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FOREWORD 

TITE twenty-fourth edition of t.he Pocket Companion has been 
revised and enlarged. 1t contains the profiles and data for 

sections most suitable for all structural purposes, including bridge, 

building, car and ship construction. 11:. supersedes and cancels all 
previous publications relating to structural sections. 

The sections have been grouped under the headings: "Regular," 

for which there is a constant demand and which can be procured 
readily from the mill; C<Spccial," for which there is a fluctuating 
demand and infrequent rollings. 

This edition is issued by both Carnegie Steel Company and 
Illinois Steel Company and the contents arc identicaL The sections 
arc rolled by both Companies except where noted otherwise. 

The tabulated loads, except in a few cases, arc given in Kips, 

thousands of pounds. 

Since the Pocket Companion went to press t he 1I1i nois Steel 

Company has prepared equ ipment to roll Sections CB 81, H 1 

and FI 2. 

The mark C for Carnegie Steel Company on ly, should be 
disrep:a rded wherever it appears with reference to thesc 8Petions. 
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The above filU~ "how the method of increasing the ICCtional ~ae and ... eigh~ 
of Uructuralllteel Bbapell. erOle hatched pol"lion$ reprelleut the minimum eectioua 
and the blanK portioD' the added area.a. 

In the Calle of Channela and Standa.rd Beam' the enlflr~mcnt of the &eetion adda 
an equal amount to the thiclm_ of the web and the "'idth of the flange.. In the 
case of en Sootionll equal thickneMell of metal are added 10 the web thielmellll aDd 
8Mge widt h and proportional .dditions to the Bange thic~. In the C388 01 
Angles and ZeN, the effect of lipreading the foil, ill to iocreue alightly the length of 
the lega. In tho CMe of Ship Building Bulb Angles, &8 a rule each increll8e or 
dec rease in web lhickneM carriQ8 with it about one-balf t hat increaae or decrelLllC 
in the flange thiclwesll. 

IDllllmuch &II the roll p_ are modified in the wear of the roll., tbe &elud 
di mension! will not alwaye conform to the theoretical, even in the CIUIe or the mini
mum weight eeeliona. De.ignere and detailerl or 6tructl.lrlll work ahould lUTangO 
for ample ciearanOOll. 



REGULAR SHAPES 

Structural Shapes shown in this section, for which there is & 

popular and constant demand, may be secured promptly from 
frequent rollings. Designers should keep this in mind when making 
up their specification, to avoid unnecessary delay. 
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1$.1, ' 82. 110, 160, ISO Ibo. 
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I 
1- - 16.60 - -1 ..... -1 • . 50--, 

f ." rJr "'. ... 211, fJ:; I ." 
412. "'. "'. I "'. 273, m . 

~ .301 ;.680 g 
,... , ... , ... . ~ 
310, , ... 176, 

"!. = T § I " '''. , ... ,6T, I • '''. ",. ,y. 
l l . L ".. ,,,. "'. m. 219. !BIbs. CB145 1 •• ,4!o; 

Cet S1 CB146 14. 16 314. 1601 
136, nT, 119, Ill, 

50, 45,~. 36 1105. 11)3. 95,!!'1oa. 

r5.lS'I ,.. 1.00.., 
:-5.250: I"I.so, ....... 00.., i:lU ':t] 5 u r3j" ~·~f,~ 

. .. 
..... us • ~.ZtO a t·328 .~ " ~ • • " , l "'! ' -'- . l . L . 

lOeB 81 80514 CB 82 'd~ CB 83 ... CSt0 1 10.s% CB1 02 10" 
21. 19, !! lb •. U.,!! ' !>'. 67, sa,", «I, 19, 26,~, 21 I .... 45,!!., 31, 331 .... 

15,33,!! lb •. 

WEIGHTS UNOERLINEO CORRESPOND TO N OR MAL. DIMENSIONS SHOWN. IN INCHES 

RANGE OF WEIGHTS PER LINEAR FOOT 
ICI Carneg!e St",,1 Company only. 
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I CB SECTIONS 
ELEMENTS 1-- - -1 

ELEMENTS OF SECTIONS 

, 
~~ -...... o~. Weight ": ""'~Th"- : .::_1 ~-' A1t1. Z·2 

Indo. 0< 0-... ..... ,~, s..tian ~~ ~_ . Nt _IS _ '_ ~ S 
, 

Nomi .... ... , , .. u.. In," In. In. In. In.' In," In. In.' Ln," , •. 
-- - -r--- --_ .. - . 

36.72 300 88.17 16.655 1.650 _945 '""0.' 1105'~ 15.17 1225.' 147.1 3.73 
36.50 'SO 82.32 16.595 1.570 .885 18819.31031. 15.12 1127.5 135.9 3.70 

CB 362 36.24 '60 76.56 16.555 1.440 .845 17233.1 951.1 15.00 1020.1 123.3 3.65 

36 II: 16~ 36.12 'SO 73.49 16.525 1.380 .815 1&165.9 911. 14.91 969.1 117.4 3.63 
36.00 240 70.60 16.500 1.320 .790 15724.0 873.614.92 920.1 111.5 3.61 
35.88 230 67.73 16.475 1.260 ,765 14888.4 835.5 14.88 870.9 105.7 3.tiS 

. 
36A8 194 57.11 12.117 1.260 .770 12103.4 663. 14.56 355.4 58.7 2.49 

36.32 18' 53.54 12.072 1.180 .m 11281 . 621 . 14.52 327. 54.3 2.47 
CB 361 36.16 170 49.98 12.027 1.100 .680 10470.( 579.1 14.47 300. 50.0 2.45 

38 X 12 ! 36.00 160 47.09 12.000 1-020 .653 9738. 541.! 14.38 275.4 45.9 2.42 

35.84 150 44.16 11.972 .940 .625 9012.1 502. 14.29 250.4 41.8 2.38 

33.SO '40 70.52 15.865 1.400 .830 13585.1 Bll. t 13.88 B74. 311Q.2 3.52 
CB 332 33.25 220 64.73 15.810 1.275 .775 12312.1 740. 13.79 782.' 99.0 3.48 

33 X 15~ 33.12 '10 61.78 15.783 1.210 .748 11664. 704. 4 13.74 735. 93.' 3.45 
33.00 '00 58.79 15.750 1.150 .715 11048. 669. 13.71 691. 87.8 3.43 

33.50 '" 44.71 11.565 1.055 .635 8147. '88. 4 13.50 256.1 44.3 2.39 
CB 331 33.31 141 41.51 11.535 .960 .605 744'.' 446. 13.39 ",. 39.8 2.35 

33 X 11}i 33.15 132 38.84 11.510 .880 .580 6856. 413. 13.29 
~';:j 

36.1 2.31 
33.00 '" 36.78 11.500 ~05 _570 6354. 385. 1 13.14 32.7 ,.,. 

. 30.38 210 61.78 15.105 1.315 .775 9872.4 649.! 12.64 707. 93.7 3.38 

CB 302 
30.25 200 58.76 15.070 1.250 .740 9340. 617. 12.61 665. 88.3 3.37 
30.12 190 55.90 15.040 1.185 .710 8825.9 .... t 12.57 624 . 83.1 3.34 

30 X 15 30.00 180 52.89 15.000 1.125 .670 8328. 555. 12.55 585. 78.1 3.33 

".88 '" 50.65 14.985 1.065 .655 7891 . 528. 12.48 550.1 73.4 3." 

30.30 '" 38.83 10.551 1.000 .615 5753.1 379. 12.17 185. 35.1 2.18 
CB 301 30.16 124 36.45 10.521 .930 _689 5347.1 354. 12.11 169. 32.3 2.16 

30 X l OX 30.00 116 34.13 10.500 .850 .564 4919.1 327. 9 12.00 153.2 29.2 2.12 ,.., 108 31.n 10.484 .760 .548 4461 . 299. 11.85 135.1 25.8 '.06 
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· CB SECTIONS • ~" , 
f DIMENSIONS 
· '-. 
• h., L. ____ 5--: DIMENSIONS OF SECTIONS • • • , ' , , . FOR DETAI LING :..-- ~ -.. : 

:.. ...... 
...... i WlIght ""'~ w • 

01 __ 

D,.. ""'" Ind ... •• • Thick. Thick· H." Min • Ci_. ,.~ .. ,~ ...... .... •• •• n ick· • f • d, •• h " .... u;;.- .- , 
D" , .. 

" 
, .. , .. , .. , .. , .. , .. , .. , .. , .. , .. 

-- -
300 36~ lB» 1% % j.l 7Ji 31 % 2% 40~ • % 5Ji 
280 36Ji 1~~ 1% Ji Ji 7Ji 31 % 2% 40% • Ji 5Ji 

CD 362 260 38)4 

';~ 
l Ji Ji Ji 7Ji 31 % 2% 39.% 31< Ji 5Ji 

36 250 38% 16 1% % Ji ".-i 31 % 2j.l 39U 31< Ji 5Ji 
240 36 " 1% " Ji 7Ji 31 % 2Ji 39'.-i 31< j.l 5j.l 
230 35~ 16)i 1)4 I< % 7Ji 31 % 2% 39Ji 3Ji J;i 5Ji 

194 36j.l 
'~~ 

1)4 " % B» 32~ 2% 38Ji 3)4 Ji 5Ji 
182 36% 12 1% I< Ji ".-i 32)4 2% 38% 3)4 Ji 5Ji 

CD 361 170 36)i 12 l)i % % 5% 32)4 ," 38)i 3)4 Ji 5Ji 
36 160 36 12 1 % % 5% 32X l Ji 38 3 % 5Ji 

150 3SJi 12 % Ji % B» 32)4 ," 37Ji 3 % 5Ji 

240 33Ji 1~~ 1% Ji Ji 7j.l 28% 2Ji 37% 3~ Ji 5Ji 
CD 332 220 33)4 15~ 1)4 " % 7j.l 28% 2% 36Ji 3Ji Ji 5Ji 

33 210 33% 15~ I» I< '> 7j.l 28'> 2)4 36~ 3Ji Ji 5j.l 
200 33 1 5~ I '> I< '> 7Ji 28% 2% 36'> 3Ji Ji 5" 

152 33Ji '; ~ 1% 
'> % 5Ji 29~ lJi 35j.l 3 % 5Ji 

CB 331 141 33)4 
11 " 

% » 5Ji " 1< II< 35)4 3 % 5Ji 
33 132 33% 11 }i % » 5Ji " 1< 1% 35% 3 . % 5Ji ' 

125 33 11 ~ '. % % » 5J> " 1< 1% 35 21< % 5j.l 

210 30% ';~ 
I» % % 7% 25~ 2% 34 3j.l Ji 5J> 

200 lOU 15 " IX ~4 % 7Ji 25~ 2)4 33Ji 3J> Ji 5Ji 
CB 302 190 30% 15 I» I< % 7% " I< 2» 331< 3Ji Ji 5Ji 

30 180 30 15 lJi % % 7% 25~ 2% 33% 3)4 Ji 5Ji 
172 29J-i 15 1% % » 7% 25~ 2% 33Ji 3)4 % 5Ji 

132 30~i 

:l~ 
1 % % 5 26Ji 1% 32% 3 % 5Ji 

CD 301 12. 30% % % % 5 28Ji 1% 31 .% 3 % 5j.l 
30 116 30 10 Ji % % 5 26Ji 1% 31 ~ 21< % 5Ji 

loa " Ji 10 ~i % % 5 28~ lJi 31 % 2~ % 5Ji 

o&&e' fl. are baMd on 131:" edl'8 d l,tanOll (~" marimum rivet). 
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CIJ CB SECTIONS 

.----I 
ELEMENTS OF SECTIONS • 

..... 
'"'" Weight .... .... ~ WE 

Allie 1_1 ,..IeM 

r --, .... • W • -. ""'.-.. ..... ,* ...... ..... - - I S , I S , ..- -. --lb. , .. 
I~ In," , .. '". , .. In.' In." '". In.' In.' , •. -. -

27.31 177 52.10 14.090 1.190 .725 6728.6 492.8 11.36 518.9 13.7 3.16 
CB2n 27.12 ' 63 47.93 14.035 1.095 .670 6141.5 452.9 11.32 468.7 66.8 3.13 
27 X 14 27.00 .54 45.30 14.000 1.035 .635 Sn5.8 421.8 11.29 437.6 62.5 3.11 

26.88 '45 42.68 n965 .975 .600 5414.3 ,02., 11.26 406.9 58.3 3.09 

27.28 II. 33.53 10.070 .932 .570 4080.5 299.2 11.03 149.6 29.7 2.11 
CB 271 27.14 '06 31.17 10.035 .882 .535 3761.2 m~ 10.98 136.1 27.' 2.09 
27 X 10 21.00 .. 28.82 10.000 .m .500 3446.5 255.3 10.94 122.9 24.6 2.07 

26.84 91 26.n '.983 .m .483 3129.2 233.2 10.81 109.0 21~ 2.02 

24.n '60 47.04 14.091 1.135 .656 5110.3 413.5 10.42 492.6 69.9 3.23 
CD 243 24.56 '50 44.10 14.063 I.OSS .628 4733.5 385.5 10.36 452.5 64.3 3.20 
24 I 14 24.41 14. 41 .1 6 14.029 .960 .5" 4376.1 358.6 10.31 414.5 59.1 3.17 

24.25 13. 38.21 14.000 .900 .565 4009.5 330.7 10.24 375.2 53.8 3.13 

24.31 '20 35.29 12.088 .'30 .558 3635.3 299.' 10.15 254.0 .>0 2.68 
CB 242 24.16 II. 32.36 12.042 .855 .510 3315.0 274.4 10.12 228.' 38.' 2.66 
24 X 12 24.00 10' 29.43 12.000 .m .• 68 2987.3 248.9 '~08 203.5 33., 2.63 

24.29 94 27.63 9.061 .8n .516 2883.' 220.' 9.85 102.2 22.6 ' .92 
CB 241 24.16 87 25.58 9.025 .807 .460 2467.8 204~ '.82 92.' 20.8 1.91 
24, , 24.00 80 23.54 ' .000 .m •• 55 2225.7 185.8 8.73 82.' '~3 1.87 

23.87 74 21 .17 8.975 .662 .430 2033.8 170.4 9.67 73.8 16.5 1.84 

21.46 142 41.78 13.132 1.095 .65' 3403.1 317.2 9.03 385.' 58.8 ~04 

CB 213 21.31 132 36.81 13.087 1.020 .61 4 3141.6 294.8 9.00 353.6 54.' 3.02 
21 X 13 21 .16 .22 35.65 13.040 .945 .567 2893.2 272.5 8.97 322.1 49.4 3.00 

21.00 112 32.93 13.000 .865 .527 26"Z0.6 249.6 8.92 289.7 44.6 2.96 

21.29 103 30.27 9.071 1.010 • 608 2268. • 213.1 8.66 119.9 2<4 1.99 
CB212 21.14 .. 28.21 '.038 .935 .575 2088.' 197.6 8.60 109.3 24.2 1.97 
21 )( 9 21 .00 89 26.15 9.000 .885 .537 1919.2 182.8 8.57 99.' 22.' 1.95 

20.86 82 24.10 8.982 .795 .'99 1752.4 . 68.. a53 89.6 20.' 1.93 

21.24 73 21.48 8.295 .740 .455 1600.3 150.7 8.64 86.2 .~. 1.76 
CB 211 21.13 68 20.02 6.270 .685 .'30 1478.3 139.9 ~59 80.' 14.6 1.74 

21 )( 8M 21.00 63 ' ~52 8.250 .620 .410 1343.6 .28.. 8.52 53.8 n. ' .70 
20.91 59 17.38 8.230 .575 .390 1246.8 119.3 8.47 49.2 12.0 '.68 
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• ~ CB SECTIONS , 
I DIMENSIONS 

· · M., L. ____ ----- DIMENSIONS OF SECTIONS • ,- • 
• L-- ~ _~ i FOR DETAILING 

:"-a·": 

S"" "'" W&!gIIt D .... Flange I Web DIIl_. u,"oJ 
Inda ,- • Wldlh ThiCk- I ThIC k-l T~r:t Min. el .... Gig. ... ,~, S .. l ion • I • d, g. h i-"-No~nal _ n~ _ nell nest 

.~. u.. '". In. In. ~ In. .. , '", '", '". '". '", ~ -
In 27X 14K 1" ){ % 6~ 23 2K 30~ 3l{ )I. 5)i 

CB 272 163 27)-S 14 IVs % % 8U 23 2f> 30'" 3l{ )I. 5)i 
27 154 27 14 I f> % % 6% 23 2 30.J1 3l{ % 5)i 

145 26ys 14 1 % % 6Y. 23 1% 30% 3l{ % 5)i 

114 27U 10% % % % 4){ 24 1% 29K i 2M VB 5)i 
CB 271 106 27% 10 K % % 4}4 24 1% 29 ' 2%' Yo 5)i 

27 98 27 10 % )i l{ 4}.i' 24 l )i 28% 2% % '5)i 
91 26.% 10 % )i l{ 4 ~4' 24 1)1. 28% 2% % 5)i 

16' 24~.i 14% ' K '" % 6;.:( 21:1% , 28)i 3U Yo 5>' 
CB 243 150 24)i 14Ys 1!1O % % ~4 20% lU 28}4 "3U " 5)i 

24 14. 24% 14 1 % " 6X ""4 1% 284 3 % 5)i 

13' 24U 14 % % " 6X 20% IX 28 , 3 " 5)i 
, 

,,;. 12' 24.)4 % % % 5',4 2Ol{ 1% 27Ys ' 3 % 5)i 
CB 242 "' 24K 12 % )i Ji 5% 20% 1% 27 -2% % 5)i 

24 100 24 12 ){ )i Ji 5% 20% 1% 26% 12% " 5)i , 

94 24.!4' 9 % % U 4.14 ' 21 % I), 25% \2% % 5)i 
CB 241 87 24yg 9 % )i Ji 4U 21 },S 1% 25% i 2X ~, 'j1 

24 80 24 9 ){ )i Ji 4U 21 % I" 25% i 2~ % '592 
74 23.:Y8 9 % )I. Ji 4.14 21 % l Ji 25.J1 2)i % 5)i 

142 21 .11 13K lK % % ' Ji 1734 I» 25.14 3 )I. 5!:f 
CB 213 132 21 }4 13}8 1 % % 6l{ 17'4 1}4 25 , 3 % !l7f 

21 122 21 )1 13 % % % 6.14 17~ 1% 24% , 3 %' 5\i 

"' 21 13 » % l{ 6.!4 17% 1% 24% ' 3 % 5)f ! 

103 21 .!{ 9K 1 % % 4l{ 18 1% 23Ys 3 % 5)i 
CB 212 96 21ys 9 % % % 4U 18 1% 23 2% % 5)f 

21 69 21 9 % % " 4U 18 1)f 22 ~iI 2% % 5)f 
82 20% 9 % )f l{ 4l{ 18 1)1. 22% 2% % 5)f 

73 21 J4' 8)4 ){ )f l{ 4 18% 1% 22Ys ' )f % 5)f 
CB 211 " 21 % al{ % ), l{ 4 18% l U 22H ' » % 5» 

21 63 " 81:( % )I. l{ 4 18% 1% 22'~ 2» " 5Joi 
59 20% 8;{ % ' ' ~. " 4 18% 1% 22» 2» l{ 5» 

-, --
Oa~ g. are lJM<ld on 1 )4" oogo dlst.anco (~" nmxiruum rlvot). 
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I CB SECTIONS 

I ELEMENTS .----I 

ELEMENTS OF SECTIONS 

....... - Wtlght I ..... ~~ Wob 
AlII. ,., Ad. 2·1 , ... • ::. ..::.. -! '::- I S I ' .. .... I S , ...... 

- u... 1n.1 - -.;;:-- .... In.. .. , .. ,.' ~ , . ,.' .. ' , . 
'a64 124 136.45 11.889 T.on .651 2227.1 239.0 7.82 281 .9 47.4 ~78 

CB 183 18.48 114 33.51 11.833 .991 .595 2033.8 220.1 7.79 255.6 43.2 ~78 

lax li~ ''-32 '05 ... 88 11 .m .911 .s54 1852.5 2112.2 7.75 231.0 ,a2 ~n 

18.16 96 28.22 11 .750 .83' .512 1674.7 184.4 7.ro 206.8 35.2 2.n 

.8.32 85 24.97 ,.838 .911 .~. 1429.9 156.1 U7 88.' 22.' 2.00 
CB 182 18.16 77 22.63 a787 .83' .475 1286.8 141.7 7.54 88.6 21).2 1.86 
18x8~ .aoo ro 20.56 a750 .751 •• 38 1153.9 128.2 ; 7.49 7a5 17.9 1.95 

17.87 64 16.80 a m .686 •• 03 1045.8 117.0 7.48 ro3 la. 1.93 

CB 181 
18.12 55 16.19 7.532 .630 390 889.9 88.2 7.4' 42.0 I 11.1 1.8' 
.aoo 50 14.n 7.500 .5ro 358 800.' 69.0 7.38 37.2 1 9.9 1.59 

18 x 1),i 17.90 47 13.81 7A92 .520 3 50 738. 823 7.30 33.5 9.0 '.56 

.a64 "' 33.51 11 .629 1.035 .63' 1642.8 191.4 7.00 254.8 43.8 U, 
08.63 .a48 .05 30.87 11.582 .955 .564 1497.5 181 .7 6.96 230.7 1 39.8 2.n 

16. 11~ • 6.32 .. 2a22 11 .533 .875 .535 1355.1 '66-. '.93 207.2 35.9 W 
18.16 .. 25.87 11 .502 .795 .... 1222.8 151.3 6.87 .65.2 32.2 U7 

.6.32 78 22.92 a58. .875 .629 1042.8 127.8 B.74 87.5 120.4 1.95 
CB 182 16.16 71 20.86 a 54' .795 A66 936.9 115.9 '.70 77.9 18.2 1.93 • 
16. 6~ .aoo 64 .a80 8.500 .m M' 833.' 104.2 ' .66 68.. .a. 1.91 

.5.86 58 17.04 SA64 .645 :407 746.4 .... as2 .... • 03 • .88 

.6.25 50 14.70 7.073 .628 ! .380 655.4 80.7 6.66 34.' , .• '.64 
CB 161 16.12 45 13.24 7.039 .563 , .348 583.' n.4

1 
6.64 , ... a7 '.52 

16.7 .aoo 40 11.77 7.000 .503 ! .307 515.5 64.~ i 6.62 29.' 7.' ' .50 
.5.85 38 10.58 a892 A2S .299 446.3 56.3 6.49 22.' a3 1.45 



, /' "h 

CB SECTIONS 

DIMENSIONS OF SECTIONS 

FOR DETAILING 

I 
DIMENSIONS 

-----:--;--"":"""". ...:-~r::=:;::;,;;:::::;::=:;::::r;:; 
~~ w:!" D:u' ~ -~" ... ,,~.,.. . ..... M,", .o" / ~:. 

and root Stttion Wldtll n_ n_ n ick_ a f 0 d , 9. h 9 
Nomi.... - -- -""'- -,-- -,.-f-:--f-:--t-7"-1 
_ •• _._. _ ~.. In In In. ~~I~ _'_" __ '_', __ l n. ~ I~~ 

124 I 18% 11 Yi I' l J16 ' "i ~ I 5% 15.J1 1 ~ 122% 3 
CB 183 

" 
CB 182 

" 
CB 181 

" 
CD 163 

16 

I 
CB 162 I 

16 

CB 161 
16 

114 IBM 11 31 1 %,. ~"" 15.\1 1" 22 3 
105 18% 1113.i " " " 55"" 15~ 1% 21 .% 2~ 
96 18% 11 ~ ,. ~ I .!i 55"" 15}1i 1 ~ 21 % 2% 

85 
n 

18% I BJ.i " '" U 4)1 15% 1M 20% 2% 
18)1 8% ~ ~ U 4J1 15% 1~ 2078 2% 

70 
64 

18 8% % ~ J4' 4.J.i 15% 1" 20 234 
17% 8~i" ~ " 4)1 15% l U 20 2}<j 

55 IS%: 7% % 

5018 1 7~'' 47 17~ 7%: ~ 

114 165,,'8 
105 t6U; 

96 I 16% 
88 16)4 

11 % 1}i 
11 % ,. 
11 ~ f-i 
11 ~ ~ 

78 16% I 8% % 
71 I 16)1 BH

1

' " 
64 18 8~ % 
58 15% I 8}i % 

50 
45 
40 
38 

18.\{ 

" % 
16 
15% 

I 7.\1 ~ 

7 " 7 J> 
7 l1i 

~ " 3% 15h 
~ " 3% IS}i 
~ " 3% ISh 

% " 5}i 13.J.i 
% " 5~ 13.J.i 
" " 5M 13.l1 
}i U 5}i 13.J.i 

" U 14 13% 
~ U 4 113% 
~ U 4 13% 
Ji I U 4 ! 13~ 

3~ 114 
3% 14 
3% 14 
3~ 14 

1.l1 195/11 2}i 
1~ 19J.i 2J{ 
1 19% 2)4' 

1% 120% 
1% ' 20U 
1% 20 
1~ 19J.i 

3 % 
3 % 
2% I % 

2% " 

1~ 18J.i 2% " 
1~ 187i 2% " 
1" 18J1 2J.i " 
17i 18 2J.i " 

1J1 1734 2~ 
1 ~ 17~ 2)4 
1 17J.i 2)4 

" 1~ 2)4 

Oagut g. a1'9 ba-'. Oil I ,"," edgo dlBta.uoo (~" ma.:<hnwn rlvo~). 

5J> 
5J> 
5J> 
5J> 

5» 
5J> 
5J> 
5J> 

5J> 
5» 
5» 
5» 
3J> 
3J> 
3» 
3» 
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I 
, 

CB SECTIONS 
ELEMENTS 1-- --1 

ELEMENTS OF SECTIONS 

Weight ' Are. ,~ .. 
O""rh Flltlet Woo Alii 1·1 Alio 2-2 

Indu • •• • Thick_ Thick-

- ' I 
... ... "" ' 00' ' ",,00 Width .- S , 

~ s 
, 

Nominal .-... --,.- "'. In." ,.- In. In. I-~~ , .. tn" -i~ '" --. -- -- ---

18.69 426 125.25 16.695 3.033 1.875 6610.3 707.4 7.26 2359,5 282.7 4.34 
18.50 412 121.1 16.645 2.938 1.825 6309.7 682.1 7.22 2264.9 zn.! 4.32 
18.31 398 116.98 16.S90 2.843 1.770 6013.7 656.9 7.17 2169.7 261.6 4.31 
18.12 3B4 112.93 16.540 2.748 I.no 5727.5 632.2 7.12 2078.1 251.3 4.29 
17.94 370 108.78 16.475 2.658 1.655 5454.2 "".1 7.08 1986.0 241.1 4.27 
17.75 356 104.68 16.420 2.563 1.600 5179.4 sal.S 7.03 1895.7 230.9 4.26 
17.56 342 100.59 18.365 2.468 1.545 4911.5 559.4 6.99 1806.9 220.8 4.24 
17.38 328 96.4 16.295 2.378 1.475 4656.1 535.8 6.95 171 8.5 ZlO.9 4.22 
17.19 314 92.30 16.235 2.283 1.415 4399.4 511 .9 6.90 1631.4

1

201.0 4.211 
17.00 300 88.20 16.175 2.188 1.355 4149.5 488.2 6.86 1546.0 191.2 4.19 
16.81 287 84.37 16.130 2.093 1.310 3912.1 465.5 6.81 1466.5 181.8 4.17 
16.62 273 80.22 16J)65 1.,.. 1.245 3673.2 442.0 6.77 1382.9 t72.2 4.15 
16.50 264 77.63 16.025 1.938 1.205 3526.0 427.4 6.74 1331 .2 166.1 4.14 

CB 146 16.37 255 74.98 15.990 1.873 1.170 3372.6 412.0 6.71 1278.1 159.9 4.13 
14 X 16 16.25 246 72.33 15.9115 1.813 1.125 3228.9 397.4 6.68 1226.6 153.9 4.12 

16.12 237 69.69 15.910 1.748 1.090 3080.9 382.2 6.65 1174.8 147.7 4.1 1 
16.00 228 67.0 15.865 1.688 1.045 2942.4 367.8 6.62 1124.8

1 
141.8 4.10 

15.87 219 64.36 15.825 1.623 1.005 2798.2 352.6 6.59 1073.2 135.6 4.08 
15.75 211 62" ~ 15.800 

1.563 .980 2671.4 339.2 6.56 1028.61 130.2 4.07 
15.63 202 · 59.39 15.750 1.503 .930 2538.8 324.9 6.54 979.7 124.4 4.06 
15.50 193 56.73 15.710 1.438 .890 2402.4 310.0 6.51 930.1 118.4 4.05 
15.38 184 ScI.O 15.660 l.l78 .84' 2274.8 295.8 6.49 882.7 112.7 4.04 
15.25 176 51.7~ 15.64' 1.313 .820 2149.6 281.9 6,45 837.9 107.1 4.02 
15.12 167 49.09 15.600 1.248 .780 2020.8 267.3 <42 790.2 101.3 4.01 
15.00 158 46.4 15.550 1.188 .73' 1900.6 253.4 6.40 745.0 95.8 4.00 
14.88 15. 44.08

1
15.515 1.128 .695 1786.9 240.2 6.37 702.5 90.6 3.99 

14.75 142 41.85 15.500 1.063 .68' 1672.2 226.7 6.32 660.1 85.2 3.97 
16.81 ' 32' 94.12i 16.710 2.093 1.890 4141.7 492.8 6.63 1635.1 195.7 4.17 

14.75 136 1.063 .660 1593.0 216.0 6.31 3.77 39.98 14.740 567.7 77.' 
14.62 127 37.33114.690 .998 .610 1476.7 202.0 6.29 527.6 71.8 3.76 
14.50 "' 34.99 14.650 .• 38 .570 1373.1 189.4 6.26 491 .8 67.1 3.75 

CB 145 14.37 111 "'''114

.

62

• 

.873 .540 1266.5 176.3 6.23 454.9 62.2 3.73 
14 X 14M 14.25 103 30.26 14.575 .813 ,495 1165.8 163.6 6.21 419.7 57.6 3.72 

14.12 95 27.94 14.545 .748 .465 1063.5 150.6 6.17 383.7 52.8 3.71 
14.00 87 25. j 14.500 .688 .420 966.9 138.1 6.15 349.7 48.2 3.70 

-
"Colut1l.U Cor<) Se<:tlon. 



L " /.'~ · II 

I 
. , 

• " r -----, 
CB SECTIONS , 

~ , " , , 
DI MEN SIONS , " , 

, oS: :: r:" DIMENSIONS OF SECTIONS 
1. __ _ _ __ 

• • • , ' q , FOR DETAILING :.-- -.. i 
:.. -...... 

~ -;::;; ... "" W,'" D.,. Fl..... Wilb t DO-

''''. I ~CI_. .. ~ ,. • TlIk k. Tlokk_ Half ... ,~ ,,""" w •• n ... ~!: . , , • d, g • h g . -Nomlnl l -- I-c-D •• 
"'" I. I •. I •. ... I • . I •. I • . I •. I •. I • . I • . I • . 

-

.26 1 8~ 1 8~" 3)0 ' Jj " "A 11 ~' 3'1 " }1 5 , 
412 1S}1 16§.i 2" '" " 7;S 11~ 3" 24 % 4h , 
393 187i 1 6 ~i 2" '" Jj 7% 11 % 37• 24 ~4 4~~ ,. 
384 18),1 16~ 23~ 1 ~ Jj 7% I I }, 3', 24% 4~~ " 370 IS 16~ 211 • 

,,. 
" 7% 11 78 3)i 24}s ' }1 Jj 

356 17s:; 16~ 8 2" ' % " 7% 11 % 3 ~, 24!{ ' }1 Jj 
342 1 7~ 163 , 2', '" 9~ 7% l1 h 3)0 24 ' )i Jj 
328 17' ~ 16

1
" 

2', ' }1 ~i 7% 11 % 3 23 7 8 . )i " 314 11)4 16)4: 2~' ')' % 778 l1 }s 2'> 23 ~'4 ' Ii " 300 17 161i l 2
" 

n, " ns 11 ~8 2", 23% • h 
287 16''; 16~ ! 2\,fj ' % " 7% 11 % 2" 23~s • ~1' 
m !6l i 16t~' 2 ' )i % n'8 11 ~, 2~ii 23].1 • " ~ 

264 
16}i 16 I'" ' )i % 7% 1t ~ii 2" 23 3" " I ISSs 1 18 17 

., 
CB 146 255 ,,, % 7% 1l }, 2}1 23 3' , " 0<: 14 246 18)4 16 I IlJi ' )i " 1% 11 ~8 27, 22 78 3s, % ~ 

237 1611 15J.i " I l )i " 7% 11 ,., 2}~ 22~4 3% % I 
228 16 t5 l i '" 1% " 778 11 % 2% 22.% 3% :, ~ 

I 21' 157~ 15J.i l )i , % 7;, In s 2)i 22% 3}1 n 
211 15S ~ 15'>{ '" 

, % 7), 11 % 2% 22% 3}1 , •• 202 15'i 1 ~" 1}.i " }1 7% II Ys 2)i 22)( 3}1 " ' 93 15% 15~ 1 17• Jj )0 7% lI ~ii 2)0 22)i 3)i % 
184 15' Wi : Hi Jj J. 7% 11 % 2 22 3)i % 
176 IS.\{ Wi 1% " )0 7;, 11 % ,'> 21n 3)i % 
167 1518 Wi l )i " % 7;, 11 % ' Jj 21 ~ 3)i )' 
158 15 15% '" ~, % 7% " % 1!1ii 21 % 3 J' 
'50 14

1
" 

15}1 Hi " % "A " % I', 21 % 3 )0 
142 1 4 ~.i 15}1 1)0 'i % 7% 1I~ 1" 21 % 3 )0 

-320 1 6~.i 1 6~4 2)0 Hi " 7% ll Vs 2" 23%, , , 
136 14~i 14~ l )i " % 7 11 % I ll. 20Ji 3 ). ' % 
127 14~ 14~ 1 % " 7 11 % ' % 20~ 3 % ' % 

CB 145 
119 14}1 Wi !Iii " " 7 11 % ' % ""A 2~i % 5% 

14 
111 14% Wi )i % " 7 11 % 1}1 20% 2~~ % ' % ,OJ 14)i 14'''' " % )i 7 11 % 1)0 20% 2% " ' % 

1 95 14)i 14% !i % )i 7 " % 1% 20X 2X " 5}1 
87 14 14% % )0 )i 7 " % '" 20X 2% " 5% 

"COlumn ConI SlIC\Ion. 
O&glll ,. are bNe4 Oil l ){H edgo d Uita.nce ( X " maximum ri vet ). 
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I 2 

CB SECTIONS 
L---. ,...-J 

ELEMENTS 1-- ,1---1 

ELEMENTS OF SECTIONS ! 
r-- "---I 

2 

Section Depth Weight Area 
Flange 

Web 
Axis 1-1 Axio 2-2 

Index of per of Thick- Thick-
and Section Foot Section Width ness ness I S r I S r 

Nominal ----------I-------------
Size In. Lbo. In? In. In. In. In.' In." In. In.' In.3 In. 

----------------------
I 

CB 144 14.18 84 24.71 12.023 .778 .451 928.4 130.9 6.13 225.5 37.5 3.02 
I 

14 X 12 , 14.06 78 22.94 12.000 .718 .428 851.2 121.1 6.09 206.9 34.5 3.00 

CB 143 1

14
•
19 74 21.76 10.072 .783 .450 796.8 112.3 6.05 133.5 26.5 2.48 

14 X 10 14.06 68 20.00 10.040 .718 .418 724.1 103.0 6.02 121.2 24.1 2.46 
13.91 61 17.94 10.000 .643 .378 641.5 92.2 5.98 107.3 21.5 2.45 

14.06 58 17.06 8.098 .718 .406 597.9 85.0 5.92 63.7 15.7 1.93 
CB 142 13.94 53 15.59 8.062 .658 .370 542.1 77.8 5.90 57.5 14.3 1.92 

14 X 8 13.81 48 14.11 8.031 .593 .339 484.9 70.2 5.86 51.3 12.8 1.91 
13.68 43 12.65 8.000 .528 .308 429.0 62.7 5.82 45.1 11.3 1.39 

14.24 42 12.34 6.801 .573 .338 432.2 60.7 5.92 28.1 8.3 1.51 

CB 141 14.12 38 11.17 6.776 .513 .313 385.3 54.6 5.87 24.6 7.3 1.49 

14 X 6%; 14.00 34 10.00 6.750 .453 .287 339.2 48.5 5.83 21.3 6.3 1.46 
13.86 30 8.81 6.733 .383 .270 289.6 41.8 5.73 17.5 5.2 1.41 

14.38 190 55.86 12.670 1.736 1.060 1892.5 263.2 5.82 589.7 93.1 3.25 
14.12 176 51.79 12.615 1.606 1.005 1712.5 242.6 5.75 538.4 85.4 3.22 

i 13.88 I 161 47.38 12.515 11.486 .905 1541.8 222.2 5.70 486.2 77.7 3.20 
13.62 I 147 .43.24 12.450 1.356 .840 1374.4 201.8 5.64 436.8 70.2 3.18 

: 13.38 133 39.11 12.365 1.236 .755 1221.2 182.5 5.59 389.9 63.1 3.16 
13.12 120 35.31 12.320 1.106 .710 1071.7 163.4 5.51 345.1 56.0 3.13 

CB 124 , 12.88 106 31.19 12.230 .986 .620 930.7 144.5 5.46 300.9 49.2 3.11 
12 X 12 , 12.75 99 29.09 12.190 .921 .580 858.5 134.7 5.43 278.2 45.7 3.09 

i 12.62 92 27.06 .. 12.155 .856 .545 788.9 125.0 5.40 256.4 42.2 3.08 
, 12.50 85 24.98 12.105 .796 .495 723.3 115.7 5.38 235.5 38.9 3.07 

12.38 79 23.22 12.080 .736 .470 663.0 107.1 5.34 ' 216.4 
I 

35.8 3.05 
12.25 72 21.16 12.040 .671 .430 597.4 97.5 ~31 f 195.3 32.4 3.04 
12.12 65 19.11 12.000 .606 .390 I 533.4 88.0 5.28 174.6 29.1 3.02 

1 12.31 -64 18.83 10.060 .701 .405 528.3 85.8 5.29 119.0 23.7 2.51 
CB 123 12.19 58 17.06 10.014 .641 .359 476.1 78.1 5.28 1107.4 21.4 2.51 
12 X 10 12.06 53 15.59 10.000 .576 .345 426.2 70.7 5.23 I 96.1 19.2 2.48 

12.19 50 14.71 8.077 .641 .371 394.5 64.7 5.18 I 56.4 14.0 1.96 
CB 122 12.06 45 13.24 8.042 .576 .336 350.8 58.2 5.15 50.0 12.4 1.94 
12 X 8 11.94 40 11.77 8.000 .516 .294 310.1 51.9 5.13 44.1 11.0 1.94 

12.24 36 10.59 6.565 .540 .305 280.8 45.9 5.15 23.7 7.2 1.50 
CB 121 12.12 32 9.41 6.533 .480 .273 246.8 40.7 5.12 20.6 6.3 1.48 
12 X 672 12.00 28 8.23 6.500 .420 .240 213.5 35.6 5.09 17.5 5.4 1.46 

11.87 25 7.39 6.500 .355 .240 183.4 30.9 4.98 14.5 4.5 1.40 
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,.,. 
L ,/ ,\-h 

I o L".-. I~ 
~---~- -
I 

r- f;;, CB SECTIONS I 
I 
f , , DIMENSIONS 
I 

, 
I 

j--;::+:. ~S--:~g2 DIMENSIONS OF SECTIONS 
, Y 

r : ~ I : FOR o 'C:TA I LnG 
"f--- -+01 I 

I I 

'+-a-'" 

Section Weight I Depth 
Flange Web Distance Usual 

Index per of Thick- Thlck- Half Min. Clear. Gage 
and Foot I Section Width ness ness Thlck- a f 0 d1 ~ h 9 

Nominal ~ ----
Depth Lbs. In. In. In. In. In. In_ In. In. In. In. In. In. 

- ---------------
CB 144 84 14% 12 % Jf6 7;1; 5% 11 % 1% 18% 2% % 531 

14 78 14 12 % J16 7;1; 5% 11% 1% 1831 231 % 531 

CB 143 74 147;1; 10% % J16 7;1; 4% 11 % 1% 1731 2% % 531 

14 68 14 10 % J~ 7;1; 4% 11 % 1% 177;1; 231 % 531 
61 13Ys 10 % % % 4% 11 % 17;1; 17Ys 231 7;1; 531 

58 14 8):8 % J16 % 3Ys 11 % 1% 167;1; 231 7;1; 531 
CB 142 53 14 8 % % % 3Ys 11 % 17;1; 16Ys 231 7;1; 531 

14 48 13% 8 % % % 3Ys 11 % 1% 16 231 7;1; 531 
43 13% 8 31 % % 3Ys 11 % l Ys 15Ys 231 7;1; 531 

42 147;1; 6% % % % 37;1; 12Ys 1716 15% 27;1; 7;1; 331 
CB 141 38 14% 6% 72 % % 37;1; 12% 1 15% 27;1; 7;1; 331 

14 34 14 6% J16 % % 37;1; 12% % 15% 27;1; 7;1; 331 
30 13Ys 6% % % Ys 37;1; 12% Ys 1531 27;1; % 331 

190 14% 12% 1% 1716 % 5% 9% 2% 197;1; 3% % 531 
176 14% 12% 1% 1 31 5% 9% 2% 19 331 % 531 
161 13Ys 1272 131 % Ji6 5% 9% 2716 18% 372 31 5~ 
147 13% 12~ 1% Ys J16 5% 9% 1% 18~ 37;1; ~ 5~ 
133 13% 12% 17;1; % % 5% 9% 1% 187;1; 37;1; J16 5~ 

CB 124 120 13% 12% 1% % % 5% 9% 1% 18 3 J16 5~ 

12 106 12Ys 127;1; 1 % % 5~ 9% 1% 17Ys 3 % 5~ 
99 12% 127;1; % % % ' 5% 9% 131 17% 2% % 5~ 
92 12% 12% Ys % % 5% 9% l Ji6 17~ 2% % 5~ 
85 12~ 12Ys % ~ 7;1; 5% 9% 1% 17~ 2% % 5~ 
79 12% 12% % 72 7;1; 5% 9% 1% 17% 2% % 5~ 
72 127;1; 12 % J16 7.4 5% 9% 17;1; 177;1; 2~ % 5~ 
65 12% 12 % % % 5% 9% 1% 17Ys 2~ 7;1; 5~ 

CB 123 64 127;1; 10 % J16 % 4Ys 9% 1% 15Ys 2~ 7;1; 5~ 

12 58 127;1; 10 % % % 4Ys 9% 17;1; 15Ys 2~ 7;1; 5~ 
53 12 10 % % % 4Ys 9% 1% 15% 231 7;1; 5~ 

CB 122 50 127;1; 8% % % % 3Ys 9% 17;1; 14% 2~ 7;1; 5~ 

12 45 12 8 % % % 3Ys 9% 1% 1431 2~ 7;1; 5~ 
40 12 8 ~ % % 3Ys 9% l Ys 14% 2~ 7;1; 5~ 

36 127;1; 6% % % % 3Ys 10% % 14 27;1; 7;1; 3~ 
CB 121 32 12Ys 631 ~ % Ys 3Ys 10% "Ys 13% 27;1; % 372 

12 28 12 6~ J16 7;1; Ys 3Ys 10% % 13% 27;1; % 3~ 
25 11 Ys 6~ % U % 3% 10% % 13% 27;1; % 3~ 

Gages go are based on 17i" edge distance (Ji" maximum rivet). 
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CB SECTIONS 
ELEMENTS .-- - -I 

ELEMENTS OF SECTIONS 

2 

• ~ 

Sec:tlon O""th Wtlllhl .- "~~ W~ 
.... 1' 1_1 .... iI 2-2 -

Indu • ,- • Thlok· Thltk· ... .. - '00' .. ,," Width "- 0- I S , I S , 
NomI ... 1 - ~- - . --

• n ... In." 'e . o In. J- In • In, ' In," 'e. In.' ,.' ,. 
-- - "'- r-

11.88 136 40.03 10.575 1.498 .915 917.2 154.4 '.79 295.9 56.' 2.72 
11.62 12. 36.46 10.505 1.388 .845 813.1 139.9 4.72 264.8 SO., 2.69 
11.38 112 32.92 10.415 1.248 .755 718.7 126.3 4.67 235.4 45.2 2.67 
11.12 .00 29.43 10.345 1.1 18 .565 625.0 112.4 4.61 206.6 39.9 2.65 
10.88 .. 26.19 10.275 .998 .615 542.4 99.7 4.55 180.6 35.2 2.63 

CB 103 10.62 n 22.67 10.195 .868 .535 457.2 66.1 4.49 153.4 30.' 2.60 to X 10 10.50 72 21.18 10.170 .8OS .510 421).7 80.1 4.46 141.8 27.9 2.59 
10.38 66 19.41 10.117 .748 .457 382.5 73.7 4.44 129.2 25.5 2.58 
10.25 60 17.60 10.075 .683 .415 343.7 67.1 4.41 116.5 23.' 2.57 
10.12 54 15.88 10.028 .618 .368 305.7 60.4 4.39 103.9 20.7 2.56 
10.00 49 14.40 10.000 .558 .34' 2i2.9 54.' 4.35 93.0 18.6 2.54 

10.12 45 13.24 .022 .618 .350 248.6 49.1 4.33 53.2 13.3 2.00 
CB 102 10.00 41 12.06 .000 .558 .328 222.4 44.5 4.29 47.7 11.9 1.99 
10 I( 8 '.88 37 '0.88 7.978 .'98 .306 196.9 39.9 4.25 42.2 10.6 1.97 

9.75 33 9.71 7.964 .433 .292 1 170.9 35.0 4.20 36.5 .~ '.94 

10.22 29 8.53 5.799 .50' .289 157.3 30.8 4.29 15.2 5.2 1.34 
CB 101 10.12 26 7.65 5.769 .450 .259 139.7 . 27.6 4.27 13.4 ••• 1.32 
101( 5H 10.00 23 '.n 5.750 .390 .240 r 120.6 24.1 '.22 11.3 3.' 1.29 

9.90 21 6.19 5.750 .340 .240 106.3 21.5 4.14 '.7 3.' 1.25 

9.00 67 19.70 8.287 .933 .575 271.8 60.4 3.71 OS., 21.4 2.12 
8.75 58 17.06 8.222 .9" .510 227.3 52.0 3.65 74.9 18~ 2.10 
8.SO 48 14.11 8.117 .683 .405 183.7 43.2 3.61 60.9 15.0 2.OS 

CS 83 8.25 40 11.76 8.077 .5S8 .365 146.3 35.5 3.53 49.0 12.1 2.04 
"8 8.12 35 10.30 8.027 .403 .315 126.5 31.1 3.50 42.5 10.6 2.03 

.06 33 9.70 8.012 .463 .300 117.9 29.3 3.49 39.7 9.' 2.02 
9.00 31 9.12 8.000 .433 .288 109.7 27.4 3.47 37.0 •. , 2.01 

CS 82 8.03 27 7.93 6.528 .448 .273 94.' 23.4 1 3.44 21).8 ••• 1.62 
8 1(6~ 7.93 24 7.06 6.500 .398 .245 82.5 20.8 3.42 18.2 5.' 1.61 

CB 81 
8.19 21 6.18 5.272 .403 .252 73.8 18.0 3.45 9.13 3.5 1.22 
8.09 19 5.59 5.254 .353 .244 64.7 16.0 3.40 7.87 ! 3.' 1.19 

8 I( 5}l 
9.00 17 5.00 5.250 .308 .'30 56.4 14.1 3.36 '.72 2.' 1.16 

- ._l. 
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'~~"'.~'h .-
~------ \ , ' , ~ I CB SECTIONS 
~ \ DIMENSIONS 

, ----- '" 
o-·--~- :::-, , :92 - , , r ' , , ' 

~~-.. i 
:"-1"" 

DIMENSIONS OF SECTIONS 

FOR DETAILING 

-'~"T""'"'-T-...,---,-~-.-~~ ~- ~~'-~~~F"-

S .. tion Weight O""th I_-"";M,,,~,----!_-;w.~+_-,_-,---_"""-='--'-=-rc- ""'" 
Ind. per 01 Th l.~. Thick_ Hi li Min. CI... . a .... 

IlIICI FOOl SlCrion WIdth nMt n." TId ... • a f 0 d, h' 
Nominal ___ ---f-c--- _ nt. .~ 

_ 0--," _" _+ Un. In. ' n. I ~ In. In. In. In. In. In . . # In. In. _ ,_",_ 

CB 103 
10 

CB 102 
10 

CB 101 
10 

CB 83 
8 

CB 82 
8 

CB 81 
8 

136 
124 
112 
100 
89 
77 
n 
56 
60 

" " 
" " 37 
33 

" 26 
23 
21 

67 
58 

" 40 

" 33 
31 

27 
24 

21 
19 
17 

11 % 
11% 
11% 
11 ll 
10% 
10% 
10).1 
10% 
IOU 
lOll 
10 

lOll 
10 

9" 9M 

10)4 
lOll 
10 

9" 
9 
ali 
8)j 
8)4 
8ll 
8 
8 

8 

7" 
8ll 
8ll 
8 

8 
8 
8 
8 

~ 4% 
J. 431 
h 4% 
~ 4}1 

S . " 
~ 431 
}4" 4}1 
U 4% 
U 4% 
~ 4yg 
~ 4Y8 

7% 2 
731 1% 
7J1 1%, 
7% 1% 
7% 1~ 
7% 1% 
7% 1~ 
7% 1M 
7% 1 ~ 
7}i l }i 
7% 1 ~ 

16 3U 
15U 3U 
15).1 3 
15)4 3 
15 2~ 

14~ 2~ 
14% 2?4' 
14.!A.! 2~ 
14% 2~ 
147:( 2).1 
14.!1 2H 

~ 3% 7% 
" 3% 7% 
" 3h 731 
~, 3.J.i 7% 

~, 2~ 8.!A.i 
% 2U 8% 
% 2%' BJ.1! 
VB 2%' 8.!A.! 

~ 3% 6% 
U 3% 6% 
" l Y8 6% 
" 3}1 6% 
" 3}1 6% 
" 3% 6% 
" 3):1 6% 

Ys 3% 6% 
VB 3% 6% 

Yi 2Ji 6~ 
Yi 231 6X 
Yi 2JA2 6~ 

17'8 13 2% 
l J.» 12Y8 27!i 
1 12%, 27:1' 

" 12% 2)4 

Y8 11 %, 2U 
" It %' 2U 
%' 11 % 2U 
!iii 117!l 2 

1~ 12.14 2:Y.( 
1 ~ 12 2.J.1! 
1 ~ 11 % 2.J.1! 
~ 11 % 2.14 
% 11 .J.1! 2.14 
J.i 11~ 2J{ 
;Ii 11~ 2J{ 

% 10~ 2}i 

" lOU 2U 

~ 9U 2J{ 
!Jii 9S~ 2)4 
% 9% 2J{ 

- Oalj:O'I g. II"" ~ on Hi" edgo dl.staIleo Ui" maxImum rh"Ot). 

' )j 
' )j 
' )j 
' )j 
' )j 
' )j 
' )j 

3)j 
3lei 

2)4 
2)4 
2)4 
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'" -

... ··· 4 -· ..... , , 
.,. 

.23 o -, , 
i 
I 

LIGHT BEAMS 

10-- 4 "-'""'1 
I i 

.3D 

- .n 

f 
! , 

1'""" - 4 -- "",,\ , , 
.3D 

f .. . 23 

, 
CBl12 12x4 CBll0 10x4 

I " L......a.+"' 
CBlS Sx4 

15, li!.'b •. 

~ 

22, 19, 16.5 Ib,. 19, 17, .!!!.'bl. 

~ ~ 

:- -3.97 - ., 
'-' -=,' ,. -

I'" 
§ .211 -, , , , 
! 
i. ~ 
L_L..f 

CBJ1212x4 
~Ib •• 

~ 

r 
! 
! 
~ 

STANCHIONS 
:---" 6 ----1 

rJ:;25 <0 .24 
, -, -I "'! , ,. 
CBS66x6 

lB, .!§..:§. lb • • 

Ir.I 

JOISTS 

1"'- 3.15 ... ..., 
I ' 

:- ·3. 94 -~ , , 
! .3D 
I , 

CD .11 
ai o 
I 

! ~ 
L _ .... + , 

CBJ10l0x4 
11.5 lb., 

~ 

" " 
.11 

i ~ 
l _ ..... -t 
CBJ'S Sx4 

1Q. lb •• 

~ 

;-4- ., 
r .25 
.. .2l 

~ 
L.~ .... + 
CBl66x4 

16, E lb • . 

~ 

J .25 .., 
CD .11 
It) :: 
i -: 

CBJ66x4 
§&.Ibl . 

~ 

W E IGHTS UN DERLI NE;O CORRESPOND T O O'''''ENS IO NS S H OWN , IN INCHES 
RANGE: 0" W E I G H TS PER ""NEAR FOOT 



.s 

LIGHT BEAMS, STANCHIONS I AND JOISTS .--r-' ELEMENTS 

ELEM ENTS or SECTIONS 

2 

....... ".". A.lb 1-1 AlI!.M ... W ... ,,- w .. , .... • ~ • ""'" m" 
oO ....... ,~ ....... "". - I S • I S • "-, .-." ,., u., In.' .. , ,., .. , In.' '" ,., In.' ,.' ,. 

--

LIGHT BEAMS 

CBL 12 1'2.31 22 I 6A7 4.030 I .26Il I 155.7 1 25.3 4.91 •. 55 1 2.26 I 0.84 ' .424 
12 It 4 12.16 19 5.62 4.010 .34' .240 130.1 21.4 4.81 3.87 '.83 0.81 

" 12.00 18%' 4.86 '.000 .269 .230 105.3 17~ 4.65 2.79 1.39 0.76 

CBLIO 10.25 19 5.61 '.020 .394 .250 '8> 18~ 4.14 4.19 2.08 0.86 

10 It 4 10.12 17 '.98 4.010 ~29 .240 8U 18.2 .... 3.45 ..n 0.83 

" 10.00 15 I 4.40 '.000 .269 .230 68~ 13.8 3.95 2.711 .~, 0.'" 

CBl8 8.12 15 • .43 4.015 .314 .245 48.0 ' U 3.29 3.30 \.6. 0.86 
h. 

" 
aoo 13 3.83 '.000 .254 .230 39.5 '.8 3.21 2.62 1.31 0.83 

CBl6 6.25 16 '.n 4.030 
1 .• 04 .260 I 31.7 

1
10

• 
2.59 ' .32 2.14 0.96 

6 ,. 
1 

6.00 12 3," 1 4.000 .2711 .230 21.7 7.24 2.48 1 2 ... 1.44 J 0.90 

" 
STANCHIONS 

CBS 8 6." 18 5.28 8.025 ~14 .265 35.5 t1.7 2.59 11 .0 3.64 .M 
6 ~ 8 6.00 15)< 4.59 6.000 .269 .240 30.' 10.0 2~ ••• 3.06 1A2 

JOISTS 

caJ 12 1 1 r --

12x4 11.91 14 4.14 3.970 .22' .200 88.2 14.8 4.61 2.25 1.13 0.74 

CB~ 10 I 
10 14 9.87 11 )< 3.39 1 3.950 .204 .. ", 51.9 1M 3.92 2.01 Ul2 0.77 

" I eBJ 8 
h. 7.90 10 2.95 3.940 .204 .• 70 30.8 7.7 3.23 .... 1~' 0~2 

" 
0.96 ~87 CBl6 

' )< ". U3 2." 3.840 I .• 84 .'70 14~ 5.0 2.43 • .88 

" For detaltlog dlmon.lolll. 100 pagOOl 231 &lid 233. 
aCl.fnOiie Steel Cnmpany nnly. 
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AMERICAN STANDARD BEAMS 

, 
~ 

81824x7,Y, 
120,115,110, lOS.9Ibs. 

r 
I 
I 
~ 0.35 

I 

.21 

I 0.45 ~ 
L----iI .... =!--' 

B 9 12xS 
35, 31.8 lb •. 

.. 
'" I 
I 
I 
I 
I 

B1 24x7 
100,95,90, 85, ~ lb •• 

r 
I 
I 

r-5.2S'-j 

0.28 

C\I 0.46 

T 
I " 0.5S c:i 

L -""'Iii"'=!--' 
'" -o 

Be 12x5% 
55, 50, 45, 40.8 lb •. 

WEIGHTS UNDERL.INED CORRESPOND TO OIMENSIONS SHOWN, IN INCHES 

RANGE OF WE;IGHTS PER LINEAR FOOT 



AMERICAN STANDARD BEAMS 

r 
I 
I 
I 

r-1.OO--, 

g 0.&0 

I 
I 
I 
L 

.36 

B 2 20x7 
100,95,90,85, 61.4 lb •. 

r 
I 
I 

0.25 

10 0.41 , 

I 
I -0.5\ 0 

L ___ ..... --1=: 

I""'-B.25---, 

f 
I 
I 
I 
6 a.50 
'" I 
I 
I 
l 

0.30 

B 3 20x6X 
75, 70, 65.4 lb •. 

r 
I 
I 
I 

r - 6.0(}- -., 

2 0,46 

I 
I 
I L 0.56 

•• 

0.28 

B 7 15x5X 
65,50,45,42.9 lb •• 

B 6 15x6 
75, 7 0 , 65, 60.8 lb, 

B 4 18x6 
70,65,60, 54.7 lb •. 

WI!:IGHTS UND£RL.IN£O CORR£SPONO TO DIMENSIONS SHO WN, IN INC HES 
RANGE 0," W " ' G H T"$ PER LINE,o\.R FOOT 

• 

I 
J 



•• 

AMERICAN STANDARD BEAMS 

r -4.66--: 

r 0.19 

I 
I 

0 0.31- -, 

81010x4X 
40.35, 30., 25.4 Ib,. 

,....3.3:.. ... 

ri' , , G.1-t 

b 11.23 ... 

1 D.l 1 .T - -, -,. 
.; 

B 14 6x3Y. 
17.25,14.75, 12.5 lb •. 

r-J.OO""1 

r~' " 13 
~O. 21 ;::; 

1
1 0.31 __ 1 
- -, 

: 
.; 

..... ·4.00......, , , 
r 0.16 , , 
g, - 1-0.27 , 
I to.31 

812 6x4 
25.5, 23, 20.5 .. 16.4 Ib, • . 

,....3.6&- ..... , , 

, 
I D.~ i a , _J ,- -, 

~ 
.; 

B 13 7x3.Y. 
20,17.5, IS.3Ib •. 

1'2.3:M , , 
r~O." (,)0.11 =: 
i 0.21 ! .'1 - -, --.; 

B 15 5x3 
14.75,12.25, 10 lb •. 

B 16 4x2Y. 
10.5, 9.5, 8.5, !....:1.. lb •. 

B 17 3x2Y. 
7.5,6.5, 5.7 lb •. 

WE:IGHTS UNDERLINED CORRESPOND TO DIMENSIONS SHOWN, IN INCHES 

R ANGE OF WEIGHTS PER LINEAR FOOT 



STANDARD MILL BEAMS 

"ian. . , 
: , ~ 
•.. _'"'!_ ..... { 

,, 842 7x3,. 
12 lb •• 

"-100' " 

II'" .' , -: , a , , 
't__ • 

! 
a 841 6x3 

10 lb •. 

H-BEAMS 

,-
~ 0.313- ', 
L D.lI] ! 

;;; 
d 

._1 
. ( 

H 3 A 6x6 
27.5, 25 Ib,. 

,.. - 5.931-- 11 

,.&:' , , , 
~ •. 25 ... 
, -
'0.313 j __ I L _, 

'" -d 

H 3 6x6 
22.5, gg lb •. 

.----8---_ , , ,--, , 
I 

~ D.315 -, -, 
1 .r , o.m 

L 
.!. 

., 
-d 

H 4 8x8 
37.7. 34.3, 32.6 lb •. 

a H 2 5x5 
t..e..2 lb •. 

a H 1 4x4 
13,8 lb •• 

WEIGHTS UNDERLINED CORRESPONO TO DIME;NSIONS SHOWN . IN INCHES 

RANGE OF W"'GHTS pr;;R L'N~R FOOT 

a C&megie Steel Comp&ny only 

.7 
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I BEAMS , 
AM ERICAN STANDARD ELEM ENTS ,- - , 

ELEMENTS OF SECTIONS 

,,""" 00,,,, Weight "- Width W~ NIt I·' .... It 2-2 ,- • ~ • • Th~· ... 'Nm ,~ S .. tion n .... - I S , I S , , ..... .. , ". , .. In." ". ". In.' ,,' ". In." In.a ". 
120.0 35.13 8.048 .798 3010.8 250.9 9.26 84.' 21.1 1.56 

818 

" 
115.0 33.67 7.987 .737 29<10.5 245.0 9.35 82.' 20.7 1.57 

24 X 7}l 110.0 32.18 7.925 .675 2869.1 239.1 ,.44 80.6 20.3 ' .58 
105.9 30.98 7.875 .625 2811.5 234.3 '.53 78.9 20.0 1.60 

100.0 29.25 7.247 .747 2371.8 197.5 9.05 48.4 13.4 1.29 

8 , 95.0 27.79 7.186 ."" 2301.5 191.8 '.08 47.0 13.0 1.30 

24 X 7 
24 90.0 26.30 7.124 .624 2230.1 185.8 9.21 45.5 12.8 1.32 

85.0 24.84 7.063 .563 2159.8 lSo.o '.33 44.2 12.5 1.33 
79.9 23.33 7.000 .500 2087.2. 173.9 9.46 42.9 12.2 1-3. 

100.0 29.20 7.273 273 1648.3 164.8 7.51 52.4 14.4 '.34 
8 2 

95.0 27.74 7.200 ~OO 1599.7 160.0 7.59 50.5 14.0 1.35 

20 X 7 '" 90.0 26.2fi 7.126 .726 1550.3 155.0 7.68 48.7 13.7 1.36 
85.0 24.80 7.053 .653 1501.7 150.2 7.78 47.0 13.3 1.3, 
81.4 23.74 7.000 .600 1465.3 148.6 7.86 45.8 13.1 1.39 

75.0 21.90 6.391 .64' 1263.5 126.3 7.60 30.1 , .• 1.1 7 
8 3 20 70.0 20A2 6.317 .567 1214.2 121A 7.71 28.9 •. , 1.19 

20 x 6.J.4" 65.4 19.08 6.250 .500 1169.5 116.9 7.83 27.9 •. , 1.21 

70.0 20.46 6.251 .711 917.5 101.9 6.70 24.5 7.' 1.09 
54 18 

65.0 18.98 6.169 .'" 877.7 97.5 6.80 23A 7.' 1.11 
18 x6 60.0 17.50 6.087 .547 837.8 93.1 6.92 22.3 7.3 1.1 3 

54.7 15.94 '.000 .460 795.5 88A 7.07 21.2 7.' 1.15 

75.0 21.85 6.278 ~68 687.2 91.6 5.61 30.6 , .• 1.18 
56 15 70.0 20.38 6.180 .770 659.6 87.9 5.69 28.8 '.3 1.19 

15x6 65.0 18.91 6.082 . '72 632.1 84.3 5.78 27.2 ••• 1.20 
60.8 17.68 6.000 .590 609.0 81.2 5.87 ".0 8.7 1.21 

55.0 16.06 5.738 .64' 508.7 67.8 5.63 17.0 5.' '.03 
8 7 SO.O 14.59 5.640 .550 481 .1 64' 5.74 16.0 5.7 1.OS 
15x5~ 15 45.0 13.12 5.542 .452 453.6 60.5 5.88 15.0 5.' 1.07 

42.9 12.49 5.500 .410 441.8 58.' 5.95 14.6 5.3 '.08 



2 • 

... t,.. 

I '- Hh - --; BEAMS 
• " 

---.-~ P 
.,-----, AMERICAN STANDARD , DIMENSIONS 
1 , 
: . e~, . , DIMENSIONS OF SECTIONS ~----- 9 
0,-< . .. ; 2 
<' . 

FOR DETAILING : :.._ ~.~! Grip 
, ' -.... -
Weith! ".,,~ W~ OIIUII<. ~ M~ S"II.~ 

W "d 
Grip ~ l!>CIt_ Wkhb Thlele- ,. .... 

Thick· 1 M'" "' •. Go~ 
,~ 

, • h .00 ne". p "- - g, , 
D.~lh 

~. ,,,, ,,,, ,,,. ,,,. ,,,, ,,,, '", ,,,. ,,,. ,,, In. In. . 

120.0 8 1% % J> 3% 20~~ 1% 3ji K 4 H, 1 
818 115.0 8 1% % % 3% 20% 1% 3ji J> 4 1% 1 

24 110.0 7% 1% % ~8 3% 20 '~ '" 3).4 J> 4 1% 1 
105.9 7% 1% % % 3% 20~ ,'> 3ji % 4 H, 1 

100.0 7).4 % % % 3ji 2034 1% 3 !, 4 % 1 

81 95.0 7% % % % 3}.{ 20~ 1% 3 i, 4 h 1 
90.0 7% % % % 3}4 2O~:I' 1% 3 % 4 % 1 

24 85.0 7% % " % 3ji 2034 1% 3 % 4 % 1 
79.9 7 % K ji 3X 20'4 1% 3 % 4 " 1 

100.0 7ji % " J> 3ji l S.h 1~ 3ji K 4 % 1 
8 , 95.0 7ji % % J> 3).4 16K 1~ 3M " 4 % 1 

20 
90.0 7" % % % 3Ji 16)1 1% 3M J> 4 % 1 
85.0 7 % " % 3ji 16)1 1% 3M % 4 " 1 
81.4 7 % Yo % 3.J4 16.J..-i 1% 3).4 Yo 4 " 1 

8 3 75.0 8% % % % ' % 16% ," 3 % 3K % % 
20 

70.0 ' % % " % 2Ys 16% ," 3 % 3K % % 
65.4 6)4 % K h ' % 16% l ' ' 3 % 3K % % ~. 

70.0 6)4 % .- % 2~ 15M 1% ' % J> 3» % % " 84 65.0 ' % % % % 2~.i IS,li n, 2% % 3» , • % 
18 60.0 ' % % " % ' % 15).4 1% ' % ~.g 3» " % 

54.7 , % K Ji 2% ISX' 1% 2% % 3» % % 

75.0 ' ji % % J> ' % 11% 1% 3 » 3» % % 
8 , 70.0 ' % % % % 2~.( 11% 1% 3 i' 3K % % 
15 65.0 6% % % % 2% 11% 1% 3 J> 3K % % 

60.8 , % % % 2% 11% 1% 3 % 3» % % 

55.0 5% % % i' ' » 12» lji ' % % 3» % % 
B 7 50.0 ' % % " % ' » 12K 1ji 2% % 3» % % 
15 45.0 ' » % J> Ji ' K 12)1 1ji ' % % 3» " % 

42.9 ' » % J> ji ' » 12H 1ji 2% % 3» % 7i 

Gag(le lit are basod on 134" edge dlnance ( ):i" maximum rlvot), 



so 

I BEAMS 2 , 
1,-

ELEMENTS AMERICAN STANDARD 
1 - - 1 

ELEMENTS OF SECTIONS 

--.-~ 

" .. ~ " ... Welg/ll ,,,' Width W~ ""11 1-1 Ad. 2-2 
lnol •• • N' • • """-... ' "m ,., "'''" "'"N "- ! S , ! S , 

Noml .... 
f-;;- --.. , "". In,", '". " '" In," '". In,' ,,' '". -------

55.' 16.04 5.600 .10 319.3 53.2 4.46 17.3 6.2 1.04 
B 6 

" 
50.0 14.57 5.4n .687 301.6 50.3 4.55 16.0 5.8 1.05 

12x5~ 45.0 13.10 5.355 .565 284.1 47~ 4.66 14.8 5.5 1.06 
40.8 11.84 5.250 A60 268.9 44. 4.n 13.8 5.3 1.08 

B 9 

" 
35.0 10.20 5.078 A28 227.0 3,. 4.n 10.0 3.9 0.99 

12x5 ". 9.26 5.000 .350 215.8 36.0 4.83 9.5 3.8 1.01 

40.0 11.69 5.091 .741 158.0 31.6 3.68 9A 3.7 0.90 
B10 10 35.0 10.22 4.944 .594 145.8 292 3.78 8.5 3A 0.91 

10x4% 30.0 8.75 4.797 M7 133.5 26.7 3.91 7.6 3.2 0.93 
25.4 7.38 4.660 .310 122.1 24.4 4.07 6.9 3.' 0.97 

25.5 7.43 4.262 .532 68.1 17.0 3.03 4.7 22 0>. 
B" 23.0 6.71 4.171 Ml 64.2 16.0 3.09 4.4 2.1 . ., 
8.4 

8 20.5 5.97 4.079 .349 60.2 15.1 3.18 4.' 2.' • .82 
18A 5.34 4.000 270 56.9 14.2 3.26 3.8 1.9 '.84 

B" 
20.0 5.83 3.860 ASO 41.9 12.0 2.68 3.1 1.8 0.74 

7 17.5 5.09 3.755 .34' 38.9 11.1 2.n 2.9 1.8 0.76 
7x3% I 15.3 4.43 3.660 250 36.2 lQ.4 2" 2.7 1.5 '_78 

B" 
17.25 5.02 3.565 .465 26.0 8.7 2.28 2.3 1.3 '.68 

6 14.75 4.29 3A43 .343 23.8 7.9 2.38 2.1 1.2 0.69 
6x3h 12.5 3.61 3.330 .23' 21.8 7.3 2.46 ,. 1.1 •. n 

B" 
14.75 4.29 3284 A94 15.0 6.' 1.87 1.7 1.' 0.63 

6 12.25 3.56 3.137 .347 13.5 5.4 1.95 1.4 0.91 0.63 ." 10.0 ,.7 3.000 .210 12.1 4.8 2.05 " . ., 0.65 

10.5 3.05 2.870 AOO 7.1 3.5 1.52 1.. 0.70 0.57 

B" 4 '.5 2.76 2.796 .326 6.7 3.3 1.56 0.91 0.65 0.58 
4 x 2% 8.' 2A6 2.723 .253 6.3 3.2 1.60 '.83 0.61 '.58 

7.7 2.21 2.660 .190 6.' 3.' 1.64 •. n '.58 0.59 

B" 7.' 2.17 2.509 .34' 2.9 1.9 1.15 0.59 .A7 0.52 
3 6.5 '" 2All .251 2.7 1.8 1.19 0.51 DA3 0.52 

3x2Ys 
5.7 1.64 2.330 .170 2.' 1.7 1.23 DA6 DAO '.53 



., 
, ' c 

I .' BEAMS c_ ,~ :h ~-.; 

• I ----, p 
f-----· AMERICAN STANDARD · DIMENSIONS 
I 

!---~~~ -1 9z DIMENSIONS OF SECTIONS 4'- . J 
: :" . , .':: Gnp FOR DETAILING 

:... .. ~ - • 
. .... 1 n 

... ....... .... ...... 
- Tbld<- -. .... o I Mill. a_. o.~ ".". 

I~u Foot WkilII ....... -. • I h 
..., ... .. - - g, g 

0'" Uta. ! --;;;:- In. I. .. I. .. I . .. .. I •. I . ... -- ----, 
--;;;1~ 2l{ 

- -
55.0 5% ~ ~ )0 2% " 3 % l{ 

6 8 50.0 5% ~ " % 2% 9% 1% 2l{ )0 3 % l{ 

" 45.0 5% ~ " % 2% 9% 1% 2% % 3 % % 
40.8 5X ~ % % 2» 9» 1% 2% % 3 % % 

69 35.0 5)i " )0 % 2» "4 lYo 2% % 3 % % 

" 31.8 , 
" % % 2% 9% l)i 2% X 3 » % 

40.0 ' )i % % % 2)i 8 1 2% )0 2% % % 
610 35.0 5 % % % 2)i 8 1 2% li 2% % % 

10 30.0 4% % % % 2)i 8 1 2% % 2% » % 
25.4 4% » % % 2)i 8 1 2» x 2% » % 

25.5 4X ~ " X 1% ox I % 2X % 2X % % 
6 " 23.0 4>1 ~ ~ X 1% ox % 2X % 2X ~ % 
• 20.5 4» ~ li % 1% ox % 2X X 2X ~ % 

18.4 4 % % % 1% ox % 2X % 2X ~ % 

6 " 
20.0 3% li % X 1% ' % " 2 % 2X % % 

7 
17.5 3% % % % 1% 5li " 2 X 2X % % 
15.3 3% % X % 1% 5li " 2 " 2X % % 

6 " 
17.25 3% li » x I» 4% % 

I ~ " 2 % % 

• 14.75 3» li % " I» 4% % % 2 % % 
12.5 3% li X )i I» 4% % % 2 % % 

6 " 
14.75 3X % % X 1% 3li 

I ~ 
2 % 1% % » 

• 12.25 3)i % % % 1% 3% " 2 % 1% " % 
10.0 3 % X )i 1% ", " I 2 " 1% " % 

10.5 2% % )0 " IX 2l{ I % 2 X 1% " » 
6 " 8.' 2% " % " 1l{ 2U % 2 % 1% " » 

4 ••• 2% " X >1 1l{ 2l{ % 2 " 1% % % 
7.7 2% ~ ~ )i 1l{ 2% % 2 " 1% " % 

6" 7.' 2% X % " 1% l)i " X Hi X % 
3 ••• 2% X X )i l )i l )i " " 1% X li 

'.7 2li }i li % 1'., l)i " " 1% X li - -Gages ,. lore based on I }t" edge dl8tallOll (U" maximum rh'etj . 



.2 

I BEAMS 

STANDARD MILL ELEMENTS •• _ .. 
ELEMENTS OF SECTIONS 

...... 0WIt. ) '«" 1M .... Wldtll W .. ..... ,. ,., "'It 2·2 , ... · ~ • • "' •. J -~-L .1 
.. B_m root Section ""'~ ,- I I S , .- -,;;:-t .. , ... ,.' " . ". ~ In." ". I n~~· ,. 

-
DB 42 

7 12 3.52 3.51lO .'88 29.8 8.5 2.91 , .. 1.18 o.n 
7x3~ 

" ... • 10 2.91 3.000 .' 88 17.8 5.' 2.47 1.3 0.85 0.66 
6,3 

H.BEAMS , , 

3E , 
- """ w .... ' ~- ..... w • Adll·' ..... , ..... • W • • To ... • 

S S ... . - ,- ...... ..... - I , I , 
...-

$b, ". U>o. ,.' ". ". ,.' ,.' ,. ,.' ,.' ". -------- . 

H. 37.7 11 .00 8.125 .500 120.8 30.2 3.31 36.9 ••• ' .63 
"6 

8 34.3 10.00 8.000 .375 115.5 28.' 3.40 35.1 6.8 1.87 
326 9.50 7.938 .313 112.8 28., 3.45 34.' 8.' ' .90 

H 3. • 27.5 6.08 '.063 .• 38 49.3 ... U7 .M 5.3 t.41 

" , ,<0 7.33 5.938 .313 47.0 15.7 ~53 14.9 5.0 1.43 

H 3 , 22.5 .51 .063 .375 41.0 13.7 ~49 12.2 '.0 ' .38 " , 20.0 5.66 5.938 .,,. 3as .~. 2.57 11 .4 3.6 1.39 

H ' 
5" 5 ... 5.47 5.000 .3 13 23.8 '.5 '.08 7.8 3.' 1.20 

" H • 

". • '~6 3.99 '.000 .313 ' .7 5.3 '.64 3.' '.8 .95 
a 
a Carnegie SWCI (kJmpany <.>nl)' . 
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,'0 

I ... ' L """ ih -_o j BEAMS 
• 

" 
-----l P 

.,-- ---, 
STANDARD MILL , 

DIMENSIONS , , 
, e --- -" 
~ ----- DIMENSIONS OF SECTIONS o ,.". . ~L-, : 112 
«- - ~ · " '" FOR DETAI LING · ..... -4· .. i Grip 

, ' -1-.. 

w.~. I ""'~ w .. ~.- MoL ....... 
"" ..... ..... Width Thick· Thl'k_ Thi Ck· • , • M' • 0_. .. ~ , ... "-- f oot n . ... p ' ", g, h • RI .. t 
.. u 

""" 
~~ 

Lbo. i~ In. _I~ In. , .. ,., , .. , .. ,. 
~-

,., ,., 
--, --I --

ICI B 42 

" 3;j % % J.i t% 5U % ' J.i % , % % 1 

ICI B41 10 3 % % J.i IJ.i 4%" % 1% % 1 ~{ % ;j • - -

H-BEAMS 

Weight ""'~ w .. 01._. 
Mo. ,~ ... 

"" ..... ~ Width I Thi<k_ TlII.k_ Thkk_ , M'. -' .. "'"" , .. 0 • "'" - neal, P """ ." g, g .... 
~. I~ ·i~~ .. - , .. .. , 1---.;;:- ... , .. ~ , .. .. . 

- - ~~ 

H 4 37.7 87~ % J.i U 3~ ' U % 2).4 • % % 
8 

34.3 • J. J.i % 3~ 6li % ' U • J> % 
32.6 ". ,. % % 3~ 614 % ' % • J> % " H 3. 27.5 6)0 ;j J> U ,~ 4U % ' U 3;j ;j % 

• 25.0 ' % ;j % % '" 4.J4 % ' U 3;j » % 
H3 22.' ' % % % % ' % 4) . li , 3» » % 

6 20.0 .~ % U » ' % 4J> li , 3» % % 

H' • 18.9 • J> % % ' % 3% ~ 
, ' li J> li .. 

H I 
4 13.8 4 % % % 1% ' » li , 27i % % .. 
Oagoo II ' are ba900 on I ~" odge distance (~" ma.xlmum rivet) . 
1:1 Carneglo Stee l Com lIMY only_ 
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AMERICAN STANDARD CHANNELS 

/"-400-.., ,--
0.425 , 

" 0.625 I , 
I 
I 
I 
I , 
I 
I 
I 

" -, , 
I 0.50 
I 
I , , , 
~ , " '" I <> -<> , L .l 

i T r 
iCI C 60 18x4 

58, 51.9, ~. 42.7 Ibs. 

--11.411-
r -Eo.10 
, ~ 0.21 

t? 0 0.11 
, i . .1_,- 10.11 

C103x1 Y. 
6, 5,~, lb •. 

-n.m-

~ -~r2'iOIl '-~; i c:> 0.18 
• j • 
.1.. _ ,0.18 

C 9 4x1 X 
7.25, 6.25, 5.4 lb • . 

i"" 3.40 .~ 
r-
I 0.24 
I 0.50 , , 
I , , , 0.40 , 
'" -, , , 
I , , 
I 0 

'" 0 
'0 -'1- d 

Lr 
j 
T 

C1 15x3Y. 
55,50,45, 

40, 35, 33.9 lb •. 

f _-1

r
1.15 ~ II 

I 0.29 

f~ 0.19 
, '[ I 

.1 T r 0.!9 

C 8 5x1 Y. 
11.5,9.0, 6 .7 lb •. 

WEIGHTS UNOERLINED CORRESPOND TO DIMENSIONS SHOWN , I N INCHES 

RANGE OF WEI GHTS PER LINEAR FOOT 

DCameglo Sw<:>l Comll&ny only. 

-



AMERICAN STANDARD CHANNELS 

r-, , , , , , , .. -, , , , 

r- 2.$4.., 

." '" 

D.Z' 

: g , ... ~ 
I .. c::i .1.,_ } 
C 2 12.3 

-uaj 
f- -.. , " .... 0.14 , . , , 
0' -- 0.24 
, , , ," I : ~ 
, j ~ 

' - r--~ C310x2 % 
35,30,25,20, 15.3Ibl. 

40. 35, 30, 25, 20.7 lb •. 

-:~U2:-, r --
I 0.30 0.12 , , 

CD 0.20 
IS 
' d 

t· , 
C76x2 
15.5,13, 

10.5, 8.2 lb • . 

-12.09 I-
r -
I 0.31 0.13 , , 
I 1121 

I S 
Id ~ , , , 
L) I 

C 6 7x2Y, 
19.75,17.25, 

14.75,12.25, 9 .8 lb •. 

r_lo~ 
: ~O.14 
, , 
I 0.21 

" ,,,, 
I D :9 
j J L 

-.. r 
C4 9x2~ 

25,20, IS, ~ Ib,. 

-; 2.26 r
T-
I 0.32 0.13 , , , ., 
, 

' .22 
, ,-, ., ~ ... ~ 
, -'.1",_:L 
" r 
C 5 6x2 X' 

21.25,18.75,16.25, 
13 .75. 11 .5 Ibl. 

WEIGHTS UNOERLINED CORRESPOND TO DIMENSIONS SHOWN, IN INCHES 
RANG .. OF WEIGHTS PER LINEAR FOOT 

35 

• 
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1J CHANNELS 
2 

;p 
AMERICAN STANDARD I 

1- - -j-- I 

ELEMENTS OF" SECTIONS -',1" 
"" ... .""' Weight .... w." w. AxlI !·1 ha.2-2 , .... • w • • """ . .. "'- , .. ""- "- ~ I 5 , I 5 , Y 
H~mlnal 

"" .. ~ ", ". ". ,,' tn." ". ,,' In.' 
" 

, . 
58.0 1<,. 4.200 .700 670.7 74.5 6.29 '.5 5.6 1.04 ~88 

tc 60 51.9 15.18 4.100 .600 622.1 69.1 6.40 17.1 " 1.()6 ~87 
18 X 4 18 

4~8 13.38 4.000 .500 573.5 63.7 6.55 15.8 5.1 1.09 0.89 

" I 4>7 12.48 3.950 .450 549.2 61.0 6.64 15.0 4.9 1.10 ~90 

I 
55.0 16.11 3.814 ~14 429.0 57.2 5.16 12.1 4.1 0~7 O~ 
50.0 14.64 3.716 .716 401.4 53.6 5.24 11.2 3.8 -.. 7 O~O 

e I 45.0 13.17 3.618 .618 373.9 49.8 5.33 10.3 3.6 0.88 0.79 
15)(3", 15 40.0 11.10 3.520 .520 346.3 46.2 5.44 9.3 3A 0.89 0.78 

35.0 10.23 3.422 .422 318.7 42.5 5.58 8.4 3.2 0.91 0.79 
33.9 9.90 3AOO .400 312.6 41.1 5.62 8.2 3.2 0.91 0.79 

40.0 11.73 3.415 .755 196.5 32.8 4.09 6.6 2.5 0.75 0.72 
35.0 10.26 3.292 .632 178.8 29.8 4.18 5.9 2.3 0.76 0~9 e 2 12 30.0 8.79 3.170 .510 161.2 26.9 4.28 5.2 2.1 0.77 0.68 

12x3 25.0 7.32 3.047 .387 143.5 23.9 4.43 4.5 1.9 0.79 0.68 
20.7 6.03 2.940 .280 128.1 21 .4 4.61 3.9 1.7 0 .. 0.70 

35.0 10.27 3.180 .820 115.2 23.0 3.34 4.6 1.9 0.67 M9 
30.0 8.80 3.033 .673 103.0 20.6 3.42 4.0 1.7 0.67 M5 e 3 10 25.0 7.33 2.886 .526 90.7 18.1 3.52 3A 1.5 0.68 0.62 

10x2~ 20.0 5.86 2.739 .379 78.5 15.7 3.66 2.8 1.3 0.70 0.61 
153 4.47 2.600 .240 66.9 13.4 3.87 2.3 1.2 0.72 OM 

25.0 7.33 2.812 .612 70.5 15.7 3.10 3.0 1.4 0.64 O~I 

e 4 20.0 5.86 2.648 .448 60.6 13.5 3.22 2.4 1.2 0.65 0.59 
9x2,!1 • 15.0 4.39 2.485 .285 50.7 11.3 3.40 1.9 1.0 0.67 "-"9 

13.4 3.89 2.430 .230 47.3 10.5 3.49 1.8 0.97 0.67 O~I 

21.25 6.23 2.619 .579 47.6 11.9 2.77 2.2 1.1 0.60 0.59 
18.75 5.49 2.527 .487 43.7 10.9 2.82 2.0 1.0 0.60 0.57 e 5 8 16.25 4.76 2.435 .395 39.8 9.9 2.89 1.8 0.94 0.61 ~56 

8 x 2~ 13.75 4.02 2.343 .303 35.8 9.0 2.99 1.5 0.86 0.62 0.56 
11.5 3.36 2.260 .220 32.3 ' .1 3.10 1.3 0.79 0.63 0.58 

19.75 5.79 2.509 .629 33.1 9.4 2.39 1.8 0.96 0.56 0.58 
17.25 5.05 2.404 .524 30.1 8.6 2.44 1.6 0.86 0.56 0~5 e G 7 14.75 4.32 2.299 .419 27.1 7.7 2.51 1.4 0.79 0.57 0.53 

7 ,2 12.25 3.58 2.194 .314 24.1 6.9 2.59 1.2 0.71 0.58 ~53 I 9.8 2.85 2.090 .210 21.1 6.0 2.72 0.98 0.63 0.59 ~55 

iii 060 ill not 1m American Standard Cba.nnel. 
(.'lLrncgto Stocl Company only. 
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·,k 
.~'~ ' h i. 'w:.:..* ___ J 

0 - 0;.-'"'---, p 
CHANNELS [ ,- . 

• AMERICAN STANDARD • DIMEN SIONS 
f 

L:Ulo ~--,- ;." 0 .-1,::_'-.... DIMENSIONS OF SECTIONS 

FOR DETAILING 
f " " . .!g~ : Grip 

l .•. .: 

tC 60 
18 

" 

sa.O 4,!4 
51.9 4)1 
45.8 4 
42.7 4 

55.0 3% 
50.0 3~ 

~ 3~ 15~ 1% 2%, 
,. 3~ '5~ , ,, 2~ 

~ 3~ 15% ' ''; 2~ 
~ 3~ 15% 1" 2~ 

~ 3 1 2~ 1" 2~ 
~ 3 12% 176; 2~ 

~ 2~ % T 
% 2~ % T 
" 2~ % , 
}i 2J1>% ' 

]1 2U~ 1 
% 2.!{ % 1 

C 1 45.0 J% " 3 12% 1% 2~ ,. 27.1' % , 
15 40.0 3~ !4 3 12% 1% 2~ % 2 % I 

C 2 
12 

C 3 
10 

35.0 3Ys 
33.9 3% 

40.0 
35.0 
30.0 
25.0 
:ro.7 
35.0 
30.0 
25.0 
:ro.' 
15.3 

3% 
3)< 
3% 
3 
3 

3% 
3 
2% 
2% 
2% 

25.0 2% Jii 

% 
% 
Ii 
% ,. 
% 
% ,. 
% 
)< 

U 3 12% 1% 2~ 
,. 3 12% I ~Ji 2~ 

~ 2% 9]1 1}Ji 2~ 

" 2% 9J1 1.\.ti 2~ 
7:1' 2% 9]1 1}Ji 2~ 
~ 2% 9J1 1}Ji 2~ 
~ 2% 9]1 1}Ji 2~ 

)Ji 2% 8~ " 2% 
~ 2~ 8~ ~ 2% 
74 2~ 8~~ 2~ 

,. 2% 8~ " 2Y,i 
~ 2% 8~ " 2Y,i 

~ 2 % 1 
~ 2 % ' 
% 2 ~ Y8 
% 2 J1 Y8 

" 1~ J4 ]1 
)Ji 1~ J.i Y8 
~ 1~ J.i % 

]1 1~ ¥.i ~ 
~ 1~ )Ji ~ 
% 1~ )Ji ~ 
)Ji 1 J4 )Ji ~ 

" 1.% )Ji ~ 
% ~ 2X' 7}i h 2)4 % 1% Jii % 

C 4 20.0 2% ]M Jii .l4 2,!4 7U Ys 2J;!l YIi 1 yz Jii % 
9 15.0 2% J. 

13.4 2% J. 
,. ,. ~ ~ % ~ % f% H % 
)< % ~ ~ H ~ ,. 1% % % 

c , 
• 

c • 
7 

21 .25 2% VB % .% 2 6%!J» 27i " 114 Vs ~ 
18.75 231 Va Y2 Y.I' 2 6% ~ 274 " 1)4 Va ~ 
16.25 2% Ys Jii ~ 2 6% % 2,!4 J;!l 114· Va ~ 
13.75 2% Ys ~ ~ 2 6% % 2Y.1' Va 1% Ys % 
11.5 2)4 Ys .14 Ys 2 6%" 2)4 ,. l Ys Va ~ 

19.75 2Y!i VB % Mi 1% 5Ys ,, 2 % 1)4 Vs % 
17.25 2% VB " .14 l Ji 5% ,, 2 % l yz Ys % 
14.75 2U VB JtI .14 1% 5% ,. 2 Y2 174 Ys % 
12.25 254 Va' ,. ~ 1% 5% !JIi 2 Ys l U Va % 
9.' ,,2%~~%'+. )<.~. ~"'%'c-'c'1~H'oLc""'%'=-%~c,.2'--'-,."--'-",,)<'-'--'%"--'--"%'-

O:l!,"e'I g , are ba.oo On I !«" odgo d l.tanco (W· maximum rivet). 
t060 IR not an American Standard Channel. 

ICl Carn<:'1!lo Swel Ooml>any only> 
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l:J CHANNELS 2 

;p 
AMERICAN STANDARD I t· t t 

ELEMENTS OF SECTIONS , ~ -'2 . 

...... -w_ k. w •• w. Ad_ I·' .... 1. ,.2 , ..... • ~ • • TIlIC;k-... eft ....... ,-, ... .... ""'" .- I S , I S , , ...... ... ,- ""- '.' ,- ... JR," o.' ,- 1_,' '-' ,- ,. 
15.5 4.54 2.279 .559 19.5 6.' 2.07 1.3 0.73 0.53 0.55 

C 7 13.0 3~1 2.157 A37 17.3 5~ 2.13 1.1 0.65 0.53 0.52 

'" • 10.5 3.07 2.034 .314 15.1 .. 2.22 0~7 0.57 0.53 0.50 
82 2.39 1.920 200 13.0 4.3 2.34 0.70 0.50 0.54 0.52 

C 8 
11 .5 3.36 2,032 .472 lOA 4.1 1.76 0.82 0.54 0.49 0.51 

5 9.0 '.63 1.885 .325 6,8 3.' U3 0.64 0.45 0.49 OA6 
5x 1~ 6.7 1.95 1.750 .190 7,' 3.0 1.95 0.48 0.38 0,50 OA9 

C 9 
7.25 212 1.720 .320 '.5 23 1.47 0.44 0.35 US .46 

• ." 1.82 1.647 ,247 4.1 21 1.50 0.38 0.32 '45 0.46 
4x 1% 5,4 1.56 1.580 .180 3.6 1.9 1.56 0.32 .29 '45 U6 

ClO 
• 0 1.7 • 1.596 ,356 2.1 1.' 1.08 0.31 0.27 0.42 0.46 

3 .. 1.46 usa .258 U 1.2 1.12 ." 0,24 Ul 0." 
3 x ' 72 4.1 1.19 1.410 ,170 1.6 1.1 1.17 020 021 .41 '44 
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. ,1.-, 
CHANNELS [ i.~~:- __ ..J 

o ---,P ,--
AMERICAN STANDARD , 

DIMENSIONS , , , e ---- , .. : 
-' ! i" DIMENSIONS OF SECTIONS • 

f':" Grip FOR DETAILING o.;g ': : , , 
"' .. -.. - w_ w .. "'- ... ..... 

W H" -, .... """,. """. , . ~ -. -,- woo. """. • • h . ... "" .. -. - - I - I .... ,o. ,. ,. ,. ". ,. ,. ". ,. ,. ,. ". ". 
15.5 ' ){ ~ li " ' )( ' )j )( , 

~ ,~ ~ ~ 
C , 13.0 ' )( ~ l1i )( ' )( ' )j )( , )j ,~ 

" ~ 

• 10.5 , ~ " " ' )( ' )j )( , ~ ' )( ~ ~ 
8.' ' )oj ~ ~. )( ' )( ' )j )( , )( ' )( " ~ 

C • 
11 .5 , 

" )j )( ' )j 3% !l1i , 
" ' )( " )j , 9.' ' )oj " " " ' )j 3% !l1i , ~ ' )( " )j 

6., ' )( " " % ' )j 3% !l1i , )( ' )( " ;, 

C 9 
7.25 ' )( " " " .~ ' )( % , 

~ • " )j 

• 6.25 ." " )( ~ .~ ' )( ~ 
, 

" • " )( 

5.' .~ " " )( .~ ' )( ~ 
, )( • )( )( 

6.' ." ){ ~ " ' ){ ' )( li ... l1i )oj " " CID 5.' '" ){ ){ " ' ){ . )( li " )i ){ " 3 .J ." ){ " " ' ){ ' )( li ){ )i ){ " 
oaa- •• are '-" 011 I U" edge dlAal:lCe ( ~" maximum rlvM). 
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ANGLES-EQUAL LEGS 

(' 

-' , , , , 

< 
, , 
, 

, 

-' , 

BAR SIZES 

, , 

A7 
Y.a to "', 

PA:OF'lLES SHOW MINIMUM 0 '''' ENSI01'l5 IN INC:HES 
RANGE OF THICKNESSES 

" 

A3 
%to 1 

A 1 
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~ EQUAL ANGLES L 
I- J --',3 .1 

ElEMENTS 

,2 '3 ELEMENTS OF SECTIONS 

W olg/ll "" ""1. '·1II1II",,,,1.2 Ail . 3-3 

'~m 
... Thielen . .. •• • S 'OO" ,~ ""m I , , r min. 

Indol. , •. PoUlld8 In." In.~ In.' , .. , .. , .. -- ------
IX 56.9 16.73 98.0 17.5 2.42 2.41 1.55 
1» 54.0 15.87 93.5 16.7 2.43 2.39 1.56 
1 51.0 15.00 89.0 15.8 2.44 2.37 1.56 

'" 48.1 14.12 84.3 14.9 2.44 2.34 1.56 
X 45.0 13.23 79.6 14.0 2.45 2.32 1.56 

A1 8, 8 '" 42.0 12.34 74.7 13.' 2.46 2.30 1.57 
~ 38.9 11.44 69.7 12.2 2.47 2.28 1.57 
% 35> 10.53 64.6 11.2 2.48 225 1.58 
Yo 32.7 9.61 59.4 10.3 2.49 2.23 1.58 
% 29.6 B.68 54.1 9.3 2.0 2.21 1.58 
Y. 26.4 7.75 48.6 8.4 2.51 2.19 1.58 

" 1» 39.6 11.62 37.2 9.0 1.79 1." 1.16 
1 37.4 11.00 35.5 8.6 UO 1.86 1.16 

'" 35> 10.37 33.7 8.1 UO 1.84 1.16 
X 33.1 9.73 31.9 7.6 I., 1.82 1.17 

'" 31.0 9.09 30.1 7.2 U2 1.80 1.17 
Y. 28.7 '.44 28.2 6.7 1.83 1.78 1.17 

• 2 6,6 

I 
% 26.5 7.78 26.2 6.2 1.83 '.75 1.17 
Y. 24.2 7.11 24.2 5.7 1.84 '.73 1.17 
% 21.9 6.43 22.1 5.1 1.85 1.71 1.18 

I 
y. 19.6 5.15 19.9 4.6 1.66 I." 1.18 
J> 17.2 5.06 17.7 4.1 1.87 1.66 1.19 

I Yo 14.9 4.36 15.4 3.5 1.68 1.64 1.19 

1 30.6 9.00 19.6 5.' lA6 1.61 0." 

'" 28.9 8.50 18.7 5.5 l A6 1.59 0.96 
)i 27.2 7.98 17.8 " lA9 1.57 0.96 

'" 25.4 7.47 16.8 4.9 1.50 1.55 0.97 
Y. 23.6 6.94 15.7 4.5 1.50 1.52 0.97 

.3 5,5 % 21.8 6.40 14.7 4.2 1.51 1.50 0.97 
% ".0 5.86 13.6 3.9 1.52 lA6 0.97 
% 18.1 5.31 12A 3.5 1.53 1.46 0.98 
Y. 16.2 4.75 11.3 3.2 1.54 1.43 0.98 
J> 14.3 4.18 10.0 2.6 1.55 1.41 0.98 
Yo 12.3 3.61 8.7 2.4 1.56 1.39 0.99 

% 19.9 5.84 6.1 3.0 1.18 1.29 o.n 
y. 18.5 5.44 7.7 2.6 1.19 1.27 0.77 

, Yo 17.1 5.03 7.2 2.6 1.19 US 0.77 
% 15.7 4.61 6.7 2.4 1.20 1.23 0.77 

'4 "4 % 14.3 4.18 6.1 2.2 1.21 1.21 0.78 
Y. 12.8 3.75 5.6 2.0 1.22 1.18 0.78 

I J> 11.3 3.31 5.0 I.' 123 1.16 0.78 
Yo 9.6 2.66 4.4 1.5 1.23 1.14 0.79 

I % 8.2 2AO 3.7 1.3 1.24 1.12 0.79 
li 6.6 1.94 3.0 1.0 1.25 1.09 0.79 

Ii:! Carneglll S~I CQml)any on!)'. 



4. 

[g EQUAL ANGLES lb I- ,.1'--,=:"1 
ELEMENTS OF SECTIONS 

" ' 3 

Weight N_ ""11 1-1 and .... ,. 2-2 Axil 3-3 

.- ... """- W • I '''''a ,~ ... ,~ S , , ,_. 
, ... .. '".- In,' In.' In.' '". '". '". 

" 17.1 5.03 5.3 2.3 1.02 1.17 0.67 

" 16.0 4.69 5.0 2.1 1.03 1.15 0.67 

" 14.8 • .34 '.7 2.0 1.04 1.12 0.67 

II 13.6 3." '.3 1.8 1.04 1.10 0.68 

A • 3)1 1. 372 12.4 3.62 '.0 1.6 1.05 1.08 0.68 
fi 11.1 3.25 3.6 1.5 1.06 1.08 0.68 

S 9.8 2.87 3.3 1.3 -1.07 1.04 0.68 
8.' 2.48 2.9 1.2 1.07 1.01 0.69 

" 2.09 2.5 0.98 1.08 0.99 0.69 
){ 5.8 1.69 2.0 0.79 1.09 0.97 0.69 

ji 11.5 3.36 2.' 1.3 0.88 0.98 0.51 

~ 10.4 3.06 2.' 1.2 0." 0.95 0.58 
9.' 2.75 2.2 1.1 0.90 0.93 0.58 

A 7 3 , 3 J> 8.3 2.43 2.0 0.95 0.91 0.91 0.58 
ji 72 2.11 U 0.83 0.91 0.89 0.58 

l: 6.1 1.78 1.5 0.71 0.92 0.87 0.59 
'.9 1.44 12 0.58 0.93 0.84 0.59 

~ 7.7 2.25 1.2 0.73 0,74 0.81 0.47 
'.8 2.00 1.1 0.65 0.75 0.78 0.48 ,. 5.9 1.73 0.98 0.57 0.75 0.78 0.48 

A 9 272 X 2}<i l: 5.0 1.47 0.85 0.48 0.76 0.74 0.49 
'.1 1.19 0.70 0.39 0.77 0.72 0.49 

" 3.07 0.90 0.55 0.30 0.76 0.69 0.49 
II 2.08 0.61 0.36 0.21] 0.79 0.67 0.50 

~ 5.3 1.56 0." 0.40 0.59 0." 0.39 
'.7 1.36 0.48 0.35 0.59 0." 0.39 

All 
" 2 l: 3.92 1.15 0.42 0.30 0.60 0.61 0.39 

3.19 0.94 0.35 0.25 0.61 0.59 0.39 

" 2.44 0.71 0.28 0.19 0.62 0.57 0.40 
II 1.65 0.48 0.19 0.13 0.63 0.55 0.40 

" 3.39 1.00 027 023 0.52 0.55 0.34 

A12 l~ xl~ ~ 2.77 0~1 023 0.19 0.53 0.53 0.34 
2.12 0.62 0.18 0.14 0." 0.51 0.35 

II 1.44 0.42 0.13 0.10 0.55 0.48 0.35 ,. 3.35 0.98 0.19 0.19 0.44 0.51 0.29 

S 
2." 0.84 0.16 0.16 0.44 0.49 0.29 

A" l )Al x1 M 2.34 0.69 0.14 0.13 0.45 0.47 0.29 
1.80 0.53 0.11 0.10 0.46 0.44 029 
123 0.36 0.08 0.07 CA. 0.42 0.30 

l: 2.33 0.68 0.09 0.11 0.36 0.42 0.24 

A" l U xl.l{ 1.92 0.56 0.08 0.09 0.37 0.40 0.24 

" lA8 0.43 0.06 0.07 0.38 0.36 0.24 
)i 1.01 0.30 0.04 0.05 0.38 0.35 0.25 

){ 1.49 0.44 0.04 0.06 0.29 0.34 0.19 
A18 1 , 1 II 1.16 0.34 0.03 0.04 0.30 I 0.32 0.19 

0.80 023 0.02 0.03 0.31 0.30 0.19 



A32 
';,. to ~II 

.: 
, 

4. 

ANGLES-UNEQUAL LEGS 

, , 
" 

, , , , 

, 

STRUCTU RAL SI ZES 

, , 
" 

A50 
?,,, to 1 

A 6 0 
% to 1 

)' A20 
}'a to 1 

A23 
II;" to ~ 

BAR SIZES 

• , , 

A39 
'4to~ 

~\\. A 37 < !t. to }'. 

P~F'LES SHOW ""INIMUM OIMENSIONS IN INeMES 
RAN GE 01" THICKNESSES 
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L UNEQUAL ANGLES ,t \ . 
• j -----;-. ELEMENTS 

ELEMENTS OF SECTIONS 
t.y~ \ • 

""" . w .... ... Alltl-I .1."'.2·2 ... ,., ....... ... - * • .... ,~ .. '" I S , , I S , , ,-,- ... "'- In." ,., ,., ,. '0. In.' III.' ,. ... .. . --
1)1 49~ 14.48 .... 1<8 2.48 270 42.5 '.9 1.71 1.70 12. 
1)0 46.9 13.75 84.' 15.9 249 2.69 40.7 ••• 1.72 1.69 12. 
I 442 13.00 80.9 15.1 2.49 2.65 38.8 •. , 1.73 a. 128 

" 41.7 12.25 18.8 '" 2.50 2.63 36.9 SA 1.73 1.63 128 
Ji 39.1 11 .48 72~ 13.4 2.51 2.61 34.' 1.9 1.74 1.61 128 

" 36.5 IO.n 67.9 12.5 2.52 2.59 32.8 1A 1.75 1.59 12. 
AI8 8, . l{ 33.8 9.94 63.' 11 .7 2.53 2.56 30.7 '.9 1.76 1.56 1.29 

% 31.2 9.15 58.8 10.8 2.54 2.54 28.6 'A 1.11 1.54 1.29 
% 28.5 8.36 54.1 9.9 2.54 2.52 26.3 5.9 1.11 1.52 UO 
% 25.7 1.56 49~ ~9 2.55 2.50 24.0 53 1.18 UO UO 
Ji 23.0 6.75 44.3 U 2.56 2A1 21.7 • .9 1.19 IA1 UO 
J> 202 5.93 392 1.1 2~1 2A' I,. .2 1.80 lA. 1~ 

I 37.4 11 .00 69.6 14.1 2.52 3.05 IU 3.' 1.03 1.05 . 0.85 

" "'~ 10.31 66.1 I,. 2.52 3.02 11.1 3.1 1.03 1.02 0.95 
)0 33.1 9.73 62A 12.5 2.53 3.00 10.5 3.' 1.04 1.00 0.85 

" 31.0 9.09 58.1 11 .7 2.54 2.98 10.0 ,. 1.05 0.98 0.85 

A50 8,. 
), 28.7 8.44 54.' 10.9 2.55 2.95 ••• 3.1 1.05 0.95 0.85 
% 26.5 1.78 51 .0 10.0 2.56 2.93 '.1 2.' 1.08 0.93 0.85 
% 24.2 7.11 46.9 92 2.56 2.91 8.1 2.6 ' .01 0.91 0.86 
% 21 .9 6.43 42.9 8.' 2.58 2.88 1.' 2.' 1.07 0.88 0.86 
Ji 19.0 5.75 39.' 1.' 2.59 2.86 '.1 22 1.08 0.86 0.86 
J> 17.2 6.08 34.1 6.6 2.60 2.83 6.0 1.9 1.09 0.83 0.87 

I 34.0 10.00 47.7 10.9 2.1 8 2.60 112 3.' 1.08 t.ID 0.85 ! 
" 32.1 9.44 45.4 IO~ 2.19 2.58 10.7 3.1 1.07 1.08 0." 
Ji 30.2 a86 42.9 9.1 2.20 2.55 102 3.5 1.07 1.05 0.86 

" 292 828 40.4 '.0 221 2.53 ••• 3.2 1.08 1.03 0.86 
Ji 26.2 7.69 31.9 ••• 222 2.51 9.1 3.0 1.09 1.01 0.86 

A60 ," % 242 1.09 35.1 1.' 2.23 2.49 '.5 2.' 1.09 0.99 0." 
% 22.1 6.49 32.4 1.1 2.24 2.46 1.' 2.6 1.10 0.96 0." 
% 20.0 5.88 29.6 '.5 2.24 2.44 12 2.' 1.11 0.94 0.91 
Ji 17.9 5.25 26.7 '.8 2.25 2.42 6.' 2.1 1.11 0.92 0.91 
J> 15.8 '.63 23.7 5.1 2.26 2.39 5.' 1.9 1.1 2 0.89 0.88 
% 13.6 3.99 20.' ••• 2.27 2.37 5.1 I.. 1.1 3 0.91 0.88 

I 30.6 9.00 30.8 8.0 1.85 2.17 10.9 3.8 1.09 1.17 0.85 
I " 28.9 8.50 29.3 1.' 1.86 2.14 IO~ 3.' 1.10 1.14 0.85 

Ji 27.2 1.88 27.7 12 1.86 2.12 9.' 3.' 1.11 1.12 0.86 

" 25.4 7.47 26.1 6.1 1.91 2.10 92 32 1.11 1.10 0.86 
~l 23.6 6.94 24.5 .2 1.88 2.118 '.1 3.0 1.12 1.08 0.86 

A 20 6,. ,. 21.9 SAO 22.9 5.9 1.99 2.08 , .1 2.9 1.13 1.08 0.86 
% 20.0 6Jl6 21.1 .. 1.90 2.03 1.5 2~ 1.1 3 1.03 0.86 
% 18.1 5.31 19.3 '.9 1.90 2.01 '.9 2~ 1.14 1.01 0.87 
Ji 162 4.75 17.4 '.3 1.91 1.99 6~ 2.1 1.15 0.99 0.81 

J' 14~ 4.18 1 15.5 3.' 1.92 1.96 5.6 IJl 1.1 6 0.96 0.91 
~'8 I 12.3 3.61 13.5 3.3 1.93 1.94 '.9 1.6 1.17 0.94 0.88 



•• 

'k UNEQUAL ANGLES [JJ " ' 

" j 'I' ELEMENTS OF SECTIONS 

:.,. .. " • 
-

-. 
w_ ... A&kl·1 ...... , ...... 

.- ... - w • I S I S '* ...... , • , , , .... ,- , ...... ,. ... ,.' ,.' ,.' ,. ,. '.' ,.' ,. ,. ,. -- - -
1i 22,7 B.67 15.1 4,' 1.53 1,79 " 2~ 0," 1.04 0.75 

" 21.3 6.25 14B 4.6 1.54 1.77 5.' 2A 0.97 1,02 0.75 
Ii 19.8 5.81 13.9 43 1.55 1.75 5.6 2~ 0.98 1.00 0.75 
~ 18.3 5.37 13.0 4.0 1.56 1.72 5.2 2.1 0.98 0.97 0.75 

A23 ,3;' ~ 16.8 4.92 12.0 3.7 1.56 1.70 4.8 1.' 0.99 0.95 0.75 

" 15.2 4A7 11.0 3.3 1.57 1.68 4.4 1.7 1.00 0.93 0.15 
)1 13.6 4,00 10.0 3.0 1.58 1.68 4.0 1.' 1.01 0.91 0.75 
~ 12.0 3.53 ••• 2.8 1.59 1.63 3.8 1A 1.01 OBa 0.76 
li 10.4 3.05 7.8 2.3 1.60 1.61 U a 1.02 OBO 0.76 

" 8.7 2.56 0.0 I.. 1.61 1.59 2.7 1.0 1.03 0.84 0.76 

~ 185 5.43 7.8 2.' 1.19 1.36 5.5 23 1.01 1.11 0.72 
173 5.06 73 2B 1.20 134 s~ 2.1 1.01 1.09 0.72 

" 18.0 4.68 6.' 2.6 121 132 4.' 2.0 1,02 1.07 0.72 
li 14.7 4.0 0.4 2.4 1.22 1.29 4.5 lB 1.03 1.04 0.72 A,. ,3;' " ". 3." 5 .• 2.1 1.23 1.27 4.2 1.7 1.03 Ul2 0.72 

t: 11.9 3.50 5.3 I., 123 as 3B u 1.04 1.00 0.72 
10.6 3.09 4B 1.7 1.24 123 3.4 13 1.OS 0.98 0.72 

!. 9.1 2.67 4.' U 1.25 1 ~1 3.0 a 1.'" 0." 0.73 

" 7.7 US 3.0 1. 120 1.18 2.6 1.0 1,07 0.93 0.73 

~ 17.1 5.03 7.3 12.9 1,21 1.44 3~ 1.7 U3 0.91 0.64 
16.0 4.69 6.9 2.7 122 l A2 3. U 0.84 0.92 0.84 

" 14B 4.34 6.5 2.5 122 13' 3.1 U 0.84 OBO 0.84 
li 13.6 3.98 0.0 2.3 • 1.23 137 2.' 1A 0.85 0.87 0.64 

Azr 403 n 12.4 3.62 5.0 2.1 124 135 2.7 a OBO 0.85 0.64 
11.1 3.25 5.0 1.' 1.25 1.33 2A 1.1 OBO OB> 0.64 
.B 2.87 4.5 1.7 as 1.30 2~ 1.0 OB7 0.80 0.64 

h 8.5 2.48 4.0 1.5 1.26 a, I.. 0.87 0.66 0.76 0.64 

" 7.2 2." 3.4 1.2 1.27 120 1.7 0.74 OBO 0.76 0.65 
J[ 5.' 1.69 2.' 1.0 1.28 1.24 1.4 0.60 O~' 0.74 0.65 

" 15.8 4.62 5.0 2.2 1.04 1.23 3. 1.7 0.65 0.98 0.62 
~ 14.7 4.31 4.7 2.1 1.04 1.21 3.1 1 ~ 0.65 D ... 0.62 

~ 13.6 4.00 4.4 1.9 1.05 1.19 3.0 1A 0.86 0.94 0.62 
12.5 3.67 4.1 1.8 1.00 1.17 2.' 1.3 OB7 0.92 0.62 

.28 )1, 3 ~ 11 .4 3.34 3.' 1.6 1.07 1.15 2.5 1.2 0.87 0.90 0.62 
10.2 3.00 3.5 1.5 1.07 1.1 3 2.3 1.1 0.66 0.66 0.62 

" '.1 2.65 3.1 1.3 1.06 1.10 2.1 0.98 0.69 0.65 0.62 , 7.9 2.30 2.7 1.1 1.09 1.06 1.8 0.65 0.90 0.83 0.62 ~ . 

l: 0.0 1.93 2.3 0.96 1.10 1.06 1.0 0.72 0.90 0.81 0.63 
5.4 1.56 1.' 0.76 1.11 1.04 1.3 0.56 0.91 0.76 0.63 

. 

. 
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L ,t UNEQUAL ANGLES \ . 
ELEMENTS 

, J --r 
ELEMENTS OF SECTIONS 

~y~ \ , 

1Thkk• Weight "" "'1, 1_1 

~ 
Axl, 2-2 .... .1. 3-3 ....... 51. . n... W • I 5 I 5 

'~a ' ,- s .. t"'" , , y r min. 
, ~~ 

h>eh ... ". l b •. I ... • I n.' In." , .. In.' In.- ". ... ". 

'" '.5 2.78 2.3 1.2 0.91 1.02 1.4 0.82 0.72 o.n 0.52 
J> 8.5 2.50 2.1 1.0 0.91 '.00 U 0.74 0.72 0.75 0.52 
J> , .• 2.21 1.' 0.93 0.92 0.98 1.2 0.66 0.73 0.73 0.52 

A32 3x2~ li ••• 1.92 1.' 0.81 0.93 0.96 1.0 0.58 0.74 0.71 0.52 

'" 5.' 1.62 1.4 0.69 0.94 0.93 0.90 0.49 0.74 0.68 0.53 
)4 4.5 1.31 1.2 0.56 0.95 0.91 0.74 0.40 0.15 0.66 0.53 ,. 3.39 1.00 0.91 0.43 0.95 0.89 0.58 0.31 0.76 0.64 0.53 

J> '.8 2.00 1.1 0.70 0.75 0.88 0.64 0.46 0,56 0.63 0.42 
J> '.1 1.78 1.0 0.62 0.76 0.85 0.58 0.41 0.57 0.60 0.2 
li 5.3 1.55 0.91 0.55 0.77 0.83 0.51 0.36 0.58 0.58 0.42 

A35 2.J.1 X 2 ,. 4.' 1.31 0.79 0.47 0.78 0.81 0.45 0.31 0.58 0.56 0.42 
)4 3.62 1.06 0.65 0.38 0.78 0.79 0.37 0.25 0.59 0.54 0.42 ,. 2.15 0.81 0.51 0.29 0.79 0.76 0.29 0.20 0.60 0.51 0.3 

"YO 1.86 0.55 0.35 0.20 0.80 0.74 0.20 0.13 0.61 0.49 0.43 

li 3.99 1.17 0.43 0.34 0.61 0.71 0.21 0.20 0.42 0.46 0.32 
l1i 3.39 1.00 0.38 0.29 0.62 0.69 0.18 0.17 0.42 0.44 0.32 

A 37 2xl ~ )4 2.n 0.81 0.32 0.24 0.62 0.66 0.15 0.14 0.43 0.41 0.32 
l> 2.12 0.62 0.25 0.18 0.63 0.64 0.12 0.11 0.44 0.39 0.32 
li 1.44 0.42 0.17 0.13 0.64 0.62 0.09 0.08 0.45 0., 0.33 

)4 2.34 0.69 0.20 0.18 0,54 0.60 0.09 0.10 0.35 0.35 0.27 
A39 ~xl 74 l> 1.80 0.53 0.16 0.14 0.55 0.58 0,07 0.08 0.36 0.33 0.27 

"li 1.23 0.36 0.11 0.09 0.56 0.56 0.05 0.05 0.37 0.31 0>, 

'CI Carnegie Swel Compauy Qui)'. 

~ 



STEEL SHEET PILING 

Steel sheet piling has proven to be a reliable, efficient, and 
economical material for subaqueous and ur. erground construction. 
In addition to its uses in deep cofferdams, t ches, and excavations 
where it is pulled and redriven aD other w' ,its application has 
been extended to include a great variety \. permanent types of 
construction, such as cut-off and core walls f... dams, wharves and 
slips, sea walls and jetties for the protection of shores and beaches, 
and retaining walls around bridge piers or building foundations to 
eliminate scour or the lateral movements of materials below 
foundations. 

A complete series of sections of both straight and arch web 
types arc rolled which economically fulfill the requirements for a 
great variety of conditions. The deep arch web has &. high beam 
strength combined with minimum weight. Straight web sections 
are suitable for cut-off and core walls, where great beam strength 
is not required and in cellular work where interlock tension is the 
important factor. The shallow arch web is designed for usc under 
difficult driving conditions where a greater stiffness is required 
than that of the straight web piling. 

Carnegie and Illinois Steel Sheet Piling sections have the thumb 
and finger type of interlock. They interlock throughout their 
entire length and have joints which are flexible and strong, easy 
to drive and pull and at the same time provide practical water
tightness. This type of join t has a maximum number of points of 
contact and the short stubbed, hooked finger insures a maximum 
of interlock strength with minimum weight. 

These sections are grouped into two general olasses; large and 
small interlocks. In the first group are sections M 107, M 108, 
M 117 and M 118 which interlock together and are intended for 
use where high interlock strength is required or where hard driving 
is encountered. 

In the second group are sections M 110, M 112, M 113, M 115 
and M 116, which likewise interlock together. Sections 1\1 112 and 
M 113 have been proportioned for maximum interlock strength in 
tension for cellular and master-pile-arc construction, combined 
with the greatest economy in weight. 

Sections M 110, M 115 and M 116 have interlocks with metal 
distributed to provide maximum strength when acting as a beam_ 

If necessary, the sections when made from regular grade of steer~ 
will be guaranteed to develop the following minimum interlock 
strength in direct tension, in pounds per inch of interlock: 

M 107, M 108, M 112 and M 113 . . .12,000 pounds 
M 117 and M 118 . . .... .. .... 10,000 " 
M 110, M 115 and M 116 . . . .. 8,000 " 

Values are based on test pieces approximately 3 inches long. 
Full information for designing piling structures is given in Steel 

Sheet Piling handbook. 
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STEEL SHEET PILING SECTIONS 

lI'eight &di ... Iofodul ... 

"""::: "" 
w., ... .,. ""~ Thiel- p~ 

'""" '",u '" '" P. s.,U" - '" p"" M ,- '''' cl 1I'.u o w. 
, •. U. Lbo. .. ", I •. ~ 

-b' r "<1- " 
MI08 15 43.8 35.0 Ii 3.8 3.1 

" " .. 
I"" 

0 

~ '<: § M 107 15 38.8 31.0 li 37 3.0 
< 
" ~' 1 

¥ 
i \1 e: 
"" ~ ~ C 

M US 15 38.8 31.0 li 8 .• ••• I. • _ 

" II 0 
~, u' 3 

," " " 
1;>1 ·l':~ 

.. 
z • M 117 15 38.8 31.0 li 8.' 7.1 

I I 
~ . 

'" 
I 

11~ tF 'C 
I 

137.3 M 113 I. 28.0 Ii 3.3 25 

'W 1" ~ " M 112 !6 30.7 23.0 li 3.2 2.' 

" • fH' .. 
0 

v ~ 
• 

I 32.0 
0 
< MIlO I. 42.7 . ", "'.4 153 " • e: 
~ 

,.' " l / I 

~ 
0 

3 
" " M 116 !6 36.0 27.0 li 14.3 10.7 .. 

~ Z 

,"' 3~~ /' X 
~ -<t M 115 19% 36.0 22.0 li 8.8 5.' 

. 
Ell Oarneglo Steel Companyonly. '*' lI11nou. Stool Company Qniy. 

~~------------------------



SPECIAL SECTIONS 

Structural shapes in t his group arc, due to a fluctuating demand, 
rolled only at irregular intervals, and then generally after special 
arrangements have been made with the mill. 

Unless the tonnage of anyone size is sufficient in itself to warrant 
a rolling, a " Regular" structural shape should be specified if 
possible. Where "Special" shapes must be used the mattcr should 
be referred to t he nearest district office for information as to 
deliveries. 

•• 
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CB SECTIONS 

FOR 

., .... , 
L' , , , 
4'------ '" 
I _\ 

1-- 1--1 t' , 
'. 

i ',; 
~- -L··,,·c:· +=R .... / 

""'" , ... .. 
' '''''"'' " .. 

, 

CB 61 
5~ x972 

" 

"""" , ... .. , ..... 
0 . _ 
--

CB 61 
5~ 

" 

-• ...... 
to. 

0.84' 
0.688 
0 ... 
6.216 
5.986 
5.750 

w .... 
~ ,.,. 

SUBWAY COLUMNS 

.. - -----. 8,50 ------ .-.. , ' ,. , 
• '.45 
~ 

:;; .489- r- t;> 

I ;; 

L_60.+-, 
ICI CB 61 5~ J[ 9J,i 

ELEMENTS OF SECTIONS 

w .... .... 
~ . 
f oot Setliol'l 

flail,. Web -
Lbs. In.- ". ". ". 
sa 
80 
70 
60 
50 
40 

25.87 10.046 1.035 1.035 
23.52 9.959 .947 .948 
20.58 9.846 .836 .835 
17.63 9.733 .m .m 
14.10 9.617 .607 .606 
11.76 9.500 A89 .489 

I 

In.' 

187.3 
164.9 
138.7 
113.9 
91.0 
69.6 

AlIa 1-1 

s 
In.' 

".7 
49.5 
43.0 
36.7 
30.4 
24~ 

, 
". 

2.69 
'.65 
'.60 ,." 
2.49 
'.3 

~ - - , , I , 

.... -II ~-.., : 
, ' 

I 

In.' 

175.4 
156.3 
133.3 
111.1 

90.1 
69.9 

"fo a_ .. 

s , 
In.' ". 

34.9 2.60 
31A · 2.58 
27.1 2.54 
22.8 2.51 
18.7 2.48 
14.7 2M 

DIMENSIONS FOR DETAILING 

0 .... n .... W~ ,,- "w. 
• T!I;u,- TlIkk- "'" ,,~ ..... w." Thick_ • t , d, , - ----- ------ --""'-- ----------"". ". ". ". ". to. ". ". ". ". ". ----------------------

88 6% 10 1% 1% lii 44 3% 14 1274' 54 
80 0% 10 !>Ii !>Ii 4 44 3% 1% 12 54 
70 04 9% !>Ii % lii 44 3% 1» ll Y8" 54 
60 Oli 9% % % % 44 3% ," 11% 54 ,. 6 9% % % lii 44 3% 1% 11 ~ 54 
40 5% 94 4 4 li 44 3% " 11 Ii 54 

o~ ~ are ba.8od on 1 U" odr.; dlatancc US" madmUIll rivet .) 
ICI arnQgle Stool CQmllany on y. 



SPECIAL LARGE TEES 

Larger tees than the standard tee sec
tions can be obtained either from CD scc
t ions or standard beams by splitting on 
rotary shears at the mill. E lements for 
these tees a TC given below and ou following 
pages. 

.---C::::::;--;:::=:::l -" 
: I , ' 

Depth yl Tee, dh : , ' , ' , ' t---------- Depth 01 Beam, d 
, ' , : 

For beams 8" to 36" inclusive the web' • 
Deplhil,f Tee,d/2 : 

thickness should not be greater t han 1 inch, ' , 
for structural carbon steel or % inch for I C==~=::::J : 
structural silicon steel. Sections of greater L__ __:1 

web th ickness can be flame cut. 

The following tolerances, o\"cr or under, apply to the depth d/ 2 of the 
lee which is one-half of the beam depth : 

Beams 8" to 15", inel. - ~6" 

Beams 15" to 20", inel. - Mil 
Beams 20" to 24", ioel. - ~6" 

Beams over 24" - - - VB" 

The above tolerances fo r depth of tees include t.he allowable tolerances 
in dept.h for the beams before splitting. Tolerances both for dimensions and 
straightness as set up for t he beams from which the tces are cut will apply. 

For the sake of economy these tees should be ordered in pairs. 

... , .. 
1"'-

Tea 18 

LARGE TEES 
2 

~ I --, 
CUT FROM ~ * 1-·----· -·--_ '-1 

CB SECTIONS 

ELEMENTS or SECTIONS 

W-'ght Depth nllloe Stem 
ptII' 1J Tblck· - TlIitk-
Foot T.. Width n_ ne • 

f-c- --- I~ 
Lb. In. In. _' "._I~ 

150 18.36 16.655 1.680 .945 
140 18.25 16.595 1.570 .885 
130 18.12 16.555 1.440 .845 
125 18.(16 16.525 1.380 .815 
120 I~OO 16.500 1.320 ,790 
115 17.94 16.475 1.260 .765 

, .. 
" I ..... I 

"'.,',-,' ---I 

In.' In.' 

44.09 lm.7 
41.16 11 33.3 
38.28 1059.2 
36.74 1014.6 
35.30 975.0 
33.86 935.8 

S I ' ~ I l s, 
-"=-I-=--r""'.'_,.~',,-n :""l~ ~~I~ 

85.9 5.27 4.13 612.6 173.6 3.73 
79.9 5.25 4.07 583.7 67.9 3.70 
75.4 5.26 4.07 510.3 61.6 3.65 
n.4 5.25 4.04 484.8 58.7 3.63 
69.8 5.26 14.a3 460.0 55.8 3.61 
67.2 5.26 4.02 435.5 52.9 3.59 

All lpeclal large tees, Carneglo Stoel Company only. 

Revl~ Augult I, 1936. Printed In U. s. A. For \ll$Ortlon in Pocket Oompan\on of 4-34. 



·,. 
, 

LARGE T EES , 

9f ' , .. - - : ._J_1 CUT FROM 

CB SECTIONS 

ELEM ENTS OF SECTIONS 
l 

,WeI.1t - ..... ,,- "- AxlI I-l All. 2·2 ...... ,. • ' TlIlek· Th ... • .. 
I , ... .* '" WOO. - .- .. ,,., I S , , I S , 

Uo. , .. , .. , .. , .. In.' In._ ,".' .. , .. In._ In._ , .. 
97.0 18.2. 12.117 1.260 . no ..... 904.0 67.3 S.63 4.81 1n.7 29.' 2.49 
91 .0 18.16 12.072 1.180 .720 2~n 844.0 63.0 5.61 ' .n 163.' 27.1 2.47 

TCBIS 85.0 18.08 12.027 1.100 .690 24.99 784.7 58.8 'SO 4.74 150.3 2SO 2.45 
".0 18.00 12.000 1.020 .653 2~54 741.0 ".0 5.61 4.78 131.1 22.' 2.42 7SO 17.92 11.972 .940 .825 22.08 696.7 53.0 5.82 '.79 125.2 20.9 2.38 

110.0 16.63 15.810 1.275 .m 32.38 754.1 58.' '.83 3.71 391.2 49.5 3.48 
TCB 16.5 105.0 16.56 15.783 1.210 .748 30.89 720.3 ".0 '.83 3.70 367.8 46.6 3.45 

100.0 lS.50 15.750 1.150 .715 29.40 883.6 53.3 4.82 3.67 345.8 43.9 3.43 

70.5 18.66 11.535 .960 ."s 20.76 551.8 44.7 5.18 4.30 114.9 19.9 2.35 
TCB 18.5 68.0 16.58 11.510 .880 .SSO 19.42 518.5 42.4 5.17 4.33 103.9 18.1 2.31 

62.5 18.50 11 .500 .80S .570 18.39 495.7 141 .0 5.19 4.42 94.1 16.4 2.26 

95.0 "06 15.040 1.185 .710 27.95 4.31 3.26 312.3 41 .5 ~34 520.4 44.1 
TCB 15 80.0 15.00 15.000 1.125 .670 26.45 488.8 41.4 4.30 3.21 292.8 39.0 3.33 

86.0 14.94 14.985 1.065 .... 25.32 471 .0 40.2 4.31 3.23 275.1 36.1 ~30 

TeBIS 58.0 15.00 10.500 • 850 .... 17.07 371.B 33.6 4.67 3.94 76.6 14.6 2.12 
".0 14.91 10.484 .760 .548 15.88 349.5 32.1 4.69 4.03 67.6 12.9 2.06 

81.5 13.58 14.035 1.095 .870 23.96 358.7 33.7 3.87 2.92 234.4 33.4 3.13 
TCB 13. n.O 13.50 14.000 1.035 .635 22.65 337.4 31.8 3.86 2.89 218.8 31.3 3.11 

72.5 13.44 13.965 .975 .600 21.34 316.3 29.9 3." 2.85 203.5 29.1 3.09 

TCBIl. 49.0 13.50 10.000 .792 .SOO 14.41 247.2 24.4 4.14 3.38 61.5 12.3 2.07 
45.5 13.42 9.983 .712 .'83 13.38 231.9 23.2 4.16 3.44 ".S 10.9 2.02 

TeBl2 70.0 12.21 14.029 .980 .S94 20.60 238.4 24.5 3.40 2.48 207.3 29.5 3.17 
65.0 12.13 14.000 .800 .565 19.13 222.' 23.1 3.41 2.47 187.6 

:::: J ~:: 43.5 12.08 9.025 .801 .... 12.79 171.3 18.8 3." 2.96 46.S 
TCB 12 40.0 12.00 9.000 .127 .... 11 .77 158.4 17.6 3.67 2.98 41 .2 9.2 1.87 

37.0 11.94 8.975 .862 .430 10.88 147.0 16.4 3.67 2.99 36.9 8.2 1.84 

34.0 10.57 8.270 .88S .430 10.01 102.8 12.9 3.20 2.59 30.2 

7l" TCB 10. 31.5 10.50 8.250 .620 .410 9.26 95.7 12.1 3.21 2.61 26.9 6.5 1.70 
29.5 10.46 8.230 .575 .390 8.68 89.8 11.5 3.22 2.61 24.6 5. 1.68 

27.5 9.08 7.532 .630 .390 8.09 59.6 8.63 2.71 2.18 21.0 5.5 1'.61 
TCB 9 25.0 9.00 7.500 .570 .358 7.35 53.9 7.85 2.71 2.14 18.6 4.96 1.59 

23.5 ~9S 7.492 .520 .350 6.91 51 .3 7.57 ~72 2.18 16.8 4.4j 1.56 

22.5 aos 7.039 .SS3 .348 6.62 37.8 6.10 2.39 1.87 1 ~2 4.33, 1.52 
TCB 8 20.0 aDO 7.000 .503 . 307 .... 33.2 5.37 2.37 1.82 13.3 3',1.50 lao 7.93 ~992 .... .299 5.30 30.7 5.10 2Al 1.0) 11.1 3.1 1.45 

All ,peelal large teoI. C&roeg:le Steel Company only. 



0 1 b 

LARGE TEES 
2 --, 

CUT FROM . * 1----- -----"-1 

LIGHT AND STANDARD BEAMS 

ELEMENTS OF SECTIONS i 
..... , D.pth - ,,- .:-tJ_, I AlIIt I-I I Axil 2-2 ..... ,- • _.- ""'.-,- ,~ 'M W .. - ,- S , 

X I S L 
~- --;:-;---,,- ,,- ,,- ,,- In._ In.- I.... In. In. In._ In,' In. 

C---
TCB 7 17.00 7.00 6.750 .453 .287 5.00 21.1 3.86 2.05 1.55 10.6 3.15 1.46 

15.00 6.93 .733 .383 .270 4.41 19.0 3.55 2.08 1.59 8.8 2.61 1.41 

TCB 6 14.00 .00 6.500 .420 .240 4.12 11 .6 2.41 1.68 1.19 8.8 2.70 1.46 
12.50 '.94 6.SOO .3M .240 3.69 11.0 2.3S I.n 1.26 1.3 2.24 1.40 

25.00 6.00 5.477 .660 .681 7.37 25.2 ., 1.85 1.83 8.0 2.93 1.04 
TO 6 22.50 .,0 5.355 .680 .... 6.64 21.9 '.1 1.82 1.71 1.4 2.n 1.06 

20.40 "0 5.250 .660 .460 8.01 18.9 4.3 l .n 1.57 6.8 2.64 1.07 

11.00 ." 4.030 .424 .266 3.24 11 .7 2.58 1.90 1.63 2.27 1.13 .84 
TealS 9.50 .08 4.010 .34' .240 2.Bl 11),2 2.32 1.91 1.67 1.84 .92 .81 

8.25 '.00 4.000 .269 .230 2.43 '.0 2.13 1.93 1.76 1.39 .10 .16 

TCBJ 6 7.00 '.96 3.970 .224 .200 2.07 7.1 1.93 1.92 1.76 1.13 .S7 .74 

TO' 
17.50 5.00 4.944 .491 .• 94 5.18 12.5 3.64 1.56 1.55 4.24 l.n .91 
15.00 '.00 4.797 .491 .447 4.42 10.2 2.84 1.52 1.40 3.81 1.59 .93 

' .SO 5.13 4.020 .394 .2SO 2.80 6.7 1.74 1.65 1.28 2.09 1.04 .86 
TeBlS '.SO '.06 4.010 .329 .240 2.49 6.1 1.62 1.68 1.32 1.73 .58 .83 

1.sa '.00 4.000 .Z69 .230 2.20 ••• 1.50 1.57 1.31 1.39 .70 .80 

TCBJ 5 5.75 4.94 3.950 .204 .180 1.69 4.' 1.16 1.57 1.35 1.00 ... .n 

12.75 4.00 4.262 .425 .532 3.75 '.8 2.08 1.24 1.23 2.36 1.11 .79 
TB 4 11.50 4.00 4.m A2S .441 3.39 '.0 l.n 1.22 1.15 2.19 1.05 .80 

10.25 4.00 4.079 .425 .34. 3.02 4.2 1.44 1.19 1.05 2.02 .99 .82 

TeBl4 7.50 '.M 4.015 .314 .245 2.22 3.29 1.07 1.22 1.00 1.65 .82 .86 
6.50 4.00 4.000 .254 .230 1.9 1 2.90 .98 1.23 1.03 1.31 .66 .83 

TCBJ 4 '.00 a .. 3.940 .204 .170 1.48 2.15 .n 1.21 .96 1.00 .S1 .82 

T83.5 10.00 3.SO 3 .... .392 .'SO 2.95 a" I." 1.07 1.04 1.61 .83 .74 
a1S 3.SO 3.755 .392 .M' 2.89 2.n 1.08 1.04 .93 1.46 .78 .1S 

15M 3.5 6.00 3.SO 3.500 .323 .186 1.76 1.71 .62 .99 .76 1.05 .62 .79 

TB 3 8.62 3.00 3_655 .359 .465 2.54 2.13 1.02 .92 .91 1.17 .58 .58 
7.37 3.00 3.443 .3S' .343 2.17 l.n .78 .89 .51 1.04 .60 .68 

TeBl3 .,0 3.13 4.030 .404 .260 2.36 1.66 .68 .84 .61 2.18 1.07 .96 
'.00 3.00 4.000 .278 .230 l.n 1.30 .56 .66 .61 1.44 .n .90 

TCBJ 3 4.25 2.92 3.940 .194 .110 1.25 .90 .40 .65 .64 .94 .46 .87 

15M 3 '.00 3.00 aooo .310 .186 1.46 1.05 .OS .65 .68 .66 .44 .61 

All specll.l largo tec., Carnegie Stelel Company 001,.. 





SPECIAL LARGE TEES 

Where designers require larger tees than the standard tee sections, 
they can be obtained either from C B sections or standard beams 
by splitting on rotary shears at the mill. 

For beams 8" to 36" inclusive the web thickness should not be 
greater than 1 inch for structural carbon itcel or % inch for struc-
tural silicon steel. \ . 

Sections not within the limits given abov~ can be flame cut . 

... -.[=::::;:-;::==:3 --. : : , : 
Depth?ITee.d/2 ' 

: , 
t---------, , 

Depth of Bu m d 

V 
Depth!' Tee,dh 11 

, , 
t o_ _ __~ 

The following 101"'DCes, ov" !.,Ddec, apply 10 ~ e depth d/ 2 
of the tee which is one-half of the beam depth. 

For beams 8" J 15", inclusive - ~" 
For beams 15" to 20", inclusive U" 
For beams 20" to 24", inclusive - ~" 
For beams over 24" - - - - - %" 

The above tolerances for depth of tees include the allowable 
tolerances in depth for the beams before splitting. Other tolerances 
both for dimensions and straightness as sct up for the beams from 
which the tees are cut will apply. 

For the sake of economy it is obvious that these tees should be 
ordered in pairs. 

·, 

• 
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, , , , 

,,--- ---- 4 -------... 

""t::=:;::~~f;=:::i' 1 
f yzl · ... b '!' 

! T2 "1 10.5Ibs. 
, T 1 
L ______ 1 ~ .6Ib8. 

- a .. _ 

EQUAL TEES 

.. -------- ---s y. ------------ .. 
, ..., J·MS . : J 

I 0.40 , , --~ .. 
: 0.4lI' , , , , , , 
~ 

'" , , , , , , , , , 
L __ 

0.4"'" 10-

cT40 
19.8Ibs. 

.. -----3 -----.. 
: .0 i, " '- 2 1,1, --- ... : ], :'} 

t---2~'- ""t 
, ..0 '1. 

• , ; , -
bT 13 '".' 'I. T 11 

, 
y~ , 

~ ",. 

, 
, 
i 
'" " , , , , 

;'"--- 3 '4- -----1 
A .~ - ........ 

'/.t b.T3 
11.7Ibs. 

. T4 
g,2Iba. 

.. _-----

'" T9 ')' 5.6 Ibs. ')' 4 . 1 Ibs. , , a .7Ibs. , T10 
, T 12 , t __ ____ 0. _____ 

, 
T8 6.4Ibs. -........ -4.9Ibs. L ____ _ - -• -"a~' 7.8Ibs. 

UNEQUAL TEES 

,. -------4 --------.. 
, : A :~ , , , , , , , 

U) 

I , 

1 

T 5 8 
11.9 Ibs. 

T57 
15.3Ibs. 

4. _______ _ 

, , 

• .,IIl ... 

t. . ___ _ 

y.. lo -

T83 
6.1 rbs. 

a Carnegie Swel Company Gill y • 
• 1I1lnota: Steel Company only. 

.. -- -- . -- --- 5 -- --- ---- -~ 
: .0 :1 1 lis' -j) '!' 

i ICIT50 
I 11.5,13.6 Iba. t _________ _ 

<:> , , , 

.... a ... 

aT44 
7.8Ibs. 

L _____ _ _ T61 
9.2Ibs; 

·"a~-

.. ----- 3 -----.... 
: ~ j~ 

r~~rl 
s:' "u • 

~ T79 
6. 1 Ibs. 

r-----·· · 4 ---- -- ·"'; • • 
~' .0 ' .. , 
i , , , 
~. 

'! 
: , , , 

•• ~ .. b , 1 

cT60 
11.2 Ibs. 

aT59 
14.4lbs . 

t. _______ _ 

_ .... a .. _ 

<------ --4·- - ----.. 

' i'=~:;;:i~;===:i'1 . 
: 4.01 1 ... ~. f'b 
~ • aT63 

I • 7.2Ibs. 
L_______ aT 6 2 

-"",'" . a .5Ibs. 



•• 

! TEES T ,1::'------ ! r-< EQUAL AND UNEQUAL ELEMENTS • 

i 
ELEMENTS OF SECTIONS 

Size Al,r'l-l A.de 2-2 -- WoI-'t .... ..... , Sltm 
~ • Fl,no_ 

'" '"" 'M' ...... I S , , I S , 
Index , b 

f--;,- -------- - -". ". ". u.. In,' ,,' In,' ". 
" 

,,' In.' 
" 

EQUAL TEES 

"T • 6J> 6J> 
• I • 

• 40,.45.55, .4 19.8 5.80 23.5 5.0 2.01 1.76 10.1 3.1 1.32 
T 1 • • J> % 13.5 3.97 5.7 ~O '.20 1.18 2.' 1.' 0.84 
T • • % J> 10' 3.09 '.5 1.6 1.21 1.13 2.1 1.1 0.83 

H 3 3J.<~ 3~ J> % 11.7 3.44 3.7 1.' 1.04 1.05 1.9 1.1 0.74 
H • 3J> 3J> % )' 9.2 2.69 3.0 1.2 1.05 1.01 1.4 0.81 0.73 

T 3 3 % J> 7.' 2.27 1.' 0.86 0.90 0.88 0.90 O.SO 0" 
T • 3 3 % % 6.7 1.95 1.6 0.74 0.90 0.86 075 OSO 0.62 
T 1 2J> 2J> % )' 6.' 1.87 1.0 0.59 0.14 0.76 0.52 042 053 

T r J> 
2~ % % ,., 1.60 088 0.50 0.14 0.74 0.44 035 0.52 

T 1 2}i 2Ji % % '.9 1.43 065 0.41 0.67 0.68 0.33 029 0.48 
T 13 2}i 2Ji Ji % '.1 1.19 0.52 0.32 0.66 0.65 0.25 0.22 0" 
T 14 2 2 " ~ '.3 1.26 0.44 0.31 0.59 0.61 0.23 023 043 
T 151 2 2 I Ji

I
% as, 1.05 0.37 0.26 0.59 0" 0.18 0.18 042 

UNEQUAL TEES 

• • 
0.82 [ 0.76 

" T ~ ; 
3% ~,l~ ". ~" 13.6 4.00 2.7 1.1 5.2 2.1 1.14 
3 %,l~ " ,% 11.5 3.37 ~4 1.1 0.84 0.76 3.9 1.6 1.10 

T 5 • , J> % 15.3 4.50 10.8 " 1.55 1.56 2.' 1.' 0.79 

T~' 
, % J> 11.9 3.49 •. , U 1.56 1.51 2.1 1.1 0.78 

leT 59 4 ' J> )0 % 14.4 4.23 1 7•9 2.5 1.37 1.37 2.' I.. 0.81 
raT 60

1 
4 ' )0 % J> 11.2 3.29 6.3 2.0 1.39 1.31 2.1 1.1 0.80 

T 61 • 3 % J> 9.2 2.68 2.0 0.90 0.86 0.78 2.1 1.1 0" 
DT 44 • 3 % % 7.8 ~29 1.7 o.n 0.87 0.75 1.' 0.88 0.88 
" T 6 • 2)0 % J> 8.5 ~48 1.2 0.62 0.69 0.62 2.1 1.0 092 

,n " • 2)0 % % 7.2 2.12 1.0 053 0.69 0.60 1.' 0.88 0.91 
T 79 3 2)0 % % ~1 1.n 094 052 0.73 0.68 0.75 0.50 0.65 
T 83 2)0 3 % % 6.1 1.n 1.5 0.72 0.92 0.92 044 0.35 OSO 

* Wher(l two dimensions arc ~hown. the IlnIt Is fnr tbe /lange, the BeCOod tor the st.(jm, 
I!::i CamOgle S tool Company only. 
4> Illinois Stool Company nnly. 
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r 
I 
I 
I 

SHIP BUILDING CHAN NELS 

.- •. 00 -. 

0.625 
o.m 

.'" 

r 
I 
I 
I 

r- 3.50.., 

0.60 

... 

r- 4.00 

r 
I 0.515 

0.425 

I 
I 

0 D.m 

13 
Ll 

.40 

" :: 
.J 

ICIC 26 10x4 
37.0,33,6, 30.2, 28.S.b •. 

aC 21 12x4 
4 4.7, 4 0.6, 
~,34.5Ib •. 

a C 17112x3X 
4 1.1,37.0, 32.9, 30.9 lb •. 

,.. 3.00 
3.50 -, r 0.35 r .35 I 0.50 
'.50 I I 0.315 

I '.40 " ~ 

I -I" - '" - I : jd d d 
Ll .J Ll 

c C 4 1 7x3X " c 37 8x3 
25.0,22.7, 20.3, 19.1lb •. 25,6,22.7, 20, 19.3, IB.7 Ib •. 

r- 3.00-, .- 0.325 
r- 3.50 .., 

I 0.415 r 0.325 
I D.m 

0.315 I ~ 

I .. 0.315 

J~ " IS N - d " l .J Ll .J 

c C42 7 x3 ICI C 46 6x3/l 
2 0 .0, 11.6,16.4 Ibs. 22.0, 20.0, 18.0, 16.9 lb •. 

WEIGHTS UNOERLINED CORRESPOND TO DIMENS IO N S SHOWN. IN INCHES 

RANGE OF WEIGHTS PER LI N EAR !"OOT 

a Caroee;1e Steel COmpany 00.1,.. 



SHIP BUILDING CHANNELS 

r 
I 
I 
I 

.- -3,50 - .., 

o.m 

6 O.U5 -. 

0.40 r 
I 
I 
I 

6 -

1 -4.00 - -, 

I 
0.515 I 

I 0.4J5 

" I-I : 
Ll 
aC 31 9x4 

... 

c C 27 10x3 Yz 
35.1,31.7,28.3 , 
26.6, 24.9 lb • . 

£I e 28 10x3X 34.7,31 .7, 28.6, 27 .1Ibl. 
25.3, 23.6, 2 1.9 lb •. 

I 
I 
I 
~ 

-,.-",--0.315 

a.us 

15 S 
L;Jl ... -;J 

a C 36 8x3 Yz 
28.2, 25 .5, 22.8, 21.4 Ibl. 

I 
I 
I 
" I 

r- -UO--, 

0.55 
0.315 

0.45 

I ! ~ 
L;-Jf .... ~ 

D C 32 9x3Yz 
31.6,28.5, 25.4, 23.9 lb • . 

r- 3.00 ., i tsO ., 

r 
I 

." 

CC1Q9 and 
~C56 6x~ 

15.3 lb • • 

r 
I 

<D 

0.415 0.325 

0.315 

I~ 
L::---s 

;; .. 
a C47 6x3 

16.3,15.1Iba. 

r 
I 

.3J5 .26 

0.313 

DC 46 6x2X 
13.3, 12.0 lb •• 

WEIGHTS UNDERLINED CORRESPOND TO DIMENSIONS SHOWN. IN INCHES 

RANGE OF' WEI G HTS P ER LINEAR FOOT 

aCamegie Steel Company. 
+ illinois Steel Comparl,.. 

., 
•• 
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[ CHANNELS J=, 
ELEMENTS SHIP BUILDING I ,- ~-' . 
. ELEMENTS OF SECTIONS ·-t 
...... ' ..... W"!lhl ~ -. •• ""-.. 1_1 kilt 2-2 

'"'. • p. • • Thlck- 5 ! 5 ~ """"' , .. Section ,Flant. •• ! , , , 
Nominal . . " .. "'. In." In. ". In.· In.' ". In.· In.- , . ". --

C21 44.7 13.05 4.200 .n. 245,0 40.S 4.33 16.8 '.3 1.14 1.04 

(BSC 26) 40.6 11.85 4.100 .62' 1230.6 33.4 4.41 15.5 '.1 1.15 1.04 

" 4.51 4.' 12 X 4 .... lD." 1 4.000 .• 25 21S.2 36.0 14.2 1.16 1." 

" 34.' 10.05 3.950 .415 209.0 1 34.8 4.57 13.5 4.7 1.16 1.07 

em 41.1 12.00 3.700 .700 217.8 36.3 ..,8 11.3 4.0 0.97 0.89 

(BSe 25) 37.0 10.80 3.600 .600 203.4 33.' 4.34 10.3 3.' 0.98 0.89 

" 32.' '.6<! 3.500 .5<10 189.0 31.S '.44 ••• 3.' 0.99 D." 12 x3}i 

" 30.9 '.00 3.450 .450 181.8 30.3 4." ••• 3.' 0.99 0.90 

C26 37.0 10.81 4.200 .675 146.3 ".3 3." 14.9 ••• 1.18 1.10 

(BSe 21 ) 33.6 9.81 4.100 .575 138.0 27.6 3.75 13.7 4.' 1.18 1.11 
10 30.2 '.81 ' .000 .475 129.7 25.9 3." 12.5 '.3 1.19 1.13 10 x 4 

" 2&. 8.31 3.950 .425 1%5.5 25.1 3.89 11.8 '.2 1.19 1.15 

35.1 lQ.23 3.700 .675 133.6 28.7 3.61 10.4 3.' 1.01 0.95 
C27 31.7 9.23 . 3.600 .575 125.2 25.0 3.69 '.5 3.6 1.01 0.95 

(sse 20) 10 28.3 '.23 3.'" .475 U6.9 23.' 3.n ••• 3.' 1.02 D." 
10x3,!.1 26.6 7.73 3.450 .425 112.7 22.5 3.82 ., 3.3 1.02 0.97 

" 24.9 7.23 3.400 .375 lOS.6 21.7 3.88 7.6 3.2 1.03 0." 

C28 25.3 7.33 3.550 .425 106.0 21 .2 3.79 7.' 3.0 1.04 0.94 
(BSe 19) 10 23.6 6.88 3.500 .375 101.8 20.' 3.85 7.5 2.' 

1
'04 0.96 

10x3~ 21.9 6.33 3.450 .325 97.6 19.5 3.91 7.0 2.' 1.05 0." 

" 
C31 34.7 10.13 '.200 .675 113.0 25.1 3.34 14.5 ••• 1

1
.
20 l.lq 

(sse 18) 31.7 9.23 4.100 .575 100.9 23.8 3.40 13.3 ••• 1.20 1.16 • ". 28.' 8.33 '.000 .475 100" 122 
.• 

3." 12.1 '.3 1.20 1.1. 

" 27.1 7.88 3.950 .425 97.8 21.7 3.52 11.4 '.2 I." 1.20 

C32 31.6 9.21 3.700 .... 99.4 22.1 3.29 '.7 3.6 1.03 ." 
(B5C 17)1 

28.5 8.31 3.600 .5" 93.' 20.7 3.35 ••• 3.' 1.03 ... 
9x3~ • 25.' 7.41 3.5<16 .450 87.3 19.4 13.43 .0 1 3.2 1.04 1.00 

" 23.9 6.96 3.450 .400 84.3 18.7 3.48 7.' 3.1 1.04 1.01 

--
Dlm..,nslolUl and l)l"OlX'rtll)8 of thc I)rltlsh Standard SCIltiCDl Ilrclndlca.too In bold typo. 

C Carneg!c Steel Company only. 



-;1,.-
-":r ' h L '~ ____ J 

o ~::-lP r-

UIh ___ ,_, '., O ·:~~ ' l -
f " I , . 

":g..! : Grip , , 
"' ...... 

CHANNELS 

SHIP BUILDING 

DIMENSIONS OF SECTIONS 

FOR DETAILING 

flana- Wob 

'7 

[ 
DIMENSIONS 

""~ , ... -.... 
Dep,h 

"" Width Thick_ Thldc· TIII,,-
n_ ~ nell _ • • Min. ele ..... 

, . h 
Gigi , 

Mu, ..... 
Qrip RI." 

In. In. In. In. ,. 
C 21 44.7 I 4~ 

(Sse 26) 40.6 47'8 
12 36.5 4 
!CI 34.5 4 

C 171 41.1 3~ ~ 
(BSC25) 37.0 3% % 

12 32.9 3).1 % 
Ie} 30.9 37i % 

e28 
(8Se21 

10 
C 

e27 
(85C20 

10 

" 

37.0 4)1 
33.6 47'8 
30.2 4 
28.5 4 

35.1 3U ,. 

31.7 3% " 
28.3 3~ ~ 

2a.& 3)1 " 

24.9 1 3~ I " 
C 28 25.3 3J1 J1 

(BSe 19) 23.6 3)1 J1 
~ 21.9 1 3J1 J1 

C 31 34.7 474 
(85C18) 31 .7 4}1 

9 28.6 4 
ICI 27.1 4 

e32 
(BSe 11 

9 

" 

31.6 3?4 
28.5 3% 
25.4 3)1 
23.9 3)1 

% 3)1 
~ 3)1 
74 3).1 
74 3).1 

Ji 3 
l1i 3 
Ji 3 
74 3 

;, 3 
l1i 3 
),; 3 
U 3 
l1i 3 

~ 3y'! 

" 3~ 7i 3)1 
U 3)1 

3 
3 
3 
3 

.. , ,., In. In. .. , In. In . 

9% 1,. 2)1 
9~ 1,. 2)1 
9% 1" 2)1 
9% 1" 2)1 

9)1 1X" 2)1 
9)1 1X 2!A,j 
937 1X 2)1 
9J.i 1X 2}A2 

731 1X' 
7)1 1X' 
7J1 1X 
7)1 1M 

7% 1,. 2}2 
7% 1,. 2)1 
7% 1,. 2)1 
7% 1" 2J1 
7% 1,. 2)1 

7% lJi: 2M 
7% l Ji: 2)1 
7;1 1}¥ 2)1 

6J1 1X 2)1 
6~ l J1 2}i 
67'.: 1.!.{ 2}i 
6y'! 1.!.{ 2}i 

6~ l Yi 
6?4' 1% 
6", l }i 
6;t4' 1~ 

2lj 
2lj 
2lj 
2lj 

~ 274 ~ 
~ 274' % 
,. 274 ,. 
J1 274 ,. 

Ji 2 
% 2 
l1i 2 
lj 2 
Ji 2 

;, 2 
Ji 2 
% 2 

2 
2 
2 
2 

Ji 
Ji 
Ji 
Ji 

Ji 
Ji 
Ji 
Ji 

Ji 
Ji 
Ji 

Ji 
Ji 
Ji 
Ji 

Ji 
Ji 
Ji 
Ji 

Oaaes g. are oo.-!. on l}(" edge dl8t~nce (~" nuu:Ii.ll!;O.mOC,;C,,:;,ic,,-, -'----'----'---'--
ICI Camogie Steel Company only. 
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[ CHANNELS t. SHIP BUILDING ELEMENTS ,. 
ELEMENTS OF SECTIONS ~ A}· 

........ , .. w .... .... - W~ 
"-It 1- \ ...... 

'",u • W • • TlIleIt_ 
S S .. ....... , .. ,-..... n", .. - ! , ! , , 

Nomlnll 
51 .. ,. u.. ,.' ,. ". ,.' ,.' ". In,- ,.' .. ,. 

C36 28.2 a23 ~700 .625 71.8 laO 2.9S 9.' 3.' 1.0S 1.02 
(BSe 13) 8 

25.S 7.43 3.800 .52S 61.6 16.9 3.02 8.2 3.2 1.0S 1.02 
8J.3~ 22.' S." ..... .'25 .... 15.' '.09 7.' ••• 1.05 I." 
" 21.4 S.23 3.450 .37S 61.2 15.3 3.13 S.' '.9 1.05 1.0S 

25.5 7.43 "" .SOO 62.S 15.6 , ... .. 2.5 0.89 0 .. 
C17 22.7 S.63 3.125 .500 58.' 14.6 2.97 5.' 2.3 0.89 0.8S 

(aSe 12) . 8 20.' 5.83 3.025 .400 54.' 13.50 '.05 '.7 2.2 0" .... 
0.' .... 5.63 '.000 .37S 53.' 13.2 3.07 '.5 2.1 . ... •. 87 

" 1., 5.43 2.975 .350 51.9 13.0 '.09 ••• ~1 0.90 '.88 
C41 25.0 7.30 3.700 .• 00 49.9 14.3 ~62 a3 '.2 1.07 I." 

(BSe 10) 7 
~7 • 60 ..... . 500 47.1 13.S <67 7.5 ••• 1.07 1.07 

7x3.J,1 20.' 5." ..... .... 44.' 12.S 2.74 S.7 2.' 1.07 1.09 . " 19.1 M5 3.450 .'50 42.8 12.2 <7 • '.3 2.7 1.07 1.11 

C42 20 .• 5.82 3.100 .475 40.2 11.50 2.63 4.7 2.1 '.90 '.88 (BSe 9) 7 17.6 5.12 '.000 .m 37.3 10.7 2.70 •. , 2.' .... .... 
"3 16.4 '.n 2.950 .325 35.9 10.2 ~" '.9 1.9 0.90 0.91 

" . 22.' .,2 C46 1700 .575 33.0 11.0 2.27 7.' ~9 1.09 1.12 
(BSe 8) • 20.0 5.82 1S00 .475 31.2 1M 2.32 a9 2.8 1.09 1.13 
6x3~ .... 5.22 ..... . 37S ,. .• 9.' 2." S.l 2.S 1." 1.15 

" 16.9 4.92 3.450 .325 28.5 9.5 2.41 5.7 '.5 I." 1.11 

ICI C 109 
>C 56 • 15.3 '.48 ~500 .340 25.3 8.' 2.38 5.1 '.1 I." 1. .. 
6x3~ 

C47 
(BSC 7) 16.3 4.75 3.000 .375 25.' '.S ,." ••• 1.' .... 0.95 
6,3 • 15.1 4.31 2.938 .313 24.7 ., '.38 ••• 1.8 0.91 0.97 

" C48 
(BSC5) 13.3 3.90 2.563 .375 19.1 .. 2.25 ~1 1.' 0" 0" 6 12 .• '.52 2.'" .313 " .S S.2 2.30 , .• 1.1 0.75 •. 72 "J" 

Dimensions and propcrtle. of we British Bta.ndud SectlOI\ll are Indicated in bole! type. 
aCarnC&-1o SweL Company. .41UlnoI5 Stool Oomp8.!ly. * IlIlnot. SweL Company 22.7 lb. welgh~ only . 



•• 
-+ 

[ 
, , 

.~,. ' 1'1 CHANNELS L "p,:"" o • ----~ p 
r- ' 

SHIP BUILDING , 
DIMENSIONS I , 

L ---- , 
• , -1 : lIz DIMENSIONS OF SECTIONS 
f ' , , 

..Ig"! , Grip 
FOR DETAI LI NG , ' , ' ....... 

~ 

Weigl'll ~ .. W~ m_ 
M~ $oct ... H" Inder. ~ w •• TlIlet- "". I M in. Crur. Cage A"", 

,~, Thick· • • h G •• m •• ... ,_. ,- - g, 0 ...... 
U>" '". ". ". '". '". ", ". ". ". ". ". ,", 

e36 28.' 3U » ~ % 3); ' J-! 1)0 ' )i % , » J-! 
(BSe 13) 25.5 3~ » % )i 3); 5J-! 1)0 ' )i ~ 

, ;,; J-! 
8 22,8 3» » !> )i 3); 5J-! 1)0 ' )i » , ;,; J-! 
C 21.4 3» » ~ % 3); ' J-! 1)0 ' )i !> 2 ;,; J-! 

25.5 3)i » ~ % ' % 5J-! 1)0 2)i % 1% ;,; J-! e37 22.7 3); » » )i ' % 5J-! 1)0 2J4' " 1% » J-! (BSC1 2) 20.0 3 » !> % ,~ ' J-! 1)0 ' )i » 1% ;,; J-! 
8 19.3 3 » % % ,~ 5J-! 1)0 ' )i !> 1% ;,; " C 18.7 3 » " % ,~ '" 1)0 2.!{ !> 1% » " 

e41 25.0 3U » ~ % 3); 4J-! 1)0 2)i % , » )i 
(BSe 10) 22,7 3~ » » )i 3)i 4" 1)0 ' )i " 

, ;,; )i 
7 2f),3 3» » !> % 3)i 4" 1)0 ' )i » , ;,; )i ." 19.1 3» » ); % 3)i 4)i 1)0 ' )i !> , ;,; )i 

e42 20.0 3)i » » )i 2~ 5 1 ' )i " 1% » )i 
(BSe 9 17.6 3 » ~ % ,~ 5 1 2J4' !> 1% ;,; J-! 

7 16.4 3 » % % 2~ , 1 ' ); ~ 1~ ;,; J-! 
" e46 22,' 3~ » " % 3)i 4 1 ' ); ~ 2 » J-! 

(BSe 8) 20.0 3~ » » )i 3)i 4 1 ' ); " 2 » J-! 
6 18.' 3» » " % 3J.j 4 1 ' ); !> 2 » J-! 

" 16.9 3» » % % 3)i 4 1 ' )i " 2 » J-! 
CC~ 09 
<e .. 15.3 3» " " " 3)i 4" % , !> , 

" J-! 
6 

" e47 
(BSe T, 16.3 3 » " " ,~ 4 1 2); !> lU » % 

6 15.1 3 » % % ,~ 4 1 2)i " lU » % 

" e48 
(BSe 5 13.3 ,~ ~ " % ' )i 4» % , !> 1» % % 

6 12 .• ' » " % % ' )i 4» % , 
" 1» % ~ 

" Gagca, g, are usual standard ga.gcs, bu~ may be varied If conditions require. 
O&lj:eI!I 8. are based on 1 3(" edge dilltane<l (~" maximum rivet), 

ClCarnegle Steel Company. 4> tnlnolll Steel COmpany. * IUlnoill Steel Company 22.7 lb. weight only. 
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CAR BUILDING CHANNELS 

1- -, , , , , , , 
N -i , , , 

' .50 
." 

0.111 

I ~ S 
i lL· ••• "l 
' -, r 

C 170 12x4 
50, 48.6, 4 6 .6 , 

44.5, 4 0 , 3 5 Ibl. 

.. - -4.00 ·-01 ,-- .23 , "i ... , , , , , 
I 

" 
: " 0.315 , , ,= 
I'" " , J -
i, l 

r 

C 20 13x4 
50, 4 5,40, 

3 7, 35, 31 .8Ibs . 

1".38 
·0.35 

C 2 11 7 x4 
U!..!::! rbl. 

o.n 

WEI G .... T S U NDERLINED CORRItSPOND TO DIMENS I O N S S H O WN, IN INCH ES 
RA N GE O F W E I G I-iTS PER L INEAR FOOT 



CAR BUILDING CHANNELS 

"'" ;"1.115 

r-~O.D63 
~ * 0.19 
I i 0.25t. 1. , =r O.313 

£I e 192 3 x1.!'. 
10.3,9,7.1, §.J!:. 5,8 lb •• 

H .SO--i , , 
r -~~.28 0.19 ,- -
~ - -'1° 0.50 d 

, L L_,_ : r 

a C 200 4 x2 Y.: 
l.iL..e lb •. 

-, i 1.'" 
f _ O.19:i~ 
~.., 

I <=> 0.25 C? 

L~ ... ~t.113 
C C 193 and ~C 21 3x1.% 

10.3 , 9 , 7 .1, M. 5 .8 Ib, • 

.., r-1.188 

'--E' , ~~ 0.25 . 
i , _ _~ 0.266 

DC 221 2Y.xl Y. 
U]lbs. 

WEIGHTS UNDERLINED CORRESPOND TO DI MENSIONS SHOWN, IN INCHES 
RANG!;; OF WEIGHTS PER LINE ... R FOOT 

ICICam(lglo St(lIll Company only. .Illlnoill Steel Oompaoy only. 

01 
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[ CHANNELS ~ 
ELEMENTS CAR BUILDING I ,. 

r-' 
ELEMENTS OF SECTIONS -,Sf' 

2 

s.ction I 0"'" ' Wllthl ' - - w_ 
""" 1-1 A:d.2-2 

."'_ II ,.. • • """,. 

~-' MOl ChannoI 'MI """ "- - I S , I S 
" .... I--c- t-;:-... . , .. .... 1ft." , .. 'n,' In." , .. In.' In." , •. ,. 

SO.O 14.66 4.412 .787 312.9 48.1 4.62 16.7 '.9 1.07 0.98 

"'0 13.18 4.298 .• 73 292.0 44.9 4.71 15.3 4.' 1.08 0.91 
C20 13 40.0 11.71 4.185 .... 271.4 41.7 4.82 13.9 '.3 1.09 0.97 
13 II: 4 37.0 10.82 4.117 .492 258.9 39.8 4.89 13.0 '.2 1.10 0.98 

35.0 10.24 4.0n .,7 250.7 38.' 4.95 12.5 '.0 1.10 0.99 
31.8 9.30 4.000 .375 237.5 36.5 5.05 11.6 3.' 1.1T 1.01 

SO.O 14.64 4.135 .635 268.1 44.7 4.28 17.8 '.8 1.10 1.06 
48.6 14.22 4.100 .800 263.0 43. 4.30 17.3 '.7 1.10 1.05 

C 170 12 46.8 13.62 4.050 .750 2~.8 42.6 4.33 16.6 5.5 1.11 1.05 
12 X 4 44.' 13.02 4.000 .700 248.6 41.4 4.37 16.0 5A 1.11 1.05 

40.0 11.70 3.890 ~OO 232.8 ,.. 4.46 14.5 5.1 1.12 1.05 
35.0 10.23 ~767 A67 215.1 35.8 . 4.59 12.9 4.8 1.12 1.07 

C 211 
7,4 7 18.8 5.48 '.000 .350 42.9 122 2.80 8~ 3.0 123 1.23 

C200 
4 13.8 4x2),i '.00 2~ ~ 8.8 4.4 1.49 2.2 lA 0.74 0.88 

D 

• 10.3 3.02 2.250 .625 3.' 2.3 1.06 1.16 0.76 0.62 0.73 
DC 192 9.0 2.64 . 2.125 ~ 3.1 2.1 1.09 0.97 0.68 0.61 0.71 
3x 1 ~ 3 7.1 2.08 1.938 ~13 2.7 .. 1.14 0.71 0.56 0.58 0.68 
DC 193 6.' U. 1.875 .250 2.6 1.7 1.17 0.63 0.52 0.58 0.67 
+C 21 .. 1.68 1.805 .180 2.4 1.6 1.20 0.53 0.,, \ 0.56 0.68 

C 221 
2~ X,l x" 211 3.B7 1.14 1.188 250 0.87 0.73 0.88 0.14 0.18 0.35 OAO 

" --- -- .1:10 11.J3 and *02 1 "'I'll ld~'Il tieal with 0 102 OXCI'l()t (lugOi are flared out..,.,rd t.o 3}i" at the toe 
of flango.. 

aOarncg\o StooL Com,IaDY only. • IIIlno" Stool Company onl,. . 

• . 
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CHANNELS [ 
CAR BUILDING DIMENSIONS 

DIMENSIONS OF SECTIONS 

WoI.-.e flan.. W~..' ~-', I M~ 
~:' 1* WlcIdI I Thlolt_ T1II~k· ;;::. I f I I Mlfl. ' ClHl'· 1 Oa.1 I Gr'" fIllngl 

and f oot n .... p n_ a . 0 g~ h II Rly'" 
Dopib ~ r. n_ -------- ~----

\..bt, In. In. In. In. ~ In. In. In. In. I In. ~ _ '"_' _ 

50.0 4% Ys 
45.0 44 % 

C 20 40.0 4~ % 
13 31.0 4}oi % 

35.0 4)i % 
31.8 4 Ys 

50.0 4}1 " 
48.6 4711 ~ 

C 170 46.6 4 " 
12 44.5 4 % 

40.0 3~ % 
35.0 3~ % 

C 211 
7 18.8 4 

C200 
4 

" 
13.8 2» 

* 11).3 2}i ~ 
K2C19 9.0 2}l % 

3 7.1 2 % 
CCl93 6.5 l Ji ~ 
te21 5.8 1~ % 

C 221 
2% 3.9 IX 

" 

Ji 3% laYs I,. 2~ 
~ 3% 10Ys , ,, 2~ 

,. 3% l OY, 1.% 2~ 

U 3% laYs ' .% 2~ 
U 3% 10% ' .% 2~ 
,. 3% 10.% " , 2~ 

Ji 3% 972 IX 2~ 
hi 3% 97!a 1M 2~ 
% 3% 97!Z 1.!4' 2~ 
% l Ys 972 134 2~ 

" 3% 972 174 2).1 
U 3% 9M 134 2).1 

2 

,. 1% 
U 1% 
~ 1% 
H 1% 
7li 1% 

% 1 

1% " 
1% " 
1):{1 " 
1% J' 
1% " 

2 

!1 2~ 
~ 2~ 
% 2~ 
,. 2M 
JO 2» 
J> 2» 
!'> 2» 
% 2Y2 
!'> 2» 
~ 2M 
% 2» 
,. 2.J.i 

1» 

OagOll, g. are UlIual ~ta.odard gagOfl. but rna)' be va.rled It condltlona roquiro. 
GagOll g, are based on l~" edge distance (Ji" maximum rh"et). 

% 1 
% 1 
,. 1 
,. 1 
,. 1 
,. 1 

% 1 
% 1 
% 1 
% 1 
% 1 
% 1 

* ICI C 193 and • C 21 IU'e Identical with C 1112 except fla~ are tI~ out to 3J.i" Ilt toe or 
ftan gee. 

ICIOarn<lgie Stool Company only. +UUno!s Stool Oomp&nY only. 
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BULB ANGLES 
SHIP BUILDING 

~/.,,",\ .... 
. ,,- \, 

BA313 
'G- 34.7,32.3, 29.9 
'-, 27.2, 24.S, 22,4lbe • . , , , , 

-" 
BA312 

" 26 ~ 30.8,28.6, .4 
::',23.8, 21.6, 19.4Ibe. 

~ 

, , , 
.:-, 

BA311 
24.3.22.3, 20.0 
18.0, 16.0Ibs. 

BA310 
23.3,21 .4, 19 .2 
17.3,15.4Ibs. 

BA309 
21.1,19.3, 17.1 
15.3, 13.6I bs. 

-' 

BA308 
20.2,18.4,16.4 

... 14.7,12.9Ibs. 

-' 

WEIGHTS U NOERLINE: O CORRESPOND TO DIMENSIONS SHOWN . IN INCHES 
R A N G E OF WEIG H TS PER L.IN£AR FOOT 



BULB ANGLES 
SHIP BUILDING 

" " " 

,/01"_ , .... "" 

D 

' 0(, , 

.;..>: .... , BA307 
17.4,15.9, 13.9 
12.3, 10.71bs. 

, '«. 

" 

" .42 :~~, 

" ' ''Q tI 
• "< BA 303 

'. $/ 12.6,11 .3,9.8 
l' .'. 8.6,7.3 Ibs. 

of> ,"".,1) -

, 
/,'/~ v, BA ~06 

, 16.6, 15.0,13,2 
~~ 11.7,10. 1Ibs. 

~ 
/ v 1Cl" 

, .... ? "' SA 305 
1':' ~ ./14.9,13.5,1 1.7 
'I ,,}./ 10.3,8,91bs. 
.p. ~,' • 

.p. , '..'lo\) 

CAR BUILDING 

BA 125 ' 
19.3Ibs. ""to 

BA 123 
ii.9Ibs. 

, 
, ,\. 

BA124 
13.2 Ib8. 

WEIGHTS U N DERLINED (:ORRESPONO T O DIMEN SIONS SHOWN . I N I NCH ES 
• RANGE OF WEIGH TS P ER L 1N E-'R FOOT 

IClCarnegle Scool Company only. 

•• 

• 



06 

L BULB ANGLES ct 
SHIP I ELEMENTS BUILDING , , 

r' 

i . ' 
ELEMENTS OF SECTIONS r-H 

i.y.: 

...,., TlIIclcn ... ..'" "N , .. - W • ... ... "M~ '"' SeeUon I 5 , , I 5 , Y 
Nominal .. , ,., ,., ... ", ,.. ,.,' , .. , .. ,., ", , .. 

" 
,70 ,64 34.7 .. '" 125.6 23.4 3.51 4.69 6,8 2,' I 0.81 0,79 
.84 ,61 32.3 9.49 118.1 22,1 '.53 4.69 6,2 22 0.81 o,n 

BA 313 .58 .58 25,' 8.78 110.7 20,' 3.55 4.70 5,6 2.0 0.80 0.75 
10 X 3.Y!i .52 .485 27.2 7.98 102.9 19.6 3.59 ',80 5,1 1,8 0.80 o.n 
" ,46 .455 24,8 7," 95.4 18.4 3.62 4.82 4.6 1.6 

1
0

,80 
0.70 

. .40 .425 22,4 6.51 88,0 17.2 ',66 ',85 ',1 1,5 0.79 0,68 

,68 ,62 30.8 9," 90.1 18.2 3.16 4.11 6,' 2,2 0,83 0" 
,62 .59 28.6 a38 84.6 17.2 3.18 4.10 5.7 ~1 0" 0,. 

BA 312 .56 .56 26.4 7.74 79,0 1&.1 3.20 4.10 5.2 1.9 0.82 0.75 
9 x 331 .SO .'" 23.8 7.00 73.3 15.1 '.24 4.19 '.7 1.7 0.82 o,n 
" .44 .435 21.6 6.35 ,".7 14.1 3.27 4.21 4.2 1.5 0.82 0.70 

.38 .,os 19.4 5.70 62.2 13.1 3.30 '.22 3.7 1.' 0.81 0.68 

.58 .55 24.3 7.14 57.0 1<7 2.83 3.53
1 

5.2 1,9 0.85 0,,. 

BA 311 ,52 ,52 22,' 6.55 53,0 U,8 2.85 ',52 4,7 1,7 0,84 0.76 

8 x 3}i ,," ,43 "',0 5.87 48.9 11.1 2,89 3.61 I ' .2 1.5 0.85 o,n 

" ,40 ,40 lB,O 5,28 44,9 102 2.92 ',61 ',7 1,3 0.84 0.70 
.34 .37 16.0 ',70 "g g" ~95 3.62 3.3 1.2 0." 0.69 
.58 

1 55 
23.3 6.85 53.9 1<4 2.80 3.67 3.' 1,' 070 0 .. 

BA 310 
,52 ,52 21,4 6,28 SO,1 U,5 2," ',66 3,0 I,' 0.70 0,66 

8" 
,46 ,43 19.2 5,64 46.2 .. 8 2,86 '" 2,8 1,1 070 0,63 

" 
,40 ,40 17.3 5.07 42,4 10,0 2.89 3.75 2,4 1,0 0.69 0,61 
,34 ," 15.4 4,SO Ja5 9,2 2," 3,n ~1 0,90 0.69 059 
,56 ,54 21.1 6.19 37.5 9,2 2.46 <95 ' ,8 1,8 0,88 080 

BA 309 
,SO ,53 19.3 5,," 34,7 8,6 2,48 2.93 4.3 1,6 0.87 0.78 

7 x 3;" 
,44 .41 17.1 ." 3<0 ao 2.52 3," 3,' 1,' 0,88 074 

" 
,38 ," 15,3 , ,SO 29,2 7,' 2,55 3,02 3,4 12 0.87 0.72 ," ,35 13.6 3.98 2<4 ., 2,58 '" 3,0 1,1 0.87 0" 
,56 .54 20.2 5.91 35.4 g,O 2.45 3,08 3,1 1,3 o,n 0.69 

BA 308 ,SO ,53 lB,' 5,40 32,8 8,3 2.46 3,07 2,8 1,2 o,n 0.," 

7" ,44 ,41 16.4 4.81 30.2 7,8 ~50 3.15 ~5 1,0 0.72 0,64 
C ,38 ,38 14,7 ~30 27,5 7,1 2.53 3,15 2,2 0.93 0.72 0.62 ," ,35 12.9 3,79 24.9 6,5 ~56 3.15 1,9 0,82 ~" 0.60 

,52 .49 17.4 5.12 n7 8,3 ~1O 2.42 ,,' 1,6 0," 0,82 

BA 307 
,46 ,46 15.9 4.65 20,8 5,8 2,12 2.40 3,' 1,4 0,91 o,so 

6x3~ 
,40 .365 13.9 ',06 19.0 5,3 ~16 2.47 ,,' I,' 0.91 0" 

" 
,34 :: ~:~ 3.60 17.2 4.8 2.19 2.46 3.0 1.1 0.91 0.74 
,28 3," ~~ 2,6 . O,94 ~l.oE 

I _ ,:;:';'~~.. ' :;;-~ <h' ,.,,,,.~ o. -" 
o S",," , 
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~ BULB ANGLES L I SHIP BUILDING • • ELEMENTS 
r ' , , 
• , 
, 

ELEMENTS or SECTIONS .---H 

'" ...... """"- Weight .... ... aI. l·, ...... 2-2 ...... * • S ... W .. - 'M' "' .... I S , • I , Y ...... .. , 1. , •• u.. .. ' In.- .. ' •• . , . .. ' I.' •• ., . 
- --

.52 .49 16.6 .... 21.4 6.1 2.10 2.53 2.8 1.2 0.76 0.70_ 

B' 306 ... ... 15.0 4.41 " .7 ••• 2.11 2.51 B 1.1 0 .75 0." 
6,3 AO .365 13.2 3.87 17.9 5.2 2.15 2.59 2.2 0.91 0.75 0.64 

" .34 .33' n .7 U2 16~ 4.7 2.18 2.58 1 .9 0.80 0.75 0." 
.28 .305 10.1 2.97 14.5 ' .3 2.21 2.58 1.6 I 0.70 0.74 0.61 

.50 ... 14.9 4.37 16.1 ' .9 1.92 2.27 2.8 1.1 0.78 0.71 

BA 305 ... A3 13.' 3.94 14.7 ' .5 1.93 2.25 2.3 1.0 o.n 0.69 

5!4 X 3 .38 I .345 11.7 3." 13.4 ' .1 1.91 2.31 2.0 0.5 o.n 0.65 

" .32 .315 10.3 3.02 12.0 3.7 2.00 2.30 1.8 Q.15 o.n 0.63 
.26 .285 8.9 2.60 lG.6 3.3 2.02 2.28 1.5 0.65 0.76 0.62 

.48 ... 12.6 3.68 11.1 3.8 1.74 2.12 1.. 0.75 0." 0.61 

B.303 A2 At n .3 3.30 lU 3.5 1 .75 ao 1.3 0.67 0.63 0.51 

5x2}i .36 

I 
.33 9.8 U8 '.1 3.1 1.78 2.06 1.1 0." 0.63 0.55 .. 30 .30 8.' 02.50 U 2.7 1.81 2.03 0.97 0.49 0.62 0.53 

~. .27 7.3 2.13 7.1 2.' 1.83 2.01 0.81 0.42 0.62 0.51 --SooUonl .110 ... 0 in bold tJ'P'l baY<! thll nomInal ICllllth, ot web and 1\&11118 ... Ito tile thlcltn_ of 
IQm(l 01"0 Oqual or al>pl'O~hna.wly 10. 

, , 

BULB ANGLES !. CAR BUILDING , . 
I' 

, 

"""' -- WII;~I .... AaI. l-l .... .. 2-2 ..... "' • .. W .. FlIng. I 'M' S .. :1011 I S , , I S , y 
No""lIll 

In:a ----1--.;;:;- --I~ --Sh, . ,. In. ,---U;;:- In.- In.' . ,. ., . In." . In . 

BA 125 
--- - I- I-

.• 38 •• 38 19.3 5.66 20.8 7.' 1.91 2.39 7.9 2.' 1.18 1.23 
5x4}i 

SA 124 
5x3}i 

.375 .375 13.2 3.82 13.5 ••• 1.88 ,,22 3.3 1.2 0.92 0." 

SA 122 
4x3J.i .500 .500 14.3 4.21 B.7 3.7 1.44 1.65 3.9 1.5 0.96 0.99 

D 

I 
SA 123 .375 .375 11.9 3.48 7.' 3.5 1.50 l .n 3.1 1.2 0.94 0.94 
4 X 3

1
" I -- -

1:1 Carnosle Steel Oompan)' only, 



r 
•• 

ANGLES-UNEQUAL LEGS 
STRUCTURAL SIZES 

A29 
'410 'y. . 

BAR SIZES 

A40 
~ , %, 

A21 
.~ . 10 1 

PROFII .. ES S HOW M I NIM U M O IMENS I O N S I N INCHES 

R A N GE OF' TH ICt(N ESSES 
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,t L '\ . UNEQUAL ANGLES 
, j ---r ELEMENTS 

ELEMENTS OF SECTIONS 
:.,.~ \ , 

Thick· W .... .... "",.1·' All. 2-2 ,,",., .- .. , - .. • S S , .... ,~ ..... I , , I , , , ri, 

1-
, ... f-'":- .. , ", ,,' ", .. .. ... ", 

" " " 
1 28.9 8.50 29.2 7.8 1.85 2.26 7.2 2.9 <92 1.01 0.74 

" 27.3 aD3 27.8 7.4 1.88 2.24 6.9 2.7 0.93 0.99 0.74 
Yo 25.7 7.55 2 ... 7.0 1.87 2.22 8.8 2.8 0.93 0.97 0.75 

I " 24.0 7.06 24.9 6.6 1.88 2.20 6.2 2.4 0.94 0.95 0.75 
li 22.4 6.56 23.3 6.1 1.89 2.18 5.8 2.3 0.94 0.93 0.75 

"3)0 
% 20.8 6.06 21.7 5.6 1.89 2.15 5.5 2.1 0.95 0.90 0.75 '21 % 18.9 5.55 20.1 5.2 1.90 2.13 ~1 1.9 0." 0.88 0.75 

I 
% 17.1 5.03 18.4 4.7 1.91 2.11 4.7 U 0.96 0.86 0.75 
)i 1" 4.50 16.6 4.2 1.92 2.08 4.3 1.6 0.97 0.83 0.76 
h 13~ 3.97 14.8 3.7 1.93 2.06 .. 1.4 0." 0.81 0." , % 11 .7 3.42 12.9 3.3 1.94 2.04 3.3 1.2 0." 0.79 o.n 
)' 9.8 2.87 10.9 2.7 1.95 2.01 2.9 1.0 1.00 "" o.n 

" 19.9 ~84 14.0 4.5 1.55 1.86 3.7 1.7 0.80 0.86 0.64 
li 18.5 .,4 13.2 4.2 1.55 1.84 3.5 1.6 0.80 0.84 0.64 
% 17.1 5.03 12.3 3.9 1.56 1.82 3.3 1.5 0.81 0.82 0.64 
% 15.7 4.61 11 .4 3.5 1.57 1.80 3.1 1.4 0.81 0.80 0.64 

A24 
5 " 

% 14.3 4.18 lQ.4 3.2 1.58 1.77 2.8 1.3 0.82 0.77 0.65 
)i 12.8 3.75 9.5 2.9 1.59 1.75 2.6 1.1 0.83 0.75 0.65 
F •• 11.3 3.31 .. ~6 1.60 1.73 ~3 1.0 0.84 0.73 0.65 
% 9.8 2." 7.4 2.2 1.6t 1.70 2.0 0.89 0.84 0.70 0.65 
% 8.2 2.40 6.3 1.9 1.6T 1.58 1.8 0.75 0.85 0.68 0.66 

% 12.5 3.65 4.1 1.9 1.06 U7 1.7 D." 0.69 0.77 0.53 
% 11.5 3.36 3.8 1.7 1.07 1.25 1.6 0.92 0.69 0.75 0.53 
% 1<4 3.06 3.6 1.6 1.08 113 1.5 0.84 0.70 0.73 0.53 
)i 9.4 2.75 3.2 1.4 1.09 U O 1.4 0." 0.70 0.70 0.53 

A29 3.J..-j! x27j h 8.3 2.43 2.9 1.3 1.09 1.18 1.2 0.68 0.71 0.68 0.54 
). 7.2 2.11 2.6 1.1 1.10 1.16 1.1 0.59 "n 0.66 0.54 
% 6.1 1.78 ~2 0.93 1.11 1.14 "94 0.50 0.73 0.64 0.54 
l-i 4.9 1.44 1.8 0.75 1.12 1.11 "" 0.41 0.74 0.61 0.54 

)i 7.7 2.25 1.9 1.0 0.92 1.OS 0.67 0.47 0.55 0.58 0.43 
!, 6.8 2.00 1.7 0.89 0.93 1.06 0.61 0.42 0.55 0.56 <43 
r- 5.9 1.73 1.5 0.78 0.94 1.04 0.54 0.37 0.56 0.54 0.43 

A 33 "2 % 5.0 1.47 1.3 0.68 0.95 1.02 0.47 0.32 0.57 0.52 0.43 
l-i 4.1 1.19 1.1 0.54 0.95 0.99 0.39 0.26 0.57 0.49 0.43 
% 3.07 0.90 0.94 0.41 0.97 0.97 0.31 0.20 0.58 <47 0.44 

% 3.92 1.15 0." 0.44 0.79 0.90 0.19 0.17 0.41 0.40 0.32 
'48 ~xl 7! l-i 3.19 0.94 0,59 0.36 0.79 0.88 0,16 0.14 0,41 0.38 0.32 

% 2.44 0.72 0.46 0,28 0,80 0,85 0.13 0.11 0.42 0.35 0.33 

A 40 l ~ x Y8 % 1.32 0.39 0.071 0.081 0.43 0.49 0.022 0.035 0.24 0.24 0.19 
Yo 0.91 0.27 0.051 0.056 0.44 0.47 0.017 0.026 0~5 0.22 0.20 
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~ ,---~----""---, , , , , , , , , 

'" , , , , 
~ : . . 

' 'i; s ' : 
---2% .. ..... 

Yo 

ZEES 
• x 

r--~===1 
: -Yo ' ; " s ' : ---2'X ... · .... , , , 

"' -, , , , , ., 
;X , 

"" '---~=1 
: '?;, : 
, " : --- 3Ye ---- ... 
, , , 
'" -, , , , , , 

U 
/ , 

Zl 
y' toYz 

r .}. .. : 
I • 1 ' ... ---.!.3Y:---- ... ~ ---- 3Yz-- --..: , , ' .. -----3X---- ... 

• 
-1' 

f -- -~=1 
I tT~ s ' i 

~ (" - ,-_-'L-, 

! ---2'};,-- ..,.! 
i , , , , 

"' , , , , . , 
~ : 

, . I ' .. · ----3/;; ·--· ... 

, , 

" , ,. ' .. ' : 

Y.'. Z4 
~.IoX, '" , , , , 

~ i 

, hi ' .. ----~~---- .. 
• 

, , 

'" , , . ' X: -. , 
, " I ... ----3/.---- ... 

.'<: 
f --~~, 

" ';;, ' : 
---2%--- J 

, , 
, , 
1 -, . , .. ~ : 

:" --3!-;,--- ": 

~. 
Z8 

\ ,10 ~. 

~ , -, , 

'"" - , : 

PRO FILES S H O W ,..INI ..... UM DI MEN S I O N S IN INCH ES 
R A N G E O F THIC KNESSES 



" /' S 
Ii/ ZEES 

ELEMENTS ,.- - , 
/f ELEMENTS OF SECTIONS 

" 
, . 

.. , Ado l·' Alii 2-2 ..... 
Weigl'll .... 

"""" 
W • I S I S '''"' " .... """.- ,~ ... - , , , ... 

,~u 

... ... 
" 

... ,.' ,,' In." ... In.4 In." ... .. . 
' f> 3f> % 34.' 10.17 5O~ 16A 2.22 19.2 '.0 1.37 0.83 

Z 3 ' J1i 3% " 32.0 9.40 46.1 15~ 2.22 17.3 5.5 1.36 0.82 

'. 3% f> 29A 8.63 42.1 14.0 2.21 15.4 4.9 1.34 0.81 

' f> 3% " 28.1 '~5 43~ 14.1 2.29 16.3 5.0 1.41 0.84 
Z 2 6J1i 3% % 25.4 7A' 38.9 12.8 2.28 14.4 4.4 1.39 0.82 

• 3% % 22:8 .... 34.' 11.5 2~' 12.6 3.9 1.37 0>1 

'f> 3f> % 21.1 6.19 34A 11.2 2~' 12.9 3.' 1.44 0.84 
Z 1 ' J1i 3% » 18A 5~9 29.8 9.' 2.35 11.0 3.3 1.43 0.83 

• 3% % 15.7 4~9 25~ '.4 2~5 9.1 2.' 1.41 0-'3 

5f> 3% " 28A '~3 28.7 lU U' 14.4 4.' 1.31 0.76 
Z • 5J1i 3% l1i 26.0 7.64 2" 10.3 U5 12.8 4.4 1.30 0.74 

5 3% " 23.7 6.96 23.7 9.5 1.84 11.4 3.9 U. 0.73 

5f> 3% % 22.' '.64 24.5 9.' 1.92 12.1 3.9 1.35 0.76 
Z 5 5J1i 3% " 20.2 5.94 2U ••• 1.91 10.5 3.5 1.33 0.75 

5 3% % 17.9 5~5 19~ 7.7 1.91 9.1 3.0 1.31 0.14 

5% 3% J> 16A 4.81 19.1 7A 1.99 9.2 2.9 1.38 0.77 
Z 4 5» 3% % 14.0 4.10 16~ '.4 1.99 7.7 2.5 1.37 0.76 

5 3% " 11.6 3.40 13A 5.3 1.98 .~ 2.0 1.35 0.75 

4% 3% l1i 23.0 6.75 15.0 7.3 lA9 11.2 4.0 1.29 0." 
Z 9 4» 3% " 20.9 6.14 13.5 '.7 lA' 10.0 3.' 1.27 0:67 

4 3» % 18.9 5~ 12.1 '.1 lA' '.7 3.2 1.25 0." 

4% 3% " 18.0 5~7 12.7 '.2 1.55 9.3 3.2 1.33 0." 
Z , 4J1i 3% % 15.9 4.66 11~ 5.5 1.55 '.0 2.' 1.31 0.67 

4 3J1i J> 13.8 4.05 9.7 4.' U5 '.7 2.4 1.29 0." 

4% 3% % 12.5 3.66 9.' 4.7 1.62 ••• 2.3 1.36 0.69 
Z 7 4» 3% % 1O~ 3.Q3 7.9 3.9 1.62 5.5 I.' 1.34 0." 

4 3J1i % " 2.41 '.3 3.1 1.62 4.2 1.4 1~3 0.67 

Z12 3» 2l1i " 14.3 4.18 5.3 3.4 1.12 5.7 2.3 1.17 0.54 
3 2% % 12.6 3.69 4.' 3.1 1.12 '-' 2.0 1.15 0.53 

Zl1 3» 2U J> 11.S 3~' 4.' 3.0 1.17 4.' 1.9 1.19 0~5 
3 2" % ••• 2.86 3.9 2.' 1.16 3.9 1.' 1.17 OM 

ZIO 3» 2~ % '.5 2A, 3.6 2.4 Ul 3.' 1.4 1.21 0.56 
3 2% % '.7 1.97 2.' 1.9 Ul 2,' 1.1 1.19 0~5 



MISCELLANEOUS CAR BUILDING SECTIONS 
CENTER 51 LL SECTION 

1" --- 31/ ---- .. ~ , 
• I~ , coo 

~ ---- r· ~.~O~'~92~==t· :~ 
.050 ---. 

