desired requirements. 

In regard to their composition, there may be said to exist 

two distinct varielies. 
In the first, known as hollow poUery. the material consists 

of burnt fire-clay and differs from the second variety. called 

"porous earthenware," in being thinner, harder and more 

compact. 
In the IICCOnd variety. the day before it Is burnt is mixed 

with sawdust and finely cut straw, wbich. being consumed 

during the process of burning. leaves the material in a finely 

honeycombed state. 
Figs. 4. and 5 on page 48 show two methods of construc­

tion of hollow pottery and porous earthcnware arches. The 

method illustrated by Fig. 4. is the later and better. 

From tests recently made. it appcaf'1l that this latter con· 

struction gives tbe best results ill regard to strength. This is 
evidently (tue to the fact that the full section of the material 

is placed in its most advantageous position to take the direct 

pressure coming thereon. 
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When used in floor constrtlcuC'n both varieties oi n.rehes are 

backed to tho depth of several inches "d.th concrete in which 

are cmbedded wooden strips to which the floor planking is 

secured. The joints should be made Tlldial and the blocks 

should be thoroughly cemented together. They are made to 
project about 1 inch below the bottoln tltl.Dge of the I-beams, 

which nro furt her protected by the insertion of a thin strip of 

t ile. T he weight and cost of both hollow poltery and porous 

earthenware are about the same, and through their superior 

lightness they possess an important advantage O\'er the brick 

arch. Tbe saving in weight amounts to from 4() to GO per cent., 

tbm warranting more economical proportions for tbe steel 

framing, wbile in otber respects the cost of tbis construction is 

about lhe same. Tbe weight of these arches per square foot of 

Jloorwithout plastering, concrete or flooring is about as follows: 

12 in. arches, used for warehouses . . 41l Ibs. 

10 " theatres SO 

8 office buildings, SO " 
6 .. light purposes , 22 

I t is to be noted tbat such fireproof floors as fill the spaces 

between the floor he:lms, together with the tie rods fonning a 

thoroughly braced floor, are better suited to meet the condi­
tions of a higb structure than if the spaces between the beams 

are not braced, ns it is through this stiffness that wind stresses 

are more equally distributed to all the columns. 

I lorizontnl bracing by means of diagonal rods or bars la id 

in the floor srstem should be avoided on account of d ifficul t 

details of connection. This is not necessary if a proper fire­

proof floor, as outlined above, is adopted. 

Fig. 6, page 48, shows a type of fireproof floor composed of 

Carnegie trough sections; thisstrle of floor is used in bu;ldinys 
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where extremely heavy loads must be sustained, and also for 
railway bridges. 

The following are the usun.l assumptions made in good 
practice for superimposed loads: 

Floors of dwellings and offices . 70 lbs. per sq. ft. 
" churches, thcaters aud ballrooms 125 " 
" warehouses 2QO to 200 
for heavy machinery 200 to 400 

The building laws of many of our large cities have recently 
fixed superimposed loads for floors in buildings depending upon 

the purpose Cor which the building is to be used, and it is for 

these loads that the floors must be designed. In general they 

compare favorably with the abcwe. 

Where girders extend below bottom of floor beams they 

are made fireproof by surrounding them with hollo\'l earthen­
ware blocks especially made to fit the bottom of the beams, as 

shown on page 48, Figs. 1. 2 and 8. 

Examples of fireproof tile construction, as applied to ceil­

ings and roofs, are given on page 49. In Fig. 2 the tees are 

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

12 in. or Hi in. and support a layer of very thin tile, weighing 

ab()J.t fi Ibs. per square foot, to which the plastering is applied. 

For roofs somewhat heavier tees are used. resting on the top 

flanges of the I-beams and spaced about 18 in. apart. The 

tiling, weighing about 10 Ibs. per square foot, may be covered 

with concrete, then with a layer of felt and gravel, or in the 

case of slate roofs, the slate may be nailed directly to the tiling. 

In Fig. B.is shown a new type of suspended ceiling which 

recommends itself for easy erection. Upon the rafter beams 

are placed light purlin angles between which are hung rods for 

supporting the ceiling tees. 
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Between the purlin angles are laid tile, then a course of 

concrete to level up, and two coats of asphalt. Upon the ceiling 

tees are placed like tiles; or metal lath can be wired directly 

to them, on which the plastering is applied. 
A semi-fireproof construction which may be used to advan­

tage in dwellings is shown on page 49, Fig. 1, and consists of, 

a ngles resting on the top of the floor beams and supporting 

wooden strips. 'rhe finished floor can be directly nailed on 

these latter. which are spaced from 12 to 16 in. apart. T he 

ceiling is composed of wire lathing, which is fastened to tees 

iuspended from the floor beams and spaced about 16 in. apart. 

T he plastering is applied directly to the wire lathing, and thus 

a level ceiling is obtained. 

Wire lathing c.'ln also be used to good advantage in fire­

proofing columns and girders, and has shown itself to be of 

great utility in milny instances where hollow pottery could not 
be used. 

On page 49, Fig. 4, is given an elevation and section of 

three methods used in the construction of fireproof partitions. 

One consists of the ordinary fireproof square blocks. set with 

broken joints and held at intervals with light I -beams, which 

take the place of wood studding. 

In the second method, the space between the I -beams is 

filled with a material called plaster boards. The third method 

consists of wire lathing attached to the flanges of the I-beams 

and stiffened at intervals of 2 feet with angles. I n all these 

methods plastering is applied directly to the surfaces in the 

usual manner. 
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EXPLANATION OF TABLES ON S AFE LOADS AND 
SPACING FOR CARNE GIE SECTIONS 

(Pages 00 to 88 inclusive) 

Tho ltlbles on pages 70 to 72 for I-beams give tbe loads 

which a be.'\m will carry safely (distributed uniformly over its 

length) for the distances between supports indicated. These 
loads include the weight of the beam, which must be deducted 

in order \.0 arrive at the net load which the beam will carry. 

On pages 78 to 80 will also be found tbe safe loads for otbcr 
sections. 

For beams of heavier sections tban those calculated in the 

tables, a sepamte column of corrections hi given for each size, 

stating the proper increase of safe load for every additional 

pound in the weight per foot of beam. The values given 

arc based on a maximum fiber stress of 16.000 pounds per 

squarc inch. 

It has been assumed in these tables that proper provision 

is made for pre"enling the compression flanges of the beams 

from defieeting sideways. They should be held in position at 

distances not exceeding twenty times the width of the Bange, 

otherwise tbe stress allowed should be reduced as per table, 

page 68. 
In some instances, dejie&lion rather than absolute strengtlt. 

may become tbe gO"eruing consideration in determining the 

size of beam to be used. For beams carrying plastered ceil­

ings. for example, it bas been found by practical tests tbat, if 

the defleetion exceeds m of the distance between supports, 

or its or an incb per foot or tbis disltlnoc. tbcre is danger of 

the ceiling CTacking. 

A table of defleetions of Carnegie sections is given on page 

69. It may generally be assumed both for rolled and built 
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acams that this limit is not exceeded so long as the deptn of the 

beam is not less than n of the distance between supports 
(~ in. per foot). This limit is indicated in the following tables 

by eross lines, beyond which tho beams should not be used, if 

intended to carry plastered ceilings, unless the allowable loads' 

given in the tables are reduced. There is aa clement of safety 

not taken into aecount in the tables, viz., the fact that the dead 

load of the floor is carried by the beams before the plaster is 

applied; consequently, only the deflection due to the live load 

is liable to cause damage to the plaster. Tl>e following method 

can be used to obtain the reduced loads: 

1I1ulliply tltt load giv~n imm~diald)' abov~ Iltt cross lbtt 

01' Iltt square oj tltt (orrnponding span and divide by Ih~ 

square ojlhe required span; Ihe r~sult will be the r~quired 

load. See example ill pag~ 68. 

IMsmuch as the .Arrying capacity of beams increa~es 

largely with their depth, and it is therefore economical to use 

the greatest depth of beam consistent with the other conditions 

to which it is necessary to conform (as clear height, etc.), the 

above cases of extreme deflection will rarely be met with in 

practice. 
The tables o~. pages 81 to 88 inclusive for I-beams give tbe 

proper spacing, center to center of beams, for loads varying 

from 100 to 1751bs. per square foot and for spans ranging in 

length from 5 to 30 ft. T he spacing of beams is inversely 

proportioned to tho loads; therefore, for a load not given in 

the table, as, for instance, 200 lbs. per square foot, divide the 

spaces given for 100 lbs. per square Coot by 2, etc. 
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E XAMPLES 

I. What will be the most economical arrangement of floor 

beams and girders for carrying a load of 100 Ibs., including 

weigbt of floor, assuming floor to be supported by brick arches 

resting between the beams and carrying a plastered ceiling 

below? 

A nJWlfr: The spacing of floor beams for brick arches, as 

stated above. should not exceed 0 ft. Referring to pages 85 

and 86 we find the dupest I-beam corresponding to this space 

(above horizont.1.l cross lines) to be a 9 in. I 21.0 lbs. with a 

length of span of 15 feet. The girders to which the floor beams 

are framed should. therefore, be spaced Hi ft. apart, and from 

the Ulble we find that cither a 20 in. 165 lbs, 23 ft_ long or a 

Hi in. I 42 lbs. 16 ft. long will answer. By using the former 

the number of supporting columns will be reduced, but the 

\I'eight of the girders increased. The relative cost must be 

determined by the circumstances of the case, i. If., length of 

I:olumns, ete, The headroom required may render it necessary 

to use a double girder of shallower beams, say two 10 in_ 

I-beams 25 lbs. 15 ft. long_ 

II. What size and weight of beam 19 ft. 6 in_ long in clear 

between walls, and, therefore, 20 ft. 0 in. long between centers 

of supports, will be required to carry safely a uniformly dis­

tributed load of 17 tons, the weight of the beam included ? 

Answer .. From the Ulble of safe loads of I·beams a Hi in. 

I 4.2lbs, will carry safely for a span of 2Q ft. 15.71 tons. or 1.:?9 
tons less than required in this case. From the ne:o:t column 

we find that for every pound increase in weight of beam we 

may add 0.20 tons to the load. Hence, for 1.29 tons we must 

increase the weight per foot of beam by 1.20-7-.2O=6.41bs., 

i e., the beam required should weigh 42 + 6.4 = 48.4 Ibs. per 
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foot, but as this weight is not rolled ". "'am to be used 

should weigh 60 lbs. 

III. What load uniformly distributed, including its own 
weight, will a Hi in, I-beam weighing 60.0 Jhs. per foot carry 

for a span of 30 ft . without deflecting sufficiently to endange:-

a plastered ceiling? 

Ans';l.ur: From the table for safe loads of I-beams w~ 

find at the limit indicated for plastered ceilings that a 15 in 

60.0 lb. beam will carry safely a uniform load of 17.32 ton~ 

over a span of 25 ft. In order not to give rise to undue de· 

flection, the safe load for a 3() ft. span, according to the rule 

given OD page 66, will be 17.8~~ 25' 12.03 tons. 

BEAMS WITHOUT LATERAL SUPPORT 

LoarIk·f ..... 
ProporuoI. or hbUr LoU 1oraiA( 

G .. 1811 Sat. Loo.d 

20 times flange width Whole tabular load 
80 .. " " {, " " 
40 " .. " ,., " " 
60 " " " '" " " 
60 " " " ,., " " 7. " " " /. " " 
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DEFLECTI O N C OEFFICIENTS FO R CAR N EGIE 

SHAPES GIVEN IN 64T H S O F AN iN C H 

Diswoco bot ..... s.ppon. J.n. , .. 1 -.. "'" • • >0 ,. 14 ,. ,. 20 22 - ---- - - -- ------I--- - -
c. S. 38.1 67.8 105.9 HiUi 207.6 271.2 843.2 423.7 512. 7 

Co'S. 29.8 53.0 82.8 119.2 162.2 211.8 268.1 831. 0 400.6 

DisIaD .. bttnu. Sopporla im Pool ....... , ... 
32~ .. '" 28 30 36 S8 40 

- ------ - -, - -
C. S. 610.2716.1 830.59M.4 108.5'0( 225.0 1373.0 1530. 169/), 

C. ' S. 476.6
1
559 .4 648 .81744 .8 847.4 9ti6.6 1078.0 11 95. 1324. 

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

To find the deflection of any symmetrical shape used as a 
beam under its corresponding safe load, divide the coefficients 
given in the above tables by the depth of the beam. This 
a pplies to such shapes as I-beams, channels, Z-bars, etc. F" 
those beams having unsymmetrical axes, such as tees, angles, 
etc., divide by t wice the greatest d istance of tbe neutral axis 
from the outside fiber. 

EXAMPLE: Required the deflection of a 12' I-beam 8\. .5 
1bs. 20 ft. span under its maximum uniformly distributed safe 
load of 9.59 tons, as given on page 71. The above tables give 
423. 7 as the defle.:.:tion coefficient: dividing this by 12 gives 
8.5.8 as the reqUired deflection in 6,Hbs of an inch. 

For deflections due tn different systems of loading see 
page 94. 
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SAFE LOADS UNIFORMLY OISTR I BUTE D 

FO R STANOA~D AND S PE CI AL 
I -BEAM S 

" TON S 0 .. 1.000 1.11' . 

Ii 24' I 
.> 20' 1 •• 18' I . ' 15'1 .> -" -." fi "'I' •• ~ . !' J' -- .. -, _., t!! 

Ii ~ 'I ~ • 'I • H SO .. .. H , .. 'l , .. , .. 1. , .. , .. , .. , .. 
- -- - ---- - -- - ------ -
12 77.83 .53 mU8 51. 98 .44 89.29 .39 41.14 36.09 26.18 .83 
13 71.38 .,8 60.16 47.98 .40 36.27 .R<I 4S./H 83.81 24.17 .so 

" 66.28 Ali ~.87 44.06 .37 33.6' .84 40.40 SO. 93 22.44 .28 
15 61.86 .42 52.14 41.59 .35 81.43 .31 37.71 28.87 20.94 .26 

" 58.00 .89 48.88 38.99 .33 29.47.29 .... , 27.07 19.68 .24 
17 54." .37 46.01 313.69 .31 27.74 .'" 88.27 25.47 18.48 .23 
18 51.56 .35 43.45 34.66 .29 26.19 .26 31.42 24.06 17.45 .22 
19 48.84 .38 41.17 32.88 .28 24.82 .25 29.77 22.79 16.53 .21 

20 46.40 .32 89.11 31.19 .26 28.58 .24 28.28 21.65 HS.71 .2' 
21 44.19 .36 81.24 29.70 .25 22.45 .22 26.94 20.62 14.90 .19 
22 42.18 .29 35.55 28.8;'; .24 21.48 .21 25.71 19.68 14.28 .10 
23 40.8;'; .27 34.01 27.12 .23 20.M .20 24.59 18.88 13.66 .17 
24 38.67 .26 82.59 25.99 .22 19.65 .20 23.51 18.04 13.09 .18 
25 87.12 .25 31.29 24.95 .21 18.86 .19 22 .63 17.32 12.57 .18 
26 85.69 .24 30.08 23.99 .20 18.14 .18 21. 76 iiiJi6 12.08 ." 27 34.87 .23 28.97 28.10 .19 17.46 .17 20.95 16.04 11.64 .14 
28 55.14 .28 27.93 22.28 .19 16.84- ." 20.20 15.47 11.22 .14 
29 32.00 .22 20.97 21.51 .10 16 .26 .16 19.51 14.93 10.83 .18 
SO 30.93 .21 26.07 20.79 .17 I~ 16 18.86 14.48 10.47 .13 
8l 29.94 .20 25 23 20.12 .17 15.21 . 15 18.25 18.97 10.18 .13 
82 29.00 .20 24.44 19 49 .16 14.78 .15 17.68 18.53 IL82 .12 
83 28.12 .19 I~ 18.90 .1' 14.29 .14 17.14 13.12 9.52 ." 84 27.29 .19 28.00 ~ .15 15.87 .14 16.64 12.74 9.24 .11 

'" 26.51 .18 22.8;'; 17.82 .15 13.47 .18 16.16 12.37 8.98 .11 .. 25.78 .10 21.78 17.83 . 15 18.10 .13 15.71 12.03 8.73 .11 

SM~ loads given Include weIght of bEGm. MaxImum ftbet streu, 
16,000 Ibs. per square Inch. 
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SAFE LOADS UNIFORMLY DI S TR I BUTED 
FOR STANDARD ANO S PEC IAL 

I -BEAM S 

IN TONS 0" 1.000 LaS . 
-

It -' ., ., '. ,,~ 12' I -." 10' 1 -,r D- I -11 I- S- I .- .. r. ~. ~ . l' .. l ' ~.l!! -- ;~ ;!! - ;~ n • '" 'I • '1 • H H " H , .. , .. :::_ lbo. 3 , .. , .. 
-- - --- ----

12 19.92 Hi.99 .2j} , Iv.& .22 8.89 .:!O 5 15.17 .42 

13 18.89 14.76 _24 10.02 .20 7.74 .IS , 12.04 .S5 

I' 17.08 13.70 .23 D.S<) .19 7.19 .17 7 10.84 .SO 

IS 15.94 12.79 .21 S.68 .17 6.71 .1' S 9.48 .26 --
I' 14.94 11.99 .20 d.14 · I' 6.29 .15 9 8.43 .28 - -
17 14.06 1l.29 .ID 7.tla · IS 1'.i.t'2 .1' ID 7.ti9 .21 

" 13.28 10.66 . IS 7.24 · I' :'.i.59 .13 II 6.00 .19 

ID 12.58 10.10 .17 6.86 · I' 5.80 .12 12 6.82 .18 

2Q 11.95 II Ii!) .16 6.51 .13 5.08 .12 18 '" .16 -- --
21 11. 3$ 9.14 .15 6.20 .12 4.79 .11 I< liA2 .15 

22 to.87 8.72 .1< 5.92 .12 4.58 .11 15 ' .06 .1< 

" 10.89 8.34 .1< 5.56 .11 4." .ID 16 4.74 .18 

" 9.96 7.99 .16 5.43 .11 4.19 .ID 17 ." .12 

" 0.56 7.67 .13 5.21 .10 <DS ." 18 4.21 .12 
26 D.HI 7.88 .12 G.Ot .10 3.87 ." " a.Dg .11 

27 8.85 7.11 .12 4.82 .ID n.73 .. 20 8.79 .11 
26 8.54 6.85 .11 ... , .D9 8.59 .08 21 8.61 .ID 
20 8.24 6.6.2 .11 4.49 ... 8,47 .()8 .... ...... .... 
8() 7.97 6.40 .11 4.8-1 ... 3.36 .()8 .... ...... .... 

aa.r(l 10Bd. given Includo welgllt or beam. Maximum door ,tte8ll, 
UI.OOlIba, per sQullre luch. 
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SAFE LOADS UNIFORMLY DISTRIBUTED 
FOR STANDARD ANO SPECIAL 

I -BEAMS 

" TONS ., 1 , 000 L._ S . 

. 
U 7' I .r- 6' I ,-

5' I t} ,. I ~t O' I .' -. ~r ~, ~, ]. -- " -- :.!!! -- .. -- I. o. 
H ' -

" H '''' H .. ~ I " H " H .l. , .. , .. , .. , .. , ... 
----------- --- ----

5 11.01 .36 7.75 .31 5.16 .26 3.18 .21 1. 76 .16 , 9.20 .30 6.46 .26 '.30 .22 2.65 .18 1.47 .18 --
7 7.89 .2<l 5,54 .22 '.611 .1' I~ .15 1.26 .11 

• 0." .23 4.84 .10 3.23 .1' 1.99 .18 1.10 .10 --, 6.13 .20 4.S1 .17 2.87 .1' 1. 77 .12 0.98 ." 
10 5.52 .1' .88 .10 2." .1' 1.59 .11 0.88 .08 -Il 6.02 .10 S.52 .1' 2.85 .12 1.45 .10 O.SO .07 

12 I~ .15 3.23 .13 2.15 .Il 1.85 .09 0.73 .07 

18 4.25 .14 U, .12 1.08 .10 1.22 .08 0.88 .06 

I4 3.94 .1' 2.77 .11 1.84 .00 1.14 .08 0.63 .06 

15 3.68 .12 2.0, .10 1. 72 .09 1.06 .07 0,59 ." 
10 8." .Il 2.42 .10 1.61 .08 0." .07 O.M .05 

17 S.25 .Il 2.28 .ro 1.52 .08 0.94- .06 0,52 ." 
18 3.07 .10 2,15 .01J lA3 .07 0.88 .06 0.49 .04 
10 2.91 .00 2." .,. 1.56 .07 0.84 .06 0.46 .04 ,. 2.76 .00 1.94 .0' 1.20 .07 0." ." 0.44 .04 
21 2.63 ." 1.80 .07 1.23 .00 0.76 .0.; 0.42 .04 

ears loadl given Indnde wclgbt or beam. llll.J[tlUum tiber ,treu, 
16,000 lb8. pcr squllr(llncb. 
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S AFE LOADS UNIFORMLY DISTRIBUTED 
FOR STANDARD ANO SPECIAL 

CHANNELS 

IN TON S 0 .. 1,000 L aS. 

Ii 
1 1(} O [ •• .. .. :!!.;. -. 12" r: :'.!t' 10' [ ~l 0" c ,- ~, 

" 1·' I' " -- , -- .. -- •. !! 

it • H '" 'I " :1 '''' ~i •• , .. , .. '! . , .. , .. 
<-------------------

10 22.2:; .00 11.80 .32 7.14 .26 G.61 .24 
It 20.20 .M 10.35 .2iJ GAO .24 11.10 .21 

12 18.52 .33 9.49 .26 5.95 .22 4.68 .20 

IS 17.10 .30 8.76 .24 5.49 .20 4.82 .1' 
14 15.87 .28 8.14 .23 5.10 .19 4.01 .17 
15 14.82 .26 7.59 .21 4.76 .17 3.74 •. 16 

16 13.89 .24 7.12 .20 4.46 .16 S.51 .15 

17 13.07 .23 6.70 .18 4."" .15 '.30 .14 
18 12.M .22 0.33 .18 S." .14 3.12 .13 

" 11.70 .21 ..,,, .17 3.76 .14 2.95 .12 
20 11.11 .20 5.70 .16 8.57 .13 2.81 .12 

21 10.58 .10 5.42 .Hi BAO .12 2.67 .It 
22 10.10 .18 5.18 .14 3.24 .12 2 . .55 .11 

28 1).66 .17 4.95 .14 3.10 .11 2.44 .10 

24 1).26 .16 4.75 .18 2.97 .11 2.84 .10 
25 8.89 .16 4.56 .IS 2.85 .10 2.24 .1JIl 

26 8.55 .15 4.88 .12 2.74 .10 2.16 .1JIl 
27 8.28 .14 4.22 .12 2.04 .10 2.OS .()!) 

28 704 .14 4.07 .11 2.55 .09 2.00 .OS 

" 7.66 .18 3.93 .11 2.46 .1JIl 1.93 .OS 
SO 7 AI .18 S.80 .11 2.38 .09 1.87 .OS 

8e.te loads given Inelude w~lght otchll.nn(!l. Ma,.,lmum t1ber.t,.." 
16,000 lb4. per IIqlUU'fl loeb. 
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SAfE LOADS UNIF"ORMLV DISTRIBUTED 
FOR STANDARD AND S PECIAL 

CHANNELS 
IN TONS 0,. 2.000 L.S. 

I! 8' 0 ~i 7' 0 
., 

"0 
., 

Ii' c: 
., 

"0 ''1 S'C .' -.. -i -I' -<' 
J' 

~, .' I, f. I. r- ;. 
" ., ;!! 

J. 0" ~] .. n • it " ~I '" ~.I • H , .. , .. '''. , .. , .. , .. 
1- 11.16 , 8.61 .42 '.68 .3<) 4.62 .31 3.16 .26 2.02 .21 . 1' 

6 7. 18 . 35 run .30 , ... .2G 2.63 .22 1.68 .18 .97 .13 

7 6.Hi .80 4.77 .26 3.80 .22 2.26 . 19 1.44 .to .88 .ll 

8 '.68 .26 4.18 .28 2.89 .19 1.98 .16 1.26 .13 .78 .to , ' .78 .23 3.71 .20 2.57 .17 1.76 .14 1. 12 .12 .64 .09 

10 4.31 .21 3.34 .18 2.31 .1' 1. 68 .13 1. 01 .11 .08 .08 

II 8.91 .19 8 .04 .1' 2.10 .14 1.44 .12 .92 .10 .'" .97 

13 3.59 . 18 2.78 .15 1.93 . 13 1.32 . 11 .84 .09 .48 .01 

I' 8.81 .1' 2.57 .1' 1. 78 .12 1.22 . to .78 .68 .45 .66 

14 '.06 ." 2.39 .1' 1.65 .ll 1.13 .09 .72 .68 .41 .66 

I' 2.87 . 1' 2.23 .1' 1.54 . 10 1.05 .09 .67 .07 .60 .0> 

I' 2.69 .18 2.09 .ll 1.44 .10 .M .08 .68 .07 .86 ." 
17 2." .12 1.00 . 11 1.36 .09 ." .08 .59 .00 .34 ." 
18 2.39 .ll 1. 86 . 10 1.28 .09 .88 .07 .06 .66 .32 .64 

l' 2.27 . 11 1. 76 .09 1.22 .08 .88 .07 .53 .00 .81 .04 
20 2.15 . 11 1.67 .09 1.16 .08 .79 .07 .51 ." .29 .04 

21 2.05 . 10 um .09 1.10 .07 .-.. , .00 .48 .66 .28 .04 

22 1.96 .10 1. 52 .68 1.05 .07 .72 .00 .46 .06 .20 .04 

23 1. 87 .09 1.45 .OS 1.00 .07 .69 .66 .44 ." .25 .08 

24 1. 79 .09 1.39 .08 .96 .00 .66 .05 .42 .04 .24 .08 

25 1. 72 .08 1.34 .07 .02 .00 .63 .00 .40 .64 .23 .08 
---

&(e load. g lveD Include welgh ~ o( channel. Ma.x l m u m !lOOr . tn) ... . 
16,00l1b>l. per BQIIIIl'C Inch. 



75 CARNEGIE STEEL COMPANY 

SAFE LOADS IN TON S O' 2,000 LBS. 
UNIFOR MLY DI STRIBUTED 'OR 

STAN DARD Z- BARS 

•• J! Dia\o.Dct bel .... hpponel.ll Pori 
".. ~, 466789 10 " I. " I, ------------ -

Ii 11.25 9.00 7.00 6.48 6.635.00 4.60 3.758.212.81 

:n * 
13.11 10.48 8.73 7." 6.65 '.82 6.24 4.ln 8.748.21:1 
14.00 11.97 9.97 '.50 7." 6.6a 6.99 4.99 4.28

1
8.74 

• * 
16 .40 12.82 10.27 '.80 7.70 6. 84 6.16 6.18 4.403.85 

:~ 17.09 18.67 11.40 9.76 8.65 'l.GO 6.84 5.70 4.884.27 
II 18 .SO 16. Q.J 12.68 10.74 D." 8.8t1 7.52 6.27 '."1 •. 70 

6 J( 18.72 14.98 12.48 10.70 9.86 8.82 7.49 6.24 6.8154.68 

:~ M 20.29 16.23 18.68 11.69 to .Hi 9.02 8. 12 6.76G·8015.07 
1.86 17.49 14.57 12 .49 10.93 9.72 8.75 7 .29

1

6.25
1
5. 47 , tI 7.12 G.70 4.7G 4.07 3.06 8. 17 '.85 2.872.081.78 

:~ 8.G2 6.82 0.6' 4.87 .. ,. 8.79 8.41 2.84 2.4812.18 
i, 9.92 7.W 6.62 G.67 '.96 4.41 8.97 8.8112.8812.48 

6 " 10 .24 8.HI 6.88 6.85 G.12 '.55 4.OD 8.412.922.56 

:n f: tl.49 9 . 19 7 .06 6.56 G.7G 5. 11 '.60 8.88
1
8.282.87 

12.76 10.21 8.Gl 7.29 6.88 5.67 5.11 4.2518.0018.19 
6 ~ 12.68 10 .10 8.42 7 .21 6.32 G.61 6.00 4.218.618.16 

:~ 13.79 11.08 9 . 19 7 .88 6." 6.13 5.52 4.608. 9<18.46 
II 14 .94 11.91; D." 8.64 7.47 6.64 6." 4.984.278.78 

• J( 4.19 8.85 2.79 2.89 2.00 1.86 1.68 1.40 1.20 1.0G 

!!l A 5.21 4.17 .... 2.98 2." 2.82 2.OS 1.74 1.49 1.80 
6.22 4.98 4.15 8 .66 8.11 2.77 2.49 2.08 1. 78 1.56 

• ~ 6.44 5.15 4.29 8.68 8.22 2.80 2.67 2.15 1.84 1.61 

!!l 7.33 5. 87 4.89 4.19 8.67 8.2tl 2.93 2.44 2.09 1.88 
h 8.24 6.09 6.49 4 .71 4.12 8." 8.29 2.75 2." 2.00 

• i< 8. 0<1 6.46 G.87 4.61 4.0S 3.68 8.23 2.69 2.81 2.01 
40 li 8." 7.09 6.91 6.00 4.43 3.95 8.56 2.00 2." 2 21 ." 9.68 7.74 6.45 6.53 .... '.30 8.87 8.282.76

1
2.42 

3 )( 2.56 2.05 1.71 1.46 1.28 1.14 1.08 0.8510. 7lr· G4 
8,', h 8.17 2." 2. 12 1.81 1.68 1.41 1.27 1.000.910.79 

8 Ii '.44 2.74 2.28 1.90 1. 72 1.112 1.87 1.140.980.86 
an n 8.97 8. 18 2.85 2.27 I."" 1. 77 1.69 1.82 1.18

1

°. 99 
8 " 4." B.26 2.72 2.88 2." 1.81 1.63 1.36 1.171.02 
3,', ", 4.57 3 .06 8.05 2.62 2.28 2.03j t.83 1.52 1.811.14 

sare loads RIven inc.llule welcht Qr ",..bar. Maximum tiber UralS, • 
]6,(0) lb!!. per 8Qua ... Incb. 



CARNEGIE S T£EL COMPANY " 
SAFE LOADS IN TONS OF 2,000 LBS. UNIFORMLY 

DISTRIBUTED FOR STANDARD AND SPECIAL 

ANGLES WITH EQUAL LEGS 

DiaWlOl btl ...... s,pporll i~ l .. t 

Si>t of "",10 

-·I~~ 
, 2 3 4 8 • >0 

8 .8 x IJ \13.49 46S4 BUG ~." ILe9 10.811 .. " 18.m 1$.68 18.36 
8 . 8 x },H.6-I ~.~ 14.88 11.16 8." 7.014 .. " .. S ' .00 s ... 

• • • " -1.'1.7'2 "'" 1~.21 11.43 9. lf ,.~ .. " •. n .~ 4.57 • •• .)0> 18.82 9.41 0.27 4.;'0 8 ... 6 S.14 " . .. " 2.00 '" •• •• ., !!(I.91 15.45 10.::0 7.";8 8. 18 5.15 4 .42 . ., .~ 8.'" •• • • xH 12.1l! 'A' S .. .. " 2 . .t.B 2.15 ,~ 1.61 ,~ 

'" 4 • 4 x 1110.05 8.00 .... 4.01 S.21 .. " u • •. m 1.78 1.61 
4 ,4 x ~ 0.88 8.H .. " L7'2 U, 1.15 ,., ." 0."(; ,." 
8H1 x 8S(. 12.00 '.00 ' .00 '00 '" '.00 1.71 '00 '" U" 
S}o:Ix8}o:1x, 5.;,) '.00 1.73 '00 ,~ 0.87 0.74 ,." , ... ,." 
8 xS . ~ .... 8.47 2.S1 '" '" 1.16 ,." '" '.n ,." 
3 xS • 8.00 .. " .. 00 0.:7 ,." ,~ 0.44 '" ,~ 0.91 

o2Y. x 2Y.. ~ 4.75 ." '" 1.19 .M 0.79 ,.OS ,~ '.M 0.47 
02)1X2X x '.00 .. 00 .... '.M 0.61 ,.~ ,." '" 0.:/:8 0." 

2% x 2ti . % '.00 .. " .. " O.W 0." '.M 0." 0.49 ,~ 0." 
2S(x2 x~ 1.61 0 .81 OM '" 0." '" ,.'" '.00 0.18 0. 16 

021{ x 2){. '.00 ' " .. 00 '.n 0.00 ,ro 0.44 '" ,~ 0.91 
02\(. 2){ x ... .. 00 ,." .... ,." 0.00 ,." 0.19 0.16 0.14 O. IS 

2 .2 x,'. 2.1S .. " 0." '" , ... '" '.00 O.Zi ,." ,." 
2 x2 • .:- 1.01 0.51 ,." ,.~ 0.00 0.17 O.U O.IS 0.11 0.10 
,~,,~.~ '00 ,." 0." '" 0." ,m ,." , . ., 0.18 0.16 
I • x I .' 0.:11 ,." .. ~ 0.10 0. 15 0.12 0.11 0." , .. ,.'" 
I~XI%X~ 1.01 0.51 0." ,." 0.00 0.17 0.14 0. 180 Hf. 0.100 
lS(Xlgx M' 0.19 0.18 ,."" o 'if , .... ,."" 0,", , '.008 
I){ x I .. ~ ,.'" '.08 0. 19 0.100 , .. ,.<m , ... 0.0<11 g:)l1 ,."" 
I){ x I • ." 0.18 O.O!r." '.000 .. "" 0 ..... O.OS; '.008 , ,.'" , · , ," '''' 0.15 0.100 0.0:5 0.00\0 0.(100 ,.'" 0."" ~.!!! ,."" , · , . ~ 0.11 '''' 0.000 O.I)H 

o~'~ '''" 0.021 0.01 0.017 

T P 
0.18 , ... 0.000 0.,," 0.000 O.02'J ''''' 0.'" ~.Jri! 0.018 . , 0.12 0.0111 0.041 0.001 0.()2.; 0.00 0.018 0.015 0.014 O.OID 

;t ~ ::4 O.IS '''' ,.'" g:: O. 0.001 0.018 0.016 0.014 0.018 
0.0iI1 0.(;11"> 0."" ,. 0.018 0.01~ 0.018 o.on 0.01 , ... 

Sore lO&ds given Include weight Qr augle. :\faxlmum floor It_a, 

16,000 Lbo!. per &quare Inch. Neutral axl. througb C<"Dler of grovlty 

parallel to 11118 leg. Angles mllrked • are spOOlal. 



C"'RNEGIE STEEL COMPA!'Y 

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

AN GLES WITH UNEQUAL LEGS 
LO N G L EG VlftTICAL 



CAR!'F.GI£ STF..£L COMPANY 78 

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

ANGLES WITH UNEQUAL LEGS 
S H OIIIT 1..£0 V.IIITIQAI.. 

....,,! ~ 3 4....!?, 61 16 9 ,!...!.Q. 
*8 ~8}{l" 9.53 4.76 8.18 2.1l8 1.91 1. 119 U6

1

1.19 I.(J6 ' 0.9~ 
~ l3;4d 15.797.895.26 8.95 R.16~.632.261.971.75 I !.08 
~ l3}{x it 7.84 8.92 2.61 1.96 1.571.311.12

1
°.980.870.78 

6 )(4 d 20.2110.11 6.74 5.05 4043.:Ja.891""12.:M2.02 
6 x4 x )i 8.534.212.84 2.18 1.711.42 1.221.070.9~IO." 
6 x3}{d \:").47 7.74 ~.16 8.87 3.092.1l82.2I Ul31.721.M 
6 xS}{x ~ 6.M 3.28 2.19 1.64 1.811.090.941°.82

1

°.73
1

°.66 
*~ x4 x ~ 17. 65 S.SS 5.8::1 4.41 8.M2.942.52

1

2.211.961.77 
*5 x4 xt' 8.314.19 2.792.09 1. 671.401.20 1. 06

1

°.9811.84 
5 x3}{x Ji 13.44 6.72 4.48 8.sa 2.(1)2.2-11.92 1. 68I.49

1
1.84 

5 x3}{x -h 5.44 2. 72 1.81 1.36 1.090.910.78

1

0.68

1

°.6010.54 
I) x3 x H {l.28 4.64 8.09 2.82 1.86 I.M J.88 1.16 1.031°.93 
5 x3 x * 4.00 2.00 I.SS 1.00 0.800.670.070.000.441°.40 
*4M~ x t 9.\24.56 8.04 2.28 1.82t.521.801.14101 10.91 
*4}{xS x , 4.(),'j 2.03 1.Sf; 1.01 0.8\ 0.613 O.riB 0.:")1 0.4~ 0.41 
*4 x3}{x t \2.27 6.13 4.09 3.07 2.45 2.(),'j 1. 701.68 1.86 U?8 
*4 x8}{x If :").39 2.69 1.80 t.8~ 1.080.90 0.770.670.601°.054 

4. x8 x H- 8.96 4.48 2.99 2.24 1.791.491.281. 12 1.00
1
0.90 

4. x8 x -h 3.95 1.97 t.82 0.99 0.790.660.560.491°.440.89 
S}i"XS x H 8.80 4.40 2.00 2.20 1.76 1.471.261.1°1°.981°88 
8}i"xB x H 8.84 1.92 U28 0.96 0.770.640 . .51)0.481°.431°.38 
B}{x2}{x ~.28 2.6-1 1.76 1.82 1.060.880.75

1

0.66

1

6.69

1

0.,. 
B}{cl}{x 2.19 \.09 0.73 0.115 0.440.860.810.270.240.22 

"8,\(x2 x!f 2.83 1.41 0.91 0.71 0.1170. 470 ... 0
1
° 35

1

°.81 0.28 
*SJ4x2 ~}( 1.39 0.69 0.46 0.85 0.280.280.2010. 170. 1 ~0. 14 
B x2}{_ -f~ 4.87 2.19 1.46 1.09 0.870.730.(l20.Mp.490.44 
S x2}{x)4: 2.13 1.07 0.71 0.053 0.430.860301°.271°.240.21 

*31.2 x}{ 2.~t 1.2!:\ 0.84 ,,'lS 0.GO 0.42086IO.S10.2S0.2.5 
*8 x2 • J4 1.38 0.67 0.44 0.88 0.270.220 19Io. '7Io.HiO.18 
2}{x2 l}i" 2.45 1.28 0.82 0.61 0490.410.3510.810.270.2~ 
2}{x2 x -(~ 1.07 O.M 0.86 0.27 0.210. 1801:")10. 131°.120.11 

*2,\(xI }{x ~ 1.39 0.69 0.46 0.85 0 280.280.201°. 170.11:10. 14 
*2J4l1 }{x If 0.G9 0.29 0.20 0.1:") 0120.100.081°.070.070.06 
*2 xl Jix)( 0.64 0.32 0.21 0.16 0.181°.110.091°.0810.070.06 
*2 dJix.n 0.48 0.24 0.16 0.12 0.10

1

0.08

1

'°.070.0610.0110.05 
elJixl x J4 0.27 0.13 0.09 0.07 U.OI! 0.04 0.04 0.081°.08 0.03 
*1Jixl x '" ' 0.\6 0.08 0.0:") 0.04 0.08,0.08 0.02,0.020.02 ° 02 

~aA! l08d ~ given Ln e\ ude w,;lght Qr angle. MUXLlIIU'" Door ~11 ... ~, 
16.000 ibl. pe r lIqu!\re llleh. :s"eutml axiS throuKb ceDter o r smvlty 
l.amllel h long leg. Angles marked - are III_lal. 



79 CARNEGIE STE EL COMPANY 

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

, ,. 
6 x2~ 
4~ ~ S}oJ 
4~xS 

4}i x S 
4}i x 2:4 
4}i x 2:4 · " • • • • 
• • • , 
, ,2 
, ,2 
8,!i'd, 
8~x4 

8,!i'xS~ 11.9 
8~ xS~ 9.8 
8}i x 3 11.0 
S}{xS 8. 7 

8}{ x S 

8 " 
8 " 
8 " 

8 
8 
8 
8 

Safe loads given lnclud$ w$lgtit of tee. ,Maximum /lber strftll. 
le,roo Ibli. per lIquaT() Inch. 



C AR NEG T€ STEEL COMPANY ~ 

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

SiM .. ticll Dimnoo '001_. SopJlOfll ill. leel 

'''or ,... 
bJSIoao '001\ 1 2 3 I 4 5 I 6 ' 7 8 91 >0 

--"--1-- --j-- -I-I-f-'-II--
:3 ~3 9.0 G.392.6910801.851.08IO.OOO.770.070.600.M 
3 ~3 7.9 4.592.2911.1HI1.150.92IO.760.660.570.510.46 
3 ~3 6.8 3.9:11.9711.820.990.790.660.000.4°10.440.39 
3 x2~ 7.2 3.201.{l(y.070.800.640.530.460.40( .860.32 

3 x 2,1i 0.2 2.77 1. 3910. D2 0. 6£1 0.55 O. 46 0 .4~ I~ .351°. 31 0.28 
2J( x 2 7.4 4.00 2. 0011.88 1.00 0.80 0.670.571':'.601°.44 ° .4U 
2~ x 8 7.2 4.64 2. 82 1.551.16 0. MO. 77 0.66 0.58

1

°.52 0.46 
2~ x 3 6.2 4.05 2. 031.86 1.01 0.81 0.68 0.68 0.51 0.45 0.41 

2~ x 2J( 6.8 3.891.£151.300.970.78
1

°.650.56 0.491<1.430.39 
2~ x 2J( 5.9 3.20 1.60 1.07 0.80 0.64 0.53 0.460.401°.86 ° .32 
":!}{ x 2~ 6.5 8.151.67 1.00 0.790.631°.520.460.8111°.85 ° .31 
2~ ~ 2:-:: 5.6 2.671.33 0.890.67 0.53

1

°.44 0.S80.81r-~0.27 

2~ x 1)( 3. ° 0.48 0.21 ° . 16 0.12 0.1010. 08 0.07 0.061°.0.; 0.05 
2J( x 2J{ 6.0 2.24 1.12 0.750.00 0.45

1
°. 37 0 .32 0.28

1

°.251°.22 
2)( x 2J{ 4.2 1.71 0.851°.571°.48 0.341°. 28 0.24 0.21 0. 1910. 17 
2 x2 4.4 1.760.88

1

0.59o.440.35

l

o.290.260.22

1

0.200.1l:1 

2 ~2 3.7 1.S:~0.67 0.440.8lI Io.270.220.190 . 17 0.150.13 
2 x 1 M 8.2 0.80 0.40

1

°.270.200.161°.180. 11 0.1°
1
0.00 0.08 

lJi x 1 J( B.2 1. 01 0.51 0.34 0.25

1

°.20
1
0.17 0.14 0.131°.11 0. 10 

IJ( x 1)( 8.7 0.80 0.40

1

°.27 0.200. l y.18 0. 11 0.ly.09

I
o.0S 

I J{ x 1 ~ 2.6 0. 7GIO.87 0.25 0. 19 ° .161°.12 0. 11 0.09

1

°.08
1

° .07 
1M x 1M 2.0 0.591°.29

1

°.200.150.120.101°.080.070.070.06 
\}( x 1 J( 2. t 0.58 0.27 0.18 0. 18 0.11 0.091°.08 0.07 0.06

1

°.05 
1).( dJ( 1.7 0.870.19Io.120.090.070.060.050.Otr040.0-I 

1 xi 1.8 0.270.130.090.070 .050.040. (140.030.03:0.03 
1 xl 1.0 0.1610.08rOOIO 01 O.03r030.~~~.02 IO~02 1 0.o-..l 

&r.~ load. given IneJude weight o r tee. MaxImum IlOOT ,trell8. 
16,000 lbl!. per square Inch. 



.. CARNEGIE STEEL COMPANY 

SPACING OF STANDARD I-eEAMS FOR 
UNIFORM LOAD OF 100 LBS. 

PER SQUARE FOOT 

I'''-OI'EII. DIST ..... C.: IN I'EI!:T CENTEI'! TO CE N TI!:II. 01' BI: ... t,OI:. 

-

1!~' J 

20' J IS ' 1 ". J 12' I 10' 1 

'--
J~ I: • • " • • • • ., • n... lbe. , .. , .. , .. , .. , .. , .. , .. 

-1-
12 128.9 108.6 86.6 "., 78.0 60.1 48.6 83.2 26.6 18.1 

I' 109.8 92.6 73.8 ".8 67.0 51.3 87.2 28.' 22. 7 15.4 

14 114.7 79.8 63.7 48.1 G7.7 44.2 82. 1 24A 19. 6 13.8 

l' 82.5 69.5 5.5.5 41.9 1iO.8 38.' 27.9 21.8 17.1 11.6 

16 72.5 61.1 48.7 86.8 44.2 38.8 24.' 18.7 1/).0 10.2 --
17 84.2 64.1 48.2 82.6 89.2 00.0 21.7 16.5 18.8 '.0 
18 57.8 48.' 38.5 29.1 M.D 26.7 19.4 14.8 11.8 8.' 
19 51.4 48.3 84.6 26.1 81.8 24.0 17.4 13.2 10.6 7.2 
20 46.4 "'.1 31.2 28.6 28.8 21. 7 115.7 12.0 ••• 8.5 -
21 42.1 35.' 28.8 21.4 25.7 19.6 14.2 10.8 8.7 5.' 

22 38A 82.3 25.8 t9.a 28.4 17.9 18.0 ••• 7.' " 28 35.1 2'>" 28.6 17 .8 21.4 16.4 11.9 ••• 7.' " ... 82.2 27.2 21.7 16.4 19.6 15.0 10.9 8.' '.7 4.5 
:25 29.7 25.0 20.0 tiLl 18.1 18.9 101 7.7 '.1 4.2 

'6 2Vi 23.1 18.5 18.9 16.7 12.8 ••• 7. 1 ' .7 8.9 

27 25.5 21.5 17 .1 12.9 15.5 11.9 8.' '.6 5.8 8.6 
28 23,7 20.0 15.9 12.0 14.4 11.0 8.' '.1 4.' 8.' 
29 22.1 18.6 14.8 11.2 18.6 10.8 7.' 5.7 4.' 8.1 
80 20.6 1 17.4 13.9 105 12.6 '.6 7.' 5.' 4 '1 2.9 , 

For loa.d or:no lb&. per IQuare root divide the ~paclng gh'en by 2-
.\la",lmum ll bar ItrelU, 16,000 Ibl. pe r aquaN IDCb. 



CARNEGIE STBBL COMPANY " 
SPACIN G O F STANDAR D I-BEAMS FOR 

UNIFO RM LOAD O F 100 LBS. 
PER SQUARE FOOT 

l""'Ol"lI:ft DISTAN CE I N I'II:ET CENTEft TO ()I!:N T Eft 01' Il EAMS 

11 , . 1 I 8· 1 7" J ~I~ ~I~ 0-

l' ---n • I " " '''' ••• " " , .. , .. , .. , .. , .. , .. , .. 
-------- --, SO.6 00.7 44.2 31.0 20.6 12.7 7.' 

6 6iJ.9 4.2.1 30.7 21.6 14.3 8.8 " -7 41.1 31.0 22.5 15.8 10.5 6.5 66 --
8 31.6 28 .7 17.3 12.1 81 5.' 2.8 
0 '" 18 .7 13.6 0.6 6' 3.9 2.2 

10 20.1 1.':;.2 11.1 7.8 '.2 3.2 1.8 
11 166 12.5 0.1 6.' '.6 2.6 1.5 

12 14.0 JO .5 7.7 M 8.6 2.' 1.2 ---
13 ~Ul ' .6 6.5 '.6 8.1 1.0 1.6 
14 10.3 7.7 5.6 4.6 2.6 1.6 6.0 

15 0.' 6.7 4.9 3.' 28 1.< ---
16 7.9 '.0 4.3 86 20 1.2 

17 7.' '.3 8.8 2.7 1.8 1.1 

18 6.2 '.7 8' 2.' 1.8 .OS 

10 '.6 '.2 8.1 2.2 1.< 

" 5.' S.8 2.8 1.0 ! .8 

21 '.6 8.4 

I 
2.5 1 8 1.2 

22 I 8.8 8.1 2.8 1.6 1.1 

For 1000d orl!OO 1tH!. per _qUlU"e root dIvIde the.pa.<:lng gl\'cn by Z. 
Max1mum ftber ,tr(lM, 16,000 lba.. per IIQUIIl"(l [ncb. .. 
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SPACING OF STANDARD I-BEAMS FOR 
UNIFORM LOA.D OF 125 LBS. 

PER SQUARE FOOT 

""OPEft DISTANCE IN "&IT CENTII" TO CEN T EPII 01' BEAMS 

H ~~ l~OOi :~ I:~ 111-_,~_TII_:_.~_I-;I_,_:!_I_,_~_2-;·_;_.:_f_!&_,~_1 
--;---------

12103.1 SG.9 a9.S 52.4 02.9 48.1 34.926.621.3 14.6 

13 87.8 74.1 59.0 44.6 ~.6 41.0 29.8 22.6 18.2 12.3 
14 75.8 68.8 51.0 88.5 40,2 35.4 2::;.7 19.515.7 10.6 

15 GlLO 55.6 oM..!. 33.5 40.2 3O.S 228 17.018.7 9.8 

16 va.O <18.0 39.0 29.5 35.4 27.0 19.6 HLO 12.0 8.2 

17 51.'1. 4.3.8 34.6 26.1 31.4 24.0 17.4 13.210.6 7.2 

IS 45.8 88.6 80.S 23.3 27.9 21.4 15.5 U.S 0.4 6,4 
19 41.1 iH.6 27.7 20.9 25.0 H}.2 IS.D 10.6 B.G 6.8 

20 87. 1 31.3 2;:;.0 18.9 22.6 17.4 12.6 0.6 7.7 15.2 
21 33.7 28.4 22.6 17.1 20.6 15.7 11.4 8.6 7.0 4.7 

22 80.7 25.8 20.6 15.6 18.7 14.3 lOA 7.9 6.3 4.8 
28 28.1 28.7 18.9 14.3 17.1 IS.1 9.5 7.2 6.8 8.9 

24 25.8 21.8 17.4 13.1 15.7 12.0 8.7 6.6 5.4 8.6 

2,j 23.8 20.0 16.0 12.1 14.5 11.1 8.1 6.2 4.9 8.4 
26 22.0 18 .1i 14.8 11.2 18.4 10.2 7.4 5.7 4.0 8.1 

27 20.4 17.2 18.7 10.8 12.4 9.5 6.9 G.8 4.2 2.9 
28 19.0 16.0 12.7 9.6 11.5 8.8 0.4 4.9 3.9 2.6 
29 17 .7 14.D U.8 9.0 10.8 8.2 6.0 4.6 3.7 2.15 
80 16.5 18.9 U.I 8,4 10.1 7.7 5.6 4.2 8.4 2.3 

For load of 2.:o01b .. per &quare foot divide the lpaclng: given by 2-
}Iaxlmum fiber ItrelS, UI,OCCllba. per &qua .... Inch. 
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SPACING OF' STANDARD I-SEAMS FOR 
UNIFORM LOAD OF 125 LBS . 

PER SQUARE FOOT 

.. " OI'EIO OUITAt<CE 'I< "E ET CEt<TE" TO CEt<TE" 0 .. IIE"'''''S 

!! • • I 8' 1 7' 1 8' I , . 1 n 8' 1 
h ----n " " " .'" '" " U .... .... . ... .... .... , ... . ... 

- - ---
• 6-1.4 ".8 85.4. 24.8 16.5 10.2 '.8 
8 44.7 88.7 24.6 17.2 11.4. 7.1 ..!;.L 
7 82.9 24.8 18.0 12.6 8.' , .. 2.' 
8 2.5.2 19 .0 18.8 '.7 8.' ' .0 2.2 

• 19 .9 1.5.0 10.9 7.7 '.1 ••• l.7 

10 16 .1 12.2 8.' '.2 '.1 .., ... 
11 18.3 10 .0 ~ .3 '.1 8.4 2.1 1.2 
12 11.2 8.' ' .1 ••• 2.' 1.8 1.0 
18 ••• 7.' '.2 '.7 2.' U 0.8 

" 8.2 .. , .. , 8.2 '.1 1.8 

" 7.2 ,. .. , 2.8 I.8 1.1 

I6 ••• '.7 • .4 • .4 1.' 1.0 
17 , .. '.2 '.1 2.1 1.. 
IS '.0 '.7 2. 7 1.' 1.' 

I' 0 8.' 2.4 l.7 1.1 

20 '.0 '.0 2.2 1.6 1.0 
21 '.7 2.8 2.0 I.4 0.' 

221 ••• 2.' I.8 l.8 I I I 

Por load or 2Al IboL IlCr lK!uare root divide the spacing given by 2. 
}laxlmllmtll.ber ~(rel8, 16,000 lb$;. p(!r lK!uanl Inch. 
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CA R NgCtE STEEL COMPANY 

SPACING OF STANDARD I_BEAMS FOR 
UNIFORM LOAD OF 150 LBS. 

PER SQUARE FOOT 

1"1'11 0 "11:" DISTANOE IN 'En CIENTE,. T O CENTl: ft 0 ... IlAM. 

24" I 20' I IS' I 16' I 12' I 10' I 

• M • • • M • • au • Ok , ... , ... , ... , ... , ... , ... , ... , ... , ... 