! B 112 
, 40.3Iba. , , , 

.' , , 
, 

~ 
; ~"~7:;3---~-J 

C--~-~-------!. -, 
... -------------7-------------..: . 

CAR BUI LDING BULB ANGLES 

.\. 
BA 125 

19.3Ibe. ",\,to 
---

BA124 
13.2Iba. 

PROF ILES SHOW OlMENSIONS IN INCHES 

l:lOa""'Sle Steel COmllallY only. 

.' 
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CAR BUILDING SECTIONS-ELEMENTS 

' .~ 
I 

~ • , , , 

:rl' f--- l . -- -~ . 
1;0- "-

1 I . I 

--'*' , 
" , 

W .... W"" T1II~k. Axla l-' Alb 2·2 

""'" 
. .., o. k . • ne .. of 

I~' \ 
I ... " 

,~ FlIIIIlI w. I , I , I S , , 
I. .... In.s I • I . I n.~ I. '". In.4 I.' I. I. 

CAR CENTER SILL SECTION 

B 112 12 40.3 11.72 3~,7 l ~!lt 1238.1 31.9 4.51 '.54 21.8 5.' 1.36 OA3 

CHANNELS·CAR BUILOING 
SO.O 14.66 4.412 .787 312..9 48.1 '.62 16.7 ••• 1.07 0.98 
4S.0 13.18 4.298 .673 292.0 44.9 4.71 15.3 '.6 1.08 0.97 

13 
40.0 11.71 4.185 .560 271.4 41.7 '.82 lU '.3 1.09 0.97 

C 20 37.0 10.82 4.117 •• 92 258.9 39.8 4.89 1~0 ' .2 1.10 0.98 
35.0 10.24 4.072 A47 250.7 38.6 4.95 lU '.0 1.10 0.99 
31.8 9.30 '.000 .375 237.5 36.5 5.05 11.8 3.9 1.11 1.01 

SO.O 14.64 4.135 .835 268.1 44.7 • .28 17~ 5.8 1.10 1.06 
48.6 14.22 4.100 ~OO 263.0 43.8 4.30 17.3 5.7 1.10 1.05 

C 170 12 46.6 13.62 4.050 .750 255.8 42.8 '.33 16.6 5.5 1.11 1.05 
44.5 13.02 4.000 .700 248.6 41.4 4.37 16.0 5.4 1.11 1.05 
40.0 11.70 3.890 ~90 232.8 39~ 4.46 14.5 ., 1.12 1.05 
35.0 10.23 3.767 .467 215.1 35.8 4.59 12.9 '.8 1.12 1.07 

C211 7 18.8 5.48 4.000 .350 42.9 12.2 aD 8.3 3.0 U3 1.23 

C2<lO • 13.8 '.00 2.500 .500 

" 
9.9 ••• 1.49 2.2 I.' 0.74 0." 

10.3 3.02 2.250 .625 3.' 2.3 1.08 1.16 0.76 0.62 0.73 

" C;' 
'.0 2.64 2.125 .500 3.1 2.1 1.09 0.97 0.68 0.61 0.71 

3 7.1 209 1.938 .313 2.7 1.9 1.14 0.71 0.56 0.58 0.68 !gCI93 
'.5 1.89 1.875 .250 2.' 1.7 1.17 0.63 0.52 0.58 0.67 ~ C21 
5.8 1.68 1.805 .190 2.' I.' 1.2<1 0.53 0.47 0.56 0.68 

CiP 2% 3.87 1.14 1.188 ~50 0.87 0.73 0.98 0.14 0.18 0.35 0.40 

BULB ANGLES·CAR BUILOING 
BA 12 5 19.3 5.66 ' )i ... 9 20.8 7.9 1.91 2.39 7.9 2.' 1.1 8 1.23 
BA 124 5 13> 3.92 3)i .375 13.5 '.9 1.88 2.22 3.3 1.2 0.92 0.86 

BA..!Z • 14.3 

" 
4.21 3)i .500 9.7 3.7 1.44 1.65 3.' 1.5 0.96 0.99 

BAl2 • 11 .9 3.48 3)i ~75 7.' 3~ I.SO I.n 3.1 12 0.94 0.94 

Protllo. or ChaM<)I! ani shown on pages 60 and 6t. 
- !CIO 193 and ~ 0 21 3l"C Identical with C 192 exccpttlangCII arotllLn".<.l out to3~" at the tQ(l of flangQ8. 

ICIOarnogio Steel Company only. ~ Illinois Steel Company only . 

. 
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MISCELLANEOUS CAR BUILDING SECTIONS 
HALF CENTER SI LL SECTION 

r-~---- --, , , , 
• , 
• , , , , 

N 

: , , , 
: 13/ 
, / 12 , , 
' ~ ' "], 

" 1--'--' '" , ~ :- : ; , , , , , , , , , 
: : : 
1 .:.. : 
: ~~ 
: ; tp 
: 
I : • 

! : :% y. ~: 
(Y" ~"".;+: --'-, --'-,.J 
, , 
.. ·-------4-----·· .... 

• z 26 
36.21 lba. 

SIDE PLATE SECTION 

. ----- . 
'1, . • , , , 
y. ~ , , 

'" }. q . ~ -,- 3 --. 
II ; 21 ' : ,-

: -. 
-~ 4--_ ....... .. .!..'. 

"" -H91·',u · . , ' 
, ' · ' 

~. ~~ 
" -• Z 28 ..... · -, . 

a.3Ibs. ' ' , ' 

:X I ' ' , : 
_.L.:t 

W SIDE PLATE SECTION 

~ ·-1 ~ - .. 

:-~~~~-;;; --------! 
: : r 'I. : 
,, ' '\:- .• :::t : I ,; _ 
: : " $ , 
, , ~ . ' ''2 ~ , ' t I" L .l ____ _ 

, , " I. ' 
: "---3~--- .IIl 
!o --- ··Ul--- - ..,f.-1.1,_. 

" . S 281 
9.83 Ibe, 

, 
--,. -i-1 
: : , ' , ' , : 
~ ..:. 

":.,;; .. , , , , , , , , 
_.L; 

SIDE POST SECTION 

1. tU--... :t--U 9 
"-1' ~u-"': , , . . , • 'I. .. 'A, , , , 1I ~-"'::: ~. , 

.~ .Z 27 , 
I .C?,..L 
' , 6.1 Ibs. 
I,J, :;;:!.1,. N 

: ' 1 ' : ~ 
--' 

~---rl,.- .J 

" 
PROFILES S H O W DIMENS I O NS IN INCHES 

....... ''''' 
w. thI 
~ 

,~. ,~ -.",. ..... 
• Z ,. 

'i~ 36.21 
. Z 28 8.30 
. z 27 3 .,0 
.S 281 7)j 9.83 

+nuoobl Sroel Company only. 

,,-
I 

All" ,·1 

' .. ' ,,,-:r-
10.65 276-10 
2-" '.53 
1.50 2.13 
2.89 11.26 

Alia 2-2 Sil In,· ... 

42.75 
1.81 4.48 
1.34 1.18 
2.70 8.94 

S 
... ' 

2.25 
0.58 
2.34 

J 



MISCELLANEOUS CAR BUILDING SECTIONS 

CAR DOOR TRACK SECTIONS 

a M 807 
3.20 Ibs. 

. . . . 
i:-'~~~. ==========::1 " , ., _J_", 

" , 7 ,-r 
... - --- -- ---- ----3 1,- --- - ----.- .. . 

DOOR SPREADER SECTION 

~ - - - - ' 4.,1 ' - . ---., 
, '._- ;0. 

.US I , , , , .. 
; a C210 . 

• !.. , 19.8Ibs, ,I ~:j:= 
.;:.:. , :J. !"" 7 :: 1;. , ~ : 7 ... -1 r. .- ..... I --- 3 X·- ---·t.; --1 '/.. -1 

~-- -'-. - - - - - - 7 ~ - - - - - -- .-- ~ __ .J 

BELT RAI L SECTIONS 

- 5133 
6.96 Ibs. 

- 5142 

7. 

7 , 8.3 Ib, • 
.... --1 r.,_--~1 ...... ----- 1'/.·---- ... , .. , " .. , ., aM 1038 

~-----6~.~6~I;b~.~. ___ ~· .. ~r-

I of \>1 
1 iV'.;- • ,t\"~ j t.-~---,~-'--' .. ~ , , 
~~ .. f ';_~ 

, ,---")' . . , , . 
t..o_ .-- ----- . - --· 4 -·-- · - - - ----.-)<1 

't, ' . :'11 , "'""'Yw,~ 
'-Ii - - ----- ----3 ~--- ----- - ---... 

PROFIl..LS SHOW DIMENSIONS IN INCHES 

DOames1e Steel Company onl,.. ,.llIlnoi l Ste(!l Compa..,. only. 



7. 

MISCELLANEOUS CAR BUILDING SECTIONS 

DRAW BAR AND DRAFT KEY SECTIONS 

" M 2625 
37.91bs, 

t, )f 
, , 
~-- --- -----6 -- -- - -- - . ..: 

- 5181 
31.1Ib,. 

, , , , 
.... _- -- ----5 -- - - - __ _ .oJ 

M 1850 
18.2 Ibs. 

(-%, ~ri· , '-.-=--------<- .. -- ~ 
~- _.' ---- 5 - - - - - - - . .: 

e M 2981 
9.2 lb • . 

~\. ~~1 
:"" --" 3', ---

M2150 
29.0Iba. 

~ )rf 
:... -- - - - - - - - 6 -- -- - - - - -..: 

a M 2626 
20.1 Ib,. 

a M 1851 
16.3Ibs. 

<-~. ):~i· 
~ --- ..... - 4 '/1- - - - - • ...: 

+5170 
13.6 Ibs, 

p~,t.£S SHOW DIMENSIONS IN INCHES 

DCamecie Steel ComlNony 9"1J'. • BUnol, ewel Company only. 
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• 

RAILS AND ACCESSORIES 



7. 
AMERICAN SOCIETY or CIVIL ENGINEERS- RAILS 

; .. --... 2 !( ........ 'j 

~-' )' ~ >" - ' -- ' - - " ~1 
.. " ....... ~._:I~ ....... j i 

~. 
10040 

I
· Yo , j 

! .. ~ 
1211 ~ ID 

--·'-··--f M; 
~ :: .- , .. 

, ~ ·~··-· ~······· I ··· i j 
• 13'" ~ 
: X ;:;'f : 

1-----::I:---'-"9,··t. ·l 
:,. ...............• -... ·5 %'······················-..: 

: 3~ 
·J~~f ~~ . ~ ; 
~~ :: 

_--"j'''''''''''' "- "" cd .. ~ . ,.;r~ ; 
: 1 .~ • 

".,-
6040 

'-----';----''''''--'! ... I .. I . 
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1 -."':: ..•. _"1 ' " ···· r - '. 

r" "1,- '!"I;': 1--' i .. ··~:· r & .~ ~ " ~ l'(' . !, -~ ... ~ ~J. ,~ L ~ .t - "" ' 1 : ~ . -- \ •. J .. 
; 1211 1. .. ¢> -"_ I 1211 - -:;:: -'X~ I ~~" ~~ : !f I ~" ~~ 

"840~ ··-:t:""-" 1 040 I ~ : 1 240 ~ .- ,' .. 1440 ~ .1>1 ~.I ;- I ; , .ro_ . .",j : . ....!IO: 0.1 

<::=f~~"'Lt ~' i ; ~s'ii ·' . ,.~I 
~"" ,.:.?J~ L.. ... -t% .. _. ": '- -·- 2 ·_····· .. ::,: :" ··--2){.---·"'=: 

PROFILES SHOW DI"'~SIONS IN INCHES 

*llllnoill Steel C ompan)' OI1!Y. 
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AMERICAN SOCIETY OF CIVIL ENGINEERS-RAILS 

8040 

......• $ :-
" ' • ......... 1·······1 /. i 
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! 

" ,., 
......... ~. ~ ! 

.. ~ . i 
".... C':l 'i ···'\"······.·· .. ·t· : 

. ,'3 ': 
: X .. '(' : I--___ --+ __ -'-'''''''' ... L .I 

, ;.. ········ __ ········ 5 ···· ... ........ . .. 

!'"····· 2 Y,s······ ""'! 
f ': 

% 
7040 

, .. ........ { 

;. : : 7540 

.}~ ··· ~····· ·if · l [ 
• <; .. 't ; 

!-----.J,-,---"' •. ".~ - .') - I 
~ ..... _.. 4% _ .. _----. ,.: 

% 
4040 

... . ·····- 3 >2 

,., 
..... f 

. -- --roo . -~ : 
" 13"'1 : , I ; 

: .k:: 
~ ~ '. }. -,,= 

... :-... ", -:f 1 : 
)(1 •. "' ~ : 

5 ", •. , . .. .. 
:" ', ',%.· .. As " _., ..... •...•. . j'r , 

a: ". ' 1*,~ : N _ , _ ~ , 

I d~ ;.~ Yu ' , -- T ~ 

1640 I \'I~ ":' ~ 
·- _ho...~ : 

T··' , 
.. -2 % ······· ·,.: 

3540 ~'!!~ 
...... ,,;flo 

;{ -"'" :::..~. 
:.. ..... 3%, .. _-...... 

..... - ..... 2Y. ' ...... ..: 

", --"'--1" 

• .'< 

'" 

.........•.. ~ 

.. ,:I : .' . . ,'",.§ ":" . 
- r , .• - __ J 

.-, 
• 
~ 

2}" . 
,., 

! -. 
3040 %~ '--: . .... ~ J~ 

I X6- _ .:." I 
:.. ···· ···· ··3 1 ..: ' 

• N 

" 

.. . -1% ·-" 
...•.. j .•. { 

'# . 
.- -\~ I 
)~ 
12 .",,"'" 

'~ I .. !JS o. p,"<:: ~ 
2540 '.i" -:- : .' _ ... _~~-t" 

I .. .... ~ : .'\ ..... 
:.. ·_·· 2%····· ·····,,: 

P ROFII-I<S SHOW DIMENSIONS I N INCHI<S 



8. 

AMERICAN RAILWAY ASSOCIATION- RAILS 

SERIES B 

r-- -- 2 %._---.., 
! 1""""'---2 ~i"--"': 

- .1 -- ,'---'----n -r l %. : I : 

\ :t~ : • , I 
~ X. --_.,":30 'i : 
\ ----····· ... ·--i : 

~. . : 
J<. 

10030 
12. -----1.-

, , 

: .. ~ 
~~ 
" ~ ; 

5 Ii' : . 
• ('oj ! : 

------~-·-r-··i ' 
, T ~: 
. X .,. ! !----_+-__ L~'''''f -_L.r 

'- -- ---- ----5 ~ ------------.-. ..i 

. 3530 

. 3030 

<> 841 

<> 4030 

4> 1230 

PROFIL.E5 SHOW D I MENSIONS IN INCHES 

.lUinot. Steel Company Quly . 



AMERICAN RAILWAY ASSOCIATION- RAILS 
SERI ES 8 

, 
• • '\ 

~ 
~4630 

P ROF'La S H O W D IMENS I O N S IN INC H ES 

$ IlJlnQia Steel Company only. 

., 
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AMERICAN RAILWAY ASSOCIATION- RAILS 
SERIES A 

10020 9020 

------.- 5~---·----· 

$ 6020 
.... _,~1""'" 

AMERICAN RAILWAY ENGINEERING ASSOCIATION- RAILS 

13125 

. , L ' 

... ·····-·············6 ·········-······- ~,.(. 
A \0' 

PROFI LES S HOW O I M~SIO"'S IN INC H ES 
• l llloot. Steel Coin!!"",. 011 ',.. 
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AMERICAN RAILWAY ENGINEERING ASSOCIATION- RAILS 

MISCELLANEOUS RAILS 

IC 15222 

---'0.%'-------- k • 

.... ;.r ······· 3 ··~ ····~-·--·-··-·-t"1 
IE 0 if, .K ,' 
• - I '- " 'l' 10 4fo, "''' "i' : 

- +Y" .. · .. "i I 
%- I .. _. J.~.!,_ ...•.. : ~ 

I 
; .x!: 

12722 j ~ i 
, .. Ie :: 

I ..-% ? 1! 
I. \.0' -+,~. ----"---+-' j ! 

%.-: .~j 

'3031 

i.. ·.··-··.------.··8 !{ --..... -.--.... .:. 

PROFII.~ S H OW OI ".IU>ISION S IN l N C H a 

CI Carnegie St«!l Company oniy. 
"Furnished only by spacial &rrangcmont. 



.< 

MISCELLANEOUS RAILS 

1C11522 

" I 1411 

10524 I ~-; " 
4 \0' ... ·r' ""--'~""-i""'- ~ : 

1 .. ... 5~ 
, -------- - 5"------- ----

___ .. 2~ • .. _ .. 
: ---2''U .. --i 

"r'" I % - 1"-''' - '''~! ., . , ~: 

~, L X "" ,'- "T' : " . ····-·'~·-· r ::J 

~10035 

I lr. ,i' 

"" ~, ; .!g!, .. , .. ~ i 

I \0 .. 1 
. ~ ~ :: 
. ··•· .. N-,···· t 1 , 3" ,~ . 

'1, .. ~ : 
'/" .:'r.; 

~ ···-···-·····5 ~ ... ·····-·····': 

PROFILES SHOW DIMENSIONS IN INCHES 

a Carnegie SI«!\ Company only . 
• IUlnoll S tool Companr only . 

... .. ............ 

! 

loX:' 
, ~ 

l< ' '(., : 
: i 
: : 



MISCELLANEOUS RAILS 

10031 

~. 

~9024 

... ·· __ ·····--··5 ·············· ..: 

CRANE RAIL 

C<9175-41 B 

:. .. --·.·.·-----···6 ·.·············· .. 

PROFILES SHOW DIMENSIONS IN INCHES 

ICI Carnegie Stool Cornllan), only. * nUnols Stoel Company (Inly. 
@Lorah} SWIC I Company only. 

e. 
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~ 
RAILS L ) 

AMERICAN SOCIETY OF 

ELEMENTS CIVIL ENGINEERS ;--- -f--t 

ELEMENTS OF SECTIONS i 
,..J...--- '------

Welgl\t - ]J ~". ... " WoO 
... Mis I-I '.m 

$ectlo~ 1-: " " " " ""' .. ..... 
Indo. ... ,"" .... H ... ,- .- , I S 

, .~ ,.' , .. , .. ,. ,. '" In.' ,.' 
A. S. C. E.- HEAVY RAILS 

1004' 10Q.4 9.84 5j4 ' j4 5~ ,. '.73 43.97 14.55 

904. 90.1 8.83 ' 5fi ' fi 5fi ,. 2.55 34.39 12.19 

854. 85.0 8.33 5,. ,,. 
' » ,. 2.47 30.07 11 .08 

804. 80.' 7.86 • ' li 5 » '.38 " .38 10.07 
754. 74.8 7.33 ' % ' li ' % li ' .30 22.86 9.10 

704. 69.5 6.81 ' fi ' » ' fi li '.22 19.70 819 .... 54.' '.33 ' » ' fi ' 1> li 2.14 16.90 7.37 

A. S. C. E.- LIGHT RAilS 

604. 60.5 5.93 ' )i ' li . )i li '.05 14.56 6.62 
554. 54.9 5.38 ' » ' )i ' )< li 1.97 12.03 5.75 

504. 49.7 '.87 31> ' )< 3;' I> 1.88 9.94 4.98 

'54' 44.9 4.40 3,. , 3,. I> 1.18 8" 4.25 

.04. 40.' 3.94 3li 1;' 3li li 1.88 6.57 3.62 

354. 35.1 3.44 3» 1~ 3» li 1.60 5.17 3.02 
304. 30.1 3.00 3)< I,. 3% » 1.52 '.06 '.53 
254. 24.4 2.39 ' j4 I» ' j4 » 1.33 , ... I.n 
204. 20.' '.00 ' % 1% ' % )i 1.27 1.94 1.43 
164. 15.8 1.55 ' % I» ' » )i 1.15 1.24 '.01 

.,440 13.7 1.34 ' » I» ' » )i 1.02 0.76 '.73 
1240 12.0 1.18 , 1 , » 0.96 0." '.63 

.,040 9.8 0.96 lU % l j4 » 0.87 0.40 0.46 
• 84. 7.' ' .n I,. l1i I,. % 0.75 0.26 0.32 

.lIIlnol, Stool Compa.ny only. 

. 
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l ) RAILS ~ AMERICAN RAILWAY T-- .-'- ASSOCIATION ELEMENTS 

• ELEMENTS OF SECTIONS 
,..j-----' '------

I Welghl N. ''''' ! Width .... W~ 
... .bII1·1 ..... ...... w • • • • """, . .... 

,~u 

I 
''''' ,~ ... .... 

I~ 
... "- , I I s . ... In." '". .. , . . '" ,.' ,.' 

A. R. A. SERIES 8- HEAVY RAILS 

10030 100.5 9.85 ' % ' % ' % " '.63 41.30 13.711 
9030 90.' 8.87 5.!4 '" ' % " U. 32.30 11.45 
8030 ".7 7.91 ' % ' h ' h " 2.27 25.10 9.38 

+7030 70.3 6.89 ." 2% ' J> % 2.16 18.60 7.79 

-
A. R. A. SERIES B-LIGHT RAILS 

• ~6020 59.8 586 '''' '% • ,., 2.13 15.41 .... 
~4830 48.0 4.71 ax ' J> 3h " 1.75 &90 .... 
>.530 45.0 4.41 ax , 3% " 1.75 8.75 '.46 
*4030 40.0 3.92 3" 1% m " 1.67 7.12 3.35 
>3530 35.0 3.43 3" IX 3 " U. '~7 3.03 

>- 30.0 '.94 3J> 1" ' % " 1.50 '.38 2.61 
*2530 25.0 2.45 ' 9> 1h ' % % uo 2.n 1.80 
>2030 20.0 1.96 ' % 1% ' X % U. 1.94 1.36. 
*1830 18.0 1.78 ' h 1" ' J> " 1.14 1.45 1.12 
>1530 16.0 1.57 ' h 1)l , X 1.13 1.31 0.99 

.'430 14.0 1.37 ' J> 1 1% % 0.92 0.76 0.66 
>1230 12.0 1.18 ' J> 9> 11{ " 0.91 0.66 0.60 
> 641 '.0 0.78 '1 ~ 9> 1% % 0.70 0.27 0~1 

A. R. A. SERIES A- HEAVY RAILS 

10020 100.4 '.64 • 2X 5% % 2.75 46.94 IMIl 
9020 90.0 '.82 5'-" ' % ' )l % '.54 38.70 12.56 +- ... , 7." ' )l '''' ' % % 2.31 28.81) 10.24 

• Illlnoll Steel Oompany only. -A. R. A. Serl ..... A Rail . 



.. 
.1. RAILS l ,J 

~-- -- ,-
ELEMENTS ELEMENTS OF SECTIONS 

J----- '-------

W,lgIrI ,,- 0 •• ..... ... W~ 

~ 
Am 1_1 

""'" .. • • • • "''''-,- M So,'" ... H~ ,- -- I 5 
---... '-' ,- , •. ,- ,- ,- ,.' ,.' 

AMERICAN RAILWAY ENGINEERING ASSOCIATION RAILS . 

13025 129.6 12.71 6li 2% 6 % 3.03 77.40 20.80 
11025 110.4 10.82 6% 2% 5)i % 2.83 57.00 1<7. 
10025 101.5 9.95 6 2% 5% % 2.75 .. 00 15.10 

MISCELLANEOUS RAILS 

15222 152.0 14.90 • 3 6~ % 3.50 13D.OO 29.00 
13122 131.6 12.90 7% 3 6 % 3.20 89.00 23.00 
13031 129.5 12.71) 6% 3 5)i % 3.09 72.60 20.60 

·13027 129.1 12.66 6% 2% 6 % 3.08 81.16 2U)3 
12722 127.3 12.48 7 3 6li % 3.10 83.70 21.so 

1C111523 114.6 11 .26 6)i 3 5» % 3.03 64.34 16.53 
1:111522 114.4 11.24 6)i 3 5» % 3.00 64.00 18.28 
+11036 111 .5 10.93 6)i 2" 5)i % 2.90 62.46 17.35 

10524 104.7 10.26 6 3 5)i % 2.68 49.86 15.96 
.,,035 100.5 6.85 5% 2% 5% % 2.53 42.20 13.31 

1:110032 100.1 9.B2 5% 2% 5% % 2.55 41.30 13.41 
10031 101.7 9.97 5% 2% 5 % 2.63 41.90 13.71 

• 9035 90.0 6.62 5% 2)i 5% )i 2.47 36.72 12.02 
• 9024 90.' 8.91 5% 2% 5 % 2.41 34.15 11.50 

CRANE RAIL 

1CI1P175-41S I 175.00 I 17.15 

I • I 
4% 

I 
6 

I 
l )i 

I 
3.02 

I n" l 
23.65 

·Furnishoo only by .peclallll'Tangeru&nt. 
aCamegie Stool Company only. 
+lUlno\JI Stool Company only. 
(!;l LoI"&!n Steel Company ooly • 

... . 
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SPLICE BARS 
AMERICAN SOCIETY OF CIVIL ENGINEERS 

S 10040 tG S 6MO SMWO lO 8 3040 S ZMO ,»<. 8 1640 \09 840 
. - . f •• & 

. rt.~~, 
t . . 

r~~ c, 'r':':; r" " ~ , 

dH' " i . mt :- n;r --- ~-

if 'i·t' : Lt"l ' JIoid.' - .'~. . 
• t'H-' . • • .i L ~ ;, lc , . 
; . u-' 

: .. ~!.l_ ! ~- ' . , . 1- : l b -.• .,/>.. , + Fl . : .... -,. f·G·",,,, ..... - -.• .---:'a '-' r .-- '- 'ti" 'i --0 ~ . ... . ~r-:.; ' . .-
' -l----c::---- 'i~:::-k_·-: ~I ~ 

,-
·---- 1I ·· .... .:.1~ 

1 W-'tM 

,;J~~.;J.;l;.l;~ ...... ,. Flit, • b ~ , .. ~ lInllnlllltd ...... , . , .. In. In. 

A.. S. C. E.- FOA HEAVY RAilS 

S 10040 15.8 3=:~ l ~&b 21~!I % 1 1~~2 ' 'I '.' l ~~s "iI, \I, 3" " S 9040 13.5 2~1 "' !.~ I ' .". I~ ' '>I. " 1l% ~8 .... ',", 21%S " S 8540 12.4 '" 1 ~~-' ~'i l !~ . I%~ 1%2 " 11 4~4 1" r-1u " s 8040 11 .5 2,. 117;'11, !!%: " .... 11'. %(1 'I % ". 
20/1 II. 

S 7540 10.7 2 .... , .... ..... "h~ %ft ' I%. 'li s IOy\U ~%, l'lAu 2~' l!, 1\. 
S 7040 10.0 2 1%, l Z~M 'I ~i. % '%, 1TiI, !I . I ' \~ ~~"2 1l 0l-1 2\, ~~. 

S 6540 9.' 2% 17:y6-/, '%, 2 ~i~ Ulb 1 I%.. >I, " 11,\(1 ,., 2'%Z 1\ . 

A. S. C. E.-.FOA LIGHT RAILS 

~ ::. ao 21;~ " .... .,~ ,. ' %0 ",. Yle ."" .... % 2; '1, \I 
7.' 2· ... 11%4 .". ,,., " "' II. .", \I 'I, 2~~ \I 

S 504 S.6 21,~e 11, ' %2 .'" " p~~ '%: \I " 
,., 2~. " ' S .54< ... 13J,.f.2 ,,., "', " ~~iH .'" I%~ I~~ .,., 1" , .... \I 

' S .00 5.0 1 G%.~ 3J,.f.: " ."" IIi:! "" '%: ' 10, >I. lI, ' 11 ... 
'S 354 ' .6 ' ,%, ',," '%. 1-.. II. 21~2 1I~ 2 "" .... 1" 12%_ ... 
'S~ 3.97 1 ~ ;~2 "" 'v,e '\1, II. ',," 1%: '%< " ... l ' Y1 e ~\ e 
· S 254 2.2Q " ,," " '%: lib %2 % 1>111 ~ 6'b ll .. .. .... 
' S 204 1.87 1,,,b % % '>I. .. . . .. .. .. .... ... 
· S 164 1.70 P %4,. 8 ~& I~~ '>I. . .. . .. .. .. .. .. . .. 

· .S144 .. 6 13.h I~b %2 II . .. .. . . . . . . 
.S 124 , .36 1'hl 1~2 .. , II, . . . . . ... .. . . . . .. . .. . . . .. 
·.S1G11 0.99 Hri lll .'" ~b " . . . . ... ... . . . . ... .. . .. . . . . . . 
· .S 840 0.75 t%s >I. %: 11, ... .. . .. .... ... . . . , 

, • lIllnW Stoel Company only. 
"Same .. SpUoe B .... tor A. R . A. Llgbt R..u.. o..eept Section Inde>::. 
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SPLICE BARS 
AMERICAN RAILWAY ASSOCIATION 

S 4630 A 
S 4530 to S 1630 

8 10030 S 9030 W S 7030 to S 3030 A to 

r--t·'.., t' ._(--, 83030 8253() 82030 8840 

'''~ '''r1\ r _1·. l,· 
Tjet,l;t i :j~~';; "kr-""~" '~<...... , H' ". " 1 i,:! .~ •... u"_ ; ~~i': ..... , ; ~'[i; , ill~':'- ... ,PL:--.. .,r..iE· " 
i i.H·,b- ! tot-';' b- ,~.' • "e: ... . l~ 
.: .. .. l· •• ..,~ ".1: 1,,;.; : .. 'l • "'f" , ...... " '1" ~ .. ~, ' ,. "".,. , "1" I' , I . ' -"'j' 1;,:;' M T 10;;- ·-t t~ ''L--'''~ 'fr - ,-- : lob-

:, .. ' .. '.' ............. ,..... "l'·_·", ·_ .... ' .. ',. ... 'l ~ L" 'r ... t . _j .... """ t· 
, L ~:::.,.:~ .. ,I) ," ~r t ;;, t ................ ~., ,J t...._ .• _ ...... ,. , ' 

w . ... 

,~ "" .. ~,~ b , d 'k g g' h , 1 
Ind .. Unftnlohod 

--,;;-"""" I. I •. I • . In. In. I •. I. I. I • . 

A. R. A, SERIES B-FOR HEAVY RAILS 

~ SlD030 

0$ 5 9030 
4>S 8030 
4>S 7030 

-S453O 
4>S4530A 
-S4030 

.S4030A 
053530 
.~, 
0S3030 

4>S3030A 
· S2530 

16.9 
14.4 
12.6 
11.9 

5,8 
4,5 
5,' 
3.74 
4,8 
3,06 
3.97 
2,96 
2,20 

A. R. A. SERIES B- FOR LIGHT RA.lLS 

~3~'8~ 1%.i. 3~ 1 ~ t;h R~~~I I ;h .. .. . 'J<. 1%, ~~ 
1 3~j,;~ 1%2 !lib ' 1ft . .. . .. .... .... .. ... .... ' .. 
'1S%. 31ffl2 

\; 1'%' 
' .. , ~%- 1%, ..... <1%28 II, %28 

' '%< , % ~~ ... . . . . .... . .. .. ... .. .. . .. .. , 

l ~~b ~1,~ ~%.t 'l\e II, ~%~ 'I', ... . so/&f, '%< J<. 
'12;b 1,& VUl 'lie ' .. ... .. , . . , .. ' ... ... 
l ~~b 2~~ ~'ie I%~ II, ll%~ tlJh . ., ."" " "" 1 11%~ ~%2 ."., "VIe ' ... . .. , ' ... .. ... ... ..... .. ... 
181,{w .. I ~b I~~~ %2 ,~, "., ..... 6~12 ..... .. . .. 

k , 
I. I. --' .. 

''', ". 
. . .... ..... 

" 1\, 
.. . ... . ... 
~*~ II, 

.. .. ... .... 
"'- 1\, 

.. .. .. ... .. 

... .. .. 

-'2030 1.87 11%2 ''', ". 1\, . . .. .. .... . . ... ..... . . ... ..... .. .. .. . ... .. .. 
. ·Sl 630 1.70 1~7iw 3%4 ltlw. II, 

I 
.. .. ... . .... .. .. .. .... . . . .. .. .. .. .. 

· S1230 1.36 lllb 11,1121 %2 \\, .. ... . ... . .. ' .. .. ... . . .. .. . .. ....... 
4>S 840 0.75 .", T/ie %~ 1,l2 .. , ... .. . ... . .. . . .. . .. , .. 

4> tulnols 81.«'1 Company only . 
• Carn(lglo SI.«'I Company USUI the A. S. C. E. Section Index for theee 8plloo Dan. 

1m 
I. 

9 
.. 
9 

6 
... 
6 

, 

6 



SPLICE BARS 
AMERICAN RAILWAY ASSOCIATION 

. I WIlIIht I 
Stcllon : per Foot, a 
Indp; I Uftllol l"'ecI 

Pound. I ilL 

I-b -I-c-'- I--' +-,_1 f , " I h I I k 1 I 

51 · ··J 
s:~ 

'5 ''1 
19.0 
18.6 
13.4 

In. In. In. In. ~f-,,"c.+c,O".-~,1;.- In. In. ~ 
A . R. A . SERIES A- FOR HEAVY RAILS 

3% 1 ~%, B~~2 % 1%, 1% 1%2 % 
3%2 P~h I~s 2%2 1%2 1%9 l' lAst 1%2 
22%9 11%2 % 21A19 5~hs 1l;i 1l%.. 8%. 

21A1, 1 1%2 3')~ " % 
%, I~~ YIO 3 1;'i8 
2%1 2%t 2%1 2% ,4. 

A. R. A . SERIES A- FOR LIGHT RAILS 

.5 6020
1 

10.6 122%4 12%. 4%<, % 2:jlH 1J.,S In'iu ~'!a8 6~hs ~~ t~u 2~ e %. 

tlUlnoIe Steel Qompany only. 

SPLICE BAR 
FOR 

~CRANE RAI L SECTION 175 No. 418 

<J;ILoraln St.eel Company only. 
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Jl SPLICE BARS $[J AMERICAN SOCIETY OF 
ELEMENTS CIVIL ENGINEERS 

,L . .~; 
, , . , 

ELEMENTS OF SECTIONS 
. ' 
~ .; 

~_" _. $M,HI_,~~ ___ . ..1 

\W_ ,- 0" .... 
~ 

.. ~ 
Ado 1_1 .... ,-.- W • • • ... -. "-- ,- ...... .- 0- - • II I IS --- . ---.... ", 

" " 
.. .. , . 

I ... • I ,,' 
A. S. C. E.- FOR HEAVY RAILS 

S 10040 15.8 , ... ' )( 7)( 3)0 )( 1.91 '143 5.ll2 
S 904a 13.5 3.97 • ' )( 3)( " 1.81 10.30 '.79 
S 854a 12.4 3." 3" ' )( 3li " ' .71 U3 '.02 
S 604a 11 .5 3.38 3" ' H 3li )( , ... 7.39 175 
S "" 10.7 3.15 3» ' » 3 )( , ... ' .02 3.28 

S 70" 10.0 2.95 3» 5)( 2)( " 1.61 5.62 115 
S "" " ~7I 3H 5H 2)( H US 4.85 <7, 

A. S. C. E.- fOR LIGHT RAILS 

S 604a U 2.47 3), 5H .2% H 1.51 ' .04 2.38 
S 55" 7.5 2.2! 3li 5)( 2» H 1.41 3.41 ~07 

S 504a •. , 1.95 2" ' )( 2){ " 1.31 2.n 1.74 
'S "" 5.8 1.70 2)( 4~~ 2» » ' .29 ... 
-S "" 5.a 1.47 2)( ' )( 2 » 1.27 ... 

' S 354a ,., 1.35 2» ' li '" )0 1.19 ... ... 
' S 304a 3.97 1.17 2)( • '" )( 1.10 ... ... 
'S 2540 2.20 a." '" .... ' » )( a.90 .... .. . 
-S 2040 1.87 a.55 ' )( .... ' )( " a.86 ... . . . . . 
-S ' 64a '.70 a." '" .... '" " a.79 .... . ... 

-.S 1440 ,.,. 0.40 '" .... '» " a.65 .. .. . 
-S 1240 1.36 0.40 '" .... '» " 0.65 ... .. .. 

- .S '04a a.99 0.29 ' li .... " )( 0.56 .. ,. 

-.S 84a 0.75 0.22 , .... )( )( 0.49 . ,. . ... 

+lIIlnoia Stool CQmpany only 
.SIUruIU Splloo Ban tor A. R. A. Lllht Raile:, ucept SectIon Indu. 
t W eigh t &Od area am given pet I.1n,gIO .... unnnW>od. 
: Momen t oI lDt)r'tia, I , iLIId 1IOCt1oo moduli ... , S, &l'e &lveu per p&1r of ban. 

I 
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JHtJ SPLICE BARS Jl AMERICAN RAILWAY ;-. - - - di 
ASSOCIATION ELEMENTS . , . , , , 

ELEMENTS OF' SECTIONS L ~_ .t 

l _____ w..~!!! _~t_s._ ___ •• ; 

fWlligflt t~. ."'" "". w .. U 
~1-1 ... 'rom ...... W • • • """ . . .. .-.... ,~ . - , ..... .- .- II IS , ... '-' ,- ,- ,- .. ,- ,.- ,., 

A. R. A. SERIES a- FOR HEAVY RAILS 

.5 10030 16.9 4.98 4)j 7j( 3» % 1.83 1<.3. 6.30 

.S 9030 14.4 4.24 3% 7l, 3» % 1.67 10.16 '.n 

.S 8030 12.6 .72 3% OS 3» j( 1.59 7.70 .,. 

.S 7030 11.9 3.50 3» 0» 3% j( 1.47 0.28 3.36 

A. R. A. SERIES 8- FOR LIGHT RAILS 

uS 5020 10.6 3.13 3li 6)j 2% % 1.52 0.22 ." 
-S 4530 5.0 1.70 2j( 4j( 2)j li 1.29 .... . ... 
.S 4530 A 4.5 1.31 2% 2» » .... 
-S 4030 5.0 1.47 2» 4)j 2 li 1.27 .. .. 
.S 4030 A 3.74 1.10 2)i 2 li ... ... 
-S 3530 4.6 1.35 2J.l 4)j 1% i' 1.19 ... 

.S 3530. 3.06 0.90 2)j 1j( » 
-S 3030 3.97 1.17 2% 4 1% ~. 1.10 .. . . .... 
.S 3030 • 2.96 0.87 2 1% » .. . . . ... 
-S 2530 2.20 0.65 1% 1J.l )j 0.90 . '" 
-S 2030 1.87 0.55 1" 1)j » 0.86 .. . . 

'S 1630 1.70 0.50 1% 1% » 0." .... 
-s 123<) 1.36 0.40 1» 1» » 0.65 .. 
.s 840 0.75 0.22 1 % )i 0.49 ... 

• 
A. R. A. SERIES A- FOR HEAVY RAilS 

.5 10020 19.0 5.60 4j( 8% 3» ~~ 2.02 21.30 7.88 

.S 9020 16.6 4.90 4» 7% 3% " 1.91 16.10 <36 

.s 8020 13.4 3.95 as 7 3% % 1.72 10.13 4.57 

·Carncglo Stool Company u_ tho A. S. O. E. Section Indo" for these Splice BI\l'II , 
• IllinoiS Stool COmpany only. 
6 A. R . A. ScrlCl'l A. 
fW<lIght and area are given per slngl<l bar unllnlahod. 
;Momoot or Inortla., I , a.nd .ecUon modulus, S. ar9 given per paU ot bats. 

. 
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RAILS AND SPLICE BARS 
DIMENSIONS FOR STANDARD DRILLING AND PUNCHING, IN INCHES 

d§~J 81e cp 2_ II % p;; cp d 
Ran .. 

Lb.~. YeL 

100 to 90 
851075 
70 10 70 
65 to 50 
45 to 40 
35 to 30 
25 to 12 
10 to 8 

.... 

I H~' I 
i .,,' 

:~ 
1 
1 

, " , ,', I " , ' 
Io'--f~---" I ,... ..... - • • ~ : ------+t---.·--: 
: • __ ... .... .... .,J.. ••• ~ .-- • • - • ..J - ·_ •• --b- -_· _· __ ···c -_··.. , , ' , ' .. ·---------------------------I .eogth· ··· -·--··--·--- --··- . - -. - -~ 

HoI,1n 
s,l1e, Bu • 

A. S. C. E.- HEAVY A. R. A. SERIES A- HEAVY ..... ... H m " . d • .. ... ... H m " 
10040 5 10040 
9040 S 9040 
8540 S 8540 

28%28 
2~ 1~'t28 
21~~ 
2\\, 
21~h8 

2' ''128 
2~%u 

2'''-
2~. 
1121,hsl 

"" 'II, 'II, 

10020 S 10020 
9020 S 9020 
8020 • 8020 

I lj 

"" 1)4 

8040 S 8040 
7540 S 7540 

7040 S 7040 2%4 IO%., 
6540 5 6540 l B~~ 1 ~ 

A. S, C. E.- LIGHT 

6040 S 6040 ' 11 11~h81 
5540 S 5540 l1 rNYi28 
5040 5 5040 1 ~%2 1 
4540 S 4540 14 1,'1. 
4040 S 4040 1T~'u8 

3540 5 3540 
3040 5 3040 
2540 S 2540 
2040 5 2040 
1640 S 1640 

1440 5 1440 
1240 S 1240 
1040 S 1040 
840 S 840 

l> 
l> 

% 
% 

4830 

4530 

4030 

3530 

3030 

2530 
2030 
1830 
1830 

"'" 

A. R. A. SERIES A- LIGHT 

A. R. A. SERIES B- HEAVY 

A. R.A. SERIES B---LlGHT 

.4530 

• 4~' 
• 4~. S 4~ .. 

• 4030 
• 403~' .3530 

• 3530' 
• 3030 
• 3030' 

• 2530 
• 2030 • 1830 .,830 .,230 

I ::: 

1230 S 123D 
841 S 840 

• 



CROSS TIES 

, 
2 

.1----- 1------1, 
; 

, - j 

12 

•• 

1
0t1P111 w ...... N-. ~.. =- .... '-,., J. Aakz.2 · = s.::... I:t s:c... r-,-"~T' I '_'-~ :... I I J _'_8_'_ ' , 1_'_ 

I~. Lbo. h.," _'_" _I~ In. I ,,,,' _I ~ _ ,,_ ~ h,. ' hI," In. 

e M 29 MO 24.0 7.01 1 5.0 8.0 .375 ' 35.4 1".3 2.25 2.38 1<8..,1 1.55 
e M 21 5.50 20.0 5.71 4,5 8.0 .250 30.9

1 

9.7 2.33 2.33 14.9 3.7 1.62 
ICI M2!5 4.25 14.5 1 4.10 4.0 B.O .260 13.0 5.5 1.78 1.88 1 6.1 2.0 1.22 
C M 24 3.00 9.4 2.n 3.0 4.5 I .203 I •. 2 2.5 1.24 1.32 2..9 I 1.3 , 1.03 

.... It ,. t ,.." 2-2 

' 1-'- 1-' ' -'-1-'-" -;:'-~-;':-i-C;:'--i-,~,;-4 ,.," .... II: I .. ' 1 .. 1 'n. 
ICi M271 2.39 12.4 
e M27 2..25 9.0 
C M2Q 2.00 6.0 
tiM1 S 1.50 I 4.2 

3.65 1 
"2 
l.n 

, 1.21 

5.5 I 7.0 
M 7_0 
4.5 ;'0 

3.' 1 ' .0 

I .391 1.63 0.93 0.67 
.250 1.28 0.79 1 0.70 
.188 1 o.n 0.51 0.64 

, .158 0.31 0.31 0.50 

,2 1 
1~ 

'2 .. 

1-
w_ hl_ --- ...... 1-1 ........ ~ • • -I.. Secllon ,~ .......... , , , 

,., ", ,.' 1-0.:-,. ... ,. , .. ---CM2S:1 ,. 3.25 1 0.95 41i .141 a068 all. 0.27 
ti M 19A ,. 2.50 0.74 'j( .125 10.034 aon a21 

ICI CamOgio St<;)ei Compa.ny ouly 

1.75 I ".8 I 5.9 2.39 
1.62 16.8 4.8 >53 
1.41 a4 ~8 2.22 
1.00 , 3.' 1.5 1.73 

.... ., 
" '_IS ~ -,-1--
.... I ... • , .. " ~ 

0.50 1,.94 1 0.82 1.43 
0.44 1.23 0.58 1.29 
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RAIL CLIPS 

., 
~ 
;No.1OO 
' U . ... 

r---T,------------;,"1 
'['~'''. :: ,# , : ~ 

Li[ ' . i i i, N.:l28 1 '-' l~:" " , 
: ' :-_. 

t·'hi' , - ~ -, .... _- : !, ~ 
.~ .. . , .. , .,-
i;-'l+ $f--r--:-I------------· .. -~ 

~.,.£ . .:..,. •. -: ---l~~'-"':"" 
~ ---------- 3K"----- __ .w 

',F' ! .. 
... >:i .. .., "' 
~;;'TiL, :! i _~f 

~.%," _.1 . .... ' ':· -- l\(,··-: :-.:--1~"'--..j 
... -- --- -·2W"-------..I 

". .. "" ...... 
w'''' f1nllllllll, ".- ....... ........ 

"35 73 1.27 
e l29 7,3 1.27 
ip128 5,0 0.87 
D'2O 5.5 0.81 

"'06 7,2 1.05 
e '04 7,2 1.02 
,,103 4,3 0.58 
",14 2.24 0.24 

--1 

.. 
~ 

. , , , · .. , ' .. ' ~ , , 
" • • · ' . · • .. , ' 

'~' ,',L, • • ~r.~ ;.- : .. : ~ 
:i"~ .. ~ 
- rv..,..,!.j:S. 'I,:.:.~ • 

.. ',..--- -1 'Jo\;. --- ~ 

Tie S«t""" 

Cllpt for 

"" ....... 
M 21, M25, M29 Girder Ralls, Screw Spikes 
M 21, M 25, M 29 Girder Rails, Screw Spikss 
M 21,M 25, M 29 100 to 60 lbs. A. R. A.-B. 

, 
~ No.lOO 
i ICI 
: 

M 18, M ZO, M 27 50 to 25 Ibs. A. S. C. E. and A. R. /4. 
M 21, M 25, M 29 100 to 60 lbs. A. S. C. E. 
M 21,M 25, M 29 100 to 60 Ibs. Angle Ban 
M21 , M25, M29 100 to 551bs. A. s. c. E. 
M24 50 to 20 lbs. A. s . c. E. 

Cll .... a n be f .. rnl. hod with ", ... .t.rd "%i' dl • ...w,r hot... or wi th 1101 ... of • ..,. .1 ... tonal. tent with 
~lon. but 11nl_ IJ>KI1!ully orde ..... dips will 1M 111 ... 1.011 ..... . hown. 

I!:IOacneg\e Sioel Company only. *IWnob! SWCI Company only. 



MISCELLANEOUS REGULAR MATERIAL 

Material outlined in this section, like that of the Regular 

Shapes section, may be had promptly from frequent rollings. 

.7 
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BARS ROLLED BY CARNEGIE STEEL COMPANY 

SQUARES 

D}w 
Sile 34" to 2", inc:lusin!, advancing by 64lla. 
Sise 2~" to 3~", incluah'e, advancing by 32da. 
Sizo 3"" to 5.li", inelullive, advancing by l6llu1. 

SqUIU'eII can a.11IO be rolled to decimal wmcll3iora, if 80 arranged. 
Squaretl ~" and . maller can be furnished ill coil8. 

ROUND CORNERED SQUARES 

OJ· ... 
Sile ri" to ~", inelUlive, radius of rounding !.II" 

""~ ~" to 15--''', " " " " ~'" Qve!' 21,"," to 1}i", " " " " W 
OWl' l}i" to l~", " " " " 34" 
Over 1%" to 5}i", " " " " "," 

Sizea Dot Iiated will be oorurideud. 
Weight. approximately lAme al Squal'H of cOlTellponding .ilea. 

ROUNDS 

Ol~~ 
Sise Y.(" to l~", inciUJIh'c, advancing by 64th •. 
BiUt IUA!" to 3M". inc]ush'c, advancing by 32d.. 
Size 3,," to 7", ineiuaive, advancing by 161h1. 
Sise 7>"" and 7Y.(". 

Rounds can also be rolled to decimal dimclIlIiOn8, if 80 arranged. 
Rounds Ji" and .maller eM be fum iahed in coils. 

HALF ROUNDS 

P 
81w 

Sile ~"to Ji". inclusive, advancing by 64th • . 
Size "" to l~", inclusive, advancing by 16tha. 
Size Z", Z~", 3". 

Weighu lin half the weights of Rounda of eorresponding diameuo.l1I. 

HEXAGONS 

O~s~ 
Si.e ~"to I"", inclusive, advancing by 32dl1. 
Sbe 1 ~" to 3,.", inclU8ive, advancing by 16th •. 



BARS ROLLED BY I L LINOIS STEEL COMPANY 

SQUARES 

DJSIA> 
Size 7.1:''' 10 "", illdu.ive, adnmcing by 3"-da. 
Size yg" to 2~", iDelusive, sdv/loeing by 16th •. 
Si~e 231;" to 37i", inclusive, advancing by 4lh • . 
Size ~"J !;W", PM", ~", CJ(.", ~", I~", 1)6", ll~", ll~", 

P!iJ", I'~", 2~1", 2:Y8", 4", 
Sile various decimals from .314 to 1.378. 
SiZe!! up to And including Jilt can be furnished in .::oilll. 

ROUND CORNERED SQUARES 

0181
./;0 

Size ~", Y8". 
Sizt 17i" to 3Ji", inel~ive. advancing by 8th3. 
Silt II"", 2"", 2~", a,,", 'I", 4%", 
2'1" Gothic round cornered equare. 

Weights approximately I!&lllC &II squarCII of corresponding IlizCII. 

ROUNDS 

QI .... 
Size I%." to 1%", inciuHivc, advancing by 64tM. 
Size l ~" to 5X", inclusive, advancing by 16tM. 
Silt~" to 6}i", inclUlli--c, advancing by 8thll. 
Sile 14JG", p~". 21~/I, 21"-", 5"", 6}ji". 

Silt variou. deeimBI. from .304 to 2.362. 
SizCII up to I"", incJU$ive, can be rurni$hed in coils. 

HEXAGONS 

OJs~ 
Size "" to ~". inclwJivc, advancing by 32d$. 
Size ~" to 3311", i nclUl!ivc, advlllicing by 16tha. 
Size '~", JiM'" '¥I", 1.418. 

Sizcs up to h", inclusive, Cilli be furnished ill coils. 
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ROLLED STEEL SLABS FOR COLUMN BASES 

The following rolled widths and thicknCS8CS arc stock sizes of 
rolled steel slabs for use as column bases. Selections (rom these 
sizes will facilitate manufacture and delivery. 

ROLLED SIZES 

AU dimensio[UI are given in inches 

14 .. 1~ '''' ... , 
Il J[ 1 28 xG),i 44 x S).i 

16][ 1~ 32]1: 3J.i .48 :II: 6J.i 
16 x 2 ' ''' " .. 
.,,' 36. , 

48 x 6}i 

20 x 2", 36.4Ji S2:a: 6 .,,' 62 x 6}i 
40 x 4J.i 

56 x 6}i '''' 40 •• 
24 x 2}i ... 7 
24 J( 3 ... 8 

All .w:., &re of open heatt.b. 1IteeI. 



USEFUL DATA, TOLERANCES, ETC. 

AREAS AND WEIGHTS, RECTANGULAR SECTIONS 

AREAS AND WEIGHTS, ROUNDS AND SQUARES 

TOLERANCES FOR STRUCTURAL SHAPES 

ECONOMY TABLES FOR CB SECTIONS 

10' 

• 
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WEIGHTS OF RECTANGULAR SECTIONS 
POUNDS PER LINEAL FOOT 

width, Tl>IeI<--, h,dI. 

_ '_ .... __ f-'\M"-I~Y,"-8 % ~ % ~ ~ ~ '.1e ~ I~ ,.. I~ Y8 lUi t 

lU 
IYo 
1 ~ , 
2)4 

' Yo 
2~ 

3 

3U 
3Yo 
3~ 
4 

4J> 
4Yo 
4U 
5 
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AREAS OF RECTANGULAR SECTIONS 
____ ~ __________ ----~SQUARE INCHES~ __ ~~ __ ~~~ __ ~ 

Thk:Iu>oIlt" lnelI .. WI(!th, 

''''-

1)< 
I» 
1~ , 
' )< 
'» 
2~ , 
' )< 
'» 
3~ 
4 

4)< 
47'2 
4% , 
S,!4 

'» 
S7i , 

7~ 
7» 
7% 
8 

8)< 
8» 
8~ 
9 

9U 
9» 
9U 

10 

.016 .031 .~7 .063 .078 .094 .109 .12 .141 .!~ .!~ .188 .203 .219 .234 .250, 

.031 .063 .094 .125 .156 '~88 .21 .25 I .~1 .313 .344 .37 .!~ .438 .469 .500 

.047 .094 .141 .188 .234 .281 .328 .3; .4", .46 '~51 .563 .0\1< .656 .703 .750 
_j~j~==n~~~. D~'. ~I~ 

.078 .156 .234 .313 .391 .46 .54 .62 .103 .181.85 .93811.01611.()9nl~f.25(J1 

.094 .188 .281 .375 .469 :56: .65 .7 .844 .9~1.0311.1251 1.2191 1.3131A06I~.500 

.109 .219 .328 .438 .54 .~~ .766, .87 .984I,.094" .2Q3I,.31311.42211.531 .641 ~ .750 

. 12' .~O .'75 .500 .62' .7501 .875II .OOlr .I~I '.'50I'.37J'.il.'~I'.7501''''L"000 

.141 .281 .422 .563 .703 .844 .9841.1251,.266r4061,.5471,.688" .82sI1.96912.109i2.250 

.158 .313 .469 .625 .781 .S381.0941.2501.4061.5631.n9~.875,2.031~.188~.344~.500 

.In .344 .516 .688 1 .8591.0311.2031.3751.5471.71911.891~.06312.234? 40612.5782.750 

.188 .375 .563 .750 .9381,.125I, .3131, .5(Mr .688I,.87512.06y.25012.43y .62y .al Y 000. 

.203 .406 .609 .81 3! .OI611.2'9,.4221,.62511 .82612.03112.23412.4382.M 1 ~.84413.047~.25O 

.2'9 .438 .656 .875 .0941'.313'.531 1,.7~1.969~.1882.40612625 12.8443.0633.281 ~.500 

.234 .469 .703 .938 .17211.4061.6411.675?10912.34412.5T812 a1313.()OH~.281 ~.5163.750 

.~o .500 . 750
1

'.000 12501'.'OOI1.750I'.OOl~0r,'.'OOI'"750I' OOOI'·~y500I'· 7504.000 
.266 .531 .7971.0631.32811.5941185912.12512.391 6562.9223.1683.4533.71913.98414.250 
.281 .563 .844 . 1 2511.4061.68811.9S91~ 25O?-5312.813:3.09413.375:3.65613.93814.2'91~.500 
.297 .594 .8911.1881.4841.78'12.07812.37512.67212 96913.~3.56313.B5914.15614.4534.75O 

.313 .62' .9381·'50I'·563 II·"l'~I' 5001'."'1' 12'I'·438I'·750I'.OO'l'"'75( '8YOOO 

.328 .656 .984 11.3'31'.64' I'.9692.297l62512.~5313.281 3.609 3.9384.26614.594~.92215.250 

.344 .6881,.03'1.3751,.71912.06312.40612. 750 3.09413.438r78114.1254.46914.81 3~. I 56 5.500 

.359 .71 9 1 1.07~,.438'.797~.'5612.5'612.87S 3.23413.594
1
3.953

1
4.31 3 4.672IS.03' ~.391 ~.750 

.'75 .75'1' .' ~l ·'OOI'''y'50I'"62yoool'·37'I'· 750( 12'14·50l "'I'"'50I'·62'I'·000 

.39' .78' 1" I 7211.563 1 1.953~.344?734i3. 12513.51613. 90614.29i~.688IS.07815.469~.859 6.250 

.406 .8'31,.219 1.625 12·03' I~·438c-844 13.25013.65614·06314.46914.87515.28t I5.68816.09416.500 

.422 .844 '.266 1.68812., 09~.531 12. 953:3.37513. 79714.219 4.64',S.06315.48415.90616.32816. 751) 

.438 .875r .31311. 750( 188l·62513.063i3·50013.938r ·3754.8' y.250

1

5.6886. I 25

1

6.563 7.000 

.453 .9oo ,.35911.813 ?26612. 71913. T 72 3.62SI4.01aI4.S3'~.984 5.43815.891~.344;S. 79) 1.250 

.469 .938 1,.406 1 1 .815 12.344 12.8'313.28' 13 . 15014.21914 .68815.'561 5.62516.094 16.5631.031~.500 

.484 .9691,.45311.938 2.42212.90613.391 3.81S14.35914.844 5.32815.8'316.29116.781 17.266 7.750 

.5°01'·COOI,·5oo,2.00l 2.500

1

3.000

1

3·500

1

4.00l S00s.0005.5006.0006.5001.0001.5008.000 

.S'611.C:!1 1.54112.063!2.5781 3.09413.60914.12S~.641 S.1 5C15.672!6.188!6.103j~ .219~ .734!8.250 

.531 1.063 '.S94~.12SI2.656i3.18813.7'9~.25014.781 S.313 5.844 6.37516.906t4387 .96918.S00 

.5471,.094 '.64' ,~: 18612. 73413.28'13.82814.37SI4.922IS.46916.01616.5631.1 09;7 .656,8.20318.750 

.5631'.' ~ 1.688~" .~01'"813I'·'7y~4.'OOI'·063I'·6251'·' 88i'. 75017 ."'17 ·"'18.438I~OOO 

.S78I,.'56 '.734 2.31 312.891 3.46914.04t e.62515.203IS, 781~.359 6.938t51618.094~.672i9.250 

.S94I,·188 '.781 .37512.969i3.563~.15614.15015.344IS.93816.S31 ~ .125?-719,8.313~.906e.500 

.6091,.219 ,.828t 43813.04 713.65614.26614.81515.48416.09416. 703~ .313r7 .9~8.53 1 ~.14' 1~.150 

.625 1.2S011.875 2.500.3.12S 3.7504.375 S.OOO,S.625.6.2SQ.6.87S.1.S00,8.1258. 750:9.375110.00 

• 
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AREAS OF RECTANGULAR SECTIONS 
SQUARE INCHES 
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w." .... 
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62 
6l 
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70 
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AREAS OF RECTANGULAR SECTIONS 
SQUARE INCHES 
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100 
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110 
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WEIGHTS OF RECTANGULAR SECTIONS 
POUNDS PER LINEAL FOOT 

\ ~I""" 
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74 

" 76 

71 
78 
19 
SO 

81 
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AREAS OF RECTANGULAR SECTIONS 
SQUARE INCHES - '-

n. 
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SQUARE AND ROUND BARS 
WEIGHTS AND AREAS 

Weight, "u. Weigh\, ,,~ 

Siz., I..ba. ..... Foot S-.. Inche. S"' Ll>L .... Foot $quare Inch" 
Indll. 

D 0 D 0 ,""- D 0 D 0 

0 3 30.60 24.03 .000 7.069 
U, .013 .010 .0039 .0031 "' 31.89 25.05 9.319 7.366 

It. .053 .042 .0156 .0123 li 33.20 26.08 9.766 7.670 
.120 .094 .0352 .0276 'I, 34.54 27.1 3 10.160 7.980 

~ 
.213 .167 .0625 .0491 U 35.91 28.21 10.563 8.296 
.332 .261 .09n .0767 '" 37.31 29.30 10.973 8.618 

t1 .478 .376 .1406 .1105 ~ 38.73 30.42 11.391 8.946 

'" .651 .511 .1 914 .1503 40.18 31.55 11.816 9.281 

" ~SO .668 .2500 .1963 " 41.65 32.71 12.250 9.621 

'" 1.076 .84' .3164 .2485 '" 43.15 33.89 12.691 9.968 
% 1.328 1.043 .3906 .3068 % 44.68 35.09 13.141 10.321 
% 1.607 1.262 .4727 .3712 % 46.23 36.31 13.598 10,600 

" 1.913 1.502 .5625 .4418 " 47.81 37.55 14.063 11.045 

~ 
2.245 1.763 .6602 .5185 'Ii 49.42 38.81 14.535 11 .416 
2.603 2.044 .7656 .6013 51.05 40.10 15.016 11 .793 

'''' ~988 2.347 .8789 .6903 '''' 52.71 41.40 15.504 12.1n 

1 3.400 2.670 1.0000 .7854 4 54.40 42.73 16.000 12.566 

~ 
3.838 3.015 1.1289 .8866 '" 56.11 44.01 16.504 12.962 
4.303 3,380 1.2656 .9940 li 51.85 45.44 17.016 13.364 
4.195 3.166 1.4102 1.1015 ", 59.62 46.83 17.535 13.m 

" 5.313 4.112 1.5625 1.2272 U 61 .41 48.23 18.063 14.186 

~ 
5.857 4.600 1.1221 1.3530 ~ 63.23 49.66 18.598 14.601 
6.428 5.049 1.8906 1.4849 65.08 51.11 19.141 15.033 
1.026 5.518 2.0664 1.6230 1{, 66.95 52.58 19,691 15.466 

" 7,650 6.008 2.2500 1,7671 " 68.85 54,07 20,250 15,9{)4 
'I, 8.301 6,519 2.4414 1,9175 

'-
70.78 55.59 20.816 16.349 

% 8.978 7.051 2.6406 2.0739 % 72.73 57.12 21.391 16.800 
% 9.682 7.604 2.8477 2.2365 % 74.11 58.67 21.973 17.257 

" 10.413 8.178 3.0625 2.4053 " 76.71 60.25 22.563 17.721 

"" 11.170 8.m 3.2852 2.5802 '''' 78.74 61.85 23.160 18.190 
% 11.953 9.388 3.5156 2.7612 % 80.80 63.46 23.766 18.665 

"" 12.763 10.024 3.7539 2._ '''' 82.89 65.10 24.319 19.147 

2 13.600 10.681 4.0000 3.1416 5 85.00 66.76 25.000 19.635 

~ 14.463 11.359 4.2539 3.3410 '" 87.14 68.44 25.629 20.129 
15.353 12.058 4.5156 3.5466 li 89.30 70.14 26.268 20.629 

'" 16.270 12.778 4.7852 3.7583 '" 91 .49 71.86 26.910 21.135 

" 17.213 13.519 5.0625 3.9761 U 93.71 73.60 27.563 21.648 

a 18.182 14.280 534n 4.2000 ~ 95.96 75.36 28.223 22.166 
19.178 15.062 5.6406 4.4301 98.23 77.15 28.891 22.891 
20.201 15.866 5.9414 4.6664 '" 100.53 78.95 29.566 23.221 

" 21,250 16.690 <2500 4.9087 " 102.85 80.78 30.250 23.758 
11, 22.326 17.534 6.5684 5.1572 

~ 
105.20 82.62 30.941 24.301 

% 23.428 18.400 6.8906 5.4119 107.58 84.49 31.641 24.850 
'lis 24.557 19.287 7.m7 5.6727 'U, 109.98 86.38 32.348 25.406 

" 25.113 20.195 7.5625 5.9396 " 112.41 88.29 33.063 25.967 

'''' 26.895 21.123 7.9102 6.2126 '''' 114.87 90.22 33.785 26.535 
% 28.103 22.072 8.2656 6.4918 % 117.35 92.17 34.516 27.109 
". 29.338 23.042 8.6289 6.ml ". 119.86 94.14 35.254 27.68& 

3 30.600 24.033 9.0000 7.0686 6 122.40 96.13 36.000 28.274 
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SQUARE AND ROUND BARS 
WEIGHTS AND AREAS 

Weight, ~ .. Weight, ~M. 

"". lbL .... roo, 5", ..... ,nell" ." Lb .. ..... root 
I Squat, '''"''" , ... 

0 I 0 0 0 
, ... hea 

0 0 0 0 -
6 122.40 96.13 36.000 28.274 , 275.40 216.30 81.000 63.617 

'" 124.96 98.15 36.754 28.866 ~ 279.24 219.31 82.129 64.504 
li 127.55 100.18 37.516 29.465 283.10 222.35 83.266 65.397 

'" 130.17 102.23 38.285 30.069 '" 288.99 225.41 84.410 66.296 

)( 132.81 104.31 39.063 30.680 )( 290.91 228.48 85.563 67.201 

'" 135.48 106.41 39.848 31.296 '" 294.86 231.58 86.m 68.112 

~ 
138.18 108.53 40.641 31.919 

~ 
298.83 234." 87.891 69.029 

140.90 110.66 41.441 32.548 302.83 237.84 89.066 69.953 

Ii 143.65 112.82 42.250 33.183 Ii 306.85 241.00 90.250 70.882 

~ 
146.43 115.00 43.066 33.824 

~ 
310.90 244.18 91.441 71.818 

149.23 117.20 43.891 34.4n 314.98 247.38 92.641 72.760 
% 152.06 119.43 44.m 35.125 ' ," 319.08 250.61 93.848 73.708 

)( 154.91 121.67 45.563 35.785 " 323.21 253.85 95.063 74.662 

l't 157.79 123.93 46.410 36.450 '," 327.37 257.12 96.785 75.622 
160.70 126.22 47.266 37.122 Ji 331.55 260.40 97.516 76.589 

'," 163.64 128.52 48.129 37.800 % 335.78 263.71 98.754 n.561 

7 166.60 130.85 49.000 38.485 10 340.00 267.04 100.000 78.540 

~ 169.59 133.19 49.879 39.175 ~ 344.26 270.38 101.254 79.525 
172.60 135.56 50.766 39.871 348.55 273.75 102.516 80.516 

'" 175.64 137.95 51.660 40.574 '" 352.87 277.14 103.785 81.513 

)( 178.71 140.36 52.563 41.282 )( 357.21 260.55 105.063 82.516 

'" 181.81 142.79 53.473 41.997 11 361.58 283." 106.348 83.525 

~ 184.93 145.24 54.391 42.718 365.98 287.44 107.641 84.541 
188.07 147.71 55.316 43.445 ;(, 370.40 290.91 108.941 8<563 

Ii 191.25 150.21 56.250 44.179 Ii 374.85 294.41 110.250 86.590 

'" 194.45 152.72 57.191 44.918 '" 379.33 297.92 111.566 87.624 
% 197.68 155.2& 58.141 45.684 % 383.83 301 .46 112.891 88.664 
% 200." 157.81 59.098 46.415 % 388.36 305.02 114.223 89.710 

Ii 204.21 160.39 60.063 47.173 " 392.91 308.59 115.563 90.763 

~ 207.52 162.99 61.035 47.937 '," 397.49 312.19 116.910 91.821 
210.85 165.60 62.016 48.707 % 402.10 315.81 118.266 92.886 

% 214.21 168.24 63.004 49.483 '," 406.74 319.45 119.629 93.957 

• 217.60 170.90 64.000 50,265 11 411 .40 323.11 121.000 85.033 

~ 
221.01 173.58 85.004 51 .054 ~ 416.09 326.80 122.379 96.116 
224.45 176.29 66.016 51.849 420.80 330.50 123.766 97.205 
227.92 179.01 67.035 52.649 '" 425.54 334." 125.160 98.301 

~ 
231.41 181 .75 86.063 53.456 " 430.31 337.97 126.563 99.402 
234.93 184.52 69.098 54.269 

~ 
435.11 341.73 127.973 100.510 

238.48 187.30 70.141 55.088 439.93 345.52 129.391 101.623 
;(, 242.Q5 190.11 71.191 55.914 444.78 349.33 130.816 102.743 

Ii 245.65 192.93 72.250 56.745 Ji 449.65 353.18 132.250 103.869 

~ 249.28 195.78 73.316 57.583 '" 454.55 357.00 133.691 105.001 
252.93 198.65 74.391 58.426 % 459.48 360.87 135.141 106.139 

% 256.61 201 .54 75.473 59.276 '," 464.43 364.76 136.598 107.284 

" I 260.31 204.45 76.563 60.132 " 469.41 368.68 138.063 108.434 
% 264.04 207.38 n.'" 60.994 '," 474.42 372.61 139.535 109.591 
% 267.80 210.33 78.786 61.863 % 479.45 376.56 

1

141

.

018 110.754 ... 271.59 213.31 79.879 62.737 '," 484.51 38t).54 142.504 111.923 , 275.40 216.30 81.000 63.617 12 489.60 384.53 144.000 113.098 



u. 
TOLERANCES FOR CB SECTIONS 

,c-- -.,.._ E .,.--..... _- J E , ---- I • ---, -- - --- --1' , -- -- -----" , 
- ----I--t , , 

I 
----- .. -- , , , , , , , , , 

I 
, , ; , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , I , , , 

C I 0 A C 0 A , 
! : , , , , , , , , , , , , , , , , , , 

I 
, , , , , , , , , , , , , , , , , --.. , , , "-- , , , .-- .I. __ :f" , , . -.-:....,. _______ _ ____ i , , , , , .-- . - ' ___ __ 1 , --- -- ____ _ ..t , -- J ' , --' __ ..J"_- , 

~-·~:-~-~~1- ----~~~~i , , , , , , . , 
~ 28 ± fe--i' . , , 2 16 I , , , , , , , 

B ----------~ Ii-------- --8---------i' ... --------_. 

ROLLING TOLERANCES 

A B C 
811;1;, D'~ 

WIDTR or C and D 
MAXIMUM E 

D,~ ,.,..." OUT or SQUARE 
DEPTH AT Wl':80" 

OR PARALLEL CEN'fE1l 
ANT POI NT 

OVER UNDER OVER UNDER 

Up to and 
W W )4" W' e minUll D Not more th8.ll Not more 

including 12" Not more than "" ~" over Donnal 
thlLll " " 

Over 12" W ~" W J>" C millWl D Not more than Not more 
Not more than .J1:" Mil over normal than ,." 

CUTTING TOLERANCES 
U,ro 

OVER 30' .. 0" SPEC IAL TOI,ERANCE6 S IZE , 30' .. 0", I NC/... 
DEPTII 

OVER UNDER OVER UNnER 

Bea1llll8" ~" plU4 ~" {or 
to ~" ,... each 5'-0" or fr&(ltioD ,... 

Where tolerancee an! ~hown all 24", inclusivo thereof above 30' .. 0" over, nothing under, the plus 

""'~ 7!;" plua ~" for tolenwoo applying to ordered 
over )j" W' eaeh 5'-0" or fraetion W' length is the 8um of the plus 
24" thereof above 30'-0" 8I\d minus toleranees shown 

in this table. 
Columns !A,i" plus ~"for 

.. I W' W' eaeh 5'-0" or fraetion W' 
SiZe!! thereof above 30'-0" 

Ends Out of Square : !.ti" per inch of depth or fiange width if greater thlUl depth. 
Allowance for Milling: For material which is to be milled onstomer should state on orderS whether 

one or both entb are to be milled, what allowanoo haa been made and whether we are to cut to 
standard or special tolerlUlCe!! as given above. 
We recommend for material to be milled that ordered lengtbe be made aa followa: 

For milling one end only: Finillhed length pJU3 %". 
For milling both entb: Finished length plue %". 

Camber and Sweep: ToleranCe!! for Bealll8: %" x total lengt~ (in feet) or 7!;" maximum. 
ten eat 

Where eeetiona are specified on ordere 8/1 eolumlllJ, the following toleranOOll will apply: ' 

Lengtbe up to 30'-0": %" x totallenRth (in feet}. 
ten feet 

Length! over 30'-0": Not over ~" tota\. 
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TOLERANCES FOR STANDARD BEAMS AND TEES 

.. -----8-----" I , , , ,-
, - ,----
i , , , 

'" , ! , , , , 
, ---' '---L='---==> 

t . __ r- '-
~ - - --
,:. , 

T + T'-C 

.. ------8 ----- ..... , , , , , , 
-.,0, ,,--- --1 

I + , , , , , 
'--__ J 

* Back of $q ..... a n d W. b to ... p ••• U.1 wha" m ...... .... t rw out of $qu ..... . 

ROLLING TOLERANCES 

-
A B C 

SIZE, DEPTII 
WI DTIIO r OUT or WE[UIIT 

D,~ FW.NOIUI SQUARIi ,. 
OVER UNDI:R OVE R UNDER PARAI..LEL Om UNDER 

3" to 7", w el ";" ~" Ji" li" l/," 
2~% 2~% 

8" to 14", mel li" ,"" ,"" ,"" per Inch 27i% 2J.i% of Flange 

15" to 24", Ind. ~" li" ,," ' J." Width 
2~% 2).i% 

CUTTING TOLERANCES 

U"" OVEII 10'-0" OVER 20'-0" OVER 30'-0" 0\"1:11. 40'-0" 
ro ro ro ro On:a 50'..()" 

Structural ... ~ 
IO'-O",INCI.. 20'.(1" , INcI., 3O'-O", INCI.. 4O'-0", INCI.., 50'..()" , I NC .... 

Om 

~" 

""' 
li" 

o 

O~. 

li" . " 
" 

NDE 

li" 

o 

OVER "" 
li" li" 

o 
Cold or Dot Sawing Off Square: 

Camber Tolerance _ ~" l[ 

OVER ~ OVJ!II UNDE! 

li" ~"" Ji" 

I" o 1.l4" 

~" per Inch of Depth. 
total length (in reet) .. 

fi ve feet 

~8" 

o 

OVER UNO E II 
'---

I" li" 
-

o 

Weight ToleranCfe ace baaed on each shipment conail!ting of carload lot. or (raction thereof of the 
nme figured or ordered weight per Lineal' Foot at the eaee nay be. 

• 



r 
'20 

S!u:, 
D E I'TII 

TOLERANCES FOR CHANNELS 

..:---- -, 
, , 
i , , , 
1 , , , , , , , t ____ _ 

... -- B-· ... , , 
: ' ~ I '-- - --.. -~=---! f --- --- r-

'----... p;;;:=>-, 
I 

, 
L ._ 
A--- .. 

T + T' - C 

ROLLI NG TOLERANCES 

A B C 
Dt: P'J'1I 

WIDTH OV QUTOI' 

FLASGE8 SqUAB!: 

'" 
WEIGHT 

OVER UNDER OVIOR USDER PAR.U.U:L Om UIW£l! 

3" to 7", Incl. ,"" );0" W W ,"" 27l1% 2.!1:% 
8" to 14/1, Incl. W ,"" W lU" 

per Ineh 
2.!1% 2)1% uf FllWge 

15" to 18", Ind. );0" Ys" W );i" Width 2)1% 2%% 

CUTTING TOLERANCES 

OVER 10'-0" OVER 20'-0" OVER 30'-0" OVf:R 40'-0" 
SIZE, 

U, ro 
10'-0", INC!" 

ro ro ro ro OVER 50'-0" 
D£PTiI 

OVER 

Structura.l ~" 

20'·0", INCa.. 30' .. 0", INc!'" 40'-0", beL. 50'-0", I NC!' 

IUNDI': OVER UND!: OVER UNDI': O~. NO' OVER UND!: 
--

~" %" %" %" %" %" %" }i" VB" 
Cold or Hot Sa.wing 011 Squ!l.re: 1,.(." per Inch of Depth. 

Camber TolerlUloo _}i" )[ total le:gthr(in foot). 
ve ect 

Ovt:R tuNDER 

1" VB" 

Weight TolerlWCeIJ an) baaed on each llhipment consisting of carload lots or ru.ction thereof of the 
same figured or ordere.d weight per Lineae Foot l1l:I the caae may be. 



TOLERANCES FOR STRUCTURAL ANGLES AND ZEES 

CC 
~ -- r -1 , , , , , ' 

f -- '; h 
, 'I " 
: " , " I. , I /1 
: I I 
B ' , 
, I I 

i \ ~ I 
, I f I 

: f~ ~ 
L_ ~i,-==~ ~ , , , 

1,, ________ B--------.... 

... ----B ·--· ... , , , ' 

'0 

~ 0 

~ , 

, 
, , , 
A , , , , 

Cf~---C------ : 

C
*--", ... _- __ - , ________ ____ .t 
, . , ... _- I 

~~--:-- : 
.... ------6-----., 

ROLLING TOLERANCES 

A B 
SIZE, 

LENO'1'lI 
OF LEG 

D EPTH or LENOTl! or C 
OUT Oil' 

SQUARE 

WEIOIIT 
G ... o£ SECTIOS or LEG 

OV£R NDE O~. NOE OVER UNDER OVER U~i'DER 

3" to 4", loci. AU )i" )i" W' OO" IYlioor%2S" 2.hl% 2hl% 27'.1% 2)1% 
- -

5" to 6", Incl. AU )i" )ji" Ys" W' per Inch of 2%% 2J1% 2);2% 2%% 
Leg Length --~ 

Over 6" All Ys" )ji" ,"" Ys" 2)1% 2J1% 2)1% 2)1% 

CUTTING TOLERANCES 

-
OVER 10' .. 0" OVER 20'-0" OVER 30'.(1" u,w S'ZE, w ro ro OVER 40'-0" 10'-0", INCL, 

LJ:SOTII GAGES 2O'-O",INCL, 30' .. 0", b.cL. 4O'-O",lscL, 
OF LEO 

OVER UNDE OVER UN DE O VER UNOE OVER ruSDE OV£I\ USDtal 
-~ -- -~ 

Structural AU Y4" 0 Y4" 0 ~" 0 1" 0 1%" 0 

Cold or Hot Sawing Off Square: 1)1 Degrees or ~b8" per Inch of l.eg Length. 

Camber Tolerance =),i" x totall~gth (in feet). 
JIve feet 

Weight Tolerances are bo.sed on each shipment consisting of carlon.d lots or fraction thereof of the 
sn.me figured or ordered weight per Linear Foot l1li the case may be. 

Longer Leg of Unequal Leg Angle determines size for Tolerances. 
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SURFACE IMPERFECTIONS 

Surface imperfections in structural shapes may be removed by 
chipping to a depth necessary to reach sound metal but not to 
exceed onc and ne-half (1.5) per cent of the nominal croBS sectional 
area. The depth f the chipping shall not exceed the following 
limits: 

~ inch deep In ba.ee me I which ill from 0.375" to 0.49\)" thick 

7fi" " "" " """ 0.500 toO.999 " / 
M" " "" " "" .. lOCK! tolOO!) " 
~ " """ " """ 2000 t03.5OO " 

After the imperfection ~as been removed, ins~ction must. be 
made by the mill mapectors ,nd may be made by luyer's inspector. 
Upon acceptance, weld metlil shall then be d itcd in the de-
pression and extend at least inch ahov the rolled surface. 
The deposited metal shall be ad throu out and be free from 
excessive oxides, non-metallic ioc usions d gaa pockets. It shall 
penetrate every recess in the base" meta and shall be thoroughly 
fused with it. along all surfaces and .Idges of fusion. Along the 
edges of deposit the weld metal sh41Y merge with a gradual taper 
into the base metal without rc-c96an projection (overlap). The 
base metal along the edges of tho'removeCi area shalt not be reduced 
in thickness (undercut) by ~elaing operatQr. 

After wclding, all me(al projecting abOve the rolled surface 
shall be removed by chipping or grinding to roduce a workman
like finish. 

CAMBERING OF CB SECTIONS 

The maximum camber at mid-length of beam that the mill can 
secure without crippling of the web is 2>1! inches. The maximum 
length that can be conveniently handled is 75 feet, but all the 
eections and weights cannot be furnished to this length. 

Cambering is subject to a plus or minus tolerance of Ys inch at 
mid-length of beam. 

~IINIMO}I LENGTHS AND MAXIMUli CAliBER 

..... MWIllU""~b Minimum Leacth Mi!limum Le"f1.b Mi!lillWm Leqtb 
Number /Of 2J.i" c..mber /"" rCamber fOf Hi" Camber IOf \" Camber 

-
cn 362 & en 332 47'-0" 40'~" 34'-0" 27'.1)" 
cn 361 &: cn 331 52'.1)" 43'~" 36'-0" 30'-0" 
CD 302 &: CD 272 5O'~" 43'~" 36'.0" 30'~" 
CD 301 &: CD 271 54'-0" 45'-0" 38' .. {)" 32'-0" 
en 243 &: CD 242 53'~" 45'-0" 38'-0" 33'..{}" 

CD 241 56'..()" 47'..()" 4Q ' .. {)" 34'.0" 

. 



SURFACE IMPERFECTIONS 

Surface imperfections in structural shapes may be removed by 
chipping to a depth neccSS3ry to reach sound metal but not to 
exceed one and one-half (1.5) per cent of the nominal cross sectional 
area. The depth of the chipping shall not exceed the following 
limit-s: 

~ inch deep in bMe metal which is from 0.375" to 0.499" thick 
~ " " 0.500 to O.99Q " 
U " 
H " 

" " " 
" " " " 

" 
" 

" " 1.000 to I.WO 
" " 2.000 to 3.500 

Arter the imperfection has been removed, inspection Illust be 
made by the mill inspectors and may be made by buyer's inspector. 
Upon acceptance, weld metal shall then be deposited in the 
depression and extend at least Va inch above the rolled suriacc. 
The deposited metal shall be sound throughout and be free from 
excessive oxides, non-metallic inclusions and gas pockets. It shall 
penetrate every recess in the base metal and shall be thoroughly 
fused with it along all surfaces and edges of fusion. Along the 
edges of deposit the weld metal shall merge with a gradual tapcr 
into the base metal without rc-entrant projection (overlap). The 
base metal along the edges of the removed area shall not be reduced 
in thickness (undercut) by welding operator. 

After welding, all metal projecting above the rollcd surface 
shall be removed by chipping or grinding to produce a workman
like finish. 

CAMBERING OF CB SECTIONS 

The maximum camber at mid-length of beam that the mill can 
secure without crippling of the web is 3~ inches. The maximum 
length that eun be conveniently handled is 75 fect, but all the 
sections and weights cannot be furnished to this length. 

Cambering is subject to a plus or minus tolerance of Ys inch at 
mid-length of beam. 

MINIMUM Lt:NOTIlS ANI) MAXUIUM CAMllt:1( 

Se«ion 100 .. 3W' J 3" 1 2}2" 1 2" 111 2" I " 

CD 362, 361, 332, 331, 302, 301, ) 

B IS~~,t!I.,. ~4~,. 2~~: ~~.I .. : ., ':1 55 

CB 213, 212, 211, 183, 182, lSI I 
163. 162, 161, 143, 142, 141 50 
122, 121, 102, 101, 82, SI ... . 

I!J, 3, 4, 7, S, 9, 10, 12 . ... . 

30 24 " 

July 25. 1005. Printed In U. S. A. 
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REVISIONS AND CORRECTIONS 

The following arc all of the important revisions and corrections 
made in the recent reprint of the 24th Edition of the Pocket 
Companion: 

Page 102. For Carnegie Floor Plate usc the same wcight-s as 
given for Illinois Multigrip Floor Plate of corresponding t.hickncss. 

Substitute t he following revised table of sizes for the Multigrip 
Floor Plate table. 

• S30D 

120 
120 
120 
120 
120 
120 
120 
120 

I 
I 

I 
I 

Ower U 
10 J. 

240 
240 
240 
240 
240 
240 
240 
240 

31toU 

480 
480 
480 
480 
480 
480 
480 
480 

0 ... 60 
,,~ 

480 
480 
480 
480 
480 
480 

. ..... 
w 

Sq. FOOl. ...... 
31 .65 
ZS.55 
?1.45 
18.90 
16.35 
13.80 
11.25 
B.70 

Page 185. In the paragraph "Web Sheaf Limited by Buckling" 
the second sentencc should read: The intensity of each of those 
stresses is equal to the 1/2 times tbe intensity of the vertical shear· 
ing stress. 

Page 306. Values for A/ S t _l in lower part of table for section 
Cll 81 should read .343, .349, .355 instead of 3.43, 3.49, 3.55. , 

Page 398. I n second line, formula should read j _ l _ ~ instead 

of j _ l_~. 

Page 430. The values givcn in thc last line of thc table arc 
Moment of Incrtia and not Section Modulus. 

Page 438. I n Item No.3 lhe formula should read P -+- f~ instead 
of f~ + K 



EXPLANATION OF TABLE OF 

ECONOMY OF CB BEAMS BY SECTION MODULUS 

The tables on following pages list en Sections for the given 
section modulus in the order of the most economical sections for 
various depths. Efficiencies decrease from left to right across the 
page. 

The section modulus in the first column is the maximum for 
the beams listed in that line. When a desired section modulus lies 
between two adjacent values shown in the table, use the line of 
higher value. 

Only the most economical shape of equal or higher section 
modulus is shown for any given depth. No depth is given whose 
most economical shape is surpassed in economy by a beam of less 
depth. In general, the shapes given under the heading "First 
Selection" are the most economical. There are, however, cases in 
which deeper beams of equal economy are available. If the "First 
Selection" is too deep for framing, use the next selection in that 
line which has a suitable depth. It will be the most economical 
eB Section for the given conditions of required strength and 
depth. 

EXAIIIPLE. Select II beam for IleCtion modulus of 150 with depth not over 17 
inches. 

In the table, oppollite the next higher eection modulus, namely 150.6 we fiDd 
that C8 2 11 x 73 ill the m08t economical section but Bince the depth must be 1_ tlmn 
17 inchelJ, we find under oolumn "Third Selection" that CB 163 x 88 ia the proper 
one ta UIIe. The actua.i depth of thill section ia 16.16 inchea and the IICCtion modulus 
151.3 inehfJll'. 

All beams are to be secured against lateral deflection, 

>0. 

• 



ECONOMY OF CB BEAMS BY SECTION M O DULUS 

"' .. CB SECTION- INDEX AND WEIGHT !':EM rOOT 

MocI~UI, -
,,~ ...... Third ,.- "" I S"" Inch.' 

Stieclion "''''''' "'~ .. "'~ .. "'- Selection 
-- ---
1105.1 CB 362 )( 300 
1031.2 CB 362 x 280 

951.1 CB 362 x 260 
911.7 CB 362 x 250 
873.6 CB 362 x 240 
835.5 CB 362 x 230 
811 .1 CB 362 x 230 CB 332 x 240 
740.6 CB 332 x 220 

7GU CB 332 x 21'0 
669.6 C8 332 x 200 
663.6 CB 361 x 194 CB 332 x 200 
649.9 CB 361 x 194 CB 332 x 200 CB 302 x 210 
621 .2 CB 361 )(182 CB 332 x 200 CB 302 x 210 
611.6 CB 361 x 182 CB 332 x 200 CS 302 x 200 
586.1 CB 361 II: 182 CB 302 x 190 
579.1 CB 361 )( 170 CB 302 II. 190 

555.2 CB 361 x 170 CB 302 If 180 
541.0 CB 361 )( 160 CB 302 )( 180 
528.2 CB 361)( 160 CB 302 It 172 
502.' CB 361 1150 CB 302 )l172 
492.8 CB361x150 CB 302 x 172 CB 272 x 177 
486.4 CB 361 x 150 CB 331 x 152 CB 302 x 172 CB 272 x 177 
452.9 CB 361 I( 150 CB33Tx152 CB 272 x 163 
446.8 CB 331 It 141 CB 272 x 163 

427.8 CB 331 x 141 CB272xl54 
413.5 CB 331 I( 132 CB 212 x 154 CB 243 x 160 
402.9 CB 331 )(132 CB 272 x 145 CB 243 x 160 
385.' CB 331 x 132 CB 272 x 145 CB 243 x 150 
385.1 CB 331 x 125 CB272x145 CB 243 x 150 
379.7 CB 331 x 125 CB 301 x 132 CB272x145 CB 243 x 150 
358.6 CB 331 x 125 CB 301 x 132 CB 243 x 140 
354.6 CB 301 x 124 CB 243 x 140 

330.7 CB 301 x 124 CB 243 x 130 
327.9 CB 301 x 116 CB 242 x 130 
317.2 CB 301 x 116 CB 242 x 130 CB 213 x 142 
299.1 CB 301 x 108 CB 271 x 114 CB 242 x 120 CB 213 x 142 
294.' CB 301 x 108 CB 271 x 114 CB242x120 CB 213 x 132 
2n.2 CB 271 x 106 CB 242 x 120 CB213x132 
274.4 CB 271 x lCfi CB 242 x 110 CB2131(132 
272.5 CB2nxl06 CB242xl10 CB 213 x 122 

255.3 CB 271 x 98 CB 242 x 110 CB 213 x 122 
249.6 CB2n x 98 CB 242 x 110 CB213x112 
248.9 CB 271 x 98 CB 242 x 100 CB 213 x 112 
239.0 CB2n x 98 CB 242 I( 100 CB 213 I( 112 CB 183 I( 124 
233.2 CB 271 x 91 CB 242 I( 100 CB 213 I( 112 CB 183 x 124 
220.9 CB 271 I( 91 CB 241 x 94 CB 213 x 112 CB 183 x 124 
220.1 CB 271 I( 91 CB 241 x 94 CB 213 x 112 CBI83xI14 
216.0 CB 271 I( 91 CB 241 x 94 CB 213 x 112 CBI83xI14 CB 145 x 136 

213.1 CB 271 x 91 CB 241 x 94 CB212xl03 CB 183 x 114 CB 145 x 136 
204.3 CB 241 x 67 CB 212 x 103 CB 183 x 114 CB 145 x 136 
202.0 CB 241 I( 67 CB 212 x 103 CB 183 x 105 CB 145 I( 127 . 
197.4 CB 241 x 67 eB212x 96 CB 183 I( 105 CB 163 x 114 CB145x127 

. 



ECONOMY OF CB B EAMS BY SECTI ON M ODULUS 
-

"" .. I C8 SECTION- INDEX AND WEIGHT PER rOOT 

Modul ... -
I""'''' 

,,~ ..... Thl.d ,,- r<. ". Sell<tion ... ~ .. Selection Selection .. ~ .. SIII,",ion 
--- --

189.4 Gil 241 x 87 CB 212 x 96 CB 183 x 105 CB 163 x 114 CB 145 x 119 
185.8 CB 241 x 80 CB 212 x 96 CB 183 x 105 CB 163 x 114 CB 145 x 119 
184.4 CD 241 x 80 CB 212 x 96 CBl83x 96 CB 163 x 114 CB 145 x 119 
182.8 CB 241 x 80 CB 212 J[ 89 CBl83x 96 CBl63x114 CB145x119 
181.7 Cs 241 x 80 GB 212 x 89 CBl83x 96 CB 163 )( 105 GB 145 x 119 
176.3 CB 241 x SO CB 212 x 89 CBl83x 96 CB 163 x 105 CB 14511; 111 
170.4 CB 241 x 74 GB 212 x 89 CBl83x 96 CB 163 x 105 CB145xlll 
168.0 CB 241 x 74 CB 212 x 82 CB1S3x 96 CB 163 J. 105 CB145xlli 

166.1 CO 241 x 74 CB 212 x 82 CB 183 x 96 CB 163 x 96 CB 145 x 111 
163.4 CB 241 x 74 CB 212 x 82 CB 183 x 96 CB 163 x 96 CB 145 x 103 CB 124 x 12£1 
156.1 GB 241 x 74 CB 212 x 82 CB 182 x 85 CBl63x 96 CB 145 x 103 CB 124 x 120 
151.3 CB 241 x 74 CB 212 x 82 CB 182 It 85 CB 163 x 88 CB 145 x 103 CB 124 x 120 
150.6 CB 211 x 73 CB 182 x 85 CB 163 It. 88 CB 145 x 95 CB 124 x 120 
144.5 CB 211 It. 73 CB 182 It. 85 CBl63x 88 CB 145 x 95 CB 124 It. 106 
141.7 CB 211 x 73 CB 182 It. 77 CB 163 x 88 CO 145 x 95 CB 124 x 106 
139.9 CB 211 x 68 CB 182 x 77 CB 163 It. 88 CB 145 x 95 CB 124 It. 106 

138.1 CB 211 It. 68 CB 182 It. 77 CB 145 x 87 CB 124 It. 106 
134.7 CB 211 It. 68 CB 182 x 77 CB 145 It 87 CB 124 x 99 
130.9 CB 211 It. 68 CB 182 x 77 CB 144 It 84 CB 124x 99 
128.2 CB 211 x 68 CB 182 x 70 CB 144 )l 84 CB 124)( 99 
127.8 CB 211 It. 63 CB 182 It. 70 CB 162 x 78 CD 144)l 84 CB 124 x 99 
125.0 CB 211 It. 63 CB 182 x 70 CB162x 78 CD 144)l 84 CB 124 x 92 
121.1 CB 211 It. 63 CB 182 It. 70 CB 162 )( 78 CB 144 It. 78 CB 124 It. 92 
119.3 CD 211 It. " CB 182 It. 70 CB 162 x 78 CB 144 x 78 CB 124 It. 92 

11 7.0 CB 211 It. " CB 182 It. 64 CB162x 78 CB 144 )l 78 CD 124 It. 92 
11 5.7 CB 211 x " CB 182 It. 64 CB 162 It. 71 CB 144 It. 78 CB 124 x 85 
112.3 CB 211 x " CB 182 It. 64 CB 162 It. 71 CB 143 II: 74 CB 124 It. 85 CB 103 x 100 
107.1 CB 211 x " CB 182 x 64 CB 182 Jt 71 CB 143 x 74 CB 124 It. 79 CB 103 x 100 
104.2 CB 211 It. " CB 182 x 64 CB 162 It. 64 CB 143 It 74 CB 124 It. 79 CB 103 It. 100 
103.0 CB 211 It. " CB 182 It. 64 CD 162 It. 64 CB 143 It 68 CB 124 It 79 CB 103 It 100 
99.7 CB 211 It " CB 182 It .. CB 162 It 64 CB 143 It 68 CB 124 It 79 CB 103 It 89 
98.2 CB 181 It 55 CB 162 It 64 CB 143 It 68 CB 124 It 79 CB 103 It 89 

97.5 CB 181 It 55 CB 162 It 64 CB 143 It 68 CB 124 It 72 CB 103 It 89 
94.1 CB 181 It 55 CB 162 It 58 CB 143 It 68 CB 124 It 72 CB 103 It 89 
92.2 CB 181 It 55 CB 162 It 58 CB 143 It 61 CB 124 It 72 CB 103 It 89 
89.0 CB 181 It 50 CB 162 It 58 CB 143 It 61 CB 124 It 72 CB 103 It 89 
88.0 CB 181 It 50 CB 162 It 58 CB 143 It 61 CB 124 It " CB 103 It 89 
86.1 CB 181 It 50 CB 162 It " CB 143 It 61 CB 124 It " CB 103 It 77 
85.8 CB 181 It 50 CB 162 It " CB 143 It 61 CB 123 It 64 CB 103 It 77 
85.0 CB 181 It 50 CB 162 It " CB 142 It 58 CB 123 It 64 CB 103 It 77 

82~ CB 181 x 47 CB 162 It 58 CB 142 x 58 CB 123 x 64 CB103x 77 
80.7 CB 181 It 47 CB 161 x 50 CB 142 It 58 CB 123 x 64 CB 103 It 77 
80.1 CB 181 It 47 CB 161 x 50 CB 142 x 58 CB 123 x 64 CB103x 72 
78.1 CB 181 x 47 CB 161 x 50 CB 142 It " CB 123 x 58 CB 103 x 72 
77.8 CB 181 x 47 CB 161 x 50 CB 142 It 53 CB 123 x 58 CB 103 x 72 
73.7 CB 181 x 47 CB161x 50 CB 142 It 53 CB 123 x 58 CB 103 It 66 
72.4 CB 161 x 45 CB 142 x 53 CB 123 x 58 CB 103 It 66 
70.7 CB 161 x 45 CB 142 x 53 CB 123 x 53 CB 103 x 68 

70.2 CB 161 It 45 CB 142 x 48 CB 123 x 53 CB 103 x 66 
67.1 CB 161 It 45 CB 142 It 48 CB 123 It 53 CB 103 x 60 
64.7 CB 161 x 45 CB 142 x 48 CB 122 It 50 CB 103 x 60 
64.4 CB 161 x 40 CB 142 x 48 CB 122 x 50 CB 103 x 60 
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ECONOMY OF CB BEAMS BY SECTION MODULUS 

..... CB SECTION-tNDEX ANO WEIGHT PER rOOT 

-~ "'" -- , ... ,- "'" .... , .... ' .. - .. - .. - $O- ...... .. -
62.7 CD 161 Jt 40 CB 142 x 43 CB 122 x 50 C8 103 x 60 
60.7 CB 161 x •• CB 141 x " CD 122 x 50 CD 103 x 60 
60.. CB 161 )( 40 CB 141 x " CB 122 x 50 CB 103 x " C8 83, 67 
58.2 CB 161 Jt •• CB 141 II " CB 122 Jt " CD 103 x " C8 83, 67 
56.3 CB 161 x 36 CD 141 x " CB 122 x " CD 103 x 54 C8 83, 67 .... CD 161 x 36 CB 141. 38 CD 122 x " CD 103 x " C8 83, 67 
51.9 CB 161. 36 CD 141 II: 38 CD 122 x •• CB 100x " C8 83, 58 
49.1 CD 161 x 36 CD 141 x 38 CD 122 x •• CB 102 x " C8 83, 58 .... CB 141 x " CB 122 x •• CB 102 x 45 C8 83, 58 
45.9 CD 141 x " CD 121 It 36 CD 102 II 45 C8 83, 58 .... CB 141 x " CB 121 x 38 CD 102 )( 41 C8 83, 58 . ., CD 141 x " CB 121 x 36 CD 102 It 41 C8 83, .. 
41A CD 141 x 30 CD 121 x 38 CD 102 x 41 C8 83, .. 
40.7 CD 141 x 30 CD 121 I 32 CD 102 x 41 C8 83, .. 
39.9 CD 141 It 30 CD 121 Jt 32 CD 102 J( 37 C8 83, .. 
3~' CB 121 x " CD 102 x 37 CB 83)( " ~o CD 121 x 28 CD 102 x 33 C8 83, " 31.1 CD 121 x " CB 102 x 33 C8 83, 35 
30.8 CD 121 x 25 CB 101 x 29 C8 83, 35 
29.3 CD 121 x 25 CD 101 x 29 C8 83, 33 
27.8 CD 121 x 25 CB 101 x " C8 83, 33 
27.4 CD 121 x 25 CD 101 x 26 C8 83, 31 
25~ CBl 12 x 22 CD 101 x 26 C8 83, 31 " .. CBL12x 22 CB 101 x 23 C8 83, 31 

23.' eel 12 x 22 CD 101 x 23 C8 82, 27 
21.4 CBl12 x 19 CB 101 x 21 C8 82, 27 
20A CBl12 x 19 CB 101 x 21 C8 82, " .SA eBtl2119 CBl 10 x 19 C8 82, " .ao CBL 12 x 19 CBl 10 x 19 C8 81, 21 
175 CBl 12 x ~:t CBl 10 x 19 C8 81, 21 
'8.2 CBl 12 x ~:~ CBl 10 II 17 C8 81, 21 
'8.0 CBl 121. 16 CBL 10 x 17 C8 81, 19 

14.1 CBl 12 x 1~~ eBl 10 x 17 C8 81, 17 
13A CBL10x 15 CB 81 x 17 
.U CBL10x 15 CBl 8 x " 10.1 CBL10x 15 CSl 8x " CD L 6 I " ••• CBl ax 13 eBl 6x " 7.2 CBl 8x 12 I 

--

. 
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ELEMENTS OF SECTIONS 

In t he computntion of the values of structura.l sha.pes for tbe 
various conditions under which they are subjected to stress, 
the following mathematical expressions are used. 

Neutral Axis is the line, in the cross section of fL beam or column 
in a state of 8exurc, on whick there is neither tension nor com· 
pression. The neutral axis passes through the center of gravity 
of the section when unit stresses do not exceed the clastic limit of 
the material. I n the usual position of structural sections there 
are two neutral axes, perpendicular to each other, their normal 
position with relation to the section being designated by x and y. 

Moment of Inertia, I. is the sum of the products obtained by 
multiplying each of the elementary areas of which the section is 
composed, by the square of its normal distance from a neutral 
axis of the section or from any axis of moments assumed for 
purposes of calculation. 

Section !fodulua, S. is the moment of inertia divided by the 
normal distance from the axis to which it refers, to extreme fiber 
of the section. 

The section modulus is used to determine the stress in the 
extreme fiber of a section, subjected to bending stresses, by dividing 
tbe bending moment by the section modulus referred to neutral 
axis normal to line of action of the load; both values in like 
unit.s of measure. The section modulus required is obtained by 
dividing the bending stress by the allowable unit stress, both values 
in like units of measure. The proper section is then obtained for 
the section modulus by reference to the tables of Elements of 
Sections. 

Radius of Gyration. r. is the normal distance from a neutral axis 
to the center of gyration, the point where the entire area is con· 
sidered to be concentrated and have the same moment of inertia 
RS the actual area. The radius of gyration of a section referred to 
n. neutral axis, or any axis of moments, is equal to the square root 
of the quotient obtained by dividing the moment of inertia about 
that axis by the area. 

The radius of gyration of a section is used to ascertain the sale 
load this section will sustain when used in compression, as a. strut 
or column. The ullbraced length in inches of the section in com
pression divided by the least radius of gyration is ita ratio of 
Rlcnderncss. l/r. 

,.7 

• 



,2. 

GENERAL NOTATION IN FORMULAS 

The following notation applies to formulas and tables for 
clements or physical propert.ies of sections, a lso to flexure formulas 
and other data given for beams under various loading conditions: 
A _ Area of section, in square inches. 
n _ Distance from center li ne of gravity to extreme fiber, in inches. 
I _ Moment of inertia about center line of gravity, in inchcs4.. 
M. _ Static moment, in inches!!. 
S _ Section modulus, in inches8 . 

r _ Radius of gyration, in inches. 
f _ Bending stress in extreme fiber, in pounds per square inch. 
fb - Resistance of web, in pounds per square inch. 
E - Modulus of elasticity, in pounds per square inch. 
b - Width of 8ange of section, in inches. 
d - Depth of section, in inches. 
B - Minimum end bearing for maximum allowable shear in web. 
L _ Length of section, in feet . 
l _ Length of section, in inches. 
W, \Vl, W2 - Superimposed loads supported by beam, in pounds. 
\\' _ Superimposed load, in pounds per unit length or area. 
\Vmax - Maximum safe load at point given, in pounds. 
R, Rl _ Renctions at points of support, in pounds. 
V - Vertical shear, in pounds. 
M, M 1 , M 2 - Bending moments at points given, in inch pounds. 
Mma.x - Maximum bending momcnt, in inch pounds. 
Mr - Maximum resisting moment, in in ch pounds. 
D, D1 - Deflections at points given, in inches. 
Dmu - Maximum deflection at point given, in inches. 

The common relations existing between the properties of any 
shape of un iform cross scction nre the following: 

I _ Ar':I. r _ "' (['" 8 _ '!' 
"X n 

The moment of inertia, 11, which is about an axis parallel 
to the neutral axis of the section and at z distancc from it, 
is: It- I +Az2. 

The momcnt of resistance to the internal stresses of a beam 
resisting flexure must be equal to the moment of the external 
forces producing bending. 

Mr _ Mmax _ r{ _ r8. 

The moment of resistance and the bending moment must, 
therefore, be expressed in same units of momcnt, foree t imcs 
length, generally in inch-pounds. 

The modulus of elasticity is the ratio between unit stress and 
the elongation caused by that stress in one l:Init of length, up to 
the elastic limi t; for steel the modulus of elasticity is 29,000,000 
pounds per square inch. 
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ELEMENTS OF SECTIONS 
---
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ELEMENTS OF SECTIONS 
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ELEMENTS OF SECTIONS 
RfX: ULAR POLYGON 
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ELEMENTS OF SECTIONS 
Axis of Moments through Center of Gravity 
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FORMULAS FOR ELEMENTS OF ROLLED SECTIONS 

The formulas on the foll owing pages are for the computation of 
the elements of the sections as tabulated on preceding pages, and 
arc based upon the theoretical straight-line dimensions, treating 
the sections as made of simple geometrical figures, rectangles, 
triangles, etc., with or wit hout an allowance for fi llets and found
iogs in accordance with the following rules: 

CD Sections. Areas and Elements are based upon rectilinear 
dimensions, with allowance for fillets. 

The weights are based upon the total area with allowance for 
fillets. 

Beama and Channels. American Standard Scctions. Areas and 
Elements arc based upon rectilinear dimensions, without allowance 
for fiJlets and roundings. 

The weights arc based upon the total area with allowance for 
fillets and roundings, in accordance with the rules adopted by the 
Associat.ion of American Steel Manufacturers. 

Angles, Tees and Zees. Areas and Elements are based upon 
rectilinear dimensions, without allowance for fi llets and roundings. 

Weights arc based upon the net area with a certain allowance 
for fillets and mundings, in accordance with the rules adopted by 
the Association of American Steel Manufacturers. 

Bulb Angles. Areas and Elements arc based upon rectilinear 
dimensions wit.h allowance for fi llets and roundings. The formulas 
given are applicable only to the British Standard Sections. 

Weights are based upon the total area with allowance for fi llets 
and roundings. 
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ELEMENTS OF SECTIONS 
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COMPOUND SECTIONS 

Moments of Inertia, Section Moduli, and Radii of Gyration 
The moment of inertia, T, of a compound IJIlCtion about ita neutral tu:is is equal to the 

SUIlI of the momenta of inertia, Ip, of all component part8 about aXel! through their 

own centers of gravity, pIlle the areas, Ap , of the component parta multiplied by the 
g(jUILffij of the distances, z, of their own centers of gravity from the neutral tu:isof 
tbe compound section, or 

AXIS 1-1 

AXI S 2-2 

Moment of I nertIa. , -:Sllp +Ap~l 
Soctlon ModuluR S - -'-

" Uadlus of Gyration , - ~ 
E XAMPLE 1. Roquirod tho m omontll of Inertia 

([Jld tho 8<l<:tlon moduli about axOil I-I and 2_2 of 
a compOund .IIOCtlon to bo U.8Od a.II a gIrder. corn-
1)()8O(Iof 

1 W eb Plato 33":r~" 
-I ,"'bnge AnglOil 6"x4"" ~" 
2 J<'lango Plat<llt 14":r"" 

basing tho p ropertIes on tho gt'08II area 
section. 

of the 

Determlno tho dlstanCCfl. z. of tho centor HnC!! 
of gravity of platos and anglOll, from thll neutra l 
aXllII of the compound 8OOtion. !'rom tho dimen_ 
sions giV<Jn. tMn for 

I,., of 4-6":r4":r~" Ang]OII _ .. " 7.5 30.00 Inch08 ' 
5792,46 Az" of 4-(I":r"""'~" .. _ "" 5.86"15.72' 

, _., "''''_If'' 1"-'- _ , _ 0.50:r 33" 
I" v ....,,, ATll ""''''' A 12 

1,-, of 2-14." ",,,"" _ 2" 14:cO.75" 

" Az~of2-14""',,"" _ Zx to.50" 17.1251-
:i\lom<Jnt of Inertia. grQII8 8<l<:tlo n 

Section Modulus. 
13479.40 

1497.38 

0 .98 

6158_58 
~l llch .... . 

770.26 Inch .... . 

1,_. o f 4-6"""''':r~'' Angl"" 
17.00 

21. 1 
5.86,,2.282 
33:r0.OO& 

84.40 Inch .... . 
Az' of 4-6"x4":r~" .. 

I ,.., of 2-14""',,"" 

:i\lolll<Jnt of Inertia, grofIIIlMictJon 

Section Modulus. 

0 .75,,14· 

" 
54{1.59 , 

121.85 

0,34 

343.00 

5-19.5{1lncl""",· 

78.51 Inch .... ·• 

If it is desired to calculate the properties of the net IJIlCtion, viz., to deduct the 
area of the rivet holes, proceed fIB follows, 3118Uming that 1" holCII for U" rivets lire 
to be deducted and that not more than one rivet will be driven in anyone leg of the 
angles in the 6Illlle plane of the section. 
AXI S I-II '_10f gl'()6S~lon 

Deduc~ 1
"

, of 4-1 "xl.375" Rootangl .... _ "':r lx l;;75" 

Az" of 4-1 "" 1.375" 

1 ,_,of2-1",, 1.75" 

Az' of 2- 1 ""1.75" 

Moment of Inertia. net section 

Section M odulWl. 

_ " :r 1.375d6.8125' 
_ 2x 1.75xl " 

" 2d.75,,14.25· 

11212.89 
17.5O 

AXIS 2-2 I..." o t gl'088 section 

DotIuct I .... of 4-1":r1,375" Uootanglca _ 4 " 

Az' of 4_1":r1.375" 

1 .... of2-1":rl.75" 

Moment of Inortla. net soctlon 

Section :\ Iodulu~. 
470.90 , 

_ 13479.40 Inch ..... 

0.87 

1554 _63 

0 _29 

710.72 

tl212_89InehOil' 

6 '10.74 Inchllll' 
M9.59 Inch ..... 

0.46 

77.34 

0.89 

470.90 Inch .... . 

67.27InchOll" 
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COMPOUND SECTIONS----Coociuded 

r";--+'~I 
E:u " J'LZ 2. ReQuired the momenc. or Inertia 

Md radII 0( pntloo about.~ I- I &rid 2-2 01 . 
column ~UOD oom~ u 10LIo ... :-

r ';.:; O~6W _ • i 
~ I _+_. ,·--l l 

2 Ch&lllH!'- 12" I 30 poundJI per foot, 
2 Fla.ngo P IaIOlI4" I U", 

Pl"I)portiM to btl bued on the gn;oa eeetion . no 
doduct lon belng made fo r 1101011. 

L-<> --I~- h Determlno the d l.otanClJfl. I, or conte. 110<)1 o f 
,""vie), tor t he various .cctlonll trom Ihe noutra l 
UM I-I and 2-2, In a<:conIa.o~ .. Ith t he dhnen
dona ,pven, tben l or 

AX IS 1· 1 

AXIS 2-2 

.... XIS I-I 

AXIS 2-2 

,L.a,' 

1,_, of 2-12" Cbali.nela 30 Lbe.. _ 2 :r 1(11.2 
14 x 0.76' 

_ 322.40 InehM' 

" 
0 .98 

AI1 012-14"x,,"" _ 2 J: 10.5 :r 6.3751 _ ~.45 

M oment of Inertia. &ro. IIOCllon • 11 76.83 10cbOil' 

Radius 01 Gyration. .. 1176.1>3 
38.68 6.62 I DCbe. 

I ~, of 2-12" Chllnnel.o 30 It». _ h " - 10.40 1uchOll' 
Az' of 2- 12" Channelll 30 l be. _ h 8.79" <1 .171 - 306.70 .. 
h-. of 2-14"IU" PIat4W _ h 0.711 J: 141 

" - 343.00 .. 
Moment or Inertia. gn;oa MlCtion 659.10 lnelle.. 

Radi us of G)T&UOO, .. .. - V 6.'.9. 10 
"' .13 10c'-3US -

ELI. .. PL .. 3. Required the radII or n ..... tlon 
aboutuosI-I and 2-2 ofaxU'UtleCtlon oom~ 
.. fol101nl:-

4-6" ,; 4",; "' .. Anglos latUotld br 'ri." ban, 
1)I'(lpCrtios to be bMed on the gI'OM ..actIon of 
aoglos, no doduetionB being made rO<' rivet halOS 
nOf any a llowa noo for lattioo baril, 

Dowmlne tho'dllltanOllll, I, or centel' IInCII of 
gravity of anglos from ncutnJ alief! I _I and 2-2 
In aoeordanO!! with tbe dlmensioM glven, then to<' 

h-, or "-41",;4",;"''' Analos 
Al:' of 4-6",; .... ,;"''' 

_ .. ,;".9 
_ 4 X 3.61 ,; 1>.00' _ 

19_60 In(:i>ea< 
369,72 

Moment of I nertia, ..... -:tion 

Radius of Gyration, .. -, _ ' j. , ::J'~'~"~'~' = ~ 1 ....... 

389,32 1n.:hOI· 

5.IOIn<:hos 

From tabla. of radII of gyration tor 2 all8]"" pLaood ba<:k to ba<:k 
ubi 2-2, ", .. apart, ft-. of .. -6",; .... x "''' anglos_ 2 97 I nchs. 

Where sections arc &8I:Iembled wi thout Rny web or Range plates, 88, for 
example. latticed channel columlll! or latticed angle strutl!, the radiWl of 
gyration, r,_, can be readily obtained, without considering the moment of 
inertia from t be radiUII of gyration, r of one scction about ita neutral axia, and 
the dilltnncc, z, between the center of gravity of the section and the neutrlll 
axill parallel to the am of eection, 

r,O, _ V I + ........ & • • .".~+ _ ro. and r", _ .,Jro + ~ 

Tbua. In the abo\'e example, 

r.-, _ \ ' 117t+ !I.001 _1>.19 Incl!os. 
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MOMENTS OF INERTIA OF RECTANGLES 

IN WIDTHS OF 1 INCH 

NEUTRAL AX IS THROU GH CENTER NORMAL T O DEPTH 

To obtain the Moment of Inertia of My rectangle, multiply the tabular 
value fOf ita depth by its width in inches. For deeper rootangiCll of tabular 
thickness, multiply the tabular values for haH their depth by 8; or for one
t hird their depth by 27, etc. 

• 
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MOMENTS Of" INERTIA Of" RECTANGLES . 
IN WIDTHS FROM % INCH TO 1 INCH 

11' NEUTRAL AXIS THROUGH CENTER NORMAL TO DEPTH 

This tnblc may be used in COml)uting the Moments of Inertia of Plaw 
Girders, Columns, and other compound sections in which plates are used: 

-- """'-'-,,... 
Ji " li J> f> '" li Ji li 1 

1 .021 .026 .031 .037 .04' .047 .05' .063 .073 ",083 , .161 .208 .'SO .m .333 .375 .417 .500 .583 .667 
3 .563 .703 .844 .984 1.125 1.266 1.406 1.688 1.969 2.250 • 1.333 1.667 '.000 '.333 2.667 3.000 3.333 '.000 4.667 5.333 

5 '.604 3.255 3.906 4.557 5.208 5.859 6.510 7.B13 9.11 5 lQ.42 
6 '.500 5.625 6.750 7.875 '.000 10.13 11.25 13.50 15.75 18.00 
7 7.146 8.932 10.72 12.51 14.29 16.08 17.87 21.44 25.01 28.58 
8 10.67 13.33 16.00 18.61 21.33 24.00 26.67 32.00 31.33 42.67 • 15.19 I&.SS 22.78 26.58 30.38 34.17 37.97 45.56 53.16 60.75 

10 20.83 26.04 31.25 36.46 41.67 46.88 52.08 62.SO 72.92 83.33 
11 27.73 34.66 41.59 48.53 55.46 62.39 69.32 83.19 97.05 110.9 • 
12 36.00 45.00 54.00 63.00 72.00 81.00 90.00 108.0 126.0 144.0 
13 45.n 57.21 68.66 80.10 '1.54 103.0 114.4 137.3 160.2 183.1 
14 57.17 71.46 85.75 100.0 114.3 128.6 142.9 171.5 200.1 228.7 

15 70.31 87.89 105.5 123.0 140.6 158.2 175.8 210.9 246.1 281.3 
16 85.33 106.7 128.0 149.3 170.7 192.0 213.3 256.0 298.7 341.3 
17 102.4 127.9 153.5 179.1 204.7 230.3 255.9 307.1 358.2 409.4 
18 121.5 151.9 182.3 212.6 243.0 273.4 303.8 354.5 425.3 486.0 
19 142.9 178.6 214.3 250.1 285.8 321.5 357.2 428.7 500.1 571.6 

20 166.7 208.3 250.0 291.7 333.3 375.0 416.7 500.0 583.3 666.7 
21 ' 192.9 241.2 289.4 337.6 385.' 434.1 482.3 578.8 675.3 771.8 
22 221.8 2n.3 332.8 388.' 443.7 499.1 554.6 655.5 n6.4 887.3 
23 253.5 316.8 380.' 443.6 507.0 570.3 633.7 760.4 887.2 1014 
24 288.0 360.0 432.0 504.0 576.0 648.0 720.0 864.0 1008 1152 

25 325.5 406.9 488.3 569.7 651.0 732.' 813.8 976.6 1139 1302 
28 366.2 457.7 549.3 6~0.8 732.3 823.9 915.4 1099 1282 1465 
27 410.1 512.6 615.1 717.6 820.1 922.6 1025 1230 1435 1640 
28 457.3 571.7 888.0 800.3 914.7 1029 11 43 1372 1601 1829 
29 508.1 635.1 762.2 889.' 1016 1143 1270 1524 1778 "" 
30 562.5 703.1 843.8 964.4 1125 1266 14116 1688 1969 22SO 
32 682.7 853.3 1024 1195 1365 1536 1707 2048 2389 '731 34 81 8.8 1024 1228 1433 1638 184' 2047 2457 2866 3275 
36 9n.O 1215 1458 1701 194. 2187 2430 2916 3402 3888 
38 11 43 1429 1715 2001 2288 2572 '858 3430 .001 4573 

40 1333 lE67 2000 '333 2667 3000 3333 .000 4667 5333 . " 1544 1929 2315 2701 3087 3473 385' .631 5402 6174 

" 1775 2218 '''' 31116 354. 3993 4437 5324 6211 7099 
46 2028 '535 304' 354. .056 '563 5070 6Il84 7097 8111 
48 2304 '880 3456 4032 '608 5184 5760 6912 6Il84 9216 

• 50 '604 3255 39116 4557 5208 585' 6510 7813 9115 10417 
52 ,.." 3662 4394 5126 5859 6591 7323 8788 10253 11717 
54 3281 4101 '921 5741 6561 7381 8201 ... , 11 482 13122 
56 365. 4573 5488 8403 7317 8232 9147 10976 12805 14635 
58 '065 5081 6097 7113 8130 9146 10162 12195 14227 16259 
60 '500 5625 6750 7875 9000 10125 11250 13500 15750 18000 
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MOMENTS OF INERTIA OF RECTANGLES 

IN WIDTHS FROM % INCH TO 1 INCH 

i' NEUTRAL AX IS THROUGH CENTER NO RMAL TO DEPTH 

This ta.ble mny be used in computing the Momenta of Inertia. of Plaw 
Cirders, Columns, !Lnd other compound !!Cetlons in which plates nrc used. 

- WldIIo, ........ ,,,,,u 
~'-"-I~I " )i " % l{ J> 

99,, 1 
----

62 .965 620G 7448 8689 11112 12413 14896 17318 
64 5461 6827 8192 9557 10923 12288 13653 16384 1911 4 
68 5990 7487 8984 10482 11 979 13476 14974 17969 """ " 6551 8188 9826 11464 13102 14739 163n 19652 22928 

70 7146 8932 lOng 12505 14292 16078 17865 21438 25010 28S83 
72 m6 9720 11664 13608 1SSS2 17496 19440 23328 27216 31104 
74 8442 IOS53 12663 14n4 16884 ".,5 211 05 25327 295~8 33769 
76 9145 11432 1371 8 16004 18291 20sn 22883 27430 32{)O9 36581 
78 9887 12358 14830 17301 19m m 45 2471 6 29660 34603 39546 

80 'r.:' 13333 16000 18867 21333 24000 26667 32000 37333 ''''7 
82 1 487 14359 17230 20102 22974 2S845 28717 34460 '0204 45947 
84 12348 15435 18522 21609 24696 m83 30870 3704' 43218 .9392 .. 13251 18584 198n 23190 26S03 29815 33128 39754 .6379 S301lS 
88 14197 ln47 21296 24845 28395 31944 35493 42592 .9601 56789 

00 15188 18984 22181 26578 30315 34172 37969 .5563 53156 607SO 

" 16223 20278 24334 28300 32446 36501 ' 0557 ..... 56rn "'" 94 17304 21630 259S6 30282 34608 38933 43259 51911 60663 69215 

" 18432 2304' 27648 32255 36884 41472 .- 55296 64512 73728 
98 19608 24510 29412 34314 39217 4411 9 .0021 58825 68621! 78433 

100 20833 26042 31250 36458 41667 46875 52083 62500 83333 
102 22109 27636 33163 38690 44217 49744 55271 66326 88434 
104 23435 29293 35152 41011 .6870 52728 69567 70304 93739 
106 24813 31016 37219 '3422 '9626 55629 62032 74438 99251 
109 26244 32805 39366 45927 52.88 50049 65610 78732 1()4976 

"' m29 34662 41594 .8526 "'59 62391 69323 83188 97052 110917 
112 29269 36587 43004 51221 S8S31l 6S8S6 73173 87808 102442 1170n 
11 . 30866 38S82 '6298 54015 61731 69447 m64 92597 108029 123462 
11 6 32519 40648 .8m 56908 65038 73167 81297 97556 11381 6 13007S 
11 8 34230 42787 SI34S 1 59902 68460 n017 85574 102689 119804 136919 

120 36000 '500' 54000 63000 72000 81otO 900C' 108000 126000 144000 
122 37830 .7288 56745 66203 75661 85118 94576 113491 132406 lS1321 
12. 39721 .9652 59582 69512 79443 89373 99303 119164 139024 1S888S 
126 41675 52093 62512 72930 83349 937E8 104186 125024 145861 166698 
128 43691 54613 65536 76459 87382 ..,,, 109227 131072 152918 174763 

13' 45nl 57213 68656 80099 91542 102984 114427 137312 160198 183083 
132 47918 59895 n874 838S3 95832 107811 11 9790 143748 16n06 191664 
134 50127 62659 75191 8m3 100255 112786 125318 lS0382 175445

1

200S09 
136 52405 85507 78608 1 91709 104811 117912 131013 157216 183418 209621 
138 54752 68439 82127 95815 109503 123191 136879 164255 191630 219006 

14' 5n67 71.58 85750 100042 114333 128625 142917 171500 2OOC84 228667 
142 S9652 74565 89478 104391 119304 134216 149129 178955 208781 238607 
144 6220S m60 9331 2 108864 124416 139968 ISSS20 

18662' 1 21 n28 I 248832 146 64836 81045 97254 ) 113463 / '29673 145882 162091 194509 226927 259345 
148 67537 84.22 101306 118190 135075 151959 168843 202612 236380 270149 
ISO 70313 87891 105469 123047 140625 158203 175781 210938 246094 281250 
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RADII OF GYRATION FOR TWO ANGLES 

The following tables of Radii of Gyration {or Two Angles arc 
used for computing the safe resistance to compressive stress of two 
angles, back to back, when used as a strut or a compression chord 
of a roof truss or a similar member . 

The two angles must be held together securely by stay rivets, 80 

spaced that the two angles act 8,S a unit. 

The resistance of a compressive member is determined by its ratio 
of slenderness, li t, that is the ratio of the unbraced length in 
inches of the compression member to its least radius of gyration . 

To obtain the allowable compressive stress, compute, from the 
compression formula in use, the allowable unit stress corresponding 
to the ratio of slenderness derived from the least radius of gyration 
of the two angles in consideration, ' and multiply that valuc by the 
area of the two anglcs. 

In thc two examples which follow the Icast radius of the two 
angles in Example 1 is taken about axis 1-1, and the least radius of 
the two angles in Example 2 is laken about axis 2-2. 

Example 1. Section given. ReQuired the .ue load In eompre.lon on a 
&U'Ut compoeed 0 1 twO aD8Je. f " x f " X H". back 1.0 baek. with an uuaup
po:rl«llcngth 01 II l oot. 

Area o f SectIon. A _ 2 x 2.86 _1I.72Iquare Inches. 

Lout RadIWl. Axla 1_1. r oO 1.23. by Interpolation. 

Ua.tln 01 SlcndornQllll. l / f .. {I x 12 + 1.23_87.8. 
Allowed Unit Stroa t. by A . I . S . C. tormula. .. 12.603 pounds pw'1IQ. Inch. 
Satu Load. A x t _ 5.72 x 12.600 _ 72.100 pounds. 

E:u.mple 2. Load given. ReQuired a MICtion fOl' a member In co;:nprcsslon 
12'-3" long. mlde of two 1.11&10. .te~ted by }i Inch gus.lt piau.. 1.0 rflIfI!It a 
I.Olalloa.d of 68.000 pounds: raUo 01 alooderness not 1.0 excood l :n. 

A. I . S. C. formula. Unit S~ r .. 10.000 pounds for l / f _ I:!O. 

Approxlma.!<l ~ o f An$:lo.. A .. 118.000 + 10.000 _ 6.50 I(IUMe lnebs. 

Aeon1mo 2 Anglo.. 6" X 3" xVi.". l\.-Inch lep. back to bacIr. 
Area. ot Section. A _ 2 x 3.3 1 _ 6 .62 l(Iuare InehflI:. 

Least Ha.dh.w. A:ids 2-2. f_UlO Incho.. by IntorpOlation. 

Uatio or SlondomCM. l / r _ 12.25 x 12 + 1.29 _ 114.0. 

Allowod Unit Stl'lllSl f. by A. I. S. C. fOl'mula = 10.4~I>oundsl",rlq.lnch. 

Sal'o Loa.d. A x f _ 6.62 x 10.f~ _ 60.200 pounds. 
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RADII OF GYRATION FOR TWO EQUAL ANGLES 

T !I··"..!.O "'. 

T 
• , I 

" ...... ~ . Il8dN 01 a,...' .... 01 Two Angl ... IndtN 

Wei",,!, • .... """- ,- ",1,2-2 ,- ,- ..... -. .... " 1-1 W,_ ....... In t.nIact ~" AjIatt ~" AIIoI1 3-i" AIIoo1 J(" "",", -
1)( ... , 33.46 2.42 3.42 3.51 3.55 3.60 U, 

8.8 " 42.0 24." 2.46 3.37 3.46 3.50 3.55 3." 
)( 26.4 15.50 2.50 3.33 3.41 3.45 3.50 3.59 

1 37.4 22.00 1." 2.59 , .. 2.n '77 2~7 

••• " 26.5 15.56 1.83 2.54 2.83 <67 2.71 2.81 ,. 14.9 8.n 1.88 2.49 2.58 2.62 2.66 2.75 

1 30.8 l aOO 1.48 2.19 2.28 2.33 2.38 2A7 
.. 5 ,. 21.8 1<B0 1.51 2.13 2.22 2.26 2.31 2.40 

li 12.3 7.22 1.56 2.09 2.17 2.21 2.26 2.35 

" 19.9 11 .68 1.18 1.75 1.85 1.89 1." 2.04 
40. )i 12.8 7.50 1.22 1.70 1.78 1.83 1.88 1.98 

)( 8.' 3.88 1.25 1." 1.75 1.79 1.84 1.93 

" 17.1 10.06 1.02 1.55 1." 1.70 1.75 1.85 
3}ix3~ )i 11 .1 '.50 1.eS 1.50 1.59 1.84 1.69 1.78 

)( 5.8 3.38 1.09 1.46 1.55 1.59 1." 1.73 

303 li 11 .5 '.n 0.88 1.32 1.41 1.46 1.51 1.8' 
)( .., 2.88 0.93 1.25 1.34 1.38 1.43 1.53 

2~ .2M )i 7.7 '.50 0.74 1.09 1.19 1.24 1.29 1.39 
)( '.1 2.38 0.77 1.05 ' .14 1.19 1.24 1.34 

202 )( ~3 3.12 0.59 0.88 0.98 1.03 1.08 1.19 
)( 3.19 1.88 0.61 0.85 0.84 0.89 1.04 1.14 

Values of UadU of Oyratlon tor Intermodlate UtldulI_ of anllM 10 above and toU01ll'1.D1J tabtea 
mal bo obtaJnod by ID«:Tpolatlon. 

-
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RADII OF GYRATION FOR TWO UNEQUAL ANGLES 

Long Legs Vertical 

'i ··:I.wto %" 

9f " W: 
' i " 

'" "" ku Raclil of Grratlofl of Tw ...... tl ... Inch .. 

• "'. ""~'" 
W.llJIIt, ,~ .... 1.2-2 

'""" , .. - ,,"00. 

"'.~ 
Axil 1·1 

per Fool , ..... In Contotl ~" Apatt I ~" Apart J-i"AIoart ~" Apart 

1 44.2 26.00 2.49 2.39 2.48 I 2.52 2.57 2.66 
8,6 l( 33.S 19.88 2.53 2.35 2.44 2.48 2.52 2.61 

)i, 20.2 11 .86 2.57 2.31 2.39 2.43 2.48 2.56 
1 37.4 22.00 2.52 1.47 1.56 1.61 1.66 1.76 

'" l( 28.7 16.88 2.55 1.42 1.51 loSS 1.60 1.69 
)i, 11.2 10.1 2 2.60 1.37 1.45 1.49 1.53 1.62 

1 34.0 ".00 2.18 1.53 1.62 1.61 I.n 1.82 
7" " 24' 14.19 W l A8 1.56 1.61 1.65 1.75 

;. 13.6 7.98 227 1.43 1.51 1.55 I ." 1.68 
1 30.6 18.00 U5 1.60 1.69 1.74 1.79 I ." 

6" " 2U 12.80 Ug 1.55 1.63 1.68 I." 1.82 
% 12.3 7.22 1.93 1.50 1.58 1.62 1.67 1.76 

1 28.9 17.00 1.85 1.37 l A7 1.51 1.56 1.66 
S1l3y'! " 20.6 12.12 I.,. 1.31 1.41 1.45 1.49 1.60 

% 9.8 5.74 1.95 125 1.33 1.37 lA2 I.SO 

'" 
li 24.2 14.22 1.52 1.66 1.76 1.80 1.85 1.95 
% 11.0 I 6.46 1.59 1.58 1.66 1.70 1.75 1.85 

5.372 li 22.7 13.34 1.53 1.42 1.51 1.56 1.61 1.71 
% 8.7 5.12 1.61 1.33 1.41 1.45 1.50 1.59 

5" 
% 19.9 11.68 1.55 1.1 8 1.27 1.32 1.37 1.47 
% 8.2 '.80 1.61 1.09 1.17 1.22 1.26 1.35 

4n x3 % 18.5 10.86 1.38 1.21 1.31 1.36 1.41 1.51 

" 7.7 '.50 .. 44 1.13 1.22 126 1.30 lAO 

4x3J1 % 18.5 10.86 1.19 1.50 1.59 1.64 1.69 1.79 

" 7.7 4.50 1.26 1.42 1.51 1.55 1.60 1.69 

,,' .. 17.1 10.06 1.21 1.25 1.35 1.'" 1.45 1.55 
V, 5.8 3.38 1.28 1.16 1.24 1.28 1.33 lA, 

372 _3 .. 15.8 9.24 1.04 1.30 1.40 1.45 1.50 1.60 
Y.I 5.' 3.12 1.1 1 I ." 1." 1.34 1.38 1.48 

3n x2~ ", 12.5 7.30 1.06 1.03 1.13 1.18 1.23 1.3, 
V, ,.g 2.88 1.12 0.95 1.04 1.09 1.13 1.23 

3 _2.l1! % 9.5 5.56 0.91 1.05 1.15 I." 125 1.35 
V, '.5 2.64 0.95 1.00 1.09 1.13 1.18 1.28 

3" 
% 7.7 4.50 I 0.92 0.80 0.89 0.94 1.00 1.10 
V, '.1 2." 0.95 0.74 0.84 0.88 0.93 1.Q3 

2n d % 6.8 '.M 0.75 0.84 0.94 0." 1.04 1.15 
Ji 3.62 2.12 0.78 0.80 0.89 0.93 0.98 1.08 
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RADII OF GYRATION FOR TWO UNEQUAL ANG LES 

Shori Legs Vert ica l 

' i ' j •. ~. 

~ ~ 
9 ,I 

I Sin • Ans;IA "'- RadII III Gyratlon III Two AngIu, I ...... - , 
"'. """'- Wtlghl, ,~ Axil 2·2 ,,... , ... ..... ~.~ .... 1. '·' 

per FOOl ""' .... " I In Cantlet X" AP8It Va" Apart i J1" Aj!ert ~" AIIUI -- 1 44.2 ".00 1.73 3.64 3.73 3.78 I1r 3.92 .,6 ~i 33.B 19.88 1.76 3.60 3.69 3.73 3.78 3.87 
hi 20.2 11.86 UO 3.55 3.64 3.68 3.73 3.82 

1 37.4 22.00 1.03 3.95 4.0S 4.10 4.1S 4.25 
"4 

, 
" 28.7 16.88 1.06 3.90 4.00 4.04 4.09 4.19 J, 17.2 

I 
10.12 1.09 3.84 3.93 3.98 

I 
4.03 4.12 

1 34.0 20.00 1.e6 3.40 3.49 3.54 3.59 3.69 
7 ,4 % 24.2 14.19 1.09 3.34 3.43 3.48 3.53 3.63 

H 13.6 7.98 1.13 328 3.37 3.42 3A7 3.56 
1 30.6 18.00 1.09 2.85 2.9S 2.99 3.04 3.14 

"4 ~. 21 .8 12.80 1.13 2.79 2.89 2.93 2.98 3.08 
% 12.3 7.22 1.17 2.74 2.83 2.87 2.92 3.02 

1 28.9 17.00 0.92 2.92 3.02 3.07 3.12 3.22 
h3~ % 20.6 12.12 0.95 2A7 2." 3.01 3.06 3.16 

% 9.' 5.74 1.00 2Al 2.90 2.95 3.00 3.09 

5,4 li 24.2 14.22 1.14 I 2.29 2.38 2.43 2A8 2.58 
V- 11.0 6.46 1.20 2~0 229 2.34 2.38 2.48 

5x3.!1 hi 22.7 13.34 0.96 2.36 2.45 2.50 2.55 2.65 
% '.7 5.12 1.03 2.26 2~5 2.39 2.44 2.54 

5,3 % 19.9 11.68 0.80 2.42 2.52 2.57 2.62 2.72 
% ' .2 4.80 OA5 2.33 2A2 2.47 2.52 2.61 

4}.i x3 % I 18.5 10.86 0.81 2.15 2.25 2.30 2.35 2A5 
» 7.7 4.50 OA7 2.06 2.15 2.20 2.25 2.34 

4 X 3)1 % 18.5 10.86 1.01 1.81 1.91 1.96 2.01 2.11 

" 7.7 4.50 1.07 1.73 1.81 1.86 1.91 2.00 

4,3 % 17.1 10.06 0.83 1.88 1.98 2.03 2.08 2.18 
~ 5.' 3.38 0.89 1.78 1.87 1.92 1.96 2.06 

3}.i x3 % 15.8 , 9.24 0.85 1.61 1.71 1.76 1.81 1.91 
~ 5.4 3.12 0.91 1.52 1.61 1.65 1.70 1.80 

3}.i x2)1 % 12.5 7.30 I 0.69 1.66 1.75 1.80 1.86 1.96 
~ 4.9 2.88 0.74 1.58 1.67 1.71 1.76 1.86 

3x2.!4 " 9.5 5.56 0.72 1.37 1.116 1.51 1.56 1." 
~ 4.5 2.64 0.75 1.31 1.40 l A5 1.50 1.59 

3,2 )i 7.7 4.50 0.55 1.42 1.52 1.57 1.62 1.72 
~ 4.1 2.38 0.57 1.38 1.47 1.52 1.57 1.67 

2),1 x2 )i 6.' 4.00 0.56 1.15 1.25 1.30 1.35 1.<16 
~ 3.62 2.12 0.59 1.11 120 1.25 1.30 1.40 



,.. 

TENSION VALUES FOR ANGLES 
ALLOWABLE NET VALUES IN KIPS 
Unit Stress, 18 Kips per Square Inch 

'-0. on • • "111. In t.nllon with _ntrlo . nd eonn ... tlon u.. Ubul._ val" .. should 1M I"edu_. 
~ 

W . ... NoI ........ andS_ 2 Hoi" Deducted ... Thlelen_ o • N_ , .... ,- ,~ J1" Rlveta ~" Riv ltl ~" RI ... -
""- In," - ,.- ,,- ,.- ,,- , .. ------ -

lJi 56.' 16.73 14.48 260.6 
lJi 54.0 15.87 13.74 247.3 
1 51.0 15.00 13.00 234.0 13.25 238.5 

'" 48.1 14.12 12.24 220~ 12AB 224.6 

Ji 45.0 13.23 11.48 206.6 11.70 210.6 

'" 42.0 12.34 10.71 192.8 10.92 196.6 
.. 8 

" 38.9 llA4 '.94 178.9 10.13 182~ 

% 35~ 10.53 9.15 164.7 '.33 167.9 . % 32.7 9.61 U8 150.5 8.52 153.4 U7 156.1 

" 29.6 8.68 7.55 135.9 7.70 138.6 7.84 141 .1 
)j 26A 7.75 6.75 121.5 8.87 123.7 7.00 126.0 

l Ji .9> 14.48 12.23 220.1 
I» .~ 13.75 11.62 209.2 
1 .U 13.00 11.00 198.0 11.25 202.5 

'" 41.7 12.25 10.37 186.7 10.61 191.0 
Ji 39.1 1TAB '.73 175.1 9.95 179.1 

'" 56~ lQ.72 9.09 163.6 9.30 167.4 
8,6 

" 33~ '.94 8.44 151.9 8.63 155.3 
% 3U 9.15 7.77 139.9 7.95 143.1 
% 28~ 8.56 7.11 128.0 7~7 130.9 7A2 133.8 

" 25.7 7.56 6.43 115.7 6,58 118.4 6.72 121.0 
)j 23.0 6.75 5.75 103.5 5.87 las.7 6.00 108~ 

)j 20~ 5.93 5.05 90.' 5.16 92.' 5>? 94.' 

1 37A 11.00 '.00 162.0 '~5 166.5 

'" 35.3 10.37 SA. 152~ &73 157.1 
Ji 33.1 '.73 7.98 143.6 8.20 147.6 

'" 31.0 '.09 7A6 134.3 7.67 138.1 
8, • " 28.7 8.44 6.94 124.9 7.13 128.3 . 

% 26.5 7.78 6AO 115.2 6.56 118.4 
% 24~ 7.11 5 .. 105.5 6.02 108.4 6.17 111.1 

" 21.9 6." 5.30 95.4 5.45 98.1 5.59 100.6 
)j 19.6 5.75 4.75 85.5 4.87 87.7 5.00 90.0 
)j 17~ 5.06 4.18 7U 4.29 77~ .AO 79~ 

1 34.0 10.00 8.00 144.0 8~5 148.5 
% 32.1 'A. 7.56 136.1 7~0 140.4 
Ji 3O~ U6 7.11 128~ 7.33 131.9 

" 28.2 8.28 6.65 119.7 6A6 123.5 

" 26.2 7.69 6.19 l11A 6.38 114.8 
7" % 24.2 7.09 5.71 102~ 5~' 106.0 

% 22.1 6.49 5~' 94~ 5.40 97~ 5.55 99.' 

" 20.0 5" 4.75 85.5 '.90 88.2 5.04 90.7 
)j 17.9 5" 4.25 16.5 4.37 78.7 '.50 81.0 
)j 15.8 '.63 3.75 67.5 3.86 69.5 3.97 n.5 
% 13.6 3.99 3.24 58.3 3.33 59.9 3.43 61.7 
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TENSION VALUES FOR ANGLES 
ALLOWABLE NET VALUES IN KIPS 
Unit Stress, 18 Kip. per SqU81"8 Inch 

F"0f' one .nllia In unalon wltll ...... "ttle .nd connedlon the tabulat.d .. alu ••• hould b . ... ;lue.d . 

W .... Hili "'-II\CI S,, __ 2 HoI. Dod""ll'6 ... "''''"- 0- h_ --
, .. - ''''u ,~ ~" RI .. ", ~" RIYm %" Rlo"" 

""- In." h_ so_ ,,- ,,- ,,- so-

l J1i 39.6 11.62 9.49 170.8 
1 37A 11.00 '.00 162.0 '>5 166.5 

" 35.3 10.37 8.49 152.8 8.73 157.1 
J1i 33.1 '.73 7.98 143.6 8.20 147.6 

" 31.0 9.09 7.46 134.3 7.61 138.1 .,. ~ 28.7 SA' '.94 124.9 7.13 128.3 

" 26.5 7.78 6.40 115.2 '.58 118.4 
% 24~ 7.11 ,.as 105.5 '.02 108.4 6.17 111.1 

" 21.9 6.43 5.30 95.4 5.45 98.1 6.59 100.6 
li 19.6 ~75 4.75 85.5 4.87 87.7 5.00 00.0 

J1i 17.2 ~06 4.18 75.2 • .29 77.2 4.40 79.2 
% 14.9 4.36 3.61 65.0 3.70 .... 3.BO .... 

1 30.6 '.00 7.00 126.0 7.25 130.5 

" 28.' 8.50 6.62 119.2 M. 123.5 
J1i 27.2 7.98 6.23 112.1 SA' 116.1 

" 25.4 7.41 5." 105.1 6.05 IOU 
~ 23.6 '.94 5.44 97.9 5.63 101.3 

8,. % 21.8 .AO 5.02 goA 5.21) 93.' 
% 20.0 , .. 4.61 83.0 '.77 85.' '.92 .... 
" 18.1 5.31 4.18 75.2 4.33 77.' 4.47 BO.5 
% 16.2 4.75 3.75 67.5 3.87 69.7 '.00 72.0 
J> 14.3 4.18 3.30 59A 3.41 61.4 3.52 63.. 
% 12.3 3.61 2.as 51.5 2.95 53.1 M' 54.' 

1 2a' 8.50 6.50 117.0 6.75 121.5 

" ". aD3 6.1 5 110.7 6.39 115.0 
% 25.7 7.55 5.BO 104.4 a02 108.4 

" 24.0 7.06 5.43 97.7 5.64 101.5 
~ 22.' '.56 5.06 91.1 5.25 94.5 

6x3~ % 20.6 '.06 .... ..~ 4.86 87.5 
% 18.9 5~5 4.30 77.' 4.46 BO.3 4.61 83.0 

" 17.1 5.03 3.90 70.2 4.05 72.9 4.19 ,.. 
li 15.3 '.50 3.50 63.0 3.62 ,,~ 3.75 57.' 
J> 13.5 3.97 3.09 55.' 3.21) 57.6 3.31 59.6 
% 11.7 3.42 2.67 48.1 2.76 49.7 2.86 51.5 
S '.8 2.87 2.24 40.3 2.32 41.8 2.40 43.2 

. 



148 

TENSION VALUES FOR ANGLES 
ALLOWABLE NET VALUES IN K IPS 
Unit Stress, 1 8 Kips per Sq uare Inch 

~or One . n~l. In t."slo" with IKe.nUI" e n d con nKtion the tabul.te d ... Iu ... should b • ...., u~. 

W' ,," Nil Ar ... ..-III Su_ - 2 Hoi .. O"uctld 
SI ... Thlekn_ . •• ~ . I , , ... , .... f~ }i" Rlvotl ~I~ttt %" Rlvm 

~. In.' ~. ,.- ~. - ..- ". .. --- - . 

1 30.6 9.00 7.00 126.0 7.25 130.5 
% 28.9 '.50 6.62 119.2 , ... 123.5 

" 27.2 7.98 6.23 112.1 6.45 11 6.1 

% 25.4 7.47 '.84 105.1 6.05 108.9 
;. 23.6 '.94 5.44 97.9 5.63 101.3 ,,' % 21.8 6.40 5.02 90.4 5.20 93.' 
% 20.0 586 4.81 83.0 '.77 85.9 4.92 88.' 
% 18.1 5.31 4.18 75.2 4.33 77.9 4.47 ''-5 
~ 16.2 4.75 3.75 67.5 3.87 69.7 4.00 72.0 
), 14.3 4. 18 3.30 59.4 3.41 61.4 3.52 63.' 
;, 12.3 3.61 2.86 51.5 2.95 53.1 3.05 54.9 

;. 22.7 6.67 4.92 88.' 5.14 92.5 
1. 21.3 6.25 4.62 83.2 '.83 86.9 
;. 19.a 5.81 4.31 71" 4.50 81.0 
% 18.3 5.37 '.99 71.8 4.17 75.1 

513~ ~~ 16.8 '.92 3.67 66.1 '.83 ".9 3.98 71 .6 

'" 15.2 4.47 '.34 ".1 3.49 62.8 '.63 65.3 . 
Y, 13.6 4.00 I '.00 54.0 3.12 58.5 56.2 3.25 
h 12.0 3.53 2.65 47.7 2.76 49.7 2.87 51.7 
~8 10.4 3.05 2.30 41.4 2.39 43.0 2.49 44.8 
% '.7 2.56 1.93 34.7 2.01 36.2 2.09 37.6 

% 19.9 5.84 4.21 75.8 4.42 79.6 
~. 18.5 5.44 '.94 70.9 4.13 74.3 
~ 17.1 5.03 '.65 65.7 '.83 68.9 
% 15.7 4.61 ,.,. 60.5 3.52 63.' 3.67 66.1 

5" '" 14.3 4.1 8 3.05 54.' '.20 57.6 '.34 60.1 
~ 12.8 3.75 2.75 49.5 2.87 51.7 3.00 54.0 
J> 11.3 3.31 2.43 43.7 2.54 45.7 2.65 47.7 
h 9.' 2.86 2.11 38.0 2.20 39.6 2.30 41.4 

'" ' .2 2.40 1.77 31.9 1.85 33.3 1.93 34.7 



TENSION VALUES FOR ANGLES 
ALLOWABLE NET VALUES IN KIPS 
Unit StI"GSS, 18 Kips per Square Inch 

F'o. on. on,l. In Unaion with _ .. vic . .. d eon"ectlon tI •• tabu'nod ~.Iu .. t hould b. r.duced. 

Weight 
NIIIAr __ Slr __ 1 

HoI. 0 ... "".101 

••• 1"""-
, . ~. , 

I 'rom .. ,-- ,~ ;11" Rlvm ~" RI.etl ~" Rivett -",. In.' ~. .. - ~. ,,- ~ . ..-
-~-r-

---

' l1i 39.6 11 .62 10.56 190.1 , 37A 11 .00 10.00 180.0 10.12 182.2 

" 35~ 10.37 9.43 169.7 9.55 171.9 . 
1i 33.1 9.73 8.85 159.3 8.96 161.3 

" 31.0 9.09 8.29 149.0 8.38 '50~ 

6.8 ~. 28.7 BA. 7.69 138.4 7.78 140.0 ,.. 26.5 7.78 7.09 127.6 7.18 "'~ li 24.2 7.11 6.48 116.6 6.58 11 8.1 '.64 119.5 

" 21.9 6.43 5.87 105.7 5.94 10S.9 6.01 108.2 

"' 19.6 5.75 5.25 94.5 5.31 95.6 5~7 96.7 

'. 17.2 5.06 4.62 83.2 4.61 84.' '.73 85. ' 
h 14.9 4.36 3.98 71.8 '.03 n. 4.07 73.3 

, 30.S 9.00 aoo 144.0 8.12 146.2 

" 28.9 8.50 '7.56 136.1 7." 138' 
l1i 27.2 7." 7.10 127.8 7>, 12U 

" 25.4 7.47 6." 11 9.9 '.76 121.7 

" 23.6 ... 6.19 lll A 628 113.0 

••• '" 2U .,0 5.71 10,. 5~ IOU -, 20.0 '.86 5.23 94.' 5.31 95.6 5.39 97.0 

'. 18.1 5.31 4.75 ".5 .... ".8 ' .89 ".0 
J> 16.2 4.75 4.25 76.5 4.31 n,6 4.37 78.7 
J> 14.3 4.18 3.74 67.3 3.79 ".2 3.85 69.3 
li 12.3 3.61 3.23 

I 
... , 3.28 59.0 3.32 59.8 

, 28.9 8.50 7.50 135.0 7.62 137.2 
l1i 27~ 8.03 7.09 127.8 7~' 129.8 
li 25.7 7~5 6.67 120.1 6.78 122.0 

" 24.0 7.06 6.25 112.5 6.35 114.3 
~~ 22.' '.56 5.81 104.6 5.90 '06~ 

6x3~ '" 20.' '.06 5.37 96.7 5.46 98.3 
ji 18.9 5.55 '.92 .... 5.00 00.0 5.08 91A 

'" 17.1 5.03 4.47 80.5 .... 81.7 4.61 83.0 

"' 15.3 '.50 '.00 72.0 '.06 73.1 4.12 ,,~ 

h 13.5 3.97 3.53 63.5 3." 64.4 3." 65.5 
ji 11.7 3.42 3.04 ".7 3.09 55.8 3.13 56.3 
% 9.8 2.87 2.56 46.1 2.60 

I 
46.8 2." 47.5 

, 30.' 9.00 8.00 144.0 8.1 2 148.2 

" 28.9 8.50 7.58 136.1 7." 138.2 
I )j 27~ 7.98 7.10 127.8 7>, 129.8 

" 25.4 7.47 '.56 119.9 6.76 121.7 
h 23.6 '.94 6.19 111.4 6>8 113.0 

". " 2U 6.40 5.71 102.8 5.80 104.4 

" 2<1.0 5~ 5.23 ... , ." 95.6 5.39 97.0 

" 18.1 5.31 4.75 85.5 ' .82 ".8 '.89 86.0 
J> 16.2 4.75 '~5 76.5 4.31 n.6 4.37 78.7 
J. 14.3 4.18 3.74 67~ 3.79 " .2 3." 69.3 

I li 12.3 3.61 3>3 58.1 3.28 59.0 3.32 59.8 

L-
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TENSION VALUES FOR ANGLES 
ALLOWABLE NET VALUES IN KIPS . 
Unit. St.ress, 18 Kips per Square Inch 

For one enil i. In tenllon with _nvlc. end connection the tabulated ".1" .. should 1M .... '-". 

W . ... Net.lor ... and SIl' __ 1 I-l0l 1 Dedu.Ud 
$b. Th",",_ 0- ,,-, .. - , ... ,~ %" Ri .. /t "" RI."" ~" RI ... 

""- In." ,,- s.. ,,- su. ,,- s.. ---
Ji 22.7 6.67 5.79 104.2 5.90 106.2 
% 21.3 6.25 'M 97.9 '.54 99.7 
Ji 19.8 5.81 '.06 91.1 5.15 92.7 
% 18.3 5.37 4.68 .U 4.17 85.' 

S X 3}i % 16.8 4.92 4.29 77.2 4.37 7~7 4A' BO.l 

" 15.2 4.47 3.91 70.4 3.98 71.6 4.05 72.' 
% 13.6 4.00 3.50 63.0 3.56 64.1 3.62 65.2 
Ji 12.0 3.53 3.09 55.6 3.14 56.5 3.20 57.6 
% 10.4 3.05 2.67 48.1 2.12 49.0 2.76 49.7 
% '.7 2.56 2.25 40.5 2.29 412 2.33 41.9 

% 19.9 , ... 5.03 90~ 5.13 92.3 
Ji 18.5 '.44 4.69 84.4 4.78 86.0 
% 17.1 5.03 4.34 78.1 4.43 79.7 
% 15.7 4.61 3.98 71.6 4.06 73.1 4.14 74.5 

"3 " 14.3 4.18 3.62 65.2 3.69 66.4 3.76 67.7 
% 12.8 3.75 325 58~ 3.31 59.6 3.37 60.7 
Ji 11.3 3.31 2.87 51.7 2.92 52.6 2.98 53.8 
% , .• 2.86 2.48 44.6 2.53 45.5 2.57 46.3 
% .2 2.40 2.09 37.6 2.13 38~ 2.17 39.1 

% 19.9 5.84 5.03 90.' 5.13 92.3 
% 18.5 5.44 4.69 84.4 4.78 86.0 
% 17.1 5.03 4.34 78.1 4.43 79.7 
% 15.7 4.61 3.98 71.6 4.06 73.1 4.14 74.5 

4>4 % 14.3 4.18 3.62 652 3.69 66A 3.76 67.7 
% 12.8 3.75 3.25 56.' 3.31 59.6 3.37 60.7 
Ji 11.3 3.31 2.87 51.7 2.92 52.6 2.98 53.' 
% , .• 2.86 2.48 44.6 2.53 45.5 2.57 48~ 

% ' .2 2.40 2.09 37.6 2.13 38.3 2.17 311.1 
X 6.6 1.94 1.69 30.4 1.12 31.0 1.75 31~ 

% 18.5 5.43 4.62 83.2 4.12 .... 
X 17.3 5.06 4.31 17.6 4.40 79.2 
% 16.0 4.68 3.99 71.' 4." 73.4 
% 14.7 4.30 3.67 66.1 3.75 67.5 3.83 sa.' 

4 )l3~ % 13.3 3.90 3.34 60.1 3.41 61A 3.48 62.6 
% 11.9 3.50 3.00 54.0 3.06 55.1 3.12 582 
Ji 10.6 3.09 2.65 47.7 2.70 48.6 2.76 49.7 
% • .1 2.67 2.29 412 2.34 42.1 2.38 ".8 
% 7.7 2.25 1.94 34.' 1.98 35.6 2.02 3M 

% 17.1 5.03 4.22 7~O 4.32 17.' 
Ji 16.0 4.69 3.94 70.' 4.03 12.5 
~ 14.8 4.34 3.65 65.7 3.74 67.3 
% 13.6 3.98 3.35 60.3 3.43 61.7 3.51 63.2 

4>3 % 12A 3.62 3.06 55.1 3.13 56~ 3.20 57.6 
)i 11.1 3.25 2.75 49.5 2.81 50.6 2.87 51.7 
Ji , .• 2.87 2.43 43.7 2.48 44.6 2.54 45.7 
% •. , 2A' 2.10 37.8 2.15 38.7 2.1 9 39.4 
% 72 2.09 1.78 32.0 1.82 32.8 1.86 33.5 
X 5.8 1.69 1.44 25.9 lA7 26.' 1.50 27.0 



TENSION VALUES FOR ANGLES 
ALLOWABLE NET VALUES IN KIPS 
U nit StI"e5S, 18 K ips pel' Sq uare Inch 

For one .ngll In u""lon with _ nt,rlo end con ..... tJon t he ub .. lu "d .... 1 .... . ho" ld ... ,...!...,..s. 
-= 

Welllllt Nil "' ... and Str __ 1 HoI. DocIutl'" ... "'''''- ,- ,,-, .... Inth .. ,., %" RlvIU ~" Rlvtt. %" RI . .. 

"'. In.a ,,- .- "- . w. " . .w. 
% 17.1 5.03 • .22 18.0 4.32 T7~ 

" 16.0 4.69 3.94 70.9 '.03 12.5 

% l U '.34 3.65 65.7 3.74 67.3 

% 13.6 3.99 3.35 60.3 3.43 61.7 3.51 632 

3}i J 3~ % 12.4 3.62 3.06 55.1 3.13 56.3 3.20 51.6 

4 11.1 3.25 2.75 49.5 2.81 50.6 2.87 51.7 

% '.8 2.87 2.43 43.7 2A8 44.' 2.54 45.7 

% 8.5 2.48 2.10 37.8 2.15 38.7 2.19 39A 

% 7.2 2.09 1.78 32.0 1.82 32.8 1.86 33.5 

" 5.8 1.69 1.44 25.9 1.47 26.5 1.50 27.0 

% 15.8 4.62 3.81 68.' 3.91 70.4 

" 14.7 4.31 3.56 64.1 3.65 65.7 
% 13.6 4.00 3.31 59.S 3.40 612 

% 12.5 3.67 3.04 54.7 3.12 56.2 3.21) 57.6 

3% 1(3 % 11.4 3.34 2.78 SO.O ,.5 51.3 2.92 52.6 
% 102 3.00 2.50 45.0 2.56 46.1 2.62 472 

% 9.1 2.65 2.21 39.8 2.26 40.7 2.32 41.8 

% 7.9 2.30 1.92 34.' 1.91 35.5 2.01 36.2 

% ,., 1.93 1.62 29.2 1.66 29.9 1.70 "'., 
" 5.' 1.56 1.31 23.' 1.34 24.1 1.37 24.7 

% 12.5 3.65 2.96 53.3 3.05 54.9 

% 11 .5 3.36 2.73 49.1 2.81 SO., 2.89 52.0 
% lD.4 3.06 2.SO 45.0 2.57 46.3 2.64 47.5 

3),<l X 27i % 9.' 2.75 2.25 40.5 2.31 41.6 2.37 42.7 
h ., 2.43 1.99 35.8 2.04 36.7 2.10 37.8 
li 7.2 2.11 1.73 31.1 1.78 32.0 1.82 32.8 

% ,.1 1.7. 1.47 26.5 1.51 27.2 1.55 27.9 

" '.9 1.44 1.1 9 21.4 1.22 22.0 1.25 22.5 

li 11.5 3.36 2.73 49.1 2~1 50.6 2.89 52.0 

% 10.4 3.06 2.50 45.0 2.57 46.3 2.64 47.5 

% ••• 2.75 2.25 40.5 2.31 41.6 2.37 42.7 

3" h 8.3 2.43 1.99 35.8 2.04 36.7 2.10 37.8 

% 7.2 2.11 1.73 31.1 1.78 32.0 1.82 32.8 

% '.1 1.78 1.47 26.5 1.51 27.2 1.55 27.9 

" '.9 1.44 1.19 21.4 1.22 22.0 1.25 22.5 

% 9.5 2.78 2.22 40.0 229 41.2 2.38 42.5 

% 8.5 2.50 2.00 36.0 2.06 37.1 2.12 38.2 

h 7.' 2.21 1.77 31.9 1.82 32.8 1.68 33.8 
3 X 2),<l % ,., 1.92 1.54 27.7 1.59 28.6 1.63 29.3 

% 5.' 1.62 1.31 23.6 1.35 24.3 1.39 25.0 

" '.5 Ul 1.06 19.1 1.09 19.6 1.12 21).2 

% 3.39 1.00 .81 14.6 .83 14.9 ~, 15.5 
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TENSION VALUES FOR ANGLES 
ALLOWABLE NET VALUES IN KIPS 
Unit. Stress, 18 Kips per Square Inch 

tor one angl. In tanaion with ...... nt.lc and connection the la,bu'.tad ... 1" •• ahouL d be ...cI",,". 

- W, ... Ne! Ar .. and 5tr __ 1 HoIa 0001 .... 011 

sa. Thk~"_ 0- h. -, .... ,-- I 
F~ 

I 
~" RIY'" %" Rivett , ... In." ,,- '"- ,,- I '"-

li 7.7 '~5 1.81 32.6 1.87 33.7 
J> '.8 2.00 1.61 29.0 1.67 30.1 

'" 
% 5.' 1.73 1.40 25.2 1.44 25.9 

" 5.0 1.47 UO 21.6 1.24 22.3 
~ 4.1 1.19 0.97 17.5 1.00 lB.O 
l> 3.07 0.90 0.73 13.1 0.76 13.7 

li 7.7 2.25 1.81 32.6 1.87 33.7 
J> '.8 '.00 1.61 29.0 1.67 30.1 
% 5.' 1.73 1.40 25.2 1.44 25.9 

2~ x2~ " 5.0 1.47 1.20 21.6 1.24 22.3 
~ 4.1 1.19 0.97 17.5 1.00 18.0 
l, 3.07 0.90 0.73 13.1 0.76 13.7 
% '.08 0.61 0.50 '.0 0.51 •. , 

I 
li '.8 '.00 1.56 28.1 1.62 29.' 
J. '.1 1.78 1~' 25.0 1.45 26.1 
% 5.3 1.55 1.22 22.0 U' 22.7 

2~ x2 l> 4.5 1.31 1.04 18.7 1.08 19.4 
~ 3.62 1.08 0." 15.1 0., 15.7 
% 2.75 0.81 0." 11 .5 0.67 12.1 
V- 1.86 0.55 Q.44 7.8 0.45 8.1 ,. 3.92 1.15 0.92 16.6 

2!4 It lJ4 ~ 3.19 0." 0.75 13.5 ,. 2.44 0.72 0.58 lQ.4 

J, 5.3 1.56 1.23 22.1 
~8 4.7 1.36 1.07 19.3 

" 3.92 1.15 0.92 16.6 , ,2 
~ 3.19 0." 0.75 13.5 
% '.44 0.71 0.57 10.3 
V- 1.65 0.48 0.38 ' .8 

Yo 3.99 1.17 0.88 15.8 ,. 3.39 1.00 o.n 13.9 
2 )(1 % ~ '.n 0.81 

I 
0.62 lU 

% 2.12 0.62 0.48 8.' 
% 1.44 OA' 0.32 5.8 

, 



STRESSES IN BEAMS 

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

ReadioDS. I II the simple case of a beam supported at both ends, 
each support reacts with an upward pressure called the reaction 
of the support. The sum of these two reactions is equal to the total 
load on the beam. 

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

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

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

• 
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Ver ti ea l Deflection. Bending stress within a beam produccs 

flexure, and the deOcction, or the amount of its departure frODl a 
straight line. is the measure of the deformation which the beam has 
undergone in ita resistance to bending stross. So long as the stress 
is within the safe limits allowed for the material, the deflection is 
negligible 80 far as i t concerns the beam itself; it may, however, be 
of sufficient magnitude to cause the disruption of other materials 
of less strength wh ich are in contact with or supported by the beam, 
such as plaster. In such cases the limit of allowable deflection may 
determine the choice of a section. 

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

Method of Computation. A complete investigation of tbe strength 
'of beams under transverse loading must take into account every 
element-tbe bending moment, the vertical deflection, the latera l 
de8ection and the shearing stress; though under the usual loading 
conditions the first alone determines the size and wcight of 
section. 

In the calculation of bending stresses, the loads are usually 
expressed in pounds, the span length and the distance between the 
loads in rcet;tbe resulting bending moments are in foot-pounds, and 
the proper section can be selected from the tables. The section 
modulus of the required section is obtained by dividing the maxi
mum bending moment in inch-pounds by tbe allowed unit stress 
in pounds per square inch. In such calculations it is tLSSUmed 
that the neutral axis of the section is normal to the line of action 
of the load. Whcn this is not the case, correction must be made 
for the eccentricity of tbe loading. 

General formulas for the bending moments and vertical deflec
tions of beams under the usual conditions of loading, and also 
diagrams illustrative of those conditions are given on following 
pages. The general method of computation fo r the maximum 
bending moment of a beam supported at ends and loaded at 
various points is as follows: 



First. Find the reaction at the left (right) support by multi
plying each load by its distance fro~ the right (left) support nnd 
dividing the sum of these products by the length of tbe span. 

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

Third. Multiply the reaction at the left (right) support by its 
distance from the point of maximum bending moment and subtract 
the 8um of the products of all loads to the left (right) of this point. 
by the corresponding distance from this point; the difference 
between these moments is the. mnximum bending moment. 

; I i ~-"6'- Off .. _-t4-

L~:::· __ ~:~,:;_f.::~::3 

Eumple: ReQuired tile llze Of a 
.teo! beam to aupport; ~be foUow[ug 
qu[e.eo;,nt [oads ov~ a clear .pan of 16 
feet between .upJ)QI'W. at a mulmum 
uo[t .U'e8S oot to ftl.ceed I S,OOO pound. 
per aqUI\l'e [ncb, Too t.op lIangeof the 
beam mWl~ be bnl.COd lawnUy at 
proper [nterval&. 

W. _ l6,OOO poWlda." f_ from. IN' .upJ)Ol't;. 

W. _ 18.000 9 " 

W._ 2,000 

W. _ 00 
per foot. Wllform up to " feet. from rigllt .uPPD"

UIIumod weight of beam un[formly dlftrlbuted 
over cnt[re .pan. 

Lett ReaetJon. [l1000 I n + (110 I 18)8 +I~IIJOO I i + (2000 ,I) I 2_21 .SM lb!. 

H ight noa.ce[on. 10000 I I + (110 I 18) 8 + IF 10 + (2000 II) I 11_21.6061b1. 

Sumotre.ctlo,-umof[~_W, + W, + W, + W. 

Polotl of mu.imum moment (00 lI: " ) + 10.000 1(1,240 < 21.3611 

(110 lI: 9) + 10.000 + 18,000 _ M .MO > 21,365 

theretOl'll the polot of .....mown beDdiq mOOlent Is at pOlot of 10.<1 WI. 

Mu::Imwn beodlng moment. 21W .IJ..II1OOOI5-{eCbll) IU _ log.7M ft.-IIIL 

0<". 21eOh7--(tO(1(1I 1)15-(lIlh7) 13.5 _ log,7M ft.-lllL 

... _.[_-, _ ....... _ modui~ lOO.7f1~ lI: 12 1.311&:'10 73 2m' 

.""' .. ~ ........... 0 - 18.000 - 18. -. . 

A. tbe section modulUi Of tile IS Incb 114.7 DOund AmerlC{Ul Standard. o r 
t he HI Inch 45 pOund 08 Section approldmate thl.il value, either of th....., 
IIlCtlOnl may be u.sed. 

II tbe allowed unlt .trea were IGOOO pound. per flQuare InCh. the required 

__ ,_ odul u1d be 109.7MlI: 12 ~1 7.180 82 II • 
............ 0 m WI YO 18,000 _ I~~__ • n. 

, .. 
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NOTATIONS USED IN FLEXURE }~OH.MULAS 

W _ Superimposed load , in pounds. 
R _ Reaction, in pounds. 
V _ Vertical shear, in pounds. 
1\1 _ Bending moment, in inch-pounds. 
f _ Bending stress on extreme fiber, in pounds per square inch . 
I _ Moment of inertia of beam, in inches'. 
S _ Section modulus of beam, in inches". 
E - Modulus of elasticity, in pounds per square inch . 
D _ Deflection, in inches. 
1 _ Length of span, in inches. 
k _ Distance from cod to load, or su pport , divided by span, in 

inches. 
g _ Distance from end to nearest point of zero moment, in inches. 
c - Distance from end to point of maximum positive moment, in 

inches. 
h _ Distance from end to point of ma:'{imUlll deflection, in inches. 
< - Is less than. 
> _ Is greater than. 
=: _ The sum of. 

LOAD COEFFICIENTS, C, FOR CONTINUOUS BEAMS 
OF EQUAL SPANS 

Moment - CWI Shear - CW 

EQUAL SPANS I iF"~' ":::::::=.:====111 ;'.. 0 

SHEAR .1 MOMENT SHEAR I MOMENT 

o 
'" 

No.. of Spon loft Right 'MI... At l oft Right I WII.... At 

• 
Span. No.. End End Shear _ 0 Suppott End End Shear _ 01 s._ 

+ +-+-+-
~ --1-- --I --

.375 .625 I .070 -312 .688 .156 2 1 
2 .625 -375 .070 .125 .688 -312 .1 56 .188 

--1-- __ 1 __ ' ___ ' __ ' __ 
1 .600 .080 -350.650 .1'75 

3 2 
Aoo 
.500 
.600 

.500 .025 .100 .500 .500 .100 ,150 
,150 

4 

3 

1 
2 
3 
4 

.400 .080 .100 .650 -350 .175 

.393 .&D7 ,on -339 .661 .169 

.536 .464 .036 .107 .554 .446 .116 

.464 .536 .036 .071 .446 .554 .116 

.607 .393 .on .107 .661 -339 .169 

.161 

.107 

.161 
_ _____________ 1 __ ' ___ _ 

5 

.... 
Find 

I .395 .605 .078 .342 .658 .In 
2 .526 .474 .034 .105 .539 .461 .112 .158 
3 .500 .500 .046 .079 .500 .500 .132 .118 4 _ _ _ _ _ ~ J12 J18 
5 _ ~ _ JM ~ - I Jn J~ 

= .500 ~~~~ .500 ~~ 



STATIC LOADS ON BEAMS 

EXPLANATION OF TADLES-CASE 1 TAKEN AS A UNIT OF 

COMl'ARISON 

For Case 2. A beam with ends fixed will carry l~ tim£'8 as 
much uniform load, with .3 tho deflection, as the same beam would 
carry were the ends supported as in Case 1. 

For Case 18. A beam with load concentrated at the center will 
carry only >1 as much load, with .8 the deflection, as the same beam 
WQuld carry were the load distributed uniformly over tbe ontire 
span 8 S in Case 1. 

LOAD COEFFIC IENTS, C . 

The safe load tables give the total uniformly distributed loads 
for Case 1. 

Unirorm load in safe load tables + C _ Allowable load for that easc. 
Load obtained by formula xC - Uniform loao in sare load tables. 

, -Maximum Load 
lIwIlng Condltl ..... C •• R ... "", 
Single StNn B_ .- RII.II •• 

. ... O ..... tion 
CHl'lldtnl. 

""" , 
. ---

I. ,. 
.Ji. iiiiill I II II i '1l ' III "I 

, II 1 1 1 1 

" " 
, 1% .67 .3 

3. •• 
II II IIIIIIIIIIIIIIIIIIIIIIII II ~' .2:: """11 ,''"'' iiilii l~ 3 )( • 2.4 , , 1 1 .42 

10. 13. 

~ 10 
I 2, 

,\\\\\\\\Zt:tWmt,\\\W 2a 'T 

" 13 jj 2.67 1.92 

14. 15. ---- .. ~ " 
)( 1.3.1 .00 

~.& 15 .97 1.03 .97 

10. 17. 

P-~ ~1 0 l'\\ 16 I}> .67 1.08 
17 1 1 .4 

" \\\ 

18. 20. 

0 0 t~ 18 % 2 .8 .. .. .. 20 )( 1.5 .48 

22. 2-1. 

0 0 0 22 ,l( 8 3.2 

H .. .. .. 
" " T 

26. 28. 26 1 S (l-k) 

0 f:) 0 0 8(I- k) 

'" '" 28 I " .. T 

. 6 7 
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STATIC LOADS ON BEAMS 

LOIdInG Condltl"" .. 
Contln""". S ....... Equal ~, 

.. , 

i 1 

1 1 

1 1 

i 

1 1 

1 

.. o 
1 

1 
o 0 

1 

• 

• 

o 

o 0 

Cu • 
•• 

41 

42 

43 

.. 
" 
46 

47 

49 

~1 000 1 000 , 000 l: 

.. o 
1 1 51 

.. o 
1 1 • 52 

1 1 
o 

1 1 53 

o 
1 

o • 1 .. 
, o .. 

I M.ul ..... '" Load :--

1.50 .67 

1.30 .n 

1.33 .75 

1.67 .00 

1.20 .83 

us 

.55 

1.00 1.00 

1.l3 .89 

1.20 .83 

.62 1.63 

.63 1.00 

.71 lAD 

.80 1.25 

.79 1.27 

.75 1.33 



BEAMS UNDER VARIOUS LOADING CONDITIONS 
DIAGRAMS AND FORMULAS 

STATIC LOADS ON BEAMS 

I. Beam supported at ends-uniformly dis tributed load 

~ -- ------ /--------" 
, ... ,.- .. ' 
~ ~,"~i!':t:o 
R, : ;R ' 
t---r- --'!'--" j. ---~ 
~' , It i . ' 

Sh~ Diqnm : <::::tIIIIl R 

1 : : , : ' 
..-iAffflllIIJJJbJ-- - - - : 

M, ' 
'.: ' 

M_t Diaer:am 

Safo Load _ Tabulae Load 

R 

M 

Wmu. 

W ( I 2~ ) 

w 
T 

" 
W" ( I J.) 

" .J!..! , 
'" -,-
/i W la ,.. .. 

%. Beam bed atends-unirormly distributed load 
sate Load _ U X Tabulal' Load 

Fixed r-'''''- --- /--- --- -..., P'Wld 
~L,- +__.,.---t ---~ 
~~ ,W ~ ; 

WJ . ; ----11&,0 
n ] : .. -.z.- ~R 

, ~g,., . ..g-I ' , , 

R ", , , , 

•• ~(1- 2X ) 

R 
W .,-

M. W ( " ' ) 12 6,; - 1-, 

" 
W, 

" 
M, W, .,-
Wmu. 

,,,,, -,-
o ~. w" 

3S4Ei , .211/ 

3. Cantil6ver beam- uniformly distributed load 

Safe Load _ .25 X T abular Load 

R 

W max 

D max. 

W. , 
w 
''VOl' ,,
w, , 
'" -,-
w" 
8Ei 

'.9 
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BEAMS UNDER VARIOUS LOADING CONDITIONS 
DIAGRAMS AND FORMULAS 

STA.TIC LOA.DS ON BEAMS 

4. Load uniformly distributed-one end fixed, one end supported 

"' .. 
F
i§'·-------m~-,-:~:i:-:' , 

, , _'" i ,to 
R &--- " 

I ~ , :... __ h ____ ~ R . 

: <C1111R , 

R111111~! i 
~hU'D~am i 

_-<"<fT",· -,-----". , 
, ...-fi 111 Th-... ilf 

~-: llY! l ___ ~. ___ J 
tJ , . 

~ ------ - &'---------~ 

Moment DiqTam 

Sato Load 

R. 

R. 

• 
, 
b 

D mall:. 

W max. 

Tabul,.,. Load 

,W 
T 
'w 
T 
\V (3! 8~) 

" .07 WI 

WI 
T 
\V"P '- b ) 

" " T 
-'-'-, 
.4221 
.0000W/· - E-'
m -,-

5. Load uniformly dist ributed---one end supported, one end o\'erhanging 

~ ----------+-----_ ....• .., 

~:,-;~;~ 
R '~ __ x.': ' : R. ! 
R ,[ltr-..,.. . V. ih......: 

, '""'-lJ.' " , ' , ' ~, __ ~Vb; 

~
: Shear :D~~ __ ~ ___ l _. 
, , " 
, I .M , , " 

, ' ~-I 
~ .•• e .• ~ : .. __ . '1' , , 
.... ---.11'------.. 

Moment D\aa'Jwn 

V. 

Vb 

• 
, 
Wma:<. 

Wmax, 

W max, 

W(l Zk) 
2( 1 It) 
W 

2(I-k) 

w. 

W IU Zit)· 

>l' 
M, - M,U It_.293 

if" < c 

W (I-I), • 
21 I'..., > c 

I{I-Zlt) 
2(l-k) 
1(1-2k) 
( l - k) 

23.3 IS, It k _ .293 
I 

8ts(t k)', 
1(1 2k)' Irk < .293 

2ts, Irk> .293 ,'1 



BEAMS UNDER VARIOUS LOADING CONDITIONS 
DIAGRAMS AND FORlIIULAS 

STATIC LOADS ON BEAKS 

6. Bea"m continuous over two lIupportll--uniformly distributed load 

w 
~ , •• ...... : •• . J:!" .... 
, vb! rtr-" Vlll h 1 

I 'l.ll v. '~V" , 1.' , 
: ~h ..... DI~ : 

'f •• ~ ••••• --.;;.:;. , , 

M : :.,(1 I"f)..: I <. , : ""r: l!:':..L~I , 
I ~: , --- , ," I, 
~ . ..:.- :: 
~ Id..l..·· --- c .• ,.- ..... III ~ 
"-- --------1------- . ~ 

Moment Diapam 

R 

V. 

" 
" 
M, 

M. 

, .. 
W max, 

'Wmu. 

w~. 

• 

" , w. 
u - Va 

wIn 4k) Mltlmlnu., . ' 

w.' ZT' U.<kl 

"k·>t 

wIle:! 1<1) ,,'1, 

" 
I'. > II I. I,ut< (lrl-te) 

46 .7 rs - ,- ' 
8ffl 

1(1 - 411)' 

Itk _ .207 

Itk < .207 

~~. Irk > .207 

I ( l - V~ , 

7. Load uniformly dis tributed over t.wo 8upportll--unsymmetrical ends 

..... -- --- ,._--..... .. , , , , , , 
~-..... --- t -··· .... . 1). . .. 

" " I' , . 
I ' W • , 

~"' :l: "m ~ 
~.... R" , K. : 

: -~-.1):;.i v .. t'rh., : 
:'l.J.IVb :'lJ.1 Vd , 1. ,_ . ..... 
: ~1I .. r i D!ll&"~ 

~ -;-"rAi1TJ\: I 
i -'~~'--l 

~ '.':'-!i L.~' 

R, 

n. 

V> 

Vd 

M, 

'" 
M .. 

• 
\\' ,nLL 

W ( I - 2b) 

'" W ( / -2-.) 

" Il ,-Vb 

w. 
T w, -,-
R, _ Ve 

R," 2W-R ... 
W., ,,-
w,' ,,-
w., 
2/' Ir:.<. 

w.' n,{,.-a)-21 If,,>&, bu~ « .. +c) 

1(1- 2b) 

'" "" ......-' It M, > 1\1 or M. 

8 "'" IU 2b), 4ae(l 2b)' IfM>M,orM. 

2ml 
1}1' ItM.>MorM, 

,., 



BEMIS UNDER VARIOUS LOADING CONDITIONS 
DIAGRAMS AND FORM ULA S 

STATIC LOAOS ON BEAMS 

~ Beam supported at ends-uniform load partially dis tributed 

R, 

r --- ---1--------"'; 
\o..·.....,.····,, ·· · ... ·· b· · ... " . , 

n, 

: I W ' : 
"l;--t 1= -'0 

H o;'_.,,:'; : : ---- IR; 
, , 'I : 

RI~:' ~ 
Sheolr n: ___ ' «tUnrti H, 

~"" , ~u " ' 
~-~e--~: : , , " , 

f-t~. 
JI,{ ~ : ; , . , 
~-

• 

W (2b+c) 

" W(Za~) 

" RL - ~ {:r-a) 
o 

n, (ZaW + R,c) 
2W 

~(b +f), Ira _b 

It,ll, It X < a 

R,I- W (x .p, U ,,> •. but«a-kJ '0 
8 l SI' 

.al (2 b +C) -te(2b+e)' 

.. + R,c 
W 

9. Beam SUPllorted at ends-uniform load partially discontinuous 

... -------- 1---- .. _- ., , , 
10-- -x" _ -.,.··c-· ... __ b - . ..,; 

~ ~ J ~- .o 
RI~ __ ,, _ ... : ' :Rf 

R : Vc 

: i • I R. 
,Sb .... r plarp'am, 
;"'~..; ' , : 
'-~~---- ' : ' 

M' : : , , :, . , 
<. 

loI_M~ 

R, 

R, 

Yo 

)t 

M 

M. 

M. 

• 
• -

W , (21 a) + W , b 

" W , (21 b) + W ,a. 

" W. b W,a 

" . 
R,'" 
2W, • 

R,' b 
2W •• 

If R, < W, 

If n , > W , 

W ,x' 
B,x - 2:>. ' tt x< a 

R ,:c- W , (2
2

:1: aI , Ih: >a,but< (a+c) 

R,. ItR,< W, w,' 
I _ R•b , UR , > W, 

W, 

No'n:: In cuolIhown, II, <: w" 



BEAMS UNDER VARIOUS LOADING CONDITIONS 
DIAGRAMS AND FORMULAS 

STATIC LOADS ON BEAMS 

10. Uniform pressure on foundation-load partially distributed 

,.---------j-._. ---- .. , , 
t' -a·.,.---- b·-- -.... . . o: 
: j w : : 
'i' L >'''.... { ,~ 
, " • I 

~.- "1--'" : t 
I -~--'- "'---.c·_'" 
t i ::: -, 

: V 
_._~J 

i , , 

Sate Load _ 

v 

W mu. 

• 

, 
2i X Ta.bular Load 

W. 
T 
" 'a 
• w,,· 

21' ifx<a 

WII [I(2)[ 11.) _ 2"" 
21( 1 2a.) • 

• , 
T 

If J: > a,but «a+b) 

II. Uniform pressure on foundation-loads partially dis tributed 

v. w. 
T 
Wb 

" \V a' 
2(1-2c) 

w.' 21' .r,,<. 
W[2cx1 -/(z-apJ . 

." 
If x> ., but < (a+ c) 

, .. 

W[1(2a +c- 2,,) + 2I'I , it:. > (a +c).but not>J. " , 
MomcntUQ)ntcril NlljIath'$U( II +~)< 1 .. 
I-2c 

W max. 2 tS(I- 2cJ .' 
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BEAMS UNDER VARIOUS LOADING CONDITIONS 

DIAGRAMS AND FORMULAS 
STATIC LOADS ON IlEAMS 

12.. Uniform preu ure on foundations--c:oneentrated loada at any two points 

//' ~¥ .' , 
if h ~-h- "'·w-n-""'- n· .. 
" " , R' .. -----m---·- ~ R. : 
:.--.e-.~ : 
" , I 'VII' Vd' 
, . Va: ' ; 

, , , , , 
~-, , , 
1 !of. 

'-+"'-I1-rhm17"'-'-","+' .• , ' 
'!II' , 

Moment Dlalff1lm 

R, 

R. 

V. 

Vb 

Vo 

Vd 

V, 
M , 

'" 
M. 

• 

W,(b +c-n )- W .(n--<:) 
m 

\V,(m + n --<:)_W, (h_) 

II,. 
- 211 
_ W ,- Va 

w._ Vc 
n,-w, 
n,'" --:u;-
Ihc' 

- """'iiI 

m 

_ w,(a._2W1h ) 
,", 

n,J[2 
- Th' lrx <a 

l~t - W, (x- a) . It x> a. but < ~h 
I,, ( x- h) - W I (:I- a) , It lI>Zh. but < (Zh +., 
2 \\, ,11 
--.;-

13. Cantilever beam-Load increalling uniformly to fi:s.:ed end 

~- -------,---.. .. ..... Sate Load _ .311> X Tabular Load 

W" 
, , WI' , V. -" , , ' 

R%-
• - .. -> 

: , D R W , 
~' Mx w.· -""J'i'i" R--=--l w, , 

S!>e.r Oi......, , M T , , , , 

M~ \V max. ". - J 

D mall. 
WI' -!tiE l 

• 



BEAMS UNDER VARIOUS LOADING CONDITIONS 
DIAGRAM S AND FORM ULAS 

STATIC LOADS ON BEA&IS 

14. Beam s upported a t ends-loa d increasing uniformly to center 

,.- ------1------- .... 
~---t---"':'"W--- i ---~ 

~
' , , ,,.·x·,, 
:' I' :' , " I,. _____ A:"::D 

R , : ,R , 

8ar .. Load 

n 

.75 x Tabular Load 

W (/' 4x ') 

'" 
If X < 4 

~' , n , : 
, ''<J..lllIlJ n 

;\Ix '" WX(7\l - WI. If x < t 
Sh"1-" Dlaa-rflm : • , ' 

't~iiffIrtn~: , ' , 
1>1 ' I , , , , , 
,,_ r 

W max. 

I) max. 
Momen l Diagnun 

~ , 
6r." -,-
WI' 

60EI 

15. Beam supported at ends-load increas ing uniformly to one end 

Safe Load 

n, 

", 
1\1:.: 

W ma.x. 

D m o.x. 

.97 X TabUlar I..oad, 

W(/ ' ax ') 

'" ,w , 
w ,-
W,,(I' x ') 

'" .128 W I 

7.79 rs - ,
.013044 W I' 

t; I 

16. Bea m supported at ends-load decreas ing uniformly to center 

,.------_. /-------- .. 
' I I ' ,"---r---":'"---! ----: 
I w w I 

N " -M-~t'D R; ";R 
~' .. -,,- ~ 

R ~: : 
Shefr Di~ i <ttGJJj R 

<.'~.------ , , , ' 
M .I : , , , 
• .. "' [LljCLU.lllill.JJll. 

Momenl Diaa-nrn 

'" 
M 

D max. 

1.5 X Tabular 1,0;1.(1 

W (¥ _ 21~' -7ll). 
w , 

12 
12 rs - ,-
aWl' 

a20 1:o:1 

It:r < -f 

'6' 
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BEAIIIS UNDER VARIOUS LOADING CONDITIONS 

DIAGRAMS AND FORM ULAS 
S TATIC LOADS ON BEAMS 

17. Beam fi xed at ends-single load at center 

F ixed .. ----- --1---- -- - + 11'1%00 SarI) Load 

" 
Tabular Load 

~ -- t ---~-- t--- ~. 
~ ' " 
R i .. .. _:l .... ,: : L :R 

... ..L~ w "'-"'1 , 4 , • 4 , 
: I , : : 

nl!!!d" "l ' , 
Sb"' Dikram iii lj lll l !n 
., __ 1. ____ 1-___ ' , : 
~l :! : 
"'.- -l 

Momell.t~ 

M. -, 
W max. 

D rna>: . 

-", 
': (4,, -1) , 

w, -. 
W, -. 
". -,-
w" 

Tii2'Ei 

\('" < ~ 

18. Beam supported at endS--COllcenlrated load at center 

,..- -- - --- I ---- - --~ , , 
I ,,·X·" , 
, , I", _,D 

R t----!--- -_of ----lR , , 
' W , , , , , , 

RIIIIIIIII I : 
Sh":"Diagram 1IIIIIIII n 
r~~-------: : 
, , ' 

M , ' U : 
Moment Dia&"~ 

Safe Load = 

" 
M. 

M 

W max. 

D mal<. 

.5 X T abUlar Load 
W ,-
W. 

If " <~ ,. 
W, , 
u. -,-
w,' 

4"8El 



BEAlIIS UNDER VARIOUS LOADING CONDITIONS 
DIAGItAl'I1 S AND FORM ULAS 

ST ATIC LOADS OS B EAMS 

19. Load at any point-ends fixed 

n, 

D~. 

W{ I -3k'+2k') 

Wk'(3-2k) 

2Wk'I{1- k)'. Ir k < .6 

WII;I(I-k)', 1111: <.& 

Wk'/ ( I - 11:). I t II: < .6 

Ilk <.Ii 
If ... < 11:1 

R.(I-XI- M •. 

" 1 +2k , 
3=2i<' Ifk< .1> 

It x> 11:1 

'" If k <.5 
11: 1(1- k)l 

2Wk'j'(I- k )', 
3 EI{3 2k1' 

ifk <.S 

20. Load at center---one end 6xed, one end supported 

"'. LoW 
_ .67 X Tabular Load 

R, uw 
-16 

R, ' w ..-
M ' W, 

". 

." ,w, -.. 
'" 

r; WlI 
Irx < ~ -16' 

M. W I IIW ... 
It z >~ 2"- - 16' 

• '-' u 
h .4471 

w _. '"" -,,-
0 

.0000 W II 
EO 

·67 



p 

.66 

21. 

BEAMS UNDER VARIOUS LOADING CONDITIONS 
DIAGRAMS AND }' ORMULAS 

STATIC I.oADS OS BEA~IS 

Load at any point-one end 6xed, one,end supported 

, , , " , " 
R,lIllllll1lll L-i 

: WllllJRt 
Shear Dlf,anm ' . 

! ~r~ " . _ .. 
M,IIIY ' : i .V 1.-- • • • • • • __ . . . ... 

Moment Dla!rnm 

H, 

R, 

M 

". 
M. , 

Wrna" , 

Wmu. 

D 

D 

W It (3 It.) 

W (2 - 3k t k ' ) 

W k l\2 - 3k ± k') , , [D,u.(. J74W I) . Ir k _ .:166 

W k l (l - It'!. , mu. (. I O::! \\' O,l r k _':;71 

i\! > M ,. !tk < .4!4 
It. ... , l t x < kl 
lIu - W (J; - k l). If" > It l 

" (;l - k ' ) 

~. 
(3 - It.) 

1"(2~k)' 
". 

If It < .414 

if k>.414 

1t112 3k + It.) 

' " 
Ifk <: .414 

It k > .41" 
k lO It·) 

W k l' l I k '}' If It < "14 
3 (3 k')l E I . 

Wk /' Ik - I) ' ,I • 
H' 

_ ,0098W /' , 
EO 

I r k _ .414 

I r k > .-11<& 

%2. Cantilever bcam--concentrated load at free end 
W .. -------,---------., 
• ------'---f .lD 

R ij" ~. . 1 

Sate Load . 126 X Tabular Load 

R w 

Ril l!!!!lllllllllld 
• 8h .... D I&a't'*lI\ i " , 

Wmu. 

Dmu. 

23. Beam supported at ends-concentrated load near one end 

Sale Load - :b x Tabular Load 

R, · 
W. mas. If A>b - 7' 

H, W. mu . lfb >a 
W " M. W bx If s<a -,-. 

" 
W .b 

R , 
-,-

Wmas. " U --ob 

Wab (a+ 2b) ..J3A(A+2bl 
o max. 27 E ll 



BEAMS UNDER VARIOUS LOADING CONDITIONS 
DIAG RAM S AND FORMULAS 

ST AT lC LO A!>S ON Ut:AMS 

24. Beam s upported at end!t--b'o symmetriea l concentrated loads 

Satu Load 

n 

Mx 

" 
D mal<, 

Momen t Dia'"' ...... 

_ :/;. x Tabular I..oad 

W -.,-
w. 

-T' 
w. -, 
HS 

• 
- I':':, (~I'-a') 

25. neam supported lit end_ three concentrated loads 

~------- l -------~ ~ , 

n~ IQ ~ iR' , r. , ' 
:';' ww : 
, ' I I , 
, ' , I , 
... __ l_ ••• ~ _____ bl' oJ 

n, 

n, 

- , 
W,.t W.a,+ W..a.. - , 

, .. 

, ' • I , 

.- -1'. '-'''' --- -~b, - ---oi , 'I , 
~ ..... __ _ ~ ___ b4 _____ .... 

_ Il ll _ W (a -a) {1nU. irwl +w, _ or :> It, 
I L " • mu. lfW. t W._or>lh 

, I ' I , 
,~,,---, , ... __ I -----f't i 

:-"',') :~~;I . 

_ 1t, •• - W,(a,-aJ-W. (a. - .,). ma".ltW._ or > B, 

26. Cantile\'er beam-load at any point 

Sale I..oad 

R 

" ". 

, 
- 8 (1 - k ) 

X Tabular Load 

_ w 
_ WI(I - k ) 

_ W (il - k l) 

IS 
- I(I-k) 

_ WI"(2 -3k + k') 
6El 
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BEAMS UNDER VARIOUS LOADING CONDITIONS 

DIAGRAM S AND FORM ULA S 
STAT IC LOADS ON BEAMS 

27. Beam supported a t ends-two unsy mmetrical concentrated loads 

R, -W \c + 2nl 
,.-- ------1--------- ... " , , W (c+ 2a) , ,.. ----x----.. , R, -..; : ~J, " ,;:: . ' j'i.,D Yo -w'" . ) 

R ').._a _ --e -- __ b ___ ..: R .. 

" 
! Y9 ~ " i M -Wa(c+ 2b) 

" t, rrfrT , 2 I Wb \c+2al ' , M, - mu . at b, Ifb > a R, ' Vc : " S~ee.r 0i~m R. M. - lhx. It x < b 

.,--;~+~ M. -W {b l hx ±alIl Ifx >b but« b+c) 

" td : r Yo 
" ' mu. 2 irS If a. < b ~ . ! • ; -b (c +2&) ' 

Momellt Diavam 

"'" 'Vou,,":. -& (c+ 2b) ' 
I t a > b 

28. Beam continuous o\'er two supports-two exterior sy mmetrical loads 

"'- - -- -- --- f--- - -----.... Saro Load = -,- X T abular Load : 0 , ~ ." . ..; .. , '" ' 
r- - ~ r f":':·':'T~ R 

W -,. , , ' 
' I I ' W. 

It" < a .. a-"'fi' · ... i .. 'f··· ·· '" -T ' m ' '>w 2 ' I - M W a 
, : I 2 - , 

RIIII !! :: !.!!! : Shea .. Diqram UlillR Wmax. -" , • 
~; ~"'ld 1111111 jyv' Wa \381 4a'l D - 12 E l 

D, - Wa(J-~ 

Momen t Diaa"1'Iun 16 E I 

--

29. Unequa l loads at ends----overhanging unsymmetrically 

:"-----------1 .... ..... , 
r--"--" , 

W,8o- W.b + w 
;,t f RI 

, R, - o ' 

w, r$t .. o .... i·~~, R, - W.b- W,8o + w 
o ' 

Vo -W " w .> 
: : r-n-n-l w. 0 

w:l!!r Ve : 
M, - W .. , " 
M. W,b , , Sbew Di~ ! -, .. ~., M. - W,,,, if " < a 

~ I~ __ lf' M. - (Wla W, b) (It - a) - " ,a, iex > a, but < (a +c) t __ __ 0 

Moment Di~ 



BEAMS UNDER VARIOUS LOADING CONDITIONS 
DIAGRAMS AND FORMULAS 

STATIC LOADS ON BEAMS 

30. Load between supports and at one end-loo.ded end overhanging 

Mo_nt Oiaa-ram 

\V ,c W .b 
.+< 

W,a + W.I 

.+" 
W,a+W.b 

.+< 
aQV,c \v.b) 

.+< 
- W . b 

R ,lI:, Ux<a. 

R,x - W ,(J:-a), Ux >a,but«a+e) 

W.(/-x). ltx> (a, +c) 
W,a(a +c} 
W,a+W.b 

31. Load at one onrhanging end 

,. -_ .. __ .- --1"----'- --_ . ., , , ra r'-·:'·--e ....... _-: 
~. c)-::-_.... ll~"n 1 
i ~ Uplift ' 

R. 

wUl Shear rn.,gn.m 
; I 

Moment Di&aTam 

R. 

, 
Sate Load - Sa. X Tabular Load 

W, 

W mu. 

- , 
Wa (Uplift) 

" w. 
W., 11" < .. 
W .(I :<), U" >. 

" 

>71 



, 
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MOVING LOADS ON BEAMS 

Maximum shear occurs at one support when one of the loads is at that 
$UPport, and equals the total reaction. 

Maximum moment occurs under one of the loads when that load is as far 
from one end as the center of gravity of all the loads is from the other end. 

The position of load for maximum shear, or moment, is found by t rial 

32. 

~ .A. , .. 
11., .. -..,.-~ • a" 

!..-.-~-- --- I .--------.'; 

33. See.1M> Cue 21. 

Ii : 1\~ 
R, j .. X.-'" :Ro 

... --~------- 1·- - -< ••• -. '" 

34. See.lao Cue 19. 

., -
00. ..... ... 

\WJ 20 
Ii , .. 

R, .. -·x·- .... :R, 
.. ······--· 1-··-------' 

36. . .......... ., 
\~ \~ 30 

.... ' .. R,;--··· x .. --..; :R, 
... ________ 1_·· _____ ·01 

37. ............ -.... 
le/cr/@/0 

.A. . ... 
R, :-- .• _" .• - :R, 

... --. ---. - 1-·-----_·,. 

38. 

.. I A 
R, ;-.-x-. '" .R, 

.~ . ______ • /_. __ • ___ ..,J 

30. 

.Ii A 
R, ;----x-·· · ... ~R, 

.. -·-----·1----- --_·» 

V maX. (at ft, It "' - 0) 
M 'na"', (U W If "' .... 51) 

D max. (at W If .., ~ .51) 

V max. (at R, If x ... O) 

+ Mm>u:. (at. W Itx= .3661) 

-M max. (at R. If x = .5711) 

D max. (at W It x=.4141) 

V max. (at RI It x _OJ 
+~Irnax. (at W It x _ .51) 

Mm:u:. (at RI It x '"".333/) 
r-Mma:<. (at R , It x_ .667/) 

Dmax. (at W It x _ .f>l) 

V rn>u:. (at RI It x- OJ 

]l.lm:u.. ( ., , z/- a) Itx_ -._ 

_ w 
"".Z5WI 

w,· 
-= 48£1 

"" w 
=, 174WI 

.... I92WI 
.0098W/' - --E-'-

_ w 
= .125WI 
_ .148W/ 
_. 148W/ 

.0052WI· - --E-'-

_ W (21-a) , 
_ W (21 

" 
.j' 

If a ~ .5861. one load glVllll M rn>u:. (C ..... 32) 

V max. (at R, It x_ a) 

]1.1 rna:<. (at 2 If x _ .51) 

8W{l-a) - , 
( " ) - W"4 - a 

It a > .4501. two loads give M max. (Case 35) 

V max. (at H, It x_ a) 
_ 2W{ZI-3a) , 

( "-') Mma:<. at Z It x _ _ • -w(l-za+~D 
It a> .268/, throe load3 give "I roa.x. (Case 36) 

VrnlU. (at R, If ..,- 0) 
Mroa..,. [at W It"-~(I- ):~J ]- (w+w,)f 

M max. may occur tor one 100.<1 (Case 32) 

[ '"(I W,b W&)]_ w , .... zw '-w Mron. at2It"' -7'l W ,+ZW / '" a. 

"r rn"..,. m lLY <><:cu r tor two lood!l (Caso 35) 

------- -
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CONTINUOUS BEAMS 

To obtain moments, shears and reactions for Ca.5CS 40 and 48f it is 
necessary to employ the general moment. equation given under each case, ic : 

WI 3 WI 
M~ + 4Ms + M. - - ""2 for case 40, and Mz + 4M3 + M4 - - - 4- fo, 

case 48. The procedure is as follows: 

1. Apply moment equation to spans 1 and 2. 
T wo unknowns result, M~ and Ma. 

2. Apply moment. equation to spans 2 and 3. 
Three unknowns result, M~. Ms and j\:I4. 

3. Procced until all spans have been considered. 
Number of unknowns _ Number of equations. 

4. Solve for moments at all supports. 
5. F igure desired values by formulas given. 
Subscripts should agree with spans under consideration. 
Shears and moments must have proper signs. 

BEAJlIS UNDER VARIOUS LOADING CONDITIONS 
DIAGRAMS AND FORMULAS 

STATIC LOADS OS BF.AYS 

40. Any number of equal spans--Ioad uniformly distributed, endlj supported 

Vb, 

n, 
n. 

!"OR ANY TWO ADJACENT SPANS 
(Spans 2 a.od :I) 

W' 
-~'2 

_ ~ I L-2h t" , , 
_ W Va. 

_ M \..:""..J' I. + ~ , , 

n,'-__ _ 

_ W ~ \' •• 

_ \'a. + Vb. 

- \·a. + Vb, 

_ Va. + Vb. 

. ·OR ANY SPAN 

(Span 2) 

w. l'x _ l'a'~1 

• 
• 

\'1.,1 
- W-

_ lIln formula for 1\1x. If MlI -o 

NOTE: In applying fonnulaa to a.oy ..,ther two MlJaceM a'lans. ehang<l ~uboJerlptM..,f W. I. M. V. It 
and x \.() havo same I"CIMlolI to .pallll under OOnJIlderntlon as thOOlC aooV(l havo to ' INtolUl 2 anu 3. 

Foe- valu .. of shear lUlU m:>fIlI)nt In beam.!! of live 'pan, o r l{)!n. _ t.ahIO. P;lIJ"! 156. 
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BEAMS UNDER VARIOUS LOADING CONDITIONS 
DIA GRAMS AND FORMULAS 

STATIC LOADS ON BEAMS 

4L Any numIter of equal spans-load uniformly distributed, ends fixed 

Fixed"' ______ ._J---- _____ .. _____ , __ ___ .". _______ 1 __ ___________ 1 _______ .., Fixed 

*~~~p:~::w==::::1·r·:·:-:·:' :w~::r:~'2:~::w~:!::1'i:~:dw~::::=t'~3" 
R,F!;. R. R. Ri . R, 

R~:llll~crn~~~~~~~cr~~~ 
, 
I ,,' I .. -- -~ __ _ "" ___ .. __ ... She&r'Dia(rram ' , 

1--r--A ~K~~ ! ~-f:! : 4fTIDb--- i ~~ 
dV V~, '1JY 'WJ' 'qJj' 

Momen t DiBlrTIlm 

Safo Load U X Tabular Loa.d 

n, -'" , 
n, w 
v. w ,-
Vb -'" , 
" 

w , ,.-
:\I, 

W, 
" 

:!oil: 
W [6J:(I - x) - I'! 

121 , , -, 
, .211 1 

\V max, "" -,-

42. Two equa\ spans-Ioad uniformly distributed o\"cr one span, ends supported 
... __ ___ __ . _+ ___ ______________ ___ , __ __ . ______ )0, 

Jnm" " "Il' ,.,-i_ i-nF' i ~ ! '!R . 
.. - : .. ~ !"- "'-~ 
~ : Uplift !' 

''' IIThh.. "'41Jl]j" I!! I,! I" " I i I I ii' It. 
" ' 
~ _. __ e __ __ ': v. : 
: : , Sl>ea.r D~ : 

4-' ---" , , ' y' 
: : 

.-,~"-l--l-l-C--- -"-l.LL- ---~~i~:~y'_~_~dJ]II[iIIJI:O:"''''''' 
Moment Oi"ll'rant 

8aro Load 1.30 X Tabular Loa.d. 
R, .438W 
n, .62~W 

n, .OO2I>W 
v. .M>.1 W 

" .O!}(; W I 
M, .000WI 

MI, W",,~71 8",,) 

'" M:I, 
~.-l) 

" , .4381 

• .875 1 

W mal. 
10.42 rs , 
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BEAMS UNDER V ARlOUS LOADING CONDITIONS', 
DIAGRAM S AND FORMULAS 

STATIC LOADS ON BEAMS 

43. Three equal span8--load unirormly distributed over one end span, ends supported 

I II f"" Ii , ii 

Shear Diaanm 

Moment ""'-
Safe Load _ \.33 X Tabular Loo<l 

lI[l:, \V"',\I31 - Iii",> 
n, . ."w ", 
R, .65W :'Ix. WI!>"" 4/) 

n. .1W 60 

n, . 017W ],.1:1 • 
W (I-: .. ) 

'" V. .OS3W • . .", 
Vb .567W 

.867 1 
11[ .094WI " ,. ." 1\1, .067WI 

10.64 rs 
),1, .0I7W / W=. --,-

«. Three equal spans-load urtiformly distributed over middle span, ends supported 

It--- -- --_. -1------ -- -M----------I----------:>o<----------/--------· .. ), 
I ' W ' , -i ; 1'" ' 11

1
11'1111 '11'11. ':::::Il , i: 

R , ' ' R. ' Rt ' - R, fo ----- ll,----... ,.c---".- ->, : .. ----- "r ----~ t Uplift V ~ : U l>liltt 
• ~'!!iiiliil!ill!llij i R~ 

Rt , I II iii i Iii! i " 'II!! , 

i :.. ____ .•.... )1 v. : 

i She&rDiaanm : . -"; •. : ~I'': M : 

, :: ~ 
~_~I 

M~t DI.aaTrun 

Sate Load - 1.67 X Tabulae Load MI, .00WI:, 

n, .05W Mx, 
""1101.(1 .. ) "r 

R. .55W ',U 
V. . 5W • " 
M .075\\'1 , .113/ 

M, .05W I W=. 
13.33 18 --,-
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BEAMS UNDER V ARlOUS LOADING CONDITIONS 
DIAGRAMS AND FORMULAS 

STATIC 1..0AOS OS BEAMS 

45. Two equal 8pans--load uniformly distributed over one span, O!nd~ fixed 

""'" Lood 
1.20 X Tabular Load 

R, .MJ.:1 W 
R. .r-W 
R. ,OO:I\V 
va ,438W 
M .o.;..&\V / 
M, .toH VI 
M. .().I!lW / 
M. .0::1 W I 

M." \ V':\x,{D/ ex,) 5{') .. , 
Mll. Wp"l Z I) .. 
• . .'iG3 1 

" .23~1 

.,' . 8'J L I 

•• .0011 

W _ . 116Z fS - ,-

~ " 1A1T111~: . 

'l:lflY ~"'\j}[J.l.L .. . ___ ~ 
Moment Diajtnm 

4G. Three equalspans--load uniformly distributed over one end span, ends fixed 

M_t Dlaaram 

S&f'u LoaII _ 1.18 X Tabular Loa.d 

n, _ .1Io67W M 

R. _ .483W M, 

1\11:. 
W\D..: , 7 1) 

_ ,055WI '"" M x. 
W (21 3:11» 

_. I00WI '"" R. _ J)67W M. _.030WI W~. 
9 .43 ts - ,-

R, _ .OI7W M. _.OIIW / • ." '" V. -- M, 

Vb _""W ,1<, 
- .000W/ ., ."" W (lOb, / -00x~-19P) ... .8981 

'"'" ,. .778 1 .. .G071 



BEAMS UNDER VARIOUS LOADING CONDITIONS 
DIAGRAM S AND FORMULAS 

STATIC !.OADS ON BEAMS 

177 

17. Three equal spans-load uniformly distributed over middle span, ends fixed 

L ~---gL --'I 
f~IItrn,>i 

H, .083W 

n, .583W 

Va, .5W 
Vb, _ .5W 

1\1 .069W/ 

111 L .028W I 

:\1, .OoWWI 

Moment Diavam 

Safe Load _ 1.81 X Tabu!.,. Load 

:!\h, W li 3x,) 
36 

"Ix. W I9x,{1 .,) 1') 

'" " .333/ 

" .1271 

W max. 14.5fS 
-~,~ 

4.8. Any number of equal spans-load concentrated at centcr of spans, ends supported 

r' . - / .. _-- ...... -- .•. + ... ---,....- -- -- -1------";' ---- 1--- ---- "'1 

R, . , , , , . . , 
RJ I f 111111 

w 

v •• 111I11111 

~'O l~ TWO ADJACENT SPANS 
(Spans 2 and 3) 

m, 
;\1.+4;\1,+)'11 , _ --.~ 

R, Va. + Vb, 
R. Va. + Vb, 
R. Va, + Vb, 

V .. lII,- l\!, + W , , 
Vb. ,V - Va. 

V .. 
:-'1. 1\1, + W , , 

Vb, w - "'" 

w 

V" 

M _ 

~'OR AN Y SPAN 
(S llan Z) 

!II, + Va,l , 
1\1,, _ M.+ Va,~, itx<4 

Mx _ 

" -
1'10& -

, 
~h+ vau'- W("-2)' 

- M. 
V" 

-(:'I.+)1W I) 
(\' ... _ \'1) 

,.. 
, , , 

It x>4 
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BEAMS UNDER VARIO US LOADING CONDITIONS 
DIAGRAM S A N D FORM ULAS 

ST ATIC LOADS ON BEAMS 

49. Any number of equa l s panll--Ioad eoncent rated a t centc r of spans, ends lh:ed 

---- 1-----· .... ··----1-------_- -, : 
R, , RI : HI ; RI 

: w I I W 1 : 
I I I I ' 
I I, I " ' 

R. illlllllj v' lllllllll v' llllIllll v'llllllll: : 
: 1111111. vb .11I1111.Vb IlllJII. vb .!dlll ! IR. 
" """ " 'Shear ' Dia¥nlm ' I • f.-..... ': -'-- l : 

• M ' • : ' : : '. ~, 
.1 

Mom~nt Dlaa-...., 

Sato Load ,.. ............. M, W, 
w T n, ., W (4:o; !) 

If. <i l\h , 
R, W • W M", W (3j 411 

I f )I > i v. ., • w , 
Vb • .. , 
" 

W I 

• 
50. Any number of equa l s pan8----equa l loads, equa lly s paced, ends fi:l: ed 

. 'bod r------J-----__ ';" -------/-

"'f~JJ i~ 
! n l' i n 

.. f.lJ'4'~~'v~'",,:,..;;v.. 'v" ! 1 Ve, b ! Ve; 
: : ~ : S'-"DIq ...... 

iY-fij1Jl1;i yO {rt!::: 

~JJY W:' 
Moment Dtaa-..... Morroent D\aat'arn 
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R, W 
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" 
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BEAMS UNDER VARIOUS LOADING CONDITIONS 
DIAGRAMS AND FORMULAS 

STATIC LOADS OS BEAMS 

51. '1''''0 equal s pan8-1oad concentrated at center of one lipan, ends supported 

~----------I -------.... ---------1 -- ------... , : ' 
~ x,-- ,,: r-~.".C~''_ ______ .:. 

.. ' --r- X-~w R. t R. 
R, 

R, 

, , , , 
ii' t i! Iii i .~~Ji,f~rRI 
Sh.,... 01......-. 

Safo Load .62 X 'rabular Load 
R, .400W 

R. .B88W 

R. .0Il4\\' 

V. .Ml~W 

" .203\\' 1 

M, .004\\'1 

"~, .406W. " 
, 

It X, < '2 

>79 

WIIOI - IOx, ! , 
:\lx , 

" If", >2 

i\Ix. 3""1",-1) 
32 

• .84:.!I 

W mru:. 4 .9.1 r fJ , Mo_nt~ 

52. Three equal spans--Ioad concentrated at center of end span, ends s upported 

,..-----------1-- -- -- ---- .... ----------1----------_--,- --- -- I _ •• . , , 
"'.-x" ... :-''''_'': :-nox.-_~ 

~A' --~: -'--~ 1 
R. Ciw i R, UPlittt! R, 
, I ' 

a,i I Ii III ill Va !IIII]]1 iill 1111111 i 

, v'!II.II, I! '"--..... 
r""':.:'-::=-==-::'" tt, i t----·,-----"1 
" ~" " 
.. ' :' _ • ..1 ______ I 

i_:'~' M,f ' ;.:;..iiiill llillii" 
Y, L _____ _ 

Home,,~ DiIllr!"UD 

81).to Load .625 X TabulAr Load 

1 , 
7i: 

, R, , , , , , , 
!R. 

, 
n, .4W 

M", .4W" .. It", < 2 

n. .725W W (IH hI), , 
.M", .. Itl', >2 

n. . I5W 
W(II", R, .025W M~. "') 

" V. .IZSW WI'- "Il V. .6W 
M~ 

" 
" .2WI 

., .833' 
M, • IWI •• .S< 

M, .Q2.5WI '" w ma~, -,-
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BEAMS UNDER VARIOUS LOADING CONDITIONS 
DIAGRAM S A ND FORM ULAS 

STATIC LOADS ON BEAMS 

~. Three equal s pan_ load concentrated a t (cnter or middle s pan, end ll IJupported 

,." Load .7 1 X Tabular Load 

", - .07:;W 

". • .57.5W 

V. .SW 

Vb • OW 

" .176 W I 

M, .075WI 

Moment O!unm 

• 

.07:; \\,,,, , 

W (20I:0-31) .. . 
.11>1 

11.71 rs --,-

, 
It "r < 2 

54. Two equal s pans--Ioad concentra ted a t cent er or one apan, ends fi xed 

8ato Load 
R, 

... 
•• 

.8 X Tabular LoIUJ 
.W4 W 
.bW 

.094W 

.<l06 \\' 

.141WI 

.156W/ 

.0(I2WI 

.O:UW/ 

W (l9)(.-5/) I 
32 .lh'<i 

W (1I 1 131: ,) / 
32 • Ih , >'2 

W @lt2 2 1) 

.,." 

.8461 

.667/ 



BEAlIIS UNDER VARIOUS LOADING CONDITIONS 
DIAGRAM S AND Jo'ORl'IIULAS 

STATIC LOADS ON IIEAMS 

55. Three equal spana-load concentrated at cenier of one end span, eoda fixed 

n'~~S-_--_-~-_-_-__ ,'_--__ --__ ----:-c"{------l--- -- ---C'----_-_-_-._-~-~-~ • • --------,-----~.'-.---.-----------~~~ed §:i' " ! 

R~ _.:r, __ " R1;'",:r rJ R.~ __ "' *_': ~R. 
: W ' , , , " , , , : UPliftt ' 

RIllll!111111 )'&I'II l! IIIIIIIIIIIIIIII i 
1 .IIIIIIIU.Vb ,1i,,!llj ,j ili! !l li ii iR, 
, , Shear D\qn.m ! ' 
~----- .L.·~----- '"'I : ! 
, -----+-... !"----- Ih-----., 'O---- Irr---., 

t~r-r'D'/-~' {(W~i't'~' ~·~TTiDJl~·~~~'.:·~-~·-"-:t·-!:!·::rI!J:n=_i:_",:d: ' 
" M. -, , 

M ..... ."t D\qn.m 
.... Lood .70 X Tabular Load 

1\1:1, WF2x,- ID!l 
n, .• w "" n. .47~W lob, W!41,- "SI'L 
n. .>W "" n. .025W Mlo W19:u-7!l 

V. .o;~w "" W (!I 3u1 
Vb ,oW M1.I 

'" " .14.2\'11 G, .,." 

", ,1{iSW/ .,' .... , 
:'oft .miSWI G, .778 / 

G • .6671 
M, . 017WI 6 .33t'! 
M. .000WI 

WIIljI,J: . -,-
56. Three equal span_load concentrated at center or middle lipan, enda fi xed 

Fi~~!f-:-_-_-_-_-_-_-C' -_-_--_-_-_--~-ic-_-_--_-_-_-_-_-'r----------------~';'c-~--------------''----------------_Iill"ed 
R~ i n.!: R . ~R, 

~·"'1· ,..._.,. •. -.. , , w 
, , 

R1.":"" " "" i", ~·illlllllll:lldllllli~; "',' iii i i l~r:;~ttR' 

: 8'-rDiaa'~' ... _ .. -l : 
, ~-. Ir,-.., ~·Ir·:"I : 
t." : " II ' II, T!tn:-. ' , , • , 

f ~_ !1 ' ~ 
lIomen t Oiqram 

W, Lood .71> X Tabular Lo6d 
]'.b, W j l-31 'l 

R, .1:1.5W " R. .1I:1.5 W 1'011, W jlls. 'l , 
Yo .'w " 1r1'<"2 
Vb 'W ., ,,.,, 
M .11I7WI ,. .1117/ 
M, .042WI ... 
'" .OSlW/ Wmu. -,-
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SAFE LOADS FOR SECTIONS USED AS BEAMS 

EXPLANATION OF TABLES 

The tables give the uniformly distributed safe loads in kips for 
sections used as beams under transverse loading. 

The loads for CB Sections, structural beams and channels arc 
given for various spans. 

The loads for angles, tees and zeos are given for one foot span; 
the load for any length is obtained by dividing the value for one 
foot by the span length in foot. The load and equivalent span arc 
given where the de6cction is %60 of the span length, the limit for 
plastered ceilings. 

All loads are based on a unit stress of 18,000 pounds per square 
inch. They include the weigh t of the section, which should be 
deducted to find the net load. 

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

Vertical Deflection. The vertical deflection of a section under a 
uniformly distributed load is determined from formula: 

Deflection, D_ ~~; ; Wi _ 8 f ~ 

• 

• 

D_ 40 fl 2 ; for lipan length in feet, 1_12 L 
3841::n 

15 fL2 . 
D_ """"En mches 

Steel, E_29,OOO,OOOj for uDit stress of 18,(XX} pounde:: 

~-fl t· D O.OlS62L~ 
IJC ec lon, - 2n Deft t'o D Coefficient eeln, - :.In 

n- distance from center line of grllvi ty to extreme fiber . 



DEn.ECTlON CoE"YlCIE~~ FOR UNIT STRESS or 18,000 POUNDS 

'i::' """ .... 'i:: Coe/IIciooIl ~ Coe/IItiml 'i::' CoeI!i<ioetll .... .... 18,000 .... 
• 0.010 " 8.212 .. 31.301 .. 60.288 , 0 .074 " 0.012 ., 32.847 " 71 .678 
3 O.las " •. ". .. 34.430 " 73.906 

• 0.2!l8 " 10.72(1 .. " .000 .. 76.270 , 0._ " 11.1138 .. 37.707 " 78.672 

• 0.870 " 12.588 .. 39.401 66 Sl.1I2 , 0 .012 " 13.674 " 41.133 " 83.588 
8 1. 102 " 14.51){I .. 42.002 OS 66.102 

• 1..5008 " 15.660 " 44.708 " 88.M3 .. 1.862 ., 16.760 ., 46.M2 " 91.241 

" 2.2S3 .. 17.804 .. 48.432 " 93.867 

" 2.881 " 10.068 " ".". " .... ., 
" 3 .147 " 20.278 " (;2.306 " ".,., .. ... " " 21 .526 .. M .2!lS ,. 101.067 

" 4. 100 .. 22.810 .. 66.328 " 104.741 

" 4.787 " 24.132 '" [08.305 " 107.1>53 

" 5.381 " 25.402 " 80.409 " 110.402 

" ..... 38 26.888 " 62.640 " 113.288 

" 6.722 39 28.322 .. !W.810 " 11 6.212 ., 7.448 .. 29.703 60 67.036 80 11 0.172 

Thc deflectlOll, In Inchcs, of sectIOns subjected to transYcrsc 
8tresses due to uniformly distributed londs are obtained as follows : 

Sy mmetrical Sections. For unit stress of 18,000 pounds to find 
the deflection in inches of a scction symmetrical about thc ncutral 
axis, such 8.8 beams, channels, zccs, ctc., divide thc coefficicnt in 
the table correspond ing to give span by the depth of the section in 
inches. 

Unsy mmetrical Sections. For unit stress of 18,000 pounds to 
find the deflection in inches of a scction not symmetrical about the 
ncutral a.xis, such as angles, tees, etc., divide the coefficient in the 
table corresponding to given span by twice the distance from 
lleutral axis to extreme fiber; the lOcation of neutral axis is given 
in tables of clements of sections. 

Other Unit Stresses, To find the deflection coefficient of any 
section for other unit stresses than 18,000 pounds, multiply the 
coefficient givcn in table by the desired unit stress and divide by 
18,000. 

Limits of Deftectlon. The deflcction of floor beams carrying 
plastered ceilings should be limited to not more thrill ~60 of the 
span length ; this limit, indicated in the safe load tables by lower 
zig· zag line, is dcrived from the following formu las: 

12L 15fL' 
Detlectioa. o ...... - "3IlIJ - '"""£D 

Lateral Deflection of Beams. In the usual construction of build-
ings the eomprcssion flanges of beams are sccured against lateral 
deHcction by the floor system, by tie rods placed at proper intervals, 
or by other means, and under these conditions the full tabular 
loads may be applied. 
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Limiting Ratios of Span Length to Flange W idth 

When lateral bracing is not provided and the unbraced span 
length us compared with the flange ,vidth of the beam is excessive, 
it may be found economical to usc two beams or a beam and channel 
securely fastened together ; in crane girder construction a channel 
with flanges turned downward and riveted to the top flange of a 
beam makes a vcry efficient construction. 

If, however, a single sect ion is to be used for an excessive ratio of 
span length to flange width, the tabular safe loads must be reduced . 
Various permissible ratios of span length to flange width, lib, and 
formulas for reduction of stresses arc in use. 

The table below gives the reduction in per cent of the 
tabular safe londs is accordance with the Specification of t he 
American Institute of Steel Construction. T he maximum allow
able ratio of lib is limited to 40. 

tbUlJ: fc _ 20.000 

I + :1~ (lib)" 

Full atre&!! 18,000 1b5., up to ratio, llb- I5 
Maximum allowable ratio, l/b- 40 

Lateral deflection may result from vertical loading, or it may 
be induced by the thrust of floor arches or by other forces not 
coincident with axis of principal bending stress. 

Stresses due to horizontal thrust should either be neutralized by 
tie rods, or the safe resistance of the beam should be computed to 
provide for the combined stresses due to the action of both vertical 
and horizontal forces, so as not to exceed the allowable unit stress. 

REDOCTION OF T ADOLAR SAn: LoADS DUE TO LATERAL DEFLECTION 

"arloW! Ra.tlos ot span Length 10 I'la.ng\l W idth Qr OO&m, l/b. 

AnI<lrlcan lnstltut.e or Stool Const ructlon COd<l. 

R..lio. P .. Cent. "' .... P .. CenI. R..lio., Ptt C ... I. Ratio, P .. C .. I. -, Tabular '-'" T ..... ..... , T...,. '-" Tabul ... 

• "' ...... • ......... • ..,. """ • "' ...... 
"'~ldlh .1..1. B.C. W"od\b .1. . 1. B.C • ."' . .1..1. 8. C. Widl.h .1..1. S. C. 

,~ 18,000 ,~ .... ,~ 18.000 ,~ 18,000 

"'" " 9\.0 27.5 "'.S .. 7004, 

" 100.0 21.5 00.3 " 711.1i 3 4 .5 69.7 
I S.5 ... , " 89.5 2S.[, 79.0 " 6S.9 

" 98.5 22.5 88.7 '" 78.2 35.5 68.2 
16.5 9 7 .8 " 87.9 "'., 77.4 '" 67.4 
H 97.1 ,U 87.1 30 76.6 3M ".., 
17.5 ..... N "'.3 30.5 75.8 " 00.0 

" 9 S.6 N.' '3.0 " 7[,.1 37.5 "., 
18.5 . 94.9 ,. '0 31.5 74.3 38 S,., 

" 94.1 25.5 .... " 73.5 38.5 " .. 
19.5 93.4 " ".0 32.5 72.7 " "., 
'" 92.6 26.5 82.2 '" 71.9 39.5 62.4 
20.5 91.8 " 81.4 3" 71.2 .. 61.7 

-- . --



Shearing Stresses. The safe load tables for beams and channels 
arc computed solely with reference t.o safe unit stresscs due to 
6cxure, and the safe loads uniformly distributed on the spallS given 
will not produce excessive shearing stresses in t he web. 

Web Shear Limited by Buckling. The shearing stresses acting in 
the web of a beam produce two stresses of equal intensity. co m
pression and tension, respectively, act.ing at right angles t o each 
other and at angles of 45 degrees with the neutral axis. The 
intensity of each of these stresses is equal to the intensity of the 
vertical shearing stress. The compressive stresses tend to buckle 
the web, whi ch, however, is not entirely free to buckle, because 
the tensile stresses acting at right angles have the effect of 
stiffening it . The web may be figured 9.8 composro of a series of 
columns inclined at an angle of 45 degrees wit h tbe neutral axis. 

The following method should be used to determine the total 
safe loads due to web shear. 

V _ Maxi mum allowable web ahear in rounds. 
A_ GrOl5Il arca of web. 
t _ Web thicknc88 in inchCll. 
c _ Distance between Ranges in inehea. 
f. _ Unit atre8ll for shellT in pounds per aquare inch. 

On the gross area of t he web where c is not more than 60 times 
t, £6 - 12,000 pounds per square inch. 

On the gross area of the webs of beams and girders wbere the 
web is not stiffened and c is more than 60 times t, the maximum 
shear per square inch, fa equal to VI A, shall not exceed: 

18,000 

" 1+ 7.200 t' 

For web cl"ippling nt ends of beam or at points of concentrated 
loading, sce discussion on following pages. 

When beams support heavy loads concentrated ncar the supports, 
or when beams of short spans have uniformly distributed loads to 
their full carrying capacity as regards flexure, t he bending moments 
may be small in comparison with the reactions nt the supports, 
and the beams may fail along the neut.ral plane as a resu lt of 
longitudinal shearing stresses, or may buckle as a resu lt of the 
combined lon git udinal and yertical web stresses. On such spans 
t he safe shearing pr buckling strength of the web may limit the 
carrying capacity, so that the deciding factor may be the resistance 
of the web to shearing stresses, rather than tbe resistance of the 
fl anges to bending stresses . 

18. 
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Longitudinal Shear. At any point in any section of a beam, the 

horizontal and vertical components of the web stress arc equal to 
ench other and proportional to the vertical shear; their intensities 
nre dependent upon the dist.ance of the point from the neutral axis. 
In order to determine the intensit.y of the vertical shearing stress at 
a given point in a vertical section of the beam, therefore, it is 
sufficient to find the equal intensity of the horizontal shearing 
stress at the same point in the horizontal plane. 

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

The intensity of the longitudinal shear at any point in any section 
is the product of the vertical shear, V, for that section and the 
static moment, MI, of the section included between the horizontal 
plane of shear through that point and the extreme fibers on t he 
same side of the neutral plane divided by the product of the moment 
of incrtia of the beam and the web thickness at the plane of shear; 

h VM. s csr - tT . 
Eu,mpll)-Requlred the ma.rlmIlDl IonKttlldlnal'her.r 

per IQU&/"e locb In .. 24" 711.9 lb. bam ~(Id .nth t ... o 
qmmetriet1~. of 100.000 pawnk .-eb.d~ng 
tho ... l!I,ght of the beam. 
M. or Flange Reetan&le _ 7x.MxIl .7 _ 49.1 
M, of Flange TrlanglC8 _ 3.2.5x .~Zxl1.22 _ U~.8 

M, or Web _ 1l.40:r.6Oxli.70 _ 32.[, 
Tot&! Static Moment Toi":4 In.' 
MOmlmt of InortJa. of 1 - 2087.2 In.' 

".00 

Under usual conditions of load ing, the longitudinal shear need 
not be considered. 

Buckling Values of Beam Webs. The vertical shearing stresses or 
the vertical compressive components of the web stress may, under 
some conditions, exceed the safe resistance of the beam to buckling, 
so that a web, which is amply secure against the safe allowed shear, 
will not be of sufficient strength when considered as a column. 

In such cases provision must be made for security against buckling 
of the web either by stiffeners or by increasing its thickness. 

Experiments with beams of various depths and web thicknesses 
have demonstrated that the length of the web which can be assumed 
to resist buckling stresses is equal to the end bearing plus one-fourth 
of the depth of the beam; the following formulas bave been deduced: 



b T! 
llJ) J 

Safe end reaetion 

d Safe interior lond W_ 2 fbX t (01 +"4) 

d !\linimurn end distance" = (0 + ill +2) 
1,. • ••••••• ,. ______ •• 

n _ End reaction. 
W _ COIlOXlntrat.ed load. 
t _ W eb thlckn.,..... 
c _ Depth of beam betwocn f1a."~. 
d _ Depth or beam. 
D _ Dlstan(:(l OvCr which cnd reaction I! appllod. 
8 , _ Half the dlstanoo over which conocntrat.ed load Is appllod. 
I"b _ Safl) resistance of woh to buckling. 

The first formula above applies to any condition of loading. 

The second formula is fo r a single interior load. It can be applied 
to a. system of concentrated loads, provided t.he sum of the dis
tances at Bl is not less t.han B. For concentrated loadings the 

distance x should not be less than (B + BI + ~). 

For values in the tables bot h flanges were considered fixed 
and for computation of fb the following formula was used, 
corresponding to a. maximum shearing stress of 12,000 pounds, fb 
maximum not to exceed 15,000 pounds per square inch. 

'8000 f, 
1 + l~ Vir)" 

1_ .M r' - tzt>. fb _ _ -"sooop'--_ 
, + -'- (dlt)' 0000 

Whea only ono f1ango Is tlxod I should be oonslderod as .7d and tho formula Is 

'8000 
, + -'- (d / t)' 

"'" 
The tables give t he following values for beams and channels 

wit.h unsupported webs where both flanges are considered fixed: 

1. The allowable shear, V, on the gross area of the beam or 
channel webs - fs dt. 

Unit shear f. _ 12,000 pounds per square inch when -%- is equal 
to or less t.han 60. 

fs = 1~ when + is greater t han 60. 
7200 (cI t) • • + 

2. Span limit to develop V. 

3. The allowable web resistance f bI in pounds per square inch. 
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4. The distanoo B, the length over which the end reaction 

must be distributed when the sbearing stress, V, in t he web is the 
maximum allowable. 

5. The allowable end reaction, R, whcn, B, the end bearing 
distance equals 3.lrf inches. 

Maximum Bending Moment.. In addition to data. referring to 
maximum loads on beams and channels 88 computed from the web 
resistance, the tables give also the maximum bending moment in 
foot--pounds, which may be used instead of t he section modulus to 
ascertain the proper section. 

Effect of Impact on Stre&&ef!. The safe loads in tables are for 
quiescent or static loads. The effect of moving loads may be taken 
care of either by reducing tbe allowable unit stresses, or by increas
ing the theoretical loads. 

When a load is suddenly applied as in the case oi a rolling load, 
the resu ltant stresses are greater than those due to an equal quies-. 
cent load, in some cases as much as 100 pcr cent. 

Whcn an instantaneously appl ied load produces impact or per
cussion, the resultant stresses are dynamic and are measured by 
the laws gm'erning the energy of bodies in motion. 

T he following formulas gh-e the unit stress and deflection due to 
a load falling on center of a beam rigidly supported at both ends 
when the weight of beam is negligible as compared with that of 
falling load, and when no account is taken of the local distortion 
due to impact or percussion at point of application of load. 

W _ Weight of falling load, in pounds. h _ Height of fall, in inchcs. 
f _ Extrcme unitstrCS9 due to static cffect of load, W, 

in pounds per squarc inch. 
fd _ Extreme unit strctlS due to impllCt of load, W, 

in pounds per square inch. 
D _ Deflection due to sta.tic cffcct of load, W, in inches. 

Dd- Deflection due to impactor load, W, in inches. 

fd _r(l + vY + I) Dd-D (1 + \f~ 

It must be noted, however, that when the weight of the beam 
is a rea l factor, theoretical formulas do not ngree \\~th observed 
results and practical tests give values which arc far leS!! than those 
indi cated by theoretical formulas; this is notably true in drojrtests 
of axles. 

Large Copes. Where beams have long or deep copes the webs 
should be investigated for "afety as regards shear and bearing. 



E;UMPI.ES or THE Uu: OF BEAll! S.u£ LoAD TABLJ:I 

Tn .. ~e ..... '-d.-Filled 8,..... Required the proper abe of" beam laurally braood 
to support a IlUperimpo.ed or net load of 88,000 pounds uniformly dietributed over a 
clear span of 42 feet, A88Uming a unit Itre!!! of IS,OOO pounda. 

J1rom the table of sale load. aD p&ge202,it~ found that beameD 301, 3O" x IO}i"-
116 pounds, will I!Upport a grOllll load of 93,700 poundJ., The weight of beam i, 
42 X 116- 4,872 pounds. The net we load ia, therefore, 93,7(1)-1,872-88,828 pounds. 

T, .... ye ... LNd.o- Frft spoo..... Required the reduced ufe load on beam cn 212, 
21" x 9"-82 poundt, fot a lIPan of 21 feet v.ithout any lateral aupport or bracin" in 
accordance with A. I. S. C. formula for 18,000 pounds. 

Tabubr IOfld . page 210 i, 06,000 pounda. Ratio, lfb - ~-28.0 

Reduood safe load, pllge 184 ill 96,000 X 0.798 _ 76,608 pounds. 

Vfl1.l .. t SIoHot. Required the m&Ximum load which beam n 18, 24" 105.9 z S5 
poundt, can support without exeeeding web unit reS.ianee of 12,000 pounda. 

From tllblee 011 pllge 104, the maximum end roaetion ia 180,000 pouDde IIDd the 
rnuimum load ia 2 X 1fJ),OOO- 360.(O) pounda. 

V*rtl .. 1 Deftectlo". 1. Required the proper aiu IIDd the defleet.ion of a beam 

$Ipporting a net load of 12,.m pound&, concentrated in the middle of a 21-foot apan. 
for a unit .lrl'llll of 18,{1OO poundl ... uming that the beam it braced agailUlt lateral 
deflection. 

The apccified concentrated load i. equivalent \.0 a uniformly dialJibuted load of 
2 X 12,500_25,000 pounds.. 

In table on page 220, it ia found that beam cn 141, 14" x 6~"-34 poundl, will 
IUpport a grOflllload of 27,700 pound! or a net load of 27,700- 21 X 33 _ 26,086pounda. 

The deflection produced by a uniformly diatributed load of 27,';00 pound. i. found 
from tbe coefficient pven in the ume table and on page 183 to be .21 + 14 - 0.59". 
The deflection for the apccified load concentrated in the middle of the IpaD, page 
157, it approximately 4/ 5 of OJQ' or 0.47" . 

2. Required the deflection of a riveted &inJer, 37 inchea deep, for a 'PaD of 35 
feet and a unit Itr_ of 14,000 pounda. 

ItcquJred delklctlon. table on pap 183. - ~,' I X ~= -0.48". 

3. Required the deflection of angle 6" :r. 4" :r. Jf," about an axil! parallel to the 
Mlort leg, rigidly lleCured laterally, and loaded to capacity of 3287 pound&, for a .pan 
of 14 feet and a unit Itt08S of 18,(0) pounda. 

"" Required dd\C(;tton . page 183, it :.! X (6 1.00) - O.<l5I". 

4. Required the deflection of channel C 3, 10" x 15.3 pounda, laid flat and loaded 
to capacity of 1300 pounda, for a span of 12 feet and a unit alreas of 20,000 pound&. 

2.68 20 000 
n<>qulroddcll«:tlon.I)8,g<) 183' - 2 (2.60 O.6-t) x 18:000 - 0.76". 

,.9 
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BEAM 
CB SECTIONS 

I MAXIMUM BENDING MOMENTS AND WEB RESISTANCES 

VALUES Bending Stress 18 Kips- Shearin" Stress 12 Kips 

*VALUES rOR END REACTION V 

''''' . ,'" .~ 
Mul"...m WEB SHEARING WEB BUCKUNG ''''' S~ ... • o. Thkkn_ Bending R_11oI'I 

Indu '.m ,~ Momw "" ..... '"' "" for8 _ 3j.i" ... . _ ... Um> ,.- ....... 
Hominid d I M ~. V~. L .... Ib ..... R_. , ... 

, ... ..... "". , ... ,~ 

..... "". ,~ 
..... ... , ... ........ ...... II« Sq, 'n . 

38.72 300 .945 1657650 416400 "" 14380 21.46 172320 
36.50 280 .885 1546800 387630 15.96 14020 22.11 156690 

CB 362 36.24 260 .845 1426650 367470 15.53 13780 22.50 146210 
36 36.12 250 .815 1367550 353250 15.49 13560 22.93 138480 

36.00 240 .790 1310400 341280 15.36 13370 23.31 132050 
35.88 230 .765 1253250 329380 1 ~22 13170 23.72 125650 

3<48 194 .770 995400 337080 11.81 13100 24.30 12729(1 

CB 361 36.32 182 .725 931800 315980 11.80 12690 25.26 115750 
36.16 170 .680 ... 650 295070 11 .78 12230 26.43 104320 36 36.00 160 .653 811500 282100 11.51 11950 27.16 

I 
97520 

35.84 150 .625 754350 268800 11.23 11630 28.02 90550 

33-50 240 .1l30 1216650 

!Hf.~ 
14.59 14160 20.02 139530 

CB 332 33-25 220 .m 1110900 14.37 13m 20.66 126100 
33 33.12 210 .748 1056800 14.22 13570 21.02 119540 

33.00 200 .715 1004400 14.19 13280 21.56 

I 

111600 

33.50 152 .635 129600 255270 11 .43 12300 24.32 92720 
CB 331 33.31 141 .605 670200 241830 11.09 11 960 25. 10 65570 

33 33.1 5 132 .580 620550 230m 10.76 11660 2~84 79680 
30.00 125 .570 5n65O 225720 10.24 11550 2<04 77350 

30.38 210 .775 974850 282530 13.80 14330 17.84 I 123220 
30.25 200 .740 926400 268620 13.79 14080 18.22 115250 

CB 302 30.12 190 .710 879150 256620 13.70 13850 18.57 108440 
30 30.00 180 .670 832800 241200 13.81 134,. 19.18 I 99430 

29.88 172 .655 792300 234860 13.49 13370 19.36 96030 

30.30 132 .615 

~rn! 
223610 10.19 12820 20.80 81290 

CB 301 30.16 12. .665 211720 10.05 12470 21.48 80660 
30 30.00 116 .564 203040 9.69 12230 21.93 75890 

29.82 108 .548 196100 9.15 12050 22.24 72350 

27.31 177 .725 739200 237600 12.44 14660 15.69 109000 
CB 272 27.1 2 163 .670 679350 218040 12.46 14140 16.24 97380 

27 27.00 154 .635 641700 205740 12.4B 13830 16.68 90000 
26.88 145 .600 604350 193540 12.49 13490 17.19 82710 

27.28 114 .570 448800 186600 9.62 13030 18.31 76630 
CB 271 27.14 106 .535 415800 174240 9.55 12600 19.07 69320 

27 '27.00 98 .500 382950 162000 9.46 12110 20.00 62080 
2~84 91 .483 349800 155560 ~99 11 880 20.39 58600 

24.72 160 .656 621)250 194600 12.75 14660 14.20 "430 
CB 243 24.56 150 .628 578250 185080 12.50 14340 14.41 86840 

24 24.41 140 .594 537900 173990 12.37 14050 14.75 80120 
24.25 130 .56' 496050 164420 12.07 13nO 15.07 74410 

*!:Ioo l>ago 185. 



r CB SECTIONS 
BEAM 

I , 
MAXIMUM BENDING MOMENTS AND WEB RESISTANCES 

I BendinSi StI"8I1 18 Klp$- Shearlnll Strell 12 Kip. VALUES , 
-

DtIpIII 1 wtleht 
* VALU£S FOR [NO REACTION V 

w. Mulmu .. WEB SHEARIN G Wtl! BUCKUHG .... - ~ I .. -- ..... ._-
''''- a..... FOOl ... w ... .... U"" ... tor B- l }i" .. ._ .. 

U~, ... Boaring ,- . 

'''-
d • M~. V~. L .... fb . "" . R~. 

I..... j "-'d. , .... ,~ ..... ,- ..... '"". ..... ..... ". Sol. I .... - I 

CB 242 24.31 "" .556 ...... .62200 11.()6 .3650 15.29 72690 
24.16 "' .510 411600 147860 11.13 13100 .M9 63740 24 24.00 .00 .468 373350 134780 11.08 12520 17.01 55640 

24.29 94 .S16 33.350 .50400 &" 13150 16.10 64930 
CB 241 24.16 87 .480 306450 139160 a" "660 16.87 ,-

24 24.00 80 .455 278700 131040 as. 12300 17.42 53160 
23.87 74 .430 255600 123170 a30 11890 18.12 49410 

21.46 142 .659 

lm§ 
169710 11.21 '5000 11.80 87630 

CB 213 21.31 132 .614 157010 11.27 1499() 11.73 81250 
2t 21.18 122 .567 143970 11.38 14610 12.09 72810 

21.00 t12 .527 '32800 11.28 14230 12.45 85630 • 
21.29 103 .608 319650 155330 8.23 14950 11.77 80170 

CB 212 21.14 " .575 296400 145870 8.13 14690 11.98 74210 
2t 21.00 89 .537 274200 135320 alO 14340 12.32 67400 

20.86 82 .499 252<>00 124910 &07 13940 12.74 6062<> 

21.24 73 .455 226050 115970 7.80 13200 13.99 '2930 
CB 211 21.13 .. .430 209850 109030 7.711 12840 14.47 484711 

2t 21 .00 63 .410 19200() 103320 7.43 12520 14.87 44930 
2<>" " .390 178950 97860 7.31 12170 15.39 41420 

la .. 124 .65' 358500 145620 9.85 15000 10.25 "660 
CB 183 1 ... 114 .595 330150 131950 10.01 1500<> 10.16 724711 

18 18.32 105 .554 303300 121790 '.96 15000 10.08 67150 
18.16 96 .512 276600 111570 a92 14880 10.10 61250 

1&3' 85 .526 234150 115640 alO 14970 10.10 6364' 
CO 182 18.16 77 .475 212~ 103510 &21 144711 10.52 55280 

18 laoo 711 .438 .moo 94610 a13 14050 10.88 4_ 
17.87 64 .403 175500 96420 a12 1356. 11.35 43530 

CO 181 18.12 55 .390 147300 84800 6.95 13240 11.90 41460 
laoo 50 .358 133500 77330 .91 12660 12.56 36270 18 17.90 47 .350 123450 75180 ." 12540 12.66 "891) 

16.64 114 .631 296100 126000 M' .SOOO 9.15 72500 
CB 183 I." 105 .584 2n550 115490 9.44 .SOOO 9.06 66750 

16 1<32 .. .535 249150 104770 9.51 '5000 a98 6Il83O 
16.16 .. . 504 226950 97740 9.29 15000 a .. 571lOO 

16.32 78 .529 191700 103600 7.40 15000 8.98 60.50 
CB 162 16.16 n .488 .73850 94250 7.38 .SOOO 8.89 54970 

16 1.00 .. .443 156300 85060 7.35 14790 8.99 49130 
15.86 " .407 141150 77460 7.29 14370 9.28 43M, 

*Soe page 185. 
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BEAM 
CB SECTIONS 

I MAXIMUM BENDING MOMENTS AND WEB RESISTANCES 

VALUES Bending Stress 18 Kips- Shearing Streu 12 Kips 

~ -
* VALUES FOR END REACTION V . "" ..... 

W~ M .. I"'~m WEB SHEARING WEB BUCKLING ."" 
Section • 0- Thlckn_ ,-~ RMCtion 

,~- ,- ,~, .. ~, "" '"', Unit "" for B-l Ji" 

"'" ,-"'" ""'" ,,- , .... 
Nominal , 

V~. L .... fb R ~. d I M ~. B mln. 
D~. 

I '''''. 
... ~. loch .. ,- -. ,- ...... , ... -. ... ~. .... Sq . In . 

16.25 50 .380 121050 74100 6.53 13800 10.07 39650 
CB 161 16.12 45 .346 108600 66930 M9 13220 10.6t 34440 

tB 1~0<l 40 .307 96600 58940 6.56 12390 11.49 28530 
15.85 36 299 6"50 56870 5.94 12260 11.55 27350 

14.50 11 9 .570 284100 99180 11.46 15000 7,98 60920 
CB 145 14.37 111 ,540 264450 93120 11 .36 1 ""'" 7.90 5745(1 

14.25 103 .495 245400 84650 11.60 1 ""'" 7.84 52440 14 14.12 95 .465 225900 78790 11.47 1 ""'" 7,n 49030 
14.00 B7 .420 20715{) 70560 11 .74 lSOOO 7.70 441 00 

CB 144 14.18 84 .451 196350 I 76740 10.23 15000 7.80 47660 
14 14.06 78 .428 181650 n210 10.06 lSOO0 7,13 45040 

14.19 74 ,45<) 168450 I 76630 8.79 lSOOO 7.81 47570 CB 143 14.06 68 .418 154500 70530 8.76 lSOOO 7.73 43980 14 13.91 61 .378 138300 63100 an 14690 7.89 38730 
I 14.06 58 .406 127500 68500 7.45 lSOOO 7.13 42770 

CB 142 I "94 " .370 116700 61890 7.54 14560 a01 37620 
14 13.81 48 ,339 105300 58180 7.50 14100 a30 33230 

"" 43 .308 940SO 

I 
50560 7.44 13550 a70 26870 

14.24 42 .338 91050 5m. <31 13890 a74 33150 
CB 141 14.12 38 .313 81900 53040 6.18 13440 9.08 29580 

14 14.00 34 287 727,. 48220 6.04 12890 9,54 25890 
13.86 30 270 62700 I 44910 5.58 12510 9.83 23520 
12.50 85 .495 173550 74250 9.35 lSOOO '.88 49190 

CB 124 12.38 79 .470 160650 69820 9.20 15000 6.81 46500 
12 12.25 72 .430 146250 63210 9.25 1_ ~74 42330 

12.12 65 ,390 132000 56720 ~3t 15000 6.67 38200 

CB 123 12.31 64 .405 128700 l 59830 a" 15000 ~n 39960 
12 12.19 58 ,359 117150 52510 a92 15000 6.70 35268 

12.06 53 ,345 106050 49930 '50 14950 6.66 33610 

CB 122 12.19 50 .371 97050 54270 7.15 15000 6.70 36440 
12 12.06 45 ,338 87300 48830 7. 18 14820 6.75 32440 

11.94 40 294 n650 42120 7.39 14120 7.16 26920 
12.24 36 .305 68650 44800 6.15 14190 7.29 28390 

CB 121 12.12 32 .273 61050 39710 6.15 13550 7.71 24150 
12 12.00 28 .240 53400 34560 6.18 12710 8.34 19820 

11.87 25 .240 46350 34190 5.42 12790 8.17 19850 
,.38 68 .457 110550 56920 7.n 1_ an 41780 

CB 103 10.25 60 .415 100650 51050 7.89 lSOO0 a" 3n40 
10 10.12 54 .368 90600 44690 an lSOOO 5.57 33290 

10.00 49 .340 I 81900 40800 '03 lSOO0 .. A 30600 

* See page 185. 
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CB SECTIONS 
BEAM 

I MAXIMUM BENDING MOMENTS AND WEB RESISTANCES 

Bending Stress 18 Kips- Shearing Stress 12 Kips VALUES 

-*VALIJES rOR END REACTION Y . "" W ... w. Mol"", .. WEB SHEAilIHG WEB BUCKLING .... ,- • .. ""- Bending ,-
,~. . - ,~ ...... "" "'" .. , "" tor a-3~" .. ,-"" , ... " ,,- ..... 

Hom"'aI d , M_ V_. L .... fb B ... Rmp. ."'" , .... ...... ,- ,~ ...... ,~ 
...... , .... ...... ...... ,.. Sq. In • 

10.12 45 .350 7365<l 42500 &93 15000 "7 "660 
CB 102 10.0;) 41 .3'28 66750 39360 &78 15000 .50 29520 

10 9." 37 .306 59850 36280 a60 15000 5.43 27400 
9.75 33 .292 52500 34160 &15 15000 5.36 26010 

1 ~22 29 .289 '''00 35440 5.21 14900 5.68 26070 
C8 101 10.12 26 ~59 41400 31450 5.26 14350 5.93 22410 

10 10.011 23 ~40 36150 28800 5.02 13960 6.10 20100 
~90 21 ~40 32250 28510 4.52 14020 '.00 2tll 10 

CB 83 
a12 35 .315 .6650 30690 ' .08 15000 4.47 211130 
a06 33 .300 43950 29020 '.06 15000 '.43 24820 

8 aoo " ~ .. 41100 27650 5.95 15000 4.40 23760 

CB 82 a03 27 ~7J 35100 26310 '.34 15000 4.42 22550 
8 7.93 " ~45 31200 23310 ." 15000 4.36 20150 

CB 81 8.1 9 21 .252 27000 24no 4.36 15000 4.51 20970 
8 8.09 19 ~" 24000 23600 4.05 15000 4.45 20210 

" 8.00 17 ~30 21150 22080 3.83 14'" 4.41 18950 

~tfi1mlr~ t~ illf CBL1 2 ~i:t~ ;~ 
12 12.00 1<5 

CBllO 10.25 19 .250 28200 30750 3.67 14061 6.19 21310 
10.12 17 ~40 24300 29150 3.33 13885 <22 20090 

10 10.00 15 .230 20700 27600 3.00 13688 ~7 18890 

CBl 8 a12 15 .245 17700 23870 2.97 15000 4.47 20320 
8 aoo 13 ~30 14820 22080 2." 14980 4.41 18950 

CBk 6 ~i~ 16 ~~c-d!-sJJL; ~~ 12 

CBS6 I '.09 I 18 ~ .. I 17550 19370 3.62 ~= I 3.35 I 19970 
8 6.00 15.5 ~40 15000 17280 3.47 3.30 18000 

" JOISTS 
CB!.12 

12 
11.91 14 .200 22200 28580 3.11 11313 9." 14'" 

CBJ 10 
8~7 11.5 .180 15750 21320 2.96 11991 7.41 12880 

10 

CBJ 8 
7." 10 .170 11665 16120 2.90 13236 5.19 12320 

8 

CBJ 6 5.83 8.5 .170 7605 11893 2.55 15000 3.22 12660 
8 --

ICI Carn,*h .. St(l(ll Co mJmIlY oll l ),. .See page ISS. 
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BEAM BEAMS 

I AMERICAN STANDARD 

MAXIMUM BENDING MOMENTS AND WEe RESISTANCES 

VALUES Bending Stress 18 Kips- Shearing Stress 12 Kips 

*VALUES FOR END REACTION V 

''''' .... w .... w. Mulmum WEB SHEARING WEB 8UCKLING • ~ "'-- Btndlng '-.... ,~ M_' "" .... '"' ''" for B-3~" ..... ""' .. U"" so_ B~rI"II 

''". d I Mmu V ma. L min. fb B .... R ... 

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

"' Sq, In. 

120.0 .798 376350 229820 6.55 15000 13.20 113720 

BlB 24 
115.0 .737 367550 212260 B.93 15000 13.20 to"'" 
110.0 .675 358650 194400 7~B 14870 13.37 95330 
105.9 .625 351450 lBOOOO ,., 14450 13.95 B"'" 

100.0 .747 296400 215140 5.51 15000 13.20 11lB450 
95.0 .... 28nOO 197570 5.82 14950 13.28 97430 

B I 24 00.0 .624 278700 179710 6.20 14440 13.95 65800 
85.0 .563 270000 162140 B.66 13820 14.85 moo 
19.B .500 260850 144000 7.25 13010 16.14 61790 

100.0 "3 247200 209520 4.n 15000 11.00 111310 
95.0 .900 240000 182000 5.00 15000 11.00 lB2000 

B 2 20 90.0 .726 232500 174240 5.34 15000 11.00 92570 
95.0 .653 225300 156720 5.75 15000 11.00 83260 
81.4 .600 219900 144000 6.11 15000 11.00 76500 

75.0 .641 189450 153940 4.93 15000 11.00 81730 
B3 20 70.0 .567 182100 136080 5.35 14910 11.10 n850 

65.' .500 175350 120000 5.85 14210 11.89 60300 

70.0 .711 152850 153580 3.98 15000 9.00 65320 

B' lB 
65.0 .629 146250 135860 4.31 15000 B.OO 7541l1l 
60.0 .547 139650 118150 4.73 15000 9.00 65641l 
54.7 .'60 132800 99360 5.34 14340 to ... 52770 

75.0 '68 137400 156240 3.52 15000 825 94400 

B 6 15 
70.0 .770 131850 138600 3.81 15000 '25 83740 
65.0 .on 126450 120960 4.18 15000 .25 73080 
6O.B .500 121800 106200 4.59 15000 925 64160 

55.0 .64' 101700 116640 3.49 15000 B25 70470 

B 7 15 
50.0 .550 96300 99000 3.89 15000 925 59910 
45.0 A52 00750 81360 4.46 15000 925 49160 
42.9 .410 99350 "'00 '.19 14720 8.48 43750 

55.0 .810 79600 116640 2.74 15000 6.60 78980 

B B 12 
50.0 .687 75450 98930 3.05 15000 6.60 66960 
45.0 .565 70950 81360 3.49 15000 6.60 55090 
,0. A60 6noo 66240 4.06 

,_ 
6.60 44850 

B 9 12 
35.0 .428 56700 61630 3.68 15000 B.60 41730 
3 .. 350 54000 50400 4.28 15000 6.60 34130 

40.0 .741 47400 88920 2.1 3 15000 5.50 66590 

BIO 10 
35.0 .594 43600 71280 2.45 

,_ 
5.50 53460 

30.0 .447 40050 53640 2.99 15000 5.50 40230 
25A .310 36600 moo 3.94 15000 5.so 27900 

*SOO I>llg<l IS5. 



,.. 
BEAMS BEAM 

AMERICAN STANDARD I MAXIMUM BENDING MOMENTS AND WEB RESISTANCES 

Bending Stl'9" 18 Kips- Shearing Str-ess 12 Kips VALUES 

*IIAlUES FOR END REACT1 0N II - w .... 
W~ 

M .......... WEB SHEARING WEB BUCKLING .... 
I 

• w -- 8_1", ,-.... ,- --- "'" - """ ... r. B-IJ.i" ..... - u'"' ,- -- d ! M ~. V _ . L .... Ib ..... R_ 

, .... ...... '"'. ,- ....... ,., -. '"'. ...... -. "" % In. 

25.5 .532 25500 51070 ' .00 15000 4AO 4"00 

B" 8 
23.0 ." 24000 42340 227 15000 UO 36380 
20.5 .349 22650 33500 '.70 15000 4.40 28700 
18.4 270 21300 ''''' 3.29 15000 4.4<) 22280 

20.0 .450 19000 "'00 1.00 15000 3.85 35440 
813 7 17.5 .345 16650 28980 2.30 15000 3.85 271 70 

15.3 .,,. 15600 21000 '.96 15000 3.85 19690 

1B 42 7 12.0 .188 12750 15790 3.23 14620 4.00 14430 

" 17.25 A65 13050 334" U5 15000 3.30 34880 
814 • 14.75 .343 11850 24700 1.93 1_ 3.30 25730 

12.50 230 109,. 18560 ' .63 1_ 3.30 1nSO 
t8 41 , 10.0 .188 8850 

" 
13540 '.62 15000 3.30 14100 

14.75 A94 !MlOO , .... 1.22 15000 '.75 35200 
815 5 12.25 .347 6100 ,- 1.56 15000 2.75 24720 

10.0 210 nco 12600 UO 15000 2.75 14960 

10.5 AOO 5250 19200 1.11 ,_ ,.20 27000 

8" 4 '.5 ~26 4950 15650 1.28 15000 ,.20 22010 
a5 .253 4900 12140 1.56 15000 '.20 17080 
7.7 .190 4500 9120 1.96 15000 '.20 12B30 

7~ .349 2950 12560 

I 
0.92 15000 US 22250 

817 3 " .251 2700 9040 1.18 15000 1.75 19000 
5.7 , .170 2550 6120 1.62 15000 1.75 11l84Q 

H-BEAMS 

t" 4 
aooo 37.7 .500 45300 48000 '" 

,_ 
4.40 41250 

aooo 34.3 .375 43350 36000 '.82 l500B 4.40 30940 , 
aDOO 32.' .31 3 '2300 30050 5.63 15000 4.40 25620 

tH JA aooo 27.5 .,,. 24600 31540 3.12 15000 '30 32850 , aooo '5.0 .313 23550 22540 4.18 15000 "0 23490 

t" 3 aooo 22.5 .375 20550 27000 '" 15000 ". 28130 , .000 2~0 .'50 ''''' lBOOO '.30 15000 '30 16750 

t" , 
5 5.000 lao .313 14250 18780 '" 

,_ 2.75 22300 

" t" 1 

I '20 21130 , '.000 '" .313 7950 15020 2.12 15000 
__ D . 

tStandard MIU Sect IOl1ll. not American Standard ne&.rwl. *500 pa&:6 18.5. 
C Carnegie St«!1 Company only . 
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CHANN£L CHANNELS 

[ AMERICAN STANDARD 
MAXIMUM BENDING MOMENTS AND WEB RESISTANCES 

VALUES Bending Stress 18 Kips- Shearing Stress 12 Kips 

*VAlUES r OR END REACTION V ."" OI~1tI Weight w .. Mul .... m WEB SHEARI NG WEB BUCKLING Rnttlon • ~ ""'- Bend"' • ... _. 
'H' Mo_ "" .... ..." "" "" .. ... ,,~ Umn '"- 'M'" B-3 }i" 

'~M 
d 1 M mM. V mM. Lmln. fb " .. " R _ . .... ...... .... 'H' ... - , .. ... ~ . .... ....... """.dl per Sol. , •. 

58.0 .700 111750 151200 2.96 lS000 '.90 94000 
1C 60 

19 
51.9 .'00 103650 129600 3:lO 15000 '.90 12000 

C 45.8 .500 .5550 108000 3.54 14800 10.09 59210 
42.7 .'SO 91500 97200 3.n 14210 10.70 51160 

55.0 .814 95900 146520 2.34 15000 .>5 89520 
SO.O .716 80400 128990 2.SO 15000 '25 n870 

C 1 15 
45.0 .618 74700 111240 2.69 15000 .25 67210 
40.0 .520 69300 93600 2.96 15000 '25 56550 
35.0 •• 22 631SO 75960 3.36 14870 ,~, '5490 
33.' AOO 82550 nooo 3.48 14560 '~9 '2290 

50.0 .m nlSO 122n0 2.35 15000 7.15 79680 
45.0 .m ,- 104990 2.57 15000 7.15 68140 

C20 13 
40.0 .560 82550 '7360 2.86 15000 7.15 56700 
37.0 .492 59700 76750 3.11 15000 7.15 '9820 
35.0 .44' 57900 69730 3.32 15000 7.15 45260 
31.8 ~75 54'50 58500 3.74 15000 7.15 37960 

40.0 .155 .9200 108720 1.81 16000 6.60 73610 
35.0 .632 44700 91010 1.97 15000 '.60 61620 

C 2 12 30.0 ~1O '03SO 73440 2.20 15000 6.60 49730 
25.0 ~87 35850 55730 2.57 1_ 6.60 3mo 
20.' 286 32100 .0320 3.19 13790 lA5 25080 

35.0 .820 34500 99400 1.40 15000 5.50 73600 
30.0 .673 30900 60'60 1.53 15000 5.50 60570 

C 3 10 25.0 .526 271SO 63120 . I .n 15000 5.SO .7340 
20.0 .3711 235SO '54" 2.07 15000 5.50 34110 I,. 240 20100 26800 2.79 13960 '6.10 20100 

25.0 .612 23550 66100 1.43 15000 '.95 52790 

C. 0 
20.0 A48 202SO '6360 1.67 15000 '.95 38640 
15.0 .285 16950 30780 2.20 15000 4.95 24580 
13A 230 15750 24840 2.54 14340 5.28 16960 

21.25 .5711 171160 55560 1.29 15000 'AO .n70 
18.75 A67 163SO 46750 1.40 16000 'AO 40180 

C , , 16.25 ~95 14650 37920 1.57 16000 4.40 32500 
13.15 .303 13500 29090 1.86 16000 'AO 26000 
11~ .220 12150 21120 2.30 14750 ,., "650 

-
to 60-18" Channel. 1.1 a Ship Building Channel, not American Standard. * 800 page 1~. 

CCarnaglo Stool Company only. 
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r CHANNELS CHANNEL 

AMERICAN STANDARD [ 
MAXIMUM BENDING MOMENTS AND WEB RESISTANCES 

Bending Strea: 18 Klps--Skearing Stress 12 Kips VALUES 

- *VALUES FOR EHD REACT10N V .... .... W ..... W .. Mu.h ... m WEB SHEAR1 NO WEB BUCKLING -• ~ - . .... .-.... ,~ - ... - .... . ... e-J U" ..... """"' U"'" ,- ....... ..... 
d M_ V_ L .... Ib 0 .... R_ 

..... ...... ..... ,~ ....... 'H' 
..... . .... ...... ....... IItf S4. IlL -----

19.75 .629 14100 52840 1.07 
,_ 

3.85 49530 
17.25 .524 12900 44<l2O 1.17 

,_ 3.85 41270 
C8 7 14.75 .419 11550 35200 1.31 1_ 3.85 33000 

12.25 .314 10350 26380 1.57 
,_ 

3.85 24730 
'.8 210 9000 17640 2.04 

,_ 
3.85 16540 

15.5 . 559 97 .. 40250 0.97 161lOO 3.30 41930 

C 7 8 
13.0 .437 9700 31460 1.11 ,_ 3.30 32780 
10.5 ~14 7800 22610 1.33 

,_ 
3.30 23550 

U 200 84 .. 14400 1.79 
,_ 

3.30 
,_ 

lU • 472 81 .. 28320 0~7 161lOO ~" 33630 
C8 • ' .0 ~25 52 .. 19500 I. .. 15000 2.75 231 60 

8.7 .190 4800 11400 1.58 ,_ 2.75 13540 

125 . 320 34 .. 15360 0.90 18000 2.20 21900 
C' 4 825 2 47 31 .. """ 1.06 ,_ 2.20 16670 

6A .190 2850 9640 1.32 1_ 2.20 12150 

6A ~ 2100 12920 0.66 ,_ 1.65 22700 
C10 3 .. 258 1900 9290 0.78 

,_ 
1.65 18450 

4.1 .170 1550 8120 1.00 1_ 1.65 10940 

*aee paa8 1M . 
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BEAM 
CB SECTIONS 36"1 ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS AppUc:abl. only when .... tlon ..... braced allalnat I.te.a l d.n..,tlon. 
For .. nbraced ...,tlon a ... fa load' "" .. t ba • .-.Iu<:*<l, _ lOa, •• 84. 

Maximum Bending Stre$$ 18 Kip. pel' Square Inch 

Nomlnlol Dep\lI and Flail • Wldth-Wei""~,, FOOl ..., 
CB 362 36" x 16 " CB 361 36" x 12" """'-• • ,- 300 280 260 250 240 230 .94 U2 170 160 .,. DtIIKtion 

"'. UN. UN. UN. UN. UN. UN. UN. UN. UN. UN. 

874.2 632.0 590.1 .... 1 t.37.& 
12 Im:6 ~~t4 ~~:6 :;~:4 ~M~ 

2.68 
13 3.15 
14 568.8 532.5 496.4 463.7 431.1 3.65 
15 832.8 nu n4.9 70U m. 658.8 530.9 497.0 463.3 432.8 402.3 4.19 

16 828.8 nl.4 713.3 683.8 655.2 626.6 497.7 465.9 434.3 405.8 377.2 '.77 
17 780.1 n7.9 671.4 643.6 616.7 589.8 468.4 438.5 408.8 381.9 355.0 5.38 
16 736.7 687.5 634.1 607.8 582.4 557.0 442.4 414.1 386.1 360.7 335.3 6.03 
19 S9S.0 651.3 600.7 575.8 551.7 527.7 419.1 392.3 365.7 341.7 317.6 6.72 
20 663.1 618.7 570.7 547.0 524.2 501.3 398.2 an.7 347.5 324.6 301.7 7.45 
21 631 .5 589.3 543.5 521.0 499.2 477.4 379.2 355.0 330.9 3(19.1 287.4 8.21 
22 602.8 562.5 518.8 497.3 476.5 455.7 362.0 338.8 315.9 295.1 274.3 9.01 
23 576.8 538.0 496.2 475.7 455.8 435.9 346.2 324.1 302.1 282.3 262.4 g." 
24 552.8 515.8 475.6 455.9 436.6 417.8 331.8 310.8 289.6 270.5 251.5 10.73 
2. 530.4 495.0 456.5 437.6 419.3 401.0 318.5 298.2 278.0 259.7 241.4 11.64 
26 510.0 475.9 439.0 420.8 403.2 385.6 306.3 286.7 267.3 249.7 232.1 12.59 
27 491.2 458.3 422.7 405.2 388.3 371.3 294.9 276.1 257.4 24Q.4 223.5 13.57 
28 473.6 441.9 407.6 390.7 374.4 358.1 284.4 266.2 248.2 231.9 215.5 14.60 
29 457.3 426.7 393.6 377.3 361.5 345.7 274.6 257.0 239.6 223.9 208.1 15.66 
30 442.0 412.5 380.4 364.7 349.4 334.2 265.4 248.5 231.6 216.4 201.2 16.76 
31 427.8 399.2 368.2 352.9 338.2 323.4 256.9 240.5 224.2 209.4 194.7 17.89 
32 414.4 386.7 356.7 341 ,9 327.6 313.3 248.9 233.0 217.2 202,9 188.8 19.07 
33 401.9 375.0 345.9 331.5 317.7 303.8 241.3 225.9 210.6 196.7 182.9 20.28 
34 390.0 364.0 33S.7 321.8 308.3 294.9 234.2 219.2 204.4 190.9 177.5 21.53 
35 378.9 353.6 326.1 312.6 299.5 286.5 227.S 213.0 198.5 185.5 In.4 22.81 
38 368.4 343.7 317.0 303.9 291.2 278.5 221 .2 207.1 193.0 180.3 167.6 24.13 
37 358.4 334.' 308.5 295.7 283.3 271 .0 215.2 201.S 187.8 175.5 163.1 25.49 
38 349.0 325.6 300.3 287.9 275.9 263.8 209.6 196.2 182,9 170.8 158.8 26.89 
39 340.0 317.3 292.6 280.5 268.8 257.1 204.2 191.1 178.2 166.5 154.7 28.32 
40 331.5 309.4 285.3 273.5 262.1 250.7 199.1 186.4 173.7 162.3 150.9 29.79 
42 315.7 294.8 271 .7 26D.5 249.6 238.7 189.6 177.S 165.5 154.6 143.7 32.85 
44 301.4 281.2 259.4 248.6 238.3 227.9 181.0 169.4 157.9 147.5 137.2 36.05 
46 288.3 269.0 248.1 237.8 227.9 218.0 173.1 162.1 151.1 141.1 131.2 39.40 .. 278.3 257.8 237.8 227.9 218.4 208.9 165.9 155.3 144.8 135.2 125.7 42.90 
50 265.2 247.5 228~ 218.8 209.7 200.5 159.3 149.1 139.0 129.8 120.7 46.55 
52 255.0 238.0 219.5 210.4 201.6 192.8 153.1 143.4 133.6 124.8 116.1 50.35 
54 245.6 229.2 211.4 202.6 194.1 185.7 147.5 138.0 128.7 120.2 111.8 54.30 

" 236.8 221.0 203.8 195.4 187.2 179.0 142.2 133.1 124.1 11 5.9 107.8 58.40 .. 228.6 213.4 196.8 188.6 180.7 In.9 137.3 128.5 119.8 111.9 104.0 62.64 
60 221.0 206.2 190.2 182.3 174.7 167.1 132.7 124.2 115.8 108.2 100.6 67.04 
62 213.9 199.6 184.1 176.5 169.1 161.7 126.4 120.2 112.1 104.7 97.3 71.58 
64 ~ 193.4 178.3 170.9 163.8 156.7 124.4 116.5 IM.6 101.4 94.3 78.27 .. . 200.9 187.5 112.9 165.8 ISS.S 151.1 nO.7 112.$ 105.3 118.4 91.4 81.11 
68 19~ .O 182.0 181.8 160.11 15-4 .2 141A 117.1 I DU 102.2 . U M.' 86.10 
Loads &ooVO UppCl' horizotltallineil will produco mulmum allo"'ahlo shoal' In webs. 
Loads below lower horioontailln ... wlll produeo excessive defloetkms. 
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,. 
:+'.1 BEAM .,. __ t.. 

'-l CB SECTIONS · , 1 36" 
• r-----
• 
• . 
· • ESSENTIAL DATA I , 
• • .; . Ot::; -- ), Maximum Shear 12 Kips per 

DATA , -~ ., . 
"--r, I : , I I .. Square Inch 

: 1t.1,--" : 
: 1-': '<-1--1 Maximum Bending Stress 18 Kips per Square Inch ........ --- ... 

HIlMI". o.,u. and Fl'-I! WIdth Will!!!! II'" Fooe 
CB362 36" iii 16 " CB 361 36" 1112" ,-

'00 210 '50 250 240 230 194 182 110 160 150 .... .... .... .... .... .... .... .... .... .... .... 
ELEMENTS 

I .., =: 18819.3 17233. 16465. 15724.0 14988.4 12103. 11281.5 10470. 9738.8 9012.1 
S 1'1 1031.2 95L1 9U.7 873.' 835.5 663.6 621.2 579.1 541.0 ..... 
I .. 1225.2 1127.5 1020.8 969.6 920.1 870.9 355.4 327.7 300.' 275.4 250.4 
S •• 147.1 135.9 123.3 117.4 111.5 105.7 58.7 54.3 60.0 .~, 41.8 

DIMENSIONS AND GAGES IN INCHES 
d 36.!4 36;' 36M 36% 36 lS" 36;' 36% 36% 36 35~ 
b 19% 16% " ;, ";, " ;, 19;' 12% 12% 12 12 12 
• ,. % " 

,. ,. li ,. li % % % 
p 1% 1% I» 1% 1% 1 ~ 1 ~ 1% 1% 1 % 
• 7" 7" 7',. 7" 7» 7" 5% 5% 5% 5% 5',. • , 31% 31% 31% 31 % 31 % 31% 32~ 32}4 32U 32M 32M 
f. ' % .,. .,. ' % ' % ' % '" '" '" ' » . » 
• ' % 2% 2% ' ;, 2» 2% 2)\ 2)\ 1% ' » 1% 
k 1;' ' » I» I» I» 1% 1% 1% 1% 1)\ 1% 
II usual 5;' 5;' 5;' 5;' 5;' 5;' 5;' 5;' 5;' 5;' 5;' 
g. • • ,~ 3~ ax 3;' 3~ 3~ ,~ , , 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 
M mox 1658 1547 1427 "68 1310 1253 995 932 96' 912 754 
V max ." 368 367 353 341 329 337 3" 295 292 269 
Lmin 15.92 15.96 15.53 15.49 15.36 15.22 11.81 11.80 11.78 11.51 11.23 
fb 14380 14020 13780 ""'" 13370 13170 13100 12690 12230 11950 11"" 
fbI 13590 12410 11640 11050 10596 10075 10095 9200 932fl 7800 7270 
B min 21.46 22.11 22.50 22.93 23.31 23.72 24.30 25.26 26.43 27.16 29.02 
R mn, 172 157 '" 138 132 126 127 116 104 98 91 
RA 162 162 162 162 162 162 162 162 162 162 162 
LRA 4D.93 38.19 35.23 33.77 32.36 30.94 24.58 23.01 21.45 2fl .04 18.63 
Wt.CA 61 61 61 61 61 61 61 61 61 61 61 
RH 260 260 260 260 260 260 260 "" 260 "" 290 
LRH 25.50 23.80 21.95 21.04 20.16 19.28 15.31 14.34 13.36 12.48 11.61 
Wt.CH " " " " " " 94 94 94 94 94 
Q 13261 12374 11413 10940 10483 10026 7963 "54 694' 64" 60lS 
M tlUU _ Max. DoodlD8 Momen~ In Foot-Kips. Y,na..: _ MaI. Web Sb.6IU" in KlpII. 

L "'" 
... :\Un. S~n In foot to;> develw Vmax. re, .,. AllOw-. Ie Unit St.re8!l for eb HUCkling In 6lOund8 per 1Iquar"e Inch. 
= Value of Web In DUCKling per Inch of lengt • in llOUOds. 

Il m in = Min. End OcarlnlI In l"chOS to;> develop Vmax. 
n Ulax =- Max. Jo:nd Ueaction In KIP/l when IJ 0= 3 ~·' . 
llA _ Mall". Value of Shop nivetllin Klpsln one Connection Serloo A. Soo pag>l of Connectlonl'. 

"" =- Ma.>:. YalueofShop H.lvotsln KlllOIln one Conllectlon 8<.lrl .... U . 800 ,.age or eonnectiotll. 
Rivet Vslues In Outstanding Legs must be InvtYItl,gaWd. 

I.RA. LIHI """ Min. Span In ,"'oct to develop RA or UH. 
Wt.OA.CU =- W~ht In pounds orono Connection Ser ios A or n, Including Web IUvctlil. 
Q _ 000 clcntor Strcngth = 12S,.,. 

. 'ro obLaln saf\) Uniformly dl,trlbuted loo.d In Kip", divide Q by til\) required _pan In foot. 
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BEAM 
CB SECTIONS 33"1 ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS Appll .... bl. only wIM" Hetlonl I .. bnead ... ' nlt I U.~.I d~". 
For un",","- _tlon, ... ,. '_d. m.nt be ,,"UeM. __ 1 ..... 

Maximum Bending Streu 18 Kips per Square Inck 

HeninoI 0...- .... nan ",,",-w .. ,. - CB 332 33" J. -,~ " CB 331 33" It 11 " ........ 
• • ,. 2AO 220 %1' 200 152 141 132 125 ...-.... .... .... .... .... .... .... .... --

.. U (!IA 
11 110..5 ..,., 

::~~ ~; 
,~, 

12 
~~~ 4ri:: 2." 

13 381.9 355~ '" 14 ." nu aIM.' .... 416.9 383.0 354.8 "., ~" 
15 ~. ,,~, ,.,., w, .. 389.1 357.4 331.0 308.1 4.19 

" 608.3 555.. • 28.3 S02.2 3.U 335.1 310.3 268. • '.n 
" .72.. .22.8 497.2 472.7 343.3 315.4 292.0 2nA ~38 

" 54.7 493.7 469.8 446.. 324.3 297.9 27SA 2567 M3 
18 512.3 487.7 444.9 422.9 307.2 28U 26U 24U 6.n 
20 '~7 444.' .22.6 401.8 "U 268.1 ~ 231.1 7.45 

21 ~, 423.2 402.5 382.6 m.9 2~3 236.4 22.' Ul 
22 44~' 404.0 384.2 "'~ 26U 243.7 2 .. 7 210.1 9.01 

" .= 38 .. 367.5 349.4 2~ 2nl "SA -, 9.85 

" 405.6 ".3 35U 334A 243~ 22M 208.9 192.8 ,.73 
2S 389.3 355.' 338.1 321 .4 233.5 214.5 198.8 184A 11.64 

" 374A 341A 325.1 309.0 224.5 206.2 190.9 1n.7 12.59 
27 360.5 329~ 313.1 297.8 216.2 198.6 183.9 m~ 13.57 
28 341.6 317.4 301.9 287.0 208.' 191.5 1n.3 185.0 14.60 
29 335.6 '"". 291 .5 277.1 201.3 184.9 m~ 159.4 ,. .. ,. 324.4 296.' 28U 267.8 194.6 1797 165.5 154.0 l U8 

31 314.0 286.7 2n7 2S9~ 188.3 113.0 160.1 14Q.I ".89 
32 304.' 277.7 26U 251 .1 "U 167.6 ISS.1 144.4 1 ~07 
33 294.9 269.3 256.1 243.' 176.9 162.5 ISQ. 140.0 2 ... 
34 288.3 261.4 248.6 236,3 tn .7 157.7 146.0 1~' 2U3 
3S 2791 253.9 241 .5 .... 6 166.8 "" 141.8 132.0 =1 
36 270.4 246.9 234A ~ 162.1 ''''9 137.9 128.. 24.13 

" =1 24~ 228.. 217.2 157.8 144.9 134.2 124.9 2< .. 

" '561 =9 =. 211.5 153.6 141.1 130.6 121.6 26.89 

" 249.6 227.9 216.7 206.0 149.7 137.5 127.3 11 8.5 ,..32 
40 243~ 222~ 211.3 20M 145.9 134.0 124.1 115.$ 28.79 

" 231.7 211.6 201.3 191.3 139.0 127.7 1111.2 110.0 32 ... 
44 221.2 202.0 192.1 182.6 132.7 121.9 112.8 10M ... OS 
46 211.6 193~ IS3A 174.7 126.9 116.6 107.9 1,00.5 39.40 
48 202A 185.1 1791 167.4 121.6 111 .7 103.4 96.3 42.90 

" 194.7 177.7 169.1 160.7 118.7 107.2 SS.3 ,~. ..... 
" 187.2 170.9 162.6 154.5 112.2 103.1 ~. .. , SQ35 
54 ",. 164.6 156.5 14M 108.1 99.3 91 .9 ~8 5<.30 
56 173A 1587 150.9 143.5 IOU 95.7 " .6 8~' 5840 .. 167.8 153.2 145.7 139. 100.8 92.' 85.' 79.7 6~" 
60 ,U, 148.1 1110.1 111.1 ~, a A G.' n. 67.04 

" 157.0 ,C, ,., 'N' ~., •• ~. , , .. 71." 

" 1!2.1 UI.' \3 2.1 121.1 . l.2 a., n.' ,,. 76.27 ---t.o.da: abov(l uppOr borlJ.Qlltal tin"" wllll)CUduoo ma.dmum alk> .. a.bllllhca.r In w!.It-. 
Load. bclo ... lo ........ horiJ.Qnta.l l LnOll wLll produce oxoeesiw dl'lftoctlollll. 
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k, ... .,.., , BEAM ...-;- :~ CB SECTIONS 1 33" 

: r --·--:: n ' , ESSENTIAL DATA I i 
, ' DATA I ' ___ . _ .,. 

M aximum Shea r 12 K ips per I It._ _____ ~ 

LO , ... 
r " " , I 

Square Inch : ... ".J : 
: t·. "-1-->1 
:...----b---...: Mallimum S end ing Stress 18 Ki ps per Square Inch 

-, - ~-
Nominal 0"'* ..... nan,. WkIIII w ..... ... r ... _ ... CB 332 33" x 'ill" CB 331 33" x l1 ~" 

'" 220 210 200 152 U1 13' 125 
UN. UN. ... .... .... UN. UN. UN. 

ELEMENTS 

I '_I , ..... , 12312.1 11 664.5 11 048.2 8147.6 7442.2 6SS6.8 6354.7 
S 1_' IU~ 740.6 70404 659.6 .86.4 44&.8 413.7 385.1 
1 • • 874.3 782.4 735.6 691.7 258.1 229.7 201.8 188.2 
s.. 110.2 99.0 93.2 87.8 44.3 39.8 36,' 32.7 

DIMENSIONS AN D GAGES IN INCHES 

d 33% 33)4 33% 33 33% 33)4 33% 33 
b 15J.i 1 5~1' 15h 15~i 11% 11 % 11 % 11 % , % " l{ l{ % % % " • ,., 

' )4 ,,. ' )4 '" '" % " • 7Ji 7Ji 7Ji 7Ji 5Ji 5Ji 5Ji 5Ji 
I 28% 28% 28'1 28% 29l{ 29l{ 29l{ 29l{ 
I, ." ." ." &" 4~ ' l{ ' l i ' l{ 
• 2" 2,. 2)4 2,. ' % ' l{ '" 1% 
k 1% 1% 1), I,. 1% 1% ," ," I :.u,ual 5Ji 5Ji 5% 5Ji 5Ji 5% 5Ji 5Ji 

3'( 3% 3Ji 3Ji 3 3 3 2l{ 

MAX.IMUM BENDING MOMENTS. WEB RESISTANCES, ETC. 

M m" 1211 1111 1057 1004 730 670 621 578 
Vm", 33. 309 297 233 255 242 231 22. 
Lmin 14.59 14.31 14.22 14.19 11 .43 11 .09 10.76 10.24 
fb 14160 13770 13570 13280 12300 11 960 11 660 11 550 
fbI 11 750 10675 10150 9500 7810 7235 6760 6560 
Bmln 'D.02 20.66 21.02 21.56 24.32 25.10 25.84 26.04 
Rmu 140 126 120 112 93 .. 80 T1 
RA 146 ' 46 146 146 146 143 137 135 
LRA 33.33 30.44 28.95 27.52 19.99 18.75 18.12 17.12 
Wt.CA 54 54 54 54 54 54 54 54 
RH 227 227 227 227 227 222 213 20, 
LRH 21.44 19.58 18.62 17.70 12.86 12.08 11 .65 11 .06 
WtCH 75 75 75 75 75 75 75 75 
Q 9733 8887 8453 8035 5337 5362 "64 4621 
l\.l max - Max. Bending Momen~ In FootrKl~. Vmu """ Max. Web Shea.r In Kl.~. 

L """ 
_ Min. S~ In foe~ to d,welor, Vmu. 

Ib - Allowa Ie Uni t Strf18S for \ eb B uck ling In r'un<b pel' 1Klual"C Ineb, 
lb. _ Value or Web In Buckling per Inch of lengt • in pOUlida. 
B ruin _ Min. End n~in IncbOil to de velop Vmax. 
Urna:r _ Malt. End R n In KL~ .. hen B _ Sj1". 
RA _ Max. V..t ueof Sbop Rive", in KL~ ln one Oonnootlon SerIes A. Soo paaeof ConnocUon.a. 
RU _ l\.lax. Valueol8bop Rlveuln KJp"ino'I{IOonnootlon 8erIOll ll . See~oIConnootlOl\L 

llI"",t ValUClln OutOlt&ndina ~ mun be InVMtlgated. 
LRA. LR H _ Min. 8panln 1'_ to deY"Oklp R or R H, 
Wt.QA,Qll _ W:!ltht In pound. o f one CO nnection 8erlea A or H , Including Web Hh'fltll. 
Q - One lelen t of Strength _ 12 8,.,. 

To obt.a.in 11&1'0 unHorrnly d18b"lbuted load In I';!po!. dh'Wo Q by l be roqulrod span In foot... 
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BEAM 
CB SECTIONS 30"I ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS AppUClIbl o onl,. whon Metlonl ... b~.ced .,llnlt lot. •• 1 d.nect!on. 
Fo. ""bracod ...,tlonl .. forood, rnuU 1M' Neluc.d, ... POliO 184. 

Madmum Bending St.ress 18 Kip. per Square Ineh 

""' ~"'2 JO" . 15" CB 30i 0" • 10' • ,~ 

~ ;:;;: ~ ~O ~ ~ ~ ~' ~. 

10 ~" .~ .. -m-~ 1." 

" 414.2 386.' 357.7 326.4 2.25 
12 379.7 354.6 327.9 299.2 2.68 

-mt m.' iff 
.., .. 13 4419.7 350.5 327.3 302.7 276.2 3.15 ,. :i::: l:g:l lit: 325.5 303.9 281.1 256.5 3.65 

15 303.8 283.7 2&2.3 239.4 4.19 
18 487.4 463.2 439.6 416.4 396.2 284.8 266.0 245.9 224.4 4.77 
17 " .. 436.0 413.7 391.9 372.8 268.0 250.3 231.5 211.2 5.38 
18 433.3 411.7 390.1 370.1 352.1 253.1 236.4 218.6 199.5 '.03 
" 410.5 390.1 370.2 351l.7 333.' 239.8 224.0 201.1 189.0 .n 
20 389.9 370.6 351 .7 333.1 316.9 227.8 212.8 196.7 179.5 7.45 

" 371.4 352.9 334.9 317.3 301.8 217.0 202.6 187.4 171.0 8.21 
22 354.5 336.9 319.1 302.8 288.1 201.1 193.4 118.9 163.2 9.01 
23 339.1 322.2 305.8 289.1 215.6 198 .. 1 185.0 111.1 156.1 '.85 
24 325.0 308.8 293.1 277.8 264.1 189.9 In.3 164.0 149.6 10.73 
25 312.0 296.4 281.3 266.5 253.5 182.3 110.2 151.4 143.6 11.64 

26 300.0 285.0 210.5 256.2 243.8 115.2 163.1 151.3 138.1 12.59 
27 288.8 214.5 2M.5 246.8 234.8 168.8 151.6 145.1 133.0 13.57 
28 218.5 264.7 251 .2 237.9 226.4 162.7 152.0 140.5 128.2 14.60 
29 268.' 255.6 242.5 229.7 218.6 157.1 146.7 135.7 123.8 15.66 
3D 260.0 247.0 234.4 222.1 211.3 151.9 141.8 131.2 119.7 16.76 

31 251.6 239.1 226.9 214.9 204.5 147.0 137.3 126.9 115.8 17.89 
32 243.7 231 .6 219.8 208.2 198.1 142.4 133.0 123.0 112.2 19.07 
33 236.3 224.6 213.1 201.9 192.1 138.1 128.9 119.2 108.8 20.28 
34 229.4 218.0 206.9 196.0 188.4 134.0 125.2 115.7 105.6 21.53 
35 222.8 211.7 200.9 190.4 181.1 130.2 121.6 112.4 102.6 22.81 

38 216.6 205.9 195.4 185.1 176.1 126.6 118.2 109.3 99.7 24.13 
37 21D.8 200.3 190.1 180.1 171 .3 123.1 115.0 106.3 97.0 25.49 
38 205.2 195.0 185.1 175.3 166.8 119.9 112.0 103.5 84.' ,6.8, 
39 200.0 190.0 180.3 170.8 162.5 116.8 109.1 100.9 92.1 2<32 
40 195.0 185.3 175.8 166.6 158.5 113.9 106.4 98.4 89.8 29.79 

42 185.7 176.5 167.5 158.6 150.9 108.5 101.3 93.7 85.5 32.85 
44 In.2 168.4 159.8 151.4 144.1 103.6 96.7 89.4 81.6 36.05 .. 169.5 161.1 152.9 144.8 137.8 99.1 92.5 85.' 78.1 39.40 
48 162.5 154.4 146.5 138.8 132.0 84.' .... 82.0 74.8 42.90 
50 156.0 148.2 140.7 133.2 126.8 91.1 85.1 78.7 71.8 46.55 

52 :~:: I ::~~ ~ ~ I 1".' :!:: 81.' 75.7 69.0 SO.3S 
54 ::!:: ~:: ~:~ M.' 54.30 
56 

~~~ i~! 
125.8 .... ... , 58.40 

56 121.3 114.1 ,~, 78.8 73.4 67 .8 eu 62.64 
60 130.0 117.2 111.0 ,~. 7&.' 70.9 85.1 H.' 67.04 

Loads above upper .\ IIn .. .. m pI'Qduce maximum aLIo .. able 1Ib0iU' In .. E bB. 
Load_ bOIo .. lo .. er borizontallinOl will produce excessive dellect.lons. 
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,.. r'''' , 
CB SECTIONS 

BEAM 
, , I30" , 

:.LJll~ 
ESSENT'AL DATA 

Mallmum Shear 12 Kips per DATA 

~*.~ 
SqU3I"G Inch 

Maximum Bending Stress 18 Kips per Square Incn 

Nominal O.lItfIlnd Flange Width W.!iIIl .... Foot 

Notation CB 302 30" X 15" CS 301 30" X 10~" 

21' 200 I 190 I 180 172 132 124 '" "8 ... ... ... ... ... , .. . ... ... ... 
ELEMENTS 

I 1_' 9872.4 9340.5 8825.9 8328.2 7891.5 5753.1 5347.1 4919.1 4461.0 
5 I-I 649.9 617.6 58&.1 555.2 528~ 379.7 354.6 32B "02 
I •• 707.9 655.7 624.6 585.6 550,1 185.0 169.7 153.2 135.1 ... 93.7 .. ~ 83,1 7<1 73.4 35,1 32.3 29,2 ".8 

DIMENSIONS AND GAGES IN INCHES 

d 30~ lOX" 30» 30 " Ji 307i 30» 30 29Ji 
b 15» 15» 15 15 15 IOli IOli IOli IOli 
t % l' l' % % % % % % , 1% l j{ 1% 1» l fl 1 % Ji l' 
• 7» 7» 7» 7» 7» 5 5 , , 
f 25~ 25~ 25~ 25~ 25~ 26Ji 26% 26% 26Ji 
f, 6j{ 6j{ 6j{ 6j{ 6j{ 4j{ 4j{ 4j{ 4j{ 

• 2% 2j{ 2% 2» 2fl 1% 1% 1% l li , 1% t% t j{ l j{ l j{ 1 1 1 1 
II usual '"' '"' 5li ' li ' li ' li '"' '"' '"' ,. 3li 3li 3li 3j{ 3j{ 3 3 2~ 2l' 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 

M max 975 926 879 833 792 '70 "2 492 449 
Vm" 283 269 257 2" 2" 224 "2 203 196 
Lmln 13.80 13.79 13.70 13.81 13.49 10.19 10.05 9.69 9.15 
1b 14330 14080 13850 13490 13370 12821) 12470 1223' 12050 
fbt 11105 10420 9830 9040 8755 7880 7295 6900 6605 
Bmln 17.84 l B.22 18.57 19.18 19.36 2O,SO 21.48 21.93 22.24 
R m" 123 115 108 99 96 87 81 76 72 
RA 130 130 130 130 130 129 123 118 115 
LRA 30,00 28.50 27.05 25.62 24.38 17.66 17.30 16.67 15.61 
WI.CA 48 48 48 48 48 48 48 48 48 
RH 19, 195 195 19' 195 194 184 178 173 
LRH 20,00 19.00 18.03 17.08 16.25 11.74 11.56 11.05 10.38 
Wt.CH 66 66 OS OS 66 OS OS OS OS 
Q 7799 7411 7033 ... 2 6338 4556 4255 39J' 3590 
Mmax _ Max. Bending Moment In Foot-KIps. Vmax _ Max. Web Sbear In KIps. 
Lmlo .",. Min. Sgr: In too~ to develw, Vmu. 

'" "'" Allowa Ie Unit Stress tor eb Buckling In r.':unds per SQuare Incb. 

"" -= Valull of Web In Bucl<Ung Pl\I' l och ot lengt • In pound!!. 
o mm >= Mlo. E nd nearlnrc In Inch('.fj to develop Vmal<. 
R _ ... Ma.lt. End R 6a.Ct on In Kips when B = 3~'" 
RA = l\1u. ValulIotShop Rivetllio Klpllio ono onnectlon Series A. SOO p&go of C"lnnoctloD-f. 
RH -= Max. ValueotSbop Rivetllio KlpslnoneConnectlon Serles l l. SO(! pagll of ConnecUoD-f. 

Rivet VaJuesln Qutllta.ndlng LeglJ must bo Inv(l!ItigatOO. 
LRA.LR U .. Min. Span In Jo'eet to devclop RA or RH. 
Wt.CA.OH '"'" we~ht In pounds of one C"lnnootlon Serl(l!l A or fl, including Web Ulvetll. 
Q = 000 dent of Strength =- 12 S,.,. 

T o obtain safe uniformly dt.strlbut«l lo&d In Kips. dlvid<l Q by the required . pan In foot. 
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BEAM 
CB SECTIONS 27"1 ALLOWABLE UNIFORM LOADS IN KIPS 

• 
I. 
11 
12 
13 
14 
15 

16 
17 
16 
19 
2. 
21 
22 
23 

" 25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
36 
39 
40 

42 
44 
46 .. 
50 
52 

LOADS AppU ... bl. only wh." .... tl"" ..... br.".,s alla inot ',"ral d.tlKtlo'" 
,,"or u"b . .. ~ ..... tlon .... f.l_d • .nun t.. red ........... pa~,M. 

Mal'lmum Bending Stress 18 Kips per Square Inch 

10, ,~ " 
'''., 
310.' 
279.' 

328.4 302.4 278.5 254.4 
299.2 2n.2 255.3 233.2 
276.2 255.9 235.7 215.3 
256.5 237.6 218.8 199.9 --:t~~.i1t 

394.2 362.3 342.2 322.3 239.4 221.8 204.2 186.6 

369.6 339.7 320.9 302.2 .224.4 207.9 191.5 174.9 
347.9 319.7 302.0 284.4 211.2 195.7 180.2 164.6 
328.5 301.9 285.2 268.6 199.5 184.8 170.2 155.5 
311.2 286.0 27tl.2 254.5 189.0 175.1 161.2 147.3 
295.7 2n.7 256.7 241.7 179.5 166.3 153.2 139.9 
281.6 258.8 244.5 230.2 171.0 158.4 145.9 133.3 
268.8 247.0 233.3 219.8 163.2 151.2 139.3 127.2 
257.1 236.3 223..2 210.2 156.1 144.6 133.2 121.7 
246.4 226.5 213.9 201.5 149.6 138.8 127.7 116.6 
236.5 217.4 205.3 193.4 143.6 133.1 122.5 111.9 
227.4 209.0 197.4 186.0 138.1 127.9 117.8 107.6 
219.0 201.3 190.1 179.1 133.0 123.2 113.5 103.6 
211.2 194.1 183.3 In.7 126.2 118.8 109.4 99.9 
203.9 l87A InO 166.7 123.8 114.7 105.6 96.5 
197.1 181.2 171.1 161.2 119.7 110.9 102.1 93.3 
190.8 175.3 165.6 156.0 115.8 107.3 98.8 90.3 
184.8 169.8 16{1.4 151.1 112.2 104.0 95.7 87.5 
179.2 154.7 155.6 146.5 108.8 100.8 92.8 84.8 
173.9 159.8 151.0 142.2 105.6 97.8 90.1 82.3 
169.0 155.3 146.7 138.1 102.6 95.0 87.5 80.0 
164.3 151.0 142.6 134.3 99.7 92.4 85.1 n.7 
159.8 146.9 138.7 130.7 97.0 89.9 82.8 75.6 
155.6 143.0 135.1 127.2 94.5 87.5 80.8 13.6 
151.6 139.4 131.8 124.0 91.1 85.3 78.6 n.8 
147.8 135.9 128.3 120.9 89.8 83.2 76.6 Ttl.O 
140.8 129.4 122.2 115.1 85.5 79.2 72.9 65.6 
134.4 123.5 116.7 ~:::~ ~:~ 75.6 69.6 63.8 

~~ 11~223~~.'2~_:7.:~;2~14-~~~~'~::-}~100~.7~_~n.7-'I __ :~;:~::.;3~_;~~~::·i·~_~ 
:::~ ::: '::; :~ ::: I :: :~ ~ . 

"'Ill produe<;) II e 5hear In weba. 
l..oa.ds beLow Lower horizont:>.lllnU!J wlll pn)duoo CJ<ce6\lve dellectLollll. 

1.51 
1.66 

2~5 
2.68 
3.15 
3.65 
4.19 

4.77 
5.38 
'.03 
'.n 
7.45 

8.21 
9.01 ,.85 

10.13 
11.64 
12.59 
13.57 
14.60 
15.65 
18.78 
17.89 
19.07 
20~' 
21.53 
22.81 
24.13 
25.49 
26.89 
28.32 
29.79 
32.85 
36.05 
39.40 
42.90 
46.55 
50.35 
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, k· :,'Ir: 1 BEAM 
... . ..t: . ce SECTIONS , , :? 127" , f;' --""-, , , , , , 

ESSENTIAL DATA , 
~ 
, 

, : DATA , 0-----, t ______ 

}. Maximum Shear 12 Kips per , , 
t" r , " , , Square Inc::h , ... - * - ~ 

, , , , 
, t·": .. -•. - ~ Mallimum Bending Stress 18 Kips per Square Inch 
~--- -b --- "": 

Nominal DopIh and Fl ..... Wldtb Wt lght 1* Foot ..... CB 272 ZT" x 14" CB 271 27" x 10" 

in 163 154 14' n. 106 98 " ""- ""- "". "". "". ""- ""- ""-
ELEMENTS 

I '_I 6728.6 61Al.S 5175.8 5414.3 4080.5 3761.2 3446.5 3129.2 
5 1'1 492.8 452.9 427.8 402.9 ".2 211.2 255.3 213.2 
I .. 518.9 468.7 437.6 406.9 149.6 136.1 122.9 109.0 
S .. 73.7 66.' 62.' 58.' ".7 27.1 24.6 21,8 

DIMENSIONS AND GAGES IN INCHES 

d 27li 27» 27 26» 277.( Z7» 27 26~. 
b 14» 14 14 14 10» 10 10 10 , Ji % % % % % J> J> 
p 1% 1» l liO 1 % )i % % 
• 6~ 6Ji 6Ji 6:!{ 4% 4:1{ 4~ 4% 
I 23 23 23 23 24 24 24 24 
I, ' % ' % ' % ' % '» ' )i ' liO ' )i , ' » ' liO 

, 1% 1% 1% lJ> 1). 
k 1% 1% 1% 1% )i )i )i ;; 
• usual 5)j 5)j 5J> 5)j 5J> OJ> 5J> 5)j ,. 'li ' li ' li ' li 2M 2M ' Ji 2~ 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 
Mmu 735 679 64' 604 .45 416 383 350 
Vmu 23S '18 206 194 187 174 16' 156 
Lmln 12.44 12.46 12.48 12.49 9.62 9.55 9.46 ~" 
Ib 14460 14140 13830 13450 13030 12600 12110 11 880 
fb' 10555 9475 8785 .05S 7425 6740 6055 5740 
Bmln 15.69 16.24 16.68 17.19 18.31 19.07 20.00 20.39 
R m" 105 97 6D 63 T1 " 62 " RA 114 114 114 110 lOS " 92 " LRA 25.94 23.84 22.52 21.98 17.10 16.97 16.65 15.72 
Wt.CA 42 42 42 42 42 42 42 42 
RH 179 179 175 17, 185 154 144 13' 
LRH 16.52 15.18 14.34 13.97 10.88 10.80 10.64 10.07 
Wt.CH sa sa sa 58 sa 58 58 58 
Q 5914 5435 5134 483. 3590 3326 3064 279. 
Mmu = Max. Bending MOlnunt In Foot-Kips. Vrnax = Max. Web Shea.!' In KiP'!'. 
L mm .... Min. Scan In toot to dovel'll) Vrna..,. 

'" = Allow,," 10 Unlt Stroa ror Web Buckling in ~unds per squaro Incb. 

"" = Value o r W eb In Buckling IX'f Inch of lengt I, In IJOun<il. 
D min = M in. End Uearln" In Inches c.o dovolop Vma:.:. 
R= = "-lax. End R oaction In Kips when B = 36t" 
RA "'" Max. ValuoofShop Rlvct.!!In Klpsln 'lno nnoc;ti(ln SerlO)!! A. Soo page or Connoclkms. 
Rll = :"la,x. v aluo of Shop Rivet8in Kips In ono COnnection Series H. $eo j>ag(l of C<;.nnoctlOI1& 

IUvet Values In Outstanding ~ mun be Investigated. 
LRA.LRR =-= Min. Span In }<'oot to devQlop R or RIL 
Wt.CA,Cll >=< Wei!/:ht In pounds or one O :mn<)Ctlon Sorlos A or H, IDeludlng Wob Rivet.!!. 
Q = Ooofllclcnt o r Strength -= 12 a,.,. 

To obtain safe ull!formly dls~lbuted load In KIpS, divide Q by the required span In root... 
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BEAM 
CB SECTIONS 24"I ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS Appll.,.,bl. onl,. when _tlo .. o .... brae'" .,.rnlt I.twa_ d~-.:tlo". 
For .... brae ........ tlon ••• t . load , mun ... ,..du ......... pag.1M. 

Mallimum Bending Stress 18 Kips per Square Inch 

" """""" DopdI ..... flan,. Wldtb WllljIIIt per FOOl 

"'" • CB 243 24" x 14" CB 242 24" II 12" ....... 
• ,~ • 60 160 '" '" 120 a, ." o~ ... ... u.. ... ... ... ... ... 

324 .• "'., 269.1 
12 389.2 37G.2 3Q.O 328.' 299.1 274.4 248.9 ~68 

13 381.7 355.8 331.0 305.3 276.1 253.3 229.8 '" 14 354.' "" .• 307.4 283.' 256.4 235.2 213.3 ." 
15 "".8 308.4 286.. 264.6 239.3 219.5 199.1 ~" 
16 310.1 289.1 269.0 '480 224.3 205.8 1887 '.77 

" 291.9 ,nl "" 233.4 211.1 "., 175.7 ~38 
18 275.7 257.0 239.1 220.5 199.4 182.9 1~' aD3 

" 261.2 , .. , 228.5 ,08., 188' 173.3 157.2 U, 
20 248.1 231.3 21~ ,,8.4 ,,9., 164.6 149.3 7.45 

21 "., 22ll.3 204.9 189.0 170.. 1588 142.2 &21 
22 225.5 210.3 195.6 18G.4 , .. , 149.7 13M 9.01 
23 215.7 201.1 187.1 In.s 156.1 143.2 129.9 0.85 
24 206.8 192.8 179.3 165.4 149.6 137.2 124.5 1~73 

" 198.5 185.0 lnl 1587 , .. 6 131.7 119.5 11 .64 

26 190.8 In.9 16M 152.6 138.0 126.6 114.9 12.59 
27 183.8 m .3 159.4 147.0 132.9 122.0 11D.6 13.57 
28 In.2 165.2 153.7 141.7 128.2 117.8 106.7 14.60 
29 171.1 159.5 148. 136.8 123.8 113.5 103.0 15.68 
so 165.4 154.2 143.4 132.3 119.6 109.8 99.6 1&78 

31 160.1 149.2 13&8 128.0 115.8 106.' 96.3 17.89 
32 lSS.1 144.6 134.5 124.0 112.2 102.9 93.3 19.07 
33 150.4 140.2 130.4 120.3 108.8 99.8 90.' ~28 
34 145.9 13&1 126.6 116.7 105.6 '68 87.8 21.53 
35 141.8 1= 122.9 113.4 102.5 94.1 85.3 22.81 

36 137.8 12&' 119.5 110.2 99.7 91:5 83.0 24.13 
37 134.1 125.0 116.3 107.3 97.0 8aO SO.7 25.49 
38 130.6 121.7 113.2 104.4 94.' 86.7 7&6 28.89 
39 127.2 118.6 110.3 101.8 92.0 84.' 7as 2&32 
40 124.1 115.7 107.6 99.' 99.7 82.3 74.7 29.79 

42 11 8.1 110.1 102.5 94.5 85.5 7&. n.l 3~85 

44 112.8 I IXI.I 

I 
w.o 

I 
~., au 

I 
74.8 

I 
81.11 3&05 

46 107.' 100.8 a .• ., , .. 71.1 M.' 39.40 
46 103.4 n .• a .• "., 14.8 N.' ." 42.90 

LoodlI abo ... ", UPPlIl' hO!'lwot3I II.DOI will produC(l ma.:dmum allowable -.hoar In webs. 
Loads below loWOl" borlwutal llnOl ... m produce e"eess! ... e deflcctlono. 
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, .. ~~, BEAM 

CB SECTIONS I24" ESSENTIAL DATA 

~~1' Max imum Shear 12 Kip. per 
DATA 

" '" 
Squa re Inch 

I ' Maximum Bending Stress 18 Kips per Square Inch 

NOOIIMiI o.,tII .... n.np Willldt---w .... '* ,. 
......, CB 243 24" II 14" CB 242 24" x12" ... 150 ,<0 130 120 ao '00 ... ... ... ... ... ... ... 

ELEMENTS 

I I" 5110.3 4733.5 4376.1 4009.5 3635.3 3315.0 2987.3 
5 1-' 413.S 385.5 358.6 330.7 29U 274.4 241.' 
' N 492.6 452.5 414.5 375.2 254.0 229.1 203.5 
5., 69.9 64.3 59.1 53.' 42.0 38.' ll.' 

DIMENSIONS AND GAGES IN INCHES 
d 24~~ " )i "" 24}{ " Ji " Ji " b 14Ji 14Ji 14 14 12Ji 12 12 
1 " li li " " )i )i , . l Ji l J> 1 Ji " II I( 
• 'j. 6Ji ' 1( ' 1( "4 5). 51( 
1 ",y. 20'4 "'I( "'I( "'ll "'ll "'ll 
f. • • • • 5J> 5J> 5J> 
• , III 1910 1 ~ I,. 1" 1" 
k 1 1 1 1 " " 910 
g usual 5)i 5)i 5)i 5)i 5)i 5» 5» 
g, 3Ji 3Ji 3 3 3 "4 '" MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC . 

MMu . '" 578 538 .96 44. .12 373 
Vmu . 19. 185 174 164 16' 148 135 
Lmin 12.75 1250 12.37 12.07 11.06 11 .13 11.08 
1b 14560 1434. 14050 13"" 13850 13100 12520 
1bt 9550 "HO 8345 7780 7590 .... 5855 
8mln 14.20 14.41 14.75 15.07 15.29 1~09 17.01 
Rmu 92 87 80 74 73 64 58 
RA 97 97 94 89 88 '" 74 
LRA 25.58 23.85 22.89 22.29 20.39 "'.58 20.18 
WI.CA 36 36 38 36 38 38 36 
RH 16' 16' 156 149 14. 134 123 
LRH 15.31 14.28 13.79 13.41 12.29 12.29 12.14 
Wt.CH 50 50 50 50 50 50 50 
Q '96' 4626 .303 3988 3589 "93 2987 
M ona", _ Mall. Bending Moment In Foot.-Klps. Vmu _ M u. Web Shear In K!~. 
L mlll _ Min. Sgr: In foot I() devel~ Vmu. 

" - Allow. e Unit Stn. t~ \ cb Buckling Inur.::ds per .-quare inch. 

'" _ Va lue or Web in 8u<:1<11ng per Inch of lens • in J)OUlId8. · """ - Min. End =ro,.1n lnehN to develop Vm&1. 
H = _ Mu. End React In " '1. when D _ 3~ 
RA _ :'l ax. VallI8ofShop m,·eta ln KI~ln OIIe ncetlon Ser1N A. See p&georConnectlODll. 
RU _ Max. Value of Shop Rivela ln KI~"I OIIeCoo:illectlon SerIN II . See pageof CoooecUona. 

IUvet ValuOll ln OUlatandlng Logs must be InVClltlgated. 
I.RA.LRII _ Min. Span in Foot I() devek)p !l Ao or RII. 
WtoOA.O H _ We:Atht In pouuds or one Connection SerI81 A or D . Inelud tna: Web IUveI.L 
Q - One dent or Strength _ 12 8 ,.,. 

To obtain aate un lt~!IlIy d t.tr lbut.ed lo.d In Kill'l. divide Q by t he roqulred spa'iln teet . 
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BEAM 
CB SECTIONS 

24"1 
21 " ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS Appll~. bl . only who n Metlon ..... b . ... .-l .".Inn lat ••• _ d.n..,tlon. 
F .... unbnceci .... tlon .... ' . Ioad. m"HI>e ........... , ... pag. 18.4. 

Mallimum Bending Stress 18 Kips per Square Inch 

NomInal DtIIIh ond Fl.,. WlchII W.f!! .... FOOl .... . CB 241 24" II 9" CB 213 21 " xI3" Coollkllll'l • • ,~ " 
., 

" 74 142 132 122 U2 ,~-
u.. u.. U>o. U>o. U>o. u.. U>o. u.. 

". .. ~" H2.1 ,~, 

• 294.5 Zn.4 247.7 227.2 1.51 
10 265.1 245.2 '2>0 204.5 1.86 

11 241.0 222.' 202.7 185.9 U" 314.0 m.' , ... U. 
12 " .. 204.3 185.' 170.4 317.2 294.8 2Tl.S 249.6 , ... 
13 ,03.. 188.6 111.5 157.3 292.8 2n.1 251.5 230.4 3.15 
14 189.3 175.1 159.3 146.1 271.9 252.7 233.6 213.9 '.65 
15 176.7 163.4 148.6 136.3 253.8 235.8 218.0 199.7 4.19 

16 165.7 153.2 139.4 127.8 237.9 221. 1 204.4 181.2 '.77 
11 155.9 144.2 131 .2 120.3 "" '08.1 192.4 176.2 <,. 
18 147.3 136.' 123.9 113.6 211.5 196.5 181.7 166.4 6.03 
19 139.5 129.0 117.3 107.6 '00., 186.2 172.1 157.6 ~n 
20 132.5 122.6 111.5 102.2 190.3 176.9 163.5 149.8 704'5 

21 126.2 116.7 "'''' 97.4 181.3 168.5 155.7 142.6 8.21 

" 12Q.5 111.4 101.3 92.' 173.0 160.8 148.6 136.1 9.01 

" 115.3 106.6 .. , 88.' 165.5 153.8 142.2 130.2 '.85 
24 110.5 102.2 92.' 85.2 158.6 147.4 136.3 124.8 '"73 
" 106.0 '~1 89~ 81.8 152.3 141.5 130.8 119.8 11.64 

26 102.0 94.' 85.8 18.' 146.4 136.1 125.8 115.2 12.59 
27 98.' 90.' 82.' 7~7 141.0 131 .0 121.1 110.9 13.57 

" 94.7 87.6 19.' 73.' 135.9 126.3 116.8 107.0 14.60 

" 91.4 64.' 76.9 70., 131.3 122.0 112.8 103.3 15.66 
30 88.' 81.7 74.3 68., 126.9 117.9 109.0 .... 16.76 

31 85.5 79.1 71.' 66.. ' ''~ 114.1 105.5 96.' 17.89 
32 82.8 76.. 69.7 63.' 11 9.0 110.6 102.2 93.6 19.07 
33 80.3 74.3 ".6 62.0 11 5.3 107.2 ".1 90.' 20.28 
34 78.0 72.1 65.6 ,., 11 2.0 104.0 96.2 88.1 21.53 
35 7>7 7.0 63.7 58.. 108.8 101.1 93.4 85.. 22.61 

36 73.6 68. 1 61 .9 58., 105.7 ,~, 90.8 83., 24.13 
37 71.6 66., ... , 55., 102.9 '~6 88.' 81 .0 25.49 ,. 69.8 64.' 58.7 ". 100.2 93.1 •. , 1'.' 26.89 

" .... 62.9 57.2 .~. ~. ... , • •• n.' ,~" 
40 66.' 61.3 " .7 51.1 ... , .... .LS 74.11 29.79 

42 63.1 58.' 53.1 48.7 ... . .., n.' '" 32.85 
44 M.' M.' ... , ••• 36.05 
46 51.& ., .U ~. 39.40 
46 . .., 51.1 .. , .u 42.90 
Load. above upper hOl"lzonl.allloOil wlll prodUCEI max imum allowable . hear In tn:lt... 
Loads below lo .... er hori1ont.a.IIInOil wUl produce excessive detlcctloa.. 
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k· .. ..,.., BEAM 
. --~ - :~ CB SECTIONS ' , , ,-- , -- 1 24

" 
, , , , , ! ESSENTIAL DATA 21 " , 
~ f , , 

DATA , , 
O~- - -, ~ -- ---- -)0, Maximum Shear 12 Kips pel' , , .' -

·--r > Square Inch . " , , , :"-1:- -- , , , , 
I t ·": "- I· -~ Maximum Bending Stress 18 Kips per Square Inch :.....---it-_·...; 

~ 

Notation CB 241 24" •• " ~213 21 " .13" 

~ I .!!. ! . ~. 142 132 ~ I ~ 
ELEMENTS 

I 1.1 2683.0 2467.8 2229.7 2033.8 3403.1 3141.6 2883.2 2620.6 
S 1-' 220.' lOU 185.1 17D.4 317.2 294.' 272.5 249.6 

' " 102.2 92.9 82.4 73.8 385.9 353.8 322.1 289.7 
S 1-' 22.6 20.6 18.3 16.5 58.8 54.1 49.4 44.6 

DIMENSIONS AND GAGES IN INCHES 

d 24}4 24J.i " 23J1 21 » 21 7;i 21 J.i 21 
b • • 9 • 13J.i 13J.i 13 13 
t » » » » % % » » • Ji % % % l J.i 1 % Ji 
• ' )( ' )( 4)4 ' )( 6)4 8)( 8)( 6)( 
f 21~ 21~ 21 % 21 % 11% 17% 17~ 17% 
I, lY. 3% 3~ 3% 5» 5» 5» 5» , I» l)i 1% 1)( I» 1% 1% l )i 
k % % ~4 % % % % % 
g usual 5» 5» 5» 5» 5» 5» 5» 5» ,. 2M" 2% 2» ' » 3 3 3 3 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 
Mm .. 331 308 '79 '58 .78 44' .09 374 
V maIL: 150 13. 131 123 170 157 14. 133 
Lmln 8.81 8.Bl 8.51 8.30 11.21 11 .27 11.36 11.28 
fb 13150 12660 12300 11890 15000 14990 14610 14230 
fbI 6785 6075 5595 5115 9885 9205 8285 7500 
B min 16.10 16.87 17.42 18.12 11.80 11.73 12.09 12.45 
Rm .. 85 58 53 48 88 81 73 66 
RA 81 76 72 68 81 81 74 69 
LRA 16.36 16.13 15.48 15.04 23.50 21.84 22.09 21.70 
Wt.CA 36 36 36 36 30 30 30 30 
RH 135 126 119 113 130 129 "' 111 
LRH 9.82 9.73 9.37 9.05 14.64 13.71 13.74 13.49 
Wt.CH 50 50 50 50 41 41 41 41 
Q 2651 2452 2230 ""5 3805 3538 3270 2995 
Mma.:. = Max. Bending Moment In Foot-KIPS. Vmu =- Ma.>:. Web SIiCAl' In KJjlS. 

L """ 
"'"' Min. Sbl&D In root to dnvcl0.,r. Vmax. 

tb = Allowa Ie Unit Stress ror ' ob lJ uckllng In~und8 per oquare Inch. 
M = Value of Web In B Udding por Inch of lung . in pounds. 
IJ min = ~lIn. End Bearing In inch"'" to develop Vrnax. 
R max ,.,., Max. End Reaction in Kips when B =3~'" 
RA = M ax. Value of Shop Rlvetllin Klpslnone onnectlon 8erl"'" A. 800 page of Connections. 
U U = Ma.x. Va.lueorShop Rh'(Itli in Klpsinone Connection Serl"", U. Soo pagu of Col.l.Dectlons. 

lUvet Val u"", In OUt!it.a.ndlng Logs must b6 i llv""'tlgatod. 
I.RA.LRl{ = Min. Spallin .'eet to develop R A Ol" I~H. 
Wt.CA.O H = we~bt In PIIundB or ODe ConllQctlon Sari"", A or II . Including Wob U1vata. 
Q _ Coo dent or Strength "'" 1 Z S,. ,. 

To obtain sare unlfOl"mly di1Jtrlbuted load In Kips. divide Q by tbe required . p;w ln root. 
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BEAM 

C B SECTIONS 21"I ALLOWABLE UNifORM LOADS IN KIPS 

LOADS Appllc.llblo onl7 .. hon HoCtlons ... buc ... G,_rnat lat. ••• dell_tlon_ 
I'or "nb ... ced _tiona .. ,.Ioad. m,.ut be Nd"eed. _ POl O 1M. 

Maximum Bending St.ress 18 Kips per Square Inch 

N ...... 0'" and F1~ Wldtll--w ...... II!' f oot . ..., 
• CB 212 21 " II 9" CB 211 21 " aSK" ""'n • 
'* 103 .. .. 82 73 .. 63 " Delltelion ..... ..... ..... ..... ..... .... . .... . ..... 

2:11 .' 21 8.1 ". .. ' 85.7 

8 310 .7 211.7 ",. 249.8 22&1 209.9 192.0 179.0 1.19 

• 284.1 263.5 243.7 224.0 200.9 186.5 170.7 159.1 1.51 
10 255.7 237.1 219.4 201.6 180.8 167.9 153.6 143.2 1.86 

11 232~ 215.6 199.4 183.3 164.4 152.6 139.6 130.1 2~S 

12 213.1 197.6 182.8 168.0 lSO.7 139.9 128.0 119.3 2.68 
13 196.7 182.. 168.7 155.1 139.1 129.1 118.2 110.1 3.15 
14 182.7 169.4 156.7 144.0 129.2 119.9 109.7 102.3 ~65 

15 170.5 158.1 146.2 134.4 120.6 111.9 102.. 95.4 ~19 

1B 159.8 14~ 137.1 126.0 113.0 104.9 96.0 89.5 ' .77 
17 15Q.4 139.5 129.0 118.6 106.4 ".8 00.' ".2 S.38 
1B 142.1 131.7 121.9 112.0 l00.S 93.3 85.3 79.S M3 
19 134.6 124.8 115.5 106.1 95.2 88.' ".8 75.3 ~72 

20 121.9 118.6 109.7 100.8 00.' 83.' 76.8 71.' 7.45 

21 121 .8 112.9 104.5 96.0 86.1 79.' 73.1 88.2 ~21 

22 116.2 107.8 99.7 91.6 82.2 76.3 69.8 65.1 9.01 
23 111.2 103.1 .M 87.7 18.8 73.. 86.8 62.2 '.85 
24 106.6 .. .8 91.4 ".0 75.4 70.' ".0 59.7 10.73 
25 102.3 .. .8 87.7 .... 72.3 67.2 61.4 57.3 11.64 

26 98.' 'U .... 77.S 69.' .... 59.1 55.1 12.59 
27 ".7 ".8 8U 74.7 67.0 62.2 56.' 53.0 13.57 
28 91.3 ".7 78.3 72.0 .... 60.0 54.' 51.1 14.60 
29 88.2 ".8 75.6 69.5 82.' 57.9 53.0 49.4 • 15.66 
30 85.2 79.0 73.1 67.2 60.3 56.0 51.2 47.7 16.76 

31 82.S 7<5 70.8 65.0 58.3 54.2 49.5 ".2 17.89 
32 79.' 74.1 68.' 63.0 56.S 52.5 ".0 44.7 19.07 
33 77.S 71.' 86.S 61.1 54.8 50.9 "S 43.' 2MB 
34 75.2 69.7 54.S 59.3 53~ 49.4 45.2 42.1 21.53 
35 73.1 67.7 62.7 57.6 51.7 480 43.' 40.9 22.81 

36 71.0 65.' 60.' 56.' 50.2 46.6 42.7 39.8 24.13 
37 69.1 ".1 59.3 54.S 48. 45.4 41.5 3~7 25.49 
38 67.3 12 .4 57.1 ~., 47.6 ... , ., .. 31.1 28.8. 

39 M.' .... ~., 61.1 " .• U. 31.4 "., 28.32 
4D ••• .u .... .... ~2 •• 38 .4 " .. 29.79 

42 .... G.' 32.85 ----
Loa.d, .. bove upper horlwnta l IIn08 will pl'OduCfI maxhnuPl allowablllwllIU' In we ..... 
Loada below lo wer horizontal IIn08 wHl produce esceeslV<l dofteetlOnll. 
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It" .. ·It .. BEAM -fO-:- ~ ':~ CB SECTIONS 1 21 " 

, r o
'

O
" , , , , , 

ESSENTIAL DATA , 
f I , , 

DATA , 
~-----: ----. . ~ M •• lmum Shear 12 Kips per , , • iI_-r , , 

SqPolJlre Inch , II , I : .... ". - ~ : 
I t· ': ... - • . -~ M.dmum Bending Stress 18 Kips per Square Inch , , .... -_·it-·· .. 

KoooohI 0.., ..... n...,. ws.-w ,-
eB 212 21 " It 9" CB 211 21 " Il 8 " -- 103 .. .! I 12 13 .. .. " ... ... ... ... ... ... ... 

ELEMENTS 

I I.L 22.8.0 2088.' 1919.2 1752.4 1600.3 1478.3 1343.8 1246.8 
S 1.1 213.1 197.6 112.' 1G1.0 lSO.7 139.9 121.0 11'.3 
I •• 119.9 109.3 99,' .. .• 66.2 50,' 53.' 49.2 
S .. 26.4 2U 22,1 20.0 16.0 14.6 13.0 12.0 

DIMENSIONS AND GAGES IN INCHES 

d 21M 2I fi 21 2O!j 21 M 2I fi 21 20" 
b ' fi 9 9 9 ' )( ' )( ' )( ' )( 
I H " " fi fi " " H , 1 ,. !j ,. Ii ,. H " • ' )( ' )( 4)( ' )( , 4 4 4 
I 18 18 18 18 18,. 18~ 18,. 18,. 
I, ' I> ' I> ' I> ' I> I 

,,. ' H ' H ' H 
• I,. ' I> lli 1), I,. 1)( I,. l fi 
k ,. ,. ,. ,. 

I Ii Ii Ii Ii 
" usual ' fi ' fi ' li ' li ' fi ' li ' li ' fi 
•• , 2!i 211 211 I 2li 2li 2li 2li 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC . 
M m", ,20 '" 274 252 I 228 210 192 179 
V m", 155 146 '" m "' 109 10' .. 
Lmin U, ~" 8.10 8.07 7.80 7.711 7.43 7~1 

Ib 14950 14690 14340 13940 13200 12840 12520 121711 
fbi 9Il8S ... , nos "55 6010 5520 5135 4745 
8mln 11 .77 11 .98 12.32 12.74 13.99 14.47 14.87 15.39 
R mu 80 74 67 " 53 48 " 41 
RA 80 75 70 .. 50 " 54 " LRA .... 15.81 IS.67 15.51 15.07 14.99 14.22 14.04 
Wt.CA 30 30 30 30 30 30 30 30 
RH 128 121 113 10' 96 90 86 " LRH 9.99 9.80 9.71 9.GO 9042 9.33 ." '.73 
Wt.C H 41 41 41 41 41 41 41 41 
Q 2557 23" 21 .. 2018 1808 1679 ISJ. 1432 
Mmu - MaJ:. B4mdln,g Momen~ln JPoo,," KI~ Vma.z .,., ~Iu. Wllb Sbllar In Klpa. 
Lm" _ ~lln. S~n In roo~ to devel~ Vm ••. 

'" _ AlIo .... III Unit S"- 'IX' tb DuckUng in pound. 1_ ~U&rtllnl:b. 

"" _ Value 01 Web In BUI:ldtnc per Inl:b 01 kon.r;tb. In pound • . ..... _ Min. End Beanqln lw:hN todllvelop VIDU • 
R_ - Mu. End RCiU::t1on In KIII'I ... hen D _ 3~ 
RA _ ~Iu. ValueofSbop RlvcUoln Klll'lln one ec:tlon 8«1011 A. See IlaIIeofConnec:tlona. 
au - :.1&1<. ValueolSboll mveUlln Klll'l ln ooeConneetlon Soerleo II. see pageof Qonll"..,tlonL 

rU .. e~ Values In OuUltandlng lAlp mun be Inveatlgated. 
LRA.LRU _ Mill. Span In Fee~ to de .. e lOP UA or R11 . 
Wt.OA.C H _ ~bt In pounds 01 one Connection 8er\el A or H . Indudlnc Web !theta. 
Q _ dent olStrengtb _ 12 8,.,. 

To Obt.a.ln aal'e unlformly dlatrlbu tod load In KID". divide Q by tbo requlrod Ip&lI U\ rOOI . 



BEAM 
CB SECTIONS 

18"I ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS Appll~bl.onl, wh l " -.ctlon ..... b ....... agllnst 'ateral deflM'tlon. 
F'or ........ __ tlonl _. I •• h ,"out be ........... , _ pig" 1M. 

M axi mum Bending Stress 18 Kip. per Square Inch 

....... _ .. _w 
,~ ..., 

• CB 183 18" x l1 " CB 182 18" x 8 " .,.""'~ • . ,- 124 U. 105 .. 85 n 70 .. ""' .... .... .... .... .... .... .... .... .... 
231.3 201.0 181.2 111:.' 

9 HO> 243.1 "" 208.. 188.9 '71).9 '56.. 1.51 . 10 286~ 242.6 221.3 187.3 '71).' 153.8 14Q.4 '.86 "'., 
11 2 ... ' 240.1 22~' 201.2 17D.3 154.6 139.9 127.6 2.25 
12 239.0 220.' 21)2.2 184.4 .66. 141.7 .28.2 117.0 2." 
13 22M 2032 186.6 '702 144.1 13M 118.3 .08.. 115 
14 204.9 188.7 173.3 '58.' 133.8 121.5 109.9 100.3 3." 
15 191.2 '76.' 161.8 147.5 124.9 113.4 •• 2.6 93. 4.19 

16 '79~ '65.. 151.7 138.3 117.1 106.3 96.2 8'~ '.n 
17 '68' 155.4 '42' 130.2 110.2 .m. 90.5 .... 5.38 
• 8 159.3 146.7 134.8 122.9 104.1 94.S 85.5 78. • 6.03 
19 1~9 139.0 127.7 116.5 98.8 89.S a1.0 13.9 '.n 
20 143.. 132.. 121.3 110.6 93.' 8" 76.9 702 7.45 

2t 136.6 12~ 115.5 '05.' 89.2 81.0 713 66.9 a21 
22 13 •• ' 120.1 11M 100.6 85.1 n.3 ".9 63.8 9.01 
23 124.7 114.8 '05.S 96.2 81.4 719 66.9 61.0 9.85 
24 119.5 110.1 101.1 92.2 78.' 70.9 64.' 58.S 10.73 
25 114.7 '05.. 97.1 sas 74.9 .... 61.S 56.2 11.64 

28 110.3 101.6 93.3 85.1 n. 65.4 59.2 54.' 12.59 
27 '062 97.8 89.9 82.' 69.4 63.' 57.0 52.0 13.57 
28 102.4 94.3 86.' 79.' 66.' 60.' 54.' ~. 14.60 
29 989 91.1 83.' 7a3 64.' 58.' 53.0 .M 15.66 
30 ". sa. 8M 73~ 62.4 56.7 51.3 .a8 16.76 

31 92.S 85.2 78.3 71.' 'M 54.9 49.6 45.3 17.89 
32 89.6 92.5 ,.8 69.2 58.' 53.' 48.' ~ .. 19.07 
33 86.9 80.0 73.5 67.1 M.' ." ••• .u 20.28 
34 ~ .. "., 71.4 M.' M.' ~ .. 45.2 .u 21.53 
35 61.9 ~., .. , U., U., 48.6 ~ .. 22.81 

36 n.' n .• 24.13 

Loads a.bove upper hOflront.a.1 Unell .. m produoo maximum sU01!'ll.bl&lI1loar In ""lb!. 
Loads belo ... lowcf horlwnt.a.llItlOI!I ... 1lI produoo e:r:ecssh·o detloctlollS. 



BEAM 

1 18" 
CB SECTIONS =k't""'~' '. '-, f--;-__ ~ __ . ." 

l r'" ~ ESSENTIAL DATA 
, , . 
, ' 0-----L ~ ----'-. }z Maximum Shear 12 Kips per 

Square Inch 

DATA 

T.,,,, , : .. - .". ~ .. : 
f 1-+ '<-1'-1 Maximum Bending Streu 18 Kips pe,. Square Inc h 
'(---·it··· ... 

,-

I ,- I 
S ,-I 
I .. 
S .. 

• b 
I 
P 
• 
f 
f, 

• 
k 
II usual 
~ 

Mm" 
Vm" 
Lmln 
fb 
fbI 
B min 
Rm" 
RA 
LRA 
WI.CA 
RH 
LRH 
Wt.CH 
Q 
;!'Ima.>:: 
L mm 
lb 

12. ..... 
2221.1 
239.0 
281 .9 
47.4 

CB 183 
11. ..... 

2033.8 
22Q.1 
255.6 
43.2 

MooniRaI 0,,", ..... 

18" 111 ;(" 
• WIdtIL WI! .... Foot 

105 96 .......... 
1852.5 
202.2 
231.0 
29.2 

ELEMENTS 
1674.7 
184.' 
206.8 
35.2 

CB 182 18" 1 8;(" 
85 n 70 

!.be. u... u.. 

1429.9 
156.1 
99.4 
"-5 

1286.8 
14L7 .... 
21U 

1153.9 
128.2 
78.5 
17.9 

DI MENSION S AND GAGES IN INCHES 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 
359 330 303 277 234 213 192 
146 132 122 112 116 104 95 
9.85 10.01 9.96 9.92 8.10 8.21 8.13 

15000 15000 15000 14880 14970 14470 14050 
9765 8925 8310 7620 7875 6875 6150 
10.25 10.16 10.08 10.10 10.10 10.52 10.88 
~ n ~ ~ ~ M ~ 
~ ~ ~ M ~ 00 ~ 

22.06 21.30 20.92 20.49 17.G3 17.00 16.72 
21 ~ ~ ~ ~ ~ ~ 

130 124 116 108 11 0 100 92 
11.03 10.65 10.46 10.24 8.51 8.50 8.36 
~ ~ ~ ~ ~ ~ ~ 

2868 2641 2426 2213 1873 1700 1538 
"'* Max. Bending Momollt In F(>Ot-Kipll. Vm(U: =- Ma.>:. W eb Shear In KIIl'I. 
.... Mill. Span In roct to develop VmlU. 
=- AliowabLo Unit Stres:!!l tor Wob Buckling In pounds p(lr square inch. 
=- Value or Web III lJ uckling pm' Inch or leng t h. In pountU. 
... ;'11111. End DOMing In LncILO!! to devolop Vma.x. 

64 ..... 
1045.8 
117.0 
70.3 
1~1 

176 

" a12 
13560 
M~ 
11.35 

" " 16.n 
21 
84 

a38 
29 

14 .. 

lb' 
Bmln 
R_ 
RA 
RU 

_ MlU. End Reaction in KlpII ",hen B - 3W'. 
-= MaJ:. ValuoorShop Rlvetsln KLll'Iln ono-Connectlon Series A. Soo pagoor ConnOCl.lolW. 
..,. MlU. V aluo ot Sbop Rlvotsln KlpIIln ono OonnOCl.lon S<Jrl .... 11. SOIl pago of OonnectiOWl. 

nL vot VaLn .... ln Outstanding ~ mun be InvtllltJgatod. 
LRA.LR R "'" Min. Span In ~oot to develop RA or RO. 
Wt.CA,Cll """ WCl$I:ht In pounds or 0110 Connection Series A Or U , Ineludlng Wob IUvel& 
Q ... Coefficlellt or Stl'OlIgth ,... 12 S,_I. 

T o obtain sato unJformly d1st.ributod load III Kipll, dh-lde Q by tho l'OQulrod span In roet. 
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BEAM 

CB SECTIONS 18"I 16" ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS Appll.,.bl. 0"'1' wh . .. _tlo"" .... bra""! .,ol".t t.ter.1 deflection . 

- For " .. b •• ced _tJo ... ,,'o ••• d . ..... It H ..... uMd, _ pall.'M. 

Maximum Be nding St,...n 18 Kips per Square Inch 

NomIlIIII 0""", and fl",." WIdlh--wtlf!! I!!! Foot .... • CB 181 18" lit 71h" CB 163 16" It lIt " '"""~ • ,. 55 50 " 11A 105 .. II 0 ...... .... .... .... .... .... .... .... 
, ... 1".7 150.4 , 168.3 152.B 141.1 0.91 

• 147.3 133.. 123.. 1.19 

• 130.9 118.7 109.7 ~,. ... m.' '"' 1.51 
10 117.8 106.. ga. 238.9 218.0 189.3 181.6 1.8. 

11 107.1 97.1 89~ "., 198.2 181.2 185.1 2.25 
12 98.2 89.0 82.3 197.4 181.7 168.1 151.3 , .. 
13 .... 82.2 711.0 182.2 167.7 153.3 139.7 ". 
14 84.2 711.3 71l.. 189.2 155' 142.4 129.7 165 

" 711.. 71.2 .... 151.9 145.' 132.9 121.0 4.19 

18 73.' .... 61.7 148.1 136.3 124.8 113.5 
I '.77 

17 69.3 .U 58,1 139.3 128.3 117.2 106.8 ~38 

18 85.. 59.3 .... 131.6 121 .1 110.7 l1lO.. ..3 . 
19 82.0 56.2 .<0 124.7 114.8 104.9 .M .,2 
2<l 58.. 51. 49.4 118.4 1090 99., 9Q.8 '.45 
21 56.1 50. 47.0 11U 1018 .... 88. • 8.21 
22 51. .... 44.' 101.7 99.1 .... 82. • 9.01 
23 61.2 46.4 42.9 103.0 94.' 88., "'. '.85 
24 49.1 44.' 41.2 98., 90. 811 75., 1~73 

25 47.1 .. , 39.. 94.' 87.2 79., n. 11 .64 

26 .;3 41.1 38.0 91.1 83.. 711., 6a. 12.59 
27 416 39.6 36.6 87.7 ~. 718 67.2 13.57 

" 4<1 38.1 ~3 84.' 77.' 71.2 84.' 14.60 
29 .. , 36. • 34.1 81.7 '~2 68., ~ .• "" 30 39.3 ". 32.9 ,,. nJ M.' ~, 1~76 

.31 38.0 34.' 31.9 n.' '" M. .A 17.89 
32 36.' 33.' ~. 'u ... , U. M.' 19.07 
33 U., lU ft.' 20.28 
34 M.' SL4 D.' 21.53 
35 U., ... ,u 22.81 

t.o.dAi abovo upper horlwnloal U.nCll .... m prodnco mu.lmum allowablo I~ In wct.. 
t.o.dAi bolow lower borlwnloalllnCll will prOduco &xoo.ive dotlectlonll . 

. 
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. ,- ""' BEAM 

i . CB SECTIONS I18" 
.. l~~ 

ESSENTIAL DATA 16" 
DATA 

Maximum Shear 12 Kips per 
Square Inch 

, Mallimum Bending Stress 18 Kips per Square Inch 

KomInoI DtIIIII ond n.n .. W'ldtlt-WeIth! II« root ....... CB 181 18"x 7 %" 
I 

CB 163 16" xl1 )-<l" 

55 50 47 UA lOS .. 88 
""- ""- ""- ""- ""- ""- ""-

ELEMENTS 

I '.1 .... , BOO.6 736.4 1642.6 1497.5 1355. T 1222.6 
S 1'1 'U ".0 82.3 197.4 181.7 16U 151.1 
I .. 42.0 37.2 33.' 254.6 230.7 207.2 185.2 
S .. 11 .1 , .• ' .0 43.8 39.8 35.9 32.2 

DIMENSIONS AND GAGES IN INCHES 

d 18)i 18 17}i 16'", 16» 16)i 16)i 
b 7» 7» 7» T1 U 11% 11 » 11 » 
t % % % % % % » 
p % % » 1% " % " • 3% 3% 3% ' » ' » ' » ' » 
f 15Ji 15}i 15Ji 13)i 13)i 13)i 13)i 
f, 3)i 3)i 3)i 4% 4% 4% 4% 
• l )i 1» 1 1 ~ 1% 1% I» 
k % % % % % % % 
9 usual 4 4 4 ' » ' » ' » '» .. 2» 2% 2% 3 3 2% 2% 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 
M m", 147 134 123 296 273 249 227 
Vm", 85 77 75 126 115 105 .. 
Lmln 6.95 6.91 6.57 9.40 9.44 9.51 '.29 
fb 13240 12660 12540 15000 15000 

,_ 
15000 

fb, 5160 453' 438' 9465 8760 8025 7560 
B min 11.90 12.56 12.66 9.15 9.06 8.98 8." 
R max 41 36 35 73 67 61 " RA - 41 38 37 85 61 " 53 
LRA 14.37 14.05 13.35 18.22 17.87 11.80 11.13 
Wt.CA 21 21 21 21 21 21 21 
RH 82 76 74 130 122 112 106 
LRH 7.19 7.03 8.87 9.11 8.94 8.90 8.56 
Wt.CH 29 29 29 29 29 29 29 
Q 1178 1068 988 2369 2180 1993 1818 
Mmax _ MIL'<. Bonding Moment In I<'oot.--Klps. Vnuu: _ Max. Weh Shea~ In Kips. 
Lm'" "'" Min. S~n In feet to dovelYi Vmax. 

'" _ AUQ .. a Ie Unit Stf"Ol'l8 for' eh Buekllng In /r'unda pel" ~qua.re Ineh. 

"" _ Va lue of Web In Buckling pel" loch of leng t . in PQunda. · """ = Min. End Bearing In inch~ to dovclQP Vnuu:. 
,, ~ """ Max. End Hcact iQn In KillS wben B = 3li". 
RA = Milo>:. Valuo QfShQP nlvetsln Kipllin one onnoctlQn SerlOS A. Soo pago of CQnnoctions. 
RR ".. Max. Value QfShop Ulvetsin Kipllin Qno Connoction Scrk ... II . See l)A8oofCQnnoctlollll. 

R ivet ValuCII In Out8t.a.ndlng Legs must be io ,·cstl<!:atOO. 
LRA.LRII _ Min. Span In Foot to dovciQP RA or RII . 
Wt.CA.CH .... We~bt In PQunda Qfone CQnnoctlQII Scrlcs A or n, Including Weh ntvet.l. 
Q =- eo... clont of St·rcngtb = 12 S,.,. 

T O obtain safe uniformly dlllt.rtbutOOload In Kill", divldo Q by thQ r«I.uirOO spall In toot. 
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BEAM 
CB SECTIONS 16"1 ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS Appn""bl. o nly wha n _ tlonl .... b •• ~ a,a'nlt l.t .... 1 deflectIon. 
For ,,"braced .... tlon ... ' . I_do ,"uat be F*duCMI, _ .. a,a 'a.. 

Maximum Bendinll Stress 18 KIps per Square Inch 

. 
Honoir..& o.,th and F1ana- Wldth-Wllthl.,. root .... • CB 162 16" x 8M" CB 161 16" x 7" eo.,...,_ 

• ,~ 71 n " 58 50 4S 4D 3G 
O~_ 

u.. u.. u.. u.. .... .... .... u.. 
113.7 

6 148.2 13U 117.9 112.6 0.67 
7 2117.2 188.5 17(1.1 154.1 138.3 124.1 110.4 96.5 0.91 

• 191.7 173.9 I ... ' 141.2 121.1 108.6 96.6 84.' 1.19 
9 17G.4 154.5 138.9 125.5 107.6 9<5 85.9 75.1 1.51 

10 153.. 139.1 125.0 112.9 96 •• .<9 n.' 67.6 1.86 

11 139.4 126.4 113.7 102.7 890 79.0 7.' 61.4 2.25 
12 127.8 115.9 104.2 94.1 80.1 12.' 64.' ... , 2.68 
13 118.0 107.0 96.2 86.' 74.5 668 59.4 52.0 ~15 

14 109.S 99.3 89.3 80.7 69~ 62.1 ... 2 'a, ~85 
15 102.2 92.7 .3.4 75.3 64.6 57.9 51.S .~o 4.19 

16 95.9 86.9 78.2 70.6 60.5 54.' .a, 42.2 •. n 
17 90.2 81.8 73.6 66.4 57.0 51.1 45.5 39.7 5.38 
I. ... 2 n, 69.5 62.7 53.8 4a' 42.9 37.5 aM 
19 .. 7 73.2 65.8 59.4 51.0 45.7 'M 35.6 an 
20 la7 69.5 62.5 .a5 4a' .3.4 38.6 33 .• 7.45 

21 73.0 6a2 59.5 53 •• .al 41.4 la. 32.2 a21 

" 69.7 53.2 5U 51.3 44.0 39.5 35.1 ,"7 9.01 

" 66.7 60.5 54.' 49.1 42.1 37.8 33.6 2'" 9.85 
24 83.9 58.0 52.1 47.1 40.4 la2 32.2 28.2 10.73 
25 61.3 55.6 SO.O 45.2 38.7 34.8 30.9 27.0 11.64 

" 59.0 53.5 <al .M 37.2 33.' 29.7 2aO 12.59 
27 sa. 51.5 4a, " .$ 3;9 32~ 28.6 25.0 13.57 

" 54.8 49.7 44.7 4.' 34.6 31.0 27.6 24.1 14.60 
29 52.9 ... " .. 38.1 33.4 " .. ~ .• .. 15.66 
30 51.1 .... 41.7 37.8 . " a .• " .. n .• 16.76 

31 .. ~ ~ .. ~ . 36.4 31.2 '" 24.1 21.8 17.89 
32 41.1 ". ·19.07 
Loads above upper horizollt.:llllnos wlll PrOOllce maxlmllm allowable shear In webs. 
Leads below lower horizontal linos .. Ill prodllce oxOOllSive defieetionll. 
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CB SECTIONS r 1S" ESSENTIAL DATA 
, , , ' , *._---- Maximum Shear 12 Kips per 

Square Inch 

DATA 
, 0 
~-r, "*' , , ... -~ , , , , 

: 1-": .. -.-~ , , Maximum Bending Stress 18 Kip. per Square Inch 
.... ---it-_· .... 

[ ,-, 
S 1-1 

' " S~ 

d 
b 
t 
P 
• 
• f, 
o 
k 
9 usual .. 

1042.6 
UU 
87.5 
2IlA 

CB 162 
n 
""-

936.9 
115,' 
77.9 
'9-2 

H ........ DopIII ..... n.".. W\ddO-WoIthI", f OOl 

16" )I; 8 ).7" CB 161 

64 

833A 
lOU 
68,' 
.~. 

58 

ELEMENTS 

746.4 
'U 
60.' 
14.3 

! I ~. 

655.4 
".7 
34.8 
9,8 

583,3 
nA 
3M 
8,7 

DIMENSIONS AND GAGES IN INCHES 

16" .. 7" 

" ""-

515.5 
64A 
26.5 
7,8 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 

M mu 
V mu 
Lmin 
Ib 
Ibt 
8min 
Rm'" 
RA 
lRA 
Wt.CA 
RH 
lRH 
Wt.CH 
Q 

192 
104 
7.40 

15000 
7935 
~98 
80 
56 

13.69 

" '" .,., 
29 .'" 

174 
94 

7,38 
'5000 
7290 
8," 
55 

" 13.64 

" '02 
8.82 
,; 

1391 

.56 
85 
7~' 

14"" 

"'" 8,99 

" 47 
13.30 

" 94 
6.65 
29 

1250 

141 
n 

7.28 
14370 

584' 
9,28 
44 
43 

13.13 

" 86 
6.57 
28 

1128 

." 
74 

'.53 .-5240 
10.07 

40 
40 

12.11 

" 80 
6.05 
28 
968 

.09 
67 ." 13"" 

4575 
10.61 

34 
38 

12.07 

" n 
',OJ 
29 

869 

97 
59 

6,58 
12390 
3805 
11.49 

29 
32 

12.08 

" 64 
6,04 
29 
m 

M maJ: =s Max. Dondlng MomeM In Foot-Klps. VIIllU ... Max. Web Shear in KIps. 
L mIn ..,. Min. Span in foot to develop Vm.a.x. 
fb = Allowable Unit Stress tor Web Duckling In pounds pCr liQuare (nch. 
tbt = Value of W eb In Buckling pill' Inch of Icngth. In pounds. 
B min = Min. End Dearing in incb"'" to dovf'Lop VlIlax. 

.. 
""-

440~ 
56,3 
22.1 
~, 

15J.i 
7 

" !> 

'" 14 
2~ 
~ 

" , 
2)4 

84 
57 
~94 

'2280 
3665 
11.55 

XI 

" 10.90 

" 62 
M. 
29 
6" 

R lII.I0:1 =* Max. End Reaction in Kips when n = 3",,'. 
RA """ 1'.·lu. Value of Shop Rivet<! In KiP'lln oneCOnnoctlon SOlrl"", A. SOO pageot ConnectiOn/! 
un =* 1'.1111:1. Valuoot Shop IUvct.s In Kl psln ono Connoctlon Serl"", H . Soo pageot Connoctlona. 

Rivet Values In Out.s~ndlng LeKs must be Inv""'tlgat.ed. 
LRA.LRn = 1'.lIn. Span In Foot to d ovoJop Ri\. or R n . 
Wt.CA.CH =* W olJ;:ht In pOunds or one Connection Scr:!"", A (){' n. Inc luding Weh ilIvote. 
Q ~ Coeinclentot Strength = 12 S,.,. 

To obtain safe uniformly distributed load In Kips. divide Q by tho roqulred Spall in root. 



BEAM 
CB SECTIONS 14"1 ALLOWABLE UNIFORM LOADS IN KIPS 

I LOADS Appllcabl . onl,. wh. n , ..,tlon l . r. br, c'" ' 1I. 1nl t latoor.l d.n..,tlon . 
"-o r unbr. c'" MetlonIN,. lo. d l mU l t ba ,...ducG, _ pag. la.&. 

Maximum Bending StreS$18 Kips per Square Inch 

-N<>riRIII OIlP\fl and Flana- Wldttt-W .. ,* .... CB 145 14" It 14M" CB 144 CB 143 14" It 10" """'"" • 1'" x 12" • ,~ - '''-110 U1 103 95 87 84 78 74 .. " .... .... .... Lbo . .... .... .... .... .... .... -
, .. 141.1 128.2 

9 149.7 137.3 122.9 1.51 
10 Ul .5 144.4 134~ 123.8 110.8 1.86 

11 1 • • 4 186.2 15l1.3 157.8 I~ 142.8 132.1 122.5 112.4 100.6 ~25 

12 189.4 176.3 183.6 150.6 138.1 130.9 121.1 112.3 103.0 92.2 2.69 
13 174.8 182.7 151 .0 139.0 127.5 12o.s 111.8 103.7 95.1 85.1 3.15 
14 162.3 151.1 140.2 129.1 11 8.4 112.2 103.8 963 89.3 79.0 3.65 

" 151.5 141.0 130.9 120.5 11 0.5 104.7 96.' 89.8 82.4 73.9 4.19 

16 142.1 132.2 122.7 113.0 103.6 98.2 90.8 94.2 n.3 69.2 '.n 
17 133.7 124.4 115.5 1063 97.5 92.4 85.5 79.3 72.7 65.1 .38 
19 126.3 117.5 109.1 100.4 92.1 87.3 80.7 74.9 68.7 61.5 <03 
19 119.6 111 .3 103.3 95.1 87.2 82.7 76.5 70,9 65.1 58.2 .72 
20 113.6 105.8 .. 2 90,4 82.9 78.5 72.7 67.4 61.8 55.3 7.45 

" 10<2 l CO.7 9" 8., 78.9 74.8 69.2 64.2 58.9 52.7 ." 22 .103.3 96.2 89.2 82.1 75.3 71.4 66.1 61.3 56.2 50.3 9.01 
23 98.9 92.0 85.4 ,.6 72.1 69.3 63.2 58.6 53.7 48.1 9.85 
24 94.7 88.2 81.8 75.3 6~.1 65.5 60.6 5.2 51.5 46.1 '.73 
" 90.9 94.6 78.5 72.3 68.3 62.8 58.1 53.9 49.4 ~. 11 .64 

26 ~ .. 81.4 75.5 69.5 M.' ~ .. 55.9 51.8 47.5 42.6 12.59 
27 M.' 78.4 72.7 . .... 61.4 58.2 ••• 49.9 45.8 ' 1.0 13.57 
29 81.2 75.6 70.1 M.' 59.2 M.' 51.9 48.1 ~. , 14.60 

LoadB abovo upper horlwntal llnOll will J)roduCtllna"!mum a!1owablo sbear III webfo. 
LQads below lower hor iz.olltal LlIlOII will produce oXOOIiI8!ve deflect ions. 

• 
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CB SECTIONS 
ESSENTIAL DATA 

: l ____ _ 
: :---~-- liz Maximum Shea r 12 Kips per 
<l '-f', , " 'I ~ Square Inch 

l .. - .". - ~ : 
: !-.: ... -•. -~ Maximum Bending StreSl 18 Kips pel' Square Inch 
:"' - -i!---"': 

Widd>-WIII ..... ,. 

2 •• 

BEAM 

DATA 

Notation CB 145 

U' I U1 

14" :. 14 " CB l 44 , . .... 1 CB 143 14" .10" ...... 10' ... 9S ... 17 ... ~ I a! ! j !. l ~ 

I 1' 1 

S 1'1 

I •• 
s.. 

1373.1 ..... 
491.8 
87.1 

1268.. 
176.3 
454.9 
62.2 

1165.8 
11l3.6 
419.7 
57.6 

ELEMENTS 

1063.5 966.9 928.4 
150.6 138.1 130.9 
383.7 349.7 225.5 
52.8 48.2 37.5 

851.2 
121.1 
206.9 
34.' 

DIMENSIONS AND GAGES IN INCHES 

796.8 
W., 
133.5 
26.5 

724.1 
103.0 
121.2 
24.1 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 

641.5 
92.2 

101.3 
21.5 

M_ ~ ~ ill m m 1~ ''' I 'M 1M 1~ 
V max 99 93 85 7tI 71 n 72 n 71 63 
lmln 11 .46 11 .36 11.60 11 .47 11.74 10.23 10.06 8.79 8.76 8.n 
fb 15000 15000 15000 15000 15000 15000 15000 15000 15000 14690 
fbt 8550 8100 7425 6975 6300 6765 6420 6750 6270 5551 
8 min 7.98 7.90 7.84 7.n 7.70 7.80 7.73 7.81 7.13 7.89 
R mill 61 57 52 49 44 48 45 48 44 39 
RA 45 43 39 37 33 36 34 35 33 30 
LRA 25.25 24.60 25.17 24.42 25.11 21.82 21.37 19.25 18.13 18.44 
Wt.CA 15 15 15 15 15 15 15 15 15 15 
RH 90 86 78 74 66 72 68 70 66 60 
LRH 12.63 12.30 12.58 12.21 12.55 10.91 10.69 9.63 9.38 9.22 
Wt.CH 22 22 22 22 22 22 22 22 22 22 
~Q;;;;::;-c -,-:::22"732,,,21::18:;;;!-i'I 963':.';;±;,I80:;;70;;ld;16,,57,--,,-,,15;c7,,' ~:s1453 1348 .1:;1,;,23;",~;-I",,,,08,-
"if mu - M .... Bending Momen~ In I'oo!'- KI~. \'m.a.:t _ M .... W eb shear In KIps. 
L min _ Min. Span In too~ to de",lop VIlUIJI. 
tb _ Allowable Unit 8tNlM tQor Web Uuckllng In poundfo per .equaNlnch. 
fb~ _ Value of Web In Buckling per Inch or length. in t>OumlL 
Il min _ M in. E nd Dearlnll' In luct.e. to de,·clop Vmax. 
R max _ M ax. E nd ReacUoo In KIJ)II wh('Q Il = 311". 
R A _ ~Iax. VlI1ueofShop RI",wln Kips In oneCotmectlon Serlcl A. flee pageot Connections. 
kU _ Max. Vl lulot Shop Rive"" In KIp'ln one Connectlon Serle- H . SfIIIl)&jfeotConnectlons. 

lUvet Values In OU""tandlng Lap mWlt be invtllltlp.t«I. 
LRA.L R fI _ :\lIn. Span In .'oot to develop RA or Ii.H . 
W~OA.Ol1 _ Wel,Q:ht In pound. ot Onl Connection S«i .... A or FI , inclu(lLng Web RlveUl. 
Q _ COefficient of Strength _ 12 H(.(. 

T o o b tain saro unlfQorlnly dilJtrlbuted load In KIJlf!I. d ivide Q by tho rcqu lrod lpo.n 10 foot. 
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.EAM 
CB SECTIONS 14"I ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS ApplltUl blo onty whon .... t lon l ... bn ced ag.ln lt taunt defl...tlon. 
L For unbuM'Ci .... tlo n ... to loldo mUl t " .... uMd .... p.~. I .... 

Madmum Bending Stress 18 Kip s per Square Ineh 

HoftnoI o.,dt _,..".. WWIIt-w ..... ,.. r. -• CB 142 14" )I 8" CB 141 14" :r. 6' . " """"d • ,- sa 53 .. " 42 18 " " , .. -... ... ... ... ... ... ..... ... 
M.' 

6 11 505 101.1 M.' 83.8 M7 
7 117.0 12U 112.4 101.1 104.1 ,M 83.1 71.7 ~91 

• 127.5 116.7 105.3 84.1 91.1 81 .9 72.8 62.7 1.1 9 

• 113.3 103.7 93.S 83.6 80.9 72.. 84.7 50-7 1.51 
10 102.0 83.' 84.' 75.2 72.8 65.5 58.' 50.2 1.86 

11 92.7 84.' 7 .. 68.' 66.2 59.6 52.' .M ~25 

12 85.0 77.. 702 82.7 60.7 54.6 48.. 41.8 '.58 
13 78. 71.8 .. .8 57.9 580 ~. 44.' 38.8 3.15 
14 72.' 68.7 60.' 53.7 .~O ••• 41 .6 35.8 1 .. 
15 68.0 = 58' 50.2 48.6 .17 38.. 33.' 4.19 

16 sa. 58. 52.7 47.0 ... 41 .0 38.' 31.4 '.77 
17 6M. 54.' 49.6 44.' 42.S 38.' 34.' ' 9.5 ~38 

16 58.7 51.9 46.' 41.8 40.5 38.' 32.' . 27.9 <0' 
19 53.7 49.1 44.' "' .• 38.' 34.' 30.8 , .. <72 
20 51.0 46.7 42.1 37.6 ,<4 32.' 29.1 251 7.45 

21 48.' 44.' 40.1 35.' 34.7 31.2 '0.7 , .. <21 
22 ... .~. 38., 34.' ,., 

29.' ,<5 22.8 9.01 
23 44.' 40.8 38.. 32.7 31 .7 2<. ,~, 21.8 '.85 
24 .~. 38.' ~1 31.4 'M '0.' 24.3 ~. m73 
25 4O.B v. "., " .. 29.1 ,<2 '13 • •• 11 .64 

28 n .• " .. JU .... '" " .. tt. ... 12.59 
27 ,,. "A , 1.2 U. v .• ~. ~u , 1.1 13.57 
28 ••• a .• U .• M' 14.60 
Lo&da .bo'f. Ul)iX'I' borlzontaJ 11_ will produoo maximum allowable _heal" In weIlL 
Load. below lower hOC'lzootal Uno. wm produce He-lve deftecUQnI. . 
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CB SECTIONS 
ESSENTIAL DATA 

M aximum Shear 12 Kips per 
Square Inc h 

: .. -~-~ : 
: t-..: .. - a·-~ 
~--·it-·--~ 

M aximum Bending Stren 18 Kips pel' Square Inch 

I ,_, 
5 I-I 

I .. 
5 '_1 

d 
b , , 
• 
f 
f, 
o 
k 
g usual 
g. 

58 ... 
597.9 
85.' 
63.7 
1~7 

CB 142 

! \ 
542.1 
77.8 
57.5 
lU 

14")(8" I CB 141 
" 1 43.f238 

lila. u.. t..bIo. lba. 

484.9 
70.2 
51 .3 
12.8 

ELEMENTS 

429.0 
62.7 
4~1 

lU 

432.2 
60.7 ,., 
&3 

385.3 
54.' 
24.6 
7.3 

DIMENSIONS AND GAGES IN INCHES 

14 
8 
% 
% 3» 

11 ~ 
3li 
l li 
% 5» 2» 

13% 
8 
% 
» 3» 

11 % 
3li 
1» 
% 5» 2» 

1474' 
6~ 
% 
% 

3li 
12» 
2% 1» 
% 

4 
2li 

14% 
81i 
% 
% 

3li 
12% 
2% 
1 
% 

4 
2li 

339.2 
48.S 
21.3 
&3 

14 
8% 
% 
% 

3li 
12% 
2% 
% 
% 

4 
2li 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 

.. , 
BEAM 

DATA 

30 ... 
289.6 
.U 
17.5 
5.2 

13~ 
6% 
% 
% 

3li 
12% 
2% 
% 

" 4 
2% 

M max 128 117 105 94 91 82 73 63 
V_ 63 ~ ~ ~ 58 ~ ~ % 
L min 7.45 7.54 7.50 7.44 6.31 6.18 6.04 5.58 
fb 15000 14560 14100 13550 13890 13440 12890 12510 
fbi 6090 S385 4780 4170 4695 4205 3700 3375 
B~ = ~ ~ ~ ~ ~ g g 
R_ ~ ~ ~ ~ ~ 30 U ~ 

M • ~ ~ ~ ~ u n ~ 
LRA 15.94 16.1 0 15.60 15.68 13.49 13.10 12.65 11.94 
WI.CA 15 15 15 15 15 15 15 15 
RH M 68 M 48 M W 46 42 
LRH 7.97 8.05 7.80 7.84 6.74 6.55 6.33 5.97 
Wt.CH 22 22 22 22 22 22 22 22 

~Qc=o--L='~Dro~.k~~~4~~~~7.2~~,7:~52C-~~7~~~~~~~5 _i~58~2~"=~502~_ 
1.1 max =- Ma". mmdlng Moment In Foot-KIps. VIDlLJ< _ Ma.>:. Web Shea.r in Kill"'. 
L mln "'" Min. Span In feet to develop Vrna:r. 
L'b =- Allo ...... ble Unit Stress for Web DllCkling In1>Ounds per SQU&rO InCh. 
rut _ Value of Web tn BUCkling per inch of length. in pounds. 
n min =- Min. End Dearing In Inches to d(lvelop Vmu. 
R IDlLJ< .... Ma.x. E nd Reaction In Klpe .. hen D =- 3J.i". 
RA _ r..tu. Value of Sl\op Rivets In K!pIIln one COnnection ~6!I A. See ))IIgoof Connect ions. 
R ll _ Max. ValuoofShop Hlvetsln KlpIIln ono Connection Serf .. II. 500 pa,gflofConnections. 

Rivet Values In Outlltiandlng l ..ep must be inveltlgated. 
L RA.LRD ,.,. Min. Span In Feet too dovelop RA or Ril. 
Wt.OA.OH = Wel.l(ht In 1>Ounds erono Connection Serl .... A o r II. Including Web Rh·llts. 
Q _ Ooefficlent of Stl"('ngth = 12 5,.,. 

To obtain safe unlformly distributed l<>ad In Klpo. divide Q by the required span In ffl<>t 
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BEAM 

12"1 CB SECTIONS 
ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS Appllcabl. onl, whan Metl"n .... b .. e~ allalnot latara ' d.n..,tlon. 
For "nbrae'" oectlons .... f . lo.d . mUlt ba ... ducltd, '" pa;a 184. 

• • 
10 

11 
12 ,. 
14 
15 

18 
17 
18 
19 
20 

21 
22 
23 
24 
25 

Malilmum Bending Stress 18 Kips per Square Inch 

I, II c~J-i;"~·5" 'I-i'~"r.··~ 1-o'~"~';..:I,...;,"~'~" ~L..!!:!...!. 1U.4 114.4 104.1 
138.8 128.5 117.0 105.6 103.0 93.7 

126.2 
115.7 
106.8 
99.2 
92.' 

86.' 
81.7 
77.1 
n1 
69.4 

661 
63.1 

" .. 
51 .' 
M> 

116.8 
107.1 .... 
91.a 
85.7 

80.3 
75.6 
71.4 
67.6 
64.3 

61.2 
58.4 

106.4 
97.5 
90.0 
83.6 
7ao 

73.1 
68.' 
65.0 
61.6 
58.' 

55.7 
~., 

96.0 
88.0 
81.2 
75.4 
70.4 

66.0 
62.1 
58.7 
55.6 
52.8 

'~3 
48.0 .... .... 

93.6 
85.' 
79.2 
73.' 
68.6 

64.4 
60.' 
57.2 
54.2 
51.5 

49.0 
46.. .. .. 
~ .. 
41.2 

85.2 
78.1 
72.1 
66. 
82.5 

58.' 
55.1 
52.1 
49.3 
46.9 

44.' 
.u 
"., 
IU 

n.' 
94.3 

84.' 

77.1 
70.7 
65.3 
60.' 
56.' 

53.0 
49.9 
47.1 
44.7 
42.4 

40.4 

'u 
••• 
35.( 

IOU 

97.1 
86.3 
77.' 

70.6 
64.7 
59.7 
55.S 
51.8 

48.5 
45.7 
43.1 
4<. 
38.. 

37.0 

", 
33.8 
3U 

f7.l 

87.3 
77.' 
69.8 

63.' 
58.2 
53.7 
49.9 
46.8 

43.7 
41.1 
38.' 
36.8 
34.' 
33.3 
31.7 

30.4 .... 
Loads .. hove upper bod zont.allln!)ll will produoo madmum .. Uo .. a.blo . boar III W9i». 
Loads below lo .... er borizolltall wa. .. 111 produce e:lQOlllllve dclloc~IOQ.I!I. 

M.' 
77.. 
69.2 
62.3 

56.6 
51.9 
47.9 
44.5 
41.5 

38.' 
3 .. 

34.' 
32.8 
31 .1 

29.7 ,.., 

1.19 
1.51 
.. 86 

2.25 
2.68 
3.15 
3.65 
4.19 

4.77 
'.38 
'.03 
' .n 
7.45 

a21 
9.01 
' .85 

10.73 
11.64 

'. 
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BEAM 
CB SECTIONS 1 12" 

.. ~~t~ 
ESSENTIAL DATA 

Mallimum Shear 12 Kip. per 
DATA 

Square inch 

. Maximum Bend'nG Strell18 Kips per Square Inch 

...... _ .. __ w ,. ._- CD 124 12" x 12" CD 123 12" II 10" CB 122 12" Ii 8" 
15 ,. n .. .. 58 53 50 .. I .. .... .... .... .... u.. u.. u.. u.. u.. u.. 

ELEMENTS 

I I_ I 723~ 663.0 597.4 533.' 528.3 .76.1 426.2 394.5 350.8 310.1 
S 1-' llU lOU 97.5 ".0 as.8 'U 70.' 6.., 582 51.9 
I .. 235.5 21M 195.3 174.6 119.0 107.4 9~1 58.' ".0 44.1 .. , 38.8 35.8 3~' 29.1 23.7 21.4 19.2 14.0 1M 11.0 

DIMENSIONS AND GAGES IN INCHES 
d 12Ji 12li 12)i 12)i 123i 12)i 12 12)i 12 12 
b 12)i 12)i 12 12 10 10 10 8)i 8 8 
1 Ji Ji J> li J> li li li li " p " li " " " " " " " Ji 
• 5li 5li ' li ' li 4)1 4)1 4)1 3)1 3)1 3)1 
• OJ( " ,{ ali ali 8li 9li 8li ali 9li 9li 

" ." ." ." ." 4)i 4li 4)i 3)i 3)i 3)i 
• lJi ," l )i ," ," l )i ," l )i ." l )i 
k " " " " " li li li li li 
II usual ' Ji ' Ji 5Ji ' Ji ' Ji ' Ji ' Ji ' Ji ' Ji ' Ji 
g, 2~ 2M 2Ji 2Ji 2Ji 2Ji 2Ji 2Ji 2Ji 2Ji 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 
M m", 174 161 146 132 129 117 10' 97 67 78 
V m", 74 70 63 57 60 53 .. " 49 42 
Lmln 9.35 9.20 9.25 U. ~60 ~92 8.50 7.15 7.18 7.39 
Ib 

,_ 
15000 15000 15000 1_ 15OO1l 14950 15000 14620 14120 

Ibt 7425 7050 8450 .. 50 .. " 5385 5160 5565 4'" "50 
B min 6.88 6.81 6.74 ." ~77 6.70 .... ~70 ~" 7.18 
R m", 49 47 42 38 4D " 34 " 32 Z7 
RA 39 37 34 31 32 28 27 29 26 23 
LRA 17.80 17.37 11.21 17.03 16.09 16.74 15.71 13.39 13.43 13.54 
Wt.CA " " " " " " " " " " RH 78 74 .. 62 84 " 54 58 52 " LRH 8.90 .... ' .60 8.52 8.04 8.37 7.86 6.69 6.72 6.77 
Wt.CH 22 22 22 22 22 22 22 22 22 22 
Q 1388 1265 1170 1056 1030 93' ... 776 ... 623 -- -
111 max _ Max. Bending Momen~ In ~'oot- KjPl'. VIlllU _ M.x, Web 8 hO&f tn KII)OI. 
!,mln - Min. 81::' In foot 1.0 devCloJ' Von...:. 

'" _ Allowa 10 Unit !itrollll fo r \ eb Duekllng In ~n<J.. JM"r square Inch. 
n" _ Value of Wob In Dudding per Inch of lellst . In poUIlUS. 
Il min _ Min. End Il<JarIng In 'ncho. to d OV('llop Vm&.I:. 
,, ~ - lIIu. ~:nd Reaction tn KL~ ... heD IJ - 3l:t," 
HA _ :\1&:1. Va\uoof Shop I( I\'e14 10 Klll'Iln one nnectloo Serl"" A. ~ p&jtOof OonncctlOM. 
RI! _ M a,,_ Value of Shop IUvetsin KIPII lnoneConnooUon Serl"" U . ::IeepapofCon.ooctions. 

Rivet Valu"," In OUt.!lloandlng 1Alp mlUt be In,·eotlgal«l. 
L RA.l.1t1l _ " l in. Spa.n In Foot t.o d ovelop itA or I( II . 
Wt .OA.O ll _ WC~hHn pounds o f ono Oonnootlon SeriEa A or II. Including Web Ith'''',"" 
Q - 000 d ent of Strength _ 12 8,.1. 

'r o ohtaJu sa.fe u.niformly d'-tributOO Load In Kips. dIvide Q by tho required 'pa.n In foot. 
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BEAM 

CB SECTIONS 12"1 10" ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS Appllcabl. onl,. whon .... t lon . ..... brac.d a gllnlt ' a te •• 1 d.rlectlon . 
,. ...... nb .... "" _ Ionl .. f . I_d. m ... t b . ....... ~..t, _ Pll'IIa1$.1.. 

Maximum Bending StI"llS:; 18 Kips per Square Inch 

MoIIIiRII 0IIIIIb and Flang. Wld_WtlDhlJ- Foot 

"'" CB 121 12" x 61h" CB 103 10" x 10'" ,,-~ 

• I I • ,~ " .. 28 2S " " 54 " Ooftectlon 

u.. u.. u.. . --""-- u.. u.. u.. u.. .... L , ••• n .• .. .. 61.S ~67 

7 78.7 69.8 61.0 53.0 ~91 

8 68., 61.1 53.' 4<. 110.6 100.7 .... 81.8 1.19 , 61.2 54.3 47.5 41.2 98.3 89.' 8.., n.8 1.51 
10 55.1 48.8 42.7 37.1 88.4 SO.S n., 65.S 1.86 

" SO.1 44.4 38.8 33.7 8M 73.2 65.9 59.6 2.25 
12 45.9 40.7 35.' 30.9 73.7 67.1 60.4 54.8 2." 
13 42.4 31.6 32.' 28.5 ".0 61.9 55. SO., 3.15 
14 39.3 34.' W.S 2<S 63.2 57.5 'U ... 3.65 
15 36.7 32.' 28.5 24.7 59.0 53.7 48.3 43,7 4.19 

18 34.' 30.5 26.7 23.2 55.3 50.3 45.3 41.0 '.77 
17 .... 28.7 '~l 21.8 52.0 47.4 42.6 3S.S ~39 

18 30.6 27.1 2~7 "'8 49.1 44.7 40.3 31.4 '.03 
19 29.0 2~7 22.' 19.5 ~ .. 42.4 38.1 .... '.72 
20 27.5 24.4 21.4 la, ... , ... .. , 'u 7.45 

21 26.2 23.3 20.3 17.7 42.1 ,u .... a21 
22 ... 22.2 • 111 .4 18.11 9.01 
23 n.' 21.2 18.8 18.1 9.85 
24 n.' m.' 17.8 .. ~ 10.73 . 

• 
Loads a bove upper horlzoutallln61 will ptOduce m:ulmum allo .... a ble . hear In wet... 
Loads below lower horlwntallln61 will produce el:cteI\V(\ deflections 

. 
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BEAM 
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CB SECTIONS 

1 12" 
10" ESSENTIAL DATA 

, , 
: L_____ 0 - - - - - -h 
L!,_ ," ... Madmum Shear 12 Kips per 

Square Inch , , " . , , .. - .,.. -~ , : .' , , t -.... -•. -~ , . 
... ----·It--- -~ 

MaJimum Bending Stress 18 Kips pel' Square Inch 

KomIRaI DoptIL and flanlll W1d1tl Weight ptr Foot 

DATA 

CB 121 12" l( 6 " I CB 103 10" l( 10" 

I ,_, 
S I_I 

I ., 
S ., 

d 
b 
I , 
• 
t 
t, 
o 
• g usual 

" 
Mrna< 
V rna< 
Lmin 
fb 
fbI 
Bmln 
R rna< 
RA 
LRA 
WtCA 
RH 
LRH 
WtCH 
Q 

" 32 28 25 .. .. 54 
u.. u.. u.. ..... u.. ..... u.. 

ELEMENTS 
280.8 246.8 213.5 183.4 382.5 343.7 305.7 
45.' 40.7 35.6 30.' 73.7 67.1 .... 
23.7 20.6 17.5 14.5 129.2 116.5 103.9 
7~ 6.3 5.' ' .5 25.5 23.1 20.7 

DIMENSIONS AND GAGES IN INCHES 
12U 12» 12 11 % 10» IOU 10» 
6% 6% 6% 6% 10% lOll 10 
% % Ji Ji h h li 

" % h li Ji % % 
3ll 3% 3» 3» 4% 4% 4% 

10% 10% 10% 10% 7% 7% 7% 
2Ji 2~ 2ti 2Ji 4% 4% 4% 
% % % Ji IJi 1% ' ll 
% % % % % % % 

4 4 4 4 5% 5% 5% 
2Ji 2l{ 2Ji 2Ji 2% 2% 2% 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 

" 61 53 48 111 '01 " 45 40 35 34 " 51 45 
6.15 6.15 6.18 5.42 7.n 7.89 8.11 

14190 13550 12nO 12790 15000 
I_ I_ 

4330 3700 3OSO 3070 6855 6225 5520 
7.29 7.71 8.34 ~17 5.71 5.64 5.57 
28 24 20 20 42 38 33 
24 21 19 19 48 44 39 

11.48 11.63 11.24 '.76 9.21 9.15 9.29 
15 15 15 15 15 15 15 
48 42 38 38 
~74 5.81 5.62 4.88 
22 22 22 22 

551 48. 427 371 884 805 725 

I .. 
u.. 

272.9 
54.6 
93.0 
18.6 

10 
10 
li 

" 4% 
7% 
4% 
I» 
% 

5% 
2% 

82 
41 

8.03 
15000 
5100 
5.SO 
31 

" 9.10 
15 

655 
M mu <= Ma.:t, B<lndlng !'.lamont In Foot-KipS. Vmu. _ MaJ:. Web Shear In KlpII. 
L mill """ :\1\n. Span In foot w dQv(llop Vmax. 
fb "'" Allowable Unit Stn'a for W ob BUCI< lIng In pOunds IlCI" lI(Jual'e Inch. 
fbt _ Value of Web In Buckling per Inch of lengtb, In pounds, 
f.I min => )Tolin. End Boarlng In InchOll to devdop Vmu. 
R mILl "'" ,\1&:0:. End Roocti(m In KIp!! ",hen B -= 3>0/'. 
RA = "'u. Value of Shop RlvcUlln K1Jl'llnono COnnection SerlCfl A. 800 pagoof ConnoctlOnll 
UU = :\1ax. ValuootShop mVBta In KlpIIln 0"" Connection 8eriOl H . See pagoofC<lnnootlonll. 

Rivet ValuOIIln Outstanding Legs must oolnv68tigatcd. 
LRA.LRII = Min. Span In Foot to develop RA or n il, 
Wt.OA.CH .... WelKht In pounds or on6 Connection Serlea A or n. Including Web Rivet<!. 
Q .... Coel'llclent or Strength,.,. 12 g,_,. 

To obWn sare uniformly dlstr!buted lo",d !n KIp!!, div ide Q by the f'CQulrod span In r~ 
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BEAM 

CB SECTIONS 10"1 ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS I 
Appllcabl . onl, whan ...,tlon l .... b.aeM _Ialnn 'etooul d"'..,tlon. 

For unbr • .,N _tlonl ur. '_d. mUlt be • ..t .. <:ed, _ 1'1118184. 

Maximum Bending Strell 18 Kips per Square Inch -_ ... --. w,~ - CD 102 10" II 8" CB 101 10" II 53 t " """,,w 

• 
~ 

• ,~ " 41 37 33 " " 21 ""-... ... .... ... ... ... ... 
, .. 

5 51.6 0.47 
m.' 82.11 17.8 

• ~ .. 78.7 72.1 .u 61.6 55.2 48.2 43.0 0.67 , 84.2 76.3 68.' .... 52.S 47.3 41.3 38.' 0.91 

• 73., 66.S 59.9 52.S 46.2 41.4 36.2 32.3 1.19 

• 65.S 59.3 532 4<, 41.1 38.S 32.1 2a, 1.51 
10 58.' 53.. 47.9 42.p 37.0 33.1 ,. .• 2~S 1.86 

11 53.6 <as 43.S 38.2 33.6 30.1 26.3 23.5 22S 
12 49.1 44.S ,. .• ~. 3O.S 27.6 24.1 21.5 2.68 
13 '~3 41.1 36.8 32.3 2a. 25.5 22.2 19.8 3.15 
14 42.1 38.1 34.2 30.. 2M 23.7 20.7 1M 3.65 
15 39.3 35.6 31.9 ,. .. 24.6 22.1 19.3 17.2 4.19 

18 36.8 33.' 29.' 26.3 23.1 2<1.7 18.1 1<1 '.77 
17 34.7 31.4 28.2 24.7 21 .7 19.5 17.0 15.2 5.38 

" 32.7 ~., a., u. 2<1.5 1M 11.1 . .., 6.03 

10 ... a.' U., U .• 18.5 11.4 15.2 n.e 6.72 .. a. U., n.' 21.0 18.5 II.' ..., 12.1 7.45 

11 .... . ,. ... a21 

Loada above Uppe!' boI'l.umtalU""" .. Ill produce tna.Ilmum a.lto_ble.~ In "'0'-. 
Load:I belO'll' lower horlzontalltne. will prodUotl (IXCO'l111""O dclI.ectlona. 
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BEAM 
CB SECTIONS 

ESSENTIAL DATA 
, , 
: *'-.---- °S---·h 
L~,_ ' , 

Maximum Shear 12 Kips per 
Square Inch 

DATA 
~----

, , " , , 
: "-J.--~ : 
: t·': "-a·- ~ , , Ma ximum Bending Stress 18 Kips per Square Inch 
.... ---it--- .... 

Notal .... 

I ,_, 
S I-L , » 
$ » 

d 
b 
f 
P 
• 
f 
f, , 
k 
9 usual 

•• 
Mmax 
Vm~ 

Lmin 
fb 
fbI 
B min 
Rm~ 

RA 
LRA 
Wt.CA 

Q 

4S .... 
248.6 
49.1 
53.2 
13.3 

10% 
8 
)j 
% i 

3% 
7% 
3% 
1% 
% 

5» 2» 

Nominal 0 """, and fbn 

CB 102 10" lC 8" 

41 .... 
222.4 
44.S 
47.7 
11 .9 

196.9 
39.9 
42.2 
10.6 

ELEMENTS 

170.9 
35.0 
36.5 
9.2 

WId,,, WoighI,.. Foot 

CB 101 

,. " .... .... 
157.3 
30.8 
15.2 
5.2 

139.7 
27.6 
13.4 ,., 

DIMENSIONS AND GAGES IN INCHES 

10 9% 9~i lOX 10~ 

888 5~~ 5%" 

~ % % % X 
~ ~ U ~ ~ 

3% 3% 3h 2U 2~ 

7% 7% 7% 8~ 8~ 
3% 3% 3% 23. 2}ji 
1~ 1 " h !Ii 
% % % !, % 

5~ 5~ 5~ 3 3 
2~ 2X 2X 2X 2X 

10" lC 5 ~" 

23 
u. . 

120.6 
24.1 
11.3 
3.9 

10 
5U 
)i 

% 
2U 
8» 
2% 

" % 
3 
2X 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 

74 61 60 53 48 41 36 
43 39 36 34 35 31 29 

6.93 6.78 6.60 8.15 5.21 5.28 5.02 
15000 15000 15000 15000 14900 14350 13980 
5250 4920 4590 4380 4305 3715 3350 
~57 5.50 5.43 5.38 5.68 5.93 6.10 
32 30 27 26 26 22 20 
37 34 32 31 30 27 25 

7.96 7.85 7.48 6.77 6.16 6.13 5.78 
15 15 15 15 15 15 15 
589 534 479 421) 370 331 289 

21 
u.. 

106.3 
2LS 
9.7 

3.' 

32 
29 

4.52 
14020 
3365 
' .00 
20 
25 
." 
f5 

258 
l\t max 
L .run ,. >= Max. Bending Mom(mtln }o'oot.-l{lpII. Vrmu; Max. Web Shoar in Kipll. 

,.< 
B min R=, 
RA 
LRA 
W t.CA 
Q 

= Min. Spa.n in toot to develop VIIllU. 
>= Allowable Uni~ Stl'CeS tor Web Buckling In pounds per lIQuaro Inch. 
= Va.lue o r Web in Buckling per Inch o r length, In pounds. 
= Min. E nd Boar ing In Inches to develop Vmu . 
.... Max. E nd React-Ion in Klp!!I when D =- 3W'. 
>= Max. Valueor Shop Rivet6in KlpSln oncOonnectlon Series A. Soo II80gC otOonnectlons. 
>= 1I1In. Spa.n in ~'oot to develop RA. 
=> Wclo:M In pounds or one Oonnectlon SQrlas A, including Web Rlvotll. 
>= Cocmelent or Strength = 12 S,.,. 

To obtain llare uniformly d istributed load In KIpS, dlvldo Q by tbe r<)Qulrod ' pan In toot. 
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BEAM 
CB SECTIONS 8"1 ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS AppU""bl . "nl)' whe .. _ Ion, . .. br . ..... ag. l", t laHul danectlon. 
For .... braced sectlona , 1Ot, i_d, m.nt be _ .. ....t . ... PIIg. 1804. 

Maximum Bending StreQ 18 Kips per Square Inch 

tfontlnaI 0 ... and n.nte WlcIttt--W-'1!I! !!! f oot 

"" '" 
CB 83 8" )[ S" CB 82 8" ,,6 " C CB 81 8" 1l!)}f' .,........ 

• ,~ 35 , 33 31 27 24 21 19 17 "'"-u.. u.. u.. .... .... .... .... .... 
~., 

• ... 47.4 42.3 0,30 

5 '3.2 38.. 33.S 0.47 
M3 • u .... 

S 81.4 .... 54.' .6.8 41.6 36,0 32,0 28,2 0,67 

7 53., 50.2 47.0 40.1 35.7 30.' 27.4 24.2 Ml 

• .<7 44.0 41.1 35.1 31.2 27.0 24.0 21.2 1.19 

• 41.5 39.1 36.5 ,U 27.7 24.0 21 .3 1~' 1.51 
10 37.3 35.2 32.' ~1 25.0 21.6 19.2 1~' 1.86 

11 33.' 32.0 29.' 25.5 22.7 19.6 17.5 1M 2.25 
12 31.1 29.' 27.' 23.4 211.' 1~0 16.0 14.1 2.68 
13 28.7 27.0 25.3 21.6 19.2 16.6 14.8 13.0 3.15 
14 26.7 25.1 23.5 20.1 17.8 15.4 13.7 12.1 '.65 
15 ". ~A 2U 18.7 , .. 14.4 IU ,,. 4.19 

16 n 3 n.' ~ .. I7 .S , .. U .5 12.0 10.6 '.77 
17 n.' 2iJ.7 ' 03 , .. 11 .7 12.7 ,,. 10.0 5.38 

Loads above upper horizontal lines wiU proouoo maximum &l10 ... 6bI6 $lIear In webs 
LoodlII below lower horizontal lines wW produce eJ:CO!I!Ilvo dettectlolUl. 