" .. 12.1 

73.2 10.8 

".1 ••• 
M.O 7.7 

".S 6 .• 

42 .• 6.' 
38.2 6.8 
34.S 4 .• 
30.9 4.8 
28. I 8.' 

20.6 8.6 
23.4. 8.S 
21.5 S.' 
19.8 2 .• 
18.S 2.6 

17.0 2.4 
15.8 '.2 
14. 7 '.1 
18.7 I.' 

POl' load of aoo lb •. per .quare foot dIvide the IplC!ng given by I­
lI ."hnum fiber atr ... 16,000 (bl. per ."IULU inch. 



CARNEGIE STEEL COMPANY .. 
SPACING OF STANDARD I-BEAMS FOR 

UNIFORM LOAD OF 150 LBS. 
PER SQUARE FOOT 

f'IIOf'KII DISTANOE IN 'EItT CENTKft TO CE NT Kft 01' IIUMS 

!~ I . ' I . ' I 
7' I 

. ' I 
n " I 8' I 

I J~ • " " "" to U .. , .. , ... , ... , ... , ... , ... , ... 
• ".7 40 .5 ,.., 20 .7 IS. 7 ••• ' .7 

• 87.' 28 .1 , ... 143 ••• • •• ' .8 
7 27 .• " .7 15. 0 10 • 7.' ' .8 2.4 

• 21.0 IS.8 11 .5 ' .1 .. , ' .8 t.8 

• 16.6 12 . ' '.1 • .4 '.8 26 1.8 

10 IS .4. 10.1 7.4 - ' .2 8.4 2.1 t.2 

II 11.1 '.8 ' .1 4.8 2.' t.8 I.. 
12 ' .8 7.0 ' .1 ••• 2.4 1.6 0.' 
13 7.' ••• 4.4 ' .1 2.' 1.8 

" ••• '.2 8.' 2.' I.' t.I 

18 ••• ••• '.S 2.S '-' 0.' 
16 ••• 4.0 2.' 2.' U 

17 ' .7 ••• 2.' 1.8 1.2 
18 ' .1 8.1 2.3 I.. t.I 

16 S.7 ••• 2.' 1.4 I.' 
20 • .4 2.' t.8 I.S 
21 ••• 2.' 1.7 t.2 

22 2.' 2.1 '-' t.I 

For load or IlOO llx. per lIQuare root dl .. lde tbe Iv-dn • • lven by 2-
)t~lmum rl ber .~rea. le.ooo It.. per ,.quare Incb. 



~ CARNeGIE STEEL COMPANY 

SPAC ING OF STANDARD I -BEAM S FOR 
UNIFORM LO AD OF 175 LBS . 

• ER SQUARE FOOT 

~O"II!" g'STANCII! IN .. " .. T Ct!NT!1! TO CINTII!It 0" II! ...... , 

!!'24NI 2!Y'I 18" I 16' , '2" , I ()" I 

j.ll f- , .. 
• i. • • • • • , 1:' I • • ., • h i , .. , .. , .. , .. , .. , .. , .. , .. , .. 

, 
12 78.7 62.1 49.5 37.4 44.9 84.' 24.' 19.0 15.2 ''I.' 
I3 62.7 52.9 42.2 81.9 38.3 29.3 21.8 16.2 13.0 8.8 
14 54.1 45.6 ".4 2i.5 33.0 25.' 18.8 18.9 11.2 7.' 

" 47.1 39.7 81. 7 23.9 28.7 22.0 15.9 12.2 '.8 ••• 
16 41.4 84.' 27.S 21.0 25.3 19.3 14.0 10.7 S.' '.S --
17 86.7 80.' 24.7 18.6 22.4 17.1 12.4 '.4 7.' 5.1 
IS 22.7 27.6 22.0 16.6 19.9 15.8 11.1 .. , '.7 4.' 
I' 29.4. 24.7 19.8 14.9 17 .9 13.7 ••• 7.' '.1 4.1 
W 26.5 22.' 17.8 13.5 16.2 12.4 '.0 ••• ,., '.7 -21 24.1 20.S 16.2 12.2 14.7 11.2 8.1 '.2 '.0 '.4 

22 21.9 18.5 14.7 11.1 18.4 10.2 7.4 '.7 4.' '.1 
23 20.1 16.9 tS./j 10.2 12.2 • .4 '.8 '. 1 4.2 2.8 
24 18.4 HUS 12.4 '.4 11.2 8.' .. , 4.7 S.8 2.' 

" 17.0 14.3 11.4 8.' 10.8 7.' '.8 4.4 S.' 2.4 - -26 Hi.7 18.2 10.6 8.0 .. , 7.3 '.8 4.1 S.' 2.' 

27 14.6 12.S '.S 7.4 S.' '.S 4.' '.S '.0 2. 1 
28 13.5 11.4 '.1 ••• 8,2 •• 4.' .. , 2.S 1.9 
29 12.6 10.6 S.' '.4 7.7 , .. 4.' ••• 2.' !.6 
80 11.8 ••• 7.' '.0 7.2 5.' 4.0 '.0 2.' 1.7 

~'or 100.<1 of s:;o lhs. per squllre roo~ dIvide Ihe 6pB<:lng r l>'en by 2. 
liaxlmum II.ber UI"8IJS, 16,cro Ibs. per lJquare Ineh. 
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SPACI NG OF STANDARD I-BEAMfS FOR 
UNIFORM LOAD OF 175 LBS. 

PER SQUARE FOOT 

""01'." DISTAN ce IN 'KilT CItNTIEPI TO QItNTIUI, 0 .. 8IA ... S 

.- I 6' 1 4' I S" I 11 Ifl S' l 1 7'1 

·'1-----1----:---- 1-----:1----
JI l~ I~ I • , .. ... , .. .. , .. " U 1M. lho. 

--1----1----:----1---1----
• 
6 
7 

8 

• 

46.0 

32.0 

28 .5 
18 .0 
14 .2 

10 11.5 

11 D.5 

12 8.0 

13 6.8 
14 6.9 

1.~ :u I 
16~ 
17 4.0 
IS 

" '" 21 

22 

B.6 

B.2 

2.' 
2.8 ,.. 

34.7 

24.1 

17.7 

13.5 

10.7 

'.7 
7. 1 

6.0 

'.1 

3.' 

B.' 
'. 0 
2.7 

,.. 
2.2 

23.8 

17.3 

12.0 

••• 
7.8 

6.B 

6.' 

'-' 
8.7 
8.2 

2.8 

2.5 

2.2 
2.0 

1.8 
1.6 
1.4 
1.8 

17.7 

12.3 

'.0 
6.' 

• •• 
3.7 

'. 1 
2.6 

2.' 

2.0 

1.7 

1.0 
1.4 

1.2 

H.8 7.3 4.0 

8.2 15.1 ~ 
6.0 8 .7 2.1 

1_ ;:' .;-6 _12.81 1. 6 
3.6 2.8 1.2 

'.0 
2.' 
2. 1 

1.7 

'-' 

I.S 
1.2 

1.0 

1.8 1.0 
Ui 0.8 
1.8 0.7 

1.1 

0.9 ! 

0.6 

For l00.d of 850 ibs, per IIQUIl!'e foot divIde the , ,)acinI slven by 2. 
)falllmum tiber st.."., 16,000 Ia.. per -'Quare Luch. 



.. CARNEGIE STEEL COMPANY 

EXPL.ANATION OF TABLES 

ON THI: ""Ol't:I!;TI1!:3 0,. STANDAI!;D AND S,.I:O'A" %-111: ...... 

... "'0 CHANNln.s. STANOA"O AND SI'I:OI ..... ANOLII:" z· .... ,,'" 

n :t:s. T"OUOH AND CO""UCl.f.T I:O I't.ATt:S 

AND STANO""O ...... 11. SItOTIONS 

(Pages 97 to 120 inclw;ive.) 

The tables on I-beams, channe15. Z-bars and angles are 
mlculated {or all weights to which each pattern is rolled. 

For tees, each shape can be rolled to one :weight only. 
Columns 12 and 18 in the tables for I·beams and channels 

give coefficients by the help of which the safe, uniformly 
distributed load may be readily and quickly determined. To 
do this, it is only necessary to div'iae the coefficient given by 
tbe span or distance between supports in feet. 

If a section is to be .elected (as will usually be the case) 
intended to carry a certain load for a lengtb of span already 
determined on, it will only be necessary to ascertain the 
coefficient which this load Ilnd lipan will require and refer to 
the table for a section having a coeffiCIent of this value. The 
coefficient is obtained by multiplying the load In pounds 
uniformly distributed by the span length in feeL 

In case the load is not uniformly distributed, but is ron· 
centrated at the mi1dle of the span, multiply the 100(1 by 2 and 
then consider it IlS uniformly distributed. The deflection will 
be -h of the deflection for the latter load. 

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

If the loads are quiescent, the coefficients for fiber 
,tress of 16,000 pounds per square inch for steel may be used: 
but if moving loads nrc to be provided for, tbe coefficient for 
12,300 pounds should be taken. I nasmuch as the effects of 
impact may be very considerable (the stresses procluced in an 
unyielding, Inelastic material by a loud suddenly applied 
being double those produced by the same loa.d in a quiesce:1t 
atate). it will sometimes be advisable to use still .maller fiber 
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stresses than those given in the tables. In such cases the c0-

efficients can readily be determined by proportion. Thus, for 
a fiber stress of 8,000 lbs. per square inch the coefficient will 
equal the coefficient for 16,000 Ibs. fiber stress divided by 2. 

The section moduli are used to determine the fiber stress 
per square inch in a beam or other shape, subjected to bending 
or transverse stresses. hy simply dividing the same into the 
bending moment expressed in incb-pounds. 

The tahle on the properties of Carnegie T-shapes is 
modeled after tbe foregoing and will, therefore, scarcely 
requi'" explanation. The horizontal portion of the T is called 
the flange and the vertical portion the stem. In the case of 
the neutral axis parallel to the flange, there will be two section 
moduli and the smal1er is given. The fiber stress calculated 
from it will, therefore, give the larger of the two stresses in 
the extreme fibers, since these stresses are equal to tbe bend­
ing moment divided by the section modulus of the section. 

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

For angles there will be two section moduli for each posi_ 
tion of the nentral axis, since the distance between the neutral 
axis and the extreme fibers has a different value on one side of 
the axis from what it bas on the other. The section modulus 
given in the table is the smaller of these two values. 

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

The length of a beam used as a strut should not exceed 
1215 times its least radius of gyration. 

Colnmn 14 in the table of the" Properties of Standard 
Channels" gives the distance which the channels should be 
placed back to back to make the radii of gyration equal for 
both axes. Column 15 in the same table can be used to obtain 

____ '1 
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the radius of gyration for struts consisting of two channel. 
when the distance back to back varies from that given in the 
table.. 

Tbeso tables have all been prepared with grea.tcare. No 
approximations have entered Into any of the calculatlO11&, 10 

that the figure. given may be rel!ed upon as accurate.. 

EXAMPLES 

I. What aectlon of I·beam will be required to carry ~,OOO 
Ibs. nniformly distributed, including its own weight, over a 
span of 16 feet between suppora, allowing a fiber stress of 
16,000 lbs. per Ilquare inch ? 

A Itswer: The coefficient (C) required = 40,000 X 16 = 
640,000. 

In table of Properties of I-Beams, page VB, look in C()lumn 
12 for the nearest number corresponding to 640,000, which is 
648,200. Therefore the be:l.m to be used is 115 in. 415 Ibs. 

II. What load uniformly distributed wl1l :l. 6 In. Z·bar 
carry, weighing 18.8 lbs. per foot and measuring 12 ft. 
between supports, with 0. maximum fiber stress of 12,000 Ibs.? 

Answer: From table on page 104 the coefficient (C' ) for 
a 8 in. Z-bar 18.Slbs. = 78,600. Hence the safe load = 78,600 
";"12, or 8,MO lhl., including weight of Z-OOr. 

III. A light 4 X 8 in. augle weighing 7.1 lbs. per foot, 
spanning 4 ft., is loaded with 1,000 lbs. at center. What will 
be the muimum fiber stress., if tbe 4 in. fiange is in a vertical 
position? 

AnJwer : Bending moment =.12,000 inch.pound&. 
From table, section modulus = 1.28. Therefore, maximum 

fiber .tress = 1;:: or 9,7G6 Ibs., which is tbe stre:;s furthest 

from the neutral axis, ,: e .. at the end of the long flange. 

, 
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SPE CIAL C A S ES OF LOADING 

I. Beam loaded by a single load P at a point distant •• b" 

feet from the left hand and "a " feet from the right hand 

support. 

I = length of beam between supports = a + h. 

I'rasure or reaction at left hand support = P Tand at 

right hand support = P+. 
,lftJ.rimulI/ bending 1I/0/lU'lt neglecting dead weight of 

beam occurs at point of application of the load and = P~b. 

P = load given in tables. pages 70 to 80 X ~"ab' 
When a=b= ll: 

Reaction = T" ma.rimum Otndinr 

= load given in tables X >,. 

PI 
moment = Taod P 

I L Beam fixed at onc cnd and unsupported at the other, 

I representing the length of beam from end to support. 

If loaded by a uniformly distributed load W : 

.Ilaximu'n bendinr moment occurs at support and = '~I. 

W = load given in tables, pages 70 to 80 X ]1(. 

J{ loaded with a single load P at its CJl:tremity: 

Jlfa.rimum bending ,nomellt occurs at support and = PL 

P = load given in tables X }i. 

, 
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GENERAL. FORMUL..€ ON THE FLEXURE OF BEAMS OF 

ANY CROSS-SE CTION 

Let A = area of section in sqUllre inches, 
I = length of span in inches, 

W = land uniformly distributed in pounds, 
M = bending moment in inch-pounds, 
b = height of cross-section, onl to out, in incbes, 
n = distance of center of gnlyity of section, from top or 

from bottom, in inches, 
f = stress per square inch in extreme fibers of beam, 

either top or bottom, in pounds, lLCCtJrdmg as n rc­
lates to distance from top or from bottom of $eCtion, 

o = mnximum deflection in inches, 
I = moment of inertia of sectioD neutral axis through 

ccnter of fP'avity, 
I ' = moment of mertin of section neutral nxi~ parnllel to 

above, but not through center of gravity, 
d = distancc between these neutral nxes, 
~ = section modulus, 
r = radius of gyration in inches. 

E = modulus of elasticity for steel 29,000,000; 

T hen: 
~ S~_I_. 

" 
r=V-A-' 

111 = _[_1_=£ S, 

" [
_ Mn _ M 
- r----S' 

\"= 8fl -~S 
,y ~- I ' 
{_ Win _ WI 
- ----sr-- trS' 

!'= I + Ad", 
n = li WI' for beam supported at both ends and un!-

8S4. EI fonnly loaded, 
D _ PI' for beam supported at hotheods and loaded 

- 48EI with a single load P at middle, 
D _ WI" for beam fixed at one end and unsupported 

- 8 EI at the other and uniformly loaded, 
D = _Pl~ for beam fixed at onc end and unsupported 

S t;1 at other and loaded with 11. singlc load P at 
the lalter end. 

• 
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BENDING MOMENTS AND DEFLECTIONS OF BEAMS UNDER 
VARIOUS SYSTEMS OF LOADING 

W_lotallOlld I _ moment of Tnertla 
1 _lo n~h of bf,am B _ mod .. lu, 01 .Ialtidty 

(l) ... It. al ........ 1-"" "' 1M (1.) ... luoIat_ ...... uibwly b.W. ..... 
fe!~~_a!a~ Bn--- a. 

-+----' s..f~~d_~hataiv.n In tabl .... 
Safe load .. ", that given In tabl.,.. Maximum ndln'w,moment at 
lIa~lmum bendln~ moment at point 01 , .. pport_" point of , .. ppon. \. 
~~"'mum .baat at point 01 fUP- Ma.lmum .bear at point 01 fUP-

pott". W, WI' port_ W, 
WI' 

DeA&ctlon - 00' DeA&Ctlon=8 El' 

(l.)"'~atllollo_daclt""l:1 .. . (,,-) ... ~'"boIl"''''' ulIor.I,J I_ 

ii aaaaalillillillillil~ 

W- --+-Ii I\F-·-----+- ! 
Saf.load=~ t hat given , .. table ... Safe load_ that Biven In table ... 
Maximum nd"!;f moment at mld_ ld&l<lmum bend~ moment at mid. 

dlaol beam-T- die of beam=" 
Ma.lmnm all.t at points of '.p- lfaxlmum shear at polnu of ,.~ 

port="'W_ pon.",W, 
. WI' WI' DeRect'OD - 4iffi"r Dellectlon"'1tI.8 EI" 

1'1 -::.::r= 01 l1OlIo .... UP_f""- (I.) ... _=- at 1000. ... I,.. sr--I-.. 
Ill:~'t- ' -Ii 

._0\ 
!i:tHw 

+_~u_u rn ~----+--- '-~I Safe load _ that e1ven I. tabl" 
I ' 

Xs;b' Saf. load _ that ,h'en En table. 
Maximum belldlllg moment under I 

load-~ x""i&' 
- . :U.ximum bendlW, moment be· 

Maximum ,heron: at support near t .. een l~s='" a. 
Wb Wa }I .. ximum ,hear bet_n load alld 

a_I; rot other .uppert _ . neare r anppon .. ~W. 

M Deft Wab{II-a) t' la(U,a. ) Ma..:. Dellection .a:l(al"-'). ax. ec.._ ,Ell 
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VALUES OF MOMENTS OF INERTIA rOR 

CARNEGIE STANDARD SHAPES 

I ", )lom~Dt of Inertia NeutrAl Ax!. Parallel to FlAnge 
1' . .. ,," " " " "WI!b 

Are. ... = A=dt+(s+y)2z. 

------------.. 
~-~-

.~:~ : II---t-: , · .. · ,. 
• t i + ~ r 'I : 

: L':::S.I. ' - -_ow 
t -. 

• • • 

Area=A=dt+(s+y)z. 

x =(b"s+iht· +n(b-t )'(b+2t ) H-A. 

I = .... [bdl-f(h·-l . )]. 

I ' = t[2sb l + It' +.f.(b·-l . ) ]-AJr:'. 

Arca=A=(d+2<:)t. 

J =n[bd l --c(2h-d)'J. 

l' =nJ deb +c)'-2hc( c' +8b l n. 

Aren=A =(b+d-t)t. 

t(2h+b)+h' 
:It 2(h+b) 

I =Hbx' + t(d-x) 1_~b-t){ll-t)1 J. 

, 



CARNEG I E STEEL COMPANY .. 
VAL.UES OFI (Moment 01 Inertia) AND S (Stctlon fIIodllllls ) 

FOR USUAL. SECTIONS 

Sect;olla , 
I 

S 

.~ ··b·· 
bh' bh' 

-'-O'l 1=12· 
I " , . • . D't 1,_bh l 

.~.. ..~ ~ 
-,' 

A' ."-.... -"- ~ bh' bh' 
... ~ 1: 00. Min.=2r . 

, '·b ..• 

. LJ 1'-bb" 
- 12· 

" ··b • 

" __ '~_A .d' .d' 
l=lf.f --..-

= 0.0491 dO. =0.0982 d". 

~.-b • 

'~~H l~ 
bb"-b'b" I 

I2 0,6h' 
::: •. j 

, 

. ' ,. . ~ '!.. ·'.'1/" ••••• 1=0.049\ (d '-d" ) . ( d") 0.0082 dl-d ' 

.J\. 

'dE--' I b'n" + bn'"ib-b')al 
?lUn.=..!.... - _ .. '_.-1 

8 • n 
, .•• J 
"' .-1> .. . ~ . 1--' bh"-2b'h" I ' -" I c- "i-ri I2 O.fib· 

, , 
.. DeIlOt". 1>05lt;on of ntutr.1 a,,; ... 
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:i 
j 

B , 

B , 

B • 

B 80 

B • 

• • 
B 7 

B 8 

•• 
.u 

w. hlA In heavy 

... 
an .• "' .. 817 B 

7915.15 

lM.7 
1'6.4 
1M .• 

1~.1 
111.8 
IOLi 
g1.D .... 

u'" ".C .... 
31.19 ..... 
'U 
4.'!.gl 
013.~7 

41.76 
.LOB 
".00 
".ft 

26.96 
17.08 
II.Of 
15.00 

14.63 
17.40 
18.1g 
14.8Q 

13.81 
10.01' 
•• 00 .... .... ,." 

6.89 
7.81 
e.4g 
'.M 15.16 

. , 
,.~ 
,.~ ,." 

7:86 
,.~ 
7.\'0 

7." .... 
e.':'iI 
e.9\ 

7.07 
'.M '-'. 
'.M 
&.7\1 

15.78 .... .... .n 
• .87 .. " •. n .. " .... ,." '.M 
'.M 

4.77 
'.n .... 
•. n 
•. n . .. 
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T0 7 1 ~. 1~ '.6 0.76 0.'12 0.16 0.1 4 
T0 8 l ~ d~ 2.0 0 .64 0." 0.11 0.11 

TO . l )( 'l ~ 2 . ' 0 .60 0.40 0.08 0.10 
T .O Hid L7 0.4 6 0 .38 0 .06 0.07 

T " • " L 3 0.36 0.32 0.03 0.06 
T 22 • " ' .0 0.26 0.29 0.02 0.03 



CARNEGIE STEEL COMPANY ". 
CARNEGIE T SHAPES- Continued 

8 8 W l' ,. ,. 
Wi .. ...... tot .... Coe£c:i .. lof S1nl(tlo CoeIL:i,.1 or 

.r 1.,11;" ... 1/1J - .r lor ~ibu SItOIIi ..... 
'= UiJ~k .odol ... Gr.;:" of IMOO lbo. t.r'ibtJ'S~ 

"W ttolotofG ... ir .. owl -,., ptt""..,.~ of12.000 lbo. 

'.il 
&o;,..;1Ito19i .hi ... ,til .. 1 •• 1nJ hit tmq:k po. ""un loti, ...... Ct.oIOr LiDo '""" ..... OnwofGruil1 ... InJ'tiI 

"~. hnJJ.11O 1\&oft • ... n 

, r S· " C C 

'.06 1.31 0.88 0.68 '4650 W880 
L08 0.83 0.62 0.61 12910 8680 

0.88 1.20 0.80 0." 11710 8780 
0.80 L06 0.72 0." 10810 8110 
0.80 0.80 0.60 0.63 8200 6800 
0.80 0.76 0.50 0.62 7870 6800 

0.72 0.89 0.60 0.68 6400 4600 
0.73 0.76 0.50 0.65 6470 4WO 

0.71 0.62 0.45 0.64 8000 6000 

0." 0.64 0.43 0.51 8280 6000 
0." 0." 0.35 0.51 8'50 6110 

0." 0.66 0.63 0.68 7810 66BO 
0.83 0." 0.35 0.51 6440 .. 00 

0.74 0.62 0.42 0.53 6270 4700 
0.74 0." 0.35 C.52 6300 4000 

0.31 0.29 0.23 0.68 860 no 
0.68 0.33 0.00 0.48 4400 3360 
0.67 0.25 0.22 0.47 3450 2600 

0.80 0.23 0.23 0.43 3480 28W 
0.60 0.18 0.18 0.42 2670 2000 

0.42 0.18 0.18 0.46 '600 '200 

0.61 0.12 0.14 0.37 .050 '640 

0.49 0.08 0.10 0.34 '"'" 1'50 
0.46 0.06 ('.07 0.31 1'50 860 

0." 0.06 0.07 0.27 10tO 760 
0.37 0.03 0.05 0.26 750 660 

0.29 0 .02 0.04 0.21 480 370 
0.20 0.01 0.02 0.21 320 240 



'''' CARNEGIE STEEL COMPANY 

PROPERTiES OF 

ANGLES WITH UNEQU .... L loCOS . , 2 3 4 • 6 I 7 

~Ili.-. 
Ira CeaIU 01 G .. l'-

~ 
it,lO ... k.f 

""'" .. ...... lfl!I!,' oI8oc1io1 -I.d .. "." , ... .. , 
.~ .... , ... 

ijt "!-!-l " -, 
---------

'A!~O 8 4" II .... •. re 0.75 '.00 
·A1M , 4" , .. , '.M 0.00 2.71 
' AIM , 4" 

~ 
.... '.W O.~ .... 

°ALr.2 , 
:l~ 

... , IH2 0." 2.ft7 
' AIM , 00.8 ,~ 0." .. ~ 
°Al:H , 

~g 
.. , 1.SI 0." .. " 

'AIM , ~.O 6.;~ 0." '.00 
· A1M , 21.0 6.17 0." 2.57 
'Al!; , 

"" ~ 
19. 1 '.M 0." .. " 

"AIM , 
"" 17.0 '.00 0.78 .... 

°AIW , ... I. 15.0 , ... 0.15 ~.M 

A88 , .. , ." '.00 1.17 2.17 
A" , •• 

~ 
... , '.M 1.14 2.14 

"00 • .. 27.2 , ... 1. l2 2.12 
A1Sl • •• 00.' 1.47 1.10 2.10 
,,~ • .. .... , .• .. .. . ... 
"M • •• 21.8 6.41 .... . .. 
"M • .. .,., ." .. 00 '.00 
" 88 • .s 

~ 
18.1 ~.81 1.01 2.01 

" 88 • .. 16.2 ~.7!> '.W "W 

"" • •• 14.9 4.18 , ... ..00 
,,<8 • .. 12.8 8.61 ,." '" A OO • M" , '" '.M 1.01 .~ 

A" • ". ~ 
.'" .... , ... 2.2~ 

"88 • 4, 00. ' '.M , ... ..~ 

"n> • 4, •. 0 , . ., '.00 .. " Am • "" ".S '.00 0." JUS 
Al1'2 , 

'" 00.' , . ., 0." 2.15 

"n • "" ~ 
IS.? '.M 0." JUS 

AIN , 
:l~ 17.1 '.00 0." 2.11 

Am • '" '.00 0.00 Vlt! 
,,~ • '" 18.5 ,." 0.81 .... 
Am , ... 11.7 11.42 0." .. ~ 

°A I'/'8 • ., n 
... 7.11 1.21 1.:1 

°A I79 • ., "., .... 1.18 .. " °AI9) • •• 21.: 6.111 1.16 .. 88 

---
Anlrlu m.rk~ • are .peel .. ! 
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"' CARNEGIE STEE L COMP A NY 

PROPERTIES OF 
"'NO~CS .... ITH UNEQUAL LEOS 

I 
, 

I , 2 3 • • • 7 

I 
Porpor.diculu I1ia~ 
hili I:oIIlor d '"n_ ... h, lo ... tof 

""'- .. "" ... T'~~I ofSecIi ... ...... 
1l1li01 , ... " .. '" ., .~ 

""" I .. ~ .. 

Ht j~' -, • .1 ,---------
° A181 • " II 11U 5.~ 1. t4 'M 
° AI82 • ., 

~ 
17.8 .. " 1.12 ,~ 

· AISS • ., 16.2 •. 75 1.10 ,ro 
° AISI • ., 14.5 '" '00 1.~7 
° AI85 • ., 12.8 S.75 '00 'M 
oAlii6 • ., 11.0 ." '00 ,~ 

AI" • ~" 
~ 

"., .. " '" 1.79 
AI", • -" 21.8 .. '" '00 1.:7 
AltiO • ~~ )9.8 5.81 '00 1.75 
AI., • 18.8 .. " ,." 1.;il 
A191 • .~ 16.8 '" ,.'" 1,7"J 

AI" • ~, 
~ 

15.2 •. 41 ,." , .. 
AI'" • ;a IS.6 '.00 0.01 '00 
AI" • IIU) ' .M ,."' '" AI'" • lOA '.00 ,." 1.61 

'" • 0" h .., ,." '.M '" 
AlOO • • 

~ 
19.9 '.M ,." '" AI" • 0 IIH C .• 4 'M 'M 

AI'" • 
_ 

17.1 '.00 '" 'SO 
AlOO • 

_ 
15.7 4. 61 ,."' '"' A" • 

_ 

~ 
K3 • . 18 '.TI ,n 

""', • 0 12.8 1.7!> 0.7t. 1.75 
A"" • 

_ 
II.S 8.81 ,n 1.'1'lI A,", • 0 '8 2.86 0.70 1.0il 

A"" • 0 8.' ,.'" ,." ' OS 

·A~l .. ~ 
.~ 

18.5 .. " '.00 ' M 
' A"" ". 17.8 .... '.88 '" ' An <,0 16.G ... '.80 '00 
'Aon .,- U.7 ,.~ ,.'" '" 'A"" ,"" 

~ 
13.3 .... 0.81 ... , 

'Am 4!-,>.S 11.9 '.00 ,." ,. 
0 ... 1l10 4 ~.a 10.6 .... 0.;"(1 1.Al 
°A211 '"" 

.. , ,." 0.74 1.49 
'A " '"" ,', V 2.25 ,.~ 1.47 

-
Anglu marked· arO ope¢ial 



CA RNEGi e STE EL COMPAN Y '" 
STANDARD AND SPECIAL ANGLES- Continued 

ANGLES WITH UNEQUAL LEGS . 

• I • >0 I " I • I " I I. 16 

C 

....... 11 ollaon;. !otIiOll Iodllli 1od.i1.1 ':tnUta 
1 5 , 

! I , , I 
~si> ~ '1 'ilSi ,.j "1 ~~.i j ' -' ':; ':; " " ]~ ~.!:":: 

!!~ ]- " ,~' ]= 50 ,-, .! • £.11' . , ,:1 .s .!.l • . , • I 
- - , 

' .70 IS.GIl .... .., I.IG I.M ,.~ I AIBI· 
~ .14 12.61 .... '.n 1.17 .. ~ 9.801 AI82' .... II.M .... . .. 1.18 I.!III , ... AISS' .... 10.48 '.M .. ., 1.18 1.57 , ... AI@4' .... ... 1.81 ' .ro 1.19 .. .. , ... AI$' 
' .m 8.14 1.!>1 '.M .... .... , ... A I8!.I· 

G.21 1:;.ttI .... .... , ... .... '.m "" •. SO 14.BI .. " US ,. '" .... ,.ro .0" .M 13.02 .. " US , ... .. " n.7li .0" 
'.00 1t.Q9 .... ,-" , ... .... n.75 .000 .... 12.03 .. ., '.M , ... !.M '.ro AI91 
4 .4~ 11.03 1.'111 , ... .. 00 1.5' ,.ro .oW .... .... .... .... 1.01 .. .. 0.7\1 .,,, .... •. W .... . .. 1.01 .. " o.a .0" 
B.18 7.78 1.21 .... .. " .... n.a "" '.n .... .. '" .... .. .. 1.61 ,.ro A" 

B.71 13.\16 I.N .. ~ , ... .. M , ... .0 .. 
8.!.1 IS.I:; .... 4,16 , . ., .. M , ... A>W .... 12.28 I.Gi .... 0.81 .... , ... .... .... 1un .... '" , . ., 1.67 , ... .,W .... 10,4.'1 .. " .... , ... .... , ... A'"' .... .. ~ 1.15 2.' .. , ... .." , ... .,'" .... S ... .... , ... , ... ..., , ... Am 
'.M '.m ,.SO .... , .. 1.61 '.M A .. 
1.76 '.00 0.76 .... , ... 1.61 '.00 A'" .... 10.&'1 .. n ,,. n.81 . .... , ... A ... • .... '" .... .... , ... .... O.M A"" 
S.19 9.10 1.49 8.14 0." .. .. 0.64 A"" . ., .... .. " , ... , ... .... 0 .. A_ .. " '.75 .. " .... 0." 1.41 , ... A'" 
~.:;I '.M 1. 18 .. " 0." .. " O.M A_ . " .... 1.01 2,ln ,.SO , .. , , ... AtIO' .... '.00 0." .. " 0." L« '.M A211 ' 
L.n .... 0." .. M , ... ..« , ... A W' 

A"irlel mar kild • aa l peclal 



ll~ CARNEG I E STEEL COMPANY 

PROPERTI ES OF 

A N GLES WIT H UNEQUAL LII:GS 

1 , a 4 • I 6 I , 
hr)tBd\cDlu Pit-. 
fro. e..Ie. or G ... -.. ill 10 look.! 

""0 Si .. ... - T'ill . .... ,,... , .. , ... , ... .. . , 
.~ .... , ... 

:l1i .~. 

~~l e, 
---------

°A212 , 
~" H 

18.!} .. " loll .. '" °A2iS • :i~ i7.3 .. " .. 00 '" °A21. , 18.0 .. " ,~ '" °A2iS , 
:i~ I 

14.7 '.0) ,~ '" °A2JG • 18.3 ... , .. '" .. " °A217 • :i~ iUI '.M '00 '" °A2IS , 10.6 '.00 '''' '" "A:!19 , 
~" 

., 
,.~ '''' 1.21 

'A .. , 
d" U ,." '.00 I.l~ 

"'" 
, d 

n 
17.1 '.00 ,.~ 1.41 

A~' 
, d 16.0 '" '" 1.42 

A'" • d 14.8 ... ,."' '" "" • d 18.6 .. " ,.~ '" ",. • d 

~ 
12.4 .... ,."' '" "" 

, d 11.1 ." ,."' '" A'" , d ... ,." ,."' '" A= • ., , .. '" 0.<8 .. ., 
A'" , d 7.2 H. 0.>6 .. 00 

A'" '"d 

M 
16.8 .. " ,." '" A"" '"d H.7 4.31 '''' '" "'" '~" 
13.6 '.00 , ... 1.19 

A"" 
• d i 

12.6 .. " '.00 1.17 A'" '~d 1104 .... '" 1.16 
A"" , d 10.2 '.00 ,."' 1.13 
A"" ,"d .. , ,." , ... 1.10 
A"" '~d 7.9 '.0) ,."' .. '" A'" , d ••• .. 00 0.81 .. 00 

A'" :~~~ II 12.5 .. " O.~ .. " Am 

I 
11.5 .. "' 0.75 .. " A"" :~~; 
10.4 '''' 0.7"3 '" "'" ••• '.m 0.70 .." AM '~d U ,,, ,." 1.18 

A •• 
• 4 

,., 2.11 ,." 1.16 
A'" '~d .. , 1.<8 '.M 1.14 
A'" · .. ... ,~ 0.61 1.11 

Angle. r.:l.rked 0 are spee;a' 



CARNEGIE STEE L COMPANY '" 
STANDARD AND SPECIAL ANGLES- Contl nu~(J 

A NGLES W ITH U NEQ U A L LI!: G S 

I I 
, 

I • • >0 U I. IS I. ,. 
, 

1I .... IIf1.law. SooIioa lIoclllll bUI of G)'ntioII 
I S .. 

! 
~=i !~t ~~.t ·!lsi ·!l$i ]~1 •• J .. " 'ih jlj .. !:l lI} !ll II} jlj .! a --------- --- - - - --- -----
5.411 , . " ,.~ ,.,. 1.01 1.19 '.n A212_ 
~.18 '" 2.13 2.~5 1.01 LOO '" A2IS· ... .... '.00 '.M L" 1.21 '.n A21.-." .. ~ LM .... L .. L" 0."12 A216-
4.11 .... L" 2.16 L" L" '.n A216-
'.N .... L" LOO LM .. " ,." Atl1-.... .. " .." 1."12 .... ..~ '.n A~18· 

'" 4.18 1.18 L" .... .. " •. n A21\1'O 
.." .... 1.0t L" ,.~ .... '.n A ~. 

S.H 7.81 .. .. , ... ." 1.2\ '.M m' , ... .... 1.51 .... .. ~ .. " 0.15-1 A~' ... ~.4Q 1.46 2.49 .. ~ 1.2'J 'M A'" .. ~ .... .. " .... .... .. " '.M ", . ... 'M .. " , ..... .... .. ~ , ... "" IUt .... 1.12 L" ... .. ~ '.M "" 2.18 .. " , ... L" ,." .. " 'M A"" .. " , ... '" L" .... L" 0 .61 A= .. " .... 0.74 .. " , ... "" '.M A" 
'" 4.~ .. " .... .... .. M '" A" 8.16 4.70 .... , ... .... .. M .m " ". , .. 4.41 .. « 1.91 .... .. .. . .. A231 

'" 4.11 .. " .. " ... .... , ... A'" '.M '.N 1.21 1.61 ... .. " ... A"" 
'" 8.43 1.10 1.4~ ... .. " , ... A231 , ... 8. 10 , ... .. " , .. .... ' " A'" .. M '.n .. ,. \.IS .... .. 00 , ... .'''' .... .... 0.72 , ... .... 1.10 0." A'" 
.. " 4 .18 .... Lao .... .... n.M A'" I.M '.M , ... 1.11 '" .. " 0.113 AM 
1.49 '.M .M L" '.ro L" 0.53 A210 .... .~ 0.~6 1.41 0.70 ..00 \I.M A241 .. " 1.91 .... L" 0.71 L" ".M \t~2 
"00 , ... '" LOO '" 1.10 O. M .\iUS ,M 2.IQ .... , ... '.m 1.11 Il.M A2U 
0.78 "., 0041 0.75 0.74 1.12 '.M A2~3 

Angles marked ' are Ipo:ctal 



'" CARNEGIE STEEL COMPAN Y 

PROPERTIES OF 
ANGLES WITH UNI!:QUAL LEGS 

• 2 S 4 • • I 7 

PtrpoMi<ular Di&~ 
friIIoc.. .... tfG .. T-

~ 
ilJ 10 IKIE of 

""- ... nJeu_ ""1.:\ . ..... ...... ..... ""- . ... "' , .~ .... '''' . . ~!l -'I ~a ... -; ... 
---------

0,.,216 .~'" ~ 
,., 1l.i~1 ,." 1.21 

·AIIH , '" ,. .. ~ '.M 1.19 
'Am .. '" II '" 2,1\ O.M l.l7 
°A24\1 '.'" ••• L" , ... 1.15 
'A,", .. '" ~ ••• LM '.ro 1.12 

''''''. ' .. ... L~ , ... L" 
A", • .," 

~ 
, .. .. " 0.:7 L" 

A'" • 
~~ 

•• •. ro 0.75 LOO 
.". • ". .... '.n ,~ 

A'" • ••• LW 0.71 '" A'" • ••• L'" ,.~ ,ro 
"'" • ... LSI '" 0.91 

'A'" • '" ~ '" .... '.M LOO ,.,,, • '" ... '.00 '.M L" 
'A"'" , 

'" .. , L" '.M LM 
°A25\ • ., .. , 1.47 1l.!iIl LOO 
'A"" • '" ... 1. III 0,49 '.00 
A'" '"'" a 

.., '.00 '.M , ... 
A'" 2~>.2 .. , 1.78 , . ., o.~ 

A" · '" ••• LM ,~ , ... 
A'" .~'" ~ 

... I.SI '.M 0.8t 
A'" 

• cl 

.., L" 'M 0:19 
A'" ,"'" ,., 0.81 0.51 0.76 

°A270 2;{'1~ ~ ••• L" M , ... 
°A21"1 2)(xl .. , 1.45 , ... '" ·A2~ 21('1 •• W ,.~ 0.81 
"A27'S 2)(.1 ~ 

.. , ... " 0.42 o.~ 
0,.,2;'4 2J(Il ~ .. , , ... 0." orr 
° A275 2}{xl " 

.. , ,." 0." O.ni 

'.om , 
.' ~ X " '" 0." , ... 

'A= • " ••• ,.ro 0." '.M 

' .o" 1~1 • ... '.M ,." 0.48 
·Am · , ~ LO o~ , ... OAt 

Angles marked ' are opedal 



CARNEG IE STF.EL COMP AN Y '" 
STANDARD AND SPECIAL ANGLES- Continu.d 

ANC~I[S ..... ITH UNI[QUA~ LIlCS 

8 I 8 I >0 I " '2 I ,. I ,. '5 

10.,01111 . f l-us SocIi ... "':hlll blll.fG~m 

I S , 
! 

~.j ~~~ ~~l ·as] ~sj ]~j jj j ". Hj 1], ir ,'. I'· 
!lj .! J • .i !lj !lj. 
--- c-----

o.~ '.M 0." LO, 0." .. 00 O.~ A ... • 
0." .. " 0.'" Ll7 n.M 1.01 0.4~ A217_ 
O.~ JUS 0.'" "00 O.M .. 00 0.4~ A." 
0.00 .. " 0.'" 0.91 0.00 .. 00 0 . 4~ A2I9· 
0.'" .. 00 0." 0.71 0." .. 00 O.~ A"" 0.'" .. 00 0.00 o~ru n.67 .. '" 0." A~I_ 

1.42 .... 0." 1.15 O.~ 0." 0." A'" 
.. 00 '.00 0.14 .. '" 0.1"2 O.~I 0.62 A"" 
1.18 .. " 0.00 0." o.n 0." 0." A'" .. '" .. 00 0.08 0.81 O.,~ 0.00 0." A,., 
0.00 1.4~ 0.49 0." 0.74 O.~ 0." A'" 0 .• 4 1.17 0." 0.00 0.76 0.00 0." "" n.e-;' .. 00 0.(7 .. 00 O.M 0.00 0.'" AO'" 
O,ijl .. ~ 0042 0 .. 0." 0." 0.'" M'" 0." .. " 0.'" 0.<8 0" 0.'" 0" A"'" 
0.41 .. '" 0.'" 0." o.r;, 0.00 0'" All6l· 
0." .. 00 0.00 0.51 0.67 0.00 0.48 ""'. 
0.'" 1.14 0." o.m 0." 0.l15 0.42 A ... 
0 .08 .. 00 0.(1 0.'" 0.L7 O.>'lI 0.42 A .. 
n51 0.91 0.00 0." O.M o.n 0.42 A'" 
0." 0.79 0.31 0.47 0.08 0.\"8 0." A'" 
O.lI1" O.M 0.00 08':1 0.00 0.\"8 0.42 A'" 
O.~ 0.6\ 0.00 O.~ 0.00 0." 0." Am 

0." 0.l15 0.00 0." 0.'" 0." 0." A ... 
O~ 0.'" 0." 0." 0041 0.00 000 A27I" 
0.21 0.~1 0.00 0.(2 0.41 U 0." Am-
0.19 0" 0.17 0.'" 0.42 o.m 0.'" A273' 
0.16 0." n.lf 0.00 0.42 0.71 0.'" A2'14' 
0. 12 0." 0.11 0.00 0.'" 0.72 0." A2"M" 

0.12 0.87 0.111 0" 0.00 0." 0.00 Az:1l° 
0.00 0.'" 0.00 O. l ~ 0." 0." 0.81 A2"n" 

0.'" 0.00 O.M 0.00 0.27 0.41 0." A"" 
0.00 0.00 0.00 0.'" 0 .2(1 O.H 0." A",. 

---- --- -
Angles marked 0 are .oec!a) 
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PROPERTIES OF STANDARD AND SPECIAL. 
ANGLES 

A",o.I-ItS W ITH EQUAl,. 1.11:015 

1 • 3 4 • 6 7 8 • 10 

--I- - -------- - - --
! 

,- fi'l l' Ii. 'S~'II;J ~ 
! H jlJ Hj 

=]11 If 

d ;1 ", ~ os", -, 
~(J j I 'I '!1 iin H ]j.1 t .. !;-

i ! .. I, "1 tl~~ 
•• • 

I 5 -'- " 
AilS 8 .. '" .... 18.78 1.41 W.W 17.63 1.42 .... 
Al12 8 .. 'h 61.0 1~.87 ... , ..... 16.67 1.'8 .... 
A lii 8 .. • 61.0 15.00 ..., ..... 15,81) 1.44 .... 
A110 8 .. 

~ 
.... 14.11 ... ..... H.lt 1.4~ .... .... 8 .. .,., 11.23 .... 711.&6 14.01 liAS 1.67 .. " 8 .. D.' 12.3.1 U, N.11 18.11 1.48 1.57 .. " 8 .. .... 11.," .... 811.71 12.18 2.47 l .a? 

"00 8 .. " .8 10.M ... , 81 ,(1.1 11." .... "'. A.OO 8 .. ".r 11.61 ~.2S &U2 10.110 2.40 1.08 
A'~ 8 .. ft "., 8 .. 2.21 ..... .... .... .. .. 
A.OO 8 .. .... 7.75 lUll ..... 8." .... .... 
.M , .. • " .. 11.00 .... .. ... 11.1\7 ..., ].16 
A" 

, .. 

I 
.... H).8'T .... B3 . 'l"~ 8 . 11 .. ., 1.1(1 

A • , ., .... I.N .. " sun ,.o. 1.81 1.17 
A • , " 11.0 .... .. ., " .00 7.16 .... 1 .17 • • , ., .n 8.'~ .. " 2ft.IS '.M .. " 1.17 • • , " .... 7.':'8 I.Tli 2e. ll 8.11 .... 1.11 
A , , " .... 7.11 .. n 2.1.18 ' .M .... 1.18 • , , " 11.11 , ... 1.71 "" 8.14 .. " 1.18 
A r , 

" 11.8 '.n .... 111.111 ' .61 .... 1.18 
A 8 , 

" IT.ll '.00 .. " 17.118 4.0'7 .. " 1.111 
A" 

, 
" 14.1 ... , .... lUll .... "' . 1.111 

'A .. • .. • ... , '.00 1.61 111 .&1 .... .... , ... 
' A " 

, .. 
~ 

.... 8." .... \8.71 & . 4~ "" , ... 
'A • • .. ~ .. ~." 1.01 17.7'5 5.11 1.49 , ... 
0A 10 • ~ ~ .. r." .... 1a. ';7 .. " "80 ,.W 
0A 11 • ~ ~., , ... " .. 16.74 '.M l.~ ! ,.W 
0A l~ • ~ 21.8 8.42 "W IVIS .... 1.61 ,.W 
°A 18 • ~ .. , ,.SO 1.48 13.08 .. " " .. ,.W 
0A H , ~ 

~ 
18.1 6 .81 " .. 12.44 3.61 "M , ... 

°A 15 • .. 16.2 4.15 "" 11.25 8 .15 "o. , ... 
0A 18 • .. u.s 4.18 1.41 1 ~ . 02 '.N " .. , ... 
°A 17 • .. 12.8 8 .61 " .. 8 .• 4 t.42 " .. , ... 
.18 • •• ~ 

jg., .. ~ " .. 8.14 8.01 1.18 ..,., 
. lO • .. 18.S 6 •• ' "" ,." 2.81 1.1' '.n 

AtlK'les marked 0 are tpeelAl 
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PROPERTIES OF STANDARD AND SPECIAL 
ANGLES - Continued 

"' NGLlS W ITH CQ U ....... COS 

H' 

1 I ~ 3 ' 4 6 6 7 8 9 

~ --;--;- i] i; fl!~ Uj iii jiil{ 
J Jj I ~ :a l!l 11ii 11 Ii liti! 

-; 
_ _ 1--_1-'_ - - IS, 

A .. 4.~ Ji 11.1 5.03 1.2:> 1.1~ t.GI 
A tl 4 "', " ~.1 4.GI La a.M 2.40 
A 22 "'" ~ u.a 4.18 I.tt a.12 '.1' 
A \l3 "' IW It.8 S.'l"5 1.111 5.&6 1.111 
A tt 4 .1 11.' a.1I LUI 4.111 1.~5 
A ~ 4 .~ '.8 2.l1li l.U "'.~ 1.$ 
A go 4 IW t. 8.' 2.10 1.l~ 8.11 1.20 

A" .. , 
A" A" AOO 
AS> 
A" AU 
A" 
A ~ • AS 
AS:; 8 AS 
AM a .a 
AI1 a .a 
A tEl ... 
A au a .. 
A 40 ... 

· A 41 
. A 42 
. A 43 
. A 41 
· A 4~ 

A .. 
A" A" A" AS<> .,00 

17.1 
IG.O 
1~.8 
IS.O 
12.4 
11.1 ••• ... 
'" 

'.00 ... , 
4.S1 ... , .. " 8. t.; 
1l.S; 
2.48 .. " 

11.~ 8.M 
10.( '.06 
'.01 t.'3 
8.1 t.43 
1. t t.ll 
G.l 1.78 
"'., 1.4~ 

8.5 !.IIO 
7.e 2.:::2 
e.8 1.!12 
~.O 1.1t! 
4.5 I.S1 

7.7 2.2~ 
0.8 2.00 
lUI 1.:11 
5.0 1.47 
4.1 1.1' 
'.1 0.\00 

1.17 
1.1r. 
1.12 
1.10 .... .. '" .. '" 1.01 
0." 
0." 
O.~ 
0." 
0.'1 
0." 
O.~ 
0." 
0.87 
0." 
0.'" 
0." 
0.78 

o.~, 
0.78 
0.7& 
0.7~ 
0.7'.l 
0.00 

'.a .... .... .... .. " .... .... .. ~ ...,. .... ... .. " .. " 1.71 
I.SI 
1.21 .. ~ 
I.~I .... 
1.1~ 

0." 

.. " 1.11 
0." O.eo 
0. :0 
0." 

'.a 
11.11 .... 
1.81 .... 
U, .... 
1.1& 
0." .. .. 
Lit .... 
O.~ 

0." 
0.71 
0." 
0." 
0.19 
0." 0." 
0.(8 

o.n 
0.00 
0.51 
0." 
0." 0." 

1.1' .. ., 
loti .. ~ .. " .... .. ~ 
.. " .... .. '" ..'" .. '" .. '" 1.07 .... .. " 
0." 
0.0> 
O.Oj 
0.'1 
0.'1 
0." 
0." 

0.'" 
0." 
0.'" 
0.81 
O.S<; 

0.74 
0.74 
0.76 
0.":'6 
0." 
0.78 

0.\"7 
O.r. 
0.78 
0.7"8 
0.78 
0." 
0.19 

0." 
0.61 
0.G7 
0." 0." 
0." 0." 
0." 0." 
0.57 
0." 
0." 
0." 
0." 0." 
0." 

0." 0." 
0." 
O.M 
0 .00 

0. 47 
0." 
0." 
0.4' 
0.4' 
0.",' 

--
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PROPERTIES OF STANDARD AND SPECIAL 
ANGLES - Continued 

ANGLES WITH EQUAL LItGS 

~_2_1-,=- • 5 • 7 • 9 W 

.' .. '-a at! " 
_ .... 0 

:l 
' o. 

j ! J:l il~ - .. i<:l 
., ", ... ,;.!!;'; s .- ~H :1'';- ' l:! hi "'1 j I ~ '! r·· ., 1m "l :;. 3': • ! ... I,· .,' . . • • • • I S " 
, ----- - ----------

OA 51 Il~>.il!{ 

~ 
... '.00 0.71 .... '.M '.M .... 

0A ~Il , ~< ., 1.711 o.~ o.;"'.} .. ~ 0.67 ... 
'A M l!k">2~ '.1 LM 0.'00 (1.70 .... 0.67 .... 
'H' '"~ •• 1.31 '.M O.~1 .. ~ .... 0.4 1 
0 A M l!\l4J{ .., LOO .... 0.61 ..~ ... OA I 
° AIOI 2J{>2J{ " 

,., 0.8\ '.ro '.M .. ~ '.m O.4~ ... , d ~ 
., L" '.00 '.M OAO .... .... 

H' • ~ .. , L OO 0.01 .... '.M .... .... 
AOS , ~ 

~ ••• U!> 0.61 O. ~2 '.00 '.00 ... .. , , d .., O. {\I •. W .... ..~ 0.61 .... 
AOO , ~ ... 0.<2 0.51 .. ~ 0.19 '.00 .... 
AM IK,lM ~ u LOO ... .... .... O.~1 .... .. , 

'P ••• U? 0.57 0.8\ ... 0.61 0.31 
AM , " ~ 

IA LOO '.M .~ .. ~ .. " 0.31 
AM , " ... 0.81 '.M .... 0.19 '.M .... 
AM 1 d~ " .... 0.51 0.18 0 .14 '.M '.M 
AM 1%.1 ~ 

~ 
I.' '.00 0.51 0.19 0.19 .. ~ .... .. , I~'I~ .., .... OA9 0.16 0.162 •. « .... 

A'" I~d , .. .... 0.47 0.14 0.134 .... ... 
AOO 1\0. 1 \t L' '.M OAt 0.11 0.11)1 'A' .... 
MOO 1.\i_'}> U '.00 0. 42 .... 0.070 .... '.00 
A 70 lUxlJ{ 

~ 
, .. .. " 0 .42 '.00 0.109 '.M ... 

AI, lJi . l \{ , .. '.M .... '.m 0.0\11 '.1> 0.2-1 
An I}(.\J{ LO ... .M 0.001 '.m ... , ... 
AI, I.!(.I.!( " ' .00 .... ..... 0.Gi9 .. ~ . ... 
A '" , " " L. .. ~ O.IU .. ,., .... •. " O.lQ 
A N , " ~ 

... '.M ..~ .M ..... .. ,. O.IQ 
A ", , ., ••• .... '.00 .. .." 0.081 0.31 '.00 

oA 81 W' ~ LO .... .... 0 .019 .... .OJ 0.18 
' A .. " 0 . • 0.21 .." 0.014 . ... .. " 0.19 

A " W~ ~ ••• . " .... 0.012 '.00> . ... O. IG 
A~ " , ••• 0 .17 .... '.000 0.017 . ... 0.17 

-
AnJ:les ."arked ° a re special 
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-'±-'l •••• j. 