ICICamegie Steel Oorupanyonly , 

t 
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.. "" BEAM 

f' ~':':1~!::~;' I 4'- - --- f , , , , , , 
l • 

CB SECTIONS Is" ESSENTIAL DATA 

Malimum Shear 12 Kip. per 
Square Inch 

Mulmum Bendln" Stress 18 Kips per Square Inch 

DATA 

.- CB Bl 8" II: 8" CB 82 8" . Sif' I ICI CB 81 8".5.14" 

35 n n nun I ~ I ~ 
~ ~ ~ ~ ~ ~ ~ ~ 

ELEMENTS 

I I_' 126.5 111.9 109.7 94-' 82.' 73-. 64.7 56.' 
S 1-' ,U 29.' 27.' ,3.4 20.' , .. 16.0 ,4.1 
I » 42.5 39.7 37.0 20.8 18.2 9.13 7.87 an .. , 10.6 ••• .2 6.' ~6 3.' 3.0 2.6 

DIMENSIONS AND GAGES IN INCHES 

d 'li • • • 7Ji ' )4 ' li • 
b • • • 6» 6» ' )4 ' )4 ' )4 
t ". ". ". ". )4 )4 )4 )4 , » J<i J<i J<i ". li li ". 
• 3Ji 3Ji 3Ji 3li 3li 2)j 2» 2)j 
I 6li 6li 6li ' % 6% 7)4 7)4 7)4 · , 3J<i 3J<i 3J<i 2%" 2)4 2J<i 2% 2". 
• Ji Ji 9> Ji 9> )4 9> % 
k " " " » » » » » 
II usual ' » ' » ' » 3» 3» 2)4 2)4 2)4 
g, 2)4 2)4 2)4 2)4 2)4 2 2 2 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 

M mox 47 44 41 35 31 27 24 21 

V m" 31 29 28 28 23 25 24 22 
Lmln 608 6.06 ;" 5.34 ~35 4.36 4.05 3.83 
fb '5000 15000 15000 '5000 1_ 15000 15000 14980 
fbt <n. '500 4321) 4095 3675 3780 3660 344' 
8mln 4.47 4.43 4.40 4.42 .. ,. 4.51 4.45 4.41 
Rm" 26 25 24 23 20 21 21) 19 
RA 33 32 30 29 28 28 28 24 
LRA ;" 5.49 ~48 '.84 .... 4.15 3.69 3.53 
WLCA 15 15 15 15 15 15 15 15 
Q 373 352 329 281 250 216 192 16' 
:\f max ... MIU. Bonding Mom<)ntin Foot.- Klpa. Vmax "'" Max. Web Shoo.rln KI ps. 
L min =< Min. S~n In root to doveloo Vm&lr, 
L'b =- Allo .. a. Ie Unit Stress for Web Duckling In pounds per square Inch. 
rbt =- Valu!) or Web In Buckling pC!" Inch of longth. In peundll. 
n min = Min. End BOILI"In$ In InchOl!l to develop Vroru:. 
Rnuu; =- Max. End Reaction In 1{1"" whon 8 - 3)1". 
RA =- Max. Value o f Shop Rivets In KIPI' In one Conn~lon Scrlos A. See page or Oonn~IoWil. 
LnA = Min. Span In foot to develop R A. 
Wt.OA "'" ~ht in pounds of ODe Connection Se-riCl A. including Wcb 1U,·ct/l. 
Q "'" dcntofStrcngth=12M ,_,. 

To obt.a.Ln ..... fo uniformly dt..trlbutOO load in KiPI'. divide Q by tho roquirod I p&IIin foot. 
ICI Carnoglo Stool Company only. 
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BEAM CB SECTIONS 12"1 LIGHT BEAMS 10 
6" ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS AppU.,.,ble onl), whe n _Ionl .... brae"! ag.ln," lot •••• d.n..,tlon. 
For .. nbraced MCtlon ... ' a lo. d o mUl t b.- ... d ........ _ pallO 184. 

Mallimum Bending Stress 18 Kips per Square Inch 

NonoI!III o.ttI nI F1 .w"" W ,. fool 

CBL12 CBl10 CBl8 eBl6 

"'" 12" II 4" 10" )( 4" 8" ]1 4" 6" 1:4" "''''''-,. 
" " " " • ,~ D~_ 

22 c: 16» 19 17 15 ~ 13 16 12 
u.. u.. u.. u.. u.. ---"'-- u.. u.. ---"'-- ---"'--

~., 47.7 401.2 -E:!-
3 ...l!:!.... 70.0 .... .U '" 55.1 47.3 39.5 •• 29.0 0.17 

• 75.9 ,4> 52.6 56.3 48.5 41 .3 35.5 29.7 3O.S 21.7 0.30 , 60.7 51A 42.1 45.1 38.8 33.0 28.' 23.7 24.4 17.4 0.47 

, SO., 422 35.1 37.6 32.3 27.5 23.7 19.8 20.3 I 14.5 0.67 
7 43.' 36.7 30.1 322 27.7 23.6 20.3 16.9 17.4 12A 0.91 
8 38.0 32.1 26.3 28.2 24.3 20.' 17.7 14.8 15.2 10.9 1.19 
9 33.7 28.S 23 •• 25.0 21.6 18> 15.8 13.2 13.5 9.7 1~1 

10 30.4 25.7 21.1 22.' 19.4 16.5 14.2 11.9 12.2 8.7 1.86 --
11 27.6 23.3 19.1 2O.S 17.6 15.0 12.9 10.8 11.1 u 22S --12 25.3 21.4 17.5 182 162 13.8 112 9.9 10.2 U 2.68 
13 23.4 19.8 162 ". 14.9 12.7 10.9 9.1 u " 3.15 
14 21.7 18.3 15~ 16.1 13.9 11.8 10.1 8.S M 3.65 
15 202 17.1 14.0 15.0 12.9 11.0 ••• u 4.19 

16 19.0 16.1 13.2 14.1 12.1 10. .. u 4.n 

" 17.9 15.1 12A 13.3 11.4 9.7 " " ~38 

18 16.9 14.3 11.7 12.5 102 ... 6.03 
19 16.0 13.5 11.1 II.' 10.2 ., '.n 
20 15.2 122 1O~ ". u " 7AS 

21 14.5 12.2 1M 10.1 u 821 
22 13.8 11.1 .. 9.01 
23 IU 11.2 U 9.85 
24 ,., lG.1 ... 10.73 
25 ... 11.64 

Load~ above upper hOl"izollt&lUllo:. will produce 1I1a.dmum allowable ahear In .. et.. 
Lood~ below lower hortzootai llno:. 1'1'01 produC<l exoowlve dotlediolUl. 

gCarnagie Steel Company OnlT. 

. 



Notal .... 

I 'ot 
S ,_I 
I ,_, 
S N 

d 
b 
I 
p 

• 
f 
f , 
0 
k 
g usual 

.' 
M mu 
V mu 
Lmin 
tb 
fbi 
Bmin 
R mu 
RA 
LRA 
Wt.CA 
RH 
LRH 
Wt.C H 
Q 
Mmu 
I,min 
Ib 
Ib' 
B mln 
R = 
RA 
Rll 

CB SECTIONS 
LIGHT BEAMS 

ESSENTIAL DATA 

Maxi mum Shea r 12 Kips per 
Squa re Inch 

231 

BEAM 

I 12" 
10 

6" 
DATA 

Malilmum Bending Stren 18 Kips per Square Inch 

N~ O';"":' --
___ w_ ,-

CBl12 eBl10 eBL 8 eBl6 
12" x 4" 10" II 4" 8" 114" 6" II 4" 

" " " " 22 1" I 165 " 17 15 15 13 16 12 ........ .... .... .... .... "'- "'- .... .... 
ELEMENTS 

155.7 130.1 105.3 96.2 81.8 68-8 48.0 39.5 31 .7 21.7 
25.3 21-4 17.5 11.1 16.2 13.' U .• 9." 10.1 7.24 
4.55 3.67 2.79 4.19 3.45 2.79 3.30 2.62 4.32 2~9 
2~6 1.83 1.39 2.08 1.72 1.39 1.65 1.31 2.14 1.44 

DIMENSIONS AND GAGES IN INCHES 
12X 12}> 12 10M 1O}> 10 ' }> • 6X 6 
4 4 4 4 4 4 4 4 4 4 
X X X X X X X X X X 
hi Ii X Ii ,. X Ii X Ii X 

1)1 I" I" 1)1 1)1 lhi 1)1 1)1 1)1 1)1 
1 0~ 10){ 10){ ' )1 ' )1 ." ' )1 6}> ' }> ' )1 ," ," ," ," ," ," ," ," IS IS 

X " S Ii Ii " Ii " Ii " J, hi l1i l1i J. hi l1i l1i H H 
2X 2X :~ 2X 2X 2X 2X 2X 2X 2X 
2 2 1 • 2 2 ' X 2 ," 2 ," 
MAXIMUM BENDING MOMENTS. WEB RESISTANCES, ETC. 

38 32 26 28 24 21 18 15 15 
38 35 33 31 29 28 24 22 20 

3.95 3.67 3.1 7 3.67 3.33 3.00 2.97 2.68 3.11 
13100 12610 12380 14060 13890 , .... 15000 14980 lSOOO 
3405 3025 2850 3515 3330 3150 3875 3445 3900 
8.20 8.54 . 63 .19 6n ." 4.47 4.41 3.44 
22 20 19 21 20 19 20 19 20 
20 19 18 26 25 24 26 24 14 

7.59 6.76 5.83 '.34 U. 3.45 2.n 2.47 4.33 
15 15 15 15 15 15 15 15 • 41 38 36 

3.70 3.38 2.92 
30 30 30 

304 257 210 228 101 166 142 118 121 
_ MIU:. Bending Moment In Foot-KI~. Vma.x _ Mu. Web SIIeu In KI~. 
_ !\tIn. Span In foot to develop Vruu. 
_ Allowable Unit Su.. for Web Buckling In ilOUDd8 per -.:tuaro InCb. 
_ Value of Web In BlM:kllng pel' Inch of lengt6..ln poundll. 
_ Min. End Bearing In IncbM t.o deV1'IOJ) Vm.a..:. 

11 
17 

2.62 
15000 
3450 
3.JO 
17 
12 

3.62 
8 

87 

_ Mu. Eod Reacl.10Il In KI~ wben B _3 Mi". 
_ MlU:. Value of Shop Rlve..,lo KI~ lnoneOOnnectIooSerisA . Seepageof Connfll:tIOnL 
- Mu. Valueof Sbop R lveYln KIJ)l lnoneOOnneet.IOIl8erte. 11. See J)a«f!of Connect lons. 

RIve1. ValllN In Out&t&Ddlng l..ooD must. be Investigated.. 
LRA.LRII _ Min. Span In J.'eet. t.odevelop RA or RD . 
W~OA.Oll _ Well::bt In J)O\lIldl of ODe Oorln(lCUOD S6r1e- A or H. lnelud lng Web Rlvete. 
Q _CoefIlclcntof Strengtb _ 1~S ,ol. 

To obtain u te u nltormly dbll.ribut.od loa.d In KIP'!'. d iVide Q by tho l"Oqulred .pUlln feet. a Camecle Steel Company only. 
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BEAM CB SECTIONS 11"I STANCHIONS AND JOISTS to 

6" ALLOWABLE "UNIFORM LOADS IN KIPS 

LOADS AppU""bt. only when _Ions . ... b ........ ,.lnH la_al ddeotlon. 
For "nb •• ~ --Uona _ . I .... d. mu" 1M "",,ced, _ Pl'1iI.l&1. 

Malimum Bending Stress 18 Kips per Square Inch 

STANCHIONS I JOISTS 

Nomlnlll Depth ..... fl ..... Wldtlt-Welt/ll ..... Foot .... CBS 6 CBJ 12 CBJ 10 CBJ B CBJ 6 """'-., fY' x 6" 12" x 4" 10" II 4" 8" .4" 6" II 4" • ,. a " " " " 
, ....... 

1& 15f> .. Uf> 1D Sf> .... .... .... .... .... .... . ,.. '" D.' 
3 ,.., .... a7.2 42.0 312 20~ 0.17 

• 35.1 3O~ 44.4 3U 23.' 152 0.30 
5 28.1 24.0 35.5 252 18.7 122 OA7 

6 23A 20~ ".6 21.0 15.6 10.1 0.67 
7 20.1 17.1 25A 1M 13.4 6.7 0.91 
6 17.6 15.0 ,2> 1~' 11.7 7.6 1.19 

• 15.6 13~ 19.7 14.0 10.4 6A Ul 
10 14.0 12.0 17.8 12.6 .~ 6.1 U6 

11 ,,.. , .. 16.1 I,. .. .. ,.25 
12 11.7 '" 14.8 105 7A .. , '.68 
13 , ... u 13.7 '.7 72 u 3.15 
14 12.7 ,. 5.7 3.65 
15 lU 9A " 4.19 

16 11.1 7.' U '.n 
17 lOA 7A u M' 
16 ,., ,. 6JI3 
19 ,~ u 6.n 
20 U " 7.0 

21 '5 ,.21 
22 .. 9.01 
23 '" . ... 
24 " 10.73 

Load. above upper horizontalllnc.: will pro(iuoo ma..:lmum .no,.,a.b.le _hoa.r In .. lIbL 
Lo&dlI below lower borlzontallln08 will produce e:w.dve de6ectlons. 

'iCI 08.l"OO(l1e Steel Company o nly. 
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CB SECTIONS 

BEAM 

1 11
" 

U:~ 
STANCH10NS and J01STS " 

ESSENTIAL DATA 
6" 

DATA 

IT', Maximum Shear 12 Kips per 
Square Inch 

Maximum Bending Stress 18 Kips per Square Inch 

-
Nom"-l 0I11III and 

. _ W 
~ '* 

CBS 6 CBJ 12 CBJ 10 CBJ 8 CBJ 6 , ...... 6" )( 6" 12" )( 4" 10" )[4" 8" II 4" 6" :11 4" 
C C C C C 

18 1S.S lA u.. 10 8.' 
u.. u.. u.. u.. u.. .... 

ELEMENTS 
I L_I 35.5 30.1 ".2 51.9 30.8 14.8 
5 I" U.7 10.0 lA.8 10.5 7." 5.01 
I » 11.0 9.19 2.25 2.01 1.99 1.89 ... 3.64 3.06 1.13 1.02 1.01 .96 

DIMENSIONS AND GAGES IN INCHES 
d 6" 8 ll}i 8" 7" ." b 6 8 • • • • 
f li li li li li li 
• li li )( li li li 
• 2" 2" I" I" I" I" , ." ." 10~ 8" 6" • ,. 2% 2% 1% Hi 1% 1% , % li li )<j )<j " k % % % % % % 
II usual 3% 3)<j 2)( 2)4 2M 2)( 
g. lU 1)4 1~ 1 ~ I%" 1~ 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 
M m", 18 15 22 16 12 8 
V m", 19 17 29 21 16 12 
Lmin 3.62 3.47 3.11 2.96 2.90 2." 
fb 15000 15000 11310 11990 13240 15000 
fb! 3975 3600 2265 2160 2250 2550 
B min 3.35 3.30 9.65 7.41 5.19 3.21 
Rm", 20 18 15 13 12 13 
RA 14 13 16 19 18 • LRA Ml '.62 5.55 3.32 2.60 3.39 
Wt.CA 8 8 15 15 15 8 
RH 32 
LRH 2.78 
Wt.CH 30 
Q 14O 120 178 126 93 61 
Mnu .. , _ M aJ:. Bonding MO!ll6IIt In Foot-Klpe. Vma>: _ M "",. Wob Shear In KIl*-
L"'" _ Min. Span In foot to d6VOI~ Vmax. 
no _ AlIoWILDIo Unit Stress ror' eb 8 uckllng In 1)Ound! per equar(l inch. 
n" _ Value ()t Web In Buckling per Inch ot length, In pounds. 
B m" _ Min. End Boo.rlng In Inclllll'! to deve lop Vma.>: . 
R_ _ Ma.>:. End ReacHon In h:lpe when B _ 3~'" 
RA _ Ma.>:. V .. lueotShop Rlvetosl n Klpelnone onnectlonSerllll'!A. SeepageotConnoctloruo. 
Rli _ Ma~. ValueotSliop R ive tlli n Kl peln one Connection Series U. See pltolleofConnoctlon8. 

Rivet Values In Outosta.nd lng ~ must be Investigated. 
L RA.LRIl _ Min. Span In Vee' to dovol(lp 1t o r RH. 
W t.CA.CU _ We~h'ln l)Ounds of ooe Connection Series A or n , Including Web IUvntos. 
Q _ Coe clont o f Strength _ 12 S'-I. 

T o nbt.aln Mre unltnrmly dilltrlbute<11nad in KiPS. divide Q by the required Bpan In foot . ra Carnogle Stool Company o nly. 
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BEAM BEAMS 

24"1 AMERICAN STANDARD 

ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS Applleabl ..... Iy whan _tlon ..... br.~..t alle lnst l ahul d anktlon. 
"'or ,,"b •• ced _ tlo" .... t a loads muat 1M !'educed, _ psg. 1M. 

Maximum Bending Stress 18 Kip. per Square Inch 

Nomlral DOlI'" lIId Fl.,. Wlddl W~gIIt '* rool 

"'" 818 24" lI. 71 " B 1 24" x 7" Coemcltnl 

• " '"' 120 US n. 105.9 
100 ~ 90 8S " .• O.ft ectlon 

~. "" ..... ~ ~ Lb., ~. ~ ~. 

~ ~.1 

6 ..... 424.5 395.3 383.6 "U ".., 0.67 
7 430.1 420.1 ,.... ,.., 338.8 328.8 3iB.6 308.6 ..... 0.91 

• 376.4 367.6 358.6 351.4 296.5 287.7 278.8 270.0 260.9 1.19 , 334.5 326.7 318.8 ll2A 263.5 255.7 247.8 240.0 231.9 1.51 
10 301.1 2911.1 286.9 281.2 237.2 230.2 223.0 216.0 20S.7 1.86 

11 273.7 267.3 260.8 255.6 21S.6 209.2 202.7 19SA 189.7 225 
12 250.9 245.0 239.1 234.3 197.7 191.8 185.8 180.0 173.9 2.68 
13 231.6 226.2 220.7 216.3 IS2A In.D 171.5 166.1 160.6 3.15 
14 215.1 210.0 204.' 21'" 169.4 164A 159.3 154.3 149.1 3.65 
15 200.7 196.0 191.3 197A 158.1 153A 148.7 144.0 139.1 4.19 

" ,,8> 183.8 119.3 175.7 148.2 143.8 139.4 135.0 130.5 ' .77 
17 177.1 173.0 168.8 16M 139.5 135A 131.2 127.0 122.8 5.38 
18 167.3 163A 159A 156.2 131.8 127.9 123.9 12M 116.0 6.03 
18 158.5 154.8 151 .0 148.0 124.8 121.1 117A 113.7 109.9 6.n 
20 150.5 147.0 143.5 140.6 118.6 115.1 111.5 108.0 I04A 7.45 

21 143A 140.0 136.6 133.9 112.9 109.6 106' 102.8 99A 8.21 
22 136.9 133.7 130.4 127.8 107.8 104.6 lOlA .8> 94.' 9.01 
23 130.9 127.8 124.7 122' 103.1 100.1 97.0 93.9 90.7 9.85 
24 125.5 122.5 119.5 117.1 ,,> 95.9 92.9 90.0 87.0 10.73 
25 l20A 117.6 114.8 112.5 94.' 92.1 89.2 86A 83.5 11.64 

26 115.8 113.1 110.4 108.1 91.2 88.5 85.8 83.1 BO.3 12.59 
27 111.5 108.9 106.3 104.1 87.8 85.2 82.6 80.0 77.3 13.57 
28 107.5 105.0 102.5 100.4 94.7 82.2 79.6 77.1 74.5 14.60 
29 103.8 101.4 98.9 96.9 81.8 79.4 76.9 74.5 no 15.66 
30 100.4 98.0 95.6 93.7 79.1 76.7 74.3 n.o 69.6 16.76 

31 97.1 94.' 92.6 90.7 76.5 74.2 71.9 69.7 67.3 17.89 
32 94.1 91.9 89.7 87.9 74.1 71.9 69.7 67.5 652 19.07 
33 '12 89.1 86.9 85.2 71.9 69.7 67.6 65A 63.3 20.28 
34 .8.6 86.5 " .• 82.7 69.81 67.7 65.6 63.5 61 .4 21.53 
35 86.0 ". 82.0 BO.3 67.8 65.8 63.7 61.7 59.8 22.81 

36 83.6 81.7 79.7 78.1 65.9 63.9 61.9 60.0 58.' 24.13 
37 81A 79.5 77.5 76.0 64.1 62.2 60.3 58.' 56A 25.49 
38 79.2 77A 75.5 74.0 62.4 60.6 58.7 56.' 54.' 26.89 
39 m 75A 73.6 nl 60> 59.0 57.2 55.4 53.5 28.32 
40 75.3 73.5 71.7 ro~ 59.3 57.5 55.8 54.0 52.2 29.79 .. 71.7 70.0 68.3 66.9 56.5 54.' 53.1 51.4 49.7 32.85 
44 IOU - - -

I 36.05 .... M.' MoO U •• 52.3 ~., d.' .>A 
46 .... U .• . " 81.1 ... 00. ... ... ~A 39.40 
48 OU • u ... .... .. .. ~u .... .... ., 42.90 
Load. above uppet borbontal UnCfl will pl'oduc(! ma:dmum allowable .bear In webl. 
Loads below lower bOrUontal IlnCfl will produce oxceMive detloctlon •. 
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BEAMS 
AMERICAN STANDARD 

BEAM 

124" 
• I 

I 1'1 

5
"

, 
I •• 
S ._. 

d 
b 
I 
P 
• 
Grip 
I 

• 
9 usual 
g. 

M mu 
V m" 
L min 
fb 
fbi 
B min 
R mal 
RA 
LRA 
Wt.CA 
RH 
LRH 
WI.CH 
Q 

ESSENTIAL DATA 
DATA 

3010.8 
25'" 
84.' 
21.1 

24 

• 
" I ); 

3); 
l fi 

20J.i I" 4 
3)4 

Mulmu m S hear 12 Kips per 
Square Inck 

M axi m u m Bendin g Streu 18 K i ps per Sq ua re Inch 

2940.5 ( 2869. T 
245.0 1 239.1 
82.8 80.6 
20.7 20.3 

ELEMENTS 

2811 .5 
2l4J 
78.9 
20.0 

2371.8 
197.' 
48.4 
13.4 

2301.5 
1" .8 
47.0 
13.0 

2230.1 ..... 
45.5 
12.8 

DIMENSIONS AND GAGES IN INCHES 

2159.8 
UO.O 
44.2 
12.5 

24 
' fi 

" " 3)4 

" 201( 

I" 4 
3 

MAXIMUM BENDIN G MOM ENTS, WEB RESISTANCES, ETC. 

20. 72 
173.9 
42.9 
12~ 

2. , 
)i 

" 3Ji 

" 201( 

'" • 3 

376 368 359 351 296 288 279 270"~""1'-
m ~2 ~ I~ ~5 I~ I~ I~ * 
6.55 6.93 7.38 7.81 5.51 5.82 6.20 6.66 7.25 

15000 15000 14870 14450 15000 14950 14440 1382Q 13010 
11970 11055 10035 9030 11 205 10255 9010 7780 6505 
13.20 13.20 13.37 13.95 13.20 13.26 13.95 14.85 16.14 
114 105 95 86 106 97 86 74 62 
~ ~ 97 ~ ~ V ~ 68 rn 

15.52 15.15 14.79 14.49 12.22 11.86 lI A9 12.27 13.21 
~ 36 ~ ~ ~ ~ ~ ~ ~ 
1~ 1 ~ 1~ 1~ 1~ 1~ 1~ 148 1~ 

9.29 9.07 8.86 8.68 7.32 7.10 6.88 7.30 7.96 
W 50 W ~ ~ ~ W W ~ 

3011 , 2940 2869 2812 2371 2302 2230 .c,,,I,,,GO'-c'c",,,,08,,, _ 
Mmru: _ MaJ:. Bending MOrui:"n t In FQot-KI~. VIII&:< ~ MaJ:. Web Shear In nip". 
LmlD _ M in. Span In roo~ to develop VmaJ:. 
tb _ Allowable lfnlt St ...... ,~ Web Buckling In pOUndlI per squaro Inch. 
tbt _ Value o r Web In Buckling per Inch or length. In pound,. 
n min _ Min. End Bea.rlng In Inches to develop Vma:o:. 
Rm.u: _ Mu. End Reaction In KIp" ",hen n _ 3 Ji". 
R A _ Ma.>:. V&lue or sbop Rlvc~ lo K I~lnODeOoooectlonScrlesA. SeepagoorCoonoctlonl!. 
Rll _ MaJ:. ValueorShop RIVIl~ln I\ IIIIIln one Connection Series U . See pagootConoecU(mII. 

n "'ct Va lues In Ou~tandlng .... must be tnvesttgated. 
L RA ,LR It _ Min. Span In ~'oet to dew·lop nA ot" nil . 
W t.OA,O U _ Wei.llht In pounds of OIIe Conllectlon series A 01" H . In cluding Web ItlVllI&. 
Q _ CociTIclcnt o r Strength """ 12 II",. 

To obtain sate unlfot"mly dL8trlbuted load 10 KIp!!, divide Q by the required ' v&n In reet. 

• 
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BEAM BEAMS 

20"1 AMERICAN STANDARD 
ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS AppU .... bl. on l, wh ....... tlono ... b~.eed .galnst I.~I d.tl<OCt.lon. 
For unbraeed _tlons .. ,. loa.1I mu.t 1M ...-I ........ _ pII,01lW. 

Maximum Bendlnll Stress 18 Kips per Square Inch 

NamIMI Dt;Ilh l1l:I flan)l Wldlh-W.ltl\t .. root ,- B2 20" x 7" B 3 20" .6 " """"'" • • ,". lDO " " as .1.4 75 70 liS.4 '''-u.. UN. ""- UN. ... ,~ UN. ""-
4'9.0 lOU 

• 395.6 "" m. 313.4 303~ "'-, "'. 0A7 

6 329.7 319.9 310.1 300~ ....., 252.7 242.8 233.9 0.67 

7 282.6 274.2 265.8 257A 251A 216.6 208.1 200.5 0.91 
8 247.2 239.9 232.5 22'~ 219.9 189.5 182.1 175A 1.19 
9 219.8 213.3 206.7 200.2 19S.5 168.5 161.9 155.9 1.51 

10 197.8 192.0 186.0 180.2 176.0 151.6 145.7 140.3 1.86 

11 179.8 174.5 169.1 163.8 160.0 137.8 132.5 127.6 2.25 
12 . 164.8 160.0 155.0 15M 146.6 126.3 121A 116.9 2.68 
13 152.2 147.7 143.1 138.6 135.3 116.6 112.1 108.0 3.15 
14 141.3 137.1 132.9 128.7 125.7 108~ 1~.1 100.2 '.65 
15 131.9 128.0 124.0 120.1 117.3 101.1 97.1 93.6 4.19 

16 123.6 120.0 116.3 112.6 110.0 94.8 91 .1 87.7 •. n 
17 11SA 112.9 I09A 106.0 103.5 89.2 85.7 82.6 '.38 
18 109.9 106.6 103.4 100.1 97.8 84~ 80.9 78.0 6.03 
19 104.1 101.0 97.9 94.8 92.6 79.8 76.7 73.9 6.n 
20 98.' 9B.O 93.0 90.1 ".0 75.8 n.8 70.2 7A. 

21 94~ 91A .... 65.' 83~ n.2 69.4 68.8 W 
22 89.9 67~ 84.' 81 .9 80.0 68.9 66.2 6,. 9.01 

" 86.0 83.' 60.9 78~ "' .• 65.9 83.3 61.0 9.85 
2. .2A 60.0 n .• 75.1 73.3 63~ 60.7 58.' 10.73 
25 79.1 76~ 74A n.1 70A 60.6 58., 58.1 11.64 

26 76.1 73~ 71.6 69.3 67.7 .U 56.0 54.0 12.59 
27 73~ 71 .1 68.9 66.7 65.2 56.' 54.0 52.0 13.57 
28 70.6 68.6 66.' 64A 62.8 54~ 52.0 50.1 14.60 
29 68.2 66~ 64.' 62.1 60.7 52~ SO~ .SA 15.66 
30 65.9 64.0 62.0 66.1 58.7 50.5 48.6 46. 16.76 

31 ,,~ 61.9 60.0 58.1 56.8 48.9 47.0 45.3 17.89 
32 61 .8 60.0 58.1 56.3 55.0 47.4 45.5 43.9 19.07 
33 59.9 58.' 56A 54.6 53.3 45.9 44.' 42.5 20.28 
34 58~ 56.' 54.7 53.0 51.8 44.' 42.9 41.3 21.53 
35 56.S 54.8 53., .slo5 SO.3 43.3 41.6 40.1 22.81 

36 M. ~, 51.7 ~., .... .u ... • • 24.13 
37 ~J 51.8 ~, ... , .,. .,. H A UA 25.49 

38 .. , ~J •• D.' .... H.' IU ,... 26.89 
Loa.da .. bove upper bOl'lront.atllnos will produce maximum allowable 8bear In wobl.. 
Loa.da below lower horlzonta l linOll will produce excemve dofioctlon8. 
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j ~ ... --.~ BEAMS 
AMERICAN STANDARD 

BEAM 

120" ! I -· , 

... , ... 
I 1' 1 

S •. • 
I •• 
S •• 

d 
b 

• 
P 
• Grip , 
• 
g usual 
g. 

M mu 
V mu 
Lmln 
Ib 
Ib! 
B min 
R mu 
RA 
LRA 
Wt.CA 
RH 
LRH 
Wt.CH 
Q 
,,~ 

!.mI. 
Ib 
lb. 
n min 
It max n. 
n" 

ESSENTIAL DATA 

Maximum Shear 12 Kips per 
Square Inch 

Maximum BendinG St_18 Kip. per Sqllare Inch -_ ... 

DATA 

B 2 2O" x7" B 3 20" )1 6}(" 
100 
"'. 3!. L~ l ~ 81.4 .... 75 I 70 I 65_' ............ 

1848.3 
1&4.8 
52A 
14.4 

20 
7j{ 
)I 

" 3j{ 

" 16)1 
' )( 
4 
3j{ 

1599.7 
ISO.' 
50~ 
14.0 

'5503 
155.' 
".7 
13.7 

ELEMENTS 
1501.7 
1502 
47.0 
.03 

1466.3 
146.6 
45.8 
13.1 

1263.5 
1263 
30.1 
'.4 

DIMENSIONS AND GAGES IN INCHES 
20 
7j{ 

" " 3j{ 

" 16)1 
' )( 
4 
3j{ 

20 
7)i 
)( 

" 3j{ 

" 16)1 
' )( 
4 
3j{ 

20 
7 
% ,. 

3j{ 
)I 

16)1 
' )( 
4 
3j{ 

20 
6% 
% 

" 2)1 

" 16~ 

'% 
3)1 
3 

1214.2 
121A 
28.' 
U 

20 
6)1 
% 

" 2)1 ,. 
16)1 
' % 
3)1 
3 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 
247 240 233 225 220 189 182 
210 192 174 15T 144 154 136 
4.72 5.00 5.34 5.75 6.11 4.93 5.35 

15000 15000 15000 15000 15000 15000 14910 
13095 12000 10890 9795 9000 9615 8455 
11.00 11.00 11.00 11.00 11.£10 11.00 11.10 
111 102 93 83 n 82 72 
~ ~ ~ 81 n ~ N 

12.21 11.85 l1AS 11 .13 11.13 9.36 9.84 
ID ID ID ID ID ID ID 

130 130 130 130 126 130 119 
7.61 7.38 7.15 6.93 6.98 15.83 6.12 
41 41 41 41 41 41 41 

1978 1920 1860 1802 1759 1516 1457 

1169.5 
U63 
27.9 

••• 

20 
6j{ 
)I ,. 

2)1 
)( 

16}l 
'% 
3)1 
3 

175 
'20 
5.85 

14210 
7105 
11.89 

60 
66 

10.63 

'" .05 
6.68 
41 

1403 
_ MH. 800dill3 MOm(ln~ ln Po<>t.-Klp&. v......,,; _ M~ Web Sbear In Kl~ 
_ Min. Span In rOO1O to dovdoo Vrna •. 
_ Allo .. ablo Unit St.- tor Web Uuck llll3 In pound. J)er ~uaro inch. 
_ Value of Web In ULlckilng per" lneb or loo~. in j)()UIldII. 
_ Min. E nd Bearing In Inehel! to doYclop Vmax. 
_ Ma •. End Uca.ctlon In KIp" .. I1on IJ - 31oi". 
_ ~l u. Valueof Shov R IY(ltoSio KII'" In ono Connection SOI"IOI A. Sao pageot Oonnectkma. 
_ Mu. Value or Sbop Uivollli n KlpOIln ono Conoection SOrIOi U . See pago or ConoocUona. 

Rh'ot ValuOi ln OUlateadLng Lap m\lSt be inVOfitlpted. 
LRA.LRn _ Min. Span in F_ tod\mlk)p R A or lUI. 
W~.OA .Oll _ Welleht In pounda ot one OQllneeUon ~~ A or lI . inehtd.iD;g Web RIV(lta. 
Q _ Coell'ldeut ot Stt'el"lgl.b _ 12 5,.,. 

To obtaJ..n xato unllormJy dimibuted load in KIp". dJride Q by the required ~ In teet. 
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BEAM BEAMS 
18"I AMERICAN STANDARD 
15" ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS Applicable on ly whln IMC1clo ... . ... bneed agalnlt lau.,. d.rlKtlon. 
"'or .. nbraced _tlon, .. f,loadl mUlt boo ,..d .. e .... , _ page 184. 

M aximum BendI ng Stress 18 Kips pel' Square I nch 

Nominal DOIIIII and Fl ...... Width WoI-,t p. FOOl .... 84 18" x 6" 85 15" Ii: 6" eo""" .... .. • ,,~ 70 65 60 54.7 75 70 5' &0.8 o,nection ... ... u.. -'" ... .... .... Ch . -
307.2 312.5 :l7T.2 , 305.8 m., m., 274.9 263.8 241." 21U 0.30 

5 244.7 234.0 223.' 219.9 211.1 202.3 194.9 0.47 

198.7 

6 203.9 195.0 186.2 176.8 183.3 175.9 

I 
168.5 16204 0.67 

7 174.8 167.2 159.6 151.5 157.1 150.8 144.5 139.2 0.91 
8 152.9 146.3 139.6 132.6 137.4 131.9 126.4 121.8 1.19 

• 135.9 130.0 124.1 117.9 1222 117.3 I 112.4 108.3 1.51 
10 122.3 117.0 111.7 106.1 110.0 105.5 101.1 97.4 1.86 

11 111 .2 106.4 101.6 96.' 100.0 95.9 91.9 .... 2.25 
12 101.9 97.5 93.1 .... 91.6 88.0 84.3 81 .2 2.68 
13 94.1 90.0 85.' 81.6 84.' 81.2 n .• 75.0 3.15 
14 87.4 83.' 79.' 75.8 78.5 15.4 n .2 69.6 '.65 
15 81.6 78.' 74.5 70.7 73.' 70.' 67.4 65.0 4.19 

16 76.5 73.1 69.8 66.3 68.7 88.0 63.2 60.' •. n 
17 n.a 68.' 65.7 62A 64.7 62.1 59.5 57.3 ,.38 
18 68.' 65.0 62.1 ... , 61.1 ... , 562 54.1 6.03 
19 64.' 61.6 .... 55.' 57.9 55.' 532 51.3 '.n 
20 61.2 58.5 5~' 53.0 55.0 5,. 50.' 48.7 7.45 

" 58.' 55.7 53.2 SO.5 52.4 SO., "2 46A 8.21 
:22 55.6 532 .... '8./ SO., 48.0 46.0 44.3 9.01 
:23 53.2 SO., .~, 46.1 47.8 45.9 44.0 42A 9.85 .. 51.0 48.8 ,&5 44.2 45.8 44.0 42.1 40.6 10.73 

2' 48.9 46.8 44.7 42.4 44.0 422 40.5 39.0 11 .64 , 
26 47.1 45.0 43.0 40.8 42.3 40.6 ,~, 37.5 12.59 

27 45.3 43.3 41.4 39.3 ~., H.' 31.8 38.1 13.57 

29 43.7 41.8 39.9 37.9 H~ 37.7 ~., M.' 14.60 

29 42.2 40A ,8.5 36.6 37.' " .. M.' • •• 15.68 

30 40.8 39.0 37.2 35.4 16.76 

31 39.5 37.8 36.0 34.2 17.89 

32 36.2 36.6 34.9 33.1 19.07 

33 31.1 .~ ••• ~., 20.28 
34 " .. M.' " .. 31.2 21.53 
35 " .. ••• 31.1 lOU 22.81 

Loa.d8 aOOV<l upper borlzontallinee wlll produce mal:lrnum allowable 8hoar In w\lbol. 
Loads below 1011'01' horiwlltalilnee will produce (lIC<l88ive dcflOCtions. 
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BEAMS BEAM 
.c--L . -" 
• • , . -- .... p IIB" , f -----, AMERICAN STANDARD , · W · d I 

ESSENTIAL DATA , , , 
DATA · o --- ., , 

~----- . j M;u:lmum Shear 12 Kips per , . '1, ,,--.. - •• Square Inch • : ~_ , . .,i : Grip 
o •• , 

: t.: .. J -o! Mulmum Bending Streu 18 Kips por SqUilrfI Inch , . 
---11-'''' 

Nominal OIPltl ond Fla/lllt Wldtll Weight pw FOOl 

Notatlool •• 1S" lI. 6" 

I •• 15" lI. 6" 

I I I I 
, 

I ~ 70 " 60 54.7 75 70 .. 
u... u... u... u... u... u... , u... 

ELEMENTS 

I 1'1 911.5 an.7 837.8 795.5 687.2 659.8 632.1 609.0 
S 1'1 IOU 97.5 93.1 88.' 91.6 87.9 I ... n.' 
I .. 24.5 23.4 22.3 21.2 30.6 28.8 27.2 26.Q1 
h . 7.' 7.' 7.3 7.1 9.' 9.3 ~9 ' .7 

DIMENSIONS AND GAGES IN INCHES 

d 18 18 18 18 15 15 15 15 
b ' j{ ' }i ' }i • ' j{ ' }i ' }i I 
I ){ ~ lti » }i " " ~ , 

" " " " " " " " • ' ){ '){ ' ){ ' ){ ' ){ ' ){ 2~ ' ){ 
Grip " " " " " " " " I 15~ 1534' 15M ISX' 11~ " ){ 11 ", I1 U 
• 1% 1% 1% 1% Hi 1~ 1" 1~ 
g usual 3» ;~ 3» 3» 3» 3» 3» . J> 

" ' ){ , ' ){ ' ){ 3 3 3 • 
MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 

M mu 153 146 140 133 137 132 126 122 
V max 154 136 118 99 156 139 121 106' 
L min 3.98 4.31 4.73 '.34 3.52 3.81 4.18 4.59 
Ib 1_ 1_ 15000 14340 

,_ ,_ 
15000 15000' 

101 1066' 9435 8205 6595 13020 11550 10080 8850 
B min 9.90 9.90 9." 10.56 ~" ~" 8.25 8.25. 
R max 85 75 .. 53 94 84 13 .. 
RA 65 65 58 48 65 65 " 62 
LRA 9.41 ' .00 9.63 11.05 M. ~" 7.78 7.86 
Wt.CA 21 21 21 21 21 21 21 21 
RH 130 130 115 97 130 130 130 12' 
LRH '.70 '.50 4.86 5.41 4.23 4.06 3.89 3.93. 
Wt.CH 30 30 30 30 30 30 30 30 
Q 1223 1110 1111 1061 1099 10" 1012 914' 
,,~ = Max. DendiIII' Momen' In lI'oot.-KiJ)l.. Vraax _ Mn. Web Shear in Klpa. ....... _ Min. 8E1': In feet to deve~ Vmn . 

'" _ Allowa Ie Unit StlWa for ' eb Duekllna: In ~da per ~uare Inch. 

"" = Value of Web In Buckling per Ineb of lengt • In pounds. 
O m'" = Min. End Ilet.rilll' In inch.:. to develop Vnuu:. ,, - =- Mn. Knd Re.ctlon In Kip!! .. hen B - 3{)t" 
UA "'" Mn. ValueofSbop Rlvetsln Klpdn one nneetlon Serl", A. See page ofOonnectlons. 
lUI = Max. Valueot 8hop Rlvetll in KIJ)II ln one Oonnectlon 11«1", II . See pageof Qonn\ICC.IOIl8. 

Rivet Valu.:.ln Outstanding 'ft'r mUllt be inve!ltlgated. 
LR A.LR fI = Min. Span In Foot to develop n or n u . 
W~.OA.OH = We~M In l)()Und. ot one Oonnectlon Serlo:. A or H . IncludIng Web Rlvetll. 
Q =- 000 clentotStnlngth=-12S,.,. 

T o obt.&1n we uniformly dlstrlbulAld load In KiJ)l!l. divide Q by the requlnld 'p&ll in feet.. 
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BEAM BEAMS 

15"1 AMERICAN STANDARD 
12" ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS AoppUcabl . only wh .... Hetlon ...... br ...... . galnlt Ilbral defleHlon. 
For unb ....... HCtlon . .. ,.I_d. mUl t be ...t .. -.:t, _ pig. IS-. 

Maximum BendIng Stress 18 Kips per Square Inch 

Nominar DIPtII ..... , WlcItIo-Wti I " f oot .... B 7 15" II 5J1" .8 12" II 5 J.:1: " 8912" x5" ""'"-'" • ,~ 55 50 45 .~, 55 SO 45 40.8 35 31.8 Dentclion 

u.. u.. u.. U>o. .... .... .... u.. ..... u.. 

"u , m.' 19811 212.9 197.1 182.7 ,n, 0.17 

• 203.5 192.5 182.7 147.e 159.7 ISO. 142.0 1JU 113.5 100.8 0.30 

• 162.8 154.0 145.1 141A 127.7 120.7 113.6 107.6 90. 86.3 0.47 

• 135.7 126.3 120.9 117.8 106.5 100.5 94.7 69.7 7~7 71.' 0.67 
7 116.3 110.0 103.6 101.0 91.3 86.2 81.2 ". 64.9 61.7 0.91 

• 101.7 98.2 90.7 88.' 79.' 75.4 71.0 sa 56.8 54.0 1.19 
9 90.4 85.' OJ.' 78.5 71.0 67.0 63.1 ". SO., 48.0 1.51 

10 81.4 77.0 72.6 70.7 83.' 60.3 .... 53.' 45.4 43.2 1.8. 
11 74.0 70.0 66.0 64.3 58.1 54.' 51.6 48.9 41.3 39.2 2.25 
12 67.8 64.2 60.5 58.9 53.' so., 47.3 44.8 ,,. 36.0 '.68 

" 62.6 59.2 55.' 54.' 49.1 46.4 43.7 41.4 34.9 ,,~ 3.15 
14 58.1 55.0 51.8 so .• 45.6 43.1 40.6 " .• 32A 30.8 3.65 
15 54.' 51 .3 .M 47.1 42.6 4O~ 37.9 35.9 30.3 ,~. 4.1 9 

" SO.9 48.1 45.3 44~ 39.9 37.7 35.5 ".6 28.4 27.0 '.77 
17 47.9 45.3 42.7 41.8 37.6 35.5 33.4 31.8 26.7 25.4 • .38 

" 45.2 42.8 40.3 39.3 35.5 " .• 31.8 29.9 25.2 24.0 6.03 
19 42.8 40.5 38.' 37.2 " .. 31.8 29.9 ,., 23.9 22.7 6.n 
20 40.7 " .• 36.3 35.3 31.9 30.' 28.4 2<.9 22.7 21.8 7.45 

21 as. 36.7 34.' 33.7 30A 28.7 27.1 25.6 21.6 20.6 8.21 
22 37.0 35.0 ".0 32.1 ~ .. ~ .. n .• 24.4 " .. 19.8 9.01 

" 35.4 33.5 31.5 30.7 ~ .. "., 24.1 n A 19.7 18.8 9.85 
24 33.9 32.1 30.2 29.' ". "., n.' ~ .. 18.9 , .. 10.73 
25 32.6 30.8 29.0 ,~, 11.64 

26 31.3 29.6 27.9 27.2 12.59 
27 ~. , " .. ~ .. "., 13.57 
28 n.' ,,. H. H.' 14.60 
29 "., m .• H.' ,u 15.68 

Lo:Ws abovo u"pcr horlzontalllnOli will produco maxImum allowablo Bhe&r in woba. 
Lo:Ws below lower horizoJltaL UnOli wUL "roduco oxcosslvo doD(lCtlons • . . 
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· h .. BEAMS BEAM 
,o: _. :t¥ J · , . , P I 15" 
• f ----- AMERICAN STANDARD • 

· , · 12" d I ESSENTIAL DATA , · · G --- ., DATA 
• "'----- J Maxlm ... m Shear 12 Kips per i 0 . '" "' --,,- .1 Square Inch ' , : ': J : Grip : "-9,'- : 

: t·'; I.o ·I-": 
"---b--- '" 

Maximum Bending Stress 18 Kips per Square Inch 

Ho ........ DopIh and Fl ..... WIcIIII Wlighl p. Foot 

Notation B 7 15" x 5 M" B. 12" It 57.1''' B 9 12" It 5/1 

55 SO 45 42.9 l~. J_ti~. 40.8 35 I 31.8 
u.. u.. u... u.~ u.. u.. u.. 

ELEMENTS 
I 1_ 1 508.7 481.1 453.6 441.8 319.3 301.6 284.1 268.9 227.' 215.8 
5 1' 1 67.' ,,~ 60.5 ".9 53.' SO.3 47.3 44.' 37.8 36.' 
I .. 17.0 16.0 15.0 14.6 17.3 16.0 14.8 13A 10.0 '.5 
S .. ~. 5.7 5.' 5.3 .. , 5.' ~5 5.3 3.9 3A 

DIMENSIONS AND GAGES IN INCHES 

d " 15 15 15 12 12 12 12 12 12 
b 5~ 5% 5J.j 5J.j 5% 5J.j 5% 5X 5)j 5 
I % % hi hi % % % J.j hi ji 
P % % % ji % % % % % % 
• ' J.j 2J.j 2J.j 2J.j 2% 2ji 2ji 2ji 2ji 2% 
Gn, ji % % % % % % ji J.j J.j 
I 12J.j 12J.j 12J.j 12J.j 

"" 
9ji ' ji 9% 9li 9li , l li IX IX IX 1% ," ," ," 1)j 1)j 

g usual 3J.j 3J.j 3J.j 3J.j 3 3 3 3 3 3 .' 'li 2li ' li 2~ ' li ' li ' li 2li ' J.j ' J.j 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 
Mmax 102 96 91 88 60 " n 67 57 " V max 117 99 ., 74 117 99 61 .6 62 50 
Lmin 3.49 3." 4.46 '.79 2.74 3.OS 3,49 '.06 3.68 4.28 
fb 15000 15000 1_ 14720 15000 15000 ISOOO ISOOO 15000 ,_ 
fbi 9720 .'50 6780 6035 12150 10305 64" 6900 "" 5250 
Bmln 8.25 8.25 8.25 8.48 6.60 6.60 6.60 6.60 •. 60 6.60 
R ma>< 7Il 60 49 " 79 67 55 .5 42 34 
RA 65 58 47 43 49 49 45 36 34 26 
LRA ..,. ." 7.72 8.22 6.51 6.16 6.31 7.47 6.67 7.n 
Wt.CA 21 21 21 21 15 15 15 15 15 15 
RH 130 116 95 88 97 97 .9 72 .7 55 
LRH 3.13 3~' 3.62 4.11 3.29 ~11 3.19 3.73 3.3, 3.93 
Wt.CH 30 30 30 30 22 22 22 22 30 30 
Q 61' no 726 707 638 604 568 538 ." .32 
M= - Max. Bending Moment in F'()()t-K!~. VIlla" _ Malt. 'Veb Shear In Kips. 
Lmm .... !\lIn. S&i': In teet 10 devel~ VIDal(. 

'" = AUowa Ie Unit S~ tor \ eb Buckling In {tunth per square Inch 

"" ... Value or Web In Buckllng per Inch or leogt . In pound!!. 
B min _ Min End Bea.rLng In incbes to dM'Clop VIIl&2: 
Rmu "'" Mu Elld Reaction In KIp" when n = 36t:; 
RA _ lIIu. ValueotShop Rivetllin KIJ)IIin one neetion 8er10llll A Sea pagootConnoet loIlll. 
RH _ Max Value of Shop lUvetsin Klpain ono Connection Serillfl H . See pag<l otConnectloIlll. 

Rivet Values In Out.ltandlng ~ must be inve!tlgated. 
LRA,LRR =- Min. Span In Feet t.o develop R or R R . 
Wt.OA,OII _ We~ht In pounds of ono Connection Ser ies A or H. including Web Rlvetll. 
Q "'" <Joe clent of Strength =- 12 S ' .I. 

To obtain sate unlformly distributed load In Kips, divide Q b)' the required span In root. 
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BEAM BEAMS 10"1 AMERICAN STANDARD 
8" ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS Applh:. bl . only when ...,tlo,, ' ... b~.,,'" alltlnatleu • • , dltfl..,tlon. 
For unbr ....... HCtlo",,,' e l,,ad t mull be ...... ueed. _ pall' 1M • . 

Maximum Bending St~1I18 Kips per Square Inct1 

,:, 1 
Noml .... Dopt/I t nd FllIIfI Wiotth-Wlitlhl per r oot 

.~" •• %" 
B12 8" x 4" I c..meltn' • ,- 40 35 30 25.4 25.5 23 20.5 .... Ot ftedlooo 

-I "" ':8 
u.. u.. u.. u.. u.. u.. - -

177.S ,~, 102.1 ~., ... 
3 126.4 116.6 le6.S 14.4 68.1 64.' 50.' 51.8 0.17 

• 94.8 87.5 SO.l 73.3 51 .0 48.1 452 42.7 '.30 
5 75.8 70.0 64.1 58.6 40.8 38.5 36.1 34.1 0.47 

6 63.' 58.3 53.' 48.8 34.' 32.! 30.1 '8.4 0.67 

7 54.' SO., 45~ 41.9 26.' 27.5 25.8 24.4 0.91 
8 47.4 43.7 40.1 ".6 25.5 24.1 22.6 21.3 1.19 
9 42.1 38.9 35.6 32.6 22.7 21 .4 20.1 19.0 1.51 

10 37.9 35.0 32.0 26.3 20.' 19.3 18.1 17.1 US 

11 34.' 31.8 26.1 26.6 18.6 17.5 16.4 15.5 '25 
12 31.6 26.' 26.7 2'1.4 17.0 16.0 15.1 14.2 ' .68 
13 26.' 26.9 24.6 22.' 15.7 14.8 13.9 13.1 3.15 

14 27.1 25.0 22.9 20.' 14.6 13.7 12.9 12.2 3.65 

15 25.3 23.3 21.4 19.5 13.1 12.8 '" ". 4.19 

16 23.7 21.9 20.' 18.3 12.8 '" ", 10.1 '.77 
17 22.3 20.6 18.8 17.2 12.0 ", 10.' In.1I '.38 
18 

~ 
le .• 17.B 11.3 6.03 

19 m. 18 .• lU 15.4 6.72 
20 111 .0 11.5 18.0 14.1 7.45 

Loads above u pper horlrontal lln08 wlll lIroduce mlUlmum alLowa.ble ~hoa.r ID wcbo:. 
Loads belo ... lower horiwntal LiU08 ... m produce exCC6S1ve deflections • . 
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A: - -"-~::;iPr~;-'~' P BEAMS 
AMERICAN STANDARD 

BEAM 

, 0 --" 

l ID" i ,-----
I i , , . . . ESSENTIAL DATA 
! ~_____ 0 --- -l 
L_!_ " __ J j ilt Maximum Shear 12 Kip. per 

Square Ine" 

8" 
DATA 

, : ~- ~ . .J ! Grip , " . 
: t-oI :' I ": Madmum Bending Streu 18 Kips per Square Inch 
!.--b--": 

H_inII DIIIIth MOl n ..... Wlddt-Woltht .... FIIIIIII 

B 10 10" )( 4~" B 12 8" J( 4" 
"~.. .,--,--c-:-:-

__ --"L-".!."'a_L-"J... .. 5~.L_'J..."'O'__t ~~ _~"5,,.5--"IL-".!"'--'-I-'!. .. · 5~ . .LI-''!.'''·'-' _ 

I I-L 

S L-I 

I ~ 

S ~ 

158.a 
lL< 
9.' 
1.7 

ELEMENTS 
r-..,..-",,,, 145.8 133.5 

29.2 26.7 
8.5 7.6 
3.4 3.2 

122.1 
,4.4 
< .• 
l.a 

OoT,-.... ~ .-r-..,.-

I 
68.1 64.2 60.2 56.9 
17.0 16.0 15.1 14.2 
4.1 4.4 4.0 3,8 

'·'_L-",,· '_L--",,·O,--,---,,"'''--
DIMENSIONS AND GAGES IN INCHES 

d.---,-,I'a--,~,~aC--r-..,a.--, 10 r-'8.--r-,8.-~-8.--,-o8---

b 5}i 5 4~ 4% 47.l' 4}i 4}i 4 
t ~ % ~ ~ ~ ~ ~ ~ 
p ~ ~ ~ ~ ~ ~ ~ ~ 
a 2J.i 2"" 2}i 2}i 1~ 1~ Hi 13-1 
_ ~ ~ ~ ~ ~ ~ ~ M 
f 888 8 6~ BM 8M 6U 

o 1 1 1 1 Ji J.i J.i J.i 
,-~ . . . . . . . . 
~ ~ ~ ~ ~ . . ~ . 
Mmn 
Vmn 
Lmin 
fb 
fbI 
B min 
Rmn 
RA 
LRA 
Wt.CA 
Wt.CH 
Q 

MAXIMUM BENDING MOMENTS. WEB RESISTAN.C-=ES:::.; E:cTc.;C;,' _~-;;;_ 
47 « ~ D ~ ~ ' n ~ 
H n M D M ~ N ~ 

2.13 2.45 2.99 3.94 2.00 2.27 2.70 3.29 
15000 15000 15000 15000 15000 15000 15000 15000 
11115 8910 6705 4650 7S8O 6615 5235 4050 
5.50 5.50 5.50 5.50 4.40 4.40 4.40 4.40 
~ ~ ® ~ « ~ ~ ~ 

~ ~ U ~ ~ ~ • ~ 

2.92 2.83 3.41 4.44 1.82 2.09 2.45 3.04 
15 15 15 15 15 15 15 15 
30 30 30 30 
379 350 320 293 204 192 181 '70 

MIIUIoJ: _ Mu. Bending Momen~ln P"oot-KJpt. Vm.u _ :.In. Web Sb .... ill KJpt. 
LmiD _ Min. Span In fOO~ to develop Vmu. 
fb _ Allowable Unl~ Sll"lR f or W eb Buckling In pOUIldl per lIquaI"C Inch. 
fb~ _ Value or Web In Buckllng per Inch or longth.ln pounda. 
fl min _ Min. End Bearing In Inehel to dovelop Vm&:<. 
1tIDaJ< _ l'> lu. End RcacUon in Kips when B _ 3 W ', 
RA _ Ma.x. Value or Shop Rlvotsln Kl psln one COnnection ~ A. Soo pagc orConnect lol\l, 
RlI _ Ma.:, V&luoofShop Rlvel8ln KJ psln one Oonnectlon SerlOO U . Soo J)IIBtI otOonnectloM. 

Rlve~ V&luooin Outlltandlng l.ef:t mlUl~ be InvClltlgated. 
LRA.LRU _ Min. Span In I'oo~ to develop RA or Rn. 
W~OA.OH _ Welil:htln pound. orono CoimectloD 8er~ A or U.lnelu<llnM Web Rive"", 
Q _ coefllcient of Slr'C<>Sth _ 12 8,., . 

To obtain l18!e unJtormJy diauibuted load In Klps. divide Q by the roqulrod lpan In root. 
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BEAM BEAMS 7"1 AMERICAN STANDARD 

6" ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS AppU ... bl. onl,. when _Io"s .... braced .g.I ... t I.too .... d.n .. tlon . 
For ,,"b .. oed _tIon a .. , . Ioad. mun be N<lu ..... . _ ~~'84. 

Maximum Bending Stress 18 Kips pel" Square Inch 

Nominal D .. • Wlotttt-W II ,~ ... B13 7" It 3%" *S 42 B I. 6" x 3%" ·S 41 ..... ~ 
'" Dl"'-,,3J.i" 1C16" I 3" • ,~ 

20 17.5 15.3 12 17.25 14.75 12.5 10 
Defteetlon 

.... .... .... .... .... u. . .... .... 
7U 17.0 ~9.' 

2 71.9 .... c .• 31.8 52.0 47.6 U.l ~., 0.07 , 47.9 44.5 41.4 31.5 34.7 31.8 29.0 23.6 0.17 

• 36.0 ,3.4 31.1 25.5 26.0 23.8 21.8 17.7 0.30 
5 28.8 26.7 24.8 20.' 20.8 19.1 17.4 14.2 0.47 

8 24.0 22.' 20.7 17.0 17.3 15.9 14.5 11.8 0.67 
7 20.5 19.1 17.7 14.6 14.9 13.6 12.4 10.1 0.91 
8 18.0 16.7 15.5 12.8 13.0 11.9 10.9 8.9 1.1 9 
9 16.0 14.8 13.8 11.3 11 .6 10.6 9.7 7.9 1., 

10 14.4 13.4 12.4 10.2 10.4 9.5 8.7 7.1 1.86 

11 13.1 12.1 11.3 9.' ••• .. , , .. ••• US 
12 12.0 11.1 10.4 8.5 .. , , .. , .. ••• 2.68 
13 n.l 10.3 ••• , .. ••• , .. .. , . .. 3.15 
14 ... ••• ••• , .. '.65 
15 ••• ••• U ••• 4.19 

Load. above upper horizontailinee will produce maximum allowable shear In weN.. 
Loads bela", lower boriwntailines will produce exc~ve defiecUont. 

"Standard MIU Section, not Amfrlca.n SUWda.l'd. 
ClCamegio Steel COmpany only • 

. 
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BEAM 

1 ~ 

BEAMS 
AMERICAN STANDARD 

ESSENTIAL DATA I T' 
6" 

: i 0 --- - :0, 

[ ~ - ;.:. ,. ~. ,:lI't t __ ~_ 

, I I I' , : G I : .. ~._~ , rp 

Madmum Shear 12 Kips per 
Square Inch 

: 1..::..·.,; , : Malllmum Bendinll Stress 18 Kips per Square Inc:h 
.. --- b-- ...... 

.-
I 1'1 

S 1-' 
[ " 
S " 

d 
b 
t 
P 

• 
Grip 
I 

• 
9 usual 
g. 

M max 
V max 
Lmin 
Ib 
Ibt 
B min 
Rm", 
RA 
LRA 
WI.CA 
Q 

20 
u... 

813 

41.9 
12.0 
3.1 
1.6 

NOllllnal D ancI FI • ~w I "'" foot 

7" x 3%" ~~B 42 B 14 6" .3""" 
I!OI l" 1l3 ~~ 7H 

17.5 
u.. 

,.. 
ll.1 
2.' 
1.6 

15.3 
u.. 

362 
10.4 
2.7 

I.' 

12 
u.. 

ELEMENTS 

29.8 
8.' 
2.1 

1.18 

17.25 
u.. 

26.0 
8.7 
2.3 
1.3 

14.75 
u.. 

23.8 
7.' 
2.1 
12 

DIMENSIONS AND GAGES IN INCHES 

7 7 7 6 6 
3~ 3% 3M 3% 3~ 
~ ~ ~ ~ % 
% % " % ~ 

1~ 1 ~ 1% 1 ~ 1}i 

% % " % % 
5% 5% 5~ 4}i 4M 
~ ~ % ~ ~ 

2.)4 274" 2 2 2 
2 2 1J1 2 2 

12.. 
u.. 

2,. 
7.3 
1.8 
1.1 

6 
3% 
li 
% I" 
" '" li 

2 
2 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 

18 17 16 13 13 12 11 
38 29 21 16 33 25 17 

1.90 2.30 2.96 3.23 1.55 1.93 2.63 
15000 15000 15000 14620 15000 15000 15000 
6750 5175 3750 2750 6975 5145 3450 
3.85 3.85 3.85 4.00 3.30 3.30 3.30 
35 27 20 14 35 26 11 
24 18 13 9 24 18 12 

3.00 3.70 4.80 1.52 2.18 2.63 3.65 
8888888 

1« I~ rn I~ I~ ~ ~ 

DATA 

· 8 41 
1:1 6" .. 3" 

10 
u.. 

17.8 

••• 
13 
OA. 

'.0 
14.0 
2.62 

15000 
2820 
3.30 
14 

• 
1.69 

8 
7t 

Mma,. =- Max. nondlng Moment In Foot-KIpS. Vmax _ Ma.x. W eb 8bO&l' In KJps. 
Lmln _ Min. Span In root to develep Vmax. 
fb -= Allowable Unit StrollS ror Web Buckling In pOUncis pcr BQ.uaro Inch. 
fbt .... Value or Web In Buckling per inch or length. ill DOwl(is. 
fl min = Min. End BCIlrtng iIllnchell to deveLop v max. 
RmlLX =- Max. End Reaction In KIpS when n =< 3J.i". 
R A =- Max. Value or Shop Rivets in KIP'lJIn one Oonnectlon Serlell A. SoIl page or COnnectlo ..... 
LUA <= Min. Span In root to develop RA. 
W~CA "'" Wellfht In pounds or one Connection Se!'les A. including Web Rivets. 
Q => Cocl'ilclent o r Strength _ 12 S,.,. 

To obt.aJn Gte uniformly d istributed load in Kips. divide Q by the required .pan In root . 
• Standard Mill Section. not American Sta,ndard. 

IClCarncglo Steel Company only. 
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BEAM BEAMS 5"1 AMERICAN STANDARD 4" 
3" ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS Applleabl. o,,'y .. he" Hetlone ... brae"! alllo h'ot latera l den..,tlon. 
F"or ,,"br.ced _tlon, ... f. I_d . rn.ut be ....... <:ed. _ pago 184. 

Maximum Bending Stress 18 Kips per Square Inch 

NooniNl DeDth WId Fl ... Wkl!h-W"",""" FOOl ..., B15 5" x 3" B 16 4" II 2$ " B17 3" x 2~" .,....~ 

'" • 
r~ 14.15 12.25 10 10.5 '.5 8.5 7.7 7.5 '.5 5.7 Deflection 

u.. u.. u.. u.. .... u.. u.. u.. u.. u.. 
~., 

1 59.3 • 1.8 ~ .. 31.3 24.3 18 .2 23.1 ' 8.1 12.2 0.02 
2 36.1 32.4 ~., 21.3 20.1 18.9 17.9 11.5 10.7 9.9 0.07 
3 24.1 21.6 19.3 14.2 13.4 12.6 11.9 7.7 7.1 '.6 0.17 
4 18.1 16.2 14.5 10.6 10.0 9.5 8.' 5.8 5.3 5.0 0.30 · 
5 14.4 13.0 11.6 8.5 8.0 7.6 7.2 4.6 4.3 4.0 0.47 

6 12.0 10.8 9.7 7.1 6.7 6.3 6.0 u u u 0.67 
7 10.3 9.3 8.3 6.1 5.7 5.4 5.1 u >.0 u 0.91 
8 9.0 8.1 7.3 u ••• 0 ••• ... ,., ... 1.19 
9 ••• " ••• 0 ••• .., • •• 1.51 

10 '-' ••• ••• 0.> ••• U u 1.86 

11 ••• ••• u as 

Loads above upper horizontal Iin08 "'1Il produce mas hnum allowable shear In .. et... 
Loads 0010 .. low8r horlWIltall\ne<l will produce e:<CflII/Ilvo deflections. 



, t>:,o· 
f--~- .::p 
: f-- ---· . , . 
, I 

· . .oo ----l 
l ~-----" _ J :112 t __ .. _ ,. 

, : ~ .• ..,,: ! Grip , .. . 

BEAMS 
AMERICAN STANDARD 

ESSENTIAL DATA 

Maximum Shea r 12 Kip. per 
Square Inch 

"7 

18EA~"l 4" 
3" 

DATA 

, I·tlt. . .... 
L·b·_ ·..i Mallimum Bending Stress 18 Kip. per Square Inch 

.... "'" 
N ......... DIIIII!I ..... fl ..... WMltlt-WIighI ~ rOOl 

_ B 16 4" x 2~" I B 15 5" )[3" 

1
14.75 I 12.25 10.0 I 

. UN. _ LIMo. I L.bo. _ 
9.5 I 8.5 
UN. L u.. . 

10.5 
u.. 

ELEMENTS 

7.7 ... 
8 11 

7.S 
u.. 

3" x 2~" 

6.5 5.7 .... .... 

I 1-' 
S '-1 
I » 
S I-I 

'I' 15.0 13.5 
12.1 ... 7.1 .---,-;----,-;;.----.--..-,..,-,-;-,-B.7 6.3 6.0 2.9 2.7 2.5 

6.0 5." I 3.S 3.3 3.2 3.0 L9 L8 1.7 
1.7 1.4 1.2 1.0 0.91 0.83 0.77 0.59 0.51 0.46 

-,I. "CO _ -,,0.91 0.82 0.70 0.65 ~"0.,,61,--,-_0,,.=58,---,~OA7 DAl _ 004_ 0_ 

d 
b 
t , 
• 
Grip 
f 

• 
g usual 
g. 

Mmax 
V max 
Lmin 
fb 
fbt 
B min 
R max 
RA 
LRA 
Wt.CA 
Q 

5 
3X 
)i 

" 11> 

" 31> ,. 
'" , 

5 
3)i 

1> 

" 11> 

" 31> 

" 111 , 

DIMENSIONS AND GAGES IN INCHES 

5 
3 
l1 

" 11> 

" 31> 

" 111 , 
MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 

9.0 8.1 1.2 5.3 5.0 4.8 4.5 2.9 
30 21 13 19 18 12 9.1 13 

1.22 1.56 2.30 1.11 1.28 1.56 1.96 0.92 
15000 15000 15000 15000 15000 15000 15000 15000 
7410 5205 3150 6000 4890 3795 2850 5235 
2.75 2.75 2.75 2.20 2.20 2.20 2.20 1.65 
35 25 15 27 22 17 13 22 
26 18 11 

, .38 1.80 2.62 

• • • n 65 , 58 " 40 38 36 23 

2.7 2.8 
9.0 8.1 
1.18 1.62 

15000 15000 
3785 2550 
1.85 1.65 
16 11 

Mmax _ Max. Bondlll3 Moment In P'oot-KJpII. Vmax _ "'fax. Web Sbear In Klp'l. 
L min _ Min, Span In foot to dovelop Vmu. 
tb _ Allowabkl Un it Stress for Web Il uekllng In pOundll per lIQuanI Inct 
fbt _ Value of Web In Buckling per Inch of length. In J)OWldll. 
B min _ Min. End n~g In Inchet to develop VIIUIL 
Rmu _ Mb. End Reaction In "lpII when B =- 3W'. 
RA _ Mb. Value or Shop RivCW In KI(lIIIn ooe Connection S«1o. A. Sce pace or Coonootlons. 
LRA _ Min. Span In foot to del'elop I~A. 
W\.OA _ Wellcht In poundll or one Connoctlon Serlo. A. lncludtng Web RI\~. 
Q _ Oooftlcltm\ of Strength .- 12 ~h.,. 

To obtain IIIIofe unifOl'mly dilltribut«Jl<»d In Kips. divide Q by tbe required .pan In foot. 

-



••• 
H-BEAM 

H-BEAMS 8"I to 

4" ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS Appli ca ble only whe n Metlo" . .... bu ..... agal" l t Ie" •• ' d"'..,tlon. 
For .. nbr ....... _tlonl .. ,. load. mu.t be .... "e>ed. _ palla 11K. 

Maximum Bending Stress 18 Kips per Square Inch 

Homln:.! D.;>th II1II n...,. Wldtlt-W ..... t PtI' FOOl 

.... H. H 3A H 3 H' H 1 
"""""' '" 8" x 8" 6"" 6" 6" x 6" 5" x 5' 4" Jl 4' • 'M' " " ... -37.7 3<.3 " .• 27.5 25 22.5 20 11.' U .• "' .. "' .. "' .. Lb •. Lb •• ,~ ,~. "' .. c., 

~, 

3 .... n.' MA v ., 21.2 0.17 

• 90.6 n. '9~ ~, 41.0 '" 28~ 15.9 Q.30 

• 72.' 59A ~. , 39A 37£ 32.8 31.0 22~ 12.7 OA7 

6 6DA 57.8 56A 32.' 31A 27A 25.9 19.0 10.6 '67 
7 51.8 49.5 'U ,.., 26.9 23A 22~ 16~ '.1 0.91 
6 45~ 43A 42~ 24~ 23.' 20.' 19A 14~ " 1.19 

• 4D~ 38.5 37.6 21.9 20.' 19~ 17.2 12> I.' 1.51 
10 36~ 34.7 33~ 19.7 18.8 16A 15.5 HA .. U6 

11 32.9 31.5 30. 17.e 17.1 ' U , .. , ... 2~' 
12 3D~ 29.' 28.2 , U 15.7 'U 'u 2.68 
13 27.9 26.7 26.0 '" , ... n, H. 3.15 
14 25.9 24.8 24.2 3.65 
15 ~, '" ". 4.19 

16 "., m "' •. n 
17 '" mA , .. ,~ 

Load~ above upper horlwntal Unes will produce mu lmum allowable Iileal' In webo!. 
L:)adlJ below 10"01' horizont.a.lllnflll will vroduee Il.:IC('J8IIive del.loctlona. 

1Cl0000000e Steel COmpa.ny only. 



••• 
I • .. t :---, H·BEAM rt:iJ H-BEAMS I B

" , . " · , d I ESSENTIAL DATA 4" · , : ~----- . DATA · 0 , .• 
'L'r Maximum Shear 12 Kips pel' : i L.~'._.J :GI-lp , . . Square Inch 

: 1 ......... ·.-.-.: . . .... --- ...,..--- ... Maltlmum Bending Stress 18 Kips per Square Inch 

N"",lnaI 0""", ancI n... Width-We ~,~ 

H 4 H 3. H 3 H , H 1 
~ ... 8" X 8" 6" " 6" 6" )( 6" 5" X 5" 4" It 4" 

a ;; 
37.7 34.3 32.6 27.5 25 22.5 20 18.' 13.' u.. ... .... u.. ..... .... UN. "" . .... 

ElEMENTS 

[ .-. 120~ 115.5 112.8 49.3 47.0 41.0 38~ 23~ 10.7 
5 1'1 302 28.' 282 16.4 15.7 13.7 12.' ,,5 5.3 
I ._. 36.9 35.1 342 16.0 14.9 122 11.4 7.8 3.6 
S ._. '.1 8~ 8.6 5.3 5.' , .• 3~ 3.1 1.8 

DIMENSIONS AND GAGES IN INCHES 

d 8 8 8 6 6 6 6 5 , 
b 8)j 8 7% 6J> 5% 6J> 5% 5 , 
I J> ~ " » " )j )< " " p » » » J> J> )j )j Ii " • 3% 3l1tO 3l1tO ' lItO ' lItO '» 21' '" 11' 
Grip » Ii » J> » " " Ii " I 8)< 6J.{ 6J.{ ' )< 'J.{ '" '" 3" 2J> , l' h h l' l' lItO % lItO ).{ , usual 5 5 5 3» 3J> 3» 3» ,).{ 2)< 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 

M""" 45 43 42 25 24 21 19 14 8 

V m" 48 38 30 32 23 27 18 19 15 
Lmin 3.78 '.82 5.63 3.12 4.18 3.04 4.30 3.04 2.12 
Ib 15000 15000 15000 lSOOO 1_ 15000 1500. 15000 15000 
fbI 7500 5825 4695 6570 4695 5825 3750 4695 4695 
B min 4.40 4.40 4.40 3.30 3.30 3.30 3.3. 2.75 '.20 
R""" 41 31 28 33 23 28 19 22 21 
RA 53 3. 33 23 16 '" 13 16 
LRA 3A2 'A5 5.13 4.28 5.89 4.11 5.95 3.58 
Wt.CA 15 I. 15 8 8 8 8 8 
Q 38' 347 338 197 188 164 155 "' 64 
M ma:r _ Ma:r. Bending Momont In Foo(..KlpoI. Vmu _ Ma.:r. Web Sbear In Ripe. 
Lmin .... Min. S~an In foot too deveJw, Vma:r. 
fb ... Allowa Ie Unit Stl"Cllll for eb Buckling In r!:undll per IIQIIaZ"e Incb. 
tbt = Valuo (If Web in Buckling pCr Incb of lengt • In pounds. 
D min ... Min. End Baar~ In Inches too develop Vmu. 
Rrne.>: -= Mu. End React on In Kipol when B = 3~". 
RA _ Mu. Valuo of Shop Rlv<)t8 In KlpoIin ono Oonnectlon Serle!! A. See page of Oonnoctlollll. 
LRA .... Min. Span In foot !(l develop RA. 
Wt.CA _ We~M In pounds of ooe Oonnectloo Scriell A. Including Wob Rlvel& 
Q _ COC elcntofSt.Nmgtb = 12S,.,. 

To obtain sate unlfonnly dl>;trtbuted load In KI»4. dlllldo Q by the requlrod span in foot. 
a Carnegie Stool Company onl)·. 



CHANN EL CHANNELS 
18"[ AMERICAN STANDARD 
15" ALLOWAB LE UNIFORM LOADS IN KI PS 

LOADS Applicable onl, when HCtlonl . ... b •• ,,1ld allalnu latenl den_tlon. 
1'" .... .. n b.a_ .-ctlon . ... ' e load. m ... t 1M red .. e .... "" p. llel$1. 

Maxi mum Ben di ng Stre" 18 Kips per Sq uare Inch 

Nomlnlll Do¢I and ""nlll' Wkltl>-w.cgllt PI" rOOI ..... C · C 60 18" x 4" C 1 15" x 3 " 
....... 

• • 
'"' 58.0 51.9 45.8 42.7 55 50 " 40 15 33.9 D. nwtloon .... u ... U>O • "" C>, .... C>, C>,. C>, U>O. 

mA ~,. 257.8 m.o 187.2 

3 298.1 ~u " .. '~A 228.8 214.2 199A 184.7 lSI .!! ,~. 0.17 , 223.6 207.4 191.2 183.1 171.6 160.7 149.5 138.5 127.5 125.0 0.30 
5 178.9 165.9 152.9 146.5 137.3 128.5 119.6 110.8 102.0 100.0 0.47 

6 149.1 138.3 127.5 122.1 114.4 107.1 99.7 92.4 85.0 83.4 0.67 
7 127.8 118.5 109.2 104.6 98.1 91.8 85.5 79.2 n.. 71 .4 0.91 
8 11 1.8 103.7 95.6 91.5 85.8 80.3 74.8 69.3 63.7 62.5 1.19 

• 99.4 92.2 85.0 81A 76.3 71.4 66.5 61 .6 56.7 55.6 1.51 
10 89.4 83.0 76.5 73.2 68.6 64.3 59.8 55.4 51.0 50.0 1.86 

11 81.3 75.4 69.5 66.6 62.4 58.4 54A 50A 46.4 45.5 2.25 
12 74.5 69.1 63.7 61.0 57.2 53.6 49.8 46.2 42.5 41.7 2.68 
13 68.8 63.8 58.6 56.3 52.8 49.4 46.0 42.6 39.2 38.5 3.15 

" 63.9 59.3 54.6 52.3 49.0 45.9 42.7 39.6 36A 35.7 3.65 
15 59.6 55.3 51.0 48.8 45.8 42.8 39.9 36.' 34.0 33' 4.19 

16 55.9 51.8 47.8 45.8 42.9 40.2 37.4 34.6 31.9 313 '.n 
17 52.6 48.8 45.0 43.1 40.4 37.8 35.2 32.6 31).0 29.' 5.38 
18 49.7 46.1 42.5 40.7 38.1 35.7 33.2 30.8 28.3 27.8 6.03 
19 47.1 43.7 40.2 38.5 36.1 33.8 31.5 29.2 26.8 26.3 6.72 
2{) 44.7 41 .5 38.2 36.6 34.3 32.1 29.9 27.7 25.5 25.0 7.45 

21 42.6 39.5 36.4 34.' 32.7 30.6 28.5 26A 24.3 23.8 8.21 
22 40.7 37.7 34.8 33.3 31.2 29.2 27~ 25.2 23~ 22.7 9.01 
23 38.9 36.1 33~ 31.8 29.8 27.9 26.0 24.1 22~ 21.7 9.85 

" 37.3 34.6 31.9 30.5 28.6 26.8 24.9 23.1 2U 20.8 10.73 
25 35.8 33,2 30.6 29.3 27.5 25.7 23.9 22.2 2{)A 20.0 11.64 

26 34A 31.9 29A 28.2 26.4 24.7 23.0 21.3 19.6 19.2 12.59 
27 33.1 30.7 28.3 27.1 ~ .. n.' ,.., ,.. '" '" 13.57 
28 31.9 29.6 27' 26.2 ~ .. n. ,u 11.8 ,., 17.1 14.60 
29 30.8 28.6 26A 25.3 n.' "., mA 1'.1 ,,. 'u 15.66 
30 29.8 27.7 25.5 2,. 16.76 

31 28.8 26.8 24.7 23.6 17.89 
32 28.0 25.9 23.9 22.' 19.07 
33 n.' ~., n, ,.., 20.28 
34 w 24.4 "-' "A 21.53 
35 ~A n.' ". m. 22.81 

Loads s hove upper horlzontalllnOil " '1\1 produce ma ximum allowable 8h~ In webol. 
Loa.d . belo .. lower hor izonlaillnes will ~roduco o~ceMlve deftllCtio DII. 

· 0 60-1 8" C hannel. b a Ship DuUdlng C a nnel, not American Standard . 
1CI0 arnegie Sted Company only. 
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CHANNELS 
AMERICAN STANDARD 

CHANNEL 

ESSENTIAL DATA 

Maximum Shear 12 Kips per 
Squ .... Inch 

Maximum Bending Stress 18 Kip. pel' Square Inch 

[
18" 
15" 

DATA 

... "" ICI · C 60 18" x 4" C 1 15" )1. 33 '" 

~ 1 ~~ I 1!~ I ~ l~ l ~ j! 1 ~~ 35 ' 33.9 
"'. .... 

ELEMENTS 

I 1' 1 

5 ,., 
I 1- 1 

S I _I 

6ro.7 622.1 
74.5 69.1 
18.5 17.1 
5.6 5.3 

573.5 
63.7 
15.8 

'.1 

5492 
61 .• 
15.0 
4.9 

429.0 
572 
12.1 
4.1 

401.4 
Sl.' 
11.2 
3.' 

373.9 ... 
10.3 
3.6 

346.3 
462 
' .3 
3.4 

31 8.7 
42.5 
' .4 
3.2 

312.6 
41 .7 ,., 
3.2 

DIMENSIONS AND GAGES IN INCHES 

d 18 
b 4U 
I )l 
p % 
• 3~ 
Grip ~ 

f 15~ 

• 1l1i 
II usual 2~ 

lit 2~ 

18 
4)i 

% 
J1i 
3~ 

% 
15J1i 
1l1i 
,~ 

'" 

18 
4 

~ 
% 
3~ 

% 
15% 
1l1i 
,~ 

'" 

18 
4 

J1i 
% 

3~ 

% 
15% 
1l1i 
' )i 

'" 

15 
3J1i 
)l 

% 
3 
)l 

12)l 
1l1i 
' J( 

'" 

15 15 
3~ 3~ 

" % % % 
3 3 
% % 

12~ 12~ 

1" 1" 2U 2~ 

2~ 2~ 

15 
3~ 

l1i 
% 

3 
% 

12% 
1)l 
2 

2" 

15 
3)l 

J1i 
% 

3 
% 

12% 
1l1i 
2 

2" 

" 3~ 
J1i 
% 

3 
% 

12~ 

1" 2 

'" 
MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 

M mall 

V "'" 
lmin 
fb 
fbI 
B min 
A max 
RA 
lRA 
WI.CA 
Q 

112 
151 
2.96 

15OO1l 
10500 
9.90 
B4 
65 

6." 
21 

BB4 

104 

13' 
3.20 

15OO1l 
9IlIlIl 

9." 
n 
63 

6.58 
21 

829 

,. 
'" 3.54 

14,.. 
7400 
10.09 

59 
Sl 

7.21 
21 

764 

92 
97 

3.n 
14210 
6395 
10.70 

51 
47 

7.79 
21 
732 

.. 
147 
2.34 

15OO1l 
12210 
825 
89 
65 

5.28 
21 ... 

so 
129 
2." 

15OO1l 
10740 
8.25 
7B 
65 

4.95 
21 

643 

75 69 64 63 
111 94 76 72 
2.69 2.96 3.36 3.48 

15000 15000 14870 14580 
9270 7800 6275 5835 
8.25 8.25 8.36 8.59 
67 51 45 42 
65 55 44 42 

4.60 5.04 5.80 5.96 
21 21 21 21 

5~ ~554~~f5~1'~~~~ 
M mu _ Max. Bending Momen~ln P'oo .... Kl poJ. Vonax _ Ma x, Web sileu In Kipl. 
LlIlln _ M in. Spa.n In r~t \0 develop Vmax. 
tb _ Alknrabkl Unit 8t". rOC' Web BUdd hIli 10 DOWJdI per lIQu.at'IIlneb. 
fbi; _ Value or Web In DlJCI:lIng per Incb ot le!I8't&, In poun(\a. 
D min _ Min. Elld DOIrlng In InChN \0 develop Vmu. 
Rmax _ Max. End Reaetlollin KI PI' whet!. D _ 3 J.i" . 
itA _ Max. Value of S hop ItIvebJ ln KIPI' In one Connection SerIN A. Soo page ot Oonneetiou. 
LItA _ Min. SpM In teet to deV(llop itA. 
WI.OA _ Weight In pounds or one Connection ScrlN A. Including Web IUvllt.ll. 
Q _ Coofficioot ot 8trongth =- 12 S ,.,. 

T o obtain A te u nitOC',n1 y d istributed load In KI))II. divide Q by the reQuired SpM In teet.. 
·060-18". 11" Ship UulldlDtll Channel. not A merican Staodllrd. 
a Camegle Steel Company onlY. 

• 



••• 
CHANNEL CHANNELS 13"[ AMERICAN STANDARD 
12" ALLOWABLE UNifORM LOADS IN KIPS 

LOADS Appllcablo only, whon MCtJonl .... braced -.go' nit '.to .. 1 defl..:tl .... 
For un""-" MCtJon, .. fo lood. mult M ..... u ...... _ p.".I&4. 

Maximum Bending Strel118 Kips per Square Inch 

N ........ 1ltI6 MId F1anto Wlddt-WIIIFI,.,WI - C20 13" It 4" C 2 12" x 3" """"" • .. ,- 50 " .. 37 " 31.1 .. " 3D 25 20.7 ---u.. u.. u.. u.. u.. ..... u.. , ... u.. ..... u.. 
• u ,.,. 

2 ..... ... 174.7 196.5 178.8 , .... 111.1 0.07 , 192.6 179.7 167.0 ,w ,~. 111.0 131.0 119.2 107.5 95.7 .... 0.17 

• 144A " .. 125.2 119.5 115.7 109.6 98.3 8M SO.8 71.8 84.1 0.30 , 115.5 101.8 1002 95.6 82.8 87.7 711.. 71.5 64.' 57.4 512 OA7 

8 ,,~ 89.' 83.' "'.7 n .l 73.1 65.5 59.6 53.7 47~ 42.7 0~7 

7 82~ no 71.8 ,,~ 68.1 62.6 au 51.1 '~1 41 .0 'M Ml 
8 n2 67A 62.6 59.7 57.8 54.8 49.1 44.7 40~ " .• 32.0 1.19 

• 642 59.9 55.7 53.1 51A ~8.7 .43.7 39.7 '" 31.9 28~ 1.51 
10 ,,~ 53., SO.1 47~ 'U 43~ 39~ 35~ 322 287 25.6 '''' 
11 ,,~ 49.0 ,,~ 43.5 42.1 39.9 35.7 32~ ,U 28.1 23~ '25 
12 ~1 44.' 41.7 39~ 38.8 'M 32~ 29~ , <.9 23.9 21A '.68 

" 44A 41~ 38.' 38~ 35.6 33.7 302 27.5 24.8 22.1 19.7 3.15 
14 .U 38.5 35.8 34.1 33.1 ,U 28.1 25.5 ~3.0 20.5 lU 3.65 

" 38.5 35.9 33A 31 .9 30.9 29.2 28.2 ,3> 21.5 19.1 17.1 4.19 

18 36.1 33.7 31~ 29.' 28.9 27A 24.6 22~ 20.' 17.9 16.0 •. n 
17 34.0 31.7 29.5 26.1 272 ,,. 23.1 21 .0 19.0 16.9 15.1 5.38 
18 32.1 30.0 27~ 26.6 25.7 24A ,U 19.9 17.9 15.9 142 6.03 
19 30A 28A 'M '52 24A 23.1 20.7 18.8 17.0 15.1 lU 6.n 
20 28. 27~ 25~ 23.9 23.1 21.9 19.7 17.9 18.1 14A 12~ 7~ 

21 27~ 25.7 23.' 22~ 22.0 20.' 18.7 17.0 15A 13.7 122 ~1 

22 28.' 24.5 22.8 21.7 21.0 19.9 ,,. 'u 'u ". ,u 9.01 
23 25.1 23A 21.8 20~ 20.1 19.1 17.1 , ... , ... '" 11.1 ,.85 
24 24.1 ".. m .• ... ,.., .., 'u , ... '" '" ,., 10.73 
25 0.' 'U "... 111.1 , .. , .. 11.64 

26 "., m.' ,.., ". ,,. 'u 12.59 

r..o..c:w I.I)OV6 Ul)per horizontal L1ne. ... iII produon m.a.dmum I.llo",-.blll Ibear In .. ehl<. 
~ beIo ... lowet horizontai llns wW I)l'O(iUOll II:<cesstve de:tloot1(m8. 



·.s 
, -'~r- j CHANNELS CHANNEL 

J" ..i. p 

[13" : ~--~ AMERICAN STANDARD , , , , 
12" : I . 

d I ESSENTIAL DATA 
, I DATA " - --"l. 
: L. • ' ' 92 Maximum Shear 12 Kips per 
L~_ ' ., 1 Square Inch , H ' 'G'rI , '11.1: , 

I..::. .. ·.,: Maximum Bending Stress 18 Kip, per Square Inch , ' 
~- 'b'''' 

N. mInaI O",th and~. Whltlt-Wl lf!! "' 1'001 ..... C20 13" x 4" C 2 12" II 3" .. 45 " 37 35 I 31.' " 35 I 30 25 20.7 
u.. .... .... ", .... .... u.. u.. u.. .... u.. 

ELEMENTS 

I ,., 312.9 292.' 271A 258.9 %50.7 237.5 196.5 118.8 161.2 143.5 128.1 
S ],' • U .... 41.7 39.' 38.' ".S 32J 29J 26.9 23.' 21-4 
I >_t 16.7 15~ 13.9 13.0 12.5 11.6 B.B 5.' 5~ 4~ 3.' 
S ,_. 4.' 4.' 4.3 4.2 4.' 3.' 2.5 2.3 2.1 I.' 1.7 

DIMENSIONS AND GAGES IN INCHES 

d 13 13 13 13 13 13 12 12 12 12 12 
b 4% 4)4 4)4 4% 4% 4 3% 3)4 3% 3 3 
1 % % ,. % J> % )4 % % % % , % % % % % % % % % )j )j 

• 3% 3% 3% 3% 3% 3% 2% 2% 2% 2% 2% 
Grip % % ,. ,. ,. ,. )j % )j )j )j 
f IO%: 10% 10~ 10% 10% 10% ' li ' li ' li ' li ' li , 1% 1% 1% 1% 1% 1% H, 1)4 1% 1% 1)4 
gusuaJ 2% 2% 2% 2% 2)j 2% 2 2 1 ~ 1)4 1)4 
g. 2~ 2~ 2" 2)4 2)4 2)4 2)j 2)j 2)j 2)j 2)j 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 

M~ 72 67 63 60 59 55 49 45 40 36 32 
V mu 123 105 97 77 70 59 109 91 73 56 40 
lmin 2.35 2.57 2.86 3.11 3.32 3.74 1.81 1.97 2." 2.57 3.19 
fb 

,_ 
15000 15000 15000 

,_ 15000 15000 15000 15000 15000 13780 
fbI 11805 10095 8400 7380 6705 5625 11325 '480 7650 5905 3860 
B min 7.15 7.15 7.15 7.15 7.15 7.15 6.60 6.60 6.60 6.60 7.45 
Rmu SO 68 57 50 45 38 74 62 50 38 25 
RA 49 49 44 39 35 30 49 49 40 30 22 
LRA 5." S.50 5.69 6.12 6.62 7.30 4.02 3.65 4.04 4.78 S.84 
Wt.CA 15 15 15 15 15 15 15 15 15 15 15 
Q on 53. 500 478 463 438 394 358 323 287 257 
Mmax _ Ma.x. Bending Momen~ in Foot-Klp8. Vmax _ Max. Wob Shear in Klp8. 
Lmln "'" I\Iln. Scan In root to dovOI~ Vma.:x. 
ttl = AUowa 10 Unit Stross for ' eb Buckling In ~dB per square Inch. 
!bt _ Valuo or Wob in Buckling per Inch of lengt . In pounds. 
B min ,.". Min . End Bearing In Inches to d evelop Vmax. 
R max =- Ma.x. End Reaction In nips when B = 3J.i" . 
RA .". Ma.x. Va.lu!) or Shop Rlvetll In KIp8ln one Connection Berlell A. Sao pas!) or Connectl()lLB. 
I, RA = Min. Span In root to develop R A. 
Wt.C A = We\jl;ht In pounds ot one Connection Series A. locludlng Web UivOt.ll. 
Q _ eoefficlent or Strength =- 12 S, . ,. 

To obtain liar" unlrormly dlstrlbuto<lload In KIll'!'. dlvldo Q by t he roqulred span In foot 
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CHANNEL CHANNELS lOT AMERICAN STANDARD 
9" ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS Appll..abl .. onl7 wh. n Metlon .... b . .... d .,alnlt l.ter.,1 deflection. 
"0. unbraced .... tlonl saf. load , mu.t ... Nduct>d, _ pall_ IN. 

Ma'lllmum Bending St.ress 18 Kips per Square Inch 

Nominal Depth lind Flanp Width-Weight .... root 
,~ C3 10" x25 " C4 9" It 2}i" """'M' 
'" • 'N' 35 " 25 20 15.3 25 I 20 15 13.' oen .. tlool 

u.. u.,. u.. u.. u., u... Lb •• "',. Lb •• 

196.8 181.5 126.2 132.2 96.8 , '38~ 123-:6 108.9 ". 51.6 94J)8'iiT' .....!!L.. --2:L.. 0.07 , 92.2 82.4 ".. 62.8 53.5 62.7 53.8 45.0 42.1 0.17 
4 69.1 61.8 54A 47.1 40.1 47.0 40.4 33.8 31.5 O~O 

5 55.3 49.4 43.5 37.7 32.' 37.6 32.3 27.0 25.2 0A7' 

• 46.1 41.2 38.' 31.4 26.8 31.4 26.9 22.5 21.0 0.67 
7 39.5 35.3 31.1 , ... 22.9 26.9 23.1 19.3 18.0 0.91 
8 34.' 30.9 27~ 23.5 20.1 23.5 20.2 16.9 15.8 1.19 
9 30.7 27.5 24.2 '{).9 17.8 20.9 17.9 15.0 14.0 1.51 

10 27.7 24.7 21.8 18.8 16.1 18.8 16.2 13.5 12.6 1.86 

11 25.1 22.5 19.8 17.1 14.6 17.1 14.7 12~ 11.5 2.25 
12 23.0 20.6 18.1 15.7 13A 15.7 13.5 11.3 iO.' , ... 
13 21.3 19.0 16.7 14.5 12.3 14.5 12A lOA '.7 3.15 
14 19.8 17.7 15.6 13.5 11.5 13.4 11.5 9.7 9.0 3.65 
15 18.4 16.5 14.5 12.6 10.7 12.5 10.8 9.0 8A 4.19 

16 17.3 15A 13.6 '" 10.0 11 .8 10.1 8A 7.' 4.n ---- ---17 16.3 14.5 12.8 11.1 .A 11.1 ••• ... u 5.38 
18 15.4 13.7 ", '" .. 10.4 ••• U , .. '.03 
19 ,u ". 11.5 ... ... • •• u ,., ... •. n 
2D ,,. ,~. 10.9 ••• .. 7A' 

LoadIJ above upper borlzontallln08 ,,111 produco ma.ximum allo ... able shear In .... ebll. 
Loads below lo .... er horizontal lIoos will produoo exCCllS!llve detlectlollll. 



·"1~r -- . f' ...l. ,l!.l.....J p 
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: 0 , . • 1.; :h 
t_- r - .J-

CHANNELS 
AMERICAN STANDARD 

ESSENTIAL DATA 

Maximum Shear 12 Kips per 
Square Inch 

2 • • 

CHANNEL 

[
10" 
9" 

DATA 

: ill I iG'rIp ,:\!. I 

I -O; .. ·.·J Maximum Bending Stress 18 Kips per Squar. Inch 
.. --b-

....... 

I 1'1 

S '_1 
I ,., 
S I ' , 

3S 
"'-

115.2 
23.0 
4.' 
I.' 

C 3 
3D 
""-

103.0 
20.' 
4.0 
1.7 

10" x ~ " C 4 9" II 2!1" 
25 20 15.3 25 I 20 I 15 I ~:4 

LM. LII&. Lb&. L.be. Lk. u... ..... 

90.7 
lU 
3.4 
1.5 

ElEMENTS 

78.S 66.9 
15.7 13.4 
2.8 2.3 
1.3 1.2 

70.5 
15.7 
'.0 
1.4 

60.6 
13.5 
'.4 
I.' 

50.7 
n.' 
1.. 
1.0 

47.3 
10.5 
1.8 

0.97 

d 
b 
1 

P 

DIMENSIONS AND GAGES IN INCHES 

---'-"lO.---r' I"O"":'-rc"lO'-:---:.r 1 0 1 0 I 9 9 9 9 
3}1 3 2}i 2" 2% 2~ 2", 2~ 2n 
~ ~ ~ ~ H ~ h ~ W 

• 
G,lp 
f 

• 
II usual ,. 

• • • • • • • • • ~ ~ ~ ~ ~ ~ ~ ~ ~ 
H ~ H H H U ~ ~ H 
~ ~ ~ ~ ~ ~ ~ ~ ~ 
~ ~ ~ ~ ~ ~ ~ ~ % 

l U 1~ lU 1M 1 ~ 1M 1M 1M 1~ 

2M 2~ 2M 2J1 231 2M 2M ..L .. '",'i,--,-----,' ",J.l,--

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 

M IT\8lI 35 31 27 24 20 24 20 17 16 
V max 98 81 63 45 29 66 48 31 25 
L min lAO 1.53 1.72 2.07 2.79 1.43 1.67 2.20 2.54 
fb 15000 15000 15000 15000 13960 15000 15000 15000 14340 
fbi 12300 10095 789D 5685 3350 9180 6720 4275 3300 
B min 5.50 5.50 5.50 5.50 6.10 4.95 4.95 4.95 5.28 
R malt 74 61 47 34 2tI 53 39 25 19 
RA 65 65 55 40 25 64 47 3D 24 
LRA 2.12 1.90 1.97 2.36 3.22 1.47 1.72 2.26 2.63 
Wt.CA 15 15 15 15 15 15 15 15 15 

_Q ___ =,""~'7~'c.=c.='~47~~~'1~7..=~I~~C-~~" ~'~bol~~~~~I'~'7.C~'~~'-"-~I~~~ 
Mmax _ Mu . Bending Moment In Foot- Kl~ Vma.x _ Max. ' Veb Shear In KI~ 
Lmin _ M in. Span In feet todo, '('lop V.....,. 
tb _ Allo .... ble Unit 8tre!II!J for Web lluck llnlln poundR per IIQIU.f'e Ino;:b. 
tbt _ Valu" o f W" b In Buo;:kllna: per InCh Of lellatb. In pound&. 
D min _ Min. End Dearinl!: In Ino;:hM to d"velop Vnuu:. 
Rmax _ 1.lax. End Reactkm in Kl~ .. h('n B _ 3 }oi". 
RA _ ~11.Ir. Va lue o f Shop R lvl!tllin KI~ in one Connection SenN A. see PI.&<! o f ConnectiOlW. 
LRA _ Min. Span In feet to d"velop RA. 
W t.CA _ Wel.o:ht In pounds of one Connection k iN A.lDcludlng Web lUvetol. 
Q _ Coeil'lclent of Strength _ 12 8'.1 . 

To obtain sa.fe uniformly dlatclbutod la.<! In KiPl. d lvld" Q by the ~uIred IPI.ll iD roet . 
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CHANNEL CHANNELS 81 AMERICAN STANDARD 

7" ALLOWABLE UN I FORM LOADS IN KIPS 

LOADS AppUc.blo o n' , whon _Ionl . .. bUcM 1II I Init I.t.ra l d.n...tlon . 
Fo r ,,"b •• oed .... tlon. M'a load . m Ult to. reel ....... , _ pag. 114. 

M.xlmum Bend ing Stre .. 18 Kips pe r Square In c h 

N ....... o.tIo MIl nan.- Wldllll-W ........ Foot 

"'" C 5 8" II 2 " C S 7" x 2 " '""""" .. • ,- 21.25 11.75 162S ll." U .S 15.75 17.25 14.75 12.25 ••• 0_ 
u.. u.. u.. u.. u.. u.. u.. u.. u.. u... 
111.2 .... ". ... .... , .... ,.. .... , 71A 65.5 59.7 53.8 .., 56.7 51 .5 46.4 41~ ,.., om 

3 47.6 43.7 39.8 3,. 3U 37~ 34.3 30.' 27.5 24.1 0.17 
4 35.7 32.8 29.8 26.9 24.2 28.3 25.8 23.2 20.8 18.1 0.30 , 28.8 26.' 23.9 'U 19.4 22.7 20.8 18.8 16.5 14.5 OA7 

• 23.8 21.9 19.9 17.9 16~ 18.9 17~ 15.5 13.7 12.0 0.67 
7 20A 18.7 17.0 15A 13~ l U 14.7 133 11 .8 103 0.91 

• 17.9 16A 14.9 13A 12.1 14~ 12.9 11.6 103 '.0 1.19 

• 15.9 14.6 133 11 .9 10.8 12.6 ll A 103 .~ M 151 
10 143 13.1 11.9 1O~ '.7 113 103 93 8~ " 1.66 

11 13~ 11.9 10.8 o~ 8.' 103 'A SA 75 ••• ,.2> 
12 11.9 10.9 9.9 0.0 ' .1 'A O.S 7.7 ••• '.0 ' .68 
13 11.0 10.1 9~ 83 7.S u , .. , .. u u 3.15 
14 10.2 ,A 8.S 7.7 .. , u , .. u ... .., 3.65 
15 " 

., .. u ... u .. .. os u 4.19 

16 u u u u •• 4.77 
17 .. ... .. u ., 5,. 

Loa.d8 above uppeo:o horlzonw 110M _III produce mulmum allo .... ble.nou In .. el». 
l.oI.cb beIo .. lo .. er borlwntalltoe. .. w prOduce ~"e detlec:Uooa.. 



CHANNELS 
AMERICAN STANDARD 

CHANNEL 

ESSENTIAL DATA 
[

8" 
7" 

Maximum Shea,. 12 Kips per 
Square Inch 

L DATA 

Maximum Bending St ... n 18 Kips per Square Inch 

1 ~~=;~~J'r~~~"~~~"~'~"~~"~"~'''~~W~''~~W~'''~~''~'f"~' i:~~~~~~~ N.l&tlon I C 5 8" II: 2l{" I C 6 7" II 211" 
21.25 1 18.75 1 1&.25 I U.7S I 11.5 19.75 i 17.25 I· 1,4~!S 1 1;2~~.5 I $.I 

~ ~ - - - - - - - -
ElEMENTS 

1 " , 47.6 43.7 39.8 35.8 32.3 33.1 30.1 I 27.1 24.1 21.1 
S " 1 11.9 10.9 9.9 9.0 8." U 8.6 I 7.7 6.9 6.0 
[ ._. 2.2 2.0 1.8 1.5 1.3 \ .8 1.6 1.4 1.2 0.98 

~S2'~·' __ "-2t~.t __ L-~'.~0-"~.~~~2~0~.8~'~~0~.rn~JL~0~~~'-L_0~.~~~~0~·~"-LCO~.7~'~~0~.~~ 

d 8 
b 2% 
t % 
P ~ti 
• 2 2 
Gr ip ~B 
f 6~ 

• % 
II usual 1}'!1 

II- ~ 

DIMENSIONS AND GAGES IN INCHES 

8 
2h 
J. 

2 

, 8 

2% 

" 
2 

'. 
6~, 

% 
1 ~~ I 
2!{ 

8 
2J{ 
J{ 

2 

" 6h 
% 

" j 
2!4 

7 
2'j 

" ~. 
' il I. 
5'-i 
% 

1» 
2 

7 
2J{ 
)' 

" 1il 
!i 

5% 
% 

~U I 

7 
271 

" " til , 
5,. 
% 

1.!4 
2 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES, ETC. 

MmaX '-'t~8C-'-"''-'-''~5'-'-''4'-'I-''~2--'-'''4 -'-''~3'-'-''2'-'-''~0'-'-1".00--
V~ ~ 47 ~ ~ 21 ~ « 35 ~ 18 
L min 1.29 1.40 1.57 1.86 2.30 1.07 1.17 1.31 1.57 2.04 
fb 15000 15000 15000 15000 14750 15000 15000 15000 15000 15000 
fbi 8685 7305 5925 4545 3245 9435 7860 6285 4710 3150 
B m~ 4AO 4~ 4~ 4~ 4~1 3M 3M ~ ~ ~ 
R~ 48 40 ~ ~ 18 00 41 ~ ~ 17 
RA 61 51 41 32 23 32 28 22 18 11 
LRA 1.17 1.28 1.45 1.69 2.11 1.76 1.84 2.10 2.59 3.27 
Wt.CA 15 15 15 15 15 8 8 8 8 8 
Q 143 131 119 108 97 113 103 92 B3 72 
M m.u = Mu. Bending Moment In Yoot.-Klpoa. Vmax _ MAlI. Web Shear In Kips. 
L min = Min. Span In foot to de,-('Iop VIDal<. 
I'b = AlIowahlO Unit StNlllfl for Web Buckling In pounds per IKlUIU"t! InCh. 
fbt = Valuo or Web In lluckllllg pet' Inch or lomgth. In IlOunds. 
n mhl "'" ,\l In. E nd Bearing Inl ll('hOll to develop V rnal<. 
tt lTIlL'< -= M u. ";l1d Re&etlonln I{II'" when B =- a~". 
UA = M ...... Valuo of Shop Rt.-tulu Kips in on'; Oonnoctlon Serkls A. See page or Connections. 
L ilA = Min. Span In root to deV(llop RA. 
W\..CA =- WeblM In IlOUnds of ODII Connection Serle. A. Including Web Rivet&. 
Q - CoeIIIderot of SU'Cngth _ 12 8 ,.,. 

To obtain arll uniformly di!ltrlbut.od load In Kips. divide Q b)' the required .pan In fOIl\.. 
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CHANNEL 
CHANNELS 61 AMERICAN STANDARD 5" 

ALLOWABLE UNIFORM LOADS IN KIPS 
LOADS Applleabla only wh on _ tlon • • r. brac" aga ln l t la te.a ' d a n ..,t'on . 

Fo. ,,"bra ,," .... tlon , .. ' . load. mun 1M ...d ue.,;! , _ palla 1"'. 

Maximum Bending Stress 18 Kips per Square Inch 

HO<I'IItIaI 0 .... and Fionge Width Welthl per Foot .... C 7 6" X 17 " C' 5" x 1 " """'" ,. • 
,~ 15.' 11 10.5 B.2 U .• 9 6.7 , ....... .... .... .... .... .... .... u.. 

~> M. 
1 n.B .u "., ,... 49.1 '" ". ..02 
2 38.9 34.' 30.1 26.0 24.8 21.2 17.8 0.07 
3 25.9 23.0 20.1 17.3 16.6 14.1 11.9 0.17 
4 19.5 17.3 15.1 13.0 12A 10.6 8.' 0.. 
• 15.6 13.8 12.0 lOA 9.9 8.' 7.1 0.7 

6 13.0 11.5 10.0 8.7 8.3 7.1 5.9 0.61 
7 11.1 9.9 8.6 7.4 7.1 6.' 5.1 0.91 
8 9.7 ~6 7.' 6.5 6.2 5.3 4.4 1.19 

9 ' .6 7.7 6.7 5.' " 
.., •• 1.51 

10 7.' 6.' 6.' 5.2 .. .., ,. 1.86 

11 ,., u " .. , U " u 2~' 
12 " " .. ., 2.68 
13 .. u ••• .. 3.15 

Loa.d.- above uppoc horlwntoalllnlJll wlU produco mad mum allo;>wablo sh()ar In wcl>l. 
Loads below iOlfilr horlzont.a.l l1n,:, will produoo oxCC!l$lve dcflocUoDll. 



'0' 

J.~r·· CHANNEL 

!:~ 
CHANNELS [6" , , AMERICAN STANDARD ' , 5" . , 

i L 0 --- • 
ESSENTI AL DATA 

DATA 
: ~ '- " ; :1Iz Maximum Shea r 12 Kips per 
t_- r - ,j Square Inch 

: ~ ... !Grip ., ' Maximum BondinG Stress 18 Kips per Square Inch t -o; ""J 
~- 'b-- -_ ... w"" w -'. ....... C 7 6" .. 17 " C' 5" I. 1 ~;I: " 

15.5 I 13 I 10.5 8.2 I U .5 I 9 ' .7 u.. u.. u.. u.. u.. u.. u.. 

ELEMENTS 

1 ,_I 19.5 17.3 15.1 13.0 lOA ••• 7A 
S I_I '.5 

I 
U 5.' ' .1 U 1.5 1.' 

1 .·_ 1.l ,., 0.87 0.70 0.82 I '.64 0.48 

S 1-' '.71 0.65 0.57 , 0.50 '.54 0.45 '~8 

DIMENSIONS AND GAGES IN INCHES 

d • I • I • • , 
5 , 5 

b 2J{ 2J{ 2 ' J{ 2 ' )i 1 ~.{ 
t " J{ S S Ji S S 
p J{ J{ J{ J{ S S J{ 

• 'M 'M 1 ~.{ ' J{ , Ji ' J{ ' J{ 
Grip M M M S S S S 
f ' J.i 4Ji 4J.i ' J{ 3)1 1M 1)1 , J{ J{ J{ J{ % % % 
0 usual ' J{ ' J{ , fi , fi , fi ' J{ ' Yo 
0, 2 2 2 2 2 2 2 

MAXIMUM BENDING MOMENTS, WEB RESISTANCES. ETC. 

M """ 9.' 
I 

'.7 I 
7.5 6.5 6.2 5~ ••• 

V """ 40 11 21 14 " 20 11 
Lmin 0.97 1.11 ,.33 1.7, '~7 1.08 '.58 
fb '5000 '5000 15000 ' 5000 15000 '5000 

,_ 
fbi 8385 6555 4710 3000 7080 4875 2850 
B min 3.30 3.30 3.30 3.30 2.75 2.75 2.75 
R mru< 42 13 24 15 34 23 14 
RA 29 23 16 11 25 17 10 
LRA ' .34 1.51 1.88 2.35 0.98 1.24 ,~O 

WtCA • • • • • • • 
'L 78 70 .. 52 49 42 36 
Mm&X _ Mn. Boodlng Momen~ln Foolo-KI,III. Vmax _ ~Ia.x. Web Shoar In KI ... 
Lmin _ Min. Sgj,n In root to den'l0l. "n>alt. 
fb _ ALlo ... 10 UnIt Stf'61!18 tor \ eb Duckling in ~nm per lIquaro Ineh. 
rb\ _ V .. luo o r Wcb in Buckllnll: per Inch o r Il'l\gt • In paunm. 
Rmln _ Min. End BoarIll8ln Inchllll to doVf'k)p Vmar. 
R mu _ ~Iu. End Reaction In Klps"hen B _ 3)i". 
UA _ Max. V.tuo or Shop RlvCUlln KI .. ln ODO COnnection SerlCII A. sao paao or Connections 
L R A _ ~lIn. Span In root to d.l\'clop !lA. 
Wt..CA _ Wclllht In pounm or ono Connect ion Serlllll A. Including Web 1U'·'l~. 
Q _ OootHclent or St M'!ngth =- 12 8,.,. 

To obtain sato uniformly dilltr lbutcd lood In Kips. d lvld 'l Q by tho required 'I)LO In foot . 

'-
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---
CHANNEL 

CHANNELS , 4"[ AMERICAN STANDARD L 3" ALLOWABLE UNIFORM LOADS IN KIPS 

LOADS Applleabl . o nl y whe n _tion a ... b~.c;ed ogalnlt lu • • • 1 d .n~tlon. 
F or .. nbr.~ _ tlon ..... f . loado mun b ...... .. ced, H. piU. 184. 

MaxImum Bending Stress 18 Kips per Square Inch 

I nominal O.,u,.nod Fl ..... Wlotth Wl ltht"' foot 
",. C 9 4" .. ,%" C10 3" x l 'i" Cotlllelen' ,. - • 
,~ 7.25 

~ :: I 
, .• 
~ 

, '.1 Oi lloetion 
u... u... Lb •• ,o.. 
~., ". 

1 27.3 17.3 16.4 14.7 12.2 0.02 
2 13.6 12.5. llA 8.2 7.3 6.' 0.07 
3 9.1 8.3 7.6 ,., 4.9 4.4 0.17 

• 6.8 6.2 5.7 4.1 3.7 3.3 0.30 , 5.S 5.0 ' .6 3.3 2.9 2.6 OA7 

6 4.' 4.2 3.8 H u u 0.67 
7 

i 
3.9 3.6 3.3 u ,. u 0.91 

8 , .. ,., U " ... u 1.19 
9 , .. u '-' 1.51 

10 I H ... u I U6 

--Loa.d!I abov" upper horlzonal Un"" wl1l produce mlLJ:lm", .. allowable _hear In wobll. 
Loads below lower horlzontalUnos will produce excessive defloctlons. 

. 



,., 
- ... ! r'- CHANNEL {" _loop :; CHANNELS I 0 I • --,P 

[ 4" , " , , AMERICAN STANDARD ' , 3" , , 
• I ESSENTIAL DATA , , 

DATA 
i L: <:':1" 19: Maximum Shear 12 Kips per 
• 0 , " t--r .J Square Ineh : H,J jGn, 

I .. L:,. -.l Mallimum BondinSi Stress 18 Kip. per Square Inch 
I.--b-.l 

-=1 No ...... o.,uo _ f'Ianto WldtIo Wtlght"' f_ 

r 4" • ili" c " 3" . Hi" 
7.25 6.25 5.' I • 5 I u 
~ UN. ""- UN. ""- ""-

ELEMENTS 

I ,-I '.5 ' .1 3.' 2.1 U 1.6 
S 1-1 2.3 2.' ••• • •• ' .2 1 .1 

I "' DA' 0.38 0.32 O~I '~5 .~. 

S "' 0.35 ~2 0.29 0~7 O~' '~I 

DIMENSIONS AND GAGES IN INCHES 

d • • • 3 3 3 
b 1 ~ l jj Ijj l jj III l jj 
I " l{ " jj l{ " , ,. 

" " X X X 

• I jj I " 1 ~. IX IX I X 
Grip " " X " X X 
I 2l{ 234' 2~ I l{ I l{ 1 ~ , jj jj jj jj jj jj 
g usual I 1 I )j )j )j 
g, 2 2 2 

MAXIMUM BENDING MOMENTS. WEB RESISTANCES, ETC. 

M mox 3.5 32 2.' 2.1 U 1.7 
V mo, 15 12 ••• 13 '.3 6.1 
L min 0.90 1.06 132 0.66 0.79 1.08 
Ib 15000 15000 15000 15000 15000 15000 
Ib, 4800 3705 2700 5340 3870 2550 
B min 2.20 2~ 2~0 1.65 1.65 1.65 
R mox 22 17 12 23 " 11 
Q 28 25 23 17 14 13 -
M max Max. Bending Moment In Yoot.-KIIl'!'. Vnuu; _ Max. Web Shear In K1v-. 
Lmin _ M in. Betn In root to d 6V{l1W, Vm&:I . 
tb .... Allow .. Ie Unit St~ tor eb Buckllnjt In ~u.w. p<JI' equ.are Incb. 
rut = Va lue 0( Web In Buckling per inch of ~ • In J)OUn<Ia. 
II = Min. Fond. ~ tnchs to deveiop Vmax, 
Rmu =- Mn. End React In KlpII .... beII B _ 3J.i". 
Q = COOllklent of Strength _ 12 8,.,. 

To obtato l&Ie unifOrmly dtnrlbuted load In "I~, divide Q by tho required lpa.n In , ...... t. 
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ANGLE 
UNEQUAL ANGLES 

L ALLOWABLE UNIFORM LOAD IN KIPS 

Nautra ' A1I1 Pa •• lla' to Shol"Ur Lilli 

LOADS Appll.,..bl. onl,. who .. _Ion' .... rigidly ........... ,.I""t 
lote .... deflection 

Maximum Bendln; Stress 18 Kips per Square Inc:h 

,,~ Mau-... Span 1 FOOl Maximum Spo,n - 380 ~ D.n .. 1lon ..... 310 x o.nectlon .... -- Size, """ .... ,- ,- .... , ... """'. ,~. ,~. .... ..., Long!h, .... "' . ,~ "". , ... ,., 
14 201.60 10.61 19.0 1 93.96 7.02 13.4 
1", 190.80 1~04 19.0 " 88.92 6.61 13.5 
1 181.32 9.47 19.2 4 83.76 6.19 13.5 

" 171.24 8.91 19.2 " 78.60 5.78 13.6 
% 160.92 a34 19.3 li 73.20 5.35 13.7 

'" " 150.60 7.n 19.4 !>li 67.80 4.92 13.8 
li 140.04 7.19 19.5 6x3}1 % 62.28 4.49 13.9 

!>li 129.24 6.61 19.5 ,. 56.64 4.07 13.9 
% 118.44 6.03 19.6 J.i 50.88 3.63 14.0 ,. 107.40 SA5 19.7 J> 45.00 3.19 14.1 
J.i 96.24 4.86 19.8 % 39.00 2.75 14.2 

J> 84.84 4~7 19.9 ,. 32.88 2.30 14.3 

1 169.20 9.56 17.7 

" 159.60 a97 17.8 % 59.88 5.08 11.8 
% 150.00 8.38 17.9 

" 56.28 4.74 11.9 

" 140AO 7.80 18.0 li 52.44 4.39 12.0 
li 130 .. 7~3 18.1 !>li 48.60 4.04 12.0 8,4 

" 120.00 6.59 18.2 % 44.76 3.70 12.1 
% 110AO 6.07 18.2 5,4 ,. 40.68 3.34 12.2 ,. 100.80 5.51 18.3 J.i 36.60 2.98 12.3 
Ii 90.00 4.89 18A )' 32.40 2.62 12.4 
J> 79.20 4n 185 ~ 28.08 2.26 12A 

1 129.60 8.20 15A 

" 123.60 7.82 15A 
58.56 5.10 11.5 % 116.40 7~2 15.9 % 

" 108.00 6.75 16.0 " 54.96 4.75 11 .6 

li 100.80 ,.26 16.1 li 51.36 4.41 11.6 
7,4 !>li 93.60 SAl 16.1 !>li 47.64 4.06 11.7 

% 85.20 5.23 16.3 % 43.80 3.71 11.8 ,. 78.00 4.79 16.3 5 .. 3~ ,. 39.84 3.35 11.9 

Ii 69.60 4.24 16.4 fi 35.88 3.00 12.0 

J> 61.20 3.71 165 JO 31.68 2.63 12.1 

~ 52.80 3.18 16.6 % 27.48 2.26 12.1 
J> 23.28 1.91 12.2 

1 96.24 7.02 13.7 
S 91.08 6.59 13.8 
% 85." 6.18 13.9 S 53.40 4.75 11.2 

" BO.40 5.76 14~ ~ 49.92 4.41 11.3 
li 75.00 5.35 14.0 % 46.32 4.07 llA 

• ,4 % 69.36 4.92 14.1 % 42.60 3.72 11.5 
% 63.72 4.49 14.2 "3 ,. 38.76 3.35 11.6 ,. 57.96 4.06 14.3 J.i 34.92 3.00 11 .6 
Ii 52.08 3.63 14.4 J> 30.96 2.64 11 .7 
JO 45.96 3.1 8 14.5 % 26.88 2.28 11.8 
% 39.84 2.74 14.5 ,. 22.68 1.91 11.9 
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UNEQUAL ANGLES ANGLE 

L ALLOWABLE UNIFORM LOAD IN KIPS 

N ... t .... ""I. ,.. .. n~ to Shon.r LAg 

"'ppll .. bl.o"ly whon _tIon ..... "1IIdl), _ ...... _lnIt LOADS 
lotero' defl..,tlon 

Maximum Bending StreH 18 Kips per Square Inch 

,,- Mul ...... ,.... ,,- M ........ "''-

"'- - , - _ • Oollectlooo 

"'- - - "'.-,- '"'. , , ... , ... .... .... ,- .... .. . '-
"" ..... ,- ..... ..... ,----

S 43.44 I 4.26 10.2 " 13.80 1,95 7,1 
40.56 3.95 10.3 )i 12.48 1.74 72 
37.68 3.63 10.4 

3)(2~ Jji 11.16 1,54 7,2 

" 34,88 3.32 10.5 " ,," 1,33 7,3 
4J1 x 3 n 31.68 3.01 10.5 

~ 8.28 1.12 7,4 
28.44 2,88 10.6 6.72 0.90 7,' 
25.20 2.36 10.7 

" 21.96 2,04 10.8 

S 12.00 1.15 .,' J> 18.48 1.70 10.9 10.68 1.54 .,' 
lii 35.04 3.71 ". "2 9.36 1.33 7,0 

~ 7.92 1.12 7,1 

" 33,00 3.47 ". 6.48 0,90 7,2 

B 
3." 3.20 9,' 
28.20 2.91 ',7 

)i &40 1.45 5,8 4x3J1 2<60 2," ". 23.16 2.35 ,,' Jji 7,56 1.28 5,' 
Jji 20." 2,OS ,,' ~ .. 0 1.10 ',0 

" 1&00 1.60 10.0 2~ x2 ... 0.93 ., 
" 15.12 1.50 10.1 )( 4,56 0.75 ., 

cit ~ .. 0,56 •• 
S 34.44 3.76 9,2 UO 0,38 &3 

32.18 3.48 '.2 
29,88 3.20 ',3 " ... 0,92 U 

I 
27,60 2,93 ',4 2~ It l }i ~ 

4,32 0.75 .. 
"3 

25.2{) 2,66 ',5 3,36 0.57 .,' 
22.68 2.37 9,' 
20.16 2,OS 9,7 )i .... I," ., 
17.52 1,60 9,7 

~ 
5.78 1.13 " ~ 14.76 1.51 ". 2J4' x l }i 5,04 0,99 5,2 

12.00 1.22 ,,' " 4.32 0,83 ., 
2UD 3.25 &1 

3,60 0,68 5.3 

S 24.60 3,00 8,2 " U. 0.51 .. 
22.92 2,n ',3 

" 4,OS 0,88 4,' 

H 
21.12 2.53 8,3 

~ 3.48 0.74 4,7 
3~ )(3 

19.32 2," 8,4 2)(1 .l1 2,88 0,60 4.8 
17.40 2.0S 8.' 

" 2.16 0,44 4,' 

~ 
15.48 1,60 8,' )i 1.50 0.30 4,' 13.56 I .S7 &7 
11.52 1.32 &7 

2K 1){ ~ 
2.75 0.60 4,' ',36 I,OS 8,8 

" ~12 0.45 4,7 

~ 
22,20 2,78 8,0 
2O.S2 2,55 &1 )( W 0.51 4,T 
lB.n 2.30 8,1 1~ xl ){ it T," 0.39 4.2 
16.92 2,06 &2 1.13 0.27 4,3 

3~ x2~ Jji IS.12 1.82 &3 

.~ 
13.20 1.57 &4 l }i x 1){ ~ 

1,92 0,55 ~5 
11 .16 1.32 8,4 T,56 0,44 3.8 
' ,00 I,,. ". " " 121 0,33 17 -- --

DOame&1e SI.eCI Oompany only. 

'--
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ANGLE UNEQUAL ANGLES 
~ ALLOWABLE UNIFORM LOAD IN KIPS 

N autn!1 A.:I, p ..... n .. to L.ong • • Loov 
LOADS Appll,..,bla o n l, w han _10' ..... rlg ld l)' _uNod .,aln at 

laural defl ... tlon 

Max imum Be nding Stress 18 Ki p. per Square Inch 

"* Muhr .. mSPM , FOOl Mwmum s,.n .... 3611, o.n~ ,- 360 • Oollec:tIon 
On. Thlcknnl. ." """"'" '''M ,- W . W. ,_ . , ... , ... 

W. , ... ,.", 
UN "" Feet "" "'. ,~ 

1)j 11 8.80 7.71 15A 1 34." 3.91 .. 
1)j 112.80 7~8 15.5 " 32.88 3.66 9.0 
1 107.04 6.87 15.6 Ji 31.08 3.43 9.1 . 
" 101.16 6.47 15.6 " 29.16 3. 19 9.1 
Ji 95.28 6.06 15.7 !{ 27.24 2.96 9.2 

" 6 " 89.28 5.65 15.8 " 25.32 2.72 9.3 
~~ 83.1 6 ~23 15.9 6 x372 Ji 23.28 2A8 9A 

" 76.92 4." 16.0 " 21.24 2.25 9.5 
Ji 70.56 4AO 16.0 li 19.08 2.00 9.6 

" 64.08 3.98 16.1 J> 16.92 1.76 9.6 
li 57.48 3.55 16.2 li 14.76 1.51 9.7 
J> ,",.76 3.12 16.3 " 12.48 1.27 9.8 

1 46.80 4A2 10.6 
~ 44.40 4.15 10.7 Ji 39.72 3.98 10.0 
Ji 42.00 3.93 10.7 

" 37.32 3.70 10.1 

" 39.60 3.67 10.8 !{ 34." 3.42 10.2 
" 4 !{ 37.20 3Al 10.9 

" 32.28 3.15 10.2 

" 33.60 3.05 11 ~ 
"4 Ji 29.76 2.89 10.3 

Ji 31.20 2~1 11 .1 

" 27.12 2.61 10.4 

" 28.80 2~7 '" li 2UB 2.33 10.5 
li 26.40 2.36 '" h 21.72 2.06 10.6 
h 22.80 2.02 l U Ji 18.84 l .n 10.6 

1 46.80 4.,", l Q.4 

% 44.40 4.23 10.5 
3.43 8.8 

Ji 42.00 3.96 10.6 % 30.24 

% 38.40 3.62 10.6 " 28.44 3.20 8.9 

l . 36.00 3.36 10.7 !{ 26.64 2.98 9.0 
7 " % 33.60 3.11 10.8 " 24.72 2." 9.1 

!. 31.20 2~6 10.9 % 22.80 2.'"' 9.1 

l' 28.80 2.62 11 .0 
5 1l3}<.l 

" 20.76 2.26 9.2 

li 25.20 2.29 11 .0 li 18.72 2.02 9.3 

.'. 22.80 2.05 11.1 J> 16.68 1.78 9A 

• 19.20 1.71 11 ~ % 14.52 1.54 9.5 •• " 12.24 1.29 9.5 
1 45.48 4A9 10.1 
~ 43.08 421 10.2 

' Ji 40.68 3.95 10.3 '" 20.88 2." 7.7 

'" 38.16 3.68 10.4 !{ 19.56 2.53 7.7 
H 35.64 3.41 10.5 " 18.12 2.32 7.8 

6,4 " 33.12 3.14 10.5 Ji 16.68 2. 12 7.9 
% 30.48 2~7 10.6 5,3 " 15.24 1.91 8.0 

" 27.72 2.59 10.7 li 13.80 1.71 8.1 
h 24.96 2.32 10.8 h 12.24 1.51 8.1 

)' 22.20 2.04 10.9 li 10.68 1.30 8.2 
li 19.20 1.75 11.0 " 9.00 I .OS 8.3 
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UNEQUAL ANGLES ANGLE 

ALLOWABLE UNIFORM LOAD IN KIPS -l 
Neutra l Alii , p .... n. , to Long ... L.iI 

Appllca bl . only .. h a n _ tl.n ..... rlll'dly ","", uNCI agai nst LOADS 
In .... ' deflection 

Maximum Bending Stress 18 Kips per Square Inch 

,,~ M .. I ..... mS .... , rool Maximum SsoM 

"', Thickn_, 
,~ 3&Q. o.n .. tloon 

51 .. , """"- ,- 360 I Oellectlan 

,~- lnella. ''', "', 'M"" ,- ,~-

"" ... , ,-, 
,,~ ,,~ '"' c... ~ ,-
-- ------

% 20.52 2.73 7.5 '" '.84 1.59 6.2 
li 19.20 2.53 7.6 ;, '.88 1.42 6~ 
% 17.88 2.32 7.7 

3 x 2~ hi 7.92 1.25 6.' 
% 16.44 2.11 7.' % 6.96 1.08 6.' 

4~ x3 • 15.00 1.90 7.' % 5.88 0.90 6.5 ~ ;, 13.56 1.71 7.' Ji 4.80 0.73 .. 
hi 12.12 1.51 '.0 
% 10.56 1.31 '.1 ;, 5.64 1.11 5.1 ,. '.00 1.10 '.2 hi 5.04 0.98 5.2 

"2 % '.44 0.85 5.2 
% 27.60 '.22 '.6 l: '.84 0.72 5~ 

~ 25.80 2.99 '.6 '.00 0.58 5.' 
24.00 2.76 '.7 

% 22.08 2.51 ••• ;, 5.52 1.12 •. , 
4 X 3% '" 20.16 2.27 •. , 

hi ' .92 0.98 5.0 ;, 18.24 2.04 9.0 
hi 16.20 I." 9.0 % '.32 0.85 5.1 

% 14.16 1.56 9.1 2~ x2 % ' .72 0.72 5.2 

% 12.00 1.31 9.2 Ji '.00 0.58 5.2, 
% 2.40 0.45 5.' 

% 20.16 2.74 7.' DJi 1.62 0.30 5.' 
li 18.84 2.53 7.' 
% 17.52 2.32 7.6 ,. 2.04 0.52 '.9 
% 16.2Q 2.12 7.6 2% x 1M Ji r.68 0.41 '.1 

'" '" 14.76 1.92 7.7 ,. 1.32 0.32 '.1 

\l 13.32 1.71 7.' 
11.88 1.51 7.9 ;, 3.12 0.85 '.7 

% 10.44 1.31 7.9 hi 2.76 0.74 '.7 

'" '.88 1.1 1 '.0 2X xi M % 2.40 0.63 , .. 
Ji 7.20 0.89 '.1 .. '" 2.04 0.53 '.9 

% 19.80 2.74 7.2 Ji I." 0.42 '.0 

li 18.48 2.53 7.' '" 1.32 0.33 '.0 

". 
17.28 2.34 7.' % 2.40 0.65 '.7 ~ 15.96 2.14 7.' 

'" 14.52 1.93 7.5 
,. 2.04 0.54 , .• 

3)1 X 3 

1: 13.20 1.74 7.6 2 X 1M Ji I." 0.43 ,., 
11 .76 1.53 7.7 '" 1.32 0.33 '.0 

% 10.20 1.31 7.' }i 0.90 0.22 '.0 

'" '.64 1.10 7.' 2 .. l }i Ji 1.16 0.35 ,., 
Ji 6.96 0.88 7.9 

" '" 0.90 0.27 , .• 
% 11.88 1.92 6.2 
~ 11.04 1.76 6.' Ji 1.14 0.35 3.2 
% 10.08 1.59 •. , 1~ X l }i '" 0.90 0.27 ,., 

3)1 X 2M ;, 9.12 1.42 6.' }i 0.62 0.19 , .• 
J. 8.16 1.25 6.5 
% 7.08 1.07 6.' l M xl }i '" 1.36 0.45 '.0 
J> 6.00 0.90 '.7 Ji 1.12 0.36 '.1 
Ji '.92 0.73 ••• " " 0." '1).27 '.2 -

ICI Ca.rnegi(l Stoel Company only. 
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ANGLE 

EQUAL ANGLES 

L ALLOWABLE UNIFORM LOAD IN KIPS 

N.utral Ad. Parallel to Either Leg 

LOADS Appll ..... bl. onl, when MCtlon ..... rigidly He" ..... agai nst 
lo"ral d.n...tlon 

Maximum Bend ing Stress 18 Kips per Square Inch 

,,~ Mulmum S .... 1 Foot Mul"",m s,a" 

"', """-- ,- 360 ~ Delleellon 
51<1, Thkkn .... ,- 360 l Oollettlon , ... '""" " .. ... , ......... Incb" , ... 

''', , .. , Loncth, 

"" "" F •• t c ... c ... F ••• 
-

1% 10.51 20.0 % 27.00 3.24 8,3 

1» 9.96 20.1 ~ 25.32 3.01 8,' 
23.52 2.76 8.5 1 9.40 20.2 

% 21.72 2.53 8,6 % 8,84 20.2 
% 19.80 2.29 8,7 % ~28 20,3 3M: x 3}'2 

li 17.88 2.05 8,7 
"8 % 7.71 20.4 15.84 1.'" 8,8 li 7.14 20.5 l> 13.80 1.55 8,9 % 6.56 20.6 

% 11.76 1.31 g,O % 123.60 5.98 20.7 )j 9.48 1.05 9,1 % 112.08 5.41 20.7 
l> 100.44 ',83 20.8 % 15.60 2.16 7.2 

% 14.28 1.95 7,3 
,ll » 108.36 7.37 14.7 "' 12.84 1,73 7,' 

1 102.84 6,94 14.8 "3 !i 11.40 1.52 7,5 

% 97.32 6.54 14.9 l> 9.96 1.32 7,6 
)i 91.56 6.12 15.0 % 8.52 T .12 7.6 

% 85.80 5.70 15.0 )j 6.96 0,90 7,7 

"6 li 79,92 5,29 15.1 li 8.76 1.45 6,1 
% 74.04 4.87 15.2 7.80 1.27 6,2 
% 67.92 4.44 15.3 % 6,84 1.10 6,2 
% 61.68 "" 15.4 2}i x 2~ " 5.76 0.92 6,3 

li 55.32 3.58 15.5 )j ',68 0.74 6,' 
48.84 3.14 15.5 " 3,60 0.55 6,5 

l> 42.36 2.71 15.6 % 2.40 0.37 6.6 

~ 4.80 1,00 ',8 
1 69.60 5.73 12.1 4.20 ,86 ',9 
% 65.88 5.39 12.2 

"2 % 3.60 ,n 5,0 

~ 
62,04 5.05 12.3 )j 3.00 ,59 5,1 
58,20 4.71 12.4 jf, 2.28 ,45 5,1 

~ 
54.36 ",. 12.5 1.56 ,30 5,2 

5<5 50.40 "" 12.5 
% 2.76 ,64 ',3 % 46.32 3,68 12.6 

% 42.12 3," 12.7 1~ x 1 ~ ~ 
2,28 ,,, ", 
1,68 ,38 ", li 37.80 2,96 12~ 1.20 ,26 ',6 !i 33.48 2.61 12.9 

% 29,04 2.25 12.9 li 2.28 ,64 3,' .. 1,94 ,54 3,6 
l .Y2 xl ~ )j 1.61 ,44 3,7 

% 36.12 3,n 9,7 jf, 1.25 ,33 3,8 
li 33,n 3.45 9,8 0,86 ,22 3,9 
% 31.32 3.18 9,8 

% 1.31 ,44 3,0 % 28.80 2.91 9,9 
% 26.28 2.63 10.0 1.14" x 1.14" )j I," ,36 3,0 

'" li 23.64 2,34 10.1 jf, 0,85 ,,, 3,1 

J1i 21.00 2.06 10.2 0.59 ,18 3,2 

% 18.24 I," 10.2 )j 0.67 ,28 2,' 

" 15.48 1.50 10.3 
" 1 jf, 0,53 ,,, 2,' 

)j 12.60 Ul 10.4 0.37 ,15 2,' 
1Cl00megie Stool Company only. 
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TEES AND ZEES TI ALLOWABLE UNIFORM LOAD IN KIPS 

Neutra l AlII , Para". ' to I'"lang" 

Appll ca bl . onl y wha " Metlon ..... rig idly _ uN<! against 
IU . .. , d.tl..,d o n 

LOADS 

Maximum Bending Stren 18 Kips per Square Inch 

TEES 
, 

,,~ MUI .... m S_ 1 foot Mad .... m $jIM 
51 .. Weight 

"'" 360 • DellfIC\lOn .. , Welpt '- "'.-FI&nga • ~ Flange x ~ 
Stom, 'H' " .. , .. length. 

Sltm. ' ... ... , , ... ,-, 
'''''" ,.." .... 

~. c.oO ,., '''''" ........ c.oO "". 'M ---
D6y'; X 6} 19.8 59.40 3.50 17.0 '" , ~, 13.6 13.55 1.60 8,S 

4 ,4 13.5 24.24 2.40 10.1 CS " 11 .5 12.75 1.59 8,0 

4 ,4 10.5 18.96 1.85 10.3 

4 3~ X i~ 11 .7 18.0 ~05 8,8 
4 , S 15.3 37.56 3.05 12.3 
4 , S 11.9 29.16 ',33 12.5 

4 37li x3 " 14.4 1.62 a9 C4 ,4, 14.4 30.48 ',72 11.2 
3 " 7,8 10.32 1.36 7,6 C4 X !7 11.2 23.76 ',08 11.4 
3 " 6,7 8,88 1.16 7,7 4 ,3 9,' 10.80 1.36 7.9 

' li ' ~~ 6,4 7,08 1.14 6,' 
,,. ,3 7~ 9.24 1.15 a' 

2}1 x 2} S,S 6 00 0.95 6,3 ,,. 
, ~~ 8.S 7.44 1.11 6.7 

27.1: x::" 4,9 4,92 0,88 S,6 '" " ~ 72 6,36 0.94 6,8 

2X x 27, 4,' 3,84 0.67 5,7 
3 ,'~ 6,' 6.24 0,96 6,5 , 

" 4,3 3,72 0.75 5,0 , 
" 3,56 3.12 0,62 5,0 2M·3 6,' 8,64 1.16 7,' 

ZEES 
,,~ Mut .... m Span ,,~ Muhnum$jlall .. , 
,~" 360 I Oeftettlon ." 5- 3&0 0 c.n .... 

O..,th l Thick ...... , .... _M~ 
Flange, '''''a , .. 5, .. t.engtll, ~~, '''''" ... .., ,-'""" "". ~. ,~ '''''" c.oO c." ,~ 

6}i X 3% h 196.80 17.95 11.0 47'8 X 3~ " 87.12 11 .80 7,' 
6~ X 3J' % 182.64 16.83 10.9 4}i X 37'8 " 79.80 10.97 7.3 
6 X 3% " 168.48 15.68 10.7 , ,3,. " 72.60 10.14 7,2 
67'8 X 3% " 169.20 15.43 11.0 4% X 3~ " 74.16 10.04 7,' 
6~ X 3.% " 153.84 14.18 10.9 

4~ X 37'8 li 66,00 9,OS 7,' 
6 X 3% " 138.60 12.91 10.7 , ,3,. J> 57.96 8.10 7,2 
67'8 X 3% li 134.64 12.28 11.0 
6~ X 3.% J> 117.96 10.87 10.9 47'8 X 3~ " 

56,04 7.59 7,' 

6 " li l-i 101.28 9.43 10.7 4~ X 37'8 " 46.92 6.45 7,3 , 
"" Ji 37.68 5,26 7,2 

57'8 l[ 3~ % 134.40 14.65 9,' 
5).M X 3~ " 124.08 13.69 9,' 

3~ x2U " 41 .1 6 7.51 5.5 
5 X 3X' " 113.64 12.70 9.0 
5).4 X 3~ % 114.84 12.52 9.' 3 d % li 36,72 6,84 5,' 

5).M X 3~ " 103.44 11.42 9,' 3).M X 2~ J> 35,76 6,52 5,5 

5 x3X' li 92.16 10.30 9.0 3 '2% % 30.84 5.74 5,4 

5ys X 3~ J> 89.28 9," 9,' 3).M X 2~ " 28,56 5.21 5,5 

5).M X 3~ l-i 76.68 8.46 9,' 3 " % Ji 23,04 ',29 5,' 
S X 3X' " 64,OS 7.16 9.0 

lCI Carnegie Stool Company only. ~ Illino is SI.C<lI Company only. 
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PLATE AND ANGLE GIRDERS 

Girders, built up of plates and angles, arc used for heavy loads 
and long spans where rolled secHolls arc insufficient. 

Loads upon 8. plate and angle girder develop compressive and 
t.ensile stresses resisted by the upper and lower flanges respectively, 
and shearing stresses resistcd by the web plate. 

The most economical section is the single web girder ; box girders 
with double or triple webs are used where great length of span com
bined 'with laternl stiffness are required. 

WEB. The web plate governs the depth of the girder which, to 
avoid excessive deflection, should not be Jess than ~15 of the span. 
The thickness depends upon the shear which is greatest at the point 
of support and should not be less than lJi.ao of the unsupported 
distance between the flanges; t.he web is reinforced by stiffcncrs at 
intervals t.o prevent buckling. 

Web Shear and Stiffenen. Web plates subjected to direct vertical 
shear must rcsist buckling; the allowable vcrtical shear may be 
obtained from the table on page 274, based on a maximum 
shearing strcss of 12000 pounds, giving allowable unit wcb shcar, 
VIA, total vertical shear +gross area of web, for various ratios or 
cit, distance between flanges +thickness or web. 

Stiffeners are required at the ends and at points of concentrated 
loads and at other points where the clear distance between flange 
angles, c, exceeds allowable safe stresses obtained from table, and 
also where c is greater than 60 times the thickness of the web; 
stiffeners arc generally in pairs, one on each side of the web, bearing 
closely against the projecting leg of the flange angles; the pitch of 
rivets in stitTencrs should not exceed 6 inches. 

FLANGr..8. The flange area. is so pr0f{rtioned that the maximum 
compressive or tensile unit stress, f ... 1l Ii, when applied to the net 

section of the girder docs not exceed the maximum allowable unit 
stress. 

When the flanges are alike, as they usually are, the preliminary 
investigation is simplified by assuming that the stresses in them 
are uniformly distributed, and the resultanUi act at the cen~e r 
of gravity of the flanges. 

A-Area of one flange d-Effeetive depth t-Web thickness 



Total Moment or Resistance, :vi - teA d+!!.[!l_r d (A+¥. 

The net moment of resistance of the web plate, with allowance for 
reduction of area due to web splices is generally taken as f d;t J or: 

Net Moment of Retlistance, M_I (A d~)_r d (A+¥-l, 

d is the approximate distance between centers of gravity of fiange 
angles, or distance out to out of angles when flange plates arc used. 

The final design of the girder is obtained in accordance with the 
method given for the computation of compound sections. 

Flange Plates. When the girder carries a uniformly distributed 
load, the flange areas vary as the ordinates of a parabola, and the 
theoretical length of the flange plate is 

L,.I·V!]; 
L _ Length or glmer. A _ Total Area. or Flangto. 
Lt. L •• L. - Length or Bange plat68, beginning with oU(.jjlde pLaro. 
a" a •• aI - Total area or flange plates. !'rom outer .to Inner platc8. 

Sufficient length, usually from 12 to 18 inches, is added to each 
end of plate to take up the shear; the plate next to the flange angle 
is extended to full length of the girder, to resist lateral deflection. 

E,... ..... LE. Required tile length ot flange p]atcs or a 6O-1r.ch girder. 60 root ]0",. the 
flange Including flango angl ..... two f1ango platc8 and ono-elghth or web plate: rivets Ji" 
db .. 

2-Anglell 
I_ Inner Flange Plata 
I - Outer Flangll I']ate 

. ~-Web I'law 

6" x 3!i " :I !i" 
]4" x jI. " 
U"x ~ " 
60":1 ,"," 

Net Area 9.00- 2.00 _ 7.00 S<.\. In. 
6.13-o.S7- 5.26 
5.25-0.76_ 4.50 

.. 2.81 -~'~.S~',.,,"C 
19.57 S<.\. In. 

Outu pI.te. Ll -&O";l!~ _ 28.811 ... y 3211. 11111 .. pLo .... L, _ roI/4~1I~~·28_ 4U /I.£ull]onc\b. 

Muimum End and Flange Stress. In addition to a girder having 
sufficient flange area to resist the maximum bending moment, it 
must also be capable of withstanding stresses at the ends. 

The end resistance of a riveted girder depends on: First, the 
resistance of the web plate to shearing; second, the resistance of the 
flange rivets to bearing, it being assumed that the bearing value of 
rh'et.s does not exceed twice their value in single shear. 

The difference in flange stress between any two points is the 
horizontal shear which is transmitted into the web by the flange 
rivets between those points; it can not be greater than the end 
reaction considered as distributed along the flange within a length 
equal to the distance, a, between rivet lines when there is one line 
in each flange. When there are two lines of rivets in the flanges 
the distance is measured midway between them. 

2.9 
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Web StrCSII: d x tx r .. Maximum End Rellistanee if 1_ than f1lU1ge Bt..-. 
d .. ~ptb. t_ThLckn_ at web. r_Allo",.bl" unl~ Ihearhlg Btl'UlOJ. 

Flange Strea: & pR _ Maximum End ile3islllnce if leu than Web streM. 

a_Et1/lCtlvll distance = (d+H")-2 x dilltance from back or anglOll. to ri vet li ne 
or to point midway tor two rivet Lllleli. 

R oO Bear-Ina "alue or one rivet.. p_:\lInlmum plteh ootween two rive"'. 
Roqu\red tho ma:rlmum end I'flIII~ce or a girder, properly .tlfrencd at ends. 

EXAMPLE t . Gird@!" oom~ or I- Web Plate. 42" x _it" 
_VLaIl88 An,ghll. 5".1 3W'. 

Web 8,,,,,.: 42 x.1o X 12,000_167,000 pound&. 
!'lange IUVIl~: 1_(42"+ J,i"J--I )i"-38"; 38+2 '{ .. 13 ICtvel8. 
Bearing value or }i" dta. ri vet: H x 'h X 30,000 ... 8,200 pounds. 
j.']ange Stro8ll: 8.200 x 13_106,600 I/Oun(l& _ MlU<lmum End 1!0001,tance. 

E,.,."PLIC 2. Gi rder oompoeod of I- Web Plato, 48"" un 
_Flange AngIOll. 6" x 6". 

Wob 8t.-: <108 x H x 12,000-216,000 pOUnds-:\ladmum F.nd 1t000illtance. 
Flange Rive"': a-(48"+U")-1"-4IU"; 41U+ln-24 lih~ts. 
Bearlna: value or U" dla. rI,'tlt: H X H x 30.000-9.840 1~.lIld .. 
Flange 8t.-: 9.&10 x 24_236.160 pOI.lnd •. 

Rivet Spacing in Flanges. It follows that the rivets connccting 
the web plate with the flange angles are required to transmit thc 
horizontal shcaring stress from t he web to the flange, which hori
zontal shear in any panel is' equal t.o t.he vertical shear at ccnter of 
panel multiplied .by its length and divided by the vcrtical distance, 
a. 

As the shea r increases from the point of greatest bending moment 
t.owards the supports, the number of rivets in verticnl legs of the 
flange angles must also increase as the supports arc approached. 

Piteh of rivctll in flange a nglCII, p-~ 
V_Total vertkallbcar at the panel. under oonslden.tloo. 
R _ Radll.nce or ooe rh'flt. I. e .. tho boarlq 01' slloe,ulnf{ '·alue. "hlchever Is 

lmaller. 
a. _ Etfectlve distance bet"ll('lI up~r and Io ... ~r IIDOI o r rivets. 

The fo rmula gives the theoretical rivct spacing for any point in 
the flanges due t.o t.he total shear, but. in practice the pit.ch is com
puted from the maximum stress in each panel, in nearest M inch. 

EX"loII'LIO. A girder oom~ of li" lit 3)i" a.ngiotand 36" s ,lo" web. 30 n. 1003'. 
divided Into 3ofoot panels. support_ " uniformly distributed load of 72 10M. or 4,800 
pounds ~r foot. 

Required rivet pitch In panelll. when dllltanoo between rivet I1m,,_32 InchEfi. 

Shearing 8t""". Pounds 
Panel1. 144.000+2 _72.000 

2. 72.000--(4.800" 3)_li1.600 
3. 72.000--(01.800" 6)_ 013.200 
01. 72.000--(4.800" 9)-28.800 

Horizontal 8tl'l'8ll. Pounda per l neh 
72.000+32.2,250 
li7,600+:l2-1.8OO 
43.200+32_ 1.350 
28.800+32_ 000 

Deal'lng v_luo of U" dla. rivet: H" 'lo s 30.000-8.200 pound,. 
Panel J. Rivet Pitch 8.200+2.2liO-3.6 lay 3U" apaelng 

2. 8.200+1.800-4.5 4}of"" 
3. 8.200+1.300.(1. 1 6" maximum .pacing 
4. 8.200+ 000-9.l .. 6" 



When the load rests directly on the top or bottom flange, the 
rivets connecting this fl ange with the web plate nre also required 
to distribute the load; then the resultant stress on rivets on the 
loaded flange is represented by the resultant of horizontal shear 
and vertical load. 

EXAMPLE, Loads bearing directly o n one OllDg6 only. tbon tor first panel, In 
foregoing exa.mple: 

n oriz(mtal Shear 2.250 wuods per Ineh. VertlcaJ Load 400 IJoOund8 per Ineh. 

Rornltant Stress if'2.'"""2.50...-+TOO' _ 2.285 pOunds. Rivet Pitch 8,ZOO +2,285 _ 3.58". 

Flange Plates. At the end of each £lange plate, sufficient rivetR 
must be provided to transmit the allowable stress on the net section 
of the platc to the adjacent members. 

E:u.MPLJ:. Required number or rivets. ~"dilL, tor 14" x )ll" I nner nang<) plat.&. 
14" X Jio" Inner flango pla.te. net area.: (6. t 3- .87S) _ 5.Z6 8(1. In. 
HCIIlstanco: 5.Z6" 18,OOO- t14.68O pounda. 
Shearing value or >in dla. rivet: .6013" Il,500- S. 12() pounds. 
04.680 +8.120_ 12 rivets. or: 
T wo IInCII ot 6 rivets each end ot pla.te, spaced 3 Inchell to 3 ~ Inchell. 

SPLICES. In long and deep girders or in girders made from 
stock lengths, it is often neccssary to splice the web plate or also 
flange angles and plates. 

The resistance of all splice plates must be such as to develop the 
full resisting strength of the rivets in the splice, especially when 
rivet stresses are to be transmitted through narrow plates . 

. Web Splices. As there is no vertical shearing stress in the middle 
of the girder unde r a uniformly distributed load, web splices arc 
somctimes made at that point, but, generally, the web is spliced in 
two places equidistant from the center. 

The rivets in the web splice must transmit the web stresses so 
that no additional stresses arc imparted to the flange rivets, 

T he rivets are not equally stressed; the stress is zero at the 
neutral axis and increases unifo rmly to a maximum at extreme 
distance. The moment stress of each rivet is as its distance from 
neutral axis, and the moment of resistance as the square of its 
distance from neutral axis. 

-
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Ex ...... ",: : 

ROQuirod the web ."Uce In a 6O.ln<:h glrdor with 
~ Inch .. ob p late capable of ",,\SUng the bending 
moment at 18,000 pound!! ftber .tross, onOolliahth o f 
tbe .. eb ...". being con&ldorod as flange acUl\/!: ., 
the utreme «i8e of the flla~. Conoentratod to.d 
12.}.OOO pound., 2 foot from center. Span 110 foet . 
Splice at center. 

L 

• " I ---;l ~;~I 1 
G ~~ ~Ti 1.. Each "do of Joint mUlit be I)rovlded with enough 

rivctll \.0 !"(!JIlin: . :-, , 
• , , , .. , ..... 
~O9: 

0 , 
0 01;lC 

6 " 22.Ii ' _ 3 ,038 
6 I 10 .[, ' _ 2.281 
6,, 16.6 ' 1,633 
6ltU.6 ' 1,003 
6" 10.6' 661 

." 7.[> ' _ 225 
2.: 4.1i ' _ 41 "x I.!; ' _ II 

I _ 8,981 

.s _ 8.1l~1 _ 300 " ., 

I 

... Tho rull ,bear at the 11)1100 acting vorUcaUy. 
Tho .t~ on each rhoet I. the \.Olal .bear at . plleo 
+ number of rh"oU on each ~e of joint . 

h. Tllat ' '''.-tlnn of tho bonding moment "hleh I. 
taken by ~ of the weh &ctlng hor!w<lW.lly. The 
maximum nl'Ofllll. this >'alno + tllO Sootlon ModuLus 
of the rivet IP'OUP. 

Tho ro.u1tant of tlo_ t ... o forces ill the mulmum I~ on ~h 
"vc~ In ('xlreme line o f a.)lIce 1)late. 

a. The sllear at center - smaller end rf'IILCtlOD 
_ 125,': x 23 _ 67,600 It.. 

The ,hear J)er rl~6t _ 67,500 + 40 _ 1,438 11lI. 

b. Tho Section ~Iodulu. or the rl,'et group ror rlveUl or unit 
value _ 399 In.' . 

~Iomcn~ msisted by }i or ... eO _ 1'iO" H " }i ,,60 " 18,000 
_ 3,037,500 Inch-pOUnda 

StroM per rive' _ 3,037,500 + 399 _ 7,6 13 It.. 

Mn;dmum In ext ..... mullne Is V7,613'+ 1,438' - 7,748 IbII . 

Muhnum ",lIo_.blo .t ..... IMlr rivet Ilgovernod by boarlng on Ji" plate at 30,000 
-10.. _ 9,g.&0 I lls. for }i " ",'et at outaide linD In girder 28" trom ocntcr. 

9,840 :II: 22); 
Maximum , .. Iue at e d ..... mo line o f r"'eu In sllllce Is 28 - 7,910 lilt. 

To determine thickness of splice plates 

StNlU In center of plate 22.11" flrom center of girder _ 1 8,~~ 22.11 - 13,Il00 IlOunds per 

IIQUM'O Inch. CJorOOdcr the momont caI'1'loo b)' the extreme rl.~UI to be .... 11100 by the 
portion o r the ,pllce adjacent \r(I th_ r"·cUI. I n thlll ca.so tho UIIIIC<' 3" o r .pUce plateo 
should dovelop the extreme ro ... of rivetl. 

lI orlrontal stre811In three e"lrome rlvotl II 7,613 x 3 - :n.830 lbil. and 

IIqIJll.re Inctla. net, 

22,8.19 
13.1100 -

3" _ 1" _ 2", ~:: _ .n" _ Jh" - required t-hicl<WlM O(.pll08 Ilia ..... 



GENERAL REQUIREMENTS FOR RIV ETI NG 

J. In proportioning rivets the nominal diameter of the rivet 
shall be used, and in deducting rivet boles they shall be taken 
Ys inch greater than the nominal dia meter of the rivets. 

2. The minimum distance between centers of rivet holes shall 
be th ree dia meters of the rivet, but the distance shall preferably 
be not less t han: 

Hi" for l ~" rivet. 
4" "l~" " 
3}i" "I" " 

3" for Ji" rivetll 
2}i"" ~" " 

2" for ~" riveUi 

I""" }i" " 

3. The maximum pitch in the line of stress of compression 
members composed of plates and shapes sha11 not exceed 16 limes 
the thinnest outside plate or shape, nor 20 times the thinnest 
enclosed plate with Ii max imum of 12 inches; at right angles to 
the direction of stress the distance between lines of rivets shall 
not exceed 30 times the thinnest plate or shape. 

4. For angles in built-up sections with two gage lines, with 
d vets staggered, the maximum pitch in the line of strcss in cach 
gage line shnllnot exceed 24 times the thinnest plate, wi th a maxi
mum of 18 inches. 

5. The minimum distance from the center of any rivet hole to 
a sheared edge shaD be: 

2}(" for I}{" riveta Hi" for ~" riveta 1~" for ~" riveta 

2" " 1.J.i" " 1}{"" U" " I" !i" " 
l~f' " I" " 

The maximum distance from any edge shall be 8 times the thick
ness of the plate. 

6. The pitch of the rivet-s at the end of built-up compression 
members shall not exceed 4 times the diameter of the rivet for a 
length equal to 1M times the maximum width of the member. 
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ALLOWABLE WEB SHEAR, VIA 
IN POUNDS PER SQUARE INCH 

FOR VARIOUS RATIOS, cIt 

Maximum Shea ring St ... ss 12 Kips pe r Square Incn 

M 'I' ," 'I' M 

~ --- I 

60 12000 78 9756 96 789' 
61 11868 78 9642 97 7803 
62 11734 80 9529 98 7712 
63 11604 B1 9418 99 7623 .. 11473 82 9308 100 7535 
56 11343 83 9199 10' 7111 .. 11215 84 0091 110 .'" 
" 11087 " .... 115 634' .. 10961 86 .... 120 601lO .. 1083' 87 .775 125 5678 
70 10711 86 86" 130 5378 
71 10587 .. 85" 135 5097 

" 10465 90 8471 140 4836 
73 10344 B1 8372 14' "92 
74 10224 92 8274 150 4364 
75 10105 83 8177 155 4151 

" I 
9986 94 8082 160 3951 

77 9871 95 7886 

V _ Total vertical shear. 
A _ Gross area of web. 
c _ Distance between flanges. 
t - Thickness of web. 



PLATE AND ANG LE GIRDERS-APPROXIMATE DESIGN 

I n preli minary design of a symmetrical girder or in cases where 
extreme accuracy is not essentia l it is sufficient to base the transverse 
resistance of the section on the moment of inertia of the two flanges, 
obtained from the general formul&.: 

, d M 2M M .. fii .. fA, A .. fd ' 2 A .. Td 

where A is the area of either top or bottom Bange, 2 A the com
bi ned area of top and bottom flange angles and plntes, and d is 
the total depth of the girder. 

The lables which follow give the moment of inertia of four flange 
angles and two £lange plates of various sizes for depths of girders 
from 36 to 84 inches. Sizes not given can be obtained by inter
polation of ncnfcst values. 

In proportioning the flange angles and plates it is desirable to 
ullow at least one-th ird of the required flange area for flange angles. 

The results correspond nearly to the net moment of inertia. of 
the section, the omission of the section modulus of the web plate 
offsetting a. reduction for rivet holes. 

E"...><PLII. Pla.to and Ang\(l Olrdtr.lhnltod to a depth o r 38Ji Inch(lll, to 
!'eIIIUa ma~hnurn bending momento r 1,000,000 rOOt-llOUnd., unl~.trollllI8,ooo 
PQU1HI~: 

2 ~ .. W_2X 12x 1.000.000_", I. 
n Cd 18.000x38 . ~. n .. then from table: 

oI_fI'lange Angll'lll. 6" x 01" :l JI." A_16.7 ~.In. 

2-Flange Plat.,.. 101" x U" A_~"~.O~""~ 
37.7!IQ.. In. 

In<:\u<llng tor a mo.., CI[&c~ COlnl!Utatlon a web p late. 36" x U" • .. lUi 
proper roductlon or I" <lla. hoi.,.; Iht'n 

I _Md_ !2xt.000.OOOx3S _ 126671 'fro tab! 
2 t 2x 1S.000 ,n., m I). 

oI-~'lanlfO Angi(lll. 6" x 4" x Ji." d, - 36Ji" 
2-~'!&n8e Plates, 101" x,,"" d,-36Ji" 
I - Web "lace, 36" x H" d _36" 

r .. 5,0010 In.' 
1_ 7,260 In.' 
roo 2.oI30ln.' 

01'0IIII r _ 14.750lo.' 

Deduc~ 

4-Fw.,e Hola.. 
2-Web 11011)1. 

I " x Hil" I -18" 
l"x t Ji" h- 16" 

1_ I ,MOlo.' 
1_ 768 In.

Ne~ 1_12.4012 10.-

.7. 
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CRANE-RUNWAY GIRDERS 

DeBign. In the design of crane-runway girdcl'II, the following conditione. must be 
provided for: 

I. Bending moment due to maximum reaction of emDe load. which is the sum 
of the total reaction from the crane load and movable parts of the craDe when in the 
position of the maximum travel toward the girder plus one-half the weight of the 
crane girder. 

2. Provision mllilt be made against lateral deflection in ca.se of aD UceMive 
IlHin of span length to flange width. For the purpose of simplicity in Example 1 
which follow8 the Deret!8ary width will be ae<lUl'f!d by meaM of a channel riveted to 
the top flange. 

3. In addition to the tendency to deflect laterally due to total transverse load, 
provision must alllO be made against later",1 impact due to the reaction of the craDe 
load when suddenly atl!.rted or stopped. This reaction is t ransmitted directly to the 
top fiange of the girder and is variously l1118umed to bear a definite relation to the 
vertical force, in some ClUlC6 as low as 1/ 20 and in other ea.ees as high as 1/5 or e\'en 
higher. 

4. The web of girder must be of Buflicient strength to resist the total rel!.(ltion 
from crane occurring at extreme end or point of bearing of runway gi rder. 

S. The unit stresa should be limited to 15,000 pounda for the comprellllion flllnge 
and 18,000 pounds for the ten.sion flange. 

6. Due allo""",nce must be made for impact due to the Tolling load or the sudden 
application of the load, by adding a certain percentage (sa.y 2.5%) 00 the ootal static 
moment. 

T he computations for bending moment and lateral deflection due to trall.6verl!e 
loading are made in accordance with usual practice in the design of girdcra. The 
lateral impact against oop flange of girder may be computed from the fonowing 
formul&!!: 

"I, _ Bending Moment In Inch'pOund/! due to trallllvene Load. 
n _ UaUo ot Lateral Impact Moment to M, 1\.'1 ~. >no. 'rJ. 

nM, _ Bending Moment dUG t.o lateral Impact. 
I ,., _ Moment oC Inertia oC glrdor rererred t.o A:dll I_I. 
1\ ••• _ ~Ioment of In<:rtia or top Hango or girder, Axil 2·2. S._. - Soctlon .Modulus of girder. Axil! 2·2. 

C _ Maximum allowable unit stnlSfl. 
Ct _ Unit 8t ..... (tonslon) In bottom Hauge duo to trau .. verso load. 
r. _ Unit Stl"OQl (c()<nprosIIlon) In top Hango duo to trall"vflrS6load. 
Ce, - Unit Stn& (OOml)ro&Ilon) In toll flango duo to latorallmpact load. 
x _ Dilltance from Axilll-I to toP or girder. 
y _ Distance from Axis 1·1 to bottom or girder. 
~ _ Dilltance from AIIlI 2·2 to edge or top Hango. 

Th M M r. I I-' c., I to., d Ce .!..!u:!. d M en ,:n, , - x : --,-an -;;; -n l ,.,~an • ,mall:. 

t tl _ f.n I,_,~ 

I t._. x 
ft - !!..L.r. 1,_, 

r I ,~, 

r max. in tol> Hange _ rc + rei 

mum allowablo unit stn:;ss. 

_ to (I + ..!L!.i.:..L!.) 
It._. x and muat not Oll:oecd th.., II1IIxi· 

For "ymmlltrkal SIlCtlons wh<:re top :wd bottom Hange>! are ot equalllOCtiou modulus, 

I ~_' becomclI S,., and It:_. become. S~. and the rormulas becomo 

r max. in top Ilange _ r~ (1 +~) and ]\.f, max. _ r (S s, ~ ~ 8·S' ) <:1._, ,., n ,., 

The example!! shown al'(l hypothetical and are chOllCIl mel'(l\y to indicate the 
method of approach and tbe fact that in many C&$eS s. sa.tisiactory girder may be 
eelected from the cn Serie!!. 

It will be quite apparent, however, tbat in moat C8.l!e8 the bottom flanges will not 
be 8trellSed to full capacity and tbat a more efficient girder could be designed by using 
plates and angle6 carefully selected to secure the maximum allowable 8tl"C&'lCll in both 
the lOp and bottom flanges. 



EXAMPLE 1. Crao&-rurlway girder having 30-roo~ span t.o suppOrt a moving load On 
2 wheels 10 teet apare. Total load. on each wheel 24.750 pounds due to the total crane 
load and moving parts plu~ ooo-half tho weight of the cl1IoIIe girder. Asrumo tile tOI'C6 
tending to deflect tho girder lat.orally to be 1 /20 of tho vertlca.l tOl"Qll. Asoruroe CB 301 
lOS lb. aod 0 I, 15" 35 lb. channel rlvetod t.o top flange. 

M, for live load 

Add 25'70 for impact 

hi L tor dead load _ 143 X 30' 
8 

_ 257.813 ft._lbs. 

64.453 ft._lbo!. 

~rt.-Ibl. 

Tota l M L 338,356 rt.-\1)8. 

Load rodu<:t1on. for ~ mUo or 301~ 12 Qr 24 _ 86.3'70. 

Equivalent M, _ 338,356 
86':3 

392,070 n._1he. _ 

4,704.&40 In.-lba. 

..---15'--_ , . ' 

-r o ' ~ , , , 

Bending Stresses. The Moment.ll of lnerti!l. are for net seetiona with allowance 
for I-inch diameter holes. Unit st.resa for tranaveree load and lateral impact ia 
15,000 lbs. per 1Iq. in. in top liange. 

M,max. _ t l '_1 \5.000 X 5791.4 _4.1\S,670In .• lIli!1. _ 
x +nl,_,z 12 .46+ ( 71)1.4 X7 .5 moment of roslst.anoo 

I t.... 20 X 365.0 

t mu .• toPtlange _M'X (1+~) _ 12046 X 4.704.S40X ( 1+ 6701.4 X 7.5 ) 
1,_, hM x 5791.4 20 X 365.0 X 12 .46 

_ 14.955 Ibl . per IIQ. In. 

r '_ •• _, ~ 4.704.840 X 17.78 , •••• ,_ , 
t, ........... m IUlge - 1,_, - 579104 -, "". per IIQ.. n. 

This comes well within the mlL:rimum allowable BtreM, 18,000 IbB. per sq. in. 

Web Resist ance. From the table of bending momenta and web rel!i!tIUlOOll we 
find that the web or Section cn 301, 108 lb. i8 good for a loo.d of 72,350 pounds with 
a minimum end bearing of 331 inches, and IlII"the total end reaction due to the wheel 
loadll isiellll than thia, the web i8 amply strong. 

EXAKPL., 2. Crane-nmway girder having a 2O-foot span 1.0 to rf'IIIl.ot a ma.dmum 
I.>endlog moment of 320.000 ft._lbo!. for live load. 'rhe girder to consist of a 36-lnch 
beIIm with 1 6~-lnch flange width. 

Assumo 240 lb!!. per ft.. n _ 1 / 10 t max. In eompn'lSlllon flange _ 
15.000 lbe. per sQ. In. 

M, tor live load - 320.000 ft._loo. 
Add 26 % for Impact _ 80.000 tt.-IIJ8. 

M , for dead load _ ''''''"Y;P'''''''' _ ..ll:QQQ.ft._lb8. 

'rotal ~r, _412,000 ft.-lbo!. _ 4.944.000 In.-lbo. 

For~ ratio _ 20':'5
12 

_ 14.5. thorofare no reduction I! required. 

g,-, _ 873.6In. ' a .... _ 11U:;ln. ' 

Th h ( a,-, X a .... ) ( 873.6 X 11 1.5 ) 
en "max. - f a .... + 2 n g,_, - 111.000 111.5 + 2 x.l X 873.6 

t. and ft _ 4 ,~~ .. ~ _ 11.6.59 lb8. per 1IQ.1n. 

t max. In top.fl.ange _ t. (I +~) _ 5,6.59 a._. 
I N EXUIPLIC 2. 

Un _ IIlI>, 
M 1>000 ( 873.6 X 111.11 ) 

,max. - I , 111.5 + 2 X .067 X 873.6 

t. and h _ 4.~; .. ~ _ 1I,659.11J8. per sq. in. 

_ 6,104.800 In._loo. 

X (I + 2 X 873.6 ) 
10 X 111.5 

_ 14,527 lb!! . per IIQ. in. 

_ 6.392,547 ID.-lbo. 

( 
2 X 873.6 ) 

f max .• top flange - 11,659 I + Iii X 111.5 _ 11.571 lb!!. per sq. In. 

Allowabh .. _ 15,000; bonoo. for thls CIJ..-.e the beam would bo good ror an IDcrcaso 
In boindlng DlOUIOnt of 29.3% or 6.392.500 In ._lb!!. 

In Example 2 the gT08S value of the beam hlUl been used for simplicity, but 
d~el"ll should take into account the neee8SlU}' reduction for rivet holes if flanges 
are punched. 
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PLATE GIRDERS 

Moments of Inertia 

and 

Areas of Component Parts 

I}epth 1,_, OF ONE WEB PlATt. ~ In InehM 

ll
d 

~ f-ii~ l~O~ 1~4 I 2~O ~~-K6r'-'-!88 i 
4~ i:~ 2315 2701 3087 3859 4631 5402 6174 
48 576 3456 4032 4608 5760 6912 8064 9216 
54 820 4921 5741 6561 8201 9842 11482 13122 
60 1125 6750 7875 9000 11250 13500 15750 18000 
n 1944 11664 13608 15552 19440 23328 27216 31104 
84 3087 18522 21609 24696 30869 37042 1. 43220 49392 

14 
4374 
6946 

10368 
14762 
2tl2S0 
34992 
55564 

Depth I I 1-\ OF TWO FLANGE PLA TES (for 0 ... I""" '" WIdth ) Th!et< ..... In Inch .. 

d , Ji I ~ I U % I U :u; I 1 I lRf=j 1% I Hi I 2 
36)1 ----255 ----297- ----342 4 31 ----520 S ir ---.,Q3la 91 - Uise 12SC 1484 
_ ~ _ m ~ rn rn ~ 11~ 1m 1m 1~ 

48 yz 448 523 600 754 910 1067 1225 1547 1876 2210 2552 
54 )1 565 659 756 950 1145 1342 1540 1943 2353 2769 3194 
80)1 695 811 926 1168 1407 1648 1891 2383 2884 3392 3908 
72),-2 996 11 62 1328 1660 2012 2356 2701 3400 4108 4825 5552 

...,!4 J1 1351 1576 1800 2251 2ns 3189 3655 4596 4801 6510 7484 

1,-, OF FOUR FlANGE ANGLES. Thk:k ..... In lnok .. 

S ire Oe~h d, " , Sa. Depth d, I ~ I 
36}<J 6 77076909470fi200 50mBO ~ 8f9o:rOTOOf1950f37501549~ 17180 
4272 93801065013120'155401785020130 4272 11460:1414016750:19280~174 24150 
4872 124101410017380205902368026720 4872 15280188802237025n02908 32310 

8x6 54),1 158701803022240,263603033034230 8x8 5472 1966024300288103321037500141680 
6072 19750224502nt0328503781042690 1 6072 ,246oo304203608Q41m6990 52260 
7272 288003275040440'479705524062410 7272 361&$4730530806124069230 nOlO 
84 h 395604499055580'6595075980 85870 84 b 14994061800 733908469095780 1 0661 0 

AREA OF FOUR ANGLES 

Sin ThIcIuo .. In In .... , '-.~~ 
6" 1~1l 16.7 - 19.0 23.4 27.8 31.9 
6,6 17.4 20.2 23.0 28.4 33.8 38.9 
8,6 23.7 27.0 33.4 39.8 45.9 52.0 
8,8 31.0 38.4 45.8 52.9 60.0 66.9 

AREA OF TWO FlANGE PLATES AREA or ONE WEB PLATE 

Wt l"· . ''''' 
ThIcItn ... In I ....... 

• • 2 "C5"o9";o 15.0 18.0 2 .0 .0 30.0 "36.0 38 2.25- 9.0 """l3.S" 18.0 
14 1.75 110.5 17.5 21.0 24.5 28.0 35.0 42.0 42 2.63 10.5 15.8 21.0 
16 1 2.00 12.0 20.0 24.0 28.0 32.0 40.0 48.0 " 3.00 12.0 18.0 24.0 
18 2.25 13.5 18.0 22.5 27.0 31.5 38.0 45.0 54.0 54 3.38 13.5 20.3 27.0 
20 2.50 15.0 20.0 1 25.0 30.0 35.0 40.0 50.0 60.0 60 3.75 15.0 22.5 30.0 
24 3.00 18.0 24.0 30.0 36.0 42.0 48.0 60.0 72.0 72 4.50 18.0 27.0 38.0 

84 5.25 21.0 31.5 42.0 
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PLATE GI RDERS 

Moments of Inertia 

of 

Holes and Component Parts 

"". 12 
14 
16 
18 
20 
24 

m" . ••• 
J> 

~ 
li , 

,,"-••• 
% 
J> 
H 
% 
li 
)j 

1083 
1323 
1387 
1452 
1728 
1801 
1815 
2187 
2269 
2352 
2700 

2558 2791 
2643 2883 
3179 3468 
3564 3888 
3664 3997 
3765 4107 
4400 4800 
4851 5292 
4967 5419 

h.t or TWO FlANGE PLATES, Tb~ In Il'Id'Iee 

108l'-f26144 -18~-216-25r' 88 360- 432- 504- 576 
In ~ m m m ~ ~ ill ~ ~ ~6 
256 299 341 426 512 597 682 852 1024 119<1 1364 
365 425 486 608 ng 851 912 1216 1458 1702 1944 
500 583 667 834 1000 1167 1334 1668 2000 2234 2668 
864 1008 1152 1440 ~1"n"'c!,-"20"' ... 6~2,,3,,04,-,-,,2,,88,,0...L,,34,,,,,-6 -,4"0",,32,-,--"4,,,608 ..... 
10 •• OF FOUR ANGLES .6~4 1 ... OF" FOUR ANGLES 6.' 

~ln lnc:hw DiU. ThIcI<_ In 11'Ch .. 

••• % • ,. 4 
lW rnoo- 240 280 20 40 160 200- - 243 - 28S 

121 141 162 203 24' 290 J> 122 142 162 204 247 289 
123 144 165 206 250 29' ~ 124 144 16' 208 252 294 
127 148 170 213 257 300 12. 149 170 215 260 30' 
130 153 176 220 265 310 li 132 154 177 223 270 31' 136 158 180 227 274 320 , 

137 160 183 230 280 326 
1M OF FOUR ANGLES '.6 h •• OF FOUR ANGLES ••• 

Thlckn ... In 1""'- Dill . Thlck _ In IneII" 
blob 

462~"'- - ,,0 --m-322 68 462f S54 650 -,.,- 370 843-
326 on 461 561 657 751 J> 375 468 565 659 158 .54 
330 on 413 568 66' 760 H 380 414 572 668 166 86' 
338 386 485 582 680 780 % 390 486 586 685 188 688 
346 396 497 '96 698 '00 . li 398 498 602 103 808 ~O 
35' 405 '10 61O 716 820 )j 408 510 611 120 830 934 
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COLUMNS AND STRUTS 

A compression member, subjected to longitudinal pressure, is 
shortened by the compression and also tends to deBect laterally, 
due to the fact that the load cannot be applied coincident with the 
longitudinal axis and that the material is not perfectly homogene
ous. This flexure occurs generally in the direction of the least 
resisting moment of the section; the load which will cause a column 
to fail decreases in the ratio of length to least lateral resistance of 
the section, the ultimate failure being the result of combined 
stresses due to compression, transverse shear and flexure. 

Column Formulas. Under ideal conditions, when it can be 
assumed that the load is applied axially and that'the material is 
perfectly homogeneous, the resistance of the column would equal 
its resistance to compressive forces up to the elastic limit, and there 
would not be any flexure; if, however, a deflection be imparted to 
t he column by a lateral force, the column wou ld ultimately fail by 
bending. 

E I 'F I I) rlEt P rlE . b d I f uers 'ormua., - k---rr0rX -Ir (iTr)i,IS ase upon tIe ore-
going theory, and gives results close to the ultimate strength 
found for long and slender struts, when k is a constant varying 
with the condition of end bearing, (k .. 4 for columns fixed both 
ends). For shorter and heavier columns, or for lower ratios of llr 
the results do not correspond with actual tests. 

Rankine's Formuia,P .. 1 + :[' /rJlor~ - 1 +crllJrJ~' rcprescntsthe type 
of fo rmula now in general use and the various formulas for propor
tioning columns which arc based upon this general formula. agree 
with actual tests within certain limits. In this formula a certain 
compressive unit stress for direct crushing is assumed and reduced 
in ratio of length of column and least radius of gyration, llr; value 
of c is an empirical factor, varying with the resistance of the 
material and with conditions of end bearing. 

Straight Line Formulas. In pmcticc, com pression members of 
a grealer ratio of slenderness, llr, than 120 are rarely used , and 
within this limit the curve can be represented by a straight line, 
the general formula assuming the simplcr form: ~ .. t -e (~). 

CompNlll8io ll formulall dewnninlng the resistance of we~ tn roLl&d bealllll 
or riveted glrdan agalnn buckUng. or the nOC8ll8&ry reductlon of lIare loads due 
to lateral denecUoli of unbrac&d beams. are Ukewl"" balled on onll or the other 
types or column fomlulaa. 



Ratio of Slende.rne88. l/r is ratio of the unsupported length of a 
compression member to its radius of gyration, generally the least 
radius, excepting when the unsupported length is rigidly braced to 
prevent deflection in the d irection which corresponds to the leust 
radius of gyration . It is, therefore, necessary to determine the 
radii of gyration and to usc the proper ratio of slenderness in any 
particular casco 

Usual practice limits the maximum ratio of llr for main members 
under permanent stress, permitting a higher ratio for secondary 
members under temporary stress, as in wind bracing. 

Compre88ive Unit Stres8e8. The tables of allowable loads of column 
sections have been computed in accordance with the formula 
for steel columns of American Institute of Steel Construction, 
1923-Revised 1928. 

r _ 18.000 , 
1 + l8.OOO (lfr)'. 

Maximum unit strellll at l/ r _ OO : 15,000 lb. per sq. inch. 

Maximum l/r: Primary members _ l20j Secondary membeu _ 200. 

Explanation of Table&. The tables give the concentric safe loads 
in kips and include a selected line of 14·inch cn column sect.ions 
with cover plates. The loads are based upon the least radius of 
gyration. 

In addition to the safe loads, tables give the moments of inertia 
and the radii of gyration about both axes of symmetry, for use with 
other compression formulas or for use in computation of the safe 
strength of a column braced against flexure in such a manner that 
the greater radius of gyration may be used. 

Combined Compre~ion and Bending Stresses. Generally, the loads 
are concentric and equally distributed over the cross section of 
the column or balanced on opposite sides thereof. In the case 
of beams carried on brackets or other forms of eccentric loading, 
bending stresses are produced which should be taken into consider
ation and the column sections so proportioned that the combined 
stresses do not exceed the allowable compressive and bending 
stresses in accordance with the following formulas: 

2., 

• 



••• 
P _ Concentric load. 
PI - Eccentric lond. 
t _ Length of column _ I, + /~, end distances of eccentric load. 
II _ D ista nce from top of column to eccentric load. 
I, _ D istance from bottom of column to eccentric load. 
re _ Unit compressive stress for length I of column. 
fel _ Unit compressive s tress for length i, of column. 
f, _ Unit bending stress. 
M _ Bending moment duc to eccentric load. 
y _ D istance of eccentric load to center of column. 
n _ Distance of extreme fiber from center of column. 
r _ Radius of gyration of section in plane of bending. 
A _ Cross sectional area of section. 

Compression due to concentric and eccentric load: 
P _ Afc , P, - Afc,. 

When the ecce nt ric load is a pplied above center, Fig. 1: 
p p ~ 

A _ ,- +,'-'+ I' , ; 
<: e, 8 r 

~ Mmax _ l "' 

When the eccentric load is applied at the center, Fig. 2: 
p ~ ~ A_-, +, + nil .' 
(I C, "" f 

M max _ p~y. 

When the ecccntric load is applicd below center, Fig. 3: 
~ p P, P,y/,ll...... _~. 

+ I fa rl ' or A - ~ + fc, + If. r" ' 1'1 max I 
UI!e grc.lltcr value for A. 

When the ecccntric load is applied at the top, Fig. <I: 

A _ P + P, +~; 
fc f.ll r" 

Mmax _ P,y. 

Whcn t he eccentric load is applied at the bottom, Fig. 5: 

• 

p Eu..!!. 
A - r;;+ f .... ' 

'" I -- -f-~ 

, , 
: ' , ' , ' 
~, i , , 

}<', o. 3 

M max _ P, y. 

, , _____ __ 1' 

~'IO . 4 

." , 

• 
~i--Ti 

, " r ' : (, : , " 
F~=i'-- l : 

, I : , , ' 
I. : , ' , ' 
, , , ' , , , , , , _____ ."'_'f' 

~'IO. 1 

• 
'" T ---f ---, , , 

: ' 
" , 

___ ; I 

, : 
I. : 

Flo. 2 

NOTO:: The valu' or r" In the above tOl'mulM,I ... umed to be 18.000 pound, poll ~uare Inch 
tor rat~ ot l{b _ 15. Where the ratlo ot l/b exeoodl 15. the '/lIlu. of t • • houW be reduoed to 
con form to the ltandard I)ractloo abown on IW'&C IIW. 
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En lllPle: HcoquLrod a CD column. 25 root in length. to support a oon(:(lntrie load or 383.000 
pounda and a n coccentric l()lld ot 50.000 ]lOunds acting at a dlstanco or 19 Inches from rontor or !leCtlon, 
In plano of groat.ost l"68lstauco, Axl' 1-1, and at .. dlstanC<l or:; root from top or column. 

Unit compression and benUlng 8tl'Cll808 In accordance With A. l. S. C. requiromentll. 

AMlllrnlng en 145. 136 llOunds , wJth the rollowlng propertleo!l: 

A _ 39.98 sq. in. n - 7.375 In. 

r~ tor I l r _ 25 X 12 + 3.77 _ 79.6 

r~ , for 1./r _ ZO X 12 + 3.77 _ 63.7 

r I., _ 6.3 1 Ln. r .... - 3.77 in. 

13,314. Iblo. pef sq. in. 

14.689 11». per sq. In. 

383,000 50.000 50.000 X 19 X 20 X 7 .376 
A - 13.314 + i"i:ti89 + 25 x 18,000 X 6.31' - 39.99 sq. In. 

NOT!!: Tho bend ing factor. A /S, tor column eoeUOWl. may bo ~ to advantage In oomputatlon 
or oolumM .. Ith ocoontrlc load, l ubOltltuting the \'aluo or A!S tor nfr' In tho formuLa. 

In the eu.mplo the \'a]uo of A/S. axis 1-1 _ 39.98 + 216.0 _ 0.1811. 

A .. ~ + 1;'0.000 + 50.000 )( HI )( 20 )( 0 .185 .. 30 98 I 
13,314 14.689 25 X 18,000 • -'<1. D. 
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COMPRESSION UNIT STRESSES 

Allowable Unit Stres.ses In Pounds per Square Inch 

by CompressiOIl Formula of 

American Institute of Stei;: l Construction: 
1 _ 18.000 

,+- '- (I/r)' \8,000 

The following tables give the unit stresses for ratios of ljr in intervals of 
0.5. Intermediate values ml1y be found by interpolation from the figures 
given for the tenth units of ll f by adding or deducting from the nearest 
tabulated figure the corresponding multiple. 

EX"MPLE: Unit Btnl8l! tor 1/t'_94.7 and Ijr-15(l.8 

I /r_ 94.7 11089 ~18.4 Or 12031-2,.8.4_ 12014 
I / f_I50.8 7941 +2:<5.9 or 7971--.'lx5.0 _ 7953 

Main Members- Ratios of I/ r up to 120 

"". ""' , .. I ",. ",," , .. Ratio, ""' , .. "do, ""' , .. ,- " -' "'" ,-'" P1Iu ..... 0.10 ", "' ... 0.10 ", -. 0.10 '" "",,," 0.10 

- -
60 15000 75 13714 90 12414 105 11163 

.5 14958 8.' .5 13671 8.7 .5 12371 8.6 .5 11122 8.1 
61 14916 76 13627 91 12328 106 11082 

.S 14874 8.' .s 13584 8.7 .s 12286 8.5 .5 11042 8.' 
62 14832 n 13540 92 12243 107 11002 

.s 14790 8.4 .s 13496 8.7 .s 12201 8.5 .s 10962 8.D 
63 14748 78 13453 93 12158 108 10922 

.5 14705 8.S .S 13409 8.7 .S 121 16 8.S .S 10883 7.' 
64 14663 79 13366 94 12073 10' 10843 

.5 14621 8.5 .5 13322 8.7 .5 12031 8.' .5 10804 7.' 
65 14578 80 13279 95 11989 "' 10764 

.S 14535 8.S .S 13235 8.7 .5 11947 8.' .5 10725 7.' 
66 14493 81 13192 96 11905 111 

,_ 
.5 14450 8.6 .5 13148 8.7 .S 11863 8.' .S 10647 7.8 

67 14407 82 13105 97 11821 112 10606 
.5 14364 8.6 .S 13061 8.7 .5 l1n9 8.' .5 10569 7.8 

68 14321 63 13018 98 11737 113 10530 
.S 14278 8.6 .S 12974 8.7 .5 11696 8.3 .5 10491 7.7 

69 14235 84 12931 99 11654 "' 10453 
.5 14192 8.7 .5 12888 8.7 .S 11613 8.3 .S 10415 7.7 

70 14148 85 121144 100 11571 115 10376 
.5 14105 8.7 .5 12801 8.6 .S 11530 8.2 .S 10338 7.6 

71 14062 86 12758 101 11489 116 10300 ., 14019 8.7 .5 12715 8.6 .5 11448 8.2 ., 10262 7.6 
72 13975 87 12672 102 11407 117 10224 

.S 13932 8.7 .S 12629 8.6 .S 11366 8.2 .S 10187 7.S 
73 13888 SS 12585 103 11325 118 10149 

.S 1384S 8.7 .S 12542 8.6 .S 11284 8.2 .S 10112 7.5 
74 13801 89 12600 104 11244 119 10074 ., 13758 8.7 .5 12457 8.6 .S 11203 8.1 .S 10037 7.4 
75 13714 90 12414 10' 11163 120 10000 
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COMPRESSION UNIT STRESSES 

Allowable Unit Stre»es In Pounds per Square Inch 

by Compression Formula of 

American Institute of Steel Construction: r - 18.000 

.+ -'- (l/ r)2 
18,000 

Secondary Memben- Ratios of I j r up to 200 

.. 

.... , '". 0111. Ratio, 
Unit 

0111. ... ~ Unll ,., ... ~ '". ,. . 
S_ s._ ,,- s_ 

". ........ ... ,/0 .... .... 0.10 'I . .... .... o.n 'I. .... ... ... 
--

12' 10000 14' 8617 lSO 7431 180 6429 
,5 9963 7,4 .5 8585 6,4 ,5 7404 5.4 ,5 6406 4,6 

121 9926 141 8553 161 7371 161 636' 
,5 9690 7,' ,5 8521 6,' .5 7360 5,4 .5 63SO 4,5 

122 9853 14' 8490 16' 7323 16' 6338 
.5 9816 7,' .5 8458 6,' ,5 7296 5,4 ,5 6315 4,5 

12' 9780 14' 8427 16' 7269 183 62" 
,5 9744 7,' ,5 8396 6.' ,5 7243 5.' ,5 6270 4,5 

124'
5 1 

9708 144 8364 164 7211 184 6248 
9672 7,' .5 8333 6.' .5 7190 5,3 .5 6226 4.4 

125 9636 145 8302 165 7164 165 6204 
,5 9600 7,1 .5 8272 6-' ,5 7138 5,' ,5 6182 4,4 

12. 9564 146 8241 166 7112 166 61SO 
,5 9529 7,1 .5 8210 6,1 ,5 7066 5,' .5 6139 4.3 

127 9493 147 6180 I 
167 7061 167 6117 

.5 9458 7,' .5 8150 6,1 ,5 . 7035 5,1 ,5 6095 4,' 
12. 9423 14. 8119 16. 7009 188 6074 

.5 9388 7,' ,5 8089 6.' .5 6984 5.1 ,5 6053 4,' 
129 9353 149 8OSO 169 6959 189 6031 

,5 9318 6,9 ,5 8030 6,' ,5 6934 5,' ,5 SOlO 4.' 
130 9284 160 6000 170 690. 190 5989 

.5 9249 6.9 ,5 7971 5,9 ,5 6883 5,' .5 5968 4,' 
131 9215 151 7941 171 68" 191 5947 

.5 9181 6.8 ,5 7912 5.9 ,5 6", 4,9 ,5 5926 4,' 
132 9146 15' 788' 172 6809 192 5906 

,5 9112 6.8 .5 7853 5.8 .5 6785 4,9 .5 5885 4,1 
133 9078 153 7824 173 67SO 193 5864 

,5 9045 6,7 ,5 7796 5,8 .5 6'" 4,9 .5 5844 4,1 
134 9011 154 7767 174 6711 194 5824 

,5 8978 6,7 ,5 rn8 5.7 ,5 6687 4.' .5 5803 4,' 
135 8944 155 7710 175 6663 195 5783 

,5 8911 6,6 ,5 7681 5,7 .5 6639 4.8 ,5 5763 4.' 
136 8878 156 7653 176 6615 '" 5743 

,5 8845 6.6 ,5 7625 5.6 ,5 6592 4.7 ,5 5723 3,9 

137 8812 157 7597 In 6568 197 5703 
.5 8778 6,5 ,5 7569 5.6 ,5 6545 4.7 ,5 5684 3.9 

138 8746 158 7541 178 6521 196 5664 
,5 8n4 6.5 .5 7514 5.5 ,5 6498 4.7 ,5 5643 3.9 

139 8681 159 7486 179 6475 199 5624 
,5 8649 6,4 ,5 7459 5,5 .5 6452 I 4.6 ,5 5606 3.9 

14' 8617 16' I 7431 . 180 6429 '00 5586 
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CO LUMN 

H CB SECTIONS , 
COLUMNS WITH ~ 'r-' 
COVER PLATES 

LOADS ,- I 1 
14-INCH CORE 

" ELEMENTS 

eo. .. PIItlll , ... I Ailt 1-1 
"''' 2-2 --, ... W .... , ... 

W .... 
Thlck_ ''''' ~ ". I 5 , BondIn. I 5 , . .... .- 'WI ,.~ ,-

-=-I 
, ... , •. • , .. u... Sq.ln. 'n.' In. > Lin. A + S I In.' In.' I •. , +, 

CORE SECTION - C B 146 - 320 LBS. 

I 24.06 j I '68.1 122497 
I 

24 3% ' 12 1870 9.16 .143 '987 '" 6.10 .322 
24 3)<; 23.81 891 262.1 21638 181s 1 9.09 .144 9699 8" 6.08 .32' 
24 3% 23.56 871 256.1 I 20797 1765 9.01 .145 '41 1 784 6.06 .327 
24 3){ 23.31 850 250.1 1 19973 m. 8.94 .146 9123 7,. 6.04 .3211 
24 3){ 23.06 83. 244.1 19166 1662 8.86 .147 9835 736 6.02 .332 
24 3 22.81 81. ,38,1 183n 1611 8.79 .148 8547 712 5.99 .334 

" 3 22.81 78' 232.1 1n84 1559 8.75 .149 n1' 671 5.n .346 

" ' Ii 22.56 no 22 ... 17044 1511 8.68 .150 7465 64' 5.74 .34' 
23 2~ 22.31 750 220.6 16321 1463 8." .151 7212 627 5.72 .." 

22 2U 22.31 731 215.1 15791 1416 8.57 .152 6515 592 5." .363 
22 ' % 22.06 713 209.6 1511 5 1370 8.49 .153 6294 512 5.48 .366 
22 ' )<; 21.81 694 204.1 14453 1325 8.41 .154 ,.72 55' 5.45 .370 
22 ' % 21.56 675 198.6 13806 1281 8.34 .155 5850 53' 5.43 .373 
22 ' ){ 21.31 657 193.1 13175 1236 8.26 .156 5628 512 5.40 .m 
22 ' % 21.06 638 187.6 12556 11 93 B.18 .157 5406 . 91 5.37 .362 
22 , 20.81 619 182.1 11 955 1149 e. lo .159 "84 on 5.34 .387 
22 1;' 20.56 ,., 176.6 11 367 11 06 a02 .1,. .963 ." 5.30 .391 
22 1 ~4 20.31 582 m.T 10792 1063 7.94 .161 4741 .31 5.26 .397 
22 1% 20.06 563 165.6 10232 1020 7.85 .162 451 9 ." 5.22 .403 
22 1)<; 19.81 54. l SO.1 9686 "8 7.78 .1 64 "" 391 5.18 .410 

20 IS 19.81 524 154.1 9182 927 7.72 .166 3635 364 4.86 .424 
20 lVs 19.56 507 149.1 8697 88' 7.64 .168 3468 347 4.82 .430 
20 1){ 19.31 .... 144.1 8'" 8" 7.55 .169 3302 330 4.79 .436 

18 1){ 19.31 .73 139.1 7817 810 7.50 .172 '850 317 4.53 .439 
18 1)1 19.06 ... 134.6 7403 m 7.42 .173 "211 303 '.50 .444 
18 1 18.81 ." 130.1 "99 744 7.33 .175 ,,.7 "'" 4.48 .449 

NOT"" Weigh"" do not Include rIve"", Propert ies &.ro for gI'OS!IlIOCtion. 



24 
24 
24 
24 
24 
24 

23 

" " 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 .. .. .. 
" " " 

, 
2)1 
2U 

2" 2% 
2" 2" 2" 2" 2 

' Ji ." 
' % ." 
." 
' % ." 
." 
' li 
• 

CB SECTIONS 
COLUMNS WITH 
COVER PLATES 

14- INCH CORE 

DIMENSIONS 

CGI .. ..., DIm .......... 

287 

CO LUMN 

H 
LOADS ---

0.,. 
o 

• '" -=o.::_=-j_=o"""'= .:..... 

:: I :: I 

, ... 
w .... ,. 
,~, 

". 
CORE SECTION - C B 146 - 320 LBS. 

24~ 

"" "" "" ,,~ 

2", 
22" 
22" 
22" 

22" 
22~ 
21 ,. 

"" "" ,,~ .. " .. " .. " .. ~ 
"" 
"" "" "" 
"" ,,~ 

"" 

I ' I ,,. 
'" ,~ 

,~ 

,~ 

,~ 

,~ 

." ." 

." 

." ." 
' Jl ." 
." .~ 

'" '" ,,. ,,. 
'" ,~ 

'" 
,~ 

,~ 

,~ 

34 

"" 33% 
33Jl ",. 
33% 

32% 
32" 
32% 

"" " % 

" 30" 
30% 
30Jl 
30,. 
30% 

, "" 29~ 

"'"' ,." ,. 
"" 

0 , 

". 

11~ 
11~ 
11~ 
11~ 
11~ 
11~ 

10" 
.Oli 
10" 

10Ji 
10Ji 
10Ji 
10Ji 
10% 
10% 
10% 
10}' 
10~ 
10% 
10~ 

9~ 
9~ 

9~ 

.~ 

.~ 

' % 

912 
89. 
.n 
850 
830 
810 

789 
710 
750 

73' 
713 ... 
." ." 
638 
61. 
60' 
582 
563 
54. 

52 • 
507 

'90 

.73 
'58 
.42 

• 



2 •• 

COLUMN CB SECTIONS 
/~, 2 

H 
, 

I , 

COLUMNS WITH I 1 ~~; . , , 
0 -, '~" COVER PLATES , 1 , , , 

LOADS 
, , , > , 

- ALLOWABLE CONCENTRIC LOADS <-
IN KIPS ., '2 

Unit Stre_Amerlcan Institute of Steel Construetlon- 1928 

CORE-CB146-320 Lb, . .. -. ---,- eo.. PlaI.- WId!Io..,. T1Iokkn __ h,,,.Io • 
., ,~ ---

24. l 'i 24.1)1 IM.I)i :Moll{ M.1Wi 24.3 
-

I 29 I I 3m 
30 4022 3932 3842 3752 3662 I 3570 

31 I 4000 3006 3812 3719 3625 3530 
32 3955 3862 3769 36n 3584 3489 
33 3911 3818 "28 3634 3543 3449 
34 3855 3m 3683 3592 3501 34" 
35 382D 3729 363' 354' 345' 3367 

36 3m 3885 "'5 3506 3417 3325 

" 3729 3840 3551 3463 3374 3284 
38 3683 3595 3507 3419 3332 3242 
39 3637 3550 3463 3376 3290 3201 
40 3591 3505 3419 3333 3247 3159 

41 3545 3460 3374 3290 3205 3118 
42 3499 3415 3330 3246 

I 
3163 3076 

43 3453 3369 3287 3204 3121 3036 
44 3408 3325 3243 3160 3079 2994 
45 3363 3280 3199 31 18 3037 2954 .. 3317 3236 3156 3075 2995 2912 .. 3227 3148 3070 2991 2913 2832 
50 3139 3062 "" 2908 2632 2752 
52 3052 2976 2901 2929 2752 2674 
54 2966 2993 2819 2746 2673 2597 

" 2863 2811 273' 2668 2597 2522 
58 2801 2730 2660 2591 2522 2449 

60 2n1 I 2652 2584 2516 2448 I 2378 
62 2642 2576 2509 2443 2377 -....... In.1 .... , 262.1 ... , "'.1 244.1 "., 

-
'" "" Wejght,I..bI./FI. '" 

., ., .. 
L"1Ih Ratlo , .~ , .. , .. '.q ,., 

I 
U1 

I '.1. In. - "'" "'" mm ,on I"" 'an 
s ,.,. II •• J "'" 

, .. ,'" 1714 "" 18" 

• ' -I. In. '.'1 ••• .. , .... •• n 
AI'''' .,,, . ,q ., . . ,a .1 ~7 ., . 
t .... 1ft. ' •• - N,wn "" "" S .... I ..... G' '" '" '" no no 
r .... ln. . " ... ... ... ... .. 
,\IS H ", ... .. .... "" 

.,. 
0 , In.. '" =, 23" 23" "' ~, 

f lo In.. M U, 33', 33 " "' ", 
"'. IIL. " ", I" '''' __ ., " --

Sate load valllCII above upper d¥-u.1{ IIno ~ tu • .,tlOll or I r lIot !lv,'r 60. th<*l between ~Ig-Ag 
Uno:..." ror .aUOI up to IZO and thOil'!l beln_ lower ztg_z:l.g Hne are tor rM~ uot (l vtil' ZOO. 



2 •• 

/~. ,2 CB SECTIONS 
COLUMN 

. 

H I . 
1% ! ':-~ COLUMNS WITH 

• i COVER PLATES 1 1 ' ,,-, • LOADS • :', L ALLOWABLE CONCENTRIC LOADS 

p, 2 iN KIPS 

Unit Streu--Amerlcan Institute of St.eel Conrtructlon-1928 

EfleelL •• 
CORE - CB 146 ... 320 Lbs. 

eM'" 
. ,~ 

, 
no> n. '" .. '" ". '" " .... ""~ " .... 

27 3227 -:: ~ ~ 29 3482 3396 3309 
::"~ 29 ~;; ~ ~~ 30 3128 3043 2957 2973 

31 3394 33D4 3216 3087 3004 2919 283. 
32 3353 3263 3176 3047 2994 2880 2". 
33 3312 3223 3136 300. 2925 2841 2760 
34 3270 3182 3096 2966 2885 2802 2722 
35 3228 3141 3056 2925 2845 2763 2683 

38 3186 3099 3016 2984 2905 2723 2645 
3T 3144 3058 2975 2843 2765 2684 2607 
38 3102 3017 2935 2802 2n5 2845 2569 
39 3060 2976 2895 2761 2865 260S 2531 

•• 3018 2935 2854 2nl 2646 2586 2493 

41 2976 2894 2814 286' 260. 2529 2455 
42 2934 2853 >n. 2640 2567 2491 2418 
43 28" 2813 2735 2601 2527 2452 238. 
44 2852 2m 2695 256. 2489 2415 234. 
45 2810 2732 2656 2521 2451 2m 2308 

46 2770 2692 2617 2483 2413 234. 22n 
46 2689 2813 254. 2406 2338 2267 2200 
60 2610 253. 2465 2331 2265 2196 2130 
52 2533 2460 2391 ~:: :::: ~:! ;: 54 2457 238. 2318 

56 2383 

~ ~ 
2117 21156 1992 1932 

58 
Ar~Ln.· .U "'A "OA m., ... "u 00" 
Wei"", lba./ FI. '" m ,~ n, '" N. '" L.,gth RatiG 1.5Z 1.51 ... , , .. 0.. , ... , ... 
I , .• , 'n.- ''''' , ..... 16321 15191 15115 ,..., U" 
5 "1, In.- ,,,, 1511 ,.., 141e urn u .. "" " _1, Ln. . " .... .. ~ ... .... U, .~ 
A/ S ... .,~ .,~ .151 .152 .'" . ,~ ., . 
I ~ ln.· n" "" "" ." .. .. "" ... 
S .... ln.- • n ... m ., '" ., ~, 

r .... , IR. '.n 5.14 .. " .. ~ .... .... • .e 
Aj S:H 

~~ 
... 

~ ~ ~ ~ ~ t'::: ~~ ' .. 
lln~~~ · • , '" ' " .,,' '"~ ""ow 'ow<. , , "0. :,,06JI z Iti_zag 

"'00 . 
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COLUMN 
CB SECTIONS /" 2 

H 
. 

I , 

COLUMNS WITH Il~ i " 
COVER PLATES • f ' ·1 '~ 

LOADS I , . "-
• :., ALLOWABLE CONCENTRIC LOADS l 

IN KIPS ., 2 

Unit Stress- Ame rican Institute of Steel Constructlon- 192a 

11.6 - 320 Lb •. 
EII ec:tlve 
eM" 
. ,~ "". , .~ 

~,'~ ~ .. ~ ~,' ~ .. ~ ~ .. " ~ .. ~ '" .~ 
25 2402 

26 281' 1:-~ 2567 2484 ::: 27 H:- ~~: ~~~ ~:~ 28 2336 
29 2738 2652 2565 2478 2391 2304 
30 2788 2702 2617 2531 2444 2358 2272 

31 2751 2866 2582 2496 2410 2325 2240 
32 2714 2630 2547 2461 23n 2292 2208 
33 2m 2594 2511 2427 2343 2259 2176 
34 2639 2557 2475 2392 2309 2226 2143 
35 2602 2521 2440 2357 2275 2193 2111 

36 2564 2484 2404 2322 2241 2159 2079 
37 2527 2448 2368 2287 2207 2126 2047 
38 2490 2411 2333 2253 2173 2094 2015 
39 2453 2375 2298 2218 2139 2061 1983 
40 2416 2339 2263 2184 21 06 202. 1951 

41 2379 2303 2228 2150 2073 1996 1920 
42 2343 2268 2193 2116 2040 1964 1889 
43 2305 2232 2159 2082 2007 1931 1858 
44 2270 2197 2124 2049 1975 1901 1827 
46 2199 2128 2057 1984 1911 1839 17£7 

48 2130 2060 1991 192tl 1849 In. 1709 
50 2tl62 1994 1927 1857 .1788 1719 1651 
52 1996 ---+m- 1796 1726 

* 1 
1'96 

~ ~ .., .. 
1737 1671 -' .. ' m. .~ .. .n.' no .' 'M' .~., 

w ..... t. lb •. / ft. ~, '" ." ~. '" '" fa Leng\ll Ratio '.M 1.52 1.52 I.S1 1.51 .. ~ 
I" " ln.' 1311$ ''''' 119M 11367 10192 "'" S, ." ln.1 . ". . '" " . ". '''' .... ." " .1, In. .m 8.18 8.10 '" '.M , .• m 
AIS ,-, .'" • 157 ., . .. ~ .181 .162 .'M 
I • •. , •. • ... ... .. . ~U C<O U" .... 
$ ••• ••.• '" e. .n 

~ § ~11 " . •••. 'n. .... 5.37 .,. 

~~ '''~ .m .m -'" ~ ~ I ~.:'; "" "" ... 
~ ~.:" ~.:" ~ , . , , , , . "'-'" ,,~, ' "' '" 'W '" '"~, w". , ,.~,; ,ro "" 



2 

o , 

: r'-'=t=::9 Lc:::;:::: 
2 ., 

CB SECTIONS 
COLUMNS WITH 
COVER PLATES 

ALLOWABLE CONCENTRIC LOADS 
IN KIPS 

COLUMN 

H 
LOADS 

Unit Stress- American Institute of Steel Constructlon- 1S28 

22 
23 
24 
25 

26 
27 
26 
29 
3D 

31 
32 
33 
34 
35 

36 
37 
38 
39 
'0 

41 
42 
43 .. 
46 

Weight. Lbl../fl. 
Length RatIo 
I '_I, In.' 
S '_I, I n.~ , .. 

2257 
2225 
2192 
2159 
2126 

2093 
21l<iO 
2027 
1994 
1961 

1928 
1895 
1863 
1831 
1799 

1768 
1737 
1705 
1675 
1616 

." ". ,,~ . ~ 
>.n 
. , .. 
"" '" .... ." 

2177 
2146 
2114 
2081 
2049 

2017 
1984 
1952 
19211 
1888 

1856 
182. 
1793 
1762 
1731 

1700 
1670 
1639 
1611 
1553 

'" '" ." .. , ... ., .. .... 
'" .. " .'" 
'" " 

CORE-CB 146·320 Lbs. 

213D 

2099 
2068 
2037 
2Oll6 
1975 

1943 
1912 
18,., 
1849 
1818 

1787 
1756 
1n5 
1695 
1665 

1636 
1606 
1577 
1549 

1439 

2045 
2014 

1982 
1950 
1918 
1886 
1854 

1822 
1700 
1758 
172' 
1895 

1664 
1633 
1602 
1572 
1542 

1513 
1484 

1974 
1943 

1912 
1881 
1850 
1819 
1768 

1756 
1n5 
1694 
1663 
1633 

1603 
1573 
1543 
1514 
1485 

1456 
1428 

Safe load vahllll!l above uptMJr da:~3' line &!'e tor ratiOll of J/ r n;)t over :,,;C.;~ 
HnON am roc rati()B up to 120 and tboea below lower zlg-~ IIno 3.I'<l for ratlOll 

1005 
1875 

1845 
1815 
1785 
17" 
In< 

1693 
1663 
1633 
1603 
1574 

154. 
1515 
1487 
1458 
1430 

1402 
1375 

.. , .. " .... , .. 
,3> 
.m 

""' '" 

.9. 
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COLUMN ~----- b ------>J 
, I 

18"H 
: / .. ~, 12 I 

CB SECTIONS " I f--
I 1-... , 
I I ' I t . +- ' " 

LOADS I ' 

~ f-I-l~' ALLOWABLE CONCENTRIC LOADS 
I ' 

IN KIPS I rL- '~ 
I ' ""'----1," 'L_ 

pt 2 

Unit Stress:-American Institute of Steel Construction- 1928 

Nominal Depth and Flange Width-Weight per Foot 

Effective CB 183 18" x 11 %:" CB 182 18" x 8%:" CB 181 18" x 731" 
Length 
in Feet 124 U4 105 96 85 77 70 64 55 50 47 

Lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. 

7 547 503 463 423 375 339 308 282 243 221 207 
8 547 503 463 423 375 339 308 282 243 '220 205 
9 547 503 463 423 375 339 308 282 233 211 196 

10 547 503 463 423 375 338 306 279 223 201 187 

11 547 503 463 423 362 327 295 269 212 191 178 
12 547 503 463 423 349 315 284 258 202 182 169 
13 , 547 503 463 423 336 303 273 248 192 173 160 
14 I 546 500 459 419 323 291 262 238 182 163 151 
15 532 488 448 408 310 279 251 228 172 155 143 

r------
16 519 475 436 397 297 268 240 218 163 146 135 
17 505 463 424 386 285 256 230 209 154 138 127 
18 491 450 412 375 273 245 220 200 146 131 120 
19 478 437 400 365 261 234 210 191 138 124 114 
20 464 425 389 354 250 r-m- 201 182 130 117 107 

21 450 412 377 343 239 214 192 174 123 111 102 
22 437 400 366 333 228 205 183 166 117 105 96 
23 424 388 354 322 218 196 175 158 

I 
111 99 91 

24 411 376 343 312 209 187 167 151 105 94 86 
25 398 364 332 302 200 179 160 144 100 89 81 

26 386 353 322 293 191 171 153 138 94 84 77 
27 374 342 312 283 183 164 146 132 
28 362 331 302 274 

I 

175 157 140 126 
29 351 320 292 265 168 150 134 121 
30 340 310 282 257 161 144 128 115 

Area, in.2 36.45 33.51 30.86 28.22 24.97 22.63 20.56 18.80 16.19 14.71 13.81 
-------- ---

I I- J, in.4 2227.1 2033.8 1852.5 1674.7 1429.9 1286.8 1153.9 1045.8 889.9 BOO.6 736.4 
S 1-)' in.3 239.0 220.1 202.2 184.4 156.1 141.7 128.2 117.0 98.2 89.0 82.3 
r 1-1 , in. 7.82 7.79 7.75 7.70 7.57 7.54 7.49 7.46 7.41 7.38 7.30 
A/ S 1-1 .153 .152 .153 .153 .160 .160 .160 .161 .185 .165 .168 
1 2_2,in.4 281.9 255.6 231.0 206.8 99.4 88.6 78.5 70 .3 42.0 37.2 33.5 
S 2- 2, in.3 47.4 43.2 39.2 35.2 22.5 20.2 17.9 16.1 11.1 9.9 9.0 
r 2-2, in. 2.78 2.76 2.73 2.71 2.00 1.98 1.95 1.93 1.61 1.59 1.56 
A/ S 2-2 .769 .776 .787 .802 1.110 1.120 1.149 1.168 1.459 1.486 1.534 
d, in. 18% 18)1 18% 18Ys 18% 18Ys 18 17Ys 18Ys 18 17Ys 
d " in. 22Ys 22 21 Ys 21~ 20)1 20Ys 20 20 19% 19)1 19% 
b, in. ll Ys ll Ys 11 ~ 11 ~ 8Ys 8~ 8~ 8~ 7)1 7)1 7)1 
I, in. % % " )1 " )1 ~ ~ % % % 
p, in. 1}j6 1 % % % % ~ % % " )1 

Safe load values above u pper zig-zag line aro for ratios of l / r not over 60, those between zig-zag 
lines are for ratios u p to 120 and those below lower zig· zag line arc for ratios not over 200. 



p' 

7 
8 
8 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

29. 

COLUMN 

CB SECTIONS 

LOADS 
ALLOWABLE CONCENTRIC LOADS 

IN KIPS 

Unit Stress- American Institute of Steel Constructlon- 1928 

~ To " 7" 

503 
503 
503 

463 
463 
463 

423 
423 
423 

388 344 313 282 256 ~ 199 In 159 
388 344 313 282 256 '95 173 153 
388 344 313 ~L_~~ 208 186 164 146 

503 463 423 388 J41 ;:jUS 278 I 250 198 177 156 138 

503 463 423 388 329 298 267 241 188 168 148 131 
503 463 423 388 317 287 257 231 178 159 140 123 
503 463 I 423 388 304 276 247 222 169 150 132 116 
500 459 419 382 292 264 237 212 159 142 125 ~ 
488 448 400 372 280 253 227 203 150 134 118 103 

475 436 397 
463 424 386 
450 412 375 
437 401 365 
425 389 354 

362 
352 
342 
331 

268 242 217 194 142 

~: ~: :: H¥.- :~ 
321 224 202 180 161 113 

126 

"' 112 
106 
100 

111 
104 

98 
93 
87 

21 412 377 343 311 214 193 172 154 
146 
140 
133 

100 
101 
95 
90 
85 

94 
89 
84 
80 
75 

82 
78 

97 
91 
85 
80 
76 

71 
67 
63 
60 

22 400 366 333 302 204 184 164 
23 388 354 322 292 195 176 157 
24 376 343 312 283 187 168 150 
25 364 333 302 274 178 160 143 127 :: ::: :~ i~ :~ :~ ::: ::: 
~ ::~ ~~~ 265 ~:~ ~~ ~~ ~~: ~~ 
30 310 283 257 232 143 128 114 101 

74 
70 
66 



••• 
COLUMN 

14"H 
LOADS 

CB SECTIONS 

ALLOWABLE CONCENTRIC LOADS 

IN KIPS 

....-----b ----~ 
l/'1O- __ 12 i 

r 1. 1 "" 
d 1-1 1 " . L ' > 

p 

Unit Stress- American Institute of Steel Construction- 1928 

20 

" 22 
23 
24 

" 26 
27 
28 
28 
30 

31 
32 
33 
34 
35 ,. 
31 
38 
39 
40 

" " 43 

.26 ... 
1679 

1679 
1870 
1841 
1811 
1782 

1751 
Inl 
1692 
1661 
1631 

1601 
1571 
154' 
1512 
1463 

1455 
1428 
1397 
1370 
134' 

1315 
1269 
1263 

.12 ... 
1817 

1817 
1606 
1m 
1749 
Ina 

1691 
1661 
1632 
1602 
1574 

1545 
1515 
1486 
1458 
1430 

1402 
1374 
1346 
1320 
1294 

1267 

1241 
1216 

,,. ... 
1755 

17155 
1743 
1715 
1687 
165' 

1631 
1602 
1574 
1546 
1518 

1489 
1461 
1433 
1405 
1379 

135' 
1325 
12 .. 
12n 
1246 

1222 

1197 
11n 

CB US 14" It 16" 

JU 370 35C 342 

1694 

1694 
1660 
1653 
1626 
1599 

1571 
1544 
1516 
1469 
1467 

1434 
1407 
1380 
1353 
1326 

1300 
1274 
1249 
122. 
1199 

1174 
1150 
1127 

163' 

163' 
1615 

158' 
1563 

"36 
1510 
1463 
1457 
1430 
1404 

13n 
1351 
1325 
1300 
1273 

1248 
122' 
1199 
1174 
1151 

1127 
1104 
1061 

1570 1509 

1570 1509 
1553 1489 
1528 1466 
1503 1441 
1477 1418 

1452 1392 
1426 1367 
1400 1343 
1375 1317 
1349 1293 

1324 1269 
1299 1243 
1273 1220 
1248 11 96 
1223 1171 

1199 1148 
1175 1125 
1152 1103 
1128 1080 
1105 1058 

1082 1036 
1060 1014 
1038 I 993 

328 ... 31. ... 
1385 1323 

1385 1322 
1362 1301 
1340 1279 
1317 1258 
1295 1236 

1271 1213 
1249 1192 
1221! 1170 
1202 1147 
1180 1126 

1157 1104 
1135 1083 
1112 1061 
1090 1040 
1068 1019 

1046 998 
1025 977 
1004 956 
963 938 
963 918 

94' 699 
923 I 880 
903 I 861 



2 •• 

...... ---· -b· ---- ..... COLUMN I , 
i / "'\ 2 : 

CB SECTIONS H14" r , 

'- I 
, , 

I , , , , 
d 

, 1- ! 1 "-, LOADS 

I , A1.LOWABLE CONCENTRIC LOADS ., 
IN KIPS I , 

t __ , 

P 
Unit Stress- American Institute of Steel ConstructJon - 1928 

... ,~ 

EIIettl. , CB 146 14" "6" ,-
.. Feet 287 773 264 255 ~ ~ ~8 ~ 2U 

20 1266 1203 1164 1125 1065 1045 1006 965 931 

21 1263 1199 1159 1118 1078 1038 997 956 921 
22 1242 1179 1140 1100 1060 1021 981 940 905 
23 1221 1159 1121 1082 1042 1003 964 924 890 
24 1200 1139 1101 1063 1024 985 948 907 87. 
25 1179 1119 1082 1043 1006 966 930 891 ... 
26 1158 1099 1062 1024 ... 950 91' 87' 843 
27 1137 1078 1042 lOOS 969 933 896 ... 826 
28 1116 1058 1023 987 950 914 879 842 811 
29 1095 1038 1003 966 932 897 862 825 195 
30 1074 T018 984 949 914 879 845 809 779 

31 1053 ... 964 930 ... 862 828 792 763 
32 1032 979 945 912 878 845 811 m 748 
33 1012 959 926 893 861 827 795 760 732 
34 991 940 907 875 843 810 779 745 117 
35 9n 920 889 857 825 794 763 729 702 

36 951 901 870 939 808 m 746 no 687 
37 932 883 852 822 791 761 731 699 673 
38 912 864 834 80s ns 745 n8 684 658 
39 894 846 817 768 758 729 700 :: 64' 
40 875 828 SOD 771 742 no 685 630 

41 

~ 
811 763 755 728 6" 6n 641 617 

42 : ;: ~ I ~; :: ~: .lli. : 43 

~~'.' N.n ..... n .M "''' n .n M .M ".~ M .• .,., 
, ~ ,."In.' 3t1 2.1 

'f'~ ~~l ~W 
", ... ..... 2942.4 "'.., ~ .. 

,.,. 1n.1 .... 397.4 382.2 .... "'" ".., 
r ,." In. ... ' .N .... ." 'M ' N 
AlS 1·1 .,. .181 .. ~ .,~ .,~ .,~ . ,~ ., . .,. 
J ..... In.' , .... " ... , 1331.2 1278.1 ",,. 1174 .8 112<1.8 "'U , ... , 
S ..... 1n.1 'ra \n.2 U6.1 ,"' .. nu lU.1 '41.8 llU 1311.2 
, .... In. • . 14 4.1l ' .1 2 4 .11 4.10 '.M .. ~ 
AiS ,... 

~ ~ ~~ 
.... .... 

f 
.., A~ An ... ' ... "" i "" ". d"In. ~ "" ~" ~" ••• y \: :~ :~ :! :r ' •. 

Safe 100.<1 vatUOll aoove upt>~_ ~lg-~g.llne. aN) 

linOlllU"0lor ".UOII up to lZO and thOllO below lower 
".,,~ ,r Ii: ;::, """ .,~ "'''W~" "'-'" 

are ratiO/! not ol'er 200. 



• •• 
COLUMN ~----- b -----..., 

I ' 

14"H CB SECTIONS 
: ,/ "\ 2 ' 

r'- i~ L 

LOADS , r- 1 ~, ALLOWABLE CONCENTRIC LOADS 

L > IN KIPS 
, 

P 
Unit Stress- American Institute of Steel Constructlon- 1928 -NomIl'III Dtpth and nan" Wkltlt-Wfi//III I* roo. 

E/leelfwt CB 146 14" x16" 
,~'" 
In r H I 202 '" 184 '" '" 158 150 142 " 20 .... ... .... u.. ... . .... .... .... .... 

19 '91 851 811 m 736 697 661 62. 141 2 

'0 891 851 811 m 73. 697 660 62. 1412 

21 880 840 800 764 724 685 849 615 1409 
22 .66 82' 787 751 712 673 638 605 1386 
23 851 81' m 738 700 66' 6" 594 1362 
24 "6 m 759 725 687 649 615 583 1339 
25 820 782 745 m 674 637 604 572 131 5 

28 805 768 731 698 661 625 592 561 I,.,' 
27 790 . 753 m 684 648 613 581 550 1269 
28 no 739 703 671 636 601 569 539 1245 
29 759 724 669 657 623 589 558 528 1221 
30 744 no 675 644 610 577 54' 517 1198 
31 m 695 66' 631 598 565 535 508 1175 
32 no 681 64. 6" 585 553 524 496 1152 
33 700 667 635 605 573 54' 513 485 1128 
34 685 653 621 592 561 530 502 475 1105 
35 670 639 608 560 549 519 491 464 1084 
36 65' 626 595 567 537 508 480 454 1061 
37 64' 61 ' 58' 555 526 497 470 444 1039 
38 629 599 570 543 514 486 460 435 1018 
39 815 586 558 531 503 475 450 425 997 
40 602 574 546 520 492 465 440 4" 978 

41 589 561 534 508 481 I 454 430 407 955 
42 576 549 522 497 471 444 421 '97 935 

"'-.In. ' U &8. 73 Mm &1.13 ti~ 4U7 ~ ... 41.85 84.T2 

I I_I, In.' ",. .. "'" :w •.• 2149.1 "'''' .... ..... 11172.2 41 41.7 
S ,., . .. .. 324.1 310 .0 ..... 281.9 267.3 ,., .. ,., .. ...., 4112.8 
r 1.1 , In. '.M 1.51 .. ~ '.e u. .... .~ ..~ .. ~ 
AIS ,., •• Q .• m .• m .• M .• M .• m .'M .. ~ .111 
I ..... In .' m.' m . .... , 837.t ..... 745.0 m .• .., .. 16M.l 
S .... . In.' 12404 l ilA ll U 107.1 10\.3 .... ~. .. .. 1115.7 
t ..... In. ". .... .. ~ ..~ 4.01 '.00 ,." W 4.17 
A/S_ An A. .... ..., .... .... .... " . .... 
4. In . 15}i ,,~ "" 15'" "" " "" 1 4~~ "" II ,. In . n" n" H "" "" "" "" "" n" b. In . "" '"' . .,. "" ... "" "" ISiS .. " t. In. ~ " " ~ ~ " " " '" .. "' ." '" ." Hi '" .. ." " .~ 

'"COM Sectlon. 
Safo load values abovo upper ,,!g~r.ag Uno !ITO for ratios of Jjr not over 6[), th()S(l botwOO D zig-zag 

linOll aro ror ratios U!l to 120 a nd thOllO belo w\ tlwP.!' zl ~-za 't li ne aro tor ra.tlos not o,'cr 200. 



r l I " 
d ( I 0;, 

I > L¢+=3 
p' 2 

CB SECTIONS 

ALLOWABLE CONCENTRIC LOADS 

IN KIPS 

2.7 

COLUMN 

LOADS 

Unit Stress-American Institute of Steel Constl'uctlon- 192S 

15 

16 
17 
18 

" 20 

21 
22 
23 
24 
25 

26 
27 
26 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 

600 

600 
600 

'98 
587 

,n 
566 
555 
543 
532 

'21 
510 
499 
488 
478 

467 
456 
446 
436 
426 

416 
406 

560 

569 
560 

558 

"8 
538 
'28 
'17 
507 
496 

486 
476 
466 

45' 
44' 

435 
426 
416 
406 
397 

388 
379 

52' 
52' 
52, 

513 

'04 
494 
494 
474 
465 

455 

44' 
436 
426 
417 

407 
398 
38' 
380 
371 

383 
354 

490 

490 
490 

478 

469 
460 
451 
442 
432 

423 
414 

40' 
396 
387 

379 
370 
381 
353 

34' 
337 
329 

454 

454 
454 

442 

434 
426 
417 
409 
400 

3lI2 
383 
375 
366 
358 

350 
342 
334 
326 
31' 

311 

11115.1 
1113.1 
'.n .,. 
419.7 
57.' 
'.n ••• 
"" 

419 

419 
419 
419 

408 

400 
392 
385 
3n 
369 

361 
353 

34' 
338 
330 

323 
315 
308 
301 
294 

287 

1138308 
150.S 
S.17 .,. 
"'" ~ .. 
'.n ••• 

383 

383 
383 

373 

366 
359 
351 
344 
337 

330 
323 
316 
30' 
302 

29' 
288 
281 
275 
268 

262 

..... 
138.1 
B.15 .,. .... , .... ,.ro .... 

8afo load valu.,. a.bove upper aro not over 

363 
355 
346 
338 
329 

321 
312 
304 
295 
287 

279 
271 
263 
256 
249 

241 
234 
228 
221 
214 

"" 2112 

"'U 
1313.' 
6.13 

.'" ". .. 
37.! ,." . ... 
,,~ 

,,~ 

" 
lines aro tor ratios up to l2D alld th()8(l oolowlOW<lr zlg.zag IIno are ror ratios not over 

336 
329 
321 
313 
305 

297 
28' 
281 
273 

26' 
258 
251 
243 
236 

223 
216 
210 
204 

"8 
192 
186 

8&\.2 
121.1 

••• .," ..... 
M.' ,." .... 
" "" " 
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COLUMN ..----- -b-----""'l 

14"H 
!/'\ 2 : 

CB SECTIONS " ' r , , , 
1. 1 . " , 

LOADS , ,- I 1 '"', ALLOWABLE CONCENTRIC LOADS I , , ) IN KIPS L , , 

p' , 
Unit Stress- Ameritan Institute of Steel Construetion - 1928 

NomiMi OIlPltl MIl Fl ....... Wldlll Wtlght ..... Foot 
ElI ... tlvl CB 143 14" x 10" CB 142 14" • 8" CB 141 14" x 6~" 
CM'" 
In f H t 74 .. " 58 53 48 41 " 38 34 30 

""- ... ""- "", UN. ""- UN, "", UN. ""- UN, 

7 3" 300 '" ' 56 '" '" 190 185 168 150 132 

• 3" 300 '" 256 '" Z1Z 190 181 163 145 '" • 3" 300 '" 256 '" Z1Z 190 173 156 138 121) 
10 326 300 26' 253 231 208 186 164 148 131 113 

11 326 300 269 244 222 201 179 156 140 124 107 
12 326 300 26' 235 ". 193 172 148 132 117 100 
13 321 294 264 225 205 185 165 139 125 110 94 
14 312 286 256 218 197 178 158 132 118 104 89 
15 303 2n 248 207 188 170 151 124 111 98 83 

18 294 26' 241 198 180 163 145 117 105 92 78 
17 285 261 233 189 172 155 138 110 99 86 73 
18 276 252 225 181 165 148 132 104 93 81 69 
19 267 24. 218 173 157 142 '" 98 87 76 65 
20 258 235 '" 165 150 135 120 92 82 72 61 

" 24' 227 203 158 143 129 115 87 78 68 57 
22 240 220 196 151 137 123 109 82 73 54 54 
23 232 "2 189 144 131 118 104 78 69 60 51 
24 22. 204 183 137 125 112 99 74 65 57 
25 218 197 176 131 119 107 95 70 

" 208 190 170 125 114 102 91 
27 201 183 164 120 109 98 87 
28 194 177 158 114 104 93 83 
29 187 170 15Z 109 99 89 79 
30 180 '" 147 105 95 85 75 

,.,.., In. ' ".n ... 11.S4 """ ,,,. 14.11 12.65 ,.~ 11.17 10.00 ... , 
I ,_I, In._ "",, 124.1 ~U &17.' Ut.1 .... .. , QU .'" m,' " .. S '_1. In .' 112.3 ,., 12.2 ... U ,' n" 62.7 ~,' . ,' • •• ... 
r ,." In. '''' '" 

., .. 8.12 .,~ ." "n U2 • n ., . on 
AIS l'l " .. " .. .1115 .'" ,," ,'" ,"" ,,", .". ,,",, ".211 
I ... In. ' m. 121.1 107.3 .,' &1.5 51.3 Q,' .,' ~,. 21.3 17.5 
S .... In .• •• .,' ". 15.7 14.3 ". 11.3 " '-' .. '-' 
• :0- • • In . .... '-" .. ... Ut UI ". 1.51 .. " ' M .. , 
A,S •• .. .. ,"" '''' ,~ 1.11)2 1.119 ... ,-'" , .. , .... .. , ". " n" " " n" n" '" ". " 13'" 
dl, In. ". "" ". ". ". W4 "" "" ' OJ( ". ". b, In. ". " " '" 

, , , OJ( '" '" '" C ,", " " .. it l! .. ~ .. ~ ~ .. 
p, In. ~ " " • , .. 

S"'(o load valuC8 abo,'Q upper dg-UlJ line am tor rUlos of Ilr not over 60, those botwoon zig_zag 
lines am (or ratios up to 120 on:! thoso bob .... lower zlg-zag lin" am tor rat ios not over 2"". 

, 

b.. 
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,.....~---- b ------>J 
COLUMN ! /", 2 : " , 

SECTIONS H12" r CB 
L~ I 

, , . , 
" 

LOADS I • , d l 
1 ", ALLOWABLE CONCENTRIC LOADS I , 

L ;. IN KIPS , 

p' 

Unit Stress- American Institute of Steel Constructlon - 1928 

~ ~ EllllCtlv, , 
c"". 

~!' '76 ,., . ,~ 

~ ~O ~ .'.!. ;;;, 
15 "8 m 711 649 587 .30 468 436 

" ~ 
m 711 647 5G4 .26 463 431 

17 ;:: ~~ 633 '72 514 453 422 

" 620 '59 503 443 412 
19 ,.. 72' 665 50. 546 491 432 402 
20 772 n3 650 .91 533 479 422 392 
21 754 69. 634 .n .20 467 411 382 
22 736 679 619 563 507 456 401 373 
23 ns 662 603 549 49' 444 390 363 
24 700 646 588 535 482 432 380 353 
25 662 62. .73 .21 469 421 370 344 

26 66. 613 .58 507 457 409 360 334 
27 648 597 543 494 44' 398 350 32. 
29 631 581 .,. 480 432 387 340 316 ,. 614 ... '14 487 421 3n 331 307 
30 .98 • 50 .01 45. 40 • 366 322 299 

31 582 53. 487 442 
~ ~ 313 290 

32 567 .21 474 430 304 282 
33 .51 507 461 418 376 336 ,.. 274 
34 536 493 448 407 366 327 297 266 
35 '22 479 436 39. 35. 318 279 266 

38 507 468 424 384 34. 309 271 251 

~ :~ ~~ :~~ :~ ~: :: 263 244 
256 237 

"~"'.' M'" ".N ., ... u ... D. ... " "." am 
t I '" In.- 'M" 1712.5 l~' .B 1374.4 ",U 1!J i~.7 ...., 
S 1'1, in.- m.' .. ,.. "'-, ~ .. ,n. 144.5 134.7 
• ", , In. . .., 5.15 '.m .. ~ .... .~ .A> 
A/ S I" .212 . 211 " . . 214 ... ,,, .218 .". 
I "" . in. ' .... , p", ..... UU 38!U .... , .." 278.2 
s ..... In.' ... , MA n.' m .• ... , ... d, 

~' r •.•• In. .m '.27 .. ~ 3.18 1.18 
AfS ,... ... ;; ;~. ~~ 

.~ 

;' d. in. ..~ 
d" in. ,,~ ,; ~ ; 
~ ~. ' .. 

I ~ : :~ ',~ 
S"'~';:' ;;::::',""~' ' .... re "~ m' '~.' " , ",<0, .. 50, ."'~ ~'"oo, ",."" 

till<)l!l (U'O ratl08 up to 120 io.ror zig-zag lin(! an) ror ratlos not oytlr 200. 
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COLUMN ..... ---- -b ----- -:., 
, I 

12"H 
: .... ~, 12 I 

CB SECTIONS 
1/ ' I r-L-, , 

I t_I I<-" , 
LOADS I ' d 1- (1 ~, ALLO'NAB' ( I)NCF"NTRIC LOADS ' , 

.- ' ot<l.l S 
I I , 

I r±--' ---=:J, , t 1/ 
p"! 2 

Unit Stress-American Institute of Steel Construction-1928 

Nominal Depth and Flange Width- Weight per Foot 
Effective CB 124 12" x 12" CB 123 12" x 10" 
Length 
In Feet 92 85 79 72 65 64 58 53 

lb •. Lbs. lbs. Lb •. Lb •. Lbs. Lbs. lb • . 

12 406 375 348 317 287 282 256 234 
13 406 375 348 317 287 279 253 230 
14 406 375 348 317 287 2n 246 224 
15 406 375 348 317 287 264 239 217 

16 401 369 343 312 281 256 232 211 
17 392 361 335 305 274 248 225 204 
18 383 353 327 298 268 240 217 197 
19 373 344 319 290 261 232 211 191 
20 364 336 311 283 255 225 204 185 

21 355 327 303 276 248 217 197 178 
22 346 319 295 268 242 210 190 172 
23 337 310 287 261 235 203 184 166 
24 328 302 280 254 228 196 177 160 
25 319 294 272 247 222 189 171 155 

26 310 286 264 240 216 182 165 149 
27 302 278 257 233 210 176 159 144 
28 293 270 250 221 204 170 154 139 
29 285 262 243 220 198 164 149 134 
30 277 255 236 214 192 158 143 129 

31 269 248 229 208 187 153 138 125 
32 261 241 222 202 181 147 133 120 
33 254 234 216 196 176 142 129 116 
34 247 227 210 190 171 137 124 112 
35 240 220 204 185 166 133 120 108 

Area, in.2 27.06 24.98 23.22 21.16 19.11 I 18.83 17.06 15.59 

I 1-1, in." 788.9 723.3 663.0 597.4 533.4 528.3 476.1 426.2 
S 1-1, In.3 125.0 115.7 107.1 97.5 88.0 85.8 78.1 70.7 
r 1-1, in. 5.40 5.38 5.34 5.31 5.28 5.29 5.28 5.23 
A/ S 1-1 .216 .218 .217 .217 .217 .219 .218 .221 
12-2, in." 256.4 235.5 216.4 195.3 174.6 119.0 107.4 96.1 
S 2-2, in.3 42.2 38.9 35.8 32.4 29.1 23.7 21.4 19.2 
r 2-2, in. 3.08 3.07 3.05 3.04 3.02 2.51 2.51 2.48 
A/ S '-2 .641 .642 .649 .653 .657 .795 .797 .812 
d, In. 12% 12~ 12% 12~ 12~ 12~ 12~ 12 
do, In. 17~ 17~ 17% 17~ 17~ 15% 15% 15% 
b,ln. 12~ 12.li 12~ 12 12 10 10 10 
t, In. " ~ ~ :!' % :!' 4 Yo 
II. In. % % ~ % % % Yo " Safe load values above upper zig-zag line are for ratios of l l r not over 60, those between zIg-zag 
lines are for ratIos up to 120 and those below lower zig-zag line are for ratios not over 200. 
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.... ---· · b-----"'1 COLUMN , , 
L/"', 2 : 

CB SECTIONS H12" r , 
L I I~"" 

d I - t, 0;" 
LOADS 

I 
ALLOWABLE CONCENTRIC LOADS , ~ )' IN KIPS 

~ 
Unit Stress- Ame rica n Institute of Steel Constructlon- 1928 

Nominal DepIb ...:l Fl ..... WIdIh Wllttrt 1* rOOI 
Elleott.. CS 122 12" K8" CB 121 12" )[6 " ,-
. ,~ SO " " " 32 28 25 ..... ..... ..... ..... ..... .... . ..... 

7 221 199 177 159 141 123 111 

8 221 199 177 155 137 118 105 
9 221 199 177 148 131 11 4 100 

10 219 196 175 141 124 108 94 

11 212 190 169 133 117 102 89 
12 204 183 162 126 111 98 84 
13 196 175 156 11 9 105 91 79 
14 188 168 150 112 99 85 74 

15 180 161 143 108 93 80 SO 

16 173 154 137 100 88 76 65 
17 165 148 131 94 82 71 61 
18 158 141 126 89 78 67 57 

19 151 135 120 83 73 83 54 
20 145 129 115 79 69 59 51 

21 138 123 10' 74 65 56 48 
22 132 117 104 70 61 53 45 
23 126 112 100 66 58 50 42 
24 120 107 95 83 55 47 
25 115 102 91 59 

26 110 88 87 
27 105 93 83 
28 101 89 79 
29 96 85 76 
30 92 82 73 

....... In.· 14.71 "'" 11 .77 , .... 'A> .... , .U 

I 1_1. I~. · "U ". .• 31D.! .... "'. m, 181.4 
S ,.,. In.' M.' M' 51.1 e., M.' H.' D.' 
r "' . irI. 5.18 5.15 5.13 1.15 5.12 .m U8 
AIS J.I .ttl . ttl .ttl .." .." .n, ... 
I "', In.' MA ~ .. M.' n.' ". ,,. 14.5 
S ,.. •. In.' ,,. ,U 11.0 ,., U OA U 
, .... In. U. 1. .. 1.114 , ... U. 1." , ... 
AIS ,... "" 

,,.. ,.", u n ,- UN I .M2 
II. In. ''" " " ,,~ ,,~ " 11J.i 
d" !fl. "K ,,~ "" " ,,~ mi U'i 

••• .~ • • '" 
,~ ,~ ,~ , •. " ~ ~ ~ ~ " " ~. In . ~ K ~ • " Sate load va.t u .... above upper zlg.Z<ll! Uno are for rat l .. or l lr not OV'Cl' tn. thOlMl bctwoon zlg.za,g 

lines arc tor ratio!! up to 1 2(1 and thOOlO bola" lower zl&.~ line &to ror ratloe not over ~. 
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COLUMN tf----- - I) -- - --+, 
• • 

10"H 
: , ... , 12 ' 

CB SECTIONS 
/' I 

f --
• L--

i ~"" I t 
LOADS ; I -

I 1 ~'> ALLOWABLE CONCENTRIC LOADS 
1 IN KIPS • 

L 
p' 

Unit Stress- American Institute of Steel Construetlon- 1928 

HominoI Otpth."d FlMa- WIIhb W",," 1* root 
Eft,ottl •• CB 103 10" x 10" Length 

" 'ffi 136 12' m 100 " 77 72 " GO 54 49 
"'- .. ,. .... u. . .... u.. u.. u.. u.. u. . ... 

12 GOO 547 '94 441 393 340 318 291 265 238 216 
13 600 547 '94 441 393 340 317 290 264 237 214 
14 594 539 "6 '33 384 331 309 283 257 231 209 
15 579 526 '73 '22 374 322 301 275 250 22' 203 

16 564 511 ,GO 410 364 313 292 2G7 243 218 197 
17 54' 497 447 398 353 304 283 259 235 211 '" 18 53' '83 '35 387 343 295 275 251 228 205 185 
19 518 '69 422 375 333 298 2G7 24' 221 198 179 
20 503 '55 '09 364 322 277 258 236 214 192 173 

21 '88 441 398 353 312 268 250 228 207 188 168 
22 473 '28 384 342 302 2GO 242 221 200 180 162 
23 '58 41' 372 331 293 251 234 214 194 174 158 
24 44' 401 380 320 283 243 226 207 187 168 151 
25 430 388 348 309 274 235 218 200 181 162 146 -
26 416 376 337 299 265 227 211 193 175 157 141 
27 403 364 326 290 256 219 204 188 169 151 136 
28 390 352 315 28" 247 212 197 18" 163 146 131 
29 m 340 305 271 239 205 190 174 157 141 127 
30 365 329 295 262 231 198 184 168 152 136 123 

31 353 318 285 253 223 191 179 162 147 132 118 
32 342 308 276 245 216 184 172 157 142 127 114 
33 331 298 267 238 209 178 166 151 137 

I 
123 110 

34 320 288 258 229 202 172 , .. 146 133 119 107 
35 310 279 25(1 221 195 167 155 141 128 115 103 

Area, In.- ~" ~ ... " .. , ... 28.11 '''' 21.18 lUI lUll 1'.88 ..~ 
---

I ,."ln .' 917.2 813.1 718.1 .... &42.4 457.2 42:1.7 ,.U 343.1 ".., m.. 
S '_I, In.1 .~, 139.1 .. ~ 112.4 . .., M.' m.' n.' 61.1 ~, M.' 
• I. ' , In. ••• 4.72 4.11 4.61 U • t .• t.~ ... '" t.' t." 
AIS ,-, .,., .. , .. , . ., .,., .,., .,.. .,., .,., .,., .". 
I "'. In,' 29'.' ..... "' .. .... 180.S 'M' 141.8 129.2 11&.5 ,ro. . .. 
S " ', In.' y. ~ .. ~., ••• M.' "., V., ••• a.' 0.' ,u 
. ..... In. 2.72 ,n 2.57 'U '" ~ , .. U. 2.57 '" U. 
"'S ... .715 .m .m .,U .'" .ro .m .n, .m .787 ..,. 
d. in. " M "" "" "" iO~ "" "" "" "" "" " d,. In. " "" "" "" " " X "" "" "" '" ",. 
b.ln. "" "" "" ' ... "" "" "" "" "" " " t. in. .j'. " " " " " " " " " " ••• '" ' X '" 

, 
" • S l< " " Sato load valuOfl a.bovo upper zig-zag Uno are tor ratio!! or l it not over 00. thoso between u ,;--zag 

llnOfl are ror ratio!! up to 120 aDd thoso below lower z!g-ltag lino II.l'<l ror ratios not over 200. 
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"'------b ----- ->; COLUMN , , 
:"'-' 2 i 

H1D" 
'/ " CB SECTIONS I" 

I I I , , , . , 
I " , (-I 1 ':', LOADS , , ALLOWABLE CONCENTRIC LOADS 

I 
, 

" IN KIPS , , 
L 

p' 

Unit Stn:ss- American Instituto of Steel Construetlon- 1928 

Nomlnol DtIIIh _ FIan,. WI4tlt-WoI"", p .. root 

Elledl". CB 102 10" x 8" CB 101 10" x5U" 
CM,. 
.,~ 45 41 31 " 29 " 23 21 

Uoo. Uoo. Uoo. Uoo. Uoo. u.. u.. u.. 

• 19' 181 163 146 12. 115 102 93 
7 19' 181 163 146 126 112 99 89 

• 199 181 163 14. 120 106 93 84 , 19' 181 163 146 113 100 89 71l 
10 199 181 162 144 106 94 82 7. 

11 192 17' 157 13' 100 89 77 69 
12 18' 168 151 134 94 93 72 64 
13 17' 162 145 12' 89 78 '7 60 
14 171 158 13' 123 82 72 63 " 15 164 14, 134 118 77 .. 59 52 

16 159 14' 128 113 72 63 55 48 
17 151 137 123 108 .7 59 51 45 
18 14' 131 117 104 63 55 48 42 
19 138 126 112 99 59 62 45 39 
20 132 I 120 107 94 55 49 42 37 

21 127 "' 103 90 52 46 39 
22 121 110 98 86 49 43 
23 "' 10' 94 82 
24 111 100 90 71l 
25 106 " 86 75 

26 101 92 82 72 
27 97 89 78 69 
28 93 84 75 .. 
" 89 80 n 63 

Area.IIl. - n.24 ,,~ lua '.n .... '.M a.n u. 
I 1.1, in.' m. "" 196.1 170.' T57') 13U 12D.6 1011.3 
S ,." In.' ~ .. ... , n .• '" " .. ~ .. ~ .. n.' 
r "1,1<1. • . U ' .H .. " .~ .. " .. ~ .,~ 4.14 
AIS 1_\ -'" .~. ,~, .m .m m '" .m 
I .... In.' ~, m 42.2 ". IU 13.4 11.3 .., 
5 ..... In.- ll.3 11.9 10.& U .., ••• U U 
r .... In. '.00 U. 1.97 .... .... 1.32 '.n .. " 
A/ SM .... 1.013 ..... ..... 1.6110 , .... '-'" 1.821 

••• ,,~ " .~ '" ,,~ loH " .~ 
01 ,. In. U .'" .. " .. , . U" U" U" U" b, In. • • . , • ~, ~, "' "' C •• " " " " " " " " .... " • " " " " " " Safe loa.d Va.lUeoI abovo upper zig-zag IIno aNI for ratios of J/r no~ over 60, those between zlg-Z38 
lines are tor ratios up to lZU and ~hO!lO below 101«:1" zlg-za.~ llno are tor rntlos not over ZOO. 
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COLUMN ...... ----- b - ----~ 

i 8"H 
! , ... , 2 : , , , CB SECTIONS r , 

t I~" , , LOADS d ,-tt-l "j., 
ALLOWABLE CONCENTRIC LOADS 

L ! I 
, 

IN KIPS , , ;. 
p' 0 

Unit Stress- American Institute of St~1 Constructlon - 1928 

Nominal O..,th and FlI/IfI WidIlt-WIII !iIII~'" root 
EII.wve CS 83 8" x 8" CB82 8" x 6 Y.;" ,-
In r,et 67 " .. .. 35 31 31 27 24 

u.. u.. u.. .... .... u.. u.. u.. u.. 

8 '96 '56 212 176 155 148 137 119 100 
9 '98 '56 212 176 ", 146 137 11. 102 

10 '96 '56 21' 176 155 146 137 109 97 

11 29' 25' 207 172 150 141 132 104 93 
12 28' 243 201 166 145 138 128 99 88 
13 '73 '35 19' 160 14. 131 123 94 84 
14 263 227 186 154 134 126 118 89 79 
15 253 '18 179 148 129 121 11. 85 75 

16 24. 21. 172 142 124 116 109 80 71 
17 '34 '02 165 136 119 111 104 76 67 
18 225 193 159 130 11. 107 100 72 64 
19 '16 186 152 125 109 102 96 68 60 
20 207 178 146 120 104 98 92 64 57 

21 199 171 14. 115 100 94 88 61 50 
22 191 164 134 110 96 90 84 .. 51 
23 183 157 128 '" " 86 80 55 48 
24 175 150 123 100 88 82 n 52 46 
25 168 144 118 .. 84 78 73 49 43 

26 161 138 113 92 80 75 70 47 41 
27 154 132 108 88 n 72 67 44 
28 148 127 104 84 74 69 84 
28 142 122 99 81 70 68 62 
30 136 117 95 78 68 63 59 

31 131 112 91 74 65 61 57 

",.,In.' 19.10 17 •• 14.11 11.18 10 .• '.ro '.12 u, ,.GO 

1 " '. In.- 27U ."., 183.7 , .. 12!.5 llU 11».1 N.' .... 
S •. ,,In.' ~, '" c, ~, 31.1 ~., v, n, ~, 

, 1. 1, In. ' .n , ... '" '" '.00 , .. W '" 
,.., 

AIS ,.., .m = m "" "" .n, .333 .." .... 
I ..... LR.- ... 14.1 ~ .. ., 0" .. , "' •. , '" s ..... In._ 21.4 '" '" '" 10.1 ... .., ... u 
, ..... In. 2.12 2.10 "" , ... ..., .... '" 1.82 '" "'M .", .m ... , .on .on ,~ '" "''" 1.2111 , .. • "' 

,,. 
'" 

,,. , , , 
'" 0" In. n" " u,. u,. u" u,. ",. ",. "" ••• '" 

,. ,J< ,,. , , , ,,. 
'" , •. " " it " ~ 

,. ,. 
" ~ .. "' " " " " " " Sato load valuCill aboYfl uppot' zig-zag Hue aro lor raUQII of Ij r not over 6), thoee bet ... oon zig-%ag 

li n ... " .... tor TaU ..... up t.n 120 and thoee bel,,,'I' 1" ... 0.- zh·za:r line are lor ratiOl not ovOf' 2fl(J. 
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tf--- -- -b -------+t COLUMN . i :/' ..... , 2 
CB SECTIONS HS" f --

• 
i~"" • L I • f - lh ?''', 

LOADS , ALLOWABLE CONCENTRIC LOADS 

L • . ,'> IN KIPS 

p 12 
Un it Stl"Css- Am erlcan Institute of Steel Conrtructlon-1928 

HomlrIaI D.,u. ..... F\ant<I W1;tt111-Wtl~,. r_ Neot\. 0_ and Fl ..... W\dIII WI. '* Ft. " .... " CB 61 5,," ,9":' Elhtth. gCBS6 6 ' z8"'i:lCBL6G"' x4" "-' LqU> 18 ~ 16 12 .,~ .. .. 7. 60 50 .. .... .... 
~ 

.... u.. u.. Inr.. Lk u... u.. u.. 

11 3" '" 264 221 176 
12 ". 353 264 221 176 
13 ". f'Ts2 906 261 217 173 3 71l 69 71 " 14 378 343 298 254 211 16. 4 79 69 71 + " ". 333 290 247 2Q5 162 5 79 69 til " 
16 357 324 281 239 199 157 6 79 69 65 47 
17 347 314 273 232 192 152 7 79 69 60 " 18 337 305 264 225 186 147 • 76 ..- 55 39 
18 328 295 256 218 180 143 9 72 " 50 35 
2Q 318 2S6 248 210 17. 138 10 69 59 45 32 

" 306 2T7 239 2Q3 168 133 11 65 56 41 " 22 296 28S 232 197 162 128 12 61 53 38 26 
23 2S6 259 22. 100 157 12. 13 ,. 49 34 24 
24 2T7 250 216 183 151 119 14 54 46 31 22 
25 28S 242 2Q9 In 146 115 15 " 44 " 20 

26 259 234 202 171 141 111 16 48 41 26 
27 250 226 '" '" '" 107 17 45 " 28 242 218 '" 159 131 103 18 42 3S 

" 233 '" 181 '" '" 99 19 40 34 
30 225 203 175 148 122 96 2Q 37 32 

31 218 '" 16' '" 118 92 " 35 30 
32 211 100 '" 138 113 " 22 33 " 33 203 '" 

,,. 133 '" .. 23 31 27 
34 '" In 152 '" '" " 24 " " '" m 147 '" '" .. 

,., .. In.· U ~., ~ ... " ... 14.70 11.78 ~n.1 U. .. '.n , .. 
--- ---

I I'" In.- 181.3 164.1 "U 113.& ". •• I ,..,,In, ~., SO.l 31.7 21.7 
S •• ,,In. M.' •• C .• .. , =, ~., 5 '_I. In. 11.7 1M lD.l '.N 
• I_I.Ift. , .• '-" ,.~ , ... ••• .... , ,_ .. In . ,. 

'" .... .... 
Ait .. , '" .m ... . .., .... .... , S I-L ..., .... . .., .... 
1 .... In.' on, , .. IlU 111.1 ... , .. , [ .... !rI. 11.0 • .11 ..,. .. 
S .... In. ., '" v., ~ '" 14.7 S .... In. , ... '" W , ... 
, .... III. •• '" ". ... , LG .... .. ... 'M '" ... .. 
A/S ... • 741 . , . .... . m ... ... " .. '" .... uo .... .... ,. ,. '. '. , OJ( .... ' . , '. • ..... " . " "" "" "" ". .... ... '. '" '" . .... " " '. '" '" '. •• , , • • , .... " % • ~ " " •• • U ~ ~ .... , ~ % •• • Safe load nluos above u"pcr z.t.J-u; 11"6 are foc ratios of l/r not over cn. tha.e bctwO(!o z,,_~ 
tln~ are for ratios up to 120 and 'hOM belo"lo"er d;r-zaS Hoe are for ratlOll not over 200. 

DC .. rn~lo St«1 Company only. 
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COLUMN CB SECTIONS 
r------ b ----~ 

8"H : ,1<, i 
" , 

" " , 
H-BEAMS ! , 

4" . I , , , 
LOADS d f r 0; 

ALLOWABLE CONCENTRIC LOADS • --'\. , , , 
IN KIPS , 

L , 
p' 

Unit St,..SI-Amerlcan Innltute of Steel Constl'uct!on - 1928 

" .... 8 7~,~ . H 4 H 3' H3 I '~;,~' ·!l
Eo
!· 

,~ .. 8" x S" 6" X 6" 6/1 )( 6" 
-,~ 

! ! ~ ~ ~ !' ~5 ~ I ~5 c'! ,1.9 ~ 
, I 93 84 75 16' ISO 143 121 110 99 88 82 , 93 84 75 165 ISO 143 121 110 99 88 82 

3 93 ' 84 75 165 ISO 143 121 110 99 88 82 • 93 
~ 

75 165 ISO 143 121 110 99 88 " C-, 93 75 165 ISO 143 121 110 99 88 82 

• ~ 
84 74 165 ISO 143 121 

it H!- 88 82 54 
7 79 70 

-i ~ 
143 121 88 ;; SO 

• 74 65 ::l :~ ~ -*-, 78 " 61 88 88 ' 
10 n 64 " '" 83 83 

11 

t 
60 52 154 141 135 98 OJ 79 70' " 3S 

12 ~ I :: 147 135 130 92 84 73 : .. 32 
13 141 130 12. 

~ 
79 f-* :; 29 

14 48 42 135 124 119 75 ;; " 15 SO 44 38 129 119 114 ,. 70 60 44 24 

16 47 41 38 r l~ 
109 n 66 56 51 41 

17 44 38 33 104 67 " 53 49 38 
16 41 36 31 

-* 
63 .. SO 45 3S 

19 38 33 29 
~ " " dO 42 33 

20 20 101 " 51 44 .. 31 . 

~ 
21 

~ 
.. 52 49 41 37 

~ 
49 46 " 35 

~ :! 
46 43 33 

1--·' .... . ... . .. " .. ".~ ••• ... ,-" .... • •• '.n u. 
I : ;::: :;: '" ~~ ru 120.8 11$.5 11%.8 

~l ~~! ;:1 r.~! ~ Ii '" ., m.' m.' , '-I. In, U. 3.31 U. , ... '-" ••• ..., 
AIS ,-, .. ., , .• , .. .... '" .m .., A" .... .... An .m 
I 0- •• In. ' '.1' ,m ' .n ••• '" 34.1 ... 14.1 ,., 

'" " U 
5 .... In.' ••• ,. u .. , u u u •• .. u ,., 14 
• "', In. ,." 1.1' 1.1. , .• ,m ,., 

'" 
,.., u. , .• ". . ... 

.lIS .... r ~f .... , ... 1.131 1.105 

'~ 'r ... u 

'~. 
'.m u n 

d.1ft: ;: • 
~ 'f ~ 

~ ,. III. ,, ~ 

~~ . t£ '~ 't ~ '~ 

u';;!!i!!!,'s""" , "w o." , oolow 'ow",,,· • ill '0' o.,~ m~oo ....... 
• ow,. 
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STEEL PIPE COLUMNS 
Allowable Concentric Loads In Kips 

STANDARD PIPE 

Unit Streu-Amerlean Institute of Stoel Constructlon-1928 

Nominal SI ... In. 12 12 10 10 10 8 1.8 6 5 4 13).1 3 2~ 2 

I ~ 1n. 1 12.~ ,2.7SO lo.7SC1 &.&25 8.625 11..825 5.563 1 UOU 2.111' un. 
"'''"_ .. -,"" -'" ,....., .m '" .m .... .", ' .~, no .'" .." ., .. 

• > 

~ 

5 !"'" ,,,., '" "'.' "'5 1 47.6~125'O 14.7 
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STEEL PIPE COLUMNS 
Allowable Concentric Loads In K ips 

EXTRA STRONG PIPE 

Un it StreS$- Amerie.an In stit ute of Steel Construction- 1928 . " 
NtHnInll 51 .. , In. 12 10 • • 5 4 ' li 

, 2li 2 
Ext ...... Ola., In. "'" .. '" .. ~ .. ~ ...., ... " ... .... ... 2.m 

ThleI<n_ In. ... '"' ... .'" ,,, ,,, ... ."" .m ... . 
5 288.6 241.5 191 .4 126.1 91.7 66.1 55.2 45.2 32.8 19.9 

• 288.' 241.5 191.4 12fi.T 91.7 66.1 55.2 44.' 30.3 17.9 
7 288.6 241.5 191.4 126.1 91.7 66.1 53.9 41.7 27.8 16.0 

• 288.6 241.5 191.4 126.1 91.7 64.' 51.0 38.9 25.2 143 
9 288.' 241.5 191.4 126.1 91.1 61.2 48.0 36.2 23.0 12.7 

10 288.6 241.5 191.4 126.1 68.9 58.1 45.1 33.6 20.9 113 

11 288.' 241.5 19lA 126.1 65.5 55.0 42.3 31.1 19.0 10.1 
12 288.6 241.5 191.4 122.2 62.0 52.0 39.7 28.' 173 9.0 

" 288.' 241.5 191.4 118.2 78.' 49.0 37.0 26.6 15.7 
~ 14 288.' 241.5 191.4 11 4.2 75.2 46.2 34.6 24.5 14.3 • ... 15 288.6 241.5 188.7 11 0.2 71~ 43.5 323 22.7 13.0 

-" 
& 16 288.' 241 .5 184.2 1062 68.5 40.9 30.1 21.0 
c 17 288.6 241.5 119.6 102.3 65.3 38.5 28.1 19.5 • ~ 16 288.' 241.5 174.9 98.4 622 36.3 26.3 18.1 
• 19 228.' 237.6 170.3 94.6 593 34.2 24.S > 
~ 

20 288.6 233.1 165.7 91.0 56.5 32.2 23.0 0 • ::; 
21 288.6 228.5 161.0 87.4 ,,~ 30.3 21.5 
22 287.1 223.9 156.5 83.9 '12 28.6 
23 282.6 219.3 152.0 80.6 48.8 27.1 

" 278.2 214.6 147.6 n .' 46.5 25.7 
25 273.8 210.0 143.3 74.3 44.4 

26 268.9 205.4 139.0 71.' 42.3 
27 264.3 200.' 1 34~ 68.' 40.4 
28 259.7 196.3 130.6 65.' 38.6 
29 255.0 191.8 126.7 63.2 36.8 
30 250.3 187.2 122.9 60.7 35.1 

........ In.. l U4 18.10 .. n ... ." u • u. .~ . ~ ... 
1, In. • ... 212.0 ... , ~ .. .. , 11.81 .~ .n .." .'" ..... .U. 3.128 un "u u" un .. '" 1.13t 0.924 •. m 
Wol~ Ib./ft. .... .. " c ." "~CO, .. n lUI 12.51 .. ~ '.M ." 
Safe loada in aeeordanoo "Ith A. I . S. O. Colum ll Formula, maximum 15,000 pounds tor ratJoe 

ol lf r _ 50 and under. 
Sate load valuos .. boY<) u pper zlg-ug line aro tor ratloe or I ff not over 60. those bet .... oon xIg-zag 

llnos arc for raUGII u p to 120 and those bolo" lowor zig-zag line are for ratloe not over 200. 
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STEEL PIPE COLUMNS 
Allowable Concentric Loads In Kips 

DOUBLE EXTRA STRONG PIPE 
Unit St.ress-Amerlcan Institute of Steel Constructlon-1928 

Nominal 51 .. , In. 8 • , • 3;' 3 2;' 2 

External OIL., 1ft, .. ~ .. ~ ...., .. ,. .... ..,. "" "" Tl\k.IuI _ In. .~, .... .,~ .674 .... ... ... , .~ 

, 319.5 234.6 170.1 121 .5 100.8 82.0 56.' 34.1 

• 319.5 234.6 170.1 121 .5 100.8 78.0 51.7 30.2 

7 319.5 234.' 170.1 120.8 95.' 72., 46.8 26.7 
8 319.5 234.6 170.1 114.7 89.' 67.1 42.2 I 23.5 , 319.5 234.6 167.5 108.5 83.8 61.9 38.0 20.7 

10 319.5 234.' 16D.8 102.4 78.2 57.0 34.' 18.3 

11 319.5 229.3 153.9 "A 12.8 52.3 30.8 162 

" 319.5 22,. 147.0 90.' 67.7 48.0 27.7 

13 319.5 213.6 140.2 85.0 62.' 44.' 25.0 
~ " 317.9 205.7 133.5 19.' SSA 40.5 22.' • ~ 15 310.0 197.8 127.1 74.6 54.' 37.3 

" ~ 18 302.0 190.0 '20~ 70.0 50.' 34.3 
c 17 294,0 182.3 114.7 65,' 46.9 31.7 • ~ 18 286.0 174.8 109.0 61.5 43.7 
• 19 2n.9 167.5 103.5 57.7 40.7 > 
1l 20 269.9 160.5 98,' 54,' 38,0 • = 
'" 21 261.9 153.8 93.3 50.8 

22 254.0 147.3 88,' " .. 
23 246.3 141.0 84.1 
24 238.7 135.0 80.0 
25 231.3 129.3 7.0 

26 224.1 123.8 12.3 
27 217.0 118.5 68.8 

26 210.1 113.6 65.' 
29 203.4 108.9 
30 196.9 104.4 

........ /ft. . 21.30 15.&4 l U 4 . .. ." .., .. ~ U • ..... 112.0 M,' U,' ..., '.M .~ ,~ .,. 
'. In. 2.757 ,., .. ", 1.174 1.210 ... " .... ."" 
WoIght. llL/fL , .. , 53.1e ... ~ n.~ "-= >aY .. ~ .., 
Safe loo.cI, III aceordanoo wl ~h A. I. S. C. Column Formula. m a.dmum 1.5.000 pounds tor ratios 

of l / r _ 60 a nd u nder. 
S~to l oo.d valu"'I a i>ovo Ujper zlg-.z.a.g: I1no are t :1r r atios of I / r no~ o ver 60. thOllO betwoen zig-zag 

lines are tor ratlQ8 up to 120 and thOllO bolo", lo",er zig-zag Uno ar(I tor rat\Q8 not over 200. 

• 



GRILLAGE FOUNDATIONS 

Where column base plates arc found to be undesirable or un
economical, a. one or two tier grillage may be used if so desired, 
depending upon the bearing value of tbe soil Of rock over which 
the load must be spread. 

The lower tier must rest upon a solid bed of concrete of sufficient 
thickness to distribute the load to the soil. 

The spaces between the beams should be filled with. and the 
beams enclosed in concrete not less than four inches thick. 

The minimum clear distance between flanges of beams should 
be about two inches. 

Maximum clear distance for bottom tier beams _ %' of the Bange 
width. Beams should have pipe separators and should not be 
painted. 

To determine the area in square feet required for the foundation, 
divide the total load on the column by the bearing value of the 
soil per square foot which will give the area of the footing in square 
feet, the shupe of which must be determined by local condit ions. 
On the assumption that the loads on the soil are uniformly djs~ 
tributed, the number, size, and weight of the beams are determined 
from the maximum bending moment, maximum shear or the 
maximum web resistance to buckling as follows: 

W_ totalload on the foundation in pounds. 
L _ length of beam in feet. 
a _ loaded portion in feet. 
d _ depth of beam in incbes. 
t _ thiclrnCIIS of beam web in incbca. 
n _ number of b~ama. 

fb - allowable unit web budding resistance. 
fa _ allowable unit web shearing r~sistance. 

The maximum bending moment occurs at the center of the beam 

d . I' f d W( L-a) an IS equa 10 oot poun s to -,-, and the section modulus 

. . 12 W(L-n) 
reqUired for eaeh beam IS • srn 

The proper size of beam in any tier with regard to fl exure at a 
unit stress of 18000 pounds per square inch may be found in the 
safe load table for the length corresponding to (L-a) by dividing 
the total load by the number of beams. 

Or may be found from the table of maximum bending moments 
by dividing the total bending moment by the number of beams. 

au 

• 



... 
Or from the table of properties by dividing the total section 

modulus required by the number of beams in the tier, which is 
1 3W(J .. -a) 

equa to 36000 , 
Note, however, that the load on the beam for any span must 

not exceed the maximum tabular safe load for shear. 

The maximum vertical shear occurs at the edge of the column 

base or at a distance in feet of L;II. from each end of the beam and 

. W L-a 
IS equal to L x ----z--

, ' h W L-a 1 
Web thickness, t, to resist average sear - - x -- X 2000 d 

L 2 1 J 0 

, I h W L-o. 1 h' h d or average vcrtiCa sear - L X -2- X n d t W Ie must not excec 

12,000 pounds per square inch. 

The maximum buckling stress occurs on a length in inches of 

12 a + d/2 and is equal, in total, per lineal inch of web to w /' 
12a+d2 

T hen the required thickness of the web, t, to resist buckling 

W d/ fb or the average web resistance per square inch 
n(12 a + 2) 

IV 
which must not exceed the to buckling, fb

n(J2 a + d/2) t 

tabular values for the allowable buckling resistance on beam webs. 

Rolled Steel Column Base Plates: To distribute the loads from 
columns over girders, grillage beams, etc., solid slabs of rolled steel 
may be advantageously used in place of cast iron or riveted steel 
bases, etc . 

The met hod of determining the thickness, t , of the slab witb 
respect to the direction of the upper tier is the same as that used in 

.J \v', 
paragraph under Column Base Plates, t _ J. 

6,000 l{ B 

Required thickness of slab, t, with respect to the direction 
parallel to the bottom tier is obtained by assuming that the 
maximum bending moment occurs at the point of column load 
concentrat ion (.9Sd or .8b, depending on the direction in which 
the column is turned) and that t he reaction from the outside beam 
in the upper tier is the load, the cantilever span, l being the distance 
from the point of maximu m moment to center line of this beam 

.J6WI andt- --, 
n n r 



Ex.o.,PLIC: Dosign a grillage founda.tlon to di!JtrJbut.e ~be load of 1.323.000 pOund, 
I'l'om a. coLumn cn 146, 300 lbol. to a concrete piC!', the Iillowable boIu'lng ca.paclty bclng 
000 per squa.ro Inch . 

.. 2.646 square In<:h05 required In balle, 

53" x 00" .. 2660 squ.&.ro Im'bee. Make length of bottom tier' 60", 
Assumo tho column bas(I pia.((' 21>" x 27". 

Uxlng J: t_ ... IL\2J.()1,IO '>( 1.03' _ 4.02". 
V 6,000 '( 25 X 'J:1 

VllDgl: t_ ", I6XI.323.000X3.925_<iOO U .. 4". 
'I"" 4 x 27 x 18,000 . 

TOp T ier; 4 bcanuI 63" long. 8" C(ln~~. 

Section modulus per boom _ I.3:~~.;.J~Z7) _ 59.7 In.

Try 4 Beams IS" x 00 Ib:s. 

Buckling .tl'l'llS t'b _" (2~·!2.~:~.550- 17.430 lbo. per 8«. In. 

M tho ma.xlmum a1lowahlOJ Ib Is lIi,OOO IbIS. , thon bcall1l!l hav1n& .. tlllekm' web 
must bo used. 

UIIO 4 llea.nu 15" x Mille. M thtllr Ib - 14.800 Ibis. 
1.32.1.000 53-27 

Shoo.!' occurs at edge ohlab: r. - 53 X 4 X 15 X .648 X - ,
_ 8.346 lb/!. pel' sq. In. 

MlU:lmum allowablu: (. _ 12.000 IbIS. per sq. In. 

Bottom tier. 50"-2'9.7"_ 20.3". 0_" _. , '-___ 1.:<123,000 X 20.3 _ "., • 
""" on m ...... u WI per ....,...." - 8 X 18,000 X 7 . lIS. 

7 - 10" X 30 lb. Boo.tnII 

Buckling !ltros.lb -7 (;U~!'~447- 12,180 lb!. per IIQ., In. 

, .__ '-'d -. r , 1,323,000 bO-29.7 
""""atou .... e""geoJo upper tOl' -60X7XIOX.447X--'-

_ 8,583 IbII. per sq. In. 

----- j 

i 

r[·~~T, ~~~~~~-
: l- l I Tl=rr':::j--J l- ,'''''"", 
• ~l-' . , "'r __ . ~!~ 

" 1.. ' 'I.}. •. --- .-L 
, L.._' . ~J 1._____ .,; 

, 
! 
i , 
.' 
S 

, 
i 
i ______ 1" 

4 Beam. IS" ,,50 lb, 

7 Be .. m.I~·x30 lb. 

... 
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DIMENSIONS OF BASE PLATES FOR CB SECTIONS 

The only condition considered in these tables is that of basQ 
plates resting on concrete baving safe bearing values of 500, 625 
and 750 pounds per square inch. 

For many of the heavier column loads given, single or double 
tier grillages may very often be found to be lighter and morc 
economical than base plates on concrete, but grillages should be 
the subject of study for each specific case and principles governing 
design may be found on preceding pages. 

The column loads given in tbe following tables for CB Sections 
are the maximum for each section and weight, or 15,000 pounds 
multiplied by the area. 

For purposes of calculation, the column load P is assumed to be 
distributed within a rectangle whose dimensions nre O.95d and 
O.Sh, and the base slab is considered as a cantilever with uniformly 

distributed load where the span is i _ K-i 95d parallel to web of 
B ~b column, and j - 2 parallel to flange. 

• 
_ IL .96d .... _ 1---1 -t ~H 
'---- K- - ------" 

P _ Total load on column 10 pounda, 

)( .. l..cngth ot . Iab In Incbes . 

D .. Width ot slab lu Incbes. 

It. .. Area ot II.D.b .. K X B. 

P .. Unl~~ 00 P I A. 

I 2.!! 2J! 101 .. Moment tor I-Inch width ot I I(1b .. P I Z " 2 or :.I 

UM grea.ter vahle ot I or J: 

S .. Section ModullD tor 1 !r,eh width ot _lab 00 ll;~ 
.. JlLor~ 

36.000 36.000 
~1 ...2.!.!... ....2.L 

Since S .. 6"' theretoro "'00 6,000 or 6,000 

E:u>tpLII:. AMUmo a load ot 1.879.000 pouuds tor Column Cll 146. 426 Ibs. 
per fe., d .. 18.60 InchOll, b .. 16.69:\ InehOll, .9::;d .. 17.756 Inches, .8b .. 13.3M 
Inchell, oonenlto at 600 Ibs. per aQ. In, 

Roqulred area. Or Blab .. l,8~ .. 3758 ~uaro inc hes.. 

It. plato h&vln& dlmensionl [,6" '" 67" will be saUIf&CtorJ'. 

ProJection I .. (17 - ~7.7M .. Uo .(l22 inches. 

ProJectioo J .. 00 ;3,3:16 .. 2 1.3221nchOll. 

, ... Uo .(l22' .. G06.2" aQU&1'(! InchOll. 

~ III formula. to .. 6,000 ,~boIUtuttng 600 ror p and tho V".I.Iue or \", then 

to .. 600 6~::::·24 .. :10.(;2 a.ud thlckn .... t _ 7.lllnchcs 



RECOMMENDED SIZES 

The following widths and thicknesses ate suggested as being 
sufficient to meet all ordinary requirements. The adoption and 
use of these sizes as standards will result in better service in the 
way of shipments from the mill and will also tend to make this 
class of business morc desirable to the rolling mills. 

14 x l~ 28,3 44 x 5 
14 x 1 28x3M 44x5M 

16 x 1701 32 x 3M 48 x 5.J,i 
16 x 2 32 x" 48:11: 6 

2." 2 36 x" 48 x 6M 

20 x 2.J.i 36 x 4J1 52 x6 
20 ,3 52 x 6M 

40 x 4J1 
24 x 2 .. " 56 x6M 
24 x 2M 5611:7 
24 x 3 56,8 

The thicknesses given above arc the thicknesses of the rolled 
plate. 

Plates 4 inches thick and under arc not to be planed. 

Allowance for planing plates over 4 inches should be made as 
shown in tables. 

SECTION MODULI FOR BEAlUNG PLATES I INCH WIDE 

Thltk_ , Thi.k ..... S Tbiekn. S Thiek_ , 
I. In,' I •. In." I •. In. _ I •. In,1 

1)4 .26 3)4 1.76 5)4 4.59 7)4 8.76 

1» .38 3» 2.04 5» 5.04 7» 9.38 

l~ .51 3)4 2.34 5~ 5.51 7~ 10.01 

2 .67 4 2.67 9 6.00 8 10.67 

2)4 .84 ')4 3.01 6)4 0.51 8)4 11.34 

2» 1.04 4", 3.38 6» 7.04 8» 12.04 

2U 1.26 4)4 3.76 6U 7.59 8~ 12.76 

3 1.50 5 4.17 7 8.17 9 13.50 

.,. 
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[8TI' COLUMN COLUMN BASES 

(;;J STANDARD "':" : 

+ f 
14 INCH COLUMNS " , 

BASES , , .. 
M aximum Bend ing Stress 18 Kips per Square Inc h 

Column Pr_e plO' ScI. In. on Con<nI. 

"'~" 
Weight 

"'" 
DlmlnlioM 500 """nd, ..... , . 

'" Thlck_ t. In. .- ,~, 
,,~ d, b, S, K, Welghl 

u.. Rolled, ... ... Calculate d finished J'.alled .. . , . "'. 
426 1879 18.69 16.695 7.11 7% 8 56 67 8505 
412 1817 18.50 16.645 6,84 7% 8 " 6S 8251 
398 1755 18.31 16.590 6.57 6% 7 " 63 6997 
384 1694 18.12 16.540 6.20 64 64 56 60 6188 
370 163' 17.94 16.475 6.20 64 64 56 56 5982 
356 1570 17.75 16.420 6.19 64 64 56 56 .n5 
34' 15" 17.56 16.365 ' .90 64 64 54 56 '56' 
328 1446 17.38 16.295 ' .88 5% 6 52 56 4950 
314 138' 17.19 16.235 5.65 5~ 6 52 53 4685 
300 1323 17.00 16.175 5.49 5% 6 51 52 4508 
287 1266 16.81 16.130 5.33 5% ' 4 48 53 3964 
'73 1203 lS.62 16.065 5.08 5}4 ' 4 48 50 3740 
254 11 64 16.50 16.025 5.05 ' ;, ' 4 48 49 3665 

CB 146 25. 11 25 16.37 15.990 4.93 ' ;, ' 4 47 48 3516 
'46 108' 16.25 15.945 4.86 4% • 44 49 3054 
237 104. 16.12 15.910 4.69 4% 5 44 48 298' 
228 1006 16.00 15.865 4.51 4;' • 44 46 2867 
219 96. 15.87 15.825 4.52 4% • 44 44 2743 
21 1 931 15.75 15.800 4.25 4% • 42 44 2618 
20' 891 15.63 15.750 4.33 4;' 44 40 45 '29' 
193 851 15.50 15.710 4.06 4;' 4% 40 43 2193 
184 81 1 15.38 15.660 3.94 4;' 4% 40 41 2091 
176 n 6 15.25 15.640 3.81 4;' 44 39 40 1989 
167 736 15.12 15.600 3.84 4 4 " 41 1673 
158 697 15.00 15.550 3.58 4 4 " 39 1591 
150 661 14.88 15.515 3.39 4 4 " 37 1510 
142 6" 14.75 15.500 3.26 4 4 35 " 1428 

"320 141 2 16.81 16.71 0 '.58 5~ 6 52 54 4m 

·Column Com SOcUon. 
f' la.tcII" Inooos thick and under may be n~twnGd by prllSlling. For plates more than 4 inchos thick. 

roUcd thlckn<l'l8 lnclud"" allowanoo Cor planing top . urta.co. AddUJonal allGwanco must be made Cor 
nDWllng bottom sur1nec of ba.w pl:ltes t.o bo IICt on grllJagos. Structural drawings &hQU.ld Rhow fln1sboo 
tblckoCllS. All orders Should 6pccll'y rollod thlckn ........ 
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COLUMN BASES COLUMN 

STANDARD (J 
14 INCH COLUMNS BASES 

~ 

Mulmum Bending Stress 18 Kips per Square Inch 

-I Pr-. ,. Sq. In. on c..crOle 

"'.~ 
w .... "' ...... "' ...... , ... ~ 

ThI:ItMn, t, I ... ThI:1<Mu. lln. 
No. 

, ... 
•• K . w .... •• K . w_ ..... "'- "" ". ". ""~. , .... "" , . ". ..,"-

Iitell ..... .. , .. ..... "' .. "' .. ..," ..... 
• 26 6.54 6% 7 54 " 5998 ~14 6li 6li .. " 4591 
412 6.24 G% 6li 52 " 5363 6.16 6li 6li .. ,. 4420 
398 6.25 6% 6li 52 54 5171 6.12 6li 6li .. 49 4332 

". 6.26 6% 6li 52 52 4961) 5.97 6li 6li 47 .. 4155 
370 5.99 6y,; 6li .. 54 .'" 5.65 5~ 6 45 .. 36n 

'" 5.69 5~ 6 .. 52 4243 5.48 5~ 6 44 .. 3590 , 342 5.65 5~ 6 .. 50 .080 5.53 5~ 6 42 .. 3427 
326 5.65 5~ 6 .. .. 3917 5.58 5~ 6 40 .. "64 
314 ~34 5U 5li .. .. 3441 5.13 51i 5li 42 " 28BO 
300 5.15 5U 5li " .. 3291 4.93 51i 5li 40 44 2743 
267 5.02 5J( 5li 44 " 3154 .... ' li 5 40 42 2360 
273 5.01 5J( 5li 44 44 3017 4.Bl ' li • 40 40 2267 
264 ' .n 4U • 42 44 2618 '.62 ' li • 39 40 2210 

CB 146 
255 4.75 ' Ii • 40 45 2550 4.43 ' li 6 " 40 2153 
246 4.47 ' Ii • 40 43 2437 4.35 ' Ii ' li 36 40 1838 
237 4.39 4U • 40 42 23110 4.17 ' J( ' li 36 39 1790 
226 4.42 ' Ii • 40 40 2267 4.13 ' J( ' li 36 37 "96 
21' 4.23 ' J( ' li 39 40 1969 4.11 ' J( ' li 38 36 1652 
211 ' .05 ' U ' li 37 40 1687 3.92 • • 35 38 142. 
202 '.04 • • 38 40 1632 3.74 • • 33 38 1346 
193 ~n • • 38 " 1550 3.73 • • 32 38 1306 
184 3.79 • • 36 36 1469 3.43 3li 3li 32 34 1079 
176 3." • • 35 36 1426 3.46 3li 3li 32 32 1015 
167 3.48 • • 33 36 1346 3.26 3li 3li 31 32 984 
158 3.51 • • 31 36 126. 3.14 3li 3li 29 32 926 
I,. 3.16 3li 3li 32 33 1047 3.13 3li 3li 26 " 68' 
142 3.13 3li 3li 32 32 1015 2.82 3 3 26 30 ". 

' 320 5.43 5}i ' li 47 " 3515 5.24 ' Ii ' li 43 " 29" 

·Column Coro Section. 
P latoCll 4 InebCII thick and under nuy be nattcned by pressing. VOl' pla.tes moro t han 4 InchOll thick. 

rolloo thlckn_ LneludQl allowanoo ror 1)lnnlng \.OJ) surface. AddlUou.a1 allowanoo must bo mado for 
ftnish1njr bot\.Om aurlneo o r b.ue I)lau. \.0 be.ot on lITllla.gs. Struc:turaJ dra ... lnp , hould MO ... ftoUihod 
thlcknCIII. All OrdOlll should ,peclty rolled thlcko_. 
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COLUMN COLUMN BASES 

mm (J STANDARD 

14 and 12 INCH COLUMNS BASES 
~, 

Maximum Bending Stress 18 Kips pel' Square Inch 

"""~ 
Prouu ....... Set. In. on C--.I. 

,.'"~ 
..... .... ., ......... 500 Pound, ....... ~ 

" '"' Thick ...... t.ln. Weight ". u ... "" d. b. B. K. 
Rolled, ,. ". CfoIeul. ttl 0 ..... """ ". ". ~ .. 

136 600 14.75 14.740 3.19 4 4 33 " 1346 
127 560 14.62 14.690 3.05 ' fi ' fi " " 1111 
119 52' 14.50 14.650 2.92 ' fi ' fi " 33 1047 

CB 145 111 490 14.37 14.620 2.77 ' fi ' fi " " .84 
103 454 14.25 14.575 2.78 , , 28 33 795 
95 419 14.12 14.545 2.39 , , 28 '" 714 
87 ,., 14.00 14.500 2.34 , , 28 28 ... 

CB 144 84 371 14.18 12.023 2.49 , , 21 28 84' 
78 344 14.06 12.000 2.24 2fi 2fi 24 29 493 

190 '" 14.38 12.670 4.31 4)4 4fi 40 42 2142 
176 m 14.12 12.615 4.16 4)4 4fi " 40 198. 
161 711 13.88 12.515 3.85 4 4 " 40 1632 
147 64. 13.62 12.450 3.76 4 4 36 " 1469 

'" 687 13.38 12.365 '.34 4 4 33 " 1346 
120 '30 13.12 12.320 '.20 ' fi ' fi " " 1047 

CB 124 106 468 12.88 12.2311 2.86 ' fi ' fi 29 " 920 
99 436 12.75 12.190 2.73 , , 28 " 736 
92 406 12.62 12.155 2.64 , , 28 29 690 
85 37' 12.50 12.105 2.49 , , 21 28 64' 
79 348 12.38 12.080 2.34 , , 25 28 59' 
n '" 12.25 12.040 2.19 2fi 2fi 24 27 459 
65 287 12.12 12.000 ~07 2fi 2fi 24 24 408 . 
64 282 12.31 10.060 2.28 2fi 2fi 24 24 408 

CB 123 68 256 12.19 10.014 1.99 2 2 22 24 29. 
53 234 12.06 10.000 1.79 2 2 20 24 2n 

Plaw. 41nchCOll thick and under lOa.)' be IIMwned by proalng. For pla.teI!I mo1'\l than 41nchos thick. 
rolled thlckll(U Includ{lll allowance fOl' planing top surface. Additional allowance mUllt be m3de tOl' 
ftll18hlng bottom surlace of bue plates to be eet on grUla.geo. Stroctural dnlwlngs Ihould show Onbhed -. All onlc .... should ~p<lClf)' rolled thlckn..a. 
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COLUMN BASES COLUMN 

STANDARD (J 
14 and 12 INCH COLUMNS BASES 

~ 

M aximum Bend i ng Stress 18 Kips pel' Squa re Inch 

- ",--,... s... I ...... c-m. 
c ... ~ . ..,.. "'- "'-- · ...... , ... ThWt_ lln, . .... TWdc_ 1. h •• W ..... ... B. K. B. K . ... C ...... ..... 1W11d. Cale ..... .... RIIIled • 

la.td , ... "' .. ... , .. ... lated , ... .., .. , .. , •. .. .. 
136 2.94 3li 3li 30 32 "2 2.84 3 3 " 29 69. 
127 2.92 3 3 " 32 762 2." 3 3 27 28 643 
11. 2.63 3 3 " 3. 71. 2.51 3 3 25 28 595 

CB 145 111 2.63 3 3 28 " .. 6 2.37 2li 2li 24 27 ". 
103 2.33 3 3 " " 619 2.19 2li 2li 24 25 '25 
95 2.35 2li 2li 24 " .76 2.15 2li 2li 24 24 '08 
87 2.03 2 2 24 " 354 1.86 2 2 " 24 299 

CB 144 84 2.31 2li 2li 24 25 425 2.03 2 2 20 " 263 
78 2.16 2li 2li 23 24 391 1 ... 2 2 19 24 2" 

19. 4.19 ' M ' li 36 37 1698 3.95 • • 31 36 1265 
176 3.99 • • 35 36 1428 3.84 • • 32 33 1197 
161 3." • • 32 36 1306 3.51 3li 3li 30 32 .52 
147 3.52 3li 3li 32 33 1047 ~19 3li 3li " 31 861 
133 3.21 3li 3li 30 32 952 3.20 3li 3li " 28 m 
120 2.94 3 3 " 30 71. 2.76 3 3 25 28 595 

CB 124 106 2.76 3 3 27 28 643 2.51 2li 2li 24 " "2 

" 2." 3 3 25 28 595 2.53 2li 2li 24 24 408 

" 2.42 2li 2li 24 27 459 2.32 2li 2li 23 24 391 
95 2.31 2li 2li 24 25 425 2.13 2li 2li 21 24 357 
79 2.16 2li 2li 23 24 391 2.00 2 2 20 23 261 
n 2.00 2 2 21 24 2" 1.84 2 2 20 21 2" 
65 1.95 2 2 20 23 261 1.67 2 2 19 20 215 

64 1.98 2 2 19 24 2" 1.93 2 2 19 20 215 
CB 123 " 1.91 2 2 2. 21 2" 1.59 2 2 17 20 193 

53 1.76 2 2 19 20 215 1.49 l li l li 16 20 136 

Plate/!" InchCfl thick Ilnd under m o.y bo lIo.tt<lnOO by pressing. For plates mGl'O than 4 Incho. t h lek, 
rolled thlclcDOJOl InclutiOll o.llowanoo tor planing top ~urfaoe. AddItiona l allowance m Ullt bo mado for 
finishing bottom surface or bMo IJlat(lll to be !Jet on grH\.agoI. Structural dmwlng:\llhOuld .how Onlsboo 
thlcknOOlll. All ordeN! .hould , pod ' ), rolled thicktlCllll. 

~ 
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COLUMN 
COLUMN BASES [81]' (;;J " , 

STANDARD ' , 

~ * : : 
10,8 and 6 INCH COLUMNS " , 

BASES , , .. 
Maximum Bending Stress 18 Kips per Square Inch 

"'"~ 
Pr ....... "' Sq. In. on CooI ,"I. 

"'"~ 
W eight .... 01 ............ 5O'l Po\I,,~. ...,,, ~ 

'" ,~, Thlclln .... lln. WoIlJIIl ,. ". "- d, b, O. K. 
""'" ,", ,. Cal . .... ! FInished ""~ ", ", ". 

136 600 11.88 10.575 3.59 4 4 33 38 ' 1346 
124 547 11.62 10.505 3.42 3)1 3)1 32 34 1079 
112 494 11.38 10.415 3.27 3)1 3)1 31 32 984 
100 441 11.12 10.345 3.07 3 3 28 32 762 
69 393 10.88 10.275 2,86 3 3 28 28 666 

CB 103 77 34. 10.62 10.195 2.55 3 3 25 28 59, 
72 316 10.50 10.170 2.43 2)1 2)1 24 27 459 
66 291 10.38 10.117 2.26 2)1 2)1 24 25 425 
60 26' 10.25 10.075 2.06 2)1 2)1 22 24 374 
54 238 10.12 10.028 2.07 2)1 2)1 20 24 34' 
49 216 10.00 10.000 1.79 2 2 20 22 249 

45 199 10.12 8.(22 1,96 2 2 20 20 227 

CB 102 
41 161 10.00 8000 1,68 2 2 18 20 204 
37 163 9,68 7.978 1.50 2 2 17 20 193 
33 146 · 9.75 7,964 1,38 1)1 1)1 16 19 129 

67 296 9,00 8.287 2.49 2)1 2)1 24 25 425 
59 256 8.75 8222 2.23 2)1 2)1 22 24 ' 374 .. 212 6,50 8.117 1.97 2 2 20 22 , 249 

CO 83 40 176 8.25 8.077 1.74 2 2 18 20 ' 204 
35 15' 8.12 8.027 1.75 2 2 16 20 , 181 
33 146 6,06 8.012 1,60 2 2 16 19 172 
31 137 8,00 8,000 1.39 1)1 1)1 16 17 116 

CO B2 
27 "' 8,03 6.528 lAl 1)1 1)1 15 16 102 
24 106 7.93 6,500 U4 1» 1» 14 16 71l 

68 "" 6.842 10.046 3.10 3» 3)1 28 28 m 
80 353 6,666 9.959 2,89 3» 3)1 28 25 694 

CO 81 
70 309 6.444 9.846 2,62 2:l{ 3 26 24 53. 
60 264 6.216 ',733 2,34 2~ 3 24 22 449 
50 221 5.986 9.617 221 2» 2)1 23 20 326 
40 176 5.750 9.500 1.81 2 2 20 18 204 

Plat.olll 4 IDehllll thick a.nd undeT ma.y bo fla.ttened by prossing. For plates more than 4 Inchcs thick, 
rolled thldmnss Includes allowanoo tor pla.nlng tQp surl'a.ro. Additional allowance ml1.!lt bo mado tor 
tInlsblng bottom surface or baso plates to bo II(!t on grlll34j:OII. Structural drawings should show tlniohed 
thI"knOllll. All ol"dCl"ll should spoo::lfy rolled thlcknC6S. 
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COLUMN BASES 
STANDARD 

10. 8 and 6 INCH COLUMNS 

Maximum Bending Stress 18 Kips per- Square Inch 

321 

COLUMN 

BASES 

""""""~ ... Sq, 'n .. C M~""""==',--::== ____ _ 
W:: 1:=~~===..",..::625 Pouncb --OC'C-..,,-"'= ...... ~. 

FOOl. Thic:kn-. t In I B. K. Wt!gM Thit!'I1-. t.ln. B . K, I 
lila. Calcu. I FIn_ I Rolled • • ~~:- I FI ..... l ~ , 

I eel ""001 Roll... In. ' n. Lbo. :. ~+ ""tel : Rolled In. In • -_. -illl
36 

3~~ 3~ I 3~ . ' .0
1-,.,1 .".,. 3.66 . ,_.,- 25 3-:-

124 3.23 3W 3~ 28 31 861 3.11 331 3~ 26 28 
112 3.19 3~ 3!-i 28 28 m 3.01 3 3 24 28 

WeigIIt 

Rolled, .... 
907 
m 
571 
510 

'74 
'26 
297 

100 2.82 3 3 25 28 595 2.75 3 3 24 25 
89 2.56 2~ 2~ 24 26 442 2.43 2};2 2}i 22 24 I' 

CB 103 n 2.38 2.J1! 231 23 24 391 2.27 211 2.!1 20 23 
n '1 2.27 2Y.; 2).1 21 24 357 2.11 2702 2}2 20 21 

CB 102 

CB 83 

CB 82 

CB 61 

66 2.25 237 2).1 20 24 340 2.07 2}2 t 2).1 20 20 
60 1.94 2 2 20 21 238 1.80 2 2 18 20 I 
54 1.77 2 2 19 20 215 I 1.83 2 2 16 20 
49 1.66 2 2 18 20 204 1.50 1.J1! l J.i 16 18 

45 
41 
37 
33 

67 

" 48 
40 
35 
33 
31 

27 
24 

88 
80 
70 
60 
50 
40 

1.67

1

' 
1.55 2 
1.54 1% 
1.24 174' 

2.47 
2.14 
1.92 
1.62 
1.52 
1.37 
1.34 

1.35 
1.10 

'.22 
'.85 
'.60 
'.27 
1.99 
'.70 

I ' J.l 
' J.l , , 
l J.l 
l J.l 
l J.l 

l J.l 
l ji 

3ji 
2~ 
2~ 

' ji , , 

, , 
l J.l 
l ji 

' J.l 
' J.l , , 
l J.l 
lJ.l 
l J.l 

l J.l 
l ji 

' J.l , , 
' J.l , , 

16 
1B 
14 
14 

20 
20 
17 
16 
16 

" 14 

12 
12 

28 
24 
24 
21 
20 
18 

20 
18 
19 
17 

24 
21 
20 
1B 
16 
16 
16 

16 
14 

22 
24 
21 
20 
18 
16 

181 1.67 
163 1.52 
113 1.33 

84 1.34 

340 2.35 
297 2.07 
193 1.74 
163 1.49 
109 1.33 
102 1.34 

95 1.17 

B2 
59 

611 
490 
'28 
297 
204 
16' 

1.1 6 
1.15 

2.82 
'.83 
2.45 

'.00 
1." 

1

,·16 

2 2 16 

1% lJ1 I" 
I~ 1% 14 
1.!1 l J1 14 

2J.1i 2J.1i \ 20 
2J.1i 231 17 
2 2 16 
I ~ IJ1 IS 
I~ I~ 14 
I J.1i l J.1i 14 
134 1134 13 

l U 
l ji 

,~ 

,~ 

'" ' ji , , 

' ji 
' ji 

, , , 
' J.l , , 

12 
10 

24 
24 
21 
20 
19 
16 

17 
16 1 
16 
14 

20 
20 
18 
16 

" 14 
14 

14 
14 

22 
20 
20 
18 
16 
15 

'83 
'04 
181 
122 

154 
.02 

" 83 

'83 
'41 
'83 
102 
89 
83 
65 

" 50 

"9 
408 

'57 
'55 on 
136 

Plat.Qol 4\nchCII thiCK and under may bo flattenoo by 11I_lng. For plal<l8 more than 4 Inches thick, 
rolled thlckn!lllll IncludCIII aUowanoo for planing tol) '1\111'_. Additional allowance mus~ be made for 
tlnl.shlng bottom IJUriac(l of bue "Iatell to be set on griliag<!8. Structural drawl~'S should show ftnl.shed 
thlckllClll8. Ali orden Bhould MpCCiCy rolled t blckn!lllll. 
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STEEL BEARING PILES 
Within recent years, there bas been a growing trend toward the 

use of wide flange CB Sectioos for bearing piles. Their usc has been 
accelerated through" the disclosure that there is very little loss of 
metal from corrosion when the steel sections arc embedded in soil. 
Uncovering and exnmination of steel sections in service twcnty
five years or morc has revealed loss of "metal so slight as to be of 00 

practical importance. 

There are hundreds of bridges supported by exposed steel bearing 
piles which have been in ~rvice in the Middle West for periods 
ranging Crom 25 to 38 years, and arc still in satisfactory condition. 
During the last few years, thousands of steel piles have been driven 
to support the piers of a number of important bridges, 8.lld their 
use is gradually extending to every ehi&!! of work for which other 
types of bearing piles a fe adaptable. 

Load Teets. Maximum test loads developed at various locations 
arc as follows : In Nebraska, in 1932, on 8 inch H 32 lb. sections 
they ranged from 28 to 170 tons, the latter value being ·obtained 
at 44 feet penetration in sand and gravel; on 10 inch H 49 lb. 
sections, from 69 to 108 tons, with piles driven through sand and 
gravel with points resting in a clay bed; on 12 inch eB 65 lb. 
sections, up to 110 tons in tests conducted at the Bonnet-Carre 
Floodway site in Louisiana, with a penetration of 122 feet in 
swampy alluvial layers of humus, clay-sand, with pile poi nt in 
stiff blue clay; on 12 inch H 65 lb. sections, showed maximum 
capacity of 60.5 tons with 50 to 55 feet penetration in swamp mud, 
soft clay and sand, and stiff rcd clay at sitc of a bridge ovcr Passaic 
River in New Jersey; and on 12 inch CB 110 lb. sections, ncar Lake 
Michigan, at Gary, I ndiana, 300 and 307 tons, with penetration of 
35 and 45 feet, respectively, in water bearing sand and fine gravel. 

While load tests arc not available, 10" , 12/1 and 14" CB sections 
have been driven to absolute refusal with penetrations ranging 
from 1.5 to 5 feet in shale or soft rock. Temporary false work. or 
bridge loads, in excess of normal colum n loads for the sections, 
have been a pplied for long construction periods without signs of 
settlement. 

Carnegie Steel Company has available for distribution to inter
ested engineers, a compilation of comprehensive series of loading 
tests on a considerable number of piles in varlous sections of the 
United States. 

Ad,·antages. Steel CB section bearing piles are more easily 
handled nnel driven than other types of pilcs of similar capaci ties. 



The high unit loads usually developed by steel cn section piles 
permit the use of fewer piles with consequent reduction in size of 
pile group, amount of excavation for footings, and volume of con
crete in the pile cap or pier. 

They can be driven with a much smaller resul tant displacement 
or rupture of the soil, t hus giving greater ultimate carrying capac
ities for groups of piles where they have to be driven at close 
spacings to carry very great superimposed loads. 

Steel piles are particularly adaptable under t he following con
ditions: 

(I )" Where they can be driven through loose, uDstable 
fill or soil to a relatively hard strata, where their full 
strength as a column can easily be developed. 

(2) Where considerable penetration through hard driving 
material, such as sand and gravel, is required in order 
to reach sufficient depth to prevent undermining by 
SCQur or wash of water such as encountered in rivcr 
construction, or where there is danger of undermining 
of foundations due to late r possible excavation carried 
to great depths for adjacent structures. 

(3) Where extremely great penetration is necessary to 
secure adequate bearing capacity. 

(4) Where piling is subject to attack and destruction by 
borers or other insects, such 8.S Iimnoria, teredo, 
termite or any otber destructive organism. 

Permanente. Examination of hundreds of bridges in the State 
of Nebraska resting on 5 inch and 8 inch I-beam!!, and 8 inch H 
sections whieh have been in service 25 to 35 years, showed li ttle , 
if any, deterioration at 18 inches below stream bed or ground water 
line. At. points 12 inches above normal water line, the loss of metal 
averaged on ly 1% in 20 years, or l/20lh of 1% per year. 'rhe same 
condition was found in a group of similar bridges around Chathnm, 
Ontario. Steel sheet piling, withdrawn when rebuilding a bridge 
pier in t he Monongahela River at Pittsburgh, showed practically 
no loss of metal below the water line after 19 years service. Sewer 
liner plates, uncovered after 18 years exposure to soil at Newa rk , 
N. J. , showed loss of metal too slight to measure. Blue black mill 
scale was still on the plates. 

Steel tubular piles uncovered after more than 25 years of service 
in a New York City foundation, were carefuUy cleaned and calipered 
and showed in no case a loss of metal of more than 1/64-inch. 

••• 
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Inspect.ion of eight steel sheet. piling structures in service from 
17 to 31 yeal'S in salt water along the Atlantic Seaboard, aU but 
one in the tropics, showed practically no loss of metal below t.he 
water line. Sim ilar conditions were observed in tho examination 
of eight similar structures in fresh water after 19 to 30 years 
service. 

Basically, the surface corrosion of steel is proportionate to the 
amount of moist atmosphere and dissolved or free oxygen coming 
in contact with it. It is also well koown that the rate of corrosion 
s10ws up materially as soon a.s the steel takes on a film of products 
of corrosion which in themselves act as a protection for the metal 
underneath. These products of corrosion also permeate the ground, 
under certain conditions of earth and moisture for several inches, 
fonning a dense non-porous and impervious encasement. around 
the steel. 

I n t.he case of subgrade structures such lUI foundations, it is 
apparent t.hat fresh oxygen cannot be brought to the steel either 
by penetration of air or by subsurface water currents. Under thcse 
eonditions, no special protection for t he steel is therefore required. 

In thc case of . structures such as pile bents, which extend con
tinuously from below a stream bed up to points considerably 
above high water, some form of protective encasement is desirablc 
in the zone of maximum corrosion, which is usually between the 
low and high water marks. The encasement should begin at a 
poiut about a foot or more below low water and extend up to a 
point above high water, where maintenance such as painting as 
applied to thc balance of the structure is practicable. Wide Bange 
CB-section steel bearing piles, protected as just stated, will cer
tainly have a 'useful life at least equal to other types of supports 
which have been generally used heretofore. 

As previously stated, steel bearing piles arc, of course, immune 
from attack and destruction by various types of borers, such as 
teredos or other marine organisms, as wcll as any kind of insects. 

Detailed information on the specifi c application of CD sections as 
bea ring pi les may be obta ined a t any District Office of the Carnegie Steel 
Company or t he Illinois Steel Com pany. 



STRESSES I N RIVETS AND PINS 

Rivets. In transmitting stresses between riveted pieces, it is 
customary to di sregard fric tion and to proportion rivets to the 
entire stress to be transmitted. They must be of sufficient size 
and number to resist shear and to afford such bearing area as not 
to cause distortion of the metal at the rivet holes . In the case of 
beams which frame opposite and of single web girders, this latter 
condition often necessitates a greater thickness of web than required 
by the shearing stresses. In a plate girder with %6" wcb, %" rivets 
connecting the web with the flange angles would have a bearing 
value at 24,000 pounds unit stress of 5,630 pounds per rivet, while 
their value in double shear at 12,000 pounds unit stress is 10,600 
pounds per rivet; and it might be necessary to incrcase the web 
thickncss to Ye" or more in order that the pressure of the rivets 
upon t he meta l be not cxccssive. 

Pins. Pins must be calculated for shearing, bending and bearing 
stresses, but one of the latter two will in most cases dctermine the 
size. When groups of bars arc connected to thc same pill, as in t he 
lower chord of truss bridges, the size of the bars must be 80 chosen 
and the bars so placed that at no point on the pin will there be any 
excessive bending stress. When the size of pin has been determined 
from the bending stress, the thickness of the bars or web of the post 
shou ld be invcstigatcd to provide sufficient bearing arca, the bars 
being thickened or pin plates added if necessary. 

The following is the formula for flexure applied to pins: 
M _ frd '_ fAd. 

32 8 
M _ Moment of forcel for any &eetion through pin. 
f _ Unit strellll per sqU/LI"e inch, in bending. 
A _ Area of &eetion, in square inches. 
d _ Diameter of pin, in inche.. 

The forces are a88Umed to act in a plane pllMing through the a:da of the pin. 

X::UWPL" I .-Required the lllse or a pin carryinl a 
load o f M,OOO pOUnd~, at a dilta.nce of .5 lnchl.'ll bet ween 
POlnt. of xUpPQrt: maximum unit ,~ 24,000 pound. per 
Iquaro InCh. 

_ _ _ lJendl"8 IDOment=64,OOOx5+...ao.000 Inch_poundl; 

E 
.., -F -'"' D WlOSa 3).(_lnch pin; allowed moment: 80.000 Inch-poundl. 

T: +.: -;- X:UWPL I: 2.-Requlred the thlckn_ of Uletalln tho 

~
d: - top chord of a brldlo to ,Ive l umclcnt bcar1"8 area to • 

. 3H·lnch pin, havtns: to transmit a It .... of 12 1.400 pound.; T maIimum bearI", P--..nl 24,000 poundl per M:jU&re IDeb. 

, " Tho bearing .. ..tuo of a 3H-lnch pin lor I-Inch thlclmeu 
Hj 01 mOlal I. 8 1,000 J)Oundli; t herefore, the thlc:kn_ of ruetll 

~2~2 requLred_ 121.400 +8LOO(b.tH Inch. or each wcb of the 
chord lJlun be K Incll thlck,lndudhll pin pl .. teI, 

••• 

• 
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HAND DRIVEN RIVETS AND 

UNfiNISHED BOLTS 
SHEARING AND BEARING VALUES , IN POUNDS 

Shear 10,000 ; Bea ring 16 ,000 ; En c: lo5ed Bea rIng 20,000 Pounds pe r Square Inc:h 

.125 ~ 

.140 

.160 

.180 

.1875 ~ 

.200 

.220 

.240 

.250 ~ 

.260 

.280 
~OO 

.3125 ~ .,0 

.340 
.3<10 

.375 ~ .. 

. 380 

.400 

.• 20 

.4375 ~ 

.440 

.• 60 

.480 ..... ' .. 

.5625 ~ 

.580 

.600 

.620 

.625 % 

. 640 

.660 

.SOl 

.6875 ~ 

.700 

.no 

.740 

.. , ..... :::1:: 
.. . ' 

.. , ... . I ........ ' 
... ' ... 

Vi 

~. . ............................ . 

.... 
19830 

.750 .,25 
. 875 
.9375 

1.00 

~: .... :.: ::::[.: 
',' 'sOOri 10000 iOOO(112500 12000 lSoOl114000 . 750.]160002000018000';;:80020000;"''' 



POWER DRIVEN RIVETS AND 

TURNED BOLTS IN REAMED HOLES 
SHEARING AND BEARING VALUES , IN POUNDS 

8.7 

Shear 13.500; Bea rlnlil 24,000; Enclosed Bearing 30,000 Pound s pel' Squ are Inch 

of "'It .. In. 

.125 }i 

.1 40 
.1 60 
.160 

.1875 " .200 

.220 

.240 

.2" }i 

.260 

.280 

.300 

.3125 " .320 

.340 

.360 

.375 }i 

.380 -1"-

.400 

I .4" " . .. ,. 
.4375 J> .. ,. '1" • 440 r .. 50 
.480 

.500 .... }i 

• 540 
.360 
.5625 " .580 
.600 
.620 .. 

J 
,. 

.625 }i 
• 640 

, . .... ···1·· .... 
. 687' ,. ..... ... 
• 700 ... .. ... ·1··· ·:r: . . m 
.740 ..... ,. '1" 
.750 " .8125 

~ ··1···· '··1·· 
." 
.9375 'f 1.00 

III· . 
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PINS 

Bearing Values on Metal One Inch Thick, In Pounds 

Diameter x 1 x Unit Stress , 
.... Unit $t ...... In Pound. per Squ . ... Inch 

""- ~~ 15000 16000 16000 20000 22000 24000 125000 27000 30000 , .... Sq. I~. 
---

I .785 15000 16000 16000 20000 22000 24000 25000 27000 30000 
l li 1.227 18750 20000 22500 25000 27500 30000 31250 33750 37500 
1» 1.767 22500 24000 27000 30000 33000 36000 37500 40500 45000 
lli 2.405 26250 28000 31500 35000 38500 421lOO 43750 47250 52500 

2 3.142 30000 32000 36000 40000 44000 48000 50000 54000 60000 
2)4 3.976 33750 36000 40500 45000 49500 54000 5'''50 60750 67500 
2» 4.909 37500 40000 45000 50000 55000 60000 62500 67500 75000 
2li 5.940 41250 44000 49500 55000 60500 66000 68750 74250 82500 

3 7.069 45000 48000 54000 601lOO 66000 721lOO 75000 BlOO~ 90000 

l~ 8.296 48750 521lOO 58500 65000 71500 78000 81250 anso 97500 
9.621 52500 66000 63000 70000 77000 84000 87500 94500 105000 

3~ 11.045 56250 6OIlOO 67500 75000 82500 90000 93750 101250 112500 

4 12.566 

*"fi 
64000 721lOO 88IlOO 88000 96000 100000 IIl8000 120000 

4)4 14.186 "008 76500 85000 93500 102008 106250 114750 127500 
4» 15.904 721lOO 81000 90000 9900Il 108000 112500 121500 135000 
4li 11.nl 76008 85500 95000 104500 114000 118750 128250 142500 

5 19.635 75000 80000 90000 lllOOOO 110000 120000 125000 135000 1501lOO 
Sli 21.648 78750 84000 94500 105000 115500 126000 131250 141750 157500 
5» 23.758 82500 88000 99000 110000 121000 132000 131500 148500 165000 
Sli 25.967 86250 92IlOO 103500 115000 126500 138008 143750 155250 172500 

6 28.274 90000 96008 108000 120000 132000 144000 150000 1621lOO 180000 

:~ 30.680 93750 lllOOOO 112500 125000 137500 1501lOO 156250 168750 187500 
33.183 97500 104000 117000 130000 143000 166000 162500 175500 195000 

6~ 35.785 101250 108000 121500 135000 148500 162000 168750 182250 202500 

7 38.485 lOSOOO 1121lOO 126000 140000 154000 1 "000 175000 189000 210000 
7li 41.282 108750 116000 130500 145000 159500 174000 181250 195750 217500 
7» 44.179 112500 120000 135000 1501lOO 165000 180000 187500 202500 225000 
7~ 47.173 116250 124000 139500 155000 170500 186000 193750 209250 232500 

• 50.265 120000 1281lOO 144000 1601lOO 1761lOO 1821lOO 2OO1lOO 216000 240000 
8li 53.456 123750 132000 148500 1651lOO 181500 198000 206250 222750 247500 
8» 56.745 127500 136000 153000 170000 187000 204000 212500 229500 2551lOO 
8li 60.132 131250 140000 157500 175000 192500 210000 218750 236250 262500 

9 63.617 135000 144000 162000 180000 198000 216000 2251lOO 243000 270000 

;~ 67.201 138750 146000 166500 185008 ""500 222008 231250 249750 277500 
70.882 142500 152OO1l 171000 190000 21l9OOO 2281lOO 237500 256500 285000 

9~ 74.662 146250 156000 175500 185000 214500 234000 243750 263250 292500 

10 78.540 150000 160000 1601lOO 2OO1lOO 220000 240000 250000 270000 300000 
10!4' 82.516 153750 164000 184500 205000 225500 246000 256250 276750 307500 
10M 86.590 157500 '''000 18901)0 210000 231008 252000 262500 283500 315000 
10li 90.763 161250 1721lOO 193500 215000 236500 2581lOO 268750 290250 322500 

11 95.033 165000 176000 198000 220000 242000 264000 275000 297000 330000 
11 7:1" 99.402 168750 180000 202500 225000 247500 270000 281250 303750 337500 
11 » 103.869 172500 184000 207000 230000 253000 276000 287500 310500 345000 
11 ~ 108.434 1 176250 188000 211500 235000 258500 282000 293750 317250 352500 
12 113.097 180000 1921lOO 216000 240000 264000 288000 300000 324000 360008 
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PINS 

Bending Moment. In Thousands of Inch Pound. 

Diameter" It: 0.098175 .: Unit Stress 

"" Unit Str ••• In Pounds p.r Sq ..... Inch 

..... ~, 15000 
,_ 18000 20000 22000 

24000 1 25000 27000 
,~- .. ,. -- I I 
1 .785 1.5 1.' 1.8 2.0 2.2 2A 2.5 ~7 
1){ 1.227 2.' 3.1 3.5 3.8 4.2 4.' 4.8 '.2 
l Ji 1.767 5.0 5.3 '.0 ••• 7.3 ao 8.3 8.' 
1,. UOS 7.' M ••• 10.5 11 .6 12.6 13.2 14.2 

2 3.142 11.8 I 12.6 14.1 15.7 17.3 18.8 19.6 21.2 
2){ 3.976 16.8 17.9 20.1 22.4 24.S 258 250 30.2 
2Ji 4.909 23.0 24.5 27.' 30.7 33.7 36.8 38.3 41.4' 
2,. 5.940 30.6 32.7 36.8 40.8 44.' 49.0 51.0 55.1 

3 7.069 39.8 42.4 47.7 53.0 58.3 63.' ".3 71.' 
3M 8.296 50.6 53.' 60.7 67.4 74 .1 80.8 84.3 91.0 

l~ 9.621 63.1 67.3 75.8 84.2 92.' 101.0 105.2 113.7 
11.045 n.7 82.8 93.2 103.5 113.9 124.3 129.4 139.8 

4 12.566 94.2 100.5 113.1 125.1 138.2 150.8 157.1 169.6 
4){ 14.186 113.0 120.6 135.7 150.7 165.8 180.9 188.4 203.5 
4Ji 15.904 134.2 143.1 161.0 178.9 196.8 214.7 223.7 241.6 
4,. 17.721 157.8 168.3 189.4 21D.4 231.5 252.5 263.0 284.1 

• 19.635 184.1 196.4 220.' 245.4 270.0 29C1.5 306.8 331 .3 
' ){ 21.648 213.1 227.3 255.7 284.1 312.5 340.9 355.2 383.' 
5Ji 23.75/1 245.0 261.3 294.0 326.1 359.3 392.0 408.3 441.0 
5ji 25.961 280.0 298.6 336.D 313.3 410.6 441.9 466.6 503.' 

• 28.214 318.1 339.3 381.1 424.1 466.5 508.' 530.1 572.6 
' ){ 30.680 359.5 383.5 431.4 419.4 521.3 515.2 599.2 641.1 
' Ji 33.183 4()4.4 43lA 465.3 539.2 593.1 641.1 614.0 728.0 

' ji I 35.785 452.9 483.1 543.5 603.9 664.3 724.6 154.8 815.2 

7 38.485 505.1 S38.8 806.1 613.5 140.8 "'.2 841.8 ""'.2 
7){ 41.!82 561.2 598.6 613.4 148.2 823.1 891.9 935.3 1010.1 
7Ji 44.179 621.3 662.7 745.5 828.4 911.2 994.0 1035.4 1118.3 
7~ 41.173 .... 5 731.2 822.' 914.0 1005.4 1096~ 

I 
1142.5 1233.9 

8 50.265 754.0 1104.3 904.8 1005.3 1105.8 1208.4 1256.6 1357.2 

i~ 
53.456 826.' 882.0 992.3 1102.5 1212.8 1323.0 1378.2 1488.4 
56.745 804.4 964.7 1085.3 1205.8 1326.4 1447.0 1507.3 1621.8 
60.132 986.S 1052.3 1183.9 1315.4 1446.9 1518.5 1644.2 ln5.8 , 63.617 1073.5 1145.1 1288.3 1431.4 1574.5 1717.1 1789.2 1932.4 

8){ 67.201 1165.5 1243.2 1398.8 1554.0 1109.4 1864.8 1942.5 2097.9 

8~ 70.882 1262.6 1346.8 1515.1 1683.5 1651.8 2020.1 2104.3 2272.7 • • 74.662 1364.9 1455.9 1637.9 1819.9 2001.9 2183.9 2214.9 2456.8 

10 78.540 1472.6 157o.a 1761.1 I 1963.5 2159.8 2356.2 2454.4 2650.7 
1O){ 82.516 1585.9 1691.6 1903.0 2114.5 2325.9 2537.4 2543.1 2854.5 
1O~ 86.590 1704.7 1818.4 2045.7 2213.0 2500.3 2727.6 2841.2 3068.$ 
10~ 90.163 1829.4 1951.4 2195.3 2439.2 2663.2 2927.1 3049.1 3293.0 

11 95.033

1 

1960.1 2090.7 2352.1 2613.4 2874.8 3136.1 3266.8 3528.1 
11 )1 99.402 2096.8 2238.S 2516.1 2795.7 3015.2 3354.8 3494.6 3174.2 
11 ~ 103.869 2239.7 2389.0 2687.6 2986.2 3284.9 3583.5 313'2.8 4031.4 
11 ji 108.434 2366.' 2548.2 2868.7 3185.3 3503.8 3822.3 3981.6 4300.1 
12 113.097 2544.7 2714.3 3053.6 3392.9 373'2.'2 4071.5 4241.2 4580.5 

Wi. 
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DETAILS FOR PUNCHING AND RIVETING 
...... -"I0Il" Brld,. Com",,",. Stande ... 

Conventional Sign, for Riveting 

Shop Rlveu Field Rlveu 

~ ~"- ---.- -.-
I j 

~l ~ 1 1 I , I I I I I I I f l~ 1 I I ~! l-&J I 1 I I I 

'~ • 
t-- (£)- 0-.-&-.... 

ij j.'@'''-i! " ;; • .;J] ~ ~@~~_c~ 
0 ... 

Dlmenllon. of Structural Rivets 

01 . ........ 01 RI • .t, d . 1!ICbM 

r~ 
- % '" % ' ~ I }i ' 1 1_ 'J-j 11U 1 1 ~ 1M I 

~ 

o. W .. '" '» ' X 11. ' % '''' 2 2' . 2h 
h S ~. » '" % % X '" '" 

, 
d Jii S % " " 

, 
' % ' X ' % ' ll , 

" w, % X , ' S ' S '" ' X , ' S ' % ~ . ., 
o 0 h, S X S % J' II " % % X . ··-Wr-

-
w_l ~ d + 11/" h = O.425 VI r- l .\i h. 

Driving Clearance Crimp. 

' \ DI.I ....... II AI. tot, d. I ....... 

~ % li ~.). X 1 Ji , '» '» ' % 'li ur ' .. 
d, ' ll ' X , 'I ' X 

' ll ' X , ' X ' ll ' X ~ .. . 
I" 

~ 
, Ji , l }i 1~ ' h ' ll ' % ' X ' Ji , 

b- H 1 ~" (min, 2" ) 

Usual Gages for Angr •• 

WIdCh of l ... I_ 

S 7 r---'- 'I' ·f'lil , I'li 2 1", ' ll ' % ' X , X 

-6 i . g, 'li , 'li : 'li[' ' % , ~. l J1 1 1 Ji Ji X % li L.l. g, , 'li ' I{ II I' g, , , 'li ' X I I I , 
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RIVET SPACING 
Am ... I .... " Brldg. Compa nr Sta .. d ..... 

Rivet Stagger 
Distance f, I" Inche5, for Standard Clearance c, Machl"e Riveting 

DI ..... eter Sl.Iner p, In Incb .. 

E" \~i • " ~ Rlnl li }! 1 l;i lli l ;i l li 1% l li I}! 2 ~ -{ .. 

li 1% 1% lli 1% lli 
}! I}! I}! 1~ 1~ 1% l li 1% ~ 

1 2;i 2 2 I}! I}! l li 1% lli 
Gun Riveting l ;i 2% 2li 2li 2;i 2;i 2 I}! I}! l li ,1!J .. p .. l li 2li 2li 2li 2% 2% 2li 2li 2;i 2 I}! 1 ~ 

~" If l tagger 11 nc.;:essary, make p and PI cqual where practical. ~r . .:.; ~-

..." 
Table of Small Trlanglel 

/'~ ~ b -:~.- -~ .. ,. I±? ' , 

lo>' : b : ' , ., .-. , , 

Olstanee c, in Inches 
: b : .. - ~ 

• a, Inch_ 

'", 1 l;i lli 1% l li 1% l li I}! 2 311 2li 2% l.lli 2% ~ 2}! 12-
1 1). lli 1% 1% 1% 1% 2 2;i 2li 2% 2)0 2% 2% 2,. 2% 3~ 3,. 
l;i lli 1% 1% l li I}! 2 2» 2» 2% 2% ' li ' % 2% 2}! 3 3-" 3" 
l li 1% 1% 1% I}! 1% , » ' ;i 2U 2% 2)0 2% 2% 2% 2,. 3 3;i 3li 
1% 1% 1% I}! I,. 2» ' ;i ' li ' % ' )0 2;i 2% 2li 2}! 2,. 3» 3% 3% 
lli I,. I}! I,. 2» ' ;i 2% ' % 2% 2li 2% 2% 2,. 2% 3 3;i 3li 3% 
1% I,. , ' » ' ;i 2% 2% ' % 2li 2% 2% 2li 2}! 3 3» 3% 3% 3» 
1~ , ' » 2;i 2li ' % 2% 2li ' % 2% 2M 2}! 2% 3» 3;i 3li 3% 3li 
I}! ' ;i ' % ' li 2% ' % ' li ' % ' % 2U 2,. 2,. 3 3;i 3li 3% 3)0 3% , ' li 2% 2% 2)0 2li ' % 2% 2~ 2% 2,. 3 3» 3% 3% 3» 3li 3% 
' ;i 2% ' % 2)0 2li ' % 2% 2X 2% 2,. 3 3» 3% 3li 3% 3li 3% 3% 
2li 2)0 ' li 2% 2% 2% 2~ 2}! 2,. 3 3» 3% 3li 3% 3)0 3% 3% 3~ 
' » ' % ' % 2% 2% 2,. ' }! 2% 3 3» 3% 3li 3% 3» 3% 3% 3~ 3,. 
' li ~ 2U 2" 2J.i 2~ 3 3}i 3.J.i 3~ 3U 3~ 3~ 3.% 3% 3% 3!Jii 3J,i 

" d, Covel' Plate Riveting b, d, 
,", '", '", '", 
li 2li 2li 

1 2% c',?, dd li 2% 
l li 2% 1" ~ 

li 2li : .J. - - -il- ---- ---------- ---2 2% 
~ .:-::-:-:-1,;-.?-.~::",:::,_::_:.:===.=~=~~i,=--;,.",-~ 

1 2M 
2li 2}! lli 2;i 
3 2}! - - - "T • .."....- - - - ---- -----..~--- --

" 1 l li 2 
3li 3 , l li lU -_.--.-------- - ---------, 
4 3» 2 lli 
5 3li 2li 1 
6 3;i 2li 
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NET SECTION OF RlVETED TENSION MEMBERS 
A. A. s. n. o. Sta.ndard Speclftca.t10nH tor Highway Brldgos and hlcldontal Struet\lroll, 1931. 
A. R . E. A. SpocUlcatlonll for Stool Ulghway Bridges. 1931. 

CUI"Y" ..... yalu .. of St.llllller, S, In Inch .. 

3 

• 
I 

! • 
, • 
oi 

7 

'0 

V.Ju_ of S' + 4 ... in In.h .... 

rn caJculatiog the IIOCtion of rivaled tension membo'ml. ne~ IMlCI.\OWl shall always 00 u!Otld. I n doduct... 
Jng r ivue hole.. tho,. .hall bo taken !loS l1i incllillorger than the DomlnaJ. diameter of rl,"ct. 

The net lIOCtJon Shall bo the least area which caD be ObtaIned by doductlng froID tho gt'OfIS soctlonal 
&roIL, the aroa. or lIolee cut by any straight Or zigzag IIOCtlon &CI'O'I8 tho member. counting full are<!. Qf 
lint 110\0 &od a (['$.Ctlonal part of each 8uccoodlng hole, which part 18 dutormlned by tho formula: ,. 

X _ I - 4gh' in which X 18 traction of r1V1'lt hole to be deducted. 

S _ staggo'lr or iongltlldinalllpaclng or rlfflt with TCllpOct to rh'Ct on last gago Uno. 
S _ distance !letWOOD gage line.. Or trlUl_ spacing. 
II _ diameter or r lvot hoLes, or II(lmlnal dla.metCl' of rivot plWl '"' Incb. 

Cb.8.l't give8 valUOll of f to be sublltltuted In above formula.. ValuOll of "S" and "g" are always to 
• P 

be taken from tbe previous bolo coWildored. Note that valu .... for -tg are to be divided by "h" betore ,. 
deduction from. 1 to obtain X. ValUOll of 4g to tbo r lgbt of IImUIng 1100 tor a.ny given dla.moter of 

rivet aro greater than unity wbon divided by "b··; no deduction tor net aroa Is to be made tor such_. 

EXAMPLE, 
S.CTION AD DE S~TION ABCDE 

1~· H OLII D .o:olJCTlON UOL. DIIDUCT'ON 
A ' B >'00 8 ' .00 
~ .. r-w .-Of" or -'l" D,," 0" '" .. \1 :, . , ,. g-2t" conslderod. \I , e • D From Chs~ 4g -.10 ,. 

S- lt" l'rom Chart"4 - .26 •• • X-l-..:!.Q.. _ • SO o • .. 
D .875 

&_ 3" X _ l _ ;7
6
5 - ." . , 

"' ... ·RiVf:U E Total Deduction 1.89 bol!lll Total DoductJon 1.70 bolOl 
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STRUCTURAL RIVETS 

A. I. $ . C. Sun" .. d 

We ight' 'n Pounds per 100 Rivets with Button Heads -
'- Dllme!tr 01 RI .. ,. IndIN ' ... Dlanlettr III Rc. .. lnell. ..... ..... 
H .... ,- ~ ~ Ii Ii 1 l )i l~i 

H_ ,- Ii Ii Ii 1 l )i l )i 

-

I 1' 09 
--

• 53 78 14' '90 252 
)i " 80 III .49 193 256 

' Ii .2 Ii 55 52 113 152 197 260 

~l 13 Ii 56 53 II' .55 200 265'" 

li 13 23 " 50 

~ I 
91 I 130 ~ 57 " '16 157 204 269 

~ 14 " 36 52 95 '34 Ii 58 56 ' 20 '0) 207 273 
li 15 25 37 54 74 " 139 li 60 58 122 IB3 211 , 278 
11 15 28 ,. 56 T7 .02 143 Ii 61 89 12' '66 214 282 

2 IB 27 41 58 80 10' '46 6 ... 91 '28 IB' 216 287 
)i 17 28 43 60 52 '09 152 )i 93 '28 171 222 291 
Ii 16 29 44 62 " 112 156 Ii . . . .. S< 130 174 22' 29. 
li 16 30 46 54 58 lIB .61 li 96 132 177 22' 300 
li 19 31 47 87 91 .19 165 li .. .. . 97 135 180 232 304 
~ 20 32 49 69 93 123 169 ~ .. .. . 99 137 182 236 396 
li 20 34 50 n 96 • 26 17 • li ..... 100 .39 16' 239 '" Ii 21 " 52 73 99 '30 178 Ii ..... 102 14 • 168 243 317 

3 22 3B " 75 .02 133 182 7 ..... 104 143 191 '" 321 
)i 22 37 55 T7 .OS 137 167 )i ... . 10' .45 194 250 326 
Ii 23 38 57 79 107 141 191 Ii ..... 107 147 196 253 330 
!l " J9 58 91 110 , 144 19' ~ ..... '08 149 199 257 ' 334 

~ " 40 60 94 113 '46 200 li .. 110 152 202 260 '" ~ 25 41 61 56 lIB 151 204 ~ .. . .. 111 154 20' 264 34> 
li 28 42 63 58 '16 '" 208 Ii . . .. 113 158 207 287 347 
11 27 43 64 90 12. ." 213 )i . .... II' '58 210 271 352 , 27 44 66 92 12' IB2 217 • . .. ....... '60 213 27' 358 
Ii 28 45 69 94 127 lB. 22. Ii ... ... '" IB2 2IB 278 360 
Ii 29 47 69 .. 130 IB' m Ii .. . .... '54 219 28. 36S 
li 29 46 n .. '32 In 230 ~ ...... '66 22' 285 36' 
li 30 49 72 10' 135 I7B 234 li ... .. .. . ... 169 22' 288 373 
~ 31 50 74 193 '36 .79 239 ~ " '" .. . .... 171 22~ 1292 378 
Ii 31 " 75 10' 14. 163 243 li .. . ,' .. . 173 230 29' 382 
Ii 32 52 T7 107 143 . 68 247 Ii ... . 175 232 299 368 -

IB 1 " 1 

-- .- -..... 
'.0 '.7 " 49 78 • ' 00 

H ... " - -

For Weights I n Pounds per 100 Rivets with Countersunk Heads 
1.110 th e above tabla with the following deductions 

- -
o .... . '"~_~ 

~ ~ I ~ Ji ' ' I 1~ 1~ 

~ 7 I 11 18 1 25 36 51 

Wel&htl ci~D may vary I'rom Uw. of t~t.on owing to d ttrer'l!DOl'lf In the shape or head ud 
should be eh«:l<ed wlth fa bricator . 
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STRUCTU RAL RIVETS 

A. I. S. c. 5tan ll.1'<I 

Lengths of Undrhren Rivets for Various Grips 

Olmant lonsln Inch .. 

• GriP • • ~ 

~rl'l __ 1 ~ ~=1 
L .. Lellll'th .. -oi :. .- .. Lenlth---. ..: 

.... Oilomtt. d Rivet G" DIa ...... III Rivet 

• J> J> li % 1 1% 1)4 • % 1 
1-

1% ~-
)4 1% 1% 1% 2 2% 5 7% 7% 7)4 7% 
% lli 2 2 2% 2)4 % 7)4 7)4 7% 7)4 
Ii 1% 2% 2% 2)4 2% )4 7% 7% 7)4 7% 
% 2 2)4 2)i 2% 2)4 % 7% 7% 1li 1li 

1 2)4 2% 2% 2)4 2% 2~ 2% )4 1li 7?i 7% 7% 

% 2% 2J> 2)4 2% 2li 2% 3 % 7% 7% 8 8 

)4 2)4 2% 2% 2~ 2% 3 3% li 8 8 8% 8% 

% 2% 2U 2li 2% 3 3% 3)4 % 8% 8% 8~ 8)4 

)4 2% 3 3 3% 3)4 3% 3)4 
% 3 3% 3% 3)4 3% 3)4 3% 6 8% 8% 8% 8% 

li 3% 3)4 3)4 3)4 3% 3~ 3% % 8)4 8)4 8)4 8)4 

% 3)4 3% 3% 3% 3li 3% 4 )4 8% 8% 8% 8% 
% 8~ 8)4 au au 

2 3)4 3)4 3% 3U 3% 4 4)4 J> 8% 8% 8)4 8% 
% 3% 3% 3li 3% 4 4% 4)4 % 9 9 9% 9% 
)4 3U 3% 3)4 4 4% 4)4 4% li 9% 9)4 9)4 9)4 
% 4 4 4 4)4 4)4 4% 4)4 )4 9).{ 9)4 9% 9% 
J> 4% 4)4 4)4 4)4 4% 4J> 4% 
% 4)4 4)4 4)4 4% 4J> 4% 4)4 
li 4% 4% 4% 4)4 4% 4U 4)4 
)4 4% 4% 4% 4% 4li 4)4 5 

3 ..... . 4li 4li 4)4 5 5)4 5)4 
~ ... . " 4)4 4)4 5 5% 5)4 5% 
)4 ...... 5 5 5)4 5)4 5% 5)4 

',. .. 5)4 5)i 5)4 5% 5)4 5% 
!2 5% 5% 5% 5)4 5% 5U 
% . -,. 5)4 5)4 5)4 5% 5U 5)4 
li ... 5% 5% 5'4 5li 5)4 6 
)4 .. .. 5li 5li 5li 5)4 6 6% 

4 ..... ... .. 5)4 6 8 6% 6)4 
% ..... . 6 6% 6)4 6% 6)4 
)i ...... .. .. . . 6% 6)4 6% 6% 6% 
% ... " .. ... . 6% 6J> 6J> 6% 6U 
J> .... " ,- 6J> 6% 8% 6li 6)4 
% .. , ... "4 au 6li "" 

7 

I 
li ... , .... 6U 6)4 ' % 7 7)i 
% .. . . ... .. .. . ' % 7 7 7)i 7)4 

Length, glv(\Il ma.y vary !'rom 1Jta1ldard,., or fabricator'! and ,hould be checked agalnot any such 
tt.andlU'd. 
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STRUCTURAL RIVETS 

A. I. S . C. Standar<! 

Length, of Undrlven Rivets for Various Grips 

Dlmenllone In I .... h .. 

i°rlo

. b~ -l 
:--Grlp, b- 'l 

~ -~J 
· IAna'th .J . Lo~'" . 

· . .... DIa .... " 01 AI_III Grip, DIamtI_ II RI •• 

b ' 1--;-:-
ji ~ % Ji 1 lfj_~~ _b_I~_'_1 l fj 1~ ....:.::... 

ji I I Ifj I ~ I~ 5 6li 6li ' li ' li 
~ Ifj I ~ I~ l li ' li fj 6ji ' ji ' li ' ji ,. l li l li ' li l ji l ji ~ .~ .~ .~ .~ 
li l ji l ji l ji I~ 1% % 6~ 6~ ' % 8~ 

I I ~ 1% 1% 1~ 1 ~ l Ji 1% ji ' )i ' )i ' )i ' Ji 

Ji 1% 1% l)i l Ji l )i 2 2 % 1 1 1 1 

~ 2 2 2 2 2 2fj 2fj % 1~ 1~ 1~ 1~ 

li 2fj 2fj 2fj 2~ 2~ 2% 2% )i 1Ji 1li 1li 1li 
ji 2" 2~ 2~ 2Ji 2% 2ji 2ji • 1ji 1ji 1ji 1)j 
li 2Ji 2Ji 2Ji 2)j 2ji 2% 2% 
% "'" 2~ 2~ 2% 2~ 2% 2% fj 1% 1', 73i 1li 
)i 2,. 2,. 2% 2,. 2U 2)i 2)i ~ rn rn 1% rn 

~ "'" 1Ji 1Ji 1Ji 
2 2Ji 2Ji 2Ji 2Ji 2Ji 3 3 )j • • • • Ji 3Ji 3 3 3 3 3Ji 3fj li .~ .~ .~ .~ 
Ji 3Ji 3fj 3fj 3fj 3Ji 3Ji 3~ ,. ' li .~ .~ .~ 
~ 3~ 3j, 3~ ~ 3~ 3~' 3~ Ji ' )j ' )j ' )j ' )j 
)j 3)j 3)j 3)j 3)j 3)j 

I 
3li 3% 

li 3% 3" 3" 3" 3" 3,. 3,. ,. 3Ji 3% 3,. 31 f 3% 3Ji 3Ji 
Ji 4 3', 3Ji 3~. 3', 4 4 

3 4)j 4fj 4fj 4Ji 4Ji 4fj 
fj 4% 4Ji 4~ 4Ji 4~ 4Ji 
Ji . . 4~ 4li 4~ 4fj 4% 4~ 

% .. 4ji 4;' 4;' 4ji 4;' 4ji 
;, 4~ 4~ 4~ 4~ 4~ 4" 
% I, 4U 4,. 4% 4U 4Ji '" % 5 5 5 5 5 5 
Ji .. . ' Ji 5Ji 5fj 5fj 5fj 5fj , 

, 
4 .. .. 514 .~ 5)4 514 514 
Ji .. .... .. 5~ 5% ' % 5% 5~ 

~ . ..... . 5;' 5;' ' ;, 5;' 5;' 
% . ... ... 5~ 5% .. '" 5" "'" ;, .. ... .. 5U 5% 5,. 5% OM 
% • • • • • ,. ' Ji . fj 6Ji ' fj 6fj 
Ji 614 ' 14 ' 14 .~ .~ , .-
~ given may vary trom IJtandardtI ot fabricators &Dd abould be checked aplM\ any web 

Ilandard . 
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SCREW THREADS 
Am",'.,. n S ta ndard F ...... F l t -CI ••• 2 

..... 1.~ i~ !f-r ------- __ 'IiO~ i ---------1 •. , ' 
'!'.i ~ : • :! i 
" : .. " . -'00- '- - . 
t~'-~--- --. "" ----r---... ·---------:.· ..... J 

Olamet .. kN ,.- Dlamel. ku ,."'"' • • , .... '" .~, '" TIn ... ., "W '" ., .. 
'" Tbreadl, 

d, <, Dla.,d , 011., e, - d, <, Ola •. d , Ola .. C, -•• •• % 1ft, $4. In. , .. ... ... SQ, 'n . Sq. In • ''"' 
)( .185 .049 .027 20 ' )1 2.175 4.909 3.716 • 
% .294 .110 .068 " 2~ 2.425 5.940 4.619 • 
)1 .• 00 .196 .126 13 
% .507 .307 .202 " 3 2.629 7.069 5.428 3)1 
% .620 .44' .302 10 3)( 2.819 8.296 6.509 3)1 
l' .731 .601 A19 9 3)1 3.100 9.621 7.549 3)( 

3", 3.317 11.()45 8.641 3 
1 ."8 .785 .551 8 
1)j .939 .994 .693 7 • 3.567 12.566 9.993 3 
1)( 1.064 1.227 .,0 7 . )( 3.798 14.186 11.330 ' 1' 
1% 1.158 1.485 1.054 6 ' )1 4.028 15.904 12.741 2" 
1)1 1.283 1.767 1.294 6 ' % 4.255 17.n! 14.221 2% 
1% 1.389 2.074 1.515 0)1 
1% 1.490 2.405 1.744 0 0 4.480 19.635 15.766 2);2 
11' 1.615 2.761 2.049 0 0)( 4.730 21.648 17.574 ' )1 

0)1 4.953 23.758 19.258 ' % , 1.711 3.142 2.300 ' )1 0% 5.203 25.967 21.262 2% 
' )( 1.961 3.976 3.021 ' )1 • 5.423 28.274 23.095 2j{ 

BOLT H EADS AND NUTS 
Unlt.-l S~te. a nd A .... o. l ... n B.ldll' C ...... p. ny Sundard 

@Jr~:Q=B ~T-~ . , . 

( O ____ j __ ~_I. . i 
---i----t .' 

!..~ !...n...i :""tr-': l.,-h"': 

HEADS AND NUTS U. S. SUndard A. B. Co. Standard 

Head 
Height, h 0.75d + W' 0.75 d 
Short CIa., f 1.5Od +~" 1.50 d 

Height, , d d 
Not 

Short Dla., f 1.5Dd +W' 1.50 d + .l1" 

HOIMIs for Bolte 1 J,i" and under. A. B. Co. Standard. 
HCIKbI for Bolte l ~" and over. U. S. St;'I.ndard. 
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BOLT HEADS AND NUTS 
AmMican Brlcl'8 Compan), su ..... rd 

HU. "" .... H_ ... 
_. .... H_ ... .... . • • . " DIIm.t_, In. "_. Ollmetw, I ... • •• 0Ia_ ..... 

H_ Oil",,'''. '"_ ,. ,. ,. .. 
'- ... .... .... ... .... .... ~ 

J{ ~ ~ " )i Ii J{ " )i J{ " )i 
~ ~l " J{ J{ " ~, % ~ Ii 1 % 
» ~ '4 ~ 1){ '. » 1 » » l J{ » 
~ l}i '" li Iii '" Ii l J{ ," ~ 1» 1){ 
J{ l J{ l }i " l }i l }i ~i 1)1 l J{ J{ 1'4 l J{ 
» l li ," ~ I» ," » I» 1 ~ » 2 1 ~ 

1 1 ~ l li ){ 2}i l li 1 I» 1 ~ 1 2J{ 1% 
l }i 2 1% » 2% PI. l }i 2}i 1% l }i 2% 1% 
l J{ 2}i I» % 21i 1){ 1){ 2J{ 2 lJ{ 2» 2 
1 ~" 2~ 2» 1 2» 2){ I» 2li 2" Iii 3){ 2" 
l )i 2» 2J{ lYs 3){ 2J{ l )i 2~ 21i l )i 3% 2~ 
1% 3 2,. l J{ 3» 2" 1% 3 2" Hi 3% 2" 
l J{ 3){ 2){ Hi 3» 2J{ 'u 3Ya 2U 1){ 3» 2J{ 
I» 31i 2% l)i 4}i 2% I» 31i 2% I» 4}i 2% 
2 3% 3}i '" 4% 3}i 2 3% 3}i 2 41i 3}i 
2J{ 4 3)i lU 5 3)i 2J{ 4 3li 2J{ 5 3)i 
2)i 4)i 3» 1% 5)i 3» 2)i 4)i 3» 2)i 5li 3» 
2~ 4» 4J{ 2}i • 4J{ 2J{ 4» 4J{ 2~~ • 4J{ 
3 51i 41i 2" ' )i 41i 3 51i 4% 3 ' li 4'~ 
3J{ 5~! 5 2Jl 7 5 3J{ 5U 5 3J{ 7 5 
3)i 6,i ' % '" 7% ' Ii 3)i 6~{ 51i 3' , 7% 5% 
3J{ 6% ' ){ "'A ' Ii 5J{ 3U 6% 5J{ 3J{ ' }i 5" . 
4 7 . )i 3)ji ' % 6)i 4 7 6}i 4 ' % 6)i 
4J{ 7)i ' )i 3J{ ' J{ 6)i 4J{ 7)i 6li 4J{ ' J{ ' )i 
4li • ' » 3'. 9U 6'~ 4)i • ' » 4)i 9n 6!i 
4){ .~ 7J{ 3% 1 0~ 7J{ 4J{ ' % 7J{ 4'4 IOU 7" 
5 ' ){ 7% 3% 1O){ 7% 5 au 7% 5 IOU 7% 
' J{ ' J{ • 4 ll J{ • 5J{ ' J{ • 5J{ ll ji • 
' )i ' % ' % 4" l Ui ' % I 5li "A ' % 5li 11 % ' % 

. ' ){ 1O)i au 4~i 12% au ' ){ 1O}i 8~' SU 12~ ' '4 
6 IOli ' ){ ". 12,... ." • IOli . " • 1 2~ ' )i 

LENGTH OF BOLT THREADS ,-- DllmtW 01 Bolt, Incbes 

Boh, In. J{ " )i % ){ » 1 l}i -.!lL 
1 I. l li J{ J{ 1 l J{ 
1% to 2 ){ ){ 1 l J{ l li l li 
2)1: to 2)i ){ J{ 1 l J{ l li lU l J{ 
2% to 3 » » 1 l J{ l li 1){ 1 ~' 2J{ 
3H: to 4 » » 1){ l J{ l li 1'4 lU 2J{ 2li 
4}i to 8 1 1 l J{ l li IU 2 2J{ 2)i 2j{ 
8.!1 to 12 1 1 l li l j{ 2 2J{ 2li 3 3 

12 )11 to 2ij 1 1 l li 2 2 2J{ 2li 3 3 
Bolbl .." u.mal1y th~ed .. bou~ 3 Um~ tile du.moter; In no eaae are It&IIdaro. 001", tbret.dod 

clo8er 10 tile head tbatI J( Inch. 

L-... 
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BOLTS WITH SQUARE HEADS AND NUTS 
Amerl ..... Bridge Company Sta .. d .... 

Weights In Pounds pel' 100 Bolts 

l Mglh D1amet. of Boll, ........ 

0". 
H .... 
Inch .. ;( )ji ~ )j » ~ ~ )j 1 l )i 1)j 

1 3.' 6.0 '.5 13 
1;( 3.' '.5 '.2 14 ... 36 
1» '.2 7.0 ••• 15 20 38 61 87 
1~ '.5 7.5 11 16 22 40 64 91 134 

2 , .. '.0 11 17 " 42 68 96 139 
2;( 5.1 8.5 12 18 26 44 71 100 14' 
2;( 5.' 9.0 13 19 27 46 74 104 149 
2;( 5.7 9.5 13 20 28 48 n 108 155 

3 6.0 9.9 14 21 29 50 80 112 161 218 290 
3» 6.6 11 16 23 32 54 sa 120 171 232 , 7.2 12 17 25 34 59 92 129 182 245 32' 
, » 7.' 13 18 27 37 63 98 137 192 259 

5 • .4 14 20 29 39 67 104 145 204 :m 358 
5;( 8.0 15 21 31 42 n 110 153 215 286 
6 8.6 16 23 33 44 75 117 162 225 300 392 
' » " 35 46 79 122 16. 235 31' 
7 25 37 49 83 128 In 246 327 '26 
7;( 27 39 52 87 134 185 256 341 
8 28 41 " 91 140 194 267 355 '50 

• 31 45 60 100 152 210 288 382 '93 
10 , 49 66 108 164 227 310 '09 527 
12 57 76 12' 188 260 353 '64 595 
14 . .. . sa 141 212 293 397 519 663 
16 . . .. 96 157 236 326 440 57' 731 

18 106 174 280 35. '83 629 79' 
20 .. 116 190 284 392 526 683 867 
22 

~ 
126 207 30' '25 570 739 .34 

" .. .. .. .. .. .. 137 223 332 '58 613 793 1002 

PMlnth 1.2 1.8 2.8 '.0 5.2 U 12 16.4 21.7 27.4 33.9 ... , ...... 
SQUARE NUTS AND BOLT HEADS 

Weights In Pounds for One Head and One Nut 

01."", .. ol B.oII, 'nell .. tVa 1» 1% 1;( 1;( 2 2)i 
Square Head and Nut. . 2.500 3.510 4.300 5.480 6.660 8.080 9.100 
One Inch of Shank ... .420 .500 .58' .682 .780 . ..., 1.000 - -

CN."", .. of I\GII, Inch .. 2;( 2~ 2» 2% 2M 2)j 3 
Square Head and Nut .. . 12.000 14.320 15.500 18.000 20.300 24.000 26.200 
One Inch of Shank . . . . . 1.125 1.250 1.391 1.533 1.683 1.839 2.003 
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BOLTS WITH HEXAGON HEADS AND NUTS 

Am ... l_n Brld,. eo .... P"", Stand.", 

Weights In Pounds pel' 100 Bolts 

...... 1 ow... .. 1f Bat, IrdMI I eM" 
0iaIMt .. GIl 1k1I1, 1_ .... "" . H" li I 1 

H,, ' , ..... lo ji j( 1)( l ji , ..... lo ji li » ~ f-- ~~-~-~I~- c-~-

1 8 51 86 1'33 186 252 338 '28 
l ji 31 8lO 54 90 139 194 263 352 443 
l lO 16 33 54 78 • ,. 94 145 202 274 365 .59 
l j( 18 35 " 82 118 ' lo 59 98 151 21' 265 379 .78 

2 20 37 61 87 123 10 62 103 157 219 296 392 493 
2ji 22 39 64 91 128 1O\i 65 107 163 227 3117 .06 .10 
2lO 23 41 67 95 133 11 67 111 169 235 318 .20 .27 
2~ 24 43 70 " 139 ll lO 70 115 175 243 329 434 544 

3 25 45 73 103 14' 201 256 12 72 120 181 252 339 1447 561 
3.J4' 26 47 76 107 150 208 285 12» 75 12. 187 280 350 461 578 
3lO 211 49 79 111 15' 215 273 13 77 128 193 268 361 47. 595 
3~{ 29 51 82 115 161 222 282 13» SO 132 199 27. 372 .88 612 

• 30 54 85 120 188 228 290 14 82 13. 205 285 362 502 .29 

' )( 31 56 88 124 171 235 299 14» 85 14' 211 293 393 .16 64' 

' lo 33 58 91 128 177 242 3117 15 87 144 217 3111 .04 53ll 663 

' )( 34 60 94 132 182 249 318 15lO 90 148 223 309 41. 544 ... 
5 35 82 97 136 188 255 324 18 92 152 229 318 425 557 697 
5)( 36 64 100 14' 193 282 333 18lO 95 156 235 32. .36 .71 71. 

' lo 38 88 103 144 199 269 341 17 97 160 241 335 '47 58. 732 

' )( 39 88 106 148 204 276 360 17lO 100 164 247 343 '58 .99 749 

8 40 70 "' 153 209 293 358 18 102 169 253 351 .68 612 765 
6)( 41 72 113 157 214 290 367 18lO 105 173 259 35. '79 628 782 

6lO 43 74 118 161 220 297 37. 19 108 177 265 368 .90 639 799 

6li 44 76 119 165 225 304 384 19lO "' 181 271 376 501 653 818 

7 45 78 121 16. 23ll 31' 392 20 113 185 277 384 .11 ... 833 
7ji 47 80 12' 173 235 318 .01 21 118 193 299 .00 533 894 886 

7lO 48 82 127 177 241 32. .09 22 123 202 3'" 417 554 721 900 

7~ 49 84 13ll 181 246 332 .18 23 129 210 313 .33 "6 748 834 

l- f- 1- 24 134 219 "6 ." 597 77. 968 -- ~-

16.4 121 .7 
--

P .. lndI '.2 9.3 12.0 27.4 33.' Additionf,l 

HEXAGON NUTS AND BOLT HEADS 
Weight. In Pounds for One Head and One Nut 

~,,"8cJlt.lnch .. 1'1 l lO l ji l j( I» 2 2" 
Hsxagon Head and Nut. 2.090 2.950 3.7110 4.610 ..... 8.790 8.330 
One Inth of Shank ...... .'20 •• 00 .58' .682 .789 .999 1.009 

DIMMt. If lilt, IncIIM 2" " I 2J,i 2ji 2J{ 2» 3 
Hexagon Head and Nut. ' .650 11.750 13.000 14.700 16.700 19.37t1 22.009 
One Inch of Shank ..... . 1.125 1.250 1.391 1.533 1,683 1.839 2.003 
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RECESSED PIN NUTS AND COTTER PINS 

Dlamtlor" Pin 

p 

Amerlc.an Brldge Company Sund ..... 

, """. I 7~P~'~-~·"--I,c-"~-~·- P"~ n ... r Iitt Pattern 

"'. 
" m 

Shott l/HIg Rough I Rough 
Ola. Ola. Dla. Hal. 

11 
12 
13 
14 
15 
1B 
17 
1B 
19 
20 
21 
22 
23 
24 

• Special .tzo.. 

1~ 
2 
2~ 
3 
3~ 
4 
4~ 
5 
5~ 
5~ 
6 
6 
6 
6 
6 
6 
7 
7 
6 
6 
9 
9 

10 
10 
11 
11 
12 
12 

Dorlwntal 01' Vertical 
Cotter Pin 
l'tnillhOO. 

". 
p 

HUP 

h 

l J.! 
lU 
2 
2% 
2% 
2)j 

1 1» 
1)4 1» 
1 ~ 
1% 
l~ 1» 
2 
2 
2)4 
2)4 
23~ 2» 

» 
1 1» 

ia 
1% 
1)4 
1)j 
1)j 2» 2» 
2)4 
2)4 
2)j 
2)j 
2)j 
2)j 
2)j 
3 3» 
3U 
3!, 
3% 

l~ 3» 
3~ 

3 

:~ 
4)j 
5)4 
6)4 
7 
7% 6» 
6% 
9% 

107i 
11 )4' 
11 M 
12~ 

ll~~ 15 
1B 
17 
1B~ 
" J.! 
2OJ.! 

li~ 

~a 

m 
5 
5% 
6% 
7)4 6» 6" 9% 

10 
10% 
11 }1 
13 
13 

14% 
15% 
leU 
1731 
19 
20» 
2T~ 
22% 
23J.! 
24~ 
26 27» 
28M 
29~ 

11~ 
12% 
13)4 
14% 
15~ 
16)4 
17~ 
18~ 
" )4 
20)4 
21 ~ 
22~ 
23U 
24"" 

1M 1 PN21 
1~ 2 PN 22 
2)4 3 PN 23 
2~ 4 PN24 
3U 5 PN25 
3U 6 PN26 
4)4' 8 PN 27 
4U 10 PN 28 
5)4' 12 PN 29 
5)4 14 PN 30 
5~ 19 PN 31 
5U 24 PN 32 
5% 32 PN 33 
5U 32 PN 33 
5U 60 "PN'14 
5U 73 PN 35 
6U 81 PN 36 
6U 94 PN 37 
7U 103 PN 38 
7U 126 PN 39 
8U 145 PN 40 au 173 PN 41 
~ 196 PN42 
9U 222 PN 43 

107i 240 PN 44 
lOU 266 PN 45 
ll U 282 PN 46 
11 ,... 310 PN 47 

n orlrontal 
Cotter Pin 

Ovor 2" FInished. 

--- ----r--...,-----
, 

2 
2J.! 
2)4 
3 
3)4 
3U 

COTTER '" 
d p 

HUP 

h 

3» 
3J.! 
3)4 
4 
4)4 

, 
4 
5 
5 
6 
6 

COTTER 

d 
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CLEVISES 
....... ri .... n Bridge Compoony Sund.'" 

Qr1 p=tbicl<nNII or pla te + K" but mUllt not esceed dlmonston. c. 

Th .... " : Am ... ' .... " Standa rd f" ... Flt -CI ... 2. 

UPSET PlN 
CI ... I, '''' FORK ,or W.'" ,,- Min. Mu. Min. Mu. ....... 

" " p p d t , I • , • , W • 
3 t t )l 1 1)0 3 » ' li I» 4 l li 5 I» 27( 3)1 4 
4 1)1 t )l t l{ 2 4 » 3 , 5 l j{ , 1" 2)1 3)1 , 
5 I» 2)1 I» 2» 5 )I 3j{ 2» • 2l{ 7 2)4' 3j{ 4» 17 , 2 2)1 2 3 • j{ 4)0 3 7 2j{ , 2)0 4)1 5)1 26 
7 2l{ 3 2» 3)0 7 ri ' l{ 3» , 3l{ • 3 5 '" 40 

CLEVIS NUMBERS FOR VARIOUS RODS AND PINS 

"'"S PINS .... -I- I 1l{ I» l j{ 2 2l{ 2)1 2j{ 3 3li 3» -, 
j{ . . .. . 1 3 3 3 

. . . . . j{ 1)1 3 ~ 3 4 4 
)i )i 1l{ 4 4 4 4 

1 . . . .. 1' ~ 4 -+- 4 4 
1)1 1 l}i 4 4 4 4 , , 
1l{ l )i 1)1 4 4 ~ 4 , , 
1)1 .... . l j{ , 5 ~ 

, 5 
.... .. 1l{ l )i 5 , , 5 , 

l J.i 1)1 2 5 , , 
~ • B • 

1)1 .... . 2)1 5 5 5 5 r+ B • 
l j{ I» 2)( • , B • 7 7 
l )i 1)1 2)1 , B B r+ • 7 7 

2 l j{ 2)1 , • B B 7 7 
2)1 .. .. . 2)1 , • , • , 7 7 

...... l )i ' j{ 7 7 IT 7 7 

' )( , ' )i 7 7 7 7 

' )I ' )I 3 7 7 7 7 
C1evbee above and to right of zl&gg line may be \dOd with foro .tr&I.«h~ de,"- billow and to 

Len. of t hlllilne Ibould have fork. ~ ., as Dot to oventrain pin. 
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EYE BARS 
Arn. r lClln Bridge Comp.n, SUnda rd 

Eye Ba r Adju st a ble Eye Ba r 

r,:,:-~:",,-- ===1 r ~'( -'d--- -
, , . 
... :---- ~ "~9' 

' ---A ... ,..---- ---- --e .• - -- ---
~

-~----' 

.--'~-- --0- .,,-. ' 
, '" , ' " 1 '" , __ "- ___ _. _'.....' 
: ;: 'b :: : 
: , __ m.' .:/: ---"-r-· 
"'8 - ----------I-----------· .. ··-A .. " 

Minimum length. I. for 6hort. end 1.6'-{l", prererably 1'-(l".-Lef~ t hread. 

Th .... d: Am erlu n SundaN:l F .... F"lt-CI ... ~E 

I ''', I ''!i. 
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LOOP RODS AND STUB ENDS 

Th .... d ; Am ... I" ." Stand ..... F .... Fl t-CI ••• 2. 

Length A for One Loop In Feet ,;lind Inches 

""a SlIt 01 s.-.. Round 8 .... In JnctMot • .... 
" ~ 1~ l )i 1% 1;'; l)i ," 1~ 2 

- p-

l )i 0- 9}i 0-10 0-11 0-11 ,!-i 

l )i 0-10 0-10)1 0-11 )1 1- 0 1- 1 
1;'; 0-11 0-1l )1 1- 0)1 1_ 1 1- 2 1- 2)1 

1" 1- 0 , - 0)1 1- 1)1 1- 2 1- 3 1- 3),i 1- 4)1 1- , 1- , 

2 1- 1 1- 1)1 1- 237 1- 3 1- 4 1- 4J1 1- 5)1 1- 6 1- 7 1- 7J.i 1- 8J.i 

2)i 1- 2 1- 3 1- 3J.i 1- 4}i 1- 5 1- 5)1 1- 6J.i 1- 7 1- 8 1- 8J,i 1- 9J.i 
2)i 1- 3 1- 4 ,- 4)1 , - 5)1 1- • 1- 7 1- 7J.i 1- • 1- 9 1- 9,!,i 1-10}i 

2" 1- 4 1- 5 1- SJ,i 1- Sn 1- 7 1- 8 ,- 8}i 1- 9J.i 1-10 1-11 1-11 )1 

3 1- 5 1- 6 1- 6)1 1- 7J.i 1- 8 1- • 1- 9}i 1-1072 1-11 2- 0 2- 0)1 

'3 )i 1- 6 1- 7 1- 7J.i 1- 8J.i 1- 9 1-10 1-10)1 l-11 J.i 2- 0 2- 1 2- 1)1 
3)i 1- 7)1 1- • , - 8}i 1- 9J.i 1-10 1-11 1-11 )1 2- O}i 2- 1 2- 2 2- 2)1 

"3U 1- 8)1 1- 9 1-10 1-10)1 1-11 2- 0 2- OJ.i 2- l }i 2- 2 2- 3 2- 3)1 

4 1- 9)1 1-10 1-11 l-11 J.i 2- 0.17 2- 1 2- 2 2- 2)1 2- 3 2- 4 2- 4J1 

"4J{ T -11 2- 0 2- 0)1 2- 1)1 2- 2 2- 3 2- 3J.i 2- 472 2- 5 2- 6 
4)i 2- 0 2- 1 2- 1)1 2- 2)1 2- 3 2- 4 2- 4J.i 2- 5)1 2- 6 2- 7 

°4U 2- 1 2- 2 2- 2}i 2- 3J..i 2- 4 2- 5 2- 5}i 2- 8J.i 2- 7 2- • 

5 2- 2M 2- 3 2- 3J.i 2- 4J.i 2- 5 2- , 2- 6)1 2- 7)1 2- • 2- 9 

'5 )i 2- 4 2- 5 2- 572 2- 6 2- 7 2- 7}i 2- 8)1 2- 9 2-10 
5;'; 2- 5 2- • 2- 6)1 2- 7)1 2- • 2- , 2- 9)1 2-10 2-11 

°S" 2- 6 2- 7 2- 7J.i 2- 8}i 2- , 2-10 2-10"" 2-11 )1 3- 0 

• 2- 7 2- • 2- 8)1 2- 9).<l 2-10 2-11 2-1 ' -'" 3- OM 3- 1 

'6)i 2- 9 2- 9)1 2-10)1 2-11 3- 0 3- O}i 3- 1 J.i 3-2 
6)i 2-10 2-10)1 2-11 72 3- a 3- 1 3- 1 ~ 3· 2Y,\ 3- 3 
·6~ 2·11 3- a 3· OY.l 3- 1 3- 2 3· 2}i 3· 3Y,\ 3- 4 

7 3- a 3- 1 3· 1 Y,\ 3· 2~ 3- 3 3· 3!i 3· 4Y,\ 3- 5 
·Phw &1"0 lpoctal. Mulmum I hlpplng Icnstb oflong ond _ a.'\ fOOl.. 

L 
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UPSET SCREW ENDS FOR SQUARE BARS 

Th .... dl Am.rt~" Sund ... d ". .... Flt-Cla ... 2. 

... UPSET - ....... .... ..... Weigl'll IMamtt .. ,- """ .. ... -..... "N. .. b. ,- .... At Root 0 •• , 
d • .. , ..... , ... '. "- """ • ..... ,- , ..... , ..... ,.. + 10"' .. '. n. .... ... . ,- '""N .. , ..... 

% 

· ~ 0.563 1.91 Iii 4 4 0.939 .693 23.2 

· " 0.766 2." l )i 4 4 1 .... '890 16.2 

1.000 3.40 1" 4 4 1.283 1.294 29.4 
l ' • 1.288 4.30 1~ 4 3)i 1.389 1.51 5 19.7 
l )i 1.563 5.31 I" 4)i 4)i 1.615 2.049 31.1 
lh 1.891 6.43 2 4)i 4 1.711 2.300 21.7 

l )i 2.250 7.65 2)i , , 1.961 3.021 34.3 
1~ 2.641 8.96 2~ 5 4)i 2.086 3.419 29.' 
1 ~ 3.063 10.41 2" 5" 4" 2.175 3.716 21.3 

I " 3.516 11.95 21< 5" 5 2.425 4.619 31A 

2 4.000 13.60 2" • 5 2.550 ~1 08 21.7 
2ii 4.516 15.35 3 • 4)i 2.629 5.428 20.2 
2)i 5.063 17.21 3)i ." 5" 2.879 6.509 28.6 
21< 5.641 19.18 3" 7 ." 3.100 7.549 3 ... 

2" 6.250 21.25 31< 7 7 3.317 8.641 38.3 
2~ 6.891 23AJ 31< 7 5" 3.317 <641 25.4 
21< 7.563 25.71 4 7" 6" 3.567 9.993 32.1 
2" 8.266 28.10 4)i 8 7" 3.798 11.330 37.1 

3 9.000 30.60 4J4' 8 6 3.798 11.330 25.9 

"" 9.766 33.20 4" 8" 7 4.028 12.741 30.5 
3)i 10.563 35.91 ' 1< 8" 7" 4.255 14.221 34.6 

.Upectl &re Ipeo:l'-l. 
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UPSET SCREW ENDS FOR ROUND BARS 

Ameri can Bridge C.mp.n~ Standard 

; ~ --.. 
Th ..... d' Amarlc.n Standa.d F ... Flt-CI . .. 2. 

" ~ ... "'''' ... - OI."",t .. .... 
DII .... ter 

Wtlllllt OIl met .. L"'\itft CM'" " ".-"" 
,. At Root 

d, w b, • .... , .. 
SQ.]" ..... 'ooc 0 •• ,,, ... • , ....... U>. ,~" ,- + 10%, ......, " .. • 'w, 

''''" I/ldle. SQ. I""''' % 

. ~ 0.442 1.50 1 4 5 0.838 0.551 24.7 

. Ji 0.601 2.04 IX 4 5~ 1.064 0.890 48.0 

1 0.785 2.67 1% 4 4 1.158 1.054 34.2 
lYo 0.994 3.38 1~ 4 4 1.283 1.294 30.2 
' X 1.227 4.17 1% 4 4 1.389 1.515 23.5 
1% 1.485 .. 5 1% 4 4 1.490 1.744 17.5 

1 ~ 1.767 6.01 2 4~ 4~ 1.711 2.300 30.2 
1% 2.074 7.05 2Yo 4~ 4 1.836 2.649 n.7 
lU 2.405 8.18 2X 5 4 1.961 3.021 25.6 
l Ji 2.761 9.39 2% 5 4 2.086 3.419 23.8 

2 3.142 10.68 2~ 5~ 4 2.175 3.716 18.3 
2Yo 3.547 12.06 2% 5~ 3~ 2.300 4.156 17.2 
2M 3.976 13.52 2Ji 6 4» 2.550 5.108 28.4 
2% 4.430 15.06 3 6 ' » 2.629 5.428 22.5 

2» 4.909 16.69 3X 6» 5» 2.879 6.509 32.6 
2% 5.412 18.40 3X 6» ' » 2.879 6.509 21).3 
ZU 5.940 20.19 3~ 7 5» 3.100 7.549 27.1 
2Ji 6.492 22.07 3" 7 8 3.317 8.641 33.1 

3 7.069 24.03 JU 7 5 3.317 8.641 22.2 
3Yo 7.670 26.08 • 7~ 8 3.567 9,993 30.3 
3U 8.296 28.21 • 7~ 5 3.567 9.993 21).5 
3% 8.946 30.42 ' X 8 5» 3.798 11.330 26.6 

3~ 9.621 32.71 ' X 8 5 3.798 11.330 17.8 
3% 10.321 35.09 ' » 8~ 5» 4.028 12.741 23.' 

3" 11.045 37.55 ." 8~ 6 4.255 14.221 28.8 
3Ji 11.793 40.10 4~ 8~ 5~ 4.255 14.221 20.6 

-U!)8etB are spoclal. 
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TURNBUCKLES AND SLEEVE NUTS 

A .... ~l.,.n Bridge ComPllny Sund ..... 

Am e.lca n SUnd • • " r .... Flt-CI ... 2. 

Tht .... " """"tall Slarwiatd r ... fit-CiaH 2. SIIott en" 01 rod to un I "I hand tN_d. 

~ TURNBUCKLES 
< 
0' , ... 

TURNBUCKLES 
11.1 Dlam. 

,~" MD. W, lgbt I- " Length ,,- el ... ""' Min. 
< .. ~ Width Width 

.., ,. 
U A B C N L S W 

.. ----- L----- ... ... --5--.. 
: NAN : : C : ... -.-...--- ...... -- .. , '/.@ " " " 7)i 1 .3 
C 

, , ... , , 
J.i !f1i )4 7J.i IX .5 

, , ... , , 
% % % 7)4 l J.i ., 

RlOhI Left ', II- " 
)4 !f1i 1),0 8)i 1 ~ . 1.2 

~=nS;~ ·· % l)i l )i 8J.i 131 . ' .. 1.5 

1 l )i 1" 8% 2 1.9 , , 
l )i 1" 1" 9)i 2)i .. -. 2.7 :.., .: 

~ IX 1" 1% ' » 2" .. -, 3.' 
~ 

1" 6 5 1!f1i 1% ' % 2% '.1 ~ .. "' 
l- I» 1% 2)i 10}i 3 5.3 0 

0 SLEEVE NUTS 
~ 1" 2 274 10M 3)i 5.' 
" 

... 
'" 1% 2)i 2» 11 3% 7.1 

,.- - - l----~ .. - S-· 0 1% 2X 2% 11 7:1' 3% . 10.0 ~ 

@ r.~ 2 2% 2% 11 » • 10.0 
2).4 2!f1i 3% 12% 4% . 18.0 :'" '0 ' . ----
2» 3 3% 13% 5 23.3 " .. ' ''' 
2;!4 3)4 ' )i 1474 5% . 31.5 Anu'(Hj"'q~ 
3 3% 4» 15 6)i . .. 39.5 ' _, ~u 1.:.-- ____ o r 

3)i 9 8 3% 57:1' 19)1 6)4 .. . . . 70 :3'~ 
3J.i 3% 5)i 19» 6% . 70 -
3)i 3% 4% 15% "" 7)4 62 

SLEEVE NUTS 

3J.i 6 5 4)i 5)i 16» 7)i au 79 , ... 
3% 4» 5M 1174 7% 9 94 Dian\, 

Min. MD. Welghl, 

" ,,- ""' L",gth • 4% 6 18 87.1' 9» 116 "'" w" w • • .. , 
4)i 5)i 6" 21 % 9 1OJ.i 158 U ~ N L S W 

~ 
~ 
~ 

4J.i 5» 6% 22» 9)i 11 173 • 4)i ' » 13 6)i 7)i 63 I-
0 4% 5% 7)i 23)i 9% ll J.i 198 ' )i ' J.i 4% 13» 6» 7» 73 
I- 5 6 7;,~ 24 10 12 231 4J.i 4% 5 14 6% 8 84 0 
< 5)i 6)i 7% 24% 10» 12J.i 264 4)4 5 5)i 14» 7)i 8" 98 0 , 8 

5J.i 6J.i 8)i 25J1 11 1374 301 5 5)i 5» 15 7% 8% 110 

5% 6H' 8'j 26M 11 » 13% 344 5M 5» 5)4 15.!1 8 ' )i 122 
6 7 9 27 TZU 14» 400 5J.i 5% 6 16 8" 9~4' 142 
O)i 7)i 9% 27% 12%" 15 487 5~ • 8X 16» 8~ 1O)i 157 
6» 7J.i 9'i . 28 1.~ I3X 151:; 583 6 8X 6J.i 17 9J.i 10'" 176 
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TIE RODS AND ANCHORS 

A.. I. S. C. Stan d . rd 

TI E RODS 

t ")'!!~~)~ l\l1~ 

"""'" : ___ :!'. .w c. of 

Squarfl Nut ~M(M j 

~ ----:J,,,j 

Length of Rod should be specified in Mult iples of 3" 

OIaIMt" YoM" Weight. Lbt., 

''''''- t lld ... T_ NI/tl 

% .087 X length, In Inches + .21 
% .125 X .. " " + .28 
% .170 X " " " + .46 

1 .223 X " " " + .70 

AN CJ-IORS 

SWEDGE BOLT GOVERNM ENT ANCHOR 

0- O~ 

~---OII .... t .. L.nath Wtljllll 

''''''- r eot · lndtN Po~~~. 

l '-i i 1 1-' 3.1 
: ,: 

1j{ 1-3 6.' U ___ ' 
1% 1-3 

-
' .7 J(~ Rod 1' 9" 10"3'. W,,- , 3 Ibs. 

WclcM lndudea one lleu.son Nu~ 

BUILT_I N ANCHOR BOLTS ANGLE W ALL ANCH ORS .... w,~, r 
£;J n o, Nut • ' . .,. , 

r ,.~ BoU .. ~ 
I~ , .... .... ~. 

~ . 
10 • 

~ J ,,' 7 ~ 
under I • 

~ ... • 
Sq.Nut 

12-1 4 6 • 

ID 15-16 9 • • AncilOnl '''''''''' 18 9 ! 2J.i" and Under O'"eI' 2 }i" 14 
2()..21 12 ~ I n gfln(nl. Dullt-In AnehQr Dole. 24 and < .hould extend Intoo the lIID.90llry no~ Ie. 

than 2'-6". a nd fartber wben ~ry. over 12 -- -

w... 
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BEAM SEPARATORS 

TYPICAL BUILT-UP SEPARATORS 

ANGLE PLATE AND ANGLE 

FOR BEAMS 10" AND UNDER 

FOR BEAMS 12" TO 27" 

DI 
= 

FOR BEAMS OVER 27" 

PIPE 

1" dia mete r P ipe. Rods with aquare nuts 

=;= =p 

For Bea m, 10" and under For Beams 12" to 27" For Beam. over 27" 

The above are typical designs. Separato", should be _paced about 6'-0" .pan. The thielm_ 
and site or matera] and number of bolt, and rivet. are to quit the various conditions. 
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BEAM CONNECTIONS 

..... :I .. CAN BR'''Ol: COMPANY "TANUA. RDS 

R IVETS W ' OPEN HOLES 'ti." 
Unit Values in Pounds per Square Inch for l'owcr D riven Rivets. 

Shenf 13,500-Bellring 24,OOO-EllClosed Bearing 30,000. 

Unit Values ill Pounds per Square Inch for Hand D riven Rivets. 
Shenr IO,OOO-Bearing 16,OOO-Endosed Bearing 20,000. 

SE RIES 

A 

~
" 

" 61i1· 4 ' 
OONSTANTl!I .. ' 

Series "A" to 00 used for the general run of work provided v(l.iuc is adequate. 

Series "H" to be used where extra value is required due t o thin web, concentrated load, 
or short "span. Investigate riveting of outstanding legs and provide additional value, if 
necessary, by larger rivets in single row or double rows in wider leg. 

ShenT value of angles sho\i1d be investigated for four rows of open holes. 

SERIES 

M 

Ctr.Line 

OONS'UNTI 

Series " M" to be used only where unavoidable. 
Value of connection ... coefficicnt (given under 6ketehes above), X value of one rivet or 

bolt, in whiehevcr leg it is the smallcr. 
For beaIIUI over 18", on\H:!ided connections should be avoided. 
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PIPE- BLACK AND GALVANIZED 
Nationa l Tube Compan y 

STANDARD WEIGHT PIPE 

""'""~ wtllM ... FtGI, 

--~ , ... ...... 
51 ... T'bItkn_ ""-,- ,- ""- ~ ....... ,.- ", . .. , .. OIamet .. , ,-'" w.'" ... --. ,- ,- ..... 

)1 A05 .26' .068 244 245 27 .562 )( .029 
)( .540 ... .068 A24 .425 18 .685 1 .043 
~ .675 A93 .091 .567 .... 18 ... 8 1)( .070 
)j ... 0 .622 .109 ~50 .852 14 1.024 1 ~ .116 

)( 1.050 ~4 .113 1.130 1.134 14 1.281 Hi -1 1.315 1.049 .133 1.678 1.684 ll )j 1.576 1)( .343 
1)( 1.660 1.380 .140 2.212 2.281 ll )j 1.950 2)1 .535 
1)j 1.900 1.610 .145 2.717 2.731 ll )j 2.218 2~ .743 

2 2.375 2.067 .154 3.652 3.618 ll )j 2.760 2~ 1.208 
2)j 2.875 2.469 .203 5.793 5.819 8 3.276 2)( 1.720 
3 3.500 3.068 .216 7.575 7.616 8 3.948 3)1 2.498 
3)j 4.000 3.548 226 9.109 9.202 8 4.591 3)( 4.241 

4 4.500 4.026 237 10.790 10.889 8 5.091 3)( 4.741 
5 5.563 5.047 .258 14.617 14.810 8 6.296 4)1 8.091 
8 6.625 6.065 280 18.974 19.185 8 7358 4)1 9.554 

, 8 8.625 a.on 277 24.696 25.000 8 9.358 4)( 13.905 

8 8.625 7.981 .322 28.554 28.809 8 9.358 4)( 13.905 
'10 10.750 10.192 .279 31.201 32.000 8 11.121 6)1 29.8n 
'10 10.750 10.136 .307 34.240 35.000 8 11.721 6)1 29~77 

10 10.750 10.020 ." 40.483 41.132 8 11.121 6)1 29~77 

'12 12.750 12.090 .330 43.m 45.000 8 13.958 6)1 43.098 
12 12.750 1~000 .75 49.562 50.706 8 13.958 8)1 43.098 

D imensions and welghU, nro nomJoal. 

Welghta ani tor Black Pipe &rid Coupl\ng:l: Galvanlmd Pipe and CoupUnp will be l1J.ghtly hcavlor. 

T be permbstble vanaUon In welgll ~ 11;5 per eent, above or belo .... 

Furnlsbed ... I ~h ~hl'Cad.8 I nd couplinp and In random Icngthll unl('!M othenrlM! ordered . 

Taper or thread. La ~-Inch d iameter pe r root or lengt h tor all $1_. 

T he weigh t per root or pipe with thread. a nd COUI)lInga III baaed On a length or 20 root, In<:l udlng 
the cout)lIng, bu t .hlpplng lengtha or smal l .IZIIIII wm US\IJI.ll y ;t.\"eragII I.". than 20 teet... 

• N ot .tand~ 11-.. Th_ I IZIIIII can be tumlshed, when .t)8CIRed t.o W(!lgbt.l liven . 
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PIPE- BLACK AND GALVANIZED 

N"lon'_ T,,1Ho Company 

EXTRA STRONG PIPE DOUBLE EXTRA STRONG PIPE 

w ... w .... 
Dllml1_ 'W OItlMt_ ,. ... , .... - Thlckft .... .. ,' ... , .... " Thick ..... ''''' , .... " , .. - ....... , .... " , .... - ...... 

bt_1II Internal """ "'- , ..... """ .... ",., 
)i .405 ~15 .095 .314 ); .840 >52 .294 1.714 
J( .540 .302 .119 .535 J( 1.050 .• 34 .308 2.440 
)i .675 .• 23 .1 26 .738 1 1.315 .599 .358 3.659 
); .840 .546 .147 1.087 l J( 1.660 .896 .3B2 5.214 

)i 1.050 .742 .154 1.473 1); 1.900 1.100 .'00 6.408 
1 1.315 .957 .1,. 2.171 2 2.375 1.503 .436 9.029 
1)( 1.660 1.278 .191 2.996 2); 2.875 I.nl .552 13.695 
1); 1.000 1.500 .200 3.631 3 3.500 2.300 .600 18.583 

2 2.375 1.939 .218 5.022 3); ' .000 2.728 ."6 22.850 
2); 2.875 2.323 .276 7.661 • 4500 3.152 .674 27.541 
3 3.500 2.900 .300 10.252 5 5.563 '.063 .750 '38.552 
3); '.000 3.364 .318 12.505 6 6.625 4.897 .864 S3.160 

• '.500 3.826 .337 14.983 S 8.625 I 6.875 ~75 n.424 
5 5.563 4.813 .315 "'.m 
6 8.625 5.761 .432 28.573 .. 
S 8.625 7.625 .500 43.388 

10 10.750 9.750 .500 54.735 
12 12.750 11 .750 .500 65.415 , .. 

LARGE O. D. PI PE 

1 ____________ w~~,.F~:~.--==~.------------
SIz.. ~I""'. ' .. - e-~._70_,_:C_TC~_r~_, 

}i ~t6 ~ 1 U& ~ ~ ~ 1~6 ~ I u I 1 I 1~ 
14 36.nl 45.682 s:!~ 63.371 72.091 BO.nE 89.m 91.7oU 06.134122.6541~ 
15 39.383 49.020 S8.~~ ~.~ n.431 ~.~ 95.95iI 05.091 14.1441132.~~49.522i166.nO 
16 42.053 52.357 6:.~~ ~.!~ 82.m 92,74 102.629 12.4331122.1541141.~~60.202p8.725 
11 44,m 55.695 66. __ n..-. 88.111 98.74~109.304 1 9.n~130.1641150.6~70~T90.740 

18 47.393 59.032 70.~ 82.061 93.451 04.75t5.97 127.11 '138.1141160.~181,56r2.756 

20 . 65.708 78.~~ 91.40 104.131 16.11~129.33 141.804p 54. 1 94~~ 78.7251202.923226.786 
21 . 69,045 aiOOi 96.0~1 09.471 22.78Oi136.00 49.14~162.204 
22 .. 72.383 86.~100.75~ ~ 14.811 28'18318i14~'~ 156.48~170.21 
24 .. 94'66il9.~10'09~25'491 40. 156.030 71.17~~ 86.235 
26 102.6 119.44~136.1 152.81 69,38t 85.859t 02·255 

28 I.... 28.78~146.85~164.833 82.730;mo.545218.215 
30 '. 38.132157.53$76.848~96.0811215.230!zJ4.296 . 
DI~IOM and .. clght!! are Domlnal. 
Weitlhtll ani for Black Pipe; Galvanl~ Pipe will be Ili&htly he-vier. 
I'ormlatblo vulatlon In weight. ror edra Itron,g pipe • .5 per Oilnt, above or below; tor double ex tra 

Itrong pipe, 10 ~r cent, above Ol" belo ... 
I'W'nllhed with plain em!! and In random longthl. unless other ... l"" ordered. 
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BEARING PLATES 

Steel Bearin g P lates are provided for the ends of beams rcsting 
on masonry, to distribute the pressure over a sufficient area, the 
allowable unit pressure depending upon the class of musonry used. 

The size, area and thickness of a bearing plate depends on the end 
reaction, the length and width of bearing and allowable unit stress. 

AaumlOIf_ atha~ the mulrnum bending moment OC<:U1'I In the center o f bearIJliI: 
'"l K _Length or boarlng plat(), in Inche.. 
§ D .. Width or bea.rlng plate. In Inchlll. 

-----.J t _Thlcl<O(llJll or bearing plato, In 10ehOil. r b .. FLa.ngo ,ddth or beam, In Inehe.. 

a v;~ .. _Allowable una pro8IUl'Elon mallOW')'. 

'1,/', ~ ,R _ReactIOllonbeal'lngplatellnpouodl ..... JUB . ',. x" . xb R ( D-b) 
•. j" -"2 T-2" T-~ 

'. ~ wKll (8 - b) rKti 

I p.I). D_bK I .. 8 .. 6 
,':>." b ''''1', t_ ... 1aw lJ ( lJ b l, D (D_b) .. 4ft> 
;, -•• B ..... · j ~ 4 t 1f"'W 

Taking mom~nt.ll at toe of bolam flango. tor ca.ntllove~rol(l()Uon ~ 
Moo - KW- b)' .. f K to L_ H CD-b) " I~ 

8 e V I 

Theile formlllaa gh'o lower value. tor M ..,d t, -.nd are applkahle onlJ' 
when It ea.n be ...umod that middle part, b, of the plate III rI&1dly held In 
place, and lhat the." are nO bIlndlDg .t~ In center or p late. 

SPECIAL BEARING P LATES 

Plates of special sizes may be computed from the foregoing 
formulas or from the Projection Coefficients, B(B·b), after the 
required surface or the bearing plate bas been determined from the 
reaction of the beam and the o.l1owable pressure on the masonry, 

E"", ... L. : ROQuln'!d a bel\.rIDIf Idate wltb .. _all bel\.rlnll or 20 InebM on 
maaonry 81utatnlI\ll 8. ufo unit Ilr{llllUn;, o f 250 pounds ~ IIqUD1'6 Inch. to 
distrtbuto tho end rwo::tlon of 8. 240" It 100 lb. beam •• upporUI\II a unlforrnly 
dlstrlbulOd load over .. Spall ot I t root. beam and platol calculaWd tor un it 
.t.roa or 18.000 pounds. 

l!eQctlon . R. or 26" It 100 lb. beam. II ft..apan _ 107.800 pounds. 
Aro& of P late _ Reaction + Unit 1"n:Mun:l. 107.800 + 250 .. 431.211Q. incbca. 
DimcMIoDll or Dear\.Il,g Plate: K - 22". n - 20", Area .. "'40 Iq. IncbM, 
Proj.e(:tton ooomdent: D ( Jl.-b), 20 (20-7.25) _ 255.0. 
RcrfllTinS to table or ProJection OOOtDclcntll: Oear(ll:t value tor unit l'I'CSSU1'8 

or zoo pounds &lId wilt at""'" ot 18.000 pounds Is 253.11. glv(\D tor .. I H"·plalAl. 

Exact valua from tOl'mula:-t .. v 3 ,,' ¥ tD-bJ 

" 
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FLOORS AND FLOOR LOADS 

Kinds of Loads.. Two kinds of loads arc carried by structures: 
live loads and dead loads. Live loads consist of the weight of 
machinery, merchandise, persons or other moving objects, or of 
cranes or other handling devices and their loads, and wi nd loads. 
Dead loads consist of the actual weight of the structure itself with 
the walls, Hoors, partitions, roofs, and all other permanent con~ 
struction and fixtu res. Because dead load stresses are always 
prescnt, t he structure must be proportioned to sustain them at 
all times without reduction. The live loads may be taken at their 
full values or reduced in accordance with the probabilities that the 
structure as a whole or its principal members will not be subject 
at any time to the fulJ thcorcticallivc loading. 

Dead Loads. The permanent load should be calculated from 
known weights per unit of the material composing floors, partitions, 
walls, or other permanent construction. The weight assumed fo r 
the steel frame itself should be checked after the sections are 
determined and then the sizes readjusted if necessary. 

Live Loads. Live loads vary with the character of the structures. 
In buildings they consist of uniform loads per square foot of floo r 
area, concentrated loads, such as safes, filing cabinets, or other 
heavy load concentrations, which may be applied at any point 
on the floor, and uniform loads per lineal foot of beams or gi rders. 
T he load which produces the maximum bending moment or 
reaction is to be used in proportioning sections. The floo r system 
between beams must of course be of sufficient strength to trans
mit any concentrated load to the beam. 

In cities the minimum live loads to be used on the various classes 
of bu ildings are fixed by public ordinances, and are given on pages 
following: for the principal cities of the United States in accordance 
with t he most recent building laws. They are intended to cover 
general conditions and do not include machinery, heavy concen
trated or impact loads, for which special provision should be made. 

Flat roofs of bu ildings which may be loaded with people should 
be treated the same as floors for public dining or assembly rooms. 

For warehouses and Hoors for the storage of heavy merchandise, 
the tables of Contents of Storage Warehouses on pages 358 and 359 
will be found useful in deciding upon the live load to be assumed. 

Red uced Live Loads. The design of the floors and the roof is based 
on lU I assumed maximum load to which any part of the building 
may be subjected, consistent. with its ultimate usc. The total live 
load assumed is generally greater th~n the average actual load for 



the entire floo r system and, in addition, maximum loading will oot. 
occur simultancously, so that the actusl load transmitted to the 
columns and footings will be less than t be assumed loads. 

Usual practice permits a reduction of the theoretical maximum 
live loads in the computation of column sections :1Od of the column 
footings, but the ratio of the probable maximum load to the thcoret
ical10ad varies greatly, so that no general rule can be given, and 
reference should be made to the building laws of the various cities 
to establish the permissible red uction in every case. 

When the character of the loadi ng will permit, tbe live load on 
the maio girders may also be reduced. The amount of the reduction 
will depend on the probable distribution of the loads. 

I"oundation Loads, Footings should be so designed that the loads 
they sustain per unit of area shall be as nearly uniform as possible, 
a nd the dead loads carried by the footings should include the actual 
weight of the superstructure and foundations down to the bottom 
of the footing. T he live load should be assumed to be the same as 
the live load in the lowest tier of colum ns or in the footings under 
walls. The area of the footing is dewrmined by dividing the total 
load by the unit resistance of the soil. F rom the area thus calcu· 
lated all the other footings of the building are proportioned 
according to the ratios of their respective dead loads only. In no 
case should the load per square foot under any portion of any footing 
due to the combined dead, live, and wind loads exceed the safe 
sustaining power of the soil upon which the footing rests. 