WEIGHTS AND DIMENSIONS Of' AMERICAN 
STANDARD RAIL S ECTIONS 

"~of ruB x -.%' :J ." .. Widllo of "'idll ..... .. '" u.i~ ... , Yo' .... ... , 
Wn l~ "~ !'~~I " " 

Gravi\T ._. ..... bdiuol , ... , ... abo •• oflAoro. .l1li111 .. G:rnlioio .u. Ia l ...... ,- ... , .... I 5 , 
r--

100A 100 0.8 OJ, -t. 2j{ 2.8 48.8 14.6 2.18 

95A " '.S ' I, -t. 2\l 2.7 88.' 13.3 2.06 

90A IJ() 8.8 '" ! , 2" 2.' ·M.O 12.0 1.117 

8liA " 8.3 ' -t. -t. .,., 2.6 80.0 11.0 1.00 

80A 80 7.8 , II 'M 2.' 26.2 10.0 1.88 , 
7M 76 7.4 <It It 21\ 2.' 22.' '.S 1. 78 

70A 70 3.' '" It .,., 2.2 19.6 8.2 1.70 

GiiA " ••• 4. M 211 2.2 16.9 7.' 1.68 

60A 60 , .. 'j{ It 2" 2.1 14.5 6.7 1.08 

66A '" , .. 4. II 2j{ 2.0 11.9 '.8 1.49 

60A 00 .. , 8U To 2}' 1.9 '.8 .. , 1.42 

46A 46 ••• 8t1 It 2 1.8 8.0 '.2 1.85 

40A 40 8.3 aM II 1U 1.7 6.6 S.6 1.80 

8M 85 S.' 8)( II II{ 1.6 '.8 2.8 1.19 

80A 80 S.O 8 II 1" 1.4 8.' 2.8 1. 11 . 
2M 25 2.' 21{ It 1M 1.8 2.' 1.7 .09 

20A 20 2.' 2M It 1" 1.2 1.7 1.8 ... 
16A 16 1.6 2)( It 1)( 1.1 1.1 0.97 .84 
~ 



C A RN E GIE S T E EL COM PA NY 

COLUMNS IN fiREPROO F BUILDI NGS 

The subject of fireproof construction is steadily growing 
in importance. The need of fireproof buildings in the busi­
ness centers of our great cities has been weH demonstrated, 
and their superiority has become so generally recognized that 
at present but few structures of any size or importance are 
designed which are not more or less of this type. T hischange 
has been facilitated in no sman measure by a number of 
signal improvements made of late in the art of fireproof con­
struction, insuring not only a higher degree of efficiency, but 
a considerable reduction in cost compared with methods for­
merly practiced, 

The old style of solid brick arch, once so prevalent in floor 
construction, has been almost wholly supplanted by the morc 
modern forms of hollow tile and terra cotla arches. T he im­
portant advantages of the latter have been al ready pointed oU ; 
in these pages. Roofs, ceilings and partition walls are now 
also largely construct(...,j of these light refractory materials. 

The substitution of steel for iron in beams may be cited as 
a radical improvement in this direction, and, simultaneously, 
the introduction by this firm of new patterns for i ts steel 
beams. These patterns arc of more convenient shape and 
much more economical of material than the old forms. 

Another change which is gradually taking place is the 
substitution of steel for cast iron in the composition of columns, 
Cast iron is a material so uncertain in character that its use 
has long since been abandoned in bridge construction. In 
buildings the loads arc genernllr quiescent and tne liability to 
sudden shocks is more remote than in bridges; yet, on the 
other hand, the columns seldom receive their loads as favor· 
ably as ill bridges; ' in most cases there exists considerable 
eccentricity. thnt is, the loads on one side of the column are 
heavier than those on the other side, and the bending strains 
arising therefrom increase the strains from direct compression 
materially. 



CARS£GIE STEEL COMPASY ,., 

The following are some of the contingencies which mn)' 
ari.so in the manufacture of castin!r.l and which preclude any­
thing approaching uniformity in the product. 

In the case of hollow cast iron columns, while the metal is 
yet in a molten stute the buoyancy of the central core tends to 
cause it to rise, thereby reducing the thickness of the meml 
above and ine:rca.sing it below. Whcn columns are of such a 
length as to make it necessary to pour the mctal into the mould 
from both ends. it sometimes occurs that the iron becomes too 
much chilled on the surface to properly mix and unite, thus 
creating a weak seam at the vcry point where the greatest 
atrength will be ne«lcd. The presence of confined air, prco­
dudng •• blowholes ,- and .• honeycomb," and the collection 01 
Impurities nt the bottom of the mould may be further men· 
tloned as frequent sources of weakness in cast iron. 

The mOSt critical condition, howe"er, is that due to the 
unequal contnl(:tion of the metal during the process of cooling, 
thereby giving rise to initial stresses. at times of sufficient 
force to produce rupture in the column or in its lugs on the 
alightest provocation. In many cases the trouble can be 
ascribed to faulty designing or carelessness in the execution of 
the Vo«)rk, yet even under favorable conditions it is 110 difficult 
to secure equal radiation from the moulds in all directions that 
castings entirely exempt from inherent shrinknge atrains are 
probably seldom produced. 

As a protection against these contingencies resort must be 
had either to the crude and uncertain expedient o{ a high 
&&fety factor. not less than 8 or 10, or a materiaillucb as rolled 
steel must be adopted nf a more uniform and reliable char­
acter than cn~t iron. 

STEEL CoLU)(SS fait either by deflecting bodily out of a 
straight line, Of by the buckling of the metal between rivets or 
other points of support. Both actions may take place at the 
same time, but if the latter occurs alone, it may be an indica­
tion that the rivet spacing or the thickness of the metal ;s 
insufficient. 

The rule has been deduced from actual experiments upon 
lI'TOIlght iron columns. that the distance between centers of 
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rivets should not exceed in the line of strain sbteen times the 
thickness of metal of the parts joined, and that the distance 
between rivets or otber points of support at right angles to the 
liDe of strain should not exceed thirty.two times the lhickne~ 
of tbe metal. 

On page /H sections are shown oC some of the most commOn 
forms of built columns. Figs. 0, 1S and 19 belong to the type 
known as ., Closed Columns." As itis impracticable to repaint 
the inner surfaces of such columns, they should preferably be 
used only for interior work, where the changes in temperature 
are not considerable, and the air is comparatively dry. In 
places exposed to eJ:tremes of temperature and unprotected 
from the rain, the paint on the inner surface of the column will, 
sooner or iater, cease to be a protection; corrosion will set in, 
and, once begun, is apt to continue as long as there is unoxi­
diud metalle{t in the column. 

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

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

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

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

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

Standard blues, which can be adapted to any section of 
column, are shown on page 60, Figs. 4, 5 and 6 showing cast 
iron, and Figs. 7 and 8 the built-up type. 
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Connections for floor beams to constant dimension Z-bal 

columns, detailed on pages 189 and 190. were designed to fairly 
cover the range of ordinary practice. For other types of 
columns, the make-up of these details should be altered to 
suit the conditions governing, hut, in a general way. they 
indicate the standard practice. 

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

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

Complete tables of dimensions and safe loads in tons for 
columns of different lengtbs are given on pages 127 to t 3G. 
inclusive, covering the constant dimension as well as the other 
type of Z-bar columns, and on pages IB7 to 142 covering plate 
and channel and latticed channel columns. 

T he length of a column unbraced should not exceed 1~ 
times its least radius of gyration. 

We believe the variety given in these tables will cover a 
large majority of the cases presenting themselves in ordinary 
practice. • 
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COLUMNS AND STRUTS 

Th$ tahl,.. of uf$ lo.d,for Iteel Z.l>o.r a nd ChallD~[ columll_ar~ com· 
pUod on th~ baAl, of _n aUowable lire .. per lIquar.lnch of 12,000 poun"'_ 
(fac:tor of .. fety of <I) for \eD.K'ha of 110 radii and uDdlr, -.nd an a1lo .... bl. 
11 .... deduced from t he fo r mula 11,IOO_l'i1}for lengtht greater th.n 

tb[1 limit. 
Complete dlmen,IODi of lhe Z·bar columna are given oppMile their 

tabl,.. of Mfe Io.d .. 
The ItH' ulld In tb_ ""hmlul II t11O ... nl& "medl"m" UHI, con· 

ta lnlng. compar.tlvely low por<:ent_ge of c.rbon, 
The valuel given lu tb_ tabl .. abould 1>$ uled ouly fOl' easel In 

... hlch the 1<MIda are tor the rDO&t part atatlca l, and eq .... t, Of n ... fly so, 
o n oppollte ,Idea of tho col um n. When there II much ec:<:entrlcit y o f 
loading, or the load. are lubJect 10 • Iud den .,b.nge, tbe tabul.ted 
".Iues abould be ledUC-""- acc:or:!ing to circumltauen. 

The tahle on the" Ultlm_te Strength of Columua," Oil page 14a. gl vet 
the lire .. per Iqu.re Inch of -'ion at ... hlchcolumnl will fan for varioua 
p roportion, of length , In feet, to lellt r.dlulofgyfallon, In Inche.. Tbla 
tabl. II br.1ed On GordO"'1 formul. CMnged for tbe UM o f , tu L. The 
tahl. on page H1, abo ... illg lb. radfl of II'J'no.tion £01' r onlld Illd sqUire 
columna, will h<I found uufulln conne(:tion ... itb thl. tabl., 

I f t b.""lum" or Itrut Is. 'ing\$ rolled beam, .,hannel or otberlhapo, 
the radlu. of gyration will be foulld III the foregoil.g table,on pag .. 117 to 
110lnciullve. 

If the column I. composed of two cbanuel. latticed, the channela are 
u ..... lly placed far euoqh apart 10 that tb. columu ... !11 be ..... test In 
t he direction of the weh,.: e., wi t h neu t .. 1 ad. It right angln to the 
"'eb, for whlcb CAM tbe •• dlua of gyr.tlon of the column II the .. me II 
t bat of ~he "Ingle cbanlle\. In the table of "Propertlea of Stand.rd 
CbanlleLa," page IO!, ano ~ven the dllt.nce, hact to h.ck of ~h_nnel .. 
wblch mate tbe radII eq .... 1 about both au&. 

A cOmmOn (orm of column or atrut, to be raoommended (or COm_ 
polratlvely Ughl 100da,la thlt formed of two .cgln back to bact, Or fou r 
.nglel united eltber with _ Ilug]e """ ... of lattl", ba .. or a «utral web 
p late, II In Fig. 1, pag~ &1. 

Tbe radii of gyration for auch Itruta aNI tabul.ted On pagll ]+4, 1.&5 
a lld]48. Tbey .re given for tile neutral as I_parallel toeltber dange and 
for mlnimuin a nd mAslmum .l~u of all standard ~nd _pacl,,1 .ngle bar .. 
In .,a_ when> tour ang\u .re used, the t ... o pair. Ibould 1>$ -;>IC$<1 fAr 
enoulth 'polrt to m.te tbe column _ken aoout a neut .. I."b parallel 
t o the central w,b or hlttldnlr. Tbe r.dlull o f gyrlltlon will t hen be the 
umOl ., tbat ~' ... n in tbe tablea for. alngle pair cC .ngles, alnea tbe 
momeu t 6f lu~rtla of the 'i'F<lh pl.t$ .bout Incb .n aal,l, 10 limall tbat [t 
m • .,. be dllreKArded entire ly, 



CARNEGIE STEEL COMPANY '" 
Th. U.bl. on .. Ultlm.t. Str.ngth of Hollo ... Cau lrotl Columnl' 

.nd th.t 011 "Safe Loada for Hollo ... Round Cut Iron CoI"mn." ... ere 
comPlited by Go~don'l formu!. Iml Wver I rlnge of length th.t will 
Hldom be eaceedld In pract!~. 

A column Is Sr;U41""# «al""'''¥ when it ha l OJQuar. en~. which butt 
.galnlt Or Ire firmly connected with .n immovable lurrace, luch IS thl 
" oor of I building; It II"'io a"d sr;lIan Mad"l" wben one end only II 
~uar. bearlb" and the other prellHagalbst a dOH.flltibg pin; .nd it il 
,ill IINn.",wben both endl ar. thut pin.jolnted ... Ith the I.do or th" phil 
III paranel directlolll(for .... "'p!e, tbe po5taln plll·WllnoctOld bridgel). 

EXAMPLES 

I. What Ilze of Wllilant dlmenllon Z·bar column!U ft. long wltb 
aquln belting endl will be required to carry a load of 100 t01l1, u.ing a 
... fety ractor 014 I 

.A1l1fNI"" .. Prom the table on page 135 it w1l1 be _n tblt for the 
lell"th given 4Z •• ~ X Sh X" witb 11 ... eb plltH 8 X 10K will lutaln 
10&.0 ton ..... hkh It II tonI in nee .. of that required, Or referring to tlhle 
on challnel column.., I'Ige 141, t ... o 10 In. chanllelaa lbo .• nd II tide platts 
III X IJt w!11 be found Itlllicleudy atrong. 

II. A Itrut 16 ft. long. bed rigidly at b<».h end., la needed for Inp­
porting I load of IlO,OOO Ibs. It I. to be c<>mpo...,d of two pairs of angle. 
united ... itb I ,ingle Une of ;( In. lattice bart .Iong the cen t ral VioUle. 
Wbat 'welght of angle. will be required with a .. fety f.ctor of III 

.A"m_." \Ve w!ll .... urne four S X. in. Inglea and determine the 
!hlclon' .. of meu.1 required . The Ingln mull be tpnlDd ~ In in order 
to Idmll the Iltticlng. Prom the table on poI~ loU! wo tI~d th" rldiul of 
gyration of .. pa;r of aX ' X It In. angles with tbe a In. IeI'I poIt.Uel .nd 

, " ~ In. lpart to be 1.1171n. Hence lbe vllue of __ __ &1, for wbich lbe 
r 1.07 

uilimate Itrengtb .. 1 per tabl" on page 1-13 ","-1lOO lbs. 
Th" aUowable Ittlltt per aquare Inch with a ",fety factor of ~ will 

theretore be 8'l,COO+II _ 7,1IOO Ibs. .nd Ih" ar"" of the requlr,d cro .. 
~1K: 11 0" IlO,OOO+7,OOO '" 10.10 aqulre Inenes. or 2.$ aqulre Inchel for eleh 
.n;;ll. Hence the weight per foot of each anl'l, wl11 be 2.$ X 8.4 =S.~lbs. 
'fhl' wel"ht ... 1lI be found to agree nearly ... ilh I th lclon ... of I. ill. '")f 

14 Y • in. an/:le. 



CARNEGIE STeel.. COMPANY 

SAFE LOAD8 IN TONS OF 2,000 LBS. 

Z-BAR COLUMNS 
SQUARE ENOS 

.uJonl_ .. 111l1&l'i I ..... ; {l2.000 11:& '" leoctU of 90 rodil"" ud. 
alolylaelor • 17,Il00-571. lor !qIU ., .. 90 rodii. , 

• IN. Z_BAA COLUMNS 
80cti00.: ~ !-lan 3 iI. doop""" I W,b Plow a ;". x !hi.:k ... of !-!vo 

,,:.d II ;.~ ~ .-,~ I .'. ; .d it ~.d • -- ~ tjj ~ til ." 11 ail II r II II!"..!!. II!.!!, . ,- ';; ~ r~ ! 11'~ 1: ...... hi . ;; 
"r~ ,; II'~ .11 .= .iii . " • II • 

~~';:;" -=~ ":" "#.~ ":" -=:11 .. ~:II":" '::11 ":" 

" 00.9 70.3 81.6 .... 100.7 119.8 ....... •• Ofi.7 70.3 81.6 .... 10fi.7 119.8 •• fi2.3 66.6 76.6 91.3 00 .• 114.8 •• .. .• 62.3 71.7 .0.6 93 .• 107.8 
20 46.4 .... ".7 79.9 87.2 100.8 

22 42.0 fi3.9 61.8 74.3 90 .• .3 .. 
24 .... ..7 56 .• .. .. 74.6 .... 
26 36.2 45.fi 61.9 63.0 68.2 79.8 
26 31.7 41.3 47.0 57.3 61.9 72.8 

"" 26.S 37.1 42.0 51.7 55.5 65.8 

• IN. Z-BAA COLUMNS 
SocIi",,: • '-Bon. iI. Pop....t t W,b PIa'" 7lo. x llliok .... f l,.lan 

a.!l!;: ii.!'lllli ;!I[;; ;g!l~ ~!I:a i!!l8 ;.!!l;l ;.!I~ ij.5Q 
LrnP of 1I,!"i1 1I!il1 II tjf II .&if ~.&if II .!if II ti1 1I!if ii.~ 
\:01I.I1II. 1::!- 1::0:- i~l "i!l ...... "iJ:l- "i~""" IE- "ire 3'­
lar,. . lIi . lli .118 lIO lI= .II~ • iii' . 11'= lIO li"~ .'IT'= 

~";:" -:.II";:" .... ,,-.: d-;:" n":" -:.II":" -"-':::!.If";:" ~.!!;: 1--:::- - ~-~- - - - ~ i-=- ---
•• .u. udor 67.6 84.8 102.4 114.2 131.2 148.6 167.5 174.3 191.2 
20 66.082.5 100.5 110.5 128.2 148.4 163.3 171.3189.6 

22 61.978.7 96.9 106.3 122.4 la9.9 148.2 163.6181.3 
24 58.8 74.8 91.3 100.1 116.0 133.4139.1 166.8173.0 
26 55.7 71.0 86.8 94.8 1I0.6 126.9 132.0 148.1 164.7 

""

28 52.667.1 82.3 89.8 104.7 100.3124.8 140.4106.4 
49.463.3 77.7 84.4 98.8 1I3.8 117.7 132.7148.2 

32 46.3 fi9.5 73.2 79.2 93.0107.3110.6 126.0139.9 
34 43.255.6 68.7 74.0 87.1 100.8103.6 117.3131.6 
36 40.1 51.8 64.1 00.7 81.2 94.3 96.4 loo.OJ 123.3 
sa 37.048.0 59.6 63.5 75.3 87.8 89.4 101.9116.0 
40 33.9 44.1 66.0 58.3 69.5 81.3, 82.2 94.2 106.7 

To the abo"e weight!! of column shafU add tbe weight of rivet&. 
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Z-BAR COLUMN DIMENSIONS 
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4 Z-B .... 44J.' in. deep 
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~ ---- 4i ! )( t5~ 4)0 cn 'Ii '" ' ii :t/ '0 
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• j[ 16 :U 61
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l;;i}i 

6T'. 'Ii '){ ' /< ' ,\ to ' ii 
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CAK!'£GIE STEEL COMPANY 

S .... FE LO .... OS I N T ONS OF 2,000 les. 
Z-BAR COLUMNS 
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CARNEG I E STEEL COMPANY l:(l 

Z.BAR COl.UMN DIMENSIONS 

t-----·H.------, 

-~~ai. ~F.,..-E-_F~ 
f) II: ! l '_'. 
• .. 11..0. :...±. . 
i -:.-~_- . i 
i '117:'9 .. " 
LF . ' I"~ h , . . -, !7l 

~-G' ''' :- 1>--.... . .., l 
Io----c--- .... ---c---... 

10 IN . COLUMNS 
4 Z-Bars 5-6)-i in. deep 

I Web Plato 7 In. X thlcknc0.3 of Z_Bar . 

A B 
_ c 1_" 1-,,-_' ~I~I_' - - --

1611 
161' 16~ 
16 
16" 
16)( 
16)< 
16" 
16)j 

:i' 6,.. 3)< ." 1)< ,,.. ')< ." 1)< 

lli :~ 3)< ." 1)< 
3)j 3" Iii 

'II 6ii 3)j ." Iii 

:Ii ' )< 3)< '" Iii 
61< 3)< ." Iii 

Ul 61< ')< 3" Iii 
' I< ')j ." Ii< 

12 IN. COLUMNS 
~ Z-Bars t\--4J.i In. deep 

'''-
;~ 
'''-
:~ 
3,.-

:~ 

I Web Plato 8 in. X thickness of Zollars 

10 ,,.. 
16 'n 
10 ;t: 10 
10 5" 10 ')( 
10 

~H 10 
10 
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S"'FE lO"OS I N TONS Of 2,000 LOS. 
Z-BAR COLUMNS 



CARNEGIE STEEL COMPANY '" 
Z_BAR COLUMN DIMENSIONS 

r<>""iK:.~~...o: 
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116,,,hi"" i 
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____ 'If 

.co fr;:' '"1 b. l -, 
,~ -- .. 
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14 'N . COLUMNS 

4 Z_Bart G]4 X U In. t WebPlate8x Uin. 2 Side Platee 14 'D ..... !de 

ruth", 

I I I • A B C D • ...... 
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I " 191'( m 1)< 11 

TI I'!} I" 11 • I' 1)< 11 = • J'I 19n 7n 1)< 11 
• lOft 7n 1)< 11 

I H "''\ 7n I" 11 
!( 20}i 7n 1)< 11 

• )! 20]( ill I" 11 
"'t. 1)< 11 

---
14 'N . C OLUMNS 

4Z_RAr.GX ~' ln. 1 Web Plate 8 X V. In. 2 Side Plate. 14 !D. wide 

I 
fhld:# .. . 

I 
., A B C D .; Sid. PlaIeO 

~ -
1 I " 19 . 0)( 1)< 11 

Jl" I'~ m 1)< 11 • IOii 1)< 11 
i J'I 1')( 'II I" 11 
• 1')1 7 1)< 11 

j !} I' 7,\ I" 11 

'" 71i I" II 
)I :::J'I 7~ 1)< 11 

7' , 1)< 11 
- -
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CARNEGIE STEEL C OMPANY 

SAFE LQ ... O:O:: .N TONS Of 2,000 LBS. 
Z_BAR COLUMN S 

SQUARE ENOS 
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CARNEG1~ STE£L COMPANY '" 
Z4BAR COL.UMN DIMENSIONS 

0-IS!":~~~;~ 
• 

,/ '" ii6. ~ p i 
. "~ -----i 

1:;:'''4 6,i .. 
L __________ ,~;b:-.'"..;,:J 

14 iN . COLUMNS 
~ :'._&n ~~. X It in. 1 Web Pla.t~ 8 X [I in. 2 Side Platn 14 on. wid .. 

ftioh .. 

I I I •• 
., A B C D 

tid. P!ala 
~ 

l i4' 19* ~n I '" 11 

~ " ," 11 , 
" 1( '" 11 

;l )1 "Ii 7-/, '" 11 

• " II 7-/, '" 11 

J ~ 20)1 7,\ '" 11 
20 7;' ," 11 

II 20,- 7~, ," 11 
20J.( 7 I 1" 11 

14 I N . COLUMNS 
4 Z_&r8 6)4 X " In. t Web Plat~ 8 X" in. 2 Side Pia !~8 a In. wide 

nith ... I I • " A B C D 
lid. '!alto 

~ . 
t " 191( ~H '" 11 
• ~ 19U ," 11 , 191i ;)1 '" 11 
:; )1 20 ," 11 , 20)1 71. '" 11 

i ~ 'l<l' 7)( 
I ," 11 

20)( 71. ," 11 

II 201. 71i I '" 11 
2Ot. 7,., 1 :~ 11 

! -



CARNEGIE STEEL COMPANY 

S,lFE LOADS IN TONS OF 2,QQD L8S. 
COfl4STANT DIMENSION l·BAR COLUMNS-SQUARE ENDS 

l llo'l'M ._ pot ""1Wt ill ... ; 
..roll fK10 t 4 

11,000 lbl. for 10"' .... . flO .wl.t ut .. 

17,100-57 I for lUll ........ to radii , 



C A RNEG I J.: ST E EL COMPANY , .. 
CONSTANT DIMENSION Z.BAR COLUMNS 

f" - -- ------ __ 14'!.·· ------...., 
~ ..... ________ 10t!..-- -- ---"'"i""'C-oI 

l-~ • 
~-iJ. ' , '-'" 

" ( h, ~ »)1<-1 ' ' ,. , ' , , ' , 
I t---- , , , , , 

~ • =. • : ' , , , , , ' , 
I t---- , , , 

lr~:R 
, , , 

( ~-n;-j :. , . 

--~ , ' . < ' , _ J 
.... --G . ~ -- "," • , 

------1---

Co nat,alll dill:l~lIalO1U ar. ;iV~1I 011 the aketch abov~ fo r all eoillmll& 

Ya . table. d!me nl lnnl _ belo w. All rlveta Yo" d l .... Open hole. for 

l{' . lvou or boltl. 

W ebtleplatn V x ,\" xO'~ I 
P lange lia platel V x t.' x O'- II' f (or a ll colum,," I_ thaD K' metaL 

1'0<" all colum ... K' metal a old over , tla pLIlN a ra W thick.. 

AIL t Ie platn apaced about S' rr center to ""n tar, 

S1 .. or Z ..... I A B I c " I G 

-
4' X S~' X )(' " I flW " 1 " ' 1 ' 
'~', . "f( l liW '~' I " 'W . '!, 
4 ' x8// x • '" 18W . ' I ' ' j( ' S/,' 

, " I(,ft -- IS'" , I ' " 8/ ' 
4~' x S: ' x ' .. , IS:,( ' ' ,0. , IW ' W .1I' 
4 ' x3h' xfI" , 13)(' ' I" I )/' ' j(' 8/, , 
" X 3~' x ' , 12U' , 1-{/ " Sr1," 
4~ 'X 3 1 'x ~" 12U' 'n' Ii. ' /j' ' )<' 
4 ' xS// x ' .. 12,W . ' 1-{,' ' j(' 8/. 



U17 CARNEGIE STE E L COMPANY 

SAFE LOADS IN TONS OF 2,000 LBS. 
S IN. CHANNEL COLUMNS 

SQUARE ENDS 

!IIowed .lresse. per squ ... e inoh; {12,000 lb •. for leng\hB of 90 radii or under 
safely faolor , 17,100-57.! for leng\hB OTOr 90 radii 

r 

. { 2-6 in. Ohsnnel.-l'tlioed, or 'ls.-W B=3Yo in. 
Soclions: 2-6 in. Ohnnel. &nd 2 side pl,le. 8 in. wide J!j-C-l 0=5X ~. 

;~ -o :! I Lat. U PI. _1'. PI. }i PI. I. PI. ~ Pl. .... PI. ~ PI. H Pl. 
:; ~ ~!"l 16.0 Ibs. 29.6Ib •. 33.0 lb •. 36.llb •. 39.8 lb •. ,n lb •. 46.6 lb •. 50.0 lb •. 53 4 lb •. 
~~ .!;§ r=2.33 r=2.32 r=2.32 r=2.32 r= 2.32 r=2.32 r= 2.32 r=2.32 r= 2.32 

----~-- ------------
16 28.6 52.6 58.6 64.6 70.6 76.6 82.6 88.6 94.6 :li 18 28.1 51.7 57.5 63.4 69.3 75.2 81.1 87.0 92.9 
20 26.7 49.1 54.7 60.3 65.8 71.4 77.0 82.6 88.2 

CO 22 25.3 46.5 51.8 57.1 62.4 67.7 73.0 78.2 8 3 .5 
24 23.9 43.9 48.9 53.9 58.9 63.9 68.9 73.9 78.9 

Lal. )( PI. I'. PI. }i PI. I. Pl. ~ PI. ,\ PI. ~ PI. Iii PI. 
21.0 lb •. 34.6 lb •. 33.0 lb •. 4i.4 lb •. 44.8 lb •. 48. 2 lb •. 51.6 lb •. 55.0 lb •. 58.4 lb •• 
r=2.20 r= 2.U r= 2.25 r=2.25 r= 2. 26 r=2.26 r=2.27 r=2.27 r=2.27 

16 37.1 61.1 67.1 73.1 
18 35.5 59.1 65.0 7 0 .9 
20 33.6 56.0 61.6 67.2 
22 31.7 52.9 58.2 63.5 

79.1 85.1 91.1 97.1 103.1 
76.8 82.7 88.5 94.4 100.3 
72.8 78.4 84.0 89.5 95.1 
68.8 74.1 79.4 84.7 90:0 

Lal. ~~ PI. ~ PL 17~PI. I~ PI. si~ r~·s. 6i PI. U PI. U PI. 
26.0 lb •. 4. lb •. , .4 lb •. 49. lb.. .2 Ibs. 6 .0 lb •. 6Hlb •. 66.8Ibs. 
r=2.09 r = 2.18 r=2.19 r=2.20 r=2.21 r=2.21 r=2.22 r=2.22 r=2.23 
- --- - - ---- - - ------

14 45.8 75'.8 sf.s S7.S '9:3:13 '99:13 i05:a i n:a ii'7:S 16 45.3 
18 42.8 72.4 78.3 84.2 90.1 96.0 101.9 107.8 113.7 
20 40.3 68.4 74.1 79.7 85.2 90.8 96.4 102.0 107.6 
22 37.8 64.5 69.8 75.1 80.4 85.7 91.0 96.3 101.6 

Lat. l'! PI. WI. si~r~~. ~ PI. !. PI. ¥S PI. ~i PI. U PI. 
31.01bs . • . Olb •. 5 A lb. 58.2 lb •. 61.61bs. 65.0Ibs. A lb •. 71.81bs. 
r=2.00 r=2.12 r=2.13 r=2.14 r=2.15 r=2.16 r=2.17 r=2.18 r=2.18 
- --- - - ---- - - ------

14 54.7 84.7 00.7 gEl.7 iO~.2:7 iO'8:7 ii'4:7 i2'O:7 i26:7 16 53.0 84.2 90.4 
18 49.9 79.7 85.6 9 1.5 97.4 103.3 109.2 115.1 121.0 
20 46.8 75.1 80.7 86.4 92.0 97.6 103.2 108.8 114.4 
22 70.5 75.9 81.2 86.5 91.8 97.1 102.5 107.8 

To the above weights ('If column shafts add the weight of rivets and lattice bars. 
'[he safe loads given in this and the following tables on channel columns range in 

value from...!.. = 90 to about -.!.. = 125. 
r r 

T he s ize and spacing of lattice bars should be proportioned to the sectIons com· 
posing the column. They should not be less than 1~ x5-l 6 in. for 6-in. channels ; 
H( x 5~l 6 in . for 7 and 8~in. channels; 2 x5~16 in. for 9 and l O-in. channels; 2x*~in . for 
I2-in. channels . 



CA RNEGIE STEEL COMPANY 

SAFE LOADS IN TONS OF 2,000 LBS. 

7 IN. CHANNEL COLUMNS 
SQUARE ENDS 

Allowed stresses per square inch; { 12,000 Ibs. for lelll;ths of 90 radii or under 
safety u..tor 4 17,100-57 ~ ror I ... <rths over 90 radii 

r 

138 

Sootions: 5 ~7 in. Chsunels-laUiced, or 
1 ~ 7 in. Channels and 2 side plates 9 in. wide J-B-f B= 4% in. 