Fireproof Floor Systems. A modern office or mercantile building is 
essentially a steel framed structure wh ich supports the dead load 
of the buildi ng and its contents, a lld is itself protected Oll all sides 
by refractory materials. The floors are made fi reproof either by 
the use of structural clay tile flat or segmental arches or by a 
composite floor slab of t ile and reinforced concrete. 

s •• 

• 
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MINIMUM LIVE LOADS FOR BUILDINGS 
In Accordance wi'th Building Codes of Various Cities 

Loads in Pounds per Square Foot 

~ .; i .. .: i t .,; t 
~~ 

:c .... 
~~~ ~= -tf;:l o~" ~~ iii ... ~~ .... 

Description 01 Building >'" "liN EN 
~:l ...... ~= ~:l ~ ~:l ..... .- ... :c:l :c:le ~ ... :;:: .. ... ij'" .. t) Q Q e:. .. <II 
Z t) e:. :c .. C3 <II ... ...J ----I--- - ------ - - -

Private Residences, Dwellings ....... 40 40 40 40 50 40 50 60 50 40a 
Apartment and Tenement Houses ... 40 40 40 40 5~a 40 50 70 50 40a 
Hotels, Public Spaces, First Fl.. ..... 100 100 100 100 80 80 125 ' 125 100 80 

" Private Rooms, Upper Fl . ... 40 50 40 40 50 40 50 70 50 40 
Office Bldgs., Public Spaces, First Fl. 100 100 100 100 125 125 125 125 125 100 

" " Office Rooms ,Upper Fl. 50 50 50 60 75 50 75 70 60 50 

Hospitals and Asylums ... . " . .... .. 40 50 40 40 " . 40 50 80 50 40b 
Schools, Colleges, ABBembly Halls .... 100 100 75 100 100 125 125 125 100 100 

" " Class Rooms ...... 75 75 50 50 75 50 75 70 50 50 
Municipal Buildings, Public Spaces . . 100 100 100 100 125 100 125 100 100 100 

Public Spaces, Lobbies, etc .. ........ 100 100 100 100 100 100 125 70 100 100 
Auditoriums, Fixed Seats .. ... ... . .. 75 100 75 100 80 80 75 80 100 75 

" Movable Seats .... .. .. 100 100 100 100 100 100 125 125 100 100 
Theatres, Churches, Fixed Seats ... .. 75 100 75 100 80h 80 75 80 100 75 
Drill and Dance Halls ..... .. ....... 100 100 100 100 125 125 125 150 100 120 

Stores, Light Merchandise .......... 75 100 100 110 100e 125 125 lODe 125 100 
" Heavier " 175 125 250 125 '" 0 • • •••• " . " . .. . " . " . " . 

Warehouses, Light Goods ... . . .... , . 120 100 100 150 130 150 150 ... 125 100 
" Heavier" 200 200 250 125 ........... .. . " . " . 

;251 
" . 

Factories, Light Manufacture . . ..... 120 1001 75 1201 1301 125 ... 1251 1201 
" Heavier " 1501 2501 1501 . , ..... '" . " . " . '" .. . '" .. . 

Garages, Stables, Private . . . ...•. .. . 75 40 50 100 60 80 ... 80 75 60 
Garages, Public, First Floor . ... . ... 175 100 ... 100 80 150 125 150g 150 gOg 

Corridors and Stairs ............ .. . 100 100 100 100 125h 80h 100h 100h 75h h 

Sidewalk ... . . ..... . .......... . . .. 300 .. . " . 120 250 250 250 200 250 200 

Roof, Flat . ................ ...... . 40 25 25 30 40 30 30 35 40 30 
" Slope up to 20° (or 1:3) ....... 40 25 25 30i 40 30 30 30i 25j 301 
" " over 20° .. .. .... ....... 30 25 25 30i 40 30 30 30i 25j 301 

Wind Pressure ........... ..... . ... 20n 20 25 25 30 30 200 20m - 20p 20m 
n 

NOTES ON FLOOR LOADS. 

.. 
'5 0 
.5'" .:1 
u; 

--
50 
50 

100 
50 

100 
60 

50 
100 

75 
100 

100 
100 
100 
100d 
100 

100 
150 
150 
150 
100f 
.. . 
100 
100 

h 

300 

30 
30 
30 

30 

Loads given In tables are Minimum Safe Loads considered uniformly distributed, but all floors must 
be so designed as to safely carry the full live and dead load, uniformly distributed or concentrated, 
to which the floors may be subjected. These tables are In condensed form for reference only and no 
attempt has been made to fully cover exceptions or ranges. Designers should consult city building 
codes. 

When partitIons are movable and not definitely fixed, 20 pounds is generally added to the uniformly 
distributed dead load values for floors. 
a. RESIDENCES AND APARTMENTS, First Floor : Detroit, 80; Baltimore, 50, 
b. HOSPITALS, First Floor: Boston, 100; Baltimore, 50; Washington, New Orleans, 70. 
c. PUBLIC BUILDINGS, Upper Floors: Detroit, 90. 
d . AUDI 'rORIUMS AND THEATERS, Galleries : New Orleans, SO. CHURCHES : St. Louis, 75. 
e . STORES, First Floors: Detroit, Cleveland, 125; Department Stores, San Francisco, 100. 
f. FACTORIES: Floor loads do not Include the concentrated weight or the impact load of machinery. 
g . PUBLIC GARAGES, Upper Floors: Cleveland, 100; Newark, 120; Denver, 125; 

Motor 'l'rocks, :Qaltlmore, 175. 
h . CORRIDORS AND STAIRS: Generally designed for the loads on corresponding floors, unles. noted. 

Residences: Buffalo, 50. Apartment Buildings: Los Angeles, 75; Cleveland, 80. 
Hotels, Office and Hospital Buildings: Newark,60. 
Schools: Detroit, St. Louis, New Orleans, 70; Los Angles, 100. 
Public Buildings: St. Louis, Detroit (proposed), 100. 
Assembly Halis: B'oston, 100. 
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MINIMUM LIVE LOADS FOR BUILDINGS 
In Accordance with Building Codes of Various Cities 

Load. In Pound . per Square Foot 

j 
!. .-
.! 

Private Residences, Dwellillgll. .. . ... 40 
Apartment and Tenement HoU8l!B .. 40 
[]otell, Publle SplICeI, Fil1lt Fl . ... . . 125 

" l)ri va te Room! , Upper Fl . .. ' 40 
Office Bldp., Public Spaces, Fil'1lt Fl. 125 

" , Office Rooma, Upper Fl. 40 

Hoepitalt and Asymm8............. 40 
Sehoola, Collegea, ~mbly Hal ...... 125 

" "Ch~1!II Room!.. . .. 75 
Municipal Buildinga, Public SpllCel .. 125 

40 .. 
80 
50 

100 
60 

60 
125 

60 
100 

f . 
" • 

40 

" 100 
50 

100 
50 

50 
100 
50 

100 

40 
40 
70 
40 

100 
70 

1~~ 
40 

t '. " " 
30 
40 
60 
40 

100 
50 

" 100 

" 100 .. . 

40 
40 

100 
60 

100 
60 

60 
100 

SO 
100 

40 
40 
80 
40 

100 
SO 

40 
100 
60 

100 

40 
40 

100 
40 

100 

" 40 
100 
50 

100 

40 
40 

100 
60 

100 
70 

40 
125 

" 125 

:~ 
90 
70 

120 
70 

70 
90 
75 

120 

40 
40 

100 
40 

100 
50 

40 
100 
40 

100 

Public Halla, Lobbiet. ete .. ", .. . . . .. 125 100 100 100 100 100 100 100 125 120 100 
AudilQriUrn.t, Fixed Beata, Flat .... , 75 100 80 70 70 100 80 100 ' !2~5d 120 70 

" Movablo Seata .. ... '" 125 100 100 100 100 100 100 100 12 120 100 
Tbellten, ChurehCII, Fixed Beate .. 75 100 80 70 70 100 80 100 12 90 90 
Drill and Dance Hall ................ .. 150 100 100 120 120 125 150 150 120 . . . 

Storet, tight Merehandbe... ...... 1258 125 
.. Heavier " , '. .. . . .. 250 . .. 

WuehoUlell, Ligbt Gooda.... ...... 125 125 
" Heavier " .... ...... 250 

Factoriee, Light Manufacture ...... 125 125 

120 100 
... 200 

150 
... 250 

150 

150 

120 
" Heavier " . .. .. . 2501150 . . . 

Ga:ragea and Stablea, Private. 
Ga:raget, Public, Fint Hoor 

Corridon and Stain ............ .. 

75 .. . 40 100 
100 125 120 250 

. .. 100 100 100 

100 

100 

'00 

120 
150 
200 
250 
120 
150 

100 100 100 120 100 
... 150 .. . ... ... 
125 100 200 200 125 
' .. 150 200 250 
100 75 100 120 75t 
.. . 1501150 250 1251 

80 120 80 
80 17Sg 150 

80 .. . ... 75 
100 100 150 120 

80 80 100 100 70 100 100 

Sidewalk ........ .. .............. 150 300 300 250 150 3ot1 300 250 300 .. . 250 

30 
30 

Roof, Flat. . . . . . . . . . .. .. . .. . . . . .. 30 40 
" SI0r' up to 20 G (or 1:3). . . . . 30i 40 
" , O\'e r 20°.. .. .. . . . . . . ... 20 40 

Wind Pres:eure .. .. ................ 1511 25 

30 
30 
30 

30 

30 
30 
30 

30 

30 
30 
30 

30 

40 40 25 30 50 
40 40 25 30 301 
30 40 25 30 301 

30 30~ ,., 25 "'" 

NOTES ON ROOF LOADS AND WIN D PRESSURE. 
I . Root I~ a.re tor .uperaclal a.rer. ot root : o t her root loads a.re tor boru.oul&l projec1.lon . 

" • 30. 
o 

, . Root load Includ .. wind p.-uro. vertical to llope: 10 It:... u p to 2:3 alope, 15 1b1. u p to 1:l liope. 
20 l be. ovO'!!' 1 :1 Ilope. 

k . Root load Include. Inow load or 25 pounds, reduced I pound tor each docroo OOt_n 20' and ~', 
I. Root load ror 15' Ilope. nlduced )i pound tor eaeh degree betwoon 1Ii ' . ud 45 ' , 
m . W ind p~ ani t rom..-ado to top: othet wind P"-un!I ani tor IIII~ hela:ht.., 
II . Wind p,,-.....,. a.re nes:loctod when bu.lldiDp d o 110' exceed the lD&llImum be"h~ and ,..tlo ot 

he"h~ to mln1mum width ot bue: 
New York. lOO-2~ : I : Pltt..buf'gh. ll1O-4 :1 ; San II'rancbco. 102-3 :1: Clnclnnatl, I 00-3 :1 ; 

BaiUlIIOI"e. MlnDoapol il:. 1()()-4 :1 ; Burralo . Blnnlngham. 1 )i :l: Denver. 3 :1. 
o. Wind p.-ure tor buUdlnp OVf!l' tIO ree!.-20 It:... ; GO to 30 Ceet.-15 Ilx.: under 30 Ce8!.- iO lba. 
p. Wind p.-ure tor buUdlnp OVet 80 tee!.-20 lbe.: 80 to 40 teet.-15 Ib!! .: under 40 teet-IO It.. 
Q . Wind 1I1'fl11SUN1 tor b ll h hulldlnp In bulll.-up dilulct.. : 25 pounds at teu t h atory- 2)i ~ 

Iell Cot each atory below-2~ pouode: more tor each . tory aboVfl, Uil to 3,s poundo. 
r . Wind pre.ure Cor buJldinp 10lIl than 40 too, above rr..:l._ZO pounde:, 
t . Oround ftoor 1&:raj((!I, abovo rrouud-120 -pounds. 
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CONTENTS OF STORAGE WAREHOUSES 

I 
w_ i w_ "- "-" ~ • W UWI Loeda, ........ C .... ' OOI 

'" 
Squarl FOOl ....... W . _. ,- ...... Sq_"001 ...... I ..... 

Building Materials 

AlIbe.la. ... .. 50 • 300 
BrieD, Building ..... .. 45 • "" Bricka, Fire Clay ..... ........ ... 75 • '50 
Cement, Natural ...... ........ .. " • 354 
Cement, Portl/I.Dd .. ........... ... . . n • I .38 300 10 401) 
GyPllum ..... .. .. ...... . ... 50 • 300 
Lime &nd P lallteI' . .... ...... . " .. 53 5 '" Tilell ........ .. ...... .... .... 50 6 

I 
' 00 

Wooda, bulk . .. ... .... 45 • ". 
DrulII , Paints, 011, Ele. 

Alum, Pearl, in barrell ........ .. 33 • '98 
Bleaching POWdQT, ill hoph" ...... . ... .... 31 " . '02 
Blue Vitriol, in barrell! .... ... . . .. . . ... 45 5 226 
G lycerine, in CMCIJ .. ...... 52 6 312 
Li ll..l!elld Oil, in barrel • ..... .. .... .. ., 36 • 276 
Linseed Oil, in iron drunuJ .. .. ....... 45 • '00 
Logwood Extract , in bo)lOll •. ... ....... ., 70 5 350 
Rosin , in b&rrel • .• " .... .... .. . 48 • 288 
Shellac, Gum . .......... .. . .. 38 • 2211 
Boape .. .. . ....... '" ... 50 6 300 200 10 300 
Sod.rt. Ash, in hophea<k ......... . ... 62 l~ 167 
Soda, Cauetie, in iron dnuruI ... .. . ...... 88 294 
Soda, Silicate, in bam:l.t ....... ... .... .. 53 , '16 
Sulphuric Add .......... .. ....... 60 '" '00 
Toilet Articlet . . .................. 35 6 ". 
Vuniahet ..... .......... ... 55 6 330 
White Lead Pallte, in ~ ..... .... ... 174 ' )i 610 
White, Lead, dry ......... ....... . ... " ' M 408 
Red Lead foDd l.itbazoge, dry ..... .. '32 3M .95 

Dry Goods, Cotton, Wool, Ett. 

Burlap, in balet .. .. . ............ 43 6 258 
Carpet. foDd Rup . ....... . .. 30 6 '0) 
Coir Y &rn, in balet . .. ....... ... .... .. . 33 , 264 
Cottoo, in balet, A;nerie&n ...... 30 , 240 
Cottoo, in bales, Foreign ..... ..... ... 40 , 

"" Cotton Bleached Good!, in e~. 28 , I 22. 
Cotton flannel, in e..-..... .. .... ' ... " 

, I .. 
Cotton Sheeting, in ~ .... ... ... ... 23 , 

I 
16' 

Cotton Yarn, in CIl.8Cll ...... ... 25 , 200 
EIooleior, comprtll!lllCd .... ..... 19 , 152 
Hemp, Italian, eompreued . .. ... ... . .. '1 22 , 176 200 to 250 
Hemp, Manila, eompreMCd .. ... 30 , 240 
Ju te, comp~ .... . ...... 41 , I '26 
Linen Damllllk, in C~. ... ... 50 5 250 
Linen Gooda, in CII.8CIl . ... . ... 30 , 240 
Linen Towell, in CIl.8Cll ... 40 6 240 
Silk and Silk Gooda ... .. . .. 45 , 360 
Siul, compr~ .. . ,. ... .. . 21 , '88 
T ow, compretMd ,. , 232 

, ...... . . ... 
Wool, io balee, comp~ ........... .. 48 

I I 
Wool, in bales, not compr-' .. . ....... 13 , '01 II Wool, Woreteda, io CUOl .. ·.... .. . 27 , 216 

. 
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CONTENTS OF STORAGE WAREHOUSES 

w_. H." W ...... '-~ • W "'.-M ..... t .. rOOI s.-.fOOl ...... '" . ..... ........ W ..... ,. ....... .....,. , ... 
Groceries. Wines, Uquora, Elc. 

Se_nII, in bap , . 40 8 320 
Beveragee 40 8 ,,<I 
Canl1fJd Oooda, in C~ . 58 6 348 
Cere&la ..• " 8 360 
Cocoa . . ......... 35 8 280 
Coffee, RolLIJted, in bap ..... 33 8 264 
Coffee, Groon, in baga. 39 8 312 
Datllll, in CI\IleII. .. .......... " 6 330 
Figa, in c_ .... .. ......... 74 5 370 
flour, in blLfTet. .. . , ..... .. 40 5 200 
Fruita, Freeh 35 8 280 
Meat and Meat Product. . 45 6 270 250 to 300 
Milk, Olndcnaed . 50 6 300 
Moill8$C8, in hliorrelll .. 48 5 24. 
Rice, in bag8 .. ......... , .... .... " 6 348 
Sill Soon, in balTelt . .. ....... 48 5 23<l 
Salt, in bagJI . 70 5 350 
Soap Powder, in caae. .. 38 8 304 
St&n:h, in barrela .. ....... . ... 25 • 150 
Sugar, in barrell . ......... 43 5 215 
Sugar, in CMCe . 51 • 308 
Tea, in chellill . . ,. . .. 25 • 200 
Wines and Liquol'll, in b~ ...... 38 6 228 

Hardware, Ete. 
Automobile Pa:rt.8 40 8 320 
Chain ........ 100 , 600 
con!:'¢,;.;.' .. ... 45 8 360 
Door b ..... 45 , 270 
Electrical Goods and Macbinery .... . 40 • 32<l 
Hinges 64 • 384 
Locb, in C __ , packed. 31 , 186 
Machinery, Light ... 2<1 8 160 
Plumbin«, Fixturee . 30 8 24. 
Plumbing, Supplietl .. ......... " • 330 300 to 400 
SMh Fa.ttentn . . ... 48 • 288 
Setews . 101 • 60S 
Sha£tinl[ Steel.. .. 125 
Sheet Tin, in bo-.;es . 278 2 '" Tools, Small , Metal . 75 , 450 
Wire Cables, Oil rools . . .. ", 425 
Wire, Insulated Copper, ill coils .. . 63 5 315 
Wire, Galvall ized IrOIl, ill coils 74 4~ 333 
Wire, Magnet, on lpooh! .. 75 • 450 

Miscellaneous 
Automobile TirC8 ... 30 , "<I Automobiles, uucrlted . 8 64 
Boob (solidly packed) . 85 • 3!Ml 
Furniture .. 2<1 
Gl_ and Chinawa.m, in cratea ..... 40 8 32<1 
Hidea and LeBther, in balM 2<1 8 160 
HidCl, Buffalo, in bundlCl . 37 • 296 
Leather IlIId Leather Goods .. 40 • 32<1 
Piper, Newspaper, and Su .... board. ..... 35 , 21' 
P.per, Writing IlIId Calendared .. 60 • 360 
Rope, in coils . ....... 32 • 192 
Rubber , Crude. 50 • 400 
Tobaeoo, balee ... 35 • 280 
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STRucrURAL CL} TTLT 

f" :EPROOF 'J'LOOR '·TE 

Hollow Tile Arches. Hollow tile arches usually fill the total 
depth of the floor beams, and therefore tend to stiffen and brace 
the building; their weight per square foot is light as compared with 
other forms of fireproof floor construction of equal strength. 
Hollow tile floor arches are made either flat or segmental. The 
segmental arch will develop much greater strength than the flat 
arch of the same width and depth but, because of the irregular 
ceiling obtained, is not so generally used. It is not considered in 
this condensed treatise, but design data may be obtained from the 
Structural Clay Tile Association or from the publications of clay 
tile manufacturers. 

Thrust of Floor Arches. All forms of hollow tile .arches produce 
side thrust on the floor beams. In the flat arch the blocks have 
tapered faces and the central block or key wedges the others 
together; in the segmental arch the thrust is that due to all arch 
action. It is necessary to counterbalance these thrusts by means of 
tie rods connecting the webs of the floor beams. In the central bays, 
owing to the action of adjacent arches, the tie rods are sometimes 
omitted, but it is necessary to investigate outer beams and channels 
around openings for additional thrust stresses so that the combined 
unit stresses produced by vertical loading and horizontal thrusts 
may not be excessive. With flat arches, %-inch tie rods, spaced 
not over fifteen times the width of the beam flanges, will usually 
be sufficient. The total thrust of arch, the net area of tie rods 
required, the maximum distance between tie rods and the section 
of outer beams for any condition, may be found as follows: 

Let 
w = Unit load on arch, in pounds per square foot . 
D = Distance of arch span, in feet. 
L = Length of floor beam supporting the arch, in feet. 
R = Effective rise of arch, in inches. 
p = Thrust of arr.h per lineal foot, in pounds. 
P = Total thrust of arch per panel, in pounds. 
A = Total net area of tie rods per panel, in square inches. 
a = Net are'll. of one tie rod, in square inches. 
T = Spacirlg of tie rods, center to center, in feet. 

= Allowable combined unit stress, in pounds per square inch. 
S 1-1 = Se~tion Modulus of beam, Axis 1-1, in inches8 • 

S 2 - 2 = S~ction Modulus of beam, Axis 2-2, in inchess. 
Ml-l = Bending Moment for vertical loading, in inch-pounds. 
M2-2 = Bending Moment for arch thrust, in inch-pounds. 



Then 

p 

A 

T 

3wD2 
=2R 

3wD2L 
- 2fR 

2arR 
=3wD2 

Ml-l = 12L (!wDL) 
8 

M2-2 = 12T (pT) 
12 

P =pL 

P 
=T 

af 
p 

3wD L2 
=--4-

=pT2 

In formula given for M!!-2 the beam is considered continuous, 
supported at intervals by the tie rods. In segmental arches the 
effective rise is equal to the vertical distance between highest point 
of concave surface and springing line or chord; the effective rise 
of a flat arch may be taken at 2.4 inches less than the arch depth. 

The allowabll> combined unit stress in tie rods should not exceed 
18,000 pounds, and tie rods should be placed in line of thrust, 
usually 3 inches above the bottom of the beam. 

NET AREAS OF USUAL SIZES OF TIE RODS 

Diameter of Rod, Inches~ __ II __ ~_4 _ _ I~I __ l __ 

Net area, a, square inches .. . ~ 0.302 ... ~ 0.550 

EXAMPLE: A floor panel 18 feet by 6 feet, of 12-inch flat terra cotta blocks, is to 
support a uniform live and dead load of 150 pounds per square foot . Required the total 
thrust, total area of rods per panel, maximum spacing of rods, and the proper size 
beam to carry one-half of the panel without lateral support other than the tie rods. . 

Entire p:lillelload is 18 X 6 X 150 = 16,200 pounds. . ' . 

Assuming a lO-inch beam, 23 .0 pounds, and ~-inch tie rods, then 

Thrust of arch per lineal fpot, p = 3 X 150 X 62
' = 844 pounds. 

2 X (12 2.4) 
Total thrust of arch, 

Total aFea of tie rods, . 

P = 844 X 18 
15,200 

A = 18,000 

= 15,200 pounds. 

= 0 .84 square inches. 

T = 0 .302 X 18,000 = 6.44 feet . 
844 

MaXimum spacing of tie rods, 

Bending Moment, vertical loading, M 1 - 1 = 3 X 150 X 6 X 182 = 218,700inch-pounds. 
4 

Bending Moment, horizontal thrust; ·M._. = 844 X 6.44' = 35,000 inch-pounds. 

Combined unit stress in beam, f = 218,700 + 35,000 = 16,560 pounds. 
24.4 4.6 

If tie rods are spaced 6'-{)" centers, then 

Bending Moment, horizontal thrust, M 2 _. = 844 X 62 = 30,380 inch-pounds. 

Combined unit stress in beam, f = 218,700 + 30,380 = 15,560 pounds. 
24.4 4-:6 

361 

• 



s • • 

MAXIMUM SPACI NG IN FEET OF %,-INCH TIE RODS 

Fou LoAD 0)' 100 POUNDS PER SQUARt: FOOT 

.... E'''ctlve RI .. of ""'II, R. In Inch .. 
,~ • 5 • 7 8 9 10 U 12 13 14 15 

3 16.1 I I 4 9.1 11 .3 13.6 15.8 
5 5.8 a 8.6 10.1 11.6 13.0 14.5 16.0 
6 4.a 5.a 6.1 7.1 &1 9.1 10.0 11 .0 12.0 13.0 14.1 15.1 
7 3.7 4.4 " 5.9 8.6 7.4 8.1 8.' 9.6 10.3 11.1 
8 3.4 3.' 4.5 5.a 5.6 82 8.7 7.3 7. ' 8.5 • 3.6 4.a 4.5 49 5.' 5.8 8. 8.7 

10 3.6 3.9 ••• '.7 5.1 5.' 

To find spacing of rods for any given loading, multiply tabular 
va.lues by 100 and di vide by the given load per square foot. 

DelJUiption of Tile Flat Auhes. F lat Arches as adapted to floors 
and roofs are made up of various shaped tiles as shown below. 
The tiles resting against. the beams are called skews and the soffit 
tiles, protecting the bot.tom of the beam, arc held in place by the 
bevel on the skews. The intcnncdiate tiles arc called inters, and 
the oonter one t he key. 

afJ-.. -- .. 

End Conrtructlon Ske" Side COMtl'UCtion Skew 80mt 2" thkk ....... 
... Idl.h to -ult HAOge of bo:un 

Inter 8" or 12" long 

T Y P IOAL TI LES WOR l'LAT AlWU 1!:S 

The Bat arch has the advantage of light weight and speed in 
CQnstruction. The hung centers arc not required for any great 
lengtb of time and the floors beneath are accessible lor work 
by otber trades. The all-tile ceiling provides a good surface for 
plastering. There are two general types or Flat Arches, namely, 
tbe End CoIl8truction Flat Arch and the Combination Side and 
End Construction F lat Arch. 



End Construction Flat Arch. This type of Flat Arch consists of end 
construction skews and inters and side construct.ion keys. This is 
the most adaptable form of arch, since the end const.ruction skew 
can be cut to fit d ifferent elevations and sizes of beams. It is 
advisable t.o keep t.be bottom flanges of t.he floor beams as near 
the same elevation as possible, so that t.he same bevel wh ich is 
usually cut for a 2-inch soffit tile may be used throughout and 
make for uniformity and, therefore, economy of construction. 
Moreover, this gives a more uniform ceiling level. 

End Constnlction Skow 
cut to IlUlt clip lUo and 

flango or beam 

Shows bearing or End 
Conotructlon Butt Skew 

on spandrel beam 

F..nd CoruItruction Skew 
cut a.t top and bottom 
ror wklo flango boam 

TYPICAL SECTIONS--STANDARD END CONSTRUCTION 

Combination Side and End Construction Flat Arch. This type consists 
of side construction skews a nd keys and end construction inters. 

TYPICAL COMBINATION SI DE AND END CONSTRUCTION FLAT ARCH 

By making the cells of the skews parallel to the beams, better 
protection is given to the sides of the beams by the mortar joints 
and by the shells of the skews. The inters must be set end t.o end 
in straight courses from skew t.o key. The typical section illustrates 
the mcthod of assembling the various mcmbers of this arch. 

Side construction skews are made by die to fit the various size 
standard beams and cannot be changed as can end construction 
skews. Dies to make skews to fit standard beam shapes are carried 
in stock by manufacturers. If it is desired to use side construction 
skews uniformly throughout a building, the floor beams must be 
on the same level at the bottom. For special conditions, end con
struction skews can be used and cut to fit. 
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Ik.igning DatL The depth of the arch must be proportioned to 
the span between the beams and, to a. certain extent, to the load 
carried. A safe general rule for finding the depth of the arch in 
inches is to multiply the span in fcct by 1~ and add the thickness 
of tbe protection below the beams. This is tbe general code require
ment of the larger cities. 

Theoretically, a correctly designed and constructed flat arch will 
always develop the full strengt h of the steel beam that supports it. 
Practically, however, the depth of the floor beam is determined by 
the loads for which it is designed, and the depth of the arch 
required for fireproofing the beam is usually greater than is 
necessary to caTry the total load. 

Arch blocks arc usually laid to project 2 inches below the bottom 
of the beams, but this thickness is governed by code requirements. 
The spacc above the arch is filled in either with a light weight 
concrete, in which can be laid pipes, conduits, and wooden nailing 
strips supporting wood flooring, or with thin terra cotta blocks 
made for this purpose, or with a layer of plastic composition of 
cement, which fonns the wearing surface for the floor. 

Tbe following table is applicable to all shapes of tile. Generally, 
hollow tile of various shapes but of the same depth and nct eross
sectional area bave equal strengths, so the strengths of arches of 
equal depth are directly proport ional to their net sectional areas. 
The net sectional areas of t ile indicated are for the keys- the 
critical point of the arch- and are taken per foot of tile parallcl to 
beams. The depth of arch, as given in the table, includes the 
thickness of the soffit tile underneath the bottom of the beam. 

Weights of arches have not been deducted from safe loads in the 
table; this and other dead loads must be deducted to obtain the 
net safe live load for any arch or span. 

Weights given in the table are for arch in place, including the 
mortar. 



TOTAL SAFE LOADS PER SQUARE FOOT 

DEAD AND LIVE LoADS. FACTOR O~· SAFETY OF 7 

Arthes, In. • , 10 U 1S 

Net Sectional 27 27 36 36 36 Areas, Sq. In. 

Average Wel!lht, 
lbs. per Sq. FL 36 " " .. 56 

of Arch 

Span Safe Loads in Pounds per $quare Foot 

3'-0" 560 630 933 1120 1400 
3'-3" 477 537 795 954 1193 
3'-6" 411 462 685 923 1028 
3'-9" 358 403 597 716 ... 
4'...()" 315 354 525 630 7118 
4'-3" 279 314 465 558 .97 
4'-6" 249 279 415 497 622 
4' ·9" 223 251 372 447 558 
5' ..Q" 201 227 336 402 504 
5'-3" 182 '" 305 ,.. 457 
5'-8" ... 187 277 333 417 
5'-9" ... m 254 305 381 
6'-0" 157 233 280 350 
6'-3" .. .. 214 256 322 
6'-8" ... 198 238 298 
6'-9" ... 221 m 
7'-0" .. 206 257 
7'-6" 178 223 
8'-0" ... . .. 157 197 
8'-6" ... ... 174 
9'-0" ... ... 155 
9'-6" .. .. .. 140 

10'-0" . .. ... . . . 126 

This table should be used as a general guide only, as conditions 
may make it possible to design more economical arcbes for a given 
load than indicated by the table. For example, where a paneled 
ceiling is not objectionable, a shallow arch may be used on raised 
tile haunches. 

" . -
=====-===== 

AROH RAISED ON FLOOR DEA..'\(S FOR PANELED CEILING 

The thickness of this arch will be approximately 2 inches less 
than that shown in the table for the respective span and loading. 

E XAMI'L.,. Dooslgn an arch tor a 'pan ot 6'-6" and a load, including plaster . ot 100 
pound, per Iquare toot. Jo'rom tho table wo find that a to-inch areh with a Z.inch aotllt 
under the beam will carry a tQt.al load o t 198 polmds lief square root. Deducting 42 
pounds, tho wolght ot tho ~h, glvOll a. capacity of 156 polmds per lIqua.ro toot tor tho 
tot.a.lload. As the efl'octlve bearing depth or tho 1O-lnch arch" but 8 InchOil. It I, oV ldont 
that a ra.ised S-ineb arch, having the same bearins depth, "'Ill carry the same load. 

3 •• 



366 

}~lat Arch is generally sold per square foot of the actual floor 
area fil~ed by the t ile. The design of the floors as to the pieces of 
the filler tHe and the width of the key, which is variable, is furnished 
by the til~ manufacturer to suit the spans and shapes of steel used. 

Combin~ion Tile and Reinforced Concrete Ribbed Floor and Roof Con
struction. i This type of floor and roof construction includes systems 
in which $tru~tural clay tile is used as an integral part of the slab, 
with reinfbrccd concrete ribs running in either one or both directions. 
If concret.e topping is used, the shells of hollow tile in contact with 
the toppirg shall be considered as part of the required thickness of 
top slab, 'and the shells of hollow clay tile units in contact with , 
concrete \n both top slab and ribs shall be includcd in calculations 
involving!shear and bending. The concrete ribs should be at lcast 
4 inches jn width, including tile shells, but this widt.h must. be 
sufficient Ito allow at least 7i inch of cO':lcrete on either side of 
reinforcing bars. 

These kcommendations are based upon Technologic Paper No. 
220 of th~ Bureau of Standards on Tests of Hollow Tile and Con
crete Fl~or Slabs Reinforced in Two Directions, Teehnologie 
Paper N . 291 on Tests of Hollow Tile and Concrete Slabs Rein
forced in One Direction, and Research Paper, No. 181, on Tests of 
Composi~ Beams and Slabs of Hollow Tile and Concrete. 

; 
The s~ells of structural clay tile should be at least ~ inch in 

thickne~. 
Combi~ation structural clay tile and concrete floors usually 

perr.wt?f thinn.er slabs, reduce dead load, and, where plaster is 
~f! l>~ ,aqv/i9d directly to the slab, provide a good plastering surface . 

. rh(~l'~YJ.?C :of Roor offers very high resistance to sound transmission. 

/. .;;W:ben Ii, ceiling with a tile surface over the entire area is required, 
tile slabs are furnishcd to be laid between structuml clay tiles. 
These tile slabs are scored on both sides so as to furnish secure 
b?nd with the concrete joists and plaster. When the all tile ceiling 
k~. emplo~ed, the effective depth of the floor is dccrcased by the 
~ijickness of the tile slab in tbe joist, ag illustrated in the sketch 
below, and to provide necessary strength the floor thickness must 
be increased. 

)"1 , 

~ '" 
• ,,'. , .... 

I 
~ 

':~:'?> 

"- • ::' 

" EfJoctlve Depth 9" 

COMBINATION CEILING 

6/8 1" 

).;rroctive Depth 8,"," 

ALL-TI LE CEI LING 



It has been found that an all-tile ceiling is not essential where 
good construotion methods arc used for installing the floors, and 
no stain of the plastcr will occur if floor is thoroughly dry before 
the plaster is applied. Some architects specify that the underside 
of combination hollow tile and concrete floors shall be sprayed with 
a coat of mastic preparation to prevent streaks showing through 
plastered ceilings applied to this type of floor. 

TYPIOAL ONE.WAY OOMB [ NATION FLOOR 

Note eeooomlal wood centering UJed: 
2" I 8" O¥' 2" J: 10" undO<" eacb joist 1.1 .umclont 

•• 7 
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TILE AND ONE·WAY CONCRETE JOIST SLABS 

b~ .~ L~ 

~~ 9 

,~ ~ +'W , 1tratt;;J~1 AHUJ.I2"d J" I&,~~.J_ -~. _'-___ L . ..... 
' . _ 700 lb •. ,.... ... . In. 

r. ~~r~ ~'::Cl~ f . _ 1B ,OOO lb • . ~ ..... In. I C!fh ~ IrYFG =~~J ... _ lOlb • . ,.... ... . I" .•• " ... lng.tNo .. 16" 21.. _L __ I "' ..... fO. 
.. _ Hi 

'~'8f' j .------' "n •• :.,,: 
or .... ".,o ... , .. Inc,," ! L ':.L -ff L_~ ... '.:~.~_J 

EIIttII .. '"" - ,~. W, ... 
M~ 

.... ..... TIIIII "*' In u.. 
T .. "- •• " " " RMI .... . • ••• lor E6CII Jol • 
D .... ...... ,~. . ... .... (0s.-.J D_ . , ... In .J.oI ... of JoI" .. ""- .. M ...... 

Rei"'. ..~ 'l" ,~ 

h 1 d b' e ,." 
ft._ ... .. ....... ." - --- - ---_. 

3+Hi 2 3)i 4 16 40 "" .41 2-)i 1030 1750 
-- -- --

4+Hi 2 4)i 4 " 44 3070 .52 
1_ J.i ·b 

1300 2250 1_ ~ •• 
----- ---- I _ % b 
H\)i 2 5Ji 4)i 16)i 53 4300 .63 

1- '" • 
1660 2760 

---- - -- I Ji b 
6+ 1 ~ 2 8Ji 4)i t6)i 58 5954 .73 1- ~ . 1970 3285 

------ I Ji b 
H2 2)i 8Ji 5 17 62 "85 .62 1_ ~ . 2310 3730 

----
7+2 2)i 7Ji 5 17 7t .... ... 1 Ji b 2560 4140 1_ ~. ----
7+2J.i 3 ' Ji 17 78 109tl0 1.00 

1 Ji b 2820 4550 5 1- ~ II 
----

H2 2)i 8)i 17 78 11100 1.00 
1 Ji b 2810 4700 5 1- ~ . 

8+2J.i 3 • 5)i 17)i 82 13220 1.12 
t_ Ji b 

3320 5200 1_ ~. ----- -- ---
9+2 2)i ' )i 5)i 17)i 82 13660 1.10 

1_ Ji b 
3500 5500 

1- '" • ----
9 + 2}i 3 10 5)i 17)i sa 15890 1.21 

1_ J.i b 
3690 5800 1_ J.i • --------

10 + 2 2)i 1O)i 5)i 17Ji 89 15880 1.15 
1- ~ b 

3870 60110 1- J.i • ------ ---
1 0+2~ 3 11 5)i 17Ji .. 18600 1.28 

1- 1 b 
4050 8370 1- ~ I ------

12+2 2)i 12)i 5Ji 17Ji 100 20350 
1 1 b 

7230 124 1- Ji I 4800 

12+2J.i 3 13 5Ji 17Ji 
1- 1 b 

7530 106 23950 1.40 1_ Ji • 4Il00 
--



TILE AND ONE-WAY CONCRETE JOIST SLABS 

(l(Im~l .. e It."., In Bloem above neutral axu. hM no~ been consldered. 
F100t Sla"-!Jhould no, be 1_ In tbkk.- than Ji" tor eacb foo~ of IIJII.D. 
I'loor Slabl.houId be built with n camber of }(" to each 10 ree~ 01 lpa.n. 
Safe loa(b tor WL/ 8 ani for alabll'l'eely ilUJ)POrt(ld .~ each cnd only. 

a.9 

Sate LO&I.Y lor WL / IO are tor .Iaboll'roely IlUppor ted at ono end and Mll ra lned o r continuous over the 
othor end for apaR. or II)ProIimat.cly equal Length. 

S.te loadll for WL / 12 aro lor In ter ior oontlnuOWl _pans of practleally equal Iena-th only. 
l\lomento ofcontinuoul 'panl o lunCqual longtb Ihould bedetcnnlned and ' labs deollgnod IICO:Irdlngly. 
W el(hU 01 alabl are lo r plain . Iab ooly and do not Include anything tor ftnlolhod lIoot or ceilln.i. 
Loada above and to the . "ht of upper dOl.tod IIno aro under the ma:.lmum Are.hear r(lIl\&tance for 

typO "I<" construction. 
~ between heavy UDell producelbear.~ greater than allowed for type "A", but are Alo 

for type "8" conatrucUoll. 
LoadlI under and to tbe kltt. o f boa..,. lin. produ"," &beu .t..-WI! for lyPl! " 0" (:II)Mtrucl.lon. 
EKaP1plM ani clvon on foUowl1l8 PA&CI fOC"..w... oLber dlrnenmo"," aDd k>ada:. 
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T he safe shear on any width of concrete in t he joist, other than 
those given in table on preceding page, is directly proportional to 
the width. 

E:u."PLB. For a 6" + IH" slab where It Is dOlllrod to make the concrete lowt:; 
lnchOll wide iMtoad or 4 J.i Inches &II ehown In the table. the total SIlre sl>ear I"CIIllItanoo Is 

,~+f' fts X 1970 - 2134 pounds tor typ<.l A oolUltructlon and would iocroue In the 

IIIIImo pl'Ol)QM,lon ror ~),po 1.1 and OooDBtructlon. 

Ir tho wld~h or Join Is InCl'Called. tileD the d1.stanoo. C, ocn ter to oon te.- of Jolst'l ... m 
InCl'OlUlO tho same amount, which all'octll tho roslstlng momeut In tho sam", proportion 80 

that ror r. _ 100 It will oo~ X 5970 _ 6150 too ..... pounds. 

Tho aroo. or the et""'] ..... lnrorooment 1a I~ in the SIW10 proportion and wLU be 

~ X 0.73 _ 0.7'" IIqWU"O,llnch<!S. 

T he required area, A... of steel for slabs of the same thickness 
and with the same wid th of joist as given in table, but with a 
lighter load, is di reet.ly proportional to the total load. 

EX .. .. PL"'. For '" 7" + 2" slab .. Ith '" 20-foot apan ClUTylng a load or 00 pound<! pol' 

*lU"' .... foot for W L/l21nstead of 117 pound&, thnA, - 0.88 x 1~' ~ Vi _ 0.7611<1~ 
Ineb .... . 

W EiG HTS OF 
ST R UOT UR AL C L A'i TILl<: F LOO R 

A" ... e- Wei~ ' .... Lk PU' Sq" ... root 
"" , ... 

A" --• 26 30 
7 29 • 32 36 • 35 

10 38 40 
11 " 12 50 

il 

, 

S IZE AN D WEIGEl T O F T tLF.S 
""or (J(,mblnat\on T ilo and Concret.o 

ColllltruCtiOD 

I 
SIze 01 n -. MInimum ....... ,-- L~ oI cen. WIi~ Lk 

---
3112112 3 1 " 4x12x12 , 16 
6x12x12 3 22 
6x12 x 12 • 25 
8x12112 • 30 

10 x 12112 • 35 
12x12112 • , 40 

. " to~nQ6 of 5% unde!" or 12 J.i % ovor ,,·m be a llo .. 0<1 0 11 Ibo above ~tandard W<llgbta. 
No d lwonsJon s!Ja1l vary 10"", than J % from tbo &ta.nda.rd for any form Of tile.. 

WEIGHTS OF PAHTITION, CEILING, ROOFING AN D FUnlUNG TILES 

"'. . . 
Thk kn_ """"'r. Weight. Paundo ,. 51!. root Thkkll_ t\jIptoK. WIi"", Pound. pet 51!. root 

'''·-1 '''''''''' I '~m • . _I ,- ,.". .... ,'" Celllllil , .... Fu ..... g 

I }> I ..... . .. .. 9 • 16-18 22 ... 
2 12·14 12 I... .. 10 5 I .. " 
3 1'5-17 " " ..... I , 24· 26 . . . . 
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QUANTITIES OF CONCRETE AND WEIGHT PER SQ. FT. 
Of Slab In Combination Floors 

... ": .... : .. ; ... . ..•... ,' " .. 
. r == <'.lP91; J . ' • . c:::Jc::J 

!o- 12"--1 c 10-12"--.1 

"'--- -4" JohI, C $" Joilll, C &" Jolt!, C """M. Enectivt 
w"'flllt. 1 

. _- , - ---. 
and T~ ... 0"""" d. Q\oanIitl .. Wlllllln, Q,wlIitiM Weight, Quam1t; . 
• H ,~" ..... - ..... ""- .. 
,~. ... " ell. Fl ell. Yd. s... FL ell. fl . Cu. Yd. ..." • 

cu.n I ell. Yel. -- ._--__ -1--
4 + l l<.i ' » .. .208 .0077 43 .223 .0082 45 ", .0087 
5 + 131 5» 47 .229 .0085 49 .242 .0091 51 .262 .0097 
6 + 131 'Ji 53 .251 .0093 55 .272 .0100 57 .m .0108 
7 + l J1 7Ji 58 .271 .0100 60 .2" .0109 63 .320 .0108 
8 + 131 8Ji 65 .m .0108 67 .321 .0118 70 

I 
.348 .0129 

9 + 1% , 68 .312 .0115 n ."2 .0127 76 .375 .01 39 
10 + l J-} 10 74 .333 .0123 78 .369 .0138 81 .403 .0149 
12 + 131 12 84 .375 .0138 88 .419 .0155 93 .452 .0167 
4 + 2 5 .. .251 .0093 50 .2" .0099 51 .279 .0103 
5 + 2 6 53 .271 .0100 55 .290 .0107 57 .303 .0112 
8+ 2 6U 59 .292 .01 08 62 .314 .0116 63 .333 .0123 
7+ 2 1$i 64 .312 .0',5 71 1 .339 .0125 68 1 .362 .01 34 
8 + 2 8~ 71 .333 .0123 76 .363 .01 34 76 .390 .0144 
9 + 2 ' » 74 .353 .0130 78 .368 .0143 81 .416 .0154 

10 + 2 lOJ,i 80 .375 .0138 84 .412 .0152 88 .445 .0165 
12 + 2 12J.Al 90 .417 .0153 95 .461 .0170 99 .506 .0187 
4 + 2% 5» 54 .291 .0108 55 .306 .0113 57 .319 .0118 
5 + 2J,<l 6» 59 .312 .011 5 62 .330 .0122 63 .347 .0128 
6 + 2 l.4 7Ji " .333 .0123 67 .355 .0131 69 .374 .0138 
7 + 27o;i 8J{ 70 .353 .0130 76 .379 .0140 75 .402 .0149 
8 + 27o;i 9Ji 76 .375 .0138 79 .404 .0149 81 .431 .0159 
9 + 27o;i 10 80 .394 .0145 84 .429 .0158 87 .458 .0170 

10 + 2J.Al 11 86 .417 .0153 90 .453 .0167 93 .488 .01 80 
12 + 2J,<l 13 96 .457 .0169 101 .405 .0187 105 .541 , .0200 
' + 3 • 60 .333 .0123 61 .347 .0128 63 .361 .0133 
5 + 3 7 " .353 .0130 67 .372 .0137 69 .389 .0144 
6+ 3 7~ 71 .375 .0138 73 .397 .0146 77 .416 .0154 
7+ 3 8)4 76 .394 .0145 78 .421 .0155 81 .445 .0165 
'+3 9~ 82 .415 .0153 85 .446 .0165 88 .472 .0175 
, + , 10.Ki .. .436 .0161 90 .470 .0174 92 .500 .0185 

10 + 3 11 » " .457 .0169 96 .494 .0183 99 .528 .0195 
12 + 3 13» 102 .499 .0184 107 .544 .0201 111 .583 .0216 
6 + 37o;i 8Ji 77 .415 .0153 79 .439 .0162 81 .458 I .0170 
7 + 37o;i ' Ji 81 .436 .0161 84 .463 .om .. .48' .0180 
8 + 3J.Al 107i 88 .457 .0169 " .488 .0180 94 .514 .0190 
9 + 3.Ki 11 " .478 .01n 96 .513 

I 
.0190 99 .542 .0200 

10 + 3J,<l 12 9B .499 .0184 102 .537 .0199 105 .570 .021 1 
12 + 3!ti 14 108 .541 .0201 113 .586 .0217 117 .625 .0231 
8 +4 10~ 95 .499 .0184 97 .529 

I 
.0196 100 .556 .0206 

, +4 11 » 98 .520 .0192 101 .554 .0205 105 .583 .0216 
10 + 4 :ll1 104 .541 .0200 108 .578 .0214 111 .611 I .0226 
12 + 4 113 .583 .0216 11' .627 .0232 123 .666 .0247 

WEIGHTS ANO AREAS OF REINFORCEMENT BARS - - -Size, Inehes J Ji S y, 

b' 
~ ~ 1 lYo l Ji 

-- ----f-;:oo SQUARE Area, Sq. In. .06 . . . .25 1.26 1.55 
eARS Weight, Lbs. per Ft. . 21 . .. ... 3.43 '.34 5.35 
-- -

1 

----!-
ROUND 

I ~::h~~L~: per Ft. 
.05 .11 .19 .30 .44 .60 .78 

BARS .17 .38 .66 1.05 1.52 2.06 2.69 
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Fireproofing of Steel. The purpose of covering beams, gi rders 
and columns is to place a fire protection over the structural steel 
frame of buildings, and to provide a surface on which to plaster. 

It. is necessary that the steel columns and the girders and beams 
projecting below the floor slab be protected by at least 2 inches 
of fireproofing material. In case of a serious fire, the integrity of 
the whole structure depends upon the thorough protection of the 
columns, girders and 600r beams, and no reasonable expense 
should be spared to accomplish t his. Experience has proven that 
well-burned structural clay tile (burned at a temperature of about 
2000 0 F.) is an adequate protection for structural steel or iron. 

The cement mortar filling the space between the tiles and the 
steel, protects the steel from corrosion. 

VIO. 2 . '10. 3 

USUAL METHODS OF PROTEOTING STEEL WITH TILE 

Tile fireproofing is low in cost, light in weight, can be speedily 
erected in all kinds of weather, has a good plastering surface and 
can be obtained in shapes suitable for the widest flange beams. 
It has ample strength, even with horizontal cell fillers. to carry 
floor loads of ordinary spans with the factor of safety allowed by 
building codes. Where the span is long and where there is a con
siderable load on the floor beam, it is customary to use tile fillers 
with the cells vertical, which, when filled with concrete, give a 
continuous solid bearing on the lower flange of the beam. 



Girder CQveriog is sold on I.L basis of tbe squaTe footage of the 
actual outaide surface of the tile surrounding tbe beam. 

1"".>. " Fla. (, 

Estimates can he made of the approximate amount of this tile 
by taking the linear distance in fect around A+B+C as shown in 
Fig. 4, or A+B+C+D as shown in Fig. 5, snd multiplying this 
sum by the length of the beam in fcct. 

In general, the weight of this material will be not over 20 pounds 
per SQuare foot of superficial surface. However, if concrete is 
poured into the tile web covering, as is done when tile is used in 
connection with concrete 800r systems, the weight of tbis concrete 
must be added. 

373 
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FLOOR PLATES 
Rolled steel plates with anti-skid surfaccs nre rapidly replacing 

other materials wherever a dense, durable wearing surface or 
vehicular track is required. Improvements made from time to 
time during t he many years in which they have rolled this product, 
nre represented by the most ndvanccd and efficient modern designs 
of the Carnegie l' loor Plate and the lIlillois Multi-Grip Floor 
Plate, which arc shown on page 102. 

The size, spacing and proportioning of the raised surfaces on 
these plates represent the culmination of years of study to detennine 
proper proportions and relationships betwoon raised and depressed 
areas, to provide the highest coefficient of friction consistent with 
long life, pleasing appearance, and a walking surface not unpleasant 
to the pedestrian. 

The plat-es are available in a wide range of thicknesses, lengths, 
and widths. On account of being rollcd structural material, they 
lend themselves readily to forming, bending, or even the most 
complicated fabrication. The ductility and lack of brittleness of 
the material cnhance its other virtues. 

Examination of the plates will reveal raised, fiat-surfaced lugs 
of maximum area, with practically square edges. T he full area of 
the Jugs, therefore, immediately available to resist wear, and the 
square edges provide the greatest possible resistance to slipping or 
skidding. Enclosed pockets are avoided in the design, so that the 
plates drain quickly and thoroughly. The accumulation of dirt 
and debris is avoided, and clcaning is facilitat-cd. 

The lighter weight plates a re used cxtensively wherever they are 
requi red to support pedestrian traffic in various placcs where 
security from slipping is essential, such as the uses listed below: 

Stair treads and landings. Factory aisles and runways. 
Elevated platforms. Sidewalk openings. 
Manhole co vers. Ship dccks. 
Boiler room floors. Machine shops. 
Heavy duty factory floors. Ramps or temporary runways. 
Trench covers over pipe lines or drains in ba.semc_1ts and 

power houscs. 
And other miscellaneous uses. 

The heavier weight.s of plates, while used for many of the purposes 
given in the above tabulation, are used principally where vehicular 
t raffic is encountered or othcr heavy loads are to be supported. A 
vcry common application is the placing of heavy plates on the 
wheel tracks of the traffic lanes on bridges the entire length of the 
bridge. Plates are generally installed over worn planking, often 
eliminating refiooring and strengthening the entire bridge roadway. 
Further benefits are: reduction of vibration; roadway chattcr and 
noise; and the constant annoyance of rising spikes, 80 dangerous 
and detrimental to automobile traffic. Tearing of roadway from 
anti-skid chains is eliminated, and concentrated loads from heavy 
t ruck wheels are distributed ovcr a much greater floor area, in
creasing capacity and reducing strai ns in the floor. The use of the 



FLOOR PLATES 
anti-sk id traffic plates, therefore, prolongs the life of the structure, 
reduces maintenance cost.s, and produces a safer roadway for fast 
vehicular traffic. 

A growing use for these plates on new bridges is in the form of 
the so callod I'Battie Deck" roadway in which the floor plates 
are welded directly to closely spaced carrying beams, the plates 
and beams acting as a unit so that safe loads arc calculated on 
the basis of T action. The floor plate thus acts as a primary 
structural load carrying and distributing element in addition to 
providing a homogeneous leak-proof, anti-skid weating surface. 

rLAT R ECTANG ULAR PLATES 

Rectangular stecl plates, plain or raised pattern design, are 
frequently used in mill floor construction supported by the floor 
beams on two sides or on all four sides and more or less securely 
fixed to t he Banges of the supporting beams. 

The resistance of rectangular plates to superimposed loads may 
be obtained from the formulas given below; the formulas given for 
plates supported on four sides apply generally to rectangular plates 
subjected to pressures normal to su rfnce of platcs. 

M -Bending momlll\t. duo to uniform!)O' OODoontrated la.d. lneb-pound-. 
S _ Socl.lon mqdulWl. Inchas'. 
f _ Unlt ~. ~ I)Ol' IOQUI'e locb. 
w .. Unit 106d. pouncb per lOQuanlloch. 
P _Oonecntratod load . 
... b_SldCIII of plate. IncbI:w. (a<b) 
t -Tblckl>O!ll of plat.). IndM!s. 
e .. PorpOJJdkular dWta.n00. from ooroor to d~naI. d. or plat<!. InebeL 
.. _ Ll.m.I tlng nlu/lII fO'l" IIWcl platot. bod and not lUed to 8UPI)Ol'U (Y. Dach). 

Plate supported on two sides, a-Uniformly distributed load. 

s_!l! • f-~ b" P 

Plate supported 011 four sides, a, b-Uniformly distributed load. 

Plate supported 0 11 four sides, fL, b-Concent rated load in center. 
u,p 

f"h~ if ti 

When pJat.ca are fixed at edges in such a manDer as to take full 
advantage of continuity, .p _ "'6 for unifonnly distributed loads 
and 17i for loads concentrated in t he center. When they are fixed 
at edgcs so that t he full continuity effect cannot be safely assumed, 
.p must be increased in proportion as the degree of fixation is 
decreased. Thc maximum values of.p are % and 1}3 respectively. 

S78b 
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FLOOR PLATES 

BUCKLE PLAT ES 

Buckle plates are sometimes used on highway bridges with paved 
floofs, and are subjected to concentrated live loads, due to the 
weight of truck wheels and to a uniform load due to the paving. 

The resistance of buckle plates, when the buckle is turned up 
and in compression may be computed from the formulas (Winkler): 

T olal uniformly distributed load 

T otal concentrated load, in addition to uniform dead load. 

p_ '( 100 t d t-2S,2 .... b) • pound. per buckle 
Bd+lh 

a, b_ SldOi of Buckle. Inches. 
~ - Thick-no.- of plate, Incluw. 
d _ Rile or Buckle, inebes. 
W _ Uniformly dlatl'\buted load. 
w _ Unit load. pountb per.q. Ineb. 
t _ Allowable unl~ I t..-, 9,000 lbe. J)(Ir &(I.. Inch. 
P - Concenlratod load. 

Buckle. plates arc generally placed with the convex side of the 
buckle turned down and in tension, in which case their strength 
is about three times greater. 

B UCKLES can be lengthwise or crosswise of plate, but different 
sizes should not be used in the same plate. Plates are buckled 
one buckle at a time, and the number of buckles is determined 
by their size, fillets and end Banges, and by length of plate 
that can be fabricated. 

A plate 35 n. IODg Cl)Uld havfI:-
14 bucldet No. 11. b_2'_2" ..... ith 1_3j.i" and 9_5~" or 

9 bu<:klet No. 12. b -3'-8". with 1-2)(" and 9-3". 

CONNECTIO!>' HOLES are usually for ;..-s", ~" or 78" rivets or bolts. 
Holes of different sizes in the same plate increase the cost. 
SPACING: Crosswise, usually 6", with 4}1l" Min. 

Lengthwise, from 6" to 12" . 
Odd spaces at ends, in even 74'''. 

DRAWING must show Top View of plate, give Die Number, and 
state whether buckles are turned up or down. When buckles 
are turned down, the drawing must show a Drain Hole in the 
center of each buckle. 
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37 
42 .. 
23~ 
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2~ 
3 
3~ 

3 

51 U 61 4 

54 

61 
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47 3}.i 

51 ).( 4 
42 3}i 

MAXIMUM LENGTH _ 35 fto. Plata of gr~ter length can be obtained by aplicing. 
ALLOWABLE OV1:IlIlUN in length or width mllllt be "ven on drawing, when cleaTAIlce ill cle.. 
END ruNGU e _ 2" Minimum 18" Muimum 
SID!: Fw.Non • _ 2" M inimum 6~" Maximum 4" or 1_, prefcl'Tl!d. 
FU.U:T8 f _ 2" Minimum 6" Maximum 4" or ielll, preferred. 
END FLA.'fOEll to be made alike if poeaible. If I),'cr 18", .tillen with Ilnglee ACtoI8 plate. 

870 

~. ., 
• 

24 

• 
11 

• 
2 

34 

,. 

15 
33 

SIDE FLA'NOU to be made alike if poaible. When aide Bangall mu.l. be of unequal width, the pillte 
,hould be ordered wide enough to make two fiangtll of the greater width. After plate is buclded, 
it will be eheared to required ~idth. 
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T-TRI-LOK 

BRIDGE FLOOR CONSTRUCTWN 

The requirement.s of modern vehicular traffie demand roadways 
and pavements having \Inuonn, continuous, bard surfaccs. Tbey 
must offer sufficient friction to prevent skidding, and should be of 
permanent chaTacLer to require as few repairs as possible. Road~ 

ways of bridges sbould, in addition, be fireproof. These require
ments can easily be met, but the weight of such roadways is a 
serious facto r; the morc weight a bridge has to carry the more 
material will be required to build it. Engineers, therefore, arc 
oonfloonted with the problem of building strong and permanent 
roadways on bridges with tbe least dead load, for weight becom08 
a determining factor in the design of long-span bridges. 

A new form of slab construction, T-Tri-Lok, which reduces the 
weight of the roadway slab and its wcaring surface, is manufactured 
by Carncgie Steel Company. It is a combination of structural tees 
with light, flat bars mechanically interlocked with them. 

OENERAL OONSTRUCTION 

Curved slots are punched at equal intervals along the stem of 
the tee and above the neutral axis, t he direction of t.he slots being 
alternated in adjacent tees so that the bar, in being forced into 
position, is twisted in alternate directions in the successive tees. 
This feature assures sti ffness and rigidity of construction without 
further fabrication. Standard units eao be furnished in widths 
up to 4 feet and in lengths up to 40 feel. Various sizes of tees and 
cross bars are offered, the most common being 3" x 3" or 3~" x 
3.4" tees with 1" x 11"." cross bars, placed on 4-inch centers. 



The T-Tri-Lok unit.s are then placed dlrectly upon stringers, to 
which they should be sccured by welding. T hey arc then filled with 
concrete, Bush with the top of t he tees and cross bars, to form an 
armored road surface. An additional wearing surface of concrete, 
asphalt or other suitable material, may be added to any desired 
depth above the top of the steel. Vibrating the steel work with 
an air or preferably an electric vibrator immed iately after pouring 
the concrete is recommended to secure concrete of maximum 
density. The resulting structure is a unit slab of steel cells filled 
with concrete. As the tee flanges arc placed close together, no 
fonns for concrete arc required. For sidewalkt3 and other light 
construction, it is advisable to spread tees apart, in which case 
forming stri ps are provided to eli minate timber form work. 

CONSTIWOTION FOR 

SIDEWALKS, BUILDINO I'LOORS AND LIO HT!;;R R OADWAYS 

NOTATIONS USED IN FORMULAS 

_ momon~ of Inertia of slab per foot or width, In Inch<lll'. 
I _ dl!!tance from ucutrall\.Ila to bottom, In Inches. 
y - dl!!ta.nec from ncutral a.:<1a to top. In Inches. 
r. _ unit Str088 In oompl'OGllon for ooncrete, Ibs./.sq. In. 
r. _ unit strossln t/)nljlon ror atom, nlll./sq. In. 
MmaI. _ maximum bending mumont, In Inch_pounds, 
L _ span, In foot. I _ span. In Inches. 
W _ Average whool load oonecntratlon per root of slab width. In pound., 
w _ weight of slab per lI(Ju&rO toot, In pOunds. 
E _ cll'octive .ddth of sLab, In foot. 
n _ ra.tio of modulu~ o f elastlclty o f sweL to ooncret6 _ 15. 

WI 1 
U"o load. MmaI. - '4 - fo Y 

Uvo load 

D4Jad load 

~ 
fc - " , 

12" .. L ' y 
r., - 10 I 

12 wL ' Dead load, MmaJ<. - '"Ii)'" 

f._ ,aroll: , 
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The tormw. uaod tOl' ealcu1atlna: tho valUllII1n tablllII II: 

Total Moment _ 1 ~ ~L + ~~. root pound •• In which 1<:, tho e lracUvo width , 

bocomllll .165 L + 6.10. 

Tho fOl'mula combln.,. tho li ve load moment :;;, the " 0 per cent addlUonaJ fOf' 1m-

.L' pact. &nd the dead load moment 10' 

Addlq.w J)flr CflDt tor Impaet to tbe Dl.&Kimwn wbeel load. " fr\ves .. total of 22.400 
pouoo. for 0 20 loadl.ns and 111.800 p(IU1lcb fOl' [11[, loading. 

ELEMENTS or T-T RI-LOK SLABS 

;lt~~:'; f.~~.~-;~f 
--~--lo . , , . , , 

:-:-;·~" .• i ... ~~ ... ~~. . , 

f:tt~.'~ 
, , 

~::.g.~'~; , , , 
NeIIl .... 1 -;;':.~~:'~~ 

, 
~- • ' _ a _ '.' .... -. , 

.. ~ (":>. ,,, /. • ~" .. 1 ... i , 
~'/- .~ .. ~ , I __ J:._' 

ISII • .,T" W .... w_ w_ , .. I .... w . ... .,- ;..":~ 
lit St ... W .... POI' ! ..... MInI_", "M "-

,",kb_ • ,- ,- .- ,- .... • • , " ... Slim 'M lin, fl. Sq. Fl. Sq. Fl . Sq. Fl . ,- ... 
" .... >- .... .... .... Sea. fl . W'"' ... I,. I,. I,. I,' u.. u.. ... u.. "" u.. I n.~ I,. I,. 

3 2» .210 .210 1M 5.0 20.0 "" 1.9 21.9 45.4 83.' .76 1.74 
3 3 .240 .1875 1.44 4.9 19.8 "" 1.9 21.5 51.1 101.9 .95 2.05 
3» 3» .240 .1875 1.77 '.0 20.6 "" 1.9 22.' 51.8 151.0 1.11 2.39 

TEES 

-------) 
, ----oJ , 
• I 

----.,'!- , , , , , , , , 
~ , , 

i 
, , .,. 

~ 
.18'1~· ~ .,... . '? , , , ., , , , , 

'10), ",. 
, , 

, 
~ 

, 
~ 

HI', , 
~ 

, '. : , 
!~ '-- " fu 

, 
~L ." ,. I ~ , .. , • • . , , . , ' 

:.--- -- ----3"------ ---~ 1".----- ----3"------...... Lt------- - --3~"--------'''' 
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T·TRI·LOK SLABS 
UNIT STRESSES IN STEEL AND CONCRETE 

,. POUNDS PER SQUARE INCH 

3~" T·TRI-I.OK 3" T-TRI-LOK Ui" T·TRI-LOK 
-

"-
H 211 Load;., H 15l_ln.g H 20 Load'"11 H 15 Loadlnt H 20 Loadlnt H 15 LlMIdin, 

'. '. '. '. '. '. '. '. '. '. '. '. 
2'- 0" '35 2335 25' 1759 425 2957 '21 2227 578 3786 435 2849 
2'- 3" '75 2615 283 19n 476 3311 359 2494 647 4238 487 3190 
2'....,...s" 415 2992 313 2181 527 3661 397 2759 715 4685 539 3529 
2'- 9" 455 3167 34' 2390 577 4008 435 3022 783 5128 590 3885 
3'-Q" 494 3439 373 2597 626 4352 472 3283 641 4197 
3'-3" 533 3709 402 2802 675 4693 510 3542 691 4527 
3'-6" 5n 3977 432 3006 724 5031 547 3799 741 4885 
3'- 9" 609 4243 461 3209 n2 5366 583 4054 
4'-0" 647 4507 490 3411 "" 5698 "" 4308 
4'-3'/ 685 4768 518 3611 867 6027 656 4562 
4'- 6" 722 5029 547 3810 914 6354 692 4809 
4'- 9" 759 5285 575 4007 961 6678 728 5057 
5'-0" 795 5541 605 4213 1007 6999 763 5303 
5'-3" 632 5795 632 4399 1053 7318 798 5548 
5'-6" 868 6047 659 4593 1099 7635 833 5791 
5'- 9" 904 6297 687 4786 1144 7949 868 6033 
8'-0" 940 6546 715 4978 1189 8261 903 6273 
6'-3" 975 6793 742 5169 937 6512 
8'-6" 1010 7038 769 5359 971 6749 
6'-9" 1045 7282 797 5548 1005 6996 
7'-0" 1080 7524 824 5736 1039 7220 

2" T-TRI-LOK- UNIFORMLY LOADED 

2" I( 2" I( ~" Tees, 4" Cente rs. Concrete Flush 

SPAN IN FEET "". u..~ ...... ...... ..... ' &'- 1" ...... &'-8" r .... ' ..... ' . .... ' 
Sc!. ft. -

'. '. '. '. '. '. '. '. '. '. '. '. '. '. '. '. '. '. 
100 115 1101 1451394 179 

,,. 
217 ~ 258 '" 303 poo 351 m 459 ~. 581 5574 

150 172 165 21820~ 267 581 325 387 n 454 361 527 505 ... 
~l 200 229 220 290 78 359 po41 434 16 

516 "" 
606 581 703 674 918 

250 287 753 368 3484 448 301 542 204 6456194 757 726 
300 344 30 3436 F 81 538 5161 651 24 n4743 
400 457 404 581 5574 717 ... , 868 ~2 I 

In the ta.hlcs the Itl"688 t. tor concrete IU\.I!I been kept below 1200 pounds foc the 3" and 
T -T rt-Lok scctlona, and below 800 pounds for the 2;i" IIOloCtlon. 

3;i" 

n. ratio or modulus of el:ultlclt~· of stool to concreto _ IS. 
Loads above hoa."y IInOli wlll not produco eXC(lS$I"e doHllCtlons. 
Jo'or full Infor mation _ booklot 'r_Trl_Lok I1cldge Floor CO!llltruCtlOn. 
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LIGHT WEIGHT BEAMS 

A growing demand has been indicated in the last few years for 
beam and stanchion sections lighter than standard , or the new 
popular GB wide flange sections. This need has been filled by 
Carnegie light beams and joists which are now available. They 
will be found very useful and economicaL in the design of ligbt 
floor or roof systems for buildings such as apartments, office 
buildings, school houses, and residences, or other construction in 
which a light-weight firesafe floor is essential. 

The application of these light-weight sections develops itselC 
into two broad classifications. 

First. The first is that in which the beams are used in the same 
manner as standard-wcight structural shapes to transmit floor or 
roof loads of a floor panel into main supporting bcams or girders 
of a steel frame building. In this application, the light-weight 
beams are used at relatively wide spacing such as 37'2 to 6 feet on 
centers, and the material of the supported floor slabs, either con
crete or gypsum, is usually carried around the beams as an 
enveloping fireproof encasement. In this class of construction, 
tbe ends of the beams are usually securely rivcted or welded to 
the carrying girders, and the beams themselves are of sufficient 
size and stability 80 that no special bridging or bracing of the top 
flanges of the light beams is rcquired eithcr during or after con
struction. In this classification, tbe spans are generally moderate 
in relation to the depth of the beams, due to the relatively wide 
spacing requiring beams of considerable strength. 

Second. The sccond classification is t hat in which they arc 
used at relatively close spacing as joists on maximum permissible 
spans for the dcpth of beams, and usually in wall bcaring con
struction, such as school houses, residences, and two or three-story 
apartment houses, office buildings, or light mercantile structurcs. 
In this classification, some form of fireproof slab usually rests on 
top of the beams or joists with tbe top flangcs embedded some 
distance in the under side of the slab. There is generally no fire
proof encasement around the beams, the sides and bottoms being 
protected by a fire-resistive ceiling made up of metal lath and 
several coats of plaster-the base or scratch coat preferably being 
Portland Cement plaster. 

I n this class of construction, cross bridging of the beams or 
joists and the proper staying of the top flanges is of extreme 
importance, especially where the ends of the beams rest on simple 
bearings and are not restrained by riveted, bolted or welded 
connections. 



Designers should carefully consider flange width in relation to 
span, and should providc bridging at proper intervals at least as 
a construction expedient. While floor slabs, after hardening, will 
provide adequate bracing to the top flanges of the beams, it is also 
desirable and good practice on very long spans to provide some 
means of preventing the beams from moving laterally. This can 
be accomplished by the conventional type of cross bracing, or by 
bridging beams or diaphrams cast between the beams integral 
with the fire proof slabs. Due to the relatively close spacing of the 
light beams or joists in this form of construction, end reactions arc 
light, so that heavy load concentrations on walls a rc avoided. 

Continuous Spans- School Buildings. These new light-weight cn 
beam and joist sections permit the design of continuous steel 
beams over the typical school house arrangement of two classrooms 
separated by a corridor. Where continuity is thus secured over 
the two center supports, decided economics are possible. Carnegie 
Steel Company has analyzed and presented this problem in a 
separate pamphlet. It prescnt-s all formulas necessary for determ i ~ 
nation of maximum bend ing moments, reactions at various supports, 
deflections and shears for various conditions of loading, together 
with useful ta bles prepared on the basis of reasonable assumptions 
for loads, from which proper selection of sections can be made. 

The advantages and economies possible through using con~ 

tinuous beams in schoolhouse construction warrant their thorough 
investigation and consideration by every designer. 

General. All Carnegie light beams and joists arc designed 
with webs of sufficient th ickness to provide ample resistance to 
shear and buckling when loaded to full bending moment capacity 
on all but the very shortest spans. The rigidity of construction 
and deflection are comparable to the results obtained with standard 
or wide flange beams of similar depth when loaded so that extreme 
unit stresses in the beams are equal. 

For profiles and dimensions, 8C(l pages 22 and 23. 

For allowable uniform loads and detailing dimensions, ~ee pages 
230 to 233. 

3 7 Gb 
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OPEN WEB STEEL JOISTS 

In recent years there has been 8. marked development in steel 
joists made up of baTS or small shapes to form trusses. These 
joists are adaptable for bearing on masonry walls, steel beams, or 
girders to suit various conditions. One notable feature is the fact 
that the open web affords a space for running conduit for electric 
wiring or pipes for heating or water systems, or even sewer lines 
in any direction. 

The sizes of open web steel joists are standardized in accordance 
with Simplified Practice Recommendation No. R 94-30 of the 
Bureau of Standards of the United State8 Department of Com
merce. 

The table on page 382 gives the standard designations together 
with the maximum resisting moment in inch-pounds, the maximum 
cnd reaction in pounds and safe load in pounds per foot per joist 
when designed in accordance with the stresses recommended by the 
American Institute of Steel Construction. 

Tensile stress _ 18,000 pounds per square inch. 

Compressive stress - 18'00:, with a maximum of 15,000 
1 + 18,000 r~ 

pounds per square inch, in which l is the ut)supported length of the 
member and r is the corresponding least radius of gyration of the 
section, both in inches. 

Joists longer than those shown in tables are not manufactured. 
Joists shorter than those shown in tables are made when for any 
reason it is not practical to use shallow joists for shorter spans. In 
computing the carrying capacity of shorter joists, the end reaction 
should be divided by one-half of the span to determine the safe 
load per linear foot. 

The tables show t he overall dimensions, maximum and minimum 
spans, and other data pertaining to the joists manufactured by the 
leading producers. Detailed data as to the properties of chord 
sections, etc., may be obtained from the catalogs of each manu· 
fa.cturcr. 



Steel joists are designed with the assumption that the top chord 
will be stayed laterally with concrete slabs at least two inches 
thick. 

No material should be used as centering for the top slab which 
must be stretched across the top chord of joists or which will exert 
an undue lateral pull on the top chords of the joists during the 
pouring of concrete. 

Steel joists arc not intended to act as structural members except 
as temporary supporting members during construction. With steel 
joists just as in the case of wood joists, t he lateral support of the 
top deck is an essential element of construction. The performance 
of a steel joist floor construction can only be dctennincd by apply~ 
iog the top deck and testing with a uniform load. Concrete decks 
of quick setting cement can be tested at the end of 24 hours. 

The spacing center to center of steel joists should not exceed 
24 inches for floors, nor 30 inches for roofs. 

The end bearing of steel joists should not be less t.han 2J.1 inches 
on steel members, nor less than 4 inches on masonry. 

Before being bridged, st.eel joists cannot be expect.ed to sustain 
considerable loads, especially moving loads common in building 
construction . Loading of unstayed joists may easily result in con· 
struction accidents. The safety and success of the work depends 
largely upon the faithful installation of t he bridging. 

NUMBER OF LINES OF BRIDGING 

Up to 14 feet 
14 to 21 feet 
21 to 32 ·feet 

Nl.lmber of Lines of Bridging 

One row ncar center. 
Two ro",~ at ql.larter points, approximately. 
Three rows. 

Each line of bridging should be capable of transmitting 500 
pounds from anyone jOist and distributing it between the two 
adjacent joists. 

T he concrete should be placed in strips at right angles to run of 
joists. Placing in strips parallel to joists results in severe lateral 
stresses, which are liable to pull joists out of place and lead to con· 
atruction accidents. 

Cutting of web members or parts of chord sections from open 
web joists must not be permitted under any circumstances. 

.. , 
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OPEN WEB STEEL JOISTS 

ALLOWABLE TOTAL LOADS IN POUNDS PER LINEAR FOOT 

STEEL JOIST INSTITUTE STANDARDS 

Adopted Aug. 20, 1929. Effective Jan_ 1, 1930 

Am • • lca" 1 " stltu U of St~ 1 Conlt ... "tlon U nit 5t .. , ... 

' :-:::::" SJ SJ SJ SJ 1 SJ I SJ SJ I SJ ! 5J I5J I SJ I SJ ~J ~J O~gnat:'" 81 82 102 103 104 U3 124 125 ~ 145 1146 147 166 167 

Depth, Indo.. I.......!... 8 _ 10 10 10 12 12 ~ 12 14 ~4 ~ 16 16 
Railing 
Moment. 2UIJI SUOO $l,IJOO 82,000 l00.mo 92,000 115.000 142,000 175.000 156.00(121)5.000 248.000 232.000 281,000 

Ine/I _PouncII _ 

Maximum 
End R--', ...... 

, 
5 

• 
7 

• • 
10 

U 
12 
13 

" 15 

16 
17 
11 
19 
20 

21 
22 
23 

" 25 

26 
27 
28 
29 

" 
11 
32 

l B01) 1800 

800 
640 

530 ' 
402 
308 ,..I 243 
197 

162 289 
137 243 
116 207 
100 178 
87 155 

n 137 

292 
248 
214 
187 243 2n 

164 213 "" 240 
14' 189 230 212 
130 169 205 189 
116 151 184 170 
10' 137 167 153 

139 
127 
116 
106 

l4IIO 13200 ... 

I 
236 I 
212 

1
288 

192 237 260 

174 215 236 
158 196 241 215 

14' 179 221 197 258 
133 164 202 180 237 

166 218 262 247 

154 202 243 229 
143 187 225 212 257 
133 17. 209 197 239 

184 223 
172 2tI8 

I 161 1195 
151 183 
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GABRIEL OPEN WEB STEEL JOISTS 

, 

~:f-==~~~-~~~-==~-==~-==~-~~~-Jt'=S--1--i--~:-~-r-
Lw): i i ~- 1 ~., :! 

~-- 5'---H ~ ..., 'I iE d D ' 
i i j '~~ A h- , ~: [: I 
: :' .4Y>~'/'l':' ! : i - , . ----~-=-.' ~'l'-
I I I ' 
I I I ' , I , I 
~---4'---_-l--- ------ --- A--- - - - - - -. - __ >It_ -----

-+~.L ___ ~~~=~~~~-:.:---:J Span (Variation of 2") 

"'" ,~. Chotd Ateu 

I 
End 011 ..... , 

- --- ---, ... 
0 ~ 

W A G_ ." 
"" 

Min. M~ d ,~~ 
~~ .... 

---f-=-c- --
Ft.-I'" Ft.-In. ,", ,. ,.' ,.' ,. 

~ 
In," ,.' --

SJ 81 4-<l 16-<J 8 7.53 .410 .360 2~ H .219 .172 
SJ 82 ' -<J 1!H1 8 7.47 .528 .442 3 H .250 .203 
5J 102 9-<1 20- 0 10 9.47 .S28 .442 3 1--3 .250 .203 
5J 103 9-<l 20-<1 10 9.41 .64' ."6 3 1--3 .250 .203 
5J 104 9-<1 20-<1 10 9.35 .745 .620 • 1--3 .281 .234 
5J 123 13-<J 23-<J 12 11 .41 .64' ."6 3 1--4 .281 .234 
5J 124 13-<J 24-<J 12 11.35 .745 .620 • 1--4 .281 .234 
SJ 125 13- 0 24-<l 12 11.29 ,845 .705 • 1--5 .313 .266 
SJ 126 13-<J 24-<l 12 11.23 1,090 .910 '" 1--5 .344 .297 
5J 145 17-<J 26-<J 14 13.29 ,845 .705 • 1--5 .313 .266 
SJ 146 17-<J 28-<J 14 13.23 1.090 .910 ' J> 1--5 .34' .297 
5J 147 17-<J 28-<J 14 13.19 1,290 1.160 4!A2 1--5 .375 .328 
SJ 166 2H 3O-<J 16 15.23 1.090 .910 ." 1--6 .34. .297 
SJ 167 2H 32--0 16 15.19 1.290 1.160 ' J> 1--6 .375 .328 

--- ---
Oabrlel Joist" are built to the job spans with One Inch ,·arlatlon on each end. 
Chord Sectlons ss shown in table are combIned ,,·lth specIally doogned V-shaped diagonals. T he 

olendemCM ratio of the dIagonal. havo bIlen I"<)dUM to a mlnhnum. 
Vertical Brldglng Struts are IntrodUM at ostabllshed panel poInts to moot tbe roqulrcm('nts for 

bridging. 
Standard A. S. O. E. Rall Sections. rolled from now blUet Btocl. "tmctum] grade, are silt lon.:it lldln

ally to produce tho uact kill and botwm chord soctlona] are;)..'! roqulred for eaeh ca>!C. 
Special J oIsts al"<) manufactured In a ll dopths ror shorter spans than given, when It Is desirable w 

have jol$ts of unlterm depth. 

I. ~----------------------~ 
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HAVEMEYER OPEN WEB STEEL JOISTS 
M ... "'.rt ....... by Co"c ... t . 5tH ' Company 

XI:~, ~,~, ~s==n:'Fi'--" [? 

-W; , I , 0 
*--- 4· "'';'- 3''--'''; , 
, I , ' 

-------"1'----1 ~ ! 
, , , ,/I , , , , ' , , , ' , .. -----------E-- ---------""'--- --- ---P- - --- ----... 

L ____ ~~-~ ~ ~= === -. ~ ~ ~} Span (Variation of 6") 

PROPERTIES OF HAVEMEYER TWIN- TEE SECTIONS 

,K-r-·B··-,.J(~ 

l] '''' u" '"" , Ji So: 
U . I. t _ .It 1 

, , T I 1. _________ - w------- ----~ 

-"" 
SJ 81 
5J 82 
5J 102 
SJl03 
SJl04 
SJ 123 
5J 124 
5J 125 
SJ 126 
SJ 145 
SJ 146 
5J 166 

Min. Mu.. 

Ft.-I ~. Ft..-I n. ' 

4-0 
4-0 
4-0 

10-0 
10-0 
4-0 

12-0 
12-0 
12-0 
4-Q 

14-0 
4-0 

l Hl 
lHl 
2O-Q 

2O-Q 

2O-Q 

24-0 
24-0 
24-0 
24-0 
28-0 
28-0 
32-0 

o 

'0, 
, , 

10 
10 
10 
12 
12 
12 
12 
14 
14 
16 

Sec- w~ 
lion ptII" W 

Nu.... r oot 

bw u... In. 

1 1.37 1.75 
2 1.63 1.84 
3 1.96 1.87 
4 2.36 2.29 
5 2.62 2.48 
6 2.88 2.68 
7 3.44 2.88 

p 

T 

,. 

", ", ", %, ", 1\, 
.%. 

E 

H 

,. 

" .", 
II 
II, .", 
" 'l<, 

Min. Mu. 

'0, 
, , 

10 
10 
10 
12 
12 
12 
12 
14 
14 
16 

In. In. 

, 
8 

11 
11 
11 
12 
12 
12 
12 
15 
15 
17 

11 
11 
15 
15 
15 
15 
15 
15 
15 
21 
21 
24 

B 

,. 
l<, 
II 
\I 
II, 
II, 

" " 
,~ 

''''"' ...... ..... 
1 
2 
2 
3 
4 
3 
4 
6 
7 
5 
7 
7 

Ar_ AxlI,_, 
K s'::lot I r 
In. 1n.1 I ... • In. 

%. 0.40 0.00 0.13 
%, 0.48 0.01 0.16 
1h 0.58 0.01 0.18 

8","28 0.B9 0.02 0.20 
%, 0.77 0.03 0.21 
%~ 0.85 0.03 0.21 
% 1.01 O.O~ 0.24 

, 
,. 

0.16 
0.19 
0,22 
0.24 
0.25 
0.24 
0,27 

-''''"' Section 

Olameter !II Will 

End Interior 
MtombfrI Memb ... ""-

1 
1 
1 
2 
3 
2 
3 
4 
6 
4 , 
6 

''''' ''''' 
lI, 
~~o 
l<, 
lI, 
II 
II 
II ", II, 
II, 

" " 
Havemeyer Steel J ol.5ts are mado In span lengths varying by 6 Inches from minImum to maximum 

M given in table. 
Top and bottom chorda oonslBt or special roUad tw1n-tee ~Iona. Web nwmOOn are round ban: 

bent Into the form of a Warren trnBII. 
Section Numbers tor ChaM and diameter\! or the web ban: tor variOUll 11_ or joists are ,bown ln 

lower tablo. End F!Uer Soctioruo arc J.1i.lnch pla«le ben t " I} " shapO. 
J oists aro aMembled by moa.ns of eJOO1.rlc .. eldlng. 
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MACOMBER OPEN WEB STEEL JOISTS 
M. n"r. ctuNC! by th. M.""m .... 5_1 Com!>","" 

Jw.~F·--WEB 2V4~X~' , 
, " , , " . ' . ' , "'-W-" r---4---':'"---- 6-- ---4 , 

1..---- __ -110"- --- ---- -.l 
, 

, ' d , ' , ' , : 
I , , , , , , 
I 

, , , :..-- --c-- --..;..--- ------ -p -- - ------..: , , 
L _____ ____ ~~=~~-_-~~===-JSpan (Variation of 12") 

.... ,~ ....... "'" , .. 0 d .... '"'" C P W W~ 

",. Min. M~ ". .~ .~ --- ---
Ft.-I n. " .. I. I. I. I. I. I. I. I. 

---
SJ 81 4-<) 18-0 aoo 7.583 .454 .38' • 12 1.875 .497 
SJ 82 10-<> 18-0 8.12 7.582 .5" .497 • 12 1.875 .491 
SJ 102 12-<) 2IHl 10.00 9.466 .5" .497 • 12 1.875 .570 
SJ 103 lHi 2IHl 10.06 9.463 .625 .5" • 12 1.875 .5" 
$J 104 18-0 2IHl 10.13 9.467 .700 .625 • 12 2.875 .625 
$J 123 lHi 24-<) 12.00 11.397 .... .534 9 12 2.875 .625 
$J 124 16-<) 24-<) 12.03 11.382 .700 .598 9 12& 18 2.875 .625 
SJ 125 2IHl 24-<) 12.07 11.368 .740 .... • 12 & 18 2.875 .740 
5J 126 22-<) 24-<) 12.14 11.367 .810 .140 9 12 & 18 2.875 .740 
SJ 145 19-<> 28-<) 14.00 13.296 .740 .... 9 12 & 18 2.875 .740 
$J 146 23-<) 28-<) 14.07 13.295 .810 .740 9 12& 18 3.875 .740 
SJ 147 'HI ,0-<> 14.15 13.298 .667 .810 9 12 & 18 3.875 .81 0 
SJ 168 ,S-<> 32-<) 16.00 15.225 .810 .740 9 12 & 18 3.875 .810 
5J 167 27-<) 32-<) 16.08 15.228 .667 .810 9 12 & 18 3.875 .810 

Macomber JollltB aro mlUluraeturod ror oach root In length from minimum to maximum . pan given 
above. LDngth of loin II I '-8" greater than minimum and 8" mOr(l than ma.:dmum l pan. Alljolsts 
are designed to ha.ve a vulatlon of I '..()" and maintain minimum end bearing o r 4". 

Jol8t.s less than minimum a", mado to order. 
Ohord !>I cmbers OOruli.\lt or two round bars ; webs, ono round ba.r. 
Tho dlametel'll or tho IIIt.crlor web mombers vary In size In the same tf\l/lll. 
All Jollltli are electrically l'\'clded, 
Symbol8 oonsist or ,joist type number oouploo with Ipan In rOCt. 

EXAMPLE' 82-15 I. WP<l 82 Joist. minimum .pan 15'.(1" , ma:dmum lpan 16'.(1" and is 16'-8" long. 



38. 

TRUSCON OPEN WEB STEEL JOISTS 
M anuf."'tur-ed by Truocon 5tH I Compa ny 

X~~_:·ki.~~~===~: f===A~T F 
, , I :'-l,4" Uole · : s 
'+ W <l "-2"- ~ t· I' , .• 

I I I I ..... 
I : I I : 0 
~ 4 ' min.-~ : -5 
'. , I Co 
~-5% maX".-~ "y/ Min. Clearance <;> 

: : ? . , 
: : __ 1", ~ 
~-------- Exterior Panel, M--------..4.---Interior Panels. N···..!.· 
~-- -------- Overall Lcngtll = (~lultiplc of N) + 2M -"-.-----

. ,.--------W------- .... 

'~§t:::r'T n-- -%" ~~ ____ ~] 
. ..:%":.-

~ :o-------:rr--------: .i
T r~ ~:_l~¥ 

"'. ,~. 

SJ Bl 421 
SJ B2 422 
SJ 102 422 
SJ 103 423 
SJ 104 424 
SJ 123 423 
SJ 124 424 
SJ 125 425 
SJ 126 426 
SJ 145 425 
SJ 146 42G 
SJ 147 427 
SJ 166 426 
SJ 167 427 

Bottom: I Jois! 
Cbord Depllo 
Seetlon _, 
Numbe. IlL 

421 
421 
421 
422 
423 
422 
423 
424 
425 
424 
425 
426 
425 
426 

• • 
10 
10 
10 
12 
12 
12 
12 
14 
14 
14 
16 
16 

k llon I '"-
421 
422 
423 
42. 
425 
426 
427 

, .. 

PROPERTIES OF CHORD SECTIONS 

WoI"" I k~ A,I. I·t 
O. W T H • --
,~ Section I '-

, 
- -

co .. ... , .. , •. ,.' In.' , . ,. 
--

1.33 214 %2 I%~ 0.39 .0066 .13 .18 
1.67 2)4 l ~fH I%.. 0.49 .009 .14 .18 
1.98 2J..i %..1 ~ 0.58 .018 .18 .21 
2.45 2)4 '%< ~ 0.72 .025 .19 .22 
3.03 2~ )4 ~ 0.89 .031 .19 .23 
3.48 2~ )4 )4 1.02 .074 .27 .31 
4.27 2% '1ft )4 1.26 .092 .27 .31 

Ltftgthl lw &t .. lor Plnol .. M, lodlc!oled by Sul'llll ~ .... 

i~::A-I~B-I~C DI _~ _ F_ 
FL· tn. Fl._I n. Fl._I n. FI.-l n. Ft-In. FL_ln. 

N 

". 
9 1- 234 1- 4 T- 5~ 

9 1- 2,\1 1- 4 T- 5J.i 
11 7'8 1- 4% 1- 6}8 1- 7% 1- 9y-s 
11 .\1 1- 4% 1- 6y-s 1- 7% 1- 9.!1 
11 M' 1- 4~ 1- 8M' 1- 7'.4 1- 97{ 
13% 1- 7Ys 1- B% 1- 10.\1 1- 11 % 2-1% 
13% 1- 7}i 1- B% 1- 10}8 1- 11 % 2- 1.!1 
13% 1- 7}i 1- 8% 1- 10}8 1- 11 % 2- 1Ys 
1 3~i 1- 631 1- B~ 1- 9% 1- 11 rg 2-{)% 
15H 1- 9Yi I - lOX 2- 0)4 2- 1 ~ 2- 3)4' 2-4% 
15H 1- 9~ 1- 10% 2- 0)4 2- 1 ~:i 2- 3)4 2-4% 
15)4 T- B7i l - TOJ4 1 -11 ~ 2- 1J4 2- 2% 
17% 1- 11 % 2- 0% 2- 2% 2- 3}i 2-5% 2-6% 
17}i 1 11 % 2- 0% 2- 2% 2- 3}i 2 5% 2-6% 

'I' ho d6!!lgn of tho 'I'rwICOn Steel J olllt Is that of a Warren truss. The top and bottom chorda con
rut of hot rolled s(>6<:ial Ul<l bani. Qxccpt tor light trusses. having a depth of ten In<:hOB or less, whom 
oohl rolloo 8OCtions 421 and 422 lOr(! used. Web memooM! aN round baM!. 

Jolsl .. 101'6 assembled by mean.!l of eloctr1c forging. 
J oist length .. call 00 lTl3.de to suit any span with tho oomblnatlon.!l of panels shown In aOOV(l table. 
The oomplete d08lgnatlon or a Joist Is shown by oomblnlng tho " J oist 'I'YI>C," tho numoor or Interior. 

o r N, llanels. and thn prol)('r 8uffix lotwr to Indicate length of tile exterior l><Inol , M. 

E X'''' VLE: 125-08 C 1'6111'1l1'rentJI a jOist. tyllC 125. with 8 Interior l><Inols and oxt<lrior Ilaneis of 
' I'n;:;t!!. C. makllll: a n o ,'orall dlm(lllslon of 12'_9 ! ..... 



KALMANTRUSS OPEN WEB STEEL JOISTS 

, , , , , 
t...v- min .... - - --- - - - - ---- -- -- - - --- --Span - - -- --- - - - - - - - - - -----

"'--- .---~ 

. -------- -_. ---_. p_. - --------- ---

3.7 

• , , , , 
" " Ii 

t--'K I L I M U:U::'---,-T +"-=U'--
In. I In. --:--1 In. In. In. I", 

o _G_I~ H 

~1 :~~ :8 
5J 12 4--0 
5J 12 lHl 
5J 125

1 
12--0 

SJ '~ 12-<1 5J 14 4-8 
5J 14 14--0 

8J I i 5-4 

1H1 

''''' 21HI 
21HI 
24-<1 
24-<1 
24-<1 
24-<1 
28-<1 
28-<1 
32-<1 

8 
10 
10 
10 
12 
12 
12 
12 
14 
14 

16 

,. ,. 
1.492 1.625 
9.554 1.625 
9.353 1.680 
9.370 2.000 

11 .46 1.680 
11 .468 2.000 
11.275 2.125 
11 .295 2.625 
13.385 2.125 
13.391 2.625 
15.377 2.667 

,. 
.280 
.274 
,348 
.369 
,337 .... 
,406 
.424 
.391 
,408 
.462 

-- - -+--
.620 
,700 
,663 
,665 
,765 
.787 
,102 
,71)4 

,'" 
,83' 
.855 

,120 
,120 
.145 
,150 
.145 
,150 
.162 
.170 
.162 
.1 70 
.170 

.244 

.244 
,2n 
.301 
,m 
.301 ." .370 
,322 
.310 
.370 

16 
20 
20 
20 
24 
24 
24 
24 
28 
28 
32 

.657 1.205 

.579 1.115 

.832 1.413 

.869 1.444 

.n5 1.275 

.756 1.306 

.975 1.665 
1.025 1.715 
.832 1.527 
.882 un 
.868 1.563 

4.38 
4,34 

'.02 
5.18 
4,99 
5.14 

"n 
6,03 

"n 
',98 ",., 

Tho I{almantrua JOI8~ " a lightweight doublo lattice InI9I. t ho body or .h1ch la mado from a 
sLngLo piece o r lte(>\. 

his m:t.nuraeturcd from .. lpecla l 8bapO by a oontinUOIll hot rolllo.ll: pl'()C)lllOt, In whlch tho web Ia 
.cored and tho shape roLled out w tho requIred depth or tl'USll. 

Tile end. are fabrlcatod by beodlng UP the bottom chord and Ill8ertillll veni<:alltruta. 
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CONCRETE AND REINFORCED CONCRETE 

CONCRETE is a mixture in which a paste of portland cement 
and water binds fine and course materials known as aggregates 
into a rock-like mass as the paste hardens through the chemical 
action of the cement and the water. 

The aggregates afC essentially inert. The paste is the active 
clement from which concrete largely derives its useful properties. 
If strong concrete is desired, the paste must develop high strength 
when hardened. If watertight concrete is required, the hardened 
paste must itself be watertight. 

When portland cement is mixed with enough water to form a 
paste, the compounds of the cement react with the water to form 
new compounds which adhere to each other and to the aggregate 
particles to form the binding medium which gives concrete its 
useful properties. To complete these chemical reactions three 
things are required: time, favorable temperatures and the con
tinued presence of water. When these three conditions are fulfilled, 
the concrete wi.ll cure properly; otherwise the curing will be 
deficient. Only a certain amount of wat.er can be combined with 
the compounds of the cement and any wat.er in excess of this 
amount dilutes the mixture and reduces its potential strength, 
watertight.ness and durability. 

Properties of the hardened paste are also dependent upon the 
characteristics of the cement, the relative proportions of cement 
and water and the completeness of the chemical combination 
betwcen thc cement and wat.er. 

When the aggregates and cement paste are mixed to form con
crete, the space between the aggregat.e particles must be complet.cly 
filled with t.he paste. Further, as a practical matter, the paste 
must be of such consistency that the mixture is plastic and remai ns 
homogeneous during transporting, placing and the hardening period. 

PORTLAND CEMENT is the product obtained by finely pulver
izing clin ker produced by calcining to incipient fusion an intimate 
and properly proportioned mixture of argillaceous and calcareous 
materials, with no additions subsequent to calcination excepting 
watcr and calcined or uncalcined gypsum. 

T he chemical properties of portland cement should not exceed 
the following limits: 

l.o8I! on ignition ....... . ............................. 4.00 per cent 
In!lOluble residue ...................... .. ............. 0.85 per cent 
Sulphuric anhydride (SO.). . . . . . . . . . .. . . . .. 2.00 per cent 
Magnesia (MgO) .... .. .... . .......................... 5.00 per cent 



Physical properties should conform to the following: 
•. The fftJidue on • atandal"d No. 200 5eve -.hall Dot exceed 22 per cent by weight. 

h. A pat of neat Clement ,halt umain linn and hard and abow no eig~ of di3-
!Ortian, cracking, checking, or disintegration in the mam te.t for eoundn-. 

c. The cement shall Dot develop initial eet in Iesl than 45 minute. when the 
Vitat needle is used or 60 minutes when the Gillmore needle ill used. Final 
eel ,hall be attained within 10 houl'll. 

d. The average tensile IItrength, in pounds per square inch, of Dot tell! than three 
atandard mortar briquettes compoeed of ODe part of cement and three parta 
of etandanl. sand, by weight, ,ball be equal to or higher than the following: 

7 1 day in moillt air, 6 daya in water ...... . 

28 1 day in moist air, Z1 daY' in water ...... . 

275 

350 

e. The average tensile strength of IItandard mortar 8t 28 day. Ih.n be higher 
than the . lrength at 7 day •. 

For further requirements see Standard Specifications for Portland 
Cement, American Society for Testing Materials, C9, and Standard 
Methods of Testing Cement, A. S. T. l\f. e77. 

Aggregate. Aggregate consists of sand, pebbles , gravel, 
crushed stone, blast furnace slag, or similar malerinls. If they 
contain soft, friable, thin, flaky, elongated or laminated particles 
totaling more than 3 per cent or contain shale in excess of 1]:.1 
per cent or silt and crusher dust finer than the No. 100 standard 
sieve in excess of 2 per cent, they shall not be used. These per
centages shall be baaed on the weight of the combined aggregate 
and if all three groups of these deleterious materials are prescnt, 
their combined amount shall not exceed 5 per cent, by weight, of 
the total aggregate. 

Aggregates shall not contain strong alkali or organic materia1 
which gives 8. color darker t han the standard color when tested in 
accordance with the Standard Method of Test for Organic Im
purities in Sands for Concrete, A. S. T. M. , C40. 

The maximum size of the aggregate shall be not larger than 
ono-fifth of the narrowest dimension between forms of the member 
for which the concrete is to be used, nor larger than thrcc-fourths 
of the minimum clear spacing between reinforcing bars. By 
maximum size of aggregate is meant the clear space betwocn the 
sides of the smallest square opening through which 95 per cent by 
weight of the materia1 can be passed. 

Water. Water used in mixing concrete shall be clean and free 
from strong acids, alkalis, or organic materials. 

·ss 

• 
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Metal Reinforeement. Metal reinforcement shall conform to the 
requirements of the Standard Specifications for Billct-Stecl Concrete 
Reinforcement Bars of Intermediate Grade. A. S. T. M., A 15, or 
for Rail-Steel Concreto Reinforcement Bars, A. S. T. :M., A 16. 
The provision in these specifications for machining deformed bars 
before testing shall be climin!\tcd. 

Wire for concrete reinforcement shall conform to the require-
ments of the Standard Specifications for Cold-Drawn Steel Wire 
for Concrete Reinforcement, A. S. T. M., A 82. 

Structural steel shall conform to the requirements of the Standard 
Specifications for Structural Steel for Buildings, A. S. T. M., 
A9. 

Cust-iron sections for composite or combination columns shall 
conform to Standard Specifications for Cast-Iron Pipe nlld Special 
Castings, A. S. T . M., A 44. 

Water-Cement Ratio. This is the ratio of the total quantity 
or water in the mixture, including the surface water carried by the 
aggregate, to the quantity of cement. T he ratio is exprcssed in 
U. S. gallons, 8% pounds to the gallon, per 94 pound sack of 
cement. 

When no tests of the materials have been made to determine the 
ratios, they should not exceed those given in Table I. These values 
are approximate and may need adjustment for proper workability. 

TABLE 1 
A SSU)IIW STlllllNOTIi OF CoSCRETE .!\1 IXTI} IIF.8 

Ratio 01 A~im.kMi1 ,-""' "",",,,,..c-.t, bt VoIllIIIUf 
u.8. o..u_to POHWMI ee-.I to CO:Dpr..,.;~. &nuc1b 

~ ".,., TalalA_ie. .12S o.ra. 
&d<ofCemellI ...... "'" r ......... per Sq ....... IIl.b 

-- -~ 

PLASTIO CONCRETE 
-

8)i 1 : 7 1,000 
7» 1 ; 6 2,000 
6~ I : 5)4" 2,500 
6 1 : 4~ 3,000 

MODERATELY WET CONORETE 

8U 

I 
I :6~ 1,000 

7» I : 5J,i 2,000 
6)i I :4~ 2,000 
6 I : 4 31000 

NOTlI: In InterpNtln, .boYo tahlo. 'mrl'ace water contained In tho aggregate mUlrt 
bo Included .... mort. or tho mixing water In oomputlng th" watel'-<:emQn~ ratio. 



Table 2 gives recommended water-cement ratios for concrete 
to moot different degreel'! of exposure. 

TABLE 2 

These requirements are predicated on t hlt use of concrete 
mixtures in which the cement meets the present standard speci
fications of the A. S. T. M. and to which an early curing is givcn 
that will be equivalent to t1mt obtained when protected from the 
loss of moisture for at least ten days at a temperature of 70 dcg. 1~. 
For less favorable curing conditions, correspondingly lower water
cement ratios should be used . The values are also bused on the 
assumption that the concrete is of such consistency and is so placed 
that the space between the aggregate particles is completely filled 
with cement paste of the given water ratio. 

Rtiflf ... ced StructU?<ll 

-."" H .. vy wan.. roc.. Thin wan.. W. ter T""I<$. -. 
Liahl SttuC\\>rol Membn, Pr-ure PiPfll, Found.tiono, 

b~",~ " ... "".-. I ...... ..... ........ Canal liN",,", a .. VJ Sedi.on. 
in Buildinp 

D __ 

Thin Settiono 

W.ter~t Rotlo. U. S. GoJ]oao per Sad,· 

Extreme. In severe dime.te~ as in 
northern U. S. Exposure to alternate 
wetting and drying, f~ing and thaw. 
ing, as at the water line in hydraulic 
structUre!!. S» S» 6 

Exposure to sea and strong snlphate 
watel'll in both severe and moderate 
climates. 

----
Severe. In .severe climates M ;. 

northern U. S. Exposure to rain IIoIId 
snow, ,., freezing and thawing, b", 
not continuously in contact with watcr. 

In moderate climRte8 R!I in lIOuthcrn 6 6 '" U. S. Exposure to alternate wetting 
Rnd drying, AS Rt wRter line in hydraulic 
structures. 

Moderate. In moderate dimatC!lR8 
in southern U. S. Exposure to ordinary 
weather, but not continuously in conlaet 6',4 6 7» 
with water. 

Concrete completely submerged, but 
protected from freezing. 

--
Protected. Ordinary enclOl!ed struc· 

tural memben.. Concrete below the 
ground II.nd not subject to aetion of cor-
rosive groundwlJ.ters or freezing Rnd 

7» 6 8li 

thawing. 
--

"Surface wa.ter or molstun'l earTled by the aggrQgate must be Included as part of the mlxlng 
wa.ter. 
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To design a concrete mix for any project select the water-oemcnt 
ratio which will produce concrete of the desired strength and 
resistance to exposure, and find the most suitable combination of 
aggregates which will give the neccssary workability when combined 
with cement and water in this ratio. 

The design of a. concrete mixture involves several steps as follows: 

L Selection of Water-Ceme:nt Ratio. Knowing the degree of 
exp~ure to which the concretc will be subjected and also the 
required strength, the amount of mixi ng water to be used per Back 
of cement can be selected by reference to Tables 1 and 2. 

2. Conalsteney. The amount of aggregate which can be 
added to tb~ quantity of mixing water selected per sack of cement 
is limited by the consistency required for proper placing. A measure 
of tpis consistency is the slump test described undcr Tentative 
Method of Test for Consistency of Concrete, A. S. T. M., D138-26T. 
Recommended slumps for diffcrent ty~ of structures are as 
follows: 

TABLE 3 

Slump iD InollM 
Type of Struewrt .""'"- ..... -

M •• h·e IleCtiolll, pavements and 8oor1llaid on ground .... ... 1 • 
Heavy slat., bea~ or walla .•...... ...... ...... . ........ . 3 6 
Thill wan. and oolumlll, ordin.a:ry slab. or be&1lUI ........••.• , 8 

3. Agrregate Proportions. Table 4 indicates the usual limits 
in the proportions of fine and coarse aggregates for several 
sizes, using water-cement ratios of 7 ~ gallons or less per sack 
of cement, with plastic and workable mixes. 

TABLE 4 

R r,coIlMI:""DED PnOI'OR"I10l\S OF AOGREOATES 

M.limUIII SiH of 

""""'IDelMl 

~ 
~ 

1 and over 

Rallo of be' to total ~'" OD. buio of dry. f)(IlDl*<' '!'OI,,_ ....... ~"" 
0 .66 
0 .40 
0 .30 

0 .70 
0 .60 
0 .'" 

"The ftuer the und, tbo lower will be tbo pon:enta.ge requLmd. 



Dy making a few small trial batches, employing about 1/10 sack 
of cement, the proper mixture can be determined without difficulty. 
A given quantity of each aggregate (saturated and surface driod) 
is mCR8ured either by volume or by weight. A pasto is then pre
pared consisting of cement and water in the ratio selected, and the 
aggregates added to the paste until the batch has stifIened to the 
desired consistency. Several trial batches should be made to find 
t.he combination of materials which will give the best workability 
and produce an economical yield. Table 5 may be used as a guide 
in selecting a trial mix. 

TABLE 5 

TRIAL :Ml:UURM roll VARIOUS W"nR-CEJoIENT R..t.TI08 

W_.c-I Ra\io, .-- Trial W'" 0.,. C-- Vala_ 

0011_1* &ck , ... Moulmv.m bolA_a. NulIIIulll 9iH 01 A"""",,", 
111IcJr. 31aclloo 

Ji to 1 I : 2 ,3 1 :2 :3}i 
.~ 3 ,, ' l : l~ :2J.i I : 1~:3 • ,. , I : 1M: 2 1:1J.i:2~ 

}ito 1 I :2J( :37i I ;2~: 4 • 3 '" 1 : 2 ,3 1 : 2 :3~ • ,, ' I : l~: 2~ I : 1~ : 3 

~" I I '21f3~ I :2!,i: 4 ." 3 ,. , 1:2,,:3.l( I :2K :3~ • ,. , 1 : 2 ,3 1 : 2 : 3}i 

~" I 1 : 3 : -4 1 : 3 : 4~ 
,~ 3 ,. , 1 :2~ :3'" J :2~ : 4~ 

5 ,. , I : 2~ :3~ I :2U:3" 

Wnter-ccmcnt ratios indicated include moisture contained in 
the aggregate. 

Proportions are given by volume, aggregate dry and compact. 
Thus 1 :2:372 indicates 1 volume of cement, 2 volumes of sand and 
3M volumes of coarse aggregate. 

If the aggregates are to be measured in the damp and loose 
condition, they will occupy greater volume than when dry and 
compact. Amount should be determined by test. Approximate 
average moisture content for sand, 20 per cent; for coarse aggregate, 
6 per cent. 

For approximate proportions by weight, add 15 per cent to 
proportions of aggregate shown in the table. 

The mixcs are given 88 a guide only. The first batch should be 
made with measured water content and the proportions thcreafter 
adjusted to give the desired workability, maintaining the specified 
water-cement ratio. 

.9. 
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4. Determination of Moisture in Aa'gregatet. If the aggregates 
used in the trial batch were surface-d ried, while those used under 
job conditions contnin moisture, then allowance must be made 
for this facto r when adding the mixing water. 

An accurate method of finding this is to take t he weight of a 
small mClliIurcd amount of nggrcg!ltc, hent the same until the 
moisture is evaporated, then weigh again; the difference between 
the two weights is the amount of su rface water in the test batch, 
which amount should be reduced to pounds and then converted to 
gallons per cubic foot. 

If the above method is not used, the approximate quantity of 
moisture CRn be estimated from the values given in Table 6. 

TABLE 6 

ApI'IIOXIM\1'E QUA ~TITT OI' SURP,\CE WA'fJ':RCARfUr.D aT AVERAC r. AClClRI';GATUI· 

Very wet 8lWd. . . . . . . . . . . . .. ... ~ to I gallon per cubic r OC)t 
ModCl'aleiy wet .. nd . .......... . . about ~ gallon per cubic foot 
Moiet .. nd .... . .... .... about ~ gallon per cubic fOC)t 
Moist gravel or eruahed rock ........ ... about ~ gallon per cubic fOC)t 

·The eoaraer the aggregate, the 1_ free waur it .... ill carry. 

When very dry aggregates arc used, allowance may be made for 
tile ab8orptlOn which takes place in t he aggregate during the period 
of mixing and handling. For this purpose the absorption during 
a. period of 30 mi nutes may be used. Tests for absorption may 
be made or, in the absence of tests, average quantities given in 
T able 7 may be used as a basis. 

T ABLE 7 

APPROXIMATE Ao.soRPTION OF AOGlll',(IATE8 

Average eand.... .... . . . .... ... . . .. .. . 1.0 per cent by weight 
PebblN and cruahed limeatone.... . 1.0 per oent by weight 
Trap rock and granite. . 0.5 per oent by weight 
Porous aandstonc. ... . . ..... 7.0 per cent by weight 
VCl'y light and por<lue a.ggrega.t.e may be &II high aa 25 per oent by weight. 

Most aggregates as used on the job are damp fi nd contain more 
moisture t han the equivalent of the absorption. The amount of 
free moisture is found by substraeting the absorption from the 
total amount of moisture fiS determined by test. Thus, if moist 
sand is found to contain 5 pounds of water per eubie foot and has 
absorption of 1 pound per cubic foot, the effective quantity of 
water which becomes part of the mixing water is 4 pounds per 
cubic foot. 

5. Determination of Quantity of Mixing Water. The quantity of 
mixing water to be added for each sack of cement is obtained 



by subtracting the amount o£ water carried by the aggregatf's 
from the amount required for the selected water-ccment TUlio, 
or if aggregates nre dry, by adding the amount of wnter allowed 
for absorption to that. ratio, 

Ex.o.>ll'LlIi: Il)' trlnl tho proportIon of \'oIumOlJ dcterml!lOt\ la 1 :2:3 tor a wntcr
<:(lme"~ ratIo of 6 gllllo,,~ to tho lack of <:(lment. Tho 4 cubic foot of a.ggn}gllt.l'll (at tho 
Job lite·) will carry .. bout 1-, gallon. of ..... t.er (from T .. ble 6); then tim amount of 
mblng ... at.er to be aoJdoo la 6-1"", 01' 41 ~ plio .... . 

E .... " .... ": t.:fJO" mix of I :2:3 and wat.er-cement ra.tlo of 6 gallollll. To nnd the 
amount of mixing .... ater .... hell dry aggn.'I!"al~ a..., URIld. It tho a.gg~ato! weIgh 100 
l)Oumb )Joer cubic foot. then tho wat.er al:.orbO<l on tho balli, of I p('r <:(lilt by wl!/gbt I. 
100 J: 4 x .01 _ 4 pound. OC" ~ lallon. This mu!lt be added to the requIred 6 plio"" 
peo" aacl< of cement. maJdng a tolal of 6"fI gallo"" of mi.J:lng watcr. 

"To allow tor bulking or Inc-rOlUO In volumo duo to moi.tu..., In tho aggregatCII. soo 
Tablo 5. 

REINFORCED CONCR ETE DESIGN 

While the design of reinforced concrete structures is bu.scd upon 
the general princi ples of structural design, the numerous problems 
inyolved cannot be discussed in a general outline. For a complete 
analysis of the stresses occurring in reinforced concrete struct.ures 
and for other pt"Stctical considerat.ions, reference should be made to 
special t reatises dealing with the theory and practice pertaining to 
reinforced concrete structures. 

General Assumplions 

The design of rei nfo rced concrete members is usually bu.scd on 
t.he following assumptions: 

... Calculations Me made with refennoe to working stresrtell and lI&l"e loads 
rather than ,,-jth reference to ultimate Btrength and ultimate loads. 

b. A plane I!eClion before bending remains plane after bending, shearing dia
tortions being ncgleo:;tcd. 

e. The modulus of elasticity of conl'l"l'lte in eompreesion ill eonatant \\ithin tho 
limitll of working 8tr_ and the distri bution of eompreeo:dve 8t~ in beams 
is rectilinear. 

d. The moduli of elasticity of concnte in computations for the position of tho 
neutral axis, for the tellisting moment of bealllll, IUld for compreesion of 
concrete in columns, art' u follows: 

(I) It. that of lIted. "'hen the comprees;ve strength of the concrete at 
2S da)"s u~ 1500 and does notexoeed 2'200 pound3 per IJCjUAre inch. 

(2) Ir\~ that of stt'l!l, when the oomprelllJive 8trength of the concreto at. 
28 daya exooetk 2'200 and d06ll"not exceed 2900 pounda per 1JCjWU"e inch. 

(3) 1'1) that of stoo, when the compressive strength of the eoncrct.e at 
28 daye i8 greatl!r than 2900 pounds per square inch. 

e. In calculating lhe moment of reeiBlanC(! of reinforced concrete beams and 
elabll, the tellllile reaiatance of the concrete i. neglected. 

f . The bond between the concrete and the metal reinforcement remains unbroken 
throughout the range of working au--. Under oomprCllllion the two 
materials are therefore ,u'e!!IIed in proportion of their moduli of elasticity. 

p;. Initial etr.- in the reinforcement, due to eontrflction or expansion of the 
concrete, is Il~glected except in the design of roinfor«ld concrote eolumn~. 

••• 
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NOTATION USED IN FORMULAS 

Redang ular Beam. Reinfor;::ed (or Tens ion Only. 

;\" effecdve croee.eeetional area of metal reinforcement In tension in hearne 
or in oompl'(ll!l!lion in ooiumla, in square inehes. 

b width of rectangular beama, in inehee.. 
d depth {!'(1m eompl'flllSion . urface of beam or slab to center of longitudinal 

tell.8ion reinforcement, in inches. 
Eo modulut of elll8tieity of eoocreUl in compnlllBion. 
E, modulut of eluticity of atfll!J in lensiOD or oompreseion _ 30,000,000 

pounda per aquare inch. 

f, 

f', 

f, 

[ 

j 
k 

n 
p 

w 
• 

unit compteeaive atr08lJ in extreme fiber of concrete, in pounds per lIquare 
inch. 
ultimate compreasive stren&th of concrete at age of 28 daYB, io pounds 
per equam inch. 

unit teneile .!.tees in longitudinal reinforcement , in pounds per square 
inch. 
moment of inertia of It. seelion about the nenua! axis for bending, in 
inch""'. 

_ .ratio of lever arm of resiating couple to depth d. 
ratio of depth of ncutral uie to depth d. - .pan length of beam or slab, in inebe.. (See pt..ragraph following 00 
Sp&n Length.) 

bending moment or moment or resistance in general. 
E./ Eo _ ratio of modulUII of eluticity of at,e.:1 to that of concrete. 
AJbd _ ratio of effedivt! Arca of teri$on reinforcement to effective 
&I'1:a of concrete in be&mII. 

_ u~iformly di&tributed load per unit of length of beam Of alab, in pound!!. 
totAl dead and live load uniformly dlatribwted, in pound& 
depth from compnlllllion .urfaee of beam Of alab to result.&ot of com· 
prsve It..-, in inca 

T-Beama Reinforced fOr Ten.ion On11_ 

b width of flange, in inchee. 

b' - width of web or Item, in inch ... 
t thickn_ of flange, in inWes. 

(Other notation .arne II that for reetIDguiaz- he&m!I reioforeed for tenaion ooly.) 

Rettancuiar Beam Reinforced (or Ten. lon and Compreuion. 

A'. _ eff~tivo cl'QIIII-lI6Ctional area (If compreesive reinforcement, in l!qU&l'f! 

inchco. 
C total oomplllllllive .tr_ in concrete, in pound&. 
C' total ltrc811 in compressive reinforcement, in pound&. 
d' depth from compression ,urfaoe of beam or alab to center of comprelllJioo 

reinforcement, in inch.,.. 
f'. uoit compre!lllive IU- in longitudinal reinforcement, in pound!! per 

eqUATe inch. 
p' ratio of effective area of eompr.on reinforcement to effective area of 

concrete in bealJlll. 
I dcpth from compreadon lurface of beam or alab to III reeultant of com

pr8live aU-, in inches. 



Bond and Sh ear. 

a. angle between inclined web ban and axill of beam. 
A~ _ total area of web reinforcement in tell8ion within a distance of a 

(meaaured perpendicular to the direction of the web reinforcement 
bar), or the total area of all bani bent up in anyone pilUle, in &quare 
inchee. 

f~ unit tensile atress in web reinforcement, in pounde per lIQuare inch. 
Ia aum of perimetefll of ban in one ate, in inchee. 
• 8paciOg of web bars or atirrups meuured at the plane of the lower rein

forcement and in the direction 01 the longitudinal axil 01 the beam, in 
inchCll. 

T total tell8ile atl'e!!ll in longitudinal reinlnrcement, in pounds. 
u bond atretlll per unit of area of suriace of bar, in JlOunda. 
v unit ahearing Btress, in pounda per &quare inch. 
VI unit ahellring streBIJ permitted on the concrete of the web; the value 

depending 00 the anchorage of the longitudinal reinforcement, in pounds 
per aqu,,", inch. 

V total ahear, in pounde. 
V' total ahear producing It.reu in reinlorcement _ eJooe&l!l of the total Ihear 

over that permitted on t he concrete. 

Footinp. 

a ',ddth of face of oolulDD (U' pedestal. 
o projection of footing from face of column or pedeetal. 
r. permissible unit worlcing at ress in ooncrete O\'e r the loaded area of a 

pedest.al, pier or footiDl. 
Pa per rru.ible unit .ere. on pedeet.&l, pier or looting when the full area ill 

loaded. 
pi ratio of effective area 01 compr~\'e reinforcemont to effective area of 

concrete in compreaslon. 
A total area 01 top of pedeetal, pier or footing. 
A' loaded area of pedeetal, pier or looting at the column base. 

SPAN LENGTH 

The span length, 1, of freely supported beams and slabs, is 
genernlly taken as t he distance between centers of the supports, 
but should not exceed the clear span plus the depth of beam or 
slab. The span length for continuous or restrained beams, built 
to act integrally ,\\".th supports, is taken as the clear distance 
between faces of supports. Where brackets, having a width not 
less t han the width of the beam and mnking an nngle of 45 degrees 
or more with the horizontal axis of a restrained beam, are built to 
act integrally with the beam and support, the span should be 
measured from the section where the combined depth of the beam 
and bracket is at least one-third more than the depth of the beam, 
but no portion of such a bracket shall be oonsidered as adding to 
the effeetive depth of the beam. Maximum negative moments are 
to be oonsidered as existing at the ends of the span, as defined 
above. 
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REINFORCED CONCRETE BEAMS- FORMULAS 

Rectangular Beams, Reinforced for Tension only_ 

r . , .. , 
~, ' , M - '2 J'ol<Jbd' 

J _::!::.!l:j,cE;~~.IiT· 1!-. -, , ---b---

BaJancoed Relut()r(>!!ment: 

StC<:':! ratio, p _. , [ " 2. -..!.. + I] To nr. 

, i\I M 
• - A;Jd - IlJb\J ' 
t _ 2~1 _~ 

o Jkbd' k 

Tee Beams, Reinforced for Tension only. 

,..------b-.-----., ,... -f.-.... 

tltc!:
'-t .. ' '-j 

, j , , 

- - - ~ 

, , 
, T ' 

- •• - • "_ . .1 

:.. .~": '....ro/n.J 

, 
t.b~ (kd - 2" t ) Jd 

~f _ kd 

Xeutral u18 In fl&ngfl-
(WIO fOl'muw tor roectangular bcamlll 

!lleutrai axil below the nange. nloglectlng 
oompre;sion In web. 

rc_ .\Ikd _~ 

btCkd-!t)Jd On - Il) , 

Rectangular Beams, Reinforced fOr Tension and Compreu lon. 

Bond and Shear. 

Bectangular II .... ",. 
v "---Jd ! o 

T 1l000ms u_ ....Y.... 
Jd ~o 



CONSTANT VALUES FOR RECTANGULAR BEAMS

BALANCED TENSION RE INFORCEMENT 
n _ 15 

I '. r .. i_ Wcki 
o 

1--1 " " • 
----

oj " ID~Lb. Ft~Lb. 1"~Lb' 1 rl ~Lb. 

000 IOJOO .00500 .3333 .888' .00494 
>lOOO .00466 .3103 .8965 .00417 .- ItlOOO 1333.3 88.89 7.4!11 

.2782 17930 1494.2 83.'17 6."" 

"" 
IOJOO .00G34 .3514 .8821) .00560 
>lOOO .00033 .an7 .8908 .00414 

.3102 15892 1324.3 100.82 8.401 

.2919 17815 1484.6 94.88 7.006 

700 IOJOO .00716 .3684 .8772 .00628 
>lOOO .00002 .3.., .8852 .00.\33 

.3232 15789 1315.8 11 3. 11 '.426 

. - 17705 1475.4 100.67 , .... 
750 IOJOO .00801 ."46 .8718 .00699 

>lOOO .00675 .3000 .8800 .00;04 
.3353 15692 1307.7 125.74 10.478 
.3168 17000 1400.7 118.80 , 9.900 

800 IOJOO .00889 .4000 .8667 .00770 
>lOOO .00750 .3750 .8750 ."""'" 

.3467 15000 1300.0 138.69 11.558 

.3281 17500 1458.3 131.25 10.938 

Application of TabJee. Rectangular beams rei nforced for tension: 
M - f. A. jd _ r, pjbd 2 _ ~fckjbd' -~ robd' (k- ).S'k'). 

f. - i\f -+- A.jd fe- Zpf,-+-k A. - M-+f.,jd d - "f).1+ r.pjb 
k - \'2pn + (pn)3 pn p _ kt -+- 2n(I -k). 

In above table values are given for k, j, pj, kj, f.j, and f,pj -
yzfekj, corresponding to various uni t stresses for stccl and con
crete; while these values are strictly correct only fo r rcctlmgular 
beams with balanced reinforcement, they may also be applied for 
approximate calculations when steel is stressed to full capacity or 
nearly so, and generally, for preliminary designs, value of j - J;B. 

In the throo (»:ampiQIJ, the toUo..-lng yaiuo. are auumod: 
t. _ 18.000 te _ 800 n _ I~ ~I _ 4S3.OOO Ineh.pOund •. 

E XAMI'LE I. Dlllanood ~lnI~men~. coneretll and aeeel at~ to rull capacity. 
From tables for \'&11,10. of IS,OOO a.nd 800: to!)J _ 13S.69 to.I - Ht,600 P _ .00889. 

d - )1M + to!)Jb _ )1480.000+ 138.69Xb: ueumJng b _ 12, thend _ 16.9Sincbes. 
~ _ l\[ + 4ld _ 480.000 + (15.600 X 16.98) _ I.S1 IOQ. In. , Ot 

~ _ phd _ .00880 x 12 X 16.98 _ LSI IOQ. In. 

EXA"I'U 2. Depth. d , red uced . coneret.e .t~ to rull capacity and ,t.ecl under-
ItnlMOd. ABIIumlng depth d .. 16 Inchot, then 

l\[ _ J1tckJbd'_ J1f6 bd ' (k - 'Ak ' ) U + J1fe bd' _ k - 'Ak' 
PIt _ 480,000 _ J1 (800 X 12 X 16') (k - ~') k - 'Dk' _ ,3006 
k _ .4616 J _ (1 - 'Mel _ .846 1 Xl_ 13.638Incho. 
p _ k' + 2n (t - k) _ .4616' + 12 X 15 (1- .4616)1 _ .0132 
~ _ phd _ .OI3:J X 12 'I( 16 _ 2.534 sq. In. 
t. _ M + AaJd _ 13.002 lbe. per IOQ . In. 'G _ 2 pto + k _ BOO lb. per IOQ . in. 

EXAIoII'U 3. Depth. d . lncreM6d. eeeel .u--!. to rull capacity and concrete under-
.~. Aslrumlng depth, d _ ISlncho. and value of W _ 15,600. a pproximately: 
~ _ M + f.Jd _ 480,000 + ( 15,600 X I S) _ 1.709 sq. In. 
]l _ ~ + bd _ \.709 + (12 X IS) _ .00701 

k - )l2po +(1)0)' pn _ .3S27 1_ (1_ 'DI<1 _ .872-1 Xl _ I.5.703Inchot. 
f. _ l\[ + AaJd _ 17.886 Ibi!I. per IOQ, In. ' . _ 2Pto + k _ 7<14 lhe. pc~ sq. In. 
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DEPTH OF BEAM OR SLAB 

The depth of the beam or slab should be taken as the distance 
from t he center line of the tensile reinforcement to the top surface 
of the structural slab. Any floor finish not placed monolithic with 
the 800r slab should not be included as n. part of the structural 
member. When the finish is placed monolithic with the structural 
slab in buildings of the warehouse or industrial class where the 
finish is subjected to uDusual wear from trucking or other cnuses, 
there sbould be placed an additional depth of !1 incb over that 
used in the design of the member. 

POINT OF INFLECTION 

For the purpose of these regulations, the point of inflection in 
beams and slabs of equal spans symmettjcally loaded should be 
assumed to be located at the fifth point of the span as defined under 
"Span Length." 

DISTANCE BETWEEN LATERAL SUPPORTS 

The clear distance between lateral supporta of a beam should 
not exceed 32 times the least width of compression flange. 

REQUIREMENTS FOR T-BEAMS 

1. In T-beam construction thc slab should be built integrally 
with the beam. The effective Bange width to be used in the design 
of symmetrical T-beams should not exceed one-fourth of the span 
length of the beam, and its overhanging width on either side of 
the web should not exceed eight times the thickness of toe slab 
nor one-half the clear distance to the next beam. 

2. For beams having a Bange on one sick only, the effective 
overhanging flange width should not exceed one-twelfth of the 
span length of the beam, nor six times the thickness of the slab, 
nor one-half the clear distance to the next beam. 

3. Whore the principal reinforcement in a slab which is COR

sidered as the flange of a T-beam (not a rib in ribbed Boors) is 
parallcl to the beam, transverse reinforcoment should be provided 
in the top of the slab. This reinforcement should be designed to 
carry the load on the portion of the slab assumed as the Bange of 
the T-beam. The spacing of the bars should not exceed five times 
the thickness of the Bange, or in any case 18 inches. 

4. Provision should be made for the compressive strcss at the 
support in continuous T-beam construction, care being taken to 



observe proper spacing of bars. In no case should the area of steel 
in compression at any c,oss-section adjaccnt to the support exceed 
2 per cent of the Cr:lSS-8ectional area of the stem of the beam in 
that section. 

5. The overhanging portion of the flange of the beam should 
not be considered as effective in computing the shear and diagonal 
tension resistance of T-beams. 

6. Isolated beams in which the T-form is used only for purpose 
of providing additional compression area, should have a flange 
thickneSs not less than one-half the width of the web and a total 
flange width not more than four times the web thickness. 

PLACING REINFORCEMENT 

The minimum center to center distance between parallel bars 
should be 2~ times the diameteT for round bars or 3 times the 
side dimension for square bars. If the ends of bars are especially 
anchored, the center to center spacing may be made equal to 2 
diameters for round hars or to 2,!.1 times the side dimension for 
square bars, but in no eaae should the clear spacing between bars 
be less than 1 inch nor less than l>i times the maximum size of 
the coarse aggregate. Bars at the upper face of any member shall 
be embedded a clear distance of not less than onc diameter nor 
less than 1 inch. 

PROTECTIVE COVERING OF CONCRETE FOR 
REINFORCEMENT 

1. At those surfaces of footings and other principal structural 
members in which the concrete is deposited directly against the 
ground, metal reinforcement should have 8. minimum covering of 
3 inches of concrete. At other surfaces of concrete exposed to the 
ground or weather, metal reinforcement should be protected by 
not less than 2 inches of concrete. 

2. In fire-resistive construction, metal reinforcement should be 
protected by not le88 than 1 inch of concrete in slabs and walls, and 
not less than 1M inches in beams, girders, and columns, provided 
coarse aggregate is used, which is free from disruptive action under 
high temperatures, as, for example, limestone or trap rock. When 
impracticable to obtain aggregate of this grade, the protective 
covering should be ~ inch thicker and should be reinforced ",itb 
metal mesh having openings not exceeding 3 inches placed 1 inch 

I from the finished surface. Tn similar structures where the firo 
I, hazard is limited, the metal reinforcement should not be placed 
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nearer the exposed surface than %' inch iu slabs and walls, or 
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3. Cement or gypsum plaster, ~ inch or more in thickness (on 
metal lath weighing not less than 2)12 pounds per square yard 
when used vertically, nor less than 3 pounds per square yard when 
used horizontally), may be substituted for a part of the protective 
covering of concrete, provided that only two-thirds of the thickness 
of the plaster be considered effective. The concrete protection 
should in no case be reduced to less than ~ incb. 

BEN DING MOMENTS 

1. Beams and slabs of equal spans freely supported or built to 
act integrally with beams, girders, or other slightly restraining 
supports and carrying uniformly distributed loads, shall be designed 
for the following moments at critical sections: 

(a) Beams and slabs of one Spllll: 

(I) Maximum p!lIIitive moment Dear center, M _ \II'~2 • 

(b) Beams and slabs continuous for two spans only: 

(1) Muimum poIlitiv., moment near center, 

(2) Negativ., moment o,'u interior aUpport, 

101 _ '!!.:... 
10 

].I _ wl= . 
8 

(c) Beams and slabs continuous for more than two spans: 

(1) Maximum poIIitiv., moment near center 
and negative moment at ,upport or 
intcnor 'p&llJI, 

(2) Ma:rimum poIIiti>'" moment near eenlCnI 
or end ij p&1l.II and negative moment at fim 

M _~. 
12 

interior ,upport, w/2 
M - 10-' 

(d) Negative moment at end supports for ca8CS, (8), (b), (c), 
_I' 

M - not 1_ than W. 

2. Beams and slabs, built into brick or masonry walls in a. 
manner which dcvelops partial end restraint, shall be designed for 
n. ncgative moment at the support of 

_I' 
M - not 1('88 than """"16' 

3. Beums and slabs of equal spans freely su pported and assumed 
to curry uniformly distributed loads, shall be designed for thc 
moments specified in paragraph I, except that no reinforcement 
for negative moment nccd be provided at end su pports where 
effective measures arc taken to prevent end restraint. 



4. Bea ms and slabs of equal span built to nct integrally with 
columns, walls, or other rest.raining supports and assumed to cnrry 
uniformly distributed loads, shall (except ll8 provided in paragraph 
l) be designed for the following moments at crit.ical sections: 

(a) Interior spans: 
(1) Negative moment at interior 

except the first, 
lupport.8 

(2) Maximum JXl'ith'e moment nUl' centers 

_I' M _ __ . 

12 

of interior .paWl, 1\1 _ .12 • 

16 

(b) End spans of continuous beams and beams of ooe span in 
which 1/l is less than twice the sum of the values of V h
for the exterior columns, above and below, which arc built 
into the beams: 
(1) Maximum poeilive moment near center 

of apan and negative moment at fil'8t 
interior 8Upportll, 

(2) Negative moment at e:derior IUpporta, 

.1' 
M - """"i2' 

_I' M _ __ . 
12 

(e) End spans of continuous beams, and beams of one span, 
in which I/ l is equal to or greater than t.wiee the sum of 
the values of I/h for the exterior columns, above and 
below, which arc built into the beams: 
(I) MlUimum poIIitive moment near center 

of epan and negetive moment at finlt 
interior eupport, .1' 

M - """"iO' 

(2) Negati\'e moment at exterior IUPPOn., 

5. Cont.inuous beams with unequal spans, or with other than 
uniformly distributed loading, whether freely supported or 
restrained, shall be designed for the actual moments under tbe 
conditions of loading and restraint. 

Provision shall be made where necessary for negative moment 
ncar the ccnter of short spans whi ch are adjaccnt to long spanl'l, 
and for the negative moment at the end supports, if restrained. 
·h _ wwuppOrt.ed 1(lnJth ot column. 
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SHEAR AND DIAGONAL TENSION 

A beam transversely loaded is subjected to an external shearing 
force producing secondary stresses, principally due to horizontal 
shear which may cause failure by tension along diagonal planes on 
account of the low resistance of concrete to tensile stresses. 

1. The unit shearing stress, v, in reinforced concrete beams 
may be computed by the formula 

V 8 V 
v=- = --' 

bjd 7 bd 

When the value of the unit shearing stress computed by this 
formula exceeds the unit shearing stress, V c, permitted on the 
concrete of the web, web reinforcement should be provided to 
carry the excess. For beams of I or T section, b' should be substi
tuted for b in this formula. In tile and joist construction, b may 
be taken as a width equal to the thickness of the concrete web 
plus the thickness of the vertical webs of the concrete or clay tile 
in contact with the joist. 

2. Web reinforcement may consist of: 
a. Vertical stirrups or web reinforcing bars. 
b. Inclined stirrups or web reinforcing bars forming an angle 

of 30 degrees or more with the axis of the beam. 
c. Longitudinal bars bent up at an angle of 15 degrees or 

more with the axis of the beam. 

Stirrups or bent up bars, to be considered effective as web rein· 
forcement, should be anchored at both ends. 

3. The area of steel required in stirrup should be computed by 
the formula V'. 

A .. = 
14,000d 

Where the shearing stress is not greater than O.06f'~ the distance 
s between two successive stirrups measured perpendicular to the 
direction of the stirrup should not exceed % d, and where unit 
shearing stress exceeds 0.06f'e, the distance should not be greater 
than ~ d. 

4. Where there is a series of parallel bent-up bars at varying 
distances from the support, they should be considered as inclined 
stirrups and the area required determined from the formula given 
in paragraph 3. Where bent-up bars in a single plane are used for 
web reinforcement, the required area of the bar should be com· 
puted by the formula V' A, 

16,000 sin a. 

V'should not exceed 0.035£'0 bd and a. should not be less than 15 
degrees. Only the centerthr~fourths of the inclined portion of such 



bar or group of bars should be considered effective in resisting shear. 
Between the face of the support and the area reinforced by the 
bent-up bar, other web reinforcement should be providod, except 
that when the distance is less than ;1d and the beam is designed 
for uniform load only, such additional reinforcement need not be 
provided. 

5. Where two or more types of web reinforcement are used in 
conjunction, the total shearing resistance of the beam should be 
U$8umed as the sum of the shearing resistances computed for the 
various types separately. In such computations the shearing 
resistance of the concrete should be included only once. 

BOND AND ANCHORAGE 

1. Where bar reinforcement is used to resist tensile stresses 
developed by beam action, the bond stress should be taken as not 
lcss than that computed by the formula 

V 8V 
Iojd 7 I od 

For continuous or restrained members, the critical section (or 
bond for the positive reinforcement should be assumed to be at 
the point of inflection, that for the negative reinforcement should 
be assumed to be at the face of the support, and at the point of 
inflection. For simple beams, or nt the outer ends of freely sup
ported end spans of continuous beams, the critical section for bond 
should be assumed to be at the face of the support. 

Bent-up longitudinal bars which, at the critical section, are 
within a distance % d from horizontal reinforcement under con
sideration may be included with t he straight bars in computing 
10. 

2. Tensile negative reinforcement in any span of 3 continuous, 
restrained, or cantilever beam, or in any member of e. rigid frame, 
should have a length of anchorage beyond the face of the supporting 
member sufficicnt to develop the full maximum tension at an 
average bond stress not greater than O.04f'c, for plain bars, or 
0.05f'o for deformed bars. Within any such span, not less than 
one-third of the negative reinforcements should extend along the 
tension side of the beam at least to or beyond the point of inflection, 
and any bars not so extended should be bent down at an angle of 
not more than 45 degrees with the axis of the member and made 
continuou8 with the positive reinforcement or anchored in a region 
of compression. 

Of the positive reinforcement in continuous beams, not less than 
one-fourth the urea should extend ut the same bee of the beum into 

4 0. 
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the support to provide an embedment of ten or more bar diameters 
beyond the face of the support. 

For non-colltinuous beams not less than one-half the area of 
positive reInforcement should extend at the same face of the beam 
into the support to provide an embedment of ten or more bar 
diameters. 

3. Web bars should be anchored at both ends by one of the 
following methods: 

R. Providing continuity with the longitudinal reinforcement. 
b. Bending around the longitudinal bar. 
c. A semi-circular hook which has a radius not less than 

four times the diameter of the web bar. 

Stirrup anchorage should be so provided in the compression and 
tension regions of a beam as to permit the development of safe 
working tensile stress in the stirrup at a point O.3d from either face. 
Generally a properly anchored stirrup whose diameter does not 
exceed l,io of the depth of the beam will meet these requiremcnts. 

The end anchorage of a web member not in bearing on the 
longitudinal reinforcement should be such as to engage an amount 
of concrete sufficient to prevent the bar from pulling out. I n all 
cases the stirrup should be carried as close to the upper and lower 
surfaces as fireproofi ng requirements permit. 

SHRlNKAGE AND TEMPERATURE REINFORCEMENT 

Ueinforcement for shrinkage and temperature stresses normal to 
the principal rei nforcement should be provided in Boor a nd roof 
slabs where the principal reinforcement extends in one direction 
only. Such reinforcement should provide for the following mini· 
mum ratios of reinforcement area to concrete area, but in no case 
should such rei nforcing bars be placed farther apart than five 
times the slab thickness nor more than 18 inches: 

Floor slabs where plain bars are used ........ . .. . 0.0025 
Floor slabs where deformed bars arc used ......... 0.002 
Floor slabs where wire fabric is used, having welded 

intersections not farther a part in the direction of 
stress than 12 inches ..................... . ... 0.0018 

Roof slabs where pl ain bars arc used ............. 0.003 

Roof slabs where deformcd bars are used .......... 0.0025 
Roof slabs whcre wire fabric is used, having welded 

intersections not farther a part in the direction of 
stress than 12 inches .................... . .... 0.0022 



FLOOR SLABS 

Reinforcement may be of small rods, wires or metal fabric, the 
latter especially on short spans. Cross reinforcement of small rods 
or wires about 2 feet apart laid parallel to the beam supporting the 
slab shou ld be used to prevent cracks, shrinkage, etc. If the length 
of the slab exceeds 17!i times its width , the entire load should be 
carried by transverse reinforcement. For rectangular slabs, the 
length of which docs not exceed 172 times the width and which 
are supported on four sides and reinforced in both directions, the 
proportion of the load assumed to be supported in thc short 
di rection is determined by the formula: R = (l -+ b) - 0.5, where 
R is the ratio of the load, l the length and b the width of the slab. 
The remainder of tbe load is assumed to be supported by the slab 
in the long direction. An effective bond should be provided at the 
junction of beam and slab, and if the principal rei nforcement of 
the slab is parallel to the boam, transverse reinforcement, extendi ng 
OVCI' the beam and well into the slab, should be used. 

COLUMNS 

1. Unless designed as long columns (sec paragraph 6), reinforced 
concrete columns should not be longer than cleven times the least 
latcral dimcnsion. Princi pal columns in buildings should have a 
minimum diameter or thickness of 12 inches. 1)osts that are not 
conti nuous from story to story shall have a minimum diameter or 
thickness of 6 inches. 

2. The unsupported length of reinforced concrete columns 
shou ld be taken as: 

a. In flat-slab construction, the clear distance between tbe 
floor and under side of the capital. 

b. In beam-and slab construction, the clear distance between 
the floor and the under side of the shallowest beam 
framing into the column. at the next higher floor Icvcl. 

e. In floor construction with beams in onc direction only, 
the clear distance betwecn floor slabs. 

d. In columns supported laterally by struts or beams only, 
the clea r distance between consecutive pairs (or groups) 
of struts or beams, provided that, to be considcred nn 
adequate su pport, two such struts or beams shall mcct 
the column at approximately tbe same level, and the 
angle betwccn the two planes formed by the axis of the 
colu mn and the axis of each strut respectively is not less 
than 75 degrees nor more than 105 dcgJ"e('s. 
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When reinforced concrete brackets are used at the junction of 
beams Or struts with columns, the clear distance between supports 
may be considered as reduced by the depth of the bracket, provided 
the width of the bracket is at least equal to that of the beam and 
not less than one-half that of the eolumn. 

3. The permissible axial load on columns, reinforced with 
longitudinal bars and closely spaced spirals enclosing a circular 
core, should Dot be greater than that determined by the formula 

P = A. (I + (n - 1) pj f'. 
in which A. is the aTea within the outer circumference of the 
spiral hooping and the values of r. arc as given in Table 8, Or as 
may be found for intermediate values of p by interpolation or, 
in general, by the formula 

f. = (300 + (0.10 + 4p) r'~]. 

The longitudinal reinfOrcement should eonsist of at least six 
bars of minimum diameter of % inch and of an effective cross
sectional area not less than 0.01, nor more than 0.06 of that of 
the core. Thc number of longitudinal bars concentrated in the 
ring at the periphery of the core should be go,'e.rned by the spacing 
requircments. If all the bars cannot be placed at the periphery of 
the core, the bars within shall be stayed at intervals of 24 inchcs 
and shall not be nearer to the outor ring than 0.2 of the core 
diameter. When the ratio of reinforcement in a spirally reinforced 
column is greater than 0.04, special plaeing drawings illustrating 
the proper distribution of steel should be submitted with the 
detail plans. Splices in longitudinal reinforcement should provide 
a lap of at least 24 bar diameters for deformed bars, and 30 
diameters for plain bars. 

The ratio of the spiral reinforcement should be not less than 
one-fourth the ratio of the longitudinal reinforcement. Spiral 
reinforcement should consist of evenly spaced continuous spirals 
held firmly in place and true to line by at least three vertical spacer 
bars. At the ends of nil spirnls nnd at points of splice, the outside 
dinmetcr should be maintained. The spacing of the spirals should 
not be greater than one-sixth of the diameter of the core and in no 
case more than 3 inches. . 

Reinforcement should be protected everywhere by a covering of 
concrete cast monolithic with the core and having a minimum 
thickness of 1.% inchcs. 

4. The permissible axial load on columns reinforced with 
longitudinal bars and separate laternl ties should not be greater 
than that determined by formula 

P = O.2Z5r'e AI [1 + (n - 1) pl, 
where AI = gross area of tied columns with lateral tics. 



The ratio of longitudinal reinforcement should not be less than 
0.005 nor should the ratio considered in the calculations be more 
than 0.02 of the total arca of the column. The longitudinal rein
forcement should consist of not less than four bars of minimum 
diameter of % inch placed with clear distance from the face of 
the column not less than 2 inches nor more than 3 inches. Splices 
in longitudinal reinforcement should provide a lap of at least 24 bar 
diameters for deformed bars, and 30 diameters for plain bars. 

Lateral tics should be at least 34 inch in diameter spaced not 
more tha n 12 inches apart. In columns of rectangular section, 
cross tics should be arranged to afford support to the vertical bars 
at intervals not greater than the shorter side of the section, but 
such intervals need not be less than 12 inches ill any case. 

5. The bending moments in interior and exterior columns 
should be determined on the basis of loading conditions and end 
restraint, and should be provided for in the design. 

In flat-slab construction, the least dimension of the column 
should be not less than one-fifteenth of the avernge center to center 
span, nor less than 16 inches. For known eccentric loads or unequal 
spacing of columns, computations of moments should be made 
accordingly. Wall columns in flat-slab construction should be 
designed to resist a bending moment of Wi/35. Any count-er 
moment due to the weight of the structure that projects beyond the 
column center line may be deducted from the moment computed as 
just described. Resistance to the bending moment.s should be 
divided between the columns immediately above and below in 
direct proportion to the values of their rntios of I/b. 

The recognized methods should be followed in calculating the 
stresses due to combined axial load and bending. The column 
section should not be le~ than that required where axial load alone 
is considered. The limiting combined unit stresse,s should be as 
follows: 

a. Columns with spiral reinforcement, 
[300 + (0.10 + 4p) f',] + 0.151',. 

b. Colu mns with lateral ties, 0.3f'.. The total amount of 
reinforcement considered in the computations should not 
be more than 4 per cent of the total area of the column. 

c. Tension ill longitudinal reinforcement due to bending on 
the column should not exceed 16,000 pounds per square 
inch. 

Where the allowable unitstrcss in columns is increased (to provide 
for combined axial load nnd bending) and wind loads are also added, 
the total should still be within the allowable values for wind loads. 

40. 

I : L-------------------------------~ 

~'" 
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6. The permissible working load on the core in a:.inlly londed 
spiral or composite columns, which hnve a length greater than 50 
times the least radius of gyration of the column core (50r), should 
not be greater than that determined by the formula 

P' h -- = 1.00 - -_. 
P loo r 

The permissible working load on axially.londcd t ied columns, 
which have a length greater than 40 times the least radius of 
gyration of the column section (40r), shall not be greater than that 
determined by the formula 

h P' 
P 

= 1.33 - -_. 
120, 

The radius of gyration of a column should be computed from the 
concrete area used in design and the transformed section of the 
longitudinal steel area; that is, n times the actual area of steel. 

P total safe axial load on column whOlie length dOCII DOt exceed I t time!! 
ita [eut er~tion.1 dirneNioo. 

1" lota.lllSre axial load on long eolumn. 
h unsupported length or eolumn. 
r least radiu8 or gyrntion or .. aection. 

FOOTINGS 

Loadll. Footings resting directly on soil or on piles shall be 
proportioned as to area or number of piles on t he basis of the total 
column load plus the weight of the footing. For computations of 
moments and shears, an upward reaction per unit area or per pile 
shall be based on the total column load (not including the weight 
of the footing) divided by the area or by the number of piles. 

S loped or St epped Footings. Footings in which t he thickness has 
been detcnnined by the requirements for shear, may be sloped or 
stepped between the critical section and the edge of the footing, 
provided that the shear on no section outside the critical section 
exceeds the value specified, and provided also that the .t hickness 
of the footing above the reinforcement at the edge shall not be 
less than 6 inches for footings on soil, nor less than 12 inches fo r 
footings on piles. These footings shall be cast as a tl;nit. 

Bending in Footing!. The critical section for bending when foot
ing supports a concrete column or pedestal, is at the face of 
column or pedestal. Where steel or cast-iron column bases are 
used, the moment in the footing is computed at the middle and at 
the edge of the base; the load is considered as uniformly distributed 
over the column or pedestal base. 
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The bending moment at the critical section in a square footing 
supporting il. concentric square column, is computed from the load 
on tho trapezoid bounded by one face of t!'le column, the corres
ponding outside edge of the footing, and the portions of the two 
diagonals. The load on the two corner triangles of this trapezoid 
is considered as applied at a distance from the face equal to 
six-tenths of the projection of the footing from the face of the 
column. The load on the rectangular portion of the trapezoid is 
considered as applied at its centcr of gravity. The bending moment 
is expressed by tho fonnula 

M = ; (n + 1.2c) c~ 

For a round or octagonal column, the distance a shall be taken 
as equal to the side of a square of an area equal to the area enclosed 
within the perimeter of the column. 

Transrer of Stress at Rue of Colum n. The compressive stress in 
longitudinal reinforcement at the base of a column shall be 
transferred to the pedestal or footing by dowels. There shall be 
at least one dowel for eaeh column bar, and the total sectional 
area of the dowels shall not be less than the sectional area of the 
longitudinal reinforcement in the column. The dowels shall extend 
into the column and into the pedestal or footing not less than 30 
diameters of the dowel bars for plain bars, or 24 diameters for 
deformed bars. 

The permissible compressive unit stress on to p of the pedestal 
or footing directly under the column shall not be greater than that 
determined by formula 

'fA 
r. - P. "VA-

The value of p. shall not exceed 0.25 £', for plain concrete. 
When lateral reinforcement in the form of spiral or hoops is pro
vided, the value of p. for the area within the spiral may be increased 
(1 + 2.5np') times that for plain concrete, but no area outside the 
out.er face of the spiral shall be considered. Where piers are designed 
as columns, the value of p. shall be computed by the proper 
column design formula. 

The total load com puted by above formula shall not be taken 
as greater than the load computcd, using a stress equal to p., on 
the gross area of the pedestal, pier, or foo ting at a point below 
special reinforcing provided at the top. 

Where the loaded area is not central on the top of the pedestal 
pier, or footing, the total area A shall not be taken as greater than 
the area of the largest circle that can be drawn about the load as a 
center and lying cntirely within the top of the pedestal, pier, or 
footing. 

." 
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Where lateral reinforcement is provided to increase tho value of 

pa, it shall extend to within 3 inches of the top of the pedestal, pier, 
or footing and to a depth equal to the diameter of the spiral, and 
the loaded arca shall lie at the center of the spiral or hoops. The 
pitch of the spiral or the spacing of the hoops, in the clear, shall 
not be less than 2 inches, nor more than 5 inches. The designed 
pitch shall be maintained by at least fouf spacers securely fastened 
to each spiral turn or hoop. The ratio of lateral reinforcement shall 
not exceed 0.015. 

In sloped or stepped footings, A may be the area of the top 
horizontal surface of the footing or the area of the lower base of 
tho largest frustum of a pyramid or cone contained wholly within 
the footing, having for its upper base the loaded area AI, with side 
slopes of 1 vertical to 2 horizontal. 

Pedestal" without Reinforcement. The allowable compressive unit 
stress on the gross arca of a concentrically loaded pedestal or on 
the minimum area of a pedestal footing shall not exceed 0.25£' ~, 
unlr.ss reinforcement is provided and the member designed &8 a 
reinforced-concrete column. 

The depth of a pedestal or pedestal footing shall not be greater 
than three times it-s least width and the projection on any side 
from the face of the supported member shall not be greater than 
one-half the depth. The depth of a pedestal whose sides are sloped 
or stepped shall not exceed three times the least width or dia'meter 
of the section midway between the top and bottom. A pedestal 
footing supported directly on piles shall have a mat of reinforcing 
bars having a cross-sectional area of not less than 0.20 square 
inches per foot in each direction, placed 3 inches above the top of 
the piles. 

Explanation of Tablea. Reinforced Concrete Slabs: The tables on 
page 414 are b&8Cd upon the preceding formulas for rectangular 
beams reinforced for tension only. The unit stresses in pounds 
per square inch are 800 for concrete, 18,000 for steel bar reinforce
ment (sec upper table) and 20,000 for steel "ire reinforcement 
(see lower table). The elasticity ratio, n _ 15. 

The first column gives the total thickness of slab, the second, 
the distance from the center of the steel to the bottom of slab, 
aod the t hird, the approximate weight of slahs one foot square. 

Ex .... p .. z; Find tM relnloroerru:m~ tor a slab II In<:he. thlek oontinuolU a~ four aldel 
to carry a superlm))Ol:led load of 100 pounds per 1IQua.!'9 foo~ ovtlr a. CI6U span or S foot. 

PTOUl tho tablo. tM 'Wlllgb~ of a 5-lnch I lab ill round to be 82.11 pounds per «I.UIU'e roo~ 
and tho tot.a.l wolllht, W. for ... pan ot 8 root Is (62.6 + 100) X 8 _ 1.700 VOu.ods. 

M _ WL + 12 _ (1.700 X 8) + 12 _ 1.133 root.-poundll. 

For medium Itroctural II"teeI 00rI. the required UCI.. from upper tabll'l. page 414 
ill. bl" Interpolatloo, 0.21 squa.re InchOl: tho sl_ ma.y he takon from PI'&O 116. 

For trlanglo melb. Ihe et~ fI./"'OI. required by 10W1!l" table. ~ 414 ..... by Intorpol .... 
t io!!. 0.18S sqUD.rO Incbol. requlrlng by tablo. page 411i. tl'lanllie melb style numbee' 208. 
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WORKING STRESSE8-TAHLE 8 
The allowable uni t. stresses in cOllcrete in pounds per square inch on the 

concrete to be used in the design shall not exceed the following values, where 
('6 eq uals the minimum ultimate strength at 28 days. 

I ALLO~ USIT STROO"''''--__ _ 

For ~ ~h Wben 8l.rfcatll of C:mcme. l'UecI by t ... 
DelCRiPTIOS , 01 COIIOft\.I.. W.t.er.Cem".t Ratio Iohlhod .1.ec\ by Toot 

(Wuer-(:_t Ratiol ---
~ /',_ 2,OOOIbo. f', _~It •. • '._s.ooon .. 

' --,-.- . _ I ~ 0_12 _ _ 10 

PlHun. t. : 
Extreme unit atress In compl'OSlllon, 

r •........... ............. , ... 
Exlnlme unIt It.". In comp~Oj adjacent 10 ""PpOrt/I o f eonlln 

=OIIo:'"t~.~ .~~ .. ~. ~.~. 
St.n.r. v: 

Boams with no wob rolnforoomen 
a.nd Without "pedal anch~ Qr 
Joq:ltudloa.L ltool. v.. . ... . .,. 

n.c.ms with no wrb reinforcement 
but with IpOClal anchorage OJ' 
km,gl tudloal steel. vlt ... ....... . 

Boo.m .. with proper~ dcodgnlld wo 
r e infor(;oment , hut wlthOU~ 

~~~~;:;;~d~.~7j 
a.nchorag<) of long1tm\loallt.o)el 

Flat .Lu.bIl at d Latanee d from 
of column ca.p <w drop panel. Vo . 

Footlng:l wbCf'8 lOngitudinal 
bave no 1lp(lO;1~ a ncborage. v . 

~'ooUng:l wbero 101lJ(Itudinai 
bave ~ anchorage. "0 •..•.• 

Bolld. a , 
In bea' n11 and slallol a.nd o ne-way 

footlnp: 
f'la.ln barII. II ..... . 
J)()formed bars. u . . . 

In t ... o-.... y footlnp: 
Plain ban<. u ...... . 
Ocrormod bani. II ........... . 

( Whore speeL'1.1 anchorage 11 g;ovldod thoi!c "",.,I UOl I 
nd ma.y bo increa.eod.) 

8eori .... fe: 
W here a concroloO member "!III a 

~,~:, ~~~~ .~~ I.~ .. t~.o, .~~, ~ , 
AKial Co.-preMio". fe ' 

In columns .rUIl btonl tie., r.. .. , , 
Oln columna with oontinuo\UI Ipl.,.1lI 

encloalng a circular core. 

Ratio of 101l.lltadi ... l g:~ I'·" ... Iatorre_nl. II - 0 .04 ,." 
10.06 

0 .40" ¢ 

0. 4" r . 

O.O'~re 

o.oar. 

O.O(Ir~ 

o.oor·c 
O.03r. 
o.(Y.!r. 
O.03r. 

O.04r. 
O,~f'. 

o.oar. 
O.0375r. 

o 25rt 

o 225r. 

300 + 0. 14('. 
300 + O. l s r . 
300 + o.nr • 
300 + O.26r, 
300 + 0.3M. 
300 + O.3 .. r-. 

"" ' 000 "00 

000 1125 ""' 
... " 00 

00 " 00 

'" '" '" 
'" no '" 00 " " 
" " 60 

00 " " 
., 

"" '" "" '" '" 
60 ,., 00 

" " 112 

000 112:\ '" 
." '" '" 
.,"" '''' '" "" "" ." '" '" "" '" " .. <0., 
000 "'" "00 

"" 1100 \320 

0Unlt .tl"OS!l ln 'plrall)' ro\ntorood coluroRl' _ 300 + (0. 10 + 4\) reo 
Spiral relnfon::cmont Ihould not be lea than ono-fOllMh tho longttu<ltnal. 
The foLlowing alIowablo unit ,t..-Io rrintordn&' atoel should not be u~e<I: 

T ......... : 
In t.Or modlat.O IIr~lo hlilct stool. to ........ . 
Rat! IIteeI. oon. f. .. . .. . ... . ... . 
Wllb reinforcement, f .. . . ... ..... ,. " ... 
!!tl'Ucturai ~llhal)Ol f. . .. , .. .... . 
Other lteel n'l.n fon'!lt!ment IloO per oeM of the yield 

POtnt Itree, but not 1.0 exceed, to , .... 
eonollraolon: 

BaMl ...... , ............................ . 
fltructunr.! St.of'laocUon In composite COlullUll. 
Ollt Iron aoctlon tn coml_lt.e columna. , 

_ 20,000 pounds IICI' li(Ju"re Ineh 
_ 20.000 poundB pt'r li(Juare Illch 
_ 16,000 IlOUn<i& pel' IIqUaN' Inch 
_ IS,OOO pOUIlM per a:.Ju&n'l loch 

_ 20.000 pounM per a:.Juare Inch 

_ nf, 
_ 15.000 pounds per M!uaro In<:h 
_ 9.000 pourlds per -IQl1&Mllnch 
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REINFORCED CONCRETE SLABS 
Bending Moments In Foot-Pounds per Foot of Width 

Allowable Unit Stress : Steel , 18,000 and Concrete 800 Po unds per Sq. Ineh. n = 15 

STEEL BAR REINFORCEMENT 
St", Rtirtlorument In $Quare loth" per root of W"'.c' ,_, 

---;;;o-IS i7-Ih;,..f,;;;t,,;t-_j-,40 .50 I .60 .70 .90 1.00 I UO ~ LSD .10 I .20 .30 

306 
3T7 
44. 
' 20 
'56 
62. 
700 
m 
84' 
881 

Allowable Un it Stress: Stool, 20,000 and Concreto 800 Pounds per Sq. Inch. n = 15 ... 
Thlek_ ,,-

live 'M, 0." , .. cI. In. 

2H 1 ~ 

3 2Ji 
3H 2~ 

• 3Ji 
' H 3li , 4 

' H ' )1 
6 , 
6)1 ' H 
7 6 
7)1 6U 
6 6X 
6)1 7Ji 
9 7)1 
9)1 • 

10 ", 

.04 .OS .08 .10 .n .14 

31.25 108 
37.50 140 
43.75 173 
50.00 205 
58.25 237 
62.50 . 
68.75 . 
75.00 . 
81 .25 . 
87.50 .. . 
93.75 ... . 

100.00 .. 
106.25 . . 
112.50 .. 
11 8.75 . 

160 
208 
256 
304 
352 
3T7 

42' 

211 261 
27. 340 
338 419 
'02 498 
.66 '78 
• 98 61 • 
562 698 
626 m 

125.00 . . . c:"""''''''''''''''-''c=-'!'''''''-''''' 
Lows at>ove tho heavy ]jnes Ilrc madmu m loads for the conerete. 
Lollrls below tho hca.'·y li DOS a ro ma.ximum loads for tho 1«>01-
800 J)ago 412 for cXI,lanation of tables. 
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TRIANGLE MESH CONCRETE REINFORCEMENT 

• 

Triangle Mesh is a. woven fabri c of cold drawn steel wire, providing 
a continuous reinforcement, an even distribution of metal and a perfect. 
bond. 

Made wit h both single and stranded tension members in lengths up to 
300 feet and in wid t hs up to 56 inches. 

TRIANGLE MESH - STYLES, AREAS, AND WEIGHTS 
l..o"1llltudlna. a nd Crou WI ... (No. 14 A. S. &. W. Co.. ~) . S~ • I...,h .... 

T ........ M ... 

_ .... 
TriIrItIIlMeoil 

"". .- ""'- .. - Totil Ar. 
_W .... . - • A. s. .. W. Co. ... r_ II Wiotdt. ,.. root" WlcItII, IMr 1(10 s.. Ft.-, ....... ........ -., ... s.-. 10IdI • ....... 

032 No. 12 .026 .032 " 040 ., 11 .034 .040 25 
04' .. 10 .04' .04' 28 
058 • .052 .058 32 
068 • .062 .068 35 ... 7 .074 .080 40 .., , .087 .09' 45 
107 , .tOl . 107 .. 
128 4 .120 .128 " '" 

.. , .140 . 146 .. 
15' W .147 .153 " '" 1 No. 2 .162 .168 74 
190 2 .. , .174 .190 78 
208 2 .. , .202 .208 89 
245 2 .. 4 .239 ~45 103 
267 , .. , .261 ~67 111 
287 , .. ' )1 .281 .287 "' 309 , .. , .303 .309 129 

"" 
, " 4)1 .330 .336 13 • 

'65 , " 4 .35. .36, 149 
'95 , 312 .389 395 160 

Length 01 Rolls: 150.200 and 300 1ee~. 
Wkl th or Rolls: 16.20,24. 28,32, 36, 40, 44, " 8. 52 r.nd $6 lnch~. a pPI'O:rimntdy. 
Tri&llRlo Moab I~ rurn lsbod either with or .. Ithou~ l aI .... nlzlng ; unlc. ot hcrw Lao 1()Od1led ma terbJ 

1l1'li1 be .tll ipped not ga lvanized . 
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AMERICAN ELECTRICALLY WELDED FABRIC 

AMERICAN STEEL AND WlRE COMPANY 

American Elect.rically Welded Fabric is a square or rectangular 
mesh made from cold-drawn stool wire electrically welded at the 
intersections of the longitudinal and transverse wires. 

Various combinations of spacings of wires can be furnished, the 
standard spacings for the longitudinal wires being 2, 3, 4 or 6 
inches and for the transverse wires 8, 12 or 16 inches. For 
economical reasons it is advissble to select from the standard sizes 
given in the table on following page. 

In ordinary American Welded Fabric, the spacings of the wires 
should be specified first, followed by the size or gage of the wires, 
giving first the size of the longitudinal and last the size of the 
transverse wires. 

KU,."L_; For No.6 Gage IongItud1nal. wi,.. ~ 4 iI1cbm and No. 10 01«8 
1.r~nllY_lII'iI"N ~ 121nct>e., \.he .pecltlcatiol"lllllhould.-d: 

Americ&n Wek!e!l Fabric, 4"" 12" 1IKlIIh, No.6" No. 10 ........ 

Widths. Widths are multiples of the spacing of longitudinal 
wires up to a maximum width which varies with the size and 
spacing of the longitudinals. Approximate maximums: 56 to 72 
inches for 2-inch spacing, 84 to 96 inches for 3-or 4-inch spacing, 
and 96 to 120 inches for 6-incb spacing. 

All widths are measured center to center of selvage longitudinais. 

The transverse wires extend 1 ineh beyond the outside longi
tudinal wires. Square footage or square yardage will be figured 
exclusive of these projections. An extra charge is made for widths 
narrower than 40 inehes. 

Length-Rolla. Styles having longitudinals No. 3 gage or 
sma ller are made regularly in standard lengths 150, 200 and 300 
feet. Flat sheets can be furnished when desired. Styles having 
longitudinalslarger than No. 3 gage, made regularly in straightened 
and cut sheets only. 

Width and length of rolls should be shown; if rolls arc ordered 
without stating any preference as to widths or lengths, the total 
number of square feet should be specified with the statement that 
any standard width and length of rolls will be satisfactory. 

Weighu. All weights arc based on a width of 60 inches measured 
from center to oonter of thc outside or selvage longitudinal wires. 
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AMERICAN ELECTRICALLY WELDED FABRIC 
Arnerl_n Steel . nd WI .. Comp_"" 

Spo.cing III WI .... Amtrican SIMI .. WI, . Ct. ""-~- I 
w ..... 

''''''- SIMI WiI, 0.. ............. S--lrdteI,.. r ..... ..... 
--- ---- M ... -. longltudl ..... Tran .~ .. " longitudinal ,-~ "'- ,-- ,* -- . -- --- --- , , 

" 1 7 .377 .018 138.9 , 
" 

, • ~25 .015 , 119.4 , 
" 3 • .2110 .015 103.6 , 
" • 9 .m .013 88' 

3 " 
, • 2 1. .016 

I 
.U , 

" 
, 10 .202 .011 74.6 

3 " 3 • .187 .015 12-0 , 
" 6 10 .174 .011 ".7 

3 16 • 9 .159 .013 61.4 

• " 3 • .140 .015 561 
3 " 

, 10 .135 .01 t 51.8 • " • 9 .120 .013 47.9 

3 " • 10 .116 .011 45.1 • 16 , 10 .10t . 011 
I 

.... 
3 16 7 11 .098 .009 38.1 

• 16 6 10 .01!1 .011 

1 
35.' 

3 " • 12 .082 .007 31.7 • 16 7 11 .074 .009 29.7 

• 12 • 12 .062 .009 25.' • 12 9 12 .052 .009 I 21.8 

• 12 10 12 .043 .009 18.6 • 12 12 12 .026 .000 12.6 

• 12 , , .101 .034 40. 
I • 12 6 6 .087 .029 41.6 

i • 12 7 7 .07' .02' 35.' • 12 • • .062 .02' 29.6 

" 
, 12 0 6 .146 .029 65~ 
6 12 , , .108 .054 59.4 

6 12 3 3 .093 .047 51 .0 
6 12 • • .080 .040 ". 6 12 , , .067 .034 37.0 
6 12 6 6 .058 .029 31.8 

: 
6 12 7 7 .049 .02' 27.0 
6 , 12 12 .017 .013 11-1 
6 6 • • .080 .080 ".8 

:' 
6 , , , .007 . 067 .... 
6 6 6 6 .... .058 42.0 

I, 6 6 7 7 .049 .04' 35.7 
6 6 • , .041 .041 300 

" 

6 6 • 9 .035 .035 25.0 

I!. 
6 6 10 10 .029 .029 207 

• • • • .120 .120 ,,~ 

• • 6 6 .087 .087 61.9 

• I • • , .062 .06' 44.1 

, , 10 10 .088 .086 60.3 , , 12 12 .05' .05' 36.' , , 13 13 .039 .03' 27.7 , , 14 14 .030 .030 212 , 

c!i 
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ROOFS AND ROOF LOADS 

The design of roofs and the selection of suitable roofing materials 
depend on the character of the building, whether monumental, 
public, residence, mill or shop; permanent or temporar:Yi geo
graphical location as regards allowance for snow und wind loads, 
and also availability of materials and familiarity of workmen with 
the constructioll; atmospheri c conditiOlls as concerns presence of 
industrial or other plants producing deleterious gases; water
tightness or resistance of the roof layers to penetration of water, 
snow or ice under storm and long continued exposure; wind 
resistance or the strength of materials to resist displacement of 
the entire surface or disruption between points of support; type 
and pitch of roof, whether self-supporting on wide spans or 
requiring the use of sheat.hing, and whether materials cun be b id 
safely on steep surfaces. 

A good roof on a permanent structure should be fircproof from 
wit hin as well as without, made of refractory matcrials supported 
by equally fireproof frambtg. It should last without repair as long 
as the building stands wit hout repair. I ts maintenance cost should 
be low and it.s materials purchased on the probable life and service 
of the structure. 

Snow Loads. Thc snow loads on roofs vary " .. :ith the geographical 
location, the altit.ude and humidity of the place, and with t.he slope 
of the roof. Where snow is likely to occur, the minimum load per 
horizontru square foot of roof should be taken at 25 pounds for a ll 
slopes up to 20 degrees, t his load to be reduced one pound for each 
degree of increase in slope up to 45 degrees, above which no snow 
load need be considered. In severe climates these loads should be 
increased in accordance ''lith actual conditions. Regard should also 
be given to t he possibility of partial snow load with local concen
tration. 

Wind Loads. These vary also with t\ie geographical location and 
thc slope of the roof and, when not fixed by building laws, are 
usually taken as acting horizontally at 40 pounds per square foot 
on vertical surfaces of the most exposed structures, and 30 pounds 
on less exposed structures. On inclined surfaces only the normal 
components of the wind prcssure need be considered. The following 
normal pressures are based on the formula given by Duchemin: 

P - Pl 1 ~!~l~a ,where P l is the direct horizontal pressure assumed 

at 30 pounds per square foot on the vertical surface and P the 
normll] pressure on a unit of surface, sloping at angle a with the 
horizontal. 
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NORMAL WIND PRESSURE, IN POUNDS PEn SQUARF; F OOT 

I """"ro 
SIo]1<l I 00' aO Sq. FOOl. 

Pounds 
--- ---

• 
W .. 5.10 

10.11 
14.5.; 

Slope I Pn;:~rc T Slope 
Uo Sq. Foot. UO 

I'ounds 

20 18.37 " 25 21.51 40 
30 24.00 .. 

PrCIISure 
00' 

Sq. }<"OOI. 
Pounds 

25.90 
27.29 
28.28 

-I '_"roO 
SIQpO per 

II 0 Sq. Jo'oot. 
Pound!! 

W 28.97 .. 29.41 
130 29.69 

-- _. 

For pressures other than 30 pounds per square foot, the values 
given above change in proportion. For slopes over 600 the values 
assumed for horizontal pressure are applied. 

Combined Roof Loads. In climates corresponding to that of 
Pittsburgh, and where tbe roof loads are not fixed by building laws, 
ordinary roofs with spans up to 80 feet should carry the following 
minimum loads per square foot of exposed surface, applied verti
cally, to provide for dead, wind and snow loads combined. 

Gravel or Ion boards, flat slope, 1 to 6 or less ............... . 
Composition on boards, steep slope, more than 1 to 6 .......... . 
Roofing on 3-inch Hat tile or cinder concrete .............. . 

Corrugated sheeting on boards or purlins. 
J on boaT(h or purlins .............. . 

Slat~ l on 3-inch flat tile or cinder coocrote 
Tile on ated purlins. . ................ . 
Glass .. 

50 

•• 
130 
40 
50 
6.5 .. .. 

For roofs in climates where no snow is likely to occur, reduce 
these loads by 10 pounds per square foot, but no roof or any part 
thereof should be designed for a total live and dead land less than 
40 pounds per square foot. 

Roof Covering. As stated above, suitable protection of a building 
against rain, snow, etc., depends on the character and location 
of the building, and the slope or pitch of the roof. Tin, tar, gravel, 
asphalt roofings and similar compositions are used for flat roofs; 
slate, tiles, and tin are used for sbnt roofs of public buildings and 
residences, shingles for smaller dwelling houses, and corrugated 
sheeting for shops and warehouses. Slate, tile, tin, or shingles arc 
usually attached to a layer of planking, called sheathing, which is 
supported either by rafters, OJ' else placed directly on the roof purlina. 

I , L-----------------------------~ 

I! , 

I 
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ApPROXUIAn; W EIGHT O~· Roo~'I~G MATEIUAL 

Copper, No. 22 n. & S. engl' .......... . 
·Corrugated g~lvanized irou, No. 20 G. S. G. 
·Corrugated ga.kanized iron, No. 22 O. S. G .. 
Fell, 21ayef'!l.. .. . ....... . 
Felt aDd abphalt or eoal-lAr .. 
GIase, 1 II inch thick ..... 
Lath IlIJd plaster ceiling 
l.ead, 18 inch thick .. 
Sheathing, hemlock, I inch thiek .....•.......... 
Sheathing, white pine, spruce, I inch thick ...... " 
Sheathing, yellow pine, I inch thick .......... . 
ShinglCII, G" x 18", with 6 inches to weather ..... . 
Skylight. including frame; gl.~ He to Minch. 
Slog roof, !-ply, with cement Ilnd sand .. 
!'Ilale, ~, inch thick, 3-inch double Jap ...... . 
SIIlM, ~I& inch thick, 3-inch double Inp ....... . 
Terne plsw, IC .... ... ......... ... ........ . 
Tune plllle, IX.. . . ............ . 
Tilee (phun). 1O~"xG~":di", with 5~ inchee to weather 

TiiOll (~panish ) , 14~"x 10~", with i~ inchee 10 wellther . "'1 
Zinc, No. 20 B. & S. Gage. . ..... . .................. . 

."0<" addJUonaJ Jl\toron,.~Jon on Oorruialed Sboeta, _ page '125. 

AI>)II'OJ:imaloe 
Welgb~ pee' 

SQIW"II Foot, 
I'ounds 

IU 
2); 
I ); 

~ 
2 
·1,..-

6-8 
7~ 
2~ 

2~-2}i 

3~ 
2 

4- 10 
4 
4~ 
Ill( 
ji 
~ 

18 
8~ 
I ~:( 

--
Uno! TrUlI<;eB. Trusses are used where wide roof openings are to be 

span ned; they form a structure of comprcssion and tension members 
and produce vertical reactions under vertical loads; the total load 
of the roof, that is, the weight of the truss, purlins, roof covering, 
ceiling, and often also the snow and wind load, is usually considered 
a uniform.!y distributed lond, cqulll\y divided between the two 
supports and producing equal vertical end reactions. 

The purlins usually rcst on the upper chord of the truss, trans
mitting to the latter the load of the roof covering, the wind and 
snow load, and afe often so arranged as to carry the dead load 
directly to the truss joints or panel poillts to avoid transverse 
streS8('s. The distance between two consecutive joints of the top 
chord is the panel length ; the distance between two adjacent trusses 
is the bay length. 

The transverse st rength of the sheathing or of the corrugated 
iron used ,for the roof covering generally determines the spaces 
between the jack rafters or the purlins. These purlins or rafters 
are small steel shapes, such as beams, channels and angles, or 
wooden beams if the roof is not of fireproof construction. 
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TRUSSES- LENGTHS AND STRESSES OF MEMBERS 

w 

~
v ~~~ .• 
I n : 

IA .. l>CIi 
. . 

2 W --L 

Comprenion members are 
Indicated by h eavy lines. 

Pitch of truss ... Heig ht, H 
Length, L 

n _ "!::" = 2cota. 
H 

w w 
W D -- ---, 

, 

" 
W c, 

l:J!7·\,i . 
.'1.. --- -lr ---

___ S~'M~P~L~E~F~I~N~K~~~r= __ ~~~ ____ ",~~ __ ~~C~OMPOUND FINK 

:1 
Chllklentlof Str_ 

Aa l ULIIe(lG 

Bb ~Lset:a 

La. ~ L se<:l(l 

Lc L(I-.!4se<:'a) 

ab 74" L!lee a tan a 

be . ZiLsee1 a I ~ 1>" 

2.70 2.98 

2.15 2.47 

(51''''_ W. Coellklent) 

, 
3.00

1

3.35 

2.50 2.91 

3.90 4.04 4.74 

3.52 3.67 4.43 

2.25 2.57 2.60 3.00 3.60 3.75 4.50 
1.50 1.71 1.73 2.00 2.40 2.50 3.00 

0.83 0.86 

0.75 0.86 

0.87

1 

0.89 

0.87 1.00 

0.92 0.93 0.95 

1.20 1.25 1.50 

_--:-:-:------, COMPOUND FINK TRUSS 

All. Ys Lseea ~~~'+4 6.31 6.957.00 7.83 9.10 9.42 11 .07 

Bb Ys Lseea 

Df Ys Lseea 

"Vu! 1+ 4 (i~ n1 + 5) 5.76 6.44 6.50 7.38 s.n 9.05 10.75 

~ ('%. n' + 3) 5.20 5.94 6.0n 6.93 8.33 8.68 10.43 
"11' + 4 

I 
~ (% n1 + 1) 4.65 5.43 5.50 6.48 1.95 8.31 10.12 

\ln1 + 4 
La ~ L aeet(1 "~n 5.25 6.00 6.07 7.00 8.40 8.75 10.50 

4.50 5.14 5.211 6.00 7.20 7.50 9.00 
3.00 3.43 3.46 4.00 4.80 5:00 6.00 

Lc ~ L sect(l ~!! n 

Lg L (1_%sec t a) 11 

ab, ef 

od 

be, de 
d, _r, 

~ L sec (1 tan (1 

34 L see a tan (1 

~ 1, seet (I 
~ L see'(I 

% Lseet (1 

0.83 0.86 0.87 0.89 0.92 0.93 0.95 

1.66 1.73 1.73 1.79 1.85 1.86 1.90 

0.75 0.86 0.87 1.00 1.20 1.25 1.50 
1.50 1.71 1.73 2.00 2.40 2.50 3.00 
2.25 2.57 2.60 3.00 3.60 3.75 4.50 

EquhlaLe nts for Use In Length Formulas 

Vallie/! of n I 3 24/ 7 I 2 col 30° ! ---4 '--1 ~2~'/7.5:-F"";"5 -r-:,--
--'~'.~,="~=o~, ."---- 33 0 41.24",30 0 15'23'1 30" i26 033' S4"fo37'12" 2r48' 5" 18Q 26' 6" 

see a 1.2018 1.1577 1.1547 1.1180 1.0833 1.0770 1.0541 
seel a 1.444~ 1.3403 1.3333 1 1.2500 1.1736 1.1600 1.1111 
!lee (I tan (I 0.8012 0.6753 0.6667 0.5590 0.4514 0.4308 0.3514 

-V1Je~t (1+ seeJ a tan' a 0.8958 0.m8 0.7698 0.6718 0.5781 0.5608 0.4969 
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TRUSSES- LENGTHS AND STRESSES OF MEMBERS 

w Compression members are v: 1'1 
w w ~-~ Indicated by heavy lines. W WD~~/\'! 

i~Bhj e d \ l,i, Pitch of tru ss _ He ight, H y~W C ~ I \ if 
.... n'th, L "2 B ~\,'/ : .. " _~ d I, ~ 

L. -lr n =...!:. _ 2,ot. T 
3W H ~w -- L-

SIMPLE_F_A_N _____ 'r ______ ;-_ _ -:~C_:'OMPOUND FAN 

(:oelllcl .... t. of Slr _ 

M _ .. 
Aa 

Db 

"'-W.F ........ ' 

SIMPLE FAN TRUSS 

( 511 _ _ W. Cod'kilnt) 

I 1 ;7o~'··1 "-, 
3 1 24/~ ~~~'1 4 1 24/~ 5 

~ '" " + ') ',51 ',",' 5'''1 6" 6'17
," 

2'\J,,' + 4 (1% n'+6) 3.54) 3.96! 4'J 4.55' 5'J 5'J 6.64 

,~(" " + 1) ",J
1

", ',00, ' ,n "J ,,~ 7,27 
\, ,,1 + 4 ~ 

La. X' L seel a % n 3.75 ~.~ 4. ~.~ 6. 6.2 7.50 
Ld L (1 _ ~ see' a) M n 2.251 2.5 2. 3.0( l.SO! 3.7 4.50 

ab, be l X' L - /-:1 a +.!!eel a tan'" n ,'nl + 4On
1 + 144 O.~ 0.99 T.~l l .", 1.1 ~ 1.21 1.34 'J-g 6 (n'l + 4) , .\1( 

~ ;iLsec1a I ~ n 1. 1.711 . 20012.4 , 2.5 3.00 

COMPOUNO FAN TRUSS 

1 'I I I I 
A. 1Ji2 L see a ,~ (1~~ ,,1+ I I) 9.92( o.91 jl1.00

f

12.30

r
4.3

T
4.8117.39 

Bb ~,L ~ a ~ (% n' +9) 8,95 ,,"~ O,OO "'r"r,,",13 
Cc Yi,L800a ~(I~~nl+7) 8.819.91 o.o0jl.4T3.53r4':T6.76 
Dr ~~2LlII)(la ~(I%.nl+5) 8.2 9.4 9':r O.96113.1 T 3.ror S.44 

Eg 1,12 L eee a ~ (slA~n'+ 3) 7.21: 8.41 8.] 9.91112'J12.55r S.18 

Fh l/u LIICe a '.In! + 4 ( 1J;~ n'+ 1) 7.14 8.4 8·50110.OS112.38112.95115.93 

fAl. ~ L see' a 1 \~ n 8.:~ 9.43 !.~ 11 .00113·2tIr3.7516.5O 
IAl ~ L 600' a % n 6.7 .. 7.71 7.1 : 9'j lo.8011 .2

1
13.50 

Li f, (1 _ )1-=' a) iJ~ n 4.50 5.14 5:~ 6.00 7.2t1 7.5 9.00 

~:a n \ ln' + 4On' + 144 ~ ab,be ~L - , -+eee' otan'a 6(,'+4) 0.9 O.991.CM 1. 1.11.211.34 
fg, gb 

de 3{ 1, lICe a lan a ~ 2.5 2.5 2.61 2. 2.~ 2.n 2.85 

cd, e[ 
, ; 
ru 

~ Leeefa J1n 1.50 1.71~ 1.T. 2.0012.4 2.5°13.00 
~ L eee' a ~ n 2.25 2.5 ~.~: 3.00 3.601 3.75

1 

4.50 
Va L ooc' a %. n 3.75 4.29 4.~ 5.001 6.001 6.251 7.50 
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TRUSSES- LENGTHS AND STRESSES OF MEMBERS 

~. 
Compression members are w~ __ • 
Indicated by hea.,y lines. 

w~y.\- ! , ; 
w A bell Pitch of truss _ Height, H t A. e e.! T a ; 

• • Length, L 
----. - -- --- [r -_ .. L 8 ~-- - ---" - - ·-u ----,W " - "'ii - 2eota 

PRATT- 4 PANELS PRATT- 6 PANELS -
I Coefflden. of Str ... 

(Str _ _ w. Coel!leienl) 

Sm ... -..... c ..... W.Form .... ' F .. Valuel lll n -, I "I, I',;'!' I 4 I "15 I 5 I • 
PRATT TRUSS 4 PANELS 

-- --
Aa, Db 7.i L !tOO a ~~ 2.70 2.98 3.00 3.35 3.90 '.04 4.74 

La U L %n 2.25 2.57 2.60 3.00 '.60 3.75 '.50 
Lo ;;L ". 1.50 1.71 1.73 2.00 2.40 2.50 '.00 

'" ;; H 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

'" U v'V + 16h~ 14~ 1.25 1.32 1.32 1.41 1.56 1.60 I." 
- - -

PRATT TRUSS-S PANELS 

- - _. 
Aa, Bb I %LrJeca o/4~ 4.51 4.96 ;00 5.59 '.50 ' .73 7.91 

Cd l,!, l.. 8e<lG ~ 3.61 3.97 '.00 4.47 5.211 5.39 6.32 
La IH ". 3.75 '.29 '.33 5.00 '.00 6.25 7.50 

Lo IH n 3.00 3.43 3.46 4.00 '.80 5.00 '.00 
Lo IH II. 2.25 2.57 2.60 3.00 3.60 3.75 ' .50 

'" "H 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

"" "H " 1.50 1.50 1.50 1.50 1.50 1.50 1.50 

'" I ~ vV' + lGh ~ "4 vn2 + 16 1.25 1.32 1.32 1.41 1.56 1.60 1.80 

d. % v'vr + 36h~ v. vn2 +36 I." 1.73 1.73 1.80 1.92 1.95 2.12 
, -'---

: 

Equivalents for use In Length Formulas 

-
Vp,luee of n I ~ 24/7 12 eol 30

0 
4 24/ 5 5 , 

-
22"37'12' V&luee of () 33 0 41'24"\300 15'23"1 100 2&°33'54" 21 ° 48' 5" 18 0 26' &" 

_a 1 1.2{)1 8 I U5n I 1.1547 , 1.1180 1.0833 1.0770 1.0541 

I I 

i: 



424 

TRUSSES- LENGTHS AND STRESSES OF MEMBERS 

wJ Com pression mem bers al"'8 iYi 
~!7fl 

W E -'" 
In dicated by keavy IIne$. 