'C'1!h C=6U in. 

~~~... Lal l{PI. ,,, PI. % PI. ,', PI. I"PI. I, PI. y, pl. UPI. 
ibEl ..,!OJ 19.5Ibs. 34.illbs. 38.61bs. 42.5 :bs. 46.3 Jbs. 50.11bs. 53.9Ibs. 57.Slbs. 61.61bs. 
~,g ];3 r=2.72 r=2.67 r=2.67 r=2.66 r=2.66 r=2.65 r=2.65 r=2.64 r =2.64 

- 18 -- -:-:-:-:-:-:--:-:-:-:-:-:- 74.7 81.5 88.2 94.9101.7108.5 
~ 20 34.2 61.2 67.9 74.4 81.1 87.8 94.4101.1 107.8 

22 32.8 58.5 65.0 71.2 77.6 84.0 90.3 96.7103.1 
~ 2246 31.4 55.9 62.0 68.0 74.1 80.2 86.2 92.3 98.4 
0) 30.1 53.3 59.1 64.8 70.6 76.4 82.1 87.9 93.7 

28 28.7 ...... . .. . . ......... .. ....... . 
Lat. l{ PI. f. Pl. % PI. <, PL % PI. I. PI. ~ PI. H PI. 

24.51bs. 39.8Ibs. 43.6Ibs. 47.5Ibs. 51.~lbs. SS.11bs. 58.91bs. 6Z.lslbs. 68.61bs. 
r=2.59 r=2.60 r=2.60 r=2.60 r =2.60 r=2.60 r =2.60 r=2.60 r =2.60 

~ 18 43.2 70.2 76.9 83.7 90.5 97.~ 103.9 110.7 117.5 
20 42.5 69.3 75.9 82.6 89.3 95.9102.6109.2115.9 
22 40.6 6<3.2 72.6 79.0 85.3 91.7 98.0104.4110.8 
24 38.7 63.2 69.2 75.3 81.4 87.4 93.5 99.5105.6 
26 3d.8 60.1 65.8 71.6 77.4 83.2 88.9 94.7100.5 

10 
t-
o) 
r< 

Lat. l{ Pl. 1'. PI. % PI. i. Pl. \6 Pl. I. PI. ~ PI. H PI. 
29.5Ibs. H.Slbs. 4S.6Ibs. 52.5.I~s. 56.31bs. 60.1 Its. 63.91 bs. 67.Slbs. 71.61bs. 
r=2.50 r=2.54 r=2.55 r=2.55 r=2.55 r =2.56 r=2.56 r=2.56 r =2.56 

1~ 52.1 79.1 85.8 92.6 99.4106.1112.8119.6126.4 
20 50.5 77.2 83.8 90.5 97.2 103.8 110.5 117.2 123.9 
22 48.1 73.7 80.0 86.4 92.8 99.1105.5111.8118.2 
24 45.7 70.1 76.2 82.3 88.3 94.4100.4106.5112.6 
26 43.3 61j.6 72.3 78.1 83.9 89.7 95.4101.2107.0 

Lat. fa PI. I % PI. ,'. PI. Yo Pl. r"~ PI. % PI. H PI. %' PI. 
34.51~s. 53.S1bs. 5'7:51bs. 61.31 bs. 65.11 bs. 6S.9 lbs. 72.S1b.. 76.8Ibs. SO:4Ibs. 
r=2,43 r=2,49 r=2.50 r=2.50 r=2.51 r=2.51 r =2.52 r =2.52 r =2.53 

18 60.8 94.6
1

101.3108.1 114.8121.6128.3135.1 141.8 
20 58.1 91.4 98.2104.8111.5118.11248131.5138.1 
22 55.3 87.1 93.5 99.9106.3112.6119.0125.4131.7 
24 5?.4 82.81 88.9 95.0101.1 107.1 113.2119.3125.3 
26 ...... 78.5 84.3 90.1 95.8101.6107.4113.2118.9 

Lat. J".PI. % PI. IJ«PI. .ro. P!. I. PI. ¥SPI. H PI. ¥. PI. 

~~i.~~ r:l~~ ~~i.~~ r~i.~5 r~i.~~ ~!i.~~ ~~Sl~~ ~!:i.~~ ~5~i.~9 
16 69.7~~~~-:-:-:-:-:-:--:-:-:-:-:-:--:-:-:-:-:-:-~ 
18 68.9103.4110.2

1

117.0123.7130.4137.2144.0150.7 
20 65.5 99.0105.7112.4119.0125.7132.4139.1145.7 
22 62.2 94.2100.6107.0113.3 ;119.6126.1 132.4138.8 
24 58.8 89.3 95.4101.5107.6113.6119.7125.8131.9 

To the above woights of column shafts add the weight of rivets and lattice bars. 



'"~ C AR N E GI E S T EEL COMPANY 

'''FE LOAD S IN T O N8 O F :.0 00 LB • • 

e IN . CHANNEL COLUMNS 
&QUARE ENOS 
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CA~:o;t:GIt: ST~;t:L CONI'ANY 

.... ,£ LOAD8 IN TONS Of 2,000 Le •• 

S IN . CHANNEL COLUMNS 

SQUARE ENOS 
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,~ CARNEG IE STEEL COMPANY 

UL.TIMATE STRENGTH OF COLUMNS 
MEDIUM ST EEL 

I'or different proportlona of leng th in feet (= 1). 
To least radius o f gyration In incbes (= r). 

Ultimate Strength ;n pounds per aqua re inch: 

Column Column Column 
Square HM ring: .... Pin and Square Bearing : .... Pin ~ .. ring: .... 
, + __ (IIif)' ,+ 1121)' >+ Ilil)' 

""" " ZIIXK) r ' lllW r ' 

To obtain Safe Resistance: 
For quiescent loads, P.8 In bu!ldings, divide by ~. 

For moving \o"ds, :l8 In bridges. divldo b y 5. 

, \J11ilM1o ~ io Pouda 
pot Sit...,. Illdo , \J11 ... 10 SIrt!IlI~ l~ huH 

per Sq ..... 111<. 
- , , 

.~ Pim NUl '" .~ P:m •• d '" .~ •. ~ ----------- ------ --- ---
'.0 ..... 4(141) oj(I;;.w) ' 0 mro ...,. 

"''' ••• """ 41110 .,"" ,., 
"'" ~'OO "''' ... m,. ",. oj.5ITl) 0.' .." ",'" """ ••• • r"" .... """ ,., """ "'" """ ••• .mo """ ..... 0. ' 00'" 31~ """ ' .0 ..... - """ 10.0 85711) .,,'" """ ., 40710 45210 "'" 10 .2 &0::111) """ """ ... 4G11O ..... ""'" 11).4 ~OOO .." """ ••• "'00 """ "'''' 10.6 """ ","0 ..., 

••• ~"" .... ..", 11).9 .... ..., 2.:ob":'O 

'.0 - .... nG;"(I 11.0 .... "'" :!SilO .. , ~,oo 00000 mlO 11.2 .,.. 
""" ,,"'" ••• ~"" """ """ 11.4 - '"'" 2l.'lIO ••• """ - mm 11.6 .'''0 """ "'" ••• "'" """ "'" 11.8 82110 """ """ '.0 43';"10 41100 ..., 12.0 81700 "'" """ .., "'. - "'"' 12.2 "'" 2IJ.UO =: ... .". "' . ..., IliA 00000 .. " ... """ 

..., """ 12.6 """ """ "'" ••• .." 00' • - 12.8 .,'" 2re1O """ ' .0 (11M ..., """ 18.0 """ ".., '''''' >.0 41410 .. ,. ..,. 18.2 '"00 ~"" -, .. """ .... """ 18.6 "'" ""'" "'"' , .. - 8(100 "'" 1S.8 '''''' """ H'''' , .. "'"0 ..., 
""" 14.0 .... ...., llWl"O 

'.0 ""'0 .. ,,. """ 14.2 """ """ 19100 

••• "'" """ I 
"''' 14.5 """ ~110 ".00 ... ..., .., .. 
""'" 14.8 ..., 21610 1811"0 

•• ..., ... 81110 15.0 ..., 
""" "." •• ."., ",. .." 15.2 ..., 
"""' """ - - -



CAR lO : GrE S TEEL CO M P A N Y ,~ 

ULTIMATE STRENGTH OF COLUMNS- Contlnl.led 

, lIlw..w SIfaCU. i. PoudI 
per~"'1'I1.a 

, U1WOW II&tugIk b hudl 
per ~UI'I [adr. , . ~ ~~ ..... .. , ,w . PI··st ..... ' fu 

1-,--
15.~ """ '''00 17110 I~.G 21100 , ... '''"' 15.8 "'" """ 

,,,., 1~.8 .,.., ,.,. 
"'" 16.0 ~W'OO "'" "'" 16.2 ".., 19-120 lBI81 111.1) ",., 1~700 ''''' 16.~ ""'" """ I~NO 1 ~.2 .. " IGliZO "'" 16.8 2J.ll1O ,.", """ 19.6 ''''' ",., "'''' 17.0 ~"., ,.." 15100 19.9 19-1ro " .. 1201lO 

17.2 "'"' "'''' , "'" 17.6 "'" 1;600 H~IIO 00.' ,,,,, 14710 11910 
17.9 """ , "'" 11150 00' '0000 """ 11730 
18.0 210ffi "'" '"'' "' .. ".,. ".., " .. 18.2 2J~1O 16:40 IS;oo 00.' 18310 11!!l10 11210 

RADII OF GYRATION FOR TWO ANGLES PLACED 
BACK TO BACK 

ANO L ES WITH EQl.IA L L EOS 

-'=L .... '. ... ~-.....• .. ••••• 'i.. ...... 

,fT'iT":T ' 'I I 

• ' t ~ 
: i J I ..... ..... .. .. .. 
U" .. 

Radll of Gyration given correspond 
.rro .. be .. .., •. '0 direction' indlc.ted " 

~" lIoic~1 r btU of Gyr&liolI 

"" ... -~:!!'lt 'ool~ , ... ,- ~1'lD«it 
r •• bl ud, '. '. '. '. ------, 

" ,~ 7.5 ~.'I 2.50 .~ 8.49 ,~ , 
'" 16,8 5:1. \I 'n 8.4~ 8.00 .. " , XO " '.M H,Q .... 2 19 ,~ 2 ,8 , XO , 11 .00 87. 4 .. ., ,~ 2.r. '" •• x> " 8.Bl 12.8 .... '.00 2.26 .. , 

" x> , '00 '''' .. ~ 2.10 , ... .. " , x> 

I 
"" u .. ~ 1.61 '" .. " • x> .. " 1~.9 1.18 I.~~ .. " '.0> 

B~XS~ '.00 7.11 .... 1.41 .. M 1.74 
8)4;x3)4; .... H. I .... .. " 1. ; 4 .." 
• X' 

1. 44 " " ... .... .... .... 
• XO .re 11.5 "" .... I.M .... 
"2~X2V. 1.81 ... ".'" 1. 1~ .. " .. " - 2 X2~ '.00 ... 0~2 1.19 .. " .... 
• X. "., ,., O.\'t! ..'" .. ~ .... 
2~X2g . ~ 7.7 O.~ • 1.10 ,~ ... , 
~ X. 0.61 ... 0.;0 ".~ 1.1:1 ,~ 

~'{X2 '.00 ... 11.M O.W 1.19 '"' . _-
Angln m .. rked • a rc apedal 



11,. CARNEGI E: STf,t:L COMPANY 

RADII or GYRATION rOR TWO ANGLES PLACED 
BACK TO BACK 

ANGLeS WITH UNEQUAL LEGS 

.. --~- .. '. " .. _-- ...... . ----_ ... 

'·IT '·!T '·iT 
"""*1;-

.,j~ ." Radii of Gyration 
.rrow beads. 

gi"en correspond W directions indieated " ..... T.l,!:~lpe, ladii 01 &ynIioa. .. """"' ~~l • ' .. ' 01 , ... ... ~~Ill;! ... '. '. '. '. 
--- --- ---

•• "" II •. m 20.5 " . 1.17 I." 1.41 . , 
"~ t • .. '" 15.0 .. " 1.I!1 1.80 1.4, ., X, I .... ~. 2.12 1.31 1.00 1.00 

! x< • 3.61 12.S ,00 I. .. ,~ 1.1""6 
x< I '.00 .,. ,~ 1.00 ,~ 1.80 

• X.~ • 3042 11 .7 I~ I." I." I." , X, I .... ,.. ,~ ,~ I." 1.67 ., x< i .. " 11·0 I." 1.08 1.75 ,~ ., x< 7.11 ~. ,~ 1.00 I." ..., 
• X.~ '.00 .., 1.61 I.'" I." I.&) 

• x8 6.67 .U I." I." I." 1.71 

• X, 0 .'" •• 1.61 1.00 I." I." • X. •. ru 12.0 I." 1.18 ,~ 1.47 
"'~X3 II 

,~ u ,~ 1.18 1.81 I. '" 
'4 XII .. " IS.6 I." I." I.'" 'M 
•• X," 

~ 
u, U I." I." 1.00 I." ., X," '" 18.6 1.19 1.00 1.00 I." • X, '00 ,., ,~ 1.17 I." I." • X, '.00 17. 1 1.21 I." ... , I." 

8~XS 

~ 
I. .. ,., 1.10 I." ... 0 1.40 

8~xS .... 15.S I.'" 1.00 I." 1.00 
S~X2~ I." ••• 1.1~ 0.00 US ," S!'x2 '.88 12.5 1.00 1.00 ..", I." 

'SJ(x2 

R 
I." .. , I.'" 8·" 0." 1.00 

' SJ(X2 '.M '.0 1.00 ." 0.00 1.10 
II x2~ 1.81 .. , 0." 1.00 US U. 
• XO. 2.78 ... 0.91 '.00 I.'" I." ., xo 

~ 
1.19 '.1 0.00 0.711 0.00 1.00 ., x' '''' ,., 0." 0.", 1.00 1.10 

2,",x2 I 0.81 .., 0." 0.79 om 1 .(\7 
2,",X 2 '.00 , .. 0.75 0." I.'" 1.15 , 

Angles marked 0 are special 



CARN t:GIE STt:Et. COMPANY , .. 
RADII OF GYRATION FOR TWO ANGLES PLACED 

BACK TO BACK 

... N O ",E S W ITH UN E Q U ... ... ~ r:OS 

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

•• .... .­, ... 
'. 

~----------~ 
·8 X8~ U 11.00 l».O 0.110 
..., x3~ ,.. 4.40 1t..0 0.116 
·1 X3~ 1 11.00 82.8 0.81) 

1% U~ :'U UJ 
IK t~ ~U 8:: 

8.2:1 11.0 1.20 
7.11 $1.2 1.14 
2.511 8.7 I.OS 
6.61 22.7 0.116 

2AC 8.2 O.S;; 
6.114 10.9 0.80 
2.211 7.7 0.81'1 
6.42 18.~ 0.81 

2.2::1 7.7 1.07 
0.43 18.6 1.01 
2.00 7.2 O.tI'l 
O.OS 17.1 0.83 

1.98 U 0.1lO 
4.112 10.8 0.811 
1.44 4.9 o::-~ 
8.116 12.0 0.117 

1.25 4.8 0.07 
2.6-1 11.0 0.63 
1.81 4.6 0.75 
2.78 11.0 O.';'l 

1.1\1 4.1 0.1iS 
11.25 7.7 O.~ 
0.81 2.8 0.60 
11.00 6.8 0.00 

RadiI of G1ftliM. 

r, r, 

.. " .. " .. " 
2.74 
'SO 
2.SI 

'''' 
'''' '" '.00 
lUIS 

,." ." '.00 
2.1~ 

1.73 
"0 L" 
"88 
.. 08 
1.61 
.." 
.. M 
1.51 
1.67 
1.111 L" .. " L" 1.10 
1. 16 

4.14 
,.~ ." 
'" .. ~ 
'.00 
3.13 ... , 
'" ,« 
2.00 

Ul ,." 
2.21 .. " 
1.111 
2.01 .. " U, 
Ln 
1.81 
I.~ 
LOO 
Uti 
.. n 
.. M 
.. M 
.." .. '" .. ,. ... , 

'. 
4.2-1 
'.M 
8.;'8 

3.01 
3.14 
8.10 .. ~ 
'" '.08 
'.M 
'.M 
2,6\ 
2.72 
,~ 
,~ 

'.00 
2.11 ,m 
2.18 .... 
1.\11 
LOO .... .... 
U • L" .. " 
LM .. " L" .. " -------'-- ,. ---:----'-:--:--'-_-'-:----'--------'--

11 ngleB marked. are apecial 



117 CARNEGIE STEEL COMPANY 

RADII OY GYRATION YOR ROUND C O LUMNS 
•... _ ..•.. 

!] I ~ ill IKMI lotyiq: by Talb 

!.!I ., I •• I 3 I 4 I . \ 6 \ 7 1 "I .S 11.0 
°3 . 
h IlonwpoD4iJc bllu of GpsWa ill 1JI<ktt 

2 . 67 .... .61 .08 ,.\ .M .62 .01 .00 .00 
3 1.03 ... .96 .93 .90 .88 .85 .83 .81 .70 
• 1.88 1.'" 1.81 1.28 1.25 1.22 t.19 1.16 1.14 1. 12 , 1.73 1.70 1.66 1.63 1.60 1.57 1.64 1.51 1.48 1.46 
6 2.08 2.00 2.02 1.98 1.0::; t.ilZ 1.89 1.86 1.83 1.80 
7 2.48 2.40 2.36 2.83 2.1lO 2.27 2.2-1 2.21 2.18 2.15 
8 2.79 2.76 2.72 2.69 2.66 2.62 2.59 2.06 2.63 2.00 
9 6.U 8.11 8.08 3.04 8.01 2.97 2.94 2.91 2.88 2.85 

10 8.51 8.47 8.44 3.40 a.87 8.33 8.30 8.27 8.28 B.20 
11 6.86 B." 6.7\1 3.75 8.72 B.GS 3.65 ViZ B." 8.M 
12 4.21 4.18 '.15 4.11 '.08 .... 4.01 3.97 8.94 B.OO 

RADII OF GYRATION FOR SQUARE COLUMNS 

j~ 
rum. b l~ 'UYil>f bl t""Lb 

. 1 [ •• .S 4 \ •• 6 \ .7 .6 [ .9 11.0 
~~ r..:.~ bllu ~t G1l"lIcm 1m I~ 

2 !1! I :11 .71 

:~I:~ !?! .!! ." .OS .OS 
3 1.11 .1Ir. .91 

• 1 1.~ 1::g 1.32 1.29 , 
illl! 1.7::; 1.68 • 2.15 2.08 

7 2.55 2.48 
8 
8~. . Hi • 2.96 2.89 

9 

I!~ B.86 
m 3." 10 lnll::. !~; t~1470 4," 

8.77 3.70 
11 4. 17 4.10 
12 '.08 4.51 



CARNEGIE ST~;EL COMPA:s'\' '" 
ULTIMATE STRENGTH OF HOLLOW ROUND 

AND HOLLOW RECTANGULAR CAST 
IRON COLUMNS 

Ultimate Strength {n Ponn!!1 per Square Inch: 

ROUND CoLUMNS RECTANCUUR COLUloI"! 

.~- tIa, .. un "'- I !q:uro Beoriq: Pia, ....... ""-..., ..,. ..., ..., ..., ..., 
1 + (llll)' 1 + 8(121)' 1+ (Ill/)- 1+8(12/)' 1+ lI{I21)' 1 + 8(12])' 

BOO d' 1600 d' .. ," S2OOd' MOOd' It!OlJd' 

I_Length of column In (""t, 
d .. Ezternal diameter or least lide of rectangle In Inch,.... 

101]11 ooLlJllS lICfllGm..&.l ooLlJln 

I 
Ullialale ~ Ia l'ou4I .... Sci- 1_ Ullialale ~ ill PnIIda per ",lid 

l .- .. '" .. .- Pi~ ... "' ..... .- ..... ..... .- ...... 
'" ... .- .... """ - .... 
LI .... .... 6:ii1lO "'" " .. .... 
1.0 """ ... "'" ... • 1010 , ... 
1.0 "'" " .. ~9740 "I~ .... """ J.< ~I~ '''''" - """ '''''' =» 

... "'" 49'nU ~"" "'" " .. ", .. ". "'" 
.,.. 01'" "'" .... " .. 1.7 """ ~~. .... 1' "''' "'" " .. '" ""'" "'" .... """ .... "'" ". ..... .. " "'" .... ..,. .." .. , .,,,. 
"'" "'" 511110 " .. ",,00 

'.1 ... - - 00100 """ "'" ••• "'" ... ,,, .. ..... .,,, . "'" ••• ..., 
""" '"'' "'" .... &"" ••• - 81310 .... «000 """ 81810 

•• "'" "'" "'" .... .. n, """ ••• .... .... <WI moo """ .... 
'.7 , ... """ "'" 

..,. "'10 -••• ~, .. "''' - "'" .... "'" ••• 'I" 
...., I- .,," ".. '"" .. , "'" .... I"" "100 "'" .... ••• .. " "'" "'10 "'" "''' "'" ••• "'" '1'" I"" ..... .... ." .. ••• """ - . ... "'" "All .... ••• "'" l~IO 1= 312-10 ""'" 1111.10 



'" CARN I::GI£ STEEL CO MPANY 

SAFE LOADS IN TONS OF 2,000 LBS. FOR 
HOLLOW ROUND CAST IRON COL.UMNS 

• S • • • , • '* , 
" , , , ,* 

8 ," 8 
8 '. , , 

" , 
:~ , , '. " 
, 

" '" " ~~ " n , 
n 

l~ n 
n , . 
n , , 

:~ '. , 
" , 
" :~ " " '. " 

, 
" 

, 
" '. " :~ " " • 
" 

, 
" '. " m " " 

, 



C A RNEGI E ST~; E L COl\.l f' A!'<Y '''' 
MOMENTS OF INERTIA OF RECTANGLES 

···,''',·1-.0 · .. ,!,· .. ··, 
---

" 
"i41k tlloeldClt !~ lBoUo 

P )( I . i< ,' . )i I . 1< 

• •. 00 .. " ,~ '.88 '.00 10.19 H.m , 7.1~ .... 10.72 1I1.M U.211 lfl.~ 17.86 • 10.8'1' IS.38 16.00 18.67 21 .38 ~.OO 116.(l1 

• 1~.l\1 18.118 22.~ ,.., ... " sur "." " "''' 00.'" 8U~ ..... 41. (11 "." ".'" 
H ".~ ... ., .t.50 <0." M." "." "." " 88.00 ".00 M.OO ".00 n.oo ".00 ".00 

'" .. " ~1.21 00.00 9).10 Q1.M 102.118 114.43 

" 117.17 71.46 ".m 100.04 111.38 12I'I.tIS 142.92 

" 70.31 "'."' l1X>A7 1211.((. ]010.63 1!tEI.OO 1~.78 

'" ".'" 100 .8'1' 128.00 149.38 lOU.01 1112.00 218 .38 
H IIll.&:; 1ll7.\l.I 158.M 179.12 row ...... ""."' '" 121.W 151.88 II'12.Z 212.68 "".00 m.", 803.75 

'" 1012.90 178.112 214.&1 "''' l!t35. ';9 1121.62 &,7.21 
ro 166.6'7 ... " "".00 2':11.(17 ..... sot..oo 416.8'1' 

" 100.114 2-11.17 S.41 "' ... ..... "'SU I "'."' ~ 221.88 m." 832.75 388.21 443.61 .99.18 .... '" 
" "".<6 81(1.1\5 ... '" "' ... ..... ~70.38 ".ro 
~ ".00 000.00 "'.00 "".00 ~:'6.00 "'.00 7'00.00 
~ ... " ..... ... '" "'.00 051.04 ""." 818.80 .. lI66.17 457.71 5-19.25 "'." '032.38 .... ~5.42 

" 410.06 612.!tEI (\ 15.00 117.(\1 800.13 "'.M 1<=1.1(1 

'" 457.38 571.67 ".00 ... " 9 1 ~.67 1029.00 1148.38 .. ((6.10 635.18 7ll2.16 89!l. 18 1010.21 1].18.28 12";{I.1l6 .. "'.00 7I)!.18 848.7~ ..... 1125.00 1006.68 1.08.2:; 

" ... " 775.81 .. m 1(81\. 13 19.11.8) 13!16 .of& IMI.r-l! 

'" ""'." "'."' 102-1.00 11~.(l7 11165.38 1585.00 1701!.8'1' .. 748.00 "'.88 1123.08 1310.20 14\1l' .118 ]68Ui5 18'71. 7'lI 

" 818.83 1028.M 1228.25 1432.116 1631.6'7 19(5.88 l!047.tti 
&; ... " llI(1.5-I 138Il.8-I 1563. 1 ~ 1786.44 .... " 2283.07 .. 972.00 1215.00 14I'i8.00 lOUl.OO 1901<1 .(1(1 21 61.00 "".00 

" lC1.'i5.27 1819.0'1 1~.90 ISlll.72 21 10.5-1 1Ilr.'4.811 2636. 17 .. 11·1$ .17 1421'1.96 17U .7l> =." .... " 2l72. 1B 2131>1.112 .. lZl5.81 15+1.77 1&.3.72 211'12.67 9.171.62 20"8).~ ..... ro 
~ 1338.38 1006.6'7 =.00 ..... " 1l6M.61 ..... 00 ..... " 



CARXt:CIt: STt:Et. COMPANY 

EXPLANATION OF TABLES ON BEAM 
BOX GIRDERS 

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

The values given in the tables aro founded upon the 
moments of inertia of the various sections. Deductions wero 
mado for tho rivet holes in both flanges. The maximum stress 
in extreme fibers was limited to IG,OOO lbs. per square inch, 
while In the tables on rolled steel beams a fiber stress of 16,000 
lbs. was used. This reduction was made in order to amply 
compensate for the deterioration ()f the metal around the rivet 
holes from punChing. 

Box girders should not be w;ed in d.nmp or e][posed places, 
since the interior surfaces do not readily admit of repainting. 

E XA MPLE 

A la-in. brick wall 16 feet high is to be huilt over an open­
ing of 2G ft. What will be tho section of tho girder required? 

A "swer . __ Assuming 26 foot as the distance center to 
cenlcT of bearings the weight of the wall ,rill be 26X16X121= 
60,836 lbs., or 25.17 tons. 

On page HiS we find that a girder composed of two 12-in. 
beams each weighing 8U~ lbs. per foot and two 14 X ~ in. 
dange plates will cnrry safely for a span of 26 ft. a unifonnly 
distributed load of 2.).37 tons, including its own weight. De­
dl"cting the latter, 1.48 tons given in the next column, we find 
23.89 tons for the value of tho safe net load, which is 1.28 tons 
less than required. From the following column wo find that by 
inttCllsing the thickness of the flange plates n in. we may add 
1.68 tons to the allowable load. This will more than cover the 
difference. Hence, the required section will be bvo 12-in_ 
beami!l 81.05lbs. per foot and two 14 X -!r in. cover plates. 



CARNEGIE STEEL COMPA!'\" or. 

BEAM BOX GIRDERS 

~" L.OA OS IN T O N S UHI'O IllMI.Y O iIlTIIII . UYt:O 

i-IO in. I·Ueama And B Ph,te. l~ in. X ~ in. -

n :0 hI. 
B PlAtu I-Beam. 
12x~ 16.01be. 

per Poot 

-

II i i di ~,~ :b fA .- d! il-," .HI -.;;""" ~~j! !l ~1"'''''" -(I' ] ..... f·l 11 I· -. Jt~ 'lit ••• e • . 
W 46.00 0.47 3.00 0.00 
11 40."" 0.62 '.78 0.03 •• 37.60 0.06 . ... 0.03 .. 34.62 0.61 .... 0.03 •• 82.16 0.66 2.18 0 .03 •• 30.00 0.70 '.04 0.04 

'" :<.a.18 0.76 '.90 0.04 

" 26.47 0.80 .. eo 0.04 •• 26.00 0.84 1.70 0.04 •• 23.68 0.88 .. 00 0.00 
00 22.60 0.84 .... 0.00 •• 21.43 0.88 1.46 0.00 .. 20.48 .. 03 '.38 0.00 
23 19.67 .. 08 .. .,. 0.00 
24 18.76 1.13 1.28 0.06 

'" 18.00 1.17 .... 0.00 
26 17.31 1.22 1.18 0.06 

" 16.67 1.27 1.1S 0.07 
28 16.07 1.31 1.10 0.<Y7 •• 16.62 .. 30 ..00 0.<Y7 
30 16.00 1.41 .. 02 0.<Y7 .. 14.62 1.46 0.88 0.06 
3. 14.07 .. 00 0." 0.06 
S3 13.64 1.66 0.92 0.08 .. IS.as .... 0.80 0.08 .. 12.86 '.64 0.88 0.09 
SO 12.60 '.68 0.86 0.09 
S7 12.16 1.74 0.93 0.09 
38 11.84 1.78 0.81 0.08 
59 11.64 '.93 0.78 0.10 

- Above VAlue. Are balled on uHuimum fiber .tren <'If IMoo lbA. per 
lIquAre loch; Ii in. rivet hole. \0 both f1AOge. deducted. Weight. of 
srirdel'1lcorrnpond to le0Ith. <:eoter to <:enter of beArlnsra. 



'" CARNEGIE STEEL COMPANY 

BEAM BOX GIRDERS 
.... ,1: LO.IIDS IN TONS UHI'ORMLY OISTIUBUT1I:D 

9-19 In, I.Seams and 2 Plates 14 III. X M'ln. 

n fi . . IS In. 12 111, 

t Plates I_Beam. 1·H(>ama S Plal"8 
oiO.Olbs. ~ 1 .~ lb .. HX~ 

14X~ per Foot per Foot 

'. Jr! j~~ ]'~ .!;-! ~i- :i'~ ;11 s. 
r~' m-'.' ill .3!1 :iIi if Hi '11;.;1'" 'SOil; ... ~ 
"']~..r -1' 11 ~~!5! 'i-!J .-. '~I 

I, ].:~ .. i.J J!l:;o'll J1 I" "jIit "':!.!I iS~ Iol~ 
,. 

_l:'~ • 0 - ------ --- -----
10 73.33 0.66 4.33 615.97 0.157 4.40 0.03 
11 00.67 O.7~ 3.93 69.99 0.63 8.99 0.03 
12 61 . 11 0.78 3.61 ..... 0." S ... 0.03 
lS 66.40 0.86 S.33 60.76 0.74 S.38 0.04 
14 152.37 0.91 S.OO 47.12 0.90 3.14 0.04 

" 48 .. 0 0.e8 2.eo 4s.o8 0.86 2.93 0.04 
1. 415.83 1.00 270 41.23 0.91 2.76 0.06 
17 43.18 1.11 2.66 38.90 O.8~ 2.68 0.06 
1. 40.73 1.18 2.40 36.66 1.0 2.46 0.00 
10 38.90 1.24 2.27 34.72 1.00 2.31 0.06 
20 36.67 1.31 2.17 32.8" 1.14 2.19 0.06 
21 34.82 1.37 2.07 31 .42 1.18 2.06 0.06 
22 ..... 1.44 1.97 20.96 1.26 2.00 0.06 
23 .,.eo 1.60 1." ..... 1.31 1.62 0.Q7 
24 SO.66 1.67 1.90 27.48 1.38 1.83 0.Q7 
2' 28.33 1.63 1.73 28.39 1.42 1.76 0.Q7 
00 26.20 1.70 1." 25.37 1.48 1." 0.00 
27 27.16 1.76 1.80 24.44 1.63 1.63 0.06 

"" 26.19 1.83 1.66 23.66 1.69 1.57 0.06 
2S 25.28 1.89 1.49 22.'76 1.65 t.61 0.06 
SO 24.44 1.08 1.44 21.99 1.70 1.47 0.08 ., 23.65 2.02 1.40 21.28 1.76 1.42 0.08 
92 22.92 2.08 1.36 20.62 1.81 1.37 0.06 
as 22.22 2.16 1.32 20.00 1.87 1.33 0.10 .. 21.57 2.22 1.27 19.41 1.93 1.20 0.10 
SO 20.96 2.29 1.23 18.86 1.96 1.28 0.10 
sa 20.37 2.SO 1.20 t8.32 "06 1.2? 0.10 
97 19.5oa 2.42 1.17 17.83 210 1.19 0.11 
38 19.29 2.48 1.14 17.37 2.16 I 1.16 0.11 
39 la81 2.66 1.11 18.92 221 1.13 0.11 

\ 

I 

Abo,' e values al"tl based on maximum fiber Itre" of 1&,000 Ib!!. per 
"'luan Inch ; II In. rivet hoI ... In both !lAngei deducted. Weighu ot 
";rder. eorrut><>nd to lenJrthl center to center of be.ring!!. 



CARNE G IE S TEEL C OMP A NY 1M 

BEAM BOX GIRDERS 
S ..... I: LO"'OS IN TO N S UNll'"OftMLY OIST ftlSUT I:O 

2·15 in. I-Seams lind 2 Pillte. U In. X n In . 

151n . 
I·Beam8 
000 lb •. 
per Foot 

2 Plat<:8 II in. X n In. 

." 
6<1 uare Inch ; U in. rivet holes In both /langes deducted. 
lCiroe l". correspond 10 lengths center 10 center of bellrings. 

I~ In. 
1.~8ms 
42.0 lb~. 
p<:I" }to»t 

'0, 

Jbs. per 
Weights of 



'" C,\RNEG I E ST~:£L COMPANY 

II BEAM BOX GIRDERS 

SA,a ~O"DS I N TO N S U N II'"O" M LY O ISTJIIIIIUTED 

n 18 in. n OOin. 
II Platea I_Beama 2 Plates I_Beama 

16Xy' Mlb .... 16Xy' 801b .. 
per Poot per P ..... t 

t~ ;i. JI.; • J ~rl fl.; ]'~ !b ;',,=.11 ].! ... r !. '. ii]~ ~d dl . ,I ~11 t.:'a J jI 's0il..r '!~i -. .,,~ 

-f j~ -Ii' .-. .'~J' 
].='3 .... ~! ]1;;'11 ~ • .! ,'I I" I· -, ,0 

~'i ~~.9 -jIiZ ";!.!! "" - ~ -]!! • • --
10 1~.23 0.00 7.152 231.98 1.22 8.32 0.03 
11 1 .76 1.08 6.64 lOtlO.SS 1.315 7.56 0.04 
12 141.00 1.18 6.27 193.33 1.47 6.93 0.04 
1. 130.915 1.27 15.78 178.44 1.69 6 .38 0.04 .. 121.59 1.37 ..88 165.70 1.71 15.94 0 .015 
1. l13.49 1.47 5.02 164m, 1.83 .... 0.06 
16 100.39 1.57 4.70 144.99 1.96 15.19 0.015 
17 100.14 1.66 4.42 136.47 2.06 "60 0.06 
18 94.67 1.78 4.18 128.87 2.20 4.62 0.06 
10 89.60 1.66 3.00 122.10 2.32 4.37 0.06 
20 815.12 1.00 3.76 116.00 2.46 4.115 0.07 
21 81.06 2.06 3." 110.47 2.157 3.00 0.07 
22 77.38 2.115 3.42 106.46 2.09 3.78 0.07 
23 74.01 2.26 3.27 100.87 2.81 3.61 0.08 
2. 70.83 2.30 3.14 96.67 2 .... 3.46 0.08 
25 68.00 2." 8.01 92.79 9.06 3.32 0.08 
26 66.47 2.66 2.00 89.23 3.18 3.20 0.00 
27 63.06 2.64 2.78 86.92 S.30 9.08 0.00 
26 60.80 2.74 2.69 82.86 3.42 a07 0.00 
20 08.70 2.84 2.60 80.01 8.fi6 2.87 0.10 
30 66.74 2 .... 2.00 77.83 3.67 2.77 0.10 
9' 64.91 3.03 2.42 74.84 8.79 2.69 0.10 
32 53.20 3.13 2."" 72.61 3.91 2.60 0.11 
33 61.69 3.23 2.26 70.29 4.04 2.62 0.11 

, 
S4 00.07 3.33 2.22 68.2 4.16 2.46 0.11 
30 48.64 3.43 2.1fi 66.28 4.28 2.88 0 .12 
sa 47.29 3.62 2.00 

1:~ 
4.40 2.31 0 .12 

37 46.01 3.62 2.03 62.7 4.63 2.26 0.12 
88 44.80 3.72 1.9a 61. 4.66 2.19 0.13 
S9 43.66 3.82 L03 69.49 4.77 2.13 0.13 

Abo~" ~"lutl are based on ma:<imum fiber atre .... of IG,OOO Ib~. per 
lIquau Inch; II In. rivet holea in both nange. deducted. Weighta 01 
girden correspond to lengths center to center of bearinKSo 

.. 



CAR~£GI£ S T£EL (! OMI' AS Y ". 
BEAM BOX GI RDERS 

..... ,1: 1.0,..os 11'1 'fON S UNI'Ofl"'LV OISTflII.UTII:O 

II Pl. Ie' 
ISX¥. 

Ill) ;1\. 
I_Bea",. 
M.O lbL 
per F OOl 

2 Pl.tn 
18x~ n'··" "-". f-Be.ml 

InOlb .. 
per Foot 

Abo"e .. aluel Ire baH<:! on madm"m fiber lIre .. ot l~ IbL per 
1<1" .... In~h: II In. rivet hoI". in both ftan¥C1 ded.u~ted. Wei&"hu ot 
prdct. corre.pond 10 length. cenler to <:eM.r ot bear illa" 



CA R N l: Gl £ S TE E L COM PA N Y 

EXPLANATION OF TABLE S ON RIVETED 
PLATE GIRDERS 

Riveted girder •• re used where roHed be.m. aNI hlluffid.nt to 
calTY 11:a 1000d. On paga 47 of the IlthOg'r.ph pl.ta. wlll be found Illu ... 
t ratiOll1 of varioul fonnl IIf riveted girders. 'the ...etfou. with .ingle 
... ebs ar. mo ... coollomlcal thin thOM ... ith double ... eln, but tho latter 
Iro IUlter l.tor.lly .lId ahould .hr.y' be u....:1 where gr_t length of 
lpall Nlqulru • wide top hngo. It tho girder II not hel<1 In posltlon 
sl<1e .... y .. tho proportiOIl of length of Spall to width of hngo ahould not 
... ce.d twellly without maldllg provllion for such increalO by.n Iddi. 
tlon of m.tal In tho oomproiliou lIallg. beyolld thlt requi ... d by the 
Ilb]a. 

Tbo web of the girder must be made of lueh thlckn ... that therl 
... ilI be no tendency to buckla .nd tbat tbo vertlca] Ihearlng It...,u pe r 
Ioqulre Inch wll! not ueeed 10,000 lbs. Tbi. ab_rlng .tr .... I'greatut 
near tbo luppona Ind II obtained by dividing: bal f tbe 1000d upon the 
girder (provided thl load II Iymmetrlcally applied) by tbe web ....,llou. 
Tbe lI ... t COIIdlUou (_urily aglln~t bucl<lIng) la Ittalned when thll 

-~'"','''''!'---thoaring Itre .. dOlI not eltC<Old- d' In whlcb 01 rlprn."'tnhe 
, + -"""",00;;,,--

depth of girder out 10 Out of lI.nge Ingleaand I tbe Ihlcl<lIellof one web 
p lato In Inches. Ordlnarlly Ihll formula gives I lower Ilrns per 1Iq"lrt 
Inch U.ao 10.000 pound .. SO (bn both conditione fir' u lulilly .ttalned 
'IIIben tbe 11 ... 1 I... lo.tead of Increaalng tbo tblckne .. of tho web It may 
be ItHlened by meAn. of vortlcal anglu riveted to it It proper Interv.ls. 
The ... litte r should Il",ays be leal th.n tho deptb of Ihe girder. at le .. t 
near the ends, but to .... d the middle of thct gi rder Iho .tU'!'enerl m.y be 
p laced fu rtber .part or entirely omitted. Stiffene,. thol1ld .1 .. a,.1 be 
used at Or nMr the luppona .1101 at .IIY other poll1t where t bere I, a con­
contr.tion of heavy loads. The duty of th • ..., .tltfellenln ~uch calU II 
twofold; fint, to pravent buckhn .. of the web; aecond, to tr.nlmlt tbe 
Ihear totbe web by mCilIIS of tbe .butting Ireal .nd tha rivets, both of 
"Which mUll be lufficlent for the purpose. 

The rivets generally Ihould boY. io. Illd tho lpadng In fiangol ought 
1I0t 10 uceed e In. and Ibould be cl.-r for beavy ":>.nge.; but In In 
casel It should be clo.e at the ends,.sy 8\n. for. dllt.lI.,. equal to the 
deplh of tbo girder. Where loadl • ..., great upecia.1 calculltlon for rivet 
lracing Ihould ho made. 

The unsupporled width of lI.ngo r\.tel lubJected to C<>mpr .... lou 
Ibould not uceed 82 times thei r thlcklleu. nor Ibould the lIange pl.tea 
e><tend beyond tbe oll ter line o f rlvell mOre tb.1I B In., nor mOre t bln 
eili:hl t im .. their thlekno ... 

Tho term "lIange," ••• pplled tothe riveted girder .. embraces III 
tbo metal in top or bottom ot girder u c luslve o f web plAte ; o r , in tho 
cue of • rolled beam or chtlllnel witb top.nd bottom p'AteS. .11 t b. 
I11e <al uclull"e of tbat proT! of the web between fillet .. 



----, 
CARNEGIE STEEL COMPANY '" 

virder.lntcnded to carry plastering would h<I limited [n depth trom 
out tOout to ... of tl .. '8p<1" length (~In. per foot); other .... i .. til. deflection 
.e liable to .;au ... tbe p!&&teTID¥ to cnoek. 

The foUowhl1t pIli"ca, No-. 150 to Ittll ".elua/yo, {".ulob • reac1y meanl 
01 determining the action, of plate Or box "Irden Dece ... ry to carry 
_peclfocd loadl for apan. varrlu&, from 20 to ~O teet" center to COnter of 
boaring!!-

Tile" Saf. Load." an .,tun tor the MClion abo,", and III colum ... 
heade,\ "Inc tell" In Sat .. Load" i. given tbo 1I,,:.ease In .. t. load lo. 
.. cl! h In. iner_ .. In thlckneu ot llange plato.. Tho lIange platu may 
bo altered ;n width and tb!ckneu, provldod tho oe<::tioll remain tb" 
... me as tbat required III IbO table aod tbo collditionl In regard to 
unlnpported width be fulfilled. 

EXA MPLE 

A 110 in. box rtrott. b to <:arry_load of I!O 10111 OvU a clear lpall or 80 
feel. What MCUon of girder b required? The lpan (rom (>euter to 
oonler of !>earlng. we will a"ume to be 8i feeL 

In tile table, page 161, tbe ufe load (or thll 'pan Ind for tbe girder 
elIo.,n i, found to be ~ tonalncluding wel,ht of ,Irder, whlcb Iitler, 
according 10 the table, may be a .. umed Itabout 1.5 \on ... Tbe totallOid 
to b4> carri.d I .. theretore, 81.5 lou.. Tbe incrl'lll In IIlf. load for h Ill. 
Incr_ in tblckne .. o! flange platO ginn ill the tabln la4.S7 toOl. rhe 
thiekneu of tbe nange plate la tben obtained .. folio .. " 81.51011_'/'2.(11) 
ton._IO.8l'i ton .. Tlli~!l1 toni Is very nearly a.. Each nlnge p llte 
there/ore. mUll be IncreaMd by It In., makin, I total tbickn ... ot fta;)ge 
pLa'e of ,\ In. 

Tbe MCtiOIl III the girder II thell compoMd of t .... lOx" ill. web 
pllte ... two lex ,\ In. ilan,e platu (wblch CIIuld be mid .. 18 X" il .. Of 

-..l X {,Ill., etc._ previou~ IIl1te)and fourS" X 8;{ x;{ ill. fLlngeangle .. 

'the Ihear In 0"'1 web I'i~: ~ :C/~ ;{ or J.78l'i pound. per "I1I.re inch wblcb 

;:,::~'~'~ .. ~= .. al ..... fe ,..illlt buckling. lince It i.l .... than d' wbich, 
1+ !,OOOt' 
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20 {l3.67 
2t 89.22 
22 86.t5 
28 81.46 
24 78.07 
2.'l 74.94 
26 72.00 
27 69.~ 
28 66.91 
29 64.60 
80 62. 
Bt 60.« 
82 lIS. 
B3 56.77 
34 M.ll 
85 M.M 
86 52.04 
87 00.68 
B8 49.80 
B{l 48.0B 
40 4e.88 

PLATE G IRDER S 

1.62 4.62 
1.69 4.88 
1.76 4.19 
1.864.60 
1.03 8.83 
2.01 B.613 
2.07 3.M 
2.14 8.42 
2.21 8.29 
2.81 8.17 
2.88 B.07 
2. 2.97 
2.112 2.88 
2.39 2.79 
2.66 2.'10 
2.78 2.68 
2.88 2.66 
2.00 2.49 
2.97 2.42 
8.04 2.37 
8. 11 2.81 

.05 

.05 

.06 

.06 

.06 

.06 

.07 

.07 

.07 

.07 ... ... ... ... 

.09 

.09 

.09 

.09 

.10 

.10 

.10 

105.82 
100. '18 
96.20 
02.01 
88. 18 
84." 
8182 
'18.88 
711.58 
'12.118 
'10. 
IIS.2 
66.14 
64.18 
62.24 
60.46 
36.79 
37.20 
M.70 
34.27 
52.00 

1.70 
1.7"1 
1.84 
1.05 
2.02 
2.09 
2. 17 
2.24 
2.81 
2.42 
2.49 
2." 
2.64 
2.71 
2. 78 
2." 
2.96 
'.08 
8.11 
8. 18 .. '" 

'.08 
4.85 
4.62 
4.42 
4.28 
4.06 
8.91 
8.76 
'.68 
'.50 
8.89 
8.29 
8.17 .... 
2.99 
2.91 
2.88 
2.75 
2.67 
2.80 
2.M 

.05 

.05 

.06 

.0' 

.06 

.06 

.07 

.07 

.07 

.07 

.08 

.08 ... 

.08 

.09 

.09 

.09 

.09 

.10 .1' 

.10 

Th. abo~e ~alael are fOlladed on tbe momenta of Inertla ... f ,be MeUon. 
a~hura ma"hnllm ftbe •• tru. of 1.5.000 lbto. per ~UTe Inch; U In. rivet 
boleti In bolb lI.dWei dedD(;U,d. WeiWbu. of .,rdt ... corruP<)od lole .... tb. 
cedler 10 cenltt of bearh ..... and IlIclllde .lul btad .. "Uftntnand lillers. 



CARNEGIE STEEL COMPANY 

PLATE G I R DERS 

SAI'E LOAPS I N TONS UN'I'OltMLY OISTIt'eUTEP 

2<l 
21 
22 
23 
U ,,'", ,., 
2,; "." , ;., 
26 ,., 
27 
28 
29 
80 
a1 
82 
all 
,I{ 
35 
116 ~~:i~, 

" S8 

" " 

I ~i 

!i I.' 

4.27 
4.11 
'.00 
8.82 
3.70 
3.08 
8.46 
8.86 
3.27 
&.17 
8.07 
2.99 
2.91 
2.88 
2.77 

2.72 
2.84 
2.95 
8.12 
8.24 
8.86 
8." 
8.59 
8.71 
8.88 
4.00 
4.12 U, 
4.35 
4.47 
4.59 
4.76 
4.87 
4.99 
5.11 
6.23 

7.74 
7.37 
7.08 
6.78 
6.44 
6.11:1 
G.95 
G.78 
5.52 
5.34 
5.17 
4.98 
4.85 
4.70 
4.55 
4.42 
4.00 
4.18 
4.07 
8.97 
8.87 

,ro 

'06 
.W 
.07 
.07 
.07 
.07 
.08 
.OS 
.08 
.00 
.09 
.09 
.10 
.10 
.10 
.10 
.ll 
.ll 
.ll 
.12 
.12 

":Tbe above values are !o .. nded On the n,omenlsof Inertia of Ibe sectlon8 
u~h'lI"a ma"lman, fiber 5t ,..,U of 15.000 lbg. pf:r SQ.uarelncb ; it 10. riYet 
hoi"" In bolh ftanllea deduct~d. Weight8 of lI"irder$ correspond 10 It11l1"lb. 
center to cenler of bearinl:"s and Include rivet heads. "lfre11trs and fille ..... 



'" C ARNEGIE S TEEL COMPA NY 

BOX GIRDERS 

s ... ". LOADS IN TONS UN II'O"M ~Y DISTIII.UTED 

I ,~~ ~ h"nil • 0 

" " " .~ • " .!i 

I 
. . , • , • i p . ~ .. ~ .. ~ .. . j , . 

;:j .. • ~ . .. 
:j f' .. " .. x.! i • .s~ x, , ~.!:i£~~ ,. ~, --!.: ~" x' ." 

.i .; ~. x:>' "'< .j f x x< .. - ~ , x x 

~ll ~ tth, .S .S 
, .!i ,; ~ 

~ • • s., • • • • • 
s· 11 f~ i- l!,! -!.5 ... ~ 

j~ ':ii~N i': jj 
... ~ 

j rl~ ".! ri~ i~il :id~ ", . --! "-"1 J'" "'1 .r' ~ IF.a ... 1; '\I :i'~ 1~ 1:11' 3- ~-H ,.' -'3- ! -- --- --- --- ----------
20 112.60 2.13 6.61 ,07 100.2 2.44 9.17 .00 
21 107.24 2.2J 6.80 .07 148.1 2." 8.7/'i .00 
22 102.37 2.32 6.00 .08 136.5 2.66 8.38 .09 
23 97.D-2 2.4)'; lUll .08 130.6 2.80 7.06 .10 
24 93.88 2." I'Ui2 .08 125.2 2.9\ 7.6< .10 

" 00.08 2.64 3.80 .W 120.1 B.03 7.3.'J .11 ,., 86.62 2.74 '.0Il .09 115.5 lL1 4 7.00 .11 
27 83 .41 2.1:18 '.90 .09 111.2 8.25 6.SO .12 
28 80 .42 2.08 4.73 .10 107.8 B.86 IL54 .12 
2\J 77.6:.1 8.00 4.57 .10 103.6 8.50 0.32 .12 

•• 7.:i.07 3 .1 6 4.41 .10 100.2 S.fil 0.10 .18 

" n.M 3,26 4.27 .11 00.' 8.72 6.\1"2 .13 
32 70.38 3.85 4 .13 .11 93.9 8.83 0. ,II .14 
88 68.M 8.00 '. 02 .11 91.0 3.95 '.Ii<' .14 
34 66.28 ' .64 3.90 .12 88.4 '.06 6.39 .14 

" 64.84 • . 64 8. 78 .12 85.8 4.17 0.23 .16 

" 6\.1..56 S. 76 8.07 .12 83.4 4.8t '.09 .15 
37 GO,S7 8 .86 8 .57 .1B 81.Z 4.41 '.116 .16 
8S 69.26 8 .95 8.48 .18 79.0 , .68 4.82 .10 
89 157.74 4.05 8.89 .18 770 4.05 4.70 .17 
40 56.S1 4. 151 3 .80 .14 "ILl ·U'6 4.OS .17 

The above values are founded on the moment. of inertia of the sectiobs 
u .mga ma"imum fiber s tress or 1~(o)Lb ... per aquare Inch, II it •. rivet 
holes in both flangesdoducted. Welghtaof girdersoorrespond tolengths 
"cnter tocenler of bearinlts and include rivet h"ads, ~Iifl"ene,.,.and SlLera. 



CAR:>:EGIE STt;E.L CO:'II'A:>:~' 

BOX GIRDERS 

.... 'c LOAOII IN TONS UNI .. O .... Lt OIST"'.UTIED 

111 
1 ' 
i , 

i'i !! 
22 

'" .. 
" 26 
27 
2S 

" 90 

" ., ,. 
54 

" .. 
B7 ,. 
SO 
'0 

: , 

11 ji 

.10 

.11 

.11 

.12 

.12 

.1' 

.1' 

.14 

.1' 

.15 

.Hi 

.1' 

.1' 

.17 
·17 
.18 
.18 
.19 
.19 
.20 
.20 

329.2 
318 G 
29!l.2 
28a.2 
274.8 
263.8 
258.2 
248.8 
2M.2 
2"27.0 
IH9.G 
212.8 
20>.7 
199.(j 
IDa .a 
188.1 
182 .9 
171.9 
178.2 
168.8 
164.5 

8.74 
8.91 
'.00 
•. ao 
4.48 .... 
'.83 
'.00 
G.17 
(j.39 
.G7 
'74 
G.91 
'.08 
6.21; 
6.43 
0.'" 
6.82 
0.00 
7.16 
7.84 

• '. .. .s~ 

"" x • 

18.29 
17.41 
16.G8 
15.00 
1:1.24 

"03 
14.07 
1B.M 
IS.06 
12.61 
1~.18 
H .70 
11.42 
10.08 
1O.7(j 
10.4:1 
10.15 
!l.89 
9.62 
9.88 
9.14 

, .. 

• 

.1' 

.1' 

.1' 

.1' 

.1' 

.1' 

.17 

.17 

.18 

.19 

.19 

.20 

.20 

.21 

.22 

.22 

.23 

.24 

.24 

.2.5 

.20 

Th, aoo", \· .. IIl .... Te foullded Oil tile momellu of Inertia of tho seetlon. 
u .. illg .. ma2imum llber stress of I~ IbL per -'luara incb; II ill. rivet 
1101 .. 1" both 1I .... {e~dedncc.ed. WelghUof Klf"derl eolTHpDlld tolelllr'h • 
.,.,nter toeenter of bearlng ... nd ;nClnd, riv,theadl, ,tltfe"eu ."d 1I~I"u. 



'" CAHN Io:G IE STEEL CO~lPA NY 

I_BEAMS AS USED IN FOUNDATIONS 
METHOD OF' CALCUL.ATION 

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

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

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

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

For any other spacing or pressure than those given fiud 101 
r,b 

from the formula ;\1 .. , P 1/ 12 

EXAMPLE: 

Let L=588 tons 1 Assume p=S ft. 0 in .. p. =5 ft. 

Le b 8 
1 ft. 9 111. 

t = tons Then b '=6 tons and b'",,24 tons. 

8 in., p'= 

Use 15 in. spacing for lowest tier of beams 
" 12" " .. 2d 

9 -, " 3<1 

Now using the above method of calculation we b,we {or 
the respective tiers: 

3.iiX1.937:::6.78=Modulus corresponding to 12 in. Bt.51b. 
b<am. 

5.2oX2.4tiO=12.86="lodulus corresponding to 20 in. 75 lb. 
beam. 

1.75X4.243=7.43=Modulus corresponding to 12 in. 40 lb. 
beam. 



C AR N"EGIE ST E EL COMPANY 

TABLES GIVING THE SIZE AND WEIGMT OF 
BEAMS FOR . =9-12-15-16-24 INeMES, b= 1 

TO 50 TONS PER SQUARE FOOT AND 
p", VARIABLE IN FEET 

h l " ~1 1 • to! SP1CIIG or I·BUIS 

i, f • .1 • .1} • j-"' 
,.. • ;; '" It" I~" 111" tF 

- ----- ---- - - ------ - -

" '"' 10.263 " 00.00 8,210 • 
~ .. I~.m " 00.00 7.730 

, 
• * .. IS.rol " ".00 7.1211 • 

00 .00 14.8."08 " 8UiO .. "" • • '" 00 14.41~ 10 00.00 ..... 7 
00 .. IS.1I8S 10 80.00 .... , 

• 00 ~ 18.007 10 ".00 •. roo 10 
00 M Ill.488 , ".00 5.I'M n 

" " ro 1l.1l83 , "'.00 .... " " 00 11.1!18 , 21.00 11.016 .. 
" " ~ 10.&7 , "'.00 4.776 " m '00 12.M3 , 00.00 4.41» " " " 00 19.~ , 18,00 ..... " " 

., 11.8\12 1 00.00 ... 00 

" " " 0.006 1 15.00 8.715 " " " 10.8(;2 • 17.11[, 8 .• 111 " " " 10.40:1 • 12.20 8. 1111 " '" " " ",. • 14.75 2.&12 '" " " ~.r.o • g.75 t.'" " " " 8.86\ • 10.60 2. 182 " .. 
" ~ 8.4.~ • 1.00 ..... " 
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I -SEAMS USED IN WAlIL FOUNDATIONS 

M ET HOD O F CA LCULATIO N 

Let L=Wclght of wall per lineal foot in tona 
and b=Assumed bearing capacity of ground per square 

foot (usually {rom 1 to 8 tODS); 

then ~ =W=Required width of foundation In feeL 

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

Evidently tho si~ or beams required will depend upon their 
strength as cantilc\'cn; of a length "P" lIusttiioing the upward 
reaction, which may be regardedasa uniConniy distributed load. 

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

and p b lI=uoiform load in tons on eAch beam. 

The table on the (ollowing page gives the safe lengths ., p" 
for the various si~es and wtights of beams for s= 1 ft. and . , b" 
ranging frOIn 1 to.5 tons per square loot. For other values of 
"s," sny 15 in. or 1)4 ft., the table mny be used by simply 
considering .. b" increased in the anme ratio as "s" (see 
cxample below). As regards the weight oC beams, it is advan­
tageous to assign to "5" as great a value as is warranted by 
the othC!r considerations which ohw.in. 

E X AM P LE 

The weight or a brick waU together with the load it must 
support is -40 tons per lineal foot. The 'l>ddth of the lowest 
footing-course of masonry is 6 ft. Allowing a Pre!;Sure of 2 
tons per square foot on the foundation, what siw and length of 
I_beams 18 in. center to center will be requ'ired ? 

Allsw.tr-L=40, b=2. w=6. S=l~. 
Therefore W =40-7-2=20 ft., the required length of beams. 

The projection "p"=~ (20-6)=7 feet. 
In order to apply the table (calculated for 11-= 1 ft.) we must 

consider "b" increased in the same ratio ns "s," i . .t., b= 
2 X 1}{=8 tons. 

In the column for 8 tons we find the length 7 f1. to agree 
WIth 20 In. I-beams 65.0 Ibs. per foot. 



CARN E Gn; ST E E L COM P ANY '"' 

TABLE GIVING SAFE LENGTHS OF PROJEC .. 

~ 

TIONS "p" IN FEET (SEE ILLUSTRATION) 

FOR "5" "' 1 FOOT AND VALUES OF "b" 
RANGING FROM 1 TO 5 TONS 

• (TOD PU SQUill fOO1) 

, • • 
•. m .. " 
'.M 
'.80 ,." .. " .. " .... 
11.10 
'.00 
,.~ 

'''' '" 
'" 1.14 
0." 

Tho 81~~ of beam for any other pressuI'flis found by multiplying the 

projection by th<l aquaI'fl root of th<l assumed pressuI'fl and finding the 

beam having a projection cOrTeBponding to this product under th<l On6 
ton column. 
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BUCKLED PLATES 

A Dew form of buckled plato, made in 10ng letlgths with 
oIeveral buckles to the plate, is shown on opposite page. In 
this form the plate is usually supported at the two long edges 

only. 

Buckled plates are used {or the floors of fireproof buildings 

and bndges. They are usualJy covered. wIth concrete or 

asphalt and stone pllving, etc. They are generaiiy made in 

length and width from S ft. to 4, ft. 6 in., and in thicknesses 

of :4 to ~ in.; they I1rc very strong. as indicated by the fol-

lowing table. In order to allow for SQIDe deterioration by 

corrosion they are, however, rarely made thinner than :.( in., 

while h in. is a usual thickness tor bridge floors. 

There has not yet been a reliable formula devised from 

which the strength of buckled plates can be figured., but from 

experiments on plates 8 ft. square, arched 2 in. and well bolted 

down on all sides, the following table of quiescent safe loads 

uniformly distributed has been deduced. 

N:k~_ /..~~:..ipl Sof. Loo4 (o...1ou\k of 
Pw Sq\l1A '-' , ... m_ lMd.) , ..... , .... , .... <11 

-

" "., , ... "" 
h m.lI , ... IOU 

• 139. 5 .. ,., 
"" -

The resistance of buckled plates bolted or riveted down 

all around is double the resistance of the same plates merely 

supported all around, and if the two oppusite sides are unsup-

ported, the resistance is reduced in the proportion of 8 to b. 
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TROUGH-PL.ATE FLOORING 

rb~ trough and corrugated plate ,;eCt;on5 shown on pagtl III are u""d 
for /loon of bridges and fireproof buildinga, al ahown In Fig. 6, pag .. 4Il. 

The following t .. bln gIve weights per lineal foot of each rol1ed 
tection and per aquar .. foot of floor Burface for thicknesses vnrying by 
,\ In.; also th" se<o\io n modulus for one fool in width and the .... Ie loads 
per squ"re foot for SI"'D S of diff~rent lengths, uSing fibre Btre58"! of 
12,000 and IO,OXI 11>s. 

-... . ~ -... -, 

~> .' L r ; . ; · . ! 'T ; · . . · ~ ' ~ . ... . --~ . ... .. .... & ......... ,, ' " , & •••• _-_.-8._- _ 

PROPERTIES OF TROUGH SECTION 

-
Section Index • :\1 10 :':of 11 M 12 M 13 1114 
Thickneoa of base . Irs l~\ .t', II J'., Weight per line .. ' foot ." Wei..:ht ~r ~ullre foot • . ".00 s:'1.l5 81.81 ~" 1r..74 
Section odu uS for I ft. in widtb II.M 13.00 14.57 10.12 17.67 

SAF'E LOADS •• POUNDS PER SQUARE F'OOT OF 

F'LOOR FOR SPANS OF DIF'F'ERENT LENGTHS 

--- -
:! l! II) )/11 ~112 l[ 13 MH 

, 
! ~ .. l~ ... ' ... .. .. 10,0011 11000 I~ 12,000 1 10,0011 

'" , .. . .. , .. 1100 1100. 1 1100. 1100. 

- ----------
• MOO ... .. ~ ... ... .., MOIl 4~ 50 .. ,.. 4712 

• ~00Il 2141 "'" 21 18 "'" 
.,. 

"" 
..., 

"'" om , .,., 15711 218:) m, "" ",. .., ",. '"" "" , '''' "" .. " .~. . ~. 1~17 ,." .'" ... . ~ . 
• .. ., '" .... .'" .... .. 00 ."" "" ,,~ .~ .. ,~ m " .. , '" ",. m ... 10'03 1414 111'8 .. '" '" ... ,.. .. .. . .. ... .. " '" " ~, "" ". .. .. "" '" '" .. '" .. M' '" '" '" .. '" "" '" .. '" " '" '" '" ... '" ... '"' ~, ~. ." " ... ~ . '" .., 

'" .~ .'" '" ... '" .. M' ... .. OW ~ '" "" "n '" ... 
--

Sa! .. loads Ir;'·en include weight of "",ction. 
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CORRUGATED PLATE FLOORING 

~';;~~ii~ I , , ' , 
l.-------·8~ !'. ------.;.-- ---.l.--- - -- - -I 2t\o'!--_....,I 

PROP~RTI ~S O F" CORRUGAT ED PLATE 

Section Inde ", "'" yo. y" "" .~ "" Thickness of meal : /" 1~1 Ito lr.75 ,fl" " Weight per lineal foot' : : "'" Weif.ht ~r :tna,.., foot . , 11.00 18.78 18.50 17.(7 ... ~ ... ., 
Sect 011 odu u. for I ft. In 

widtb 1.10 'M , .. .... .... . .w 

SAFE LOADS IN POUNDS PER SQUAR~ FOOT OF FLOOR 

M" 1181 }132 'V!.. 
I~IIOO lbo. 10.000 lbo. !2,000 IlL 10.000 IlL !2,000 lho. 10.000 lho. - • '" '" ... ... '" '" • ~. "" ." "" ..... .. , , ". "" '" . , ... '" • '" '" ' M '" ... .. , 
'" " 'M >0, , .. '" .. .. " ,~ ,m ,. ' M 

" " " , .. .. '" , .. 
" " " .. " , .. .. 
" " " " " .. " " " .. .. .. M " " .. " .. " " B< .. " .. .. " " " 

MOO "" ." ..... .. 
,~ 

I:!,OOO IlL 10.000 1110. 1%,000 1110. 10.000 1110. I%,OOO 1110. 10.000 1110. 
---

• 'M' '" "" ''''' , ... 1171) 

• '" '" "" '" •• ... , ... ... ... '" '" ... • ... '" '" ... ... 'M , 
'" "" '" o.. ... .. , .. .. '" ." .. ,M .. 

" ,n '" '" '" '" '" " , .. '" ... ,m ... .. 
" '" '" , .. 'M .. '" .. '" '" '" .. ,~ .. , 
" '" .. ". '" 'M ", 
" , .. SO ". '00 "" 

,,, 
-- SaCe lOOld. given Include weight of llection. 

Weight per "'lua,.., foot "Iven do ... not Include .... ell'bt o f splice plat .. 
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C O RRUGATED A N D GALVANIZED 

SHEETS 

Corrugated sheets are used {or roofs and sides of buildings. 
They are usually Jaid directly upon the purlins in roofs and 
held in place by means of clips of hoop iron, which encircle 
the purlin and are placed in distances of about 12 in. apart. 
Special care must be taken that the projecting edges of the 
corrugated sheets at the eaves and gable ends of the roof are 
well secured, otherwise the wind will loosen the sheets and 
fold them up. 

The cotTUgations are made of various sizes; the smaller 
present a more pleasing appearance to the eye, while the larger 
are stiffer and will span a greater distance, thereby permitting 
the purlin!; to be placed further apart. The sizes of sheets 
generally used for both roofing and siding 8fC Nos. 20 and 
22, B. W. G. 

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

The corrugations are 2.425 in. long measured on the 
straight line; they require a length of sheet of 2.72G in. to 
make one corrugation, and the depth of corrugation is It in. 
One corrugation is allowed for lap in the width of the sheet 
and 6 in. in the length for the usual pitch of roof of two to one. 
Sheets can be corrugated of any length not exceeding 10 ft. 
The most advantageous width is 30~ in. which (allowing 
~ in. for irregularities) will make 11 corrugations=80 in., or 
making allowance for laps will cover 24)( in. of the surface of 
the roof. 

By actual trIAl It Is found that corrugated shMt No. 20 
spanning 6 ft. will begin to give a permanent deflection for a 
load of 80 lbs. per square foot, and that it will collapse with a 
load of 60 lbs. per square foot. The distance between centers 
of purlins should therefore Dot exceed 6 ft. and preferably be 
less than this. 
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CORRUGATED SHEETS 
( Not manufactured by C.rn.,I. 5.«1 eo"' .... nr) 

The following table is calculated for shoots 80M in. wide 
before oorrugating. 

J ! fh "K lilian tl lot ~ .... ,. IJ
l fj I] "21 

yM. .u........ I ill. I.p 'YSct 
ud~ .... ~Ia" III lJ !1 of for hI W,n : -- il •• .. t t! • • 6 ' e' 7 ' .' O' ")' 

--I--- -- -' -
" ... iI.1l1 .." .. .. '" "" '" ... .... 
" .,., "" .... '" "" "" '" .. .. , '.M .. ... ... " "" '"' ". ", '" '" '" 1.74 

" .... 1.11 1.41 ,~ 'M ,~ ,ro , .. , .. "" " .... ... 1.11 '" 
,,, '" ,,, 

'" '" ,,~ 

" .018 . n ... '" .. " " .. " "'" 
NOTE-For .... Igbtl per lMI ..... re laid wltb one and o_bllf lap add 14 

abo .... & per cent. Por weigbta per lMI"are laid witb two Ia~ add tcr 
abo". 10 per cent. 

TRANSVERSE STRENGTH 

. ' • , , , 
/ . _------- --

. .. ---------p.--_ ... _._-- ~ 

I :..; Un8uplX>rted length of sheet in inches. 

t = Thickness of sheet in inches. 
b = Width of sheet in inChes. 
d = Depth of corruga.tions in inches. 

W = Breaking weight distributed in tons. 

w = Breaking weight distributed in poundL 

W= 
49.0lI t. b. d. 

I 

w ~ 
99000 to b. d. . 

- = 
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NOTES ON ROOFS AND LOADS FOR SAME 

-'HCIoES 01'" I\OOf'S AS OOMUOJ'HY USt:O 

-

";r.!:" "" ~rtiOli 
bgl. -- ..... ~:fs. ..... ........ . .... .... .i .. ,.. .... 

" " .. 1.4142 " " ~ 2.=1 

" .. 
I 

" ..... I " .. ,."'" 
• .. , ..... I " " 3.1623 ..... . . 

. -. 
APPROXIMATE LOADS P<R SQUARE FOOT 'OR Roors 

OF'SPANS UNDER 715 FEET, IN CL.UDING 

WEIGHT OF TRU SS 

Roof co~",d with eorrugated zb""tR, uoboarded 8]h ... 
Roof covered with coHugated 'heetl,oll board. H ., 
Roof covere(\ witb alate. on latbs " 

.. 
$alne, On boardalj( ill. thick " " 
Roof covered with abingles, on laths .. .. 
Add to above, if plastered below raften .. .. 
Snow, Ugbt, ""eigblper cubic foot II to 1$ " 

For spans over ~ ft. add 4 Iba.. to tbe abo"" loads per "'lua .... foot. 
It i . cuetomary to add 110 Lb8. per aqua .... foot to tbe above for Ino .. 

and wind when &epar .. t .. calculations a re not made. 

PRESSURE OF WIND ON ROOFS ( Unwin) 

.. =Angle ot lurface of roof witb directIon of wind. 
1'=1'0",," Ot wind in pounds per SQua.re foot. 
A = P reflSure Dormfl! to aurfflce of roof=!, Sin. a"" coo . ... 
B=Pre..,ure perpeudlcular to direction of wind=!> Cot. 5 Sin. 5"" COl .•. 
C=Pre..,ure par.Ue! to dlrectlou of w;Qd=F Sin. " .... coo .• 

-
Angleofroof=a ~ ,~ .,. .,. 

'" 
.,. .,. 

"'" ... .,. 
A=FX .,~ .~ .<> .00 .s. ." LOO LOO 1.01 "00 
a=PX .,~ .~ ." ." .M ." .00 ... ." .00 

C=PX ." . M ." ... .~ .n ."' ." .~ .. 00 
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ROOF TRUSSES 

T AIILRI roR FINDING 5TRJ.SSU IN MltMBRU 1'01. ItOO, TItUSSa 

OF THE DII'I'£ltKNT TVrl!S AND rl'rCIlU AS aH·ltN 

IIKJ.,OW AND OF ANV SPAN 

RULE-To find the litress in any melllber, multiply tho 
coefficient given for that member by total dead load carried 
oy tru!io!l (=span in feet X distance between russes in feet X 
weight per square foot}. I£ the truss is acte<l upon by wind 
forcel or other unsymmetrical loading. the Itressel in the 
members must be cnleulated accordingly and combined with 
the dead load stresses as round below. 

~~ ~ IlOO J __ " ____ '_-1 
Pig. 1 

Ao B. 
e. 
C, .. 
bo 

Pig .• 
> .• •• e. 
Do 
Od .. 
'" " 

Plr· s 
Ao H. 
e. ,,, 
FA 
EO .. .. 
" f, 
C' 

" I: 

... 

. '" ... . ", ... .H' 

. "" .... .... . .., 

. m .,,, 

. ,,, . .., 

.'" ."' .~. ... .... .'" . m 

.,~ .... 

. n I, ... 

.,,, I' .,,, . .., 

.,., 

. ... . .., .... .. , 

.117 

.... ... ... 

.m .... .,,, .,,, ... 

.'" . 811 ."" .... .'" . .., .... .,'" .,'" ••• ., .. .,,. 

.t11 .'" 

. ... 

.no .'" . .. .'" ... 

. .. . .. , 

.". . ... 

.oro . ,., .,., .... 

.m .... .... 

.810 

. m 

. "" . .., 

.111 .,., 

. '" .,,, 

.118 

. "" .m 

1.010 
.811 .... .... ... 
.Sll1 

1.18> .... 
. .. ..." .'" ... ... 
.~11 

1.1':8 
I.IS1 .... ..'" .. ... .... ... 
.118 .,,, ... .,,, 
.118 
.813 

'" 

NOT_Heavy lIr..u 
dellot •• ompre .. ;oll 
al1ll Upt .lnulellalor 
memben. Loeda ... 
• on.lder.d .. .011«11_ 

trlled at the joints. 

".: ~ /.v, . 
c 

FIO.S ..s-& 
y,(.J,\'/' , 

-
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STANDARD CAST IRON SEPARATORS FOR 
I-BEAMS 

~[!J10 
Sepa~ator;s fo r 18,20 and 24 in. beams are made of" in. metal. 
Separators for6 to 15 in. beams are made of ~ in. metal. 
Separators for 5 in. beams aud under are made of ~in. metal. 

SEPARATORS WITH TWO BOLTS 

Jooi(Wioa. of a- -- ... ,-• • .-, "'j h 
, • .i 1 ." ! ] 1 H J ,1 ~ [j,1' i;;;i ! 

_~ :l 
s! • • b-. ~ ~ ij a Jf f • "~i ... J .!!JijJ a I :r 1 -; IW 111 , b • .! ~ ;;; I-----

B , ~ .. "~ 'K ~ " O. 3.41 ."" " '.ro • • ., .. " '. " :~ 3.41 .'"' '" S.IO so ., 
" "" 

, 
~ " .. " ."" " 8.10 ... " ~ liJi 1li 0 .. 3.16 .'"' " 2.75 .. " .. 

:m a '" 0 '.M .'"' " 1.75 .. " .. :~ l~ !~ .. " .'"' " 1.75 ., 
" .. " .. " .'"' " L'" so " '" " 

, 
~ • '" .. " ."" " 1.00 so " BUi '''' OK 0 '. ,.~ .'" " L'" 

SEPARATORS WITH ONE BOLT 

so " "'.0 "" • I 
.... '" 1.49 .'" " Lro so " 31.5 lOY. :~ ... 

~ 
L" .'" " ...0 ." " ".0 ,,~ .... L'" .,,, • L" ." • 21.0 m 0 .... LM .," , L" ." • 19.0 'j( .... L" .'" 0 LOO 

." , 1~.0 '" 'j( 

~ 
... OJ( L" .'" , .'" ." 0 1~:~ '~ I , ... 

:~ 
L'" .,,, , .ro . " 0 u '" 1.1~ . .,~ • .00 ." , ,. :ii 'j( !I ... 
1.

13
1 . '''' • .<0 .n • o. o. 0 " '. o.ro .00 , ." 

"- -' 

I 
) 
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STANDARD WAl.L ANCHORS FO" BEAMS AND 
CHANNELS 

' . . --------.1,;. -,. 

] 
.- NO.4 

<CJ;;;;;;;;;;;;;;;::;~ NO. 7 

-~ r -
~

-----. -
NO.8 ... - -

~ 
.-\..,--,: 

~H I l~ ~1 
~".!I .3.,!! ~J! 

3to 9 16 ~J( 3to IS ~Jt)«(, 12 
v 1 1~::2: 2:X, ~ 2K 41,,~8c~:::~C~:I:g=-:~"R'-I._IC~,""" 

2 6to 10 3 X~ 6 V - BIO 9 115 ~ 
_ _ ,_"_,_, _2_4 3 X~ 12 f--::-1 1_6-'7W::,"=2~4,::::-'",:-'-:o'C8c:"~2:,":,: 

310 56)(4)( ,," 2)( 6 All ",elghta and dimension. 
3 61010 6)(6)<X 3 8 marked Va:. "anable, .. .,.,lllO 

1210:.146)(6)(", S 11 other figurn wbe .... "otgivell. 

All mateda' for anehor' ateel. ucept NOL 7 alld 8, puc... of which 
may be ca.! or mall.able Iron. AIL a"chots 'T' &hIpped loose Illd 
riveted Or bolted t o beamlln the fteld; Ind In order to avoid two ,i •• 
holuln the .. me I?leo:'lnchou IbOllid be 110 lelected that holn for them 
I .. d their connectlona may be \lIn. The "llghtl given above includo 
tbe boLtt or r lveta for field conne<:tion .. 

Anchors N"". 1,1, S, 4 and II ar .. common In bu!hllng con.truetton: 
thl!l .pltt anchor bolt~ No. &; with or without wedgOl,arl!l mo.tly used for 
brldgl!l work and coluUln roul1daLlon'l tna wa.her tor No.7 on out.tda 
ot waU may bl!l either a ca.l tron .tar or •• tHt plate: u.pansJon bolu. 
No, 8 ano of _In repair worll: t o ta.ten channel .. etc., to brid< waUl. 
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100 .0 7)( 
US.':> 7,\ 

:34 90.0 7~ 
85.0 'ih 
80.0 7 

100.0 7b 
95.0 'iM 
90.0 7/.r 

20 85.0 'ih 
SO.O 7 
75 .0 6~ 70.0 6 
6.5.0 6 

70.0 6» 
18 65.0 6» 

60.0 61, 
M.O 6 

100.0 61i 
95.0 6J 
00.0 61 
85.0 61-
".0 611 
75 .0 6» 

16 70.0 6A 
M.O 61s 
60.0 6 
M.O 5J( 
tiO.O 5~ 
45.0 5 
42.0 G 

CARNEGIE STANDARDS 

~i"r ',G-o --l 

i , ~ 
i i --~ 

, I • , 
)I- ~ ... ___________ t - --- -----""~ ... 

i i 
H 
It 3J1 
;< 8J1 

It 8J1 
3J1 

Ih 8M' 
1 3" 3" 8J( 

8" 3J1 
SJI 
8J1 
'JI 
8 
S 
8 
8 

11 
11 
11 
11 
11 
11" 
11 " 
11J( 
11 " 
12M 
12M 
12M 
12M 

2 , ..... 
2 1 ..... 
2 1 ..... 

: :~ ..... 1;< 
1;< 
1;< 
1;< 
1J1 
1J1 ;< 
1J1 ~ 1J1 ,. 

~ 

" 16 .!: • x 

~ 
~t x-

16 xV:: 
.' - .!: 

12 
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CARNEGIE STANDARD S 

o ~ .f1r.p o 0 

.... C: - l( of wob+Y,,· L~L 
-~;; "--------

.. 
!rillllll nanG .1 -J ~i.a ill .s, m ". ". ,. 

------
'r·· OJ( 

* 
100.0 .. · :l m 9S.0 
00.' .4 

:J'l" " 80 .' 
24" • · " .. /, SO., 

~ · --. - 0" " 100.0 
• ••• >. :\t " 9.5.0 

g 
00.' 

2_ Ls<l! '" t· ",V:;:l'-f;- :)t 80.' .0 SO., 
Wt. o!3l bl-

'II 711.0 
< ;--. .. 

:Jl" 70 ."" .. h " .. 
lB"and ± qf i+ 'J( a 70.0 ,. '" 80.' 18 20" .. • 

:J'l" 50. --.. .. .. h M.' 
~ "'-..... ' h U 100. 0 ,.. ,,\ 95.0 
'-Ls 4' ",~':r ({ ",1'--3' , 

S 90.0 
Wt. 8G b .. 

'" .. .. 
2~)(' :It SO. , 

, ' . " 75.0 r······ , . 'J( 

* 
70.0 15 

15" mr: :U 65.0 

~q; 60.' . ~-.- , ' '" ~ M.' 
~ 

:J'l" 60. I '::It': tee'-
~ 

4G.0 
9-Ls 5' ",4' '" (t",O'-tO" on 42.' 

W :.SI b .. I 
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CA RNEG IE S TANDARDS 

G G 

. p . 

. 

....... _-+._--, 

h to 1 ] H - " f, " -.I • -, ":I ':J .. 
f;i i }~ • .< - ii' ~] 

, •• .. •• ,;: ~ .; • .-• _ . . -
65.0 m H s 3J( 1" 

~ 
~ .; 

1>0.0 3 OJ( 1" " 1. 46.0 ;V 
fi 

• OJ( 1" )( 1. X" 
40.0 S 9)( 1" ~ ::.;:: 
".0 51. 2j( 9)( 1% x" 
8t.6 , 2)( 9)( 1% )( " 40.0 '.\ )( 21i 8 1 

~ g 10 85.0 

Hi n 21i 8 1 a i 80.0 21i 8 1 
"'.0 !. 2" 8 1 )( 

., 
x' 

"'.0 

iu n 
2% 7 1 i )( "" 9 80.0 '1' 7 1 

~ a 
, 

25.0 ." 7 1 i -
21.0 2" 7 1 )( 

Vi.1i m tI 2)( 6)( ~ ii 
)( 

a 28.0 n 2)( 'J( ~ a i 20.0 4/. 2:.' 6)( ~ -' 18.0 4 2)( 6)( )( x' 
20.0 81i II 2)( 5)( 

S 
Ii Ii "" 7 Ii .~ 3:1 2)( 0)( Ii Ii a x -15.0 3; )( 2)( 0)( Ii Ii 

17.2ii :u n 2 ." )( Ii Ii 
0 14 .75 2 ." ~ U Ii 6 • 12.25 8, 2 ." Ii -, x, 

H.75 81f " 1)( '" J( h " ~~ 
6 12.25 8/. U 1)( ." )( !. ~ 6 , 

Y.7/'; 8 1)( '" )( !. • 
- - --
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ro( Mf--~ B!.~= 
'-!.4 ... 

C::-16of , .. b+nj 
-~----

- -- --
.~ "1 =1 .. iU ftUDill rumG r'li .- ~- .-

------
2J/2'J(' :u " G5.0 .,., 

J'I 
00.0 

Ir IEJ: g~ 4G.0 I • 
I.' .,.. : J: ' . -h 40.0 ... -l~ 

~ - - :J'l ): 85.0 - ,- 81.G -~ 
~1A~",4'","""0' "" 'J( J'I 

40.0 
Wt.2:!lba. 'Ii "'.0 10 

'" ): 80_0 
'h 25_0 

'J( J'I 
85.0 

2"'2"~ :* 80.0 9 

7 ' 8 ' m ): 26.0 

~~~nd lW1~~ 'h 21.0 

'h Ii 25_' 

gl'l ): '" 8 00.' 
~Loo 8'", ,-"' 1.''' 0'..-.11' 'h -h 18,0 

Wt.181bl. 

'" ~ 00.0 
51' 17.5 7 

!~2~ 'J( -h 15.0 
5 ' alld 

~:~l![J '" ): 17.25 
6 ' 'Ii 

, 14.75 6 
'J( -h 12.25 

lI-Ls 8'" 4'"'~'"' 0'--8" for 8' '" ): 14.7G 
Wt. lbl. 

'Ii 12.25 " i-La (I' "4'" I .' x 0'-2W for 0' 'J( -h 11.76 Wt. 91bs. 
-- -- -
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CARNEGIE STANDARDS 

l 
, 

II I 
~- --~ " 

!~ ~ 1] ~i H : . ". H U I " • l.l "- .] ~ .. }- ~l 0 - "- "- ,~ .-• I-- ----------------
IO,t! 2}< II 1)< 2J( Ii h )< .. , 'tI It 1)< 2j{ Ii h !< 

4 6 , 
8.' 'II It 1)< 2J( Ii h )< • • 
7.' 21t /. 1)< 2J( Ii h !< ,; 

• 
X 

7.' 'It It I/. 1)( Ii )( Ii " X 
8 .. , 2f1 It I/. 1)( Ii )( Ii 6 • 

,., 'til It I/. lJ( Ii )( Ii 

When beamllrame opposite each otller Into another beam with weh 
thlckneulesath.a.n fo ill., or where beam. of ahort lpan length are loaded 
to their full capachy, It mAy be necouary to use framing angle. of 
gTeater .trength thaD the .tandar~s. 

TABLE FOR MINIMUM SPAN L E N GTHS 

ilJt '. lJ i ';i il ! .!'!-

.i-" 1,- I..! • " -r-:::-:-
22.0 SO., 24 , 80.0 .. .. . ... .... 15 20.0 

20 SO., ,. .. 18 65.' 14.6 " 60.' Hi,!'; 

,. .... 18.0 .. . . . ... .... " 42.0 11.0 
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CARNEGIE STANDARDS 

!rWlllJ R.l.IIIG 

4" and 8 " 

~-----~ 
~ ______ t:::=.......J 

2- Lsl5" :<4'" It' ",y--Sl' 
Wt. "rIb ... 

.~ 0_ 

0t. 

'" '" 'h 

' il 

'" ' ... 

0, 
.1i -g 0_ 

I. 

" h 
h 

" h 

h 

I ~~ -t i-
10.:; .. , I 

4 
8.' 

7.' 

7.' .. , 8 ,., 
-

All rlvelll in ltandard framing angles are Yo In. d!ll>Ieter. 
W .. !ght..t of ltanda,"d framing Ingle. Include welgbt of abop and 

field rivets. 

TABL.E FO R M I NIMUM SPAN LENGTHS 

l ;1 :1 i l ., 
............ II> Y 

-I--
18.0 5.11 I:; 9.75 4.0 

115.0 4.0 " .Ii 8.0 

12.~ e.1i 8 5.11 2.0 
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CARNEGIE STANDARDS 

tr------+------..,.k ... 
.,i.G, :G; 

~ ~} 
. 

~~ I t,1 .!~ 1'1 iJ ~ iJ '!J H . "- ";:111 
} ;:1 ~- .- :i1 

f-- • 
155 .00 

----

~a u 2)( '2)( , ~ 

~ 
j( 

50.00 2,1( 12)( '" ~ 15 4~)'OO 2)( 12.!( , ~ 

40.00 'Ii It 
,,. 12)( , ~ 

H 
j( 

85.00 lU '" 12)( '" j( 
83.00 ,,. 12).( ,,. j( 

40.00 in ft 
2 to , 

I 
j( 

".00 2 to , 
~ 1. 30.00 2 to , 

25.00 :u 'j( to , 
~ 20./j() " Hi to , 

35 .00 

m H 
2 ')( ~ a ~ 30.00 2 ')4 " 10 20.00 2 ')4 " g 20.00 '" ')4 " t 16.00 It ')< ')4 " 

26,00 

i I 'j( 7)( " ~ j( 

9 20.00 ' j( 7)4 " " g 15.00 , ~ 7)( " It llL!Ui ' » 7)( " 
21.25 2» 

I 
')< ')4 " ~ ~ 

18 .75 

m 
')< ')( " e 16.25 ')< 6)( " ~ 18.75 ')4 ')4 ~ 11.2(\ ')( 614 " 
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C ARNEGIE STANDARDS 

C\ooi ..... b+'ho'" ., 

iJ f'J ill 
- - ----;---r--.:- -­

,,( "'" 
16" 
• c. 

11',,4',,1.' 
O'_ur 

WI.31tb ... 

--

m
·----

rr: • --!ijfT .... .. ~.L .. !_.! 
,,,,'". +-+ .. ' . -rl·--- ~-.... -, lK'" ' . .. . 'r~ ~.-

lI-LIII' "4',, I.'" 0' -1}(' 
WI.. l!3 Ib ... 

9", 9 " and 10" 

lKl"''" -- .. ...,.. : : : 

8)( 
8)0 
8 

'" 2t1 

" II 
l' 

" 

5!i.00 
00.00 
•. ;.00 
40.00 
8.;.00 
88.00 

<0.00 
8~.00 

15 

80.00 12 
2:1.00 
20.M! 

"'.00 
80.00 
2.').ro 10 
00.00 
13.00 

21>.00 
20.00 
13.00 
18.25 

21.2.5 
18.75 
16.~ 
18.715 
1l.2.'i 

9 

B 
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CARNEGIE STANDARDS 

..,.0.,.----~----T'T 
b, .... ,.-..,;: , , 

~j flJ 
~I 
J:- ~ -I 1~ :! B ~ "I L it ;1 .-.i - - ----------------

19.75 21/ Jj I" ." j( Jj Jj 

17.2.'.i 211 1/ I" '" j( Jj Jj 

7 14.711 211 tI 1)( '" j( II !< 
\ 12.2J 211 -h 1)( '" j( II Jj 

9.711 2-h Il 1)( '" j( II !< 

111.60 2-h -h IJj '" j( II Jj 
18.00 2-h -h IJj '" j( II !< 

6 10.150 'I. -h l!i '" j( II !< 
8.00 IH Il l!i '" j( II II 

11.60 21. tI 1)( 8j( !< -h " 5 9.00 . lit It 1)( OJ( Jj -h " '.00 1j( -h I 8j( Jj -h " 
7." 111 It I 'Ii " -h " 4 6." 111 It I 'Ii " -h " .. " lit -h I ')( Ii .~ " 
'.00 lit Jj tI 1)( Jj )( Jj 

3 '.00 I" It tI 1)( Jj )( Jj 
,.00

1 
II! It II 1)( " )( 

1 

Jj 
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CARNEGIE STANDARDS 

Brf··;···-·t:12~~ ~-iTi-T"' lID[] .-
'2Jo{- Bi. . ... _ .... ;.lU~ . __ ._- -_.-.. 

t~i. I., punel'l.d ......... c; ;,-,,!.b"t!l~~ 
6"1., of .\OtId.,do 

stUDiO '1.1IIJG i] i~ ~] 
~ lot jJ] 

- -------
f~~~ 3)1 It 19.75 

7 " -*-'-ru 3 I, 17.25 
" 2)4 -.. ---.-. - 2+1 ~ 14.75 7 

II-Ls 6" ",4' "'n''''()'-l\' 2+1 Ji 12,25 
Wt.lt1lbL 2U )( 9.75 

1~~r 3" * 15.50 

5 " a.nd 2+1 Ji 13.00 
6' + ~ 6 - .. , ._-.-. $- 2+1 * 10.GO 

2ft )( '_00 -II-lA G· .,4·., I,' ",(),-3' for 6" 
WL !lib •. , -h 11.50 

II-lA tI'I4' I/o' .,O'_I~' for 6' 
2ft * '.00 0 WL 81bL 

2jj )( 6.1\0 

2ft * 7.25 
2)4"2)4" 

2)( I, 6.25 4 "''l'->: 

4 "and+ @D 'It )( 5.25 
3" _ • • ' . ____ .' -eo 

2* ,', 6.00 
II-La 6" I "I,',' IO'_II" 2)( ", 5.00 a 

Wt.71bL 2f! )( '.00 

I 
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CONNECTIONS F'OR DIF'F'ERENT DEPTHS OF' 

BEA. MS FRAMING OPPOSITE 

00 

c- o, 00 , , 0- ---, 
"! 00 00 ... • 

F----,I :J::~~:~~:"10 
00 

00 r- Q , , 
.... : 00 0'0 --oil 

• • Itl AND 10 
15"'ANO 9'­
I II"ANO 0" 

C~t Lo 10< 60' 
",d .... r " 

15 AND 7" 

.' 

~~~--------- . ---------

, fijo • r- 0 
~ 0 

Set bK~ ){'!Of 15' 
... d .... r IOf s" ... d 9"1. 

1\;-001. 
153cll~ 

12· AND 10· 

12"ANO 9 " 
12*'ANO 0" 

• • 12 AND 8 
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CONNECTIONS r O R D I FFEREN T DEPTHS OF 
BEAMS FRAM ING OPPOS ITE 

oor I~o.° l . ~ I ~ • . oOl ltioo l -,.~ 

10""NO g il 

IO~"NO a" 

9 ""NO a" 

10""1'107" 

9""NO 7 " 
aWANO 7 " 

• c- 10<" 
~: .. ~ 

IO""NO 0" 

0'""11100" 
a"Ar,o 6" 

MI~. 8]0(' 
~ ... -.-

Ule .tMldard "Ruge (2~ In ) Connection Ls on bt'~ln with lightnt 
weh. The fint hole In conne<:tion I,.,. y. '" from I>ott.-nf beam ill all 
Caloel except when" 7,n beam fram". oPpo<I"'" 111 whkh cale t he con· 
n'!C\ Inn I. ,pce",I. 



, .. CAR!'<EGn: STE£L COMPANY 

CONNECTIONS FOR CON S TANT DIMENSION 
Z· BAR COLUMNS 

TV l_bortl_ ~ "-" ........ ,,10M.. ~ "" toI .... tl '" iL .-1...... ,.. X iL -.J ..... IM..,. IS,.. -.i'ij~~~ 
I 1'0 m If a:: " '0 • .. ..0 

~ 

I • 
! 

0 .. I' '0 :i 0 .. 1:0 I: " 0 " " .. 
" 

.1 ! !M Ll : 

. . ~ ,. 0 , :i 0 
Q 
0 
0 
0 
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DETAILS OF SPLICES AND CONNECTIONS FOR 
1-8~AMS TO CONSTANT DIMENSION 

Z·BAR COLUMNS 

~ i , ; 

• 
hW= · • o· 

0' ! i ~:~ o· 
0 ::0 • .. , • 

I ~ I 
0 0 0 0 

:0 ~l ~ 0; 
'0 , 

r. i.ll. lIetai &lid above •.• lOlla 

i O 

,0 0' I 

) 

• 
'~ 0,. 
0' 
0' 

0 

g~ .•. 

J~ 

1 
• • ,. 
0 
0 
0 

'0 

0 

0' 
0 

• • 

,0). 0 
10'" .... :0 

• I 
It In. Melal and abo\'I! B.S ton. 

" -; .... :. . : c-! id;: ': ., 
0, --:1--::0 
0: :,: :~,:;o 
. :: ::0 

0 0 

0 01: 0 
:1: 

f~t 
0 0 , 

o 0 • 0, 
1
0 o . 

0 

1:1: " 
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CONVENTIONAL SIGNS FOR AIVETI!IIG 

~~~I - • T • 1 - , 
Two F~II Two F~II 

H .. d. c ._- CO"~I.,,"nk -_._- . . H .. d. 

0 n: 0 lSi lf1 @ '® , 
, , 

:..---•• ----.- S/,op -------.-.... ... --------_. "llld ._----_._--... 

r~ bl !'l S g !'l S .., 
FI." .... d 10 "'~ 

0< C ... M • ...,n\ ... d FI.tllnO<l "'"u FI.U ..... <I to ,," 
not chipped 

I 
I 0 0 0 0' '" 0 0 ® 0 / I 

!iIZES OF RIVET HEADS AND CLEARANCES 
FOR MACHINE DRIVIN G 

- --- I "I '" / --
~ 1----;;:- Ht"~1 I~.,"f .~ i---;;:::-: : , 

-.--I--I--~-

.JH:" !< Ii 

I " 
)( )( 

II H I" /0 1 

J( /0 1)( Ii I/o t± , --1+---- " II In -/, Iii 
--" A ---, 

\ J( Iii !< ,>'< 
- .- ---

A mU l l not boo Ie .. than 5( in. + ~ H. 
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LENGTHS OF RIVETS FOR VARIANT GRIPS 
_____ _ G"p .. . __ ... A' _'" "" G"p _ _ ... .... 

( , -: ~ .fj -
----, I..",th - -- --_ . ." .. -. -_ .. - -- L".'!Jr--'::" 

~ I 
Dimoler I. I~ DiuDMr I. t .. 

1 
• "I XIv. I "1 

, 
"I" IV.I " I 

, • • ~i. I"'" LearUo i. I ..... ;s • 
-

n '" l~ '" 
, 

~~ !~ l~ 
,. 

l ~ '" g is , 
2~ lU '" , 

~~ 2 ~~ t~ l ~ '. '. ' X ' X , , 
'" " " ~~ ~ ~ lU m ~" '" 

, 

m ~~ 
2 ~ '" ~ . , 

~~ " ~~ 
:4 J. ,. , , 

~~ ~~ '. ~~ :.i 'i S , 
i~ ~S '. ~~ ~~ s. ,. ~U '" ,,< 

tS 
a 

g~ g~ '" '. ia ~~ 3' ~~ ~~ ~~ ~~ s "" 3X ' X , 3, ~~ .. ~~ s, 
~g ~~ " '" a • 

~~ 3'( 

~" ~" S 3 ~~ ~~ g~ ~~ ." • •• !S ~~ 3.'" 4 :~ • g~ 3K g~ '. III ~ 4 

!a ~~ g~ '" ~g ri :~ ~U 3" Ig ~n 4 " ~~ ~v. g~ 4 .. .. 4X •• 
3 '" .. i~ :u .. ~n •• 3 • 4 i • 
i~ :~ is 

6 4 4 :~ I~ • gg 4 :~ :~ ig 6 g~ !~ :~ 6 6 " ~ ~ iR !~ g~ 6 '{ g~ 6 " :~ !g 6 &J g~ 4. :~ ~ 6 " 6 " o. .. 6 

4 6" 6 " 
§H "' •• !~ 4' .. 6 

i~ 
4 

~ g~ §~ ~iI 6 6 6 g~ is is • g~ Jg g~ 6 g~t gti g~ 6 6" §~ ::1 6 6" g~ 6 " is 6 " 
iR gg !~ w. 4 ; g~ g~ g,. g~ gtt 6 4R 

6 6" 6X 7 6 6 6 6" 6 
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EXPLANATION OF TABLES ON RIVETS 

AND PINS 

Pagu l D.'l to 1l1li In<:Ju.lvc 

In tmnsmltting stresses by meanso( rivets, it is customary to 
disregard theCrictiQn between the parts joined. as too uncertain 
an element to be relied upon to any extent. The rivets must 
then be proportioned for the entire stress which h; to be trans­
mitted from one I)late or group of plates to the other, nnd they 
must be of sufficient size aI!d number to Ilresent ample resist­
ance to shmring nud afford sufficient bearing arca 50 as not to 
ctl.USC a crushing of the metal at the rivet holes. This latter 
oondition, whilo generally observed for pins, is very often 
entirely overlooked in riveted work_ Its observance, in most 
cases of riveted girders with single webs, detennines the size 
and number of rivets to be used and frequently makes it neces­
sary to nOOpt a greater thickness of web than would otherwise 
be reqni red. T hus, if the web is l'f in. thick, the rivets con­
necting the same with the flange angles have a bearing value 
of only 8,;520 lbs. for a K in. rivet. whilo their shearing value 
is = 2 X 8,310 = 6,620 lbs. per rivet, the ri\'ets being 1D double 
.s hcnr. Consequcntly, while the usunl th Ickncss of web of floor 
beams for railwny bridges is fi in., it sometimes becomes 
necessary for shallow floor beams to increase this thickness 
to " in. and even }i in., in order that the pressurc of the 
rivets upon the semi-intrndos of the rivet holes be not exces­
s ive betwee n the poi nts (If support of floor beam nnd of a ppli­
cation of the load (in which sp."l.ce the transmission of strain 
from web to Ilanges takes place). 

Pins must be calculated for shearing. bending and bearing 
stresses, b ut one of thc latter two only !n almost every case 
dctennincs the size to be used. The stress allowel upon pi n· 
be."l.rillg in bridges proponioncd to n raCKr of safety of five is 
usunlly 12.000 Ibs. and the malnmUIll fiber stress by bending 
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15.000 Ibs.. per square inch. When groups of bars are OODOolCW. 
to the same pin. as in the lower chords of truss bridges. the 
sitts of bars must be so chosen and the b.1rs 60 placed that at 
no point on the pin will there be an exce~si\'e bending stress. 
on the presumption that all the bars are strained equally per 
Iquare inch. 

The following is the formula for Bexure applied to pins; 

'I_~ _fAd 
... - 82 or --,-

M=momcnt of forces for any section through pin. 
f=!!tress per square inch in extreme fibers of pin at that 

section. 
A=area of section; d=diameter; 1I"=8,14H'0. 
The forces are usumed to act in a plane passing through 

the axis of the pin. 
The tables on page!! 197 and 195 gh'e the values of 11( for 

differel't diameters of pin and for different values of /. 
The following examples will illustrate the use of the tables: 
1. A pin in the bolster or end shoo of a bridge has to carry 

a loud ef .ro.(M)\) lbs. between two points of support; whAt size 
of pin is required, assuming the distance between points (:: ~ .. 
centers) of support of bolster plates and centers of pressure of 
end post plates=2JS in.? 

Answer: Bending moments=20,OOO Ibs. X2JS=OO.OOO inch 
lbs .• therefore, BJ( in. pin required for 15.000 Ibs. fiber stress. 
since the allowed moment for BJ( in.=GO,600 as per table. 

2. Required the thickness of metal in the top chord or in a 
po6t of a bridge that will give sufficient bearing area to a BJi in. 
pin, having to transmit a stress of 60.700 lbs.; the allowed pres­
.ure per square inch on bearing being 12,000 Ibs. maximum. 

The bearing value of a 8,Ji in. pin fori in. thickness of plate= 

40,GOO Ibs., therefore, the thickness of metal reqUlred=:::= 

1 ~ in., or each of the two plates in the chord or post will have 
to be J{ in. thick. 
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SHEARING AND BEARING VALUE OF 

ALL DIMENalONS IN INQHES 

~ . !illi. . - .... , ... I,GOO lbe. 

X .r.o .I1(lo1 ""' • ."" .,,., "'" • ."" .""" ,.., 
y. . "" .«18 "'" 
" . "" .0018 "' .. 0.000 .'"" H2O 

~ . &Dcl • . - ..... .... 7,$0111 • 

X .'" • 1I(lo1 .. 
• .000 . ''''' 1100 

• ."" .""" "'" • . "" .4118 ~ .. 
• .875 .6018 4510 , o.OOl .\'8,;.1 "'" 

b_iJ. 8il11;lo . - ..... , ... 10,000 11. 

X ."" • 1104 "00 • ."" . ''''' , .. 
X . '" .... "'" • .. '" .«18 ~'" • ."" . 6013 "' .. 0.000 .'1'8&1 ""' 

RIVETS 

,,,, 
8750 

,', 

""" "'" ",. 
In above tables all bearing values above or to Tight of upper ~1g"<ag 

1Inea are greater than double ,hear. Values between upper and lower 
zig<ag lines are Ie ... than double and gTe"ttr than ',ngle shear. 
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SHEARING AND BEARING VALUE OF RIVETS 

A L L. D IM E N S I O N S IN lNQ H II:S 

"'" 11250 ]200) 

... '" 
'0" 

.,,'" ."'" 

... '" 
18100 

• 

"'00 .... 

I~HO 

"'''' 

lTl70 19140 OW 
2OS2O lllll!rl ilSWO 

""" 

• ----;c---'-c,-
Valael belo .... nd 10 Ittl of lower li,UIf IInu are It .. tbaa .Iolrle abu .•. 
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MAXIMUM BENDING MOMENTS OF PINS 
WITH EXTREME FIBER STRESSES 

"ARYl N O 'I'IO M 111,000 ' 0 2.11,000 ~OUN OS 'Eft SQ UARE I NCH 

l_i_loo!t·l'o!Wafor PiborMr-. of 
Jliuo<wof u..IPiA "'. ~r 15,000 lhl. I!,OOOlbo. 2ll,liOOlbI. :l2,SOOIl •• f:S.OOOlbol. , ... 

1IqU:-lodo aq.:."lDel ~J:I_ s.':tiQ; "' eqDartI.u ---- --- ------ --- ---, '.m '''' "'" '''''' '''' "" l~ ' .m ,,,. ,.., ... 8140 """ "M ... "'" "'" "" .m '. "'" 
..., 

"'" "00 "" 
..., 

'" "m "'" .... ... "00 "'" iH 
SI.C114 "" "., "'" ,,~ ".., , ... "'" "" '0000 "' .. "'''' 2 .761 "" " ... .... ...., ,rooo 

• 8.142- " ... WOO moo 11700 "'" l~ 8.547 14100 '''"' , ... " ... """ 8.976 " ... 00'00 '''00 """ 
,.,., 

'" .. .., ,,,., 
~"" """ """ =00 

'" .... "'" """ ."., """ os .. 
l~ 6.412 """ ..", .."., """ «.00 ..... ..., .... . ... """ " .. Ill' G.492 """ .... """ ""'" .... 
• , .... """ """ ""'" ..", ""'" !~ "'''' """ """ .- ... 00 """ 8.)l'il6 ""'" - "'" " .. "'"' ..... ...., 

""" "'"' ",. 0;.1100 .. Q.&lt "'00 ""'" ..... """ "'''''' itt 
10.821 ""00 "'" """ lOO:!OO llG\lOO 
ll.fl.I5 =00 "'" ''''"' '''". lnlOO 
Il.M .. "" , ..... , .. '" ''''''' .. ,.. 

• 12,00II "'" 118100 ,~"" 141 400 157100 ." 18.3&1 100100 12-1(0) "'"" ''''''' 
,,..., 

<K 14.1SG ""'" IM'OO ''''". ,,, .. , ... '" 
" 15.m3 ""'" '''''"' ""'" 

,.,.., .... ., 1~.00-1 ,,, ... 1111000 ,- 00"" =00 
in 16.8)) \015700 msoo ,.,'" """" .. "'" 11.721 "' ... ,...., 2!f11OO "''''' .,,'" lS .OO!'i ".,., .,,"" ,,, .. "' .. ... '" 
• 10.635 181100 ,."., ""00 r.tllOO .".,., 

:~ OJ .... " ..... """" ""'" """" ""'" 21.1\.18 213100 >OM ""00 " ... ""'" •• 22.6QI ""'" "..., ..... ,,.,,, seuoo 

•• ",. "" """' ~.., ..."., ""'" 
...., 

iH 
~ . .., "'00 31 1.-.00 ~OOOO "'". ..,." " . .., ...., 

"'"" .".., .. ""' .~"" 27.1011 ..,., 
""" ..... .. rooo .. ,"" , 
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MAXIMUM aENOING MOMENTS OF PINS 

WITH E XTREME FIBER S T RESS E S 
, ... "YINO " "OM 18,000 T O 2 8 ,000 I'OU N OS I'Eft SQU"' '''!!: INOI>! 

)Iiuoolor or Uoo. of PiA 
PiA il iIIl~ 15,lIOI:I lbo. ..... .. 

.~ ... 
, 28. 2'l'4 818100 "''''' 0124100 .moo "'""' ill ~.'" ""'" "'00 ~, .. ""'"' 00_ ...... ..... ""00 m>oo """' .... 

81.~1~ ""00 ~,.. ..... ""'" 
...., 

'" 83. 183 """' ""'" ..... .... m_ 
~R 

~.472 ""'" '"'''' "",00 ""'" "''''' ~.'" -.. """' .... """ --81 . 122 .- ""'" "'"'" ",.. ""'"' , ...... ""00 "'00 -- ""'" ~"" 
l~ 

311.811 ""'" ..... " ... ""'" ""'" 41.282 ""'" ~ " ... ~"'" ""'" 42.718 """" 
,.... 

""'" ""00 .,... 
'. 4~.1;1l .,,,'" , .... '""'" '"'''' ,,.,.,, 
m 

4(;.6M """" "..., "'"" .,." 1008100 
~1.178 ""'" ..... ,,, ... '''''''' "''''' 068 .707 '"'''' 

...,.. 
"""' """" '''-, 00."" ""'" ..... , .... 1181(0) ''''''''' !~ 51.1;49 """" .,... ,,,,.,, ,,- 181MOO 

M.'" """' """" """" '''''''' '''''''' "" M .... ""00 IlXl8loo ""'" ''''''" 1401 1800 

"" 56 .145 ... '" , ..... "'''''' '''''''" '''''"' 
IH 

1IS.41lS •. ,. " .... '''''''' HlT.IIlO 15~4S(I(\ 
80.1112 ..,., "''''''' I~IMOO '''''''' " ..... 111 .862 """'" 

,,,,.. ,mooo IMiIOO 1115100 , 63.61 7 ''''''''' , ..... 
:Ji 

,,..,, 1Il~ ,..",. 
67.~1 11,;:;,;00 , ..... '. " ... 121s-tOO 115/11(.(1 

'. ro .... '''''''' 1515100 

~H 
n."" 1813100 ",moo 
14 .6G~ ".",. '''''''' 16.:.80 1416100 1701100 

" '1S.M 

I~ 
82.~ .. ~ 
00." 

" ..... 
"~ "." " 1()3.81 

" 118.10 



.w CARNEGIE ST~; EL COMPANY 

BEARING VALV ES O F' PIN S 

""O R O NE IN C H THI CK NESS O F P LATE 

(_Diame!er of Pin X I ;n.X St~ peT Square Inch) 

~ .e1 :Jf"ii ,.1 2 • .s~:! ld 
H - ! ~J1 ~H 'J ~~ 

~11 ~11 il h ~l j- .! l~'" ... '. ' 1 ' .. 'l ' l • • - --
1 .785 12000 15000, 4!i 15.90 64000 67500 
1)i .994 13500 16900j 4 " 16.BO 55500 69400 
1)( 1.227 15000 18800, 4 )( 17.72 67000 71300 
1 )i 1.48516500\2060°1 4 )i 18.67 68500 73 100 

," 1.7671800°122500 6 1~.~ 60000 75000 
1)i 2 .07 1950024400 6 )i 20.63 61600 76900 
1>( 2.40521000\263001 6 )( 21.65 63000 78800 
1)i 2 .76122500!281OOi 6)i 22.69 64500 80600 

2 3 .1422400030000 fi!i 23.76 66000 82500 
2 )i 3 .547i2 5 5001319oo, 6 " 24.85 67500 84400 
2 :< 3.9762700033800 6 )( 25.97 69000 86300 
2;; 4.430i28500135600, 6 )< 27.11 70500 8 8100 

2 ~1 4.90913000°137500 0 28.27 72000 90000 
2 )< 5.41 2 3150039400 O)i 29.48 73500 91900 
2 )( 5 .94°133000141300 ' 6 )1 30.8 8 76000 93800 
2)i 6.492

1

34600

1

43100
1 

0 )< 31.92 76500 95600 

3 7.0691360001450001 0 )< 33.18 78000 97500 
3 )< 7.67037500116900 O/i 34.47 79~~ 99400 
3 )( 8 .296~~000148800 ' 0 )( 3 5.7 9 810 10 1300 
3 li 8.946 0500

1

50600

1 

0 )< 37.12 82500 103100 

3 )< 9.621~?00052500 7 38.48 64000 105000 
3 ,. 10 .3 2 ~~500:54400 , 7 )< 44. 18 90000 1 12500 
3 " 1 1.05 450001563001 8 50.27 96000 120000 
3 )< 1 1.79 46500

1

58100

1 

8!i 56.75 102000 127500 

4 12.57 ~~OOO 60000 9 63.62 108000 135000 
4 )i 1a.a6 49500:61900110 78.5 4 120000 150000 
4" 14.19 5 100063800 11 95.03 132000 165000 
' Ii 15.03 525001656001 12 1 13.10 144000 180000 

-



CARNEGII:: ST .:EI. COMP"'NY .. 
STANDARD PIN·NUTS 

"" \'II.·JIlIi ... P\II·hll 

, , 
J 

. , • JlI.! n lj 1) i J! ].1 j~ 1j rJ ~ i 
• • 

- -- - -,--

~~ :~ 
, 

ill r~ ~ 0.85 fq l~ 
, • III l~ 4.74 , , ... , 

'" 6. 19 

l;'j :~ 
, 

1" ill 
, O.W llllll 

, 
!~ III l~ ... 

" 
, '.00 • .. " 

ill ~~ 
, , 8), , ,m Ul 

, • • 'I' ~~ .... , O~ • , , ... • 0 • o , . ... 
:!l ~~ 

, ,~ • , , ... !l! 111 • • nl :~ ..." , • ~" '" "" • 9/. ... 
• ill • • !l! lti 8.22 m :il • ~ 'I' :~ 

, ... 
'X 0 ." .~ • , , , ... 
lUI 

, 
:~ .~ :~ '" l!! • • , W. :~ 

,,,. 
0 ., .... 5" 0 " ..'" 

~ f'" " ¥/. ~ l~ 
.... f)! ~ 0 , 

:1I :~ 14.00 

" • .... 0 0 1:!.lO 
, 

All dlrlU.·".lon~ g ive n .. OO,·e are In Inehee . 
Well(llUll'(>ter 10 untaPlled nulll. 

WOOD SCREWS 
(~<>1l11 .. nUr""IU~ bl' c..roel!le S~] CO.] 

Dlarn ''ller _ Number >( O.OI8'.!5 + 0.!(,6 

... .... ... "- •• .... ... ..... ... "-
----j-- ----~ --- --

0 .... 0 .IM " .2J6 " .,. ~ ." . , ... , .UD " . ,. " ... '" . ." , .... • . ,~ .. .2U ., .'" " . .. , 
• .... • .175 " . :.=00 " .... " .414 

• .,., " ., .. .. ... ,.. .M' .. . ." 
• .'" " .~l " ... " ... , " .... .. ... 

-



'" CARNEGIE STf:EL C O MPANY 

WEIGHT OF' RIVETS AND ROUND-HEADED 
BOLTS WITHOUT NUTS PE R 100 

STEEL 

:::e I p..::-I M.!.': I ~..::- l'1a!.": V.!: ~!_I~ I~ ll~ ~ tiaa. u... DiAa. -- - ._- --,--
l }( 5.(5 12 .8 22.0 "' .3 43.9 GO.O I US.S 127. 
l~ 6 .8 14.224.1 82.4 48 2 72-.1 100. 136. 
I j( 7.0 lIUi 26.3 85.' 1i2.1'i 77.7 107. 145. 
2 ?n 16.9 28.' 88.7 56.7 83.3 114. lOll. 

2;4 8.7 18. 8 SO.7 41.8 61.0 88.8 121. 102. 
2J< 0.' 1D.7 8'2.8 44.0 M .2 94.4 128. 171. 
2j( 10 .2 21.1 85.0 48.0 69 .5 100. 166. 179 . 
8 11.0 22.' 87.2 /H. I 78.7 105. 143. 188. 
8;4 11 7 239 3D.S 54.8 78.0 Ill. 1"'. 197. 8), 1~.6 25.8 41.6 57.4 82.' 116. 167. 200. 
3;4 13.4 26.7 43.7 3'" 86.' 122 . 184 . 214. • 14.1 28.1 45 .• 68.6 90.3 128. 170. 223. 

';4 14.il 29."- 48.0 66.7 95.0 184. 177. 23l. 
'J< 157 80.S "'.2 69 .9 99.3 189. 185. 240. 
' j( J6 .5 32.2 52.4 7:1.0 104 . 145. 192. 249 . • 17.2 93.3 M.5 76.1 106. 150. lW. 258. 

';4 18 . 1 85.0 58.7 79.2 112. 166. 206. 286. 
'J< 18.8 88 .. .ao 82.3 116. 161. 218. 276. 
OJ( 19.6 87.8 61.1 85.' 120. 166. m. 284. 
6 20.4 3U 83.2 38.6 "'. 172. 227. 292. 
6J< 21.0 42.0 67.6 911.1 188. 184. 24L S10. 
7 23.5 44.7 71.9 101. 142. ",. 2M. 327. 
7J< :23.1 47.5 76 .1 106. 150. 206. 269. 345. 
8 26.6 50.3 SO.6 114. 159. 217. 284. 962. 

8J< 2 .... 53.1 Sl).O 120. 167. 227. 2118. 879. 
9 2i1 .S 55.9 89.8 126. 176. 239. S12. ..,. 
' Ii Sl.B as.7 93 .7 188. 185. 256. 82l:i. 4.14. 

10 32.' 61.4 "'.0 139. 103. 261. 840. 431. 

1OJ< .... 64 ., 103. 14:1 . 202. 272. 654. 44' 
11 96 . ' 67.0 107. 131. 210. 284. 868. 4116. 
IIJ< 87.6 698 lit. 158. 21S. 2.,. 882. "'. 12 89.2 72.l:i 1Ili. 164. 227. 806. 606. 501. 

Heath 1.8 '.8 11.1 18.6 22 .6 89.0 "' .. SIl.' 
, 

'-



CARNEGIE S T£EL COM P A NY 

WEIGHT IN POUNDS OF100 BOLTS WITH SQUARE 
HEADS AND NUTS 

.'" , 
" '" " " " " ,. 
" " " " '" 

'.0 •• 
" .. , 
M 

" ... 
'.0 

" " .. , 
'"0 

'"' 

7.0 
•. 5 
'.0 
>.0 •• ••• 100 

'" I~ 0 
18.0 
HO 
Itdl 
16. 0 

10.~ 
11.11 

'" 1211 
18,5 
14.3 

'" 16.5 
18,0 
1°.5 
21,0 
2:!.~ 
ZI.O 
~, 

27,0 
2~.5 
~.O 

•• •• 

15.2 
16.8 
17.4 
18.5 '". 21) 7 
2111 
~. ." "'A 
"" "" &;.0 
81" .t 

"" 41.ij . " " .. "'., "'A 
1>26 

" .. ", . 
l:i.2 
00. " .. ~., ., .. 
'" ~ , 

.S< 
41,1 

'" 46.4 
411 .0 
M7 ... " . ~. 
ro.2 " .. ro. 
." 
914 
00.' 

102.0 "". 112.6 
117.9 
1:13.2 

00.' 
41.6 " .. ... 
"'.0 

"" " .. M.' .. , 
M.O m. 
7lI5 
';;,~ .... .... 
ro.' ". 100.8 

1118 
100.8 
128.8 
1873 
14l1.8 
1M 8 
lre.8 
171 0 
1711 1) " .. .'" 

".0 
.0.0 
".0 
'720 
".0 
".0 
81.0 
".0 W., 
00.' 

100.2 
111.8 
lliS 
I \!3A 
I~A 
IM.O 
Hl . ~ 
163.0 
1~.7 
1';;,8 
1~.9 
1!re.0 
2l4.1 .. , 
"" . '"'' ... 
1r.'4.7 .... 

liJ.fil 
118.8 
117.5 
121.8 
100.0 
184.8 
142.6 
1M.0 
11111.11 
16!!.0 
I7ft,B 
1"ti.0 
I fIII .i 
".0 
210.i 
m.' 
Ul.8 
2(;1.11 
m.D 
.... 0 
818.0 ... , 
lUi.1 "'., 
3!l1.2 ... 
41!>.S 

·ii.it 

'" '" ,,. 
1~5 ,,., 
'" ". 
"" '" ~, .. 
'" '" ... 
SI7 

""' "" .-, ... ... •• 
'" 4'2 

'" ... 
'" - PwIJd--- -

~~ditiouol I A lU .. , 5.J 8.6 tt.S iG.7 21 fI 

WEI GHTS OF NUTS AND BOLT-HEADS IN 
POUNDS 

1'0111 CALCULATINO TH E WE I CHT 0 1' LONC£III IIOLTS 

'~:::~::~~:o ~~ ~" " I~ · N"ut .. nd He"d ..•.. •. •.• (117 .«>1 .1~ .1!t1 .48 .ill 
W~ll(hl of Squ" .... 

Xut .. nd Head . .... . .. .(tll .0:'1) .IM .8:)) .M .S'! 

:~ ..... ~~~="~~ .. ~,~.~,= .... ==~::,~-,-.---'"- I V, 2 2~ 8 
;; - '- ~:--
Weighlof H .. ""goo I I I :-;"tKnd H ell<1 ..... 1.IO 214 378 66 8.';1'; 17.0 llSS 
W ;<o:ht of Sqn~r .. 
~"landH~t1,l 181 200 442 70 106 21 .0 364 



... CARNEGIE STE!::!, COMPANY 

DIMEN S IONS AND WEIGHTS OF HOT PRESSED 
SQUARE NUTS 

Th~ .t . ... are the "aual manufactllreu', not the FralikUn Inotlt"'", 
Standard . Both weights a nd ab e. .. rll for the un fi nished nut 

... t I "~lI of I 'l:f.' n loh . '"'" -- I to. lII'JU1:I b .. , tOO ~It " 101 .~ 100 1M. 

- - - -- -
)( 1.5 n )( " .71 e800 

~ 
2.0 fI ~ .88 3480 
4.0 1.06 2050 

~ 7.7 }! ~ , ~ 
1.24 1290 

8.e 1.24 1170 

" 11.8 ,~ " 1.41 850 

* 
16.7 " * '" 

1.59 eoo 
17.7 ,.. 1" 1.69 570 
22.8 ,.. )/ 1)( 1.77 440 

)( 32.3 

U 
11 l li 1.94 310 

~ 
39.8 j( 1" 2.12 251 
53. Ii 1)/ 2.30 100 

" e3. ii 1)( 2.47 159 
68. " 1 l j( 2.47 14e 

1 94. " 1 2 2.83 lOe 

'" 103. t! ," 2 2.83 97 
1 ,'", 137. l J> 2 )( 318 73 
1)( 145. 1,>, 1)( 2 )( 3.18 69 
1 )( 186. 1,>, 1)( 2 )< 3.64 54 
1)/ 247. 1/0 1)/ 2~ 3.89 41 

I 
1 )< 319, 1/, 1)< 3 4.24 31.3 ," 400. ' i. l li 3 )( 4.60 24.8 
1 )( 500. Ui l j( 3 )< 4.~5 19.9 
1" 620. ," 3~ 5.30 16.2 

2 750. :)1 2 4 5 .68 13.4 
• 2 J> 780. 2 J> 4 5.66 12.8 

2 )( 930. 2 2 )( 4)( 6.01 10.7 
2 )/ geO. 2 J> 21i 4)( 6.01 10.4 
2,. 1130. 2 )( 2)< 4 )< 6.36 8.9 
2 Ji 1370. 2i. 2j( 4 )( 6.72 7 .3 
3 Hila. 

~a 
3 5 7.07 e.2 

3)( 2110. 3)( 5)< 7.78 4.7 
3» 2750. 3)< e 8.49 3.6 . 



CARNEGIE S TEEL COMPANY "" 
IJ1MENS10NS AND WEIGHTS OF HOT 

PRESSED HEXAGON NUTS 

Tile Alzes ate the "a,,,,1 "",,,,,rRclurcrs" not the l'r""klln Institute 
Ste"d"td. UOlll w"jght~ ""d ~j'l.CS lire for the ""Ih,;sl,ud nut 

81 .. of W~I.f ~:r.h nl,k ... '"'' .,' No. ofN ... i. 

'" 100 u .. ofbl DiaIo'lftr Di&mOlO' IOGIba. 

--- .-----
)( L3 I:' )( " .58 8000 p 

~ 
2.4 .. ~ )< .72 4170 
4.1 11 j( .87 241 0 , 8.8 H l, " 1.01 1460 " )l 7.1 ". " " 1.01 1410 

" 9.8 -/. " 1 1.15 1020 
,', I 14.0 " ,', 1 )< 1.30 710 ,. 14.7 ,', )< I ii 130 880 
)< 19.1 ,'. ~ 

1)( 1.44 520 

" 22.9 , 1)( 1.44 440 " j( 27.2 " ~ 1 )< 1.59 370 
j( 39. B 1 )< 1.73 258 

~ 44. " )< 1" 1.88 228 
" 50. l; 1 1" 1.88 198 

1 67. Ii 1 l U 2.02 178 
1 84. " 1~ 1" 2.02 158 

'" 98. I; 1)( 2 2.31 104 
1 j( 134. Il'l 1 )< 2 )( 2.60 75 
Hi 180. 1 ,", Ih 2" 2.80 58 
1 )< 235. l /·j 1)< 2 " 3.18 42 

110 300. I ,'. 1 J{ 3 3.46 33.4 
1 )( 

I 

370. 1 ,",r '" 3 )( 3.75 26.7 
1" 460. 1" 2 3 ]4 4.04 21.5 .. 
2 450. IH 2 3 ]4 4.04 22.4 
2!11 

I 
560. rJ1 21i 3 ;; 4.33 18.0 

2)( 560. 2 2 j( 3 }.j 4.33 17.7 

2 l i 680. 2J~ 210 4 4.62 14.7 
2 " 810. 2)( 2" 4)( 4.91 12.3 " 2 j( 9aO. 2,'~ 2;'{ 4" 5.20 10.2 

3 1150. 2" " 3 4 j( 5.48 8 .7 
8 )( 1340. 2:;; 3}f 5 5.77 7.5 
3 " I 1680. 3/1 3)< 5)( 6.06 8.8 

-



'" CARNEGIE STEEL COMl'ANY 

UPSET SCREW ENDS FOR ROUND AND 
SQUARE BARS 

........ 
.~"" liuMlU 

.nOlWl .-. ..... .... f ....~ ...... I_.r 

.. Sido.1 UfICIi .. Uoeti .. 

~ 
..... • 1$ ..... .... .... of u,., .... ""'" ....f .... ..... .... ...... .... u1ool,r ,.fa .. .... 

f ... ... .... .. ._'" b • ..... • • ._'" ""- fa. "".e..1 b ebOl ... .... 
-- ---- - -- ----I----

" I( .620 10 " ~ .620 10 '1 
n I( .62(J 10 21 .731 9 83 

II " .781 9 87 I .837 , 41 
tI , .837 , 

" I sa" . , , 17 

J( I .837 , 
" l)i .940 7 " tI l)i .940 7 84 1)( 1.00> 7 85 

)< II( 1.005 7 " Iii 1.160 6 88 
II II( 1.005 7 29 III 1 .160 6 29 

I ' ii 1.160 6 " '" 1.284 , 
" In IH 1.160 6 19 ' )< 1.381! '" 34 

'" '){ 1.234 6 30 III 1.381) 5,\'5 20 
In 1)< 1.284 6 17 II( 1.400 , 24 

1)( Iii 1.381) '" 2S Ii' 1.(Wi , S1 
In 1)( 1.400 , 29 1)< 1.61::1 • 19 

Iii IJ( 1.490 • 18 2 1.712 ." 22 
In ')< 1.615 • 26 2)i 1.837 ." 28 
I ){ 2 1.712 ." 30 ." 1.837 ." 18 
In 2 1. 712 ." 20 2)( 1.002 ." 24 

Iii ')i 1.837 ." 28 'Ii 2.087 ." 80 
III 2" 1.837 ." 18 21i 2.087 ." 20 

I I( 2)( 1.002 ." 26 2){ 2.175 • 21 

' ll 2)( 1.262 ." 17 21i 2.300 • " 1)< 'li 2.087 ." 24 21i 2.800 • I' 
'll 2" 2. 175 • " 2J( 2.425 • 28 

• 2" 2.175 • 18 21< 2.MO , 
" 2" 'Ii '.300 • 24 2% 2.MO , 20 

'" '" 2.800 4 17 n 262<) '" 20 
21. 2J( 2.425 • 23 ." 2.754 '" 24 

-



• 
CAR~EGIE STEEL COMPANY "'" 

UPSET SCREW ENDS 
(Continued) 

"'" "" "~"" ..... 
d ..... ....... , ...... -." ,- DiDow h_.f 
"Side 01 .'''' .ISm .. ""'" 

II ....... of UP'I'" .fs.. .. ""'" 
UOCI.i" 

't:" 'roo of ir .... f -. • ,locl'" p"'" ....... .... oI1oolof .. , .. s. .... lD.t , ... •• ""'" •• .... ... . ... .. Ou, Btl ..... ..... ,."" iII.~ • ""'. '" "" 1- -- --- ---- -----------
~)( 2" 2 (jaO • 28 'Ji 2.1&1 8Ji " 2t. 2" 2.650 • 22 '''- 2.870 8)< 22 

21i , 2 GZ'J 8)< 23 'Ii 
,,.. 8)< 20 

2,', ')< 2.754. 8). 23 'Ii 8.004 8). " 2)< 'Ji 2.754 8Ji 21 '" 8.100 8J( 21 
21. '''- 2. 8711 '" 26 ')< 3.225 8,.- 24 
,)< 3J( 2.819 8" 20 3)< 8.22.') '''- " 2H 8)< 3.004 '" 2:i 'J( B.317 8 20 

OJ( 'Ii 3. OQ.I 3)< " '" 3.442 , 23 
2U '" 8.100 'J( 22 8" 8.44.2 8 18 

2" 3!i 8 22.') 8J( 26 • 8.a67 , 21 
"tl 8!i 3.225 'J( 21 ' )< 8.692 8 24 

8 8>1 8.817 8 22 'Ji 3.692 8 19 
'Ji '" 8.442 3 21 'Ii 8.928 2" 24 
3J( • 3.567 3 20 .)< 4.0213 2>1 21 
3)< 'Ji 8.692 , 20 '!i 4..1058 2)( 19 
3)< ' J( 8.798 2" 18 ... ..... 
8)< ')1 4.0"28 2)( 23 ..... ... .. 
3>1 ' Ii 4.1~ 2)( 23 .... . .. 
3" . )( 4.255 ,,. 21 ... . .. ... 

REMARKS_A, umltin! reduce. the strength. bars having {It~ .... m" 
,liameter "t root 0 tllre" liB thllt of tit" bllT invariBbly break in th" 
screw ~nd when tested to deatruction, without developing th .. fua 
~trength o f the bar. It IS therefore 1I<.""" .. " .... ry to make up for thislo"B 
in strength by an U:ceM of metal in the upset screw endB over that In 
the bar. 

Th .. above tahle is the ruult of numerou' teats on finished !:>ars 
made by Carne~ie Steel Company. and "ive5 proportions that w!l1 caUH 
the bar to hre.. in the body In preference 10 the upset end. 

Tlte ICrew thread. io above tabl .. lire the Frsnkliu 11l8tilute 
SlIIlldard. 

To make olle upset end for 5 in. length or thread, allow 6 in. ienlrtb 
of rod additional. 