W ~rl\ . 
w B d It 1,' P itch of tru " _ Height . H ~~W h i ~r 
'fA be e : Length , L JA c e tr i • • 
( tv--------------L n _ ...!:.. = 2cota 5 ~----------- -- L_'_~'w 

H 
PRATT--8 PAN ELS PRATT- 10 PANELS 

I I CoeIfId .. t CIt Str_ 
(51. _ _ w. CotoIIkI.-.I) 

M .... c .... "'--WI FOI'mUI.: for VoIu .. of n _ 

I 3 I 1 2 "I 1 • 124/. 1 • I 6 24/7 30~ 

PRATT TRUSs---a PAN ELS 
--

~~~ 
I 

Aa, Bb ~1; L l\ec(J 6.31 6.95 7.00 7.83 9.10 9.42 11.07 

Cd ~iI L IJeC a % Vni+"4 5.41 5.95 6.00 6.71 7.'" 8.08 9.49 

DI Ik L IlOO a ~ v9""+4 4.51 4.91 5.00 5.59 6.50 6.73 7.91 

L. :~ L \~ n 5.25 6.00 6.06 7.00 8.40 8.75 10.50 

Lo \H I)~ n 4.50 5.14 5.20 6.00 7.20 7.50 9.00 

I. 'H ". 3.75 4.29 4.33 5.00 6.00 6.25 7.50 

L, ~~ L • 3.00 3.43 3.46 4.00 4.80 5.00 6.00 

,b ~'l H 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

od ~~ II " 1.50 I.,. 1.50 1.50 1.50 I.,. 1.50 

,I 3:1, H 2 2.00 2.00 2.00 2.00 2.00 2.00 2.00 

bo % Vl.~ + 16h~ '4 vn2 + 16 1.25 1.32 1.32 1.41 1.56 1.60 1.80 

do % VJ.2 + 30h2 14 Vn~ + 36 1.68 1.73 1.73 1.'" 1.92 1.95 2.12 

IS ~8 v'L~ + 64b2 VI VII' + 64 2.14 2.18 2.18 2.24 2.33 2.36 2.50 
-

P RATT TRUSS-10 PAN ELS 
- ---

Ali, Ob I ~'I o L sec a %v'n~ + 4 8.11 &.93 9.00 10.06 11 .70 12.12 14.23 

Cd ''10 L sec a 2 Vn~ + 4 7.21 7.94 8.00 8.94 10.40 10.n 12.65 

DI ' io LllC(la ~ V n2 + 4 6.31 6.95 1.00 7.83 9.10 9.42 11.07 

Eh J,.i oLseca ~l~ 5.41 5.95 6.00 6.71 7.'" 8.08 9.49 

I.. l,i o L %" 6.75 7.71 7.79 9.00 10.80 11 .25 13.50 

Lo ~io L 2 , 6.00 6.86 6.93 8.00 9.60 10.00 12.00 

Co 'A.oL ~~ n 5.25 6.00 6.06 7.00 8.40 8.75 10.50 
Lg J,.'lo L % n 4.50 5.1 4 5.20 6.00 7.20 7.50 9.00 

Li 'I L ". 3.75 4.29 4.33 '.00 6.00 6.25 7.50 
,b 

I ~ 
Il 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

. od II % 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
,I "I H 2 2.00 2.00 2.00 2.00 2.00 2.00 2.00 
,h I, II " 2.50 2.50 2.50 2.50 2.50 2.50 2.50 

bo ''10 VL2 + 16h~ V4 vn~ + I' 1.25 1.32 1.32 1.41 1.56 1.60 1.'" 

d, '110 vV + 3Gh2 %. Vn2 + 3fl 1.68 1.73 1.73 1.80 1.92 1.95 2. 12 

I, 1 ' ''0 vV + 64h
2 lhv'n2 + 64 2.14 2.18 2.18 2.24 2.33 2.36 2.50 

hi %0 VL2 + lOOh~ 1/. VIl~ + 100 2.61 2.64 2.65 2.69 2.n 2." 2.92 
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CORRUGATED SHEET METAL CONSTRUCTION 

Corrugated ateel, in addition to ita utenllive application &II roofing and lliding for buildin,p, is 
adaptable to other \II!eII IlUcb &II linin, of ahafta, supports and {orllll for lloor a.n:he.. p&l'titions, 
enclowres and eulverta. 

Corrugated abeet. are available in .tee! of ~rullU' aoalysi. or in rulIt-resietin, aUoya, Ullually 
oopper bearing .teel, eitber black (unpainted mill finish), painted or ,alv.ni~. Ahhough the 
mill. offer a wide choice in t ypet and widt h. of oorrugations, the curved type i, a:enerally U!Ied, 
Stand&rd length.!! range from 60/1 to a maximum of 144/1 vaf)ing by 12"; other lengthaare subject 
to an extra charge. 

~:f~'; ~t~~:~!:~i 
~~Q9.f..l}]~.':.~1.4nd.rd S~~t n!): 
:X.! ~r.~~ll"" 2(;2\'(..i 
:'_! ...... 1:-1' _____ .. a !.". J~I!; 

. ~_~,L.. :: . , . ", 
" . '" 
~~ ,; ; ,' , 
: : r:' ::' 

>-c;;mii;;",.~ L.: __ -~ h: _ ~I~' ~~~ 
t" :l :;~!;;;~~';_.'~c;;;_j;~ f Lr~.i!S~~!~P-~ .!~_z,: .~~."..: 

COaRUG.l.TIOS8: NomiDal widthll 2~" (actual 2~") ue preferred for domlllltic work. 
For export work 3" corrugation. nre frequently furniehed wi th 32" widtha, covering 27" oet 

when laid .... ith 2 oorrugatiollll side lap, and 30" net with one oorrugation side lap. 
Roolin, .heet i, 277S" wide &frer corrugating and has one ed&;e turned up and the other down. 

It i.laid with a side lap of H i corrugation. (covering approximately 24" net .width) and a 
minimum end lap of 6" for roof pi tch of" in 12 or OV6. For roof. of lees pitch the minimum eod 
lap ahouJd be 8". Corrugated.tee! roofing i. eel.dom ueed for roof pitc.b U.IId6l' 3 in 12. 

Siding abeet i, 26" wide after OOfl'lllatioi wit.b botb edgea of abeet turned tbe .,.,me way, It 
ialaid witb llide lap of one OOrruptiOD (approximately 24" oet widt.b) and minimum end lap of 4". 

Sheet ateel flashing must be provided at roof ridgtl, et.vea, windo .... and wherever neoeMN'Y to 
insure watertilbt nIIIUlta. 

~. nAT SHEETS 2J.i~ AND r' CORRUaATlONS:::-:::-::-:::-:--_ 
U. S, TlIIt"- Virilolion I'ouAIIt 1* SCI n 21" 511_ Mul_ Span 

:'~ I":" + or ~. I ' . I "-"II,., Sci. '1. Btlw_ ~ 
_ .,-;;_, % 01 w~~ BlWc _ GaI • ."lnd Slack OolYlllla:td RooIInI $Idlnl 

12 .107 5.0 4.53 4.38 4.88 4,71 4.94 4.n 5'- 10" 
14 .on 5.0 3.28 3.13 3.53 3.37 3.58 3.41 5'-10" 
16 .061 5.0 2.66 2.50 2.86 2.69 2.90 2.73 5'-10" 
18 .D49 3.5 2.16 2.00 2.32 2.15 2.35 2.18 5'-10" 
20 .037 3.5 1.66 1.50 1.78 1.62 1.81 1.64 5'-10" 
21 .034 3.5 1.53 1,38 1.65 1.48 1.67 1.50 5'-10" 
22 .031 3.5 1.41 1.25 1.51 1.35 1.53 1.36 5'-10" 
23 .028 2.5 1.28 1.13 1.38 1.21 1.40 1.23 4'-9" 5'-10" 
24 .025 2.5 1.16 1.00 1.25 1.08 1.26 1.D9 3'-9" 4'-10" 
25 .021 2.5 1.03 .88 1.11 .94 1.13 .96 3'-9" 4'-10" 
26 .018 2.5 .91 .75 ,98 .81 .99 .82 2'-9" 3'-10" 

_ :;:28""0:;"''''''''=;:''''''0::;-,;;::;"",;;:;).63 .84 .67 ,85 .68 2'-9" 3'-10" 
To obtain the we"hUl of Black I'alnt.(ld SIIOOUI, add 0 .0 16 L bo!. per Sq . I-"~. 10 weighUl of IlLack ShOOtol. 
Cornipt.od Metal for 6J<port work 11 usually .pOClHed 10 BIrmingham ( IJ, 0.) Oagll. 
j'ermlMlble varla.tloWl oonform with tolcrnnCOl a(!opt.)d by the A-x:latlon Of 8tool Manura.c.turer. 

In 19Ztl ami apply to wolghUl of Stoel SllOOUI ordel"(ld by wolgM or gage numOOr. 

ApproxinUlte method of obtaining gt'0If a rea required: 
Roolina: _ net &reA + end lapol + 1,5% for Bide laps or I ii ooTrugMionB. 
Siding _ net area + end lapill + 10% for side lapill of I oortugation. 

• ·Vo"· .. 

NO"?U!" 
UmbnJUa H~ Clinth my" 

Muim"m Ltna1.h WI~' 

FASTEN I NOS Fo n OORRUOATBD 8TBE L 
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STRUCTURAL TBlBlm 

The strength of structural timbers depends upon a number of 
fnctors: the species of wood and its age, seasoning and therewith 
the moisture content, influence of defects and variation in strength 
due to conditions of load and service. 

The most recent studies in this direction have been made by the 
Forest Products Laboratory, U. S. Forest Service, the results 
having been embodied in the Specifications for American Lumber 
Standards, in the Specifications for Timber, 1927 Standards of the 
American Society for Testing :'Ilatcrials, in the 1929 Proceedings 
of the American Hnilway Engineering Association and in the 1926 
Report of the Building Code Committee, U. S. Bureau of Standards, 
which should be referred to {or a complete investigation of the 
strength of structural timber and other data pertaining to the usc 
of timber. 

In accordanoo with these specifications t he working stresses are 
given for two grades, select and common, each for three conditions 
of exposure during usc: 

a. Continuously Dry. Timber continuously dry; when restricted 
to use in intcrior or protected constructions and not subject 
to conditions of dampncss or humidity. 

b. Oteallionally Wet. Timber occasionally wet but Quickly dried; 
when used in exterior structures such as bridges, trestles, or 
other exposed framc work. 

t. Usually Wet. Timber more or less continuously damp or 
wet; when exposed to water or when in contact with cart.h, or when 
used in structures that are more or less continuously wct. 

'tABLES ~'OR WonKING STRESSES AND SAn; LoADS 

Values given in Tables 1 and 2 are those recommended by the 
Forest Products J~aboratory. 

Tables of Unit Working Stresses and of Safe Loads are given in 
the following order: 

Table I. Unj~ Worklnk St~; 
BeDding and i1hl!1O.rlng s~"--. 

Tabl" 2. Unit Working 1':1..-.; 
Oomlll"Oeo/.l"'l St\'Ull.!le!l and Moduli of E lasticity . 

Table 3. RoctanguLa.r Timber B6am.....one I nch Thick; 
Safe Loa<ls for "-hulmum Allowable Bend lUll St~ 

Table 4. Hoct""Jrolllr ,(,hnher Btlarna.--On" Inch Thick; 
sarli Loads tor Ma:dmum AlJowllbl" Shcarlng SII'C8IICIJ. 

Table b. noct.:lDguiar Timber lk«.m_\·crtlcal Delklctlon; 
(JoelTlchmlll of DertoctloD for \"arloWJ 1IIoduil of ~;\utldty. 

Table 6. liDlt WorklllK St!'OBS(ll f(lr ' I' lm!)<'r Column.: 
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Applicable to Column •. l i d o,-er 10. 
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AI)!)ikablo to OolumnI<. Id o...:~r 10. 



: 

" 
, 

i 

UNIT WORKING STRESSES 

R ECTANGULAR T[~lm'H BEAMS 

Bending Stresses. The factor of safety at a given working 
stress varies materi ally with the duration of the stress; at the 
recommended working stresses the average timber in buildings 
has a factor of safety of 6 for momentarily applied loads but a 
factor of safety of only 27,( for permanent loads. 

Tensile Stresses.. For members in direct tension, such as bottom 
chords of t russes, the allo wable fiber stress in bend ing may be 
used, except at joints, where full tensile strength cannot be 
developed. 

Shearing Stresses. Working stresses given for horizontal shear 
arc maximum va.lues. The maximum unit horizonta.l shear at any 
point in a beam is % of the average uni t shear obtained by dividing 
the total shear at that point by the area of the cross section . 

Modulus of Elasticity. The stresses given are averages for 
species a nd arc used for computing the approximate initial deflection 
of a ti mber beam. The tabular values give the initial deflection 
for a load temporarily applied; for a beam supporting a permanent 
load, only one-half the tabular values should be used to preve nt 
sag. 

The a pproximate ratio of the modulus of elasticity to the bending 
stress is 1100 : 1 for t hc select grade of building timber. 

ReCTANGUL A R TIMBER COLUMNS 

Compressive Stresses. The unit working stresses given for 
compression parallel to grain are used for short colum ns up to a 
length where the ratio of unsupported length t o least dimension 
docs not exceed 10. 

For columns of intermediate length, the unit working stresses 
are obtained from the following formula, up to a point where the 
reduction in a!1owable stress equals one-third the stress in com
pression parallel to grain used for short. columns. 

Unl~ Comproslllv6 Stress ~ - rc[ I - tc ~d)' ] • whore 

P _ total load In IlOunds. 
A _ cro>l1l sectlonal area. In square InehOll. 
r _ unit oompr.-lv6 stTOll8 parallel to grain. 

I 
I - unsuPllOrtod length or column. In IncbOll. 
d "" I(last d huenslotl of oolumn. In Inches. 
E_~lodulW! of ElasticI t y. 

I. K_, \Q'i; 

I 
f'or columns of a length when) the valu'l or f{ _ lid aod ~ _ ~ ro. tho curve booomlllll 

tangent to th'l Euler CufV'l which Is usct.l tor loog columns up to l I d _ SO. with a. ract.or 

I ot satet)· ot 3. 
P .... E 

427 

Unit Com"resslvc St'"""'" A - 31i (l i d )' iL-__________________ ~ 
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3. RECTANGULAR TIMBER BEAMS-ONE INCH IN WIDTH 

ALLOWABLE UNIFORM LOAD IN POUNDS 

Maximum Bending Stress, 1 Kip per Square Ineh -..... Depth of 8 01m '" Ir>eh .. 

• . 

1~ 
". 1 2 3 4 , • 14 16 18 20 

-- --
I III 
2 " 222 
3 37 148 333 
4 28 III 250 '44 , 22 89 200 356 800 

6 18 74 167 296 667 1185 
7 ... 64 143 254 571 1016 1587 

• 56 125 222 500 889 138' 2000 
9 .. ,. III 198 44' ,.0 123' 1778 2420 

10 .. .. .. 100 178 400 711 1111 1600 2178 284' 

II .. ... 162 364 646 1010 1455 1980 2585 1 3273 
12 . . . 148 333 593 926 1333 1815 2370 :WOO 3704 

" ... . . . .. . .. . 308 547 85' 1231 1675 2188 2769 341 9 
14 ... . .. . . . . 286 '08 794 11 43 1556 2032 2511 3175 
15 .... . .. 267 47' 741 1067 1452 1896 ! 2400 2963 

16 .... .. . , .. . .. . .. " 44' 694 1000 1361 1778 2250 In. 
17 ... , .. .. · . .. '18 654 941 1281 1673 2118 251 4 
18 ... .. 395 617 889 1210 1580 2000 2469 
19 .. .. . , ... 374 585 842 1146 1497 1895 2339 
20 ... .... · .. . 356 556 .00 1089 1422 1800 2222 

21 , ... · "" 529 762 1037 "54 1714 211 6 
22 .. ... 50' n7 990 1293 163S 2020 
23 .. . . . . . 483 696 947 1237 1565 1932 

24 .. . . · .. , .. 463 667 907 1185 1500 1852 
25 444 640 871 1138 1440 177. 
26 ... .. . , ... 61' 838 109' 138' 1709 
27 ... .. .. 593 807 1053 1333 1646 
28 ... .. .. . .. 571 m 1016 1286 1587 
29 . .. .. .. .. . ,. " . .. 552 751 981 1241 1633 
30 ... .. . . .. ... 633 n6 94' 1200 1481 

31 .... .... . . .. 703 918 1161 1434 
32 .... .. . . .. . .. . 681 889 1125 1389 
33 .. .... .. . .. .. .. 660 662 1091 1347 
34 ... ... .. .. ... .. . . 641 837 1059 1307 
35 . . ,.,- .. .. .. .. . . . 622 813 1029 1270 

36 .... .. ... . .. . .. 790 1000 1235 
37 , . .. ... .. .. . . . . . . . . .. .. 769 973 12<)1 
38 ... . .. . . .. .... 749 947 11 69 

'" .. ... . . .. ... 729 923 11 40 
40 .... .... .. .... .... ... . .. .... -~ I -"!"'.. 1111 

"" .. I 
~--

Modul~' I 0.083 I 0.667 I 2.250 I 5.333
1

18.00 I 42.67 83.33 144.0 228.7 341.3 486.0 666.7 
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4. RECTANGULAR TIMBER BEAMS- ONE INCH IN WIDTH 

ALLOWABLE UNifORM LOAD IN POUNDS 

Maximum Horizonta l S heari ng Stresses -Shorinll 
Dopth '" OMm '" IndlN ,"-""- .. 

1 , , • , 8 10 12 14 " 1B 20 Sq. '''' 1-· 
140 187 373 560 747 11 20 1493 1867 2240 2613 2987 3360 3733 
125 167 333 500 667 1000 1333 1667 2000 2333 2667 3000 3333 
110 147 29, .44 587 880 11 73 1467 1760 2053 2347 2640 2933 
105 140 280 420 560 840 1120 1400 1680 1960 2240 2320 2S00 
100 133 267 400 533 SOO 1067 1333 1600 1867 2133 2400 2667 

95 127 253 380 507 760 1013 1267 1520 1m 2027 2280 2533 
go 120 240 ,ao 480 720 960 1200 1440 1680 1920 21 60 2400 
85 113 227 340 '53 680 907 11 33 1360 1587 1813 2040 2267 
&0 107 213 '20 427 640 as, 1067 1280 1493 1707 1920 2133 
75 100 200 300 ' 00 600 800 1000 1200 1400 1600 1800 2000 

70 93 187 280 373 560 747 933 11 20 1307 1493 1680 1887 
65 67 173 260 347 520 693 887 1040 1213 1387 1560 1733 
60 so 160 240 320 480 640 SOO 960 11 20 1280 1440 1600 
55 73 147 220 293 440 587 733 880 1027 1173 1320 1467 
50 67 133 200 267 400 533 667 800 933 1067 1200 ~ -

Coeflici.,~ 0 083 
Mi"'~ 1 . 0.167 0.260 0.333 0.500 0 .... 0.933 1.00<l 1.167 1.333 1.500 1.661 

Notes fo r Tables 3 and 4 

Allo ..... able uniform loads arc given for rectangular sections onc inch in width 
and for a. fiber stress of 1,000 pounds per square inch. 

The safe load for a beam of greater width is obtained by multiplying t he 
tabular value by the width of the beam in inches, and the safe load for a 
bending slrcss other than 1,000 pounds is obtained by multiplying the ta.bular 
value by the ratio of the given stress to 1,000. 

The allowable uniform load for bending stress must not exceed the maximum 
load fo r horizontal shearing stress for corresponding depth of beam, given in 
Table 4, to a\'oid failure of beam in horizontal direction of the grain of the 
wood. 

The limit of allowable uniform loads on short spans, depending upon the 
maximum allowable horizontal shea r, is obtained by multiplying the corre-
sponding coefficient for minimum span, Table 4, by the ratio of allowable 
bending stress and shearing stress. 

The limit of allowable loads for long spans, due to excessive vertical 
deflection, is obtained from the Coefficients of Deflection, Table 5. 

Tabular llafe loads include the weight of the beam and are applicable only when 
beams are sufficiently braced against lateral detJection. 

--
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5. COEFFICIENTS OF DEFLECTION 

Ma)timum Bending Stress, 1 Kip per Square Inck 

I Madill ... Of El ... Icltr. Pounda Pto' SQuu , Inch ..., 
~ 

I 

~ 
§ ~ ~ ~ ~ I I ~ § f eM !, ! ~ ~ :l ""' 

1 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.03 0.04 
2 0.07 0.08 0.08 0.00 0.09 0.10 0.11 0.12 0.13 0.15 
3 0.15 0.17 0.18 0.19 0~1 0~3 0~5 0.27 0.30 0.34 
4 0.27 0.30 0.32 0.34 0~7 0.40 0.44 0.48 0.53 0.60 
5 0.42 0.47 0.50 0.54 0.58 0.63 0.68 0.75 0.83 0.94 

6 0.60 0.68 o.n 0.77 0.83 0.90 0.98 1.08 1.20 1.35 
7 0.82 0.92 0.98 1.05 1.13 123 1.34 1.47 1.63 1.84 

• 1.07 1~0 1.28 1.37 1.48 1.60 1.75 1.92 2.13 2.40 
9 1.35 1.52 1.62 1.74 1.87 2.03 2.21 2.43 2.70 3.04 

10 1.67 1.88 2.00 2.14 2~1 2.50 2.73 3.00 3.33 3.75 

11 2.02 2~7 2.42 2.59 2.79 "3 3>0 3.63 4.03 4.54 
12 2.40 2.70 2.88 3.09 3.32 >60 3.93 4.32 4.80 5.40 
13 2.82 3.17 3.38 3.62 3.90 4.23 4.61 5.07 5.63 6.34 
14 3.27 3.68 3.92 4.20 4.52 4.90 5.35 5.88 6.53 7.35 
15 3.75 4.22 4.50 4.82 5.19 5.63 6.14 6.75 7.50 8.44 

16 4.27 4.80 5.12 5.49 5.91 6.40 6.98 7.68 '.53 9.60 
17 4.82 .,2 5.78 6.19 6.67 7.23 7.88 8.67 9.63 10.84 
18 5.40 6.08 6.48 6.94 7.48 8.10 '.84 9.n 10.80 12.15 
19 6.01 6.16 7.21 7.73 8.32 9.02 9.84 lD.82 12.02 13.53 
20 6.67 7.50 '.00 8.57 9.23 10.00 10.91 12.00 13.33 15.00 

21 7.35 8.27 '.82 9.45 10.18 11.03 12.03 13.23 14.70 16.54 
22 8.07 9.08 9.68 10.37 11.17 12.10 13.20 14.52 16.13 18.15 
23 '.82 9.92 10.58 11.34 12.21 13.23 14.43 15.87 17.63 19.84 
24 9.60 10.80 11.52 12.34 13.29 14.40 15.71 17.28 19.20 21.60 
25 10.42 11.72 12.50 13.39 14.42 15.63 17.05 18.75 20.83 23.44 

26 11.21 12.68 13.52 14.49 15.60 16.90 18.44 20.28 22.53 25.35 
27 12.15 13.67 14.58 15.62 16.82 18.23 19.88 21.87 24.30 27.33 
28 13.07 14.70 15.88 16.80 18.09 19.60 21.38 23.52 26.13 29.40 

~ 14.02 15.76 16.82 18.02 19.41 21.03 22.94 25.23 28.03 31.54 
30 15.00 16.88 18.00 19.29 2O.n 22.50 24.55 27.00 30.00 33.75 

31 16.02 18.02 19.22 20.59 22.18 24.03 26.21 28.83 32.03 3S.04 
32 17.07 19.20 20.48 21.94 23.63 25.60 27.93 3O.n 34.13 38.40 
33 18.15 20.42 21.78 23.34 25.13 27.23 29.70 32.67 36.30 40.84 
34 19.27 21.68 23.12 24.n 2&.68 28.90 31 .53 34.68 38.53 43.35 
35 20.42 22.97 24.50 26.25 28.27 3Q.63 33.41 36.75 40.83 45.94 

CoefficlomtJI ot DoflocUon for Bending Stl"'Clllle6other than 1.000 POI1llds areobWned by multiplying 
tho valuOll given In table by the ratio ot the given stress to 1.000. 

Oolleetlon In InchOllI~ obtained hy dividing the coefficient ot Dctloctlon oolTCSpondlng to given ~pan 
and unit 8tl"el!lS by the depth of beam In InchOll. 

For beams under pcrrnanont loading twice the tabular Vllluflll _hou ld be usod, to prevent ugglng 
of beam. 

For Ij(lloct building material the ratio ot modulus of elasticity to bending It ..... II aoout 
1100 to 1. It the deflect ion I. not to eltooorl J.M,:, or 111aII. the pcrmlsslble span In reotlll approxlrr.awly 
1}( X dopth or i)OO.m Inln(:h08. 



US I, OF BEAM SAFE LOAD TABLES 

Bending Safe Loadll. Table 3 gives the unifonnly distributed 
safe loads for rectangular sections, onc inch in width, and for a 
unit stress of 1,000 pounds per square inch. The safe load for a 
beam of greater width is obtained by multiplying t he tabular value 
by the width of the beam in inches. 

For a unit stress other than 1,000 pounds, multiply tabular safe 
load by the ratio of the given stress to 1,000. 

Safe loads include the weights of the beams and arc applicable 
only when beams arc sufficiently braced against lateral deflection. 

Shearing Stresses. Table 4 gives the allowable uniform loads for 
rectangular sections, onc inch in width, fo r various unit horizontal 
sheari ng stresses. These londs are limited by the allowable shearing 
stresses along the horizontal axis of the beam, as calculated from 
formula: 

Maximum Safe Load- 'Ya Arca. of Section X Unit Shearing Stress. 

These limits must not be exceeded to avoid failure of beam in 
horizontal direction of the grain of the wood. 

Vertical Deflection. Table 5 gives the coefficient of deflection 
in center of span for uniformly distributed loads; thc deflection in 
inches is obtained by di viding the coefficient by the depth of the 
beam in inches. 

In building construction, the maximum span in inches of a beam 
uniformly loaded to capacity is genemlly limited t0360 X deflection 
in inches; fo r select building timber, the maximum span in feet is 
about 1.22 X depth of beam in inches, while for the reduced unit 
stress and safe loads permissible for the common grades, tbe 
maximum span may be taken at lY2 X depth of beam. 

T his deflection is fo r (l. load temporarily applied and wi!! increase 
to about twice theoretical value when beam is permanently loaded. 

Beaml Not Uniformly Loaded. For loads concentrated in the 
center of the span, one-half of the values for tabula r safe loads for 
bending a nd four-fifths of the coefficient of deflection are used. 

For other conditions of loading, reference must be made to 
formulas given for those conditions. 

T he section modulus fo r an accurate calculation of bending 
stresses should be based on the actual size of the timber and, fo r 
rectangular beams, is equal to 14 (depth)! x width, dimcnsions in 
inches; the section moduli at foot of Table 3 a rc fo r theoretical 
dimensions. 

.sa 

.... 
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EXAMPLES OF USE OF BEAM SAFE LOAD TABLES 

Ex.. .... ".: L Beam. 14" x 6". WhlW Oak. lleioct gra.dc. contlnuousl)' dry. 
8 t..-, Ilendlng a t .... , 1,400; ShearIng Stress. 12~; 

I!: IMlte :' l oouIUI. 1.1>00,000. 

Span 13 foot, l.o&d. unlfOl'ml), distributed, fur bendll'l3: 

(167.5 X 1.4) X 6 _ 14,070 pound l . 

Load allowu.ble for Ho ri zontnlSho&r; 2:133 X 6 _ 14.00n ]>OUI>cls. 

DeOoct lon, 13 roo~; (3.38 X 1.4) + 14 _ 0..34" InlUlll, ('iii" j>crmanent) . 

EIA .. PL E 2 . JOillt. 12" 1 .. " . Wcs«!rn II cmlocl<. oommon grade. occask>nall,. .. lit. 

St~; /lending 5tn. .... 8aO; ShQarln", Stross. 60: 
~;IM{lc 1'It odulus. 1.400,000. 

SPIU' 15 foct, Lo&d, uniformly dlstrlbuWd. 3,5(1() I)()UIlds. 

ThlcknOll: 3,500 + (1007 X 0.83) _ 3.06 Inchell; UMI Timber 12"" 4", 

Load allowablo tor lIorlzontal SbeaT: 960 X" _ 3.840 pound!. 

Dcfloctlon. 15 Cl'Ct: (4 .82 X 0.83) + 12 _ 0.33" Initial. (1;i." permanent). 

EXAMPLE 3. Stringer. 10" x.". Soutbern Yellow Plno. common gr&d'l, UlWlLly .. et.. 

Stl"el!ttel: !lending Stl'Clll, 800; Etulle ModuiUJI, 1,600,000, 

Span 11 roo~, l,oad, conCClntrat«l.ln CClnter, 2,000 IlOu ndl, 

' r hlck nCSl,2,000 X 2 + ( 1010 X 0.80 ) _ 4.05 InchOll, n!!lll 'rlmber 10" ,,6". 

DeHoctlon, II foct: ~ (2.27 X 0.80) + 10 _ 0.1.5" Inltl.l, Oi." l)Cr~ent) . 

Ex.o."PLE 4. Jobt, 10"" 3", WhlUl Fir, ""'loot grado, oeo:aIIlonally w et. 

St~: D(lndlng Strou, 800; Shoatlng Stress, 70. 

Load .lIow.hlo for lIorlzonUlI ShC&l': 033 X 3 _ 2.800 pounds. 
Urnltlng Span for .Mulmum Load : O.g (800 + 70) _ 0.52 foot.. 

~X""""E.5. Dcam 10" x .. ", ~IUI Spruce. ""'loot grado, contlnUOUllJ' d..,., 

St~: Deudlng Stl'6llll, 1,100; Shoa.rlng StCfl88, 85. 

Two LocIds o r 6,500 pounWi, conocntrat«l. 6 foot trom aupporta. 
lk'ndlng MOlmoot, _ 24, pa.ge 169, 6,500 X (6 X 12) _ 468,000 Ineh.poundl. 

RQmtlng llOlmeut, fS: 1, 100 X 83.33 X t _ t X 91,667 loeb·pounds. 
Thkknoes oC timber, t: 468,000 + {1l ,(I67 _ 5.11 I neh~, 

A.umo timber 10" X 6", 

Load .llow.blo Cor Horlwnt.o.l Shear: 1,133 X 6 - 6,800 IIOUDds, 

Ex.o. .. ""r. 6. Uoa,n, 18"" 6", Doug ..... Fir, Orogon, common gnr.<le, continuously dry. 

StreeAOl!: Bonding StroM, 1,200; EllLltle ;\lodulul, 1,600,000, 
Madmnm Span _ 360 X Detloctlon: % X 18 _ 27 r..ct, a()proJ:huately, 

Urnltlng Load, Span 27 roct: (l,333 X 1.2) x 6 _ 11,600 pounWl. 

De-tJoctlon, 27 root: (l3.67 x 1.2) + 18 _ 0.91" Inltlll (I U" ~t), 

For permanent load tho '()an .hould nOlt escood 13 J.i foot.. 

Ex.o. .. ru: 7, l'lank, 2"" 12", Yellow P ine, aeloet grade, conllnUOUIIly dry, 

S II'\.'SllCll: Dt'ndlng Stre., 900; ElaIlle Modulus, 1,000,000. 

Sp&n 5 foot. Load, unlfom, ly dlurib"t(l(I: (80 X 0.9) X 12 - 000 110",,11 •• 

Deticction. G foot: (0.75 X 0.0) + 2 - 0.34" Initial, ( ' lio" permo.ncnt) . 
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6. SHORT TIMBER COLUMNS 

UN IT COMPRESSIVE STRESSES, fc 

Stresses parallel to Grain, In Pounds per Square Inet! 

COntlnuolnly O"Uloo.olly UwallJ M""n 
Sp ..... of Tl ..... 0". WOI Wfil of 

- Soltct -I Ctlm~ SfIIf!Ct ~mmol} SelOCI Com~Slld\J 
Cedar, " 'estern Red .. .... .... ......... 700 500 700 560 ~ 520 1.000,000 ., Port Orford .... 900 no 82' 660 750 600 1,200,000 .... .. ... .... 
Do~,gl88 I<},r, C<:~t Rewon ..... 1175 880 1065 800 90s 680 1.600,000 

Dense . .... 1285 1025 11 65 935 990 79' 1,600,000 
" " Rocky Mountain .... 800 640 800 640 700 560 1,200,000 

Hemlock, Western ..... ... .... 900 no 900 720 800 640 1.400,000 
La.reh, Western .... .. . ... .... ... ....... 11 00 880 l COO 800 800 640 1,300,000 
Oak, Red and White ... ...... 1000 800 900 720 800 640 1,500.000 
Pi,?e, Sou:~ern Ye!!ow. ... 880 800 680 1.600,000 

Dense. .. .. .... ... 1285 102' 1165 935 990 79' 1.600,000 

Redwood ......... . ..... ....... ... .... 1000 800 900 720 750 600 1.200,000 
Spruce Red White, Sitka. ........... .. 800 640 750 600 650 520 1.200,000 

7. TIMBER COLUMNS OF INTERMEDIATE LENGTH 
: VALUES OF K = i \I~ 

Contln"""sly """""~. U .... 
Sped .. ot TImb" "" w. w. 

---
"'~ Common """ "'"~ .. ~ "'"-

Cedar, Weatern Red. ... ... ...... .... 24.2 27.1 24.2 27.1 25.1 28.1 
" Port Orford ......... 23.4 26.2 24.5 27.4 25.6 2B.7 .. . ... ... .. . 

Douglll8 Fir, Collllt Region . ... ...... . ... 23.7 27.3 24.9 28.6 27.0 31.1 
" "" " Dense . 22.6 25.3 23.8 • 26.5 25.8 28.8 
" " Rooky Mountain. 24.8 27.8 ,,. 27.8 26.5 29.7 ..... 

Hemlock, Welltern ... ....... ... .. . ..... 25.3 28.3 25.3 28.3 26.8 30.0 
Larch, Western. ........... .... ... 22.0 24.6 23.1 25.8 25.8 28.8 
Oak, Red and White ... .. .. .. ...... .. ... 24.8 27.8 28.1 29.' 27.7 31.1 
Pine, Southern Yellow . .. ... 27.3 28.6 31.1 

" " " Dense. 22.' 25.3 23.8 26.S 25.8 28.8 .. . .... 

Redwood ...... .... .. ...... ..... .... . 22.' 24.8 23.4 26.1 25.6 28.6 
S,eruce t Red! White! Sitka .... ...... ...... 24.8 27.8 25.6 28.7 27.5 30.8 

8. TIMBER COLUMNS OF INTERMEDIATE LENGTH 

VALUES OF [ 1 - lU, )'] 
Pereentage of Strength with reference to Short Columns . -Rilio of Lengr/l IG l Nst Olm.,oIon '" Recta.au!" S«tlon, 

K 
29

1
30 10 U 12 13 14 15 16 17 18 19 20 21 22 21 24 25 ,. 27 28 11 ,... 

98 97 96 95 93 91 88 85 81 77 72 67 
23 98 98 97 95 94 92 90 87 84 81 77 72 I!! 1ft 24 99 88 97 96 95 93 92 89 87 84 80 76 72 fiT 25 89 98 98 97 96 94 93 91 89 86 83 80 76 72 c!!. 
26 ~ 99 99 98 97 96 95 93 92 91 89 86 83 80 76 72 67 67 I 
27 - 99 99 98 98 97 98 95 93 92 90 88 85 82 79 74 71 V 67 
28 99 9998 98 97 96 95 94 93 91 .. 87 85 82 79 75n6Ts7 
29 " "I" 98 98 97 96 95 94 92 91 .. 87 64 82 79 75 71 r~"- 67 I 
30 " "" 98 96 97 97 9S 95 94 92 90 88 88 64 81 78 75 n V I..!!.. 

31 100 99" " 98 98 97 96 95 94 93 92 90 88 88 64 81 78 75 71 67 

. 
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9. RECTANGULAR TIMBER COLUMNS 

UNIT COMPRESSIVE STRESSES, fo 

Timbe rs 6" x 6" a nd l.arger 

SELECT GflADE 

Stresses Parallel to Grain, In Pounds per Square Inch 

$jltcl . ",nmbllt 
10 12 

Ratio '" l .. gt/l1O l _ Dim .. ""'" 'id I 

14 16 " T"; [25 [30 [,, 1 .. I 50 

Continuously Dry 

Cedar, Western Red .. . . .. ...... 700 686 67. 656 62' 592 .38 304 22. 171 110 
" Port Orford. 900 87. 861 834 '" 740 526 365 268 206 132 ....... ... .. . 

D ougl!l.ll Fir, ColUlt Region . . ..... 1175 1149 1127 1093 1045 975 702 487 358 27. 175 

" " " .. Den!le. 1285 1251 1222 1176 1112 1022 702 487 358 27. 175 .. .. Roeky Mountain .. .00 786 no 753 n6 688 526 365 268 206 132 .. 

Hemlock, Western . ... . . .... .. 900 885 872 852 823 783 61' .26 313 240 153 
Larch, Western .. . . . . . ......... 1100 10S8 1041 999 937 851 570 396 291 223 142 
Oak, Red and White. ..... 1000 962 966 942 907 859 658 457 336 257 164 
Pine, Southern Yellow, Dense. ' .. 1285 1251 1222 1176 1112 1022 702 487 358 27. 175 

Redwood ....... ..... .... 1000 9n 947 910 856 781 526 365 268 206 132 
Spruce, Red, \\Thite, Sitka ... . 600 786 no 753 n6 688 526 365 268 206 132 

Oecasio:1:llly Wet 

Cedar, Weetern Red. 700 686 673 654 62. 591 . 38 304 22' 171 110 .. Port Orford .. . ...... 825 ." 796 775 744 703 526 365 268 206 132 
Dougll!.8 Fir, Com Region. . .. .. 1065 1045 1028 1003 968 915 702 487 358 27. 175 

" " " " DC~ '1 11 65 1139 1118 1083 1036 971 702 487 358 27. 175 

" " Rooky Mounwn.... 800 785 m 753 728 688 "6 365 268 206 132 

Hemlock, Western . ... . .... ... 900 885 871 851 82' 793 612 .26 313 240 153 
Lareh, Wcstern ... . . .... 1000 976 955 922 877 810 570 396 291 223 142 
Oak, Red and White. ...... '00 886 875 858 832 797 648 457 336 257 164 
Pine, Southern Yellow, Den9ll. 1165 1139 1118 1083 1036 971 702 487 358 27' 175 

Redwood .. ......... . .... . .. 900 '79 861 83. 79' 738 526 365 268 21)6 132 
Spruce, Red, White, Sitka .. .... 750 738 ns 712 6" 657 525 365 268 21)6 132 

Usually Wet 

Cedar, Western Red . . 650 638 629 614 594 565 437 304 22. 171 110 
" Port Orford .... 750 738 n. 712 689 657 523 365 268 21)6 132 

Douglaa Fir, Coast Region. . .. 905 893 883 867 .. 6 81. 683 487 358 27. 175 

" " " " Dense. '90 974 961 940 910 871 698 487 358 27. 175 

" " Rocky M ountain. 700 690 681 66' 651 623 514 365 268 206 132 

Hemlock, Western. ", ... ... .... 800 789 780 766 745 717 600 .26 313 240 153 
Larch, Western .. ... 800 797 n6 760 736 704 565 396 291 223 142 
Oa.k, Red and White. 800 791 783 770 752 727 623 457 336 257 164 
Pine, Southe~n Yellow, Denac. ... 990 974 961 940 910 871 698 487 358 27. 175 

Hedwood .. ... .... . ........... . 750 737 m 712 690 657 525 365 268 21)6 132 
Spruce, Red, White, Sitka . . ..... 650 642 635 625 611 589 500 365 268 208 132 
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10. RECTANGULAR TIMBER COLUMNS 

UNIT COMPRESSIVE STRESSES, fo 

Timbers 6" )l 6" and Larger 

COMMON GRADE 

Stresses Parallel to Grain, In Pounds per Square Inch 

Rod. of l ttlJl/l 10 leu! Olmonoion. 'id 
SpKl .. afn ..... 

10 U 14 16 1 18 20 25 30 15 40 50 

Continuously Dry 

Cedar, Western lWd . . ... . . , ... ... 56. 553 547 538 524 505 425 304 22. 171 11. 
" Port Orford .... , .. n. 707 700 687 667 639 521 365 268 206 132 " ... ... 

Douglas Fir, Coallt Region. ..... . , .. 88 • 87. 861 847 826 796 675 487 358 27. 175 

" " " " ""~. 1025 to08 994 971 938 891 700 487 358 27. 175 

" " Rocky Mountain 64. 632 627 6t7 602 682 500 365 268 206 132 ... 

Hemlock, We!ltern ... ... ....... . . 720 712 706 "6 680 68. 573 '26 313 24. 153 
Larch, Western . . .. . ... .. . ..... . ... 880 863 849 828 798 752 570 396 291 223 142 
Oak, Red a.nd Whi te, . 800 791 783 77t 753 729 626 457 336 257 164 
Pine, Southern Yellow ........ .. .. . 880 870 861 847 826 796 675 487 358 27. 175 

" " " ""_. 1025 1008 994 9n 938 891 700 487 358 27. 175 .. . ... 

Redwood. . . ," ... .. . .. . .... 80 • 786 773 754 n6 688 526 365 268 206 132 
Spruce, Red, 'While, Sitka. .. .. .. . . 640 632 627 617 602 582 5<)' 365 268 206 132 

Occasionally Wet 

CedAr, Western Red ... ... ...... ... 560 552 548 537 523 504 425 304 22. 171 110 
" Port Orford ... 680 652 645 635 619 .98 508 365 268 206 132 .... .. ..... 

Douglna Fir, Cou t Region. .. .. . ... .. 800 792 784 m 758 736 64. 487 358 27. 175 

" " " " o..~. ". 922 911 893 8" 834 688 487 358 27. 175 

" " Rocky Mountain 640 632 62. 616 602 582 • 02 36 • 268 206 132 .. . . , " ' 

Hemlock, Western ... 72' m 705 ". 681 65' 5n .26 3t3 240 153 
Larch, Welltern .. .. ..... . .... 800 787 m 76. 736 704 564 396 291 223 142 
Oak, Red and White. ..... ... ... ... 72' m 708 699 686 668 593 457 336 257 164 
Pine, Southern Yellow. ... .... .. . . . BO' 792 784 m 758 736 64. 487 358 27. 175 

" " " Dense. ". '22 911 893 869 83. 688 487 358 27. 175 ... .. . 
Redwood ........... . ... .. . .. ... n. 70' 70. 665 666 637 ." 365 268 206 132 
Spruce, Red, White, Sitka. ... ... ... 600 5" 588 58. 566 552 .85 ,.. 268 206 132 

Usually Wet 

Cedar, Welltern Red .... .. . . 520 51. 509 502 .91 .75 .13 304 22' 171 no 
" Port Orford .... . . 600 594 589 581 ." 553 '85 365 268 206 132 ... 

Doug~ Fir, Coaat Region . ....... . . 680 67. 670 664 65. 641 568 '82 356 27' 175 

" " " " "'~. 79. 787 780 no 755 734 645 487 358 27. 175 .. . 
" " Rocky Mountain. 56. 564 551 544 53. 521 '65 365 268 206 132 . . .. . 

Hemlock, Western ......... ... .. . 64. 634 629 622 612 598 537 .26 313 240 153 
Larch, Western . ... .... .. .. .. ... . . .. 64. 633 627 618 606 568 .19 396 291 223 142 
Oak, Red and White ........ .... . . .. 64. 63. 631 62. 616 604 551 '55 336 257 184 
Pine, Southern yellow ..... ... .... 68. 675 670 664 655 641 568 '82 358 27' 175 

" " " Dense. 79. 787 7BO no 755 734 64. 487 358 27' 175 ... .. .. 

Redwood .. .... ... ... ... ... .. .. 600 .94 568 58' 568 ." .83 365 268 206 132 
Spruce, Red, White, Sitka. .. .. ..... . "0 515 512 507 500 .89 .46 365 268 206 132 
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USE OF COLUMN SAFE LOAD TABLES 

To determine t he required rectangular dimensions of a specified 
wooden column of a given length, to support a. certain load, it is 
necessary to: 

1. Determine the cross section of a. square timber necessary to 
support. the load, assuming corresponding safe unit stress, 
fe• for short columns, from Table 6. 

2. Determine from Table 7 the corresponding value of Ie 

3. Determine the cross sectional area and side, d, of square trial 
column, from fe + 1<, and obtain the sq uare fOOt of the 
quotient. 

4. Determine the slenderness ratio, l i d, of trial column. 

5. Determine from Table 8 the nearest percentage value corres
ponding to values of K and lId. 

6. Determine nct cross sectional area. by dividing the cross 
sectional arco. of square trial column by percentage value. 

7. Determine the other dimension, b, of the rectangular column 
by d ividing the net cross sectional area by the width, d. 

E:u .. .... c: ncoqui l'Cd the _be of a rectangular oolumn. 10\ '-9" long. White Oak . com
mon grado. oon~inuous.ly dry. to 'U I)por~ a load o f "4,000 pound&. 

I . Tablo 6. COrre8llOndlng va lue of f . _ 800 IlOunda. 

2 . T able i . Corresponding value o f K _ 21.8. 

3 . Aroo. of squaro trial column: H.ooo + SOO _ {.5.0 *l;uare ir>el>o& 

Side o f squlu'e trIal column : \M:O _ 1,42 Lnch<JOl. 

" Slenderness ratk>: ( 1".7{' X 12) + 7.42 _ 24.0. 
6. Table 8. I'crcentagc value whcn I, _ 27.8 and lid _ 24.0: 82 '7 •. 
6 . Actual ne~ arca required: 55.0 + 0 .82 _ 67. 1 IIQU&rlllnchel. 

7 . Dimension. b. of rectangular column : 67. \ + 1." 2 _ 9.0. Incbel. 

TIlIl thoor<lticallizo I. 1 42" x 9 .0." hut thC actual HI ..., to uAlli. 7)i" lI: Q". 

Tables 9 and 10 can be used to determine directly the safe loads 
for a specified column of given size and length. 

E XAM p",,: Cl!cckLnfj: thel"C.'lllull4 obtalno<1 In the forogolng example, a,,"umlng actual 
dlmeOlllonB of colU mn to be 7 )oS" lI: 9". 

S~ndcme8!l ratio : ( 14.15 X 12) + 7.6 _ 23.6. 

Tabl .. 10. :-<ct &afo unit stre.: 
interpOL:nlng. for lid _ 23.6: t. _ 6M pound. per square inch. 

Total sara load: 7).S X 9 X 11M _ "4.000 pound •. 



L 

ROUND COLUMNS 

The tables used for the calcu lation of rectangular wooden columns 
can also be applied to columns not rectangular, by expressing the 
value of least side of rectangle in terms of corresponding radius of 
gyration, Lhat. is, when d is the least side of rectangle: 

d - rxm or r _ d + \'12 _ 0.2887d 

For a circular section, when d is the diameter: 
., r _ d + 4 _0.25d 

The ratio of diameter, d, of ci rcle and the least side, d, of rectangle 
ia, therefore: 

0.2887 + 0.25 _ 1.155 

and the ratio of slenderness applicable to rectangular sections must 
be multiplied by 1.155, or about ,%, to obtain the equ i\'alent ratio 
of slenderness for circular sections of corresponding dimension, d. 

The unit safe loads found for t his increased ratio of slenderness, 
ljd, arc multiplied by the corresponding area of the circular section 
to obtain the net safe load of the round column. . 

11: ...... ,.1.1: : Required 'he ""8 load ot a round column. lIemlock. oomUlOn crade. 
usually .. e~. 10" diameter. 12'-1" lona. 

Slendemea 1'111\0 : (12.33 X 12) + 10 X 1.IM _ 17.1. 

Table 10. Ne~ .ate unit Itn.: 
intcrllOllUng. tor l Id _ 17.1: t. _ GIG poundil per squaro Inch. 

Total ..a.rt/loa.d tor 10" d la. column: lrea _ 78.M square lnebel. thou 
78.64 X 6 16 - 48.380 1)()I1Jld'. 

489 
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SPECIFIC GRAVITIES AND WEIGHTS 

Metnla. Alloys. Ores 

...... ... .., 
Aluminum, cut-hammered 2.55-2.75 

"brODle. 7.7 
Antimony ............. . .. 6.62- 8.72 
Anenic.............. 5.73 
BismUth ........ ....... "J 9.70-9.78 
BrUII, e&llwol1ed......... 8.4-8.7 
Bronze (Jun metal)-

copper 88, tin 10\&i1lc 2% 8.7 
BroDie (Phosphor -
eopper80,tin I O,lea.dlO~ 9.0 

Cbromium. . . .. . . . . . 6.8G-6.92 
Cobalt .".... 8.72-8.95 
Copper, tut·rolled.. 8.8-9.0 

" oro, pyritetll.... 4.1-4.3 
Gold, east-hammered. . 19.25-19.3 
Iron, C8.llt, pig...... ... 7.2 

" wrought....... . 1.6-7.9 
" Spiegei-eillen. 7.5 

fcrro-eilioon.... 6.7- 7.3 
" ore, hematite. 5.2 
"" " in blUlk 
"" " Iooee ... 
" "limonite. . . 3.6-4.0 
" "magnetite. . 4.9-5.2 
" alllg. . . . . . .. ... . . 2.S-3;O". 

Lead. ........... .... . 11 _28-1~ ... 
" nrc, galena......... 7.3- 7.6 

) lagneSum.... .... ...... 1.74 
Man~ancee .............. 7.2G-7.42 

, on!, pyrolusite.. 3.7-4.6 
Mercury.... 13.59 
Molybdenum. . . 9.01 
Nickel. . . 8.57- 8.90 

" monel metal . 8.8- 9.0 
Platinum, C1lI!l-h~mmered 21.1- 21.5 
Silver , clUIl.--hammered. 10.4-10.6 
SleeI...... ......... 7.8-7.9 
TIn, clIII.--hammered...... 7.2- 7.5 

" babbitt metal. 7.1 
" ore, CllIIIIiterite...... 6.4- 7.0 

Tunpten ............ .... 18.7- 19.1 
Vanadium ........ ....... 5.5-5.7 
Zinc, cqt...rolled. . . . . 6.9- 7.2 

" ore, bien de. ... 3.9-4.2 

Various Solids 
Carbon, amorphous, 

gra l)hi tic ...... . 
Cork .. . 
Ebony ...... . . . 
Fat ... 
0_, common, plate. 

" crystal .. 
" flint .. 

P hOilphorull, white ... . 
Porcelain, china ....... . 
Reeira, lto.in, Amber .. 
Rubber, caoutchouc ... . 
Silicon ............. . 

1.88-2.25 
0.24 
1.22 

0.92- 0.94 
2.40- 2.72 
2.90-3.00 
3.15-3.90 

1.63 
2.30-2.50 

1.07 
0.93 
2.49 

."' w Cu. rt. 

16' 481 
"6 
358 
608 

'" 544 

562 
426 
" 2 ' SO 
262 

120' 
450 
46' 
468 
437 
325 

160-180 
130-160 

237 
31 ' 
m 
706 

'" 109 ". 25. 
64. 
'62 

'" '56 
1330 
"6 
490 
459 
443 
"6 

11 60 
350 
440 
2" 

129 
15 

...... 
Sulphur, Ar,norpholl.l. 
W"lL .................. . 

Timber. U. S. Seasoned 
Ash, White. 
Beech .... 
Birch, yellow ........... . 
Cedar, I'ort Orford ...... . 

" while, red .. . 
ChestDut ............. . 
Cyprt'M, lIOuthern. . . 
Douglu Fir, toIIIIt type ... . 

" "mountain .... 1 
Elm, American ......... . 
Hemlock,ellBlern, w~tern .. 
lIic~ory, b!gleaf ......... . 

pignut ..... . 
LRrch, weslern .......... . 
Maple, red, black ...... . 

" silvcr ............ . 
Oak, Oregon ",·hite ...... . 

" red ................ . 
Pine, red .. . . ..... . 

" while, yellow, weetern 
Poplar, yellow .......... . 
Uedwood ......... . 
Spruce, black, red ..... . 

" Engelmann ...... . 
Tamarack .............. . 
Walnut. . ....... . 

Moisture Conlent.l: 
SellllOned timber 12% .... 
Green timber up to 50% .. 

Various Liquids 
Alcohol, 100% ...... . 
Acids, Muriatic ~' . . . . 

"nitric 91% .. . 
" IJUlphuric 87% .. . 

Lye, eoda ....... 66%. 
Oile, vegetable ...... . 

" minertLl,lubrieant.l_ 
Petroleum ............. . 

GlIIIOline .. 
Water, 4<C

1 
max. density. 

" 100 C .... ...... . .. iee .............. . 
snow, r tCllh r allen .. 
sea wD.ter . 

76 Gases 

..... 
0 .... 

2.05 
0.95-0.98 

0.65 
D.7D 
0.68 
0.47 

0.35-0.37 
0.48 
0.51 
0.54 
0.48 
0.56 
0.45 
D.n 
0.85 
0.58 

0.61- 0.64 
0.53 
0.82 
0.71 
0.53 

0.43-0.45 
0.45 
0.48 
0.45 
0.37 
0.50 

0.63-{J.64 

0.79 
1.20 
1.50 
1.60 
1.70 

0.91- 0.94 
0.90-0.93 

0.68 
0.66-0.69 

1.0 
0.9584 

0.88-0.92 
. 125 

1.02- 1.03 

128 
60 

41 
44 
43 

" 22- 23 
30 
32 
34 
30 
35 ,. 
48 
53 
36 

38-40 
33 
51 
44 
33 

27- 28 
28 
30 
28 
23 
37 

39-40 

49 
75 
94 

112 
106 
58 
57 

" 42 
62.428 
59.630 

56 • 
" 

58 Air, O°C, 760 mm. 1.0 .08011 
160 Ammonia............ 0.5920 .0478 
184 Carbon dioxide....... .. 1.5291 .1234 
220 Carbon monoxide... . . . .. 0.9673 .0781 
114 Cu, illuminating.... .... 0.350.45 _028-.036 
150 I " natural........ .... 0.47 0.48 .038-.039 
67 Hydrogen ... ........... 0.0693 .00559 
58 Nitrogen........... '1 0.9714 _0784 

155 ~Yl!en ................. 1.1056 .D892 
The apecUlc gravItIes or sollds and liQuid. r(!r<)r to water at " · C .. th.- of ~ to aIr at 0' 0. and 

760 mm p...uru. The welghlo!l Il<'r cubic foot art! dorlved trom ILvotalle lpecltlC grav1UCII . exocpt 
.. bere ,,--ted that ... elghts &rfI r;)r bulk. hoapO<l or looea malerlal. etc. 
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SPECIFIC GRAVITIES AND WEIGHTS 

IIMdfIe. Wtiflllt, s,.dIk w"-
~ u...,..~. u..,. 

--------------------1---.... ----.-1- C~FL _I _____________________ f-_G_. _ .. __ -l-='.~~~ 
Minerals 

Aabeet~ ................ . 
Barytee ................ . 
Basalt .................. . 
Bauxite ................ . 
Born .................. . 
Chalk .................. . 
Clay, marl .............. . 
Dolomite ............... . 
FeldapaT, orthoels.ee ...... . 
Granite, god..- .... ...... . 
Grcen.stone, trap ...... ... . 
Gypsum, alabaster ....... . 
Hornblende ............. . 
Umeatone, erystl!.lIino .... . 

" oolitic ........ . 
'Magneaite .............. . 
?Iuble ............... . 
PhOElphate roek, IIpatite .. . 
Porphyry ..........••.•.• 
]>umioe, natural ......... . 
Quart~, flint ......... .. . 
Sandstone, bluNtone ..... . 
Slate, chait! ............. . 
Soapet.one, talc .......... . 

Srone, Quarried, Piled 

Baealt, granite, gnm.. .... 1 
Lilm'lltone, marble, quarts 
Sandstone ............. . 
Shale ................. . 
GreeDltnne, hornblende .. . 

Bituminous SubstantCIs 

Alpbaltum .............. . 
Coal, &nthraciu. ......... . 

" bituminou.s ........ . 
" lignite ............ . 
" peat, turf,dry ..... . 
" CbllfCOIIl, pine ...... . 
" " oak ...... . 
" coke .............. . 

Graphite ............... . 
Pllfll.ffine ............... . 
Pelroleum, eTude ........ . 

" refinOO .•....•. 
" benzine, ..... . 
" gaeolin\l ...... . 

Pitch .... ............ 
Tar, bituminoua ......... . 

Coalnnd Coke, Piled 

2.1- 2.8 
'.50 

2.7- 3.2 
2.55 

1.7- 1.8 
1.8-2.6 
1.8-2.6 

2.9 
2.5-2.6 
2.8-2.9 
2.8-3.2 
2.3- 2.8 

3.0 
2.4- 2.7 

2.3 
3.0 

2.7- 2.8 
3.2 

2.8-2.9 
0.37- 0.90 
2.5- 2.8 
2.2- 2.5 
2.7- 2.8 
2.8-2.8 

1.1- 1.5 
1.4-1.7 
1.2- 1.5 
1.1 - 1.4 

0.65-0.85 
0.28- 0.44 
0.47- 0.57 
1.0- 1.4 
1.9- 2.3 

0.87- 0.91 
0.68 

0.79- D.82 
0.73- 0.75 
0.66-0.69 
1.07- 1.15 

1.20 

Coal, anthrRcite . . . .. . ...... . 
" biLUnlinoulI, lignite .. . ....... . 
" ]lent, tu,f ...... . 
.. ebareoal ......... . 
.. eoke .............. . 

183 
281 
184 
159 
109 
137 
137 
181 
159 
172 
187 
159 
187 
160 
14. 
187 
168 
200 
172 

40 
165 
147 
172 
169 

.. 
95 
82 
92 

107 

81 
97 
84 
78 
47 
23 
33 
75 

131 
56 
55 
50 
46 

" 69 
75 

47--58 

'0-" ,...,. 
10-14 
23--32 

Ashlar Masonry 
Granite, gow. .......... . 
Lim~ne, cry~f:tilline .... . 

oolitic ........ . 
~[arble ................. . 
SAndstone, bluestone ..... . 

Mortar Rubble Masonry 
Gr&nile, gueiM .......... . 
Lim~tone, cr)·.~ne .... . 

oolitic ........ . 
Marbl\l .... , ............ . 
Sandstone, bluelltone. . .. . 

Brick Masonry 
Pressed brick ........... . 
Common brick, ... .. , ... . 
Soft brick .... ... .. , .. . 

Concrete 
Cement, Btone, IIIUld ..... . 

" slag, etc ........ . 
" cinder, etc . ..... . 

Various Building Material 
lUbell, cinders ........... . 
Cement, Portland, 100II6. 

" "!let .... . 
Lime, gypsum, 100II6 ..... . 
Mottar, !let ............. . 
~_,...,k ............ . . 

2.8- 2.9 
2.4- 2.7 
~3 

2.8-2.8 
2.2- 1.5 

u .. 2.8 
2.1- 2.6 

2.2 
2.5-2.7 
2.1- 2.4 

2.2- 2.3 
1.8-2.0 
1.5-1.7 

2.2- 2.4 
1.8- 2.3 
1.5-1.7 

2.7-3.2 

1.4-1.9 

--;y--" . Icreemnga... .. . ...... . 
" mAChine a1ac ..... . 
" slag eand ........ . 

Earth, etc., Excavated 

CI,~y, dry ................ . 
damp, pl&l!lUc ...... . 

C\&y &nd gravel, dry ..... . 
Earth, dry, 100!Ie ...... .. . 

" " pll.eked ..... . 
" moist, looee . . . . .. . ...... . 
.. " packed ........... . 
.. mud, Bowing .... . 
" "packed .... . 

Ripmp, limestone ..... ... . 
" .u.ndstone ...... . 
" shale ............ . 

S&nd, gravel, dry, looee .. . 
" " "packed. 
" "wet ........ . 

Excavations in Water 
S&nd or gravel. . ...... . 

" " " &ndclay .. 
ClIIY ······,·········,·· , 
River mud .............. . 
Soil .................... . 
Stone riprap ............ . 

172 
160 
144 
168 
147 

165 
156 
138 
182 
140 

140 
120 
100 

144 
130 
100 

'0-45 
00 

183 
65-75 

103 
67-n 
98-117 .. ,0-" 

63 
110 
100 
76 
95 
78 .. 

108 
115 

60 .. 85 
90 

105 
00-105 

100-120 
118- 120 

60 
85 
OJ 
00 
70 
65 

Tho _padRe 1Ir. ... ttl'" ot !JOllds and liquid' refer to ... au..- at 4°0 .• th(lllO Of ,.- to _lr at 0'"0 and 
760 mm p~. The weishu pO<" cubic toot are derived from averaco -vecltlc lJ'&v1t~. exCleP' 
wher\! .Iated thU wel&b1.8 (U'CI tor buill:. beaped or 100.0 malerlal. etc. 

---
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STRENGTH OF" MATERIALS 

STRESSES PER SQUARE INCH 

i ___ ,-=Str_1n KIpI 

1= 

Aluminum, ean ............. '" .. 
" ban., 1heet8 • • ........ 
:: ~Ihud .............. . 

aZlnealed •...•. . •..• 
" 2% to 7% Ni, CuJ..Fe, etc. 

Aluminum BrOllMl, 5% to 7~/o AI .. 
" .. lWIo AI ... 

Copper. caat . . . .. 
" piatell, roo., boI~. 
" 'Irir1.l, h/U'd ... .. . . 
" wire, a nnealed ... . 

BI'fII:I&.17% Zn .....•. 
.. 23'0" . .. 
" 3061'" .. ..it." 
" ~" 

..... 
•••• • •• 1 

·1 

" cNt, common . . . . . .. : 
.. wire, ha.rd . . .. . .... . 

" annealed ............... . 
Bl'OOse ss. 8n . .• ..•. ... . . 

II 13% II ....' 

" 20%" .. 24%'" ... :: 
.. ::!19 " JU"/o . • . . . 

gun metal, 9 Cu, 1 Su ..... . 
" Mang&ll_, eMt. lIO% Sn .. 
" "roI1ed 2% MD'._I 

PhOllphorua. caat 9~ Sn •... 
.. wire 1" 0 P .. 

Silicon, eaat. 3% Si .... 
" " .. 5% Si .. 
" .. wire . .. . .. . 
" Tobin, e&lIt ) 38% Zo .. 
.. "rol1ed l~% Sn .. 
.. "cold rolled }i% Pb .. 

""' .. M,,",, .... j"j9 to 00% "" " "plalel ~'f!! to 40% Zn . 
" .. ban 2'7o to 4% ).'e . 
" "wire l%to 2%511 . 

GffmlUl Silver, 2S /) Zn, ~ NI. .. 
Iron, 800 next pa.ge . 
Gold, cut... ..... ..... ·····1 

.. '/I'ire . . ....... . . . .. . .. . 
" copper, 5 Au, 1 Cu ... . 

Lead, CIUIt . . • .••• • ••• 
" pipe, wire ..... . 
" rolled dloott ..... .1 

Platinum, wire, unannealoo. 
" "annealed . . . . .... .. 

Silver, CIUIt ...•. 
Steel, _ n~t page.. . ..... . 
Tin, cut ......... . 

" antimony, 10 Sn, 1 ~b 
Zinc, e&d. .... .. ...... . 

.. roUed ahoota . . . . . .. . ...... . 

15 
24- 28 
30-65 
20- 35 
40-50 

75 
85-100 

25 
32- 35 
55- 65 

36 
32.6 

·28:' 
41.1 
31 

18-24 

'" 50 
28.5 
29.4 
33 
22 

5.6 
25-.. 

60 
100 
50 

100 
55 
75 

106 .. 
'" 100 
45 .. 
65 

100 

20 
30 .. 

1.6 
2.2- 2.5 

3.3 
53 
32 
40 

i~.6 
11 
4-6 
7- 16 

6.5 
12- 14 
16-30 

14 
25 
40 
60 
6 

10 

10 
6.2 
7.6 
6.6 

17.4 
17.9 
6 

16 
19 
20 

22 
M 

10 
30 

'" 24 

40 

4 

1.5-1 .8 

4 

I' .! 
u 

12 

120 

40 
32 

42 
53 
78 

114 
147 

125 

6 

16 

22 

1

23.2 
22.3 
26.' 
39 
33.5 
20 

43.7 
34.5 
56.7 
32 
12.1 
52 

4 

7 

12 

30 

36 

11.000.000 

10,000,000 

18.000.000 
15,000,000 

9,000,000 

14,000.000 
10,000,000 

; 0.000.000 

4,500,000 

8.000.000 

1,000.000 
1,000,000 

720.000 

. 4,000,000 
13,000,000 

J .. 
o 

26.7 
35.8 
20.7 
20.7 
5.0 

5.5 
3.3 
0.04 
o 
o 



STRENGTH OF MATERIALS 
STRESSES PER SQUARE INCH 

I· ; .-.- .. -;-: '"'.. 1 _.,! I ~~. 
M.' .... ' .. -,. 1 1 ! ~ -,I tIl l i~l 

Sh~f", ~J~~;~ .... I :, Ii~" ,,~. ~J.·:M 129,000,000 
" buildinga . . . . . . . . . . . .. 5$-65 " " .. 29,000,000 
" can . . . . . . . . . ... .. SO-65 " " .. .. 29,000,000 
.. loeornot.i~·~.... . . . . . . .. 55 65 " .. " .. 29,000,000 
" Bhipe . . . . . . . . . . . . .. 6O-n " " .. "29.000,000 

Boiler J'lateos· 
" " Hange plates . . . . , S5 85 
" " fir e box ......... ' S2~2 

Rivets · 
" boil era ......• , . . . . • . .. 45-55 
" bridgCII . . . .. . . .. . . . . 52-t\2 
.. buildingll . . . . . . . . . . ... 52- 62 
" cara . . . . . . . . . . . . . . . . . .. 52- 62 

Co~cre::i:.;,,-.' .............. 'i 55- 65 

" pl&i.n, IIt ructu ral grade 55-70 
" "int.eTmediate . . .. 70 -90 
" "hard........ . . 80 
" deformed, , truel 'l grade 55-70 
" "intennediate 70-90 
.. .. hlll"d ..... 80 
.. cold twitted . . . .. . . . . . .... 

Caatinp· 
.. tofl ............. . 
.. medium .......... . 
.. ha.rd .. • .......••••• 

Forginp· ........... . 

Steel Alloy, 

Niekel St~I , · 3.25% Ni 

60 
70 
80 

" ahapell, pb.l8, bMtI 
" rivelll . 
" eye barB. unanne.1ed 
" .. .. nnnoa1ed 

85-100 
.. 70-80 

95-110 
90 105 

Steel Springs and Wire 

65-110 
'20 

Springs, unteillpered .... . 
Wire, unannealed ...... .. ..... . 

.. annealed . . ... . . . ... . 80 
" bridge ellble ........ . 200 

Wrought Iron 

Shapell . .. .. . ....... . ....... . 48 
Bars ... .... . .... . .. . .. . 50 
Wire, unannea1ed ........ .. ... . 80 

" annealed .............. . 60 

Cast Iron 

Common ............... . . . 15-18 
Gray .............. .. .. . 18-24 
Malleable ................ . 27- 35 

M !~I~. 

~ ~~lU'. 
" 
" 
" 

33 
40 
50 
33 
40 
50 
55 

30 
38 
43 

. .... 

50 
45 
55 
52 

40-ro 
60 
40 
95 

26 
27 

.. 
27 

, 
'5-20 

tensi le 
" 

tensile 
" 
" 
" 
" 

te~le 

" 
" 

1 

" 
" 
" 
" 

I tenAiie " 
" ... 

tenaile 

.. 
... 

.. . 

temJile 
" 
.. ... 

80 
.. 

46 

tensile I'~ tell/J 29,000,000 " " 129,000,000 
tensile .~ tell/J 29.000,000 

.. .. 29,000,000 

.. "29,000,000 

.. " 29,000,000 
" .. 29,000,000 

tensile~ telUl 29,000,000 
" ' " 29,000,000 
" " 29,000,000 
.. .. 29,000,000 
.. " 29,000.000 
" " 29,000.000 " " I 29,000,000 

tensile " tenll 29.000,000 
" " 29,000.000 
" " 29,000,000 

tensile .~ tCIlII .. .. 

. .,. 

29,000,000 
29,000,000 
29,000.000 
29,000,000 

.. . . . . .. .. .. .. ... . 

.. .. . ...... .. 
' .. . . . . .. . ...... 

tenei le % ten8. 28.000,000 
" " 28.000,000 

.. . .. 15,000,000 

.. ' 25,000,000 

,. 18-20 12,000,000 
2'-"3 .. ,. 40 .... 

• •• 

27.3-211 
25.5--21.5 
30,0-23.1 
27.3-23.1 
25.0-21.1 

27,3-23.1 
28.8-24.2 

33.3-27.3 
28.8- 24,2 
28.8-24,2 
28.8-24,2 
27.3-23.0 

2U ... 2D.O 
18.6-14.3 

'5.0 
22..7 17.9 
16.1- 11.3 

laS ... 
'" 24 
17 

17.6-15.0 
21.4-18.8 
15.8-13.G 

20.0 

. ... " 
. ..... .. 
. .. . . . . . 
.. ...... 

........ ........ 

.. ..... 

. ... .... 

....... . 

.... . ... 

. ....... 
·See SpeellleatLooa or tbe AmerlClW SocIety for T Mtlng Ma l.(>rla'. C. -~----'----
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STRENGTH OF MATERIALS 

STRESSES IN POUNDS PER SQUARE INCH 

U!u .... t. A.eugl Str_ ModIJu, Sal. World". 511' _ 
Building Matetlal. ~,~ • 

Co~r .... ,."'" Bending Ellotklly ComprM&. Bearing ShMring 

Stone 
Granite, gnei!!ll, bluestone. 12,000 l,2QO 1,600 7,000,000 1,21)11 l,2QO 200 
Limestone, marble. , . . 8,000 800 1,500 7,000,000 800 800 ISO 
Sandstone. . .. 5,000 ISO 1,200 3,000,000 SOO SOO ISO 
Slate.. . ... .. . ..... . 10,000 3,000 5,000 14,000,000 1,000 1,000 175 

Masonry 
Granite ... .• . " ... .. .. . .. , ... 420 600 
Limestone, bluestone. . .. .. .... . . 3SO 500 
Sandstone. .... .. . ' . . .... . .. 280 400 
Rubble ... ..... ... . .. ... ... . ....... 140 2SO 

" ooufflel.i . ' .. Ire 2SO 
Brick, medium burned .. 10,000 .. . 170 300 

" hard burned. 15,000 ...... 210 300 . .. . . . 
" essed . b ' k 6,000 ..... ..... "'" ... " 

Terra. & tta . .' .~~~l~.g .. ~.c. :: : 5,000 ... " . 
Cement, Portland 

N~~t, 28 da~ .. ... 1,040 740 .. ' .. .. . .. 
00 days .... . ... ... . 7,350 740 ..... ... . .. .. 

l :3 sand , 28 d aYI:I . . .... 1,290 320 ..... . . . 
" 00 days .. . .... .. . 1,490 340 ...... .. ... .. . .. . . . 

Concrete, P. C. Reinforced Concrete 
r"'i~' ,i" ~k ....... . 

3,300 
~ Furnace Slag .. . ....... ' . . 3,000 Modulus 1"000,000 I" "". "mp,"';,. '"" 2,900. 
~ Lime and Sandstone, hard . 3,000 ,I 2,500,000 for ult . CQmpresaion up to 2,900. 
.... Lime and Sandstone, 110ft . . 2,21)11 

Ela.eticity 2,000,000 for ult. compn)llSion up to 2,200. 
Cinders . .... . .. . ....... . 800 750,000 for ult. compression under 800. ["'Milo, ,up ~k ... .. .. . 2,800 

~ Furn&OO SllIg ........ . ... . 2,500 Safe Working StrC1!S1)8 
'!.' Lime and Sandstone, hard . '2,500 in Percent of mtimate Compression 

~ g~~e:.d. ~~~~~~~'. ~~~ t .. : 1,800 
700 rbun Concrete Piers, length 4 dia. 22.5% 

Compression Reinforced Columns, " 12" 22.5% r""';'up , ook . . .. . .. . 2,200 Reinforced Beams, 32.5% 
..,. Furoa«! SllIg . ............ 2,000 
e-i Lime and 'Sf\l\dstone, hard . 2,000 8etLring Surface twice the loaded area .. . . . . 35.0% 
,;.; Lime and Sandstone, !lOft .. 1,500 

Cindel"8 ............. . .. . 600 r'ri"'''IB~'",W'brei,',,,,m,"' 2.011: 
Shear and " " vertical stirrups ... 4.50

0 r"""" '''P ~k .... .. . . 
1,800 Diag. Tension Bent Bars and vertical stirrup!! .. . .. 5.0% 

~ Fumace Slag .. ........ ' .. 1,600 Same, eeeurely attached . .. . .. . . . .. 0.0% 
't; Lime and Sandstone, hard . 1,600 
,:.; Lime and Sandstone, 110f t .. 1,200 {DraWn Wire ....... . .. . ..... . ... 2.0% 

Cinders . .... ....... . ... . 500 Bond St reBII P lain reinforcing bars ........ " .. 4.0% 
Deformed B8.JlI, best type .... ..... 5.0% ["".iI" "'P ~k ..... ' .. 1,400 

<0 Furnace Slag ... . ........ . 1.300 
~ ·l.irne and Sandstone, bard. 1,300 For complete data. _ TranSfl.ctioll8 of the American 

.... g~de~sn.d. ~~~~~~~~'. ~r.t: : 1,000 Society of Civil Engineers, VoL LXXXI- NoJ 39S, Dee. 1917 
400 

Miscellaneous 
GlaIlII, common ... 30,000 3,000 ", ... .. .... 
Pla.swT .. .... . ............. . 700 re 3.000 8,000,000 ..... . ...... . ..... 

For working stre8llell of Structural Timber, 800 pages 428, 429. 



••• 
EXPANSION AND CONTRACTION OF BODIES 

BY CHANGES IN TEMPERATURE 
The linear coefficient of expansion of a body is the rate at which the unit 

of length changes, under constant pressure, with a change of onc degree of 
temperature; the square surface coefficient of expansion is, approximately, 
two times, and the cubical or volumetric coefficient three times the linear 
coefficient of expansion. A bar, if not fixed, undergoes a change in length_ lt~, 

where I is the length of the bar in inches, t the change in temperature in degrees, 
n the corresponding linear coefficient; if fixed at both ends, the internal stress 
per unit of area _ toE pounds per square inch, where E is the modulus of 
elasticity, and the total temperature stress _ AtoE pounds, where A is the 
area of the cross section of the bar in square inches. 

To find the change in length of a bar, due to flo change in temperat.ure, 
multiply t.he lengt.h of t.he bar by that. change in degrees and by the coefficient 
for one degree. 

LINEAR COEFFICIENTS OF EXPANSION FOR ONE DEGREE 

1 ~l!Itlen::,~,=--,-,-
__ -:-:-"-'_-:-C:-_ _ i"::ow""-:=.+,~,,,,~ .... = '_--=-:-_--:-:,-:-_ _ _ elMl ...... i I r 

....... ""-. , 

Metals and Alloys Stone and Masonry 
Aluminum, ... ·rought .... ' 1.0000231 .0000128 Ashlar muonry ...... . 
Br ..................... 0000188 .0000104 Briek mMOnry ... . 

" wire............. .0000193 .0000107 Cement, Portl.a.nd. 1 :~~1 1 '0000035 .0000031 
.1JOOOO5' 
.1lOOO1l79 8ronJe.... ......... .0000181 .0000101 Concrete .............. . 

Copper . . . . . . . . . . . .0000168.0000093 "lOlIIIOnry . 
German Sih'er . .0000183 .0000102 Granite ......... . 
Gold. . ..... .0000150 .0000083 Limestone 
Iron, eMt, grny. .0000106 .0000059 1 Marblc ........ . 

"wrought. . .. . 0000120 .0000067 j'iMler ......... . 
" wire.... . ... 0000124 .0000069 nubble mnsonry. 

Lead....... . .0000286 .0000159 Sandstone ...... . 
Nickel. .. . . . . . . .0000126 .oaaoo70 Slate. . ....... . 
Plntinum...... ... .... .0000050 
Platinum-Iridium, 15% Ir .00IXl045 Fi 
Silver................ .0000107 r 
St.cel, CMt... . .. . .. . .0000061 6~tple parallel to lim 

" hud .. . . . . . . . . . . .ooaoa73 Pine 
" medium. .000012t1 .0000067 Fir 

l'i~ ... ~.f~::::::..... :=~~ :~~ ~irle pe~~~ular 
Zinc, rolled.. .... . .0000311 .0000173 1 Pine ...... 

Miscellaneous Solids Liquid Substances 
GII\8II. .0000047 Aleohol. . .. . . ......... . 

Timber 

Grnphite. . . .0000044 Acid, nitric ....... . 
Gutt.a-pereh:t.. . . . .0003322 "8ulphuric. 
Paramn .. ....... .0001547 Mercury .. 

. . 0000020 

EXPANSION OF WATER , MAXIMUM DENSITY _ l 1 ,,- 0 - yo/u .... 0 - ,"- c· 1 yo/u_ O' '"- I~ 
o 1.000126 10 1.000257 30 1 1.004234 50 r -, .01 , sn 70 1.022384 90 
4 1.000000 '" 1.001732 40 1.007627 60 1.016954 .. 1.029003 100 

.0000067 

.0001J047 

.0001J044 

.0000056 

.0000092 

.1lOOOO35 

.0000061 

.0000058, 

,"-
1.035829 
1.043116 
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EQUIVALENTS or MEASURE 

LENGTHS 

1 meter (m ) _ 10 declmoters (dm) _ 100 O(lnthnown (em ) _ 1000 m illimeter. (m m). 
1 mlJter ( Ill) - 0 .1 doca meter (dkm) _ 0.01 hectomll\.er (bm) _ 0 .001 k ilo moter (km). 
I meter (m) - 39.37 1nOOOl:, U. S. Standard _ 3\1.3701Il lnchOl, Drlti.h Standl.l'd. 
I mIllimeter (mm) _ 1000 microll8 Cp.) _ 0.03037 Incb _ 3 9.37 m.I~. 

i i M._ ,"'. '''' "'" - """ 
Mij .. U. S. _.-

• .. • ... , . do, 
S~. """'. 'm 

---
1 39.31 3.28083 1.09361 0.19884 0.04971 0':6214 0':5396 0.001 

0.02540 1 '.1l8333 O.02na 0':5051 O~1263 0.: 1578 O~1371 O~54D 
0.30480 12 1 '.33333 0.06061 0.01515 0':1894 0':1645 .~ 
0.91440 31l 3 1 0.18182 0.04545 O.~5882 O.h934 O,:g'44 
5.02921 198 16~ 5.5 1 '~5 O~1 25 o.12n4 .~ 
20.1168 792 66 22 4 1 0.01250 0.01085 O.02{)12 
1609.35 63360 52 .. 1760 320 .. 1 0.86839 1.60935 
1853.25 72962.5 6080.20 2026.73 388.497 92.1243 1.15155 1 1.85325 

1000 39370 328Q.83 1093.61 198.838 49.7096 0.62137 0.53959 1 

I yard, U. S. _ 1.0000029 faro.. Brl Ush . I y..ro. Brl t lllh _ 0.00II1)97 1 )'& .. d, U. S. 
1 chain. G un!.Cr" _ 100 It nh. I link _ 7.92 Inch ..... 
I cablo lengtll. 11. S. _ 120 fathoms _ 960 .pa..a _ 720 rolet _ 2 1 0_~~i mete .... 
I leaguo. U. S. _ 3 ,tatu te miles _ 2-4 t u.lonp. 
l ln tematlol1&l l:OOgI'aphlcaJ mila _ 11. - .teQuato1' _ 7~Z2 m _ 4.61 1808 U. S. ,tatute ro Ue.. 
I International DauUea.! rolle _ U." at meridian _ 1852 ro _ 0.009326 t:. S. nautical m1~. 

1 U. S. nau tical milo _ " •• af clrcumfel'l~ a r .phero ... haea .urfaee OOU.llb: that a f tho OIU'th 
6080.27 foo t _ 1. 16 1M .tatu te m ll(ll: _ 1&3.27 mew .... 

1 Br1 tLlh nautical ,u llo _ 6080.00ree t _ 1.16 162.tatu W m iles _ 1 ~3 10 meW ..... 

SURFACES AND AREAS 

I MI . metel' (m') - 100 MI. dox:lmeten (dill ') _ 10000 MI. centlmet . .. n (cm'). 
1 MI . meter (m,) - 0.01 are (a) - 0.000 1 hectare (ha). 
I MI. millimeter (m'n') _ 0.01 em' _ O.OOIM All. Ineb _ 197:1.6 c lrcula . mils. 
1 aro (a) _ J Iq. decamowr (dkm) _ 0 .02-47 10.. acro. -i 

I i I SQ. Kilo-8q,. Mil_ s... iMII .. Sq. F.t!, Sl!.V ...... "'''', '". HKI .... SQ. M~ .. . ' ... ••• .... . ,. , ~ SUOM. m.~ 

'm' . -

1 1550.00 10.7639 1.19599 0.03954 0~471 0.0001 0!3s61 0:1 
0':6452 1 0 ~6S44 0,:m6 0~551 0':1 594 0~52 0.l2491 0.: 6452 
' .09290 144 1 0.11111 0~73 .~ O.moo 0l3!i87 0~9290 
0.83&13 1296 9 1 0.03306 • .l2066 0~1 0':3228 0.:&361 
25._ 39204 272.25 30.25 1 0.00625 0J2529 0':9766 0~529 
4046.87 6272640 43560 484' 16. 1 0.40469 0~1563 OJ 4G47 
10000 15499969 107639 11959.9 395.366 2.47104 1 0~3861 0.01 

2589999 27878400 3097800 102400 64. 259.000 1 2.59000 
1000000 10763867 1195985 39536.6 247.104 100 0.3861 0 1 

1 MI. rod. IIQ,. pole, o r IIQ,. perob _ 62611Q,. IIn"- _ Ii .. acre. 
I lq . chain. Gunter', _ 16 All. rod. _ II. acnI. 

1 aero - " rood. _ 160 All. rods. Squill", of 1 aero _ 208.7103 root l(Juaro. 

NOULtiOIlll I. t 3. etc .. Indicate that the!- 1. tate .• al'(> to be roplaood hy 2, 3. 4 . etc .• c!pbc .... 
E"",><pL.S. llQ. rod _O.~9766 _ 0.()()()()()9766 All. 1011011. 

l • 
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EQUIVALENTS OF MEASURE 
VOLUME AND CAPACITY 

I cu. meter (m ') - 1000 cu. declmet.e.r (dm') _ 1000000 cu. oentimeten (em'). 
IUtor (I) - 10 deciliters (dl) _ 100 oentUlterl (e1) _ 1000 m111l11to ... (mI) _ 1000 cu. oeo.tl

melAlnl. (em' or e.e.) 
1 mer (I) _ 0. 1 dco::allter (dkl) _ 0.01 hoctoJlter (hi) _ 1 cu. decimeter (dm') . 

U . S. Dry MOMUl'8: I bu.shel _ " peck! _ 8 gallons _ 32 qll&l'UI _ 64 1)luttl. 
U. 8 . Uqultl :\lauure: 1 gallon _ 4 quarU _ 8 pinUl _ 32 gllill - 128ftuld oun(:01tl. 
U. 8 . ApOtb . Measure; I ft . ounoo (f 3 ) _ 8 ft . dra"", (f 3) - -ISO mlnltrul ( " 10) - 29.674 CJ:D'. 
Dritlab Imperla lgallondry and Ilqu.Jd meuure _ 1.03202 O. S. dry gal. _ 1.20091 U . S . Uqu.Jdgal. 
British Imperial gaUon _ 277.-110 cu. ID . _ 4546.0631 ClIl' . 

WclgM ot ... ater at muilnum denalt,. . 4"0. 45" 14t... at_Ie",l 
1 cu. n. _ 62.428311». avo _ 28.8170 kg . 1 cu. 10. _ 0.57804 0&. a ... _ 10.3872 g. 
I pl. , U. 8. IIqu.Jd _ 8.34M6 11». _ a .78M3 kg. 
1 gal .. Britflb I mperial _ 10.022 111». _ 4.M59G31 kg. 

MASSES AND WEIGHTS 

1 gram (8) _ 10 doolgraIllll (dg) _ 100 oonUgrallUl (eg) _ 1000 milligrams (mg). 
1 gram (8) - 0. 1 dooagram (dkg) _ 0,01 hootogTam (hg) _ 0.001 kilogram (kg) . 
1 kilogram (kg) _ I liter of ... atel'. (4 "0. 45 · 14t. at _level) _ 16432.36639 gralM. U. S. and 

Drltlsh Standard. 

"-.. 
1 

0':6480 
0.03110 
0.02835 
0.37324 
0.45359 
907.185 
1016.05 

1000 

G"'~ 
o· 

15432.4 
1 

480 
431.5 
5760 
7000 

14000000 
15680000 
15432356 

I I 
, ____ -C°C ... ~, =c----~,----~~= .. ~·----_+--cc--o-~'m. 

'" -1toy. A.oir~ 

.... t .... u. 

32.1507 I 35.2740 
D~ l o_~ 

1 1.09n4 
0.911 46 1 

12 13.1 657 
14.5833 16 
29166.7 32000 
32666.7 35840 
32150.7 35274.0 

T"'1. " ...... 
Ill. L Ib. n . 

2.67923 
OJl736 
0.08333 
0.07595 

1 
1.21528 
2430.56 
272222 
2619.23 

2.20462 
O.~1429 
0.06857 
0.06250 
0.82286 

1 
2000 

"40 
2204.62 

rSllort. ILonI . 
2DOO .... 22«1 ... , 
0':1102 O~9842 
Ol7143 O~18 
O~29 O.:a061 
O~3125 O,:z790 
O.~4114 allS74 
0.00050 O.h464 

1 0.89286 
1.12 1 

1.10231 0.98421 

1 ounoo a volr. _ 16 dramll . "\'1)lr. 1 o unOO troy _ 20 Ilf!nny ... elgh ~ (d .... ). 

0.001 
O~6480 
0.:3110 
0.:2835 
O.~3732 
O.~536 
0.90719 
1.01605 

1 

1 ounoo a pOth. ( 3 ) _ 8 draIDll (3 - 2<& IICnIplc. G» - 480 grains (cr) _ 3 1.1035 g. 
I 10113 h\lIldred ... (!lgh~ (/ ewt..) _ 1/20 long &.on _ <& quarters _ 8 stone _ 11211». _ 60.8024 kg. I 
NotatIOIUl : . : .~. etc .• Indlca!.e tha~ the :. :. 1. etc .• are to 00 replacod b)' 2. 3, 4. etc .• ciphers. 
ElU."~. 1 grain _ O.t 20S3 _ 0.002063 01. t.. 1 grain - O.t6480 _ 0.000(ltW80 kg. 
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EQU IVALENTS OF MEASURE 
FORCES OR WEIGHTS PER UNITS OF LENGTH ( LINEAR WEIGHTS) 

I dyne per C<)tltlm(!tcr _ 0.00101979 s/cm - 0.000183 710 IK>UlIdal /ln. 
1 gram per ccntlmewr _ 980.5966 dynClil/em _ 0.180154 pOundal / ln. 
1 POundal por Inch _ 5443.11 dynOll /cm _ 5.55081 II/em _ 0.03 10832 pound / In. 

,.~ 
Gral .. P ... nd. ,.", .. ....,," K ~O)grI"" Net T"" .. GI'ON T"" .. Motrk Ton .. ,- ,.Ind!, p. lneII, pot Foot, per Yud, per Mete<. 121XX1lbL" (224D lbo. . (1000 ~I '. 

C.,tlmet ... p./ In. .. "" "1ft. Ib./Yd. k./m per Ma, p.Milt 
,. 

<om K~omet .. 

1 39.1983 O~5600 0.06720 0.20159 0.10 O.ln40 0.1 5839 0.10 
0.02551 1 O~1429 O~1714 0':5143 O.~2551 O.M526 O.~404 1 O~551 
178.579 rooo 1 12 36 17.8579 31.6800 28.2857 17.8579 
14.8816 583.333 0.08333 1 3 1.48816 2.64000 2.35714 1.48816 
4.96054 194.444 O.02m 0.33333 1 0.49605 0.68000 0.78571 0.49605 

10 391.983 0.05600 0.671 97 2.01591 1 l.n400 1.58393 1 
5.63698 220.960 0.031 57 0.37819 1.13636 0.56370 1 0.89286 0.563711 
6.31342 247.475 0.03535 0.42424 1.27273 0.63134 1.12 1 0.63134 

FORCES OR WEIGHTS PER UNITS OF AREA (PRESSURE) 
1 dyne l)(lr 5(1. <::<lntlmetcr - 0.00101979 g /em' - 0.00()4666~O POund1118/ ln·. 
1 gram per sq. <::<lntImctcr _ 980.5006 dynes /em' _ 0.<1057592 poundalllj1n'. 
1 j)Oundai per sq. Inch _ 21<102.95 dynes /em' _ 2.18536 g/em' - 0.00 10832 pound./ln·. 

KYotr_ "",," P..,nd. Net Ton .. ,,- I Column"" M"",...,.. (Hill I Column, III w., .. , ,- ,. ,- (2000 fbi.) , ,,-" IU!l593 811. O. M .... O.,oIry ,0 C 
Sq. Coml- Sq. Inth. Sq. Foot. ,- S ..... , 
k~: ... ' 1b.,Iin.· Ib.{ft.· Sq. FOOl 7110mm MULl met .... '"". M.~ ,~ , ~, 

1 14.2234 2048.17 1.02408 O.96m 735.514 28.9572 10 32.8083 
0.07031 1 14. o.omo 0.06804 51.711 8 2.03588 0.70307 2.30665 
O~ 0':6944 1 0.00050 0~4725 0.35911 0.01414 0~4882 0.01602 
0.97648 13.8889 2000 1 0.94502 718.21 6 28.2762 9.76482 32.0367 
1.03329 14.6969 2116.35 1.05818 1 760 29.9212 10.3329 33._ 
0':1360 0.01934 2.78468 1 ~1 392 0~1316 1 0.03937 0.01360 0.04461 
0.03453 0.49119 70.731 0 0.03537 0.03342 25.4001 1 0.34534 1.13299 

0.10 1.42234 204.817 0.10241 0.09678 73.5514 2.89572 1 328083 
0.03048 0.43353 62.4283 0.03121 0.02950 22.4185 0.88262 0.30480 1 

FORCES OR WEIGHTS PER UNITS OF VOLUME (D ENSITY) 
1 dyne pQr cu. ccntlmctoor _ 0.00101979 gram /em' _ 0.001 18528 J)Oundals/ lnl • 
1 gram per cu. centimeter _ 980.5966 dynes /em' _ 1.162283 poundaLa / ln'. 
1 POundal per cu. Inch _ 843.683 dynes /em' _ 0 .860378 g/cm' _ 0 .03 10832 pound / hi ' . 

Grams ....... "'"''''' .... ~. KiI()gram' P..,nd • .. ,,"'," "",," KiI"I'". ml ,- ,- ,- .. ,- ,. ,. ,- ,-Cu. C.,tl- Cu. lneh. Cu. Foot. Cu. YlI'Il. Cu. Met ... 8u.III" O"lon, G .. I ..... Heetoiit!lf 
met!lf. Ib. fln.1 Ib./ fl.' Ib./Y'd.' k./ m· U. S. 0 • • "'," " f" _ I tertl' 0.< 0.> 

1 0.03613 62.4283 1685.56 1000 77.6893 9.71116 8.34545 100 
27.6797 1 1728 .6656 27679.7 2150.42 268.803 231 2767.97 
0.01602 0.~5787 1 27 16.0184 1.24446 0.1555& 0.13368 1.60184 
O.gs933 0~143 0.03704 1 0.59327 0.04609 0.:5762 0':4951 0.05933 
0.001 0,:J613 0.06243 1.68556 1 0.07769 0':9711 0,:aJ45 0.10 

0.01287 OJ4650 0.80356 21.6962 12.8718 1 0.125 0.10742 1.28718 
0.10297 O.~3720 6.42851 173.570 102.974 8 1 0.85937 10.2974 
0.11983 O.~4329 7.48052 201.974 119.826 9.3092Q 1.16365 1 11 .9826 

0.01 Oll613 0.62428 16.8557 10 0.nSS9 0.09711 0.08345 1 

Not.atloTl8~, :, t, etc., Indicate that tbe:,:' t, etc., IU'fI to be repiaood by 2. 3. 4. etC .• cipbcn. 
EX"""P~E . 1 kll: / m l _ 0.:.a613 _ O.()00()3613 Ib./ln l. 
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EQUIVALENTS OF MEASURE 
ENERGY, WORK, HEAT 

I dyn&-contimoter _ 1 erg _ 0.0010 1979 gnl.m-oentlmetcr _ O.~7376 1 2 root-pound. 
1 gram-oonUmeter _ 980.[,966 erg, _ O.~7233 root-pound. 
1 tOOt-llOund _ 13557300 CI'glI _ 13825.5 gram.oonllmotel1l. -

KnoF* .... ,~-
Honopowlf4oil, ""' •• - I KHow.n- ''''~ 

Th .. maI Unlll --- --.. ~ , ... , "-.. M_ bour .. - 10' " If, Clolari ... 

'" "''' H. PA. ~.-
! DO kt-m-II ••• , B. T. U. .... 

1 7.23300 ~r.~ 0.;3704 
~~ ~-i:n4 9.80597 0-09296 0.;2342 

0.13826 1 O.gsoSl 0':5121 0.33766 1.35573 O~1 285 O~3239 
273745 1980000 1 1.01387 0.76040 0.74565 2684340 2544.65 641.240 
270000 1952910 0.98632 1 0.75 0.73545 2647610 2509.83 632.467 
360000 2603880 1.31509 1.33333 1 0.98060 3530147 3346.44 843.289 
367123 2655403 1.34111 1.35972 1.01979 1 3600000 3412.66 859.975 
0.10198 0.73761 O~n5 o~m Ol2833 ol2ns 1 O~94BO O~389 
107.Sn na.l04 O~930 OJ3984 O.~88 O~30 1054.90 1 0.25200 
426.900 3087.n 0':1559 OJI581 O.~l1 86 O.il163 4186.1 7 3.96832 1 

POWER, RATE OF ENERGY AND HEAT 

1 erg per 1IeC. _ 1 dyno-<: m / lleC. _ 0 .00101079 gram-cm /lleC. _ 0.~737612 fooc.-pound /.ec. 
1 graln-ollltlmcter pe r tKlCOnd _ 080.5966 crp / llOC. _ O. ~7233 fooc.-pound / eec. 
1 fooc.-pound per lleCoud _ 13557300 e!"gll/sec _ 1382t;.5gram-<;m /llOC. -KiIOgra .... FOOl· Honopow ... Tht<mal Unitt 
.om pounda p ... S ... ,- ,- ".~ I M_ 

..... ~ Kllowl lI. Walts, ---
,"""'- , .... ~ 

lOOk_I __ .. - la' erp/_ B. T. U. CllorIe, 
k_/ __ ft.-Ibe../ _ fL-IbL/ le-o. 

15k,...,/ __ B.T.U./ __ kt-a! / _ 

1 7.23300 0.01315 0.01333 0.01 0-09806 9.80597 0. 9296 0-02342 
0.13826 1 0,t1818 0,t1843 0~ 1 383 0,t1356 1.35573 0~1 285 0~3237 
76.0404 550 1 1.01387 0.76040 0.74565 745.650 0.70685 0.17812 

75 542.475 0.98632 1 0.75 0.73545 735.448 0.69718 0.17569 
100 n3.300 1.31509 1.33333 1 0.98060 980.597 0.92957 0.23425 

101.979 737.612 1.34111 1.359n 1.01 979 1 1000 0.9U96 0.23888 
0.101 98 0.73761 OJI341 0,t1360 Oll 020 0.001 1 0~9480 0~9 
107.5n ns.l04 1.41474 1.43436 1.075n 1.05490 1054.90 1 0.25200 
426.900 3087.77 5.61412 5.69200 4.26900 4.18617 4186.17 3_96832 1 

VELOCITIES AND ACCELERATIONS 
1 k ine _ 1 oontlmetcr per IJOOOlid _ 0 .0328083 foot per second. 
1 radian per aeoond _ 51.2958 degroes per 8(lC. _ 0.159155 r(lvolutlonll per Il00. 
t gravity _ 080.6966 centimeters per 8(lC. per 8(lC. _ 32.1717 foot per Il00. per sec. 

Mo m , .. 
Mil .. ,~. Kllomet .... 

M._ , .. Mil .. KlomelffS ,- ,- pOlS ... perS ... per HOtit per Hour , .... --- p ... Hour, per Hour. per Hour. 
~'k perS ... per Sec. W 'k 

' 1_ "'- M/, U. S. .. ~ m t __ / __ 
11./- 1- Mllt/ _ klll/h/ __ 

1 3.28083 2.23693 1.94254 3_' ..... . _ . . _. _ . ... . .. . 
0.30480 1 0.68182 0.59209 1.09728 ... . .... . . .. . ....... 
0.44704 1.46667 1 0.66839 1.60935 ... .... _ .. 
0.51479 1_68894 1.1 5155 1 I .S5325 .. .. 
0.2mS 0.911 34 0.62137 0.53959 1 .. .... 
..... _. . .. . . -. . -. . _ . . -. . . . . ... 1 3.28083 2.23693 3_' 
..... .. -. _ . .. ... . . - .. -.. - .. . . 0.30480 1 0.68182 1.09728 
...... . . . . ... . . -.... .- . . . .. . 0.44704 1.46667 1 1.60935 
...... . . . . . . . . 0.27778 0.911 34 0.62137 1 

NotatiolUl~ . : . ~. etc. , IndlCllte that the :'~ . ~. etc. , ar(I to be roplaeod by 2. 3 . 4. e tc .• c ip he rs. 
Ex. .... pl,ll. 1 Galorlo _ 0.~ 11 63 _ 0 .001163 kllowatc.-hourtl. 
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METRIC CONVERSION TABLE 
INCHES AND FRACTIONS or AN INCH TO MILLIMETERS 

39.37 Inches, U. S. Standard _ 1 Meter _ H)() Centlmeters _ 1000 Millimeter' 

a , /6' 
1 /32 
3/64 
1116 
5164 
3/32 
7164 
'{8 
9/64 
5/32 

11 /64 
3116 

13 /64 
7/32 

15/ 64 
' /4 

17/64 
9/32 

19/64 
5/16 

21/64 
11/32 
'3/64 
'{8 

25/64 
13 /32 
27/64 
7/16 

'9/64 
15/32 
31/84 
'/2 

'3/" 
17/32 
'5164 
9116 

37/64 
19/32 
39/64 
'{8 

41/84 
21/32 
43/64 
11/16 
45/64 
23/32 
47/64 
'/4 

49/64 
25/32 
51/64 
13{16 
'3/" 
27/32 
55/64 
71' 

57/64 
29132 
59/84 
15/16 
61164 
31/32 

'3/" 

0.00 
0.40 
0.79 
1.19 
1.59 
1.98 ". 2.78 
3.18 
3.51 
3.97 
4.37 
4.76 
5.16 
'.56 
'.95 
6.35 
6.75 
7.14 
7.54 
7.94 
8.33 
8.13 
9.13 
9.53 
9.92 

10.32 
10.72 
11.11 
11.51 
11.91 
12.30 
12.70 
13.10 
13.49 
13.89 
14.29 
14.68 
15.08 
15.48 
15.88 

16.27 
16.67 
17.07 
17.46 
17.86 
18.26 
18.65 
19.05 
19.45 
19.84 
20.24 
20.64 
21.03 
21.43 
21.83 
22.23 
22.62 
23.02 
23.42 
23.81 
24.21 
24.61 
25.00 

25.40 
25.80 
26.19 
26.59 
26.99 
27.38 
27.78 
28.18 
28.58 
28.97 
29.37 
29.n 
30.16 
30.56 
30.96 
31.35 
31.75 
32.15 
32.54 
32.94 
33.34 
33.73 
34.13 
34.53 
34.93 
35.32 
35.72 
36.12 
36.51 
36.91 
37.31 
37.70 
38.10 
38.50 
38.89 
39.29 
3S.69 
40.08 
40.48 
40.88 
41.28 
41.67 
42.07 
42.47 
42.86 
43.26 
43.66 
44.05 
44.45 
44.85 
45.24 
45.64 
46.04 
46.43 
46.83 
47.23 
47.63 
48.02 
48.42 
48.82 
49.21 
49.61 
SO.OI 
50.40 

50.80 
51.20 
51.59 
51.99 
52.39 
52.79 
53.18 
53.58 
53.98 
54.37 
54.77 
55.17 
55.56 
55.96 
56.36 
56.75 
57.15 
57.55 
57.94 
58.34 
58.74 
59.13 
59.53 
59.93 
60.33 
60.72 
61.12 
61.52 
61.91 
62.31 
62.71 
63.10 
63.50 

, .... 
1n.80 
178.20 
178.59 
178.99 
179.39 
179.78 
180.18 
180.58 
180.98 

9 10 

a 
1/6:1 
1/32 
3/64 
1/ 16 

'/6' 3/32 
7164 

"' 9/64 
5/32 

11 / 64 
3116 

13/64 
7/32 

15/ 64 
'/4 

17/64 
S/32 

I S / 6~ 
5!16 

21 /64 
11 /32 
23/64 
3/' 

25/ 64 
13 132 
27 /64 
7/16 

29/64 
15/32 
31 /64 
'/2 

93/64 
17/32 
35/6' 
9116 

37 /64 
19 /32 
39/64 
'{8 

41 /64 
21 /32 
43 /64 
11 116 
45 /64 
23 /32 
47/64 
' /4 

49/64 
25/32 
51 /64 

1

13/ 16 
53/64 
27/32 
'5164 
71' 

57 / 64 
29 /32 
59 /64 
1511 6 
61 /64 
31 /32 
63/64 
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METRIC CONVERSION TABLE 
INCHES AND FRACTIONS OF AN INCH TO MILL.IMETERS 

39.37 Inches, U. S. Standard _ 1 Met.el' _ 1(IQ Centimeters _ 1000 Millimeters 

Im:~ ... 
, 

fraction. 

~ 12 1":+14 I 15
J 16 

r .. tlon. 

17 I 18 19 I_I"! 20 
0 219.40 304.80 330.20 355.60 381.00 406.40 431 .80 457.20 482.60 508.00 0 

1/64 279.80 305.20 330.60 356.00 381.40 406.80 432.20 457.60 483.00 508.40 1/" 1/32 280.19 305.59 330.99 356.39 381.79 407.19 432.59 457.99 483.39 508.80 1/32 
3/" 280.59 305.99 331.39 356.79 382.19 407.59 432.99 458.39 483.79 509.19 3/" , ,16 280.99 306.39 331.79 357.19 382.59 401.99 433.39 458.79 484.19 509.59 1(16 
5/6<1 281.39 306.79 332.19 357.59 382.99 408.39 433.79 459.19 484.59 509.99 5/" 3/32 281.78 307.18 332.58 357.98 383.38 408.78 434.18 459.58 484.98 510.38 3132 
7/64 282.18 307.58 332.98 358.38 I 383.78 409.18 434.58 459.98 485.38 510.78 71" ," 282.58 307.98 333.38 1358.78 384.18 409.58 434.98 460.38 1485.78 1511.18 1/' 9;" 282.97 308.37 333.n 359.17 384.57 409.97 435.37 460.n 486.17 511.57 9;" 5/32 283.37 3OS.n 334.17 1359.57 384.97 410.37 435.n 461.17 486.57 511 .97 5/32 

11 /64 283.77 309.17 334.57 359.97 385.37 410.n 436.17 461.57 486.97 512.37 11/64 
3116 284.16 309.56 334.96 3S0.36 385.76 411.16 436.56 461.96 487.36 512.76 3/16 

13 /64 284.56 309.96 335.36 360.76 386.16 411.56 436.96 462.36 487.76 513.16 13/64 
7132 284.96 310.36 335.76 361.16 386.56 411.96 437.38 462.76 488.16 513.58 7/32 

15 /64 285.35 310.75 336.15 361.55 386.95 412.35 437.75 463.15 488.55 513.95 15164 
1/4 285.75 311.15 336.55 361.95 387.35 412.75 438.15 463.55 488.95 514.35 1/' 

17/64 286.15 311.55 336.95 362.35 387.75
1

413.15 438.55 463.95 489.35 514.75 17/64 
9/32 286.54 311.94 337.34 362.74 388.14 413.54 438.95 464.34 489.74 515.15 9/32 

19164 286.94 312.34 337.74 363.14 388.54 413.94 439.34 464.74 490.14 515.54 19/64 
5/16 287.34 312.74 338.14 363.54 388.94 414.34 439.74 465.14 490.54 515.94 5116 

21 /64 287.74 313.14 338.54 363.94 389.34 414.74 440.14 465.54 490.94 516.34 21/64 
11/32 288.13 313.53 338.93 364.33 389.73 415.13 440.53 485.93 491.33 516.73 11 /32 
23/64 288.53 313.93 339.33 364.73 390.13 415.53 44o.s3 466.33 491.73 517.13 23/64 

'" 288.93 314.33 339.73 365.13 390.53 1415.93 441.33 466.73 492.13 517.53 3/' 
25 /64 289.32 314.72 340.12 365.52 390.92 416.32 441.72 467.12 492.52 517.92 25/64 
13/32 289.72 315.12 340.52 365.92 391.32 416.72 442.12 467.52 492.92 518.32 13/32 
27/64 290.12 315.52 340.92 366.32 391.72 417.12 442.52 467.92 493.32 518.72 27/54 

7116 290.51 315.91 341.31 366.71 392.11 41 7.51 442.91 468.31 493.71 519.11 7/16 
29/54 290.91 316.31 341.71 367.11 392.51 417.91 443.31 468.71 494.11 519.51 '9;" 15132 291.31 316.71 342.11 367.51 392.91 418.31 443.71 469.11 494.51 519.91 15/32 
31164 291.70 317.10 342.50 367.90 393.30 418.70 444.10 469.50 494.90 520.30 31 /64 

'" 292.10 317.50 342.90 368.30 393.70 419.10 444.50 469.90 495.30 520.70 112 

'3/" 292.50 317.90 343.30 368.70 394.10 419.50 444.90 470.30 495.70 521.10 '3/" 17/32 292.89 318.29 343.70 369.09 394.50 419.89 445.29 470.69 496.10 521.50 17/32 
35/64 293.29 318.69 344.09 369.49 394.89 1420.29 445.69 471.09 496.49 521.89 35/64 

9116 293.69 319.09 344.49 369.89 395.29 420.69 446.09 471.49 496.89 522.29 9116 
37/64 29U9 319.49 344.89 370.29 395.69 421.09 446.49 471.89 497.29 522.69 37/64 
19132 294.48 319.88 345.28 370.68 396.08 421.48 1446.88 472.28 497.68 523.08 19/32 
39/64 294.88 320.28 345.68 371 .08 396.48 421.88 447.28 472.68 498.08 523.48 39 /64 
5/' 295.28 320.68 346.08 371.48 396.88 422.28 447.68 473.08 498.48 1523.88 5/' 

41/64 295.67 321.07 346.47 371.87 397.27 422.67 448.07 473.47 498.87 524.27 41/64 
21/32 296.07 321.47 346.87 372.27 397.67 423.07 448.47 473.87 499.27 1524.67 21/32 
43/64 296.47 321.87 347.27 372.67 398.07 423.47 448.87 474.27 499.67 525.07 43/64 
11 116 296.86 322.26 347.66 373.06 398.46 423.86 449.26 474.66 500.06 525.46 11 /16 
45 /64 297.26 322.66 348.06 373.46 398.86 424.26 449.66 475.06 500.46 525.86 45/64 
23 /32 297.66 323.06 348.46 373.86 399.26 424.66 450.06 475.46 500.86 526.26 23/32 
47/64 298.05 323.45 348.85 374.25 399.65 425.06 450.45 475.85 501.25 526.65 47 /64 
'/4 298.45 323.85 349.25 374.65 400.05 425.45

1
450.85 476.25 501.65 1527.05 '/4 

49/64 298.85 324.25 349.65 375.05 400.45 425.85 451.25 476.65 502.05 527.45 49164 
25 /32 299.24 324.64 350.04 375.44 400.84 426.25 451.64 4n.M 502.45 1527.85 25/32 
51 /64 299.64 325.04 350.44 375.84 401.24 426.6" 452.04 4n.44 502.84 528.24 51 /64 
13/16 300.04 325.44 350.84 376.24 401.64 427.04 452.44 4n.84 503.24 528.64 13/16 

'3/" 300.44 325.84 351.24 376.54 402.04 427.44 452.84 478.24 503.64 529.04 '3/" 27/32 30D.83 326.23 351.63 3n.03 402.43 427.83 453.23 478.63 504.03 529.43 27/32 
55/" 301.23 326.63 352.03 3n.43 402.83 428.23 453.63 479.03 504.43 529.83 55/64 
71' 301.63 327.03 352.43 3n.83 403.23 428.63 454.03 479.43 504.83 1530.23 71' 

57/64 

'~02 1 !ifl'52~ 
378.22 403.62 429.02 454.42 479.82 505.22 530.62 57/64 

29/32 302.42 353.22 378.62 404.02 429.42 454.82 480.22 505.62 531.02 29/32 
59/6" 302.82 353.62 379.02 404.42 429.82 455.22 480.62 500.02 531 .42 59/64 
15/16 303.21 354.01 379.41 404.81 430.21 455.61 481.01 506.41 531.81 15/16 
61/64 303.61 354.41 379.81 405.21 430.61 456.01 481.41 506.81 532.21 61/64 
31/32 304.01 354.81 380.21 405.61 431.01 456.41 481.81 507.21 532.61 31/32 

'3/" 304.40 355.20 380.60 406.00 431.40 456.80 482:20 507.60 533.00 '3/" 
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METRIC CONVERSION TABLE 
INCHES AND FRACTIONS OF AN INCH TO MILLIMETERS 

39.37 Inches, U. S. Standard _ l Met.or _ 100 Centlmeters _ 1000 MIllimeters 
~ ,--Fractions ,--21 22 23 24 2S " 27 28 '" 30 

0 533.40 558.80 584.20 609.60 635.00 660.40 685.80 711.20 736.60 762.00 0 

"" 533.80 559.20 584.60 610.00 635.40 660.80 686.20 711.60 737.00 762.40 "" 1/32 534.20 559.60 585.00 610.40 635.80 661.20 686.60 712.00 737.40 762.80 1/32 
3/" 534.59 559.99 585.39 610.79 636.19 661 .59 686.99 712.39 737.79 763.19 3/" 1/16 534.99 560.39 585.79 611.19 636.59 661.99 687.39 712.79 738.19 763.59 1/16 
5/64 535.39 580.79 586.19 611.59 636.99 662.39 687.79 713.19 738.59 763.99 5/" 3/32 535.18 561.18 586.58 611.98 637.38 662.78 688.18 713.58 738.98 764.38 3/32 
7/" 536.18 561.58 586.98 612.38 637.78 663.18 .... 58 713.98 739.38 764.78 7/" 

'" 536.58 561.98 587.38 612.78 638.18 663.58 688.98 714.38 739.78 765.18 "' 9/" 536.97 562.37 587.77 613.17 638.57 663.97 689.37 714.77 740.17 765.57 9/64 5/32 537.37 562.77 588.17 613.57 638.97 664.37 689.77 715.17 740.57 765.97 5/32 
11/64 537.77 563.17 588.57 613.97 639.37 664.77 690.17 715.57 740.97 766.37 11/64 
3/16 538.16 563.56 588.96 614.36 639.76 665.16 690.56 715.96 741.36 766.76 3/16 13/64 538.56 563.96 589.36 614.76 640.18 665.56 690.96 716.36 741.76 767.16 13/64 
7132 538.96 56<1.38 589.76 615.16 640.56 665.96 691.36 716.78 742.16 767.56 7/32 

151M 539.35 564.75 590.15 815.55 640.95 686.35 691.75 717.15 742.55 767.96 15/64 
'/4 539.75 565.15 590.55 615.95 641.35 666.75 692.15 717.55 742.95 768.35 "' 17/64 540.15 565.55 590.95 616.35 641.75 667.15 692.55 717.95 743.35 768.75 17/64 
9132 540.55 565.95 591.35 616.75 642.15 667.55 692.95 718.35 743.75 789.15 9/32 

19/64 540.94 566.34 591.74 617.14 642.54 667.94 693.34 718.74 744.14 769.54 19/64 
5116 541.34 566.74 592.14 617.54 642.94 668.34 693.74 719.14 744.54 769.94 5/ 16 

21/64 541.74 567.14 592.54 617.94 643.34 668.74 694.14 719.54 744.94 770.34 21 /64 11/32 542.13 567.53 592.93 618.33 643.73 689.13 694.53 719.93 745.33 770.73 11 /32 23/64 542.53 567.93 593.33 618.73 6~.13 669.53 694.93 720.33 745.73 771.13 23/64 
3/' 5~2.93 568.33 593.73 619.13 644.53 669.93 695.33 720.73 746.13 771.53 3/' 

25/64 543.32 568.72 594.12 619.52 644.92 670.32 695.72 721.12 746.52 771.92 25/64 
13/32 543.72 569.12 594.52 619.92 645.32 670.72 696.12 721.52 746.92 m.32 13/32 
27/64 544.12 569.52 594.92 620.32 645.72 611.12 696.52 721.92 147.32 772.72 27/64 
7/16 544.51 569.91 595.31 620.71 646.11 611 .51 696.91 722.31 747.71 m.l1 7/16 29/64 544.91 570.31 595.71 621.11 646.51 611.91 691.31 722.71 148.11 773.51 '9/" 15/32 545.31 510.11 596.11 621.51 646.91 672.31 691.71 723.11 748.51 m.91 15/32 

31 /64 545.70 571.10 596.50 621.90 647.30 672.70 698.10 723.50 748.91 714.31 31 / 64 
'/2 546.10 571.50 596.90 622.30 647.70 673.10 698.50 723.90 149.30 774.10 '/2 

'3/64 546.50 511.90 591.30 622.70 648.10 673.50 698.90 724.30 149.70 775.10 33/ 64 17/32 546.90 572.30 591.10 623.10 648.50 673.90 699.30 724.70 750.10 775.50 11/ 32 
35/64 541.29 572.69 598.09 623.49 648.89 674.29 699.69 725.09 150.49 775.89 35 /64 9/16 547.69 573.09 598.49 623.89 649.29 674.69 100.09 725.49 150.89 716.29 9116 
31/64 548.09 573.49 598.89 624.29 649.69 675.09 100.49 725.89 751.29 776.69 37/ 64 
19/ 32 548.48 573.88 599.28 624.68 650.08 675.48 7110.88 726.28 151.68 m.os 19/32 
39/64 548.88 574.28 599.68 625.08 65Q.48 675.88 701.28 726.68 152.08 777.48 39/64 

'" 549.28 574.68' 600.08 525.48 650.68 678.28 701.68 727.08 752.48 m .88 '" 41 /64 549.87 575.01 600.47 625.87 651.27 616.87 702.Q7 721.47 752.81 778.27 41 / 64 
21 /32 550.07 575.47 600.87 626.27 651.61 677.07 102..47 727.87 753.21 778.67 21/32 
43 /64 550.47 575.87 601.21 626.67 652.07 677.47 7112.87 728.27 753.67 779.07 43/64 
11/16 550.86 516.26 601.66 621.06 652.46 677.86 703.26 728.66 754.06 779.46 11 / 16 
45/ 64 551.26 576.68 602.06 621.46 552.86 678.26 703.66 729.06 754.46 779.66 45/64 
23/32 551.86 577.06 602.46 627.86 653.26 618.66 704.06 729.46 754.66 160.26 23/32 
47/ 64 552.05 577.45 602.85 628.25 653.65 619.05 704.45 729.85 755.26 780.66 41/64 
'/4 552.45 577.85 603.25 628.65 654.05 619.45 70<1.85 730.25 755.65 181.05 '/4 

49/ 64 552.85 518.25 603.65 629.05 654.45 619.85 705.25 730.65 756.05 181.45 49/64 
25/32 553.25 578.65 60<1.05 629.45 654.85 680.25 705.65 731.05 756.45 181.85 25 /32 
51 /64 553.64 579.0<1 604.44 629.84 655.24 680.64 706.04 731.44 756.84 782.24 51 /64 
13/16 554.04 579.44 604.84 630.24 655.64 681.04 706.44 731.84 751.24 182.64 13/ 16 
53/64 554.44 519.84 605.24 630.64 656.04 681.44 706.84 732.24 757.64 783.04 ,3/" 27/32 554.83 580.23 605.63 631.03 658.43 681.83 707.23 732.63 758.03 783.43 21/32 
55/64 555.23 580.83 606.03 631.43 656.83 682.23 707.83 733.03 758.43 783.83 55/64 
7/' 555.83 581.03 606.43 631 .83 657.23 682.63 708.03 733.43 758.83 784.23 7/' 

57/64 556.02 581 .42 606.82 632.22 657.62 683.02 708.42 733.82 759.22 784.62 51/64 
29/32. 556.42 581.82 601.22 632..62 658.02 683.42 708.82 734.22 759.62 785.02 29/32 
59/64 556.82 582.22 607.62 633.02 658.42 683.82 709.22 734.62 760.02 785.42 59/64 15/16 557.21 582.61 608.01 633.41 658.81 684.21 709.61 735.01 160.41 785.81 15116 
61 /64 557.61 583.01 608.41 633.81 659.21 684.61 710.01 735.41 160.81 766.21 61/64 
31 /32 558.01 583.41 608.81 634.21 659.61 535.01 110.41 735.81 161 .21 186.61 31/32 63/64 558.40 583.80 609.20 634.60 660.00 535.40 110.80 735.20 761.61 787.01 63/64 



METRIC CONVERSION TABLE 
INCHES A ND f RACTI ONS OF' AN INCH T O M I LLIM ETERS 

39.37 U. s. Standard _ l Metol' _ l00 Cent lmet.ers _ l 000 Millimet ers 

••• 

, ... 
'~""::~ II-:-~~~~='J"~=+~3~3~1~~~~~~~~=+~~==~~~c=l ''''' 

o 0 
1/64 1/64 
1/32 1 /32 
3/64 3/64 
1/ 16 1/ 16 
5 / 64 5 / 64 
3/32 3/32 
7/64 7/64 
1 /8 1/8 
9/64 9/64 
5/32 5/32 

11 /64 11/64 
3/16 l/16 

13/64 13, 64 
7/32 1/32 

15/64 15/64 
1 ~ 1/4 

17/64 17/64 
9132 9 /32 

19,64 19/64 
5/1 6 5/16 
~ /64 21/64 
11(32 11/32 
23 /64 23 /64 

318 3/8 
25 /64 822,n 25 /64 
13/32 823.12 13/32 
21/54 823.52 27/64 

7/ 16 823.91 7, 16 
Z!I /64 824.31 29/64 
15/32 824.71 15 /32 
31 /64 825.11 31/64 
1/2 825.50 1/2 

33/64 33/64 
17/32 17/32 
35164 35/64 
9/ 16 9/16 

37/64 37/64 
19/32 19/32 
39/M 39/64 
518 5/8 

41/64 41 /64 
21/32 21 /32 
43 /64 43 /64 
11/18 11116 
45/64 45/64 
23/32 23/32 
47/64 47/64 3M M 
49/64 857.65 883.05 49/64 
25132 858.05 883.45 25/32 
51 /61 858.44 883.84 51/64 
13116 858.84 884.24 13/16 
53164 859.24 884.6~ 53164 
27132 859.63 885.03 27132 
55164 860.03 885.43 55164 
718 860.43 885.83 718 

57 16~ 860.82 886.22 57164 
29132 861.22 886.62 29/32 

', ', ',', ', 861.62 887.02 ,',' ,", ', 862.01 887.41 
61 164 862.41 887.81 61 164 
31132 862.81 888.21 31 132 
63164 BS3.21 888.61 83164 



••• 
METRIC CONVERSION TABLE 

MIL.LIMETERS TO FEET AND INCHES 

o to 399 mm -
•• mill, Unitt 

- " •• 0 
1 

I 1 2 I 3 I • I 5 I , I _'_I • 1 , . ~. frKIlona '" III I""" -- - - - -, 0 0 3/64 5/64 1/. 5/32 13/64 15/64 9/32 5/16 23/64 
1 25/64 7/16 15/32 33/64 35/64 19/32 5/. 43/64 45/64 3/. 
2 25/32 53/64 55/64 29/32 15/16 63/64 

0 1 1/32 1/16 '/64 9/64 
3 3/16 7/32 17/64 19/64 11 /32 3/, 27/64 "/64 1/2 17/32 • 37/64 39/64 21/32 11/16 47/64 49/64 13/16 27/32 57/64 59/64 
5 31/32 . Si32 0 2 1/64 3/64 3/32 1/' 11 /64 13/64 1/' 21/64 , 23/64 13/32 7/16 31/64 33/64 9/16 19/32 41 /64 43/64 23/32 , 3/. 51/64 53/64 7/' 29/32 61/64 63/64 .. . 

0 3 1/32 5/64 7/64 • 5/32 l/16 15/64 17/64 5/16 11 /32 25/64 27/64 15/32 1/2 , 35/64 37/64 5/' 21/32 45/64 47/64 25/32 13/16 55/64 57/64 
10 15/16 31/32 .. 

0 • iiis.i 1/64 1/16 3/32 9/64 11 /64 7/32 1/. 19/64 
u 3/. 13/32 "/64 31/64 11/32 9/16 39/64 41/64 11/16 
12 23/32 49/64 51/64 27/32 7/. 59/64 61/64 .. ... 

0 5 .. . 0 3/64 5/64 
13 1/. 5/32 13/64 15/64 9/32 5/16 23/64 25/64 7/16 15/32 
14 33/64 35/64 19/32 5/. 43/64 45/64 3/. 25/32 53/64 55/64 
15 29/32 15/16 63/64 

0 , .... . 1/32 '/16 7/84 9/64 3/16 7/32 17/64 
1~ 19/64 11 /32 3/. 27/64 "/64 1/2 17/32 37/64 39/64 21/32 
17 11 / 16 47/64 49/64 13/16 27/32 57/64 59/64 31/32 

0 7 ... .. 1/64 3/64 
18 3/32 1/. 11 /64 13/64 1/. 9/32 21 /64 23/64 13/32 7/16 
19 31/64 33/64 9/16 19/32 41/64 43/64 23/32 3/. 51/54 53/64 
20 7/' 29/32 61/54 63/84 

0 • . .... 1/32 5/64 7/64 5/32 3/16 15/64 
21 17/64 5/16 11 /32 25/64 27/54 15/32 1/2 35/64 37/54 5/' 
22 21/32 45/54 47/54 25/32 13/16 55/54 57/64 15/16 31/32 

0 9 . siM l1 iM 
..... 1/64 

23 1/18 3/32 7/32 1/. 19/54 21/64 3/. 13/32 
24 "/64 31/64 17/32 9/16 39/54 41 /64 11 /16 23/32 49/64 51/64 
25 27/32 7/. 59/64 61/64 . ... . . . .. ... . . 

0 10 0 3/" 5/64 1/' 5/32 13/54 
26 15/64 9/32 5/ 16 23/64 " /64 7/16 15/32 33/64 35/64 19/32 
27 5/' 43/64 45/ 64 3/. 25/32 53/64 55/64 29/32 15/16 63/64 
28 0 11 1/32 1/ 16 7/64 9/64 3/16 7/32 17/64 19/64 11 /32 3/. 
29 27/54 "/64 1/2 17/32 37/54 39/64 21/32 11/16 47/64 49/54 
30 13/16 27/32 57/ 54 59/54 31/32 

1 0 ..... 
21iM 

1/64 3/64 3/32 1/. 11/64 
31 13/64 1/' 9/32 23/64 13/32 7/ 16 31/64 33/64 9/16 
32 19/32 41/64 43/64 23/32 3/. 51/54 53/64 7/' 29/32 61/64 
33 63/64 ..... 

1 1 1/32 5/64 7/" 5/32 3/16 15/64 17/64 5/16 " /32 
34 25/64 27/64 15/32 1/2 35/64 37/64 5/' 21/32 j 45/64 47/64 
35 25/32 13/16 55/64 57/64 15/ 16 31/32 

1 2 .. .. . ..... 1/64 1/16 3/32 9/64 
35 11/64 7/32 1/. 19/64 21/64 3/. 13/32 29/64 31/64 17/32 
37 9/16 39/64 41/64 11 / 16 23/32 49/64 51/64 27/32 7/. 59/64 
38 61/54 ... 

1 3 0 3/64 5/64 1/. 5/32 13/64 15/64 9/32 5/16 
39 23/64 25/64 7/16 15/32 33/64 35/64 19/32 5/. 43/64 45/64 

-



••• 
MET RIC CONVERS ION TABLE 

MILLIMETERS TO FEET AND I NCHES 

400 to 799 mm -
~ 

m .... Unit. 

- - " ,. 0 I 1 I 2 I 3 I , I 5 I • I 7 I • I 9 

'n Frutiont " an Inch -

~~: I ~;: " 1 3 3/. 25/32 29/32 15/16 63/" ... . 
1 • 1/32 1/16 7/" 

41 9/" 3/16 19/64 11/32 3/8 27/64 29/" 1/2 

" 17/32 37/64 39/64 21/32 11/16 47/64 49/6~ 13/16 27/32 57/64 

" 59/64 31/32 .. . 
1 5 1/" 3/" 3/32 1/8 11/64 13/64 1/. 9/32 .. 21/64 23/54 13/32 7/16 31/64 33/64 9/16 19/32 41/64 43/64 

" 23/32 3/' 51/64 53/" 7/8 29/32 61/64 63/64 
1 • " ... 1/32 5/64 .. 7/" 5/32 3/16 15/64 17/64 5/16 11/32 25/64 27/64 15/32 

" 1/2 35/64 37/64 5/8 21/32 45/64 47/64 25/32 13/16 55/" .. 57/64 15/16 31/32 . .. 
1 7 1/" 1/16 3/32 9/" 11/64 7/32 1/. 

" 19/64 21/64 3/8 13/32 29/" 31/64 17/32 9/16 39/64 41/64 . " 11/16 23/32 49/64 51/64 27/32 7/8 59/64 61/64 ... 
1 8 .. 0 3/" 

51 5/64 1/8 5/32 13/64 15/64 9/32 5/16 23/" 25/64 7/16 
52 15/32 33/" 35/64 19/32 5/8 43/64 45/64 3/. 25/32 53/64 
53 55/64 29/32 15/16 63/" ... 

1 9 1/32 1/16 7/" 9/" 3/16 7/32 

" 17/64 19/64 11/32 3/8 27/64 29/" 1/2 17/32 37/64 39/64 
55 21/32 11/16 47/64 49/64 13/16 27/32 57/64 59/64 31/32 

1 10 'lis' . .. 1/64 
56 3/" 3/32 11/64 13/64 1/. 9/32 21/" 23/64 13/32 
57 7/16 31/64 33/64 9/16 19/32 41/64 43/64 23/32 3/. 51/64 
58 53/64 7/8 29/32 61/64 63/" . 3ile 1 11 1/32 5/64 7/64 5/32 
59 15/64 17/64 5/16 11 /32 25/64 27/64 15/32 1/2 35/64 37/64 

" 5/8 21/32 45/64 47/64 25/32 13/16 55/64 57/64 15/16 31/32 
61 2 0 1/" 1/16 3/32 9/" 11/64 7/32 1/' 19/64 21/64 3/8 

" 13/32 29/" 31/64 17/32 9/16 39/64 41/64 11 / 16 23/32 49/64 

" 51/64 27/32 7/8 59/64 61/64 .. ... 
2 1 0 3/" 5/" 1/8 5/32 .. 13/64 15/64 9/32 5/16 23/M 25/64 7/16 15/32 33/64 35/64 

" 19/32 5/8 43/64 45/64 3/. 25/32 53/64 55/64 29/32 15/16 
GO 63/64 

2 2 1/32 1/16 7/64 9/64 3/16 7/32 17/64 19/64 11/32 

" 3/8 27/64 29/" 1/' 17/32 37/64 39/64 21/32 11/16 47/64 .. 49/64 13/16 27/32 57/64 59/64 31/32 .. , 3 . si32 1/64 3/64 3/32 1/8 

" 11/64 13/64 1/. 21/64 23/64 13/32 7/16 31/64 33/" 
70 9/16 19/32 41/64 43/64 23/32 3/. 51/64 53/" 7/8 29/32 
n 61/64 63/64 . 3il6 2 • 1/32 5/64 7/" 5/32 15/64 17/64 5/16 
n 11/32 25/64 27/64 15/32 1/2 35/64 37/64 5/8 21/32 45/64 
71 47/64 25/32 13/16 55/64 57/64 15/16 31/32 .. ' .. ... , 5 . . 1/64 1/16 3/32 

" 9/" 11/64 7/32 1/' 19/64 21/64 3/8 13/32 29/64 31/64 
75 17/32 9/16 39/64 41/64 11/16 23/32 49/64 51/64 27/32 7/8 

" 59/64 61/64 . . . . . 
2 , 

I 23is.i 
0 3/" 5/64 1/8 5/32 13/64 15/64 9/32 

n 5/16 25/64 7/16 15/32 33/" 35/64 19/32 5/8 43/64 
78 45/64 3/. 25/32 53/" 55/64 29/32 15/16 63/64 

2 7 iii, 7ii; ii/64 i;i" i,/3; Hi' :!:' ,. 7[ 64 9[ 64 3/8 "64 2964 



"6 
METRIC CONVERSION TABLE 

MILLIMETERS TO FEET AND INCHES 

800 to 1199 mm 

mill. UMI •• 
- A. I. 0 I 1 I 2 I 3 I • I 5 I , I 7 I 8 I 9 
T_ FrKlkIIII 0/ an IncII 

80 2 7 1/2 17/32 37/64 39/64 21/32 11/16 47/64 49/64 13/16 27/32 
81 57/64 59/64 31/32 . .. . . 

2 • ... 1/64 3/64 3/31 1/. 11/64 13/64 1/. 
82 9/32 21/64 "/64 13/32 7/16 31/64 "/64 9/16 19/32 41/64 
83 43/64 23/32 3/' 51/54 53/64 7/. 29/32 61/64 63/64 

2 9 .. 1/32 .. 5/64 7/64 5/32 3/16 15/64 17/64 5/16 11/32 25/64 27/64 
85 15/32 1/2 35/64 37/64 5/. 21/32 45/64 47/64 25/32 13/16 
86 55/64 51/64 15/16 31/32 

2 10 1/64 l/t6 3/32 '/64 11/64 7/31 
87 1/' 19/64 21/64 3/. 13/32 29/64 31/64 17/32 9/16 39/64 
88 41/64 11/16 23/32 49/64 51/64 27/32 7/. 59/64 61/64 . .... 

2 11 0 
89 3/64 5/64 1/' 5/32 13/64 15/64 9/32 5/18 23/64 25/64 
90 7/16 15/32 33/64 35/64 19/32 5/' 43/64 45/64 3/. 25/32 
91 53/64 55/64 . 29/32 15/16 63/64 

3 0 ... t/32 '/16 7/64 9/64 3/16 
92 7/32 17/64 19/64 11/32 3/' 27/64 29/64 1/2 17/32 37/64 
93 39/64 21/32 11/16 47/M 49/64 13/16 27/32 57/64 59/64 31/32 .. 3 1 1/64 3/64 3/32 1/. 11/64 13/64 1/. 9/32 21/64 23/64 
95 13/32 7/16 31/64 33/64 9/16 19/32 41/64 43/64 23/32 3/. .. 51/64 53/64 7/' 29/32 61/64 63/64 

3 2 1/32 5/64 7/64 5/32 
97 3/16 15/64 17/64 5/16 11/31 25/64 27/64 15/32 1/2 35/64 
98 37/64 5/. 21/32 45/64 47/64 25/32 13/16 55/64 57/64 15/16 
99 31/32 

3 3 1/64 1/16 3/32 9/64 11/64 7/32 1/. 19/64 21/64 
lDO 3/. 13/32 29/64 31/64 17/32 9/16 39/64 41/64 11/16 23/32 
101 49/64 51/64 27/32 7/' 59/64 61/64 .. ... 

jiM 3 • 0 5/64 1/. 
102 5/32 13/64 15/64 9/32 5/16 23/64 25/64 7/16 15/32 "/64 
103 35/64 19/32 5/' 43/64 45/64 3/' 25/32 53/64 55/64 29/32 
104 15/16 63/64 

3 5 ·jis · 1/32 1/16 7/64 9/64 3/16 7/32 17/64 19/64 
105 11/32 27/64 29/64 1/2 17/32 37/64 39/64 21/32 11/16 
106 47/64 49/64 13/16 27/32 57/64 59/64 31/32 . ji32 3 6 1/64 3/64 
107 1/. 11/64 13/64 1/' 9/32 21/64 23/64 13/32 7/16 31/64 
108 33/64 9/16 19/32 41/64 43/64 23/32 3/. 51/64 53/64 7/' 
109 29/32 61/64 63/64 

·si32 3 7 1/32 5/64 7/64 3/16 15/64 17/64 
no 5/16 It/32 25/64 27/64 15/32 1/2 35/64 37/64 5/. 21/32 
1U 45/64 47/64 25/32 13/16 55/64 57/64 15/16 31/32 

3 • . iliM l1iM ';iil4 
... . . 1/64 1/ 18 

112 3/32 7/32 1/' 2t/64 3/' 13/32 29/64 
U3 31/64 17/32 9/16 39/64 41/64 11/16 23/32 49/64 51/64 27/32 
114 7/. 59/64 61/64 .. 

3 9 . she 0 3/64 5/64 1/. 5/32 13/64 15/64 
us ~/32 23/64 25/64 7/16 15/32 "/64 35/64 19/32 5/' 
us 43/64 45/64 3/. 25/32 53/64 55/64 29/32 15/16 63/64 

3 10 1/32 
117 1/16 7/64 9/64 3/16 7/32 17/64 19/64 11/32 3/. 27/64 
U8 29/64 1/2 17/32 37/64 39/64 21/32 11 /16 47/64 49/64 13/16 
us 27/32 57/64 59/64 31/32 

13iM 3 11 .. .. .. ... .. ... 1/" 3/64 3/32 1/. 11 /64 



'.7 

METRIC CONVERSION TABLE 
MILLIMETERS TO FEET AND INCHES 

1200 to 1599 mm 

mm, Unl" 
mm 

" , •. 0 1 2 3 • I 5 I • I 7 I 8 I • 
,~. r1SClioni lit an Lnch 
--

UO 3 11 1/' 9/32 21/64 23/" 13/32 7/16 31/64 33/" 9/16 19/32 
U1 41/64 43/64 23/32 3/' 51/S!! 53/" 7/8 29/32 61/64 63/" 
U2 , 0 1/32 5/" 7/" 5/32 3/16 15/64 17/64 5/16 11/32 25/64 
123 27/64 15/32 1/2 35/64 37/64 5/8 21/32 45/64 47/64 25/32 
U' 13/16 55/64 57/64 15/16 31/32 

iii64 , 1 1/" 1/16 3/32 '/" 125 7/32 1/' 19/64 21/64 3/8 13/32 29/" 31/64 17/32 9/16 
U' 39/64 41/64 11/16 23/32 49/64 51/64 27/32 7/8 59/64 61/64 
U7 , 2 0 3/" 5/" 1/8 5/32 13/64 15/64 9/32 5/16 23/64 
U8 25/64 7/16 15/32 33/" 35/64 19/32 5/8 43/64 45/64 3/' 
m 25/32 53/64 55/" 29/32 15/16 63/64 " "sj&i , 3 1/32 1/16 7/" 
130 3/16 7/32 17/64 19/64 11/32 3/8 27/64 29/64 1/2 17/32 
131 37/64 39/64 21/32 11/16 47/64 49/64 13/16 27/32 57/64 59/64 
132 31/32 HiM iii&i , , ..... 1/" 3/" 3/32 1/8 13/64 1/' 9/32 
133 23/64 13/32 7/16 31/64 33/" 9/16 19/32 41/64 43/64 23/32 
134 3/' 51/64 53/" 7/8 29/32 61/64 63/" " . riM , 5 iij.li 

1/32 5/" 
135 5/32 3/16 15/64 17/64 5/16 25/64 27/64 15/32 1/2 
13. 35/&1 37/64 5/8 21/32 45/64 47/64 25/32 13/16 55/&1 57/64 
137 15/16 31/32 " . " " " " " " , 6 1/" 1/16 3/32 ,/&1 11/64 7/32 1/' 19/64 
138 21/84 3/8 13/32 "/,, 31/64 17/32 9/16 39/64 41/64 11/16 
139 23/32 49/64 51/64 27/32 7/8 59/64 61/84 " . , 7 "" " "" "Sj16 0 3/&1 5/&1 
140 1/8 5/32 13/64 15/64 9/32 23/64 25/64 7/16 15/32 
141 33/" 35/64 19/32 5/8 43/64 45/84 3/. 25/32 53/" 55/64 
142 29/32 15/16 63/&1 "iiM lii&i , 8 " " """ 1/32 1/16 ,/" 3/16 7/32 
143 19/84 11/32 3/8 27/84 29/64 1/2 17/32 37/64 39/64 21/32 
144 11/16 47/64 49/64 13/16 27/32 57/64 59/84 31/32 " 3iM , 9 . "" "gi32 1/" 
145 3/32 1/8 11/64 13/84 1/' 21/84 23/&1 13/32 7/16 
14. 31/64 33/" 9/16 19/32 41/64 43/64 23/32 3/. 51/64 53/&1 
147 7/8 29/32 61/64 63/&1 " lsiM , 10 " 1/32 5/64 7/&1 5/32 3/16 
148 17/64 5/16 11/32 25/84 27/64 15/32 1/2 35/64 37/84 5/8 
14' 21/32 45/64 47/64 25/32 13/16 55/64 51/64 15/16 31/32 , 11 " " 1/&1 
150 1/16 3/32 ./&1 11/84 7/32 1/' 19/64 21/64 3/8 13/32 
151 29/" 31/64 17/32 9/16 39/64 41/64 11/16 23/32 49/64 51/64 
152 27/32 7/8 59/64 61/64 "3iM hi&i 5 0 " 

. '" 0 5/" 1/8 5/32 
153 15/64 9/32 5/16 23/64 25/64 7/16 15/32 33/64 35/&1 19/32 
154 5/8 43/64 45/64 3/' 25/32 53/" 55/84 29/32 15/16 63/" 
155 5 1 1/32 1/16 7/" 9/6~ 3/16 7/32 17/64 19/64 11/32 3/8 
156 27/64 29/&1 1/2 17/32 37/64 39/64 21/32 11 /16 47/64 49/64 
157 13/16 27/32 57/64 59/64 31/32 "liM 5 2 3/" 3/32 1/8 11/64 
153 13/64 1/' 9/32 21/64 23/" 13/32 7/16 31/64 33/64 9/16 
159 19/32 41/64 43/64 23/32 3/' 51/64 53/" 7/8 29/32 61/64 



008 

METRIC CONVERSION TABLES 
INCHES TO CENTIMETERS- lln. _ 2.540005c:m 

•• ""'" 
,~. • 1 f---'2'-i:---"'---1-' J_5 _1_' _1~-,1~1--,8'---1 • 
o ... . . 2.540 M80 7.620 10.160 12.700 15.240 17.780 20.320 22.860 
1 25.400 27.940 30.480 33.020 35.560 38.100 40.640 43.180 45.no 48.250 
2 50.800 53.340 55.880 58.420 60.960 63.500 66.040 68.580 71.120 73.660 
3 16.200 78.740 81.280 83.820 86.360 88.900 91.440 93.980 96.520 99.060 
4 101.600 104.140 106.680 109.220 111 .760 114.300 11 6.840 119.380 121.920 124.460 
5 127.000 129.5110 132.080 134.620 131.1 60 139.700 142.240 144.780 147.320 149.860 
6 152.400 154.940 157.480 160.020 162.560 165.100 167.640 170.180 172.no 175.260 
7 I n.800 180.340 182.880 185.420 187.960 190.500 193.040 195.580 198.120 200.660 
8 203.200 205.740 208.280 , 210.820 213.360 215.900 218.440 \ 220.980 223.520 226.060 
9 228.600 231.140 233.680 236.220 238.760 241.300 243.840 246.380 248.920 251.460 

• 1 
2 
3 • 5 • 1 
8 , 

In.----,-- --• 1 
2 
3 • 5 • 1 
8 , 

INCHES2 TO CENTiMETERS2-, In.2 _ 6.451625 cm 2 

INCHES J TO CENTIMETERSJ- lln.3 _ 16.38716 em 3 

16.39 32.17 
163.87 180.26 196.65 
327.74 344.13 360.52 
491.61 508.00 524.39 
655.49 671.87 688.26 
819.36 835.75 852.13 
983.23 999.62 1016.00 

1147.10 11163.49 \ '179.88 
1310.97 1327.36 1343.75 
1474.84 1491.23 1507.62 

3 • 5 • 
49.16 65.55 81.94 98.32 

213.03 229.42 245.81 262.19 
376.90 393.29 409.68 426.p7 
540.78 557.16 573.55 589.94 
704.65 721.04 737.42 753.81 
868.52 884.91 901.29 917.68 

1032.39 1048.78 '065.111' 081.55 
11 96.26 121 2.65 1'229.04 1245.42 

l~~~~ I l~&~i l~:~ l~~~ 

1 8 

114.71 131.10 
278.58 294.97 
442.45

1 
458.84 

606.32 622.71 
no.2O 786.58 
934.07 950.46 

1097.94 1114.33 
1261.81 11278.20 
1425.68 1442.07 
1589.55 1605.94 

INCHES" TO CENTIMETERS'- l In.' _ 41.62347 em' 

"N" 
• 1 2 I 3 • 5 • 1 • 

. 41~23 41.62 83" 124.87 166.49 208.12 249.14 291.36 332." 457.86 499.48 541.11 582.73 624.35 665.93 701.60 749.22 
832.47 814.09 915.72 957.34 ..... 1040.59 1082.21 11 23.83 11 65.46 

1248.70 1290.33 1331.95 1373.57 141 5.20 1456.82 1498.44 1540.07 1581.69 
1664.94 1706.56 1148.19 1789.81 1831.43 1873.08 1914.68 1956.30 1997.93 
2081.17 2122.80 2164.42 22.6.0. 2247.67 2289.29 2330.91 23n.54 2414.16 

, 
147.48 
311.36 
475.23 
839.10 
802.91 

""" 11 30.71 
1294.59 
1458.46 
1622.33 

. . 
, 

374.61 
"'.85 

1207.08 
1623.32 
2039.55 
2455.78 

2491.41 2539.03 2580.66 2622.28 2663.90 2705.53 2741.15 2788.17 2830.40 2872.02 
2913.64 2955.27 2996.89 3038.51 3080.14 3121.76 3163.38 3205.01 
3329.88 3311.50 3413.12 3454.75 3496.31 3537.99 3579.62 3621.24 
3746.11 3787.74 3829.36 387o.s8 3912.61 3954.23 3995.85 4037.48 

3246.63 ! 3288.25 
3662.81 3704.4 
4079.10 4120. 

9 
n 



••• 
METRIC CONVERSION TABLES 
CENTIMETERS TO INCHES~1 em -o.3937 In. -..,.---

om' 

, .. 
0 
1 
2 , , 
5 
6 
7 
8 • 

om' 

• 1 
2 
3 , 
5 
6 
7 
8 • 

CENTIMETERSZ TO INCHES2_ 1 em 2-o.15499969In. 2 

I Un!:' 

• 1 2 3 , 5 6 7 8 • ~~-, 
~~-

0.1550 0.3100 0.4650 0.6200 0.7750 0.9300 1.0850 1.2400 1.3950 
1.5500 1.7050 1.8600 2.0150 2.1700 2.3250 2.4800 2.6350 2.7900 ~9450 
3.1000 3.2550 3.4100 3.5650 3.7200 3.8756 4.0300 4.1850 4.3400 4.4950 
4,6500 4.8050 4.9600 5.1150 5.2700 5.4250 5.5800 5.7350 5.8900 6.G45O 
6.2000 6.3550 6.5100 6.6650 6.8200 6.9750 7.1300 7.2850 7.4400 7.5950 
7.1500 7.9050 8.0600 8.2150 8.3700 8.5250 8.6800 8.8350 8.9900 9.1450 
9.3000 9.4550 9.6100 9.7650 9.9200 10.0750 10.2300 10.3850 10.5400 10.6950 

10.8500 1'.00SO 11.1600 11.3150 11.4700 12.2450 
, 12..4000 12.5550 12.7100 , 2.8050 13.0200 

14.2600 114.4150 14.5700 

11 .6250 1'1 .7800 11.9350 12.0900 
13.1750 13.3300 1,3.4850 13.6400 13.7950 

13.9500 14.1050 14.7'250 14.8800 15.0350 15.1900 15.3450 

CENTIMETERS3 TO INCHES3_ 1 cm3-o.0610234 In. 3 

CENTIMETERS4 TO INCHES4- 1 c:m 4-o.0240249In.4 

Unit • 

• 12 -"_'_1_5_ 67 ' • 
....... 0.02402 ' 0.048050.07'2070.09610 10.,20120.,4415 0.16811 0.19220 0.21622 
0.24025 0.26427 0.28830 0.31232 0.33635 0.36037 0.38440 0.40842 0.43245 0.45647 
0.48050 0.50452 0.52855 0.55257 0.57660 0.60062 0.62465 0.64867 0.67270 0.69672 
0.72075 0.74477 0.76880 0.79282 0.81685 0.84087 0.86490 0.88892 0.91295 0.93697 
0.96100 0.98502 1.00905 1.03307 1.05nO 1.08112 1.10515 1.12917 1.15320 1.11m 
1.20125 1.22527 1.24930 1.27332 1.29734 ,.32'37 1'.34539 1.36942 1.39344 1.41747 
1.44149 1'.46552 1.48954 '.51357 1'.53759 1.56162 1.58564 1.60967 1.63369 1.65772 
1.68174 1.70577 1.72979 1.75382 1.77784 1.80187 1.82589 1.84992 1.87394 1.89797 
1.92199 1.94602 1.97004 1.99407 2.01809 2.04212 2.06614 2.09017 2.11419 2.13822 
2.16224 2.18627 2.21029 2.23432 2.25834 2.28237 2.30639 2.33042 2.35444 2.37847 



• • 0 

n. ---.- 0 

0 
1 3.0480 
2 6.0960 , 9.1440 
4 12.1920 , 15.2400 , 18.2880 
7 21.3360 , 24.3840 , 27.4321 

METRI C CONVERSION TABLES 
FEET TO METER5-1 ft.-o.304B006 m 

Unit. 

1 2 3 4 5 I G . 7 __ '_1_' 
0.3048 0.6096 0.9144 1.2192 1.5240 1.8288 2.1336 2.4384 2.7432 
3.3578 3.6576 3.9624 4.2672 4.5720 4.8768 5.1816 5.4864 5.7912 
6.4008 6.7056 7.0104 7.3152 7.6200 7.9248 8.2296 8.5344 8.8392 
9.4488 9.7536 10.0584 10.3632 10.6680 10.9728 11 .2776 11 .5824 l 1.88n 

12.4968 12.8016 13.1054 13.411 2 13.7160 14.0208 14.3256 14.6304 14.9352 
15.5448 15.8496 16.1544 16.4592 16.7640 17.0688 17.3736 17.6784 17.9832 
18.5928 1' 8.8976 19.2024 19.5072 19.8120 20.1 168 20.4216 20.7284 21 .0312 
21.6408 21.9456 22.2504 22.5552 22.8600 23.1648 23.4696 23.7744 24.0792 
24.6888 24.9936 25.29811 25.6033 25.9081 26.2129 26.51n 26.8225 27.1273 
27.7369 28.041 7 28.3465 28.6513 28.9561 29.2609 29.5657 29.8705 30.1753 

YARDS TO METERS- l yd. _ O.9144018 m 

YdL Unlu 

T"". 0 1 \-..!-~; __ 4 ___ , _ G 7 8 9 

o 0.9144 1.8288 2.7432 3.6576 4.5720 5.4864 6.4008 7.3152 8.2296 
1 9.1440 10.0584 10.9728 11.8872 12.S016 13.7160 14.6304 15.5448 16.4592 17.3736 
2 18.2880 19.2024 20.11 68 21.0312 21.9456 22.8600 23.n44 24.6888 25.6033 26.5177 
3 27.4321 28.3465 29.2609 30.1753 31.0897 32.0041 32.9185 33.8329 34.7473 35.661 7 
4 36.5761 37.4905 38.4049 39.3193 40.2337 41.1481 42.0625 42.9769 43.8913 44.8057 
5 45.7201 46.6345 47.5489 48.4633 49.37n 50.2921 51.2065 52.1209 53.0353 53.9497 
G 54.8641 55.n85 56.6929 57.6073 58.5217 59.4361 60.3505 61.2649 62.1 793 63.0937 
7 64.0081 164.9225 65.8369 66.7513 67.6657 68.5801 69.4945 7Q.4089 71.3233 n.2377 
8 73.1521 74.0665 74.9809 75.8953 76.8093 n .7242 78.6386 79.5530 80.4674 81.3818 
9 82.2962 83.2106 ,84.1250 85.0394 85.9538 86.8682 87.7826 S8.6970 89.611 4 90.5258 

POUN DS PER FOOT TO K ILOGRAMS PER M ETER- l l b. / ft. _ l .488161 kg / m 

IJI. / Ft, Unll. 

••• 0 1 2 , 4 , G 7 • 9 ---------f--- --------
0 1.488 2.976 4.464 5.953 7.441 8.929 10.417 11 .905 13.393 
1 14.882

1

16.370 1 17.858 19.346 2~834 22.322 23.81 1 25.299 26.787 28.275 
2 29.763 31.251 32.740 34.228 35.71 6 37.204 38.692 40.180 41.669 43.1 57 , 44.645 46.133 47.621 49.109 SO.597 52.086 

53.'
74

1

55
.
062 56.550 58.038 

4 59.526 61.015 62.503 63.991 65.479 66.967 68.455 69.944 71.432 n.920 , 74.408 75.896 77.384 78.873 SO.361 81.849 83.337 84.825 86.313 87.801 , 89.290 9O.ns 92.266 93.754 95.242 96.730 98.219 99.707 101.1 95 102.683 
7 104.171 105.659 107.148 108.636 11 0.124 111.612 11 3.100 114.588 1I6.0n 117.565 
8 119.053 120.541 122.029 123.517 125.006 126.494 127.982 129.470 130.958 132.446 , 133.934 , 135.423 136.911 138.399 139.887 , 141.375 , 142.883 144.352 145.840 147.328 

POUNDS PER YARD TO KILOGRAMS PER METER- l Ib. / yd.-o.496Q53 kg/ m 

. ,. 

o 
1 
2 , 
4 , , 
7 , , 



461 

METRIC CONVERSION TABLES 

METERS TO fEET- I m _ 3.2808333 ft. 

- . 
• Uni," 

=±J 
, 

_ 5_1_'_ TM. 1 2 3 • 7 • , , 
0 3.281 < .. 2 9.843 13.123 16.404 19.685 22.966 26.247 29.528 
1 36.089 39.370 42.651 45.932 49.213 52.493 55.774 59.055 62.336 
2 65.617 68.898 72.178 75.459 78.740 82.021 85.302 88.583 91.863 95.144 
3 98.425 101.706 104.987 108.268 111.548 114.829 118.110 121.391 124.672 127.953 • 131.233 134.514 137.795 141.076 144.157 147.638 150.918 154.199 157.480 160.761 
5 184.042 167.323 170.603 173.884 177.165 180.446 183.727 187.008 190.288 193.569 , 196.85(1 200.131 203.412 206.693 209.913 213.254 216.535 219.816 223.097 226.378 
7 229.658 232.939 236.220 239.501 242..182 24&.063 249.343 252.624 255.905 259.186 • 262.467 265.748 269.028 272.309 275.590 278.871 282.152 285.433 288.713 291.994 , 295.275 2S8.~ 301.837 305.118 308.398 311.619 314.960 318.241 321.522 324.803 

METERS TO YARD5-1 m _ 1.0936111 yd. 

• Unlit 

TM. 0 1 2 3 • 5 , 7 • , 
---

0 
'10:936 

1.094 2.187 3.281 4.374 5.468 .,.2 7.855 8.749 .,,, 
1 12.030 13.123 14.217 15.311 16.404 17.498 18.591 19.685 20.779 
2 21 .81'2 22.'" 24.059 25.1 S3 26.247 27.340 28..34 29.527 30.621 31.715 
3 32. ... 33.902 34.995 ..... 37.183 38.276 39370 40.464 41.557 42.651 • 43.744 44.838 4~932 47.025 48.119 49.212 50.306 51.400 52.493 53.587 
5 54.681 55.774 ..... 57.961 59 .... 60.149 81.242 '~336 63'" 64.523 • 65.617 56.no 67.804 "'''7 69.991 71 .085 72.178 73.272 74.366 75.459 
7 76.553 77.646 78.740 79.834 80927 82.021 83.114 ".208 ".302 "'95 • 87.489 88.582 89.676 ".no 91.863 92.957 94.051 95.144 96.238 97.331 , .... 25 99.519 100.612 101.706 102.799 103.893 104.987 " .... 107.174 108.287 

KILOGRAMS PER METER TO POUNDS PER FOOT- l kg / m-o.67197Ib. / ft. 

k./m Unltl 
--~ 

TM. 0 1 2 3 • 5 , 7 • , 
0 0.8720 1.3439 2.0159 ~"7lI 3.3599 4.0318 4.7038 5.3758 6.0477 
1 8.n97 7.3917 8.0636 8.7356 9.4076 10.0796 10.7515 11.4235 12.0955 12.7674 
2 13.4394 14.1114 14.7833 15.4553 16.1273 16.7993 17.4712 18.1432 18.8152 19.48n 
3 20.1591 20.8311 21.5G30 22.1750 22.8470 23.5190 24.1909 24.8629 25.5349 25.2088 • 26.8788 27.5508 28.2227 28.8947 29.5667 30.2387 30.9106 31.5828 32.2548 32.9265 
5 315985 34.2705 34.9424 35.6144 36.2884 36.9584 37.6303 383023 38.9743 39.6462 • 40.3182 .M902 41.6621 42.3341 43.0061 43.6781 44.3500 45.0220 45.6940 46.3659 
7 47.G379 47.7099 46.3818 49.0538 49.1'258 50.3978 51.0697 51.7417 52.4137 53.0856 • 53.7576 54.4296 55.1015 57.1735 5&.4455 57.1175 57.7894 58.4614 59.1334 59.8053 • 8O.m 61.1493 61.8212. 62.4932 63.1652 63.831'2 64.5091 65..1811 85.8531 .. "'" 

KILOGRAMS PER METER TO POUNDS PER YARD- l kg / m _ 2.015913Ib. / yd. 

kg/m Unitt 

TM. 0 1 I 2 3 • 5 I , 7 I • , 
• . 2(jj59 2.016 4.032 .... '.064 10.080 12.095 14.111 16.127 18.143 
1 22.175 24.191 26.207 28.223 30.239 32.255 34.271 38286 38302 
2 40.318 42.334 44.350 46.366 " .382 50.398 52.414 54.430 56.446 58.461 
3 'OAn 62.493 64.509 66.525 ,as41 70.557 1'2.573 74.589 76.605 78.621 • 80.637 82652 ".668 88 .... 88.700 9O.n6 92.732 94.748 ,., .. '''\10 5 100.1'96 102.812 104.827 106.843 lG8.859 110.875 112.891 114.907 116.923 118.939 • 120.955 122.9n 124.987 127.003 129.018 131.034 133.050 135.066 137.082 139.098 
7 141.114 143.130 145.146 147.162 149.178 151.193 153.209 155.225 157.241 159.257 • 161.273 163.289 1'65.305 167.321 169.337 171 .353 173.369 175.384 177.400 179.416 , 181.432 183.448 185.464 187.480 1189.496 191.512 193.528 , 195.544 197.559 199.575 



••• 
METRIC CONVERSION TABLES 

POU NDS P ER SQ. IN . TO KG PER SQ. CM - l Ib. / ln .2 -o.0703067 kg / ern Z 

o 
1 
2 
3 
4 , 
• 7 
8 • 

KG PER SQ. eM T O POUNDS PER SQ. IN.- 1 kg / cm 2 14.2234lbs. / in.2 

kllC",l I ON' 

,- 0 1 2 3 4 , 6 7 8 • .- ---
0 14.22 '8.4' 42.67 ..... 71.12 85~' 99.56 11 3.79 128.01 
1 142.23 156.46 170.88 184.90 199.13 213.35 227.57 241.80 '56.0' 270.24 
2 284.47 298.69 312.91 327.14 341.36 35559 369.81 38..,' 398.28 412.48 , 426.70 440.93 455.15 489.37 483.60 497.82 512.()4 528.27 S40.49 554.71 
4 58894 583.1. 597.38 811.61 625.83 640.05 654.28 8sa5O .... 72 696.95 , TIl.17 725.39 739.62 753.84 ,...'" 7112.29 796.51 810.73 824.95 839.18 • 853.40 867.63 881.85 896.07 910.30 924.52 938.74 952.97 967.19 981.41 
7 ... 64 1009.86 1024.08 1038.31 1052.53 1066.76 108 ... 8 1095.20 1109.43 11 23.65 
8 1137.87 1152.10 11 66.32 11 80.54 11 94.n 12118.99 1223.21 1231.44 1251.66 128 .. 8 
9 1280.11 1294.33 1308.50 132278 1337.00 1351.22 1365.45 1379.67 1393.89 1408.12 

IN CH-POUN DS TO KILOGRAM-CENTI METERS- l In.- lb. _ l .1S2127 kg-e m 

In.-Lba. """ ,- 0 1 2 

'~ • • 7 8 9 

0 1.152 ~304 3.456 4.609 5.761 6.913 a88' 9.21 7 1~369 
1 11.521 12.673 11828 14.978 18.1 30 17.282 18.434 19.586 ~738 21.890 , 23.043 24.195 25.347 26.499 27.651 2&803 29.955 31.107 ~280 33.41 2 , U56" 35.71 6 ,.. ... 38.020 I 39.172 40.324 41.477 42.629 43.781 44.'" • 46.085 47.237 .a389 49.541 50.694 51 .846 52.998 54.150 ,.302 "'4" , 57.606 5&758 59.911 61.063 62.215 63.367 64.519 65.671 .. 823 67.975 • 69.128 7~286 n .4l2 n.584 73.736 74.888 76.040 n.193 7&34. 79.497 
7 SO.649 81.801 ~'53 84.105 85.257 86.410 87.562 88.714 sa ... 91.018 
8 92.170 '1322 9M74 95.627 96.779 97.931 99.083 1'00.235 1' 01.387 102.539 
9 103.691 104.844 105. ... 107.148 10B.300 . 109.452 11 0.604 111.758 11 2.908 114.061 

K ILOGRAM -CENTIM ETERS TO INCH_POUNDS_ 1 kg-em -0.86796 In.-lb. 

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

o 2.6039 3.4718 4.3398 
1 11.2835 12.1514 13.0194 
2 19.9631 20.8310 21.6990 
3 28.6427 29.51 06 30.3786 32.1145 
" 37.3223 38.1902 39.0582 39.9262 4o.7Ml 
5 45.0019 46.8698 47.7378 48.&058 49.4737 
6 54.6815 55.5494 56.4174 57.2854 58.1533 
7 63.3611 64.2290 65.097'0 65.9650 66.8329 
B 7'0.3048. 72.0407 n.9086 73.77S6 74.6446 75.5125 !!:!§~ I 
9 78.9844 79.8523 80.7203 81.5882 82.4562 83.3242 84.1921 



4.3 

METRIC CONVERSION TABLES 
POUNDS PER SQ. fOOT TO KILOGRAMS PER SQ. METER 

1 Ib./ ft.2-4.882407 kv / m 2 

",n> I--~-,--c--'-CC-,--o--,-~~"~'="-o--,-~-,--o--r-CC-'--o--
''''-j __ ~'C-1 __ ~1~1 __ ~2~+-~3~+-~'~+-~5~~_~6~-C~'~~~8~~~9~ 

o 4.882 9.765 14.647 19.530 24.412 29.294 34.1n 39.059 43.942 
1 48.824 53.106 58.589 63.471 68.354 73.236 78.119 83.001 87.883 92.766 
2 97.648 102.531 107.413 112.295 117.178 122.060 126.943 131.825 136.707 141.590 
1 148.472 151 .355 156.237 161 .119 166.002 110.884 175.767 180.649 185.531 190.414 
4 195.296 200.179 205.061 209.944 214.829 219.108 224.591 229.473 234.356 239.238 
5 244.120 249.003 253.885 258.768 263.650 268.532 273.415 278.297 283.180 288.062 
6 292.944 291.827 302.709 307.592 312.474 317.356 322.239 327.121 332.004 336.886 
7 341.768 346.651 351.533 356.416 361.298 366.181 In .063 315.945 380.828 385.nO 
8 390.593 395.475 400.357 405.240 410.122 415.005 419..887 424.769 429.652 434.534 
9 439.417 444.299 449.181 454.(164 458.946 463.829 eSB.n] 473.593 478.476 483.358 

KILOGRAMS PER SQ. METER TO POUNDS PER SQ. FOOT 

1 kg / m 2-o.204817lb. /ft. 2 

:~:~J:::~~:::~:::~:::-,--~"~.':'~--,~~,--~.-~-.~--,-
• 1 
2 
3 • 5 , , 
8 
9 

10 
U 
U 
U 
14 
15 
I. 
I' 11 
19 
2. 
21 43.0116 
22 45.0597 
23 47.1079 
24 49.1561 
25 51.2Q43 
2& 53.2524 
27 55.3006 
28 57.3488 
Z9 59.3969 
30 61.4451 
31 83.4933 
32 65.5414 
33 67.5896 
34 69.6378 
35 11.6860 

" 37 
38 
39 

54.8910 
56.9391 
58.9673 

3.8915 
5.9397 

'.98" 10.03S0 
12.0842 
14.1324 
16.1aGS 
18.2287 
20.2769 
22.3251 
24.3732 
26.4214 
28.4696 
30.5177 
32.5659 

61.0355 I 'jj"" 
63.0836 1<> 
65.1318 
67.1f1GO 
09.2281 1 ".;~" 
71.2763 
73.3245 1 n,i29j 
75.3727 1" "" 
77.421)8 
79.4690 81.5172 1;;:;;;;0 



••• 
METRIC CONVERSION TABLE 

POUNDS AVOIRDUPOIS TO KILOGRAMS 

1 Pound _ 0.45359 Kilograms -"',. , .. 
'M' 0 1 , 3 , 5 • 7 • • ---

0 ". 0.45 0.91 1.38 1.81 2.27 '.n 3.18 3.63 4.08 
1 4.54 4.99 5.44 5.90 '.35 6.80 726 7.71 8.16 8.62 
2 9.07 9.53 9.98 10.43 10.89 11.34 11.79 12.25 12.70 13.15 
3 13.61 14.06 14.51 14.97 15.42 15.88 16.33 16.78 17.24 11.69 , 18.14 18.60 19.05 19.50 19.96 20.41 20.81 21.32 21.n 22.23 
5 22.68 23.13 23.59 24.04 24.49 24.95 25.40 25.85 26.31 26.76 

• 27.22 27.67 28.12 28.58 29.03 29.48 29.94 30.39 30.84 31.30 
7 31.75 32.21 32.66 33.11 33.57 34.02 34.47 34.93 35.38 35.83 • 36.29 36.74 37.19 37.65 38.10 38.56 39.01 39.46 39.92 40.37 
9 40.82 41.28 41.73 42.18 42.64 43.09 43.54 44.00 44.45 44.91 

10 45.36 45.81 46.27 46.n 47.17 47.63 48.08 48.53 ".99 49.44 

U 49.90 50.35 50.80 51.26 ~1.n 52.18 52.62 53.01 53.52 53.98 
12 5M3 54.88 55.34 55.79 56.25 ".70 51.15 57.61 58.06 58.51 
U 58.91 59.42 5U7 SO.33 60.18 61.23 61.69 62.14 62." 63.05 
14 63.50 63.98 84.41 64.86 65.32 65.n ".22 ".68 67.13 67.59 
15 68.04 68.49 68.95 69.40 69.85 70.31 70.76 71.21 n.67 72.12 

16 72.57 73.03 73.48 73.94 74.39 74.84 75.30 75.75 76.20 76." 
17 n.11 77." 78.02 78.47 78.93 79.38 79.83 ".29 80.74 81.19 
18 81.65 82.10 82.55 83.01 83.46 83.91 84.37 84.82 85.28 85.73 
19 86.18 86.64 87.09 87.54 88.00 88.45 88.90 ".36 89.81 90." 
20 9O.n 91.17 91.63 92.08 92.53 92.99 93.44 93." 94.35 94.80 

21 95.25 95.71 96.16 96.62 97.07 97.52 97.98 98.43 98.88 99.34 
22 99.79 100.24 100.70 101.15 101.60 102.06 102.51 102.97 103.42 103.87 
2J 101.33 104.78 105.23 105.69 106.14 106.59 107.05 107.50 107.96 108.41 
24 108.8S 109.32 109.n 110.22 11 0.68 111.1 3 111.58 112.04 112.49 11 2.94 
2S 113.40 113.85 114.31 114.76 115.21 115.67 116.12 llS.57 117.03 117.48 

26 117.93 118.39 118.84 119.29 119.75 120.20 120.66 121.11 121.56 122.02 
27 122.47 122.92 123.38 123.83 124.28 124.74 125.19 125.65 126.10 126.55 
28 127.01 127.46 127.91 128.37 128.82 129.27 129.73 130.18 130.63 131.09 

" 131.54 132.00 132.45 132.90 133.36 133.81 134.29 134.72 135.17 135.62 
30 136.08 136.53 136.98 137.44 137.89 138.35 138.80 139.25 139.n 140.16 

31 140.81 141.07 141.52 141.97 142.43 142.88 143.34 143.79 144.24 144.70 
32 145.15 145.60 146.06 146.51 146.96 147.42 147.87 148.32 148.78 149.23 
33 149.69 lSO.14 150.59 151.05 151.50 151.95 152.41 152.86 153.31 153.n 
34 154.22 154.68 155.13 155.58 156.04 156.49 156.94 157.40 157.85 158.30 
35 158.76 159.21 159.66 160.12 160.57 161.03 161.48 161.93 162.39 162.84 

36 163.29 163.75 164.20 164.65 165.11 165.56 166.01 166.47 166.92 167.38 
37 157.83 168.28 168.74 169.19 169.64 170.10 170.55 In.OO 171.46 In.91 
38 172.37 172.82 173.27 173.73 174.18 174.63 175.09 175.54 175.99 176.45 
39 176.90 In.35 In.81 178.26 178.72 179.17 119.62 180.08 180.53 180.98 

" 181.44 181.89 182.34 182.80 183.25 183.70 184.16 184.61 185.07 185.52 

." 185.97 186.43 186.88 187.33 187.79 188.24 188.69 189.15 189.60 190.06 

" 190.51 190.96 191.42 191.87 192.32 192.78 193.23 193.68 194.14 194.59 
43 195.04 195.SO 195.95 196.41 196.86 197.31 197.n 198.22 198.67 199.13 
44 199.58 200.03 200.49 200.94 201.40 201.85 202.30 202.76 20321 203." 
4S 204.12 204.57 205.02 205.48 2Q5.93 206.38 206.84 2117.29 207.75 208.20 .. 208.65 2Q9.1t 209.56 210.01 210.47 210.92 211.37 21 1.83 212.28 212.73 
47 213.19 213.64 214.10 214.55 215.00 215.46 215.91 216.36 216.82 217.27 .. 217.72 218.18 218.63 219.09 219.54 219.99 220.45 220.90 221.35 221.81 ., m.,. 222.71 223.17 223.62 224.07 224.53 224.98 225.44 225.89 226.34 
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METRIC CONVERSION TABLE 

POUNDS AVOIRDUPOIS TO KILOGRAMS 

1 Pound -0.45359 Kilograms 

u.. ""'" 
T~. 0 1 2 3 • 5 • , • • ---
SO 226.80 227.25 227.70 228.16 228.61 229.06 229~2 229.97 23Q.42 23Q.88 
51 231.33 231.79 232.24 232.69 233.15 233.60 234.05 234.51 234.96 235.41 
52 2',., 236.32 236.78 237.23 237.68 238.14 238.59 239.04 239.50 239.95 
53 240.40 240.86 241.31 241.76 242.22 242.67 243.13 243.58 244.03 244.49 
54 244.94 245.39 245.85 246.30 246.75 247.21 247.66 248.12 248.57 249.02 
55 249.48 249.93 250.38 250.84 251.29 251.74 252.20 252.65 253.10 253.56 

56 254.01 254.47 254.92 255.37 255.83 258.28 256.73 257.19 257.84 258.09 
57 258.55 259.00 259.45 259.91 260.36 260.82 261.27 261.72 262.18 262.63 
sa 263.08 263.54 263.99 264.44 "".90 265.35 265.81 2662. 266.n 267.17 
59 267.62 268.07 268.53 268.98 269.43 269.89 270.34 270.99 2n.25 2n.70 .. 272.16 272.61 273.06 273.52 213.91 274.42 274.88 275.33 275.78 276.24 

61 276.69 2n.14 277.60 278.05 278.51 278.96 279.41 279.87 280.32 280.n 
62 281.23 281.68 282.13 282.59 283.04 283.50 283.95 284.40 284.88 285.31 
63 285.76 286.22 286.67 287.1 2 287.58 288.0' 288.48 288.94 289.39 289.85 .. 290.30 290.75 291.21 291.66 292.11 292.57 293.02 293.47 293.93 294.38 
65 294.84 295.29 295.74 296.20 296.65 297.10 297.56 298.01 298.46 298.92 .. 299" 299.82 300.29 300.73 301.19 301.64 302.09 302.55 303.00 303.45 
67 303.91 304.36 304.81 305.27 JOS.n 306.17 306.63 307.08 307.54 307.99 .. lOB.44 lOB.90 309.35 309.80 310.211 310.71 311.16 311.62 312.07 312.53 .. 312.98 313.43 313.89 314.34 314.711 315.25 315.70 316.15 316.61 317.06 
10 317.51 317.97 318.42 318.88 319.33 319.78 3202' 320.69 321.14 321.60 

n 322.05 322.50 322.96 323.41 323.86 324.32 324.n 325.23 325.68 326.13 
n 326.59 327.04 327.49 327.95 328.40 328.85 329.31 329.76 33022 330.67 
n 331.12 331.58 332.03 332.48 332.94 333.39 333.84 334.30 334.75 335.20 
74 335.66 336.11 336.57 337.02 337.47 337.93 338.38 338.83 339.29 339.74 
75 340.19 340.65 341.10 341.56 342.01 342.46 342.92 343.37 343.82 344.29 

76 344.73 345.18 345.64 346.09 346.54 347.00 347.45 347.91 348.36 348.81 
77 349.27 349.n 350.17 360.63 351.08 351.53 351.99 352.44 ",., 353.35 
78 353'" 354.26 354.71 355.16 355.62 356.07 356.52 356." 357.43 357.88 

" lSI.34 3.58.79 359.25 359.70 360.15 360.61 361.06 361.51 381.97 362.42 
80 362.87 163.13 363.78 364.23 364.69 365.14 365.60 366.05 366.50 366.96 

81 367.41 367.86 368.32 "'.n "'22 369.68 370.13 370.59 3n.04 371.49 
82 371.95 3n.40 3n.85 373.31 373.76 374.21 374.67 375.12 375.57 376.03 
81 376.48 376.94 3n.39 3n.B4 378.30 378.75 379.20 3711.66 380.11 360.65 
84 381.02 381.47 381.92 382.33 382.83 383.29 383.74 384.19 384.65 385.10 
OS 385.55 386.01 386.46 386.91 387.37 387.82 38828 388.73 389.18 389.64 .. 390.09 390.54 391.00 391.45 391.90 392.36 392.81 393.26 393.n 394.17 
87 394.63 395.08 ,.S~ 395.99 396.44 396.89 397.35 397.80 398.25 398.71 .. 399.16 399.61 400.07 400.52 400.98 401.43 401.88 402.34 402.79 403.24 .. 403.78 404.15 404.60 405.06 405.51 405.97 406.42 406.87 407.33 407.78 
90 408.23 408.69 409.14 409.59 410.05 410.50 410.95 411.41 411.86 412.32 .. 412.n 413.22 413.68 414.13 414.58 415.14 415.49 415.94 416.40 416.85 

" 417.31 417.76 418.21 418.67 419.12 419.57 420.03 420.48 420.93 421.39 

" 421.84 422.29 422.75 423.20 423.66 424.11 424.56 425.02 425.47 425.92 
54 426.38 426.83 427.28 427.74 428.19 428.64 429.10 429.55 430.01 430.46 

" 430.91 431.37 431.82 432.27 432.73 433.18 433.63 434.09 434.54 435.00 .. 435.45 435.90 436.36 436.81 437.26 437.n 438.17 438.62 439.08 439.53 

" 439.98 440.44 440.89 441.35 441.80 442.25 442.71 443.18 443.61 444.07 .. 444.52 444.97 445.43 445.88 446.33 446.79 447.24 447.70 448.15 448.60 
59 449.06 449.51 449.96 45Q.42 450.87 451.32 451 .78 452.23 452.69 453.14 

-



••• 
METRIC CONVERSION TABLE 

KILOGRAMS TO POUNDS AVOIRDUPOIS 

1 kilogram _ 2.204622341 pounds 

" Unit. 

'M. ~~ 2 3 , 5 • 7 I • 9 

0 ••• '.6 8.8 11.0 13.2 15.4 17.6 19.8 ... .. 2.2 
1 22.0 24.3 26.5 28.7 30.9 33.1 35.3 37.5 39.7 41.9 
2 44.1 46.3 48.5 50.7 52.9 55.1 57.3 59.5 I 61.1 63.9 
3 66.1 ".3 70.' 72.8 75.0 77.2 79.' 81.6 ! 83.8 88.0 , 88.2 90.' "" 1 ".8 97.0 99.2 101.4 103.6 105.8 108 0 , 110.2 

112" 1 114.6 116.8 119.0 121.3 123.5 125.7 127.9 130.1 

• 132.' I 136.7 138.9 141.1 143.3 145.5 147.7 149.9 152.1 134.5 
7 15U 156.5 158.7 160.9 163.1 165.3 167.6 169.8 tn.a 174.2 • 176.4 118.6 180.8 183.0 185.2 187.4 189.6 

191" 1 
194.0 196.2 

9 198.4 200.6 202.8 205.0 207.2 ,., .• 211.6 213.8 216.1 218.3 
10 226.' 222.7 224.9 227.1 229.3 231.5 233.7 235.9 238.1 240.3 

U 242.5 1 244.7 246.9 I 249.1 251.3 253.' 255.7 257.9 260.1 262.4 
12 264.6 268~ 269.0 I 271.2 273.4 275.6 "'> 2'0.0 292.2 294.' 
13 288.6 1 288.8 I 

2>1.0 I 293.2 295.4 297.6 299.8 302.0 304.2 ..... 
" 308.' 310.9 313.1 315.3 317.5 319.7 321.9 324.1 326.3 328.5 
15 3307

1 

332.9 335.1 337.3 339.5 341.7 343.9 346.1 348.3 35Q.5 

16 352.7 354.9 357.1 359.4 361.6 363.8 366.0 "'.2 37Q.4 372.6 
17 374.8 3n.O 379.2 381.4 383.6 385.8 388.0 390.2 392.4 394.6 
18 396.8 399.0 401.2 403.4 405.7 407.9 410.1 412.3 414.5 416.7 
19 418.9 421 .1 I 423~ 425.5 427.7 429.9 432.1 434.3 436.5 438.7 
20 440.9

1 

443.1 I 445.3 447.5 j 449.7 451.9 454.2 456.4 458.6 460.8 

21 463.0 465.2 467.4 469.6 4n.8 474.0 476.2 478.4 480.6 482.8 
22 485.0 487.2 489.4 491.6 493.8 496.0 498.2 500.' 502.7 504.' n 507.1 509.3 511.5 513.7 515.9 518.1 521).3 522.5 524.7 526.9 

" 529.1 531.3 533.5 535.7 537.9 540.1 542.3 544.5 . 546.7 549.0 
25 551.2 

553" 1 
555.6 557.8 560.0 562.2 564.' 566.6 I 608.8 571.0 

26 573.2 575.4 577.6 579.8 582.0 584.2 58S.' 588.6 590.8 593.0 
27 595.2 597.5 599.7 601.9 604.1 606.3 608.' 610.7 612.9 615.1 
28 617.3 619.5 621.7 623.9 626.1 628.3 630.' 632.7 634.9 637.1 

" 639.3 641.5 643.7 646.0 648.2 650.4 652.6 654.8 657.0 659.2 
30 661.4 863.5 665.8 668.0 670.2 672.4 674.6 676.8 1 679.0 6812 

31 683.' 685.6 687.8 690.0 692.3 694.5 696.7 698.9 701.1 703.3 
32 705.5 707.7 709.9 n2.1 714.3 n6.S n8.7 720.9 723.1 725.3 
33 727.5 m.7 731.9 734.1 736.3 736.5 740.8 743.0 745.2 747.4 

" 749.6 75U 754.0 756.2 758.4 760.6 762.8 765.0 767.2 769.4 
35 nt.6 m~ n6.0 7782 780.' 782.6 784.8 787.1 789~ 791.5 

36 793.7 795.9 798.1 800.3 802.' 804.7 "'.9 809.1 811.3 813.5 
37 815.7 817.9 820.1 822~ 824.5 826.7 828.9 831.1 833.3 835.' 
38 83,. 840.0 M2.2 1 844.' 846.6 648.8 851.0 853.2 855.4 857.6 

" "" I 882.0 "'.2 86SA ..... 870.8 873.0 875.2 877.' 879.6 .. 88U .... 1 886.3 .... 5 890.7 892.9 895.1 897.3 899.5 901.7 

" 903.9 I 906.1 .... 3 910.5 912.7 914.9 917.1 919.3 921.5 923.7 

" 925.9 926.1 930.4 932.6 934.8 937.0 939.2 941.4 943.6 945.8 

" "'.0 950.2 952.4 954.6 956.8 959.0 961.2 983.' 965.6 967.8 .. 970.0 972.2 974.4

1 

976.6 978.9 981.1 983.3 985.' 987.7 989.9 .. 992.1 994.3 996.5 998.7 1000.9 1003.1 1005.3 1007.5 1009.7 1011 .9 .. 1014.1 1016.3 1018.5 1020.7 1022.9 1025.1 1027.4 1029.6 1031.8 1034.0 
47 1036.2 1038.4 1040.6 1042.8 1045.0 1047.2 1049.4 1051.6 1053.8 1056.0 
48 1058.2 106Q.4 1062.6 1(;64.8 1067.0 1069.2 IOn.4 1073.7 1075.9 1078.1 .. 1080.3 1082.5 1084.7 IOSS.9 1089.1 1091.3 1093.5 1095.7 1097.9 1100.1 
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METRIC CONVERSION TABLE 

KILOGRAMS TO POUNDS AVOIRDUPOIS 

1 kilogram _ 2.204622341 pounds 

-, Unll1 

,~. 0 1 2 3 4 , • 7 8 , 
--- ---

50 1102.3 11Oe1.S 1106.7 1108.9 1111.1 1113.3 111 5.5 1117.7 1119.9 1122.2 
51 1124.4 1126.6 1128.8 1131.0 1133.2 1135.4 1137.6 1139.8 1142.0 1144.2 
52 1146.4 1148.6 1150.8 1153.0 1155.2 1157.4 1159.6 1161.8 1164.0 1166.2 
53 1168.4 1170.7 1172.9 1175.1 1In.3 1179.5 1181.7 1183.9 1186.1 11 88.3 
54 1190.5 1192.7 1194.9 1197.1 1199.3 1201.5 1203.7 12{l5.9 12£l8.1 121 0.3 
55 1212.5 1214.7 1217.0 1219.2 1221.4 1223.6 1225.8 1228.0 1230.2 1232.4 

" 1234.6 1236.8 1239.0 1241.2 1243.4 1245.6 1247.8 1250.0 1252.2 1254.4 
57 1256.6 1258.8 1261.0 1263.2 1265.5 1267.7 1269.9 12n.l 1214.3 1276.5 
58 1278.7 1280.9 1283.1 1285.3 1287.5 1289.7 1291.9 1294.1 1296.3 1298.5 
59 1300.7 1302.9 1305.1 1307.3 1309.5 1311.8 1314.0 1316.2 1318.4 1320.6 
SO 1322.8 1325.0 1327.2 1329.4 1331.6 1333.8 1336.0 1338.2 1340.4 1342.6 

61 1344.8 1347.0 1349.2 1351.4 1353.6 1355.8 1356.0 1360.3 1362.5 1364.7 

" 1366.9 1369.1 1371.3 1373.5 1375.7 Un.9 1380.1 1382.3 1384.5 1366.7 

" 1388.9 1391.1 1393.3 1395.5 1397.7 1399.9 1402.1 1404.3 1406.5 1408.6 .. 1411.0 1413.2 1415.4 141 1.6 1419.8 1422.0 1424.2 1426.4 1428.6 1430.8 
65 1433.0 1435.2 1437.4 1439.6 1441.8 1444.0 1446.2 1448.4 1450.6 1452.8 .. 1455.1 1451.3 1459.5 1461.7 1463.9 1466.1 1468.3 1410.5 1472.1 1414.9 
67 14n.l 1479.3 1481.5 1483.7 1485.9 1488.1 1490.3 1492.5 1494.7 1496.9 .. 1499.1 1501.3 1503.6 1505.8 1506.0 1510.2 1512.4 1514.6 1516.8 1519.0 

" '521.2 1523.4 1525.6 1527.8 1530.0 1532.2 1534.4 1536.6 1538.8 1541.0 
70 1543.2 1545.4 1547.6 1549.8 1552.1 1554.3 1556.5 1558.7 1560.9 1563.1 

71 1565.3 1567.5 1569.7 1571.9 1574.1 1516.3 1518.5 1580.7 1582.9 1565.1 
72 1587.3 1589.5 1591.7 1593.9 1596.1 1598.4 l6OD.6 1602.8 1605.0 1607.2 
73 1609.4 1611.6 1613.8 1616.0 1618.2 1620.4 1622.6 1624.8 1627.0 16292 
74 I 1631.4 1633.6 1635.8 1638.0 1640.2 1642.4 1644.6 1646.9 1649.1 1651.3 
75 1653.5 1655.1 1651.9 1660.1 1662.3 1664.5 16&6.7 ''''''' 1671.1 1673.3 

76 1615.5 16n.7 1679.9 1682.1 1684.3 1686.5 1688.7 1690.9 1693.2 1695A 
n 1691.6 1699.8 1102.0 1704.2 1706.4 1708.6 1710.8 1713.0 1715.2 1717.4 
78 1719.6 1721.8 1724.0 172£.2 1728.4 1730.6 1732.8 1735.0 1737.2 1739.4 
79 1141.7 1143.9 1146.1 1148.3 1150.5 1152.7 1154.9 1157.1 1759.3 1761.5 
80 1763.1 1165.9 1768.1 1710.3 1172.5 ln4.7 ln6.9 1719.1 1181.3 1183.5 

81 1185.7 1787.9 1190.2 1192.4 1794.6 1196.8 1799.0 1801.2 1803.4 1805.6 
82 1807.8 1810.0 1812.2 1814.4 1816.6 1818.8 1821.0 1823.2 1825.4 1827.6 
83 1829.8 1832.0 1834.2 1836.5 1838.7 1840.9 1843.1 1845.3 1847.5 1849.7 
84 1851.9 1854.1 1856.3 1858.5 1860.7 1852.9 1885.1 1867.3 1869.5 1871.7 
8S 1873.9 1875.1 1818.3 1880.5 1882.7 1885.0 1881.2 1889.4 1891.6 1893.8 

IS 1896.0 1898.2 1900.4 1902.6 1904.8 1901.0 1909.2 1911.4 191 3.6 1915.8 
87 1918.0 1920.2 1922.4 1924.6 1926.8 1929.0 1931.2 1933.5 1935.7 1937.9 
88 1940.1 1942.3 1944.5 1946.7 1948.9 1951.1 1953.3 1955.5 1957.7 1959.9 
89 1962.1 1964.3 1966.5 1968.7 1970.9 1913.1 1915.3 19n.5 1919.8 1982.0 .. 1984.2 1986.4 1968.6 1990.8 1993.0 1995.2 1997.4 1!!99.6 20012 2004.0 

91 2006.2 2008.4 2010.6 2012.8 2015.0 2017.2 2019.4 2021.6 2023.8 2026.0 
92 2028.3 2030.' 2032.1 2034.9 2031.1 2039.3 2041.5 2043.7 2045.9 2048.1 

" 2050.3 2052.5 2054.7 2056.9 2059.1 2061.3 2063' 2065.7 2067.9 2010.1 
94 2072.3 2074.5 2076.8 2079.0 2081.2 20.3.4 2085.6 2061.8 2090.0 2092.2 
95 2094.4 2096.6 2098.8 2101.0 2103.2 2105.4 2101.6 2109.8 2112.0 2114.2 

" 2116.4 2118.6 2120.8 2123.1 2125.3 2127.5 2129.7 2131.9 2134.1 2136.3 

" 2138.5 2140.1 2142.9 2145.1 2147.3 2149.5 2151.7 2153.9 2156.1 2158.3 

" 2160.5 2162.1 2164.9 2167.1 2169.3 2171.6 2173.8 2116.0 2118.2 2180.4 
99 2182.6 2184.8 2187.0 2189.2 2191.4 2193.6 2195.8 2198.0 22002 2202.4 
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l 

PROPERTIES OF THE CIRCLE 

Circumf~reDee of Circle of Diameter 1 _ ... _ 3.14159265 
Circumference of e ieele _ 2 II" r 
Diameter of Cirele _ CireumfcrCIlCc x 0.31831 
Diameter of Circle of equnl periphery as IIqUllfC _ lIidc x 1.27324 
Sido of Square of equal periphery III circle _ diameter x 0.78540 
Dill.mctcr of Cirele circulIIIJCribcd about equnre _ side x 1.41421 
Sido of Square inscribed in Circle _ diameter x 0.70711 

a_ ... cA
o 

_ O.017U3 rA· 

'''' 
Angie, A _ ISO° ft. _~7.29678..!. ., , 
Radius, 

Chord, 0_ 21/ 2 br - 6' 

Dinmctcc, 

. A" _ 2 r 8I n _ , 
b - r - t V".~,~,-=,"'I - i- tAn 

f( _ 3. 14 1:>92&5, 

-;- _ 0.318309!l, 

... ' _ 9.8696(K4, 

, 
".2 - 0 . 10 13212, 

..J1r _ 1. 7124b3~, 

W. - O.5&fl896, 

I;' _ 0.0174533, 

'''' -;- _ 67 .Z9~m95. 

\og _ 0.<l07 1400 

iOg _ O.1I!l4Z997 

lo g _ 0.00.57003-10 

IOg _ O.2 .MHO 

IOg _ 0.76 1425 1-10 

log _ 8.2418174-10 

IOg _ I.7681226 



Tn.PUhllll: 

Tra p.,."ld : 

Clrde , 

Sector of Orde: 

~'""t ot CII"C]'" 

AREA OF PLANE FIGURES 

Due X J.i perpendicular height. 

vi .(.-a.) (&-b) (1Hl), 
where. _ ~ .um of tbe three mdee 11., b a.nd c. 

Sum of &reQ of the two triangles. 

J.i .urn of pnmllel sidC3 X perpendicular height. 

Baae X perpendicular height. 

J.i fUm of sidee X inside radius. 

... r'_ .78M X di:l.meter' _ .07958 X circumference". 

" (d' . A') -- --_om 
2 '''' 

CI""le of .. _ ....... lOqure: diamelff _ aide X 1.12838. 

Squareo! ..... e ....... d ... le: llide- diameter X .88623. 

Pu.bola: 

Long diameter X Mlort diAmeter X .78M. 

Bue X % perpcndicullU' height. 

IRREGULAR PLANE SURFACE 

;<' /' '\ 
, , , • • • , , • 

A _ .< / . 
Divide the plane surface inlo an even number of parallel strips 

of equal widt.h. 

The given figure bas been divided into tcn strips of width, d; 
the ordinates are ho to hto• 

When t he ends arc curved, 110 and hlG arc tero and cancel out 
of formulas. 

8h",...,, '. Ru le: 

Area _ ~ [110 + hlO+4 (hI +ha+ h6+ h1 + b,) +2 (h'2 + h4. + he + hs)l. 

Oa ....... •• R" le: 

Area _ d [0.4 (ho + hlo) +1.l (hl +hll) +hJ+ha +1l4+h1I+he+h1 +hs}. 

Tn_I ... . R. I., 

Area _ d [~(ho + hlo)+hl + h'2+hs+h4+hll+h(l + h7 + h8 + h8}. 

When the enda IInl not curved, but art! the Itraight linea hi lind h, then, 

Area _ d [~(hl + h,)+h2 + h. + h.t. + h~+ ha+ hr + hI]. 

••• 

• 
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THlGONOMETRIC FORMULAS 

Radi ..... l - .u.·A +_'A 
_ oi.a A _ It. - COl A tee A - taD" ClOt A 

_ •• --- cot&n A-------.. 
: ".. : 8i"", A_~~e<d t&a A- " l _ 'A - " 

~ 

~/;[, 
~A _ 

,< 
U ----cooo-A---;.'~ l> i CoolM A_ .ti~ A _---L-_ linA colA- Vi lin ' A 

tall A _A , 
f"" 

~-\ ! 
T&I>I'I"I A_~ _ _ _ ' _ _ .m It. It!( A :' ..;: 

<- • 
_ A eoI. A 

// l-.5 , ........ ' A_ COlA --'- - cooA _ A 
<; "'" to ..... : lo A :- ... .. ... I>n" un A 

-.- -~ 

Lnd,ua. I-----I ' 
Sec.nt 

A_ t.ln A _ __ ' _ 

lin A co. " 
"-"', A - ~---..-!-:-_ A pi\. 

llin (A ± D) - linA _ D ±ce- AllinB Lan eA ± B) - tan A ± tf.n B 
1 + 1.0 /1. tuB 

.,.,. (A ± D) - 00. " COI B :t=linA ..... n eo!. (A ± BJ - cot A cot D ! ' 
toeB±cot A 

Ii" A +oi,,8 - ,lill)i (A +B) _}i(A-B) ba A+ UJl B- lin (A + B) 
_A_ 8 

al n A - lin B - 2 _ J.i (A + 8) oill J.i (A-B) l an A _ ian B- $in (A- B) 
_ A coo U 

_ A +_8 - 2_").i{A + B) _}i(A_ B) cot A + eot 8 -
oi n j] + Al 
.... It. Ii" 0 

(0.8-_ 10 - 2 .u.j.i (" + B) eiQ. J.i(A-B) eo/. A _ eot B- oill!] Al 
lin A llin 0 

";n 2"- 2 I1n A _ A tan 2 A -
'2 tan A , 1.&,,' A 

_ 2A- COI ' A- e'" 001.2/1. -
~'A , 
'_ A 

)iA-~I -r A "I+ COI X 
." A eo!. J.i A -

lin A ., _ HA - w.J,iA- 1+ _ "- , _ -A , 
.. ,, ' A-

1 __ 2 /1. 
_, A - 1 +_2,\ 

_ 'A -, _ OA 
cot' A -1+_ 2 /1. , , I +COf '2A , -" iii,,' A _ .... ' B - Ii" (A + BJ'" (A _ BJ .... A _ a ,, ' D - ... (A + BJ_ (A - DJ 

.i" A ililn B _ I.NI )itA + BJ 
«>fA _ B -

.u.A ±a .. B_ COI)i (A :;: BJ 
_B ... A -.. , I u I III 1 .. - .... . < to' 

...... "Ie to' 1to'''18O''' 11to''ow~Io''' » 1 "' l fiO" ""'" • - ~ -...... V_ YaFJ' fro. EqooI~t_ .. .' .' .' .' . " +-0 to + 1 , w t< -010 - 1 , w -< " " V> " V> O'j:. ±-ill • +_ • ±""'. ±cot. 

- ~, "" -Ow , , w-< +-0 to + 1 "V> "V> " -+_. +-; ... 
_. 

+U ... 

- 1"" ,., "V> , V> I&O"±I ....... _. 
±WO0 -. - ~ , ~ , ... -ow-. V> , " V> m"+o _. +om. 
_. +_. 
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A,. 

A,o 

TRIGONOMETRIC SOLUTION OF TRIANGLES 

~. D'-'+:+< 
A.B. II 

A~. 

A. B. c 

A~ 

n . b,c 

A~ 

ll, a. c 

-Formulae 

RlGJfl'-ANGLEI> TnUNGLES 

• IIn A - c ' • COlI IJ --C. 

• Are", 2 \lc ...... 

• konAb , h 
tauU-a. 

'" Aru--r-

D_OOO_A , b_acotA, 

ArCII._ a ' cot A , 
n _ OO"-A. a_bla.nA, 

b'tan A 
Arua. - 2 

-

C-va' +b' 

• 
C - 'iIii'""A 

h ,----
~A 

A.I: D , II,b o _OO"_A, "_I: lIn A. 

• 
el .In 2 A 

A r(lll_ , 

o 

___ ccA=rea AI'OO - )I • (.a) \&-b) ..c) 

.,A,O 0, , 

•. b.A IJ 

1---, 

o a~!n R 
- elnA • 

allnC aB!n IA+DI 
c - -.rn-r - ~nA 

I . · lIln ll ~lnO 
_ !!"a. b sb C _ :'=.In A 

.lnB _ h~tnA 
• 

"sine b~I!lC 
C - """'iIii"A -~ - V . ' + b ' -2 ab COl C' 

Area Area - fta II sin C 

, /r.-bl I.e) 
f .(~ 

----~-----l A ~~'~'~"~C~~~:;;'~~~~~'!-jO~~'~ b C A IIUI t= (A m cot ~.O ., ' 1---+ - b-aI'!O'lC ~ - - a+b ., ____ __ 

a sin 0 
C C - Ya'+b'-Zaboo.C 8111 A 

, 
Area _ :! ab sin C 

a' _ b' + c'-2bc COlI A, b"-a' + e'-2 .. e (l()I: B, c' _ .' + b"-2 ab I'UI 0 
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• 
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AREA OF CIRCULAR SECTIOKS 

Circular Sector, m 0 n p • 

ATen _ M (length of are, m p n X radiU8, r) 

_ area of cirdc x a re, m p ~n dep:rcca 

_ 0.0087266 x aquare of radius, rl x angle of are, m p n, in degreca. 

Circular Segment, m p n,. lesa than half circle. 

Area _ area of sector. m 0 n p - Rrea of triangle, In 0 n 

(1en,rth of are. m p n x radius. r)_ (radiUII, T_ r i!lC, h) x chord. c. 
2 

Cireular Segment, m q n. greater than half drcle. 

Aren _nrea of cirelc- nrc9. of aegment, m n p . 

Circular Segment, from Table. page 473 

Given: rillC, h, and chord, c. 