I 
"" CARNEGIE STEEL COMPANY 

STANDARD SCREW THREADS, HUTS AND BOLT HEADS 

Recommeruled by the Prank!! .. I,,"tltllte 

~ 
N ut. and bolt h ead" ara , ---,. . , det~fmlncd by tbe follow!ng 

600 ;,th r ulu, wblch apply to both 

~ ot~ 80". Flat '" '" ",,·Iou. .. ld'Jitck 

lIquIII.a and hexagon nuu: 
Short db. of rough lIul 

_ 1}6"xdla. QfboIt+~ h •. 
Short dl .. , of flnilhed nut 
_ I ~ X.II •. of bolt+ ,h In . -- • ~ 01 1001 I n-a I:.' , .... Thlckne" of rougb Dul 

Iat .. , I.,. I/. nr.A. I.a. .. .. dl .. of bolt. 
Thlckne .... of 1I01-.ll .. d nut 

_ d ... of bolt - h In . , .186 20 Short dl •. of r ougb bead 

~ .040 '8 .. 1}(Xdl". ofbolt+~ In. .- '8 Short db. of IInllhed head 

I 
.... .. 
. <00 , . .. 1}( X dl • . of bolt+ It ID. .... ,. Thickness o f rough head 
.007 " .. " abo rt dl •. of bead. 
.820 >0 Thlckn,,"of flnl.tled h ... d . 731 • .. diL of bolt-h in. 

I 
, .837 8 The lOll&' diameter of .. 

i~ 
. 840 7 beu.gon nut mlly be .,. 

1.066 7 
1 . 160 8 taioed by mulli plying t h" .. L284 a Ihort diameter by I.lr.c; and 

in l .sa9 6< the LOllgd L. metetof.lqu ..... 
1 .490 6 nut by multiplyb" the aIIon 
1.610 6 diametuby 1.~14. 

• 1.71~ :~ 
The a bove standard. for 

~~ 
1.962 acre ... tbreadl, nuuand bolt 
2.170 4 head. ... ere reeommendl>d 
2.426 4 by the Franklin In stitute In 

• 2 .629 

IS 
De~mboer,l~l. The ltand_ 

!~ 
2 .879 .rd for lie ...... thread_ ha. 
S.I00 been vcry generally adopted 
8 .317 • In the United St.tes, but the 

4 3 .367 3 proportion. reocommended .. 8.700 ~~ for IIlIlIand bolt heada have 

:~ 4 .028 not found gODoral accept. 
4 .2M OX auee b«auH of <h, od' 

• 4 .460 

I~ 
l ize_ of bar_not ullually 

~~ 
4.730 tolled bytbemm_r equlred 
4 .9M t o make the nllt. 
6 .203 

a 6.423 I -
I 



CA R NEG I E STE EL COMP A N Y "" 
WHITWORTH ' S STANDARD ANGULAR SCREW 

THREADS 

N\tI\ 
Angle of tbrnd 1\CIO. 

55° ;Xn Depth 01 thread ... pitch ., 
. i lIC""w. 

~ of deptb I, rOllnded off al - top .IId bottom. 

Nllmber of th,..,.d. 10 tb. Illc h ;11 lIq ... re threAd. _ )( the lI11mbu 
h .. an ltlll a r thread" 
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"" C A R NEG I E S TE EL C OM P AN Y 

SPIKES, NAILS AND TACKS 
-
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CAR NE GI E S T E EL COMI' AN Y " 
CLEVISES 

A.EIIIC ..... SRIO GE COMPANY " " ANDARD' 

o~@::::D 
An dim."".,... la , . , Grip G c." k aado 

l""h .. ~--------- ~ 10 ... i, COIIn«'Ilon. 
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211 CARN EGIE ST EE L COMPANY 

SLEEVE NUTS AND TURNBUCKLES 
AMERICAN BRIDGE CDMPANY ' S STAN OARD S 

ALL DIMENSIDNS IN I NCH ES'-_____ _ 

SL.EEVE NUTS TURNBUCKL.ES 
\lanuf><.u,<d by ,h. (;I.'~l.nd C;'y 

For,. &lid Iron Co., Clevdand. O. 
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CARNEGIE STEEL COMPANY 2);.1 

EY'£ BARS 
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'" C ARNE G I E S TE E L C Or.t P A ~ Y 

DECIMALS OF A FOOT FOR EAC H . th OF 

AN IN C H 
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C ARNE G IE STEEL COMPANY '" 
DECIMAl.S OF A FOOT FOR EACH b'h OF 

AN INCH 
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'" CARNEGIE ST E E L COMPANY 

DECIMALS OF' AN INCH FOR EACH " th 

-
... · 1 lIoi:imal j r .... lin I ... I " "'''"' ..... 

- - 1-
1 .015625 33 .515625 

1 3 .03125 17 34 .63126 
3 .046876 35 .546875 

3 4 .0625 1. 16 18 36 .6625 9.16 

6 .078125 37 .578125 
3 6 .09375 19 38 .59376 

7 .109375 39 .609375 
4 8 .125 I 1.3 20 40 .625 6.8 

9 .140625 41 .640626 
6 10 .15695 31 42 .65625 

11 .171875 43 .671875 
6 13 .1875 3 .16 22 44 .6876 11.16 

13 .203125 46 .703125 
7 ,. .21875 23 46 .7l875 

15 .234375 47 .734375 
8 16 .25 1.4 24 48 .75 3-4 

171 .265625 49 .765625 
9 18 .28125 35 60 .78125 

19 .296875 61 .796875 
10 30 .3125 5.16 36 53 .8125 13 .16 

21 .328125 63 .828125 
11 22 .34375 27 64 .84375 

33 .359375 65 .859375 
13 34 .375 3.8 , 28 56 .875 7.8 

26 .390625 67 .890625 
13 36 .40625 29 68 ,90625 

.7 .421875 69 .921875 
14 .8 .4375 7.16 30 60 ,9a76 15-16 

29 .453125 ., 61 .953125 
16 30 .46875 31 63 .96875 

31 .484375 63 .984376 
16 3. .5 1 .• 3. 64 1. 1 



CARNEGIE STEEL COM I' ANV ~ 1 6 

TABLE OF BATTERS 
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oe found by interpolation. 



'" CA R N EG I E ST E E L COM PA N Y 

UNITED STATES STANDARD GAUGE FOR SHEET 
AND PLATE IRON AND STEEL 

Adopted .. Standard by American Ran .. ay Master Mechanics AU<). 
elation and ASlIOCiatlon 01 American Steel Manutacturer .. 
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CARNeGie STEEL COliolPANY m. 

STANDARD GAUGES 

mcDISS II IIIC1IWS 0' 11 liCK 
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-" Ihuf .. tut 

TooIi ..... ,.-
Totl PI_ 

CARN~;GIE STEEL COMPANY 

MANUFACTURERS' 

STANDARD SPECIFICATIONS 

R"vliled ~'ebruarJ' 6. 19OJ. 

STRUCTURAL STEEL 

I. Ste<:l n,ay be made by eithe r Ibe Open.Hearth (lr 
n"5Iea.er "roct ... 

2. All test. aDd ;nopect!oo" .hall be D,ade at the place 
of manufacture prlD' to shipment. 

~. The tell.llelt...,n,fth, 110.1101 ela81Icilyandduc\llity. 
ohall be determined from a .tandard lesl piece Cllt from 
the fiol.b ed "'aledal. The standard Ihape of Ille lUI 
piece for sheared plates shaH be as.how .. by Ihe foltowlol" 
skelch. 

On \esU CUI front Olher D,atedal tbe lelt piece may be 
eitber tile un.e as for .beared pl3\.,., or it may be planed 
or turned paraUtl IhTOUllboutl1O entire lenll'lb. and In all 
case. wi:""" p06slble. two (1)\>01111" .Ides of Ibe leol piece 
,hal! be Ibe rolled .uriac"s. T he tlo"a-atlon thall be 
meuure4 on an o r l&'loal Itna-th of 8 iochu ucepl u 
modified in IIKIl0n 12. paraa-raph c. R ITeI roulld8 alld 
.mall bars sllal1 be lUted of fill! size a. rolled. 

Two IUt pieces shall be laken from each melt or 
blow of fioi$hed material. oue for tension a"d one for 
M ild Ina-: but In cue eitber tut dHdops fla ..... or the 
tensile tut piece break. obliide of tile middle third of iU 
&,au,ed len,tb. It may be discarded and anotber teat piece 
,abstituted therefor. 

4. Materiaiwbich II to be used "jthont anaealln, o r 
fartller IrUtnlent ,ball be tested in the oonditlon In whicll 
It come, from the roUs. Wben nt:uulal18 10 be annealed 
or otber"'l .... treated before n ..... the 'l)ec imea repre .... "I­
I .. , IILcb material shall be SimilarlY treated before teatinLl. 



Pioi. 

CA RNEGIE ST EEL COMP A NY 

I!.. Ev~ry finisbed p!eoe of Iteel lIball be etamped wlt2I 
tbe bloW' or melt number,and at~el for plnl aha!! bave tba 
blow or melt num ber Jtamped 011 tbe elld... Rivet. and 
lacillg ateel, and small pieces for pin plates and stiftene .... 
may be shipped In bundles securely wired together, -.nth 
tbe blow or melt number On a metal tag attached. 

&. Finlsbed ban shan be free from InJurlou" seame 
ftawe or crackl, and bav" a workmanlike t\nlah. 

'" Steel for Bundlngs, ) 
Train Sheds, ~Iaximum PhospboMlll 
High~ay Bridges .10 per cenL 
and SImilar structure ... 

7". St~el for l Maximum Phospborus 
Railway Bridge ... r .08 per <.'enL 

8. Structural steel sball be of three grade.., Rlvd. 
Rall .... y Br Idie and Medlum_ 

RI>01 ~ Ultimate atrellgth, 48,000 to 158,000 pounds per IQuare 
Slftl Inch, 

. .. 1 ... ..., 

Elas tic limit, not Ie» t han one_balf the ultimate 
et."ength, 

Pe f I I 1,400,000 """ntage 0 e ongat on, ultimate et.rength' 

Bending telt, ISO degrees flat on Itself, without frac­
ture on outside of bent portion, 

1(1. Ultimate .tr~ngth, M,oootoel\,OOO pounds per aquare 
InCh. 

EJa..tie Hmlt, not Ie» than one _balf the ultimate 
Itrength. 

P fl' 1.400,000 er«ntage 0 e ongatlon, ultimate Itrengtb' 

Bending t"st, ISO degree. to a diameter equal to 
tblckneu of piece telted, wlthont fracture Oil outaide o f 
bent portion.. 

II. Ultimate atrellgtb, 60.000 to 70,(0) pounds pe r MI"a .. 
Illch . 

El.atic Untl t , nOt leu tban one_balf the ultimate 
Itrength. 

Percentage of "longadon, ultlm~::~:ngth' 
Bending lut, ISO degreel to a diamete~ eq ual to 

thlckn,," of piece t u t ed, without t ract"". 0 .. out';d. of 
ben t portion. 
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CARNeGIE ST~EL COMPANY 

12. For material less than /0 Inch anll mort! tha .. K 
Inch tn thlckn" .... the followIng modification. abail be 
mad .. In tbe requirements for elonl".lion: 

II. For each increase of ~ Inch In tblcknea. above K 
inch, a deduction of I per cenL shall be made from the 
spedfied elongation, ""cept tl1J\! tbe minimum elongatIon 
shall be 00 per cent. for eye_bar material and 18 per cent. 
for other structural materIaL 

Ii, For each dec ... ase of t'a Inch In thickness below", 
incb, a deduction of t}i per cent. shan be made from the 
apedfied elongation. 

c. In rounda of H Inch or leu In diameter, the etonga. 
tlon 'hall be meMured In a length equal to eight dme. 
the diameter of aectlon luted. 

d. For plna mad .. from any of th .. befortl_mendollW 
gradcs of atec], the required elongation Ihall be 5 per 
cellI- 1,,11.8 than that apeclfied for each grade, aBdetermined 
On a ten pie~, the center of which .hall be one Inch from 
tbe surface of the bar. 

18. The variation in crosa-sectlon or ... elght of more 
than 2U per cent. trom tbat specified w!U be .ufficlcnt 
cause lor reJection, ell.~pt In tM Ule of sheared plates. 
whicb will he covered hy the following perml68ible vari. 
atiops: 

Q. Plate. I!lU poundS per &quare foot or heavier, up to 
loo/ncbet wide, when ordered to ... e!ght,ahall not .verage 
more than 2U per cent. v .. riation .. bove or .U per cent. 
below the theoretical weigbt. When 100 inches wide end 
over, 6 per ccnt. above or !I per cent. below the theoretical 
weight. 

It. Plate" under 12).4; pounds per square foot, wben 
ordered to weight, shall not average e greater "adation 
than the foliowing: 

Up to 7~ inches wide, 2).4; per cent. above or 2).4; per 
cent.. below the theoretical weight.. 76 inches wide up to 
100 Inchea wide, 0 per ~nt.. above Or 8 per cent.. below the 
th~retical weight. When looinch.,. wide and over, 10 per 
~nt.. above or 8 per cent.. below the theoretical ... eight.. 

c. For all plates ordered to gauge, there will be per. 
mitted an average e"cess of weight o""r that corTelpond. 
Ing to the dimensions on the order equallnarnonnt tothat 
apecified in the lollowing table, 



C AI< N 'itG I E STE E L CON I'AN Y "" 
TABLE OF ALLOWANCES FOR OVER_ 
WEIGHT FOR RECTANGULAR PLATES 

WHEN ORDERED TO GAUGE 

PlatM will be COIIsidet"ed up to pup If m ..... ur'.ng uot 

over rtf mch leu tllan tile ordered pup. 
'l"b.e _I&:ht of 1 cubic Inch of rolled .teel t ..... umed to 

be O.llS38 pound. 

~UTII:S " iMCH AND OVE'" iN THIOKMES$ 

'1'101111 of .... _. _ ... 
tlpa75bcM 7UotttIMM 0. ... lot It US 1h'w1l5!-. b.~. "'-, "'-, Pot ... 1. '"-, 

• " " " A 8 " .. 
* 

, 
" .. " b • 8 " .. 

• • , , 
" A •• ", •• n 

* • , • " Ovo<. '" • ~!~ , 
.. UTES UNDE .. " I N C H IN THIC KNE S S 

WWIII of P\&It ........ -... tI,to5ObcM 50 to ;, lid. 0..;' ilI<Mo "'., Pu_~ '"-, 
)i1lptoA " .. .. 
/tuptoA .. 12~ " IInpto}( , 

" " -
STRUCTURAL CAST IRON 

1. F;",«opt wilen clll11ed Iren i •• pecifled, all castmgl 
.han be tougll gray iron. fT", fTom lnjurlou. coid-allull 
Of b]ow_IIO]eI, true to p"tttm and of a workmanlike 
flnllll. Sample piecea.. I lncll lQ"a~. c .. t from tile sam .. 
heat of metll in sand mou]d .... !!han be cap"ble of BUI-
tllnlng on a clear span of ~ feet 8 illchn, a «ont .... ] ]Q&d of 
!lOCI oounda who", tuted in the rougll bar 



C AR NEGIE STEE L COM PA N Y 

SPECIAL OPEN - HEARTH PLATE AND 
RI VET STEEL 

'h1liDJ.... 1. AU t~lt. nnd lnopect!on, ,ba\! b<I made at the p]ace 

IupMtIoI OJ' manulactu..., ~rlo~ 10 1Ib!;>ment. 

YMI PI-. 2. The teu!!e Itrength, limit of e\aatlclty Ind ductility, 

IIbln be determined from a BtalldBrd tnt pi_ cut from 

tb" finiahed mat"rial The ltandard abape of tbe test 
piece for sbe.red plltel .ball be al abo1l'1!. by tbe follow_ 

Ing sketeb, 

On teall CUt from otb"r matedal t he telt pl\!"Ce ma y be 

eltber the IlAme.' for .h"ared platel, Or It may be planed 
or turned paralle] tliroughou t It. entire lenl(1.h and In all 

.,....,. where pou/b]e, two opposite Iidel of tbe tnt piece 

aha\! be tbe rolled lurfaees. TIIoI' ,,]oogatio:l ,bal] be 

m ..... uted 011 an orl&"Ina] ]"ngth of 8 Inehe .. elloept u 

mod!fied In MCllon Ill, paragrapb c. Rivet founds and 

ImaU ba .. ,ban be telted of full Ilze al rolled. 
Four tnt ptece, Ihall be taken from eacb melt of 

finIshed material, t ... o for tens!on snd two for bending ; 

but In ca ..... Ither tell develops /tv.WI, or the tensile test 

pl_ brenk. outside of the mldd]e tblrd of ill gauged 

l ength, It may be dl_rded and another tell pIece I Ub­

Itltuted therefor. 

I. Ma terial whIch il to be u...-d witbout Inneallng: Of" 

furt ber t...,ltment lIba]] be tuted in Ihecondl t lon In w blcb 
It comu from the rollL When mate r ia] II to bo an nealed 

or othe r ... t ... treated before use, t be opeelmen represent­

In&" luch material Ihall be ,lmilar]y t rea ted before tU till&-
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CARNEGIE STEEL COMPANY 

... Every finilihed piece of ated aball be .tampe<et wit" 

tbe melt number. Rlvet'stee l mny be ab!pped In b .. ndlea 

aec .. rely wired together, with tbe melt uumbe • .>II. metal 
tag attacbe d. 

:;. All pla.te. Il\a.II be free from Injurioua .. urf .... 

defec", and ba~ a wo.-kmanlike finlBb. 

... 
". 

Fla nge or Boil_ t Maxim ..... PhOllph .... u •. OII per cent. 
e r Steel. r .. Sulpbur .(101.... 

&"t ..... 10ft and l . 
Fire Box Steel. f 

PbOllpborua.(IoI " 
Sulphur .0iI" 

1. Spedalope!! h eartb Plate and Rive t Steel.ban be of 

tbree grades. e"t ra ;Soft, Flra Bo,. and F la"l'e or Boiler 

Steel. 

8. Ultimate Itrength,45,OOO to M,OOO pounda per Iqo.are 

Inch. 

Ela.tlc 1I ... lt, not less tban one.bal f tbe ultlmat.e 

wength. 

Elongat/on,1/8 per cent. 

Cold and Quench bendl, 18) degree. lint on ltaelf, 

witbout fraetur .. on outlid .. of bent portion. 

O. Ultimat .. Btrength, ~.OOO to !I:l,OOO pounds per Iquan 

Incb. 

Elastic limit, not less than one_balf tbe ultimata 

strength. 

Elongntlon, 26 per cent. 

Cold and Quench bendS, 18) degrees tlat on Itlelf, 

witbout fracture on outside of beut portion. 

10. Ultimate atrength, 56.000 to 156,000 pounds per lIq"are 

inch. 

Elastic 1Imlt, not Ie .. than one· half tbe ultimate 

atrengtb. 

Elongation. 2!5 per cent. 

Cold and Quencb benda, 180 degTee' lI.t on ItMlf. 

.Itbout fracture on outside of bent portion. 

U. Steel for GOner rivet •• hall be made of the e"t ... 

.elf! jfI'&de specified In para~ph No. 8. 



CARNEGIE STEEL COMPANY 

III For material I"A tha .. ,. Ineb, and mora than * 
Inch In thlckne .. , the fOllowiug modlflClltlon. IhaU "'­

made In tha requlrcmentl for elongation: 

II. For each Inere_ of ~ Inch In Ihlck"e .. above Yo 
meh, ,. deductlol!. of I per .... nt.. Ihall be mada fro'" tho 
apecified elongation. 

II. Por each deC1"O&Ml of ,'0 Incb In tblc1r. ...... below f • 
• ncb, a deduction of tJ( per .... nt.. ihaU be mada from the 

.peelfled elongation. 

~. Inroundlof Hlnchorle .. Indlamete~,tbeelong,._ 

tlon 5hall ba mea.ure-<! I .. a le"gth equal to eight time. 

the diameter of IMICli0n luted. 

,m.u., i:I Ill. The variation In C1"OQ-OIe<:tlon Or weight of more 

""".1 tha" 2}{ per ceM. from that lpecifled will be I"mde"t 

(:11."'" for reJection, ucept In tbe QlH of Iheared !>!atel, 
whleb w!ll be \lOVW'e4 by the following pennl .. !ble '·ari. 
ationa, 

II. Plate,~}{ po1;lnd, per 5ql14re foot or heavier, up to 

100 Inches wide, when ordered to weight, .han not average 

",ore than 2}{ per cent. var!atloll above o r 2}{ per cellt. 

below the theoretical .... "lght. When 100 Inche. wide and 
over, ~ per cellt. above or 6 per .... nt. below the theoretical 

welgbt.. 

6. Plate, 1;Inder It}{ po1;lud, per aquare foot. whe1l 

ordered to weight. ,hall not average a greater variation 

tha1;l the fOllowing: 

Up to n Inchel wide, 2}{ per ce"t.. ahove or 2}{ per 
.... nt. belo .... the theoretical weight.. 711 Incbe. wida up to 

100 i"cbu wide, Ii plr cent. above or a per cent.. belo .... th" 

theoretical Iftlgbt. Wboen 100 IDebn Wide aDd OYeI, 10 

per .... nt.. .bo .... or I per cent. belo .... the theoreU(:II.1 

.... eigbt. 

G. For all pl.t.K ordered to K.uge there will be per_ 

mllted an "'erago excell of weight over thtlt \lOTTe.pond. 
ing to the dllnenllonlon the ordereql141 In amount to tha: 

specified in the following table: 



CARNE GI E STEE L COMPA N Y ,~ 

TABLE OF ALLOWANCES FOR OVER_ 
WEIGHT FOR RECTANGULAR PLATES 

WHEN ORDERED TO GAUGE 

Plates will be ()onsldered up to gauge If m .... nrlng not 

over . to- Inch Ie .... than the ordered gauge. 

The weight of 1 cubic Inch of rolled steel I" assumed to 

be 0.2838 pound. 

P\.ATIE$ )( INCH A N D OVE!!. IN THICKN IIS S 

-
Yidlk of PlaIe 

~ . .... , .. 
Iip. is WII. is.IOOi ..... 0..,. 100. u:; 0,..,. U5 I .... 

I~<II." 
"'~. for .... ~ ' . r .. al. "'~. 

" '" " " " 
, 

" " • , 
'" " " h , , 

'" " " • , • " " '" '" '" " • , , , '" O'..,r ~ '" 
, 

" 
, 

PLATES UN D E" " IN C H '" THI C K NESS 

'1idlk of PlaIe 
NWIoeo.fPlaIe, , .. 

Up "'.50 iAehoe .501t7\l~ I)rfl'iO ;.u.. 
"'r ... ~ .. ~. Pt .... ~ 

»:upto,\ '" " 
,. 

l.uptoA: '" "" " r\ up to)( , '" " -
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CARNEGIE STEEL COMPANY 

.sPEC IFI C ATI O N S FOR W ORKMANSHIP 
1. I'IIpectloD of work .hall be m.o>.de ,,$ It prognue .. 

IUld at as early .. period.a the nature ofth .. work permit .. 

2. All workmanship must be fi .... t_<:la..... All abutting 

."rlaces of oomprellllion members, ",xcept flanges of plat .. 

glrdcn where Ihe joints are fully spliced, must be plaued 

or turned to even bearings 110 that they ahall be In ,ueh 

contact throughout &8 may be obtained by such meanIL 

All finished surfacel must be PlVte<:ted by whit .. lead aud 

tallow. 

8. The rivet holu for spllce plates of abtlttlng memo 

bera ahan be so ae<:urately spaced that when the members 

are brought into position the holeR ahall 00 truly opposite 

be lot .. th" riveta are driven. 

4. Rollers must be finlBhed perfec:tly round and roller. 

beds planed. 

~ The pitch of rivets In all (:I",,,,,,,. of work shallllever 

exceed 6 In., nor 16 timea tbe tbinneat outside plate, nor be 

leu tha" 8 dIameters of tbe rivet. T he :"kets used shaH 

generally be Ji, Yo and U In" diameter" The distance !)e.. 

tw.,.,n the edge of any piece and the center of a rivet hole 

muat never be less than IU in", e:<cept for bars leu than 

2~ in, wide" When practIcable It sball be at least 2dlame_ 

tera of t he rh"et" Rh'eta muat completel)" fill the hoi ..... 

h","e fun head8 concentric with the rivet, of a height not 

less than ,,6 the diameter of the rivct, and in ful! coutact 

with the sur(ace, orbe counteuunk wben ao required, and 

machine-driven when""er practicable" 

6" The diameter of the puncb shall not exceed by mOre 

tha" I. in" the diameter of the rivets to be used, and .. 1\ 

hOlel must be clean cutH witbout torn Or ragged edge .... 

Rivet bole. mnst be accurately Spliced; the use of drift 

pina will be allowed only for bringing together the...,veral 

plIrtl forming a member, and they must not be driven 

with .uch foroe as to disturb the metal .. bout the holes. 

7" Built membera muat, when finisbed, be true and free 

from twllt .. kink .. buckle. or open Jointl Mtween tbe 

component piece .... 



CARNEGIE STEEL COMPANY 

8. All pln-holn mUBt be accurately bore<! atright Bngle. 

to the axla of the mell'ben, UDle" otherwl"" ahowD in the 
drawlnga, and in piece. not adjustable tor lengtb no vari. 

ation o f mOI'1'l tball "" of an incb wili be ailowed in the 

length between centers of pin.holes: tb .. diameter of tb .. 
pln.hole • .b.all not e""""d that of the pin. by more thaD 

;., in., DOr by mOre thann In. for pi,," uDder II>' in. diame. 
ter. Eye.bars must be atralght before boring; the holes 

must be in tbe center of th .. bead •. and on the center line 

of tbe ban. WbeDenr eye.bara are to be packed more 

than ji of anlncb to tbe foot of their lengtb out of parallel 

with the ."Is of the structure, tbey must be bent witb .. 

~nt1e curve untU the bead lland. at rigbt angles to tile 
pin In tbelr intended positions before being bo,..,d. AU 

eye·bars belonging to the same panel, when placed in .. 

pHe, muat allow the pin at eacb end to paas tbrougb at tho 

"me time witbout forcing. No welds will be allowed hI 

tbe body of tbe bar of eye.bara, late rail or countera, U 

""pt to (orm the loops of laterals. counte .... and sway rods: 

eyes of laterals, stirrups, sway rods and counters muSt be 
bored: pins and lateral bolts must be finished perfectly 
round and straigbt, and tbe party contracting to erect the 
wort must provide pilot.nuts wbe,.., neceasa.ry to p,..,,,,,rve 
tbe tb,..,ad8 while the piUII are being driven. Tbimbles 
or .... &aben mUlt be uled wbenever required to fill tbe 
v&cu.nt apacel on pins or bolt ... 

9. In all cases where a steel piece in whlcb the full 
lItrengtb Is required bas been partially heated the wbole 
pi.,.,., must be sublequently annealed. All bends in &teel 
must be mad~ cold, or it the degTeo of curvature Is 10 
great as to requ(,.., heating. the wbole piece must be IUb. 
aequelltlyannealed. 

10. All surfacel ina~asible after auembUng mull be 

well painted or oiled befo ... the parta are auembled. 

ll . The decision of tb .. engineer shall control as to UM 
luterp,..,tation of drawings and 5peciflcat!Onl during the 
execution of work ther~unQer, but this sbal1 not depriv .. 
th .. contractor of his right to ,..,dreaa, after the completlou. 
of the work, for .. n improper decision . 
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C ARNEGIE STEEL COM P ANY 

STANDARD SPECIFICATIONS rOR 

STEEL RAILS 

a_ouary I, 18GO) 

I. MI .. I, 
10 10 IhI. 

C.rbon .. .. . . ... .33 to .IS 

Pbo.phoru& •.•• Dot over .10 

S!Uoon .••....... not over .9:) 

.IoI.llp"- .... . .70 to 1.00 

Carboa .••.••••.••.•.••..••••... 

Pba.phoru •................... 

SlUcon. •..•....••.••••..•..•.. 
Manc·n_ .................... . 

..1 ...... 
"70 II", 
.3610 .411 

not over .10 

not over .00 

. ro to 1.00 

.. I ..... 

" 10111L 
.4$ 13 .53 

not over .10 

not OV<!f .20 

.eo to 1.10 

XIII., . .. 

"'81! ~" 
.«1 to') .ro 

notovcr .10 

not ove r .91 
.75101.01:\ 

tIIlk., 
101011_ 

.4.5 to.M 

notov .... 10 

Dot over .20 

.llOtol.lO 

I. Unln, otherwlte 'peelfled, the ICK:tlon of rail 5h.U 

be the Amerlun Standard, recommended brlhe American 

Society of elv!! EngIneer-. and Ihall conform, .11 .ccu_ 

rately a.posslble, to the templet furnlahed by the Railroad 

Compo.ny, contiotent wltb ClauM No. .. ~latlve to sped_ 

lied W<!1&,bt. An allowance In belj:bt of R of an incb under 

and It of all incb o,'er, _m be permitted, A perfect lit of 

the Iplice ban., bo_ever, ahaU bemaillt.allled at all times. 

& The _elgbt of the raUl lball be maintained .. n .... 

.. poM!ble, after complyini' _Itb Clau .. No. t, to that 

specified In colltraet. A variation of " of I per ceot. for 

a n entlno order _ill be aUowed.. Rail. Ihall be accepted 

and Mottled for according tn actual weight. 

'- The ltandard length of ratll ,ban be 80 feet. Ten 

per c.n t. of tbe endno order _ill be ao;c.epted in iborter 

]en&'1h" varyini' by ev,"n feet down to U feet. A vanatlon 

of )( i.ach III lengtll from the le~hI lpoelfled ...ru be 

aUowed.. 
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~ The n.me of the m.ker .nd the month .nd ye.r ot 

m.nu!a<:tunl ahall be rolled In r.11Ied letters on the aide 01 

tbe web, and the number of the heat Ih.1I be ltamped 0" 

each rail. 

d. Circul.r holu for apUce barallhall be drilled In .c­

cordance witb lpeclflcatio", of purcb .... r. Tbey aha!! be 

accur.te to drawing .nd dlmenslona furnlabed In every 

r upeet, and freo from burT&. 

7. Raila to beatralgbtened whUo cold, to be amootb on 

bead, to be .. wed &quare at end .. and, prior to ablpment. 

to h.ve the burr occas.ioned by tho laW <'ultlng removed, 

and to have enda m.de c1e.n. They .ro tn be free from 

injurious defects .nd flawa of all kindL 

8. The In.pector, representing the purchaser, shall 

have freo access to the worka of the m.n .. l.cturor at .11 

times wbile hiB COntract il being executed, .nd ah.ll h.vo 

.11 re.ton.ble facilities .fforded to Mtis!y him that the 

r.Us are being made in .ccordance with apec!fic.tionL 

T he ma .... t.cturer sh.1I furnilh the inapector, dally, with 

earbon determinlltionl of each be.t, and a complete chemi_ 

c.l analysis every twenty.four bours, representing th~ 

.vernge ol the other elementl contained in tho Iteel. 

~. Raila whlcb PO"""'" .ny Injurious phyaical defect., 

or lor any other cause ani not luilable for filII q .. al1ty. 

"h.ll be considered No. , Rail .. 
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STANDARD SPECtF'ICATIONS F'OR 

STEEL SPLICE BARS 

Uaona.,. I, 1811\1) 

1. Cuoon, nol to "Keeed ... 
PhOtlporonl, not to eaeeed 

o.U per cent. 

0.10 per cent. 

lIangant ........................... 0..0 too.lIO per cent. 

B. Test p!ea:. eut from bead of Ipllco I;JAr mUlt sho .. : 

... Ultimate It,..,ngth, M,OOO to 8(,000 Ihs. per "'10 ... 0 

I...,h . 

•• Elastic limit, not Ie. tban one_hal! the \3ltlmal" 

strength. 

~. Elonptlon, IIot leu than 26 per cent. mea,urN in 8 

In. (D mlll[meters). 

d. Bendlo&, ten. 18) degree. ftn on it""lf without frae 

ture on out.lde of bent portlon . 

.. All aplice ban ahall be Imoothl,. rolled and In1l. 10 

templet. The name of maker alld year of ",a!lufactnr., 

ahall be rolled In raieed lelteu on the aid" of the bar. 

The ban .hall be Iheared &C<=llntely to length. and free 

from fin. or ~k .. and shall be perfeet lit to the rail. for 

wbkh they a'$ !nl~nded.. 

l~_ 



CARNEGlt: STEEL COMP<\.NY 

4. The punching and notching of Spllc& Bar$ must 00> 

accurate in every respect to drawing Ilnd dimension8 

furnished. 

5. The lnspe<:tor, representing th .. purchaser, "haJJ 

have free access to the works of the mnnufacturer at all 

tim~~ while his contract is being executed. and shall have 

all reasonable facilities afforded to satisry him that splice 

bar~ are being mnde in accordance with spoeifications. 

, 



CAR NEG I£ STE £L C O M PAN Y 

NOTES ON STEEL AND IRON 

1. 'l' b" a verage weight of wronght Iron 114IlO l ba per ctlble foot. A 
bar I Inch square and 8 feet long weigh ... therefore, e,.actly 10 lha 
H ence I 

Tojind IMsul,;,,,aI ar.a, K'·""nIJu weirltt frr fool .' 
l l ultiply by h. 
T(1jilld fJu weirAI frr foo/ . ,fJ·vnlIJu ucU,,"al a"u. : 
Multiply by V. 
2. Tile weight o! .teel b51 per cent.grealer th"n thatof wrOl1ght Iron 
T(1jilld ucl,;,_' area, ri""" Wt!i.8'1tt #,./001: 
D Ivide by 8.4. 
Toji"dwdgltt In" fool. 1(ivm. ucJ/(1naJ area : 
Mnltiply by 8.4. 
8. Tbe center load at wblcb a bar of ""ronght Iron t in. Mlnare, ane! 

tII ln. center to center of points of support, wilt give way II "ery nearly 
(JIU 10" (of 2. lUO l ba), 

0&. Wlt hln tbe elastlc Umlt tbe f".tenslon and compredlonofwrougllt 
Ir on Is very nearly 1.1 •• of Its lengtb for a atr"1111 of on. 10,. (0£2,$11) Jba) 
per Mluare Inch. 

Por cast Iron thl, ratio I. d.. for tendon, but become. variable for 
comp~8alon. 

I\. Tbe contraction or upanBion ol wronght iron under changes of 
t emperature Is about .. in of itllengtb, for a variationof l G<> Pah~nheit. 

T he 6trcu thu8 Indu""d, if the endB nfe held rigidly £i>:ed, will be' 
about (1"."'" (of t,lUOlba) per square Inch of cross-secti<>n. 

15. The c<>efficient of expansion o f wrought Iron for 1000 Fahrenheit 
I, o.OOJ68(I. T herefore, for a variation in temperature of ]25<>, a bar of 
wrought iron 100 f""t long wnt e>:papd Or contract UI291nchea 

Omveruly: A chang" In length of l inch per hundred f""t would b<l 
produ .. "d by a var iation In tempernture of 121.5<' Fahr"llhelt. 

T. Th" melting point of Iron and ateell, ahout al follows I 
W ronbht iron, 8,(0)<' Fahrenheit 
Cast iron, 2,(0)0 
Steel. ',4000 .. 

& T he welding heat o f wrought Iron 112,783' Fabrenbelt. 

MISCELLANEOUS NOTES 

L Thrust of arch per l !neal l oot, 
1.5 ".\, T ___ , _ _ • In Which w _ load per lIquar e foot, r _ r IM In areb 

In Inches, and I '" 8pf1n III feet. 
5l. Appro:dlllntely t he radiUM of gyration fo r a box sectioll I. ,\ the 

""'It lido. 
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CARN EGIE STE EL COMP A NY 23i 

$AF£ LOADS UNIFORMLY DISTRIBUTED FOR 
RECTANGULAR SPRUCE OR WHITE 

PINE BEAMS ONE INCH THICK 

The following table has bee" calculated for enreme fiber strease. 
of 1'...0 Ibs. per "'Iua ... inch corresponding to the following ... alun for 
Moduli of Rupture recommended by Prof. Lalluo, viz.: 

Spruce and white pine, .••.......•....•.... 3.000 lb •. 
Oak ............................ . •....... 4,(1((1 .. 
Yellow pine . .. ........................... !.,OOO .. 

For oak Increaso vaiues In tn.ble by}S. I'or yellow pine incn=aae 
"alues in tabl .. by". 

The ... fa load for any other ".lues per squa'e Inch i, found by 
Increasing or decreasing tbe loads given in the table in the same p ..... 
portion 'a the incre ..... d or decrea$ed fiber .t .... ss. 

~ 6· 7· •• •• '" II· 12· 13· 1.' ,.. 16" 

---------f---
• , , , 
• 
" n 

" " .. 
" " " " " 
'" " " " " .. 
" '" .. 
" 

"" oro .. 
"" ... .. 
"" "" .. ,,, .. ,., , .. 
'" >0, 

'''' '" '" ... , .. 
'" H' 
'" '" ,,, 

.. .. .. ." .ro . " "'" "" "" "" 
"" ... 
'" ... 
'" .. ,., ,., , .. 
,ro 
,ro 
,ro 
'"' '" '" 

"" .. ,., 
"" .. ... ", 
'" ." ... .. .. . " "" ... 
"'" "'" '" ... 
"" 
'" "' .. ,., , .. 

,,., 
H'" 
"" "" '"' 
'" ,,, .., 
"" ... 
"" ... .. 
'" '"' 
"" .. ,,, 
:l 

,"ro """ 189() 100 
1190 1<l4() 
lQ.iO 1260 

\100 JIll) 

SOO 1010 '" .. .., "" 
'" "" .., "" ... '" ... .. . ., .. ...... ...... 
400 610 ...... .... '" ... '"' .. 
SOO 410 '" .. 810 S70 .. '" ...... 

.... .." 

"'" "'"' lnO 0010 
1500 1700 
ll3J 1500 

1100 1410 
logo 1200 
1(0) 11!'O ... ".., 
86C 1010 .. "" 
'''' "" 710 1m 

'" "" .. ,., 
'" ~, Mil 67(1 ... ~, 

62tl 610 oro .., ... ... ... ... ...... 
... oro 
no 490 

"" """ ..., 
""" 1810 

, ... "., ,.., 
"" 117(1 

"'" , .. ... 
'" .. 
"" "" '"' "" ... .. .. 
"" ... 
"" 

1880 2100 
I'TIO 1940 
lMO 17S0 
14.;0 1640 
Ill-tO lr..ao 

l2:iO 1420 
1180 Is.<r) 
1100 1200 
10-10 1190 

IlOO 1111) 

"" ,oro .. '''' "" '" 810 920 
,., SO> 

"" ... "" .. "" ,., 
"" "" "" ". 

To ob,alo the safe load '"r :any thickness: Multiply valae. for I incb 
br thickness of bean>. 

T "obt:a ln tbe requi red thicknU8 for :aoy load: Divide by Bale load 
for Ilncb. 



'" CARNEG I E STEEL COMPANY 

SAFE LOADS FOR RECTANGULAR WOODEN 
PILLARS (S EASONED) 

I _length of pillar In lnche&. 
~ .. width of ....... !lut l id .. ;" incbea. 

ltllow pm, (South""') Wit Oak 1I'1l" Pillt .. S,.-,,,,, 
"'" "" " " - )-

'+ 1I0Cb'1 1+ ll tii]l '+ lIi:W'i 

Theeo fonn,,! ... give saf" 100.111 of one.forth the ulumate Itrength 
ror ahort p!llan de<:NOawing: to on". fifth tho ultimate for long pillan. 

latiool ..... 

• Sat. L:w.d III PnaU por~1W.lD<b 01 ~ ......... 
I '''''' ... .., ... 'nlItPluoDi 

d (So~Ik:I) .... 
"' ." 81' 707 
14 "" 785 879 
18 '18 700 64. 
18 86. m '18 
20 82.> 678 "17 

22 781 ,., MIl 

" 738 607 '" 26 897 '" '" 28 '57 01' 467 
80 '19 .,. 44' 

- ----
'" 683 479 41' 
" 1>19 '" 800 .. 61 • '" 867 .. 487 490 84. 
'" '''' 877 ,.. 



CARNEGlt! STEI>L COMPANY "" 
.... F. LOADS IN TONS OF 2,000 LBS. FOR 

SQUARE WOODEN PILLARS 

U".'r.rW 11M fJI. PIlIIr IIllaoMl 
t..c ~ If 

I I Cd ... il 

110..10 112012 1 1 ..... 1.1 160.18 ••• 8.8 ••• ••• ---
WHITE PINE OR SPRUCE. 

• 1t.80 • 11.10 ~., " .. 
" 10.80 2l.8 .... M.' 
" '.M 1$.& " .. M.' 61.1 .. .... 18.4 ~., aLi " .. 10.' 
" , ... 17.0 "., . .., .... " .. ~ .. 
" .... 15.5 11.5 " .. "., M.' .. .. ., .... 14.1 1'.8 .... ti.' 00.' " .. .. .... .... 1&.' ... ! . «> .• .. .. ,. .. .. ... .... .... ~. .. .. 07.0 " .. 

WHITS OAK 

-
• 14.80 • 13.50 " .. M.' 

" III.SO .... .... .1.0 

" 11.00 "., m.' "., ... , 
" t.n iLl " .. ... , " .. M.' 
" '.M 1'.1i .... M.' " .. " .. las.O 

" .... 17.8 M.' .... li1.1 74.1i 102.0 ., ... IS.3 "., m.' " .. n.' .... .. .... .... 111.1 .s.' ... , .... ... , 
" ... .... .... .... .. .. M.' " .. 

YELl.OW PINE 
(.OUT .. ..... ) 

• 18.0 • 1' .• " .. 41.' 

" 14.' .... .. .. "' .. 
" IS.3 n.' M.' " .. n.' .. 11.1 .... M.' "., 00.' 08.' 18:1.0 

" 10 .• "., .... " .. ... i l.' 126.0 

" .... 11.8 M.' " .. .. .. "., 11M.O ., .... 11.8 U " .. .. .. " .. 120.0 .. .... .... "., M.' " .. .... 116.0 .. .... .... .... ... . ... M.' 111 .0 



CAR N e GI E STEEL CO MPA N Y 

STRENGTH OF" MATERIAL~ 

UI.TIMATIE "IIS ISTANOII. T O TIlNS ION IN L as. 1'11111 . QU A I'II: INCN 

METALB AND ALLOYS 

Aluminum 8,00u, 

10 per ~nt. AI. and \10 per ct!nt. Copper 

'" 
.. I18X " 

B ..... c .. t .. ",1 .... 

BronUl or CUR met.a! 

Copper, CUt 

'he.ot • ... ,u 
wi ... (u"allnealed) . 

Iron, ... ,t, 18,0100 to 119,<XlO • 

wire, black or .""uled 

bright hard drawn 

t-d, alIeet 

StMI 

Alumh.um 2i per ceoL Aiumillum 

Copper, M per cenL Copper 

N1s:ke\, S,," per cent. Nickel 

c .. ,t, .. Ire, crucible 

BUMmer. 

hleb carbon . 

mildO. H. 

, ..... 
80000 

20000 

10000 

4QOOO 

36000 

'9000 
30000 

30000 

60000 

16600 

66000 

78400 

3300 

4600010120000 

70000 

60000 

86QOO 

224000 

80000 

179200 
134000 

Tho mod .. l ... or d .. Uetty or .teel from r &Olnt te.t,'. from r.,ooo,OOO 

to 81 ,(I(l(I,O(l(). Average, l5,OO),ooo. 

TIlI,cut 

Zinc. 

4800 

7(X)() to 8000 



CARNEGIE STEEL COMPANY 

STRENGTH OF MATERIALS- Continued 

TIMBER. SEASONED. AND OTHER ORGANIC "-IBER 

T aken larg-eIF from Traut .... lne· . pocket book (edition of 11$1) 

Asb, EngUlb . 

" Amencan 

B .... cll, Eng-Ulh 

Bireh 

Cedar of l...ebanon • 

American. red 

Fir or Spruce. 

Hempen Rope' . 
IIlckory, Ame rican 

Mahogany • 

Oak, AmericaD.: .... bi\o 

., European. 

Plue, America n, .. hlte, red aDd pitCh, Momel, Riga 

long leal ),<,110'" 

Poplar 

Silk llber 

Walnllt, black 

...... 
'6000 
'6000 

"'00 
'0000 
n400 
>0300 
>0000 

121XlOto 16000 
nooo 
eooo 

>0000 

10000 
>0000 

12600 to 19200 

7000 
20000 
eooo 

STONE. NATURAL AND ARTlf'1C1AI.. 

Brick and cement 

Glass. 

Siale 

)fortar. ordll1&ry lime. 

280 to 300 
2560 

2400~4600 

. 10t020 

UI.TIIoIIATIE "IESISTANOIE TO COIoll,.ltIESSIO .. 

Braes, calt 

1roo 
St .... 1 

.. 
METALS 

>0300 
86000 to 125000 
46000 to 120000 



C A RNEGIE STEF.L COM P ANY 

STRENGTH OF MATERIALS- Continued 

TIMBER , SEASONED, COMPRES SED IN THE 

DIRECTION OF THE GRA IN 

T"ken lugel,. from Trautwlne'. pocket book (ecIltlon of 18i11) 

A_b. American 

"""" Birch. 
Cedar of Lebanon 

American, red 
Chutnllt 
Deal, red . 
Fir OJ" Sprue.. 
Hickory • 
Oall:. American ... bite 

" BriUab 
.. Dentalg 

Pine, American, wblt •. 
long ]e.l yello .. 

Walnllt, black 

" .... eaoo 
7000 
8000 
<>900 
0000 
0300 
6600 
0000 
8000 
7000 

10000 
7700 
6400 
6600 
8000 

STONE, NATURAL AND ARTIF]CIAL 

Brlcl<, ...... k 
Alrong . 
tire. 

Brick work, ordin.ry, In cement 

"" .. 
GIa .... 
Granil. 

OW 10800 
1>00 
1700 

3OOw600 
1000 

30000 
. 6000 to 18000 

40001016000 
• 2600 10 10CXl0 

ULTIMATE .UES ISTA NCI TO S HIAftlN Q 

METALS 

Iron, call • 
Slee! 

TIMBER, SEASONED, ALONG THE GRAIN 

Whit .. Pin., SpMI<:e, Hemlock 
Yellow Pin., 10Dg lee! 
0.' . 

=>wooo 
3OOw600 
400 to 700 



CA R N E GIE S 'l' E J:: L CO M P A NY ., 
S PECIFIC GRAVITY or VARIOUS SUBSTANC ES 

-

...... tlh~ - a... "SoIbr\.wM -GrarilJ Grari1l 

AlumInum {~:'ni.eied 00' 1.!a srneaium 1.7' 
.. 2. 'rn Mahogany 0.66--1.(19 

Amber , ... Maple, dry 0.;"0 
Anthracito 1.40-1.1"0 Marble 2.t4-2.8r; 
Aaphaltum 1.10-1.1lO Ma.aollry, Iltone, dry 2.00-2.M .... 0' ,eo 

" b r ick, " U01.00 

Brasa {~:red' 8.40--8.1"0 Me rcllry, a. B2" Fah . .. .. 
'" Brick. common, hard 1.113.2.00 Mica . ., 

Cement, ground. 100M. 'SO Oak,dry 0.00-1.011 

Cha rcoal ,~ Pe troleum, at!\90 F a h . ,., 
Cherry. dry ."" .. Pine ,""',. 
Clay, dry Ull ... 2.00 P latinum i cast •. 21. l ~ 

hammered 2l.3-21.~ 
Coal, bituminollt . 1.110-1.00 Qua r t z 2.6-2.00 
Coke, 100 ... 'M Saltpetre, ChI!! .'" Concrete 2.47 " Kall 1.\l6-2.a3 
Co {cast. ". Sand, fine, dry. 1.40-I.eII pper rolled. 8.7!!-1l.00 

" wet. l .llO-2.~ Diamond ." 
UO-I.9l " coar ... 1.40-1.00 E arth, humus 

Glalll, oommon window .~ Sandstone 2.ID-2.00 

Gnelu, oommon 2.41)..2.1"0 S'l {cast ... 10.48 
,ver hammered ,.~ 

{cut. pure or ~ Slate . 2.60-2.;"0 Gold carat . . .. 10.28 
pure hammered .... Snow. fruhly fallen - ... 

G ranite ..... 00 St""l - 7.SltI-7.88 
Gypsum, ea~t, dry '" Sulphur J.lJ8...2.01" 
Hornblende .00 Sodium. - ,m 
,~ o.88·M2 T! least. - n, 
I {calt .. 7.I()..UO 

n rolled , ., 
ron .. rought. ,." w .. ter{pure raIn or dis-

Ivory '.00 tilled. at 119" Fab. >00 
" ~. ' .00 ~ad . 1\.87 

Lime a .... ., W alnut, dry. 0.110·0.111 

Lime, alaeked 1.00·1.-10 'Va" ...... 
Llmeal.Onu 2.4&-2.81 I z· 1 ca.t ." lite rolled , . ., 



CARNEGIE STI!;EL COMPANY 

WEIGHT OF A CUBIC FOOT OF SUBSTANCES 

..... '" SlIbrIueoo 

ALuminum 

Antbraclte. -olld. of Pennlylvanla 
broken, 100M, 

moderately lIbaken 

hupe<l bushel, 100M 

A sh. American, white. dry , 

Asphaltum 
BraSIl (Copper nnd Zinc). call 

rolled, 

Brick, belt pressed 
common, hard, 

-oft, Inferior 

Brick",ork. prellSed brick 

ordtuary 

Cement. bydraulic. ground. 100 .... American Ro ... ndale 

" Louisville 

l!;ngUIIb, Portlsnd 

Cherry. dry 

Chestnut, dry 

Clay, potter,', dry 

In lump, 100Ml 

Coal, bltumloous, -ol!d , 

broken, LooMl 

h eaped bUlhel, 100M 

Coke, loose, of good coal , 

heaped bushel 

Copper. calt, 

roned 

Earth. commOn Loam, dry, 100 ... 

" moderately rammed 

Ra a soft fto",lng mod 

Ebooy,UfY 

Elm.<!ry 

PUnt , 

" .... 't"ir~1, ... 
160 
93 
04 
OS 

(BO) 

39 

87 

""" 6" 
160 
126 
100 

140 
112 

66 
60 
90 ., 
41 

11. 

63 
94 

4. 
\74) 

26.3 
(40) 

042 
648 

76 
96 

106 

76 
36 

162 



CARNEGIE STEEL COMP ANY 

WEIGHT OF SUBSTANCES- Continued 

GI ..... oammon ""lrtdOw • 
Onel ... common • 
Gold. ~a8t. pun,or 24 carat 

pure, hammered 
Grain, at 00 Ibo.. per buoh,,1 
Granlta • 
Gravel, about the ... m ....... nd ... hlch ..... 
GYP,"m (pla.ter of paria) 
H.mlock, dr,. 
Hickor,.. dry 
Horrtbl.nd., bla<:k 
,~ 

Iron, .::a.t 
_ro1;lght. pUfen 

avetage 
Ivory • .... , 
Lignum VitllC. dry 
L ime. quick. Kround, 100M, or in small h.mlM 

thoroughlyabakell 
per Itr uck buabel • 

Llmestoll" alld mar bl .. 

• 

iOOle, III Irreplar f .. gmell~ 
Magnet!um 
)d.ahoKany, Spalliah. d,y 

Hondu .... dry 
)laple. dry 
Marble .. _ LimeltoneL 
Malonry. of grartite or Hm •• tone. well dreuec1 

" morta r rubble .. " d r y "(wellscabblod.) 
" ",nd,ton., ... 11 d r .... d 

MerCllry. at 820 Pahrenhelt 
)llca. 
Mortar. bardett.d 
Mud,dry. c1 ..... 
Mud ... "t. lllltd ,ma"imum 
()ak.U .... dry 

!.¥ 
,., , .. 

1204 
1217 .. 

170 

, .. 
•• 
"" 200 

".7 
400 ... 
480 
11. 
711 

"" "" 7. , .. , 
'" ... 
109 

"" SO .. 
16. 
1M 
138 
144 
64. ,.3 
>03 

BOt<.> 110 
120 .. 



C A R~EGU! STEEL COMPANY 

WEIGHT OF SUBSTANCES- Continued 

Oak, wlllte, dr, 

olher killd. 
P elrole"m 
P Lne ... hlle, dr, 

,ello .. , N"o.llIe.n 
Soulbern 

PLalLnu ... 
Oaanl, COlbmOn. pnre 

R ... LII 
Salt. ~'H, S,n.C.H, N. Y. 

Lh·e.POOI. fine, fll. table UH 
s.:alld, of pllre qu •• n. d.y. 100M 

.. eLI shakell 
pe.fectly""el 

SandllOnU. fli for b"lldllllr 
SlIa1_ red 0' black 
SIl .. c. 
Slale 

SilO .... "ubly ' .. lIell 
mol •• ened .. lid compacted b, .aln 

Spruce, d.,. 
Steel 
S"lpbar . 
Sycamou,4ry ,," . 
Till. caat 
Tn.! or Peat. d." ullprused 
Waillut. black. d., 
Wate •• pate tah. Or dlltlHed. at 6tf> Fabrenhelt 

~ .. 
Wa .. , beu 
Zinc or Sptlhe. 

'~ .... 
00 

32 to 46 

•• .. 
34 4. 

.1342 

'60 
6. · 4. 
4. 

90 to 106 
9910117 

120 to 140 ,., 
'6' 
6 •• 
>7. 

61012 
16 to 60 

•• 
490 , .. 
.7 
6' 

40. 
201030 

· sa 
62J.S 
· 64 
60 .• 

437.6 

Green IllIIber. "Ually ",eleb from 01le-61tb to olle-baU more tban dr,. 



CARNEGIE STEEL COMPANY ,.. 
LINEAR EXPANSION OF SUBSTANCE S 

BY HEAT 

To find the increase in the length of a bar of any materia1 

due to an increR~e of temperature, TDt11tiply the number of 

degrees of increWie of temperature by the coefficient {or 100 

degrees and by the length of the bar and divide by 100. 

0at5dm tor 1000 c..&Ict f •• I .. 
Ialullllll~ ...... , '~IOOO 

&ywood (tn th" direetlol1 
.Of :e1 

.00026 .00046 
'0 '0 grain, dry) .00031 .00067 

a .... ss(ust) .00104 .00188 ., (wire> .00107 .OOll~S 

Briek (fire) • 000' .000 • 
Cement (Romall) .0006 .0014 
Copper. ..... .0009 .0017 
Deal (in the direction of the grain,} .0<l004 .<>00<4 

dry). . . . . . 
Qla ... (EngHab flInt) . . . . .0004. .00061 

" (Frtnch "hite Itad) .0004S .00067 
Gold . .0006 .0016 
G .... nite (av"rage) .00047 .00060 
Iron (cast) .0006 .0011 
" (soft forged) . .0007 .0012 

" ( .... ire) . .0006 .0014 
",.d .0016 .0029 

1 . 00036 .0006 • 
Marble (Carrara) ro '0 

.0006 .0011 
Mercury . .ooss .0060 
Platinum .0006 .0009 

1 .0006 .0009 
Sandstone '0 '0 

.0007 .0012 
S!\ver .0011 .00' 
Slate (WaIn) . . . . . .0006 .001 
Water(varlnconddersbly witb the} .0086 .01 .. 

tempeu.ture) . . . . 



'" CARNEGIE S T EEL COMPANY 

AREAS OF FLAT ROLLED STEEL 
F<n' Thld:neuel from h III. to II In. and. Width. from t in . to l iK hl. 

U I ' I J(' I ,.. 1 ",' 2 ' 2J( ' 2,.. 2j( ' 12' 

I ~ f--

~ 
.008 .078 .094 .109 .125 .141 .156 .172 .7110 
.125 .166 188 .219 .250 .281 .818 .1l44 1.110 
.188 .284 .281 .'" .S7G .422 .469 .516 2.25 
.250 .S\S .875 .... .,., .668 .62' .688 3.00 

* 
.318 ."1 .469 .1>47 .'" .;s .781 .859 8.75 
.876 .469 .'118 .856 .750 .938 1.03 450 

)J .438 .1>47 .856 .700 .875 .il84 1.09 1.20 ,." 
.500 .'" .7110 .875 1.00 1.18 1.25 1.38 '.00 

JI .... .703 ..... .984 1.13 1.27 1.41 1.1i5 6.71i 
.626 .7St .938 1.09 1.2r.i 1.41 I.5' 1.72 7.50 

It .668 .859 1.03 1.20 1.38 1." 1.72 1.69 '.25 
.7110 .938 1.18 1.81 1.50 1.69 1.88 2.00 900 

U .818 1.02 1.22 1.42 1.83 1.83 2.03 2.23 9.75 
.87/j 1.09 1.81 1.53 1.75 1.97 2.19 2.41 10.50 

, it .936 1.17 1.41 1.64 1.88 2.11 2.34 3.58 11.2G 
1.00 t.25 1.50 1.75 2.00 2.25 2.50 2.75 12.00 

~~ HI. 1.88 1.59 1.86 2.13 2.89 2.66 2.92 12.7G 
1.13 1.41 1.69 1.97 2.25 2.53 2.81 '.09 IS.5O 

:~ 1.19 1.4S 1.78 2.08 2.38 2.67 2.1)7 8.27 14.2:) 
1.25 1." 1.88 2.19 2.1>0 2.81 8.18 '.44 16.00 

1* 1.81 1.1>4 UI7 2.80 268 2.95 '.28 8.61 lS.71i 
1.38 1.72 '.06 2.41 2.75 '.09 '.44 8.78 16.50 

1~ 1.44 1.SO 2.16 2.52 2.88 '.28 8.59 8.95 17.2;'; 

1.5. 1.88 2.25 2.63 '.00 '.88 8.75 4.18 18.00 

:J'I 1.0. 1.05 '.84 2.73 B.18 8.52 8.91 4.80 18.75 
1.63 2.03 2.44 2.84 8.2.5 8.66 4.00 4.47 19.60 

:~ 1.69 2.11 2.58 2.95 8.8S .SO 4." 4.64 2().26 
1.75 2.19 2.68 '.00 S.I>O 3.94 4.3S 4.81 21.00 

m 1.81 2.27 2.72 8.17 '.88 4 .. 08 4.58 '.98 21.71) 
1.88 .84 2.81 8.28 8.75 4.22 4.69 /i.16 22.60 

'it 1 .... 2.42 2.91 S." S.88 4.80 '.84 '.88 28.2.5 
2 '.00 2.50 '.00 S.IIO 4.00 4.1>0 '.00 '.50 24.00 



O:ARNEGIE STEEL COMPANY '" 
AREAS O F FLAT ROLLED STEEL-Co nt lnued 

H 3 ' 3)1' 3W 3)(' •• 4 " 4)1' 4W 4)(' 1 2' 

- - - ------f- - - -

n .188 .20' .219 .284 ."" .2<16 .281 .m .700 
.375 .'06 .488 .469 .000 .081 .M' .09 l.IiQ 

~ .'" .6Q9 ."" .703 . 701) .797 .84' .891 2.2li 
.75() .813 .875 .968 1.00 1.00 1.18 1.19 '.00 

~ 
.968 1.02 1.'" 1.17 1.'" 1.98 1.41 1.43 8.75 

1.13 1.22 1.81 1.41 t.G0 1.059 1.69 1.78 ,.w 
1.S1 1.42 US 1.64 1.75 1.86 1.97 2.08 05 .2.0:; 

!< 1.60 1.63 1.75 1.88 2.00 2.13 2.26 2.88 6.00 

G 
1.69 1.88 1.97 2.11 2.'" 2.89 2.53 2.67 6.75 
1.88 2.03 2.19 2.84 '''' 2.66 2. 81 2.97 7.{;O 
2.06 2.28 2.41 2.58 2.75 2.92 '.00 8.27 8 .25 
2." ... , 2.68 2.81 8.00 8.19 '.88 '.56 9.00 

tt 2.4' 2.84 284 ' .05 8.25 8.45 8.66 8.86 9.715 
268 284 '.06 '.28 •. '" 8.72 8.94 4.16 10.50 

, t1 2.81 ' .05 ' .28 8.52 8.75 8.{18 4.22 '" 11.25 
'.00 .o, •. w ." UO '" 4.50 4.76 12.00 

:n 8.10 ..... '.72 ' .98 '''' U2 '.78 '.05 12.76 .... 8.66 8.94 '.22 4.50 ". '.06 ,.'" 13.50 
1,0. 8.(;6 ' .86 4.16 '.45 4.76 {i.06 '" ' .64 14.25 
1)1 8.75 U6 4.88 4.69 5.00 Ci.Sl 5.63 {j.94 111.00 

' f, 8.94 4.27 4.59 '.92 '.25 5.68 05 .91 6.28 115.76 
1Ji 4.18 4.47 4.81 15.16 5.W 5.84 6. iO 6.53 16.50 

:~ 4.8t 467 (i.08 UD >0, 6.11 6.47 6.88 17.215 ,.w , .. '.25 ... 6.00 6.38 6.75 7.18 18.00 

:* <6, ... 6.47 '86 6.26 6.64 7.03 7.42 18.7G 
'88 5.28 5.69 6.09 6.60 6.91 7.31 7.72 19.M 

ai 5.06 8.4, 5.91 6.38 ", 7.17 7.69 &02 20.'" ,.'" 15.69 6.18 6.56 7.00 7." 7.6, 8.31 21.00 

HI 5." 5.89 6.84 6.80 7.26 7.70 8" &61 21.7,0:; 
'.63 6.09 6.56 7.03 7.00 7.97 8.44 8.91 22.GO 

111 !i.81 5.SO 6.78 7.27 7.7,0:; 8.23 8.72 9.20 28.25 
2 600 6.00 7.00 7.60 '.00 800 9.00 9.50 24.00 



'" CARNEG IE STE'EL COM PANY 

AREAS OF FLAT ROLLED STEEL- Continued 

IJ 
~! •• 

5" 5 )(" 5W 6J(" 6" 6 ].( ' 6 W 6)(" 12" 

- --
IT .813 .828 .84' .859 .375 .391 .'06 .422 .700 

.625 .656 .... .719 .750 .781 .S13 .844 1.50 ,.. .938 .... 1.03 1.08 1.13 1.1 7 1.22 1.27 2.25 
~ 1.25 1.31 1 38 144 1.50 U6 168 1.69 3.00 

~ 1.0. 1 .... 1.72 1. 80 1.88 1.95 ~OO 2.11 8.75 
1.88 1.97 2.06 2.16 2.28 2.84 ." 2." 4.50 

IT 2.19 2.80 2.41 2.52 2.63 2.75 2.84 ." 6.25 
2." 2.63 2.75 2.88 3.00 3.13 8.25 8.38 6.00 

): a 81 2.95 8.00 8.23 338 3.52 3." 8.80 6.75 
8.18 8.28 8." 3.59 3.75 3.91 4.06 4.22 7.60 

11 8." 8.61 s'78 B.95 413 4.80 4.47 4 .... 8.25 
)( 8.75 .,. ~13 4.31 450 UO 4.88 6.06 '.00 

it '.06 4.27 4.47 4.67 .88 '.08 5.28 .... 9.75 
4.38 4.69 4.81 '.03 6.25 5.47 ::i.69 G.91 10.00 

,II 4.69 4.92 5.16 .... '.63 (j.S6 6.09 6 33 11.2:".i 
6.00 ." '.50 5.75 6.00 6.26 .... 6.75 12.00 

in 5.31 ." '.84 6. 11 6.88 6 .. 6.91 7.17 t2.71i 
0.63 5.91 6.19 6.41 6.711 7.03 7.31 7.liD 13.00 

:~ ,." 6.28 6.53 6.88 7.13 7.42 7.72 '.02 14.26 
'.28 •. ,. 6.38 7.19 7." 7.81 8.13 844 15.00 

in 6." 6.89 7.22 7.~ 7.88 8.20 '" 8.86 U.75 
6.88 7.22 7.f>6 7.91 8.2:5 a.GiI 8.94 9.28 16.60 

in 7.19 "" 7.91 8.27 8.63 8.98 , ... 9.70 17.26 
7.50 7.68 8.25 '" ' .00 '.38 9. 75 10.13 18. 00 

h'/, 7.81 8.20 8.59 8.98 ' .68 9.77 10.16 to. liS 18. 75 
8.13 8.63 8.94 '.84 9.75 10.16 10.56 10.97 10.50 

lt1 84' 8.86 '28 9.70 10.13 10.M 10.07 1\.39 20.25 
1)( 8.75 9.19 9.63 10.06 10.50 10.94 11.38 U.81 21. 00 

lt1 '.06 9.52 9.97 10.42 10.88 11.83 11.78 12.23 21. 75 

'" ' .68 ' .84 10. 31 10. 78 11.25 11.72 12.19 12.66 22.00 
III 9.69 10.17 10.66 11.14 11.63 12.11 t2.(i9 13.08 28.26 

• 10.00 10. 50 tt.OO 11 .00 12. 00 12.00 13.00 18 . .50 24.00 



CARNEGIE STEEL COMPAXY '" 
AREAS OF FLAT ROLLED STEEL- Continued 

Ii 7 ' 7X'" 7W 7 )(' S' sJ(' s ,.. S)(' 10' _ . . -.. 
"-- f---- - -

U .... .... .'69 .... i~ .Gt6 .158' ."'7 .760 
. 87' ... ... .969 1.03 1.00 1.09 1.50 

~ 
I.. 1.00 U1 1.4.5 1.50 1. 110 I.G9 1.64 2.2.5 
1.76 I.. "" 1.94 aoo 2.00 2.18 2.19 8.00 

~ ". 2.'" 2." 2.42 allO 2.11. aM 2.711 8.705 .... 2.12 ••• Ul 8.00 8.09 IU9 &28 4.0. 
~ 

3.00 3.17 3." 3.89 8.00 8.61 8.72 8.83 '.2.5 
' .00 ... 3.75 ... 4.00 ~13 •. ,. <.8' 6.00 

~ 
, ... .... .... .." ~50 ' .M 4." 4.92 6.7.5: U, .... '.69 ~ .. 6.00 >16 15.31 5.4 7 7.00 ••• "'8 5.16 U8 GJ,() "7 , ... 6." 8.26 

•• , ... , ... 5.0, 5.81 6.00 6.19 6.38 6.M '.00 

U '.IiO , ... ao, 8.80 ~60 6.70 6.91 7.tt 9.7:'; 
.~ •. " '.56 .78 7.00 7.22 7.44 7.66 to.r,() 

,lI 6.66 6.69 7.03 7.27 7.M 7.78 7.07 8.20 11.25 
7.00 7. 1!5 7." 7.715 '.00 825 ' .00 8.75 12.00 

II . 7." 7.70 7.'17 '.28 8.50 8.77 .... 9.80 12.75 

'" 7.88 8.16 , ... 8.72 '.00 '. 23 ' .00 '.84 18.50 

'~ 
8.81 8.61 8.91 9.20 9.50 '. 30 10.09 lo.a9 14.25 , . '.75 '.00 .... '69 10.00 10.81 10.63 10.94 15.00 

' ~ ' .19 '.52 . ... :0.17 IO. l5O 10.83 11 .16 11.48 13.75 
t 9.83 ' . '17 10.31 10.66 11 .00 11.84 11 .69 12.03 16.50 '* 16.00 

10.oil! 10.78 11.14 11 .50 11.86 12.22 lU8 17.25 
I 10.50 10.88 IU.S 11.68 12.00 ta" 12.75 UJ,13 18.00 

1~ 10.9-1. 11.33 11.72 12.11 12.50 ,u. 13.28 18.1\7 18. 7.5 
t 11.88 11.78 12.19 12.59 "00 18. 41 18.81 14.22 19.50 Itt 11.81 12,23 12." 18.OS 18.50 t3.ro ,u. 14.77 20.25 
1 ;1 12.26 12." 13.13 ta,. 14.00 14.4.4 14.88 15.31 21.00 

:U "" IS." 13.59 14.03 14.50 14.95 lM 1 "86 ~: 7.5 18.13 13.59 14.06 14..53 '"00 15047 1.5.04 16.41 .", 

'1/ 13.&6 1·4.05 14.53 \ 5.02 115.00 IV-OS 10.47 16.95 :.~ • 14.00 14.50 16.00 I'''' 16.00 16.00 17.00 17.00 

-



21U CARNEGIE ST£Et. COMPANY 

AREAS OF FLAT ROLLED STEEL- ContInued 
- --

.It g ' g)l' g,.- gj( ' 10' lOX ' lOW lO~' 12' r ., 
- ----I------- - -- --
J1 .563 .578 .594 .600 . """ .641 .656 .672 .7M 

1.13 1.16 1.19 1.22 1.2ii 1.28 1.8t 1.34 1.50 

f: t.69 1.78 1.78 188 1.88 1.92 1.97 2.02 2.25 
2.25 2.31 288 244 2.50 2.06 2.63 269 3.00 

fl 2.81 as9 2.97 8.05 8.18 8.20' 328 8.86 375 
8.88 8.47 8.56 8,66 8.75 884 8.94 .03 4.50 

R 3.94 4.05 4.16 4.27 '.88 4.48 4.{i9 4.70 '.2.j 
4.50 4.63 <75 ' .88 500 0.18 0.25 5.88 6.00 

fl 5.06 5.20 5.8. 5.48 5.63 5.77 lUll 6.05 675 
5.63 5.7t1 t/.94 6.99 625 6.41 6.56 6.72 7.5<) 

~ 
6.19 '.30 6.53 6.70 8.88 7.05 7.22 7.89 8,2;) 
6.75 594 7.18 7.81 7.50 769 7.88 8.00 9.00 

II 731 7..'i2 7.72 7.92 8.18 8.88 8,(;3 8.73 9.75 
7.88 809 8.31 8.G3 875 8.97 9.1\) 9.41 10 . .50 

tI 8.44 867 8.91 9.14 "" 9.61 "" 10. 08 11.25 
1 900 9 25 9.50 9.7t/ 10,00 10.25 10 SO 10.711 12.00 

I,>, 9.56 9.88 1009 1036 1063 10.89 111 .16 11.42 12.75 
l )i 10.13 10.41 10.69 10.97 1 \.25 11.53 1I.tll 12.09 13.50 

I~ 1069 10.98 It.28 11.58 H.BS 12.17 12.47 12.77 142G 
I ' 11.25 11.56 11 88 12,19 12.50 12.tll 13.13 13.44 IG,OO 

:fl 11.81 12.14 12.47 12.80 13.13 13.45 1378 14 11 1 .~.7r, 
12.88 12.72 1300 13.41 13.75 14,09 14.44 14.78 16.60 

I,>, 12.94. 18.30 1866 14.O'J 14.88 14.78 W,09 15.411 17.9.5 

1" 13.50 18.88 14.25 14.63 15,00 15.88 15.75 16.13 18.00 

ifl 14.00 14.45 1<84 1528 H'i.G8 16.02 16.41 16.80 18.75 
14.63 15.03 15.44 15.84 16.25 16.66 17.00 17.47 19..50 

IH Ui.19 15.61 16.03 16.45 16.88 17.80 17.72 18.14 20.25 
I j( 1I:i.75 16.19 16.63 17.00 17.50 17.94 18.88 18.81 21.00 

iU HUI 16.71 17.22 1767 18.13 18.~ 19.03 1948 21.75 
16.88 17.84 17.81 18.28 18.75 19.22 19.69 20.16 22.00 

It1 17.44 17.9'2 1841 18.89 19.88 19.86 2084 20.88 23.21) 
2 18.00 18.50 19.00 1~.50 20.00 20.50 • 1.00 21.00 124.00 

-



CAI(~~;G1V. ST EEl. COMI'AN" 250 

AREAS O F" FLAT RO LLED STEEL~Co nt l n uca 

n .688 .703 .719 .734 .750 .766 .7S1 .797 

~
}i 1.3d 1.41 1.44 1.47 1 . .50 1.5S 1.56 LG9 

2.00 all a16 aH 2.e aM aM ~~ 
aw ~SI aM aw 3.00 3.00 &13 &19 

!, 8.44 
ti 4.13 
rt 481 
~ 5.50 

G 
6.19 
8.88 
7.56 
8.25 

8.94 
9.63 

10.81 
11.00 

'In 11.69 
~ 12.88 

Ih 18.06 
1).( IS 75 

.,2 ..,2 
4.92 
'.03 

8.88 
7.08 
7.78 
8.44 

8.tl9 
4.81 
'.00 
5.75 

6.47 
7. 19 
7.91 
.. 63 

9.14 9.84 
9.84. 10.06 

10.M 10-78 
11.25 11.60 

11.915 12.22 
12.66 12.94 
13.86 13.66 
14.06 14.38 

8.67 
4.4 1 
1:1.14 
5.88 

6.61 
7.84 
8.08 
8.81 

8.75 4.5. 
6.26 
8.00 

6.75 
7.5. 
8.26 
9.00 

RM 9.73 
10.28 10.50 
11.02 11.215 
1I.7G 12.00 

12.48 
\8.22 
18.95 
14.69 

12.75 
18.50 
14.2,':i 
15.00 

14.44 14.77 115.09 15.42 15.75 
15.18 15.47 HUll 16.16 I6.GO 
15.81 16.17 lUiS 16.89 17.25 
16.00 16.M 17.25 17.68 18. 00 

, '-/r 17.19 
H 17.88 ',tt IS.56 
J( 19.25 

17.G8 17.97 
18.28 18.69 
18.98 ~~.41 
19.69 1 .13 

18.86 
19.09 
19.88 
~0.G6 

18.75 
19.50 
20.2G 
21.00 

8.83 
4-G9 
5.B6 
6.13 

.89 
7.66 
8.42 
9.HI 

9.95 
10.72 
11.48 
12.25 

8.91 
4.69 
5.47 
6.25 

7.03 
7.81 
8.59 
9.88 

to.16 
10.94 
tl.72 
12.50 

13.02 18.28 
13.78 14.00 
14.5.5 14.84 
15.81 15.68 

16.08 16.41 
16.84 17.19 
17.61 17.97 
18.38 18.75 

19.14 19.58 
19.91 0.81 
20.67 1.09 
21.44 121.88 

8.98 
4.78 
5.08 
6.38 

7.17 
7.97 
8.77 
9.66 

10.86 
ll.16 
11.95 
12.76 

18.55 
14.84 
UI.I4-
IG.94 

16.73 
17.58 
18.88 
lR13 

19.92 
20.72 
21.52 
22.81 

1M 19.94 20.89 20.84 21.30 ~.:5 22 20 2266 2811 
lJi 20.68 21.09 l.Ii6 2 03 :::~~ 22.97 28.44 2891 
ttl ~.~1 21.80 ~~.28 22.77 23 25 28.78 ~.22 I~-;O 
2 I ~~'OO 2.60 I~'OO 28 50 24 00 24 50 26.00 rOO 



"" C~Ws"EGtE STEE L COMPAI'Y 

WEIGHTS OF FLAT ROLLED STEEL ". LI N EAL !'"OOT 

1 cuble foot weIghing 4Irl.~ lb •. 

U 
iI:; 

I' 1)(' 1»' 1)( ' 2' 2)( ' 2»' 2)(' 12' 

i - - - -- - - ---------- - -
~ .638 .797 .91)7 1.11 t.28 1.44 !.ri9 1. 71S 7.60 

.800 1.06 t.28 1.49 1.70 1,91 2. 12 2,84 10.2(1 

~ 1.06 1.88 1.59 1.86 2.12 2.89 2.60 2.92 12.70: 
1." 1.69 1.92 2.23 2.00 2.87 8.19 8.051 15.80 

)'I 1. 49 1.86 2.23 2.60 .... 3." 372 '.00 17.86 
1.7{) 2.12 '.50 2.98 8.40 3.83 4.25 U7 20.'" 

J'I 1.92 2.89 2.87 3.8.5 3.83 ' .00 4.78 /).26 22.1m 
2.12 2.65 3.19 8.72 4.25 4.78 6.81 ,.S< ,..,. 

j} 2.S4 .02 8.M 400 4.67 G.26 ,.S< 6.48 ".'" 2.55 8.19 '.83 4.47 6.10 G.76 '.88 7.02 00.00 

U 2.76 3." 4.14 •. S< ,.'" 6.21 '.90 760 83.Hi 
2.98 8.72 4.47 5.20 ,."" 6.69 7.44 8.18 83.70 

H 3.19 3.09 4,78 '-'8 6.88 7.18 7.97 8.77 88." 
1 3.40 4.25 5.10 CUI/) •. SO 7.60 8.'" ,." 40.80 

ill 8.61 4.62 .5.42 6.82 7.22 813 9.03 9.93 48.83 
3.83 <78 05.74 6.70 7.'" 8.61 9.67 10.G2 ".90 

:~ 4.04 ,.'" 6.06 7.07 ,.OS 9.09 10.10 11.11 48.46 
4.95 5.81 6.88 7.44 ,.'" 9.57 10.68 11.69 t\1.00 

:J'I 4.46 '-', 6.69 7.81 8.93 lO.().t 11.16 12.27 ,8.0, 
4.67 ,.S< 7.02 8.18 9." 10.52 11 .69 12.85 M.I0 

i)'l 4.89 6.11 '.84 8.66 9.78 11.00 12.22 13.44 68.60 
IUO 6.88 '''' 8.93 10.20 11.48 12.75 1<0' 61.20 

!J'I 5.82 6.04, 7.97 9.90 10.63 1l.9~ 18.28 14.61 68.75 
5.1i2 6.90 029 9.07 11.05 12.48 18.81 15.19 66.80 

iU 5.74 7.17 8.61 I"'" 11.47 12.91 14.84 15.78 68.'" 
U.5 7.44 8.98 1",2 11.00 18.40 14.88 16.87 71.40 

m 6.16 7.70 9.24 10.79 12.83 13.86 1~.40 16.95 78.95 
6.88 7.97 9 • .57 11.15 12.711 14.84 15.94 tU8 7MO 

lit 6.59 '.24 9.88 11.53 13.18 14.88 16.47 18.12 79.05 
2 6.80 '.60 10.20 11.00 13.60 1"00 17.00 18.70 81.60 

- -~-



CARNF.GIE STEEL COMPANY 252 

WEIGHTS OF' FLAT ROLLED STEEL- Continued 

u 
~ 
J'l 
J1 
J'l 
Ii 
)l 

,II 

lJ1 
~~ 

:J'l 
:J1 
:J'l 
:Ii 
'll l Ji 
' tt 
2 

'" 

POEPII LINEAL ,"OOT 

3J4 ' 3]',1' 3J(' 4' 4)( ' 4,W 4W 12' 

13.M 
14.84 
15.14 
1.5.94 

16. 741 jii:~ 1~ •• llli!li~liH~lll~i~ 17.53 
18.33 
19.13 



253 CARNEGIE STEE L COMPANY 

WEIGHTS OF FL.AT ROLLED STEEL-Continued 

"Ell LINI!:AL "OOT 

B 
~.ii " 'j(' ,,,' 'j( ' 6' 6;.(' 6,w 6J(" 12' 

1i 
tl 
'j 

JI 
tt 
It 
/ * 

\tI 
1,\ 
lj( 

~* \)'1 

\JI 
lit 
l j( 



CARNI::GIE STEEL COM I'ANY ~ 

WEIGHTS OF FLAT ROLLED STEEL- Conti""" 

u 
;o!i 
-a!! 

~ 
fI 
J': 
fI 
~ 
l! 
/ ' 
:~ 
:~ 

:fI 
!Jl" 
:fI 
l~ 

:u 
1\1 • 

" 7J(' 7)4" 7J(' 8' 8J(' 8,W 8J(' 12' 

7.70 .... 
10.78 
1.Il." 



2$ CA R N E GIE STEEL COM P AN Y 

WEIGHTS OF FLAT ROLLED STEEL - Continued 

PO E " I.IN EA I. FOOT 

!~ <- " 9}(' ' >" ,.' •. , 
V 
J'l 
Ji 
J'l 
it 
\l 

Itt 

:tI 33.4 1 
35 .38 

1,\ 37.85 
1)( 39.31 

1,\ 
1" 

:Ji 
:J'f 
:it 
11\ 
1" 
11\ 
2 



Cj\H~t:Glt: STt:EL CO~IPANY '" 
WEIGHTS OF FLAT ROLLED STEEL-Contlnued ... U"IIAL 'OOT 

H •• 
11" llJ4 ' t1~ ' 11K' '2" 12J4' 12~ ' 12;1(' ". ,. 

•• · . ,. 
r- ." - g: 

* 
7.02 7.17 7.82 7.49 7.65 7.82 7.98 8. 18 
9." 9.57 0.78 10.00 10.20 10.42 10.63 10.84 ~~ .. .-. --

~ 
11.68 11.93 12.22 12.49 12.75 18.01 18.28 18.M ',-· -14.08 14.86 14.68 14.90 Hi.80 15.62 15.94 16.26 ;.e~ 

11 16.86 16.74 17.12 17.49 17.85 18.23 18.60 18.97 .E ~ . 
18.70 19.18 19.M 19.97 20.40 2o.s2 21.2S 21.67 -=~?-

E1;1i 

~ 
21.02 2t.1il 22.00 22.4.8 22.9.5 23.48 23.90 24.89 •• + .'C_ 
23.88 23.91 24.44 24.97 20." 26.03 2M. 27.00 ::::.gd 

~ 
25.70 26.80 26.88 27.47 28.05 2"" 20.22 29.80 '~Sii 
26.00 28.68 29.88 29.97 00.60 81.25 81.88 82.62 ~~~ ·.x 

U 80.40 81.08 81.76 82.46 88.Hi ".83 ".58 35.22 !IF'~ 
82.72 33.47 84..21 84.95 85.70 86.44 87.19 81.93 1· ... 

81.46' " ,+I 85.00 81;.86 86.66 ... " 80.06 89.84- 40.64 ",,'--
87.4.0 88." 89.10 89.00 '''''. 41.65 42.50 4.a.8,'j ~e!l( 

"x 

:11 89.74 40.64 41.054 42.45 48.85 44.26 45.16 46.06 ~~~ • • 42.08 48.04- 44.00 44.94 ".90 46.86 47.82 4.8.77 . "" 
~~ 

44.42 4;;.42 46.44 47.41) 48"1i 40.46 M.40 1)1.48 .. :S!.£ 
46. 76 47.82 48.88 49.94 61.00 62.06 58.12 M.19 8.~g 

f :t::: 
•• • '!. ·m08 50.20 til.82 52.44 63.li5 64.67 55.78 50.90 "., 

Iii ,51.42 5~.59 58.76 54,98 56.10 67.27 58.44 5960 !'al 

:~ 58.76 IH.99 56.2t 57.48 1iB.65 59.87 61.10 62.82 :2'01; 
56.10 57.87 68.65 50.93 61.2() 62.4.8 63.76 6503 ,'. ., 

.!i~ 
'/. 58.42 liO.76 61.10 62.43 63.75 65.08 66.40 67.74 ." -" ' Ii 60.78 62.16 63.54 64.9'J 60.30 67.68 69.06 70.44 ~~.£ 
It! M.tO 64.r~'i 6.0;. fI8 MA2 Oa.S5 '70.2f1 71.72 7ll1:'i ,·E 
I i( 65.45 66.08 68.48 6t1.92 '71.40 72.00 74.1:18 7G.87 ~·gs 

' II 67.SO 69.88 70.86 72.41 78.9.5 75.48 77.08 78.57 
-.;.<), 

Hi 70. 12 71.72 73.3t 74.1)() 76.M '78.00 79.69 81.28 ~~~ 0.' 
' ll 72.40 74.11 75. i6 '77.41 79.05 SO.70 82.34 88.1>9 .. " 
2 7~80 76.50 78.20 79.00 81.60 83.80 86.00 86.70 .0 .. 

-- , 



·" CARNEGIE STEJ:;L COMPA!"" 

WEI G HTS OF fLAT RO LLED S TE EL- Continu ed 

~!" LON!"L ",OOT 

- -
I 

IJ ., 13' 14' 15" 16' 17' IS ' 1" 20' 21' 
il. 
- - ------ -

~ S.28 8.92 •. ., 10.20 10.84 11.48 12.10 12.76 13.40 
11.00 11.00 12.76 Hl.60 t4A4 15.80 16.16 17.00 17.84 

* 
13.81 14.88 15.94 17.00 18.00 19.12 20.20 21.24 22.82 
ttl,lid 17.86 H1.14 20.40 21.68 22.96 24.24 25.50 26.78 

J'I 19.54 20.82 22.32 2380 25.28 26.79 28.28 29.75 8t.24 
22.10 23.80 25.50 27.20 28.80 30.60 32.31 64-00 35.70 

* 
24.86 26.78 28.,!~ 60.60 82.52 84.44 86.34 38.27 40.16 
27.62 29.74 31.88 84.00 81>.12 38.25 40.37 42.00 44.64. 

~ ,."" 32.72 ".06 87.40 39.72 4.2." 44.42 46.74 49.08 
"16 35.71 88.26 40.80 48.86 45.92 48.46 51.00 ".M 

it 35.91 38.67 41.43 44.20 46.96 49.72 liZ.4S 55.25 58.01 
68.68 41.65 44.62 47.60 tiC.GO 53.36 06.52 69.50 62.49 

,+I 41.44 44.68 47.82 51.00 M,:~O 57.38 60.57 03.76 66.96 
4420 47.60 61.00 M.40 57. 61.20 64.60 OS." 71.40 

:t/ 46.96 5O.G7 64.20 57.80 61.40 115112 

!~ 
72.2~ 75.85 

4.9.72 53.55 57.37 61.20 65.04 68.85 72. 76.50 SO.S3 

l~ 52.4.8 06.52 fIO.66 64.110 68.64 72.68 ,<7, 80.75 84.79 
65." G9.60 63.76 68.00 72.26 76.60 80.74. ".00 89.26 

:* ".W 62.4.7 66." 71.4.0 75.86 SO." 84.SO 89.28 98.72 
60.77 65.45 70.12 74.80 79.48 84.1' 88.68 93.50 98.17 

:J'I 63.04 68.42 78.32 78.20 83.68 68.00 92.88 97.7I'j 102.65 
66.80 71.4.0 76.1n 81.60 86.70 91.80 9UO 102.00 107.10 

:* 69.06 74..88 79.69 85.00 90.81 95.63 100.94 106.2.5 111.56 
71.88 77.35 62.68 88.40 .. '" .. , .. 1O·t98 110.60 116.03 

:11 74.S9 60.88 86.06 9t.80 97.054 103.28 IOO.0t 114.75 120.49 
77.35 68.30 89.2;) 95.20 tOI.Hj 107.10 U3.05 110.00 t24.95 

:n 80.11 86.28 92" 98.60 104.76 110.93 117.09 123.25 129.41 
82.&1 89.25 95.63 to".too 108.38 1l4.7S 121.18 127.60 138.88 

1+1 ".64 1l2.28 98.81 105.40 111.99 118.58 125.16 tlll.75 188.84 • 88.0 9.5.20 100.00 IOS.80 115.60 1:!2.40 129.20 136.00 142.80 



C AR NEGII:: STE E L COMPAN Y 2Ii8 

WEIGHTS OF" FLAT ROLLED STEEL- Continued 
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WEIGHTS Of fLAT ROLLED STEEL- Continue d 
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tI .M. 
6:l.G6 

J'l" 
62.48 
71.40 

tI 63. 
70. 

J.j "-... 
)! 

, tI 

'" ')< 

:~ 

:tI 
N 
:tI 
Itl 
')( 

:It 
' ti , 



CAR!"EGn: STEEl. COMPANY :lfO 

WEIGHTS Of fLAT ROLLEO STEEL- Continued 
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.. , C;\. }OiEl: n : ST ln:L (;O MP Alln ' 

WEIGHTS AND AREAS OF SQUARE AND ROUND 
BARS AND CIRCUMFERENCES OF' 

ROUND BARS 
On .. cubic toot of ate .. 1 wet){h;nlt" 6.8 IbA-

m 'Woq,ilof YoicilOf ... " ... " c ............ 
0'" 0" 0" 0" -0" 

• .......... .......... ill Sq. IDeUo b S4. lodI • ", ... 
0 

~ 
,013 .010 .00a9 .0031 .1963 
.053 .042 .0156 .0123 .3927 
.119 .094 .0352 .0276 .6890 

)( .212 .167 .0825 .0491 .7854 

* 
.333 .261 .0977 .0767 .9817 
.478 .375 .1406 .1104 1.1781 

n .651 .511 .1914 .1503 1.3744 

" .850 .667 .2500 .1963 1.5708 

fl 1 .076 .845 .3164 .2:'185 17671 
1.328 1.043 .agoe .3068 1.9635 

II 1.608 1.282 .4727 .3712 2.1.'598 

)( 1.913 U 502 .6625 .4418 2 .3562 

U 2.245 1.763 .6602 .5 185 2 .5525 
2.603 2 .044 .7656 .8013 2.7489 

\I 2.989 2 .347 .8789 .6903 2.9452 

1 3.400 2.670 1.0000 .7854 3 .1416 

tl 3.838 3.014 1.1289 .8866 3 .3 379 
4.303 3 .379 1.2866 ,9940 3.5343 

h 4.795 3.766 1.4102 1.1075 3 .7306 

)( 6.312 4.173 1.5626 1.2272 3 .9270 
,\ 5.857 4.600 1.7227 1.3530 4 .1233 
Ii 6.428 5.049 1.8906 1.4849 4.3197 
n 7.026 5.518 2 .0664 1.6230 4.6100 

" 7.650 6.008 2.2500 1.7671 4 .7124 

J: 8.301 6.520 2.4414 1.9176 4.9087 
8.978 7.051 2.6406 2.0739 5 .1051 

II 9.682 7.604 2.8477 2.2365 5.3014 

)( 10.41 8.178 3.0625 2.4053 6 .4978 

U 11.17 8.773 3.2852 2.5802 6.6941 
1U~6 9.308 3.6166 2.7612 6.8906 

\I 12.76 10.02 3.7539 2.948"J 6.0868 



CAItNEGll<: ST~~EL COMPANY ". 

SQUARE AND ROUND BARS- Conttn\led 

U! 
" .1&11 of "liI~1 of '"'" .... , ........ 
0" 0" 0" 0" - 0 " 

OM h01 1.<loc Ou ' 001 LoDe lI.!II{.11dto h. 14 , ..... ...... 
-
• 13.60 10.68 4.0000 3.1416 6.~83~ 

tI 14.46 11.36 4.~539 3.3410 6.4795 
15.35 1~.06 4.5156 3.5466 6.6759 

h 16.~7 1~.78 4.786~ 3.7583 6.8722 

~ 
17.~~ 13.52 5.06~5 3.9761 7.0686 
18.19 14.~8 5.3477 4.~000 7.~649 
19.18 16.07 5.6406 4.4301 7.4613 

n 20.~0 15.86 5.9414 4.6664 7.6576 

J< 21.~5 16.69 6.2500 4.9087 7.8540 

~ 
~~.33 17.53 6.5664 5.157~ 8.0503 
~3.43 18.40 6.8906 5.4119 8.2467 

II ~4.56 19.29 7.~2~7 5.6727 8.4430 

J( 25.71 ~0.20 7.56~5 5.9396 8.6394 

U ~6.90 21.12 7.9102 6.2126 8.8357 
28.10 ~2.07 8.~656 6.4918 9.03~1 

tI ~9.34 ~3.04 8.6289 6.7771 9.~~84 

8 30.60 ~4.03 9.0000 7.0686 9.4~48 

~ 
31.89 ~5.04 9.3789 7.366~ 9.6~11 

3a.~0 26.08 9.7656 7.6699 9.8175 
34.55 27.13 10.160 7.9798 10.014 

J( 35.9~ 2£:.20 10.583 8.2958 10.~10 

~ 
37.31 29.30 10.973 8 .6179 10.407 
38.73 30.4~ 11.391 8.9462 10.603 

h 40.18 31.56 11.816 9.2806 10.799 

J< 41.65 32.71 1~.~50 9.6211 10.996 

~ 43.14 33.90 12.691 9.9678 11.19~ 
44.68 35.09 13.141 10.321 11.388 

II 46.~4 36.31 13.598 10.680 11.586 

J( 47.82 37.56 14.063 11.045 11.791 

a 49.4~ 38.81 14.535 1 ]. 4 16 11.977 
51.05 40.10 15.016 11.793 1~.174 
52.71 41.40 15.504 12.177 12.370 

- -



.. CARN"EGI F. S'r.~£ L C OMPANY 

S QUARE AND ROUND BAR S - Continu ed 

!!' Y."~I of Yqbl of I ... . t .... ..... -
• :l 0 " 0" 

I 
0" 0" IrO I&r 

II: ';.!!I OM ' 001 tar 0u ' 00I Lmr ." ...... ... - blllOb • 

4 64.40 42.73 16.000 12.566 12.566 

J'I 
66. 11 44.07 16.504 12.962 12.763 
57.85 45.44 17.016 13.364 12.959 

~ 69.62 46.83 17.635 13.772 13.156 

J( 61.41 48.24 18.063 14.186 13.352 
h 63.23 49.66 18.599 14.607 13.548 
Ii 65.08 61.11 19.141 15.033 13.744 
-!. 66.95 52.58 19.69 1 15.466 13.941 

" 68.85 54.07 20j~50 16.904 14.137 

f[ 70.78 55.59 20.816 16.349 14.334 
72.73 57. 1 2 21.391 16.BOO 14.630 

II 74.70 68.67 21.973 17.257 14.726 

J( 76.71 60.25 22.563 17.721 14.923 

» 78.74 61.84 23.160 18. 190 15.119 
80.81 63.46 23.766 18.665 15.315 

H 82.S9 65.10 24.379 19.147 15.512 

5 85.00 66.76 25.000 19.635 15.709 

J'I 87.14 68.44 25.629 20.129 15.904 
89.30 70. 14 26.266 20.629 16.10 1 

I. 91.49 71.86 26.910 21.135 16.297 

" 93.72 73.60 27.563 21.648 16.493 

* 
95.96 75.37 28.223 22.166 16.690 
98.23 77.15 28.891 22.691 16.886 

,', 100.5 78.95 29.566 23.221 17.082 

" 102.8 80.77 30.250 23.758 17.279 

~ 105 .2 82.62 30.941 24.301 17.475 
107.6 84.49 31.64 1 24.850 17.671 

H 110.0 86.38 32.348 25.406 17.868 

J( 112.4 88.29 33.063 25.967 18.064 » 114.9 90.22 33.785 26.535 18.261 
117.4 92.17 34.516 27.109 18.457 

II 119.9 94.14 35.254 27.688 18 .653 



-
CAR~EGIE STEEL COMPANY ... 

SQUARE AND ROUND BARS- Continued 

m WoirU.r Y~~I .f .... 1 , .... of I o...r_ 

0 " 0" 0" 0 " , - 0 '" 
On. ' 001 Loq: OIt ,oot~ ill s., 1Dci. iu Sq. I",", I hl !lIOU. -

6 122.4 96.14 36.000 28.274 18.850 

~ 
125.0 98.14 36.764 28.866 19,046 
127.6 100,2 37.616 29.465 19.242 

h 130.2 102.2 38.285 30.069 19.439 

J( 132.8 104.3 a9.063 30.680 19.635 

tl 136.5 106.4 aRS48 31 .2g6 19.831 
138.2 108.5 40.641 31.919 20.028 

h 140.9 110.7 41.441 32.548 20.224 

Ii 143.6 112.8 42.250 33.183 20.420 

~ 
146.5 114.9 43.066 33.824 20.617 
149.2 117.2 43.891 34.472 20.813 

II 152.1 119.4 44.723 35.125 21.009 

Ji 154.9 121.7 46.563 35.785 21.206 

~ 
157.8 123.9 46.410 36.450 21.402 
160.S 126.2 47.266 37.122 21.698 

II 163.6 12B.5 48.129 37.800 21.795 

7 166.6 130.9 49.000 38.485 21.991 

~ 
169.6 133.2 49.879 39.175 22.187 
172.6 135.6 50.766 39.871 22.384 

h 175.6 137.9 51.660 40.574 22.580 

J( 178.7 140.4 52.563 41.282 22.777 

* 
181.8 142.8 53.473 41.997 22.973 
194.9 145.3 64.391 42.718 23.169 

n 199.1 147.7 55.316 43.445 23.366 

Ii 191.3 150.2 56.250 44.179 23.562 

fl 194.4 152.7 57.191 44.918 23.758 
197.7 155.2 58.141 45.664 23.955 

II 200.9 157.9 59.098 46.415 24.151 

Ji 204.2 160.3 60.063 47.173 24.347 

jf 207.6 163.0 61.035 47.937 24.544 
210.8 165.6 62.016 48.707 24.740 

It 214.2 168.2 63.004 49.483 1 24.936 



.. C " RNEGn~ S TEEL C OMP A NY 

SQUARE AND ROUND BARS- Continued 

W lfolcb\ of YlicU of """ I ... " """"-
DO. 0 " O a.r Ok "0 " 

~1!I!l OM Pool !.oar 0" ' 00$1.0:1( 111 Sci. IDtUo hi Sot. llIdo. .. , ... 
8 217.6 171.0 64.000 60.266 26.133 

~ 
221.0 173.6 66.004 61.054 25.329 
224.5 176.3 66.016 61.849 25.626 

" 228.0 179.0 67.035 52.649 20.722 H 

)( 231.4 181.8 68.063 63.456 25.918 

~ 234.9 184.5 69.098 64.269 26.114 
238.5 187.3 70.141 65.088 26.311 , !il42.0 190.1 71.191 55.914 26.607 H 

" 246.6 193.0 72.250 56.745 26.704 

* 
249.8 196.7 73.316 57.583 26.900 
252.9 19a.7 74.391 58.426 27.096 

It 256.6 201.6 75.473 59.276 27.293 

)( 260.3 204.4 76.563 80.132 27.489 

J! 264.1 207.4 77.860 80,994 27.685 
267.9 ~nO.3 78.766 61.862 27.882 

If 271.6 213.3 79.879 62.737 28.078 

g 275.4 216.3 81.000 63.617 28.274 

~ 
279.3 219.3 82.129 64.505 28.471 
283.2 222.4 83.266 65.397 28.667 

I. 287.0 225.4 84.410 66.296 28.863 

)( 290.9 228.5 85.563 67.201 29.060 

~ 294.9 231.6 86.723 68.112 29.256 
298.9 234.7 87.891 69.029 29.462 

i< 302.8 237.9 89.066 69.953 29.649 

" 306.8 241.0 90.250 70.882 29.845 

* 
310.9 244.2 91.441 71.818 30.041 
315.0 247.4 92.641 72.760 30.238 

tI 319.1 250.6 93.848 73.708 30.434 

)( 323.2 253.9 95.063 74.662 30.631 

~ 327.4 257.1 96.285 75.622 30.827 
331.6 260.4 97.516 76.589 31.023 

!I 335.8 268.7 98.754 77561 31.022 
~ -



,--

CARNEGIE STEEL COMPANY .. 
S Q UAR E AN D ROUND BARS- CO"tl"u.c 

J1t 
"'-cpt" 't'tlJUd .... , ..... ....-
0 '" 0 '" 0'" 0" - 0 '" .......... ........ ta ... , .... b&tlMll. --

10 340.0 267.0 100.00 78.540 31.416 

~ 
344.3 270.4 101.26 79.525 31.61 2 
348.6 273.8 102.52 80.616 31.809 

/. 352.9 277.1 103.79 81.613 32.005 

J( 367.2 290.6 106.06 82.516 32.201 

~ 
361.6 284.0 106.36 83.626 32.398 
366.0 287.4 107.64 84.541 32.594 
370.4 290.9 109.94 86.662 32.790 

J< 374.9 294.4 110.25 86.590 32.9S7 

~ 379.4 297.9 ll1.57 87.624 33.183 
383.a 301.4 112.89 88.664 33.379 

H 388.3 805.0 114.22 99.710 33.576 

rt 
392.9 30B.6 116.56 90.763 83.77 2 
397.6 312.2 116.91 9' 1 .821 33.968 
402.1 315.8 1 18.27 92.886 34. 165 

II 406.8 319.5 119.63 93.966 34.361 

11 411.4 323.1 Hn.OO 90.033 34.558 

jI 416.1 326.8 122.38 96.l16 34.754 
420,9 330.5 123.77 97.205 34.950 

/0 426.6 334.3 125.16 98.301 35.147 

I J( 430.3 337.9 126.56 99.402 35.343 

~ 
436. 1 341.7 127.97 100.51 35.639 
439.9 345.5 129.39 101.62 36.736 
444.9 349.4 130.82 102.74 35.932 

* 
449.6 353.1 132.25 103.S7 36.128 
454.5 357.0 133.69 106.00 36.325 
459.5 360.9 135.14 106.14 36.52 1 

1I 464.4 364.S 136.60 107.29 36.717 

J( 469.4 368.6 13806 108.43 36.91 4 

U 474.4 372.6 139.54 (09.69 37.110 
479.5 376.6 141.02 110.75 37.306 

\I 484.5 380.6 142.50 111.92 37.603 



'" CARNE(;'IE STEEL COMPANY 

WE I GHT OF SHEETS OF' WROU GHT IRON, STEE L, 
C OPPE R AND BRASS ( F RO M HA SWEL L) 

Weight_ per aquaro foot. 'thickneu by BIrmingham Oal:lgW 

k'_ !'olcn.i~ 'm .... ... ... .... 
0000 .... 18.2~ 18.46 20.67 19.43 

000 .426 ll,06 17.28 19.26 18.19 
00 ... 1 .26 16.46 17.2 1 16.26 

0 .S< ' 0.64 13.82 16.40 14.~ , •• 12.04 12.:40 18.09 12.84 • ..... 11.40 11.66 12.67 . 12.18 • .26. 10.88 10.63 11.73 11,09 
4 .... 9.66 ".68 10.78 10.19 • ... 8.8 • 8." 9 .87 8.42 

• .203 8.16 8.26 .... 8.68 
7 .'8 7.22 7.32 8.,. 7.70 • ., .. 6.62 e.7l 7.47 7.08 • . '48 .... .... 6.70 B.33 

' 0 • '94 .... .... 6.07 6.74 

11 .,. 4.8. 4.Be .... 6.14 ,. . '00 4.37 4.43 4." 4.87 ,. .... a., . ... 4.30 4.0t ' 4 .oe. 0.53 3.37 ~~ 3 .• ,. .07. 0. .. . ... ..08 ,. .08. 2.61 •. 64 .... 2.78 
'7 .068 ..53 .... .... 2.48 
' 8 .04. 1.97 1. .. 2.22 2 . 10 ,. .04. 1.69 1.71 '.90 '.80 
20 .036 1.40 1.42 , ... '-"0 

21 .082 , ... 1.90 1.46 1.37 
.2 .028 1.12 1.14- 1.27 1.20 
2. .0 •• 1.00 1.02 1.13 1.07 
.4 .022 .88S .... 1.00 .... •• .DO .803 .8' • .908 .... .. . o.~ .72 • .732 .8, • .770 
.7 . 016 .64 • . 661 .726 .""" 28 . 014 .... .... .... .... .. .0 1S ,1522; . 629 .... .. .. so . 0 12 .48 • • 488 .... .514 ., .0, .401 .407 .... .428 •• .009 ... , . ... .408 .... 
53 .008 .321 •• 26 .... .34 • .. • 007 .28' .... .317 .900 
56 .006 .201 .20S .227 .214 

~ifl<: gravitr. . 7 .704 7 .806 8.696 8.218 
~;gllt cubic oot 481.76 487.~ M3.6 613.6 

We;l(lIt Cubic Inch .2787 
• •• .3146 .287 • 

-
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CARNEGIE STEEL COMPJ.NY '" 
WEIGHT OF S HEETS OF WROU GHT IRON, STEEL. 

COPPER A ND BRASS ( FRO M HA8WlE:L U 

We!cbt. per IQ. (t. TblekDeM by AmerlC&Q (Browne A Sbarpe'. ) Ga"g. 

... .... .... _. I I~ .., - .~ .... 
0000 • 46 18.46 18.70 00.84 19.69 

000 .409IJ 16.44 16.66 18.06 " ... 00 .3648 14.64 14.83 16.63 16.61 
0 .3249 18.04 "'"''' 14.7~ '0.00 , .2893 11.61 11.'16 13.11 , .... 
• .~76 10.84 '0.48 11.67 U.os • ..... 9.21 .... 10.S9 .... • • 204S •. 20 ... , .... 8.74 • .1819 7 .00 7.40 .... 7.79 

• . 1620 • • 00 .... 7 ." 6.9S 
7 ., ... 6.79 ... 7 .... 6.18 • ., ... 6.16 6.2.'01 .... •. 00 • .1144 4.69 .... IUS 4.00 

W . 1019 4.09 4.14 4..6:i .... 
U = .... 8.Se 4.11 .... ,. .... 8.29 . ... .... ,. 

I 
. gw .... . ... .... ..08 

" . , .~ 2.61 '.00 2.74 ,. . 0671 •• .... .... . ... ,. • 0.000 '.04 ',07 '.SO 2.18 

" .04" , ... .... '.08 .... ,. .0403 1.62 .... .. .. 1.73 ,. . 0369 .... .... 1.6S .. .. 
"" .0.020 , .... .. SO u. 1.37 . , • 0 ..... 1.14 1.16 . ... .... .. .= ..00 .. 0.0 1.11" '.08 
OS . '"' .906 . 918 .. 02 .... 2. .0.00, .807 .. " .811 .860 .. .0178 .718 .726 .. u .7" 

26 .OlC9 .840 .... . ·/~ .... 
'7 .0142 .670 .677 .64' .608 .. .0126 .007 .614 .673 ..., 
•• .0118 • 46.'01 .... . IUO ... . 
00 .0100 .400 • 408 .... .... . , .008 • • S88 .SO • .404 .SO' •• .0000 .819 .823 ::m .AAO 
sa .0071 .... .... .90S .. .006' . 263 .... . ... .270 
SO .00.00 . 225 .... .... .040 

A ll . h ere are m.nl' /llun. I .. """ dlflui .... fro ... ucb olb~r.a .. d ~ .. e .. 
Ihe thlCIf "dH. of a cerlal .. 5pe<:16 ~d ....... e. .. Ille IJIr", ht lTbam. a re ,, 01 
a .. ~ mfl<l ' he aame b, all ma" .. lac l .rer .. order. for . heel. a .. d w ire 
.hollid al wa7 •• Ia le tile ... el c h' piI" S(llIa'e loot, 0' tbe IblClf lleM h. 
t hoa ... .. d'h . of a .. IlIcb . 



269 CARNEGIE STEEL COMPANY 

MENSURATION 

LENGTH 

Circumference of circle = diameter X 3.1416. 

D~ameter of circle = circumference :-< 0.3183. 

Side of square of equal periphery as circle = diameter X 0.7854. 