Area _ rise, b x chord, c x coefficient for ~ • , 
Ex.u!.Pt.E. Given: rise _ 2.10 and chord _5.65. 

~ - ~:: -0.3717. 

Coefficient by interpolation _0.7354. 

Area _ b x ex coefl. _2. 10 x 5.65 x 0.7354 _8.7255. 

Circular Segment, from Table., pall'tfJ 474 and 475 

Given: rise, b, nnd diameter, d. 

Area _squlU"e of diameter, d ' x coefficient for 
b d O 

Ex~lIII.PLE. Given: ri&e - 2%0 and diameter -6%.2. 

b 
d -2%8 + MU _0.478528. 

Coefficient by interpolation _0.371233. 

Area. _ d' x coefficient _ 25.946~ x 0.371233 - 0.6321. 

Circular Zone, t u 11' v. 

Area _area of cir<:\O-IUDl of IIre!l.l! of l!egmenta, t p u and v q w. 

Circular Lune. m p n I. 

Area _ area of fJCglllent. III p n- area. of I:Iegment, III I n. 



AREAS OF CIRCULAR SEGMENTS 
For Ratios of Rise and Chord 

/ ,\--.it, 
"' -_. 

~--- -Cbo~d , C ---,l '~~ A' 

Area_ b x C x coefficient 
~ 

A" Coo"'_ • A" C_ffl_ • A" C ... ffl_ • A" C ... ffi· • 
~l.nt 0- clent 0- clent 0- dent "" -- -

1 .6667 .0022 46 .6722 .1017 91 .6895 .2097 136 .7239 .3373 
2 .6667 .0044 47 .6724 .1040 " .6901 .2122 137 .7249 .3404 
3 .6667 .0066 48 .6727 .1063 93 .6906 .2148 138 .7260 .3436 
4 .6667 .0087 49 •• 729 .1086 94 .6912 .2174 139 .7270 .3469 , .6667 .0109 50 .6732 .1109 95 .6918 .2200 140 .7281 .3501 

• .6667 .0131 51 .• 734 .1 131 96 .6924 .222' 141 .7292 .3534 
7 .6668 .0153 52 .6737 .1154 97 .6930 .2252 142 .7303 .3567 
8 .6868 .0175 " .6740 .lln .. .6936 .2279 143 .7314 .3600 
• . 6669 .0197 54 .6743 .1200 99 .6942 .2305 144 .7325 .3633 

10 .6670 .0218 55 .6146 .1224 100 .6948 .2332 14' .733' .3666 

11 .6670 .0240 56 .6749 .1247 101 .6954 .2356 146 .7348 .3700 
12 .6671 .0262 57 .6752 .1270 102 .6961 .2385 147 .736<) .3734 
13 .66n .0284 58 .6755 .1293 103 .6967 .2412 148 .73n .3768 
14 .66n .0306 59 .6758 .1316 104 .6974 .2439 14' .7354 .3802 
15 .6673 .03" 6<) .6761 .1340 105 .6980 .2466 150 .7396 .3837 

16 .6674 ,0350 61 .6764 .1363 10. .6987 .2493 151 .7408 .3871 
17 .6674 .00n " .6768 .1387 107 .'994 .2520 152 .7421 ~906 
18 .6675 .0394 63 .• m .1410 108 .7001 .2548 153 .7434 .3942 
19 .6676 .0416 64 .6n5 .1434 109 .7008 .2575 154 .7447 ~'77 
20 .6677 .0437 65 •• 779 .1457 110 .7015 .2603 15' .7460 .4013 

21 .6678 .0459 68 .6782 .1481 111 .7022 .2631 156 .7473 .4049 
22 .6679 .0481 67 .• 786 .1505 112 .7030 .2659 157 .7486 .4085 

" .6680 .0504 68 .• 790 .1529 113 .7037 2687 158 .7500 .4122 
24 .6681 .0526 69 .6794 .1 553 114 .7045 .2715 15. .7514 .4159 
25 .6682 .0548 70 .6797 .15n 115 .7052 .2743 16<) .7528 .4196 

" •• 684 .0570 71 .6801 .1601 116 .- .2m 161 .7542 .4233 
27 .668' .0592 n .6805 .1625 117 .7068 .2800 162 .7557 .4270 

" .6687 .0614 73 .6809 .1649 118 .7076 ."" 163 .7571 .4308 
29 .• 688 .0636 74 . 6814 .1673 11 • .- .2858 164 .7586 .4346 
30 .6690 .0658 75 .6818 .1697 121) .709'.! .2887 16' .7601 .4385 

31 .6691 .0681 76 .6822 .1m 121 .7100 .2916 166 .7616 .4424 
32 .6693 .0703 77 .6826 .1746 '" .7109 .294' 167 .7632 .4463 
33 .6694 .On5 78 .6831 .1nl 123 .7117 .2975 168 .7648 .4502 
34 .6696 .0747 78 .6835 .1795 124 .7126 .3004 16' .7664 .4542 
35 .6698 .ono 80 .6840 .1820 12' .7134 .3034 170 .7680 .4582 

36 .6700 .0792 81 . 6844 .1845 12 • .7143 .3064 171 .7696 .4622 
37 .6702 .0814 " .684' .1 869 127 .7152 .3094 In .n12 .4663 
38 .• 704 .• l37 83 .6854 .1 894 128 .7161 .3124 173 .7729 .4704 
39 •• 706 .065' 84 .685' .1919 '" .71 70 .3155 174 .n46 .4745 
40 •• 708 .- 66 .6864 .1944 130 .7180 .3185 175 .7763 .4787 

41 .6710 .1l904 86 .6869 .1970 131 .7189 .3216 176 .7781 .48" 
42 .6712 .0927 87 .6874 .1995 132 .71 99 .3247 177 .7799 .4871 
43 .6714 .094' .. .6879 .2020 133 .7209 .3278 178 .7817 .4914 
44 .6717 .00n 89 .6984 .2948 134 .7219 .3309 179 .763' .4957 
45 .6719 .099' 90 .6890 .2071 13' .7229 .3341 180 .7854 .5000 
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AREAS OF CIRCULAR SEGMENTS 
For Ratios of Rise a nd Diameter 

/' ~ .. !t, "' . . > 
(--- --.Dla.moter, d.----~ 

Area =d2 )I. Coefficient 

• CoeffIcl .. nt • C_lflcl . .. • C ... fflcle .. • Coefficient • foefftClent ..- -. -. ..- .-
.001 .000042 .051 .015119 .101 

:~oo 
.151 .074590 .201 .112525 

.002 , .000119 .052 .015561 .102 .1 52 .075307 .202 .11 3427 

.0" .000219 .053 .016008 .1" .153 .076026 .2" .114231 

.004 .000337 .054 .016458 .104 .1 54 .076747 .204 .115036 I .OOS .000471 .OS5 .016912 .IOS .155 .077470 I .205 .115842 

.006 .000619 .056 .017369 .106 .044523 .1 56 .078194 .206 .116651 

.007 .000779 .OS7 .017831 .107 .045140 .157 .078921 .207 .117460 

.008 .000952 .058 .018297 .108 .045759 .158 .079650 .208 .118m 

.006 .001135 .05' .018766 .1 09 .046381 .159 .080380 .209 .119084 

.010 .001329 ."'" .019239 .110 .047006 .160 .081112 .210 .119898 

.011 .001533 .061 .019716 .111 .047633 .161 .081847 ' .211 I .120713 

.012 .001746 .062 .020197 .11 2 .048262 .162 .082582 .212 .1Z1530 

.013 .001969 .063 .020681 .1 13 .GUla94 .1 63 .083320 .213 .122348 

.014 .002199 .08' .021168 .114 .049529 .1 64 .084060 .214 .123161 

.015 .002438 .065 .021660 .115 .050165 .165 .084801 .215 .123988 

.016 .002685 .066 .022155 .116 .050805 .166 .085545 .21 6 .124811 

.011 .002910 .067 .022653 .117 .051446 .167 .086290 I .217 I .125634 

.018 .003202 .... .023155 .11 8 .052090 .1 68 .087037 .218 

I 
.126459 

.019 

I 
.0034n ."'. .023600 .119 .052737 .1 69 .08nSS I .219 .127286 

.020 .003749 .070 .024168 .120 .053385 .1 70 .089536 .220 I .128114 

.021 .00!I032 .071 .024680 .121 .054037 .171 I .089288 .221 .128943 

.022 I .01»322 .on .025196 .1 22 .OM690 .112 I .1l9OO42 .222 I .129m 

.023 .004619 .073 .025714 .123 .055346 .173 .090797 .223 .130605 .02. I .004922 ~74 .026238 .124 .056004 .174 .091555 .224 .131438 

.025 t .005231 .075 .026751 , .125 .056661 .175 .092314 .225 .132273 

.026 .005546 .076 .027290 .126 .057327 .176 .093074 .226 .133109 
Jl27 .005867 .on .027821 I .127 .057991 .m .0938J7 .227 .133946 
.028 1 .006191 .078 .028356 .128 .058658 .178 .094601 .228 .134784 
.029 .006527 .079 .028894 .129 .059328 .179 .095367 .229 .135624 
.030 .006866 .080 

I 
.029435 .130 .059999 .180 .096135 .23<1 .136465 

.031 .oonos .081 .029979 .131 .060673 .1 81 .0969G4 ~ .231 .131307 

.032 .007559 .082 .030526 .132 .061349 .182 .097575 .232 .138151 

.033 .007913 .083 .0310n .133 .062027 .1 83 .098447 .23' .138996 .". .008273 .084 .031630 .134 .062707 .184 .099221 .23' .139842 

.035 .008638 .085 .032186 .135 .063389 .ISS .099997 .235 .140689 

.036 .009008 .086 .032746 .136 .064074 .186 .l oon4 .236 .141538 
.037 .009383 .087 .033308 .137 .064761 .1 87 .1 01553 .237 .142388 
."8 .0D97M .088 .033873 .138 .065449 .1 88 .102334 .238 .143239 .". . 010148 . ... 1.034441 .139 .066140 .189 .103116 .239 .144091 
.040 .010538 .090 .035012 .1 40 .1l66833 .190 .103900 ~.o .144945 
.041 .010932 .091 .035586 .141 .067528 .191 .1G4686 .241 .145800 
Jl42 .011331 .092 .036162 .142 .068225 .192 .1 054n .242 .1 ..... 

~" .011734 .09' .036742 .143 .068924 .193 .106261 .243 .147513 .... .012142 .094 .037324 .144 .069626 .194 .107051 .244 .148m 
.045 .012555 .095 I ."7909 .145 .070329 .195 .107843 .245 .149231 ..... .0129n .096 I .038497 .146 . 071034 .196 .1081136 ~ .. .150091 
Jl47 .013393 .097 .039087 .147 .071741 .197 .1 09431 .247 .150953 
.048 .013818 .098 .039681 .148 .On450 .1 98 .110227 .248 .151816 ... , I .014248 .099 .G402n .149 .073162 .1 99 .111025 .249 .152681 
.050 .014681 .100 I .040875 i .1 50 .073675 .200 .111 824 .250 .153546 
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AREAS OF CIRCULAR SEGMENTS 
For Ratios of Rise and Dlameter-Concluded 

---------..... 
!~ .' -. > 

---- -·D ltu llotcr, d------

Area_ d3 I[ Coefflc:lent 

• eo.md . .. • eo.ffi~l .n" • Coefflel.., • c-rc""t * Coer:1d .... t .. ... ... ... 
.251 .154413 301 .199085 .351 .245935 .401 .294350 .451 .343m .,., .155281 .302 .200003 .35' .246890 .402 .295330 .452 .344m 
.253 .156149 .303 .200922 .353 .247845 .403 .296311 .453 .345768 
.254 .1 57019 .304 .2Q1841 354 .248801 .404 .297292 .454 .346764 
.255 .157891 .305 .202762 355 .249758 A05 .298274 .455 .347760 
~56 .158163 .306 .203683 .356 .250715 .406 .".,56 .456 .348756 
~57 .159636 .307 1.20460

' 
.357 .251673 .407 300238 .457 .349752 

.'58 .160511 .308 .205528 .358 .252632 .408 .301221 .458 .350749 

.259 .161386 .309 .206452 .359 .253591 .409 .302204 .459 .351745 

.280 .162263 .310 .207376 .360 .254551 .410 .303187 .460 .352142 

.261 .163141 .311 .361 .255511 .411 .3M171 .461 .353739 

.m .1 64020 .312 .36' .256472 .412 .305158 .462 .354736 

.263 .164900 313 .363 .257433 .413 .306140 .463 .355733 

.264 .165781 314 .364 .258395 .414 .307125 .464 .355730 

.265 .166663 315 .355 ~'9358 .415 .308110 A65 .357728 

.266 .167546 .316 .212941 .366 .260321 .416 .3<l9Il96 .466 .35872, 

.267 .168431 .317 .213871 .367 .261285 .417 .310082 .467 .35,m 

.268 .1 69316 .318 .214802 .365 .262249 AI8 .311068 .468 .360721 

.26, .170202 .319 .215734 .36' .263214 AI9 .312055 .469 .36mS 

.270 .171090 .320 >I_ .370 .264179 .420 .313042 .470 .36Z717 
~n .171978 .321 .217600 .an .265145 .421 .314029 .m 363n, 
.m .172868 .322 .218534 .372 .266111 .422 .315017 .472 .3&m4 
.273 .1 73758 I .323 .219469 .373 .267018 .423 .316005 .473 .365712 
.274 .174650 .324 .220404 .374 .268046 .424 .316993 .474 .366nl 
~75 .115542 I .325 .221341 .375 .269014 ,425 .317981 .475 .367710 
.m .176436 .326 .222278 .378 .269982 .426 .318970 .476 .368708 
~77 .177330 .327 .223216 .377 .210951 .427 .319959 .477 .369707 
~76 .178226 .328 .224154 .376 .271921 A28 .320949 .478 .3707116 
~711 .17'9122 .329 .22'094 .379 ~7289 1 .429 .321938 .4711 .3n705 
.280 .180020 , .330 .226034 .380 .273861 .4'" .322928 ... 0 .372704 
.281 .180918 331 .226974 .381 .274832 .431 ..323919 ASI 373704 
.282 .181818 .332 .227916 .382 .'75804 A32 .3:24909 .482 .374703 
= .182718 . • 333 .228858 .363 .276m A33 .325900 .463 375702 
~84 .183619 I . 334 .229801 .384 ~m .. .434 .326891 .484 376702 
~55 .164522 .335 .230745 .385 .278721 .435 .327683 .48$ .377701 
~ .. .185425 .336 .231689 .... .279693 .438 . 328874 . ... .378701 
~87 .186329 .337 .232634 .387 .280669 .437 .329866 .487 .379701 
.'88 .,87235 1 .338 .233580 .388 .281643 • 438 .330858 .... .380700 
~ .. .188141 .339 .234526 .389 .282618 .439 .331851 . .., .381700 
~9O .189048 .340 .235473 .390 I .283593 .440 .332843 .490 .382700 
.291 .189956 .341 .236421 .391 .441 .333836 .491 363700 
.292 .190865 .34, .237369 .392 .442 .334829 .492 .384699 
.293 .191n4 .343 .238319 .393 .443 .335823 .493 .385699 
.294 .192685 .344 .239258 .394 .444 .336816 .494 ..... 99 
.295 .193597 .34' .240219 .395 .288476 .445 .337810 .495 .387699 
~96 .194509 .346 .396 .289454 .446 .33881l4 .496 
.297 .195423 .347 .397 ._32

1 

.447 .339799 .497 
.298 .196337 .348 .388 .291411 .448 .340793 .498 
.'99 .197252 .349 .399 .292390 .449 .341788 .499 
.300 .198168 .350 .244980 .400 .293370 .450 I .342783 .500 .392tl99 
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47. 

TABLE OF CIRCULAR ARCS 

When the are, A, ill greater than Po IICmi-circle, let rise _ n. 
Now amaUef are, a - circumference of circle - arc, A; let risc _ h . 
Rise, h, of arc, II. _ (hllir-chord) ' + 11. Find arc, ft, by table. 
T hen arc, A _ ci reumfcrc~o of circle-
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AREAS AND WEIGHTS OF 90° FILLETS OR ROUNDINGS 

...... "' ScI, In. Wei gllt,LII .... Fl. Alta. ScI . In • WIIIIJIrI, Lb. p..- Fl. 

o.. ,,- Do. ,- o.. ,,- 0 .. ,-
R.,,~ 

rJR sm G sm ""'- rJR S0 rJR sm ft, In. R. In. 

1.E5J 1.E5J I.E r-!,J 1.E5J R, R R, .n n , , R 
• .. , _00005 .00021 .00018 .ooon 'o/M .05705 .22822 .19399 .n595 

", .00021 .00084 .00071 .00285 1%, .06057 .24226 .20592 .82369 
o/~ .00047 • 00189 .00160 .00641 ~~ . .06418 .25672 .21821 .87285 

", .00084 .00335 .00285 .011 40 '16 .06790 .:17160 .23086 .92344 , .. .00131 .00524 .00445 .01781 8%, .071 72 .28690 .24386 .97546 
,U ~ .00189 .00754 .00641 .02565 1 %11 .07565 .30262 .25722 1.0289 , .. .00257 .01027 .00873 .03491 ' o/M .01969 .31875 .27094 1.0838 

'. .00335 .01341 .01140 .04560 " .08383 .33531 .28501 1.1400 ... .00424 .01698 .01443 .osm .'" .08807 .35228 .29944 1.1978 
%2 .00524 .02096 .01781 .07125 ''', .09242 .36968 .31423 1.2569 

''''' .00634 .02536 .02155 .08622 .'" .09687 .38749 .32937 1.3175 
II. .00754 .03018 .02565 .10260 'II, .10143 .40572 .34487 1.3195 

.'" _00885 .03542 .03010 .12042 "'%;, .1 0609 .42438 .36072 1.4429 
%~ .01021 .04108 .03491 .13966 ''', .11 086 .44345 .31693 1.50n 

."" .01119 .04115 .04"" .1 6032 .'" .11513 .46294 .39350 1.5140 

" .01341 .05365 .04560 .18241 " .1 2011 .48284 .41 042 1.6411 

1 ~fw. .01514 .06051 .05148 .20592 '%~ .12519 .50311 .42170 1.11 08 ", .01698 .06790 .OSn2 .23086 ' \I, .13098 .52392 .44533 1.1813 
11jM .01891 . 07565 .06431 .25722 ." . .1 3627 .54509 A6332 1 ~533 

II. .02096 .08383 .01125 .28501 l'i.e .14167 .56667 A8161 1.9267 

',," .02310 . 09242 . 01SS6 .31423 '% • .14711 ...... .50038 2.0015 
I %~ .02536 .1 0143 .08622 .34487 2%~ .15218 .61110 .51944 2.0m ,'" .02772 .11 086 .09423 .31693 ~%~ .1 5849 .63394 .53885 2.1554 

" .03018 .12071 .10260 Al 042 " .16430 .65721 .55862 2.2345 

2~1J.,. .03215 .13098 .111 33 .44533 ~%4 .17022 .68089 .57875 2.3150 ,,,, .03542 .141 61 .1 2042 .48161 ,,,, .17625 .10499 .59924 2.3910 
2~t. .03819 .15278 .12986 .51944 ~%~ .18238 .12951 .6_ 2.4803 
1\. .04108 .16430 .13966 .55862 'II, .18861 .15444 .64128 2.5651 

,'" .04406 .17625 .14981 .59924 ''''' .19495 .77980 .66283 2.6513 
1%2 .04115 .18861 .16032 .64128 'I" .20139 .80558 .68474 2.7390 
e~~" .05035 .20139 .1711 9 .68414 .... .20794 .83178 .10701 2.8280 
II .05365 .21460 .18241 .72963 1 .21460 .85839 .72963 2.91 85 

Coefficients of Values of 90 G Fillets to obtain Values of ObliQue Angle Fill llts 

Anglll()~ 5" 10" 15' 20 " 30 " 40" ... 50" W 50" 
----

Coefficient 99.611 46.349 28.685 19.921 11.291 1.1097 4.7066 3.1913 2.1818 lA8S9 - ~ - -
Angle() ~ 90" 100" 110" 120 G 130" 140" '''' 160" 170" 

Coefficient 1.0000 .6569 .4163 .2505 .1397 .0694 .0287 .0084 .0010 

To obtalu area or welgh~ of an obllquo aug\o nllet of any rad ius. mu1~lply tho valuo tor a 90" nllo' 
ot sarno radius by the coeffiCien t given for the augle. 
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SURFACE AND VOLUME OF SOLIDS 

Cd--.--~-' . ,; - ,', " 
'~ .. 

• ,~, ,- -4/ - -~-

Iffj-----.-g-,- -, .,. i \ 
I \ ~ ""; 

.. 1. .• \: '_', ':. . __ .. -

~fff:J - " .. ----.-_f ______ - \ 

1>----\' ',.. h 
:..-.. -- , 

:..-- - '-b--- •. ':'-' 

8-4'l'£RAL OR CQSVEX SURFACE. V _ V OL UME 

S _ PI, 
V _ Bh. 

V _ AI. 

S _ P I. 
V _ n il . 
v _AI. 

hn.lI~loplpod 

PI. pcrlmet.cr pCrp. too .Ides; 11.1 latcral length. 
D \lJ a~ or balie; h I, perpendIcular height. 
A 11 area. or 5OCtion DCl'P. to sJdOlll; lis latcmll03ngth. 

l"rU1Il. RIEM or Oblill."e, Rq-ul • • Or I • ....,. ... . 

P II perlmotcr per]). to lidos; lis laternllell&th. 
B Is area ot ha.8C: h Is perpendicular height. 
A Is a.rea. or section perp. to sides; 11.0 ial.<)rallcJllI;th. 

{;JUnekr, ru.ht Or Oblique, C\",ul . ..... EIU"U •• ete. 

S _ Pb. 
S _ P ,/. 
V _ DIl. 
Y _ AI. 

v _ nh. 

v _ ~A (I, 

s _ ~ PI. 
V _ 'hDh . 

P Is perimeter or baso.l: h Is perp. height. 
1', 'S p<.>"m<'l.cr perp. t.o sides: I is laternllengtb. 
n I' area or base; h I. perpendIcular bright. 
A Is 1U'ClI. of !le(:tlon DOrp. to lido.; I l,,, laterallcngw. 

Fn .. tum of • ..,. P riam Or CyUnder 

n 1.1 area or bu&ol; h 19 DIlrp. hal,ght from \>as(l k> renter or 
ii;rnvlty of top. 

+ ttl. rorcyllndcr. 

PyrIlmld (I, Con". R lJrh t ond Resrul .... 

P II DIlrlmllt-cr of ba.so; II .. slan~ height. 
D la area of base; h t. perpendicular height. 

PTnomid (I ' Con". Ria-ht (I, Ohllque, ~I .... 0' ~ia. 

V _ ~ Dh. D i.JI a.roa of base; h 16 DIlrPllndlcul:lr holght. 
V _ 'h V01U!Ull or prl6m or C)' Under orsamo b:l.ao alld DIlrpcndlcul:l.r hel,gbt. 
V _ ~ vOlume or hemisphere or llarne base and pt!rpundlcul:l.r halght. 

Fftil tum <tr Pnamld <t. Con", Rla-ht a nd Ikilular. 1),,-" 11,,1 E>"ia 

S _ J.i I (P + pl. Pan::!. p aN.! pQrimet-c1"8 of txu;e and top; I hi blant 
height. 

V _ "h (B + b + yllV- B ami b are 11.1"00II nr ba&o and top; h L. 
DIlrpendlcular helgbt. 

v _ I-i b (l3 + b + y Bb). Band b (0:"0 area6 ot base and top ; h 16 
perpcl\dlCUlar height. 

w~ P2r .. lI~io .... m ...... 

V _ " d b (2 a + h). a. h. a are tho length .. or tho th ..... '<l edges; h L. 
perpemUcular helll"ilt; d IS pef\>I.'mlicular width. 

Pri.mlt<tld 

V _ ~'b(B +b +4M). Band b are areu ot bade and top; h h 
perpendicular height; ) 1 IS area or lI4lCtlon 
parallal to bl\SO!l. midway between them. 

Tho Prlsmatold torumia appllol also to any of the tON going .saUd .. 
with p:l.raUCI hasc!i. to p~·ramld ... conC8, (pbcrlrol sectloWl. and to rn.a.ny 
IIOlId .. "Ith Irrogular surtacos. 



SURFACE AND VOLUME OF SOLIDS 

G 

ff2J t ---- -.. : 
• • _):r-_ ... 

~ 
l---.....L..--·_l 

,-
8 _ " ... rt _ ... d'_3.14 159265d' 

• 1 V - 3 ... r&_ ii 'II" dl _ 0.112359878 d' 

1 
S - '2",r(4b +e) , 
V-a"' r1b 

S"bulc:al Senor 

Spbmeal Sopo .... t 

8 _ 2", r b _ ~'" (4 b'+ CO) 

1 1 v_ 'fir b' (3 r-b) - 2.i" b (3 c1+" 1>') 

8 _ 2 .. rb 

v _ .!.. .. b (3a'+8c'+ 4 b') 

" 
S _ 4,..'Rr 
V _ 2 ... nrl 

n _ _ Segment b .. b 

h 
S_{2 r m-oX&n:.bab) ~ 

V- <5m>-o x a.n:..bab) ~ 
BIUIO _ $<)gmcnt, cae 

S_(2rn+pxr.n:,cae) r~p 

V_<!n'+pxarea,cacl _h_ 
8 r + p 

Elll pooid 

v _ ~ .. r'h 

Base _ Bait Circle 

8_2 r b 

Ratio of colTO)8pOt1dlng volumes of a Cone. Parabolokl, 
Spbet'&. &rid CyllndCl' flfcqual hel&bt: 7S: ~: U: I 

Uodl .. Gen,,",~ by P:ortial o r Complde Rnolutloll 

I_lenrth of a. curv~ t rotating about no axu. 1-1 
A _ &roll. or a plano f on OnO IIldo and In plano of axis. 

r _ dl8tan(:(l of oonterofgravlty or Lino or plane from ula 1-1 
and for any &n&lo of /"e.-olution. a', 

2" r a " ----aoo-- - length of arc deecribed by contei' of v*-vtty. 

8 _ 10081h of curvo )( length of an: .bou~ uil \·1 

'

2:1' •• -_ ~. For oomplct.o revolution 8 _ 2 r r I. 

V _ uoa or plane X length or arc about a.rla 1-1 

A
2rrao _ --ao::o-. For comoleto r evolution V _ 2 r r A. 

<70 
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FUNCTIONS OF NUMBERS, 1 to 49 

Squ .... Co .. '''' No . _ DI."'.tft~ 

• 0. Squa .. Co," 
R~. R~. Logarithm • --

R-.:lp ........ 1 Circum. A~. 

--
1 1 1 1.0000 1.0000 0.00000 1000.000 3.142 0.7854 
2 • 8 1.4142 1.2599 0.30103 500.000 6.283 3.1416 
3 • 27 1.7321 1.4422 0.47112 333.333 9.425 7.0686 • " " 2.0000 1.5874 0.60208 250.000 12.566 12.5664 

5 25 125 2.2361 1.7100 0.69897 200.000 '"'' 19.6350 
6 " 216 2.4495 1.8171 0.77815 166.661 18.850 28.2143 
7 49 3" 2.6458 1.9129 0.84510 142.857 21.991 38.4845 
8 84 512 2.8284 2.0000 0.90309 125.000 25.133 50.2655 • 81 729 3.DODO 2.0801 0,95424 111.111 28.274 63.6173 

1. 100 1000 3.1623 2.1544 1.00000 100.000 31.416 78.5398 
U 121 1331 3.3166 2.2240 1.04139 90.9091 34.558 95.0332 
12 144 1728 3.4641 2.2894 1.07918 83.3333 37.699 113.097 
13 169 2197 3.6056 2.3513 1.11394 76.9231 40.841 132.732 
14 ". 2744 3.7417 2.4101 1.14613 71.4288 43.982 153.938 

15 "5 3375 3.8730 2.4662 1.17609 66.6667 47.124 176.715 
16 256 .096 '.0000 2.5198 1.20412 62.5000 50.265 201.062 
17 209 4913 4.1231 2.5713 1.23045 58.8235 53.407 226.980 
18 32. 5832 4.2426 2.6207 1.25527 55.5556 "-549 254.469 

'" 381 695. 4.3589 2.6684 1.27875 52.6316 59.690 283.529 

20 400 8000 4.4721 2.1144 1.30103 SO.OOOO 62.832 314.159 
23 441 .261 4.5826 2.7589 1.32222 47.6190 65.973 346.361 
22 484 10848 4.6904 2._ 1.34242 45.4545 69.115 380.133 
23 629 12167 4.7958 2.8439 1.36173 43.4783 72.257 415.476 .. 576 1362. '.8990 2.8845 1.38021 41.6667 75396 452.389 

2S 625 15625 ..... ~"40 1.39794 40.0000 78.54' 490.874 

" 676 17576 ..... ~9.2S 1.41497 38.4615 81.681 530.929 
27 729 "." 5.1962 '0000 1.43136 37.0370 84.823 572.555 
28 764 21952 5.2915 3.0366 1.44716 35.7143 67.965 615.752 
29 841 24389 '.3852 3.0723 1.4824fJ 34.4828 91.106 66Q.52Q 

30 800 27000 M772 3.1012 1.4m2 33.3333 94.248 706.856 
31 961 29791 5.5678 3.1414 1.49138 32.2581 97.389 754.768 
32 102. 32768 ."" 3.1748 1.50515 31 .2500 100.53 804.248 

" 1089 35937 <7'" 3.2075 1.51851 30.3030 103.67 855.299 
34 1156 39304 5.8310 3.2396 1.53146 29.4118 106.81 907.920 

35 1225 42875 5.9161 3.2111 1.54407 28.5114 109.96 962.113 
38 1296 .6656 ~OOOO 3.3019 1.55630 27.7778 113.1 0 1017.88 
37 1369 S0653 6.0628 3.3322 1.S6620 27.0271) 116.24 1075.21 
38 1444 546n ~1644 3.3620 1.57978 26.3158 119.38 1134.11 
39 1521 59319 6.2450 3.3912 1.59106 25.6410 122.52 1194.59 

40 1600 64000 6.3246 3.4200 1.60206 25.0000 125.66 1256.64 
41 1661 "'" 6.4031 3.4482 1.61278 24.3902 128.81 1320.25 
42 "64 74066 6.4807 3.4760 1.62325 23.8095 131.95 1385.44 
43 1849 79507 6.5574 3.5034 1.63347 23.2558 135.09 1452.2Q 
44 1936 85184 .. 332 3.5303 1.64345 22.7273 136.23 1520.53 

45 2<)25 91125 ~7082 3.5569 1.65321 22.2222 141.37 159Q.43 

" 2116 97338 6.7623 3.5830 1.66276 21.7391 144.51 1661.90 
47 2209 103623 .. 557 3._ 1.67210 21.2766 147.65 1734.94 
46 2304 110592 6.am 3.6342 1.68124 21).6333 150.80 1809.56 .. 2401 117649 7.0000 3.6593 1.69020 20.4082 153.94 1885.74 
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FUNCTIONS OF NUMBERS, 50 to 99 

$q ...... c.o.. "'''' 
No. _ DI ..... et •• 

••• Squ ... Co" "-, "-, Logarithm • 
R_Ip.....,a' CI...,,, .... .-

50 2500 12_ 7.0nl 3.6840 1.69897 2\).0000 157.08 1963.50 
51 2801 132651 7.1414 3.7084 1.70757 19.6078 160.22 2042.82 
52 2704 140608 7.2111 3.mS 1.n600 19.2308 163.36 2123.Tl 
53 2809 148817 7.2801 3.7563 1.72428 18.8679 166.50 2206.18 
54 2916 157464 7.3485 3.7798 1.13239 18.5185 169.65 2290.22 

55 3025 166375 7.4162 3.8030 1.74036 18.1818 17'2.79 2375.83 
56 3136 175616 7.4833 3.8259 1.74819 17.SSn 175.93 2463.01 
57 3249 185193 7.5498 3.8485 1.75587 17.5439 179.07 2551.7fI .. 3364 195112 7.6158 3.8709 1.76343 17.2414 182.21 2642.08 
59 3481 2\)5379 7.6811 3.8930 1.77085 16.9492 185.35 2733.97 

GO 3600 216000 7.7460 3.9149 1.77915 16.6667 188.50 2827.43 
51 3721 226981 7.8102 3.9365 1.79533 16.3934 191.64 2922.47 
62 "'4 238328 7.8740 3.9579 1.79239 16.1290 194.78 3019.07 
63 3969 250047 7.9373 3.9791 1.79934 15.8730 197.92 3117.25 
64 4096 262144 8.0000 4.0000 1.80618 15.6250 201.06 3216.99 

" 4225 274625 8.0623 4.0207 1.81291 15.3846 204.20 3318.31 .. 4356 287496 8.1240 4.0412 1.81954 15.1515 207.35 3421.19 
G7 4489 300763 al854 4.0615 1.82607 14.9254 210.49 3525.65 .. 4624 314432 8.2462 4.0817 1.83251 14.7059 213.63 3631.68 ., 4761 328509 8.3066 4.1016 1.83885 14.4928 216.77 3739.28 

70 4900 343000 8.3666 4.1213 1.84510 14.2857 219.91 364845 
n 5041 357911 8.4261 4.1408 1.85126 14.0845 223.05 3959.19 
n 5184 373248 a4ll53 4.1602 1.85733 13.8889 228.19 4071.50 
n 5329 389017 8.5440 4.1793 1.86332 13.698& 229.34 4185.39 
74 5476 405224 a6023 4.1983 1.86923 13.5135 232.48 4300.84 

7S 5625 421875 a6603 4.2172 1.87506 113333 235.62 4417.86 

" 5776 438976 8.7178 4.2358 1.88081 13.1579 23876 4536.48 
71 5929 456533 am. 4.2543 1.88649 12.9870 241.90 4656.63 
78 .... 474552 8.8318 4.2727 1.89209 12.8205 245.04 4778.36 .. 8241 493039 8.8882 4.291l8 1.89763 12.6582 248.19 4901.67 .. .... 512000 8.9443 4.3089 1.00309 12.5000 251.33 502a55 
11 8561 531441 '.0000 4.3267 1.90849 12.3457 254.47 5153.00 
12 .124 551368 '.0554 4.3445 1.91381 12.1951 257.61 5281.02 
83 .... sn787 9.1104 4.3821 1.91908 12.0482 260.75 5410.61 .. 705B 59Z704 9.1S52 4.3795 1.92428 11.9048 283.89 5541.77 

85 7225 614125 9.2195 . 4.3968 1.92942 11.7S47 267.04 5674.50 .. 7398 636056 9.2736 4.4140 1.93450 11.6279 270.18 580aBO 
87 7569 858503 9.3274 4.4310 1.93952 11.4943 273.32 5944.68 
88 7144 681472 9.3808 4.4480 1.94448 11.3636 276.46 6082.12 
89 7921 704989 9A340 4.4647 1.94939 11.2360 279.60 6221.14 

90 8100 729000 9.4868 4.4814 1.95424 11.1111 282.74 6361.73 
91 8291 753571 9.5394 4.4979 1.95904 10.9890 285.88 6503.88 

" I 8464 776688 9.5917 4.5144 1.96379 lo.a696 289.03 6647.61 
93 9649 804357 9.6437 4.5307 1.96848 10.7527 292.17 6792.91 
94 "'6 830584 9.6954 4.5468 1.97313 10.6383 295.31 6939.78 

95 9025 857375 9.7468 4.5629 1.97772 10.5263 29845 7088.22 
98 9216 884736 9.7980 4.5789 1.98227 10.4167 301.59 7238.23 
97 9409 912673 9.8489 4.5947 1.98677 10.3093 304.73 7389.81 
98 9804 941192 9.8995 4.6104 1.99123 10.2041 307.88 7542.96 

" 9801 970299 9.9499 4.6261 1.99564 10.1010 311.02 7697.69 • 
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FUNCTIONS OF NUMBERS, 100 to 149 

No r' ".ON 1--=-1 $qu .... C." .. ," No. _ Dlamot • • 

"- "- Log.rlthm • I Reclp.-a' C ....... m . A_ 
--

100 10000 1000000 10.0000 4.6416 2.00000 19.00000 314.16 7853.98 
101 10201 1030301 10.0499 I 4.657tl 2.00432 '.00099 317.30 8011.85 
102 10404 1061208 

I 
10.0995 4.6723 2.00860 9.80392 320.44 8111.28 

103 10609 1092n7 10.1489 4.6875 2.01284 9.70874 323.58 8332.29 
104 10816 1124804 10.1980 4.1027 2.01703 9.61538 326.73 8494.87 

105 11025 1157625 10.2470 4.71n 2.02119 9.52381 "'.87 8659.01 
1". 11236 11 91016 10.2956 4.7326 2.02531 9.43396 333.01 8824.73 
107 11449 1225043 10.3441 4.7475 2.02938 9.34579 336.15 8992.02 
108 11664 1259712 10.3923 4.7622 2.03342 I 9.25926 339.29 9160.88 

"" 11881 1295029 10.4403 4.n69 2.03743 9.17431 342.43 9331.32 

UO 12100 1331000 1 10.4881 I 4.7914 2.D4139 9.09091 '4>58 9503.32 
U1 12321 1361631 10.5357 4.8059 2.04532 9.00901 34B.72 9676.89 
112 12544 1404928 10.5830 '.8203 2.04922 8.92857 351.86 9852.03 
1U 12769 1442897 10.6301 4.8346 2.05308 8.84956 355.00 10028.7 
U4 12996 1481544 IO.8m '.8488 2.05690 8.77193 358.14 10207.0 

115 13225 1520875 10.7238 '.8629 2.06070 8.69565 361.28 10386.9 
U6 13456 1580896 10.1703 4.8770 2.06446 8.62069 364.42 10568.3 
U7 13689 1801613 10.8167 4.8910 2.06819 8.54701 367.57 10751.3 
US 13924 184_ 10.8628 I 4.9049 2.07188 8.47458 370.n 10935.9 

"" 14161 1685159 10.9087 4.9187 2.07555 8.40336 373.85 11122.0 

120 14400 '''''''' 10.9545 4.9324 2.07918 .33333 376.99 11309.7 
121 14641 1771561 11 .0000 4.9461 ~08279 .26446 380.13 11499.0 
122 14664 1815848 I 11 .0454 4.9597 2.08636 8.198n 383.27 11689.9 
123 15129 1860867 11 .0905 4.9732 ~"'" .,3008 '.6.42 1"882

.' W 15376 190662. 11.1355 '.9866 2.09342 .... 52 389.58 12076.3 

125 18825 1953125 11.1803 '0000 2.09691 800000 392.70 122n.8 
126 15879 2000376 11 .2250 5.0133 2.10037 7.93851 395.84 12469.0 
127 16129 2048383 

I 
11 2694 I ,0265 ~10380 7.81402 398.98 12667.7 

1211 16384 209n52 11.3137 '0397 2.10nl 7.81250 402.12 12868.0 
129 16641 2146689 11.3518 5.0528 2.11059 7.75194 405.27 13069.8 

130 16900 2197000 11.4018 5."" 2.11394 7.69231 408.41 13273.2 
131 m61 2248091 11.4455 5.0788 2.11m 7.63359 411.55 13418.2 
132 17424 2299968 11 .4891 5.0916 2. 12057 7.57576 414.69 13684.8 
133 17689 2352"" 11 .5326 5.1045 ~12385 7.51880 417.83 13892.9 
134 17956 2406104 11.5758 5.11n 2.12no 7.46269 420.97 14102.6 

135 18225 2460375 11.6190 51299 ~13033 7.40741 424.12 14313.9 • 
136 18496 2515458 11.6619 5.1426 2.13354 7.35294 427.26 14526.7 
137 18769 25n353 11.71)47 5.1551 2.136n 7.29927 430.40 14741.1 
138 1904' 262son 11.7473 5.11576 2.13988 7.24638 433.54 14957.1 

13' 19321 2685619 11.7898 5.1801 2.14301 7.19424 436.68 15174.7 

140 19600 2744000 11.8322 5.1925 2.14613 7.14286 439.82 15393.8 
141 19.81 2803221 11.8743 5.2048 2.14922 7.09220 442.96 15614.5 
142 20164 2863288 11.9164 5.2171 2.15229 7.04225 446.11 15836.8 
143 2044' 2924207 11 .9583 5.2293 2.15534 .,.301 449.25 16080.6 
144 20736 2985984 12.0000 5.2415 2.15836 6.94444 452.39 16286.0 

145 21025 3048625 12.0416 5."" 2.16137 889655 455.53 16513.0 
146 21316 3112136 12.0830 52658 2.16435 6.84932 458.67 16741.5 
147 "609 3176523 12.1244 52776 2.16732 6.802n I 461.81 169n.7 
146 21904 3241792 12.1655 52.96 2.17026 6.75676 464.98 17203.4 
149 22201 330764' 12.2068 5.3015 2.17319 S.n141 468.10 17436.6 
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FUNCTIONS OF NUMBERS, 150 to 199 

Squ .... c ... , ... No. _ DI.m_ 

••• $qu ... c ... R_. R_, Logarithm • -RKI,_, el ...... m. "'-

150 22500 3375000 12.2474 5.3133 2.17609 6.66667 471.24 17671.5 IS. 22801 3442951 12.2882 5.3251 2.17898 6.62252 474.38 17907.9 
1S2 23104 3511808 12.3288 0.3'68 2.18184 6.57895 4n.52 18145.8 
153 23409 3581577 12.3693 ..... 2.18469 6.53595 480.66 18385.' 
1S4 2mS 3652264 12.4097 5.3601 2..18752 I 6.49351 ""~1 18626.5 
155 24025 3723875 12.4499 5.3117 2.19033 I 6.45161 486.95 I 18869.2 
156 24338 3796416 12.4900 .,." 2.19312 6.41026 490.09 19113.4 
IS7 24649 3669893 12.5300 ..... 947 2.19500 6.36943 493.23 19359.3 
158 24964 3944312 12..5698 .... , 2.19866 6.l2!Ill 496.37 19606.7 
159 25281 4Q19679 12.6095 5.4175 2.20140 U8931 499.51 19855.7 

.60 25600 - 12.6491 <4". 2.20412 U5000 502.65 20106.2 
161 25921 4173281 12.6886 5.4401 2.20683 6.21118 505.80 20358.' 
162 26244 4251528 12.7279 5.4514 2.20952 6.17284 508.94 20612.0 
163 26569 4330747 12.7671 5.4626 2.21219 6.13497 512.08 20867.2 
164 268116 4410944 12.8062 5.4737 2.21484 6.09756 515.22 21 124.1 

165 27225 4492125 12.8452 5.4848 2.21748 6.06061 518.38 21382.5 
166 27558 4574296 12.8841 5.4959 2.22011 6.02410 521.50 21642.4 
1£7 27689 4657463 12.9228 .506. U2272 .98802 524.65 21904.0 ... 2822' 4741632 12.9615 5.5178 2.22531 .. 5238 527.79 22167.1 
.63 28561 4826809 l~OOOO .- 2.227119 5.9171& 530.93 22431.8 

170 28900 4913000 1>0,.. 5.5397 2.2304' .88235 534.07 "'98.0 
In 2.241 5000211 13.0767 .5505 2.23300 5.84795 537.21 22965.8 
In 29584 5088448 13.1149 5.5613 2.23553 5.81395 .... 35 2323<2 
173 29929 5177717 I 13.1529 5.5721 2.23805 .78035 543.50 2350U 
174 30276 5268024 13.1909 5.5828 2.24055 5.74113 546.64 23m.7 

175 30625 M59375 13.2288 5.5934 2.24304 5.11429 I 549.78 24052.8 
17G 30978 5451716 13.2685 ~8041 2.24551 5.68182 I 552.92 24328.5 
In 31329 6545233 13.3041 5.8147 2.24797 5.64972 656.06 2461)5.7 
.78 "884 5639752 13.3417 ~6252 2.25042 5.81798 559.20 24884.8 
17'3 32041 5735339 13.3791 • 6357 2.25285 ...... 562.35 25164.9 ... 32400 5832000 13.4164 "'62 2..25527 I .65656 I 665.49 25«6.9 ... 32761 5929741 13.4538 .6567 2.2'768 .52486 588.63 25730.' 
W 33124 11028568 13.4907 5.6811 2.26007 5.49451 511.77 26015.5 
W 33489 6128487 13.5277 5.6774 2.26245 5.48448 574.91 26302~ ... 33856 6229504 13.5647 ~6877 2.26482 

I 
5.43478 57<05 25590.4 

1J5 3422' 6331625 13.61)15 5.6980 2.2S117 <40541 581.19 26880.' ... 34596 6434856 13.6382 5.71l83 2.26S51 <37634 

I 
584.34 27171.6 

187 3496. 6539203 13.6748 I 5.7185 2.21184 5.34759 587.48 27464.6 
188 35344 6644672 13.7113 

I 
6.7287 2.27416 5.31915 59o.s2 27759.1 

lB. 35721 6751269 13.7477 5.7366 2.27646 5.29101 593.76 28055.2 

190 36100 68'9000 13.7840 5.7489 2.27875 5.26316 5 ... ., 28352.9 ... 36481 69678n 13.8203 5.7590 2.28103 ~23560 600.04 28852.1 

'" , .... 7077888 n8564 5.7690 2.28338 .20833 603.19 28952.9 
.. 3 37249 1189057 13.8924 ~7790 2.28556 5.18135 606.33 29255.' ... 37636 7301394 13.9284 5.7890 2.287811 <1 .... 609.47 29559.2 
.. , 38025 7414875 13.9642 .- 2.29003 5.12821 612.61 29864.8 ... 38416 7529536 14.0000 5.8088 2.29226 ~10204 615.75 30111.9 
ill 388119 7645373 14.0357 5.8186 2.29447 5.07614 618.89 30480.5 
198 '9204 7762392 14.0712 5.8285 2.29667 5.05051 622.04 30790.7 
199 3 ... , 7880599 14.1067 5.8383 2.29885 5.02513 625.18 31102..6 



·e. 
FUNCTIONS OF NUMBERS, 200 to 249 

Sq" . ... c"" ''''' No. _ Dlam.tef' 
No. 5'1" ... C"" "_. "-. Log a rithm • 

Rec.lp ....... 1 Clneum. A_ 

200 40000 8000000 14.1421 5.8480 2.30103 '.00000 628.32 31415.9 
201 40401 8120601 14.1n4 5.8518 2.30320 4.97512 631.46 31730.9 
202 4_ 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 ..... 2.30963 4.90196 640.88 32685.1 

205 4202' 8615125 14.3178 5.8964 2.31175 4.87805 644.03 33006.4 
20G 42436 8741816 14.3527 5.9059 2.31387 4.85431 647.17 33329.2 
207 42849 8869743 14.3875 5.9155 2.31597 4.83092 650.31 33653.5 
208 43284 8998912 14.4222 5.9250 2.31806 4.80769 653.45 33979.5 
209 43681 9129329 14.4568 5.9345 2.32015 4.78469 656.59 34307.0 

210 44100 9261000 14.4914 5.9439 2.32222 4.76190 659.73 34636.1 
211 44521 9393931 14.5258 5.9533 2.32428 4.73934 662.88 34966.7 
212 44944 9528128 14.5602 5.9627 2.32634 4.71698 .... 02 35298.9 
21J 45369 9663597 14.5945 5.9721 2.32838 4.69484 669.16 35&32.7 
214 45796 9800344 14.6287 5.9814 2.33041 4.67290 6n.30 35968.1 

215 46225 9938375 14.6629 5.9907 2.33244 4.65116 675.44 36305.0 
216 46656 100n696 14.6969 6.0000 2.33445 4.62963 678.58 36643.5 
217 "009 10218313 14.7309 6.0092 2.33646 4.60829 681.13 36983.6 
21J 47524 10360232 14.7648 6.0185 2.33846 4.58716 684.87 37325.3 
219 47961 10503459 14.7986 6.02n 2.34044 4.56621 688.01 37668.5 

220 48400 l00181l00 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 
222 49264 10941048 14.8997 6.0550 2.34635 4.50450 697A3 38707.6 
223 49729 11089567 14.9332 6.0641 2.34830 4.48430 700.58 39057.1 
22A 50176 11239424 14.9666 <0732 2.35025 4.46429 703.72 39408.1 

225 50625 11390625 15.0000 6.0822 2.35218 4.44444 706.86 39760.8 
226 51076 11543176 15.0333 6.0912 2.35411 4.42478 710.00 40115.0 
227 51529 11697083 15.0665 6.1002 2.35603 4.40529 713.14 40470.8 
228 51984 11852352 15.0997 6.1091 2.35793 4.38596 716.28 40828.1 
229 52441 12008989 15.1327 6.1180 2.35984 4.36681 719.42 41187.1 

230 '2900 12167000 15.1658 6.1269 2.36173 4.34783 722.57 41547.6 
211 53361 12326391 15.1987 6.1358 2.36361 4.32900 725.71 41909.6 
232 53824 12487168 15.2315 6.1446 2.36549 4.31034 728.85 42273.3 
233 54289 12649337 15.2643 6.1534 2.36736 4.29185 731.99 42638.5 
234 54756 12812904 15.2971 6.1622 2.36922 4.21350 735.13 43005.3 

235 5522' 12977875 15.3297 6.1710 2.371e7 4.25532 738.27 43313.6 
236 556" 13144256 15.3623 6.1797 2.37291 4.23729 741.42 43743.5 
237 56169 13312053 15.3948 6.1865 2.37475 4.21941 744.56 44115.0 
238 56644 134812n 15.42n 6.19n 2~7658 4.21)168 747.70 44488.1 
239 57121 13651919 15.4596 6.2056 2.37840 4.18410 750.84 44862.7 

240 57600 13824000 15.4919 6.2145 2.38021 4.16667 753.98 45238.9 
241 56081 13997521 15.5242 6.2231 2.38202 4.14938 757.12 45616.7 
242 58564 141n488 15.55&3 6.2317 2.38382 4.13223 760.27 45996.1 
243 59049 14348907 15.5885 6.2403 2.38561 4.11523 763.41 463n.0 
244 59536 14526784 15.6205 6.2488 2.38739 4.09836 766.55 46759.5 

24' 6002' 14706125 15.6525 6.2573 2.38917 4.08163 769.69 4n43.5 
246 60516 14886936 15.6844 6.2656 2~9<l94 4.D6504 m.83 47529.2 
247 61009 15069223 15.7162 6.2743 2.39270 4.04858 n5.97 47916.4 ,... 

6"01 15252992 15.7480 6.2828 2.39445 4.03226 n9.12 48305.1 
249 62001 15438249 15.7797 6.2912 2~9620 4.01606 782.26 48695.5 



·e. 
FUNCTIONS OF NUMBERS, 250 to 299 

Sq ...... c"~ """ 
No. _ DI.mrt •• 

No. Sq ...... C"~ R_. R_. LOSI •• lthm • 
R..,lprocal Circum. .... 

250 62500 15625000 15.8114 ."''' 2.39794 4.00000 785.40 49087.4 
2S1 83001 15813251 15.8430 6.3080 2.39967 3.98405 "'.54 49480.9 
2S2 83504 18003008 15.8745 6.3164 2.40140 3.96825 791.68 49875.9 
253 84009 161942n 15.9060 6.3241 2.40312 3.95257 794.82 soon.a 
254 64516 16387064 15.9374 6.3330 2.40483 3.93701 797.96 50670.7 

2S5 .5025 16581375 15.9687 6.3413 2.40654 3.92157 801.11 51070.5 
256 .5536 16m216 16.0000 6.3496 2.40824 3.90625 804.25 51471.9 
2S7 6604' 16974593 16.0312 6.3579 2.40993 3.89105 801.39 51874.8 
258 66564 17173512 16.0624 6.3661 2.41162 3.87597 810.53 52279.2 
259 67081 17373979 16.0935 6.3743 2.41330 3.86100 813.67 52685.3 

:>GO 87600 17576000 16.1245 8.3825 2.41497 3.84615 816.81 53092.9 
2G1 68121 17779581 16.1555 6.3907 2.41664 3.83142 819.96 53502.1 
2G2 B8B44 17984728 16.1864 6.3988 2.41830 3.81679 823.10 53912.9 ,., 69169 18191447 16.2173 6A010 2.41996 3.80228 826.24 54325.2 
264 69696 18399144 16.2481 SA151 2.42160 3.78788 829.38 54739.1 ,.. 7022' 18609625 16.2788 6A232 2A2325 3.m58 832.52 55154.6 

"" 70756 18821096 16.3095 6A312 2.42488 3.15940 835.66 55511.6 
267 "'89 19034163 16.3401 SA393 2A2651 3.14532 838.81 55990.2 
2tiI 11824 19248832 16.3101 'A413 2.42813 3.73134 841.95 56410.4 
259 72381 19465109 16A012 6.4553 2.42915 3.11141 845.09 58832.2 

270 72900 19683000 16A311 SA633 2.43136 3.10310 848.23 5ns5.5 
m 73441 19902511 16.4621 6.4113 2.43291 3.69004 851.31 51680.4 
272 139" 20123648 16.4924 6.4192 2A3451 3.676111 854.51 58106.8 
m 74529 20346417 16.5227 6.4812 2.43616 3.BB300 857.65 58534.9 
27. 75076 20570824 16.5529 6.4951 2A3n5 3.64964 860.80 58964.6 

27' 75625 20796875 16.5831 6.5030 2A3933 3.63636 863.94 59395.7 
27' 76176 21024576 16.6132 6.5108 2.44091 3.62319 867.08 59828.5 
:m 76729 21253933 16.6433 6.5187 2.44248 3.61011 870.22 60262.8 
m m84 21484952 16.6733 6.5265 2.44404 3.59712 873.36 60698.7 
279 n841 21717639 16.7033 8.5343 2.44560 3.58423 876.50 61136.2 

280 78400 21952000 16.7332 6.5421 2.44716 3.57143 879.65 61575.2 
211 76961 22188041 16.7631 8.5499 2.44871 3.55812 882.79 62015.8 
282 79524 22425768 16.7929 8.55n 2.45025 3.54610 885.93 62458.0 
283 80089 22665187 16.8226 8.5654 2.45179 3.53357 889.07 62901.8 
284 BOB56 22908304 16.8523 6.5731 2.45332 3.52113 892.21 63347.1 

285 81225 23149125 16.8819 6.5808 2.45484 3.508n 895.35 63794.0 
286 81796 23393656 16.9115 '.5885 2.45637 3.49650 898.50 84242.4 
287 82369 23639903 16.9411 6.5962 2.45788 3,48432 901.84 84692.5 
288 82944 23887812 16.9706 6.6039 2.45939 3.47222 904.78 65144.1 
28' 83521 24137569 17.0000 6,6115 2.46090 3.46021 907.92 65597.2 

290 84100 24389000 17.0294 6.6191 2.46240 3.44828 911.06 66052.0 
291 84881 24842171 17.0587 6.6267 2.46389 3.43843 914.20 66508.3 
292 85284 24897088 17,0880 6.6343 2.46538 3.42466 917.35 66966,2 
293 8584' 25153757 17.1112 6.8419 2.46687 3.41297 920,49 87425,6 
294 86436 25412184 17.1484 6.6494 2.46835 3.40136 923.63 87888,7 

29' 87025 256n375 17.1756 6.6569 2.46982 3.38983 926.n 68349.3 
296 87616 25934336 17.2047 6.6644 2.47129 3.37838 929.91 68813.4 
297 88209 26198073 17.2337 6.6719 .2.41276 3.36700 933.05 69279.2 
298 88804 26463592 17.2627 6.6794 2.47422 3.35570 938.19 69746.5 
299 89401 26730899 17.2916 6.6869 2.47567 3.34448 939.34 70215.4 



4 •• 

FUNCTIONS OF NUMBERS, 300 to 349 

Sq ..... Co .. "'''' 
No. _ Dlam.ter 

No. Squa .... Co .. 
R~. R~. Loo ... lthm • 

R""lp ....... 1 CI"" ...... ',n 
t--

30' 90000 27000000 17.3205 6.6943 2.47712 3.33333 942.48 70685.8 
301 90601 27270901 17.3494 6.7018 2.47857 3.32226 945.62 71157.9 

30' 91204 27543608 17.3781 6.7092 2.48001 3.31126 948.76 71631 .5 
303 91809 27818127 17.4069 6.7166 2.48144 3.30033 951 .90 72106.6 
304 92416 28094464 17.4356 6.7240 2.48287 3.28947 955.04 12583.4 

305 93025 28372625 17.4642 6.7313 2.48430 3.27869 958.19 73061.7 
306 93636 28652616 17.4929 6.7387 2.48572 3.26797 961.33 73541.5 
307 94249 28934443 17.5214 6.7460 2.48714 3.25733 964.47 74023.0 
308 94864 29218112 17.5499 6.7533 2.48855 3.24675 967.61 74506.0 
309 95481 29503629 17.5784 6.7606 2.48996 3.23625 970.75 74990.6 

310 96100 29791000 17.6068 6.7619 2.49136 3.22581 973.89 75476.8 
311 96721 30080231 17.6352 6.7752 2.49276 3.21543 9n.04 75964.5 
3U 97344 30371328 17.6635 .,824 2.49415 3.20513 980.18 76453.8 
313 97969 30664297 17.6918 6.7897 2.49554 3.19489 983.32 76944.7 
ill 98596 30959144 17.7200 6.7969 2.49693 3.18471 98fi.46 

I 
n437.1 

315 9922' 31255875 17.7482 6.8041 2.49831 3.17460 989.60 m31.1 
31G ,.. .. 31554496 17.n64 6.8113 2.49969 3.16456 992.74 78426.7 
317 100489 31855013 17.8045 6.8185 2.50106 3.15457 995.88 78923.9 
318 101124 32157432 17.8326 6.8256 2.50243 3.14465 999.03 79422.6 
319 101761 32461759 17 ..... 6.8328 2.50379 3.13480 1002.2 79922.9 

320 102400 32768000 17.8885 6.8399 2.50515 3.12500 1005.3 80424.8 
321 103041 33076161 17.9165 6.8470 2.50651 3.11526 1008.5 80928.2 

32' 1 
103684 33386248 17.9444 6.8541 2.50786 3.10559 1011.6 81433.2 

323 104329 336982a7 17.9n2 6.8612 2.50920 3.09598 1014.7 81939.8 
324 104976 34012224 18.0000 6.8683 2.51055 3.08842 1017.9 82448.0 

325 105625 34328125 18.0278 6.8753 2.51188 3.07692 1021.0 82957.7 
32G 106276 34645976 18.0555 6.8824 2.51322 3.06749 1024.2 83469.0 
327 106929 34965783 18.0831 6 ..... 2.51455 3.05810 1027.3 I 83981.8 
32lI 107584 35287552 18.1108 6.8964 2.51587 ",a,. 1030.4 84496.3 
329 108241 35611289 1 18.1384 6.9034 2.51721) 3.03951 1033.6 85012.3 

330 108900 35937000 18.1659 6.9104 2.51851 3.03{)30 1036.7 85529.9 
331 109561 36264691 18.1934 8.9174 2.51983 3.02115 1039.9 86049.0 
332 110224 36594368 18.2209 6.9244 2.52114 3.01205 1043.0 86569.7 
333 110889 36926037 18.2483 6.9313 2.52244 3.00300 1046.2 87092.0 
334 1 111556 37259704 1 18.2757 9.9382 2.52375 2.99401 1049.3 87615.9 

335 112225 37595375 18.3030 6.9451 2.52504 2.98507 1052.4 88141.3 
336 1 112896 37933056 18.3303 6.9521 2.52634 2.97619 1055.6 88668.3 
m 113569 38272753 18.3576 6.9589 2.52763 2.96736 1058.7 89196.9 
318 114244 38614472 1&""" 6.9658 2.52892 2.95858 1061.9 89727.0 
31' 114921 38958219 18.4120 6.9727 2.53020 2.94985 1065.0 90258.7 

34' 115600 39304000 18.4391 6.9795 2.53148 2.94118 1068.1 90792.0 
341 116281 39651821 18.4662 6.9864 2.53275 2.93255 10n.3 91326.9 
342 116964 40001688 18.4932 6.9932 2.53403 2.92398 1074.4 91863.3 
343 117649 4a353607 18.5203 7.0000 2.53529 2.91545 10n,6 92401.3 
344 118336 40707584 18.5472 7.0068 2.53656 2.90698 1080.7 92940.9 

345 119025 41063625 18.5742 7.0136 2.53782 2.89855 1083.8 93482.0 
346 l1sn6 41421736 18.6011 7.0203 2.53908 2.89017 1087.0 94024.7 
347 120409 41781923 18.6279 7.0271 2.54033 2.88184 1090.1 94569.0 
348 121104 42144192 18.6548 7.0338 2.54158 2.87356 1093.3 95114.S 
349 121801 42508549 18.6815 7.0406 2.54283 2.86533 1096.4 95662.3 



'67 

FUNCTIONS OF NUMBERS, 350 to 399 

-
Squa .. c"~ ,- No. _ DI ..... U . r 

No. Squ ... C"~ R~' .... Logarithm • 
RK'P....".' Circum. A _ 

lSO 122500 42875000 18.7083 7.0473 2.54407 2.85714 1099.6 96211.3 
351 123201 43243551 18.7350 7.0540 2.54531 2.84900 1102.7 96761.8 

'52 123904 43614208 18.7617 7.0607 2.54654 2.84091 1105.8 97314.0 
353 124609 43986917 18.7883 7.0674 2.54m 2.83286 1109.0 91867.7 
'54 125316 44361864 18.8149 7.0740 2.54900 2.82486 1112.1 98423.0 

'55 126025 44738875 18.8414 7.0807 2.55023 2.81690 1115.3 98979.8 

'56 126736 45118016 18.8680 7.0873 2.55145 2.80899 1118.4 99538.2 
357 127449 45499293 18.8944 7.0940 2.55267 2.80112 1121 .5 100098 
358 128164 45882712 18.9209 7.1008 2.55388 2.79330 1124.7 100660 

'" 128881 46258279 18.9473 7.1072 2.55509 2.78552 1127.8 101223 

360 129600 4S656000 18.9737 7.1138 2.55630 2.77178 1131.0 101788 
3&1 130321 47045881 19.0000 7.1204 2.55751 2.17008 1134.1 102354 

"" 131044 47437928 19.0263 7.1269 2.55871 2.76243 1137.3 102922 
'63 131769 47832147 19.0526 7.1335 2.55991 2.75482 1140A 103491 
364 132496 48228544 19.0788 7.1400 2.56110 2.74725 1143.5 104062 

'" 133225 48627125 19.1050 7.1466 2.56229 2.73973 1146.7 104635 
'66 133956 49027896 19.1311 7.1531 2.56348 2.73224 1149.8 105209 
367 134689 49430863 19.1572 7.1596 2.56467 2.72480 1153.0 105785 
368 135424 49836032 19.1833 7.1661 2.56585 2.71739 1156.1 106352 

'69 136161 50243409 19.2094 7.1726 2.56703 2.71003 1159.2 105941 

'70 136000 50653000 19.2354 7.1791 2.56820 2.7tI27D 1162A 107521 
3n 137641 51064811 19.2614 7.1855 2.56937 2.69542 1165.5 108103 
372 138384 51478848 19.2873 7.1920 2.57054 2.68817 1168.7 108687 
373 139129 51895117 19.3132 7.1984 2.57171 2.68097 1171.8 109272 
'74 139876 52313624 19.3391 7.2Q48 2.57287 2.67380 1175.0 109858 

37' 140625 52734375 19.3649 7.2112 2.57403 2.66667 1178.1 110447 
37' 141376 53157376 19.3907 7.2117 2.57519 2.65957 1181.2 111036 
371 142129 5358"" 19A165 7.2240 2.57634 2.65252 1184A 111628 
378 142884 54010152 19.4422 7.2304 2.51749 2.64550 1187.5 112221 
'79 143641 54439939 19.4679 7.2368 2.57864 2.63852 1190.7 112815 

380 144400 S4872000 19.4936 7.2432 2.57978 2.63158 1193.8 113411 
381 145161 55306341 19.5192 7.2495 2.58093 2.62461 1196.9 114009 
382 145924 55742968 19.5448 7'''' 2.58206 2.61180 1200.1 114608 

: 1 146689 56181887 19.5704 1 7.2622 2.58320 2.61097 120U 115209 
147456 56623104 19.5959 7.2685 2.58433 2.60411 1206.4 115812 

38S 148225 57066625 19.6214 1 7.2748 2.58546 2.59740 1209.5 116416 

'" 148996 57512456 19.6469 7.2811 2.58659 2.59061 1212.7 117021 
387 149769 '796OIi03 19.6723 7.2874 2.58nt 2.58398 1215.8 117628 
388 150544 58411072 19.6917 7.293' 2.58883 2.51732 1218.9 11 8237 
389 151321 58863869 19.7231 7.2999 2.58995 2.57069 1222.1 118847 

'90 I 152100 59319000 19.1484 7.3061 2.59106 2.56410 1225.2 119459 
'91 152881 59776471 19.1737 7.3124 2.59218 2.55754 1228.4 120072 

'92 153664 60236288 19.7990 7.3186 2.59329 2.55102 1231 .5 120687 

'93 15444' 60898457 19.8242 7.3248 2.59439 2.54453 1234.6 121304 

'94 155236 61162984 19.8494 7.3310 2.59550 2.S3807 1237.8 121 922 

'" 15G02' 61629875 19.8746 7.3372 2.59660 2.53165 1240.9 122542 

'" 156816 62099136 19.8997 7.3434 2.59770 2.52525 1244.1 123163 

'97 157609 62570173 19.9249 7.3496 2.59879 2.51889 1247.2 123711G 
"8 158404 63044792 19.9499 1.3558 2.59988 2.51256 1250A 124410 

'" 159201 63521199 19.9750 1.3819 2.60097 2.50627 1253.5 125036 

= 



488 

FUNCTIONS OF NUMBERS, 400 to 449 

$q ..... COM ''''' No. _ Dt.m".~ 

••• §qu .... COM .... R_ Logarithm • 
R_lp ....... 1 Cl ..... .... . .... 

... 161lOOO 64000000 20.0000 7.3681 2.60206 2.50000 1256.6 125664 
4<l1 , .... , 64481201 20.0250 7.3742 2.60314 2.493n 1259.8 126293 
402 161604 64964808 20.0499 7.3803 2.60423 2.48756 1262.9 126923 
403 162409 65450827 20.0749 7.3664 2.60531 2.48139 1266.1 127556 
404 163216 65939264 20.0998 7.3925 2.60638 2.47525 1269.2 128190 

40. '''''' 66430125 20.1248 7.3988 2.60746 2.46914 1272.3 126825 ... 164036 66923416 20.1494 7.4047 2.60853 2.463{)5 1275.5 129462 
.07 16564. 67419143 20.1742 7.4108 2.60959 2.45700 1278.6 130100 
408 166464 67911312 20.1990 7.4169 2.61066 2.45098 1281.8 130741 
.09 16nal 68417926 20.2237 7A229 2.61172 2.44499 1284.9 131382 

410 168100 68921000 20.2485 7A290 2.61278 2.43902 1288.1 132025 
4U 168921 69426531 20.2731 7-4350 2.61384 2A3309 1291.2 132670 
412 169744 69934528 20.2978 7.4410 2.61490 2.42718 1294.3 133317 
413 170569 704<14997 20.3224 7.4470 2.61595 2.42131 1297.5 133965 
41.4 171396 709.7944 20.3470 7.4530 2.61700 2.41546 1300.6 134614 

415 172225 71473375 20.3715 7.4590 2.61805 2.40964 130U 135265 
41G 173056 71991296 20.3961 7.4650 2.61909 2.40385 1306.9 135918 
417 173889 72511713 2OA206 7.4710 2.6Z014 2.39808 1310.0 136572 
418 174724 73034632 20A4,. 7.4nO 2.62118 2.39234 13 13.2 137229 

"" 175561 735 ••• 69 20.4695 7A829 2.62221 2.38663 1316.3 "'88' 

420 176400 74088000 20.4939 7.4889 2.62325 2.38095 1319.5 138544 
421 lm41 74618461 20.5183 7.4948 2.62428 2.3753D 1322.6 139205 
422 178064 75151448 2O.542fi 7.5007 2.62531 2.36967 1325.8 139887 
42J 178929 75686967 20.5670 7.5067 2.62634 2.36407 1328.9 140531 
424 179n6 76225024 20.5913 7.5126 2.62737 2.35849 1332.0 141196 

42S 180625 76765625 20.6155 7.5185 2.62839 2.35294 1335.2 141863 
426 181476 m08n6 ro.6398 7.5244 2.62941 2.34742 1338.3 142531 
4Z7 182329 77854483 20.6640 7.5302 2.63043 2.34192 1341.5 143201 
429 183184 78402752 20.6882 7.5361 2.63144 2.33845 1344.6 143872 
425 184041 78953589 20.7123 7.5420 2.63246 2.33100 1347.7 144545 

430 164goo 79507000 20.7364 7.5478 2.63347 2.32558 1350.9 145220 
431 185761 .... 2991 20.7605 7.5537 2.63448 2.32019 1354.0 145896 
432 186624 80621568 20.7846 7.5595 2.63548 2.31481 1357.2 146574 
433 187489 81182737 20.8087 7.5654 2.63649 2.30947 1360.3 147254 
434 188356 81746504 20.8327 7.5712 2.63749 2.30415 1363.5 147934 

435 189225 82312875 20.8567 7.5nO 2.63849 2.2988. 1366.6 148617 .,. 190096 82881856 20 ..... 7.5828 2.63949 2.29358 1369.7 149301 
437 190969 83453453 20.9045 7 ..... 2.64048 2.28833 13n.9 149987 
438 191844 64027672 20.9284 7.5944 2.64147 2.28311 1376.0 150674 
43' 192721 64604519 20.9523 7.6001 2.64246 2.2n90 1379.2 151363 ... 193600 85184000 20.9762 7.6059 2.64345 2.27273 1382.3 152053 
441 194481 85766121 21.0000 7.6117 2.64444 2.26757 138SA 152745 
442 195364 863._ 21.0238 7.6174 2.64542 2.26244 1388.6 153439 
443 196249 86938307 21 .0476 7.6232 2.64640 2.25734 1391.7 154134 
444 197136 87528384 21 .0713 7.6289 2.64738 2.25225 1394.9 154830 

445 19802. 88121125 21.0950 7.6346 2.64836 2.24719 1398.0 155528 ... 198916 88716536 21.1187 7.6403 2.64933 2.24215 1401 .2 156228 
447 199809 89314623 21.1424 7.6460 2.65031 2.23714 1404.3 156930 
449 200704 89915392 21.1660 7.651 7 2.65128 2.23214 1407.4 157633 ... 201601 90518849 21.1896 7.6574 2.65225 2.22n7 1410.6 158337 



489 

FUNCTIONS OF NUMBERS, 450 to 499 

Sq" .... c"~ ''''' No. _ Dlarnat . r 

No. Sq" .... C"~ R_ R_. Log.rlth .... • 
R..,lp...,..,..1 Clrc ....... A_ 

4SO 202500 91125000 21 .2132 7.6631 2.65321 2.22222 1413.7 159043 
451 2<l3401 91733851 21 .2368 7.6688 2.65418 2.21729 1416.9 159751 
452 204304 92345408 21.2603 7.6744 2.65514 2.21239 142(1.0 1604 .. 
453 2052<l9 92959677 21.2838 7.6801 2.65610 2.20151 1423.1 161171 
454 206116 93576664 21 .3073 7.6857 2.65706 2.20264 1426.3 161883 

45S 207025 94196375 21.3307 7.6914 2.65801 2.19780 1429A 162597 
456 207936 94818816 21.3542 7.6970 2.65896 2.19298 1432.6 163313 
457 208849 95443993 21.3m 7.7026 2.65992 2.18818 1435.7 164030 
458 2<l9764 960n912 21.4009 7.7082 2.66087 2.18341 1438.8 164748 
459 210681 96102579 21.4243 7.7138 2.66181 2.17865 1442.0 165468 ... 211600 9733_ 21.4416 7.7194 2.66276 2.1 7391 1445.1 166190 
4&1 212521 97972181 21.4109 7.7250 2.66370 2.1 6920 1448.3 166914 
4&2 21_ 98611128 21A942 7.7306 2.66464 2.16450 1451.4 167639 
463 214369 "'52&17 21.5174 7.7362 2.66558 2.15983 1454.6 168365 
464 215296 99897344 21.5407 7.7418 2.66652 2.15517 1457.7 169093 

465 216225 100544625 21.5639 7.7473 2.66745 2.15054 1460.8 169823 ... 217156 101194696 21.5870 1.7529 2.66839 2.14592 1464.0 170554 
467 218089 101847563 21.6102 1.7584 2.66932 2.14133 1467.1 171287 ... 219024 102503232 21.6333 7.7639 2.67025 2.13675 1470.3 172021 ... 219961 103161709 21.6564 7.7695 2.67117 2.13220 1473.4 172757 

470 220900 103823000 21.6795 7.n5O 2.67210 2.12766 1476.5 173494 
4n 221841 104487111 21.7025 7.7905 2.67302 2.12314 1479.7 174234 
472 222784 105154048 21.7256 7.7860 2.67394 2.11864 1482.8 174974 
473 223729 105823811 21.7488 7.7915 2.67488 2.11416 1486.0 175716 
474 224676 106496424 21.n15 7.7970 2.67578 2.10970 1489.1 176460 

475 225625 107171875 21.7945 7.8025 2.67669 2.10526 1492.3 11720' 
47. 226576 107850176 21.8174 7.8079 2.6n61 2.10084 1495.4 In952 
on 227,29 108531333 21.8403 7.8134 2.67852 2.09644 1498.5 178701 
471 229494 109215352 21.8632 1.8188 2.67943 2.092{)5 1501.7 179451 
479 229441 109902239 21.8861 7.8243 ~68034 2.08768 1504.8 190203 

480 230400 110592000 21.9089 7.8297 2.68124 2.08333 1508.0 190956 
481 231351 111284641 21.9317 7.8352 2.68215 2.07900 1511 .1 181711 
482 232324 111980168 21.9545 7.8406 2.68305 2.07469 1514.2 182467 
413 233289 112678587 21.9n3 7.8460 2.68395 2.07039 1517.4 183225 
484 234256 113379904 22.0000 7.8514 ~69495 2.06612 1520.5 193'" 

485 235225 114084125 22.0227 7.8568 2.68574 2.05188 1523.7 184745 
486 236196 114791256 22.0454 7.8622 2.68664 2.05761 1526.8 195508 
487 237169 115501303 22.0681 7.8676 2.68753 2.05339 1530.0 186272 
488 238144 116214272 22.0907 7.8730 2.68842 2.04918 1533.1 187038 
489 239121 116930169 22.1133 7~'" 2.68931 2.04499 1536.2 187805 

490 240100 117649000 22.1359 7.8837 2.69020 2.04082 1539.4 188574 
491 241081 118370nl 22.1585 7.8891 2.69108 2.03666 1542.5 189345 
492 242064 119095488 22.1811 7.8944 2.69197 2.03252 1545.7 190117 
493 243049 119823157 22.2036 7.8998 2.69285 2.02840 1548.8 190890 
494 244036 120553784 22.2261 7.9051 2.69373 2.02429 1551.9 191665 

49' 245025 121287375 22.2486 7.9105 2.69461 2.02020 1555.1 192442 
49G 246016 122023936 22.2711 7.9158 2.69548 2.01613 1558~ 193221 
497 247009 1m63473 22.2935 7.9211 2.69636 2.01207 1561.4 194000 
499 248004 123505992 22.3159 7.9264 2.69n3 2.00803 1564.5 194782 ... 249001 124251499 22.3383 7.9317 2.69810 2.00401 1567.7 195565 



·.0 
FUNCTIONS OF NUMBERS, 500 to 549 

- I - _. 
Squa .. Cub. "00 No. _ DI.rn~.r 

••• Squa •• Cuba "-, Root I Logarithm • 
R ... lproeal CI",um. A~ 

--... 25000' 
12_ 

~2.3607 7.!}370 2.69897 2.0n000 1570.8 196350 
501 251001 125751501 22.3830 7.9423 2.69984 1.99601 1573.9 197136 
5Q2 252004 126506008 22.4054 7.9476 2.ro070 1.99203 lSn.l 197923 
503 253009 127263527 22.4277 7.9528 2.70157 1.98807 1580.2 198713 
SO< 254016 128024064 22.4499 7.9581 2.70243 1.98413 1583.4 199504 

50S 25502S 128787625 22.4722 7.9634 2.70329 1.98020 I 1586.5 200296 
506 256036 129554216 22.4944 7.9686 2.70415 

I 
1.97628 1589.6 201090 

507 257049 130023843 22.5167 7.9739 2.70501 1.97239 1592.8 201886 
SO. 258064 131096512 22.5389 7.9791 2.70586 USSSO 1595.9 202683 ... 259081 131872229 22.5610 7.9843 2.10872 

I 
".96464 I 1599.1 203482 

510 260100 132651000 22.5832 7.9896 2.70757 1.96078 1602.2 204282 
S11 261121 133432831 22.6053 7.9948 2.70842 '.95695 1605.4 205084 
S12 ""44 134217728 22.6274 8.1lOIlO 2.70927 1.95312 

I 
16085 205887 

513 263169 135005697 22.6495 8.0052 2.71012 1.94932 1611.6 206692 
514 264196 135796744 22.6716 8.0104 2.71096 1.94553 1614.8 

I 
207499 

51S 265m 136590875 22.6936 8.0156 2.71181 1.94175 1617.9 208307 
516 ,.., .. 137388{)96 22.7156 8.020" 2.71265 I 1.93798 1621.1 209117 
517 267289 138188413 22.7376 8.0260 2.71349 1.93424 1624.2 209928 
51J ,..,,, 138991832 22.7596 8.0311 2.71433 1.93050 1627.3 210741 
S19 269361 139798359 22.7816 8.0363 2.71517 I 1.92678 

I 
1630.5 211556 

529 270400 140608000 22.8035 8.0415 2.71600 1.923GB 1633.6 I 212372 
521 271441 141420761 22.8254 8.0466 2.71684 1.91939 1636.8 213189 
522 272484 142236648 22.8473 8.0517 2.71767 1.91571 1639.9 214008 
523 273529 1430S5667 22.8692 8.0569 2.71850 1.91206 1643.1 214829 
524 274576 143877824 22.8910 8.0620 2.71933 1.90840 1646.2 215651 

52S .... 275625 144703125 22.9129 8.0671 2.72016 1.90478 I 1649.3 I 216475 
526 276676 145531576 22.9347 8.Om 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 

I 
1658.8 218956 

529 279841 148035889 23.0000 8.0876 2.72346 1.89036 1661 .9 219787 

63' 280900 148877900 23.0217 8.0'27 2.72428 1.88679 1665.0 220618 
531 281961 149721291 23.0434 8.0978 2.72509 1.88324 1668.2 221452 
532 28302. 150568768 23.0651 <1029 2.72591 1.87970 1671 .3 222287 
533 284099 151419437 23.0868 8.1079 2.72673 1.87617 1674.5 223123 
534 285156 152273304 23.1084 8.1130 2.72754 1.87266 1677.6 223961 

635 296225 153130375 23.1301 8.1180 2.72835 1.66916 1 560~ 224801 ... 287296 153990656 23.1517 8.1231 2.72916 1.66567 1683.9 225642 
sn 288369 154854153 23.1733 8.1281 2.72997 1.86220 1687.0 226484 
538 289444 155720872 23.1948 8.1332 2.73076 1.85874 1690.2 227329 
"9 290521 156590819 23.2164 8.1382 2.73159 1.85529 1693.3 228175 

540 291600 157464000 23.2379 8.1433 2.73239 1.85185 1696.5 229022 
541 292681 158340421 23.2594 8.1483 2.73320 1.84843 1699.6 229871 
542 293784 159220088 23.2809 8.1533 2.73400 1.84502 1702.7 230722 
543 29484. 160103007 23.3024 al583 2.73480 1.84162 1705.9 231574 
544 295936 160989184 23.3238 8.1633 2.73560 1.83824 1709.0 232428 

545 297025 161878625 23.3452 8.1683 2.73640 1.83486 1712.2 233283 
546 298116 162nt336 23.3666 al733 2.73719 1.83150 1715.3 234140 
547 299209 163667323 23.3886 8.1783 2.73799 1.82815 1718.5 234.98 
548 300304 164566592 23.4094 al833 2.73878 1.82482 1721.6 235858 
S49 301401 165469149 23.4307 8.1882 2.73957 1.82149 1724.7 236720 



·&. 
FUNCTIONS OF NUMBERS, 550 to 599 

Squ .... M . 
, .. No. _ DI.rnfttor 

No. $qu ...... C"~ R_' R_ 1..ovnlthrn • I R..,lpl"OCal Circum. A_ 

550 302500 166375000 23.4521 8.1932 2.74036 1.81818 lm.S 237583 
551 303601 167284151 23.4734 8.1982 2.14115 1.81488 1731 .0 ""48 
55:l 304104 168198608 23.4947 8.2031 2.74194 1.81159 1734.2 239314 
.53 3OSB09 169112377 23.5160 8.2081 2.74273 1.80832 1737.3 240182 
SS4 306916 17O{l31464 23.5372 I 8.2130 2.74351 1.80505 174M 241051 

SS. 3aB025 170953875 23.5584 8.2180 2.74429 1.80180 1743.6 241922 
SSG 309136 1n879616 23.5797 '.2229 2.74507 1.79858 1746.7 242795 
SS7 310249 172808693 23.6008 I 8.2278 2.74586 1.79533 1749.9 243569 
.sa 311364 173141112 23.6220 8.2327 2.74663 1.79211 1753.0 244545 
SS9 312481 174676819 23.6432 8.2377 2.74741 1.78891 1756.2 245422 

SGO 313600 175616000 23.6643 I 8.242t\ 2.74819 1.78511 1759.3 246301 
5<1 314721 176558481 23.6854 8.2475 2.74896 1.78253 1762.4 24nB1 
SG2 315844 177504328 23.706S 8.2524 2.74974 1."'" 1765.6 '48063 
S63 316969 178453547 23.7278 8.2573 2.75051 1.77620 1768.7 248947 
5G4 3181196 179406144 23.7487 8.2621 2.75128 1.77305 lm.9 249832 

SGS 319225 180362125 23.7697 8.2670 ~752OS 1.76991 In5.0 250719 
S66 320356 181321496 23.7908 8.2719 ~7S282 1.76678 lm.l 251607 
SG7 321489 182284263 23.8118 8.2768 2.75358 1.76367 1781.3 252497 
S68 3221124 183250432 23.8328 8.2816 2.75435 1.76056 1784.4 '53388 ... 323761 184220009 23.8537 ., ... 2.75511 1.75747 1787.6 254281 

570 32'900 185193000 23.8747 8.2913 2.75587 1.75439 179(1.7 255176 
.n ".041 186169411 23.8956 .,,,, 2.75664 1.75131 1793.8 , ... n 
S72 327184 187149248 23.9165 8.3010 2.75740 1.74825 1797.0 256970 
573 ".". 188132517 23.9374 8.3059 2.75815 1.74520 1800.1 257869 
57' 329476 189119224 23.9583 8.3107 2.75891 1.74216 1803.3 '58770 

57. 33062. 190109375 23.9792 8.3155 2.75967 1.73913 1806.4 259672 
.76 331n6 191102976 24.0000 .,,., 2.76042 1.73611 1809.6 '60576 
577 332929 192100033 24.0208 8.3251 2.76118 1.73310 1812.7 ""482 
578 334084 193100552 24.0416 '.3300 2.76193 1.73010 1815.8 262389 
57. 335241 194104539 24.0624 '.3348 2.76268 1.72712 1819.0 '63288 

sao 336400 195112000 24.0832 8.3396 2.76343 1.72414 1822.1 264208 
S81 337561 196122941 24.1039 8.3443 2.76418 1.72117 1825.3 265120 
sa, 338724 197137368 24.1247 8.3491 2.76492 1.71821 ,.28.4 256033 
S83 339889 198155287 24.1454 8.3539 2.76567 1.71527 1831.6 ,..'" 
S84 341056 199176704 24.1661 ''''7 2.76641 1.71233 1834.7 "'7865 
S8S 34222. 200201625 24.1868 8.3634 2.76716 1.70940 1837.8 '68783 
sa, 343396 201230056 24.2074 •. - 2.76790 1.70648 1841.0 269103 
S87 34456' 2022'2003 24.2281 .,730 2.76864 1.70358 1844.1 

,_. ... 345744 203297472 24.2487 .,m 2.76938 1.70068 1847.3 271541 
S89 346921 204336469 24.2693 8.3825 2.n012 1.69n9 1650.4 272471 

.90 348100 205379000 24.2899 8.3872 2.n085 1.69492 1853.5 273397 
591 349281 206425071 24.3105 8.3919 2.n159 1.69205 1856.7 274325 
.92 350464 207474688 24.3311 8.3967 2.m32 1.68919 1859.8 275254 
.93 351649 208527857 24.3516 8.4014 2.n305 1.68634 1863.0 276184 
.94 352836 209584584 24.3721 8.4061 2.m79 1.683S0 1866.1 2m17 

59. 354025 210644875 24.3926 8.4108 2.n452 1.68067 1669.2 278051 
59' 355216 211708736 24.4131 8.4155 2.n525 1.67785 1872.4 278986 
.97 '56409 212n6173 24.4336 8.4202 2.nS97 1.67504 1875.5 279923 
.98 357604 213847192 24.4540 8.4249 2.n670 1.67224 1878.7 2811862 
.99 3SSeOl 214921799 24.4745 8.4296 2.m4l 1.66945 1881.8 281802 



492 

FUNCTIONS OF" NUMBERS, GOO to 649 -
Squ .... c"~ "'" No. _ Dlamet •• 

••• $qua .. C"~ ..... ..... Logarithm • 
Reelproeal Ci"" .. m . A_ 

... 360000 216000000 24.4949 8.4343 2.77815 1.66667 1885.0 282743 
601 361201 217081801 24.5153 8.4390 2.77887 1.66389 1888.1 283687 
G02 3&2404 218167268 24.5357 8.4437 2.77960 1.66113 1891.2 284631 
<OJ 363609 219256227 24.5561 <4484 2.78032 1.65837 1894.4 285578 ... 364816 220346884 24.5764 8.4530 2.78104 1.65563 1897.5 286526 

605 366025 221445125 24.5967 8.4577 2.78176 1.65289 1900.7 287475 
606 367236 222545016 24.61n 8.4623 2.78247 1.65017 1903.8 288426 
61fT 368449 223648543 24.6374 8.4670 2.78319 1.64745 1906.9 289379 
60S 369664 224755712 24.6577 8.4716 2.18390 1.64474 1910.1 290333 ... 370881 225866529 24.6179 8.4763 2.78462 1.64204 1913.2 291289 

GlO 372100 226981000 24.6982 <4 ... 2.78533 1.63934 1916.4 292247 
611 373321 228099131 24.1184 <4 ... 2.78604 1.63668 1919.5 293206 
W 374544 229220928 24.7386 a.902 2.78675 1.63399 1922.7 294166 
613 375769 230346397 24.7588 <4"" 2.78746 1.63132 1925.8 295128 
614 376996 231475544 24.7790 <4'" 2.78817 1.62866 192a9 296092 

635 378225 232608375 24.7992 a5040 2.78888 1.62602 1932.1 297057 
&16 379456 233144896 24.8193 8.5086 2.78958 1.62338 1935.2 298024 
&17 3811689 234885113 24.8395 8.5132 2.70029 1.62015 1938.4 296992 
618 381924 236029032 24.8596 8.5118 2.19099 1.61812 1941.5 299962 

"" 383161 231116659 24.8191 8.5224 2.19169 1.61551 1944.6 300934 

626 384400 238328000 24.6998 8.5210 2.19239 1.61290 1947.8 301907 
621 385641 238483061 24.9199 8.5316 2.7l1309 1.61031 1950.9 302882 
622 366684 240641848 24.9399 a5362 2.19319 1.80m 1954.1 303858 
623 368129 241804361 24.9600 a5408 2.7S449 1.60514 1951.2 304836 
624 389316 242910624 24.9800 a5453 2.19518 1.60256 1960.4 305815 

625 390625 244140625 25.0000 8.5499 2.19588 1.60000 1963.5 ,..796 
626 391816 245314316 25.0200 8.5544 2.19657 1.59144 1966.6 307779 
627 393129 246491883 25.0400 a5500 2.19n7 1.59490 1969.8 308783 
628 394384 241673152 25.0599 a5635 2.19196 1.59236 19n.9 309148 
629 395641 248858189 25.0199 aS681 2."'" 1.58983 1916.1 310738 

630 396900 250047000 25.0998 a5726 2.79934 1.58130 1979.2 311n5 
631 398161 251239591 25.1191 a5772 2.80003 1.58419 1982.3 312115 
Gl2 399424 252435968 25.1396 8.5811 2.aoon 1.58228 1985.5 313701 
633 400689 253636137 25.1595 aS862 2.80140 1.51978 1988.6 314700 
634 401956 254840104 25.1794 8.5901 ~80209 1.51129 1991.8 315696 

Gl5 403225 256047815 25.1992 8.5952 2.80277 1.51480 1994.9 316692 
636 404496 25n59456 25.2190 8.5997 2.80346 1.5n33 1998.1 311690 
637 405169 258414853 25.2389 a6043 2.80414 1.56986 2001.2 318890 
638 407044 2596940n 25.2581 a6088 2.80482 1.56140 2004.3 319692 
639 408321 260917119 25.2784 8.6132 2.80550 1.56495 2001.5 320695 

840 409600 262144000 25.2982 8.6177 2.80618 1.56250 2010.6 321699 
841 410881 263314nl 25.3180 8.6222 2 ...... 1.56006 2013.8 322705 
642 412164 264609288 25.3377 8.6261 2.80154 1.55163 2016.9 323113 
643 413449 26584no7 25.3514 8.6312 2.80821 1.55521 2020.0 324722 .... 414136 26r089984 25.3m 8.6357 2.60889 1.55280 2023.2 325733 

64S 416025 268336125 25.3969 8.6401 2.80956 1.55039 2028.3 326745 
646 417316 269586136 25.4165 8.6446 2.81023 1.54199 2629.5 327759 
647 418609 27084D023 25.4362 8.6490 2.81090 1.54560 2032.6 328715 
648 419904 272097792 25.4558 8.6535 2.81158 1.54321 2Q35.8 329192 
649 421201 273359449 25.4755 8.6519 2.81224 1.54083 2038.9 330810 



·.s 
FUNCTIONS OF NUMBERS, 650 to 699 

Squ .... c, .. """ No. _ Diameter 

0 0. Sq ..... C , .. .... R_. Lov • • lthm • 
RIIClprocal CI,'."'m. A_ 

<SO 422500 274625000 25.4951 8.6624 2.81291 1.53846 2042.0 331831 
651 4231101 275894451 25.51 47 8.6668 2.81358 1.53610 2045.2 332853 
G52 425104 277167808 25.5343 8.671 3 2.81425 1.53374 2048.3 333876 
6S3 426409 278445017 25.5539 8.6757 2.81491 1.53139 2051.5 334901 
6S4 42m S 279726264 25.5134 8.6801 2.81558 1.52905 2054.6 335927 

6S5 42902. 281011375 25.5930 8.6845 2.81624 1.5211n 2057.7 336955 ... 430338 282300418 25.6125 8.6890 2.81690 1.52439 2060.9 337985 
657 431649 283593393 25.6320 a,,,, 2.81757 1.52207 2064.0 339016 
658 432964 284890312 25.6515 8.6978 2.81823 1.51976 2067.2 34004. 
65. 434281 286191179 25.6710 a_ 2.81889 1.51745 2070.3 341084 

660 435500 287496000 25.6905 8.7066 2.819S4 1.51515 2073.5 34211 9 
661 436921 289804781 25.7099 B.ntO 2.82020 1.51288 2076.6 343157 
66' 438244 290117528 25.7294 anS4 2.82086 1.51057 2079.7 344196 
663 43956. 291434247 25.7488 8.7198 2.82151 1.50830 2082.9 345237 ... 440896 292754944 25.7682 8.7241 2.82217 1.50602 2086.0 346279 

665 44222. 294079625 25.7876 8.7285 2.82282 1.50376 2089.2 347323 ... 443556 295408296 25.8070 8.7329 2.82347 1.50150 2092.3 348368 
667 444889 296740963 25.8263 8.7373 2.82413 1.49925 2095.4 349415 ... 446224 293077632 25.8457 8.7416 2.82478 1.49701 2098.6 350464 ... 447561 299418309 25.8850 8.7460 2.82543 1.49477 2101.7 351514 

670 448000 300763000 25.8844 8.7503 2.82607 1 .4925~ 2104.9 352565 
671 450241 302111711 25.9037 8.7547 2.82672 1.49031 21GB.0 353618 
672 451584 393464448 25.9230 8.7590 2.82737 1.48810 211 1.2 35~673 

673 452929 304821217 25.9422 8.7634 2.82802 1.48588 2114.3 355730 

'" 454276 306182024 25.9615 8.7677 2.82666 1.48368 211 7.4 356788 

675 455625 307546875 25.9608 8.ml 2.82930 1.48148 2120.6 357847 
67' 456976 3GB915776 26.0000 8.7764 2.82995 1.47929 2123.7 358908 
677 45832. 310288733 26.0192 a7807 2.83059 1.4ntO 2126.9 359971 
678 459684 311665752 26.0JU 8.7850 2.83123 1.47493 2130.0 361035 
679 461041 313046839 26.0576 8.7893 2.83187 1.47275 2133.1 362101 

680 462400 314432000 26.0768 8.7937 2.83251 1.47059 2136.3 363168 
681 463761 31SS21241 26.0960 8.7980 2.83315 1.46843 2139.4 364237 
682 465124 317214568 26.11 51 8.8023 2.83318 1.46828 2142.6 365308 
683 466489 318611987 26.1343 8.8068 2.83442 1.46413 2145.7 366380 
684 467856 320013504 26.1534 8.8109 2.83506 1.46199 2148.8 367453 ... 469225 321419125 26.1725 8.8152 2.83569 1.45985 2152.0 ,.,,528 

'" 470596 3"""" 26.1916 8.8194 2.83632 1.45m 2155.1 36.605 
687 471969 324242703 26.2107 8.8237 2..,.96 1.45560 2158.3 37068. 
688 473344 3256S0672 28.2298 8.8280 2.83759 1.45349 2161 .4 371764 

68' 474721 32T082769 26.2488 a8323 2.83822 1.45138 216U 37284. 

690 476100 328509000 26.2679 8.8366 2.83885 1.44928 2167.7 373929 

"" 477481 329939371 26.2869 8.8408 2.83948 1.4471 8 2170.8 375013 ,., 478864 331373888 26.3059 8.8451 2.84011 1.44509 2174.0 376099 ,., 480249 332812557 26.3249 8.8493 2.84073 l A4300 2177.1 3nt87 ... 481638 334255384 26.3439 8.8536 2.84136 1.44092 2180.3 378276 

69. 48302. 335702375 26.3629 8.8578 2.84198 1.43885 2183.4 379367 
SSG 484416 33n53536 26.381 8 8.8621 2.84261 1.43678 2186.5 380459 
G97 485809 338608873 26.4008 8.8663 2.84323 1.43472 2189.7 381553 ... 487204 340068J92 26.4197 8.8706 2.84388 1.43266 21 92.8 382649 

'" 486601 341532099 26.4388 8.8748 2.84448 1.43062 21 96.0 383746 



49. 

rUNCTIONS or NUMBERS, 700 to 749 

Squ ... Cube "" I N ... _ Ola .... "u. 
No. $qu .... C"N R_. R_. L09.·lthm 

Recl;roc.1 CI...,,, .... . ANO 

700 49000' 343OOOO1lO 26.4575 8.8790 2.84510 1.42857 2199.1 384845 
701 491401 344472101 26.4764 8.6833 2.84572 1.42653 2202.3 38594' 
702 492804 345948408 26.4953 8.8875 2.84634 1.42450 2205.4 387047 
703 494209 347428927 26.5141 8.8917 2.84696 1.42248 2208.5 388151 
704 495616 348913664 26.5330 8.8959 2.84757 1.42045 2211.7 389256 

705 497025 350402625 26.5518 8.9001 2.84819 1.41844 2214.8 300363 
706 498436 351895818 26.5707 B.9043 2.84880 1.41643 2218.0 391471 
707 499849 353393243 26.5895 8.9085 2.84942 1.41443 2221.1 392580 
70B 501284 354894912 26.6083 8.9127 2.850a3 1.41243 2224.2 393692 
709 502681 356400829 26.6271 8.9169 2.85065 1.410114 2227.4 39480' 
730 5041{IO 357911000 26.6458 8.921 1 2.85126 1.40845 2230.5 395919 
7U 505521 359425431 26.6646 8.9253 2.85187 1.40647 2233.7 397035 
712 ,,,O9" 360944128 26.6833 8.9295 2.85248 1.40449 2236.8 398153 
733 ""''' 302467097 26.7021 8.9337 2.85309 1.40252 2240.0 399272 
734 509796 363994344 26.7208 8.9378 2.85370 1.40056 2243.1 400393 

715 511225 365525875 26.7395 8.9420 2.85431 1.39860 2246.2 401515 
716 512656 307061696 26.7582 8.9462 2.85491 1.39665 2249.4 402639 
737 514089 368601813 26.7769 8.9503 2.85552 1.39470 2252.5 403765 
nB 515524 370146232 26.7955 8.9545 2.85612 1.39276 2255.7 404892 
73. 516961 371694959 26.8142 8.9587 2.85673 1.39082 2258.8 '116020 

720 518400 ,m ..... 26.8328 8.9628 2.85733 1.38889 2261.9 407150 
721 519841 374805361 26.8514 8.9670 2.85794 1.38696 2~5.1 408282 
722 521284 376367048 26.8701 8.9711 2.85854 1.3850", 2268.2 409415 
723 '''726 377933067 26.8887 8.9752 2.85914 1.38313 2271.4 410550 
72' 524176 379503424 26.9072 8.9794 2.65974 1.38122 2274.5 411687 

725 525825 381076125 26.9258 8.9835 2.86034 1.37931 2277.7 412825 
726 527076 382657176 2U444 8.9876 2.86094 Un4! 228().B 413965 
rn 528529 384240583 26 ..... 8.9918 2.86153 1.37552 2283.9 415106 
728 ''''''' 385928352 26.9815 8.9959 2.86213 1.37363 2287.1 416246 

'" 531441 387420489 27,0000 9.0000 2.86273 1.37174 2290.2 417393 

730 " .... 389017000 27.0185 9.0041 2.86332 1.36986 2293.4 418539 
731 534361 390617891 27.0370 9.0082 2.86392 1.36799 2296.5 "'.B. 
732 ""'4 392223168 27.0555 9.0123 2.86451 1.36612 2299.6 42()8J' 
m ,m .. 393832837 27.0740 9.0184 2.86510 1.36426 2302.B 421986 
734 538758 395446904 27.0924 9.0205 2.86570 1.36240 2305.9 423138 

735 540225 397065375 27.1109 9.0246 2.86629 1.36054 2309.1 424293 
736 541696 ''''''''' 27,1293 9.0267 2.86688 1.35870 2312.2 425447 
m 543169 400315553 27.1477 9.0328 2.86747 1.35&85 2315.4 '26604 
73. "' ... 401947272 27.1662 9.0369 2.86806 1.35501 2318.5 42n62 
739 546121 403583419 27.1 846 9.0410 2.86864 1.35318 2321.6 428922 

740 '''''''' 405224000 27.2029 9.0450 2.86923 1.35135 2324.8 '30094 
741 ""'" 406869021 27.2213 9.0491 2.86982 1.34953 2327.9 431247 
742 ""'" 408518488 27.2397 9.0532 2.87040 1.34771 2331.1 432412 
743 '5204' 410172407 27.2580 9.0572 2.67099 1.34590 2334.2 433576 
744 563636 411830784 27,2764 9.0613 2.87157 1.34409 2337.3 434746 

745 555()2' 413493625 27.2947 '.1l654 2.87216 1.34228 2340.5 435916 
746 556516 415160936 27,3130 9.0694 2.87274 1.34048 2343.6 437087 
747 5580()' 416832723 27.3313 9.0735 2.87332 1.33869 2346.8 438259 
748 55.504 418508992 27.3496 9.0775 2.87390 1.33&90 2349.9 439433 
749 561001 4201 89749 27.3079 9.0816 2.87448 1.33511 2353,1 440609 



4., 

FUNCTIONS OF NUMBERS. 750 to 799 

-I .-
c ~ I .. ".~ I c"~ '000 

No. _ DlamftUp 

••• Squ .... Logarithm • -U Root R~, A..,lp ......... Circum. .," 

750 562500 421875000 27.3861 9.0856 2.87506 1.33333 2356.2 441786 
751 564001 423564751 27.4044 '.0896 2.87564 1.33156 2359.3 442965 
752 565504 425259008 27.4226 9.0937 2.87622 1.32979 2362.5 444146 
753 56700. 4269Sm7 27.4408 9.0Sn 2.87680 1.32802 2365.6 445328 
754 568516 428661064 27.4591 9.1017 2.Sm1 1.32626 2368.8 44651 , 

755 570025 43G368875 27.4m 9.1057 2.an95 1.32450 23n.9 447697 
756 571536 432081218 27.4955 9.1098 2.87852 1.32275 2375.0 448883 
757 573049 43379a093 21.5136 9.1138 2.87910 1.32100 2378.2 4soon 
758 574564 435519512 21.5318 9.1178 2.87967 1.31926 2381.3 451262 
759 576081 431245479 27.5500 9.1218 2.88024 1.31752 2384.5 452453 

". 5776<10 438976000 27.5681 9.1258 2.88081 1.31579 2387.8 45364. 
761 579121 440711 081 27.5862 9.1298 2.88138 1.31406 2390.8 454841 
762 580644 442450728 27.6043 9.1338 2.88196 1.31234 2393.9 456037 
763 582169 444194947 27.6225 9.1378 2.88252 1.31062 2397.0 45723~ 

764 583696 445943744 27.6405 9.1418 2.88309 1.30390 2400.2 458434 

'" 58522' 447697125 27.6586 9.1458 2.88366 1.30719 2403.3 459635 
766 586756 449455098 27.6767 9.1498 2.88423 1.30548 2<106.5 460837 
7<1 688289 451217663 27.6948 9.1537 2.88480 1.30378 2409.6 462<>" 
768 589824 452984832 27.71 28 9.15n 2.88536 1.30208 2412.7 463247 ". 591361 454756609 27.7308 9.1617 2.88593 1.30039 2415.9 46445t 

77' 6929(10 456533000 27.7489 9.1657 2.88649 1.2S870 2419.0 465663 
in 594441 458314011 27.7669 9.1696 2.88705 1.29702 2422.2 466873 
m 595984 460099648 27.7849 9.1736 2.88762 1.29534 2425.3 46808. 
m 597529 461889917 27.8029 9.l n5 2.88818 1.29366 2428.5 469293 
774 599076 463684824 27.8209 9.1815 2.88874 1.29199 2431.6 470513 

77. 60062. 465484375 27.8388 9.1855 2.88930 1.29032 2434.7 471730 
776 602176 467288576 27.8568 9.1894 2.88988 1.28866 2437.9 472948 
m 603729 469097433 27.8747 9.1933 2.89042 1.28700 2441.0 474168 
778 605284 470910952 27.8927 9.1973 2.89098 1.28535 2444.2 475389 
779 606641 472729139 27.9106 9.2012 2.89154 1.28370 2447.3 476612 

78l) 606400 474552000 27.9285 9.2052 2.89209 1.28205 245D.4 477636 
781 609961 476379541 27.9464 9.2091 2.89265 1.28041 2453.6 470062 
782 611 524 478211768 27.9643 9.2130 2.89321 1.278n 2456.7 460290 
763 613089 480048687 27.9821 9.2170 2.89376 1.2n14 2459.9 481519 
714 614656 481890304 28._ 9.2209 2.89432 1.27551 2463.0 482750 

115 616225 483736625 28.0179 9.2248 2.89487 1.27389 2466.2 483982 
71IG 61n96 485587656 28.0357 9.2287 2.89542 1.2m6 2469.3 485211) 
787 619369 487443403 28.0535 9.2326 2.89597 1.27065 2472.4 486451 
7118 620944 489303872 28.0713 9.2365 2.89653 1.26904 2475.6 487688 
789 622521 491169069 28.0891 9.2404 2.89708 1.26743 2478.7 488921 

79() 624100 493039000 28.1069 9.2443 2.89763 1.26582 2481.9 490167 
791 625681 494913671 28.1 247 9.2482 2.89818 1.26422 2485.0 491409 
792 627264 496793088 28.1425 9.2521 2.89873 1.2&263 2488.1 492652 
793 62884. 4986m57 28.1603 9.2560 2.89927 1.26103 2491.3 493897 
794 630436 500566184 28.1780 9.2599 2.89982 1.25945 2494.4 495143 

m 632025 502459875 28.1957 9.2638 2.90037 1.25786 2497.6 496391 
796 633616 504358336 28.2135 9.26n 2.90091 1.25628 2500.7 497641 
m 63'209 506261573 23.2312 9.2716 2.90146 1.25471 2503.8 498892 
798 636804 508169592 28.2489 9.2754 2.90200 1.25313 2507.0 500145 
799 638401 510082399 28.2666 9.2793 2.90255 1.25156 2510.1 501399 
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••• 
. 

SOO 
801 
802 
803 
804 

805 ... 
807 
808 ... 
810 
811 
812 
813 
8lA 

81S 
81 
81 
818 

6 
7 

"" 820 
821 
8 22 

23 8 
824 

825 
82 
8 
828 
829 

83 
831 
832 
833 
834 

83 
83 
837 
838 

, 
XI 

0 

5 
6 

'" 84 0 
84.1 
84 
843 
844 

84S 
846 
84 

2 

7 
848 
849 

Squ ... 

64000Q 
641601 
643204 
644809 
646416 

648025 
649636 
651249 
652864 
654481 

656100 
SSm1 
659344 
""969 
662596 

684225 
665856 
6"489 
669124 
670761 

672400 
674041 ,,-
,m29 
678976 

680625 
682276 
683929 
685584 
687241 

688900 
690561 
69222. 
693889 
695556 

697225 
6 ... 96 
700569 
702244 
703921 

705600 
707281 
108064 
710649 
712336 

714025 
715716 
717409 
719104 
720801 

FUNCTIONS OF NUMBERS, 800 to 849 
-

Squa .. c"~ ''''' No. _ D(.m.te~ 

C"~ R_. R_ Log •• ithm • 
Reclpl'OCJIl Circum. A_ 

512000000 28.2843 9.2832 2.90309 1.25000 2513.3 502855 
513922401 28.3019 9.2870 2.90363 1.24844 2516.4 503912 
515849608 28.3196 9.2909 2.90417 1.24688 2519.6 505171 
517781621 28.3373 9.2948 2.9G4n 1.24533 2522.7 506432 
519718464 28.3549 9.2986 2.90526 1.24378 2525.8 507694 

521660125 28.3nS 9.3025 2.90580 1.24224 2529.0 508958 
523606616 28.3901 9.3063 2.90634 1.24069 2532.1 51022'3 
525557943 28.4077 9.3102 2.90687 1.23916 2~5.3 511490 
527514112 28.4253 9.3140 2.90741 1.23762 2538.4 512758 
529475129 28.4429 9.3179 2.90795 1.23609 2541.5 514028 

531441000 28.4605 9.3217 2.90849 1.23457 2544.7 515300 
533411731 28.4781 9.3255 2.90902 1.23305 2547.8 516573 
535387328 28.4956 9.3294 2.90956 1.23153 2551.0 517848 
53736m7 28.5132 9.3332 2.91009 1.23001 2554.1 519124 
539353144 28.5307 9.3370 2.91062 1.22850 2557.3 520402 

541343375 28.5482 9.3408 2.91116 1.22699 2560.4 521681 
543338496 28.5657 9.3447 2.91169 1.22549 2563.5 522$' 
545338513 28.5832 9.3485 2.91222 1.22399 2566.7 524245 
547343432 28.6007 9.3523 2.91275 1.22249 2569.8 525529 
549353259 28.6182 9.3561 2.91328 1.22100 2573.0 526814 

551368000 28.6356 9.3599 2.91381 1.21951 2576.1 528102 
553387661 28.6531 9.3637 2.91434 1.218aJ 2579.2 529391 
555412248 28.6705 9.3675 2.91487 1.21655 2582.4 530681 
557441767 28.6880 9.3713 2.91540 1.21507 2585.5 531973 
559476224 28.7054 9.3751 2.91593 1.21359 2588.7 533267 

561515625 28.7228 9.3789 2.91645 1.21212 2591.8 534562 
563559976 28.7402 9.3827 2.91698 1.21065 2595.0 535858 
565609283 28.7576 9.3865 2.91751 1.20919 2598.1 537157 
567663552 2B.n50 9.3902 2.91800 1.2Om 2601.2 538456 
569722789 28.7924 9.3940 2.91855 1.20627 2604.4 539758 

571787000 28.8097 9.3978 2.91908 1.20482 2607.5 541061 
573856191 28.8271 9.4016 2.91960 1.20337 2til0.7 542365 
575930368 28.8444 9.4053 2.92012 1.20192 2613.8 543671 
578009537 28.8617 9.4091 2.92065 1.20046 2ti16.9 544979 
580093704 28.8791 9.4129 2.92117 1.19904 2620.1 54'''' 
582182875 28.8984 9.4166 2.92169 1.19760 2623.2 547599 
5842no56 28.9137 9.4204 2.92221 1.19617 2626.4 548912 
586376253 28.9310 9.4241 2.92273 1.19474 2629.5 550226 
588480472 28.9482 9.4279 2.92324 1.19332 2632.7 551541 
590589719 28.9655 9.4316 2.92376 1.19190 2635.8 552858 

592704000 28.9828 9.4354 2.92428 1.19048 2638.' 554177 
594823321 29.0000 9.4391 2.92480 1.18906 2642.1 555497 
596947688 29.0172 9.4429 2.92531 1.18765 2645.2 55GB19 
5990n107 29.0345 9.4466 2.92583 1.18624 2648.4 558142 
601211584 29.0517 9.4503 2.92634 1.18483 2651.5 559467 

603351125 29.0G89 9.4541 2.92686 1.18343 2654.6 560794 
605495736 29.0861 9.4578 2.92737 1.182{l3 2657.8 562122 
607645423 29.1033 9.4615 2.92788 1.18064 266o.s 563452 
609800192 29.1204 9.4652 2.92840 1.17925 2664.1 564783 
611960049 29.1376 9.4690 2.92891 l.ln86 2667.2 566116 



497 

FUNCTIONS OF NUMBERS, 850 to 899 
. 

c"" ",., No. _ 01 ..... "" 
$q .. a .... , .. Sq ...... C"" Roo, "-, Logarithm • 

R<teip....,.1 Cl"" ...... A_ 

850 722500 614125000 29.1548 9.4727 2.92942 1.17647 2670.4 567450 
851 n4201 616295051 29.1719 9.4764 2.92993 1.17509 2673.5 568786 
852 n5904 618470208 29.1890 9.4801 2.93044 1.17371 2676.6 510124 
853 n7609 6206504n 29.2062 · 9.4838 2.93095 l.ln33 2679.8 sn463 
854 729316 622835864 29.2233 9.4875 2.93146 1.17096 2682.9 ,n803 
855 731025 625026375 29.2404 9.4912 2.93197 1.16959 2686.1 574146 ... 73'738 627222016 29.2575 9.4949 2.93247 1.16822 2689.2 575490 
857 734449 629422793 29.2746 9.4986 2.93298 1.16686 2692.3 576835 
858 738164 631628712 29.2916 9.5023 2.93349 1.16550 2695.5 578182 
859 737881 633839n9 29.3087 9._ 2.93399 1.16414 2698.6 ,79530 
." 739600 636'''SO'' 29.3258 9.5097 2.93450 1.16279 2101.8 560680 
861 741321 638277381 29.3428 9.5134 2.93500 1,16144 2104.9 582232 
8&2 743044 640503928 29.3598 9.5171 2.93551 1.16009 2708.1 583565 
863 744769 642735641 29.3769 9.52Q7 2.93601 1.15875 2711.2 564940 ... 746496 6449n544 29.3939 9.5244 2.93651 1.15741 2714.3 566297 ... 748225 647214625 29.4109 9.5281 2.93702 1.15607 2717.5 587655 ... 749956 649461896 29.4279 9.5317 2.93752 1.15473 2720.6 589014 

"" 751689 651714363 29.4449 9.5354 2.93802 1.15340 2m.8 590375 ... 753424 653972032 29.4618 9.5391 2.93852 1.15207 2m.9 591738 ... 755161 656234909 29.4788 9.5427 2.93902 1.15075 2730.0 593102 

'" 756900 658503000 29.4958 9.5464 2.93952 1.14943 2733.2 '94468 
on 758641 660776311 29.5127 9.5501 2.94002 1.14811 2736.3 595835 
on 760384 863054.46 29.5296 9.5537 2.94052 1.14679 2739.5 597204 
m 762129 665333617 29.5466 9.5574 2.94101 1.14548 2742.6 598575 
87. ,.,675 667627624 29.5635 9.5610 2.94151 1.14416 2745.8 '99947 

87' 7£56" 669921875 29.5804 9.5647 2.94201 1.14286 2748.V 601320 
87. 767376 672221376 29.5973 9.5863 2.94250 1.14155 2752.0 ""9G 
877 769129 674528133 29.6142 9.5719 2.94300 1.14025 2755.2 004073 
878 770884 676836152 29.6311 9.5756 2.94349 1.13895 2758.3 605451 

"'" m641 679151439 29.6479 9.5792 2.94399 1.13766 2761.5 60 •• 31 

aao 774400 681472000 29.6648 •. - 2.94448 1.13636 2764.6 606212 
881 776161 683797841 29.6816 9.5865 2.94498 1.13507 2767.7 eoB595 

'" m924 686128968 29.6985 9.5901 2.94547 1.13379 2770.9 610980 
883 779689 688465387 29.7153 9.5937 2.94596 1.13250 2774.0 612366 
884 781456 690807104 29.7321 9.5973 2.94645 1.13122 'm~ 613754 

aas 78322' 693154125 29.7489 9.6010 2.94694 1.12994 2780.3 615143 ... 784996 695506456 29.7658 9.6046 2.94743 1.12867 2783.5 616534 
887 786769 697864103 29.7825 9.6082 2.94792 1.12740 2786.6 617927 ... 788544 7002210n 29.7993 9.6118 2.94841 1.12613 2789.7 619321 ... 790321 701595369 29.8161 9.6154 ~94890 1.12486 2792.9 820m 
.90 792100 704969000 29.8329 9.6190 2.94939 1.12360 2798.0 622114 ... mas1 707347971 29.8496 9.6226 2.94988 1.12233 '799~ 623513 
89' "5664 709732288 29 ..... 9.6262 2.95036 1.12108 2802.3 624913 
893 797449 712121 957 29.8831 9.6298 2.95085 1.11982 280M """ 89. 799236 714516S84 29.8998 '.6334 2.95134 1.11857 

_. 
627718 

89' 801025 716917375 ZS.9166 9.6370 2.95182 1.11732 2811.7 629124 
89. S02916 719323136 ZS.9333 9.6406 2.95231 1.11607 2814.9 630530 
897 904609 n1734273 ZS.9500 9.6442 2.95279 1.11483 2818.0 631938 ... 806404 n4150792 ZS.9666 9.6477 2.95328 1.11359 282U 633348 ... 606201 n6572699 ZS.9833 9.6513 2.95376 1.11235 2824.3 634760 



·98 

FUNCTIONS OF NUMBERS, 900 to 949 

Sq .. ,. .... c"~ 
,- No. _ 01 .......... 

••• $q ..... c"~ "-, "-, Logarithm • 
R..,I" ...... I cr .... um. A_ 

900 81_ 729()(l()O<JO 30.0000 9.6549 2.95424 1.'1111 2827.4 636173 
901 811801 731432701 30.0167 9.6585 2.95472 1.10988 2830.6 637587 
902 813604 733870808 30.0333 9.6620 2.95521 1.10865 2833.7 639003 
903 81 .... 736314327 30.0500 9.6656 2.95569 1.10742 2836.9 640421 ... 8Tn16 738763264 30.0666 9.6692 2.95617 1.10619 2840.0 641840 

90' 819025 741217625 30.0832 S.an7 2.95665 1.10497 2843.1 643261 ... 820836 143677416 30.0998 9.6163 2.95713 1.10375 2846.3 644683 
907 82264, 746142643 30.1164 9.6799 2.95761 1.10254 2849.4 646107 
90S 824464 748613312 30.1330 '.6834 2.95809 1.10132 2852.6 647533 
909 826281 751089429 30.1496 9.6870 2.95856 1.10011 2855.7 648960 

910 828100 753571000 &l.1662 9.6905 2.95904 1.09890 2858.8 650388 
911 629921 756058031 30.1828 9.6941 2.95952 1.09769 2862.0 651818 
912 831744 758550528 30.1993 9.6978 2.95999 1.09649 2885.1 653250 
913 833'" 761048497 30.2159 9.7012 2.96047 1.09529 2868.3 654684 
914 635396 763551944 30.2324 9.7047 2.96095 1.09409 2871.4 656118 

915 63722. 7660608" 30.2490 '.7082 2.96142 1.09290 2874.6 657555 
91. 6390" 768575296 30.2655 9.7118 2.96190 1.09170 2877.7 658993 
917 84088' 771095213 3O.2il2O 9.7153 2.96237 1.09051 2880.8 660433 
918 842724 m620632 30.2985 9.7188 2.96284 1.08932 2884.0 661874 

"" 844561 776151559 30.3156 9.7224 2.96332 1.08814 2887.1 663317 

920 846400 778688000 30.3315 9.7259 2.96379 1.08696 2890:3 664761 
921 848241 781229961 30.3480 '.7294 2.96426 1.08578 2893.4 666207 
922 850084 783m448 30.3645 9.7329 2.96473 1.08460 2896.5 667654 
923 851929 788330467 30.3809 9.7364 2.96520 1.08342 2899.7 669103 
924 853776 78888902. 30.3974 9.7400 2.96567 1.08225 2902.8 670554 

925 85562' 791453125 30.4138 9.7435 2.96614 1.08108 2906.0 .72006 
.N 857476 794022n6 30.4302 9.7470 2.96661 1.07991 2909.1 6"'60 
.77 859329 796597983 30.4467 9.7505 2.96708 1.07875 2912.3 674915 
928 861184 799178752 30.4631 9.7540 2.96755 1.07759 2915.4 676372 
92. 663041 801765089 3OA795 9.7575 2.96802 1.07643 2918.5 677831 

930 664900 804357000 30.4959 9.7610 2.96848 1.07527 2921.7 679291 
.n 866781 806954491 30.5123 9.7645 2.96895 1.0741t 2924.8 680752 
.32 668624 809557568 30.5287 9.7680 2.96942 1.07296 292ao 682216 

'33 870469 812166237 30.5450 9.7715 2.96988 1.07181 2931.1 663680 ,,. 872356 814780504 30.5814 9.7750 2.97035 1.07066 2934.2 685147 

.35 874225 817400375 3O.5n8 '.7785 2.97081 1.06952 2937.4 686615 

.36 675696 620025856 30.5941 9.7819 2.97128 1.06838 2940.5 688084 

.37 6"'" 822656953 30.6105 9.7854 2.97174 1.06724 2943.7 689555 

.36 6711844 825293872 30.6266 9.7889 2.97220 1.06610 294" 691028 ... 881721 827936019 30.6431 9.7924 2.97267 1.06496 2950.0 .92502 ... 663600 830584000 30.6594 9.7959 2.97313 1.06383 2953.1 693978 
941 885481 833237621 30.6757 9.7993 2.97359 1.06270 2956.2 695455 
942 687364 635896688 30.6920 9.8028 2.97405 1.06157 2959.4 696934 
!l43 889249 838561807 30.7063 '.8063 2.97451 1.06045 2962.' 698415 ... 891136 841232384 30.7246 9.8097 2.97497 1.05932 2965.7 699897 ... 693025 843908625 30.7409 9.8132 2.97543 1.05820 2968.8 701380 ... 894916 846590536 30.7571 9.8167 2.97589 1.05708 2971.9 702865 
947 896809 849278123 30.7734 9.8201 2.97635 1.05597 2975.1 704352 ... 898704 851971392 30.7896 9.8236 2.97681 1.05485 2978.2 705840 ... 000601 854670349 30.8058 9.8270 2.9m7 1.05374 2981.4 707330 



• •• 

FUNCTIONS OF NUMBERS, 950 to 999 

Sq ..... c"~ 
,.., No. _ Diameter 

No. $qu ... C"~ R_. R_. Log arithm • 
R~lp_1 CI...,,,m. A_ 

950 902500 857375000 30.8221 9.8305 2.9n72 1.05263 2984.5 708822 

'51 904401 8601)85351 30.8383 9.8339 2.97818 1.05152 2987.7 710315 

'52 9063<l4 862801408 30.8545 9.8374 2.97864 1.05042 2990.8 711809 

'53 908209 865523177 30.8707 9.84(18 2.97909 1.04932 2993.9 713306 

'54 910116 868250664 30.8869 9.8443 2.97955 1.04822 2997.1 714803 

'55 912025 870983875 30.9031 9.8477 2.98000 1.04712 30002 n6303 
'56 913936 873722816 30.9192 9.8511 2.98046 1.04603 3003.4 n7804 
957 915849 876467493 30.9354 9.8546 2.98091 1.04493 3006.5 719306 
'58 917754 879217912 30.9516 9.8580 2.98137 1.04384 3009.6 720810 
95' 919681 881974079 30.9677 9.8614 2.98182 1.04275 3012.8 722316 

'60 921600 884736000 30.9839 9.8648 2.98227 1.04167 3015.9 723823 
961 923521 887503681 31.0000 9.8683 2.98272 1.04058 3019.1 725332 
962 925444 890277128 31.0161 9.8717 2.98318 1.03950 3022.2 726842 

'" 927369 893056347 31.0322 9.8751 2.98363 1.03842 3025.4 728354 
9G4 ".". 895841344 31.0483 9.8785 2.98408 1.03734 3028.5 729867 

9G5 931225 898632125 31.0644 9.8819 ~"'53 1.03627 3031.6 731382 ... 933156 901428696 31.0805 9.8854 ~"'98 1.Cl352O 3034.8 732899 
9G1 935089 904231063 31.0966 '.8888 ~98543 1.03413 3037.9 734417 
9GB 937024 907039232 31.1127 9.8922 2.98588 1.03306 3041.1 735937 
96' "'961 9098532<19 31.1288 9.8956 2.98632 1.03199 30442 737458 

970 940900 912673000 31.1448 '.8990 2.986n 1.03093 3047.3 738981 
,n 942841 915498611 31.1609 9.9024 ~98722 1.02987 3050.5 740506 
972 944784 918330048 31.1769 9.9058 2.98767 1.02881 3Cl53.6 742032 
913 94.no 921167317 31.1929 '.9092 2.98811 I.02n5 3056.8 743559 
97' 948676 924010424 312090 9.9126 2.98858 1.02669 3059.9 745088 

975 950625 926859375 31.2250 9.9160 2.98900 1.02564 3063.1 746619 
97. 952576 929714176 31.2410 9.9194 2.98945 1.02459 3066-2 748151 
ill 954529 932574833 31.2570 9.9227 2.98989 1.02354 3069.3 749685 
978 '56484 935441352 31.2730 9.9261 2.99054 1.02249 3072.5 751221 
979 '58441 938313739 312890 9.9295 2.99078 1.02145 3075.6 752758 

980 960400 941192000 31.3050 9.9329 2.99123 1.02041 3078.8 754296 
'81 962361 944076141 31.3209 9.9363 2.99167 1.01937 3081.9 755837 
'82 964324 946966168 31.3369 9.9396 2.99211 1.01833 3085.0 757378 
'83 966289 949862087 31.3528 9.9430 2.99255 1.01729 3088.2 758922 
'84 968256 952763904 31.3688 9.9464 2.99300 1.01626 3091.3 780466 

985 970225 955671625 31.3847 9.9497 2.99344 1.01523 3094.5 762013 

'86 972196 'S8S85256 31.4006 9.9531 2.99388 1.01420 3097.6 783581 

"" 974169 961 """" 31.4168 9.9565 2.99432 1.01317 3100.8 765111 

'88 976144 964430272 31.4325 9.9598 2.99476 1.01215 3103.9 766662 
989 978121 967361669 31.4484 9.9632 2.99520 1.01112 3107.0 768214 

990 980100 970299000 31.4643 •. - 2.99564 1.01010 3110.2 769789 
991 982081 973242271 31.4802 9.9699 2.99607 1.00908 3113.3 m325 
992 "'064 976191488 31.4960 9.9733 2.99651 1.00806 3116.5 m882 
993 98604' 979146657 31.5119 9.9766 2.99695 1.00705 3119.6 774441 
994 888836 982107784 31.5278 9.9800 2.99739 1.00604 3122.7 776002 

995 990025 985074875 31.5436 '.9833 2.99782 1.00503 3125.9 m564 ... 992016 988041936 31.5595 •. - 2.99826 1.00402 3129.0 77912l! 
997 99400' 991026973 31.5753 '.9900 2.99870 1.00301 3132.2 780693 
998 996004 994011992 31 .5911 9.9933 2.99913 1.00200 3135.3 782260 
99' 998001 997002999 31.6070 9.9967 2.99957 1.00100 3138.5 783828 



000 

NATURAL TRIGONOMETRIC FUNCTIONS 

i SINES , 
0 • , 

0' 10' 20' 10' 40' 50' <G' 
0 

0 u 

0 0.00000 0.00291 0.00582 0.00873 0.01164 0.01454 0.01745 .. 
1 0.01745 0.02036 0.02327 0.02618 0.02908 0.03199 0.03490 88 
2 0.03490 0.03781 0.04071 0.04362 0.04653 0.04943 0.05234 87 
1 0.05234 0.05524 0.05814 0.06105 0.06395 0.06685 0.06976 .. 
4 0.06976 D.OntiS 0.07556 0.07846 0.08136 0.08426 0.08716 .. 
5 0.08716 0.09005 0.09295 0.09585 0.09814 0.101 64 0.10453 84 
6 0.10453 0.10742 0.11 031 0.11320 0.11609 0.11 898 0.12187 81 
7 0.12187 0.12476 0.12764 0.13053 0.13341 0.13629 0.13917 82 
8 0.13917 0.14205 0.14493 0.14781 0.15069 0.15356 0.15643 81 
9 0.15643 0.15931 0.16218 0.16505 0.16792 0.17078 0.17365 sa 

10 0.17365 0.17651 0.17937 0.18224 0.1 8509 0.18795 0.19081 79 
11 0.19081 0.19366 0.19652 0.19937 0.20222 0.20507 0.20791 78 
12 0.20791 0.21076 0.21360 0.21644 0.21928 0.22212 0.22495 n 
13 0.22495 O.22nS 0.23062 0.23345 0.23627 0.23910 0.24192 76 
14 0.24192 0.24474 0.24756 0.25038 0.25320 0.25601 025882 75 

15 0.25882 0.26163 0.26441 0.26724 0.27004 027284 0.27564 74 
16 0.27564 0.27843 0.28123 0.28402 0.28680 0.28959 0.29237 71 
17 0.29237 0.29515 0.29793 0.30071 0.30348 0.30625 0.30902 72 ,. 030902 0.31178 0.31454 0.31730 0.32006 0.32282 0.32557 n 
19 0.32557 0.32832 0.33106 0.33381 0.33655 0.33929 0.34202 70 

20 0.34202 0.34475 0.34748 0.35021 0.35293 0.35565 0.35837 " 21 0.35837 0.36108 0.36379 O~"" 0.36921 0.37191 0.37461 .. 
22 0.37461 oolma 0.37999 0.38268 0.38537 0.38805 0.39073 " 23 0.39073 0.39341 0.39608 0.39875 0.40142 DAMOS OA0674 .. 
24 OA0674 OA0939 OAl204 0.41469 OAl734 D.41998 0.42262 OS 

2S OA2262 0.42525 0.42788 0.43051 OA3313 0.43575 OA3837 .. 
2. OA3837 OM'" 0.44359 0.44620 OM'" OA5140 OA5399 61 
27 QA5399 0.45658 0.45917 0.46175 DA6433 0.46690 OA6947 62 
28 0.46947 0.7204 0.47460 0.47716 OA7971 OA8226 DA84Sl 61 
29 DAMst 0.48735 0.48989 0.49242 DA94SS OA9748 0.50000 <G 

10 0.50000 0.50252 0.50503 0.50754 0.51004 0.51254 0.51504 59 
11 0.51504 0.51753 0.52002 0.52250 0.52498 0.52745 0.52992 58 
12 0.52992 0.53238 0.53484 0.53730 0.53975 0,54220 0.54464 57 
11 0.54464 0.54708 0.54951 0.55194 0.55436 0.55678 0.55919 56 
14 0.55919 0.56160 0.56401 0.56641 0.56880 0.57119 0.57358 55 

3S 0.57358 0.57596 0.57833 0.58070 0.58307 0.58543 0.58n9 54 
16 O.58m 0.59014 0.59248 0.59482 0.59718 0.59949 0.60182 53 
17 0.60182 0.60414 0.60645 0.60876 0.61107 0.61337 0.61566 52 
18 0.61566 0.61795 0.62024 0.62251 0.62479 0.62706 0.62932 51 .. 0.62932 0.63158 0.63383 0.63608 0.63832 0.64056 0.64279 SO 

40 0.64279 0.64501 0.64723 0.64945 0.65166 0.65386 0.65606 49 
41 0.65606 0.65825 0.66044 0.66262 0.66480 0.66697 0.66913 48 
42 0.66913 0.67129 0.67344 0.67559 0.67773 0.67987 0.68200 47 
43 0.68200 0.68412 0.68624 0.68835 0.69046 0.69256 0.69466 4. 
44 0.69466 0.69675 0.69883 0.70091 0.70298 0.70505 0.70711 4S ... SO' 40' 10' 20' 10' O' ! , 

0 • • COSINES c 



! 
g 

• 1 
2 
3 

• 
5 

• 7 

• • 
10 
n 
12 
13 
14 

15 
1. 
17 
18 
15 

20 
21 
22 

.23 
24 

25 
2G 
27 
28 
29 

30 
31 
32 
33 
34 

35 
3G 
37 
38 .. 
40 
41 ' 
42 
43 
44 

NATURAL TRIGONOMETRIC FUNCTIONS 

'.00000 
0."'" 
0.99939 
0.99863 
0.99758 

0.99619 
0.99452 
0.99255 
0.99027 
0.98769 

0.98481 
0.98163 
0.97815 
0.97437 
0.97030 

0.96593 
0.96126 
0.95630 
0.95106 
0.94552 

0.93969 
0.93351 
0.92718 
0.92050 
0.91355 

0.90631 
0.89879 
0.89101 
0.88295 
0.87462 

0.8fi6113 
0.85717 
0.84805 
0.83867 
0.82904 

0.81915 
0."'" 
0.79864 
0.78801 
0.m15 

0.76604 
0.75471 
0.74314 
0.73135 
0.71934 

GO' 

'.00000 
0.99979 
0.99929 
0.99847 
0.99736 

0.99594 
0.99421 
0.99219 
0.98986 
D.sam 
0.98430 
0.98107 
0.9n54 
0.97371 
0.96959 

0.96517 
0.96046 
0.95545 
0.95015 
0.94457 

0.93869 
0.93253 
0.92609 
0.91936 
0.91236 

0.90501 
0.89752 
0.88968 
0.88158 
0.87321 

0.86451 
0.85567 
0.84650 
0.83708 
0.82741 

0.81748 
0.80730 
0.79688 
0.78622 
0.n531 

0.76417 
0.75280 
0.74120 
D.m3l 
0.71732 

SO' 

20' 

0.99998 
0.99973 
0.99917 
0.99831 
0.99714 

0.99567 
0.99390 
0.99182 
0.98944 
0.98676 

0.98378 
0.90050 
0.97692 
0.97304 
0.96881 

0.96440 
0.95964 
0.95459 
0.94924 
0.94361 

0.93769 
0.93148 
0.92499 
0.91822 
0.91116 

0.90383 
0.89623 
0.88835 
0.811020 
0.87178 

0.86310 
0.85416 
0.84495 
0.83549 
0.82577 

0.81580 . 
0.80558 
0.79512 
0.78442 
0.77347 

0.76229 
0.75088 
0.73924 
0.72737 
0.71529 

COSINES 

30' 

0."'" 
0 ...... 
0.99905 
0.99813 
0.99692 

0.99540 
0.99357 
0.99144 
0.98902 
0.98629 

0.98325 
0.97992 
0.97630 
0.97237 
0.96815 

0.96363 
0.95882 
0.95372 
0.94832 
0.94264 

0.93667 
0.93042 
0.92388 
0.91706 
0.90996 

0.90259 
0.89493 
0.88701 
OA7882 
0.8703& 

0.86163 
0.85'" 
0.84339 
0 ... 389 
0.82413 

0.81412 
0.80386 
0.79335 
0.78261 
0.77162 

0.76041 
0.74896 
0.73728 
0.72537 
0.71325 

30' 

SINES 

40' 

0."'" 
0.99958 
0.99892 
0.99795 
0 ...... 

0.99511 
0.99324 
0.99106 
0.98858 
0.98580 

0.98272 
0.97934 
0.97566 
0.97169 
0.96742 

0.96285 
0.95799 
0.95284 
0.94740 
0.94167 

0.93565 
0.92935 
0.92276 
0.91590 
0.90875 

0.90133 
0.89363 
0.1I856G 
0.87743 
0.86892 

0.86015 
0.85112 
0.84182 
0.83228 
0.82248 

0.81242 
0.80212 
0.79158 
0.78079 
0.76977 

0.75351 
0.74703 
0.73531 
0.72337 
0.71121 

SO' 

0.99989 
0.99949 
0.99878 
0.99776 
0.99644 

0.99482 
0."'" 
0.99067 
0.98814 
0.98531 

0.98218 
0.97875 
0.97502 . 
0.97100 
0.96667 

0.96205 
0.95715 
0.95195 
0.94646 
0.94068 

0.93462 
0.92827 
0.92164 
0.91472 
0.90753 

0.90007 
0.8m2 
0.88431 
0.87603 
0.86748 

0.85866 : 
0.84959 
0.84025 
0.83066 
0.82082 

0.81072 
0.80038 
0.78980 
0.m97 
0.76791 

0.75661 
0.74509 
0.73333 
0.72136 
0.70916 

30' 

0.99!J85 
0.99939 
0.99863 
0.99756 
0.99619 

0.99452 
0.99255 
0.99027 
0.98769 
0.98481 

0.98163 
0.97815 
0.97437 
0.97030 
0.96593 

0.96126 
0.95630 
0.95106 
0.94552 
0.93969 

0.93358 
0.92718 
0.92050 
0.91355 
0.90631 

0.89879 
0.89101 
0.88295 
0.87462 
0.86603 

0.85717 
0.84805 
0.83887 
0.1I291l4 
0.81915 

0.80902 
0.79864 
0.78801 
o.mlS 
0.78604 

0.75471 
0.74314 
0.73135 
0.71934 
0.70711 

'"'' 

• • • .. 
88 .7 
•• ss 
84 
83 
82 
81 
80 

7' 7. 
77 
7G 
75 

7. 
73 
n 
n 
7. 
GO 
GO 
G7 .. .. .. 
53 
G2 
G1 
GO 

5. .. 
57 .. 
55 

54 
53 
52 
51 
SO 

•• 48 
47 .. 
45 

! 
E 



.0. 
NATURAL TRIGONOMETRIC FUNCTIONS 

! I 
r 

TANGENTS < • • • < 
0 0' lD' 2<)' ,.. 40' 50' GO' ~ 
0 0.00000 0.00291 0.00582 0.00873 0.01164 0.01455 0.01746 89 
1 0.01746 0.02036 0.02328 0.02619 0.02910 0.03201 0.03492 88 
2 0.03492 0.03783 0.04075 0.04366 0.04658 O.M949 0.05241 87 
3 0.05241 0.05533 0.05824 0.06116 0.06408 0.06700 0.06993 .. 
4 0.06993 0.07285 0.07578 0.07870 0.08163 0.08456 0.D8749 85 

5 0.08749 0.09042 0.09335 0.09629 0.09923 0.10216 0.10510 84 
& 0.10510 0.10805 0.11099 0.11394 0.11688 0.11983 0.12278 S3 
7 0.12278 0.12574 0.12869 0.13165 0.13461 0.13758 0.14054 82 
8 0.14054 0.14351 0.14648 0.14945 0.15243 0.15540 0.15838 81 

• 0.15838 0.16137 0.16435 0.16734 0.17033 0.17333 0.17633 80 

10 0.17633 0.17933 0.18233 0.18534 0.18835 0.19136 0.19438 79 
U 0,19438 0.19740 0.20042 0.20345 0.20&48 020952 0.21256 78 
12 0.21256 0.21560 0.21864 0.22169 0.22475 022781 0.23087 77 
13 0.23087 0.23393 0.23700 0.24008 0.24316 0.24624 0.24933 7& 
14 0.24933 0.25242 0.25552 0.25862 0.26172 0 .... " 0.2ti795 75 

15 0.26795 0.27107 0.27419 0.2m2 0.28046 0~83S0 0.28675 74 
1& 0.28675 0.28990 0.29305 0.29621 0>_ 0.30255 0.30573 n 
17 0.30573 0.30891 0.31210 0.31530 0.31850 0.32171 0.32492 72 
18 0.32492 0.32814 0.33136 0>_ 0.33783 0.34108 0.34433 n 
19 0.34433 0.34758 0.35085 0.35412 0.35740 O~"" 0.36397 70 

20 0.36397 0.36727 0.37057 0~73a8 0.37720 0.38053 0.38386 &9 
21 0.3838& 0.38721 0.39055 0.39391 0.39727 0.40065 0.40403 .. 
22 0040403 0040741 0.41081 0A1421 0.417'63 0.42105 0.42447 &7 
23 0042447 0042791 0.43136 0.43481 0.43828 0.44175 0.44523 .. 
24 0.44523 0.44872 0.45222 0.45573 0.45924 0.462n 0.46631 .. 
25 0046631 0.46985 0.41341 0.47698 OA8055 0.48414 0.48m &4 

26 0.48m 0.49134 0.49495 0.49858 0.50222 0.50587 0.50953 &3 
27 0.50953 0.51320 0.51688 0.52057 0.52427 0.52798 0.53171 &2 
28 0.53171 0.53545 0.53920 0.542S6 0.54674 0.55051 0.55431 &1 
29 0.55431 0.55812 0.56194 O.5&5n 0.56962 0.57348 0.5m5 GO 

30 0.5m5 0.58124 0.58513 0.58905 0.59297 0.59691 0.&0086 59 
n 0.&0086 0.60483 0.60881 0.61280 0.61681 0.62083 0.62487 58 
32 0.62487 0.62892 0.63299 0.63707 0.64117 0.64528 0.64941 57 
33 0.64941 0.65355 0.65m 0.66189 0.&6&08 0.67028 0.67451 .. 
34 0.67451 0.67875 0.68301 D.68728 0.69157 0.69588 0.70021 55 

35 0.70021 0.70455 0.70891 0.71329 0.71769 0.ml 1 0.72654 54 
3& 0.72654 0.73100 0.73547 0.73996 0.74447 0.74900 0.75355 53 
37 0.75355 0.75812 0.76272 0.76733 O.m96 0.m61 0.78129 52 
38 0.78129 0.78598 0.79070 0.79544 0,80020 0.80498 0.80978 51 
3. 0.80978 0.81461 0.81946 0.82434 0.82923 0.83415 0.83910 '" 
40 0.83910 0.84407 0.84900 0.85408 0.85912 0.8&419 0.86'" 49 
41 0.86929 0.87441 0.87955 0.88473 0.88992 0.89515 0.90040 48 
42 0.90040 0.90569 0.91099 0.91633 0.92170 0.92709 0.93252 47 
43 0.93252 0.93797 0.94345 0.94896 0.95451 0.96008 0.96569 4& 
44 0.96569 0.97133 0.9noo 0.98270 0.98843 0.99420 1.00000 45 

• GO' SO' .. ' 30' 20' 10' D' I < • • E < COTANGENTS ~ 



003 

NATURAL TRIGONOMETRIC FUNCTIONS 

0 COTANGENTS • ! 
, 
0 • 

E 
, 

0' 10' 20' 3D' 40' 50' <D' 0 
~ 

0 ~ 343.m71 171.88540 114.58865 85.93979 6a75DD9 57.28996 89 
1 57.28996 49.10388 42.96408 38.18846 34.36m 31.24158 28.63625 88 
2 28.63625 26.43160 24.54176 22.903n 21.47040 20.20555 19.08114 1fT 
3 19.08114 18.07498 17.16934 16.34986 15.60478 14.92442 14.30067 .. 
4 14.30067 13.72S74 13.19688 12.70621 12.25051 11.82617 11.43005 85 

5 11.43005 11.05943 lD.11191 10.38540 10.07803 9.78817 9.51436 84 

• 9.51436 9.25530 9.00983 8.77689 8.55555 8.34496 8.14435 83 
7 8.14435 7.95302 7.77035 7.59575 7.42871 7.26873 7.11537 82 

• 7.11537 6.96823 6.82694 6.69116 6.56055 6.43484 6.31375 81 

• 6.31375 6.1971)3 6.08444 5.97576 5.87080 5.76937 5.67128 SO 

10 5.67128 5.57638 5.48451 5.39552 5.30928 5.22566 6.14455 79 
11 5.14455 .06584 4.98940 4.91516 4.84300 4.77286 4.70463 7. 
12 4.70463 4.63825 4.57363 4.51071 4.449112 4.38969 4.33148 77 
13 4.33148 4.27471 4.21933 4.16530 4.11256 4.06107 4.01078 76 
14 4.01078 3.96165 3.91364 3.86671 3.82083 3.n595 3.73205 75 

15 3.73205 3.68909 3.64705 3.60588 3.56557 3.52609 3.48741 74 
16 3.48741 3.44951 3.41236 3.37594 3.34023 3.30521 3.27085 73 
17 3.27085 3.23714 3.20406 3.1n59 3.13972 3.10842 3.0n6B 72 
18 3.0n6B 3.04749 3.01783 2.9BBB9 2.96004 2.93189 2.90421 n 
19 2.90421 2.8nDO 2.85023 2.82391 2.79802 ~77254 2.74748 70 

20 2.74748 2.72281 2.69853 2.67462 2.65109 2.62791 ~60509 .. 
21 2.60509 2.58261 2.56046 2.53865 2.51715 2.49597 2.47509 .. 
22 2.47509 2.45451 2.43422 2.41421 2.39449 2.37504 2.35585 67 
23 2.35585 2.33693 2.31826 2.29984 2.28167 2.26374 2.24604 56 
24 2.24604 2.22857 2.21132 2.19430 2.1n49 2.16090 2.14451 .. 
25 2.14451 2.12832 2.11 233 2.09654 2.08094 2.06553 2.05030 64 
26 2.05030 2.03526 2.02039 2.00569 1.99116 1.97680 1.96261 63 
27 1.96261 1.94858 1.93470 1.92098 1.90741 1.89400 1.88073 62 
28 1.88073 1.86760 1.85462 1.841n 1.82907 1.81649 1.80405 61 
29 1.80405 1.79174 l,m55 1.76749 1.75556 1.74375 1.73205 50 

3D 1.73205 1.72047 1.70901 1.697S6 1.68643 1.67530 1.66428 " n 1.66428 1.65337 1.64256 1.63185 1.62125 1.61074 1.60033 .. 
32 1.60033 1.59002 1.57981 1.56969 1.55966 1.54972 1.53987 57 
33 1.53987 1.53010 1.52043 1.51084 1.50133 1.49190 1.48256 56 
34 1.48256 1.47330 1.46411 1.45501 1.44598 1.43703 1.42815 55 

35 1.42815 1.41934 1.41061 1.40195 1.39336 1.38484 1.37638 54 
36 1.37638 1.36800 1.35968 1.35142 1.34323 1.33511 1.32704 53 
37 1.32704 1.31904 1.31110 1.30323 1.29541 1.28764 1.27994 52 
18 1.27994 1.27230 1.26471 1.25717 1.24969 1.24227 1.23490 51 
39 1.23490 1.22758 1.22031 1.21310 1.20593 1.19882 1.19175 50 

40 1.19175 1.16474 l.lnn 1.17085 1.16398 1.15715 1.15037 49 
41 1.15037 1.14363 1.13694 1.13029 1.12369 1.11713 1.11061 48 
42 1.11061 1.10414 1.09770 1.09131 1.08496 1.07864 1.07237 47 
43 1.07237 1.06613 1.05994 1.05378 1.04766 1.04158 1.03553 .. 
44 1.03553 1.02952 1.02355 1.01761 1.01170 1.00583 I.COOOO 45 
, 

'" SO' 44' I 30' I 20' 10' 0' ! 0 • , 
E • TANGENTS 

~ 



004 

NATURAL TRIGONOMETRIC FUNCTIONS 

SECANTS 

0' 10' 20' '0' '0' SO' 60' 

a 1.00000 1.00000 1.00002 1.00004 1.00007 1.00011 1.00015 89 
1 1.00015 1.00021 1.00027 1.00034 1.00042 1.00051 1.00061 88 
2 1.00061 1.00072 1.00083 1.00095 1.00108 1.00122 1.00137 87 
1 1.00137 1.00153 1.00169 UXl187 1.00205 1.00224 1.00244 8G 
4 1.00244 1.00265 1.00287 1.00309 1.CMl333 1.00357 1.00382 85 

5 1.00382 1.00408 1.00435 1.00463 1.00491 1.00521 1.00551 84 
6 1.00551 1.00582 1.00614 1.£10641 1.00681 1.00715 1.00751 83 
7 1.00751 1.00787 1.00825 1.00863 1.00902 1.009012 1.00983 82 
8 1.00983 1.01024 1.01067 1.01111 1.01155 1.01200 1.01247 81 
9 1.01 247 1.01294 1.01342 1.01391 1.01440 1.01 491 1.0150 80 

10 1.01543 1.01595 1.01649 1.01703 1.01758 1.01815 1.01872 79 
11 1.01872 1.01930 1.01989 1.02049 1.02110 1.02171 1.02234 78 
12 1.02234 1.02298 1.02362 1.02428 1.02494 1.02562 U)2630 n 
U 1.02630 1.02700 1.02770 1.02842 1.02914 1.02987 1.03061 76 
lA 1.030&1 1.03137 1.03213 1.03290 1.03368 1.03447 1.03528 75 

15 1.03528 1.03609 1.03691 1.03774 1.03858 1.03944 1.04030 74 
1& 1.04030 1.04117 1.04206 1.04295 1.04385 1.04477 1.04569 73 
17 1.04569 1.04663 1.04757 1.04853 1.04950 1.05047 1.05146 72 
18 1.05146 1.05246 1.05347 1.05449 1.05552 1.05657 1.05762 71 
19 1.05762 1.05869 1.05976 1.06085 1.06195 1.06306 1.06418 70 

20 1.06418 1.08531 1.06645 1.06761 1.06878 1.06995 1.07115 69 
21 1.07115 1.0m5 1.07356 1.07479 1.07602 1.0m7 1.07853 &8 
22 1.07853 1.07981 1.08109 1.08239 1.08370 1.08503 1.08636 67 
23 1.08636 1.08771 1.08907 1,09044 1.09183 1.09323 1.09464 66 
24 1.09464 1.09606 1.09750 1,09895 1.10041 1.10189 1.10338 65 

25 1.10338 1.10488 1.10640 1.10793 1.10947 1.11103 1.11 260 64 
26 1.11 260 1.11 419 1.11579 1.11740 1.11 903 1.12067 1.12233 63 
21 1.12233 1.12400 1.12568 1.12738 1.12910 1.13083 1.13257 62 
28 1.13257 1.1 3433 1.13610 1.13789 1.13970 1.14152 1.14335 61 
29 1.14335 1.14521 1.14707 1.14896 1.15085 1.15277 1.15470 60 

30 1.15470 1.15865 1.1 5861 1.16059 1.16259 1.16460 1.1&663 59 
31 1.1 6663 1.16868 1.17075 1.17283 1.17493 1.1 7704 1.17918 58 
32 1.11918 1.18133 1.18350 1.1 8569 1.18790 1.1 9012 1.19236 57 
33 1.19236 1.19463 1.19691 1.1 9920 1.20152 1.20386 1.20622 56 
34 1.20622 1.20859 1.21099 1.21341 1.21584 1.21830 1.22077 55 

35 1.22077 1.22327 1.22519 1.22833 1.23089 1.23347 1.23607 5~ 

36 1.23607 1.23869 1.241 34 1.24400 1.24669 1.24940 1.25214 53 
37 1.25214 1.25489 1.25787 1.26047 1.26330 1.26615 1.26902 52 
38 1.26902 1.27191 1.27483 1.2m8 1.28075 1.28374 1.28676 51 
39 1.28676 1.28980 1.29287 1.29597 1.29909 1.30223 1.30541 50 

40 1.30541 1.30861 1.31183 1.31509 1.31837 1.32168 1.32501 49 
41 1.32501 1.32838 1.33177 1.33519 1.33864 1.34212 1.34563 48 
42 1.34563 1.34917 1.35274 1.35634 1.35997 1.36363 1.36733 41 
41 1.36733 1.37105 1.37481 1.37860 1.38242 1.38628 1.39016 4:; 

_"_1--""""90",,,, +-,,.='94=09'-1---,,'.,,,39=804"'-1_''''',,0,,20''''+_''''',,060=,-+-"".4,,'0"'''' -+-'''''',,14,,',-' + " 
~ W @ ' I ~ 20' ~ W 

COSECANTS 



.0. 
NATURAL TRIGONOMETRIC FUNCTIONS 

• COSECANTS • ! , 
& 0' 10' 20' 10' .. ' SO' .. , j 
0 ~ 343.n516 171.88831 114.59301 85.94561 68.75736 57.29869 .. 
1 57.29869 49.11406 42.91511 38.21)155 34.38232 31.25758 28.65371 88 
2 28.S53n 26.45051 24.56212 22.92559 21.49368 20.23028 19.10732 87 
1 19.10732 18.10262 17.19843 16.38041 15.63679 14.95788 14.33559 86 
4 14.33559 13.76312 13.234n 12.74550 12.29125 11..86837 IU737! 85 

5 11.47371 11.10455 10.75849 10.43343 10.12752 9.83912 9.56677 ... 
• 9.566n 9.30917 9.06515 .. 3367 8.61379 8.40466 8.20551 03 
7 8.20551 8.01565 7.83443 7.66130 7.49571 7.33719 7.18530 82 

• 7.18530 7.03962 6.89979 6.76547 >63633 8.51208 6.39245 11 • 6.39245 6.2n19 8.16607 6.05886 5.95536 5.85539 <75877 80 

10 5.75877 .06533 5.57493 5.48740 5.40263 5.3204 • 5.24084 79 
U 5.24084 5.16359 5.08863 5.01585 4.94517 4.87649 4.80973 78 
12 4.80973 4.74482 4.68167 4.62023 4.56041 U0216 4.44541 T7 
13 4.44541 4.39012 4.33622 4.28366 4.23239 4.18238 4.13357 76 
14 4.13357 4.08591 4.03938 3.99393 3.94952 3.90613 3.86370 75 

15 3.96370 3.82223 3.78166 3.74198 3.70315 3.66515 3.62796 74 
16 3.62796 3.59154 3.55587 3.52094 3.48671 3.45317 3.42030 13 
17 3.42030 3.38808 3.35649 3.32551 3.29512 3.26531 3.23607 72 
11 3.23607 3.20737 3.17920 3.15155 3.12440 3.09774 3.07155 n 
19 3.07155 3.04584 3.02057 2.99574 2.97135 2.94737 2.92380 70 

20 2.92380 ~90063 2.87785 2.85545 2.83342 2.81175 2.79043 .. 
21 2.79043 ~""5 2.74861 2.T7850 2.70851 2 ....... 2.66947 .. 
22 2.66947 ~65040 2.63162 2.61313 2.59491 2.57698 2.55930 67 
2l 2.55930 2.54190 2.52474 2.50784 2.49119 2.47417 2.45859 .. 
24 2.45859 2.44264 2.42692 2.41142 2.39614 2.38107 2.36620 .. 
25 2.36620 2.35154 2.33708 2.32282 2.30875 2.29487 2.28117 ... 
26 2.28117 2.26766 2.25432 2.24116 2.22817 2.21535 2.202ti9 63 
Z7 2.20269 2.19019 2.17768 2.16568 2.15366 2.14178 2.13005 .2 
21 2.13005 2.11847 2.10704 2.09574 2.08458 2.07356 2.06267 61 
29 2.06267 2.05191 2.04128 2.Q3017 2.02tl39 2.01014 ~OOOOO .. 
10 2.00000 1.98998 1.98008 1.97029 1.96062 1.95106 Un60 59 
11 1.94160 1.93226 1.92302 1.91388 1.90485 1.89591 1.86709 51 
32 1.88708 1.87834 1.86970 1.86116 1.85271 1.84435 1.836Oa 57 
33 1.83608 1.82790 1.81981 1.81180 1.8Ol88 1 .~ 1.78829 56 
34 1.78829 1.78062 1.77lO3 1.76552 1.75808 1.75073 1.74345 55 

35 1.74345 1.73624 1.72911 1.72205 1.71506 1.70815 1.70130 54 
l6 1.70130 1.69452 1.68782 1.68117 1.67460 1.66809 1.66164 53 
37 1.66164 1.65526 1.64894 1.64Z68 1.63648 1.63Q35 1.62427 52 
38 1.62427 1.61825 1.61229 1.60639 1.60054 1.59475 1.58902 51 .. 1.58902 1.58333 1.51771 1.57213 1.56661 1.56114 1.55572 50 .. 1.55572 1.55036 1.54504 1.53917 1.53455 1.52938 1.52425 .. 
41 1.52425 1.51918 1.51415 1.50916 1.50422 1.49933 l A9448 .. 
42 1.49448 1A8967 1.48491 1.48019 1.47551 1.47087 1.46628 47 
41 1.46628 1.46173 TA5721 1A5274 1.44831 1.44391 1.43956 •• 44 1.43956 1A3524 1....,.. 1A2672 1A2251 1A1835 1.41421 4S 

• ..' SO' .. ' 30' 20' 10' 0' ! , 
• 
j SECANTS • a 



r-
006 

DECIMALS OF ONE DEGREE 

'" 10" 20" 30" 40" SO" 
~ • .oom .00S56 .00833 .01111 .01389 0 

1 .01667 .01944 .02222 .02500 .02T78 .03056 1 
2 .03333 .03611 .03889 .04167 .04444 ."722 2 
3 .05000 .05278 .05556 .05833 .06111 .00389 3 • .06667 .06944 .07222 .07500 .07778 .08056 • 5 .08333 .08611 .08889 .09167 .09444 .09722 5 • .10000 .10278 .10556 .10833 .11111 .11389 , 
7 .11667 .11944 .12222 .12500 .127711 .13056 7 • .13333 .13611 . 13889 .14167 .14444 .14722 • • .15000 .15278 .15556 .15833 .16111 .16389 9 

" .16667 .16944 .17222 .17500 .17778 .18056 10 
11 .18333 .1 8611 .18889 .19167 .19444 .19722 11 
12 .20000 .20278 .20556 .20833 .21111 .21389 12 
13 .21667 .21944 .22222 .22500 .22m .23056 13 
14 .23333 .23611 .23889 .24167 .24444 .24122 14 
15 .25000 .25278 '5556 .25833 .26111 .26389 15 

" .26687 .26944 .27222 .27500 ,m, .28G56 " 17 .28333 .28611 .28889 .29167 .29444 .29722 17 
18 .30000 .30278 .30556 .30833 .31111 .31389 18 
19 .31667 .31944 .32222 .32500 .32n8 .33056 19 

20 .33333 .33tll l .33889 .34167 .34444 .34722 20 
n .35000 .35270 .35556 .5833 .36111 .36389 21 
22 .36667 .,.944 .37222 .,500 .37778 .38056 22 
23 .""" .38611 .38899 .39167 .3_ .39122 23 , 

"""" " .40000 .40278 .40556 .40833 .41111 .41389 " 25 .41667 .41944 .42222 .42500 .42n8 .43056 25 , 00056 
26 .43333 .43611 .43889 .44167 .44444 .44722 26 
27 .45000 .45278 .45556 .45833 .4611 1 .46389 27 . """ ,. .46667 .46944 .47222 .47500 .47778 .48056 21 

" 00111 29 .48333 .48611 .48899 .49167 .49444 .49122 29 

30 .50000 .50278 .50833 .51111 .51389 30 & 00139 

31 .51667 .51944 .52500 .52m .53056 31 G OO lG7 
32 .53333 .53611 .54167 .54444 .54722 32 
33 .55000 .55278 .55833 .56111 .56309 33 7 OO IIM ,. .56567 .56944 .57500 .57778 ."''' ,. 
35 .58333 .58611 .59167 .59444 .59722 3S , """ 
" .60000 .60278 .60833 .61111 .61389 36 
37 .61667 .61944 .62500 .82m .63<l56 17 • """" 38 .83333 .6361 1 .64167 .64444 .64722 38 
39 .651lOO .65278 .55833 .66111 .G6389 " ... .66661 .66944 .• 7222 .67500 .• 7778 ."'56 " ~1 .68333 .68611 .G8889 .69167 .69444 .69722 " 42 .70000 .70278 .70556 .70833 .71 111 .71389 42 
43 .71667 .71944 .72222 .72500 .12m .73056 43 .. .73333 .73611 . 73889 .741 67 .74444 .74722 .. .. .75000 .75278 .15556 .75833 .76111 .16389 4S .. .16661 .16944 .77222 .moo .m7I .78056 .. 
41 .78333 .78611 .78889 .19161 .79444 .19122 41 
48 .60000 .80278 .80556 ~0833 .81111 .81389 .. 
49 .81661 .81944 .82222 .82500 .82m .""56 49 

50 .83333 .83811 .83889 .84161 .84444 .84722 50 
51 .85000 .85278 .85556 .85833 .86111 .86389 51 
52 .86687 .86944 .87222 ~7500 ~7778 .8B056 52 
53 .68333 .88611 .G8889 .89167 .89444 .89'" 53 
54 .90000 .30278 .90556 .90833 .91111 .91389 54 
55 .91667 ,91944 .92222 .92500 .927711 .93058 55 .. .93333 .93611 .93889 .94161 .94444 .94722 56 
57 .95000 .95278 .95556 .95833 .9611 1 .96389 57 .. .96667 .90944 .97222 .91500 .97778 .98058 51 .. .98333 ,98611 .98899 .99161 . 99444 .99722 .. 
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DECIMAL OF AN INCH AND OF A FOOT 

fraction. {~,i r""'l ...... " .I Fraction. .!~ ,i Frac:Uon. ! i j .~ • . ', • !~! • ., . • .- . 
Ir>th lit Foot ., Inch or FOOII lnell 01' f oot ~ ~ l! I""" or Fool ! j ~ !,i '" ~ j ... '" 

.0052 » .2552 l~ .5052 6~ .7552 ;~ .0104 » .2604 .5104 I 6 .7604 

J« .015625 J1i "" .265625 3» "" .515625 6~ .'" .765625 .,. 
.0208 ){ .2708 3){ .5208 6Ji .7708 ' ){ 
.026<l » .2760 3» .5260 6» .7760 '» ,. JJ3125 % .. .28125 3% % .53125 6% 'if, .78125 ' % 
.0365 ~ 

.2865 '" .5365 :~ 
.7865 '" .0417 .2917 3% .5417 .7917 '% 

'" .046875 » '''' .'296875 3» % .546875 6» 'J« .796875 9~" 
.0521 % .3021 3% .5521 6% .8021 '% 
.0573 % .3013 3% .5573 6% .8073 

I '''' U. .0625 " '" .3125 3~ '" .5625 6" I U& .81 25 9~ 
.0677 % .lln 3% .5677 6% .sln , "< 
.0729 % .3229 3% .5729 6% .622' 1 ' % 

'" 1 .078125 % 'J« .328125 3% 'l(, .578125 6% "" .828125 

"-.0833 1 .3333 • .5833 7 .8333 10 
.0885 1» .3385 ' » .5885 7» .8365 I 10)1, 

If .09375 14 % .34375 ' 4 'jf . 59375 74 % .84375 10~ . 
.0990 ," .3490 ." .5990 7J1i .8490 10l, 
.1042 1Ji .3542 4.!4 .6042 7Ji .8542 I I07i 

l(, .109375 ," "" .359375 ' J1i '," .609375 7" "-' .859375 ,.", 
.11 46 1% .3646 ' % .6146 7% .8646 10% 
.1198 I» .3698 ' » .6198 7» .8698 10)11 

4 .1250 1% % .3750 ' % % 1.
6250 74 % .8750 10.14 

.1." 1% .3902 .~ .6302 7» .8802 10% 

.1354 14 .3854 •• .6354 7% .8654 10% 

'" .140625 '11 ',", .390625 '" 'J« 1.64062
• 

7% ' l(, .890625 10'~ 

.1458 ", .3958 4~ .6458 7~ .8958 lOX 

.1510 1% .4010 ' % .6510 7% .9010 10% 

'" 015625 1% 'If .40625 ' % '"' .65625 7% ". .90625 10% 
.1 615 1% .4115 ' % .6615 7% .9115 10% 
.1 667 2 .4167 5 .6667 8 .9167 11 

'''' .171875 l~ "-' .421875 :~ % .671 875 :~ "" .921875 "~ .1711 .4271 .6771 .9271 11 
I .1823 2J1i .4323 ' J1i .6823 6J1i .9323 11 % 

'" .1 875 2Ji If. .4375 'Ji % .6875 8J4 % .9375 1 1 ~ 
.1927 l~ 

.4427 ' » .6927 6~ .9427 11 % 
.1979 .4479 ' % .6979 8% .9479 11 ~ 

'''' .203125 l~ "" .453125 ' Jii .'" .703125 :ll .'" .953125 "ll .2063 .• 593 5» .7083 .'583 11 
.2135 2% .4635 6» .7135 ' Jii .9635 11 ,. 

;0 .21875 2% % .46875 ' % % .71875 8% % .96875 11% 
.2240 2% .4740 5% .7240 8% .9740 11 % 
.2292 2~ .4792 ." .7292 8% .9792 llX 

'''' .234375 2% 'J« .484375 5% 'l(, .734375 8% "" .984375 11 9, 
.2396 2% .4896 5% .7300 8% .9896 11 ~ 

.2448 2'> .4948 ' % .7448 8% .9948 11% 

~ .2500 3 1 » .- 6 ~ .7500 , 1 1.0000 12 

--~ 
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BIRMINGHAM WIRE AND U . S. STANDARD GAGES 

BIRMINGHAM WIRE UNITED STATES STANDARD 

THICKNESS """".1l1li11 """'kn_ tndl Wt!fIrt "' G •• G • • , ..... ""' ... ,-- M~'I "* ",, ,,- " .. ,- 'w_ ....'* ,- "" "'" "" "" 
Poll ...... A • • 

OGOO .454 '%0 11.532 1 .2757 .2813 'II, 11.25 
000 A25 '%., 10.795 2 .2604 .2£56 t~ 10.625 

00 ~80 " 9.652 , .2451 .25 II 10.00 
0 .340 ' 11, 8.636 4 • 2298 .2344 .... 9.375 

1 ~OO 1%. 7.620 
5 .2145 " .. II. 8.75 

2 284 'II, 7.214 8 .1 991 =1 l ¥ei 8.125 , 259 I%.!, 6.579 7 .1 838 .1875 II, 7.5 
4 238 .... 6.045 8 .1685 .1719 1 1/~ 6.875 
5 = ~l!~ 5.568 • .1532 .1563 ~b 625 

6 = .... 5.156 
10 .1379 .1406 %0 5.625 

7 .180 ", 4.Sn 11 .1225 .125 " 5.00 
8 .165 ."" 4.191 12 .1072 .1094 II. 4.375 

• .148 \'" 3.759 13 .0919 .0938 ", 3.75 
10 .134 %0 3.404 14 .0766 .0781 %0 3.125 

11 .120 .. 3.048 
15 .088' .0703 II. 2.8125 

12 .109 II. 2.769 16 .0613 .0625 \\, 2." 
13 .095 1)82 2.413 17 .0551 .0563 II, 2.25 
14 .093 '''' 2.108 18 .0400 .05 "" 2.00 
15 .072 ... 1.829 19 .0429 .0438 II" 1.75 

20 .0368 .0375 I" I." 16 .065 II, 1.651 
17 .058 ~'Jo 1.473 21 .0337 .0344 .. , 1.375 
18 .04' '''' 1.245 22 .0306 .0313 .. , 125 
19 .042 ... 1.067 23 .0276 .0281 .. , 1.125 
20 .035 ", .889 ' 24 .0245 .025 II, 1.00 

25 .0214 .0219 II • .,5 
21 .032 .. , .813 

.0184 .0188 .75 22 .028 II, .711 26 '" 23 .025 II, .635 27 .0169 .0172 '" .6875 
24 .022 '" ~59 26 .0153 .0156 '" .625 
25 .028 II. .508 29 .0138 .0141 ... .5625 

30 .0123 . 0125 .. . .so 
26 .018 '" A57 31 .0107 .0109 A375 
27 .016 '" A06 ... 

28 .014 ~58 
32 .0100 .0102 ... A0625 ... 33 .0092 .0094 ~75 

29 .013 .330 ... .. 34 .0084 .0086 .34375 
30 .012 305 

... .. 35 .oon .0078 .3125 . .. 
31 . 010 .. 254 36 .0069 .0070 ' .. .28125 
32 . 00' ... 229 37 .0065 .0066 . .. .265625 
33 . 008 .. -", 38 .0061 .0063 25 
34 • 007 .. .178 39 .0057 . . .. .234375 
35 • 005 .. .127 40 .0054 . .... .21875 

38 .004 ... .1 02 41 .0052 . .. .2109375 
42 .00" .. .203125 
43 • 0048 .1953125 

" .0046 .1875 
Birmingham WII"(! Gage b a dlm(lrulion gago. 
Tho Un.lted StaWlll Standard Gago Is a wolght gago huod u pon tho wolghtll per square toot. In ounces 

avolnlupOilI and apl)rollimaw thlckneaes ba.sod upon 489.6 pounds per cubic toot tor Ktool and 480 
pounds per cubic toot tor Iron. 

Un.lCSII othorwill<.> spOclllod. all onlen for lIat rollod stool In g:t.gOfl "'iII bo oxocuWd to ntrmlngham 
Wir(! Gage. 
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COMPARATIVE TABLE OF STANDARD GAGES 

Thl~k ..... I" Declmll' of I n h • .,h 

E , 
l • E ! t 

! t ~~ 
, :! t ~ . 

J: ~ • - • n 
E ci ; ~ • • , . Ii d • E%--: 

G~. , " ~J'i:«I - , 
Num~ • . 0 e • •• . , d E •• .' 0 

~3! _ " . • 1- E .. .. -.. ir ~ . , !:!:~ ... li! ,. . , 
l~ . '" E!.!~ • 

E • '" . !!, ~ · .- • , , , .. 0" .. · " '" m • , 
" 

00000oo ... ..... . .4900 . ... .500 . . .. . . 
00000o ... .580000 .4615 . .. . .464 . . .... 
00000 ... .516500 .4305 .450 .432 . .. . .. 
0000 .454 .460000 .3938 .400 .400 .. .... 
000 .425 .409642 .3625 .360 .372 .5000 

00 .380 .364796 .3310 .33<) .34' .4452 

0 .340 .324861 .3<)65 .305 .324 ~964 

1 .3<)0 .289297 .2830 ~85 .300 .3532 
2 .284 .257627 .2625 ~65 .216 .3147 

3 .259 .229423 .2437 ~45 .252 .2804 
4 .238 .204307 .2253 .22' .232 .2500 , .220 .181940 .2070 .205 .212 .222' 
S .203 .162023 .1920 .100 .192 .1981 
7 .180 .144285 .1nO .175 .176 .1764 

• .165 .128490 .1 620 .160 .160 .1 570 

" .148 .114423 .1 483 .145 .144 .1398 
10 .134 .101897 .1350 .130 .128 .1 250 
11 .120 .090742 .1205 .1175 .118 .111 3 
12 .109 .080808 .1055 .105 .104 .0991 
13 .095 .071962 .0915 .0925 .092 .0882 

14 .083 .064084 .OBOO .0806 .080 .0785 
15 .072 .0570S8 .0720 .070 .072 .0699 
IS .065 .050821 .0625 .061 .064 .0625 
17 .058 .045257 .0540 .0525 .056 .0556 
18 .04' .040303 .0475 .04' .048 .0495 

I" .042 .035890 .0410 .040 .040 .0440 
20 .035 .031961 .0348 .035 .036 .0392 
21 .032 .028462 .03175 .031 .032 .0349 
22 .02' .025346 .0286 .02' .028 .03125 
23 .025 .022572 .0258 .025 .024 .02782 
24 .022 .021)101 .0230 .0225 .022 .02476 
25 .020 .017900 .0204 .020 .020 .02204 
26 .018 .015941 .0181 .018 .018 .01961 
ZI .016 .014195 .0173 .017 .0164 .01745 
28 .014 .012641 .0162 .016 .0148 .015625 
29 .013 .011 257 .0150 .015 .0136 .0139 
30 .012 .010025 .0140 .014 .0124 .0123 
31 .010 .008928 .0132 .013 .0116 .0110 
32 .00' .007950 .0128 .012 .01GS .0098 
33 .008 .007080 .0118 .011 .0100 .0087 ' 
34 .007 .006305 .0104 .010 .0092 .0077 
35 .00' .005615 . .0095 .0095 .0084 .0069 
36 .004 .005000 .0090 .009 .0076 .0061 
37 ... .004453 .0085 .0085 .0068 .0054 

38 ... .003965 .0080 .006 .0060 .004' 

" .003531 .0075 .0075 .0052 ... .. . 
4lI .003144 .0070 .007 .004' . ... . 

UnlCSl!l otberwlso apoeIHoo. all orden for Hat rolled 11001 In gagel ""Ill be lUecUt.od to BIrmingha m 
Wire Oago. 
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V. S. Stll .. dard Cq,e .•. . ••. eQulvalent thlekneaell h,l Inchea, weights .•..•.•.•••.•.•. . 
Villi 8I r_ ...•••••••••••• for varloua materlalll ........ . 
trlll .. er .. 1 MIU 1'llItell .••.••• ol[tr'lmo .illes .•.........••.......•.•.•••.•••••.•••••. 
UPMt Snew F.ncls .......... lKI.Uare and round. barll ................................. . 

Vertk.1 DeIlKllon ....... _ •• rormula and ta!,le of COCmClenl.3 ....••.•••. " ..•.•. 
not'lll ....•.•.••..••••••....• •.•.•.• , ...... . 

Vertk.1 Shur •• . ••••... . .. formula ••.••••.. ••••.....•.......... •.. , ....•. . 
Vo lamt . nd Surf""e ...•••.. 001lds ..•.•..•.•..•..•..•....•.•....•.•• 

C2()--424 
376-379 . .. 

, .. 
44z-..4U 

98,99 
3H,3t5 

lU,183 , .. 
'" 478,479 

W Sid, I'la'e S ... Uo n ...... . I)rotlie and elements...... ... ............. 74 
Web tt H llbnce •........... cn <!Ccllo"., .tnndnrd beam~ and chann(!J..... ........ IStl-U1 
Wuchc>I'_ ...•.••.•••..•.. weights of ,'arlons matHiala. . ........•...........•. 358, 359 
W~b Spllu .....•...••.••.•• p~ate glrd(lrll. . ........ 211,212 
We1'h t •.....•.......•...... tlat rolled IIte(lI......... ..... . ................... 1118-115 

m'lthod or In'lr~aslng for rolled sections. . •• . ••• . . . •. . •. . •• 6 
rectangular IICctlons .............................. I(IS, 110, 112, IH 
lKIual'f! and round barl ................. ........... ....... 11&, 117 
various lIubstances ••...•••••.• .••. •..••.•.••..•......•.. 440, HI 

Wel,htt and Me .... ra •..... ll(llrl(l o.nd U. S. equl'·alentll •.•..•.• .. •.•..•.••..•.••••.. Hf.....4G7 
Weldtd Fllbrlc •.•••..••.•..• elzel and "·elghts •..•..•.••••..•.••.•••....... , .••••.••. 416.411 
Wind Lo.d •.•.••.•••••••... bulldlng code r equirements, formu!Il .•...••.•..•• , •.••.. •• 357, U8 
WI •• C.,eII ...••..••..•••.• various IItandard gag'lll •..•.•.•..••..... . •.••.. ". 508. ~09 
Wooden Du m .. Colllmn •... ~'lo timber, IItructural. ..•.•....•..•. , .... , •.. ,." .•.•.•• 42f.....439 

z_ ........... . .. .• allowable uniform IQad ~ . 

proHlo •• (ll(lm'lnt.ll and dImensions. '" 70,11 



PRODUCTS OF 
CARNEGIE STEEL COMPANY AND ILLINOIS STEEL COMPANY 

BLAST FURNACE PRODUCTS 

BllI!ic Pig Iron 
Bessemcr Pig Iron 
Ferro-r-.lnng:mClle a 

Ballast Sing a 
Bnnk Sing 
Concrete Sing a 

Rond Building Sing a 
Grnnulnted Slag 
Sand Slag a 

Carbon 
Open-Henrth 
Bessemer 

STEEL-CLASSES AND IUNDS 

Alloy 
Open-Hearth Alloy 
Electric Carbon and Alloy . 

US S StainlCllll and Heat Resisting Steels 

ROLLING MILl. PRODUCTS 

Semi_Finished Produc;ts 
Ingots 
Blooms 
Billets 
Slabs 
Sheet Bnrs 
Skelp (Wide and Nnrrow) 

Strudural Produds 
CB Sections 
Standard Beams 
Light Beams 
Stanchions a 
Joistsa 
H Beams 
Stnndnrd Channels 
Ship Building Channel8 
Car Building Sections 
Bulb Angles 
Angles 
T",. 
Elevator Tees ICI 
Conductor TceslCl 
Z"'. 
CToss Tie Sections a 
Steel Sheet Piling 
Miscellaneous Sections 

Plate Products 
Sheared Platc8-

Rectangular 
Circular 
Sketch 

Universal-Mill Plates 
Bnse Plates for Columns nnd 

Mnchinery 
Floor Plates 

c-Camegie Steel Compnny only. 

Wrought and Forged Steel Produc:ts 

Axles
Untreated 
Annealed 
Quenched and Tempered a 
Electric Railway Car 
Stenm Rnilrond Car 
Locomotive Driving 
Locomotive Trniling 
Tender 
Mine CarlCl 
Industrial Car a 

Armature Shafts-AHoy 
Armature Shnfts-Carbon 
Wheels-

Solid Wrought, Carbon Steel 
Untreated 
Rim Toughened 
Quenched and Tempered. 
Electric Railway 
Steam Rnilroad 
Industrial Car a 
Mine Locomotive a 
Industrial Locomotive ICI 
Crane Track a 

MisooHaneous Circular Sections ICI 
Fly Wheel Blnnks for Trucks D 
Brake Drums for Trucks D 
Heavy Forgingll-

Untreated ICI 
Annealed ICI 
Quenched and Tempered ICI 

. - TlIinois Steel Company only. 
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PRODUCTS OF 
CARNEGIE ST EEL COMPANY AND ILLINOIS STEEL COMPANY 

ROLLING MILL PRODUCTS--Conciuded 

Bar and Strip Mill Products 
Agricultural Implement Sections 
Angles 
Automobile Body Sections 
Automobile Bumper Sections 
Automobile Rim Sc<:tiona 
Barrel SectioIl81C1 
Bevel Scctioll8 
Cam Sections D 
Can Ring Sections CI 
Cll8Cfficnt Sections 
Channels 
Concrete Reinforcement Bars 
CooperllgeSteel-Tightand Slack ICI 
CresccntslCl 
Flat Blank!! for Automobile Parts!CI 
Flator-Squnrc Edge. Band Edge 

and Round Edge 
Grooved Flats D 
Half Ovals 
Half Rounds D 
Harne Sections ICI 
Hexagons 
Hoops 
Key SectioIl8 
Locking Bar Sections ICI 
Magneto Sectioll8lC1 
Neck Yoke SectionslCl 
Nut Sections 
Ovals 
Pipe Coupling Sections 
Pole Cap SectionslCl 
Pole Sections ICI 
Round Cornered Squares 
Rounds 

Bar and Strip Mill Products 
Skclp---Bcvcl Edge and Scarfed 
Slack Barrel Cooperage 
Special Sections of Various Kinds 
Spring Steel Sections 
Squares 
Strip 
Tees 
Window Sash Sections 
Z~ 

Railroad Track Products 
Standard Rails, over 60 pounds 
Light Rails, 60 pounds and under 
Miscellancous Rails 
G E 0 Track MateriallCl 
Angle Splice Bars 
Fish Plates 
Tie Plates 
Riser Plates ~ 
Frog Fillers ICI 
Reinforcing Bars ICI 
Screw Spikes 
Track Spikes 
Track Bolts and Nuts 
Rail Clips 
Cross Ties for RailroadslCl 
Cross Ties for Mine Track ICl 
Croes T ics for Portable Track ICI 

Fabricated Product. 
St-cel Mine Timbers ICI 
Gangway Sets and Minc Prop!:! ICI 
Steel Sheet Piling 
H Bcaring Piles 
T-Tri_Lok Floor Construction ICI 

COKE AND COKE BY-PRODUCTS 
Blast Furnacc Coke 

Benzol
Industrial Pure 
Industrial 00% 
!llotor 

Toluol, Industrial Pure 
Xylol, Industrial 
Naphtha-

Industria l Refined Light SolvcntlCl 
Industrial Crude Light SolventlCl 
Industrial Crude Heavy Solvcnt 
Industrial High TestlCl 

ICI--Carnegie Steel Company only. 

Ammoniacal Liquor 
Ammonium Sulphate 
Crude Naphthalene 
T" 
Creosote Oil!Cl 
Cresylic Acid D 
PhenolC 
Cresol !Cl 

* l1linois Steel Company only. 
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PRINCIPAL SUBSIDIARY MANUFACTURING COMPANIES OF 
UNITED STATES STEEL CORPORATION 

AMERICAN BRIDGE COMPANY 

General Offitel: Frick Buildiog, Piltllburgh, PI.. 

Bridge, 
BuildiDl1 
Viaduct. 
Subway Structure. 
Ferry Aprona 

STEEL STRUCTURES OF ALL CLASSES 

Ore Dockt lIulll1 Sub-Stationa 
Dams TurntabJeII Tanke 
Crane RunwaYII 
Buckle Plates 
Barges 

Tower6 
Polu 

Eyebau 
Electric Furnaces (Heroult) 

AMERICAN S!iEET AND TIN PLATE COMPANY 
GeneralOffieetl: Frick Building, Pittllburgb, PA. 

Black Sbeetl
Box Annealed 
Blue Annealed 
Cold Rolled 

SUE~'T AND TI N HILL PRODUCTS FOR ALL PURPOSES 

Galvanized Sileetll-

Special Sheet. 
Electrical Shoets 
Automobile Sheeta 
Metal Furniture 
Vitreous Enameling 
US S Stain\e811 and 

Heat Resisting Steel Sheetll 
Blued Sheetl-

Keystone-W ellllville Polmhed 
Blued Stove Pipe Stock 

Loog Terne Sheet. 
American a.h-annealed Sheela 

Ameriean Zinc Coated 
Apollo Best Bloom 
Aj)ollo·KeylltoDo 

Corrugated 
Formed Roofing and Siding Ptoductll 

Bright Tin Plat_ 
American Cokes 
American Charcoala 

Terne Plales
American Tcrnes 
American Old Styla Tarnes 
U. S. Eaglo Tcrnes 
Fi ro Door TernOll 
KeYllone Long and Short Terntlll 

Tin Mill BllIek 

AMERICAN STEEL AND WIRE COMPA NY 
Ganeral Office.: 208 South La Sail!) Stree~, Chicago, ilL 

WIR Y. AND WIRY. PRODUCTS 

Aerial Tramway. 
Balo Tiee 
Barbed Wira 
Cold Rolled Strip Steel 
Concrete Reinforeement 
Eleetrieal Wirea 
Flat Wira 

Hoo"" 
Manufacturing WirAl 
Naitt 

Nelling 
Piano Wire 
Plain Wiro 
Rail Don(it 
Screw Stock 
SpikCll 
Springe 
Sleel Galea 
Steel Post.. 
Su..d 

T~'" 
Telegraph Wire 
Telephone Wire 
Trolley Wiro 
Welding Wire 
Wire Fabric 
Wire Fence 
Wira Rope 
Wire for Manufacturing Purpolles 
U S S StainlCIII Illd 

Heat Resisting Steelt 

THE CANADIAN BRIDGE COMI'ANY, LTD. 

Railway BridgCll 
Highway Bridget 
Ferry Aprons 

GeneralOfficet: Walkerville, Ontario, Canada 
STEIEL STRUCTURES OP ALL CLASSES 

Mill Buildinge 
Office Buildingll 
Oil ~to r(lp;e Tanu. 

l'olCll, Galvanized 
Radio Mast., Galvanized 
Tower., Galvanized 
Turntable!! 
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PRINCIPAL SUBSIDIARY MANUFACTURING COMPANIES OF 

UNITED STATES STEEL CORPORATION- CONTINUED 

COLUMBIA STEEL COMPANY 

General Offices : RU811 Building, San Francisco, Cal. 
ROLLlc:D AND CAST STEt:L PRODUCTS 

Structural Shapes 
Balli and Small Shapes 
Concrete Reinforcement Ban 
Banda under ~" 
Tie Plates 
Sheets-

Black 
Blue Annealed 
Galvanized 
Cold Rolled C,,., Cok. 

Wire-
r,lanufactutera Wirel 
Plain or Galvaniled 
Barbed 
Spring 

Wire Nails 
Wire Fence 
Wire Rope 
Wire RoW! 
Steel Casting!! 

Coke By-Products 

Also distributors for Pacific Coast territory of products of 
ILllsubaidiary manufacturing companies of United States Steel Corporation 

CARNEG IE STEEL COMPANY 
Setl pages 518 and 519 

CYCLONE FENCE COMPANY 
General Offices: Waukegan, Ill. 

OR NAMENTAL AND PROTECTIVE FENCE 

Ch&in Link Protective Fence 
Chain Link Road Guard 
Ornamental Iron Fence 
Ornamental Lawn Fence 

Chain Link Omveyor Belting 
Screen Cloth 
Ha rdware Cloth 
Woven Wire Partitions 
Wire Daskelll (Rubbisb !lumen) 

FEDERAL SHIPBUILDING AND DRY DOCK COMPANY 
General Offices: Lincoln Highway, K e:..rny, N. J . 

S HIPS AND STEEL FABRICATION 

Builders and Repairers of
Merchant Ships 

Barges, Dredges, Lighters 
Heavy Machine Work 
Steel Fabrication 

ILLINOIS STEEL COMPANY 
See pages 518 and 519 

THE LORAIN STEEL COMPANY 
General Offices: 545 Central Ave., Johnstown, Pa. 

Special Traekwork and Accessorie:!l-
Crossings 
Frogs 
Switches 
Switch StlUldll 
Rail FlUlteninge 

Induatrial Cars 
Mine Car, 

Coal Conveyors 
Mine Jaeka 
Forged Sted Heat-Treated Grinding Balls 
Carbon Steel CBlltings 
Manganese Steel ClUltings 
Alloy Steel CBlltings 
Grey Iron CIUI!irlll:s 
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PRINCIPAL SUBSIDIARY MANUFACTURING COMPANIES OF 

UNITED STATES STEEL CORPORATION-CoNCLUDED 

NATIONAL TUBE COMPAN Y 
GenerILIOffice!!: Friek Building, l'illllburgh, Pa. 

WELDED AND St:AMLESS STEEL TUBULAR PROIlUCTS 

Standard Pipe 
Copper Steel Pipe 
Line Pipe, Casing 
Oil Well Tubing 
Dri\'c Pipe 
Rotary Drill Pipe 
Galvanized Pipe 
Special Dipped and Coaled Pipe 
Duroline (cement lined) Pipe 

Boiler Tubes 
Seamless Mechanical Tubing 
Aircraft Tubing 
Seamless Alloy Tubing 
Trolley Poles, Line Poles 
Cylinden, Seamle118 Couplinga 

US S Stainless and 
Heat Resisting Pipea Ilod Tubes 

OIL WELL SUPPLY COMPANY 
GeneralOffiees: D a1l8ll, Texll.ll 

OIL FIELD DRILLING AND PUMPING MAC m NERY AND AUXILIARY EQUIPMENT 

"OILWELL", "holPERfAL", " 'VILSON-SSYD£I\" AND "ERIE BALL" PnODUCTS 

General Machine Prooucta 
Drop and Light Rammer Forgings 
Steel i\Dd Iron ClLtltiDgs 

Locomotive Type Boilers 
Swaged Nipples and Bull Plugs 

Special Fittings 

Erie Bali Steam Engines Wi\/Lon-8nyder Pumping Maehinery 

TENNESSEE COAL, IRON AND RAILROAD COMPANY 
GeneralOffiooa: Brown-Marx Building, Birmingham, Ala. 

ROLLED, FORGED AND DRAWN STEEL PRODUCTS 

Structural Shapea 

Platea 

B~, 

Small Shapea 

Hot Rolled Strip 
Cotton Ties 

Axlea 

Forgings 

Raila 

Rail Aceessorillll 
Semi-Finished Material 

Pig Iron 

Sheeta----
Hot Rolled 

Hot Rolled Annealed 

Galvanized 

Wire and Wire P roduct!! 

UNIVERSAL ATLAS CEMENT COMPANY 

General Offices: 208 South La. Salle St., Chicago, 111. 

AtllLfl Portland Cement 

Univel"$/LJ Portland Cement 

AtllLfl White Portland Cement 

Alla.s Lumnite 

AtllLfl Waterproofed White Portland Cement 



PUBLICATIONS 

CARNEGIE STEEL COMPANY 

Pocket Companion 

Carnegie Shnpc Book 

Ruils and Angle BaI'S 

Hailway Steel Cross Ties 

Light Rails-Mine and Industrial Steel Cross Tics 

G E 0 Track Construction 

Rim Toughened Wrought Steel Wheels 

Wrought Steel Wheels Ilnd other Circular Sections 
Forged Steel Axles 

Carnegie Stoel Shoot Piling 

T·Tri-Lok Bridge Floor Construction 

Steel Framing for Small H.csidenccs 

The Making, Shaping and Treating of Steel 

Methods of Chemical Analysis of Various ProducU!, etc. 

Carnegie Controlled Carbon Steels 

U S S Stainless and Heat Reaisting Alloy Steels 

ILLINOIS STEEL COMPANY 

Pocket Companion 

Illinois Sbape Book 

Rails and Angle Bars 

Light Rnils and Fastenings 

Csr Sill Sections 

Special Light Structur:lI Beall'lll 

Steel Framing for Small Residences 

U S S Stainless and Heat Resisting Alloy Stccl~ 

·23 
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... 
CARNEGIE STEEL COMPANY 

General Offit:e8. Pittsburgh, PL ..... ............ Camegie Building 

ILLINOIS STEEL COMPANY 
General Office&, Chicago, 111 . .... .208 Sout h L:t. 811.IIe Stroot 

DISTRICT AND SUB-OFFlCES, 

Birmingham .................. Brown·:\lllTx Building, 2000 Fir!lt Avenue North 
New Orlcnll8, Ln.. .. . . .. . :'-bison Dlanche, 921 Cnnnl Street 

Boston . . . .. . . . . Stntler Office Building, 20 Providence Stroot 
Hartford, Conn... .31 Fnirmont Street (Wethersfield) 

Buffalo ........... . .... The Marine Trust Co. Building, 233--239 Main Street 
Chicago , ......... . . . .. .. .. . . ..... 208 South L:t. Salle Street 

~! iiw:mkcc, Wis. Bankert Building, 208 E:tJIt Wisconsin A venue 

Cincinnati.. ..Union Trust Building, Fourth nnd Walnut Streets 
Columbus. Ohin.. AmeriClln IMUrance Uo'on Citadel, 50 West Broad 5t. 
Indi:mapolis, Ind ...... Cho.mber of Commerce Bldg., 320 North Meridian St.. 
Lexington, Ky. AGO North Broadway 
Louisville, I';:y. . . .... .. .. . 04528 West Broadway 

Cleveland .. ..Rockddll'r Building, OJ.! Superior Avenue, N. W. 
Toledo, Obi.o ...••..•. Toledo Club, 14th Stroot and ~ladison A\'enue 

Denver ................. Fint Nation:ll Bank Building, 17th Dnd Stout Streeta 
Detroit .. .. .. . . .. . . . . . . . . . . .. .. .. .. . . .. .. General MowI'!:! Building 
Houston . ... ............ . 

Dall:!.8, Tex:!.!! ..... . 
. Petroleum Building 

. .703 Prnctorbn Building 
New york ................................. .. .. ......... 71 Broadway 

Albany, N. Y .. . .. .. .... ...... 95 State Street 
Philadelphia ................. Widener Building, Chestnut and Juniper Streeta 
Pittaburgh.. . . ..... Carnegie Building, 434 Fifth A venuo 

Olueficld, W. VD.. .. . . . . .. . . .. .2129 Jerrerflon Street 
Charleston, W. Vn.. ........... .. .. . 1202 Kanawha Street 

St. Louis .. . .Mississippi Valley Trust Building, 506 Olivo Street 
Kansas City, Mo. . ......... 510 Commerce Building 
Tulsa, Okla.. . . . ... .. . ................. 1824 South Boulder Street 

St. Paul ............. E 1308 Firflt Nntional Bank Building, 337 Robert Street 
Duluth, Minn.. ...... ..... Wolvio Buildiog, 227 West FiI'!:!t Street 
Minncnpolis, llolinn.. Security Building, 401-411 Sooond Avenue South 

Washington ..... . 405 American Soourity Bldg., 15th St. &: Pennsylvaoin Ave. 

EXPORT DlSTJUOurORS: 

UNITED STATES STEEL PRODUCTS COMPANY 

New york .... ........ Ilud~on Terminal BUilding, 30 Chlll'(lh Street 

PACIFIC COAST DISTRIBUTORS: 

COLUMBIA STEEL COMPANY 

San Frandaeo ... . ...... Russ Building, 235 Montgomery Street 
Los Angeles .............. . . ................. 2087 Etl8t S1a.uson A venuc 
Portland .. 
Snit Lake City ... 
Seattle 

. . .. . . .. . . .. . . .. .. .. ... 234S N. W. Nieolai Street 
. ............. Walker Bank Building 

.Fourth Avenue South and ConDeetieut Street 
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