Diameter of circle of equal periphery as square = side X 1.2732. 

Side of an inscribed square = diameter of circle X 0.7071. 

Length of arc = No. of degrees X diameter X 0.008727. 

Circumference of circle whose diameter is 1 = 

log. 71"=0.4971499. 

.y 71"=1.772454. 

71"' =9.86!l604. 

c' v'+-
4
-

r= __ -''­
~v 

c· 
or very nearly =Sv 

71" = 3.14159265. 

1 
--=0.318310. 

71" 

/-1-
,4 / -=0.564190. r 7i' 

o =.yr'-x·-(r-v). 

v=r-/ 
c" c. 

r 2 
- T or very nearly = sr' 

AREA 

Triangle = base X half perpendicular height. 

Parallelogram = base X perpendicular height. 

I , 

Trapezoid = half the sum of the parallel sides X perpendicular 

height. 

Trapezium. found by dividing into two triangles. 

Circle = diameter squared X O. 'i854; or, 

= citcumference squared X 0.07958. 

Sector of circle = length of arc X half radius. 



CARNEGn: STEEL CO:.\PANY 

MENSURATION - Continued 

Segment of circle = J.rea of 5eCtor less triangle: also for flat 

." / " segments very nearly = -,-1 0.388 Vi + -,-' 

Side of square of equal area as circle = diameter X 0.8862; 
also = cireumCerenee X 0.2821. 

Diameter of circle of equal area IlS 6Quare = side X t . 1280l 
Parabola = base X % height. 
Enip!le = long diameter X short diameter X 0.7854. 
R"gular polygon = sum of sides X half perpendicular distance 

from center to sides 
Surface of cylinder = clrcumu: .... 'u,,'" A "e,gnt + area of both 

ends. 
Surface of sphere = diameter squared X 8.1416; also = cir· 

cumference X diameter. 
Surface of a right pyramid or cone = periphery or circumfer. 

ence of base X half slant height. 
Surlaceof II. frustrum of a regular right pymmidor cone = sum 

of peripheries or circumferences of the two ends X half 
slant height + area. of both ends. 

The following formulre are used to obtain the areas of 
irregular plane surfaces which are bounded by a base line" cc" 
and two onlinates "a" and" 6" as per figure. 

~ ! , , 
" •• " , , , , , 

! , , 
-r­, , 

i 
, 

~ •. ' i " . 
The fonnulre are given in the order of their accuracy be­

ginning WIth the most accurate. 
The surface is divided into any number (II) of parallel 

strips having the same widths d and whose middle ordinate!! 
are represented by h, h. h •....... ..... h._. and h •. 



271 CARNEGIE STEEL COMPANY 

MENSURATION-Continued 

I. d d 
Area = dX;:>l h+n (8a+h2-9hl )+n(8 b+h._l -9h,,) 

(Francke's rule.) 

II. d d 
Area = d X;:>lh + 12 (a-h l ) + 12 (b-hn). 

(Poncelet's rule.) 

III. Area = d X ;:>lh. 

These formulre are more convenient for use than Simpson's 
rule, and I and II give generally and III sometimes more 
accurate results. 

;:>l stands for sum oj 

SOLID CONTENTS 

Prism, right or oblique = area of base X perpendicular height. 
Cylinder, right or oblique = area of section at right angles to 

sides X length of side. 
Sphere = diameter cubed X 0.5236 j also = surface X 31; diam­

eter. 
Pyramid or cone, right or oblique, regular or irregular, = area 

of base X ~ perpendicular height. 

PRISMOIDAL FORMULA 

A prismoid is a solid bOJ;lnded by six plane surfaces only 
two Qf which are parallel. 

To find the contents of a prismoid, add together the areas of 
the two parallel surfaces and four times the area of a sec­
tion taken midway between and parallel to them, and 
multiply the sum by 31;th of the perpendicular distance 
between the parallel surfaces. 



CARNEGIE STEEL COMPANY '" 
WEIGHTS AND MEASURES 

AVOIRDUPOIS OR ORDINARY COMMERCIAL WEIGHT 

ulO'l ltl) S TAT ItS A ND Bft 'Y,SH - -.-.... ,. I .... I ..... ~-
• 20 """ I B-5840-
00.;0 1 Ila I 1792-

0 ..... '- 16. 

I 
0.0623 I 1. 

1 pound = 27.7 cubic inches of distilled water o.t its maxi· 
mum density (89° Fahrenheit). 

LONG MEASURE 

UNITItD STAT ItS A ND II ft'TI S H 

-
"" .... , .. ,~ ... 

----
1- !I~O. 1700. 5280. 6S36O. 
0.003125 1. '-' 16.5 198. 
0000068 0.1SIS 1- S. 86. 
00001894 0.0006 0._ I. 12. 
0.000015$ O.~I O.O";ms 0._ I. 

The British measures arc shorter than those or the U. S. 
by about I part in 17230 or 3.677 inches in a mile. 

A fathom = 6 feeL A Gunter's surveying cbain = 86 feet 
cr 4 rods. 80 chains making a mile. 

S QUARE OR LAND MEASURE 

U NITED S T ... TIlS AN D Bft lT'S H ---
Ii·liloo - .. ... st. f.,q .. ,~ .. -- ---

I. 6-10. 10":!400. 3097600. ·~7878400. 
1. 1110. 4.840. '''''''. ..,2&40 

1. 110." 272.23 392<)j 
0.0;'l31 1. '.0 1~96 

0.111 1. 144 
0 . 0(6))4 1 

- - -



m CARNEG IE STEEL COMPANY 

WEIGHTS AND M EASU R ES - Contin .... d 

CUBIC OR SO LID M£ASUR£ 

UN rTK O sr ... TIES AND .'''TIS" 

1728 cubic inches = 1 cubic foot. 
27 cubic feet = 1 cubic yard. 
A cord of wood = 4' X 4' X 8' = 128 cubic feet. 
A pen::h of masonry = 16 . .5' X 1.11' X l ' = 24. 7tl cubic feet. 

but is generally assumed at 2.5 cubic feet. 

DRY MEASURE 

UN1YIEO _ STATIES ONI..T 

I 
, 

I "'lluL .... ..... ... ...,.. CIa Iado 

, 
I 

• 82. M 8. 2150. , 8 16 2. 537.6 
1. 2 020 612 

I 
0.' I 0.125 886 
•• 8 l. 26S.8 

A gallon 'Jf liquid meas!lre = 281 cubic incbes. 
A heaped bushel = 1.1( struck bushels. The cone in a 

beaped bushel must be not less than 6 Inches high. 
A barrel of U. S. hydraulic cement = 800 to 810 Ibs. usu_ 

:aUy nnd oE genuine Portland cement = 4261bs. 
1'0 reduce U. S. dry mrosuTClI I.(, British I mperial of the 

same name d1vide by 1.082. 

NAUTICAL MEASURE 

A nautical or sea mile is the length of a minute of longi-
tude of t h e earth at the equator at the level of the sea. I< 

i. a88ullled at 6086.07 feet = 1.152664 statute or land miles by 
the United States Coallt Survey. , 

J nautical lIIile&=lleague. 



~ 

CARNEGIE STEEL COMPANY n. 

METRIC SYSTEM u-._ .<aUnI" ..... 
---

~1ioJ, l bbr. loJ .. DoMmlJllIl .. lbbt. ,,-
lly ... "'~ter .. . ..... "'>Xl m • Sq. Kilomete r km', ,...,. m'. 

K!lomet ....... . ' m 
,.., . , Hectare ..... .. ... '0000 

.. 
Hectomete •..• ..... . "" 

.. Are ••••.••.•.. .. "" 
.. 

I)ckameter ..• .. .. .. " 
.. { Centa.e, .. . ..... , .. 

lieter . . ...... . m . , .. Sq. )Jeter. .. m'. , .. 
Oeclmeter •. • dm. ., " Sq.Dedmete r dm'. ." .. 
Centimete r . • . ,m. ." .. Sq. Centlm." (:m' , ..... .. 
lIUlhneter ... mm. .." .. Sq~I!I1!meter mm', .OOOC(l1 .. 

--
l_ftl'oI. ... 

1 __ rl»-

........ .I.bb., , .... -.. .... .... Toln 

-
lK':Ohter .. .. . .. . ,.., , r'ilLler ...... . ... . ,.., ". 

Ster ..... " .. • ,.., .. , Tonneau ... .. . .... ,.., .. 
Cubic Meter m'. ,.., .. I lletric Ton , . ,.., .. 

lleet"!!t,, •.. 0. M. "" 
.. Q.!ntal .... ... " '00 .. 

DekaLiter .••. . de\. " 
.. Myrlagram .. ... " 

.. 
r' Doclm .. 

dm'. , .. I Kilogram •• . " ,.., g. 

LIter ...•. ... ,. • .. Kilo .•....•. ,.., .. 
Deciliter •. .... dO. ., .. Ilectogram ... .. .. . '00 .. 
Centiliter ... •• ... . 00 .. Dekagram •. .. ," .. . " 

.. 
{Cu. Centlm.. em'. .00' .. (iram . . ...... . g . , .. 

Milliliter .... m'. .00' .. Oecigram ... . dg. •• .. 
Co. MHlimete rmm". .""'" .. Centigram ... 'g .00 .. 
lUeroliter ..... A .00' m'. :loIlIhgram .•.. mg. . ." .. 

:loIicrogTam .. ,. .00' mg 

- - --



'" CARNEGIE STEEL COMPANY 

INTERCHANGEABLE TABLES BETWEEN 
UNITED S TATES AND METRIC SYSTEMS 

1 Meter=89.37 inches. (Act of Congress.) 

LON G M II:ASUIOlit 

-rl .~ .. 'w 
.illi __ , ... ... -•• • • • • .""-' ~Lb 0111111010 ... ""~ ,... 

1 0800{l 2.~ID7 2.M 0.3937 
2 0 .7938 6.0894 '.08 0.7874 

• 1.1906 7 .M90 7.62 1.1811 

• 1.0876 10.0781 10.16 1.670&8 , 1.1J8.I4 12.5984, 12.70 1._ 

• 2.StH3 15.1181 15.U 2.3622 
7 2.'418 1 17.6378 17.78 2.7559 
8 6. 1700 2(). 1574 20 .32 8.1400 , a.G7ID 22.6771 22.86 3.6433 

- .- ,~ -- ,.,. 
•• • • • • ,~ .- "'" "'"-

- , 8._ 0._ 0.62137 1.60936 
2 6.05617 0._ 1.24274 8.21869 

• 9.&125 0.9144 l.864lt 4.8"..804 

• 18.1288 1.2102 2.48548 6.43739 , 16.4042 1.1)24{) 8. 10085 8.04614 

" 10.6850 1._ 8.72822 9.60008 y 

7 22.0058 2.1886 4.84009 11.26543 
8 26.2467 , ..... 4.97096 12.87478 , 29. 527G 2.748"~ G.G9233 14.48412 

, 



(;ARNEGIi!: STEEL COMPANY 276 

INTERCHANGEABLE TABLES BETWEEN 

UNITED STATES AND M ETR I C S YSTEMS 

S QU"''' I: " I:ASUII; I: 

lor. -~ 
.~ .~ .~ .rlo 

k -- , .. . _. , .... 
..:c.. ·or ~:::: '1::- ~:::: ~:::: 

I 6.4516 O.IM 0.092!I 10.7639 0.8361 1. 196 

2 12.0032 0.810 0.18&8 21.5278 t.6722 2.392 

8 111.8548 0.4(15 0.2787 82.21117 2.5084 '.1188 
4 2.J.8Q6.l 0.620 0.8716 43.00II6 8 .8445 4.734 

• 32.2581 0.7i3 0 .4845 53.8194 4.1806 ,.9tI() 

• 38.7097 0.1130 0.3574 64._ 3.0167 7.1.6 

7 45.1613 1.085 O.MOO 75.3472 G.&28 s.sn 

8 51.6129 1.2-10 0.7482 86.tl1l 6.6890 '.588 , 08._ 1.8!l5 0.8361 96.8760 7.5231 10.764 

= .~ 

~ .-k 
.... .- "'""'" "Il::" -- .... .~ 10= ---.. 

3 ---
I 0.4047 2.471 0.8861 2.J0.00 0.00386 

2 0.809-1 4 .... IU8 0.7722 IH8.00 0.00772 

3 1.2141 70413 7.77 1.1583 777.01 0.011 58 

4 1.6188 '.884 10.80 
1._ 

1036.01 0.01644 , 2.0"..35 12.3M 12.00 1.- l205.02 0.011130 

6 2._ 14.826 15.54 2.3166 1M4.02 0.0"....317 

7 2.8823 17.297 18.18 2.7027 1813.03 0.O'J703 

8 3.2376 lD.768 20.72 3.0587 eon.03 o 03089 , 8.64..."2 22 .239 23.81 8.4748 2331.().1 0.0347.; 



m CARNEG I E STEt; L COMPAN Y 

INTERCHANGEABLE TABL.ES BETWEEN 
UNITED S TATES AN 0 M ETR Ie SY S TEMS 

1 KHogram = 2.~ pounds. (Act 01 Congreu.j 

W EIG HT$ 

~ 
... , ..... '"'" ,- Il,..T,.. •• Im ,. • • • 10 1<1110 ,-" 

"" ,- liw,;.-. ,- .... . _ ... 
---

I 82.1507 81.1035 64.8004 15.432 1.0161 0.9842 , 64.80IG 62.2070 1211.6008 80 .86'; 2.0321 1.9684 

a 96.452"! 93.81()4 104.4012 46.296 3.0482 2 9526 

4 125.6080 124.4189 2511.2017 61.728 4.0042 8.0368 

5 160.7537 l(i5.tH74 32-1-.0021 77 .160 5.0800 4.9210 , Hl2.0045 186.6209 888.80"":; 92.592 ,.- 5.005~ 

7 22.5.0552 217.7244 453.0021) 108.024 7.112-1 6.8894 , 257.2059 248.8278 518.4033 123.456 8.1285 7.8736 

9 2811.8567 2i9.9318 688.2037 188.888 9. 1445 8.8578 

lfllinlapo;. """"' 1 ........ iI ........ •• If~ ..!rio . ,. ...... ...... ...... ...... 10 •• !rio .. . .... lYOltdapois """'" hoirdapoit ,- ..... 
---

I 28.3495 SS.274 0.4536 2.2046 0.0072 1.1023 

2 56.6900 70.548 0.9072 4.4092 1.8144 2.20·16 , 86 .048.'; 105.822 1. "'" 6.6188 2.7216 3.3009 

• !l8.3980 141 .096 1.8144 8.8184 3.6288 4.4092 , 141. 7475 176.870 2.2680 11.0230 4.6360 5.511 5 

6 170.0970 211.6401 2.7216 \3.2276 5.4432 6.6188 

7 198.4464 246.918 3.1752 15.4322 ,- 7.7161 , 226.7959 282.192 8.62$8 17.6368 7.U76 8.8184 

9 255.1451 817.466 4.0824 19.8414 8.1647 9.92()7 



CARNEGIE STE£r. COMPANY m 

INTERCHANGEABLE TABLES BETWEEN 
UNITED S TATES AND M ETR I C SYSTEMS 

I Liter I.crm Quarta-J.[quid llea.u .... (A t f CoD ) 
-0.0 \.Iuan_Dry lIea.u..... C 0 Ir"'a. 

LIQUIO .N. 0"'" M &ASU"E 

Liw. '" Qa&rII ~_,"Liw. ,- -.. • • ...... "-...... .., .... .., ..... .. .. 
1 1.0007 '.008 0.9463 1.IOHI 0.2642 8.78M 

2 2.1134 1.816 1.8927 2.2026 0.6284 7.6707 

8 B.l':"OI 2.724 2.8300 8.8040 0.79"..5 t 1.8(,61 

• 4.2".w68 8.632 B.78(j.1 4.4053 1.6:167 t::i. 141 r; , 0.2.30 ..,4, 4.7817 l!.ti066 1.820D 18.9268 

8 6.8400 , .... 6.6781 6.6079 t .68.';1 22. 7122 

7 7.8969 8.308 6.6244 7.7093 1.849"2 26.4976 

• 8.4636 7.264 7.5107 8.8106 2.1134 80.2880 , D.IBoa 8.172 8.6171 9 . D119 2.8776 34.0688 , -
ClltIo l-. ....... -- ....... .. .- Caltio ltWI . ..... --

I 
... .. ..... ., '" 

1 264.17 ' .0088 2.8375 0.B:i24 

2 628.84 0.0076 ti.67/K1 0.7048 

8 792.61 0.0114 8.IH25 1.Q.573 

• 10ti0.68 0.0151 11.S500 1.4097 , 1820.8.5 0.0189 14.1875 1.7621 , 1585.02 0.0227 17.02&1 2.114::i 

7 1849.19 0.0265 19.8626 2.4670 

8 2118.86 '.0003 22.7000 2.8194 , 2877 .53 0 .0341 2.5.6376 8.1718 

-



.. CARNEGIE STEEL COMPANY 

INTERCHA NG EABLE TABLES BETWE EN 

UNITED S TATE S A N D M ETRI C SYST EM S 

CUSIC. H Ol\SE ~WIUI ... N O '0" MEASIJPlr;S 

~ .. Co.bio ~ .. Cobio ~'" ClIbio .. .. ..- , .... ,-- ,~. .1010 .. 10 , ... 
loCa.hlt Cubic CoMo ~" Cl.ble CoMo , ... ..... - ,-, ,~" , .. ,-

---
I 0.061 16.3934 85.316 0.(}'l-88 1.308 0.7645 

2 0.122 82.7869 70.682 0.0566 2.616 1.5291 

• 0.183 49.1803 1O.'i.9-l8 0.0849 8.112< 2.2006 

• 0.244 66.5738 141.234 0.1138 5.282 8.0581 , 0.805 81.9672 110.680 0.1416 6.5~O 3._ 

• 0.866 98.8607 211.896 0.1699 7.848 4.5872 , 0.427 114.7511 247.21.2 0.1982 0.156 5.8517 

8 0.'" 181.1475 282.3"...8 0.2265 lOA64 6.1162 

9 O.MO 147.5410 817.844 0.2548 11.772 6.8807 

Hont ,",,...- ~"''O'er , ... - .,..,... ...... , ... 
P'" 5'1, It. ... ,. .. ,,.. .. , • _On 10 I.B ~ .•• Ior 10 • • ......- • .. , lI,trio - -.... 'WpM -,-s. .• - poi' s.. PcoI 

1 0 .086 1.014 0.1383 7.2329 10.937 0.091 

2 1.In8 2.028 0.2765 14.46511 21.878 0.183 

8 2.0SD 8 .... 0.4148 21.6988 32.810 0.27' , 3.945 4.056 O.MaO 28.9817 48.747 0.866 , 4.032 G.069 0.6918 86.1646 ,'-'" 0.457 

6 5.918 6.083 0:8295 43.8976 6Ci .6OO 0.049 , ' _1JO-! 7.097 0.9678 60.6305 76.1iG7 0.640 

8 7 .800 8.111 1.1061 57.8634 87.494 0.781 , 8.877 9.125 1 .2-148 63.0963 98.481 0.823 , 



~ 

CARN£GU! STEEL COMPANY ,., 

INTERCHANGEABLE TABLES BETWEEN 

UNITED STATE$AND METRIC SYSTEMS 

",aCIELLAN II:OUS 

"~'- I 
.... ,. ... 

I 
lIlt, ......... ";!r:r~ .... .. • ... It ...... ......... lilt, per.ow ,. ...... 1001 pwaq..,. KoW 

--
I 0.6720 1.4882 0.2048 4.8825 

2 1 .8489 2.9764. 0.4000 9.764.9 

• 2.01GB 4.464.::;: 0.6144 14.6474 , 2.6879 5.9527 0.8198 19.5299 , S.8S98 7.4409 1.0241 24.4123 

6 4 .0318 8.9291 1.2280 29.21KS 

7 4.7037 10.4172 1.4837 M.lin 

• 5.8757 11.9054 1 .638:i 89.0597 

9 I 6 .0477 I 18.3986 1.8433 43.9422 

I l ilt. ,.. Ooblol I r-br:io.b60 liIt. ..... un .......... l1. .... .. ..... 11 ...... .. ..,. 00_ • .... 
I 

,..C._hoI ,..00._._ PlaUI:.I ..... 1::= I -
I 0 .0024 16.0192 14 .2232 0.0703 , 

I 0 .1248 32.03S5 28.446.5 0.1406 

• 0. 1878 48.0577 42 .6697 0.2100 

• O.24!n 64.0769 G6.8929 - 0.2512 , 0.3121 SO.OW2 71.1161 0.851G 

6 0.8745 I 00.1154 

I 
8IL300.t 0.4218 

7 OAn70 112 1346 OO.G626 0.411"22 

• O ... lInl 128.1539 118.~ 0.662:1 , I 0 .5618 I 144.1781 I 128.0090 0.0828 

-



~-

'" C A RNECn; STEE L COMP A NY 

sqUARES, CUBES, SQUlRE ROOTS, CUBE ROOTS, !.OOAltITHIIIS, nCIPltGeAU. 
CIRCUMFERENCES AND CIRCULAR AltEAS OF /liDS. fROM 1 TO 1000 .. ~~ ~ .. ..... ..... ., . ...... " "'",,1iI.. ..... ... 

, , , .. "" ...... ,."""' 1000.000 8,142 ,."" , • • l.~I~S .. "" O.ll)I08 ... ~ ... .... 8.1418 

• , 
" 1.7lI:Il1 1.«~ 0.417111 ..... t.es ,."'" • " " ...... 1.{.874 , .... "".M 12.tt66 . 12.1i664 

• .. , .. 2.21161 1.7100 ,.- "'.M 1 ~.7(EI 111.63.'.0 

• ~ '" 2.4496 1.8111 O.17'!!1~ lOO.rm l S.B.'Al 28.117U , " .. ...... 1.9129 O.~10 14~.s~1 21.0111 ~~-• M . " .. "'" ...... ,.- ]1l:>.OOO 2,';.138 ro."", 
• "' '" .. "" ~. ca)1 O.1ICI.f2.1 1l1.1II 28.274 &.6173 

" >0, 'M 8. 1112S i.l5« .. """' 100.000 81.418 ".-
n ,. ". a.31M .. "" 1.041. 110.lI0II1 M.'" ...... 
" ,~ ,,,. SAMI .. - 1.0\'918 ...... ".M 1I3.i»7 

" ". "" .... 2.a1l8 1.1151 '1'II.1iI231 010,&11 l/1il.'" 

" '" ,,~ 1.7417 2.4101 I.UGI, 71_"~ ..... 153 .• 

" .. ...,. •• 8730 .. - I.I~ ".- 41.1N 1'1'11.711\ 

" '" ... ...... 2.~11l8 l.20U~ ".0000 ".'" OOUleI't 

" .. 41118 4.12111 2.~71. .. - "."'" M.'" .. ~ .. 
" ... "" 4.2126 .. "'" .. "'" t>Ii.~ liII.1'H1L "' .... 
" '" 

..,. .. "" 2.M61 I.Immi r.2.!lS1G "'.M ".m .. .. ... 4.47'1l1 2.71~ 1.:m0ll ro ..... ".'" 814.1t.di 

• ~, ... , ..... 2.75811 .. - 47.GlllO ".m 84$.861 .. ... , .... .. "" ..... I.M~2 MH' MI.1I6 :'It(I,I88 
~ '" IIM7 ..,,,, ,."" 1.8611'8 .:I.~iS:I 72.251 ~!6.47l.1 

" ." ,,.,. . ..., .. -I.SSW! 41.6001 rn." ~ ... 
" ... '''''' .~ .... .. "" I.~ "' ..... "."" 4\1O.97~ .. ." "'" .. "'" .. -1041407 88.40616 81.68\ ..,~'" 

" '" , .... 6.1\l1li2 .~ .... 1.<C81311 11.1lr.O ..... ~72.i566 .. '" " .. 6.2!il1$ , ..... 1.44718 1rI.71-t3 , .... 8Ili.~ 

" .n - .~ ... .~"" L_ M .... gUM 
..~'" .. .., 

""" $.4712 II. 1m 1.41711 ".- ... m "'~'" 
• '" .... 6.M78 11.1414 1..m31l ..... 97.88t ~.;t18 .. '''" "'" .~"" 11.1748 1.l1(li15 III.ZOO lOO.MI ..~m 

" , .. ..,. 6.7-"1 11.20:10 1.~181i1 ....... 1000.m "'~ ... .. no • ..... 6.8810 ..... t.Mu8 ilI.~1I8 ICWI.814 "" .... 
" ,om "'" 8.Q181 11.1111 I.IW;!Q7 211.5714 lOi.!l5II 1l82.1111 

" "" ...." ...... 8.Mlg .. ""'" Jl7. ?T."8 118.0Q7 1017.88 

" " .. "'" ..... .."'" .. ..., 21.re:D 118.9 IITo3.i1 .. ,~ """ 8.1(\44 ...... 1.57978 1II'I.81t>@ IIg.lISl 1\84.11 

" , ~, ..... 8.2100 8.811111 1.toQ108 1l:I.6·110 121l.r.2Il lI\1.1.toQ 

" , .. ...., 8.~Je ..... ....... ....... 11l:I.66 IIM.54 

" 'M' .... .. "'" ..... 1.&1278 21.8000 128.81 189).25 
4~ '''' , ... .. "'" 3.4WO .. """ 113.1rJII(l 181.tII 188/i.44 .. ,,,. "'" 8.M74 . ..... 1.83817 13.~ 11rI.(» 14:i/.:l,1I(I .. "" .. ," .. "'" ..... l,fl.I3~ 2.l.7r.lI 188.23 I~.M 
~ ... 011llr\ 8.7082 .~ ... l.ol.'I3:?l "'."" W.11 1~.0j8 

" ." "'" 8.7823 .. "" t.86I:7e 21.18111 144.$1 11181.11(1 

" ... , .... 8.8M7 ..... 1.1!7'210 fE.27M lH.M 1734.\1.1 

" ... n ... .."'" 8.584' 1.e8t21 ...... IW.BO 19».15Il .. "" 11<"1540 ,."'" , .... ...... "'.- IMJH 1885.74 



CARNEGIE STEE L COM P ANY '" 
SQUARES, CUBES, SQUARE ROOTS. CUBE ROOTS, LOGARITHMS. RECIPROCALS, 

CIRCUMFERENCES AND CIRCULAR AREAS OF NOS. FROM 1 TO 1000 .. .~ ~ .. a..lool ..... ", . 100&d0cip. 
... ., DiL 

0- •• - --------- ------

"" "., ,,= 7.0111 .. "'" LOom "'."'" 1~7 .U'! 1{1Q1.ro 

" "" 1826.)1 7.NI. 8.":UH I.7\r.07 ID.tmI! 160.2:2 00I~.6:) 

" "'" 
,,,.,, 7.2111 8.~ 1.7U'OO 1~.2:lOI 11)8.36 21211. "O\l 

M "" ""'" 7.\l801 8.;:,1)8 1.;"'.3128 18.8(;;{I 101:1.00 2inl.liI 

" ~" I074M U." r'" L"'" 18.M~ 16\).6."> =~ 
M '"' n."" 7.4162 ."'" 1.7-1086 18.181S 172.711 23:ti.1!:I 
~ ... , 17361(1 ,.."" .. """ 1.7-181\1 17.flCi1\ 1";t;.\111 2-163.01 

" .," 18:;1\111 7 .t.4118 .. "'" 1.0"Mtl7 17 .M3\! 1711.01 2001. ,6 

" "'" 195112 7.6108 .... '" I. 063-13 17.2U4 IS:U~I 2Il42.(tl 

" .. , """" 7.6811 .. "'" L""" lB.~92 186.35 !18::1. \11" .. .." . .., 7.70:1 8.\11411 1."17810 16.6687 188.00 ""'." " "" ""'" 7.6102 ..... L ""'" 16.8004 1111.(\.1 ~.47 

" OS" ""'" 7.8740 6.0(;711 L_ IB.I200 111-1.78 80111.07 .. ... .,.,,, ,."'" 6 .\1791 1.7\1001 1~.8780 lD7.DIl S117.l!I 

" ..... 26214-1 .. "'" .. "'" 1.1lOIilS 16.62.'.0 001.08 11216 .Q') 

" "'" r.4€iZ .. "'" ... ", I.SI2'.li 15.SStlI ool.lJ) 3818.81 

" "" 21>""74\16 8.12m 4.041' 1.8111M 16.1M5 "" ... 8121.19 

" .... ..". 8.18M 4.0613 L_ 14.mt 210.49 """ .. ~~ .... ..,"" 4.0!'l1 1. ftl2:i1 14.7059 218.68 8681.68 .. "" ..... , .... 4. 1(116 L"'" 14A9ll8 216.'17 'TIU 

ro .... ,- , ... 4 .1218 1.~10 14.2607 219.9\ ""." " '''' 857911 8.4261 4.1-10'1 1 .&";I2ti 14.1lS45 "". '" 8OOIl.19 
n ,,~ ..", ''''' 4.1 !W 1.&,;"83 IS.~ 226.111 "'" ." " "" .... " 8.MIO 4 .1-:"\13 l.~ IS.~ "'~ ns,o,.8'l 

" "'" -, , . .,. 4 .1968 L ..... IS.61St1 """ ..".~ " "" 421S;5 ,.""" 4.2!~ 1.87OOG 18.88SS "''' +111.86 

" ~"I7tI """ 8.7178 .. "'" I. SaOiH 18.1~";{I "'." .j{,,'16.46 
n om "'"" S.mo •. = 1.88640 12.0070 Z11.00 "".M 

" ... 4701fm 8.8818 4.27"27 ..... 00 12.!l2O'j "'.M 4:78.36 
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285 CARN E GIE STEE l, COMPANY 

~QUARES , CUBES, SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, RECIPROCALS, 
CIRCUMFERENCES AND CIRCULAR AREAS OF NOS. FROM 1 TO 1000 

No. Squar. Cub. Sq. Roo! Cu. Root Log. 1000IR .. ip. 
No. = Di •. 

Circum. !r .. - - - - - -- - - - --- - -
200 40000 800000O 14.1421 5.8480 2.30103 5.00000 628.32 31415.9 
201 40401 8120601 14.1774 5.8578 2.30320 4 .97512 631.46 31730.9 
202 40804 8242408 14.2127 5.8675 2.30535 4.95050 634.60 32047.4 
203 41209 8365427 14.2478 5 .8771 2.30750 4 .92611 637.74 32365 . 5 
204 41616 8489664 14.2829 5.8868 2.30966 4 .90196 640.89 32685 . 1 
205 42025 8615125 14 .3178 5.8964 2 .31175 4.87805 644.03 33000.4 
206 42436 8741816 14.3527 5.9059 2.31387 4.85437 647.17 33329.2 
207 42849 8869743 14 .3875 5.9155 2.31597 4.83092 650.31 33653 . 5 
208 43264 8998912 14.4222 5.9250 2.31806 4.80769 653.45 33979.5 
209 43681 9129329 14.4568 5.9345 2 .32015 4.78469 856.59 34307.0 

210 44100 9261000 14.4914 5.9439 2.32222 4.76190 859.73 34636.1 
211 44521 9893931 14.5258 5.9533 2.32428 4.73934 662 .88 34966.7 
212 44944· 9528128 14.5002 5.9627 2.32634 4.71698 666.02 35298 . 9 
213 45369 9663597 14.5945 5.9721 2.32838 4.69484 669.16 3563~. 7 
214 45796 9800344 14. 6287 5.9814 2.33041 4 .67290 672.30 35968.1 
215 46225 9938375 14 . 6629 5.9907 2.83244 4.65116 675.44 36305 . 0 
216 46656 10077696 14.6969 6.0000 2.33445 4.62963 678.58 36643 . 5 
217 47089 10218313 l 4.7309 6.0092 2.33646 4.60829 681. 73 36983.6 
218 47524 10360232 14.7848 6.0 1 S.~ 2.33846 4.58716 684.87 373'25 . 3 
219 47961 10503459 14 .7986 6.0277 2.34044 4 .56621 688.01 37668 . 5 

220 48400 10848000 14.8324 6 .0368 2.34242 4 .54545 691.15 38013.3 
221 48841 10793861 14.8661 6.0459 2.34439 4 .52489 694.29 38359.6 
22'2 49284 10941043 14.8997 6.0550 2.34635 4 .50450 697.43 38707.6 
223 49729 11089567 14.9332 6.0641 2.34830 4 .48431 700.58 39057. 1 
2".4 50176 11239424 14 .9666 6 .0732 2.350"..5 4.46429 703.72 39408. '. 
225 50625 11390625 15.0000 6 .0822 2.35218 4.44444 706.86 39760.8 
2'26 51076 11543176 15.0333 6.0912 2.85411 4.42478 710.00 40115.0 
227 51529 lj 697083 15.0665 6 .1002 2.35603 4.40529 713 .14 40470.8 
2'28 51984 11852352 15.0997 6.1091 2.35793 4 .38596 716.28 40H28. 1 
229 52441 12008989 15.1327 6.1180 2.35984 4.86681 719.42 41187.1 

230 52900 12167000 15.1658 6.1269 2.38173 4.34788 722.57 41547.6 
231 53361 12326391 15.1987 6.1358 2.36381 4 .32900 725.71 41909.6 
232 53824 12487168 15.2315 6.1446 2.38549 4 .31034 728.85 42'273.3 
233 54289 12649337 15.2643 6.1534 2.36738 4.29185 731.99 42638.5 
284 54756 12812904 15.2971 6.1622 2.36922 4.27350 735. 13 43005.3 
235 85225 12977875 15 .3297 6 . 1710 2.37107 4.25532 738.27 43373.6 
236 55696 13144258 15.3623 6.1797 2.37291 4.23729 741.42 43743.5 
237 56169 13312053 15.3943 6.1885 2.37475 4.21941 744.56 44115.0 
238 56644 13481272 15.4272 6.1972 2.37658 4.20168 747 .70 44488 . 1 
239 57121 13851919 15.4596 6.2058 2.37840 4.18410 750.84 44862 .7 

240 57600 13824000 15.4919 6.2145 2 .38021 4.16667 753 .98 45238.9 
241 58081 13997521 15.5242 6.2231 2.38202 4.14938 757. 12 45616.7 
242 58564 14172488 15.5563 6 .2317 2.38382 4 . 13223 760.27 45996. 1 
243 59049 14348907 15.5885 6.2403 2.38561 4.11523 763.41 46377 . 0 
244 59536 145W7S4 15.6205 6.2488 2.38739 4.09838 766.55 46759.5 
245 60025 14706125 15.6525 6.2578 2.38917 4.08163 769.69 47143.5 
246 60516 14886938 15.6844 6.2658 2.39094 4.06504 772.83 47529.2 
247 61009 15069223 15.7162 6.2743 2 .39270 4.04858 775.97 47916.4 
248 61504 15252992 15.7480 6.2828

1

2.39445 4.03226 779.12 43305. 1 
249 62001 15438249 15.7797 6 .2912 2 .39620 4.01606 782.26 48695.5 
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CARNEGIE STE£L COMPANY '" 
sqUARES, CUBES, SQUARE ROOTS , CUBE ROOTS , LOGARITHMS, RECIPROCALS, 
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CAItNEGIE STEEL CO)I PAKY '"' 
SQUARES, CUBES, SQUARE ROOTS , CUBE ROOTlI,lOCARITHMS, RECIPROCALS, 

CIRCUMfERENCES AND CIRCULAR AREAS OF NOS, FROM 1 TO 1000 
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291 CARNEGIE STEEL COMPANY 

SQUARES, CUBES , SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, RECII·ROCALS. 

CIRCUMFERENCES AND CIRCULAR AREAS OF NOS. FROM 1 TO 1000 

No. Square Cnb. Sq. Root Cu. Root Log. 10001Recip. No. = Dia. 

Circum. Are& - --------------
500 250000 125000(l00 22.3607 7.9370 2.69897 2.00000 1570.R 196850 
501 251001 125751501 22.3880 7.9423 2.69984 1.99601 1573.9 197136 
502 252004 12650600~ 22.4054 7.9476 2.70070 1.99203 1577.1 197923 
503 253009 127263527 22 .4277 7.9523 2.70157 1.98807 1580.2 198713 
504 254016 123024064 22.4499 7.9581 2.70243 1.98413 1588.4 199504 
505 255025 128787625 22.4i22 7.9634 2.70329 1.98020 1586.5 2OO2!l6 
506 256036 129554216 22.4944 7. \l6S6 2.70415 1.97629 1589.7 201090 
507 257049 130323H43 22.5167 7. !)739 2.70501 1.97239 1592.8 201886 
508 258064 131096512 22.5389 7.9.791 2.70586 1.96850 1595.9 202683 
509 259081 131872229 22.5610 7.9846 2.70672 1. !l6464 1599.1 202482 

510 260100 132651000 22.5882 7.9896 2.70757 1.96078 1602.2 204282 
511 261121 133432831 22.6053 7.9948 2.70842 1.95695 1605.4 205084 
512 262144 184217728 22.6274 8.0000 2.70927 1.95312 1608.5 205887 
513 263169 135005697 22.6495 8.0052 2.71012 1.94932 1611.6 206692 
514 264196 135796744 22.6i16 8.0104 2 .71096 1.94553 1614.8 207499 
515 2652'25 136590875 22.6936 8.0156 2.71181 1.94175 1617.U 208307 
516 266256 137388096 22.7156 8.0208 2.7J265 1.93798 1621.1 209117 
517 267289 138188413 22.7376 8.0260 2.71849 1.98424 1624.2 209928 
518 268324 138091832 2'2.7596 8.0311 2.71433 1.93050 1627.3 210741 
519 269361 139798359 22.7816 8.0363 2.71(>17 1.92678 1630.5 211556 

520 270400 140608000 22.8035 8.0415 2.71600 1.92308 1683.6 212372 
521 271441 141420761 22.8254 8.0466 2.71684 1.91939 1636.8 213189 
522 272484 142'236648 22.8473 8.0517 2.71767 1. 91571 1639.9 214008 
523 273529 143055667 22.8692 8.0569 2.71850 1. 91205 1643.1 214829 
524 274576 143877824 2'~.891O 8.0620 2.71933 1.90840 1646.2 215651 
525 275625 144703125 22.9129 8.0671 2.72016 1.90476 1649 .3 216475 
526 276676 145531576 22.9847 8.0723 2.72099 1.90114 1652.5 217301 
527 277729 146363183 22.9565 8.0774 2.72181 1.89753 1655.6 218128 
528 278784 147197952 22.9783 8.0825 2.72263 1.89394 1658.8 218956 
529 279841 148035389 23.0000 8.0876 2.72846 1.89036 1661.9 219787 

530 280900 148877000 23.0217 8.0927 2.72428 1.88679 1665.0 220618 
531 281961 149721291 23.0484 8.0978 2.72509 1.88324 1663.2 221452 
532 283024 150568768 23.0651 8.1028 2.72591 1.87970 1671.3 222287 
583 284089 151419437 23.0868 8.1079 2.72673 1.87617 1674.5 223123 
584 285156 152'n3304 23.1084 8.1130 2.72'754 1.87266 1677.6 223961 
535 286225 153130375 23.1301 8.1180 2.72835 1.86916 1680.8 224801 
536 287296 15.1990656 23.1517 8.1231 2.72916 1.86567 1683.9 225642 
537 288369 154854153 23.1733 8.1281 2.72997 1.86220 1687.0 226484 
538 289444 155720872 23.1948 8.1332 2.73078 1. 85874 1690.2 227329 
539 290521 156590819 23.2164 8.1382 2.73159 1.85529 1693.3 2'28175 

540 291600 157464000 23.2379 8.1433 2.73239 1.85185 1696.5 229022 
541 29'~1 158840421 23.2594 8.1433 2.73320 1.84843 1609.6 2'293.1 
542 293764 159220088 23.2809 8.1583 2.78400 1.84502 1702.7 230722 
543 294849 160103007 23.3024 8.1588 2.73480 1.84162 1705.9 231574 
544 295936 160989184 23.3238 8.1683 2.73560 1.83824 1709.0 232428 
545 297025 161878625 23.3452 8.1683 2.73640 1.88486 1712.2 233'283 
546 298116 16277133() 23.3666 8.1733 2.73719 1.83150 1715 .3 284140 
547 299209 163667323 23.3880 8.1783 2.73799 1.82815 1718.5 234998 
548 300304 104566592 23.4094 8.1883 2 .73878 1. 82482 1721.6 235358 
549 301401 165469149 23 .4307 8.1882 2.73957 1.82149 1724.7 236720 

--
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293 CARNEGIE STEEL COMPANY 

SQUARES, CUBES, SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, RECIPROCALS, 
CIRCUMFERENCES AND CIRCULAR AREAS OF NOS. FROM 1 TO 1000 

No. Sq\lAl" Cub. Sq. Root Cn. Root Log. lOOOxReoip. No. = Dia. 

Circum. Are& -- --- --------------
600 360000 216000000 24.4949 8.4343 2.77815 1.66667 1885",0 282743 
601 361201 217081801 24 .5153 8.4390 2.77887 1.66889 1888 .1 283687 
602 362404 218167208 24.5357 8.4437 2.77980 1. 66113 1891.2 284681 
603 368609 219256227 24.5561 8.4484 2 .78082 1. 65837 1894.4 285578 
604 364816 2'20348864 24 .5764 8.4530 2 .78104 1.655il3 1897 .5 286526 
605 R66025 221445125 24.5967 8.4577 2.78176 1.65289 1900 .7 287475 
606 367286 22'2545016 24.6171 8.4623 2.78247 1.65017 1903.8 288J26 
607 368449 223648543 24.6374 8.4670 2.78319 1.64745 1907.0 289379 
608 369664 224755712 24 .6577 8.4716 2.78390 1.61474 1910.1 290333 
609 370881 225866529 24.6779 8.4768 2.78462 1.64204 1913.2 291~ 

610 372100 226981000 24.6982 8.4809 2.78533 1.63934 1916.4 292247 
611 373321 228099131 24.7184 8.4856 2.78604 1.63666 1919 .5 293206 
612 374544 2'29220928 24.7386 8.4902 2.78675 1.63399 1922 .7 294168 
613 375769 230346897 24.7583 8.4948 2.78746 1.63132 1925 .8 295128 
614 376996 231475544 24.7790 8.4994 2.78817 1.62866 1928 .9 296092 
615 378225 232608375 24.7992 8.5040 2.78888 1.62602 1932.1 297057 
616 379456 233744896 24.8193 8.5086 2.78958 1.62838 1935 .2 298024 
617 380689 284885113 24.8395 8.5132 2.79029 1.62075 1938.4 298992 
618 381924 236029032 24.8596 8 . 5178 2.79099 1.61812 1941.5 299962 
619 383161 237176659 24.8797 8.5224 2.79169 1.61551 1944.7 800934 

620 384400 238328000 24.8998 8.5270 2.79239 1.61290 1947.8 301907 
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622 386884 ~1848 24.9399 8.5362 2.79379 1.60772 1954 .1 303858 
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624 389376 242970024 24.9800 8.5453 2.79518 1.60256 1960.4 305815 
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626 391876 245314376 25.0200 8.5544 2.79657 1.59744 1966.6 307779 
627 393129 246491383 25.0400 8.5590 2.79727 1.59490 1969.8 308763 
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649 421201 273359449 25.4755 8.6579 2.81224 1.54083 2038.9 380810 
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C ARN EG lE STE E L COMPA!'Y 

SQUARES, CUBES, SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, RECIPROCALS. 
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'" CARNEGIE STEEL COMPANY 

Carnegie Steel Company 
MIIDufacturer of 

Bessemer and Basic Open Hearth 
Steel of all Grades 

Owns and operates tho following works 

Eda-&r ThomBon Furnacel! . Bessemer 

Ouqueene FurnBeaa Duquesne 

Lucy Furnaces . . Plttsburlr 

Carrie Furnaoe. . Rankin 

Edll'ar Thomson Steel Works Besllemer 

Duquesne Steel WorkS Duquesne 

Homestead Steel Works Munhall 

Upper Union Mills . Plttsbul"a 

Lower L'nlOn Mills Pltt.bur&, 

H oward Axle WorkS . Homestead 



.. 
CARNEGIE STEEL COMPANY .. 

AT WHI C H ... PlE ,. ... O O UCIlO 

Armor Plate 
Billets (l~ in. up), Blooms, Slabs 
Ferro Manganese, Spiegel-eisen, Pig Iron 
Forgings. such as Axles, Arch BUnJ, and other Cnr Forgings. 

Connecting Rods, Crank Shafts 
Plates for Boilers, Bridges, Ships and Tllnks 
Rails. Steel, 25 to t OO Ibs. per yard: Steel Splico Burs (plain 

and anglc), for all sections of Rails 
Rolled Structural Shapes, such as Angles. Rounds, F1..:J.t.s. 

Squnrcs. Ovals, I-Beams, Channels, 'rees, Zecs, etc. 
Structural Work, such as Buildings, Girders, Columilli. etc. 

ADD R ESS 
G ENIl"''''\'' 0, ''''01:5 : 

Pittsburg; Carnegie Building 

SAL1:5 0 1"1"1C1I:5: 

Atlanta; Equitnble Building 
Boston: Telephone Building 
Bulfalo; German Insurance Building 
Chicago; "The Rookery" 
Cincinnati: Union Trust Building 
Cleveland; Perry-Payne Building 
Denver; Boston Building 
Detroit; Union Trust Building 
New Orleans; Hennen Building 
New York: Empire Building 
Philadelphia; Harrison Building 
Portland: Ainsworth Block 
S:l.n Francisco: 258 Market Street 
St. Louis; National Bank of Commerce Building 
St. Paul; Pioneer Press Building 

F'OIl CIo." SALES O" ICES, 

..ondon (Eng.); 71 and 72 King William Street 
Montreal (Cnnada); Bell Telephonc Building 
Mexioo; 0':!4 Apartado, City or ~Iexioo 
Sydncy. Australia 
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IN 0 EX 
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• tandard wall . 
properties of atandnrd and apeel.1 
nadll of gyratIon for, .. oed ••• t •• u .• 
.fe 1000d. for ltandard and .pedal 
ahapea of ~u.re rOOt 

" atandard and "peeial, eq .. allei'll. 
" ltandard and "peelal, uneq .. all"p 

au..ndard <:OUOec:tlOII, detail. of 
nOI"lon 

pup" for pUD(:hlng 
welghu and dlmen.IOllI of Iquare root 

"5talldard a .. d aped.l, 
eq ... llegtl 

.... elghts and dhnen.lon. of standard and aped.l, 
unequal I"". 

note&OD 
type. of Ilnproof 
ofclrde. 
of flat rolled .teel 
of Iquare and rouod bIo ••• 
Ie<:tloD.l, method of locn."tng 
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III-I, 
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1';8-1111 
18'1 -181 
178-1811 
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.... • • • cln:umfere1lcea of !"Ollnd II1I'I1_2115& 
OJ .. .. .. 

..... .... .... 
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dlm .. uslona a"d welghu of II.! 
•• /Ia! oval 
" blf round 
•• ova l 
" found 

round edgoo tI.t. 
round oval 
Iquare 

" " " " <lye !IS 
welgbtll and ar"a, of Iquare and round 861-1l6O 
for oolumn. r.o 
table. of till 
.ocho .... detail .. wellfhta anll dim .. nslon. of 11!J 
box g;roera, .. xplanatlon of toIblu on . l SI 

... ftlla-.ds for I!l$-IM 
bending momentl, 'heau and deflection. of IU 
can irotllep«r .. ton (or 1,6 
diltaPe(> C"'nter to ~lIter, for equal radii il,98. lOX! 
("'nlPIt' oppoa!te. cOIIPection. for dl«e~Pt depth.of 1(;. IN! 
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In foundations, tables for 
properli~1 of &taodard and ~pecial 
oafe lengtbs of, used al 8truls 
oafe loada for standard and special 
oafe loads on wooden 
Bhapes of standard. 
lpacing tables for standard 
Btandard connections for 
standard gaUg<lB for punching 

" 7Q..;"l 

"" .~ 

weights and dimensions of standard and Bpeo::lal 
witbou t La ter"lsuppoft, proportion of ... fe loadlof 
plates, IIOteR on • 
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11'8-182 
107_181 
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00 
00 

l'l7-JAJ 
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1\16-100 
00 

1117_100 

steel, welghta and dimensions of 
values of pins 

.. rivets 
safe, of brlekwork and ma!lODry 

moments of pins 
heads, standard dimension" of 
weights of 
details of types of wind 
note. on wind • 
weights of sheel" of . 
arcbes in eoon 
.work, .... fe bearing values of • 
.work, weigbt of 
plates 

n otes 011 
typeB of . 
columllll, noles On 
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IS8.fe loads for round 
ultimBte strength of 

1I0tesoll 
... paratou 
Bpedficallolu for 
detan. of suspended 
n ot<'s on fireproof and Buspended 
columns, radii of gyration for 

safe loads for 
weights and dimensions of 

distance back to b"ck, in columna for 
radii • 

properties of Btand"rd and speo::[al 
_fe load. for standard alld a"""ial 
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ahllpeS of car·truck and ahlp-bundlng 
ahapes of standard 
standllrd connections for 
stnndard gauges for pUDchlng 
weights and dlmenslonl of ear·truck ud Ihlp­

building 
weights and dimensions of standard .ndlpecla\ 
plates,liho.pes of • 

weights lind dlmenslonl of 
areas and dreumference. of • 
plat~s, u.treme dimensions of 
of round bars 
for mnchlne driven rivets 
nuts, stllndard 
of deflection 
and struts, notes on 
basel for 
conncetions for constant dimension ~ee·bar 
detans of built se<:thns of . 

" fireproofing of . 
equal radii of g),r"tlon for channel 
in fireproof buildings 
r .. di! of gyration for channel 

,. " r ound a nd IIqllaro 
.• !.eo·bar 

safe loads for "hannel 
.• round cast Iron 
., z~·bar 

standard spacing for rivet . In zee·bar 
ultimato streugth of elIst iron 

" medium Bteel 
",eigbts and dlmenslonl for channel 

" r.ee·bnr. 
ultlmMe resistance of material to . 
in fouudations • 
angl~ .. s tllndard, for beams and channels 
for constant dimension r.ee--bar columns. 
" differont depthS of beams framing oppa,lto 

details 
,igns for riveting 
weights of sheets of 
plate flooring 
plate ... properties of 

BbllpeS of 
" weights and dimensions of. 

iheets in flooring 
note. on 
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c:o.JDHand cotangent_. 
and cube roota of DumbeR 

D 

DIeI..a. of. foot for each R of ulncll 
of an lDch fin -..;:h It. • 

DoII.~ • coetll~lentl 

limit of .fo . 
-.no.. conltructlOnal 

Clf htllltcolamn IeCUOOI 
.. fireproofing 1100'" arid caIIlID". 
" partitlon •• 
.. IUlpended celllnge 
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..... . e"treme of cin;1l1&r plato. 
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.heetl 
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balf round 
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.. clevl._ . 
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.. eyo-tN. ... 
•• ml~II • .fIeoli' "".pu 
.. .... n .. Amerlcan atandard. 
.. 11e6vonutl 
.. teea, equallepo • 
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uneq"allep 
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.. turabucltlel • 
.. 'M·bar columna 
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JlaMuloM "' of _bara, lpe<:1.o.1 
" ltandard 

tIII&M, back to back of chanuell to make radII equal 
C<lnter to centtr of beam, for equal radil 

...... ........ 

.-. 
E 

linear, of lubllanoe, by beat 
of table, on beam box glrdeu 

plna and rlvetl , 
.. plate &'irdtra 
.. prnpertl.,. of Carnegie I"apea 
.. Mfe lootd, alld 'paeln&" 

dlmenalolll of c\f¢ular plate& 
.. re<:tlu" .... tar platt, " 

OllIeetl 

, 
P!npnot, , bundlngl, columnlln 

eeillllp, uotet on 
partition .. note' on 

~ of 11.00 ... and column .. detan. of 
.. gird., ... Ind columna, DOtei 00 

rt.1 "" bara, dlmentlon.and welgbt. of 
oval ba .... dlmen'lon.and weights of 
~Iled &teol. anoaa of , 

welgbtaof , 
PIM1 " detail. of llreprooll.ng 

arenerat notel on 
PIoorlDa: corrugated plato 

trough plato ,_uIlL . g'Merat. 
hi'*- bMm.uRd III 

cantlle,"on 10 ....... 
h.oI:Clou. . II&tural trlgollometrical 

• 
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safe loads for beam box 
h riveted plate 

specific, of sub~tances . 
lengths of rivets for variant 

H 

bars, dimensions and weights of 
tees, shapes of 
linear expansion of substances by 

(see beams) 
sectional areas, method of 
moments of, for Carnegie standard shapes 

h rectangles 
U usual shapes 

tables between U. S. and metric system 
notes on 
weights of sheets of 

L 

of safe deflection 
expansion of substances by heat 
notes on 
per square foot on floors 

" roofs 
safe (see safe loads) 
of numbers 

M 

standard specifications. 
safe bearing values of 
strength of 
and weights . 

of increasing sectional areas 
tables of 
shapes, weights and dimensions of 
bending, of beams . 

" pins 
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" rectangles 
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!Of' beam boll girdon 
beam .. IO\&D4ard aDd. .~l 
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- IUlldard ~w ..... lulloon • - tUUet!Oru.. natu,.1 - plate lI.00ring 
pillelia ~reproo( lloou 

propertlu of 
lblpuof 
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